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ɋɬɭɞɟɧɬɭ Ɍɤɚɱɟɜɭ ȿɜɝɟɧɢɸ ɋɟɪɝɟɟɜɢɱɭ 
 
Ƚɪɭɩɩɚ Ɏɗ14-08Ȼ 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: Ƚ.Ȼ. Ɇɚɫɚɥɶɫɤɢɣ, ɡɚɜ.ɤɚɮɟɞɪɨɣ, ɩɪɨɮɟɫɫɨɪ, ɤɚɧɞ. ɬɟɯɧ. 
ɧɚɭɤ., ɤɚɮ. ɊɢɌɄ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ: ɩɪɨɟɤɬ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ 
Andreas Hölldorfer; ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ. 
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ:  
Ƚɥɚɜɚ 1. Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɨɛɨɬɨɜ. 
Ƚɥɚɜɚ 2. ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 
Ƚɥɚɜɚ 3. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 
Ƚɥɚɜɚ 4. ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɦ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ. 
Ƚɥɚɜɚ 5. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
Ƚɥɚɜɚ 6. Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ. 
Ƚɥɚɜɚ 7. Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ. 
 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ:  
Ʌɢɫɬ 1. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 1. 
Ʌɢɫɬ 2. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 2. 
Ʌɢɫɬ 3. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 3. 
Ʌɢɫɬ 4. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 4. 
Ʌɢɫɬ 5. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 5. 
Ʌɢɫɬ 6. ɑɟɪɬɟɠ ɫɛɨɪɤɢ ɛɥɨɤɚ 6. 
Ʌɢɫɬ 7. ɋɯɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  
 
 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ      _______________        Ɇɚɫɚɥɶɫɤɢɣ Ƚ.Ȼ.  
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ    _______________         Ɍɤɚɱɟɜ ȿ.ɋ.  
 

« ______ » _______________ 2018 ɝ. 
  

 
  



ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɨɛɨɬɚ 
ɦɚɧɢɩɭɥɹɬɨɪɚ» ɫɨɞɟɪɠɢɬ 107 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 2 ɩɪɢɥɨɠɟɧɢɹ, 
20 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 7 ɥɢɫɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɉɊɈɆɕɒɅȿɇɇɕɃ ɊɈȻɈɌ-ɆȺɇɂɉɍɅəɌɈɊ, ɋȺɉɊ, 
ɉɊɈɌɈɌɂɉɂɊɈȼȺɇɂȿ, 3D ɉȿɑȺɌɖ, ɉɊəɆȺə ɁȺȾȺɑȺ ɄɂɇȿɆȺɌɂɄɂ, 
ɈȻɊȺɌɇȺə ɁȺȾȺɑȺ ɄɂɇȿɆȺɌɂɄɂ, ɋɂɆɉɅȿɄɋ ɆȿɌɈȾ, ɇȿɑȿɌɄȺə 
ɅɈȽɂɄȺ. 

Ɂɚɞɚɱɢ ɩɪɨɟɤɬɚ: 
- ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ;  
- ɜɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ CAE-ɫɢɫɬɟɦɟ 

Autodesk Inventor; 
- ɪɚɫɫɱɢɬɚɬɶ ɪɟɦɟɧɧɵɟ ɩɟɪɟɞɚɱɢ ɞɥɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ; 
- ɢɡɝɨɬɨɜɢɬɶ ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɩɨɦɨɳɶɸ 3D ɩɟɱɚɬɢ ɢ 

ɮɪɟɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɚ Mathworks Matlab 

Simulink Simscape;  
- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚ- 

ɦɚɧɢɩɭɥɹɬɨɪɚ;  
- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ- 

ɦɚɧɢɩɭɥɹɬɨɪɨɦ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɢɡɝɨɬɨɜɢɬɶ ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ.  

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɥɟɞɭɸɳɟɟ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ: Autodesk Inventor, Mathworks Matlab (ɩɚɤɟɬ 
Simulink, Simscape, Fuzzy Logic Toolbox); Arduino IDE 1.8.5. 
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ȼȼȿȾȿɇɂȿ 

Ɍɟɧɞɟɧɰɢɹ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ ɧɚɰɟɥɟɧɚ ɧɚ 
ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɇɚɢɛɨɥɟɟ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 
ɫɩɨɫɨɛɨɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ.  

ɉɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɫɩɨɫɨɛɧɵ ɜɵɩɨɥɧɹɬɶ ɪɭɬɢɧɧɵɟ ɢ ɬɪɭɞɨɟɦɤɢɟ 
ɜɢɞɵ ɪɚɛɨɬ: ɩɟɪɟɧɨɫ ɞɟɬɚɥɟɣ, ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɬɚɧɤɨɜ ɢ ɦɚɲɢɧ, ɨɩɟɪɚɰɢɢ 
ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɢ, ɞɭɝɨɜɚɹ ɢ ɬɨɱɟɱɧɚɹ ɫɜɚɪɤɚ, ɤɨɜɤɚ ɢ ɲɬɚɦɩɨɜɤɚ, ɤɨɧɬɪɨɥɶ 
ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ ɢ ɬ.ɞ.  

ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɚɜɵɤɨɜ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ, 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɢ ɩɪɨɦɵɲɥɟɧɧɵɦ ɪɨɛɨɬɨɦ 
ɛɵɥ ɜɡɹɬ ɡɚ ɨɫɧɨɜɭ ɩɪɨɟɤɬ Andreas Hölldorfer [1], ɤɨɬɨɪɵɣ ɧɟɨɛɯɨɞɢɦɨ 
ɞɨɪɚɛɨɬɚɬɶ.   

Ʉɨɧɫɬɪɭɤɰɢɹ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ – ɫɥɨɠɧɵɣ ɦɟɯɚɧɢɡɦ, ɤɨɬɨɪɵɣ 
ɭɫɥɨɜɧɨ ɦɨɠɧɨ ɩɨɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɚɬɟɝɨɪɢɢ: ɪɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ, 
(ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɚɬɱɢɤɢ), ɪɚɛɨɱɢɣ ɨɪɝɚɧ ɢɥɢ ɢɧɫɬɪɭɦɟɧɬ, ɜɧɟɲɧɢɟ ɞɚɬɱɢɤɢ ɢ 
ɦɟɯɚɧɢɡɦɵ, ɤɨɧɬɪɨɥɥɟɪ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɪɨɛɨɬɵ ɹɜɥɹɸɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ 
ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦɢ ɦɚɲɢɧɚɦɢ, ɫɩɨɫɨɛɧɵɦɢ ɜɵɩɨɥɧɹɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɡɚɞɚɱ, 
ɢɡ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɩɪɚɤɬɢɱɟɫɤɢɯ ɫɨɨɛɪɚɠɟɧɢɣ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ 
ɩɪɨɟɤɬɢɪɭɸɬ ɫ ɭɱɟɬɨɦ ɤɨɧɤɪɟɬɧɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɨɧɢ ɛɭɞɭɬ ɜɵɩɨɥɧɹɬɶ. ȿɝɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɹɬ ɨɬ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɨɪɨɜ: 
ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ, ɫɤɨɪɨɫɬɶ, ɨɛɴɟɦ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɫɜɨɣɫɬɜɨɦ 
ɩɨɜɬɨɪɹɟɦɨɫɬɢ.  

Ɉɬ ɡɚɞɚɱ ɡɚɜɢɫɹɬ ɧɟ ɬɨɥɶɤɨ ɪɚɡɦɟɪ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɪɨɛɨɬɚ, ɧɨ ɢ 
ɤɨɥɢɱɟɫɬɜɨ ɢ ɩɨɪɹɞɨɤ ɫɨɱɥɟɧɟɧɢɣ, ɬɢɩ ɩɪɢɜɨɞɨɜ, ɫɟɧɫɨɪɧɨɟ ɨɫɧɚɳɟɧɢɟ ɢ 
ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ.  

ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɚ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ - ɷɬɨ ɫɥɨɠɧɵɣ 
ɢɬɟɪɚɰɢɨɧɧɵɣ ɩɪɨɰɟɫɫ: ɱɚɫɬɨ ɩɪɨɛɥɟɦɵ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɩɪɨɰɟɫɫɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɡɚɫɬɚɜɥɹɸɬ ɩɟɪɟɫɦɚɬɪɢɜɚɬɶ ɪɟɲɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɧɚ 
ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚɯ.  

ɉɨɷɬɨɦɭ ɨɫɧɨɜɧɚɹ ɢ ɜɚɠɧɚɹ ɰɟɥɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɨɛɨɬɨɜ-
ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɤɨɬɨɪɭɸ ɧɭɠɧɨ ɭɱɟɫɬɶ ɜ ɫɚɦɨɦ ɧɚɱɚɥɟ – ɞɨɛɢɬɶɫɹ ɨɛɳɟɣ 
ɠɟɫɬɤɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɩɪɢɜɨɞɧɨɣ ɫɢɫɬɟɦɵ. ɀɟɫɬɤɢɟ ɤɨɧɫɬɪɭɤɰɢɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɞɜɚ ɩɪɟɢɦɭɳɟɫɬɜɚ. ȼɨ-ɩɟɪɜɵɯ, ɬɢɩɢɱɧɵɟ ɪɨɛɨɬɵ-ɦɚɧɢɩɭɥɹɬɨɪɵ 
ɧɟ ɨɫɧɚɳɚɸɬɫɹ ɞɚɬɱɢɤɚɦɢ, ɤɨɬɨɪɵɟ ɛɵ ɢɡɦɟɪɹɥɢ ɩɨɥɨɠɟɧɢɟ ɫɢɫɬɟɦɵ ɨɬɫɱɟɬɚ 
ɢɧɫɬɪɭɦɟɧɬɚ. ȼɨ-ɜɬɨɪɵɯ, ɝɢɛɤɨɫɬɶ ɫɬɪɭɤɬɭɪɵ ɢɥɢ ɫɢɫɬɟɦɵ ɩɪɢɜɨɞɨɜ ɫɨɡɞɚɸɬ 
ɪɟɡɨɧɚɧɫɵ, ɩɥɨɯɨ ɜɥɢɹɸɳɢɟ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɩɨɤɚɡɚɬɟɥɢ ɪɨɛɨɬɨɜ-
ɦɚɧɢɩɭɥɹɬɨɪɨɜ [2].  

ɉɨɷɬɨɦɭ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɨɩɵɬ ɪɚɡɪɚɛɨɬɤɢ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɢɡɝɨɬɨɜɢɬɶ 
ɩɪɨɬɨɬɢɩ.  

 
 
 



 
ɐɟɥɢ ɞɢɩɥɨɦɧɨɝɨ ɩɪɨɟɤɬɚ:  

- ɩɪɢɨɛɪɟɫɬɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ, ɤɨɦɩɟɬɟɧɰɢɢ, ɨɩɵɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ 
ɪɚɛɨɬɵ ɜ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɢ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɹɯ; 

- ɩɨɥɭɱɢɬɶ ɨɩɵɬ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ; 

- ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ. 
Ɂɚɞɚɱɢ: 

- ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ;  
- ɜɵɩɨɥɧɢɬɶ ɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ CAE-ɫɢɫɬɟɦɟ 

Autodesk Inventor; 
- ɪɚɫɫɱɢɬɚɬɶ ɪɟɦɟɧɧɵɟ ɩɟɪɟɞɚɱɢ ɞɥɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ; 
- ɢɡɝɨɬɨɜɢɬɶ ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɫ ɩɨɦɨɳɶɸ 3D ɩɟɱɚɬɢ ɢ 

ɮɪɟɡɟɪɧɨɣ ɨɛɪɚɛɨɬɤɢ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɚ Mathworks Matlab 

Simulink Simscape;  
- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚ- 

ɦɚɧɢɩɭɥɹɬɨɪɚ;  
- ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ- 

ɦɚɧɢɩɭɥɹɬɨɪɨɦ; 
- ɪɚɡɪɚɛɨɬɚɬɶ ɢ ɢɡɝɨɬɨɜɢɬɶ ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

  



1 Ɍɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɨɛɨɬɨɜ 

1.1  ɋɨɫɬɚɜ, ɩɚɪɚɦɟɬɪɵ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɪɨɛɨɬɨɜ 

Ɋɨɛɨɬ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ – ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 
ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɟɧɫɨɪɧɨɣ ɫɢɫɬɟɦɵ ɪɢɫɭɧɨɤ 1.1. 

 
Ɋɢɫɭɧɨɤ 1.1 — Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ 

 
ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɫɩɨɥɧɢɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜɤɥɸɱɚɸɬ ɨɞɧɭ ɢɥɢ ɧɟɫɤɨɥɶɤɨ 

ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɯ ɫɢɫɬɟɦ (ɨɛɵɱɧɨ ɜ ɜɢɞɟ ɦɟɯɚɧɢɱɟɫɤɢɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ) ɢ 
ɫɢɫɬɟɦɵ ɩɟɪɟɞɜɢɠɟɧɢɹ [3].  

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɩɨ ɩɨɤɚɡɚɬɟɥɹɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ 
ɢɯ ɤɨɧɫɬɪɭɤɰɢɸ: 

- ɩɪɢɜɨɞɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɦɚɧɢɩɭɥɹɬɨɪɚɯ ɢ ɫɢɫɬɟɦɚɯ 
ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɨɜ, ɞɟɥɹɬɫɹ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɟ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɢ 
ɩɧɟɜɦɚɬɢɱɟɫɤɢɟ;  

- ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɪɨɛɨɬɚ – ɷɬɨ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɟɝɨ ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɚ 
ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɪɨɛɨɬɚ ɟɳɟ ɢ ɟɝɨ ɲɚɫɫɢ. Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɦɚɫɫɨɣ ɩɟɪɟɦɟɳɚɟɦɵɯ ɢɦ ɨɛɴɟɤɬɨɜ ɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɪɨɛɨɬɚ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ ɟɞɢɧɢɰ ɝɪɚɦɦ 
(ɫɜɟɪɯɥɟɝɤɢɟ ɪɨɛɨɬɵ, ɧɚɩɪɢɦɟɪ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɟ) ɞɨ 
ɧɟɫɤɨɥɶɤɢɯ ɬɵɫɹɱ ɤɢɥɨɝɪɚɦɦ (ɫɜɟɪɯɬɹɠɟɥɵɟ, ɧɚɩɪɢɦɟɪ, ɬɪɚɧɫɩɨɪɬɧɵɟ ɢ 
ɤɨɫɦɢɱɟɫɤɢɟ ɪɨɛɨɬɵ); 

- ɤɨɥɢɱɟɫɬɜɨ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɭ ɪɨɛɨɬɨɜ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɝɪɚɧɢɱɟɧɨ 
ɨɞɧɢɦ (ɨɞɧɨɦɚɧɢɩɭɥɹɬɨɪɧɵɟ ɢɥɢ ɨɞɧɨɪɭɤɢɟ ɪɨɛɨɬɵ). Ɉɞɧɚɤɨ, ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ, ɫɭɳɟɫɬɜɭɸɬ ɤɨɧɫɬɪɭɤɰɢɢ ɪɨɛɨɬɨɜ ɫ ɞɜɭɦɹ, 
ɬɪɟɦɹ ɢ ɱɟɬɵɪɶɦɹ ɦɚɧɢɩɭɥɹɬɨɪɚɦɢ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɞɜɭɯ-, ɬɪɟɯ- ɢ 
ɱɟɬɵɪɟɯɦɚɧɢɩɭɥɹɬɨɪɧɵɟ); 

- ɬɢɩ ɢ ɩɚɪɚɦɟɬɪɵ ɪɚɛɨɱɟɣ ɡɨɧɵ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɪɨɛɨɬɚ ɨɩɪɟɞɟɥɹɟɬ ɨɛɥɚɫɬɶ 
ɨɤɪɭɠɚɸɳɟɝɨ ɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɜ ɩɪɟɞɟɥɚɯ ɤɨɬɨɪɨɝɨ ɪɨɛɨɬ ɦɨɠɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɚɧɢɩɭɥɹɰɢɢ ɧɟ ɩɟɪɟɞɜɢɝɚɹɫɶ, ɬ.ɟ. ɩɪɢ ɧɟɩɨɞɜɢɠɧɨɦ 
ɨɫɧɨɜɚɧɢɢ;  



- ɩɨɞɜɢɠɧɨɫɬɶ ɪɨɛɨɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟɦ ɭ ɧɟɝɨ 
ɫɢɫɬɟɦɵ ɩɟɪɟɞɜɢɠɟɧɢɹ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɪɨɛɨɬɵ ɧɚɡɵɜɚɸɬ ɦɨɛɢɥɶɧɵɦɢ, 
ɚ ɜɨ ɜɬɨɪɨɦ — ɫɬɚɰɢɨɧɚɪɧɵɦɢ;  

- ɩɨ ɫɩɨɫɨɛɭ ɪɚɡɦɟɳɟɧɢɹ ɫɬɚɰɢɨɧɚɪɧɵɟ ɢ ɦɨɛɢɥɶɧɵɟ ɪɨɛɨɬɵ ɛɵɜɚɸɬ 
ɧɚɩɨɥɶɧɵɦɢ ɢ ɩɨɞɜɟɫɧɵɦɢ;  

- ɢɫɩɨɥɧɟɧɢɟ ɪɨɛɨɬɚ ɩɨ ɧɚɡɧɚɱɟɧɢɸ ɡɚɜɢɫɢɬ ɨɬ ɜɧɟɲɧɢɯ ɭɫɥɨɜɢɣ, ɜ 
ɤɨɬɨɪɵɯ ɨɧ ɞɨɥɠɟɧ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ. Ɋɚɡɥɢɱɚɸɬ ɢɫɩɨɥɧɟɧɢɟ 
ɧɨɪɦɚɥɶɧɨɟ, ɩɵɥɟɡɚɳɢɬɧɨɟ, ɬɟɩɥɨɡɚɳɢɬɧɨɟ, ɜɥɚɝɨɡɚɳɢɬɧɨɟ, 
ɜɡɪɵɜɨɛɟɡɨɩɚɫɧɨɟ ɢ ɬ.ɞ.  
Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɪɨɛɨɬɨɜ ɩɨ ɫɩɨɫɨɛɭ ɭɩɪɚɜɥɟɧɢɹ.  
ɉɨ ɷɬɨɦɭ ɩɪɢɡɧɚɤɭ ɪɚɡɥɢɱɚɸɬ ɪɨɛɨɬɵ ɫ ɩɪɨɝɪɚɦɦɧɵɦ, ɚɞɚɩɬɢɜɧɵɦ ɢ 

ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ.  
ɍɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɟɦ ɩɨ ɨɬɞɟɥɶɧɵɦ ɫɬɟɩɟɧɹɦ ɩɨɞɜɢɠɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ 

ɧɟɩɪɟɪɵɜɧɵɦ (ɤɨɧɬɭɪɧɵɦ) ɢ ɞɢɫɤɪɟɬɧɵɦ ɩɨɡɢɰɢɨɧɧɵɦ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ 
ɭɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɟɦ ɨɫɭɳɟɫɬɜɥɹɸɬ, ɡɚɞɚɜɚɹ ɤɨɧɟɱɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 
ɬɨɱɟɤ (ɩɨɡɢɰɢɣ) ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɩɟɪɟɦɟɳɟɧɢɟ ɩɨ ɧɢɦ ɲɚɝɚɦɢ ɨɬ ɬɨɱɤɢ ɤ ɬɨɱɤɟ 
ɛɟɡ ɤɨɧɬɪɨɥɹ ɬɪɚɟɤɬɨɪɢɣ ɦɟɠɞɭ ɷɬɢɦɢ ɬɨɱɤɚɦɢ. ɉɪɨɫɬɟɣɲɢɦ ɜɚɪɢɚɧɬɨɦ 
ɞɢɫɤɪɟɬɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɰɢɤɥɨɜɨɟ, ɩɪɢ ɤɨɬɨɪɨɦ ɤɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨ ɤɚɠɞɨɣ ɫɬɟɩɟɧɢ ɩɨɞɜɢɠɧɨɫɬɢ ɦɢɧɢɦɚɥɶɧɨ, ɬ.ɟ. ɱɚɳɟ 
ɜɫɟɝɨ ɨɝɪɚɧɢɱɟɧɨ ɞɜɭɦɹ — ɧɚɱɚɥɶɧɨɣ ɢ ɤɨɧɟɱɧɨɣ.  

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɪɨɛɨɬɨɜ ɩɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɸ ɢ ɬɨɱɧɨɫɬɢ ɞɜɢɠɟɧɢɣ.  
ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɜɡɚɢɦɨɫɜɹɡɚɧɵ ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 

ɪɨɛɨɬɨɜ. Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɢ ɬɨɱɧɨɫɬɶ ɪɨɛɨɬɨɜ ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɢɯ ɡɧɚɱɟɧɢɣ ɞɥɹ 
ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɢ ɫɢɫɬɟɦ ɩɟɪɟɞɜɢɠɟɧɢɹ. 

Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɤɨɪɨɫɬɶɸ ɩɟɪɟɦɟɳɟɧɢɹ ɟɝɨ 
ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ. Ȼɵɫɬɪɨɞɟɣɫɬɜɢɟ ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɭ ɪɨɛɨɬɨɜ ɨɛɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ 
ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɞɢɚɩɚɡɨɧɚ:  

- ɦɚɥɨɟ — ɩɪɢ ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɹɯ ɞɨ 0,5 ɦ/ɫ;  
- ɫɪɟɞɧɟɟ — ɩɪɢ ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɹɯ ɨɬ 0,5 ɞɨ 1-3 ɦ/ɫ;  
- ɜɵɫɨɤɨɟ — ɩɪɢ ɛɨɥɶɲɢɯ ɫɤɨɪɨɫɬɹɯ.  

Ɍɨɱɧɨɫɬɶ ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɫɢɫɬɟɦɵ ɩɟɪɟɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɪɟɡɭɥɶɬɢɪɭɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ (ɩɪɢ ɞɢɫɤɪɟɬɧɨɦ ɞɜɢɠɟɧɢɢ) 
ɢɥɢ ɨɬɪɚɛɨɬɤɨɣ ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ (ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɞɜɢɠɟɧɢɢ). ɑɚɳɟ ɜɫɟɝɨ 
ɬɨɱɧɨɫɬɶ ɪɨɛɨɬɨɜ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. Ɍɨɱɧɨɫɬɶ ɪɨɛɨɬɨɜ 
ɨɛɳɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɬɪɢ ɞɢɚɩɚɡɨɧɚ:  

- ɦɚɥɚɹ — ɩɪɢ ɥɢɧɟɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬ 1 ɦɦ ɢ ɛɨɥɟɟ;  
- ɫɪɟɞɧɹɹ — ɩɪɢ ɩɨɝɪɟɲɧɨɫɬɢ ɨɬ 0,1 ɞɨ 1 ɦɦ;  
- ɜɵɫɨɤɚɹ — ɩɪɢ ɦɟɧɶɲɟɣ ɥɢɧɟɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ.  

 

 

 



1.2  Ɉɛɡɨɪ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ 

ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ — ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɫɨɫɬɨɹɳɟɟ ɢɡ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɭɟɦɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ 
ɮɨɪɦɢɪɭɟɬ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ, ɡɚɞɚɸɳɢɟ ɬɪɟɛɭɟɦɵɟ ɞɜɢɠɟɧɢɹ 
ɢɫɩɨɥɧɢɬɟɥɶɧɵɯ ɨɪɝɚɧɨɜ ɦɚɧɢɩɭɥɹɬɨɪɚ. ɉɪɨɦɵɲɥɟɧɧɵɣ ɪɨɛɨɬ ɩɪɢɦɟɧɹɟɬɫɹ 
ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɩɪɟɞɦɟɬɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɜ 
ɪɚɦɤɚɯ ɬɢɩɨɜɵɯ ɩɪɨɟɤɬɨɜ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɂɫɯɨɞɹ ɢɡ 
ɢɦɟɸɳɢɯɫɹ ɬɪɟɛɨɜɚɧɢɣ, ɜɵɛɢɪɚɟɬɫɹ ɨɩɬɢɦɚɥɶɧɵɣ ɜɚɪɢɚɧɬ, ɜ ɤɨɬɨɪɨɦ 
ɤɨɧɤɪɟɬɢɡɢɪɨɜɚɧɵ ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɬɢɩɵ ɪɨɛɨɬɨɜ, ɢɯ 
ɤɨɥɢɱɟɫɬɜɨ, ɚ ɬɚɤɠɟ ɪɟɲɚɸɬɫɹ ɜɨɩɪɨɫɵ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɩɢɬɚɧɢɹ (ɫɢɥɨɜɵɟ 
ɩɨɞɜɨɞɤɢ, ɩɨɞɚɱɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ ,ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɠɢɞɤɨɫɬɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɨɫɧɚɫɬɤɢ) ɢ ɢɧɬɟɝɪɚɰɢɢ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɩɪɨɰɟɫɫ (ɨɛɟɫɩɟɱɟɧɢɟ ɡɚɝɨɬɨɜɤɚɦɢ/ɩɨɥɭɮɚɛɪɢɤɚɬɚɦɢ ɢ 
ɜɨɡɜɪɚɬ ɝɨɬɨɜɨɝɨ ɩɪɨɞɭɤɬɚ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɥɢɧɢɸ ɞɥɹ ɩɟɪɟɞɚɱɢ ɫɥɟɞɭɸɳɟɣ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɨɩɟɪɚɰɢɢ). 

ɉɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ ɫɩɨɫɨɛɧɵ 
ɜɵɩɨɥɧɹɬɶ ɨɫɧɨɜɧɵɟ ɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɨɩɟɪɚɰɢɢ. 

Ʉ ɨɫɧɨɜɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɩɟɪɚɰɢɹɦ ɨɬɧɨɫɹɬɫɹ ɨɩɟɪɚɰɢɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ, ɢɡɦɟɧɟɧɢɹ ɥɢɧɟɣɧɵɯ 
ɪɚɡɦɟɪɨɜ ɡɚɝɨɬɨɜɤɢ ɢ ɞɪ. 

Ʉ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɩɟɪɚɰɢɹɦ ɨɬɧɨɫɹɬɫɹ ɬɪɚɧɫɩɨɪɬɧɵɟ 
ɨɩɟɪɚɰɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɩɟɪɚɰɢɢ ɩɨ ɡɚɝɪɭɡɤɟ ɢ ɜɵɝɪɭɡɤɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɪɟɞɢ ɫɚɦɵɯ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɞɟɣɫɬɜɢɣ, ɜɵɩɨɥɧɹɟɦɵɯ 
ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɪɨɛɨɬɚɦɢ, ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɫɥɟɞɭɸɳɢɟ: 

- ɩɟɪɟɧɨɫ ɦɚɬɟɪɢɚɥɨɜ (ɩɟɪɟɧɨɫ ɞɟɬɚɥɟɣ ɢ ɡɚɝɨɬɨɜɨɤ ɨɬ ɫɬɚɧɤɚ ɤ ɫɬɚɧɤɭ ɢɥɢ 
ɫ ɤɨɧɜɟɣɟɪɚ ɧɚ ɤɨɧɜɟɣɟɪ, ɲɬɚɛɟɥɢɪɨɜɚɧɢɟ, ɪɚɛɨɬɚ ɫ ɩɨɞɞɨɧɚɦɢ, ɭɤɥɚɞɤɚ 
ɞɟɬɚɥɟɣ ɜ ɬɚɪɭ ɢ ɬ. ɩ.); 

- ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɬɚɧɤɨɜ ɢ ɦɚɲɢɧ (ɡɚɝɪɭɡɤɚ ɢ ɪɚɡɝɪɭɡɤɚ ɫɬɚɧɤɨɜ, 
ɭɞɟɪɠɢɜɚɧɢɟ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɞɟɬɚɥɢ); 

- ɞɭɝɨɜɚɹ ɢ ɬɨɱɟɱɧɚɹ ɫɜɚɪɤɚ; 
- ɥɢɬɶё (ɨɫɨɛɟɧɧɨ ɥɢɬɶё ɩɨɞ ɞɚɜɥɟɧɢɟɦ); 
- ɤɨɜɤɚ ɢ ɲɬɚɦɩɨɜɤɚ; 
- ɧɚɧɟɫɟɧɢɟ ɩɨɤɪɵɬɢɣ ɪɚɫɩɵɥɟɧɢɟɦ; 
- ɞɪɭɝɢɟ ɨɩɟɪɚɰɢɢ ɨɛɪɚɛɨɬɤɢ (ɫɜɟɪɥɟɧɢɟ, ɮɪɟɡɟɪɨɜɚɧɢɟ, ɤɥёɩɤɚ, ɪɟɡɤɚ 

ɜɨɞɹɧɨɣ ɫɬɪɭёɣ, ɨɛɞɢɪɤɚ, ɨɱɢɫɬɤɚ, ɲɥɢɮɨɜɤɚ, ɩɨɥɢɪɨɜɤɚ); 
- ɫɛɨɪɤɚ ɦɟɯɚɧɢɱɟɫɤɢɯ, ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɷɥɟɤɬɪɨɧɧɵɯ ɞɟɬɚɥɟɣ; 
- ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɩɪɨɞɭɤɰɢɢ ɢ ɞɪ. 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɚɫɫɦɨɬɪɢɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɜɟɞɭɳɢɯ ɦɢɪɨɜɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ. ɂ 
ɜɵɛɟɪɟɦ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ ɞɥɹ ɫɨɡɞɚɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ.  



Ɋɨɛɨɬ KR 3 AGILUS (ɪɢɫɭɧɨɤ 1.2) ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɫɛɨɪɤɢ ɦɟɥɤɢɯ ɞɟɬɚɥɟɣ, 
ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɹ, ɭɩɚɤɨɜɤɢ ɢ ɩɪɨɜɟɪɤɢ ɤɚɱɟɫɬɜɚ. Ɉɧ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɝɞɟ 
ɧɟɨɛɯɨɞɢɦɵ ɤɨɪɨɬɤɢɟ ɰɢɤɥɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɜɵɯɨɞɨɦ 
ɩɪɨɞɭɤɰɢɢ. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1.  

 
Ɋɢɫɭɧɨɤ 1.2 – Ɋɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪɚ Kuka KR3 AGILUS 

Ɍɚɛɥɢɰɚ 1.1 - Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Kuka KR 3 AGILUS 

ɉɨɥɟɡɧɚɹ ɧɚɝɪɭɡɤɚ  3 ɤɝ 

ɇɨɦɢɧɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 2 ɤɝ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ  541 ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ 6 

ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɨɜɬɨɪɹɟɦɨɫɬɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

±0,02 ɦɦ 

 

ȼɟɫ 26 ɤɝ 

Ɇɨɧɬɚɠɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɥ/ɩɨɬɨɥɨɤ/ɫɬɟɧɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ 5 °C ɞɨ + 45 °C 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ KR C4 compact 

Ʉɥɚɫɫ ɡɚɳɢɬɵ  IP40 

Ɋɨɛɨɬ LR Mate (ɪɢɫɭɧɨɤ 1.3) ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɤɨɦɩɚɤɬɧɵɦ ɪɟɲɟɧɢɟɦ ɞɥɹ 
ɩɨɝɪɭɡɤɢ-ɪɚɡɝɪɭɡɤɢ ɢ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ ɜɟɫɨɦ ɞɨ 7 ɤɝ ɢ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜɨ 
ɦɧɨɝɢɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɢɳɟɜɵɯ 
ɩɪɨɞɭɤɬɨɜ ɢɥɢ ɦɟɬɚɥɥɭɪɝɢɢ. ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  



 
Ɋɢɫɭɧɨɤ 1.3 – Ɋɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪɚ Fanuc LR Mate 

 

Ɍɚɛɥɢɰɚ 1.2 - Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Fanuc LR Mate 

ɇɨɦɢɧɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 7 ɤɝ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ  717 ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ 6 

ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɨɜɬɨɪɹɟɦɨɫɬɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

±0,018 ɦɦ 

 

ȼɟɫ 25 ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ 0 °C ɞɨ + 45 °C 

Ʉɥɚɫɫ ɡɚɳɢɬɵ  IP67 

 
Ɋɨɛɨɬɚ UR3 (ɪɢɫɭɧɨɤ 1.4) ɹɜɥɹɟɬɫɹ ɥɭɱɲɢɦ ɤɨɦɩɚɤɬɧɵɦ ɭɧɢɜɟɪɫɚɥɶɧɵɦ 

ɤɨɥɥɚɛɨɪɚɬɢɜɧɵɦ ɪɨɛɨɬɨɦ, ɤɨɬɨɪɵɣ ɜ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɦɨɠɟɬ ɛɵɬɶ ɜɧɟɞɪɟɧ ɜ 
ɥɸɛɨɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ. 



 
Ɋɢɫɭɧɨɤ 1.4 – Ɋɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪɚ Universal Robot UR3 

 

Ɍɚɛɥɢɰɚ 1.3 - Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɨɛɨɬɚ Universal Robot UR3 

ɇɨɦɢɧɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ 3 ɤɝ 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ  500 ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ 6 

ɋɬɚɛɢɥɶɧɨɫɬɶ ɩɨɜɬɨɪɹɟɦɨɫɬɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

±0,1 ɦɦ 

 

ȼɟɫ 11 ɤɝ 

Ɍɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɨɬ 0 °C ɞɨ + 50 °C 

Ʉɥɚɫɫ ɡɚɳɢɬɵ  IP64 

ȼ ɯɨɞɟ ɚɧɚɥɢɡɚ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɜɟɞɭɳɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ, 
ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɜɚɪɢɚɧɬ ɞɥɹ ɨɫɧɨɜɵ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ  
ɹɜɥɹɟɬɫɹ Kuka KR3 AGILUS, ɬɚɤ ɤɚɤ ɹɜɥɹɟɬɫɹ ɤɨɦɩɚɤɬɧɵɦ ɢ ɢɦɟɟɬ ɦɚɥɭɸ 
ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ. 

 

 



1.3  ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɋɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ — ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ 
ɫɢɫɬɟɦɚ, ɪɟɚɥɢɡɭɸɳɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɣ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɬɟɯɧɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɫɨɫɬɨɹɳɭɸ ɢɡ 
ɩɟɪɫɨɧɚɥɚ ɢ ɤɨɦɩɥɟɤɫɚ ɬɟɯɧɢɱɟɫɤɢɯ, ɩɪɨɝɪɚɦɦɧɵɯ ɢ ɞɪɭɝɢɯ ɫɪɟɞɫɬɜ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɟɝɨ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ɍɚɤɠɟ ɞɥɹ ɨɛɨɡɧɚɱɟɧɢɹ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ 
ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɛɛɪɟɜɢɚɬɭɪɚ ɋȺɉɊ [4]. 

ȼ ɪɚɦɤɚɯ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢɡɞɟɥɢɣ, ɋȺɉɊ ɪɟɲɚɟɬ 
ɡɚɞɚɱɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɬ ɧɚ ɫɬɚɞɢɹɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɨɞɝɨɬɨɜɤɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɉɫɧɨɜɧɚɹ ɰɟɥɶ ɫɨɡɞɚɧɢɹ ɋȺɉɊ — ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɪɭɞɚ 
ɢɧɠɟɧɟɪɨɜ, ɜɤɥɸɱɚɹ: 

- ɫɨɤɪɚɳɟɧɢɹ ɬɪɭɞɨёɦɤɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɹ; 
- ɫɨɤɪɚɳɟɧɢɹ ɫɪɨɤɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
- ɫɨɤɪɚɳɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɭɦɟɧɶɲɟɧɢɟ 

ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ; 
- ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɢ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 
Ⱦɨɫɬɢɠɟɧɢɟ ɷɬɢɯ ɰɟɥɟɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬёɦ: 

- ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɮɨɪɦɥɟɧɢɹ ɞɨɤɭɦɟɧɬɚɰɢɢ; 
- ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɩɨɞɞɟɪɠɤɢ ɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɢɧɹɬɢɹ 

ɪɟɲɟɧɢɣ; 
- ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
- ɭɧɢɮɢɤɚɰɢɢ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ ɢ ɩɪɨɰɟɫɫɨɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
- ɩɨɜɬɨɪɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ, ɞɚɧɧɵɯ ɢ ɧɚɪɚɛɨɬɨɤ; 
- ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ; 
- ɡɚɦɟɧɵ ɧɚɬɭɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɦɚɤɟɬɢɪɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ 

ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ; 
- ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ; 
- ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɜɚɪɢɚɧɬɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɩɬɢɦɢɡɚɰɢɢ. 

Ⱦɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɞɨɪɚɛɨɬɤɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɵɥɨ 
ɜɵɛɪɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Autodesk Inventor,  ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ 
Autodesk Inventor ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɚɧɚɥɨɝɢɱɧɵɦɢ ɋȺɉɊ 
ɫɢɫɬɟɦɚɦɢ, ɚ ɢɦɟɧɧɨ: ɩɨɥɧɵɣ ɰɢɤɥ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɨɡɞɚɧɢɹ 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɧɚɥɢɱɢɟ ɛɟɫɩɥɚɬɧɨɝɨ ɞɨɫɬɭɩɚ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɤ 
ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ ɞɥɹ 3D ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ[5].  

Autodesk Inventor — ɫɢɫɬɟɦɚ ɬɪёɯɦɟɪɧɨɝɨ ɬɜɟɪɞɨɬɟɥɶɧɨɝɨ ɢ 
ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɋȺɉɊ) ɤɨɦɩɚɧɢɢ Autodesk 
(ɪɢɫɭɧɨɤ 1.5 ɢ ɪɢɫɭɧɨɤ 1.6), ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɰɢɮɪɨɜɵɯ 
ɩɪɨɬɨɬɢɩɨɜ ɩɪɨɦɵɲɥɟɧɧɵɯ ɢɡɞɟɥɢɣ.  

ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ:  
- ɫɨɡɞɚɧɢɟ ɢɡɞɟɥɢɣ ɢɡ ɥɢɫɬɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɩɨɥɭɱɟɧɢɟ ɢɯ ɪɚɡɜɟɪɬɨɤ; 
- ɪɚɡɪɚɛɨɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ; 



- ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɧɚɫɬɤɢ ɞɥɹ ɥɢɬɶɹ ɩɥɚɫɬɦɚɫɫɨɜɵɯ ɢɡɞɟɥɢɣ; 
- ɞɢɧɚɦɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; 
- ɩɚɪɚɦɟɬɪɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ 

ɞɟɬɚɥɟɣ ɢ ɫɛɨɪɨɤ; 
- ɜɢɡɭɚɥɢɡɚɰɢɹ ɢɡɞɟɥɢɣ; 
- ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɩɨɥɭɱɟɧɢɟ ɢ ɨɛɧɨɜɥɟɧɢɟ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ 

(ɨɮɨɪɦɥɟɧɢɟ ɩɨ ȿɋɄȾ). 

 
Ɋɢɫɭɧɨɤ 1.5 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ Autodesk Inventor 

 

 
Ɋɢɫɭɧɨɤ 1.6 – ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ Autodesk Inventor 



1.4  ɑɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 

ɋɢɫɬɟɦɵ ɱɢɫɥɨɜɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɋɑɉɍ) ɩɪɟɞɧɚɡɧɚɱɟɧɵ 
ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɬɵ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɫɬɚɧɨɱɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ [6]. Ɉɫɧɨɜɧɚɹ ɫɬɪɭɤɬɭɪɚ ɢ ɫɨɫɬɚɜ ɫɢɫɬɟɦɵ ɑɉɍ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɩɪɢɦɟɪɟ ɫɢɫɬɟɦɵ Sinumerik 828D (ɪɢɫɭɧɨɤ 1.7) [7].   

ɇɚɢɛɨɥɟɟ ɹɪɤɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ ɫɢɫɬɟɦ ɑɉɍ ɹɜɥɹɸɬɫɹ: 
- ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
- ɫɨɱɟɬɚɧɢɟ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ; 
- ɭɩɪɨɳɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ (ɫɜɹɡɚɧɧɚɹ, ɨɞɧɚɤɨ, ɫ ɧɟɤɨɬɨɪɵɦ 

ɭɫɥɨɠɧɟɧɢɟɦ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨɝɨ ɷɬɚɩɚ – ɪɚɡɪɚɛɨɬɤɢ ɭɩɪɚɜɥɹɸɳɢɯ 
ɩɪɨɝɪɚɦɦ); 

- ɦɚɥɵɣ ɪɚɡɛɪɨɫ ɤɚɱɟɫɬɜɚ ɢɡɞɟɥɢɣ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɣ ɩɚɪɬɢɢ ɜɵɩɭɫɤɚ; 
- ɛɵɫɬɪɨɬɚ ɩɟɪɟɧɚɥɚɞɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɟɪɟɯɨɞɚ ɤ ɜɵɩɭɫɤɭ ɞɪɭɝɢɯ 

ɢɡɞɟɥɢɣ; 
- ɩɪɨɫɬɨɬɚ ɨɫɧɚɫɬɤɢ ɫɬɚɧɤɨɜ; 
- ɥёɝɤɨɫɬɶ ɨɛɥɭɠɢɜɚɧɢɹ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɬ.ɞ. 

 
Ɋɢɫɭɧɨɤ 1.7 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɑɉɍ ɫɢɫɬɟɦɵ Sinumerik 828D 

 

 

 



1.5  Ȼɵɫɬɪɨɟ ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɟ 

Ȼɵɫɬɪɨɟ ɩɪɨɬɨɬɢɩɢɪɨɜɚɧɢɟ (Rapid Prototyping) – ɭɧɢɤɚɥɶɧɚɹ ɬɟɯɧɨɥɨɝɢɹ, 
ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜ ɤɪɚɬɱɚɣɲɢɟ ɫɪɨɤɢ ɩɨɥɭɱɢɬɶ ɬɨɱɧɵɣ ɦɚɤɟɬ ɪɚɡɥɢɱɧɵɯ 
ɞɟɬɚɥɟɣ ɢ ɢɡɞɟɥɢɣ ɢɥɢ ɨɩɵɬɧɵɯ ɨɛɪɚɡɟɰ ɞɥɹ ɞɟɦɨɧɫɬɪɚɰɢɢ ɩɨɥɟɡɧɵɯ ɫɜɨɣɫɬɜ 
ɩɪɟɞɦɟɬɚ.  

Ɏɪɟɡɟɪɧɵɟ ɫɬɚɧɤɢ — ɝɪɭɩɩɚ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɢ ɞɟɪɟɜɨɨɛɪɚɛɚɬɵɜɚɸɳɢɯ 
ɫɬɚɧɤɨɜ ɜ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨ ɜɢɞɭ ɨɛɪɚɛɨɬɤɢ. Ɏɪɟɡɟɪɧɵɟ ɫɬɚɧɤɢ ɩɪɟɞɧɚɡɧɚɱɟɧɵ 
ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɫ ɩɨɦɨɳɶɸ ɮɪɟɡɵ ɩɥɨɫɤɢɯ ɢ ɮɚɫɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɡɭɛɱɚɬɵɯ 
ɤɨɥёɫ ɢ ɬ. ɩ. ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɞɪɭɝɢɯ ɡɚɝɨɬɨɜɨɤ. 

3D-ɩɪɢɧɬɟɪ — ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɫɨɡɞɚёɬ ɨɛɴёɦɧɵɣ ɩɪɟɞɦɟɬ ɧɚ 
ɨɫɧɨɜɟ ɜɢɪɬɭɚɥɶɧɨɣ 3D-ɦɨɞɟɥɢ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɵɱɧɨɝɨ ɩɪɢɧɬɟɪɚ, ɤɨɬɨɪɵɣ 
ɜɵɜɨɞɢɬ ɢɧɮɨɪɦɚɰɢɸ ɧɚ ɥɢɫɬ ɛɭɦɚɝɢ, 3D-ɩɪɢɧɬɟɪ ɩɨɡɜɨɥɹɟɬ ɜɵɜɨɞɢɬɶ 
ɬɪёɯɦɟɪɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, ɬ. ɟ. ɫɨɡɞɚɜɚɬɶ ɨɩɪɟɞɟɥёɧɧɵɟ ɮɢɡɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ. ȼ 
ɨɫɧɨɜɟ ɬɟɯɧɨɥɨɝɢɢ 3D-ɩɟɱɚɬɢ ɥɟɠɢɬ ɩɪɢɧɰɢɩ ɩɨɫɥɨɣɧɨɝɨ ɫɨɡɞɚɧɢɹ 
(ɜɵɪɚɳɢɜɚɧɢɹ) ɬɜёɪɞɨɣ ɦɨɞɟɥɢ.  

3D ɩɟɱɚɬɶ – ɷɬɨ ɜɵɩɨɥɧɟɧɢɟ ɪɹɞɚ ɨɩɟɪɚɰɢɣ, ɫɜɹɡɚɧɧɵɯ ɫ ɫɨɡɞɚɧɢɟɦ 
ɨɛɴёɦɧɵɯ ɦɨɞɟɥɟɣ ɩɭɬёɦ ɧɚɧɟɫɟɧɢɹ ɧɚ ɪɚɛɨɱɢɣ ɫɬɨɥ ɭɫɬɚɧɨɜɤɢ ɬɨɧɤɨɝɨ ɫɥɨɹ 
ɪɚɫɯɨɞɧɵɯ ɦɚɬɟɪɢɚɥɨɜ.  

ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɣ 3D ɩɟɱɚɬɢ, ɤɨɬɨɪɵɟ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ ɩɨ ɬɢɩɭ ɩɪɨɬɨɬɢɩɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɫɩɨɫɨɛɚɦ ɟɝɨ ɧɚɧɟɫɟɧɢɹ [8]: 

- ɫɬɟɪɟɨɥɢɬɨɝɪɚɮɢɹ;  
- ɫɬɪɭɣɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ; 
- ɥɚɡɟɪɧɨɟ ɫɩɟɤɚɧɢɟ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ;  
- ɩɨɫɥɨɣɧɚɹ ɩɟɱɚɬɶ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɩɨɥɢɦɟɪɧɨɣ ɧɢɬɶɸ; 
- ɫɤɥɟɢɜɚɧɢɹ ɩɨɪɨɲɤɨɜ;  
- ɥɚɦɢɧɢɪɨɜɚɧɢɟ ɥɢɫɬɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ;  
- ɍɎ-ɨɛɥɭɱɟɧɢɟ ɱɟɪɟɡ ɮɨɬɨɦɚɫɤɭ.  

Ɇɟɬɚɥɥɨɪɟɠɭɳɟɟ ɨɛɨɪɭɞɨɜɚɧɢɟ – ɷɬɨ ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɚɧɤɢ, ɤɨɬɨɪɵɟ 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɢɡ ɦɟɬɚɥɥɚ ɩɭɬɟɦ 
ɩɪɢɞɚɧɢɹ ɞɟɬɚɥɢ ɧɟɨɛɯɨɞɢɦɨɣ ɮɨɪɦɵ ɡɚ ɫɱɟɬ ɫɧɹɬɢɹ ɫɬɪɭɠɤɢ.  

ȼɢɞɵ ɦɟɬɚɥɥɨɪɟɠɭɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɠɧɨ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɢɫɯɨɞɹ 
ɢɡ ɫɬɟɩɟɧɢ ɟɝɨ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. ɋɭɳɟɫɬɜɭɟɬ ɬɪɢ ɨɫɧɨɜɧɵɯ ɤɚɬɟɝɨɪɢɢ [9]: 

- ɫɬɚɧɤɢ ɫ ɪɭɱɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɜɤɥɸɱɚɹ ɪɭɱɧɨɣ ɢɧɫɬɪɭɦɟɧɬ). ɗɬɨ 
ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɩɪɨɲɥɵɯ ɩɨɤɨɥɟɧɢɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɫɚɦɵɣ ɩɪɨɫɬɨɣ ɬɢɩ 
ɭɫɬɪɨɣɫɬɜ, ɝɞɟ ɜɟɫɶ ɤɨɧɬɪɨɥɶ ɧɚɞ ɤɚɱɟɫɬɜɨɦ ɩɪɨɢɡɜɨɞɢɦɵɯ ɢɡɞɟɥɢɣ 
ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɟɪɫɨɧɚɥɚ. Ʉɚɤ ɫɥɟɞɫɬɜɢɟ – ɥɸɛɚɹ 
ɞɟɬɚɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɪɭɱɧɭɸ ɫ ɨɬɤɥɨɧɟɧɢɹɦɢ ɩɨ ɤɚɱɟɫɬɜɭ 
ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ; 

- ɩɨɥɭɚɜɬɨɦɚɬɵ. Ɂɞɟɫɶ ɞɨɥɹ ɪɭɱɧɨɝɨ ɢ ɦɚɲɢɧɧɨɝɨ ɬɪɭɞɚ ɪɚɫɩɪɟɞɟɥɟɧɚ 
ɩɪɢɦɟɪɧɨ ɜ ɪɚɜɧɵɯ ɩɪɨɩɨɪɰɢɹɯ. ɉɪɟɢɦɭɳɟɫɬɜɚ ɬɚɤɨɝɨ ɜɢɞɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɱɟɜɢɞɧɵ – ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɟ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ 
ɮɚɤɬɨɪɚ ɧɚ ɤɨɧɟɱɧɨɟ ɤɚɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ, ɧɨ ɨɬ ɨɩɵɬɚ ɨɩɟɪɚɬɨɪɚ ɡɚɜɢɫɢɬ 
ɦɧɨɝɨɟ, ɜɟɞɶ ɤɥɸɱɟɜɵɟ ɫɬɚɞɢɢ ɨɛɪɚɛɨɬɤɢ ɩɪɨɜɨɞɹɬɫɹ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ; 



- ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ. ɉɨɞɚɜɥɹɸɳɟɟ ɛɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɫɧɚɳɟɧɨ ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɦɢ ɦɨɞɭɥɹɦɢ, ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ 
ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɤɚɱɟɫɬɜɚ ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ. ɉɟɪɫɨɧɚɥ 
ɜɵɩɨɥɧɹɟɬ ɬɨɥɶɤɨ ɛɚɡɨɜɵɟ ɨɩɟɪɚɰɢɢ (ɩɨɞɚɱɚ ɡɚɝɨɬɨɜɨɤ, ɩɟɪɟɧɚɥɚɞɤɚ 
ɫɬɚɧɤɨɜ ɢ ɤɨɧɬɪɨɥɶ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɮɚɡɚɯ ɩɪɨɢɡɜɨɞɫɬɜɚ), ɩɪɚɤɬɢɱɟɫɤɢ 
ɢɫɤɥɸɱɟɧɨ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ ɧɚ ɤɚɱɟɫɬɜɨ ɢ ɤɨɥɢɱɟɫɬɜɨ 
ɩɪɨɢɡɜɨɞɢɦɨɣ ɩɪɨɞɭɤɰɢɢ. 
Ɋɚɡɧɨɜɢɞɧɨɫɬɢ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɦɚɲɢɧ: 

- ɥɟɧɬɨɱɧɨɩɢɥɶɧɵɟ; 
- ɬɨɤɚɪɧɵɟ (ɜɢɧɬɨɪɟɡɧɵɟ, ɫ ɑɉɍ ɢɥɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɥɢɧɢɢ); 
- ɮɪɟɡɟɪɧɵɟ (ɜɟɪɬɢɤɚɥɶɧɵɟ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ, ɭɧɢɜɟɪɫɚɥɶɧɵɟ); 
- ɫɜɟɪɥɢɥɶɧɵɟ (ɪɚɞɢɚɥɶɧɨɝɨ ɢɥɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɬɢɩɚ); 
- ɡɭɛɨɨɛɪɚɛɚɬɵɜɚɸɳɢɟ; 
- ɲɥɢɮɨɜɚɥɶɧɵɟ; 
- ɡɚɬɨɱɧɵɟ. 

1.6  Ɍɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ ɧɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɇɚɫɬɨɹɳɟɟ ɬɟɯɧɢɱɟɫɤɨɟ ɡɚɞɚɧɢɟ (ɌɁ) ɹɜɥɹɟɬɫɹ ɞɨɤɭɦɟɧɬɨɦ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɤɨɬɨɪɵɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ 
ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ɋɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ (ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.8) 
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɰɟɥɟɣ ɢ ɞɨɥɠɟɧ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ ɞɨ 1.5 ɤɢɥɨɝɪɚɦɦ; 5 ɫɬɟɩɟɧɟɣ 
ɫɜɨɛɨɞɵ + ɪɚɛɨɱɢɣ ɨɪɝɚɧ; ɩɨɡɢɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ; ɫɢɫɬɟɦɚ ɤɨɨɪɞɢɧɚɬ 
- ɞɟɤɚɪɬɨɜɚɹ.  

 
Ɋɢɫɭɧɨɤ 1.8 – Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
 



Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 
   Ɍɚɛɥɢɰɚ 1.4 - Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

№ ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ȼɟɥɢɱɢɧɚ  
1 Ƚɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ   1.5 ɤɝ 

2  Ɋɚɞɢɭɫ ɞɟɣɫɬɜɢɹ (ɧɟ ɦɟɧɟɟ) 300 ɦɦ 

3 Ʉɨɥɢɱɟɫɬɜɨ ɭɩɪɚɜɥɹɟɦɵɯ ɨɫɟɣ  (ɧɟ ɦɟɧɟɟ) 5 

4 Ɇɨɧɬɚɠɧɨɟ ɩɨɥɨɠɟɧɢɟ  ɉɨɥ 
Ɋɚɛɨɱɚɹ ɡɨɧɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.9. 

 
Ɋɢɫɭɧɨɤ 1.9 — Ɋɚɛɨɱɚɹ ɡɨɧɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɫɬɪɭɤɰɢɢ. 
1. Ʉɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɨɥɠɧɚ ɫɨɫɬɨɹɬɶ 

ɢɡ ɫɥɟɞɭɸɳɢɯ ɱɚɫɬɟɣ: ɲɤɚɮ ɷɥɟɤɬɪɨɚɜɬɨɦɚɬɢɤɢ;  ɤɚɛɟɥɶɧɚɹ ɪɚɡɜɨɞɤɚ ɤ 
ɷɥɟɦɟɧɬɚɦ ɭɩɪɚɜɥɟɧɢɹ.  

2. ɍɩɪɚɜɥɟɧɢɟ ɜɫɟɦɢ ɦɟɯɚɧɢɡɦɚɦɢ ɞɨɥɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɩɭɥɶɬɚ 
ɭɩɪɚɜɥɟɧɢɹ, ɚ ɢɦɟɧɧɨ ɨɬ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ ɫ ɧɚɫɬɪɨɟɧɧɵɦ 
ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ. 

3. Ʉɨɧɫɬɪɭɤɰɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ ɟɝɨ ɦɨɧɬɚɠ ɢ 
ɪɟɦɨɧɬ ɭɡɥɨɜɵɦ ɦɟɬɨɞɨɦ.  

 
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɸ. 

1. ɗɥɟɤɬɪɨɩɢɬɚɧɢɟ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɨɥɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ AC 
ɧɚɩɪɹɠɟɧɢɟɦ 220ȼ (+/- 10%), ɱɚɫɬɨɬɨɣ 50 Ƚɰ.  

2. ɗɥɟɤɬɪɨɩɢɬɚɧɢɟ ɩɪɢɜɨɞɨɜ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɨɥɠɧɨ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ 
ɫɥɟɞɭɸɳɢɦ ɩɚɪɚɦɟɬɪɚɦ: DC 9 – 40VDC ɢ ɦɨɳɧɨɫɬɶɸ ɧɟ ɦɟɧɟɟ  60 ȼɬ ɧɚ 
ɤɚɠɞɭɸ ɨɫɶ.   



3. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚɦ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ (ɨɛɨɡɧɚɱɟɧɢɟ ɨɫɟɣ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 1.8).  
ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɜɨɪɨɬɧɵɯ ɨɫɟɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɩɢɫɚɧɵ ɜ 

ɬɚɛɥɢɰɟ 1.5, ɚ ɷɥɟɤɬɪɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɩɢɫɚɧɵ ɜ 
ɬɚɛɥɢɰɟ 1.6.  

Ɉɫɶ A - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɧɟ 
ɦɟɧɟɟ 1 ɇ·ɦ. 

Ɉɫɶ B - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɧɟ 
ɦɟɧɟɟ 2 ɇ·ɦ. 

Ɉɫɶ C - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɧɟ 
ɦɟɧɟɟ 1 ɇ·ɦ. 

Ɉɫɶ D - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɧɟ 
ɦɟɧɟɟ 0.3 ɇ·ɦ. 

Ɉɫɶ E - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ ɛɟɡ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɫ ɤɪɭɬɹɳɢɦ ɦɨɦɟɧɬɨɦ ɧɟ 
ɦɟɧɟɟ 0.2 ɇ·ɦ. 

ɇɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɩɨɞɤɥɸɱɟɧɢɟ ɩɨɜɨɪɨɬɧɵɯ ɨɫɟɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ 
ɫɯɟɦɨɣ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1.10.  
Ɍɚɛɥɢɰɚ 1.5 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɜɨɪɨɬɧɵɯ ɨɫɟɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ 

Ɉɝɪɚɧɢɱɟɧɢɹ (ɝɪɚɞ) 
- ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ 
ɩɨɡɢɰɢɢ 

ɒɚɝɨɜɵɣ ɦɨɬɨɪ 
(ɬɢɩɨɪɚɡɦɟɪ, 
ɤɪɭɬɹɳɢɣ ɦɨɦɟɧɬ 
(ɇ·ɦ) 

Ʉɪɭɬɹɳɢɣ 
ɦɨɦɟɧɬ ɧɚ 
ɜɵɯɨɞɟ (ɇ·ɦ) 

Ɇɢɧ. Ɇɚɤɫ. 
Ɉɫɶ A -360 360 Nema 24, 3 ɇ·ɦ 20,25 ɇ·ɦ 

Ɉɫɶ B -110 110 Nema 24, 3 ɇ·ɦ 45 ɇ·ɦ 

Ɉɫɶ C -140 140 Nema 23, 1,26 ɇ·ɦ 12 ɇ·ɦ 

Ɉɫɶ D -360 360 Nema 17, 0.5 ɇ·ɦ 3.75 ɇ·ɦ 

Ɉɫɶ E -360 360 Nema 17, 0.5 ɇɦ 3 ɇ·ɦ 

 
Ɍɚɛɥɢɰɚ 1.6 - ɗɥɟɤɬɪɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

№ ɩ/ɩ Ɍɢɩ ɤɨɦɩɨɧɟɧɬɚ  Ʉɨɥɢɱɟɫɬɜɨ  
1 Ⱦɪɚɣɜɟɪ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ TB6600, 4A, 9-40VDC 5 ɲɬ 

2 ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 24, 3 ɇ·ɦ 2 ɲɬ 

3  ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 23, 1,26 ɇ·ɦ 1 ɲɬ 

4 ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 17, 0.5 ɇ·ɦ 2 ɲɬ 

5 Arduino mega 2560 1 ɲɬ 

6 Ȼɥɨɤ ɩɢɬɚɧɢɹ 300 ȼɬ  1 ɲɬ 



 
Ɋɢɫɭɧɨɤ 1.10 — ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ 

 



Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 
1.11. Ƚɞɟ M1 – ɦɨɬɨɪ ɨɫɢ A; M2 – ɦɨɬɨɪ ɨɫɢ B; M3 – ɦɨɬɨɪ ɨɫɢ C; M4 – ɦɨɬɨɪ 
ɨɫɢ D; M5 – ɦɨɬɨɪ ɨɫɢ E; J1 – ɞɪɚɣɜɟɪ ɦɨɬɨɪɚ ɨɫɢ A; J2 – ɞɪɚɣɜɟɪ ɦɨɬɨɪɚ ɨɫɢ B; 
J3 – ɞɪɚɣɜɟɪ ɦɨɬɨɪɚ ɨɫɢ C; J4 – ɞɪɚɣɜɟɪ ɦɨɬɨɪɚ ɨɫɢ D; J5 – ɞɪɚɣɜɟɪ ɦɨɬɨɪɚ ɨɫɢ 
E; S5 ɢ S6 – ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɨɫɢ A; S7 ɢ S8 – ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɨɫɢ B; S9 ɢ 
S10 – ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɨɫɢ C; S11 ɢ S12 – ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɨɫɢ D; S13 ɢ S14 
– ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɨɫɢ E; S1 – ɤɧɨɩɤɚ ɜɤɥɸɱɟɧɢɹ; S2 – ɤɧɨɩɤɚ ɚɜɚɪɢɣɧɨɝɨ 
ɨɫɬɚɧɨɜɚ; G1 ɢ G2 – ɛɥɨɤɢ ɩɢɬɚɧɢɹ.  

 

 
Ɋɢɫɭɧɨɤ 1.11 — Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ.  
Ɍɪɟɛɨɜɚɧɢɹ ɤ ɚɩɩɚɪɚɬɧɨɦɭ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ. 

1. ȼɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɜɵɜɨɞɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɦɚɲɢɧɧɵɟ 
ɧɭɥɢ (ɫɬɚɪɬɨɜɚɹ ɩɨɡɢɰɢɹ). 

2. Ɋɟɝɭɥɢɪɨɜɤɚ ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɨɫɟɣ.  
3. ȼɨɡɦɨɠɧɨɫɬɶ ɟɞɢɧɨɜɪɟɦɟɧɧɨɝɨ ɞɜɢɠɟɧɢɹ ɜɫɟɯ ɨɫɟɣ ɩɪɢ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ. 
 



Ɍɪɟɛɨɜɚɧɢɹ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ. 
1. ɂɧɬɟɪɮɟɣɫ ɩɨ ɪɭɱɧɨɦɭ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦɭ ɭɩɪɚɜɥɟɧɢɸ ɪɨɛɨɬɨɦ-

ɦɚɧɢɩɭɥɹɬɨɪɨɦ. 
2. ȼɨɡɦɨɠɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɨ ɡɚɞɚɧɧɵɦ 

ɭɝɥɚɦ. 
3. ȼɨɡɦɨɠɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɨ ɡɚɞɚɧɧɵɦ 

ɤɨɨɪɞɢɧɚɬɚɦ ɜ ɞɟɤɚɪɬɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  
4. ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɪɚɛɨɬɤɢ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɬɪɚɟɤɬɨɪɢɣ, ɡɚɞɚɧɧɵɯ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ.  
5. ȼɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɡɚɯɜɚɬɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ.  

  



2 ȼɵɛɨɪ ɨɫɧɨɜɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

2.1  Ⱥɩɩɚɪɚɬɧɚɹ ɩɥɚɬɮɨɪɦɚ Arduino  

Arduino (Ⱥɪɞɭɢɧɨ) — ɚɩɩɚɪɚɬɧɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɨɫɧɨɜɧɵɦɢ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɩɥɚɬɚ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɢ ɫɪɟɞɚ 
ɪɚɡɪɚɛɨɬɤɢ. Arduino ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɞɥɹ ɫɨɡɞɚɧɢɹ ɚɜɬɨɧɨɦɧɵɯ 
ɢɧɬɟɪɚɤɬɢɜɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɚɤ ɢ ɩɨɞɤɥɸɱɚɬɶɫɹ ɤ ɩɪɨɝɪɚɦɦɧɨɦɭ ɨɛɟɫɩɟɱɟɧɢɸ, 
ɜɵɩɨɥɧɹɟɦɨɦɭ ɧɚ ɤɨɦɩɶɸɬɟɪɟ [10].  

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ ɜ ɩɪɨɟɤɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɩɩɚɪɚɬɧɚɹ 
ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɥɚɬɮɨɪɦɚ Arduino Mega 2560 (ɪɢɫɭɧɨɤ 1.10). Ɋɚɫɫɦɨɬɪɢɦ 
ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɚɧɧɨɝɨ ɤɨɧɬɪɨɥɥɟɪɚ.  

Arduino Mega ɩɨɫɬɪɨɟɧɚ ɧɚ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɟ ATmega2560. ɉɥɚɬɚ ɢɦɟɟɬ 
54 ɰɢɮɪɨɜɵɯ ɜɯɨɞɚ/ɜɵɯɨɞɨɜ (14 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɚɤ ɜɵɯɨɞɵ 
ɒɂɆ), 16 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, 4 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɪɬɚ UART, ɤɜɚɪɰɟɜɵɣ 
ɝɟɧɟɪɚɬɨɪ 16 ɆȽɰ, USB ɤɨɧɧɟɤɬɨɪ, ɪɚɡɴɟɦ ɩɢɬɚɧɢɹ, ɪɚɡɴɟɦ ICSP ɢ ɤɧɨɩɤɚ 
ɩɟɪɟɡɚɝɪɭɡɤɢ.  
Ɍɚɛɥɢɰɚ 2.1 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɧɬɪɨɥɥɟɪɚ Arduino Mega 2560 

Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega2560 
Ɋɚɛɨɱɟɟ ɧɚɩɪɹɠɟɧɢɟ 5ȼ 
ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
(ɪɟɤɨɦɟɧɞɭɟɦɨɟ) 

7-12ȼ 

ȼɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 
(ɩɪɟɞɟɥɶɧɨɟ) 

6-20ȼ 

ɐɢɮɪɨɜɵɟ ȼɯɨɞɵ/ȼɵɯɨɞɵ 54  (14 ɢɡ ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɪɚɛɨɬɚɬ 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 

ɉɢɬɚɧɢɟ. 
Arduino Mega ɦɨɠɟɬ ɩɨɥɭɱɚɬɶ ɩɢɬɚɧɢɟ ɤɚɤ ɱɟɪɟɡ ɩɨɞɤɥɸɱɟɧɢɟ ɩɨ USB, 

ɬɚɤ ɢ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ. ɂɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɜɵɛɢɪɚɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ. 

ȼɵɜɨɞɵ ɩɢɬɚɧɢɹ: 
- VIN. ȼɯɨɞ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɞɚɱɢ ɩɢɬɚɧɢɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ (ɜ 

ɨɬɫɭɬɫɬɜɢɟ 5 ȼ ɨɬ ɪɚɡɴɟɦɚ USB ɢɥɢ ɞɪɭɝɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ 
ɩɢɬɚɧɢɹ).  



- 5V. Ɋɟɝɭɥɢɪɭɟɦɵɣ ɢɫɬɨɱɧɢɤ ɧɚɩɪɹɠɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɩɢɬɚɧɢɹ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɢ ɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɩɥɚɬɟ. ɉɢɬɚɧɢɟ ɦɨɠɟɬ ɩɨɞɚɜɚɬɶɫɹ ɨɬ 
ɜɵɜɨɞɚ VIN ɱɟɪɟɡ ɪɟɝɭɥɹɬɨɪ ɧɚɩɪɹɠɟɧɢɹ, ɢɥɢ ɨɬ ɪɚɡɴɟɦɚ USB, ɢɥɢ 
ɞɪɭɝɨɝɨ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚɩɪɹɠɟɧɢɹ 5 ȼ.  

- 3V3. ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɜɵɜɨɞɟ 3.3 ȼ ɝɟɧɟɪɢɪɭɟɦɨɟ ɦɢɤɪɨɫɯɟɦɨɣ FTDI ɧɚ 
ɩɥɚɬɮɨɪɦɟ. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɩɨɬɪɟɛɥɟɧɢɟ ɬɨɤɚ 50 ɦȺ. 

- GND. ȼɵɜɨɞɵ ɡɚɡɟɦɥɟɧɢɹ. 
ɉɚɦɹɬɶ. 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ATmega2560 ɢɦɟɟɬ: 256 ɤȻ ɮɥɟɲ-ɩɚɦɹɬɢ ɞɥɹ ɯɪɚɧɟɧɢɹ 

ɤɨɞɚ ɩɪɨɝɪɚɦɦɵ (4 ɤȻ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɡɚɝɪɭɡɱɢɤɚ), 8 ɤȻ ɈɁɍ ɢ 4 Ʉɛ 
EEPROM. 

ȼɯɨɞɵ ɢ ȼɵɯɨɞɵ. 
Ʉɚɠɞɵɣ ɢɡ 54 ɰɢɮɪɨɜɵɯ ɜɵɜɨɞɨɜ Mega, ɦɨɠɟɬ ɧɚɫɬɪɚɢɜɚɬɶɫɹ ɤɚɤ ɜɯɨɞ 

ɢɥɢ ɜɵɯɨɞ. ȼɵɜɨɞɵ ɪɚɛɨɬɚɸɬ ɩɪɢ ɧɚɩɪɹɠɟɧɢɢ 5ȼ. Ʉɚɠɞɵɣ ɜɵɜɨɞ ɢɦɟɟɬ 
ɧɚɝɪɭɡɨɱɧɵɣ ɪɟɡɢɫɬɨɪ 20-50 ɤɈɦ ɢ ɦɨɠɟɬ ɩɪɨɩɭɫɤɚɬɶ ɞɨ 40 ɦȺ. ɇɟɤɨɬɨɪɵɟ 
ɜɵɜɨɞɵ ɢɦɟɸɬ ɨɫɨɛɵɟ ɮɭɧɤɰɢɢ: 

- ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɲɢɧɚ: 0 (RX) ɢ 1 (TX); ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɲɢɧɚ 1: 19 
(RX) ɢ 18 (TX); ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɲɢɧɚ 2: 17 (RX) ɢ 16 
(TX); ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɚɹ ɲɢɧɚ 3: 15 (RX) ɢ 14 (TX). ȼɵɜɨɞɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ (RX) ɢ ɩɟɪɟɞɚɱɢ (TX) ɞɚɧɧɵɯ TTL. ȼɵɜɨɞɵ 
0 ɢ 1 ɩɨɞɤɥɸɱɟɧɵ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɜɵɜɨɞɚɦ ɦɢɤɪɨɫɯɟɦɵ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɲɢɧɵ ATmega8U2; 

- ɜɧɟɲɧɟɟ ɩɪɟɪɵɜɚɧɢɟ: 2 (ɩɪɟɪɵɜɚɧɢɟ 0), 3 (ɩɪɟɪɵɜɚɧɢɟ 1), 18 (ɩɪɟɪɵɜɚɧɢɟ 
5), 19 (ɩɪɟɪɵɜɚɧɢɟ 4), 20 (ɩɪɟɪɵɜɚɧɢɟ 3), ɢ 21 (ɩɪɟɪɵɜɚɧɢɟ 2). Ⱦɚɧɧɵɟ 
ɜɵɜɨɞɵ ɦɨɝɭɬ ɛɵɬɶ ɫɤɨɧɮɢɝɭɪɢɪɨɜɚɧɵ ɧɚ ɜɵɡɨɜ ɩɪɟɪɵɜɚɧɢɹ ɥɢɛɨ ɧɚ 
ɦɥɚɞɲɟɦ ɡɧɚɱɟɧɢɢ, ɥɢɛɨ ɧɚ ɩɟɪɟɞɧɟɦ ɢɥɢ ɡɚɞɧɟɦ ɮɪɨɧɬɟ, ɢɥɢ ɩɪɢ 
ɢɡɦɟɧɟɧɢɢ ɡɧɚɱɟɧɢɹ; 

- PWM: 2 ɞɨ 13 ɢ 44-46. Ʌɸɛɨɣ ɢɡ ɜɵɜɨɞɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɒɂɆ ɫ 
ɪɚɡɪɟɲɟɧɢɟɦ 8 ɛɢɬ; 

- SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). ɉɨɫɪɟɞɫɬɜɨɦ ɞɚɧɧɵɯ 
ɜɵɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɹɡɶ SPI; 

- I2C: 20 (SDA) ɢ 21 (SCL). ɉɨɫɪɟɞɫɬɜɨɦ ɜɵɜɨɞɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɹɡɶ 
I2C (TWI); 

- ɇɚ ɩɥɚɬɮɨɪɦɟ Mega2560 ɢɦɟɟɬɫɹ 16 ɚɧɚɥɨɝɨɜɵɯ ɜɯɨɞɨɜ, ɤɚɠɞɵɣ 
ɪɚɡɪɟɲɟɧɢɟɦ 10 ɛɢɬ. 
ɋɜɹɡɶ. 
ɇɚ ɩɥɚɬɮɨɪɦɟ Arduino Mega2560 ɭɫɬɚɧɨɜɥɟɧɨ ɧɟɫɤɨɥɶɤɨ ɭɫɬɪɨɣɫɬɜ ɞɥɹ 

ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɜɹɡɢ ɫ ɤɨɦɩɶɸɬɟɪɨɦ ɢ ɞɪɭɝɢɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ:  
- 4 ɩɨɪɬɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ UART ɞɥɹ TTL; 
- I2C (TWI); 
- SPI.  

 



2.2  ɗɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɜɨɞɵ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɨɜ 

ɉɪɢɜɨɞ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ - ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɩɪɢɜɟɞɟɧɢɹ ɜ ɞɜɢɠɟɧɢɟ ɜɫɟɯ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɵ ɢ ɫɯɜɚɬɚ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ [3].  

ȼ ɩɪɨɦɵɲɥɟɧɧɵɯ ɪɨɛɨɬɚɯ ɧɚɲɥɢ ɩɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ 
ɫɥɟɞɭɸɳɢɯ ɬɢɩɨɜ:  

- ɧɚ ɞɜɢɝɚɬɟɥɹɯ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɬɪɚɞɢɰɢɨɧɧɵɯ ɤɨɥɥɟɤɬɨɪɧɵɯ ɢ 
ɛɟɫɤɨɥɥɟɤɬɨɪɧɵɯ;  

- ɧɚ ɚɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɤɚɤ ɧɟɪɟɝɭɥɢɪɭɟɦɵɯ (ɫ ɰɢɤɥɨɜɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ), ɬɚɤ ɢ ɫ ɱɚɫɬɨɬɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ;  

- ɧɚ ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɹɯ;  
- ɧɚ ɫɢɧɯɪɨɧɧɵɯ ɫɟɪɜɨɞɜɢɝɚɬɟɥɹɯ. 

ɗɥɟɤɬɪɨɩɪɢɜɨɞɵ ɞɥɹ ɪɨɛɨɬɨɜ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɤɥɸɱɚɸɬ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ, ɫɧɚɛɠёɧɧɵɣ ɞɚɬɱɢɤɚɦɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɩɨɥɨɠɟɧɢɸ ɢ 
ɫɤɨɪɨɫɬɢ, ɦɟɯɚɧɢɱɟɫɤɭɸ ɩɟɪɟɞɚɱɭ, ɱɚɫɬɨ ɬɨɪɦɨɡ, ɢɧɨɝɞɚ ɦɭɮɬɭ (ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɡɚɲɢɬɵ ɞɜɢɝɚɬɟɥɹ ɨɬ ɩɟɪɟɝɪɭɡɤɢ) ɢ ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ.  

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɵ ɧɚ ɛɚɡɟ ɫɥɟɞɭɸɳɢɯ ɞɜɢɝɚɬɟɥɟɣ:  
ɒɚɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ  - ɷɬɨ ɜɪɚɳɚɸɳɢɣɫɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɫ 

ɞɢɫɤɪɟɬɧɵɦɢ ɭɝɥɨɜɵɦɢ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɪɨɬɨɪɚ, ɨɫɭɳɟɫɬɜɥɹɟɦɵɦɢ ɡɚ ɫɱɟɬ 
ɢɦɩɭɥɶɫɨɜ ɫɢɝɧɚɥɚ ɭɩɪɚɜɥɟɧɢɹ. 

ɒɚɝɨɜɵɟ (ɢɦɩɭɥɶɫɧɵɟ) ɞɜɢɝɚɬɟɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɟɨɛɪɚɡɭɸɬ 
ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ ɜ ɜɢɞɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɢɦɩɭɥɶɫɨɜ ɜ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɱɢɫɥɭ ɢɦɩɭɥɶɫɨɜ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɜɚɥɚ ɢɥɢ 
ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɦɟɯɚɧɢɡɦɚ ɛɟɡ ɞɚɬɱɢɤɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɗɬɨ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɭɩɪɨɳɚɟɬ ɫɢɫɬɟɦɭ ɩɪɢɜɨɞɚ ɢ ɡɚɦɟɧɹɟɬ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ 
ɫɥɟɞɹɳɟɝɨ ɩɪɢɜɨɞɚ (ɫɟɪɜɨɩɪɢɜɨɞɚ) ɪɚɡɨɦɤɧɭɬɨɣ, ɨɛɥɚɞɚɸɳɟɣ ɬɚɤɢɦɢ 
ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ, ɤɚɤ ɫɧɢɠɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɭɫɬɪɨɣɫɬɜɚ (ɦɟɧɶɲɟ ɷɥɟɦɟɧɬɨɜ) ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɬɨɱɧɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɮɢɤɫɚɰɢɟɣ ɪɨɬɨɪɚ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɪɢ 
ɨɬɫɭɬɫɬɜɢɢ ɢɦɩɭɥɶɫɨɜ ɫɢɝɧɚɥɚ. 

Ɉɫɧɨɜɧɨɣ ɧɟɞɨɫɬɚɬɨɤ ɩɪɢɜɨɞɚ ɫ ɲɚɝɨɜɵɦ ɞɜɢɝɚɬɟɥɟɦ - ɩɪɢ ɫɛɨɟ ɢɦɩɭɥɶɫɚ 
ɞɚɥɶɧɟɣɲɟɟ ɫɥɟɠɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫ ɨɲɢɛɤɨɣ ɜ ɭɝɥɟ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɱɢɫɥɭ 
ɩɪɨɩɭɳɟɧɧɵɯ ɢɦɩɭɥɶɫɨɜ [11]. 

ɋɟɪɜɨɞɜɢɝɚɬɟɥɶ – ɷɬɨ ɞɜɢɝɚɬɟɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɪɚɛɨɬɵ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɫɤɨɪɨɫɬɟɣ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɭɥɭɱɲɟɧɧɭɸ ɩɥɚɜɧɨɫɬɶ ɯɨɞɚ, 
ɩɨɧɢɠɟɧɧɵɟ ɜɢɛɪɚɰɢɸ ɢ ɚɤɭɫɬɢɱɟɫɤɢɟ ɲɭɦɵ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɟɝɨ ɫɨɫɬɚɜ 
ɜɤɥɸɱɟɧ ɞɚɬɱɢɤ ɩɨɡɢɰɢɢ ɢɥɢ ɫɤɨɪɨɫɬɢ. ɍɩɪɚɜɥɟɧɢɟ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɦ 
ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɨɦɨɳɶɸ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɱɚɫɬɨɬɵ (ɢɧɜɟɪɬɨɪɚ). Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ 
ɫɟɪɜɨɞɜɢɝɚɬɟɥɹ ɨɬ ɨɛɵɱɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɜ ɬɨɦ, ɱɬɨ ɨɧ ɦɨɠɟɬ ɭɩɪɚɜɥɹɬɶɫɹ ɩɨ 
ɫɤɨɪɨɫɬɢ, ɦɨɦɟɧɬɭ ɢ ɩɨɥɨɠɟɧɢɸ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɜɨɡɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɡɚɞɚɱ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ, ɫɥɟɠɟɧɢɹ ɢ ɤɨɧɬɭɪɧɨɣ ɨɛɪɚɛɨɬɤɢ 
[12]. 
ɂɡɜɟɫɬɧɵ ɫɥɟɞɭɸɳɢɟ ɜɢɞɵ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ: 

- ɚɫɢɧɯɪɨɧɧɵɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ; 
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- ɫɢɧɯɪɨɧɧɵɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ; 
- ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ; 
- ɫɢɧɯɪɨɧɧɵɣ ɪɟɚɤɬɢɜɧɵɣ ɫɟɪɜɨɞɜɢɝɚɬɟɥɶ. 

Ɋɚɫɫɱɢɬɚɟɦ ɢ ɜɵɛɟɪɟɦ ɪɟɦɟɧɧɭɸ ɩɟɪɟɞɚɱɭ ɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɞɥɹ 
ɤɚɠɞɨɣ ɩɨɜɨɪɨɬɧɨɣ ɨɫɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. Ⱦɚɧɧɵɣ ɪɚɫɱɟɬ ɹɜɥɹɟɬɫɹ 
ɩɪɢɛɥɢɠɟɧɧɵɦ, ɬɚɤ ɤɚɤ ɧɟ ɭɱɢɬɵɜɚɟɬ ɦɚɫɫɵ ɡɜɟɧɶɟɜ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɦɨɦɟɧɬ ɫɢɥɵ ɞɥɹ 
ɤɚɠɞɨɣ ɩɨɜɨɪɨɬɧɨɣ ɨɫɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɪɢɫɭɧɤɨɦ 2.1 ɢ 
ɧɚɣɞɟɦ ɦɨɦɟɧɬɵ ɫɢɥ ɩɨ ɮɨɪɦɭɥɟ (2.1).  
 

 , (2.1) 

 
ɝɞɟ M – ɦɨɦɟɧɬ ɫɢɥɵ, ; F - ɩɪɢɥɨɠɟɧɧɚɹ ɫɢɥɚ, ; r – ɞɥɢɧɚ ɜɟɤɬɨɪɚ 

ɨɬ ɰɟɧɬɪɚ ɜɪɚɳɟɧɢɹ ɞɨ ɦɟɫɬɚ ɩɪɢɥɨɠɟɧɢɹ ɫɢɥɵ, ɦ; l – ɞɥɢɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɚ, 
ɨɩɭɳɟɧɧɨɝɨ ɢɡ ɰɟɧɬɪɚ ɜɪɚɳɟɧɢɹ ɧɚ ɥɢɧɢɸ ɞɟɣɫɬɜɢɹ ɫɢɥɵ, ɦ; - ɭɝɨɥ, ɦɟɠɞɭ 
ɜɟɤɬɨɪɨɦ ɫɢɥɵ F ɢ ɜɟɤɬɨɪɨɦ ɩɨɥɨɠɟɧɢɹ r, ɪɚɞ.  

 

 
Ɋɢɫɭɧɨɤ 2.1 — ɋɯɟɦɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ  

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɹ ɫɨɨɬɧɨɲɟɧɢɟ (2.1) ɨɩɪɟɞɟɥɢɦ ɦɨɦɟɧɬɵ ɫɢɥɵ:   

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ A(F = 50 ɇ,  l = 100 ɦɦ = 0.1 ɦ): 
 ,51.050 ɦɇM    

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ B(F = 50 ɇ,  l = 140+220+225 = 585 ɦɦ = 0.585 ɦ): 
 ,25.29585.050 ɦɇM    

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ C (F = 50 ɇ,  l = 140+220 = 360 ɦɦ = 0.360 ɦ): 

)sin( rFlFM

ɦɇ  ɇ





 ,18360.050 ɦɇM    

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ D (F = 50 ɇ,  l = 10 ɦɦ = 0.01 ɦ): 
 ,5.001.050 ɦɇM    

ɉɨɜɨɪɨɬɧɚɹ ɨɫɶ E (F = 50 ɇ,  l = 140 = 140 ɦɦ = 0.140 ɦ): 
 .714.050 ɦɇM    

ɋ ɩɨɦɨɳɶɸ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ContiTech Suite Beltimpex 7.1 
ɪɚɫɫɱɢɬɚɟɦ ɪɟɦɟɧɧɵɟ ɩɟɪɟɞɚɱɢ ɞɥɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ (ɨɛɨɡɧɚɱɟɧɢɟ ɨɫɟɣ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 1.8). ɂɫɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ 
ɪɚɫɱɟɬ ɹɜɥɹɸɬɫɹ ɫɨɨɬɧɨɲɟɧɢɹ ɦɨɦɟɧɬɨɜ ɫɢɥɵ, ɨɛɨɪɨɬɵ ɞɜɢɝɚɬɟɥɹ ɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ. ɉɪɨɰɟɫɫ ɪɚɫɱɟɬɚ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɢɬɟɪɚɰɢɨɧɧɵɦ, ɩɨɷɬɨɦɭ ɧɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧ ɮɢɧɚɥɶɧɵɣ ɪɚɫɱɟɬ ɫ ɭɱɟɬɨɦ ɡɚɩɚɫɚ 
ɩɨ ɦɨɦɟɧɬɭ ɫɢɥɵ.   

 

Ɉɞɧɨɫɬɭɩɟɧɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɨɫɢ A 

 
Ɋɢɫɭɧɨɤ 2.2 – ɋɯɟɦɚ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ Ⱥ 

 
Ɍɚɛɥɢɰɚ 2.2 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ Ⱥ 
(ɫɬɭɩɟɧɶ 1) 
Ɍɢɩ ɪɟɦɧɹ: Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  XL 
ɒɚɝ ɡɭɛɶɟɜ:  5.08 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 16 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 25.87 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 108 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 174.64 
 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.2 
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  200 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  29.63  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 6.75 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  690.88 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  136 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  170 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 128.61 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  5.72 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.27 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.78 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.03 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  1.5 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  10.12 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  31.67 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  10 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 115.95 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 49.28 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 88.82 ɇ 
  
ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɥɚ 25 ɇ 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 8.55 ɦɦ 

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 690,88 - XL - 10 – SYNCHROBELT; 
- Toothed pulley P 16 - XL – 10; 
- Toothed pulley P 108 - XL – 10. 

 
 

 

 

 

 

 

 



Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɨɫɢ B 

 
Ɋɢɫɭɧɨɤ 2.3 – ɋɯɟɦɚ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ B 

 
Ɍɚɛɥɢɰɚ 2.3 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ B 
(ɫɬɭɩɟɧɶ 1) 

Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 
Trapez 

ɉɪɨɮɢɥɶ ɡɭɛɚ:  XL 
ɒɚɝ ɡɭɛɶɟɜ:  5.08 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 16 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 25.87 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 48 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 77.62 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  200 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  66.67  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 3.00 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  340.36 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  67 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  83 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 144.53 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  6.42 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.3 
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.27 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  1.59 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.06 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  3.0 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  9.0 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  52.50 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  10 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 231.91 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 98.56 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 187.75 ɇ 
  
ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɥɚ 25 ɇ 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 3.84 ɦɦ 

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 340,36 - XL - 10 – SYNCHROBELT; 
- Toothed pulley P 16 - XL – 10; 
- Toothed pulley P 48 - XL – 10. 

Ɍɚɛɥɢɰɚ 2.4 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ B 
(ɫɬɭɩɟɧɶ 2) 

Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 
Trapez 

ɉɪɨɮɢɥɶ ɡɭɛɚ:  XL 
ɒɚɝ ɡɭɛɶɟɜ:  5.08 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 16 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 25.87 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 80 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 129.36 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  66.67 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  13.33  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 5.00 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  467.36 ɦɦ 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.4 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  92 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  100 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 116.06 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  5.16 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.09 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.39 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.06 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  9.0 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  45.0 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  190.73 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  10 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 697.76 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 296.55 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 503.10 ɇ 
  
ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɥɚ 25 ɇ 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 2.89 ɦɦ 

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  

- CONTI Trapez Timing belt 467,36 - XL - 10 – SYNCHROBELT; 
- Toothed pulley P 16 - XL – 10; 
- Toothed pulley P 80 - XL – 10. 

Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɨɫɢ C 

 
Ɋɢɫɭɧɨɤ 2.4 – ɋɯɟɦɚ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ ɋ 



Ɍɚɛɥɢɰɚ 2.5 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ ɋ 
(ɫɬɭɩɟɧɶ 1) 

Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 
Trapez 

ɉɪɨɮɢɥɶ ɡɭɛɚ:  XL 
ɒɚɝ ɡɭɛɶɟɜ:  5.08 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 16 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 25.87 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 48 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 77.62 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  200 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  66.67  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 3.00 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  340.36 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  67 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  83 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 144.53 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  6.42 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.27 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  1.59 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.03 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  1.5 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  4.5 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  28.25 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  10 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 114.41 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 48.62 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 92.62 ɇ 
  
ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɥɚ 25 ɇ 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 4.49 ɦɦ 
 



ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 340,36 - XL - 10 – SYNCHROBELT; 
- Toothed pulley P 16 - XL – 10; 
- Toothed pulley P 48 - XL – 10. 

 
Ɍɚɛɥɢɰɚ 2.6 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ C 
(ɫɬɭɩɟɧɶ 2) 
Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  XL 
ɒɚɝ ɡɭɛɶɟɜ:  5.08 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 16 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 25.87 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 64 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 103.49 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  66.67 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  16.67  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 4.00 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  502.92 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  99 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  143 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 148.87 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  6.62 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.09 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.36 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.03 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  4.44 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  17.76 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  74.06 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  10 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 343.24 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 145.88 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 281.05 ɇ 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.6 
ɂɫɩɵɬɚɬɟɥɶɧɚɹ ɫɢɥɚ 25 ɇ 
ɂɫɩɵɬɚɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 5.98 ɦɦ 
 

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  

- CONTI Trapez Timing belt 502,92 - XL - 10 – SYNCHROBELT; 
- Toothed pulley P 16 - XL – 10; 
- Toothed pulley P 64 - XL – 10. 

 
Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɨɫɢ D 

 
Ɋɢɫɭɧɨɤ 2.5 – ɋɯɟɦɚ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ D 

 
Ɍɚɛɥɢɰɚ 2.7 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ D 
(ɫɬɭɩɟɧɶ 1) 
Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  MXL 
ɒɚɝ ɡɭɛɶɟɜ:  2.03 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 22 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 14.23 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 55 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 35.57 ɦɦ 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  200 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  80  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 2.5 
 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.7 
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  166.62 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  82 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  43 ɦɦ 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 151.16 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  9.24 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.15 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  1.79 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.01 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  0.5 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  1.25 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  28.13 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  6 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 70.28 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 29.87 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 57.85 ɇ 
  

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 166,62 - MXL - 6 – SYNCHROBELT; 
- Toothed pulley P 22 - MXL – 6; 
- Toothed pulley P 55 - MXL – 6. 

 
Ɍɚɛɥɢɰɚ 2.8 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ D 
(ɫɬɭɩɟɧɶ 2) 
Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  MXL 
ɒɚɝ ɡɭɛɶɟɜ:  2.03 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 22 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 14.23 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 68 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 43.98 ɦɦ 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  80 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  25.88  ɨɛ/ɦɢɧ 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.8 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 3.09 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  182.88 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  90 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  43 ɦɦ 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 139.64 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  8.53 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.06 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.65 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.01 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  1.25 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  3.86 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  62.85 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  6 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 175.69 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 74.67 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 140.17 ɇ 
  

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 182,88 - MXL - 6 - SYNCHROBELT 
- Toothed pulley P 22 - MXL - 6 
- Toothed pulley P 68 - MXL - 6 

 

 

 

 

 

 

 

 

 

 

 



Ⱦɜɭɯɫɬɭɩɟɧɱɚɬɚɹ ɩɟɪɟɞɚɱɚ ɨɫɢ E 

 

 
Ɋɢɫɭɧɨɤ 2.6 – ɋɯɟɦɚ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ E 

 
Ɍɚɛɥɢɰɚ 2.9 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ E 
(ɫɬɭɩɟɧɶ 1) 
Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  MXL 
ɒɚɝ ɡɭɛɶɟɜ:  2.03 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 22 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 14.23 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 52 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 33.63 ɦɦ 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  200 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  84.62  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 2.36 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  323.09 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  159 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  125 ɦɦ 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 170.99 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  10.45 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.15 ɦ/ɫ 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.9 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.92 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.01 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  0.5 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  1.18 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  28.13 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  6 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 70.28 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 29.87 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 59.55 ɇ 
  

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  

- CONTI Trapez Timing belt 323,09 - MXL - 6 – SYNCHROBELT; 
- Toothed pulley P 22 - MXL – 6; 
- Toothed pulley P 52 - MXL – 6. 

 

Ɍɚɛɥɢɰɚ 2.10 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɩɚɪɚɦɟɬɪɵ ɪɟɦɟɧɧɨɣ ɡɭɛɱɚɬɨɣ ɩɟɪɟɞɚɱɢ ɨɫɢ E 
(ɫɬɭɩɟɧɶ 2) 
Ɍɢɩ ɪɟɦɧɹ:  Conti CONTI SYNCHROBELT 

Trapez 
ɉɪɨɮɢɥɶ ɡɭɛɚ:  MXL 
ɒɚɝ ɡɭɛɶɟɜ:  2.03 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 22 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɦɚɥɨɝɨ ɲɤɢɜɚ 14.23 ɦɦ 
  
Ʉɨɥɢɱɟɫɬɜɨ ɡɭɛɶɟɜ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ 64 
ɇɚɪɭɠɧɵɣ ɞɢɚɦɟɬɪ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ 41.4 ɦɦ 
  
ɋɤɨɪɨɫɬɶ ɜɟɞɭɳɟɝɨ ɲɤɢɜɚ  80 ɨɛ/ɦɢɧ 
ɋɤɨɪɨɫɬɶ ɜɟɞɨɦɨɝɨ ɲɤɢɜɚ  27  ɨɛ/ɦɢɧ 
Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ 2.91 
  
Ⱦɥɢɧɚ ɡɭɛɱɚɬɨɝɨ ɪɟɦɧɹ  184.91 ɦɦ 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɧɚ ɪɟɦɧɟ  91 
Ɇɟɠɨɫɟɜɨɟ ɪɚɫɫɬɨɹɧɢɟ  45 ɦɦ 
  
Ⱦɭɝɚ ɤɨɧɬɚɤɬɚ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ 146.24 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2.10 
ɑɢɫɥɨ ɡɭɛɶɟɜ ɜ ɡɚɰɟɩɥɟɧɢɢ  8.94 
  
ɋɤɨɪɨɫɬɶ ɪɟɦɧɹ  0.06 ɦ/ɫ 
ɑɚɫɬɨɬɚ ɢɡɝɢɛɚ ɪɟɦɧɹ  0.68 Ƚɰ 
  
Ɉɛɳɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɫɥɭɠɢɜɚɧɢɹ  1.8 
  
ɉɟɪɟɞɚɜɚɟɦɚɹ ɦɨɳɧɨɫɬɶ  0.01 ɤȼɬ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɭɳɟɦ ɲɤɢɜɟ  1.18 ɇɦ 
Ʉɪɭɬɹɳɢɣ ɦɨɦɟɧɬ ɧɚ ɜɟɞɨɦɨɦ ɲɤɢɜɟ  3.43 ɇɦ 
  
Ɋɚɫɱɟɬɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  57.45 ɦɦ 
ȼɵɛɪɚɧɧɚɹ ɲɢɪɢɧɚ ɪɟɦɧɹ  6 ɦɦ 
  
ɗɮɮɟɤɬɢɜɧɨɟ ɧɚɬɹɠɟɧɢɟ 158.60 ɇ 
ɋɬɚɬɢɱɟɫɤɨɟ ɧɚɬɹɠɟɧɢɟ ɪɟɦɧɹ 67.41 ɇ 
Ɉɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɨɫɶ 129 ɇ 
  

ɉɚɪɚɦɟɬɪɵ ɪɟɦɧɹ ɢ ɲɤɢɜɨɜ:  
- CONTI Trapez Timing belt 184,91 - MXL - 6 – SYNCHROBELT; 
- Toothed pulley P 22 - MXL – 6; 
- Toothed pulley P 64 - MXL – 6. 

ɉɨ ɪɟɡɭɥɶɬɚɬɭ ɪɚɫɱɟɬɚ ɪɟɦɟɧɧɵɯ ɩɟɪɟɞɚɱ ɛɵɥɢ ɜɵɛɪɚɧɵ ɲɚɝɨɜɵɟ 
ɞɜɢɝɚɬɟɥɢ (ɬɚɛɥɢɰɚ 2.11) ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɬɨɱɧɨɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɛɟɡ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɧɚɥɢɱɢɟ ɪɟɠɢɦɚ ɭɞɟɪɠɚɧɢɹ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɢɦɟɸɳɢɟ ɧɢɡɤɭɸ 
ɫɬɨɢɦɨɫɬɶ.   
 

Ɍɚɛɥɢɰɚ 2.11 – ɉɚɪɚɦɟɬɪɵ ɦɨɬɨɪɨɜ ɩɨɜɨɪɨɬɧɵɯ ɨɫɟɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Ɉɫɶ Ɇɨɞɟɥɶ 
Ɍɨɤ/ 
Ɏɚɡɚ, 

A 

ɋɨɩɪɨ-
ɬɢɜɥɟɧɢɟ/ 
ɮɚɡɚ, Ɉɦ 

ɂɧɞɭ-
ɤɬɢɜɧɨɫɬɶ/ 
ɮɚɡɚ, ɦȽɧ 

Ʉɪɭ-
ɬɹɳɢɣ 
ɦɨɦɟɧɬ 

ɇ⋅ ɦ 

Ɇɨɦɟɧɬ 
ɢɧɟɪɰɢɢ 
ɪɨɬɨɪɚ, 
ɝ ⋅ ɫɦ2 

ɍɝɥɨɜɨɣ 
ɲɚɝ, 
ɝɪɚɞ. 

A 60BYG250 2 0.63 1.8 3.1 840 1.8 

B 60BYG250 2 0.63 1.8 3.1 840 1.8 

C 57BYG250 3 0.8 1.1 0.9 135 1.8 

D 17HS19 1.8 1.8 3.2 0.52 68 1.8 

E 17HS19 1.8 1.8 3.2 0.52 68 1.8 

 

  



3 ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

3.1  ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɛɥɨɤɨɜ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɡɚ ɨɫɧɨɜɭ ɛɵɥ ɜɡɹɬ 
ɩɪɨɟɤɬ Andreas Hölldorfer [1], ɤɨɬɨɪɵɣ ɧɭɠɧɨ ɞɨɪɚɛɨɬɚɬɶ ɩɨɞ ɪɨɫɫɢɣɫɤɢɟ 
ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɢ ɢɫɩɪɚɜɢɬɶ ɧɟɞɨɱɟɬɵ ɦɨɞɟɥɟɣ. Ⱦɥɹ ɞɨɪɚɛɨɬɤɢ ɩɪɨɟɤɬɚ ɛɭɞɟɦ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ Autodesk Inventor. 

ɇɚ ɪɢɫɭɧɤɚɯ 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɷɥɟɦɟɧɬɵ ɨɛɳɟɣ ɫɛɨɪɤɢ.  

Ȼɥɨɤ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 3.1 ɫɩɪɨɟɤɬɢɪɨɜɚɧ ɧɚ ɛɚɡɟ 
ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ ɞɥɹ ɑɉɍ ɫɬɚɧɤɚ. Ⱦɥɹ ɭɞɟɲɟɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɛɵɥɢ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɭɩɨɪɧɵɟ ɩɨɞɲɢɩɧɢɤɢ ɦɚɪɤɢ (8100) ɢ ɲɚɪɢɤɢ ɨɬ ɩɨɞɲɢɩɧɢɤɨɜ (8 
ɲɬ.) ɩɨ ɜɫɟɦɭ ɩɟɪɢɦɟɬɪɭ ɨɤɪɭɠɧɨɫɬɢ. 

 
Ɋɢɫɭɧɨɤ 3.1 — ɋɛɨɪɤɚ ɛɥɨɤɚ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
ȼ ɛɥɨɤɟ 2 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 3.2 ɨɬɤɨɪɪɟɤɬɢɪɨɜɚɧɵ 

ɩɨɫɚɞɨɱɧɵɟ ɦɟɫɬɚ ɞɥɹ ɩɨɞɲɢɩɧɢɤɨɜ ɢ ɞɨɪɚɛɨɬɚɧɚ ɦɨɞɟɥɶ ɞɥɹ ɭɞɨɛɧɨɣ ɫɛɨɪɤɢ, 
ɚ ɢɦɟɧɧɨ ɭɜɟɥɢɱɟɧɵ ɪɚɡɦɟɪɵ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɬɜɟɪɫɬɢɣ ɞɥɹ ɭɫɬɚɧɨɜɤɢ 
ɲɚɝɨɜɨɝɨ ɦɨɬɨɪɚ ɢ ɭɫɬɚɧɨɜɥɟɧ ɛɥɨɤ ɧɚɬɹɠɢɬɟɥɹ ɩɪɢɜɨɞɧɨɝɨ ɪɟɦɧɹ ɧɚ 
ɚɥɸɦɢɧɢɟɜɨɣ ɨɫɧɨɜɟ.   
 



 
Ɋɢɫɭɧɨɤ 3.2 — ɋɛɨɪɤɚ ɛɥɨɤɚ 2 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
ȼ ɛɥɨɤɟ 3 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 3.3 ɞɨɪɚɛɨɬɚɧ ɲɤɢɜ ɪɟɦɟɧɧɨɣ 

ɩɟɪɟɞɚɱɢ ɞɥɹ ɪɟɦɧɹ ɬɢɩɚ XL, ɢɡɦɟɧɟɧɨ ɩɨɫɚɞɨɱɧɨɟ ɦɟɫɬɨ ɞɥɹ ɩɨɞɲɢɩɧɢɤɚ ɢ 
ɭɫɬɚɧɨɜɥɟɧ ɛɥɨɤ ɧɚɬɹɠɢɬɟɥɹ ɩɪɢɜɨɞɧɨɝɨ ɪɟɦɧɹ ɧɚ ɚɥɸɦɢɧɢɟɜɨɣ ɨɫɧɨɜɟ.   
 

 
Ɋɢɫɭɧɨɤ 3.3 — ɋɛɨɪɤɚ ɛɥɨɤɚ 3 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

ȼ ɛɥɨɤɟ 4 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 3.4 ɞɨɛɚɜɥɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɫɬɚɧɨɜɤɢ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ ɬɢɩɨɪɚɡɦɟɪɚ Nema 17, ɭɩɪɨɳɟɧ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ 
ɛɥɨɤɚ ɢɡ-ɡɚ ɞɨɛɚɜɥɟɧɢɹ ɰɟɧɬɪɢɪɭɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ.  



 
Ɋɢɫɭɧɨɤ 3.4 — ɋɛɨɪɤɚ ɛɥɨɤɚ 4 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

ȼ ɛɥɨɤɟ 5 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɢɫɭɧɨɤ 3.5 ɢɡɦɟɧɟɧɵ ɩɨɫɚɞɨɱɧɵɟ ɦɟɫɬɚ 
ɩɨɞ ɩɨɞɲɢɩɧɢɤɢ ɢ ɞɨɛɚɜɥɟɧ ɛɥɨɤ ɧɚɬɹɠɢɬɟɥɹ ɩɪɢɜɨɞɧɨɝɨ ɪɟɦɧɹ.  

  

 
Ɋɢɫɭɧɨɤ 3.5 — ɋɛɨɪɤɚ ɛɥɨɤɚ 5 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
 



 
Ɋɢɫɭɧɨɤ 3.6 — ɋɛɨɪɤɚ ɛɥɨɤɚ 6 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
 

 
Ɋɢɫɭɧɨɤ 3.7 — Ɉɛɳɚɹ ɫɛɨɪɤɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 



3.2  ɋɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɂɫɫɥɟɞɭɟɦ ɦɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ CAE-ɫɢɫɬɟɦɟ  Autodesk 
Inventor ɞɥɹ ɨɰɟɧɤɢ ɩɨɜɟɞɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ 
ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɦɟɦ ɧɚɝɪɭɡɤɭ ɜ ɫɯɜɚɬɟ ɪɚɜɧɨɣ 10 ɤɝ ɢ ɢɫɫɥɟɞɭɟɦ 
ɩɨɜɟɞɟɧɢɟ ɦɨɞɟɥɢ ɜ ɪɚɡɥɢɱɧɵɯ ɩɨɡɢɰɢɹɯ. ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.1 ɢ 3.2. 

ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ:  
Ɍɚɛɥɢɰɚ 3.1 — ɇɚɫɬɪɨɣɤɚ ɫɟɬɢ 

ɋɪɟɞɧɢɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ (ɞɪɨɛɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬ ɞɢɚɦɟɬɪɚ 
ɦɨɞɟɥɢ) 0,1 

Ɇɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɷɥɟɦɟɧɬɚ (ɞɪɨɛɧɨɟ ɡɧɚɱɟɧɢɟ ɨɬ ɫɪɟɞɧɟɝɨ 
ɪɚɡɦɟɪɚ) 0,2 

Ʉɨɷɮɮɢɰɢɟɧɬ ɪɚɡɧɨɪɨɞɧɨɫɬɢ 1,5 

Ɇɚɤɫ. ɭɝɨɥ ɩɨɜɨɪɨɬɚ 60 ɝɪɚɞ 

ɋɨɡɞɚɬɶ ɢɡɨɝɧɭɬɵɟ ɷɥɟɦɟɧɬɵ ɫɟɬɤɢ ɇɟɬ 

ɂɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɫɟɬɤɢ ɫɛɨɪɤɢ ɢɡɦɟɪɟɧɢɟ ɧɚ ɨɫɧɨɜɟ ɞɟɬɚɥɟɣ Ⱦɚ 
 

Ɍɚɛɥɢɰɚ 3.2 — ɉɚɪɚɦɟɬɪɵ ɦɚɬɟɪɢɚɥɨɜ 

ɉɥɚɫɬɢɤ ȺȻɋ   

Ɉɛɳɢɟ 

Ɇɚɫɫɨɜɚɹ ɩɥɨɬɧɨɫɬɶ 1,06 ɝ/ɫɦ^3 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 20 Mɉɚ 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɪɚɫɬɹɠɟɧɢɹ 

29,6 Mɉɚ 

ɇɚɩɪɹɠɟɧɢɟ 

Ɇɨɞɭɥɶ ɘɧɝɚ 2,24 Ƚɉɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 0,38 ɛɪ 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ 
ɫɞɜɢɝɟ 

0,811594 Ƚɉɚ 

ɋɬɚɥɶ   

Ɉɛɳɢɟ 

Ɇɚɫɫɨɜɚɹ ɩɥɨɬɧɨɫɬɶ 7,85 ɝ/ɫɦ^3 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 207 Mɉɚ 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɪɚɫɬɹɠɟɧɢɹ 

345 Mɉɚ 

ɇɚɩɪɹɠɟɧɢɟ 

Ɇɨɞɭɥɶ ɘɧɝɚ 210 Ƚɉɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 0,3 ɛɪ 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ 
ɫɞɜɢɝɟ 

80,7692 Ƚɉɚ 

 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.2 
Ⱥɥɸɦɢɧɢɣ 2014   

Ɉɛɳɢɟ 

Ɇɚɫɫɨɜɚɹ ɩɥɨɬɧɨɫɬɶ 2,8 ɝ/ɫɦ^3 

ɉɪɟɞɟɥ ɬɟɤɭɱɟɫɬɢ 290 Mɉɚ 

Ɉɤɨɧɱɚɬɟɥɶɧɵɣ ɩɪɟɞɟɥ 
ɩɪɨɱɧɨɫɬɢ ɪɚɫɬɹɠɟɧɢɹ 

425 Mɉɚ 

ɇɚɩɪɹɠɟɧɢɟ 

Ɇɨɞɭɥɶ ɘɧɝɚ 72,4 Ƚɉɚ 

Ʉɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ 0,33 ɛɪ 

Ɇɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɩɪɢ 
ɫɞɜɢɝɟ 

27,218 Ƚɉɚ 

Ɉɩɪɟɞɟɥɢɦ ɩɨɜɟɞɟɧɢɹ ɦɨɞɟɥɢ ɩɪɢ ɧɚɝɪɭɡɤɟ ɧɚ ɫɯɜɚɬ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ 10 ɤɝ ɢɡ ɩɨɥɨɠɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 3.8. Ⱦɚɧɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɵɦ.  

ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.3 ɢ 3.4, ɚ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɬɚɛɥɢɰɚɯ 3.5 ɢ 3.6 
 
Ɍɚɛɥɢɰɚ 3.3 — Ɏɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ  
Ɇɚɫɫɚ 9,09661 ɤɝ 

ɉɥɨɳɚɞɶ 1343410 ɦɦ^2 

Ɉɛɴɟɦ 6407860 ɦɦ^3 

ɐɟɧɬɪ ɦɚɫɫ 
x=98,1119 ɦɦ 
y=209,418 ɦɦ 
z=-65,2724 ɦɦ 

 
Ɍɚɛɥɢɰɚ 3.4 — Ɋɚɛɨɱɢɟ ɭɫɥɨɜɢɹ  

Ɍɢɩ ɧɚɝɪɭɡɤɢ ɋɢɥɚ ɬɹɠɟɫɬɢ 

ȼɟɥɢɱɢɧɚ 9810,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ X -0,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ Y -9810,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ Z -0,000 ɦɦ/ɫ^2 

  

Ɍɢɩ ɧɚɝɪɭɡɤɢ ɋɢɥɚ 

ȼɟɥɢɱɢɧɚ 100,000 ɇ 

ȼɟɤɬɨɪ X -0,000 ɇ 

ȼɟɤɬɨɪ Y -100,000 ɇ 

ȼɟɤɬɨɪ Z -0,000 ɇ 
 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 3.4 
Ɍɢɩ ɨɩɨɪɵ Ɉɩɨɪɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ Ⱦɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɨɫɟɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ Ⱦɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɇɟɬ 
 
 

 
Ɋɢɫɭɧɨɤ 3.8 — Ɇɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ  

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ: 
Ɍɚɛɥɢɰɚ 3.5 — ɋɢɥɚ ɢ ɦɨɦɟɧɬ ɪɟɚɤɰɢɢ ɜ ɨɩɨɪɚɯ  

ɂɦɹ ɨɩɨɪɵ 
ɋɢɥɚ ɪɟɚɤɰɢɢ Ɋɟɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ 

ȼɟɥɢɱɢɧɚ Ʉɨɦɩɨɧɟɧɬ (X,Y,Z) ȼɟɥɢɱɢɧɚ Ʉɨɦɩɨɧɟɧɬ (X,Y,Z) 

Ɂɚɳɟɦɥɟɧɢɟ:1 20,984 ɇ 

1,78387 ɇ 

1,35712 ɇ ɦ 

1,04765 ɇ ɦ 

19,3037 ɇ -0,450614 ɇ ɦ 

8,0321 ɇ 0,735631 ɇ ɦ 

Ɉɩɨɪɚ:1 174,091 ɇ 

-1,74044 ɇ 

11,1799 ɇ ɦ 

-0,0563946 ɇ ɦ 

173,899 ɇ 0 ɇ ɦ 

-7,99902 ɇ 11,1798 ɇ ɦ 
 
 
 
 
 



Ɍɚɛɥɢɰɚ 3.6 — ɂɬɨɝɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɂɦɹ Ɇɢɧɢɦɚɥɶɧɚɹ Ɇɚɤɫɢɦɚɥɶɧɚɹ 

Ɉɛɴɟɦ 6406760 ɦɦ^3 

Ɇɚɫɫɚ 9,5003 ɤɝ 

ɇɚɩɪɹɠɟɧɢɟ ɩɨ Ɇɢɡɟɫɭ 0,00000736116 Mɉɚ 937,516 Mɉɚ 

1-ɨɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ -262,925 Mɉɚ 1096,74 Mɉɚ 

3-ɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ -835,405 Mɉɚ 401,262 Mɉɚ 

ɋɦɟɳɟɧɢɟ 0 ɦɦ 4,84958 ɦɦ 

Ʉɨɷɮɮ. ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ 0,158101 ɛɪ 15 ɛɪ 
 
 

 
Ɋɢɫɭɧɨɤ 3.9 — ɇɚɩɪɹɠɟɧɢɟ ɩɨ Ɇɢɡɟɫɭ 

 
 
 
 
 
 



  
Ɋɢɫɭɧɨɤ 3.10 — 1-ɨɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

 
 
 

 
Ɋɢɫɭɧɨɤ 3.11 — 3-ɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

 
 
 



 

 
Ɋɢɫɭɧɨɤ 3.12 — ɋɦɟɳɟɧɢɟ 

 
 

 

 
Ɋɢɫɭɧɨɤ 3.13 — Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ 

 



ɂɫɫɥɟɞɭɟɦ ɩɨɜɟɞɟɧɢɟ ɦɨɞɟɥɢ ɩɪɢ ɧɚɝɪɭɡɤɟ ɧɚ ɫɯɜɚɬ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
10 ɤɝ ɢɡ ɫɥɚɛɨ ɧɚɝɪɭɠɟɧɧɨɝɨ ɩɨɥɨɠɟɧɢɹ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 3.14.  

ɉɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 3.7 ɢ 3.8, ɚ ɪɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɬɚɛɥɢɰɚɯ 3.9 ɢ 3.10. 
Ɍɚɛɥɢɰɚ 3.7 — Ɏɢɡɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ  
Ɇɚɫɫɚ 9,09661 ɤɝ 

ɉɥɨɳɚɞɶ 1343410 ɦɦ^2 

Ɉɛɴɟɦ 6407860 ɦɦ^3 

ɐɟɧɬɪ ɦɚɫɫ 
x=17,2818 ɦɦ 
y=299,986 ɦɦ 
z=-105,212 ɦɦ 

 

Ɍɚɛɥɢɰɚ 3.8 — Ɋɚɛɨɱɢɟ ɭɫɥɨɜɢɹ  
Ɍɢɩ ɧɚɝɪɭɡɤɢ ɋɢɥɚ ɬɹɠɟɫɬɢ 

ȼɟɥɢɱɢɧɚ 9810,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ X -0,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ Y -9810,000 ɦɦ/ɫ^2 

ȼɟɤɬɨɪ Z -0,000 ɦɦ/ɫ^2 

  

Ɍɢɩ ɧɚɝɪɭɡɤɢ ɋɢɥɚ 

ȼɟɥɢɱɢɧɚ 100,000 ɇ 

ȼɟɤɬɨɪ X -0,000 ɇ 

ȼɟɤɬɨɪ Y -100,000 ɇ 

ȼɟɤɬɨɪ Z -0,000 ɇ 

  

Ɍɢɩ ɨɩɨɪɵ Ɉɩɨɪɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɪɚɞɢɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ Ⱦɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɨɫɟɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ Ⱦɚ 

Ɏɢɤɫɢɪɨɜɚɬɶ ɤɚɫɚɬɟɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɇɟɬ 
 
 
 



 
Ɋɢɫɭɧɨɤ 3.14 — Ɇɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ɍɚɛɥɢɰɚ 3.9 — ɋɢɥɚ ɢ ɦɨɦɟɧɬ ɪɟɚɤɰɢɢ ɜ ɨɩɨɪɚɯ  

ɂɦɹ ɨɩɨɪɵ 
ɋɢɥɚ ɪɟɚɤɰɢɢ Ɋɟɚɤɬɢɜɧɵɣ ɦɨɦɟɧɬ 

ȼɟɥɢɱɢɧɚ Ʉɨɦɩɨɧɟɧɬ (X,Y,Z) ȼɟɥɢɱɢɧɚ ȼɟɥɢɱɢɧɚ 

Ɂɚɳɟɦɥɟɧɢɟ:1 14,1787 ɇ 

4,56042 ɇ 

Ɂɚɳɟɦɥɟɧɢɟ:1 

14,1787 ɇ 

13,3866 ɇ -0,450614 ɇ ɦ 

1,01738 ɇ 0,735631 ɇ ɦ 

Ɉɩɨɪɚ:1 179,88 ɇ 

-4,56794 ɇ 

Ɉɩɨɪɚ:1 

179,88 ɇ 

179,819 ɇ 0 ɇ ɦ 

-1,0192 ɇ 11,1798 ɇ ɦ 

 

Ɍɚɛɥɢɰɚ 3.10 — ɂɬɨɝɨɜɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɂɦɹ Ɇɢɧɢɦɚɥɶɧɚɹ Ɇɚɤɫɢɦɚɥɶɧɚɹ 

Ɉɛɴɟɦ 6407080 ɦɦ^3 

Ɇɚɫɫɚ 9,50064 ɤɝ 

ɇɚɩɪɹɠɟɧɢɟ ɩɨ Ɇɢɡɟɫɭ 0,00000841885 Mɉɚ 336,305 Mɉɚ 

1-ɨɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ -140,137 Mɉɚ 280,614 Mɉɚ 

3-ɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ -480,99 Mɉɚ 34,7556 Mɉɚ 

ɋɦɟɳɟɧɢɟ 0 ɦɦ 2,07659 ɦɦ 

Ʉɨɷɮɮ. ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ 0,615513 ɛɪ 15 ɛɪ 



 

 
Ɋɢɫɭɧɨɤ 3.15 — ɇɚɩɪɹɠɟɧɢɟ ɩɨ Ɇɢɡɟɫɭ 

 
 

  
Ɋɢɫɭɧɨɤ 3.16 — 1-ɨɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

 
 

 



 

 
Ɋɢɫɭɧɨɤ 3.17 — 3-ɟ ɨɫɧɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ 

 
 

 
Ɋɢɫɭɧɨɤ 3.18 — ɋɦɟɳɟɧɢɟ 

 
 



 
Ɋɢɫɭɧɨɤ 3.19 — Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɢ ɧɚɝɪɭɡɤɟ ɜ 10 ɤɝ ɫɨɫɬɚɜɥɹɟɬ 4.85 ɦɦ ɢ ɡɚɩɚɫ ɩɪɨɱɧɨɫɬɢ 
ɫɚɦɨɝɨ ɭɹɡɜɢɦɨɝɨ ɷɥɟɦɟɧɬɚ ɫɨɫɬɚɜɥɹɟɬ 0.16. ɉɪɢ ɷɬɨɦ ɤɨɧɫɬɪɭɤɰɢɹ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɪɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɫɩɨɫɨɛɧɚ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨ ɜɵɞɟɪɠɢɜɚɬɶ 
ɞɚɧɧɭɸ ɧɚɝɪɭɡɤɭ. ɉɨɷɬɨɦɭ ɜɨ ɢɡɛɟɠɚɧɢɟ ɩɨɥɨɦɤɢ ɭɹɡɜɢɦɨɝɨ ɷɥɟɦɟɧɬɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɧɢɡɢɦ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɭɸ ɧɚɝɪɭɡɤɭ ɧɚ 85%, ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɯɜɚɬ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɫɨɫɬɚɜɥɹɟɬ 1.5 ɤɝ.  
 
 
 
 
 
 
 
 
 
 
 
 



3.3  ɂɡɝɨɬɨɜɥɟɧɢɟ ɞɟɬɚɥɟɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ 
ɢɡɝɨɬɨɜɥɟɧ 3D ɩɪɢɧɬɟɪ ɫ ɨɛɥɚɫɬɶɸ ɩɟɱɚɬɢ  300 ɦɦ ɯ 450 ɦɦ ɯ 200 ɦɦ.  

ɉɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɦɟɬɨɞɨɦ 3D 
ɩɟɱɚɬɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɚɯ 3.20, 3.21, 3.22, 3.23, 3.24.  

 

 
Ɋɢɫɭɧɨɤ 3.20 —3D ɩɟɱɚɬɶ ɨɫɧɨɜɚɧɢɹ ɛɥɨɤɚ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 

 
Ɋɢɫɭɧɨɤ 3.21 —3D ɩɟɱɚɬɶ ɲɤɢɜɚ ɛɥɨɤɚ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 



 

 
Ɋɢɫɭɧɨɤ 3.22 —3D ɩɟɱɚɬɶ ɨɫɧɨɜɚɧɢɹ ɛɥɨɤɚ 2 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 3.23 —3D ɩɟɱɚɬɶ ɩɨɜɨɪɨɬɧɨɣ ɨɫɧɨɜɵ ɛɥɨɤɚ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 



 
 

 
Ɋɢɫɭɧɨɤ 3.24 —ɉɨɜɨɪɨɬɧɚɹ ɨɫɧɨɜɚ ɛɥɨɤɚ 1 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

 
ɇɚ ɪɢɫɭɧɤɟ 3.25 ɢɡɨɛɪɚɠɟɧ ɛɥɨɤ ɧɚɬɹɠɢɬɟɥɹ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ, 

ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɦɟɬɨɞɨɦ ɮɪɟɡɟɪɨɜɚɧɢɹ.  
 

  
Ɋɢɫɭɧɨɤ 3.25 — ɂɡɝɨɬɨɜɥɟɧɢɟ ɛɥɨɤɚ ɧɚɬɹɠɢɬɟɥɹ ɪɟɦɟɧɧɨɣ ɩɟɪɟɞɚɱɢ 

 
ɒɤɢɜɵ ɪɢɫɭɧɨɤ 3.26 ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɚɡɪɚɛɨɬɚɧɵ ɜ ɩɪɨɝɪɚɦɦɧɨɦ 

ɨɛɟɫɩɟɱɟɧɢɢ Autodesk Inventor ɢ ɫɨɫɬɨɹɬ ɢɡ ɚɥɸɦɢɧɢɟɜɨɣ ɨɫɧɨɜɵ, ɤɨɬɨɪɚɹ 
ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɦɟɬɨɞɨɦ ɮɪɟɡɟɪɨɜɚɧɢɹ ɢ ɩɥɚɫɬɢɤɨɜɨɝɨ ɡɭɛɱɚɬɨɝɨ ɷɥɟɦɟɧɬɚ, 
ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɫ ɩɨɦɨɳɶɸ 3D ɩɟɱɚɬɢ.   
 



Ɋɢɫɭɧɨɤ 3.26 — ɂɡɝɨɬɨɜɥɟɧɢɟ ɲɤɢɜɨɜ 
 

 

 
Ɋɢɫɭɧɨɤ 3.27 — ɂɡɝɨɬɨɜɥɟɧɢɟ ɛɚɡɨɜɨɣ ɩɥɚɬɮɨɪɦɵ 

  



3.4  ɋɛɨɪɤɚ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɉɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɫɨɫɬɨɢɬ ɢɡ 6 ɛɥɨɤɨɜ. ɇɚ ɪɢɫɭɧɤɚɯ 3.28, 
3.29, 3.30, 3.31 ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧ ɩɪɨɰɟɫɫ ɫɛɨɪɤɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ.  

 

 
Ɋɢɫɭɧɨɤ 3.28 — ɋɛɨɪɤɚ ɛɥɨɤɚ 2 

 
 

  

Ɋɢɫɭɧɨɤ 3.29 — ɋɛɨɪɤɚ ɛɥɨɤɚ 3 



  
Ɋɢɫɭɧɨɤ 3.30 — ɋɛɨɪɤɚ ɛɥɨɤɚ 4 

 
 

  
Ɋɢɫɭɧɨɤ 3.31 — ɋɛɨɪɤɚ ɛɥɨɤɚ 5 

 
ȼ ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜɨɡɧɢɤɚɥɢ 

ɫɥɟɞɭɸɳɢɟ ɩɪɨɛɥɟɦɵ - ɭɯɨɞ ɪɚɡɦɟɪɨɜ ɩɪɢ 3d ɩɟɱɚɬɢ ɢ ɧɟ ɜɨɡɦɨɠɧɨɫɬɶ ɫɛɨɪɤɢ 
ɜ ɫɜɹɡɢ ɫ ɧɟɩɪɨɞɭɦɚɧɧɵɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟɦ. ȼ ɯɨɞɟ ɫɛɨɪɤɢ ɩɪɨɬɨɬɢɩɚ ɜɫɟ 
ɩɪɨɛɥɟɦɵ ɛɵɥɢ ɩɟɪɟɪɚɛɨɬɚɧɵ ɢ ɪɟɲɟɧɵ.  

ɇɚ ɪɢɫɭɧɤɟ 3.32 ɢɡɨɛɪɚɠɟɧ ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ. 



 
Ɋɢɫɭɧɨɤ 3.32— Ɉɛɳɚɹ ɫɛɨɪɤɚ ɪɨɛɨɬɚ 

  



4 ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɦ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ 

4.1  ɉɪɹɦɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚɦɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɩɪɹɦɭɸ ɢ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɢ 
ɤɢɧɟɦɚɬɢɤɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

ɉɪɹɦɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ ɮɨɪɦɭɥɢɪɭɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨ 
ɡɚɞɚɧɧɨɦɭ ɜɟɤɬɨɪɭ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɦɚɧɢɩɭɥɹɬɨɪɚ   
ɧɚɣɬɢ ɩɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɸ ɟɝɨ ɫɯɜɚɬɚ . 

ɉɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɸ ɫɯɜɚɬɚ ɛɭɞɟɦ ɢɫɤɚɬɶ ɜ ɮɨɪɦɟ ɦɚɬɪɢɰɵ 
ɨɞɧɨɪɨɞɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: 

,
 

(4.1) 

ɝɞɟ p – ɜɟɤɬɨɪ 3 x 1, ɡɚɞɚɸɳɢɣ ɧɚɱɚɥɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɯɜɚɬɚ, ɚ R – ɦɚɬɪɢɰɚ 
3 x 3, ɡɚɞɚɸɳɚɹ ɨɪɢɟɧɬɚɰɢɸ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɫɯɜɚɬɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɚɡɨɜɨɣ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ.   

ɉɭɫɬɶ Ai , i = 1,2, …, N - ɨɞɧɨɪɨɞɧɵɟ ɦɚɬɪɢɰɵ, ɡɚɞɚɸɳɢɟ ɩɟɪɟɯɨɞ ɨɬ 
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ i-ɝɨ ɡɜɟɧɚ ɤ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ (i-1)-ɝɨ ɡɜɟɧɚ. Ɍɨɝɞɚ, 
ɨɱɟɜɢɞɧɨ, ɦɚɬɪɢɰɚ 

, (4.2) 

ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ. ȼɜɨɞɹ ɦɚɬɪɢɰɭ 

, (4.3) 

ɞɥɹ (4.1) ɩɨɥɭɱɚɟɦ ɫɥɟɞɭɸɳɟɟ ɪɟɤɭɪɪɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ 
, i=1, 2, …, N, 

. 
(4.4) 
 

ɋɨɨɬɧɨɲɟɧɢɟ (4.4) ɩɨɡɜɨɥɹɟɬ ɧɟ ɬɨɥɶɤɨ ɡɚɩɢɫɚɬɶ ɪɟɲɟɧɢɟ ɩɪɹɦɨɣ ɡɚɞɚɱɢ 
ɨ ɩɨɥɨɠɟɧɢɢ ɫɯɜɚɬɚ ɜ ɤɨɦɩɚɤɬɧɨɣ ɮɨɪɦɟ, ɧɨ ɬɚɤɠɟ ɧɚɣɬɢ ɩɨɥɨɠɟɧɢɟ ɢ 
ɨɪɢɟɧɬɚɰɢɸ ɜɫɟɯ ɡɜɟɧɶɟɜ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɩɨɫɤɨɥɶɤɭ ɦɚɬɪɢɰɚ Ti ɨɩɪɟɞɟɥɹɟɬ 
ɩɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɸ i-ɝɨ ɡɜɟɧɚ. 

ȼɢɞ ɦɚɬɪɢɰ Ai, ɜɯɨɞɹɳɢɯ ɜ (4.4), ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɜɵɛɨɪɚ ɫɢɫɬɟɦ 
ɤɨɨɪɞɢɧɚɬ ɡɜɟɧɶɟɜ [13]. 
 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɪɹɦɚɹ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɡɚɞɚɱɚ ɨɩɢɫɵɜɚɟɬ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
ɦɚɧɢɩɭɥɹɬɨɪɚ, ɧɚɱɢɧɚɸɳɢɟɫɹ ɫ ɟɝɨ ɨɫɧɨɜɚɧɢɹ ɢ ɩɪɨɯɨɞɹɳɢɟ ɱɟɪɟɡ ɫɨɱɥɟɧɟɧɢɹ 
ɦɚɧɢɩɭɥɹɬɨɪɚ ɤ ɟɝɨ ɪɚɛɨɱɟɦɭ ɨɪɝɚɧɭ. Ʉɚɠɞɨɟ ɱɚɫɬɢɱɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ (ɨɬ 
ɫɨɱɥɟɧɟɧɢɹ ɤ ɫɨɱɥɟɧɟɧɢɸ) ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɨɞɧɨɪɨɞɧɨɣ ɦɚɬɪɢɰɟɣ ɪɚɡɦɟɪɧɨɫɬɢ 
4ɯ4. Ⱦɚɥɟɟ ɜɫɟ ɦɚɬɪɢɰɵ ɩɟɪɟɦɧɨɠɚɸɬɫɹ, ɱɬɨɛɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɢɬɶ ɨɞɧɭ 
ɦɚɬɪɢɰɭ 4ɯ4,  ɨɩɢɫɵɜɚɸɳɭɸ ɩɨɥɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɬ 
ɨɫɧɨɜɚɧɢɹ ɤ ɪɚɛɨɱɟɦɭ ɨɪɝɚɧɭ.  

Ɇɟɬɨɞ Ⱦɟɧɚɜɢɬɚ ɢ ɏɚɪɬɟɧɛɟɪɝɚ. Ʉɚɠɞɵɣ ɩɟɪɟɯɨɞ ɨɬ ɨɞɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɤ 
ɞɪɭɝɨɦɭ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɜɨɟɣ ɫɨɛɫɬɜɟɧɧɨɣ ɦɚɬɪɢɰɟɣ 4ɯ4. ɇɨ Ⱦɟɧɚɜɢɬ ɢ 
ɏɚɪɬɟɧɛɟɪɝ ɪɚɡɪɚɛɨɬɚɥɢ ɫɢɫɬɟɦɭ ɨɛɨɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɫɬɚɧɞɚɪɬɧɵɦ 
ɫɩɨɫɨɛɨɦ ɨɩɢɫɚɬɶ ɥɸɛɭɸ ɤɨɧɮɢɝɭɪɚɰɢɸ ɫɨɱɥɟɧɟɧɢɣ ɫ ɩɨɦɨɳɶɸ ɜɫɟɝɨ ɥɢɲɶ 

q = (q1, q2,..., qN )T

s= f (q)
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ɱɟɬɵɪɟɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɨɬ (i-1)-ɝɨ ɫɨɱɥɟɧɟɧɢɹ ɤ i-ɦɭ 
ɫɨɱɥɟɧɟɧɢɸ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɫɶ ɜɪɚɳɚɬɟɥɶɧɨɝɨ ɫɨɱɥɟɧɟɧɢɹ ɫɨɜɩɚɞɚɟɬ ɫ 
ɥɨɤɚɥɶɧɨɣ ɨɫɶɸ z (ɪɢɫɭɧɨɤ 4.1). Ɍɨɝɞɚ ɞɜɚ ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɞɜɚ ɩɨɜɨɪɨɬɚ ɫɥɟɞɭɟɬ 
ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɚɤ [14] 
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(4.5) 
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(4.6) 
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. (4.9) 

  
ɉɪɢɦɟɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɨɛɨɡɧɚɱɟɧɢɣ: 

 (4.10) 

ɉɟɪɟɦɧɨɠɢɦ ɦɚɬɪɢɰɵ ɢ ɩɨɥɭɱɢɦ: 

.

 (4.11) 

ɉɟɪɟɣɞɟɦ ɤ i-ɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɢ ɩɨɥɭɱɢɦ ɦɚɬɪɢɰɭ ɞɥɹ ɪɟɲɟɧɢɹ 
ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ [13] 
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Ɋɢɫɭɧɨɤ 4.1 – ɂɥɥɸɫɬɪɚɰɢɹ ɩɚɪɚɦɟɬɪɨɜ  

 ȼ ɬɚɛɥɢɰɟ 4.1 ɨɩɢɫɚɧɵ ɨɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɦɟɬɨɞɟ 
Ⱦɟɧɚɜɢɬɚ ɢ ɏɚɪɬɟɧɛɟɪɝɚ [15].  

Ɍɚɛɥɢɰɚ 4.1 – ɉɚɪɚɦɟɬɪɵ Ⱦɟɧɚɜɢɬɚ ɢ ɏɚɪɬɟɧɛɟɪɝɚ 
ɍɝɨɥ ɫɨɱɥɟɧɟɧɢɹ  ɍɝɨɥ ɦɟɠɞɭ ɨɫɶɸ  ɢ ɨɫɶɸ  (ɜɨɤɪɭɝ ɨɫɢ ) 

ɋɦɟɳɟɧɢɟ ɡɜɟɧɚ  Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɧɚɱɚɥɚ ɡɜɟɧɚ j-1 ɜɞɨɥɶ ɨɫɢ ɞɨ j (ɜɞɨɥɶ 
ɨɫɢ ) 

Ⱦɥɢɧɧɚ ɡɜɟɧɚ   Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɨɫɶɸ ɢ ɨɫɶɸ  

Ɉɬɤɥɨɧɟɧɢɟ ɡɜɟɧɚ  ɍɝɨɥ ɨɬ ɨɫɢ ɞɨ ɨɫɢ   (ɜɨɤɪɭɝ ɨɫɢ ) 

Ɂɚɩɢɲɟɦ ɩɚɪɚɦɟɬɪɵ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ 
ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɦɟɬɨɞɨɦ Ⱦɟɧɚɜɢɬɚ ɢ ɏɚɪɬɟɧɛɟɪɝɚ. 

ɉɚɪɚɦɟɬɪɵ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ L1=185 ɦɦ, L2=225 ɦɦ, 
L4=220 ɦɦ, L5=140 ɦɦ.  

ɂɫɯɨɞɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (4.11) ɡɚɩɢɲɟɦ ɦɚɬɪɢɰɵ ɞɥɹ ɪɟɲɟɧɢɹ ɩɪɹɦɨɣ 
ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɞɥɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 1.9.  

Ɂɜɟɧɨ 1 
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4.2  Ɉɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ 

Ɉɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ, ɢɥɢ ɨɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɨ ɩɨɥɨɠɟɧɢɢ, 
ɮɨɪɦɭɥɢɪɭɸɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɢ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɨɪɢɟɧɬɚɰɢɢ 
ɫɯɜɚɬɚ  ɢɥɢ ɧɚɣɬɢ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ .  

ȿɫɥɢ ɨɛɨɡɧɚɱɢɬɶ 

, (4.13) 

ɢɥɢ 

, (4.14) 

ɬɨ ɢɫɤɨɦɵɟ ɭɝɥɵ q ɛɭɞɭɬ ɡɚɞɚɜɚɬɶɫɹ ɫɨɨɬɧɨɲɟɧɢɟɦ 

, (4.15) 

ɢɥɢ 

. (4.16) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɫɜɨɞɢɬɫɹ ɜ ɨɛɳɟɦ 
ɫɥɭɱɚɟ ɤ ɪɟɲɟɧɢɸ ɧɟɥɢɧɟɣɧɨɣ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɲɟɫɬɢ ɭɪɚɜɧɟɧɢɣ 
ɫ N ɧɟɢɡɜɟɫɬɧɵɦɢ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɬɚɤɨɝɨ ɪɨɞɚ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɧɟ ɢɦɟɬɶ ɧɢ 
ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɡɚɞɚɧɧɵɟ ɩɨɥɨɠɟɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɹ ɫɯɜɚɬɚ 

*ss  *NN TT  T
Nqqqq *)...*,*,(* 21

)(qfs s
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*)(* 1 sfq T

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ɫɢɫɬɟɦɵ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɵ ɧɢɤɚɤɢɦ ɜɵɛɨɪɨɦ ɭɝɥɨɜ (ɩɟɪɟɦɟɳɟɧɢɣ) ɜ 
ɫɨɱɥɟɧɟɧɢɹɯ (ɢɦɟɬɶ ɟɞɢɧɫɬɜɟɧɧɨɟ ɪɟɲɟɧɢɟ; ɢɦɟɬɶ ɛɨɥɟɟ ɨɞɧɨɝɨ ɪɟɲɟɧɢɹ). ɗɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ (ɢɥɢ ɛɟɫɤɨɧɟɱɧɨ ɦɧɨɝɨ) ɤɨɧɮɢɝɭɪɚɰɢɣ 
ɦɚɧɢɩɭɥɹɬɨɪɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɡɚɞɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ. 

ɍɦɟɧɢɟ ɪɟɲɚɬɶ ɨɛɪɚɬɧɭɸ ɩɨɡɢɰɢɨɧɧɭɸ ɡɚɞɚɱɭ ɹɜɥɹɟɬɫɹ ɱɪɟɡɜɵɱɚɣɧɨ 
ɜɚɠɧɵɦ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɦɚɧɢɩɭɥɹɬɨɪɨɦ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɟɫɥɢ ɩɪɨɝɪɚɦɦɧɨɟ 
ɞɜɢɠɟɧɢɟ ɦɚɧɢɩɭɥɹɬɨɪɚ ɡɚɞɚɧɨ ɜ ɜɢɞɟ ɬɪɚɟɤɬɨɪɢɢ ɟɝɨ ɫɯɜɚɬɚ  (ɢɥɢ , 
ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ), ɬɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɨɱɥɟɧɟɧɢɹɦɢ ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ 
ɬɚɤɢɟ , ɱɬɨɛɵ ɜ ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɜɵɩɨɥɧɹɥɨɫɶ ɫɨɨɬɧɨɲɟɧɢɟ (4.13). 
Ɉɞɧɚɤɨ, ɤ ɫɨɠɚɥɟɧɢɸ, ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɨɛɳɟɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɜ 
ɹɜɧɨɦ ɜɢɞɟ, ɩɨɷɬɨɦɭ ɨɡɧɚɤɨɦɢɦɫɹ ɫ ɬɪɟɦɹ ɦɟɬɨɞɚɦɢ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
ɤɢɧɟɦɚɬɢɤɢ: ɦɟɬɨɞ ɨɛɪɚɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ, ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɣ, 
ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ. ȼɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɡɚɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɫɩɟɰɢɮɢɤɨɣ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɦɚɧɢɩɭɥɹɬɨɪɚ, ɚ ɬɚɤɠɟ ɨɩɵɬɨɦ 
ɢɫɫɥɟɞɨɜɚɬɟɥɹ [13]. 

Ɇɟɬɨɞ ɨɛɪɚɬɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ. Ɇɚɬɪɢɰɚ , ɨɩɪɟɞɟɥɹɸɳɚɹ ɩɨɥɨɠɟɧɢɟ 
ɢ ɨɪɢɟɧɬɚɰɢɸ ɫɯɜɚɬɚ ɢɦɟɟɬ ɜɢɞ 

, (4.17) 

 
ɝɞɟ - ɦɚɬɪɢɰɵ ɩɟɪɟɯɨɞɚ ɨɬ i-ɨɣ ɤ (i-1)-ɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɦɚɧɢɩɭɥɹɬɨɪɚ. 
Ɍɨɝɞɚ, ɭɦɧɨɠɚɹ ɫɨɨɬɧɨɲɟɧɢɟ (4.17) ɧɚ  

. (4.18) 

ȼ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɦɚɬɪɢɰɚ  ɢɡɜɟɫɬɧɚ, ɧɚɦ ɭɞɚɥɨɫɶ ɪɚɡɪɟɲɢɬɶ 
ɫɨɨɬɧɨɲɟɧɢɟ (4.18) ɨɬɧɨɫɢɬɟɥɶɧɨ . ȿɫɥɢ ɫɬɪɭɤɬɭɪɚ (4.18) ɬɚɤɨɜɚ, ɱɬɨ ɭɞɚɟɬɫɹ 
ɧɚɣɬɢ , ɬɨ ɷɬɨɬ ɩɪɨɰɟɫɫ ɩɨɜɬɨɪɹɟɦ ɞɥɹ . əɫɧɨ, ɱɬɨ, ɭɦɧɨɠɚɹ (4.17) 

ɫɩɪɚɜɚ ɧɚ , ɚɧɚɥɨɝɢɱɧɨ ɦɨɠɧɨ ɧɚɣɬɢ . 
Ɍɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɣ ɩɨɞɯɨɞ ɤ ɪɟɲɟɧɢɸ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɭɪɚɜɧɟɧɢɣ ɭɝɥɨɜ ɫɨɱɥɟɧɟɧɢɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɢɫɯɨɞɹ ɢɡ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ.  

Ɂɚɩɢɲɟɦ ɨɫɧɨɜɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɝɥɨɜ ɫɨɱɥɟɧɟɧɢɣ ɞɥɹ 
ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ (4.19), (4.20),  (4.21),  (4.22), (4.23), (4.24): 

,
 (4.19) 

,
 (4.20) 

  3232323 ,),(2tan qqcsaq , (4.21) 
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.1)),(),((2tan 6326321621161614  WzszcszccWzczsWaq zyyyx , (4.22) 
, (4.23) 
 (4.24) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɞɥɹ ɤɚɠɞɨɝɨ 
(ɤɢɧɟɦɚɬɢɱɟɫɤɢ ɞɨɩɭɫɬɢɦɨɝɨ) ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ, ɫɭɳɟɫɬɜɭɟɬ ɜɨɫɟɦɶ ɪɟɲɟɧɢɣ 
ɨɛɪɚɬɧɨɣ ɩɨɡɢɰɢɨɧɧɨɣ ɡɚɞɚɱɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɭɸɬ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɩɪɢ 
ɤɨɬɨɪɵɯ ɱɢɫɥɨ ɪɟɲɟɧɢɣ ɛɟɫɤɨɧɟɱɧɨ [13]. 

ɉɨɢɫɤɨɜɵɣ ɦɟɬɨɞ (ɫɢɦɩɥɟɤɫ ɦɟɬɨɞ). 
Ɉɛɪɚɬɧɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ ɪɟɲɚɬɶ ɝɨɪɚɡɞɨ ɫɥɨɠɧɟɟ, ɱɟɦ ɩɪɹɦɭɸ 

ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ. Ȼɵɥɢ ɫɥɭɱɚɢ, ɤɨɝɞɚ ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɦɚɧɢɩɭɥɹɬɨɪɨɜ 
ɫɩɟɰɢɚɥɶɧɨ ɦɟɧɹɥɢ ɦɟɯɚɧɢɱɟɫɤɭɸ ɤɨɧɫɬɪɭɤɰɢɸ ɫɜɨɢɯ ɢɡɞɟɥɢɣ, ɱɬɨɛɵ 
ɭɩɪɨɫɬɢɬɶ ɪɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ. Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ 
ɤɢɧɟɦɚɬɢɤɢ ɩɨɢɫɤɨɜɵɦɢ ɦɟɬɨɞɚɦɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɪɟɲɟɧɢɹ 
ɩɪɹɦɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬɚ ɧɟɨɛɯɨɞɢɦɚɹ 
ɬɨɱɧɨɫɬɶ. ɉɨɷɬɨɦɭ, ɜ ɫɜɹɡɢ ɫ ɪɚɡɜɢɬɢɟɦ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɩɨɢɫɤɨɜɵɟ 
ɦɟɬɨɞɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦɢ ɞɥɹ ɪɟɲɟɧɢɹ 
ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ [14]. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɫɢɦɩɥɟɤɫɧɵɣ ɦɟɬɨɞ (ɉɋɆ) ɨɬɧɨɫɢɬɫɹ ɤ ɦɟɬɨɞɚɦ 
ɩɪɹɦɨɝɨ ɩɨɢɫɤɚ. ɋɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɞɜɢɠɟɧɢɟ ɤ ɨɩɬɢɦɭɦɭ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɨɬɪɚɠɟɧɢɟɦ ɜɟɪɲɢɧ ɫɢɦɩɥɟɤɫɚ [16]. 

Ɂɚɩɢɲɟɦ ɰɟɥɟɜɭɸ ɮɭɧɤɰɢɸ ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 
ɦɟɬɨɞɨɦ ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɨɢɫɤɚ. 
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Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ ɦɟɬɨɞɨɦ 
ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɨɢɫɤɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɲɚɝɨɦ (ɪɢɫɭɧɨɤ 4.4) ɞɥɹ ɧɚɱɚɥɶɧɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɜ ɬɨɱɤɟ X0 = 305 ɦɦ, Y0 = 0 ɦɦ, Z0 = 405 ɦɦ.  ɢ ɠɟɥɚɟɦɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɜ ɬɨɱɤɟ X*

 = 105 ɦɦ, Y*
 = 204 ɦɦ, Z

* = 478 ɦɦ.  
 ȼɜɢɞɭ ɷɤɫɬɪɟɦɚɥɶɧɨɫɬɢ ɡɚɞɚɱɢ (ɪɢɫɭɧɨɤ 4.5) ɩɨɢɫɤ ɩɪɨɜɨɞɢɥɫɹ ɢɡ ɪɚɡɧɵɯ 
ɧɚɱɚɥɶɧɵɯ ɩɨɥɨɠɟɧɢɹ ɢ ɜɵɛɪɚɧɨ ɧɚɢɥɭɱɲɟɟ ɪɟɲɟɧɢɟ.  
 

).,(2tan 555 ɫsaq 
).,(2tan 666 ɫsaq 



 
Ɋɢɫɭɧɨɤ 4.4 – ɇɚɫɬɪɨɣɤɢ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

- Ɋɚɡɦɟɪ ɪɟɛɪɚ ɫɢɦɩɥɟɤɫɚ: 0.1 ɦɦ, 
ɇɚ ɪɢɫɭɧɤɟ 4.5 ɩɪɟɞɫɬɚɜɥɟɧ ɪɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ (4.31): 

- ɩɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ: XN = 108.14 ɦɦ, YN = 202.7 ɦɦ, ZN = 479.72 ɦɦ; 
- ɧɚɣɞɟɧɧɵɟ ɭɝɥɵ: ɨɫɶ A = 54.79 ɝɪɚɞ.; ɨɫɶ B = -19.13 ɝɪɚɞ.; ɨɫɶ C = 1.69 

ɝɪɚɞ.; ɨɫɶ D = 16.97 ɝɪɚɞ.; ɨɫɶ E = -9.62 ɝɪɚɞ; 
- ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ: -0.010430 ɦɦ; 
- ɱɢɫɥɨ ɢɬɟɪɚɰɢɣ N =5; 
- ɤɨɥɢɱɟɫɬɜɨ ɲɚɝɨɜ ɫɢɦɩɥɟɤɫɚ: 3360;  
- ɜɪɟɦɹ ɩɨɢɫɤɚ: 0.13 ɫɟɤ. 

 

 
Ɋɢɫɭɧɨɤ 4.5 – Ɋɟɡɭɥɶɬɚɬ ɫɢɦɩɥɟɤɫ ɩɨɢɫɤɚ 



4.3  ɇɟɱɟɬɤɚɹ ɥɨɝɢɤɚ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ ɢ ɧɟɱɟɬɤɚɹ ɥɨɝɢɤɚ ɹɜɥɹɸɬɫɹ 
ɨɛɨɛɳɟɧɢɹɦɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɦɧɨɠɟɫɬɜ ɢ ɤɥɚɫɫɢɱɟɫɤɨɣ ɮɨɪɦɚɥɶɧɨɣ 
ɥɨɝɢɤɢ. Ⱦɚɧɧɵɟ ɩɨɧɹɬɢɹ ɛɵɥɢ ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɵ ɚɦɟɪɢɤɚɧɫɤɢɦ ɭɱɟɧɵɦ 
Ʌɨɬɮɢ Ɂɚɞɟ ɜ 1965 ɝ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɩɨɹɜɥɟɧɢɹ ɧɨɜɨɣ ɬɟɨɪɢɢ ɫɬɚɥɨ 
ɧɚɥɢɱɢɟ ɧɟɱɟɬɤɢɯ ɢ ɩɪɢɛɥɢɠɟɧɧɵɯ ɪɚɫɫɭɠɞɟɧɢɣ ɩɪɢ ɨɩɢɫɚɧɢɢ ɱɟɥɨɜɟɤɨɦ 
ɩɪɨɰɟɫɫɨɜ, ɫɢɫɬɟɦ, ɨɛɴɟɤɬɨɜ [17]. 

ɇɟɱɟɬɤɚɹ ɥɨɝɢɤɚ ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤɢɯ ɨɛɨɪɨɬɨɜ 
ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ, ɤɚɤ «ɞɚɥɟɤɨ», «ɛɥɢɡɤɨ», «ɯɨɥɨɞɧɨ», «ɝɨɪɹɱɨ». Ⱦɢɚɩɚɡɨɧ ɟɟ 
ɩɪɢɦɟɧɟɧɢɹ ɨɱɟɧɶ ɲɢɪɨɤ - ɨɬ ɛɵɬɨɜɵɯ ɩɪɢɛɨɪɨɜ ɞɨ ɭɩɪɚɜɥɟɧɢɹ ɫɥɨɠɧɵɦɢ 
ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ. Ɇɧɨɝɢɟ ɫɨɜɪɟɦɟɧɧɵɟ ɡɚɞɚɱɢ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɫɬɨ 
ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɢɡ-ɡɚ ɨɱɟɧɶ ɛɨɥɶɲɨɣ 
ɫɥɨɠɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɢɯ ɨɩɢɫɵɜɚɸɳɢɯ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɱɬɨɛɵ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɨɪɢɸ ɧɟɱɟɬɤɨɫɬɢ ɧɚ ɰɢɮɪɨɜɵɯ ɤɨɦɩɶɸɬɟɪɚɯ, ɧɟɨɛɯɨɞɢɦɵ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɟɪɟɣɬɢ ɨɬ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ 
ɩɟɪɟɦɟɧɧɵɯ ɤ ɢɯ ɱɢɫɥɨɜɵɦ ɚɧɚɥɨɝɚɦ ɜ ɗȼɆ. 

Ʌɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ - ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ 
ɡɧɚɱɟɧɢɹ ɮɪɚɡ ɢɡ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɢɥɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɹɡɵɤɚ. Ɂɧɚɱɟɧɢɹ 
ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɹɜɥɹɸɬɫɹ ɬɟɪɦɵ.  

Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ - ɨɛɨɛɳɟɧɢɟ ɢɧɞɢɤɚɬɨɪɧɨɣ (ɢɥɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɨɣ) ɮɭɧɤɰɢɢ ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɦɧɨɠɟɫɬɜɚ. ȼ ɧɟɱёɬɤɨɣ ɥɨɝɢɤɟ ɨɧɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɬɟɩɟɧɶ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɤɚɠɞɨɝɨ ɱɥɟɧɚ ɩɪɨɫɬɪɚɧɫɬɜɚ 
ɪɚɫɫɭɠɞɟɧɢɹ ɤ ɞɚɧɧɨɦɭ ɧɟɱёɬɤɨɦɭ ɦɧɨɠɟɫɬɜɭ. 

ɉɪɨɞɭɤɰɢɨɧɧɵɟ ɩɪɚɜɢɥɚ - ɷɬɨ ɩɪɚɜɢɥɚ, ɢɦɟɸɳɢɟ ɮɨɪɦɭ: ȿɋɅɂ 
«ɍɫɥɨɜɢɟ» – ɌɈ «ɋɨɛɵɬɢɟ». ɉɪɨɞɭɤɰɢɨɧɧɵɟ ɩɪɚɜɢɥɚ ɨɩɢɫɵɜɚɸɬ ɡɧɚɧɢɹ ɜ ɜɢɞɟ 
ɜɡɚɢɦɨɫɜɹɡɟɣ ɬɢɩɚ: «ɩɪɢɱɢɧɚ» – «ɫɥɟɞɫɬɜɢɟ», «ɹɜɥɟɧɢɟ» – «ɪɟɚɤɰɢɹ», 
«ɩɪɢɡɧɚɤ» – «ɮɚɤɬ» ɢ.ɬ.ɩ. Ʉɨɧɤɪɟɬɢɡɚɰɢɹ ɩɪɨɞɭɤɰɢɨɧɧɵɯ ɩɪɚɜɢɥ ɦɟɧɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɭɳɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɦɵɯ ɡɧɚɧɢɣ [18]. 

Ⱦɟɮɚɡɡɢɮɢɤɚɰɢɹ  - ɩɪɨɰɟɫɫ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɟɱɟɬɤɨɝɨ ɦɧɨɠɟɫɬɜɚ ɜ ɱɟɬɤɨɟ 
ɱɢɫɥɨ. ɉɪɨɫɬɟɣɲɢɦ ɫɩɨɫɨɛɨɦ ɜɵɩɨɥɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ 
ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ ɱɟɬɤɨɝɨ ɱɢɫɥɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɦɚɤɫɢɦɭɦɭ ɮɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. Ɉɞɧɚɤɨ ɩɪɢɝɨɞɧɨɫɬɶ ɷɬɨɝɨ ɫɩɨɫɨɛɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɥɢɲɶ 
ɨɞɧɨɷɤɫɬɪɟɦɚɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ. Ⱦɥɹ ɦɧɨɝɨɷɤɫɬɪɟɦɚɥɶɧɵɯ 
ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɬ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ: 

- Centroid – ɰɟɧɬɪ ɬɹɠɟɫɬɢ; 
- Bisector – ɦɟɞɢɚɧɚ; 
- LOM (Largest Of Maximums) – ɧɚɢɛɨɥɶɲɢɣ ɢɡ ɦɚɤɫɢɦɭɦɨɜ; 
- SOM (Smallest Of Maximums) – ɧɚɢɦɟɧɶɲɢɣ ɢɡ ɦɚɤɫɢɦɭɦɨɜ; 
- Mom (Mean Of Maximums) – ɰɟɧɬɪ ɦɚɤɫɢɦɭɦɨɜ [19]. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɭɩɪɚɜɥɟɧɢɹ 
ɭɫɤɨɪɟɧɢɟɦ ɢ ɬɨɪɦɨɠɟɧɢɟɦ ɫɯɜɚɬɚ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ.  

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɪɟɚɥɶɧɨɦ ɨɛɴɟɤɬɟ ɪɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ 
(ɪɢɫɭɧɨɤ 3.32) ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɧɚɝɪɭɡɤɚɯ ɧɚ ɫɯɜɚɬ ɪɨɛɨɬɚ.  

 



Ʌɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ ɢ ɢɯ ɬɟɪɦɵ:  
ȼɯɨɞɧɵɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ. 
Ʌɢɧɝɜɢɫɬɢɱɟɫɤɚɹ ɩɟɪɟɦɟɧɧɚɹ 1:  
- ɧɚɢɦɟɧɨɜɚɧɢɟ - ɦɚɫɫɚ ɝɪɭɡɚ (weight);  
- ɬɟɪɦɵ - ɦɚɥɚɹ, ɫɪɟɞɧɹɹ, ɛɨɥɶɲɚɹ;  
- ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɣ - ɨɬ 0 ɞɨ 5 ɤɝ. 
Ʌɢɧɝɜɢɫɬɢɱɟɫɤɚɹ ɩɟɪɟɦɟɧɧɚɹ 2:  
- ɧɚɢɦɟɧɨɜɚɧɢɟ - ɫɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ ɫɯɜɚɬɚ (speed); 
- ɬɟɪɦɵ - ɦɚɥɚɹ, ɫɪɟɞɧɹɹ, ɛɵɫɬɪɚɹ, ɫɜɟɪɯɛɵɫɬɪɚɹ; 
- ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɣ - ɨɬ 0 ɞɨ 1500 ɲɚɝ/ɫɟɤ. 
ȼɵɯɨɞɧɵɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɩɟɪɟɦɟɧɧɵɟ.  
Ʌɢɧɝɜɢɫɬɢɱɟɫɤɚɹ ɩɟɪɟɦɟɧɧɚɹ 3  
- ɧɚɢɦɟɧɨɜɚɧɢɟ - ɭɫɤɨɪɟɧɢɟ ɩɪɢ ɪɚɡɝɨɧɟ ɫɯɜɚɬɚ( acceleration); 
- ɬɟɪɦɵ - ɦɟɞɥɟɧɧɨɟ, ɛɵɫɬɪɨɟ; 
- ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɣ - ɨɬ 0 ɞɨ 100%. 

 Ʌɢɧɝɜɢɫɬɢɱɟɫɤɚɹ ɩɟɪɟɦɟɧɧɚɹ 4  
- ɧɚɢɦɟɧɨɜɚɧɢɟ - ɭɫɤɨɪɟɧɢɟ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ ɫɯɜɚɬɚ (breaking); 
- ɬɟɪɦɵ - ɦɟɞɥɟɧɧɨɟ, ɛɵɫɬɪɨɟ; 
- ɞɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɣ - ɨɬ 0 ɞɨ (-100%). 
ɉɪɨɞɭɤɰɢɨɧɧɵɟ ɩɪɚɜɢɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.6. 
 

 
Ɋɢɫɭɧɨɤ 4.6 – ɉɪɨɞɭɤɰɢɨɧɧɵɟ ɩɪɚɜɢɥɚ 

 
ɂɫɫɥɟɞɭɟɦ ɭɫɤɨɪɟɧɢɟ ɢ ɬɨɪɦɨɠɟɧɢɟ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɢ 

ɪɚɡɧɵɯ ɦɟɬɨɞɚɯ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ, ɚɥɝɨɪɢɬɦ Mamdani. Ɏɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɩɪɟɞɫɬɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 4.7, 4.8, 4.9, 4.10. 

 

 

 

 

 

 



Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ:  
 

 
Ɋɢɫɭɧɨɤ 4.7 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɦɚɫɫɵ ɝɪɭɡɚ 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 4.8 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɯɜɚɬɚ 

 
 
 



 
 

 
Ɋɢɫɭɧɨɤ 4.9 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɭɫɤɨɪɟɧɢɹ ɩɪɢ ɪɚɡɝɨɧɟ ɫɯɜɚɬɚ 

 
 
 
 
 
 

 
Ɋɢɫɭɧɨɤ 4.10 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɭɫɤɨɪɟɧɢɹ ɩɪɢ ɪɚɡɝɨɧɟ ɫɯɜɚɬɚ 

 
 
 



Ɇɟɬɨɞɵ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ: 
Ɍɚɛɥɢɰɚ 4.2 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Centroid 

 
 
 
 
 
 

    Centroid 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 77 -77 
0 500 75.7 -75.5 
0 1000 77 -24.2 
0 1600 23.1 -23 
2.5 50 77 -76.9 
2.5 500 75.7 -28.1 
2.5 1000 77 -23 
2.5 1600 23.1 -23 
5 50 76.9 -23 
5 500 28.1 -24.3 
5 1000 23 -23 
5 1600 23 -23 

 

  
Ɋɢɫɭɧɨɤ 4.11 – Ƚɪɚɮɢɤ Centroid 

 
Ɍɚɛɥɢɰɚ 4.3 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Bisector 

 
 
 
 
 
 

    Bisector 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 79 -79 
0 500 77 -77 
0 1000 79 -21 
0 1600 21 -21 
2.5 50 79 -79 
2.5 500 77 -24 
2.5 1000 79 -21 
2.5 1600 21 -21 
5 50 79 -21 
5 500 24 -23 
5 1000 21 -21 
5 1600 21 -21 

 

 



Ƚɪɚɮɢɤ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ Bisector:  

  
Ɋɢɫɭɧɨɤ 4.12 – Ƚɪɚɮɢɤ Bisector 

 
Ɍɚɛɥɢɰɚ 4.4 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Mom 

 
 
 
 
 
 

       Mom 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 100 -100 
0 500 87.5 -87.5 
0 1000 100 0 
0 1600 0 0 
2.5 50 100 -100 
2.5 500 87.5 -12.5 
2.5 1000 100 0 
2.5 1600 0 0 
5 50 100 0 
5 500 12.5 -12.5 
5 1000 0 0 
5 1600 0 0 

 

 

Ɋɢɫɭɧɨɤ 4.13 – Ƚɪɚɮɢɤ Mom 

 
 
 



Ɍɚɛɥɢɰɚ 4.5 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Lom 

 
 
 
 
 
 

       Lom 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 100 -100 
0 500 100 -100 
0 1000 100 0 
0 1600 0 0 
2.5 50 100 -100 
2.5 500 100 -25 
2.5 1000 100 0 
2.5 1600 0 0 
5 50 100 0 
5 500 25 -25 
5 1000 0 0 
5 1600 0 0 

 
 

  
Ɋɢɫɭɧɨɤ 4.14 – Ƚɪɚɮɢɤ Lom 

 

Ɍɚɛɥɢɰɚ 4.6 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Som 

 
 
 
 
 
 

       Som 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 0 -100 
0 500 75 -75 
0 1000 0 0 
0 1600 0 0 
2.5 50 0 -100 
2.5 500 75 0 
2.5 1000 0 0 
2.5 1600 0 0 
5 50 0 0 
5 500 0 0 
5 1000 0 0 
5 1600 0 0 

 



Ɋɢɫɭɧɨɤ 4.15 – Ƚɪɚɮɢɤ Som 

 
ȼɵɜɨɞ ɩɨ ɦɟɬɨɞɚɦ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ: ɩɨ ɨɤɨɧɱɚɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɜɵɹɜɥɟɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɟ ɦɟɬɨɞɵ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ ɹɜɥɹɸɬɫɹ centroid 
ɢ bisector, ɬɚɤ ɤɚɤ ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɥɚɜɧɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɭɫɤɨɪɟɧɢɟɦ ɢ 
ɬɨɪɦɨɠɟɧɢɟɦ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɢɦɟɦ ɡɚ ɨɫɧɨɜɭ ɦɟɬɨɞ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ bisector.   

ɂɫɫɥɟɞɭɟɦ ɭɫɤɨɪɟɧɢɟ ɢ ɬɨɪɦɨɠɟɧɢɟ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɩɪɢ 
ɪɚɡɧɵɯ ɮɭɧɤɰɢɹɯ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɚɥɝɨɪɢɬɦ Mamdani.  

Ȼɥɨɤ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 1:  
 

 
Ɋɢɫɭɧɨɤ 4.16 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɦɚɫɫɵ ɝɪɭɡɚ 

 
 



 
Ɋɢɫɭɧɨɤ 4.17 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɯɜɚɬɚ 

 
Ɋɢɫɭɧɨɤ 4.18 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɭɫɤɨɪɟɧɢɹ ɩɪɢ ɪɚɡɝɨɧɟ ɫɯɜɚɬɚ 

 
Ɋɢɫɭɧɨɤ 4.19 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɭɫɤɨɪɟɧɢɹ ɩɪɢ ɪɚɡɝɨɧɟ ɫɯɜɚɬɚ 



Ɍɚɛɥɢɰɚ 4.7 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Bisector 

 
 
 
 
 
 

    Bisector 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 78 -78 
0 500 77 -77 
0 1000 78 -22 
0 1600 22 -22 
2.5 50 78 -78 
2.5 500 77 -24 
2.5 1000 74 -22 
2.5 1600 22 -22 
5 50 78 -22 
5 500 24 -23 
5 1000 22 -22 
5 1600 22 -22 

 

  
Ɋɢɫɭɧɨɤ 4.20 – Ƚɪɚɮɢɤ Bisector 

 

Ȼɥɨɤ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ 2: 

 
Ɋɢɫɭɧɨɤ 4.21 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɦɚɫɫɵ ɝɪɭɡɚ 



 
Ɋɢɫɭɧɨɤ 4.22 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɫɯɜɚɬɚ 

 
Ɋɢɫɭɧɨɤ 4.23 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɭɫɤɨɪɟɧɢɹ ɫɯɜɚɬɚ 

 
Ɋɢɫɭɧɨɤ 4.24 – Ɏɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ 

ɬɨɪɦɨɠɟɧɢɹ ɫɯɜɚɬɚ 



Ɍɚɛɥɢɰɚ 4.8 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢ ɦɟɬɨɞɟ ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ Bisector 

 
 
 
 
 
 

    Bisector 

Ɇɚɫɫɚ ɋɤɨɪɨɫɬɶ  ɍɫɤɨɪɟɧɢɟ Ɍɨɪɦɨɠɟɧɢɟ 
0 50 68 -68 
0 500 66 -66 
0 1000 68 -32 
0 1600 32 -32 
2.5 50 68 -68 
2.5 500 66 -34 
2.5 1000 68 -32 
2.5 1600 32 -32 
5 50 68 -32 
5 500 34 -34 
5 1000 32 -32 
5 1600 32 -32 

 

  
Ɋɢɫɭɧɨɤ 4.25 – Ƚɪɚɮɢɤ Bisector 

 

ɉɨ ɨɤɨɧɱɚɧɢɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɭɫɤɨɪɟɧɢɟɦ ɢ 
ɬɨɪɦɨɠɟɧɢɟɦ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɢɣ ɦɟɬɨɞ 
ɞɟɮɚɡɡɢɮɢɤɚɰɢɢ ɹɜɥɹɟɬɫɹ bisector.  

Ⱥ Ɏɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ: ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɦɚɫɫɵ 
ɝɪɭɡɚ ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.21; ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɫɤɨɪɨɫɬɢ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.22; ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɭɫɤɨɪɟɧɢɹ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.23; ɞɥɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɣ ɩɟɪɟɦɟɧɧɨɣ ɬɨɪɦɨɠɟɧɢɹ 
ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4.24. 

 

 

 



4.4  Ɇɨɞɟɥɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɟ Mathworks Matlab 
Simulink Simscape 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɭɱɢɬɶɫɹ ɭɩɪɚɜɥɹɬɶ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɢ 
ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɛɵɥɚ ɫɨɫɬɚɜɥɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɫɢɫɬɟɦɟ Mathworks Matlab Simulink Simscape.  

ȼ ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜɤɥɸɱɟɧɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɞɟɬɚɥɟɣ, ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ, ɞɪɚɣɜɟɪɨɜ ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɢ 
ɪɟɞɭɤɬɨɪɨɜ. 

ɇɚ ɪɢɫɭɧɤɚɯ 4.26 – 4.40 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɚɪɚɦɟɬɪɵ ɨɫɧɨɜɧɵɯ ɛɥɨɤɨɜ 
ɦɨɞɟɥɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 

Ɉɫɶ A  

 
Ɋɢɫɭɧɨɤ 4.26 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor Driver ɨɫɢ A 

 

 
Ɋɢɫɭɧɨɤ 4.27 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor ɨɫɢ A 

 

 
 Ɋɢɫɭɧɨɤ 4.28 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Gear Box ɨɫɢ A 

 

 



Ɉɫɶ B 

 
Ɋɢɫɭɧɨɤ 4.29 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor Driver ɨɫɢ B 

 

 
Ɋɢɫɭɧɨɤ 4.30 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor ɨɫɢ B 

 

 
 Ɋɢɫɭɧɨɤ 4.31 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Gear Box ɨɫɢ B 

 

Ɉɫɶ C 

 
Ɋɢɫɭɧɨɤ 4.32 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor Driver ɨɫɢ C 



 

 
Ɋɢɫɭɧɨɤ 4.33 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor ɨɫɢ C 

 

 
 Ɋɢɫɭɧɨɤ 4.34 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Gear Box ɨɫɢ C 

 

Ɉɫɶ D 

 
Ɋɢɫɭɧɨɤ 4.35 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor Driver ɨɫɢ D 

 

 
Ɋɢɫɭɧɨɤ 4.36 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor ɨɫɢ D 



 

 
 Ɋɢɫɭɧɨɤ 4.37 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Gear Box ɨɫɢ D 

 

Ɉɫɶ E 

 
Ɋɢɫɭɧɨɤ 4.38 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor Driver ɨɫɢ E 

 

 
Ɋɢɫɭɧɨɤ 4.39 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Stepper Motor ɨɫɢ E 

 

 

 
 Ɋɢɫɭɧɨɤ 4.40 – ɉɚɪɚɦɟɬɪɵ ɛɥɨɤɚ Gear Box ɨɫɢ E 



Ɋɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɩɪɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ 
ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 
ɪɢɫɭɧɤɚɯ 4.40 ɢ 4.41 

ɍɝɥɵ ɞɥɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɯɜɚɬɚ: ɨɫɶ A = 0 ɝɪɚɞ.; ɨɫɶ B = -90 ɝɪɚɞ.; ɨɫɶ 
C = 90 ɝɪɚɞ.; ɨɫɶ D = 0 ɝɪɚɞ.; ɨɫɶ E = 0 ɝɪɚɞ. 

  
ɇаɱаɥɶɧɨɟ 

ɩɨɥɨɠɟɧиɟ ɫɯɜаɬа 
Кɨɧɟɱɧɨɟ 

ɩɨɥɨɠɟɧиɟ ɫɯɜаɬа 

Ɋɢɫɭɧɨɤ 4.40 – ɉɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
 

 

 

ɇаɱаɥɶɧɨɟ ɩɨɥɨɠɟɧиɟ ɫɯɜаɬа Кɨɧɟɱɧɨɟ ɩɨɥɨɠɟɧиɟ ɫɯɜаɬа 

Ɋɢɫɭɧɨɤ 4.41 – ɉɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 



4.5  Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɫɬɟɦɵ 
ɭɩɪɚɜɥɟɧɢɹ 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɪɨɛɨɬ-ɦɚɧɢɩɭɥɹɬɨɪ ɜɵɩɨɥɧɹɥ ɤɨɦɚɧɞɵ, ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɥɟɪɚ (ɚɥɝɨɪɢɬɦ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 
4.42).  

 

 
 

Ɋɢɫɭɧɨɤ 4.42 – Ⱥɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɤɨɧɬɪɨɥɥɟɪɨɦ 
 

Ⱦɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɜɨɞɢɬ 
ɤɨɦɚɧɞɵ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ ɩɨɪɬ ɩɨ ɩɨɪɹɞɤɭ: ɧɚɩɪɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ ɨɫɢ A 
(ɡɧɚɱɟɧɢɟ – 1 (ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ), ɡɧɚɱɟɧɢɟ – 2 (ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ)) 
ɩɪɨɛɟɥ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɞɥɹ ɨɫɢ A (ɭɦɧɨɠɟɧɧɨɟ ɧɚ 10) ɩɪɨɛɟɥ ɧɚɩɪɚɜɥɟɧɢɟ 
ɞɜɢɠɟɧɢɹ ɨɫɢ B (ɡɧɚɱɟɧɢɟ – 1 (ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ), ɡɧɚɱɟɧɢɟ – 2 (ɩɪɨɬɢɜ 
ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ)) ɩɪɨɛɟɥ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɞɥɹ ɨɫɢ B (ɭɦɧɨɠɟɧɧɨɟ ɧɚ 10) … ɞɚɥɟɟ 
ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɢ ɩɨɫɬɭɩɚɸɬ ɧɚ ɞɪɚɣɜɟɪ ɲɚɝɨɜɨɝɨ 
ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɨɢɫɯɨɞɢɬ ɞɜɢɠɟɧɢɟ ɨɫɟɣ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

ɉɪɢɦɟɪ ɤɨɦɚɧɞɵ: 2 20 1 50 2 30 1 25 1 30.  
Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ⱥ.  

ɇɚɱɚɥɨ

ɂɧɢɰɢɚɥɢɡɚɰɢɹ 
ɦɨɬɨɪɨɜ ɨɫɟɣ

ɂɧɢɰɢɚɥɢɡɚɰɢɹ 
COM-ɩɨɪɬɚ

ɉɨɥɶɡɨɜɚɬɟɥɶ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɜɜɨɞɢɬ ɤɨɦɚɧɞɵ 

ɞɥɹ ɞɜɢɠɟɧɢɹ ɨɫɟɣ 
ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ

ȼ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ 

ɩɨɪɬ ɩɪɢɲɥɚ 
ɤɨɦɚɧɞɚ?

ɋɱɢɬɵɜɚɧɢɟ 
ɤɨɦɚɧɞ ɢ 

ɡɚɩɨɥɧɟɧɢɟ 
ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ 

(L – ɪɚɡɦɟɪ 
ɦɚɫɫɢɜɚ ɞɚɧɧɵɯ)

Ɉɬ 0 ɞɨ 2500

Ɉɬɩɪɚɜɤɚ 
ɤɨɦɚɧɞ ɧɚ 
ɞɪɚɣɜɟɪ 

ɲɚɝɨɜɨɝɨ 
ɞɜɢɝɚɬɟɥɹ

Ɉɬ 0 ɞɨ L

Ʉɨɧɟɰ

Ⱦɚɇɟɬ



4.6  Ⱥɥɝɨɪɢɬɦɢɱɟɫɤɨɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ 
ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɡɜɨɥɹɟɬ ɪɟɲɢɬɶ ɩɪɹɦɭɸ ɩɨɡɢɰɢɨɧɧɭɸ 
ɡɚɞɚɱɭ ɢ ɨɛɪɚɬɧɭɸ ɩɨɡɢɰɢɨɧɧɭɸ ɡɚɞɚɱɭ ɤɢɧɟɦɚɬɢɤɢ ɩɪɢɛɥɢɠɟɧɧɵɦ ɦɟɬɨɞɚɦ 
ɩɨɢɫɤɚ (ɚɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.43). 

 
 

Ɋɢɫɭɧɨɤ 4.43 – Ⱥɥɝɨɪɢɬɦ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ 

ɇɚɱɚɥɨ

ȼɵɛɪɚɧɚ 
ɩɪɹɦɚɹ ɡɚɞɚɱɚ 
ɤɢɧɟɦɚɬɢɤɢ?

ɉɨɥɶɡɨɜɚɬɟɥɶ ɜɜɨɞɢɬ 
ɰɟɥɟɜɨɟ ɩɨɥɨɠɟɧɢɟ 

ɫɯɜɚɬɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɥɹɬɨɪɚ ɜ 

ɝɪɚɞɭɫɚɯ

ɉɨɥɶɡɨɜɚɬɟɥɶ ɜɜɨɞɢɬ 
ɰɟɥɟɜɨɟ ɩɨɥɨɠɟɧɢɟ 

ɫɯɜɚɬɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɥɹɬɨɪɞɥɹ 

ɞɟɤɚɪɬɨɜɚ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ (ɦɦ)

Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ 
ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

ɦɟɬɨɞɨɦ 
ɫɢɦɩɥɟɤɫɧɨɝɨ ɩɨɢɫɤɚ

Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ 
ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 
ɦɟɬɨɞɨɦ Ⱦɟɧɚɜɢɬɚ-

ɏɚɪɬɟɧɛɟɪɝɚ

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ 

Ɂɚɩɢɫɶ ɩɨɥɨɠɟɧɢɹ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

ɜ ɦɚɫɫɢɜ ɞɚɧɧɵɯ 
(L – ɪɚɡɦɟɪ ɦɚɫɫɢɜɚ 

ɞɚɧɧɵɯ)

ɉɨɥɨɠɟɧɢɟ 
ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɤɨɪɪɟɤɬɧɨ?

Ɋɚɫɫɱɢɬɚɬɶ 
ɞɪɭɝɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ?
Ɉɬ 0 ɞɨ L

ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɤɨɨɪɞɢɧɚɬ ɜ 
ɢɦɩɭɥɶɫɵ

Ɉɬɩɪɚɜɤɚ ɢɦɩɭɥɶɫɨɜ 
ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɣ 

ɩɨɪɬ

Ʉɨɧɟɰ

Ⱦɚɇɟɬ

ɇɟɬ Ⱦɚ

Ⱦɚɇɟɬ



 ɉɪɨɝɪɚɦɦɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨɥɶɡɨɜɚɬɟɥɶ ɜɵɛɢɪɚɟɬ ɬɢɩ 
ɪɟɲɟɧɢɹ (ɩɪɹɦɚɹ ɢɥɢ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ) ɡɚɬɟɦ ɜɜɨɞɢɬ ɰɟɥɟɜɨɟ ɩɨɥɨɠɟɧɢɟ ɫɯɜɚɬɚ 
(ɞɥɹ ɩɪɹɦɨɣ ɡɚɞɚɱɢ – ɜ ɝɪɚɞɭɫɚɯ, ɚ ɞɥɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɜ ɦɦ), ɩɨɫɥɟ ɧɚɠɚɬɢɹ ɧɚ 
ɤɧɨɩɤɭ ɪɟɲɢɬɶ, ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɫɱɟɬ ɰɟɥɟɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɫɯɜɚɬɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 4.44, 4.45 ɢ 4.46. 
 

 
Ɋɢɫɭɧɨɤ 4.44 – Ɋɟɲɟɧɢɟ ɩɪɹɦɨɣ ɩɨɡɢɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

 

 
Ɋɢɫɭɧɨɤ 4.45 – Ɋɟɲɟɧɢɟ ɨɛɪɚɬɧɨɣ ɩɨɡɢɰɢɨɧɧɨɣ ɡɚɞɚɱɢ ɤɢɧɟɦɚɬɢɤɢ 

 
 



 
Ɋɢɫɭɧɨɤ 4.46 – ɋɨɡɞɚɧɢɟ ɢɫɩɨɥɧɢɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ 

 
Ʌɢɫɬɢɧɝ ɩɪɨɝɪɚɦɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɩɪɢɥɨɠɟɧɢɢ Ȼ. 
  



5 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɐɟɥɶ ɪɚɡɞɟɥɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɨɜɟɪɤɢ 
ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɫɨɩɨɫɬɚɜɥɟɧɢɢ 
ɪɚɫɱɟɬɧɵɯ ɢ ɪɟɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ. 

ɉɨɜɬɨɪɹɟɦɨɫɬɶ ɬɪɚɟɤɬɨɪɢɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ - ɨɞɢɧ 
ɢɡ ɫɚɦɵɯ ɜɚɠɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɞɥɹ ɤɚɤɨɝɨ ɜɢɞɚ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɧɚɡɧɚɱɟɧ ɪɨɛɨɬ. ɉɨɷɬɨɦɭ ɜ ɪɚɦɤɚɯ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɨɱɧɨɫɬɢ ɩɨɜɬɨɪɟɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɫɯɜɚɬɚ ɪɨɛɨɬɚ.  

Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɧɚɫɚɞɤɚ ɞɥɹ ɢɧɞɢɤɚɬɨɪɚ 
ɱɚɫɨɜɨɝɨ ɬɢɩɚ (ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɣ: 0-10 ɦɦ, ɰɟɧɚ ɞɟɥɟɧɢɹ 0.01 ɦɦ) ɢ 
ɡɚɤɪɟɩɥɟɧɚ ɧɚ ɫɯɜɚɬɟ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ (Ɋɢɫɭɧɨɤ 5.1).  Ⱥ ɬɚɤɠɟ ɛɵɥɢ 
ɪɚɡɪɚɛɨɬɚɧɵ ɭɩɪɚɜɥɹɸɳɢɟ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 
ɫɯɜɚɬɚ ɪɨɛɨɬɚ. 

  

  

Ɋɢɫɭɧɨɤ 5.1 – ɇɚɫɚɞɤɚ ɞɥɹ ɢɧɞɢɤɚɬɨɪɚ ɱɚɫɨɜɨɝɨ ɬɢɩɚ 

 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɬɨɱɧɨɫɬɢ ɩɨɜɬɨɪɟɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɫɯɜɚɬɚ ɜ ɨɞɧɭ ɬɨɱɤɭ ɞɥɹ 
ɤɚɠɞɨɣ ɢɡ ɨɫɟɣ Ⱦɟɤɚɪɬɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

 

 

 

 

 

 

 



ɍɩɪɚɜɥɹɸɳɢɟ ɩɪɨɝɪɚɦɦɵ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɯɜɚɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ.  

Ɉɫɶ X (Ɋɢɫɭɧɨɤ 5.2, ɪɢɫɭɧɨɤ 5.3)  

   

ɋɨɫɬɨяɧиɟ 1 ɋɨɫɬɨяɧиɟ 2 ɋɨɫɬɨяɧиɟ 3 

Ɋɢɫɭɧɨɤ 5.2 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɫɢ X 

 
Ɋɢɫɭɧɨɤ 5.3 –ɍɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɫɢ X 

 

Ɉɫɶ Y (ɪɢɫɭɧɨɤ 5.4, ɪɢɫɭɧɨɤ 5.5)  

 
 

 
 

 

ɋɨɫɬɨяɧиɟ 1 ɋɨɫɬɨяɧиɟ 2 ɋɨɫɬɨяɧиɟ 3 

Ɋɢɫɭɧɨɤ 5.4 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɫɢ Y 



 
Ɋɢɫɭɧɨɤ 5.5 –ɍɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɫɢ Y 

 

Ɉɫɶ Z (ɪɢɫɭɧɨɤ 5.6, ɪɢɫɭɧɨɤ 5.7)  

 

 

 

ɋɨɫɬɨяɧиɟ 1 ɋɨɫɬɨяɧиɟ 2 ɋɨɫɬɨяɧиɟ 3 

Ɋɢɫɭɧɨɤ 5.6 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɨɫɢ Z 

 

 
Ɋɢɫɭɧɨɤ 5.7 –ɍɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɫɢ Z 



Ɍɚɛɥɢɰɚ 5.1 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ  

 ɉɨɤɚɡɚɧɢɹ ɢɧɞɢɤɚɬɨɪɚ ɱɚɫɨɜɨɝɨ ɬɢɩɚ (ɦɦ) Ɇɢɧ. 

(ɦɦ) 
Ɇɚɤɫ. 
(ɦɦ) 

Δ 
(ɦɦ) 

ɋɪ. 
ɡɧɚɱ. 
(ɦɦ) 

1 2 3 4 5 6 7 8 

X 3.92 1.85 3.42 4.53 3.65 4.28 3.23 2.25 1.85 4.53 2.68 3.39 

Y 6.35 3.28 5.23 4.12 8.12 5.02 7.05 6.35 3.28 8.12 4.84 5.69 

Z 2.63 1.53 3.85 2.42 3.56 2.56 1.21 3.32 1.21 3.85 2.64 2.63 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɩɨɜɬɨɪɟɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɫɯɜɚɬɚ ɞɥɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɨɫɟɣ Ⱦɟɤɚɪɬɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ: ɨɫɶ X = 
2.6 ± 0.01 ɦɦ; ɨɫɶ Y = 4.8 ± 0.01 ɦɦ; ɨɫɶ Z = 2.64 ± 0.01 ɦɦ. Ƚɪɚɮɢɱɟɫɤɚɹ 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.8.  

 
Ɋɢɫɭɧɨɤ 5.8 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɂɫɫɥɟɞɭɟɦ ɬɨɱɧɨɫɬɶ ɩɨɜɬɨɪɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɫɯɜɚɬɚ ɜ ɨɞɧɭ ɬɨɱɤɭ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɨɫɟɣ Ⱦɟɤɚɪɬɨɜɚ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɫ ɝɪɭɡɨɦ ɜ ɫɯɜɚɬɟ ɦɚɫɫɨɣ 250 ɝɪɚɦɦ.  
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Ɍɚɛɥɢɰɚ 5.2 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ  

 ɉɨɤɚɡɚɧɢɹ ɢɧɞɢɤɚɬɨɪɚ ɱɚɫɨɜɨɝɨ ɬɢɩɚ (ɦɦ) Ɇɢɧ. 

(ɦɦ) 
Ɇɚɤɫ. 
(ɦɦ) 

Δ 
(ɦɦ) 

ɋɪ. 
ɡɧɚɱ. 
(ɦɦ) 

1 2 3 4 5 6 7 8 

X 3.15 5.35 4.96 2.56 7.86 6.03 5.34 5.11 2.56 7.86 5.3 5.31 

Y 5.68 6.30 8.52 6.72 7.79 8.77 5.67 4.54 4.54 8.77 4.23 6.9 

Z 4.84 7.94 3.66 6.04 1.98 5.61 1.17 2.43 1.17 7.94 6.77 4.11 

ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɩɨɜɬɨɪɟɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɩɪɢ ɦɧɨɝɨɤɪɚɬɧɨɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɫɯɜɚɬɚ ɞɥɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ ɞɥɹ ɤɚɠɞɨɣ ɢɡ ɨɫɟɣ Ⱦɟɤɚɪɬɨɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ: ɨɫɶ X = 
5.3 ± 0.01 ɦɦ; ɨɫɶ Y = 4.23 ± 0.01 ɦɦ; ɨɫɶ Z = 6.77 ± 0.01 ɦɦ. Ƚɪɚɮɢɱɟɫɤɚɹ 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 5.9.  

 
Ɋɢɫɭɧɨɤ 5.9 – Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

Ɍɨɱɧɨɫɬɶ ɩɪɢ ɩɨɜɬɨɪɟɧɢɢ ɬɪɚɟɤɬɨɪɢɢ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɨɱɧɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚɥɟɣ ɪɨɛɨɬɚ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɨɬɤɥɨɧɟɧɢɹɦɢ. Ⱥ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɢ ɫɛɨɪɤɟ ɞɚɧɧɨɝɨ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟ ɩɨɡɜɨɥɹɸɳɢɟ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɞɟɬɚɥɢ ɫ ɜɵɫɨɤɨɣ 
ɬɨɱɧɨɫɬɶɸ.  
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6 Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ  
ɐɟɥɶ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɡɚɬɪɚɬ 

ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ, ɤɨɬɨɪɚɹ ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɭɬɟɦ ɫɨɫɬɚɜɥɟɧɢɹ ɫɦɟɬɵ ɡɚɬɪɚɬ, ɫɨɫɬɨɹɳɚɹ ɢɡ 
ɫɥɟɞɭɸɳɢɯ ɩɨɡɢɰɢɣ:  

- ɫɬɨɢɦɨɫɬɶ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ;  
- ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ;  
- ɫɬɨɢɦɨɫɬɶ ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ;  
- ɚɦɨɪɬɢɡɚɰɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ;  
- ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɫɩɟɰɢɚɥɢɫɬɚ;  
- ɷɥɟɤɬɪɨɷɧɟɪɝɢɹ.  

Ⱦɚɥɟɟ ɩɪɟɞɫɬɚɜɥɟɧ ɞɟɬɚɥɶɧɵɣ ɪɚɫɱɟɬ ɜɫɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɥɟɦɟɧɬɨɜ 
ɫɦɟɬɵ ɡɚɬɪɚɬ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ. 

 

6.1  Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

Ɍɚɛɥɢɰɚ 6.1 - Ɂɚɬɪɚɬɵ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɤɨɦɩɥɟɤɬɭɸɳɢɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ȿɞ. 

ɂɡɦ. Ʉɨɥ-ɜɨ 
ɋɬɨɢɦɨɫɬɶ, руб. 

 

Ɉɛɳɚɹ 
ɫɬɨɢɦɨɫɬɶ, руб. 

Ɉɛɨɪɭɞɨɜɚɧɢɟ 
ɉɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ  ɲɬ. 1 80 000  80 000 
3D ɩɪɢɧɬɟɪ (ɪɚɡɪɚɛɨɬɤɚ ɢ 
ɢɡɝɨɬɨɜɥɟɧɢɟ) 

ɲɬ. 1 70 000 70 000 

     
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

   150 000 

     
Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ (2%)    3 000 
     
Ɇɨɧɬɚɠ ɨɛɨɪɭɞɨɜɚɧɢɹ (25%)    37 500 
     

Ʉɨɦɩɥɟɤɬɭɸɳɢɟ 
ɉɥɚɫɬɢɤ ɞɥɹ 3D ɩɟɱɚɬɢ 

ɉɥɚɫɬɢɤ Ɉɪɚɧɠɟɜɵɣ PLA 
ɩɥɚɫɬɢɤ Bestfilament ɞɥɹ 3D-
ɩɪɢɧɬɟɪɨɜ (1,75 ɦɦ) 

ɤɝ. 10 1 390 13 900 

ɉɥɚɫɬɢɤ ɑɟɪɧɵɣ PLA  
ɩɥɚɫɬɢɤ Bestfilament ɞɥɹ 3D-
ɩɪɢɧɬɟɪɨɜ (1,75 ɦɦ) 

ɤɝ.  3 1 390 4 170 

 
 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 6.1 
Ɇɨɬɨɪɵ ɢ ɩɪɢɜɨɞɵ 

ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 24 ɲɬ.  2 4 200 8 400 
ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 23 ɲɬ. 1 1 500 1 500 
ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ Nema 17 ɲɬ.  3 650  1 950 
Ⱦɪɚɣɜɟɪ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 
TB6600 4.5 Ⱥ 

ɲɬ. 5 750 3 750 

ɉɪɢɜɨɞ ɩɨɫɬɨɹɧɧɨɝɨ ɜɪɚɳɟɧɢɹ 
FS5113R 

ɲɬ. 1 1 290 1 290 

Ɋɟɦɟɧɧɵɟ ɩɟɪɟɞɚɱɢ 
Ʉɨɦɩɥɟɤɬ ɪɟɦɧɟɣ ɲɬ.  1 7 000  7 000 
ɂɡɝɨɬɨɜɥɟɧɢɟ ɤɨɦɩɥɟɤɬɚ 
ɲɤɢɜɨɜ ɞɥɹ ɪɨɛɨɬɚ  

ɲɬ. 1 9 500 9 500 

ɉɨɞɲɢɩɧɢɤɢ 
Ʉɨɦɩɥɟɤɬ ɩɨɞɲɢɩɧɢɤɨɜ ɞɥɹ 
ɩɨɜɨɪɨɬɧɨɣ ɨɫɢ ɪɨɛɨɬɚ  

ɲɬ. 1 4 950  4 950  

Ʉɨɦɩɥɟɤɬ ɩɨɞɲɢɩɧɢɤɨɜ ɞɥɹ 
ɜɚɥɨɜ ɨɫɟɣ ɪɨɛɨɬɚ  

ɲɬ. 1 6 350 6 350 

Ʉɨɦɩɥɟɤɬ ɩɨɞɲɢɩɧɢɤɨɜ ɞɥɹ 
ɧɚɬɹɠɢɬɟɥɟɣ ɪɟɦɧɟɣ 

ɲɬ. 1 2 390 2 390 

ȼɚɥɵ 
ɂɡɝɨɬɨɜɥɟɧɢɟ ɤɨɦɩɥɟɤɬɚ ɜɚɥɨɜ 
ɞɥɹ ɩɨɜɨɪɨɬɧɵɯ ɨɫɟɣ ɪɨɛɨɬɚ 

ɲɬ. 1 4 200  4 200 

Ʉɪɟɩɟɠɧɵɟ ɢɡɞɟɥɢɹ 
Ʉɨɦɩɥɟɤɬ ɛɨɥɬɨɜ ɲɬ. 1 5 150 5 150 
Ʉɨɦɩɥɟɤɬ ɝɚɟɤ ɲɬ. 1 2 100 2 100 

ɉɪɨɝɪɚɦɦɢɪɭɟɦɵɟ ɤɨɧɬɪɨɥɥɟɪɵ 
Arduino Mega 2560 ɲɬ. 1 2 990 2 990 

Ⱦɚɬɱɢɤɢ 
Ɉɩɬɢɱɟɫɤɢɟ ɤɨɧɰɟɜɵɟ ɞɚɬɱɢɤɢ ɲɬ. 10 80 800 

ɂɫɬɨɱɧɢɤɢ ɩɢɬɚɧɢɹ 
Ȼɉ 300 ȼɬ 12 ȼ ɲɬ. 1 3 500 3 500  
     
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 
ɤɨɦɩɥɟɤɬɭɸɳɢɯ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ 

   83 890 

 

 

 

 

 



Ɍɚɛɥɢɰɚ 6.2 - Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ.  

ɇɚɢɦɟɧɨɜɚɧɢɟ 
ȿɞ. 

ɂɡɦ. Ʉɨɥ-ɜɨ 
ɋɬɨɢɦɨɫɬɶ, руб. 

 

Ɉɛɳɚɹ 
ɫɬɨɢɦɨɫɬɶ, 

ɪɭɛ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 
Microsoft Windows 10 Pro  ɲɬ. 1 14 199 14 199 
Autodesk Inventor 2018 (1 ɝɨɞ) ɲɬ. 1 63 450 63 450 
SolidWorks 2018 Professional  
(3 ɦɟɫɹɰɚ) 

ɲɬ. 1 64 135 64 135 

Mathworks Matlab (1 ɝɨɞ) ɲɬ. 1 61 100 61 100 
Mathworks Simulink (1 ɝɨɞ) ɲɬ. 1 92 300 92 300 
Mathworks Simscape (1 ɝɨɞ) ɲɬ. 1 61 100 61 100 
Simplify3D ɲɬ. 1 9 685 9 685 
     
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

   365 969 

 
Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɜɧɚ: 
 Cɡɚɬɪɚɬ = Cɨɛɨɪɭɞɨɜɚɧɢɹ + CɉɈ + Cɤɨɦɩɥɟɤɬɭɸɳɢɟ , (6.1) 

Cɡɚɬɪɚɬ = 150 000 + 365 969 + 83 890 = 599 859 руб. 

6.2  Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɋɚɫɱɟɬ ɚɦɨɪɬɢɡɚɰɢɢ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  

1. ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ: 80 000 руб. 

2. ɋɪɨɤ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ: 5 ɥɟɬ.  

3. ɉɟɪɢɨɞ ɪɚɛɨɬɵ: 1 ɝɨɞ = 12 ɦɟɫɹɰɟɜ.  

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ:  

 
,
 (6.2) 

ɝɞɟ Cɩɟɪ – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, tɩɟɪ n – ɩɥɚɧɢɪɭɟɦɵɣ 
ɩɟɪɢɨɞ ɪɚɛɨɬɵ, tn – ɫɪɨɤ ɫɥɭɠɛɵ. 

 руб. 

Ɋɚɫɱɟɬ ɚɦɨɪɬɢɡɚɰɢɢ ɞɥɹ 3d ɩɪɢɧɬɟɪɚ  
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  

1. ɉɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɤɨɦɩɶɸɬɟɪɚ: 70 000 ɪɭɛ. 
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2. ɋɪɨɤ ɫɥɭɠɛɵ ɨɛɨɪɭɞɨɜɚɧɢɹ: 3 ɝɨɞɚ.  

3. ɉɟɪɢɨɞ ɪɚɛɨɬɵ: 5 ɦɟɫɹɰɟɜ.  

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɚɦɨɪɬɢɡɚɰɢɸ. 

 
,
 (6.3) 

ɝɞɟ Cɩɟɪ – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, tɩɟɪ n – ɩɥɚɧɢɪɭɟɦɵɣ 
ɩɟɪɢɨɞ ɪɚɛɨɬɵ, tn – ɫɪɨɤ ɫɥɭɠɛɵ. 

 руб. 

ɋɭɦɦɚɪɧɚɹ ɚɦɨɪɬɢɡɚɰɢɹ:  
 руб. 

Ɋɚɫɱɟɬ ɡɚɬɪɚɬ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ. 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  
1. Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɩɟɪɫɨɧɚɥɶɧɵɦ ɤɨɦɩɶɸɬɟɪɨɦ: 400 ȼɬ (PɉК).  

2. Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ 3d ɩɪɢɧɬɟɪɨɦ: 300 ȼɬ (P3D). 

3. Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ: 300 ȼɬ (PɊɆ). 

4. Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɫɢɫɬɟɦɨɣ ɨɫɜɟɳɟɧɢɹ: 70 ȼɬ (PɋɈ). 

5. ɋɬɨɢɦɨɫɬɶ  ɧɚ 2017 ɝ. = 2.65 руб. ( ). 

6. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɫɦɟɧɵ = 8 ɱɚɫɨɜ ( ). 

Ɉɩɪɟɞɟɥɢɦ ɡɚɬɪɚɬɵ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ 

 

 , (6.4) 

 руб.  

Ɂɚ 5 ɦɟɫɹɰɟɜ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɩɥɚɬɚ ɡɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɫɨɫɬɚɜɢɬ 2 415 руб.  

6.3  Ɋɚɫɱɟɬ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ 

ȼ ɩɟɪɢɨɞ ɪɚɡɪɚɛɨɬɤɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 
ɨɤɥɚɞ ɜɟɞɭɳɟɝɨ ɫɩɟɰɢɚɥɢɫɬɚ ɫɨɫɬɚɜɢɥ 10 000 руб. ɜ ɦɟɫɹɰ (ɋɁɉ).  

Ɉɫɧɨɜɧɚɹ ɡɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ ɜɟɞɭɳɟɝɨ ɫɩɟɰɢɚɥɢɫɬɚ ɛɟɡ ɪɚɣɨɧɧɨɝɨ ɢ 
ɫɟɜɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɡɚ n = 5 ɦɟɫɹɰɟɜ ɫɨɫɬɚɜɢɥɚ:  
 руб. (6.5) 
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57025750900016 ɫɭɦɦаA

ɱɤȼɬ  ɱɤВɬɋ 

ɫɦt

ɫɦɱɤВɬɋɈɊɆDɉКɞɟɧɶɷɧɟɪɝияɷɥ tɋPPPPɋ  )( 3)1(.

23865.2)07.03.03.04.0()1(. ɞɟɧɶɷɧɟɪɝияɷɥɋ

00050500010.  nɋɋ ɦɟɫяɰЗɉЗɉɈɫɧ



Ɋɚɫɫɱɢɬɚɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɡɚɪɚɛɨɬɧɭɸ ɩɥɚɬɚ ( ): 

 руб. (6.6) 

 

Ɋɚɫɫɱɢɬɚɟɦ ɜɵɩɥɚɬɵ ɪɚɣɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ( ): 

 руб. (6.7) 

 

Ɋɚɫɫɱɢɬɚɟɦ ɜɵɩɥɚɬɵ ɫɟɜɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ( ): 

 руб. (6.8) 

Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɜɟɞɭɳɟɝɨ ɫɩɟɰɢɚɥɢɫɬɚ ɛɟɡ ɨɬɱɢɫɥɟɧɢɣ ɧɚ ɫɨɰɢɚɥɶɧɵɟ 
ɧɭɠɞɵ:  

  (6.9) руб. 

 
Ɉɬɱɢɫɥɟɧɢɹ ɧɚ ɫɨɰɢɚɥɶɧɵɟ ɧɭɠɞɵ ɫɨɫɬɚɜɢɥɢ: 

 руб. (6.10) 

ɝɞɟ = 30.2% (ɩɟɧɫɢɨɧɧɵɟ ɜɡɧɨɫɵ – 22%, ɫɨɰɢɚɥɶɧɵɟ ɜɡɧɨɫɵ – 2.9%, 

ɦɟɞɢɰɢɧɫɤɢɟ ɜɡɧɨɫɵ – 5.1%, ɫɬɪɚɯɨɜɚɧɢɟ ɨɬ ɧɟɫɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ – 0.02%). 

Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɜɟɞɭɳɟɝɨ ɫɩɟɰɢɚɥɢɫɬɚ ɫ ɨɬɱɢɫɥɟɧɢɹɦɢ ɧɚ ɫɨɰɢɚɥɶɧɵɟ 
ɧɭɠɞɵ:  

 руб. (6.11) 

6.4  ɋɦɟɬɚ ɡɚɬɪɚɬ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ 

Ɍɚɛɥɢɰɚ 6.3 - Ɂɚɬɪɚɬɵ ɪɚɡɪɚɛɨɬɤɭ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ- 
ɦɚɧɢɩɭɥɹɬɨɪɚ. 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɡɚɬɪɚɬ 
ɋɭɦɦɚ 

ɡɚɬɪɚɬ, руб. 
Ɂɚɬɪɚɬɵ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ  150 000 
Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ  3 000 
Ɇɨɧɬɚɠɧɵɟ ɪɚɫɯɨɞɵ  37 500 
Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ  365 969 
Ɂɚɬɪɚɬɵ ɧɚ ɤɨɦɩɥɟɤɬɭɸɳɢɟ  83 890 
ɗɥɟɤɬɪɨɷɧɟɪɝɢɹ 2 415 
Ⱥɦɨɪɬɢɡɚɰɢɹ 25 570 
Ɂɚɪɚɛɨɬɧɚɹ ɩɥɚɬɚ 124 992 
ɂɬɨɝɨ 793 336 

%k Дɨɩ 20

000102.000050..  ДɨɩЗɉɈɫɧЗɉДɨɩ kɋɋ

%k Ɋ.К. 30

000183.000060)( ......  КɊЗɉДɨɩЗɉɈɫɧКɊ kɋɋɋ

%kɋ.К. 30

000183.000060)( ......  КɋЗɉДɨɩЗɉɈɫɧКɋ kɋɋɋ

...... КɋКɊЗɉДɨɩЗɉɈɫɧɈɌ ɋɋɋɋФ 

0009600018000180001000050 ɈɌФ

99228302.000096...  ɫɨɰɈɌɨɬɋɨɰ RФɋ

.ɫɨɰR

9921249922800096..  ɨɬɋɨɰɈɌЗɉ ɋФФ



 
Ɋɢɫɭɧɨɤ 6.1 – ȼɢɡɭɚɥɶɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɡɚɬɪɚɬ 
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7 Ȼɟɡɨɩɚɫɧɨɫɬɶ ɢ ɷɤɨɥɨɝɢɱɧɨɫɬɶ ɩɪɨɟɤɬɚ  
ɐɟɥɶ ɞɚɧɧɨɝɨ ɪɚɡɞɟɥɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɰɟɧɤɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ 

ɷɤɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

7.1  Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ  

ɉɪɨɦɵɲɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬɚɸɳɢɯ ɩɪɢ ɦɨɧɬɚɠɟ, ɜɜɨɞɟ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɪɨɛɨɬɚ-ɦɚɧɩɭɥɹɬɨɪɚ ɛɵɥɢ 
ɭɱɬɟɧɵ ɨɫɧɨɜɧɵɟ ɦɟɪɵ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 
12.2.003-91, ȽɈɋɌ 12.2.061-81, ȽɈɋɌ 12.2.049-80, ȽɈɋɌ 12.1.019-79 ɢ ȽɈɋɌ 
12.2.064-81.  

- ɉɪɢɦɟɧɟɧɢɟ ɛɟɡɨɩɚɫɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɚɬɟɪɢɚɥɨɜ. 
- ɉɪɢɦɟɧɟɧɢɟɦ ɫɪɟɞɫɬɜ ɦɟɯɚɧɢɡɚɰɢɢ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ.  
- ɋɨɛɥɸɞɟɧɢɟ ɷɪɝɨɧɨɦɢɱɟɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ. 
- ɉɪɢɦɟɧɟɧɢɟɦ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ. 
- ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ ɨɬɛɨɪɨɦ ɢ ɨɛɭɱɟɧɢɟɦ ɪɚɛɨɱɢɯ ɢ ɨɩɟɪɚɬɨɪɨɜ.  
- ȼɵɛɨɪɨɦ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɭɱɟɬɨɦ 

ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ.  
- ȼɤɥɸɱɟɧɢɟɦ ɬɪɟɛɨɜɚɧɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɜ ɬɟɯɧɢɱɟɫɤɭɸ ɞɨɤɭɦɟɧɬɚɰɢɸ ɩɨ 

ɦɨɧɬɚɠɭ, ɷɤɫɩɥɭɚɬɚɰɢɢ, ɪɟɦɨɧɬɭ, ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɸ ɢ ɯɪɚɧɟɧɢɸ.  
ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɪɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɛɟɡɨɩɚɫɧɨɣ 

ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɫɪɨɤɚ ɫɥɭɠɛɵ.    

7.2  Ȼɟɡɨɩɚɫɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɨɬɞɟɥɶɧɵɯ ɟɟ ɱɚɫɬɟɣ 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɷɥɟɦɟɧɬɵ ɢ ɱɚɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.2.003-91.  

- Ɇɚɬɟɪɢɚɥɵ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɞɨɥɠɧɵ 
ɨɤɚɡɵɜɚɬɶ ɨɩɚɫɧɨɟ ɢ ɜɪɟɞɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɧɚ ɜɫɟɯ 
ɡɚɞɚɧɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɢ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɚ 
ɬɚɤɠɟ ɫɨɡɞɚɜɚɬɶ ɩɨɠɚɪɨɜɡɪɵɜɨɨɩɚɫɧɵɟ ɫɢɬɭɚɰɢɢ. 

- Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɟɝɨ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ 
ɞɨɥɠɧɚ ɢɫɤɥɸɱɚɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɚɞɟɧɢɹ, ɨɩɪɨɤɢɞɵɜɚɧɢɹ ɢ 
ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ ɩɪɢ ɜɫɟɯ ɩɪɟɞɭɫɦɨɬɪɟɧɧɵɯ ɭɫɥɨɜɢɹɯ 
ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɦɨɧɬɚɠɚ (ɞɟɦɨɧɬɚɠɚ). 

- Ⱦɜɢɠɭɳɢɟɫɹ ɱɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɹɜɥɹɸɳɢɟɫɹ 
ɜɨɡɦɨɠɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɬɪɚɜɦɨɨɩɚɫɧɨɫɬɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɨɝɪɚɠɞɟɧɵ. 

- Ʉɨɧɫɬɪɭɤɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɩɪɢɜɨɞɢɦɨɝɨ ɜ ɞɟɣɫɬɜɢɟ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ, ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ ɭɫɬɪɨɣɫɬɜɚ (ɫɪɟɞɫɬɜɚ) ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɢ. 

- ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɨɥɠɧɨ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɬɚɤ, ɱɬɨɛɵ 
ɢɫɤɥɸɱɢɬɶ ɧɚɤɨɩɥɟɧɢɟ ɡɚɪɹɞɨɜ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɜ ɤɨɥɢɱɟɫɬɜɟ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɟɦ ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɪɚɛɨɬɚɸɳɟɝɨ, ɢ ɢɫɤɥɸɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɠɚɪɚ ɢ ɜɡɪɵɜɚ.  



7.3  Ȼɟɡɨɩɚɫɧɨɫɬɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.2.003-91.  

- ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɚ ɢɫɤɥɸɱɚɬɶ ɫɨɡɞɚɧɢɟ ɨɩɚɫɧɵɯ ɫɢɬɭɚɰɢɣ ɢɡ-ɡɚ 
ɧɚɪɭɲɟɧɢɹ ɪɚɛɨɬɚɸɳɢɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɭɩɪɚɜɥɹɸɳɢɯ ɞɟɣɫɬɜɢɣ. 

- ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ 
ɫɪɟɞɫɬɜɚ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɢ ɚɜɚɪɢɣɧɨɝɨ ɨɫɬɚɧɨɜɚ. 

- ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɨɬɞɟɥɶɧɨɣ ɟɞɢɧɢɰɟɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɯɨɞɹɳɟɣ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ, ɞɨɥɠɧɚ ɢɦɟɬɶ 
ɭɫɬɪɨɣɫɬɜɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɥɭɱɚɹɯ 
ɡɚɛɥɨɤɢɪɨɜɚɬɶ ɩɭɫɤ ɜ ɯɨɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɚ ɬɚɤɠɟ 
ɨɫɭɳɟɫɬɜɢɬɶ ɟɝɨ ɨɫɬɚɧɨɜ. 

7.4  Ȼɟɡɨɩɚɫɧɨɫɬɶ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ 

Ʉɨɧɫɬɪɭɤɰɢɹ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɟɡɨɩɚɫɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ 
ɩɪɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɢ ɭɩɪɚɜɥɟɧɢɢ ɪɨɛɨɬɨɦ ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ȽɈɋɌ 12.2.003-91 ɢ ȽɈɋɌ 12.2.064-81.  

- Ɉɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɞɨɥɠɧɚ ɜɤɥɸɱɚɬɶ 
ɫɪɟɞɫɬɜɚ ɷɤɫɬɪɟɧɧɨɝɨ ɬɨɪɦɨɠɟɧɢɹ ɢ ɚɜɚɪɢɣɧɨɝɨ ɨɫɬɚɧɨɜɚ (ɜɵɤɥɸɱɟɧɢɹ). 

- Ɉɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɫɤɨɧɫɬɪɭɢɪɨɜɚɧɵ ɢ ɪɚɡɦɟɳɟɧɵ ɬɚɤ, 
ɱɬɨɛɵ ɢɫɤɥɸɱɚɥɨɫɶ ɧɟɩɪɨɢɡɜɨɥɶɧɨɟ ɢɯ ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ 
ɧɚɞɟɠɧɨɟ, ɭɜɟɪɟɧɧɨɟ ɢ ɨɞɧɨɡɧɚɱɧɨɟ ɦɚɧɢɩɭɥɢɪɨɜɚɧɢɟ. ɂ ɜɵɩɨɥɧɟɧɵ ɬɚɤ, 
ɱɬɨɛɵ ɢɯ ɮɨɪɦɚ, ɪɚɡɦɟɪɵ ɢ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɚɤɬɚ ɫ ɪɚɛɨɬɚɸɳɢɦ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɫɩɨɫɨɛɭ ɡɚɯɜɚɬɚ (ɩɚɥɶɰɚɦɢ, ɤɢɫɬɶɸ) ɢɥɢ ɧɚɠɚɬɢɹ 
(ɩɚɥɶɰɟɦ, ɥɚɞɨɧɶɸ, ɫɬɨɩɨɣ ɧɨɝɢ). 

- ɉɨɜɟɪɯɧɨɫɬɢ ɩɪɢɜɨɞɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɪɝɚɧɨɜ ɭɩɪɚɜɥɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ 
ɜɵɩɨɥɧɟɧɵ ɢɡ ɧɟɬɨɤɫɢɱɧɵɯ, ɧɟɬɟɩɥɨɩɪɨɜɨɞɧɵɯ, ɚ ɜ ɧɟɨɛɯɨɞɢɦɵɯ 
ɫɥɭɱɚɹɯ ɢ ɢɡ ɷɥɟɤɬɪɨɢɡɨɥɹɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

- Ɉɪɝɚɧɵ ɭɩɪɚɜɥɟɧɢɹ ɜ ɧɟɨɛɯɨɞɢɦɵɯ ɫɥɭɱɚɹɯ (ɧɚɩɪɢɦɟɪ, ɩɪɢ ɜɨɡɦɨɠɧɨɫɬɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɧɢɯ ɫɦɟɠɧɨɝɨ ɨɪɝɚɧɚ ɭɩɪɚɜɥɟɧɢɹ, ɫɥɭɱɚɣɧɨɝɨ 
ɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɫɨɬɪɹɫɟɧɢɹ ɢ ɬ.ɩ.) ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɳɢɳɟɧɵ ɨɬ 
ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɢɥɢ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɢɡɦɟɧɟɧɢɹ ɢɯ ɩɨɥɨɠɟɧɢɹ. 

7.5  ɗɥɟɤɬɪɨɛɟɡɨɩɚɫɧɨɫɬɶ  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɩɟɪɚɬɨɪɭ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɜ 
ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɫɨɛɥɸɞɟɧɵ 
ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ:  

- ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɟ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɢɥɢ ɟɫɬɟɫɬɜɟɧɧɵɯ 
ɡɚɡɟɦɥɢɬɟɥɟɣ.   

- Ɍɨɤɨɜɟɞɭɳɢɟ ɱɚɫɬɢ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɤɢ ɧɟ ɞɨɥɠɧɵ ɛɵɬɶ ɞɨɫɬɭɩɧɵ ɞɥɹ 
ɫɥɭɱɚɣɧɨɝɨ ɩɪɢɤɨɫɧɨɜɟɧɢɹ. 

- ɉɪɢɦɟɧɟɧɢɟ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢɥɢ ɜ ɫɨɱɟɬɚɧɢɢ ɫɥɟɞɭɸɳɢɯ ɦɟɪ ɡɚɳɢɬɵ ɨɬ 
ɩɪɹɦɨɝɨ ɩɪɢɤɨɫɧɨɜɟɧɢɹ: ɨɫɧɨɜɧɚɹ ɢɡɨɥɹɰɢɹ ɬɨɤɨɜɟɞɭɳɢɯ ɱɚɫɬɟɣ; 



ɨɝɪɚɠɞɟɧɢɹ ɢ ɨɛɨɥɨɱɤɢ; ɭɫɬɚɧɨɜɤɚ ɛɚɪɶɟɪɨɜ; ɪɚɡɦɟɳɟɧɢɟ ɜɧɟ ɡɨɧɵ 
ɞɨɫɹɝɚɟɦɨɫɬɢ; ɩɪɢɦɟɧɟɧɢɟ ɫɜɟɪɯɧɢɡɤɨɝɨ (ɦɚɥɨɝɨ) ɧɚɩɪɹɠɟɧɢɹ. 

- Ⱦɥɹ ɡɚɳɢɬɵ ɨɬ ɩɨɪɚɠɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɬɨɤɨɦ ɜ ɫɥɭɱɚɟ ɩɨɜɪɟɠɞɟɧɢɹ 
ɢɡɨɥɹɰɢɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɩɨ ɨɬɞɟɥɶɧɨɫɬɢ ɢɥɢ ɜ ɫɨɱɟɬɚɧɢɢ 
ɫɥɟɞɭɸɳɢɟ ɦɟɪɵ ɡɚɳɢɬɵ ɩɪɢ ɤɨɫɜɟɧɧɨɦ ɩɪɢɤɨɫɧɨɜɟɧɢɢ: ɡɚɳɢɬɧɨɟ 
ɡɚɡɟɦɥɟɧɢɟ; ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɨɬɤɥɸɱɟɧɢɟ ɩɢɬɚɧɢɹ; ɭɪɚɜɧɢɜɚɧɢɟ 
ɩɨɬɟɧɰɢɚɥɨɜ; ɜɵɪɚɜɧɢɜɚɧɢɟ ɩɨɬɟɧɰɢɚɥɨɜ; ɞɜɨɣɧɚɹ ɢɥɢ ɭɫɢɥɟɧɧɚɹ 
ɢɡɨɥɹɰɢɹ; ɫɜɟɪɯɧɢɡɤɨɟ (ɦɚɥɨɟ) ɧɚɩɪɹɠɟɧɢɟ; ɡɚɳɢɬɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɪɚɡɞɟɥɟɧɢɟ ɰɟɩɟɣ.  

7.6  Ɂɚɳɢɬɚ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɫɟɬɟɣ 

 Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɳɢɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɬ ɧɟɧɨɪɦɚɥɶɧɵɯ ɪɟɠɢɦɚɯ 
ɪɚɛɨɬɵ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ:  

- ɂɫɩɨɥɶɡɨɜɚɬɶ ɚɩɩɚɪɚɬɵ ɡɚɳɢɬɵ, ɤɨɬɨɪɵɟ ɩɨ ɫɜɨɟɣ ɨɬɤɥɸɱɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɢ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɬɨɤɚ ɄɁ ɜ ɧɚɱɚɥɟ 
ɡɚɳɢɳɚɟɦɨɝɨ ɭɱɚɫɬɤɚ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɟɬɢ.  

- ȼ ɤɚɱɟɫɬɜɟ ɚɩɩɚɪɚɬɨɜ ɡɚɳɢɬɵ ɩɪɢɦɟɧɹɬɶ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɜɵɤɥɸɱɚɬɟɥɢ 
ɢɥɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɢ.  

- ɂɫɩɨɥɶɡɨɜɚɬɶ ɩɥɚɜɤɢɟ ɜɫɬɚɜɤɢ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ 
ɜɵɤɥɸɱɚɬɟɥɢ, ɤɨɬɨɪɵɟ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɚɢɦɟɧɶɲɢɦ ɢɥɢ ɧɨɦɢɧɚɥɶɧɵɦ 
ɬɨɤɚɦ ɭɱɚɫɬɤɨɜ ɷɥɟɤɬɪɨɫɟɬɢ [20]. 

7.7  Ȼɟɡɨɩɚɫɧɨɫɬɶ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɯɪɚɧɟɧɢɢ  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɢ ɯɪɚɧɟɧɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɹɬɶ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ:  

- ɉɟɪɟɞ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɨɣ ɭɫɬɚɧɨɜɢɬɶ ɪɨɛɨɬɚ ɜ ɛɚɡɨɜɨɟ ɩɨɥɨɠɟɧɢɟ. 
- Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɭ ɪɨɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɬɶ ɬɪɚɧɫɩɨɪɬɧɵɦ ɫɪɟɞɫɬɜɨɦ, 

ɨɫɧɚɳёɧɧɵɦ ɚɦɨɪɬɢɡɚɰɢɨɧɧɨɢ ɩɥɚɬɮɨɪɦɨɣ. 
- Ɋɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɟɝɨ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ ɯɪɚɧɢɬɶ ɜ ɫɭɯɨɦ ɡɚɤɪɵɬɨɦ 

ɩɨɦɟɳɟɧɢɢ. 
- Ʉɨɧɫɬɪɭɤɰɢɹ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɡɚɤɪɟɩɥɟɧɢɹ ɟё ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ ɜ 
ɭɩɚɤɨɜɨɱɧɨɣ ɬɚɪɟ, ɢ ɢɦɟɟɬ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɮɢɤɫɚɰɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ 
ɩɨɥɨɠɟɧɢɢ.  

7.8  Ɍɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɤ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɦɭ ɨɬɛɨɪɭ  

Ʉ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ ɭɩɪɚɜɥɟɧɢɸ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɞɨɩɭɫɤɚɸɬɫɹ 
ɥɢɰɚ:  

- ɂɦɟɸɳɢɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɭɸ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɢ 
ɨɛɫɥɭɠɢɜɚɧɢɸ ɪɨɛɨɬɨɜ-ɦɚɧɢɩɭɥɹɬɨɪɨɜ ɜ ɜɵɫɲɢɯ ɢɥɢ ɫɪɟɞɧɟɬɟɯɧɢɱɟɫɤɢɯ 
ɡɚɜɟɞɟɧɢɹɯ. 

- ɉɪɨɲɟɞɲɢɟ ɢɧɫɬɪɭɤɬɚɠ, ɨɛɭɱɟɧɢɟ ɢ ɩɪɨɜɟɪɤɭ ɡɧɚɧɢɣ ɩɨ ɨɯɪɚɧɟ ɬɪɭɞɚ. 
- ɇɟ ɢɦɟɸɳɢɟ ɦɟɞɢɰɢɧɫɤɢɯ ɩɪɨɬɢɜɨɩɨɤɚɡɚɧɢɣ.  



7.9  ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ  

ɉɨɠɚɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɨɛɟɫɩɟɱɟɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ 
ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ 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. ȼɵɛɪɚɧ ɬɢɩ ɢɫɩɨɥɧɟɧɢɹ, ɜɢɞ ɜɡɪɵɜɨɡɚɳɢɬɵ 
ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɟɩɟɧɶ ɟɝɨ ɡɚɳɢɬɵ ɨɬ ɩɵɥɢ ɢ ɜɥɚɝɢ.  

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɨɠɚɪɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ 
ɫɥɟɞɭɸɳɢɟ ɦɟɪɨɩɪɢɹɬɢɹ ɩɨɠɚɪɧɨɣ ɩɪɨɮɢɥɚɤɬɢɤɢ:  

– ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɟ; 
– ɬɟɯɧɢɱɟɫɤɢɟ;   
– ɪɟɠɢɦɧɵɟ;  
– ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ.  

7.10 ɗɤɨɥɨɝɢɱɟɤɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ 

Ɇɚɬɟɪɢɚɥɵ, ɜɯɨɞɹɳɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ, ɛɟɡɨɩɚɫɧɵ, 
ɷɤɨɥɨɝɢɱɧɵ ɢ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɵ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɋɋȻɌ ɢ ɨɯɪɚɧɵ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ.   

ȼ ɩɪɨɟɤɬɟ ɪɚɡɪɚɛɨɬɚɧ ɤɨɦɩɥɟɤɫ ɨɪɝɚɧɢɡɚɰɢɨɧɧɵɯ, ɬɟɯɧɢɱɟɫɤɢɯ ɢ 
ɦɟɪɨɩɪɢɹɬɢɣ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɨɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɪɭɞɚ ɫ ɫɨɛɥɸɞɟɧɢɟɦ 
ɬɪɟɛɨɜɚɧɢɣ ȽɈɋɌ, ɋɇɢɉ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɛɟɡɨɩɚɫɧɵɦ ɢ 
ɷɤɨɥɨɝɢɱɧɵɦ.  



ɁȺɄɅɘɑȿɇɂȿ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 
ɞɨɫɬɢɝɧɭɬɵ ɩɨɫɬɚɜɥɟɧɧɵɟ ɰɟɥɢ: ɩɪɢɨɛɪɟɬɟɧɵ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɢ 
ɤɨɦɩɟɬɟɧɰɢɢ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɣ ɪɚɛɨɬɵ ɜ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɢ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɹɯ; ɩɨɥɭɱɟɧ ɨɩɵɬ ɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ; ɪɚɡɪɚɛɨɬɚɧɚ 
ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-ɦɚɧɢɩɭɥɹɬɨɪɨɦ. 

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɜɵɛɪɚɧɵ ɫɢɫɬɟɦɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɫɩɨɫɨɛ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɪɨɬɨɬɢɩɚ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  

ȼɨ ɜɬɨɪɨɣ ɝɥɚɜɟ ɜɵɛɪɚɧ ɤɨɧɬɪɨɥɥɟɪ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-
ɦɚɧɢɩɭɥɹɬɨɪɨɦ ɢ ɪɚɫɫɱɢɬɚɧɵ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɪɢɜɨɞɚ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɫɩɪɨɟɤɬɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɛɥɨɤɢ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-
ɦɚɧɢɩɭɥɹɬɨɪɚ, ɜɵɩɨɥɧɟɧ ɫɬɚɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɡɝɨɬɨɜɥɟɧɵ ɞɟɬɚɥɢ 
ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɜɵɩɨɥɧɟɧɚ ɫɛɨɪɤɚ ɩɪɨɬɨɬɢɩɚ.  

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɪɟɲɟɧɚ ɩɪɹɦɚɹ ɢ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ ɤɢɧɟɦɚɬɢɤɢ, 
ɢɫɫɥɟɞɨɜɚɧɵ ɦɟɬɨɞɵ ɧɟɱɟɬɤɨɣ ɥɨɝɢɤɢ, ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ-
ɦɚɧɢɩɭɥɹɬɨɪɨɦ.  

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɢɫɫɥɟɞɨɜɚɧɚ ɪɚɛɨɬɚ ɩɪɨɬɨɬɢɩɚ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  
ȼ ɲɟɫɬɨɣ ɝɥɚɜɟ ɪɚɫɫɱɢɬɚɧɚ ɷɤɨɧɨɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɪɨɟɤɬɚ ɪɨɛɨɬɚ-

ɦɚɧɢɩɭɥɹɬɨɪɚ.  
ȼ ɫɟɞɶɦɨɣ ɝɥɚɜɟ ɫɨɫɬɚɜɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɚɜɢɥɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɪɚɛɨɬɟ ɫ 

ɩɪɨɬɨɬɢɩɨɦ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ.  
ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɩɥɚɫɬɢɤɨɜɵɣ 

ɩɪɨɬɨɬɢɩ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɪɟɲɚɟɬ ɜɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ, ɧɨ ɧɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɞɚɧɧɭɸ ɬɨɱɧɨɫɬɶ ɢ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ. ɉɨɷɬɨɦɭ ɫɥɟɞɭɸɳɢɦɢ 
ɲɚɝɚɦɢ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɨɛɨɬɚ-ɦɚɧɢɩɭɥɹɬɨɪɚ ɛɭɞɭɬ: 

- ɪɚɡɪɚɛɨɬɤɚ ɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɜɚɪɢɚɧɬɚ;  
- ɭɫɬɚɧɨɜɤɚ ɫɟɪɜɨɞɜɢɝɚɬɟɥɟɣ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ;  
- ɭɫɬɚɧɨɜɤɚ ɫɚɦɨɬɨɪɦɨɡɹɳɢɯɫɹ ɪɟɞɭɤɬɨɪɨɜ ɢɥɢ ɬɨɪɦɨɡɨɜ ɨɫɟɣ; 
- ɡɚɦɟɧɚ ɤɨɧɬɪɨɥɥɟɪɚ Arduino ɧɚ ɛɨɥɟɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ. 
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