
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

«Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 

ɍɌȼȿɊɀȾȺɘ 

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

_________   Ⱥ.ɇ. ɋɨɱɧɟɜ 

     ɩɨɞɩɢɫɶ 

« _____»      ________2019ɝ. 

 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 

 

ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ 15.03.06 «Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ» 

 

«ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ» 

 

 

 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ  _________     ________________           Ⱥ.ɉ. ɋɦɨɥɶɧɢɤɨɜ 

                                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ 

ȼɵɩɭɫɤɧɢɤ   _________                              Ⱥ.ɘ. Ʌɟɦɟɲɤɨ 

                                                          ɩɨɞɩɢɫɶ, ɞɚɬɚ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ  ________                           ȼ.ɇ. Ʉɭɥɢɤɨɜɚ 

                                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ           

 

Ʉɪɚɫɧɨɹɪɫɤ 2019 



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖНɕɃ ɍНɂȼȿɊɋɂɌȿɌ» 

 

                                ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ     
ɢɧɫɬɢɬɭɬ 

                     Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ   
ɤɚɮɟɞɪɚ 

 
 

ɍɌȼȿɊɀȾȺЮ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                  Ⱥ.Н. ɋɨɱɧɟɜ 
   ɩɨɞɩɢɫɶ          ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« 11 »   ɦɚɹ   2019 ɝ. 
 

 
 
 
 
 
 

ɁȺȾȺɇɂȿ  
ɇȺ ȼЫɉɍɋɄɇɍЮ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍЮ ɊȺȻɈɌɍ 

    ɜ фоɪɦе ɛɚɤɚɥɚɜɪɫɤоɣ ɪɚɛоɬы 
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ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Дɚɬɚ 

Ʌɢɫɬ 

3 

ȻɊ - 15.03.06 ɉɁ 

 Ɋɚɡɪɚɛ. Ʌɟɦɟɲɤɨ Ⱥ.ɘ. 
 ɉɪɨɜɟɪ. ɋɦɨɥьɧɢɤɨɜ Ⱥ.ɉ. 

    

 Н. Ʉɨɧɬɪ. Ʉɭɥɢɤɨɜɚ ȼ.Н. 
 ɍɬɜ. ɋɨɱɧɟɜ Ⱥ.Н. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɹɳɟɣ 
ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

Ʌɢɬ. Ʌɢɫɬɨɜ 

109 

ɉɂ ɋɎɍ Ɏɗ15-08Ȼ 

ɋɬɭɞɟɧɬɭ Ʌɟɦɟɲɤɨ Ⱥɥɟɤɫɚɧɞɪɭ ɘɪɶɟɜɢɱɭ 
 

Ƚɪɭɩɩɚ Ɏɗ 15-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 
 

«Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ» 
 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ» 
 

ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ №19632/ɫ ɨɬ 2018-12-28 
 

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

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ 
1. ɂɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɫɬɟɧɞ ɫ ɩɪɢɜɨɞɨɦ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 
2. ɉɚɤɟɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ LabView 
3. ɉɚɤɟɬ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MATLAB  
 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 
Ƚɥɚɜɚ 1 – Ɋɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ ɌɍɊ-10Ʉ 
Ƚɥɚɜɚ 2 – ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɯɟɦɵ ɩɪɢɜɨɞɚ  
Ƚɥɚɜɚ 3 – Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
Ƚɥɚɜɚ 4 – ɋɢɫɬɟɦɚ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
Ƚɥɚɜɚ 5 – Цɢɮɪɨɜɚɹ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ 
ɡɜɟɧɚ ɪɨɛɨɬɚ 
Ƚɥɚɜɚ 6 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɟɧɞɚ  
Ƚɥɚɜɚ 7 – ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 
Ƚɥɚɜɚ 8 – Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɥɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɭɤɚɡɚɧɢɟɦ ɨɫɧɨɜɧɵɯ 
ɱɟɪɬɟɠɟɣ, ɩɥɚɤɚɬɨɜ, ɫɥɚɣɞɨɜ 
Ʌɢɫɬ 1 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɝɟɧɟɪɚɬɨɪɚ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 
Ʌɢɫɬ 2 – ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ 
Ʌɢɫɬ 3 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ  
Ʌɢɫɬ 4 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ  
Ʌɢɫɬ 5 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɡɜɟɧɚ ɪɨɛɨɬɚ  
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                   ____________                Ⱥ. ɉ. ɋɦɨɥɶɧɢɤɨɜ 
                                                                                                         ɩɨɞɩɢɫɶ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ               ____________                Ⱥ. ɘ. Ʌɟɦɟɲɤɨ 
                                                                                                    ɩɨɞɩɢɫɶ  

                                                                                                          «11»  ɦɚɹ  2019 ɝ. 
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4 
ȻɊ 15.03.06 ɉɁ 

 

ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɥɟɞɹɳɟɣ 

ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ» ɫɨɞɟɪɠɢɬ 109 ɫɬɪɚɧɢɰ 

ɬɟɤɫɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ, 57 ɢɥɥɸɫɬɪɚɰɢɣ, 13 ɬɚɛɥɢɰ, 112 ɮɨɪɦɭɥ, 7 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ȾȼɂȽȺɌȿɅɖ ɉɈɋɌɈəɇɇɈȽɈ ɌɈɄȺ, ɗɅȿɄɌɊɈȾȼɂȽȺɌȿɅɖ, 

ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ, ɉȿɊȿɏɈȾɇɕɃ ɉɊɈɐȿɋɋ, ɄɈɇɌɍɊ ɌɈɄȺ, 

ɄɈɇɌɍɊ ɋɄɈɊɈɋɌɂ, ɄɈɇɌɍɊ ɉɈɅɈɀȿɇɂə. 

ɐɟɥɢ ɪɚɛɨɬɵ: 

- ɢɡɭɱɢɬɶ ɫɬɪɭɤɬɭɪɭ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ ɫ ɩɪɢɜɨɞɨɦ ɪɨɛɨɬɚ ɌɍɊ-

10Ʉ; 

- ɫɨɫɬɚɜɢɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɩɪɢɜɨɞɚ; 

- ɩɪɨɜɟɫɬɢ ɫɢɧɬɟɡ ɤɨɧɬɭɪɨɜ ɬɨɤɚ, ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɨɠɟɧɢɹ ɦɟɬɨɞɨɦ 

ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ; 

- ɩɪɨɜɟɫɬɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢɹ ɡɜɟɧɚ ɪɨɛɨɬɚ; 

- ɫɧɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫ ɦɨɞɟɥɟɣ ɢ ɫ ɪɟɚɥɶɧɨɝɨ ɫɬɟɧɞɚ; 

- ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ. 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɢɡɭɱɟɧɚ 

ɫɬɪɭɤɬɭɪɚ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ ɫ ɩɪɢɜɨɞɨɦ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ. Ɋɚɡɪɚɛɨɬɚɧɚ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɥɹ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɩɪɢɜɨɞɚ. ɉɪɨɦɨɞɟɥɢɪɨɜɚɧɚ ɰɢɮɪɨɜɚɹ 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɡɜɟɧɚ ɪɨɛɨɬɚ. ɉɨɥɭɱɟɧɵ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɩɪɢɜɨɞɟ ɪɨɛɨɬɚ. ɉɪɨɢɡɜɟɞɟɧ 

ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɋɚɫɫɱɢɬɚɧɚ ɩɪɢɦɟɪɧɚɹ 

ɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɫɬɟɧɞɚ. 
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5 
ȻɊ 15.03.06 ɉɁ 

 

ɋɈȾȿɊɀȺɇɂȿ 
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ȼȼȿȾȿɇɂȿ 
 

ɉɨɜɵɲɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɤɚɱɟɫɬɜɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɫɢɫɬɟɦ ɬɪɟɛɭɟɬ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢ ɪɚɡɜɢɬɢɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɬɚɤɢɯ ɫɢɫɬɟɦ. 

Ɋɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ ɫɨɞɟɪɠɚɬ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ. Ʉ ɫɢɫɬɟɦɚɦ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɩɪɟɞɴɹɜɥɹɸɬɫɹ 

ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ 

ɬɨɱɧɨɫɬɢ ɨɬɪɚɛɨɬɤɢ ɡɚɞɚɧɧɵɯ ɬɪɚɟɤɬɨɪɢɣ. Ɍɚɤɢɟ ɫɢɫɬɟɦɵ ɩɨɫɬɪɨɟɧɵ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɢɫɩɨɥɧɟɧɢɹ. ɉɨɷɬɨɦɭ 

ɜɨɩɪɨɫɵ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ 

ɹɜɥɹɸɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ.  



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

8 
ȻɊ 15.03.06 ɉɁ 

 

1 Ɋɨɛɨɬ-ɦɚɧɢɩɭɥяɬɨɪ ɌɍɊ-10Ʉ 
 

1.1 Ɉɩɢɫɚɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥяɬɨɪɚ  
 

ȼɧɟɲɧɢɣ ɜɢɞ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.1. 

 

 

Ɋɢɫɭɧɨɤ 1.1 – ȼɧɟɲɧɢɣ ɜɢɞ ɪɨɛɨɬɚ ɌɍɊ – 10Ʉ 

 

ɉɪɢ ɫɨɡɞɚɧɢɢ ɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɪɚɡɦɟɳɚɬɶ ɞɜɢɝɚɬɟɥɢ ɧɟ ɧɚ ɨɫɧɨɜɚɧɢɢ, ɚ ɧɚ ɤɨɪɩɭɫɟ ɩɟɪɜɨɝɨ ɩɨɞɜɢɠɧɨɝɨ ɡɜɟɧɚ. 

ɂɦɟɧɧɨ ɬɚɤɨɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 

ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɪɨɛɨɬɚ ɧɚɡɧɚɱɟɧɢɹ ɌɍɊ-10Ʉ. Ɉɧ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ 

ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɛɨɪɤɢ, ɫɜɚɪɤɢ ɢ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ 

ɫ ɞɟɬɚɥɹɦɢ ɦɚɫɫɨɣ ɞɨ 10 ɤɝ. 
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Ɋɭɤɚ ɪɨɛɨɬɚ ɌɍɊ – 10Ʉ ɜ ɜɢɞɟ ɲɚɪɧɢɪɧɨ-ɪɵɱɚɠɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɫ ɩɹɬɶɸ 

ɫɬɟɩɟɧɹɦɢ ɩɨɞɜɢɠɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɩɟɪɟɦɟɳɚɬɶ ɪɚɛɨɱɢɣ ɨɪɝɚɧ (ɫɯɜɚɬ ɢɥɢ 

ɢɧɫɬɪɭɦɟɧɬ) ɜ ɥɸɛɭɸ ɬɨɱɤɭ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɨɪɢɟɧɬɢɪɨɜɚɬɶ ɟɝɨ 

ɩɪɨɢɡɜɨɥɶɧɵɦ ɨɛɪɚɡɨɦ ɜ ɩɥɨɫɤɨɫɬɢ ɡɜɟɧɶɟɜ ɪɭɤɢ, ɜ ɩɪɟɞɟɥɚɯ ɨɝɪɚɧɢɱɟɧɢɣ 

ɞɜɢɠɟɧɢɹ ɜ ɫɨɱɥɟɧɟɧɢɹɯ ɢ ɩɟɪɟɞɚɬɨɱɧɵɯ ɦɟɯɚɧɢɡɦɚɯ. 

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ: 

 

0,1,2,3,4,5 - ɡɜɟɧɶɹ; I, II, III, IV, V - ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ (ɜɪɚɳɚɬɟɥɶɧɵɟ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ ɩɚɪɵ 

V ɤɥɚɫɫɚ); q1, q2, q3, q4, q5 - ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɩɨ ɫɬɟɩɟɧɹɦ ɩɨɞɜɢɠɧɨɫɬɢ 

Ɋɢɫɭɧɨɤ  1.2 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɌɍɊ – 10Ʉ 

 

Ɉɫɧɨɜɧɵɦ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɦ ɉɊ (ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ) ɹɜɥɹɟɬɫɹ 

ɨɛɫɥɭɠɢɜɚɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɜɚɪɤɚ, ɫɛɨɪɤɚ ɢ ɞɪɭɝɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ 

ɫ ɞɟɬɚɥɹɦɢ ɦɚɫɫɨɣ ɞɨ 10 ɤɢɥɨɝɪɚɦɦ. ɉɟɪɟɦɟɳɟɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ 

(ɫɯɜɚɬɚ, ɢɧɫɬɪɭɦɟɧɬɚ) ɜ ɥɸɛɭɸ ɬɨɱɤɭ ɪɚɛɨɱɢɣ ɨɛɥɚɫɬɢ, ɜ ɩɪɟɞɟɥɚɯ ɞɨɩɭɫɬɢɦɵɯ 

ɞɜɢɠɟɧɢɣ ɜ ɫɨɱɥɟɧɟɧɢɹɯ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ, ɢ ɟɝɨ ɨɪɢɟɧɬɚɰɢɹ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɫɱɟɬ ɩɹɬɢ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ ɜ ɜɢɞɟ ɲɚɪɧɢɪɧɨ-ɪɵɱɚɠɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ. ɉɨɜɨɪɨɬɧɚɹ ɩɥɚɬɮɨɪɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɨɟ ɩɨɞɜɢɠɧɨɟ ɡɜɟɧɨ. 

Ɉɫɬɚɥɶɧɵɟ ɡɜɟɧɶɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ. 

Ɂɜɟɧɶɹ 4 ɢ 5 – ɷɬɨ ɤɢɫɬɶ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɂɜɟɧɨ 4 ɭɫɬɚɧɨɜɥɟɧɨ ɲɚɪɧɢɪɧɨ 

ɧɚ ɡɜɟɧɟ 3 ɢ ɦɨɠɟɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɫɥɟɞɧɟɝɨ ɜɨɤɪɭɝ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɧɚ ɭɝɨɥ q4 =  90º ɫɨ ɫɤɨɪɨɫɬɶɸ 90 ɝɪɚɞ/ɫ. ɗɬɢɦ ɨɛɟɫ-
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ɩɟɱɢɜɚɟɬɫɹ IV ɫɬɟɩɟɧɶ ɩɨɞɜɢɠɧɨɫɬɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ (ɉɊ) - « ɫɝɢɛ ɤɢɫɬɢ » 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ɂɜɟɧɨ 5, ɤ ɤɨɬɨɪɨɦɭ ɤɪɟɩɢɬɫɹ ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɪɨɛɨɬɚ, ɭɫɬɚɧɨɜɥɟɧɨ ɲɚɪɧɢɪɧɨ 

ɧɚ ɡɜɟɧɟ 4 ɢ ɦɨɠɟɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɜɨɤɪɭɝ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɩɨɫɥɟɞɧɟɝɨ ɧɚ ɭɝɨɥ q5 

=  180Ɉ ɫɨ ɫɤɨɪɨɫɬɶɸ 180 ɝɪɚɞ/ɫ. ɗɬɢɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ V ɫɬɟɩɟɧɶ ɩɨɞɜɢɠɧɨɫɬɢ 

ɉɊ - «ɜɪɚɳɟɧɢɟ (ɪɨɬɚɰɢɹ) ɤɢɫɬɢ » ɦɚɧɢɩɭɥɹɬɨɪɚ.  

Ɋɚɫɫɦɨɬɪɢɦ ɦɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɜɨɤɪɭɝ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ (ɪɢɫɭɧɨɤ 1.3). 

Ɇɟɯɚɧɢɡɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɜɨɪɨɬ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɭɤɢ ɉɊ ɜɨɤɪɭɝ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɧɚ 340º ɫɨ ɫɤɨɪɨɫɬɶɸ 90 ɝɪɚɞ/ɫ. Ɇɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɫɨɞɟɪɠɢɬ 

ɧɟɩɨɞɜɢɠɧɨɟ ɨɫɧɨɜɚɧɢɟ 3 ɢ ɩɨɜɨɪɨɬɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɫɬɚɤɚɧɚ 1 ɢ 

ɩɥɢɬɵ 7. 

ɇɚ ɩɥɢɬɟ 7 ɭɫɬɚɧɨɜɥɟɧɚ ɦɟɯɚɧɢɱɟɫɤɚɹ ɪɭɤɚ. ɉɥɚɬɮɨɪɦɚ ɜɪɚɳɚɟɬɫɹ ɧɚ 

ɩɨɞɲɢɩɧɢɤɚɯ 2, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ. 

ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɢɜɨɞ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ( ɦɨɬɨɪ-ɪɟɞɭɤɬɨɪ ) ɭɫɬɚɧɨɜɥɟɧ 

ɧɚ ɨɫɧɨɜɚɧɢɢ 3. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 14 ɬɢɩɚ ɉə - 

250 ɢ ɠɟɫɬɤɨ ɫɜɹɡɚɧɧɨɝɨ ɫ ɧɢɦ ɜɨɥɧɨɜɨɝɨ ɪɟɞɭɤɬɨɪɚ II.  ɇɟɫɨɨɫɧɨɫɬɶ ɦɨɬɨɪ-

ɪɟɞɭɤɬɨɪɚ ɢ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ ɦɭɮɬɨɣ 10.  Ɇɨɬɨɪ-ɪɟɞɭɤɬɨɪ 

ɱɟɪɟɡ ɤɨɦɩɟɧɫɚɰɢɨɧɧɭɸ ɦɭɮɬɭ 10 ɢ ɜɚɥ 8 ɜɪɚɳɚɟɬ ɩɥɢɬɭ 7 ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ 

ɢ ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɧɚ ɧɟɣ ɦɟɯɚɧɢɱɟɫɤɭɸ ɪɭɤɭ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɍɝɨɥ ɩɨɜɨɪɨɬɚ 

ɩɥɚɬɮɨɪɦɵ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɚɬɱɢɤɨɦ ɩɨɥɨɠɟɧɢɹ 9 ɬɢɩɚ ɉɉɄ-15. ɋɤɨɪɨɫɬɶ 

ɜɪɚɳɟɧɢɹ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ ɞɚɬɱɢɤɨɦ ɫɤɨɪɨɫɬɢ - ɬɚɯɨɝɟɧɟɪɚɬɨɪɨɦ 18 ɬɢɩɚ ɌȽɉ - 3. 
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Ɋɢɫɭɧɨɤ 1.3 – Ɇɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ ɪɨɛɨɬɚ 

 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ 18 ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɤɨɪɩɭɫɟ ɦɨɬɨɪ- ɪɟɞɭɤɬɨɪɚ ɫɨɨɫɧɨ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ ɢ ɫɨɟɞɢɧɟɧ ɫ ɞɜɢɝɚɬɟɥɟɦ ɦɭɮɬɨɣ. Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ 9 ɭɫɬɚɧɨɜɥɟɧ ɧɚ 

ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ 3 (ɭɫɬɚɧɨɜɤɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɱɟɪɟɡ ɨɤɧɨ ɜ ɫɬɚɤɚɧɟ 1, 

ɡɚɤɪɵɜɚɟɦɨɟ ɤɪɵɲɤɨɣ). ȼɪɚɳɟɧɢɟ ɧɚ ɜɚɥ ɞɚɬɱɢɤɚ 9 ɫ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ ɪɟɞɭɤɬɨɪɚ 

11 ɩɟɪɟɞɚɟɬɫɹ ɱɟɪɟɡ ɡɭɛɱɚɬɭɸ ɩɟɪɟɞɚɱɭ 4-5 . Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɡɚɡɨɪɨɜ ɜ ɡɚɰɟɩɥɟɧɢɢ 

ɡɭɛɱɚɬɨɟ ɤɨɥɟɫɨ 4 ɜɵɩɨɥɧɟɧɨ ɪɚɡɪɟɡɧɵɦ (ɩɥɨɫɤɨɫɬɶ ɪɚɡɪɟɡɚ ɩɚɪɚɥɥɟɥɶɧɚ ɬɨɪɰɭ 

ɤɨɥɟɫɚ), ɦɟɠɞɭ ɩɨɥɨɜɢɧɤɚɦɢ ɤɨɬɨɪɨɝɨ ɪɚɡɦɟɳɟɧɚ ɩɪɭɠɢɧɚ ɤɪɭɱɟɧɢɹ. Ⱦɥɹ 

ɫɨɡɞɚɧɢɹ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɭɠɢɧɵ ɢ ɜɵɛɨɪɤɢ ɛɨɤɨɜɨɝɨ ɡɚɡɨɪɚ ɜ 

ɡɚɰɟɩɥɟɧɢɢ ɩɪɢ ɭɫɬɚɧɨɜɤɟ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ 9 ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ 

4 ɪɚɡɜɨɪɚɱɢɜɚɸɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɠɧɟɣ ɱɚɫɬɢ ɧɚ 90Ɉ. 

ȼɪɚɳɟɧɢɟ ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ ɨɝɪɚɧɢɱɟɧɨ ɭɩɨɪɚɦɢ. ɇɟɩɨɞɜɢɠɧɵɣ ɭɩɨɪ 

15 ɡɚɤɪɟɩɥɟɧ ɧɚ ɧɟɩɨɞɜɢɠɧɨɦ ɨɫɧɨɜɚɧɢɢ 3, ɚ ɩɨɞɜɢɠɧɵɣ ɭɩɨɪ - ɮɥɚɠɨɤ 19 ɠɟɫɬɤɨ 

ɫɜɹɡɚɧ ɫɨ ɫɬɚɤɚɧɨɦ 1 ɩɨɜɨɪɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ. 
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ɇɚ ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɟ ɫɬɚɤɚɧɚ ɭɫɬɚɧɨɜɥɟɧɵ ɩɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ 6 (2 ɲɬ.), 

 ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɛɨɬɨɣ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɡɚɯɜɚɬɧɵɯ ɭɫɬ-

ɪɨɣɫɬɜ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɉɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɩɨɞɫɨɟɞɢɧɟɧɵ ɤ ɲɬɭɰɟɪɭ 16 ɞɥɹ 

ɩɨɞɤɥɸɱɟɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ ɞɚɜɥɟɧɢɟɦ 0,40,6 Ɇɉɚ ɨɬ ɩɧɟɜɦɨɩɚɧɟɥɢ. 

ɇɚ ɡɚɞɧɟɣ ɫɬɟɧɤɟ ɫɬɚɤɚɧɚ ɭɫɬɚɧɨɜɥɟɧɵ ɩɪɭɠɢɧɧɵɟ ɦɟɯɚɧɢɡɦɵ 12 ɢ 13, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɪɚɜɧɨɜɟɲɢɜɚɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɦɨɦɟɧɬɨɜ ɨɬ ɜɟɫɚ ɡɜɟɧɶɟɜ 

ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɭɤɢ. 

ɇɚ ɪɢɫɭɧɤɚɯ 1.4 ɢ 1.5 ɩɨɤɚɡɚɧɵ ɪɚɛɨɱɢɟ ɡɨɧɵ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ. 

 

 

Ɋɢɫɭɧɨɤ 1.4 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɌɍɊ-10Ʉ, ɜɢɞ ɫɜɟɪɯɭ 
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Ɋɢɫɭɧɨɤ 1.5 – Ɋɚɛɨɱɚɹ ɡɨɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɌɍɊ-10Ʉ 

 

1.2 ɉɪɢɜɨɞ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 
 

ɉɪɢɜɨɞ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ ɹɜɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɹɬɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɩɹɬɢ ɤɨɨɪɞɢɧɚɬ ɢ ɩɪɢɜɨɞɚ ɫɯɜɚɬɚ, ɭɩɪɚɜɥɹɟɦɨɣ ɢɡ 

ɟɞɢɧɨɝɨ ɰɟɧɬɪɚ - ɨɬ ɭɩɪɚɜɥɹɸɳɟɣ ɦɢɤɪɨ-ɗȼɆ. Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɜ ɡɚɯɜɚɬɧɨɦ 

ɭɫɬɪɨɣɫɬɜɟ (ɫɯɜɚɬɟ), ɩɨ ɩɹɬɢ ɫɬɟɩɟɧɹɦ ɩɨɞɜɢɠɧɨɫɬɢ. ɍɩɪɚɜɥɟɧɢɟ ɡɚɠɢɦɨɦ ɫɯɜɚɬɚ 

ɪɟɚɥɢɡɨɜɚɧɨ ɩɧɟɜɦɨɩɪɢɜɨɞɨɦ. ɋɢɝɧɚɥ ɡɚɠɢɦɚ ɫɯɜɚɬɚ ɮɨɪɦɢɪɭɟɬ ɦɢɤɪɨ-ɗȼɆ 

ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ ɞɢɫɤɪɟɬɧɨɝɨ ɜɵɜɨɞɚ. ɉɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɨɪɝɚɧɢɡɚɰɢɢ ɩɪɢɜɨɞɵ 

ɤɚɠɞɨɣ ɢɡ ɩɹɬɢ ɤɨɨɪɞɢɧɚɬ ɢɞɟɧɬɢɱɧɵ. Ɉɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɩɪɢɜɨɞɚ ɤɨɨɪɞɢɧɚɬɵ 

ɹɜɥɹɟɬɫɹ ɫɟɪɜɨɩɪɢɜɨɞ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɥɟɞɹɳɟɟ ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ 

ɩɪɢɜɨɞɚ. 

ɍɩɪɚɜɥɟɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟɦ ɱɟɪɟɡ ɫɟɪɜɨɩɪɢɜɨɞ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɭɪ 

ɩɨɥɨɠɟɧɢɹ, ɪɟɚɥɢɡɨɜɚɧɧɵɣ ɧɚ ɛɚɡɟ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ 

ɭɩɪɚɜɥɹɸɳɟɣ ɦɢɤɪɨ-ɗȼɆ. ɂɧɬɟɪɮɟɣɫ ɰɢɮɪɨɚɧɚɥɨɝɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

(ɐȺɉ) ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɜɨɢɱɧɨɝɨ ɤɨɞɚ, ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɝɪɚɦɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ, ɜ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚ 

ɜɯɨɞ ɫɟɪɜɨɩɪɢɜɨɞɚ ɤɨɨɪɞɢɧɚɬɵ.  
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ȼɚɥ ɞɜɢɝɚɬɟɥɹ ɫɟɪɜɨɩɪɢɜɨɞɚ ɫɨɱɥɟɧёɧ ɫ ɜɚɥɨɦ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ Ⱦɉ. 

Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɜɵɯɨɞɟ 15-ɪɚɡɪɹɞɧɨɝɨ 

ɞɜɨɢɱɧɨɝɨ ɤɨɞɚ ɩɨɥɨɠɟɧɢɹ Pos_Code, ɩɨɤɚɡɵɜɚɸɳɟɝɨ ɮɚɤɬɢɱɟɫɤɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨ 

ɤɨɨɪɞɢɧɚɬɟ. ȼɵɯɨɞɵ ɜɫɟɯ ɩɹɬɢ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ ɫɨɟɞɢɧɟɧɵ ɜ ɨɞɧɭ ɝɪɭɩɩɭ 

ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɥɢɧɢɣ ɨɛɳɟɝɨ ɩɨɥɶɡɨɜɚɧɢɹ (ɲɢɧɭ) ɢ ɩɨɞɤɥɸɱɟɧɵ ɧɚ ɜɯɨɞ ɪɟɝɢɫɬɪɚ 

ɤɨɞɚ ɩɨɥɨɠɟɧɢɹ R_Code ɢɧɬɟɪɮɟɣɫɚ Ⱦɉ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɨɨɱɟɪёɞɧɨɟ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɲɢɧɵ ɞɚɬɱɢɤɚɦɢ, ɭɩɪɚɜɥɹɟɦɨɟ ɫɢɝɧɚɥɚɦɢ ɜɵɛɨɪɚ ɞɚɬɱɢɤɨɜ 

Sel_D1..5. ɗɬɢ ɫɢɝɧɚɥɵ ɢɧɬɟɪɮɟɣɫ Ⱦɉ ɮɨɪɦɢɪɭɟɬ ɱɟɪɟɡ ɪɟɝɢɫɬɪ R_Sel. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ10Ʉ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.6. 

 

 
ɐȺɉ – ɰɢɮɪɨɚɧɚɥɨɝɨɜɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ; Ⱦɉ – ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ; R_Sel, R_Code, R_Out – 

ɪɟɝɢɫɬɪɵ ɜɵɛɨɪɚ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ, ɤɨɞɚ ɩɨɥɨɠɟɧɢɹ, ɜɵɜɨɞɚ; Uɡ – ɡɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ; Sel_D – 

ɜɵɛɨɪ ɞɚɬɱɢɤɚ; Grip_On – ɡɚɠɢɦ ɫɯɜɚɬɚ 

Ɋɢɫɭɧɨɤ 1.6 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

 

  



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

15 
ȻɊ 15.03.06 ɉɁ 

 

ɉɪɢɜɨɞ ɩɨɫɬɪɨɟɧ ɧɚ ɛɚɡɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 

ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.1. 

  

Ɍɚɛɥɢɰɚ 1.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɢɜɨɞɚ 

ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ɉə-250 (ɩɟɱɚɬɧɵɣ ɹɤɨɪɶ) 

ȼɨɡɛɭɠɞɟɧɢɟ Ɉɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ 

ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, Ɋɧ, ȼɬ  250 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, Uɹɧ, ȼ 36 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Iɹɧ, Ⱥ 10 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, 𝜔ɧ, ɨɛ/ɦɢɧ 3000 

ɇɨɦɢɧɚɥɶɧɵɣ ɜɪɚɳɚɸɳɢɣ ɦɨɦɟɧɬ, Ɇɧ, ɇ∙ɦ 0.8 

  

Ⱦɚɬɱɢɤ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ – ɬɚɯɨɝɟɧɟɪɚɬɨɪ ɬɢɩɚ Ɍɉ80-20-0,2 ɧɚ ɜɚɥɭ 

ɞɜɢɝɚɬɟɥɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ 0.02 ȼ/ɨɛ/ɦɢɧ. Ɍɚɯɨɝɟɧɟɪɚɬɨɪ ɫɨɜɦɟɳɟɧ ɫ 

ɞɜɢɝɚɬɟɥɟɦ ɢ ɹɜɥɹɟɬɫɹ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ. Ɉɫɧɨɜɧɵɟ 

ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 

 

Ɍɚɛɥɢɰɚ 1.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ Ɍɉ80-20-0,2 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ  

Ʉɪɭɬɢɡɧɚ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɦȼ/ɦɢɧ-1 20 

ɇɨɦɢɧɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1 3000 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1 6000 

Ɇɢɧɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɦɢɧ-1 0.1 

ɇɚɝɪɭɡɨɱɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɤɈɦ, ɧɟ ɦɟɧɟɟ 10 

ɉɨɝɪɟɲɧɨɫɬɶ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɜɪɚɳɟɧɢɹ 30-4000 ɦɢɧ-1, % ɧɟ ɛɨɥɟɟ 0.2 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.2 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɭɥɶɫɚɰɢɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ, % 1.0 

Ɇɚɫɫɚ, ɤɝ, ɧɟ ɛɨɥɟɟ 0.5 

Ɇɚɪɤɚ ɳɟɬɨɤ ɋȽ1 

 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ Ɍɉ-80-20-0,2 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, 

ɪɚɛɨɬɚɸɳɢɯ ɜ ɲɢɪɨɤɨɪɟɝɭɥɢɪɭɟɦɵɯ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ ɫɨɫɬɨɢɬ ɢɡ ɹɤɨɪɹ ɢ 

ɦɚɝɧɢɬɧɨɣ ɫɢɫɬɟɦɵ. əɤɨɪɶ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɚɥ, ɚ ɦɚɝɧɢɬɧɚɹ 

ɫɢɫɬɟɦɚ ɤɪɟɩɢɬɫɹ ɤ ɤɨɪɩɭɫɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ.  

 

1.2.1 Ɉɫɨɛɟɧɧɨɫɬɢ ɩɪɢɜɨɞɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ  

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɨɟ ɧɚɡɧɚɱɟɧɢɟ ɪɨɛɨɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɧɢɦ 

ɨɩɪɟɞɟɥɹɸɬ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɜɨɞɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ.  

ɉɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɢɦɟɸɬ ɧɟɫɤɨɥɶɤɨ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ. ɉɟɪɟɦɟɳɟɧɢɟ 

ɩɨ ɤɚɠɞɨɣ ɢɡ ɧɢɯ ɬɪɟɛɭɟɬ ɨɬɞɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ. ɗɬɢ ɩɪɢɜɨɞɵ, ɪɚɛɨɬɚɹ ɫɨɜɦɟɫɬɧɨ, 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɉɨɷɬɨɦɭ, ɩɪɢɜɨɞ ɪɨɛɨɬɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɧɟɫɤɨɥɶɤɢɯ ɫɨɝɥɚɫɨɜɚɧɧɨ 

ɪɚɛɨɬɚɸɳɢɯ ɩɪɢɜɨɞɨɜ.  

Ⱦɢɚɩɚɡɨɧ ɧɚɝɪɭɡɨɤ ɩɪɢɜɨɞɨɜ ɤɨɨɪɞɢɧɚɬ ɪɨɛɨɬɚ ɢɡɦɟɧɹɟɬɫɹ ɜ ɲɢɪɨɤɢɯ 

ɩɪɟɞɟɥɚɯ. ɇɚɝɪɭɡɤɚ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɡɚɜɢɫɢɬ ɤɚɤ ɨɬ ɬɨɱɤɢ ɬɪɚɟɤɬɨɪɢɢ ɩɨ 

ɤɨɨɪɞɢɧɚɬɟ, ɬɚɤ ɢ ɨɬ ɜɟɫɚ ɩɟɪɟɦɟɳɚɟɦɨɝɨ ɝɪɭɡɚ.  

Ʉ ɩɪɢɜɨɞɚɦ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɩɨɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ 

ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɩɨ ɩɥɚɜɧɨɫɬɢ ɞɜɢɠɟɧɢɣ. ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢ 

ɩɭɫɤɚɯ ɢ ɨɫɬɚɧɨɜɚɯ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ.  

Ⱦɥɹ ɩɪɢɜɨɞɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɯɚɪɚɤɬɟɪɧɚ ɞɥɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ ɜ 

ɡɚɬɨɪɦɨɠɟɧɧɨɦ ɪɟɠɢɦɟ (ɤɨɝɞɚ ɩɪɢɜɨɞ ɜɤɥɸɱёɧ, ɧɨ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɪɚɜɧɚ 0).  
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ɉɨɫɤɨɥɶɤɭ ɪɨɛɨɬ ɨɛɵɱɧɨ ɩɪɢɦɟɧɹɸɬ ɜ ɬɹɠёɥɵɯ ɭɫɥɨɜɢɹɯ ɜɦɟɫɬɨ ɱɟɥɨɜɟɤɚ, 

ɟɝɨ ɩɪɢɜɨɞɵ ɪɨɛɨɬɚ ɞɨɥɠɧɵ ɢɦɟɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɩɚɫɵ ɩɨ ɧɚɞёɠɧɨɫɬɢ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɜɧɟɲɧɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ. 

 

1.2.2 ɉɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɞɜɢɝɚɬɟɥя ɩɨɫɬɨяɧɧɨɝɨ ɬɨɤɚ  
 

ȼɪɚɳɟɧɢɟ ɪɨɬɨɪɚ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ȾɉɌ) ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɡɚ ɫɱёɬ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɚɝɧɢɬɧɵɯ ɩɨɬɨɤɨɜ ɞɜɭɯ ɨɛɦɨɬɨɤ, ɩɨ ɤɨɬɨɪɵɦ ɩɪɨɬɟɤɚɟɬ 

ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ. Ɉɞɧɚ ɢɡ ɧɢɯ ɧɚɡɵɜɚɟɬɫɹ ɨɛɦɨɬɤɨɣ ɜɨɡɛɭɠɞɟɧɢɹ. Ɉɧɚ 

ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɚɜɟ ɧɟɩɨɞɜɢɠɧɨɣ ɱɚɫɬɢ ȾɉɌ (ɫɬɚɬɨɪɚ) ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɩɨɬɨɤɚ ɧɟɩɨɞɜɢɠɧɨɝɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜɨɡɛɭɠɞɟɧɢɹ. 

Ⱦɪɭɝɚɹ ɨɛɦɨɬɤɚ ɧɚɡɵɜɚɟɬɫɹ ɨɛɦɨɬɤɨɣ ɹɤɨɪɹ ȾɉɌ. Ɉɧɚ ɪɚɫɫɱɢɬɚɧɚ ɧɚ ɩɪɨɬɟɤɚɧɢɟ 

ɜ ɧɟɣ ɬɨɤɚ, ɫɨɡɞɚɸɳɟɝɨ ɜɪɚɳɚɸɳɟɟɫɹ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. ȼɨɡɦɨɠɟɧ ɤɨɧɫɬɪɭɤɬɢɜɧɵɣ 

ɜɚɪɢɚɧɬ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɨɬɨɤɚ ɜɨɡɛɭɠɞɟɧɢɹ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ.  

ɉɪɢ ɩɨɞɚɱɟ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Uɜ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚ ɨɛɦɨɬɤɭ 

ɜɨɡɛɭɠɞɟɧɢɹ (Ɉȼ) ɩɨ ɧɟɣ ɩɪɨɬɟɤɚɟɬ ɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ Iɜ, ɤɨɬɨɪɵɣ ɫɨɡɞɚёɬ 

ɩɨɫɬɨɹɧɧɵɣ ɦɚɝɧɢɬɧɵɣ ɩɨɬɨɤ ɜɨɡɛɭɠɞɟɧɢɹ Ɏ. ɉɪɢ ɩɨɞɚɱɟ ɩɨɫɬɨɹɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ Uɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚ ɨɛɦɨɬɤɭ ɹɤɨɪɹ ɜ ɹɤɨɪɧɨɣ ɰɟɩɢ ɫɨɡɞɚёɬɫɹ 

ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ Iɹ. ɓёɬɨɱɧɨ-ɤɨɥɥɟɤɬɨɪɧɵɣ ɦɟɯɚɧɢɡɦɨɦ ɞɜɢɝɚɬɟɥɹ ɬɚɤ ɧɚɩɪɚɜɥɹɟɬ 

ɬɨɤ ɩɨ ɨɛɦɨɬɤɟ ɹɤɨɪɹ, ɱɬɨ ɫɨɡɞɚɜɚɟɦɨɟ ɢɦ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, ɜɫɬɭɩɚɹ ɜɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɩɨɥɟɦ ɜɨɡɛɭɠɞɟɧɢɹ, ɫɨɡɞɚёɬ ɦɨɦɟɧɬ M ɜɪɚɳɚɸɳɢɣ ɹɤɨɪɶ. 

Ɇɨɦɟɧɬ M ɩɪɟɨɞɨɥɟɜɚɟɬ ɢɧɟɪɰɢɸ ɞɜɢɝɚɬɟɥɹ ɢ ɦɟɯɚɧɢɡɦɚ (J∑), ɚ ɬɚɤɠɟ ɦɨɦɟɧɬ 

ɫɬɚɬɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Mɫ ɢ ɫɨɡɞɚёɬ ɜɪɚɳɟɧɢɟ ɹɤɨɪɹ ɫɨ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ 𝜔. ȼɪɚɳɚɸɳɢɣɫɹ ɹɤɨɪɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɪɚɳɟɧɢɟ ɹɤɨɪɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɹ ɜɨɡɛɭɠɞɟɧɢɹ. Ⱥ ɷɬɨ, ɩɨ ɡɚɤɨɧɭ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ, 

ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɹɜɥɟɧɢɟ ɜ ɨɛɦɨɬɤɟ ɹɤɨɪɹ ɩɪɨɬɢɜɨɗȾɋ E, ɧɚɩɪɚɜɥɟɧɧɨɣ ɜɫɬɪɟɱɧɨ 

ɧɚɩɪɹɠɟɧɢɸ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ Uɹ ɢ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 𝜔. 

ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ȾɉɌ ɜɨɡɦɨɠɧɵ ɞɜɚ ɪɟɠɢɦɚ. ɋɬɚɬɢɱɟɫɤɢɣ - ɪɟɠɢɦ 

ɪɚɛɨɬɵ ɫ ɩɨɫɬɨɹɧɧɵɦɢ (ɭɫɬɚɧɨɜɢɜɲɢɦɢɫɹ) ɫɤɨɪɨɫɬɶɸ ω, ɦɨɦɟɧɬɨɦ M ɢ ɬɨɤɚɦɢ ɜ  
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ɨɛɦɨɬɤɚɯ ɹɤɨɪɹ Iɹ ɢ ɜɨɡɛɭɠɞɟɧɢɹ Iɜ.  Ⱦɢɧɚɦɢɱɟɫɤɢɣ - ɪɟɠɢɦ ɞɜɢɝɚɬɟɥɹ ɩɪɢ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚɯ ɭɫɤɨɪɟɧɢɹ (ɪɚɡɝɨɧɚ), ɡɚɦɟɞɥɟɧɢɹ (ɬɨɪɦɨɠɟɧɢɹ), ɩɪɢ 

ɭɜɟɥɢɱɟɧɢɢ ɬɨɤɚ Iɹ ɢɥɢ ɦɨɦɟɧɬɚ M. 

 

1.2.3 ɒɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ  
 

ɒɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ɒɂɉ) ɢɦɟɟɬ ɬɟɯɧɢɱɟɫɤɢɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1.3. 

 

Ɍɚɛɥɢɰɚ 1.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫɢɥɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 

Ɍɢɩ Ɋɟɜɟɪɫɢɜɧɵɣ 

ɋɩɨɫɨɛ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɒɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɣ 

Ʉɥɸɱɢ Ɍɪɚɧɡɢɫɬɨɪɧɵɟ 

Ɂɚɤɨɧ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɟɣ ɇɟɫɢɦɦɟɬɪɢɱɧɵɣ 

ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ, Ⱥ 10  

ɂɡɦɟɧɟɧɢɟ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ, ȼ Ɉɬ +10 ɞɨ -10  

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 50  

  

ɒɂɉ ɫɨɫɬɨɢɬ ɢɡ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɧɚ ɨɫɧɨɜɟ ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɤɥɸɱɟɣ ɢ 

ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ ɦɨɞɭɥɹɬɨɪɚ (ɒɂɆ), ɭɩɪɚɜɥɹɸɳɟɝɨ ɤɨɦɦɭɬɚɰɢɟɣ ɫɢɥɨɜɵɯ 

ɤɥɸɱɟɣ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɤɥɸɱɚɦɢ ɒɂɉ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 

1.7. Ɉɩɨɪɧɵɟ ɩɢɥɨɨɛɪɚɡɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɪɚɡɧɨɣ ɩɨɥɹɪɧɨɫɬɢ P_N ɢ P_P ɩɨɞɚɸɬɫɹ 

ɧɚ ɜɯɨɞɵ ɤɨɦɩɚɪɚɬɨɪɨɜ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɫ ɜɯɨɞɧɵɦ ɫɢɝɧɚɥɨɦ ɒɂɉ (Uɪɬ), 

ɩɨɫɬɭɩɚɸɳɢɦ ɫ ɜɵɯɨɞɚ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ (ɊɌ). ȼɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɫ ɤɨɦɩɚɪɚɬɨɪɨɜ 

CMP_P ɢ CMP_N ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɭɡɥɵ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɢ (ɍȽɊ) ɢ ɢɞɭɬ ɧɚ 

ɭɩɪɚɜɥɟɧɢɟ ɬɪɚɧɡɢɫɬɨɪɧɵɦɢ ɤɥɸɱɚɦɢ SW ɫɢɥɨɜɨɣ ɫɯɟɦɵ. 
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Ɋɢɫɭɧɨɤ 1.7 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɤɥɸɱɚɦɢ ɒɂɉ 

 

 

Ɋɢɫɭɧɨɤ 1.8 – Ⱦɢɚɝɪɚɦɦɵ ɪɚɛɨɬɵ ɒɂɉ 
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ȿɫɥɢ ɫɢɝɧɚɥ Uɪɬ ɧɚ ɜɯɨɞɟ ɒɂɉ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ, ɬɨ ɜ ɬɟɱɟɧɢɟ 

ɜɪɟɦɟɧɢ t1 ɡɚɦɤɧɭɬɵ ɤɥɸɱɢ SW2 ɢ SW4, ɪɚɡɨɦɤɧɭɬɵ SW1 ɢ SW3, ɤ ɹɤɨɪɸ ɞɜɢɝɚɬɟɥɹ 

ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɪɢ ɬɨɣ ɠɟ 

ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ Uɪɬ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t2 ɡɚɦɤɧɭɬɵ SW1 ɢ SW4, 

ɪɚɡɨɦɤɧɭɬɵ SW2 ɢ SW3, ɧɚɩɪɹɠɟɧɢɟ ɜɵɩɪɹɦɢɬɟɥɹ ɧɚ ɹɤɨɪɶ ɧɟ ɩɨɞɚɟɬɫɹ, ɹɤɨɪɧɚɹ 

ɰɟɩɶ ɡɚɤɨɪɚɱɢɜɚɟɬɫɹ ɱɟɪɟɡ SW1 ɢ ɞɢɨɞ VD4, ɬɨɤ ɹɤɨɪɹ ɫɧɢɠɚɟɬɫɹ. 

ȿɫɥɢ ɫɢɝɧɚɥ Uɪɬ  ɧɚ ɜɯɨɞɟ ɒɂɉ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ, ɬɨ ɜ ɬɟɱɟɧɢɟ 

ɜɪɟɦɟɧɢ t1 ɡɚɦɤɧɭɬɵ ɤɥɸɱɢ SW1 ɢ SW3, ɪɚɡɨɦɤɧɭɬɵ SW2 ɢ SW4, ɤ ɹɤɨɪɸ ɞɜɢɝɚɬɟɥɹ 

ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɪɢ ɬɨɣ ɠɟ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɢ Uɪɬ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t2 ɡɚɦɤɧɭɬɵ SW1 ɢ SW4, 

ɪɚɡɨɦɤɧɭɬɵ SW2 ɢ SW3, ɧɚɩɪɹɠɟɧɢɟ ɜɵɩɪɹɦɢɬɟɥɹ ɧɚ ɹɤɨɪɶ ɧɟ ɩɨɞɚɟɬɫɹ, ɹɤɨɪɧɚɹ 

ɰɟɩɶ ɡɚɤɨɪɚɱɢɜɚɟɬɫɹ ɱɟɪɟɡ SW4 ɢ ɞɢɨɞ VD2, ɬɨɤ ɹɤɨɪɹ ɫɧɢɠɚɟɬɫɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚɩɪɹɠɟɧɢɟ, ɜɵɞɚɜɚɟɦɨɟ ɒɂɉ ɧɚ ɧɚɝɪɭɡɤɭ ɛɭɞɟɬ ɢɦɩɭɥɶɫɧɵɦ 

ɩɨ ɮɨɪɦɟ. ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɟ ɹɤɨɪɹ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɫɤɨɪɨɫɬɶ 

ɞɜɢɝɚɬɟɥɹ, ɛɭɞɟɬ ɜɫɟɝɞɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɨɥɹɪɧɨɫɬɢ ɡɚɞɚɧɢɹ Uɪɬ, ɚ ɩɨ ɜɟɥɢɱɢɧɟ - 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɨɬɧɨɲɟɧɢɸ ɢɧɬɟɪɜɚɥɚ ɩɪɨɩɭɫɤɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜɵɩɪɹɦɢɬɟɥɹ 

ɧɚ ɧɚɝɪɭɡɤɭ ɤ ɩɟɪɢɨɞɭ ɞɢɫɤɪɟɬɧɨɫɬɢ ɒɂɉ t1/T, ɤɨɬɨɪɨɟ ɧɚɡɵɜɚɟɬɫɹ ɫɤɜɚɠɧɨɫɬɶ 

ɢɦɩɭɥɶɫɨɜ. 

 

1.2.4 ɉɪɢɧɰɢɩɵ ɪɚɛɨɬɵ ɢɦɩɭɥɶɫɧɨɝɨ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢя 

 

Ɋɚɫɫɦɨɬɪɢɦ ɨɛɳɢɟ ɩɪɢɧɰɢɩɵ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɢɦɩɭɥɶɫɧɨɝɨ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ, ɩɨɫɬɪɨɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. Ⱦɟɣɫɬɜɢɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɭɝɥɨɜɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ (ɉɍɎ) ɨɫɧɨɜɚɧɨ ɧɚ ɮɨɬɨɷɥɟɤɬɪɨɧɧɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ ɲɬɪɢɯɨɜɵɯ 

ɪɚɫɬɪɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɜɟɬɢɬɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ (ɪɢɫɭɧɨɤ 1.9) ɢɧɮɪɚɤɪɚɫɧɵɟ 

ɫɜɟɬɨɞɢɨɞɵ, ɚ ɩɪɢёɦɧɢɤɚɦɢ ɢɡɥɭɱɟɧɢɹ ɫɥɭɠɚɬ ɤɪɟɦɧɢɟɜɵɟ ɮɨɬɨɞɢɨɞɵ.  

ɉɨɬɨɤ ɢɡɥɭɱɟɧɢɹ ɫɜɟɬɨɞɢɨɞɚ 1 ɦɨɞɭɥɢɪɭɟɬɫɹ ɪɚɫɬɪɨɜɵɦ ɫɨɩɪɹɠɟɧɢɟɦ. 

Ɋɚɫɬɪɨɜɨɟ ɫɨɩɪɹɠɟɧɢɟ ɫɨɡɞɚёɬɫɹ ɜɪɚɳɚɸɳɢɦɢɫɹ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ 
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ɪɚɫɬɪɨɜɨɣ ɲɤɚɥɨɣ ɢ ɢɧɞɢɤɚɬɨɪɧɨɣ ɩɥɚɫɬɢɧɨɣ ɫ ɪɚɫɬɪɨɜɵɦ ɚɧɚɥɢɡɚɬɨɪɨɦ. 

Ɇɨɞɭɥɢɪɨɜɚɧɧɵɣ ɪɚɫɬɪɨɜɵɦ ɫɨɩɪɹɠɟɧɢɟɦ ɩɨɬɨɤ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɮɨɬɨɞɢɨɞɨɦ 1.  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɟɪɟɦɟɳɟɧɢɢ ɪɚɫɬɪɨɜɵɣ ɚɧɚɥɢɡɚɬɨɪ ɢɦɟɟɬ 

ɱɟɬɵɪɟ ɩɨɥɹ ɫɱɢɬɵɜɚɧɢɹ A, ʏ̅ B, ʑ̅. ɉɨɥɹ ɪɚɡɧɟɫɟɧɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɚ ɲɚɝ ɪɚɫɬɪɚ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɪɚɫɬɪɨɜɨɣ ɲɤɚɥɨɣ. ɗɬɢ ɱɟɬɵɪɟ ɩɨɥɹ ɫɱɢɬɵɜɚɧɢɹ ɨɛɪɚɡɭɸɬ ɞɜɟ 

ɩɚɪɵ ɩɨɥɟɣ: 1) A, ʏ̅ ɢ 2) B, ʑ̅. ȼ ɤɚɠɞɨɣ ɢɡ ɩɚɪ ɪɚɫɬɪɵ ɢɦɟɸɬ ɪɚɫɬɪɵ ɢɦɟɸɬ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɫɞɜɢɝ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɧɚ 1/2 ɲɚɝɚ ɪɚɫɬɪɚ (ɢɥɢ ɧɚ 

180°), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ ɨɫɧɨɜɧɨɝɨ 

ɫɢɝɧɚɥɚ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɨɥɹ ɨɞɧɨɣ ɩɚɪɵ ɢɦɟɸɬ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɫɞɜɢɝ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɥɟɣ ɞɪɭɝɨɣ ɩɚɪɵ ɪɚɜɧɵɣ 1/4 ɲɚɝɚ ɪɚɫɬɪɚ (ɢɥɢ ɧɚ 90°).  

ȼɫɟ ɱɟɬɵɪɟ ɩɨɥɹ ɫɱɢɬɵɜɚɧɢɹ ɨɯɜɚɱɟɧɵ ɟɞɢɧɵɦ ɩɚɪɚɥɥɟɥɶɧɵɦ ɫɜɟɬɨɜɵɦ 

ɩɭɱɤɨɦ, ɢɡɥɭɱɚɟɦɵɦ ɫɜɟɬɨɞɢɨɞɨɦ 1 ɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɦ ɤɨɧɞɟɧɫɨɪɨɦ. Ⱥ ɮɨɬɨɞɢɨɞ 

1 ɢɦɟɟɬ ɱɟɬɵɪɟ ɫɜɟɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɟ ɩɥɨɳɚɞɤɢ (ɢɥɢ ɱɟɬɵɪɟ ɨɬɞɟɥɶɧɵɯ 

ɮɨɬɨɞɢɨɞɚ), ɷɥɟɤɬɪɢɱɟɫɤɢ ɜɤɥɸɱёɧɧɵɟ ɨɩɪɟɞɟɥёɧɧɵɦ ɨɛɪɚɡɨɦ. 

 

 
Ɋɢɫɭɧɨɤ 1.9 - Ʉɨɧɫɬɪɭɤɰɢɹ ɬɢɩɨɜɨɝɨ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ 
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ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɮɨɪɦɵ ɩɨɫɬɪɨɟɧɢɹ ɤɚɧɚɥɚ ɫɱɢɬɵɜɚɧɢɹ, ɨɧ ɩɨɡɜɨɥɹɟɬ 

ɩɨɥɭɱɚɬɶ ɞɜɚ ɨɪɬɨɝɨɧɚɥɶɧɨ ɫɞɜɢɧɭɬɵɯ (ɧɚ 90°) ɬɨɤɨɜɵɯ ɫɢɝɧɚɥɚ IA ɢ IB (ɪɢɫɭɧɨɤ 

1.10). ɇɚɥɢɱɢɟ ɨɪɬɨɝɨɧɚɥɶɧɨ ɫɞɜɢɧɭɬɨɝɨ ɫɢɝɧɚɥɚ ɩɨɡɜɨɥɹɟɬ: ɜɨ-ɩɟɪɜɵɯ, 

ɨɩɪɟɞɟɥɹɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɜ ɩɪɟɞɟɥɚɯ ɲɚɝɚ ɪɚɫɬɪɚ ɢ ɬɚɤ ɩɨɜɵɫɢɬɶ ɪɚɡɪɟɲɚɸɳɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ; ɜɨ-ɜɬɨɪɵɯ, ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹ. 

 

 
Ɋɢɫɭɧɨɤ 1.10 – Ɍɨɤɢ ɮɨɬɨɞɢɨɞɨɜ ɩɨɥɟɣ ɫɱɢɬɵɜɚɧɢɹ 

 

Ʉɪɨɦɟ ɤɚɧɚɥɚ ɫɱɢɬɵɜɚɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɩɟɪɟɦɟɳɟɧɢɣ ɫɨɞɟɪɠɚɬ ɤɚɧɚɥ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ (ɢɥɢ ɧɚɱɚɥɚ ɨɬɫɱёɬɚ). ɋɢɝɧɚɥ ɪɟɮɟɪɟɧɬɧɨɣ 

ɦɟɬɤɢ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɨɞɢɧ ɪɚɡ ɡɚ ɨɛɨɪɨɬ ɜɚɥɚ. ȼ ɤɚɧɚɥɟ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɚ (ɢɥɢ ɫɢɝɧɚɥɚ 

ɧɚɱɚɥɚ ɨɬɫɱёɬɚ) ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɨɛɳɢɣ ɫɜɟɬɨɞɢɨɞ 2 (ɧɚ 

ɪɢɫɭɧɨɤ 1.10: ɫɜɟɬɨɞɢɨɞ 1 ɢ ɫɜɟɬɨɞɢɨɞ 2 – ɷɬɨ ɨɞɢɧ ɫɜɟɬɨɞɢɨɞ) ɢ ɮɨɬɨɞɢɨɞ 2, 

ɢɞɟɧɬɢɱɧɵɣ ɮɨɬɨɞɢɨɞɚɦ 1. Ɉɩɨɪɧɵɣ ɫɢɝɧɚɥ ɜɵɪɚɛɚɬɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɞɢɚɮɪɚɝɦɵ Ƚ ɢɧɞɢɤɚɬɨɪɧɨɝɨ ɥɢɦɛɚ Ⱦ, ɚ ɫɩɟɰɢɚɥɶɧɵɣ ɤɨɞ ɩɨɥɹ ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ 

E ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɥɢɦɛɚ (ɪɚɫɬɪɨɜɨɣ ɲɤɚɥɵ) ɤɚɤ ɢ ɢɧɜɟɪɫɧɵɣ ɤɨɞ ɩɨɥɹ 

ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ Ⱦ, ɜ ɫɥɭɱɚɟ ɢɯ ɫɨɜɦɟɳɟɧɢɹ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ 

ɥɢɦɛɨɜ, ɦɨɞɭɥɢɪɭɸɬ ɫɜɟɬɨɜɨɣ ɩɨɬɨɤ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɧɚ ɜɵɯɨɞɟ 

ɮɨɬɨɞɢɨɞɚ 2 ɫɢɝɧɚɥɚ ɚɜɬɨɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɤɨɞɚ ɪɟɮɟɪɟɧɬɧɨɣ ɦɟɬɤɢ IRi 

(ɪɢɫɭɧɨɤ 1.10). 
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1.3 Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥяɬɨɪɚ ɌɍɊ-10Ʉ 

 

Ɍɚɛɥɢɰɚ 1.4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɌɍɊ-10Ʉ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ƚɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ, ɤɝ, ɧɟ ɛɨɥɟɟ 
ɧɨɦɢɧɚɥɶɧɚɹ 
ɜɤɥɸɱɚɹ ɦɚɫɫɭ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

 
6.3 
10 

ȼɢɞ ɩɪɢɜɨɞɚ ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫ
ɤɢɣ 

ɋɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ Ʉɨɧɬɭɪɧɵɣ 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɍɄɆ-772 

ɋɩɨɫɨɛ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Ɉɛɭɱɟɧɢɟ 

Ɉɛɴɟɦ ɩɚɦɹɬɢ, ɬɨɱɟɤ, ɧɟ ɛɨɥɟɟ 1000 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɚɛɫɨɥɸɬɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɦɦ 0,25 

ɉɨɝɪɟɲɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɬɪɚɟɤɬɨɪɢɢ, ɦɦ, ɧɟ ɛɨɥɟɟ 
 

2 

ɑɢɫɥɨ ɨɞɧɨɜɪɟɦɟɧɧɨ ɭɩɪɚɜɥɹɟɦɵɯ ɞɜɢɠɟɧɢɣ ɩɨ ɫɬɟɩɟɧɹɦ 
ɩɨɞɜɢɠɧɨɫɬɢ 

5 

Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɝɪɚɞ 340 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ, ɝɪɚɞ 
- ɩɨɜɨɪɨɬ ɪɭɤɢ ɜɨɤɪɭɝ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ q1 
- ɤɚɱɚɧɢɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɡɜɟɧɚ (ɩɥɟɱɚ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɢ q2 

Ʉɚɱɚɧɢɟ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɡɜɟɧɚ (ɩɪɟɞɩɥɟɱɶɹ) ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɝɨɪɢɡɨɧɬɚɥɢ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ: 
- ɩɥɟɱɟ q3 
- ɫɝɢɛɟ ɪɭɤɢ q4 
- ɜɪɚɳɟɧɢɟ ɤɢɫɬɢ q5 

 
45 
25 

 
 

-45 
90 
180 

Ɇɢɧɢɦɚɥɶɧɵɟ ɢ ɦɚɤɫɢɦɚɥɶɧɵɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ  
ɡɜɟɧɶɟɜ, ɝɪɚɞ/ɫ : 
-ɩɨɜɨɪɨɬ ɪɭɤɢ 
-ɤɚɱɚɧɢɟ ɩɥɟɱɚ 
-ɤɚɱɚɧɢɟ ɩɪɟɞɩɥɟɱɶɹ 
-ɫɝɢɛ ɤɢɫɬɢ 
-ɜɪɚɳɟɧɢɟ ɤɢɫɬɢ 

 
 

0,5 – 90 
0,5 – 90 
0,5 – 90 
0,5 – 90 
1 – 180 

ȼɪɟɦɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, ɫ 
-ɩɨɜɨɪɨɬ ɪɭɤɢ  
-ɤɚɱɚɧɢɟ ɩɥɟɱɚ  
-ɤɚɱɚɧɢɟ ɩɪɟɞɩɥɟɱɶɹ 
-ɫɝɢɛ ɤɢɫɬɢ 
-ɜɪɚɳɟɧɢɟ ɤɢɫɬɢ 

 
5 

2.5 
2.5 
3 
3 

ɉɨɝɪɟɲɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɡɚɞɚɧɧɨɣ ɤɨɧɬɭɪɧɨɣ ɫɤɨɪɨɫɬɢ, % 10 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 1.4  

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɦ/ɫ2 
 

1.5 

ɑɢɫɥɨ ɤɚɧɚɥɨɜ ɫɜɹɡɢ ɫ ɜɧɟɲɧɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ: 
- ɧɚ ɜɜɨɞ 
- ɧɚ ɜɵɜɨɞ 

 
12 

48 
ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɩɢɬɚɧɢɟ: 
3-ɮɚɡɧɚɹ ɫɟɬɶ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ 
- ɧɚɩɪɹɠɟɧɢɟ, ȼ 
- ɱɚɫɬɨɬɚ, Ƚɰ 
- ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɤȼɬ 

 
 

380 
501 

4 
Ⱦɚɜɥɟɧɢɟ ɩɢɬɚɧɢɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, Ɇɩɚ 0.4 – 0.6 

Ɋɚɫɯɨɞ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, ɥ/ɱ 100 

 

1.4 Ɉɩɢɫɚɧɢɟ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 

Ⱥɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ (ȺɉɄ) «ɩɪɢɜɨɞ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

ɌɍɊ-10Ʉ» ɜ ɫɢɫɬɟɦɟ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ɫ ɭɞɚɥёɧɧɵɦ ɞɨɫɬɭɩɨɦ ɫɨɫɬɨɢɬ 

ɢɡ ɤɥɢɟɧɬɫɤɨɣ ɱɚɫɬɢ ɢ ɨɛɴɟɤɬɧɨɣ ɱɚɫɬɢ. Ɉɛɴɟɤɬɧɚɹ ɱɚɫɬɶ – ɷɬɨ ɬɚ ɱɚɫɬɶ ȺɉɄ ɧɚ 

ɤɨɬɨɪɨɣ ɪɚɡɦɟɳёɧ ɨɛɴɟɤɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɥɥɟɤɬɢɜɧɨɝɨ ɩɨɥɶɡɨɜɚɧɢɹ ( ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ – ɩɪɢɜɨɞ ɪɨɛɨɬɚ ). ɋɜɹɡɶ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ȺɉɄ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɱɟɪɟɡ 

ɝɥɨɛɚɥɶɧɭɸ ɫɟɬɶ ɂɧɬɟɪɧɟɬ ɩɨ ɩɪɨɬɨɤɨɥɭ Data Socket Transport Protocol (DSTP) ɧɚ 

ɨɫɧɨɜɟ ɫɬɚɧɞɚɪɬɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɩɪɨɬɨɤɨɥɚ TCP/IP.  

Ⱥɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ ɨɛɴɟɤɬɧɨɣ ɱɚɫɬɢ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.11, ɝɞɟ 

ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɩɪɢɜɨɞ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ.  

ɋɪɟɞɫɬɜɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɉɗȼɆ-ɢɡɦɟɪɢɬɟɥɶ. ɋ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ, ɨɧ ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɢɧɬɟɪɮɟɣɫɧɵɟ ɫɪɟɞɫɬɜɚ ɩɨɞɤɥɸɱёɧ ɤ ɨɛɴɟɤɬɭ. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ ɉɗȼɆ-ɢɡɦɟɪɢɬɟɥɶ ɱɟɪɟɡ ɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɢɧɬɟɪɮɟɣɫ Ethernet 

ɩɨɞɤɥɸɱёɧ ɩɨ ɥɨɤɚɥɶɧɨɣ ɫɟɬɢ ɤ ɫɟɪɜɟɪɭ, ɩɨɞɞɟɪɠɢɜɚɸɳɟɦɭ ɭɞɚɥёɧɧɨɟ ɂɧɬɟɪɧɟɬ-

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɤɥɢɟɧɬɨɦ.  

Ⱦɥɹ ɫɛɨɪɚ ɫɚɦɵɯ ɪɚɡɧɵɯ ɩɨ ɬɢɩɭ ɞɚɧɧɵɯ ɢ ɞɥɹ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɷɬɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɜ ɫɨɫɬɚɜɟ ɉɗȼɆ-ɢɡɦɟɪɢɬɟɥɹ ɢɦɟɟɬɫɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɚɹ 
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ɩɥɚɬɚ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɫɢɝɧɚɥɨɜ ɬɢɩɚ NI PCI-6221. ɉɥɚɬɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ PCI ɫɥɨɬ. 

Ɉɧɚ ɨɬɧɨɫɢɬɫɹ ɤ M-ɫɟɪɢɢ ɩɥɚɬ, ɜɵɩɨɥɧɟɧɧɵɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ National Instrument. 

Ⱥɩɩɚɪɚɬɧɵɟ ɫɪɟɞɫɬɜɚ ɤɥɢɟɧɬɫɤɨɣ ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɛɵɱɧɵɟ 

ɉɗȼɆ, ɨɛɴɟɞɢɧёɧɧɵɟ ɜ ɥɨɤɚɥɶɧɭɸ ɫɟɬɶ ɢ ɫ ɫɟɪɜɟɪɨɦ, ɜɵɯɨɞɹɳɢɦ ɜ ɂɧɬɟɪɧɟɬ.  

Ɉɛɨɛɳёɧɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ȺɉɄ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 1.12. ɋɪɟɞɫɬɜɚ ɩɨɞɞɟɪɠɤɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɉɗȼɆ- 

ɢɡɦɟɪɢɬɟɥɹ ɫ ɨɛɴɟɤɬɨɦ ɜɤɥɸɱɚɸɬ ɬɪɢ ɭɪɨɜɧɹ:  

- ɧɢɠɧɢɣ – NI DAQmx – ɞɪɚɣɜɟɪɵ ɩɥɚɬɵ NI PCI-6221, ɚɞɚɩɬɢɪɭɸɳɢɟ 

ɚɩɩɚɪɚɬɭɪɭ ɩɥɚɬɵ ɤ ɩɪɢɤɥɚɞɧɨɦɭ ɭɪɨɜɧɸ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɫɪɟɞɟ ɜɢɡɭɚɥɶɧɨɝɨ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɢɪɬɭɚɥɶɧɵɯ ɩɪɢɛɨɪɨɜ;  

- ɫɪɟɞɧɢɣ – MAX – ɫɪɟɞɫɬɜɚ ɧɚɫɬɪɨɣɤɢ ɢ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɧɨɣ 

ɱɚɫɬɢ ɩɥɚɬɵ; 

- ɜɟɪɯɧɢɣ – LabVIEW – ɫɪɟɞɚ ɜɢɡɭɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜɢɪɬɭɚɥɶɧɵɯ 

ɩɪɢɛɨɪɨɜ ɢɥɢ ɩɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ.  

Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɭɞɚɥёɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɫɪɟɞɟ LabVIEW ɩɪɢɦɟɧɹɟɬɫɹ 

ɩɪɢɥɨɠɟɧɢɟ Data Socket Server ɢɡ ɫɨɫɬɚɜɚ ɩɚɤɟɬɚ LabVIEW. Ɉɧɨ ɪɚɛɨɬɚɟɬ ɧɚ 

ɤɨɦɩɶɸɬɟɪɟ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɟɪɜɟɪɚ ɨɛɴɟɤɬɧɨɣ ɱɚɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɹ ɞɨɫɬɭɩ 

ɤɥɢɟɧɬɫɤɨɣ ɱɚɫɬɢ ɤ ɉɗȼɆ-ɢɡɦɟɪɢɬɟɥɸ ɢ ɤ ɨɛɴɟɤɬɭ.  

ȼ ɫɨɫɬɚɜɟ ɤɥɢɟɧɬɫɤɨɣ ɱɚɫɬɢ ɞɨɫɬɚɬɨɱɧɨ ɢɦɟɬɶ ɭɬɢɥɢɬɭ, ɤɨɬɨɪɚɹ ɢɫɩɨɥɧɹɟɬ 

ɞɟɣɫɬɜɢɹ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɵɯ ɜɢɪɬɭɚɥɶɧɵɯ ɩɪɢɛɨɪɨɜ. ɗɬɚ ɭɬɢɥɢɬɚ ɧɚɡɵɜɚɟɬɫɹ 

LabVIEW RunTime Engine ( ɩɪɨɰɟɫɫɨɪ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ ). 
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Ɋɢɫɭɧɨɤ 1.11 – Ɉɛɨɛɳɟɧɧɚɹ ɫɯɟɦɚ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 

 

Ɋɢɫɭɧɨɤ 1.12 – Ɉɛɨɛɳɟɧɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɩɩɚɪɚɬɧɨ-

ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 
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1.4.1 Ɉɩɢɫɚɧɢɟ ɩɥɚɬɵ NI PCI-6221 

 

Ɇɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜɜɨɞɚ-ɜɵɜɨɞɚ PCI, 16 ɚɧɚɥɨɝɨɜɵɯ 

ɜɜɨɞɨɜ, 2 ɚɧɚɥɨɝɨɜɵɯ ɜɵɜɨɞɚ, 24 ɥɢɧɢɣ ɰɢɮɪɨɜɨɝɨ ɜɜɨɞɚ-ɜɵɜɨɞɚ - PCI-6221 

ɪɚɫɩɨɥɚɝɚɟɬ ɚɧɚɥɨɝɨɜɵɦ ɜɜɨɞɨɦ-ɜɵɜɨɞɨɦ, ɤɨɪɪɟɥɢɪɨɜɚɧɧɵɦɢ ɰɢɮɪɨɜɵɦɢ 

ɥɢɧɢɹɦɢ ɜɜɨɞɚ-ɜɵɜɨɞɚ, ɞɜɭɦɹ 32-ɛɢɬɧɵɦɢ ɫɱɟɬɱɢɤɚɦɢ/ɬɚɣɦɟɪɚɦɢ ɢ ɰɢɮɪɨɜɵɦ 

ɫɢɝɧɚɥɨɦ ɡɚɩɭɫɤɚ. ɍɫɬɪɨɣɫɬɜɨ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɷɤɨɧɨɦɢɱɧɵɟ ɢ ɧɚɞɟɠɧɵɟ ɮɭɧɤɰɢɢ 

ɫɛɨɪɚ ɞɚɧɧɵɯ ɞɥɹ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɨɛɥɚɫɬɟɣ ɩɪɢɦɟɧɟɧɢɹ, ɧɚɱɢɧɚɹ ɫ ɩɪɨɫɬɨɣ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɢ ɡɚɤɚɧɱɢɜɚɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɪɚɛɨɬɚɦɢ, 

ɩɪɨɦɵɲɥɟɧɧɵɦ ɬɟɫɬɢɪɨɜɚɧɢɟɦ. Ʉ ɭɫɬɪɨɣɫɬɜɭ ɦɨɠɧɨ ɩɨɞɤɥɸɱɢɬɶ ɞɚɬɱɢɤɢ ɢ 

ɞɨɛɚɜɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɦɨɞɭɥɟɣ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ SCC ɢɥɢ SCXI ɫ Ⱥɐɉ. ɍɫɬɚɧɨɜɥɟɧɧɵɣ ɞɪɚɣɜɟɪ NI-DAQmx 

ɢ ɭɬɢɥɢɬɚ ɤɨɧɮɢɝɭɪɚɰɢɢ ɭɩɪɨɳɚɸɬ ɩɪɨɰɟɫɫ ɧɚɫɬɪɨɣɤɢ ɢ ɢɡɦɟɪɟɧɢɣ. 

ɇɚɡɧɚɱɟɧɢɟ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɣ: ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ 

ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɦɨɞɭɥɶ NI 6221 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɢ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ 

ɦɝɧɨɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. 

Ɉɩɢɫɚɧɢɟ ɫɪɟɞɫɬɜɚ ɢɡɦɟɪɟɧɢɣ. ȼ ɤɚɧɚɥɚɯ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɚɬɬɟɧɸɚɬɨɪ 

ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɭɫɢɥɢɬɟɥɶ, ɩɨɫɥɟ ɱɟɝɨ ɜ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ 

(Ⱥɐɉ) ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɝɧɨɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 

ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɞɜɨɢɱɧɵɣ ɰɢɮɪɨɜɨɣ ɤɨɞ. Ɇɨɞɭɥɶ NI 6221 ɢɦɟɟɬ ɨɞɢɧ ɤɚɧɚɥ 

Ⱥɐɉ ɢ ɦɭɥɶɬɢɩɥɟɤɫɨɪ ɞɥɹ ɤɨɦɦɭɬɚɰɢɢ ɜɯɨɞɧɵɯ ɤɚɧɚɥɨɜ. 

ȼ ɤɚɧɚɥɚɯ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɚɞɚɧɧɨɟ ɜ ɜɢɞɟ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɞɜɨɢɱɧɨɝɨ ɰɢɮɪɨɜɨɝɨ ɤɨɞɚ ɡɧɚɱɟɧɢɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɰɢɮɪɨ-

ɚɧɚɥɨɝɨɜɵɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ (ɐȺɉ) ɜ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɦɝɧɨɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ, ɢ ɩɨɫɥɟ ɦɚɫɲɬɚɛɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɩɪɨɝɪɚɦɦɢɪɭɟɦɨɦ 

ɚɬɬɟɧɸɚɬɨɪɟ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɦ ɭɫɢɥɢɬɟɥɟ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɜɵɜɨɞɢɬɫɹ ɧɚ 

ɜɵɯɨɞ ɦɨɞɭɥɹ. ȼɫɟ ɤɚɧɚɥɵ ɐȺɉ ɹɜɥɹɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ. Ɋɚɡɪɹɞɧɨɫɬɶ Ⱥɐɉ ɢ 

ɐȺɉ ɦɨɞɭɥɟɣ – 16 ɛɢɬ. 
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Ɇɨɞɭɥɶ ɢɦɟɟɬ ɬɚɤɠɟ ɤɚɧɚɥɵ ɰɢɮɪɨɜɨɝɨ ɜɯɨɞɚ/ɜɵɯɨɞɚ, ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ 

 ɩɨɥɶɡɨɜɚɬɟɥɟɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɞɜɚ ɥɢɛɨ ɱɟɬɵɪɟ ɤɚɧɚɥɚ ɰɢɮɪɨɜɨɝɨ ɫɱɟɬɱɢɤɚ 

ɢɦɩɭɥɶɫɨɜ ɢ ɨɞɢɧ ɤɚɧɚɥ ɰɢɮɪɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ ɢɦɩɭɥɶɫɨɜ. ɋɱɟɬɱɢɤ ɢɦɩɭɥɶɫɨɜ ɫ 

ɪɚɡɪɹɞɧɨɫɬɶɸ 32 ɛɢɬ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɢ 

ɱɚɫɬɨɬɵ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ, ɚ ɝɟɧɟɪɚɬɨɪ ɢɦɩɭɥɶɫɨɜ ɦɨɠɟɬ ɮɨɪɦɢɪɨɜɚɬɶ 

ɨɞɢɧɨɱɧɵɣ ɢɦɩɭɥɶɫ ɡɚɞɚɧɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ, ɩɚɤɟɬɵ ɢɥɢ ɧɟɩɪɟɪɵɜɧɭɸ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɢɦɩɭɥɶɫɨɜ ɫ ɡɚɞɚɧɧɵɦ ɩɟɪɢɨɞɨɦ (ɱɚɫɬɨɬɨɣ). ɋɢɧɯɪɨɧɢɡɚɰɢɹ 

ɫɱɟɬɱɢɤɚ ɢ ɝɟɧɟɪɚɬɨɪɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɜɵɛɨɪɭ ɨɬ ɜɧɭɬɪɟɧɧɟɝɨ ɨɩɨɪɧɨɝɨ 

ɝɟɧɟɪɚɬɨɪɚ ɢɥɢ ɨɬ ɜɧɟɲɧɟɝɨ ɫɢɝɧɚɥɚ ɧɚ ɰɢɮɪɨɜɨɦ ɜɯɨɞɟ. 

Ɇɨɞɭɥɶ ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ ɢɧɬɟɪɮɟɣɫɚɦɢ USB, PCI, PCIe, PXI, PXIe (ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɨɞɭɥɹ) ɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɫɨɟɞɢɧɟɧ ɤ ɤɨɦɩɶɸɬɟɪɭ 

(ɤɨɧɬɪɨɥɥɟɪɭ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨ ɢɧɬɟɪɮɟɣɫɭ USB, ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɥɨɬɵ PCI, PCIe 

ɤɨɦɩɶɸɬɟɪɚ, ɢɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɫɥɨɬɵ ɲɚɫɫɢ ɬɢɩɚ PXI, PXIe. 

Ɇɨɞɭɥɶ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨ ɢɫɩɨɥɧɟɧɢɸ ɫɢɝɧɚɥɶɧɵɯ 

ɪɚɡɴɟɦɨɜ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɦɨɞɭɥɶ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɩɟɱɚɬɧɨɣ ɩɥɚɬɵ, ɧɚ ɤɨɬɨɪɨɣ 

ɡɚɤɪɟɩɥɟɧɵ ɥɢɰɟɜɚɹ ɩɚɧɟɥɶ ɫ ɪɚɡɴɟɦɚɦɢ ɞɥɹ ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɫɢɝɧɚɥɶɧɵɯ ɤɚɛɟɥɟɣ, 

ɢ ɪɚɡɴɟɦ ɢɧɬɟɪɮɟɣɫɚ. Ɇɨɞɭɥɶ ɫ ɢɧɬɟɪɮɟɣɫɨɦ USB ɩɨɦɟɳɟɧ ɜ ɩɪɨɱɧɵɣ 

ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɤɨɪɩɭɫ, ɞɥɹ ɟɝɨ ɩɢɬɚɧɢɹ ɬɪɟɛɭɟɬɫɹ ɜɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ. ȼɧɟɲɧɢɣ ɜɢɞ ɦɨɞɭɥɹ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.13. 

 

 

Ɋɢɫɭɧɨɤ 1.13 – ȼɧɟɲɧɢɣ ɜɢɞ ɩɥɚɬɵ NI PCI-6221 
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ɉɨ ɭɫɥɨɜɢɹɦ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɞɭɥɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 3 ɝɪɭɩɩɟ ȽɈɋɌ 22261-94 

ɫ ɪɚɛɨɱɢɦ ɞɢɚɩɚɡɨɧɨɦ ɬɟɦɩɟɪɚɬɭɪ: 

- ɨɬ 0 ɞɨ 45°ɋ ɞɥɹ ɦɨɞɭɥɟɣ ɫ ɢɧɬɟɪɮɟɣɫɨɦ USB, PCIe; 

- ɨɬ 0 ɞɨ 55°ɋ ɞɥɹ ɦɨɞɭɥɟɣ ɫ ɢɧɬɟɪɮɟɣɫɨɦ PCI, PXI, PXIe. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ (ɞɪɚɣɜɟɪ) ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 

ɪɟɠɢɦɚɦɢ ɪɚɛɨɬɵ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ ɨɛɪɚɛɨɬɤɢ, ɩɪɟɞɫɬɚɜɥɟɧɢɹ, ɡɚɩɢɫɢ ɢ 

ɯɪɚɧɟɧɢɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

ɍɪɨɜɟɧɶ ɡɚɳɢɬɵ – «ɧɢɡɤɢɣ» ɩɨ Ɋ50.2.077-2014 (ɤɥɚɫɫ ɪɢɫɤɚ «A» ɩɨ 

WELMEC 7.2 ( ɪɭɤɨɜɨɞɫɬɜɨ ɩɨ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ) ). 

ɂɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɟ ɞɚɧɧɵɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ) ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.5. 

 

Ɍɚɛɥɢɰɚ 1.5 – ɂɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɟ ɞɚɧɧɵɟ ɉɈ ɩɥɚɬɵ NI PCI-6221  

ɇɚɢɦɟɧɨɜɚɧɢɟ ɞɚɧɧɵɯ Ɂɧɚɱɟɧɢɟ 

ɂɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɟ ɧɚɢɦɟɧɨɜɚɧɢɟ NI-DAQmx 

ɂɞɟɧɬɢɮɢɤɚɰɢɨɧɧɵɣ ɧɨɦɟɪ ɜɟɪɫɢɢ 9.2.0 ɢ ɜɵɲɟ 

 

 
1.4.2 ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ȼȿ178Ⱥ5 

 

Ɏɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɬɢɩɚ ȼȿ178Ⱥ5 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɚɯ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɫɬɚɧɤɨɜ ɢɥɢ ɪɨɛɨɬɨɜ. Ɉɧ ɫɥɭɠɢɬ ɞɥɹ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɜɹɡɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɦɟɠɞɭ 

ɢɫɩɨɥɧɢɬɟɥɶɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɢ ɭɫɬɪɨɣɫɬɜɨɦ ɱɢɫɥɨɜɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ (ɑɉɍ). Ɇɨɠɟɬ ɛɵɬɶ ɬɚɤɠɟ ɩɪɢɦɟɧёɧ ɜ ɞɪɭɝɢɯ ɨɛɥɚɫɬɹɯ ɬɟɯɧɢɤɢ, ɜ 

ɤɨɬɨɪɵɯ ɟɫɬɶ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɢɥɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɪɨɥɹ, 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 1.6.  
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ɉɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ: ɦɟɯɚɧɢɱɟɫɤɨɣ, 

ɨɩɬɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ. 

Ɇɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɪɚɳɟɧɢɟ ɜɚɥɚ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɪɩɭɫɚ. ɂɦɟɟɬ ɛɚɡɨɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢ 

ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɩɬɢɱɟɫɤɨɣ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɱɚɫɬɟɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɡɚɳɢɳɚɟɬ ɨɬ ɜɥɚɝɢ, ɩɵɥɢ ɢ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

 
Ɍɚɛɥɢɰɚ 1.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɬɱɢɤɚ ȼȿ178Ⱥ5 

№ ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɚ Ɂɧɚɱɟɧɢɟ 

1 Ʉɥɚɫɫ ɬɨɱɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɨ ȽɈɋɌ 26242-84 8 

2 Ʉɨɥɢɱɟɫɬɜɨ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ: 
Ⱥ – ɨɫɧɨɜɧɨɣ ʏ̅ – ɢɧɜɟɪɫɧɵɣ ɨɫɧɨɜɧɨɦɭ 
ȼ – ɫɦɟɳɟɧɧɵɣ ʑ̅ – ɢɧɜɟɪɫɧɵɣ ɫɦɟɳɟɧɧɨɦɭ 
Z – ɧɚɱɚɥɨ ɨɬɫɱɟɬɚ 𝑍̅ – ɢɧɜɟɪɫɧɵɣ ɧɚɱɚɥɚ ɨɬɫɬɱɟɬɚ 

6 
+ 
+ 
+ 
+ 
+ 
+ 

3 Ɏɨɪɦɭ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɩɪɹɦɨɭɝɨɥɶɧɚɹ 

4 Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɚ Z ɜ ɞɨɥɹɯ ɩɟɪɢɨɞɚ ɨɫɧɨɜɧɨɝɨ  
ɫɢɝɧɚɥɚ 

0.25±0.125 

5 Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɫɢɝɧɚɥɨɜ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ ɩɢɬɚɧɢɹ 5 ȼ 
- ɜ ɫɨɫɬɨɹɧɢɢ ɥɨɝ. «0», ȼ, ɧɟ ɛɨɥɟɟ 
- ɜ ɫɨɫɬɨɹɧɢɢ ɥɨɝ. «1», ȼ, ɧɟ ɦɟɧɟɟ 

 
0.5 
2.4 

6 Ʉɨɥɢɱɟɫɬɜɨ ɩɟɪɢɨɞɨɜ ɜɵɯɨɞɧɵɯ ɫɢɝɧɚɥɨɜ ɡɚ ɨɞɢɧ  
ɨɛɨɪɨɬ ɜɚɥɚ ɫɢɝɧɚɥɨɜ Ⱥ, ʏ̅ , ȼ, ʑ̅  
Z,  𝑍̅ 

 
250 

1 
7 Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, °ɋ +5…+55 

8 Ɇɚɫɫɚ, ɤɝ, ɧɟ ɛɨɥɟɟ 0.33 

9 ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 5±5% 

10 Ɉɛɳɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ȼɬ, ɧɟ ɛɨɥɟɟ  1.5 
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Ɉɩɬɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɨɞɟɪɠɢɬ ɫɜɟɬɨɞɢɨɞ, ɥɢɧɡɭ, ɪɚɫɬɪɨɜɭɸ ɢɧɞɢɤɚɬɨɪɧɭɸ 

ɩɥɚɫɬɢɧɭ ɢ ɪɚɫɬɪɨɜɵɣ ɞɢɫɤ. ɋɜɟɬɨɜɨɣ ɩɨɬɨɤ ɫɜɟɬɨɞɢɨɞɚ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɥɢɧɡɭ, 

ɪɚɫɬɪɨɜɭɸ ɢɧɞɢɤɚɬɨɪɧɭɸ ɩɥɚɫɬɢɧɭ ɢ ɪɚɫɬɪɨɜɵɣ ɞɢɫɤ. ɉɪɢ ɜɪɚɳɟɧɢɢ ɪɚɫɬɪɨɜɨɝɨ 

ɞɢɫɤɚ ɦɟɧɹɟɬɫɹ ɩɪɨɩɭɫɤɚɧɢɟ ɫɜɟɬɚ ɱɟɪɟɡ ɪɚɫɬɪɨɜɨɟ ɫɨɩɪɹɠɟɧɢɟ, ɚ ɬɚɤɠɟ ɬɨɤ, 

ɩɨɫɬɭɩɚɸɳɢɣ ɫ ɮɨɬɨɞɢɨɞɨɜ. Ɋɚɫɬɪɨɜɵɣ ɞɢɫɤ ɢ ɪɚɫɬɪɨɜɚɹ ɢɧɞɢɤɚɬɨɪɧɚɹ ɩɥɚɫɬɢɧɚ 

ɜ ɩɚɪɟ ɫɨɡɞɚɸɬ ɨɛɬɸɪɚɰɢɨɧɧɨɟ ɪɚɫɬɪɨɜɨɟ ɫɨɩɪɹɠɟɧɢɟ. ɇɚ ɢɧɞɢɤɚɬɨɪɧɨɣ ɩɥɚɫɬɢɧɟ 

ɪɚɫɬɪɵ ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɞɜɚ ɫɟɤɬɨɪɚ, ɫɞɜɢɧɭɬɵɟ ɨɞɢɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɨɝɨ ɧɚ 1/4 

ɲɚɝɚ ɪɚɫɬɪɨɜ. Ⱦɜɚ ɮɨɬɨɞɢɨɞɚ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɧɚɞ ɤɚɠɞɵɦ ɢɡ ɫɟɤɬɨɪɨɜ ɪɚɫɬɪɨɜɨɣ 

ɢɧɞɢɤɚɬɨɪɧɨɣ ɩɥɚɫɬɢɧɵ ɢ ɫɨɩɪɹɝɚɟɦɵɦɢ ɫ ɧɢɦ ɪɚɫɬɪɚɦɢ ɞɢɫɤɚ, ɜɵɞɚɸɬ 

ɧɟɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫɢɝɧɚɥɵ A ɢ B (ɪɢɫɭɧɨɤ 1.14).  

Ɏɨɬɨɞɢɨɞ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɰɟɧɬɪɚɥɶɧɨɣ ɱɚɫɬɢ ɪɚɫɬɪɨɜɨɝɨ ɞɢɫɤɚ ɜɵɞɚɟɬ 

ɧɟɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɧɚɱɚɥɚ ɨɬɫɱɟɬɚ Z. Ⱦɚɥɟɟ ɫ ɫɢɝɧɚɥɚɦɢ 

ɪɚɛɨɬɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɱɚɫɬɶ ɞɚɬɱɢɤɚ. ɇɟɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɫɢɝɧɚɥɵ ɜɫɟɯ 3-ɯ 

ɤɚɧɚɥɨɜ ɩɨɞɚɸɬɫɹ ɧɚ ɜɯɨɞɵ ɮɨɪɦɢɪɨɜɚɬɟɥɟɣ (ɪɢɫɭɧɨɤ 1.14) ɩɪɟɨɛɪɚɡɨɜɵɜɚɸɳɢɯ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɢɦɩɭɥɶɫɵ. Ʉɚɠɞɨɦɭ ɩɟɪɢɨɞɭ 

ɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨ ɫɢɝɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɢɧ ɩɟɪɢɨɞ ɜɵɯɨɞɧɨɝɨ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ 

ɫɢɝɧɚɥɚ. Ɏɨɪɦɢɪɨɜɚɬɟɥɟɦ ɢɦɩɭɥɶɫɨɜ ɫɥɭɠɢɬ ɤɨɦɩɚɪɚɬɨɪ. ɋ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ 

ɩɪɹɦɵɯ ɢ ɢɧɜɟɪɫɧɵɯ ɫɢɝɧɚɥɨɜ ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ ɢ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ 

ɦɨɳɧɨɫɬɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɪɟɞɚɱɢ ɜ ɍɑɉɍ ɫɢɝɧɚɥɵ ɫ ɤɨɦɩɚɪɚɬɨɪɨɜ 

ɩɨɫɬɭɩɚɸɬ ɧɚ ɜɵɯɨɞɧɵɟ ɤɚɫɤɚɞɵ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɦɢɤɪɨɫɯɟɦɚɯ ɬɢɩɚ Ʉ155Ʌȿ6.  

ȼɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɫ ɞɚɬɱɢɤɚ, ɜɪɚɳɚɸɳɟɝɨɫɹ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ, 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɨɤ 1.15. ɂɦɩɭɥɶɫɵ ɤɚɧɚɥɚ Z ɫɥɟɞɭɸɬ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ 

ɜɚɥɚ ɞɚɬɱɢɤɚ. ɂɦɩɭɥɶɫɵ ɤɚɧɚɥɨɜ A ɢ B ɜɵɯɨɞɹɬ ɫ ɨɞɢɧɚɤɨɜɨɣ ɱɚɫɬɨɬɨɣ ɢ ɜ 250 ɪɚɡ 

ɛɨɥɶɲɟɣ ɱɟɦ ɭ ɢɦɩɭɥɶɫɨɜ Z. ɂɦɩɭɥɶɫɵ A ɢ B ɫɦɟɳɟɧɵ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɨ ɮɚɡɟ ɧɚ 

ɱɟɬɜɟɪɬɶ ɩɟɪɢɨɞɚ ɢɥɢ ɧɚ 90°.  

Ɋɢɫɭɧɨɤ 1.16 ɩɨɤɚɡɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɮɚɡɨɜɨɝɨ ɫɞɜɢɝɚ ɦɟɠɞɭ 

ɢɦɩɭɥɶɫɚɦɢ A ɢ B ɫ ɢɡɦɟɧɟɧɢɟɦ ɧɚɩɪɚɜɥɟɧɢɹ ɜɪɚɳɟɧɢɹ ɜɚɥɚ ɞɚɬɱɢɤɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨ ɮɚɡɨɜɨɦɭ ɫɞɜɢɝɭ ɦɟɠɞɭ ɢɦɩɭɥɶɫɚɦɢ A ɢ B  
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ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɜɪɚɳɟɧɢɹ ɞɚɬɱɢɤɚ, ɚ ɡɧɚɱɢɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟ 

ɩɟɪɟɦɟɳɟɧɢɹ. 

 

 

Ɋɢɫɭɧɨɤ 1.14 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ȼȿ178Ⱥ5 

 

 

Ɋɢɫɭɧɨɤ 1.15 – ȼɵɯɨɞɧɵɟ ɫɢɝɧɚɥɵ ɞɚɬɱɢɤɚ, ɩɪɢ ɜɪɚɳɟɧɢɢ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ 
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Ɋɢɫɭɧɨɤ 1.16 – ȼɵɯɨɞɧɵɟ ɫɢɝɧɚɥɚ ɞɚɬɱɢɤɚ ɩɪɢ ɜɪɚɳɟɧɢɢ ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ 

ɫɬɪɟɥɤɢ 

 

Ʌɨɝɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɦɨɠɟɬ ɜɵɪɚɛɚɬɵɜɚɬɶ «1» (ɨɛɨɡɧɚɱɚɹ 

ɧɚɩɪɚɜɥɟɧɢɟ ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ), ɜ ɫɥɭɱɚɟ ɤɨɝɞɚ ɜ ɦɨɦɟɧɬ ɨɛɧɚɪɭɠɟɧɢɹ «ɮɪɨɧɬɚ» 

(ɩɟɪɟɯɨɞɚ ɢɡ «0»  ɜ «1») ɜ ɤɚɧɚɥɟ A, ɜ ɤɚɧɚɥɟ B ɫɬɨɢɬ ɭɪɨɜɟɧɶ «1». ɂ ɧɚɨɛɨɪɨɬ, 

ɥɨɝɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɦɨɠɟɬ ɜɵɪɚɛɚɬɵɜɚɬɶ «0» (ɨɛɨɡɧɚɱɚɹ ɧɚɩɪɚɜɥɟɧɢɟ 

ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ), ɜ ɫɥɭɱɚɟ ɤɨɝɞɚ ɜ ɦɨɦɟɧɬ ɨɛɧɚɪɭɠɟɧɢɹ «ɮɪɨɧɬɚ» 

(ɩɟɪɟɯɨɞɚ ɢɡ «0» ɜ «1») ɜ ɤɚɧɚɥɟ A, ɜ ɤɚɧɚɥɟ B ɫɬɨɢɬ ɭɪɨɜɟɧɶ «0». 

 

1.5 Ɉɩɢɫɚɧɢɟ ɫɬɟɧɞɚ ɞɥя ɢɫɫɥɟɞɨɜɚɧɢя ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɞɧɨɣ ɫɬɟɩɟɧɢ  

ɩɨɞɜɢɠɧɨɫɬɢ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

 

ɂɫɯɨɞɧɵɣ ɜɢɞ ɷɤɪɚɧɚ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɫɪɚɡɭ ɩɨɫɥɟ ɡɚɝɪɭɡɤɢ ɩɪɨɝɪɚɦɦɵ 

ɜ ɫɪɟɞɟ LabVIEW ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.17. ȼɢɪɬɭɚɥɶɧɵɟ ɩɪɢɛɨɪɵ, 

ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɩɪɨɝɪɚɦɦɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɩɚɤɟɬɚ LabVIEW, ɧɚɥɨɠɟɧɵ ɧɚ ɷɤɪɚɧɟ 

ɧɚ ɦɧɟɦɨɫɯɟɦɭ ɩɪɢɜɨɞɚ.  

Ⱦɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɪɢɜɨɞɚ ɧɚ ɦɧɟɦɨɫɯɟɦɟ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ:  
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• Ƚɉɇ – ɝɟɧɟɪɚɬɨɪ ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ;  

• G1 – ɡɚɞɚɸɳɢɣ ɝɟɧɟɪɚɬɨɪ ɢɦɩɭɥɶɫɨɜ ɒɂɉ;  

• ɍȽɊ – ɭɡɟɥ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɢ;  

• Ɋɋ – ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ;  

• ɌɈ – ɭɡɟɥ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɹ;  

• ɊɌ – ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ;  

• Ȼɉ – ɛɥɨɤ ɩɢɬɚɧɢɹ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ;  

• TG – ɬɚɯɨɝɟɧɟɪɚɬɨɪ (ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ);  

• ȾɌ – ɞɚɬɱɢɤ ɬɨɤɚ;  

• G2 – ɝɟɧɟɪɚɬɨɪ ɦɨɞɭɥɹɰɢɢ ɭɡɥɚ ɝɚɥɶɜɚɧɢɱɟɫɤɨɣ ɪɚɡɜɹɡɤɢ ɜ ɫɨɫɬɚɜɟ ȾɌ;  

• ȼ – ɜɵɩɪɹɦɢɬɟɥɶ ɫɢɥɨɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɒɂɉ;  

• Ɇ – ɦɚɲɢɧɚ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ (ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ);  

• ɂȾɉ – ɢɦɩɭɥɶɫɧɵɣ ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ;  

• L – ɞɪɨɫɫɟɥɶ ɜ ɹɤɨɪɧɨɣ ɰɟɩɢ;  

• RS – ɲɭɧɬ ɞɥɹ ɤɨɧɬɪɨɥɹ ɬɨɤɚ ɜ ɹɤɨɪɧɨɣ ɰɟɩɢ. 

 

 

Ɋɢɫɭɧɨɤ 1.17 – ɂɫɯɨɞɧɵɣ ɜɢɞ ɷɤɪɚɧɚ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 
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ɇɚɧɟɫёɧɧɵɟ ɧɚ ɦɧɟɦɨɫɯɟɦɭ ɤɨɧɬɪɨɥɶɧɵɟ ɬɨɱɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɹɜɥɹɸɬɫɹ 

ɤɧɨɩɤɚɦɢ, ɧɚɠɚɬɢɟɦ ɦɵɲɶɸ ɧɚ ɤɨɬɨɪɵɟ, ɜɵɛɢɪɚɟɬɫɹ ɫɢɝɧɚɥ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɧɚ 

ɜɢɪɬɭɚɥɶɧɨɦ ɨɫɰɢɥɥɨɝɪɚɮɟ. Ʉɧɨɩɤɚ ɭɩɪɚɜɥɟɧɢɹ ɨɫɰɢɥɥɨɝɪɚɮɨɦ ɜ ɟɝɨ ɩɪɚɜɨɦ 

ɜɟɪɯɧɟɦ ɭɝɥɭ ɩɨɡɜɨɥɹɸɬ ɫɨɯɪɚɧɢɬɶ ɤɚɪɬɢɧɤɭ ɫɢɝɧɚɥɚ ɜ ɮɚɣɥɟ. ɉɭɬɶ ɤ ɧɟɦɭ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɡɚɞɚɧ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɫ ɩɨɦɨɳɶɸ ɞɢɚɥɨɝɚ, ɜɵɡɵɜɚɟɦɨɝɨ ɥɟɜɨɣ 

ɜɟɪɯɧɟɣ ɤɧɨɩɤɨɣ ɨɫɰɢɥɥɨɝɪɚɮɚ. ɋɢɝɧɚɥɵ ɜ ɤɨɧɬɪɨɥɶɧɵɯ ɬɨɱɤɚɯ ɫɧɚɱɚɥɚ ɦɨɝɭɬ 

ɩɪɨɫɦɚɬɪɢɜɚɬɶɫɹ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. Ɂɚɬɟɦ ɜɨɡɦɨɠɟɧ ɩɪɨɫɦɨɬɪ ɧɟɫɤɨɥɶɤɢɯ ɫɢɝɧɚɥɨɜ 

ɧɚ ɨɞɧɨɦ ɷɤɪɚɧɟ ɜ ɪɟɠɢɦɟ ɦɧɨɝɨɤɚɧɚɥɶɧɨɝɨ ɨɫɰɢɥɥɨɝɪɚɮɚ ɫ ɩɚɦɹɬɶɸ. ȼɢɞ 

ɤɚɪɬɢɧɤɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɵɪɚɛɚɬɵɜɚɟɦɵɯ ɫɢɝɧɚɥɨɜ ɢɦɟɟɬ ɜɚɠɧɟɣɲɟɟ ɡɧɚɱɟɧɢɟ 

ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɩɨɧɢɦɚɧɢɹ ɥɨɝɢɤɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɥɸɱɟɣ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ.  

ɋ ɧɚɡɧɚɱɟɧɢɟɦ ɜɫɟɯ ɷɥɟɦɟɧɬɨɜ ɭɩɪɚɜɥɟɧɢɹ ɢ ɤɨɧɬɪɨɥɹ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ 

ɜɵɛɪɚɜ ɪɟɠɢɦ ɜɵɜɨɞɚ ɤɨɧɬɟɤɫɬɧɨɣ ɩɨɦɨɳɢ ( Context Help ) ɧɚɠɚɬɢɟɦ ɤɥɚɜɢɲ 

Ctrl+H. ɉɨɫɥɟ ɷɬɨɝɨ ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ ɤɨɧɬɟɤɫɬɧɨɣ ɩɨɦɨɳɢ, ɚ ɜ ɧёɦ ɛɭɞɟɬ 

ɨɬɨɛɪɚɠɚɬɶɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɷɥɟɦɟɧɬɟ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɤɨɬɨɪɵɣ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 

ɭɤɚɡɵɜɚɟɬ ɤɭɪɫɨɪ ɦɵɲɢ. ɉɨɜɬɨɪɧɨɟ ɧɚɠɚɬɢɟ Ctrl+H ɨɬɦɟɧɢɬ ɪɟɠɢɦ ɜɵɜɨɞɚ 

ɤɨɧɬɟɤɫɬɧɨɣ ɩɨɦɨɳɢ.  

ɉɨɤɚ ɩɪɨɝɪɚɦɦɚ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɧɟ ɡɚɩɭɳɟɧɚ ɧɚ ɫɟɪɵɣ ɮɨɧ ɩɟɪɟɞɧɟɣ 

ɩɚɧɟɥɢ ɧɚɧɟɫɟɧɚ ɫɟɬɤɚ. Ⱦɥɹ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ ɢ ɧɚɱɚɥɚ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɫɥɭɠɢɬ ɤɧɨɩɤɚ « », ɜ ɥɟɜɨɦ ɜɟɪɯɧɟɦ ɭɝɥɭ ɷɤɪɚɧɚ. ɉɨɫɥɟ 

ɡɚɩɭɫɤɚ ɫɟɪɵɣ ɮɨɧ ɩɟɪɟɞɧɟɣ ɩɚɧɟɥɢ ɫɬɚɧɨɜɢɬɫɹ ɫɩɥɨɲɧɵɦ, ɫɟɬɤɚ ɫɧɢɦɚɟɬɫɹ 

(ɪɢɫɭɧɨɤ 1.18). ɉɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɹɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɫ ɩɪɢɜɨɞɨɦ 

ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɪɟɡɭɥɶɬɚɬɵ ɭɩɪɚɜɥɟɧɢɹ.  

Ʉɪɨɦɟ ɩɪɨɫɦɨɬɪɚ ɤɚɪɬɢɧɨɤ ɫɢɝɧɚɥɨɜ ɫ ɰɟɥɶɸ ɤɨɧɬɪɨɥɹ ɫɨɫɬɨɹɧɢɹ ɩɪɢɜɨɞɚ ɭ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɚɤɬɢɜɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ. ɇɚɠɚɬɢɟ 

ɤɧɨɩɤɢ DRIVE_ON ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɵɤɚɧɢɸ ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɥɸɱɚ ɢ ɤ ɜɤɥɸɱɟɧɢɸ 

ɪɟɚɥɶɧɨɝɨ ɩɭɫɤɚɬɟɥɹ, ɩɨɞɚɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɢɥɨɜɭɸ ɰɟɩɶ ɩɪɢɜɨɞɚ. 

ɉɟɪɟɦɟɳɟɧɢɟ ɞɜɢɠɤɚ ɜɢɪɬɭɚɥɶɧɨɝɨ ɩɪɢɛɨɪɚ «Ɂɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ» ɩɪɢɜɨɞɢɬ ɤ  
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ɜɵɞɚɱɟ ɪɟɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɡɚɞɚɧɢɹ ɧɚ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɢ  

ɭɫɬɚɧɨɜɤɭ ɫɤɨɪɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɡɚɞɚɧɢɟɦ. 

 

 

Ɋɢɫɭɧɨɤ 1.18 – Ɋɚɛɨɱɢɣ ɜɢɞ ɷɤɪɚɧɚ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɬɟɧɞɚ 

 

ȼɢɪɬɭɚɥɶɧɵɣ ɩɪɢɛɨɪ «ɋɤɨɪɨɫɬɶ, ɨɛ/ɦɢɧ» ɢɡɦɟɪɹɟɬ ɮɚɤɬɢɱɟɫɤɭɸ ɫɤɨɪɨɫɬɶ: 

ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɫ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ ( ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɦɧɟɦɨɫɯɟɦɟ ) ɫɱɢɬɵɜɚɟɬɫɹ 

ɩɥɚɬɨɣ ɜɜɨɞɚ/ɜɵɜɨɞɚ, ɨɰɢɮɪɨɜɵɜɚɟɬɫɹ, ɧɨɪɦɚɥɢɡɭɟɬɫɹ ɢ ɜɵɜɨɞɢɬɫɹ ɧɚ ɷɤɪɚɧ ɜ 

ɱɢɫɥɨɜɨɦ ɜɢɞɟ.  

ȼɢɪɬɭɚɥɶɧɵɣ ɩɪɢɛɨɪ «Ɍɨɤ, Ⱥ» ɢɡɦɟɪɹɟɬ ɮɚɤɬɢɱɟɫɤɢɣ ɬɨɤ ɹɤɨɪɹ: ɚɧɚɥɨɝɨɜɵɣ 

ɫɢɝɧɚɥ ɫ ɞɚɬɱɢɤɚ ɬɨɤɚ ( ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɦɧɟɦɨɫɯɟɦɟ )  ɫɱɢɬɵɜɚɟɬɫɹ ɩɥɚɬɨɣ 

ɜɜɨɞɚ/ɜɵɜɨɞɚ, ɨɰɢɮɪɨɜɵɜɚɟɬɫɹ, ɧɨɪɦɚɥɢɡɭɟɬɫɹ ɢ ɜɵɜɨɞɢɬɫɹ ɧɚ ɷɤɪɚɧ ɜ ɱɢɫɥɨɜɨɦ 

ɜɢɞɟ.  
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ɋɧɹɬɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɤɨɪɨɫɬɶ/ɡɚɞɚɧɢɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɨ ɫɪɟɞɫɬɜɚɦɢ 

LabVIEW. Ɂɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧ 20-ɲɚɝɨɜɵɣ ɰɢɤɥ, ɜ ɤɨɬɨɪɨɦ ɡɚɞɚɧɢɟ ɢɡɦɟɧɹɟɬɫɹ 

ɤɚɠɞɵɣ ɲɚɝ ɧɚ 1 ɜɨɥɶɬ ɨɬ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ 

ɮɢɤɫɢɪɭɸɬɫɹ ɢ ɡɚɩɨɦɢɧɚɸɬɫɹ ɜ ɦɚɫɫɢɜɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɡɚɞɚɧɢɹ ɧɚ ɤɚɠɞɨɦ 

ɲɚɝɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜ ɤɨɧɰɟ ɰɢɤɥɚ ɜ ɦɚɫɫɢɜɟ ɧɚɤɚɩɥɢɜɚɟɬɫɹ 20 ɡɧɚɱɟɧɢɣ ɬɨɱɟɤ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɧɢ ɢ ɜɵɜɨɞɹɬɫɹ ɧɚ ɝɪɚɮɢɤɟ ɩɨ ɡɚɜɟɪɲɟɧɢɢ ɨɩɵɬɚ. Ⱦɢɧɚɦɢɤɚ 

ɢɡɦɟɧɟɧɢɣ ɜ ɩɪɨɰɟɫɫɟ ɫɧɹɬɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɬɨɛɪɚɠɚɟɬɫɹ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ( 

ɫɤɨɪɨɫɬɶ ) ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ( ɡɚɞɚɧɢɟ ) ɨɫɢ. 

 

1.6 Ɉɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢя ( ɋȺɊ ) 

ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

 

1.6.1 Ɍɢɩɨɜɨɣ ɫɟɪɜɨɩɪɢɜɨɞ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɪɨɛɨɬɚ 
 

 Ɍɢɩɨɜɨɣ ɫɟɪɜɨɩɪɢɜɨɞ ɤɨɨɪɞɢɧɚɬɵ ɪɨɛɨɬɚ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɬɪёɯɤɨɧɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ɪɢɫɭɧɨɤ 1.19).  

Ⱦɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɬ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ 

ɜɪɚɳɚɟɬɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ω, ɨɩɪɟɞɟɥɹɟɦɨɣ ɧɚɩɪɹɠɟɧɢɟɦ Uɹ ɩɨɞɚɜɚɟɦɵɦ ɧɚ ɹɤɨɪɶ, 

ɢ ɩɟɪɟɦɟɳɚɟɬ ɜ ɩɨɥɨɠɟɧɢɟ θ ɦɟɯɚɧɢɡɦ ɤɨɨɪɞɢɧɚɬɵ. ɋ ɜɚɥɨɦ ɞɜɢɝɚɬɟɥɹ ɠёɫɬɤɨ 

ɫɨɱɥɟɧɟɧɵ ɜɚɥɵ ɞɜɭɯ ɞɚɬɱɢɤɨɜ: ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ ɢ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ  

ɂɫɩɨɥɶɡɭɟɦɵɣ ɜ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪ, ɜɪɚɳɚɹɫɶ ɜɦɟɫɬɟ 

ɫ ɞɜɢɝɚɬɟɥɟɦ, ɮɨɪɦɢɪɭɟɬ ɧɚ ɜɵɯɨɞɟ ɫɢɝɧɚɥ Uω ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɫɤɨɪɨɫɬɢ 

ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ω. 

Ɍɚɤɠɟ ɜɪɚɳɚɹɫɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɞɜɢɝɚɬɟɥɟɦ, ɞɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ  

ɨɛɟɫɩɟɱɢɜɚɟɬ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɜɵɯɨɞɟ ɫɢɝɧɚɥɚ Uθ ɡɚɜɢɫɢɦɨɝɨ ɨɬ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 

ɜɚɥɚ θ, ɬɨ ɟɫɬɶ, ɨɬ ɩɨɥɨɠɟɧɢɹ ɩɨ ɤɨɨɪɞɢɧɚɬɟ. 
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Ɋɢɫɭɧɨɤ 1.19 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɋȺɊ ɩɪɢɜɨɞɚ ɨɞɧɨɣ ɤɨɨɪɞɢɧɚɬɵ ɪɨɛɨɬɚ 

 

Ɋɟɝɭɥɹɬɨɪ ɩɨɥɨɠɟɧɢɹ ɪɟɚɥɢɡɨɜɚɧ ɫɪɟɞɫɬɜɚɦɢ ɭɩɪɚɜɥɹɸɳɟɣ ɗȼɆ ɢ ɹɜɥɹɟɬɫɹ 

ɰɢɮɪɨɜɵɦ. ɉɨɷɬɨɦɭ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɞɥɹ 

ɫɨɝɥɚɫɨɜɚɧɢɹ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɹɬɨɪɨɦ ɩɨɥɨɠɟɧɢɹ ɞɨɥɠɟɧ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧ ɜ 

ɰɢɮɪɨɜɨɣ ɞɜɨɢɱɧɵɣ ɤɨɞ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɣ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (Ⱥɐɉ).  

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɪɟɝɭɥɢɪɭɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɢɡɦɟɧɟɧɢɹ 

ɧɚɩɪɹɠɟɧɢɹ Uɹ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬ ɬɨɤ ɞɜɢɝɚɬɟɥɹ Iɹ, ɤɨɧɬɪɨɥɢɪɭɟɦɵɣ ɞɚɬɱɢɤɨɦ 

ɬɨɤɚ (ɪɢɫɭɧɨɤ 1.19). Ɍɨɤ ɞɜɢɝɚɬɟɥɹ ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɝɨɧɹɸɳɢɣ ɞɜɢɝɚɬɟɥɶ ɦɨɦɟɧɬ 

ɜɪɚɳɟɧɢɹ, ɚ ɡɧɚɱɢɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ. ɇɚɩɪɹɠɟɧɢɟ Uɹ 

ɮɨɪɦɢɪɭɟɬ ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɵɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ (ɪɢɫɭɧɨɤ 11.19). ɋɟɬɟɜɨɟ 

ɩɟɪɟɦɟɧɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɡɜɨɥɹɟɬ ɜɵɩɪɹɦɥɹɬɶ ɢ ɭɦɟɧɶɲɚɬɶ ɞɨ 

ɬɪɟɛɭɟɦɨɣ ɜɟɥɢɱɢɧɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɧɭɠɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ. Ɍɪɟɛɭɟɦɚɹ 

ɜɟɥɢɱɢɧɚ ɧɚɩɪɹɠɟɧɢɹ Uɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɟɥɢɱɢɧɨɣ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ Uɪɬ.  

Ɂɚɞɚɧɢɟ Uɪɬ ɮɨɪɦɢɪɭɟɬ ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɪɚɜɧɟɧɢɹ 

ɜɵɱɢɬɚɧɢɟɦ ɫɢɝɧɚɥɚ ɡɚɞɚɧɢɹ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ UIɁ ɢ ɫɢɝɧɚɥɚ UI ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɝɨ 

ɬɟɤɭɳɟɦɭ ɡɧɚɱɟɧɢɸ ɬɨɤɚ Iɹ. Uɪɬ ɜɫɟɝɞɚ ɛɭɞɟɬ ɬɚɤ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɱɟɪɟɡ ɧɚɩɪɹɠɟɧɢɟ  
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Uɹ ɧɚ ɬɨɤ Iɹ, ɱɬɨɛɵ ɭɫɬɪɚɧɢɬɶ ɪɚɡɧɢɰɭ UIɁ – UI.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ, ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɞɜɢɝɚɬɟɥɶ ɢ ɞɚɬɱɢɤ ɬɨɤɚ, 

ɨɛɪɚɡɭɸɬ ɤɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ (ɪɢɫɭɧɨɤ 1.19). Ɉɧ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ 

ɬɨɤɨɦ ɞɜɢɝɚɬɟɥɹ, ɬɨ ɟɫɬɶ ɞɨɛɢɜɚɬɶɫɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɪɟɚɥɶɧɨɝɨ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ 

ɡɚɞɚɧɢɸ ɬɨɤɚ. Ɉɝɪɚɧɢɱɟɧɢɟ ɬɨɤɚ ɜ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɚɯ (ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɟ) 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬёɦ ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɞɚɧɢɹ ɬɨɤɚ UIɁ ɧɚ ɜɯɨɞɟ ɤɨɧɬɭɪɚ ɬɨɤɚ, 

ɤɨɬɨɪɨɟ ɜɵɞɚёɬ ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ. 

Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɞɟɥɚɸɬ ɭɩɪɚɜɥɹɟɦɵɦ ɨɬ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ 

ɢɥɢ ɩɨɞɱɢɧёɧɧɵɦ ɤɨɧɬɭɪɭ ɫɤɨɪɨɫɬɢ. Ʉɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɛɭɞɟɬ 

ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɜɟɫɶ ɤɨɧɬɭɪ ɬɨɤɚ, ɦɟɯɚɧɢɱɟɫɤɭɸ ɱɚɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ 

ɢ ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ. Ɋɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɮɨɪɦɢɪɭɟɬ ɧɚ ɜɵɯɨɞɟ ɫɢɝɧɚɥ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɪɚɡɧɨɫɬɶɸ ɦɟɠɞɭ ɪɟɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ ɢ ɡɚɞɚɧɧɨɣ (U𝜔ˊ - 

Uω). ɗɬɨɬ ɫɢɝɧɚɥ ɹɜɥɹɟɬɫɹ ɡɚɞɚɧɢɟɦ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ UIɁ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɱɟɦ 

ɛɨɥɶɲɟ ɨɬɥɢɱɚɟɬɫɹ ɪɟɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɨɬ ɡɚɞɚɧɧɨɣ, ɬɟɦ ɛɨɥɶɲɢɦ ɛɭɞɟɬ ɬɨɤ 

ɞɜɢɝɚɬɟɥɹ, ɤɨɬɨɪɵɣ ɱɟɪɟɡ ɦɨɦɟɧɬ ɭɩɪɚɜɥɹɟɬ ɭɫɤɨɪɟɧɢɟɦ ɩɪɢɜɨɞɚ. ɍɫɤɨɪɟɧɢɟ 

ɩɪɢɜɨɞɚ ɩɪɢɜɨɞɢɬ ɤ ɧɨɜɨɦɭ ɡɧɚɱɟɧɢɸ U𝜔ˊ - Uω, ɚ ɡɧɚɱɢɬ ɤ ɧɨɜɨɦɭ ɬɨɤɭ ɢ 

ɭɫɤɨɪɟɧɢɸ.  

Ⱦɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.20. 

Ʉɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɫɧɚɱɚɥɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ 

ɡɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ U𝜔ˊ, ɡɚɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ:  

1) ɭɜɟɥɢɱɢɜɚɟɬɫɹ UIɁ; 

2) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɬɨɤ ɞɜɢɝɚɬɟɥɹ Iə;  

3) ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɦɚɤɫɢɦɭɦɚ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɜ ɫɬɨɪɨɧɭ ɧɚɩɪɚɜɥɟɧɢɹ 

ɞɜɢɠɟɧɢɹ; 

4) ɞɜɢɝɚɬɟɥɶ ɭɫɤɨɪɹɟɬɫɹ ɫɧɚɱɚɥɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɬɟɦɩɨɦ. 

ȼ ɩɪɨɰɟɫɫɟ ɭɫɤɨɪɟɧɢɹ ɛɭɞɟɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɨɢɫɯɨɞɢɬɶ:  

1) ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ω ɢ ɫɢɝɧɚɥɚ ɫ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ Uω; 

2) ɭɦɟɧɶɲɟɧɢɟ ɪɚɡɧɨɫɬɢ U𝜔ˊ - Uω, ɚ ɡɧɚɱɢɬ UIɁ; 

3) ɭɦɟɧɶɲɟɧɢɟ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ Iə; 

 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

40 
ȻɊ 15.03.06 ɉɁ 

 

4) ɭɦɟɧɶɲɟɧɢɟ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ, ɡɧɚɱɢɬ ɫɧɢɠɟɧɢɟ ɬɟɦɩɚ ɭɫɤɨɪɟɧɢɹ.  

ɗɬɨ ɭɫɤɨɪɟɧɢɟ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɨ ɬɟɯ ɩɨɪ ɩɨɤɚ ɫɤɨɪɨɫɬɶ ɧɟ ɫɪɚɜɧɹɟɬɫɹ ɫ 

ɡɚɞɚɧɢɟɦ. Ɍɨɝɞɚ ɪɚɡɝɨɧ ɩɪɟɤɪɚɬɢɬɫɹ.  

Ⱥɧɚɥɨɝɢɱɧɨ ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ 

ɩɨɧɢɠɟɧɧɵɟ ɫɤɨɪɨɫɬɢ (ɪɢɫɭɧɨɤ 1.20, ɫɧɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ).  

ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɚ ɛɭɞɟɬ ɨɬɪɚɛɚɬɵɜɚɬɶ ɜɨɡɦɭɳɟɧɢɟ ɩɨ 

ɦɨɦɟɧɬɭ ɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɬɶ ɫɤɨɪɨɫɬɶ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɦɨɦɟɧɬɚ ɞɜɢɝɚɬɟɥɹ (ɬɨɤɚ 

ɹɤɨɪɹ). ɇɚ ɩɟɪɜɨɧɚɱɚɥɶɧɨɟ ɩɚɞɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɧɚɝɪɭɡɤɢ ɫɢɫɬɟɦɚ 

ɭɩɪɚɜɥɟɧɢɹ ɡɚ ɫɱёɬ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ ɨɬɪɟɚɝɢɪɭɟɬ ɛɵɫɬɪɵɦ (ɧɚɫɤɨɥɶɤɨ 

ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɧɬɭɪɚ ɬɨɤɚ) ɭɜɟɥɢɱɟɧɢɟɦ ɬɨɤɚ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 

ɡɧɚɱɟɧɢɹ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɦɨɦɟɧɬɨɦ ɞɜɢɝɚɬɟɥɹ ɧɚɱɧёɬɫɹ 

ɭɫɤɨɪɟɧɢɟ ɩɪɢɜɨɞɚ. ɉɨ ɦɟɪɟ ɭɫɤɨɪɟɧɢɹ ɢ ɩɪɢɛɥɢɠɟɧɢɹ ɤ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɬɨɤ, 

ɦɨɦɟɧɬ ɢ ɬɟɦɩ ɭɫɤɨɪɟɧɢɹ ɛɭɞɭɬ ɭɦɟɧɶɲɚɬɶɫɹ. ȼ ɪɚɜɧɨɜɟɫɢɟ ɫɢɫɬɟɦɚ ɜɟɪɧёɬɫɹ, 

ɤɨɝɞɚ ɫɤɨɪɨɫɬɶ ɫɬɚɧɟɬ ɪɚɜɧɨɣ ɡɚɞɚɧɧɨɣ, ɩɪɢ ɷɬɨɦ ɦɨɦɟɧɬ ɞɜɢɝɚɬɟɥɹ ɫɪɚɜɧɹɟɬɫɹ ɫ 

ɧɨɜɵɦ ɦɨɦɟɧɬɨɦ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 1.20 – Ⱦɢɚɝɪɚɦɦɚ ɪɚɛɨɬɵ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 
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2 ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɯɟɦɵ 
ɩɪɢɜɨɞɚ  
 

ɋɯɟɦɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ – ɝɪɚɮɢɱɟɫɤɢɣ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ 

ɞɨɤɭɦɟɧɬ, ɨɬɨɛɪɚɠɚɸɳɢɣ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ ɢɡɞɟɥɢɹ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɝɨ 

ɧɚɡɧɚɱɟɧɢɹ ɢ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ.  

ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɩɨɥɧɨɬɨɣ ɨɬɪɚɠɚɸɬ ɫɨɫɬɚɜ 

ɷɥɟɦɟɧɬɨɜ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ ɢ ɫɜɹɡɟɣ ɦɟɠɞɭ ɧɢɦɢ, ɜɯɨɞɹɳɢɯ ɜ 

ɨɬɞɟɥɶɧɵɣ ɭɡɟɥ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɞɚɸɳɢɯ ɞɟɬɚɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨ ɩɪɢɧɰɢɩɟ 

ɟɝɨ ɪɚɛɨɬɵ. ɇɚ ɨɫɧɨɜɚɧɢɟ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɪɚɡɪɚɛɚɬɵɜɚɸɬ ɫɯɟɦɵ ɜɧɟɲɧɢɯ 

ɢ ɜɧɭɬɪɟɧɧɢɯ ɫɨɟɞɢɧɟɧɢɣ.  

ɉɪɢɧɰɢɩɢɚɥɶɧɵɟ ɫɯɟɦɵ ɫɥɭɠɚɬ ɞɥɹ ɧɚɥɚɞɤɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɫɬɟɧɞɚ. Ɉɧɢ ɪɚɡɪɚɛɨɬɚɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ 

ɡɚɞɚɧɢɟɦ ɢ ɧɚ ɨɫɧɨɜɚɧɢɢ ɪɟɲɟɧɢɣ, ɩɪɢɧɹɬɵɯ ɜ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɯɟɦɚɯ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɯɟɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɪɚɡɴɹɫɧɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, 

ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɨɬɞɟɥɶɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɰɟɩɹɯ ɢɡɞɟɥɢɹ ɢɥɢ ɢɡɞɟɥɢɢ ɜ ɰɟɥɨɦ. 

Ⱦɥɹ ɫɥɨɠɧɨɝɨ ɢɡɞɟɥɢɹ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɧɟɫɤɨɥɶɤɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɯɟɦ, 

ɩɨɹɫɧɹɸɳɢɯ ɩɪɨɢɫɯɨɞɹɳɢɟ ɩɪɨɰɟɫɫɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɪɟɠɢɦɚɯ 

ɪɚɛɨɬɵ. Ʉɨɥɢɱɟɫɬɜɨ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɯɟɦ, ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɧɚ ɢɡɞɟɥɢɟ, ɫɬɟɩɟɧɶ 

ɢɯ ɞɟɬɚɥɢɡɚɰɢɢ ɢ ɨɛɴɟɦ ɩɨɦɟɳɚɟɦɵɯ ɫɜɟɞɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɱɢɤɨɦ ɫ 

ɭɱɟɬɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢɡɞɟɥɢɹ. Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɱɚɫɬɢ ɢ ɫɜɹɡɢ ɦɟɠɞɭ ɧɢɦɢ 

ɢɡɨɛɪɚɠɚɸɬ ɜ ɜɢɞɟ ɭɫɥɨɜɧɵɯ ɝɪɚɮɢɱɟɫɤɢɯ ɨɛɨɡɧɚɱɟɧɢɣ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɜ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɬɚɧɞɚɪɬɚɯ ɧɚ ɭɫɥɨɜɧɵɟ ɝɪɚɮɢɱɟɫɤɢɟ ɨɛɨɡɧɚɱɟɧɢɹ ɷɬɢɯ ɝɪɭɩɩ ɢ 

ɷɥɟɦɟɧɬɨɜ.  
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2.1 ɉɪɢɧɰɢɩɢɚɥɶɧɚя ɷɥɟɤɬɪɢɱɟɫɤɚя ɫɯɟɦɚ ɝɟɧɟɪɚɬɨɪɚ ɲɢɪɨɬɧɨ-

ɢɦɩɭɥɶɫɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥя 

 

ɒɂɉ ɫɨɫɬɨɢɬ ɢɡ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɧɚ ɨɫɧɨɜɟ ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɤɥɸɱɟɣ ɢ 

ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɨɝɨ ɦɨɞɭɥɹɬɨɪɚ (ɒɂɆ), ɭɩɪɚɜɥɹɸɳɟɝɨ ɤɨɦɦɭɬɚɰɢɟɣ ɫɢɥɨɜɵɯ 

ɤɥɸɱɟɣ.  

Ⱦɢɫɤɪɟɬɧɨɫɬɶ ɪɚɛɨɬɵ ɒɂɉ ɡɚɞɚёɬ ɝɟɧɟɪɚɬɨɪ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɢɦɩɭɥɶɫɨɜ 

SH_CLK. ɉɨɫɬɪɨɟɧɧɵɣ ɧɚ ɦɢɤɪɨɫɯɟɦɚɯ DD5, DD9 ɢ ɨɤɪɭɠɚɸɳɢɯ ɤɨɧɞɟɧɫɚɬɨɪɚɯ 

ɫ ɪɟɡɢɫɬɨɪɚɦɢ, ɷɬɨɬ ɝɟɧɟɪɚɬɨɪ ɮɨɪɦɢɪɭɟɬ ɧɚ ɜɵɯɨɞɟ ɢɦɩɭɥɶɫɵ, ɭɩɪɚɜɥɹɸɳɢɟ 

ɬɪɚɧɡɢɫɬɨɪɧɵɦ ɤɥɸɱɨɦ VT2. ɉɨɫɥɟɞɧɢɣ, ɨɬɤɪɵɜɚɹɫɶ, ɡɚɦɵɤɚɟɬ ɰɟɩɶ ɪɚɡɪɹɞɚ 

ɤɨɧɞɟɧɫɚɬɨɪɚ C10, ɚ ɡɚɤɪɵɜɚɹɫɶ, ɩɨɡɜɨɥɹɟɬ ɷɬɨɦɭ ɤɨɧɞɟɧɫɚɬɨɪɭ ɡɚɪɹɠɚɬɶɫɹ ɩɨ 

ɰɟɩɢ "+15V, VT1, C10". ɉɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ VT1 ɢɝɪɚɟɬ ɜ ɷɬɨɣ ɰɟɩɢ ɪɨɥɶ 

ɩɟɪɟɦɟɧɧɨɝɨ ɪɟɡɢɫɬɨɪɚ. ȿɝɨ ɡɧɚɱɟɧɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟɦ ɩɪɢɯɨɞɹɳɢɦ ɧɚ 

ɡɚɬɜɨɪ VT1, ɤɨɬɨɪɨɟ ɡɚɞɚёɬɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪɨɦ R3. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬ 

ɩɨɬɟɧɰɢɨɦɟɬɪɚ R3 ɡɚɜɢɫɢɬ ɬɟɦɩ ɡɚɪɹɞɚ ɤɨɧɞɟɧɫɚɬɨɪɚ C10, ɮɨɪɦɢɪɭɸɳɟɝɨ 

ɩɢɥɨɨɛɪɚɡɧɵɟ ɧɚɩɪɹɠɟɧɢɹ P_N ɢ P_P. 

 

2.2 ɉɪɢɧɰɢɩɢɚɥɶɧɚя ɷɥɟɤɬɪɢɱɟɫɤɚя ɫɯɟɦɚ ɪɟɝɭɥяɬɨɪɚ ɫɤɨɪɨɫɬɢ  
 

ɉɪɨɢɡɜɟɞёɦ ɜɵɛɨɪ ɧɨɦɢɧɚɥɨɜ ɷɥɟɦɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. 

ȼɵɛɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪёɯ 

ɭɫɥɨɜɢɣ. 

• Ɋɚɫɱёɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɉɂ-ɪɟɝɭɥɹɬɨɪɚ: ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ Tɪɫ = 3,76 

ɦɫ ɢ ɤɨɷɮɮɢɰɢɟɧɬ kɪɫ = 10.1. 

• ɋɨɝɥɚɫɨɜɚɧɢɹ ɦɚɤɫɢɦɭɦɚ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɧɚ ɜɯɨɞɟ Uɡ = ±10 ȼ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ ɧɚ ɜɯɨɞɟ U = ± 3000 ɨɛ/ɦɢɧ. 

• Ɉɛɟɫɩɟɱɟɧɢɹ ɮɢɥɶɬɪɨɜ ɤɚɤ ɜ ɤɚɧɚɥɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ (Ɍɮɫ = 

0,24ɦɫ) ɬɚɤ ɢ ɜ ɤɚɧɚɥɟ ɡɚɞɚɧɢɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ (Ɍɮɡɫ = 0,047ɦɫ). 

ɇɨɦɢɧɚɥɵ ɷɥɟɦɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ 

ɫɨɨɬɧɨɲɟɧɢɣ: 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

43 
ȻɊ 15.03.06 ɉɁ 

 

𝑅ଵ଻𝑅ହ+𝑅ଵ଴+𝑅ଵଶ = ݇˓˔ = ͳͲ.ͳ;                                                                                  (2.1) 

 

R17·C15 = Tɪɫ = 3,76 ɦɫ.                                                                                          (2.2) 

 

ɉɪɢɟɦɥɟɦɨ ɛɭɞɟɬ: R17 = 360 ɤɈɦ, ɋ15 = 10 ɧɎ. 

ɉɨɷɬɨɦɭ ɞɨɥɠɧɨ ɛɵɬɶ: R5+R10+R12 = 360/10 = 36 ɤɈɦ. 

ɋ ɭɱɟɬɨɦ ɬɨɝɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɫɢɝɧɚɥ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ܷωˊˏаˍ˔= 10 ȼ 

ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɹ ωˏаˍ˔=3000ɨɛ/ɦɢɧ 

(ɩɪɢ ɷɬɨɦ ܷωˏаˍ˔ = 0,02·3000 = 60 ȼ), ɜɯɨɞɧɵɟ ɪɟɡɢɫɬɨɪɵ ɩɨ ɡɚɞɚɧɢɸ R6+R13 

ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

 𝑅ఱ+𝑅భబ+𝑅భమ𝑅ల+𝑅భయ = ௎ωˏаˍ˔௎ωˊˏаˍ˔ = ଺଴ଵ଴ = ͸                                                                            (2.3) 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ  
 

R6+R13 = (R5+R10+R12)/6 = 36/6 = 6 ɤɈɦ.                                                          (2.4) 
 

Ⱦɚɥɟɟ ɫɥɟɞɭɟɬ ɢɫɯɨɞɢɬɶ ɢɡ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɪɚɫɱёɬɚɯ ɭɱɢɬɵɜɚɥɫɹ ɮɢɥɶɬɪ ɜ 
ɤɚɧɚɥɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɫɤɨɪɨɫɬɢ ɢɦɟɸɳɢɣ ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ  

 
Ɍɮɫ = R5 · C5 = 2.4 ɤɈɦ·0.1 ɦɤɎ = 0.24 ɦɫ.                                                      (2.5) 

  
ɉɨɷɬɨɦɭ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɧɨɦɢɧɚɥ R5 = 2.4ɤɈɦ.  
Ɍɨɝɞɚ  

 
R10+ R12 = 36 – 2.4 = 33.6 ɤɈɦ.                                                                         (2.6) 

 
ɑɬɨɛɵ ɧɟ ɦɟɧɹɬɶ ɩɨɬɟɧɰɢɨɦɟɬɪ R10 = 22 ɤɈɦ, ɛɟɪёɦ R12=20 ɤɈɦ, ɚ R10 

ɧɚɫɬɪɚɢɜɚɟɦ ɪɚɜɧɵɦ 13.6 ɤɈɦ.  
Ɏɢɥɶɬɪ ɩɨ ɜɯɨɞɭ ɡɚɞɚɧɢɹ  

 
Ɍɮɡɫ = 0.047 ɦɫ = R6·C5 = 4.7 ɤɈɦ·0.01 ɦɤɎ.                                                   (2.7) 

 
ɉɪɢ R6 = 4.7 ɤɈɦ ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ 

 
R13 = 6 – 4.7 = 1.3 ɤɈɦ.                                                                                    (2.8) 
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Ɍɟɩɟɪɶ ɜɫɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɟɧɵ.  

Ɋɟɡɭɥɶɬɚɬ ɧɚɫɬɪɨɣɤɢ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɩɟɪɟɯɨɞɧɨɦɭ ɩɪɨɰɟɫɫɭ ɫɤɨɪɨɫɬɢ 

ɞɜɢɝɚɬɟɥɹ ɩɨɞɚɱɟɣ ɫɬɭɩɟɧɱɚɬɨɝɨ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ («ɫɤɚɱɤɚ») ɧɚ ɜɯɨɞ ɪɟɝɭɥɹɬɨɪɚ 

ɫɤɨɪɨɫɬɢ. ɉɪɢɱɟɦ, ɚɦɩɥɢɬɭɞɚ «ɫɤɚɱɤɚ» ɞɨɥɠɧɚ ɛɵɬɶ ɬɚɤɨɣ, ɱɬɨɛɵ ɢɫɤɥɸɱɢɬɶ 

ɪɟɠɢɦ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɪɚɡɝɨɧɟ. 
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2.3 Ɏɭɧɤɰɢɨɧɚɥɶɧɚя ɫɯɟɦɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ 

 

ȼɜɨɞɧɨɣ ɚɜɬɨɦɚɬ Q1 ɪɚɫɫɱɢɬɚɧ ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ Iɧ = 10Ⱥ ɢ ɫɨɞɟɪɠɢɬ 

ɷɥɟɦɟɧɬɵ ɡɚɳɢɬɵ ɤɨɦɦɭɬɢɪɭɟɦɵɯ ɰɟɩɟɣ:  

- ɨɬ ɩɟɪɟɝɪɭɡɨɤ ɫ ɪɟɝɭɥɢɪɭɟɦɨɣ ɭɫɬɚɜɤɨɣ ɨɬ 0.9 ɞɨ 1.15Iɧ;  

- ɨɬ ɬɨɤɨɜ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ ɫ ɭɫɬɚɜɤɨɣ 12Iɧ.   

Ⱦɥɹ ɩɨɞɚɱɢ ɫɟɬɟɜɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɩɪɹɦɢɬɟɥɶ ɧɟɨɛɯɨɞɢɦɨ ɤɪɨɦɟ 

ɚɜɬɨɦɚɬɚ Q1 ɜɤɥɸɱɢɬɶ ɪɟɥɟ Ʉ1 ɧɚɠɚɬɢɟɦ ɤɧɨɩɤɢ «ɉɭɫɤ». 

Ʉ1 ɫɪɚɛɨɬɚɟɬ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɭɫɥɨɜɢɹɯ:  

• ɨɬɠɚɬɵ ɤɧɨɩɤɢ «ɋɬɨɩ» ɧɚ ɲɤɚɮɭ Ȼɍɗɉ (ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦɢ);  

• ɟɫɬɶ ɞɚɜɥɟɧɢɟ ɜ ɩɧɟɜɦɨɫɟɬɢ;  

• ɜɤɥɸɱɟɧ ɜɵɤɥɸɱɚɬɟɥɶ S1, ɤɨɦɦɭɬɢɪɭɸɳɢɣ ɫɟɬɟɜɨɟ ɩɟɪɟɦɟɧɧɨɟ 

ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɯɨɞ ɢɫɬɨɱɧɢɤɨɜ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ;  

• ɟɫɬɶ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɚɯ ɜɫɟɯ ɱɟɬɵɪɟɯ ɫɬɚɛɢɥɢɡɚɬɨɪɨɜ ɢɫɬɨɱɧɢɤɨɜ 

ɩɢɬɚɧɢɹ ɰɟɩɟɣ ɭɩɪɚɜɥɟɧɢɹ ɋɌ1, ɋɌ2, ɋɌ3, ɋɌ4;  

• ɨɬɫɭɬɫɬɜɭɟɬ ɧɚɟɡɞ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚ ɚɜɚɪɢɣɧɵɟ ɤɨɧɰɟɜɵɟ 

ɜɵɤɥɸɱɚɬɟɥɢ ɨɝɪɚɧɢɱɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ;  

• ɜɤɥɸɱɟɧɵ ɥɢɛɨ ɜɫɟ ɚɜɬɨɦɚɬɵ Q2-Q6 ɫɢɥɨɜɵɯ ɰɟɩɟɣ ɩɪɢɜɨɞɨɜ (ɪɟɠɢɦ 

«Ɋɚɛɨɬɚ»), ɥɢɛɨ ɚɜɬɨɦɚɬ Q7 (ɪɟɠɢɦ «ɇɚɥɚɞɤɚ»).  

ȼ ɰɟɩɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɜɵɩɪɹɦɢɬɟɥɶɧɨɝɨ ɦɨɫɬɚ ɭɫɬɚɧɨɜɥɟɧɵ ɚɦɩɟɪɦɟɬɪ ɢ 

ɜɨɥɶɬɦɟɬɪ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɧɚɱɟɧɢɣ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ, ɜɵɞɚɜɚɟɦɵɯ ɜɵɩɪɹɦɢɬɟɥɟɦ 

ɜ ɹɤɨɪɧɵɟ ɰɟɩɢ ɩɪɢɜɨɞɨɜ. ɂɦɟɟɬɫɹ ɬɚɤɠɟ ɫɪɟɞɫɬɜɨ ɡɚɳɢɬɵ ɨɬ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ 

ɩɟɪɟɧɚɩɪɹɠɟɧɢɣ - ɪɚɡɪɹɞɧɵɣ ɤɥɸɱ. 

Ⱦɥɹ ɩɨɞɚɱɢ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ ɜɵɩɪɹɦɢɬɟɥɹ ɧɚ ɜɯɨɞɵ ɫɢɥɨɜɵɯ 

ɬɪɚɧɡɢɫɬɨɪɧɵɯ ɤɥɸɱɟɣ ɜɤɥɸɱɚɸɬɫɹ ɚɜɬɨɦɚɬɵ Q2-Q6. Ɉɧɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɡɚɳɢɬɭ  

ɫɢɥɨɜɵɯ ɰɟɩɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɨɬɞɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ ɤɨɨɪɞɢɧɚɬ ɨɬ ɩɟɪɟɝɪɭɡɨɤ  

(ɬɟɩɥɨɜɚɹ ɡɚɳɢɬɚ) ɢ ɨɬ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɜ ɰɟɩɹɯ ɹɤɨɪɹ. Ⱥɜɬɨɦɚɬɵ ɜɵɛɪɚɧɵ  
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ɩɨɞ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ ɞɜɢɝɚɬɟɥɹ 10 Ⱥ. ɂɯ ɭɫɬɚɜɤɭ ɬɟɩɥɨɜɨɣ ɡɚɳɢɬɵ ɦɨɠɧɨ 

ɜɚɪɶɢɪɨɜɚɬɶ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0.9 ɞɨ 1.15Iɧ. Ɂɚɳɢɬɚ ɨɬ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ 

ɫɪɚɛɨɬɚɟɬ ɩɪɢ ɬɨɤɟ 120 Ⱥ (12Iɧ).  

Ʉɪɨɦɟ ɚɜɬɨɦɚɬɨɜ ɜ ɹɤɨɪɧɵɯ ɰɟɩɹɯ ɞɜɢɝɚɬɟɥɟɣ ɤɨɨɪɞɢɧɚɬ ɭɫɬɚɧɨɜɥɟɧɵ 

ɞɪɨɫɫɟɥɢ, ɲɭɧɬɵ ɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ. Ⱦɪɨɫɫɟɥɢ L1-L5 ɫɥɭɠɚɬ ɞɥɹ ɫɝɥɚɠɢɜɚɧɢɹ 

ɩɭɥɶɫɚɰɢɣ ɹɤɨɪɧɨɝɨ ɬɨɤɚ, ɲɭɧɬɵ SH1-SH5 – ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɢɝɧɚɥɚ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ ɩɨ ɬɨɤɭ ɹɤɨɪɹ, ɚ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ FU1-FU5 – ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɤɨɪɨɬɤɢɯ 

ɡɚɦɵɤɚɧɢɣ. 
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3 Ɋɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
 

3.1 ɋɨɫɬɚɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɫɨɫɬɚɜɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɜɢɞɟ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɧɚ ɩɪɢɦɟɪɟ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ( ɪɢɫɭɧɨɤ 3.1  ). 

 

 

ȾɉɌ – ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ;Uɭ – ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ 

ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ;αɞ ɢ αH – ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ ɢ ɪɟɞɭɤɬɨɪɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

Ɋɢɫɭɧɨɤ 3.1 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 

ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

 

ɗɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ 

ɭɪɚɜɧɟɧɢɹɦɢ ɢ ɩɟɪɟɞɚɬɨɱɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. ȼɧɚɱɚɥɟ ɡɚɩɢɫɵɜɚɟɦ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɡɜɟɧɚ, ɡɚɬɟɦ, ɩɪɢɦɟɧɹɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ, 

ɩɟɪɟɯɨɞɢɦ ɤ ɨɩɟɪɚɬɨɪɧɨɦɭ ɭɪɚɜɧɟɧɢɸ, ɢɡ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ 

ɮɭɧɤɰɢɸ. 

1. ɗɥɟɤɬɪɨɧɧɵɣ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ 

Ɋɚɛɨɬɚ ɭɫɢɥɢɬɟɥɹ ɬɨɤɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ 

ɭɪɚɜɧɟɧɢɟɦ: 

௬ܶ ௗ௨೤ሺ௧ሻௗ௧ + ሻݐ௬ሺݑ = ௬ܭ ⋅ 𝛥ݑሺݐሻ,                                     (3.1) 

ɝɞɟ ܭ௬ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɡɜɟɧɚ. 

ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (3.1): 

௬ܶ ⋅ 𝑝 ⋅ ܷ௬ሺ𝑝ሻ + ܷ௬ሺ𝑝ሻ =  ௬𝛥ܷሺ𝑝ሻ.                                 (3.2)ܭ
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ɇɚɣɞёɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɜɟɧɚ: 

𝑊௬ሺ𝑝ሻ = ௎೤ሺ𝑝ሻ𝛥௎ሺ𝑝ሻ = ௄೤೤்𝑝+ଵ.                                          (3.3) 

ɍɪɚɜɧɟɧɢɟ (3.3) ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. 

2. Ⱦɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟ 

Ɋɚɛɨɬɚ ȾɉɌ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ: 

Яܮ} ௗ𝑖Яሺ௧ሻௗ௧ + 𝑅Я𝑖Яሺݐሻ = ሻݐЯሺݑ − ݇𝐸𝜔Дሺݐሻܬ ௗ𝜔Дௗ௧ = ݇ʛ𝑖Яሺݐሻ − ሻݐ𝐶ሺܯ ,                           (3.4) 

ɝɞɟ ܮə – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɢ ȾɉɌ;  𝑖Я – ɬɨɤ ɹɤɨɪɹ;  𝑅Я – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɹ; ݇𝐸 – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ; ݇ʛ – ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ; 𝜔Д – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ;  

J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ;  ܯ𝐶  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 

ଵ௃𝑝 – ɦɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ. 

ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (3.4): 
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Яܮ} ⋅ 𝑝 ⋅ 𝑖Я + 𝑅Я ⋅ 𝑖Яሺ˓ሻ = ܷЯሺ˓ሻ − ݇𝐸 ⋅ 𝜔Дሺ˓ሻܬ ⋅ 𝑝 ⋅ 𝜔Дሺ˓ሻ = ݇ெ ⋅ 𝑖Яሺ˓ሻ − ʛʠሺ˓ሻ .                   (3.5) 

ɉɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ȾɉɌ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɧɚ 

ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɹɤɨɪɧɨɣ ɰɟɩɢ: 

𝑊Яሺ˓ሻ = 𝑖Яሺ˓ሻ𝛥௎Яሺ˓ሻ = ଵ௅Я˓+𝑅Я                                     (3.6) 

ɢ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ: 

𝑊ெሺ𝑝ሻ = 𝜔Дሺ˓ሻ𝛥ʛሺ˓ሻ = ଵ௃𝑝.                                            (3.7) 

ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɫɨɫɬɚɜɢɦ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ȾɉɌ: 

 

Ɋɢɫɭɧɨɤ 3.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȾɉɌ 

 

ɉɟɪɟɧɟɫёɦ ɜɬɨɪɨɣ ɭɡɟɥ ɫɭɦɦɢɪɨɜɚɧɢɹ ɫɢɝɧɚɥɚ ɆC ɧɚ ɜɯɨɞ ɫɯɟɦɵ ɢ 

ɨɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɞɜɢɝɚɬɟɥɹ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ Wɞ(ɪ) ɢ 

ɜɨɡɦɭɳɚɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ WȾȼ(ɪ):  
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Ɋɢɫɭɧɨɤ 3.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȾɉɌ 

ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɫɯɟɦɟ ɫɨɫɬɚɜɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ȾɉɌ: 

𝑊 ሺ𝑝ሻ = 𝜔Дሺ˓ሻ௎೤ሺ𝑝ሻ = 𝑘ಾሺಽЯ˓+𝑅Яሻ಻𝑝ଵ+ 𝑘ಾሺಽЯ˓+𝑅Яሻ಻𝑝⋅௞𝐸 = ௞ಾ௅Я௃𝑝మ+𝑅Я௃𝑝+௞𝐸௞ಾ =  

= ДЯܶʡʛ˓ଶܭ + ʡʛ˓ + ͳ.                                     (3.8) 

𝑊Дʑሺ˓ሻ = 𝜔Дሺ˓ሻʛʠሺ˓ሻ = КДКʛ−భ𝑅ЯሺʡЯ˓+ଵሻʡЯʡʛ˓మ+ʡʛ˓+ଵ ,                      (3.9) 

ɝɞɟ  ʡЯ = ௅Я𝑅Я , Ɍʛ = ௃𝑅Я௞𝐸௞ಾ , KД = ଵ௞𝐸. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (3.8) ɢɡɦɟɧɢɦ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ȾɉɌ: 

M cR я
kM

T я p 1+( )

U я
k д

T я T M p
2

 T M p+ 1+

U  д

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ȾɉɌ 
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3. Ɋɟɞɭɤɬɨɪ 

Ɋɚɛɨɬɚ ɪɟɞɭɤɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ: 

𝛼𝐻ሺݐሻ = ଵ𝑖 𝛼Дሺݐሻ.                                             (3.10) 

 ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (3.10): 

𝛼𝐻ሺ𝑝ሻ = ଵ𝑖 𝛼Дሺ𝑝ሻ.                                             (3.11) 

ɇɚɣɞёɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɜɟɧɚ: 

𝑊 ˈˇሺ˓ሻ = 𝛼ʜሺ˓ሻ𝛼Дሺ˓ሻ = ଵ𝑖 .                                         (3.12) 

ɍɪɚɜɧɟɧɢɟ (3.12) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɛɟɡɵɧɟɪɰɢɨɧɧɨɝɨ 

ɡɜɟɧɚ. 

4. Ɂɜɟɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

Ɂɜɟɧɨ ɫɜɹɡɢ ɦɟɠɞɭ ɫɤɨɪɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ ɢ ɭɝɥɨɦ ɩɨɜɨɪɨɬɚ.  

𝜔Ⱦሺݐሻ = ௗ𝛼Ⱦሺ௧ሻௗ௧ .                                                 (3.13) 

ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (3.13): 

𝜔Ⱦሺɪሻ = ɪ𝛼Ⱦሺɪሻ.                                                 (3.14) 

ɇɚɣɞɟɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɜɟɧɚ:  

𝑊Ɂɋሺɪሻ = 𝛼Ⱦሺɪሻ𝜔Ⱦሺɪሻ = ଵ
ɪ
.                                               (3.15) 

ɍɪɚɜɧɟɧɢɟ (3.15) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɬɟɝɪɚɬɨɪɭ. 
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Ɉɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɧɟɢɡɦɟɧɹɟɦɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɩɪɟɞɟɥёɧɧɵɦɢ ɩɟɪɟɞɚɬɨɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɡɜɟɧɶɟɜ ɢ 

ɪɢɫɭɧɤɨɦ 17 ɫɨɫɬɚɜɢɦ ɫɬɪɭɤɬɭɪɧɭɸ ɫɯɟɦɭ ɫɢɫɬɟɦɵ: 

 

 

Ɋɢɫɭɧɨɤ 3.5 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɧɟɢɡɦɟɧɹɟɦɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 

 

ɉɨ ɪɢɫɭɧɤɭ 3.5 ɨɩɪɟɞɟɥɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɪɚɡɨɦɤɧɭɬɨɣ 

ɧɟɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨ ɭɩɪɚɜɥɹɸɳɟɦɭ ɜɨɡɞɟɣɫɬɜɢɸ, ɩɨɥɚɝɚɹ, ɱɬɨ Ɇɋ=0 

ɢ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɪɚɡɨɦɤɧɭɬɚ: 

𝑊𝐻ሺ𝑝ሻ = ௄ɉɄɍɄȾ
భ𝑖𝑝ሺ ೤்𝑝+ଵሻሺɌəɌɆɪమ+ɌɆɪ+ଵሻ.                       (3.16) 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɧɟɢɡɦɟɧɹɟɦɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ɪɚɜɟɧ: 

Ʉɨ = ɄɉɄɭɄȾ
ଵ𝑖.                                        (3.17) 
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4 ɋɢɫɬɟɦɚ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢя 
 

4.1 ɉɪɢɧɰɢɩɵ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢя 
 

Ɇɟɬɨɞɢɤɚ ɫɢɧɬɟɡɚ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ 

ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɫɥɟɞɭɸɳɢɯ ɩɪɢɧɰɢɩɨɜ 

ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

Ɉɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱёɧɧɵɯ 

ɡɜɟɧɶɟɜ, ɧɚ ɜɵɯɨɞɟ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ, ɩɨɞɥɟɠɚɳɢɟ 

ɪɟɝɭɥɢɪɨɜɚɧɢɸ. ȼɟɫɶ ɨɛɴɟɤɬ ɪɚɫɱɥɟɧɹɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ  

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱёɧɧɵɯ ɨɛɴɟɤɬɨɜ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɛɭɞɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɧ 

ɨɬɞɟɥɶɧɨ ɫɜɨɢɦ ɤɨɧɬɭɪɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

1. ɑɢɫɥɨ ɤɨɧɬɭɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɢɫɥɭ ɪɟɝɭɥɢɪɭɟɦɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. ɉɪɢ ɷɬɨɦ ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɧɚɡɵɜɚɟɬɫɹ ɨɫɧɨɜɧɵɦ, ɚ ɜɧɭɬɪɟɧɧɢɣ – 

ɩɨɞɱɢɧёɧɧɵɦ. 

2. ȼ ɤɚɠɞɨɦ ɤɨɧɬɭɪɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫ ɨɛɴɟɤɬɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɚɧɧɨɝɨ 

ɤɨɧɬɭɪɚ ɜɤɥɸɱɚɟɬɫɹ ɪɟɝɭɥɹɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ 

ɨɩɬɢɦɚɥɶɧɭɸ ɧɚɫɬɪɨɣɤɭ ɤɨɧɬɭɪɚ. 

3. Ɋɟɝɭɥɹɬɨɪɵ ɜɤɥɸɱɚɸɬɫɹ ɤɚɫɤɚɞɧɨ, ɬɨ ɟɫɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɞɪɭɝ ɡɚ 

ɞɪɭɝɨɦ. ɉɪɢ ɷɬɨɦ ɜɵɯɨɞɧɨɣ ɩɚɪɚɦɟɬɪ ɜɧɟɲɧɟɝɨ ɪɟɝɭɥɹɬɨɪɚ ɹɜɥɹɟɬɫɹ ɡɚɞɚɧɢɟɦ 

ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ. 

4. Ɉɝɪɚɧɢɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬёɦ 

ɨɝɪɚɧɢɱɟɧɢɹ ɫɢɝɧɚɥɚ ɟɝɨ ɡɚɞɚɧɢɹ. 

5. ɉɪɢɧɰɢɩ ɩɨɞɱɢɧёɧɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɜɧɟɲɧɟɦɭ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 

ɬɨɦ, ɱɬɨ ɜɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɨɬɪɚɛɚɬɵɜɚɟɬ ɤɨɦɚɧɞɭ ɜɧɟɲɧɟɝɨ. ɉɨɷɬɨɦɭ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ ɢ ɤɨɪɪɟɤɬɧɚɹ ɪɚɛɨɬɚ ɜɧɟɲɧɟɝɨ ɤɨɧɬɭɪɚ 

ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɧɨɪɦɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɟ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ. 
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6. ɉɪɢ ɜɵɛɨɪɟ ɤɨɥɢɱɟɫɬɜɚ ɤɨɧɬɭɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɞɟɥɚɬɶ ɬɚɤ, 

ɱɬɨɛɵ ɜ ɤɚɠɞɨɦ ɤɨɧɬɭɪɟ ɛɵɥɚ ɨɞɧɚ ɛɨɥɶɲɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɢɥɢ, ɦɚɤɫɢɦɭɦ, 

ɞɜɟ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ ɪɟɝɭɥɹɬɨɪɨɦ. 

Ɉɫɬɚɥɶɧɵɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɤɨɧɬɭɪɚ ɞɨɥɠɧɵ ɛɵɬɶ ɧɟɫɨɢɡɦɟɪɢɦɨ ɦɟɧɶɲɟ. ȼɫɟ ɷɬɢ 

ɦɚɥɵɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɤɨɧɬɭɪɚ ɡɚɦɟɧɹɸɬɫɹ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɫɭɦɦɚɪɧɨɣ ɦɚɥɨɣ 

ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ, ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ Tμ.  

ȼɧɭɬɪɟɧɧɢɣ ɤɨɧɬɭɪ ɨɛɥɚɞɚɟɬ ɧɚɢɛɨɥɶɲɢɦ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ. Ʉɚɠɞɵɣ 

ɜɧɟɲɧɢɣ ɤɨɧɬɭɪ ɢɦɟɟɬ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɛɨɥɟɟ ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ ɦɟɧɶɲɟɟ, ɱɟɦ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɟɦɭ ɩɨɞɱɢɧёɧɧɵɣ ɜɧɭɬɪɟɧɧɢɣ. 

 

4.2 Ʉɪɢɬɟɪɢɢ ɨɩɬɢɦɢɡɚɰɢɢ 
 

Ɉɩɬɢɦɢɡɢɪɨɜɚɬɶ ɤɨɧɬɭɪ – ɷɬɨ ɡɧɚɱɢɬ ɨɛɟɫɩɟɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɬɨɱɧɨɫɬɶ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɧɬɭɪɚ ɩɪɢ ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ.  

ȼ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ ɨɩɬɢɦɚɥɶɧɨɣ ɧɚɫɬɪɨɣɤɨɣ ɤɨɧɬɭɪɚ ɹɜɥɹɟɬɫɹ ɬɚ, ɱɬɨ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɝɪɚɮɢɤ ɟɝɨ ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ: ɫ ɚɛɫɨɥɸɬɧɵɦ 

ɛɵɫɬɪɨɞɟɣɫɬɜɢɟɦ, ɛɟɡ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ. Ɉɞɧɚɤɨ, ɜɨ-ɩɟɪɜɵɯ, 

ɞɟɥɚɬɶ ɷɬɨɝɨ ɧɟ ɫɥɟɞɭɟɬ ɢ, ɜɨ-ɜɬɨɪɵɯ, ɫɞɟɥɚɬɶ ɷɬɨ ɧɟɜɨɡɦɨɠɧɨ.  

ɇɟ ɫɥɟɞɭɟɬ ɫɬɪɟɦɢɬɶɫɹ ɤ ɚɛɫɨɥɸɬɧɨɦɭ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɜ ɤɨɧɬɭɪɟ ɫɤɨɪɨɫɬɢ 

ɩɨ ɞɜɭɦ ɩɪɢɱɢɧɚɦ. ȼɨ-ɩɟɪɜɵɯ, ɢɦɟɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɬɨɤɚ 

ɹɤɨɪɹ, ɢɫɯɨɞɹ ɢɡ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɳёɬɨɱɧɨ-ɤɨɥɥɟɤɬɨɪɧɨɝɨ 

ɦɟɯɚɧɢɡɦɚ ɞɜɢɝɚɬɟɥɹ. ȼɨ-ɜɬɨɪɵɯ, ɛɵɫɬɪɵɟ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɫɨɡɞɚɸɬ 

ɭɞɚɪɧɵɟ ɧɚɝɪɭɡɤɢ ɧɚ ɦɟɯɚɧɢɡɦ, ɚ ɨɧɢ ɬɨɠɟ ɞɨɥɠɧɵ ɛɵɬɶ ɨɝɪɚɧɢɱɟɧɵ.  

 𝑊 ˈˆሺݏሻ = ଵ𝑊 ˓ሺ௦ሻ                                                                                                         (4.1) 

 

Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɫɤɨɦɩɟɧɫɢɪɨɜɚɧɵ ɜɫɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɤɨɧɬɭɪɚ, 

ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɢ ɧɟɜɨɡɦɨɠɧɨ.  
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ɉɨɷɬɨɦɭ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɢɞ 

 𝑊 ˈˆሺݏሻ = ଵ𝑊 ˓ሺ௦ሻ ∙ 𝑊 ሺݏሻ  ,                                                                                              (4.2) 

 

ɝɞɟ Wɠ(s) – ɠɟɥɚɟɦɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɚɡɨɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɪɟɛɭɟɦɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɧɚɫɬɪɨɣɤɢ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɬɨɱɤɢ 

ɡɪɟɧɢɹ ɬɨɱɧɨɫɬɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ ɢ 

ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɢ (ɪɢɫɭɧɨɤ 4.1). 

  

 
Ɋɢɫɭɧɨɤ 4.1 – ɀɟɥɚɟɦɚɹ ɫɬɪɭɤɬɭɪɚ ɪɚɡɨɦɤɧɭɬɨɣ ɱɚɫɬɢ ɨɩɬɢɦɢɡɢɪɭɟɦɨɝɨ ɤɨɧɬɭɪɚ 

 

ȼ ɢɧɠɟɧɟɪɧɨɣ ɩɪɚɤɬɢɤɟ ɩɪɢɧɹɬɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 

ɤɨɧɬɭɪɚ.  

ɉɟɪɜɵɣ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɥɭɱɢɥ ɜ ɢɧɨɫɬɪɚɧɧɨɣ (ɧɟɦɟɰɤɨɣ) 

ɥɢɬɟɪɚɬɭɪɟ ɧɚɡɜɚɧɢɟ Betrags Optimum, ɚ ɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɨɧ 

ɧɚɡɵɜɚɟɬɫɹ ɬɟɯɧɢɱɟɫɤɢɣ ɢɥɢ ɦɨɞɭɥɶɧɵɣ ɨɩɬɢɦɭɦ. ɋɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɦɭ 

ɨɩɬɢɦɭɦɭ ( ɌɈ ) ɨɩɬɢɦɚɥɶɧɵɦ ɫɱɢɬɚɟɬɫɹ ɬɚɤɨɣ ɤɨɧɬɭɪ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɤɨɬɨɪɨɝɨ ɜ ɪɚɡɨɦɤɧɭɬɨɦ ɫɨɫɬɨɹɧɢɢ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 

 Wˉ˕ˑሺsሻ = ଵଶ∙୘μ∙s∙ሺ୘μ∙s+ଵሻ                                                                                             (4.3) 

 

ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɢɧɬɟɝɪɢɪɭɸɳɚɹ ɱɚɫɬɶ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 2Tμ ɨɛɟɫɩɟɱɢɬ 

ɚɫɬɚɬɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɨɬɫɭɬɫɬɜɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɨɲɢɛɤɢ  
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ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱥɩɟɪɢɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫ ɩɨɫɬɨɹɧɧɨɣ 

ɜɪɟɦɟɧɢ Tμ ɨɛɟɫɩɟɱɢɬ ɧɭɠɧɭɸ ɮɨɪɦɭ ɩɟɪɟɯɨɞɧɨɣ ɮɭɧɤɰɢɢ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ. 

ɉɨɫɬɨɹɧɧɚɹ Tμ ɨɩɪɟɞɟɥɢɬ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɧɬɭɪɚ, ɚ ɫ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ – ɟɝɨ ɩɨɦɟɯɨɭɫɬɨɣɱɢɜɨɫɬɶ. 

ȼɬɨɪɨɣ ɤɪɢɬɟɪɢɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɥɭɱɢɥ ɜ ɢɧɨɫɬɪɚɧɧɨɣ (ɧɟɦɟɰɤɨɣ) 

ɥɢɬɟɪɚɬɭɪɟ ɧɚɡɜɚɧɢɟ Simmetrische Optimum, ɚ ɜ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɨɧ 

ɧɚɡɵɜɚɟɬɫɹ ɫɢɦɦɟɬɪɢɱɧɵɣ ɨɩɬɢɦɭɦ (ɋɈ). Ɉɩɬɢɦɢɡɚɰɢɹ ɤɨɧɬɭɪɚ ɩɨ ɬɚɤɨɦɭ 

ɨɩɬɢɦɭɦɭ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɨɛɴɟɤɬɟ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɢɧɬɟɝɪɢɪɭɸɳɟɝɨ ɡɜɟɧɚ. ɀɟɥɚɟɦɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɚɡɨɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ 

ɪɟɝɭɥɹɬɨɪɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɫɢɦɦɟɬɪɢɱɧɨɦɭ ɨɩɬɢɦɭɦɭ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ 

ɚɧɚɥɨɝɢɱɧɨɣ ɮɭɧɤɰɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ ɧɚ ɜɟɥɢɱɢɧɭ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ Wɞɨɩ(s) 

 𝑊 ˑ˒ሺݏሻ = ସ∙୘μ∙௦+ଵସ∙୘μ∙௦  ,                                                                                                     (4.4) 

 

ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɨɛɨɣ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɨɟ (ɉɂ) ɡɜɟɧɨ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ ɪɚɜɧɵɦ 1. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  

 Wˉ˕ˑሺsሻ = ଵଶ∙୘μ∙s∙ሺ୘μ∙s+ଵሻ ∙ ସ∙୘μ∙௦+ଵସ∙୘μ∙௦                                                                               (4.5) 
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Ɋɢɫɭɧɨɤ 4.2 – ɅȺɑɏ ɢ ɩɟɪɟɯɨɞɧɵɟ ɮɭɧɤɰɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ (ɌɈ) ɢ ɫɢɦɦɟɬɪɢɱɧɨɝɨ 

(ɋɈ) ɨɩɬɢɦɭɦɨɜ 

 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɨɩɬɢɦɭɦɨɜ 

(ɬɚɛɥɢɰɚ 4.1) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɦɟɧɹɬɶ ɫɢɦɦɟɬɪɢɱɧɵɣ ɨɩɬɢɦɭɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɟɫɥɢ 

ɬɪɟɛɭɟɬɫɹ ɨɛɟɫɩɟɱɢɬɶ ɧɚɢɛɨɥɶɲɢɣ ɡɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤɨɧɬɭɪɚ. ȿɫɥɢ ɠɟ ɜɚɠɧɟɟ 

ɨɛɟɫɩɟɱɢɬɶ ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɧɚɢɦɟɧɶɲɟɟ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɬɨɝɞɚ ɥɭɱɲɟ ɩɪɢɦɟɧɹɬɶ ɬɟɯɧɢɱɟɫɤɢɣ ɨɩɬɢɦɭɦ.  

ɋɢɧɬɟɡ ɤɨɧɬɭɪɨɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ ɫ 

ɞɜɢɝɚɬɟɥɟɦ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ 

ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɨɜ. Ɉɧɚ ɧɚɱɢɧɚɟɬɫɹ ɜɫɟɝɞɚ ɫ ɜɧɭɬɪɟɧɧɟɝɨ ɤɨɧɬɭɪɚ, ɬɨ ɟɫɬɶ ɫ 

ɤɨɧɬɭɪɚ ɬɨɤɚ. 

 

4.3 ɋɢɧɬɟɡ ɤɨɧɬɭɪɚ ɬɨɤɚ  
  

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɤɨɧɬɭɪ ɬɨɤɚ ɫɢɧɬɟɡɢɪɭɟɬɫɹ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ. ɗɬɨ 

ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɫɧɢɠɚɬɶ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɤɨɧɬɭɪɚ ɬɨɤɚ ɧɟɥɶɡɹ, ɱɬɨɛɵ ɧɟ ɧɚɱɚɥɚ 

ɩɪɨɹɜɥɹɬɶɫɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨ ɗȾɋ, ɤɨɬɨɪɚɹ ɜ ɞɚɧɧɵɯ ɪɚɫɱёɬɚɯ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ. 
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ȼ ɫɨɫɬɚɜ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɬɨɤɚ ( ɪɢɫɭɧɨɤ 4.3)  ɜɯɨɞɹɬ 

ɫɥɟɞɭɸɳɢɟ ɜɤɥɸɱёɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɟɦɟɧɬɵ: ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɹɤɨɪɧɚɹ 

ɰɟɩɶ ɞɜɢɝɚɬɟɥɹ ɢ ɞɚɬɱɢɤ ɬɨɤɚ. Ȼɨɥɶɲɨɣ ɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ 

ɤɨɧɬɭɪɚ ɬɨɤɚ ɛɭɞɟɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɹɤɨɪɧɨɣ ɰɟɩɢ Tɷ. ȼ ɫɨɫɬɚɜ 

ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɫɭɦɦɚɪɧɨɣ ɦɚɥɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɤɨɧɬɭɪɚ ɬɨɤɚ Tμɬ 

ɧɚɢɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜɧɟɫɭɬ ɢɧɟɪɰɢɨɧɧɨɫɬɢ: ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Tɩ, ɮɢɥɶɬɪɚ ɞɚɬɱɢɤɚ 

ɬɨɤɚ Tɞɬ, ɷɥɟɦɟɧɬɨɜ ɧɚ ɤɨɬɨɪɵɯ ɪɟɚɥɢɡɨɜɚɧ ɪɟɝɭɥɹɬɨɪ (ɨɩɟɪɚɰɢɨɧɧɵɯ ɭɫɢɥɢɬɟɥɟɣ) 

TɈɍɊɌ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ  Tɬ=Tɩ+TɈɍɊɌ+Tɞɬ 
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Дɚɬчɢɤ ɬɨɤɚ

 

Ɋɢɫɭɧɨɤ 4.3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɬɨɤɚ. 
 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ: 

 𝑊ɨɪሺݏሻ = ௞ɩ⋅௞ɞɬ⋅ భ𝑅ɷሺ ɷ்⋅௦+ଵሻ⋅ሺ 𝜇்ɬ⋅௦+ଵሻ                                                                                 (4.6) 

 

Ɉɛɨɡɧɚɱɢɦ ௞˒⋅௞ˇ˕𝑅э = ݇𝛴˕ - ɫɭɦɦɚɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɨɛɴɟɤɬɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɬɨɤɚ. Ɍɨɝɞɚ ɩɪɢ ɜɵɛɨɪɟ ɜ ɤɚɱɟɫɬɜɟ ɠɟɥɚɟɦɨɣ 

ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ (4.3) ɢ ɨɩɢɪɚɹɫɶ ɧɚ ɜɵɪɚɠɟɧɢɟ 

(4.2) ɩɨɥɭɱɢɦ 
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𝑊ɪɬሺݏሻ = 𝑊ɠɬɨሺ௦ሻ𝑊ɨɪሺ௦ሻ = ሺ ɷ்⋅௦+ଵሻ⋅ሺ 𝜇்ɬ⋅௦+ଵሻଶ⋅ 𝜇்ɬ⋅௦⋅ሺ 𝜇்ɬ⋅௦+ଵሻ⋅௞𝛴ɬ
= ɷ்⋅௦+ଵଶ 𝜇்ɬ⋅௞𝛴ɬ⋅௦ = ݇ɪɬ

ɷ்⋅௦+ଵ
ɷ்⋅௦ ,   (4.7) 

 

ɝɞɟ:  

 ݇ɪɬ = ɷ்ଶ 𝜇்ɬ⋅௞𝛴ɬ
                                                                                                              (4.8) 

 

Ɉɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɬɨɤɚ (ɪɢɫɭɧɨɤ 1.19) ɫɨɫɬɨɢɬ ɢɡ ɒɂɉ, 

ɹɤɨɪɧɨɣ ɰɟɩɢ ɞɜɢɝɚɬɟɥɹ ( ɹɤɨɪɶ ɞɜɢɝɚɬɟɥɹ, ɞɪɨɫɫɟɥɶ, ɲɭɧɬ) ɢ ɞɚɬɱɢɤɚ ɬɨɤɚ ɫ 

ɮɢɥɶɬɪɨɦ ɧɚ ɜɵɯɨɞɟ.  

ɂɡ ɦɚɥɵɯ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ ɨɛɴɟɤɬɚ (Tɬ) 

ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ ɩɟɪɢɨɞ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ Tɢ = 0,1..0,3ɦɫ ɢ 

ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɮɢɥɶɬɪɚ ɧɚ ɜɵɯɨɞɟ ɞɚɬɱɢɤɚ ɬɨɤɚ  

Tɮɬ  = R82 · C31 = 2ɤɈɦ · 0,01 ɦɤɎ = 0,02 ɦɫ.  

ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɢɧɹɬɶ: 

 

 Tɬ  = Tɢ + Tɮɬ = 0,23 + 0,02 = 0,25 ɦɫ                                                             (4.9) 

 

ɉɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɧɚɣɞɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 

ɫɥɟɞɭɸɳɢɟ:  

− ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɒɂɉ  kɩ = Uɹ/Uɪɬ = 2,64; 

− ɚɤɬɢɜɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɧɨɣ ɰɟɩɢ Rɷ = 1,1Ɉɦ; 

− ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɹɤɨɪɧɨɣ ɰɟɩɢ  Tɷ = 5,7ɦɫ; 

− ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɞɚɬɱɢɤɚ ɬɨɤɚ  kɞɬ = kɲ·kɫɡ. 

ɒɭɧɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɢ ɨɞɢɧɚɤɨɜɵɯ ɜɤɥɸɱɟɧɧɵɯ ɩɚɪɚɥɥɟɥɶɧɨ 

ɦɨɳɧɵɯ ɪɟɡɢɫɬɨɪɚ ɜɟɥɢɱɢɧɨɣ ɩɨ 0,2 Ɉɦ. ɉɨɷɬɨɦɭ: 

 

kɲ  = 0,2 / 3 = 0,066 ȼ/Ⱥ                                                                                (4.10) 
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɫɨɝɥɚɫɭɸɳɟɝɨ ɡɜɟɧɚ kɫɡ = 3. ɉɨɷɬɨɦɭ 

 

kɞɬ = kɲ· kɫɡ =0,2 ȼ/Ⱥ                                                                                     (4.11) 

 

ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɟɬɫɹ ɩɟɪɟɦɧɨɠɟɧɢɟɦ 

ɩɟɪɟɞɚɬɨɱɧɵɯ ɮɭɧɤɰɢɣ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɸɳɢɯ ɨɛɴɟɤɬ ɢ ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɜɫɟ 

ɟɝɨ ɦɚɥɵɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɨɛɴɟɞɢɧɟɧɵ ɜɦɟɫɬɟ ɜ ɨɞɧɭ ɨɛɳɭɸ ɫɭɦɦɚɪɧɭɸ ɦɚɥɭɸ 

ɩɨɫɬɨɹɧɧɭɸ ɜɪɟɦɟɧɢ ɤɨɧɬɭɪɚ ɬɨɤɚ Tμɬ. Ɉɧɚ ɛɵɥɚ ɩɨɥɭɱɟɧɚ ɜ ɜɵɪɚɠɟɧɢɢ (4.6). 

ɉɨɞɫɬɚɜɢɦ ɜ ɧɟɝɨ ɞɚɧɧɵɟ ɹɤɨɪɧɨɣ ɰɟɩɢ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ ɢ ɩɨɥɭɱɢɦ 

 𝑊 ˓ሺݏሻ = ଶ.଺ସ∙଴.ଶ∙ଵ/ଵ.ଵሺହ.଻௦+ଵሻ∙ሺ଴.ଶହ௦+ଵሻ = ଴.ସ଼ሺହ.଻௦+ଵሻ∙ሺ଴.ଶହ௦+ଵሻ                                               (4.12)            

 

ɋɬɪɭɤɬɭɪɚ ɢ ɩɚɪɚɦɟɬɪɵ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɜ ɤɨɧɬɭɪɟ ɬɨɤɚ (ɪɢɫɭɧɨɤ 4.4) 

ɜɵɛɢɪɚɸɬɫɹ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ, ɤɨɬɨɪɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɠɟɥɚɟɦɚɹ 

ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɜɢɞɚ (4.2). ɋɨɝɥɚɫɧɨ ɜɵɪɚɠɟɧɢɹɦ (4.7), (4.8): 

 ݇˓˕ = ହ.଻ଶ∙଴.ଶହ∙଴.ସ଼ = ʹ͵.͹ͷ                                                                         (4.13) 

 𝑊 ˕ሺݏሻ = ʹ͵.͹ͷ ହ.଻௦+ଵହ.଻௦                                                                                              (4.14) 

 

 

Ɋɢɫɭɧɨɤ 4.4 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɬɨɤɚ 
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ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɝɭɥɹɬɨɪ ɬɨɤɚ ɨɤɚɡɚɥɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ-ɢɧɬɟɝɪɚɥɶɧɵɦ (ɉɂ) 

ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɭɫɢɥɟɧɢɹ ݇˓˕ =23,75 ɢ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ܶ˓ ˕=5,7ɦɫ.  

ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɨɤɚɡɚɥɚɫɶ ɪɚɜɧɨɣ ɡɧɚɱɟɧɢɸ ɛɨɥɶɲɨɣ 

ɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɨɛɴɟɤɬɚ – ɟɝɨ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɩɨɫɬɨɹɧɧɨɣ 

ɜɪɟɦɟɧɢ Tɷ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɚɱɟɫɬɜɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɧɬɭɪɚ 

ɧɟ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ Tɷ.  

ɉɪɢ ɨɩɬɢɦɚɥɶɧɨɦ ɪɟɝɭɥɹɬɨɪɟ ɬɨɤɚ ɨɫɧɨɜɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ ɬɨɤɚ ɛɭɞɭɬ ɬɚɤɢɦɢ ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 4.1 

(Ɍμɬ=0,25ɦɫ). 

 

Ɍɚɛɥɢɰɚ 4.1 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɬɨɤɚ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɨɩɬɢɦɭɦɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

Ɂɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɚɡɟ, ∆𝜑, ° 63 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝜎, % 4.3 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 1-ɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ, t1, ɦɫ 4.7Tμ = ͳ.ͳͺ 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ, tm, ɦɫ 6.28Tμ = ͳ.ͷ͹ 

ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, tn, ɦɫ 8.4Tμ = ʹ.ͳ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɥɟɛɚɧɢɣ 1 

 

ɉɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ ɪɟɚɥɢɡɨɜɚɧɧɨɝɨ ɧɚ ɛɚɡɟ 

ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ  (ɪɢɫɭɧɨɤ 4.5) ɜɵɛɪɚɧɵ ɢɫɯɨɞɹ ɢɡ ɫɥɟɞɭɸɳɢɯ 

ɫɨɨɬɧɨɲɟɧɢɣ: 

 𝑅ସଵ𝑅଼ଶ+𝑅ସଶ = ʹ͵,͹;  𝑅Ͷͳ ⋅ ͳ͹ܥ = ͷ,͹ɦɫ                                                            (4.15) 
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Ɏɚɤɬɢɱɟɫɤɢ ɨɧɢ ɪɚɜɧɵ: R41= 75 ɤɈɦ; R42=1 ɤɈɦ; R82=2 ɤɈɦ; C17=75ɧɎ. 

ɉɨɷɬɨɦɭ ɮɚɤɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɭɱɢɥɢɫɶ:  

 

 ܶ˓ ˕ = 𝑅Ͷͳ ⋅ ͳ͹ܥ = ͹ͷ ⋅ ͳͲଷ ⋅ ͹ͷ ⋅ ͳͲ−ଽ = ͷ,͸ʹͷˏ˔                                   (4.16) 

 ݇˓˕ = 𝑅41𝑅ସଶ+𝑅଼ଶ = ଻ହଵ+ଶ = ʹͷ                                                                            (4.17) 
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Ɋɢɫɭɧɨɤ 4.5 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɝɭɥɹɬɨɪɚ ɬɨɤɚ. 

 

4.4 ɋɢɧɬɟɡ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 
 

Ɋɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɫɢɧɬɟɡɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ.  

ȼ ɫɨɫɬɚɜ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɜɯɨɞɹɬ ɫɥɟɞɭɸɳɢɟ 

ɜɤɥɸɱёɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɷɥɟɦɟɧɬɵ: ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɬɨɤɚ, ɦɟɯɚɧɢɱɟɫɤɚɹ 

ɱɚɫɬɶ ɞɜɢɝɚɬɟɥɹ ɢ ɞɚɬɱɢɤ ɫɤɨɪɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 4.6 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɢɫɯɨɞɧɚɹ. 
 

Ɉɩɪɟɞɟɥɢɦ ɫɧɚɱɚɥɚ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɬɨɤɚ, 

ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɩɟɪɟɞɚɬɨɱɧɚɹ 

ɮɭɧɤɰɢɹ ɤɨɧɬɭɪɚ ɢɦɟɸɳɟɝɨ ɜ ɫɨɫɬɚɜɟ ɩɪɹɦɭɸ ɱɚɫɬɶ (Wɩɪ(s)) ɢ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

(Wɨɫ(s)). 

 𝑊ሺݏሻ = 𝑊ɩɪሺ௦ሻଵ+𝑊ɩɪሺ௦ሻ⋅𝑊ɨɫሺ௦ሻ                                                                                   (4.18) 

 

Ⱦɥɹ ɤɨɧɬɭɪɚ ɬɨɤɚ 

 𝑊ɩɪሺݏሻ = 𝑊ɊɌሺݏሻ ⋅ 𝑊ɩሺݏሻ ⋅ 𝑊ɹɰሺݏሻ                                                                (4.19) 

 𝑊ɩɪሺݏሻ = ሺ ɹ்⋅௦+ଵሻ⋅𝑅ɹ⋅௞ɩଶ⋅ 𝜇்ɬ⋅௦⋅௞ɞɬ⋅௞ɩ⋅ሺ 𝜇்ɬ⋅௦+ଵሻ⋅𝑅ɹ⋅ሺ ɹ்⋅௦+ଵሻ                                                       (4.20) 

 𝑊ɩɪሺݏሻ = ଵ/௞ɬଶ⋅ 𝜇்ɬ⋅௦⋅ሺ 𝜇்ɬ⋅௦+ଵሻ                                                                                (4.21) 

 

ȼ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɤɨɧɬɭɪɚ ɬɨɤɚ – ɞɚɬɱɢɤ ɬɨɤɚ. ɉɨɷɬɨɦɭ: 
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𝑊ɨɫሺݏሻ = ݇ɞɬ                                                                                                    (4.22) 

 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

 𝑊ɡɬሺݏሻ = ଵ/௞ɞɬଵ+ଶ⋅ 𝜇்ɬ⋅௦⋅ሺ 𝜇்ɬ⋅௦+ଵሻ = ଵ/௞ɞɬଶ⋅ 𝜇்ɬ
మ ⋅௦మ+ଶ⋅ 𝜇்ɬ⋅௦+ଵ                                          (4.23) 

 

ɂɡ ɩɨɥɭɱɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɬɨɤɚ ɹɜɥɹɟɬɫɹ 

ɡɜɟɧɨɦ 2-ɝɨ ɩɨɪɹɞɤɚ. ɂɫɩɨɥɶɡɨɜɚɬɶ Wɡɬ ɜ ɬɚɤɨɦ ɜɢɞɟ ɧɟɭɞɨɛɧɨ, ɬɚɤ ɤɚɤ ɪɟɝɭɥɹɬɨɪ 

ɩɨɥɭɱɢɬɫɹ ɫɥɨɠɧɵɦ. ɉɨɷɬɨɦɭ ɭɩɪɨɫɬɢɦ ɟɝɨ ɩɭɬёɦ ɩɪɟɧɟɛɪɟɠɟɧɢɹ ɩɟɪɜɵɦ ɱɥɟɧɨɦ 

ɡɧɚɦɟɧɚɬɟɥɹ ɤɚɤ ɜɟɥɢɱɢɧɨɣ 2-ɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ. ɉɨɥɭɱɢɦ 

 𝑊ɡɬሺݏሻ = ଵ/௞ɞɬଶ⋅ 𝜇்ɬ⋅ଵ,ସ⋅௦+ଵ = ଵ/௞ɞɬ

ɤ்ɬ⋅௦+ଵ,                                                                       (4.24) 

 

ɝɞɟ Tɤɬ=2Tμɬ·1.4.  

Ɂɞɟɫɶ, ɭɦɧɨɠɟɧɢɟɦ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ 1.4, ɭɱɢɬɵɜɚɸɬ ɩɪɟɧɟɛɪɟɠɟɧɢɟ ɜɬɨɪɵɦ 

ɩɨɪɹɞɤɨɦ ɦɚɥɨɫɬɢ. 

Ȼɨɥɶɲɨɣ ɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɛɭɞɟɬ 

ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ Tɦ. ȼ ɫɨɫɬɚɜ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɫɭɦɦɚɪɧɨɣ 

ɦɚɥɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ Tμɫ ɧɚɢɛɨɥɶɲɢɣ ɜɤɥɚɞ ɜɧɟɫɭɬ 

ɢɧɟɪɰɢɨɧɧɨɫɬɢ: ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɬɨɤɚ Tɤɬ ɢ ɮɢɥɶɬɪɚ ɜ ɤɚɧɚɥɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ 

ɩɨ ɫɤɨɪɨɫɬɢ Tɮɫ. 
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Ɋɢɫɭɧɨɤ 4.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞ ɜɵɛɨɪɨɦ ɪɟɝɭɥɹɬɨɪɚ 

  

Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ 4.7) ɢ ɜɵɪɚɠɟɧɢɢ (4.21) ɨɛɴɟɤɬ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨɥɭɱɢɦ 

 𝑊 ˓ሺݏሻ = భ𝑘ˇ˕⋅ 𝑅э˔⋅ʣ⋅௞ˇ˔ሺ 𝜇்𝑐⋅௦+ଵሻ⋅்ˏ ⋅௦ = ଵሺ 𝜇்𝑐⋅௦+ଵሻ+்ˏ′⋅௦                                                    (4.25) 

 ܶˏ′ = ்ˏ ⋅௖⋅ʣ𝑅э ⋅ ௞ˇ˕௞ˇ𝑐,                                                                                          (4.26) 

 

ɝɞɟ 𝜇ܶ˔ ≈ ̱ܶ ˕ + ̠ܶ ˔. 
ȼɵɛɢɪɚɟɦ ɜ ɤɚɱɟɫɬɜɟ ɠɟɥɚɟɦɨɣ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɨɩɬɢɦɭɦɚ (4.3) ɢ ɨɩɢɪɚɹɫɶ ɧɚ ɜɵɪɚɠɟɧɢɟ (4.2) ɩɨɥɭɱɚɟɦ: 

 𝑊 ˔˕ˑሺݏሻ = ்ˏ ⋅௞ˇ˕⋅˔⋅ʣଶ⋅ 𝜇்˔⋅𝑅э⋅௞ˇ𝑐 = ݇˓˔                                                                          (4.27) 

 

Ɍɟɩɟɪɶ ɪɚɫɫɦɨɬɪɢɦ ɜɚɪɢɚɧɬ ɫɢɧɬɟɡɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨ ɫɢɦɦɟɬɪɢɱɧɨɦɭ 

ɨɩɬɢɦɭɦɭ.  

Ɉɛɴɟɤɬ ɨɫɬɚɧɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (4.27), ɚ ɠɟɥɚɟɦɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ (4.7), ɩɨɷɬɨɦɭ ɪɟɝɭɥɹɬɨɪ ɩɨɥɭɱɢɬɫɹ ɫ 

ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 

 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

66 
ȻɊ 15.03.06 ɉɁ 

 

𝑊 ˔˔ˑሺݏሻ = 𝑊 𝑐˔ˑሺ௦ሻ𝑊 ˓ሺ௦ሻ = ሺସ 𝜇்𝑐௦+ଵሻସ 𝜇்𝑐௦ ⋅ ்ˏ ⋅௞ˇ˕⋅˔ʣଶ 𝜇்𝑐⋅𝑅э⋅௞ˇ˔                                                    (4.28) 

 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɉɂ-ɪɟɝɭɥɹɬɨɪɭ ɫ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ 4Tμɫ ɢ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɩɟɪɟɞɚɱɢ ɬɚɤɢɦ ɠɟ ɤɚɤ ɢ ɫɥɭɱɚɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ. 

Ɉɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɫɨɫɬɨɢɬ ɢɡ ɬɨɤɨɜɨɣ ɱɚɫɬɢ 

(ɡɚɦɤɧɭɬɵɣ ɤɨɧɬɭɪ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ (ɁɄɌ)), ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ ɢ ɞɚɬɱɢɤɚ 

ɫɤɨɪɨɫɬɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɡɚɞɚɧɢɹ ɬɨɤɚ Uiɡ ɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ 

ɬɨɤɭ Ui ɪɚɜɟɧ: 

 ݇௖𝑖 = 𝑅ସଶ+𝑅଼ଶ𝑅ଷଽ = ଵ+ଶ଺,ଶ = Ͳ,Ͷͺ                                                                          (4.28) 

 

Ɉɩɢɪɚɹɫɶ ɧɚ ɫɢɧɬɟɡ, ɩɪɨɢɡɜɟɞɟɧɧɵɣ ɪɚɧɟɟ, ɜ ɱɚɫɬɧɨɫɬɢ ɧɚ ɜɵɪɚɠɟɧɢɟ (4.23), 

ɢ ɭɱɢɬɵɜɚɹ ɤɨɷɮɮɢɰɢɟɧɬ kci, ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɬɨɤɨɜɨɣ ɱɚɫɬɢ ɤɨɧɬɭɪɚ 

ɩɨɥɭɱɚɟɬɫɹ 

 𝑊 ሺݏሻ = ݇௖𝑖 ⋅ 𝑊 ˕ሺݏሻ = Ͳ,Ͷͺ ⋅ ଵ/଴,ଶଶ⋅଴,ଶହ⋅ଵ,ସ௦+ଵ = ଶ,ସ଴,଻௦+ଵ                                       (4.29) 

 

Ʉɪɨɦɟ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ ɬɨɤɨɜɨɣ ɱɚɫɬɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ (2,8Ɍɬ=0,7 ɦɫ) 

ɜ ɫɨɫɬɚɜ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɵɯ ɛɭɞɟɬ ɜɯɨɞɢɬɶ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɮɢɥɶɬɪɚ ɫɤɨɪɨɫɬɢ: 

 

Ɍɮc = R5·C4 = 2.4 ɤɈɦ · 0,1ɦɤɎ = 0,24 ɦɫ.                                                  (4.30) 

 

ɋɭɦɦɚɪɧɚɹ ɦɚɥɚɹ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɚɹ ɩɨɫɬɨɹɧɧɚɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 

ɩɨɥɭɱɚɟɬɫɹ: 

 

Ɍc = 2.8Ɍɬ + Ɍɮc = 0.7+0.24 = 0.94 ɦɫ.                                                         (4.31) 
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Ⱦɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɩɪɟɞɟɥɟɧɵ ɢɡ ɩɚɫɩɨɪɬɧɵɯ 

ɞɚɧɧɵɯ: 

− ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɞɜɢɝɚɬɟɥɹ – Ɍɦ =15ɦɫ.; 

− ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɞɜɢɝɚɬɟɥɹ – ceɎ = cmɎ = Ɇɧ / Iɹɧ = 0,8/12 = 

0,067 ȼ/ɫ. 

− ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɬɚɯɨɝɟɧɟɪɚɬɨɪɚ – kɫ = 0,02ȼ/ɨɛ/ɦɢɧ. 

ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ 

ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ (Ɋɋ) ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ : 

Ɋɟɚɥɶɧɚɹ ɬɨɤɨɜɚɹ ɱɚɫɬɶ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ (4.24) ɭɱёɬɨɦ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɝɥɚɫɨɜɚɧɢɹ ɜɯɨɞɨɜ ɨɩɟɪɚɰɢɨɧɧɨɝɨ ɭɫɢɥɢɬɟɥɹ, ɧɚ ɤɨɬɨɪɨɦ 

ɪɟɚɥɢɡɨɜɚɧ ɪɟɝɭɥɹɬɨɪ.  

ɗɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɧɨɪɦɚɥɢɡɚɰɢɟɣ ɫɢɝɧɚɥɨɜ. ɉɨɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɟɪɟɞɚɱɢ ɨɛɴɟɤɬɚ ɛɭɞɟɬ ɜ kci ɪɚɡ ɛɨɥɶɲɟ ɩɨɥɭɱɟɧɧɨɝɨ ɜ (4.25). 

 𝑊 ˓ሺݏሻ = ଶ,ସ⋅ భ,భబ,బలళ⋅଴,଴ଶሺ଴,ͻͶݏ+ଵሻ⋅ଵହ௦ = ଴,଻଼଼ሺ଴,ଽସ௦+ଵሻ⋅ଵହ௦                                                                (4.32) 

 

ɚ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ  ɜ kci ɪɚɡ 

ɦɟɧɶɲɟ ɩɨɥɭɱɟɧɧɨɝɨ ɜ (4.27) 

 𝑊 ˔˕ˑሺݏሻ = ଵହ⋅଴,ଶ⋅଴,଴଺଻ଶ⋅଴,ଽସ⋅ଵ,ଵ⋅଴,଴ଶ × ଵ଴,ସ଼ = ͳͲ,ͳ                                                            (4.33) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ kɪɫ=10.1 ɞɨɥɠɟɧ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɬɶ 

ɬɟɯɧɢɱɟɫɤɢɣ ɨɩɬɢɦɭɦ ɜ ɤɨɧɬɭɪɟ ɫɤɨɪɨɫɬɢ. ɋɬɪɭɤɬɭɪɚ ɬɚɤɨɝɨ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 

ɩɪɢɦɟɬ ɜɢɞ, ɩɨɤɚɡɚɧɧɵɣ ɪɢɫɭɧɤɟ 4.8, ɚ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɤɚɡɚɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 4.2. 
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Ɋɢɫɭɧɨɤ 4.8 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨ 

ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ. 

 

Ɍɚɛɥɢɰɚ 4.2 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

Ɂɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɚɡɟ, ∆𝜑, ° 63 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝜎, % 4.3 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 1-ɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ, t1, ɦɫ 4.7Tμ = Ͷ.Ͷʹ 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ, tm, ɦɫ 6.28Tμ = ͷ.ͻ 

ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, tn, ɦɫ 8.4Tμ = ͹.ͻ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɥɟɛɚɧɢɣ 1 

 

Ʉɚɤ ɛɵɥɨ ɩɨɤɚɡɚɧɨ ɜɵɲɟ ɜ ɫɥɭɱɚɟ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨ 

ɫɢɦɦɟɬɪɢɱɧɨɦɭ ɨɩɬɢɦɭɦɭ ɩɨɥɭɱɚɟɬɫɹ ɉɂ-ɪɟɝɭɥɹɬɨɪ ɫɤɨɪɨɫɬɢ ɫ ɬɚɤɢɦ ɠɟ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ kɪɫ ɢ ɩɨɫɬɨɹɧɧɨɣ ɜɪɟɦɟɧɢ: 

 ܶ˓ ˔ = Ͷ 𝜇ܶ˔ = Ͷ ⋅ Ͳ,ͻͶ = ͵,͹͸ ˏ˔                                                                     (4.34) 

 

ɉɪɢ ɬɚɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɨɥɠɧɵ 

ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɤɚɡɚɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 4.3. 
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Ɍɚɛɥɢɰɚ 4.3 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ 

ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɨɩɬɢɦɭɦɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

Ɂɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɚɡɟ, ∆𝜑, ° 36 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝜎, % 43 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 1-ɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ, t1, ɦɫ 3.1Tμ = ʹ.ͻ 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ, tm, ɦɫ 6.28Tμ = ͷ.ͻ 

ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, tn, ɦɫ 16.1Tμ = ͳͷ.ͳ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɥɟɛɚɧɢɣ 1 

 

4.4 ɋɢɧɬɟɡ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢя 
 

ɉɨɥɭɱɢɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɚɧɚɥɨɝɢɱɧɨ 

ɬɨɦɭ, ɞɥɹ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɬɨɤɚ.  

ȼɵɞɟɥɢɦ ɫɤɨɪɨɫɬɧɭɸ ɱɚɫɬɶ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɪɢɫɭɧɨɤ 4.9. 
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Wɠɫ(s) – ɠɟɥɚɟɦɚɹ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɜ ɩɪɹɦɨɣ ɱɚɫɬɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ. 

Ɋɢɫɭɧɨɤ 4.9 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 

 

ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ, ɤɨɝɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤ ɨɛɴɟɤɬɭ ɩɨɞɤɥɸɱёɧ ɉ-ɪɟɝɭɥɹɬɨɪ, ɩɪɹɦɚɹ ɱɚɫɬɶ ɤɨɧɬɭɪɚ 

ɩɨɥɭɱɚɟɬɫɹ ɠɟɥɚɟɦɨɣ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ Wɠɫɬɨ(s). ȼɯɨɞɹɳɚɹ ɜ ɧɟё 

ɫɭɦɦɚɪɧɚɹ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɚɹ ɦɚɥɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ Tμɫ 

ɪɚɜɧɚ 0.94 ɦɫ. 
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𝑊ɠ௖ɬɨሺݏሻ = ଵଶ⋅ 𝜇்𝑐⋅௦⋅ሺ 𝜇்𝑐⋅௦+ଵሻ.                                                                           (4.35) 

 

ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɩɨ ɫɢɦɦɟɬɪɢɱɧɨɦɭ ɨɩɬɢɦɭɦɭ, ɤɨɝɞɚ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤ ɨɛɴɟɤɬɭ ɩɨɞɤɥɸɱёɧ ɉɂ-ɪɟɝɭɥɹɬɨɪ, ɩɪɹɦɚɹ ɱɚɫɬɶ ɤɨɧɬɭɪɚ 

ɩɨɥɭɱɚɟɬɫɹ ɠɟɥɚɟɦɨɣ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ Wɠɫɫɨ(s). 

 𝑊ɠ௖ɫɨሺݏሻ = ଵଶ⋅ 𝜇்𝑐⋅௦⋅ሺ 𝜇்𝑐⋅௦+ଵሻ ⋅ ସ 𝜇்𝑐⋅௦+ଵସ 𝜇்𝑐⋅௦ .                                                    (4.36) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɝɥɚɫɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ Uωɡ ɢ Uω, ɜɵɛɪɚɧɧɵɣ ɢɡ ɭɫɥɨɜɢɹ 

ɨɛɟɫɩɟɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɢɟ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɚɞɚɧɢɸ (10 ȼ) ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 

(3000 ɨɛ/ɦɢɧ), ɪɚɜɟɧ: 

 ݇௖𝜔 = 𝑅ହ+𝑅ଵ଴+𝑅ଵଶ𝑅଺+𝑅ͳ͵ = ଷ଺଺ = ͸                                                                         (4.37) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɞɚɬɱɢɤɚ ɫɤɨɪɨɫɬɢ kɞ ɫ= 0.02 ȼ/ɨɛ/ɦɢɧ. 

Ʉɨɧɬɭɪ ɩɨɥɨɠɟɧɢɹ ɫ ɤɨɧɬɭɪɨɦ ɫɤɨɪɨɫɬɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ: 

Ⱦɥɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ (ɬɟɯɧɢɱɟɫɤɢɣ ɨɩɬɢɦɭɦ) ɫɤɨɪɨɫɬɧɚɹ 

ɱɚɫɬɶ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɛɭɞɟɬ: 

𝑊̭тоሺݏሻ = ͸ ∙ 𝑊 ̭тоሺݏሻͳ + 𝑊 ̭тоሺݏሻ × ͳ ∙ ͳͲ,Ͳʹ = ͵ͲͲ ∙ ͳʹ 𝜇ܶ௖ݏሺ 𝜇ܶ௖ݏ + ͳሻͳ + ͳʹ 𝜇ܶ௖ݏሺ 𝜇ܶ௖ݏ + ͳሻ = 

 = ଷ଴଴ଶ 𝜇்𝑐௦ሺ 𝜇்𝑐௦+ଵሻ+ଵ ≈ ଷ଴଴ଶ,଼ 𝜇்𝑐௦+ଵ = ଷ଴଴ଶ,଼×଴,ଽସ௦+ଵ = ଷ଴଴ଶ,଺௦+ଵ                                        (4.38) 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɨɬ ɨɛɳɟɝɨ ɜɢɞɚ ɩɪɢɦɟɬ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɜɢɞ, ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 4.10. 
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Ɋɢɫɭɧɨɤ 4.10 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ ɫɤɨɪɨɫɬɢ 

 

Ⱦɚɬɱɢɤ ɩɨɥɨɠɟɧɢɹ ɜɵɪɚɛɚɬɵɜɚɟɬ 250 ɢɦɩɭɥɶɫɨɜ ɡɚ ɤɚɠɞɵɣ ɨɛɨɪɨɬ ɜɚɥɚ.  

ɉɨɷɬɨɦɭ, ɤɨɝɞɚ ɫɱёɬɱɢɤ ɤɨɞɢɪɨɜɳɢɤɚ ɫɱɢɬɚɟɬ ɢɦɩɭɥɶɫɵ, ɤɚɠɞɨɦɭ 

ɢɡɦɟɧɟɧɢɸ ɟɝɨ ɩɨɤɚɡɚɧɢɹ ɧɚ 1 ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɪɚɜɧɨɟ 

360°/250=1.44°. Ʉɨɷɮɮɢɰɢɟɧɬ ɞɚɬɱɢɤɚ ɩɨɥɨɠɟɧɢɹ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ 

ɬɪɟɛɭɟɦɵɯ ɩɪɟɞɟɥɶɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ. ȿɫɥɢ ɩɪɢɧɹɬɶ ɡɧɚɱɟɧɢɟ ɩɪɟɞɟɥɶɧɵɯ 

ɩɟɪɟɦɟɳɟɧɢɣ ɜ ɤɚɠɞɨɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɜɧɵɦ 100 ɦɥɧ. ɢɦɩɭɥɶɫɚɦ (144 ɦɥɧ.°), 

ɬɨɝɞɚ ɞɥɹ ɡɚɞɚɧɢɹ ɩɨɥɨɠɟɧɢɹ Uqɡ = 10 ȼ ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɞɚɬɱɢɤɚ ɛɭɞɟɬ 

ɪɚɜɟɧ: 

 

kɞɩ = Uqmax/qmax = 10/108 =10-7 ȼ·ɦɫ. (4.39) 

 

Ɍɨɝɞɚ ɩɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɨɛɴɟɤɬɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ: 

 𝑊ɨɪሺݏሻ = ଷ଴଴ଶ,଺௦+ଵ ∙ ଵ௦ ∙ ͳͲ−଻ = ଷ଴଴⋅ଵ଴−ళଶ,଺௦మ+௦ . (4.40) 

 

ȼɢɞɧɨ, ɱɬɨ ɨɛɴɟɤɬ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɧɟ ɢɦɟɟɬ ɤɨɦɩɟɧɫɢɪɭɟɦɨɣ 

ɢɧɟɪɰɢɨɧɧɨɫɬɢ.  

ɇɟɤɨɦɩɟɧɫɢɪɭɟɦɚɹ ɫɭɦɦɚɪɧɚɹ ɦɚɥɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɤɨɧɬɭɪɚ 

ɩɨɥɨɠɟɧɢɹ ɞɨɥɠɧɚ ɛɭɞɟɬ ɭɱɟɫɬɶ ɫɥɟɞɭɸɳɟɟ: 
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• ɢɧɟɪɰɢɨɧɧɨɫɬɶ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ ɨɛɴɟɤɬɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 2,8Tμɫ = 2,6 

ɦɫ; 

•  ɞɢɫɤɪɟɬɧɨɫɬɶ ɪɟɚɥɢɡɨɜɚɧɧɨɣ ɜ ɗȼɆ ɱɚɫɬɢ ɤɨɧɬɭɪɚ ɢɥɢ ɱɚɫɬɨɬɚ. 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɴɟɤɬɨɦ (ɩɪɢёɦ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɜɵɞɚɱɚ ɧɨɜɨɝɨ 

ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ).  

ȼɨɡɦɨɠɧɨɫɬɢ ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɭɩɪɚɜɥɹɸɳɟɣ ɗȼɆ ɬɚɤɨɜɵ, 

ɱɬɨ ɫɞɟɥɚɬɶ ɞɢɫɤɪɟɬɧɨɫɬɶ ɦɟɧɟɟ 100 ɦɫ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ. ɉɨɷɬɨɦɭ: 

Ɍɞ=100 ɦɫ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ: 

 

Tμɩ = 2,8Tμɫ + Ɍɞ = 2,6 + 100 = 102.6 ɦɫ. (4.41) 

 

ɉɪɟɨɛɪɚɡɨɜɚɧɧɵɣ ɩɨ ɩɪɚɜɢɥɚɦ ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬ 

ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɞɚɫɬ ɫɬɪɭɤɬɭɪɭ ɤɨɧɬɭɪɚ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ 4.11. 
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Ɋɢɫɭɧɨɤ 4.11 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɩɨ 

ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ 

 

ȼɵɛɟɪɟɦ ɬɟɯɧɢɱɟɫɤɢɣ ɨɩɬɢɦɭɦ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ. 𝑊ɠɩɬɨሺݏሻ = ଵଶ⋅ 𝜇்ɩ⋅௦⋅ሺ 𝜇்ɩ⋅௦+ଵሻ.                                                                           (4.42) 
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɨɠɟɧɢɹ 

 𝑊ɪɩɬɨሺݏሻ = 𝑊ɠɩɬɨሺ௦ሻ𝑊ɨɪሺ௦ሻ = ( 𝜇்ɩ௦+ଵ)௦⋅ଵ଴ళଶ 𝜇்ɩ௦( 𝜇்ɩ௦+ଵ)⋅ଷ଴଴ = ଵ଴ళ଺଴଴ 𝜇்ɩ
= ͳ͸ʹ ɤȽɰ.                       (4.43) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɝɭɥɹɬɨɪ ɩɨɥɨɠɟɧɢɹ ɨɤɚɡɚɥɫɹ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ kɪɩ=162 ɤȽɰ. 

Ʉɨɧɬɭɪ ɩɨɥɨɠɟɧɢɹ ɫ ɤɨɧɬɭɪɨɦ ɫɤɨɪɨɫɬɢ ɫɢɦɦɟɬɪɢɱɧɨɝɨ ɨɩɬɢɦɭɦɚ: 

Ⱦɥɹ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ ɫ ɉɂ-ɪɟɝɭɥɹɬɨɪɨɦ (ɫɢɦɦɟɬɪɢɱɧɵɣ ɨɩɬɢɦɭɦ) 

ɫɤɨɪɨɫɬɧɚɹ ɱɚɫɬɶ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ: 

 𝑊ɡɫɫɨሺݏሻ = ͸ ∙ 𝑊ɠɫɫɨሺݏሻͳ + 𝑊ɠɫɫɨሺݏሻ ∙ ͳ ∙ Ͳ,Ͳʹ = 

 = ͵ͲͲ͵ʹ 𝜇ܶ௖ସݏସ + ͶͲ 𝜇ܶ௖ଷݏଷ + ͺ 𝜇ܶ௖ଶݏଶ + Ͷ 𝜇ܶ௖ݏ + ͳ ≈ 

          ≈ ଷ଴଴ଵ,ସ⋅ସ 𝜇்𝑐௦+ଵ = ଷ଴଴ହ,଺ 𝜇்𝑐௦+ଵ                                                                            (4.44) 

 

Ɉɛɴɟɤɬ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ  

 𝑊ɨɪሺݏሻ = ଷ଴଴ହ,଺ 𝜇்𝑐௦+ଵ ∙ ଵ௦ ∙ ͳͲ−଻ = ଷ଴଴⋅ଵ଴−ళହ,ଶ଺௦మ+௦.                                              (4.45) 

  

Ɉɧ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ ɜɚɪɢɚɧɬɚ ɨɛɴɟɤɬɚ ɬɨɥɶɤɨ ɱɭɬɶ ɛɨɥɶɲɟɣ 

ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɨɣ ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ  5,6Ɍɫ = 5.26 ɦɫ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ: 

 

Tμɩ = 5.6Tμɫ + Ɍɞ = 5.26 + 100 = 105.26 ɦɫ.                                                  (4.46) 
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ɉɟɪɟɞɚɬɨɱɧɚɹ ɮɭɧɤɰɢɹ ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɨɠɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ: 

 𝑊ɪɩɬɨሺݏሻ = 𝑊ɠɩɬɨሺ௦ሻ𝑊ɨɪሺ௦ሻ = ( 𝜇்ɩ௦+ଵ)௦⋅ଵ଴ళଶ 𝜇்ɩ௦( 𝜇்ɩ௦+ଵ)⋅ଷ଴଴ = ଵ଴ళ଺଴଴ 𝜇்ɩ
= ͳͷͺ ɤȽɰ                        (4.47) 

 

Ʉɚɤ ɜɢɞɧɨ, ɩɪɢ ɛɨɥɶɲɨɣ ɞɢɫɤɪɟɬɧɨɫɬɢ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɢɧɟɪɰɢɨɧɧɨɫɬɶɸ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ ɩɨɥɭɱɟɧɧɵɟ ɪɟɝɭɥɹɬɨɪɵ ɧɟ ɡɚɜɢɫɹɬ ɨɬ 

ɜɚɪɢɚɧɬɚ ɨɩɬɢɦɢɡɚɰɢɢ ɫɤɨɪɨɫɬɧɨɣ ɱɚɫɬɢ. ɉɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 

ɩɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɩɬɢɦɭɦɭ ɪɟɝɭɥɹɬɨɪɨɦ ɛɭɞɟɬ ɩɪɨɫɬɨɣ ɉ-ɪɟɝɭɥɹɬɨɪ ɫ 

ɤɨɷɮɮɢɰɢɟɧɬɨɦ kɪɩ = 160. 

ɉɚɪɚɦɟɬɪɵ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɞɥɹ Tμɩ = 105 ɦɫ ɫɥɟɞɭɟɬ 

ɨɠɢɞɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɚɛɥɢɰɚ 4.4. 

 

Ɍɚɛɥɢɰɚ 4.3 – ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɩɬɢɦɭɦɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɹ Ɂɧɚɱɟɧɢɟ 

Ɂɚɩɚɫ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɮɚɡɟ, ∆𝜑, ° 63 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝜎, % 4.3 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ 1-ɝɨ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ, t1, ɦɫ 4.7Tμ = ͶͻͶ 

ȼɪɟɦɹ ɞɨɫɬɢɠɟɧɢɹ ɦɚɤɫɢɦɭɦɚ, tm, ɦɫ 6.28Tμ = ͸͸Ͳ 

ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ, tn, ɦɫ 8.4Tμ = ͺͺͲ 

Ʉɨɥɢɱɟɫɬɜɨ ɤɨɥɟɛɚɧɢɣ 1 
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5 ɐɢɮɪɨɜɚя ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢя (ɋȺɍ) ɭɝɥɨɜɨɝɨ 

ɩɟɪɟɦɟɳɟɧɢя ɡɜɟɧɚ ɪɨɛɨɬɚ 

 

ɉɪɢ ɭɩɪɚɜɥɟɧɢɢ ɧɟɫɤɨɥɶɤɢɦɢ ɨɛɴɟɤɬɚɦɢ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɫɪɟɞɫɬɜɨɦ ɨɞɧɨɣ 

ɦɢɤɪɨ-ɗȼɆ ɢɦɟɟɬ ɦɟɫɬɨ ɞɜɨɣɧɚɹ ɞɢɫɤɪɟɬɢɡɚɰɢɹ ɧɟɩɪɟɪɵɜɧɵɯ ɫɢɝɧɚɥɨɜ ɩɨ 

ɜɪɟɦɟɧɢ ɜ ɩɪɨɰɟɫɫɟ ɩɨɨɱɟɪɟɞɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɨɛɴɟɤɬɨɜ ɤ ɦɢɤɪɨ-ɗȼɆ ɢ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɫɢɝɧɚɥɨɜ ɜ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ (Ⱥɐɉ) . 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɟɪɢɨɞɚ ɤɜɚɧɬɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɚ ɨɞɢɧ-ɞɜɚ ɩɨɪɹɞɤɚ 

ɛɨɥɶɲɟ ɞɥɢɬɟɥɶɧɨɫɬɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɧɚɥɨɜ ɜ Ⱥɐɉ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɢ 

ɦɭɥɶɬɢɩɥɟɤɫɨɪɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ ɦɢɤɪɨ-ɗȼɆ (ɩɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɧɟɫɤɨɥɶɤɢɯ 

ɨɛɴɟɤɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ) ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɤɜɚɧɬɨɜɚɧɢɹ ɫɢɝɧɚɥɨɜ ɜ Ⱥɐɉ 

ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ ɢ ɭɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ ɩɟɪɢɨɞ ɤɜɚɧɬɨɜɚɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ 

ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɟɦ, ɪɚɫɫɦɚɬɪɢɜɚɹ ɋȺɊ ɫ ɦɢɤɪɨ-ɗȼɆ ɤɚɤ ɢɦɩɭɥɶɫɧɭɸ 

ɫɢɫɬɟɦɭ.  

 

5.1 Ɏɭɧɤɰɢɨɧɚɥɶɧɚя ɫɯɟɦɚ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢя ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢя ɡɜɟɧɚ ɪɨɛɨɬɚ 

 

Ⱦɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɚɠɞɨɝɨ ɡɜɟɧɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

ɩɪɢɦɟɧɟɧɚ ɫɥɟɞɹɳɚɹ ɫɢɫɬɟɦɚ ɫ ɰɢɮɪɨɜɵɦ ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨɫɪɟɞɫɬɜɨɦ 

ɚɜɬɨɧɨɦɧɨɣ ɦɢɤɪɨ-ɗȼɆ (ɪɢɫɭɧɨɤ 5.1). 
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Уʻ, Уʺ – ̾лект̬о̦̦̼̜ у̛̭л̛тел̽ ̦̌п̬я̙е̛̦я ̛ ̥ощ̦о̭т̛ ̭оот̏ет̭т̏е̦̦о; Д – д̛̏̐̌тел̽ по̭тоя̦̦о̐о 

ток̌; ˀ – ̬едукто̬; Зˀ – ̏̚е̦о ̬о̍от̌; ʿ – поте̶̛̦о̥ет̛̬че̭к̛̜ д̌тч̛к у̐ло̵̼̏ пе̬е̥еще̛̦̜. 

Ɋɢɫɭɧɨɤ 5.1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɡɜɟɧɚ ɪɨɛɨɬɚ 

 

ȼ ɞɚɧɧɨɣ ɫɢɫɬɟɦɟ ɡɚɞɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɭɩɪɚɜɥɹɸɳɟɦ 

ɜɵɱɢɫɥɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ (ɍȼɄ) ɝɨɥɨɜɧɨɣ ɦɢɤɪɨ-ɗȼɆ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɰɢɮɪɨ-ɚɧɚɥɨɝɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (ɐȺɉ) ɜ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ ܷ𝜑଴, 

ɤɨɬɨɪɵɣ ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɚɧɚɥɨɝɨɜɵɦ ɫɢɝɧɚɥɨɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ܷ𝜑,  ɜ 

ɫɪɚɜɧɢɜɚɸɳɟɦ ɭɫɬɪɨɣɫɬɜɟ (ɋɍ). ɋɢɝɧɚɥ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ Δܷ𝜑,  ɫ ɜɵɯɨɞɚ ɋɍ 

ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ Ⱥɐɉ, ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɫɥɟɞɧɟɦ ɜ ɰɢɮɪɨɜɭɸ ɮɨɪɦɭ  Δܷ̃𝜑 ɢ 

ɩɨɫɥɟ ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɜ ɦɢɤɪɨ-ɗȼɆ ɩɨ ɩɪɟɞɩɢɫɚɧɧɨɦɭ ɚɥɝɨɪɢɬɦɭ. Ⱦɚɥɟɟ 

ɰɢɮɪɨɜɨɣ ɜɵɯɨɞɧɨɣ ɫɢɝɧɚɥ ܷ̃ଵ ɦɢɤɪɨ-ɗȼɆ, ɩɪɟɨɛɪɚɡɨɜɚɧɧɵɣ ɐȺɉ ɜ ɚɧɚɥɨɝɨɜɵɣ 

ɫɢɝɧɚɥ ଵܷ ɢ ɭɫɢɥɟɧɧɵɣ ɷɥɟɤɬɪɨɧɧɵɦɢ ɭɫɢɥɢɬɟɥɹɦɢ ɞɨ ɜɟɥɢɱɢɧɵ ܷЯ, ɜɨɡɞɟɣɫɬɜɭɹ 

ɧɚ ɹɤɨɪɧɭɸ ɰɟɩɶ ɞɜɢɝɚɬɟɥɹ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɨɟ ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 𝜑 ɡɜɟɧɚ 

ɪɨɛɨɬɚ. 

ȼɫɟ ɷɥɟɦɟɧɬɵ ɧɟɩɪɟɪɵɜɧɨɣ ɱɚɫɬɢ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 5.1), ɡɚ 

ɢɫɤɥɸɱɟɧɢɟɦ ɞɜɢɝɚɬɟɥɹ Ⱦ, ɹɜɥɹɸɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦɢ ɡɜɟɧɶɹɦɢ, 

ɩɟɪɟɞɚɬɨɱɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɵɯ ɫɥɟɞɭɸɳɢɟ:  

• ɭɫɢɥɢɬɟɥɹ ɧɚɩɪɹɠɟɧɢɢ ݇ʢʜ = ͳͲ;  

• ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ ݇ʢʛ = ʹ.͸Ͷ;  

• ɪɟɞɭɤɬɨɪɚ ݇ʟ = ͳ;  
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• ɩɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɉ ݇ʞ = Ͳ.Ͳͳ ʑ/˓аˇ.  

ȼ ɤɚɱɟɫɬɜɟ ɦɢɤɪɨ-ɗȼɆ ɜ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɟ ɢɫɩɨɥɶɡɨɜɚɧɵ 8-ɪɚɡɪɹɞɧɵɣ 

ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɢ 8-ɪɚɡɪɹɞɧɵɟ Ⱥɐɉ ɢ ɐȺɉ. ȼ Ⱥɐɉ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɢɝɧɚɥɚ 

ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ Δܷ𝜑 ɜ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ (ɰɢɮɪɨɜɵɟ ɤɨɞɵ) ɢɫɩɨɥɶɡɭɸɬɫɹ 7 

ɪɚɡɪɹɞɨɜ (ɨɞɢɧ ɪɚɡɪɹɞ Ⱥɐɉ ɡɚɞɟɣɫɬɜɨɜɚɧ ɤɚɤ ɡɧɚɤɨɜɵɣ). ɂɧɬɟɪɜɚɥ ɤɜɚɧɬɨɜɚɧɢɹ 

ɫɢɝɧɚɥɚ ɩɨ ɜɪɟɦɟɧɢ T=0.02 ɫ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ଵܷ௠𝑎௫ = ͷ ʑ. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɡɜɟɧɚ ɪɨɛɨɬɚ 𝜑ଵ = 3.14 ɪɚɞ = 180°. ȼ ɐȺɉ 

ɪɟɚɥɢɡɨɜɚɧ ɷɤɫɬɪɚɩɨɥɹɬɨɪ ɧɭɥɟɜɨɝɨ ɩɨɪɹɞɤɚ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ 

ɧɚɩɪɹɠɟɧɢɹ ɐȺɉ ଶܷ௠𝑎௫ = ͷ ʑ. 

Ⱥɐɉ ɩɨɫɥɟ ɥɢɧɟɚɪɢɡɚɰɢɢ ɟɝɨ ɫɬɚɬɢɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɠɧɨ 

ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɦ ɡɜɟɧɨɦ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞɚɱɢ, 

ɨɩɪɟɞɟɥɹɟɦɵɦ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ: 

 ݇ʏЦʞ = ଵℎభ                                                                                                                 (5.1) 

 

ȼɟɥɢɱɢɧɚ ℎଵ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ  

 ℎଵ = ௎భ𝑚𝑎ೣଶ𝛼భ−ଵ                                                                                                                  (5.2) 

 

ɝɞɟ ଵܷ௠𝑎௫ – ɩɚɫɩɨɪɬɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ Ⱥɐɉ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɝɨ ɧɚɫɵɳɟɧɢɸ, ȼ;  𝛼ଵ- ɱɢɫɥɨ ɞɜɨɢɱɧɵɯ ɪɚɡɪɹɞɨɜ Ⱥɐɉ (ɛɟɡ ɭɱɟɬɚ ɡɧɚɤɨɜɨɝɨ ɪɚɡɪɹɞɚ).  

ɐɟɥɶɸ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ 

ɨɩɪɟɞɟɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɦɢɤɪɨ-ɗȼɆ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 

ɩɪɨɰɟɫɫ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɡɜɟɧɨ ɪɨɛɨɬɚ ɩɪɢ ɨɬɪɚɛɨɬɤɟ ɡɚɞɚɸɳɟɝɨ 

ɫɢɝɧɚɥɚ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɡɚɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɤɨɥɟɛɚɧɢɣ, ɬ. ɟ. 

ɱɬɨɛɵ ɜ ɫɢɫɬɟɦɟ ɢɦɟɥ ɦɟɫɬɨ ɚɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ. ɗɬɚ ɰɟɥɶ ɦɨɠɟɬ 

ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ ɩɨɫɪɟɞɫɬɜɨɦ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ, ɮɨɪɦɢɪɭɸɳɟɣ ɨɞɢɧ ɢɡ  
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ɬɢɩɨɜɵɯ ɡɚɤɨɧɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜ ɫɬɪɭɤɬɭɪɧɭɸ ɧɟɩɪɟɪɵɜɧɨ- 

ɞɢɫɤɪɟɬɧɭɸ ɦɨɞɟɥɶ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 5.2), ɫɨɫɬɚɜɥɟɧɧɭɸ ɧɚ ɨɫɧɨɜɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ (ɪɢɫɭɧɨɤ 5.1) ɫ ɭɱɟɬɨɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɷɥɟɦɟɧɬɨɜ 

ɟɟ ɥɢɧɟɣɧɨɣ ɱɚɫɬɢ, ɜɜɟɞɟɧ ɞɢɫɤɪɟɬɧɵɣ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɟɣ 𝑊ʞʗДሺݖሻ. 

 

Ɋɢɫɭɧɨɤ 5.2 – ɇɟɩɪɟɪɵɜɧɨ-ɞɢɫɤɪɟɬɧɚɹ ɦɨɞɟɥɶ ɰɢɮɪɨɜɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 

 

5.2 Ɋɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɞɥя ɦɨɞɟɥɢɪɨɜɚɧɢя ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢя 

 

ɑɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ݇ʏЦʞ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɩɨ ɮɨɪɦɭɥɟ (5.1).  

ଵܷ௠𝑎௫ = ͷ ʑ;  𝛼ଵ = ͹. 

ɉɨɞɫɬɚɜɢɜ ɜ (5.2) ɢ ɡɚɬɟɦ ɜ (5.1) ɩɨɥɭɱɢɦ: 

 ℎଵ = ௎భ𝑚𝑎ೣሺଶ𝛼భ−ଵሻ = ହଵଶ଻ = Ͳ.Ͳ͵ͻͶ ʑ                                                                                 (5.3) 

 ݇ʏЦʞ = ଵℎభ =  ଵ଴.଴ଷଽସ = ʹͷ.͵ͺ ଵʑ                                                                                  (5.4)  
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɐȺɉ:  

 ݇Цʏʞ = ℎଶ                                                                                                                   (5.5) 

 

ȼɟɥɢɱɢɧɚ ℎଶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ 

 ℎଶ = ௎మ𝑚𝑎ೣଶ𝛼మ−ଵ ,                                                                                                                (5.6) 

 

ɝɞɟ ଶܷ௠𝑎௫ – ɩɚɫɩɨɪɬɧɨɟ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɐȺɉ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɝɨ ɧɚɫɵɳɟɧɢɸ, ȼ; 

 𝛼ଶ – ɱɢɫɥɨ ɞɜɨɢɱɧɵɯ ɪɚɡɪɹɞɨɜ ɐȺɉ (ɛɟɡ ɭɱɟɬɚ ɡɧɚɤɨɜɨɝɨ ɪɚɡɪɹɞɚ).  

 ଶܷ௠𝑎௫ = 5 ȼ; 

  𝛼ଶ = ͹;  

ɉɨɞɫɬɚɜɢɜ ɜ (5.6) ɢ ɡɚɬɟɦ ɜ (5.5) ɩɨɥɭɱɢɦ 

 ℎଶ = ௎మ𝑚𝑎ೣሺଶ𝛼మ−ଵሻ = ହଵଶ଻ = Ͳ.Ͳ͵ͻͶ ȼ                                                                                 (5.7) 

 

 ݇Цʏʞ =  Ͳ.Ͳ͵ͻͶ ȼ.                                                                                                     (5.8) 

 

ɇɚɣɞɟɦ ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɫɢɫɬɟɦɵ ɩɨ ɮɨɪɦɭɥɟ: 

଴ܭ  = ௄˖∙௄˒∙௄ˇ𝑖                                                                                                             (5.9) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɡɚɞɚɧɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ:  

• ɦɚɤɫɢɦɚɥɶɧɨɣ ɚɦɩɥɢɬɭɞɵ ɞɨɩɭɫɬɢɦɨɣ ɨɲɢɛɤɢ ɫɥɟɠɟɧɢɹ 𝜀ɞɨɩ = 3 г̬ад; 
• ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɫɥɟɠɟɧɢɹ 𝜔ɦɚɯ = 90 г̬ад

̭
 ; 
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• ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ 𝜔’ɦɚɯ = 35 г̬ад
̭మ .  

ɇɚ ɨɫɧɨɜɟ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɨɢɬɫɹ «ɡɚɩɪɟɬɧɚɹ ɡɨɧɚ». 

ɉɪɢ ɫɢɧɬɟɡɟ ɫɥɟɞɹɳɢɯ ɫɢɫɬɟɦ ɨɛɵɱɧɨ ɧɟɢɡɜɟɫɬɟɧ ɡɚɤɨɧ ɢɡɦɟɧɟɧɢɹ ɜɯɨɞɧɨɝɨ 

ɫɢɝɧɚɥɚ ɢ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦ ɨɝɨɜɚɪɢɜɚɸɬ ɬɨɥɶɤɨ 

ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɤɨɪɨɫɬɶ ɫɥɟɠɟɧɢɹ  𝜔ɦɚɯ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ 𝜔’ɦɚɯ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɷɤɜɢɜɚɥɟɧɬɧɵɣ ɝɚɪɦɨɧɢɱɟɫɤɢɣ ɜɯɨɞɧɨɣ ɫɢɝɧɚɥ 3 = 

ɦɚɯ*sin(ɤt).  ɇɚɣɞɟɦ ɪɟɠɢɦ, ɩɪɢ ɤɨɬɨɪɨɦ ɚɦɩɥɢɬɭɞɵ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ 

ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɫɢɝɧɚɥɚ ɪɚɜɧɵ ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɚɞɚɧɧɵɦ ɡɧɚɱɟɧɢɹɦ. Ⱦɥɹ ɷɬɨɝɨ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ: 

 𝜔௞ =  ω′𝑚𝑎ೣ
ɦɚɯ

=  ଷହଽ଴ = Ͳ.͵ͺͻ 𝑐−ଵ,                                                                              (5.10) 

 

𝛼௠𝑎௫ =  ɦɚɯ
మ

ω′𝑚𝑎ೣ =  ଽ଴మଷହ = ʹ͵ͳ°.                                                                                (5.11) 

 

ȼɜɟɞɟɦ ɩɨɧɹɬɢɟ ɤɨɧɬɪɨɥɶɧɨɣ ɬɨɱɤɢ ȺɄ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ:  

 𝜔 = 𝜔௞ ; ሺ𝜔௞  ሻܮ  = ʹͲ݈𝑔 𝛼𝑚𝑎ೣ𝜀ˇˑ˒   ,                                                                                (5.12) 

 

ɝɞɟ εɞɨɩ – ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɨɲɢɛɤɢ ɨɬɪɚɛɨɬɤɢ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 

௞ܮ  = ʹͲ log ቀଶଷଵଷ ቁ = ͵͹.͹Ͷ͸ ˇʐ.                                                                               (5.13) 

 

ɉɨ ɷɬɢɦ ɜɟɥɢɱɢɧɚɦ ɦɨɠɧɨ ɩɨɫɬɪɨɢɬɶ ɤɨɧɬɪɨɥɶɧɭɸ ɬɨɱɤɭ ȺɄ. ɋ ɭɱɟɬɨɦ ɟɟ ɜ 

ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɬɪɨɢɬɫɹ ɡɚɩɪɟɬɧɚɹ ɨɛɥɚɫɬɶ, ɜ ɤɨɬɨɪɭɸ ɧɟ ɞɨɥɠɧɚ ɡɚɯɨɞɢɬɶ ɅȺɑɏ 

ɪɚɡɨɦɤɧɭɬɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ. ɉɪɢ ɷɬɨɦ ɫɥɟɜɚ ɨɬ ɬɨɱɤɢ ȺɄ ɫɬɪɨɢɬɫɹ ɩɪɹɦɚɹ ɫ 

ɧɚɤɥɨɧɨɦ –20 ɞȻ/ɞɟɤ, ɚ ɫɩɪɚɜɚ ɫ ɧɚɤɥɨɧɨɦ –40 ɞȻ/ɞɟɤ.  ȿɫɥɢ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ 
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ɧɟ ɩɪɟɜɵɲɚɸɬ 𝜔ɦɚɯ ɢ  ω′௠𝑎௫, ɬɨ ɩɪɢ ɅȺɑɏ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɵɲɟ ɡɚɩɪɟɬɧɨɣ 

ɨɛɥɚɫɬɢ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɲɢɛɤɚ ɫɥɟɠɟɧɢɹ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ  ɞɨɩ. 

 

 

Ɋɢɫɭɧɨɤ 5.3 – ɡɚɩɪɟɬɧɚɹ ɨɛɥɚɫɬɶ ɅȺɑɏ ɪɚɡɨɦɤɧɭɬɨɣ ɫɥɟɞɹɳɟɣ ɫɢɫɬɟɦɵ 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɅȺɑɏ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɧɟ ɞɨɥɠɧɚ ɡɚɯɨɞɢɬɶ ɜ 

ɡɚɩɪɟɬɧɭɸ ɨɛɥɚɫɬɶ, ɷɬɨ ɭɫɥɨɜɢɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ 

ɧɢɡɤɨɱɚɫɬɨɬɧɨɣ ɱɚɫɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.  

ɉɨɥɚɝɚɹ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ ɪɚɜɟɧ ɟɞɢɧɢɰɟ, ɫɬɪɨɢɬɫɹ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɚɹ ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɧɟɢɡɦɟɧɹɟɦɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ ܮ𝐻ሺ𝜔, ௬ܭ = ͳሻሻ. ɑɬɨɛɵ ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɨɲɢɛɤɚ ɧɟ ɩɪɟɜɵɲɚɥɚ ɡɚɞɚɧɧɭɸ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɧɹɬɶ ɧɢɡɤɨɱɚɫɬɨɬɧɭɸ ɱɚɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ܮ𝐻ሺ𝜔, ௬ܭ = ͳሻሻ ɧɚ 6 ɞȻ 

ɜɵɲɟ ɡɚɩɪɟɬɧɨɣ ɡɨɧɵ.  

ɉɨɫɬɪɨɢɜ ɷɬɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ, ɧɚɯɨɞɢɦ ɧɟɨɛɯɨɞɢɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 

ɭɫɢɥɟɧɢɹ ɧɟɢɡɦɟɧɹɟɦɨɣ ɱɚɫɬɢ ݕܭ. 

′ܮ  = ሺ𝜔௄ܮ| , |௬ሻܭ + |௄ܮ| + ͸                                                                                                                                    (5.14) 

 

ɇɚɣɞɟɦ ܮ(𝜔௞,ܭ௬ = ͳ): 

 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

82 
ȻɊ 15.03.06 ɉɁ 

 

𝜔௄)ܮ| , |(௬ܭ = ʹͲ ⋅ ݈𝑔 (ͳ ⋅ ʞ𝑖ܭ ) + ʹͲ ⋅ ݈𝑔ሺ ʞሻܭ + ሺ−ʹͲ ⋅ ݈𝑔ሺ 𝜔௄ሻሻ = = −ͺ.͵ʹͳ ɞȻ .        

                                                                                         (5.15) 

37) 

ɉɨɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ (5.14)  

′ܮ  = |−ͺ.͵ʹͳ| + |͵͹.͹Ͷ͸| + ͸ = ͷʹ.Ͳ͸͹ ɞȻ                                                  (5.16) 

 

ɇɚɣɞɟɦ ܭ௬ ɩɨ ɮɨɪɦɭɥɟ: 

′ܮ  = ʹͲ ݈𝑔ሺ  ௬ሻ                                                                                                                                        (5.17)ܭ

 
௬ܭ  = ͳͲఱమ.బలళమబ = ͶͲͳ.ͳͻʹ                                                                                         (5.18) 

 

ɉɨɞɫɬɚɜɢɜ ɜ (5.9) ɡɧɚɱɟɧɢɹ  ɨɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ: 

 

 K଴ = Ky⋅Kʞ⋅КДi = ͷͻ.ͺͷͺ,                                                                                   (5.19) 

 

ɝɞɟ  КД = ͳͶ.ͻʹ ሺˍˑэ˗˗ˋ˙ˋˈː˕ ˒ˈ˓ˈˇа˚ˋ ˇ˅ˋˆа˕ˈˎяሻ  
ɂɡ ɦɚɥɵɯ ɧɟɤɨɦɩɟɧɫɢɪɭɟɦɵɯ ɩɨɫɬɨɹɧɧɵɯ ɜɪɟɦɟɧɢ ɨɛɴɟɤɬɚ (Tμɬ) 

ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ ɩɟɪɢɨɞ ɫɥɟɞɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɭɩɪɚɜɥɟɧɢɹ Tɢ = 0,1..0,3ɦɫ ɢ 

ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɮɢɥɶɬɪɚ ɧɚ ɜɵɯɨɞɟ ɞɚɬɱɢɤɚ ɬɨɤɚ: 

   

Tɮɬ = R82 · C31 = 2 ɤɈɦ · 0.01 ɦɤɎ = 0.02 ɦɫ.                                                       (5.20) 

 

ɉɨɷɬɨɦɭ ɦɨɠɧɨ ɩɪɢɧɹɬɶ:  

 

Tμɬ = Tɢ + Tɮɬ = 0.23 + 0.02 = 0.25 ɦɫ                                                                      (5.21) 
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ɉɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɒɂɉ Tɍ = 0.00025 ɫ 

ɇɚɣɞɟɦ ʡଶଶ ˋ ʡଶ: 
 ʡଶଶ = ʡЯ ∙ ʡʛ ,                                                                                                            (5.22) 

 

ɝɞɟ Ɍə – ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ ɹɤɨɪɧɨɣ ɰɟɩɢ. 

 ʡЯ = Ͳ.ͲͲͷ͹ ˔. ; ʡʛ – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɞɜɢɝɚɬɟɥɹ. ʡʛ = Ͳ.Ͳͳͷ ˔. 
ɉɨɞɫɬɚɜɢɜ ɜ (5.22) ɩɨɥɭɱɢɦ:  

 ʡଶଶ = ʡЯ ∙ ʡʛ = Ͳ.ͲͲͷ͹˔ ∙ Ͳ.Ͳͳͷ˔ = ͺ.ͷͷ ∙ ͳͲ−ହɫ                                                   (5.23) 

 

Ɍ2 = Ɍɦ = 0.015 ɫ                                                                                                      (5.24) 

 

5.3 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢя 
ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢя ɡɜɟɧɚ ɪɨɛɨɬɚ 

 

 

Ɋɢɫɭɧɨɤ 5.4 – ɋɯɟɦɚ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɜ MATLAB 

 

Ʉɨɷɮɮɢɰɢɟɧɬɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɫɯɟɦɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɥɢɫɬɢɧɝɟ ɩɪɨɝɪɚɦɦɵ 

ɢ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜ ɝɥɚɜɟ (5.2): 

%Пɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɪɟɞɭɤɬɨɪɚ 
i=1; 
%Пɨɬɟɧɰɢɨɦɟɬɪɢɱɟɫɤɢɣ ɞɚɬɱɢɤ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟщɟɧɢɣ  
Kp=0.01 
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%Кɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢя 
Ky=401.192 
%Кɨɷɮɮɢɰɢɟɧɬ ɞɜɢɝɚɬɟɥя 
Kd=14.92 
%Иɧɬɟɪɜɚɥ ɤɜɚɧɬɨɜɚɧɢя 
T=0.02; 
%АЦП 
Kadc=25.38; 
%ЦАП 
Kdac=0.0394; 
%Уɫɢɥɢɬɟɥɶ ɧɚɩɪяɠɟɧɢя  
Un=10; 
%ШИП 
Um=2.64; 
%ɨɛщɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢя 
K0=Kp*Ky*Kd 
Ty=0.00025 
%Дɜɢɝɚɬɟɥɶ 
T22=0.0000855 
T2=0.015 

 

 

Ɋɢɫɭɧɨɤ 5.5 – Ɋɚɛɨɱɟɟ ɨɤɧɨ MATKAB Workspace 

 

ɇɚɫɬɪɨɢɦ ɩɚɪɚɦɟɬɪɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɦɟɬɨɞɨɦ ɐɢɝɥɟɪɚ-ɇɢɤɨɥɶɫɚ.  

ɉɚɪɚɦɟɬɪɵ ɪɟɝɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, 

ɩɪɢɦɟɧɹɹ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ Matlab:  

1. ɍɫɬɚɧɨɜɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɟɝɭɥɹɬɨɪɚ I, D ɪɚɜɧɵɦɢ ɧɭɥɸ, ɚ ɤɨɷɮɮɢɰɢɟɧɬ 

P ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɫɢɫɬɟɦɚ ɧɟ ɨɤɚɠɟɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɭɫɬɨɣɱɢɜɨɫɬɢ, 

ɬɨ ɟɫɬɶ ɜ ɧɟɣ ɛɭɞɭɬ ɫɭɳɟɫɬɜɨɜɚɬɶ ɤɨɥɟɛɚɧɢɹ ɫ ɩɨɫɬɨɹɧɧɨɣ  
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ɚɦɩɥɢɬɭɞɨɣ (ɪɢɫɭɧɨɤ 5.6).  

 

 

Ɋɢɫɭɧɨɤ 5.6 – ɉɨɫɬɨɹɧɧɵɟ ɤɨɥɟɛɚɧɢɹ 

 

2. Ɋɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ. ɇɚɣɞɟɧɧɨɟ ɜ ɩɭɧɤɬɟ 1 ɡɧɚɱɟɧɢɟ P 

ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ ɊɄɊ = 0.77303 (ɬɨ ɟɫɬɶ ɤɪɢɬɢɱɟɫɤɨɟ), ɚ ɩɟɪɢɨɞ ɧɟɡɚɬɭɯɚɸɳɢɯ 

ɤɨɥɟɛɚɧɢɣ – ɤɚɤ ɌɄɊ = 0.07. 

 𝑃 = ଷ𝑃಼𝑃ହ = Ͳ.Ͷ͸͵ͺͳͺ                                                                                              (5.25) 

ܫ  = ଺𝑃಼𝑃ହ಼் 𝑃 = ͳ͵.ʹͷͳͻͶ                                                                                                (5.26) 

ܦ  = ଷ𝑃಼𝑃಼் 𝑃ସ଴ = Ͳ.ͲͲͶͲ͸ .                                                                                         (5.27) 
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3. ȼɜɟɞɟɦ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɜ ɛɥɨɤ PID-ɪɟɝɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 

5.7) ɢ ɩɨɥɭɱɢɬɟ ɤɪɢɜɭɸ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.  

 

 

Ɋɢɫɭɧɨɤ 5.6 - ɉɚɪɚɦɟɬɪɵ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 5.7 - Ƚɪɚɮɢɤ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ  
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ȼɢɡɭɚɥɶɧɵɣ ɚɧɚɥɢɡ ɝɪɚɮɢɤɚ ɩɨɤɚɡɵɜɚɟɬ: ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɜ ɞɚɧɧɨɦ 

ɫɥɭɱɚɟ ɢɦɟɟɬ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ 

ɬɪɟɛɨɜɚɧɢɹɦ. ɉɨɷɬɨɦɭ ɧɚɫɬɪɨɢɦ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ PID Tuner. 

ɇɚɫɬɪɨɣɤɭ ɩɪɨɢɡɜɟɞɟɦ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ PID Tuner [4]. ȼ ɨɤɧɟ Controller 

parameters (ɩɚɪɚɦɟɬɪɵ ɤɨɧɬɪɨɥɥɟɪɚ) ɩɨɤɚɡɚɧɵ ɤɨɷɮɮɢɰɢɟɧɬɵ ɭɫɢɥɟɧɢɹ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ, ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ. ȼ ɨɤɧɟ 

Performance and robustness (ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɝɪɭɛɨɫɬɶ) ɩɨɤɚɡɚɧɵ ɩɚɪɚɦɟɬɪɵ: rise 

time (ɜɪɟɦɹ ɧɚɪɚɫɬɚɧɢɹ), settling time (ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ), overshoot 

(ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ), peak (ɩɢɤ) (ɪɢɫɭɧɨɤ 5.8).  

Ɇɟɧɹɹ ɩɚɪɚɦɟɬɪ Response time (ɜɪɟɦɹ ɪɟɚɤɰɢɢ) (ɪɢɫɭɧɨɤ 5.9), ɦɨɠɟɦ ɦɟɧɹɬɶ 

ɭɫɬɚɧɨɜɢɜɲɟɟɫɹ ɜɪɟɦɹ, ɜɪɟɦɹ ɧɚɪɚɫɬɚɧɢɹ ɢ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɢɫɯɨɞɹ ɢɡ ɷɬɨɝɨ 

ɦɟɧɹɟɬɫɹ ɢ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɟɧɢɹ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ ɧɚɲɟɣ ɫɢɫɬɟɦɵ ɩɨɥɭɱɢɦ: 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɚɜɟɧ 0.2908, ɢɧɬɟɝɪɚɥɶɧɵɣ 

ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɚɜɟɧ 0.384, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ 

ɪɚɜɟɧ 0.0071. ȼɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨ 71.7 ɦɫ., ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɜɧɨ 2.3%.  

 

 

Ɋɢɫɭɧɨɤ 5.8 – Ɉɤɧɨ ɩɚɪɚɦɟɬɪɨɜ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

88 
ȻɊ 15.03.06 ɉɁ 

 

 

Ɋɢɫɭɧɨɤ 5.9 – ɇɚɫɬɪɨɣɤɚ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɚ 

  

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɞɨɛɢɬɶɫɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ 

ɪɚɜɧɵɦ 0% ɩɨɩɪɨɛɭɟɦ ɡɚɦɟɧɢɬɶ ɉɂȾ-ɪɟɝɭɥɹɬɨɪ ɧɚ ɉ-ɪɟɝɭɥɹɬɨɪ. Ɇɨɞɟɥɶ ɩɪɢɦɟɬ 

ɜɢɞ: 

 

 

Ɋɢɫɭɧɨɤ 5.10 – ȼɢɞ ɦɨɞɟɥɢ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ 
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ɉɨɞɛɟɪɟɦ ɩɚɪɚɦɟɬɪ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 5.11. 

 

 

Ɋɢɫɭɧɨɤ 5.11 – ɉɚɪɚɦɟɬɪ ɉ-ɪɟɝɭɥɹɬɨɪɚ 

 

 ɉɨɥɭɱɢɦ ɤɪɢɜɭɸ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ: 

 

 

Ɋɢɫɭɧɨɤ 5.12 – Ʉɪɢɜɚɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫ ɩɚɪɚɦɟɬɪɨɦ ɉ-ɪɟɝɭɥɹɬɨɪɚ 

(Ʉɩ=0.077)  

 

ɋ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ PID Tuner ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɬɨɱɧɵɟ ɩɚɪɚɦɟɬɪɵ 

ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ. 
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ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɨɩɬɢɦɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɭɫɢɥɟɧɢɹ ɉ-ɪɟɝɭɥɹɬɨɪɚ 

ɞɥɹ ɧɚɲɟɣ ɫɢɫɬɟɦɵ ɩɨɥɭɱɢɦ: ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ ɪɚɜɟɧ 

0.15135, ɜɪɟɦɹ ɭɫɬɚɧɨɜɥɟɧɢɹ ɪɚɜɧɨ 0.082 ɫ., ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɪɚɜɧɨ 0%.  

 

 

Ɋɢɫɭɧɨɤ 5.13 – ɇɚɫɬɪɨɣɤɚ ɉ-ɪɟɝɭɥɹɬɨɪɚ 

 

 

Ɋɢɫɭɧɨɤ 5.14 – Ɉɤɧɨ ɩɚɪɚɦɟɬɪɨɜ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
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6 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɫɬɟɧɞɚ  

  

ɋɬɟɧɞ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 

ɢɡɭɱɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɞɧɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɪɨɛɨɬɚ. 

Ⱦɚɥɟɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɩɪɨɰɟɫɫɵ ɪɚɡɝɨɧɚ ɩɪɢɜɨɞɚ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɤɨɧɬɭɪɚ 

ɩɨɥɨɠɟɧɢɹ. 

 

6.1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɝɨɧɚ ɩɪɢɜɨɞɚ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ ɩɪɢ 
ɫɬɭɩɟɧɱɚɬɨɦ ɡɚɞɚɧɢɢ ɫɤɨɪɨɫɬɢ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɧɭɠɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɤɪɢɜɵɟ ɩɟɪɟɯɨɞɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɧɟɨɛɯɨɞɢɦɨ ɡɚɝɪɭɡɢɬɶ ɩɪɨɝɪɚɦɦɭ ɜ ɫɪɟɞɭ LabVIEW. Ɂɚɩɭɫɤɚɟɬɫɹ 

ɩɪɨɝɪɚɦɦɚ ɧɚɠɚɬɢɟɦ ɦɵɲɶɸ ɧɚ ɤɥɚɜɢɲɭ «  ». ȼɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɜɵɤɥɸɱɚɬɟɥɹ DRIVE_ON.  

Ⱦɥɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɢɡɦɟɧɟɧɢɹ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɚɧɨɜɢɬɶ 

ɩɟɪɟɤɥɸɱɚɬɟɥɶ «Ɋɚɦɩɚ» ɬɚɤ ɱɬɨɛɵ ɡɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ ɲɥɨ ɜ ɨɛɯɨɞ ɮɨɪɦɢɪɨɜɚɬɟɥɹ 

ɪɚɦɵ (ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 6.1). 

 

 

Ɋɢɫɭɧɨɤ 6.1 – ɉɨɥɨɠɟɧɢɟ ɩɟɪɟɤɥɸɱɚɬɟɥɹ «Ɋɚɦɩɚ» ɞɥɹ ɫɬɭɩɟɧɱɚɬɨɝɨ ɡɚɞɚɧɢɹ 

ɫɤɨɪɨɫɬɢ 

 

ɉɪɨɰɟɫɫɵ ɪɚɡɝɨɧɚ ɢ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢɜɨɞɚ ɩɪɢ ɫɬɭɩɟɧɱɚɬɨɦ ɡɚɞɚɧɢɢ 

ɫɤɨɪɨɫɬɢ ɫ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɟɦ («ɨɬɫɟɱɤɚ ɬɨɤɚ») ɦɟɧɟɟ ɬɨɱɧɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɪɟɡɭɥɶɬɚɬɵ ɫɢɧɬɟɡɚ ɢ ɨɩɬɢɦɢɡɚɰɢɢ ɤɨɧɬɭɪɨɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 



 

ɂɡɦ. Ʌɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫɶ Ⱦɚɬɚ 

Ʌɢɫɬ 

92 
ȻɊ 15.03.06 ɉɁ 

 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ, ɱɟɦ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɛɟɡ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɹ. ɑɬɨɛɵ 

ɞɨɛɢɬɶɫɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɛɟɡ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ 

ɚɦɩɥɢɬɭɞɭ ɫɤɚɱɤɚ (ɫɤɚɱɨɤ ɡɚɞɚɧɢɹ ɫɤɨɪɨɫɬɢ) ɞɨ ɭɫɬɪɚɧɟɧɢɹ, ɜ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɬɨɤɚ, ɭɱɚɫɬɤɚ ɫ ɧɟɢɡɦɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ ɬɨɤɚ (ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɟ, ɪɢɫɭɧɨɤ 6.2). 

 

 

Ɋɢɫɭɧɨɤ 6.2 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɬɨɤɚ ɫ ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɟɦ 

 

ɉɨɥɭɱɟɧɧɵɣ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɩɪɢ ɫɬɭɩɟɧɱɚɬɨɦ ɡɚɞɚɧɢɢ ɫɤɨɪɨɫɬɢ ɛɟɡ 

ɬɨɤɨɨɝɪɚɧɢɱɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6.3. 

 

 

Ɋɢɫɭɧɨɤ 6.3 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɫɤɨɪɨɫɬɢ 
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Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ: 

1. ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ݐ𝑝 = ʹͷ ˏ˔  

2. ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 

 𝜎 = ௫𝑚𝑎ೣ−௫∞௫∞ ∙ ͳͲͲ% = ଺ସ଴−଺଴଴଺଴଴ ∙ ͳͲͲ = ͸.͹%                                              (6.1) 

 

6.2 ɂɫɫɥɟɞɨɜɚɧɢɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢя ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢя 
 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɤɥɸɱɚɬɟɥɶ Ɋɉ ɭɫɬɚɧɨɜɢɬɶ ɬɚɤ, ɱɬɨɛɵ ɡɚɞɚɧɢɟ ɫɤɨɪɨɫɬɢ ɲɥɨ ɨɬ 

ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɨɠɟɧɢɹ (Ɋɉ). ɍɫɬɚɧɨɜɢɦ ɢɡɦɟɧɟɧɢɟ ɡɚɞɚɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɨɬ 

ɬɟɤɭɳɟɝɨ ɧɚ 0.05ȼ. Uq=0, Uqɡ=0.05. ɇɟ ɢɡɦɟɧɹɹ ɞɢɚɩɚɡɨɧ ɫɤɚɱɤɚ ɩɨɥɨɠɟɧɢɹ, 

ɩɨɥɭɱɢɦ ɬɪɢ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɚ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ Ɋɉ k1=100, k2=200 ɢ k3=300. 

ɂɡɦɟɧɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ Ɋɉ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɩɨɥɟ (ɪɢɫɭɧɨɤ 6.4) 

 

 

Ɋɢɫɭɧɨɤ 6.4 – ɉɨɥɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ Ɋɉ 
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Ɋɢɫɭɧɨɤ 6.5 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɪɢ k1 

 

 

Ɋɢɫɭɧɨɤ 6.6 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɪɢ k2 
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Ɋɢɫɭɧɨɤ 6.7 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɨ ɩɨɥɨɠɟɧɢɸ ɩɪɢ k3 
 

Ɉɩɪɟɞɟɥɢɦ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɩɨɥɭɱɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

1) ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ k1 : ݐ𝑝ଵ = Ͳ.͵ͳ ˔  

2) ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ: 

 𝜎ଵ = ௫𝑚𝑎ೣ−௫∞௫∞ ∙ ͳͲͲ% = ଴.଴ହ−଴.଴ହଶହ଴.଴ହ ∙ ͳͲͲ = ͷ%                                            (6.2) 

 

3) ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ k2 : ݐ𝑝ଶ = Ͳ.ͷͷ ˔  

4) ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ: 

 𝜎ଶ = ௫𝑚𝑎ೣ−௫∞௫∞ ∙ ͳͲͲ% = ଴.଴଻ସ−଴.଴ହ଴.଴ହ ∙ ͳͲͲ = Ͷͺ%                                           (6.3) 

 

 5) ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɪɢ k3 : ݐ𝑝ଷ = Ͳ.ͺͷ ˔  

6) ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ: 

 𝜎ଷ = ௫𝑚𝑎ೣ−௫∞௫∞ ∙ ͳͲͲ% = ଴.଴଻ଶ−଴.଴ହ଴.଴ହ ∙ ͳͲͲ = ͶͶ%                                          (6.4) 
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ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ k ɩɪɨɰɟɫɫ ɫɬɚɧɨɜɢɬɶɫɹ ɛɨɥɟɟ ɪɟɡɤɢɦ ɢ ɤɨɥɟɛɚɬɟɥɶɧɵɦ, 

ɡɚɬɪɚɱɢɜɚɟɬɫɹ ɜɪɟɦɹ ɧɚ ɡɚɜɟɪɲɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɢ ɩɪɨɰɟɫɫ ɭɞɥɢɧɹɟɬɫɹ.  

 

6.3 ɋɪɚɜɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɱɟɫɬɜɚ 
 

ɋɪɚɜɧɢɦ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ (ɜ ɝɥɚɜɟ 6.1) ɢ 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɢɧɬɟɡɟ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ (ɜ ɝɥɚɜɟ 4.4). 

ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ tp.ɷ. = 25 ɦɫ, ɚ 

ɩɪɢ ɫɢɧɬɟɡɟ tp.ɫ = 7.9 ɦɫ. ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, 𝜎ɷ = 

6.7%, ɚ ɩɪɢ ɫɢɧɬɟɡɟ 𝜎ɫ = 4.3%. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɨɤɚɡɚɬɟɥɟ ɤɚɱɟɫɬɜɚ ɤɨɧɬɭɪɚ ɫɤɨɪɨɫɬɢ, 

ɩɪɢ ɪɚɛɨɬɟ ɫ ɮɢɡɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ ɦɵ ɩɨɥɭɱɢɥɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɟɦɧɨɝɨ ɯɭɠɟ 

ɱɟɦ ɩɪɢ ɫɢɧɬɟɡɟ ɫɢɫɬɟɦɵ. ɉɪɨɰɟɫɫ ɩɨɥɭɱɢɥɫɹ ɛɨɥɟɟ ɡɚɬɹɧɭɬɵɣ ɢ ɫ ɛɨɥɶɲɢɦ 

ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟɦ.  

ɋɪɚɜɧɢɦ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ, ɩɨɥɭɱɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ (ɜ ɝɥɚɜɟ 6.2) ɢ 

ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɫɢɧɬɟɡɟ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ (ɝɥɚɜɚ 4.5). 

Ⱦɥɹ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɞɥɹ ɬɪɟɯ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɋɉ (k1=100, k2=200 ɢ k3=300). ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɧɵɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 6.1. 

 

Ɍɚɛɥɢɰɚ 6.1 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɟɝɭɥɹɬɨɪɚ 

ɩɨɥɨɠɟɧɢɹ 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, 𝜎, % ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ 

ɩɪɨɰɟɫɫɚ, ݐ𝑝, ɦɫ 

k1 = 100 5 310 

k2 = 200 48 550 

k 3 = 300 44 850 

 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɩɪɢ ɫɢɧɬɟɡɟ ɤɨɧɬɭɪɚ ɩɨɥɨɠɟɧɢɹ 𝜎 = Ͷ.͵ %, 

ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ݐ𝑝 = 880 ɦɫ. Ɋɚɫɯɨɠɞɟɧɢɹ ɜ ɩɨɤɚɡɚɬɟɥɹɯ ɤɚɱɟɫɬɜɚ 

ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ  ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɧɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɭɠɧɨɣ ɬɨɱɧɨɫɬɢ.  
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ɍ ɜɫɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɟɫɬɶ ɨɲɢɛɤɚ ɩɪɢ ɪɚɛɨɬɟ.  

Ɍɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɤɪɢɜɵɟ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ  ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɡɜɟɧɚ 

ɪɨɛɨɬɚ (ɫ ɉɂȾ ɢ ɉ-ɪɟɝɭɥɹɬɨɪɚɦɢ, ɝɥɚɜɚ 5.3). ɉɪɨɦɨɞɟɥɢɪɨɜɚɜ ɫɢɫɬɟɦɭ ɫ ɉ-

ɪɟɝɭɥɹɬɨɪɨɦ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ: 

1) ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = Ͳ %; 

2) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ݐ𝑝 = ͺ͵ ˏ˔. 

ȼ ɫɢɫɬɟɦɟ ɫ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ ɛɵɥɨ ɩɨɥɭɱɟɧɨ: 

1) ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 𝜎 = ʹ.͵ %; 

2) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ݐ𝑝 = ͹ͳ ˏ˔. 

Ɍɚɤ ɤɚɤ ɉ-ɪɟɝɭɥɹɬɨɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɥɭɱɲɢɟ ɩɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ 

ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɬɨ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɫɢɫɬɟɦɟ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ. 

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɟ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ ɢ ɉɂȾ-ɪɟɝɭɥɹɬɨɪɨɦ 

ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɨ, ɧɨ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬɫɹ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɱɬɨ 

ɧɟɞɨɩɭɫɬɢɦɨ ɩɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ ɧɚɲɟɣ ɫɢɫɬɟɦɵ. 
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7 ɗɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 
 

ɐɟɥɶɸ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɦɟɬɵ 

ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɬɟɧɞɚ. ɋɦɟɬɚ ɡɚɬɪɚɬ - ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɞɟɧɟɠɧɨɣ ɮɨɪɦɟ 

ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɞɨɝɨɜɨɪɧɨɣ ɪɚɛɨɬɵ. ɋɦɟɬɚ 

ɡɚɬɪɚɬ ɛɭɞɟɬ ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɡɚɬɪɚɬ ɧɚ: 

• ɨɛɨɪɭɞɨɜɚɧɢɟ; 

• ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 

• ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ; 

• ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ. 

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɦɟɬɵ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 

ɫɢɫɬɟɦɵ. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. 

ɋɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ 7.1. 

 

Sɡ=Sɨɛ +Sɩɪɨɝ                                                                                        (7.1) 

 

ɝɞɟ Sɨɛ – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 7.1; 

Sɩɪɨɝ – ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɜ ɬɚɛɥɢɰɟ 6.2. 

 

Ɍɚɛɥɢɰɚ 7.1 – ɋɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ, 

ɲɬ 

ɐɟɧɚ, 

ɪɭɛ 

ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 

ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ 1 1 10000 10000 

Ɇɨɧɢɬɨɪ 1 1 500 500 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɦɵɲɶ 1 1 500 500 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7.1 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ, 

ɲɬ 

ɐɟɧɚ, ɪɭɛ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 

Ʉɥɚɜɢɚɬɭɪɚ 1 1 400 400 

ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ 2 1 15000 15000 

Ɇɨɧɢɬɨɪ 2 1 1000 1000 

Ʉɨɦɩɶɸɬɟɪɧɚɹ ɦɵɲɶ 2 1 500 500 

Ʉɥɚɜɢɚɬɭɪɚ 2 1 500 500 

Ⱦɚɬɱɢɤ ɭɝɥɨɜɵɯ 
ɩɟɪɟɦɟɳɟɧɢɣ ȼȿ178Ⱥ5 

1 9500 9500 

Ⱦɜɢɝɚɬɟɥɹ ɉə-250 1 10000 10000 

Ɍɚɯɨɝɟɧɟɪɚɬɨɪ Ɍɉ80-20-0,2 1 6000 6000 

NI PCI-6221 1 2000 2000 

ɋɬɨɣɤɚ ɄɈɇɌɍɊ - 1 1 16500 16500 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 72400 

 

Ɍɚɛɥɢɰɚ 7.2 - ɋɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 

Microsoft Windows ɏɊ 3000 

Microsoft Office 2010 5000 

LabVIEW 7500 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 15500 

 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ 7.1 ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ ɡɚɬɪɚɬ ɧɚ 

ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

 

Sɡ = 72400 + 15500 = 87900 ɪɭɛɥɟɣ 
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Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

Ɋɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ ɩɨ ɮɨɪɦɭɥɟ 7.2. 

ɈɁɉ = ɈɄɅ *ɄɊ*Ɍ,                                                                 (7.2) 

 

ɝɞɟ ɈɁɉ – ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ;  

ɈɄɅ – ɨɤɥɚɞ, ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ;  

 ɄɊ – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, %; 

 Ɍ – ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ, ɦɟɫɹɰ 

ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 7.2 ɪɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

ɧɚɭɱɧɨɝɨ ɪɭɤɨɜɨɞɢɬɟɥɹ: 

 

ɈɁɉ = 20000*1,3*4 = 104000 ɪɭɛɥɟɣ 

 

ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 7.2 ɪɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ: 

 

ɈɁɉ = 30000*1,3*3 = 117000 ɪɭɛɥɟɣ 

 

ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 7.2 ɪɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

ɬɟɯɧɢɤɚ-ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɢɤɚ: 

 

ɈɁɉ = 15000*1,3*1 = 19500 ɪɭɛɥɟɣ 

 

ɋ ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 7.2 ɪɚɫɫɱɢɬɚɟɦ ɨɫɧɨɜɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 

ɤɨɧɫɭɥɶɬɚɧɬɚ ɩɨ ɷɤɨɧɨɦɢɤɟ: 

 

ɈɁɉ = 30000*1,3*0.1 = 3900 ɪɭɛɥɟɣ 

 

ɉɪɨɫɭɦɦɢɪɨɜɚɜ ɡɚɪɩɥɚɬɵ ɜɫɟɯ ɪɚɛɨɬɧɢɤɨɜ ɩɨɥɭɱɚɟɦ ɫɭɦɦɭ ɡɚɬɪɚɬ ɧɚ 

ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ: 
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ɈɁɉ = 104000 + 117000 + 19500 + 3900 = 244400 ɪɭɛɥɟɣ 

 

Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɯɨɞɵ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɩɨ ɮɨɪɦɭɥɟ 7.3. 

 

Ɋɋɇ = Ɉɋɇ*ɈɁɉ,                                                  (7.3) 

 

ɝɞɟ Ɋɋɇ – ɪɚɫɯɨɞɵ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ, ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ; 

ɈɁɉ – ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ;  

Ɉɋɇ – ɨɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ. 

Ɉɋɇ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɬɱɢɫɥɟɧɢɹ 22% ɜ ɩɟɧɫɢɨɧɧɵɣ ɮɨɧɞ, 2.9% ɜ ɮɨɧɞ 

ɫɨɰɢɚɥɶɧɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ, 5.1% ɜ ɮɨɧɞ ɨɛɹɡɚɬɟɥɶɧɨɝɨ ɦɟɞɢɰɢɧɫɤɨɝɨ 

ɫɬɪɚɯɨɜɚɧɢɹ, 0.2% ɜ ɮɨɧɞ ɫɬɪɚɯɨɜɚɧɢɹ ɨɬ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ. 

 

Ɋɋɇ = 0.302 * 244400 = 73808.8 ɪɭɛɥɟɣ 

 

ɋɨɝɥɚɫɧɨ ɩɨɥɭɱɟɧɧɵɦ ɞɚɧɧɵɦ, ɪɚɫɫɱɢɬɚɟɦ ɨɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ 

ɩɥɚɬɭ ɧɚ ɜɟɫɶ ɩɟɪɢɨɞ ɪɚɡɪɚɛɨɬɤɢ ɩɨ ɮɨɪɦɭɥɟ 7.4. 

 

ɁɁɉ = ɈɁɉ + Ɋɋɇ ,                                                (7.4) 

 

ɝɞɟ ɁɁɉ – ɨɛɳɢɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɨɣ, ɪɭɛɥɟɣ; 

ɈɁɉ – ɨɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ, ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ;  

Ɋɋɇ – ɪɚɡɦɟɪ ɡɚɬɪɚɬ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ, ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ;  

 

ɁɁɉ = 244400 + 73808.8 = 318208.8 ɪɭɛɥɟɣ 

 

Ɋɚɫɱёɬ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ 

Ɋɚɫɫɱɢɬɚɟɦ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɮɨɪɦɭɥɟ 7.5. 
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Ɋɇ=ɄɇɊ*(Ɋɋɇ+Sɡ)                                                         (7.5) 

 

ɝɞɟ Ɋɇ – ɜɟɥɢɱɢɧɚ ɧɚɤɥɚɞɧɵɯ ɪɚɫɯɨɞɨɜ, ɪɭɛ.; 

       ɄɇɊ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɧɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ, %; 

 

Ɋɇ = 0,18*(73808.8 + 87900) = 29107.58 ɪɭɛɥɟɣ 

 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 

– ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ - 300 ȼɬ; 

– ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ - 18 ȼɬ;  

– ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɜ ɩɨɦɟɳɟɧɢɢ - 10 ɲɬ. 

Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɞɟɧɶ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 7.6. 

 

Sɷɥ.ɞ=(PɉɄ+Pɥ*n)*Nɱ*Tɷɥ                                                                      (7.6) 

 

ɝɞɟ     PɉɄ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ; 

Pɥ  – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ; 

n – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ; 

Nɱ – ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɨɜ; 

Tɷɥ  – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

 

Sɷɥ.ɞ = (0,3+0,018*10)*8*2,52 = 9.68 ɪɭɛɥɹ. 

 

Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɡɚɬɪɚɱɟɧɧɭɸ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ 7.7. 

 

Sɷɥ.=Sɷɥ.ɞ.*N                                                                         (7.7) 
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ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ: 

 

Sɷɥ = 9.68*90 = 871.2 ɪɭɛɥɟɣ. 

 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɶɹ ɩɨ ɮɨɪɦɭɥɟ 7.8. 

 ʖʏ = ୗˍnౢ∗ଵଶ∗nౣ                                                             (7.8) 

 

ɝɞɟ  Sk - ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɜɫɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɶɹ, ɪɭɛ.;  

nm – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɦɟɫ;  𝑛௟  – ɫɪɨɤ ɫɥɭɠɛɵ, ɥɟɬ. 

 

ɁȺ= 87900/(5*12*4) = 366.25 ɪɭɛɥɟɣ 

 

Ɇɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 

ɋɭɦɦɚ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɨɬɥɚɞɤɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. Ⱦɚɧɧɵɟ ɡɚɬɪɚɬɵ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 

ɩɨ ɮɨɪɦɭɥɟ 7.9. 

 

ɋɎ+ɋȻɍɆɆɁ=Sɡ + ,                                                    (7.9) 

 

ɝɞɟ     ɆɁ – ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ, ɪɭɛ.; 

SɁ – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ, ɪɭɛ.; 

ɋɎ – ɫɬɨɢɦɨɫɬɶ ɮɥɟɲɤɢ, ɪɭɛ.; 

ɋȻɍɆ – ɫɬɨɢɦɨɫɬɶ ɛɭɦɚɝɢ, ɪɭɛ.; 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɫɨɫɬɚɜɹɬ: 

 

ɆɁ = 87900 + 900 + 250 = 89050 ɪɭɛɥɟɣ 

 

Ɋɚɫɱɟɬ ɫɦɟɬɵ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɬɟɧɞɚ 

ȼɫɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɯɨɞɚɦɢ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɨɬɥɚɞɤɭ ɫɬɟɧɞɚ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.3.  

 

Ɍɚɛɥɢɰɚ 7.3 – Ɂɚɬɪɚɬɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɨɬɥɚɞɤɭ ɫɬɟɧɞɚ 

№ ɩ/ɩ Ɂɚɬɪɚɬɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɋɭɦɦɚ ɡɚɬɪɚɬ, ɪɭɛ. 

1 Ɇɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 89050 

2 Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɨɫɧɨɜɧɚɹ 244400 

3 Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 73808.8 

4 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 871.2 

5 Ⱥɦɨɪɬɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ 366.25 

6 ɇɚɤɥɚɞɧɵɟ ɪɚɫɯɨɞɵ 29107.58 

ɂɬɨɝɨ 437603.83 

 

ȼɵɜɨɞ: ɡɚɬɪɚɬɵ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɬɟɧɞɚ ɫɨɫɬɚɜɥɹɸɬ 437603.83 ɪɭɛ. 
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8 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ 

 

Бɟɡɨɩɚɫɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ  

Ƚɥɚɜɧɵɣ ɷɥɟɦɟɧɬ ɤɨɧɫɬɪɭɤɰɢɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ ɹɜɥɹɟɬɫɹ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɈɋɌ 

12.1.019: 

• ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɜɜɨɞɟ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɤɚɤ ɜ ɫɥɭɱɚɟ ɚɜɬɨɧɨɦɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ 

ɫɨɫɬɚɜɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɬɪɟɛɨɜɚɧɢɣ (ɭɫɥɨɜɢɣ, 

ɩɪɚɜɢɥ), ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ; 

• ɦɚɬɟɪɢɚɥɵ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɟ ɨɤɚɠɭɬ ɨɩɚɫɧɨɟ ɢ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ 

ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɧɚ ɜɫɟɯ ɡɚɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɢ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɟ ɫɨɡɞɚɞɭɬ ɩɨɠɚɪɨɜɡɪɵɜɨɨɩɚɫɧɵɯ ɫɢɬɭɚɰɢɣ, 

ɬ.ɤ. ɜɵɛɪɚɧɵ ɦɚɬɟɪɢɚɥɵ ɫ ɤɥɚɫɫɨɦ ɨɩɚɫɧɨɫɬɢ 4; 

• ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɨɩɚɫɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɜ ɫɥɭɱɚɟ 

ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɤ ɤɨɪɩɭɫɭ ɢ ɤ ɞɪɭɝɢɦ ɧɟ ɬɨɤɨɜɟɞɭɳɢɦ ɱɚɫɬɹɦ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ, 

ɨɤɚɡɚɜɲɢɦɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ, ɩɪɢɦɟɧɹɟɬɫɹ ɡɚɳɢɬɧɨɟ ɡɚɧɭɥɟɧɢɟ. Ⱦɨɫɬɭɩɧɵɟ 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɧɚɩɪɹɠɟɧɢɟɦ 

ɩɪɢ ɩɨɜɪɟɠɞɟɧɢɢ ɢɡɨɥɹɰɢɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɞɟɠɧɨ ɷɥɟɤɬɪɢɱɟɫɤɢ ɫɨɟɞɢɧɟɧɵ 

ɤɨɪɨɬɤɢɦɢ ɩɪɨɜɨɞɧɢɤɚɦɢ ɫ ɡɚɡɟɦɥɹɸɳɢɦ ɩɪɨɜɨɞɨɦ; 

• ɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɟɝɨ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɢɫɤɥɸɱɚɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɚɞɟɧɢɹ, ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ ɩɪɢ 

ɜɫɟɯ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɦɨɧɬɚɠɚ (ɞɟɦɨɧɬɚɠɚ), ɬ.ɤ. 

ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɵɟ ɫɨɱɥɟɧɹɟɦɵɟ ɭɡɥɵ ɢ ɞɟɬɚɥɢ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɫ 

ɞɨɫɬɚɬɨɱɧɵɦ ɡɚɩɚɫɨɦ ɩɪɨɱɧɨɫɬɢ; 

• ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɟ ɢɦɟɸɬ ɨɫɬɪɵɯ ɭɝɥɨɜ, ɤɪɨɦɨɤ, 

ɡɚɭɫɟɧɰɟɜ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɧɟɪɨɜɧɨɫɬɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɨɩɚɫɧɨɫɬɶ 

ɬɪɚɜɦɢɪɨɜɚɧɢɹ ɪɚɛɨɬɚɸɳɢɯ; 
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• ɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢɫɤɥɸɱɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɨɫɥɚɛɥɟɧɢɟ 

ɢɥɢ ɪɚɡɴɟɞɢɧɟɧɢɟ ɤɪɟɩɥɟɧɢɣ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɢ ɞɟɬɚɥɟɣ, ɡɚ ɫɱёɬ ɧɚɞёɠɧɨɝɨ 

ɤɪɟɩɥɟɧɢɹ. Ɉɩɪɨɤɢɞɵɜɚɧɢɟ ɢɫɤɥɸɱɟɧɨ ɬɟɦ, ɱɬɨ ɤɨɧɫɬɪɭɤɰɢɹ ɠёɫɬɤɨ ɡɚɤɪɟɩɥɟɧɚ 

ɫ ɤɨɪɩɭɫɨɦ ɫɬɨɣɤɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɫɬɟɧɞɚ; 

• ɩɪɨɜɟɞɟɧɢɟ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɩɪɢ ɩɨɦɨɳɢ ɪɭɱɧɵɯ 

ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɪɚɡɪɟɲɚɟɬɫɹ ɬɨɥɶɤɨ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɦɟɪ, 

ɢɫɤɥɸɱɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ ɤɨɧɬɚɤɬɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɬɨɤɨɜɟɞɭɳɢɦɢ ɱɚɫɬɹɦɢ. 

Бɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ 

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ, ȽɈɋɌ 12.3.002-75, ȽɈɋɌ 12.3.003-91, ȽɈɋɌ 

12.3.061-81, ɋɇɢɉ 31-01-03: 

• ɥɚɛɨɪɚɬɨɪɧɵɟ (ɪɚɛɨɱɢɟ, ɦɨɧɬɚɠɧɵɟ) ɩɥɨɳɚɞɤɢ, ɧɚ ɤɨɬɨɪɵɯ 

ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɛɨɬɵ ɜɧɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɨɦɟɳɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɬɪɟɛɨɜɚɧɢɹɦ ɞɟɣɫɬɜɭɸɳɢɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦ ɢ ɩɪɚɜɢɥ, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥ, 

ɭɬɜɟɪɠɞɟɧɧɵɯ ɨɪɝɚɧɚɦɢ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ; 

• ɪɚɡɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 

• ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɱɢɯ ɦɟɫɬ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ 

ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɚɯ ɧɚ 

ɤɨɧɤɪɟɬɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 

ɪɚɛɨɱɢɟ ɦɟɫɬɚ. 

Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɨɬɛɨɪɭ 

Ʉ ɨɛɫɥɭɠɢɜɚɧɢɸ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɞɨɩɭɫɤɚɸɬɫɹ ɥɢɰɚ: 

•  ɢɦɟɸɳɢɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɜ ɜɵɫɲɢɯ ɢɥɢ 

ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɢɯ ɡɚɜɟɞɟɧɢɹɯ; 

•  ɩɪɨɲɟɞɲɢɟ ɢɧɫɬɪɭɤɬɚɠ, ɨɛɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 

•  ɧɟ ɢɦɟɸɳɢɟ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɬɢɜɨɩɨɤɚɡɚɧɢɣ. 
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ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɚɫɬɨɹɳɢɯ ɫɬɚɧɞɚɪɬɨɜ, ȽɈɋɌ 12.1.004, ȽɈɋɌ, 

ȽɈɋɌ 12.2.007.0, ɉɍɗ, ɉɌɗ, ɢ ɉɌȻ, ɋɇɢɉ 3.05.06, ɋɇɢɉ 3.05.07. ɂɫɯɨɞɹ ɢɡ 

ɷɬɨɝɨ ɜɵɛɪɚɧ ɬɢɩ ɢɫɩɨɥɧɟɧɢɹ ɷɥɟɤɬɪɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɶ ɟɝɨ ɡɚɳɢɬɵ ɨɬ ɩɵɥɢ 

ɢ ɜɥɚɝɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ, ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 

ɭɫɬɚɧɨɜɤɚ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨɠɚɪɧɨɣ 

ɩɪɨɮɢɥɚɤɬɢɤɢ: 

•  ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ (ɢɧɫɬɪɭɤɬɚɠ ɩɟɪɫɨɧɚɥɚ, ɪɚɡɪɚɛɨɬɤɚ ɩɥɚɧɚ ɷɜɚɤɭɚɰɢɢ 

ɢ ɬ.ɞ.); 

•  ɬɟɯɧɢɱɟɫɤɢɟ (ɭɫɬɪɨɣɫɬɜɨ ɧɟ ɝɨɪɸɱɢɯ ɩɟɪɟɝɨɪɨɞɨɤ); 

•  ɪɟɠɢɦɧɵɟ (ɤɭɪɟɧɢɟ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɫɬɚɯ); 

•  ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ (ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɟ ɨɫɦɨɬɪɵ). 

Ʉɨɧɬɪɨɥɶ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

Ʉɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɨɜɵɦɢ ɢ 

ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

ɬɪɭɞɚ.  

Бɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ 

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɑɋ ɧɟɨɛɯɨɞɢɦɨ: 

1) ɨɬɤɥɸɱɢɬɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɢ ɥɚɛɨɪɚɬɨɪɢɢ; 

2) ɜɵɩɨɥɧɢɬɶ ɩɪɟɞɩɢɫɚɧɢɟ ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ; 

3) ɩɨɤɢɧɭɬɶ ɡɞɚɧɢɟ ɢ ɩɨɫɬɭɩɢɬɶ ɜ ɪɚɫɩɨɪɹɠɟɧɢɟ ɧɚɱɚɥɶɧɢɤɚ ȽɈ ɢ ɑɋ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ 

ɢɫɫɥɟɞɨɜɚɧɚ ɫɢɫɬɟɦɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɌɍɊ-10Ʉ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɢɥɨɜɨɣ ɱɚɫɬɢ ɩɪɢɜɨɞɚ (ɨɞɧɨɣ 

ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɪɨɛɨɬɚ), ɫɢɧɬɟɡɢɪɨɜɚɧ ɤɨɧɬɭɪ ɬɨɤɚ, ɫɤɨɪɨɫɬɢ ɢ ɩɨɥɨɠɟɧɢɹ 

ɦɟɬɨɞɨɦ ɩɨɞɱɢɧɟɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ.  

ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɨɣ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɨɢɡɜɟɞɟɧɨ ɟɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. ɉɨɥɭɱɟɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɨ ɪɚɡɝɨɧɟ ɩɪɢɜɨɞɚ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɞɚɬɱɢɤɚ 

ɩɨɥɨɠɟɧɢɹ.  

ɉɪɨɢɡɜɟɞɟɧ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

Ɋɚɫɫɱɢɬɚɧɚ ɫɦɟɬɧɚɹ ɫɬɨɢɦɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɫɬɟɧɞɚ. 
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