
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
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ɍɌȼȿɊɀȾȺЮ                      
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______           Ƚ. Ȼ. Ɇɚɫɚɥɶɫɤɢɣ 
 ɩɨɞɩɢɫɶ                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  
« _____»   ________  2018 ɝ. 

 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻОɌȺ 
 
 

15.03.06 Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ        ________          ɫɬ. ɩɪɟɩɨɞɚɜɚɬɟɥɶ                  Ⱥ. Ⱥ. Ƚɚɝɚɪɫɤɢɣ 
                                             ɩɨɞɩɢɫɶ, ɞɚɬɚ           ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ                           ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
 

ȼɵɩɭɫɤɧɢɤ          ________                                                                ɇ. Ⱥ. ɋɨɡɢɧɨɜ 
ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                       ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ    ________                                                           ȼ. ɇ. Ʉɭɥɢɤɨɜɚ 
                                             ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                    ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ»  

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 
 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

   Ƚ.Ȼ. Ɇɚɫɚɥɶɫɤɢɣ 
« »  2018 ɝ. 

 
 
 
 
 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 



 
Иɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Даɬа 

Ʌɢɫɬ 

3 
ȻɊ – 15.03.06 ɉɁ 

ɋɬɭɞɟɧɬɭ ɋɨɡɢɧɨɜɭ ɇɢɤɢɬɟ Ⱥɧɞɪɟɟɜɢɱɭ 
 
Ƚɪɭɩɩɚ Ɏɗ14-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 (Ɇɟɯɚɬɪɨɧɢɤɚ ɢ 
ɪɨɛɨɬɨɬɟɯɧɢɤɚ) 
 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ: Ɋɚɡɪɚɛɨɬɤɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ 
ɛɚɡɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 
 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 2264/c ɨɬ 14.02.18 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: Ⱥ.Ⱥ. Ƚɚɝɚɪɫɤɢɣ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮ. ɊɢɌɄ 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 
ɋɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ Baldor brushless ac servomotor BSM50A-233AEA, 
cɢɥɨɜɚɹ ɩɥɚɬɚ ɫ ɦɨɞɭɥɟɦ PM30CSJ060, ɩɪɨɝɪɚɦɦɢɪɭɟɦɚɹ ɩɥɚɬɚ ɫ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ATXMEGA128A4U, ɧɨɭɬɛɭɤ ASUS K46CM 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: 
Ƚɥɚɜɚ 1. ɋɟɪɜɨɩɪɢɜɨɞ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 
Ƚɥɚɜɚ 2. Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɫ 
ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ. 
Ƚɥɚɜɚ 3. Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ.  
Ƚɥɚɜɚ 4. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ.  
Ƚɥɚɜɚ 5. ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ. 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ:  
Ʌɢɫɬ 1. ɉɥɚɬɚ ɫɨɝɥɚɫɨɜɚɧɢɹ. ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ. 
Ʌɢɫɬ 2. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 
Ʌɢɫɬ 3. Ȼɥɨɤ ɫɯɟɦɵ: ɚɥɝɨɪɢɬɦɵ ɨɛɪɚɛɨɬɤɢ ɩɪɟɪɵɜɚɧɢɣ Ⱥɐɉ (ɤɚɧɚɥɵ 0 ɢ 1), 
ɝɥɚɜɧɵɣ ɚɥɝɨɪɢɬɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
Ʌɢɫɬ 4. Ȼɥɨɤ ɫɯɟɦɵ: ɚɥɝɨɪɢɬɦ ɜɵɱɢɫɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ, ɚɥɝɨɪɢɬɦ ɜɵɜɨɞɚ 
ɡɧɚɱɟɧɢɣ ɱɟɪɟɡ UART ɢɧɬɟɪɮɟɣɫ. 
Ʌɢɫɬ 5. ɉɨɥɭɱɟɧɧɵɟ ɝɪɚɮɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɉɚɪɤɚ ɢ Ʉɥɚɪɤ. 
 
 
 
 
 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ    Ƚɚɝɚɪɫɤɢɣ Ⱥ.Ⱥ. 
 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ    ɋɨɡɢɧɨɜ ɇ.Ⱥ. 
 

« »  2018 ɝ 
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ɊȿɎȿɊȺɌ 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ» ɫɨɞɟɪɠɢɬ 94 ɫɬɪɚɧɢɰɵ 

ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 33 ɩɪɢɥɨɠɟɧɢɹ, 10 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 5 

ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ȼȿɇɌȿɅɖɇɕɃ ȾȼɂȽȺɌȿɅɖ, ɋɂɇɏɊɈɇɇɕɃ ȾȼɂȽȺɌȿɅɖ ɋ 

ɉɈɋɌɈəɇɇɕɆɂ ɆȺȽɇɂɌȺɆɂ, ɋȿɊȼɈɉɊɂȼɈȾ, ɋɂɋɌȿɆȺ 

ɍɉɊȺȼɅȿɇɂə ɋȿɊȼɈɉɊɂȼɈȾɈɆ, ȼȿɄɌɈɊɇɈȿ ɍɉɊȺȼɅȿɇɂȿ 

ȾȼɂȽȺɌȿɅȿɆ. 

Ɂɚɞɚɱɢ ɩɪɨɟɤɬɚ: 

- ɢɡɭɱɢɬɶ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɛɟɫɤɨɥɥɟɤɬɨɪɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ; 

- ɜɵɛɪɚɬɶ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɫ 

ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ; 

- ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɚɤɨɩɥɟɧɢɢ ɤɨɦɩɟɬɟɧɰɢɣ 

ɜ ɨɛɥɚɫɬɢ ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɞɥɹ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɟɣ ɢ ɩɪɨɜɟɞɟɧɢɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɛɨɬ ɜ ɪɚɡɜɢɬɢɢ ɷɬɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɹ. 

 

Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɛɵɥɨ 

ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɥɟɞɭɸɳɟɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ: Atmel studio 6.1, 

Mathworks Matlab, Microsoft Visio 2016, Atmel Flip 3.4.7, Putty. 
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ȼȼȿȾȿɇɂȿ 

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɭɪɨɜɧɟ ɚɜɬɨɦɚɬɢɡɚɰɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɭɪɨɜɧɟɜɭɸ ɫɯɟɦɭ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɥɸɞɟɣ ɢ ɦɚɲɢɧ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɛɨɪɚ ɞɚɧɧɵɯ ɢ ɫɥɨɠɧɵɯ 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɤɨɦɩɥɟɤɫɨɜ, ɤɨɬɨɪɵɟ ɧɟɭɫɬɚɧɧɨ ɫɨɜɟɪɲɟɧɫɬɜɭɸɬɫɹ. 

Ɍɟɯɧɢɱɟɫɤɢɣ ɩɪɨɝɪɟɫɫ ɢ ɤɨɧɤɭɪɟɧɰɢɹ ɩɪɢɜɨɞɹɬ ɤ ɩɨɫɬɨɹɧɧɨɦɭ ɪɨɫɬɭ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɩɨɜɵɲɟɧɢɸ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. ɍɪɨɜɟɧɶ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɬɪɭɞɚ ɢ ɤɚɱɟɫɬɜɨ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɢɥɨɜɨɣ ɷɥɟɤɬɪɨɜɨɨɪɭɠɟɧɧɨɫɬɶɸ ɬɪɭɞɚ, ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɫɨɫɬɚɜɥɹɸɬ 

ɪɟɝɭɥɢɪɭɟɦɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ (ɗɆ). ɉɪɢ ɷɬɨɦ ɜɨɡɪɚɫɬɚɸɬ 

ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɪɟɝɭɥɢɪɭɟɦɵɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ, ɩɨ ɬɚɤɢɦ 

ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ, ɬɨɱɧɨɫɬɶ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɬɪɟɛɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɵ 

ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɫɨɜɪɟɦɟɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ - 

ɫɟɪɜɨɩɪɢɜɨɞɵ. ɗɬɨ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɚ, ɤɨɬɨɪɵɟ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɝɚɪɚɧɬɢɪɭɸɬ ɜɵɫɨɤɨɬɨɱɧɵɟ ɩɪɨɰɟɫɫɵ ɞɜɢɠɟɧɢɹ ɢ 

ɪɟɚɥɢɡɭɸɬ ɢɯ ɯɨɪɨɲɭɸ ɩɨɜɬɨɪɹɟɦɨɫɬɶ. ɋɟɪɜɨɩɪɢɜɨɞɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 

ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ ɫɬɭɩɟɧɶɸ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ.  

ɉɪɨɝɪɟɫɫ ɜ ɷɥɟɤɬɪɨɧɢɤɟ ɢ ɩɨɹɜɥɟɧɢɟ ɧɨɜɵɯ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢɡɦɟɧɢɥɢ ɫɢɬɭɚɰɢɸ ɜ ɨɛɥɚɫɬɢ ɫɟɪɜɨɩɪɢɜɨɞɧɨɣ ɬɟɯɧɢɤɢ. 

ɉɨɫɥɟɞɧɢɟ ɞɨɫɬɢɠɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɫɥɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɢɜɨɞɨɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɫ ɩɨɦɨɳɶɸ ɫɨɜɪɟɦɟɧɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ ɢ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɜɵɫɨɤɨɜɨɥɶɬɧɵɯ ɫɢɥɨɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ. ɉɨɫɬɨɹɧɧɵɟ 

ɦɚɝɧɢɬɵ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɫɩɥɚɜɨɜ ɧɟɨɞɢɦ-ɠɟɥɟɡɨ- ɛɨɪ ɢ ɫɚɦɚɪɢɣ-ɤɨɛɚɥɶɬ, 

ɛɥɚɝɨɞɚɪɹ ɢɯ ɜɵɫɨɤɨɣ ɷɧɟɪɝɨɟɦɤɨɫɬɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɢɥɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɦɚɝɧɢɬɚɦɢ ɧɚ ɪɨɬɨɪɟ ɩɪɢ 

ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɫɧɢɠɟɧɢɢ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ. ȼ ɢɬɨɝɟ 



 
Иɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Даɬа 

Ʌɢɫɬ 

7 
ȻɊ – 15.03.06 ɉɁ 

ɭɥɭɱɲɢɥɢɫɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɚ ɩɪɢ ɫɧɢɠɟɧɢɢ ɟɝɨ 

ɝɚɛɚɪɢɬɨɜ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɟɪɜɨɩɪɢɜɨɞ - ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɞɜɢɠɧɭɸ ɫɢɫɬɟɦɭ 

ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɩɨɡɜɨɥɹɸɳɟɣ ɬɨɱɧɨ ɭɩɪɚɜɥɹɬɶ ɩɟɪɟɦɟɳɟɧɢɟɦ ɢ ɡɚɞɚɜɚɬɶ 

ɬɪɟɛɭɟɦɵɣ ɚɥɝɨɪɢɬɦ ɞɜɢɠɟɧɢɹ. ɉɟɪɟɦɟɳɟɧɢɟ ɜ ɫɨɫɬɚɜɟ ɫɟɪɜɨɩɪɢɜɨɞɚ ɦɨɠɟɬ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɥɸɛɚɹ ɫɢɥɨɜɚɹ ɦɚɲɢɧɚ.  

Ƚɥɚɜɧɵɟ ɱɚɫɬɢ ɫɟɪɜɨɩɪɢɜɨɞɚ - ɷɬɨ ɟɝɨ ɞɜɢɝɚɬɟɥɶ, ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɹ 

ɢ ɩɟɪɟɞɚɱɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ ɧɟɦ ɟɫɬɶ ɬɚɤɠɟ ɛɨɥɟɟ ɦɟɥɤɢɟ ɢ ɩɟɪɢɮɟɪɢɣɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ - ɛɥɨɤɢɪɨɜɤɚ, ɫɢɝɧɚɥɢɡɚɰɢɹ, ɫɢɫɬɟɦɚ ɜɤɥɸɱɟɧɢɹ/ɜɵɤɥɸɱɟɧɢɹ, 

ɷɥɟɦɟɧɬɵ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ.  
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1 ɋɟɪɜɨɩɪɢɜɨɞ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɭ ɜɫɬɪɟɱɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 

ɨɩɟɪɚɰɢɢ, ɬɪɟɛɭɸɳɢɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɟɝɨ 

ɥɢɧɟɣɧɭɸ ɢɥɢ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ, ɚ ɬɚɤɠɟ ɩɪɢɤɥɚɞɵɜɚɟɦɨɟ ɭɫɢɥɢɟ. ȼ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɟɚɥɢɡɚɰɢɹ ɬɚɤɨɣ ɡɚɞɚɱɢ ɥɨɠɢɬɫɹ ɧɚ ɩɥɟɱɢ 

ɫɟɪɜɨɩɪɢɜɨɞɚ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ, ɬ.ɤ. ɷɬɨ ɨɱɟɧɶ ɝɢɛɤɨɟ ɢ ɭɞɨɛɧɨɟ 

ɪɟɲɟɧɢɟ, ɧɟ ɬɪɟɛɭɸɳɟɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ, ɤɚɤ ɩɧɟɜɦɚɬɢɤɚ ɢ 

ɝɢɞɪɚɜɥɢɤɚ. 

ȼ ɫɪɟɞɧɟɦ ɭ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɞɢɚɩɚɡɨɧ ɦɨɳɧɨɫɬɟɣ 

ɩɨɩɚɞɚɟɬ ɜ ɪɚɦɤɢ ɨɬ 50ȼɬ ɞɨ 15ɤȼɬ. Ⱦɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɫɟɪɜɨɩɪɢɜɨɞɨɜ 

ɯɚɪɚɤɬɟɪɧɵ ɫɥɟɞɭɸɳɢɟ ɩɨɤɚɡɚɬɟɥɢ: 

 ɭɩɪɚɜɥɟɧɢɟ ɩɨ ɩɨɡɢɰɢɢ, ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ, ɜɪɚɳɚɸɳɟɝɨ 

ɦɨɦɟɧɬɚ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ;  

 ɞɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɞɨ 1:10000; 

 ɫɬɚɬɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 

ɞɜɢɝɚɬɟɥɹ ɞɨ 0,01%; 

 ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɩɨɞɞɟɪɠɚɧɢɢ ɩɨɡɢɰɢɢ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɦɟɧɟɟ 

± 2-3 ɞɢɫɤɪɟɬ ɷɧɤɨɞɟɪɚ; 

 ɪɚɡɪɟɲɟɧɢɟ ɷɧɤɨɞɟɪɚ ɞɨ 24ɛɢɬ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɪɟɞɟ, ɫɤɥɨɧɧɨɣ ɤ ɜɡɪɵɜɭ (ɢɡ-ɡɚ 

ɨɬɫɭɬɫɬɜɢɹ ɢɫɤɪɹɳɢɯ ɞɟɬɚɥɟɣ); 

 ɧɚɥɢɱɢɟ ɪɚɡɥɢɱɧɵɯ ɢɫɩɨɥɧɟɧɢɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 

ɨɬ ɫɮɟɪɵ ɩɪɢɦɟɧɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɧɢɡɤɨɢɧɟɪɰɢɨɧɧɨɟ, 

ɫɪɟɞɧɟɢɧɟɪɰɢɨɧɧɨɟ, ɢɫɩɨɥɧɟɧɢɟ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɩɪɹɦɨɝɨ 

ɩɪɢɜɨɞɚ, ɥɢɧɟɣɧɵɟ ɞɜɢɝɚɬɟɥɢ; 

 ɛɨɥɶɲɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɟɪɟɝɪɭɡɨɱɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ; 

 ɄɉȾ ɛɨɥɟɟ 90%; 

 ɞɥɢɬɟɥɶɧɵɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜɵɫɨɤɚɹ ɧɚɞɟɠɧɨɫɬɶ.  
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1.1 ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ 

ɋɟɪɜɨɩɪɢɜɨɞ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɛɚɡɟ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɦɚɲɢɧ, ɧɚɩɪɢɦɟɪ, ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ), ɚɫɢɧɯɪɨɧɧɵɣ 

ɞɜɢɝɚɬɟɥɶ (ȺȾ), ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ (ɋȾ), ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ (ɒȾ), 

ɜɟɧɬɢɥɶɧɵɣ ɪɟɚɤɬɢɜɧɵɣ ɞɜɢɝɚɬɟɥɶ (ȼɊȾ). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɫɨɛɨɣ ɩɨɩɭɥɹɪɧɨɫɬɶɸ ɩɨɥɶɡɭɸɬɫɹ ɚɫɢɧɯɪɨɧɧɵɟ ɢ 

ɫɢɧɯɪɨɧɧɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ. 

Дɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. ȾɉɌ ɧɚɲɟɥ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ 

ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɱɟɥɨɜɟɤɚ – ɧɚɱɢɧɚɹ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɬɹɝɨɜɨɝɨ ɩɪɢɜɨɞɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ɜ ɬɪɚɦɜɚɹɯ ɢ ɬɪɨɥɥɟɣɛɭɫɚɯ, ɡɚɤɚɧɱɢɜɚɹ 

ɩɪɢɜɨɞɨɦ ɩɪɨɤɚɬɧɵɯ ɫɬɚɧɨɜ, ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɫɬɚɧɤɨɜ ɫ ɑɉɍ, ɝɞɟ 

ɬɪɟɛɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ ɢɥɢ ɩɨɥɨɠɟɧɢɟɦ ɜɚɥɚ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 

Ɉɞɧɚɤɨ, ɫɥɨɠɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ 

ɪɟɝɭɥɹɪɧɨɦ ɨɛɫɥɭɠɢɜɚɧɢɢ ɢɡ-ɡɚ ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ 

ɤɨɦɦɭɬɚɰɢɢ (ɳɟɬɨɱɧɨ-ɤɨɥɥɟɤɬɨɪɧɨɝɨ ɭɡɥɚ), ɡɚɱɚɫɬɭɸ ɡɚɫɬɚɜɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ 

ɨɬ ɩɪɢɦɟɧɟɧɢɹ ɷɬɨɝɨ ɬɢɩɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 

ɪɚɡɪɚɛɨɬɤɚɯ. 

Аɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɦɚɫɫɨɜɵɦ ɜ 

ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɛɥɚɝɨɞɚɪɹ ɩɪɨɫɬɨɣ ɢ ɧɚɞɟɠɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢ ɧɟɜɵɫɨɤɨɣ 

ɰɟɧɟ. Ɉɞɧɚɤɨ ɷɬɨɬ ɬɢɩ ɞɜɢɝɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɫ 

ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɦɨɦɟɧɬɚ ɢ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ. ɉɪɢɦɟɧɟɧɢɟ 

ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ, ɪɟɚɥɢɡɭɸɳɢɯ ɜɟɤɬɨɪɧɵɣ 

ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, ɢ ɰɢɮɪɨɜɵɯ ɞɚɬɱɢɤɨɜ ɫɤɨɪɨɫɬɢ ɫ ɜɵɫɨɤɨɣ 

ɪɚɡɪɟɲɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɶɸ, ɩɨɡɜɨɥɹɸɬ ɩɪɢɛɥɢɡɢɬɶɫɹ ɤ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɫɢɧɯɪɨɧɧɨɝɨ ɫɟɪɜɨɩɪɢɜɨɞɚ. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɫɬɨɢɦɨɫɬɢ ɚɫɢɧɯɪɨɧɧɵɣ 

ɫɟɪɜɨɩɪɢɜɨɞ ɢɦɟɟɬ ɧɟɨɫɩɨɪɢɦɨɟ ɩɪɟɜɨɫɯɨɞɫɬɜɨ ɩɪɢ ɛɨɥɶɲɢɯ ɦɨɳɧɨɫɬɹɯ. 

ɋɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɶ.  ɋɢɧɯɪɨɧɧɚɹ ɦɚɲɢɧɚ ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ ɧɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ – ɷɬɨ, ɨɛɵɱɧɨ, ɬɪɟɯɮɚɡɧɵɣ ɫɢɧɯɪɨɧɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ 

ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ (ɋȾɉɆ) ɢ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɞɚɬɱɢɤɨɦ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ (ȾɉɊ). ɇɚɥɢɱɢɟ ȾɉɊ ɢ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ 
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ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɭɩɪɚɜɥɹɟɦɨɫɬɶ ɯɚɪɚɤɬɟɪɧɭɸ ȾɉɌ 

ɛɟɡ ɩɪɨɛɥɟɦ ɫɨ ɳɟɬɨɱɧɨ-ɤɨɥɥɟɤɬɨɪɧɵɦ ɭɡɥɨɦ. ɋȾɉɆ ɡɚɧɢɦɚɟɬ 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɦɟɫɬɨ ɦɟɠɞɭ ȺȾ ɢ ȾɉɌ, ɬ.ɤ. ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɩɪɨɳɟ ɜ 

ɢɡɝɨɬɨɜɥɟɧɢɢ, ɱɟɦ ȾɉɌ, ɚ ɫ ɞɪɭɝɨɣ ɞɨɪɨɠɟ ȺȾ. 

ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ. Ⱦɪɭɝɢɦ ɜɚɪɢɚɧɬɨɦ ɬɨɱɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɩɪɢɜɨɞɢɦɵɯ ɷɥɟɦɟɧɬɨɜ ɛɟɡ ɞɚɬɱɢɤɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ 

ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɨɬɫɱɢɬɵɜɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ (ɲɚɝɨɜ). ɉɪɢ ɷɬɨɦ ɬɨɱɧɨɟ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɫ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬɫɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ 

ɦɟɠɞɭ ɫɨɛɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɨɥɸɫɚɦɢ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɲɚɝɨɜɨɝɨ 

ɞɜɢɝɚɬɟɥɹ. ɋɢɝɧɚɥ ɡɚɞɚɧɢɹ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

ɮɨɪɦɢɪɭɟɬ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɲɚɝɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ, ɚɤɬɢɜɢɡɢɪɭɸɳɚɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɩɨɥɸɫ ɫɬɚɬɨɪɚ. 

Вɟɧɬɢɥɶɧɵɣ ɪɟɚɤɬɢɜɧɵɣ ɞɜɢɝɚɬɟɥɶ.  ȼɊȾ — ɷɬɨ ɛɟɫɤɨɥɥɟɤɬɨɪɧɚɹ 

ɫɢɧɯɪɨɧɧɚɹ ɦɚɲɢɧɚ, ɧɚ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɤɨɬɨɪɨɣ ɩɨɞɚɸɬɫɹ ɢɦɩɭɥɶɫɵ 

ɧɚɩɪɹɠɟɧɢɹ ɭɩɪɚɜɥɹɟɦɨɣ ɱɚɫɬɨɬɵ, ɫɨɡɞɚɸɳɢɟ ɜɪɚɳɚɸɳɟɟɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. 

ȼɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ ɜɨɡɧɢɤɚɟɬ ɡɚ ɫɱɟɬ ɫɬɪɟɦɥɟɧɢɹ ɪɨɬɨɪɚ ɤ ɩɨɥɨɠɟɧɢɸ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɫɬɚɬɨɪɚ ɩɪɨɯɨɞɢɬ ɩɨ ɨɫɢ ɪɨɬɨɪɚ, ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ 

ɢɡ ɦɚɝɧɢɬɨɦɹɝɤɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫ ɧɚɢɦɟɧɶɲɢɦ ɦɚɝɧɢɬɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. 

Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɜɟɧɬɢɥɶɧɵɯ ɪɟɚɤɬɢɜɧɵɯ ɦɚɲɢɧ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 

ɨɫɥɚɛɥɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɨɢɫɯɨɞɢɬ ɟɫɬɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɩɪɢ 

ɫɧɢɠɟɧɢɢ ɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɞɚɟɬ ɢɦ ɛɨɥɶɲɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ 

ɞɢɚɩɚɡɨɧɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ ɫɤɨɪɨɫɬɹɯ ɜɵɲɟ ɧɨɦɢɧɚɥɶɧɨɣ (ɞɢɚɩɚɡɨɧ 

ɭɫɬɨɣɱɢɜɨɣ ɪɚɛɨɬɵ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 10:1). ȼɵɫɨɤɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 

ɩɪɢɫɭɬɫɬɜɭɟɬ ɭ ɬɚɤɢɯ ɦɚɲɢɧ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɢ ɫ ɦɚɥɵɦɢ 

ɧɚɝɪɭɡɤɚɦɢ. Ɍɚɤɠɟ ȼɊȾ ɫɩɨɫɨɛɧɵ ɨɛɟɫɩɟɱɢɬɶ ɭɞɢɜɢɬɟɥɶɧɨ ɩɨɫɬɨɹɧɧɭɸ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. 

Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ȼɊȾ ɧɟɨɛɯɨɞɢɦɵ ɬɨɤɢ 

ɜɨɡɛɭɠɞɟɧɢɹ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɩɥɨɬɧɨɫɬɶ ɦɨɳɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

https://ru.wikipedia.org/wiki/%D0%A8%D0%B0%D0%B3%D0%BE%D0%B2%D1%8B%D0%B9_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
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ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɦɚɲɢɧɚɦɢ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ (ɉɆ). Ɉɞɧɚɤɨ ɨɧɢ ɜɫɟ 

ɠɟ ɢɦɟɸɬ ɝɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɟɧɶɲɢɟ, ɱɟɦ ɨɛɵɱɧɵɟ ȺȾ. 

ȼɊȾ ɢɦɟɟɬ ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ ɦɟɧɶɲɢɣ, ɱɟɦ ɋȾɉɆ ɢɥɢ ȺȾ, ɧɨ 

ɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ ɧɟ ɧɭɠɧɨ ɫɨɡɞɚɜɚɬɶ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɮɨɪɦɵ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɦɚɲɢɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɬɚɤɢɟ ɢɧɜɟɪɬɨɪɵ ɢɦɟɸɬ ɦɟɧɶɲɢɟ ɱɚɫɬɨɬɵ ɤɨɦɦɭɬɚɰɢɢ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ – 

ɦɟɧɶɲɢɟ ɩɨɬɟɪɢ ɜ ɢɧɜɟɪɬɨɪɟ. Ɉɫɧɨɜɧɵɦɢ ɧɟɞɨɫɬɚɬɤɚɦɢ ɜɟɧɬɢɥɶɧɵɯ 

ɪɟɚɤɬɢɜɧɵɯ ɦɚɲɢɧ ɹɜɥɹɸɬɫɹ ɧɚɥɢɱɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɲɭɦɨɜ ɢ ɜɢɛɪɚɰɢɢ, ɚ 

ɬɚɤɠɟ ɩɭɥɶɫɚɰɢɣ ɦɨɦɟɧɬɚ. 

Ɉɩɬɢɦɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɞɥɹ ɬɨɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚɦɢ ɜ 

ɨɛɥɚɫɬɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ, ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɢ ɞɪɭɝɢɯ ɭɫɬɪɨɣɫɬɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɩɨɜɵɲɟɧɧɵɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɤɚɱɟɫɬɜɭ 

ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɋȾɉɆ. ȾɉɌ ɭɫɬɭɩɚɟɬ ɜ ɧɚɞɟɠɧɨɫɬɢ ɢ ɬɪɟɛɭɟɬ 

ɪɟɝɭɥɹɪɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ, ȺȾ ɢ ȼɊȾ ɢɦɟɸɬ ɩɪɨɛɥɟɦɵ ɫ ɦɨɦɟɧɬɨɦ ɧɚ 

ɦɢɧɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, ɚ ɒȾ ɭɫɬɭɩɚɟɬ ɜ ɰɟɥɨɦ ɫɩɢɫɤɟ ɩɚɪɚɦɟɬɪɨɜ. 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ȾɉɌ ȺȾ ɋȾɉɆ ɒȾ ȼɊȾ 

ɋɬɨɢɦɨɫɬɶ ɗɆ  +  ++ ++ 

ɋɬɨɢɦɨɫɬɶ ɩɪɢɜɨɞɚ ++   ++ + 

Ɉɛɫɥɭɠɢɜɚɧɢɟ  ++ ++ ++ ++ 

ȼɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɶ  ++ ++ ++ ++ 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ++ + ++  ++ 

ɉɭɥɶɫɚɰɢɢ ɦɨɦɟɧɬɚ ++ ++ ++   

ɉɟɪɟɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ++ + ++  + 

ɄɉȾ ɗɆ ++ + ++  + 

ɄɉȾ ɩɪɢɜɨɞɚ ++ + + + ++ 

ɇɚɞɟɠɧɨɫɬɶ  ++ + + ++ 

ɋɥɨɠɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɍɍ ++ + +  + 
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1.2 ɋɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ  

ɋȾɉɆ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɦɚɲɢɧɭ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɤɨɬɨɪɨɣ ɪɚɜɧɚ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ. 

ɋɬɚɬɨɪ ɬɚɤɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɩɨɞɨɛɧɵɣ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɫɬɚɬɨɪɭ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ (ȺȾ), ɫɨɞɟɪɠɢɬ ɬɪёɯɮɚɡɧɭɸ ɨɛɦɨɬɤɭ. ɇɚ ɟɝɨ ɪɨɬɨɪɟ ɪɚɫɩɨɥɨɠɟɧɵ 

ɩɨɫɬɨɹɧɧɵɟ ɦɚɝɧɢɬɵ, ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɚɡɥɢɱɚɸɬ ɞɜɚ 

ɜɢɞɚ ɋȾɉɆ, ɚ ɢɦɟɧɧɨ: ɞɜɢɝɚɬɟɥɢ ɫ ɦɚɝɧɢɬɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɨɬɨɪɚ, ɜ ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ 

ɢɦɟɧɭɟɦɵɟ surface mounted permanent magnet motor, ɢ ɞɜɢɝɚɬɟɥɢ ɫ ɦɚɝɧɢɬɚɦɢ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜ ɫɬɚɥɢ ɪɨɬɨɪɚ (interior mounted permanent magnet motor). 

ɋȾɉɆ ɨɛɵɱɧɨ ɜɵɩɨɥɧɹɸɬɫɹ ɧɚ ɧɟɛɨɥɶɲɭɸ ɦɨɳɧɨɫɬɶ (ɞɨ ɧɟɫɤɨɥɶɤɢɯ 

ɞɟɫɹɬɤɨɜ ɤɢɥɨɜɚɬɬ) ɢ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɟɪɜɨɩɪɢɜɨɞɚɯ 

ɫɨɜɦɟɫɬɧɨ ɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹɦɢ ɱɚɫɬɨɬɵ (ɉɑ) [1]. ɇɨ ɬɚɤɠɟ ɢɡɜɟɫɬɧɵ ɢ 

ɪɚɡɪɚɛɨɬɤɢ ɋȾɉɆ ɞɥɹ ɬɹɝɨɜɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɦɟɝɚɜɚɬɬɧɨɣ ɦɨɳɧɨɫɬɢ [2].  

ɋȾɉɆ ɜɫё ɛɨɥɶɲɟ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɧɚ ɨɛɥɚɫɬɢ, ɝɞɟ ɬɪɚɞɢɰɢɨɧɧɨ 

ɩɪɢɦɟɧɹɥɢɫɶ ɞɜɢɝɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ) ɢɥɢ ȺȾ, ɬɚɤɢɯ, ɤɚɤ ɩɪɢɜɨɞ 

ɰɢɪɤɭɥɹɪɧɵɯ ɧɚɫɨɫɨɜ, ɩɪɢɜɨɞ ɤɨɦɩɪɟɫɫɨɪɨɜ ɜ ɯɨɥɨɞɢɥɶɧɨɣ ɬɟɯɧɢɤɟ, 

ɫɢɫɬɟɦɚɯ ɜɟɧɬɢɥɹɰɢɢ, ɛɭɪɨɜɵɟ ɭɫɬɚɧɨɜɤɢ, ɞɨɛɵɱɢ ɧɟɮɬɢ. ɉɪɢɱɢɧɚɦɢ ɷɬɨɝɨ 

ɹɜɥɹɸɬɫɹ ɫɭɳɟɫɬɜɭɸɳɚɹ ɬɟɧɞɟɧɰɢɹ ɤ ɭɦɟɧɶɲɟɧɢɸ ɫɬɨɢɦɨɫɬɢ ɦɚɝɧɢɬɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ (ɜɧɟɞɪɟɧɢɟɦ ɫɩɥɚɜɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ), ɚ ɬɚɤɠɟ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɚɩɩɚɪɚɬɧɨɣ ɛɚɡɵ ɭɩɪɚɜɥɟɧɢɹ. ɉɨɹɜɥɟɧɢɟ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɢ ɰɢɮɪɨɜɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ 

ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɋȾɉɆ ɤɚɤ ɚɥɶɬɟɪɧɚɬɢɜɭ ȾɉɌ ɜ ɪɟɝɭɥɢɪɭɟɦɨɦ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ. ɋɭɳɟɫɬɜɟɧɧɵɣ ɬɨɥɱɨɤ ɞɚɥɨ ɜɧɟɞɪɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɧɚ 

ɬɪɚɧɡɢɫɬɨɪɚɯ ɫ ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɡɚɬɜɨɪɨɦ (Insulated Gate Bipolar Transistor 

(IGBT)) ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɢɧɰɢɩɨɜ ɒɂɆ (Pulse Width Modulation (PWM)) 

[3, 4, 5]. 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɋȾɉɆ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.1. 

 
Ɋɢɫɭɧɨɤ 1.1 - Ʉɨɧɫɬɪɭɤɰɢɹ ɋȾɉɆ 

ɇɚ ɪɢɫɭɧɤɟ 1.1 ɪɨɬɨɪ ɢɦɟɟɬ 10 ɩɚɪ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɢ ɫ ɩɨɦɨɳɶɸ 

ɩɨɞɲɢɩɧɢɤɨɜ ɧɚɞɟɜɚɟɬɫɹ ɧɚ ɫɬɭɩɢɰɭ ɪɨɬɨɪɚ. Ɉɛɦɨɬɤɚ ɫɬɚɬɨɪɚ ɫɨɫɬɨɢɬ ɢɡ 

ɫɟɪɞɟɱɧɢɤɚ ɢ ɫɬɟɪɠɧɟɜɨɣ ɨɛɦɨɬɤɢ, ɫɬɚɬɨɪ ɧɟɩɨɞɜɢɠɧɨ ɤɪɟɩɢɬɫɹ ɜ ɤɨɪɩɭɫ. 

əɜɧɨɩɨɥɸɫɧɚɹ ɢ ɧɟɹɜɧɨɩɨɥɸɫɧɚɹ ɫɢɧɯɪɨɧɧɚɹ ɦɚɲɢɧɚ. ȼɫɟ ɫɢɧɯɪɨɧɧɵɟ 

ɦɚɲɢɧɵ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚ. ɉɟɪɜɵɣ ɢɡ ɧɢɯ ɷɬɨ ɫɢɧɯɪɨɧɧɵɟ 

ɦɚɲɢɧɵ, ɭ ɤɨɬɨɪɵɯ ɪɨɬɨɪ ɜɵɩɨɥɧɟɧ ɫ ɧɟɹɜɧɨ ɜɵɪɹɠɟɧɧɵɦɢ ɩɨɥɸɫɚɦɢ. ɗɬɨ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɜɵɫɨɤɨ-ɨɛɨɪɨɬɢɫɬɵɟ ɦɚɲɢɧɵ ɫ ɩɚɪɨɣ ɩɨɥɸɫɨɜ. 

ɇɟɹɜɧɨɩɨɥɸɫɧɚɹ ɦɚɲɢɧɚ ɨɛɥɚɞɚɟɬ ɩɥɚɜɧɨɫɬɶɸ ɜɪɚɳɟɧɢɹ ɧɚ ɥɸɛɨɣ 

ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ.   

ȼɬɨɪɨɣ ɜɢɞ - ɹɜɧɨɩɨɥɸɫɧɚɹ (ɫ ɹɜɧɨɜɵɪɚɠɟɧɧɵɦɢ ɩɨɥɸɫɚɦɢ) ɦɚɲɢɧɚ. 

Ɋɨɬɨɪ ɜɵɩɨɥɧɟɧ ɫ ɧɟɹɜɧɨ ɜɵɪɹɠɟɧɧɵɦɢ ɩɨɥɸɫɚɦɢ, ɨɛɵɱɧɨ 4 ɢ ɛɨɥɟɟ. ɑɟɦ 

ɛɨɥɶɲɟ ɭ ɬɚɤɨɣ ɦɚɲɢɧɵ ɩɨɥɸɫɨɜ, ɬɟɦ ɫɢɥɶɧɟɟ ɟɟ ɦɨɦɟɧɬ. 

ɋɬɚɬɨɪ. ɋɬɚɬɨɪ ɢɦɟɟɬ ɬɪɚɞɢɰɢɨɧɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɩɨɯɨɠ ɧɚ ɫɬɚɬɨɪ 

ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ, ɫɟɪɞɟɱɧɢɤɚ ɢɡ 

ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ ɢ ɦɟɞɧɨɣ ɨɛɦɨɬɤɢ, ɭɥɨɠɟɧɧɨɣ ɜ ɩɚɡɵ ɩɨ 

ɩɟɪɢɦɟɬɪɭ ɫɟɪɞɟɱɧɢɤɚ. Ʉɨɥɢɱɟɫɬɜɨ ɨɛɦɨɬɨɤ ɨɩɪɟɞɟɥɹɟɬ ɤɨɥɢɱɟɫɬɜɨ ɮɚɡ 

ɞɜɢɝɚɬɟɥɹ. Ⱦɥɹ ɫɚɦɨɡɚɩɭɫɤɚ ɢ ɜɪɚɳɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɞɜɭɯ ɮɚɡ - ɫɢɧɭɫɧɨɣ ɢ 

ɤɨɫɢɧɭɫɧɨɣ. Ɉɛɵɱɧɨ ȼȾ ɬɪёɯɮɚɡɧɵɟ, ɪɟɠɟ - ɱɟɬɵɪёɯɮɚɡɧɵɟ. 
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ɉɨ ɫɩɨɫɨɛɭ ɭɤɥɚɞɤɢ ɜɢɬɤɨɜ ɜ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɪɚɡɥɢɱɚɸɬ ɞɜɢɝɚɬɟɥɢ, 

ɢɦɟɸɳɢɟ ɨɛɪɚɬɧɭɸ ɷɥɟɤɬɪɨɞɜɢɠɭɳɭɸ ɫɢɥɭ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨɣ (BLDC) ɢ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ (BLAC) ɮɨɪɦɵ. ɉɨ ɫɩɨɫɨɛɭ ɩɢɬɚɧɢɹ ɮɚɡɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 

ɬɨɤ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɬɢɩɚɯ ɞɜɢɝɚɬɟɥɹ ɬɚɤɠɟ ɢɡɦɟɧɹɟɬɫɹ ɬɪɚɩɟɰɟɢɞɚɥɶɧɨ 

ɢɥɢ ɫɢɧɭɫɨɢɞɚɥɶɧɨ. 

Ɋɨɬɨɪ. Ɋɨɬɨɪ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ 

ɢ ɢɦɟɟɬ ɨɛɵɱɧɨ ɨɬ ɞɜɭɯ ɞɨ ɜɨɫɶɦɢ ɩɚɪ ɩɨɥɸɫɨɜ ɫ ɱɟɪɟɞɨɜɚɧɢɟɦ ɫɟɜɟɪɧɨɝɨ ɢ 

ɸɠɧɨɝɨ ɩɨɥɸɫɨɜ. 

ȼɧɚɱɚɥɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɪɨɬɨɪɚ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɮɟɪɪɢɬɨɜɵɟ 

ɦɚɝɧɢɬɵ. Ɉɧɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɢ ɞёɲɟɜɵ, ɧɨ ɢɦ ɩɪɢɫɭɳ ɧɟɞɨɫɬɚɬɨɤ ɜ ɜɢɞɟ 

ɧɢɡɤɨɝɨ ɭɪɨɜɧɹ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ. ɋɟɣɱɚɫ ɩɨɥɭɱɚɸɬ ɩɨɩɭɥɹɪɧɨɫɬɶ 

ɦɚɝɧɢɬɵ ɢɡ ɫɩɥɚɜɨɜ ɪɟɞɤɨɡɟɦɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɬɚɤ ɤɚɤ ɨɧɢ ɩɨɡɜɨɥɹɸɬ 

ɩɨɥɭɱɢɬɶ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ ɢ ɭɦɟɧɶɲɢɬɶ ɪɚɡɦɟɪ ɪɨɬɨɪɚ. 

Эɥɟɤɬɪɨɧɧɵɣ ɤɨɦɦɭɬɚɬɨɪ. Ʉɨɦɦɭɬɚɬɨɪ - ɷɬɨ ɩɟɪɟɤɥɸɱɚɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ 

ɞɥɹ ɫɨɝɥɚɫɨɜɚɧɧɨɣ ɤɨɦɦɭɬɚɰɢɢ ɮɚɡ ɛɟɫɤɨɥɥɟɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨ ɫɢɝɧɚɥɚɦ 

ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ (ȾɉɊ) ɢɥɢ ɞɪɭɝɢɦ ɫɢɝɧɚɥɚɦ, ɜɵɹɜɥɹɸɳɢɦ ɷɬɨ 

ɩɨɥɨɠɟɧɢɟ. Ʉɥɸɱ – ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɩɟɪɟɤɥɸɱɚɬɟɥɶ, ɹɜɥɹɸɳɢɣɫɹ 

ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɤɨɦɦɭɬɚɬɨɪɚ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ, 

ɨɬɤɥɸɱɟɧɢɹ ɢɥɢ ɪɟɜɟɪɫɢɪɨɜɚɧɢɹ ɬɨɤɚ ɜ ɮɚɡɚɯ (ɫɟɤɰɢɹɯ) ɨɛɦɨɬɤɢ 

ɛɟɫɤɨɥɥɟɤɬɨɪɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɑɚɳɟ ɜɫɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɤɥɸɱɟɣ ɩɪɢɦɟɧɹɸɬɫɹ 

ɬɪɚɧɡɢɫɬɨɪɵ ɢ ɩɨɥɧɨɫɬɶɸ ɭɩɪɚɜɥɹɟɦɵɟ ɬɢɪɢɫɬɨɪɵ. ɉɪɢɦɟɧɹɟɦɵɟ ɜ 

ɤɨɦɦɭɬɚɬɨɪɚɯ ɬɪɚɧɡɢɫɬɨɪɵ, ɪɚɛɨɬɚɸɳɢɟ ɜ ɪɟɠɢɦɟ ɤɥɸɱɚ, ɦɨɝɭɬ ɛɵɬɶ ɜ ɞɜɭɯ 

ɫɨɫɬɨɹɧɢɹɯ: ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬɨɦ (ɧɚɫɵɳɟɧɢɟ) ɢ ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɵɬɨɦ 

(ɨɬɫɟɱɤɚ).  

Ɍɚɤ ɤɚɤ ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ ɭɩɪɚɜɥɹɸɬɫɹ ɧɚɩɪɹɠɟɧɢɟɦ, ɬɨɤ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɷɬɨɦ ɨɱɟɧɶ ɦɚɥ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ 

ɛɢɩɨɥɹɪɧɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɢɦɭɳɟɫɬɜɚ ɩɨɥɟɜɵɯ 

ɬɪɚɧɡɢɫɬɨɪɨɜ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɫɢɝɧɚɥɨɦ ɩɨ 

ɧɚɩɪɹɠɟɧɢɸ ɩɪɢ ɧɢɡɤɨɦ  
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ɭɪɨɜɧɟ ɬɨɤɚ ɡɚɬɜɨɪɚ ɢ ɜ ɬɨɦ, ɱɬɨ ɜɪɟɦɟɧɚ ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɩɪɢɛɨɪɚ 

ɨɱɟɧɶ ɦɚɥɵ (ɜ ɛɢɩɨɥɹɪɧɵɯ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɧɟɨɫɧɨɜɧɵɯ ɧɨɫɢɬɟɥɟɣ ɢɦɟɟɬ ɦɟɫɬɨ 

ɜɪɟɦɹ ɪɚɫɫɚɫɵɜɚɧɢɹ, ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɡɚɞɟɪɠɤɭ ɜɵɤɥɸɱɟɧɢɹ ɬɪɚɧɡɢɫɬɨɪɚ), 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɩɥɨɜɵɟ ɩɨɬɟɪɢ ɦɚɥɵ. Ʉɥɸɱɢ ɧɚ ɡɚɩɢɪɚɟɦɵɯ ɬɢɪɢɫɬɨɪɚɯ 

ɩɪɢɦɟɧɹɸɬɫɹ, ɩɨ ɛɨɥɶɲɟɣ ɱɚɫɬɢ, ɜ ɰɟɩɹɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɦɚɲɢɧ ɫɪɟɞɧɟɣ ɢ 

ɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ, ɞɥɹ ɦɚɥɵɯ ɦɨɳɧɨɫɬɟɣ ɞɜɢɝɚɬɟɥɟɣ ɨɧɢ ɢɦɟɸɬ 

ɜɬɨɪɨɫɬɟɩɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɸɱɚɦɢ ɧɚ ɬɪɚɧɡɢɫɬɨɪɚɯ. 

Дɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ (ȾɉɊ) - ɷɬɨ 

ɢɧɮɨɪɦɚɰɢɨɧɧɵɣ ɭɡɟɥ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɛɟɫɤɨɥɥɟɤɬɨɪɧɵɦ ɞɜɢɝɚɬɟɥɟɦ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɦɚɝɧɢɬɧɨɣ 

ɨɫɢ ɪɨɬɨɪɚ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɦɚɝɧɢɬɧɨɣ ɨɫɢ ɫɬɚɬɨɪɚ ɢ ɜɵɞɚɱɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɢɝɧɚɥɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɯɟɦɨɣ ɤɨɦɦɭɬɚɬɨɪɚ. Ⱦɥɹ 

ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɩɪɢɦɟɧɹɸɬɫɹ ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ, ɞɟɣɫɬɜɢɟ 

ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ ɮɢɡɢɱɟɫɤɢɦ ɷɮɮɟɤɬɨɦ, ɤɨɬɨɪɵɣ ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɤɰɢɢ 

ɷɥɟɦɟɧɬɚ ɧɚ ɩɪɢɛɥɢɠɟɧɢɟ ɧɟɤɨɬɨɪɨɣ ɦɚɫɫɵ, ɫɜɹɡɚɧɧɨɣ ɫ ɪɨɬɨɪɨɦ. 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɨɩɬɢɱɟɫɤɢɟ, ɝɚɥɶɜɚɧɨɦɚɝɧɢɬɧɵɟ ɢ 

ɢɧɞɭɤɰɢɨɧɧɵɟ ɬɢɩɵ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ.  

Ⱦɚɬɱɢɤɢ ɨɩɬɢɱɟɫɤɨɝɨ ɬɢɩɚ (ɫ ɮɨɬɨɷɥɟɤɬɪɨɧɧɵɦɢ ɩɪɢɛɨɪɚɦɢ) ɢɦɟɸɬ 

ɩɪɨɫɬɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɹɤɨɪɹ ɜ ɜɢɞɟ ɬɨɧɤɨɝɨ ɞɢɫɤɚ ɫ ɩɪɨɪɟɡɹɦɢ. 

ɑɭɜɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ (ɧɚɩɪɢɦɟɪ, ɮɨɬɨɞɢɨɞɵ) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɨɞɧɨɣ 

ɥɢɧɢɢ ɩɨ ɪɚɞɢɭɫɭ, ɢ ɞɥɹ ɤɚɠɞɨɝɨ ɑɗ ɩɪɢɦɟɧɹɟɬɫɹ ɫɜɨɹ ɩɪɨɪɟɡɶ ɧɚ ɷɤɪɚɧɟ-

ɪɨɬɨɪɟ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɞɚɧɧɨɝɨ ɜɢɞɚ ɞɚɬɱɢɤɨɜ ɹɜɥɹɟɬɫɹ ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ 

ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɧɟɧɚɞɟɠɧɨɫɬɶ ɜɜɢɞɭ ɜɨɡɦɨɠɧɨɫɬɢ ɡɚɝɪɹɡɧɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɷɥɟɦɟɧɬɚ.  

Ⱦɚɬɱɢɤɢ ɢɧɞɭɤɬɢɜɧɨɝɨ ɬɢɩɚ ɧɚɞɟɠɧɵɟ, ɩɪɨɫɬɵɟ ɢ ɷɤɨɧɨɦɢɱɧɵɟ. 

ɇɟɞɨɫɬɚɬɨɤ ɷɬɢɯ ɞɚɬɱɢɤɨɜ - ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɵɧɟɫɟɧɢɹ ɢɯ ɜ ɨɬɞɟɥɶɧɵɣ ɭɡɟɥ ɜ 

ɤɨɧɫɬɪɭɤɰɢɢ ɦɚɲɢɧɵ.  

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ ɦɚɲɢɧɚɦɢ 

ɧɟɛɨɥɶɲɨɣ ɦɨɳɧɨɫɬɢ ɩɨɥɭɱɢɥɢ ɞɚɬɱɢɤɢ ɝɚɥɶɜɚɧɨɦɚɝɧɢɬɧɨɝɨ ɬɢɩɚ (ɷɥɟɦɟɧɬɵ 

  



 
Иɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Даɬа 

Ʌɢɫɬ 

17 
ȻɊ – 15.03.06 ɉɁ 

 ɏɨɥɥɚ, ɦɚɝɧɢɬɨɞɢɨɞɵ, ɦɚɝɧɢɬɨɪɟɡɢɫɬɨɪɵ), ɤɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ ɹɤɨɪɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɥɨɜɨɣ ɦɚɝɧɢɬ ɪɨɬɨɪɚ ɞɜɢɝɚɬɟɥɹ. ɑɭɜɫɬɜɢɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ 

ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɡɚɡɨɪɟ ɦɚɲɢɧɵ. Ʉɨɧɫɬɪɭɤɰɢɹ ɞɜɢɝɚɬɟɥɹ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɧɟ 

ɭɫɥɨɠɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɫɩɟɰɢɚɥɶɧɨɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɤɨɬɨɪɵɦ 

ɨɛɵɱɧɨ ɹɜɥɹɟɬɫɹ ȾɉɊ. ȼ ɫɯɟɦɟ ɫ ɞɚɬɱɢɤɚɦɢ ɝɚɥɶɜɚɧɨɦɚɝɧɢɬɧɨɝɨ ɬɢɩɚ ɱɚɳɟ 

ɜɫɟɝɨ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɢɫɬɨɱɧɢɤɟ ɩɢɬɚɧɢɹ ɞɚɬɱɢɤɚ.  

ɍɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ. ɍɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɚɧɚɥɢɡɢɪɭɟɬ ɫɢɝɧɚɥɵ 

ɫ ȾɉɊ ɢ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ, ɤɚɤɢɟ ɤɥɸɱɢ ɡɚɦɵɤɚɬɶ ɫ ɩɨɦɨɳɶɸ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɤɨɦɦɭɬɚɬɨɪɚ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɭɫɬɪɨɣɫɬɜɨɦ ɭɩɪɚɜɥɟɧɢɹ 

ɹɜɥɹɟɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ - ɛɨɥɶɲɚɹ ɢɧɬɟɝɪɚɥɶɧɚɹ ɫɯɟɦɚ, ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɨɣ 

ɫɨɞɟɪɠɢɬ ɜɫɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɭɡɥɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ ɜ ɤɚɱɟɫɬɜɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɢɥɢ ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɭɫɬɪɨɣɫɬɜɚ. ɇɚ ɤɪɢɫɬɚɥɥɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɪɚɫɩɨɥɚɝɚɸɬɫɹ: ɩɪɨɰɟɫɫɨɪ, 

ɛɥɨɤɢ ɩɨɫɬɨɹɧɧɨɣ ɢ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ (ɉɁɍ ɢ ɈɁɍ), ɩɟɪɢɮɟɪɢɣɧɵɟ 

ɭɫɬɪɨɣɫɬɜɚ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ, ɛɥɨɤɢ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ 

ɦɨɝɭɬ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɢ ɞɪɭɝɢɟ ɛɥɨɤɢ. ȼ ɩɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜɯɨɞɹɬ 

ɩɨɪɬɵ ɜɜɨɞɚ/ɜɵɜɨɞɚ, ɧɚ ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɢ ɫ ɤɨɬɨɪɵɯ 

ɜɵɜɨɞɹɬɫɹ ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɜ ɫɨɫɬɚɜɟ ɫɥɨɠɧɵɯ ɭɫɬɪɨɣɫɬɜ. ɂɯ ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɷɥɟɤɬɪɨɧɧɭɸ 

ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɨɛɪɚɛɚɬɵɜɚɟɬ ɜɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɢ ɜɵɞɚɟɬ ɜɵɯɨɞɧɵɟ 

ɫɢɝɧɚɥɵ. ɗɬɢ ɫɢɝɧɚɥɵ ɦɨɝɭɬ ɛɵɬɶ ɚɧɚɥɨɝɨɜɨɝɨ ɢ ɰɢɮɪɨɜɨɝɨ ɬɢɩɚ (ɨɞɢɧɨɱɧɵɟ 

ɫɢɝɧɚɥɵ, ɤɨɞɵ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɤɨɞɨɜ). ɋɢɝɧɚɥɵ ɦɨɝɭɬ ɯɪɚɧɢɬɶɫɹ ɜɧɭɬɪɢ 

ɫɢɫɬɟɦɵ. Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ ɨɬɧɨɫɹɬɫɹ ɤ ɰɢɮɪɨɜɵɦ ɭɫɬɪɨɣɫɬɜɚɦ, ɩɨɷɬɨɦɭ 

ɜɫɹ ɢɧɮɨɪɦɚɰɢɹ ɜ ɧɢɯ ɯɪɚɧɢɬɫɹ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ, ɟɫɥɢ ɩɨɫɬɭɩɚɟɬ ɚɧɚɥɨɝɨɜɵɣ 

ɫɢɝɧɚɥ ɧɚ ɜɯɨɞ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ, ɬɨ ɨɧ ɫ ɩɨɦɨɳɶɸ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɰɢɮɪɨɜɵɯ ɤɨɞɨɜ, ɚ ɧɚ 

ɜɵɯɨɞɟ ɧɚɯɨɞɢɬɫɹ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɤɨɬɨɪɵɣ ɩɪɟɨɛɪɚɡɭɟɬ 

ɜɵɯɨɞɧɨɣ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɜ ɚɧɚɥɨɝɨɜɵɣ. 
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Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɡɚɝɪɭɠɚɟɬɫɹ ɩɪɨɝɪɚɦɦɚ, 

ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɢɧɫɬɪɭɤɰɢɣ (ɰɢɮɪɨɜɵɯ ɤɨɞɨɜ). ɉɪɨɰɟɫɫɨɪ 

ɪɚɫɩɨɡɧɚɟɬ ɷɬɢ ɤɨɞɵ ɢ ɩɪɢɫɬɭɩɚɟɬ ɤ ɜɵɩɨɥɧɟɧɢɸ ɡɚɞɚɧɧɵɯ ɨɩɟɪɚɰɢɣ. 

Ʉɨɦɚɧɞɵ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ ɩɪɨɰɟɫɫɨɪ, ɨɛɪɚɡɭɸɬ ɫɢɫɬɟɦɭ ɤɨɦɚɧɞ, 

ɫɬɪɭɤɬɭɪɚ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɸɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɝɢɛɤɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ. Ⱦɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ ɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɟ ɧɚɯɨɞɢɬɫɹ ɚɪɢɮɦɟɬɢɤɨ-ɥɨɝɢɱɟɫɤɨɟ 

ɭɫɬɪɨɣɫɬɜɨ (ȺɅɍ), ɜɧɭɬɪɟɧɧɢɟ ɪɟɝɢɫɬɪɵ, ɛɭɮɟɪɵ ɢ ɞɪɭɝɢɟ ɭɡɥɵ. ȼɧɟɲɧɢɣ 

ɬɚɤɬɨɜɵɣ ɫɢɝɧɚɥ ɫɢɧɯɪɨɧɢɡɢɪɭɟɬ ɪɚɛɨɬɭ ɭɫɬɪɨɣɫɬɜ. ɋɨɫɬɚɜɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɫɜɹɡɚɧɵ ɨɛɳɟɣ ɫɢɫɬɟɦɧɨɣ ɲɢɧɨɣ (ɫɢɫɬɟɦɧɨɣ 

ɦɚɝɢɫɬɪɚɥɶɸ). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɜ: ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, 

ɨɛɴёɦ ɩɚɦɹɬɢ, ɪɚɡɪɹɞɧɨɫɬɶ, ɧɚɛɨɪ ɢɧɫɬɪɭɤɰɢɣ ɢ ɧɚɥɢɱɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɐɉɍ (ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ). ȼ ɫɢɫɬɟɦɚɯ ɭɩɪɚɜɥɟɧɢɹ 

ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɵ 

ɫ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɨɣ RISC ɚɪɯɢɬɟɤɬɭɪɨɣ (ARM), ɤɨɬɨɪɵɟ ɯɨɪɨɲɨ ɢɡɭɱɟɧɵ 

ɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ. 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɋДɉМ. ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɋȾɉɆ ɨɫɧɨɜɚɧ ɧɚ ɬɨɦ, ɱɬɨ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɤɨɦɦɭɬɢɪɭɟɬ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɬɚɤ, ɱɬɨɛɵ ɜɟɤɬɨɪ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ ɜɫɟɝɞɚ ɛɵɥ ɨɪɬɨɝɨɧɚɥɟɧ ɜɟɤɬɨɪɭ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɪɨɬɨɪɚ. ɋ ɩɨɦɨɳɶɸ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ ɦɨɞɭɥɹɰɢɢ (ɒɂɆ) ɤɨɧɬɪɨɥɥɟɪ 

ɭɩɪɚɜɥɹɟɬ ɬɨɤɨɦ, ɩɪɨɬɟɤɚɸɳɢɦ ɱɟɪɟɡ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ, ɬ.ɟ. ɜɟɤɬɨɪɨɦ 

ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɫɬɚɬɨɪɚ, ɢ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɪɟɝɭɥɢɪɭɟɬɫɹ ɦɨɦɟɧɬ, 

ɞɟɣɫɬɜɭɸɳɢɣ ɧɚ ɪɨɬɨɪ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ɂɧɚɤ ɭ ɭɝɥɚ ɦɟɠɞɭ ɜɟɤɬɨɪɚɦɢ 

ɨɩɪɟɞɟɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɚ, ɞɟɣɫɬɜɭɸɳɟɝɨ ɧɚ ɪɨɬɨɪ. 

Ʉɨɦɦɭɬɚɰɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤ, ɱɬɨ ɩɨɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɪɨɬɨɪɚ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɤɚ ɹɤɨɪɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɬɨɤɚ ɹɤɨɪɹ ɢ ɜɨɡɛɭɠɞɟɧɢɹ ɫɨɡɞɚёɬɫɹ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, 

ɤɨɬɨɪɵɣ ɫɬɪɟɦɢɬɫɹ ɪɚɡɜɟɪɧɭɬɶ ɪɨɬɨɪ ɬɚɤ, ɱɬɨɛɵ ɩɨɬɨɤɢ ɹɤɨɪɹ ɢ ɜɨɡɛɭɠɞɟɧɢɹ 

ɫɨɜɩɚɥɢ, ɧɨ ɩɪɢ ɩɨɜɨɪɨɬɟ ɪɨɬɨɪɚ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ȾɉɊ ɩɪɨɢɫɯɨɞɢɬ 

ɩɟɪɟɤɥɸɱɟɧɢɟ ɨɛɦɨɬɨɤ ɢ ɩɨɬɨɤ ɹɤɨɪɹ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɣ ɲɚɝ. 
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ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɜɟɤɬɨɪ ɬɨɤɚ ɛɭɞɟɬ ɫɞɜɢɧɭɬ ɢ 

ɧɟɩɨɞɜɢɠɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɬɨɤɚ ɪɨɬɨɪɚ, ɱɬɨ ɢ ɫɨɡɞɚёɬ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ. 

1.3 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

ɐɟɥɶ ɞɚɧɧɨɣ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ - ɧɚ ɨɫɧɨɜɟ 

ɫɨɜɪɟɦɟɧɧɨɣ ɫɢɥɨɜɨɣ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɢ ɪɚɡɪɚɛɨɬɚɬɶ 

ɫɟɪɜɨɩɪɢɜɨɞ ɧɚ ɨɫɧɨɜɟ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ, 

ɪɟɚɥɢɡɭɸɳɢɣ ɪɟɠɢɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɦɨɦɟɧɬɭ, ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɨɠɟɧɢɸ. Ⱦɥɹ 

ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɪɚɛɨɬɟ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ:  

- ɢɡɭɱɢɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɛɟɫɤɨɥɥɟɤɬɨɪɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ;  

- ɜɵɛɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ;  

- ɪɚɡɪɚɛɨɬɚɬɶ ɉɈ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɵɛɪɚɧɧɨɝɨ 

ɦɟɬɨɞɚ;  

- ɩɪɨɬɟɫɬɢɪɨɜɚɬɶ ɪɚɛɨɬɭ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
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2 Ɉɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɦɟɬɨɞɨɜ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ 

Кɥаɫɫиɮиɤация ɦɟɬɨɞɨв ɭɩɪавɥɟɧия СДПМ. ɇɚɩɪɚɜɥɟɧɧɨɫɬɶ 

ɪɚɡɜɢɬɢɹ ɩɪɢɧɰɢɩɨɜ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɜ ɨɫɧɨɜɧɨɦ ɨɛɭɫɥɨɜɥɢɜɚɟɬɫɹ 

ɪɚɡɜɢɬɢɟɦ ɚɩɩɚɪɚɬɧɨɣ ɛɚɡɵ ɩɪɢɜɨɞɚ: ɩɚɪɚɦɟɬɪɚɦɢ ɫɚɦɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɬɢɩɨɦ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɧɚɥɢɱɢɟɦ ɞɚɬɱɢɤɨɜ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɢ (ɢɥɢ) ɫɤɨɪɨɫɬɢ, 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ ɤɨɧɬɪɨɥɥɟɪɚ. ɇɚɥɢɱɢɟ/ɨɬɫɭɬɫɬɜɢɟ ɞɚɬɱɢɤɨɜ 

ɦɚɝɧɢɬɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɤɨɨɪɞɢɧɚɬ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ (ɫɤɨɪɨɫɬɢ, 

ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ) ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ. ɉɨ ɷɬɨɦɭ ɩɪɢɡɧɚɤɭ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɦɨɠɧɨ 

ɩɨɞɪɚɡɞɟɥɢɬɶ ɧɚ ɭɩɪɚɜɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ȾɉɊ ɢ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɛɟɡ ɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɤɨɬɨɪɨɟ ɩɨɥɭɱɢɥɨ ɧɚɡɜɚɧɢɟ «ɛɟɡɞɚɬɱɢɤɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ». ȼ 

ɤɥɚɫɫɢɱɟɫɤɨɦ ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ ɧɚ ɨɫɧɨɜɟ ɋȾɉɆ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ 

ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ȾɉɊ. ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɚɬɱɢɤ ɏɨɥɥɚ, 

ɷɧɤɨɞɟɪ, ɪɟɡɨɥɶɜɟɪ, ɪɟɞɭɤɬɨɫɢɧ ɢ ɞɪ. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɚ, ɧɨ ɭɫɥɨɠɧɹɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɞɜɢɝɚɬɟɥɹ, ɱɬɨ ɫɧɢɠɚɟɬ 

ɧɚɞёɠɧɨɫɬɶ ɫɢɫɬɟɦɵ. Ɂɧɚɱɢɬɟɥɶɧɵɟ ɭɫɩɟɯɢ ɜ ɨɛɥɚɫɬɢ ɫɨɜɪɟɦɟɧɧɨɣ ɬɟɨɪɢɢ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɡɜɢɬɢɟ ɧɚɛɥɸɞɚɬɟɥɟɣ 

ɫɨɫɬɨɹɧɢɹ, ɩɪɢɜɟɥɢ ɤ ɩɨɹɜɥɟɧɢɸ ɛɟɡɞɚɬɱɢɤɨɜɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ. ȼ ɬɚɤɢɯ 

ɫɢɫɬɟɦɚɯ ȾɉɊ ɨɬɫɭɬɫɬɜɭɟɬ, ɚ ɧɟɨɛɯɨɞɢɦɚɹ ɢɧɮɨɪɦɚɰɢɹ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 

ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɫɬɭɩɚɟɬ ɫ ɧɚɛɥɸɞɚɬɟɥɹ ɫɨɫɬɨɹɧɢɹ. Ɉɫɨɛɟɧɧɭɸ ɪɨɥɶ 

ɛɟɡɞɚɬɱɢɤɨɜɵɟ ɫɢɫɬɟɦɵ ɢɝɪɚɸɬ ɜ ɬɟɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɧɵɯ ɫɢɫɬɟɦɚɯ, ɝɞɟ 

ɭɫɬɚɧɨɜɤɚ ȾɉɊ ɮɢɡɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɚ. ɉɪɟɢɦɭɳɟɫɬɜɚɦɢ ɛɟɡɞɚɬɱɢɤɨɜɵɯ 

ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ, ɞɟɲɟɜɢɡɧɚ, ɤɨɦɩɚɤɬɧɨɫɬɶ.  

Ɇɟɬɨɞɵ ɩɨɫɬɪɨɟɧɢɹ ɫɚɦɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɋȾɉɆ ɬɚɤɠɟ 

ɨɬɥɢɱɚɸɬɫɹ ɪɚɡɧɨɨɛɪɚɡɢɟɦ. Ɋɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.1. 
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Ɋɢɫɭɧɨɤ 2.1 - ɋɩɨɫɨɛɵ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ 

Ɋɚɫɫɦɨɬɪɢɦ ɤɚɠɞɵɣ ɢɡ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ.  

Ɇɟɬɨɞ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ (Direct Torque Control (DTC)) 

ɢɡɧɚɱɚɥɶɧɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɞɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɧɨ ɜ ɧɚɫɬɨɹɳɢɣ 

ɦɨɦɟɧɬ ɩɪɢɦɟɧɹɟɬɫɹ ɢ ɞɥɹ ɞɪɭɝɢɯ ɦɚɲɢɧ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. Ɉɫɧɨɜɧɨɣ 

ɩɪɢɧɰɢɩ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ – ɜɵɛɨɪ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɡɚɪɚɧɟɟ ɡɚɞɚɧɧɨɣ 

ɬɚɛɥɢɰɟ ɡɧɚɱɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢ 

ɦɨɦɟɧɬɨɦ, ɢ ɩɨɥɟɦ ɫɬɚɬɨɪɚ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ: 

ɞɨɫɬɢɝɚɟɬɫɹ ɪɨɛɚɫɬɧɨɫɬɶ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ, 

ɭɩɪɨɳɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɫɱɟɬ ɨɬɫɭɬɫɬɜɢɹ ɤɨɧɬɭɪɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɬɨɤɚ, ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɫɢɫɬɟɦɵ. Ɉɞɧɚɤɨ ɦɟɬɨɞ 

ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ: ɩɪɢ ɦɚɥɵɯ 

ɭɝɥɚɯ ɧɚɝɪɭɡɤɢ ɜɨɡɧɢɤɚɸɬ ɤɨɥɟɛɚɧɢɹ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ ɢ ɩɭɥɶɫɚɰɢɢ ɦɨɦɟɧɬɚ. 

Ɇɟɬɨɞ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɨɩɢɫɚɧɧɵɣ ɜ [6], ɩɨɡɜɨɥɹɟɬ 

ɫɧɢɡɢɬɶ ɩɭɥɶɫɚɰɢɢ ɦɨɦɟɧɬɚ. Ɉɧ ɨɫɧɨɜɚɧ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɢ ɡɧɚɤɨɜ 

ɩɪɨɢɡɜɨɞɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɫɬɚɬɨɪɚ. ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɭɯɭɞɲɟɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢ ɪɚɛɨɬɟ 

ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ.  
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Ⱦɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɫɢɫɬɟɦ ɫɨ 

ɫɤɨɥɶɡɹɳɢɦɢ ɪɟɠɢɦɚɦɢ (Sliding Mode Systems), ɤɨɬɨɪɨɟ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ 

ɋȾɉɆ ɛɵɥɨ ɨɩɢɫɚɧɨ ɋ.ȿ. Ɋɵɜɤɢɧɵɦ [7]. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɩɟɪɟɦɟɧɧɭɸ 

ɫɬɪɭɤɬɭɪɭ. ɉɪɢɧɰɢɩ ɭɩɪɚɜɥɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɡɧɚɤ ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɫɢɝɧɚɥɚ ɢɡɦɟɧɹɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɣ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɤɨɥɶɠɟɧɢɹ, ɤɨɬɨɪɚɹ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟɦ, ɫɨɫɬɚɜɥɟɧɧɵɦ ɧɚ ɨɫɧɨɜɟ 

ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ. ɇɟɞɨɫɬɚɬɤɚɦɢ ɫɤɨɥɶɡɹɳɟɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɹɜɥɹɸɬɫɹ: ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɬɟɪɢ ɫɢɫɬɟɦɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɞɨɫɬɢɠɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɟɪɟɤɥɸɱɟɧɢɹ; ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɩɟɪɟɤɥɸɱɟɧɢɹ, ɱɬɨ ɜɥɟɱɟɬ ɡɚ 

ɫɨɛɨɣ ɛɵɫɬɪɵɣ ɢɡɧɨɫ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɱɚɫɬɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ; 

ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɸ.  

ɇɟɣɪɨɧɧɵɟ ɫɟɬɢ (Neuron Network) ɢ ɧɟɱёɬɤɚɹ ɥɨɝɢɤɚ (Fuzzy Logic) 

ɹɜɥɹɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɦɢ ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɩɨɫɬɪɨɟɧɢɹ 

ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɞɚɧɧɵɯ ɦɟɬɨɞɨɜ ɨɬɫɭɬɫɬɜɭɸɬ 

ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɥɢɧɟɣɧɨɫɬɶ ɫɢɫɬɟɦɵ, ɨɧɢ ɷɮɮɟɤɬɢɜɧɵ ɜ ɭɫɥɨɜɢɹɯ ɲɭɦɨɜ ɢ 

ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ ɨɛɭɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɩɪɚɜɥɟɧɢɟ ɜ ɪɟɚɥɶɧɨɦ ɦɚɫɲɬɚɛɟ 

ɜɪɟɦɟɧɢ. ɇɟɞɨɫɬɚɬɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɟɣɪɨɫɟɬɟɜɵɯ ɢ ɧɟɱёɬɤɢɯ ɪɟɝɭɥɹɬɨɪɨɜ 

ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɛɨɥɶɲɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ 

ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɨɜ.  

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢɥɢ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɵ ɫɢɧɬɟɡɚ ɪɨɛɚɫɬɧɵɯ 

ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ (H∞-ɬɟɨɪɢɹ). ɂɡɦɟɧɟɧɢɹ ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ, ɚɤɬɢɜɧɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ, ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ, ɧɚɩɪɹɠɟɧɢɹ 

ɩɢɬɚɧɢɹ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɥɢɹɸɬ ɢ ɧɚ ɠɟɫɬɤɨɫɬɶ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɢ ɧɚ ɤɚɱɟɫɬɜɨ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ. 

Ɋɨɛɚɫɬɧɵɟ ɫɢɫɬɟɦɵ ɧɟ ɹɜɥɹɸɬɫɹ ɚɞɚɩɬɢɜɧɵɦɢ, ɧɨ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ 

ɧɟɨɛɯɨɞɢɦɨɟ ɤɚɱɟɫɬɜɨ ɪɚɛɨɬɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɡɞɟɣɫɬɜɢɣ ɢ 

ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. ɉɨɬɪɟɛɧɨɫɬɢ ɜ 

ɭɦɟɧɶɲɟɧɢɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɴɟɦɚ ɢɧɮɨɪɦɚɰɢɢ ɨ ɞɜɢɝɚɬɟɥɟ, ɫɬɪɟɦɥɟɧɢɟ ɤ 

ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɨɤɪɚɳɟɧɢɸ ɡɚɬɪɚɬ ɧɚ ɢɯ ɧɚɥɚɞɤɭ - ɜɫё  
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ɷɬɨ ɜɵɡɵɜɚɟɬ ɢɧɬɟɪɟɫ ɤ ɪɨɛɚɫɬɧɨɦɭ ɭɩɪɚɜɥɟɧɢɸ. ɇɨ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, 

ɧɟɫɦɨɬɪɹ ɧɚ ɫɟɪɶɟɡɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɞɨɫɬɢɠɟɧɢɹ, ɦɟɬɨɞɵ H∞-ɨɩɬɢɦɢɡɚɰɢɢ 

ɧɟ ɩɨɥɭɱɢɥɢ ɨɛɲɢɪɧɨɝɨ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ.  

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɢ ɧɚ ɨɫɧɨɜɟ 

ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɩɨɞɯɨɞɚ. ɂɡ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɭɩɪɚɜɥɟɧɢɹ ɢɡɜɟɫɬɧɨ, 

ɱɬɨ ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɪɢɬɟɪɢɟɜ ɭɩɪɚɜɥɟɧɢɹ ɫɢɫɬɟɦɵ ɜɵɪɚɠɚɸɬɫɹ ɜ ɜɢɞɟ 

ɫɢɫɬɟɦɵ ɬɚɤ ɧɚɡɵɜɚɟɦɵɯ ɢɧɜɚɪɢɚɧɬɨɜ. ɋȾɉɆ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɟɬ 

ɞɜɚ ɤɚɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɞɥɹ ɧɟɝɨ ɦɨɠɧɨ ɡɚɞɚɬɶ ɧɟ ɛɨɥɟɟ ɞɜɭɯ 

ɢɧɜɚɪɢɚɧɬɨɜ. ȼ ɪɚɛɨɬɟ [8] ɜ ɤɚɱɟɫɬɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɢɧɜɚɪɢɚɧɬɚ 

ɩɪɢɧɢɦɚɟɬɫɹ ɫɬɚɛɢɥɢɡɚɰɢɹ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɚ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɢɧɜɚɪɢɚɧɬ ɜɵɛɪɚɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɫɜɟɫɬɢ ɤ ɧɭɥɸ 

ɩɪɨɞɨɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɫɬɚɬɨɪɚ id. Ⱥɞɟɤɜɚɬɧɨɟ ɫɢɧɟɪɝɟɬɢɱɟɫɤɨɟ 

ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ 

ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɨɝɨ 

ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ, ɧɟɞɨɫɬɚɬɤɨɦ - ɫɥɨɠɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɣ, 

ɡɧɚɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ.  

ɉɪɢɧɰɢɩ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɨɫɧɨɜɚɧ ɧɚ ɨɪɢɟɧɬɚɰɢɢ 

ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɫɨɡɞɚɜɚɟɦɨɝɨ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ, ɩɨɷɬɨɦɭ ɜ 

ɧɟɤɨɬɨɪɵɯ ɢɫɬɨɱɧɢɤɚɯ ɟɝɨ ɧɚɡɵɜɚɸɬ «ɩɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ» (Field-Oriented 

Control (FOC)). ɐɟɥɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨɛɵ ɭɩɪɚɜɥɹɬɶ ɋȾɉɆ, 

ɤɚɤ ɨɬɞɟɥɶɧɨ ɜɨɡɛɭɠɞɟɧɧɨɣ ɦɚɲɢɧɨɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, ɝɞɟ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ 

ɢ ɦɨɦɟɧɬ ɦɨɝɭɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɨɬɞɟɥɶɧɨ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɫɬɚɬɢɱɟɫɤɢɯ 

ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ. Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɫɬɚɬɨɪɚ 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɜɨ ɜɪɚɳɚɸɳɭɸɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (d,q), ɫɜɹɡɚɧɧɭɸ ɫ 

ɪɨɬɨɪɨɦ, ɫ ɩɨɦɨɳɶɸ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ ɢ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɨɥɨɠɟɧɢɢ 

ɪɨɬɨɪɚ. ɉɪɢ ɩɨɞɞɟɪɠɚɧɢɢ ɬɨɤɚ id ɪɚɜɧɵɦ ɧɭɥɸ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɩɨ ɨɫɢ d 

ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɵɦ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɛɭɞɟɬ 

ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɬɨɤɭ iq, ɤɨɬɨɪɵɣ ɡɚɞɚёɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

Ɍɚɤɠɟ, ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɪɚɡɞɟɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟɦ ɢ 

ɦɨɦɟɧɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɚɧɢɬɶ ɫɜɹɡɶ ɦɟɠɞɭ ɞɜɭɦɹ ɨɫɹɦɢ ɫ ɩɨɦɨɳɶɸ 
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ɜɵɱɢɬɚɧɢɹ ɢɡ ɨɩɨɪɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɨɫɹɦ dq ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɫɜɹɡɵɜɚɸɳɢɯ ɱɥɟɧɨɜ, ɬɨ ɟɫɬɶ ɜɵɩɨɥɧɢɬɶ ɤɨɦɩɟɧɫɚɰɢɸ ɩɟɪɟɤɪёɫɬɧɵɯ ɫɜɹɡɟɣ.  

ɋɚɦɵɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɟ ɦɟɬɨɞɵ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ - ɩɪɹɦɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɢ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. ɋɢɫɬɟɦɚ ɫ ɩɪɹɦɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ ɦɨɦɟɧɬɨɦ ɥɭɱɲɟ ɨɬɪɚɛɚɬɵɜɚɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɢ ɜɨɡɦɭɳɚɸɳɢɟ 

ɜɨɡɞɟɣɫɬɜɢɹ. Ɍɚɤɠɟ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɭɫɬɭɩɚɟɬ ɩɪɹɦɨɦɭ ɭɩɪɚɜɥɟɧɢɸ 

ɦɨɦɟɧɬɨɦ ɢɡ-ɡɚ ɧɢɡɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɩɚɪɚɦɟɬɪɨɜ ɢ ɬɪɟɛɭɟɬ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɛɨɥɟɟ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ ɒɂɆ. Ɉɞɧɚɤɨ, ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɜ ɫɬɚɬɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ: ɧɢɠɟ ɡɚɬɪɚɬɵ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 

ɪɟɫɭɪɫɨɜ ɢ ɦɟɧɶɲɟ ɭɪɨɜɟɧɶ ɩɭɥɶɫɚɰɢɣ. ɉɨɷɬɨɦɭ ɬɚɤɢɟ ɫɢɫɬɟɦɵ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ ɜ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɩɪɢ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɹɯ ɧɚɝɪɭɡɤɢ ɢ 

ɛɨɥɟɟ ɫɬɚɛɢɥɶɧɨɦ ɭɩɪɚɜɥɟɧɢɢ [9]. ɂɞɟɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɛɵɥ ɛɵ ɝɢɛɪɢɞ 

ɦɟɠɞɭ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɩɪɹɦɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɦɨɦɟɧɬɨɦ, ɧɨ 

ɪɟɚɥɢɡɚɰɢɹ ɬɚɤɨɝɨ ɦɟɬɨɞɚ ɩɨɬɪɟɛɭɟɬ ɫɟɪɶɟɡɧɵɣ ɜɪɟɦɟɧɧɵɯ ɡɚɬɪɚɬ ɢ ɜɵɫɨɤɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɍɍ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɨɫɬɚɧɨɜɢɦɫɹ ɧɚ ɜɟɤɬɨɪɧɨɦ 

ɭɩɪɚɜɥɟɧɢɢ ɤɚɤ ɫɚɦɨɦ ɲɢɪɨɤɨɢɫɩɨɥɶɡɭɟɦɨɦ ɢ ɭɧɢɜɟɪɫɚɥɶɧɨɦ. 

2.1 ɉɪɢɧɰɢɩɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɫ 
ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 

ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɪɚɡɧɵɯ ɬɢɩɨɜ ɪɚɛɨɬɚɸɬ ɧɚ ɨɫɧɨɜɟ ɨɞɧɢɯ ɨɛɳɢɯ 

ɮɢɡɢɱɟɫɤɢɯ ɡɚɤɨɧɨɜ ɷɥɟɤɬɪɨɦɚɝɧɟɬɢɡɦɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɫɥɨɠɧɨɫɬɟɣ 

ɜ ɭɩɪɚɜɥɟɧɢɢ ɢɧɞɭɤɰɢɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ (AC) ɫɪɚɜɧɢɦ ɟɝɨ 

ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɫ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (DC). 

ȼ ɦɚɲɢɧɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨɥɟ ɜɨɡɛɭɠɞɟɧɢɹ ɫɨɡɞɚёɬɫɹ ɨɬɞɟɥɶɧɨɣ 

ɨɛɦɨɬɤɨɣ ɢ ɩɨɷɬɨɦɭ ɬɨɤ ɹɤɨɪɹ (ɦɨɦɟɧɬ) ɢ ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ (ɦɚɝɧɢɬɧɵɣ 

ɩɨɬɨɤ) ɦɨɝɭɬ ɛɵɬɶ ɭɩɪɚɜɥɹɟɦɵ ɧɟɡɚɜɢɫɢɦɨ. ɇɟɡɚɜɢɫɢɦɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ɢ ɦɨɦɟɧɬɨɦ ɩɪɢɜɨɞɢɬ ɤ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ 

ɬɨɤɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɦɨɦɟɧɬ ɩɪɢ ɧɭɥɟɜɨɣ ɫɤɨɪɨɫɬɢ, ɛɵɫɬɪɚɹ ɪɟɚɤɰɢɹ ɧɚ 

ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɢ ɬ.ɩ.). 

ȼ ɦɚɲɢɧɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɬɨɤɢ ɫɬɚɬɨɪɧɵɯ ɨɛɦɨɬɨɤ ɫɨɡɞɚɸɬ ɦɚɝɧɢɬɧɵɣ 

ɩɨɬɨɤ ɢ ɦɨɦɟɧɬ ɜɪɚɳɟɧɢɹ, ɩɨɷɬɨɦɭ ɫɥɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɦɨɦɟɧɬɨɦ ɢ 
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ɦɚɝɧɢɬɧɵɦ ɩɨɬɨɤɨɦ ɧɟɡɚɜɢɫɢɦɨ. ɍɩɪɚɜɥɟɧɢɟ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɨɣ ɬɨɤɚ ɧɟ 

ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ ɧɟɡɚɜɢɫɢɦɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ. ɉɨɷɬɨɦɭ, ɜɨ-ɩɟɪɜɵɯ, 

ɞɨɥɠɧɵ ɛɵɬɶ ɭɩɪɚɜɥɹɟɦɵ ɜɟɥɢɱɢɧɚ ɢ ɮɚɡɚ, ɬɨ ɟɫɬɶ ɜɟɤɬɨɪ ɬɨɤɚ.  

ȼ ɬɢɩɢɱɧɨɦ ɢɧɞɭɤɰɢɨɧɧɨɦ AC ɞɜɢɝɚɬɟɥɟ 3 ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɯ ɬɨɤɚ, 

ɷɥɟɤɬɪɢɱɟɫɤɢ ɫɞɜɢɧɭɬɵɟ ɧɚ 120˚, ɩɢɬɚɸɬ 3 ɫɬɚɰɢɨɧɚɪɧɵɯ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ. 

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ ɩɨɬɨɤ ɫɬɚɬɨɪɚ ɢɧɞɭɰɢɪɭɟɬ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɬɨɤɢ ɜ 

ɩɪɨɜɨɞɹɳɢɯ ɫɬɟɪɠɧɹɯ "ɛɟɥɢɱɶɟɣ ɤɥɟɬɤɢ" ɪɨɬɨɪɚ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬ ɫɜɨɢ 

ɫɨɛɫɬɜɟɧɧɵɟ ɩɨɥɹ, ɫɬɚɬɨɪɧɵɟ ɢ ɪɨɬɨɪɧɵɟ ɩɨɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ, ɫɨɡɞɚɜɚɹ 

ɦɨɦɟɧɬ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ DC ɦɚɲɢɧɵ ɬɨɤ ɪɨɬɨɪɚ AC ɦɚɲɢɧɵ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɭɩɪɚɜɥɹɟɦ ɧɚɩɪɹɦɭɸ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ, ɚ ɹɜɥɹɟɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦ ɨɬ 

ɜɪɚɳɚɸɳɟɝɨɫɹ ɫɬɚɬɨɪɧɨɝɨ ɩɨɥɹ ɢ ɟɫɬɶ ɪɟɡɭɥɶɬɚɬ ɨɬ ɬɨɤɨɜ, ɢɧɞɭɰɢɪɨɜɚɧɧɵɯ ɜ 

ɩɪɨɜɨɞɧɢɤɚɯ ɪɨɬɨɪɚ. 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜ AC ɢɧɞɭɤɰɢɨɧɧɵɯ ɦɚɲɢɧɚɯ ɚɧɚɥɨɝɢɱɧɨ 

ɭɩɪɚɜɥɟɧɢɸ DC ɞɜɢɝɚɬɟɥɟɦ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ. ȼ DC ɞɜɢɝɚɬɟɥɟ 

(ɪɢɫɭɧɨɤ 2.2) ɩɨɬɨɤ ɩɨɥɹ Ɏf ɩɪɨɢɡɜɨɞɢɦɵɣ ɬɨɤɨɦ If ɪɚɫɩɨɥɨɠɟɧ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɨɬɨɤɭ Ɏa, ɫɨɡɞɚɜɚɟɦɨɦɭ ɬɨɤɨɦ ɹɤɨɪɹ Ia. ɗɬɢ ɩɨɥɹ 

ɪɚɡɞɟɥɟɧɵ ɢ ɫɬɚɰɢɨɧɚɪɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ. ɉɨɷɬɨɦɭ, ɤɨɝɞɚ ɬɨɤ ɹɤɨɪɹ 

ɪɟɝɭɥɢɪɭɟɬɫɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ, ɚ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɨɫɬɚёɬɫɹ 

ɧɟɢɡɦɟɧɧɵɦ, ɬɨ ɩɨɥɭɱɚɟɬɫɹ ɯɨɪɨɲɚɹ ɞɢɧɚɦɢɤɚ ɜ ɭɩɪɚɜɥɟɧɢɢ ɞɜɢɝɚɬɟɥɟɦ. 

 

Ɋɢɫɭɧɨɤ 2.2 - Ⱦɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɢ ɜɟɤɬɨɪɚ ɟɝɨ ɩɨɬɨɤɨɜ 
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ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɬɪɟɦɢɬɫɹ ɜɨɫɫɨɡɞɚɬɶ ɷɬɢ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 

ɤɨɦɩɨɧɟɧɬɵ ɜ AC ɦɚɲɢɧɟ, ɱɬɨɛɵ ɭɩɪɚɜɥɹɬɶ ɦɨɦɟɧɬɨɦ, ɩɪɨɢɡɜɨɞɢɦɵɦ ɬɨɤɨɦ 

ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɚ, ɩɪɨɢɡɜɨɞɢɦɨɝɨ ɬɨɤɨɦ, ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɞɨɫɬɢɱɶ ɭɩɪɚɜɥɹɟɦɨɫɬɢ ɯɚɪɚɤɬɟɪɧɨɣ ɞɥɹ DC ɦɚɲɢɧɵ. 

ȼɨɡɦɨɠɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 3-ɮɚɡɧɨɣ ɦɚɲɢɧɵ ɜ ɜɢɞɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 2-

ɮɚɡɧɨɣ ɦɚɲɢɧɵ, ɜ ɤɨɬɨɪɨɣ ɩɪɢɦɟɧɹɸɬɫɹ ɨɫɢ ɩɪɹɦɚɹ (d - direct) ɢ 

ɤɜɚɞɪɚɬɭɪɧɚɹ (q - quadrature), ɩɪɢɱёɦ ɤɚɤ ɞɥɹ ɫɬɚɬɨɪɚ, ɬɚɤ ɢ ɞɥɹ ɪɨɬɨɪɚ. 

 

Ɋɢɫɭɧɨɤ 2.3 - d-q ɩɪɟɞɫɬɚɜɥɟɧɢɟ AC ɞɜɢɝɚɬɟɥɹ 

Ɋɢɫɭɧɨɤ 2.3 ɩɨɤɚɡɵɜɚɟɬ d-q ɩɪɟɞɫɬɚɜɥɟɧɢɟ AC ɞɜɢɝɚɬɟɥɹ. Ɉɫɢ ds-qs 

ɹɜɥɹɸɬɫɹ ɩɪɹɦɨɣ ɢ ɤɜɚɞɪɚɬɭɪɧɨɣ ɨɫɹɦɢ ɫɬɚɰɢɨɧɚɪɧɨɣ ɤɨɨɪɞɢɧɚɬɧɨɣ 

ɫɢɫɬɟɦɵ ɫɬɚɬɨɪɚ, ɚ ds
r -qs

r ɹɜɥɹɸɬɫɹ ɚɧɚɥɨɝɢɱɧɵɦɢ ɨɫɹɦɢ ɪɨɬɨɪɚ, ɢɡɜɟɫɬɧɵɦɢ 

ɤɚɤ ɜɪɚɳɚɸɳɚɹɫɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ. 

ɉɪɢ ɜɟɤɬɨɪɟ iu ɪɚɡɦɟɳёɧɧɨɦ ɧɚ ɨɫɢ ds ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɜɟɤɬɨɪɧɚɹ 

ɫɭɦɦɚ 3-ɯ ɫɬɚɬɨɪɧɵɯ ɬɨɤɨɜ iu, iv ɢ iw ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɚ ɩɨɫɪɟɞɫɬɜɨɦ 

ɤɜɚɞɪɚɬɭɪɧɵɯ ɤɨɦɩɨɧɟɧɬ ds ɢ qs (ɜ ɧɟɤɨɬɨɪɵɯ ɢɫɬɨɱɧɢɤɚɯ ɷɬɢ ɨɫɢ ɢɦɟɧɭɸɬɫɹ 

 ɢ ) ɜ ɫɬɚɬɨɪɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ: 

ds ui i ,                                                                                                      (1) 

 1

3
qs v wi i i 

.              
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ɂɡɜɟɫɬɧɨ, ɱɬɨ ɜ 3-ɮɚɡɧɨɣ ɫɛɚɥɚɧɫɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ (ɫ ɢɡɨɥɢɪɨɜɚɧɧɨɣ 

ɧɟɣɬɪɚɥɶɸ)  

0u v wi i i   ,           

ɬɨɝɞɚ (1) ɫɬɚɧɟɬ 

ds ui i ,                                                                                                           (2) 

1 2

3 3
qs u vi i i 

.              

ȼɵɪɚɠɟɧɢɟ (2) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ɬɪɚɧɫɮɨɪɦɚɰɢɸ) 3-

ɮɚɡɧɵɯ ɫɬɚɬɨɪɧɵɯ ɬɨɤɨɜ ɜ ɞɜɭɯɮɚɡɧɭɸ ɨɪɬɨɝɨɧɚɥɶɧɭɸ ɜɟɤɬɨɪɧɭɸ ɮɨɪɦɭ ɫ 

ɤɨɨɪɞɢɧɚɬɚɦɢ ds ɢ qs. Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɥɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

ɢɡɜɟɫɬɧɨ, ɤɚɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʉɥɚɪɤ. ɑɬɨɛɵ ɩɪɨɢɡɜɟɫɬɢ ɷɬɭ ɬɪɚɧɫɮɨɪɦɚɰɢɸ 

ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɢɡɦɟɪɹɬɶ ɬɨɤɢ ɬɨɥɶɤɨ ɜ ɞɜɭɯ ɮɚɡɚɯ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɷɬɨ - iu ɢ iv. 

Ⱦɚɥɶɧɟɣɲɟɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɤɨɦɩɨɧɟɧɬɵ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ ɧɟɩɨɞɜɢɠɧɨɝɨ ɫɬɚɬɨɪɚ ɫɨɩɨɫɬɚɜɢɬɶ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ ɪɨɬɨɪɚ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɉɚɪɤɚ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

sin cos
r

ds qs r ds ri i i   ,                                                                                     

(3) 

cos sin
r

qs qs r ds ri i i   . 

ɝɞɟ θr ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɥɹ ɪɨɬɨɪɚ. 

Ɍɪɚɧɫɮɨɪɦɚɰɢɹ ɉɚɪɤɚ ɞɚёɬ ɧɚɦ ɤɨɦɩɨɧɟɧɬɵ ɪɨɬɨɪɧɨɝɨ ɬɨɤɚ ( r

dsi ɢ r

qsi ) 

ɩɪɹɦɨɣ ɢ ɤɜɚɞɪɚɬɭɪɧɨɣ ɨɫɟɣ ɜ ɫɢɧɯɪɨɧɧɨ ɫ ɪɨɬɨɪɨɦ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ 

ɤɨɨɪɞɢɧɚɬ, ɤɨɬɨɪɚɹ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ω ɢ ɢɦɟɟɬ ɭɝɥɨɜɨɣ ɫɞɜɢɝ 

θr (θr=ωt) ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ds-qs. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɷɬɢ 

ɤɨɨɪɞɢɧɚɬɵ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɩɨɥɭɱɚɸɬɫɹ ɧɟɢɡɦɟɧɧɵ ɜɨ 

ɜɪɟɦɟɧɢ. 
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ɋɧɨɜɚ ɜɨɡɜɪɚɳɚɹɫɶ ɤ DC ɦɚɲɢɧɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 2.2, r

dsi

ɚɧɚɥɨɝɢɱɟɧ ɬɨɤɭ ɜɨɡɛɭɠɞɟɧɢɹ If (ɤɨɦɩɨɧɟɧɬɚ ɩɨɬɨɤɚ), ɚ r

qsi   ɚɧɚɥɨɝɢɱɟɧ ɬɨɤɭ 

ɹɤɨɪɹ Ia (ɤɨɦɩɨɧɟɧɬɚ ɦɨɦɟɧɬɚ). 

ɉɨɫɤɨɥɶɤɭ r

dsi  ɫɨɧɚɩɪɚɜɥɟɧ ɫ ɜɟɤɬɨɪɨɦ ɩɨɬɨɤɚ ɪɨɬɨɪɚ, ɚ r

qsi ɫɦɟɳёɧ ɧɚ 90 

ɝɪɚɞɭɫɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ r

dsi , ɩɨɫɬɨɥɶɤɭ ɩɨɬɨɤ ɢ ɬɨɤ ɦɨɝɭɬ ɛɵɬɶ ɪɟɝɭɥɢɪɭɟɦɵ 

ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 

2.2 ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

Ȼɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɨɪɨɲɟɣ ɞɢɧɚɦɢɤɢ ɜ ɭɩɪɚɜɥɟɧɢɢ 

ɢɧɞɭɤɰɢɨɧɧɨɣ ɦɚɲɢɧɨɣ ɞɨɥɠɧɵ ɛɵɬɶ ɪɟɝɭɥɢɪɭɟɦɵ ɬɨɤɢ id ɢ iq ɜɪɚɳɚɸɳɟɣɫɹ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. ɉɨɫɪɟɞɫɬɜɨɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫ ɡɚɦɤɧɭɬɵɦ 

ɤɨɧɬɭɪɨɦ, ɡɚɞɚɧɧɵɟ ɡɧɚɱɟɧɢɹ id ɢ iq ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɬɟɤɭɳɢɦɢ ɜɟɥɢɱɢɧɚɦɢ, 

ɢɡɦɟɪɟɧɧɵɦɢ ɜ ɫɢɥɨɜɨɣ ɰɟɩɢ ɞɜɢɝɚɬɟɥɹ. 

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɬɟɤɭɳɢɟ ɜɟɥɢɱɢɧɵ ɞɜɢɝɚɬɟɥɹ, ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɬɨɤɨɜ 3 ɮɚɡ ɫɬɚɬɨɪɚ ɜ ɩɪɹɦɭɸ ɢ ɤɜɚɞɪɚɬɭɪɧɭɸ ɤɨɦɩɨɧɟɧɬɵ 

ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. Ɋɟɡɭɥɶɬɚɬ ɫɪɚɜɧɟɧɢɹ (ɨɲɢɛɤɚ ɨɬ ɡɚɞɚɧɢɹ) 

ɞɚɥɟɟ ɨɛɪɚɬɧɨ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɬɪёɯɮɚɡɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɩɨɞɚёɬɫɹ ɧɚ ɞɜɢɝɚɬɟɥɶ.  
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ɇɚ ɪɢɫɭɧɤɟ 2.4 ɩɨɤɚɡɚɧ ɷɬɨɬ ɩɪɨɰɟɫɫ. 

Ɉɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ Кɥɚɪɤ

ɉɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ Кɥɚɪɤ

Ɉɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ ɉɚɪɤɚ

ɉɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ ɉɚɪɤɚ

ɂɧɜɟɪɬɨɪ
 ɫ PWM

Выɱɢɫɥɟɧɢɟ 
ɩɨɥɨɠɟɧɢɹ ɩɨɬɨɤɚ

ɉɂ

ɉɂ

M
G

r

qsi

r

dsi

*r

qsi

*r

dsi




–

*

qsi

*

dsi

*

ui
*

vi
*

wi

ui vi wi

r

dsi

qsi

–

Ɍɪɟɛɭɟɦыɣ 
ɦɨɦɟɧɬ

Ɍɪɟɛɭɟɦыɣ 
ɩɨɬɨɤ

r

ɋɟɬɟɜыɟ ɮɚɡы

Ɋɟɝɭɥɹɬɨɪ

Ɂɚɞɚɧɧыɟ 
ɡɧɚɱɟɧɢɹ 
ɮɚɡɧыɯ 
ɬɨɤɨɜ

Ɂɚɞɚɧɧыɟ ɡɧɚɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬ ɫɬɚɬɨɪɧɨɝɨ 
ɬɨɤɚ ɜ ɫɬɚɰɢɨɧɚɪɧɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ

Ɂɚɞɚɧɧыɟ ɡɧɚɱɟɧɢɹ 
ɤɨɦɩɨɧɟɧɬ ɫɬɚɬɨɪɧɨɝɨ 
ɬɨɤɚ ɜɨ ɜɪɚщɚɸщɟɣɫɹ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ

Фɚɡɨɜыɣ ɫɞɜɢɝ ɦɟɠɞɭ 
ɫɢɫɬɟɦɚɦɢ ɤɨɨɪɞɢɧɚɬ

Ɍɟɤɭщɢɟ ɡɧɚɱɟɧɢɹ 
ɮɚɡɧыɯ ɬɨɤɨɜ

Эɧɤɨɞɟɪ

AIM

  

 
Ɋɢɫɭɧɨɤ 2.4 - ɋɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ  

ɇɚɡɧɚɱɟɧɢɟ ɛɥɨɤɚ ɜɵɱɢɫɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɩɨɬɨɤɚ, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ 

ɪɢɫɭɧɤɟ 2.4 ɜ ɬɨɦ, ɱɬɨɛɵ ɫɞɟɥɚɬɶ ɤɨɪɪɟɤɰɢɸ ɨɪɢɟɧɬɚɰɢɢ ɩɨɥɹ ɢ ɨɛɟɫɩɟɱɢɬɶ 

ɫɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɤɨɦɩɨɧɟɧɬɵ id ɫ ɩɨɬɨɤɨɦ ɪɨɬɨɪɚ. ȼ ɫɢɫɬɟɦɚɯ ɫ AIM 

(ɚɫɢɧɯɪɨɧɧɵɟ ɞɜɢɝɚɬɟɥɢ) ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɬɨɤɚ ɪɨɬɨɪɚ ɢɡɦɟɪɹɟɬɫɹ 

ɩɪɹɦɵɦ ɨɛɪɚɡɨɦ ɫ ɩɨɦɨɳɶɸ ɞɚɬɱɢɤɚ, ɜɫɬɪɨɟɧɧɨɝɨ ɜ ɞɜɢɝɚɬɟɥɶ, ɢɥɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ (ɦɟɧɟɟ ɬɨɱɧɨ) ɤɨɫɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. Ʉɨɫɜɟɧɧɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ 

ɧɚ ɜɵɱɢɫɥɟɧɢɢ ɭɝɥɚ ɫɦɟɳɟɧɢɹ ɦɟɠɞɭ ɩɨɥɹɦɢ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɢɡɜɟɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɨɬɨɪɚ ɫɨɜɦɟɫɬɧɨ ɫ ɨɩɪɟɞɟɥɹɟɦɵɦ 

ɮɢɡɢɱɟɫɤɢɦ ɩɨɥɨɠɟɧɢɟɦ ɪɨɬɨɪɚ. Ɏɢɡɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɪɨɬɨɪɚ ɢɡɦɟɪɹɟɬɫɹ, 

ɤɚɤ ɩɪɚɜɢɥɨ, ɩɪɢɦɟɧɟɧɢɟɦ ɢɧɤɪɟɦɟɧɬɧɨɝɨ ɷɧɤɨɞɟɪɚ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɧɚ 

ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ.  

Ɋɚɡɧɢɰɵ (ɨɲɢɛɤɢ) ɦɟɠɞɭ ɡɚɞɚɧɧɵɦɢ ɢ ɬɟɤɭɳɢɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɤɨɦɩɨɧɟɧɬ ɢ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞɵ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɯ (ɉɂ) 

ɪɟɝɭɥɹɬɨɪɨɜ. Ɉɛɪɚɬɢɬɟ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɉɂ-ɪɟɝɭɥɹɬɨɪɵ ɧɟ ɹɜɥɹɸɬɫɹ 
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ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɧɨ ɨɧɢ ɨɛɵɱɧɨ 

ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɫɢɫɬɟɦɚɯ ɬɚɤɨɝɨ ɬɢɩɚ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɟɦ. ȼɵɯɨɞɧɨɟ ɡɧɚɱɟɧɢɟ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ, ɤɨɬɨɪɨɟ 

ɩɨɥɭɱɢɥɨɫɶ ɞɥɹ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɨɛɪɚɬɧɨ ɜ 

ɧɟɩɨɞɜɢɠɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ ɫ ɩɨɦɨɳɶɸ ɢɧɜɟɪɫɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ 

ɜɵɪɚɠɟɧɢɹ (3), ɚ ɡɚɬɟɦ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɢɡ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ 

3-ɮɚɡɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɫ ɩɨɦɨɳɶɸ ɢɧɜɟɪɫɧɨɣ ɬɪɚɧɫɮɨɪɦɚɰɢɢ ɜɵɪɚɠɟɧɢɹ (2). 

ɂɧɜɟɪɫɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʉɥɚɪɤ ɢ ɉɚɪɤɚ ɩɨɤɚɡɚɧɵ ɜ ɜɵɪɚɠɟɧɢɹɯ (4) ɢ (5) 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

iu = ids, 

iw =  
 
 
 qs - 

 
 
ids,                         (4) 

iw = -iu – iv, 
 

ids =     cos   -     sin                        (5) 
iqs =     sin   +     cos                                                                   

2.3 ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

ɋɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɚɹ ɜ [2], 

ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.4 ɢ ɪɚɫɫɱɢɬɚɧɧɚɹ ɞɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 

ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɚɞɚɩɬɢɪɨɜɚɧɚ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

(ɋȾɉɆ).  ȼ ɋȾɉɆ ɤɨɦɩɨɧɟɧɬɚ ɩɨɬɨɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɫɬɨɹɧɧɵɦ ɦɚɝɧɢɬɨɦ 

(ɧɟɩɨɞɜɢɠɧɚɹ ɨɛɦɨɬɤɚ ɜɨɡɛɭɠɞɟɧɢɹ, ɡɚɦɟɧɟɧɚ ɧɚ ɜɪɚɳɚɸɳɢɣɫɹ ɩɨɫɬɨɹɧɧɵɣ 

ɦɚɝɧɢɬ). ɉɨɬɨɤ ɪɨɬɨɪɚ, ɮɨɪɦɢɪɭɟɦɵɣ ɩɨɫɬɨɹɧɧɵɦ ɦɚɝɧɢɬɨɦ, ɜɪɚɳɚɟɬɫɹ ɫ 

ɬɨɣ ɠɟ ɫɤɨɪɨɫɬɶɸ ɱɬɨ ɢ ɩɨɥɟ ɫɬɚɬɨɪɚ, ɬɨ ɟɫɬɶ ɫɤɨɥɶɠɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ.  
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ɉɨɷɬɨɦɭ ɞɥɹ ɋȾɉɆ ɡɚɞɚɧɢɟ ɤɨɦɩɨɧɟɧɬɵ id (λ) ɭɫɬɚɧɨɜɥɟɧɨ ɜ ɧɨɥɶ, ɚ 

ɪɨɬɨɪɧɵɣ ɭɝɨɥ ɫɱɢɬɵɜɚɟɬɫɹ ɫ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ. Ʉɨɧɮɢɝɭɪɚɰɢɹ 

ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɋȾɉɆ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.5. 


Ɉɛɪɚɬɧɨɟ 

ɩɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ Кɥɚɪɤ
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Ɋɢɫɭɧɨɤ 2.5 - ɋɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ  
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3 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɋɯɟɦɚ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2.5, ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ, ɤɚɤ 

ɨɫɧɨɜɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɦ. ɉɨɞɪɨɛɧɨ ɪɚɫɫɦɨɬɪɢɦ ɷɥɟɦɟɧɬɵ 

ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3.1:  

Ɉɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ Кɥɚɪɤ

ɉɪɟɨɛɪɚɡɨ-

ɜɚɧɢɟ Кɥɚɪɤ

Ɉɛɪɚɬɧɨɟ 
ɩɪɟɨɛɪɚɡɨ-
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ɉɂ
–



d/dz

1

3

2

Ɋɢɫɭɧɨɤ 3.1 - ɋɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

Ɂɞɟɫɶ 1 – ɞɜɢɝɚɬɟɥɶ, 2 – ɭɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ, 3 – ɫɢɥɨɜɚɹ ɩɥɚɬɚ. 
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3.1 ɋɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 

Ⱦɜɢɝɚɬɟɥɶ ɜ ɫɯɟɦɟ ɨɛɨɡɧɚɱɟɧ ɰɢɮɪɨɣ 1. ȿɝɨ ɧɚɡɜɚɧɢɟ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɇɚɡɜɚɧɢɟ ɞɜɢɝɚɬɟɥɹ - Baldor brushless ac servomotor BSM50A-233AEA. 

 

 
Ɋɢɫɭɧɨɤ 3.2 - Baldor brushless ac servomotor BSM50A-233AEA 

ȼ ɬɚɛɥɢɰɟ 2 ɩɪɢɜɟɞɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

Ɍɚɛɥɢɰɚ 2 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ BSM50A-233AEA 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟɧɢɹ 

ɉɪɟɞɟɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ 0.91 ɇ*Ɇ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɧɚ ɨɛɦɨɬɤɚɯ 2.87 Ⱥ 

ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 4000 Ɉɛ/ɦɢɧ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ  160 ȼ 

ɉɢɤɨɜɵɣ ɬɨɤ 9.6 Ⱥ 

ɇɚɝɪɟɜɨɫɬɨɣɤɨɫɬɶ ɢɡɨɥɹɰɢɢ F  

 

Ⱦɜɢɝɚɬɟɥɶ ɢɦɟɟɬ ɷɧɤɨɞɟɪ, ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɟɝɨ ɫɢɝɧɚɥɚ ɦɵ ɛɭɞɟɦ 

ɩɨɥɭɱɚɬɶ ɡɧɚɱɟɧɢɟ ωr ɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ. 
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3.2 ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɫ ɦɨɞɭɥɟɦ PM30CSJ060 

Ɇɨɞɭɥɶ ɭɦɧɨɝɨ ɩɢɬɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɤɨɦɦɭɬɚɰɢɢ ɫɢɥɨɜɵɯ 

ɰɟɩɟɣ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɱɚɫɬɨɬɚɯ ɞɨ 20ɤȽɰ. ȼɫɬɪɨɟɧɧɵɟ ɫɯɟɦɵ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɨɩɬɢɦɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ ɢ ɡɚɳɢɳɚɟɬ ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ, 

ɩɟɪɟɝɪɟɜɚ, ɜɵɫɨɤɢɯ ɬɨɤɨɜ (ɪɢɫɭɧɨɤ 3.1). 

ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ ɢɧɜɟɪɬɨɪɚ ɫ PWM ɢ ɭɩɪɚɜɥɹɟɬɫɹ 

ɫɢɝɧɚɥɚɦɢ iu, iv, iw. Ɍɚɤ ɠɟ ɨɧɚ ɢɦɟɟɬ ɞɜɚ ɞɚɬɱɢɤɚ ɬɨɤɚ ɨɬɤɭɞɚ ɦɵ ɢɫɩɨɥɶɡɭɟɦ 

ɞɚɧɧɵɟ iu, iv. ɇɚ ɪɢɫɭɧɤɟ 3.1 ɨɧɚ ɨɛɨɡɧɚɱɟɧɚ ɰɢɮɪɨɣ 3. 
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Ɋɢɫɭɧɨɤ 3.3 - ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɢ ɟɟ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ (ɜɢɞ ɫɜɟɪɯɭ) 
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Эɥɟɤɬɪɨɧɧɵɣ ɤɨɦɦɭɬаɬɨɪ

Ɇɨщɧɵɣ 
ɤɨɧɞɟɧɫаɬɨɪ

Iu, Iv, Iw, Nɋɢɥɨвɨɟ 
ɩɢɬаɧɢɟ

Ɍɪаɧɫɮɨɪɦаɬɨɪ

Ɋɢɫɭɧɨɤ 3.4 - ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɢ ɟɟ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ (ɜɢɞ ɫɛɨɤɭ) 

3.3 ɉɥɚɬɚ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ  

Ⱦɜɢɝɚɬɟɥɶ ɢɦɟɟɬ ɞɚɬɱɢɤ ɏɨɥɥɚ ɫ ɬɪɟɦɹ ɰɢɮɪɨɜɵɦɢ ɜɵɯɨɞɚɦɢ, ɷɧɤɨɞɟɪ 

ɫ ɬɪɟɦɹ ɰɢɮɪɨɜɵɦɢ ɜɵɯɨɞɚɦɢ, ɞɚɬɱɢɤ ɬɨɤɚ ɫ ɬɪɟɦɹ ɚɧɚɥɨɝɨɜɵɦɢ ɜɵɯɨɞɚɦɢ, ɚ 

ɬɚɤɠɟ 6 ɰɢɮɪɨɜɵɯ ɜɯɨɞɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɤɥɸɱɚɦɢ ɨɛɦɨɬɨɤ.  ȼɵɛɪɚɧɧɚɹ 

ɩɥɚɬɚ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ATXMEGA128A4U ɢɦɟɟɬ ɞɜɚ ɩɨɪɬɚ ɩɨ 8 ɩɢɧɨɜ 

ɢ ɨɞɢɧ ɩɨɪɬ ɫ 4 ɩɢɧɚɦɢ. Ɍɚɤɠɟ ɢɦɟɟɬ ɜɫɬɪɨɟɧɧɵɣ Ⱥɐɉ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ 

ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɫɢɝɧɚɥɵ ɫ ɞɚɬɱɢɤɨɜ ɬɨɤɚ. 

Вɨɡɦɨɠɧɨɫɬɢ ATXMEGA128A4U: 

 8-ɪɚɡɪɹɞɧɵɣ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ Atmel AVR RISC 

 32x8-ɛɢɬɧɵɟ ɪɟɝɢɫɬɪɵ, ɧɚɩɪɹɦɭɸ ɩɨɞɤɥɸɱɟɧɧɵɟ ɤ ALU 

 ɋɬɟɤ ɜ ɈɁɍ 

 ɍɤɚɡɚɬɟɥɶ ɫɬɟɤɚ, ɞɨɫɬɭɩɧɵɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɚɦɹɬɢ ɜɜɨɞɚ / ɜɵɜɨɞɚ 

 ɉɪɹɦɚɹ ɚɞɪɟɫɚɰɢɹ ɞɨ 16 ɆȻ ɩɪɨɝɪɚɦɦɧɨɣ ɩɚɦɹɬɢ ɢ 16 ɆȻ ɩɚɦɹɬɢ ɞɚɧɧɵɯ 

 ɗɮɮɟɤɬɢɜɧɚɹ ɩɨɞɞɟɪɠɤɚ 8-, 16- ɢ 32-ɪɚɡɪɹɞɧɨɣ ɚɪɢɮɦɟɬɢɤɢ 

 Ɂɚɳɢɬɚ ɨɬ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɵɯ ɮɭɧɤɰɢɣ 
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Ɍɚɛɥɢɰɚ 3 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ATXMEGA128A4U 
ɇɚɡɜɚɧɢɟ Ɂɧɚɱɟɧɢɟ ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ 

Flash ɩɚɦɹɬɶ 128+8 Ʉɛɚɣɬ 
EEPROM  2 Ʉɛɚɣɬ 
SRAM 8 Ʉɛɚɣɬ 
ɑɚɫɬɨɬɚ 32 ɆȽɰ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɪɚɛɨɬɵ 0 - 105 °C 

 
ɉɥɚɬɚ ɛɭɞɟɬ ɜɵɩɨɥɧɹɬɶ ɮɭɧɤɰɢɢ ɪɟɝɭɥɹɬɨɪɚ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, 

ɨɛɪɚɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɚ ɬɚɤɠɟ ɝɟɧɟɪɢɪɨɜɚɬɶ ɮɚɡɨɜɵɟ ɬɨɤɢ iu, iv, iw. 

ɉɥɚɬɚ ɛɭɞɟɬ ɡɚɦɟɧɹɬɶ ɰɟɥɵɣ ɛɥɨɤ ɷɥɟɦɟɧɬɨɜ ɫɯɟɦɵ, ɧɚ ɪɢɫɭɧɤɟ 3.1 ɨɧ 

ɨɛɨɡɧɚɱɟɧ ɰɢɮɪɨɣ 2. 

  

 
Ɋɢɫɭɧɨɤ 3.5 - ɉɥɚɬɚ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ ATXMEGA128A4U 

3.4 Ⱦɚɬɱɢɤɢ ɬɨɤɚ 

ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɪɢɫɭɧɤɭ 3.1, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɦ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɡɧɚɱɟɧɢɟ ɬɨɤɨɜ ɫ ɞɜɭɯ ɮɚɡ iu ɢ iv. ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɢɦɟɟɬ ɞɜɚ ɞɚɬɱɢɤɚ ɬɨɤɚ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɢɯ ɩɨɥɭɱɚɬɶ. Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɪɚɛɨɬɚɟɬ ɞɨ ɧɚɩɪɹɠɟɧɢɹ 

1.25 ȼɨɥɶɬ, ɩɨɷɬɨɦɭ ɫɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɬɨɤɚ ɛɭɞɟɬ ɩɪɨɯɨɞɢɬɶ ɱɟɪɟɡ ɞɟɥɢɬɟɥɶ 

ɧɚɩɪɹɠɟɧɢɹ, ɡɚɬɟɦ ɭɠɟ ɧɚ ɩɢɧɵ 6,7 ɩɨɪɬɚ Ⱥ.  
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Ɋɟɠɢɦ ɪɚɛɨɬɵ Ⱥɐɉ ɜɵɛɢɪɚɟɦ ɡɧɚɤɨɜɵɣ, ɱɬɨɛɵ ɩɨɥɭɱɚɬɶ ɡɧɚɱɟɧɢɹ ɨɬ         

-2048 ɞɨ 2047, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 3.6.  

 

 
Ɋɢɫɭɧɨɤ 3.6 – Ɂɧɚɤɨɜɵɣ ɪɟɠɢɦ Ⱥɐɉ 

ɉɨɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɧɚ ɨɞɢɧ ɛɢɬ. ɇɚɩɪɹɠɟɧɢɟ ɧɚ 1.25/2 ɜɨɥɶɬ 

ɩɪɢɯɨɞɢɬ ɱɟɪɟɡ ɪɟɡɢɫɬɨɪ 270 Ɉɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

      
     
 
      

   
                       (6) 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɬɨɤɚ            

  
    

      
    

      
    

                      (7) 

Ⱦɥɹ ɪɚɫɱɟɬɨɜ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ, ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɟ 

1.1 ɦɤȺ ɧɚ ɨɞɢɧ ɛɢɬ. 
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ɇɚɫɬɪɨɢɜ Ⱥɐɉ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɢ ɪɟɚɥɢɡɨɜɚɜ ɜɵɜɨɞ ɩɨɥɭɱɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɱɟɪɟɡ UART, ɩɨɫɬɪɨɢɦ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɝɪɚɮɢɤ ɜ Matlab ɫ 

ɩɨɦɨɳɶɸ ɤɨɞɚ ɜ ɉɪɢɥɨɠɟɧɢɢ Ȼ.  

 
Ɋɢɫɭɧɨɤ 3.7 - Ɂɧɚɱɟɧɢɹ ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɇɚ ɪɢɫɭɧɤɟ 3.7 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɞɜɟ ɮɚɡɵ, ɫɞɜɢɧɭɬɵɟ ɧɚ 120 ɝɪɚɞɭɫɨɜ 

ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɚɥɚ ɪɨɬɨɪɚ. ɋɢɧɢɦ ɰɜɟɬɨɦ ɨɛɨɡɧɚɱɟɧɵ ɫɢɝɧɚɥɵ ɧɚɩɪɹɦɭɸ ɫ 

ɞɚɬɱɢɤɨɜ ɬɨɤɚ, ɤɪɚɫɧɵɦ - ɫɢɝɧɚɥ, ɫɝɥɚɠɟɧɧɵɣ ɦɟɬɨɞɨɦ ɫɤɨɥɶɡɹɳɟɝɨ ɫɪɟɞɧɟɝɨ 

ɢɧɬɟɪɜɚɥɨɦ ɜ 8 ɡɧɚɱɟɧɢɣ. 

3.5 Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ 

ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɢɫɩɨɥɶɡɭɟɦ ɢɧɤɪɟɦɟɧɬɧɵɣ 

ɷɧɤɨɞɟɪ. ɗɬɨɬ ɷɧɤɨɞɟɪ ɮɨɪɦɢɪɭɟɬ ɢɦɩɭɥɶɫɵ, ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɵɯ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɜɨɪɨɬɭ ɜɚɥɚ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ. ɗɬɨɬ ɬɢɩ ɷɧɤɨɞɟɪɨɜ, ɜ 

ɨɬɥɢɱɢɟ ɨɬ ɚɛɫɨɥɸɬɧɵɯ, ɧɟ ɮɨɪɦɢɪɭɟɬ ɤɨɞ ɩɨɥɨɠɟɧɢɹ ɜɚɥɚ, ɤɨɝɞɚ ɜɚɥ 

ɧɚɯɨɞɢɬɫɹ ɜ ɩɨɤɨɟ.  

ɗɧɤɨɞɟɪ ɩɪɢɜɨɞɚ ɢɦɟɟɬ 4000 ɢɦɩɭɥɶɫɨɜ ɧɚ ɨɛɨɪɨɬ, ɚ ɬɚɤɠɟ ɦɟɬɤɭ Z, 

ɤɨɬɨɪɭɸ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɜɨɪɨɬɚ ɩɨɥɹ ɫɬɚɬɨɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɨɬɨɪɚ 

ɩɨɞ 90 ɝɪɚɞɭɫɨɜ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɫɚɦɵɣ ɩɨɥɟɡɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɦɨɦɟɧɬ. 

ɗɧɤɨɞɟɪ ɢɦɟɟɬ ɢɦɩɭɥɶɫɵ ɩɨ ɞɜɭɦ ɤɚɧɚɥɚɦ, ɧɟɦɧɨɝɨ ɫɞɜɢɧɭɬɵɦɢ ɜɨɤɪɭɝ ɨɫɢ 



 
Иɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Даɬа 

Ʌɢɫɬ 

39 
ȻɊ – 15.03.06 ɉɁ 

ɜɪɚɳɟɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɦɨɠɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ 

ɜɪɚɳɟɧɢɹ. 

ɗɧɤɨɞɟɪ ɩɨɞɤɥɸɱɚɟɦ ɧɚ ɩɨɪɬ Ȼ ɧɚ ɩɢɧɵ 1,2 ɢ ɦɟɬɤɭ Z ɧɚ ɩɢɧ 3. 

ɇɚɫɬɪɨɢɜ ɫɱɟɬɱɢɤ ɢɦɩɭɥɶɫɨɜ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɢ ɪɟɚɥɢɡɨɜɚɜ ɜɵɜɨɞ 

ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɟɪɟɡ UART, ɩɨɫɬɪɨɢɦ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɝɪɚɮɢɤ ɜ 

Matlab ɫ ɩɨɦɨɳɶɸ ɤɨɞɚ ɜ ɉɪɢɥɨɠɟɧɢɢ Ȼ.  

 
Ɋɢɫɭɧɨɤ 3.8 – Ɂɧɚɱɟɧɢɹ ɷɧɤɨɞɟɪɚ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɇɚ ɪɢɫɭɧɤɟ 3.8 ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɤɚɤɢɦ ɨɛɪɚɡɨɦ ɮɨɪɦɢɪɭɟɬɫɹ ɫɢɝɧɚɥ ɫ 

ɷɧɤɨɞɟɪɚ ɜ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ɩɪɢ ɜɪɚɳɟɧɢɢ ɜɚɥɚ ɪɨɬɨɪɚ. 

3.6 ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɉɚɪɤɚ ɢ Ʉɥɚɪɤ 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɪɟɚɥɢɡɨɜɚɧɨ ɩɨɥɭɱɟɧɢɟ ɫɢɝɧɚɥɨɜ ɫ ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɢ 

ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɵɜɚɬɶ ɛɥɨɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɬ.ɟ. 

ɮɨɪɦɭɥɵ (2), (3). ȼ ɉɪɢɥɨɠɟɧɢɢ ȼ ɷɬɢ ɮɭɧɤɰɢɢ ɧɚɡɵɜɚɸɬɫɹ bfp ɢ bkp_2 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɧɚɯɨɞɹɬɫɹ ɜ ɮɚɣɥɟ «Conversion.asm». 

Ɋɟɚɥɢɡɨɜɚɜ ɜɵɜɨɞ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɱɟɪɟɡ UART, ɩɨɫɬɪɨɢɦ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɝɪɚɮɢɤɢ ɜ Matlab ɫ ɩɨɦɨɳɶɸ ɤɨɞɚ ɜ ɉɪɢɥɨɠɟɧɢɢ Ȼ. 
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ɉɟɪɜɵɣ ɛɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ bfp, ɧɚ ɜɯɨɞ ɮɭɧɤɰɢɢ ɩɨɞɚɸɬɫɹ 

ɫɝɥɚɠɟɧɧɵɟ ɫɢɝɧɚɥɵ ɫ ɞɚɬɱɢɤɨɜ ɬɨɤɨɜ (ɜɟɪɯɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.9), 

ɜɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ Ids ɢ Iqs (ɧɢɠɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.9). 

 

Ɋɢɫɭɧɨɤ 3.9 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 
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ȼɬɨɪɨɣ ɛɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ bkp_2, ɧɚ ɜɯɨɞ ɮɭɧɤɰɢɢ ɩɨɞɚɸɬɫɹ 

ɫɝɥɚɠɟɧɧɵɣ ɫɢɝɧɚɥɵ Ids ɢ Iqs (ɜɟɪɯɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.10), ɜɵɯɨɞɧɵɟ 

ɫɢɝɧɚɥɵ r

dsi  ɢ r

qsi  (ɧɢɠɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.10). 

 
Ɋɢɫɭɧɨɤ 3.10 – Ɂɧɚɱɟɧɢɹ ɤɨɦɩɨɧɟɧɬɵ ɦɨɦɟɧɬɚ ɢ ɤɨɦɩɨɧɟɧɬɵ ɩɨɬɨɤɚ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ȼɵɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ r

dsi (ɤɨɦɩɨɧɟɧɬɚ ɩɨɬɨɤɚ) ɢ 

r

qsi (ɤɨɦɩɨɧɟɧɬɚ ɦɨɦɟɧɬɚ). Ⱦɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɹɜɥɹɸɬɫɹ ɪɟɝɭɥɢɪɭɟɦɵɦɢ ɫ 

ɩɨɦɨɳɶɸ ɉɂ-ɪɟɝɭɥɹɬɨɪɨɜ.  

ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ, ɷɬɨ ɪɚɫɱɟɬ ɫɤɨɪɨɫɬɶ ɫɤɨɪɨɫɬɢ. Ɂɧɚɹ ɱɚɫɬɨɬɭ ɪɚɛɨɬɵ 

ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɚ 29.4912 ɆȽɰ, ɛɭɞɟɦ ɤɚɠɞɭɸ ɦɢɥɥɢɫɟɤɭɧɞɭ ɫɱɢɬɚɬɶ 

ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɷɧɤɨɞɟɪɚ. Ɍ.ɟ. ɤɚɠɞɵɟ 29291 ɢɦɩɭɥɶɫɚ ɤɜɚɪɰɟɜɨɝɨ 

ɝɟɧɟɪɚɬɨɪɚ ɛɭɞɟɦ ɮɢɤɫɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɷɧɤɨɞɟɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

ɫɤɨɪɨɫɬɶ ɛɭɞɟɬ ɜɵɪɚɠɟɧɚ, ɩɪɢɛɥɢɠɟɧɧɨ, ɜ ɤɨɥɢɱɟɫɬɜɟ ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ ɜ 

ɦɢɥɥɢɫɟɤɭɧɞɭ.  
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ɉɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɚɥɢɡɨɜɚɬɶ ɤɨɧɬɭɪ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ, 

ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 3.11. 

Кɨɧɬɭɪ ɬɨɤɚ
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ui vi wi

r

ɋɟɬɟɜыɟ ɮɚɡы

Эɧɤɨɞɟɪ

  

ɉɂ

–



d/dz

 

Ɋɢɫɭɧɨɤ 3.11 – ɋɢɫɬɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɫ ɤɨɧɬɭɪɨɦ ɫɤɨɪɨɫɬɢ 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɵ ɫɱɢɬɚɟɦ ɨɲɢɛɤɭ ɩɨ ɫɤɨɪɨɫɬɢ ɢ ɩɨɞɚɟɦ ɟɟ ɧɚ ɉɂ-

ɪɟɝɭɥɹɬɨɪ, ɡɚɬɟɦ ɫɱɢɬɚɟɦ ɨɲɢɛɤɭ ɩɨ ɤɨɦɩɨɧɟɧɬɟ ɦɨɦɟɧɬɚ ɢ ɤɨɦɩɨɧɟɧɬɟ 

ɩɨɬɨɤɚ (ɠɟɥɚɟɦɚɹ ɨɲɢɛɤɚ ɪɚɜɧɚ 0). Ɉɲɢɛɤɢ ɩɨɞɚёɦ ɧɚ ɉɂ-ɪɟɝɭɥɹɬɨɪɵ ɢ 

ɢɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ (5), (4) ɩɨɥɭɱɚɟɦ ɭɩɪɚɜɥɹɟɦɵɟ ɞɜɢɝɚɬɟɥɟɦ ɬɨɤɢ iu, iv ɢ iw. 

ȼ ɉɪɢɥɨɠɟɧɢɢ ȼ ɷɬɢ ɮɭɧɤɰɢɢ ɧɚɡɵɜɚɸɬɫɹ bkp_1 ɢ bfp2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ 

ɧɚɯɨɞɹɬɫɹ ɜ ɮɚɣɥɟ «Conversion.asm». 

ɂɬɚɤ, ɡɚɞɚɟɦ ɠɟɥɚɟɦɭɸ ɫɤɨɪɨɫɬɶ ɜ ɮɚɣɥɟ «chisla.asm», ɨɧɚ ɭɱɢɬɵɜɚɟɬɫɹ 

ɜ ɪɚɫɱɟɬɟ ɨɲɢɛɤɢ ɩɨ ɫɤɨɪɨɫɬɢ, ɡɚɬɟɦ ɨɲɢɛɤɚ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɉɂ-

ɪɟɝɭɥɹɬɨɪɨɦ, ɬɟɦ ɫɚɦɵɦ ɦɵ ɩɨɥɭɱɚɟɦ ɡɚɞɚɧɢɟ ɩɨ ɦɨɦɟɧɬɭ. Ɉɬɧɨɫɢɬɟɥɶɧɨ 

ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ, ɜɵɱɢɫɥɹɟɬɫɹ ɨɲɢɛɤɚ ɩɨ ɦɨɦɟɧɬɭ, ɬɚɤ ɠɟ ɩɨɞɚёɬɫɹ ɧɚ 

ɪɟɝɭɥɹɬɨɪ ɢ ɩɨɥɭɱɚɟɦ Iqzad ɢ Idzad.  
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ȼɟɪɯɧɢɣ ɝɪɚɮɢɤ ɧɚ ɪɢɫɭɧɤɟ 3.12 ɷɬɨ ɡɧɚɱɟɧɢɹ ɩɨɫɥɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 
r

dsi  ɢ r

qsi , ɚ ɧɢɠɧɢɣ ɝɪɚɮɢɤ ɧɚ ɪɢɫɭɧɤɟ 3.12 ɷɬɨ Iqzad ɢ Idzad. 

 

Ɋɢɫɭɧɨɤ 3.12 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ȼɵɯɨɞɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɹɜɥɹɸɬɫɹ ɠɟɥɚɟɦɵɟ ɡɧɚɱɟɧɢɹ r

dsi (ɤɨɦɩɨɧɟɧɬɚ 

ɩɨɬɨɤɚ) ɢ r

qsi (ɤɨɦɩɨɧɟɧɬɚ ɦɨɦɟɧɬɚ).  
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Ɍɪɟɬɢɣ ɛɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ bkp_1, ɧɚ ɜɯɨɞ ɮɭɧɤɰɢɢ ɩɨɞɚɸɬɫɹ 

ɡɧɚɱɟɧɢɹ Iqzad ɢ Idzad (ɜɟɪɯɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.13), ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ Ids’ ɢ 

Iqs’ (ɧɢɠɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.13). 

 

Ɋɢɫɭɧɨɤ 3.13 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ȼɵɩɨɥɧɟɧ ɩɟɪɟɯɨɞ ɤ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ. 
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ɑɟɬɜɟɪɬɵɣ ɛɥɨɤ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ bfp2, ɧɚ ɜɯɨɞ ɮɭɧɤɰɢɢ ɩɨɞɚɸɬɫɹ 

ɡɧɚɱɟɧɢɹ Ids’ ɢ Iqs’ (ɜɟɪɯɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.14), ɜɵɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ iu, iv ɢ 

iw (ɧɢɠɧɢɣ ɝɪɚɮɢɤ ɪɢɫɭɧɨɤ 3.14). 

 
Ɋɢɫɭɧɨɤ 3.14 – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɞɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɒɂɆ-ɝɟɧɟɪɚɰɢɢ ɧɚ 

ɷɥɟɤɬɪɨɧɧɵɣ ɤɨɦɦɭɬɚɬɨɪ. 

3.7 Ɉɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɵ 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ ɧɚɩɢɫɚɧɧɨɣ ɞɥɹ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɢɥɨɠɟɧɢɢ ȼ.  

Ɏɚɣɥ «chisla.asm» - ɜ ɷɬɨɦ ɮɚɣɥɟ ɧɚɯɨɞɹɬɫɹ ɧɚɫɬɪɨɣɤɢ ɉɂ-ɪɟɝɭɥɹɬɨɪɨɜ ɢ 

ɡɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ.  

Ɏɚɣɥ «Conversion.asm» - ɜ ɷɬɨɦ ɮɚɣɥɟ ɧɚɯɨɞɹɬɫɹ ɩɪɹɦɨɟ ɢ ɢɧɜɟɪɫɧɨɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʉɥɚɪɤ, ɩɪɹɦɨɟ ɢ ɢɧɜɟɪɫɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɉɚɪɤɚ, 

ɩɪɨɰɟɞɭɪɚ ɭɦɧɨɠɟɧɢɹ ɱɢɫɟɥ ɢ ɞɟɥɟɧɢɟ ɧɚ 1024. 
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Ɏɚɣɥ «filtradc.asm» - ɜ ɷɬɨɦ ɮɚɣɥɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɚ ɫ 

ɞɚɬɱɢɤɨɜ ɬɨɤɚ ɩɨɫɪɟɞɫɬɜɨɦ Ⱥɐɉ, ɢ ɩɨɫɥɟɞɭɸɳɢɣ ɜɵɡɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɡ 

ɮɚɣɥɚ «Conversion.asm». 

Ɏɚɣɥ «init_Timers.asm» - ɷɬɨɬ ɮɚɣɥ ɫɨɞɟɪɠɢɬ ɧɚɫɬɪɨɣɤɭ ɜɫɟɯ ɬɚɣɦɟɪɨɜ ɢ 

ɫɱɟɬɱɢɤɨɜ. 

Ɏɚɣɥ «initadc.asm» - ɷɬɨɬ ɮɚɣɥ ɫɨɞɟɪɠɢɬ ɧɚɫɬɪɨɣɤɭ Ⱥɐɉ 

Ɏɚɣɥ «UARTE0.asm» - ɜ ɷɬɨɦ ɮɚɣɥɟ ɧɚɯɨɞɹɬɫɹ ɮɭɧɤɰɢɢ ɛɚɣɬɨɜɨɣ ɩɟɪɟɞɚɱɢ 

ɮɚɣɥɨɜ ɩɨ UART. 

Ɏɚɣɥ «mainmain.asm» - ɫɚɦɵɣ ɝɥɚɜɧɵɣ ɮɚɣɥ, ɤɨɬɨɪɵɣ ɫɜɹɡɵɜɚɟɬ ɜɫɟ ɞɪɭɝɢɟ 

ɮɚɣɥɵ, ɧɚɫɬɪɚɢɜɚɟɬ ɩɢɧɵ ɧɚ ɩɪɢɟɦ ɫɢɝɧɚɥɨɜ ɢɥɢ ɢɯ ɝɟɧɟɪɚɰɢɸ. Ɍɚɤɠɟ ɜ ɷɬɨɦ 

ɮɚɣɥɟ ɩɪɨɢɫɯɨɞɢɬ ɨɬɩɪɚɜɤɚ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɩɨ UART. 

 ȼ ɬɚɛɥɢɰɟ 4 ɩɪɢɜɟɞɟɧɵ ɜɫɟ ɮɭɧɤɰɢɢ, ɩɪɟɪɵɜɚɧɢɹ ɢ ɢɯ ɨɩɢɫɚɧɢɟ. 

Ɍɚɛɥɢɰɚ 4 – Ɉɩɢɫɚɧɢɟ ɮɭɧɤɰɢɣ ɢ ɩɪɟɪɵɜɚɧɢɣ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɮɭɧɤɰɢɢ ɢɥɢ 

ɩɪɟɪɵɜɚɧɢɹ 
Ɉɩɢɫɚɧɢɟ 

Ɏɭɧɤɰɢɢ 
adc_init ɂɧɢɰɢɚɥɢɡɚɰɢɹ Ⱥɐɉ ɤɨɧɬɪɨɥɥɟɪɚ 

bfp ȼɵɩɨɥɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ʉɥɚɪɤ 
bfp2 ȼɵɩɨɥɧɟɧɢɟ ɨɛɪɚɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ Ʉɥɚɪɤ 
bkp1 ȼɵɩɨɥɧɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɉɚɪɤɚ 
bkp2 ȼɵɩɨɥɧɟɧɢɟ ɨɛɪɚɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɉɚɪɤɚ 

checkZ Ɉɩɟɪɚɰɢɢ ɩɨ ɧɚɫɬɪɨɣɤɟ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ 

chisla 
Ɂɚɞɚɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɨɜ ɢ 
ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

div32bit_to_1024 Ⱦɟɥɟɧɢɟ 4 ɛɚɣɬɧɨɝɨ ɱɢɫɥɚ ɧɚ 1024 

fmuls16x16_32 Ɂɧɚɤɨɜɨɟ ɭɦɧɨɠɟɧɢɟ 2 ɛɚɣɬɧɵɯ ɱɢɫɟɥ 

loop ɐɢɤɥ ɨɠɢɞɚɧɢɹ ɩɪɟɪɵɜɚɧɢɣ 

PID_reg ɉɂ-ɪɟɝɭɥɹɬɨɪ 

putty_vivod ȼɵɜɨɞ ɧɟɨɛɯɨɞɢɦɵɯ ɡɧɚɱɟɧɢɟ ɩɨ UART 

qqqq 
ȼɵɱɢɫɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜɚɥɚ ɜ ɧɚɫɬɨɹɳɢɣ 
ɦɨɦɟɧɬ 

START 
Ɏɭɧɤɰɢɹ ɜɵɡɨɜɚ ɜɫɟɯ ɢɧɢɰɢɚɥɢɡɚɰɢɣ 
ɬɚɣɦɟɪɨɜ 

start0 ɋɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɫ 0 ɤɚɧɚɥɚ Ⱥɐɉ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 4. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɮɭɧɤɰɢɢ ɢɥɢ 
ɩɪɟɪɵɜɚɧɢɹ 

Ɉɩɢɫɚɧɢɟ 

Start1 ɋɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɫ 1 ɤɚɧɚɥɚ Ⱥɐɉ 

TCC0_init 
ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɬɚɣɦɟɪɚ, ɤɨɬɨɪɵɣ ɝɟɧɟɪɢɪɭɟɬ 
ɒɂɆ-ɫɢɝɧɚɥɵ ɧɚ ɷɥɟɤɬɪɨɧɧɵɣ ɤɨɦɦɭɬɚɬɨɪ 

TCD1_init 
ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɬɚɣɦɟɪɚ ɞɥɹ ɜɵɜɨɞɚ ɡɧɚɱɟɧɢɣ 
ɜ UART 

TCD0_init ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɬɚɣɦɟɪɚ ɞɥɹ ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ 

TCD1_init 
ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɫɱɟɬɱɢɤɚ ɞɥɹ ɫɱɟɬɚ ɢɦɩɭɥɶɫɨɜ 
ɷɧɤɨɞɟɪɚ 

TCE0_init 
ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɬɚɣɦɟɪɚ ɞɥɹ ɨɬɩɪɚɜɤɢ 
ɡɧɚɱɟɧɢɣ ɩɨ UART 

UARTE0_init ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɢɧɬɟɪɮɟɣɫɚ UART 

Zinit 
ɂɧɢɰɢɚɥɢɡɚɰɢɹ ɫɱɟɬɱɢɤɚ ɞɥɹ ɨɛɧɚɪɭɠɟɧɢɹ 
ɦɟɬɤɢ Z ɷɧɤɨɞɟɪɚ 
ɉɪɟɪɵɜɚɧɢɹ 

UARTE0_RX 
ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɩɪɢɧɹɬɢɸ ɞɚɧɧɵɯ ɩɨ 
ɢɧɬɟɪɮɟɣɫɭ UART 

TCE0_OVF_VECT 
ɉɪɟɪɵɜɚɧɢɟ ɞɥɹ ɜɵɜɨɞɚ ɞɚɧɧɵɯ ɤɨɧɬɭɪɚ 
ɫɤɨɪɨɫɬɢ ɢ ɤɨɧɬɭɪɚ ɬɨɤɚ ɜ ɢɧɬɟɪɮɟɣɫ UART 

ADCA_CH0_vect 
ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɡɚɜɟɪɲɟɧɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ 
Ⱥɐɉ ɧɚ ɤɚɧɚɥɟ 0 

ADCA_CH1_vect 
ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɡɚɜɟɪɲɟɧɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ 
Ⱥɐɉ ɧɚ ɤɚɧɚɥɟ 1 

TCD0_OVF_VECT 
ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɩɟɪɟɩɨɥɧɟɧɢɸ ɬɚɣɦɟɪɚ ɞɥɹ 
ɪɚɫɱɟɬɚ ɫɤɨɪɨɫɬɢ 

TCD1_OVF_VECT 
ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɩɪɨɯɨɠɞɟɧɢɸ ɧɭɥɹ 
ɷɧɤɨɞɟɪɨɦ, ɞɥɹ ɮɢɤɫɢɪɨɜɚɧɢɹ ɷɬɨ ɩɟɪɟɯɨɞɚ. 

PORTB_INT0_VECT ɉɪɟɪɵɜɚɧɢɟ ɩɨ ɫɢɝɧɚɥɭ ɫ ɦɟɬɤɢ Z ɷɧɤɨɞɟɪɚ 
 

3.8 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɡɪɚɛɨɬɤɢ 

Ɂɚɞɚɧɧɚɹ ɫɤɨɪɨɫɬɶ 5 ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ ɜ ɦɢɥɥɢɫɟɤɭɧɞɭ. ȼ ɩɪɨɝɪɚɦɦɟ 

ɪɟɚɥɢɡɨɜɚɧ ɜɵɜɨɞ ɡɧɚɱɟɧɢɹ ɭɝɥɚ ɫ ɷɧɤɨɞɟɪɚ, ɫɤɨɪɨɫɬɢ ɢ ɨɲɢɛɤɢ ɩɨ ɫɤɨɪɨɫɬɢ. 

Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɧɚ ɪɢɫɭɧɤɟ 3.15 ɩɨɥɭɱɟɧ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɡɚɞɚɧɧɵɯ 

ɡɧɚɱɟɧɢɹɯ ɉɂ-ɪɟɝɭɥɹɬɨɪɨɜ:  

Ⱦɥɹ ɤɨɧɬɭɪɚ Iq ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0.586, 

ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0. Ⱦɥɹ ɤɨɧɬɭɪɚ Id ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ 
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ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0.586, ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0. Ⱦɥɹ ɤɨɧɬɭɪɚ 

ɫɤɨɪɨɫɬɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 8, ɢɧɬɟɝɪɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ 0.78. 

ɉɨɫɬɪɨɢɦ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɝɪɚɮɢɤ ɜ Matlab ɫ ɩɨɦɨɳɶɸ ɤɨɞɚ ɜ 

ɉɪɢɥɨɠɟɧɢɢ Ȼ. ɇɚ ɪɢɫɭɧɤɟ 3.15 ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ.  

 
Ɋɢɫɭɧɨɤ 3.15 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ  

 ȼɵɜɨɞ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ: ɧɚ ɪɢɫɭɧɤɟ 3.15 ɧɚ ɜɬɨɪɨɦ ɝɪɚɮɢɤɟ ɜɢɞɧɨ, ɱɬɨ 

ɤɨɧɬɭɪ ɫɤɨɪɨɫɬɢ ɪɚɛɨɬɚɟɬ, ɢ ɫɢɫɬɟɦɚ ɩɵɬɚɟɬɫɹ ɭɞɟɪɠɢɜɚɬɶ ɫɤɨɪɨɫɬɶ 5 

ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ ɜ ɦɢɥɥɢɫɟɤɭɧɞɭ. ɇɚ ɬɪɟɬɶɟɦ ɝɪɚɮɢɤɟ ɢɡɨɛɪɚɠɟɧɚ 

ɨɲɢɛɤɚ ɩɨ ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɚɹ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ ɜ ɩɪɨɰɟɫɫɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ.  
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4 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɠɢɡɧɟɞɟɹɬɟɥɶɧɨɫɬɢ 

Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɫɟɪɜɨɩɪɢɜɨɞ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɶ ɥɸɞɹɦ, 

ɤɨɬɨɪɵɟ ɫ ɧɢɦ ɪɚɛɨɬɚɸɬ. ȼ ɫɜɹɡɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɩɥɚɬɚɯ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɬɨɤɚ ɢ ɧɚɥɢɱɢɟɦ ɋȾɉɆ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɢ ɦɟɯɚɧɢɱɟɫɤɚɹ 

ɛɟɡɨɩɚɫɧɨɫɬɶ.  

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. ȼ ɫɢɫɬɟɦɟ 

ɟɫɬɶ ɛɥɨɤ ɩɢɬɚɧɢɹ, ɩɪɟɨɛɪɚɡɭɸɳɢɣ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ 220 ȼɨɥɶɬ ɜ ɩɨɫɬɨɹɧɧɵɣ 

ɬɨɤ ɧɚɩɪɹɠɟɧɢɟɦ ɞɨ 27 ȼ. Ɂɧɚɱɟɧɢɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɪɟɝɭɥɢɪɭɟɬɫɹ ɞɜɭɦɹ 

ɬɭɦɛɥɟɪɚɦɢ. Ʉɨɪɩɭɫ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɦɟɬɚɥɥɚ, ɩɨɷɬɨɦɭ ɢɦɟɟɬ 

ɫɦɵɫɥ ɪɚɫɫɦɨɬɪɟɬɶ ɩɪɨɛɨɣ ɧɚ ɤɨɪɩɭɫ. ɉɪɨɛɨɣ ɧɚ ɤɨɪɩɭɫ - ɷɬɨ ɫɨɟɞɢɧɟɧɢɟ 

ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ ɫ ɥɢɧɟɣɧɵɦ ɩɪɨɜɨɞɨɦ, ɩɪɢ ɷɬɨɦ ɤɨɪɩɭɫ ɫɬɚɧɟɬ 

ɧɚɯɨɞɢɬɶɫɹ ɩɨɞ ɮɚɡɨɜɵɦ ɧɚɩɪɹɠɟɧɢɟɦ 220 ȼ. ɋɥɭɱɢɫɶ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ, ɥɢɰɨ, 

ɢɫɩɨɥɶɡɭɸɳɟɟ ɷɬɨɬ ɩɪɢɛɨɪ, ɦɨɠɟɬ ɩɨɥɭɱɢɬɶ ɬɪɚɜɦɭ. Ɋɚɫɫɱɢɬɚɟɦ ɜɟɥɢɱɢɧɭ 

ɬɨɤɚ ɩɪɨɯɨɞɹɳɟɝɨ ɩɨ ɬɟɥɭ ɱɟɥɨɜɟɤɚ ɤɨɫɧɭɜɲɟɝɨɫɹ ɤɨɪɩɭɫɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫ 

ɩɪɨɛɨɟɦ. ɉɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɦɨɠɧɨ ɩɨ ɮɨɪɦɭɥɟ (6) 

Ih = 
 
  

,                          (8) 

ɝɞɟ Ih – ɬɨɤ, ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɬɟɥɭ ɱɟɥɨɜɟɤɚ, U – ɧɚɩɪɹɠɟɧɢɟ ɤɚɫɚɧɢɹ, Rh – 

ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɱɟɥɨɜɟɤɚ. 

Ʉɨɠɚ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɩɨɷɬɨɦɭ 

ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɱɟɥɨɜɟɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɬ ɤɨɠɢ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɟɦ ɬɨɥɳɟ ɫɥɨɣ ɤɨɠɢ, ɬɟɦ ɛɨɥɶɲɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. ȼɥɚɠɧɵɣ ɫɥɨɣ 

ɤɨɠɢ ɢɦɟɟɬ ɦɟɧɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ. Ɍɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɫɢɯɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɱɟɥɨɜɟɤɚ, ɮɚɤɬɨɪɵ ɜɧɟɲɧɟɣ ɫɪɟɞɵ – 

ɞɚɜɥɟɧɢɟ, ɬɟɦɩɟɪɚɬɭɪɚ, ɩɥɨɬɧɨɫɬɶ. ȼɨɡɪɚɫɬ ɱɟɥɨɜɟɤɚ ɬɨɠɟ ɨɤɚɡɵɜɚɟɬ ɜɥɢɹɧɢɟ 

– ɭ ɞɟɬɟɣ ɦɟɧɶɲɟ ɱɟɦ ɭ ɫɬɚɪɢɤɨɜ. ɉɭɬɶ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ (ɨɬ ɨɞɧɨɣ ɪɭɤɢ ɤ 

ɞɪɭɝɨɣ, ɨɬ ɪɭɤɢ ɤ ɧɨɝɟ) ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɡɧɚɱɟɧɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ɉɨɞɵɬɨɠɢɜɚɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɱɟɥɨɜɟɤɚ ɧɟɫɬɚɛɢɥɶɧɨ, 

ɧɟɥɢɧɟɣɧɨ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɮɚɤɬɨɪɨɜ, ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɨɛɵɱɧɨ 

ɪɚɫɱɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɸɬ 1 ɤɈɦ.  
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ɉɨɞɫɬɚɜɥɹɹ ɡɧɚɱɟɧɢɹ ɜ ɮɨɪɦɭɥɭ (4.1), ɩɨɥɭɱɚɟɦ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɩɪɨɬɟɤɚɸɳɟɝɨ 

ɩɨ ɬɟɥɭ ɱɟɥɨɜɟɤɚ. 

    
 
  
      

    
        .             (9) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɬɟɩɟɧɢ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɡɞɨɪɨɜɶɹ ɨɬ ɬɨɤɚ ɬɚɤɨɣ 

ɜɟɥɢɱɢɧɵ ɫɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶɫɹ ɤ ɪɢɫɭɧɤɭ 4.1, ɧɚ ɤɨɬɨɪɨɦ ɢɡɨɛɪɚɠɟɧɚ ɬɚɛɥɢɰɚ 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɩɨɫɥɟɞɫɬɜɢɹ ɩɪɨɬɟɤɚɧɢɹ ɬɨɤɚ ɨɬ ɜɟɥɢɱɢɧɵ ɟɝɨ. 

 

Ɋɢɫɭɧɨɤ 4.1 – Ɍɚɛɥɢɰɚ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɩɨɪɚɠɟɧɢɹ ɱɟɥɨɜɟɤɚ ɨɬ 

ɜɟɥɢɱɢɧɵ, ɢ ɯɚɪɚɤɬɟɪɚ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɛɨɣ ɧɚ ɤɨɪɩɭɫ ɫɦɟɪɬɟɥɶɧɨ ɨɩɚɫɟɧ ɞɥɹ ɱɟɥɨɜɟɤɚ. Ⱦɥɹ 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɞɨɛɧɨɝɨ ɧɚ ɛɥɨɤɟ ɩɢɬɚɧɢɟ ɨɪɝɚɧɢɡɨɜɚɧɨ ɡɚɧɭɥɟɧɢɟ. ȼ 

ɛɥɨɤɟ ɩɢɬɚɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɟɯɤɨɧɬɚɤɬɧɚɹ ɜɢɥɤɚ, ɢɡɨɛɪɚɠɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 

4.2. 

 

Ɋɢɫɭɧɨɤ 4.2 - ɂɡɨɛɪɚɠɟɧɢɟ ɜɢɥɤɢ ɛɥɨɤɚ ɩɢɬɚɧɢɹ 

ȼɢɥɤɚ ɜɫɬɚɜɥɹɟɬɫɹ ɜ ɪɨɡɟɬɤɭ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɤɨɧɬɚɤɬ ɬɪɟɯ ɩɪɨɜɨɞɨɜ: L 

– ɮɚɡɧɵɣ, N – ɧɭɥɟɜɨɣ ɪɚɛɨɱɢɣ, PE – ɡɚɳɢɬɧɨɟ. Ɂɚɳɢɬɧɵɣ ɩɪɨɜɨɞ PE 

ɫɨɟɞɢɧɹɟɬ ɤɨɪɩɭɫ ɭɫɬɪɨɣɫɬɜɚ ɫ ɧɭɥɟɜɵɦ ɪɚɛɨɱɢɦ ɩɪɨɜɨɞɧɢɤɨɜ, ɢ ɜ ɫɥɭɱɚɟ 

ɩɪɨɛɨɹ ɧɚ ɮɚɡɵ ɧɚ ɤɨɪɩɭɫ ɩɪɨɢɫɯɨɞɢɬ ɤɨɪɨɬɤɨɟ ɡɚɦɵɤɚɧɢɟ ɮɚɡɵ ɫ ɧɭɥɟɦ. Ʉɚɤ 

ɫɥɟɞɫɬɜɢɟ ɪɟɡɤɨɟ ɩɨɜɵɲɟɧɢɟ ɬɨɤɚ ɜ ɰɟɩɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɧɟɦɟɞɥɟɧɧɨɦɭ 

ɫɪɚɛɚɬɵɜɚɧɢɸ ɚɜɬɨɦɚɬɨɜ ɡɚɳɢɬɵ. ɉɪɢ ɫɪɚɛɚɬɵɜɚɧɢɢ ɚɜɬɨɦɚɬɨɜ, ɨɬɤɥɸɱɚɟɬɫɹ 

ɧɟɢɫɩɪɚɜɧɵɣ ɩɪɢɛɨɪ ɢ ɱɟɥɨɜɟɤ, ɩɪɢɤɚɫɚɸɳɢɣɫɹ ɤ ɤɨɪɩɭɫɭ, ɨɤɚɡɵɜɚɟɬɫɹ ɜ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɞɜɢɝɚɬɟɥɹ 27 ȼɨɥɶɬ ɪɚɫɫɱɢɬɚɟɦ ɬɨɤ, 

ɩɪɨɬɟɤɚɸɳɢɣ ɩɨ ɬɟɥɭ ɱɟɥɨɜɟɤɭ ɩɪɢ ɤɚɫɚɧɢɢ ɢɦ ɨɝɨɥɟɧɧɵɯ ɤɨɧɬɚɤɬɨɜ 

ɞɜɢɝɚɬɟɥɹ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (4.1), ɩɨɥɭɱɢɦ 

    
 
  
     

    
       .           (10) 

ɉɨ ɮɨɪɦɭɥɟ (4.3) ɩɨɥɭɱɟɧɨ 27 ɦȺ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 4.1 

ɬɚɤɨɣ ɬɨɤ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ. Ɇɟɪɚɦɢ ɞɥɹ, 

ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨɪɚɠɟɧɢɹ ɬɨɤɨɦ ɱɟɥɨɜɟɤɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɫɟɪɜɨɩɪɢɜɨɞɨɦ, 

ɹɜɥɹɟɬɫɹ ɢɡɨɥɹɰɢɹ ɬɨɤɨɩɪɨɜɨɞɹɳɢɯ ɤɨɧɬɚɤɬɨɜ. 
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ɇɚ ɫɢɥɨɜɨɣ ɩɥɚɬɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɚɧɚɥɨɝɨɜɨɝɨ ɢ ɰɢɮɪɨɜɨɝɨ 

ɜɵɯɨɞɚ/ɜɯɨɞɚ 15 ȼ. ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ (4.1) ɞɥɹ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɹ 

ɬɨɤɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɩɨ ɱɟɥɨɜɟɤɭ, ɩɨɥɭɱɟɧɨ 

    
 
  
     

    
   15  .              (11) 

10ɦȺ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɤɚɤɨɣ-ɥɢɛɨ ɨɩɚɫɧɨɫɬɢ ɞɥɹ ɱɟɥɨɜɟɤɚ, ɬɨɥɶɤɨ 

ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɥɟɝɤɨɝɨ ɱɭɜɫɬɜɚ ɧɚɝɪɟɜɚ ɤɨɠɢ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɱɟɥɨɜɟɤɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɢɬɚɧɢɹ 

ɥɨɝɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 5-ɸ ɜɨɥɶɬɚɦɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɥɢ ɜ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɦ ɫɟɪɜɨɩɪɢɜɨɞɟ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɩɚɫɧɨɫɬɶ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɜɚɥ ɞɜɢɝɚɬɟɥɹ, 

ɜɪɚɳɚɸɳɢɣɫɹ ɧɚ ɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɢ, ɧɚ ɧɟɝɨ ɦɨɠɟɬ ɧɚɦɨɬɚɬɶɫɹ ɩɪɨɜɨɞɚ, 

ɨɞɟɠɞɚ ɢɥɢ ɜɨɥɨɫɵ. Ⱦɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɞɨɫɬɭɩɚ ɤ ɞɜɢɝɚɬɟɥɸ, ɨɧ ɧɚɞɟɠɧɨ 

ɡɚɤɪɟɩɥɟɧ ɜ ɫɬɚɥɶɧɭɸ ɪɚɦɤɭ ɱɟɬɵɪɶɦɹ ɛɨɥɬɚɦɢ. Ɋɚɦɤɚ ɠɟ ɩɪɢɤɪɟɩɥɟɧɚ ɤ 

ɫɬɨɣɤɟ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɢ ɡɚɤɨɧɱɟɧɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ. ɇɨ 

ɞɥɹ ɩɨɥɧɨɝɨ ɢɫɤɥɸɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɚɞɚɬɶ ɨɬ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ 

ɞɜɢɝɚɬɟɥɹ, ɫɥɟɞɭɟɬ ɧɚɞɟɬɶ ɱɟɯɨɥ ɧɚ ɜɚɥ. 

ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ: ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɫɟɪɜɨɩɪɢɜɨɞ ɩɨɬɟɧɰɢɚɥɶɧɨ ɦɨɠɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɭɝɪɨɡɭ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ, ɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɡɚɧɭɥɟɧɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɨɜɨɞɹɳɢɯ ɤɨɧɬɚɤɬɨɜ ɫɜɨɞɢɬ 

ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɤ ɧɭɥɸ. Ɍɚɤɠɟ ɩɪɢ ɧɚɩɢɫɚɧɢɢ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɛɵɥɨ 

ɜɵɹɜɥɟɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɢɤɪɟɩɥɟɧɢɹ ɤɨɠɭɯɚ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɞɥɹ 

ɭɫɬɪɚɧɟɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɩɚɫɧɨɫɬɢ, ɜ ɫɥɭɱɚɟ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɟɣ. ɉɪɢ 

ɫɨɛɥɸɞɟɧɢɢ ɭɤɚɡɚɧɧɨɝɨ ɬɪɟɛɨɜɚɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞ ɹɜɥɹɟɬɫɹ ɛɟɡɨɩɚɫɧɵɦ ɞɥɹ 

ɢɫɫɥɟɞɨɜɚɧɢɣ. 
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5 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ ɧɚ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɛɵɥɨ ɩɪɢɨɛɪɟɬɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱёɬ ɫɦɟɬɵ 

ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɯ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟɦ. 

ɋɦɟɬɚ ɡɚɬɪɚɬ - ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɞɟɧɟɠɧɨɣ ɮɨɪɦɟ ɡɚɬɪɚɬ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ 

ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɞɨɝɨɜɨɪɧɨɣ ɪɚɛɨɬɵ. ɋɦɟɬɚ ɡɚɬɪɚɬ 

ɛɭɞɟɬ ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɡɚɬɪɚɬ ɧɚ: 

ɚ) ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 

ɛ) ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ; 

ɜ) ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

ɝ) ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɦɟɬɵ ɡɚɬɪɚɬ. 

5.1 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ 

ɋɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

ɩɪɨɝɨɛɡ SSS  , 
(

12) 

ɝɞɟ ɨɛS  – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ; 

ɩɪɨɝS  –  ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
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Ɂɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 5, ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɜ ɬɚɛɥɢɰɟ 6. 

Ɍɚɛɥɢɰɚ 5 – ɋɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 

Microsoft Windows 7 Home 

Premium 
5490 

Microsoft Office 2016 18899 

MATLAB and Simulink Student 

Suite 
3430 

Atmel studio 6.1 Ȼɟɫɩɥɚɬɧɚɹ 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 27819 

 

Ɍɚɛɥɢɰɚ 6 – ɋɬɨɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ, 

ɲɬ. 

ɐɟɧɚ ɡɚ 

ɲɬ., ɪɭɛ. 

ɋɭɦɦɚ, 

ɪɭɛ. 

Baldor brushless ac 

servomotor BSM50A-

233AEA 

1 25000 25000 

ɋɢɥɨɜɚɹ ɩɥɚɬɚ ɫ ɦɨɞɭɥɟɦ 

PM30CSJ060 
1 3200 3200 

ɉɥɚɬɚ ɫ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ 

ATXMEGA128A4U 

1 800 800 

NES-350-27, Ȼɥɨɤ ɩɢɬɚɧɢɹ 1 1300 1300 

SMUN 201 ȼɬ 15 ȼ, Ȼɥɨɤ 

ɩɢɬɚɧɢɹ 
1 851 851 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ   31151 
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Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɚ: 

589703115127819 ɡS  ɪɭɛ. 
(

13) 

5.2 Ɋɚɫɱɟɬ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɡɪɚɛɨɬɱɢɤɚɦ 

ȼ ɩɟɪɢɨɞ ɪɚɡɪɚɛɨɬɤɢ ɭɫɬɚɧɨɜɤɢ ɨɤɥɚɞ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ ɢɧɠɨɤɥS .  

ɫɨɫɬɚɜɢɥ 10000 ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ. 

Ɉɩɪɟɞɟɥɢɦ ɞɧɟɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ: 

,/... NSS ɢɬɪɨɤɥɢɧɠɞɧɡɩ   
(

14) 

ɝɞɟ N = 21 – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɦɟɫɹɰɟ.  Ɍɨɝɞɚ 

47621/10000.. ɢɧɠɞɧɡɩS  ɪɭɛ. 
(

15) 

Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɪɭɤɨɜɨɞɢɬɟɥɹ ɞɢɩɥɨɦɧɨɝɨ 

ɩɪɨɟɤɬɚ: 

nSS ɢɧɠɞɧɡɩɢɧɠɨɫɧ  ... , 
(

16) 

ɝɞɟ n = 42 – ɱɢɫɥɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɡɚ ɞɜɚ ɦɟɫɹɰɚ ɪɚɛɨɬɵ. Ɍɨɝɞɚ  

1999242476. ɢɧɠɨɫɧS  ɪɭɛ. 
(

17) 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ: 

,.. ɞɡɢɧɠɨɫɧɢɧɠɞɨɩ kSS   
(

18) 

ɝɞɟ 2,0ɞɡk  – ɤɨɷɮɮɢɰɢɟɧɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ. Ɍɨɝɞɚ  

19992. ɢɧɠɞɨɩS 2.39982.0   ɪɭɛ. 
(

19) 

Ɋɚɡɦɟɪ ɧɚɞɛɚɜɤɢ ɤ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɟ ɫ ɭɱɟɬɨɦ ɪɚɣɨɧɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ: 
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  ,... ɪɤɢɧɠɞɨɩɢɧɠɨɫɧɢɧɠɪɤ kSSS   
(

20) 

ɝɞɟ 0,3ɪɤk  – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ Ʉɪɚɫɧɨɹɪɫɤɚ. Ɍɨɝɞɚ 

  1.71973.02.399819992. ɢɧɠɪɤS ɪɭɛ. 
(

21) 

Ɋɚɡɦɟɪ ɧɚɞɛɚɜɤɢ ɤ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɟ ɫ ɭɱɟɬɨɦ ɫɟɜɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ: 

  ,... ɫɤɢɧɠɞɨɩɢɧɠɨɫɧɢɧɠɫɤ kSSS   
(

22) 

ɝɞɟ 0,3ɫɤk – ɫɟɜɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ Ʉɪɚɫɧɨɹɪɫɤɚ. Ɍɨɝɞɚ 

  1.71973.02.399819992. ɢɧɠɫɤS ɪɭɛ. 
(

23) 

ɉɨɥɧɨɫɬɶɸ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɜɫɟɯ ɪɚɛɨɬɧɢɤɨɜ ɛɟɡ ɨɬɱɢɫɥɟɧɢɣ ɧɚ 

ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ: 

  ,..... ɪɢɧɠɫɤɢɧɠɪɤɢɧɠɞɨɩɢɧɠɨɫɧɨɛɳɨɬ ɑSSSSɎ   
(

24) 

ɝɞɟ ɪɑ  – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬɧɢɤɨɜ. Ɍɨɝɞɚ 

  44.3838411.71971.71972.399819992. ɨɛɳɨɬɎ  ɪɭɛ. 
(

25) 

ɉɨɫɥɟ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɳɟɝɨ ɪɚɡɦɟɪɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɩɪɨɢɡɜɟɞɟɦ 

ɪɚɫɱɟɬ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ. Ɉɧɢ ɛɟɪɭɬɫɹ ɨɬ ɮɨɧɞɚ ɨɩɥɚɬɵ 

ɬɪɭɞɚ (ɫɭɦɦɵ ɨɫɧɨɜɧɨɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ) ɜ ɪɚɡɦɟɪɟ 

30,2% ɢɡ ɧɢɯ: 

 ɟɞɢɧɵɣ ɫɨɰɢɚɥɶɧɵɣ ɧɚɥɨɝ – 30%; 

 ɬɚɪɢɮ ɧɚ ɨɛɹɡɚɬɟɥɶɧɨɟ ɦɟɞɢɰɢɧɫɤɨɟ ɫɬɪɚɯɨɜɚɧɢɟ ɢ 

ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɡɚɛɨɥɟɜɚɧɢɹ – 0,2%. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 

 ,.. ɢɧɠɞɨɩɢɧɠɨɫɧɫɨɰɫɨɰ SSRS   
(

26) 

ɝɞɟ ,ɨɦɫɟɫɧɫɨɰ kkR   
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3,0ɟɫɧk  – ɟɞɢɧɵɣ ɫɨɰɢɚɥɶɧɵɣ ɧɚɥɨɝ; 

002,0ɨɦɫk  – ɨɬɱɢɫɥɟɧɢɹ ɜ ɮɨɧɞ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɦɟɞɢɰɢɧɫɤɨɝɨ 

ɫɬɪɚɯɨɜɚɧɢɹ. Ɍɨɝɞɚ 

    72452.399819992002.03.0 ɫɨɰS ɪɭɛ. 
(

27) 
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ȼɫɟɝɨ ɮɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ: 

;. ɫɨɰɨɛɳɨɬɨɬɫ SɎɎ   (28) 

44.45629724544.38384 ɨɬɫɎ  ɪɭɛ. (29) 

5.3 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ:  

 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ ɫ ɦɨɧɢɬɨɪɨɦ – 200 ȼɬ;  

 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ – 18 ȼɬ;  

 ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ – 2.26 ɪɭɛ./ɤȼɬ ∙ ɱ. 

 ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɜ ɩɨɦɟɳɟɧɢɢ – 92 ɲɬ.  

Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɞɟɧɶ: 

.ɞ. .( )ɷɥ ɉК ɥ ɱ ɷɥ ДS Ɋ Ɋ n N Ɍ N      , 
(

30) 

ɝɞɟ PɉɄ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ ɫ ɦɨɧɢɬɨɪɨɦ, Pɥ – ɦɨɳɧɨɫɬɶ, 

ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ, n – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ, 

Tɷɥ. - ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, Nɱ – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ, Nɱ - ɱɚɫɨɜ 

ɪɚɛɨɱɢɣ ɞɟɧɶ. 

  37.14094200226.089218200.. ɞɷɥS  ɪɭɛ. (31) 

5.4 Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ⱦɥɹ ɪɚɫɱёɬɚ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 

ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɚɠɞɨɝɨ ɢɡ ɷɥɟɦɟɧɬɨɜ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ⱦɥɹ 

ɪɚɛɨɬ ɩɨ ɧɚɫɬɪɨɣɤɟ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ ɪɨɛɨɬɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɫɨɫɬɚɜɥɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɟɪɫɨɧɚɥɶɧɵɣ 

ɤɨɦɩɶɸɬɟɪ.  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɭɦɦɚɪɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ 

,А АКЗ З  
(

32) 

ɝɞɟ ЗАК – ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɤɨɦɩɶɸɬɟɪɚ. 

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɤɨɦɩɶɸɬɟɪɚ ɩɨ ɮɨɪɦɭɥɟ: 

,
12



l

mК
АК n

nɋЗ  
(

33) 

ɝɞɟ ɋɤ – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ  ɨɛɨɪɭɞɨɜɚɧɢɹ, 2mn  ɦɟɫɹɰɚ - 

ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, 5 ln  ɥɟɬ – ɫɪɨɤ ɫɥɭɠɛɵ. Ɍɨɝɞɚ 

37.1038
125

231151





АКЗ ɪɭɛ. 
(

34) 

5.5 Ɋɚɫɯɨɞɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ 

Ɋɚɫɯɨɞɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ ɡɚ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɢɥɢ: 

ɪААɉ TɉЗЗ  1 , 
(

25) 

ɝɞɟ 1 100 ɪɭɛ.АЗ   – ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɡɚ ɨɞɢɧ ɤɜɚɞɪɚɬɧɵɣ ɦɟɬɪ ɩɥɨɳɚɞɢ, 

2101,6 ɦɉ   – ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ, 2ɪɌ  ɦɟɫɹɰɚ– ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɚɩɚ 

ɪɚɡɪɚɛɨɬɤɢ. Ɍɨɝɞɚ 

2032026.101100 АɉЗ ɪɭɛ. 
(

26) 
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5.6 ɋɦɟɬɚ ɡɚɬɪɚɬ 

ȼɫɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚɦɨɪɬɢɡɚɰɢɸ, ɨɩɥɚɬɭ ɬɪɭɞɚ ɢ 

ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7 ɢ ɩɨɤɚɡɚɧɵ ɜ ɞɨɥɟɜɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɧɚ ɪɢɫɭɧɤɟ 7.1. 

Ɍɚɛɥɢɰɚ 7 – ɋɦɟɬɚ ɡɚɬɪɚɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ 
ɋɭɦɦɚ 

ɡɚɬɪɚɬ, ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ 

ɨɛɨɪɭɞɨɜɚɧɢɟ 
58970 

Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ 45629.22 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 1038.37 

Ɋɚɫɯɨɞɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ 20320 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ  1409,47 

ɂɬɨɝɨ 
126995,9

6 

 

 

58970 

45629,22 

1038,37 
20320 

1409,47 

З̌т̬̌ты 

З̌т̬̌ты ̦̌ п̬о̬̥̥̦̐̌ое о̍е̭пече̛̦е ̛ о̍о̬удо̛̦̏̌е 

Фо̦д опл̌ты т̬уд̌ 

З̌т̬̌ты ̦̌ ̥̌о̬т̶̛̛̌̀̚ о̍о̬удо̛̦̏̌́ 

Р̵̭̌оды ̦̌ ̬̌е̦ду по̥еще̛̦́ 

З̌т̬̌ты ̦̌ элект̬оэ̦е̛̬̐̀  
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Ɋɢɫɭɧɨɤ 7.1 – Ⱦɢɚɝɪɚɦɦɚ ɡɚɬɪɚɬ 

5.7 ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɪɟɞɟɥɟɧɚ ɫɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɞɢɩɥɨɦɧɨɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 7, 

ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɡɚɬɪɚɬ ɨɛɭɫɥɨɜɥɟɧɚ ɡɚɤɭɩɤɨɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ. 
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ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

- ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɡɥɢɱɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ 

ɩɪɢɦɟɧɟɧɢɹ ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ;  

- ɜɵɛɪɚɧ ɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ ɤɚɤ ɨɩɬɢɦɚɥɶɧɨɟ 

ɪɟɲɟɧɢɟ ɞɥɹ ɫɟɪɜɨɩɪɢɜɨɞɚ ɫɬɚɧɤɨɜ, ɪɨɛɨɬɨɜ ɢ ɞɪɭɝɢɯ ɬɨɱɧɵɯ ɦɚɲɢɧ;  

- ɜɵɛɪɚɧ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ;  

- ɢɡɭɱɟɧɨ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɋȾɉɆ;  

- ɪɚɡɪɚɛɨɬɚɧɨ ɉɈ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɪɟɚɥɢɡɭɸɳɟɟ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ;  

- ɢɫɫɥɟɞɨɜɚɧɚ ɪɚɛɨɬɚ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ.  

 ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɵɩɨɥɧɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɩɨɡɜɨɥɢɥɨ 

ɪɚɡɪɚɛɨɬɚɬɶ ɫɟɪɜɨɩɪɢɜɨɞ ɧɚ ɨɫɧɨɜɟ ɫɢɧɯɪɨɧɧɨɝɨ ɩɪɢɜɨɞɚ. 

Ɉɩɬɢɦɚɥɶɧɵɦ ɦɟɬɨɞɨɦ ɭɩɪɚɜɥɟɧɢɹ ɜɵɛɪɚɧɨ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɋȾɉɆ, ɧɚɩɢɫɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɠɟɥɚɟɦɭɸ ɫɤɨɪɨɫɬɶ ɢ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɭɥɹɬɨɪɨɜ ɞɥɹ ɠɟɥɚɟɦɨɝɨ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɦɢɦɨ 

ɷɬɨɝɨ, ɨɛɟɫɩɟɱɟɧ ɜɵɜɨɞ ɧɟɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ UART, ɤɨɬɨɪɵɟ ɦɨɠɧɨ 

ɨɬɫɥɟɠɢɜɚɬɶ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ ɞɥɹ 

Matlab. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɞɬɜɟɪɠɞɚɸɬ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɋȾɉɆ, ɚ ɬɚɤɠɟ 

ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ Ɂɚɞɚɧɢɹ ɧɚ ȼɄɊ. Ⱦɚɥɶɧɟɣɲɟɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɛɨɬɵ ɩɨ 

ɬɟɦɟ ȼɄɊ ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɨ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɨ 

ɡɚɞɚɧɢɸ ɭɝɥɚ ɩɨɜɨɪɨɬɚ, ɚ ɬɚɤɠɟ ɟɝɨ ɭɞɟɪɠɚɧɢɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɨɫɬɚɥɢɫɶ 

ɨɬɤɪɵɬɵɦɢ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɜɵɲɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ.  
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