
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ʉɚɮɟɞɪɚ «Ɋɨɛɨɬɨɬɟɯɧɢɤɚ ɢ ɬɟɯɧɢɱɟɫɤɚɹ ɤɢɛɟɪɧɟɬɢɤɚ» 

 

ɍɌȼȿɊɀȾȺЮ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
_________   Ⱥ.ɇ. ɋɨɱɧɟɜ 
     ɩɨɞɩɢɫɶ 

« _____»      ________2019ɝ. 

 

 

 

 

ȻȺɄȺɅȺȼɊɋɄȺЯ ɊȺȻОɌȺ 

15.03.06 Ɇɟɯɚɬɪɨɧɢɤɚ ɢ ɪɨɛɨɬɨɬɟɯɧɢɤɚ 

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

 

 

 

Ɋɭɤɨɜɨɞɢɬɟɥɶ  _________     ________________          Ю.Ƚ.Ƚɨɥɵɯ 

                                                         ɩɨɞɩɢɫɶ, ɞɚɬɚ          ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ 

ȼɵɩɭɫɤɧɢɤ   _________                             Ч.Ⱥ.Ȼɚɪɬɚɧ 

                                                         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 ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ 
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ɋɬɭɞɟɧɬɭ Ȼɚɪɬɚɧɭ ɑɢɧɝɢɫɭ Ⱥɣɜɚɪɨɜɢɱɭ  
Ƚɪɭɩɩɚ Ɏɗ15-08Ȼ ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 15.03.06 (Ɇɟɯɚɬɪɨɧɢɤɚ ɢ 
ɪɨɛɨɬɨɬɟɯɧɢɤɚ)                                                                  
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ». 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 2264/c ɨɬ 14.02.18 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ Ƚɨɥɵɯ ɘ.Ƚ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ., ɞɨɰ. ɤɚɮ. ɊɢɌɄ 
 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ:  
ɉɚɪɚɦɟɬɪɵ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ  ɪɨɛɨɬɚ, ɤɨɧɬɪɨɥɥɟɪ Arduino Mega 2560. 
Ɋɟɲɚɟɦɚɹ ɡɚɞɚɱɚ – ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. ɋɪɟɞɚ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – MATLAB. əɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – MATLAB ɢ C++. 
 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ. 
Ƚɥɚɜɚ 1. Ʉɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɦ ɪɨɛɨɬɟ. 
Ƚɥɚɜɚ 2. Ɉɩɢɫɚɧɢɟ ɬɪɟɯɡɜɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ. 
Ƚɥɚɜɚ 3. Ɉɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. 
Ƚɥɚɜɚ 4. ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɯɡɜɟɧɧɵɦ ɪɨɛɨɬɨɦ. 
Ƚɥɚɜɚ 5. ɍɩɪɚɜɥɟɧɢɟ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɦ ɪɨɛɨɬɨɦ. 
Ƚɥɚɜɚ 6. Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
Ƚɥɚɜɚ 7. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ. 
Ƚɥɚɜɚ 8. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
Ƚɥɚɜɚ 9. Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɩɪɨɟɤɬɚ. 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 
Ʌɢɫɬ 1. Ʉɨɪɩɭɫ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɨɛɨɬɚ. 
Ʌɢɫɬ 2. Ʉɪɵɲɤɚ ɞɥɹ ɨɫɧɨɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 3. Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 4. Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 5. Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɩɹɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 6. Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 7. Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 
Ʌɢɫɬ 8. ɉɟɪɜɨɟ ɡɜɟɧɨ. 
Ʌɢɫɬ 9. Ɇɚɧɢɩɭɥɹɰɢɨɧɧɵɣ ɪɨɛɨɬ. 
Ʌɢɫɬ 10. Ɋɚɛɨɱɚɹ ɡɨɧɚ. 
Ʌɢɫɬ 11. ɋɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                            _______________ Ƚɨɥɵɯ ɘ.Ƚ.           

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ        _______________  Ȼɚɪɬɚɧ ɑ.Ⱥ. 

 « ___ » __________ 2019 ɝ. 
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ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ » ɫɨɞɟɪɠɢɬ 113 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 13 
ɩɪɢɥɨɠɟɧɢɣ, 55 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 11 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 
 ɆȺɇɂɉɍɅəɐɂɈɇɇɕɃ ɊɈȻɈɌ, ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ, ɋɏȼȺɌɕ 
ɊɈȻɈɌɈȼ, ɆȺɇɂɉɍɅəɌɈɊ, ɋɂɋɌȿɆȺ ɍɉɊȺȼɅȿɇɂə, 
ɋɂɆɉɅȿɄɋɇɕɃ ɉɈɂɋɄ, ɆȿɌɈȾ ɉɈɄɈɈɊȾɂɇȺɌɇɈȽɈ ɋɉɍɋɄȺ, 
ɈȻɊȺɌɇȺə ɁȺȾȺɑȺ ɄɂɇȿɆȺɌɂɄɂ. 

Ɉɛɴɟɤɬ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ: ɬɪёɯɡɜɟɧɧɵɣ  ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɣ ɪɨɛɨɬ ɫ 
ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ ɩɨɞɜɢɠɧɨɫɬɢ. 

ɐɟɥɶ: ɪɚɡɪɚɛɨɬɤɚ ɬɪёɯɡɜɟɧɧɨɝɨ ɲɟɫɬɢɨɫɟɜɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ 
ɪɨɛɨɬɚ. 

Ɂɚɞɚɱɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ.  
1. ɉɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ. 
2. Ɋɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɪɨɛɨɬɚ ɢ ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɪɝɚɧɚ, ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ 

ɫɯɟɦɭ. 
3. ɉɨɞɨɛɪɚɬɶ ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɢ ɪɟɚɥɢɡɨɜɚɬɶ. 
4. Ɋɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ. 
5. ɋɨɡɞɚɬɶ ɭɩɪɚɜɥɹɸɳɢɟ ɤɨɦɚɧɞɵ ɢ ɨɬɩɪɚɜɢɬɶ ɢɯ ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ ɧɚ 

ɤɨɧɬɪɨɥɥɟɪ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ.  
6. Ɋɟɲɢɬɶ ɩɪɹɦɭɸ ɢ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɪɨɛɨɬɨɬɟɯɧɢɤɢ. 
7. ɉɪɨɜɟɪɢɬɶ ɤɨɪɪɟɤɬɧɨɫɬɶ ɪɚɛɨɬɵ ɢ ɨɩɪɟɞɟɥɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɦɟɬɨɞɨɜ. 
 

Ⱦɢɩɥɨɦɧɚɹ ɪɚɛɨɬɚ ɫɨɫɬɨɢɬ ɢɡ: ɜɜɟɞɟɧɢɹ, 9-ɬɢ ɝɥɚɜ, ɡɚɤɥɸɱɟɧɢɹ, ɫɩɢɫɤɚ 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɢ ɦɧɨɠɟɫɬɜɚ ɩɪɢɥɨɠɟɧɢɣ ɢ ɫɩɢɫɤɚ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. 

ȼɨ ɜɜɟɞɟɧɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɨɢɫɯɨɞɢɬ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ ɞɚɧɧɨɝɨ 

ɪɨɛɨɬɚ,  ɬɚɤɠɟ ɩɪɢɜɟɞɟɧɵ ɦɢɪɨɜɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ. 
ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɪɟɯɡɜɟɧɧɨɝɨ ɪɨɛɨɬɚ ɫ 

ɨɛɨɫɧɨɜɚɧɢɟɦ ɜ ɜɢɞɟ ɫɬɚɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜ ɫɪɟɞɟ ɋȺɉɊ KOMPAS-3D,ɟɝɨ 
ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ, ɪɚɛɨɱɚɹ ɡɨɧɚ, ɚ ɬɚɤɠɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɫɯɜɚɬɚ 
ɪɨɛɨɬɚ. 

ȼ ɬɪɟɬɶɟ ɝɥɚɜɟ ɩɪɢɜɨɞɢɬɫɹ ɨɩɢɫɚɧɢɟ ɜɫɟɯ ɤɨɦɩɥɟɤɬɭɸɳɢɯ, 
ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɟɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɤɚɤ ɜɧɭɬɪɢ 
ɤɨɧɫɬɪɭɤɰɢɢ ɪɨɛɨɬɚ, ɬɚɤ ɢ ɜɧɟ ɧɟɝɨ. Ɍɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɛɨɪ ɦɚɬɟɪɢɥɚ 
ɞɥɹ ɩɟɱɚɬɢ ɤɨɪɩɭɫɚ ɪɨɛɨɬɚ. 

ȼ ɱɟɬɜɟɪɧɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɢ ɜɢɞɵ. 
ɉɹɬɚɹ ɝɥɚɜɚ ɞɚёɬ ɨɩɢɫɚɧɢɟ ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚ. 
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ȼ ɲɟɫɬɨɣ ɝɥɚɜɟ ɩɨɞɪɨɛɧɨ ɢɡɥɨɠɟɧɚ ɫɬɪɭɤɬɭɪɚ ɪɚɡɪɚɛɨɬɚɧɧɵɯ 
ɩɪɨɝɪɚɦɦ, ɚ ɬɚɤɠɟ ɨɩɢɫɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɢɯ 
ɪɚɛɨɬɵ. 

ɋɟɞɶɦɚɹ ɝɥɚɜɚ ɞɚёɬ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɞɢɩɥɨɦɧɨɝɨ 
ɩɪɨɟɤɬɚ. 

ȼɨɫɶɦɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɚɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɢ 
ɩɪɨɟɤɬɚ. 

Ⱦɟɜɹɬɚɹ ɝɥɚɜɚ ɩɪɟɞɥɚɝɚɟɬ ɫɩɨɫɨɛɵ ɭɥɭɱɲɟɧɢɹ ɪɚɛɨɬɵ 
ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 

ȼ ɡɚɤɥɸɱɟɧɢɢ ɩɨɞɜɨɞɢɬɫɹ ɢɬɨɝ ɜɫɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ.  
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ɋ ɪɨɫɬɨɦ ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɜɵɩɭɫɤɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɢɡɞɟɥɢɣ 
ɜɫɟ ɛɨɥɟɟ ɨɛɭɫɥɨɜɥɟɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɪɟɞɫɬɜ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɥɟɠɢɬ ɪɚɡɧɨɝɨ ɪɨɞɚ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ 
ɬɟɯɧɢɤɚ. ȿɳɟ ɫɨɜɫɟɦ ɧɟɞɚɜɧɨ ɜ ɨɫɧɨɜɟ ɛɨɥɶɲɢɧɫɬɜɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɯ 
ɪɚɛɨɬ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɟ ɬɪɭɞ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɦɚɲɢɧɚɦɢ (ɫɬɚɧɤɚɦɢ), 
ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɦɢ ɫɩɟɰɢɚɥɶɧɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ. Ɉɧɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɵɥɢ ɞɨɪɨɝɢ ɢ ɧɟ ɨɛɥɚɞɚɥɢ 
ɝɢɛɤɨɫɬɶɸ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɜɨɢɯ ɮɭɧɤɰɢɣ, ɬ.ɟ. ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɨɥɶɤɨ ɞɥɹ 
ɤɨɧɤɪɟɬɧɵɯ, ɡɚɪɚɧɟɟ ɨɩɪɟɞɟɥɟɧɧɵɯ ɡɚɞɚɱ[26].  
 ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɫɟ ɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɨɹɜɥɹɟɬɫɹ ɤ ɩɪɢɦɟɧɟɧɢɸ 
ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɯ ɪɨɛɨɬɨɜ, ɫɩɨɫɨɛɧɵɯ ɜɵɩɨɥɧɹɬɶ ɪɚɡɥɢɱɧɨɝɨ ɪɨɞɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɡɚɞɚɱɢ ɜ ɨɛɫɬɚɧɨɜɤɟ ɝɢɛɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɩɪɢ ɛɨɥɟɟ ɧɢɡɤɢɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬɚɯ.  

ɉɪɢɱɢɧɵ, ɩɨ ɤɨɬɨɪɵɦ ɦɧɨɸ ɛɵɥɚ ɜɵɛɪɚɧɚ ɢɦɟɧɧɨ ɷɬɚ ɬɟɦɚ ɞɥɹ 
ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɫɥɟɞɭɸɳɢɟ: ɜɨ-ɩɟɪɜɵɯ, ɢɧɬɟɪɟɫɧɨ ɩɨɧɹɬɶ ɩɪɢɧɰɢɩ ɢ 
ɭɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɵ, ɡɚɥɨɠɟɧɧɵɟ ɜ ɧɢɯ, ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 
ɦɟɬɨɞɨɜ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɮɢɡɢɤɢ ɢ ɷɥɟɤɬɪɨɧɢɤɢ; ɜɨ-ɜɬɨɪɵɯ,  ɱɬɨɛɵ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɭɦɟɬɶ ɫɨɡɞɚɜɚɬɶ ɪɨɛɨɬɚ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɤɬɭɚɥɶɧɨɫɬɶ ɜɵɛɪɚɧɧɨɣ ɬɟɦɵ ɨɛɭɫɥɨɜɥɟɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɢɡɭɱɟɧɢɹ ɤɥɚɫɫɢɮɢɤɚɰɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɢ, 
ɜɩɨɫɥɟɞɫɬɜɢɢ, ɫɨɡɞɚɧɢɟɦ ɫɜɨɟɝɨ, ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɩɵɬɧɨɣ 
ɦɨɞɟɥɢ. ɂɡɭɱɢɜ ɟɝɨ ɢ ɩɪɢɦɟɧɢɜ ɚɥɝɨɪɢɬɦɵ ɭɩɪɚɜɥɟɧɢɹ, ɜɩɨɫɥɟɞɫɬɜɢɢ, ɦɨɠɧɨ 
ɭɩɪɚɜɥɹɬɶ ɛɨɥɟɟ ɫɥɨɠɧɵɦ ɢ ɦɨɳɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɨɛɴɟɤɬ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɜ ɨɩɚɫɧɨɣ ɞɥɹ ɱɟɥɨɜɟɤɚ ɫɪɟɞɟ, ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɫ ɰɟɥɶɸ ɭɞɟɲɟɜɥɟɧɢɹ ɩɪɨɞɭɤɰɢɢ, ɚ ɬɚɤɠɟ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ 
ɜ ɤɚɱɟɫɬɜɟ ɧɚɝɥɹɞɧɨɣ ɦɨɞɟɥɢ ɩɪɢ ɨɛɭɱɟɧɢɢ ɫɬɭɞɟɧɬɨɜ ɢ ɲɤɨɥɶɧɢɤɨɜ.  
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  1 Ʉɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɦ ɪɨɛɨɬɟ 
 

 ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɛɭɞɟɬ ɞɚɧɚ  ɤɥɚɫɫɢɮɢɤɚɰɢɹ  ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɜɵɩɭɫɤɧɨɣ ɪɚɛɨɬɟ, ɚ ɬɚɤɠɟ ɤɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ 
ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɯ ɪɨɛɨɬɚɯ. ɇɢɠɟ ɞɚɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 
ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɢɩɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ.  
 
 

 

Ɋɢɫɭɧɨɤ 1.1 - Ɍɢɩɵ ɪɨɛɨɬɨɜ ɢ ɢɯ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ 

 

  Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɜɢɞɭ ɫɜɨɟɣ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ, ɛɵɥ 
ɜɵɛɪɚɧ ɬɢɩ «ɪɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ». 

  Ɇɚɧɢɩɭɥɹɬɨɪ – ɷɬɨ ɩɪɟɞɫɬɚɜɢɬɟɥɶ ɦɚɲɢɧ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɞɜɢɝɚɬɟɥɶɧɵɯ ɮɭɧɤɰɢɣ, ɚɧɚɥɨɝɢɱɧɵɯ 
ɮɭɧɤɰɢɹɦ ɪɭɤɢ ɱɟɥɨɜɟɤɚ, ɨɫɧɚɳёɧɧɨɟ ɪɚɛɨɱɢɦ ɨɪɝɚɧɨɦ ɢ ɭɩɪɚɜɥɹɟɦɨɟ 
ɨɩɟɪɚɬɨɪɨɦ ɢɥɢ ɞɟɣɫɬɜɭɸɳɟɟ  ɚɜɬɨɦɚɬɢɱɟɫɤɢ.    

 
 1.1 Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 
 
 ɂɫɯɨɞɹ ɢɡ ɫɜɨɣɫɬɜ ɪɨɛɨɬɚ, ɤɥɚɫɫɢɮɢɰɢɪɭɟɦ ɟɝɨ ɩɨ ɫɥɟɞɭɸɳɢɦ 
ɩɪɢɡɧɚɤɚɦ: 
 
 ɩɨ ɫɩɟɰɢɚɥɢɡɚɰɢɢ – ɭɧɢɜɟɪɫɚɥɶɧɵɣ (ɟɫɥɢ ɪɟɚɥɢɡɨɜɚɬɶ ɜ «ɠɟɥɟɡɟ», ɬɨ ɨɧ 

ɫɩɨɫɨɛɟɧ ɜɵɩɨɥɧɹɬɶ ɪɚɡɥɢɱɧɵɟ ɨɫɧɨɜɧɵɟ (ɫɛɨɪɤɚ, ɩɟɪɟɦɟɳɟɧɢɟ) ɢ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ (ɫɜɚɪɤɚ)) ; 

 ɩɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ – ɫɜɟɪɯɥɟɝɤɢɣ (ɩɨɞɧɢɦɚɟɦɵɣ ɜɟɫ ɞɨ 1 ɤɢɥɨɝɪɚɦɦɚ); 
 ɩɨ ɱɢɫɥɭ ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ – 6 ɫɬɟɩɟɧɟɣ ɩɨɞɜɢɠɧɨɫɬɢ); 
 ɩɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɟɪɟɞɜɢɠɟɧɢɹ – ɫɬɚɰɢɨɧɚɪɧɵɣ; 
 ɩɨ ɫɩɨɫɨɛɭ ɭɫɬɚɧɨɜɤɢ – ɧɚɩɨɥɶɧɵɣ; 
 ɩɨ ɜɢɞɭ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ – ɭɝɥɨɜɚɹ ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ; 
 ɩɨ ɜɢɞɭ ɩɪɢɜɨɞɚ – ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɣ (ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɟɪɜɨɩɪɢɜɨɞ); 
 ɩɨ ɜɢɞɭ ɭɩɪɚɜɥɟɧɢɹ – ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɛɟɡ ɚɞɚɩɬɚɰɢɢ): 

-ɫ ɰɢɤɥɨɜɵɦ; 
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 -ɫ ɩɨɡɢɰɢɨɧɧɵɦ (ɞɜɢɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɬɨɱɤɢ ɤ ɬɨɱɤɟ); 
 -ɫ ɤɨɧɬɭɪɧɵɦ (ɞɜɢɠɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɧɟɩɪɟɪɵɜɧɨɣ ɬɪɚɟɤɬɨɪɢɢ); 

 ɩɨ ɫɩɨɫɨɛɭ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ – ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢ (ɱɟɪɟɡ 
ɗȼɆ)[1]. 
 
 

 1.2 Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɪɨɛɨɬɚ 
 

 Ʉɨɧɫɬɪɭɤɰɢɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɦɨɠɟɬ ɛɵɬɶ ɨɛɵɱɧɨ ɪɚɡɞɟɥɟɧɚ 
ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɜɵɩɨɥɧɹɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɮɭɧɤɰɢɢ ɢ 
ɜɵɩɨɥɧɹɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɞɜɢɠɟɧɢɣ: ɨɫɧɨɜɚɧɢɟ, ɤɨɪɩɭɫ, ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɪɭɤɚ, ɡɚɯɜɚɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ (ɫɯɜɚɬ) [2]. Ɋɨɥɶ ɩɨɫɥɟɞɧɟɝɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɩɨɬɪɟɛɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɩɨɥɧɹɟɬ: ɫɯɜɚɬ, ɟɫɥɢ ɧɚɞɨ ɱɬɨ-ɬɨ ɩɟɪɟɦɟɳɚɬɶ, 
ɭɞɟɪɠɢɜɚɬɶ ɢɥɢ ɫɨɛɢɪɚɬɶ; ɫɜɚɪɨɱɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ – ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɹ 
ɫɜɚɪɤɢ ɢɡɞɟɥɢɣ; ɩɪɢɫɨɫɤɚ - ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɢɥɢ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɴɟɤɬɚ. Ɉɬ 
ɨɫɧɨɜɚɧɢɹ ɞɨ ɫɯɜɚɬɚ ɪɨɛɨɬ ɫɨɫɬɨɢɬ ɢɡ ɡɜɟɧɶɟɜ, ɨɛɪɚɡɭɸɳɢɯ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ  
ɰɟɩɶ.  Ⱦɜɚ  ɫɨɫɟɞɧɢɯ  ɡɜɟɧɚ ɫɨɫɬɚɜɥɹɸɬ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɩɚɪɭ. Ɋɚɫɫɬɨɹɧɢɟ 
ɡɜɟɧɚ ɨɬ ɡɜɟɧɚ ɧɚɡɵɜɚɟɬɫɹ ɞɥɢɧɨɣ ɡɜɟɧɚ. Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɨɞɧɨɣ ɫɬɟɩɟɧɢ 
ɫɜɨɛɨɞɵ ɞɨ ɞɪɭɝɨɣ ɧɚɡɵɜɚɟɬɫɹ ɡɜɟɧɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ [3].  
 ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. Ɂɞɟɫɶ: 
 
 L1,L2,L3 – ɞɥɢɧɵ ɡɜɟɧɶɟɜ (ɪɢɫɭɧɨɤ 1.2);  
 ɚ2, ɚ3, ɚ4 – ɞɥɢɧɵ ɡɜɟɧɶɟɜ (ɪɢɫɭɧɨɤ 1.3);  
 θ1, θ2, θ3, θ4, θ5, θ6 – ɭɝɥɵ ɩɨɜɨɪɨɬɨɜ(ɪɢɫɭɧɤɢ 1.2 ɢ 1.3); 
 d1, d6 – ɡɜɟɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ(ɪɢɫɭɧɨɤ 1.3); 
 

 

Ɋɢɫɭɧɨɤ 1.2 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 
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Ɋɢɫɭɧɨɤ 1.3 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 
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 2 Ɉɩɢɫɚɧɢɟ ɬɪɟɯɡɜɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 

 

 ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɨɩɢɫɚɧɵ ɤɨɧɫɬɪɭɤɰɢɢ ɤɚɠɞɵɯ ɢɡ ɱɚɫɬɟɣ ɪɨɛɨɬɚ: 
ɨɫɧɨɜɚɧɢɟ, ɤɨɪɩɭɫ, ɡɜɟɧɶɹ ɪɨɛɨɬɚ, ɫɯɜɚɬ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɜ 
ɫɪɟɞɟ SolidWorks 2018 ɢ ɄɈɆɉȺɋ-3D v2018. 

 

    2.1 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɬɪɟɯɡɜɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 

 Ȼɵɥɚ ɜɡɹɬɚ ɫɚɦɚɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ, 
ɜɫɬɪɟɱɚɸɳɚɹɫɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɚɯ-ɦɚɧɢɩɭɥɹɬɨɪɚɯ ɪɚɡɧɵɯ ɮɢɪɦ-
ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ɋɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɛɭɞɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɬɟɯ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ 
ɪɢɫɭɧɤɟ ɧɢɠɟ.  

 

  

Ɋɢɫɭɧɨɤ 2.1 – ɉɪɢɦɟɪ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ 6-ɬɢ ɨɫɟɜɨɝɨ ɪɨɛɨɬɚ 

ɧɚ ɩɪɢɦɟɪɟ KUKA KR-16 ɢ Meca 500 

 

 2.1.1 Ʉɨɧɫɬɪɭɤɰɢɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 

 

 ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɞɟɬɚɥɟɣ ɩɪɢɯɨɞɢɥɨɫɶ ɭɱɢɬɵɜɚɬɶ ɬɟɪɦɨɭɫɚɞɤɭ 
ɩɥɚɫɬɢɤɚ, ɬɚɤ ɤɚɤ ɨɧɚ ɫɤɚɡɵɜɚɥɚɫɶ ɧɚ ɧɟɫɨɨɬɜɟɬɫɬɜɢɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɦɨɞɟɥɟɣ 
ɢ ɪɟɚɥɶɧɵɯ. ɉɨɷɬɨɦɭ ɞɟɬɚɥɢ ɩɪɢɲɥɨɫɶ ɩɟɪɟɩɟɱɚɬɵɜɚɬɶ ɩɨ ɧɟɫɤɨɥɶɤɭ ɪɚɡ. 
Ɍɚɤɠɟ ɜɨ ɢɡɛɟɠɚɧɢɟ ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɛɵɥ ɜɵɪɚɛɨɬɚɧ ɫɥɟɞɭɸɳɢɣ ɚɥɝɨɪɢɬɦ 
ɞɟɣɫɬɜɢɣ: 

1) ɩɪɨɜɟɫɬɢ ɢɡɦɟɪɟɧɢɹ ɞɥɹ ɛɭɞɭɳɟɣ ɞɟɬɚɥɢ; 
2) ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɞɟɬɚɥɶ ɫ ɭɱɟɬɨɦ ɬɟɪɦɨɭɫɚɞɤɢ; 
3) ɪɚɫɩɟɱɚɬɚɬɶ ɞɟɬɚɥɶ; 
4) ɩɟɪɟɣɬɢ ɤ ɩɭɧɤɬɭ 1. 
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 Ɉɩɵɬɧɵɦ ɩɭɬɟɦ, ɛɵɥɨ ɜɵɹɫɧɟɧɨ, ɱɬɨ ɬɟɪɦɨɭɫɚɞɤɚ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ 
ɫɨɫɬɚɜɥɹɟɬ 1ɦɦ ɞɥɹ ɨɞɧɨɣ ɫɬɟɧɤɢ (ɩɨɥɧɚɹ ɬɟɪɦɨɭɫɚɞɤɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
ɞɟɬɚɥɟɣ ɢ ɫɬɟɧɨɤ), ɚ ɩɨ ɜɟɪɬɢɤɚɥɢ – ɟɟ ɩɨɱɬɢ ɧɟɬ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɦɨɞɟɥɢ ɛɵɥɢ 
ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɫ ɟɟ ɭɱɟɬɨɦ. 
 ɇɢɠɟ ɨɩɢɫɚɧ ɜɧɟɲɧɢɣ ɜɢɞ ɞɟɬɚɥɟɣ ɢ ɨɬɥɢɱɚɸɳɢɟɫɹ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɢɯ 
ɩɟɱɚɬɢ. ȼɫɟ ɨɫɬɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɯɩɪɨɰɟɫɫɚ, ɜ ɰɟɥɹɯ ɩɨɜɬɨɪɟɧɢɹ ɩɪɨɟɤɬɚ, 
ɩɨɞɪɨɛɧɟɟ ɛɭɞɭɬ ɨɩɢɫɚɧɵ ɜ ɩɪɢɥɨɠɟɧɢɹɯ. ɑɟɪɬɟɠɢ ɞɟɬɚɥɟɣ ɦɨɠɧɨ ɧɚɣɬɢ ɜ 
ɩɪɢɥɨɠɟɧɢɹɯ. 
 Ⱦɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɩɟɱɚɬɢ ɞɟɬɚɥɟɣ ɧɚɩɢɫɚɧɢɟ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ 
3D-ɩɪɢɧɬɟɪɚ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɫɥɚɣɫɟɪɨɦ Cura ɜ ɫɪɟɞɟ Ultimaker Cura v3.6.0. 
 ɋɥɚɣɫɟɪ (slicer) - ɷɬɨ ɩɪɨɝɪɚɦɦɚ, ɤɨɬɨɪɚɹ ɪɚɡɛɢɜɚɟɬ ɬɪɟɯɦɟɪɧɭɸ ɦɨɞɟɥɶ 
ɧɚ ɫɥɨɢ, ɬɟɦ ɫɚɦɵɦ ɩɨɞɝɨɬɚɜɥɢɜɚɹ ɟё ɤ ɩɟɱɚɬɢ ɧɚ 3D-ɩɪɢɧɬɟɪɟ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɫɥɚɣɫɟɪ ɢɡ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ (STL-ɮɚɣɥɚ) ɞɟɥɚɟɬ gcode-ɮɚɣɥ ɫ 
ɤɨɧɤɪɟɬɧɵɦɢ ɤɨɦɚɧɞɚɦɢ ɞɥɹ 3D-ɩɪɢɧɬɟɪɚ, ɤɚɤ ɩɟɱɚɬɚɬɶ ɤɚɠɞɵɣ ɫɥɨɣ[4]. 

 

 

Ɋɢɫɭɧɨɤ 2.2 – Ⱦɟɣɫɬɜɢɹ ɫɥɚɣɫɟɪɚ 

 

Ɋɢɫɭɧɨɤ 2.3 – ɋɪɟɞɚ Ultimaker Cura v3.6.0 
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 ȼ ɫɪɟɞɟ ɦɨɠɧɨ ɜɵɛɪɚɬɶ ɩɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ.  ɉɨɞɛɢɪɚɟɬɫɹ ɨɧɚ ɫ 
ɭɱɟɬɨɦ ɷɤɨɧɨɦɢɢ ɦɚɬɟɪɢɚɥɚ ɢ ɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ. Ɏɢɝɭɪɚ ɡɚɩɨɥɧɟɧɢɹ – 
ɬɪɟɭɝɨɥɶɧɢɤ, ɬ.ɤ. ɨɧɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɨɣ, ɛɵɫɬɪɨɣ ɩɪɢ ɩɟɱɚɬɚɧɢɢ ɢ ɨɬɥɢɱɧɨ 
ɞɟɪɠɢɬ ɤɨɧɫɬɪɭɤɰɢɸ. 

 

 

Ɋɢɫɭɧɨɤ 2.4 – Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 

 

  Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ – ɧɟɬ, ɬ.ɤ. ɨɫɧɨɜɚɧɢɟ – ɷɬɨ ɫɚɦɚɹ ɲɢɪɨɤɚɹ 
ɞɟɬɚɥɶ. 

 

Ɍɚɛɥɢɰɚ 2.1 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 80% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɧɟɬ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 6 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 79 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 26.5 
  

 

Ɋɢɫɭɧɨɤ 2.5 – Ʉɨɪɩɭɫ ɧɢɠɧɟɣ ɱɚɫɬɢ ɪɨɛɨɬɚ 
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 Ȼɵɥɨ ɫɞɟɥɚɧɨ ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɨɬɹɧɭɬɶ ɤɚɛɟɥɢ ɩɢɬɚɧɢɹ ɢ 
ɭɩɪɚɜɥɟɧɢɹ ɫɟɪɜɨɩɪɢɜɨɞɨɜ. 
 Ʉɨɪɩɭɫ ɢ ɨɫɧɨɜɚɧɢɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ ɦɚɫɫɭ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɩɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ ɞɥɹ ɧɚɢɛɨɥɶɲɟɣ ɫɬɚɛɢɥɶɧɨɫɬɢ, ɧɨ ɧɟ ɜɨ 
ɜɪɟɞ ɛɸɞɠɟɬɭ. Ʉɪɟɩɹɬɫɹ ɤ ɞɨɫɤɟ ɢɡ Ⱦɋɉ ɛɨɥɬɚɦɢ Ɇ3. 
 

Ɍɚɛɥɢɰɚ 2.2 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɧɟɬ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 29 ɱ. (1.5 ɫɭɬɨɤ) 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 433  
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 145.3  
  

   
1 – ɲɟɫɬɶ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ 13ɯ4ɯ5, ɤɨɬɨɪɵɟ ɢ ɛɭɞɭɬ ɭɦɟɧɶɲɚɬɶ ɫɢɥɭ ɬɪɟɧɢɹ ɞɥɹ 
ɪɚɡɝɪɭɡɤɢ ɩɟɪɜɨɣ ɫɟɪɜɨɦɚɲɢɧɤɢ (ɜɧɟɲɧɢɣ ɞɢɚɦɟɬɪ, ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɢ ɜɵɫɨɬɚ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ); 2 – ɨɬɜɟɪɫɬɢɟ ɞɥɹ ɤɨɦɩɨɧɨɜɤɢ ɩɪɨɜɨɞɨɜ ɫɟɪɜɨɩɪɢɜɨɞɨɜ; 3 – ɞɜɚ ɨɬɜɟɪɫɬɢɹ 
ɫɜɟɪɯɭ ɞɥɹ ɜɫɬɚɜɤɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ; 4  – ɜɵɫɬɭɩ, ɱɬɨɛɵ 2 ɫɬɟɩɟɧɶ 
ɫɜɨɛɨɞɵ ɧɟ ɨɝɪɚɧɢɱɢɜɚɥɚɫɶ; 5 – ɜɧɢɡɭ ɛɵɥɢ ɩɪɨɞɟɥɚɧɵ 4 ɤɪɭɝɥɵɯ ɨɬɜɟɪɫɬɢɹ Ɇ3 ɞɥɹ 
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ɤ ɫɟɪɜɨɩɪɢɜɨɞɭ ɞɥɹ ɩɟɪɜɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ. 

Ɋɢɫɭɧɨɤ 2.6 – Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 

 

Ɍɚɛɥɢɰɚ 2.3 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɘɛɤɚ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 14 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 220 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 73.4 
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Ɋɢɫɭɧɨɤ 2.7 – Ʉɪɵɲɤɚ ɞɥɹ ɨɫɧɨɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 

 

 Ʉɪɵɲɤɚ ɞɥɹ ɨɫɧɨɜɚɧɢɹ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ ɹɜɥɹɟɬɫɹ ɜɟɪɯɧɟɣ 
ɨɩɨɪɨɣ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ. Ʉɪɟɩɢɬɫɹ ɧɚ ɲɟɫɬɢ ɛɨɥɬɚɯ Ɇ3. 

 

Ɍɚɛɥɢɰɚ 2.4 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɧɟɬ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 4 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 49 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 16.4 
  

 

Ɋɢɫɭɧɨɤ 2.8 – ɉɟɪɜɨɟ ɡɜɟɧɨ(ɨɫɧɨɜɚɧɢɟ ɞɥɹ ɬɪɟɬɶɟɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ) 

 

 Ȼɵɥɢ ɩɪɨɞɟɥɚɧɵ ɨɬɜɟɪɫɬɢɹ ɩɨɞ ɜɢɧɬɵ Ɇ3 (1)– 10 ɲɬɭɤ, ɨɬɜɟɪɫɬɢɹ ɞɥɹ 
ɫɟɪɜɨɩɪɢɜɨɞɨɜ MG996R (2) – 2 ɲɬɭɤɢ ɢ ɨɬɜɟɪɫɬɢɹ ɞɥɹ ɤɚɛɟɥɟɣ (3) ɫ ɪɟɛɪɚɦɢ 
ɠɟɫɬɤɨɫɬɢ. 
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Ɍɚɛɥɢɰɚ 2.5 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɘɛɤɚ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 7 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 95 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 32 
  

  

Ɋɢɫɭɧɨɤ 2.9 – Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɱɟɬɜɟɪɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 

 

 Ɉɬɜɟɪɫɬɢɟ ɧɚ ɪɢɫɭɧɤɟ 2.9 ɫɥɟɜɚ ɞɥɹ ɲɟɫɬɢɝɪɚɧɧɢɤɚ, ɚ ɧɚ ɪɢɫɭɧɤɟ ɫɩɪɚɜɚ 
– ɞɥɹ ɡɭɛɱɚɬɨɝɨ ɤɨɥɟɫɚ. 

 

Ɍɚɛɥɢɰɚ 2.6 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɘɛɤɚ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 4 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 44 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 14.4 
  

 

  

Ɋɢɫɭɧɨɤ 2.10 – Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɩɹɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 
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Ɍɚɛɥɢɰɚ 2.7 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɘɛɤɚ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 4 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 32 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 10.6 
 

  

Ɋɢɫɭɧɨɤ 2.9 – Ɉɫɧɨɜɚɧɢɟ ɞɥɹ ɲɟɫɬɨɣ ɫɬɟɩɟɧɢ ɫɜɨɛɨɞɵ 

 

Ɍɚɛɥɢɰɚ 2.8 – ɉɚɪɚɦɟɬɪɵ ɩɟɱɚɬɢ ɢ ɡɚɬɪɚɬɵ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɥɨɬɧɨɫɬɶ ɡɚɩɨɥɧɟɧɢɹ 50% 
Ɍɢɩ ɩɪɢɥɢɩɚɧɢɹ ɤ ɫɬɨɥɭ ɘɛɤɚ 
ȼɪɟɦɹ ɩɟɱɚɬɢ (ɱɚɫɵ) ~ 2 ɱ. 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɝ.) 17 
Ʉɨɥ-ɜɨ ɩɥɚɫɬɢɤɚ (ɦ.) 5.7 
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 3 Ɉɩɢɫɚɧɢɟ ɢɫɩɨɥɶɡɭɟɦɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

 

 Ⱦɥɹ ɫɛɨɪɤɢ ɪɨɛɨɬɚ ɩɨɬɪɟɛɭɸɬɫɹ ɪɚɡɧɨɝɨ ɪɨɞɚ ɤɨɦɩɨɧɟɧɬɵ. ɉɨɷɬɨɦɭ 
ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɛɨɪɚ ɛɵɥɢ ɜɵɫɬɪɨɟɧɵ ɤɪɢɬɟɪɢɢ ɨɬɛɨɪɚ ɢɫɯɨɞɹ ɢɡ 
ɬɟɯɧɢɱɟɫɤɢɯ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

 

 3.1 ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ 

 

 ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɩɪɟɨɛɪɚɡɭɸɬ ɦɟɯɚɧɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɢ ɧɚɨɛɨɪɨɬ, ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ. 
ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɞɜɢɝɚɬɟɥɹɦɢ.  
 Ɉɬɥɢɱɢɟ ɞɜɢɝɚɬɟɥɹ ɨɬ ɩɪɢɜɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜɨ ɜɬɨɪɨɦ ɩɨɦɢɦɨ 
ɦɨɬɨɪɚ ɫɬɨɢɬ ɟɳɟ ɢ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ. ɇɢɠɟ ɛɭɞɭɬ ɨɩɢɫɚɧɵ ɜɢɞɵ 
ɩɪɢɜɨɞɨɜ, ɢɯ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ. 
 

 3.1.1 ȼɢɞɵ ɩɪɢɜɨɞɨɜ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ 

 

 ɉɪɢ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɢ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɩɨɬɪɟɛɭɟɬɫɹ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɨɬɜɟɱɚɸɳɢɣ ɫɥɟɞɭɸɳɢɦ ɫɜɨɣɫɬɜɚɦ: 

 ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ; 
 ɜɵɫɨɤɚɹ ɦɨɳɧɨɫɬɶ; 
 ɫɬɚɛɢɥɶɧɨɫɬɶ ɪɚɛɨɬɵ; 
 ɧɚɥɢɱɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ; 
 ɧɢɡɤɚɹ ɰɟɧɚ. 
 

 ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ, ɩɪɢɦɟɧɹɸɬɫɹ 2 ɜɢɞɚ ɞɜɢɝɚɬɟɥɟɣ, 
ɨɩɢɫɚɧɧɵɟ ɧɢɠɟ[5]. 
 

 3.1.2 ɒɚɝɨɜɵɟ ɞɜɢɝɚɬɟɥɢ 

 

 ɒɚɝɨɜɵɟ ɞɜɢɝɚɬɟɥɢ — ɷɬɨ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ, 
ɩɪɟɨɛɪɚɡɭɸɳɢɟ ɫɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ ɜ ɭɝɥɨɜɨɟ (ɢɥɢ ɥɢɧɟɣɧɨɟ) ɩɟɪɟɦɟɳɟɧɢɟ 
ɪɨɬɨɪɚ ɫ ɮɢɤɫɚɰɢɟɣ ɟɝɨ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɛɟɡ ɭɫɬɪɨɣɫɬɜ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 
ɉɨ ɫɭɬɢ ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɹɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɧɵɦ, ɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨɞɯɨɞɨɦ 
ɭɩɪɚɜɥɟɧɢɹ[6].  

Ⱦɨɫɬɨɢɧɫɬɜɚ: 
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 ɝɥɚɜɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɬɨɱɧɨɫɬɶ ɪɚɛɨɬɵ. ɉɪɢ ɩɨɞɚɱɟ ɩɨɬɟɧɰɢɚɥɨɜ ɧɚ 
ɨɛɦɨɬɤɢ ɞɜɢɝɚɬɟɥɶ ɩɨɜɟɪɧɟɬɫɹ ɫɬɪɨɝɨ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɝɨɥ; 

 ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ; 
 ɩɨɞɯɨɞɢɬ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɬɞɟɥɶɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɫɢɫɬɟɦ, ɝɞɟ ɧɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɜɵɫɨɤɨɣ ɞɢɧɚɦɢɤɟ. 
ɇɟɞɨɫɬɚɬɤɢ: 

 ɩɪɢɫɭɬɫɬɜɭɟɬ ɩɪɨɛɥɟɦɚ «ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ» ɪɨɬɨɪɚ ɩɪɢ ɩɨɜɵɲɟɧɧɨɣ 
ɧɚɝɪɭɡɤɟ ɧɚ ɜɚɥ; 

 ɨɝɪɚɧɢɱɟɧɢɟ ɲɚɝɨɜ (ɦɚɤɫɢɦɭɦ 1000 ɨɛ/ɦɢɧ); 
 ɨɬɫɭɬɫɬɜɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ[7,8]. 

 
 

 3.1.3 ɋɟɪɜɨɩɪɢɜɨɞ 

 ɋɟɪɜɨɩɪɢɜɨɞ (ɨɧ ɠɟ «ɫɥɟɞɹɳɢɣ ɩɪɢɜɨɞ») — ɦɟɯɚɧɢɱɟɫɤɢɣ ɩɪɢɜɨɞ, 
ɫɢɧɯɪɨɧɧɵɣ, ɚɫɢɧɯɪɨɧɧɵɣ ɥɢɛɨ ɥɸɛɨɣ ɞɪɭɝɨɣ, ɫ ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ 
ɫɜɹɡɶɸ ɩɨ ɩɨɥɨɠɟɧɢɸ, ɦɨɦɟɧɬɭ ɢ ɞɪɭɝɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɩɨɡɜɨɥɹɸɳɢɦ ɬɨɱɧɨ 
ɭɩɪɚɜɥɹɬɶ ɩɚɪɚɦɟɬɪɚɦɢ ɞɜɢɠɟɧɢɹ.  
 
Ⱦɨɫɬɨɢɧɫɬɜɚ: 
 ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ; 
 ɜɵɫɨɤɚɹ ɦɨɳɧɨɫɬɶ; 
 ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɣ ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɬɨɱɧɨɫɬɶ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɢ ɜɵɫɨɤɢɯ ɦɨɦɟɧɬɚɯ; 
 ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ; 
 ɧɢɡɤɨɢɧɟɪɰɢɨɧɧɨɫɬɶ ɢ ɜɵɫɨɤɢɟ ɞɢɧɚɦɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
 
ɇɟɞɨɫɬɚɬɤɢ: 
 ɫɥɨɠɧɚɹ ɫɢɫɬɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ; 
 ɬɪɟɛɭɟɬ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ; 
 ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ. 

Ⱦɥɹ ɩɨɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɞɭɤɬɨɪ: ɦɟɯɚɧɢɡɦ ɢɡ 
ɲɟɫɬɟɪɧɟɣ, ɩɟɪɟɞɚɸɳɢɣ ɢ ɩɪɟɨɛɪɚɡɭɸɳɢɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ. 
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Ɋɢɫɭɧɨɤ 3.1 – ɍɫɬɪɨɣɫɬɜɨ ɫɟɪɜɨɩɪɢɜɨɞɚ 

ȼɤɥɸɱɚɹ ɢ ɜɵɤɥɸɱɚɹ ɷɥɟɤɬɪɨɦɨɬɨɪ, ɦɨɠɧɨ ɜɪɚɳɚɬɶ ɜɵɯɨɞɧɨɣ ɜɚɥ – 
ɤɨɧɟɱɧɭɸ ɲɟɫɬɟɪɧɸ ɫɟɪɜɨɩɪɢɜɨɞɚ, ɤ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɩɪɢɤɪɟɩɢɬɶ ɪɚɛɨɱɢɣ 
ɨɪɝɚɧ ɥɢɛɨ ɡɜɟɧɨ ɪɨɛɨɬɚ. Ɉɞɧɚɤɨ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɨɥɨɠɟɧɢɟ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɭɫɬɪɨɣɫɬɜɨɦ, ɧɟɨɛɯɨɞɢɦ ɞɚɬɱɢɤ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ – ɷɧɤɨɞɟɪ, 
ɤɨɬɨɪɵɣ ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨɜɵɜɚɬɶ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɨɛɪɚɬɧɨ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɣ 
ɫɢɝɧɚɥ. Ⱦɥɹ ɷɬɨɝɨ ɱɚɫɬɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪ. ɉɪɢ ɩɨɜɨɪɨɬɟ ɛɟɝɭɧɤɚ 
ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɟɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɟ 
ɭɝɥɭ ɩɨɜɨɪɨɬɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɟɝɨ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɬɟɤɭɳɟɟ 
ɩɨɥɨɠɟɧɢɟ ɦɟɯɚɧɢɡɦɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.2 – Ɉɛɪɚɬɧɚɹ ɫɜɹɡɶ  ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ 

Ʉɪɨɦɟ ɷɥɟɤɬɪɨɦɨɬɨɪɚ, ɪɟɞɭɤɬɨɪɚ ɢ ɩɨɬɟɧɰɢɨɦɟɬɪɚ ɜ ɫɟɪɜɨɩɪɢɜɨɞɟ 
ɢɦɟɟɬɫɹ ɷɥɟɤɬɪɨɧɧɚɹ ɱɚɫɬɶ (ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɱɚɫɬɨɬɵ \ ɫɟɪɜɨɭɫɢɥɢɬɟɥɶ \ 
ɢɧɜɟɪɬɨɪ \ servodrive), ɤɨɬɨɪɚɹ ɨɬɜɟɱɚɟɬ ɡɚ ɩɪɢёɦ ɜɧɟɲɧɟɝɨ ɩɚɪɚɦɟɬɪɚ, 
ɫɱɢɬɵɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɫ ɩɨɬɟɧɰɢɨɦɟɬɪɚ, ɢɯ ɫɪɚɜɧɟɧɢɟ ɢ 
ɜɤɥɸɱɟɧɢɟ/ɜɵɤɥɸɱɟɧɢɟ ɦɨɬɨɪɚ. Ɉɧɚ-ɬɨ ɢ ɨɬɜɟɱɚɟɬ ɡɚ ɩɨɞɞɟɪɠɚɧɢɟ 
ɨɬɪɢɰɚɬɟɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ.  
 ȼɟɥɢɱɢɧɚ ɲɚɝɚ ɩɟɪɟɦɟɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɪɟɲɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɶɸ ɞɚɬɱɢɤɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɷɧɤɨɞɟɪɚ, ɚ ɬɚɤ ɠɟ ɛɥɨɤɨɦ 
ɭɩɪɚɜɥɟɧɢɹ. ɋɬɚɧɞɚɪɬɧɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ ɦɨɝɭɬ ɨɛɟɫɩɟɱɢɬɶ ɲɚɝ ɜ 0,036° ɬ. ɟ. 
1/10 000 ɨɬ ɨɛɨɪɨɬɚ, ɢ ɷɬɨ ɧɚ ɫɤɨɪɨɫɬɹɯ ɞɨ 5 000 ɨɛ/ɦɢɧ. ɋɚɦɵɟ ɫɨɜɪɟɦɟɧɧɵɟ 
ɫɟɪɜɨɩɪɢɜɨɞɵ ɨɬɪɚɛɚɬɵɜɚɸɬ ɲɚɝ ɜ 1/2 500 000[6,7,8,9]. 
 

 3.1.4 Ɉɬɥɢɱɢɟ ɰɢɮɪɨɜɨɝɨ ɫɟɪɜɨɩɪɢɜɨɞɚ ɨɬ ɚɧɚɥɨɝɨɜɨɝɨ 

 

 Ʉɚɤ ɬɚɤɨɜɵɯ ɜɧɟɲɧɢɯ ɨɬɥɢɱɢɣ ɦɟɠɞɭ ɰɢɮɪɨɜɵɦɢ ɢ ɚɧɚɥɨɝɨɜɵɦɢ 
ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɧɟɬ, ɬɨ ɟɫɬɶ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɟ ɠɟ ɞɜɢɝɚɬɟɥɢ,  
ɲɟɫɬɟɪɧɢ, ɩɨɬɟɧɰɢɨɦɟɬɪɵ, ɤɪɨɦɟ ɷɥɟɤɬɪɨɧɧɨɣ ɱɚɫɬɢ, ɚ ɢɦɟɧɧɨ: 

 ɚɧɚɥɨɝɨɜɵɣ ɫɟɪɜɨɩɪɢɜɨɞ ɢɦɟɟɬ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɱɢɩ ɥɨɝɢɤɢ ɢ ɤɨɦɩɨɧɟɧɬɵ 
ɡɚɞɚɸɳɢɟ ɜɪɟɦɟɧɧɵɟ ɨɬɪɟɡɤɢ; 
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 ɜ ɰɢɮɪɨɜɨɦ ɫɟɪɜɨɩɪɢɜɨɞɟ ɭɫɬɚɧɨɜɥɟɧ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ ɫ ɤɜɚɪɰɟɜɵɦ 
ɝɟɧɟɪɚɬɨɪɨɦ,  ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɟɬ ɢɦɩɭɥɶɫɵ, ɚɧɚɥɢɡɢɪɭɟɬ ɢɯ ɢ ɭɩɪɚɜɥɹɟɬ 
ɦɨɬɨɪɨɦ. 

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɮɢɡɢɱɟɫɤɨɦ ɢɫɩɨɥɧɟɧɢɢ ɨɬɥɢɱɢɟ ɥɢɲɶ ɜ ɫɩɨɫɨɛɟ 
ɨɛɪɚɛɨɬɤɢ ɢɦɩɭɥɶɫɨɜ ɢ ɭɩɪɚɜɥɟɧɢɢ ɦɨɬɨɪɨɦ[10]. 

  ɉɪɟɢɦɭɳɟɫɬɜɚ ɰɢɮɪɨɜɨɝɨ ɫɟɪɜɨɩɪɢɜɨɞɚ ɩɟɪɟɞ ɚɧɚɥɨɝɨɜɵɦ: 

 ɇɚ ɧɟɤɨɬɨɪɵɯ ɰɢɮɪɨɜɵɯ ɫɟɪɜɨɩɪɢɜɨɞɚɯ ɞɨɫɬɭɩɧɚ ɩɪɨɲɢɜɤɚ 
ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɪɨɰɟɫɫɨɪɚ. ɗɬɢɦ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɢɡɦɟɧɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɫɟɪɜɨɩɪɢɜɨɞɚ. 
 Ɉɛɚ ɬɢɩɚ ɫɟɪɜɨɩɪɢɜɨɞɚ ɩɪɢɧɢɦɚɸɬ ɨɞɢɧɚɤɨɜɵɟ ɭɩɪɚɜɥɹɸɳɢɟ 
ɢɦɩɭɥɶɫɵ. ɉɨɫɥɟ ɷɬɨɝɨ ɚɧɚɥɨɝɨɜɵɣ ɫɟɪɜɨɩɪɢɜɨɞ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ, ɧɚɞɨ ɥɢ 
ɢɡɦɟɧɹɬɶ ɩɨɥɨɠɟɧɢɟ, ɢ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɫɵɥɚɟɬ ɫɢɝɧɚɥ ɧɚ ɦɨɬɨɪ. 
ɉɪɨɢɫɯɨɞɢɬ ɷɬɨ ɨɛɵɱɧɨ ɫ ɱɚɫɬɨɬɨɣ 50 Ƚɰ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɚɟɦ 20 ɦɫ — 
ɦɢɧɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɪɟɚɤɰɢɢ. ȼ ɷɬɨ ɜɪɟɦɹ ɥɸɛɨɟ ɜɧɟɲɧɟɟ ɜɨɡɞɟɣɫɬɜɢɟ 
ɫɩɨɫɨɛɧɨ ɢɡɦɟɧɢɬɶ ɩɨɥɨɠɟɧɢɟ ɫɟɪɜɨɩɪɢɜɨɞɚ. ɇɨ ɷɬɨ ɧɟ ɟɞɢɧɫɬɜɟɧɧɚɹ 
ɩɪɨɛɥɟɦɚ. ȼ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ ɧɚ ɷɥɟɤɬɪɨɦɨɬɨɪ ɧɟ ɩɨɞɚёɬɫɹ ɧɚɩɪɹɠɟɧɢɟ, ɜ 
ɫɥɭɱɚɟ ɧɟɛɨɥɶɲɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɪɚɜɧɨɜɟɫɢɹ ɧɚ ɷɥɟɤɬɪɨɦɨɬɨɪ ɩɨɞɚёɬɫɹ 
ɤɨɪɨɬɤɢɣ ɫɢɝɧɚɥ ɦɚɥɨɣ ɦɨɳɧɨɫɬɢ. ɑɟɦ ɛɨɥɶɲɟ ɨɬɤɥɨɧɟɧɢɟ, ɬɟɦ ɦɨɳɧɟɟ 
ɫɢɝɧɚɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɦɚɥɵɯ ɨɬɤɥɨɧɟɧɢɹɯ ɫɟɪɜɨɩɪɢɜɨɞ ɧɟ ɫɦɨɠɟɬ 
ɛɵɫɬɪɨ ɜɪɚɳɚɬɶ ɦɨɬɨɪ ɢɥɢ ɪɚɡɜɢɜɚɬɶ ɛɨɥɶɲɨɣ ɦɨɦɟɧɬ. Ɉɛɪɚɡɭɸɬɫɹ «ɦёɪɬɜɵɟ 
ɡɨɧɵ» ɩɨ ɜɪɟɦɟɧɢ ɢ ɪɚɫɫɬɨɹɧɢɸ. 
 ɗɬɢ ɩɪɨɛɥɟɦɵ ɦɨɠɧɨ ɪɟɲɚɬɶ ɡɚ ɫɱёɬ ɭɜɟɥɢɱɟɧɢɹ ɱɚɫɬɨɬɵ ɩɪɢёɦɚ, 
ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɢ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɦɨɬɨɪɨɦ. ɐɢɮɪɨɜɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ 
ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶɧɵɣ ɩɪɨɰɟɫɫɨɪ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɟɬ ɭɩɪɚɜɥɹɸɳɢɟ 
ɢɦɩɭɥɶɫɵ, ɨɛɪɚɛɚɬɵɜɚɟɬ ɢɯ ɢ ɩɨɫɵɥɚɟɬ ɫɢɝɧɚɥɵ ɧɚ ɦɨɬɨɪ ɫ ɱɚɫɬɨɬɨɣ 200 Ƚɰ ɢ 
ɛɨɥɟɟ. ɉɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɰɢɮɪɨɜɨɣ ɫɟɪɜɨɩɪɢɜɨɞ ɫɩɨɫɨɛɟɧ ɛɵɫɬɪɟɟ ɪɟɚɝɢɪɨɜɚɬɶ 
ɧɚ ɜɧɟɲɧɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɛɵɫɬɪɟɟ ɪɚɡɜɢɜɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɫɤɨɪɨɫɬɶ ɢ 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɚ ɡɧɚɱɢɬ, ɥɭɱɲɟ ɭɞɟɪɠɢɜɚɬɶ ɡɚɞɚɧɧɭɸ ɩɨɡɢɰɢɸ, ɱɬɨ 
ɯɨɪɨɲɨ. Ȼɨɥɟɟ ɧɚɝɥɹɞɧɨ ɞɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ ɫɥɟɞɭɸɳɢɯ 
ɞɢɚɝɪɚɦɦɚɯ: 

 

Ɋɢɫɭɧɨɤ 3.3 – ɉɪɟɢɦɭɳɟɫɬɜɨ ɰɢɮɪɨɜɨɝɨ ɫɟɪɜɨɩɪɢɜɨɞɚ ɩɟɪɟɞ ɚɧɚɥɨɝɨɜɵɦ 

 ɇɚ ɩɪɚɤɬɢɤɟ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɧɚ ɤɨɪɨɬɤɢɯ ɩɪɨɦɟɠɭɬɤɚɯ ɜɪɟɦɟɧɢ, 
ɩɨɞɚɜɚɟɦɨɟ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɰɢɮɪɨɜɨɣ ɫɟɪɜɨɩɪɢɜɨɞ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ ɛɵɫɬɪɟɟ, 
ɚ ɜɦɟɫɬɟ ɫ ɷɬɢɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɩɨɜɨɪɨɬɚ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ, 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɢ ɫɟɪɜɨɩɪɢɜɨɞ ɩɨɡɢɰɢɨɧɢɪɭɟɬɫɹ ɬɨɱɧɟɟ. 
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ɇɟɞɨɫɬɚɬɤɢ ɰɢɮɪɨɜɨɝɨ ɫɟɪɜɨɩɪɢɜɨɞɚ: 

 Ɍɚɤ ɤɚɤ ɢɦɩɭɥɶɫɵ ɩɨɫɵɥɚɸɬɫɹ ɱɚɲɟ, ɬɨ ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɭ ɬɚɤɢɯ 
ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɜɵɲɟ. Ɍɚɤɠɟ ɰɢɮɪɨɜɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ ɫɥɨɠɧɟɟ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ, ɚ ɩɨɬɨɦɭ ɫɬɨɹɬ ɡɚɦɟɬɧɨ ɞɨɪɨɠɟ. 
 ɉɨɞɜɟɞɟɦ ɢɬɨɝ. ɐɢɮɪɨɜɨɣ ɫɟɪɜɨɩɪɢɜɨɞ ɛɨɥɟɟ ɩɨɞɯɨɞɢɬ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɟɫɥɢ ɜɚɦ ɧɟɨɛɯɨɞɢɦɨ: 
 
 ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɪɚɡɪɟɲɟɧɢɟ - ɦɟɧɶɲɟ ɦɟɪɬɜɚɹ ɡɨɧɚ, ɛɨɥɟɟ ɬɨɱɧɨɟ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ; 
 ɛɨɥɟɟ ɛɵɫɬɪɚɹ ɪɟɚɤɰɢɹ ɭɩɪɚɜɥɟɧɢɹ - ɭɜɟɥɢɱɟɧɢɟ ɭɫɤɨɪɟɧɢɹ ɧɚ ɤɨɪɨɬɤɢɯ 

ɩɪɨɦɟɠɭɬɤɚɯ ɜɪɟɦɟɧɢ; 
 ɩɨɫɬɨɹɧɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɫɟɦ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɤɚɱɚɥɤɢ 

ɫɟɪɜɨɩɪɢɜɨɞɚ; 
 ɩɨɜɵɲɟɧɢɟ ɦɨɦɟɧɬɚ ɭɞɟɪɠɚɧɢɹ, ɤɨɝɞɚ ɤɚɱɚɥɤɚ ɩɨɡɢɰɢɨɧɢɪɭɟɬɫɹ ɜ 

ɧɟɩɨɞɜɢɠɧɨɦ ɩɨɥɨɠɟɧɢɢ. 

Ⱦɥɹ ɜɫɟɝɨ ɨɫɬɚɥɶɧɨɝɨ ɨɬɥɢɱɧɨ ɩɨɞɨɣɞɭɬ ɢ ɚɧɚɥɨɝɨɜɵɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɢ[11]. 

 

 3.1.5 ɋɟɪɜɨɩɪɢɜɨɞ MG996R 

 

ɂɫɯɨɞɹ ɢɡ ɬɪɟɛɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɚ ɢɦɟɧɧɨ ɢɡ ɬɨɝɨ, ɱɬɨ ɫɟɪɜɨɩɪɢɜɨɞ 
ɞɨɥɠɟɧ ɢɦɟɬɶ: ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ, ɬɨɱɧɨɫɬɶ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ,  ɦɢɧɢɦɚɥɶɧɵɟ ɪɚɡɦɟɪɵ,  ɦɚɫɫɭ ɢ ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ, 
ɢɦɟɬɶ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɪɟɞɭɤɬɨɪ ɞɥɹ ɛɨɥɶɲɟɣ ɩɪɨɱɧɨɫɬɢ ɢ ɫɬɚɛɢɥɶɧɨɫɬɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɛɵɬɶ ɞɨɫɬɭɩɧɵɦ ɞɥɹ ɜɨɡɦɨɠɧɨɣ ɡɚɦɟɧɵ, ɷɤɨɧɨɦɢɱɟɫɤɢ-
ɷɮɮɟɤɬɢɜɧɵɦ  –  ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɵɛɨɪ ɩɚɥ ɧɚ ɢɡɜɟɫɬɧɵɣ ɰɢɮɪɨɜɨɣ 
ɫɟɪɜɨɩɪɢɜɨɞ MG996R.  

 

Ɋɢɫɭɧɨɤ 3.4 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɟɪɜɨɩɪɢɜɨɞɚ MG996R 
 



 
Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

24 
ȻɊ – 15.03.06 ɉɁ 

 

Ɋɢɫɭɧɨɤ 3.5 – Ɋɚɡɦɟɪɵ ɫɟɪɜɨɩɪɢɜɨɞɚ MG996R 

 
Ɍɚɛɥɢɰɚ 3.1 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ MG996R 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 4.8-7.2ȼ 
Ɇɚɬɟɪɢɚɥ ɪɟɞɭɤɬɨɪɚ Ɇɟɬɚɥɥɢɱɟɫɤɢɣ  
Ɇɚɫɫɚ 55 ɝɪ. 

ɇɨɦɢɧɚɥɶɧɵɣ ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ 
500 – 900 ɦȺ 
 

ɉɭɫɤɨɜɨɣ ɬɨɤ Ⱦɨ 2.5Ⱥ 
ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ (ɩɪɢ 6ȼ) 60°/0.14s 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ (ɩɪɢ 4.8ȼ) 9.4 ɤɝ ɫɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ (ɩɪɢ 6ȼ) 11 ɤɝ ɫɦ 
  
 ɂɫɯɨɞɹ ɢɡ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ, ɫɟɪɜɨɩɪɢɜɨɞɵ ɛɭɞɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɞɥɹ 
ɩɟɪɜɵɯ ɩɹɬɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ. Ɍɚɤɠɟ ɧɚɞɨ ɩɨɞɛɢɪɚɬɶ ɫɟɪɜɨɩɪɢɜɨɞɚ ɫ 
ɭɱɟɬɨɦ ɫɢɧɯɪɨɧɧɨɫɬɢ ɢɯ ɫɤɨɪɨɫɬɟɣ, ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɩɪɢɜɨɞɚ ɜ 
ɧɚɱɚɥɟ ɞɜɢɠɟɧɢɹ. 
 

 3.1.6 ɋɟɪɜɨɩɪɢɜɨɞ MG90S 

 

 Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɟɪɜɨɩɪɢɜɨɞ 
ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ MG90S. ȿɝɨ ɭɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɵ ɬɚɤɨɟ ɠɟ ɤɚɤ ɢ ɭ 
ɫɟɪɜɨɩɪɢɜɨɞɚ MG996R. 
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Ɋɢɫɭɧɨɤ 3.6 – ȼɧɟɲɧɢɣ ɜɢɞ ɫɟɪɜɨɩɪɢɜɨɞɚ MG90S 
 
Ɍɚɛɥɢɰɚ 3.2 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɟɪɜɨɩɪɢɜɨɞɚ MG90S 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 4.8-6ȼ 
Ɇɚɬɟɪɢɚɥ ɪɟɞɭɤɬɨɪɚ Ɇɟɬɚɥɥɢɱɟɫɤɢɣ  
Ɇɚɫɫɚ 13.4 ɝɪ. 
ɇɨɦɢɧɚɥɶɧɵɣ ɩɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ 12 – 100 ɦȺ 
ɉɭɫɤɨɜɨɣ ɬɨɤ Ⱦɨ 1Ⱥ 
ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ (ɩɪɢ 6ȼ) 60°/0.08s 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ (ɩɪɢ 4.8ȼ) 1.8 ɤɝ ɫɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ (ɩɪɢ 6ȼ) 2.2 ɤɝ ɫɦ 
 
 

 
 

Ɋɢɫɭɧɨɤ 3.7 – Ɋɚɡɦɟɪɵ ɫɟɪɜɨɩɪɢɜɨɞɚ MG90S 
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 3.3 Ȼɥɨɤ ɩɢɬɚɧɢɹ HP-HSTNN-DA25, 19V 6.15 A 

 

 Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɪɚɛɨɬɵ ɜɫɟɣ ɷɥɟɤɬɪɨɧɢɤɢ ɢ ɩɪɢɜɨɞɨɜ ɩɨɬɪɟɛɭɟɬɫɹ 
ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɯɨɪɨɲɨ ɩɨɞɨɣɞɟɬ ɛɥɨɤ ɩɢɬɚɧɢɹ ɧɚ 19.5V, 6.15Ⱥ. 

 

Ɋɢɫɭɧɨɤ 3.8 – Ȼɥɨɤ ɩɢɬɚɧɢɹ HP-HSTNN-DA25 

 
Ɍɚɛɥɢɰɚ 3.3 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɥɨɤɚ ɩɢɬɚɧɢɹ HP-HSTNN-DA25 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ AC (ɩɟɪɟɦɟɧɧɵɣ) 100-240V, ~ 2.2Ⱥ 
ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɢ ɬɨɤ DC (ɩɨɫɬɨɹɧɧɵɣ) 19.5V, 6.15Ⱥ 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ 120W 
 

 3.4 ɉɨɧɢɠɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ DC-DC Step-Down ɫ 
ɪɟɝɭɥɢɪɨɜɤɨɣ ɩɨ ɬɨɤɭ ɢ ɧɚɩɪɹɠɟɧɢɸ 

 

 Ɍɚɤ ɤɚɤ ɷɥɟɤɬɪɨɧɢɤɚ ɢ ɫɟɪɜɨɩɪɢɜɨɞɵ ɩɢɬɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬ 5 ȼ, ɚ 
ɛɥɨɤ ɩɢɬɚɧɢɹ ɜɵɞɚɟɬ 19.5 ȼ, ɬɨ ɩɨɬɪɟɛɭɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɬɨɤ ɢɡ ɨɞɧɨɝɨ 
ɡɧɚɱɟɧɢɹ ɜ ɞɪɭɝɨɟ. Ⱦɥɹ ɷɬɨɝɨ ɢ ɩɨɧɚɞɨɛɢɬɫɹ ɩɨɧɢɠɚɸɳɢɣ «Step-Down» 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ. 
 DC-DC ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ – ɷɬɨ ɷɥɟɤɬɪɨɧɧɚɹ ɫɯɟɦɚ ɢɥɢ ɦɨɞɭɥɶ, 
ɜɵɩɨɥɧɟɧɧɵɣ ɧɚ ɫɢɥɨɜɵɯ ɤɥɸɱɚɯ ɢ ɬɪɚɧɫɮɨɪɦɚɬɨɪɟ ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɩɨɜɵɲɟɧɢɹ/ɩɨɧɢɠɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. ȼɵɩɭɫɤɚɸɬɫɹ ɜ ɜɢɞɟ 
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ɡɚɤɨɧɱɟɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ/ɦɨɞɭɥɹ. ɇɚɥɢɱɢɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ ɪɚɡɜɹɡɤɭ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ DC/DC 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 
 Ɍɨɩɨɥɨɝɢɹ buck ɹɜɥɹɟɬɫɹ ɩɨɧɢɠɚɸɳɟɣ, ɬɨ ɟɫɬɶ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ 
ɩɨɧɢɠɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɧɚɩɪɹɠɟɧɢɹ. ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɯɨɞɟ buck-
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɯɨɞɟ.[12] 
 ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɧɚɞɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɧɚɩɪɹɠɟɧɢɟ, ɧɨ ɢ ɬɨɤ, 
ɜɵɛɨɪ ɩɚɥ ɧɚ DC-DC Step-Down ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ XL4016.  
 

Ɍɚɛɥɢɰɚ 3.4 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɧɢɠɚɸɳɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ XL4016 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɍɨɩɨɥɨɝɢɹ Buck (ɩɨɧɢɠɚɸɳɢɣ) 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ DC (ɩɨɫɬɨɹɧɧɵɣ)  5V-40V 
ȼɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ DC (ɩɨɫɬɨɹɧɧɵɣ) 1.25V-32V (ɧɚɫɬɪɚɢɜɚɟɬɫɹ) 
ȼɵɯɨɞɧɨɣ ɬɨɤ ɞɨ 0.3-10A (ɧɚɫɬɪɚɢɜɚɟɬɫɹ, ɫɜɵɲɟ 8 ɚɦɩɟɪ 

ɧɟɨɛɯɨɞɢɦ ɨɛɞɭɜ) 
Ɇɚɤɫɢɦɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɞɨ 100W (ɛɟɡ ɨɛɞɭɜɚ), ɞɨ 150 ɜɚɬɬ (ɫ ɨɛɞɭɜɨɦ) 
ɄɉȾ ɞɨ 96% 
Ɋɚɡɦɟɪɵ 65x56x23 ɦɦ 
 

 

Ɋɢɫɭɧɨɤ 3.9 – ɉɨɧɢɠɚɸɳɢɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ XL4016 

 
 3.5 Arduino Mega 2560 

 Arduino Mega ɩɨɫɬɪɨɟɧɚ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ATmega2560. ɂɦɟɟɬ 
ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ [28]: 
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Ɋɢɫɭɧɨɤ 3.10 – Arduino Mega 2560 
 

 

Ɍɚɛɥɢɰɚ 3.5 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Arduino Mega 2560 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATMega 2560 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5 ȼ 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
(ɩɪɟɞɟɥɶɧɨɟ) 

6-20ȼ  
 

ɐɢɮɪɨɜɵɟ 
ȼɯɨɞɵ/ȼɵɯɨɞɵ 

54  (14 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɪɚɛɨɬɚɬɶ ɬɚɤɠɟ ɤɚɤ 
ɜɵɯɨɞɵ ɒɂɆ) 
 

Ⱥɧɚɥɨɝɨɜɵɟ ɜɯɨɞɵ 16 
ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɱɟɪɟɡ 
ɜɯɨɞ/ɜɵɯɨɞ    

40 mA 
 

ɉɨɫɬɨɹɧɧɵɣ ɬɨɤ ɞɥɹ 
ɜɵɜɨɞɚ 3.3 ȼ 

50 mA 

Ɏɥɟɲ-ɩɚɦɹɬɶ 256 KB  (ɢɡ ɤɨɬɨɪɵɯ 8 ɄB ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɡɚɝɪɭɡɱɢɤɚ) 
 

ɈɁɍ 8 KB 
ɗɧɟɪɝɨɧɟɡɚɜɢɫɢɦɚɹ 
ɩɚɦɹɬɶ 

4 KB 
 

Ɍɚɤɬɨɜɚɹ ɱɚɫɬɨɬɚ 16 MHz 
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 3.6 16-ɛɢɬɧɵɣ ɒɂɆ-ɤɨɧɬɪɨɥɥɟɪ ɞɥɹ ɩɢɬɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ 
ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɧɚ ɨɫɧɨɜɟ PCA9685 

 

 PCA9685 — ɷɬɨ 16-ɬɢ ɤɚɧɚɥɶɧɵɣ 12-ɪɚɡɪɹɞɧɵɣ ɤɨɧɬɪɨɥɥɟɪ ɫ 
ɧɚɫɬɪɚɢɜɚɟɦɨɣ ɱɚɫɬɨɬɨɣ ɒɂɆ-ɚ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 24 ɞɨ 1526 Ƚɰ. ɋ ɩɨɦɨɳɶɸ 
ɒɂɆ ɤɨɧɬɪɨɥɥɟɪɚ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ ɹɪɤɨɫɬɶɸ ɫɜɟɬɨɞɢɨɞɨɜ, 
ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ, ɢ ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ, ɝɞɟ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɟɝɨ 
ɫɢɝɧɚɥɵ ɩɪɢɦɟɧɹɟɬɫɹ ɒɂɆ ɫɢɝɧɚɥ. 

 

Ɋɢɫɭɧɨɤ 3.11 –  16-ɛɢɬɧɵɣ ɒɂɆ-ɤɨɧɬɪɨɥɥɟɪ ɧɚ ɨɫɧɨɜɟ PCA9685 

 
 Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ PCA9685 ɢɫɩɨɥɶɡɭɟɬɫɹ ɲɢɧɚ I2C, ɧɚ ɷɬɨɣ ɩɥɚɬɟ ɟɫɬɶ 
ɞɜɟ ɝɪɭɩɩɵ ɪɚɡɴɟɦɨɜ ɞɥɹ ɲɢɧɵ I2C ɫ ɞɜɭɯ ɫɬɨɪɨɧ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɞɤɥɸɱɚɬɶ 
ɧɚ ɨɞɧɨɣ ɲɢɧɟ ɧɟɫɤɨɥɶɤɨ ɩɥɚɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɥɢ ɩɨɞɤɥɸɱɚɬɶ ɞɪɭɝɢɟ I2C 
ɭɫɬɪɨɣɫɬɜɚ. 

 ɇɚ ɩɥɚɬɟ ɟɫɬɶ ɩɟɪɟɦɵɱɤɢ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ ɚɞɪɟɫ 
ɭɫɬɪɨɣɫɬɜɚ ɨɬɥɢɱɧɵɣ ɨɬ ɫɬɚɧɞɚɪɬɧɨɝɨ. ɉɨɷɬɨɦɭ ɟɫɥɢ 16 ɤɚɧɚɥɨɜ ȼɚɦ ɦɚɥɨ 
ɦɨɠɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜɤɥɸɱɢɬɶ ɧɟɫɤɨɥɶɤɨ ɬɚɤɢɯ ɩɥɚɬ, ɭɫɬɚɧɨɜɢɜ 
ɩɟɪɟɦɵɱɤɚɦɢ ɧɚ ɤɚɠɞɨɣ ɫɜɨɣ ɚɞɪɟɫ. Ʉɨɧɫɬɪɭɤɰɢɹ ɩɨɡɜɨɥɹɟɬ ɤɚɫɤɚɞɢɪɨɜɚɧɢɟ 
ɢ ɭɩɪɚɜɥɟɧɢɟ 992 ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɢɥɢ 62 ɩɥɚɬɚɦɢ. 
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 ɉɢɬɚɧɢɟ ɤɨɧɬɪɨɥɥɟɪɚ ɢ ɜɵɯɨɞɨɜ ɒɂɆ ɤɚɧɚɥɨɜ ɪɚɡɞɟɥɟɧɨ ɢ ɦɨɠɟɬ 
ɛɵɬɶ ɨɬ 3 ɞɨ 5 ɜɨɥɶɬ. Ⱦɥɹ ɒɂɆ ɤɚɧɚɥɨɜ ɞɨɩɭɫɤɚɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ 6 ȼɨɥɶɬ. ɉɢɬɚɧɢɟ ɞɥɹ ɒɂɆ ɤɚɧɚɥɨɜ ɦɨɠɧɨ ɩɨɞɚɜɚɬɶ ɧɚ 
ɲɬɵɪɶɤɢ (V+) ɢɥɢ ɱɟɪɟɡ ɤɥɟɦɭ. ɇɚ ɩɥɚɬɟ ɟɫɬɶ ɮɢɥɶɬɪɭɸɳɢɣ ɤɨɧɞɟɧɫɚɬɨɪ — 
ɷɬɨ ɩɨɦɨɝɚɟɬ ɩɪɢ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɤɚɯ, ɤɨɝɞɚ ɩɢɬɚɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɧɟ 
ɫɬɚɛɢɥɶɧɵɦ, ɱɬɨ ɦɨɠɟɬ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ ɪɚɛɨɬɟ ɭɩɪɚɜɥɹɟɦɵɯ 
ɭɫɬɪɨɣɫɬɜ. 

 

Ɍɚɛɥɢɰɚ 3.6 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ PCA9685 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
ɉɢɬɚɧɢɟ ɦɨɞɭɥɹ 3.3 ɢɥɢ 5 ȼ ɨɛɚ ɧɚɩɪɹɠɟɧɢɹ ɜɯɨɞɹɬ ɜ 

ɞɢɚɩɚɡɨɧ ɞɨɩɭɫɬɢɦɵɯ 
ɉɢɬɚɧɢɟ ɱɢɩɚ (VCC): 2.3 … 5.5 ȼ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ 
ɋɛɨɣ ɩɢɬɚɧɢɹ (VPOR): ɞɨ 2.0 ȼ ɤɨɧɫɬɚɧɬɚ ɢɫɩɨɥɶɡɭɟɦɚɹ 

ɤɨɦɩɚɪɚɬɨɪɨɦ (ɧɨɦɢɧɚɥɶɧɨ 1,7ɜ) 
 

ɉɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ ɜ ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ ɞɨ 10 ɦȺ (ɧɨɦɢɧɚɥɶɧɨ 6ɦȺ); 
ɉɨɬɪɟɛɥɹɟɦɵɣ ɬɨɤ ɪɟɠɢɦɟ ɨɠɢɞɚɧɢɹ ɞɨ 15.5 ɦɤȺ ɜ ɪɟɠɢɦɟ ɨɠɢɞɚɧɢɹ 

(ɧɨɦɢɧɚɥɶɧɨ 2,2ɦɤȺ) 
Ɍɨɤ ɧɚɝɪɭɡɤɢ ɧɚ ɜɵɯɨɞɚɯ ɩɪɢ VCC = 
5ȼ ɢ ɜɵɯɨɞɨɦ ɫ ɨɬɤɪɵɬɵɦ ɫɬɨɤɨɦ 
(ɮɥɚɝ OUTDRV=0) 

ɞɨ 25 ɦȺ 

Ɍɨɤ ɧɚɝɪɭɡɤɢ ɧɚ ɜɵɯɨɞɚɯ ɩɪɢ VCC = 
5ȼ ɢ ɤɚɫɤɚɞɧɵɦ ɜɵɯɨɞɨɦ ɱɢɩɚ (ɮɥɚɝ 
OUTDRV=1) 

ɞɨ 10 ɦȺ 

ɑɚɫɬɨɬɚ ɬɚɤɬɢɪɨɜɚɧɢɹ 25 ɆȽɰ ɜɧɭɬɪɟɧɧɢɣ ɝɟɧɟɪɚɬɨɪ (±3%); 
ȼɧɟɲɧɢɣ ɢɫɬɨɱɧɢɤ ɬɚɤɬɢɪɨɜɚɧɢɹ ɨɬ 0 ɞɨ 50 ɆȽɰ 
Ʉɨɥɢɱɟɫɬɜɨ ɤɚɧɚɥɨɜ ɒɂɆ 16 ɲɬ. ɫ ɩɨɞɞɟɪɠɤɨɣ «ɝɨɪɹɱɟɝɨ» 

ɩɨɞɤɥɸɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜ ɤ ɜɵɯɨɞɚɦ 
Ɋɚɡɪɟɲɟɧɢɟ ɒɂɆ 12 ɛɢɬ 4096 ɬɚɤɬɨɜ (ɪɚɛɨɱɢɣ ɰɢɤɥ ɨɬ 

0 ɞɨ 100%) 
ȼɵɯɨɞɧɚɹ ɱɚɫɬɨɬɚ ɒɂɆ ɨɬ 24 ɞɨ 1526 Ƚɰ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ 

ɝɟɧɟɪɚɬɨɪɚ 25 ɆȽɰ (ɡɚɜɢɫɢɬ ɨɬ 
ɱɚɫɬɨɬɵ ɬɚɤɬɢɪɨɜɚɧɢɹ ɢ ɡɧɚɱɟɧɢɹ 
ɩɪɟɞɞɟɥɢɬɟɥɹ) 

Ɋɚɛɨɱɚɹ ɱɚɫɬɨɬɚ ɲɢɧɵ I2C ɞɨ 1 ɆȽɰ ɫ ɩɨɞɞɟɪɠɤɨɣ 100ɤȽɰ, 
400ɤȽɰ, 1ɆȽɰ (ёɦɤɨɫɬɶ ɞɨ 4000ɩɎ); 

ɍɪɨɜɟɧɶ «0» ɧɚ ɲɢɧɟ I2C ɨɬ -0.5 ɞɨ 0.3 Vɋɋ ȼ 
ɍɪɨɜɟɧɶ «1» ɧɚ ɲɢɧɟ I2C ɞɨ 0.7 Vɋɋ ɞɨ Vɋɋ+0.3 ȼ 
Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɨɬ -40 ɞɨ 85 °C 
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 Ʉɢɬɚɣɫɤɢɟ ɪɟɩɥɢɤɢ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɰɟɩɢ ɡɚɳɢɬɵ ɨɬ 
ɨɛɪɚɬɧɨɝɨ ɬɨɤɚ ɜ ɜɢɞɟ ɩɨɥɟɜɨɝɨ ɬɪɚɧɡɢɫɬɨɪɚ AOD417[14].ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ 
ɫɯɟɦɚ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ. 

Ɍɚɛɥɢɰɚ 3.7 – Ɋɚɫɩɢɧɨɜɤɚ ɦɨɞɭɥɹ ɧɚ PCA9685 

ȼɵɜɨɞ Ɉɩɢɫɚɧɢɟ  
GND ɨɛɳɢɣ (ɦɢɧɭɫ ɩɢɬɚɧɢɹ) 
OE ɪɚɡɪɟɲɟɧɢɟ ɪɚɛɨɬɵ ɜɵɯɨɞɨɜ ɦɨɞɭɥɹ 
SCL ɥɢɧɢɹ ɬɚɤɬɢɪɨɜɚɧɢɹ (ɢɧɬɟɪɮɟɣɫ I2C) 
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.7 

SDA ɥɢɧɢɹ ɞɚɧɧɵɯ (ɢɧɬɟɪɮɟɣɫ I2C) 
VCC ɩɥɸɫ ɩɢɬɚɧɢɹ ɱɢɩɚ 
V+ ɩɥɸɫ ɩɢɬɚɧɢɹ ɩɟɪɢɮɟɪɢɢ 
PWM ɜɵɯɨɞɵ ɒɂɆ (ɲɢɪɨɬɧɨ-ɢɦɩɭɥɶɫɧɚɹ ɦɨɞɭɥɹɰɢɹ) 
A0…A5 ɫɨɫɬɨɹɧɢɹ 0…5 ɛɢɬɨɜ ɚɞɪɟɫɚ ɱɢɩɚ ɧɚ ɲɢɧɟ I2C 
 

 

 3.7 3D-ɩɪɢɧɬɟɪ 

 

 3D-ɩɟɱɚɬɶ ɢɥɢ «ɚɞɞɢɬɢɜɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ» – ɩɪɨɰɟɫɫ ɫɨɡɞɚɧɢɹ ɰɟɥɶɧɵɯ 
ɬɪɟɯɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɧɚ ɨɫɧɨɜɟ 
ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ. 3D-ɩɟɱɚɬɶ ɨɫɧɨɜɚɧɚ ɧɚ ɤɨɧɰɟɩɰɢɢ ɩɨɫɬɪɨɟɧɢɹ ɨɛɴɟɤɬɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɧɚɧɨɫɢɦɵɦɢ ɫɥɨɹɦɢ, ɨɬɨɛɪɚɠɚɸɳɢɦɢ ɤɨɧɬɭɪɵ ɦɨɞɟɥɢ.  
 3D-ɩɪɢɧɬɟɪɚɦɢ ɧɚɡɵɜɚɸɬ ɫɬɚɧɤɢ ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, 
ɜɵɩɨɥɧɹɸɳɢɟ ɩɨɫɬɪɨɟɧɢɟ ɞɟɬɚɥɢ ɚɞɞɢɬɢɜɧɵɦ ɫɩɨɫɨɛɨɦ. Ɉɩɪɟɞɟɥɢɦ 
ɤɪɢɬɟɪɢɢ, ɫɨɝɥɚɫɧɨ ɤɨɬɨɪɵɦ ɛɭɞɟɦ ɩɟɱɚɬɚɬɶ ɞɟɬɚɥɢ ɞɥɹ ɪɨɛɨɬɚ: 

 ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɩɟɱɚɬɢ; 
 ɷɤɨɧɨɦɢɱɧɨɫɬɶ; 
 ɤɚɫɬɨɦɢɡɚɰɢɹ, ɬ.ɟ. ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɭɥɭɱɲɢɬɶ, ɥɢɛɨ ɜɧɟɫɬɢ 

ɫɜɨɢ ɢɡɦɟɧɟɧɢɹ ɜ ɩɪɢɧɬɟɪɵ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ. 

 

 3.7.1 Ɍɟɯɧɨɥɨɝɢɢ ɩɟɱɚɬɢ 3D-ɩɪɢɧɬɟɪɨɜ 

 ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɬɟɯɧɨɥɨɝɢɣ 3D-ɩɟɱɚɬɢ. Ȼɵɥɚ ɫɨɫɬɚɜɥɟɧɚ 
ɬɚɛɥɢɰɚ ɞɥɹ ɧɚɝɥɹɞɧɨɝɨ ɫɪɚɜɧɟɧɢɹ ɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɣ. 
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Ɍɚɛɥɢɰɚ 3.8 – Ɍɟɯɧɨɥɨɝɢɢ ɩɟɱɚɬɢ 3D-ɩɪɢɧɬɟɪɨɜ 

Ɇɟɬɨɞ Ɍɟɯɧɨɥɨɝɢɹ ɂɫɩɨɥɶɡɭɟɦɵɟ ɦɚɬɟɪɢɚɥɵ 
 

ɗɤɫɬɪɭɡɢɨɧɧɵɣ Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 
ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ 
ɧɚɩɥɚɜɥɟɧɢɹ (FDM 
ɢɥɢ FFF) 

Ɍɟɪɦɨɩɥɚɫɬɢɤɢ (ɬɚɤɢɟ ɤɚɤ 
ɩɨɥɢɥɚɤɬɢɞ (PLA), 
ɚɤɪɢɥɨɧɢɬɪɢɥɛɭɬɚɞɢɟɧɫɬɢɪɨɥ 
(ABS) ɢ ɞɪ.) 
 

ɉɪɨɜɨɥɨɱɧɵɣ ɉɪɨɢɡɜɨɞɫɬɜɨ 
ɩɪɨɢɡɜɨɥɶɧɵɯ ɮɨɪɦ 
ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ 
ɩɥɚɜɤɨɣ (EBFȝ)  

ɉɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɟ 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ 

ɉɨɪɨɲɤɨɜɵɣ ɉɪɹɦɨɟ ɥɚɡɟɪɧɨɟ 
ɫɩɟɤɚɧɢɟ ɦɟɬɚɥɥɨɜ 
(DMLS) 

ɉɪɚɤɬɢɱɟɫɤɢ ɥɸɛɵɟ 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɩɥɚɜɵ 

ɗɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɚɹ 
ɩɥɚɜɤɚ (EBM) 

Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ 

ȼɵɛɨɪɨɱɧɚɹ ɥɚɡɟɪɧɚɹ 
ɩɥɚɜɤɚ (SLM) 

Ɍɢɬɚɧɨɜɵɟ ɫɩɥɚɜɵ, ɤɨɛɚɥɶɬ-
ɯɪɨɦɨɜɵɟ ɫɩɥɚɜɵ, 
ɧɟɪɠɚɜɟɸɳɚɹ ɫɬɚɥɶ, 
ɚɥɸɦɢɧɢɣ 
 

ȼɵɛɨɪɨɱɧɨɟ ɬɟɩɥɨɜɨɟ 
ɫɩɟɤɚɧɢɟ (SHS) 

ɉɨɪɨɲɤɨɜɵɟ ɬɟɪɦɨɩɥɚɫɬɢɤɢ 
 

ȼɵɛɨɪɨɱɧɨɟ ɥɚɡɟɪɧɨɟ 
ɫɩɟɤɚɧɢɟ (SLS) 

Ɍɟɪɦɨɩɥɚɫɬɢɤɢ, 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ, 
ɤɟɪɚɦɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ 
 

ɋɬɪɭɣɧɵɣ ɋɬɪɭɣɧɚɹ ɬɪɟɯɦɟɪɧɚɹ 
ɩɟɱɚɬɶ(3DP) 

 Ƚɢɩɫ, ɩɥɚɫɬɢɤɢ, 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ, 
ɩɟɫɱɚɧɵɟ ɫɦɟɫɢ 

Ʌɚɦɢɧɢɪɨɜɚɧɢɟ ɂɡɝɨɬɨɜɥɟɧɢɟ 
ɨɛɴɟɤɬɨɜ ɦɟɬɨɞɨɦ 
ɥɚɦɢɧɢɪɨɜɚɧɢɹ 
(LOM) 

Ȼɭɦɚɝɚ, ɦɟɬɚɥɥɢɱɟɫɤɚɹ 
ɮɨɥɶɝɚ, ɩɥɚɫɬɢɤɨɜɚɹ ɩɥɟɧɤɚ 

ɉɨɥɢɦɟɪɢɡɚɰɢɹ ɋɬɟɪɟɨɥɢɬɨɝɪɚɮɢɹ 
(SLA) 

Ɏɨɬɨɩɨɥɢɦɟɪɵ 

 ɐɢɮɪɨɜɚɹ 
ɫɜɟɬɨɞɢɨɞɧɚɹ 
ɩɪɨɟɤɰɢɹ (DLP) 

Ɏɨɬɨɩɨɥɢɦɟɪɵ 

 

 ɂɫɯɨɞɹ ɢɡ ɦɚɬɟɪɢɚɥɚ ɩɟɱɚɬɢ, ɜɵɛɨɪ ɩɚɥ ɧɚ ɩɨɩɭɥɹɪɧɵɣ ɜɜɢɞɭ 
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɩɟɱɚɬɢ ɢ ɞɟɲɟɜɢɡɧɵ 3D-ɩɪɢɧɬɟɪ ɬɢɩɚ RepRap 
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ɫ ɩɥɨɳɚɞɶɸ ɩɟɱɚɬɢ 22ɯ22 ɫɦ,Prusa i3 ɧɚ ɩɥɚɬɟ Anet A8. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ 
ɪɚɛɨɬɵ ɩɨ ɭɥɭɱɲɟɧɢɸ ɤɚɱɟɫɬɜɚ ɩɟɱɚɬɢ ɢ ɨɬɤɚɡɨɭɫɬɨɣɱɢɜɨɫɬɢ[15]. 

 

   3.7.2 Ɍɨɧɤɨɫɬɢ ɪɚɛɨɬɵ ɫ 3D-ɩɪɢɧɬɟɪɨɦ 

 

 ȼɨ ɜɪɟɦɹ ɫɛɨɪɤɢ ɢ ɩɪɨɰɟɫɫɚ ɩɟɱɚɬɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɪɚɡɧɨɝɨ ɪɨɞɚ 
ɩɪɨɛɥɟɦɵ. Ɉɬɜɟɬɵ ɧɚ ɧɟ ɤɨɬɨɪɵɟ ɢɡ ɧɢɯ ɦɨɠɧɨ ɫ ɥɟɝɤɨɫɬɶɸ ɧɚɣɬɢ ɧɚ 
ɪɭɫɫɤɨɹɡɵɱɧɵɯ ɫɚɣɬɚɯ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɚ ɧɟɤɨɬɨɪɵɟ ɩɪɢɯɨɞɢɬɫɹ ɢɫɤɚɬɶ ɧɚ 
ɡɚɪɭɛɟɠɧɵɯ .  
 Ɇɨɠɟɬ ɛɵɬɶ ɬɚɤ, ɱɬɨ ɲɚɝɨɜɵɟ ɞɜɢɝɚɬɟɥɢ ɩɪɢɧɬɟɪɚ ɢɡɞɚɸɬ ɡɜɭɤɢ 
ɜɢɛɪɚɰɢɢ ɜɨ ɜɪɟɦɹ ɩɟɱɚɬɢ ɩɨ ɨɫɢ Z,ɥɢɛɨ ɧɟ ɞɜɢɝɚɸɬɫɹ, ɥɢɛɨ ɩɪɨɢɫɯɨɞɢɬ 
ɩɪɨɩɭɫɤ ɲɚɝɨɜ ɩɪɢ ɩɟɱɚɬɢ. Ɍɚɤɠɟ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫɢɥɶɧɵɣ ɧɚɝɪɟɜ 
ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ. 
 Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɟɪɜɵɯ ɞɜɭɯ ɩɪɨɛɥɟɦ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɧɚɞɨ ɩɪɨɜɟɪɢɬɶ, 
ɫɨɜɩɚɞɚɸɬ ɥɢ ɨɫɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɦɭɮɬ.  
 ȿɫɥɢ ɷɬɨ ɧɟ ɩɨɦɨɝɥɨ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɧɚɫɬɪɨɢɬɶ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɧɚ 
ɝɥɚɜɧɨɣ ɩɥɚɬɟ, ɥɢɛɨ ɧɚ ɞɪɚɣɜɟɪɚɯ ɩɢɬɚɧɢɹ ɞɜɢɝɚɬɟɥɟɣ ɩɪɢ ɩɨɦɨɳɢ 
ɜɫɬɪɨɟɧɧɨɝɨ ɩɨɞɫɬɪɨɟɱɧɨɝɨ ɪɟɡɢɫɬɨɪɚ. ɉɪɨɩɭɫɤ ɲɚɝɨɜ ɩɪɢ ɩɟɱɚɬɢ 
ɩɪɨɢɫɯɨɞɢɬ, ɤɚɤ ɩɪɚɜɢɥɨ ɢɡ-ɡɚ ɧɢɡɤɨɝɨ ɡɧɚɱɟɧɢɹ ɬɨɤɚ, ɫɢɥɶɧɵɣ ɧɚɝɪɟɜ – ɢɡ-ɡɚ 
ɫɥɢɲɤɨɦ ɛɨɥɶɲɨɝɨ. ȼɨ ɜɪɟɦɹ ɧɚɫɬɪɨɣɤɢ ɧɟɨɛɯɨɞɢɦɨ ɨɬɤɥɸɱɢɬɶ ɫɚɦ 
ɞɜɢɝɚɬɟɥɶ, ɱɬɨɛɵ ɧɟ ɫɠɟɱɶ ɟɝɨ ɞɪɚɣɜɟɪ.  

 

Ɋɢɫɭɧɨɤ 3.12 – ȼɧɟɲɧɢɣ ɜɢɞ ɜɫɬɪɨɟɧɧɨɝɨ ɩɨɞɫɬɪɨɟɱɧɨɝɨ ɪɟɡɢɫɬɨɪɚ 
 

 Ɏɨɪɦɭɥɚ ɧɚɯɨɠɞɟɧɢɹ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɜɵɝɥɹɞɢɬ ɜɨɬ ɬɚɤ: 

maxI ( )REFV n RS    ,ɝɞɟ 
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Imax = 1.7 Ⱥ– ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ (ɟɝɨ ɡɧɚɱɟɧɢɟ ɛɟɪɟɦ ɢɡ ɞɨɤɭɦɟɧɬɚɰɢɢ 
ɞɜɢɝɚɬɟɥɹ, ɭ ɦɟɧɹ 42SHDC3025-24B)[16],  

n – ɤɨɥɢɱɟɫɬɜɨ ɨɛɦɨɬɨɤ, 

RS = 0.1 Ɉɦ – ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɨɤɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɪɟɡɢɫɬɨɪɨɜ. 
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɡɧɚɱɟɧɢɟ ɧɨɦɢɧɚɥɶɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɪɚɜɧɨ: 

1.7 8 0.1 1.36REFV V     

 ɉɪɢ ɜɪɚɳɟɧɢɢ ɜ ɦɢɤɪɨɲɚɝɨɜɨɦ ɪɟɠɢɦɟ ɮɚɡɵ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 
ɭɩɪɚɜɥɹɸɬɫɹ ɬɨɤɚɦɢ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɨ ɡɚɤɨɧɚɦ ɫɢɧɭɫɚ ɢ ɤɨɫɢɧɭɫɚ. ɗɬɢ 
ɮɭɧɤɰɢɢ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ, ɝɞɟ ɨɛɟ ɮɚɡɵ ɡɚɩɢɬɚɧɵ ɦɚɤɫɢɦɚɥɶɧɵɦ ɬɨɤɨɦ 
[16,17,18,19]. 

 

Ɋɢɫɭɧɨɤ 3.13 – Ɂɚɤɨɧ ɫɢɧɭɫɚ ɢ ɤɨɫɢɧɭɫɚ ɩɪɢ ɜɪɚɳɟɧɢɢ ɜ ɦɢɤɪɨɲɚɝɨɜɨɦ 
ɪɟɠɢɦɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɬɨɤɟ 

 
 ɉɨɷɬɨɦɭ ɜ ɞɪɚɣɜɟɪɟ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɢɤɪɨɲɚɝɚ 
ɨɧ ɫɩɨɫɨɛɟɧ ɨɬɞɚɬɶ ɧɟ ɛɨɥɟɟ 70% ɨɬ ɦɨɦɟɧɬɚ ɭɞɟɪɠɚɧɢɹ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɢɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɟɬ ɪɚɜɧɨ: 

0.7 0.95REF REFV V V    

  

 ȿɫɥɢ ɪɟɲɢɬɶ ɩɪɨɛɥɟɦɭ ɧɟ ɩɨɥɭɱɢɥɨɫɶ, ɫɤɨɪɟɟ ɜɫɟɝɨ ɩɨɬɪɟɛɭɟɬɫɹ ɫɦɟɧɚ 
ɩɪɨɲɢɜɤɢ ɩɪɢɧɬɟɪɚ[20,21,22,23]. 

 

 3.8 ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɩɟɱɚɬɢ ɢ ɢɯ ɫɪɚɜɧɟɧɢɟ 

 

 Ⱦɥɹ 3d-ɩɟɱɚɬɢ ɩɨ ɬɟɯɧɨɥɨɝɢɢ FDM ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɝɨ ɜɢɞɨɜ 
ɩɥɚɫɬɦɚɫɫɵ. Ɇɚɬɟɪɢɚɥ ɞɥɹ ɩɟɱɚɬɢ  ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɫɥɟɞɭɸɳɢɦɢ 
ɫɜɨɣɫɬɜɚɦɢ: 
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 ɨɛɥɚɞɚɬɶ ɧɢɡɤɨɣ ɬɟɪɦɨɭɫɚɞɤɨɣ (ɨɛɥɚɞɚɬɶ ɪɚɡɦɟɪɧɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ) ɞɥɹ 
ɬɨɝɨ, ɱɬɨɛɵ ɩɚɪɚɦɟɬɪɵ ɰɢɮɪɨɜɨɣ ɦɨɞɟɥɢ ɤɚɤ ɦɨɠɧɨ ɦɚɤɫɢɦɚɥɶɧɨ 
ɫɨɜɩɚɞɚɥɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɚɥɶɧɨɣ ɦɨɞɟɥɢ ɜɨ ɢɡɛɟɠɚɧɢɟ ɥɸɮɬɨɜ; 

 ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɱɧɵɦ ɢ ɠёɫɬɤɢɦ; 
 ɜɵɞɟɪɠɢɜɚɬɶ ɫɢɥɶɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɹ; 
 ɥɟɝɤɨ ɨɛɪɚɛɚɬɵɜɚɬɶɫɹ; 
 ɛɵɬɶ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦ; 

 
 ɨɛɥɚɞɚɬɶ ɜɨɞɨɫɬɨɣɤɨɫɬɶɸ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ, ɫɬɨɣɤɨɫɬɶɸ ɤ 

ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦ ɥɭɱɚɦ, ɠɢɪɚɦ; 
 ɬɚɤɠɟ ɨɬɥɢɱɧɵɦ ɭɪɨɜɧɟɦ ɫɤɨɥɶɠɟɧɢɹ ɢ ɜɵɫɨɤɢɦ ɭɪɨɜɧɟɦ 

ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɢ. 

 ɂɡɭɱɢɜ ɢɫɬɨɱɧɢɤɢ, ɛɵɥɚ ɨɛɨɛɳɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɩɨ ɨɫɧɨɜɧɵɦ ɜɢɞɚɦ 
ɩɥɚɫɬɦɚɫɫɵ ɞɥɹ 3d-ɩɟɱɚɬɢ ɢ ɫɨɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɦɚɬɟɪɢɚɥɨɜ: ɞɨɫɬɨɢɧɫɬɜɚ, ɧɟɞɨɫɬɚɬɤɢ (ɉɊɂɅɈɀȿɇɂȿ Ȼ), 
ɪɚɫɬɜɨɪɢɦɨɫɬɶ/ɨɛɪɚɛɨɬɤɚ, ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɧɚɝɪɭɡɤɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, 
ɩɪɢɦɟɧɟɧɢɟ ɢ ɩɪɨɱɢɟ ɫɜɨɣɫɬɜɚ (ɉɊɂɅɈɀȿɇɂȿ ȼ)[24]. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɜɢɞɭ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɜɨɣɫɬɜɚɦ, ɨɩɢɫɚɧɧɵɦ ɜɵɲɟ, ɞɥɹ 
ɩɟɱɚɬɢ ɞɟɬɚɥɟɣ ɪɨɛɨɬɚ ɛɵɥ ɜɵɛɪɚɧ PLA-ɩɥɚɫɬɢɤ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɵ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɥɹ PLA-ɩɥɚɫɬɢɤɚ, ɫ ɤɨɬɨɪɵɦ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɪɚɛɨɬɚ. 
Ⱦɢɚɦɟɬɪ ɩɪɭɬɤɚ – 1.75 ɦɦ[25]. 
 

Ɍɚɛɥɢɰɚ 3.9 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ PLA-ɩɥɚɫɬɢɤɚ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɷɤɫɬɪɭɡɢɢ 205 – 220 °C 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɨɥɚ  40 – 60 °C 
Ɉɛɞɭɜ 20% – ɩɟɪɜɵɣ ɫɥɨɣ, 100% –  

ɩɨɫɥɟɞɭɸɳɢɟ. 
Ɇɟɠɫɥɨɣɧɚɹ ɚɞɝɟɡɢɹ ɏɨɪɨɲɚɹ 
Ⱥɞɝɟɡɢɹ ɤ ɫɬɨɥɭ ɏɨɪɨɲɚɹ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢɡɞɟɥɢɣ -20 – +40°C 
Ɍɜɟɪɞɨɫɬɶ ɩɨ Ɋɨɤɜɟɥɥɭ  R70 – R90 
Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ ɩɪɢ 
ɪɚɡɪɵɜɟ 

3,8% 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɢɡɝɢɛ 55,3 Ɇɉɚ 
 

ɉɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ 57,8 Ɇɉɚ 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɪɚɫɬɹɠɟɧɢɢ 3,3 Ƚɉɚ 

 
Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ ɢɡɝɢɛɟ 2,3 Ƚɉɚ 
Ɍɟɦɩɟɪɚɬɭɪɚ ɫɬɟɤɥɨɜɚɧɢɹ 60-65°C 
ɉɥɨɬɧɨɫɬɶ 1,23-1,25 ɝ/ɫɦ³ 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.9 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɂɧɚɱɟɧɢɟ 
Ɇɢɧɢɦɚɥɶɧɚɹ ɬɨɥɳɢɧɚ ɫɬɟɧɨɤ 1 ɦɦ 
Ɍɨɱɧɨɫɬɶ ɩɟɱɚɬɢ ± 0,1% 
ɍɫɚɞɤɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɢɡɞɟɥɢɣ 1 ɦɦ ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ, ɩɨ ɜɟɪɬɢɤɚɥɢ – 

ɧɟ ɡɚɦɟɬɧɚ. 
ȼɥɚɝɨɩɨɝɥɨɳɟɧɢɟ  0,2-0,4% 
 

  

 

Ɋɢɫɭɧɨɤ 3.14 – 3D-ɩɪɢɧɬɟɪ Prusa i3 Anet A8 
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 4 ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɪɟɯɡɜɟɧɧɵɦ ɪɨɛɨɬɨɦ 

 

 ȼ  ɞɚɧɧɨɦ  ɩɪɨɟɤɬɟ  ɪɚɡɪɚɛɨɬɚɧɚ  ɋɍ ɫ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, 
ɨɫɧɨɜɨɣ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɢɧɬɟɡ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ ɩɨ ɡɚɪɚɧɟɟ ɪɚɫɫɱɢɬɚɧɧɨɣ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɠɟɫɬɤɨɣ ɩɪɨɝɪɚɦɦɟ. ɉɪɨɝɪɚɦɦɚ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɩɚɦɹɬɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɚ ɩɭɬɟɦ 
ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɜ ɧɨɜɨɦ ɰɢɤɥɟ ɨɛɭɱɟɧɢɹ ɪɨɛɨɬɚ. ȼ ɫɢɫɬɟɦɚɯ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɧɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɨɬɪɚɛɨɬɤɚ ɢɧɮɨɪɦɚɰɢɢ, 
ɭɫɬɪɚɧɹɸɳɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɧɟɲɧɟɣ ɫɪɟɞɵ, ɯɨɬɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɜɧɭɬɪɟɧɧɟɦ ɮɚɡɨɜɨɦ ɫɨɫɬɨɹɧɢɢ ɪɨɛɨɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɡɚɤɨɧɟ 
ɭɩɪɚɜɥɟɧɢɹ. 

 

    4.1 Ɉɛɳɚɹ ɫɯɟɦɚ ɚɪɯɢɬɟɤɬɭɪɵ 

 

 ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 
ɫɨɜɦɟɫɬɧɨɣ ɪɚɛɨɬɵ ɜɫɟɯ ɩɨɞɫɢɫɬɟɦ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɪɨɛɨɬɚ ɫ ɰɟɥɶɸ 
ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜ ɡɚɞɚɧɧɭɸ ɬɨɱɤɭ ɢɥɢ ɜɵɩɨɥɧɟɧɢɹ ɞɜɢɠɟɧɢɣ 
ɩɨ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ. Ɋɨɛɨɬ ɤɚɤ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɥɨɠɧɭɸ ɫɢɫɬɟɦɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɦɧɨɝɨɡɜɟɧɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɤɨɧɫɬɪɭɤɰɢɢ, 
ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ, ɗȼɆ ɢ ɢɫɬɨɱɧɢɤɨɜ 
ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ. Ɂɚɞɚɱɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɞɥɹ ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ ɤɚɠɞɨɣ ɫɬɟɩɟɧɢ 
ɩɨɞɜɢɠɧɨɫɬɢ. 

 

 Ɋɢɫɭɧɨɤ 4.1 – ɒɟɫɬɢɨɫɟɜɨɣ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɣ ɪɨɛɨɬ ɢ ɟɝɨ 3D-ɦɨɞɟɥɶ 
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Ɋɢɫɭɧɨɤ 4.2 – ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɜɫɟɯ ɤɨɦɩɨɧɟɧɬɨɜ ɪɨɛɨɬɚ 
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5 ɍɩɪɚɜɥɟɧɢɟ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɦ ɪɨɛɨɬɨɦ 
 

 Кɢɧɟɦɚɬɢɤɨɣ ɪɨɛɨɬɨɜ ɧɚɡɵɜɚɟɬɫɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɟ ɭɱɟɧɢɟ ɨ ɞɜɢɠɟɧɢɢ 
ɞɢɧɚɦɢɱɟɫɤɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɛɟɡ ɭɱɟɬɚ ɫɢɥ ɢ ɦɨɦɟɧɬɨɜ, ɩɨɪɨɠɞɚɸɳɢɯ ɬɚɤɨɟ 
ɞɜɢɠɟɧɢɟ. 
 ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɪɟɲɟɧɢɟ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ 
ɤɢɧɟɦɚɬɢɤɢ ɬɪёɯɡɜɟɧɧɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɫ ɲɟɫɬɶɸ ɫɬɟɩɟɧɹɦɢ 
ɫɜɨɛɨɞɵ (ɩɨɞɜɢɠɧɨɫɬɢ). ɋɮɨɪɦɭɥɢɪɭɟɦ ɢɯ ɬɚɤ: 

Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɨɩɪɟɞɟɥɟɧɢɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ, ɟɫɥɢ ɡɚɞɚɧ ɜɟɤɬɨɪ 
ɩɟɪɟɦɟɳɟɧɢɣ ɫɨɱɥɟɧɟɧɢɣ θi = [θ1 θ2 θ3… θn]

T ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɫ n-
ɫɬɟɩɟɧɹɦɢ ɫɜɨɛɨɞɵ. 

Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 
ɜɟɤɬɨɪɚ ɤɨɦɩɨɧɟɧɬ ɩɟɪɟɦɟɳɟɧɢɣ ɫɨɱɥɟɧɟɧɢɣ θi ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɫ 
n-ɫɬɟɩɟɧɹɦɢ ɩɨɞɜɢɠɧɨɫɬɢ ɞɥɹ ɞɚɧɧɨɝɨ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɛɚɡɨɜɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ[26,27]. 

 

 

Ɋɢɫɭɧɨɤ 5.1 – ɋɜɹɡɶ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

 

 5.1 ɉɪɹɦɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ. ɉɪɟɞɫɬɚɜɥɟɧɢɟ Ⱦɟɧɚɜɢɬɚ-
ɏɚɪɬɟɧɛɟɪɝɚ 

  

 Дɥɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ. Ɇɚɧɢɩɭɥɹɬɨɪ ɫɨɫɬɨɢɬ ɢɡ ɧɚɛɨɪɚ ɡɜɟɧɶɟɜ, 
ɫɨɟɞɢɧɟɧɧɵɯ ɩɪɢ ɩɨɦɨɳɢ ɧɚɛɨɪɚ ɫɨɱɥɟɧɟɧɢɣ. Ɉɞɧɨɪɨɞɧɵɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɥɨɤɚɥɶɧɵɦ ɫɢɫɬɟɦɚɦ ɤɨɨɪɞɢɧɚɬ ɫɨɱɥɟɧɟɧɢɣ ɧɚɡɵɜɚɸɬɫɹ A-
ɦɚɬɪɢɰɚɦɢ (ɬ.ɟ. ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ). Ɍɨɝɞɚ ɩɨɥɨɠɟɧɢɟ ɢ 
ɨɪɢɟɧɬɚɰɢɹ n-ɝɨ ɡɜɟɧɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɫɧɨɜɚɧɢɹ ɛɭɞɭɬ[3]: 

  Tn = A1 A2 A3… An-1 An     (5.1) 
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                                                                       (5.2) 

 

 5.2 ɋɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɨɱɥɟɧɟɧɢɣ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 

 

 ɉɪɨɢɡɜɟɞɟɧɢɟ Ⱥ-ɦɚɬɪɢɰ ɧɚɡɵɜɚɸɬ Ɍ-ɦɚɬɪɢɰɚɦɢ. Ɍ6 – ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, 
ɨɬɧɨɫɹɳɟɟɫɹ ɤ ɫɯɜɚɬɭ, ɬɚɤɨɟ, ɱɬɨ ɧɚɱɚɥɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɯɜɚɬɚ ɢɦɟɟɬ 
ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ p = [px py pz]

T. 

 

Ɋɢɫɭɧɨɤ 5.2 – Ɉɪɢɟɧɬɚɰɢɹ ɫɯɜɚɬɚ ɢ ɟɝɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 

n – ɜɟɤɬɨɪ ɧɨɪɦɚɥɢ, o – ɜɟɤɬɨɪ ɨɪɢɟɧɬɚɰɢɢ, a - ɜɟɤɬɨɪ ɩɨɞɯɨɞɚ 

 

Ɂɚɦɟɬɢɦ, ɱɬɨ a, o ɢ n ɨɛɪɚɡɭɸɬ ɩɪɚɜɨɫɬɨɪɨɧɧɸɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ, 
ɬ.ɟ. a × o = n, o × n = a ɢ n × a = o.  Ɂɚɦɟɬɢɦ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

6

0 0 0 1

x x x x

y y y y

z z z z

n o a p

n o a p

T n o a p

 
 
 
 
 
 
 
 

 (5.3) 

 Ⱥɧɚɥɨɝɢɱɧɨ, ɞɥɹ ɫɢɫɬɟɦɵ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɥɸɛɨɝɨ ɡɜɟɧɚ i 
ɧɚɩɪɚɜɥɟɧɢɟ ɡɜɟɧɚ ɜ ɫɨɱɥɟɧɟɧɢɢ – ɷɬɨ ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ ɩɨɞɯɨɞɚ ai, 
ɧɚɩɪɚɜɥɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɨɜɨɪɨɬɚ ɡɜɟɧɶɟɜ – ɧɚɩɪɚɜɥɟɧɢɟ ɜɟɤɬɨɪɚ 
ɨɪɢɟɧɬɚɰɢɢ oi ɢ ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ ɧɨɪɦɚɥɢ ni ɨɛɪɚɡɭɟɬ ɩɪɚɜɨɫɬɨɪɨɧɧɸɸ 
ɫɢɫɬɟɦɭ ɫ oi ɢ ai.  
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Ɋɢɫɭɧɨɤ 5.3 – ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ i-ɝɨ ɫɨɱɥɟɧɟɧɢɹ ɪɨɛɨɬɚ 

Ɉɩɹɬɶ ɜɟɤɬɨɪ ɩɨɥɨɠɟɧɢɹ i-ɝɨ ɫɨɱɥɟɧɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 
ɨɫɧɨɜɚɧɢɹ ɪɚɜɟɧ pi, ɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ti, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɨɦɭ ɡɜɟɧɭ, ɢɦɟɟɬ 
ɜɢɞ 

0 0 0 1

ix ix ix ix

iy iy iy iy

i iz iz iz iz

n o a p

n o a p

T n o a p

 
 
 
 
 
 
 
 

   (5.4) 

 

Ⱦɥɹ ɬɜɟɪɞɵɯ ɡɜɟɧɶɟɜ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɱɟɬɵɪɟɯ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɚɠɞɨɦɭ ɡɜɟɧɭ. ɗɬɢ ɱɟɬɵɪɟ 
ɩɚɪɚɦɟɬɪɚ ɩɨɥɧɨɫɬɶɸ ɨɩɢɫɵɜɚɸɬ ɥɸɛɨɟ ɜɪɚɳɚɬɟɥɶɧɨɟ ɢɥɢ ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ 
ɞɜɢɠɟɧɢɟ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 5.4 ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ[27]: 

 
Ɋɢɫɭɧɨɤ 5.4 – ɋɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɚ ɢ ɟɟ ɩɚɪɚɦɟɬɪɵ 

θi – ɩɪɢɫɨɟɞɢɧɟɧɧɵɣ ɭɝɨɥ – ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɚɞɨ ɩɨɜɟɪɧɭɬɶ ɨɫɶ xi-1 ɜɨɤɪɭɝ 
ɨɫɢ zi-1, ɱɬɨɛɵ ɨɧɚ ɫɬɚɥɚ ɫɨɧɚɩɪɚɜɥɟɧɚ ɫ ɨɫɶɸ xi (ɡɧɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ ɩɪɚɜɨɣ ɪɭɤɢ), ɬ.ɟ. ɭɝɨɥ ɦɟɠɞɭ ɨɫɶɸ xi ɢ xi-1; 
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di – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɟɪɟɫɟɱɟɧɢɟɦ ɨɫɢ zi-1 ɫ ɨɫɶɸ xi ɢ ɧɚɱɚɥɨɦ (i-1) – ɣ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɜɞɨɥɶ ɨɫɢ zi-1; 

ai – ɥɢɧɟɣɧɨɟ ɫɦɟɳɟɧɢɟ - ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɩɟɪɟɫɟɱɟɧɢɟɦ ɨɫɢ zi-1 ɫ ɨɫɶɸ xi ɢ 
ɧɚɱɚɥɨɦ i – ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ, ɨɬɫɱɢɬɵɜɚɟɦɨɟ ɜɞɨɥɶ ɨɫɢ xi, ɬ.ɟ. 
ɤɪɚɬɱɚɣɲɟɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɹɦɢ zi-1 ɢ zi; 

αi – ɭɝɥɨɜɨɟ ɫɦɟɳɟɧɢɟ – ɭɝɨɥ, ɧɚ ɤɨɬɨɪɵɣ ɧɚɞɨ ɩɨɜɟɪɧɭɬɶ ɨɫɶ zi-1 ɜɨɤɪɭɝ ɨɫɢ 
xi, ɱɬɨɛɵ ɨɧɚ ɫɬɚɥɚ ɫɨɧɚɩɪɚɜɥɟɧɧɨɣ ɫ ɨɫɶɸ zi (ɡɧɚɤ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɨɦ ɩɪɚɜɨɣ ɪɭɤɢ).  
  
 ɉɨɫɬɪɨɢɦ ɦɧɨɠɟɫɬɜɨ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɬɪɟɯɡɜɟɧɧɨɝɨ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɲɟɫɬɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ:  

 

Ɋɢɫɭɧɨɤ 5.5 – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ 

 

Ⱦɥɹ ɜɪɚɳɚɬɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɣ ɩɚɪɚɦɟɬɪɵ di, ai ɢ αi ɹɜɥɹɸɬɫɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɫɨɱɥɟɧɟɧɢɹ, ɩɨɫɬɨɹɧɧɵɦɢ ɞɥɹ ɞɚɧɧɨɝɨ ɬɢɩɚ ɪɨɛɨɬɚ. ȼ ɬɨ 
ɜɪɟɦɹ ɤɚɤ θi ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɨɣ ɜɟɥɢɱɢɧɨɣ, ɢɡɦɟɧɹɸɳɟɣɫɹ ɩɪɢ ɞɜɢɠɟɧɢɢ 
(ɜɪɚɳɟɧɢɢ) i-ɝɨ ɡɜɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ (i – 1)-ɝɨ. 
 Ⱦɥɹ ɩɨɫɬɭɩɚɬɟɥɶɧɵɯ ɫɨɱɥɟɧɟɧɢɣ ɩɚɪɚɦɟɬɪɵ θi, ai ɢ αi –  ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɫɨɱɥɟɧɟɧɢɹ, ɧɟɢɡɦɟɧɧɵɟ ɞɥɹ ɞɚɧɧɨɝɨ ɪɨɛɨɬɚ, ɚ di – ɩɟɪɟɦɟɧɧɚɹ ɜɟɥɢɱɢɧɚ. 
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 5.3 Ⱥɥɝɨɪɢɬɦ 2.10.1."Ɏɨɪɦɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɶɟɜ" 

 

 ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɩɨɥɧɨɫɬɶɸ ɧɚɡɧɚɱɚɟɬ ɢ ɨɩɢɫɵɜɚɟɬ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ 
ɡɜɟɧɶɟɜ, ɫɨɜɦɟɫɬɢɦɵɟ ɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ ɞɥɹ ɞɚɧɧɨɝɨ 
ɢɫɩɨɥɧɢɬɟɥɶɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɪɨɛɨɬɚ ɫ n ɫɬɟɩɟɧɹɦɢ ɩɨɞɜɢɠɧɨɫɬɢ. ɇɚɱɚɥɨ 
ɫɢɫɬɟɦ ɤɨɨɪɞɢɧɚɬ ɨɫɧɨɜɚɧɢɹ ɩɪɢɧɹɬɨ ɡɚ 0-ɨɟ ɫɨɱɥɟɧɟɧɢɟ. 

1. Ɉɩɪɟɞɟɥɢɬɶ ɛɚɡɨɜɵɟ ɤɨɨɪɞɢɧɚɬɵ [x0y0z0] ɬɚɤ, ɱɬɨɛɵ ɨɫɶ z0 ɫɨɜɩɚɞɚɥɚ ɫ 
ɨɫɶɸ ɞɜɢɠɟɧɢɹ ɩɟɪɜɨɝɨ ɫɨɱɥɟɧɟɧɢɹ. 
2.  ɉɪɨɞɟɥɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɭɧɤɬɵ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ i = 

1,2…n. 
3. ɇɚɩɪɚɜɢɬɶ ɜɫɟ ɨɫɢ zi ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɹɦ ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢɥɢ 

ɜɪɚɳɟɧɢɹ (i+1)-ɝɨ ɫɨɱɥɟɧɟɧɢɹ. 
4. Ɂɚɞɚɬɶ ɧɚɱɚɥɨ i-ɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɥɢɛɨ ɧɚ ɩɟɪɟɫɟɱɟɧɢɢ ɨɫɟɣ zi ɢ zi-1, 

ɥɢɛɨ ɜ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɨɫɢ zi ɫ ɨɛɳɟɣ ɧɨɪɦɚɥɶɸ ɤ ɨɫɹɦ zi ɢ zi-1. 
5. Ɂɚɞɚɬɶ ɨɫɶ xi ɜ ɤɚɠɞɨɦ i-ɨɦ ɫɨɱɥɟɧɟɧɢɢ ɥɢɛɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɫɨɨɬɧɨɲɟɧɢɟɦ xi = ± (zi x zi-1), ɥɢɛɨ ɜɞɨɥɶ ɨɛɳɟɣ ɧɨɪɦɚɥɢ ɤ ɨɫɹɦ zi-1 ɢ zi, 
ɟɫɥɢ ɨɧɢ ɩɚɪɚɥɥɟɥɶɧɵ. 

6. Ɂɚɞɚɬɶ ɨɫɶ yi ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ yi = ± (zi x xi) ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ 
ɩɪɚɜɨɫɬɨɪɨɧɧɟɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 

7. ɇɚɣɬɢ di ɤɚɤ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ (i-1)-ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɞɨ 
ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɨɫɟɣ zi-1 ɢ xi. 

8. ɇɚɣɬɢ ai ɤɚɤ ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ ɨɫɢ zi-1 ɫ ɨɛɳɟɣ ɧɨɪɦɚɥɶɸ ɤ 
ɨɫɹɦ zi-1 ɢ zi ɞɨ ɧɚɱɚɥɚ i-ɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ. 

9. ɇɚɣɬɢ θi ɤɚɤ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɨɬ ɨɫɢ xi-1  ɞɨ ɨɫɢ xi. 
10.  ɇɚɣɬɢ αi ɤɚɤ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɨɬ ɨɫɢ zi-1  ɞɨ ɨɫɢ zi ɨɬɧɨɫɢɬɟɥɶɧɨ xi. 

 

 5.4 Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ. Ɉɛɡɨɪ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɹ 
ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ. 

 

 Ɉɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ ɪɟɲɚɸɬ ɦɧɨɝɨɤɪɚɬɧɵɦ ɪɟɲɟɧɢɟɦ 
ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɪɚɡɥɢɱɧɵɦɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ, ɩɪɟɞɥɨɠɟɧɧɵɦɢ 
ɧɢɠɟ: 
a) ɦɟɬɨɞ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ; 
b) ɝɪɚɞɢɟɧɬɧɵɣ ɦɟɬɨɞ; 
c) ɫɢɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ. 
  
 Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɨɜ ɩɪɹɦɨɝɨ ɩɨɢɫɤɚ ɹɜɥɹɟɬɫɹ 
ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɜɫɟɯ 
ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɨɞɧɨɦ ɲɚɝɟ ɢɬɟɪɚɰɢɢ. 
 Ɇɟɬɨɞ ɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦ ɜ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɨɦ 
ɨɩɬɢɦɢɡɚɰɢɢ. Ƚɥɚɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɨɝɪɚɧɢɱɟɧɧɚɹ 
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ɩɪɢɦɟɧɢɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɦɟɞɥɟɧɧɚɹ ɫɯɨɞɢɦɨɫɬɶ ɩɪɨɰɟɫɫɚ ɩɪɢ ɧɟɭɞɚɱɧɨɦ 
ɜɵɛɨɪɟ ɫɬɚɪɬɨɜɨɣ ɬɨɱɤɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɥɨɤɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ.  
 ɇɟɞɨɫɬɚɬɤɨɦ ɝɪɚɞɢɟɧɬɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɢ ɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɠɧɨ ɨɛɧɚɪɭɠɢɬɶ ɬɨɥɶɤɨ ɥɨɤɚɥɶɧɵɣ ɦɢɧɢɦɭɦ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ. Ⱦɪɭɝɢɦ ɧɟɞɨɫɬɚɬɤɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴɟɦ 
ɜɵɱɢɫɥɟɧɢɣ, ɬ.ɤ. ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɧɚɱɟɧɢɹ ɜɫɟɯ ɱɚɫɬɧɵɯ 
ɩɪɨɢɡɜɨɞɧɵɯ ɨɩɬɢɦɢɡɢɪɭɟɦɨɣ ɮɭɧɤɰɢɢ ɩɨ ɜɫɟɦ ɧɟɡɚɜɢɫɢɦɵɦ ɩɟɪɟɦɟɧɧɵɦ. 
 Ɉɞɢɧ ɢɡ ɫɭɳɟɫɬɜɟɧɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ ɝɪɚɞɢɟɧɬɧɨɝɨ ɦɟɬɨɞɚ ɫɜɹɡɚɧ ɫ ɟɝɨ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɩɨɝɪɟɲɧɨɫɬɹɦ ɜɵɱɢɫɥɟɧɢɣ. Ɉɫɨɛɟɧɧɨ ɫɢɥɶɧɨ ɷɬɨɬ 
ɧɟɞɨɫɬɚɬɨɤ ɫɤɚɡɵɜɚɟɬɫɹ ɜ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ ɦɢɧɢɦɭɦɚ, ɝɞɟ 
ɚɧɬɢɝɪɚɞɢɟɧɬ, ɡɚɞɚɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɢɫɤɚ, ɦɚɥ ɩɨ ɦɨɞɭɥɸ. ɉɨɷɬɨɦɭ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɝɪɚɞɢɟɧɬɧɨɝɨ ɦɟɬɨɞɚ ɧɚ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɢ ɩɨɢɫɤɚ 
ɫɭɳɟɫɬɜɟɧɧɨ ɧɢɠɟ, ɱɟɦ ɧɚ ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ. 
 ɉɪɢɱɢɧɵ, ɩɨ ɤɨɬɨɪɵɦ ɫɢɦɥɟɤɫɧɵɣ ɩɨɢɫɤ ɞɚɟɬ ɞɪɭɝɢɟ ɪɟɡɭɥɶɬɚɬɵ 
ɦɨɝɭɬ ɛɵɬɶ ɫɥɟɞɭɸɳɢɟ: 

 ɦɧɨɝɨɷɤɫɬɪɟɦɚɥɶɧɨɫɬɶ ɮɭɧɤɰɢɢ, ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɫɢɦɩɥɟɤɫ ɧɚɣɞɟɬ ɩɟɪɜɵɣ 
ɥɨɤɚɥɶɧɵɣ ɷɤɫɬɪɟɦɭɦ; 

 ɬ.ɤ. ɞɥɢɧɵ ɪɟɛɟɪ ɫɢɦɩɥɟɤɫɚ ɭɦɟɧɶɲɚɸɬɫɹ ɩɨ ɯɨɞɭ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ, ɬɨ ɨɧɢ 
ɦɨɝɭɬ ɫɬɚɬɶ ɫɥɢɲɤɨɦ ɦɚɥɟɧɶɤɢɦɢ ɢ ɩɪɨɩɭɫɬɢɬɶ ɷɤɫɬɪɟɦɭɦ, ɥɢɛɨ ɧɚɣɬɢ 
ɥɨɤɚɥɶɧɵɣ; 

 ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ Optimization Toolbox; 
 Ɇɟɬɨɞ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɨɢɫɤɚ ɧɟ ɥɢɲɟɧ ɧɟɞɨɫɬɚɬɤɨɜ. Ɉɞɧɢɦ ɢɡ ɧɢɯ 
ɹɜɥɹɟɬɫɹ ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɨɛɥɟɦɚ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ, ɤɨɬɨɪɚɹ ɩɨɹɜɥɹɟɬɫɹ ɨɬ  
ɬɨɝɨ, ɱɬɨ ɤɨɨɪɞɢɧɚɬɵ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɝɨ 
ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɟɲɟɧɢɹ ɪɟɚɥɶɧɵɯ ɡɚɞɚɱ 
ɧɟɨɛɯɨɞɢɦɨ ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɜɫɟ ɩɟɪɟɦɟɧɧɵɟ, ɱɬɨɛɵ ɢɯ ɡɧɚɱɟɧɢɹ ɛɵɥɢ 
ɫɪɚɜɧɢɦɵ ɩɨ ɜɟɥɢɱɢɧɟ. 
 Ʉɪɨɦɟ ɬɨɝɨ, ɚɥɝɨɪɢɬɦ ɧɟ ɢɫɩɨɥɶɡɭɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɟɞɵɞɭɳɢɯ 
ɢɬɟɪɚɰɢɹɯ ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɩɨɢɫɤɚ, ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɪɚɛɨɬɚɟɬ ɞɨɫɬɚɬɨɱɧɨ 
ɦɟɞɥɟɧɧɨ. 
 

 5.5 ɉɪɨɛɥɟɦɚ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɪɨɛɨɬɨɜ 

 

 ɉɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɨɛɥɟɦɵ: 

  ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɨ ɪɟɲɟɧɢɣ (ɦɧɨɝɨɷɤɫɬɪɟɦɚɥɶɧɨɫɬɶ). ɗɬɨ ɨɛɴɹɫɧɹɟɬɫɹ 
ɦɧɨɠɟɫɬɜɨɦ ɬɨɱɟɤ ɦɢɧɢɦɭɦɚ ɜ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ; 
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Ɋɢɫɭɧɨɤ 5.6 – Ɇɧɨɝɨɷɤɫɬɪɟɦɚɥɶɧɨɫɬɶ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 

 

  ɧɚɣɞɟɧɧɚɹ ɬɨɱɤɚ (ɪɟɡɭɥɶɬɚɬ) ɦɨɠɟɬ ɧɟ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɢɫɤɨɦɨɣ ɬɨɱɤɟ 
(ɡɚɞɚɧɧɨɣ). Ɉɛɴɹɫɧɹɟɬɫɹ ɷɬɨ ɬɟɦ, ɱɬɨ ɨɲɢɛɤɚ ɜ ɫɥɭɱɚɟ ɤɪɚɬɱɚɣɲɟɝɨ 
ɦɢɧɢɦɚɥɶɧɚ, ɚ ɛɨɥɶɲɟɝɨ – ɦɚɤɫɢɦɚɥɶɧɚ.  

 

Ɋɢɫɭɧɨɤ 5.7 – ɉɨɡɢɰɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɢ ɪɟɲɟɧɢɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
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 6 Ɋɚɡɪɚɛɨɬɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ  

 

 ɇɚ ɨɫɧɨɜɟ ɚɥɝɨɪɢɬɦɨɜ, ɨɩɪɟɞɟɥɟɧɧɵɯ ɜ ɪɚɡɞɟɥɟ 5, ɛɵɥɢ ɫɨɫɬɚɜɥɟɧɵ 2 
ɨɫɧɨɜɧɵɟ ɩɪɨɝɪɚɦɦɵ: 
 ɩɪɨɝɪɚɦɦɚ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɦɟɬɨɞɚɦɢ 

ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ ɢ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɨɢɫɤɚ; 
 ɩɪɨɝɪɚɦɦɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɪɨɛɨɬɚ. 

  
 ɉɪɨɝɪɚɦɦɚ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɪɟɞɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Matlab ɢ ɪɚɫɫɱɢɬɚɧɚ ɞɥɹ ɪɚɛɨɬɵ ɫ ɢɧɬɟɪɮɟɣɫɨɦ 
ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ. 
 MATLAB — ɷɬɨ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɹɡɵɤ ɢ ɢɧɬɟɪɚɤɬɢɜɧɚɹ ɫɪɟɞɚ ɞɥɹ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ. ɋ 
ɩɨɦɨɳɶɸ MATLAB ɦɨɠɧɨ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɞɚɧɧɵɟ, ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɚɥɝɨɪɢɬɦɵ, 
ɫɨɡɞɚɜɚɬɶ ɦɨɞɟɥɢ ɢ ɩɪɢɥɨɠɟɧɢɹ. MATLAB ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ 
ɹɡɵɤɚɦɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
(C/C++, Pascal, FORTRAN) ɩɨɡɜɨɥɹɟɬ ɧɚ ɩɨɪɹɞɨɤ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ ɪɟɲɟɧɢɹ 
ɬɢɩɨɜɵɯ ɡɚɞɚɱ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ. 
 ɍɩɪɚɜɥɟɧɢɟɦ ɢ ɫɢɧɯɪɨɧɢɡɚɰɢɟɣ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɡɚɧɢɦɚɟɬɫɹ ɤɨɞ ɞɥɹ 
Arduino. ɉɨ ɫɬɪɭɤɬɭɪɟ ɨɧ ɩɨɯɨɠ ɧɚ ɋ/ɋ++. 
 ɉɪɢ ɧɚɩɢɫɚɧɢɢ ɩɪɨɝɪɚɦɦ, ɹ ɪɭɤɨɜɨɞɫɬɜɨɜɚɥɫɹ ɩɪɢɧɰɢɩɨɦ 
ɢɧɤɚɩɫɭɥɹɰɢɢ. 
 ɂɧɤɚɩɫɭɥɹɰɢɹ – ɜɨɡɦɨɠɧɨɫɬɶ ɫɤɪɵɬɢɹ ɪɟɚɥɢɡɚɰɢɢ ɤɚɤɢɯ ɥɢɛɨ ɱɚɫɬɟɣ 
ɦɨɞɭɥɹ ɢɥɢ ɨɛɴɟɤɬɚ ɨɬ ɜɧɟɲɧɟɝɨ ɦɢɪɚ (ɨɬ ɤɥɢɟɧɬɚ)[55]. Ɍɨ ɟɫɬɶ ɥɸɛɨɦɭ 
ɞɪɭɝɨɦɭ, ɤɬɨ ɛɭɞɟɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɮɭɧɤɰɢɟɣ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɡɧɚɬɶ ɤɚɤ ɨɧɚ 
ɭɫɬɪɨɟɧɚ. 
 ɉɪɢ ɨɛɴɹɫɧɟɧɢɢ ɨɛɳɢɯ ɫɬɪɭɤɬɭɪ ɩɪɨɝɪɚɦɦ ɛɭɞɟɬ ɭɞɨɛɧɟɟ ɢɡɨɛɪɚɡɢɬɶ 
ɢɯ ɪɚɛɨɬɭ ɜ ɜɢɞɟ ɛɥɨɤ-ɫɯɟɦ. 
  

 6.1 Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ MATLAB 

 

  Ɍɚɤ ɤɚɤ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɢ ɨɛɪɚɬɧɨɣ 
ɡɚɞɚɱɢ ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɜɢɞ, ɧɚ ɪɢɫɭɧɤɟ 6.1 ɛɭɞɟɬ ɩɨɤɚɡɚɧɚ ɟɝɨ ɭɩɪɨɳɟɧɧɚɹ 
ɫɬɪɭɤɬɭɪɚ. Ʉɚɠɞɚɹ ɮɭɧɤɰɢɹ, ɨɩɢɫɚɧɧɚɹ ɧɢɠɟ, ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ 
ɩɨɞɮɭɧɤɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ. 
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Ɋɢɫɭɧɨɤ 6.1 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ MATLAB 

 

 6.2 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ 

 

 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ Forward_kinematic_decision_button 
_Callback ɫɨɞɟɪɠɢɬ ɧɚ ɩɪɨɜɟɪɤɭ ɧɚɥɢɱɢɟ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ: ɞɥɢɧ ɡɜɟɧɶɟɜ, 
ɡɜɟɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɢ ɭɝɥɵ ɩɨɜɨɪɨɬɚ. Ɍɚɤɠɟ ɫɨɫɬɨɢɬ ɢɡ ɮɭɧɤɰɢɢ forward_ 
kinematics_for_6_axis_3_link, ɜ ɤɨɬɨɪɨɣ ɢ ɩɪɨɢɫɯɨɞɹɬ ɨɫɧɨɜɧɵɟ ɜɵɱɢɫɥɟɧɢɹ 
ɫɨɝɥɚɫɧɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɸ Ⱦɟɧɚɜɢɬɚ-ɏɚɪɬɟɧɛɟɪɝɚ, ɩɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɫɨɱɥɟɧɟɧɢɣ ɢ ɡɜɟɧɶɟɜ. 
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Ɋɢɫɭɧɨɤ 6.2 – Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

 

 6.3 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 

 

 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ Inverse_kinematic_decision_button 
_Callback ɫɨɞɟɪɠɢɬ ɧɚ ɩɪɨɜɟɪɤɭ ɧɚɥɢɱɢɟ ɜɜɨɞɚ ɩɚɪɚɦɟɬɪɨɜ: ɞɥɢɧ ɡɜɟɧɶɟɜ, 
ɡɜɟɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ, ɧɚɱɚɥɶɧɭɸ ɢ ɤɨɧɟɱɧɭɸ ɬɨɱɤɢ. Ɍɚɤɠɟ ɫɨɫɬɨɢɬ ɢɡ 
ɮɭɧɤɰɢɢ inverse _ kinematics_for_6_axis_3_link, ɜ ɤɨɬɨɪɨɣ ɢ ɩɪɨɢɫɯɨɞɹɬ: 
 ɜɵɡɨɜ ɮɭɧɤɰɢɣ ɪɟɲɟɧɢɹ ɫɢɦɩɥɟɤɫ-ɦɟɬɨɞɨɦ ɢ ɦɟɬɨɞɨɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ 

ɫɩɭɫɤɚ;   
 ɩɨɫɬɪɨɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɨɱɥɟɧɟɧɢɣ ɢ ɡɜɟɧɶɟɜ. 
 

 6.3.1 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɦɟɬɨɞɨɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ 

 

1. Ɂɚɞɚɟɦ ɧɚɱɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ: ɱɢɫɥɨ ɫɨɱɥɟɧɟɧɢɣ, ɬɨɱɧɨɫɬɶ, ɲɚɝ ɩɨɢɫɤɚ, 
ɰɟɥɟɜɭɸ ɬɨɱɤɭ, ɧɚɱɚɥɶɧɵɟ ɭɝɥɵ ɩɨɢɫɤɚ, ɱɢɫɥɨ ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ, ɱɢɫɥɨ 
ɩɨɜɬɨɪɨɜ ɚɥɝɨɪɢɬɦɚ, ɢɧɢɰɢɚɥɢɡɢɪɭɟɦ ɩɨɥɭɱɢɜɲɭɸɫɹ ɬɨɱɤɭ: 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ: 
 

%Чɢɫɥɨ ɫɨɱɥɟɧɟɧɢɣ 
n=6;  
%Тɨɱɧɨɫɬɶ 
e=0.001; 
Shag=0.001;%ɨɬ min ɞɨ max ɭɝɥɚ 
%Зɚɞɚёɦ ɰɟɥɟɜɭɸ ɬɨɱɤɭ 
aim = [final_X final_Y final_Z];%ɢɫɤɨɦɚɹ ɬɨɱɤɚ 
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tetta = [0 0 0 0 0 0];%ɧɚɱɚɥɶɧɵɟ ɭɝɥɵ 
  
%ɉɪɨɝɪɚɦɦɚ ɢɫɩɨɥɶɡɭɸɳɚɹ ɜ ɤɚɱɟɫɬɜɟ ɦɟɬɨɞɚ ɨɩɬɢɦɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɫɯɟɦɵ 
ɚɥɝɨɪɢɬɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ 
w=0;%ɱɢɫɥɨ ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ 
q=1;%ɱɢɫɥɨ ɩɨɜɬɨɪɨɜ ɰɢɤɥɚ 
%Rez=0; 
RezP=[0 0 0];%ɩɨɥɭɱɢɜɲɚɹɫɹ ɬɨɱɤɚ Ɋ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 
h=1; 
 

 

2. ɋɱɢɬɚɟɦ ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ ɢ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɢɟ ɪɚɫɫɬɨɹɧɢɹ ɞɨ 
ɢɫɤɨɦɨɣ ɬɨɱɤɢ. 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ: 
 
        A01=[cos(tetta(1)) (-cos(alpha(1))*sin(tetta(1))) 

(sin(alpha(1))*sin(tetta(1))) a(1)*cos(tetta(1)); sin(tetta(1)) 

(cos(alpha(1))*cos(tetta(1))) (-sin(alpha(1))*cos(tetta(1))) 

(a(1)*sin(tetta(1))); 0 sin(alpha(1)) cos(alpha(1)) d(1); 0 0 0 1]; 
  
        A12=[cos(tetta(2)) (-cos(alpha(2))*sin(tetta(2))) 

(sin(alpha(2))*sin(tetta(2))) a(2)*cos(tetta(2)); sin(tetta(2)) 
(cos(alpha(2))*cos(tetta(2))) (-sin(alpha(2))*cos(tetta(2))) 

(a(2)*sin(tetta(2))); 0 sin(alpha(2)) cos(alpha(2)) d(2); 0 0 0 1]; 
  
        A23=[cos(tetta(3)) (-cos(alpha(3))*sin(tetta(3))) 

(sin(alpha(3))*sin(tetta(3))) a(3)*cos(tetta(3)); sin(tetta(3)) 

(cos(alpha(3))*cos(tetta(3))) (-sin(alpha(3))*cos(tetta(3))) 
(a(3)*sin(tetta(3))); 0 sin(alpha(3)) cos(alpha(3)) d(3); 0 0 0 1]; 
  
        A34=[cos(tetta(4)) (-cos(alpha(4))*sin(tetta(4))) 

(sin(alpha(4))*sin(tetta(4))) a(4)*cos(tetta(4)); sin(tetta(4)) 

(cos(alpha(4))*cos(tetta(4))) (-sin(alpha(4))*cos(tetta(4))) 

(a(4)*sin(tetta(4))); 0 sin(alpha(4)) cos(alpha(4)) d(4); 0 0 0 1]; 
  
        A45=[cos(tetta(5)) (-cos(alpha(5))*sin(tetta(5))) 

(sin(alpha(5))*sin(tetta(5))) a(5)*cos(tetta(5)); sin(tetta(5)) 

(cos(alpha(5))*cos(tetta(5))) (-sin(alpha(5))*cos(tetta(5))) 

(a(5)*sin(tetta(5))); 0 sin(alpha(5)) cos(alpha(5)) d(5); 0 0 0 1]; 
  
        A56=[cos(tetta(6)) (-cos(alpha(6))*sin(tetta(6))) 
(sin(alpha(6))*sin(tetta(6))) a(6)*cos(tetta(6)); sin(tetta(6)) 

(cos(alpha(6))*cos(tetta(6))) (-sin(alpha(6))*cos(tetta(6))) 

(a(6)*sin(tetta(6))); 0 sin(alpha(6)) cos(alpha(6)) d(6); 0 0 0 1]; 
  
        T1=A01; 
        T2=T1*A12; 
        T3=T2*A23; 
        T4=T3*A34; 
        T5=T4*A45; 
        T6=T5*A56; 
        P=[T6(1,4) T6(2,4) T6(3,4)]; %ɧɚɲɚ ɩɨɥɭɱɢɜɲɚɹɫɹ ɬɨɱɤɚ,ɫɬɪɟɦɢɬɶɫɹ ɤ 
ɰɟɥɟɜɨɣ 
         
%P=[initial_X initial_Y initial_Z]; %ɧɚɱɚɥɶɧɚɹ ɬɨɱɤɚ ɩɨɢɫɤɚ 
 

3. ɂɧɢɰɢɚɥɢɡɢɪɭɟɦ ɧɟɜɹɡɤɭ. 
 



 
Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

50 
ȻɊ – 15.03.06 ɉɁ 

Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ: 
 

J=zeros(1,10);%ɢɧɢɰɢɚɥɢɡɢɪɭɟɦ ɧɟɜɹɡɤɭ 
rez=0; 
  
for i=1:3 
rez = rez + (aim(i)-P(i))^2;%ɰɟɥɟɜ - ɩɨɥɭɱ 
end 
  
rez = sqrt(rez); 
J(1)=rez;%ɧɚɱ. ɡɧɚɱɟɧɢɟ ɧɟɜɹɡɤɢ 
R(1,:)=P; 

 
4. Ɂɚɩɭɫɤɚɟɦ ɚɥɝɨɪɢɬɦ ɩɨɤɨɨɪɞɢɧɚɬɧɨɝɨ ɫɩɭɫɤɚ. 
 

 6.3.2 Ɏɭɧɤɰɢɹ ɪɟɲɟɧɢɹ ɫɢɦɩɥɟɤɫ-ɦɟɬɨɞɨɦ 

 

ȼ ɮɭɧɤɰɢɢ Q.m ɡɚɞɚɟɬɫɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ. ɉɟɪɟɦɟɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɜ 
ɦɚɫɫɢɜɟ x; ɞɥɹ ɨɛɪɚɳɟɧɢɹ ɤ ɤɨɧɤɪɟɬɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɢɧɬɚɤɫɢɫ x(i), ɝɞɟ i – ɩɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɩɟɪɟɦɟɧɧɨɣ. Ɋɟɡɭɥɶɬɚɬ 
ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ ɩɟɪɟɦɟɧɧɭɸ ret. 

ȼ ɮɭɧɤɰɢɢ lab8.m ɩɪɨɢɫɯɨɞɢɬ ɢɧɢɰɢɚɥɢɡɚɰɢɹ ɩɨɢɫɤɚ, ɜɵɜɨɞ ɜɵɯɨɞɧɵɯ 
ɞɚɧɧɵɯ ɢ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɢɫɬɨɪɢɢ ɩɨɢɫɤɚ. Ɂɞɟɫɶ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

 kp – ɪɟɠɢɦ ɩɨɢɫɤɚ – ɩɨɢɫɤ ɦɢɧɢɦɭɦɚ (ɡɧɚɱɟɧɢɟ 0) ɢɥɢ ɦɚɤɫɢɦɭɦɚ 
(ɡɧɚɱɟɧɢɟ 1); 

 n – ɪɚɡɦɟɪɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɩɨɢɫɤɚ; 
 X0 – ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɢɫɤɚ (ɦɚɫɫɢɜ ɩɟɪɟɦɟɧɧɵɯ x1, x2, …, xn); 
 xmin, xmax – ɩɨɡɢɰɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ (ɦɚɫɫɢɜɵ); 
 axes – ɧɨɦɟɪɚ ɩɟɪɟɦɟɧɧɵɯ, ɞɥɹ ɤɨɬɨɪɵɯ ɧɭɠɧɨ ɩɨɫɬɪɨɢɬɶ ɝɪɚɮɢɤɢ 

ɢɫɬɨɪɢɢ ɩɨɢɫɤɚ (ɦɚɫɫɢɜ ɢɡ ɞɜɭɯ ɱɢɫɟɥ); 
 gridRes – ɪɚɡɪɟɲɟɧɢɟ ɫɟɬɤɢ ɝɪɚɮɢɤɨɜ ɢɫɬɨɪɢɢ ɩɨɢɫɤɚ. 
ɉɨɦɢɦɨ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɥɟɞɭɟɬ ɬɚɤɠɟ 

ɨɩɪɟɞɟɥɢɬɶ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ Q ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ fogr (ɫɦ. 
ɧɢɠɟ). ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɨɢɡɜɟɫɬɢ ɛɨɥɟɟ ɬɨɧɤɭɸ ɧɚɫɬɪɨɣɤɭ 
ɩɨɢɫɤɚ ɜ ɮɚɣɥɟ SimplexSearch.m (ɫɦ. ɧɢɠɟ). 

ȼ ɮɭɧɤɰɢɢ fogr.m ɨɩɢɫɵɜɚɸɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ. 
Ⱥɧɚɥɨɝɢɱɧɨ ɫ Q.m, ɩɟɪɟɦɟɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɜ ɦɚɫɫɢɜɟ x. ȿɫɥɢ ɞɚɧɧɨɟ 
ɡɧɚɱɟɧɢɟ x ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɡɨɧɵ ɩɨɢɫɤɚ, ɬɨ ɜ ret ɡɚɩɢɫɵɜɚɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɟ 
ɱɢɫɥɨ, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ ɜ ret ɡɚɩɢɫɵɜɚɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɱɢɫɥɨ ɢɥɢ ɧɨɥɶ. 

ȼ ɮɭɧɤɰɢɢ SimplexSearch.m ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɮɚɣɥɨɦ ɩɪɨɝɪɚɦɦɵ 
ɩɨɢɫɤɚ: ɮɭɧɤɰɢɹ SimplexSearch ɩɪɢɧɢɦɚɟɬ ɩɚɪɚɦɟɬɪɵ ɩɨɢɫɤɚ – ɪɟɠɢɦ 
ɩɨɢɫɤɚ, ɤɨɥɢɱɟɫɬɜɨ ɩɟɪɟɦɟɧɧɵɯ, ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɢ ɞɪ., ɢ ɜɨɡɜɪɚɳɚɟɬ 
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ɢɫɬɨɪɢɸ ɩɨɢɫɤɚ – ɦɚɫɫɢɜ ɜɫɟɯ ɬɨɱɟɤ ɬɪɚɟɤɬɨɪɢɢ ɩɨɢɫɤɚ ɢ ɡɧɚɱɟɧɢɣ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ ɜ ɧɢɯ. 

ȼ ɮɭɧɤɰɢɢ SimplexSearchBody.m ɨɩɢɫɵɜɚɟɬɫɹ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ. 
ȼ ɮɭɧɤɰɢɢ CheckPosConstraints.m ɧɚɯɨɞɢɬɫɹ ɮɭɧɤɰɢɹ, ɩɪɢɧɢɦɚɸɳɚɹ 

ɦɚɫɫɢɜ ɩɟɪɟɦɟɧɧɵɯ ɩɨɢɫɤɚ x ɢ ɜɨɡɜɪɚɳɚɸɳɚɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɯ ɢɡ ɧɢɯ, ɞɥɹ 
ɤɨɬɨɪɵɯ ɛɵɥɢ ɧɚɪɭɲɟɧɵ ɩɨɡɢɰɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ.  

ȼ ɮɭɧɤɰɢɢ CalculateEdges ɜɨɡɜɪɚɳɚɟɬ ɞɥɢɧɵ ɪɟɛɟɪ ɧɚɱɚɥɶɧɨɝɨ ɢ 
ɤɨɧɟɱɧɨɝɨ ɫɢɦɩɥɟɤɫɨɜ, ɚ ɬɚɤɠɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɬɨɱɤɚɦɢ xmin ɢ xmax (ɫɦ 
lab8.m). 
 

 6.4 Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ Arduino 

 

 ɋɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɦɚɤɫɢɦɚɥɶɧɨ ɭɩɪɨɳɟɧɚ ɞɥɹ ɤɨɧɟɱɧɨɝɨ  
ɩɨɥɶɡɨɜɚɬɟɥɹ, ɫɥɟɞɭɹ ɩɪɢɧɰɢɩɚɦ ɢɧɤɚɩɫɭɥɹɰɢɢ. ɉɪɨɝɪɚɦɦɚ ɫɨɫɬɨɢɬ ɢɡ: 

 ɞɢɪɟɤɬɢɜ ɩɪɟɩɪɨɰɟɫɫɨɪɚ #include <Servo.h> ɢ ɡɚɞɚɧɢɹ ɝɥɨɛɚɥɶɧɵɯ 
ɩɟɪɟɦɟɧɧɵɯ; 

 ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɢ loop(), ɜ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧ ɨɫɧɨɜɧɨɣ ɜɨɞ ɩɪɨɝɪɚɦɦɵ ɢ 
ɨɛɪɚɳɟɧɢɟ ɤ ɮɭɧɤɰɢɹɦ, ɤɨɬɨɪɵɟ ɭɩɪɚɜɥɹɸɬ ɞɜɢɠɟɧɢɹɦɢ ɪɨɛɨɬɨɦ; 

 ɮɭɧɤɰɢɢ setup(), ɜ ɤɨɬɨɪɨɣ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢɤɪɟɩɥɟɧɢɟ ɩɢɧɨɜ; 
 ɮɭɧɤɰɢɣ Rotate_1_Axis(), Rotate_2_Axis(), Rotate_3_Axis(), Rotate_4_Axis(), 

Rotate_5_Axis(), Rotate_6_Axis(), ɤɨɬɨɪɵɟ ɨɬɜɟɱɚɸɬ ɡɚ ɩɨɜɨɪɨɬ ɭɝɥɨɜ 
ɤɚɠɞɨɣ ɢɡ ɲɟɫɬɢ ɫɬɟɩɟɧɟɣ ɫɜɨɛɨɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

 ɮɭɧɤɰɢɣ Open() ɢ Close(), ɨɬɜɟɱɚɸɳɢɯ ɡɚ ɨɬɤɪɵɬɢɟ ɢ ɡɚɤɪɵɬɢɟ ɫɯɜɚɬɚ. 
 

 
Ɋɢɫɭɧɨɤ 6.3 – Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɨɝɪɚɦɦɵ ɞɥɹ Arduino 
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 Ɉɬɞɟɥɶɧɨ ɫɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɮɭɧɤɰɢɹɯ Rotate_1_Axis(), 
Rotate_2_Axis(), Rotate_3_Axis(), Rotate_4_Axis(), Rotate_5_Axis(), 
Rotate_6_Axis() ɨɫɭɳɟɫɬɜɥɟɧɚ ɩɪɨɜɟɪɤɚ ɩɨ ɬɟɤɭɳɟɦɭ ɩɨɥɨɠɟɧɢɸ ɫɯɜɚɬɚ, ɬ.ɟ. 
ɧɟ ɧɚɞɨ ɤɚɠɞɵɣ ɪɚɡ ɜɨɡɜɪɚɳɚɬɶ ɭɝɥɵ ɜ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ. Ɉɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɩɪɢ ɩɨɦɨɳɢ ɮɭɧɤɰɢɢ myservo.read(). 
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7 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɩɪɨɟɤɬɚ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ ɧɚ ɞɢɩɥɨɦɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɛɵɥɨ ɩɪɢɨɛɪɟɬɟɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ. ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱёɬ ɫɦɟɬɵ 
ɡɚɬɪɚɬ, ɫɜɹɡɚɧɧɵɯ ɫ ɢɯ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟɦ. 

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

ɚ) ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 
ɛ) ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
ɜ) ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɫɱɟɬ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɦɟɬɵ ɡɚɬɪɚɬ. 
 

7.1 Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɨɫɧɨɜɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ 

ɨɛɟɫɩɟɱɟɧɢɟ 

 

ɋɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɱɢɫɥɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

ɩɪɨɝɨɛɡ SSS  , (7.1) 
 

ɝɞɟ ɨɛS  – ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ; 
ɩɪɨɝS  –  ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 

 
Ɂɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 7.1, ɡɚɬɪɚɬɵ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɜ ɬɚɛɥɢɰɟ 7.2. 
 
 
Ɍɚɛɥɢɰɚ 7.1 – ɋɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɋɬɨɢɦɨɫɬɶ, ɪɭɛ. 
Microsoft Windows 10 Professional RU 

x86-64 
4000 

Microsoft Office 2013 Professional 9398 
MATLAB and Simulink Student Suite 3430 

KOMPAS 3D Home 1490 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 18318 
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Ɍɚɛɥɢɰɚ 7.2 – ɋɬɨɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ 

ɇɚɢɦɟɧɨɜɚɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɨ, 

ɲɬ. 
ɐɟɧɚ ɡɚ 

ɲɬ., ɪɭɛ. 
ɋɭɦɦɚ, 

ɪɭɛ. 
PLA-ɩɥɚɫɬɢɤ 2 1500 3000 

ɋɟɪɜɨɩɪɢɜɨɞ TowerPRO 
MG996R 

7 330 2310 

ɋɟɪɜɨɩɪɢɜɨɞ MG90S 2 130 260 
Wi-fi ɦɨɞɭɥɶ NodeMcu v3 

Lua 
1 790 790 

Arduino Mega 2560 1 1020 1020 
Ȼɥɨɤ ɩɢɬɚɧɢɹ HP  

19V, 6.15 A 
1 1200 1200 

ɉɨɧɢɠɚɸɳɢɣ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ 

ɧɚɩɪɹɠɟɧɢɹ XL4016 
1 610 610 

 
 
ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7.2. 

16-ɛɢɬɧɵɣ ɒɂɆ-
ɤɨɧɬɪɨɥɥɟɪ ɞɥɹ ɩɢɬɚɧɢɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ 
ɫɟɪɜɨɩɪɢɜɨɞɚɦɢ ɧɚ ɨɫɧɨɜɟ 

PCA9685 

1 400 400 

3D-ɩɪɢɧɬɟɪ 1 12467 12467 
ȼɢɧɬɵ Ɇ3*8 (ɫ 
ɲɟɫɬɢɝɪɚɧɧɵɦ 

ɭɝɥɭɛɥɟɧɢɟɦ ɩɨɞ ɤɥɸɱ) 
36 - 20 

ɇɨɭɬɛɭɤ Acer 
/4.0Gb/500Gb/1024Mb 

1 15000 15000 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 33010 
 

Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɚ: 

33010 18318 51328 ɪɭɛ.ɡS     (7.2) 

 

7.2 Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɨɢɦɨɫɬɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ:  
 PɉɄ = 65 ȼɬ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɧɨɭɬɛɭɤɨɦ;  
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 Pɥ = 18 ȼɬ – ɦɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɥɚɦɩɨɣ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ;  
 

 n = 12 – ɤɨɥɢɱɟɫɬɜɨ ɥɚɦɩ ɞɧɟɜɧɨɝɨ ɫɜɟɬɚ;  
 Tɷɥ.= 2.26 ɪɭɛ./ɤȼɬ ∙ ɱ. - ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ; 
 Nɱ = 84 ɞɧɟɣ  – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ; 

 
 Nɱ = 8 ɱ. – ɱɚɫɨɜ ɡɚ ɪɚɛɨɱɢɣ ɞɟɧɶ. 

 
Ɋɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ: 
 

.ɞ. .( )ɷɥ ɉК ɥ ɱ ɷɥ ДS Ɋ Ɋ n N Ɍ N       (7.3) 

 
Ɋɚɫɫɱɢɬɚɟɦ ɪɚɫɯɨɞɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ: 

 

.ɞ. (0,065 0,018 12) 8 2,26 84 426ɷɥS ɪɭɛɥɟɣ        (7.4) 

 

7.3 Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 

 

Ⱦɥɹ ɪɚɫɱёɬɚ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟɨɛɯɨɞɢɦɨ 
ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɩɟɪɜɨɧɚɱɚɥɶɧɭɸ ɫɬɨɢɦɨɫɬɶ  ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 
ɫɪɨɤ ɫɥɭɠɛɵ. Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɤɨɦɩɶɸɬɟɪɚ ɩɨ ɮɨɪɦɭɥɟ: 

,
12



l

mК
АК n

nɋɁ  (7.5) 

 

ɝɞɟ     15000 ɪɭɛ.Кɋ   – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ  ɨɛɨɪɭɞɨɜɚɧɢɹ; 
ɦɟɫɹɰɚ 4mn – ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

5 ln   – ɫɪɨɤ ɫɥɭɠɛɵ. Ɍɨɝɞɚ 

15000 4
1000 ɪɭɛ.

5 12А АКɁ Ɂ 
  


 (7.6) 

 

7.4 ɋɦɟɬɚ ɡɚɬɪɚɬ 

 

ȼɫɟ ɡɚɬɪɚɬɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɨɛɪɟɬɟɧɢɟɦ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɚɦɨɪɬɢɡɚɰɢɸ, ɨɩɥɚɬɭ ɬɪɭɞɚ ɢ 
ɚɪɟɧɞɭ ɩɨɦɟɳɟɧɢɹ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 7.3 ɢ ɩɨɤɚɡɚɧɵ ɜ ɞɨɥɟɜɨɦ 
ɫɨɨɬɧɨɲɟɧɢɢ ɧɚ ɪɢɫɭɧɤɟ 7.1. 
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Ɍɚɛɥɢɰɚ 7.3 – ɋɦɟɬɚ ɡɚɬɪɚɬ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ 
ɋɭɦɦɚ ɡɚɬɪɚɬ, 

ɪɭɛ. 

Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ 51328 

Ɂɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 1 000 

Ɂɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ  426 

ɂɬɨɝɨ 52754 

 

 

Ɋɢɫɭɧɨɤ 7.1 – Ⱦɢɚɝɪɚɦɦɚ ɡɚɬɪɚɬ 

 

7.5 ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ ɢ ɫɩɨɫɨɛɵ ɷɤɨɧɨɦɢɢ 

 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɨɩɪɟɞɟɥɟɧɚ ɫɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɞɢɩɥɨɦɧɨɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɥɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 7.3, 
ɨɫɧɨɜɧɭɸ ɱɚɫɬɶ ɡɚɬɪɚɬ ɡɚɧɢɦɚɟɬ ɩɨɤɭɩɤɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ȼ ɫɜɹɡɢ 
ɫ ɷɬɢɦ, ɜ ɷɬɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɥɨɠɟɧɵ ɫɩɨɫɨɛɵ ɷɤɨɧɨɦɢɢ. Ɋɚɫɫɦɨɬɪɢɦ ɢɯ: 
 Ɉɩɟɪɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ: 

 Ɇɨɠɧɨ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ, ɭɫɬɚɧɨɜɢɜ ɨɩɟɪɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ Linux, ɬ.ɤ. 
ɨɧɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɫɜɨɛɨɞɧɨɣ ɥɢɰɟɧɡɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɩɪɢ 
ɤɨɦɦɟɪɱɟɫɤɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɢ. Ɉɧɚ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɢɧɬɟɪɮɟɣɫ, ɫɯɨɠɢɣ ɫ 
Windows. Ɍɚɤɠɟ ɟɫɬɶ ɷɦɭɥɹɬɨɪ Wine, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɡɚɩɭɫɤɚɬɶ 
ɩɪɨɝɪɚɦɦɵ, ɧɚɩɢɫɚɧɧɵɟ ɞɥɹ Windows ɧɚ Linux. 
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 Ɍɚɤɠɟ ɦɨɠɧɨ ɭɫɬɚɧɨɜɢɬɶ Windows ɩɨ OEM-ɥɢɰɟɧɡɢɢ. ɗɬɨ ɨɛɨɣɞɟɬɫɹ ɜ 
ɫɭɦɦɭ ɨɬ 300 ɞɨ 1200 ɪɭɛɥɟɣ. 

 Office 
 ɉɪɨɝɪɚɦɦɭ ɞɥɹ ɨɬɱɟɬɨɜ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɢɨɛɪɟɫɬɢ ɩɨ ɫɜɨɛɨɞɧɨɣ 
ɥɢɰɟɧɡɢɢ. ɋɟɣɱɚɫ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵ LibreOffice ɢ LibreOffice. 

 ɋɢɫɬɟɦɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
 Ⱦɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɜɫɟ ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɧɚɛɢɪɚɟɬ 
ɹɡɵɤ Python ɜɜɢɞɭ ɩɪɨɫɬɨɬɵ ɧɚɩɢɫɚɧɢɹ ɢ ɱɢɬɚɛɟɥɶɧɨɫɬɢ ɤɨɞɚ. Ⱦɥɹ 
ɧɚɭɱɧɵɯ ɪɚɫɱɟɬɨɜ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɛɢɛɥɢɨɬɟɤɢ. Ɋɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ 
ɫɜɨɛɨɞɧɨɣ ɥɢɰɟɧɡɢɢ. 
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8 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ 

ȼ ɞɚɧɧɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɢ 
ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɦɟɪ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɩɪɨɟɤɬɧɨɦ ɷɬɚɩɟ. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 12.0.001-2013, ȽɈɋɌ 12.0.003-2015, ȽɈɋɌ 12.1.019-2017, 
ȽɈɋɌ 12.2.003-91, ȽɈɋɌ 12.1.038-82, ȽɈɋɌ 12.3.002-2014 [33-42] ɢ 
ɞɨɫɬɢɝɚɟɬɫɹ: 
  

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

 ɩɪɢɦɟɧɟɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɛɟɡɨɩɚɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 

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

ɪɚɛɨɬɚɯ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ ɢ ɯɪɚɧɟɧɢɢ; 
 ɪɚɡɦɟɳɟɧɢɟɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɩɥɨɳɚɞɤɟ; 
 ɜɵɛɨɪɨɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 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. 
 

Ɉɛɨɪɭɞɨɜɚɧɢɟ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɜ 
ɭɫɥɨɜɢɹɯ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɢ ɪɟɦɨɧɬɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ ɩɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 2.601-2013 ɢ ȽɈɋɌ 2.602-2013 ɧɟ ɞɨɥɠɧɨ ɫɨɡɞɚɜɚɬɶ 
ɨɩɚɫɧɨɫɬɢ ɜ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɞɟɣɫɬɜɢɹ ɜɵɫɨɤɨɣ 
ɜɥɚɠɧɨɫɬɢ, ɬɟɦɩɟɪɚɬɭɪɵ, ɫɨɥɧɟɱɧɨɣ ɪɚɞɢɚɰɢɢ, ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ, 
ɩɟɪɟɩɚɞɚ ɞɚɜɥɟɧɢɣ, ɚɝɪɟɫɫɢɜɧɵɯ ɜɟɳɟɫɬɜ, ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɨɛɥɟɞɟɧɟɧɢɹ ɢ 
ɞɪɭɝɢɯ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɟɫɬɨ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ 
ɫɢɬɭɚɰɢɹɯ. 

 
8.1 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɷɥɟɦɟɧɬɨɜ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 
 
Ɇɚɧɢɩɭɥɹɰɢɨɧɧɵɣ ɪɨɛɨɬ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 

 ɤɨɪɩɭɫɧɵɟ ɢ ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ; 
 ɫɟɪɜɨɩɪɢɜɨɞɵ; 
 ɤɨɧɬɪɨɥɥɟɪɵ; 
 ɤɚɛɟɥɢ; 
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 ɩɪɢɟɦɧɢɤɢ ɢ ɩɟɪɟɞɚɬɱɢɤɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
ȼɫɟ ɷɥɟɦɟɧɬɵ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɵɫɨɤɨɣ 

ɩɨɠɚɪɧɨɣ (ȽɈɋɌ 12.1.004) ɢ ɜɡɪɵɜɨɨɩɚɫɧɨɫɬɢ (ȽɈɋɌ 12.1.010). 
 
Кɨɪɩɭɫɧɵɟ ɢ ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ. 
Ɇɚɧɢɩɭɥɹɰɢɨɧɧɵɣ ɪɨɛɨɬ ɫɨɞɟɪɠɢɬ ɤɨɪɩɭɫɧɵɟ ɷɥɟɦɟɧɬɵ, ɜɵɩɨɥɧɟɧɧɵɟ 

ɢɡ ɩɥɚɫɬɢɤɚ, ɚ ɬɚɤɠɟ ɤɪɟɩɟɠɧɵɟ ɢɡɞɟɥɢɹ (ɜɢɧɬɵ, ɝɚɣɤɢ).  
ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.1.019, ɤɨɪɩɭɫɧɵɟ ɢ 

ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɧɟ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɨɩɚɫɧɨɫɬɢ, ɬɚɤ ɤɚɤ ɤɨɪɩɭɫɧɵɟ ɢɡɞɟɥɢɹ, 
ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ PLA-ɩɥɚɫɬɢɤɚ, ɧɟ ɩɪɨɜɨɞɹɬ ɬɨɤ, ɚ ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ ɧɟ 
ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ ɬɨɤɨɜɟɞɭɳɢɦɢ ɱɚɫɬɹɦɢ ɪɨɛɨɬɨɜ. ɉɪɢ ɷɬɨɦ PLA-ɩɥɚɫɬɢɤ 
ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɢ ɱɢɫɬɵɦ, ɛɭɞɭɱɢ ɢɡɝɨɬɨɜɥɟɧɧɵɦ ɢɡ ɫɚɯɚɪɧɨɣ ɫɜёɤɥɵ. 
Ɇɚɫɫɨɜɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɵɥɢ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0.07 ɦɝ/ɦ3, ɯɨɬɹ ɧɨɪɦɚɬɢɜ 
ɡɚɩɵɥɟɧɧɨɫɬɢ ɞɥɹ ɨɮɢɫɧɨɝɨ ɩɨɦɟɳɟɧɢɹ ɫɨɫɬɚɜɥɹɟɬ 0.50 ɦɝ/ɦ3. ɇɨɪɦɵ 
ɨɩɢɫɚɧɵ ɜ ɞɨɤɭɦɟɧɬɚɯ:  

 Ƚɇ 2.1.6.1338. «ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) ɡɚɝɪɹɡɧɹɸɳɢɯ 
ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɧɚɫɟɥɟɧɧɵɯ ɦɟɫɬ. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ 
ɧɨɪɦɚɬɢɜɵ» (ɫ.ɢɡɦ. ɢ ɞɨɩ.) 

 Ƚɇ 2.1.6.1983 05 «ɉɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ (ɉȾɄ) 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɜɟɳɟɫɬɜ ɜ ɚɬɦɨɫɮɟɪɧɨɦ ɜɨɡɞɭɯɟ ɧɚɫɟɥɟɧɧɵɯ ɦɟɫɬ. Ⱦɨɩɨɥɧɟɧɢɹ 
ɢ ɢɡɦɟɧɟɧɢɹ N 2ɤ. 

 Ƚɇ 2.1.6.1338-03» ȽɈɋɌ ɊɂɋɈ 16000-1-2007 «ȼɨɡɞɭɯ ɡɚɦɤɧɭɬɵɯ ɩɨɦɟɳɟɧɢɣ. 
ɑɚɫɬɶ 1. Ɉɬɛɨɪ ɩɪɨɛ. Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ» [33-42] 

 
ɋɟɪɜɨɩɪɢɜɨɞɵ. 
ɋɟɪɜɨɩɪɢɜɨɞɵ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɜɢɠɟɧɢɟ 

ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ.   
ɋɟɪɜɨɩɪɢɜɨɞɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɜɜɨɞɟ ɜ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɬɪɟɛɨɜɚɧɢɣ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ. ɋɨɨɬɜɟɬɫɬɜɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɈɋɌ 12.1.019 ɢ ȽɈɋɌ 12.1.038 ɬɚɤɠɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ: 

 ɫɟɪɜɨɩɪɢɜɨɞɵ ɢɦɟɸɬ ɩɥɚɫɬɢɤɨɜɵɟ ɤɨɪɩɭɫɚ, ɢɫɤɥɸɱɚɸɳɢɯ ɤɨɧɬɚɤɬ 
ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɢɯ ɜɧɭɬɪɟɧɧɢɦɢ ɱɚɫɬɹɦɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ; 

 ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɹɯ 
ɫɟɪɜɨɩɪɢɜɨɞɨɜ – 6 ȼ, ɱɬɨ, ɧɟ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ   ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
– 8 ȼ; 

 ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɧɟ ɢɦɟɸɬ ɨɫɬɪɵɯ ɭɝɥɨɜ, 
ɤɪɨɦɨɤ, ɡɚɭɫɟɧɰɟɜ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɧɟɪɨɜɧɨɫɬɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɨɩɚɫɧɨɫɬɶ ɬɪɚɜɦɵ ɪɚɛɨɬɚɸɳɢɯ; 

 ɤɨɧɫɬɪɭɤɰɢɹ ɫɟɪɜɨɩɪɢɜɨɞɚ ɢɫɤɥɸɱɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ 
ɨɫɥɚɛɥɟɧɢɟ ɢɥɢ ɪɚɡɴɟɞɢɧɟɧɢɟ ɤɪɟɩɥɟɧɢɣ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɢ ɞɟɬɚɥɟɣ ɡɚ ɫɱёɬ  
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 ɢɯ ɧɚɞёɠɧɨɝɨ ɤɪɟɩɥɟɧɢɹ. 
 
Кɨɧɬɪɨɥɥɟɪ. 
Ʉɨɧɬɪɨɥɥɟɪ ɩɨɥɭɱɚɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɨɬ ɛɥɨɤɚ ɩɢɬɚɧɢɹ, 

ɤɨɬɨɪɨɣ ɫɧɚɛɠɚɸɬ ɫɟɪɜɨɩɪɢɜɨɞɵ, ɞɚɬɱɢɤɢ ɢ ɩɪɢёɦɧɢɤɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɸɬ ɭɩɪɚɜɥɟɧɢɟ ɢ ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɫ ɧɢɦɢ. 

Ʉɨɧɬɪɨɥɥɟɪ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɜɜɨɞɟ ɜ 
ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɬɪɟɛɨɜɚɧɢɣ, 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ. ɋɨɨɬɜɟɬɫɬɜɢɟ 
ɬɪɟɛɨɜɚɧɢɹɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ȽɈɋɌ 12.1.019 ɢ ȽɈɋɌ 12.1.038 ɬɚɤɠɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɤɨɧɬɪɨɥɥɟɪɨɜ: 

 ɤɨɧɬɪɨɥɥɟɪ ɢɦɟɟɬ ɩɥɚɫɬɢɤɨɜɵɟ ɤɨɪɩɭɫɚ, ɢɫɤɥɸɱɚɸɳɢɯ ɤɨɧɬɚɤɬ 
ɪɚɛɨɬɚɸɳɟɝɨ ɫ ɢɯ ɜɧɭɬɪɟɧɧɢɦɢ ɱɚɫɬɹɦɢ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ; 

 ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɹɯ 
ɤɨɧɬɪɨɥɥɟɪɚ – 12 ȼ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.1.038 ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɜ 1 ɫ ɢ ɛɨɥɟɟ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ; 

 ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɧɬɪɨɥɥɟɪɚ ɧɟ ɢɦɟɸɬ ɨɫɬɪɵɯ ɭɝɥɨɜ, 
ɤɪɨɦɨɤ, ɡɚɭɫɟɧɰɟɜ ɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɧɟɪɨɜɧɨɫɬɹɦɢ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ 
ɨɩɚɫɧɨɫɬɶ ɬɪɚɜɦɵ ɪɚɛɨɬɚɸɳɢɯ; 

 ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɧɬɪɨɥɥɟɪɚ ɢɫɤɥɸɱɚɟɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɨɫɥɚɛɥɟɧɢɟ 
ɢɥɢ ɪɚɡɴɟɞɢɧɟɧɢɟ ɤɪɟɩɥɟɧɢɣ ɫɛɨɪɨɱɧɵɯ ɟɞɢɧɢɰ ɢ ɞɟɬɚɥɟɣ ɡɚ ɫɱёɬ ɢɯ 
ɧɚɞёɠɧɨɝɨ ɤɪɟɩɥɟɧɢɹ. 

 
Кɚɛɟɥɢ. 
ȼ ɤɨɦɩɥɟɤɬɚɯ ɢɦɟɸɬɫɹ ɞɜɭɯ-, ɢ ɬɪёɯɠɢɥɶɧɵɟ ɤɚɛɟɥɢ ɩɢɬɚɧɢɹ ɢ ɫɜɹɡɢ. 

ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɫ ɤɚɛɟɥɹɦɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ ɢɯ ɫɜɨɣɫɬɜɚɦɢ: 

 ɧɚɥɢɱɢɟ ɪɚɛɨɱɟɣ ɢɡɨɥɹɰɢɢ; 
 ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɦɟɠɞɭ ɠɢɥɚɦɢ ɤɚɛɟɥɟɣ, ɤɪɨɦɟ ɤɚɛɟɥɟɣ 

ɩɢɬɚɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ 5 ȼ, ɱɬɨ, ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 12.1.038, ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ – 8 ȼ; 

 ɧɚɩɪɹɠɟɧɢɟ ɦɟɠɞɭ ɠɢɥɚɦɢ ɤɚɛɟɥɟɣ ɩɢɬɚɧɢɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ 
ɫɨɫɬɚɜɥɹɟɬ 12 ȼ, ɱɬɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.1.038 ɧɟ 
ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢɤɨɫɧɨɜɟɧɢɹ 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɜ 1 ɫ ɢ ɛɨɥɟɟ ɩɪɢ ɚɜɚɪɢɣɧɨɦ ɪɟɠɢɦɟ ɪɚɛɨɬɵ 
ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ; 

 ɤɨɧɰɵ ɩɪɨɜɨɞɨɜ ɫɧɚɛɠɟɧɵ ɫɨɟɞɢɧɢɬɟɥɹɦɢ, ɢɫɤɥɸɱɚɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɶ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ. 
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ɉɪɢɟɦɧɢɤɢ ɢ ɩɟɪɟɞɚɬɱɢɤɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɫɢɝɧɚɥɚ. 
ȼɫɟ ɩɪɢёɦɧɢɤɢ ɢ ɩɟɪɟɞɚɬɱɢɤɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɭɸɬ 

ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɫ ɧɚɩɪɹɠɟɧɢɟɦ ɧɟ ɛɨɥɟɟ 5 ȼ, ɱɬɨ, ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ 
ȽɈɋɌ 12.1.038, ɧɟ ɩɪɟɜɵɲɚɟɬ ɩɪɟɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ 
ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ ɪɟɠɢɦɟ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ 
– 8 ȼ.  

 
8.2 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
 
Ȼɟɡɨɩɚɫɧɨɫɬɶ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɛɟɡɨɩɚɫɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɜɟɳɟɫɬɜ. 
ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ȽɈɋɌ 12.3.002: 

 ɦɚɬɟɪɢɚɥɵ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ 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 8.1 – Ɇɚɬɟɪɢɚɥɵ, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ ɷɥɟɦɟɧɬɨɜ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ 
ɪɨɛɨɬɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɦɚɬɟɪɢɚɥɚ Ʉɥɚɫɫ ɨɩɚɫɧɨɫɬɢ 
ɂɧɠɟɧɟɪɧɵɣ PLA-ɩɥɚɫɬɢɤ (ɤɨɪɩɭɫɧɵɟ ɷɥɟɦɟɧɬɵ, 
ɪɟɞɭɤɬɨɪɵ ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɤɨɪɩɭɫɚ ɞɚɬɱɢɤɨɜ ɢ 
ɤɨɧɬɪɨɥɥɟɪɚ) 

4 

ɋɬɚɥɶ (ɤɪɟɩɟɠɧɵɟ ɢɡɞɟɥɢɹ) 4 
Ɇɟɞɶ (ɤɚɛɟɥɢ ɩɢɬɚɧɢɹ ɢ ɫɜɹɡɢ) 4 
ɋɬɟɤɥɨɬɟɤɫɬɨɥɢɬ, ɮɨɥɶɝɚ, ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɞɪ. (ɩɟɱɚɬɧɵɟ ɩɥɚɬɵ ɢ ɷɥɟɤɬɪɨɧɧɵɟ 
ɫɯɟɦɵ ɛɨɪɬɨɜɵɯ ɤɨɧɬɪɨɥɥɟɪɨɜ, ɫɟɪɜɨɩɪɢɜɨɞɨɜ ɢ 
ɞɚɬɱɢɤɨɜ) 

4 

 
ȼɫɟ ɜɟɳɟɫɬɜɚ ɢ ɦɚɬɟɪɢɚɥɵ ɩɪɨɲɥɢ ɝɢɝɢɟɧɢɱɟɫɤɭɸ ɩɪɨɜɟɪɤɭ ɢ ɩɨɜɟɪɤɭ 

ɧɚ ɩɨɠɚɪɨɨɩɚɫɧɨɫɬɶ. Ɇɚɬɟɪɢɚɥɵ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɬɚɛɥɢɰɚ 8.1) ɧɟ 
ɨɤɚɡɵɜɚɸɬ ɨɩɚɫɧɨɝɨ ɢ ɜɪɟɞɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɢ ɧɟ 
ɫɨɡɞɚɸɬ ɩɨɠɚɪɨɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɢɬɭɚɰɢɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ 
ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 
8.3 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ 
 
Ʉɨɧɫɬɪɭɤɰɢɢ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɩɬɢɦɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɬɪɭɞɚ ɢ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 
12.2.064, ȽɈɋɌ 12.2.061, ȽɈɋɌ 12.2.003: 
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 ɨɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɸɬ ɫɪɟɞɫɬɜɚ ɷɤɫɬɪɟɧɧɨɝɨ (ɚɜɚɪɢɣɧɨɝɨ) 
ɜɵɤɥɸɱɟɧɢɹ; 

 ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɪɝɚɧɚɦɢ ɭɩɪɚɜɥɟɧɢɹ ɢɫɤɥɸɱɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɪɝɚɧɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɦɚɧɢɩɭɥɹɰɢɢ ɫɨ ɫɦɟɠɧɵɦ 
ɨɪɝɚɧɨɦ ɭɩɪɚɜɥɟɧɢɹ. 
 

8.4 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ, ɜɯɨɞɹɳɢɯ ɜ ɤɨɧɫɬɪɭɤɰɢɸ 
 
ɋɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ ɢ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɫ ɭɱɟɬɨɦ ɬɪɟɛɨɜɚɧɢɣ ȽɈɋɌ 
12.2.003, ȽɈɋɌ 12.2.049, ȽɈɋɌ 12.2.061: 

 ɫɪɟɞɫɬɜɚ ɡɚɳɢɬɵ ɜɵɩɨɥɧɹɸɬ ɫɜɨɟ ɧɚɡɧɚɱɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨ ɜ 
ɩɪɨɰɟɫɫɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ ɢɥɢ ɩɪɢ 
ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɨɩɚɫɧɨɣ ɫɢɬɭɚɰɢɢ; 

 ɤɨɧɫɬɪɭɤɰɢɹ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ ɧɟ ɨɝɪɚɧɢɱɢɜɚɟɬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɭɞɨɛɫɬɜɨ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

 
8.5 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. 

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 ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɨɬɪɟɛɢɬɟɥɟɣ. 
  
8.6 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɯɪɚɧɟɧɢɢ 
 
Ɇɚɫɫɚ ɪɨɛɨɬɚ ɧɟ ɩɪɟɜɵɲɚɟɬ 3 ɤɝ, ɩɨɷɬɨɦɭ ɟɦɭ ɧɟ ɧɭɠɧɵ 

ɝɪɭɡɨɩɨɞɴɟɦɧɵɟ ɫɪɟɞɫɬɜɚ ɜ ɩɪɨɰɟɫɫɟ ɦɨɧɬɚɠɚ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ, ɯɪɚɧɟɧɢɹ ɢ 
ɪɟɦɨɧɬɚ.  

Ɍɪɟɛɭɟɦɨɟ ɭɫɥɨɜɢɟ ɯɪɚɧɟɧɢɹ – ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ (ɨɬ -10 ɞɨ +40 
°C) ɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ 40-60%. Ɋɨɛɨɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɩɨɞɫɬɚɜɤɟ ɢɡ 
Ⱦɋɉ ɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɬɫɹ ɜ ɤɨɪɨɛɤɟ ɫɬɪɨɝɨ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ.  
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8.7 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɪɚɡɦɟɳɟɧɢɢ 
 
ɋɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ, ȽɈɋɌ 12.3.002, ɋɇɢɉ 31-01-03: 
 ɥɚɛɨɪɚɬɨɪɧɵɟ (ɪɚɛɨɱɢɟ, ɦɨɧɬɚɠɧɵɟ) ɩɥɨɳɚɞɤɢ, ɧɚ ɤɨɬɨɪɵɯ 

ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɛɨɬɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɞɟɣɫɬɜɭɸɳɢɯ 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɧɨɪɦ ɢ ɩɪɚɜɢɥ, ɚ ɬɚɤɠɟ ɩɪɚɜɢɥ, ɭɬɜɟɪɠɞɟɧɧɵɯ ɨɪɝɚɧɚɦɢ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ ɧɚɞɡɨɪɚ; 

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

 
8.8 Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɨɬɛɨɪɭ 
 
Ʉ ɨɛɫɥɭɠɢɜɚɧɢɸ ɞɨɩɭɫɤɚɸɬɫɹ ɥɢɰɚ: 

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

 
8.9 ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 
 
ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɧɚɫɬɨɹɳɢɯ ɫɬɚɧɞɚɪɬɨɜ, ȽɈɋɌ 12.1.004, ȽɈɋɌ 
12.1.018, ɉɍɗ, ɉɌɗ, ɢ ɉɌȻ, ɋɇɢɉ 3.05.06, ɋɇɢɉ 3.05.07. ɋ ɭɱёɬɨɦ ɷɬɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɜɵɛɪɚɧ ɬɢɩ ɢɫɩɨɥɧɟɧɢɹ, ɜɢɞ ɜɡɪɵɜɨɡɚɳɢɬɵ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɶ ɟɝɨ ɡɚɳɢɬɵ ɨɬ ɩɵɥɢ ɢ ɜɥɚɝɢ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɴɟɤɬɚ, ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɪɚɛɨɬɚ ɫ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɦ ɪɨɛɨɬɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɪɨɩɪɢɹɬɢɹ 
ɩɨɠɚɪɧɨɣ ɩɪɨɮɢɥɚɤɬɢɤɢ: 

 ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ (ɢɧɫɬɪɭɤɬɚɠ ɩɟɪɫɨɧɚɥɚ, ɪɚɡɪɚɛɨɬɤɚ ɩɥɚɧɚ 
ɷɜɚɤɭɚɰɢɢ ɢ ɬ.ɞ.); 

 ɬɟɯɧɢɱɟɫɤɢɟ (ɭɫɬɪɨɣɫɬɜɨ ɧɟ ɝɨɪɸɱɢɯ ɩɟɪɟɝɨɪɨɞɨɤ); 
 ɪɟɠɢɦɧɵɟ (ɤɭɪɟɧɢɟ ɢ ɩɪɢɟɦ ɩɢɳɢ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɦɟɫɬɚɯ); 
 ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ (ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɟ ɨɫɦɨɬɪɵ). 
 
8.10 Ʉɨɧɬɪɨɥɶ ɜɵɩɨɥɧɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 
 
Ʉɨɧɬɪɨɥɶ ɧɚɞ ɜɵɩɨɥɧɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ ɜɨɡɥɚɝɚɟɬɫɹ ɧɚ ɞɨɥɠɧɨɫɬɧɵɟ ɥɢɰɚ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɨɜɵɦɢ ɢ ɧɨɪɦɚɬɢɜɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ ɩɨ ɫɨɡɞɚɧɢɸ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɬɪɭɞɚ. 

 
8.11 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɱɪɟɡɜɵɱɚɣɧɵɯ ɫɢɬɭɚɰɢɹɯ 
ɉɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɑɋ ɧɟɨɛɯɨɞɢɦɨ: 
1) ɨɬɤɥɸɱɢɬɶ ɷɥɟɤɬɪɨɩɢɬɚɧɢɟ ɜ ɥɚɛɨɪɚɬɨɪɢɢ; 
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2) ɜɵɩɨɥɧɢɬɶ ɩɪɟɞɩɢɫɚɧɢɟ ɞɨɥɠɧɨɫɬɧɵɯ ɢɧɫɬɪɭɤɰɢɣ; 
3) ɩɨɤɢɧɭɬɶ ɡɞɚɧɢɟ ɢ ɩɨɫɬɭɩɢɬɶ ɜ ɪɚɫɩɨɪɹɠɟɧɢɟ ɧɚɱɚɥɶɧɢɤɚ ȽɈ ɢ ɑɋ. 
 
8.12 ɗɤɨɥɨɝɢɱɟɫɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ 
 
Ɉɞɧɢɦ ɢɡ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɹɜɥɹɟɬɫɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ 

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

 
8.13 ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ 
 
ȼ ɩɪɨɟɤɬɟ ɪɚɡɪɚɛɨɬɚɧ ɤɨɦɩɥɟɤɫ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, ɬɟɯɧɢɱɟɫɤɢɯ ɢ 

ɞɪɭɝɢɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ. 
ȼɧɟɞɪɟɧɢɟ ɜ ɥɚɛɨɪɚɬɨɪɢɸ ɦɚɧɢɩɭɥɹɰɢɨɧɨɝɨ ɪɨɛɨɬɚ ɢ ɦɟɪɨɩɪɢɹɬɢɣ ɫ 
ɫɨɛɥɸɞɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ȽɈɋɌ, ɋɇɢɉ ɩɨɡɜɨɥɢɬ ɫɱɢɬɚɬɶ ɞɚɧɧɵɣ ɩɪɨɟɤɬ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɟɡɨɩɚɫɧɵɦ ɢ ɷɤɨɥɨɝɢɱɧɵɦ. 
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 9 Ⱦɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɩɪɨɟɤɬɚ 

 

ɉɥɚɧɟɬɚɪɧɚɹ ɩɟɪɟɞɚɱɚ 

 Ⱦɨɛɚɜɥɟɧɢɟ ɩɥɚɧɟɬɚɪɧɨɣ ɩɟɪɟɞɚɱɢ ɭɜɟɥɢɱɢɬ ɬɨɱɧɨɫɬɶ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɡɚ ɫɱɟɬ ɪɚɡɧɨɫɬɢ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɫɨɥɧɟɱɧɨɣ ɲɟɫɬɟɪɧɢ 
ɢ ɫɚɬɟɥɥɢɬɨɜ ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɣ ɤɨɪɨɧɧɨɣ ɲɟɫɬɟɪɧɟ.  

_ɫɨɥɧɟɱɨɣ ɲɟɫɬɟɪɧɢ ɫɚɬɟɥɥɢɬɨɜ   (9.1) 

 
Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɧɚ ɫɯɜɚɬɟ ɢ ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɪɟɝɭɥɹɬɨɪ ɩɨɡɜɨɥɹɬ ɢɡɦɟɧɢɬɶ 
ɜɢɞ ɭɩɪɚɜɥɟɧɢɹ ɧɚ ɚɞɚɩɬɢɜɧɵɣ, ɬ.ɟ. ɫ ɭɱɟɬɨɦ ɩɪɟɩɹɬɫɬɜɢɣ: ɛɭɞɶ ɷɬɨ ɱɟɥɨɜɟɤ 
ɢɥɢ ɞɪɭɝɨɣ ɪɨɛɨɬ.  

ɉɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɱɟɪɟɡ ɨɛɭɱɟɧɢɟ ɦɨɠɧɨ ɞɨɫɬɢɝɧɭɬɶ ɭɩɪɚɜɥɟɧɢɹ ɠɟɫɬɚɦɢ, 
ɢɫɩɨɥɶɡɭɹ ɫɟɧɫɨɪɵ ɧɚ ɪɭɤɟ ɨɩɟɪɚɬɨɪɚ ɢɥɢ, ɱɬɨ ɞɟɲɟɜɥɟ ɢ ɭɞɨɛɧɟɟ, ɫɦɚɪɬɮɨɧ 
ɫ ɝɢɪɨɫɤɨɩɨɦ. ɇɚɩɢɫɚɬɶ ɢɧɬɟɪɮɟɣɫ ɦɨɠɧɨ ɧɚ Java, Jython, ɥɢɛɨ C (ɩɨ ɭɪɨɜɧɸ 
ɩɨɩɭɥɹɪɧɨɫɬɢ). ȼɬɨɪɨɣ ɩɨ ɫɤɨɪɨɫɬɢ ɢɫɩɨɥɧɟɧɢɹ ɧɟ ɭɫɬɭɩɚɟɬ Java. 

ɉɨɞɨɛɪɚɬɶ ɛɨɥɟɟ ɦɨɳɧɵɟ ɢ ɤɚɱɟɫɬɜɟɧɧɵɟ ɫɟɪɜɨɩɪɢɜɨɞɵ, ɜ ɤɨɬɨɪɵɯ: 

 ɩɪɢɜɨɞɵ ɩɨɥɧɨɝɨ ɜɪɚɳɟɧɢɹ ɧɚ 360 ɝɪɚɞɭɫɨɜ; 
 ɜɪɚɳɟɧɢɟ ɜɚɥɨɜ ɛɭɞɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɫɢɧɯɪɨɧɧɨ; 
 ɜɵɲɟ ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ; 
 ɛɭɞɟɬ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɩɨ ɩɨɥɨɠɟɧɢɸ ɜɚɥɚ; 
 ɮɚɤɬɢɱɟɫɤɢɟ ɭɝɥɵ ɜɪɚɳɟɧɢɹ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɚɹɜɥɟɧɧɵɦ; 
 ɥɸɮɬɵ ɛɭɞɭɬ ɦɟɧɶɲɟ, ɥɢɛɨ ɨɬɫɭɬɫɬɜɨɜɚɬɶ. 

ɉɪɨɬɢɜɨɜɟɫ ɜ ɜɢɞɟ ɛɥɨɤɚ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɭ ɧɚ ɩɟɪɜɨɟ ɢ 
ɩɨɫɥɟɞɭɸɳɢɟ ɡɜɟɧɶɹ. 

ɂɫɩɨɥɧɟɧɢɟ ɢɡ ɦɟɬɚɥɥɚ ɩɨɡɜɨɥɢɬ ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɥɸɮɬɨɜ ɢ ɞɨɛɚɜɢɬɶ 
ɩɥɚɧɟɬɚɪɧɵɟ ɪɟɞɭɤɬɨɪɵ. ɇɟɞɨɫɬɚɬɨɤ: ɧɟɬ ɪɟɫɭɪɫɨɜ, ɨɩɵɬɚ ɢ ɜɪɟɦɟɧɢ. 
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ɁȺɄɅɘɑȿɇɂȿ 

 

 ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ 
ɪɨɛɨɬɚ–ɦɚɧɢɩɭɥɹɬɨɪɚ » ɛɵɥ ɩɨɥɭɱɟɧ ɩɪɚɤɬɢɱɟɫɤɢɣ ɨɩɵɬ ɩɨ ɪɚɛɨɬɟ ɫ ɪɟɜɟɪɫ-
ɢɧɠɢɧɢɪɢɧɝɨɦ, ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ, ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɟɦ, ɨɮɨɪɦɥɟɧɢɟɦ 
ɱɟɪɬɟɠɟɣ ɫɨɝɥɚɫɧɨ ɋɌɈ, ɫɛɨɪɤɨɣ ɢ ɧɚɥɚɞɤɨɣ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ.  
 Ɍ.ɤ. ɜ ɯɨɞɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ, 3d-ɩɪɢɧɬɟɪ ɬɨɠɟ 
ɩɪɟɞɫɬɚɜɥɹɥ ɢɡ ɫɟɛɹ ɨɛɴɟɤɬ ɢɡɭɱɟɧɢɹ, ɬɨ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɢ 
ɩɪɚɤɬɢɱɟɫɤɢɟ ɡɧɚɧɢɹ ɟɝɨ ɫɛɨɪɤɢ, ɪɚɛɨɬɵ ɜɫɟɯ ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ, ɚ ɬɚɤɠɟ 
ɧɚɥɚɞɨɱɧɵɣ ɨɩɵɬ ɭɫɬɪɚɧɟɧɢɹ ɩɪɨɛɥɟɦ ɟ. Ɍɚɤɠɟ ɩɪɨɢɡɜɟɞɟɧɚ ɟɝɨ 
ɦɨɞɟɪɧɢɡɚɰɢɹ ɞɥɹ ɧɚɢɥɭɱɲɟɝɨ ɤɚɱɟɫɬɜɚ ɩɟɱɚɬɢ ɞɟɬɚɥɟɣ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ 
ɪɨɛɨɬɚ. 
 ɉɪɢ ɩɟɱɚɬɢ ɞɟɬɚɥɟɣ ɪɨɛɨɬɚ ɩɪɢɯɨɞɢɥɨɫɶ ɭɱɢɬɵɜɚɬɶ ɬɟɪɦɨɭɫɚɞɤɭ ɢ 
ɩɪɨɟɤɬɢɪɨɜɚɬɶ ɤɨɦɩɶɸɬɟɪɧɵɟ 3D-ɦɨɞɟɥɢ ɫ ɟё ɭɱɟɬɨɦ. Ɉɩɵɬɧɵɦ ɩɭɬёɦ 
ɭɞɚɥɨɫɶ ɞɨɛɢɬɶɫɹ ɧɚɢɥɭɱɲɟɝɨ ɪɟɡɭɥɶɬɚɬɚ: ɩɨ ɝɨɪɢɡɨɧɬɚɥɢ – 1ɦɦ, ɩɨ 
ɜɟɪɬɢɤɚɥɢ – ɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟɬ. Ɍɚɤɠɟ ɩɨɬɪɟɛɨɜɚɥɨɫɶ ɨɬɞɟɥɶɧɨ 
ɩɟɪɟɩɪɨɟɤɬɢɪɨɜɚɬɶ 3D-ɦɨɞɟɥɢ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɱɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜɫɟɣ 
ɫɛɨɪɤɢ ɜ ɋȺɉɊ KOMPAS-3D.  
 ɉɪɢ ɩɨɞɛɨɪɟ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɨɩɪɟɞɟɥɹɥɫɹ ɤɪɢɬɟɪɢɣ ɞɥɹ 
ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɢɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ.  
 ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɦɨɝɥɢ ɭɛɟɞɢɬɫɹ ɜ ɪɚɛɨɬɟ ɪɨɛɨɬɚ: ɨɧ ɧɟɩɥɨɯɨ ɞɟɪɠɢɬ 
ɩɨɡɢɰɢɸ, ɧɨ ɟɫɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɫɜɹɡɚɧɧɵɟ ɫ ɧɢɡɤɢɦ ɤɚɱɟɫɬɜɨɦ 
ɫɟɪɜɨɩɪɢɜɨɞɨɜ, ɢɯ ɧɟɫɢɧɯɪɨɧɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɭɜɟɥɢɱɢɜɚɟɬ ɧɚɝɪɭɡɤɭ ɧɚ 
ɩɪɢɜɨɞɵ ɢ ɧɢɡɤɨɦ ɬɨɱɧɨɫɬɶɸ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 
 ɉɨɥɭɱɢɜ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɛɸɞɠɟɬɟ, 
ɫɮɨɪɦɭɥɢɪɨɜɚɧɨ ɞɚɥɶɧɟɣɲɟɟ ɪɚɡɜɢɬɢɟ ɩɪɨɟɤɬɚ, ɨɩɢɫɚɧɧɨɟ ɜ ɝɥɚɜɟ 9. 
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39.  ȽɈɋɌ 12.1.007 ɋɋȻɌ. ȼɪɟɞɧɵɟ ɜɟɳɟɫɬɜɚ. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɢ ɨɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

40.  ȽɈɋɌ 12.1.010 ɋɋȻɌ. ȼɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ. 

41.  ȽɈɋɌ 12.1.018 ɋɋȻɌ. ɉɨɠɚɪɨɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɫɬɶ ɫɬɚɬɢɱɟɫɤɨɝɨ 

ɷɥɟɤɬɪɢɱɟɫɬɜɚ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ. 

42. ȽɈɋɌ 12.1.019 ɋɋȻɌ. ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ 

ɧɨɦɟɧɤɥɚɬɭɪɚ ɜɢɞɨɜ ɡɚɳɢɬɵ. 

43. ȽɈɋɌ 12.1.040 ɋɢɫɬɟɦɚ ɫɬɚɧɞɚɪɬɨɜ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ. Ʌɚɡɟɪɧɚɹ 

ɛɟɡɨɩɚɫɧɨɫɬɶ. Ɉɛɳɢɟ ɩɨɥɨɠɟɧɢɹ. 

44.  ȽɈɋɌ 12.2.003 ɋɋȻɌ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

45.  ȽɈɋɌ 12.2.049 ɋɋȻɌ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ. Ɉɛɳɢɟ 

ɷɪɝɨɧɨɦɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ. 

46.  ȽɈɋɌ 12.2.061 ɋɋȻɌ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɪɚɛɨɱɢɦ ɦɟɫɬɚɦ. 

47.  ȽɈɋɌ 12.2.064 ɋɋȻɌ. Ɉɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 

ɨɛɨɪɭɞɨɜɚɧɢɟɦ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

48.  ȽɈɋɌ 12.3.002 ɋɋȻɌ. ɉɪɨɰɟɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ 

ɛɟɡɨɩɚɫɧɨɫɬɢ. 

49. ȽɈɋɌ 2.601 ȿɋɄȾ. ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɞɨɤɭɦɟɧɬɵ. 

50. ȽɈɋɌ 2.602 ȿɋɄȾ. Ɋɟɦɨɧɬɧɵɟ ɞɨɤɭɦɟɧɬɵ. 

51. ɋɇɢɉ 3.05.06 ɗɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ. 

52. ɋɇɢɉ 3.05.07 ɋɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. 

53. ɋɌɈ ɋɌɈ 4.2-07-2014ɋ ɬɚɧɞɚɪɬ ɨɪɝɚɧɢɡɚɰɢɢ «Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɩɨɫɬɪɨɟɧɢɸ, ɢɡɥɨɠɟɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɞɨɤɭɦɟɧɬɨɜ ɭɱɟɛɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ» 

- Ʉ.: ɋɎɍ, 2014 – 60 ɫ. 

54. Ɉɩɚɫɧɨɫɬɶ 3ɞ-ɩɟɱɚɬɢ [ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://3dtoday.ru/blogs/rec/the-dangers-of-3d-printing-mystery-solved-3-part-one/ 
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55. ɉɪɢɧɰɢɩɵ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

[ɷɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫ]. Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 

https://devionity.com/ru/courses/php-oop/php-incapsulation-polymorphism-

inheritance 

 




