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 Ɋɚɡɪɚɛ. Ʉɚшɢɪɫɤɚя ə.ɋ 

 ɉɪɨɜɟɪ. ɋɦɨɥьɧɢɤɨɜ Ⱥ.ɉ. 

    

 ɇ. Ʉɨɧɬɪ. Ʉɭɥɢɤɨɜɚ ȼ.ɇ. 
 ɍɬɜ. Ɇɚɫɚɥьɫɤɢɣ Ƚ. 

Ȼ. 

 
Ʌɢɬ. Ʌɢɫɬɨɜ 

 

ɉɂ ɋɎɍ ɎЭ13-08Ȼ 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

                                ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ     
ɢɧɫɬɢɬɭɬ 

                  Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ   
ɤɚɮɟɞɪɚ 

 
 

ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_______  Ƚ.Ȼ.Ɇɚɫɚɥɶɫɤɢɣ 
   ɩɨɞɩɢɫɶ          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« 24 »   ɚɩɪɟɥɹ   2017 ɝ 
 

 
 
 
 
 
 

ɁȺȾȺɇɂȿ  
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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 Ɋɚɡɪɚɛ. Ʉɚшɢɪɫɤɚя ə.ɋ 

 ɉɪɨɜɟɪ. ɋɦɨɥьɧɢɤɨɜ Ⱥ.ɉ. 

    

 ɇ. Ʉɨɧɬɪ. Ʉɭɥɢɤɨɜɚ ȼ.ɇ. 
 ɍɬɜ. Ɇɚɫɚɥьɫɤɢɣ Ƚ. 

Ȼ. 

 
Ʌɢɬ. Ʌɢɫɬɨɜ 

 

ɉɂ ɋɎɍ ɎЭ13-08Ȼ 

ɋɬɭɞɟɧɬɭ Ʉɚɲɢɪɫɤɨɣ əɧɟ ɋɟɪɝɟɟɜɧɟ 

 

Ƚɪɭɩɩɚ Ɏɗ 13-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 

 

«Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ» 

 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ Micromaster» 

 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ 2409/ɫ ɨɬ 27.02.17ɝ 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. ɉ. ɋɦɨɥɶɧɢɤɨɜ, ɤɚɮɟɞɪɚ ɊɢɌɄ, ɤ. ɬ. ɧ., ɞɨɰɟɧɬ 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ 

1. Ⱥɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ȺɂɊ90L6ɍɁ 

2. ɑɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ Micromaster 440 

3. ɉɚɤɟɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ STARTER 

4. ɉɚɤɟɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MATLAB R2008b 

 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄ 

Ƚɥɚɜɚ 1 – ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɫɢɫɬɟɦɚ 

Ƚɥɚɜɚ 2 – Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

Ƚɥɚɜɚ 3 – Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

Ƚɥɚɜɚ 4 – ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

Ƚɥɚɜɚ 5 – ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫ ɭɱɟɬɨɦ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 

Ƚɥɚɜɚ 6 – ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 
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ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɥɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɭɤɚɡɚɧɢɟɦ ɨɫɧɨɜɧɵɯ 

ɱɟɪɬɟɠɟɣ, ɩɥɚɤɚɬɨɜ, ɫɥɚɣɞɨɜ 

Ʌɢɫɬ 1 – Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

Ʌɢɫɬ 2 – Ɍ-ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ  

Ʌɢɫɬ 3 – Ⱦɚɧɧɵɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɲɢɥɶɞɢɤɚ    

Ʌɢɫɬ 4 – ɋɪɚɜɧɢɬɟɥɶɧɚɹ ɬɚɛɥɢɰɚ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ 

Ʌɢɫɬ 5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                   ____________                Ⱥ. ɉ. ɋɦɨɥɶɧɢɤɨɜ 

                                                                                                         ɩɨɞɩɢɫɶ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ               ___________                   ə. ɋ. Ʉɚɲɢɪɫɤɚɹ 

                                                                                                    ɩɨɞɩɢɫɶ 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ Micromaster» ɫɨɞɟɪɠɢɬ 72 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 

ɦɚɬɟɪɢɚɥɚ, 22 ɢɥɥɸɫɬɪɚɰɢɢ, 18 ɬɚɛɥɢɰ, 48 ɮɨɪɦɭɥ, 12 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ȺɋɂɇɏɊɈɇɇɕɃ ȾȼɂȽȺɌȿɅɖ, ɗɅȿɄɌɊɈȾȼɂȽȺɌȿɅɖ, ɋɏȿɆȺ 

ɁȺɆȿɓȿɇɂə, ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ, ɑȺɋɌɈɌɇɕɃ 

ɉɊȿɈȻɊȺɁɈȼȺɌȿɅɖ, ɑȺɋɌɈɌɇɂɄ, MICROMASTER, ɉȺɊȺɆȿɌɊɂɁȺɐɂə, 

ȼȿɄɌɈɊɇɈȿ ɍɉɊȺȼɅȿɇɂȿ. 

ɐɟɥɢ ɪɚɛɨɬɵ: 

- ɩɨɫɬɪɨɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ; 

- ɜɵɛɪɚɬɶ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ; 

- ɪɚɫɫɱɢɬɚɬɶ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ; 

- ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɱɟɪɟɡ ɱɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; 

- ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ; 

- ɜɵɩɨɥɧɢɬɶ ɩɨɥɧɭɸ ɩɚɪɚɦɟɬɪɢɡɚɰɢɸ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ; 

- ɪɚɫɫɦɨɬɪɟɬɶ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ. 

ȼ ɯɨɞɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɢ ɨɫɜɨɟɧɵ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

ɢɡɭɱɟɧɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɜɵɩɨɥɧɟɧ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

ɂɡɭɱɟɧ ɩɚɤɟɬ ɉɈ STARTER, ɜ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɟɧɚ ɩɨɥɧɚɹ ɩɚɪɚɦɟɬɪɢɡɚɰɢɹ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɟɧɨ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɚɫɢɧɯɪɨɧɧɵɦ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ, ɫ 

ɭɱɟɬɨɦ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɋɚɡɜɢɬɢɟ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɦɵɫɥɢɦɨ ɛɟɡ 

ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɢ ɭɫɬɪɨɣɫɬɜ ɩɨɜɵɲɟɧɧɨɣ 

ɬɨɱɧɨɫɬɢ. ɗɥɟɤɬɪɨɩɪɢɜɨɞ, ɛɭɞɭɱɢ ɨɞɧɢɦ ɢɡ ɤɥɸɱɟɜɵɯ ɡɜɟɧɶɟɜ ɥɸɛɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɞɨɥɠɟɧ ɠɟɫɬɤɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɚɪɚɧɟɟ 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɤɪɢɬɟɪɢɹɦ ɤɚɱɟɫɬɜɚ. ɉɨɷɬɨɦɭ ɨɱɟɧɶ ɜɚɠɧɨɣ ɡɚɞɚɱɟɣ ɜ ɭɫɥɨɜɢɹɯ 

ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɫ ɰɟɥɶɸ 

ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ 

ɞɟɮɟɤɬɨɜ. 

ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɱɚɫɬɨɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɨɩɬɢɦɚɥɶɧɭɸ ɪɚɛɨɬɭ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ, ɚ ɬɚɤɠɟ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɜɹɡɶ ɫ ɜɧɟɲɧɢɦɢ 

ɷɥɟɦɟɧɬɚɦɢ ɢ ɫɢɫɬɟɦɚɦɢ ɭɩɪɚɜɥɟɧɢɹ 
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1 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɫɢɫɬɟɦ 

 

ɇɚɱɚɥɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ, ɤɚɤ ɩɪɟɞɦɟɬɚ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɦɨɞɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɧɚɛɥɸɞɟɧɢɣ, ɫɜɹɡɵɜɚɸɬ ɫ ɪɚɛɨɬɨɣ Ʉɚɪɥɚ Ɏɪɢɞɪɢɯɚ Ƚɚɭɫɫɚ, ɜ 

ɤɨɬɨɪɨɣ ɨɧ ɢɫɩɨɥɶɡɨɜɚɥ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɩɪɟɞɫɤɚɡɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 

ɞɜɢɠɟɧɢɹ ɩɥɚɧɟɬ. ȼɩɨɫɥɟɞɫɬɜɢɢ ɷɬɨɬ ɦɟɬɨɞ ɧɚɲɺɥ ɩɪɢɦɟɧɟɧɢɟ ɜɨ ɦɧɨɠɟɫɬɜɟ ɞɪɭɝɢɯ 

ɩɪɢɥɨɠɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɭɩɪɚɜɥɹɟɦɵɯ 

ɨɛɴɟɤɬɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

ɉɪɢɛɥɢɡɢɬɟɥɶɧɨ ɞɨ 50-ɯ ɝɨɞɨɜ XX ɜɟɤɚ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɩɪɨɰɟɞɭɪ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɜ ɚɜɬɨɦɚɬɢɤɟ, ɨɫɧɨɜɵɜɚɥɚɫɶ ɧɚ ɧɚɛɥɸɞɟɧɢɢ ɪɟɚɤɰɢɣ ɭɩɪɚɜɥɹɟɦɵɯ 

ɨɛɴɟɤɬɨɜ ɩɪɢ ɧɚɥɢɱɢɢ ɧɟɤɨɬɨɪɵɯ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ: ɫɬɭɩɟɧɱɚɬɨɟ, 

ɝɚɪɦɨɧɢɱɟɫɤɨɟ, ɫɝɟɧɟɪɢɪɨɜɚɧɧɵɣ ɰɜɟɬɧɨɣ ɥɢɛɨ ɛɟɥɵɣ ɲɭɦ, ɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ 

ɤɚɤɨɣ ɜɢɞ ɢɧɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɛ ɨɛɴɟɤɬɟ, ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɟɥɢɥɢɫɶ 

ɧɚ ɱɚɫɬɨɬɧɵɟ ɢ ɜɪɟɦɟɧɧɵɟ. ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɬɨɦ, ɱɬɨ ɨɛɥɚɫɬɶ ɩɪɢɥɨɠɟɧɢɣ 

ɷɬɢɯ ɦɟɬɨɞɨɜ ɛɵɥɚ ɨɝɪɚɧɢɱɟɧɚ ɱɚɳɟ ɜɫɟɝɨ ɫɤɚɥɹɪɧɵɦɢ ɫɢɫɬɟɦɚɦɢ (SISO,Single-

input,single-output). ȼ 1960 ɝɨɞɭ Ɋɭɞɨɥɶɮ Ʉɚɥɦɚɧ ɩɪɟɞɫɬɚɜɢɥ ɨɩɢɫɚɧɢɟ ɭɩɪɚɜɥɹɟɦɨɣ 

ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɥɨ ɪɚɛɨɬɚɬɶ ɢ ɫ ɦɧɨɝɨɦɟɪɧɵɦɢ 

(MIMO,Many-input,many-output) ɫɢɫɬɟɦɚɦɢ, ɢ ɡɚɥɨɠɢɥ ɨɫɧɨɜɵ ɞɥɹ ɨɩɬɢɦɚɥɶɧɨɣ 

ɮɢɥɶɬɪɚɰɢɢ ɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɨɫɧɨɜɵɜɚɜɲɢɯɫɹ ɧɚ ɞɚɧɧɨɦ ɬɢɩɟ ɨɩɢɫɚɧɢɹ. 

Ʉɨɧɤɪɟɬɧɨ ɞɥɹ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ, ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ ɛɵɥɢ 

ɪɚɡɪɚɛɨɬɚɧɵ ɜ 1965 ɝɨɞɭ ɜ ɪɚɛɨɬɚɯ ɏɨ ɢ Ʉɚɥɦɚɧɚ, Ɉɫɬɪɺɦɚ ɢ Ȼɨɥɢɧɚ. ɗɬɢ ɪɚɛɨɬɵ 

ɨɬɤɪɵɥɢ ɩɭɬɶ ɪɚɡɪɚɛɨɬɤɟ ɞɜɭɯ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɩɨɩɭɥɹɪɧɵɯ ɞɨ ɫɢɯ ɩɨɪ: 

ɦɟɬɨɞɭ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɦɟɬɨɞɭ ɨɲɢɛɤɢ ɩɪɟɞɫɤɚɡɚɧɢɹ. ɉɟɪɜɵɣ ɨɫɧɨɜɚɧ ɧɚ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɩɪɨɟɤɰɢɣ ɜ ɟɜɤɥɢɞɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ ɜɬɨɪɨɣ ɧɚ ɦɢɧɢɦɢɡɚɰɢɢ 

ɤɪɢɬɟɪɢɹ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ. 

 

 

 

 

https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%A4%D1%80%D0%B8%D0%B4%D1%80%D0%B8%D1%85_%D0%93%D0%B0%D1%83%D1%81%D1%81
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D0%BE%D0%B4_%D0%BD%D0%B0%D0%B8%D0%BC%D0%B5%D0%BD%D1%8C%D1%88%D0%B8%D1%85_%D0%BA%D0%B2%D0%B0%D0%B4%D1%80%D0%B0%D1%82%D0%BE%D0%B2
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https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D0%BB%D1%8B%D0%B9_%D1%88%D1%83%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D0%BB%D0%BC%D0%B0%D0%BD,_%D0%A0%D1%83%D0%B4%D0%BE%D0%BB%D1%8C%D1%84


 
 

 
 

 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

10 
ȻɊ – 15.03.06 ɉɁ 

 

1.1 ɉɨɞɯɨɞɵ ɤ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

 

ɉɪɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɭɱɟɧɢɟ ɢ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɢ ɡɚɞɚɱɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɨɫɬɨɢɬ ɜ 

ɜɵɛɨɪɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɇɨɞɟɥɶ ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɨɣ, ɱɬɨ 

ɟɺ ɪɟɚɤɰɢɹ ɢ ɪɟɚɤɰɢɹ ɨɛɴɟɤɬɚ ɧɚ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ ɞɨɥɠɧɵ ɛɵɬɶ 

ɛɥɢɡɤɢɦɢ ɩɨ ɡɧɚɱɟɧɢɸ. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɹɜɥɹɸɬɫɹ 

ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɨɩɬɢɦɢɡɚɰɢɢ, ɚɧɚɥɢɡɚ 

ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ. 

ɋɬɚɬɢɱɟɫɤɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɢɫɬɟɦ ɩɨɥɭɱɚɸɬ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ: 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɦɢ, ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɦɢ ɢ ɫɦɟɲɚɧɧɵɦɢ [1]. 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɫɩɨɫɨɛɵ [1] ɬɪɟɛɭɸɬ ɩɪɨɜɟɞɟɧɢɹ ɚɤɬɢɜɧɵɯ 

ɢɥɢ ɩɚɫɫɢɜɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɞɟɣɫɬɜɭɸɳɟɦ ɨɛɴɟɤɬɟ. ɋɬɨɯɚɫɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 

ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɫɫɥɟɞɨɜɚɧɢɟɦ ɢ ɭɩɪɚɜɥɟɧɢɟɦ 

ɩɪɨɰɟɫɫɚɦɢ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɷɬɢ ɦɨɞɟɥɢ ɩɨɥɭɱɚɸɬ ɜ ɜɢɞɟ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ. 

Ⱦɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɦɨɞɟɥɢ [1] ɫɨɫɬɚɜɥɹɸɬ «ɧɚ ɨɫɧɨɜɚɧɢɢ ɮɢɡɢɱɟɫɤɢɯ 

ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɨɰɟɫɫɚɯ». ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɯ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ 

ɟɳɟ ɧɚ ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɛɚɡɟ 

ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɪɚɡɪɚɛɨɬɚɧɨ ɧɟɫɤɨɥɶɤɨ ɦɟɬɨɞɨɜ ɩɨɫɬɪɨɟɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɧɟɩɪɟɪɵɜɧɵɯ ɩɪɨɰɟɫɫɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɹɞɚ ɩɪɨɰɟɫɫɨɜ ɜ ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ 

ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɦɧɨɝɨɦɟɪɧɨɝɨ ɮɚɡɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɋɭɳɧɨɫɬɶ ɦɟɬɨɞɚ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɩɪɨɬɟɤɚɧɢɟ ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ ɞɜɢɠɟɧɢɟ ɧɟɤɨɬɨɪɵɯ «ɢɡɨɛɪɚɠɚɸɳɢɯ ɬɨɱɟɤ» ɜ ɦɧɨɝɨɦɟɪɧɨɦ 

ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɗɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ ɨɩɪɟɞɟɥɟɧɨ ɤɚɤ ɩɪɨɫɬɪɚɧɫɬɜɨ ɞɟɤɚɪɬɨɜɨɣ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɩɨ ɨɫɹɦ ɤɨɬɨɪɨɝɨ ɨɬɥɨɠɟɧɵ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 

ɚɩɩɚɪɚɬɚ ɢ ɜɧɭɬɪɟɧɧɢɟ ɤɨɨɪɞɢɧɚɬɵ ɪɟɚɝɢɪɭɸɳɢɯ ɬɜɟɪɞɵɯ ɱɚɫɬɢɰ. Ʉɚɠɞɚɹ ɬɨɱɤɚ ɜ 

ɦɧɨɝɨɦɟɪɧɨɦ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɩɢɫɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ 
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ɦɨɞɟɥɢɪɭɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. ɑɢɫɥɨ ɷɬɢɯ ɬɨɱɟɤ ɪɚɜɧɨ ɱɢɫɥɭ ɱɚɫɬɢɰ ɜ ɚɩɩɚɪɚɬɟ. 

ɉɪɨɬɟɤɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɡɦɟɧɟɧɢɟɦ ɩɨɬɨɤɚ 

ɢɡɨɛɪɚɠɚɸɳɢɯ ɬɨɱɟɤ. 

 

1.2 Ɇɟɬɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

 

Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɬɟɯɧɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɡɚɳɢɬɵ ɨɬ 

ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɧɢɟ ɬɟɤɭɳɢɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɢ 

ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɪɚɛɨɬɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, 

ɞɨɫɬɭɩ ɤ ɤɨɬɨɪɵɦ ɩɨɪɨɣ ɡɚɬɪɭɞɧɟɧ ɢɥɢ ɧɟɜɨɡɦɨɠɟɧ. 

Ⱦɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɬɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ ɚɤɬɢɜɧɵɟ ɢ 

ɢɧɞɭɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɛɦɨɬɨɤ, ɜɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɨɛɦɨɬɨɤ, ɦɨɦɟɧɬ 

ɢɧɟɪɰɢɢ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɢ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ. ɉɨɥɭɱɟɧɢɟ ɞɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜɨɡɦɨɠɧɨ ɫ 

ɩɨɦɨɳɶɸ ɩɪɨɰɟɞɭɪ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɜɵɩɨɥɧɹɟɦɵɯ ɧɚɛɥɸɞɚɸɳɢɦɢ 

ɭɫɬɪɨɣɫɬɜɚɦɢ, ɪɚɛɨɬɚ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɢɜɚɧɢɹ, ɚ ɬɚɤɠɟ 

ɢɧɮɨɪɦɚɰɢɢ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɧɚɩɪɹɠɟɧɢɹɯ ɢ ɬɨɤɚɯ ɨɛɦɨɬɨɤ ɞɜɢɝɚɬɟɥɹ, ɢɡɦɟɪɹɟɦɵɯ 

ɜ ɩɪɨɰɟɫɫɟ ɟɝɨ ɪɚɛɨɬɵ.  

Ɉɫɧɨɜɧɵɦɢ ɦɟɬɨɞɚɦɢ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɹɜɥɹɸɬɫɹ: 

ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɪɟɤɭɪɪɟɧɬɧɵɣ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ, ɮɢɥɶɬɪ 

Ʉɚɥɦɚɧɚ, ɩɨɢɫɤɨɜɵɟ ɦɟɬɨɞɵ, ɷɜɨɥɸɰɢɨɧɧɵɟ ɚɥɝɨɪɢɬɦɵ, ɦɟɬɨɞɵ ɪɨɟɜɨɝɨ ɢɧɬɟɥɥɟɤɬɚ 

[2]. 

Ɇɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [2] ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɦɟɬɨɞɨɜ ɨɰɟɧɢɜɚɧɢɹ. Ɇɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ 

ɤɜɚɞɪɚɬɨɜ ɦɢɧɢɦɢɡɢɪɭɟɬ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɡɧɚɱɟɧɢɣ ɨɲɢɛɤɢ, ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɟɟ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɜɵɯɨɞɧɵɦɢ ɫɢɝɧɚɥɚɦɢ ɫɢɫɬɟɦɵ 

ɢ ɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱥɧɚɥɢɡ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɟɝɨ 

ɩɪɢɦɟɧɢɦɨɫɬɢ ɞɥɹ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɨɞɧɚɤɨ ɧɚɛɥɸɞɚɟɬɫɹ 
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ɧɟɛɨɥɶɲɚɹ ɡɚɞɟɪɠɤɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɱɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ, ɜɵɡɜɚɧɧɚɹ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɡɚɩɨɥɧɟɧɢɹ ɦɚɫɫɢɜɨɜ ɧɚɛɥɸɞɚɟɦɵɯ ɩɟɪɟɦɟɧɧɵɯ (100 – 500 

ɡɧɚɱɟɧɢɣ). Ɇɟɬɨɞ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɲɭɦɚɦ ɜ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 

ɫɢɫɬɟɦɟ. 

Ɋɟɤɭɪɪɟɧɬɧɵɣ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ [2] ɩɨɡɜɨɥɹɟɬ ɜ ɪɟɚɥɶɧɨɦ 

ɦɚɫɲɬɚɛɟ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɹɬɶ ɧɨɜɭɸ ɨɰɟɧɤɭ ɩɚɪɚɦɟɬɪɨɜ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɩɪɟɞɵɞɭɳɚɹ 

ɨɰɟɧɤɚ ɢ ɤɨɜɚɪɢɚɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɨɲɢɛɨɤ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɤɚɡɵɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɜɵɫɨɤɨɟ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɦɟɬɨɞɚ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɜɟɥɢɱɢɧɨɣ ɲɚɝɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. Ɉɞɧɚɤɨ ɫɯɨɞɢɦɨɫɬɶ ɦɟɬɨɞɚ ɢ ɟɝɨ 

ɬɨɱɧɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɤ 

ɨɰɟɧɢɜɚɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ, ɚ ɬɚɤɠɟ ɨɬ ɭɪɨɜɧɹ ɡɚɲɭɦɥɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɞɚɧɧɵɯ. ȼ 

ɫɬɚɬɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ ɩɪɨɰɟɫɫ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ 

ɧɟɭɫɬɨɣɱɢɜɵɦ. 

Ɏɢɥɶɬɪ Ʉɚɥɦɚɧɚ [2] ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ ɩɪɢ ɢɡɜɟɫɬɧɨɣ 

ɫɬɪɭɤɬɭɪɟ ɟɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɭɫɥɨɜɢɹɯ ɧɟɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢ 

ɡɚɲɭɦɥɟɧɧɵɯ ɞɚɧɧɵɯ. ȼɚɠɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ ɹɜɥɹɟɬɫɹ ɟɝɨ 

ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɜɟɤɬɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ ɨɩɪɟɞɟɥɹɬɶ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ 

ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɨɛɴɟɤɬɚ – ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɜ ɨɛɦɨɬɤɚɯ. Ɉɞɧɚɤɨ ɧɚɫɬɪɨɣɤɚ ɮɢɥɶɬɪɚ, 

ɤɚɱɟɫɬɜɨ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬ ɬɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ, ɹɜɥɹɟɬɫɹ 

ɬɪɭɞɨɟɦɤɢɦ ɷɦɩɢɪɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɬɪɟɛɭɟɬɫɹ ɬɚɤɠɟ ɡɧɚɧɢɟ 

ɤɨɜɚɪɢɚɰɢɨɧɧɵɯ ɦɚɬɪɢɰ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɢ ɜɨɡɦɭɳɟɧɢɹ, ɩɨɥɭɱɟɧɢɟ ɤɨɬɨɪɵɯ 

ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ ɦɨɠɟɬ ɛɵɬɶ ɡɚɬɪɭɞɧɢɬɟɥɶɧɵɦ, ɥɢɛɨ ɨɤɚɡɚɬɶɫɹ ɧɟɬɨɱɧɵɦ. ȼ 

ɫɥɭɱɚɟ ɩɪɚɜɢɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ ɮɢɥɶɬɪ Ʉɚɥɦɚɧɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɩɚɪɚɦɟɬɪɵ 

ɞɜɢɝɚɬɟɥɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɞɨ 15%. 

ɉɨɥɧɵɣ ɩɟɪɟɛɨɪ [2] – ɦɟɬɨɞ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɭɬɟɦ ɩɟɪɟɛɨɪɚ ɜɫɟɯ 

ɤɨɦɛɢɧɚɰɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɫ ɡɚɩɨɦɢɧɚɟɦ ɬɟɯ ɢɡ ɧɢɯ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɨɲɢɛɤɚ ɛɭɞɟɬ ɦɢɧɢɦɚɥɶɧɚ. ȼɪɟɦɹ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ ɩɟɪɟɛɨɪɚ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɢɫɤɨɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ɇɟɬɨɞ ɨɛɥɚɞɚɟɬ 

ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɯɨɪɨɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶɸ ɤ ɲɭɦɚɦ ɜ ɩɨɥɟɡɧɨɦ ɫɢɝɧɚɥɟ, ɩɨɡɜɨɥɹɟɬ 
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ɧɚɯɨɞɢɬɶ ɝɥɨɛɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ, ɨɞɧɚɤɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɨɰɟɧɢɜɚɧɢɹ 

(100-200 ɫ.) ɡɚɬɪɭɞɧɹɟɬ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɚɯ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ [2] – ɷɬɨ ɷɜɨɥɸɰɢɨɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ, 

ɩɪɢɦɟɧɹɟɦɵɣ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɧɚɯɨɞɢɬɶ ɞɨɫɬɚɬɨɱɧɨ 

ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚ ɦɟɧɶɲɟɟ ɜɪɟɦɹ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɥɝɨɪɢɬɦɚ ɩɨɥɧɨɝɨ 

ɩɟɪɟɛɨɪɚ. Ɍɨɱɧɨɫɬɶ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɷɬɨɦ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɩɨɤɨɥɟɧɢɣ, ɚ ɬɚɤɠɟ ɨɬ ɧɚɫɬɪɨɟɤ ɚɥɝɨɪɢɬɦɚ. ȼɪɟɦɹ ɩɪɨɰɟɫɫɚ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɶɸ. 

Ɇɟɬɨɞ ɪɨɹ ɱɚɫɬɢɰ [2] ɨɬɧɨɫɢɬɫɹ ɤ ɦɟɬɨɞɚɦ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. Ɉɧ 

ɩɨɡɜɨɥɹɟɬ ɢɦɢɬɢɪɨɜɚɬɶ ɤɨɥɥɟɤɬɢɜɧɨɟ ɩɨɜɟɞɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɞɟɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ 

ɫɚɦɨɨɪɝɚɧɢɡɭɸɳɟɣɫɹ ɫɢɫɬɟɦɵ. Ɍɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɪɨɹ ɱɚɫɬɢɰ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɧɚɫɬɪɨɟɤ, ɨɛɴɟɦɚ ɜɵɛɨɪɤɢ 

ɢɡɦɟɪɹɟɦɵɯ ɞɚɧɧɵɯ ɢ ɞɢɚɩɚɡɨɧɚ ɩɨɢɫɤɚ. ɉɪɢ ɷɬɨɦ ɞɢɚɩɚɡɨɧ ɩɨɢɫɤɚ ɦɨɠɟɬ 

ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɬɫɹ: ɧɚ ɩɟɪɜɵɯ ɷɬɚɩɚɯ ɨɧ ɦɚɤɫɢɦɚɥɟɧ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɦɨɠɟɬ 

ɛɵɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɳɟɧ, ɬɟɦ ɫɚɦɵɦ ɛɭɞɟɬ ɭɦɟɧɶɲɟɧɨ ɜɪɟɦɹ ɜɵɱɢɫɥɟɧɢɹ. 

 

1.3 ɉɨɧɹɬɢɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

 

ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɰɟɩɢ - ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɰɟɩɢ, 

ɫɨɫɬɨɹɳɚɹ ɢɡ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɰɟɩɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɬɨɤɢ 

ɧɚ ɡɚɠɢɦɚɯ ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɸɬ ɫ ɤɚɤɨɣ-ɬɨ ɩɨɝɪɟɲɧɨɫɬɶɸ ɫ ɢɡɦɟɪɟɧɧɵɦɢ ɬɨɤɚɦɢ ɢ 

ɧɚɩɪɹɠɟɧɢɹɦɢ ɧɚ ɡɚɠɢɦɚɯ ɪɟɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ. ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɬɨɤɨɜ ɢ ɧɚɩɪɹɠɟɧɢɣ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɪɟɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɹɜɥɹɸɬɫɹ ɟɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɷɥɟɤɬɪɨɧɢɤɢ ɹɜɥɹɟɬɫɹ ɪɚɫɱɟɬ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ. 

Ɉɞɧɚɤɨ ɪɚɫɫɱɢɬɚɬɶ ɩɪɨɢɡɜɨɥɶɧɭɸ ɰɟɩɶ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɪɟɚɥɶɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ 

ɤɨɦɩɨɧɟɧɬ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɨ. Ɇɟɲɚɟɬ ɪɚɫɱɟɬɭ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ 

ɩɨɩɪɨɫɬɭ ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɦɟɬɨɞɢɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɪɟɚɥɶɧɵɯ 

ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɤɚɤ ɟɞɢɧɨɝɨ ɰɟɥɨɝɨ. ɂɦɟɸɬɫɹ ɡɧɚɱɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɫɧɹɬɵɟ ɡɚɜɢɫɢɦɨɫɬɢ, ɧɨ ɫɜɹɡɚɬɶ ɢɯ ɜ ɟɞɢɧɭɸ 

https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%B8%D0%BA%D0%B0
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ɬɨɱɧɭɸ ɮɨɪɦɭɥɭ, ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɸɳɭɸ ɩɨɜɟɞɟɧɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. 

ȼɜɟɞɟɧɢɟ ɩɨɧɹɬɢɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɨɡɜɨɥɹɟɬ «ɫɜɹɡɚɬɶ» ɦɢɪ ɪɟɚɥɶɧɵɯ 

ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɦɢɪ ɢɯ ɢɞɟɚɥɶɧɵɯ ɩɪɢɛɥɢɠɟɧɢɣ. ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɫɨɛɨɣ ɰɟɩɶ ɬɨɥɶɤɨ ɢɡ ɢɞɟɚɥɶɧɵɯ ɤɨɦɩɨɧɟɧɬ, ɤɨɬɨɪɚɹ ɮɭɧɤɰɢɨɧɢɪɭɟɬ ɩɪɢɦɟɪɧɨ ɬɚɤ 

ɠɟ, ɤɚɤ ɢ ɢɫɯɨɞɧɚɹ ɫɯɟɦɚ. ȼ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɦɨɝɭɬ ɛɵɬɶ 

ɨɬɪɚɠɟɧɵ, ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ, ɪɚɡɥɢɱɧɵɟ ɩɚɪɚɡɢɬɧɵɟ ɷɮɮɟɤɬɵ: ɭɬɟɱɤɢ, ɜɧɭɬɪɟɧɧɢɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɬ. ɞ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɵ ɢ 

ɩɪɨɞɨɥɠɚɸɬ ɪɚɡɪɚɛɚɬɵɜɚɬɶɫɹ ɦɧɨɠɟɫɬɜɨ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ 

ɪɟɚɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ. 

 

1.4 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɂɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ ɰɟɥɨɦ ɢ 

, ɜ ɬɨɦ ɱɢɫɥɟ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɞɥɹ ɟɟ 

ɪɟɲɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ[2]. Ɂɚɞɚɱɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢɦɟɟɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ, ɬɚɤ ɤɚɤ 

ɢɞɟɧɬɢɮɢɰɢɪɭɸɬɫɹ ɧɟ ɩɚɪɚɦɟɬɪɵ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɚ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ 

ɡɚɦɟɳɟɧɢɹ. 

ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɪɚɫɱɟɬɧɵɦɢ ɦɟɬɨɞɚɦɢ 

ɧɚ ɨɫɧɨɜɟ ɩɚɫɩɨɪɬɧɵɯ ɞɚɧɧɵɯ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ (ɬɚɛɥɢɰɚ 1). 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɫɨɞɟɪɠɚɳɢɯ ɚɫɢɧɯɪɨɧɧɵɣ ɞɜɢɝɚɬɟɥɶ ɢ 

ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ, ɩɨɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 

ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɬɚɤ ɤɚɤ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ ɦɨɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ 

ɫɩɟɰɢɚɥɶɧɵɟ ɬɟɫɬɨɜɵɟ ɫɢɝɧɚɥɵ. ɇɚɩɪɢɦɟɪ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ Micromaster 440 

ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ , ɤɪɢɜɭɸ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ 

(ɪɢɫɭɧɨɤ 11). ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ, ɨɩɪɟɞɟɥɟɧɧɵɟ ɜ ɩɪɨɰɟɫɫɟ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, 

https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B5_%D1%81%D0%BE%D0%BF%D1%80%D0%BE%D1%82%D0%B8%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɧɚɫɬɪɨɣɤɢ ɫɢɫɬɟɦɵ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ 

ɞɜɢɝɚɬɟɥɟɦ. 

ɉɨɷɬɨɦɭ ɜ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɟɲɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ 

ɡɚɞɚɱɢ: 

- ɜɵɩɨɥɧɢɬɶ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ; 

- ɜɵɛɪɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ; 

-ɩɪɨɜɟɫɬɢ ɨɛɡɨɪ ɜɚɪɢɚɧɬɨɜ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ ɢ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɭɸ; 

- ɨɫɜɨɢɬɶ ɦɟɬɨɞ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ; 

- ɨɩɪɟɞɟɥɢɬɶ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɪɚɫɱɟɬɧɵɦ ɫɩɨɫɨɛɨɦ; 

- ɨɫɜɨɢɬɶ ɦɟɬɨɞɢɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, 

ɪɟɚɥɢɡɨɜɚɧɧɭɸ ɜ ɩɪɢɜɨɞɟ Micromaster; 

- ɩɪɨɜɟɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɩɨɫɬɪɨɢɬɶ ɫɯɟɦɭ ɡɚɦɟɳɟɧɢɹ 

ɞɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ȺɂɊ90L6ɍɁ; 

- ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɪɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢ ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; 

- ɪɚɫɫɦɨɬɪɟɬɶ ɫɢɫɬɟɦɭ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɚɫɢɧɯɪɨɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ. 
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2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

2.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ [4] ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɫɢɫɬɟɦɭ ɧɟɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (2.4). ɗɬɢ ɭɪɚɜɧɟɧɢɹ 

ɬɪɚɧɫɮɨɪɦɢɪɭɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɨɬɥɢɱɚɸɳɢɯɫɹ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɶɸ. Ɉɫɧɨɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ – 

ɷɬɨ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɞɟɥɟɧɢɹ ɢɧɬɟɪɟɫɭɸɳɟɣ ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɩɟɪɟɦɟɧɧɨɣ ɢ ɩɨɥɭɱɟɧɢɹ 

ɩɨɫɬɨɹɧɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. Ƚɞɟ ɩɪɢɧɹɬɵ 

ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: suU , svU  - ɧɚɩɪɹɠɟɧɢɹ, ɩɨɞɜɨɞɢɦɵɟ ɤ ɨɛɦɨɬɤɚɦ ɫɬɚɬɨɪɚ, 

ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɨɫɹɯ (u,v,0), ɜɪɚɳɚɸɳɢɯɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ 

ɱɚɫɬɨɬɨɣ k ; sue , sve , rue , rve  - ɗȾɋ ɜɪɚɳɟɧɢɹ, ɧɚɜɨɞɢɦɵɟ ɜ ɨɛɦɨɬɤɚɯ ɫɬɚɬɨɪɚ ɢ 

ɪɨɬɨɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 



 
 

 
 

 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

17 
ȻɊ – 15.03.06 ɉɁ 

 

  

ɍɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ, ɜ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɜɪɚɳɚɸɳɟɣɫɹ ɫ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ k , ɢɦɟɸɬ ɜɢɞ (2.1): 
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ɝɞɟ si , ri , s , r , sU  - ɦɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 

ɜɟɤɬɨɪɨɜ ɬɨɤɨɜ, ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɣ ɢ ɧɚɩɪɹɠɟɧɢɣ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

      sR , rR  - ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɚɡ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

       , k  - ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɶ ɪɨɬɨɪɚ ɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ; 

      M , cM  - ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ, ɢ ɦɨɦɟɧɬ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ 

ɜɚɥɭ; 

      J  - ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ; 

      np  - ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 

 ɉɪɟɞɫɬɚɜɢɜ ɪɟɡɭɥɶɬɢɪɭɸɳɢɟ ɜɟɤɬɨɪɚ ɜ ɜɢɞɟ ɩɪɨɟɤɰɢɣ ɧɚ ɤɨɦɩɥɟɤɫɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɢ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɢɯ ɱɟɪɟɡ ɜɟɳɟɫɬɜɟɧɧɵɟ ɢ ɦɧɢɦɵɟ ɱɚɫɬɢ ɜ ɫɥɟɞɭɸɳɟɦ 

ɜɢɞɟ: 
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 ɋɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2.1) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɞɥɹ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ (x,y,0), ɝɞɟ 

k s  , ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɚɧɨ ɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜɨ ɜɪɟɦɟɧɧɨɣ ɨɛɥɚɫɬɢ ɛɨɥɟɟ 

50 ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ [3]. ɇɚɢɛɨɥɟɟ ɭɫɬɨɣɱɢɜɨɣ ɢ 

ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɟɣ ɦɨɞɟɥɶɸ ɹɜɥɹɟɬɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɨɫɹɯ (x,y,0), ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɟɦɟɧɧɵɯ ɢɫɩɨɥɶɡɭɸɬ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ s  ɢ r . 

ȼɵɪɚɠɚɹ ɬɨɤɢ ɱɟɪɟɡ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɢ ɪɚɫɩɢɫɵɜɚɹ ɫɢɫɬɟɦɭ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɪɨɢɡɜɨɞɧɵɯ, ɩɨɥɭɱɚɸɬ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ (2.4). 

ȼ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɹɯ (x,y,0), ɜɪɚɳɚɸɳɢɯɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɶɸ k s  , ɩɪɨɟɤɰɢɢ ɨɛɨɛɳɟɧɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ sxU  
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ɢ syU  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɫɬɨɹɧɧɵɟ ɜɟɥɢɱɢɧɵ. ȼ ɦɨɞɟɥɢ ɨɛɵɱɧɨ ɫɨɜɦɟɳɚɸɬ 

ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɢ ɜɟɳɟɫɬɜɟɧɧɨɣ ɨɫɶɸ ɤɨɨɪɞɢɧɚɬɧɨɣ ɫɢɫɬɟɦɵ ɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɩɨ ɷɬɨɣ ɨɫɢ x  ɩɪɢɧɢɦɚɸɬ ɪɚɜɧɵɦ 1, ɚ ɩɨ ɨɫɢ y  

- ɪɚɜɧɵɦ ɧɭɥɸ. 
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ɍɣɞɹ ɨɬ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ, ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɹ (2.5), ɩɨ ɤɨɬɨɪɵɦ ɱɚɫɬɨɬɧɵɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɬɪɨɢɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ: 
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ɝɞɟ sU  - ɧɚɩɪɹɠɟɧɢɟ ɫɬɚɬɨɪɚ; 

      sI , rI  - ɬɨɤɢ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

      sR , rR  - ɚɤɬɢɜɧɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɮɚɡ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

      s , r  - ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

       , k  - ɭɝɥɨɜɵɟ ɫɤɨɪɨɫɬɢ ɪɨɬɨɪɚ ɢ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ; 

      sL , rL  - ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

      mL  - ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ; 

      sL  , rL   - ɢɧɞɭɤɬɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ; 

      M  - ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɦɨɦɟɧɬ; 

      cM  - ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɧɚ ɜɚɥɭ; 

      J  - ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ; 

      p  - ɱɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ. 

 

2.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

ɉɪɢ ɪɚɛɨɬɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɟɝɨ ɩɚɪɚɦɟɬɪɵ (ɚɤɬɢɜɧɵɟ ɢ ɢɧɞɭɤɬɢɜɧɵɟ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ) ɢ ɩɟɪɟɦɟɧɧɵɟ ɫɨɫɬɨɹɧɢɹ (ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, 

ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɦɨɦɟɧɬ ɜɪɚɳɟɧɢɹ ɢ ɞɪ.) ɜ ɪɚɡɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɧɹɸɬɫɹ ɢ 

ɡɚɜɢɫɹɬ ɨɬ ɪɟɠɢɦɚ ɧɚɝɪɭɠɟɧɢɹ ɢ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɢɝɚɬɟɥɹ. ɉɨ ɷɬɨɣ 

ɩɪɢɱɢɧɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɟ ɩɪɢɜɨɞɹɬɫɹ ɜ 

ɤɚɬɚɥɨɝɚɯ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ, ɡɚɳɢɬɵ ɢ ɞɢɚɝɧɨɫɬɢɤɢ, 

ɩɨɫɤɨɥɶɤɭ ɹɜɥɹɸɬɫɹ ɪɚɫɱɟɬɧɵɦɢ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɨɫɬɨɜɟɪɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɨɞɢɬɶ ɧɟɩɪɟɪɵɜɧɵɣ ɜɨ ɜɪɟɦɟɧɢ ɦɨɧɢɬɨɪɢɧɝ ɩɚɪɚɦɟɬɪɨɜ 

ɢ ɩɟɪɟɦɟɧɧɵɯ ɜɟɥɢɱɢɧ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɨɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɢɯ ɨɱɟɧɶ ɬɪɭɞɧɨ 

ɢɥɢ ɧɟɜɨɡɦɨɠɧɨ ɢɡɦɟɪɢɬɶ, ɩɨɷɬɨɦɭ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɤɨɫɜɟɧɧɨɦ 

ɧɚɯɨɠɞɟɧɢɢ ɡɧɚɱɟɧɢɣ, ɧɚɩɪɢɦɟɪ, ɩɭɬɟɦ ɨɰɟɧɢɜɚɧɢɹ. 
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Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ 

ɩɪɨɰɟɞɭɪɭ ɨɰɟɧɢɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ (ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥɹ) ɧɚ ɨɫɧɨɜɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɢɝɚɬɟɥɹ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɨɰɟɧɢɜɚɧɢɹ ɢ 

ɢɧɮɨɪɦɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɢɡɦɟɪɹɟɦɵɯ ɮɚɡɧɵɯ ɬɨɤɚɯ ɢ ɧɚɩɪɹɠɟɧɢɹɯ ɫɬɚɬɨɪɚ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɯɨɪɨɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɫ ɩɨɦɨɳɶɸ ɪɟɤɭɪɪɟɧɬɧɨɝɨ ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ (ɊɆɇɄ) ɢ 

ɪɚɫɲɢɪɟɧɧɨɝɨ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ (ɊɎɄ). ɉɪɢ ɷɬɨɦ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ 

ɦɨɞɟɥɢ ɫɨɫɬɨɹɧɢɹ ɢ ɰɟɩɢ ɢɡɦɟɪɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɚɥɝɨɪɢɬɦɵ ɢ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɨɰɟɧɢɜɚɧɢɹ ɤɚɠɞɨɣ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 

ɢ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɨɬɞɟɥɶɧɨ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɟɠɢɦɨɜ 

ɪɚɛɨɬɵ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɢɯ ɪɟɠɢɦɚɯ ɜ ɢɡɦɟɪɟɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɬɨɤɨɜ 

ɫɨɞɟɪɠɢɬɫɹ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɚɪɚɦɟɬɪɚɯ ɢ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɬɟɩɟɧɢ ɞɢɧɚɦɢɱɧɨɫɬɢ ɪɟɠɢɦɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɨɝɨ 

ɤɪɢɬɟɪɢɹ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɦɨɳɧɨɫɬɶ ɩɟɪɜɨɣ ɝɚɪɦɨɧɢɤɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɨɫɬɨɹɧɢɹ ɢ ɰɟɩɢ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ 

ɪɟɠɢɦɨɜ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɚɫɢɧɯɪɨɧɧɨɦ 

ɞɜɢɝɚɬɟɥɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ, ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɢɡɦɟɪɹɟɦɵɯ ɮɚɡɧɵɯ 

ɧɚɩɪɹɠɟɧɢɹɯ ɢ ɬɨɤɚɯ ɫɬɚɬɨɪɚ ɢ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɢɦɟɧɟɧɢɹ ɊɆɇɄ ɢ ɊɎɄ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɨɥɭɱɟɧɧɨɣ 

ɫɨɜɨɤɭɩɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɫɨɫɬɨɹɧɢɹ ɢ ɰɟɩɢ ɢɡɦɟɪɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɞɢɧɚɦɢɱɟɫɤɚɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɜɟɤɬɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɨɫɬɨɹɧɢɹ ɜ ɜɢɞɟ: 

 

[ ]T
s s m r r s r mR L L L     .        (2.6) 

 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɬɚɬɢɱɟɫɤɨɝɨ ɪɟɠɢɦɚ, ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɟɠɢɦ ɚɫɢɧɯɪɨɧɧɨɝɨ 

ɞɜɢɝɚɬɟɥɹ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɢ ɩɨɡɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɩɪɟɞɟɥɹɬɶ 



 
 

 
 

 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

22 
ȻɊ – 15.03.06 ɉɁ 

 

ɱɚɫɬɨɬɭ ɜɪɚɳɟɧɢɹ ɢ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɨɬɨɪɚ. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɊɎɄ ɢ 

ɢɡɦɟɪɟɧɧɵɯ ɮɚɡɧɵɯ ɧɚɩɪɹɠɟɧɢɹɯ ɢ ɬɨɤɚɯ ɫɬɚɬɨɪɚ. ɉɪɢ ɷɬɨɦ ɜɟɤɬɨɪ ɩɚɪɚɦɟɬɪɨɜ ɢ 

ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɢɦɟɟɬ ɜɢɞ: 

 

[ ]T
d r r r s r cR R M     .        (2.7) 

 

Ɉɫɬɚɥɶɧɵɟ ɟɝɨ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɭɫɤɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

ɜɯɨɥɨɫɬɭɸ, ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ ɢ ɩɪɢ ɪɚɛɨɬɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ 

ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ.  

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ 

ɪɚɡɪɚɛɨɬɚɧ ɨɬɞɟɥɶɧɵɣ ɫɩɨɫɨɛ, ɜ ɤɨɬɨɪɨɦ ɩɪɟɞɭɫɦɨɬɪɟɧɨ ɜɜɟɞɟɧɢɟ ɩɨɫɬɨɹɧɧɵɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ ɜ ɮɚɡɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɨɣ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ 

ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɨɣ, ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ [4]. Ɂɧɚɧɢɟ ɜɟɥɢɱɢɧɵ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ 

ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɢɬɶ ɜɟɥɢɱɢɧɭ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ [5]. Ɉɩɪɟɞɟɥɟɧɢɟ ɮɨɪɦɵ 

ɤɪɢɜɨɣ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɪɟɠɢɦɟ ɯɨɥɨɫɬɨɝɨ 

ɯɨɞɚ ɧɚ ɨɫɧɨɜɟ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɜɨ ɜɪɟɦɟɧɢ ɬɨɤɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ [6]. 

Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ ɨɩɪɟɞɟɥɹɥɫɹ ɢɡɜɟɫɬɧɵɦ ɫɩɨɫɨɛɨɦ ɧɚ ɷɬɚɩɟ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 
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3 ɈɉɊȿȾȿɅȿɇɂȿ ɉȺɊȺɆȿɌɊɈȼ ɋɏȿɆɕ ɁȺɆȿЩȿɇɂə 

 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɜ ɚɫɢɧɯɪɨɧɧɨɦ ɞɜɢɝɚɬɟɥɟ ɜ 

ɭɫɬɚɧɨɜɢɜɲɢɯɫɹ ɩɪɨɰɟɫɫɚɯ ɜɵɩɨɥɧɹɸɬ ɧɚ ɨɫɧɨɜɟ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ ɡɚɦɟɳɟɧɢɹ. 

ɗɬɨ ɞɟɥɚɸɬ ɞɥɹ ɨɞɧɨɣ ɮɚɡɵ (ɜɜɢɞɭ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɨɛɦɨɬɨɤ) ɩɪɢ ɫɨɟɞɢɧɟɧɢɢ 

ɨɛɦɨɬɨɤ ɫɬɚɬɨɪɚ ɜ «ɡɜɟɡɞɭ». ɉɪɢ ɷɬɨɦ ɩɪɢɜɨɞɹɬ ɩɚɪɚɦɟɬɪɵ ɨɛɦɨɬɤɢ ɪɨɬɨɪɚ ɤ 

ɩɚɪɚɦɟɬɪɚɦ ɨɛɦɨɬɤɢ ɫɬɚɬɨɪɚ ɢ ɩɨɥɭɱɚɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ Ɍ – ɨɛɪɚɡɧɭɸ ɫɯɟɦɭ 

ɡɚɦɟɳɟɧɢɹ, ɤɨɬɨɪɭɸ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ ɩɪɢ ɱɚɫɬɨɬɧɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɢ 

ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ ɧɢɠɟ ɧɨɦɢɧɚɥɶɧɨɣ (ɞɥɹ 

ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 50 Ƚɰ), ɚ ɬɚɤ ɠɟ ɞɥɹ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɨɜ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 

3.1 ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

ɍɪɚɜɧɟɧɢɹɦ ɗȾɋ ɢ ɬɨɤɨɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

(ɪɢɫɭɧɨɤ 2). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɥɨɠɧɭɸ ɦɚɝɧɢɬɧɭɸ ɰɟɩɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɚɲɢɧɵ 

ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɨɣ. ɋɨɩɪɨɬɢɜɥɟɧɢɟ '
2

1 s
R

s


  ɦɨɠɧɨ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɜɧɟɲɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɜɤɥɸɱɟɧɧɨɟ ɜ ɨɛɦɨɬɤɭ ɪɨɬɨɪɚ. Ɉɧɨ 

ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɟɪɟɦɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɯɟɦɵ. ɂɡɦɟɧɟɧɢɟ ɷɬɨɝɨ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɷɤɜɢɜɚɥɟɧɬɧɨ ɢɡɦɟɧɟɧɢɸ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɢ ɢɡɦɟɧɟɧɢɸ 

ɫɤɨɥɶɠɟɧɢɹ s . 

ȼɟɥɢɱɢɧɚ ɫɤɨɥɶɠɟɧɢɹ ɡɚɞɚɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ȼ ɫɥɭɱɚɟ 

ɨɬɫɭɬɫɬɜɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɫɤɨɥɶɠɟɧɢɟ ɩɨɱɬɢ ɧɭɥɟɜɨɟ 0s  , 

ɡɧɚɱɢɬ ɩɟɪɟɦɟɧɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɪɟɦɢɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ 

ɪɟɠɢɦɭ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ. ɂ, ɧɚɨɛɨɪɨɬ, ɩɪɢ ɩɟɪɟɝɪɭɡɤɟ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ, 1s  , 

ɩɨɷɬɨɦɭ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɚɜɧɨ ɧɭɥɸ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ ɪɟɠɢɦɭ ɤɨɪɨɬɤɨɝɨ 

ɡɚɦɵɤɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 2 – Ɍ-ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ 

 

ȼ Ƚ-ɨɛɪɚɡɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 3), ɧɚɦɚɝɧɢɱɢɜɚɸɳɚɹ ɜɟɬɜɶ ɜɵɧɟɫɟɧɚ ɤ ɜɯɨɞɧɵɦ 

ɡɚɠɢɦɚɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɦɟɫɬɨ ɬɪɟɯ ɜɟɬɜɟɣ ɩɨɥɭɱɚɸɬ ɞɜɟ ɜɟɬɜɢ, ɩɟɪɜɚɹ – 

ɧɚɦɚɝɧɢɱɢɜɚɸɳɚɹ, ɚ ɜɬɨɪɚɹ – ɪɚɛɨɱɚɹ. ɇɨ ɞɚɧɧɨɟ ɞɟɣɫɬɜɢɟ ɬɪɟɛɭɟɬ ɜɧɟɫɟɧɢɟ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 1c , ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɲɟɧɢɟ 

ɧɚɩɪɹɠɟɧɢɹ ɩɨɞɜɨɞɢɦɨɝɨ ɤ ɞɜɢɝɚɬɟɥɸ, ɤ ɗȾɋ ɫɬɚɬɨɪɚ (2.1): 

 

1

U
c

E
            (3.1) 

 

ȼɟɥɢɱɢɧɚ 1c  ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɚ 1, ɩɨɷɬɨɦɭ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɩɪɨɳɟɧɢɹ, 

ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɢɧɢɦɚɸɬ ɡɧɚɱɟɧɢɟ 1 1c  . ɉɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɟ 

ɤɨɷɮɮɢɰɢɟɧɬɚ c1 ɭɦɟɧɶɲɚɟɬɫɹ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɦɨɳɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ, ɩɨɷɬɨɦɭ ɛɨɥɟɟ 

ɬɨɱɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɛɨɥɟɟ ɦɨɳɧɨɦɭ ɞɜɢɝɚɬɟɥɸ. 
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Ɋɢɫɭɧɨɤ 3 – Ƚ-ɨɛɪɚɡɧɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ 

 

3.2 ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ 

 

Ɉɩɪɟɞɟɥɹɟɦ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ȺɂɊ90L6ɍɁ. 

 

Ɍɚɛɥɢɰɚ 1 - Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ,f Ƚɰ  50 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ,ɧɨɦP ɤȼɬ  1,5 
ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ , /ɧɨɦn ɨɛ ɦиɧ  935 
ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ,ɧɨɦU ȼ  380 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ,ɧɨɦI А  4,1 
ɄɉȾ ,%  76 
Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ cos  0,72 
ɋɤɨɥɶɠɟɧɢɟ ,%s  6,5 
Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ ɩ  2 
Ʉɪɚɬɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ max  2,3 
Ʉɪɚɬɧɨɫɬɶ ɦɢɧɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ min  1,9 
Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ 2,J ɤɝ ɦ  0,00513 

Ɇɚɫɫɚ ,m ɤɝ  19,4 
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3.3 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɬɪɚɞɢɰɢɨɧɧɵɦ 

ɫɩɨɫɨɛɨɦ 

 

ɇɨɦɢɧɚɥɶɧɨɟ ɮɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ : 

 

,
3

ɧɨɦ
ɮ

U
U             (3.2) 

 

ɝɞɟ ɧɨɦU  - ɧɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ. 

ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ: 

 

160
,

ɧɨɦ

f
p

n


            (3.3) 

 

ɝɞɟ 1f  - ɧɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ; 

      ɧɨɦn  - ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ. 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ (ɫɢɧɯɪɨɧɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ), 

/ɨɛ ɦиɧ : 

 

160
s

f
n

p


 .           (3.4) 

 

ɇɨɦɢɧɚɥɶɧɨɝɨ ɫɤɨɥɶɠɟɧɢɹ: 

 

s ɧɨɦ
ɧɨɦ

s

n n
s

n


 .          (3.5) 

 

Ʉɪɢɬɢɱɟɫɤɨɟ ɫɤɨɥɶɠɟɧɢɟ: 
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2
max max( 1),ɤɪ ɧɨɦs s              (3.6) 

 

ɝɞɟ max  - ɤɪɚɬɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ. 

ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, /ɨɛ ɦиɧ : 

 

.
30

ɧɨɦ
ɧɨɦ

n



           (3.7) 

 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ, ɇ ɦ : 

 

,ɧɨɦ
ɧɨɦ

ɧɨɦ

P
M


           (3.8) 

 

ɝɞɟ ɧɨɦP  - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɮɚɡɵ ɫɬɚɬɨɪɚ, А : 

 

3 cos ,
ɧɨɦ

ɧɨɦ
ɮ

P
I

U 


 
         (3.9) 

 

ɝɞɟ ɧɨɦP  - ɧɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ; 

      cos  - ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ, ɇ ɦ : 

 

max max ɧɨɦM M  ,         (3.10) 

 

ɝɞɟ max  - ɤɪɚɬɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ.  

ɉɭɫɤɨɜɨɣ ɦɨɦɟɧɬ, ɇ ɦ : 
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 ɩ ɩ ɧɨɦM Ɇ  ,          (3.11) 

 

ɝɞɟ ɩ  - ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɩɨɬɟɪɢ: 

 

0,05ɦɟɯ ɧɨɦɉ P  .          (3.12) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ (ɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɛɨɥɶɲɟɣ ɦɨɳɧɨɫɬɢ): 

 

1,01..1,05,ɋ   ɩɪɢɧɢɦɚɟɦ 1,05.ɋ   

 

ɉɪɢɜɟɞɟɧɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ, Ɉɦ : 

 

2

1
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ɧɨɦ

ɧɨɦ
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.         (3.13) 

 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ, Ɉɦ :  

 

2
2

cos (1 )

3
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      (3.14) 

 

ɝɞɟ   - ɄɉȾ; 

      ɧɨɦI  - ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ. 

 ɉɪɢɜɟɞɟɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ ɢ ɪɨɬɨɪɚ, Ƚɧ : 
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      (3.15) 

 

ɝɞɟ ik  - ɤɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ. 

ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ, Ƚɧ : 
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    (3.16) 

 

ȼɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ (ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɰɟɩɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ), Ƚɧ : 

 

.m s spL L L            (3.17) 

 

3.3.1 ȼɵɱɢɫɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ MATLAB 

 

Ⱦɥɹ ɛɵɫɬɪɨɝɨ ɢ ɭɞɨɛɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ MATLAB , ɢɫɩɨɥɶɡɭɹ 

ɮɨɪɦɭɥɵ (3.2-3.17). 

 

clc; 

%ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 

%ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 

Un = 380; 

 

%ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 

In = 4.1; 

 

%ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ȼɬ 
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Pn = 1500; 

 

%ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ, Ƚɰ 

f = 50; 

 

%Ʉɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ 

cosfi = 0.72; 

 

%ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 

nn = 935; 

 

%ɄɉȾ, % 

nu = 0.76; 

 

%Ʉɪɚɬɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 

lyammax = 2.3; 

 

%Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɦɨɦɟɧɬɚ 

lyamp = 2; 

 

%Ʉɪɚɬɧɨɫɬɶ ɦɢɧɢɦɚɥɶɧɨɝɨ ɦɨɦɟɧɬɚ 

lyammin = 1.9; 

 

%Ʉɪɚɬɧɨɫɬɶ ɩɭɫɤɨɜɨɝɨ ɬɨɤɚ 

ki = 7; 

 

%Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ, ɤɝ*ɦ^2 

J = 0.00513; 

%-------------------ȼɵɱɢɫɥɟɧɢɹ------------------------- 
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U = Un/sqrt(3); 

U = ceil(U); 

disp ('Ɏɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ:'); 

disp (U); 

  

pp = (60*f)/nn; 

pp = round(pp);  

disp ('ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ:'); 

disp (pp); 

  

n1 = (60*f)/pp; 

disp ('Cɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ:'); 

disp (n1); 

  

sn = (n1-nn)/n1; 

disp ('ɇɨɦɢɧɚɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ:'); 

disp (sn); 

  

skr = sn*(lyammax+sqrt((lyammax^2)-1)); 

disp ('Ʉɪɢɬɢɱɟɫɤɨ ɫɤɨɥɶɠɟɧɢɟ:'); 

disp (skr); 

  

wn = (3.14*nn)/30; 

disp ('ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ:'); 

disp (wn); 

  

Mn = Pn/wn; 

disp ('ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ:'); 
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disp (Mn); 

  

In = Pn/(3*U*cosfi); 

disp ('ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɮɚɡɵ ɫɬɚɬɨɪɚ:'); 

disp (In); 

  

Mmax = lyammax*Mn; 

disp ('Ɇɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ:'); 

disp (Mmax); 

  

Mp = lyamp*Mn; 

disp ('ɉɭɫɤɨɜɨɣ ɦɨɦɟɧɬ:'); 

disp (Mp); 

  

Lossmech = 0.025*Pn; 

disp ('Ɇɟɯɚɧɢɱɟɫɤɢɣ ɩɨɬɟɪɢ:'); 

disp (Lossmech); 

  

C = 1.05; 

disp ('Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ:'); 

disp (C); 

  

Rr = (1/3)*((Pn+Lossmech)/((In^2)*((1-sn)/sn))); 

disp ('ɉɪɢɜɟɞɟɧɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ:'); 

disp (Rr); 

  

Rs = ((U*cosfi*(1-nu)/In))-((C^2)*Rr)-(Lossmech/(3*(In^2))); 

disp ('Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ:'); 

disp (Rs); 
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b = (1+(C^2)); 

Lsp = 2*U/(4*3.14*f*b*ki*In); 

disp ('ɉɪɢɜɟɞɟɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ:'); 

disp (Lsp); 

  

Lrp = Lsp; 

disp ('ɉɪɢɜɟɞɟɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɨɬɨɪɚ:'); 

disp (Lrp); 

  

cosfisq = cosfi^2;  

a = sqrt(1-cosfisq); 

Ls = U/((2*3.14*f*In*a)-((2/3)*((2*3.14*50*Mmax)/(pp*U))*(sn/skr))); 

disp ('ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ:'); 

disp (Ls); 

  

Lm = Ls-Lsp; 

disp ('ȼɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ:'); 

disp (Lm); 

  

C1 = 1+(Lsp/Lm); 

disp ('Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ:'); 

disp (C1); 

 

Ɋɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ:  

 

Ɏɚɡɧɨɟ ɧɚɩɪɹɠɟɧɢɟ:       220 ȼ 

ɑɢɫɥɨ ɩɚɪ ɩɨɥɸɫɨɜ:       3 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ:   1000 ɨɛ/ɦɢɧ 
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ɇɨɦɢɧɚɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ:     0.065 

Ʉɪɢɬɢɱɟɫɤɨɟ ɫɤɨɥɶɠɟɧɢɟ:     0.28413 

ɇɨɦɢɧɚɥɶɧɚɹ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɜɚɥɚ:  97.863 ɨɛ/ɦɢɧ 

ɇɨɦɢɧɚɥɶɧɵɣ ɦɨɦɟɧɬ:      15.327 ɇɦ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɮɚɡɵ ɫɬɚɬɨɪɚ:    3.1566 Ⱥ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ:     35.253 ɇɦ 

ɉɭɫɤɨɜɨɣ ɦɨɦɟɧɬ:      30.655 ɇɦ 

Ɇɟɯɚɧɢɱɟɫɤɢɣ ɩɨɬɟɪɢ:      37.5 ȼɬ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ:     1.05 

ɉɪɢɜɟɞɟɧɧɨɟ ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ:  3.5757 Ɉɦ 

Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ:    6.8467 Ɉɦ 

ɉɪɢɜɟɞɟɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ:   0.015081 Ƚɧ 

ɉɪɢɜɟɞɟɧɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɨɬɨɪɚ:   0.015081 Ƚɧ 

ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ:     0.32104 Ƚɧ 

ȼɡɚɢɦɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ:     0.30595 Ƚɧ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ:     1.0493 
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4 ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 

 

4.1 ɇɚɫɬɪɨɣɤɚ ɛɚɡɨɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɪɢɜɨɞɚ 

 

ȼ ɞɚɧɧɨɦ ɨɤɧɟ ɜɜɨɞɹɬɫɹ ɨɫɧɨɜɧɵɟ ɧɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ ɫ ɬɚɛɥɢɱɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 4 – Ʉɨɧɮɢɝɭɪɚɰɢɹ ɩɪɢɜɨɞɚ – ɞɜɢɝɚɬɟɥɶ 

 

1. Ɍɢɩ ɞɜɢɝɚɬɟɥɹ – ɚɫɢɧɯɪɨɧɧɵɣ ɜɪɚɳɚɬɟɥɶɧɵɣ ɞɜɢɝɚɬɟɥɶ. 

2. ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ – 380 ȼ. 

3. ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ – 4,1 Ⱥ. 

4. ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ – 1,5 ɤȼɬ. 
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5. ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ – 935 ɨɛ/ɦɢɧ. 

6. ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ – 50 Ƚɰ. 

7. Ʉɨɫɢɧɭɫ (ɮɢ) – 0,72. 

8. Ɉɯɥɚɠɞɟɧɢɟ – ɫɚɦɨɨɯɥɚɠɞɚɟɦɵɣ. 

9. Ⱥɞɚɩɬɢɪɨɜɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɜɢɝɚɬɟɥɹ – 20℃. 

10. Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɞɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ. 

ȿɫɥɢ ɭɫɬɚɧɨɜɢɬɶ ɮɥɚɝ «Futher motor data», ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ 

ɪɢɫɭɧɤɟ 5. 

 

 

Ɋɢɫɭɧɨɤ 5 – Ʉɨɧɮɢɝɭɪɚɰɢɹ ɩɪɢɜɨɞɚ – ɞɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ 

 

1. Ɍɨɤ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ – 0%. 
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2. Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ ɞɜɢɝɚɬɟɥɹ – 0,00513 ɤɝ*ɦ^2. 

3. ȼɟɫ ɞɜɢɝɚɬɟɥɹ – 19,4 ɤɝ. 

4. ɂɧɬɟɪɜɚɥ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ – 0,087 ɫ. 

5. ɂɧɬɟɪɜɚɥ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ – 0,217 ɫ. 

6. ȿɫɥɢ ɜɵ ɧɟ ɭɜɟɪɟɧɵ ɜ ɤɨɧɤɪɟɬɧɨɦ ɩɚɪɚɦɟɬɪɟ, ɨɫɬɚɜɶɬɟ ɡɧɚɱɟɧɢɟ ɩɨ 

ɭɦɨɥɱɚɧɢɸ. 

7. ɓɟɥɤɧɢɬɟ ɡɞɟɫɶ, ɟɫɥɢ ɢɡɜɟɫɬɧɵ ɞɚɧɧɵɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ. 

ɋɥɟɞɭɟɬ ɜɵɩɢɫɚɬɶ ɡɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ʉɥɢɤɧɭɜ ɧɚ «7», ɨɬɤɪɨɟɬɫɹ 

ɨɤɧɨ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɧɚ ɪɢɫɭɧɨɤ 6. 

 

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɚɧɧɵɟ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

 

1. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ – 9,49175 Ɉɦ. 

2. Ⱥɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ – 2,92188 Ɉɦ. 

3. ɂɧɞɭɤɬɢɜɧɨɟ ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ – 18,125 ɦȽɧ. 

4. ɂɧɞɭɤɬɢɜɧɨɟ ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ – 19,625 ɦȽɧ. 

5. Ɉɫɧɨɜɧɚɹ ɢɧɞɭɤɬɢɜɧɨɫɬɶ – 237,5 ɦȽɧ. 

ɋɥɟɞɭɟɬ ɜɵɩɢɫɚɬɶ ɡɧɚɱɟɧɢɹ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 
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Ɋɢɫɭɧɨɤ 7 – Ʉɨɧɮɢɝɭɪɚɰɢɹ ɞɜɢɝɚɬɟɥɹ – ɝɥɚɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 

 

1. ȼɜɟɞɢɬɟ ɡɧɚɱɟɧɢɹ ɝɥɚɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ: 

2. Ɏɚɤɬɨɪ ɩɟɪɟɝɪɭɡɤɢ ɞɜɢɝɚɬɟɥɹ – 150%. 

3. Ɇɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ – 5 Ƚɰ. 

4. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ – 50 Ƚɰ. 

5. ȼɪɟɦɹ ɪɚɡɝɨɧɚ – 10ɫ. 

6. ȼɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ – 10ɫ. 

7. OFF3 ɜɪɟɦɹ ɬɨɪɦɨɠɟɧɢɹ – 1ɫ. 

ȼɵɩɢɫɚɜ ɡɧɚɱɟɧɢɹ ɝɥɚɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɟɪɟɯɨɞɢɦ ɤ ɨɤɧɭ ɡɚɜɟɪɲɟɧɢɹ 

(ɪɢɫɭɧɨɤ 8). 
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Ɋɢɫɭɧɨɤ 8 – Ʉɨɧɮɢɝɭɪɚɰɢɹ ɩɪɢɜɨɞɚ – ɤɨɧɮɢɝɭɪɚɰɢɹ 

 

Ɉɰɟɧɢɬɶ ɩɨɥɭɱɢɜɲɭɸɫɹ ɧɨɜɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ. 

 

4.2 Ɉɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

 

ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ: 
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Ɋɢɫɭɧɨɤ 9 – Ⱥɥɝɨɪɢɬɦ ɩɪɨɰɟɞɭɪɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɜɢɝɚɬɟɥɹ 

 

ȼɩɟɪɜɵɟ ɡɚɩɭɳɟɧɧɚɹ ɢɞɟɧɬɢɮɢɤɚɰɢɹ ɩɪɨɰɟɞɭɪɨɣ Ɋ1910=1, ɧɚ ɨɫɧɨɜɟ 

ɧɨɦɢɧɚɥɶɧɵɯ ɞɚɧɧɵɯ ɫ ɬɚɛɥɢɱɤɢ ɨɩɪɟɞɟɥɢɬ ɞɚɧɧɵɟ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 10: 

- ɞɚɧɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɩɪɢɜɨɞɚ; 

- ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ; 
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- ɧɚɩɪɹɠɟɧɢɟ ɜɤɥɸɱɟɧɢɹ ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɤɥɸɱɟɣ (IGBT) ɢɧɜɟɪɬɨɪɚ ɢ 

ɤɨɦɩɟɧɫɚɰɢɹ ɢɧɬɟɪɜɚɥɚ ɡɚɦɵɤɚɧɢɹ IGBT. 

ɇɨɦɢɧɚɥɶɧɵɟ ɞɚɧɧɵɟ ɫ ɬɚɛɥɢɱɤɢ ɹɜɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ 

ɢɞɟɧɬɢɮɢɤɚɰɢɢ. 

 

 

Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɩɪɢɜɨɞɚ ɢ ɟɟ ɩɚɪɚɦɟɬɪɵ 

 

Ɍɚɛɥɢɰɚ 2 - ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 

P0350 ɡɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 
ɫɬɚɬɨɪɚ ɩɪɢ ɩɨɞɤɥɸɱɟɧɧɨɦ 
ɞɜɢɝɚɬɟɥɟ. Ɂɧɚɱɟɧɢɟ 
ɩɚɪɚɦɟɬɪɚ ɫɨɞɟɪɠɢɬ ɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ 

ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɬɚɬɨɪɚ 

9,49175 
Ɉɦ 

P0352 ɭɤɚɡɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɛɟɥɹ ɦɟɠɞɭ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɢ 
ɞɜɢɝɚɬɟɥɟɦ ɞɥɹ ɨɞɧɨɣ ɮɚɡɵ 

ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɛɟɥɹ 

0,79098 
Ɉɦ 

P0354 ɨɩɪɟɞɟɥɹɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɨɬɨɪɚ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ 

ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɨɬɨɪɚ 

2,92188 
Ɉɦ 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 2 

P0356 ɨɩɪɟɞɟɥɹɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
ɫɬɚɬɨɪɚ 

418,125 
ɦȽɧ 

P0358 ɨɩɪɟɞɟɥɹɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
ɪɨɬɨɪɚ 

19,625 ɦȽɧ 

P0360 ɨɩɪɟɞɟɥɹɟɬ ɨɫɧɨɜɧɭɸ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 

ɢɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 237,5 ɦȽɧ 

 

ɉɪɨɰɟɞɭɪɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɬɨɝɞɚ, ɤɨɝɞɚ ɞɜɢɝɚɬɟɥɶ 

ɩɪɟɛɵɜɚɟɬ ɜ «ɯɨɥɨɞɧɨɦ» ɫɨɫɬɨɹɧɢɢ, ɩɨɫɤɨɥɶɤɭ ɜɟɥɢɱɢɧɚ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ 

ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. Ɍɨɥɶɤɨ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ 

ɩɪɢ ɪɚɛɨɬɟ ɩɪɢɜɨɞɚ ɛɭɞɟɬ ɤɨɪɪɟɤɬɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɚɞɚɩɬɚɰɢɹ, 

ɭɱɢɬɵɜɚɸɳɚɹ ɢɡɦɟɧɟɧɢɹ ɚɤɬɢɜɧɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. 

ɉɪɨɰɟɞɭɪɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɞɚɧɧɵɯ ɞɜɢɝɚɬɟɥɹ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ, 

ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɞɭɪɟ «ɉɨɥɧɨɣ ɩɚɪɚɦɟɬɪɢɡɚɰɢɢ», ɢɥɢ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɫɯɟɦɵ 

ɡɚɦɟɳɟɧɢɹ, ɤɨɬɨɪɵɟ ɩɨɫɥɟɞɧɢɦɢ ɛɵɥɢ ɫɨɯɪɚɧɟɧɵ. Ɋɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɥɭɱɲɟ, ɟɫɥɢ ɩɪɨɰɟɞɭɪɚ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɨɜɬɨɪɢɬɫɹ ɛɨɥɶɲɟɟ ɱɢɫɥɨ ɪɚɡ. 

 

4.3 ɋɪɚɜɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɧɚɫɤɨɥɶɤɨ ɜɟɪɧɨ ɩɨɫɱɢɬɚɧɵ ɩɚɪɚɦɟɬɪɵ ɫɯɟɦɵ 

ɡɚɦɟɳɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡɜɟɫɬɢ ɫɪɚɜɧɟɧɢɟ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜɵɫɱɢɬɚɧɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ (ɬɚɛɥɢɰɚ 3). 
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Ɍɚɛɥɢɰɚ 3 - Ɍɚɛɥɢɰɚ ɫɪɚɜɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

 MATLAB Micromaster 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ 13,69 Ɉɦ* 9,49 Ɉɦ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ 3,57 Ɉɦ 2,92 Ɉɦ 
ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɫɬɚɬɨɪɚ 321,04 ɦȽɧ 418,12 ɦȽɧ 
ɂɧɞɭɤɬɢɜɧɨɫɬɶ ɪɨɬɨɪɚ 15,08 ɦȽɧ 19,62 ɦȽɧ 

ɂɧɞɭɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 305,95 ɦȽɧ 237,5 ɦȽɧ 
*ɑɚɫɬɨɬɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɨɩɪɟɞɟɥɹɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɬɚɬɨɪɚ ɦɟɠɞɭ ɞɜɭɦɹ 

ɮɚɡɚɦɢ, ɧɨ ɩɨ ɮɨɪɦɭɥɚɦ ɦɵ ɦɨɠɟɦ ɪɚɫɫɱɢɬɚɬɶ ɬɨɥɶɤɨ ɞɥɹ ɨɞɧɨɣ ɮɚɡɵ. ɉɨɷɬɨɦɭ ɜ 

ɫɬɨɥɛɰɟ MATLAB , ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɡɹɬɨ ɜ 2 ɪɚɡɚ ɛɨɥɶɲɟ, ɞɥɹ ɞɜɭɯ ɮɚɡ. 

 

ȼ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɦɨɠɧɨ ɧɚɛɥɸɞɚɬɶ ɪɚɫɯɨɠɞɟɧɢɹ ɜ ɡɧɚɱɟɧɢɹɯ. ɗɬɨ 

ɨɛɭɫɥɚɜɥɢɜɚɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɜɡɹɬɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢ 

ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɹɯ ɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɢɜɟɞɟɧɢɹ. Ɍɚɤ ɤɚɤ Micromaster ɩɨɞɚɟɬ 

ɫɢɝɧɚɥ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ, ɧɚ ɫɚɦ ɞɜɢɝɚɬɟɥɶ, ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ ɟɝɨ ɡɧɚɱɟɧɢɹ ɛɨɥɟɟ 

ɜɟɪɧɵɦɢ, ɱɟɦ ɪɚɫɱɟɬɵ. 

 

4.4 ȼɵɱɢɫɥɟɧɢɟ ɞɚɧɧɵɯ ɞɜɢɝɚɬɟɥɹ ɢ ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɉɩɟɪɚɰɢɹ «ȼɵɱɢɫɥɟɧɢɟ ɞɚɧɧɵɯ ɞɜɢɝɚɬɟɥɹ ɢ ɭɩɪɚɜɥɹɸɳɢɯ ɞɚɧɧɵɯ» 

ɢɧɢɰɢɢɪɭɟɬɫɹ ɧɚɩɪɹɦɭɸ ɱɟɪɟɡ Ɋ0340, ɥɢɛɨ ɤɨɫɜɟɧɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɩɚɪɚɦɟɬɪɚ Ɋ3900, 

ɥɢɛɨ ɤɨɫɜɟɧɧɨ ɫ ɩɨɦɨɳɶɸ ɩɚɪɚɦɟɬɪɚ Ɋ1910. ȼɨɡɦɨɠɧɨɫɬɢ ɩɚɪɚɦɟɬɪɚ Ɋ0340 ɦɨɝɭɬ 

ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ, ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɡɜɟɫɬɧɵ ɞɚɧɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ 

ɡɚɦɟɳɟɧɢɹ (ɪɢɫɭɧɨɤ 10) ɢɥɢ ɤɨɝɞɚ ɢɡɜɟɫɬɟɧ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ. Ɉɩɢɫɚɧɢɟ ɜɨɡɦɨɠɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɩɚɪɚɦɟɬɪɚ Ɋ0340 ɩɪɢɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɟ 1. Ɍɚɛɥɢɰɚ 4 ɫɨɞɟɪɠɢɬ ɩɟɪɟɱɟɧɶ 

ɜɵɱɢɫɥɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ Ɋ0340. 
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Ɍɚɛɥɢɰɚ 4- ȼɨɡɦɨɠɧɵɟ ɭɫɬɚɧɨɜɤɢ ɩɚɪɚɦɟɬɪɚ Ɋ0340 

Ɋ0340 Ɉɩɢɫɚɧɢɟ 
0 ȼɵɱɢɫɥɟɧɢɹ ɧɟ ɜɵɩɨɥɧɹɸɬɫɹ 
1 ɉɨ ɞɚɧɧɵɦ ɜɡɹɬɵɦ ɢɡ ɬɚɛɥɢɱɤɢ, ɜɜɨɞɹɬɫɹ ɩɚɪɚɦɟɬɪɵ Ɋ0300-0335, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɭɫɬɚɧɨɜɤɢ Ɋ0340=1 ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜɵɱɢɫɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 
ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ Ɋ0350-0369; ɩɚɪɚɦɟɬɪɵ 
ɜɟɫɚ/ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ Ɋ0344, Ɋ0342; ɩɪɟɞɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɛɪɚɧɧɨɦɭ ɪɟɠɢɦɭ ɭɩɪɚɜɥɟɧɢɹ 
(V/f ɢɥɢ ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ). ɉɪɢ Ɋ0340=1 ɜɵɱɢɫɥɹɸɬɫɹ ɜɫɟ 
ɩɚɪɚɦɟɬɪɵ, ɜɨɡɦɨɠɧɵɟ ɩɪɢ ɞɪɭɝɢɯ ɭɫɬɚɧɨɜɤɚɯ. 

2 ɉɨɫɥɟ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ Ɋ0300-0335, ɜɡɹɬɵɯ ɢɡ ɬɚɛɥɢɱɤɢ, ɭɫɬɚɧɨɜɤɨɣ 
Ɋ0340=2 ɜɵɱɢɫɥɹɸɬɫɹ ɬɨɥɶɤɨ ɩɚɪɚɦɟɬɪɵ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ Ɋ0350-0369. 

3 ɉɨɫɥɟ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 
Ɋ0350-0369 ɢ ɩɚɪɚɦɟɬɪɨɜ ɜɟɫɚ/ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ Ɋ0344, Ɋ0341, Ɋ0342, 
ɭɫɬɚɧɨɜɤɨɣ Ɋ0340=3, ɜɵɱɢɫɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (V/f ɢ 
ɜɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ), ɜɤɥɸɱɚɹ ɜɫɟ, ɱɬɨ ɜɵɱɢɫɥɹɟɬɫɹ ɩɪɢ Ɋ0340=4 

4 ɉɨɫɥɟ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 
Ɋ0350-0369 ɢ ɩɚɪɚɦɟɬɪɨɜ ɜɟɫɚ/ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ Ɋ0344, Ɋ0341, Ɋ0342, 
ɩɪɟɞɨɩɪɟɞɟɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɬɨɥɶɤɨ ɤ 
ɪɟɠɢɦɭ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

  

ɉɚɪɚɦɟɬɪɵ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ (ɪɢɫɭɧɨɤ 10) ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɤɨɫɜɟɧɧɨ 

ɩɚɪɚɦɟɬɪɨɦ Ɋ1910, ɩɨɷɬɨɦɭ ɩɚɪɚɦɟɬɪɨɦ Ɋ0340=1, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɜɨɡɦɨɠɧɵɟ 

ɞɚɧɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ (ɬɚɛɥɢɰɵ 5-15), ɚ ɬɚɤ ɠɟ ɩɨɧɹɬɶ ɜɥɢɹɟɬ ɥɢ ɜɵɛɪɚɧɧɵɣ 

ɩɚɪɚɦɟɬɪ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɧɚ ɡɧɚɱɟɧɢɹ. 

 

Ɍɚɛɥɢɰɚ 5 - ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ 

Ɋ0341 Ɇɨɦɟɧɬ ɢɧɟɪɰɢɢ, 
ɤɝ*ɦ^2 

ɍɤɚɡɵɜɚɟɬ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɦɚɫɫ 
ɞɜɢɝɚɬɟɥɹ 

0,00513 

Ɋ0342 ɋɨɨɬɧɨɲɟɧɢɟ 
ɢɧɟɪɰɢɣ: 
ɨɛɳɚɹ/ɞɜɢɝɚɬɟɥɶ 

ɉɨɤɚɡɵɜɚɟɬ ɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ 
ɨɛɳɟɣ ɢɧɟɪɰɢɟɣ (ɧɚɝɪɭɡɤɚ + 
ɞɜɢɝɚɬɟɥɶ) ɢ ɢɧɟɪɰɢɟɣ ɞɜɢɝɚɬɟɥɹ 

1 

Ɋ0344 ȼɟɫ ɞɜɢɝɚɬɟɥɹ, ɤɝ ɉɨɤɚɡɵɜɚɟɬ ɜɟɫ ɞɜɢɝɚɬɟɥɹ 19,4 
Ɋ0345 ɉɭɫɤɨɜɨɣ ɩɟɪɢɨɞ 

ɞɜɢɝɚɬɟɥɹ, ɫ 
ɉɨɤɚɡɵɜɚɟɬ ɩɭɫɤɨɜɨɣ ɩɟɪɢɨɞ 
ɞɜɢɝɚɬɟɥɹ. Ɍɨ ɜɪɟɦɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɨɦɭ ɦɨɦɟɧɬɭ 
ɢɧɟɪɰɢɢ ɦɚɫɫ ɞɜɢɝɚɬɟɥɹ. 

0,035 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 5 

Ɋ0346 ȼɪɟɦɹ 
ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, ɫ 

Ɉɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɧɚɦɚɝɧɢɱɢɜɚɧɢɹ, 
ɬ.ɟ. ɜɪɟɦɹ ɨɠɢɞɚɧɢɹ ɦɟɠɞɭ 
ɪɚɡɪɟɲɟɧɢɟɦ ɢɦɩɭɥɶɫɨɜ ɢ ɧɚɱɚɥɨɦ 
ɪɚɡɝɨɧɚ. ȼ ɬɟɱɟɧɢɟ ɷɬɨɝɨ ɜɪɟɦɟɧɢ 
ɧɚɪɚɫɬɚɟɬ ɧɚɦɚɝɧɢɱɢɜɚɧɢɟ 
ɞɜɢɝɚɬɟɥɹ. 

0,074 

Ɋ0347 ȼɪɟɦɹ 
ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ, ɫ 

Ɉɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɪɚɡɦɚɝɧɢɱɢɜɚɧɢɹ 
ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ 
ɞɜɢɝɚɬɟɥɹ. 

0,184 

Ɋ0350 ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɬɚɬɨɪɚ, Ɉɦ 

Ɂɧɚɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫɬɚɬɨɪɚ 
ɩɪɢ ɩɨɞɤɥɸɱɟɧɧɨɦ ɞɜɢɝɚɬɟɥɟ 
(ɦɟɠɮɚɡɧɨɟ). Ɂɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
ɫɨɞɟɪɠɢɬ ɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ. 

9,49175 

Ɋ0352 ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɤɚɛɟɥɹ, Ɉɦ 

ɍɤɚɡɵɜɚɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɛɟɥɹ 
ɦɟɠɞɭ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɢ 
ɞɜɢɝɚɬɟɥɟɦ ɞɥɹ ɨɞɧɨɣ ɮɚɡɵ 

0,79098 

Ɋ0354 ɋɨɩɪɨɬɢɜɥɟɧɢɟ 
ɪɨɬɨɪɚ, Ɉɦ 

Ɉɩɪɟɞɟɥɹɟɬ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ 
ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ 
(ɡɧɚɱɟɧɢɟ ɮɚɡɵ). 

2,92188 

Ɋ0356 ɂɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ, 
ɦȽɧ 

Ɉɩɪɟɞɟɥɹɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɫɬɚɬɨɪɚ ɫɯɟɦɵ 
ɡɚɦɟɳɟɧɢɹ. 

418,125 

Ɋ0358 ɂɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ, 
ɦȽɧ 

Ɉɩɪɟɞɟɥɹɟɬ ɢɧɞɭɤɬɢɜɧɨɫɬɶ 
ɪɚɫɫɟɹɧɢɹ ɪɨɬɨɪɚ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ. 

19,625 

Ɋ0360 Ɉɫɧɨɜɧɚɹ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ, ɦȽɧ 

Ɉɩɪɟɞɟɥɹɟɬ ɨɫɧɨɜɧɭɸ 
ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ 
ɞɜɢɝɚɬɟɥɹ. 

237,5 

 

 ɉɪɢ ɩɪɹɦɨɦ (ɬɚɛɥɢɰɚ 5) ɢ ɤɨɫɜɟɧɧɨɦ (ɬɚɛɥɢɰɚ 2) ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ 

ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ, ɡɧɚɱɟɧɢɹ ɢɞɟɧɬɢɱɧɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɨɣ ɫɩɨɫɨɛ. 

Ɍɚɛɥɢɰɚ 6 - Ɍɟɦɩɟɪɚɬɭɪɚ ɞɜɢɝɚɬɟɥɹ 

Ɋ0625 ȼɧɟɲɧɹɹ 
ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ 
ɞɜɢɝɚɬɟɥɟ, °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 
ɞɜɢɝɚɬɟɥɹ. ɉɪɢ ɷɬɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɫɬɚɬɨɪɚ ɢɥɢ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɨɬɨɪɚ 
ɨɬɧɨɫɹɬɫɹ ɤ ɜɧɟɲɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɧɚ ɞɜɢɝɚɬɟɥɟ. 

20 
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Ɍɚɛɥɢɰɚ 7 - Ɋɟɝɭɥɹɬɨɪ Vdc 

Ɋ1253 Ɉɝɪɚɧɢɱɟɧɢɟ ɜɵɯɨɞɵ 
ɪɟɝɭɥɹɬɨɪɚ Vdc, Ƚɰ 

Ɉɝɪɚɧɢɱɢɜɚɟɬ ɜɵɯɨɞ ɪɟɝɭɥɹɬɨɪɚ 
Vdc-max 

8,13 

 

 Ɋɟɝɭɥɹɬɨɪ Vdc – ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɤɨɧɬɭɪɚ. 

 

Ɍɚɛɥɢɰɚ 8 - Ɇɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ U/f 

Ɋ1316 Ʉɨɧɟɱɧɚɹ ɱɚɫɬɨɬɚ 
ɩɨɜɵɲɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ, % 

ɍɤɚɡɵɜɚɟɬ ɱɚɫɬɨɬɭ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɩɨɜɵɲɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 50% ɟɝɨ 
ɫɩɚɪɚɦɟɬɪɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ. 

27,5 

 

Ɍɚɛɥɢɰɚ 9 - Ɋɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ 

Ɋ1460 Ʉɨɷɮɮɢɰɢɟɧɬ 
ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ 
ɫɤɨɪɨɫɬɢ 

ɍɤɚɡɵɜɚɟɬ ɭɫɢɥɟɧɢɟ ɪɟɝɭɥɹɬɨɪɚ 
ɫɤɨɪɨɫɬɢ. 

1,9 

Ɋ1462 ȼɪɟɦɹ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ, 
ɦɫ 

ɍɤɚɡɵɜɚɟɬ ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
ɫɤɨɪɨɫɬɢ. 

144 

 

Ɍɚɛɥɢɰɚ 10 - Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɡɚɞɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ 

Ɋ1520 ȼɟɪɯɧɟɟ ɩɪɟɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ 
ɜɪɚɳɟɧɢɹ, ɇɦ 

ɍɤɚɡɵɜɚɟɬ ɜɟɪɯɧɟɟ ɨɝɪɚɧɢɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ. 

22,98 

 

Ɍɚɛɥɢɰɚ 11 - Ɉɝɪɚɧɢɱɟɧɢɟ ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ/ɦɨɳɧɨɫɬɢ 

Ɋ1521 ɇɢɠɧɟɟ ɩɪɟɞɟɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɦɨɦɟɧɬɚ 
ɜɪɚɳɟɧɢɹ, ɇɦ 

ɍɤɚɡɵɜɚɟɬ ɧɢɠɧɟɟ ɨɝɪɚɧɢɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ. 

22,98 

Ɋ1530 ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɬɨɪɧɨɣ ɦɨɳɧɨɫɬɢ 

ɍɤɚɡɵɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɞɨɩɭɫɬɢɦɭɸ ɦɨɳɧɨɫɬɶ ɜ ɦɨɬɨɪɧɨɦ 
ɪɟɠɢɦɟ. Ɉɝɪɚɧɢɱɢɜɚɟɬ ɦɨɦɟɧɬ 
ɜɪɚɳɟɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɮɚɤɬɢɱɟɫɤɨɣ ɱɚɫɬɨɬɵ. 

3,75 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 11 

Ɋ1531 ɉɪɟɞɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɝɟɧɟɪɚɬɨɪɧɨɣ 
ɦɨɳɧɨɫɬɢ 

ɍɤɚɡɵɜɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɭɸ ɦɨɳɧɨɫɬɶ ɜ 
ɝɟɧɟɪɚɬɨɪɧɨɦ ɪɟɠɢɦɟ. 

3,75 

 

Ɍɚɛɥɢɰɚ 12 - Ɇɨɞɟɥɶ ɞɜɢɝɚɬɟɥɹ 

Ɋ1764 Kp n-ɚɞɚɩɬɚɰɢɢ 
(SLVC) 

ȼɜɨɞɢɬ ɭɫɢɥɟɧɢɟ ɚɞɚɩɬɢɜɧɨɝɨ 
ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɞɥɹ 
ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɛɟɡ ɞɚɬɱɢɤɚ 
(SLVC) 

0,387 

 

Ɍɚɛɥɢɰɚ 13 - Ʉɨɧɬɪɨɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ 

Ɋ2000 Ɉɩɨɪɧɚɹ ɱɚɫɬɨɬɚ, Ƚɰ Ɉɩɪɟɞɟɥɹɟɬ ɨɩɨɪɧɭɸ ɱɚɫɬɨɬɭ ɞɥɹ 
ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ, ɤɨɬɨɪɵɟ 
ɨɬɨɛɪɚɠɚɸɬɫɹ/ɩɟɪɟɞɚɸɬɫɹ ɜ 
ɩɪɨɰɟɧɬɚɯ. 

50 

Ɋ2002 Ɉɩɨɪɧɵɣ ɬɨɤ, Ⱥ Ɉɩɨɪɧɵɣ ɬɨɤ (ɜɵɯɨɞɧɨɣ ɬɨɤ) 8,2 
 

Ɍɚɛɥɢɰɚ 14 - Ɉɲɢɛɤɢ, ɩɪɟɞɭɩɪɟɠɞɟɧɢɹ, ɤɨɧɬɪɨɥɢ 

Ɋ2174 ȼɪɟɦɹ ɡɚɞɟɪɠɤɢ Vdc, 
ɦɫ 

Ɉɩɪɟɞɟɥɹɟɬ ɜɪɟɦɹ ɡɚɞɟɪɠɤɢ ɩɟɪɟɞ 
ɚɤɬɢɜɚɰɢɟɣ ɫɪɚɜɧɟɧɢɹ ɩɨɪɨɝɨɜɨɝɨ 
ɡɧɚɱɟɧɢɹ. 

15,32 

 

Ɍɚɛɥɢɰɚ 15 - Ʉɨɧɬɪɨɥɶ ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 

Ɋ2185 ȼɟɪɯɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_o1, Hɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_o1, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

15,32 

Ɋ2186 ɇɢɠɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_u1, ɇɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_u1, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

0 

Ɋ2187 ȼɟɪɯɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_o2, Hɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_o1, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

15,32 

Ɋ2188 ɇɢɠɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_u2, ɇɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_u2, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

0 
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Ɋ2189 ȼɟɪɯɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_o3, Hɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_o3, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

15,32 

Ɋ2190 ɇɢɠɧɢɣ ɩɨɪɨɝ 
ɦɨɦɟɧɬɚ ɧɚɝɪɭɡɤɢ 
M_u3, ɇɦ 

ɍɤɚɡɵɜɚɟɬ ɩɨɪɨɝɨɜɨɟ ɡɧɚɱɟɧɢɟ 
ɦɨɦɟɧɬɚ ɜɪɚɳɟɧɢɹ M_u3, ɤɨɬɨɪɨɟ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɦɨɦɟɧɬɨɦ ɧɚɝɪɭɡɤɢ. 

0 
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5 ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɦ ɫ ɭɱɟɬɨɦ ɢɞɟɧɬɢɮɢɰɢɪɭɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ 

 

5.1 ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ - ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɦɢ ɩɟɪɟɦɟɧɧɨɝɨ 

ɬɨɤɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɧɟɡɚɜɢɫɢɦɨ ɢ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡɵɧɟɪɰɢɨɧɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ 

ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɢ ɦɨɦɟɧɬ ɧɚ ɜɚɥɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

Ƚɥɚɜɧɚɹ ɢɞɟɹ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜɟɥɢɱɢɧɭ ɢ ɱɚɫɬɨɬɭ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ, ɧɨ ɢ ɮɚɡɭ. 

Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɜɟɥɢɱɢɧɚ ɢ ɭɝɨɥ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɜɟɤɬɨɪɚ. 

ȼɟɤɬɨɪɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɛɥɚɞɚɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ. ȼɟɤɬɨɪɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɢɡɛɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬ ɜɫɟɯ ɧɟɞɨɫɬɚɬɤɨɜ ɫɤɚɥɹɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ: 

- ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ; 

- ɩɥɚɜɧɵɣ ɫɬɚɪɬ ɢ ɩɥɚɜɧɨɟ ɜɪɚɳɟɧɢɟ ɞɜɢɝɚɬɟɥɹ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ; 

- ɛɵɫɬɪɚɹ ɪɟɚɤɰɢɹ ɧɚ ɢɡɦɟɧɟɧɢɟ ɧɚɝɪɭɡɤɢ: ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɧɚɝɪɭɡɤɢ 

ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ; 

- ɭɜɟɥɢɱɟɧɧɵɣ ɞɢɚɩɚɡɨɧ ɭɩɪɚɜɥɟɧɢɹ ɢ ɬɨɱɧɨɫɬɶ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

- ɫɧɢɠɚɸɬɫɹ ɩɨɬɟɪɢ ɧɚ ɧɚɝɪɟɜ ɢ ɧɚɦɚɝɧɢɱɢɜɚɧɢɟ, ɩɨɜɵɲɚɟɬɫɹ ɄɉȾ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 

 

http://engineering-solutions.ru/motorcontrol/motor/
http://engineering-solutions.ru/motorcontrol/motor/#frequency
http://engineering-solutions.ru/motorcontrol/motor/#torque
http://engineering-solutions.ru/motorcontrol/motor/#efficiency
http://engineering-solutions.ru/motorcontrol/motor/#efficiency
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Ɋɢɫɭɧɨɤ 11 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɉɫɧɨɜɨɣ ɫɯɟɦɵ ɹɜɥɹɸɬɫɹ ɤɨɧɬɭɪɵ ɤɨɧɬɪɨɥɹ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ 

ɦɨɦɟɧɬɚ ɜɦɟɫɬɟ ɫ ɛɥɨɤɨɦ ɨɰɟɧɤɢ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɪɚɡɥɢɱɧɵɦɢ 

ɫɩɨɫɨɛɚɦɢ. ɉɪɢ ɷɬɨɦ ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 

ɫɬɟɩɟɧɢ ɭɧɢɮɢɰɢɪɨɜɚɧ ɢ ɝɟɧɟɪɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɞɥɹ ɪɟɝɭɥɹɬɨɪɨɜ 

ɦɨɦɟɧɬɚ *M  ɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ *  (ɱɟɪɟɡ ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɦ). 

ɋɤɨɪɨɫɬɶ ɞɜɢɝɚɬɟɥɹ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɪɟɧɚ ɞɚɬɱɢɤɨɦ (ɫɤɨɪɨɫɬɢ / ɩɨɥɨɠɟɧɢɹ) ɢɥɢ 

ɩɨɥɭɱɟɧɚ ɩɨɫɪɟɞɫɬɜɨɦ ɨɰɟɧɳɢɤɚ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɪɟɚɥɢɡɨɜɚɬɶ ɛɟɡɞɚɬɱɢɤɨɜɨɟ 

ɭɩɪɚɜɥɟɧɢɟ. 

 

5.2 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɟɬɨɞɨɜ ɜɟɤɬɨɪɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɇɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɦɨɦɟɧɬɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɥɹ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ 

ɚɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɢ ɫɢɧɯɪɨɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ 

ɫ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɗȾɋ. 

ɋɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɦɨɝɭɬ ɛɵɬɶ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɧɵ 

ɪɚɡɥɢɱɧɵɦ ɫɩɨɫɨɛɨɦ. 

ɑɚɳɟ ɜɫɟɝɨ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɪɚɡɞɟɥɹɸɬ ɧɚ ɫɥɟɞɭɸɳɢɟ ɝɪɭɩɩɵ: 

http://engineering-solutions.ru/motorcontrol/sensorless/
http://engineering-solutions.ru/motorcontrol/sensorless/
http://engineering-solutions.ru/motorcontrol/induction3ph/
http://engineering-solutions.ru/motorcontrol/pmsm/
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- ɥɢɧɟɣɧɵɟ (ɉɂ, ɉɂȾ) ɪɟɝɭɥɹɬɨɪɵ; 

- ɧɟɥɢɧɟɣɧɵɟ (ɝɢɫɬɟɪɟɡɢɫɧɵɟ) ɪɟɝɭɥɹɬɨɪɵ. 

 

5.2.1. Ʌɢɧɟɣɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɦɨɦɟɧɬɚ 

 

Ʌɢɧɟɣɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɦɨɦɟɧɬɚ ɪɚɛɨɬɚɸɬ ɜɦɟɫɬɟ ɫ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɣ 

ɦɨɞɭɥɹɰɢɟɣ (ɒɂɆ) ɧɚɩɪɹɠɟɧɢɹ. Ɋɟɝɭɥɹɬɨɪɵ ɨɩɪɟɞɟɥɹɸɬ ɬɪɟɛɭɟɦɵɣ ɜɟɤɬɨɪ 

ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ. ȼɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɨɤɨɧɱɚɬɟɥɶɧɨ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɦɟɬɨɞɨɦ 

ɒɂɆ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɚɹ ɦɨɞɭɥɹɰɢɹ 

(ɉȼɆ). ȼ ɨɬɥɢɱɢɟ ɨɬ ɧɟɥɢɧɟɣɧɵɯ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ, ɝɞɟ ɫɢɝɧɚɥɵ 

ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɩɨ ɦɝɧɨɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ, ɜ ɥɢɧɟɣɧɵɯ ɫɯɟɦɚɯ ɤɨɧɬɪɨɥɹ ɦɨɦɟɧɬɚ, 

ɥɢɧɟɣɧɵɣ ɪɟɝɭɥɹɬɨɪ (ɉɂ) ɪɚɛɨɬɚɟɬ ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɭɫɪɟɞɧɟɧɧɵɦɢ ɡɚ ɩɟɪɢɨɞ 

ɞɢɫɤɪɟɬɢɡɚɰɢɢ. 

Ʉ ɝɪɭɩɩɟ ɥɢɧɟɣɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɨɬɧɨɫɹɬ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ: 

- ɩɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ; 

- ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɟɣ 

ɧɚɩɪɹɠɟɧɢɹ; 

- ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɟɣ 

ɩɨɬɨɤɚ. 

 

5.2.1.1 ɉɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

 

ɉɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ - ɦɟɬɨɞ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɵɣ ɭɩɪɚɜɥɹɟɬ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ, ɤɚɤ ɦɚɲɢɧɨɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ 

ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ, ɩɨɞɪɚɡɭɦɟɜɚɹ, ɱɬɨ ɩɨɥɟ ɢ ɦɨɦɟɧɬ ɦɨɝɭɬ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɨɬɞɟɥɶɧɨ. 

ɉɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɨɫɧɨɜɚɧɨ ɧɚ ɚɧɚɥɨɝɢɢ ɫ ɦɟɯɚɧɢɱɟɫɤɢ 

ɤɨɦɦɭɬɢɪɭɟɦɵɦ ɤɨɥɥɟɤɬɨɪɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ 

http://engineering-solutions.ru/motorcontrol/vector/#foc
http://engineering-solutions.ru/motorcontrol/vector/#dtc_svm_sfo
http://engineering-solutions.ru/motorcontrol/vector/#dtc_svm_sfo
http://engineering-solutions.ru/motorcontrol/motor/
http://engineering-solutions.ru/motorcontrol/motor/#torque
http://engineering-solutions.ru/motorcontrol/brushdcmotor/#separately_excited
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ɜɨɡɛɭɠɞɟɧɢɟɦ. ȼ ɷɬɨɦ ɞɜɢɝɚɬɟɥɟ ɪɚɡɞɟɥɟɧɵ ɨɛɦɨɬɤɢ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɹɤɨɪɹ, 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɬɨɤɨɦ ɜɨɡɛɭɠɞɟɧɢɹ ɢɧɞɭɤɬɨɪɚ, ɚ ɦɨɦɟɧɬ 

ɧɟɡɚɜɢɫɢɦɨ ɭɩɪɚɜɥɹɟɬɫɹ ɪɟɝɭɥɢɪɨɜɤɨɣ ɬɨɤɚ ɹɤɨɪɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɤɢ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɦɨɦɟɧɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢ ɢ ɦɚɝɧɢɬɧɨ ɪɚɡɞɟɥɟɧɵ. 

 

 

Ɋɢɫɭɧɨɤ 12 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɛɟɫɳɟɬɨɱɧɵɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɱɚɳɟ 

ɜɫɟɝɨ ɢɦɟɸɬ ɬɪɟɯɮɚɡɧɭɸ ɨɛɦɨɬɤɭ ɫɬɚɬɨɪɚ, ɢ ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ sI  ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɤɨɧɬɪɨɥɹ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɦɨɦɟɧɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ ɢ ɬɨɤ 

ɹɤɨɪɹ ɨɛɴɟɞɢɧɟɧɵ ɜ ɜɟɤɬɨɪ ɬɨɤɚ ɫɬɚɬɨɪɚ ɢ ɧɟ ɦɨɝɭɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɪɚɡɞɟɥɶɧɨ. 

Ɋɚɡɴɟɞɢɧɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɢ - ɪɚɡɥɨɠɟɧɢɟɦ ɦɝɧɨɜɟɧɧɨɝɨ 

ɡɧɚɱɟɧɢɹ ɜɟɤɬɨɪɚ ɬɨɤɚ ɫɬɚɬɨɪɚ sI  ɧɚ ɞɜɟ ɤɨɦɩɨɧɟɧɬɵ: ɩɪɨɞɨɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ 

ɬɨɤɚ ɫɬɚɬɨɪɚ sdI  (ɫɨɡɞɚɸɳɭɸ ɩɨɥɟ) ɢ ɩɨɩɟɪɟɱɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ ɫɬɚɬɨɪɚ sqI  

(ɫɨɡɞɚɸɳɭɸ ɦɨɦɟɧɬ) ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ dq  ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ 

ɩɨɥɸ ɪɨɬɨɪɚ (ɪɢɫɭɧɨɤ 12). 

Ɇɝɧɨɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɬɨɤɨɜ ɫɬɚɬɨɪɚ ɩɪɟɨɛɪɚɡɨɜɵɜɚɸɬɫɹ ɤ dq ɜɪɚɳɚɸɳɟɣɫɹ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɉɨɥɟ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɱɟɪɟɡ 

ɩɪɨɞɨɥɶɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ sdI , ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɦɨɦɟɧɬ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɱɟɪɟɡ 

ɩɨɩɟɪɟɱɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ sqI . Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ 

http://engineering-solutions.ru/motorcontrol/brushdcmotor/#inductor
http://engineering-solutions.ru/motorcontrol/brushdcmotor/#armature
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ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɢɛɨ ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟ 

ɥɢɛɨ ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɛɟɡɞɚɬɱɢɤɨɜɵɣ ɚɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ, 

ɤɨɬɨɪɵɣ ɜɵɱɢɫɥɹɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɨɠɟɧɢɢ ɪɨɬɨɪɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɧɚ ɨɫɧɨɜɚɧɢɢ ɬɟɯ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɢɦɟɸɬɫɹ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ. 

 

5.2.1.2 ɉɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ 

ɦɨɞɭɥɹɰɢɟɣ ɧɚɩɪɹɠɟɧɢɹ 

 

Ȼɥɨɤ-ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ 

ɦɨɞɭɥɹɰɢɟɣ ɫ ɪɟɝɭɥɢɪɨɜɤɨɣ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ 

ɪɚɛɨɬɚɸɳɟɣ ɜ ɩɪɹɦɨɭɝɨɥɶɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɥɸ ɫɬɚɬɨɪɚ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 13. ȼɵɯɨɞɵ ɉɂ ɪɟɝɭɥɹɬɨɪɨɜ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɢɧɬɟɪɩɪɟɬɢɪɭɸɬɫɹ ɤɚɤ ɨɩɨɪɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ ɫɬɚɬɨɪɚ *V

 ɢ *

MV  ɜ 

ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ dq  ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɩɨ ɩɨɥɸ ɫɬɚɬɨɪɚ. ɗɬɢ ɤɨɦɚɧɞɵ (ɩɨɫɬɨɹɧɧɵɟ 

ɧɚɩɪɹɠɟɧɢɹ) ɡɚɬɟɦ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɧɟɩɨɞɜɢɠɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ  , ɩɨɫɥɟ 

ɱɟɝɨ ɭɩɪɚɜɥɹɸɳɢɟ ɡɧɚɱɟɧɢɹ *

s
V


ɢ *

s
V


ɩɨɫɬɭɩɚɸɬ ɧɚ ɦɨɞɭɥɶ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-

ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɢ. 

 

 

Ɋɢɫɭɧɨɤ 13 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɧɚɩɪɹɠɟɧɢɹ 

 



 
 

 
 

 
 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Ⱦɚɬɚ 

Ʌɢɫɬ 

54 
ȻɊ – 15.03.06 ɉɁ 

 

Ⱦɚɧɧɚɹ ɫɯɟɦɚ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɭɩɪɨɳɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɨ ɩɨɥɸ ɫɬɚɬɨɪɚ ɛɟɡ ɤɨɧɬɭɪɚ ɭɩɪɚɜɥɟɧɢɹ ɬɨɤɨɦ ɢɥɢ ɤɚɤ 

ɤɥɚɫɫɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫ ɬɚɛɥɢɰɟɣ ɜɤɥɸɱɟɧɢɹ ɜ ɤɨɬɨɪɨɣ 

ɬɚɛɥɢɰɚ ɜɤɥɸɱɟɧɢɹ ɡɚɦɟɧɟɧɚ ɦɨɞɭɥɹɬɨɪɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɢ, 

ɚ ɝɢɫɬɟɪɟɡɢɫɧɵɣ ɪɟɝɭɥɹɬɨɪ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɚ ɡɚɦɟɧɟɧɵ ɥɢɧɟɣɧɵɦɢ ɉɂ 

ɪɟɝɭɥɹɬɨɪɚɦɢ. 

ȼ ɫɯɟɦɟ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ 

ɦɨɞɭɥɹɰɢɟɣ ɦɨɦɟɧɬ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɧɚɩɪɹɦɭɸ ɭɩɪɚɜɥɹɸɬɫɹ ɜ ɡɚɦɤɧɭɬɨɦ 

ɤɨɧɬɭɪɟ, ɩɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɚ ɬɨɱɧɚɹ ɨɰɟɧɤɚ ɩɨɬɨɤɚ ɢ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ. ɉɪɹɦɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-ɜɟɤɬɨɪɧɨɣ ɦɨɞɭɥɹɰɢɟɣ ɪɚɛɨɬɚɟɬ ɧɚ 

ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɟ ɩɟɪɟɤɥɸɱɟɧɢɹ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ: ɭɦɟɧɶɲɚɟɬ ɩɭɥɶɫɚɰɢɢ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɚ, ɩɨɡɜɨɥɹɟɬ ɭɜɟɪɟɧɧɨ 

ɡɚɩɭɫɤɚɬɶ ɞɜɢɝɚɬɟɥɶ ɢ ɪɚɛɨɬɚɬɶ ɧɚ ɧɢɡɤɢɯ ɨɛɨɪɨɬɚɯ. ɇɨ ɩɪɢ ɷɬɨɦ ɫɧɢɠɚɸɬɫɹ 

ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɨɞɚ. 

 

5.2.2 ɇɟɥɢɧɟɣɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɦɨɦɟɧɬɚ 

 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɝɪɭɩɩɚ ɪɟɝɭɥɹɬɨɪɨɜ ɦɨɦɟɧɬɚ ɨɬɯɨɞɢɬ ɨɬ ɢɞɟɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɤɨɥɥɟɤɬɨɪɧɵɦ ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ, 

ɹɜɥɹɸɳɟɝɨɫɹ ɨɫɧɨɜɨɣ ɞɥɹ ɩɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. ɇɟɥɢɧɟɣɧɵɟ 

ɪɟɝɭɥɹɬɨɪɵ ɩɪɟɞɥɚɝɚɸɬ ɡɚɦɟɧɢɬɶ ɪɚɡɞɟɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɧɚ ɧɟɩɪɟɪɵɜɧɨɟ 

(ɝɢɫɬɟɪɟɡɢɫɧɨɟ) ɭɩɪɚɜɥɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɞɟɨɥɨɝɢɢ ɪɚɛɨɬɵ (ɜɤɥɸɱɟɧɨ-

ɜɵɤɥɸɱɟɧɨ) ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɭɫɬɪɨɣɫɬɜ ɢɧɜɟɪɬɨɪɚ. 

ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɩɨɥɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɫɯɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

ɉɪɟɢɦɭɳɟɫɬɜɚ: 

- ɩɪɨɫɬɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ; 

- ɨɬɫɭɬɫɬɜɭɸɬ ɤɨɧɬɭɪɵ ɬɨɤɚ ɢ ɩɪɹɦɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɬɨɤɚ; 

- ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɤɨɨɪɞɢɧɚɬ; 

http://engineering-solutions.ru/motorcontrol/vector/#dtc
http://engineering-solutions.ru/motorcontrol/vector/#foc
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- ɨɬɫɭɬɫɬɜɭɟɬ ɨɬɞɟɥɶɧɚɹ ɦɨɞɭɥɹɰɢɹ ɧɚɩɪɹɠɟɧɢɹ; 

- ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɧɟ ɬɪɟɛɭɟɬɫɹ; 

- ɯɨɪɨɲɚɹ ɞɢɧɚɦɢɤɚ 

ɇɟɞɨɫɬɚɬɤɢ: 

- ɬɪɟɛɭɟɬɫɹ ɬɨɱɧɚɹ ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɦɚɝɧɢɬɧɨɝɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɢ 

ɦɨɦɟɧɬɚ; 

- ɫɢɥɶɧɵɟ ɩɭɥɶɫɚɰɢɢ ɦɨɦɟɧɬɚ ɢ ɬɨɤɚ ɢɡ-ɡɚ ɧɟɥɢɧɟɣɧɨɝɨ (ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ) 

ɪɟɝɭɥɹɬɨɪɚ ɢ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɵ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɥɸɱɟɣ; 

- ɲɭɦ ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɢɡ-ɡɚ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɵ ɩɟɪɟɤɥɸɱɟɧɢɹ. 

Ʉ ɝɪɭɩɩɟ ɧɟɥɢɧɟɣɧɵɯ ɪɟɝɭɥɹɬɨɪɨɜ ɦɨɦɟɧɬɚ ɨɬɧɨɫɹɬ: 

- ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ ɫ ɬɚɛɥɢɰɟɣ ɜɤɥɸɱɟɧɢɹ; 

- ɩɪɹɦɨɟ ɫɚɦɨɭɩɪɚɜɥɟɧɢɟ; 

- ɚɞɚɩɬɢɜɧɨɟ ɩɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ; 

- ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ; 

- ɪɟɝɭɥɹɬɨɪɵ ɫ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɨɣ. 

 

5.2.2.1 ɉɪɹɦɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɦɟɧɬɨɦ 

 

ɋɯɟɦɚ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɧɚ ɦɧɨɝɨ ɩɪɨɳɟ, 

ɱɟɦ ɭ ɦɟɬɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɩɨɥɸ, ɬɚɤ ɤɚɤ ɧɟ ɬɪɟɛɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɫɬɟɦ 

ɤɨɨɪɞɢɧɚɬ ɢ ɢɡɦɟɪɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɬɨɪɚ. ɋɯɟɦɚ ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ (ɪɢɫɭɧɨɤ 14) ɫɨɞɟɪɠɢɬ ɨɰɟɧɳɢɤ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ, 

ɝɢɫɬɟɪɟɡɢɫɧɵɟ ɤɨɦɩɚɪɚɬɨɪɵ ɦɨɦɟɧɬɚ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɬɚɛɥɢɰɭ ɜɤɥɸɱɟɧɢɹ ɢ 

ɢɧɜɟɪɬɨɪ. 

ɉɪɢɧɰɢɩ ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɜɟɤɬɨɪɚ 

ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɦɨɦɟɧɬɨɦ ɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟɦ 

ɫɬɚɬɨɪɚ. ɂɡɦɟɪɟɧɧɵɟ ɬɨɤɢ ɫɬɚɬɨɪɚ ɢ ɧɚɩɪɹɠɟɧɢɟ ɢɧɜɟɪɬɨɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 

ɨɰɟɧɤɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɦɨɦɟɧɬɚ. Ɉɰɟɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ 

http://engineering-solutions.ru/motorcontrol/vector/#dtc
http://engineering-solutions.ru/motorcontrol/vector/#dsc
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s  ɢ ɦɨɦɟɧɬɚ M  ɫɪɚɜɧɢɜɚɸɬɫɹ ɫ ɭɩɪɚɜɥɹɸɳɢɦɢ ɫɢɝɧɚɥɚɦɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɫɬɚɬɨɪɚ *
s  ɢ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ *M ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɫɪɟɞɫɬɜɨɦ ɝɢɫɬɟɪɟɡɢɫɧɨɝɨ 

ɤɨɦɩɚɪɚɬɨɪɚ. Ɍɪɟɛɭɟɦɵɣ ɜɟɤɬɨɪ ɧɚɩɪɹɠɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɦ 

ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ ɜɤɥɸɱɟɧɢɹ ɢɫɯɨɞɹ ɢɡ ɨɰɢɮɪɨɜɚɧɧɵɯ ɨɲɢɛɨɤ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ d  ɢ ɦɨɦɟɧɬɚ Md  ɝɟɧɟɪɢɪɭɟɦɵɯ ɝɢɫɬɟɪɟɡɢɫɧɵɦɢ ɤɨɦɩɚɪɚɬɨɪɚɦɢ, 

ɚ ɬɚɤɠɟ ɢɫɯɨɞɹ ɢɡ ɫɟɤɬɨɪɚ ɩɨɥɨɠɟɧɢɹ ɜɟɤɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɢɦɩɭɥɶɫɵ AS , BS ɢ CS  ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɢɥɨɜɵɦɢ ɤɥɸɱɚɦɢ ɢɧɜɟɪɬɨɪɚ 

ɝɟɧɟɪɢɪɭɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɜɵɛɨɪɚ ɜɟɤɬɨɪɚ ɢɡ ɬɚɛɥɢɰɵ. 

 

 

Ɋɢɫɭɧɨɤ 14 – Ʉɥɚɫɫɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɫ ɬɚɛɥɢɰɟɣ 

ɜɤɥɸɱɟɧɢɹ ɫ ɞɚɬɱɢɤɨɦ ɫɤɨɪɨɫɬɢ 

 

ɂɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɜɚɪɢɚɰɢɣ ɤɥɚɫɫɢɱɟɫɤɨɣ ɫɯɟɦɵ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɦɟɧɬɨɦ ɧɚɰɟɥɟɧɧɵɯ ɧɚ ɭɥɭɱɲɟɧɢɟ ɩɭɫɤɚ, ɭɫɥɨɜɢɣ ɩɟɪɟɝɪɭɡɤɢ, ɪɚɛɨɬɵ ɧɚ ɨɱɟɧɶ 

ɧɢɡɤɢɯ ɫɤɨɪɨɫɬɹɯ, ɭɦɟɧɶɲɟɧɢɟ ɩɭɥɶɫɚɰɢɣ ɦɨɦɟɧɬɚ, ɪɚɛɨɬɭ ɧɚ ɩɟɪɟɦɟɧɧɨɣ ɱɚɫɬɨɬɟ 

ɩɟɪɟɤɥɸɱɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟ ɭɪɨɜɧɹ ɲɭɦɨɜ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ 

ɧɚɥɢɱɢɟ ɜɵɫɨɤɢɯ ɩɭɥɶɫɚɰɢɣ ɬɨɤɚ ɢ ɦɨɦɟɧɬɚ ɜ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɫɨɫɬɨɹɧɢɢ.  

 

http://engineering-solutions.ru/motorcontrol/motor/#torque
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5.2.2.2 ɉɪɹɦɨɟ ɫɚɦɨɭɩɪɚɜɥɟɧɢɟ 

 

Ȼɥɨɤ ɫɯɟɦɚ ɩɪɹɦɨɝɨ ɫɚɦɨɭɩɪɚɜɥɟɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 15. 

 

 

Ɋɢɫɭɧɨɤ 15 – ɋɯɟɦɚ ɩɪɹɦɨɝɨ ɫɚɦɨɭɩɪɚɜɥɟɧɢɹ 

 

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɤɨɦɚɧɞɚɯ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ *
s  ɢ ɬɟɤɭɳɢɯ ɮɚɡɨɜɵɯ 

ɫɨɫɬɚɜɥɹɸɳɢɯ sA , sB  ɢ sC , ɤɨɦɩɚɪɚɬɨɪɵ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɝɟɧɟɪɢɪɭɸɬ 

ɰɢɮɪɨɜɵɟ ɫɢɝɧɚɥɵ Ad , Bd ɢ Cd , ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɚɤɬɢɜɧɵɦ ɫɨɫɬɨɹɧɢɹɦ 

ɧɚɩɪɹɠɟɧɢɣ. Ƚɢɫɬɟɪɟɡɢɫɧɵɣ ɪɟɝɭɥɹɬɨɪ ɦɨɦɟɧɬɚ ɢɦɟɟɬ ɧɚ ɜɵɯɨɞɟ ɫɢɝɧɚɥ Md , 

ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɧɭɥɟɜɵɟ ɫɨɫɬɨɹɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɝɭɥɹɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɫɬɚɬɨɪɚ ɡɚɞɚɟɬ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ ɚɤɬɢɜɧɵɯ ɫɨɫɬɨɹɧɢɣ ɧɚɩɪɹɠɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɩɟɪɟɦɟɳɚɸɬ ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɩɨ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɚ ɪɟɝɭɥɹɬɨɪ 

ɦɨɦɟɧɬɚ ɨɩɪɟɞɟɥɹɟɬ ɨɬɪɟɡɨɤ ɜɪɟɦɟɧɢ ɧɭɥɟɜɵɯ ɫɨɫɬɨɹɧɢɣ ɧɚɩɪɹɠɟɧɢɣ, ɤɨɬɨɪɵɟ 

ɩɨɞɞɟɪɠɢɜɚɸɬ ɦɨɦɟɧɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɝɢɫɬɟɪɟɡɢɫɨɦ ɩɨɥɟ 

ɞɨɩɭɫɤɚ. 

ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɫɯɟɦɵ ɩɪɹɦɨɝɨ ɫɚɦɨɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ: 
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- ɧɟɫɢɧɭɫɨɢɞɚɥɶɧɵɟ ɮɨɪɦɵ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɢ ɬɨɤɚ ɫɬɚɬɨɪɚ; 

- ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɫɬɚɬɨɪɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɩɨ ɲɟɫɬɢɭɝɨɥɶɧɨɣ 

ɬɪɚɟɤɬɨɪɢɢ; 

- ɧɟɬ ɡɚɩɚɫɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɢɬɚɧɢɹ, ɜɨɡɦɨɠɧɨɫɬɢ ɢɧɜɟɪɬɨɪɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɩɨɥɧɨɫɬɶɸ; 

- ɱɚɫɬɨɬɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɢɧɜɟɪɬɨɪɚ ɧɢɠɟ ɱɟɦ ɭ ɩɪɹɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɦɨɦɟɧɬɨɦ 

ɫ ɬɚɛɥɢɰɟɣ ɜɤɥɸɱɟɧɢɹ; 

- ɨɬɥɢɱɧɚɹ ɞɢɧɚɦɢɤɚ ɜ ɞɢɚɩɚɡɨɧɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɢ ɨɫɥɚɛɥɟɧɧɨɝɨ ɩɨɥɹ. 

 

5.3 ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɡɚɦɤɧɭɬɵɯ ɚɫɢɧɯɪɨɧɧɵɯ ɦɚɲɢɧ ɫ ɜɟɤɬɨɪɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ 

 

5.3.1 ɑɚɫɬɨɬɧɚɹ ɚɫɢɧɯɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

 

 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɚɫɢɧɯɪɨɧɧɨɣ ɦɚɲɢɧɵ ɫ 

ɤɨɪɨɬɤɨɡɚɦɤɧɭɬɵɦ ɪɨɬɨɪɨɦ (ȺɄɁ) ɩɪɢ ɟɝɨ ɩɢɬɚɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ 

ɫɥɭɱɚɹ, ɤɨɝɞɚ ɛɚɡɨɜɵɦ ɜɟɤɬɨɪɨɦ ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ, 

ɩɪɢɜɟɞɟɧɨ ɧɢɠɟ (5.1-5.2). 
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ɋɭɳɟɫɬɜɟɧɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɷɬɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɹɜɥɹɟɬɫɹ ɬɨ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɡɚɜɢɫɢɬ ɨɬ 

ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɫɨɫɬɨɹɧɢɹ ɦɚɲɢɧɵ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɱɟɬɜɟɪɬɨɝɨ ɭɪɚɜɧɟɧɢɹ 

ɫɢɫɬɟɦɵ (5.2). 

 

.R R Sy
k m

Rx

k R i
p 


           (5.2) 

 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɤɚɤ ɷɬɨ ɜɢɞɧɨ ɢɡ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ (ɪɢɫɭɧɨɤ 16), ȺɄɁ, ɤɚɤ 

ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ, ɢɦɟɟɬ ɞɜɚ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɤɚɧɚɥɚ. Ʉɚɧɚɥ ɩɨ ɫɨɫɬɚɜɥɹɸɳɟɣ x , 

ɨɩɪɟɞɟɥɹɸɳɢɣ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɪɨɬɨɪɚ ɢ ɤɚɧɚɥ ɩɨ ɫɨɫɬɚɜɥɹɸɳɟɣ y , 

ɨɩɪɟɞɟɥɹɸɳɢɣ ɫɨɫɬɚɜɥɹɸɳɭɸ ɬɨɤɚ syi . ȿɫɥɢ ɨɪɝɚɧɢɡɨɜɚɬɶ ɭɩɪɚɜɥɟɧɢɟ ɬɚɤ, ɱɬɨɛɵ ɧɚ 

ɜɵɯɨɞɟ ɤɚɧɚɥɚ x  ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɣ ɫɢɝɧɚɥ, ɬɨ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɟ ɪɨɬɨɪɚ 

ɛɭɞɟɬ ɩɨɫɬɨɹɧɧɵɦ, ɚ ɫɢɝɧɚɥ ɜ ɤɚɧɚɥɟ y , ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɦɨɦɟɧɬ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȺɄɁ ɩɨɜɬɨɪɹɟɬ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 

(ȾɉɌ). Ⱦɥɹ ɬɚɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜ ɤɚɧɚɥɟ x  ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɪɟɝɭɥɹɬɨɪ 

ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ, ɧɚ ɜɯɨɞɟ ɤɨɬɨɪɨɝɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɵɣ ɫɢɝɧɚɥ, ɚ ɜ ɤɚɧɚɥɟ y  

ɫɢɧɬɟɡɢɪɨɜɚɬɶ ɪɟɝɭɥɹɬɨɪɵ ɬɨɤɚ ɢ ɫɤɨɪɨɫɬɢ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɣ ɱɚɫɬɨɬɧɨɣ 

ɫɢɫɬɟɦɵ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 17. 
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Ɋɢɫɭɧɨɤ 16 – ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȺɄɁ ɜɨ ɜɪɚɳɚɸɳɟɣɫɹ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɩɪɢ 

ɩɢɬɚɧɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ ɫ ɛɚɡɨɜɵɦ ɜɟɤɬɨɪɨɦ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ 

ɪɨɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 17 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɚɫɢɧɯɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫ 

ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 
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ȼ ɤɚɧɚɥɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ, ɤɚɤ ɩɪɚɜɢɥɨ, '
R sT T , ɩɨɷɬɨɦɭ ɜ 

ɤɚɱɟɫɬɜɟ ɪɟɝɭɥɹɬɨɪɚ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɛɪɚɬɶ ɉɂ – ɪɟɝɭɥɹɬɨɪ ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 
( 1)

( ) p R
p

R

k T s
W s

T s





 , ɬɨɝɞɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜ ɷɬɨɦ ɤɚɧɚɥɟ  

ɨɩɬɢɦɭɦɚ ɩɨ ɦɨɞɭɥɸ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ 

(5.3): 
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.2p

s R R oc

r
k

T k R k


 .         (5.3) 

 

Ɋɚɫɫɱɢɬɚɧɧɵɣ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɉɂ – ɪɟɝɭɥɹɬɨɪ ɤɨɦɩɟɧɫɢɪɭɟɬ ɩɟɪɟɤɪɟɫɬɧɵɟ 

ɫɜɹɡɢ ɜ ɤɚɧɚɥɟ x . 

Ⱦɥɹ ɤɨɦɩɟɧɫɚɰɢɢ ɜɥɢɹɧɢɹ ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɟɣ ɜ ɤɚɧɚɥɟ y  ɫɥɟɞɭɟɬ ɬɚɤɠɟ 

ɜɵɛɪɚɬɶ ɉɂ - ɪɟɝɭɥɹɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ: 
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Ɍɨɝɞɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɡɚɦɤɧɭɬɨɝɨ ɬɨɤɨɜɨɝɨ ɤɨɧɬɭɪɚ ɜ ɤɚɧɚɥɟ y  ɛɭɞɟɬ 

ɪɚɜɧɚ: 
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. .
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s
k k
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,  ɩɪɢ 1pik       (5.5) 

 

ɉɪɢ ɤɨɦɩɟɧɫɢɪɨɜɚɧɧɵɯ ɩɟɪɟɤɪɟɫɬɧɵɯ ɫɜɹɡɹɯ ɤɚɧɚɥ y , ɨɬɜɟɱɚɸɳɢɣ ɡɚ ɦɨɦɟɧɬ, 

ɩɨɥɧɨɫɬɶɸ ɚɧɚɥɨɝɢɱɟɧ ɫɢɫɬɟɦɟ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ⱦɥɹ ɩɪɢɞɚɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɟ 
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ɚɫɬɚɬɢɡɦɚ ɩɨ ɫɤɨɪɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɉɂ - ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ: 

 

( 1)
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W s

T s
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          (5.6) 

 

Ɍɨɝɞɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɫɢɫɬɟɦɵ ɩɨ ɜɨɡɦɭɳɟɧɢɸ ɛɭɞɟɬ ɪɚɜɧɚ: 
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, ɩɪɢ 1pk  

             (5.7) 

 

ɉɪɨɜɚɥ ɫɤɨɪɨɫɬɢ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɦɨɦɟɧɬɚ ɨɩɪɟɞɟɥɢɬɫɹ ɢɡ ɜɵɪɚɠɟɧɢɹ: 
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   .        (5.8) 

 

ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɹɸɳɢɦ ɜ ɜɵɛɨɪɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɭɫɢɥɟɧɢɹ ɪɟɝɭɥɹɬɨɪɚ 

ɫɤɨɪɨɫɬɢ. 

Ɇɨɞɟɥɶ ɚɫɢɧɯɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɜɦɟɫɬɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɫɤɨɪɨɫɬɢ ɢ ɩɨɬɨɤɚ, 

ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɵɲɟɢɡɥɨɠɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 18. 

Ɂɞɟɫɶ ɠɟ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɩɨɦɟɳɟɧɚ ɦɨɞɟɥɶ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɵ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 
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Ɋɢɫɭɧɨɤ 18 – Ɇɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɣ ɜɟɤɬɨɪɧɨɣ ɫɢɫɬɟɦɵ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 19 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɟ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

 

ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɨɬɨɤɚ, ɦɨɦɟɧɬɚ, ɫɤɨɪɨɫɬɢ. 

ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɫɢɫɬɟɦɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 19. ɋɪɚɜɧɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɚɫɢɧɯɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ 

ɫɢɫɬɟɦɵ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɨɤɚɡɵɜɚɟɬ ɢɯ ɩɨɥɧɭɸ ɢɞɟɧɬɢɱɧɨɫɬɶ ɩɪɢ ɦɚɥɵɯ ɢ 

ɛɨɥɶɲɢɯ ɫɢɝɧɚɥɚɯ ɭɩɪɚɜɥɟɧɢɹ. 
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5.3.2 ɑɚɫɬɨɬɧɨ-ɬɨɤɨɜɚɹ ɚɫɢɧɯɪɨɧɧɚɹ ɫɢɫɬɟɦɚ ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ 

 

Ɋɟɚɥɢɡɚɰɢɹ ɪɟɠɢɦɚ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ ɜ ɚɜɬɨɧɨɦɧɨɦ ɢɧɜɟɪɬɨɪɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, 

ɤɚɤ ɷɬɨ ɛɵɥɨ ɨɩɢɫɚɧɨ ɜɵɲɟ, ɜɜɟɞɟɧɢɟɦ ɪɟɥɟɣɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɧɚ ɜɯɨɞ ɤɨɬɨɪɵɯ 

ɩɨɞɚɟɬɫɹ ɪɚɡɧɨɫɬɶ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ ɢ ɫɢɝɧɚɥɚ ɫ ɞɚɬɱɢɤɚ ɪɟɚɥɶɧɨɝɨ ɬɨɤɚ 

ɞɜɢɝɚɬɟɥɹ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɣ ɱɚɫɬɨɬɧɨ-ɬɨɤɨɜɨɣ ɫɢɫɬɟɦɵ ɫ ɜɟɤɬɨɪɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ, ɤɨɬɨɪɚɹ ɭɩɪɚɜɥɹɟɬɫɹ ɨɬ ɢɧɜɟɪɬɨɪɚ ɬɨɤɚ ɫ ɜɵɯɨɞɧɨɣ ɱɚɫɬɨɬɨɣ, 

ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɜɟɧɫɬɜɨɦ (8.2), ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 20. ɋɥɟɞɭɟɬ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ 

ɜɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɢɧɜɟɪɬɨɪɚ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ 

ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ , ,Sy Rxi p  . 

ȼ ɫɢɫɬɟɦɟ ɢɦɟɸɬɫɹ ɞɜɚ ɤɚɧɚɥɚ, ɨɞɢɧ ɨɩɪɟɞɟɥɹɟɬ ɩɨɬɨɤ ɜ ɦɚɲɢɧɟ, ɞɪɭɝɨɣ – 

ɦɨɦɟɧɬ. ɋɢɧɬɟɡ ɪɟɝɭɥɹɬɨɪɨɜ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɩɨɞɱɢɧɟɧɧɨɣ ɫɢɫɬɟɦɵ ɜ ɤɚɠɞɨɦ ɤɚɧɚɥɟ 

ɨɫɭɳɟɫɬɜɢɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ, ɢɡɥɨɠɟɧɧɵɦɢ ɪɚɧɟɟ. ȼ ɤɚɧɚɥɟ ɩɨɬɨɤɚ 

ɜɵɛɪɚɧ ɉ ɪɟɝɭɥɹɬɨɪ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ 700xk  , ɜ ɤɚɧɚɥɟ ɫɤɨɪɨɫɬɢ 

ɫɢɧɬɟɡɢɪɨɜɚɧ ɉɂ ɪɟɝɭɥɹɬɨɪ ɫ ɩɚɪɚɦɟɬɪɚɦɢ 10, 400ɉ ɂk k   . 

 

 

Ɋɢɫɭɧɨɤ 20 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɣ ɚɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɧɨ-ɬɨɤɨɜɨɣ ɫɢɫɬɟɦɵ 

ɫ ɜɟɤɬɨɪɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. 
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Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɟɪɟɞɚɱ ɪɟɝɭɥɹɬɨɪɨɜ ɜɵɛɢɪɚɟɦ ɬɚɤ, ɱɬɨɛɵ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 

ɜ ɤɚɧɚɥɟ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɦ ɛɵɥɚ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɜ ɤɚɧɚɥɟ 

ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ. Ɇɨɞɟɥɶ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜɦɟɫɬɟ ɫ ɪɟɝɭɥɹɬɨɪɚɦɢ ɫɤɨɪɨɫɬɢ ɢ 

ɩɨɬɨɤɚ, ɚ ɬɚɤɠɟ ɫ ɨɝɪɚɧɢɱɟɧɢɹɦɢ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 20. 

 

 

Ɋɢɫɭɧɨɤ 21 – Ɇɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɣ ɫɢɫɬɟɦɵ ɫ ɱɚɫɬɨɬɧɨ-ɬɨɤɨɜɵɦ ɜɟɤɬɨɪɧɵɦ 

ɭɩɪɚɜɥɟɧɢɟɦ ɢ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
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Ɋɢɫɭɧɨɤ 22 – ɉɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɜ ɡɚɦɤɧɭɬɨɣ ɚɫɢɧɯɪɨɧɧɨɣ ɱɚɫɬɨɬɧɨ-ɬɨɤɨɜɨɣ 

ɫɢɫɬɟɦɟ ɫ ɜɟɤɬɨɪɧɵɦ ɭɫɢɥɟɧɢɟɦ 

 

ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɨɬɨɤɚ, ɦɨɦɟɧɬɚ, ɫɤɨɪɨɫɬɢ. 

Ⱦɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚɹ ɫɬɪɭɤɬɭɪɚ  ɡɚɦɤɧɭɬɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ 

ɩɨɥɭɱɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ ɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ  ɡɚɥɨɠɟɧɵ 

ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɚ ɢɦɟɧɧɨ: 

- ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ; 

- ɨɪɢɟɧɬɚɰɢɹ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɨ ɨɫɢ ɩɨɬɨɤɨɫɰɟɩɥɟɧɢɹ ɪɨɬɨɪɚ; 

- ɢɞɟɚɥɶɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɬɨɤɚ, ɩɢɬɚɸɳɟɝɨ ɦɚɲɢɧɭ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ, ɫɬɪɭɤɬɭɪɵ ɫɯɟɦɵ ɢ ɦɨɞɟɥɢ, ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜɵɲɟ, 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɢɫɚɧɢɸ ɩɨ «ɝɥɚɞɤɨɣ» ɫɨɫɬɚɜɥɹɸɳɟɣ ɢ ɧɟ ɭɱɢɬɵɜɚɟɬ ɢɦɩɭɥɶɫɧɨɝɨ 

ɯɚɪɚɤɬɟɪɚ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ ɢɧɜɟɪɬɨɪɚ.  
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6 ɗɤɨɧɨɦɢɱɟɫɤɚɹ ɱɚɫɬɶ 

 

6.1 Ɋɚɫɱɟɬ ɤɨɦɩɥɟɤɫɧɨɝɨ ɩɨɤɚɡɚɬɟɥɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ 

 

Ɉɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢɡɞɟɥɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɬɛɨɪɚ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɢɡɞɟɥɢɹ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɬɚɞɢɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɥɢ ɪɚɡɪɚɛɨɬɤɢ, ȻɆ 

(ɛɚɡɨɜɚɹ ɦɨɞɟɥɶ) ɮɨɪɦɢɪɭɟɬɫɹ ɫ ɭɱɟɬɨɦ ɬɟɧɞɟɧɰɢɣ ɢ ɩɪɨɝɧɨɡɨɜ ɪɚɡɜɢɬɢɹ 

ɧɚɩɪɚɜɥɟɧɢɣ ɬɟɯɧɢɤɢ, ɬɪɟɛɨɜɚɧɢɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɚɞɚɧɢɹ ɜ ɰɟɥɹɯ ɨɛɟɫɩɟɱɟɧɢɹ 

ɨɩɟɪɟɠɟɧɢɹ ɢɥɢ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɰɟɧɢɜɚɟɦɨɝɨ ɢɡɞɟɥɢɹ ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ. 

ɇɚ ɫɬɚɞɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɹ ɡɚ ɛɚɡɨɜɭɸ ɩɪɢɧɢɦɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɚɹ ɩɨ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɦɭ ɧɚɡɧɚɱɟɧɢɸ ɥɭɱɲɚɹ ɢɡ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢɥɢ ɡɚɪɭɛɟɠɧɵɯ ɜɢɞɨɜ 

ɩɪɨɞɭɤɰɢɹ. 

ȼ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ  ɚɧɚɥɨɝɨɜ ɢɥɢ ɨɬɞɟɥɶɧɵɯ  ɩɨɤɚɡɚɬɟɥɟɣ, ɜɯɨɞɹɳɢɯ ɜ 

ɧɨɦɟɧɤɥɚɬɭɪɭ ɫɨɩɨɫɬɚɜɥɹɟɦɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ, ɢɯ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɌɁ 

ɢ ɪɟɡɭɥɶɬɚɬɚɦɢ ɩɪɨɜɨɞɢɦɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ɄɉɌɍ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ 1. 

ɉɪɢ ɪɚɫɱɟɬɟ ɄɉɌɍ ɜɚɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɟɫɨɦɨɫɬɢ bi, 

ɨɬɪɚɠɚɸɳɢɟ ɡɧɚɱɢɦɨɫɬɶ, ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ i -ɝɨ ɩɚɪɚɦɟɬɪɚ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɥɟɡɧɨɝɨ 

ɷɮɮɟɤɬɚ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ bi ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɬɧɵɯ 

ɨɰɟɧɨɤ. 

Ɉɰɟɧɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢɡɞɟɥɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ ɨɬɛɨɪɚ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ. 

ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ ɨɰɟɧɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

ɯ1 – ɦɚɫɫɚ ɞɜɢɝɚɬɟɥɹ;  

ɯ2 – ɧɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɝɚɬɟɥɹ;  

ɯ3 – ɄɉȾ; 

ɯ4 – ɰɟɧɚ. 

ɋɪɚɜɧɢɜ ɩɨɩɚɪɧɨ ɜɫɟ ɩɚɪɚɦɟɬɪɵ, ɩɨɞɥɟɠɚɳɢɟ ɚɧɚɥɢɡɭ, ɫɬɪɨɹɬ ɤɜɚɞɪɚɬɧɭɸ 

ɦɚɬɪɢɰɭ ɫɦɟɠɧɨɫɬɢ; ɝɞɟ ɡɧɚɤɢ „>”, ”=” ɢ „<” ɡɚɦɟɧɹɸɬ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨɫɬɢ ai (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ: 1,5; 1,0; 0,5). 
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ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɯɨɞɹɬ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɢɦɨɫɬɢ Bi ɩɚɪɚɦɟɬɪɨɜ, ɡɚɬɟɦ 

ɧɨɪɦɢɪɨɜɚɧɢɟɦ – ɨɬɧɨɫɢɬɟɥɶɧɵɟ bi (ɜɵɱɢɫɥɹɸɬɫɹ ɜ ɞɨɥɹɯ ɟɞɢɧɢɰɵ). ɉɪɢ ɪɚɫɱɟɬɟ Bi 

ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɜ ɦɚɬɪɢɰɟ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ∑ai  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ qi ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ 

ɢɡɞɟɥɢɹ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɟɫɨɦɨɫɬɟɣ bi ɫɜɨɞɹɬ ɜ ɬɚɛɥɢɰɭ 16. 

ȿɫɥɢ ɧɨɜɨɟ ɢɡɞɟɥɢɹ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɨɜɨɣ, ɪɚɫɫɱɢɬɚɧɧɵɣ 

ɩɨɞɨɛɧɵɦ ɨɛɪɚɡɨɦ ɄɉɌɍ ɟɝɨ ɛɭɞɟɬ ɛɨɥɶɲɟ ɟɞɢɧɢɰɵ. ȿɫɥɢ ɜɟɥɢɱɢɧɚ ɄɉɌɍ ɦɟɧɶɲɟ 

ɟɞɢɧɢɰɵ, ɧɟɨɛɯɨɞɢɦ ɚɧɚɥɢɡ ɬɟɯɧɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɌɁ. 

 

Ɍɚɛɥɢɰɚ 16 – Ɇɚɬɪɢɰɚ ɫɦɟɠɧɨɫɬɢ ɩɚɪɚɦɟɬɪɨɜ 

 x1 x2 x3 x4 ai bi Bi 

x1 1 0,5 0,5 1 3 0,1875 11 

x2 1,5 1 1 1,5 5 0,3125 19 

x3 1,5 1 1 1,5 5 0,3125 19 

x4 1 0,5 0,5 1 3 0,1875 11 

∑     16 1 60 

 

ɇɚɯɨɞɢɦ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ bi ɩɨ ɮɨɪɦɭɥɟ (6.1): 

 

/i i ib a a  ;           (6.1) 

1 3 /16 0,1875b   ; 

2 5 /16 0,3125b   ; 

3 5 /16 0,3125b   ; 

4 3 /16 0,1875b   . 

 

ɉɨɫɥɟ ɫɪɚɜɧɟɧɢɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɛɚɡɨɜɨɝɨ ɢ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɜɚɪɢɚɧɬɚ, 

ɧɚɯɨɞɢɦ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ Bi ɩɨ ɮɨɪɦɭɥɟ (6.2). ɉɪɢ ɪɚɫɱɟɬɟ, ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɜ 

ɦɚɬɪɢɰɵ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ: 
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1 2 3 41 2 3 4 ;i i i i iȼ x a x a x a x a                (6.2) 

1

2

3

4

1 3 0,5 5 0,5 5 1 3 11;

1,5 3 1 5 1 5 1,5 3 19;

1,5 3 1 5 1 5 1,5 3 19;

1 3 0,5 5 0,5 5 1 3 11.

B

B

B

B

        
        
        
        

 

 

Ⱦɚɧɧɵɯ ɪɚɫɱɟɬɨɜ ɄɉɌɍ, ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɦɨɞɟɥɢ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2. 

Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (6.3): 

 

,i i
i

i i

Pɛ Pɧ
q

Pɧ Pɛ
            (6.3) 

 

ɝɞɟ iPɛ , iPɧ  - ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ i-ɝɨ ɩɨɤɚɡɚɬɟɥɹ ɤɚɱɟɫɬɜɚ, ɛɚɡɨɜɨɣ ɢ ɧɨɜɨɣ 

ɦɨɞɟɥɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

 

Ɍɚɛɥɢɰɚ 17 – ɇɨɦɟɧɤɥɚɬɭɪɚ ɩɨɤɚɡɚɬɟɥɟɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

ɇɨɦɟɧɤɥɚɬɭɪɚ 
ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ 

ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢ
ɹ 

Ɂɧɚɱɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ 

qi bi bi·qi ɛɚɡɨɜɨɣ ɧɨɜɨɣ 

Ɇɚɫɫɚ ɤɝ 19,4 12,9 1,217 0,1875 0,2281 
ɇɨɦɢɧɚɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ 
ɞɜɢɝɚɬɟɥɹ 

ɨɛ/ɦɢɧ 935 2860 3,1256 0,3125 0,9767 

ɄɉȾ % 76 77,2 1,0589 0,3125 0,3309 
ɋɬɨɢɦɨɫɬɶ ɪɭɛ. 12691 10405 1,2197 0,1875 0,2285 
ɄɉɌɍ      1,7642 

 

Ɍɚɤ ɤɚɤ ɄɉɌɍ ɜɵɲɟ ɟɞɢɧɢɰɵ, ɬɨ ɧɚɲɚ ɪɚɡɪɚɛɨɬɤɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɵɫɨɤɨɦɭ 

ɭɪɨɜɧɸ. 
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6.2 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ Ɂɩɪ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢ ɷɤɫɩɥɭɚɬɚɰɢɸ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ (6.4): 

 

,ɩɪ ɧɁ ɂ ȿ Ʉ             (6.4) 

 

ɝɞɟ ɂ – ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɢɡɞɟɪɠɤɢ ɢ ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɪɭɛ/ɝɨɞ; 

      ȿɧ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɪɨɤ ɫɥɭɠɛɵ, 

 

1
.ɧȿ

ɝɨɞ
            (6.5) 

 

ɋɪɨɤ ɫɥɭɠɛɵ ɞɜɢɝɚɬɟɥɹ ɩɪɢɧɢɦɚɟɦ 15 ɥɟɬ, ɬɨɝɞɚ 

 

1
0,0(6).

15ɧȿ    

 

ɝɞɟ Ʉ – ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɜ ɬɟɯɧɢɤɭ, ɪɭɛ. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ: 

Ⱦɥɹ ɰɟɥɟɣ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɟɨɛɯɨɞɢɦɨ 

ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɬɟ ɫɬɚɬɶɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ 

ɢɡɦɟɧɹɸɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɜɚɪɢɚɧɬɨɜ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɯ ɪɟɲɟɧɢɣ. 

ɇɚɩɪɢɦɟɪ, ɜɟɥɢɱɢɧɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɜ ɫɨɫɬɚɜɟ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɫɜɹɡɚɧɚ ɫ ɰɟɧɨɣ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ ɢ 

ɜɫɟ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜɥɢɹɸɳɢɯ ɧɚ ɫɟɛɟɫɬɨɢɦɨɫɬɶ, ɜɥɢɹɸɬ ɢ ɧɚ ɪɚɡɦɟɪɵ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɡɚɬɪɚɬ. Ɋɚɫɯɨɞɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ ɡɚɜɢɫɹɬ ɨɬ ɧɚɞɟɠɧɨɫɬɢ 

ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɦɨɞɟɥɢ, ɜɚɪɢɚɧɬɵ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ.  
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Ɍɚɤɚɹ ɫɬɚɬɶɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ, ɤɚɤ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɩɟɪɫɨɧɚɥɚ, 

ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɨɬ ɜɚɪɢɚɧɬɚ ɤ ɜɚɪɢɚɧɬɭ 

ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ, ɟɫɥɢ ɬɨɥɶɤɨ ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɡɚɦɟɧɹɟɬɫɹ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɭɩɪɚɜɥɟɧɢɟɦ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (6.6): 

 

ɂ=Ɂ’ɩɥ+Ɂɚ+Ɂɬɪ,          (6.6) 

 

ɝɞɟ Ɂ’ɩɥ – ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ, ɪɭɛ/ɝɨɞ; 

      Ɂɚ – ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ, ɪɭɛ/ɝɨɞ; 

      Ɂɬɪ – ɡɚɬɪɚɬɵ ɧɚ ɬɟɤɭɳɢɣ ɪɟɦɨɧɬ, ɪɭɛ/ɝɨɞ. 

 

160900 51430 21430 233700 / ;ɂ ɪɭɛ ɝɨɞ     

233700 0.11 22306.9 236200 / .Ɂɩɪ ɪɭɛ ɝɨɞ     

 

6.3 Ɋɚɫɱɟɬ ɰɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ ɄɉɌɍ 

 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɹ ɧɚ 

ɧɨɜɭɸ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɩɨɥɧɵɣ ɭɱɟɬ ɜ ɰɟɧɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɤɚɱɟɫɬɜɚ 

ɢɡɞɟɥɢɹ. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɬɪɚɫɥɟɜɨɣ ɦɟɬɨɞɢɤɨɣ ɰɟɧɨɨɛɪɚɡɨɜɚɧɢɟ  ɨɩɬɨɜɚɹ ɰɟɧɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7): 

 

[1 ( 1) 0,7] 0,9ɧ ɛЦ Ц ɄɉɌɍ      ,       (6.7) 

 

ɝɞɟ ɧЦ , ɛЦ  - ɰɟɧɚ ɧɨɜɨɣ ɢ ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ, ɪɭɛ; 

      0,7 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɩɨɥɟɡɧɨɝɨ ɷɮɮɟɤɬɚ ɜ ɰɟɧɟ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
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      0,9 – ɤɨɷɮɮɢɰɢɟɧɬ ɭɞɟɲɟɜɥɟɧɢɹ, ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ ɩɪɟɣɫɤɭɪɚɧɬɧɭɸ ɰɟɧɭ 

ɛɚɡɨɜɨɣ ɦɨɞɟɥɢ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɦɨɪɚɥɶɧɨɟ ɫɬɚɪɟɧɢɟ ɛɚɡɨɜɨɝɨ ɢɡɞɟɥɢɹ ɡɚ ɩɟɪɢɨɞ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɫɜɨɟɧɢɟ ɧɨɜɨɣ ɬɟɯɧɢɤɢ. 

 

12691 [1 (1,7642 1) 0,7] 0,9 17531,93ɧЦ ɪɭɛ       . 

 

Ɉɩɪɟɞɟɥɹɟɦ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɫ ɭɱɟɬɨɦ 8% ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɟɪɟɜɨɡɨɤ ɢ 

ɦɨɧɬɚɠɚ ɩɨ ɮɨɪɦɭɥɟ (8): 

 

1,08ȼɅɈɀ ɧɄ Ц  ,          (6.8) 

17531,93 1,08 18934,48 ,

12691 1,08 13706,28 .
ȼɅɈɀɧɦ

ȼɅɈɀɛɦ

Ʉ ɪɭɛ
Ʉ ɪɭɛ

  
  

 

 

Ɉɩɪɟɞɟɥɹɟɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ: 

 

,
100ɚ

Ц Ɇ ɚɁ  
           (6.9) 

 

ɝɞɟ Ц – ɛɚɥɚɧɫɨɜɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ; 

Ɇ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

ɚ – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ, %. 

ɉɪɢɧɢɦɚɟɦ, ɚ =20%. 

 

18934,48 1 20
3786,89 / ,

100
13706,28 2,36 20

6469,64 / .
100

ɚɧɦ

ɚɛɦ

Ɂ ɪɭɛ ɝɨɞ

Ɂ ɪɭɛ ɝɨɞ

 
 

 
 

 

 

Ɉɩɪɟɞɟɥɹɟɦ ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ: 
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( )
1890,ɬɪɧɦ

ɪɰ

W P kɁ
T


           (6.10) 

 

ɝɞɟ W – ɡɚɬɪɚɬɵ ɧɚ ɜɫɟ ɜɢɞɵ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɝɨ ɪɟɦɨɧɬɚ ɡɚ ɪɟɦɨɧɬɧɵɣ 

ɰɢɤɥ, ɩɪɢɯɨɞɢɜɲɢɣɫɹ ɧɚ ɟɞɢɧɢɰɭ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɱɚɫɬɢ ɞɚɧɧɨɝɨ ɜɢɞɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ; 

      P ɢ k – ɝɪɭɩɩɚ ɪɟɦɨɧɬɧɨɣ ɫɥɨɠɧɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɱɚɫɬɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ; 

      ɪɰT  - ɞɥɢɬɟɥɶɧɨɫɬɶ ɪɟɦɨɧɬɧɨɝɨ ɰɢɤɥɚ ɨɫɧɨɜɧɨɣ ɱɚɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱ. 

 

500(16,5 4,5)
1890 2953,12 /

6720ɬɪɧɦɁ ɪɭɛ ɝɨɞ
   . 

1,67,ɬɪɛɦ ɬɪɧɦɁ Ɂ            (6.11) 

2906,25 1,67 4853,43 / .ɬɪɛɦɁ ɪɭɛ ɝɨɞ    

 

Ɉɩɪɟɞɟɥɹɟɦ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ: 

 

1890,ɩɥɧɦ ri p ɩɪ n d ɨɫɧɁ ɋ k k k k k              (6.12) 

 

ɝɞɟ riɋ  - ɱɚɫɨɜɚɹ ɬɚɪɢɮɧɚɹ ɫɬɚɜɤɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɪɹɞɚ, ɪɭɛ/ɱ; 

      pk , ɩɪk , nk , dk , ɨɫɧk  - ɤɨɷɮɮɢɰɢɟɧɬɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɪɚɣɨɧɧɭɸ ɢ ɫɟɜɟɪɧɭɸ 

ɧɚɞɛɚɜɤɭ ɤ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɟ, ɩɪɢɪɚɛɨɬɨɤ ɪɚɛɨɱɟɝɨ (ɞɨɩɥɚɬɵ ɡɚ ɧɨɱɧɵɟ ɱɚɫɵ, ɡɚ 

ɭɱɟɧɢɤɨɜ ɢ ɛɪɢɝɚɞɢɪɫɬɜɨ), ɞɨɩɥɚɬɭ ɩɨ ɩɪɟɦɢɚɥɶɧɵɦ ɫɢɫɬɟɦɚɦ, ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɵ, ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ. 

 

116,23 1,2 1 1,4 1,12 1,171 1890 484021 / .ɩɥɧɦɁ ɪɭɛ ɝɨɞ         

1,67,ɩɥɛɦ ɩɥɧɦɁ Ɂ            (6.13) 

484021 1,67 808315 / .ɩɥɛɦɁ ɪɭɛ ɝɨɞ    
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Ɉɩɪɟɞɟɥɹɟɦ ɡɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɨ ɮɨɪɦɭɥɟ (6.14): 

 

,ɩɥ ɚ ɬɪɂ Ɂ Ɂ Ɂ             (6.14) 

484021 3786,89 2906,25 490714,14 / ,

808315 6469,64 4853,43 819638,07 / .
ɧɦ

ɛɦ

ɂ ɪɭɛ ɝɨɞ
ɂ ɪɭɛ ɝɨɞ

   
   

 

 

Ɉɩɪɟɞɟɥɹɟɦ ɩɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɩɨ ɮɨɪɦɭɥɟ (6.15): 

 

,ɩɪ ɧ ȼɅɈɀɁ ɂ ȿ Ʉ            (6.15) 

490714,14 0,06 18934,48 491850,2 / ,

819638,07 0,06 13706,28 820460,44 / .
ɩɪɧɦ

ɩɪɛɦ

Ɂ ɪɭɛ ɝɨɞ
Ɂ ɪɭɛ ɝɨɞ

   

   
 

 

Ɉɩɪɟɞɟɥɹɟɦ ɷɤɨɧɨɦɢɸ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɡɚɬɪɚɬɚɯ: 

,ɩɪ ɩɪɛɦ ɩɪɧɦЭ Ɂ Ɂ            (6.16) 

820460,44 491850,2 328610,24 / .ɩɪЭ ɪɭɛ ɝɨɞ    

 

Ɉɠɢɞɚɟɦɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3. 

 

Ɍɚɛɥɢɰɚ 18 – Ɉɠɢɞɚɟɦɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ȿɞɢɧɢɰɵ 
ɢɡɦɟɪɟɧɢɹ 

Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ 
ɩɨ ɜɚɪɢɚɧɬɚɦ 
ɛɚɡɨɜɨɦɭ ɧɨɜɨɦɭ 

1 Ɂɚɬɪɚɬɵ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ: ɪɭɛ/ɝɨɞ 819638,07 490714,14 
ɚ) ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɵɯ 
ɪɚɛɨɱɢɯ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɧɚ 
ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 

ɪɭɛ/ɝɨɞ 
 
808315 

 
484021 

ɛ) ɚɦɨɪɬɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɭɛ/ɝɨɞ 6469,64 3786,89 

ɝ) ɡɚɬɪɚɬɵ ɧɚ ɪɟɦɨɧɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɪɭɛ/ɝɨɞ 4853,43 2906,25 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 19 

2 ɗɤɨɧɨɦɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɢɡɞɟɪɠɟɤ 

ɪɭɛ/ɝɨɞ - 328923,93 

3 Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɪɭɛ. 13796,28 18934,48 

4 ɉɪɢɜɟɞɟɧɧɵɟ ɡɚɬɪɚɬɵ ɪɭɛ/ɝɨɞ 820460,44 491850,2 

5 ɗɤɨɧɨɦɢɹ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ 
ɡɚɬɪɚɬɚɯ 

ɪɭɛ/ɝɨɞ - 328610,24 

 

ȼɵɜɨɞ. 

1. ɗɤɨɧɨɦɢɹ ɧɚ ɩɪɢɜɟɞɟɧɧɵɯ ɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɚɡɨɜɵɦ 

ɜɚɪɢɚɧɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 328610,24 ɪɭɛ/ɝɨɞ. 

2. ɗɤɨɧɨɦɢɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɡɞɟɪɠɟɤ ɧɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɛɚɡɨɜɵɦ ɫɨɫɬɚɜɥɹɟɬ 328923,93 ɪɭɛ/ɝɨɞ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

 Ȼɵɥɢ ɩɪɢɦɟɧɟɧɵ ɧɚ ɩɪɚɤɬɢɤɟ ɦɟɬɨɞɵ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ 

ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ. ɂɞɟɧɬɢɮɢɤɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ ɡɚɦɟɳɟɧɢɹ ɧɚ ɨɫɧɨɜɟ 

Micromaster ɨɫɧɨɜɚɧɚ ɧɚ ɩɨɫɬɪɨɟɧɢɢ ɱɚɫɬɨɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 

ɦɨɞɟɥɢ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ STARTER. 

ȼɵɩɨɥɧɟɧɚ ɩɨɥɧɚɹ ɩɚɪɚɦɟɬɪɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɢɫɩɪɚɜɧɨɫɬɶ 

ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. 
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