
 

 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

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

 
 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻОɌȺ 
 

15.03.06 Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
 
 
 
 
 
 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ           _________      ______________    Ⱥ. Ⱥ. Ƚɚɝɚɪɫɤɢɣ 
                                                                ɩɨɞɩɢɫɶ, ɞɚɬɚ            ɞɨɥɠɧɨɫɬɶ, ɭɱёɧɚɹ ɫɬɟɩɟɧɶ 

 
ȼɵɩɭɫɤɧɢɤ               _________                                      Ⱥ. Ⱥ. Ɋɵɠɢɤɨɜ 

                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ 
 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 
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 ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ȻɊ ɩɨ ɬɟɦɟ ɪɚɡɪɚɛɨɬɤɚ ɛɨɪɬɨɜɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
 
 
 
Ʉɨɧɫɭɥɶɬɚɧɬ ɩɨ 
ɪɚɡɞɟɥɚɦ: 
 
Ɍɟɯɧɢɤɨ–ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ  ________  Ⱥ. ɇ. ɋɨɱɧɟɜ 
               ɩɨɞɩɢɫɶ, ɞɚɬɚ      

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥёɪ     _________                                        ȼ. ɇ. Ʉɭɥɢɤɨɜɚ 

                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ 
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0Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 
 

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

 
 
 
 
 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 
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ɋɬɭɞɟɧɬɭ Ɋɵɠɢɤɨɜɭ Ⱥɥɟɤɫɚɧɞɪɭ Ⱥɥɟɤɫɟɟɜɢɱɭ 
 
Ƚɪɭɩɩɚ Ɏɗ 15-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 
 
«Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ» 
 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ» 
 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 19632/ɫ ɨɬ 28.12.2018 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ⱥ. Ⱥ. Ƚɚɝɚɪɫɤɢɣ, ɤɚɮɟɞɪɚ ɊɢɌɄ, ɫɬ. ɩɪɟɩɨɞɚɜɚɬɟɥɶ 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: 
 
1) ɦɨɛɢɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ; 
2) ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ Qt; 
3) ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ AVRStudio. 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ 
 
Ƚɥɚɜɚ 1 – Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɛɢɥɶɧɵɯ ɩɥɚɬɮɨɪɦ 
Ƚɥɚɜɚ 2 – Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ 
Ƚɥɚɜɚ 3 – ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɨɣ 
Ƚɥɚɜɚ 4 – Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 
Ƚɥɚɜɚ 5 – Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɥɢ ɢɥɥɸɫɬɪɚɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɭɤɚɡɚɧɢɟɦ 

ɨɫɧɨɜɧɵɯ ɱɟɪɬɟɠɟɣ, ɩɥɚɤɚɬɨɜ, ɫɥɚɣɞɨɜ 
 
Ʌɢɫɬ 1 – Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
Ʌɢɫɬ 2 – ɋɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɦɨɞɭɥɟɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ 

ɪɨɛɨɬɚ 
Ʌɢɫɬ 3 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɱɢɧёɧɧɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ 
Ʌɢɫɬ 4 – Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɩɪɨɝɪɚɦɦɵ 
Ʌɢɫɬ 5 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɡɚɬɪɚɬ 
Ʌɢɫɬ 6 – ɑɟɪɬёɠ ɤɨɪɩɭɫɚ ɞɥɹ ɛɥɨɤɚ ɩɢɬɚɧɢɹ 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                                   ____________                Ⱥ. Ⱥ. Ƚɚɝɚɪɫɤɢɣ 
                                                                                                               ɩɨɞɩɢɫɶ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ               ____________               Ⱥ. Ⱥ. Ɋɵɠɢɤɨɜ 
                                                                                                    ɩɨɞɩɢɫɶ 

 
                                                                                                                    «______» _____________ 2019 ɝ. 
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ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɛɨɪɬɨɜɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ» ɫɨɞɟɪɠɢɬ 94 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 6 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɆɈȻɂɅɖɇȺə ɉɅȺɌɎɈɊɆȺ, ɗɅȿɄɌɊɈȾȼɂȽȺɌȿɅɖ, ɋȿɊȼɈɉɊɂȼɈȾ, 
ɗɅȿɄɌɊɈɆȿɏȺɇɂɑȿɋɄɂɃ ɉɊɂȼɈȾ, ɉɊɂɇɐɂɉɂȺɅɖɇȺə 
ɗɅȿɄɌɊɂɑȿɋɄȺə ɋɏȿɆȺ, ȾȼɍɏɄɈɇɌɍɊɇȺə ɋɂɋɌȿɆȺ ɍɉɊȺȼɅȿɇɂə, 
ɄɈɇɌɍɊ ɉɈȾɑɂɇЁɇɇɈȽɈ ɊȿȽɍɅɂɊɈȼȺɇɂə, ɋɂɋɌȿɆȺ ɍɉɊȺȼɅȿɇɂə, 
ȽɊȺɎɂɑȿɋɄɂɃ ɂɇɌȿɊɎȿɃɋ, ɍɉɊȺȼɅȿɇɂȿ ɋ ɉɈɆɈɓɖɘ ɒɂɆ. 

ɐɟɥɢ ɩɪɨɟɤɬɚ: 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɪɢɜɨɞɨɜ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ; 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ ɧɚ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɟ; 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ ɢ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɉɄ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɞɚɥёɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ; 
 – ɪɟɚɥɢɡɨɜɚɬɶ ɢ ɨɩɢɫɚɬɶ ɩɪɨɬɨɤɨɥ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ. 

ȼ ɯɨɞɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ 
ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɪɢɜɨɞɨɜ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ, ɪɚɡɪɚɛɨɬɚɧɨ ɫɢɫɬɟɦɚ ɚɜɬɨɧɨɦɧɨɝɨ 
ɩɢɬɚɧɢɹ ɞɥɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ, ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ ɢ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɉɄ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɞɚɥёɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ. 

ȼ ɢɬɨɝɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɛɨɪɬɨɜɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ 
ɪɨɛɨɬɚ. 
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ɋɈȾȿɊɀȺɇɂȿ 
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ȼȼȿȾȿɇɂȿ 
 
 ɉɪɨɰɟɫɫ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɭɩɪɚɜɥɟɧɢɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ ɛɟɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɭɱɚɫɬɢɹ ɱɟɥɨɜɟɤɚ, ɥɢɛɨ 
ɨɫɬɚɜɥɹɟɬ ɡɚ ɱɟɥɨɜɟɤɨɦ ɩɪɚɜɨ ɩɪɢɧɹɬɢɹ ɧɚɢɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɵɯ ɪɟɲɟɧɢɣ. ȼ 
ɫɨɫɬɚɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɜɯɨɞɹɬ ɤɚɤ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɨɫɬɚɜɧɵɟ ɱɚɫɬɢ, 
ɬɚɤ ɢ ɷɥɟɤɬɪɨɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. Ɉɫɧɨɜɭ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɥɹɟɬ ɭɩɪɚɜɥɹɸɳɚɹ ɱɚɫɬɶ 
ɧɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ. ɗɬɨ «ɦɨɡɝ» ɥɸɛɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
 ȼɨɫɬɪɟɛɨɜɚɧɧɵɦɢ ɩɪɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɫ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ (ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ) ɬɪɚɧɫɩɨɪɬɧɨ-ɫɤɥɚɞɫɤɨɣ ɫɢɫɬɟɦɨɣ 
(ȺɌɋɋ). ȼɚɠɧɨɣ ɱɚɫɬɶɸ ɬɚɤɢɯ ɫɢɫɬɟɦ ɨɛɵɱɧɨ ɹɜɥɹɸɬɫɹ ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ 
ɩɟɪɟɦɟɳɚɸɳɢɟ ɡɚɝɨɬɨɜɤɢ ɢ ɝɨɬɨɜɵɟ ɞɟɬɚɥɢ ɜ ɩɪɟɞɟɥɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨ ɦɟɫɬɭ 
ɬɪɟɛɨɜɚɧɢɹ.  
 Ɇɨɛɢɥɶɧɵɣ ɪɨɛɨɬ – ɷɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɦɚɲɢɧɚ, ɜ ɤɨɬɨɪɨɣ ɢɦɟɟɬɫɹ 
ɞɜɢɠɭɳɟɟɫɹ ɲɚɫɫɢ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦɢ ɭɩɪɚɜɥɹɟɦɵɦɢ ɩɪɢɜɨɞɚɦɢ. Ɍɚɤɢɟ ɪɨɛɨɬɵ 
ɦɨɝɭɬ ɛɵɬɶ ɤɨɥёɫɧɵɦɢ, ɲɚɝɚɸɳɢɦɢ ɢ ɝɭɫɟɧɢɱɧɵɦɢ.  
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1 Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɛɢɥɶɧɵɯ ɩɥɚɬɮɨɪɦ 
 
Ⱦɥɹ ɧɭɠɞ ɫɤɥɚɞɨɜ ɢ ɩɪɨɢɡɜɨɞɫɬɜ ɪɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɢ ɩɪɢɦɟɧɹɸɬɫɹ 

ɪɚɡɥɢɱɧɵɟ ɪɨɛɨɬɵ. Ɍɚɤɢɟ ɪɨɛɨɬɵ ɧɚɡɵɜɚɸɬɫɹ ɥɨɝɢɫɬɢɱɟɫɤɢɦɢ ɢ ɢɦɟɸɬ 
ɧɟɫɤɨɥɶɤɨ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ. Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɧɟɛɨɥɶɲɨɣ ɨɛɡɨɪ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɧɚ ɪɵɧɤɟ ɪɨɛɨɬɨɜ ɥɨɝɢɫɬɢɱɟɫɤɢɯ ɪɨɛɨɬɨɜ. 
  

1.1 Ɉɛɡɨɪ ɥɨɝɢɫɬɢɱɟɫɤɢɯ ɪɨɛɨɬɨɜ 
 
Ɋɨɛɨɬɵ-ɬɟɥɟɠɤɢ ɫɩɨɫɨɛɧɵ ɚɜɬɨɧɨɦɧɨ ɩɟɪɟɦɟɳɚɬɶ ɩɚɥɥɟɬɵ ɩɨ ɬɟɪɪɢɬɨɪɢɢ 

ɫɤɥɚɞɚ. ɇɟɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɫɩɨɫɨɛɧɵ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɧɢɦɚɬɶ ɧɭɠɧɵɟ ɬɨɜɚɪɵ ɫ 
ɩɨɥɤɢ ɢ ɩɨɦɟɳɚɬɶ ɢɯ ɜ ɤɨɧɬɟɣɧɟɪɵ ɢɥɢ ɧɚ ɩɚɥɥɟɬɭ, ɚ ɬɚɤɠɟ, ɧɚɨɛɨɪɨɬ, – 
ɪɚɫɤɥɚɞɵɜɚɬɶ ɬɨɜɚɪɵ ɩɨ ɩɨɥɤɚɦ [1]. 

Ɋɹɞ ɬɚɤɢɯ ɢɡɞɟɥɢɣ ɬɪɟɛɭɸɬ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɞɝɨɬɨɜɤɢ ɫɤɥɚɞɚ - 
ɪɚɡɦɟɬɤɢ ɧɚ ɩɨɥɭ ɢɥɢ ɭɫɬɚɧɨɜɤɢ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɬɨɤ (ɛɟɫɩɪɨɜɨɞɧɵɯ ɢɥɢ 
ɨɬɪɚɠɚɬɟɥɶɧɵɯ) ɧɚ ɫɬɟɧɚɯ ɢ ɩɨɥɤɚɯ. ɉɨɹɜɥɹɸɬɫɹ ɬɚɤɠɟ ɫɢɫɬɟɦɵ, ɧɟ ɬɪɟɛɭɸɳɢɟ 
ɪɚɡɦɟɬɤɢ ɫɤɥɚɞɚ - ɨɧɢ ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟɦ ɨɛɪɚɡɨɜ ɧɚ ɛɚɡɟ ɜɫɬɪɨɟɧɧɨɝɨ ɂɂ. 

Ɋɨɛɨɬɵ-ɩɚɥɥɟɬɚɣɡɟɪɵ, ɤɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɩɪɨɦɵɲɥɟɧɧɵɣ ɦɚɧɢɩɭɥɹɬɨɪ, 
ɩɪɢɜɨɞɢɦɵɣ ɜ ɞɜɢɠɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɡɚɯɜɚɬɚ ɢ ɭɤɥɚɞɤɢ ɩɪɨɞɭɤɰɢɢ ɧɚ ɩɚɥɥɟɬɵ.   

Ɋɨɛɨɬɵ-ɫɨɪɬɢɪɨɜɳɢɤɢ - ɧɟɡɚɦɟɧɢɦɵ ɩɪɢ ɭɩɚɤɨɜɤɟ ɬɨɜɚɪɨɜ, ɧɚɩɪɢɦɟɪ, ɜ 
ɫɢɫɬɟɦɚɯ ɨɧɥɚɣɧ-ɬɨɪɝɨɜɥɢ. Ɉɧɢ ɞɨɥɠɧɵ ɭɦɟɬɶ ɫɩɪɚɜɥɹɬɶɫɹ ɫ ɡɚɞɚɱɟɣ ɪɚɡɛɨɪɚ 
ɩɪɟɞɦɟɬɨɜ ɢɡ ɤɭɱɢ ɫ ɢɯ ɬɨɱɧɨɣ ɢɞɟɧɬɢɮɢɤɚɰɢɣ. ɗɬɨ ɦɨɠɧɨ ɞɟɥɚɬɶ, ɧɚɩɪɢɦɟɪ, 
ɟɫɥɢ ɢɦɟɬɶ ɰɢɮɪɨɜɭɸ ɛɚɡɭ ɬɪɟɯɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜɫɟɯ ɩɪɟɞɦɟɬɨɜ, ɤɨɬɨɪɵɦɢ 
ɦɚɧɢɩɭɥɢɪɭɟɬ ɪɨɛɨɬ. 

ȿɫɬɶ ɨɩɵɬ ɫɨɡɞɚɧɢɹ ɝɪɭɩɩ ɪɨɛɨɬɨɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɪɚɛɨɬɵ ɧɚ 
ɫɤɥɚɞɚɯ, ɧɚɩɪɢɦɟɪ, ɨɞɢɧ ɢɡ ɪɨɛɨɬɨɜ ɫɧɢɦɚɟɬ ɫ ɩɨɥɨɤ ɬɨɜɚɪɵ, ɞɪɭɝɢɟ ɩɟɪɟɜɨɡɹɬ 
ɷɬɢ ɬɨɜɚɪɵ ɤ ɬɨɱɤɟ ɜɵɞɚɱɢ. ɋ ɩɨɦɨɳɶɸ ɛɟɫɩɢɥɨɬɧɢɤɨɜ ɧɚɭɱɢɥɢɫɶ ɩɪɨɜɨɞɢɬɶ 
ɛɵɫɬɪɭɸ ɢɧɜɟɧɬɚɪɢɡɚɰɢɸ ɫɤɥɚɞɨɜ ɫ ɜɵɫɨɤɢɦɢ ɩɨɥɤɚɦɢ [1]. 

ȼ ɪɚɦɤɚɯ ɨɛɡɨɪɚ ɪɚɫɫɦɨɬɪɢɦ ɤɚɤɢɟ ɦɨɛɢɥɶɧɵɟ ɩɥɚɬɮɨɪɦɵ ɪɚɡɥɢɱɧɵɯ 
ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɩɪɢɦɟɧɹɸɬɫɹ ɫɟɝɨɞɧɹ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨ ɫɤɥɚɞɫɤɨɣ 
ɫɢɫɬɟɦɵ. 

Ɇɨɛɢɥɶɧɚя ɩɥɚɬɮɨɪɦɚ Ronavi H1500. 
 

 
Ɋɢɫɭɧɨɤ 1.1 – Ɋɨɛɨɬ Ronavi H1500 
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ɉɪɨɢɡɜɨɞɢɬɟɥɶ: Ronavi Robotics, Ɋɨɫɫɢɹ. 
ɋɬɨɢɦɨɫɬɶ: 30 ɬɵɫ. ɞɨɥɥɚɪɨɜ. 
Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ: ɞɨ 1500 ɤɝ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ: 5 ɤɦ/ɱ. 
Ɋɚɡɦɟɪɵ: 1065 ɯ 665 ɯ 310 ɦɦ. 
Ɋɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɫɬɨɥɚ: 1000 x 600 ɦɦ. 
ȼɪɟɦɹ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ: ɞɨ 6 ɱɚɫɨɜ. 
Ʉɨɥɟɫɚ ɩɨɡɜɨɥɹɸɬ ɪɨɛɨɬɭ ɞɜɢɝɚɬɶɫɹ ɛɨɤɨɦ, ɱɬɨ ɭɫɬɪɚɧɹɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɪɚɡɜɨɪɨɬɨɜ. 
Ɉɪɢɟɧɬɚɰɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ QR-ɤɨɞɚ.  
ɉɈ ɩɨɡɜɨɥɹɟɬ ɭɩɪɚɜɥɹɬɶ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɦɢ ɫɤɥɚɞɫɤɢɦɢ ɪɨɛɨɬɚɦɢ, 

ɪɟɝɭɥɢɪɭɹ ɢɯ ɞɜɢɠɟɧɢɟ ɢ ɨɩɬɢɦɢɡɢɪɭɹ ɦɚɪɲɪɭɬɵ (ɤɚɠɞɵɣ ɫɥɟɞɭɸɳɢɣ ɡɚɤɚɡ 
ɛɭɞɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɩɪɚɜɥɟɧ ɬɨɦɭ ɪɨɛɨɬɭ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɟɝɨ ɜɡɹɬɶ ɢ 
ɧɚɯɨɞɢɬɫɹ ɛɥɢɠɟ ɞɪɭɝɢɯ ɤ ɬɨɱɤɟ ɫ ɡɚɤɚɡɨɦ).  

Ɋɨɛɨɬɚɦ ɧɟ ɧɭɠɧɨ ɨɫɜɟɳɟɧɢɟ ɢ ɤɨɦɮɨɪɬɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɜɧɭɬɪɢ ɯɨɥɨɞɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ. 

ȿɫɥɢ ɪɟɲɟɧɚ ɩɪɨɛɥɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɭɡɤɢ ɢ ɜɵɝɪɭɡɤɢ ɫ ɪɨɛɨɬɚ, 
ɦɨɠɧɨ ɫɭɡɢɬɶ ɩɪɨɯɨɞɵ ɦɟɠɞɭ ɪɹɞɚɦɢ ɫɤɥɚɞɫɤɢɯ ɦɟɫɬ ɫ 2.5 ɦ ɞɨ 1 ɦ [1]. 

Ɇɨɛɢɥɶɧɚя ɩɥɚɬɮɨɪɦɚ Chuck. 
 

 
Ɋɢɫɭɧɨɤ 1.2 – Ɋɨɛɨɬ Chuck 

 

ɉɪɨɢɡɜɨɞɢɬɟɥɶ: 6 River Systems, ɋɒȺ. 
ɋɬɨɢɦɨɫɬɶ: 250 ɬɵɫ. ɞɨɥɚɪɨɜ ɡɚ 8 ɪɨɛɨɬɨɜ. 
Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ: 72,5 ɤɝ. 
Ɋɚɡɦɟɪɵ: 1000 x 600 x 1500 ɦ 
ɉɥɨɳɚɞɶ ɪɚɛɨɱɟɝɨ ɫɬɨɥɚ: 960 ɦɦ2. 
ȼɪɟɦɹ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ: 16 ɱ. 
Ɋɨɛɨɬ Chuck ɨɪɢɟɧɬɢɪɨɜɚɧ ɧɚ ɪɚɛɨɬɭ ɜ ɬɚɧɞɟɦɟ ɫ ɱɟɥɨɜɟɤɨɦ. 
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Chuck ɫɩɨɫɨɛɟɧ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɧɚɯɨɞɢɬɶ ɫɬɟɥɥɚɠ ɫ ɧɟɨɛɯɨɞɢɦɵɦ 
ɬɨɜɚɪɨɦ, ɧɨ ɧɟ ɭɦɟɟɬ ɡɚɛɢɪɚɬɶ ɟɝɨ ɫ ɩɨɥɨɤ. Ɉɧ ɫɧɚɛɠɟɧ ɩɨɥɤɨɣ ɞɥɹ ɝɪɭɡɨɜ, 
ɪɚɡɦɟɳɟɧɧɨɣ ɩɪɢɦɟɪɧɨ ɧɚ ɜɵɫɨɬɟ 1 ɦ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɜɵɲɟ ɢɥɢ 
ɧɢɠɟ, ɤɚɤ ɷɬɨ ɭɞɨɛɧɨ ɞɥɹ ɪɚɛɨɬɧɢɤɚ ɫɤɥɚɞɚ. ɇɚɞ ɧɟɣ ɪɚɡɦɟɳɚɟɬɫɹ ɧɟɛɨɥɶɲɨɣ 
ɞɢɫɩɥɟɣ - ɧɚ ɧɟɝɨ ɜɵɜɨɞɢɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɱɟɪɟɞɧɨɦ ɬɨɜɚɪɟ, ɤɨɬɨɪɵɣ 
ɫɨɛɢɪɚɟɬɫɹ ɡɚɛɪɚɬɶ ɫ ɩɨɥɤɢ ɪɚɛɨɬɧɢɤ ɫɤɥɚɞɚ.  

Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Chuck ɧɟ ɬɪɟɛɭɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɫɤɥɚɞɚ - 
ɟɦɭ ɧɟ ɧɭɠɧɵ ɧɚɤɥɟɣɤɢ ɢɥɢ ɤɚɛɟɥɢ, ɪɚɡɦɟɱɚɸɳɢɟ ɢ ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɪɚɛɨɱɟɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ. ȼɫɬɪɨɟɧɧɵɟ ɞɚɬɱɢɤɢ ɩɨɡɜɨɥɹɸɬ ɪɨɛɨɬɭ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 
ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ ɫɤɥɚɞɟ. ɋɢɫɬɟɦɚ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɜɫɟɯ ɬɢɩɚɯ 
ɫɤɥɚɞɫɤɢɯ ɩɨɥɨɜ. 

Ɋɨɛɨɬ ɫɨɯɪɚɧɹɟɬ ɢɫɬɨɪɢɸ ɨɩɟɪɚɰɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɚɤɬɭɚɥɶɧɭɸ 
ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɟɪɟɦɟɳɟɧɢɹɯ ɬɨɜɚɪɨɜ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɫɬɨɹɧɧɵɯ 
ɢɧɜɟɧɬɚɪɢɡɚɰɢɣ. 

"Ɇɨɡɝ" ɫɢɫɬɟɦɵ ɧɚɯɨɞɢɬɫɹ ɜ Collaborative Fulfillment Systems (CFS) – ɜ 
ɫɟɪɜɟɪɟ ɧɚ ɨɫɧɨɜɟ ɨɛɥɚɤɚ, ɤɨɬɨɪɵɣ ɤɨɨɪɞɢɧɢɪɭɟɬ ɪɚɛɨɬɭ ɧɚ ɫɤɥɚɞɟ, ɫ ɤɨɬɨɪɵɦ 
ɤɚɠɞɵɣ ɪɨɛɨɬ-ɬɟɥɟɠɤɚ ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɨɫɬɨɹɧɧɭɸ ɫɜɹɡɶ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶ Chuck ɞɥɹ ɩɪɢɟɦɤɢ ɬɨɜɚɪɚ ɧɚ ɫɤɥɚɞ, ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɦɟɳɟɧɢɹ, 
ɤɨɦɩɥɟɤɬɚɰɢɢ ɡɚɤɚɡɨɜ, ɚ ɬɚɤɠɟ ɞɥɹ ɢɧɜɟɧɬɚɪɢɡɚɰɢɢ ɬɨɜɚɪɨɜ [2]. 
 Ɇɨɛɢɥɶɧɵɣ ɦɚɧɢɩɭɥяɬɨɪ Fetch ɢ ɦɨɛɢɥɶɧɚя ɩɥɚɬɮɨɪɦɚ Freight. 

 

 
Ɋɢɫɭɧɨɤ 1.3 – Ɋɨɛɨɬ Fetch 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Fetch. 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ: Fetch Robotics, ɋɒȺ. 
ɋɬɨɢɦɨɫɬɶ: ɧɟ ɭɤɚɡɚɧɚ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ: 1 ɦ/ɫ. 
Ɋɚɡɦɟɪɵ: 508 ɯ 559  ɦɦ. 
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Ⱦɥɢɧɚ ɪɭɤɢ ɞɨ ɞɟɪɠɚɬɟɥɹ: 940, 5 ɦɦ. 
ɉɨɥɟɡɧɚɹ ɧɚɝɪɭɡɤɚ ɪɭɤɢ: 6 ɤɝ. 
ɋɬɟɩɟɧɢ ɫɜɨɛɨɞɵ: 13. 
ȼɪɟɦɹ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ: 9 ɱ. 
 

 
Ɋɢɫɭɧɨɤ 1.4 – Ɋɨɛɨɬ Freight 

 
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Freight500 
ɉɪɨɢɡɜɨɞɢɬɟɥɶ: Fetch Robotics, ɋɒȺ. 
ɋɬɨɢɦɨɫɬɶ: ɧɟ ɭɤɚɡɚɧɚ. 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ: 2 ɦ/ɫ. 
Ɋɚɡɦɟɪɵ: 844 ɯ 1381.5 ɯ 356  ɦɦ. 
Ƚɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ: 500 ɤɝ. 
Ɋɚɡɦɟɪɵ ɪɚɛɨɱɟɝɨ ɫɬɨɥɚ: 1265 x 838 ɦɦ. 
ȼɪɟɦɹ ɚɜɬɨɧɨɦɧɨɣ ɪɚɛɨɬɵ: 9 ɱ.  

 Ɋɨɛɨɬ Fetch ɦɨɠɟɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɧɢɦɚɬɶ ɬɨɜɚɪɵ ɫ ɩɨɥɨɤ ɫɤɥɚɞɚ, ɜ ɬɨ 
ɜɪɟɦɹ ɤɚɤ ɦɨɛɢɥɶɧɚɹ ɛɚɡɚ Freight ɫɩɨɫɨɛɧɚ ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɩɨ ɩɨɦɟɳɟɧɢɸ ɢ 
ɡɚɛɢɪɚɬɶ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɞɨɫɬɚɜɤɢ. Ɋɨɛɨɬɵ ɩɟɪɟɞɜɢɝɚɸɬɫɹ ɩɨ 
ɫɤɥɚɞɭ ɩɨɥɧɨɫɬɶɸ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ, ɛɥɚɝɨɞɚɪɹ ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɡɞɚɧɢɹ 
ɧɚɜɢɝɚɰɢɨɧɧɵɯ ɤɚɪɬ. 
 Ɋɨɛɨɬɵ ɨɫɧɚɳɟɧɵ ɤɚɦɟɪɚɦɢ - ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ, ɞɚɬɱɢɤɚɦɢ ɢ ɦɨɳɧɵɦɢ 
ɛɨɪɬɨɜɵɦɢ ɤɨɦɩɶɸɬɟɪɚɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɢɦ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ ɧɚ 
ɦɟɫɬɧɨɫɬɢ ɢ ɨɩɟɪɚɬɢɜɧɨ ɪɟɚɝɢɪɨɜɚɬɶ ɧɚ ɩɪɨɢɫɯɨɞɹɳɟɟ ɜɨɤɪɭɝ. ɇɚɩɪɢɦɟɪ, 
ɨɝɢɛɚɬɶ ɩɪɟɩɹɬɫɬɜɢɹ ɢ ɧɟ ɫɬɚɥɤɢɜɚɬɶɫɹ ɫ ɥɸɞɶɦɢ, ɚɜɬɨɦɨɛɢɥɹɦɢ ɢ ɞɪɭɝɢɦɢ 
ɪɨɛɨɬɚɦɢ. Ɉɧɢ ɫɩɨɫɨɛɧɵ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɨɤɥɚɞɵɜɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɦɚɪɲɪɭɬ. 
 Freight ɬɚɤɠɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɬɞɟɥɶɧɨ ɞɥɹ ɩɨɦɨɳɢ ɱɟɥɨɜɟɤɭ, 
ɤɨɬɨɪɵɣ ɛɟɪɟɬ ɧɭɠɧɵɟ ɬɨɜɚɪɵ ɫ ɩɨɥɨɤ. ɉɪɢ ɷɬɨɦ ɫɨɬɪɭɞɧɢɤɚɦ ɧɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɨɡɢɬɶ ɫ ɫɨɛɨɣ ɬɟɥɟɠɤɢ ɢ ɫɚɦɢɦ ɨɬɜɨɡɢɬɶ ɜ ɧɭɠɧɭɸ ɬɨɱɤɭ 
ɩɪɨɞɭɤɰɢɸ, ɩɨɬɨɦɭ ɱɬɨ ɦɨɛɢɥɶɧɵɟ ɛɚɡɵ ɫɚɦɢ ɡɚɧɢɦɚɸɬɫɹ ɞɨɫɬɚɜɤɨɣ. 
 ɉɥɚɬɮɨɪɦɚ ɭɩɪɚɜɥɟɧɢɹ FetchCore ɧɚ ɨɫɧɨɜɟ ɨɛɥɚɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɧɚɫɬɪɚɢɜɚɬɶ ɢ ɦɟɧɹɬɶ ɦɚɪɲɪɭɬɵ ɪɨɛɨɬɨɜ [3].  
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1.2 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 
 ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɢɦɟɸɳɟɣɫɹ ɦɨɛɢɥɶɧɨɣ 
ɩɥɚɬɮɨɪɦɵ. ȼ ɫɜɹɡɢ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟɣ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɟɲɢɬɶ 
ɫɥɟɞɭɸɳɟɟ: 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɪɢɜɨɞɨɜ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ; 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ ɧɚ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɟ; 
 – ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ ɢ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɉɄ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɞɚɥёɧɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ; 
 – ɪɟɚɥɢɡɨɜɚɬɶ ɢ ɨɩɢɫɚɬɶ ɩɪɨɬɨɤɨɥ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ. 
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2 Ɉɩɢɫɚɧɢɟ ɨɛɴɟɤɬɚ 
 
 ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ȼɄɊ ɹɜɥɹɸɬɫɹ:  

 ɲɚɫɫɢ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɧёɦ ɪɟɞɭɤɬɨɪɚɦɢ; 
 ɞɜɚ ɞɪɚɣɜɟɪɚ ɞɜɢɝɚɬɟɥɟɣ (ATxmega16A4U, HIP4081A, IRF2804S); 
 ɞɜɚ ɞɜɢɝɚɬɟɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ KAG M48X60; 
 ɞɜɚ ɢɧɤɪɟɦɟɧɬɚɥɶɧɵɯ ɷɧɤɨɞɟɪɚ IGO 100/2 “SN“; 

 ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɨɬɞɟɥɶɧɵɯ ɢɦɟɸɳɢɯɫɹ ɱɚɫɬɟɣ. 
 

2.1 ɒɚɫɫɢ 
 
 ɇɚ ɪɢɫɭɧɤɟ 2.1 ɩɪɟɞɫɬɚɜɥɟɧɨ ɲɚɫɫɢ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ. 
 

 
Ɋɢɫɭɧɨɤ 2.1 – ɒɚɫɫɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ 

 
 Ɋɚɡɪɚɛɨɬɤɚ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɜɵɩɭɫɤɧɢɤɨɦ 
ɂ. ɋ. Ʉɨɜɚɥɟɧɤɨ ɜ ɟɝɨ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ. ɇɢɠɟ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɱɚɫɬɟɣ 3D ɢ ɩɪɨɱɧɨɫɬɧɨɣ ɪɚɫɱёɬ ɷɥɟɦɟɧɬɨɜ ɩɥɚɬɮɨɪɦɵ. 3D – 
ɦɨɞɟɥɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɂ. ɋ. Ʉɨɜɚɥɟɧɤɨ ɜ ɩɪɨɝɪɚɦɦɟ SolidWorks.  
 Ƚɪɭɡɨɩɨɞɴёɦɧɨɫɬɶ ɩɥɚɬɮɨɪɦɵ ɪɚɜɧɹɟɬɫɹ 12.5 ɤɝ. 
 ɒɚɫɫɢ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɤɨɦɩɨɧɟɧɬɵ: 

 ɧɟɫɭɳɚɹ ɱɚɫɬɶ (ɪɚɦɚ); 
 ɩɟɪɟɞɧɹɹ ɯɨɞɨɜɚɹ ɱɚɫɬɶ; 
 ɡɚɞɧɹɹ ɯɨɞɨɜɚɹ ɱɚɫɬɶ; 
 ɪɟɞɭɤɬɨɪ; 
 ɤɪɟɩɥɟɧɢɹ ɞɥɹ ɞɜɢɝɚɬɟɥɹ [4]. 
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 2.1.1 3D ɦɨɞɟɥɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɱɚɫɬɟɣ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
  

ȼ SolidWorks ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɰɢɩ ɬɪɟɯɦɟɪɧɨɝɨ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɪɭɤɬɨɪɭ 
ɫɨɡɞɚɜɚɬɶ ɨɛɴɟɦɧɵɟ ɞɟɬɚɥɢ ɢ ɤɨɦɩɨɧɨɜɚɬɶ ɫɛɨɪɤɢ ɜ ɜɢɞɟ ɬɪɟɯɦɟɪɧɵɯ 
ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɟɥɟɣ, ɩɨ ɤɨɬɨɪɵɦ ɫɨɡɞɚɸɬɫɹ ɞɜɭɯɦɟɪɧɵɟ ɱɟɪɬɟɠɢ ɢ 
ɫɩɟɰɢɮɢɤɚɰɢɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȿɋɄȾ. 

Ɍɪɟɯɦɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɢɡɞɟɥɢɣ ɞɚɟɬ ɦɚɫɫɭ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ 
ɬɪɚɞɢɰɢɨɧɧɵɦ ɞɜɭɦɟɪɧɵɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ, ɧɚɩɪɢɦɟɪ, ɢɫɤɥɸɱɟɧɢɟ ɨɲɢɛɨɤ 
ɫɨɛɢɪɚɟɦɨɫɬɢ ɢɡɞɟɥɢɹ ɟɳɟ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɨɡɞɚɧɢɟ ɩɨ ɷɥɟɤɬɪɨɧɧɨɣ 
ɦɨɞɟɥɢ ɞɟɬɚɥɢ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɟ ɫ ɑɉɍ. ɋ 
ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɵ SolidWorks ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɛɭɞɭɳɟɟ ɢɡɞɟɥɢɟ ɫɨ ɜɫɟɯ 
ɫɬɨɪɨɧ ɜ ɨɛɴɟɦɟ ɢ ɩɪɢɞɚɬɶ ɟɦɭ ɪɟɚɥɢɫɬɢɱɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɜɵɛɪɚɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɞɢɡɚɣɧɚ. 

Ɋɚɦɚ ɪɨɛɨɬɚ. ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɟɫɭɳɭɸ ɱɚɫɬɶ ɪɨɛɨɬɚ. ɗɬɨ 
ɩɨɡɜɨɥɢɥɨ ɩɪɢɦɟɪɧɨ ɨɩɪɟɞɟɥɢɬɶ ɝɚɛɚɪɢɬɵ ɢ ɛɭɞɭɳɭɸ ɤɨɦɩɨɧɨɜɤɭ ɨɫɬɚɥɶɧɵɯ 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɱɚɫɬɟɣ ɪɨɛɨɬɚ. 

ɉɪɢ ɷɬɨɦ ɪɚɦɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɤɨɦɩɨɧɟɧɬɨɜ: 
–  ɩɟɪɟɞɧɹɹ ɢ ɡɚɞɧɹɹ ɱɚɫɬɶ ɪɚɦɵ; 
–  ɥɟɜɵɣ ɢ ɩɪɚɜɵɣ ɛɨɪɬ; 
–  ɰɟɧɬɪɚɥɶɧɵɟ ɜɫɬɚɜɤɢ; 
–  ɭɝɨɥɤɢ ɩɨɞ ɩɟɪɟɞɧɸɸ ɨɫɶ ɢ ɤɪɵɲɤɢ; 
–  ɭɝɨɥɤɢ ɞɥɹ ɡɚɞɧɟɣ ɨɫɢ ɢ ɪɟɞɭɤɬɨɪɚ, ɚ ɬɚɤɠɟ ɤɪɵɲɤɢ; 
–  ɤɪɟɩɥɟɧɢɹ ɞɥɹ ɞɜɢɝɚɬɟɥɟɣ; 
Ɇɨɞɟɥɶ ɪɚɦɵ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.2 [4]. 
 

 

Ɋɢɫɭɧɨɤ 2.2 – Ɇɨɞɟɥɶ ɪɚɦɵ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
 

ɉɟɪɟɞɧяя ɯɨɞɨɜɚя чɚɫɬɶ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɟɪɟɞɧɟɣ ɨɫɢ (ɪɢɫɭɧɨɤ 2.3) 
ɩɪɨɢɫɯɨɞɢɥɨ ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ɨɧɚ ɹɜɥɹɟɬɫɹ ɤɨɧɟɱɧɵɦ ɷɥɟɦɟɧɬɨɦ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɬ.ɟ. ɨɧɚ ɭɠɟ ɧɟ ɩɟɪɟɞɚёɬ ɦɨɦɟɧɬ ɧɚ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɩɪɨɟɤɬɢɪɨɜɤɚ ɧɟ ɬɪɟɛɨɜɚɥɚ ɡɧɚɱɢɬɟɥɶɧɵɯ ɪɚɫɱёɬɨɜ ɧɚ ɩɪɨɱɧɨɫɬɶ [4]. 
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Ɋɢɫɭɧɨɤ 2.3 – Ɇɨɞɟɥɶ ɩɟɪɟɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 
 
Ɂɚɞɧяя ɯɨɞɨɜɚя чɚɫɬɶ ɢ ɪɟɞɭɤɬɨɪ. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɟɞɭɤɬɨɪ ɢ ɡɚɞɧɹɹ 

ɯɨɞɨɜɚɹ ɱɚɫɬɶ ɧɚɯɨɞɹɬɫɹ ɧɚ ɨɞɧɨɣ ɨɫɢ, ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɫɨɟɞɢɧɢɬɶ ɢɯ ɜ 
ɟɞɢɧɵɣ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɛɥɨɤ, ɯɨɬɹ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɯ ɫɥɟɞɭɟɬ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ. 
ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɥɟɝɱɢɬɶ ɫɨɡɞɚɧɢɟ ɦɨɞɟɥɢ. ɉɨɷɬɨɦɭ ɦɨɞɟɥɶ ɡɚɞɧɟɣ 
ɯɨɞɨɜɨɣ ɱɚɫɬɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢ ɜɚɥ ɢ ɪɟɞɭɤɬɨɪ (ɪɢɫɭɧɨɤ 2.4) ɫ ɩɟɪɟɞɚɬɨɱɧɵɦ 
ɨɬɧɨɲɟɧɢɟɦ 9.09 [4]. 

 

 

Ɋɢɫɭɧɨɤ 2.4 – Ɇɨɞɟɥɶ ɡɚɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 
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 2.1.2 Ⱦɟɬɚɥɢɪɨɜɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 

 
Ɋɚɫɫɦɚɬɪɢɜɚɹ ɞɟɬɚɥɢɪɨɜɤɭ ɤɨɧɫɬɪɭɤɰɢɢ Ɇɉ ɦɨɠɧɨ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ 

ɩɨɤɚɡɚɬɶ ɢɡ ɤɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɨɢɬ ɩɥɚɬɮɨɪɦɚ, ɚ ɬɚɤɠɟ ɩɨɧɹɬɶ ɜɡɚɢɦɨɫɜɹɡɶ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ Ɇɉ. Ɋɢɫɭɧɨɤ 2.5 ɩɨɤɚɡɵɜɚɟɬ ɢɡ ɤɚɤɢɯ ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɨɢɬ 
ɨɫɧɨɜɧɚɹ ɧɟɫɭɳɚɹ ɤɨɧɫɬɪɭɤɰɢɹ [4]. 

 

 

Ɋɢɫɭɧɨɤ 2.5 – ȼɢɞ ɪɚɦɵ Ɇɉ ɫ ɪɚɡɧɟɫёɧɧɵɦɢ ɱɚɫɬɹɦɢ 

ɉɟɪɟɞɧɹɹ ɢ ɡɚɞɧɹɹ ɱɚɫɬɢ ɪɚɦɵ (1) ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɛɨɤɨɜɵɦɢ (2) ɢ 
ɰɟɧɬɪɚɥɶɧɵɦɢ (3) ɩɪɨɮɢɥɹɦɢ ɫ ɩɨɦɨɳɶɸ ɤɚɩɪɨɥɨɧɨɜɵɯ ɜɫɬɚɜɨɤ (4), ɤɨɬɨɪɵɟ 
ɬɚɤɠɟ ɩɪɢɞɚɸɬ ɤɨɧɫɬɪɭɤɰɢɢ ɛɨɥɶɲɭɸ ɩɪɨɱɧɨɫɬɶ. Ʉ ɤɪɟɩɥɟɧɢɸ ɞɥɹ ɞɜɢɝɚɬɟɥɹ (5) 
ɫ ɩɨɦɨɳɶɸ ɜɢɧɬɨɜ Ɇ4 ɩɪɢɬɹɝɢɜɚɟɬɫɹ ɤɨɪɩɭɫ ɞɜɢɝɚɬɟɥɹ, ɢ ɞɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɤɪɟɩɢɬɫɹ ɧɚ ɪɚɦɟ. Ʉɪɟɩɥɟɧɢɹ ɞɥɹ ɪɟɞɭɤɬɨɪɚ (6) ɭɞɟɪɠɢɜɚɸɬ ɪɟɞɭɤɬɨɪ, ɚ ɬɚɤɠɟ ɫ 
ɩɨɦɨɳɶɸ ɞɜɭɯɫɬɨɪɨɧɧɢɯ ɜɢɧɬɨɜ ɫɬɹɝɢɜɚɸɬ ɟɝɨ. ɉɟɪɟɞɧɢɟ (7) ɢ ɡɚɞɧɢɟ (9) ɭɝɨɥɤɢ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɮɢɤɫɚɰɢɢ ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɯɨɞɨɜɵɯ ɱɚɫɬɟɣ ɢ ɜɨ ɢɡɛɟɠɚɧɢɟ 
ɩɨɩɚɞɚɧɢɹ ɩɵɥɢ ɢ ɝɪɹɡɢ ɡɚɤɪɵɜɚɸɬɫɹ ɤɪɵɲɤɚɦɢ (8) ɢ (10). ȼɫɟ ɷɥɟɦɟɧɬɵ 
ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɫɨɛɨɣ ɫ ɩɨɦɨɳɶɸ ɜɢɧɬɨɜ Ɇ4 (11). 

Ɋɢɫɭɧɨɤ 2.6 ɩɨɤɚɡɵɜɚɟɬ ɞɟɬɚɥɶɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɩɟɪɟɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ. 
ȼ ɞɟɪɠɚɬɟɥɢ ɨɫɢ (1) ɜɫɬɚɜɥɹɸɬɫɹ ɩɨɞɲɢɩɧɢɤɢ (2), ɡɚɠɚɬɵɟ ɫɬɨɩɨɪɧɵɦɢ ɜɢɧɬɚɦɢ 
(3) ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɧɚɯɨɞɢɬɫɹ ɩɟɪɟɞɧɹɹ ɨɫɶ (13). Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɧɟ 
ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɞɧɟɣ ɨɫɢ ɫɨɜɟɪɲɚɬɶ ɞɜɢɠɟɧɢɹ ɜ ɫɬɨɪɨɧɵ. ɇɚ ɩɨɞɲɢɩɧɢɤ (4) 
ɧɚɞɟɜɚɟɬɫɹ ɩɥɚɫɬɢɧɚ ɞɥɹ ɧɚɬɹɠɢɬɟɥɟɣ ɪɟɦɧɹ. ɑɬɨ ɛɵ ɪɚɡɞɟɥɢɬɶ ɩɨɞɲɢɩɧɢɤ ɨɬ 
ɞɪɭɝɢɯ ɜɪɚɳɚɸɳɢɯɫɹ ɱɚɫɬɟɣ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɚɣɛɚ (5) ɢɦɟɸɳɚɹ ɨɫɨɛɭɸ ɮɨɪɦɭ. 
ȼɬɨɪɨɣ ɨɫɧɨɜɧɨɣ ɱɚɫɬɶɸ ɩɟɪɟɞɧɟɣ ɨɫɢ ɹɜɥɹɟɬɫɹ ɨɫɶ (6) ɧɚ ɤɨɬɨɪɭɸ ɧɚɞɟɜɚɸɬɫɹ 
ɮɢɤɫɚɬɨɪɵ ɪɟɦɧɹ (7), ɧɟ ɩɨɡɜɨɥɹɸɳɢɟ ɜɵɫɤɚɥɶɡɵɜɚɬɶ ɪɟɦɧɸ ɢ ɡɭɛɱɚɬɵɣ ɲɤɢɜ 
(8) ɧɚ ɤɨɬɨɪɵɣ ɩɟɪɟɞɚёɬɫɹ ɦɨɦɟɧɬ ɱɟɪɟɡ ɪɟɦɟɧɶ ɫ ɡɚɞɧɟɝɨ ɜɚɥɚ. ɒɤɢɜ 
ɮɢɤɫɢɪɭɟɬɫɹ ɧɚ ɨɫɢ ɫ ɩɨɦɨɳɶɸ ɲɩɨɧɤɢ (9). Ʉɨɥɟɫɨ (10) ɨɞɟɜɚɟɬɫɹ ɧɚ ɨɫɶ (6), ɚ 
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ɫɚɦɚ ɨɫɶ, ɜɫɬɚɜɥɹɟɬɫɹ ɜ ɨɫɶ (13) ɢ ɜɫɹ ɤɨɧɫɬɪɭɤɰɢɹ ɮɢɤɫɢɪɭɟɬɫɹ ɜɢɧɬɨɦ (12), ɚ 
ɲɚɣɛɚ (11) ɩɪɢɠɢɦɚɟɬɫɹ ɤ ɤɨɥɟɫɭ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɩɪɨɫɤɚɥɶɡɵɜɚɬɶ [4]. 

 

Ɋɢɫɭɧɨɤ 2.6 – Ⱦɟɬɚɥɢɪɨɜɤɚ ɩɟɪɟɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 

ɇɚ ɪɢɫɭɧɤɟ 2.7 ɢɡɨɛɪɚɠɟɧɚ ɞɟɬɚɥɢɪɨɜɤɚ ɡɚɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ. Ɉɬɥɢɱɢɟɦ 
ɨɬ ɩɟɪɟɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɜɚɥ (6) ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɣ ɱɚɫɬɢ. Ɉɧ 
ɡɚɤɪɭɱɢɜɚɟɬɫɹ ɧɚ ɜɵɯɨɞɧɨɣ ɜɚɥ ɪɟɞɭɤɬɨɪɚ (1) ɢ ɜ ɧɟɝɨ ɜɫɬɚɜɥɹɟɬɫɹ ɜɢɧɬ (2) ɫ 
ɨɛɪɚɬɧɨɣ ɪɟɡɶɛɨɣ. ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ ɬɨɝɨ ɱɬɨ ɛɵ ɩɪɢ ɜɪɚɳɟɧɢɹɯ ɪɟɞɭɤɬɨɪɚ ɜ 
ɪɚɡɧɵɟ ɫɬɨɪɨɧɵ ɜɚɥ ɧɟ ɜɵɤɪɭɱɢɜɚɥɫɹ. ɉɥɚɫɬɢɧɚ (3) ɫɥɭɠɢɬ ɞɥɹ ɫɨɟɞɢɧɟɧɢɹ 
ɭɝɨɥɤɨɜ ɪɚɦɵ, ɤ ɤɨɬɨɪɵɦ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɤɪɟɩɢɬɫɹ ɪɟɞɭɤɬɨɪ. ɇɚ ɩɨɞɲɢɩɧɢɤ (4) 
ɨɞɟɜɚɟɬɫɹ ɩɥɚɫɬɢɧɚ ɞɥɹ ɧɚɬɹɠɢɬɟɥɟɣ. ɒɚɣɛɚ (5) ɪɚɡɞɟɥɹɟɬ ɦɟɠɞɭ ɫɨɛɨɣ 
ɩɨɞɲɢɩɧɢɤ ɧɚɬɹɠɢɬɟɥɹ ɡɭɛɱɚɬɵɣ ɲɤɢɜ ɫ ɮɢɤɫɚɬɨɪɚɦɢ ɪɟɦɧɹ. Ɉɫɬɚɥɶɧɵɟ 
ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɩɟɪɟɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 
[4]. 
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Ɋɢɫɭɧɨɤ 2.7 – Ⱦɟɬɚɥɢɪɨɜɤɚ ɡɚɞɧɟɣ ɯɨɞɨɜɨɣ ɱɚɫɬɢ 

2.2 Ⱦɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ KAG M48X60 
 

 
Ɋɢɫɭɧɨɤ 2.8 – Ⱦɜɢɝɚɬɟɥɶ KAG M48X60 

 
 Ⱦɜɢɝɚɬɟɥɶ KAG M48X60 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: 

 ɦɟɞɧɨɝɪɚɮɢɬɨɜɵɟ ɳɟɬɤɢ; 
 ɤɨɪɩɭɫ ɦɨɬɨɪɚ, ɨɰɢɧɤɨɜɚɧɧɵɣ ɢ ɯɪɨɦɢɪɨɜɚɧɧɵɣ; 
 ɲɚɪɢɤɨɩɨɞɲɢɩɧɢɤɢ; 
 ɦɨɧɬɚɠɧɵɟ ɨɬɜɟɪɫɬɢɹ ɫɨɝɥɚɫɧɨ ɫɬɚɧɞɚɪɬɭ DIN 42016. 

 
Ɍɚɛɥɢɰɚ 1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɜɢɝɚɬɟɥɹ KAG M48X60 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

ɇɨɦɢɧɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 24 ȼ 
ɇɨɦɢɧɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 0.15 H·ɦ 
ɇɨɦɢɧɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ 3300 ɨɛ/ɦɢɧ 
ɇɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 2.75 Ⱥ 
ɋɤɨɪɨɫɬɶ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ 3800 ɨɛ/ɦɢɧ 
Ɍɨɤ ɩɪɢ ɯɨɥɨɫɬɨɦ ɯɨɞɟ 0.2 Ⱥ 



 
Ƕ

Ȍȗ
ȉ.

 Ȗ
ȗȏ

ȓ
ȌȔ

. 
ǸȖ

ȗȇ
ȉ.

 №
 

Ƕ
ȕȋ

Ȗȏ
Șь

 ȏ
 ȋ

ȇș
ȇ 

ǯ
Ȕȉ

. №
 ȋ

ȚȈ
Ȓ.

 
ǩȎ

ȇȓ
. ȏ

Ȕȉ
. №

 
Ƕ

ȕȋ
Ȗȏ

Șь
 ȏ

 ȋ
ȇș

ȇ 
ǯ

Ȕȉ
. №

 Ȗ
ȕȋ

Ȓ.
 

 
 

 
 

 

ǯȎȓ. ЛȏȘș № ȋȕȑȚȓ. ǶȕȋȖȏȘь Дȇșȇ 

ЛȏȘș 

20 
ǨǷ – 15.03.06 ǶǮ 

 

ɇɨɦɢɧɚɥɶɧɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ 51.8 ȼɬ 
ɇɨɦɢɧɚɥɶɧɚɹ ɜɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ 66 ȼɬ 
ɇɨɦɢɧɚɥɶɧɵɣ ɄɉȾ 78.5 % 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɦɨɦɟɧɬ 0.15 H·ɦ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɣ ɬɨɤ 2.75 Ⱥ 
Ɇɚɤɫɢɦɚɥɶɧɵɟ ɨɛɨɪɨɬɵ 10000 ɨɛ/ɦɢɧ 
ɉɭɫɤɨɜɨɣ ɦɨɦɟɧɬ 1.14 H·ɦ 
ɉɭɫɤɨɜɨɣ ɬɨɤ 19.6 Ⱥ 
ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɹɤɨɪɹ 1.03 Ɉɦ 
Ɇɨɦɟɧɬ ɬɪɟɧɢɹ 0.012 H·ɦ 
Ɇɟɯɚɧɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 12 ɦɫ 
ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 1.2 ɦɫ 

 
ɬɚɛɥɢɰɚ 1 – ɉɪɨɞɨɥɠɟɧɢɟ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɂɧɟɪɰɢɹ ɪɨɬɨɪɚ 383 ɝ·ɫɦ2 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɪɩɭɫɚ 80°ɋ 
Ⱦɨɩɭɫɬɢɦɚɹ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɚɥ 40 H 
Ⱦɨɩɭɫɬɢɦɚɹ ɪɚɞɢɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɜɚɥ 100 H 

 
2.3 ɂɧɤɪɟɦɟɧɬɚɥɶɧɵɣ ɷɧɤɨɞɟɪ 100/2 “SN“1.2 

 

 
Ɋɢɫɭɧɨɤ 2.9 – ɗɧɤɨɞɟɪ IGO 100/2 “SN“ 

 
Ɍɚɛɥɢɰɚ 2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɨɩɬɢɱɟɫɤɨɝɨ ɞɚɬɱɢɤɚ IGO 100/2 “SN“ 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɂɦɩɭɥɶɫɨɜ ɧɚ ɨɛɨɪɨɬ 100 
ɑɢɫɥɨ ɤɚɧɚɥɨɜ 2 
ɉɢɬɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ 5±10% 
ɉɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ 30 ɦȺ 
Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 0 ɞɨ 70 °ɋ 
Ʉɥɚɫɫ ɡɚɳɢɬɵ ɫ/ɛɟɡ ɤɪɵɲɤɢ IP30/IP00 
ɋɞɜɢɝ ɮɚɡ 110±15° 
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2.4 ɉɥɚɬɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ATxmega16A4U c H-ɦɨɫɬɨɦ 
 

 Ʉɨɧɬɪɨɥɥɟɪ ɨɫɭɳɟɫɬɜɥɹɟɬ ɤɨɧɬɪɨɥɶ ɢ ɭɩɪɚɜɥɟɧɢɟ ɩɨɞɤɥɸɱёɧɧɵɦɢ 
ɞɜɢɝɚɬɟɥɹɦɢ. ɇɚ ɤɨɧɬɪɨɥɥɟɪɟ ɭɫɬɚɧɨɜɥɟɧɵ ɬɪɚɧɡɢɫɬɨɪɵ H-ɦɨɫɬɚ IRF2804S, 
ɦɨɞɭɥɶ H-ɦɨɫɬɚ HIP4081A ɢ ɜɵɜɨɞɵ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɩɢɬɚɧɢɹ. 
 

 
Ɋɢɫɭɧɨɤ 2.10 – ɉɥɚɬɚ ɞɪɚɣɜɟɪɚ ɞɜɢɝɚɬɟɥɹ 

 

 ɉɥɚɬɚ ATxmega16A4U ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ: 
 16 KȻ ɜɫɬɪɨɟɧɧɨɣ ɫɚɦɨɩɪɨɝɪɚɦɦɢɪɭɟɦɨɣ flash ɩɚɦɹɬɢ; 
 ɪɚɡɞɟɥ ɡɚɝɪɭɡɤɢ 4ɄȻ; 
 1 ɄȻ EEPROM; 
 ɜɧɭɬɪɟɧɧɹɹ SRAM ɧɚ 2 ɄȻ; 
 ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ USB 2.0 ɩɨɥɧɨɣ ɫɤɨɪɨɫɬɢ (12 Ɇɛɢɬ/ɫ) ɢ ɧɢɡɤɨɣ 

ɫɤɨɪɨɫɬɢ (1,5 Ɇɛɢɬ/ɫ); 
 32 ɤɨɧɟɱɧɵɯ ɬɨɱɤɢ ɫ ɩɨɥɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɣ ɝɢɛɤɨɫɬɶɸ. 
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Ɋɢɫɭɧɨɤ 2.11 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɧɬɪɨɥɥɟɪɚ ATxmega16A4U 

 
Ɍɚɛɥɢɰɚ 3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɤɨɧɬɪɨɥɥɟɪɚ ATxmega16A4U 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɍɢɩ ɩɚɦɹɬɢ ɩɪɨɝɪɚɦɦ flash 
Ɋɚɡɦɟɪ ɩɚɦɹɬɢ ɩɪɨɝɪɚɦɦ 16 ɄȻ 
ɋɤɨɪɨɫɬɶ ɩɪɨɰɟɫɫɨɪɚ (MIPS / DMIPS) 32 
Ⱦɚɧɧɵɟ EEPROM / HEF 1024 Ȼɚɣɬɚ 
ɉɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɰɢɮɪɨɜɨɣ 
ɫɜɹɡɢ 

5-UART, 7-SPI, 2-I2C 

ɉɟɪɢɮɟɪɢɣɧɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɡɚɯɜɚɬɚ / 
ɫɪɚɜɧɟɧɢɹ / ɒɂɆ 

16 ɜɯɨɞɧɨɣ ɡɚɯɜɚɬ, 16 ɋɋP, 16 
ɒɂɆ 

Ɍɚɣɦɟɪɵ 5x16 ɛɢɬ 
Ʉɨɥɢɱɟɫɬɜɨ ɤɨɦɩɚɪɚɬɨɪɨɜ 3 
Ʉɨɥɢɱɟɫɬɜɨ USB-ɦɨɞɭɥɟɣ 1, ɩɨɥɧɚɹ ɫɤɨɪɨɫɬɶ 
Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ (C) Ɉɬ -40 ɞɨ 85 
Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɧɚɩɪɹɠɟɧɢɣ (ȼ) 1,6 ɞɨ 3,6 
Ʉɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɨɜ 44 
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 2.5 Ɇɨɞɭɥɶ H-ɦɨɫɬɚ HIP4081A 

 
Ɋɢɫɭɧɨɤ 2.12 – Ɏɨɬɨ ɦɨɞɭɥɹ H-ɦɨɫɬɚ 

 
 Ɇɨɞɭɥɶ H-ɦɨɫɬɚ HIP4081A ɧɟɨɛɯɨɞɢɦ ɞɥɹ ɧɟɡɚɜɢɫɢɦɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
ɱɟɬɵɪɶɦɹ N-ɤɚɧɚɥɶɧɵɦɢ ɩɨɥɟɜɵɦɢ ɬɪɚɧɡɢɫɬɨɪɚɦɢ ɜ ɩɨɥɭɦɨɫɬɨɜɨɣ ɢɥɢ 
ɩɨɥɧɨɦɨɫɬɨɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. 
 
Ɍɚɛɥɢɰɚ 4 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɦɨɞɭɥɹ H-ɦɨɫɬɚ HIP4081A 
ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɛɭɬɫɬɪɚɩɚ ɞɨ 95 ȼ 
ɉɪɨɝɪɚɦɦɢɪɭɟɦɨɟ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɦёɪɬɜɨɟ ɜɪɟɦɹ Ⱦɚ 
ȼɯɨɞɧɵɟ ɥɨɝɢɱɟɫɤɢɟ ɩɨɪɨɝɢ 5-15 ȼ 
ɍɦɟɧɶɲɟɧɢɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ Ⱦɚ 
Ɂɚɳɢɬɚ ɨɬ ɩɨɧɢɠɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ Ⱦɚ 
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3 ɋɨɡɞɚɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɨɣ 
 

ɋɢɫɬɟɦɚ ɩɨɫɬɪɨɟɧɚ ɢɡ ɦɨɞɭɥɟɣ, ɜɵɩɨɥɧɹɸɳɢɯ ɪɚɡɥɢɱɧɵɣ ɮɭɧɤɰɢɨɧɚɥ 
ɫɨɟɞɢɧёɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɫ ɩɨɦɨɳɶɸ ɢɧɬɟɪɮɟɣɫɚ RS-485 (ɪɢɫɭɧɨɤ 3.1). 
ȼɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ ɫɢɫɬɟɦɟ ɧɚɩɪɹɦɭɸ (RS-485) ɢɥɢ 
ɱɟɪɟɡ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɢɡ ɧɟɨɛɯɨɞɢɦɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɜ RS-485. 
 

Bluetooth

ПК

Bluetooth

Дɪɚɣɜɟɪ 
ɞɜɢɝɚɬɟɥя 1

Дɪɚɣɜɟɪ 
ɞɜɢɝɚɬɟɥя 2

Ɇ1 Ɇ2

Ⱥɜɬɨɧɨɦɧɨɟ 
ɩɢɬɚɧɢɟ

Зɚɪяɞɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ

Дɚɬчɢɤɢ

Ɇɚɧɭɩɭɥяɬɨɪ

Дɨɩɨɥɧɢɬɟɥɶɧɨɟ 
ɨɛɨɪɨɞɭɜɚɧɢɟ

 
 

Ɋɢɫɭɧɨɤ 3.1 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
 

3.1 Ɋɚɡɪɚɛɨɬɤɚ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ 
 
ɉɢɬɚɧɢɟ ɷɥɟɤɬɪɨɷɧɟɪɝɢɟɣ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɞɜɢɝɚɬɟɥɹ, ɩɥɚɬɵ 

ATxmega16A4U, ɚ ɬɚɤɠɟ ɷɧɤɨɞɟɪɭ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɛɵɥɢ ɡɚɤɭɩɥɟɧɵ 8 ɥɢɬɢɣ-
ɢɨɧɧɵɯ ɛɚɬɚɪɟɣ Liitokala HG2 18650 ɢ ɞɜɟ ɩɥɚɬɵ ɦɨɞɭɥɟɣ ɡɚɳɢɬɵ ɥɢɬɢɣ-ɢɨɧɧɵɯ 
ɛɚɬɚɪɟɣ BMS PCM S4 40A.  
  Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ ɫɨɟɞɢɧɹɸɬɫɹ ɜ ɞɜɟ ɝɪɭɩɩɵ ɩɨ 4. ɗɬɢ ɝɪɭɩɩɵ 
ɭɫɬɚɧɨɜɥɟɧɵ ɜ ɤɨɪɩɭɫ ɢɡ ɩɥɚɫɬɢɤɚ ɧɚɩɟɱɚɬɚɧɧɵɣ ɧɚ 3D ɩɪɢɧɬɟɪɟ. Ƚɪɭɩɩɵ 
ɛɚɬɚɪɟɣ ɢ ɤɚɠɞɚɹ ɜ ɨɬɞɟɥɶɧɨɫɬɢ ɫɨɟɞɢɧɟɧɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ ɩɨɞɤɥɸɱɟɧɵ ɤ 
ɩɥɚɬɚɦ ɩɪɢɜɨɞɨɜ. Ʉɨɪɩɭɫɚ ɛɚɬɚɪɟɣ ɤɪɟɩɹɬɫɹ ɤ ɲɚɫɫɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. 
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 ɂɡɧɚɱɚɥɶɧɨ ɩɥɚɧɢɪɨɜɚɥɨɫɶ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɳё ɢ ɩɥɚɬɭ ɭɩɪɚɜɥɟɧɢɹ ɩɢɬɚɧɢɹ, 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.2, ɩɨɞɤɥɸɱɟɧɧɭɸ ɤ ɨɛɳɟɣ ɫɟɬɢ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɢ 
ɟɳё ɨɞɢɧ ɛɥɨɤ ɛɚɬɚɪɟɣ ɞɥɹ ɫɥɚɛɨɬɨɱɧɨɝɨ ɩɢɬɚɧɢɹ. ɉɥɚɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɢɬɚɧɢɟɦ 
ɩɨɡɜɨɥɢɥɚ ɛɵ ɨɬɤɥɸɱɚɬɶ ɩɢɬɚɧɢɟ ɫɟɬɢ ɫ ɱɟɪɟɡ ɢɧɬɟɪɮɟɣɫ RS-485 ɢ ɭɩɪɨɫɬɢɥɚ ɛɵ 
ɡɚɪɹɞɤɭ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. 
 

PWR

SUPPLY

12V

RS485

 ɋɢɥɨɜɚя Ȼɚɬɚɪɟя 1

əчɟɣɤɚ 1

əчɟɣɤɚ 4

əчɟɣɤɚ 3

əчɟɣɤɚ 2
Ȼɥɨɤ 

ɡɚщɢɬɵ

ɋɢɥɨɜɚя Ȼɚɬɚɪɟя 2

-

+

ɋɥɚɛɨɬɨчɧɚя ɛɚɬɚɪɟя 

ɡɚɪяɞɤɚ

Atxmega16A4U

DC/DC 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 
12ȼ

Ȼɥɨɤ ɪɟɥɟ

Дɚɬчɢɤɢ ɬɨɤɚ

+

-

+

-

Пɥɚɬɚ ɭɩɪɚɜɥɟɧɢя ɩɢɬɚɧɢɟɦ

 

Ɋɢɫɭɧɨɤ 3.2 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ 
 

 

Ɋɢɫɭɧɨɤ 3.3 – ɋɛɨɪɤɚ ɝɪɭɩɩɵ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
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 3.1.1 Ⱥɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ Liitokala HG2 18650 

 

Ɋɢɫɭɧɨɤ 3.4 – Ⱥɤɤɭɦɭɥɹɬɨɪɧɚɹ ɛɚɬɚɪɟɹ Liitokala HG2 18650 
 

 Ʌɢɬɢɣ–ɢɨɧɧɵɟ ɛɚɬɚɪɟɢ ɩɨɡɜɨɥɹɬ ɨɛɟɫɩɟɱɢɬɶ ɩɨɞɡɚɪɹɞɤɭ ɫɢɫɬɟɦɵ ɢ 
ɚɜɬɨɧɨɦɧɨɫɬɶ ɜ ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ. 
  
Ɍɚɛɥɢɰɚ 5 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɧɨɣ ɛɚɬɚɪɟɢ Liitokala HG2 18650 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɍɢɩ ɛɚɬɚɪɟɢ Ʌɢɬɢɣ-ɢɨɧɧɚɹ 
Ёɦɤɨɫɬɶ 3000 ɦȺɱ 
ɇɚɩɪɹɠɟɧɢɟ ɛɚɬɚɪɟɢ 3,6 ȼ 
ȼɧɭɬɪɟɧɧɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 12-16 ɦɈɦ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɪɚɡɪɹɞɤɢ 20 A 
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 3.1.2 Ⱦɪɚɣɜɟɪ ɡɚɳɢɬɵ ɛɚɬɚɪɟɣ BMS PCM S4 40A 

 

Ɋɢɫɭɧɨɤ 3.5 –  Ⱦɪɚɣɜɟɪ ɡɚɳɢɬɵ ɥɢɬɢɣ-ɢɨɧɧɵɯ ɛɚɬɚɪɟɣ BMS PCM S4 40A 
 

 Ⱦɪɚɣɜɟɪ BMS PCM S4 40Ⱥ ɩɨɡɜɨɥɹɟɬ ɡɚɳɢɬɢɬɶ ɚɤɤɭɦɭɥɹɬɨɪɧɵɟ ɛɚɬɚɪɟɢ 
ɨɬ ɬɚɤɢɯ ɧɟɝɚɬɢɜɧɵɯ ɹɜɥɟɧɢɣ ɤɚɤ ɩɟɪɟɡɚɪɹɞɤɚ, ɩɟɪɟɪɚɡɪɹɞɤɚ, ɤɨɪɨɬɤɨɟ 
ɡɚɦɵɤɚɧɢɟ ɢ ɩɟɪɟɝɪɭɡɤɚ ɩɨ ɬɨɤɭ. Ɍɚɤ ɠɟ ɞɚɧɧɵɣ ɦɨɞɭɥɶ ɢɦɟɟɬ ɛɚɥɚɧɫɢɪɨɜɤɭ ɞɨ 4 
ɹɱɟɟɤ ɚɤɤɭɦɭɥɹɬɨɪɚ, ɬ.ɟ. ɩɪɨɢɡɜɨɞɢɬ ɪɚɜɧɨɦɟɪɧɭɸ ɡɚɪɹɞɤɭ ɢ ɪɚɡɪɹɞɤɭ ɤɚɠɞɨɣ 
ɹɱɟɣɤɢ ɞɨ ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥёɧɧɨɝɨ ɭɪɨɜɧɹ. 

 
Ɍɚɛɥɢɰɚ 6 – Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɞɪɚɣɜɟɪɚ ɡɚɳɢɬɵ BMS PCM S4 40A 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
ɇɚɩɪɹɠɟɧɢɟ 16,8 ȼ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɛɨɱɢɣ ɬɨɤ 40 A 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ (ɄɁ) 80 A 
ɇɚɩɪɹɠɟɧɢɟ ɡɚɪɹɞɤɢ 16,8 ȼ-18,1 ȼ 
Ɇɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ ɡɚɪɹɞɤɢ 20 Ⱥ 
Ɉɬɤɥɸɱɟɧɢɟ ɡɚɪɹɞɚ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ 4,25 ȼ 
ɋɪɚɛɚɬɵɜɚɧɢɟ ɡɚɳɢɬɵ ɩɪɢ ɫɧɢɠɟɧɢɢ ɧɚɩɪɹɠɟɧɢɹ ɞɨ 2,5-3,5 ȼ 

 
3.1.3 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɪɩɭɫɚ ɞɥɹ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ ɛɚɬɚɪɟɣ 
 
Ʉɨɪɩɭɫ ɛɵɥ ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɜ ɫɢɫɬɟɦɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ SolidWorks. 3D–ɦɨɞɟɥɶ ɤɨɪɩɭɫɚ ɜɦɟɫɬɟ ɫ ɤɪɵɲɤɨɣ ɩɨɤɚɡɚɧɚ ɧɚ 
ɪɢɫɭɧɤɟ 3.6.  
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Ɋɢɫɭɧɨɤ 3.6 – 3D–ɦɨɞɟɥɶ ɤɨɪɩɭɫɚ ɢ ɤɪɵɲɤɢ 
 
Ɉɛɨɪɭɞɨɜɚɧɢɟɦ ɞɥɹ ɩɟɱɚɬɢ ɩɨɫɥɭɠɢɥ 3D–ɩɪɢɧɬɟɪ Tevo Tarantula. ȿɝɨ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 
 

Ɍɚɛɥɢɰɚ 7 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 3D–ɩɪɢɧɬɟɪɚ Tevo Tarantula 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 
Ɍɟɯɧɨɥɨɝɢɹ ɩɟɱɚɬɢ FDM 
Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɢɧɬɟɪɚ Prusa i3 
Ɉɛɥɚɫɬɶ ɩɟɱɚɬɢ 220ɯ270ɯ260 ɦɦ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɟɱɚɬɢ 150 ɦɦ/ɫɟɤ 
Ɋɟɤɨɦɟɧɞɭɟɦɚɹ ɫɤɨɪɨɫɬɶ ɩɟɱɚɬɢ 30-60 ɦɦ/ɫɟɤ 
Ⱦɢɚɦɟɬɪ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɩɥɚɫɬɢɤɚ 1.75 ɦɦ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɷɤɫɬɪɭɞɟɪɚ 260°C 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚ ɫɬɨɥɚ 120 ° C. 
ɂɧɬɟɪɮɟɣɫ Micro SD ɤɚɪɬɚ 
ɉɥɚɬɚ ɭɩɪɚɜɥɟɧɢɹ MKS Base v1.3 

 
Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɤɨɦɚɧɞɵ ɞɥɹ ɩɪɢɧɬɟɪɚ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ 

ɫɥɚɣɫɟɪ ɩɨɞ ɧɚɡɜɚɧɢɟɦ Cura. ɋɥɚɣɫɟɪɵ ɷɬɨ ɩɪɨɝɪɚɦɦɵ ɫɨɡɞɚɸɳɢɟ ɭɩɪɚɜɥɹɸɳɢɟ 
ɤɨɞɵ (G–ɤɨɞɵ) ɞɥɹ 3D–ɩɪɢɧɬɟɪɨɜ ɢ ɞɪɭɝɢɯ ɫɬɚɧɤɨɜ ɫ ɑɉɍ ɧɚ ɨɫɧɨɜɟ 3D–ɦɨɞɟɥɢ, 
ɦɨɞɟɥɢ ɩɪɢɧɬɟɪɚ ɢ ɧɚɫɬɪɨɟɤ ɩɟɱɚɬɢ.  

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 3D–ɩɟɱɚɬɢ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɥɚɫɬɢɤ 
ɩɨɥɢɷɬɢɥɟɧɬɟɪɟɮɬɚɥɚɬɝɥɢɤɨɥɶ ɢɥɢ ɢɧɚɱɟ PETG. ɗɬɨɬ ɩɥɚɫɬɢɤ ɨɛɥɚɞɚɟɬ 
ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɶɸ. ɍ ɩɥɚɫɬɢɤɚ 
ɧɢɡɤɚɹ ɬɟɪɦɨɭɫɚɞɤɚ. 
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Ɍɟɦɩɟɪɚɬɭɪɚ ɩɟɱɚɬɢ ɞɥɹ ɫɬɨɥɚ ɛɵɥɚ ɜɵɛɪɚɧɚ 90ºC ɢ ɞɥɹ ɯɨɬ–ɷɧɞɚ 210°ɋ. 
Ⱦɥɹ ɩɟɱɚɬɢ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɡɚɤɪɟɩɥɟɧɢɹ ɤɪɵɲɤɢ ɧɚ ɤɨɪɩɭɫɟ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɩɨɞɞɟɪɠɤɢ. ɉɟɱɚɬɶ ɤɨɪɩɭɫɚ ɢ ɤɪɵɲɤɢ ɜɦɟɫɬɟ ɡɚɧɹɥɢ 7 ɱɚɫɨɜ. 

 
3.2 Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɬɨɤɨɥɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

 
 Ⱦɥɹ ɜɵɜɨɞɚ ɨɬɫɥɟɠɢɜɚɟɦɵɯ ɞɚɧɧɵɯ ɧɚ ɷɤɪɚɧ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ, ɚ 
ɬɚɤɠɟ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɵɦ ɪɨɛɨɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɬɨɤɨɥɵ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. 
 ɉɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ — ɧɚɛɨɪ ɫɨɝɥɚɲɟɧɢɣ ɢɧɬɟɪɮɟɣɫɚ ɥɨɝɢɱɟɫɤɨɝɨ 
ɭɪɨɜɧɹ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ. 
ɗɬɢ ɫɨɝɥɚɲɟɧɢɹ ɡɚɞɚɸɬ ɟɞɢɧɨɨɛɪɚɡɧɵɣ ɫɩɨɫɨɛ ɩɟɪɟɞɚɱɢ ɫɨɨɛɳɟɧɢɣ ɢ ɨɛɪɚɛɨɬɤɢ 
ɨɲɢɛɨɤ ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɧɟɫёɧɧɨɣ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɩɩɚɪɚɬɭɪɵ, ɫɨɟɞɢɧёɧɧɨɣ ɬɟɦ ɢɥɢ ɢɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ. 
 ɋɬɚɧɞɚɪɬɢɡɢɪɨɜɚɧɧɵɣ ɩɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ 
ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɢɧɬɟɪɮɟɣɫɵ (ɭɠɟ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ), ɧɟ ɩɪɢɜɹɡɚɧɧɵɟ ɤ 
ɤɨɧɤɪɟɬɧɨɣ ɚɩɩɚɪɚɬɧɨɣ ɩɥɚɬɮɨɪɦɟ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɸ (ɧɚɩɪɢɦɟɪ, USB, Bluetooth) 
[5]. 
 
 
 
 
 3.2.1 Ɇɨɞɟɥɶ OSI 

 
 ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɨɣ ɫɢɫɬɟɦɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɟɬɟɜɵɯ ɩɪɨɬɨɤɨɥɨɜ 
ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɦɨɞɟɥɶ OSI, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɨɣ ɩɪɨɬɨɤɨɥɵ 
ɞɟɥɹɬɫɹ ɧɚ 7 ɭɪɨɜɧɟɣ ɩɨ ɫɜɨɟɦɭ ɧɚɡɧɚɱɟɧɢɸ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.7. 
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Ɋɢɫɭɧɨɤ 3.7 – Ɇɨɞɟɥɶ OSI 

 

 Ʌɸɛɨɣ ɩɪɨɬɨɤɨɥ ɦɨɞɟɥɢ OSI ɞɨɥɠɟɧ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɥɢɛɨ ɫ 
ɩɪɨɬɨɤɨɥɚɦɢ ɫɜɨɟɝɨ ɭɪɨɜɧɹ, ɥɢɛɨ ɫ ɩɪɨɬɨɤɨɥɚɦɢ ɧɚ ɟɞɢɧɢɰɭ ɜɵɲɟ ɢ/ɢɥɢ ɧɢɠɟ 
ɫɜɨɟɝɨ ɭɪɨɜɧɹ. ȼɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɩɪɨɬɨɤɨɥɚɦɢ ɫɜɨɟɝɨ ɭɪɨɜɧɹ ɧɚɡɵɜɚɸɬɫɹ 
ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ, ɚ ɫ ɭɪɨɜɧɹɦɢ ɧɚ ɟɞɢɧɢɰɭ ɜɵɲɟ ɢɥɢ ɧɢɠɟ — ɜɟɪɬɢɤɚɥɶɧɵɦɢ. 
 Ʉɚɠɞɨɦɭ ɭɪɨɜɧɸ ɫ ɧɟɤɨɬɨɪɨɣ ɞɨɥɟɣ ɭɫɥɨɜɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɣ 
ɨɩɟɪɚɧɞ — ɥɨɝɢɱɟɫɤɢ ɧɟɞɟɥɢɦɵɣ ɷɥɟɦɟɧɬ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɦ ɧɚ ɨɬɞɟɥɶɧɨɦ ɭɪɨɜɧɟ 
ɦɨɠɧɨ ɨɩɟɪɢɪɨɜɚɬɶ ɜ ɪɚɦɤɚɯ ɦɨɞɟɥɢ ɢ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɨɬɨɤɨɥɨɜ: ɧɚ 
ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɦɟɥɶɱɚɣɲɚɹ ɟɞɢɧɢɰɚ — ɛɢɬ, ɧɚ ɤɚɧɚɥɶɧɨɦ ɭɪɨɜɧɟ 
ɢɧɮɨɪɦɚɰɢɹ ɨɛɴɟɞɢɧɟɧɚ ɜ ɤɚɞɪɵ, ɧɚ ɫɟɬɟɜɨɦ — ɜ ɩɚɤɟɬɵ (ɞɚɬɚɝɪɚɦɦɵ), ɧɚ 
ɬɪɚɧɫɩɨɪɬɧɨɦ — ɜ ɫɟɝɦɟɧɬɵ. Ʌɸɛɨɣ ɮɪɚɝɦɟɧɬ ɞɚɧɧɵɯ, ɥɨɝɢɱɟɫɤɢ ɨɛɴɟɞɢɧёɧɧɵɯ 
ɞɥɹ ɩɟɪɟɞɚɱɢ — ɤɚɞɪ, ɩɚɤɟɬ, ɞɚɬɚɝɪɚɦɦɚ — ɫɱɢɬɚɟɬɫɹ ɫɨɨɛɳɟɧɢɟɦ. ɂɦɟɧɧɨ 
ɫɨɨɛɳɟɧɢɹ ɜ ɨɛɳɟɦ ɜɢɞɟ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɧɞɚɦɢ ɫɟɚɧɫɨɜɨɝɨ, ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɤɨɝɨ 
ɢ ɩɪɢɤɥɚɞɧɨɝɨ ɭɪɨɜɧɟɣ. 
 Ɋɚɫɫɦɨɬɪɢɦ ɭɪɨɜɧɢ ɷɬɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 
 ɉɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ. 
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 ɉɪɢɤɥɚɞɧɨɣ ɭɪɨɜɟɧɶ (ɭɪɨɜɟɧɶ ɩɪɢɥɨɠɟɧɢɣ; ɚɧɝɥ. application layer) — 
ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɦɨɞɟɥɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ 
ɩɪɢɥɨɠɟɧɢɣ ɫ ɫɟɬɶɸ: 

 ɩɨɡɜɨɥɹɟɬ ɩɪɢɥɨɠɟɧɢɹɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɟɬɟɜɵɟ ɫɥɭɠɛɵ: 
 ɭɞɚɥёɧɧɵɣ ɞɨɫɬɭɩ ɤ ɮɚɣɥɚɦ ɢ ɛɚɡɚɦ ɞɚɧɧɵɯ, 
 ɩɟɪɟɫɵɥɤɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ; 
 ɨɬɜɟɱɚɟɬ ɡɚ ɩɟɪɟɞɚɱɭ ɫɥɭɠɟɛɧɨɣ ɢɧɮɨɪɦɚɰɢɢ; 
 ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɪɢɥɨɠɟɧɢɹɦ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɲɢɛɤɚɯ; 
 ɮɨɪɦɢɪɭɟɬ ɡɚɩɪɨɫɵ ɤ ɭɪɨɜɧɸ ɩɪɟɞɫɬɚɜɥɟɧɢɹ. 

 ɍɪɨɜɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɢя. 
 ɍɪɨɜɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɢɹ (ɚɧɝɥ. presentation layer) ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɪɨɬɨɤɨɥɨɜ ɢ ɤɨɞɢɪɨɜɚɧɢɟ/ɞɟɤɨɞɢɪɨɜɚɧɢɟ ɞɚɧɧɵɯ. Ɂɚɩɪɨɫɵ 
ɩɪɢɥɨɠɟɧɢɣ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɪɢɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ, ɧɚ ɭɪɨɜɧɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɮɨɪɦɚɬ ɞɥɹ ɩɟɪɟɞɚɱɢ ɩɨ ɫɟɬɢ, ɚ ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɫɟɬɢ ɞɚɧɧɵɟ 
ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɮɨɪɦɚɬ ɩɪɢɥɨɠɟɧɢɣ. ɇɚ ɷɬɨɦ ɭɪɨɜɧɟ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 
ɫɠɚɬɢɟ/ɪɚɫɩɚɤɨɜɤɚ ɢɥɢ ɲɢɮɪɨɜɚɧɢɟ/ɞɟɲɢɮɪɨɜɚɧɢɟ, ɚ ɬɚɤɠɟ ɩɟɪɟɧɚɩɪɚɜɥɟɧɢɟ 
ɡɚɩɪɨɫɨɜ ɞɪɭɝɨɦɭ ɫɟɬɟɜɨɦɭ ɪɟɫɭɪɫɭ, ɟɫɥɢ ɨɧɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɨɛɪɚɛɨɬɚɧɵ 
ɥɨɤɚɥɶɧɨ. 
 ɍɪɨɜɟɧɶ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɢɦɟɟɬ ɞɟɥɨ ɧɟ ɬɨɥɶɤɨ ɫ ɮɨɪɦɚɬɚɦɢ ɢ 
ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɞɚɧɧɵɯ, ɨɧ ɬɚɤɠɟ ɡɚɧɢɦɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚɦɢ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɨɝɪɚɦɦɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɪɨɜɟɧɶ 6 ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɨɪɝɚɧɢɡɚɰɢɸ ɞɚɧɧɵɯ ɩɪɢ ɢɯ ɩɟɪɟɫɵɥɤɟ. 
 ɋɟɚɧɫɨɜɵɣ ɭɪɨɜɟɧɶ. 
 ɋɟɚɧɫɨɜɵɣ ɭɪɨɜɟɧɶ (ɚɧɝɥ. session layer) ɦɨɞɟɥɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɞɟɪɠɚɧɢɟ 
ɫɟɚɧɫɚ ɫɜɹɡɢ, ɩɨɡɜɨɥɹɹ ɩɪɢɥɨɠɟɧɢɹɦ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ 
ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. ɍɪɨɜɟɧɶ ɭɩɪɚɜɥɹɟɬ ɫɨɡɞɚɧɢɟɦ/ɡɚɜɟɪɲɟɧɢɟɦ ɫɟɚɧɫɚ, ɨɛɦɟɧɨɦ 
ɢɧɮɨɪɦɚɰɢɟɣ, ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɡɚɞɚɱ, ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɚɜɚ ɧɚ ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɢ 
ɩɨɞɞɟɪɠɚɧɢɟɦ ɫɟɚɧɫɚ ɜ ɩɟɪɢɨɞɵ ɧɟɚɤɬɢɜɧɨɫɬɢ ɩɪɢɥɨɠɟɧɢɣ. 
 Ɍɪɚɧɫɩɨɪɬɧɵɣ ɭɪɨɜɟɧɶ. 
 Ɍɪɚɧɫɩɨɪɬɧɵɣ ɭɪɨɜɟɧɶ (ɚɧɝɥ. transport layer) ɦɨɞɟɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞёɠɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɨɬ ɨɬɩɪɚɜɢɬɟɥɹ ɤ ɩɨɥɭɱɚɬɟɥɸ. ɉɪɢ ɷɬɨɦ 
ɭɪɨɜɟɧɶ ɧɚɞёɠɧɨɫɬɢ ɦɨɠɟɬ ɜɚɪɶɢɪɨɜɚɬɶɫɹ ɜ ɲɢɪɨɤɢɯ ɩɪɟɞɟɥɚɯ. ɋɭɳɟɫɬɜɭɟɬ 
ɦɧɨɠɟɫɬɜɨ ɤɥɚɫɫɨɜ ɩɪɨɬɨɤɨɥɨɜ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɪɨɜɧɹ, ɧɚɱɢɧɚɹ ɨɬ ɩɪɨɬɨɤɨɥɨɜ, 
ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɯ ɬɨɥɶɤɨ ɨɫɧɨɜɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɮɭɧɤɰɢɢ (ɧɚɩɪɢɦɟɪ, ɮɭɧɤɰɢɢ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɛɟɡ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɩɪɢёɦɚ), ɢ ɡɚɤɚɧɱɢɜɚɹ ɩɪɨɬɨɤɨɥɚɦɢ, 
ɤɨɬɨɪɵɟ ɝɚɪɚɧɬɢɪɭɸɬ ɞɨɫɬɚɜɤɭ ɜ ɩɭɧɤɬ ɧɚɡɧɚɱɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɩɚɤɟɬɨɜ ɞɚɧɧɵɯ ɜ 
ɧɚɞɥɟɠɚɳɟɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ, ɦɭɥɶɬɢɩɥɟɤɫɢɪɭɸɬ ɧɟɫɤɨɥɶɤɨ ɩɨɬɨɤɨɜ ɞɚɧɧɵɯ, 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɟɯɚɧɢɡɦ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ ɢ ɝɚɪɚɧɬɢɪɭɸɬ 
ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɩɪɢɧɹɬɵɯ ɞɚɧɧɵɯ. 
 
 
 ɋɟɬɟɜɨɣ ɭɪɨɜɟɧɶ. 
 ɋɟɬɟɜɨɣ ɭɪɨɜɟɧɶ (ɚɧɝɥ. network layer) ɦɨɞɟɥɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɭɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɉɬɜɟɱɚɟɬ ɡɚ ɬɪɚɧɫɥɹɰɢɸ ɥɨɝɢɱɟɫɤɢɯ ɚɞɪɟɫɨɜ 
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ɢ ɢɦёɧ ɜ ɮɢɡɢɱɟɫɤɢɟ, ɨɩɪɟɞɟɥɟɧɢɟ ɤɪɚɬɱɚɣɲɢɯ ɦɚɪɲɪɭɬɨɜ, ɤɨɦɦɭɬɚɰɢɸ ɢ 
ɦɚɪɲɪɭɬɢɡɚɰɢɸ, ɨɬɫɥɟɠɢɜɚɧɢɟ ɧɟɩɨɥɚɞɨɤ ɢ «ɡɚɬɨɪɨɜ» ɜ ɫɟɬɢ.  
 ɉɪɨɬɨɤɨɥɵ ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ ɦɚɪɲɪɭɬɢɡɢɪɭɸɬ ɞɚɧɧɵɟ ɨɬ ɢɫɬɨɱɧɢɤɚ ɤ 
ɩɨɥɭɱɚɬɟɥɸ. Ɋɚɛɨɬɚɸɳɢɟ ɧɚ ɷɬɨɦ ɭɪɨɜɧɟ ɭɫɬɪɨɣɫɬɜɚ (ɦɚɪɲɪɭɬɢɡɚɬɨɪɵ) ɭɫɥɨɜɧɨ 
ɧɚɡɵɜɚɸɬ ɭɫɬɪɨɣɫɬɜɚɦɢ ɬɪɟɬɶɟɝɨ ɭɪɨɜɧɹ (ɩɨ ɧɨɦɟɪɭ ɭɪɨɜɧɹ ɜ ɦɨɞɟɥɢ OSI).  
 Ʉɚɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ. 
 Ʉɚɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ (ɚɧɝɥ. data link layer) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫɟɬɟɣ ɧɚ ɮɢɡɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɢ ɤɨɧɬɪɨɥɹ ɨɲɢɛɨɤ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɜɨɡɧɢɤɧɭɬɶ. ɉɨɥɭɱɟɧɧɵɟ ɫ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɞɚɧɧɵɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɛɢɬɚɯ, 
ɨɧ ɭɩɚɤɨɜɵɜɚɟɬ ɜ ɤɚɞɪɵ, ɩɪɨɜɟɪɹɟɬ ɢɯ ɧɚ ɰɟɥɨɫɬɧɨɫɬɶ ɢ, ɟɫɥɢ ɧɭɠɧɨ, ɢɫɩɪɚɜɥɹɟɬ 
ɨɲɢɛɤɢ (ɮɨɪɦɢɪɭɟɬ ɩɨɜɬɨɪɧɵɣ ɡɚɩɪɨɫ ɩɨɜɪɟɠɞёɧɧɨɝɨ ɤɚɞɪɚ) ɢ ɨɬɩɪɚɜɥɹɟɬ ɧɚ 
ɫɟɬɟɜɨɣ ɭɪɨɜɟɧɶ. Ʉɚɧɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɦɨɠɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɨɞɧɢɦ ɢɥɢ 
ɧɟɫɤɨɥɶɤɢɦɢ ɮɢɡɢɱɟɫɤɢɦɢ ɭɪɨɜɧɹɦɢ, ɤɨɧɬɪɨɥɢɪɭɹ ɢ ɭɩɪɚɜɥɹɹ ɷɬɢɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ. 
 ɋɩɟɰɢɮɢɤɚɰɢɹ IEEE 802 ɪɚɡɞɟɥɹɟɬ ɷɬɨɬ ɭɪɨɜɟɧɶ ɧɚ ɞɜɚ ɩɨɞɭɪɨɜɧɹ: MAC 
(ɚɧɝɥ. media access control) ɪɟɝɭɥɢɪɭɟɬ ɞɨɫɬɭɩ ɤ ɪɚɡɞɟɥɹɟɦɨɣ ɮɢɡɢɱɟɫɤɨɣ ɫɪɟɞɟ, 
LLC (ɚɧɝɥ. logical link control) ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɹ. 
 ɇɚ ɷɬɨɦ ɭɪɨɜɧɟ ɪɚɛɨɬɚɸɬ ɤɨɦɦɭɬɚɬɨɪɵ, ɦɨɫɬɵ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ. ɗɬɢ 
ɭɫɬɪɨɣɫɬɜɚ ɢɫɩɨɥɶɡɭɸɬ ɚɞɪɟɫɚɰɢɸ ɜɬɨɪɨɝɨ ɭɪɨɜɧɹ (ɩɨ ɧɨɦɟɪɭ ɭɪɨɜɧɹ ɜ ɦɨɞɟɥɢ 
OSI). 
 ȼ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɷɬɨɬ ɭɪɨɜɟɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɞɪɚɣɜɟɪ ɫɟɬɟɜɨɣ ɩɥɚɬɵ, ɜ 
ɨɩɟɪɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦɚɯ ɢɦɟɟɬɫɹ ɩɪɨɝɪɚɦɦɧɵɣ ɢɧɬɟɪɮɟɣɫ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 
ɤɚɧɚɥɶɧɨɝɨ ɢ ɫɟɬɟɜɨɝɨ ɭɪɨɜɧɟɣ ɦɟɠɞɭ ɫɨɛɨɣ. ɗɬɨ ɧɟ ɧɨɜɵɣ ɭɪɨɜɟɧɶ, ɚ ɩɪɨɫɬɨ 
ɪɟɚɥɢɡɚɰɢɹ ɦɨɞɟɥɢ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ Ɉɋ. ɉɪɢɦɟɪɵ ɬɚɤɢɯ ɢɧɬɟɪɮɟɣɫɨɜ: ODI 
(ɚɧɝɥ.), NDIS, UDI. 
 Ɏɢɡɢчɟɫɤɢɣ ɭɪɨɜɟɧɶ. 
 Ɏɢɡɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ (ɚɧɝɥ. physical layer) — ɧɢɠɧɢɣ ɭɪɨɜɟɧɶ ɦɨɞɟɥɢ, 
ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɦɟɬɨɞ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɞɜɨɢɱɧɨɦ ɜɢɞɟ, 
ɨɬ ɨɞɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ (ɤɨɦɩɶɸɬɟɪɚ) ɤ ɞɪɭɝɨɦɭ. ɉɪɨɬɨɤɨɥɵ ɷɬɨɝɨ ɭɪɨɜɧɹ 
ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɟɪɟɞɚɱɭ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢɥɢ ɨɩɬɢɱɟɫɤɢɯ ɫɢɝɧɚɥɨɜ ɜ ɤɚɛɟɥɶ ɢɥɢ ɜ 
ɪɚɞɢɨɷɮɢɪ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢɯ ɩɪɢёɦ ɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɜ ɛɢɬɵ ɞɚɧɧɵɯ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɚɦɢ ɤɨɞɢɪɨɜɚɧɢɹ ɰɢɮɪɨɜɵɯ ɫɢɝɧɚɥɨɜ. 
 ɇɚ ɷɬɨɦ ɭɪɨɜɧɟ ɬɚɤɠɟ ɪɚɛɨɬɚɸɬ ɤɨɧɰɟɧɬɪɚɬɨɪɵ, ɩɨɜɬɨɪɢɬɟɥɢ ɫɢɝɧɚɥɚ ɢ 
ɦɟɞɢɚɤɨɧɜɟɪɬɟɪɵ. 
 Ɏɭɧɤɰɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɪɟɚɥɢɡɭɸɬɫɹ ɧɚ ɜɫɟɯ ɭɫɬɪɨɣɫɬɜɚɯ, 
ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɫɟɬɢ. ɋɨ ɫɬɨɪɨɧɵ ɤɨɦɩɶɸɬɟɪɚ ɮɭɧɤɰɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ 
ɜɵɩɨɥɧɹɸɬɫɹ ɫɟɬɟɜɵɦ ɚɞɚɩɬɟɪɨɦ ɢɥɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɩɨɪɬɨɦ. Ʉ ɮɢɡɢɱɟɫɤɨɦɭ 
ɭɪɨɜɧɸ ɨɬɧɨɫɹɬɫɹ ɮɢɡɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɢɧɬɟɪɮɟɣɫɵ 
ɦɟɠɞɭ ɞɜɭɦɹ ɫɢɫɬɟɦɚɦɢ. Ɏɢɡɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ ɨɩɪɟɞɟɥɹɟɬ ɬɚɤɢɟ ɜɢɞɵ ɫɪɟɞ 
ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɤɚɤ ɨɩɬɨɜɨɥɨɤɧɨ, ɜɢɬɚɹ ɩɚɪɚ, ɤɨɚɤɫɢɚɥɶɧɵɣ ɤɚɛɟɥɶ, 
ɫɩɭɬɧɢɤɨɜɵɣ ɤɚɧɚɥ ɩɟɪɟɞɚɱ ɞɚɧɧɵɯ ɢ ɬ.ɩ. ɋɬɚɧɞɚɪɬɧɵɦɢ ɬɢɩɚɦɢ ɫɟɬɟɜɵɯ 
ɢɧɬɟɪɮɟɣɫɨɜ, ɨɬɧɨɫɹɳɢɦɢɫɹ ɤ ɮɢɡɢɱɟɫɤɨɦɭ ɭɪɨɜɧɸ, ɹɜɥɹɸɬɫɹ: V.35, RS-232, 
RS-485, RJ-11, RJ-45, ɪɚɡɴёɦɵ AUI ɢ BNC [5].  
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 3.2.2 ɋɪɚɜɧɟɧɢɟ ɫɬɚɧɞɚɪɬɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɩɪɨɬɨɤɨɥɨɜ 
 
 ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɜɟ ɬɚɛɥɢɰɵ ɫɪɚɜɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɩɪɨɬɨɤɨɥɨɜ. 
 
Ɍɚɛɥɢɰɚ 8 – ɋɪɚɜɧɟɧɢɟ ɫɬɚɧɞɚɪɬɨɜ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ 

ɉɪɨɬɨɤɨɥɵ 
ɉɪɢɡɧɚɤɢ 

RS-232 RS-422 RS-423 RS-485 

Ɏɢɡɢɱɟɫɤɚɹ ɫɪɟɞɚ 
ɝɪɭɩɩɚ ɦɟɞɧɵɯ 

ɤɚɛɟɥɟɣ 
ȼɢɬɚɹ ɩɚɪɚ 

ɝɪɭɩɩɚ ɦɟɞɧɵɯ 
ɤɚɛɟɥɟɣ 

ȼɢɬɚɹ ɩɚɪɚ 

Ɍɢɩ ɩɟɪɟɞɚɱɢ ɉɨɥɧɵɣ ɞɭɩɥɟɤɫ ɉɨɥɧɵɣ ɞɭɩɥɟɤɫ Ⱦɭɩɥɟɤɫ 

ɉɨɥɭɞɭɩɥɟɤɫ (2 
ɩɪɨɜɨɞɚ),ɩɨɥɧɵɣ 

ɞɭɩɥɟɤɫ (4 
ɩɪɨɜɨɞɚ) 

Ɋɟɠɢɦ ɩɟɪɟɞɚɱɢ 
ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ 
(ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧ

ɧɵɣ 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧ
ɵɣ ɫɢɝɧɚɥ 

ɧɟɫɢɦɦɟɬɪɢɱɧɵɣ 
(ɧɟɫɛɚɥɚɧɫɢɪɨɜɚɧ

ɧɵɣ 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧ
ɵɣ ɫɢɝɧɚɥ 

(ɛɚɥɚɧɫɧɵɣ) 

Ɍɨɩɨɥɨɝɢɹ Ɍɨɱɤɚ-ɬɨɱɤɚ Ɍɨɱɤɚ-ɬɨɱɤɚ 
ɬɨɱɤɚ-ɬɨɱɤɚ, 
Multi-dropped 

Ɇɧɨɝɨɬɨɱɟɱɧɚɹ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ 
ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ 

0,3 ɤɛɢɬ/ɫ – 0,5 
Ɇɛɢɬ/ɫ 

100 ɤɛɢɬ/ɫ – 10 
Ɇɛɢɬ/ɫ 

Ⱦɨ 100 Ʉɛɢɬ/ɫ 
100 ɤɛɢɬ/ɫ — 10 

Ɇɛɢɬ/ɫ 
ɇɚɩɪɹɠɟɧɢɟ −15 ɞɨ +15 ȼ −6ȼ ɞɨ +6ȼ 

 
−6ȼ ɞɨ +6ȼ 

 

-7 ȼ ɞɨ +12 ȼ 
Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɤɨɥɢɱɟɫɬɜɨ 
ɭɫɬɪɨɣɫɬɜ 

1 ɩɪɢёɦɧɢɤ ɢ 1 
ɩɟɪɟɞɚɬɱɢɤ 

1 ɩɟɪɟɞɚɸɳɟɟ ɢ 
ɞɨ 10 

ɩɪɢɧɢɦɚɸɳɢɯ 

10 (1 ɞɪɚɣɜɟɪ ɢ 10 
ɩɨɥɭɱɚɬɟɥɟɣ) 

32 (ɫ 
ɩɨɜɬɨɪɢɬɟɥɹɦ ɞɨ 

256) 
Ɇɚɤɫɢɦɚɥɶɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ 

15 ɦ 1500 ɦ 1200 ɦ 1200 ɦ 

 
Ɍɚɛɥɢɰɚ 9 – ɋɪɚɜɧɟɧɢɟ ɩɪɨɬɨɤɨɥɨɜ 

ɉɪɨɬɨɤɨɥɵ 
ɉɪɢɡɧɚɤɢ 

ModBUS Profibus CAN RScomm 

Ɏɢɡɢɱɟɫɤɚɹ 
ɨɫɧɨɜɚ 

RS-485, RS-422, 
RS-232, ɢ ɫɟɬɢ 

TCP/IP 

RS-485, 
ɨɩɬɢɱɟɫɤɚɹ ɢɥɢ 
ɢɧɮɪɚɤɪɚɫɧɚɹ 

ɫɟɬɶ 

ISO 11898–2 ɢ 
ISO 11898–3 

(ɞɜɭɯɩɪɨɜɨɞɧɵɟ), 
SAE J2411 

(ɨɞɧɨɩɪɨɜɨɞɧɚɹ) 

RS-485, 
Bluetooth, wifi 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ 
ɩɟɪɟɞɚɬɱɢɤɨɜ 

master-slave multi-master multi-master multi-master 

Ɋɚɡɦɟɪ 
ɩɟɪɟɞɚɜɚɟɦɨɝɨ 
ɩɚɤɟɬ 

≤253 ɛɚɣɬɚ ≤244 ɛɚɣɬɚ ≤8 ɛɚɣɬ ≤140 ɛɚɣɬ 

ɋɥɭɠɟɛɧɵɟ ɛɚɣɬɵ 1-7 ɛɚɣɬ 11 ɛɚɣɬ 44–64 ɛɚɣɬ 8 ɛɚɣɬ 

 
 3.2.3 Ɉɛɡɨɪ ɫɬɚɧɞɚɪɬɚ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ RS-485 
  
 Ʉɚɤ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɫɬɚɧɞɚɪɬ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɪɚɫɫɦɨɬɪɢɦ ɛɨɥɟɟ 
ɩɨɞɪɨɛɧɨ RS-485. 
 ɋɟɬɶ, ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɢɧɬɟɪɮɟɣɫɟ RS-485, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɢ, ɫɨɟɞɢɧɟɧɧɵɟ ɩɪɢ ɩɨɦɨɳɢ ɜɢɬɨɣ ɩɚɪɵ - ɞɜɭɯ ɫɤɪɭɱɟɧɧɵɯ 
ɩɪɨɜɨɞɨɜ. ȼ ɨɫɧɨɜɟ ɢɧɬɟɪɮɟɣɫɚ RS-485 ɥɟɠɢɬ ɩɪɢɧɰɢɩ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ 
(ɛɚɥɚɧɫɧɨɣ) ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. ɋɭɬɶ ɟɝɨ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɟɪɟɞɚɱɟ ɨɞɧɨɝɨ ɫɢɝɧɚɥɚ 
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ɩɨ ɞɜɭɦ ɩɪɨɜɨɞɚɦ. ɉɪɢɱɟɦ ɩɨ ɨɞɧɨɦɭ ɩɪɨɜɨɞɭ (ɭɫɥɨɜɧɨ A) ɢɞɟɬ ɨɪɢɝɢɧɚɥɶɧɵɣ 
ɫɢɝɧɚɥ, ɚ ɩɨ ɞɪɭɝɨɦɭ (ɭɫɥɨɜɧɨ B) - ɟɝɨ ɢɧɜɟɪɫɧɚɹ ɤɨɩɢɹ. Ⱦɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɟɫɥɢ 
ɧɚ ɨɞɧɨɦ ɩɪɨɜɨɞɟ "1", ɬɨ ɧɚ ɞɪɭɝɨɦ "0" ɢ ɧɚɨɛɨɪɨɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɟɠɞɭ ɞɜɭɦɹ 
ɩɪɨɜɨɞɚɦɢ ɜɢɬɨɣ ɩɚɪɵ ɜɫɟɝɞɚ ɟɫɬɶ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ: ɩɪɢ "1" ɨɧɚ 
ɩɨɥɨɠɢɬɟɥɶɧɚ, ɩɪɢ "0" - ɨɬɪɢɰɚɬɟɥɶɧɚ. 
 

 
Ɋɢɫɭɧɨɤ 3.8 – Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ 

 
 ɂɦɟɧɧɨ ɷɬɨɣ ɪɚɡɧɨɫɬɶɸ ɩɨɬɟɧɰɢɚɥɨɜ ɢ ɩɟɪɟɞɚɟɬɫɹ ɫɢɝɧɚɥ. Ɍɚɤɨɣ ɫɩɨɫɨɛ 
ɩɟɪɟɞɚɱɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɫɢɧɮɚɡɧɨɣ ɩɨɦɟɯɟ. ɋɢɧɮɚɡɧɨɣ 
ɧɚɡɵɜɚɸɬ ɩɨɦɟɯɭ, ɞɟɣɫɬɜɭɸɳɭɸ ɧɚ ɨɛɚ ɩɪɨɜɨɞɚ ɥɢɧɢɢ ɨɞɢɧɚɤɨɜɨ. Ʉ ɩɪɢɦɟɪɭ, 
ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɚɹ ɜɨɥɧɚ, ɩɪɨɯɨɞɹ ɱɟɪɟɡ ɭɱɚɫɬɨɤ ɥɢɧɢɢ ɫɜɹɡɢ, ɧɚɜɨɞɢɬ ɜ ɨɛɨɢɯ 
ɩɪɨɜɨɞɚɯ ɩɨɬɟɧɰɢɚɥ. ȿɫɥɢ ɫɢɝɧɚɥ ɩɟɪɟɞɚɟɬɫɹ ɩɨɬɟɧɰɢɚɥɨɦ ɜ ɨɞɧɨɦ ɩɪɨɜɨɞɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɛɳɟɝɨ, ɤɚɤ ɜ RS-232, ɬɨ ɧɚɜɨɞɤɚ ɧɚ ɷɬɨɬ ɩɪɨɜɨɞ ɦɨɠɟɬ ɢɫɤɚɡɢɬɶ 
ɫɢɝɧɚɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɯɨɪɨɲɨ ɩɨɝɥɨɳɚɸɳɟɝɨ ɧɚɜɨɞɤɢ ɨɛɳɟɝɨ ("ɡɟɦɥɢ"). Ʉɪɨɦɟ 
ɬɨɝɨ, ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɢ ɞɥɢɧɧɨɝɨ ɨɛɳɟɝɨ ɩɪɨɜɨɞɚ ɛɭɞɟɬ ɩɚɞɚɬɶ ɪɚɡɧɨɫɬɶ 
ɩɨɬɟɧɰɢɚɥɨɜ ɡɟɦɟɥɶ - ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɢɫɤɚɠɟɧɢɣ. Ⱥ ɩɪɢ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɩɟɪɟɞɚɱɟ ɢɫɤɚɠɟɧɢɹ ɧɟ ɩɪɨɢɫɯɨɞɢɬ. ȼ ɫɚɦɨɦ ɞɟɥɟ, ɟɫɥɢ ɞɜɚ 
ɩɪɨɜɨɞɚ ɩɪɨɥɟɝɚɸɬ ɛɥɢɡɤɨ ɞɪɭɝ ɤ ɞɪɭɝɭ, ɞɚ ɟɳɟ ɩɟɪɟɜɢɬɵ, ɬɨ ɧɚɜɨɞɤɚ ɧɚ ɨɛɚ 
ɩɪɨɜɨɞɚ ɨɞɢɧɚɤɨɜɚ. ɉɨɬɟɧɰɢɚɥ ɜ ɨɛɨɢɯ ɨɞɢɧɚɤɨɜɨ ɧɚɝɪɭɠɟɧɧɵɯ ɩɪɨɜɨɞɚɯ 
ɢɡɦɟɧɹɟɬɫɹ ɨɞɢɧɚɤɨɜɨ, ɩɪɢ ɷɬɨɦ ɢɧɮɨɪɦɚɬɢɜɧɚɹ ɪɚɡɧɨɫɬɶ ɩɨɬɟɧɰɢɚɥɨɜ ɨɫɬɚɟɬɫɹ 
ɛɟɡ ɢɡɦɟɧɟɧɢɣ. 
 Ⱥɩɩɚɪɚɬɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɢɧɬɟɪɮɟɣɫɚ - ɦɢɤɪɨɫɯɟɦɵ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɨɜ ɫ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɜɯɨɞɚɦɢ/ɜɵɯɨɞɚɦɢ (ɤ ɥɢɧɢɢ) ɢ ɰɢɮɪɨɜɵɦɢ ɩɨɪɬɚɦɢ (ɤ 
ɩɨɪɬɚɦ UART ɤɨɧɬɪɨɥɥɟɪɚ).  

 
Ɋɢɫɭɧɨɤ 3.9 – Ɍɟɯɧɢɱɟɫɤɨɟ ɢɫɩɨɥɧɟɧɢɟ ɫɬɚɧɞɚɪɬɚ RS-485 
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 ɇɚ ɪɢɫɭɧɤɟ 3.9 ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ ɢɧɬɟɪɮɟɣɫɚ RS-485. 
 ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ ɭɫɥɨɜɧɵɟ ɨɛɨɡɧɚɱɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ: 
 D (driver) - ɩɟɪɟɞɚɬɱɢɤ; 
 R (receiver) - ɩɪɢɟɦɧɢɤ; 
 DI (driver input) - ɰɢɮɪɨɜɨɣ ɜɯɨɞ ɩɟɪɟɞɚɬɱɢɤɚ; 
 RO (receiver output) - ɰɢɮɪɨɜɨɣ ɜɵɯɨɞ ɩɪɢɟɦɧɢɤɚ; 
 DE (driver enable) - ɪɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ ɩɟɪɟɞɚɬɱɢɤɚ; 
 RE (receiver enable) - ɪɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ ɩɪɢɟɦɧɢɤɚ; 
 A - ɩɪɹɦɨɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɜɯɨɞ/ɜɵɯɨɞ; 
 B - ɢɧɜɟɪɫɧɵɣ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɜɯɨɞ/ɜɵɯɨɞ. 
 

 
Ɋɢɫɭɧɨɤ 3.10 – ɉɨɞɤɥɸɱɟɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɩɪɢёɦɨɩɟɪɟɞɚɬɱɢɤɚ RS-485 

 
 ɇɚ ɪɢɫɭɧɤɟ 10 ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɞɤɥɸɱɟɧɢɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ 
ɩɪɢёɦɨɩɟɪɟɞɚɬɱɢɤɚ RS-485. ɐɢɮɪɨɜɨɣ ɜɵɯɨɞ ɩɪɢɟɦɧɢɤɚ (RO) ɩɨɞɤɥɸɱɚɟɬɫɹ ɤ 
ɩɨɪɬɭ ɩɪɢɟɦɧɢɤɚ UART (RX). ɐɢɮɪɨɜɨɣ ɜɯɨɞ ɩɟɪɟɞɚɬɱɢɤɚ (DI) ɤ ɩɨɪɬɭ 
ɩɟɪɟɞɚɬɱɢɤɚ UART (TX). ɉɨɫɤɨɥɶɤɭ ɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɬɨɪɨɧɟ ɩɪɢɟɦɧɢɤ ɢ 
ɩɟɪɟɞɚɬɱɢɤ ɫɨɟɞɢɧɟɧɵ, ɬɨ ɜɨ ɜɪɟɦɹ ɩɪɢɟɦɚ ɧɭɠɧɨ ɨɬɤɥɸɱɚɬɶ ɩɟɪɟɞɚɬɱɢɤ, ɚ ɜɨ 
ɜɪɟɦɹ ɩɟɪɟɞɚɱɢ - ɩɪɢɟɦɧɢɤ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɠɚɬ ɭɩɪɚɜɥɹɸɳɢɟ ɜɯɨɞɵ - ɪɚɡɪɟɲɟɧɢɟ 
ɩɪɢɟɦɧɢɤɚ (RE) ɢ ɪɚɡɪɟɲɟɧɢɹ ɩɟɪɟɞɚɬɱɢɤɚ (DE). Ɍɚɤ ɤɚɤ ɜɯɨɞ RE ɢɧɜɟɪɫɧɵɣ, ɬɨ 
ɟɝɨ ɦɨɠɧɨ ɫɨɟɞɢɧɢɬɶ ɫ DE ɢ ɩɟɪɟɤɥɸɱɚɬɶ ɩɪɢɟɦɧɢɤ ɢ ɩɟɪɟɞɚɬɱɢɤ ɨɞɧɢɦ 
ɫɢɝɧɚɥɨɦ ɫ ɥɸɛɨɝɨ ɩɨɪɬɚ ɤɨɧɬɪɨɥɥɟɪɚ. ɉɪɢ ɭɪɨɜɧɟ "0" - ɪɚɛɨɬɚ ɧɚ ɩɪɢɟɦ, ɩɪɢ "1" 
- ɧɚ ɩɟɪɟɞɚɱɭ. 
 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɫɜɹɡɢ ɩɨ ɫɩɟɰɢɮɢɤɚɰɢɢ RS-485 ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 
10 Ɇɛɨɞ/ɫɟɤ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ - 1200 ɦ. ȿɫɥɢ ɧɟɨɛɯɨɞɢɦɨ ɨɪɝɚɧɢɡɨɜɚɬɶ 
ɫɜɹɡɶ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɛɨɥɶɲɟɦ 1200 ɦ ɢɥɢ ɩɨɞɤɥɸɱɢɬɶ ɛɨɥɶɲɟ ɭɫɬɪɨɣɫɬɜ, ɱɟɦ 
ɞɨɩɭɫɤɚɟɬ ɧɚɝɪɭɡɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ - ɩɪɢɦɟɧɹɸɬ ɫɩɟɰɢɚɥɶɧɵɟ 
ɩɨɜɬɨɪɢɬɟɥɢ (ɪɟɩɢɬɟɪɵ).  
 

 
Ɋɢɫɭɧɨɤ 3.11 – Ʉɚɞɪ, ɩɟɪɟɞɚɜɚɟɦɵɣ ɩɨ ɜɢɬɨɣ ɩɚɪɟ 

 
 Ɇɨɞɭɥɶ UART ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬ 
ɤɚɞɪɵ – ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɛɢɬɵ ɢɧɮɨɪɦɚɰɢɢ. ɇɚ ɪɢɫɭɧɤɟ 3.11 ɩɪɟɞɫɬɚɜɥɟɧɚ 
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ɫɬɪɭɤɬɭɪɚ ɤɚɞɪɚ. ɉɨ ɭɦɨɥɱɚɧɢɸ ɩɟɪɟɞɚɬɱɢɤ ɭɫɬɚɧɚɜɥɢɜɚɟɬ ɧɚ ɥɢɧɢɢ ɟɞɢɧɢɱɧɵɣ 
ɭɪɨɜɟɧɶ. ɉɟɪɟɞɚɱɚ ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɵɥɤɨɣ ɛɢɬɚ ɫ ɧɭɥɟɜɵɦ ɭɪɨɜɧɟɦ (ɫɬɚɪɬ-ɛɢɬɚ), 
ɡɚɬɟɦ ɢɞɭɬ ɛɢɬɵ ɞɚɧɧɵɯ ɦɥɚɞɲɢɦ ɛɢɬɨɦ ɜɩɟɪɟɞ (ɧɢɡɤɢɣ ɭɪɨɜɟɧɶ - "0", ɜɵɫɨɤɢɣ 
ɭɪɨɜɟɧɶ - "1"), ɡɚɜɟɪɲɚɟɬɫɹ ɩɨɫɵɥɤɚ ɩɟɪɟɞɚɱɟɣ ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ ɛɢɬɨɜ ɫ 
ɟɞɢɧɢɱɧɵɦ ɭɪɨɜɧɟɦ (ɫɬɨɩ-ɛɢɬɨɜ). 
 
 3.2.4 Ɉɩɢɫɚɧɢɟ ɩɪɨɬɨɤɨɥɚ RScomm 
  
 Ⱦɥɹ ɨɛɦɟɧɚ ɞɚɧɧɵɦɢ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɫ ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɫɟɬɢ, 
ɧɚɩɪɢɦɟɪ, ɫ ɉɄ ɪɟɚɥɢɡɨɜɚɧ ɩɪɨɬɨɤɨɥ ɩɨɞ ɧɚɡɜɚɧɢɟɦ RScomm. Ɉɧ ɪɚɡɪɚɛɨɬɚɧ ɢɡ 
ɫɨɨɛɪɚɠɟɧɢɣ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ, ɧɚɞёɠɧɨɫɬɢ ɩɟɪɟɞɚɱɢ 
ɩɚɤɟɬɚ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɦɦɭɧɢɤɚɰɢɢ ɦɧɨɠɟɫɬɜɚ ɭɫɬɪɨɣɫɬɜ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ 
ɩɨɞɤɥɸɱɟɧɢɹ ɩɪɢ ɪɚɫɲɢɪɟɧɢɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɟɬɢ. 
 RScomm ɩɨɞɞɟɪɠɢɜɚɟɬ ɛɨɥɟɟ ɨɞɧɨɝɨ ɜɟɞɭɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɟɬɢ, ɬɨ ɟɫɬɶ 
ɫɟɬɶ ɢɦɟɟɬ ɬɢɩ ɩɨɞɤɥɸɱɟɧɢɹ ɩɟɪɟɞɚɬɱɢɤɨɜ multi-master. ȼ ɤɚɱɟɫɬɜɟ ɫɬɚɧɞɚɪɬɨɜ 
ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ RS-485, Bluetooth, WiFi. 
 Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɤɨɦɚɧɞ ɭɫɬɪɨɣɫɬɜɚɦ ɩɪɨɬɨɤɨɥ ɢɫɩɨɥɶɡɭɟɬ ɩɚɤɟɬɵ. 
Ʉɚɠɞɵɣ ɩɚɤɟɬ ɪɚɡɛɢɬ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɛɥɨɤɢ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.12. 
 

 
Ɋɢɫɭɧɨɤ 3.12 – ɋɯɟɦɚ ɩɚɤɟɬɚ ɞɚɧɧɵɯ 

 

 ɉɟɪɜɵɦɢ ɜ ɩɚɤɟɬɟ ɢɞɭɬ ɞɜɚ ɛɚɣɬɚ 0xFE ɫɬɚɪɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɉɧɢ 
ɨɡɧɚɱɚɸɬ, ɱɬɨ ɩɪɢɧɢɦɚɟɬɫɹ ɩɚɤɟɬ ɢ ɧɭɠɧɨ ɧɚɱɚɬɶ ɟɝɨ ɨɛɪɚɛɨɬɤɭ. ɋɥɟɞɭɸɳɢɟ ɞɜɚ 
ɛɚɣɬɚ ɭɤɚɡɵɜɚɸɬ ɚɞɪɟɫ ɭɫɬɪɨɣɫɬɜɚ, ɤɨɬɨɪɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ 
ɫɨɞɟɪɠɚɳɢɟɫɹ ɜ ɩɚɤɟɬɟ ɢɧɫɬɪɭɤɰɢɢ. CMD1 ɢ CMD2 ɞɜɚ ɛɚɣɬɚ ɢɧɫɬɪɭɤɰɢɣ ɤ 
ɭɫɬɪɨɣɫɬɜɭ, ɫɨɞɟɪɠɚɬ ɪɨɞ ɤɨɦɚɧɞɵ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ. ɇɚɩɪɢɦɟɪ: 
ɩɨɞɧɹɬɶ/ɨɩɭɫɬɢɬɶ ɦɚɧɢɩɭɥɹɬɨɪ, ɜɤɥɸɱɢɬɶ/ɜɵɤɥɸɱɢɬɶ ɫɜɟɬɨɞɢɨɞ. N – ɱɢɫɥɨ 
ɨɛɨɡɧɚɱɚɸɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɛɚɣɬ ɜ ɛɥɨɤɟ ɞɚɧɧɵɯ. Ⱦɚɥɟɟ ɢɞɭɬ ɛɚɣɬɵ ɞɚɧɧɵɯ 
ɞɨɩɨɥɧɹɸɳɢɟ ɛɚɣɬɵ ɤɨɦɚɧɞ. Ɍɨ ɟɫɬɶ ɟɫɥɢ ɛɚɣɬɵ CMD ɫɨɞɟɪɠɚɬ ɢɧɫɬɪɭɤɰɢɸ 
ɜɤɥɸɱɟɧɢɹ ɫɜɟɬɨɞɢɨɞɚ, ɬɨ ɛɚɣɬɵ DATA1 ɭɤɚɠɭɬ ɤɚɤɨɣ ɢɦɟɧɧɨ ɫɜɟɬɨɞɢɨɞ 
ɧɟɨɛɯɨɞɢɦɨ ɜɤɥɸɱɢɬɶ ɧɚ ɷɬɨɦ ɭɫɬɪɨɣɫɬɜɟ. ɗɬɢ ɛɚɣɬɵ ɦɨɝɭɬ ɡɚɧɢɦɚɬɶ ɨɫɧɨɜɧɭɸ 
ɞɥɢɧɭ ɩɚɤɟɬɚ ɢɥɢ ɜɨɜɫɟ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɞɚɧɧɵɯ ɩɚɤɟɬɚ 140 
ɛɚɣɬ. ɉɨɫɥɟ ɷɬɨɝɨ ɢɞɭɬ ɞɜɚ ɛɚɣɬɚ ɤɨɧɬɪɨɥɶɧɨɣ ɫɭɦɦɵ, ɨɧɢ ɧɟɨɛɯɨɞɢɦɵ ɞɥɹ 
ɩɪɨɜɟɪɤɢ ɰɟɥɨɫɬɧɨɫɬɢ ɩɚɤɟɬɚ, ɩɪɢɧɹɬɨɝɨ ɭɫɬɪɨɣɫɬɜɨɦ. ɂ ɞɜɚ ɩɨɫɥɟɞɧɢɯ ɛɚɣɬɚ 
0xFF, ɫɢɝɧɚɥɢɡɢɪɭɸɳɢɟ ɨ ɤɨɧɰɟ ɩɚɤɟɬɚ. 
 ɉɪɢ ɩɪɢёɦɟ ɢ ɩɟɪɟɞɚɱɟ ɞɚɧɧɵɯ, ɫɬɨɢɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɜ ɩɚɤɟɬɟ ɦɨɝɭɬ 
ɜɫɬɪɟɬɢɬɶɫɹ ɛɚɣɬɵ 0xFE ɢ 0xFF ɤɨɬɨɪɵɟ ɧɟ ɨɛɨɡɧɚɱɚɸɬ ɤɨɧɟɰ ɢɥɢ ɧɚɱɚɥɨ ɩɚɤɟɬɚ, 
ɧɨ ɹɜɥɹɸɬɫɹ ɩɨɥɟɡɧɵɦɢ. Ʉɚɤ ɧɚɩɪɢɦɟɪ, ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.13, ɜ ɱɚɫɬɢ ɩɚɤɟɬɚ, 
ɝɞɟ ɡɚɩɢɫɚɧɵ ɤɨɦɚɧɞɵ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɚɣɬ 0xFE ɢ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɧ ɩɪɢ 
ɩɪɢɧɹɬɢɢ ɩɚɤɟɬɚ ɪɚɫɩɨɡɧɚɥɫɹ ɩɪɚɜɢɥɶɧɨ, ɩɨɫɥɟ ɧɟɝɨ ɩɢɲɟɬɫɹ ɛɚɣɬ 0x00. ɉɪɢ 
ɩɪɢɧɹɬɢɢ ɩɚɤɟɬɚ ɢ ɡɚɩɢɫɢ ɜ ɨɞɢɧ ɢɡ ɛɭɮɟɪɨɜ, ɛɚɣɬ 0x00 ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɢ ɫɥɭɠɢɬ 
ɥɢɲɶ ɞɥɹ ɩɪɚɜɢɥɶɧɨɝɨ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɛɚɣɬɨɜ 0xFE ɢ 0xFF.  
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0xFE 0xFE 0x02 0x01 0xFE 0x00 0x01 0x02 0xE0 0x01 0x7D 0x7B 0xFF 0xFF 

Ɋɢɫɭɧɨɤ 3.13 – ɉɪɢɦɟɪ ɩɚɤɟɬɚ 
 
 ɉɚɤɟɬɵ, ɩɟɪɟɞɚɜɚɟɦɵɟ ɩɪɨɬɨɤɨɥɨɦ ɱɟɪɟɡ RS-485, ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ ɤɚɞɪɵ 
ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 3.14. 
 

Ст̬̌то̼̜̏ 
̛̍т

ʪ̦̦̼̌е
Стопо̼̜̏ 

̛̍т
Ст̬̌то̼̜̏ 

̛̍т
ʪ̦̦̼̌е

Стопо̼̜̏ 
̛̍т ... Ст̬̌то̼̜̏ 

̛̍т
ʪ̦̦̼̌е

Стопо̼̜̏ 
̛̍т

Пе̬̼̜̏ к̌д̬ Вто̬о̜ к̌д̬ По̭лед̛̦̜ к̌д̬

П̌кет
 

Ɋɢɫɭɧɨɤ 3.14 – ɋɯɟɦɚ ɪɚɡɛɢɬɢɹ ɩɚɤɟɬɚ ɧɚ ɤɚɞɪɵ 
 
 Ɉɛɪɚɛɨɬɤɨɣ ɩɪɢɧɢɦɚɟɦɵɯ ɛɚɣɬɨɜ ɡɚɧɢɦɚɟɬɫɹ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ, 
ɜɵɡɵɜɚɟɦɵɣ ɱɟɪɟɡ ɩɪɟɪɵɜɚɧɢɟ. 
 ȼ ɬɚɛɥɢɰɟ 10 ɢ ɧɚ ɪɢɫɭɧɤɟ 3.15 ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɨɫɬɨɹɧɢɹɯ 
ɤɨɧɟɱɧɨɝɨ ɚɜɬɨɦɚɬɚ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɩɪɢɧɢɦɚɟɦɵɣ ɛɚɣɬ ɨɛɨɡɧɚɱɟɧ ɤɚɤ “X”.  
 
Ɍɚɛɥɢɰɚ 10 – ɋɨɫɬɨɹɧɢɹ ɤɨɧɟɱɧɨɝɨ ɚɜɬɨɦɚɬɚ ɩɪɢɟɦɚ ɛɚɣɬɚ 

ɇɚɡɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 
IDLE ɋɨɫɬɨɹɧɢɟ ɨɠɢɞɚɧɢɹ ɫɬɚɪɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. ɉɚɪɫɟɪ 

ɨɠɢɞɚɟɬ ɩɟɪɜɨɝɨ ɩɟɪɜɨɝɨ ɛɚɣɬɚ ɫɬɚɪɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ 
FE. 

START Ɉɠɢɞɚɧɢɟ ɧɚɱɚɥɚ ɩɪɢёɦɚ. ɉɚɪɫɟɪ ɪɚɫɲɢɮɪɨɜɚɥ ɩɟɪɜɵɣ ɛɚɣɬ FE 
ɫɬɚɪɬɨɜɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ. Ɇɨɠɟɬ ɩɟɪɟɣɬɢ ɨɛɪɚɬɧɨ ɜ 
ɫɨɫɬɨɹɧɢɟ IDLE, ɟɫɥɢ ɫɥɟɞɭɸɳɢɦ ɛɚɣɬɨɦ ɛɭɞɟɬ ɧɟ FE. 

RX ɋɨɫɬɨɹɧɢɹ ɩɪɢёɦɚ. ɋɬɚɪɬɨɜɚɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɱɢɬɚɧɚ 
ɩɚɪɫɟɪɨɦ, ɬɟɩɟɪɶ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢёɦ ɩɚɤɟɬɚ ɞɚɧɧɵɯ. ȿɫɥɢ ɜɨ 
ɜɪɟɦɹ ɩɪɢёɦɚ ɩɪɢɯɨɞɢɬ ɛɚɣɬ FF, ɚɜɬɨɦɚɬ ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɠɢɦ 
STOP, ɚ ɟɫɥɢ ɩɪɢɯɨɞɢɬ ɛɚɣɬ FE, ɬɨ ɜ ɪɟɠɢɦ RESTART. 

 
 
 
Ɍɚɛɥɢɰɚ 10 – ɉɪɨɞɨɥɠɟɧɢɟ 

ɇɚɡɜɚɧɢɟ Ɉɩɢɫɚɧɢɟ 
STOP Ɉɠɢɞɚɧɢɟ ɨɫɬɚɧɨɜɤɢ. ɉɚɪɫɟɪ ɜɨ ɜɪɟɦɹ ɩɪɢёɦɚ ɪɚɫɲɢɮɪɨɜɚɥ 

ɛɚɣɬ FF ɢ ɨɧ ɨɠɢɞɚɟɬ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɛɚɣɬɚ ɤɨɧɰɚ ɩɚɤɟɬɚ FF. 
ȿɫɥɢ ɫɥɟɞɭɸɳɢɦ ɛɚɣɬɨɦ ɩɪɢɞёɬ 00, ɬɨ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ 
ɜɟɪɧёɬɫɹ ɜ ɫɨɫɬɨɹɧɢɟ RX ɢ ɩɪɨɞɨɥɠɢɬ ɫɱɢɬɵɜɚɬɶ ɩɚɤɟɬ, ɢɧɚɱɟ 
ɩɟɪɟɣɞёɬ ɜ ɫɨɫɬɨɹɧɢɟ IDLE. 

RESTART Ɉɠɢɞɚɧɢɟ ɪɟɫɬɚɪɬɚ. ɉɚɪɫɟɪ ɜɨ ɜɪɟɦɹ ɩɪɢёɦɚ ɪɚɫɲɢɮɪɨɜɚɥ ɛɚɣɬ 
FE ɢ ɨɧ ɨɠɢɞɚɟɬ ɩɪɢɯɨɞɚ ɜɬɨɪɨɝɨ ɛɚɣɬɚ ɤɨɧɰɚ ɩɚɤɟɬɚ FE. ȿɫɥɢ 
ɫɥɟɞɭɸɳɢɦ ɛɚɣɬɨɦ ɩɪɢɞёɬ 00, ɬɨ ɤɨɧɟɱɧɵɣ ɚɜɬɨɦɚɬ ɜɟɪɧёɬɫɹ ɜ 
ɫɨɫɬɨɹɧɢɟ RX, ɢ ɩɪɨɞɨɥɠɢɬ ɫɱɢɬɵɜɚɬɶ ɩɚɤɟɬ, ɟɫɥɢ ɠɟ ɩɪɢɞёɬ 
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ɜɬɨɪɨɟ FE, ɬɨ ɨɧ ɬɨɠɟ ɩɟɪɟɣɞёɬ ɜ ɫɨɫɬɨɹɧɢɟ RX, ɧɨ ɫɛɪɨɫɢɬ 
ɩɪɟɞɵɞɭɳɢɣ ɩɚɤɟɬ ɢ ɧɚɱɧёɬ ɫɱɢɬɵɜɚɧɢɟ ɧɨɜɨɝɨ ɢɧɚɱɟ ɩɟɪɟɣɞёɬ 
ɜ ɫɨɫɬɨɹɧɢɟ IDLE. 

 

IDLE

START

RX

RESTART

STOP

ʫ̭л̛ X == ! FE, то 
̛̦че̐о ̦е 

дел̌т̽

ʫ̭л̛ X == FE, то 

̭̬̍о  ̭п̌кет̌ ̛ 
̦̌ч̌ло п̛̬ё̥̌ 

̦о̏о̐о

ʫ̭л̛ X == FE, 

п̛̬ё̥ п̌кет̌

ʫ̭л̛ X == FE, то 
пе̬еход ̏ 
̭о̭тоя̛̦е 
о̛̙д̛̦̌я 
̬е̭т̬̌т̌

ʫ̭л̛ X == 00, то 
̏о̬̏̌̚ще̛̦е к 

п̛̬ё̥у

ʫ̭л̛ X == 00, то 
̏о̬̏̌̚ще̛̦е к 

п̛̬ё̥у.

ʫ̭л̛ X == FF, то 
пе̬еход ̏ о̛̙д̛̦̌е 
око̦ч̛̦̌я п̛̬ё̥̌ 

п̌кет̌

ʫ̭л̛ X == FE, то 
пе̬еход ̏ ̭о̭тоя̛̦е 

о̛̙д̛̦̌я п̛̬ё̥̌

ʫ̭л̛ X == ! FE, 

то пе̬еход ̏ 
̦̌ч̌л̦̽ое 
̭о̭тоя̛̦е

 
Ɋɢɫɭɧɨɤ 3.15 – Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɣ ɤɨɧɟɱɧɨɝɨ ɚɜɬɨɦɚɬɚ ɩɪɢɟɦɚ ɛɚɣɬɚ 

 
 Ʉɨɝɞɚ ɩɪɢёɦ ɩɚɤɟɬɚ ɡɚɜɟɪɲёɧ ɟɝɨ ɪɚɫɲɢɮɪɨɜɤɨɣ ɡɚɧɢɦɚɟɬɫɹ ɩɚɪɫɟɪ. Ɉɧ 
ɜɵɡɵɜɚɟɬɫɹ ɤɚɤ ɩɪɟɪɵɜɚɧɢɟ ɩɨ ɨɤɨɧɱɚɧɢɸ ɩɪɢёɦɚ ɩɚɤɟɬɚ. 
 

3.3 Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ ɩɪɢɜɨɞɨɜ 
  
 Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɝɚɬɟɥɹɦɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɪɚɣɜɟɪɚ. ɇɚ ɪɢɫɭɧɤɟ 3.16 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɨɞɧɨɝɨ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 
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M

EATxmega16A4U

ɇ-ɦɨɫɬ
IRF2804S

HIP4081AADM3485
RS-485

ɋɢɥɨɜɨɟ
ɩɢɬɚɧɢɟ

PEAK 

P6BU-123R3

12ȼ 12ȼ

3.3ȼ

UART

Дɪɚɣɜɟɪ ɞɜɢɝɚɬɟɥя

 

Ɋɢɫɭɧɨɤ 3.16 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɪɚɣɜɟɪɚ ɞɜɢɝɚɬɟɥɹ 
  
 3.3.1 Ɉɩɢɫɚɧɢɟ ɩɪɢɧɰɢɩɚ ɪɚɛɨɬɵ ɫɟɪɜɨɩɪɢɜɨɞɚ 
 
 ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɤɥɸɱɚɦɢ H-Ɇɨɫɬɚ ɩɨɞ 
ɧɚɡɜɚɧɢɟɦ “ɭɧɢɩɨɥɹɪɧɚɹ ɱɟɬɵɪёɯɤɜɚɞɪɚɧɬɧɚɹ ɒɂɆ ɮɨɪɦɵ II”. ɗɬɨɬ ɦɟɬɨɞ 
ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

 ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɛɨɬɵ ɩɪɢɜɨɞɚ ɜɨ ɜɫɟɯ 4-ɯ ɤɜɚɞɪɚɧɬɚɯ; 
 ɭɞɜɨɟɧɢɟ ɱɚɫɬɨɬɵ ɒɂɆ ɫɧɢɠɚɟɬ ɩɭɥɶɫɚɰɢɢ ɬɨɤɚ ɜ ɞɜɢɝɚɬɟɥɟ; 
 ɩɨɡɜɨɥɹɟɬ ɩɪɢɜɨɞɭ ɩɪɨɜɨɞɢɬɶ ɪɟɤɭɩɟɪɚɰɢɸ (ɜɨɡɜɪɚɳɟɧɢɟ ɷɧɟɪɝɢɢ 

ɨɛɪɚɬɧɨ ɜ ɰɟɩɶ ɩɢɬɚɧɢɹ); 
 ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɫɢɝɧɚɥɟ ɩɪɹɦɨɝɨ ɯɨɞɚ/ɪɟɜɟɪɫɚ. 
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Ɋɢɫɭɧɨɤ 3.17 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ H-ɦɨɫɬɚ ɜɤɥɸɱёɧɧɨɝɨ ɩɨ ɫɩɨɫɨɛɭ 

ɭɩɪɚɜɥɟɧɢɹ “ɭɧɢɩɨɥɹɪɧɚɹ ɱɟɬɵɪёɯɤɜɚɞɪɚɧɬɧɚɹ ɒɂɆ ɮɨɪɦɵ II” 
 

 ɍɩɪɚɜɥɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɜɡɚɢɦɨɞɨɩɨɥɧɹɸɳɢɦɢ ɫɢɝɧɚɥɚɦɢ, 
ɫɞɜɢɧɭɬɵɦɢ ɩɨ ɮɚɡɟ ɧɚ 180°. ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɩɟɪɟɤɥɸɱɟɧɢɹ ɤɥɸɱɟɣ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3.18. 

 

 
Ɋɢɫɭɧɨɤ 3.18 – ȼɪɟɦɟɧɧɚɹ ɞɢɚɝɪɚɦɦɚ ɤɨɦɦɭɬɚɰɢɢ ɤɥɸɱɟɣ ɇ-ɦɨɫɬɚ  

 
 ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɜ ɥɟɜɨɣ ɩɨɥɨɜɢɧɟ H-ɦɨɫɬɚ ɩɨɹɜɢɬɫɹ ɫɢɝɧɚɥ «L», ɚ 
ɜ ɩɪɚɜɨɣ ɩɨɥɨɜɢɧɟ H-ɦɨɫɬɚ ɩɨɹɜɢɬɫɹ ɫɢɝɧɚɥ «R», ɬɨ ɞɜɢɝɚɬɟɥɶ ɭɜɢɞɢɬ ɪɚɡɧɢɰɭ 
ɦɟɠɞɭ ɷɬɢɦɢ ɞɜɭɦɹ ɫɢɝɧɚɥɚɦɢ. ȿɫɥɢ ɜɵɱɟɫɬɶ ɫɢɝɧɚɥ “R” ɢɡ ɮɨɪɦɵ “L”, ɬɨ 
ɩɨɥɭɱɢɬɫɹ ɫɢɝɧɚɥ, ɤɨɬɨɪɵɣ ɭɞɜɚɢɜɚɟɬ ɱɚɫɬɨɬɭ ɒɂɆ ɜ ɜɢɞɟ ɨɞɧɨɝɨ ɢɡ ɜɯɨɞɹɳɢɯ 
ɫɢɝɧɚɥɨɜ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɠɟɥɚɟɦɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ, ɩɨɫɤɨɥɶɤɭ ɩɨɫɬɨɹɧɧɚɹ ɜɪɟɦɟɧɢ 
L/R ɞɜɢɝɚɬɟɥɹ ɛɭɞɟɬ ɜ ɞɜɚ ɪɚɡɚ ɷɮɮɟɤɬɢɜɧɟɟ ɩɪɢ ɮɢɥɶɬɪɚɰɢɢ ɧɟɫɭɳɢɯ ɝɚɪɦɨɧɢɤ. 
Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɬɪɚɧɡɢɫɬɨɪɵ ɩɨ-ɩɪɟɠɧɟɦɭ ɛɭɞɭɬ ɩɟɪɟɤɥɸɱɚɬɶɫɹ ɧɚ ɛɨɥɟɟ ɧɢɡɤɭɸ 
ɱɚɫɬɨɬɭ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɩɨɬɟɪɢ ɩɟɪɟɤɥɸɱɟɧɢɹ ɜ H-ɦɨɫɬɟ.  
 ɉɨɞɚɱɚ ɫɢɝɧɚɥɚ ɨɪɝɚɧɢɡɨɜɚɧɚ ɫ ɤɨɧɬɪɨɥɥɟɪɚ ATxmega16A4U ɱɟɪɟɡ ɫɱɟɬɱɢɤ 
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ɫ ɞɜɭɦɹ ɤɚɧɚɥɚɦɢ ɫɪɚɜɧɟɧɢɹ ɢ ɛɥɚɝɨɞɚɪɹ ɦɨɞɭɥɸ AWEX ɩɨɡɜɨɥɹɟɬ ɜɵɜɨɞɢɬɶ ɧɚ 
ɤɚɠɞɵɣ ɜɯɨɞ H-ɦɨɫɬɚ HIP4081A ɧɟɨɛɯɨɞɢɦɵɣ ɒɂɆ ɫɢɝɧɚɥ.  

 

 

Ɋɢɫɭɧɨɤ 3.19 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɬɪɚɧɡɢɫɬɨɪɨɜ ɤ ɦɨɞɭɥɸ H-
ɦɨɫɬɚ HIP4081A 

 
H-ɦɨɫɬ HIP4081A ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɢ ɷɮɮɟɤɬɢɜɧɨ ɢɡɦɟɧɹɬɶ ɫɨɫɬɨɹɧɢɟ 

ɬɪɚɧɡɢɫɬɨɪɨɜ ɢɡɛɟɝɚɹ ɩɟɪɟɝɪɟɜɚ. ȼɯɨɞ DIS ɜ ɫɨɫɬɨɹɧɢɢ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ 
ɨɬɤɥɸɱɚɟɬ ɩɟɪɟɞɚɱɭ ɒɂɆ ɫɢɝɧɚɥɚ ɞɚɥɶɲɟ ɧɚ ɤɥɸɱɢ. ȼ ɪɚɛɨɬɟ ɷɬɨɬ ɜɯɨɞ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɜɤɥɸɱɟɧɢɹ ɢ ɨɬɤɥɸɱɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚ. ɇɚ ɪɢɫɭɧɤɟ 3.19 
ɜɯɨɞɵ AHI ɢ BHI ɤɨɧɬɪɨɥɢɪɭɸɬ ɫɨɫɬɨɹɧɢɟ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɬɪɚɧɡɢɫɬɨɪɨɜ ɜɟɪɯɧɟɣ ɩɨɥɨɜɢɧɵ H-ɦɨɫɬɚ, ɚ ɜɯɨɞɵ ALI  ɢ BLI ɫɨɫɬɨɹɧɢɟ ɥɟɜɨɝɨ ɢ 
ɩɪɚɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɢɠɧɟɣ ɩɨɥɨɜɢɧɵ. 

 
 3.3.2 Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚɦɢ 

 
 ɇɚ ɛɚɡɟ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɨɪɝɚɧɢɡɨɜɚɧɨ ɞɜɭɯɤɨɧɬɭɪɧɨɟ ɩɨɞɱɢɧёɧɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ. ɇɚ ɪɢɫɭɧɤɟ 3.20 ɩɪɢɜɟɞɟɧɚ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 
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ɫɢɫɬɟɦɵ ɩɨɞɱɢɧёɧɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȼ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ ɭɤɚɡɚɧɨ 
ɤɨɥɢɱɟɫɬɜɨ ɛɚɣɬ ɩɚɦɹɬɢ, ɜɵɞɟɥɹɟɦɨɣ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɪɚɛɨɬɵ ɫ ɩɟɪɟɦɟɧɧɨɣ. 
  

Pkp[2]

Pki[2]

Skp[2]

Ski[2]

У М
Ptgt[2] Perr[2]

Pint[2] Sint[2]

+– – +

Serr[2] Spdout[4] Pozout[4]

Penc[2]

Pozout[2] Stgt[2]

Sfb[2]

 

Ɋɢɫɭɧɨɤ 3.20 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɞɜɭɯɤɨɧɬɭɪɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɱɢɧёɧɧɨɝɨ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ 

  
 Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢ ɪɚɫɲɢɮɪɨɜɤɢ ɩɚɤɟɬɨɜ, ɨɬɩɪɚɜɥɹɟɦɵɯ ɫ ɉɄ ɫ ɰɟɥɶɸ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚɦɢ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɛɵɥɚ ɧɚɩɢɫɚɧɚ ɩɪɨɝɪɚɦɦɚ ɧɚ 
ɹɡɵɤɟ C++. Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɚɥɝɨɪɢɬɦ ɟё ɪɚɛɨɬɵ. 
 ɉɨɫɥɟ ɡɚɝɪɭɡɤɢ ɩɪɨɝɪɚɦɦɵ ɧɚ ɩɥɚɬɭ ɨɧɚ ɧɚɱɢɧɚɟɬ ɜɵɩɨɥɧɟɧɢɟ, ɫ 
ɢɧɢɰɢɚɥɢɡɚɰɢɢ ɩɨɪɬɨɜ, ɨɫɰɢɥɥɹɬɨɪɚ, ɜɤɥɸɱɟɧɢɹ ɢ ɧɚɫɬɪɨɣɤɢ ɱɚɫɬɨɬɵ UART'ɚ ɢ 
ɪɚɡɥɢɱɧɵɯ ɬɚɣɦɟɪɨɜ.  
 Ⱦɚɥɟɟ ɩɪɨɝɪɚɦɦɚ ɩɟɪɟɯɨɞɢɬ ɜ ɪɚɛɨɱɢɣ ɪɟɠɢɦ, ɜ ɤɨɬɨɪɨɦ ɨɧɚ ɫɧɢɦɚɟɬ ɫ 
ɷɧɤɨɞɟɪɚ ɡɧɚɱɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɢ ɜɵɫɱɢɬɵɜɚɟɬ ɫɤɨɪɨɫɬɶ, ɢ ɡɚɞɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɧɢɹ ɢ ɜɵɛɪɚɧɧɨɝɨ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ (ɫɤɨɪɨɫɬɶ ɢɥɢ 
ɩɨɥɨɠɟɧɢɟ). ɋɚɦɨ ɡɚɞɚɧɢɟ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɞɥɹ ɉɂ–ɪɟɝɭɥɹɬɨɪɨɜ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɟ 
ɤɨɦɚɧɞɵ ɩɪɢɯɨɞɹɬ ɜ ɩɚɤɟɬɚɯ ɫ ɉɄ ɢ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɩɪɟɪɵɜɚɧɢɟɦ ɩɨ ɩɪɢёɦɭ. 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɧɚ ɹɡɵɤɟ c++. ȼ ɩɪɢɥɨɠɟɧɢɢ Ⱥ 
ɩɪɟɞɫɬɚɜɥɟɧ ɥɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ. 

 
3.3.3 ɉɟɪɟɩɨɥɧɟɧɢɟ ɬɚɣɦɟɪɚ ɷɧɤɨɞɟɪɚ 
 
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɤɨɧɬɪɨɥɥɟɪɚ ɩɪɢɜɨɞɚ, ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɩɟɪɟɩɨɥɧɟɧɢɟ 

ɫɱёɬɱɢɤɚ ɷɧɤɨɞɟɪɚ ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɪɢɜɨɞɚ ɦɨɠɟɬ 
ɜɵɱɢɫɥɹɬɶɫɹ ɧɟɤɨɪɪɟɤɬɧɨ. ɇɢɠɟ ɩɪɢɜɟɞёɧ ɩɪɢɦɟɪ ɞɥɹ ɩɨɥɨɠɢɬɟɥɶɧɨɣ 
ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 3.21 – Ƚɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɪɟɝɢɫɬɪɚ ɫɱёɬɚ ɫɱёɬɱɢɤɚ ɷɧɤɨɞɟɪɚ ɞɥɹ 

ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 
ɋɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɷɧɤɨɞɟɪɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɚɜɧɵɟ ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ. 

Ɂɧɚɱɟɧɢɟ ɩɟɪɢɨɞɚ ɷɧɤɨɞɟɪɚ ɪɚɜɧɨ 32768. Ɂɧɚɱɟɧɢɟ ɫɱёɬɱɢɤɚ ɜ ɬɨɱɤɚɯ P 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 11. 

 
Ɍɚɛɥɢɰɚ 11 – Ɂɧɚɱɟɧɢɹ ɫɱёɬɱɢɤɚ ɜ ɬɨɱɤɚɯ 

ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ Ɂɧɚɱɟɧɢɟ ɫɱёɬɱɢɤɚ 
P1 13500 ɞɢɫɤ. 
P2 2700 ɞɢɫɤ. 
P3 7732 ɞɢɫɤ. 
P4 21232 ɞɢɫɤ. 
 
 Ɏɨɪɦɭɥɚ ɞɥɹ ɪɚɫɱёɬɚ ɫɤɨɪɨɫɬɢ ɜ ɬɨɱɤɟ Pk: 
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ɝɞɟ t0 – ɩɟɪɢɨɞ ɞɢɫɤɪɟɬɢɡɚɰɢɢ 
Ɍɨɝɞɚ ɩɪɢ ɪɚɫɱёɬɟ ɫɤɨɪɨɫɬɟɣ ɩɨ ɮɨɪɦɭɥɟ (3) ɡɧɚɱɟɧɢɹ ɜ ɬɨɱɤɚɯ ɡɚɩɢɲɭɬɫɹ 

ɤɚɤ ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 12. 
 

Ɍɚɛɥɢɰɚ 12 – Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɬɨɱɤɚɯ 

ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
P1 13500 ɞɢɫɤ./t0 
P2 13500 ɞɢɫɤ./t0 
P3 –19268 ɞɢɫɤ./t0 
P4 13500 ɞɢɫɤ./t0 

 
Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɜ ɬɨɱɤɟ P3 ɪɚɜɧɹɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɱɢɫɥɭ ɧɟɫɦɨɬɪɹ 

ɧɚ ɩɨɫɬɨɹɧɫɬɜɨ ɩɨ ɡɧɚɤɭ ɢ ɩɨ ɦɨɞɭɥɸ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ, ɱɬɨ ɧɟɜɟɪɧɨ. ɗɬɨ 
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ɩɪɨɢɫɯɨɞɢɬ ɤɚɤ ɪɚɡ ɢɡ-ɡɚ ɩɟɪɟɩɨɥɧɟɧɢɹ ɫɱёɬɱɢɤɚ ɷɧɤɨɞɟɪɚ, ɱɬɨ ɨɬɱёɬɥɢɜɨ ɜɢɞɧɨ 
ɧɚ ɝɪɚɮɢɤɟ. Ɇɵ ɦɨɠɟɦ ɨɬɫɥɟɞɢɬɶ ɮɚɤɬ ɩɟɪɟɩɨɥɧɟɧɢɹ ɢ ɢɫɩɪɚɜɢɬɶ ɡɧɚɱɟɧɢɟ 
ɫɤɨɪɨɫɬɢ, ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ ɩɟɪɟɩɨɥɧɟɧɢɟ.  

ɉɨɫɤɨɥɶɤɭ ɱɢɫɥɚ ɭ ɧɚɫ ɞɜɭɯɛɚɣɬɧɵɟ, ɬɨ ɩɪɢɛɚɜɥɟɧɢɟ ɤ ɧɟɤɨɪɪɟɤɬɧɨɦɭ 
ɡɧɚɱɟɧɢɸ ɫɤɨɪɨɫɬɢ, ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɚ ɫɱёɬɱɢɤɚ ɞɨɥɠɧɨ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɩɟɪɟɩɨɥɧɟɧɢɟ ɫɱɟɬɱɢɤɚ. Ɍɨ ɟɫɬɶ ɤ ɡɧɚɱɟɧɢɸ VP3 ɧɭɠɧɨ ɩɪɢɛɚɜɢɬɶ 32767, ɬɨɝɞɚ 
Vp3 = -19268 + 32768 = 13500. ȼ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɩɪɢɛɚɜɥɟɧɢɟ 
ɩɟɪɢɨɞɚ ɬɚɣɦɟɪɚ ɢɡ-ɡɚ ɫɜɨɣɫɬɜ ɛɢɧɚɪɧɨɝɨ ɱɢɫɥɚ ɜɵɡɨɜɟɬ ɩɟɪɟɩɨɥɧɟɧɢɟ 
ɩɟɪɟɦɟɧɧɨɣ ɱɟɪɟɡ ɧɨɥɶ, ɢ ɩɟɪɟɦɟɧɧɚɹ ɫɧɨɜɚ ɜɨɣɞёɬ ɜ ɨɛɥɚɫɬɶ ɩɨɥɨɠɢɬɟɥɶɧɵɯ 
ɡɧɚɱɟɧɢɣ, ɜ ɫɥɭɱɚɟ ɠɟ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ, ɩɪɢɛɚɜɥɟɧɢɟ ɧɟ ɜɵɡɨɜɟɬ 
ɩɟɪɟɩɨɥɧɟɧɢɟ, ɧɨ ɬɚɤɠɟ ɫɤɨɪɪɟɤɬɢɪɭɟɬ ɡɧɚɱɟɧɢɟ ɢ ɜɜɟɞёɬ ɩɟɪɟɦɟɧɧɭɸ ɜ ɨɛɥɚɫɬɶ 
ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ. ɋɥɨɠɟɧɢɟ ɞɥɹ ɨɛɨɢɯ ɫɥɭɱɚɟɜ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɜ ɬɨɦ 
ɫɥɭɱɚɟ ɟɫɥɢ ɩɟɪɢɨɞɚ ɷɧɤɨɞɟɪɚ ɛɨɥɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɱɢɫɥɚ, ɬɨ 
ɟɫɬɶ ɜ ɫɥɭɱɚɟ ɞɜɭɯɛɚɣɬɧɵɯ ɱɢɫɟɥ ɛɨɥɶɲɟ 32767. ȿɫɥɢ ɠɟ ɩɟɪɢɨɞ ɫɱёɬɱɢɤɚ 
ɦɟɧɶɲɟ, ɬɨ ɧɟɨɛɯɨɞɢɦ ɭɱёɬ ɡɧɚɤɚ ɩɟɪɟɩɨɥɧɟɧɢɹ ɫɱёɬɱɢɤɚ ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ 
ɩɪɚɜɢɥɶɧɨ ɜɵɛɪɚɬɶ ɡɧɚɤ ɩɪɢ ɤɨɪɪɟɤɬɢɪɨɜɤɟ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ. 

ɉɪɢɜɟɞёɦ ɩɪɢɦɟɪ ɟɳё ɢ ɞɥɹ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɩɨɫɬɨɹɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 
ɫɤɨɪɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 3.22 – Ƚɪɚɮɢɤ ɡɧɚɱɟɧɢɣ ɪɟɝɢɫɬɪɚ ɫɱёɬɚ ɫɱёɬɱɢɤɚ ɷɧɤɨɞɟɪɚ ɞɥɹ 

ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɫɤɨɪɨɫɬɢ 
 
Ɂɧɚɱɟɧɢɟ ɫɱёɬɱɢɤɚ ɜ ɬɨɱɤɚɯ P ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 13. 

 
Ɍɚɛɥɢɰɚ 13 – Ɂɧɚɱɟɧɢɹ ɫɱёɬɱɢɤɚ ɜ ɬɨɱɤɚɯ 

ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ Ɂɧɚɱɟɧɢɟ ɫɱёɬɱɢɤɚ 
P1 13500 ɞɢɫɤ. 
P2 2700 ɞɢɫɤ. 
P3 7732 ɞɢɫɤ. 
P4 21232 ɞɢɫɤ. 
 
 Ɍɨɝɞɚ ɩɨ ɮɨɪɦɭɥɟ (3) ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɬɨɱɤɚɯ ɛɭɞɭɬ ɜɵɝɥɹɞɟɬɶ ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɜ ɬɚɛɥɢɰɟ 14. 
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Ɍɚɛɥɢɰɚ 14 – Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɜ ɬɨɱɤɚɯ 

ɇɚɡɜɚɧɢɟ ɬɨɱɤɢ Ɂɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ 
P1 –13500 ɞɢɫɤ./t0 
P2 –13500 ɞɢɫɤ./t0 
P3 19268 ɞɢɫɤ./t0 
P4 –13500 ɞɢɫɤ./t0 
 
 Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɩɪɢɛɚɜɢɬɶ ɤ ɡɧɚɱɟɧɢɸ ɫɤɨɪɨɫɬɢ ɡɧɚɱɟɧɢɟ 
ɩɟɪɢɨɞɚ, ɬɨ ɟɫɬɶ VP3 = 19268 + 32768 = -13500 ɞɢɫɤ/t0 ɢɥɢ, ɱɬɨ ɬɨ ɠɟ ɫɚɦɨɟ ɜ 
ɛɢɧɚɪɧɨɦ ɜɢɞɟ VP3 = 0100 1011 0100 0100 + 0111 1111 1111 1111 + 0000 0000 
0000 0001 = 1100 1011 0100 0100 ɞɢɫɤ/t0 (ɱɢɫɥɨ 32768 ɪɚɡɛɢɬɨ ɧɚ 32767 ɢ 1 ɞɥɹ 
ɭɞɨɛɫɬɜɚ ɩɪɟɞɫɬɚɜɥɟɧɢɹ). 

 
3.4 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɉɄ 
 

 ȼ ɧɢɠɧɟɦ ɭɪɨɜɧɟ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɩɪɢɫɭɬɫɬɜɭɸɬ 
ɪɚɡɥɢɱɧɵɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɥɟɠɢɜɚɬɶ ɢ 
ɷɮɮɟɤɬɢɜɧɨ ɭɩɪɚɜɥɹɬɶ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɬɶ 
ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɞɥɹ ɉɄ, ɫ ɤɨɬɨɪɨɝɨ ɢ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɩɪɚɜɥɟɧɢɟ. 
 Ɋɚɡɪɚɛɨɬɤɚ ɢɧɬɟɪɮɟɣɫɚ ɛɵɥɚ ɨɫɭɳɟɫɬɜɥɟɧɚ ɜ Qt – ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɦ 
ɮɪɟɣɦɜɨɪɤɟ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚ ɹɡɵɤɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C++.  
 
 3.4.1 Ɉɫɧɨɜɧɨɣ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ 
 
 Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɪɚɡɛɢɬ ɧɚ ɧɟɫɤɨɥɶɤɨ ɛɥɨɤɨɜ ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ 3.23 ɨɩɢɫɚɧɢɟ ɤɨɬɨɪɵɯ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɢɠɟ. 
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 1 – ɜɵɛɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɩɨɪɬɚ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɜ ɜɵɩɚɞɚɸɳɟɦ ɦɟɧɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɵɛɨɪ ɩɨɪɬɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɉɪɢ 
ɧɚɠɚɬɢɢ ɧɚ ɤɧɨɩɤɭ “Open” ɜɵɩɨɥɧɢɬɫɹ ɩɪɨɜɟɪɤɚ ɫɨɫɬɨɹɧɢɹ ɩɨɪɬɚ ɢ, ɟɫɥɢ ɩɪɨɜɟɪɤɚ ɩɪɨɲɥɚ 
ɭɫɩɟɲɧɨ, ɜ ɩɨɪɬ ɨɬɩɪɚɜɹɬɫɹ ɫɬɚɪɬɨɜɵɟ ɤɨɦɚɧɞɵ ɧɚ ɩɪɨɜɟɪɤɭ ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɤ ɫɟɬɢ. 
 2 – ɩɪɨɜɟɪɤɚ ɫɜɹɡɢ. ȿɫɥɢ ɜ ɫɥɟɞɫɬɜɢɢ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɭɫɬɪɨɣɫɬɜ ɜ ɫɟɬɢ ɧɟɤɨɬɨɪɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɨɬɜɟɬɢɬ ɨɬɜɟɬɧɵɦ ɨɬɤɥɢɤɨɦ, ɬɨ ɧɚɩɪɨɬɢɜ ɧɚɡɜɚɧɢɹ ɷɬɨɝɨ ɜ ɭɫɬɪɨɣɫɬɜɚ ɨɬɦɟɬɢɬɫɹ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ checkbox. 
 3 – ɫɨɫɬɨɹɧɢɟ ɩɪɢɜɨɞɨɜ. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɢ ɩɪɢɜɨɞɨɜ. 
 4 – ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɚɦɢ, 
ɩɨ ɫɤɨɪɨɫɬɢ ɢɥɢ ɩɨ ɩɨɥɨɠɟɧɢɸ. ɉɪɢ ɜɵɛɨɪɟ ɨɞɧɨɝɨ ɢɡ ɪɟɠɢɦɨɜ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɛɥɨɤ 
“ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ” ɢɥɢ “ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ” ɫɬɚɧɨɜɢɬɫɹ ɧɟɚɤɬɢɜɧɵɦ. 
 5 – ɭɫɬɪɨɣɫɬɜɚ. ɉɪɢ ɧɚɠɚɬɢɢ ɩɨ ɨɞɧɨɣ ɢɡ ɤɥɚɜɢɲ ɜ ɞɚɧɧɨɦ ɛɥɨɤɟ ɨɬɤɪɨɟɬɫɹ ɧɨɜɨɟ ɨɤɧɨ 
“Ɉɬɥɚɞɤɚ ɩɪɢɜɨɞɚ”, ɜ ɤɨɬɨɪɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ ɢ ɤɨɧɬɪɨɥɶ ɨɬɞɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ. 
ɉɨɞɪɨɛɧɟɟ ɨɛ ɷɬɨɦ ɜ ɝɥɚɜɟ 4.4.2. 
 6 – ɭɩɪɚɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɟɦ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɜɵɛɢɪɚɟɬɫɹ ɡɚɞɚɧɢɟ ɧɚ ɩɨɥɨɠɟɧɢɟ ɞɥɹ 
ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɢ ɜɵɜɨɞɢɬɫɹ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɩɨɥɨɠɟɧɢɹ. 
 7 – ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɜɵɛɢɪɚɟɬɫɹ ɡɚɞɚɧɢɟ ɩɨ ɫɤɨɪɨɫɬɢ ɞɥɹ 
ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɢ ɜɵɜɨɞɢɬɫɹ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ. 
 8 – ɩɨɜɨɪɨɬ. Ɂɞɟɫɶ ɜɵɛɢɪɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɭɝɥɚ, ɧɚ ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɟɪɧɭɬɫɹ 
ɩɥɚɬɮɨɪɦɟ. ȼ ɫɥɭɱɚɟ ɧɚɠɚɬɢɹ ɧɚ ɤɥɚɜɢɲɭ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɟɪɟɞɚёɬɫɹ ɧɚ ɩɥɚɬɮɨɪɦɭ. 

Ɋɢɫɭɧɨɤ 3.23 – Ɉɫɧɨɜɧɨɟ ɨɤɧɨ ɩɪɨɝɪɚɦɦɵ 
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 3.4.2 Ƚɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɨɬɥɚɞɤɢ ɩɪɢɜɨɞɨɜ 
  
 ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɛɥɨɤɨɜ ɢɧɬɟɪɮɟɣɫɚ ɨɬɥɚɞɤɢ 
ɨɬɞɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 3.24. 
 

 
 1 – ɚɞɪɟɫ ɭɫɬɪɨɣɫɬɜɚ. ȼ ɷɬɨɦ ɦɟɫɬɟ ɭɤɚɡɵɜɚɟɬɫɹ ɚɞɪɟɫ ɭɫɬɪɨɣɫɬɜɚ, ɭɩɪɚɜɥɟɧɢɟ ɤɨɬɨɪɵɦ 
ɩɪɨɢɫɯɨɞɢɬ ɜ ɞɚɧɧɵɣ ɦɨɦɟɧɬ 
 2 – ɫɨɫɬɨɹɧɢɟ ɩɪɢɜɨɞɚ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɤɥɸɱɟɧɢɟ ɢ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɚ. 
 3 – ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɞɚɧɧɨɦ ɛɥɨɤɟ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ 
ɤɨɧɤɪɟɬɧɵɦ ɩɪɢɜɨɞɨɦ, ɩɨ ɫɤɨɪɨɫɬɢ ɢɥɢ ɩɨ ɩɨɥɨɠɟɧɢɸ. ɉɪɢ ɜɵɛɨɪɟ ɨɞɧɨɝɨ ɢɡ ɪɟɠɢɦɨɜ ɧɟ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɟɦɭ ɛɥɨɤ “ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɨɠɟɧɢɟɦ” ɢɥɢ “ɭɩɪɚɜɥɟɧɢɹ ɫɤɨɪɨɫɬɶɸ” 
ɫɬɚɧɨɜɢɬɫɹ ɧɟɚɤɬɢɜɧɵɦ. 
 4 – ɭɩɪɚɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɟɦ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɜɵɛɢɪɚɟɬɫɹ ɡɚɞɚɧɢɟ ɧɚ ɩɨɥɨɠɟɧɢɟ ɞɥɹ 
ɨɬɞɟɥɶɧɨɝɨ ɩɪɢɜɨɞɚ ɢ ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ. Ɍɚɤ ɠɟ ɜ ɷɬɨɦ ɛɥɨɤɟ ɡɚɞɚɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɨɠɟɧɢɹ. 
 5 – ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ. ȼ ɷɬɨɦ ɛɥɨɤɟ ɜɵɛɢɪɚɟɬɫɹ ɡɚɞɚɧɢɟ ɩɨ ɫɤɨɪɨɫɬɢ ɞɥɹ 
ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɢ ɜɵɜɨɞɢɬɫɹ ɟё ɬɟɤɭɳɟɟ ɡɧɚɱɟɧɢɟ. Ɍɚɤ ɠɟ ɜ ɷɬɨɦ ɛɥɨɤɟ ɡɚɞɚɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. 

Ɋɢɫɭɧɨɤ 3.24 – Ɉɤɧɨ ɨɬɥɚɞɤɢ ɩɪɢɜɨɞɚ 
 
 3.4.3 Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ 
 

 ɉɪɢ ɡɚɩɭɫɤɟ ɩɪɨɝɪɚɦɦɵ ɫɨɡɞɚɸɬɫɹ ɜɧɭɬɪɟɧɧɢɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɡɚɞɚɸɬɫɹ 
ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɨɜ ɞɥɹ ɬɚɣɦɟɪɨɜ. ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɩɪɨɝɪɚɦɦɵ ɫɥɟɞɭɟɬ ɜ 
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ɜɵɩɚɞɚɸɳɟɦ ɦɟɧɸ ɜɵɛɪɚɬɶ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ COM–ɩɨɪɬ ɩɨ ɤɨɬɨɪɨɦɭ ɛɭɞɟɬ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɛɳɟɧɢɟ ɫ ɭɫɬɪɨɣɫɬɜɚɦɢ ɫɟɬɢ. ɉɨɫɥɟ ɬɨɝɨ ɤɚɤ ɛɵɥ ɜɵɛɪɚɧ ɩɨɪɬ 
ɜɵɡɵɜɚɟɬɫɹ ɦɟɬɨɞ Start_Commands ɫɨ ɫɬɚɪɬɨɜɵɦɢ ɤɨɦɚɧɞɚɦɢ.   
 ȼ ɦɟɬɨɞɟ Start_Commands ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɜɟɪɤɚ ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɤ 
ɫɟɬɢ ɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɦ ɤɨɦɚɧɞ ɫ ɩɨɦɨɳɶɸ ɤɨɦɚɧɞɵ PING. Ɂɞɟɫɶ ɠɟ 
ɨɬɩɪɚɜɥɹɟɬɫɹ ɤɨɦɚɧɞɚ Servo_On ɧɚ ɨɬɤɥɸɱɟɧɢɟ ɩɪɢɜɨɞɨɜ ɢ ɤɨɦɚɧɞɚ LED ɞɥɹ 
ɜɤɥɸɱɟɧɢɹ ɤɪɚɫɧɨɝɨ ɫɜɟɬɨɞɢɨɞɚ.  
 ɉɨɫɥɟ ɷɬɨ ɡɚɩɭɫɤɚɟɬɫɹ ɬɚɣɦɟɪ _Upd_cycle ɩɨ ɢɫɬɟɱɟɧɢɸ ɩɟɪɢɨɞɚ ɤɨɬɨɪɨɝɨ 
ɜɵɡɵɜɚɟɬɫɹ ɦɟɬɨɞ Update. ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɜɵɡɵɜɚɸɬɫɹ ɨɬɩɪɚɜɥɹɸɬɫɹ ɤɨɦɚɧɞɵ 
Get_Position ɢ Get_Speed ɞɥɹ ɡɚɩɪɨɫɚ ɡɧɚɱɟɧɢɣ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɥɨɠɟɧɢɹ ɢ 
ɫɤɨɪɨɫɬɢ ɫ ɩɪɢɜɨɞɨɜ. Ɂɞɟɫɶ ɠɟ ɢɞёɬ ɨɬɩɪɚɜɤɚ ɤɨɦɚɧɞ ɧɚ ɜɤɥɸɱɟɧɢɟ ɢɥɢ 
ɨɬɤɥɸɱɟɧɢ ɩɪɢɜɨɞɨɜ (Servo_On), ɜɵɛɨɪɚ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ (Servo_Mode), ɧɚ 
ɭɫɬɚɧɨɜɤɭ ɰɜɟɬɚ ɫɜɟɬɨɞɢɨɞɚ (LED), ɧɚ ɡɚɞɚɧɢɟ ɩɨɥɨɠɟɧɢɹ (Set_Position), 
ɫɤɨɪɨɫɬɢ(Set_Speed) ɢ ɩɨɜɨɪɨɬɚ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɜɜɟɞёɧɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɟɦ 
ɡɧɚɱɟɧɢɹɦɢ ɜ ɢɧɬɟɪɮɟɣɫɟ ɩɪɢɥɨɠɟɧɢɹ.  
 ȼɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɨɣ ɦɨɠɧɨ ɜɵɡɜɚɬɶ ɨɤɧɨ ɨɬɥɚɞɤɢ ɨɬɞɟɥɶɧɨɝɨ 
ɩɪɢɜɨɞɚ, ɧɚɠɚɜ ɩɨ ɨɞɧɨɣ ɢɡ ɤɧɨɩɨɤ ɛɥɨɤɚ “ɭɫɬɪɨɣɫɬɜɚ”. ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɨɤɧɚ 
ɬɚɣɦɟɪ _Upd_cycle ɨɫɧɨɜɧɨɝɨ ɨɤɧɚ ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢ ɡɚɩɭɫɤɚɟɬɫɹ ɭɠɟ ɞɪɭɝɨɣ 
ɬɚɣɦɟɪ _Upd_cycle, ɤɨɬɨɪɵɣ ɪɚɛɨɬɚɟɬ ɩɨ ɬɚɤɨɦɭ ɠɟ ɩɪɢɧɰɢɩɭ ɜɵɡɵɜɚɹ ɭɠɟ 
ɞɪɭɝɨɣ ɦɟɬɨɞ Update ɤɥɚɫɫɚ MyDrive.  

UI Drive

PosTgt

PosFB

SpdTgt

SpdFB

SpdKp

SpdKi

PosKp

PosKi

ServoOn

ServoMode

LED

Ɍɚɣɦɟɪ
_Upd_cycle

 

Ɋɢɫɭɧɨɤ 3.25 – ɋɯɟɦɚ ɨɛɦɟɧɚ ɩɟɪɟɦɟɧɧɵɦɢ 
 
 Ɂɚ ɨɛɪɚɛɨɬɤɭ ɩɪɢɧɢɦɚɟɦɵɯ ɫ ɪɚɡɥɢɱɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɚɤɟɬɨɜ ɨɬɜɟɱɚɟɬ ɦɟɬɨɞ 
PacketRecived, ɤɨɬɨɪɵɣ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɪɢɧɹɬɨɣ ɤɨɦɚɧɞɵ ɦɟɧɹɟɬ ɡɧɚɱɟɧɢɟ 
ɜɧɭɬɪɟɧɧɢɯ ɫɬɪɭɤɬɭɪɧɵɯ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɨɫɥɟ ɷɬɨɝɨ ɦɟɬɨɞɨɦ Update 
ɜɵɜɨɞɹɬɫɹ ɧɚ ɮɨɪɦɭ. 
 Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞёɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
 

3.5 Ɋɚɡɪɚɛɨɬɤɚ ɤɨɦɚɧɞ ɞɥɹ ɤɨɦɦɭɧɢɤɚɰɢɢ ɜ ɫɟɬɢ 
 

 Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɨɛɦɟɧɚ ɦɟɠɞɭ ɧɢɦɢ ɞɚɧɧɵɦɢ 
ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɟɞɢɧɭɸ ɫɢɫɬɟɦɭ ɤɨɦɚɧɞ. 
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 3.5.1 Ɉɛɳɢɟ ɤɨɦɚɧɞɵ 
 

 Ɉɛɳɢɟ ɤɨɦɚɧɞɵ — ɷɬɨ ɤɨɦɚɧɞɵ ɨɞɢɧɚɤɨɜɵɟ ɞɥɹ ɜɫɟɯ ɭɫɬɪɨɣɫɬɜ ɫɟɬɢ. Ɉɧɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 15. 
 
Ɍɚɛɥɢɰɚ 15  – Ɉɛɳɢɟ ɤɨɦɚɧɞɵ 

Ʉɨɦɚɧɞɚ Ʉɨɞ 
ɤɨɦɚɧɞɵ 

# 

PING B00B 0 
RESET 5EBE 0 
LOAD2BOOT B001 0 

 
 ɇɢɠɟ ɩɪɢɜɟɞɟɧɨ ɨɩɢɫɚɧɢɟ ɤɨɦɚɧɞ ɢɡ Ɍɚɛɥɢɰɚ 15. 
 PING(uint16_t addr) – ɩɪɨɜɟɪɤɚ ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜ ɫɟɬɶ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ. 
 Ɉɬɜɟɬ: ɟɫɥɢ ɤɨɦɚɧɞɵ ɛɵɥɚ ɨɬɩɪɚɜɥɟɧɚ ɨɛɪɚɬɧɨ ɡɧɚɱɢɬ ɭɫɬɪɨɣɫɬɜɨ 
ɩɨɞɤɥɸɱɟɧɨ ɜ ɫɟɬɶ ɢ ɩɪɢɧɢɦɚɟɬ ɩɚɤɟɬ ɢɫɩɪɚɜɧɨ. Ⱦɚɧɧɵɟ ɜ ɨɬɜɟɬɟ ɨɬɫɭɬɫɬɜɭɸɬ. 
 RESET(uint16_t addr) – ɤɨɦɚɧɞɚ ɫɛɪɨɫɚ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 
 LOAD2BOOT(uint16_t addr) – ɤɨɦɚɧɞɚ ɭɯɨɞɚ ɜ ɡɚɝɪɭɡɱɢɤ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ 
 
 3.5.2 Ʉɨɦɚɧɞɵ ɞɥɹ ɩɪɢɜɨɞɚ 
 
 ȼ ɬɚɛɥɢɰɟ 16 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɨɦɚɧɞɵ ɞɥɹ ɨɛɳɟɧɢɹ ɫ ɩɪɢɜɨɞɨɦ. 
 
Ɍɚɛɥɢɰɚ 16 – Ʉɨɦɚɧɞɵ ɞɥɹ ɩɪɢɜɨɞɚ 

Ʉɨɦɚɧɞɚ Ʉɨɞ 
ɤɨɦɚɧɞɵ 

# Ⱦɚɧɧɵɟ 
0 1 2 3 4 5 6 7 

LED 0001 1 LED        
Servo_Mode 0002 1 ServoMode        
Servo_On 0003 1 ServoOn        
Servo_On_Check 0004 0         
Set_Speed 0005 4 SpdTgt     
Set_Speed_PID 0006 8 SpdKp SpdKi 
Set_Position 0007 4 PosTgt     
Set_Position_PID 0008 8 PosKp PosKi 
Get_Speed 0009 0         
Get_Speed_PID 000A 0         
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Ɍɚɛɥɢɰɚ 16 – ɉɪɨɞɨɥɠɟɧɢɟ 

Ʉɨɦɚɧɞɚ Ʉɨɞ 
ɤɨɦɚɧɞɵ 

# Ⱦɚɧɧɵɟ 
0 1 2 3 4 5 6 7 

Get_Position 000B 0         
Get_Position_PID 000C 0         

 
 ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɩɢɫɚɧɢɟ ɤɨɦɚɧɞ ɢɡ ɬɚɛɥɢɰɵ 16. 
 LED(uint16_t addr, uint8_t * data) – ɜɤɥɸɱɟɧɢɟ RGB ɫɜɟɬɨɞɢɨɞɚ. ɉɟɪɜɵɟ 
ɬɪɢ ɛɢɬɚ ɩɟɪɟɦɟɧɧɨɣ LED ɭɩɪɚɜɥɹɸɬ ɰɜɟɬɨɦ ɜɤɥɸɱɚɟɦɨɝɨ ɫɜɟɬɨɞɢɨɞɚ.  
 Ⱦɚɧɧɵɟ: 1 ɛɚɣɬ uint8_t. 0 – ɜɤɥɸɱɟɧɢɟ, 1 – ɨɬɤɥɸɱɟɧɢɟ. ɇɚɩɪɢɦɟɪ, 
0b00000110 – ɜɤɥɸɱɟɧɢɟ ɤɪɚɫɧɨɝɨ ɫɜɟɬɨɞɢɨɞɚ, ɚ 0b000001 ɡɟɥёɧɨɝɨ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Servo_Mode(uint16_t addr, uint8_t *data) – ɜɵɛɨɪ ɫɩɨɫɨɛɚ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɢɜɨɞɨɦ. 
 Ⱦɚɧɧɵɟ: 1 ɛɚɣɬ uint8_t. 0 – ɭɩɪɚɜɥɟɧɢɟ ɫɤɨɪɨɫɬɶɸ, 1 – ɭɩɪɚɜɥɟɧɢɟ 
ɩɨɥɨɠɟɧɢɟɦ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Servo_On(uint16_t addr, uint8_t *data) – ɜɤɥɸɱɟɧɢɟ ɢɥɢ ɨɬɤɥɸɱɟɧɢɟ 
ɩɪɢɜɨɞɚ. 
 Ⱦɚɧɧɵɟ: 1 ɛɚɣɬ uint8_t. 0 – ɨɬɤɥɸɱɟɧɢɟ, 1 – ɜɤɥɸɱɟɧɢɟ.  
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Servo_On_Check(uint16_t addr) – ɡɚɩɪɨɫ ɩɪɨɜɟɪɤɢ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɬɵ 
ɩɪɢɜɨɞɚ.  
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ. 
 Ɉɬɜɟɬ: 1 ɛɚɣɬ uint8_t. ȿɫɥɢ 0 – ɬɨ ɩɪɢɜɨɞ ɜɵɤɥɸɱɟɧ, ɟɫɥɢ 1 – ɬɨ ɜɤɥɸɱɟɧ. 
 Set_Speed(uint16_t addr, float *data) – ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. 
 Ⱦɚɧɧɵɟ: 4-ɯ ɛɚɣɬɧɨɟ float ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Set_Speed_PID(uint16_t addr, float *data) – ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ ɫɤɨɪɨɫɬɢ. 
 Ⱦɚɧɧɵɟ: 8 ɛɚɣɬ. Ⱦɜɚ 4-ɯ ɛɚɣɬɧɵɯ float ɡɧɚɱɟɧɢɹ Kp ɢ Ki .  
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Set_Position(uint16_t addr, float *data) – ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɨɠɟɧɢɹ. 
 Ⱦɚɧɧɵɟ: 4-ɯ ɛɚɣɬɧɨɟ float ɡɧɚɱɟɧɢɟ ɩɨɥɨɠɟɧɢɹ. 
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Set_Position_PID(uint16_t addr, float *data) – ɡɚɞɚɧɢɟ ɡɧɚɱɟɧɢɣ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ ɩɨɥɨɠɟɧɢɹ. 
 Ⱦɚɧɧɵɟ: 8 ɛɚɣɬ. Ⱦɜɚ 4-ɯ ɛɚɣɬɧɵɯ float ɡɧɚɱɟɧɢɹ Kp ɢ Ki .  
 Ɉɬɜɟɬ: ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧ. 
 Get_Speed(uint16_t addr) – ɡɚɩɪɨɫ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ.  
 Ɉɬɜɟɬ: 4-ɯ ɛɚɣɬɧɨɟ float ɡɧɚɱɟɧɢɟ ɬɟɤɭɳɟɣ ɫɤɨɪɨɫɬɢ. 
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 Get_Speed_PID(uint16_t addr) – ɡɚɩɪɨɫ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ 
ɫɤɨɪɨɫɬɢ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ.  
 Ɉɬɜɟɬ: 8 ɛɚɣɬ. Ⱦɜɚ 4-ɯ ɛɚɣɬɧɵɯ float ɡɧɚɱɟɧɢɹ Kp ɢ Ki . 
 Get_Position(uint16_t addr) – ɡɚɩɪɨɫ ɬɟɤɭɳɟɝɨ ɡɧɚɱɟɧɢɹ ɩɨɥɨɠɟɧɢɹ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ.  
 Ɉɬɜɟɬ: 4-ɯ ɛɚɣɬɧɨɟ float ɡɧɚɱɟɧɢɟ ɬɟɤɭɳɟɝɨ ɩɨɥɨɠɟɧɢɹ. 
 Get_Position_PID(uint16_t addr) – ɡɚɩɪɨɫ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɉɂ–ɪɟɝɭɥɹɬɨɪɚ 
ɩɨɥɨɠɟɧɢɹ. 
 Ⱦɚɧɧɵɟ: ɨɬɫɭɬɫɬɜɭɸɬ.  
 Ɉɬɜɟɬ: 8 ɛɚɣɬ. Ⱦɜɚ 4-ɯ ɛɚɣɬɧɵɯ float ɡɧɚɱɟɧɢɹ Kp ɢ Ki . 
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4 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 
 

ɐɟɥɶɸ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɫɦɟɬɵ 
ɡɚɬɪɚɬ ɧɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ. 

ɋɦɟɬɚ ɡɚɬɪɚɬ - ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɞɟɧɟɠɧɨɣ ɮɨɪɦɟ ɡɚɬɪɚɬ ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ 
ɪɚɡɪɚɛɨɬɤɭ ɢ ɜɵɩɨɥɧɟɧɢɟ ɯɨɡɹɣɫɬɜɟɧɧɨ-ɞɨɝɨɜɨɪɧɨɣ ɪɚɛɨɬɵ. ɋɦɟɬɚ ɡɚɬɪɚɬ ɛɭɞɟɬ 
ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɡɚɬɪɚɬ ɧɚ:  

- ɫɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ; 
- ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
- ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ. 
Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɦɟɬɵ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ 

ɫɢɫɬɟɦɵ. 
 
4.1 Ɋɚɫɱёɬ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ 
 
ɋɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɞɟɬɚɥɟɣ ɭɱɟɛɧɨ-ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 
 

,ɪɚɫɯɩɢɬɩɪɨɝɨɛɡ SSSSS                                               (4.1) 

 
ɝɞɟ Sɨɛ – ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɬɚɛɥɢɰɟ 17; 
         Sɩɪɨɝ –  ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 18; 
         Sɩɢɬ – ɡɚɬɪɚɬɵ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 19 
         Sɪɚɫɯ – ɡɚɬɪɚɬɵ ɧɚ ɪɚɫɯɨɞɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ 3D–ɩɪɢɧɬɟɪɚ, ɪɚɜɧɵɟ 1400 ɪɭɛ. 
ɡɚ ɤɚɬɭɲɤɭ ɩɥɚɫɬɢɤɚ. 
 
Ɍɚɛɥɢɰɚ 17 – ɋɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 
ɇɨɭɬɛɭɤ SONY VAIO 1 25000 
3D–ɉɪɢɧɬɟɪ Tevo 
Tarantula 

1 23000 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ  48000 
 
Ɍɚɛɥɢɰɚ 18 – ɋɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 
Microsoft Windows 10 pro 10000 
Microsoft Office 2019 15000 
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Ɍɚɛɥɢɰɚ 18 – ɉɪɨɞɨɥɠɟɧɢɟ 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ 
SolidWorks 48000 
MatLAB 150000 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 88000 
 
Ɍɚɛɥɢɰɚ 19 – ɋɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɞɥɹ ɫɨɡɞɚɧɢɹ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ʉɨɥɢɱɟɫɬɜɨ, ɲɬ ɋɬɨɢɦɨɫɬɶ ɡɚ ɟɞ., ɪɭɛ 
Ʌɢɬɢɣ-ɢɨɧɧɚɹ ɛɚɬɚɪɟɹ 8 170 
ɉɥɚɬɚ ɡɚɳɢɬɵ 2 120 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ  1600 

 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɚ: 
 

ɪɭɛɡS 151600140016008800048000  .                         (4.2) 

 
4.2 Ɂɚɬɪɚɬɵ ɧɚ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɭ 
 
ɋ 1 ɢɸɧɹ 2011 ɝɨɞɚ ɜ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɩɨɜɫɟɦɟɫɬɧɨ ȿɞɢɧɚɹ 

Ɍɚɪɢɮɧɚɹ ɋɟɬɤɚ ɨɬɦɟɧɟɧɚ. ȼɨ ɜɫɟɯ ɨɪɝɚɧɢɡɚɰɢɹɯ ɛɸɞɠɟɬɧɨɣ ɫɮɟɪɵ ɊɎ ɡɚɪɩɥɚɬɚ 
ɜɵɩɥɚɱɢɜɚɟɬɫɹ ɩɨ ɇɋɈɌ. Ɉɰɟɧɤɚ ɭɪɨɜɧɹ ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɩɨ ɩɪɚɜɢɥɚɦ ɨɬɪɚɫɥɟɜɵɯ ɫɢɫɬɟɦ ɫɟɪɬɢɮɢɤɚɰɢɢ. 

Ɉɫɧɨɜɧɵɦ ɩɪɢɧɰɢɩɨɦ ɧɨɜɨɣ ɫɢɫɬɟɦɵ ɨɩɥɚɬɵ ɬɪɭɞɚ (ɇɋɈɌ) ɹɜɥɹɟɬɫɹ 
ɪɚɡɞɟɥɟɧɢɟ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɪɚɛɨɬɧɢɤɚ ɧɚ ɞɜɟ ɱɚɫɬɢ - ɧɚ ɝɚɪɚɧɬɢɪɨɜɚɧɧɭɸ 
ɱɚɫɬɶ, ɤɨɬɨɪɚɹ ɜɵɩɥɚɱɢɜɚɟɬɫɹ ɪɚɛɨɬɧɢɤɭ ɡɚ ɢɫɩɨɥɧɟɧɢɟ ɞɨɥɠɧɨɫɬɧɵɯ 
ɨɛɹɡɚɧɧɨɫɬɟɣ, ɢ ɧɚ ɫɬɢɦɭɥɢɪɭɸɳɭɸ ɱɚɫɬɶ, ɪɚɡɦɟɪ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, 
ɧɚɫɤɨɥɶɤɨ ɤɚɱɟɫɬɜɟɧɧɨ, ɷɮɮɟɤɬɢɜɧɨ ɢ ɪɟɡɭɥɶɬɚɬɢɜɧɨ ɪɚɛɨɬɚɥ ɫɨɬɪɭɞɧɢɤ. Ɋɚɡɦɟɪ 
ɫɬɢɦɭɥɢɪɭɸɳɢɯ ɜɵɩɥɚɬ ɧɟ ɨɝɪɚɧɢɱɟɧ. 

ȼ ɩɟɪɢɨɞ ɪɚɡɪɚɛɨɬɤɢ ɛɨɪɬɨɜɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ 
ɨɤɥɚɞ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ ɫɨɫɬɚɜɢɥ 55000 ɪɭɛɥɟɣ ɜ ɦɟɫɹɰ. 

 

  .55000ɪɭɛSɨɤɥ                                                  (4.3) 
Ɍɚɪɢɮɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ (ɨɤɥɚɞ) ɢɧɠɟɧɟɪɚ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɛɟɡ 

ɪɚɣɨɧɧɨɝɨ ɢ ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɫɬɚɜɢɥɚ  
 

.,2750005·55000·/ ɪɭɛnSS Ɇȿɋ
ɉɁ

ɂɌɊ
Ɉɋɇ                             (4.4) 

 
 

ɝɞɟ n = 5 – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ ɪɚɛɨɬɵ ɩɨ 21 ɪɚɛɨɱɟɦɭ ɞɧɸ ɜ ɤɚɠɞɨɦ.  
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ȼɵɩɥɚɬɚ ɪɚɣɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 30% ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  
 

. . . .
ɂɌɊ

ɊȺɃ Ʉ Ɉɋɇ Ɋ Ʉ
ɂɌɊS S k  ,                                            (4.5) 

 
.825003.0·275000.. ɪɭɛS ɂɌɊ

ɄɊȺɃ                                   (4.6) 
 

ȼɵɩɥɚɬɚ ɫɟɜɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 20% ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  
 

ɋȿȼ.Ʉ. . . .
ɂɌɊ ɂɌɊ

Ɉɋɇ C ɄS S k  ,                                            (4.7) 
 

 .550002.0·275000.. ɪɭɛS ɂɌɊ
Ʉɋȿȼ                                        (4.8) 

 
Ɉɛɳɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɢɧɠɟɧɟɪɚ ɞɢɩɥɨɦɧɨɝɨ ɫ ɭɱɟɬɨɦ ɪɚɣɨɧɧɨɝɨ ɢ 

ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɫɬɚɜɢɥɚ: 
 

.4125005500082500275000.... ɪɭɛSSSS ɂɌɊ
Ʉɋȿȼ

ɂɌɊ
ɄɊȺɃ

Ɇȿɋ
Ɉɋɇ

ɂɌɊ
ɈȻЩ           (4.9) 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɫɨɫɬɚɜɥɹɟɬ 5% ɨɬ ɨɫɧɨɜɧɨɣ: 

               
.05.0·..

ɂɌɊ
ɈȻЩ

ɂɌɊ
ȾɈɉ SS                                                 (4.10) 

 
 .2062505.0·412500. ɪɭɛS ɂɌɊ

ȾɈɉ                                     (4.11) 

 
ɂɬɨɝɨ, ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ ɛɟɡ ɧɚɱɢɫɥɟɧɢɣ ɧɚ 

ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɢɥɚ: 
 

. . .
ɂɌɊɂɌɊ ɂɌɊ

ɈɉɅ ɌɊ ȾɈɉɈȻЩS SɎ                                                (4.12) 

 
.43312520625412500.. ɪɭɛɎɂɌɊ

ɌɊɈɉɅ                                (4.13) 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɢɥɢ: 
 

. .. .. .
ɂɌɊ
ɈɉɅ ɌɊɋɈɐ ɈɌɋɈɐ ɈɌS R Ɏ  ,                                       (4.14) 

 
ɝɞɟ RɋɈɐ.ɇ. = 30%, ɫɨɫɬɨɢɬ ɢɡ ɱɟɬɵɪёɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 

 ɩɟɧɫɢɨɧɧɵɣ ɮɨɧɞ ɊɎ – 22%; 
 ɮɨɧɞ ɫɨɰɢɚɥɶɧɨɝɨ ɫɬɪɚɯɨɜɚɧɢɹ ɊɎ – 2,9%; 
 ɮɟɞɟɪɚɥɶɧɵɣ ɎɈɆɋ – 5,1%. 
 ɋɬɪɚɯɨɜɚɧɢɟ ɨɬ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ – 0.2%. 

 
.138600433125·32.0.. ɪɭɛS ɈɌɋɈɐ                                   (4.15) 
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Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɢɥɚ: 

 
.571725138600433125....

/
.. ɪɭɛSɎɎ ɈɌɋɈɐ

ɂɌɊ
ɌɊɈɉɅ

ɉɁ
ɇɋɈɐ            (4.16) 

 
4.3 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ: 
 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ ɫ ɦɨɧɢɬɨɪɨɦ – 220 ȼɬ; 
 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɝɟɧɟɪɚɬɨɪɨɦ – 150 ȼɬ; 
 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 3D–ɩɪɢɧɬɟɪɨɦ – 240 ȼɬ; 
 ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ – 40 ȼɬ; 
 ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɜ ɩɨɦɟɳɟɧɢɢ – 10 ɲɬ. 
Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɜ ɞɟɧɶ: 
 

,·)··( .ɷɥ.ɞ. ЭɅɑɥkȽȿɇɉɄ TNnPPPS                                    (4.17) 
 

ɝɞɟ PɉɄ –  ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɉɄ ɫ ɦɨɧɢɬɨɪɨɦ; 
      Pɗ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɝɟɧɟɪɚɬɨɪɨɦ; 
      Pɥ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ; 
      n – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ; 
      Tɷɥ. – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 
      Nɱ – ɱɚɫɨɜ ɪɚɛɨɱɢɣ ɞɟɧɶ 

 
.66.1376.1·8)·10·06.015.022.0(ɷɥ.ɞ. ɪɭɛS                        (4.18) 

 
Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, ɡɚɬɪɚɱɟɧɧɭɸ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɜɵɫɱɢɬɵɜɚɸɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 
 

,··· ..ɷɥ.ɞ.ɷɥ. ɷɥɢɡɝɉ TNPNSS                                        (4.19) 
 

ɝɞɟ N – ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ;  
      Pɉ – ɦɨɳɧɨɫɬɶ ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɪɢɧɬɟɪɨɦ; 
      Nɢɡɝ. – ɱɚɫɨɜ ɩɨɬɪɚɱɟɧɧɵɯ ɧɚ ɢɡɝɨɬɨɜɤɭ ɢɡɞɟɥɢɣ. 
 

.21.144076.1·14·24.0105·66.13ɷɥ. ɪɭɛS                            (4.20) 
 

4.4 Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 
Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɧɚɣɞɟɦ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
 

.ȺɦɉȺɦɄȺɦ ɁɁɁ                                                (4.21) 
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ɝɞɟ ɁȺɦɄ – ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɤɨɦɩɶɸɬɟɪɚ, ɪɭɛ; 
      ɁȺɦɉ  – ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ 3D–ɩɪɢɧɬɟɪɚ. 
 

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɟɞɢɧɢɰɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɚɤ: 
 

,
12

Ʉ m
Ⱥ

l

ɋ nɁ
n





                                                      (4.22) 

 
ɝɞɟ ɋɄ – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɭɛ.; 
       nm – ɜɪɟɦɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɦɟɫ.; 
       nl  – ɫɪɨɤ ɫɥɭɠɛɵ, ɥɟɬ. 
 

.33.2083
12·5

5·25000
ȺɦɄ ɪɭɛɁ                                        (4.23) 

 

.44.3194
12·3

5·23000
Ⱥɦɉ ɪɭɛɁ          (4.24) 

Ɍɨɝɞɚ ɨɛɳɢɟ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ: 
 

 .77.527744.319433.2083Ⱥɦ ɪɭɛɁ                (4.25) 
 
4.5 Ɂɚɬɪɚɬɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ 
 
Ɋɚɫɯɨɞɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ ɡɚ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɵ ɫɨɫɬɚɜɢɥɢ: 
 

Ⱥɉ Ⱥ ɪɁ Ɂ ɉ T   ,                                             (4.26) 

 
ɝɞɟ ɁȺ – ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ 1 ɦ2 ɩɥɨɳɚɞɢ, ɪɭɛ.; 
      ɉ – ɩɥɨɳɚɞɶ ɩɨɦɟɳɟɧɢɹ, ɦ2; 
      Ɍɪ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɷɬɚɩɚ ɪɚɡɪɚɛɨɬɤɢ, ɦɟɫ. 

 
.150005·10·300 ɪɭɛɁȺɉ                                        (4.27) 

 
4.6 Ɋɚɫɱёɬ ɫɦɟɬɵ ɡɚɬɪɚɬ ɧɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ 

ɩɥɚɬɮɨɪɦɨɣ 
 
ȼɫɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɯɨɞɚɦɢ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ, ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥɢɰɚ 20 ɢ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 4 ɫ 
ɩɨɦɨɳɶɸ ɤɪɭɝɨɜɨɣ ɞɢɚɝɪɚɦɦɵ. 
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Ɍɚɛɥɢɰɚ 20 – Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ ɋɭɦɦɚ ɡɚɬɪɚɬ, ɪɭɛ. 
Ɂɚɬɪɚɬɵ ɧɚ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɉɈ ɢ 
ɢɡɝɨɬɨɜɥɟɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ 

151600 

Ɉɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ 412500 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɜɟɞɭɳɟɝɨ ɢɧɠɟɧɟɪɚ 20625 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ 138600 
Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 1440.21 
Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 5277.77 
Ɋɚɫɯɨɞɵ ɧɚ ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ 15000 
ɂɬɨɝɨ 745042.98 

 
Ȼɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɫɨɫɬɚɜɥɟɧɚ ɫɦɟɬɚ 

ɡɚɬɪɚɬ, ɬɚɤ ɠɟ ɩɪɨɢɡɜɟɞɟɧɨ ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ. 
ȼɫɟ ɡɚɞɚɱɢ ɪɟɲɚɥɢɫɶ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ɪɵɧɤɚ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ, ɬ.ɟ. 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɨɜɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɩɪɨɞɭɤɬɵ, ɫɬɚɧɞɚɪɬɵ, ɚ ɬɚɤɠɟ ɫɨɜɪɟɦɟɧɧɨɟ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɪɟɚɥɶɧɨɣ ɩɨɥɶɡɟ ɩɪɨɞɟɥɚɧɧɨɣ 
ɪɚɛɨɬɵ. 

 

Ɋɢɫɭɧɨɤ 4 – Ⱦɢɚɝɪɚɦɦɚ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ 
ɩɥɚɬɮɨɪɦɨɣ 
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5 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɹɜɥɹɟɬɫɹ ɩɨɤɚɡɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ 
ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ, ɨɫɧɨɜɧɚɹ ɬɟɦɚ ɤɨɬɨɪɨɝɨ: ɪɚɡɪɚɛɨɬɤɚ ɦɨɛɢɥɶɧɨɣ 
ɩɥɚɬɮɨɪɦɵ. Ɇɟɫɬɨ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ – ɥɚɛɨɪɚɬɨɪɢɹ ɤɚɮɟɞɪɵ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ 
ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ». Ɋɚɛɨɬɚ ɧɚɰɟɥɟɧɚ ɧɚ ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɲɢɪɨɤɨɝɨ ɤɪɭɝɚ ɡɚɞɚɱ ɜ 
ɫɮɟɪɟ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. 

 
5.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 

 
Ɇɨɛɢɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɬɪɟɛɨɜɚɧɢɹ 

ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɯɪɚɧɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
 

 5.1.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 
 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɆɄ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 
ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬɚɯ, ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɪɟɦɨɧɬɟ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ ɢ ɯɪɚɧɟɧɢɢ. 

Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɩɪɨɟɤɬɧɨɦ ɷɬɚɩɟ. ɇɚ ɷɬɨɦ 
ɭɪɨɜɧɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɡɚɤɥɚɞɵɜɚɸɬɫɹ ɛɨɥɟɟ ɩɹɬɢ 
ɞɟɫɹɬɤɨɜ ɪɚɡɥɢɱɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɥɨɠɟɧɢɹɦɢ 
ɛɨɥɟɟ ɞɜɭɯ ɞɟɫɹɬɤɨɜ ɫɬɚɧɞɚɪɬɨɜ ɫɢɫɬɟɦɵ ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ(ɋɋȻɌ) 
ɢ ɞɪɭɝɢɯ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ. 

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɆɄ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 
12.0.001, ȽɈɋɌ12.2.003, ȽɈɋɌ12.2.026 ɢ ȽɈɋɌ12.0.003 ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: 

 ɜɵɛɨɪɨɦ ɩɪɢɧɰɢɩɨɜ ɞɟɣɫɬɜɢɹ, ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ, ɛɟɡɨɩɚɫɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬ. ɩ.; 

 ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡɨɩɚɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɟɳɟɫɬɜ; 
 ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ, ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ 

ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 
 ɜɵɩɨɥɧɟɧɢɟɦ ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɢ ɷɫɬɟɬɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ; 
 ɜɵɛɨɪɨɦ ɛɟɡɨɩɚɫɧɵɯ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ; 
 ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ; 
 ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɦɨɧɬɚɠɧɵɯ 

ɪɚɛɨɬɚɯ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ ɢ ɯɪɚɧɟɧɢɢ; 
 ɪɚɡɦɟɳɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ; 
 ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɨɬɛɨɪɨɦ ɢ ɨɛɭɱɟɧɢɟɦ ɪɚɛɨɬɚɸɳɢɯ; 
 ɜɵɛɨɪɨɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɟ ɭɱɟɬɨɦ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ; 
 ɜɤɥɸɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɩɨ 

ɦɨɧɬɚɠɭ, ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɟɦɨɧɬɭ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɸ ɢ ɯɪɚɧɟɧɢɸ; 
 ɤɨɧɬɪɨɥɟɦ ɡɚ ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɩɪɚɜɢɥ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɪɭɞɨɜɨɝɨ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ ɪɚɛɨɬɚɸɳɢɦɢ. 
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ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɪɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɣ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɆɄ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜ ɭɫɥɨɜɢɹɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɢ ɪɟɦɨɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɩɨ ȽɈɋɌ 2.601 ɢ ȽɈɋɌ 2.602, ɧɟ 
ɞɨɥɠɧɨ ɫɨɡɞɚɜɚɬɶ ɨɩɚɫɧɨɫɬɢ ɜ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɜɥɚɠɧɨɫɬɢ, ɜɵɫɨɤɨɣ ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, 
ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ, ɜɵɫɨɤɢɯ ɢ ɧɢɡɤɢɯ ɞɚɜɥɟɧɢɣ, ɚɝɪɟɫɫɢɜɧɵɯ ɜɟɳɟɫɬɜ, 
ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɨɛɥɟɞɟɧɟɧɢɹ ɢ ɞɪɭɝɢɯ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɦɟɫɬɨ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ. 

 
 5.1.2 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
  

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɆɄ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ 
ɛɟɡɨɩɚɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɟɳɟɫɬɜ. ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ, ȽɈɋɌ 12.3.002-75: 

 ɦɚɬɟɪɢɚɥɵ ɤɨɧɫɬɪɭɤɰɢɢ ɆɄ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɪɟɞɧɨɝɨ ɞɟɣɫɬɜɢɹ ɧɚ 
ɪɚɛɨɬɚɸɳɢɯ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɚɬɟɪɢɚɥɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɜɪɟɞɧɨɟ 
ɜɨɡɞɟɣɫɬɜɢɟ, ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɪɚɛɨɬɚɸɳɢɯ; 

 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɵɯ ɜɟɳɟɫɬɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɪɚɡɪɟɲɟɧɨ ɬɨɥɶɤɨ ɩɨɫɥɟ 
ɭɬɜɟɪɠɞɟɧɢɹ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɢɝɢɟɧɢɱɟɫɤɢɯ 
ɧɨɪɦɚɬɢɜɨɜ. 

 
Ɍɚɛɥɢɰɚ 21 – Ɇɚɬɟɪɢɚɥɵ, ɜɯɨɞɹɳɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɸ Ɇɉ 

 ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɨɜ  Ʉɥɚɫɫ ɨɩɚɫɧɨɫɬɢ 

 Ʉɚɪɤɚɫ ɭɫɬɚɧɨɜɤɢ ɢɡ ɚɥɸɦɢɧɢɹ 4 
 ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɥɨɜɵɟ ɢ ɫɢɝɧɚɥɶɧɵɟ ɤɚɛɟɥɢ  4 
 Ʌɢɬɢɣ-ɢɨɧɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ 2 
 Ʉɨɪɩɭɫ ɛɥɹ ɩɢɬɚɧɢɹ ɢɡ ɩɥɚɫɬɢɤɚ 4 

 
ȼɫɟ ɜɟɳɟɫɬɜɚ ɢ ɦɚɬɟɪɢɚɥɵ ɩɪɨɲɥɢ ɝɢɝɢɟɧɢɱɟɫɤɭɸ ɩɪɨɜɟɪɤɭ ɢ ɩɨɜɟɪɤɭ ɧɚ 

ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ. Ɇɚɬɟɪɢɚɥɵ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ (Ɍɚɛɥɢɰɚ 21) ɧɟ 
ɨɤɚɡɵɜɚɸɬ ɨɩɚɫɧɨɝɨ ɢ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɧɚ ɜɫɟɯ 
ɡɚɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɢ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ ɬɚɤɠɟ 
ɧɟ ɫɨɡɞɚɸɬ ɩɨɠɚɪɨɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɢɬɭɚɰɢɢ. 

 
 5.1.3 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɦɨɧɬɚɠɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬɚɯ 
 

Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɦɨɧɬɚɠɧɵɯ ɢ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɫɪɟɞɫɬɜɚɦɢ ɡɚɳɢɬɵ, ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ 
ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɨɜ. 

ɋɪɟɞɫɬɜɚ ɡɚɳɢɬɵ, ɢɧɫɬɪɭɦɟɧɬɵ ɢ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɩɨɞɜɟɪɝɚɸɬɫɹ ɨɫɦɨɬɪɭ ɢ 
ɢɫɩɵɬɚɧɢɹɦ. 
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Ʉ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢɡɞɟɥɢɹ ɞɨɩɭɫɤɚɸɬɫɹ ɥɢɰɚ, ɩɪɨɲɟɞɲɢɟ ɫɩɟɰɢɚɥɶɧɵɣ 
ɢɧɫɬɪɭɤɬɚɠ ɢ ɢɡɭɱɢɜɲɢɟ ɞɚɧɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɢ ɢɧɫɬɪɭɤɰɢɸ ɩɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɪɢ ɦɨɧɬɚɠɟ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ: 
 ɩɪɚɜɢɥɚ ɭɫɬɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ; 
 ɩɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ; 
 ɩɪɚɜɢɥɚ ɬɟɯɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ 

ɩɨɬɪɟɛɢɬɟɥɟɣ. 
 

 5.1.4 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɯɪɚɧɟɧɢɢ 
 

Ɇɚɫɫɚ Ɇɉ ɜɦɟɫɬɟ ɫ ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 14 ɤɝ ɢ ɩɨɷɬɨɦɭ 
ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɝɪɭɡɨɩɨɞɴёɦɧɵɯ ɫɪɟɞɫɬɜ ɜ ɩɪɨɰɟɫɫɟ 
ɦɨɧɬɚɠɚ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɯɪɚɧɟɧɢɹ ɢ ɪɟɦɨɧɬɚ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ 
ɨɛɨɪɭɞɨɜɚɧɢɢ. 

Ʉɨɧɫɬɪɭɤɰɢɹ Ɇɉ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɞёɠɧɨɝɨ ɡɚɤɪɟɩɥɟɧɢɹ ɟё 
ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ ɢɥɢ ɜ ɭɩɚɤɨɜɨɱɧɨɣ ɬɚɪɟ, ɢ ɢɦɟɟɬ 
ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɢɯ ɮɢɤɫɚɰɢɢ ɜ ɨɩɪɟɞɟɥёɧɧɨɦ ɩɨɥɨɠɟɧɢɢ. ɉɨɦɟɳɟɧɢɟ ɞɥɹ 
ɯɪɚɧɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɫɭɯɢɦ ɢ ɧɟ ɩɵɥɶɧɵɦ, ɜ ɩɨɦɟɳɟɧɢɢ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ 
ɫɢɥɶɧɵɯ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɭɫɬɚɧɨɜɨɤ. 

 
 5.1.5 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ 
  

ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ, ȽɈɋɌ 12.3.002-75, ȽɈɋɌ 12.3.003-91, ȽɈɋɌ 
12.3.061-81, ɋɇɢɉ 31-01-03: 

 ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ (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 Ɇɉ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɟɣɫɬɜɭɸɳɢɦ ɧɨɪɦɚɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 

 ɨɪɝɚɧɢɡɚɰɢɹ ɪɚɛɨɱɢɯ ɦɟɫɬ ɨɩɟɪɚɬɨɪɚ ɉɄ ɨɬɜɟɱɚɟɬ ɬɪɟɛɨɜɚɧɢɹɦ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɜ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɚɯ ɧɚ ɤɨɧɤɪɟɬɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɪɚɛɨɱɢɟ ɦɟɫɬɚ. 

 
 5.1.6 Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɨɬɛɨɪɭ 
 

Ʉ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɩɨɥɶɡɨɜɚɧɢɸ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɨɣ ɞɨɩɭɫɤɚɸɬɫɹ 
ɥɢɰɚ: 

 ɢɦɟɸɳɢɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɜ ɜɵɫɲɢɯ ɢɥɢ 
ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɢɯ ɡɚɜɟɞɟɧɢɹɯ; 

 ɩɪɨɲɟɞɲɢɟ ɢɧɫɬɪɭɤɬɚɠ, ɨɛɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ; 
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 ɧɟ ɢɦɟɸɳɢɟ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɬɢɜɨɩɨɤɚɡɚɧɢɣ. 
 5.1.7 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɚɫɬɨɹɳɢɯ ɫɬɚɧɞɚɪɬɨɜ, ȽɈɋɌ 12.1.004, ȽɈɋɌ 
12.1.018, ȽɈɋɌ 12.2.007.0, ɉɍɗ, ɉɌɗ, ɢ ɉɌȻ, ɋɇɢɉ 3.05.06, ɋɇɢɉ 3.05.07. ɋ 
ɭɱёɬɨɦ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜɵɛɪɚɧ ɬɢɩ ɢɫɩɨɥɧɟɧɢɹ, ɜɢɞ ɜɡɪɵɜɨ-ɡɚɳɢɬɵ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɶ ɟɝɨ ɡɚɳɢɬɵ ɨɬ ɩɵɥɢ ɢ ɜɥɚɝɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ, ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɆɄ 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). 
 

 5.1.8 Ʉɨɧɬɪɨɥɶ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 

Ʉɨɧɬɪɨɥɶ ɡɚ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ ɧ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɩɪɚɜɨɜɵɦɢ ɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɩɨ ɫɨɡɞɚɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 
ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ. 

 
 5.1.9 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ 
 

ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɑɋ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɨɬɤɥɸɱɢɬɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɭɫɬɚɧɨɜɤɢ; 
2) ɜɵɩɨɥɧɢɬɶ ɩɪɟɞɩɢɫɚɧɢɟ ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ; 
3) ɩɨɤɢɧɭɬɶ ɡɞɚɧɢɟ ɢ ɩɨɫɬɭɩɢɬɶ ɜ ɪɚɫɩɨɪɹɠɟɧɢɟ ɧɚɱɚɥɶɧɢɤɚ ȽɈ ɢ ɑɋ. 
 
5.2 ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ 

 
Ɉɞɧɢɦ ɢɡ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɟɳɟɫɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɨɛɢɥɶɧɨɣ ɩɥɚɬɮɨɪɦɵ ɜɵɩɨɥɧɟɧɵ ɜɫɟ 
ɧɨɪɦɚɬɢɜɧɵɟ ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɆɄ ɩɪɢɦɟɧɟɧɵ 
ɛɟɡɨɩɚɫɧɵɟ ɢ ɷɤɨɥɨɝɢɱɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ ɋɋȻɌ ɢ ɨɯɪɚɧɵ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɜɟɳɟɫɬɜɚ, ɩɪɨɲɟɞɲɢɟ 1 
ɝɢɝɢɟɧɢɱɟɫɤɭɸ ɩɪɨɜɟɪɤɭ ɢ ɩɪɨɜɟɪɤɭ ɧɚ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ. 

Ɉɞɧɢɦ ɢɡ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɟɳɟɫɬɜ, ɜɯɨɞɹɳɢɯ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɉɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɆɄ ɜɵɩɨɥɧɟɧɵ ɜɫɟ ɧɨɪɦɚɬɢɜɧɵɟ 
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ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ. ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɆɄ ɩɪɢɦɟɧɟɧɵ ɛɟɡɨɩɚɫɧɵɟ ɢ 
ɷɤɨɥɨɝɢɱɧɵɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɬɚɧɞɚɪɬɚɦɢ ɋɋȻɌ ɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɜɟɳɟɫɬɜɚ, ɩɪɨɲɟɞɲɢɟ 1 ɝɢɝɢɟɧɢɱɟɫɤɭɸ 
ɩɪɨɜɟɪɤɭ ɢ ɩɪɨɜɟɪɤɭ ɧɚ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 
Ƕ

Ȍȗ
ȉ.

 Ȗ
ȗȏ

ȓ
ȌȔ

. 
ǸȖ

ȗȇ
ȉ.

 №
 

Ƕ
ȕȋ

Ȗȏ
Șь

 ȏ
 ȋ

ȇș
ȇ 

ǯ
Ȕȉ

. №
 ȋ

ȚȈ
Ȓ.

 
ǩȎ

ȇȓ
. ȏ

Ȕȉ
. №

 
Ƕ

ȕȋ
Ȗȏ

Șь
 ȏ

 ȋ
ȇș

ȇ 
ǯ

Ȕȉ
. №

 Ȗ
ȕȋ

Ȓ.
 

 
 

 
 

 

ǯȎȓ. ЛȏȘș № ȋȕȑȚȓ. ǶȕȋȖȏȘь Дȇșȇ 

ЛȏȘș 

63 
ǨǷ – 15.03.06 ǶǮ 

 

ɁȺɄɅɘɑȿɇɂȿ 
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɛɵɥɚ ɫɨɡɞɚɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɣ 

ɩɥɚɬɮɨɪɦɨɣ, ɚ ɢɦɟɧɧɨ ɪɚɡɪɚɛɨɬɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ 
ɭɩɪɚɜɥɟɧɢɟ ɢ ɤɨɧɬɪɨɥɶ ɡɚ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɠɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɚ ɫɯɟɦɚ 
ɚɜɬɨɧɨɦɧɨɝɨ ɩɢɬɚɧɢɹ, ɪɟɚɥɢɡɨɜɚɧ ɩɪɨɬɨɤɨɥ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɟɠɞɭ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɜ ɫɟɬɢ, ɪɚɡɪɚɛɨɬɚɧ ɢɧɬɟɪɮɟɣɫ ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɜɢɞɢɦɨɫɬɶ ɢ 
ɢɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ. ɉɨɷɬɨɦɭ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɩɨɫɬɚɜɥɟɧɧɚɹ 
ɡɚɞɚɱɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɜɵɩɨɥɧɟɧɚ ɭɫɩɟɲɧɨ. 
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