
 

 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 
      ɍɌȼȿɊɀȾȺɘ                         
      Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
      _______   Ⱥ. ɇ. ɋɨɱɧɟɜ 
           ɩɨɞɩɢɫɶ     
         «_____» ____________ 2019 ɝ. 

 
 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

15.03.06 Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ  ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɵɦ 
ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɦ ɤɨɦɩɥɟɤɫɨɦ 

 
 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ           _________      ______________   Ƚ.Ȼ. Ɇɚɫɚɥɶɫɤɢɣ 
                                                                ɩɨɞɩɢɫɶ, ɞɚɬɚ            ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ 

 
ȼɵɩɭɫɤɧɢɤ               _________                                     Ⱥ. Ⱥ. Ʉɪɭɱɢɧɤɢɧ 

                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 

ɇɨɪɦɨɤɨɧɬɪɨɥёɪ     _________                                     ȼ. ɇ. Ʉɭɥɢɤɨɜɚ 
                                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɉɈɅɂɌȿɏɇɂɑȿɋɄɂɃ ɂɇɋɌɂɌɍɌ 

Ʉɚɮɟɞɪɚ: «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 
 

ɍɌȼȿɊɀȾȺɘ                      

Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 

______  ɋɨɱɧɟɜ Ⱥ. ɇ.  

ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

« _____»   ________  20 ___ ɝ. 
 

ɁȺȾȺɇɂȿ 

ɇȺ ȼЫɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺЦɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ фɨɪɦɟ ɞиɩɥɨɦɧɨɝɨ ɩɪɨɟɤтɚ 
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ɋɬɭɞɟɧɬɭ Ʉɪɭɱɢɧɤɢɧɭ Ⱥɥɟɤɫɚɧɞɪɭ Ⱥɧɞɪɟɟɜɢɱɭ  

Ƚɪɭɩɩɚ Ɏɗ15-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 (Ɇɟɯɚɬɪɨɧɢɤɚ ɢ 

ɪɨɛɨɬɨɬɟɯɧɢɤɚ)                                                                  

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɫɢɫɬɟɦɵ  ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɵɦ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɦ ɤɨɦɩɥɟɤɫɨɦ». 

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

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ɇɚɫɚɥɶɫɤɢɣ Ƚ.Ȼ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ., ɩɪɨɮɟɫɫɨɪ ɤɚɮ. ɊɢɌɄ 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ:  

Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ (ɆɊɄ), web-ɤɚɦɟɪɚ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ 

Atmega8, ɤɨɧɬɪɨɥɥɟɪ MyRio. Ɋɟɲɚɟɦɚɹ ɡɚɞɚɱɚ – ɡɚɩɭɫɤ ɆɊɄ. ɋɪɟɞɵ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – LabVIEW, Matlab, FlowCod. 

 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ. 

Ƚɥɚɜɚ 1. Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ. 
Ƚɥɚɜɚ 2. Ʉɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 
Ƚɥɚɜɚ 3. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɆɊɄ. 
Ƚɥɚɜɚ 4. Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɹ ɋɍ. 
Ƚɥɚɜɚ 5. ɋɢɧɬɟɡ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 
Ƚɥɚɜɚ 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ. 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ʌɢɫɬ 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 
Ʌɢɫɬ 2. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
Ʌɢɫɬ 3. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɦɦɭɧɢɤɚɰɢɢ ɚɩɩɚɪɚɬɧɵɯ  ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ 

Ʌɢɫɬ 4. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɩɪɢɜɨɞɚ 
Ʌɢɫɬ 5. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɵ ɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɨɞɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                            _______________ Ɇɚɫɚɥɶɫɤɢɣ Ƚ.Ȼ.              

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        _______________  Ʉɪɭɱɢɧɤɢɧ Ⱥ.Ⱥ. 

 « 11 » ɦɚɹ 2019 ɝ. 
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ɊȿɎȿɊȺɌ 

 
ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɢ 

ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ  ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɵɦ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɦ 
ɤɨɦɩɥɟɤɫɨɦ» ɫɨɞɟɪɠɢɬ 88 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ, 5 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ.  

ɋɂɋɌȿɆȺ ɍɉɊȺȼɅȿɇɂə, ɗɅȿɄɌɊɈɉɊɂȼɈȾ, ɉɊɂɇɐɂɉɂȺɅɖɇȺə 
ɗɅȿɄɌɊɂɑȿɋɄȺə ɋɏȿɆȺ, ɆɈȻɂɅɖɇɕɃ ɊɈȻɈɌ, ɆȺɇɂɉɍɅəɌɈɊ, 
ɉɊɈɆɕɒɅȿɇɇɕɃ ɊɈȻɈɌ, ɄɂɇȿɆȺɌɂɄȺ, ɂɇɌȿɊɎȿɃɋ, ɋɂɆɉɅȿɄɋ,  

ɐɟɥɶ ɪɚɛɨɬɵ: ɪɚɡɪɚɛɨɬɤɚ, ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ  ɡɚɩɭɫɤ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɦɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ 
(ɆɊɄ) ɤɚɤ ɷɥɟɤɬɪɨ-ɦɟɯɚɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ,  ɞɚɟɬɫɹ ɤɪɚɬɤɨɟ ɨɩɢɫɚɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɦɟɯɚɧɢɤɢ, ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɢ ɬɪɟɯɭɪɨɜɧɟɜɨɣ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ. ȼɬɨɪɚɹ ɝɥɚɜɚ ɞɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɫɯɟɦ ɦɨɛɢɥɶɧɨɝɨ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɍɪɢɬɢɹ ɝɥɚɜɚ ɨɩɢɫɵɜɚɟɬ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ (ɋɍ). ȼ ɱɟɬɜɟɪɬɨɣ ɝɨɥɨɜɟ 
ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɋɍ ɩɪɢɜɨɞɨɜ, ɞɪɚɣɜɟɪ 
ɫɜɹɡɢ «ɱɟɥɨɜɟɤ – ɤɨɦɩɶɸɬɟɪ - ɨɛɨɪɭɞɨɜɚɧɢɟ», ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ, ɫɢɧɬɟɡ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ,  3D ɫɢɦɭɥɹɰɢɹ. ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɪɢɜɨɞɢɬɫɹ ɪɟɡɭɥɶɬɚɬ 
ɫɢɧɬɟɡ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ ɩɭɬɟɦ ɩɨɢɫɤɨɜɨɝɨ ɦɟɬɨɞɚ.  

ȼ ɯɨɞɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɦɨɞɟɪɧɢɡɚɰɢɹ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɪɚɡɪɚɛɨɬɚɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɩɨ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ ɜ ɩɪɨɝɪɚɦɦɟ Proteus 
ɩɪɨɦɨɞɟɥɢɪɨɜɚɧɨ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ. Ɋɚɡɪɚɛɨɬɚɧɚ ɪɚɡɨɦɤɧɭɬɚɹ ɢ ɡɚɦɤɧɭɬɚɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɆɊ, ɚ ɬɚɤ ɠɟ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɆɊ. Ɋɚɡɪɚɛɨɬɚɧ 
ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɩɹɬɫɬɜɢɣ. Ʉɨɨɪɞɢɧɚɬɵ 
ɩɪɟɩɹɬɫɬɜɢɣ ɦɨɝɭɬ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɬɶɫɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. Ɍɪɚɟɤɬɨɪɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ  3 ɮɭɧɤɰɢɹɦɢ splane-ɚɩɩɪɨɤɫɢɦɚɰɢɢ(ɥɢɧɟɣɧɚɹ splane 
sublic).  Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 3D ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ 
ɞɜɢɠɭɳɟɝɨɫɹ ɩɨ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɤɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɛɥɸɞɚɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɆɊɄ. Ɋɚɡɪɚɛɨɬɚɧɚ 
ɬɪɟɯɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ (ɫɬɪɚɬɟɝɢɱɟɫɤɚɹ, ɝɪɭɩɩɨɜɚɹ ɢ 
ɢɫɩɨɥɧɢɬɟɥɶɧɚɹ ɋɍ).  ɇɚ ɨɫɧɨɜɟ ɧɚɩɢɫɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɛɵɥ ɞɨɛɚɜɥɟɧ ɉ 
ɪɟɝɭɥɹɬɨɪ. ɉɚɪɚɦɟɬɪɵ ɉ ɪɟɝɭɥɹɬɨɪɚ ɨɩɬɢɦɢɡɢɪɭɸɬɫɹ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ.  
Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɞɪɚɣɜɟɪ ɫɜɹɡɢ ɦɟɠɞɭ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɢ ɝɪɭɩɩɨɜɵɦ ɭɪɨɜɧɟɦ, 
ɬɨ ɟɫɬɶ ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɨɦ Arduino  ɢ MyRio. ɋɜɹɡɶ ɦɟɠɞɭ ɝɪɭɩɨɜɵɦ ɢ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɭɪɨɜɧɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ MyRio  ɩɨ 
ɫɟɬɢ Wifi.  Ɋɚɡɪɚɛɨɬɚɧɵ ɢɧɬɟɪɟɫɵ ɨɩɟɪɚɬɨɪɚ  ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ ɢ ɝɪɭɩɩɨɜɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ   
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ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɜ ɛɵɬɭ ɬɪɟɛɭɸɬɫɹ ɦɨɛɢɥɶɧɵɟ ɦɟɯɚɬɪɨɧɧɵɟ ɫɢɫɬɟɦɵ 
ɜɵɩɨɥɧɹɸɳɢɟ ɪɚɡɧɵɟ ɡɚɞɚɱɢ, ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɚɤɢɦɢ ɡɚɞɚɱɚɦɢ ɦɨɠɟɬ ɛɵɬɶ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɚ ɢɡɞɟɥɢɣ, ɫɭɳɟɫɬɜɭɸɬ ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɟ 
ɤɨɦɩɥɟɤɫɵ, ɤɨɬɨɪɵɟ ɜɵɩɨɥɧɹɸɬ ɡɚɞɚɱɭ ɞɚɧɧɵɟ ɡɚɞɚɱɢ. Ɇɨɛɢɥɶɧɵɟ ɤɨɦɩɥɟɤɫɵ, 
ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɫɬɨɹɬ ɢɡ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɜɵɞɜɢɠɧɨɣ «ɪɭɤɢ» (ɪɨɛɨɬ-
ɦɚɧɢɩɭɥɹɬɨɪ) ɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ. 

ɇɚ ɤɚɮɟɞɪɟ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ «ɋɢɛɢɪɫɤɨɝɨ ɮɟɞɟɪɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ» ɜ 
«ɍɱɟɛɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɦ ɝɢɛɤɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɤɨɦɩɥɟɤɫɟ» ɧɚɯɨɞɢɬɫɹ 
ɦɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ (ɆɊɄ), ɫɨɫɬɨɹɳɢɣ ɢɡ ɦɨɛɢɥɶɧɨɝɨ 
ɪɨɛɨɬɚ, ɫɞɟɥɚɧɧɨɝɨ ɫɬɭɞɟɧɬɚɦɢ ɢ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɦɚɧɢɩɭɥɹɬɨɪɚ.   

ɉɨɯɨɠɢɟ ɚɧɚɥɨɝɢ ɧɚ ɪɵɧɤɟ. 
Ʌɚɛɨɪɚɬɨɪɧɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨ ɢɡɭɱɟɧɢɸ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɫ 

ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɧɚ ɛɚɡɟ KUKA YOUBOT PLATFORM. ɐɟɧɚ ɪɨɛɨɬɚ 2637500 
ɪɭɛ. ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦɢ ɢɫɯɨɞɧɵɦɢ ɤɨɞɚɦɢ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɝɚɛɚɪɢɬɵ 500 ɯ 500 ɯ 500 ɦɦ.; 
 ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ 220 ȼ, 50 Ƚɰ.; 
 ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɨɬ ɫɟɬɢ: ɧɟ ɛɨɥɟɟ 500 ȼɬ. 

 

 
Ɋɢɫɭɧɨɤ 1- KUKA YOUBOT PLATFORM 

 
KMR QUANTEC – ɦɨɛɢɥɶɧɚɹ ɩɪɨɦɵɲɥɟɧɧɚɹ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

KUKA ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɨɬɪɚɫɥɹɯ: ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɫɭɞɨɜ, ɫɚɦɨɥɟɬɨɜ ɢɥɢ ɜɟɬɪɨɜɵɯ 
ɭɫɬɚɧɨɜɨɤ. ɐɟɧɚ ɪɨɛɨɬɚ 28000000 ɪɭɛ.. ɋɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ 
ɛɨɥɶɲɢɟ ɞɟɬɚɥɢ. Ɇɨɛɢɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ KUKA omniMove ɢɦɟɟɬ ɫɬɚɧɞɚɪɬɧɭɸ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 7000 ɤɢɥɨɝɪɚɦɦɨɜ. ɂɧɬɟɝɪɢɪɨɜɚɧɧɵɣ ɪɨɛɨɬ – KR QUANTEC 
150 R3300 ɫ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶɸ 150 ɤɢɥɨɝɪɚɦɦɨɜ ɢ ɞɨɫɹɝɚɟɦɨɫɬɶɸ 3300 
ɦɢɥɥɢɦɟɬɪɨɜ. ɇɟɫɦɨɬɪɹ ɧɚ ɜɵɫɨɤɭɸ ɩɨɥɟɡɧɭɸ ɧɚɝɪɭɡɤɭ, ɨɧ ɦɨɠɟɬ ɞɨɫɬɢɱɶ 
ɬɨɱɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ +/- 5 ɦɢɥɥɢɦɟɬɪɨɜ – ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɨɣɞɟɧɧɨɝɨ 
ɪɚɫɫɬɨɹɧɢɹ. Ȼɥɚɝɨɞɚɪɹ ɬɟɯɧɨɥɨɝɢɢ ɜɫɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɤɨɥɟɫɚ KUKA ɨɧ ɫɩɨɫɨɛɟɧ 
ɛɟɡɨɩɚɫɧɨ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜ ɧɭɠɧɨɟ ɩɨɥɨɠɟɧɢɟ ɞɚɠɟ ɜ ɫɚɦɵɯ ɭɡɤɢɯ ɦɟɫɬɚɯ.   
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Ɋɢɫɭɧɨɤ 2 - KMR QUANTEC 

 
Ɉɛɪɚɡɨɜɚɬɟɥɶɧɚɹ ɦɨɛɢɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ AVT-12T ɪɨɛɨɬ ɲɚɫɫɢ. Ɋɨɛɨɬ 

ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɪɟɲɟɧɢɣ ɞɥɹ ɩɨɠɚɪɨɬɭɲɟɧɢɹ roobt, eod 
ɪɨɛɨɬɚ, ɫɟɪɜɢɫɧɨɝɨ ɪɨɛɨɬɚ, ɞɜɢɠɭɳɟɝɨɫɹ ɪɨɛɨɬɚ ɢ ɬ. ɞ.. ɐɟɧɚ ɪɚɛɨɬɚ 568 000 
ɪɭɛ.. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɪɚɡɦɟɪɵ 1185*7645*395; 
 ɜɧɭɬɪɟɧɧɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ 750*400*165; 
 ɫɨɛɫɬɜɟɧɧɵɣ ɜɟɫ 85 ɤɝ; 
 ɲɚɫɫɢ ɜɟɫ ɧɚɝɪɭɡɤɢ 120 ɤɝ; 
 ɲɢɪɢɧɚ ɲɚɫɫɢ 150 ɦɦ; 
 ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ 880 ȼɬ * 2; 
 ɦɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ 304 ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ; 
 ɨɬɨɪ ɛɟɫɳɟɬɨɱɧɵɣ ɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 48 ȼ. 
 

 
Ɋɢɫɭɧɨɤ 3 - AVT-12T ɪɨɛɨɬ ɲɚɫɫɢ 

 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɝɪɭɡɨɜɚɹ ɬɟɥɟɠɤɚ RuTrike ɋɄɅȺȾ 2000 ɢɦɟɟɬ 

ɝɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ ɞɨ 1000 ɤɝ. Ɉɫɧɨɜɧɚɹ ɫɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɬɟɥɟɠɤɢ - ɩɟɪɟɜɨɡɤɚ 
ɝɪɭɡɨɜ, ɬɨɜɚɪɨɜ, ɩɪɨɞɭɤɰɢɢ ɩɨ ɫɤɥɚɞɚɦ ɢ ɩɨɞɫɨɛɧɵɦ ɩɨɦɟɳɟɧɢɹɦ, ɟё ɛɟɡ 
ɩɪɨɛɥɟɦ ɦɨɠɧɨ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɢ ɩɨ ɝɪɚɜɢɣɧɵɦ ɞɨɪɨɝɚɦ, ɧɚ ɨɬɤɪɵɬɵɯ 
ɬɟɪɪɢɬɨɪɢɹɯ. ɉɪɢ ɦɨɬɨɪɟ 1000 ȼɬ. ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɞɨ 25 ɤɦ ɜ ɱɚɫ. 
Ɂɚɪɹɠɚɬɶɫɹ ɨɬ ɪɨɡɟɬɤɢ 220 ɜɨɥɶɬ. Ȼɚɬɚɪɟɹ ɧɚɛɢɪɚɟɬ ɦɚɤɫɢɦɚɥɶɧɵɣ ɡɚɪɹɞ ɜ 
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ɬɟɱɟɧɢɢ 4-ɯ ɱɚɫɨɜ, ɚ ɟё ɡɚɪɹɞɚ ɯɜɚɬɢɬ ɧɚ 2-4 ɱɚɫɚ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ. Ɇɨɬɨɪ 
1000 ȼɬ.  

 

 
Ɋɢɫɭɧɨɤ 4 - ɝɪɭɡɨɜɚɹ ɬɟɥɟɠɤɚ RuTrike ɋɄɅȺȾ 2000 

 
ɉɹɬɢ ɨɫɟɜɨɣ ɡɚɝɪɭɡɨɱɧɵɣ ɪɨɛɨɬ SYDR-4A. Ɋɨɛɨɬ ɢɡɜɥɟɤɚɟɬ ɩɪɨɞɭɤɬɵ ɢɡ 

ɦɚɲɢɧɵ ɥɢɬɶɹ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. ɐɟɧɚ ɪɨɛɨɬɚ 1105000 ɪɭɛ.. Ɍɟɯɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɜɟɫ 900 ɤɝ; 
 ɪɚɡɦɟɪ 850*600 ɦɦ; 
 ɦɨɳɧɨɫɬɶ 2.7 ɤȼɬ; 
 ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ 4 ɤɝ; 
 ɩɨɜɬɨɪɧɵɟ ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 0,05 ɦɦ-0,10 ɦɦ; 
 ɨɫɢ 4 ɨɫɢ; 
 ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ 900 ɦɦ-1200 ɦɦ; 
 ɩɢɬɚɧɢɹ 220 ȼ 50/60 Ƚɰ. 

 

 
Ɋɢɫɭɧɨɤ 5 - ɪɨɛɨɬ SYDR-4A 

 
ɉɪɢ ɫɨɡɞɚɧɢɢ ɆɊɄ ɝɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɞɚɧɧɵɦ 

ɤɨɦɩɥɟɤɫɨɦ. Ⱦɥɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ  ɧɚɩɢɫɚɬɶ ɩɪɨɝɪɚɦɦɭ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ(ɆɊɄ), ɫɢɧɬɟɡɚ 
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ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɫɨɱɥɟɧɟɧɢɣ ɪɨɛɨɬɚ.  ɇɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɨɧɬɪɨɥɥɟɪɵ, ɞɚɬɱɢɤɢ ɨɱɭɜɫɬɜɥɟɧɢɹ ɢ ɤɚɦɟɪɭ.  
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1 Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ 
 
1.1 ɋɨɫɬɚɜ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ 

 
Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ ɤɨɦɩɥɟɤɫ (ɆɊɄ) (ɪɢɫɭɧɨɤ 1.1) ɫɨɫɬɨɢɬ ɢɡ 

ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚ ɛɚɡɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 
«ɗɥɟɤɬɪɨɧɢɤɚ ɇɐɌɆ-01».  

 

 
Ɋɢɫɭɧɨɤ 1.1 – Ɉɛɳɢɣ ɜɢɞ ɆɊɄ 

 
Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɬɪɟɯɤɨɥɟɫɧɭɸ ɩɥɚɬɮɨɪɦɭ, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɞɜɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɝɨ 
ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬɵ  ɢ ɨɩɨɪɧɨɟ ɤɨɥɟɫɨ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɚɬɮɨɪɦɵ (ɪɢɫɭɧɨɤ 1.2). Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɆɊ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 

 

 
 

1 – ɪɚɦɚ; 2 – ɞɜɢɝɚɬɟɥɶ; 3 - ɪɟɞɭɤɬɨɪ ȼɁɉ; 4 – ɤɨɥɟɫɨ; 5 - ɩɚɫɫɢɜɧɨɟ ɤɨɥɟɫɨ 
Ɋɢɫɭɧɨɤ 1.2 – 3D ɦɨɞɟɥɶ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 

 
Ɍɚɛɥɢɰɚ 1.1 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɆɊ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ Ɂɧɚɱɟɧɢɹ 

Ⱦɥɢɧɚ, ɦɦ 780  

ɒɢɪɢɧɚ, ɦɦ 520  

ȼɵɫɨɬɚ, ɦɦ 410  

Ɍɢɩ ɞɜɢɠɢɬɟɥɹ Ɍɋ 2ɯ2 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ, ɦ/ɫ 0,5  

Ɍɢɩ ɩɪɢɜɨɞɨɜ Ɍɋ, ɦɦ ɗɆ 

Ɇɚɫɫɚ ɆɊ ɜ ɫɧɚɪɹɠɟɧɧɨɦ ɫɨɫɬɨɹɧɢɟ, ɤɝ 240  
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Ʉɨɧɫɬɪɭɤɰɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɪɨɛɨɬɚ-ɬɟɥɟɠɤɢ ɢ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

 ɪɚɦɚ – ɭɝɨɥɨɤ 35 ɦɦ, ɞɥɢɧɨɣ 660× 520 ɦɦ; 
 ɪɟɞɭɤɬɨɪɚ ȼɁɉ – ɩɟɪɟɞɚɱɚ ɜɨɥɧɨɜɨɝɨ ɞɜɢɠɟɧɢɹ ɨɬ ɞɜɢɝɚɬɟɥɹ ɧɚ ɜɚɥ, 

ȽɈɋɌ Ɋ 50891-96; 
 ɞɜɢɝɚɬɟɥɶ ɉə-250Ɏ.  
Ⱦɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ: 
 ɤɪɟɩɥɟɧɢɟ ɜɚɥɚ ɤ ɪɚɦɟ; 
 ɜɚɥ – ɩɟɪɟɞɚɱɚ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ȼɁɉ(ȼɨɥɧɨɜɵɟ ɡɭɛɱɚɬɵɟ 

ɩɟɪɟɞɚɱɢ) ɤ ɤɨɥɟɫɭ; 
 ɰɟɩɶ ɩɪɢɜɨɞɧɚɹ ɪɨɥɢɤɨɜɚɹ ɨɞɧɨɪɹɞɧɚɹ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ  
 ɉɊ-9.525-9.1 ȽɈɋɌ 13568—97.  
Ⱦɚɧɧɵɟ ɰɟɩɢ: 
 ɤɨɥɟɫɨ ɪɟɡɢɧɨɜɨɟ ɞɢɚɦɟɬɪɨɦ 430 ɦɦ; 
 ɡɜɟɡɞɨɱɤɚ ɨɞɧɨɪɹɞɧɚɹ ɞɢɚɦɟɬɪɨɦ 40 ɦɦ, ɬɢɩɚ 28Ⱥ1. 
Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬ ɢɦɟɟɬ ɤɨɥɥɟɤɬɨɪɧɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ 

ɬɨɤɚ (ɪɢɫɭɧɨɤ 1.3) ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ ɉə-250Ɏ ɞɥɹ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɤɢ. 
Ʉɪɟɩɥɟɧɢɟ ɞɜɢɝɚɬɟɥɹ - ɬɨɪɰɟɜɨɟ. Ɋɟɠɢɦ ɪɚɛɨɬɵ - ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ. 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.2. 

 

 
Ɋɢɫɭɧɨɤ 1.3 – Ƚɚɛɚɪɢɬɵ ɞɜɢɝɚɬɟɥɹ ɉə-250Ɏ 

 
Ɍɚɛɥɢɰɚ 1.2  – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɹ ɉə-250Ɏ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ Ɂɧɚɱɟɧɢɹ 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 36  
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ, ȼɬ 250  
ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 3000  
ɇɨɦɢɧɚɥɶɧɵɣ ɜɪɚɳ. ɦɨɦɟɧɬ, ɦɇ*ɦ 0,8  
ɉɭɫɤɨɜɨɣ ɦɨɦɟɧɬ, ɦɇ*ɦ 4  
ɉɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ, Ⱥ 10  
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ, % 70 
Ɇɚɫɫɚ, ɤɝ 7,2  

 

https://eandc.ru/upload/iblock/382/382ba454d9cc6c294cf04a22cc338d98.jpg
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Ɋɨɛɨɬ «ɗɥɟɤɬɪɨɧɢɤɚ ɇɐ ɌɆ-01» ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ 
ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɬɨɤɚɪɧɵɯ ɫɬɚɧɤɨɜ, ɚ ɢɦɟɧɧɨ ɞɥɹ ɡɚɝɪɭɡɤɢ ɢ ɜɵɝɪɭɡɤɢ ɞɟɬɚɥɟɣ 
ɬɢɩɚ ɬɟɥ ɜɪɚɳɟɧɢɹ ɞɢɚɦɟɬɪɨɦ ɞɨ 150 ɦɦ, ɜɵɫɨɬɨɣ ɞɨ 150 ɦɦ. [8]. 

 

 
1 - ɦɟɯɚɧɢɡɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɨɫɢ Y; 2 - ɦɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɩɨ ɨɫɢ Z; 

3 - ɦɟɯɚɧɢɡɦ ɩɨɜɨɪɨɬɚ; 4 - ɦɟɯɚɧɢɡɦ ɡɚɯɜɚɬɚ ɞɟɬɚɥɢ 
Ɋɢɫɭɧɨɤ 1.4 - ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ «ɗɥɟɤɬɪɨɧɢɤɚ ɇɐ ɌɆ-01» 

 
Ɇɟɯɚɧɢɡɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨ ɨɫɢ Y (ɪɢɫɭɧɨɤ 1.4) 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɦɟɳɟɧɢɟ ɪɭɤɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɨɛɨɬɚ ɩɨ ɨɩɨɪɚɦ ɤɚɱɟɧɢɹ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ ɤɚɪɟɬɤɟ. ɉɟɪɟɦɟɳɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɟɜɟɪɫɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢ 
ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɞɜɢɝɚɬɟɥɟɣ (ɪɢɫɭɧɨɤ 1.5) ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ Ⱦɉ40-
10-3-27- IɆɁ681-Ɋ09 27ȼ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ.  

 

 
Ɋɢɫɭɧɨɤ 1.5 -  Ɉɛɳɢɣ ɜɢɞ ɞɜɢɝɚɬɟɥɹ 

 
Ɍɚɛɥɢɰɚ 1.3 - ɉɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ  

Ɍɢɩ ɞɜɢɝɚɬɟɥɹ 

ɇɚɩɪɹ- 
ɠɟɧɢɟ 
ɩɢɬɚ-
ɧɢɹ, ȼ 

Ɇɨɳ- 
ɧɨɫɬɶ, 

ȼɬ 

ɑɚɫɬɨɬɚ 
ɜɪɚɳɟ-

ɧɢɹ, 
 ɦɢɧ-1 

Ʉɪɚɬɧɨɫɬɶ 
ɩɭɫɤɨɜɨɝɨ 
ɦɨɦɟɧɬɚ 

Ɇɚɫɫɚ, 
ɤɝ, 
ɧɟ 

ɛɨɥɟɟ 
Ⱦɉ40–10–3–27–IM3681– 
ɋ09–Ɋ09–Ⱦ41–ɍ3 

27 10 3000 3,1 0,320 

 
Ɇɟɯɚɧɢɡɦ ɩɨɞɴɟɦɚ ɩɨ ɨɫɢ Z ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɪɟɦɟɳɟɧɢɟ ɪɭɤɢ 

ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɨɛɨɬɚ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɉɟɪɟɦɟɳɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ 
ɪɟɜɟɪɫɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɞɜɢɝɚɬɟɥɟɣ 
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ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ Ⱦɉ40-10-3-27- 1ɆɁ681-Ɋ09 (ɪɢɫɭɧɨɤ 1.5)  ɫ ɧɚɩɪɹɠɟɧɢɟɦ 
ɩɢɬɚɧɢɹ 27ȼ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ.  

ɉɨɜɨɪɨɬ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɪɟɜɟɪɫɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢ ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ 
ɞɜɢɝɚɬɟɥɟɣ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ Ⱦɉ40-10-3-27-1ɆɁ681-Ɋ09 (ɪɢɫɭɧɨɤ 1.5) ɫ 
ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ 27ȼ ɢ ɞɜɭɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ, ɩɟɪɜɚɹ ɢɡ ɤɨɬɨɪɵɯ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɫɬɪɨɟɧɧɵɣ ɪɟɞɭɤɬɨɪ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɤɨɥɟɫɚɦɢ, ɚ 
ɜɬɨɪɚɹ - ɨɬɤɪɵɬɵɣ ɨɞɧɨɫɬɭɩɟɧɱɚɬɵɣ ɤɨɧɢɱɟɫɤɢɣ ɪɟɞɭɤɬɨɪ. 

Ɂɚɯɜɚɬ ɢ ɪɨɬɚɰɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɧɟɜɦɨɰɢɥɢɧɞɪɨɜ, 
ɢɦɟɸɳɢɯ ɪɟɜɟɪɫɢɜɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢ ɭɩɪɚɜɥɹɟɦɵɯ ɷɥɟɤɬɪɨɩɧɟɜɦɚɬɢɱɟɫɤɢɦɢ 
ɪɚɫɩɪɟɞɟɥɢɬɟɥɹɦɢ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɩɢɬɚɧɢɹ 24 ȼ. ɋɤɨɪɨɫɬɶ ɩɨɜɨɪɨɬɚ ɩɪɢ 
ɪɨɬɚɰɢɢ ɪɟɝɭɥɢɪɭɟɬɫɹ ɞɪɨɫɫɟɥɹɦɢ. Ɉɫɧɨɜɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɜɨɡɞɭɲɧɵɣ 
ɤɨɦɩɪɟɫɫɨɪ (ɪɢɫɭɧɨɤ 1.6) AGR-6LT ɫ ɪɟɫɢɜɟɪɨɦ ɧɚ 6 ɥ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.4.  

 

 
Ɋɢɫɭɧɨɤ 1.6 – Ʉɨɦɩɪɟɫɫɨɪ AGR-6LT ɫ ɪɟɫɢɜɟɪɨɦ 

 
Ɍɚɛɥɢɰɚ 1.4  – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ AGR-6LT 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ Ɂɧɚɱɟɧɢɹ 
Ɇɨɳɧɨɫɬɶ, ȼɬ 180  
ɉɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɥ/ɦɢɧ 35  
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ, ɚɬɦ 8  
Ɍɢɩ ɞɜɢɝɚɬɟɥɹ ɉɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɤɨɥɥɟɤɬɨɪɧɨɝɨ 

ɬɢɩɚ 
Ɋɚɡɦɟɪɵ, ɦɦ 430 ɯ 150 ɯ 185 
ȼɟɫ, ɝ 7000  
ȼɪɟɦɹ ɡɚɩɨɥɧɟɧɢɹ ɪɟɫɢɜɟɪɚ, ɦɢɧ 4  
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɩɨɬɪɟɛɥɟɧɢɹ, Ⱥ 14  
Ɍɢɩ ɧɚɫɨɫɚ ɉɨɪɲɧɟɜɨɣ 
ȼɪɟɦɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ, ɦɢɧ 30  
Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɟɣ ɬɟɦɩɟɪɚɬɭɪɵ, °ɋ ɨɬ - 40 ɞɨ + 80 
Ɇɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ Ɇɟɬɚɥɥ 
Ⱦɨɩɭɫɬɢɦɨɟ ɪɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ, ȼ 12  
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Ɋɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɯɜɚɬɚ  - ɩɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶ (ɪɢɫɭɧɨɤ 
1.7) SY3260-5LOU-C6-Q, ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɬɚɛɥɢɰɟ 1.5. 

 
Ɋɢɫɭɧɨɤ 1.7 – Ɉɛɳɢɣ ɜɢɞ ɩɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ 

 
Ɍɚɛɥɢɰɚ 1.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɹ  
ɇɚɢɦɟɧɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ  Ɂɧɚɱɟɧɢɹ 
Ɍɢɩ ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɟɣɫɬɜɢɟ ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ/ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ 

ɤɥɚɩɚɧ 
Ɇɚɬɟɪɢɚɥ ɤɨɪɩɭɫɚ 5 ɐɢɧɤɨɜɨɟ ɥɢɬɶё ɩɨɞ ɞɚɜɥɟɧɢɟɦ 
ɇɚɡɧɚɱɟɧɢɟ 5/2 
Ɇɚɤɫɢɦɭɦ ɪɚɫɯɨɞɚ 196 ɧɨɪɦɨɥɢɬɪ ɜ ɦɢɧɭɬɭ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ 0.7 ɆɉȺ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ + 50 °C 
Ɇɢɧɢɦɚɥɶɧɚɹ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ - 10 °C 
ɇɚɩɪɹɠɟɧɢɟ ɫɨɥɟɧɨɢɞɚ 24 ȼ DC 
Ɇɢɧɢɦɚɥɶɧɨɟ ɪɚɛɨɱɟɟ ɞɚɜɥɟɧɢɟ 0.1 Ɇɉɚ 
ɋɩɨɫɨɛ ɦɨɧɬɚɠɚ Ⱦɢɧ-ɪɟɣɤɚ 
ɋɪɟɞɚ ɋɠɚɬɵɣ ɜɨɡɞɭɯ ɫ ɫɨɞɟɪɠɚɧɢɟɦ ɦɚɫɥɚ 

ɢɥɢ ɛɟɡ ɧɟɝɨ 
 
1.2 ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ 
 
ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɋɍ) ɆɊɄ ɬɪɟɯɭɪɨɜɧɟɜɚɹ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ (ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ), ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɫɨɱɥɟɧɟɧɢɣ ɦɚɧɢɩɭɥɹɬɨɪɚ (Ɇ) ɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ (ɆɊ) (ɫɪɟɞɧɢɣ ɭɪɨɜɟɧɶ) ɢ 
ɥɨɤɚɥɶɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɢ ɬɟɥɟɠɤɨɣ (ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ). 
ɇɚ ɪɢɫɭɧɤɟ 1.8 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɆɊɄ [9].   
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Ɋɢɫɭɧɨɤ 1.8 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ 

Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɆɊɄ, ɹɜɥɹɟɬɫɹ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ 
(ɉɄ), ɮɭɧɤɰɢɢ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.9. 

 

 
Ɋɢɫɭɧɨɤ 1.9 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɉɄ 

 
ɆɊɄ ɢɦɟɟɬ ɞɜɚ ɤɨɧɬɪɨɥɥɟɪɚ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ 

(ɉɄ). Ʉɨɧɬɪɨɥɥɟɪɵ ɨɫɭɳɟɫɬɜɥɹɸɬ ɫɢɧɬɟɡ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹɦɢ, ɚ ɬɚɤ ɠɟ 
ɩɟɪɟɞɚɱɭ ɢ ɨɛɪɚɛɨɬɤɭ ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ. Ɇɨɛɢɥɶɧɵɦ ɪɨɛɨɬɨɦ ɭɩɪɚɜɥɹɟɬ 
ɤɨɧɬɪɨɥɥɟɪ MyRio. Ɏɭɧɤɰɢɢ MyRio ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.10. 
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Ɋɢɫɭɧɨɤ 1.10 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ MyRio 

 
ɋɯɜɚɬɨɦ ɢ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɭɩɪɚɜɥɹɟɬ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Arduino. Ɏɭɧɤɰɢɢ 

Arduino ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1.11. 

 
Ɋɢɫɭɧɨɤ 1.11 - Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ Arduino 

 
1.3 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ  
 
ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ:  
- ɩɨɢɫɤ ɢ ɪɟɦɨɧɬ ɞɟɮɟɤɬɨɜ ɢ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɆɊɄ; 

 ɡɚɦɟɧɭ ɤɨɧɬɪɨɥɥɟɪɚ Arduino UNO ɧɚ Arduino Nano; 
 ɡɚɦɟɧɭ ɧɟɢɫɩɪɚɜɧɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ; 
 ɦɨɧɬɚɠ ɞɚɬɱɢɤɨɜ ɩɨɥɨɠɟɧɢɹ; 

- ɪɚɡɪɚɛɨɬɤɭ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ; 
 ɦɚɧɢɩɭɥɹɬɨɪɚ; 
 ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ;  

- ɦɨɧɬɚɠ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ; 
- ɤɢɧɟɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɆɊɄ; 
- ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ 

ɭɫɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɢɣ; 
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- ɩɨɫɬɪɨɟɧɢɟ ɦɨɞɟɥɢ ɆɊɄ ɢ ɫɢɦɭɥɹɰɢɸ ɩɪɨɯɨɠɞɟɧɢɹ  ɬɪɚɟɤɬɨɪɢɢ 3D 
ɦɨɞɟɥɶɸ ɆɊɄ; 

- ɪɚɡɪɚɛɨɬɤɭ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ 
- ɢɫɩɵɬɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ;  
- ɩɨɢɫɤ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ; 
- ɪɚɡɪɚɛɨɬɤɭ ɞɪɚɣɜɟɪɚ ɫɜɹɡɢ ɦɟɠɞɭ ɭɪɨɜɧɹɦɢ ɭɩɪɚɜɥɟɧɢɹ;  
- ɪɚɡɪɚɛɨɬɤɭ ɢɧɬɟɪɮɟɣɫɚ ɨɩɟɪɚɬɨɪɚ. 
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2 Ʉɨɦɩɥɟɤɫ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
 
2.1 Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ  
 
ATmega328/P — ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɫɟɦɟɣɫɬɜɚ AVR, ɢɦɟɟɬ 8-ɛɢɬɧɵɣ 

ɩɪɨɰɟɫɫɨɪ. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɪɨɥɥɟɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1.  
 

 
ɚ)        ɛ) 

ɚ) ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɪɨɥɥɟɪɚ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ Arduino NANO ɜ Proteus 
Ɋɢɫɭɧɨɤ 2.1 – Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega328/P 

 
ɉɚɦɹɬɶ: 

 32 kB Flash; 
 2 kB ɈɁɍ; 
 1 kB EEPROM . 

ɉɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ: 
 ɞɜɚ 8-ɛɢɬɧɵɯ ɬɚɣɦɟɪɚ/ɫɱɟɬɱɢɤɚ ɫ ɦɨɞɭɥɹɦ ɫɪɚɜɧɟɧɢɹ ɢ ɞɟɥɢɬɟɥɹɦɢ 

ɱɚɫɬɨɬɵ; 
 16-ɛɢɬɧɵɣ ɬɚɣɦɟɪ/ɫɱɟɬɱɢɤ ɫ ɦɨɞɭɥɟɦ ɫɪɚɜɧɟɧɢɹ ɢ ɞɟɥɢɬɟɥɟɦ 

ɱɚɫɬɨɬɵ, ɚ ɬɚɤɠɟ ɫ ɪɟɠɢɦɨɦ ɡɚɩɢɫɢ; 
 ɫɱɟɬɱɢɤ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɨɬɞɟɥɶɧɵɦ ɝɟɧɟɪɚɬɨɪɨɦ; 
 ɲɟɫɬɶ ɤɚɧɚɥɨɜ PWM (ɚɧɚɥɨɝ ɐȺɉ); 
 6-ɤɚɧɚɥɶɧɵɣ ɐȺɉ ɫɨ ɜɫɬɪɨɟɧɧɵɦ ɞɚɬɱɢɤɨɦ ɬɟɦɩɟɪɚɬɭɪɵ; 
 ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɨɪɬ USART; 
 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɢɧɬɟɪɮɟɣɫ SPI; 
 ɢɧɬɟɪɮɟɣɫ I2C; 
 ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɫɬɨɪɨɠɟɜɨɣ ɬɚɣɦɟɪ ɫ ɨɬɞɟɥɶɧɵɦ ɜɧɭɬɪɟɧɧɢɦ 

ɝɟɧɟɪɚɬɨɪɨɦ; 
 ɜɧɭɬɪɟɧɧɹɹ ɫɯɟɦɚ ɫɪɚɜɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɣ; 
 ɛɥɨɤ ɨɛɪɚɛɨɬɤɢ ɩɪɟɪɵɜɚɧɢɣ ɢ ɩɪɨɛɭɠɞɟɧɢɹ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɜɵɜɨɞɚɯ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. 
ɋɩɟɰɢɚɥɶɧɵɟ ɮɭɧɤɰɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ: 

 ɫɛɪɨɫ ɩɪɢ ɜɤɥɸɱɟɧɢɢ ɩɢɬɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ 
ɫɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ; 

 ɜɧɭɬɪɟɧɧɢɣ ɤɚɥɢɛɪɭɟɦɵɣ ɝɟɧɟɪɚɬɨɪ ɬɚɤɬɨɜɵɯ ɢɦɩɭɥɶɫɨɜ; 

PB0/ICP1/CLKO/PCINT0
14

PB1/OC1A/PCINT1
15

PB3/MOSI/OC2A/PCINT3
17

PB2/SS/OC1B/PCINT2
16

PD6/AIN0/OC0A/PCINT22
12

PD5/T1/OC0B/PCINT21
11

PD4/T0/XCK/PCINT20
6

PD3/INT1/OC2B/PCINT19
5

PD2/INT0/PCINT18
4

PD1/TXD/PCINT17
3

PD0/RXD/PCINT16
2

PB4/MISO/PCINT4
18

PB5/SCK/PCINT5
19

PB7/TOSC2/XTAL2/PCINT7
10

PB6/TOSC1/XTAL1/PCINT6
9

PC6/RESET/PCINT14
1

PC5/ADC5/SCL/PCINT13
28

PC4/ADC4/SDA/PCINT12
27

PC3/ADC3/PCINT11
26

PC2/ADC2/PCINT10
25

PC1/ADC1/PCINT9
24

PC0/ADC0/PCINT8
23

AVCC
20

AREF
21

PD7/AIN1/PCINT23
13

U3

ATMEGA328P
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 ɨɛɪɚɛɨɬɤɚ ɜɧɭɬɪɟɧɧɢɯ ɢ ɜɧɟɲɧɢɯ ɩɪɟɪɵɜɚɧɢɣ; 
 6 ɪɟɠɢɦɨɜ ɫɧɚ (ɩɨɧɢɠɟɧɧɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɢ ɫɧɢɠɟɧɢɟ ɲɭɦɨɜ 

ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ⱥɐɉ). 
8-ɤɚɧɚɥɶɧɵɣ ɦɨɞɭɥɶ ɪɟɥɟ 12V (ɪɢɫɭɧɨɤ 2.2)  ɞɥɹ Arduino PIC ARM AVR 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɡɥɢɱɧɵɦɢ ɩɪɢɛɨɪɚɦɢ ɫ ɛɨɥɶɲɢɦ ɜɯɨɞɧɵɦ 
ɬɨɤɨɦ. 

 

 
ɚ)       ɛ) 
ɚ) ɨɛɳɢɣ ɜɢɞ ɪɟɥɟ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɞɭɥɶ ɪɟɥɟ ɜ Proteus 

Ɋɢɫɭɧɨɤ 2.2 –8-ɤɚɧɚɥɶɧɵɣ ɦɨɞɭɥɶ ɪɟɥɟ 12V 
 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ: 

 ɪɚɛɨɱɢɣ ɬɨɤ ɨɞɧɨɝɨ ɪɟɥɟ 15 – 20ɦȺ; 
 ɭɩɪɚɜɥɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɪɟɥɟ 5ȼ; 
 ɪɟɥɟ ɜɵɫɨɤɨɝɨ ɬɨɤɚ AC250V 10A, AC125V 10A, DC30V 10A, 

DC28V 10A; 
 ɫɜɟɬɨɞɢɨɞɧɚɹ ɢɧɞɢɤɚɰɢɹ ɫɨɫɬɨɹɧɢɹ ɤɚɠɞɨɝɨ ɪɟɥɟ; 
 ɫɬɚɧɞɚɪɬɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɱɟɪɟɡ ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɪɟɥɟɣɧɵɦ 

ɦɨɞɭɥɟɦ ɫ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɥɟɪɨɜ Arduino, 8051, AVR, PIC, DSP, 
ARM, ARM, MSP430, TTL logic ɢɥɢ ɫ ɤɨɦɩɶɸɬɟɪɚ; 

 ɮɢɡɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ 134 ɯ 53 ɯ 19 ɦɦ; 
 ɜɟɫ 117 ɝ. 

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɥɟɣɧɨɝɨ ɦɨɞɭɥɹ ɤ ɧɟɦɭ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɤɥɸɱɢɬɶ 
ɭɩɪɚɜɥɹɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ɂɚɬɟɦ ɧɭɠɧɨ ɩɨɞɤɥɸɱɢɬɶ ɤ ɜɵɜɨɞɚɦ Vcc ɢ Gnd 
ɦɨɞɭɥɹ ɩɢɬɚɧɢɟ 12ȼ. ɉɨɬɨɦ ɤ ɭɩɪɚɜɥɹɸɳɢɦ ɜɵɜɨɞɚɦ ln1 – ln8 ɪɟɥɟɣɧɨɝɨ 
ɦɨɞɭɥɹ ɧɭɠɧɨ ɩɨɞɤɥɸɱɢɬɶ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɤɨɦɩɶɸɬɟɪ ɢɥɢ ɞɪɭɝɨɟ 
ɭɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɢ ɩɪɢɫɬɭɩɚɬɶ ɤ ɪɚɛɨɬɟ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɨɞɧɨɝɨ 
ɪɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.3.   
 

 
Ɋɢɫɭɧɨɤ 2.3 -  ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɪɟɥɟ 
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ɋɞɜɢɝɨɜɵɣ ɪɟɝɢɫɬɪ 74HC595 (ɪɢɫɭɧɨɤ 2.4) - ɷɬɨ ɧɚɛɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɫɨɟɞɢɧёɧɧɵɯ ɬɪɢɝɝɟɪɨɜ (ɨɛɵɱɧɨ ɢɯ 8 ɲɬɭɤ). ȼ ɨɬɥɢɱɢɢ ɨɬ ɫɬɚɧɞɚɪɬɧɵɯ 
ɪɟɝɢɫɬɪɨɜ, ɫɞɜɢɝɨɜɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɮɭɧɤɰɢɸ ɫɞɜɢɝɚ ɜɩɪɚɜɨ ɢ ɜɥɟɜɨ. 
Ɋɚɫɩɢɧɨɜɤɚ ɜɯɨɞɨɜ-ɜɵɯɨɞɨɜ ɫɞɜɢɝɨɜɨɝɨ ɪɟɝɢɫɬɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛɥɢɰɟ 2.1. 

 

 
ɚ)    ɛ)    ɜ) 

ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɪɚɫɩɢɥɨɜɤɚ  ɜ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ 74hc595 ɜ Proteus 
Ɋɢɫɭɧɨɤ 2.4 – ɋɞɜɢɝɨɜɨɣ ɪɟɝɢɫɬɪ 74hc595 

 
Ɍɚɛɥɢɰɚ 2.1 - Ɋɚɫɩɢɧɨɜɤɚ ɜɯɨɞɨɜ/ɜɵɯɨɞɨɜ ɪɟɝɢɫɬɪɚ 74hc595 

ɉɢɧɵ 1-7, 
15 

Q0-Q7 ɉɚɪɚɥɥɟɥɶɧɵɟ ɜɵɯɨɞɵ 

ɉɢɧ 8 GND Ɂɟɦɥɹ 

ɉɢɧ 9 Q7" ȼɵɯɨɞ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɪɟɝɢɫɬɪɨɜ 

ɉɢɧ 10 MR 
ɋɛɪɨɫ ɡɧɚɱɟɧɢɣ ɪɟɝɢɫɬɪɚ. ɋɛɪɨɫ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 
ɩɨɥɭɱɟɧɢɟ LOW 

ɉɢɧ 11 SH_CP ȼɯɨɞ ɞɥɹ ɬɚɤɬɨɜɵɯ ɢɦɩɭɥɶɫɨɜ 

ɉɢɧ 12 ST_CP ɋɢɧɪɨɧɢɡɚɰɢɹ ("ɡɚɳɟɥɤɢɜɚɧɢɟ") ɜɵɯɨɞɨɜ 

ɉɢɧ 13 OE 
ȼɯɨɞ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɹ ɫɨɫɬɨɹɧɢɹ ɜɵɯɨɞɨɜ ɢɡ 
ɜɵɫɨɤɨɨɦɧɨɝɨ ɜ ɪɚɛɨɱɟɟ 

ɉɢɧ 14 DS ȼɯɨɞ ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɞɚɧɧɵɯ 

ɉɢɧ 16 Vcc ɉɢɬɚɧɢɟ 

 
ɉɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ IRLR2905PBF (ɪɢɫɭɧɨɤ 2.5)  — ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ 

ɩɪɢɛɨɪ, ɩɪɢɧɰɢɩ ɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɨɫɧɨɜɚɧ ɧɚ ɭɩɪɚɜɥɟɧɢɢ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɤɚɧɚɥɚ ɩɨɩɟɪɟɱɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ, 
ɫɨɡɞɚɜɚɟɦɵɦ ɩɪɢɥɨɠɟɧɧɵɦ ɤ ɡɚɬɜɨɪɭ ɧɚɩɪɹɠɟɧɢɟɦ. ɍ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫ 
ɢɡɨɥɢɪɨɜɚɧɧɵɦ ɡɚɬɜɨɪɨɦ (ɆɈɉ ɢ ɆȾɉ) ɜɯɨɞɧɚɹ ɟɦɤɨɫɬɶ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ 
ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫ p-n ɩɟɪɟɯɨɞɨɦ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɹɬɶ ɢɯ ɜ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɣ ɚɩɩɚɪɚɬɭɪɟ. ȼ Proteus ɨɲɢɛɨɱɧɨ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨɥɟɜɨɣ 
ɬɪɚɧɡɢɫɬɨɪ, ɬɚɤ ɤɚɤ ɬɨɤ ɢɞɟɬ ɨɬ ɤɨɥɥɟɤɬɨɪɚ  ɤ ɷɦɢɬɬɟɪɭ. 
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ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ ɜ Proteus 

Ɋɢɫɭɧɨɤ 2.5 – ɉɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ IRLR2905PBF 
 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɛɨɬɵ ɩɨɥɟɜɵɯ ɬɪɚɧɡɢɫɬɨɪɨɜ ɜ ɫɪɚɜɧɟɧɢɢ 
ɫ ɛɢɩɨɥɹɪɧɵɦɢ ɹɜɥɹɟɬɫɹ ɨɱɟɧɶ ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɲɭɦɚ ɢɥɢ Ʉɲ. Ⱦɚɧɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɥɨ ɜɥɢɹɟɬ ɨɬ ɧɚɩɪɹɠɟɧɢɣ ɫɬɨɤ – ɢɫɬɨɤ, ɬɨɤɚ ɫɬɨɤɚ, ɚ ɬɚɤ ɠɟ 
ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɛɨɬɵ ɬɪɚɧɡɢɫɬɨɪɚ (ɞɨ +50 ɝɪɚɞɭɫɨɜ). Ɍɟɯɧɢɱɟɫɤɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɡɢɫɬɨɪɚ IRLR2905PBF ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
 
Ɍɚɛɥɢɰɚ 2.2 - Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɬɪɚɧɡɢɫɬɨɪɚ IRLR2905PBF 
ɋɬɪɭɤɬɭɪɚ n-ɤɚɧɚɥ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɫɬɨɤ-ɢɫɬɨɤ 
Uɫɢ,ȼ 

55 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɫɬɨɤ-ɢɫɬɨɤ ɩɪɢ 25 
ɋ Iɫɢ ɦɚɤɫ..Ⱥ 

42 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɡɚɬɜɨɪ-
ɢɫɬɨɤ Uɡɢ ɦɚɤɫ.,ȼ 

±16 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɤɚɧɚɥɚ ɜ ɨɬɤɪɵɬɨɦ 
ɫɨɫɬɨɹɧɢɢ Rɫɢ ɜɤɥ. (Max) ɩɪɢ Id, Rds 
(on) 

0.027 ɨɦ ɩɪɢ 25a, 10ɜ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɪɚɫɫɟɢɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ 
Pɫɢ ɦɚɤɫ..ȼɬ 

110 

Ʉɪɭɬɢɡɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, S 21 
ɉɨɪɨɝɨɜɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɡɚɬɜɨɪɟ 2 
 

ɗɧɤɨɞɟɪ ɢ ɤɨɧɰɟɜɨɣ ɜɵɤɥɸɱɚɬɟɥɶ ɨɫɧɨɜɚɧɵ ɧɚ ɳɟɥɟɜɨɦ ɨɩɬɪɨɧɟ omron 
ee-sx1041 (ɪɢɫɭɧɨɤ 2.6). ɍɝɥɨɜɵɟ ɷɧɤɨɞɟɪɵ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬɫɹ ɞɥɹ ɪɟɲɟɧɢɹ 
ɤɨɦɩɥɟɤɫɧɵɯ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɤɨɧɬɪɨɥɶ 
ɩɨɥɨɠɟɧɢɹ ɜɪɚɳɚɸɳɢɯɫɹ ɦɟɯɚɧɢɡɦɨɜ, ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɹɦɢ, ɤɨɧɬɪɨɥɶ 
ɧɚɬɹɠɟɧɢɹ, ɪɨɛɨɬɨɬɟɯɧɢɤɚ. 

 

    
ɚ)     ɛ)     ɜ) 

ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ ɜ Proteus ɜ) 
ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɧɤɨɞɟɪɚ  ɜ Proteus 

Ɋɢɫɭɧɨɤ 2.6 – ɉɨɥɟɜɨɣ ɬɪɚɧɡɢɫɬɨɪ IRLR2905PBF 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ: 
 ɜɪɟɦɹ ɡɚɦɵɤɚɧɢɹ 4 µs; 
 ɲɢɪɢɧɚ ɡɚɡɨɪɚ, ɦɚɤɫ. 5 ɦɦ; 
 ɬɨɤ ɩɪɨɜɨɞɢɦɨɫɬɢ ɷɦɢɬɬɟɪɚ 50 ɦȺ; 
 ɜɵɯɨɞɧɨɣ ɬɨɤ ɤɨɥɥɟɤɬɨɪɚ, ɦɚɤɫ. 20 ɦȺ; 
 ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɤɨɥɥɟɤɬɨɪ-ɷɦɦɢɬɟɪ 30 ȼ. 

ɍɝɥɨɜɨɣ ɞɚɬɱɢɤ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɜɪɚɳɚɸɳɢɣɫɹ ɜɚɥ 
(ɪɢɫɭɧɨɤ 2.7), ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɧɟ ɜɨɡɧɢɤɚɟɬ ɧɢɤɚɤɢɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɩɨɥɨɠɟɧɢɹ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɛɪɚɬɧɵɦ ɯɨɞɨɦ 
ɦɟɯɚɧɢɡɦɚ. ɍɝɥɨɜɵɟ ɷɧɤɨɞɟɪɵ ɦɨɝɭɬ ɫɨɫɬɨɹɬɶ ɢɡ ɩɪɨɫɬɨɝɨ ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɢɥɢ 
ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɛɨɥɟɟ ɫɥɨɠɧɵɯ ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ - ɞɚɬɱɢɤɢ ɏɨɥɥɚ 
ɢɥɢ ɨɩɬɢɱɟɫɤɢɟ ɷɧɤɨɞɟɪɵ. 

 

 
Ɋɢɫɭɧɨɤ 2.7 - ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ ɷɧɤɨɞɟɪɚ  

 
2.2 Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
 
ɍɱɟɛɧɵɣ ɩɪɢɛɨɪ NI MyRIO (ɪɢɫɭɧɨɤ 2.8) ɫɨɞɟɪɠɢɬ ɞɜɭɯɴɹɞɟɪɧɵɣ 

ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɣ ɩɪɨɰɟɫɫɨɪ ARM Cortex-A9 ɫ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɨɣ 667 ɆȽɰ. ɂ 
ɤɚɫɬɨɦɢɡɢɪɭɟɦɭɸ ɩɪɨɝɪɚɦɦɢɪɭɟɦɭɸ ɥɨɝɢɱɟɫɤɭɸ ɢɧɬɟɝɪɚɥɶɧɭɸ ɫɯɟɦɭ (ɉɅɂɋ).  

 

 
     ɚ)      ɛ) 

ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɪɚɡɴɟɦɵ ɢ ɩɨɪɬɵ 
Ɋɢɫɭɧɨɤ 2.8 –NI Myrio 
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ȼɫɬɪɨɟɧɧɵɣ Wi-Fi ɦɨɞɭɥɶ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ ɩɪɢɥɨɠɟɧɢɹ ɭɞɚɥɟɧɧɨ ɢ 
ɛɟɡ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɤɨɦɩɶɸɬɟɪɭ. Ɍɪɢ ɪɚɡɴɟɦɚ (2 ɩɨɪɬɚ ɪɚɫɲɢɪɟɧɢɹ NI MyRIO 
(MXP) ɢ ɨɞɢɧ ɩɨɪɬ NI miniSystems (MSP), ɢɞɟɧɬɢɱɧɵɣ ɪɚɡɴɟɦɭ NI myDAQ) 
ɩɟɪɟɞɚɸɬ ɢ ɩɨɥɭɱɚɸɬ ɫɢɝɧɚɥɵ ɨɬ ɞɚɬɱɢɤɨɜ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɯɟɦ. NI MyRIO 
ɫɨɞɟɪɠɢɬ ɜ ɨɛɳɟɣ ɫɥɨɠɧɨɫɬɢ 40 ɰɢɮɪɨɜɵɯ ɥɢɧɢɣ ɜɜɨɞɚ/ɜɵɜɨɞɚ ɫ ɩɨɞɞɟɪɠɤɨɣ 
SPI, PWN ɜɵɯɨɞɚ, ɜɯɨɞɧɨɝɨ ɢɦɩɭɥɶɫɧɨɝɨ ɞɚɬɱɢɤɚ, UART ɢ I 2C; ɜɨɫɟɦɶ 
ɨɞɧɨɫɬɨɪɨɧɧɢɯ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ; ɞɜɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɚ; 
ɱɟɬɵɪɟ ɨɞɧɨɫɬɨɪɨɧɧɢɯ ɚɧɚɥɨɝɨɜɵɯ ɜɵɯɨɞɚ; ɢ ɞɜɚ ɨɛɳɢɯ ɚɧɚɥɨɝɨɜɵɯ ɜɵɯɨɞɚ, 
ɩɨɡɜɨɥɹɸɳɢɟ ɩɨɞɤɥɸɱɚɬɶ ɛɟɫɱɢɫɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɫɟɧɫɨɪɨɜ, ɭɫɬɪɨɣɫɬɜ ɢ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ ɫɢɫɬɟɦɵ. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 2.9. 

 

 
Ɋɢɫɭɧɨɤ 2.9 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ Myrio ɜ Proteus 

 
Ⱦɪɚɣɜɟɪ ɦɨɬɨɪɚ BTS7960 (ɪɢɫɭɧɨɤ 2.10) — ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɨɞɧɢɦ 

ɤɨɥɥɟɤɬɨɪɧɵɦ ɞɜɢɝɚɬɟɥɟɦ, ɪɚɫɫɱɢɬɚɧɧɵɦ ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɨɬ 5,5 ɞɨ 27,5 ȼ. 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɞɨ 43 Ⱥ.. ɇɨ ɬɚɤ ɤɚɤ ɤɥɟɦɦɧɢɤ,  ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɧɚ ɩɥɚɬɟ ɧɟ 
ɪɚɫɫɱɢɬɚɧ ɧɚ ɬɚɤɢɟ ɬɨɤɢ, ɬɨ ɞɥɹ ɞɨɥɝɨɜɪɟɦɟɧɧɨɣ ɪɚɛɨɬɵ ɪɟɤɨɦɟɧɞɭɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɢɝɚɬɟɥɢ ɫ ɬɨɤɨɦ ɩɨɬɪɟɛɥɟɧɢɹ ɞɨ 10 Ⱥ.  ɋ ɩɨɦɨɳɶɸ ɞɚɧɧɨɝɨ 
ɞɪɚɣɜɟɪɚ  ɦɨɠɧɨ  ɭɩɪɚɜɥɹɬɶ ɫɤɨɪɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ, ɧɚɩɪɚɜɥɟɧɢɟɦ ɟɝɨ ɞɜɢɠɟɧɢɹ, 
ɜɵɩɨɥɧɹɬɶ ɬɨɪɦɨɠɟɧɢɟ ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɧɚɝɪɭɡɤɭ, ɤɨɬɨɪɭɸ ɢɫɩɵɬɵɜɚɟɬ 
ɞɜɢɝɚɬɟɥɶ. 

 

 
ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɞɪɚɣɜɟɪɚ ɜ Proteus 

Ɋɢɫɭɧɨɤ 2.10 – Ⱦɪɚɣɜɟɪ ɦɨɬɨɪ BTS7960 
 
ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɥɨɝɢɤɢ 5 ȼ. ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ɇɚɤɫɢɦɚɥɶɧɚɹ 

ɱɚɫɬɨɬɚ ɒɂɆ ɧɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɵɜɨɞɚɯ 25 ɤȽɰ. ɇɚɩɪɹɠɟɧɢɟ ɥɨɝɢɱɟɫɤɢɯ 
ɭɪɨɜɧɟɣ ɧɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɵɜɨɞɚɯ 3,3 ɢɥɢ 5 ȼ. 

ɇɚɡɧɚɱɟɧɢɟ ɜɵɜɨɞɨɜ: 
1. «M+» ɢ «M-» - ɜɵɯɨɞɵ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɦɨɬɨɪɚ. 
2. «M-» ɜɵɯɨɞ ɥɟɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U3). 
3. «M+» ɜɵɯɨɞ ɩɪɚɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U2). 
4. «S+» ɢ «S-» - ɩɢɬɚɧɢɟ ɦɨɬɨɪɚ. 
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5. «Vcc» ɢ «GND» - ɩɢɬɚɧɢɟ ɥɨɝɢɤɢ. 
6. «L_IS» - ɜɵɯɨɞ ɫɨɫɬɨɹɧɢɹ ɥɟɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U3). ȼɵɜɨɞ 

ɹɜɥɹɟɬɫɹ ɮɥɚɝɨɦ ɨɲɢɛɤɢ (ɟɫɥɢ ɨɧɚ ɟɫɬɶ), ɢɧɚɱɟ ɫ ɷɬɨɝɨ ɜɵɯɨɞɚ ɦɨɠɧɨ 
ɫɧɢɦɚɬɶ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɬɨɤɭ ɩɪɨɬɟɤɚɸɳɟɦɭ 
ɱɟɪɟɡ ɦɨɬɨɪ, ɚ ɡɧɚɱɢɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɢɥɭ ɧɚɝɪɭɡɤɢ ɩɪɢɥɨɠɟɧɧɨɣ ɤ 
ɦɨɬɨɪɭ. 

7. «R_IS» - ɜɵɯɨɞ ɫɨɫɬɨɹɧɢɹ ɩɪɚɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U2). 
8. «L_EN» - ɜɯɨɞ ɪɚɡɪɟɲɟɧɢɹ ɪɚɛɨɬɵ ɥɟɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U3). 

ɋɛɪɨɫ ɜ 0 - ɨɬɤɥɸɱɚɟɬ ɜɵɯɨɞ ɦɨɬɨɪɚ «M-» (ɩɟɪɟɜɨɞɢɬ ɟɝɨ ɜ ɫɨɫɬɨɹɧɢɟ 
ɜɵɫɨɤɨɝɨ ɢɦɩɟɞɚɧɫɚ). ɍɫɬɚɧɨɜɤɚ ɜ 1 - ɪɚɡɪɟɲɚɟɬ ɪɚɛɨɬɭ ɜɵɯɨɞɚ 
ɦɨɬɨɪɚ «M-». 

9. «R_EN» - ɜɯɨɞ ɪɚɡɪɟɲɟɧɢɹ ɪɚɛɨɬɵ ɩɪɚɜɨɝɨ ɩɥɟɱɚ H-ɦɨɫɬɚ (ɱɢɩ U2). 
10. «L_PWM» - ɜɯɨɞ ɭɫɬɚɧɨɜɤɢ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɜɵɯɨɞɟ ɥɟɜɨɝɨ ɩɥɟɱɚ H-

ɦɨɫɬɚ (ɱɢɩ U3). ɋɛɪɨɫ ɜ 0 - ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚ ɜɵɯɨɞɟ «M-» ɩɨɬɟɧɰɢɚɥ 
ɜɵɜɨɞɚ «S-». ɍɫɬɚɧɨɜɤɚ ɜ 1 - ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚ ɜɵɯɨɞɟ «M-» ɩɨɬɟɧɰɢɚɥ 
ɜɵɜɨɞɚ «S+». ɍɫɬɚɧɨɜɤɚ ɩɨɬɟɧɰɢɚɥɨɜ «S+» ɢɥɢ «S-» ɧɚ ɜɵɯɨɞɟ «M-» 
ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɟɫɥɢ ɭɫɬɚɧɨɜɥɟɧɚ 1 ɧɚ ɜɯɨɞɟ «L_EN». 

11. «R_PWM» - ɜɯɨɞ ɭɫɬɚɧɨɜɤɢ ɩɨɬɟɧɰɢɚɥɚ ɧɚ ɜɵɯɨɞɟ ɩɪɚɜɨɝɨ ɩɥɟɱɚ H-
ɦɨɫɬɚ (ɱɢɩ U2). 

Ⱦɜɢɠɟɧɢɟ ɜɩɟɪёɞ ɫ ɪɟɝɭɥɢɪɨɜɤɨɣ ɫɤɨɪɨɫɬɢ: «L_PWM» = 0, «R_PWM» = 
ɒɂɆ (ɱɟɦ ɜɵɲɟ ɒɂɆ ,ɬɟɦ ɜɵɲɟ ɫɤɨɪɨɫɬɶ). Ⱦɜɢɠɟɧɢɟ ɧɚɡɚɞ ɫ ɪɟɝɭɥɢɪɨɜɤɨɣ 
ɫɤɨɪɨɫɬɢ: «L_PWM» = ɒɂɆ, «R_PWM» = 0 (ɱɟɦ ɜɵɲɟ ɒɂɆ, ɬɟɦ ɜɵɲɟ 
ɫɤɨɪɨɫɬɶ). Ɍɨɪɦɨɠɟɧɢɟ: «L_PWM» = «R_PWM» = 0 ɢɥɢ 1 (ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɬɨɪɦɨɠɟɧɢɟ). 

ɑɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɤɨɥɟɫɚ, ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ, ɭɝɥɚ, ɭɫɤɨɪɟɧɢɹ ɢ 
ɢɡɦɟɪɟɧɢɹ ɞɥɢɧɵ – ɜɟɥɢɱɢɧɚ, ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɜɵɫɱɢɬɵɜɚɟɬɫɹ ɷɧɤɨɞɟɪɨɦ 
LPD3806-400BM-G5-24C (ɪɢɫɭɧɨɤ 2.11).   ɋ ɷɧɤɨɞɟɪɚ ɫɧɢɦɚɟɬɫɹ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɣ ɫɢɝɧɚɥ, ɩɟɪɢɨɞ ɤɨɬɨɪɨɝɨ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɜɪɚɳɟɧɢɹ ɜɚɥɚ 
ɞɜɢɝɚɬɟɥɹ. ɉɨɫɪɟɞɫɬɜɨɦ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɚɧɚɥɨɝɨɜɵɣ 
ɫɢɝɧɚɥ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɰɢɮɪɨɜɵɯ ɡɧɚɱɟɧɢɣ. Ʉɚɠɞɵɣ 
ɦɚɤɫɢɦɭɦ ɫɢɝɧɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɯɨɠɞɟɧɢɸ ɤɪɵɥɶɱɚɬɤɢ ɜɨɡɥɟ ɨɩɬɨɩɚɪɵ. 
Ʉɨɥɢɱɟɫɬɜɨ ɦɚɤɫɢɦɭɦɨɜ ɹɜɥɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨɦ «ɬɢɤɨɜ» ɡɚ ɩɨɥɧɵɣ ɨɛɨɪɨɬ 
ɤɨɥɟɫɚ ɷɧɤɨɞɟɪɚ, ɱɢɫɥɨ ɤɨɬɨɪɵɯ ɪɚɜɧɨ 170. ɋ ɩɨɦɨɳɶɸ ɩɨɪɨɝɨɜ ɨɬɫɥɟɠɢɜɚɟɬɫɹ 
ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ, ɢ ɟɫɥɢ ɨɧɨ ɨɞɧɚɠɞɵ ɩɪɟɜɵɫɢɥɨ ɦɚɤɫɢɦɚɥɶɧɵɣ ɩɨɪɨɝ, 
ɫɱɟɬɱɢɤ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ. ɋ ɩɨɦɨɳɶɸ ɧɢɠɧɟɝɨ ɩɨɪɨɝɚ ɢɫɤɥɸɱɟɧɨ 
ɫɪɚɛɚɬɵɜɚɧɢɟ ɫɱɟɬɱɢɤɚ ɩɪɢ ɧɚɥɢɱɢɢ "ɲɭɦɚ" ɜ ɫɢɧɭɫɨɢɞɚɥɶɧɨɦ ɫɢɝɧɚɥɟ.  

 

 
ɚ) ɜɧɟɲɧɢɣ ɜɢɞ ɛ) ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɷɧɤɨɞɟɪɚ ɜ Proteus 

Ɋɢɫɭɧɨɤ 2.11 – Ɉɩɬɢɱɟɫɤɢɣ ɷɧɤɨɞɟɪ LPD3806-400BM-G5-24C 

Vcc GND A B

LPD3806-400BM-G5-24C (1)
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ɉɨɞɤɥɸɱɟɧɢɟ:   
 ɡɟɥɟɧɵɣ Ⱥ ɮɚɡɚ; 
 ɛɟɥɵɣ B ɮɚɡɚ; 
 ɤɪɚɫɧɵɣ VCC;  
 ɱɟɪɧɵɣ V0. 

 ɋɩɟɰɢɮɢɤɚɰɢɹ: 
 ɤɚɛɟɥɶ 1.5 ɦ; 
 ɬɨɱɧɨɫɬɶ 400 ɢɦɩɭɥɶɫɨɜ/ɨɛɨɪɨɬ; 
 ɦɚɤɫɢɦɚɥɶɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ ɫɤɨɪɨɫɬɶ 5000 ɨɛ/ɦɢɧ; 
 ɜɵɯɨɞ: NPN ɨɬɤɪɵɬɵɣ ɤɨɥɥɟɤɬɨɪ; 
 ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ 5-26V; 
 ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ ≤80mA; 
 ɬɨɤ ɧɚɝɪɭɡɤɢ 40mA; 
 ɜɵɫɨɤɢɣ ɥɨɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ min Vcc*70%; 
 ɧɢɡɤɢɣ ɥɨɝɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ Max 0.4V; 
 ɜɪɟɦɹ ɧɚɪɚɫɬɚɧɢɹ Tr Max 1us; 
 ɜɪɟɦɹ ɫɩɚɞɚ Tr Max 1us; 
 ɱɚɫɬɨɬɚ ɨɬɤɥɢɤɚ 300kHz; 
 ɢɧɟɪɰɢɹ ɜɪɚɳɟɧɢɹ 4x10-8kgm2; 
 ɩɭɫɤɨɜɨɣ ɦɨɦɟɧɬ ≤0.05Nm; 
 ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɚɥ ɪɚɞɢɚɥɶɧɚɹ 50N, 

ɚɤɫɢɚɥɶɧɚɹ 20N; 
 ɭɞɚɪɨɩɪɨɱɧɨɫɬɶ 50G/11ms; 
 ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ 10G 10-2000Hz; 
 ɤɥɚɫɫ ɡɚɳɢɬɵ IP51; 
 ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ - 30～85℃; 
 ɜɟɫ 100g. 

 
2.3 Ɇɨɧɬɚɠɧɵɟ ɫɯɟɦɵ ɩɨɞɤɥɸɱɟɧɢɹ   
 
 Ⱦɥɹ ɦɨɧɬɚɠɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɧɭɦɟɪɨɜɚɬɶ ɩɪɨɜɨɞɤɭ 

ɩɨɞɤɥɸɱɟɧɢɹ. Ⱦɥɹ ɭɞɨɛɧɨɝɨ ɢ ɧɚɞɟɠɧɨɝɨ ɦɨɧɬɚɠɚ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɚɬɱɢɤɨɜ ɧɚ 
ɤɨɪɩɭɫɟ ɦɚɧɢɩɭɥɹɬɨɪɚ (ɪɢɫɭɧɨɤ 2.12) ɭɫɬɚɧɨɜɥɟɧɵ ɜɢɧɬɨɜɵɟ ɤɥɟɦɦɧɢɤɢ. 
ɉɨɞɤɥɸɱɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɡɚɠɢɦɚɦ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 2.3. 

 

 
ɚ) ɜɧɟɲɧɢɣ ɜɢɞ     ɛ) ɧɭɦɟɪɚɰɢɹ 

Ɋɢɫɭɧɨɤ 2.12- ȼɢɧɬɨɜɵɟ ɤɥɟɦɦɧɢɤɢ 
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Ɍɚɛɥɢɰɚ 2.3 – ɉ
ɨɞɤɥɸ

ɱɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɡɚɠ
ɢɦɚɦ

 

 ɝɞɟ «1» – ɞɜɢɝɚɬɟɥɶ ɞɥɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳ
ɟɧɢɹ  ɩɨ ɨɫɢ 

Y
; «2» – 

ɞɜɢɝɚɬɟɥɶ ɞɥɹ ɩɨɞɴёɦɚ ɩɨ ɨɫɢ Z; «3» - ɞɜɢɝɚɬɟɥɶ ɞɥɹ ɩɨɜɨɪɨɬɚ ɦɚɧɢɩɭɥɹɬɨɪɚ  
Ɍɪɚɧɡɢɫɬɨɪɵ

, ɫɞɜɢɝɨɜɵ
ɟ ɪɟɝɢɫɬɪɵ

, ɢɧɮɨɪɦɚɰɢɨɧɧɵ
ɟ ɜɯɨɞɚ/ɜɵ

ɯɨɞɵ
 ɞɥɹ 

ɩɨɥɭɱɟɧɢɹ 
ɞɚɧɧɵ

ɯ 
ɫ 

ɞɚɬɱɢɤɨɜ 
ɪɚɫɩɨɥɨɠ

ɟɧɵ
 

ɧɚ 
ɩɥɚɬɟ 

(ɪɢɫɭɧɨɤ 
2.13).  

ɉ
ɨɞɤɥɸ

ɱɟɧɢɟ ɩɥɚɬɵ
 ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɟɞɫɬɚɜɥɟɧɵ

 ɜ ɬɚɛɥɢɰɚɯ 2.4, 2.5, 2.6. 
 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 

Ɍɨɪɦɨɡ «1» 

Ɍɨɪɦɨɡ «1» 

Ⱦɜɢɝɚɬɟɥɶ «1» 

Ⱦɜɢɝɚɬɟɥɶ «1» 

Ɍɨɪɦɨɡ «2» 

Ɍɨɪɦɨɡ «2», Ⱥɤɤɭɦɭɥɹɬɨɪ(24ȼ.) - 
Ⱦɜɢɝɚɬɟɥɶ «3» 

Ⱦɜɢɝɚɬɟɥɶ «2» 

Ⱦɜɢɝɚɬɟɥɶ «2» 

Ⱦɜɢɝɚɬɟɥɶ «3» 

ɗɧɤɨɞɟɪ  «2» 

ɗɧɤɨɞɟɪ  «2» 

ɗɧɤɨɞɟɪ  «2» 

Ʉɨɧɰɟɜɢɤ «2» 

Ʉɨɧɰɟɜɢɤ «2» 

Ʉɨɧɰɟɜɢɤ «2» ɗɧɤɨɞɟɪ «2» 

Ʉɨɧɰɟɜɢɤ «1» ɗɧɤɨɞɟɪ «1» 

ɗɧɤɨɞɟɪ «1» 

ɗɧɤɨɞɟɪ «1» 

Ʉɨɧɰɟɜɢɤ «1» ɗɧɤɨɞɟɪ «1»
Ʉɨɧɰɟɜɢɤ «1»

Ʉɨɧɰɟɜɢɤ «3» ɗɧɤɨɞɟɪ «3»
ɗɧɤɨɞɟɪ «3»

Ʉɨɧɰɟɜɢɤ «3»
Ʉɨɧɰɟɜɢɤ «3» ɗɧɤɨɞɟɪ «3»

(Ɉɬɨɪɜɚɧɨ)
ɉɨɪɲɟɧɶ 1
ɉɨɪɲɟɧɶ 
ɉɨɪɲɟɧɶ 3
ɉɨɪɲɟɧɶ 4
ɉɨɪɲɟɧɶ 5
ɉɨɪɲɟɧɶ 6

ɉɨɪɲɟɧɶ 1…6, Ⱥɤɤɭɦɭɥɹɬɨɪ(24ȼ.) +

ɇɨɦɟɪ 
ɡɚɠɢɦɚ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

2 

3 

4 

5 

6 

7 

8 

9 

ɇɨɦɟɪ 
ɩɪɨɜɨɞɚ 

(ȼɟɪɯɧɢɣ 
ɡɚɠɢɦ) 

11 

12 

13 

14 

21 

22 

23 

24 

34 

33 

111 

112 

113 

121 

122 

123 

141, 131 

132 

133 

ɇɨɦɟɪ 
ɩɪɨɜɨɞɚ 
(ɇɢɠɧɢ
ɣ ɡɚɠɢɦ) 

11 

12 

13 

14 

21 

N 

23 

24 

34 

33 

15 

112 

113 

15 

122 

05 

15 

132 

133 
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Ɋɢɫɭɧɨɤ 2.13– ȼɧɟɲɧɢɣ ɜɢɞ ɩɥɚɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

 
ɚ) ɧɭɦɟɪɚɰɢɹ ɩɨɪɬɨɜ ɩɥɚɬɵ ɛ) ɧɭɦɟɪɚɰɢɹ ɩɨɪɬɨɜ Arduino 

Ɋɢɫɭɧɨɤ 2.14 – ɉɨɪɬɵ ɩɨɞɤɥɸɱɟɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ  
 

Ɍɚɛɥɢɰɚ 2.4 -  ɉɨɞɤɥɸɱɟɧɢɹ ɩɥɚɬɵ c ɫɢɥɨɜɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɢ ɞɚɬɱɢɤɚɦɢ  

 
 
 

ȼɧɟɲɧɢɟ 
ɩɨɪɬɵ 
ɜɜɨɞɚ 

ɜɵɜɨɞɚ 
ɩɥɚɬɵ 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
2
4 

ɇɨɦɟɪ 
ɩɪɨɜɨɞɤ

ɢ 132 133 142 152 153 162 43 41 44 42 46 45 03 02 01 N . . N 
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Ɍɚɛɥɢɰɚ 2.5 – ɉ
ɨɞɤɥɸ

ɱɟɧɢɟ ɩɥɚɬɵ
 ɫ A

rduino   
    

                              

 
Ɋɢɫɭɧɨɤ 2.15 - ɇ

ɭɦɟɪɚɰɢɹ ɩɨɪɬɨɜ ɦɨɞɭɥɹ ɪɟɥɟ 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 

 
 

 

 

 

SH_CP 

DS 

Ȼɚɡɚ ɬɪɚɧɡɢɫɬɨɪɚ 

Ȼɚɡɚ ɬɪɚɧɡɢɫɬɨɪɚ 

ST_CP 

ɗɧɤɨɞɟɪ 1 (132) 

ɗɧɤɨɞɟɪ 1 (133) 
Ʉɨɧɰɟɜɢɤ 1 (142) 
ɗɧɤɨɞɟɪ 3 (152) 
Ȼɚɡɚ ɬɪɚɧɡɢɫɬɨɪɚ  
 

 

 

Ʉɨɧɰɟɜɢɤ 2 (122)
ɗɧɤɨɞɟɪ 2 (113)
ɗɧɤɨɞɟɪ 2 (112)

Ʉɨɧɰɟɜɢɤ 3 (153)

ȼɧɭɬɪɟɧɧɢɣ 
ɩɨɪɬ ɩɥɚɬɵ 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

ɉɨɪɬ   
Arduino 

. 

. 

. 

. 

. 

5(D2) 

10(D7) 

9(D6) 

8(D5) 

11(D8) 

22(A3) 

14(D11) 

23(A4) 

24(A5) 

12(D9) 

. 

. 

. 

ɉɨɪɬ 
ATmega328P 
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PD5 

PB0 

PC3 

PB3 

PC4 

PC5 

PB1 
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Ɍɚɛɥɢɰɚ 2.6 – ɉɨɞɤɥɸɱɟɧɢɟ ɩɥɚɬɵ ɫ ɦɨɞɭɥɶ ɪɟɥɟ  
ȼɧɭɬɪɟɧɧɢɣ 
ɩɨɪɬ ɩɥɚɬɵ  

. 34 35 36 37 38 39 40 41 33 

ɉɪɨɬ Ɋɟɥɟ 1 2 3 4 5 6 7 8 9 10 

 
ɉɨɞɤɥɸɱɟɧɢɟ ɷɥɟɦɟɧɬɨɦ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 

(ɪɢɫɭɧɨɤ 2.16) ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɚɯ 2.7, 2.8, 2.9, 2.10.  
 

 
Ɋɢɫɭɧɨɤ 2.16 - ȼɧɟɲɧɢɣ ɜɢɞ ɩɥɚɬɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
Ɍɚɛɥɢɰɚ 2.8 – ɉɨɞɤɥɸɱɟɧɢɟ MyRio ɫ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

A 
ɉɨɪɬɵ MyRio Ɉɛɨɪɭɞɨɜɚɧɢɟ 

32  
33 Vcc  Ⱦɪɚɣɜɟɪɚ 2 

ȼ 
ɉɨɪɬɵ MyRio Ɉɛɨɪɭɞɨɜɚɧɢɟ 

32  
33 Vcc  Ⱦɪɚɣɜɟɪɚ 2 
34  
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ɉɨɪɬɵ MyRio 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 

ɉɢɬɚɧɢɟ ɷɧɤɨɞɟɪɚ 1 (ɤɪɚɫɧɵɣ: VCC) 
 

 

 

 

 

 

 

TX Arduino 

RX Arduino 

L_EN Ⱦɪɚɣɜɟɪɚ 2 R_EN Ⱦɪɚɣɜɟɪɚ 2 

 

 

 

 

GND Arduino 

 

Ɏɚɡɚ B ɷɧɤɨɞɟɪɚ 1(ɛɟɥɵɣ) 

 

ɇɭɥɟɜɨɣ ɩɪɨɜɨɞ ɷɧɤɨɞɟɪɚ (ɱɟɪɧɵɣ: = V0) 
 

Ɏɚɡɚ A ɷɧɤɨɞɟɪɚ 1(ɡɟɥɟɧɵɣ) 
 

 

 

 

R_PWM Ⱦɪɚɣɜɟɪɚ 2 

L_PWM Ⱦɪɚɣɜɟɪɚ 2 

 

GND  Ⱦɪɚɣɜɟɪɚ 2 

 

B 

ɉɨɪɬɵ MyRio 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 

ɉɢɬɚɧɢɟ ɷɧɤɨɞɟɪɚ 2 (ɤɪɚɫɧɵɣ: VCC) 
 

 

 

 

 

 

 

 

 

L_EN Ⱦɪɚɣɜɟɪɚ 1 R_EN Ⱦɪɚɣɜɟɪɚ 1 

 

 

 

 

 

 

Ɏɚɡɚ B ɷɧɤɨɞɟɪɚ 2 (ɛɟɥɵɣ) 

 

ɇɭɥɟɜɨɣ ɩɪɨɜɨɞ ɷɧɤɨɞɟɪɚ 2 (ɱɟɪɧɵɣ: = V0) 

 

Ɏɚɡɚ A ɷɧɤɨɞɟɪɚ 2 (ɡɟɥɟɧɵɣ) 
 

 

 

 

R_PWM Ⱦɪɚɣɜɟɪɚ 1 

L_PWM Ⱦɪɚɣɜɟɪɚ 1 

 

GND  Ⱦɪɚɣɜɟɪɚ 2 
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2.4 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɆɊɄ  
 

Ʉɨɝɞɚ ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ ɩɨɥɭɱɢɥ ɡɚɞɚɧɢɟ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɪɢɜɨɞɚ, ɧɚɱɢɧɚɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɞɜɢɠɟɧɢɹ 
ɪɨɛɨɬɚ. ɉɪɨɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ ɫɢɧɬɟɡɢɪɭɟɬ ɧɚɩɪɹɠɟɧɢɟ      ɞɥɹ ɞɪɚɣɜɟɪɚ ɞɜɢɝɚɬɟɥɟɣ. ɉɪɨɩɨɪɰɢɨɧɚɥɶɧɨ      ɞɪɚɣɜɟɪ ɮɨɪɦɢɪɭɟɬ 
ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɞɜɢɝɚɬɟɥɹ         ɢ ɭɩɪɚɜɥɹɟɬ ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ, 
ɦɟɧɹɹ ɩɨɥɹɪɧɨɫɬɶ. Ⱦɚɧɧɵɟ ɫ ɷɧɤɨɞɟɪɨɜ ɩɨɫɬɭɩɚɸɬ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. 
Ɋɚɡɪɚɛɨɬɚɧɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ Proteus 
(ɉɊɂɅɈɀȿɇɂȿ Ⱥ) Ɋɚɫɫɦɨɬɪɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɯɟɦɭ, ɝɞɟ ɩɨɤɚɡɚɧ ɩɪɨɰɟɫɫ 
ɩɪɨɯɨɠɞɟɧɢɹ ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ (ɪɢɫɭɧɨɤ 2.17) [6]. 

 

 
Ɋɢɫɭɧɨɤ 2.17 – Ɏɭɧɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ ɆɊ 

 
Ɋɚɡɪɚɛɨɬɚɧɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ Proteus 

(ɉɊɂɅɈɀȿɇɂȿ Ȼ), ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ 
ɢ ɧɚɛɥɸɞɚɬɶ ɜɵɩɨɥɧɟɧɢɟ ɧɚɩɢɫɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. ɋ ɉɄ 
ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɣ ɩɪɢɜɨɞɨɜ ɨɬɩɪɚɜɥɹɸɬɫɹ ɩɨ Wi-fi ɧɚ MyRio, ɩɨɬɨɦ 
ɱɟɪɟɡ TX ɢ RX ɧɚ Arduino (ɪɢɫɭɧɨɤ 2.18) . Ʉɚɤ ɬɨɥɶɤɨ ɡɚɞɚɧɢɹ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɣ ɩɪɢɜɨɞɨɜ ɧɚ ɱɢɩ Arduino, ɡɚɩɭɫɤɚɸɬɫɹ ɩɪɨɝɪɚɦɦɵ ɞɥɹ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚ 

 

 
Ɋɢɫɭɧɨɤ 2.18 – Ɏɭɧɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ Ɇ 
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. ɉɪɨɝɪɚɦɦɚ ɫɢɧɬɟɡɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɞɥɹ ɫɞɜɢɝɨɜɵɯ 
ɪɟɝɝɢɫɬɪɨɜ, ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɪɟɥɟ. ɋɞɜɢɝɨɜɵɟ ɪɟɝɢɫɬɪɵ ɭɜɟɥɢɱɢɜɚɸɬ ɜɵɯɨɞɚ 
ɱɢɩɚ. Ɍɪɚɧɡɢɫɬɨɪɵ ɮɨɪɦɢɪɭɸɬ ɭɪɨɜɟɧɶ ɧɚɩɪɹɠɟɧɢɹ         ɧɚ ɞɜɢɝɚɬɟɥɹɯ 
(ɫɨɱɥɟɧɟɧɢɹɯ), ɢ ɨɬɤɪɵɜɚɸɬ/ɡɚɤɪɵɜɚɸɬ ɩɧɟɜɦɨɪɚɫɩɪɟɞɟɥɢɬɟɥɢ ɧɚ ɫɯɜɚɬɟ. Ɋɟɥɟ 
ɭɩɪɚɜɥɹɸɬ ɪɟɜɟɪɫɨɦ ɞɜɢɝɚɬɟɥɟɣ(ɧɚɩɪɚɜɥɟɧɢɟɦ ɞɜɢɠɟɧɢɹ), 
ɜɤɥɸɱɚɸɬ/ɜɵɤɥɸɱɚɸɬ ɬɨɪɦɨɡɚ. Ⱦɚɧɧɵɟ ɫ ɷɧɤɨɞɟɪɨɜ ɢ ɤɨɧɰɟɜɢɤɨɜ ɩɨɫɬɭɩɚɸɬ 
ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ.   
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3 Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɆɊɄ 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ 
ɦɨɞɟɥɶ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɉɨ ɡɚɞɚɧɧɵɦ ɜɟɤɬɨɪɚɦ X,Y,Z 
(ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ) ɆɊɄ ɧɚɣɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ (ɞɜɢɝɚɬɟɥɹ) 
ɬɪɚɟɤɬɨɪɢɸ (ɜɟɤɬɨɪ ɭɝɥɨɜ ɫɨɱɥɟɧɟɧɢɣ), ɪɟɲɢɜ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ 
(ɪɨɛɨɬɨɬɟɯɧɢɤɢ).  ɉɨ ɞɚɧɧɵɦ ɜɟɤɬɨɪɚɦ ɮɨɪɦɢɪɭɟɬɫɹ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ȾɉɌ [1].   

 
3.1 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ  

 
Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡ ɫɟɛɹ ɬɪɟɯɤɨɥɟɫɧɭɸ ɩɥɚɬɮɨɪɦɭ, 

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɞɜɚ ɜɟɞɭɳɢɯ ɤɨɥɟɫɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɟɝɨ 
ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬɵ, ɢ ɨɩɨɪɧɨɟ ɤɨɥɟɫɨ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɥɚɬɮɨɪɦɵ (ɪɢɫɭɧɨɤ 3.1). 

 

 
Ɋɢɫɭɧɨɤ 3.1 - Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 

 
Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢɦɟɟɬ ɜɢɞ [15]: 

1 1

2 1

cosα,
sin α,

α ω,

z

z

x V

x V

 
 
 

      (3.1) 

ɝɞɟ 1 2,  х х  – ɫɤɨɪɨɫɬɢ ɜ ɚɛɫɨɥɸɬɧɨɣ ɞɟɤɚɪɬɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɦ/ɫ; α,α – 
ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɢ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɪɨɛɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 1x  ɜ ɞɟɤɚɪɬɨɜɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɪɚɞ ɢ;  - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ, ɪɚɞ/ɫ; Vz = (Vz1, Vz2) – ɜɟɤɬɨɪ 
ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɪɨɛɨɬɚ (ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ ɋ), ɦ/ɫ. 

Ɋɚɫɱɟɬ ɫɨɫɬɚɜɥɹɸɳɢɯ ɜɟɤɬɨɪɚ ɚɛɫɨɥɸɬɧɵɯ ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɟɣ, 
ɩɪɨɞɨɥɶɧɨɣ ɢ ɩɨɩɟɪɟɱɧɨɣ ɫɤɨɪɨɫɬɢ, ɞɥɹ 1-ɝɨ ɢ 2-ɝɨ ɤɨɥɟɫɚ 

1.1 1

1.2 1

ω
ω

z

z

V V L

V V L

  
  

,      (3.2) 

2.1 2

2.2 2

z

z

V V

V V

 
 

,       (3.3) 

ɝɞɟ  V1.1 ,V1.2  – ɩɪɨɞɨɥɶɧɵɟ ɫɤɨɪɨɫɬɢ 1-ɝɨ ɢ 2-ɝɨ ɤɨɥɟɫɚ ɦ/ɫ; V1.1 ,V1.2 – 
ɩɨɩɟɪɟɱɧɵɟ ɫɤɨɪɨɫɬɢ 1-ɝɨ ɢ 2-ɝɨ ɤɨɥɟɫɚ ɦ/ɫ; L – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɤɨɥɟɫɧɵɯ 
ɦɨɞɭɥɟɣ ɞɨ ɨɫɢ 1z ,ɦ.  
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Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɛɟɡ ɭɱɟɬɚ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ: 

 1 1 22z

K
V u u  ,      (3.4)  

ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ: 

 1 2ω
2

K
u u   ,      (3.5) 

ɝɞɟ K – ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ; 1u , 2u – ɩɪɨɞɨɥɶɧɚɹ ɞɜɢɠɭɳɚɹ ɫɢɥɚ 1-ɝɨ ɢ 2-ɝɨ 
ɤɨɥɟɫɚ.  

Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɜ ɫɢɫɬɟɦɟ Matlab ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.2.  
ɍɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ 1( )u t , 2( )u t  ɡɚɞɚɧɵ ɛɥɨɤɚɦɢ Simulink. 
 

 
Ɋɢɫɭɧɨɤ 3.2 - Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ Matlab 

 
Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤɭɸ ɬɪɚɟɤɬɨɪɢɸ ɩɪɨɣɞɟɬ ɰɟɧɬɪ ɦɨɛɢɥɶɧɨɝɨ 

ɪɨɛɨɬɚ, ɩɪɢ ɢɞɟɚɥɶɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɫɨɱɥɟɧɟɧɢɹɦɢ 
ɛɟɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɢ, ɫ ɭɫɥɨɜɢɟɦ ɬɨɝɨ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ 
ɩɟɪɟɞɚɱɢ ɪɚɜɟɧ ɟɞɢɧɢɰɟ. ɍɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɡɞɟɫɶ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɤɚɤ 
ɬɪɚɟɤɬɨɪɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ (ɩɨɜɨɪɨɬ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ). 

Ⱥɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ ɭɩɪɚɜɥɟɧɢɣ 1u , 2u  ɞɥɹ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ S(x,y): 
1) ɬɪɚɟɤɬɨɪɢɹ ɡɚɞɚɟɬɫɹ ɩɨ ɤɚɠɞɨɣ ɨɫɢ         ɞɜɭɦɹ ɦɚɫɫɢɜɚɦɢ ɨɩɨɪɧɵɯ 

ɬɨɱɟɤ 0 0 0( ,..., ) ( ,... ; ,... )x xk k kx t t x x t t  ɢ 0 0 0( ,..., ) ( ,... ; ,... )y yk k ky t t y y t t ɫɨɫɬɨɹɳɭɸ ɢɡ 
ɞɜɭɯ ɜɟɤɬɨɪɨɜ: 1ɣ ɜɟɤɬɨɪ -  ɤɨɨɪɞɢɧɚɬɵ; 2ɣ ɜɟɤɬɨɪ - ɜɪɟɦɹ ɞɥɹ ɤɚɠɞɨɣ 
ɤɨɨɪɞɢɧɚɬɵ (ɪɢɫɭɧɨɤ 4); 

2) ɩɨ ɨɩɨɪɧɵɦ ɬɨɱɤɚɦ x, y ɫɬɪɨɢɦ ɮɭɧɤɰɢɸ ɩɨ ɤɚɠɞɨɣ ɨɫɢ 1x  ɢ 2x  
ɨɬɞɟɥɶɧɨ, ɩɨɥɭɱɢɦ ɦɚɫɫɢɜ ɬɨɱɟɤ ɮɭɧɤɰɢɢ 1 0 1,1 1,2 1,( ) ( , ,..., )NX kT X X X , 

2 0 2,1 2,2 2,( ) ( , ,..., )NX kT X X X  ɝɞɟ   - ɞɢɫɤɪɟɬɧɨɟ ɜɪɟɦɹ;    – ɢɧɬɟɪɜɚɥ ɤɜɚɧɬɨɜɚɧɢɹ; 
3) ɩɪɢɪɚɳɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɬɪɚɟɤɬɨɪɢɢ ɡɚ    : 

1 0 1 0 1 0

2 0 2 0 2 0

( ) ( ) (( 1) )

( ) ( ) (( 1) )

X kT X kT X k T

X kT X kT X k T

   
   

;   (3.6) 

4) ɭɝɨɥ  ɩɨɜɨɪɨɬɚ:  
0 2 0 1 0( ) tan( ( ) / ( ))a kT a X kT X kT   ;    (3.7) 
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5) ɱɚɫɬɶ ɬɪɚɟɤɬɨɪɢɢ S ɡɚ    :  
2 2

0 1 0 2 0( ) ( ) ( )S kT X kT X kT     ;    (3.8) 

 

 
Ɋɢɫɭɧɨɤ 3.3 –ɉɨɢɫɤ 0( )a kT  ɢ 0( )S kT ɩɨ ɬɪɚɟɤɬɨɪɢɢ ɩɨɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɟɣ  

Spline 
 

6) ɜɵɱɢɫɥɢɦ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɢ ɭɝɥɨɜɭɸ  ɫɤɨɪɨɫɬɶ (ɪɢɫɭɧɨɤ 3.4): 
1 0 0( ) ( )zV kT S kT  ;       (3.9)  

0 0 0( ) ( ) (( 1) )kT a kT a k T    ;    (3.10) 
 

 
Ɋɢɫɭɧɨɤ 3.4 – ɇɚɯɨɠɞɟɧɢɟ ɭɝɥɨɜɨɣ ɢ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɡɚɞɚɧɧɨɣ 

ɬɪɚɟɤɬɨɪɢɢ 
 

7) ɩɨɥɭɱɢɦ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ: 
1 0 1 0

2 1 0 0

( ) ( ) ( )

( ) ( ) ( )
z

z

u t kT V kT

u t V kT kT




 
  

;     (3.11) 

Ɋɟɚɥɢɡɚɰɢɹ ɭɩɪɚɜɥɟɧɢɹ (3.11) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.5.  
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Ɋɢɫɭɧɨɤ 3.5 –ɍɩɪɚɜɥɟɧɢɟ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ, ɩɨɫɬɪɨɟɧɧɨɣ ɱɟɪɟɡ 

ɮɭɧɤɰɢɸ  Spline 
 

 
Ɋɢɫɭɧɨɤ 3.6 –Ɋɟɚɥɢɡɚɰɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ  

 
ɉɪɢ ɢɞɟɚɥɶɧɨɦ (ɦɝɧɨɜɟɧɧɨɦ) ɜɵɩɨɥɧɟɧɢɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɚɦɢ 

ɆɊ                   ɢ                   ɆɊ ɩɪɨɣɞɟɬ ɡɚɞɚɧɧɭɸ ɬɪɚɟɤɬɨɪɢɸ, 
ɩɨ ɤɨɬɨɪɨɣ ɛɵɥɢ ɧɚɣɞɟɧɵ       ɢ      .  

Ɍɚɤ ɤɚɤ ɜ ɩɪɢɜɨɞɟ ɫɭɳɟɫɬɜɭɸɬ ɧɟɥɢɧɟɣɧɨɫɬɢ, ɫɢɥɵ ɬɪɟɧɢɹ, ɪɚɡɥɢɱɧɵɟ 
ɩɟɪɟɯɨɞɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɢ, ɬɨ ɪɟɚɥɶɧɵɟ 
ɩɟɪɟɦɟɳɟɧɢɹ ɛɭɞɭɬ ɫ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹɦɢ ɢɥɢ ɫ ɡɚɞɟɪɠɤɚɦɢ ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɫ ɨɲɢɛɤɚɦɢ ɩɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɸ. ɇɚ ɪɢɫɭɧɤɟ 3.6 ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɧɵɟ 
ɩɪɨɰɟɫɫɵ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢɜɨɞɨɜ ɆɊ ɤ ɡɚɞɚɧɧɨɦɭ ɩɨɥɨɠɟɧɢɸ 1000 ɢɦɩɭɥɶɫɨɜ 
ɷɧɤɨɞɟɪɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɩɚɪɚɦɟɬɪɚɯ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɜ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 3.6  ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɦɟɳɟɧɢɹ 
ɩɪɢɜɨɞɨɜ  ɆɊ ɪɚɡɥɢɱɧɵɟ, ɩɨɷɬɨɦɭ ɩɟɪɜɨɟ ɤɨɥɟɫɨ ɞɨɫɬɢɝɚɟɬ ɡɚɞɚɧɧɨɟ 
ɩɨɥɨɠɟɧɢɹ ɛɵɫɬɪɟɟ. 
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Ɋɢɫɭɧɨɤ 3.6 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɩɟɪɟɦɟɳɟɧɢɹ 

ɩɪɢɜɨɞɨɜ ɆɊ ɤ ɡɚɞɚɧɧɨɦɭ ɩɨɥɨɠɟɧɢɸ 1000 
 
Ɋɚɫɫɦɨɬɪɢɦ ɞɜɢɠɟɧɢɟ ɩɨ ɩɪɹɦɨɣ ɥɢɧɢɢ, ɤɨɝɞɚ ɡɚɞɚɧɧɚɹ ɬɪɚɟɤɬɨɪɢɹ 

ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɨɞɢɧɚɤɨɜɚ             (ɮɨɪɦɭɥɚ 3.11) (ɪɢɫɭɧɨɤ 3.7ɚ) , ɧɨ 
ɬɪɟɧɢɟ ɭ ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ ɩɪɟɜɵɲɚɟɬ ɬɪɟɧɢɟ ɜɬɨɪɨɝɨ ɤɨɥɟɫɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭ ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ ɭɜɟɥɢɱɢɬɫɹ (ɪɢɫɭɧɨɤ 3.7ɛ). Ɍɚɤ 
ɤɚɤ ɜɬɨɪɨɟ ɤɨɥɟɫɨ ɧɚɱɧɟɬ ɞɜɢɠɟɧɢɟ ɪɚɧɶɲɟ ɩɟɪɜɨɝɨ, ɪɨɛɨɬ ɛɭɞɟɬ 
ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ (ɪɢɫɭɧɨɤ 3.7ɜ). 

 

 
  ɚ)    ɛ)     ɜ) 

ɚ) ɢɞɟɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɨɱɥɟɧɟɧɢɹ ɛ) ɪɟɚɥɶɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɨɱɥɟɧɟɧɢɹ ɜ) ɬɪɚɟɤɬɨɪɢɹ 
ɩɪɢ ɢɞɟɚɥɶɧɨɦ ɩɟɪɟɯɨɞɧɨɦ ɩɪɨɰɟɫɫɟ ɢ ɩɪɢ ɪɟɚɥɶɧɨɦ 

Ɋɢɫɭɧɨɤ 3.7 – Ɍɪɚɟɤɬɨɪɢɹ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɡɚɞɚɧɢɣ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɩɪɢɜɨɞɨɜ ɆɊ 

 
ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ 

ɆɊ.  ɑɬɨɛɵ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨ 
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ɫɱɢɬɵɜɚɬɶ ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɆɊ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɢ ɜɵɱɢɫɥɹɬɶ 
ɤɨɪɪɟɤɬɢɪɭɸɳɢɟ ɭɩɪɚɜɥɟɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɨɜ. 

Ɋɚɫɫɦɨɬɪɢɦ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ (ɪɢɫɭɧɨɤ 3.8). 
 

 
Ɋɢɫɭɧɨɤ 3.8 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ  

 
Ɂɞɟɫɶ ɈɄɁ – ɛɥɨɤ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɢ; ( )SV t  – 

ɡɚɞɚɧɧɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨ ɬɪɚɟɤɬɨɪɢɢ S; α const   – ɠɟɥɚɟɦɚɹ 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɪɢɟɧɬɚɰɢɹ ɩɥɚɬɮɨɪɦɵ ɪɨɛɨɬɚ-ɬɟɥɟɠɤɢ ɧɚ ɜɫɟɦ ɩɭɬɢ; įu  – 
ɭɝɥɨɜɨɟ ɭɩɪɚɜɥɟɧɢɟ; S – ɬɪɚɟɤɬɨɪɢɹ (ɬɪɚɫɫɚ) ɪɨɛɨɬɚ-ɬɟɥɟɠɤɢ; ɟ – ɩɨɩɟɪɟɱɧɨɟ 
ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɤɪɢɜɨɣ S (ɨɲɢɛɤɚ ɩɨɥɨɠɟɧɢɹ); į – ɭɝɥɨɜɨɟ ɨɬɤɥɨɧɟɧɢɟ (ɨɲɢɛɤɚ 
ɭɝɥɨɜɨɣ ɨɪɢɟɧɬɚɰɢɢ ); ek , įk  – ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ; 

1V  – ɜɟɤɬɨɪ ɩɪɨɞɨɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɤɨɥɟɫɚ.  
Ɋɟɚɥɢɡɚɰɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɜ ɫɪɟɞɟ Matlab  ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 3.9.  
 

 
Ɋɢɫɭɧɨɤ 3.9 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ 
 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɛɥɨɤɢ, ɞɨɛɚɜɥɟɧɧɵɟ ɤ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, 

ɩɨɡɜɨɥɹɸɬ ɧɚɯɨɞɢɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ 1u , 2u , ɚ ɬɚɤ ɠɟ ɬɪɚɟɤɬɨɪɢɸ, ɱɟɪɟɡ 
ɫɤɨɪɨɫɬɶ ( )SV t  ɢ ɨɪɢɟɧɬɚɰɢɸ α . 

ɉɪɨɞɨɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ: 

 1 2

1

2su u u  .      (3.12) 

УУ 
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Ʌɨɤɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ: 
*1

s su V
K

 .                                                                 (3.13)  

ɉɨɩɟɪɟɱɧɨɟ ɭɩɪɚɜɥɟɧɢɟ: 

 1 2

1

2eu u u   .      (3.14) 

ɍɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ 1u  ɢ 2u : 

1 s eu u u  , 2 s eu u u  .    (3.15) 
Ɋɟɝɭɥɹɬɨɪ ɩɨɩɟɪɟɱɧɨɝɨ ɞɜɢɠɟɧɢɹ: 

į
* *

ξ įe
e s

s s

k k
u U e

V V
   .     (3.16)  

ɍɪɚɜɧɟɧɢɹ (3.13) – (3.16) ɨɩɢɫɵɜɚɸɬ ɪɟɝɭɥɹɬɨɪɵ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. 
Ɂɚɜɢɫɢɦɨɫɬɶ (3.14)  ɢ  (3.16) ɩɨɡɜɨɥɹɟɬ ɪɟɝɭɥɹɬɨɪɭ ɩɨɩɟɪɟɱɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɭɩɪɚɜɥɹɬɶ ɩɨɜɨɪɨɬɨɦ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɥɢɧɟɣɧɚɹ 
ɫɤɨɪɨɫɬɶ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɭɩɪɚɜɥɹɟɬɫɹ ɥɨɤɚɥɶɧɵɦ ɪɟɝɭɥɹɬɨɪɨɦ. Ȼɥɨɤ 
ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɮɨɪɦɢɪɭɟɬ ɫɢɝɧɚɥɵ ɥɨɤɚɥɶɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ.   Ɂɚɜɢɫɢɦɨɫɬɢ 
ɩɨɩɟɪɟɱɧɨɝɨ ɢ ɩɪɨɞɨɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɬ ɪɟɝɭɥɹɬɨɪɨɜ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 
3.10. 

 

 
Ɋɢɫɭɧɨɤ 3.10 –ɍɩɪɚɜɥɟɧɢɣ ɪɟɝɭɥɹɬɨɪɨɜ 

 
ɍɝɥɨɜɚɹ ɨɪɢɟɧɬɚɰɢɹ ɪɨɛɨɬɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɬɪɚɟɤɬɨɪɢɢ S ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɨɨɬɧɨɲɟɧɢɟɦ: 
*α α Δα         (3.17) 

ɝɞɟ *α  – ɭɝɨɥ ɧɚɤɥɨɧɚ ɤɚɫɚɬɟɥɶɧɨɣ *α ( )s  ɜ ɬɟɤɭɳɟɣ ɬɨɱɤɟ  1 2,c c cx xx  

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 1x ; α  – ɠɟɥɚɟɦɚɹ ɨɪɢɟɧɬɚɰɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɛɚɡɢɫɚ )α(τ1  

ɪɨɛɨɬɚ-ɬɟɥɟɠɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɟɤɭɳɟɣ ɬɪɚɟɤɬɨɪɢɢ *α ( )s , α – ɭɝɨɥ ɩɨɜɨɪɨɬɚ 
(ɨɪɢɟɧɬɚɰɢɢ) ɪɨɛɨɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ 1x . 

Ɉɲɢɛɤɚ ɭɝɥɨɜɨɣ ɨɪɢɟɧɬɚɰɢɢ: 
*į α α Δα         (3.18) 

ɉɨɜɨɪɨɬ ɪɨɛɨɬɚ ɡɚɜɢɫɢɬ ɨɬ ɩɨɩɟɪɟɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ eu . ɇɚ ɪɢɫɭɧɤɟ 3.11 
ɩɨɤɚɡɚɧɚ ɡɚɜɢɫɢɦɨɫɬɶ  ɩɨɩɟɪɟɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ eu ɨɬ ɭɝɥɨɜɨɣ ɨɪɢɟɧɬɚɰɢɢ Δα , 
ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɪɚɜɧɟɧɢɹɯ (3.14), (3.16), (3.17) ɢ (3.18).  
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Ɋɢɫɭɧɨɤ 3.11 - Ɂɚɜɢɫɢɦɨɫɬɶ ɩɨɩɟɪɟɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɬ ɭɝɥɨɜɨɣ 

ɨɪɢɟɧɬɚɰɢɢ 
 
ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɪɚɟɤɬɨɪɧɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɬɟɥɟɠɤɢ ɢɦɟɟɬ ɜɢɞ: 

,

į,

į ξ ,

s

e

s Ku

e s

s Ku




 
   

      (3.19) 

ɝɞɟ s  – ɩɪɨɞɨɥɶɧɚɹ ɞɢɧɚɦɢɤɚ ɬɟɥɟɠɤɢ; e  – ɩɨɩɟɪɟɱɧɚɹ ɞɢɧɚɦɢɤɚ 
ɬɟɥɟɠɤɢ; į  – ɭɝɥɨɜɚɹ ɞɢɧɚɦɢɤɚ ɬɟɥɟɠɤɢ; ξ ξ( )s  – ɤɪɢɜɢɡɧɚ ɬɪɚɟɤɬɨɪɢɢ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ (3.19) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ 
ɩɟɪɟɦɟɳɟɧɢɹ ɪɨɛɨɬɚ. ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɟ 3.12. Ɂɚɜɢɫɢɦɨɫɬɶ (3.16) ɢ (3.19) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 
ɫɤɨɪɨɫɬɢ ɢɥɢ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ,  ɞɥɢɬɟɥɶɧɨɫɬɶ 
ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɦɟɧɶɲɚɟɬɫɹ ɡɚ ɫɱɟɬ ɭɜɟɥɢɱɟɧɢɹ ɞɥɢɬɟɥɶɧɨɫɬɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɫɢɝɧɚɥɨɜ.  

 
Ɋɢɫɭɧɨɤ 3.12 – ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
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Ⱦɥɹ ɩɨɜɨɪɨɬɚ ɪɨɛɨɬɚ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ α , ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ ɭɝɥɨɜɨɣ 

ɨɪɢɟɧɬɚɰɢɢ Δα . ɇɚ ɪɢɫɭɧɤɟ 3.13 ɩɨɤɚɡɚɧ ɩɨɜɨɪɨɬ ɪɨɛɨɬɚ.  
 

 
Ɋɢɫɭɧɨɤ 3.13 – Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɜɨɪɨɬɚ ɪɨɛɨɬɚ ɧɚ ɭɝɨɥ 

 
ɉɪɢ ɩɨɞɚɧɧɨɦ ɫɢɝɧɚɥɟ ɩɪɨɞɨɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɬɪɚɟɤɬɨɪɢɢ *

sV , ɢ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɨɪɢɟɧɬɚɰɢɢ Δα , ɪɨɛɨɬ ɩɨɟɞɟɬ ɩɨ ɩɪɹɦɨɣ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 
3.14. 

 
Ɋɢɫɭɧɨɤ 3.14 – Ɇɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨ ɩɪɹɦɨɣ  
 
ɉɨɫɥɟ ɧɚɯɨɠɞɟɧɢɹ ɫɤɨɪɨɫɬɢ *

sV  ɢ ɭɝɥɚ α  ɩɨ ɮɨɪɦɭɥɟ (3.9) ɢ (3.10), ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, Δα  ɢ  *

sV    ɩɨɞɚɸɬɫɹ ɧɚ ɛɥɨɤɢ ɜ  Simulink, ɞɥɹ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ.  

ɇɚɛɥɸɞɟɧɧɵɟ (ɢɡɦɟɪɟɧɧɵɟ) ɤɨɨɪɞɢɧɚɬɵ ɪɨɛɨɬɚ 1( )y t  ɢ 2( )y t : 

1 1 1( ) ( ) İ ( )y t x t t  , 2 2 2( ) ( ) İ ( )y t x t t       (3.20) 
ɝɞɟ 1İ ( )t  ɢ 2İ ( )t  – ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɟ ɜɨɡɦɭɳɟɧɢɹ (ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɟ), ɜ 

ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 
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Ɉɛɪɚɬɧɚɹ ɫɜɹɡɶ ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɜɥɢɹɧɢɟ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɜɨɡɦɭɳɟɧɢɣ. Ⱦɥɹ ɢɦɢɬɚɰɢɢ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɜɨɡɦɭɳɟɧɢɣ ɡɚɞɚɸɬɫɹ ɫɥɭɱɚɣɧɨ 
ɜɨɡɞɟɣɫɬɜɢɹ, ɤɨɬɨɪɵɟ ɢɡɦɟɧɹɸɬ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ. ɉɪɢ ɩɨɦɨɳɢ ɛɥɨɤɨɜ 
ɮɭɧɤɰɢɣ, ɩɨɤɚɡɚɧɧɵɦɢ ɧɚ ɪɢɫɭɧɤɟ 3.9, ɧɚɯɨɞɹɬɫɹ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɞɚɧɧɨɣ 
ɬɪɚɟɤɬɨɪɢɢ. ɗɬɢ ɨɬɤɥɨɧɟɧɢɹ ɩɨɫɬɭɩɚɸɬ ɧɚ ɪɟɝɭɥɹɬɨɪ ɩɨɩɟɪɟɱɧɨɝɨ ɞɜɢɠɟɧɢɹ, 
ɞɨɛɚɜɥɹɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɶ ɬɟɥɟɠɤɭ, 
ɱɬɨɛɵ ɜɨɡɜɪɚɬɢɬɶ ɧɚ ɡɚɞɚɧɧɭɸ ɬɪɚɟɤɬɨɪɢɸ ɆɊ. ɇɚ ɪɢɫɭɧɤɟ 3.15 ɩɨɤɚɡɚɧɚ 
ɡɚɞɚɧɧɚɹ ɬɪɚɟɤɬɨɪɢɹ, ɢ ɬɪɚɟɤɬɨɪɢɹ ɩɪɨɯɨɞɢɦɚɹ ɪɨɛɨɬɨɦ, ɬɨ ɟɫɬɶ ɫ ɨɲɢɛɤɨɣ.  

 

 
Ɋɢɫɭɧɨɤ 3.15 – ɉɪɨɯɨɠɞɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɦɨɛɢɥɶɧɵɦ ɪɨɛɨɬɨɦ, ɛɟɡ 

ɜɧɟɲɧɢɯ ɜɨɡɦɭɳɟɧɢɣ ɢ ɫ ɜɧɟɲɧɢɦɢ ɜɨɡɦɭɳɟɧɢɹɦɢ. 
 
3.2 Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ  
 
ɉɟɪɜɚɹ ɢ ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ – ɨɩɪɟɞɟɥɟɧɢɟ ɮɭɧɤɰɢɢ ɩɨɥɨɠɟɧɢɹ. 

ɉɪɢ ɪɟɲɟɧɢɢ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɨ ɩɨɥɨɠɟɧɢɢ ɫɯɜɚɬɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɛɵɱɧɨ 
ɢɫɩɨɥɶɡɭɸɬ ɦɟɬɨɞ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɨɨɪɞɢɧɚɬ Ⱦɟɧɚɜɢɬɚ - ɏɚɪɬɟɧɛɟɪɝɚ.  
ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ ɦɟɯɚɧɢɡɦ ɪɨɛɨɬɚ ɨɛɳɟɝɨ ɜɢɞɚ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɤɚɤ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɰɟɩɶ, ɫɜɹɡɚɧɧɚɹ ɜ ɫɨɱɥɟɧɟɧɢɹɯ, ɞɜɢɠɟɧɢɹɦɢ ɤɨɬɨɪɵɯ 
ɭɩɪɚɜɥɹɸɬ ɩɪɢɜɨɞɵ. ɋɨɟɞɢɧɟɧɢɹ ɛɵɜɚɸɬ ɬɪɟɯ ɜɢɞɨɜ: 
ɩɨɜɨɪɨɬɧɵɟ(ɜɪɚɳɚɬɟɥɶɧɵɟ), ɩɪɢɡɦɚɬɢɱɟɫɤɢɟ(ɬɟɥɟɫɤɨɩɢɱɟɫɤɢɟ), ɤɨɦɛɢɧɚɰɢɹ 
ɷɬɢɯ ɞɜɭɯ ɜɢɞɨɜ. Ⱦɟɧɚɜɢɬɨɦ ɢ ɏɚɪɬɟɧɛɟɪɝɨɦ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɩɨɧɹɬɢɟ «ɧɢɡɲɚɹ 
ɩɚɪɚ» ɨɛɪɚɡɭɟɦɚɹ ɤɨɧɬɚɤɬɢɪɭɸɳɢɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ȼ ɷɬɨɦ ɫɦɵɫɥɟ 
ɫɨɱɥɟɧɟɧɢɹɦɢ «ɜɵɫɲɟɣ ɩɚɪɵ» ɹɜɥɹɸɬɫɹ ɫɨɱɥɟɧɟɧɢɹ, ɨɛɪɚɡɨɜɚɧɧɵɟ ɬɨɱɟɱɧɵɦɢ 
ɢɥɢ ɥɢɧɟɣɧɵɦɢ ɤɨɧɬɚɤɬɚɦɢ ɦɟɠɞɭ ɞɜɭɦɹ ɬɟɥɚɦɢ.  
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Ⱦɥɹ ɫɨɫɬɚɜɥɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɚɥɝɨɪɢɬɦɨɦ 
ɧɚɡɧɚɱɟɧɢɹ ɢ ɨɩɢɫɚɧɢɹ ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɶɟɜ, ɫɨɜɦɟɫɬɢɦɵɯ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ 
Ⱦɟɧɚɜɢɬɚ – ɏɚɪɬɟɧɛɟɪɝɚ[7].  

 

 
Ɋɢɫɭɧɨɤ 3.16 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ 

 
ɉɪɹɦɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ ɦɧɨɝɨɡɜɟɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫɨɫɬɨɢɬ ɜ 

ɫɥɟɞɭɸɳɟɦ: ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɦɚɬɪɢɰɭ(ɪɚɞɢɭɫ-ɜɟɤɬɨɪ), ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬ 
ɤɨɨɪɞɢɧɚɬɵ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɧɟɤɨɬɨɪɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɡɧɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɡɧɚɱɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ qi ɞɥɹ ɜɫɟɯ ɟɝɨ 
ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪ. Ʉɪɨɦɟ ɤɨɨɪɞɢɧɚɬ ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɭɸ ɨɪɢɟɧɬɚɰɢɸ. Ɍɚɤ ɤɚɤ 
ɦɚɧɢɩɭɥɹɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɢ ɞɜɭɯ ɩɪɢɡɦɚɬɢɱɟɫɤɢɯ ɫɨɱɥɟɧɟɧɢɣ, ɬɨ 
ɩɟɪɟɯɨɞɧɚɹ ɦɚɬɪɢɰɚ ɩɪɢɦɟɬ ɜɢɞ :                                         (3.21)                             

                  
                     

                                (3.22) 

ɝɞɟ          - ɦɚɬɪɢɰɚ ɩɟɪɟɧɨɫɚ ɜɞɨɥɶ ɨɫɢ z0;              - ɦɚɬɪɢɰɚ 
ɩɟɪɟɧɨɫɚ ɜɞɨɥɶ ɨɫɢ z1;              - ɦɚɬɪɢɰɚ ɩɟɪɟɧɨɫɚ ɜɞɨɥɶ ɨɫɢ z2, r – 
ɪɚɞɢɭɫ ɜɟɤɬɨɪ ɜ ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬ;   - ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɚɞɢɭɫ-ɜɟɤɬɨɪɚ ɜ 
ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬɚɯ; ɋ – ɫɨs; S - sin. 

Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɢɦ: ɩɨ ɢɡɜɟɫɬɧɨɣ ɦɚɬɪɢɰɟ 
ɡɚɯɜɚɬɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 
ɡɧɚɱɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ qi.  ɉɨɢɫɤ ɤɨɨɪɞɢɧɚɬ qi ɩɪɢ ɢɡɜɟɫɬɧɵɯ 
ɡɧɚɱɟɧɢɹɯ X, Y ɢ Z ɧɟ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ ɢ ɨɞɧɨɡɧɚɱɧɵɦ, ɬ.ɤ. ɭɪɚɜɧɟɧɢɹ 
ɧɟɥɢɧɟɣɧɵɟ. Ɉɞɧɚɤɨ, ɞɥɹ ɞɚɧɧɨɝɨ ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɫɢɫɬɟɦɨɣ 
ɤɨɨɪɞɢɧɚɬ ɜɨɡɦɨɠɧɨ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɝɟɨɦɟɬɪɢɱɟɫɤɢ, ɬɨ ɟɫɬɶ 
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ɨɛɪɚɬɧɵɦ ɩɟɪɟɯɨɞɨɦ ɨɬ ɞɟɤɚɪɬɨɜɵɯ ɤ ɩɨɥɹɪɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ. Ⱦɥɹ ɷɬɨɝɨ ɪɟɲɢɦ 
ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ:                          (3.23) 

Ɍɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɨɥɶɤɨ r ɢ  :                 (3.24)                 (3.25) 

Ɍɪɚɟɤɬɨɪɢɹ ɦɨɠɟɬ ɛɵɬɶ ɡɚɞɚɧɚ ɩɪɨɢɡɜɨɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɪɚɫɫɦɨɬɪɢɦ, 
ɩɪɢɦɟɪ ɤɨɝɞɚ ɫɯɜɚɬ ɞɜɢɠɟɬɫɹ ɥɢɧɟɣɧɨ ɩɨ ɜɫɟɦ ɬɪɟɦ ɤɨɨɪɞɢɧɚɬɚɦ 

                                                       .  (3.26) 
 

 
Ɋɢɫɭɧɨɤ 3.17 –ɉɟɪɟɦɟɳɟɧɢɟ ɫɯɜɚɬɚ X,Y, Z  ɨɬ ɞɢɫɤɪɟɬɧɨɝɨ ɜɪɟɦɟɧɢ Tk 

 

 
Ɋɢɫɭɧɨɤ 3.18 – 3D ɬɪɚɟɤɬɨɪɢɹ ɫɯɜɚɬɚ ɩɪɢ X = 0…100, Y = 0…200, Z = 0…300.   

траектория 
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ɉɨɥɭɱɢɦ ɬɪɚɟɤɬɨɪɢɢ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ  

 
Ɋɢɫɭɧɨɤ 3.19 – ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɟɪɜɨɝɨ ɫɨɱɥɟɧɟɧɢɹ 

 

 
Ɋɢɫɭɧɨɤ 3.20 – ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜɬɨɪɨɝɨ ɫɨɱɥɟɧɟɧɢɹ  

 
Ɋɢɫɭɧɨɤ 3.21 – ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɬɪɟɬɶɟɝɨ ɫɨɱɥɟɧɟɧɢɹ  

 
 Ⱦɚɧɧɵɟ ɝɪɚɮɢɤɨɜ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɜɨɞɨɜ ɨɬɪɚɜɥɹɸɬɫɹ ɧɚ ɬɪɟɬɢɣ 
ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɪɚɟɤɬɨɪɢɢ.  

 
3.3 Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɆɊɄ 
 
ɍɩɪɚɜɥɟɧɢɹ ɆɊɄ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɜɨɞɢɬɫɹ ɤ ɪɚɡɪɚɛɨɬɤɟ ɟɝɨ 

ɞɢɧɚɦɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɢ ɤ ɫɢɧɬɟɡɭ ɡɚɤɨɧɚ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɦɨɞɟɥɟɣ. 
Ⱥɧɚɥɢɡ ɭɩɪɚɜɥɹɟɦɨɝɨ ɞɜɢɠɟɧɢɹ ɆɊɄ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɟɦ 
ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɞɜɚ ɷɬɚɩɚ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ, ɩɪɢ 
ɤɨɬɨɪɨɦ ɆɊɄ ɩɟɪɟɦɟɳɚɟɬɫɹ ɢɡ ɧɚɱɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɨɤɪɟɫɬɧɨɫɬɶ ɠɟɥɚɟɦɨɝɨ 
ɤɨɧɟɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜɞɨɥɶ ɩɥɚɧɢɪɭɟɦɨɣ ɬɪɚɟɤɬɨɪɢɢ ɢɥɢ ɨɪɢɟɧɬɢɪɭɟɬɫɹ ɜ 
ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ ɨɫɧɨɜɟ ɬɪɚɟɤɬɨɪɢɣ ɫɨɱɥɟɧɟɧɢɣ ɞɥɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ 
ɦɨɞɟɥɢ. ɇɚ ɜɬɨɪɨɦ ɷɬɚɩɟ ɪɟɚɥɢɡɭɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɫɥɟɞɹɳɢɣ ɫɢɫɬɟɦɵ. ȿɫɥɢ 
ɞɜɢɠɟɧɢɟ ɆɊɄ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟɧɢɹɦɢ ɇɶɸɬɨɧɚ — ɗɣɥɟɪɚ, ɡɚɞɚɱɟɣ 
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ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɯɨɠɞɟɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ ɦɨɦɟɧɬɨɜ ɢ ɫɢɥ (ɪɢɫɭɧɨɤ 3.22). 
ɗɬɢ ɦɨɦɟɧɬɵ ɢ ɫɢɥɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɨɟ ɤ 
ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɟ ɤɨɧɟɱɧɨɝɨ ɡɜɟɧɚ ɆɊɄ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ[3].  

ɍɩɪɚɜɥɹɸɳɢɟ ɦɨɦɟɧɬɵ ɫɨɱɥɟɧɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɢɫɩɨɥɶɡɭɟɦɵɯ ɭɪɚɜɧɟɧɢɹɯ ɞɜɢɠɟɧɢɹ. 
ɍɫɬɪɨɣɫɬɜɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɝɚɬɟɥɟɦ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɪɟɚɥɶɧɨɟ ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɫɨɱɥɟɧɟɧɢɹ ɫɨɜɩɚɞɚɥɨ ɫ 
ɠɟɥɚɟɦɵɦ ɭɝɥɨɜɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɫɩɥɚɧɢɪɨɜɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ[4].  

 

 
ɝɞɟ   — ɧɚɩɪɹɠɟɧɢɟ ɹɤɨɪɹ, ȼ;     — ɧɚɩɪɹɠɟɧɢɟ ɩɨɥɹ, ȼ;   — ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɹ, Ƚɧ;   — ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɩɨɥɹ, Ƚɧ;    — ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɹ, Ɉɦ;   — ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɨɥɹ, Ɉɦ;   — ɬɨɤ ɹɤɨɪɹ, Ⱥ; if — ɬɨɤ ɩɨɥɹ, Ⱥ;   — ɷɥɟɤɬɪɨɞɜɢɠɭɳɚɹ ɫɢɥɚ, ȼ;   —ɦɨɦɟɧɬ, ɪɚɡɜɢɜɚɟɦɵɣ 
ɞɜɢɝɚɬɟɥɟɦ, ɇ.ɦ;   — ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɜɚɥɚ ɞɜɢɝɚɬɟɥɹ, ɪɚɞ;    — ɭɝɥɨɜɨɟ ɩɟɪɟɦɟɳɟɧɢɟ 
ɜɚɥɚ ɧɚɝɪɭɡɤɢ, ɪɚɞ;   — ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, 
ɇ.ɦ.ɫ2/ɪɚɞ;   — ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɞɜɢɝɚɬɟɥɹ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ, 
ɇ.ɦ.ɫ/ɪɚɞ;    — ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɧɚɝɪɭɡɤɢ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɧɚɝɪɭɡɤɢ, ɇ.ɦ.ɫ2/ɪɚɞ;    — 
ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɧɚɝɪɭɡɤɢ, ɩɪɢɜɟɞɟɧɧɵɣ ɤ ɜɚɥɭ ɧɚɝɪɭɡɤɢ, ɇ.ɦ.ɫ/ɪɚɞ;   —ɱɢɫɥɨ 
ɡɭɛɶɟɜ ɜɧɭɬɪɟɧɧɟɝɨ ɪɟɞɭɤɬɨɪɚ (ɪɟɞɭɤɬɨɪɚ ɞɜɢɝɚɬɟɥɹ) ;   — ɱɢɫɥɨ ɡɭɛɶɟɜ ɜɧɟɲɧɟɝɨ 
ɪɟɞɭɤɬɨɪɚ (ɪɟɞɭɤɬɨɪɚ ɧɚɝɪɭɡɤɢ). 
 

Ɋɢɫɭɧɨɤ 3.22 - ɍɫɬɪɨɣɫɬɜɨ ɡɜɟɧɚ ɫɨɱɥɟɧɟɧɢɹ 
 
Ɋɚɛɨɬɚ ȾɉɌ ɫ ɧɟɡɚɜɢɫɢɦɵɦ ɜɨɡɛɭɠɞɟɧɢɟɦ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ:  
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, (2.27) 
ɝɞɟ Lə – ɢɧɞɭɤɬɢɜɧɨɫɬɶ ɹɤɨɪɧɨɣ ɨɛɦɨɬɤɢ ȾɉɌ; iə – ɬɨɤ ɹɤɨɪɹ (ɪɢɫɭɧɨɤ 

3.32); Rə – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɹ; kȿ – ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ; kɆ – 
ɦɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ; ωȾ – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ (ɪɢɫɭɧɨɤ 

3.33);  J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɧɚ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ;  Mɋ – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; 
1

Jp

– ɦɟɯɚɧɢɱɟɫɤɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ. 
ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (2.13): 
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ɉɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ȾɉɌ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ: ɧɚ 

ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɹɤɨɪɧɨɣ ɰɟɩɢ: 
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 (2.29) 
ɢ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚɫɬɢ: 
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.  (2.30) 
Ɋɚɛɨɬɚ ɪɟɞɭɤɬɨɪɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɟɦ: 
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.      (2.31) 

    ɉɪɢɦɟɧɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ ɤ (2.19): 
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.      (2.32) 

ɇɚɣɞёɦ ɩɟɪɟɞɚɬɨɱɧɭɸ ɮɭɧɤɰɢɸ ɡɜɟɧɚ: 
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
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.  (2.33) 
Ɋɟɞɭɰɢɪɨɜɚɧɧɚɹ ɦɨɞɟɥɶ ɬɟɥɟɠɤɢ ɫ  ɞɜɭɦɹ ɧɟɡɚɜɢɫɢɦɨ ɦɨɬɨɪɢɡɨɜɚɧɧɵɦɢ 

ɜɟɞɭɳɢɦɢ ɤɨɥɟɫɚɦɢ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɢɜɟɞɟɧɧɵɦɢ ɧɢɠɟ ɭɪɚɜɧɟɧɢɹɦɢ.  
11 cos zVy  ,      (3.34) 

12 sin zVy  ,       (3.35) 
  ,       (3.36) 

110 zz FVm 
,       (3.37) 

MJ 0 ,       (3.38) 
21

1 uuFz  ,      (3.39) 
)( 21 uuM   ,      (3.40) 

ɝɞɟ:
2RV   - ɜɟɤɬɨɪ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɟɣ (ɪɢɫɭɧɨɤ 3.36); 

),( 21 FFF   - ɜɟɤɬɨɪ ɜɧɟɲɧɢɯ ɞɟɣɫɬɜɭɸɳɢɯ ɫɢɥ; M - ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɦɨɦɟɧɬ; 
  - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ (ɪɢɫɭɧɨɤ 3.33); 0m  ɢ 0J  - ɦɚɫɫɨ-ɢɧɟɪɰɢɨɧɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɩɥɚɬɮɨɪɦɵ; u – ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ (ɪɢɫɭɧɨɤ 3.35) . 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɞɢɧɚɦɢɤɢ ɫɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɫɥɟɞɭɸɳɢɟ 
ɞɨɩɭɳɟɧɢɹ: 

 ɜɫɟ ɷɥɟɦɟɧɬɵ ɫɢɫɬɟɦɵ ɧɟ ɫɨɞɟɪɠɚɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɥɢɧɟɣɧɨɫɬɟɣ, 
ɩɨɷɬɨɦɭ ɦɨɝɭɬ ɛɵɬɶ ɨɩɢɫɚɧɵ ɥɢɧɟɣɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ; 
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 ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɡɜɟɧɚ ɪɨɛɨɬɚ J ɩɨɫɬɨɹɧɧɵɣ; 
 Ʉ.ɉ.Ⱦ. ɪɟɞɭɤɬɨɪɚ η = 1; 
 ɦɨɦɟɧɬ ɫɢɥɵ ɬɹɠɟɫɬɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
 ɦɨɦɟɧɬ ɫɢɥɵ ɬɪɟɧɢɹ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
 ɦɨɦɟɧɬ ɭɩɪɭɝɨɫɬɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ 
 ɧɟɬ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ  
 ɧɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɬɨɤɭ, ɧɚɩɪɹɠɟɧɢɹ, ɫɤɨɪɨɫɬɢ, ɩɟɪɟɦɟɳɟɧɢɹ 
 ɧɟɬ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɬɪɚɟɤɬɨɪɢɢ 
 ɧɟɬ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ 
 ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɤɨɥɟɫ ɪɚɜɧɵ 
 ɤɨɥɟɫɚ ɧɚ ɨɞɢɧɚɤɨɜɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɰɟɧɬɪɚ ɆɊ  
 ɩɚɫɫɢɜɧɨɟ ɤɨɥɟɫɨ ɩɚɪɚɥɥɟɥɶɧɨ ɤ ɜɟɤɬɨɪɭ ɫɤɨɪɨɫɬɢ ɆɊ 
 ɧɟɬ ɥɸɮɬɚ ɦɟɯɚɧɢɡɦɚ 
 ɰɟɧɬɪ ɦɚɫɫ ɜ ɰɟɧɬɟ ɆɊ 
 ɧɟɬ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɆɊ ɜ Simukink ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.23. 
  

 
Ɋɢɫɭɧɨɤ 3.23 – 1 ɑɚɫɬɶ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɜ ɩɪɨɝɪɚɦɦɟ MATLAB 
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Ɋɢɫɭɧɨɤ 3.24 – 2 ɑɚɫɬɶ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɫɢɫɬɟɦɵ ɜ ɩɪɨɝɪɚɦɦɟ MATLAB 

 
ɉɪɢ ɩɨɞɚɱɟ ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ ɤɨɥɟɫɚ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɛɥɸɞɚɬɶ: 
 ɜɥɢɹɧɢɟ ɢɧɟɪɰɢɢ ɫɢɫɬɟɦɵ (ɆɊ); 
 ɫɢɥɭ ɞɜɢɝɚɬɟɥɹ ɢ ɫɢɫɬɟɦɵ (ɆɊ);  
 ɫɤɨɪɨɫɬɶ ɫɨɱɥɟɧɟɧɢɣ ɢ ɫɢɫɬɟɦɵ (ɆɊ); 
 ɫɢɥɭ ɬɨɤɚ (ɦɨɦɟɧɬ) ɞɜɢɝɚɬɟɥɹ; 
 ɬɪɚɟɤɬɨɪɢɸ ɫɨɱɥɟɧɟɧɢɣ ɢ ɫɢɫɬɟɦɵ (ɆɊ); 

 

  
ɚ) ɡɚɞɚɧɧɚɹ ɬɪɚɟɤɬɨɪɢɹ ɆɊ   ɛ) ɩɨɞɚɜɚɟɦɚɹ ɬɪɚɟɤɬɨɪɢɹ ɫɨɱɥɟɧɟɧɢɣ 

Ɋɢɫɭɧɨɤ 3.25 – Ɍɪɚɟɤɬɨɪɢɢ 
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   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ  

Ɋɢɫɭɧɨɤ 3.26 - ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ  

Ɋɢɫɭɧɨɤ 3.27 - ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɡɚɞɚɧɢɹ ɉ-ɪɟɝɭɥɹɬɨɪɨɜ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ  

Ɋɢɫɭɧɨɤ 3.28 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɡɚɞɚɧɢɹ Ⱦ-ɪɟɝɭɥɹɬɨɪɚ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 
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   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ   

Ɋɢɫɭɧɨɤ 3.29 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɡɚɞɚɧɢɹ ɂ-ɪɟɝɭɥɹɬɨɪɚ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

  
    ɚ) ɫɢɫɬɟɦɚ c ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.30 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɹɤɨɪɟ ɞɜɢɝɚɬɟɥɹ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

 
  ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.31 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɪɨɬɢɜɨ-ɗȾɋ 1 ɢ 2 ɫɨɱɥɟɧɟɧɢɹ 
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   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 
Ɋɢɫɭɧɨɤ 3.32 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɬɨɤɚ ɹɤɨɪɹ 1 ɢ 2 ɫɨɱɥɟɧɟɧɢɹ 
 

  
      ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.33 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɝɚɬɟɥɟɣ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

   
     ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.34 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɤɨɥɟɫ 1 ɢ 2 ɫɨɱɥɟɧɟɧɢɹ 
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    ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ    ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.35 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɦɨɦɟɧɬɨɜ ɫɨɱɥɟɧɟɧɢɣ 1 ɢ 2 
ɫɨɱɥɟɧɟɧɢɹ 

 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.36 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ ɦɨɦɟɧɬɚ ɆɊ 
 

  
    ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 
Ɋɢɫɭɧɨɤ 3.37 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɆɊ 
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   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.38 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɥɢɧɟɣɧɨɝɨ 
ɩɟɪɟɦɟɳɟɧɢɹ ɆɊ 

 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.39 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɦɨɦɟɧɬɚ  ɩɨɜɨɪɨɬɚ ɆɊ 
 

 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.40 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨɜɨɪɨɬɚ ɆɊ 
 



 

 

ɉ
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
. 

ɋ
ɩɪ

ɚɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

ȼ
ɡɚ

ɦ
. ɢ

ɧɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɩ
ɨɞ

ɥ.
 

 
 

 
 

 

ɂɡɦ. Лɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

56 
ȻɊ 15.03.06 - ɉɁ 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.41 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɭɝɥɚ ɆɊ 
 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.42 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɳɟɧɢɹ ɆɊ ɩɨ X 
 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.43 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɩɟɪɟɦɟɳɟɧɢɹ ɆɊ ɩɨ Y 
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    ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.44 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɆɊ 
 

  
    ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.45 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɬɪɚɟɤɬɨɪɢɢ ɤɨɥɟɫɚ 1 
 

  
   ɚ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ ɪɟɝɭɥɹɬɨɪɨɦ   ɛ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 

Ɋɢɫɭɧɨɤ 3.46 - ɉɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɬɪɚɟɤɬɨɪɢɢ ɤɨɥɟɫɚ 2 
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  ɚ)     ɛ)    ɜ) 
ɚ) ɢɞɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɫɢɫɬɟɦɚ ɛɟɡ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ ɢ ɢɧɟɪɰɢɨɧɧɨɫɬɟɣ ɛ) ɫɢɫɬɟɦɚ ɫ ɉɂȾ 

ɪɟɝɭɥɹɬɨɪɨɦ ɜ) ɫɢɫɬɟɦɚ ɫ ɉ ɪɟɝɭɥɹɬɨɪɨɦ 
Ɋɢɫɭɧɨɤ 3.47 –Ɍɪɚɟɤɬɨɪɢɢ ɆɊ 

  
ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɢɫɬɟɦɚ ɫ ɉɂȾ-

ɪɟɝɭɥɹɬɨɪɨɦ ɢɦɟɟɬ ɥɭɱɲɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɬɪɚɟɤɬɨɪɢɢ 
ɫɨɱɥɟɧɟɧɢɣ, ɱɟɦ ɫɢɫɬɟɦɚ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ. ɇɨ ɫɢɫɬɟɦɚ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɨɦ ɢɦɟɟɬ 
ɦɟɧɶɲɟ ɩɟɪɟɤɥɸɱɟɧɢɣ ɩɨɥɹɪɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ (ɪɢɫɭɧɨɤ 3.30). ɑɚɫɬɵɟ  
ɩɟɪɟɤɥɸɱɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɧɚɝɪɟɜɚɟɬ ɞɪɚɣɜɟɪ Arduino. Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɉɂȾ 
ɪɟɝɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɛɨɥɟɟ ɧɚɞɟɠɧɵɣ ɞɪɚɣɜɟɪ.  
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4  Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɹ ɋɍ 
 
4.1 ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɋɍ ɩɪɢɜɨɞɚ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɦɦɭɧɢɤɚɰɢɢ ɚɩɩɚɪɚɬɧɵɯ  ɢ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.1. 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɉɄ. ɉɄ ɢɦɟɟɬ ɩɚɤɟɬ ɩɪɨɝɪɚɦɦ: 

1)  ɩɟɪɜɚɹ ɩɪɨɝɪɚɦɦɚ;  
 ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ; 
 ɩɨɥɭɱɟɧɢɹ ɤɨɨɪɞɢɧɚɬ X,Y,Z ɫɪɟɞɵ ɢ ɨɛɴɟɤɬɨɜ; 

2) ɜɬɨɪɚɹ ɩɪɨɝɪɚɦɦɚ;  
 ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ; 
 ɫɢɧɬɟɡ ɬɪɚɟɤɬɨɪɢɢ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ; 
 3D ɫɢɦɭɥɹɰɢɹ; 

3) ɢɧɬɟɪɮɟɣɫ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɜ ɆɊɄ;  
ɉɪɨɝɪɚɦɦɵ ɉɄ ɩɟɪɟɞɚɸɬ ɞɚɧɧɵɟ ɞɪɭɝ ɞɪɭɝɭ ɩɪɢ ɩɨɦɨɳɢ ɮɚɣɥɨɜɨɣ 

ɫɢɫɬɟɦɵ ɉɄ. ɉɄ ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ ɩɨ Wi-Fi ɫɟɬɢ ɞɥɹ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɨ ɜɬɨɪɵɦ 
ɭɪɨɜɧɟɦ ɭɩɪɚɜɥɟɧɢɹ. Ʉɚɦɟɪɚ ɩɟɪɟɞɚɟɬ ɞɚɧɧɵɟ ɩɨ USB, ɧɨ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɞɫɨɟɞɢɧɢɬɶ ɤɚɦɟɪɭ ɤ ɩɨɪɬɭ MyRio, ɢ ɭɫɬɚɧɨɜɢɬɶ ɩɪɨɝɪɚɦɦɭ ɨɛɪɚɛɨɬɤɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɫɢɧɬɟɡɚ ɬɪɚɟɤɬɨɪɢɢ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɧɚ ɤɨɧɬɪɨɥɥɟɪ. 

ɉɨɪɹɞɨɤ ɞɟɣɫɬɜɢɣ ɨɩɟɪɚɬɨɪɚ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ ɨɛɴɟɤɬɟ:  
1) ɩɨɞɤɥɸɱɟɧɢɟ ɤ ɧɚɩɪɹɠɟɧɢɸ ɜɫɟɯ ɭɫɬɪɨɣɫɬɜ ɆɊɄ; 
2) ɩɪɨɜɟɪɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ  ɪɟɡɭɥɶɬɚɬɨɜ ɚɥɝɨɪɢɬɦɨɜ: 

 ɨɛɪɚɛɨɬɤɢ  ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɨɥɭɱɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɩɪɟɩɹɬɫɬɜɢɣ, 
 ɩɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ, 

3) ɩɟɪɟɧɨɫ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɬɪɚɟɤɬɨɪɢɣ ɫɨɱɥɟɧɟɧɢɣ ɫ ɢɧɬɟɪɮɟɣɫɚ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɢ ɫɢɧɬɟɡɚ ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɣ   ɜ 
ɢɧɬɟɪɮɟɣɫ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɜ ɆɊɄ; 

4) ɜɤɥɸɱɢɬɶ ɤɧɨɩɤɭ ɝɨɬɨɜɧɨɫɬɢ ɤ ɪɚɛɨɬɟ ɜɫɟɯ ɩɪɢɜɨɞɨɜ; 
5) ɜɤɥɸɱɢɬɶ ɤɧɨɩɤɭ ɡɚɩɭɫɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ; 
6) ɤɨɧɬɪɨɥɶ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ; 
7) ɜɵɤɥɸɱɢɬɶ ɤɧɨɩɤɭ ɝɨɬɨɜɧɨɫɬɢ ɤ ɪɚɛɨɬɟ ɜɫɟɯ ɩɪɢɜɨɞɨɜ. 
Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɜɬɨɪɨɣ ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɞɚɱɭ 

ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɢɜɨɞɚ ɆɊɄ,  ɤɨɪɪɟɤɬɢɪɨɜɤɭ ɢ 
ɫɨɝɥɚɫɨɜɚɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɢɜɨɞɨɜ ɆɊɄ, ɚ ɬɚɤ ɠɟ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɫ ɧɢɠɧɟɝɨ 
ɭɪɨɜɧɹ ɧɚ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ. Ⱦɚɧɧɵɣ ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɤɨɧɬɪɨɥɥɟɪɟ MyRio, ɬɚɤ ɤɚɤ ɭ ɤɨɧɬɪɨɥɥɟɪɚ ɛɨɥɶɲɟ ɩɨɪɬɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ.  

Ⱦɥɹ ɤɚɠɞɨɝɨ ɩɪɢɜɨɞɚ ɆɊɄ ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɹ ɨɬɞɟɥɶɧɚɹ ɫɢɫɬɟɦɚ 
ɭɩɪɚɜɥɟɧɢɹ (ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ), ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɚ ɬɚɤ ɠɟ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɨ ɫɨɫɬɨɹɧɢɢ 
ɩɪɢɜɨɞɚ. Ⱦɥɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚ ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ 
ɤɨɧɬɪɨɥɥɟɪ MyRio ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚ ɤɨɧɬɪɨɥɥɟɪɟ Arduino.  
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ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɨɞɟɥɢ ɩɪɢɜɨɞ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4.2 
ɉɄ ɮɨɪɦɢɪɭɟɬ ɜɟɤɬɨɪ ɩɟɪɟɦɟɳɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɱɥɟɧɟɧɢɹ,  ɨɬɩɪɚɜɥɹɟɬ 

ɧɚ ɤɨɧɬɪɨɥɥɟɪ Myrio, ɤɨɬɨɪɵɣ ɜɵɛɢɪɚɟɬ ɢɧɞɟɤɫ ɷɥɟɦɟɧɬɚ ɜɟɤɬɨɪɚ ɡɚɞɚɧɢɹ 
ɩɨɥɨɠɟɧɢɹ ɞɥɹ ɤɚɠɞɨɝɨ ɩɪɢɜɨɞɚ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ.  Ɋɟɚɥɢɡɚɰɢɸ 
ɡɚɞɚɧɢɹ ɩɨɥɨɠɟɧɢɹ ɩɪɢɜɨɞɚ ɜɵɩɨɥɧɹɟɬ ɤɨɧɬɪɨɥɥɟɪ Arduino ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ 
MyRio ɞɥɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. ɂɧɞɟɤɫ ɡɚɞɚɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ ɩɨɫɥɟ 
ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɧɢɹ ɞɥɹ  ɜɫɟɯ ɩɪɢɜɨɞɨɜ. ɉɪɢ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɢ ɢɥɢ 
ɨɬɤɥɨɧɟɧɢɢ ɨɬ ɬɪɚɟɤɬɨɪɢɢ ɫɥɟɞɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɡɚɞɚɧɢɣ ɤɨɪɪɟɤɬɢɪɭɸɬɫɹ.  

ɉɨɤɚɡɚɬɟɥɢ ɤɚɱɟɫɬɜɚ ɋɍ:  
 ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ (ɪɢɫɭɧɨɤ 4.3); 
 ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɩ-ɩ) (ɪɢɫɭɧɨɤ 4.3); 
 ɭɫɬɨɣɱɢɜɨɫɬɶ; 
 ɧɟɥɢɧɟɣɧɨɫɬɶ (ɩɭɥɶɫɢɪɭɟɦɨɫɬɶ) (ɪɢɫɭɧɨɤ 4.5). 
ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ:  
 ɡɚɞɟɪɠɤɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɨɥɹɪɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ; 
 ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ 

1) ɫɤɨɪɨɫɬɶ ɭɛɵɜɚɧɢɹ ɒɂɆ  (ɪɢɫɭɧɨɤ 4.8); 
2) ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ (ɪɢɫɭɧɨɤ 4.7); 
3) ɨɝɪɚɧɢɱɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ (ɪɢɫɭɧɨɤ 4.12);  
4) ɜɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ (ɪɢɫɭɧɨɤ 4.6).  

 ɤɨɷɮɮɢɰɢɟɧɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ;  

Ɋɢɫɭɧ
ɨɤ 4.1 

- 
ɋɬɪɭɤ
ɬɭɪɧɚɹ 
ɫɯɟɦɚ 
ɤɨɦɦɭ
ɧɢɤɚɰ

ɢɢ 
ɚɩɩɚɪɚ
ɬɧɵɯ  

ɢ 
ɩɪɨɝɪɚ
ɦɦɧɵɯ 
ɫɪɟɞɫɬ

ɜ 
ɫɢɫɬɟɦ

ɵ 
ɭɩɪɚɜɥ
ɟɧɢɹ 
ɆɊɄ 



  

ɉɟɪɜ. ɩɪɢɦɟɧ. ɋɩɪɚɜ. № ɉɨɞɩɢɫь ɢ ɞɚɬɚ ɂɧɜ. № ɞɭɛɥ. ȼɡɚɦ. ɢɧɜ. № ɉɨɞɩɢɫь ɢ ɞɚɬɚ ɂɧɜ. № ɩɨɞɥ. 
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Ɋɢɫɭɧɨɤ 
4.2 - 
ɋɬɪɭɤɬɭɪɧ
ɚɹ ɫɯɟɦɚ 
ɦɨɞɟɥɢ 
ɩɪɢɜɨɞɚ 
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ȼɚɠɧɟɣɲɢɣ ɩɨɤɚɡɚɬɟɥɶ ɤɚɱɟɫɬɜɚ ɋɍ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ (ɩ-ɩ), 
ɜɪɟɦɹ ɤɨɬɨɪɨɝɨ ɞɨɥɠɧɨ ɛɵɬɶ ɦɢɧɢɦɚɥɶɧɵɦ [10]. 

.  

 
ɚ) ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɤ ɩ-ɩ  ɛ) ɷɤɫɩɟɪɢɦɟɧɬ ɤɨɥɟɫɚ 1 ɆɊ 

Ɋɢɫɭɧɨɤ 4.3 - ȼɪɟɦɹ ɩ-ɩ ɢ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ 
 

ɉɪɢɦɟɪ ɧɟɭɫɬɨɣɱɢɜɨɣ ɫɢɫɬɟɦɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4.4.  
 

 
Ɋɢɫɭɧɨɤ 4.4– ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɝɪɚɮɢɤ ɩ-ɩ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɚ ɧɚ ɝɪɚɧɢɰɵ 

ɭɫɬɨɣɱɢɜɨɫɬɢ  
 

ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɧɟɥɢɧɟɣɧɵɣ (ɪɢɫɭɧɨɤ 4.5) ɢɡ-ɡɚ ɞɢɫɤɪɟɬɧɨɫɬɢ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ. 

 
ɚ) ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɵɣ ɝɪɚɮɢɤ ɩ-ɩ   ɛ) ɷɤɫɩɟɪɢɦɟɧɬ ɤɨɥɟɫɚ 1 ɆɊ 

Ɋɢɫɭɧɨɤ 4.5 - ɇɟɥɢɧɟɣɧɨɫɬɶ 
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ȼɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɭɱɟɬɚ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɢ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ. ȼɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɧɚɯɨɞɢɬɫɹ 
ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ:                                 .  

 
Ɋɢɫɭɧɨɤ 4.6– ȼɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 

 
ɉɨɞ ɫɤɨɪɨɫɬɶɸ ɜɨɡɪɚɫɬɚɧɢɹ/ɭɛɵɜɚɧɢɹ ɒɂɆ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɫɤɨɥɶɤɨ 

ɩɪɨɰɟɧɬɨɜ ɒɂɆ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ/ɭɛɵɜɚɬɶ ɡɚ ɰɢɤɥ ɩɪɨɝɪɚɦɦɵ, ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɡɚɞɚɧɢɹ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɢɥɢ ɫ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ 
ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ.  

 

 
ɚ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ   ɛ) ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ  

Ɋɢɫɭɧɨɤ 4.7 - Ƚɪɚɮɢɤ ɡɚɩɨɥɧɟɧɢɹ ɒɂɆ ɨɬ ɜɪɟɦɟɧɢ 

 
ɚ) ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɭɛɵɜɚɧɢɹ ɒɂɆ  ɛ) ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɭɛɵɜɚɧɢɹ ɒɂɆ 

Ɋɢɫɭɧɨɤ 4.8 - Ƚɪɚɮɢɤ ɡɚɩɨɥɧɟɧɢɹ ɒɂɆ ɨɬ ɜɪɟɦɟɧɢ 
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ɚ) ɩ-ɩ      ɛ) ɝɪɚɮɢɤ ɡɚɩɨɥɧɟɧɢɟ ɒɂɆ  

Ɋɢɫɭɧɨɤ 4.9 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɝɪɚɮɢɤɢ 1 ɤɨɥɟɫɚ ɆɊ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɒɂɆ ɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɫɧɢɠɟɧɢɹ ɒɂɆ 

 

     
ɚ) ɩ-ɩ    ɛ) ɝɪɚɮɢɤ ɡɚɩɨɥɧɟɧɢɟ ɒɂɆ  

Ɋɢɫɭɧɨɤ 4.10 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɝɪɚɮɢɤɢ 1 ɤɨɥɟɫɚ ɆɊ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɭɛɵɜɚɧɢɹ ɒɂɆ ɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɡɚɩɨɥɧɟɧɢɹ ɒɂɆ  

 

   
ɚ) ɩ-ɩ     ɛ) ɝɪɚɮɢɤ ɡɚɩɨɥɧɟɧɢɟ ɒɂɆ  

Ɋɢɫɭɧɨɤ 4.11 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɝɪɚɮɢɤɢ 1 ɤɨɥɟɫɚ ɆɊ ɩɪɢ ɫɪɟɞɧɢɯ 
ɫɤɨɪɨɫɬɹɯ ɭɛɵɜɚɧɢɹ/ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ 
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Ɉɝɪɚɧɢɱɟɧɢɟ ɒɂɆ (ɪɢɫɭɧɨɤ 4.12) ɜɥɢɹɟɬ ɧɚ ɬɨɤ, ɦɨɦɟɧɬ, ɫɤɨɪɨɫɬɶ 
ɩɪɢɜɨɞɚ.  

 
Ɋɢɫɭɧɨɤ 4.12 –Ƚɪɚɮɢɤ ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɩɨɥɧɟɧɢɹ ɒɂɆ 

 

     
ɚ) ɩ-ɩ ɤɨɥɟɫɚ 1 ɆɊ    ɛ) ɡɚɩɨɥɧɟɧɢɟ ɒɂɆ  
Ɋɢɫɭɧɨɤ 4.13 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɝɪɚɮɢɤɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɧɨɦ 

ɡɚɩɨɥɧɟɧɢɢ ɒɂɆ ɜ 50% 
 

Ɂɚɞɚɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɞɚɟɬɫɹ ɧɚ ɉ-ɪɟɝɭɥɹɬɨɪ. Ɂɚɞɚɧɢɟ ɫ ɉ-
ɪɟɝɭɥɹɬɨɪɚ ɩɨɞɚɟɬɫɹ ɧɚ ɮɭɧɤɰɢɸ ɮɨɪɦɢɪɨɜɚɧɢɹ  ɧɚɩɪɹɠɟɧɢɹ. ȿɫɥɢ 
ɧɟɞɨɫɬɚɬɨɱɧɨ ɭɪɨɜɧɹ ɫɢɝɧɚɥɚ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɥɹ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɞɥɹ 
ɩɪɟɨɞɨɥɟɧɢɹ ɫɢɥɵ ɬɪɟɧɢɹ, ɬɨ ɜɤɥɸɱɚɟɬɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
(ɤɨɦɩɟɧɫɢɪɭɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ). Ⱦɥɹ ɢɫɤɥɸɱɟɧɢɹ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɢ ɢ 
ɦɢɧɢɦɢɡɚɰɢɢ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɤɥɸɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɫɤɨɪɨɫɬɢ ɪɚɜɧɨɣ 0 ɢ ɜɵɤɥɸɱɟɧɢɟ ɩɪɢ ɫɤɨɪɨɫɬɢ 
ɛɨɥɶɲɟ 1.  ɇɚɩɪɹɠɟɧɢɟ, ɩɨɥɭɱɟɧɧɨɟ ɫ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɢ ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ 
ɭɫɬɪɨɣɫɬɜɚ ɜɨɡɪɚɫɬɚɟɬ ɢɥɢ ɫɧɢɠɚɟɬɫɹ ɩɨ ɥɢɧɟɣɧɨɦɭ ɡɚɤɨɧɭ ɩɪɢ ɩɨɦɨɳɢ 
ɮɭɧɤɰɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ  ɧɚɩɪɹɠɟɧɢɹ.  ɇɚ ɪɢɫɭɧɨɤ 4.14 ɩɨɤɚɡɚɧɚ ɞɢɚɝɪɚɦɦɚ 
ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɣ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.14 – Ⱦɢɚɝɪɚɦɦɚ ɜɵɩɨɥɧɟɧɢɟ ɡɚɞɚɧɢɣ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

 
ɉɪɨɝɪɚɦɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ  ɧɚɩɢɫɚɧɚ ɧɚ ɝɪɚɮɢɱɟɫɤɨɦ ɹɡɵɤɟ 

LabVIEW ɢ FlowCode. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɝɪɚɦɦɵ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
(ɪɢɫɭɧɨɤ 4.15) ɩɪɢɜɨɞɚ ɩɨɤɚɡɵɜɚɟɬ ɫɭɳɟɫɬɜɭɸɳɢɟ ɮɭɧɤɰɢɢ ɢ ɚɤɬɢɜɚɰɢɸ 
ɮɭɧɤɰɢɢ ɞɪɭɝɨɣ ɮɭɧɤɰɢɣ. 
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Ɋɢɫɭɧɨɤ 
4.15 – 

Ɏɭɧɤɰɢɨɧ
ɚɥɶɧɚɹ 
ɫɯɟɦɚ 

ɩɪɨɝɪɚɦɦ
ɵ 

ɩɨɡɢɰɢɨɧɧ
ɨɣ 

ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢ
ɹ ɨɞɧɨɝɨ 

ɫɨɱɥɟɧɟɧɢ
ɹ ɧɚ 

ɨɫɧɨɜɟ 
ɤɢɧɟɦɚɬɢɱ

ɟɫɤɨɣ 
ɦɨɞɟɥɢ 
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ɂɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 3 
ɭɪɨɜɧɹ, ɢ ɧɚɛɥɸɞɚɬɶ ɫɨɫɬɨɹɧɢɟ  ɆɊɄ ɢ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ.   

 

 
Ɋɢɫɭɧɨɤ 4.16 – ɂɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɚ ɆɊɄ 3 ɢ 2 ɭɪɨɜɧɹ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ 
 
ȼ ɢɧɬɟɪɮɟɣɫɟ ɨɩɟɪɚɬɨɪɚ ɜɜɨɞɢɬɫɹ: 

 ɤɨɷɮɮɢɰɢɟɧɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ  
 ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ 
 ɫɤɨɪɨɫɬɶ ɭɦɟɧɶɲɟɧɢɹ ɒɂɆ  
 ɭɪɨɜɟɧɶ ɨɝɪɚɧɢɱɟɧɢɹ ɒɂɆ 
 ɩɟɪɢɨɞ ɬɚɣɦɟɪɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɒɂɆ 
 ɩɟɪɢɨɞ ɬɚɣɦɟɪɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ 
 ɩɨɥɹɪɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ  
 ɫɛɪɨɫ ɫɬɚɪɵɯ ɡɧɚɱɟɧɢɣ ɷɧɤɨɞɟɪɚ 
 ɪɚɡɪɟɲɟɧɢɟ ɞɜɢɠɟɧɢɹ  
 ɪɚɡɪɟɲɟɧɢɟ ɨɬɩɪɚɜɤɢ ɞɚɧɧɵɯ ɧɚ ɦɚɧɢɩɭɥɹɬɨɪ  
 ɪɚɡɪɟɲɟɧɢɟ ɩɪɢɧɹɬɢɹ ɞɚɧɧɵɯ ɫ ɦɚɧɢɩɭɥɹɬɨɪɚ  

ȼ ɢɧɬɟɪɮɟɣɫɟ ɨɩɟɪɚɬɨɪɚ ɜɵɜɨɞɢɬɫɹ:  
 ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɤɚɠɞɨɝɨ ɩɪɢɜɨɞɚ ɆɊɄ  
 ɭɪɨɜɟɧɶ ɒɂɆ ɧɚ ɩɪɢɜɨɞɚɯ ɆɊ 
 ɡɚɞɚɧɢɟ ɨɬ ɪɟɝɭɥɹɬɨɪɚ  
 ɩɪɢɧɹɬɵɟ/ɨɬɩɪɚɜɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɦɚɧɢɩɭɥɹɬɨɪɚ 
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ɚ) ɬɪɚɟɤɬɨɪɢɹ ɤɨɥɟɫ ɆɊ   ɛ) ɒɂɆ ɢ ɡɚɞɚɧɢɟ ɨɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɤɨɥɟɫ ɆɊ 

Ɋɢɫɭɧɨɤ 4.17 – Ƚɪɚɮɢɤɢ ɫ ɢɧɬɟɪɮɟɣɫɚ ɨɩɟɪɚɬɨɪɚ ɩɪɢ ɷɤɫɩɟɪɢɦɟɧɬɟ 
 
 ɇɚ ɝɪɚɮɢɤɚɯ ɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɯɨɞɧɵɟ ɩɪɨɰɟɫɫɵ ɪɚɡɧɵɟ. ɍ ɜɬɨɪɨɝɨ ɤɨɥɟɫɚ 
ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɛɨɥɶɲɟ       ɫɟɤ.  
 

4.2 ɉɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ  
 
ɉɥɚɧɢɪɨɜɚɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɢ ɫɢɧɬɟɡ ɬɪɚɟɤɬɨɪɢɣ ɫɨɱɥɟɧɟɧɢɣ (ɝɥɚɜɚ 

3.1 ɢ 3.2) ɧɚɯɨɞɢɬɫɹ ɧɚ 1 ɭɪɨɜɧɟ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ. Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɬɨɞ 
ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ ɭɫɥɨɜɢɹɯ ɫ ɩɪɟɩɹɬɫɬɜɢɹɦɢ. Ɍɚɤ ɠɟ 
ɛɵɥɚ ɢɧɬɟɝɪɢɪɨɜɚɧɚ ɫɪɟɞɚ ɪɚɡɪɚɛɨɬɤɢ labview ɫ solidWorks ɞɥɹ ɫɢɦɭɥɢɪɨɜɚɧɢɹ 
ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. Ɋɚɡɪɚɛɨɬɚɧ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɜ ɫɪɟɞɟ ɫ ɩɪɟɩɹɬɫɬɜɢɹɦɢ.  

Ⱦɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɩɹɬɫɬɜɢɣ ɧɟɨɛɯɨɞɢɦɨ: 
1. ɉɨɥɭɱɢɬɶ ɡɧɚɱɟɧɢɹ: 
1) ɤɨɨɪɞɢɧɚɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ x0 y0 ɢ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ xk yk (ɩɨɡ. 1 ɢ 2 

ɪɢɫɭɧɨɤ 4.18) ɢ (ɩɨɡ.1 ɪɢɫɭɧɨɤ 4.20); 
2) ɧɚɱɚɥɶɧɵɣ ɭɝɨɥ ɪɨɛɨɬɚ ɢ ɤɨɧɟɱɧɵɣ(ɪɢɫɭɧɨɤ 4.20) ɢ (ɩɨɡ. 2 ɪɢɫɭɧɨɤ 

4.18); 
3) ɤɨɨɪɞɢɧɚɬɵ ɩɪɟɩɹɬɫɬɜɢɣ (ɩɨɡ. 3 ɢ 4 ɪɢɫɭɧɨɤ 4.20) ɢ (3 ɪɢɫɭɧɨɤ 4.18); 
4) ɪɚɡɦɟɪɵ ɨɛɥɚɫɬɢ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɯ ɢ ɭ(ɩɨɡ. 4 ɪɢɫɭɧɨɤ 4.18); 
5) ɡɧɚɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɰɟɧɬɪɚ ɦɟɠɞɭ ɨɫɹɦɢ ɤɨɥɟɫ ɞɨ ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɚɥɶɧɟɣ ɬɨɱɤɢ ɪɨɛɨɬɚ (ɪɢɫɭɧɨɤ 4.20) ɢ (ɩɨɡ. 5 ɪɢɫɭɧɨɤ 4.18); 
6) ɜɪɟɦɹ ɩɟɪɟɯɨɞɚ ɨɬ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɤ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ (6 ɪɢɫɭɧɨɤ 

4.18). 
 ɩɨɥɭɱɢɬɶ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ (ɪɢɫɭɧɨɤ 4.18); 
 ɩɨɥɭɱɢɬɶ ɱɟɪɟɡ ɮɚɣɥ (ɪɢɫɭɧɨɤ 4.18) . 

7) ɦɟɬɨɞ ɚɩɩɪɨɤɫɢɦɚɰɢɢ (ɩɨɡ. 7 ɪɢɫɭɧɨɤ 4.18) 
2. ɋɮɨɪɦɢɪɨɜɚɬɶ 2D ɨɛɥɚɫɬɶ (ɦɚɬɪɢɰɭ)ɢɫɯɨɞɹ ɢɡ ɦɚɤɫɢɦɚɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɯ ɢ ɭ 
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3. ɉɨɥɭɱɢɬɶ ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɬɪɚɟɤɬɨɪɢɸ. Ⱥɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ  x0 y0 ɢ 
xk yk ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ: 
 ɭɜɟɥɢɱɢɬɶ  2D ɨɛɥɚɫɬɶ; 
 ɭɜɟɥɢɱɢɬɶ ɩɪɟɩɹɬɫɬɜɢɹ; 
 ɩɪɟɞɫɬɚɜɢɬɶ ɪɨɛɨɬɚ ɜ ɜɢɞɟ ɬɨɱɤɢ; 
 ɞɨɛɚɜɢɬɶ ɩɪɟɩɹɬɫɬɜɢɹ ɜ 2D ɨɛɥɚɫɬɶ. 

4. ɇɚɣɬɢ ɬɨɱɤɭ ɫɬɨɥɤɧɨɜɟɧɢɹ: 
 ɬɪɚɟɤɬɨɪɢɸ ɩɟɪɟɜɟɫɬɢ ɜ ɦɚɬɪɢɱɧɵɣ ɜɢɞ ɢ ɫɪɚɜɧɢɬɶ ɫ 2D ɨɛɥɚɫɬɶɸ; 
 ɧɚɣɬɢ ɩɟɪɜɭɸ ɫɬɨɱɤɭ ɫɬɨɥɤɧɨɜɟɧɢɹ. 

5. ɇɚɣɬɢ ɧɨɜɭɸ ɬɨɱɤɭ ɦɟɠɞɭ ɫɬɚɪɵɦɢ ɬɨɱɤɚɦɢ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɬɨ 
ɟɫɬɶ ɞɥɹ ɧɨɜɨɣ ɬɪɚɟɤɬɨɪɢɢ (ɩɨɡ. 7 ɪɢɫɭɧɨɤ 4.20) 

 

 

 
Ɋɢɫɭɧɨɤ 4.18 – ɂɧɬɟɪɮɟɣɫ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɢ ɫɢɧɬɟɡ 

ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɣ. 
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ɉɟɪɫɨɧɚɥɶɧɚɹ ɥɢɬɟɣɧɚɹ ɬɪɚɟɤɬɨɪɢɹ ɩɥɚɧɢɪɭɟɬɫɹ ɧɚ ɨɫɧɨɜɟ ɧɚɱɚɥɶɧɨɣ ɯ0 ɢ 
ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ xk. ȿɫɥɢ ɛɵɥɨ ɧɚɣɞɟɧɚ ɬɨɱɤɚ ɫɬɨɥɤɧɨɜɟɧɢɟ ɩɟɪɜɨɧɚɱɚɥɶɧɨɣ 
ɬɪɚɟɤɬɨɪɢɢ ɬɨ, ɜ ɩɨɫɥɟɞɫɬɜɢɢ, ɛɭɞɟɬ ɧɚɣɞɟɧɚ ɧɨɜɚɹ ɬɨɱɤɚ, ɤɨɬɨɪɚɹ ɢɡɦɟɧɢɬ 
ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɬɪɚɟɤɬɨɪɢɸ. Ⱥɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ɢɥɢ ɢɧɬɟɪɩɨɥɢɪɨɜɚɬɶ 
ɥɨɦɚɧɭɸ ɬɪɚɟɤɬɨɪɢɢ ɦɨɠɧɨ ɧɟɫɤɨɥɶɤɢɦɢ   ɮɭɧɤɰɢɹɦɢ: liner, Spline, cobic 
(ɪɢɫɭɧɨɤ 4.19).  

 

 
Ɋɢɫɭɧɨɤ 4.19– ɉɪɢɦɟɪ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

 
ɂɡ ɜɟɤɬɨɪɚ Xf =[ɯ0, tx0 txk,xk]  ɢ Yf =[y0, ty0 tyk,yk]  ɩɨɫɥɟ ɚɩɩɪɨɤɫɢɦɚɰɢɢ 

ɫɬɚɧɞɚɪɬɧɨɣ ɮɭɧɤɰɢɟɣ LabView ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ  X(tx0,…,txk)=(ɯ0,…,xk; 
tx0,…,txk) ɢ Y(ty0,…,tyk)= (y0,…,yk; ty0,…,tyk), ɫɨɫɬɨɹɳɭɸ ɢɡ ɞɜɭɯ ɜɟɤɬɨɪɨɜ: 1ɣ 
ɜɟɤɬɨɪ -  ɤɨɨɪɞɢɧɚɬɵ; 2ɣ ɜɟɤɬɨɪ - ɜɪɟɦɹ ɞɥɹ ɤɚɠɞɨɣ ɤɨɨɪɞɢɧɚɬɵ [14].  

 

 
Ɋɢɫɭɧɨɤ 4.20 – Ɉɛɥɚɫɬɶ ɞɜɢɠɟɧɢɹ ɫ ɧɚɱɚɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɟɣ ɛɟɡ ɨɛɴɟɡɞɚ 

ɩɪɟɩɹɬɫɬɜɢɣ 
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Ɉɬ ɬɨɱɤɢ ɫɬɨɥɤɧɨɜɟɧɢɹ  ɨɬɤɥɚɞɵɜɚɸɬɫɹ «ɲɚɝɢ» ɩɨ ɞɢɚɝɨɧɚɥɢ, ɨɬ 
ɩɪɟɞɵɞɭɳɟɣ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɞɨ ɞɢɚɝɨɧɚɥɶɧɵɯ ɬɨɱɟɤ ɩɪɨɜɨɞɹɬɫɹ ɥɭɱɢ. Ʌɭɱɢ 
ɩɪɨɜɟɪɹɟɬɫɹ ɧɚ ɧɚɥɢɱɢɟ ɫɬɨɥɤɧɨɜɟɧɢɹ, ɢ ɨɬɫɟɢɜɚɸɬɫɹ ɩɪɢ ɫɬɨɥɤɧɨɜɟɧɢɢ. ɂɡ 
ɨɫɬɚɜɲɢɯɫɹ  ɧɨɜɵɯ ɬɨɱɟɤ ɩɪɨɜɨɞɢɬɫɹ ɪɚɞɢɭɫɵ ɤ ɬɨɱɤɟ ɤɨɧɟɱɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɢ ɜɵɛɢɪɚɟɬɫɹ ɬɨɱɤɚ ɫɚɦɚɹ ɛɥɢɡɤɚɹ.   

 
Ɋɢɫɭɧɨɤ 4.21 – ȼɢɡɭɚɥɢɡɚɰɢɹ ɞɢɚɝɨɧɚɥɶɧɵɯ ɧɨɜɵɯ ɬɨɱɟɤ ɢ ɥɭɱɟɣ 

ɩɪɨɜɟɪɤɢ 
 
ȿɫɥɢ ɩɨɫɥɟ ɩɨɫɬɪɨɟɧɢɹ ɧɨɜɨɣ ɬɪɚɟɤɬɨɪɢɢ ɛɵɥɚ ɧɚɣɞɟɧɚ ɧɨɜɚɹ ɬɨɱɤɚ 

ɫɬɨɥɤɧɨɜɟɧɢɹ (ɪɢɫɭɧɨɤ 4.22), ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɧɨɜɨɣ ɬɨɱɤɢ ɩɨɜɬɨɪɹɟɬɫɹ, ɞɨ ɬɟɯ 
ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɫɬɨɥɤɧɨɜɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.22 – Ɇɚɬɪɢɱɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɥɚɫɬɢ ɢ ɜɢɡɭɚɥɶɧɨɟ 

ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ 
 
ȼɫɟ ɬɭɩɢɤɢ (ɡɨɧɵ ɛɟɡ ɜɵɯɨɞɚ)  (1 ɩɨɡ. ɛ ɪɢɫɭɧɨɤ 4.23) ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

ɩɪɟɩɹɬɫɬɜɢɣ(ɡɚɲɬɪɢɯɨɜɚɬɶ), ɩɨɥɭɱɢɬɫɹ ɧɨɜɵɣ ɥɚɛɢɪɢɧɬ ɫ ɦɟɧɶɲɢɦ 
ɤɨɥɢɱɟɫɬɜɨɦ ɬɭɩɢɤɨɜ. ɉɨɹɜɢɜɲɢɟɫɹ ɧɨɜɵɟ ɬɭɩɢɤɢ  ɧɟɨɛɯɨɞɢɦɨ  ɩɪɟɞɫɬɚɜɢɬɶ ɜ 
ɜɢɞɟ ɩɪɟɩɹɬɫɬɜɢɣ (2 ɩɨɡ. ɛ ɪɢɫɭɧɨɤ 4.23). ɐɢɤɥ ɩɨɜɬɨɪɹɟɬɫɹ ɩɨɤɚ ɧɟ ɨɫɬɚɧɟɬɫɹ 
ɬɭɩɢɤɨɜ. 

 

     
ɚ)ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ    ɛ) ɬɪɟɬɶɹ ɢɬɟɪɚɰɢɹ ɛɥɨɤɢɪɨɜɤɢ ɬɭɩɢɤɚ ɜ) ɪɟɡɭɥɶɬɚɬ 

Ɋɢɫɭɧɨɤ 4.23 – ɉɪɟɞɫɬɚɜɥɟɧɢɟ ɥɚɛɢɪɢɧɬɚ ɫ ɛɥɨɤɢɪɨɜɤɨɣ ɬɭɩɢɤɨɜ 
 

Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɚɯ 
4.24, 4.25, 4.26. 
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ɚ)ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ  ɛ)ɩɟɪɜɚɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ  ɚ) ɜɬɨɪɚɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ 

Ɋɢɫɭɧɨɤ 4.24 – Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 
 

 
ɛ) ɬɪɟɬɶɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ ɚ) ɱɟɬɜɟɪɬɚɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ ɛ) ɩɹɬɚɹ ɢɬɟɪɚɰɢɹ  

Ɋɢɫɭɧɨɤ 4.25 – Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 
 

    
ɚ) ɲɟɫɬɚɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ     ɛ) ɫɟɞɶɦɚɹ ɢɬɟɪɚɰɢɹ ɩɨɢɫɤɚ 
Ɋɢɫɭɧɨɤ 4.26 – Ɋɚɛɨɬɚ ɩɪɨɝɪɚɦɦɵ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ 

 
ɇɚ ɪɢɫɭɧɤɟ 4.27 ɩɪɟɞɫɬɚɜɥɟɧ ɜɚɪɢɚɧɬ ɨɛɥɚɫɬɢ ɞɜɢɠɟɧɢɹ ɆɊɄ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɧɚ ɜɟɪɯɧɟɦ ɭɪɨɜɧɟ ɭɩɪɚɜɥɟɧɢɹ, ɢɫɯɨɞɹ ɢɡ ɬɟɤɭɳɟɣ ɫɢɬɭɚɰɢɢ ɢ 
ɩɥɚɧ-ɝɪɚɮɢɤɚ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɨɧ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ. 
ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɢ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 4.27 – Ɉɛɥɚɫɬɶ ɞɜɢɠɟɧɢɹ ɆɊɄ 

 
ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɡɞɚɟɬɫɹ ɨɝɪɚɧɢɱɟɧɧɚɹ ɨɛɥɚɫɬɶ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɆɊɄ. Ɉɛɴɟɤɬɵ ɍɂȽɉɄ ɧɚɧɨɫɹɬɫɹ ɧɚ ɤɚɪɬɭ, ɞɚɥɟɟ ɫɬɪɨɢɬɫɹ 
ɩɟɪɟɦɟɳɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 4.28 ɩɨɫɬɪɨɟɧɚ ɬɪɚɟɤɬɨɪɢɹ ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ 
ɫɩɥɚɣɧ.   

 

 
Ɋɢɫɭɧɨɤ 4.28 - ɋɮɨɪɦɢɪɨɜɚɧɧɚɹ ɬɪɚɟɤɬɨɪɢɹ 

 
Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɫɢɦɭɥɹɰɢɢ ɩɪɨɯɨɠɞɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ (ɪɢɫɭɧɨɤ 

4.29) ɦɨɞɟɥɢ ɆɊɄ ɜ SolidWorks.  
 

 
Ɋɢɫɭɧɨɤ 4.29– 3D ɦɨɞɟɥɶ ɆɊɄ 



 

 

ɉ
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
. 

ɋ
ɩɪ

ɚɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

ȼ
ɡɚ

ɦ
. ɢ

ɧɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɩ
ɨɞ

ɥ.
 

 
 

 
 

 

ɂɡɦ. Лɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

77 
ȻɊ 15.03.06 - ɉɁ 

 

 
Ɋɢɫɭɧɨɤ 4.30 – 3D ɫɢɦɭɥɹɰɢɹ ɆɊɄ 
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Ɋɢɫɭɧɨɤ 4.31 – 3D ɫɢɦɭɥɹɰɢɹ ɆɊɄ 

 
ɉɨ ɩɨɥɭɱɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɪɟɲɚɟɬɫɹ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ 

ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɣ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. 
Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɞɥɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢɦɟɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 
ɪɟɲɟɧɢɟ (ɝɥɚɜɚ 3.1 ɢ 3.2). Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɣ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ ɬɨɥɶɤɨ ɞɜɟ ɬɨɱɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɯɜɚɬɚ – 
ɬɨɱɤɭ  ɫɠɚɬɢɹ/ɪɚɡɠɚɬɵɟ ɢ ɧɚɱɚɥɶɧɭɸ ɬɨɱɤɭ. ȼ ɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ ɧɟ 
ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɟɩɹɬɫɬɜɢɹ ɞɥɹ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɬɚɤ ɤɚɤ ɩɨɞɪɚɡɭɦɟɜɚɟɬɫɹ, ɱɬɨ 
ɞɟɬɚɥɶ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɨɥɭ ɛɟɡ ɩɪɟɩɹɬɫɬɜɢɣ. ɉɨɫɬɪɨɟɧɧɵɟ ɬɪɚɟɤɬɨɪɢɢ 
ɫɨɱɥɟɧɟɧɢɣ ɭɦɧɨɠɚɟɬɫɹ ɧɚ ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ (ɪɢɫɭɧɨɤ 4.32) ɢ ɡɚɩɢɫɵɜɚɸɬɫɹ 
ɜ ɮɚɣɥ. 

Ƚɚɛɚɪɢɬɵ ɆɊ:  
 ɞɢɚɦɟɬɪ ɤɨɥɟɫɚ 45 ɫɦ; 
 ɤɨɥɢɱɟɫɬɜɨ ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ ɡɚ ɩɨɥɧɵɣ ɨɛɨɪɨɬ 1500; 
 ɧɚ ɨɞɢɧ ɢɦɩɭɥɶɫ ɩɪɢɯɨɞɢɬɫɹ 0,03 ɝɪɚɞɭɫɚ ɨɛɨɪɨɬɚ ɤɨɥɟɫɚ ɢɥɢ 0,094 

ɫɦ ɩɪɨɣɞɟɧɧɨɝɨ ɩɭɬɢ.  
 

 
Ɋɢɫɭɧɨɤ 4.31 – Ɋɚɫɱɟɬ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ 
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ɋɮɨɪɦɢɪɨɜɚɧɧɵɟ ɮɚɣɥɵ ɫ ɬɪɚɟɤɬɨɪɢɟɣ ɫɨɱɥɟɧɟɧɢɹ (ɪɢɫɭɧɨɤ 4.33 ɢ 4.34) 
ɨɬɩɪɚɜɥɹɟɬɫɹ ɜ ɢɧɬɟɪɮɟɣɫ (ɪɢɫɭɧɨɤ 4.16) ɨɩɟɪɚɬɨɪɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ. 

 

 
Ɋɢɫɭɧɨɤ 4.32 – Ɏɚɣɥ ɫ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊ 

 

 
Ɋɢɫɭɧɨɤ 4.33 – Ɏɚɣɥ ɫ ɜɟɤɬɨɪɨɦ ɬɪɚɟɤɬɨɪɢɢ ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ ɆɊ 

 

  
Ɋɢɫɭɧɨɤ 4.34 – Ɏɚɣɥ ɫ ɜɟɤɬɨɪɨɦ ɬɪɚɟɤɬɨɪɢɢ ɜɬɨɪɨɝɨ ɤɨɥɟɫɚ ɆɊ 

 
4.3 Ɉɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ  
 
ɋɢɫɬɟɦɚɦɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (ɋɌɁ) ɧɚɡɵɜɚɸɬ ɫɟɧɫɨɪɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɩɨɥɭɱɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɛɨɱɢɯ ɫɰɟɧ ɢ ɨɛɴɟɤɬɨɜ, ɢɯ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɨɛɪɚɛɨɬɤɭ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɫ ɩɨɦɨɳɶɸ ɗȼɆ, ɚ ɬɚɤɠɟ 
ɩɟɪɟɞɚɱɭ ɪɟɡɭɥɶɬɚɬɨɜ ɭɩɪɚɜɥɹɸɳɟɦɭ ɭɫɬɪɨɣɫɬɜɭ ɪɨɛɨɬɚ. ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ 
ɫɢɫɬɟɦ ɨɱɭɜɫɬɜɥɟɧɢɹ ɪɨɛɨɬɨɜ ɋɌɁ ɨɛɥɚɞɚɸɬ ɧɚɢɛɨɥɶɲɟɣ ɢɧɮɨɪɦɚɬɢɜɧɨɣ 
ɟɦɤɨɫɬɶɸ, ɨɛɟɫɩɟɱɢɜɚɹ ɩɨ ɧɟɤɨɬɨɪɵɦ ɨɰɟɧɤɚɦ ɨɬ 80 ɞɨ 90% ɜɫɟɣ ɧɟɨɛɯɨɞɢɦɨɣ 
ɞɥɹ ɭɫɩɟɲɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ ɢɧɮɨɪɦɚɰɢɢ. 

Ɍɟɯɧɢɱɟɫɤɨɟ, ɢɥɢ ɦɚɲɢɧɧɨɟ, ɡɪɟɧɢɟ ɪɟɚɥɢɡɭɟɬ ɫɥɨɠɧɵɣ ɩɪɨɰɟɫɫ 
ɜɵɞɟɥɟɧɢɹ, ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɢɞɟɨɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɣ 
ɫɨɞɟɪɠɢɬ ɲɟɫɬɶ ɨɫɧɨɜɧɵɯ ɷɬɚɩɨɜ: 1) ɩɨɥɭɱɟɧɢɟ (ɜɨɫɩɪɢɹɬɢɟ) ɢɧɮɨɪɦɚɰɢɢ; 2) 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ; 3) ɫɟɝɦɟɧɬɚɰɢɹ; 4) ɨɩɢɫɚɧɢɟ; 5) ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢ 6) 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ. 
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Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ ɧɚ ɪɢɫɭɧɤɟ 4.35. 

 

 
Ɋɢɫɭɧɨɤ 4.35 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ 

 

 
Ɋɢɫɭɧɨɤ 4.36 – ɂɧɬɟɪɮɟɣɫ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ 

 
ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ ɧɚ ɛɥɨɤ «IMAQ ReadFile» ɩɨɫɬɭɩɚɟɬ 

ɢɡɨɛɪɚɠɟɧɢɟ, ɫ ɤɨɬɨɪɵɦ ɛɭɞɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɞɚɥɶɧɟɣɲɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. Ⱦɚɥɟɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɫɬɭɩɚɟɬ ɧɚ ɛɥɨɤɢ «IVA Image Buffer» ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɤɨɩɢɣ ɜ 
5 ɢ 6 ɹɱɟɣɤɚɯ ɩɚɦɹɬɢ  ɞɥɹ ɢɡɛɟɝɚɧɢɹ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɨɲɢɛɨɤ ɩɪɢ ɪɚɛɨɬɟ ɨɞɧɨɣ 
ɤɨɩɢɢ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɪɚɡɧɵɦɢ ɮɢɥɶɬɪɚɦɢ. Ɂɚɬɟɦ ɢɡɨɛɪɚɠɟɧɢɟ ɢɡ 6 ɹɱɟɣɤɢ 
ɜɵɝɪɭɠɚɟɬɫɹ ɢ ɢɞɟɬ ɧɚ ɛɥɨɤ «IMAQ ExtractSingleColorPlane» ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ RGB ɢɡɨɛɪɚɠɟɧɢɹ ɜ HSV, ɩɨɫɥɟ ɱɟɝɨ ɫɧɨɜɚ ɩɨɩɚɞɚɟɬ ɧɚ ɛɥɨɤɢ 
«IVA Image Buffer»  ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɜ ɛɭɮɟɪ ɜ 0 ɢ 1 ɹɱɟɣɤɚɯ. Ⱦɚɥɟɟ ɢɡ ɹɱɟɣɤɢ 0 
ɢɡɨɛɪɚɠɟɧɢɟ  ɩɨɩɚɞɚɟɬ ɧɚ ɛɥɨɤɢ «RobCol» ɢ «Rob» ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɩɨɢɫɤɚ 
ɤɨɨɪɞɢɧɚɬ ɪɨɛɨɬɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɢ ɢɡɨɛɪɚɠɟɧɢɟ ɜɵɜɨɞɹɬɫɹ ɧɚ ɥɢɰɟɜɨɣ 
ɩɚɧɟɥɢ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɫ ɩɨɦɟɬɤɨɣ «Ɋɨɛɨɬ». Ⱦɚɥɟɟ ɢɡɨɛɪɚɠɟɧɢɟ 
ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɛɭɮɟɪɟ ɜ 7 ɹɱɟɣɤɟ, ɩɨɫɥɟ ɱɟɝɨ ɠɞɟɬ ɨɤɨɧɱɚɧɢɹ ɨɛɪɚɛɨɬɤɢ ɢ 
ɩɨɢɫɤɨɜ ɷɥɟɦɟɧɬɨɜ «Q» ɢ «ɋɬɚɧɨɤ». ɉɨɢɫɤ ɢ ɨɛɪɚɛɨɬɤɚ ɞɥɹ ɷɬɢɯ ɷɥɟɦɟɧɬɨɜ 
ɩɪɨɢɫɯɨɞɹɬ ɚɧɚɥɨɝɢɱɧɨ ɨɩɢɫɚɧɧɨɦɭ ɪɚɧɟɟ ɚɥɝɨɪɢɬɦɭ. ɉɨɫɥɟ ɨɤɨɧɱɚɧɢɹ 
ɩɪɨɰɟɫɫɨɜ ɩɨɢɫɤɚ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɧɚɥɨɠɟɧɢɹ ɧɚɣɞɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɨɞɧɨ 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɭɬɟɦ ɩɨɨɱɟɪɟɞɧɨɝɨ ɧɚɥɨɠɟɧɢɹ ɩɪɢ ɩɨɦɨɳɢ ɛɥɨɤɨɜ «IMAQ Add». 
Ʉɨɧɟɱɧɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɧɚɣɞɟɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 
ɩɨɫɥɟ ɧɚɥɨɠɟɧɢɹ ɜɫɟɯ ɮɢɥɶɬɪɨɜ.   
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ɚ) ɨɪɢɝɢɧɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ  ɛ) ɮɢɥɶɬɪɚɰɢɹ   ɜ) ɜɵɞɟɥɟɧɢɟ ɨɛɴɟɤɬɚ 

Ɋɢɫɭɧɨɤ 4.37 – ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ 
 
ɉɨɥɭɱɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ X,Y,Z ɫɪɟɞɵ ɢ ɨɛɴɟɤɬɨɜ ɨɬɩɪɚɜɥɹɸɬɫɹ ɜ 

ɩɪɨɝɪɚɦɦɭ ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ.   
5 ɋɢɧɬɟɡ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 
 
Ⱦɥɹ ɫɢɧɬɟɡɢɪɨɜɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɩɪɢɜɨɞɚ ɢɥɢ ɧɚ ɨɫɧɨɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɞɨɛɪɚɬɶ ɩɚɪɚɦɟɬɪɵ, ɬɨ ɟɫɬɶ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɨɢɫɤɨɜɵɦɢ 
ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ ɫɢɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ ɩɨɢɫɤɚ. Ʉɪɢɬɟɪɢɟɦ ɨɩɬɢɦɢɡɚɰɢɢ 
(ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ) ɛɭɞɟɬ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ    ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ.                  (5.1) 
Ɏɭɧɤɰɢɹ ɨɝɪɚɧɢɱɟɧɢɹ ɨɬɫɭɬɫɬɜɢɟ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɹ                  

ȼɪɟɦɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ tp  ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɬɟɥɶɧɨɫɬɶɸ ɩɟɪɟɯɨɞɧɨɝɨ 
ɩɪɨɰɟɫɫɚ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɩɟɪɟɯɨɞɧɵɣ ɩɪɨɰɟɫɫ ɞɥɢɬɫɹ ɛɟɫɤɨɧɟɱɧɨ ɞɨɥɝɨ, ɨɞɧɚɤɨ 
ɩɪɚɤɬɢɱɟɫɤɢ ɫɱɢɬɚɸɬ, ɱɬɨ ɨɧ ɡɚɤɚɧɱɢɜɚɟɬɫɹ, ɤɚɤ ɬɨɥɶɤɨ ɨɬɤɥɨɧɟɧɢɹ 
ɪɟɝɭɥɢɪɭɟɦɨɣ ɜɟɥɢɱɢɧɵ ɨɬ ɧɨɜɨɝɨ ɟɟ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɡɧɚɱɟɧɢɹ ɧɟ ɛɭɞɭɬ 
ɩɪɟɜɵɲɚɬɶ ɞɨɩɭɫɬɢɦɵɯ ɩɪɟɞɟɥɨɜ İ. Ɉɛɵɱɧɨ ɩɪɢɧɢɦɚɸɬ İ = (3 - 5)% ɨɬ hɭɫɬ. 

ɉɚɪɚɦɟɬɪɵ ɨɩɬɢɦɢɡɚɰɢɢ:                       
1) x1 ɡɚɞɟɪɠɤɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɨɥɹɪɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ; 
2) ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɢɪɨɜɚɬɟɥɹ ɧɚɩɪɹɠɟɧɢɹ: 

 x2 ɫɤɨɪɨɫɬɶ ɭɛɵɜɚɧɢɹ ɒɂɆ; 
 x3 ɫɤɨɪɨɫɬɶ ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ; 
 x4 ɨɝɪɚɧɢɱɟɧɢɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ; 
 x5 ɜɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ; 

3) x6 ɤɨɷɮɮɢɰɢɟɧɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ. 
ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɹɜɥɹɸɬɫɹ: n=6 – ɪɚɡɦɟɪɧɨɫɬɶ ɫɢɦɩɥɟɤɫɚ; ix0 = 

[1,1,1,1,1,1] – ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɢɫɯɨɞɧɨɝɨ ɫɢɦɩɥɟɤɫɚ; x , x  – ɩɨɡɢɰɢɨɧɧɵɟ 
ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ bxq )(  ɨɝɪɚɧɢɱɟɧɢɹ; ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ )(xQ =   ; N1 – 
ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ ɞɥɹ ɜɩɢɫɵɜɚɧɢɹ ɢɫɯɨɞɧɨɣ ɬɨɱɤɢ ɯ0 ɜ ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɞɚɱɢ; 

ner ,  – ɧɨɦɟɪɚ ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
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ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ ɩɪɢ ɩɨɢɫɤɟ;   – ɬɨɱɧɨɫɬɶ ɨɬɵɫɤɚɧɢɹ ɷɤɫɬɪɟɦɭɦɚ, kp – 
ɤɨɧɫɬɚɧɬɚ, ɨɩɪɟɞɟɥɹɸɳɚɹ ɩɨɢɫɤ ɦɚɤɫɢɦɭɦɚ )1( kp ɢɥɢ ɦɢɧɢɦɭɦɚ )0( kp . 

ɉɨɪɹɞɨɤ ɜɵɩɨɥɧɟɧɢɹ ɨɩɟɪɚɰɢɣ ɫɥɟɞɭɸɳɢɣ: 
1) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɪɚɫɱɟɬ N , NL , ɩɚɪɚɦɟɬɪɚ   ɢɡɦɟɧɟɧɢɹ ɪɟɛɪɚ 

ɫɢɦɩɥɟɤɫɚ; ɜɨɤɪɭɝ ɢɫɯɨɞɧɨɣ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ix0  ɩɨɫɬɪɨɢɬɶ ɫɢɦɩɥɟɤɫ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɣ ɨɝɪɚɧɢɱɟɧɢɹɦ. Ɋɚɫɱɟɬ ɤɨɨɪɞɢɧɚɬ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ 
ɩɪɨɢɡɜɟɫɬɢ ɩɨ ɮɨɪɦɭɥɟ 

oiji Lxx   ,     (5.2) 

ɝɞɟ ni ,...,  – ɧɨɦɟɪ ɩɟɪɟɦɟɧɧɨɣ;  nj ,...,  – ɧɨɦɟɪ ɜɟɪɲɢɧɵ 
ɫɢɦɩɥɟɤɫɚ;   – ɩɟɪɟɦɟɧɧɚɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɢɡ ɜɵɪɚɠɟɧɢɹ  
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    (5.3) 

ȿɫɥɢ ɢɫɯɨɞɧɚɹ ɬɨɱɤɚ Xx 0 , ɬɨ    iiii xxxx )1(rnd0 . ɉɪɨɰɟɞɭɪɚ 
ɩɨɜɬɨɪɹɟɬɫɹ N1 ɪɚɡ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɩɢɫɵɜɚɧɢɟ ɢɫɯɨɞɧɨɣ ɬɨɱɤɢ ɯ0 ɜ 
ɨɝɪɚɧɢɱɟɧɢɹ ɡɚɞɚɱɢ. 

ȼɨ ɜɫɟɯ ɜɟɪɲɢɧɚɯ ɢɫɯɨɞɧɨɝɨ ɫɢɦɩɥɟɤɫɚ ɧɚɣɬɢ ɡɧɚɱɟɧɢɟ 
   njQQ jj ,...,, x ,    (5.4) 

ɢ ɟɫɥɢ ɬɟɤɭɳɚɹ j-ɹ ɜɟɪɲɢɧɚ ɫɢɦɩɥɟɤɫɚ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹɦ 
ɡɚɞɚɱɢ (8.1) jQ j  900000  ɩɪɢ ɩɨɢɫɤɟ ɦɚɤɫɢɦɭɦɚ ɢ jQ j  900000  ɩɪɢ 
ɩɨɢɫɤɟ ɦɢɧɢɦɭɦɚ. 

ɉɨɥɨɠɢɬɶ ɧɨɦɟɪ ɲɚɝɚ ɩɨɢɫɤɚ  nk ; kk QY   – ɦɚɫɫɢɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɝɪɚɮɢɤɚ kQ ; ɏ – ɦɚɫɫɢɜ ɤɨɨɪɞɢɧɚɬ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ; 

2) ɢɡ ɜɫɟɯ ɜɟɪɲɢɧ ɬɟɤɭɳɟɝɨ ɫɢɦɩɥɟɤɫɚ, ɜɵɛɪɚɬɶ ɜɟɪɲɢɧɭ ɫ ɧɚɢɦɟɧɶɲɢɦ 
(ɩɨɢɫɤ ɦɚɤɫɢɦɭɦɚ) ɫ ɧɚɢɛɨɥɶɲɢɦ (ɩɨɢɫɤ ɦɢɧɢɦɭɦɚ) ɡɧɚɱɟɧɢɟɦ jQ , ɩɪɢɱɟɦ 

,pj   ɝɞɟ ɪ – ɧɨɦɟɪ ɧɨɜɨɣ ɜɟɪɲɢɧɵ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ ɩɨɢɫɤɚ (ɡɚɩɪɟɬ 
ɜɨɡɜɪɚɬɚ) 

j
pj

s QQ


 min  – ɩɨɢɫɤ ɦɚɤɫɢɦɭɦ;     (5.5) 

j
pj

s QQ


 max – ɩɨɢɫɤ ɦɢɧɢɦɭɦɚ.     (5.6) 

ɉɨɥɨɠɢɬɶ js  , sp  , ɝɞɟ s – ɧɨɦɟɪ ɨɬɪɚɠɟɧɧɨɣ ɢ ɧɨɜɨɣ ɜɟɪɲɢɧɵ 
ɫɢɦɩɥɟɤɫɚ; 

3) ɜɵɱɢɫɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧɵ ɧ
sV  ɧɨɜɨɝɨ ɫɢɦɩɥɟɤɫɚ ɩɨ ɮɨɪɦɭɥɟ 













n

j
sijisi nix

n

n
x

n
x ,...,,ɧ ;    (5.6) 
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4) ɩɪɨɜɟɪɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɨɝɪɚɧɢɱɟɧɢɣ  ɞɥɹ ɬɨɱɤɢ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɧ
six : 

 ɟɫɥɢ ɷɬɚ ɬɨɱɤɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɨɝɪɚɧɢɱɟɧɢɹɦ, ɬɨ ɩɟɪɟɣɬɢ ɤ ɩ.5,  
 ɢɧɚɱɟ kQs  90000ɧ  ɢ ɩɟɪɟɣɬɢ ɤ ɩ.6 (ɩɪɢ ɩɨɢɫɤɟ ɦɢɧɢɦɭɦɚ 

kQs  90000ɧ ); 

5) ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɟɧɢɟ ɧ
sQ  ɜ ɜɟɪɲɢɧɟ ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɧ

six , ni , ; ɧ
sk QY   

– ɦɚɫɫɢɜ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɚ kQ ; 
6) ɩɨɥɨɠɢɬɶ  kk ,  jj mm ; sm , ɡɞɟɫɶ jm  – ɱɢɫɥɨ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɲɚɝɨɜ ɩɨɢɫɤɚ, ɜ ɤɨɬɨɪɵɯ ɜɟɪɲɢɧɚ ɫ ɧɨɦɟɪɨɦ j ɧɟ 
ɨɬɪɚɠɚɥɚɫɶ. Ⱦɥɹ ɧɨɜɨɣ (ɨɬɪɚɠɟɧɧɨɣ) ɜɟɪɲɢɧɵ sm ; 

7) ɩɪɢɫɜɨɢɬɶ sj  , nixx siji ,...,,ɧ  , ɧ
sj QQ  . ȼɵɱɢɫɥɢɬɶ ɤɨɨɪɞɢɧɚɬɵ 

ɨɫɬɚɥɶɧɵɯ ɜɟɪɲɢɧ ɬɟɤɭɳɟɝɨ ɫɢɦɩɥɟɤɫɚ  

  nisjnjxxxx
k

k
sijisiji ,...,,,,...,,ɧɧɧ 






  ,  (5.7) 

ɝɞɟ k
k e μγ  ; 

8) ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ  njm j ,...,,   
 ɟɫɥɢ  nm j ,         ɩɟɪɟɣɬɢ ɤ ɩ.9) 

 ɢɧɚɱɟ jd  , ɜɵɱɢɫɥɢɬɶ  ɧ
dd QQ x  (ɩɨɜɬɨɪɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ), dm , 

ɩɟɪɟɣɬɢ ɤ ɩ.9); 
9) ɩɪɨɜɟɪɢɬɶ ɱɢɫɥɨ ɲɚɝɨɜ ɩɨɢɫɤɚ k: 
 ɟɫɥɢ Nk  , ɩɟɪɟɣɬɢ ɤ ɩ.2); 
 ɟɫɥɢ Nk  , ɩɟɪɟɣɬɢ ɤ ɩ.10); 
10) ɜɵɜɟɫɬɢ ɧɚ ɩɟɱɚɬɶ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ *

,ijx , *
jQ , 

 njni ,...,,,...,   ɢ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ kХ  
ɞɥɹ ɞɜɭɯ ɜɵɛɪɚɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ rx , ex  ɧɚ ɞɜɭɯ ɤɨɨɪɞɢɧɚɬɧɵɣ ɝɪɚɮɢɤ ɢ ɝɪɚɮɢɤ 

kY  ɨɬ k. 
ɋɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨɡɢɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɞɥɹ ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 1000 ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ 
ɩɟɪɜɨɝɨ ɤɨɥɟɫɚ ɆɊ: 

 ɨɝɪɚɧɢɱɟɧɢɟ ɒɂɆ 100%, (ɧɟɬ ɨɝɪɚɧɢɱɟɧɢɹ); 
 ɫɤɨɪɨɫɬɶ ɭɜɟɥɢɱɟɧɢɹ ɒɂɆ 1 % ɡɚ ɰɢɤɥ ɩɪɨɝɪɚɦɦɵ; 
 ɫɤɨɪɨɫɬɶ ɫɧɢɠɟɧɢɹ, ɒɂɆ 5 % ɡɚ ɰɢɤɥ ɩɪɨɝɪɚɦɦɵ; 
 ɤɨɷɮɮɢɰɢɟɧɬ ɪɟɝɭɥɹɬɨɪɚ 0,35; 
 ɜɪɟɦɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ (ȼȾ) ɩɪɨɝɪɚɦɦɵ ɋɍ 10 ɦɢɥɥɢɫɟɤɭɧɞ; 
 ɡɚɞɟɪɠɤɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɩɨɥɹɪɧɨɫɬɢ, ɤɨɥɢɱɟɫɬɜɨ ɰɢɤɥɨɜ 20 

ɦɢɥɥɢɫɟɤɭɧɞ; 
ȼɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ 278 ȼȾ = 2780 ɦɢɥɥɢɫɟɤɭɧɞ = 2,7 ɫɟɤɭɧɞ. 

ɉɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ, ɢɦɩɭɥɶɫɨɜ ɷɧɤɨɞɟɪɚ 5 = 0,15 ɫɦ. 



 

 

ɉ
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
. 

ɋ
ɩɪ

ɚɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

ȼ
ɡɚ

ɦ
. ɢ

ɧɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɩ
ɨɞ

ɥ.
 

 
 

 
 

 

ɂɡɦ. Лɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

84 
ȻɊ 15.03.06 - ɉɁ 

ɇɚ ɪɢɫɭɧɤɟ 5.1 ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ 
ɪɟɚɥɶɧɨɦ ɨɛɴɟɤɬɟ  ɩɪɢ ɡɚɞɚɧɢɢ ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɹ ɬɨ 0 ɞɨ 1000 
 

 
Ɋɢɫɭɧɨɤ 5.1 - ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɬɪɚɟɤɬɨɪɢɢ ɫɨɱɥɟɧɟɧɢɹ ɆɊ ɩɪɢ 

ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɚɯ ɋɍ 
 

ȼɵɜɨɞ ɨ ɩɨɞɛɨɪɟ ɩɚɪɚɦɟɬɪɚ ɞɢɚɩɚɡɨɧɚ  ɒɂɆ: 
1) ɩɪɢ ɦɚɥɨɦ  ɞɢɚɩɚɡɨɧɟ  ɒɂɆ  

a) ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ; 
b) ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ (ɦɟɧɶɲɟ ɤɨɥɟɛɚɧɢɣ);  
c) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ; 
d) ɦɨɦɟɧɬ ɫɨɱɥɟɧɟɧɢɹ ɦɟɧɶɲɟ; 

2) ɞɨɫɬɢɝɧɭɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɤɨɪɨɫɬɢ, ɩɪɢɜɨɞ ɧɟ ɪɚɡɝɨɧɹɟɬɫɹ,  ɷɬɨ ɨɛɴɹɫɧɹɟɬ 
ɬɨ, ɱɬɨ  ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɢɚɩɚɡɨɧɚ  ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ (ɫ 75% ɞɨ 
100%) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɫɢɥɶɧɨ ɧɟ ɭɜɟɥɢɱɢɥɨɫɶ. ɍɫɬɨɣɱɢɜɨɫɬɶ 
ɫɢɫɬɟɦɵ ɜ ɤɨɧɰɟ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɬɚɤ ɠɟ ɫɢɥɶɧɨ ɧɟ ɢɡɦɟɧɢɥɨɫɶ, ɢɡ-
ɡɚ ɬɨɝɨ, ɱɬɨ ɪɟɝɭɥɹɬɨɪ ɜ ɨɛɨɢ ɫɥɭɱɚɹɯ ɜ ɤɨɧɰɟ ɛɭɞɟɬ ɜɵɞɚɜɚɬɶ ɩɨɯɨɠɢɟ 
ɡɧɚɱɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɦɚɥɨɣ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɱɬɨ ɦɨɠɟɬ 
ɩɪɢɜɟɫɬɢ ɤ ɧɚɝɪɟɜɭ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ȼɵɜɨɞ ɨ ɩɨɞɛɨɪɟ ɩɚɪɚɦɟɬɪɚ ɫɤɨɪɨɫɬɢ ɜɨɡɪɚɫɬɚɧɢɹ ɢ ɭɛɵɜɚɧɢɹ ɒɂɆ: 
1) ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ  ɫɤɨɪɨɫɬɢ ɫɧɢɠɟɧɢɹ ɒɂɆ: 

a) ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɦɟɧɶɲɚɟɬɫɹ; 
b) ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɜɟɥɢɱɢɜɚɟɬɫɹ.  

2) ɩɪɢ ɫɥɢɲɤɨɦ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ  ɫɧɢɠɟɧɢɹ ɒɂɆ: 
a) ɫɢɫɬɟɦɚ ɧɟɥɢɧɟɣɧɚɹ (ɩɭɥɶɫɢɪɭɸɳɚɹ); 
b) ɜɨɡɪɚɫɬɚɟɬ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.   

3) ɩɪɢ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɫɧɢɠɟɧɢɹ ɒɂɆ: 
a) ɜɨɡɪɚɫɬɚɟɬ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ; 
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b) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ.  
4) ɩɪɢ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ: 

a) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɦɟɧɶɲɟ; 
b) ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɦɟɧɶɲɚɟɬɫɹ. 

5) ɩɪɢ ɫɢɥɶɧɨ ɦɚɥɨɣ ɫɤɨɪɨɫɬɢ ɜɨɡɪɚɫɬɚɧɢɹ ɒɂɆ: 
a) ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ; 
b) ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɦɟɧɶɲɚɟɬɫɹ. 

ȼɵɜɨɞ ɨ ɩɨɞɛɨɪɟ ɩɚɪɚɦɟɬɪɚ ɜɪɟɦɟɧɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ: 
1) ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɜɪɟɦɟɧɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ:  

c) ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɭɦɟɧɶɲɚɟɬɫɹ (ɛɵɫɬɪɟɟ ɦɟɧɹɟɬ ɩɨɥɹɪɧɨɫɬɶ);  
a) ɫɢɫɬɟɦɚ ɩɭɥɶɫɢɪɭɸɳɚɹ.  

2) ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɜɪɟɦɟɧɢ ɞɢɫɤɪɟɬɢɡɚɰɢɢ:  
a) ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɛɨɥɶɲɟ; 
b) ɫɢɫɬɟɦɚ ɛɨɥɟɟ ɧɟɭɫɬɨɣɱɢɜɚ; 
c) ɩɭɥɶɫɚɰɢɢ ɨɬɫɭɬɫɬɜɭɸɬ.   
 
ɇɚ ɪɢɫɭɧɤɟ 5.2, 5.3, 5.4 ɩɪɟɞɫɬɚɜɥɟɧ ɩɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɚ 

ɪɟɚɥɶɧɨɦ ɨɛɴɟɤɬɟ ɆɊ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ ɆɊ ɩɪɹɦɨɣ ɥɢɧɢɢ                  = 
=[0,10,-10,100,-100,1000,-1000],                  = [0,10,-10,100,-100,1000,-1000] 

 

 
ɚ) ɬɪɚɟɤɬɨɪɢɹ ɤɨɥɟɫ    ɛ) ɒɂɆ ɢ ɡɚɞɚɧɢɟ ɨɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɤɨɥɟɫ 

Ɋɢɫɭɧɨɤ 5.2 –ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɤɨɥɟɫ ɩɪɢ ɩɨɯɨɠɞɟɧɢɢ ɆɊ ɩɨ ɩɪɹɦɨɣ 
 

 



 

 

ɉ
ɟɪ

ɜ.
 ɩ

ɪɢ
ɦ

ɟɧ
. 

ɋ
ɩɪ

ɚɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɞ
ɭɛ

ɥ.
 

ȼ
ɡɚ

ɦ
. ɢ

ɧɜ
. №

 
ɉ

ɨɞ
ɩɢ

ɫь
 ɢ

 ɞ
ɚɬ

ɚ 
ɂ

ɧɜ
. №

 ɩ
ɨɞ

ɥ.
 

 
 

 
 

 

ɂɡɦ. Лɢɫɬ № ɞɨɤɭɦ. ɉɨɞɩɢɫь Дɚɬɚ 

Лɢɫɬ 

86 
ȻɊ 15.03.06 - ɉɁ 

ɚ) ɬɪɚɟɤɬɨɪɢɹ ɤɨɥɟɫ   ɛ) ɒɂɆ ɢ ɡɚɞɚɧɢɟ ɨɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɤɨɥɟɫ 
Ɋɢɫɭɧɨɤ 5.3 –ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɤɨɥɟɫ ɩɪɢ ɩɨɯɨɠɞɟɧɢɢ ɆɊ ɩɨ ɩɪɹɦɨɣ 

 
ɚ) ɬɪɚɟɤɬɨɪɢɹ ɤɨɥɟɫ   ɛ) ɒɂɆ ɢ ɡɚɞɚɧɢɟ ɨɬ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɤɨɥɟɫ 

Ɋɢɫɭɧɨɤ 5.4 –ɉɟɪɟɯɨɞɧɨɣ ɩɪɨɰɟɫɫ ɤɨɥɟɫ ɩɪɢ ɩɨɯɨɠɞɟɧɢɢ ɆɊ ɩɨ ɩɪɹɦɨɣ 
 
ȼɵɜɨɞ ɨ ɜɵɩɨɥɧɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɡɚɞɚɧɢɣ: ɩɚɪɚɦɟɬɪɵ ɉ-ɪɟɝɭɥɹɬɨɪɚ 

ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɛɢɪɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɨɬ ɡɚɞɚɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 
ɇɟɨɛɯɨɞɢɦɨ ɚɞɚɩɬɢɪɨɜɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬɵ ɉ-ɪɟɝɭɥɹɬɨɪɚ ɨɬ ɡɚɞɚɧɢɹ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. ȼɵɫɨɤɨɟ ɩɟɪɟɪɟɝɭɥɢɪɨɜɚɧɢɟ ɩɪɢ ɦɚɥɨɦ ɡɚɞɚɧɢɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɞɚɧɧɨɝɨ ɪɟɝɭɥɹɬɨɪɚ ɩɨɞɛɢɪɚɥɢɫɶ ɩɪɢ 
ɡɚɞɚɧɢɢ 1000, ɚ ɧɟ 10. Ɍɚɤ ɠɟ ɜɢɞɧɨ, ɱɬɨ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɋɍ 1 
ɤɨɥɟɫɚ ɩɨɞɯɨɞɹɬ ɬɨɥɶɤɨ ɞɥɹ 1 ɤɨɥɟɫɚ, ɧɨ ɧɟ ɞɥɹ 2.  
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6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 
 
ɋɨɝɥɚɫɧɨ ɬɟɯɧɢɱɟɫɤɨɦɭ ɡɚɞɚɧɢɸ ɧɚ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɛɵɥɚ 

ɩɪɨɢɡɜɟɞɟɧɚ ɞɨɪɚɛɨɬɤɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ɐɟɥɹɦɢ 
ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɦɟɬɵ ɡɚɬɪɚɬ ɧɚ 
ɪɚɡɪɚɛɨɬɤɭ ɤɨɦɩɥɟɤɫɚ ɢ ɚɧɚɥɢɡ ɪɵɧɤɚ ɫɛɵɬɚ. 

ɋɦɟɬɚ ɡɚɬɪɚɬ — ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɞɟɧɟɠɧɨɣ ɮɨɪɦɟ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ 
ɜɵɩɨɥɧɟɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɞɨɝɨɜɨɪɧɨɣ ɪɚɛɨɬɵ. 

 
Ɍɚɛɥɢɰɚ 6.1 – ɋɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 
Ʉɨɧɬɪɨɥɥɟɪ NI myRIO 86 652 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ Arduino Nano  143 
Ʉɨɛɟɥɶ Arduino Cable 71 
Ɍɪɚɧɡɢɫɬɨɪ IRLR2905PBF (3 ɲɬ.) 241,8 
 8 ɤɚɧɚɥɶɧɵɣ ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ ɫ ɨɩɬɨɩɚɪɨɣ 279,5 
ɋɨɟɞɢɧɢɬɟɥɶɧɵɣ ɤɚɛɟɥɶ Arduino (100 ɲɬ.) 500  
Ⱦɜɢɝɚɬɟɥɶ ɉə 250ɮ (2 ɲɬ.) 24 000 
Ɋɟɞɭɤɬɨɪ ɜɨɥɧɨɜɨɣ ɛɟɡɥɸɮɬɨɜɵɣ LHS-25 100:1 (2 ɲɬ.) 91000 
ɐɟɩɶ ɩɪɢɜɨɞɧɚɹ ɪɨɥɢɤɨɜɚɹ ɨɞɧɨɪɹɞɧɚɹ ɩɨɜɵɲɟɧɧɨɣ 
ɩɪɨɱɧɨɫɬɢ (4 ɦ.) 

10400 

ɍɝɨɥɨɤ 35ɯ35ɯ5 (18 ɦ.) 4000 
Ʉɨɥɟɫɧɚɹ ɨɩɨɪɚ ɛɨɥɶɲɟɝɪɭɡɧɚɹ ɩɨɜɨɪɨɬɧɚɹ ɫ ɬɨɪɦɨɡɨɦ 
200ɯ50ɯ250ɦɦ 400 ɤɝ ɌȾ11-12Ɍ1/200-400 ɱɟɪɧɚɹ ɥɢɬɚɹ 
ɪɟɡɢɧɚ 

800 

Ʉɨɥɟɫɨ ɰɟɥɶɧɨɥɢɬɨɟ ɞɥɹ ɬɚɱɤɢ ɢ ɬɟɥɟɠɤɢ d-500 ɦɦ. SR1000 
(2 ɲɬ.) 

 4000 

Ɂɜɟɡɞɚ Z 12 ɞɥɹ ɦɨɬɨɛɭɤɫɢɪɨɜɳɢɤɨɜ (2 ɲɬ.)  1400 
ɉɨɞɲɢɩɧɢɤ ɤɚɱɟɧɢɹ SNR (FC 40696)  1600 
ɋɞɜɢɝɨɜɵɣ ɪɟɝɢɫɬɪ 74HC595 (3 ɲɬ.) 55 
Ɍɪɚɧɡɢɫɬɨɪ IRLR2905PBF(10 ɲɬ.) 440 
Ⱦɪɚɣɜɟɬ Ⱦɜɨɣɧɨɣ BTS7960 43A h-ɦɨɫɬ ɜɵɫɨɤɨɣ ɦɨɳɧɨɫɬɢ 
ɞɜɢɝɚɬɟɥɹ (2 ɲɬ.) 

572 

Lpd3806-400bm-g5-24c AB ɞɜɭɯɮɚɡɧɵɣ 5-24 V 400 
ɢɦɩɭɥɶɫɨɜ ɢɧɤɪɟɦɟɧɬɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɩɨɜɨɪɨɬɧɵɣ ɗɧɤɨɞɟɪ 
(2 ɲɬ.) 

1560 

ȼɟɛ-ɤɚɦɟɪɚ Logitech HD Pro C920 ɱɟɪɧɵɣ 2Mpix USB2.0 6 510  
Ɇɚɧɢɩɭɥɹɬɨɪ   1105000 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ  1340023 

 
ɗɥɟɤɬɪɨ-ɫɜɚɪɨɱɧɵɟ ɪɚɛɨɬɵ 25 000/ɦɟɫ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɩɟɱɚɬɧɵɯ ɩɥɚɬ 

12500/ɦɟɫ. Ɂɚɪɩɥɚɬɚ ɢɧɠɟɧɟɪɚ ɩɪɨɟɤɬɢɪɨɜɳɢɤɚ 40000/ɦɟɫ. 
Ɉɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɆɊɄ ɫɨɫɬɚɜɥɹɟɬ 2270023.   
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ȼ ɦɨɫɤɨɜɫɤɨɣ ɨɛɥɚɫɬɢ ɨɬɤɪɵɬ ɬɟɧɞɟɪ ɧɚ  ɪɚɡɪɚɛɨɬɤɭ, ɢɡɝɨɬɨɜɥɟɧɢɟ ɢ 

ɩɨɫɬɚɜɤɭ ɫɚɦɨɯɨɞɧɨɣ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɩɥɚɬɮɨɪɦɵ. ɐɟɧɚ ɞɚɧɧɨɝɨ ɬɟɧɞɟɪɚ 
22 028 543 ɪɭɛ. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɢɦɟɟɬ ɫɦɵɫɥ ɫɭɳɟɫɬɜɨɜɚɬɶ, ɬɚɤ ɤɚɤ ɡɚɪɭɛɟɠɧɵɟ ɚɧɚɥɨɝɢ ɢɦɟɸɬ 
ɜɵɫɨɤɭɸ ɰɟɧɭ.  
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ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɯɨɞɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɦɨɞɟɪɧɢɡɚɰɢɹ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɪɚɡɪɚɛɨɬɚɧɚ 
ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɩɨ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧɧɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɫɯɟɦɟ ɜ ɩɪɨɝɪɚɦɦɟ Proteus 
ɩɪɨɦɨɞɟɥɢɪɨɜɚɧɨ ɫɨɫɬɨɹɧɢɟ ɫɢɫɬɟɦɵ. Ɋɚɡɪɚɛɨɬɚɧɚ ɪɚɡɨɦɤɧɭɬɚɹ ɢ ɡɚɦɤɧɭɬɚɹ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɆɊ, ɚ ɬɚɤ ɠɟ ɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɆɊ. Ɋɚɡɪɚɛɨɬɚɧ 
ɚɥɝɨɪɢɬɦ ɫɢɧɬɟɡɚ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɤɨɦɩɥɟɤɫɚ ɧɚ ɨɫɧɨɜɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 
ɩɥɚɧɢɪɨɜɚɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɆɊ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɩɹɬɫɬɜɢɣ. Ʉɨɨɪɞɢɧɚɬɵ 
ɩɪɟɩɹɬɫɬɜɢɣ ɦɨɝɭɬ ɞɢɧɚɦɢɱɟɫɤɢ ɢɡɦɟɧɹɬɶɫɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. Ɍɪɚɟɤɬɨɪɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ  3 ɮɭɧɤɰɢɹɦɢ splane-ɚɩɩɪɨɤɫɢɦɚɰɢɢ(ɥɢɧɟɣɧɚɹ splane 
sublic).  Ɋɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 3D ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ 
ɞɜɢɠɭɳɟɝɨɫɹ ɩɨ ɬɪɚɟɤɬɨɪɢɢ ɆɊɄ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɭɱɚɫɬɤɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɧɚɛɥɸɞɚɬɶ ɩɪɚɜɢɥɶɧɨɫɬɶ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɆɊɄ. Ɋɚɡɪɚɛɨɬɚɧɚ 
ɬɪɟɯɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɆɊɄ (ɫɬɪɚɬɟɝɢɱɟɫɤɚɹ, ɝɪɭɩɩɨɜɚɹ ɢ 
ɢɫɩɨɥɧɢɬɟɥɶɧɚɹ ɋɍ).  ɇɚ ɨɫɧɨɜɟ ɧɚɩɢɫɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɛɵɥ ɞɨɛɚɜɥɟɧ ɉ 
ɪɟɝɭɥɹɬɨɪ. ɉɚɪɚɦɟɬɪɵ ɉ ɪɟɝɭɥɹɬɨɪɚ ɨɩɬɢɦɢɡɢɪɭɸɬɫɹ ɜ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ.  
Ȼɵɥ ɪɚɡɪɚɛɨɬɚɧ ɞɪɚɣɜɟɪ ɫɜɹɡɢ ɦɟɠɞɭ ɢɫɩɨɥɧɢɬɟɥɶɧɵɦ ɢ ɝɪɭɩɩɨɜɵɦ ɭɪɨɜɧɟɦ, 
ɬɨ ɟɫɬɶ ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɨɦ Arduino  ɢ MyRio. ɋɜɹɡɶ ɦɟɠɞɭ ɝɪɭɩɨɜɵɦ ɢ 
ɫɬɪɚɬɟɝɢɱɟɫɤɢɦ ɭɪɨɜɧɟɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ MyRio  ɩɨ 
ɫɟɬɢ Wifi.  Ɋɚɡɪɚɛɨɬɚɧɵ ɢɧɬɟɪɟɫɵ ɨɩɟɪɚɬɨɪɚ  ɫɬɪɚɬɟɝɢɱɟɫɤɨɣ ɢ ɝɪɭɩɩɨɜɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ  
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