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  ɊȿɎȿɊȺɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɞɚɩɬɢɜɧɵɟ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚɦɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ» 

ɫɨɞɟɪɠɢɬ 78 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 41 ɢɥɥɸɫɬɪɚɰɢɹ, 4 ɮɨɪɦɭɥɵ, 81 

ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɢɫɬɨɱɧɢɤ.  

ɇȺɉɈɅɖɇɕɃ ɊɂɋɍɇɈɄ, ȾɈɊɈɀɇȺə ɊȺɁɆȿɌɄȺ, ȾɈɊɈɀɇɕɃ 

ɉɊɂɇɌȿɊ, ɌȿɏɇɂɑȿɋɄɈȿ ɁɊȿɇɂȿ 

Ɉɛɴɟɤɬɨɦ ɹɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫ ɧɚɧɟɫɟɧɢɹ ɧɚɩɨɥɶɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ.  

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ, ɦɨɞɟɥɢ ɢ ɬɟɯɧɨɥɨɝɢɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ  

ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1) Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɫ 

ɷɥɟɦɟɧɬɚɦɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ; 

2) ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ 

ɩɪɢɧɬɟɪɚ ɜ ɫɪɟɞɟ Matlab*SIMULINK;   

3) ɋɨɡɞɚɬɶ 3D ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ ɧɚ ɞɨɪɨɝɟ; 

4)  Ɉɩɪɟɞɟɥɢɬɶ ɬɪɭɞɨɡɚɬɪɚɬɵ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɟɤɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɛɨɬɵ.   
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ȼȼȿȾȿɇɂȿ 

 

Ⱥɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬɵ. ɋɨɜɪɟɦɟɧɧɨɟ ɪɚɡɜɢɬɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɩɪɟɞɨɩɪɟɞɟɥɢɥɨ ɪɚɡɪɚɛɨɬɤɭ ɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ 

ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. ɑɬɨɛɵ ɩɪɨɦɵɲɥɟɧɧɵɟ ɪɨɛɨɬɵ ɢ ɞɪɭɝɢɟ ɫɢɫɬɟɦɵ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɥɢ ɫ ɨɛɴɟɤɬɚɦɢ 

ɢ ɫɩɨɤɨɣɧɨ ɞɜɢɝɚɥɢɫɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɧɢ ɞɨɥɠɧɵ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɜɢɞɟɬɶ ɢ 

ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ. ɗɬɨ ɢɦɟɧɧɨ ɬɨ, ɫ ɱɟɦ ɤɨɦɩɶɸɬɟɪɧɵɟ 

ɫɢɫɬɟɦɵ ɡɪɟɧɢɹ ɦɨɝɭɬ ɩɨɦɨɱɶ. Ɇɚɲɢɧɧɨɟ ɡɪɟɧɢɟ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɚɧɚɥɢɡ 

ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ. ɗɬɨ ɩɨɦɨɝɚɟɬ 

ɩɪɢɧɹɬɶ ɤɚɤɨɟ-ɥɢɛɨ ɞɟɣɫɬɜɢɟ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɴɟɤɬɚ, ɤɨɬɨɪɵɣ ɧɚɯɨɞɢɬɫɹ ɜ 

ɮɨɤɭɫɟ. ɂɫɬɨɪɢɱɟɫɤɢ ɚɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɡɪɟɧɢɹ ɜɧɟɞɪɹɥɢɫɶ ɜ ɧɟɛɨɥɶɲɨɦ 

ɤɨɥɢɱɟɫɬɜɟ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɬɚɤ ɤɚɤ ɷɬɨ ɛɵɥɨ ɨɱɟɧɶ ɡɚɬɪɚɬɧɨ. Ɉɞɧɚɤɨ ɫɬɨɢɦɨɫɬɶ, 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɩɨɬɪɟɛɥɟɧɢɟ ɷɧɟɪɝɢɢ ɜ ɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɤɨɬɨɪɵɟ 

ɛɵɥɢ ɞɨɫɬɢɝɧɭɬɵ ɫɟɝɨɞɧɹ, ɩɪɨɥɨɠɢɥɢ ɩɭɬɶ ɞɥɹ ɲɢɪɨɤɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 

ɦɚɲɢɧɧɨɝɨ ɡɪɟɧɢɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ. Ʉɨɧɟɱɧɨ, ɢɯ ɪɟɚɥɢɡɚɰɢɹ ɜɫɟ ɟɳɟ 

ɫɥɨɠɧɚ, ɧɨ ɷɬɨ ɭɠɟ ɫɬɚɥɨ ɧɚɦɧɨɝɨ ɩɪɨɳɟ - ɢ ɞɟɲɟɜɥɟ, ɱɟɦ ɤɨɝɞɚ-ɥɢɛɨ. ȼ ɞɚɧɧɨɣ 

ɪɚɛɨɬɟ ɬɟɯɧɨɥɨɝɢɹ ɦɚɲɢɧɧɨɝɨ ɡɪɟɧɢɹ ɛɵɥɚ ɜɧɟɞɪɟɧɚ ɜ ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ 

ɞɨɪɨɠɧɵɦ ɩɪɢɧɬɟɪɨɦ. Ɍɟɯɧɨɥɨɝɢɹ ɫɨɫɬɨɢɬ ɜ ɩɨɥɭɱɟɧɢɢ ɞɜɭɦɟɪɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢɡɞɟɥɢɹ, ɛɥɚɝɨɞɚɪɹ USB-ɤɚɦɟɪɚɦ. Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ 

ɤɨɦɩɶɸɬɟɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɚɧɚɥɢɡ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

ɩɪɢɧɚɞɥɟɠɧɨɫɬɶ ɨɛɴɟɤɬɚ ɬɨɦɭ ɢɥɢ ɢɧɨɦɭ ɤɥɚɫɫɭ ɢɫɯɨɞɹ ɢɡ ɡɚɞɚɧɧɵɯ ɩɪɢɡɧɚɤɨɜ 

(ɮɨɪɦɚ, ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ, ɧɚɥɢɱɢɟ ɧɚɞɩɢɫɟɣ, ɰɜɟɬ, ɦɚɪɤɢɪɨɜɨɤ, ɢ ɞɪ.). 

  ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɪɟɲɟɧɢɸ ɩɪɨɛɥɟɦɵ ɧɚɭɱɧɨɣ ɡɚɞɚɱɢ ɩɨ 
ɪɚɡɪɚɛɨɬɤɟ ɚɥɝɨɪɢɬɦɨɜ ɢ ɦɟɬɨɞɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɤɨɬɨɪɚɹ ɨɬɥɢɱɚɟɬɫɹ 
ɩɨɜɵɲɟɧɧɨɣ ɧɚɞɟɠɧɨɫɬɶɸ, ɬɨɱɧɨɫɬɶɸ ɢ ɤɚɱɟɫɬɜɨɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ, 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɢɧɬɟɡɢɪɭɟɦɵɯ ɫɰɟɧ ɧɚ ɦɨɛɢɥɶɧɵɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜɚɯ ɢ ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɩɪɚɜɥɟɧɢɹ. ɋɭɳɟɫɬɜɭɸɳɢɟ 
ɦɟɬɨɞɵ, ɚɥɝɨɪɢɬɦɵ ɢ ɬɟɯɧɨɥɨɝɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ 
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ɫɢɫɬɟɦ ɬɪɟɛɭɸɬ ɨɩɪɟɞɟɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɩɨ ɬɪɚɟɤɬɨɪɢɢ. ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɬɟɯɧɨɥɨɝɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɵ 
ɫɨɜɪɟɦɟɧɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɨɛɟɫɩɟɱɟɧɢɹ «MATLAB ɫ ɩɪɢɥɨɠɟɧɢɹɦ Simulink», 
«Autodesk ɫ ɩɪɢɥɨɠɟɧɢɟɦ Revit».  

 ɋɬɟɩɟɧɶ ɪɚɡɪɚɛɨɬɚɧɧɨɫɬɢ. ɉɪɨɛɥɟɦɚɦ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɫɢɫɬɟɦ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ ɚɜɬɨɪɨɜ ɂ. ɉ. 
ɇɨɪɟɧɤɨɜɚ, ȼ. Ⱥ. Ʉɚɦɚɟɜɚ, ȼ. Ⱥ. ɋɨɣɮɟɪɚ, ə. Ⱥ. Ɏɭɪɦɚɧɚ, Ɇ. ɇ. Ɏɚɜɨɪɫɤɨɣ, Ɇ. 
ȼ. Ɏɭɪɫɚ, Ⱥ. Ƚ. Ʉɪɚɜɟɰ ɢ ɞɪɭɝɢɯ ɪɨɫɫɢɣɫɤɢɯ ɭɱɟɧɵɯ, ɚ ɬɚɤɠɟ ɡɚɪɭɛɟɠɧɵɯ 
ɭɱɟɧɵɯ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ, Ɋ. ȼɭɞɫ, ɍ. ɉɪɷɬɬ, Ɍ. ɉɚɜɥɢɞɢɫ, R. Azuma, D. Zhang, Ɇ. 
Fiala ɢ ɦɧɨɝɢɟ ɞɪɭɝɢɟ. ɂɯ ɪɚɛɨɬɵ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɫɩɨɫɨɛɫɬɜɨɜɚɥɢ 
ɩɨɜɵɲɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɫɢɫɬɟɦ.   

 Ɉɞɧɚɤɨ ɩɪɨɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵɹɜɢɥ 
ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɨɜ ɢ ɬɟɯɧɨɥɨɝɢɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫɢɫɬɟɦ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.   

ɐɟɥɶɸ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɪɨɛɨɬɚ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ. 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1) Ɋɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɫ 
ɷɥɟɦɟɧɬɚɦɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ; 

2) ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɬɶ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ 
ɩɪɢɧɬɟɪɚ ɜ ɫɪɟɞɟ Matlab*SIMULINK;   

3) ɋɨɡɞɚɬɶ 3D ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ ɧɚ ɞɨɪɨɝɟ; 

4) Ɉɩɪɟɞɟɥɢɬɶ ɬɪɭɞɨɡɚɬɪɚɬɵ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɟɤɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɛɨɬɵ.  

Ɉɛɴɟɤɬɨɦ ɹɜɥɹɸɬɫɹ ɩɪɨɰɟɫɫ ɨɪɢɟɧɬɚɰɢɢ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɧɚ ɨɫɧɨɜɟ 
ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ.  

ɉɪɟɞɦɟɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ, ɦɨɞɟɥɢ ɢ ɬɟɯɧɨɥɨɝɢɹ 
ɨɪɢɟɧɬɚɰɢɢ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɧɚ ɨɫɧɨɜɟ ɫɨɜɪɟɦɟɧɧɵɯ ɫɪɟɞɫɬɜ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɡɪɟɧɢɹ. 
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1 ɋɈɋɌɈəɇɂȿ ȼɈɉɊɈɋȺ 

 

1.1 Ⱥɧɚɥɢɡ ɫɢɫɬɟɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ  

 

Ɍɟɯɧɢɱɟɫɤɨɟ (ɦɚɲɢɧɧɨɟ) ɡɪɟɧɢɟ - ɷɬɨ ɫɮɟɪɚ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɡɪɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢɥɢ ɩɪɨɢɡɜɨɞɫɬɜɟ. ȼ ɬɨ ɜɪɟɦɹ ɤɚɤ ɤɨɦɩɶɸɬɟɪɧɨɟ 

ɡɪɟɧɢɟ ɹɜɥɹɟɬɫɹ ɨɛɳɢɦ ɧɚɛɨɪɨɦ ɦɟɬɨɞɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɤɨɦɩɶɸɬɟɪɚɦ ɜɢɞɟɬɶ. 

ɋɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (ɋɌɁ) ɢɫɩɨɥɶɡɭɸɬ ɰɢɮɪɨɜɵɟ ɤɚɦɟɪɵ, ɧɚ ɞɚɧɧɵɣ 

ɦɨɦɟɧɬ ɜɫё ɱɚɳɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɤɚɦɟɪɵ, ɚ ɬɚɤɠɟ ɩɪɢɥɚɝɚɟɦɨɟ ɤ ɧɢɦ 

ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɡɚɧɢɦɚɟɬɫɹ ɨɛɪɚɛɨɬɤɨɣ ɩɨɥɭɱɟɧɧɨɝɨ 

ɢɡɨɛɪɚɠɟɧɢɟ. ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ, ɜ ɋɌɁ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ 

ɫɨɱɟɬɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɨɛɪɚɛɨɬɤɢ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɨɥɧɨɝɨ ɢ ɬɨɱɧɨɝɨ 

ɚɧɚɥɢɡɚ. 

ɋɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɦɨɝɭɬ  ɨɛɪɚɛɚɬɵɜɚɬɶ  

ɢɡɨɛɪɚɠɟɧɢɣ ɧɚ ɪɚɜɧɵɯ ɫ ɥɸɞɶɦɢ, ɧɨ  ɫɢɫɬɟɦɵ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɨɛɵɱɧɨ 

ɩɪɨɟɤɬɢɪɭɸɬɫɹ, ɱɬɨɛɵ ɜɵɩɨɥɧɢɬɶ ɨɞɢɧɨɱɧɵɟ, ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɜɬɨɪɹɸɳɢɟɫɹ 

ɡɚɞɚɱɢ, ɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɡɧɚɱɢɬɟɥɶɧɵɣ ɩɪɨɝɪɟɫɫ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɧɢɤɚɤɚɹ ɫɢɫɬɟɦɚ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɢɥɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɟɳɟ ɧɟ ɦɨɠɟɬ 

ɫɨɪɟɜɧɨɜɚɬɶɫɹ ɧɚ ɪɚɜɧɵɯ ɫ ɧɟɤɨɬɨɪɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɡɪɟɧɢɹ 

ɬɚɤɢɦɢ ɤɚɤ ɬɟɪɩɢɦɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɨɫɜɟɳɟɧɢɹ ɢ ɭɯɭɞɲɟɧɢɸ ɢɡɨɛɪɚɠɟɧɢɹ, 

ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɟɣ ɢ ɬ.ɞ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɛɨɥɶɲɭɸ ɩɨɩɭɥɹɪɧɨɫɬɶ ɨɛɪɟɬɚɸɬ ɋɌɁ ɜ ɤɚɱɟɫɬɜɟ 

ɭɫɬɪɨɣɫɬɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɩɪɢ 

ɧɚɧɟɫɟɧɢɢ ɮɢɝɭɪɧɵɯ ɡɧɚɤɨɜ. ɩɪɢ ɪɚɛɨɬɟ ɫ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɦɢ ɪɨɛɨɬɚɦɢ. 

ɋɟɧɫɨɪ ɫɨ ɜɫɬɪɨɟɧɧɨɣ ɫɢɫɬɟɦɨɣ 3D-ɫɬɟɪɟɨɤɚɦɟɪ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ 3D-

ɜɨɫɩɪɢɹɬɢɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 3Dɢɡɦɟɪɟɧɢɟ ɢ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɪɢɟɧɬɚɰɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɢ ɬɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɫɬɚɧɨɜɹɬɫɹ ɪɟɚɥɶɧɨɫɬɶɸ (ɪɢɫɭɧɨɤ 1.1). [4]  
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Ɋɢɫɭɧɨɤ 1.1 – ɋɬɟɪɟɨ ɫɟɧɫɨɪ KUKA _3D 

 

Perception ɋɬɟɪɟɨ ɫɟɧɫɨɪ KUKA_3D Perception ɪɚɫɩɨɡɧɚɟɬ ɬɨɱɧɨ 

ɧɟɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɨɟ ɨɤɪɭɠɟɧɢɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɬɨɱɧɨ 

ɩɨɡɢɰɢɨɧɢɪɭɟɬ ɨɛɴɟɤɬɵ ɫ ɪɚɡɧɨɣ ɤɢɧɟɦɚɬɢɤɨɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɗɬɨ ɩɟɪɜɵɣ 

3Dɫɟɧɫɨɪ ɜ ɦɢɪɟ, ɤɨɬɨɪɵɣ ɧɚɞɟɥɹɟɬ ɪɨɛɨɬɨɜ ɬɚɤɢɦɢ ɫɩɨɫɨɛɧɨɫɬɹɦɢ. Ɋɟɡɭɥɶɬɚɬ 

ɷɬɨɝɨ ɩɪɨɝɪɟɫɫɢɜɧɨɝɨ ɪɟɲɟɧɢɹ: ɪɨɛɨɬ ɦɨɠɟɬ ɮɢɤɫɢɪɨɜɚɬɶ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɦɢɥɥɢɦɟɬɪɚ ɢ ɪɟɲɚɬɶ ɡɚɞɚɱɢ ɟɳɟ ɛɵɫɬɪɟɟ ɢ 

ɷɮɮɟɤɬɢɜɧɟɟ. Ȼɥɚɝɨɞɚɪɹ ɢɧɬɟɝɪɢɪɨɜɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ KUKA_3D Perception 

ɨɛɪɚɛɚɬɵɜɚɟɬ ɞɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɟɧɫɨɪɟ ɢ ɮɢɤɫɢɪɭɟɬ 

ɬɟɤɭɳɟɟ ɩɨɥɨɠɟɧɢɟ ɨɛɴɟɤɬɚ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɦɢɥɥɢɦɟɬɪɚ. Ɇɚɫɫɢɜɵ ɬɨɱɟɤ 

ɫɨɡɞɚɸɬɫɹ ɨɱɟɧɶ ɩɪɨɫɬɨ. 3D-ɫɟɧɫɨɪ ɦɨɠɟɬ ɪɚɫɩɨɡɧɚɜɚɬɶ ɫɜɨɟ ɨɤɪɭɠɟɧɢɟ ɤɚɤ ɜ 

ɭɫɥɨɜɢɹɯ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɫɜɟɬɚ, ɬɚɤ ɢ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɦ ɨɫɜɟɳɟɧɢɢ. Ⱦɚɠɟ ɩɪɢ 

ɛɵɫɬɪɵɯ ɩɟɪɟɦɟɳɟɧɢɹɯ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚɞɟɠɧɚɹ ɬɨɱɧɨɫɬɶ.  

  ɋɌɁ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɩɨɥɟɡɧɨɝɨ ɝɪɭɡɚ ɩɪɢ ɪɚɛɨɬɟ ɫ ɦɚɧɢɩɭɥɹɰɢɨɧɧɵɦɢ ɪɨɛɨɬɚɦɢ. 

ɉɪɨɫɬɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɞɟɤɚɪɬɨɜɵɟ 

ɤɨɨɪɞɢɧɚɬɵ ݔ ɢ ݕ, ɚ ɬɚɤɠɟ ɭɝɨɥ ɨɪɢɟɧɬɚɰɢɢ 𝑅 ɩɨɥɟɡɧɵɯ ɝɪɭɡɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɨɞɧɨɣ ɩɥɨɫɤɨɫɬɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɦɚɧɢɩɭɥɹɰɢɨɧɧɨɝɨ ɪɨɛɨɬɚ, ɩɪɢɱɟɦ 

ɩɚɪɚɦɟɬɪɵ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɵ. Ȼɨɥɟɟ ɫɥɨɠɧɵɟ 
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ɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɬɪɢ ɤɨɨɪɞɢɧɚɬɵ ݕ ,ݔ ɢ ݖ ɜ ɪɚɛɨɱɟɦ 

ɩɪɨɫɬɪɚɧɫɬɜɚ. Ʉɨɦɩɥɟɤɫɧɵɟ ɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ ɜɫɟ ɲɟɫɬɶ 

ɤɨɨɪɞɢɧɚɬ ݖ ,ݕ ,ݔ, 𝜑, 𝜃, 𝜓, ɧɨ ɬɚɤɢɟ ɪɟɲɟɧɢɹ ɬɪɟɛɭɸɬ ɨɫɨɛɵɯ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɩɨɷɬɨɦɭ ɢɯ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɢɥɶɧɨ ɨɝɪɚɧɢɱɟɧɚ; ɤɪɨɦɟ 

ɬɨɝɨ, ɜɨ ɦɧɨɝɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ ɨɬɫɭɬɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɧɨɝɨ ɧɚɛɨɪɚ ɤɨɨɪɞɢɧɚɬ ɩɨɥɟɡɧɵɯ ɝɪɭɡɨɜ, ɩɨɷɬɨɦɭ ɫɬɨɢɦɨɫɬɶ ɢ 

ɢɫɩɨɥɶɡɭɟɦɵɣ ɮɭɧɤɰɢɨɧɚɥ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɛɭɞɭɬ ɧɟɨɩɪɚɜɞɚɧɧɵɦɢ. ɋɌɁ 

ɩɨɡɜɨɥɹɸɬ ɛɟɡ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɩɟɪɟɤɨɧɮɢɝɭɪɢɪɨɜɚɬɶ ɪɚɛɨɱɟɟ ɦɟɫɬɨ, ɬɚɤ 

ɤɚɤ ɫɢɫɬɟɦɚ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɱɚɫɬɢ ɧɚɫɬɪɚɢɜɚɟɬɫɹ ɧɚ 

ɩɪɨɝɪɚɦɦɧɨɦ ɭɪɨɜɧɟ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɨɞɧɨɣ ɤɚɦɟɪɵ, ɜɯɨɞɹɳɟɣ ɜ ɫɨɫɬɚɜ ɋɌɁ, 

ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɚɧɧɵɯ ɨ ɪɚɛɨɱɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ 

[7, 8]. ȼ ɫɥɭɱɚɟ ɢɡɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɷɬɭ ɠɟ ɤɚɦɟɪɭ ɦɨɠɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɩɨɥɟɡɧɵɯ ɝɪɭɡɨɜ ɜ ɧɨɜɵɯ ɭɫɥɨɜɢɹɯ 

ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɦɟɲɢɜɚɬɶɫɹ ɜ ɟɟ ɤɨɧɫɬɪɭɤɰɢɸ ɢɥɢ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɫɯɟɦɭ. 

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɡɚɞɚɱɢ ɋɌɁ, ɯɚɪɚɤɬɟɪɧɵɟ ɞɥɹ ɪɨɛɨɬɟɯɧɢɱɟɫɤɢɯ ɤɨɦɩɥɟɤɫɨɜ, 

ɭɫɥɨɜɧɨ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɩɨ ɭɪɨɜɧɸ ɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ. Ʉ ɩɪɨɫɬɵɦ 

ɡɚɞɚɱɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: ɨɛɧɚɪɭɠɟɧɢɟ ɧɚɥɢɱɢɹ ɤɚɤɨɝɨ-ɥɢɛɨ ɨɛɴɟɤɬɚ, ɢɡɦɟɪɟɧɢɟ 

ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɧɟɝɨ, ɜɵɱɢɫɥɟɧɢɟ ɟɝɨ ɥɢɧɟɣɧɵɯ ɢ ɭɝɥɨɜɵɯ ɩɟɪɟɦɟɳɟɧɢɣ, 

ɫɤɨɪɨɫɬɢ; ɢɡɦɟɪɟɧɢɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɛɴɟɤɬɚ (ɥɢɧɟɣɧɵɟ ɢ ɭɝɥɨɜɵɟ 

ɪɚɡɦɟɪɵ, ɩɥɨɳɚɞɶ), ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɡɥɭɱɟɧɢɹ ɨɬ 

ɨɛɴɟɤɬɚ, ɩɨɞɱɟɫɬ ɱɢɫɥɚ ɨɛɴɟɤɬɨɜ ɜ ɤɚɞɪɟ [6].  Ɇɚɧɢɩɭɥɹɬɨɪ KR 40PA, 

ɩɨɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 1.2.  

KR 40 PA ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɦɚɥɟɧɶɤɢɦ ɢ ɥɟɝɤɢɦ ɪɨɛɨɬɨɦ ɞɥɹ ɩɚɥɟɬɢɡɚɰɢɢ. 

Ⱦɨɫɬɢɝɚɟɬ ɜɵɫɨɱɚɣɲɢɯ ɭɪɨɜɧɟɣ ɫɤɨɪɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ, ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧ 

ɞɥɹ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɚɥɥɟɬɢɡɚɰɢɟɣ - ɢɞɟɚɥɶɧɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɭɤɥɚɞɤɢ 

ɟɜɪɨɩɨɞɞɨɧɨɜ. KR 40 PA ɜɵɛɢɪɚɟɬ ɢ ɭɩɚɤɨɜɵɜɚɟɬ ɬɨɜɚɪɵ ɜ ɪɟɤɨɪɞɧɵɟ ɫɪɨɤɢ. 

Ɉɧ ɦɨɠɟɬ ɩɚɥɥɟɬɢɪɢɡɢɪɨɜɚɬɶ ɩɪɨɞɭɤɬɵ ɜɟɫɨɦ ɞɨ 40 ɤɢɥɨɝɪɚɦɦɨɜ ɢ ɞɨɫɬɢɝɚɬɶ 

ɱɢɫɬɨɣ ɜɵɫɨɬɵ ɲɬɚɛɟɥɢɪɨɜɚɧɢɹ ɞɨ 1,8 ɦ; ɜɫɟ ɜ ɨɱɟɧɶ ɦɚɥɟɧɶɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ȼɪɟɦɹ ɰɢɤɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɟɝɨ ɦɚɥɨɣ ɦɚɫɫɟ. [10]  
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Ɋɢɫɭɧɨɤ 1.2 – Ɇɚɧɢɩɭɥɹɬɨɪ KR 40PA 

 

ɋɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ KR C4 ɨɬ KUKA ɹɜɥɹɟɬɫɹ ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɞɥɹ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɟɝɨɞɧɹɲɧɟɝɨ ɢ ɡɚɜɬɪɚɲɧɟɝɨ ɞɧɹ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ 

ɫɨɤɪɚɬɢɬɶ ɪɚɫɯɨɞɵ ɧɚ ɢɧɬɟɝɪɚɰɢɸ, ɬɟɯɧɢɱɟɫɤɨɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɭɯɨɞ. 

KR C4 ɢɧɬɟɝɪɢɪɭɟɬ ɜ ɚɪɯɢɬɟɤɬɭɪɭ ɜɚɲɟɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

Robot Control, PLC Control, Motion Control (ɧɚɩɪɢɦɟɪ, KUKA.CNC) ɢ Safety 

Control. ȼɫɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɸɬ ɨɞɧɭ ɛɚɡɭ ɞɚɧɧɵɯ ɢ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ. 

ɭɫɬɪɨɣɫɬɜɨ ɜɢɞɟɨɡɚɯɜɚɬɚ, ɩɨɤɚɡɚɧɧɨɟ ɧɚ ɪɢɫɭɧɤɟ 1.3 (Microsoft Lifecam Cinema).  

 

Ɋɢɫɭɧɨɤ 1.3 – Microsoft Lifecam Cinema 
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ȼɟɛ-ɤɚɦɟɪɚ LifeCam Cinema ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɲɢɪɨɤɨɮɨɪɦɚɬɧɨɟ HDɜɢɞɟɨ ɫ 

ɪɚɡɪɟɲɟɧɢɟɦ 720 ɩɢɤɫɟɥɟɣ. Ʉɚɦɟɪɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɭɜɟɥɢɱɢɜɚɟɬ ɪɟɡɤɨɫɬɶ 

ɢɡɨɛɪɚɠɟɧɢɹ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɢɞɟɨ ɛɵɥɨ ɟɳɟ ɛɨɥɟɟ ɱɟɬɤɢɦ, ɩɪɟɰɢɡɢɨɧɧɵɣ 

ɫɬɟɤɥɹɧɧɵɣ ɨɛɴɟɤɬɢɜ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɢɡɨɛɪɚɠɟɧɢɹ ɞɚɠɟ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ 

ɨɫɜɟɳɟɧɧɨɫɬɢ [12]. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɨɛɟɫɩɟɱɟɧɢɣ ɞɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɹɜɥɹɟɬɫɹ OpenCV.  OpenCV — ɛɢɛɥɢɨɬɟɤɚ 

ɚɥɝɨɪɢɬɦɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ, ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɱɢɫɥɟɧɧɵɯ 

ɚɥɝɨɪɢɬɦɨɜ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦ ɤɨɞɨɦ.[14] Ɋɟɚɥɢɡɨɜɚɧɚ ɧɚ C/C++, 

ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɜɟɪɫɢɢ ɞɥɹ Python, Java, Ruby, Matlab, Lua ɢ ɞɪɭɝɢɯ ɹɡɵɤɨɜ. 

Ɉɧɚ ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ c 1998 ɝ., ɫɧɚɱɚɥɚ ɜ ɤɨɦɩɚɧɢɢ Intel, ɡɚɬɟɦ ɜ Itseez ɩɪɢ 

ɚɤɬɢɜɧɨɦ ɭɱɚɫɬɢɢ ɫɨɨɛɳɟɫɬɜɚ.  Ȼɢɛɥɢɨɬɟɤɚ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨ ɨɬɤɪɵɬɨɣ 

ɥɢɰɟɧɡɢɢ, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɟ ɦɨɠɧɨ ɫɜɨɛɨɞɧɨ ɢ ɛɟɫɩɥɚɬɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɜ 

ɨɬɤɪɵɬɵɯ ɩɪɨɟɤɬɚɯ ɫ ɨɬɤɪɵɬɵɦ ɤɨɞɨɦ, ɬɚɤ ɢ ɜ ɡɚɤɪɵɬɵɯ, ɤɨɦɦɟɪɱɟɫɤɢɯ 

ɩɪɨɟɤɬɚɯ. Ȼɢɛɥɢɨɬɟɤɭ ɧɟ ɨɛɹɡɚɬɟɥɶɧɨ ɤɨɩɢɪɨɜɚɬɶ ɰɟɥɢɤɨɦ ɜ ɫɜɨɣ ɩɪɨɟɤɬ, 

ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɭɫɤɢ ɤɨɞɚ. ȿɞɢɧɫɬɜɟɧɧɨɟ ɬɪɟɛɨɜɚɧɢɟ ɥɢɰɟɧɡɢɢ – ɧɚɥɢɱɢɟ 

ɜ ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ ɦɚɬɟɪɢɚɥɚɯ ɤɨɩɢɢ ɥɢɰɟɧɡɢɢ OpenCV.  ɂɡ-ɡɚ ɥɢɛɟɪɚɥɶɧɨɣ 

ɥɢɰɟɧɡɢɢ ɛɢɛɥɢɨɬɟɤɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɧɨɝɢɦɢ ɤɨɦɩɚɧɢɹɦɢ, ɨɪɝɚɧɢɡɚɰɢɹɦɢ, 

ɭɧɢɜɟɪɫɢɬɟɬɚɦɢ, ɧɚɩɪɢɦɟɪ, NVidia, Willow Garage, Intel, Google, Stanford 

University. Ʉɨɦɩɚɧɢɢ NVidia ɢ WillowGarage ɱɚɫɬɢɱɧɨ ɫɩɨɧɫɢɪɭɸɬ ɟɟ 

ɪɚɡɪɚɛɨɬɤɭ.  Ȼɢɛɥɢɨɬɟɤɚ ɫɨɫɬɨɢɬ ɢɡ 16 ɦɨɞɭɥɟɣ, ɪɟɚɥɢɡɨɜɚɧɨ ɨɤɨɥɨ 1000 

ɚɥɝɨɪɢɬɦɨɜ. ɉɨɞɞɟɪɠɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɨɩɟɪɚɰɢɨɧɧɵɟ ɫɢɫɬɟɦɵ: MS Windows, 

Linux, Mac, Android, iOS. ȿɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɨɪɨɧɧɢɯ 

ɛɢɛɥɢɨɬɟɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɪɚɛɨɬɵ ɫ ɭɫɬɪɨɣɫɬɜɨɦ Kinect (OpenNI), ɪɚɡɪɚɛɨɬɤɢ 

ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ (TBB) ɢ ɞɪ.  

Ɉɫɧɨɜɧɵɟ ɦɨɞɭɥɢ ɛɢɛɥɢɨɬɟɤɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ 4 ɝɪɭɩɩɚɦ (ɪɚɡɞɟɥɚɦ):  

- Ɇɨɞɭɥɢ Core, HighGUI, ɪɟɚɥɢɡɭɸɳɢɟ ɛɚɡɨɜɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ 

(ɛɚɡɨɜɵɟ ɫɬɪɭɤɬɭɪɵ, ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ, ɝɟɧɟɪɚɬɨɪɵ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ, 

ɥɢɧɟɣɧɚɹ ɚɥɝɟɛɪɚ, ɛɵɫɬɪɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ɏɭɪɶɟ, ɜɜɨɞ/ɜɵɜɨɞ ɢɡɨɛɪɚɠɟɧɢɣ ɢ 

ɜɢɞɟɨ,   
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- Ɇɨɞɭɥɢ Video, ObjDetect, Calib3D (ɤɚɥɢɛɪɨɜɤɚ ɤɚɦɟɪɵ, ɚɧɚɥɢɡ -ɞɜɢɠɟɧɢɹ ɢ 

ɨɬɫɥɟɠɢɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɜɵɱɢɫɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɩɨɫɬɪɨɟɧɢɟ 

ɤɚɪɬɵ ɝɥɭɛɢɧɵ, ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɨɜ, ɨɩɬɢɱɟɫɤɢɣ ɩɨɬɨɤ).  

 - Ɇɨɞɭɥɶ ML, ɪɟɚɥɢɡɭɸɳɢɣ ɚɥɝɨɪɢɬɦɵ ɦɚɲɢɧɧɨɝɨ ɨɛɭɱɟɧɢɹ (ɦɟɬɨɞ 

ɛɥɢɠɚɣɲɢɯ ɫɨɫɟɞɟɣ, ɧɚɢɜɧɵɣ ɛɚɣɟɫɨɜɫɤɢɣ ɤɥɚɫɫɢɮɢɤɚɬɨɪ, ɞɟɪɟɜɶɹ ɪɟɲɟɧɢɣ, 

ɛɭɫɬɢɧɝ, ɝɪɚɞɢɟɧɬɧɵɣ ɛɭɫɬɢɧɝ ɞɟɪɟɜɶɟɜ ɪɟɲɟɧɢɣ, ɫɥɭɱɚɣɧɵɣ ɥɟɫ, ɦɚɲɢɧɚ 

ɨɩɨɪɧɵɯ ɜɟɤɬɨɪɨɜ, ɧɟɣɪɨɧɧɵɟ ɫɟɬɢ ɢ ɞɪ.).  

ɇɚ ɪɢɫɭɧɤɟ 1.4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɫɯɟɦɚ ɬɢɩɢɱɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɪɟɲɟɧɢɹ ɬɨɣ ɢɥɢ ɢɧɨɣ ɡɚɞɚɱɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ.  

 

 

 

Ɋɢɫɭɧɨɤ 1.4 - Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ ɧɚ OpenCV 

 

ȼɫɟ ɧɚɱɢɧɚɟɬɫɹ ɫ ɡɚɯɜɚɬɚ ɢɡɨɛɪɚɠɟɧɢɣ (ɦɨɞɭɥɶ HighGUI). ɑɢɬɚɟɬɫɹ 

ɢɡɨɛɪɚɠɟɧɢɟ ɢɡ ɮɚɣɥɚ ɢɥɢ ɜɢɞɟɨ ɫ ɫɟɬɟɜɨɣ ɤɚɦɟɪɵ ɱɟɪɟɡ ɫɟɬɟɜɨɣ ɩɪɨɬɨɤɨɥ.  

Ⱦɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ (ɦɨɞɭɥɶ ImgProc), ɬɚɤɚɹ, ɤɚɤ 

ɭɫɬɪɚɧɟɧɢɟ ɲɭɦɚ, ɜɵɪɚɜɧɢɜɚɧɢɟ ɹɪɤɨɫɬɢ, ɤɨɧɬɪɚɫɬɚ, ɜɵɞɟɥɟɧɢɟ ɢ ɭɞɚɥɟɧɢɟ 

ɛɥɢɤɨɜ, ɬɟɧɟɣ. ɇɚɩɪɢɦɟɪ, ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɨɛɴɟɤɬ ɩɪɢ ɪɚɡɧɨɦ ɨɫɜɟɳɟɧɢɢ 

ɜɵɝɥɹɞɢɬ ɩɨ-ɪɚɡɧɨɦɭ. ȼ ɹɪɤɨɦ ɫɜɟɬɟ ɤɪɚɫɧɚɹ ɦɚɲɢɧɚ, ɞɜɢɠɟɧɢɟ ɤɨɬɨɪɨɣ 

ɧɟɨɛɯɨɞɢɦɨ ɨɬɫɥɟɠɢɜɚɬɶ, ɛɭɞɟɬ ɹɪɤɨ-ɨɪɚɧɠɟɜɨɣ. ȼ ɩɚɫɦɭɪɧɭɸ ɩɨɝɨɞɭ ɬɚ ɠɟ 

ɦɚɲɢɧɚ ɛɭɞɟɬ ɜɵɝɥɹɞɟɬɶ ɤɪɚɫɧɨ-ɪɨɡɨɜɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɜɵɪɚɜɧɢɜɚɧɢɟ ɰɜɟɬɨɜ. ɉɪɟɞɨɛɪɚɛɨɬɤɚ ɦɨɠɟɬ ɛɵɬɶ, ɤɚɤ 

ɩɪɨɫɬɨɣ, ɬɚɤ ɢ ɦɨɠɟɬ ɡɚɤɥɸɱɚɬɶ ɜ ɫɟɛɟ ɰɟɥɭɸ ɫɥɨɠɧɭɸ ɬɟɯɧɨɥɨɝɢɸ.  
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ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ – ɜɵɞɟɥɟɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ (ɦɨɞɭɥɢ ImgProc, Features 2D). 

ɇɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɟ ɫɥɟɠɟɧɢɹ ɡɚ ɨɛɴɟɤɬɨɦ ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ ɩɨɢɫɤ ɫɩɟɰɢɚɥɶɧɵɯ 

ɬɨɱɟɤ ɧɚ ɨɛɴɟɤɬɟ, ɡɚ ɤɨɬɨɪɵɦɢ ɥɟɝɤɨ ɧɚɛɥɸɞɚɬɶ; ɞɥɹ ɡɚɞɚɱɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ (ɬ. 

ɟ. ɨɛɧɚɪɭɠɟɧɢɹ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ) ɥɢɰɚ – ɜɵɱɢɫɥɟɧɢɹ ɨɩɢɫɚɧɢɹ ɤɚɠɞɨɝɨ ɩɢɤɫɟɥɚ.  

Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɢɧɬɟɪɟɫɭɸɳɢɯ ɧɚɫ ɨɛɴɟɤɬɨɜ, ɜɵɞɟɥɟɧɢɟ 

ɡɧɚɱɢɦɵɯ ɱɚɫɬɟɣ, ɫɟɝɦɟɧɬɚɰɢɹ ɢɡɨɛɪɚɠɟɧɢɹ (ɦɨɞɭɥɢ ImgProc, ObjDetect). ȿɫɥɢ, 

ɧɚɩɪɢɦɟɪ, ɤɚɦɟɪɚ ɧɟɩɨɞɜɢɠɧɚ, ɚ ɢɡɨɛɪɚɠɟɧɢɟ ɩɨɞɜɢɠɧɨɟ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɚɥɝɨɪɢɬɦɵ ɜɵɱɢɬɚɧɢɹ ɮɨɧɚ.  ɉɨɫɥɟ ɷɬɨɝɨ ɪɟɲɚɟɬɫɹ ɨɫɧɨɜɧɚɹ ɡɚɞɚɱɚ, ɬɚɤɚɹ, ɤɚɤ 

ɜɵɱɢɫɥɟɧɢɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ ɜ 3d, ɪɟɤɨɧɫɬɪɭɤɰɢɹ 3d ɫɬɪɭɤɬɭɪɵ, ɚɧɚɥɢɡ 

ɫɬɪɭɤɬɭɪɵ, ɪɟɝɢɫɬɪɚɰɢɹ ɢ ɬ. ɩ. (ɦɨɞɭɥɢ Calib3D, Contrib, Video, Stitching, 

Videostab, ML). ɇɚɩɪɢɦɟɪ, ɜ ɡɚɞɚɱɟ ɫɤɥɟɣɤɢ ɩɚɧɨɪɚɦ ɢɡɨɛɪɚɠɟɧɢɣ – ɷɬɨ 

ɫɨɩɨɫɬɚɜɥɟɧɢɟ ɱɚɫɬɟɣ ɪɚɡɧɵɯ ɤɚɞɪɨɜ, ɨɩɪɟɞɟɥɟɧɢɟ ɧɭɠɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. ȼ 

ɡɚɞɚɱɟ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ ɷɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɨɛɴɟɤɬɨɜ ɢ ɬ. ɞ ȼ 

ɤɨɧɰɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɢ ɩɪɢɧɹɬɢɟ ɤɨɧɤɪɟɬɧɵɯ ɪɟɲɟɧɢɣ (ɦɨɞɭɥɶ 

ML). ɇɚɩɪɢɦɟɪ, ɜ ɫɢɫɬɟɦɟ ɜɢɞɟɨɧɚɛɥɸɞɟɧɢɹ: ɨɛɧɚɪɭɠɟɧ ɥɢ ɧɟɠɟɥɚɬɟɥɶɧɵɣ 

ɨɛɴɟɤɬ ɜ ɤɚɞɪɟ ɢɥɢ ɧɟɬ. ȼ ɡɚɞɚɱɟ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɬɟɤɫɬɚ – ɞɟɬɟɤɬɢɪɨɜɚɧ ɥɢ 

ɬɟɤɫɬ, ɱɬɨ ɢɦɟɧɧɨ ɡɚ ɬɟɤɫɬ ɢ ɬ. ɞ.    

Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɹɡɵɤ 

ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ Python. Python (ɜ ɪɭɫɫɤɨɦ ɹɡɵɤɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɨ ɧɚɡɜɚɧɢɟ 

ɩɢɬɨ́ɧ) — ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɧɚ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɱɢɤɚ ɢ 

ɱɢɬɚɟɦɨɫɬɢ ɤɨɞɚ. [13] ɋɢɧɬɚɤɫɢɫ ɹɞɪɚ Python ɦɢɧɢɦɚɥɢɫɬɢɱɟɧ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ 

ɫɬɚɧɞɚɪɬɧɚɹ ɛɢɛɥɢɨɬɟɤɚ ɜɤɥɸɱɚɟɬ ɛɨɥɶɲɨɣ ɨɛɴёɦ ɩɨɥɟɡɧɵɯ ɮɭɧɤɰɢɣ. 

Ɋɚɡɪɚɛɨɬɤɚ ɹɡɵɤɚ Python ɛɵɥɚ ɧɚɱɚɬɚ ɜ ɤɨɧɰɟ 1980-ɯ ɝɨɞɨɜ ɫɨɬɪɭɞɧɢɤɨɦ 

ɝɨɥɥɚɧɞɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ Ƚɜɢɞɨ ɜɚɧ Ɋɨɫɫɭɦɨɦ. Ⱦɥɹ ɪɚɫɩɪɟɞɟɥёɧɧɨɣ Ɉɋ Amoeba 

ɬɪɟɛɨɜɚɥɫɹ ɪɚɫɲɢɪɹɟɦɵɣ ɫɤɪɢɩɬɨɜɵɣ ɹɡɵɤ, ɢ Ƚɜɢɞɨ ɧɚɱɚɥ ɩɢɫɚɬɶ Python ɧɚ 

ɞɨɫɭɝɟ, ɩɨɡɚɢɦɫɬɜɨɜɚɜ ɧɟɤɨɬɨɪɵɟ ɧɚɪɚɛɨɬɤɢ ɞɥɹ ɹɡɵɤɚ ABC (Ƚɜɢɞɨ ɭɱɚɫɬɜɨɜɚɥ 

ɜ ɪɚɡɪɚɛɨɬɤɟ ɷɬɨɝɨ ɹɡɵɤɚ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɧɚ ɨɛɭɱɟɧɢɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ). 

ȼ ɮɟɜɪɚɥɟ 1991 ɝɨɞɚ Ƚɜɢɞɨ ɨɩɭɛɥɢɤɨɜɚɥ ɢɫɯɨɞɧɵɣ ɬɟɤɫɬ ɜ ɝɪɭɩɩɟ ɧɨɜɨɫɬɟɣ 

alt.sources. ɋ ɫɚɦɨɝɨ ɧɚɱɚɥɚ Python ɩɪɨɟɤɬɢɪɨɜɚɥɫɹ ɤɚɤ ɨɛɴɟɤɬɧɨ-



13 
 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ. 3 ɞɟɤɚɛɪɹ 2008 ɝɨɞɚ, ɩɨɫɥɟ ɞɥɢɬɟɥɶɧɨɝɨ ɬɟɫɬɢɪɨɜɚɧɢɹ, 

ɜɵɲɥɚ ɩɟɪɜɚɹ ɜɟɪɫɢɹ Python 3000 (ɢɥɢ Python 3.0, ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɨɤɪɚɳɟɧɢɟ Py3k). ȼ Python 3000 ɭɫɬɪɚɧɟɧɵ ɦɧɨɝɢɟ ɧɟɞɨɫɬɚɬɤɢ ɚɪɯɢɬɟɤɬɭɪɵ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ (ɧɨ ɧɟ ɩɨɥɧɵɦ) ɫɨɯɪɚɧɟɧɢɟɦ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɫɨ 

ɫɬɚɪɵɦɢ ɜɟɪɫɢɹɦɢ Python. ɇɚ ɫɟɝɨɞɧɹ ɩɨɞɞɟɪɠɢɜɚɸɬɫɹ ɨɛɟ ɜɟɬɜɢ ɪɚɡɜɢɬɢɹ 

(Python 3.x ɢ 2.x). Python ɩɨɞɞɟɪɠɢɜɚɟɬ ɧɟɫɤɨɥɶɤɨ ɩɚɪɚɞɢɝɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 

ɜ ɬɨɦ ɱɢɫɥɟ ɫɬɪɭɤɬɭɪɧɨɟ, ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ, ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ, 

ɢɦɩɟɪɚɬɢɜɧɨɟ ɢ ɚɫɩɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ. Ɉɫɧɨɜɧɵɟ ɚɪɯɢɬɟɤɬɭɪɧɵɟ ɱɟɪɬɵ — 

ɞɢɧɚɦɢɱɟɫɤɚɹ ɬɢɩɢɡɚɰɢɹ, ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɚɦɹɬɶɸ, ɩɨɥɧɚɹ 

ɢɧɬɪɨɫɩɟɤɰɢɹ, ɦɟɯɚɧɢɡɦ ɨɛɪɚɛɨɬɤɢ ɢɫɤɥɸɱɟɧɢɣ, ɩɨɞɞɟɪɠɤɚ ɦɧɨɝɨɩɨɬɨɱɧɵɯ 

ɜɵɱɢɫɥɟɧɢɣ ɢ ɭɞɨɛɧɵɟ ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɟ ɫɬɪɭɤɬɭɪɵ ɞɚɧɧɵɯ. Ʉɨɞ ɜ Python 

ɨɪɝɚɧɢɡɨɜɵɜɚɟɬɫɹ ɜ ɮɭɧɤɰɢɢ ɢ ɤɥɚɫɫɵ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɨɛɴɟɞɢɧɹɬɶɫɹ ɜ ɦɨɞɭɥɢ 

(ɨɧɢ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɦɨɝɭɬ ɛɵɬɶ ɨɛɴɟɞɢɧɟɧɵ ɜ ɩɚɤɟɬɵ). 

ɗɬɚɥɨɧɧɨɣ ɪɟɚɥɢɡɚɰɢɟɣ Python ɹɜɥɹɟɬɫɹ ɢɧɬɟɪɩɪɟɬɚɬɨɪ CPython, 

ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɛɨɥɶɲɢɧɫɬɜɨ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɥɚɬɮɨɪɦ. Ɉɧ 

ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɩɨɞ ɫɜɨɛɨɞɧɨɣ ɥɢɰɟɧɡɢɟɣ Python Software Foundation License, 

ɩɨɡɜɨɥɹɸɳɟɣ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɝɨ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɣ ɜ ɥɸɛɵɯ ɩɪɢɥɨɠɟɧɢɹɯ, 

ɜɤɥɸɱɚɹ ɩɪɨɩɪɢɟɬɚɪɧɵɟ. ȿɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɢɧɬɟɪɩɪɟɬɚɬɨɪɨɜ ɞɥɹ JVM (ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɦɩɢɥɹɰɢɢ), MSIL (ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɨɦɩɢɥɹɰɢɢ), LLVM ɢ 

ɞɪɭɝɢɯ. ɉɪɨɟɤɬ PyPy ɩɪɟɞɥɚɝɚɟɬ ɪɟɚɥɢɡɚɰɢɸ Python ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ JIT-

ɤɨɦɩɢɥɹɰɢɢ, ɤɨɬɨɪɚɹ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ Python-

ɩɪɨɝɪɚɦɦ. Python — ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɸɳɢɣɫɹ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, ɧɨɜɵɟ 

ɜɟɪɫɢɢ (ɫ ɞɨɛɚɜɥɟɧɢɟɦ/ɢɡɦɟɧɟɧɢɟɦ ɹɡɵɤɨɜɵɯ ɫɜɨɣɫɬɜ) ɜɵɯɨɞɹɬ ɩɪɢɦɟɪɧɨ ɪɚɡ ɜ 

ɞɜɚ ɫ ɩɨɥɨɜɢɧɨɣ ɝɨɞɚ. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɢ ɧɟɤɨɬɨɪɵɯ ɞɪɭɝɢɯ ɩɪɢɱɢɧ ɧɚ Python 

ɨɬɫɭɬɫɬɜɭɸɬ ɫɬɚɧɞɚɪɬ ANSI, ISO ɢɥɢ ɞɪɭɝɢɟ ɨɮɢɰɢɚɥɶɧɵɟ ɫɬɚɧɞɚɪɬɵ, ɢɯ ɪɨɥɶ 

ɜɵɩɨɥɧɹɟɬ CPython. Ɉɛɨɫɧɨɜɚɧɢɟɦ ɜɵɛɨɪɚ ɞɚɧɧɨɝɨ ɹɡɵɤɚ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɩɪɨɫɬɨɬɚ, ɧɢɡɤɢɣ ɩɨɪɨɝ ɜɯɨɠɞɟɧɢɹ, ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɨɛɭɱɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɢɧɬɟɪɧɟɬɟ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɫ ɛɢɛɥɢɨɬɟɤɨɣ 

OpenCV. 
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1.2 Ɍɟɯɧɨɥɨɝɢɢ ɜɢɪɬɭɚɥɶɧɨɣ ɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ    

 

ȼɢɪɬɭɚɥɶɧɚɹ ɢ ɞɨɩɨɥɧɟɧɧɚɹ ɪɟɚɥɶɧɨɫɬɢ (VR ɢ AR) – ɷɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɢ 

ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɳɢɟɫɹ ɬɟɯɧɨɥɨɝɢɢ. ɂɯ ɰɟɥɶ – ɪɚɫɲɢɪɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ ɨɛɴɟɤɬɚɦɢ, ɫɨɡɞɚɧɧɵɦɢ ɫ ɩɨɦɨɳɶɸ ɰɢɮɪɨɜɵɯ 

ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɨɝɪɚɦɦ, ɢ ɢɦɟɸɳɢɦɢ ɯɚɪɚɤɬɟɪ ɢɡɨɛɪɚɠɟɧɢɹ (ɪɢɫɭɧɨɤ 1.5). 

 

 

                     Ⱥ) 

 

                     Ȼ) 

Ɋɢɫɭɧɨɤ 1.5 - Ɍɟɯɧɨɥɨɝɢɢ ɜɢɪɬɭɚɥɶɧɨɣ (ɚ) ɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ (ɛ) 

 

ɇɚ ɪɢɫɭɧɤɟ 1.5 ɚ ɩɨɤɚɡɚɧɨ ɢɡɨɛɪɚɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɜɢɞɢɬ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɱɟɪɟɡ ɫɩɟɰɢɚɥɶɧɵɟ ɨɱɤɢ ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ (ɞɚɥɟɟ – VR). ɂɡɨɛɪɚɠɟɧɢɟ 

ɪɚɡɞɟɥɟɧɨ ɧɚ ɞɜɟ ɨɬɞɟɥɶɧɵɟ ɤɚɪɬɢɧɤɢ ɞɥɹ ɤɚɠɞɨɝɨ ɝɥɚɡɚ ɢ ɫɩɟɰɢɚɥɶɧɨ 

ɢɫɤɚɠɟɧɨ, ɱɬɨɛɵ ɫɨɡɞɚɬɶ ɞɥɹ ɝɥɚɡ ɢɥɥɸɡɢɸ ɬɪɟɯɦɟɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ȿɫɥɢ 

ɱɟɥɨɜɟɤ ɩɟɪɟɦɟɳɚɟɬɫɹ ɢɥɢ ɩɪɨɫɬɨ ɩɨɜɨɪɚɱɢɜɚɟɬ ɝɨɥɨɜɭ, ɬɨ ɩɪɨɝɪɚɦɦɚ 

ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɟɪɟɫɬɪɚɢɜɚɟɬ ɢɡɨɛɪɚɠɟɧɢɟ, ɱɬɨ ɫɨɡɞɚɟɬ ɨɳɭɳɟɧɢɟ ɪɟɚɥɶɧɨɝɨ 
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ɮɢɡɢɱɟɫɤɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ. ɋ ɩɨɦɨɳɶɸ ɤɨɧɬɪɨɥɥɟɪɨɜ (ɞɠɨɣɫɬɢɤɨɜ ɢ ɬ.ɩ.) 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ɨɤɪɭɠɚɸɳɢɦɢ ɩɪɟɞɦɟɬɚɦɢ, 

ɧɚɩɪɢɦɟɪ, ɨɧ ɦɨɠɟɬ ɩɨɞɧɹɬɶ ɤɚɦɟɧɶ ɢ ɛɪɨɫɢɬɶ ɟɝɨ ɫ ɝɨɪɵ – ɜɫɬɪɨɟɧɧɚɹ ɜ 

ɩɪɨɝɪɚɦɦɭ ɮɢɡɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɫɱɢɬɚɟɬ ɩɨɥɟɬ ɷɬɨɝɨ ɤɚɦɧɹ, ɱɬɨ ɟɳɟ ɛɨɥɶɲɟ 

ɫɨɡɞɚɫɬ ɢɥɥɸɡɢɸ ɪɟɚɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

ɇɚ ɪɢɫɭɧɤɟ 1.5 ɛ ɩɨɤɚɡɚɧɨ ɩɪɢɥɨɠɟɧɢɟ, ɢɫɩɨɥɶɡɭɸɳɟɟ ɬɟɯɧɨɥɨɝɢɢ 

ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ (ɞɚɥɟɟ – AR). ȼ ɷɬɨɦ ɩɪɢɥɨɠɟɧɢɢ ɦɨɠɧɨ ɪɚɡɦɟɳɚɬɶ 

ɢɡɨɛɪɚɠɟɧɢɹ ɦɟɛɟɥɢ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ ɫ ɤɚɦɟɪɵ ɬɟɥɟɮɨɧɚ, ɧɨ ɡɚ ɫɱɟɬ ɢɯ 

ɞɟɮɨɪɦɚɰɢɣ ɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɨɡɞɚɟɬɫɹ ɜɩɟɱɚɬɥɟɧɢɟ, ɱɬɨ ɨɧ ɜɢɞɢɬ ɪɟɚɥɶɧɵɣ 

ɩɪɟɞɦɟɬ, ɪɚɫɩɨɥɚɝɚɸɳɢɣɫɹ ɜ ɤɨɦɧɚɬɟ. ȼɚɠɧɨ, ɬɨ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɪɟɚɥɶɧɨɫɬɶ 

(ɤɨɦɧɚɬɚ) ɞɨɩɨɥɧɹɟɬɫɹ ɜɢɪɬɭɚɥɶɧɵɦ ɤɪɟɫɥɨɦ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɟɯɧɨɥɨɝɢɹ 

ɛɭɞɟɬ ɧɚɡɵɜɚɬɶɫɹ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɶɸ. ɋɨɡɞɚɧɢɟ ɞɨɩɨɥɧɟɧɧɨɣ 

ɪɟɚɥɶɧɨɫɬɢ ɜɨɡɦɨɠɧɨ ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɫɦɚɪɬɮɨɧɨɜ, ɧɨ ɢ ɞɪɭɝɢɯ 

ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɧɚɩɪɢɦɟɪ, ɩɨɫɪɟɞɫɬɜɨɦ ɫɩɟɰɢɚɥɶɧɵɯ ɨɱɤɨɜ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ, ɜɢɪɬɭɚɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɞɨɫɬɪɚɢɜɚɟɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɧɡ ɨɱɤɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɭɫɬɪɨɣɫɬɜ ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɢɫɩɨɥɶɡɭɸɬɫɹ: ɨɱɤɢ 

ɜɢɪɬɭɚɥɶɧɨɣ ɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ, ɤɨɧɬɪɨɥɥɟɪɵ, ɧɚɭɲɧɢɤɢ, ɫɦɚɪɬɮɨɧɵ, 

ɩɥɚɧɲɟɬɵ. ɗɬɢ ɭɫɬɪɨɣɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɱɟɥɨɜɟɤɭ ɜɢɞɟɬɶ ɢ ɫɥɵɲɚɬɶ ɰɢɮɪɨɜɵɟ 

ɨɛɴɟɤɬɵ (ɪɢɫɭɧɨɤ 1.6).  

           

         ɚ   ɛ   ɜ 

Ɋɢɫɭɧɨɤ 1.6 - ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ VR ɢ AR: ɨɱɤɢ ɫ ɧɚɭɲɧɢɤɚɦɢ (ɚ), 

ɤɨɧɬɪɨɥɥɟɪɵ (ɛ), ɫɦɚɪɬɮɨɧɵ ɢ ɩɥɚɧɲɟɬɵ (ɜ) 

 

ȼ ɛɥɢɠɚɣɲɟɦ ɛɭɞɭɳɟɦ, ɨɠɢɞɚɟɬɫɹ ɩɨɹɜɥɟɧɢɟ ɩɟɪɱɚɬɨɤ ɫ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɶɸ, ɩɨɡɜɨɥɹɸɳɢɯ ɱɟɥɨɜɟɤɭ ɨɫɹɡɚɬɶ ɰɢɮɪɨɜɵɟ ɨɛɴɟɤɬɵ. ȼɫɥɟɞɫɬɜɢɟ ɛɭɪɧɨɝɨ 
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ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɣ, ɬɟɪɦɢɧɨɥɨɝɢɹ ɩɨɫɬɨɹɧɧɨ ɢɡɦɟɧɹɟɬɫɹ. Ɉɞɧɚɤɨ, ɩɨɧɹɬɢɟ 

ɪɟɚɥɶɧɨ-ɜɢɪɬɭɚɥɶɧɨɝɨ ɤɨɧɬɢɧɭɭɦɚ (reality-virtuality continuum), ɩɪɟɞɥɨɠɟɧɧɨɟ ɜ 

ɪɚɛɨɬɟ Ɇɢɥɝɪɷɦɚ, ɉɨɭɥɚ ɢ ɞɪ. (Milgram, Paul, et al.) [13] ɨɫɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɢ 

ɩɨ ɫɟɣ ɞɟɧɶ ɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ. 

ȼɫɟ ɬɟɯɧɨɥɨɝɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɪɚɫɲɢɪɟɧɢɟɦ ɪɟɚɥɶɧɨɫɬɢ ɩɨɫɪɟɞɫɬɜɨɦ 

ɰɢɮɪɨɜɵɯ ɨɛɴɟɤɬɨɜ (ɜɨɡɦɨɠɧɨ, ɱɬɨ ɢ ɧɟ ɬɨɥɶɤɨ ɰɢɮɪɨɜɵɯ), ɪɚɫɩɨɥɚɝɚɸɬɫɹ 

ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɥɹɪɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɜɨɡɦɨɠɧɵɯ ɪɟɚɥɶɧɨɫɬɟɣ: ɪɟɚɥɶɧɨɫɬɶɸ 

(reality), ɜ ɤɨɬɨɪɨɣ ɦɵ ɫ ɜɚɦɢ ɠɢɜɟɦ, ɢ ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɶɸ (virtual reality, 

VR). Ɋɟɚɥɶɧɨɫɬɶ – ɷɬɨ ɚɛɫɨɥɸɬɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɜ 

ɮɢɡɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɬ.ɟ. ɫɚɦɨ ɮɢɡɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ. ȼɢɪɬɭɚɥɶɧɚɹ 

ɪɟɚɥɶɧɨɫɬɶ – ɷɬɨ ɚɛɫɨɥɸɬɧɨɟ ɨɬɫɭɬɫɬɜɢɟ ɪɟɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ. Ɇɧɨɠɟɫɬɜɨ ɷɬɢɯ 

ɬɟɯɧɨɥɨɝɢɣ ɧɚɡɵɜɚɟɬɫɹ ɫɦɟɲɚɧɧɨɣ ɪɟɚɥɶɧɨɫɬɶɸ (mixed reality, MR). ɇɚ 

ɩɪɚɤɬɢɤɟ ɨɧɨ ɱɚɫɬɨ ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ ɩɨɞɦɧɨɠɟɫɬɜɚ. Ⱦɜɭɦɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢ 

ɩɨɞɦɧɨɠɟɫɬɜɚɦɢ ɹɜɥɹɸɬɫɹ ɞɨɩɨɥɧɟɧɧɚɹ ɪɟɚɥɶɧɨɫɬɶ (augmented reality, AR) ɢ 

ɞɨɩɨɥɧɟɧɧɚɹ ɜɢɪɬɭɚɥɶɧɨɫɬɶ (augmented virtuality, AV). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ 

ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɬɟɯɧɨɥɨɝɢɢ, ɞɨɩɨɥɧɹɸɳɢɟ ɪɟɚɥɶɧɨɫɬɶ ɪɚɡɥɢɱɧɵɦɢ 

ɨɛɴɟɤɬɚɦɢ, ɜɨ ɜɬɨɪɨɦ, ɞɨɩɨɥɧɹɸɳɢɟ ɜɢɪɬɭɚɥɶɧɭɸ ɪɟɚɥɶɧɨɫɬɶ ɪɟɚɥɶɧɵɦɢ 

ɨɛɴɟɤɬɚɦɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɛɥɚɝɨɞɚɪɹ ɭɦɟɧɶɲɟɧɢɸ ɫɬɨɢɦɨɫɬɢ ɭɫɬɪɨɣɫɬɜ, 

ɬɟɯɧɨɥɨɝɢɢ ɫɬɚɥɢ ɛɨɥɟɟ ɞɨɫɬɭɩɧɵ ɲɢɪɨɤɨɦɭ ɤɪɭɝɭ ɩɨɥɶɡɨɜɚɬɟɥɟɣ. ɑɬɨ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɩɪɢɜɟɥɨ ɤ ɪɨɫɬɭ ɱɢɫɥɚ ɩɪɨɝɪɚɦɦ (ɩɪɢɥɨɠɟɧɢɣ) ɩɨ ɪɚɡɥɢɱɧɵɦ 

ɬɟɦɚɬɢɤɚɦ. Ⱦɥɹ VR ɷɬɨ ɜ ɨɫɧɨɜɧɨɦ ɢɝɪɵ ɨɬ 1 ɥɢɰɚ ɜ ɠɚɧɪɟ ɲɭɬɟɪ ɢɥɢ ɡɚɩɢɫɢ 

ɤɚɦɟɪ 360 ɝɪɚɞɭɫɨɜ (ɩɪɵɠɤɢ ɩɚɪɚɲɸɬɢɫɬɨɜ, ɞɨɫɬɨɩɪɢɦɟɱɚɬɟɥɶɧɨɫɬɢ, ɞɢɤɚɹ 

ɩɪɢɪɨɞɚ, ɩɨɞɜɨɞɧɵɣ ɦɢɪ, ɞɢɧɨɡɚɜɪɵ ɢ ɬ.ɞ.), ɞɥɹ AR ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɢɡɦɟɧɟɧɢɹ 

ɥɢɰ ɩɨɥɶɡɨɜɚɬɟɥɟɣ, ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ ɨɛɴɟɤɬɨɜ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ, ɪɚɡɥɢɱɧɵɟ 

ɝɨɥɨɜɨɥɨɦɤɢ, ɚ ɬɚɤɠɟ ɨɛɭɱɚɸɳɢɟ ɩɪɨɝɪɚɦɦɵ (ɜ ɨɫɧɨɜɧɨɦ, ɩɨ ɚɧɚɬɨɦɢɢ ɢ 

ɚɫɬɪɨɧɨɦɢɢ). ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɨ ɩɪɢɦɟɧɟɧɢɢ ɜ ɨɛɪɚɡɨɜɚɧɢɢ, ɬɨ ɞɥɹ ɜɢɪɬɭɚɥɶɧɨɣ 

ɪɟɚɥɶɧɨɫɬɢ ɷɬɨ ɢɡɭɱɟɧɢɟ ɩɪɢɪɨɞɵ [15, 16], ɩɪɨɜɟɞɟɧɢɟ ɥɚɛɨɪɚɬɨɪɧɵɯ ɪɚɛɨɬ ɩɨ 

ɮɢɡɢɤɟ [17], ɢɡɭɱɟɧɢɟ ɞɢɧɨɡɚɜɪɨɜ [18], ɩɭɬɟɲɟɫɬɜɢɟ ɩɨ ɩɥɚɧɟɬɚɦ [19], 
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ɚɫɬɪɨɧɨɦɢɢ [20] ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. Ⱦɥɹ AR ɷɬɨ ɢɡɭɱɟɧɢɟ ɚɧɚɬɨɦɢɢ [21], ɯɢɦɢɢ 

[22, 23], ɚɫɬɪɨɧɨɦɢɢ [24, 25]. 

Ɍɟɯɧɨɥɨɝɢɢ VR ɢ AR ɱɚɫɬɨ ɭɩɨɦɢɧɚɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɚɯ ɢɦɦɟɪɫɢɜɧɨɝɨ 

ɨɛɭɱɟɧɢɹ (immersive education) [26-31]. Ɍɚɤɢɟ ɩɪɨɝɪɚɦɦɵ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɰɟɫɫɟ 

ɨɛɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɪɨɯɨɞɢɬ ɜɧɭɬɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɪɬɭɚɥɶɧɵɯ ɦɢɪɨɜ ɢ 

ɫɢɦɭɥɹɰɢɣ, ɩɪɢɱɟɦ ɱɚɫɬɨ ɜ ɢɝɪɨɜɨɣ ɮɨɪɦɟ. Ɍɚɤɨɣ ɜɢɞ ɨɛɭɱɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɟɬ 

ɩɨɜɵɲɟɧɢɸ ɜɨɜɥɟɱɟɧɧɨɫɬɢ, ɤɨɦɦɭɧɢɤɚɰɢɣ ɦɟɠɞɭ ɨɛɭɱɚɟɦɵɦɢ ɢ ɢɧɬɟɪɟɫɚ ɤ 

ɩɪɟɞɦɟɬɭ. 

ȼɨɡɦɨɠɧɨɫɬɶ ɜɢɪɬɭɚɥɶɧɨɣ ɪɟɚɥɶɧɨɫɬɢ (VR) ɩɨɝɪɭɠɚɬɶ ɱɟɥɨɜɟɤɚ ɜ 

ɜɢɪɬɭɚɥɶɧɵɣ ɦɢɪ ɨɩɪɟɞɟɥɹɟɬ ɨɫɧɨɜɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɞɥɹ ɟɟ ɪɚɡɜɢɬɢɹ ɜ 

ɨɛɪɚɡɨɜɚɧɢɢ. ȼɫɟ ɬɨ, ɱɬɨ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɨ ɜ ɪɟɚɥɶɧɨɦ ɦɢɪɟ ɩɨ 

ɬɟɯɧɢɱɟɫɤɢɦ, ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɢɥɢ ɮɢɡɢɱɟɫɤɢɦ ɩɪɢɱɢɧɚɦ, ɦɨɠɟɬ ɛɵɬɶ ɫɨɡɞɚɧɨ ɜ 

ɦɢɪɟ ɜɢɪɬɭɚɥɶɧɨɦ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɨɛɵɜɚɬɶ ɬɚɦ, ɝɞɟ ɜ ɪɟɚɥɶɧɨɫɬɢ ɩɨɛɵɜɚɬɶ 

ɬɪɭɞɧɨ ɢɥɢ ɧɟɜɨɡɦɨɠɧɨ. ɍɜɢɞɟɬɶ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɢ ɦɚɝɧɢɬɧɵɟ ɩɨɥɹ, 

ɞɨɢɫɬɨɪɢɱɟɫɤɢɯ ɠɢɜɨɬɧɵɯ, ɩɨɞɜɨɞɧɵɟ ɦɢɪɵ, ɞɪɟɜɧɢɟ ɫɬɪɚɧɵ, ɩɥɚɧɟɬɵ ɢ 

ɚɫɬɟɪɨɢɞɵ. Ɍɚɤɠɟ ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɦɨɠɟɬ ɨɬɤɪɵɜɚɬɶ ɧɟɤɨɬɨɪɵɟ ɜɟɳɢ ɩɨ-ɧɨɜɨɦɭ, 

ɤ ɩɪɢɦɟɪɭ, ɠɢɜɨɩɢɫɶ, ɟɫɬɶ ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɩɨɝɪɭɠɚɟɬ ɜɚɫ ɜ ɤɚɪɬɢɧɭ ȼɚɧ 

Ƚɨɝɚ «ɇɨɱɧɨɟ Ʉɚɮɟ» [33]. Ɍɚɤɢɟ ɩɪɢɥɨɠɟɧɢɹ ɦɨɝɭɬ ɩɨ-ɧɨɜɨɦɭ ɨɬɤɪɵɬɶ 

ɠɢɜɨɩɢɫɶ ɜ ɜɟɤɟ ɤɢɧɨ ɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɢɝɪ. 

ȼ ɮɢɡɢɤɟ, ɷɬɚ ɬɟɯɧɨɥɨɝɢɹ ɦɨɠɟɬ ɩɨɡɜɨɥɢɬɶ ɩɪɨɜɨɞɢɬɶ ɥɚɛɨɪɚɬɨɪɧɵɟ 

ɪɚɛɨɬɵ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɢɹɯ. Ʉ ɩɪɢɦɟɪɭ, ɩɨɱɟɦɭ ɛɵ ɧɟ ɫɦɨɞɟɥɢɪɨɜɚɬɶ 

ɧɚɢɛɨɥɟɟ ɢɡɜɟɫɬɧɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɩɪɨɟɤɬɵ ɩɨɫɥɟɞɧɢɯ ɥɟɬ: ɛɨɥɶɲɨɣ 

ɚɧɞɪɨɧɧɵɣ ɤɨɥɥɚɣɞɟɪ ɢɥɢ ɞɟɬɟɤɬɨɪ ɝɪɚɜɢɬɚɰɢɨɧɧɵɯ ɜɨɥɧ ɢ ɩɪɨɜɟɫɬɢ ɜ ɧɢɯ 

ɥɚɛɨɪɚɬɨɪɧɵɟ ɪɚɛɨɬɵ? ɗɬɨ ɩɨɡɜɨɥɢɬ ɡɚɢɧɬɟɪɟɫɨɜɚɬɶ ɨɛɭɱɚɟɦɵɯ, ɩɨɤɚɡɵɜɚɹ ɢɦ 

ɫɨɜɪɟɦɟɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɧɚɭɤɢ, ɚ ɧɟ ɬɨ, ɩɪɢ ɤɨɬɨɪɨɦ ɭɱɢɥɢɫɶ ɟɳɟ ɢɯ ɞɟɞɵ ɢ 

ɩɪɚɞɟɞɵ (ɱɬɨ ɤɨɧɟɱɧɨ, ɬɨɠɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɟ). 

Ⱦɨɩɨɥɧɟɧɧɚя ɪɟɚɥɶɧɨɫɬɶ (AR) ɜɢɞɢɬɫɹ ɤɚɤ ɜɢɡɭɚɥɢɡɚɰɢɹ ɮɚɡɨɜɵɯ 

ɞɢɚɝɪɚɦɦ, ɜ ɱɚɫɬɧɨɫɬɢ pvt-ɞɢɚɝɪɚɦɦɵ (ɮɚɡɨɜɨɣ ɞɢɚɝɪɚɦɦɵ) ɜɨɞɵ (ɪɢɫɭɧɨɤ 1.7). 

ɇɚ ɞɢɚɝɪɚɦɦɟ ɜɨɡɦɨɠɧɨ ɨɬɨɛɪɚɠɟɧɢɟ ɮɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ: ɢɡɨɛɚɪɧɨɝɨ, 
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ɢɡɨɯɨɪɧɨɝɨ, ɢɡɨɬɟɪɦɢɱɟɫɤɨɝɨ, ɚɞɢɚɛɚɬɧɨɝɨ ɢ ɩɨɥɢɬɪɨɩɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɋɬɭɞɟɧɬ 

ɛɭɞɟɬ ɜɢɞɟɬɶ ɩɨɥɧɭɸ ɤɚɪɬɢɧɭ ɩɪɨɰɟɫɫɚ, ɚ ɧɟ ɩɪɨɟɤɰɢɢ ɧɚ ɨɩɪɟɞɟɥɟɧɧɵɟ 

ɩɥɨɫɤɨɫɬɢ, ɢɧɬɟɪɚɤɬɢɜɧɨ ɦɟɧɹɬɶ ɬɨɱɤɢ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɩɪɨɰɟɫɫɚ, ɜɢɞɟɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɪɨɰɟɫɫɟ (ɜɵɞɟɥɹɟɦɚɹ/ɩɨɝɥɨɳɚɟɦɚɹ ɷɧɟɪɝɢɹ, 

ɩɚɪɚɦɟɬɪɵ ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ). 

 

Ɋɢɫɭɧɨɤ 1.7 - Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɜɨɞɵ 

 

ȼ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɜɢɡɭɚɥɢɡɚɰɢɹ ɦɨɞɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ 

ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɚɧɢɦɚɰɢɢ, ɩɨɤɚɡɵɜɚɸɳɟɣ ɩɪɢɧɰɢɩ ɢɯ ɪɚɛɨɬɵ. 

Ɍɚɤ ɞɥɹ ɧɚɫɨɫɨɜ ɢ ɬɭɪɛɢɧ ɦɨɠɧɨ ɪɚɡɦɟɳɚɬɶ ɪɹɞɨɦ ɮɚɡɨɜɭɸ ɞɢɚɝɪɚɦɦɭ ɫɪɟɞɵ ɫ 

ɧɚɧɟɫɟɧɧɵɦ ɧɚ ɧɟɣ ɮɢɡɢɱɟɫɤɢɦ ɩɪɨɰɟɫɫɨɦ. ɇɚ ɪɢɫɭɧɤɟ 1.8 ɩɨɤɚɡɚɧ ɫɧɢɦɨɤ ɢɡ 

AR ɩɪɢɥɨɠɟɧɢɹ, ɝɞɟ ɩɨɤɚɡɚɧɚ Ⱥɗɋ ɫ ɪɟɚɤɬɨɪɨɦ ȼȼɗɊ ɦɨɳɧɨɫɬɶɸ 1200 Ɇȼɬ. ȼ 

ɩɪɢɥɨɠɟɧɢɢ ɨɬɨɛɪɚɠɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ 

ɚɧɢɦɢɪɭɟɬɫɹ ɞɜɢɠɟɧɢɟ ɫɪɟɞɵ. 

http://prodod.moscow/wp-content/uploads/2018/04/10.jpg
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Ɋɢɫɭɧɨɤ 1.8 - AR ɩɪɢɥɨɠɟɧɢɟ ɫ Ⱥɗɋ ȼȼɗɊ 1200 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɨɛɴɟɤɬɨɜ ɩɪɢɦɟɧɹɟɬɫɹ ɩɪɨɝɪɚɦɦɚ Autodesk Inventor 

Professional. ɇɚ ɪɢɫɭɧɤɟ 1.9 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɫɥɨɠɧɵɯ ɞɟɬɚɥɟɣ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɩɨɦɨɝɚɸɬ ɜɢɡɭɚɥɢɡɢɪɨɜɚɬɶ ɨɛɴɟɤɬɵ, ɭɜɢɞɟɬɶ 

ɩɪɢ ɩɨɦɨɳɢ 3D-ɚɧɢɦɚɰɢɢ ɢɯ ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ. 

 

Ɋɢɫɭɧɨɤ 1.9 - ɉɪɢɦɟɪɵ 3D ɦɨɞɟɥɟɣ, ɫɨɡɞɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ Autodesk Inventor 

Professional 

  Ⱦɥɹ ɫɨɡɞɚɧɢɹ 3D ɦɨɞɟɥɟɣ ɩɪɢɦɟɧɹɟɬɫɹ ɦɨɛɢɥɶɧɨɟ ɩɪɢɥɨɠɟɧɢɟ CAD 

Assistant. Ɇɨɛɢɥɶɧɨɟ ɩɪɢɥɨɠɟɧɢɟ CAD Assistant. Bcɟ ɦɨɞɟɥɢ ɛɵɥɢ ɭɫɩɟɲɧɨ 

ɫɤɨɧɜɟɪɬɢɪɨɜɚɧɵ ɞɥɹ ɷɬɨɝɨ ɩɪɢɥɨɠɟɧɢɹ.  

http://prodod.moscow/wp-content/uploads/2018/04/13.jpg
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ɇɚ ɪɢɫɭɧɤɟ 1.10 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɡɞɚɧɧɵɯ 3D-

ɦɨɞɟɥɟɣ ɜ ɦɨɛɢɥɶɧɨɦ ɩɪɢɥɨɠɟɧɢɢ. 

 

Ɋɢɫɭɧɨɤ 1.10 - ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɡɞɚɧɧɵɯ 3D ɦɨɞɟɥɟɣ ɜ ɦɨɛɢɥɶɧɨɦ 

ɩɪɢɥɨɠɟɧɢɢ CAD Assistant 

  ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɫɥɟɞɭɟɬ ɩɟɪɟɧɨɫ 3D-ɦɨɞɟɥɟɣ ɜ ɜɢɪɬɭɚɥɶɧɭɸ 

ɪɟɚɥɶɧɨɫɬɶ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɨ ɦɨɛɢɥɶɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ViewER-VR 

(ɪɢɫɭɧɨɤ 1.11).  

 

Ɋɢɫɭɧɨɤ 1.11 - ɉɪɢɦɟɪɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɡɞɚɧɧɵɯ 3D ɦɨɞɟɥɟɣ ɜ ɦɨɛɢɥɶɧɨɦ 

ɩɪɢɥɨɠɟɧɢɢ ViewER-A'R 
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Ɇɨɛɢɥɶɧɵɟ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ VR-ɨɱɤɨɜ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɝɪɭɠɚɬɶɫɹ ɜ 

ɦɢɪ, ɧɚɩɨɥɧɟɧɧɵɣ 360-ɝɪɚɞɭɫɧɵɦɢ ɜɢɡɭɚɥɶɧɵɦɢ ɷɮɮɟɤɬɚɦɢ. Ʉɨɧɜɟɪɬɢɪɨɜɚɜ 

ɧɚɲɢ 3D-ɦɨɞɟɥɢ ɜ ɮɚɣɥɵ, ɩɨɧɹɬɧɵɟ ɞɥɹ ɩɪɢɥɨɠɟɧɢɹ, ɦɵ ɩɟɪɟɧɟɫɥɢ ɢɯ ɜ 

ɜɢɪɬɭɚɥɶɧɭɸ ɪɟɚɥɶɧɨɫɬɶ. Ɋɵɧɨɤ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɧɚɯɨɞɢɬɫɹ ɧɚ 

ɧɚɱɚɥɶɧɨɣ ɫɬɚɞɢɢ. Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɦɢɧɢɦɚɥɶɧɨɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɟɯ, ɤɬɨ 

ɪɚɡɪɚɛɚɬɵɜɚɟɬ ɬɟɯɧɨɥɨɝɢɢ ɢ ɬɟɯ, ɤɬɨ ɜɧɟɞɪɹɟɬ ɢɯ ɜ ɨɛɭɱɟɧɢɟ. ɉɨɤɚ ɬɟɯɧɨɥɨɝɢɢ 

ɜɢɪɬɭɚɥɶɧɨɣ ɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɧɚɢɛɨɥɟɟ ɚɤɬɢɜɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɦɟɞɢɰɢɧɫɤɨɦ ɨɛɪɚɡɨɜɚɧɢɢ. ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɨɝɪɚɦɦ, ɦɨɞɟɥɢɪɭɸɳɢɯ 

ɜɧɭɬɪɟɧɧɟɟ ɫɬɪɨɟɧɢɟ ɨɪɝɚɧɢɡɦɚ, ɧɟɪɜɧɭɸ ɢ ɤɪɨɜɟɧɨɫɧɭɸ ɫɢɫɬɟɦɭ ɢ ɞɪ. 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɬɚɤɨɝɨ ɮɨɪɦɚɬɚ ɨɛɭɱɟɧɢɹ ɞɨɤɚɡɚɧɚ ɞɚɜɧɨ: ɱɟɥɨɜɟɤ ɛɵɫɬɪɟɟ 

ɜɨɫɩɪɢɧɢɦɚɟɬ ɢ ɥɭɱɲɟ ɡɚɩɨɦɢɧɚɟɬ ɜɢɡɭɚɥɶɧɵɟ ɨɛɪɚɡɵ. 

1.3 Ɋɚɛɨɱɚɹ ɝɢɩɨɬɟɡɚ  

ɇɚ ɪɢɫɭɧɤɟ 1.12 ɩɪɢɜɟɞɟɧɚ ɪɚɛɨɱɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɫɢɫɬɟɦɨɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɫɬɚɜɥɟɧɧɨɣ 

ɡɚɞɚɱɟɣ ɪɚɡɪɚɛɨɬɚɧ ɚɥɝɨɪɢɬɦ ɩɟɱɚɬɢ ɮɢɝɭɪɧɨɝɨ ɪɢɫɭɧɤɚ ɞɨɪɨɠɧɵɦ ɩɪɢɧɬɟɪɨɦ.  

 

Ɋɢɫɭɧɨɤ 1.12 – Ɋɚɛɨɱɚɹ ɦɨɞɟɥɶ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɫɢɫɬɟɦɨɣ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ 
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ɇɚ ɪɢɫɭɧɤɟ 1.13 ɩɪɢɜɟɞɟɧ ɚɥɝɨɪɢɬɦ ɩɟɱɚɬɢ ɮɢɝɭɪɧɨɝɨ ɪɢɫɭɧɤɚ ɞɨɪɨɠɧɵɦ 

ɩɪɢɧɬɟɪɨɦ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 1.13 - Ⱥɥɝɨɪɢɬɦ ɩɟɱɚɬɢ ɮɢɝɭɪɧɨɝɨ ɪɢɫɭɧɤɚ 

ɉɨɡɢɰɢɨɧɢɪɭɟɦ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɪɨɠɧɵɣ 

ɩɪɢɧɬɟɪ 

ɇɚɧɟɫɟɧɢɟ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ ɧɚ 3Dɦɨɞɟɥɶ ɬɪɚɫɫɵ 

Ʌɚɡɟɪɧɨɟ 
ɫɤɚɧɢɪɨɜɚɧɢɟ  

ɇȺɑȺɅɈ 

 

ɋɭɳɟɫɬɜɭɟɬ 
ɞɨɫɬɨɜɟɪɧɚɹ 
ɝɟɨɦɟɬɪɢɹ  
ɬɪɚɫɫɵ? 

ɂɅɂ 

ɇ
ɟɬ 

Ⱦ
ɚ 

ɉɚɧɨɪɚɦɧɨɟ 
ɮɨɬɨɝɪɚɮɢɪɨɜɚɧ
ɢɟ:ɮɨɬɨɚɩɩɚɪɚɬ 

ɢ/ɢɥɢ 
ɤɜɚɞɪɨɤɨɩɬɟɪ 

ɋɲɢɜɤɚ 
ɨɛɥɚɤɚ ɬɨɱɟɤɜ 
LeicaCyclone 

ɋɨɡɞɚɧɢɟ 
3Dɦɨɞɟɥɢ ɜ  

Agisoft 
PhotoScan 

ɉɨɥɭɱɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 
ɜ ɜɢɞɟ G-code 

Ɂɚɝɪɭɡɤɚ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɜ ɨɱɤɢ ɞɨɩɨɥɧɟɧɧɨɣ 
ɪɟɚɥɶɧɨɫɬɢ MS Hololens 

ȼɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ 
ɦɟɫɬɧɨɫɬɢ 

 

ȿɫɬɶ ɥɢ 
ɜɢɡɭɚɥɶɧɵɟ 

ɪɚɫɯɨɠɞɟɧɢɹ? 
 

ɇ
ɟɬ 

Ⱦ
ɚ 

ɉɪɚɜɤɚ 
ɦɟɬɨɤ 

Ɂɚɝɪɭɠɚɟɦ ɩɨɥɭɱɟɧɧɵɣ G-
code ɜ ɞɨɪɨɠɧɵɣ ɩɪɢɧɬɟɪ. 

Ɂɚɩɭɫɤ ɩɪɨɝɪɚɦɦɵ ɩɟɱɚɬɢ 
ɪɢɫɭɧɤɚ ɢɥɢ ɞɨɪɨɠɧɨɣ 

ɪɚɡɦɟɬɤɢ 

ɋɪɚɜɧɟɧɢɟ ɪɟɚɥɶɧɨɝɨ ɢ 
ɪɚɫɱɟɬɧɨɝɨ ɩɨɥɨɠɟɧɢɹ 

ɩɪɢɧɬɟɪɚ 

 

ȿɫɬɶ 
ɪɚɫɯɨɠɞɟɧɢɹ 
ɜ ɩɨɥɨɠɟɧɢɢ 

ɩɪɢɧɬɟɪɚ? 

ɇ
ɟɬ 

Ⱦ
ɚ 

ɉɚɭɡɚ 
ɩɪɨɝɪɚɦɦɵ 

ɩɟɱɚɬɢ 

Ʉɨɪɪɟɤɬɢɪɨɜ
ɤɚ ɩɨɥɨɠɟɧɢɹ 

ɩɪɢɧɬɟɪɚ 

Ɂɚɩɭɫɤ 
ɩɪɨɝɪɚɦɦɵ 

ɩɟɱɚɬɢ 

Ɂɚɜɟɪɲɟɧɢɟ ɩɟɱɚɬɢ ɪɢɫɭɧɤɚ 
ɢɥɢ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ 

ɈɄɈɇɑȺ
ɇɂȿ 
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ȼɕȼɈȾɕ 

ɉɨɞɜɨɞɹ ɢɬɨɝɢ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɬɟɯɧɨɥɨɝɢɢ ɜɢɪɬɭɚɥɶɧɨɣ ɢ 

ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɫɮɟɪɚɯ ɞɟɹɬɟɥɶɧɨɫɬɢ ɢ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɭɫɬɪɨɣɫɬɜ ɢ ɩɪɢɥɨɠɟɧɢɣ. ȼ ɛɭɞɭɳɟɦ ɞɚɧɧɵɟ 

ɬɟɯɧɨɥɨɝɢɢ ɫɬɚɧɭɬ ɧɟɨɬɴɟɦɥɟɦɨɣ ɱɚɫɬɶɸ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ ɱɟɥɨɜɟɱɟɫɬɜɚ. 
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2 ɆȺɌȿɆȺɌɂɑȿɋɄɈȿ ɆɈȾȿɅɂɊɈȼȺɇɂȿ 

ɉɈɁɂɐɂɈɇɂɊɈȼȺɇɂə ȾɈɊɈɀɇɈȽɈ ɉɊɂɇɌȿɊȺ 

 

2.1 Ɉɩɢɫɚɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

 

Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɢɡɦɟɪɟɧɢɟɦ ɨɬɤɥɨɧɟɧɢɹ ɪɟɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɬɨɱɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɢ ɨɬ 

ɪɚɫɱɟɬɧɨɝɨ, ɡɚɞɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ. Ɉɧɚ ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 

ɪɨɛɨɬɚ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɋɯɟɦɚ 

ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

Ɋɢɫɭɧɨɤ 2.1 ‒ Ɍɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

  

Ɉɫɧɨɜɧɵɦɢ ɩɪɢɱɢɧɚɦɢ ɨɲɢɛɨɤ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ - 

ɨɲɢɛɤɢ ɡɚ ɫɱɟɬ ɭɫɬɪɨɣɫɬɜ ɭɩɪɚɜɥɟɧɢɹ. Ⱦɜɢɠɟɧɢɟ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɞɨɪɨɠɧɨɝɨ 

ɩɪɢɧɬɟɪɚ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɛɨɬɨɣ ɭɫɬɪɨɣɫɬɜɚ. 

Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɭɸ ɪɨɥɶ ɜ ɪɚɡɜɢɬɢɢ ɬɟɯɧɨɥɨɝɢɢ ɧɚɧɟɫɟɧɢɹ ɮɢɝɭɪɧɵɯ 

ɪɢɫɭɧɤɨɜ ɢɦɟɟɬ ɤɨɦɩɶɸɬɟɪɧɨɟ ɡɪɟɧɢɟ – ɧɚɭɱɧɚɹ ɞɢɫɰɢɩɥɢɧɚ, ɢɡɭɱɚɸɳɚɹ 

ɬɟɨɪɢɸ ɢ ɛɚɡɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɚɧɚɥɢɡɚ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɫɰɟɧ [8]. Ⱥɥɝɨɪɢɬɦɵ 
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ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɜɵɞɟɥɹɬɶ ɤɥɸɱɟɜɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɧɚ 

ɢɡɨɛɪɚɠɟɧɢɢ (ɭɝɥɵ, ɝɪɚɧɢɰɵ ɨɛɥɚɫɬɢ), ɩɪɨɢɡɜɨɞɢɬɶ ɩɨɢɫɤ ɮɢɝɭɪ ɢ ɨɛɴɟɤɬɨɜ ɜ 

ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ, ɜɵɩɨɥɧɹɬɶ 3D ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɮɨɬɨɝɪɚɮɢɹɦ 

[114] ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ. 

ȼ ɨɛɥɚɫɬɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɚɥɝɨɪɢɬɦɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɢɫɤɚ ɜ ɜɢɞɟɨɩɨɬɨɤɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɚɪɤɟɪɨɜ. ɉɨɢɫɤ 

ɡɚɞɚɧɧɨɝɨ ɨɛɴɟɤɬɚ ɧɚ ɜɢɞɟɨ ɜ ɫɭɳɧɨɫɬɢ ɫɜɨɞɢɬɫɹ ɤ ɩɨɢɫɤɭ ɧɚ ɫɬɚɬɢɱɟɫɤɨɦ 

ɢɡɨɛɪɚɠɟɧɢɢ, ɬɚɤ ɤɚɤ ɜɢɞɟɨɮɚɣɥ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ 

ɤɚɞɪɨɜ (ɢɡɨɛɪɚɠɟɧɢɣ), ɥɢɲɶ ɫ ɬɟɦ ɨɬɥɢɱɢɟɦ, ɱɬɨ ɨɧ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 

ɦɧɨɝɨɤɪɚɬɧɨ ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɚɞɪɨɜ [39]. 

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɚɞɚɱɢ ɜ ɤɚɱɟɫɬɜɟ ɦɚɪɤɟɪɚ ɦɨɝɭɬ ɜɵɫɬɭɩɚɬɶ ɤɚɤ 

ɫɩɟɰɢɚɥɶɧɨ ɫɮɨɪɦɢɪɨɜɚɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɬɚɤ ɢ, ɧɚɩɪɢɦɟɪ, ɥɢɰɚ ɥɸɞɟɣ. ɉɨɫɥɟ 

ɧɚɯɨɠɞɟɧɢɹ ɦɚɪɤɟɪɚ ɜ ɜɢɞɟɨɩɨɬɨɤɟ ɢ ɜɵɱɢɫɥɟɧɢɹ ɟɝɨ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ, 

ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɪɢɰɵ ɩɪɨɟɤɰɢɢ ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɜɢɪɬɭɚɥɶɧɵɯ ɦɨɞɟɥɟɣ. ɋ ɢɯ ɩɨɦɨɳɶɸ ɦɨɠɧɨ ɧɚɥɨɠɢɬɶ ɜɢɪɬɭɚɥɶɧɵɣ ɨɛɴɟɤɬ ɧɚ 

ɜɢɞɟɨɩɨɬɨɤ ɫ ɫɨɛɥɸɞɟɧɢɟɦ ɪɚɤɭɪɫɚ ɢ ɩɟɪɫɩɟɤɬɢɜɵ. Ɉɫɧɨɜɧɚɹ ɫɥɨɠɧɨɫɬɶ 

ɫɨɫɬɨɢɬ ɢɦɟɧɧɨ ɜ ɬɨɦ, ɱɬɨɛɵ ɧɚɣɬɢ ɦɚɪɤɟɪ, ɨɩɪɟɞɟɥɢɬɶ ɟɝɨ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɜ 

ɤɚɞɪɟ ɢ ɫɩɪɨɟɰɢɪɨɜɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɜɢɪɬɭɚɥɶɧɭɸ ɦɨɞɟɥɶ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɛɵɥɚ ɫɨɡɞɚɧɚ ɨɛɲɢɪɧɚɹ ɬɟɨɪɟɬɢɱɟɫɤɚɹ ɛɚɡɚ ɜ ɫɮɟɪɟ 

ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɩɨɢɫɤɚ ɧɚ ɧёɦ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɪɟɠɞɟ ɜɫɟɝɨ, 

ɷɬɨ ɤɚɫɚɟɬɫɹ ɦɟɬɨɞɨɜ ɤɨɧɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɩɨ ɲɚɛɥɨɧɭ (template 

matching) [78], ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ (feature detection) [47, 50, 52] ɢ 

ɝɟɧɟɬɢɱɟɫɤɢɯ ɚɥɝɨɪɢɬɦɨɜ [83]. ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɩɨɫɬɪɨɟɧɢɹ ɞɨɩɨɥɧɟɧɧɨɣ 

ɪɟɚɥɶɧɨɫɬɢ ɡɚɱɚɫɬɭɸ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɫɥɟɞɧɢɟ ɞɜɚ ɩɨɞɯɨɞɚ [7]. 

Ƚɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ – ɷɬɨ ɷɜɪɢɫɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɩɨɢɫɤɚ, ɢɫɩɨɥɶɡɭɟɦɵɟ 

ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɩɬɢɦɢɡɚɰɢɢ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɭɬёɦ ɫɥɭɱɚɣɧɨɝɨ ɩɨɞɛɨɪɚ, 

ɤɨɦɛɢɧɢɪɨɜɚɧɢɹ ɢ ɜɚɪɢɚɰɢɢ ɢɫɤɨɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɦɟɯɚɧɢɡɦɨɜ, ɧɚɩɨɦɢɧɚɸɳɢɯ ɛɢɨɥɨɝɢɱɟɫɤɭɸ ɷɜɨɥɸɰɢɸ. 

ȼ ɤɨɦɩɶɸɬɟɪɧɨɦ ɡɪɟɧɢɢ ɨɧɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɢɫɤɚ ɨɛɴɟɤɬɚ 

ɧɟɤɨɬɨɪɨɝɨ ɡɚɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɧɚ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɨɛɪɚɠɟɧɢɢ ɢɥɢ ɜɢɞɟɨɩɨɬɨɤɟ [7]. 
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ȼɧɚɱɚɥɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɨɛɭɱɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɩɪɢ ɩɨɦɨɳɢ ɞɜɭɯ 

ɪɚɡɥɢɱɧɵɯ ɧɚɛɨɪɨɜ ɢɡɨɛɪɚɠɟɧɢɣ: 1) «ɏɨɪɨɲɢɟ» – ɫɨɞɟɪɠɚɬ ɧɭɠɧɵɣ ɨɛɴɟɤɬ. 2) 

«ɉɥɨɯɢɟ» – ɥɨɠɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɛɟɡ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɪɢ ɷɬɨɦ ɞɥɹ ɨɛɭɱɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɢɡɨɛɪɚɠɟɧɢɣ, ɢ ɱɟɦ ɢɯ ɛɨɥɶɲɟ, ɬɟɦ ɭɫɩɟɲɧɟɟ 

ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ. Ⱦɥɹ ɤɚɠɞɨɣ ɤɚɪɬɢɧɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɞɟɥɟɧɢɟ 

ɪɚɡɥɢɱɧɵɯ ɤɥɸɱɟɜɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ: ɝɪɚɧɢɰɵ, ɥɢɧɢɢ, ɰɟɧɬɪɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ. 

ɉɨ ɧɢɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɤɨɬɨɪɚɹ ɡɚɬɟɦ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɨɢɫɤɚ ɨɛɴɟɤɬɚ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ. 

ɉɪɢɦɟɪɨɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɚɥɝɨɪɢɬɦ 

ɪɚɫɩɨɡɧɚɧɢɹ ɥɢɰ ɢ ɝɥɚɡ ɧɚ ɜɢɞɟɨɩɨɬɨɤɟ [80, 38]. ɉɨɫɬɟɩɟɧɧɨ ɨɛɭɱɚɹ ɚɥɝɨɪɢɬɦ, 

ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ ɜɵɫɨɤɢɯ ɪɟɡɭɥɶɬɚɬɨɜ ɧɚɯɨɠɞɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɨɛɴɟɤɬɨɜ. 

Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɭɱɟɧɢɹ ɞɟɥɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɝɟɧɟɬɢɱɟɫɤɢɯ 

ɚɥɝɨɪɢɬɦɨɜ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɛɥɟɦɚɬɢɱɧɵɦ. Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɬɪɟɛɭɟɬɫɹ 

ɫɭɳɟɫɬɜɟɧɧɨɟ ɱɢɫɥɨ ɪɚɡɥɢɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, ɢ ɩɨɫɬɪɨɟɧɢɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ ɞɥɹ 

ɤɚɠɞɨɝɨ ɨɛɴɟɤɬɚ ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. 

Ʉɨɧɰɟɩɰɢɹ ɨɩɪɟɞɟɥɟɧɢɹ ɯɚɪɚɤɬɟɪɧɵɯ ɱɟɪɬ ɧɚ ɢɡɨɛɪɚɠɟɧɢɢ (feature 

detection) ɜ ɤɨɦɩɶɸɬɟɪɧɨɦ ɡɪɟɧɢɢ ɨɬɧɨɫɢɬɫɹ ɤ ɦɟɬɨɞɚɦ, ɤɨɬɨɪɵɟ ɧɚɰɟɥɟɧɵ ɧɚ 

ɜɵɱɢɫɥɟɧɢɟ ɚɛɫɬɪɚɤɰɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɜɵɞɟɥɟɧɢɹ ɧɚ ɧёɦ ɤɥɸɱɟɜɵɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ. ȼ ɤɚɱɟɫɬɜɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɢɡɨɥɢɪɨɜɚɧɧɵɟ ɬɨɱɤɢ, ɤɪɢɜɵɟ, ɪɚɡɥɢɱɧɵɟ ɫɜɹɡɚɧɧɵɟ ɨɛɥɚɫɬɢ. ɇɟ ɫɭɳɟɫɬɜɭɟɬ 

ɫɬɪɨɝɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɬɨɝɨ, ɱɬɨ ɬɚɤɨɟ ɤɥɸɱɟɜɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ. 

Ʉɚɠɞɵɣ ɚɥɝɨɪɢɬɦ ɩɨɧɢɦɚɟɬ ɩɨɞ ɷɬɢɦ ɫɜɨё (ɭɝɥɵ, ɝɪɚɧɢ, ɨɛɥɚɫɬɢ ɢ ɬ.ɩ.) [7]. 

Ɂɚɱɚɫɬɭɸ ɞɥɹ ɩɨɢɫɤɚ ɦɚɪɤɟɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɥɝɨɪɢɬɦɵ, ɤɨɬɨɪɵɟ 

ɜɵɩɨɥɧɹɸɬ ɩɨɢɫɤ ɢ ɫɪɚɜɧɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɩɨ ɤɥɸɱɟɜɵɦ ɬɨɱɤɚɦ. Ʉɥɸɱɟɜɚɹ 

ɬɨɱɤɚ – ɷɬɨ ɧɟɤɨɬɨɪɵɣ ɭɱɚɫɬɨɤ ɤɚɪɬɢɧɤɢ, ɤɨɬɨɪɵɣ ɹɜɥɹɟɬɫɹ ɨɬɥɢɱɢɬɟɥɶɧɵɦ ɞɥɹ 

ɡɚɞɚɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ. ɑɬɨ ɢɦɟɧɧɨ ɩɪɢɧɢɦɚɟɬɫɹ ɡɚ ɞɚɧɧɭɸ ɬɨɱɤɭ – ɧɚɩɪɹɦɭɸ 

ɡɚɜɢɫɢɬ ɨɬ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ.  

ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ ɧɚ ɫɨɜɪɟɦɟɧɧɵɯ 

ɩɨɬɪɟɛɢɬɟɥɶɫɤɢɯ ɭɫɬɪɨɣɫɬɜɚɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟɥɶɡɹ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɪɟɚɥɢɡɨɜɚɬɶ ɫɥɨɠɧɵɟ ɚɥɝɨɪɢɬɦɵ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɭɱɢɬɵɜɚɸɳɢɟ ɧɟɩɪɹɦɨɟ 
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ɨɫɜɟɳɟɧɢɟ, ɬɚɤɢɟ ɤɚɤ ɬɪɚɫɫɢɪɨɜɤɚ ɥɭɱɟɣ. ȼɨ-ɩɟɪɜɵɯ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɫɭɪɫɵ 

ɭɫɬɪɨɣɫɬɜ ɧɟ ɨɛɥɚɞɚɸɬ ɞɨɥɠɧɵɦ ɭɪɨɜɧɟɦ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɞɥɹ ɪɚɫɱёɬɚ 

ɢɡɨɛɪɚɠɟɧɢɣ ɫ ɢɧɬɟɪɚɤɬɢɜɧɨɣ ɱɚɫɬɨɬɨɣ ɤɚɞɪɨɜ. ȼɨ-ɜɬɨɪɵɯ, ɩɪɨɛɥɟɦɚɬɢɱɧɨ ɩɪɢ 

ɧɚɥɢɱɢɢ ɨɞɧɨɣ RGB-ɤɚɦɟɪɵ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɜɨɫɫɬɚɧɨɜɢɬɶ ɨɤɪɭɠɚɸɳɭɸ 

ɨɛɫɬɚɧɨɜɤɭ ɞɥɹ ɜɢɡɭɚɥɢɡɢɪɭɟɦɨɝɨ ɜɢɪɬɭɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ. 

 

 2.2 ȼɢɡɭɚɥɢɡɚɰɢɹ ɦɨɞɟɥɢ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

 

ɋ ɰɟɥɶɸ ɨɪɢɟɧɬɚɰɢɢ ɦɨɞɟɥɢ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɡɞɚɟɦ 

ɦɨɞɭɥɶ ɨɪɢɟɧɬɚɰɢɢ ɜ Simulink ɦɨɞɟɥɢ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ (ɪɢɫɭɧɨɤ 2.2).  

 

 

 

Ɋɢɫɭɧɨɤ 2.2 - ȼɢɪɬɭɚɥɶɧɚɹ ɦɨɞɟɥɶ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɨɞɟɥɢ ɞɨɪɨɠɧɨɝɨ 

ɩɪɢɧɬɟɪɚ ɜ Simulink ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.3. 
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Ɋɢɫɭɧɨɤ 2.3 - ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɨɪɢɟɧɬɚɰɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɨɞɟɥɢ ɞɨɪɨɠɧɨɝɨ 

ɩɪɢɧɬɟɪɚ 

 

ɋ ɰɟɥɶɸ ɪɟɚɥɢɡɚɰɢɢ ɮɭɧɤɰɢɣ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɮɨɪɦɢɪɭɟɦ ɜɯɨɞɵ ɧɚ 

VR Sink ɦɨɞɭɥɟ. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɭɟɦ 3 ɜɯɨɞɚ vertushka rotation, 

vertushka_1.rotation ɢ vertolet translation (ɪɢɫɭɧɨɤ 2.4). 

 

 

Ɋɢɫɭɧɨɤ 2.4 - Ɇɨɞɭɥɶ VR Sink ɫ ɬɪɟɦɹ ɜɯɨɞɚɦɢ 

 

ɉɨɞɤɥɸɱɟɧɢɟ ɦɨɞɭɥɹ VR Sink ɤ Simulink ɦɨɞɟɥɢ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ 

ɜɵɩɨɥɧɹɟɦ ɫ ɩɨɦɨɳɶɸ ɦɚɫɬɟɪɚ ɫɜɹɡɢ ɮɚɣɥɚ ɦɨɞɟɥɢ ɫ ɮɚɣɥɨɦ ɜɢɡɭɚɥɢɡɚɰɢɢ 

(ɪɢɫɭɧɨɤ 2.5). 
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Ɋɢɫɭɧɨɤ 2.5 - Ɇɚɫɬɟɪ ɫɜɹɡɢ ɮɚɣɥɚ ɦɨɞɟɥɢ ɫ ɮɚɣɥɨɦ ɜɢɡɭɚɥɢɡɚɰɢɢ 

 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɧɬɟɪɚ ɫɨɡɞɚɟɦ S-ɮɭɧɤɰɢɸ ɢ 

ɩɨɞɤɥɸɱɚɟɦ ɟɟ ɤ ɦɨɞɟɥɢ ɞɜɢɠɢɬɟɥɹ, ɢɫɩɨɥɶɡɭɹ ɦɭɥɶɬɢɩɥɟɤɫɨɪ (ɪɢɫɭɧɨɤ 2.6). 

ɇɚ ɷɤɪɚɧ ɜɢɡɭɚɥɢɡɚɬɨɪɚ ɜɵɜɨɞɢɦ ɧɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ ɹɤɨɪɹ ɞɜɢɝɚɬɟɥɹ, ɬɨɤ 

ɹɤɨɪɹ, ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɪɨɬɨɪɚ.  

 

 

Ɋɢɫɭɧɨɤ 2.6- ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɧɬɟɪɚ 

 

Ɉɤɧɨ ɜɢɡɭɚɥɢɡɚɬɨɪɚ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 2.7. 
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Ɋɢɫɭɧɨɤ 2.7 - Ɉɤɧɨ ɜɢɡɭɚɥɢɡɚɬɨɪ, ɚ ɩɚɪɚɦɟɬɪɨɜ ɲɚɝɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ 

2.3 ɂɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ 

ɩɪɢɧɬɟɪɚ 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɤ ɤɚɱɟɫɬɜɭ ɢ ɩɨɥɧɨɬɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ 

ɨɛɴɟɤɬɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɫɚɦɵɟ ɫɬɪɨɝɢɟ ɬɪɟɛɨɜɚɧɢɹ. Ɉɫɨɛɟɧɧɨ ɤɪɢɬɢɱɧɨ ɢ 

ɬɪɭɞɧɨɜɵɩɨɥɧɢɦɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɜ ɫɥɨɠɧɵɯ ɩɪɨɟɤɬɚɯ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ – ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ 

ɩɪɨɛɥɟɦ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɚɤɬɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ 

ɨɛɴɟɤɬɚ. ȼɨ-ɩɟɪɜɵɯ, ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɚɪɯɢɬɟɤɬɭɪɧɵɯ ɨɛɦɟɪɨɜ. ɇɨ ɨɛɦɟɪɵ 

ɫɥɨɠɧɨɝɨ ɨɛɴɟɤɬɚ ɦɨɝɭɬ ɧɟ ɩɪɨɫɬɨ ɡɚɬɹɧɭɬɶɫɹ ɧɚ ɞɨɥɝɢɟ ɧɟɞɟɥɢ, ɪɚɫɬɹɝɢɜɚɹ 

ɩɪɨɟɤɬɧɵɣ ɛɸɞɠɟɬ ɢ ɫɪɨɤɢ, ɧɨ ɢ ɛɵɬɶ ɧɟɬɨɱɧɵɦɢ ɢ ɧɟɩɨɥɧɵɦɢ, ɟɫɥɢ ɞɨɫɬɭɩ ɤ 

ɨɩɪɟɞɟɥёɧɧɵɦ ɱɚɫɬɹɦ ɨɛɴɟɤɬɚ ɛɵɥ ɡɚɬɪɭɞɧɟɧ. ȼɨ-ɜɬɨɪɵɯ, ɫɨɡɞɚɧɢɟ ɤɨɦɩɥɟɤɬɚ 
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ɱɟɪɬɟɠɟɣ, ɨɬɪɚɠɚɸɳɢɯ ɮɚɤɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ – ɬɚɤɠɟ 

ɞɥɢɬɟɥɶɧɵɣ ɢ ɬɪɭɞɨɟɦɤɢɣ ɩɪɨɰɟɫɫ, ɨɫɨɛɟɧɧɨ, ɟɫɥɢ ɛɭɞɭɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ 

ɞɨɦɟɪɵ ɢ ɩɨɫɥɟɞɭɸɳɢɟ ɩɟɪɟɪɚɫɱɟɬɵ. Ⱦɚ, ɭ ɨɛɴɟɤɬɚ ɦɨɠɟɬ ɛɵɬɶ ɞɟɣɫɬɜɭɸɳɚɹ 

ɩɪɨɟɤɬɧɚɹ ɞɨɤɭɦɟɧɬɚɰɢɹ, ɧɨ ɨɧɚ ɨɛɵɱɧɨ ɞɚɥɟɤɚ ɨɬ ɪɟɚɥɶɧɨɫɬɢ. ɗɬɢ ɩɪɨɛɥɟɦɵ 

ɭɫɩɟɲɧɨ ɪɟɲɚɸɬɫɹ ɫɨɜɪɟɦɟɧɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɨɛɦɟɪɧɵɯ ɪɚɛɨɬ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɟ, 

ɧɨ ɢ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɜɵɯɨɞɧɵɟ ɞɚɧɧɵɟ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɮɨɪɦɚɬɟ. ɂ ɧɚɢɛɨɥɟɟ 

ɬɨɱɧɵɦ ɢɡ ɬɚɤɢɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɥɚɡɟɪɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ.  

ɇɚ ɪɢɫɭɧɤɟ 2.8 ɩɪɢɜɟɞɟɧ ɚɥɝɨɪɢɬɦ ɫɨɡɞɚɧɢɹ 3D ɦɨɞɟɥɢ ɬɪɚɫɫɵ, 

ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɢɡɜɟɫɬɧɵɯ ɞɨɩɨɥɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ ɜ ɫɪɟɞɟ Revit.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.8 - Ⱥɥɝɨɪɢɬɦ ɫɨɡɞɚɧɢɹ 3D ɦɨɞɟɥɢ ɬɪɚɫɫɵ 

 

ɉɪɨɝɪɚɦɦɧɵɣ ɤɨɞ   3D ɦɨɞɟɥɢ ɬɪɚɫɫɵ: 

 

  3Dɦɨɞɟɥɶ ɬɪɚɫɫɵ 

Ʌɚɡɟɪɧɨɟ 
ɫɤɚɧɢɪɨɜɚɧɢ

ɟ  

ɇȺɑȺɅɈ 

 
ɋɭɳɟɫɬɜɭɟɬ 
ɞɨɫɬɨɜɟɪɧɚɹ 
ɝɟɨɦɟɬɪɢɹ  
ɬɪɚɫɫɵ? 

ɂɅ
ɂ 

ɇ
ɟɬ 

Ⱦ
ɚ 

ɉɚɧɨɪɚɦɧɨɟ 
ɮɨɬɨɝɪɚɮɢɪɨɜɚɧ
ɢɟ:ɮɨɬɨɚɩɩɚɪɚɬ 

ɢ/ɢɥɢ 
ɤɜɚɞɪɨɤɨɩɬɟɪ 

ɋɲɢɜɤɚ 
ɨɛɥɚɤɚ 

ɬɨɱɟɤɜLeicaC

ɋɨɡɞɚɧɢɟ 
3Dɦɨɞɟɥɢ ɜ 

AgisoftPhotoSca
n 
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// Microsoft Visual C++ generated resource script. 

// 

#include <windows.h> 

#include "resource.h" 

//#define APSTUDIO_READONLY_SYMBOLS 

///////////////////////////////////////////////////////////////////////////// 

// 

// Generated from the TEXTINCLUDE 2 resource. 

// 

//#include "afxres.h" 

///////////////////////////////////////////////////////////////////////////// 

//#undef APSTUDIO_READONLY_SYMBOLS 

///////////////////////////////////////////////////////////////////////////// 

// Russian resources 

#if !defined(AFX_RESOURCE_DLL) || defined(AFX_TARG_RUS) 

#ifdef _WIN32 

//LANGUAGE LANG_RUSSIAN, SUBLANG_DEFAULT 

#pragma code_page(1251) 

#endif //_WIN32 

///////////////////////////////////////////////////////////////////////////// 

// 

// Dialog 

// 

/* DO NOT EDIT WITH RESOURCE EDITOR! */ 

IDD_MAINDLG DIALOGEX 0, 0, 217, 184 

STYLE DS_SETFONT | DS_FIXEDSYS | DS_CENTER | WS_MINIMIZEBOX |   

// DS_3DLOOK | WS_CLIPCHILDREN | 

    WS_MAXIMIZEBOX | WS_CAPTION | WS_SYSMENU |  

    WS_THICKFRAME 

CAPTION "ɉɚɧɟɥɶ ɭɩɪɚɜɥɟɧɢɹ PLCM-E3" 
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FONT 8, "MS Shell Dlg", 400, 0, 0x1 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ 3D ɦɨɞɟɥɢ ɬɪɚɫɫɵ ɢɫɩɨɥɶɡɨɜɚɧɨ ɥɚɡɟɪɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ – 

ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɝɟɨɞɟɡɢɱɟɫɤɚɹ ɬɟɯɧɨɥɨɝɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɫɨɡɞɚɬɶ ɰɢɮɪɨɜɭɸ 

ɬɪɟɯɦɟɪɧɭɸ ɦɨɞɟɥɶ ɨɛɴɟɤɬɚ, ɩɪɟɞɫɬɚɜɢɜ ɟɝɨ ɦɧɨɠɟɫɬɜɨɦ ɬɨɱɟɤ (ɨɛɵɱɧɨ 

ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɨɧɨɜ) ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ. Ɍɟɯɧɨɥɨɝɢɹ 

ɨɫɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɟɪɚ, ɢɡɦɟɪɹɸɳɟɝɨ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ. ɉɨɥɭɱɟɧɧɵɣ ɧɚɛɨɪ ɬɨɱɟɤ ɧɚɡɵɜɚɟɬɫɹ «ɨɛɥɚɤɨɦ ɬɨɱɟɤ» ɢ 

ɜɩɨɫɥɟɞɫɬɜɢɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɨɛɴɟɤɬɚ, 

ɩɥɨɫɤɨɝɨ ɱɟɪɬɟɠɚ, ɧɚɛɨɪɚ ɫɟɱɟɧɢɣ, ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɬ.ɞ. ɞɥɹ ɷɤɫɩɨɪɬɚ ɢ ɪɚɛɨɬɵ ɜ 

BIM-ɬɟɯɧɨɥɨɝɢɹɯ. ɋɤɚɧɢɪɨɜɚɧɢɟ ɬɟɪɪɢɬɨɪɢɢ ɩɪɨɜɨɞɢɥɨɫɶ ɥɚɡɟɪɧɵɦ ɫɤɚɧɟɪɨɦ ɫ 

ɨɩɪɟɞɟɥɟɧɢɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɨɛɴɟɤɬɚ. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ 

ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɨɛɴɟɤɬɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɧɚ 

ɪɢɫɭɧɤɟ 2.9. 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 2.9 - Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɨɛɴɟɤɬɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɨɣ (ɪɢɫɭɧɨɤ 2.9) ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɨɰɟɧɤɢ ɬɨɱɧɨɫɬɢ ɫɤɚɧɢɪɨɜɚɧɢɹ: 
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0 0 0 . .( , , ) [( ( , ) ( ) ( ) ( ,

, ) ( , , ) ( ) ( ( , , )] ,

T k
ɢɧɫɬ ɨɤɪ ɫɤ ɦɟɬɪ ɨɪɢɟɧ

ɨɛɪ k

G T K f f f f

k f k I k k d d d 

     

    

      

 
 

 

ɝɞɟ  ( , , ),ɢɧɫɬɪf k   - ɮɭɧɤɰɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɭɸ ɬɨɱɧɨɫɬɶ ɢ 

ɫɤɨɪɨɫɬɶ ɫɤɚɧɢɪɨɜɚɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɫɤɚɧɟɪɚ; 

. .( ),ɨɤɪ ɫɤf  - ɮɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɥɢɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ 

ɬɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɦɵɯ ɢɡɦɟɪɟɧɢɣ ɇɅɋ; 

( ),ɦɟɬɪɨɥf  - ɮɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɥɢɹɧɢɟ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɨɛɴɟɤɬɨɜ ɫɴɟɦɤɢ ɧɚ ɬɨɱɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɫɤɚɧɢɪɨɜɚɧɢɹ; 

( ),ɨɛɪf  - ɮɭɧɤɰɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɫɩɨɫɨɛ, ɪɟɠɢɦ ɢ ɞɨɩɭɫɤɢ ɩɪɢ 

ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɧɚɡɟɦɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ; 

. .( ),ɨɤɪ ɫɤf  - ɮɭɧɤɰɢɹ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɥɢɹɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɧɚ 

ɬɨɱɧɨɫɬɶ ɩɪɨɜɨɞɢɦɵɯ ɢɡɦɟɪɟɧɢɣ ɇɅɋ; 

,kI - ɮɭɧɤɰɢɹ, ɨɬɪɚɠɚɸɳɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɟɦɤɨɫɬɶ ɞɚɧɧɵɯ ɧɚɡɟɦɧɨɝɨ 

ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ; 

( , , )k   - ɮɭɧɤɰɢɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɭɩɪɨɳɟɧɢɹ ɢ ɨɤɪɭɝɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 

ɪɚɫɱɟɬɨɜ. 

 

 Ⱦɥɹ ɫɨɡɞɚɧɢɹ    ɜɢɪɬɭɚɥɶɧɨɝɨ ɨɛɥɚɤɚ ɬɨɱɟɤ ɡɚɥɨɠɟɧ ɚɥɝɨɪɢɬɦ   ICP 

(ɂɬɟɪɚɬɢɜɧɵɣ ɚɥɝɨɪɢɬɦ ɛɥɢɠɚɣɲɢɯ ɬɨɱɟɤ), ɨɩɢɫɚɧɧɵɣ Besl and McKay [1].   

Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɲɚɝɨɜ:  

1) Ⱦɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ ɜ ɢɫɯɨɞɧɨɦ ɨɛɥɚɤɟ ɬɨɱɟɤ, ɧɚɯɨɞɹɬ ɛɥɢɠɚɣɲɭɸ ɬɨɱɤɭ ɜ 

ɨɛɥɚɤɟ ɨɩɨɪɧɵɯ ɬɨɱɟɤ (ɤɪɢɬɟɪɢɣ ɛɥɢɠɚɣɲɟɝɨ ɫɨɫɟɞɚ); 

2) Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɮɭɧɤɰɢɢ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɫɬɨɢɦɨɫɬɢ (ɜɵɱɢɫɥɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (ɫɦɟɳɟɧɢɟ + 
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ɩɨɜɨɪɨɬ), ɤɨɬɨɪɚɹ ɧɚɢɥɭɱɲɢɦ ɨɛɪɚɡɨɦ ɜɵɪɨɜɧɹɟɬ ɤɚɠɞɭɸ ɢɫɯɨɞɧɭɸ 

ɬɨɱɤɭ ɩɨ ɟɟ ɫɨɜɩɚɞɟɧɢɸ, ɧɚɣɞɟɧɧɨɦɭ ɧɚ ɩɪɟɞɵɞɭɳɟɦ ɲɚɝɟ.  

3) ɉɪɢɦɟɧɟɧɢɟ ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɨ ɦɧɨɠɟɫɬɜɭ ɢ ɨɛɧɨɜɥɟɧɢɟ 

ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɨɲɢɛɤɢ. 

Ɉɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɨɛɥɟɦ ɚɥɝɨɪɢɬɦɚ ICP ɹɜɥɹɟɬɫɹ ɨɝɪɚɧɢɱɟɧɢɟ ɨɛɥɚɫɬɢ 

ɫɯɨɞɢɦɨɫɬɢ. Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ ɩɪɢ ɭɫɥɨɜɢɢ, ɱɬɨ ɨɛɥɚɤɚ ɬɨɱɟɤ ɧɟ 

ɫɢɥɶɧɨ ɫɞɜɢɧɭɬɵ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ. Ɋɟɲɟɧɢɟɦ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɡɚɧɢɦɚɥɫɹ 

ȼɟɥɢɠɟɜȺ.Ȼ., ɤɨɬɨɪɵɣ ɩɪɟɞɥɨɠɢɥ ɞɥɹ ɬɪɟɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ, ɢɦɟɸɳɢɯ 

ɜɟɤɫɟɥɶɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ, ɞɨɩɨɥɧɢɬɶ ɢɫɯɨɞɧɵɣ ɚɥɝɨɪɢɬɦ ɫɥɟɞɭɸɳɢɦɢ 

ɷɬɚɩɚɦɢ [5]: 

 ɨɰɟɧɤɚ ɜɟɤɬɨɪɧɨɝɨ ɫɞɜɢɝɚ; 

 ɨɰɟɧɤɚ ɦɚɬɪɢɰɵ ɭɝɥɨɜɨɣ ɨɪɢɟɧɬɚɰɢɢ. 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧɚ ɩɪɨɝɪɚɦɦɚ, ɪɟɚɥɢɡɭɸɳɚɹ ɫɨɜɦɟɳɟɧɢɟ 

ɧɟɫɤɨɥɶɤɢɯ ɫɤɚɧɨɜ ɨɞɧɨɝɨ ɢ ɬɨɝɨ ɠɟ ɨɛɴɟɤɬɚ, ɚ ɬɚɤɠɟ ɩɪɨɜɟɪɤɚ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ [5] ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɪɚɡɥɢɱɧɵɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ   ɨɛɥɚɫɬɢ ɫɯɨɞɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ 

ɩɪɨɝɪɚɦɦɧɵɟ ɫɪɟɞɫɬɜɚ: 

 ɋ++ – ɤɨɦɩɢɥɢɪɭɟɦɵɣ, ɫɬɚɬɢɱɟɫɤɢ ɬɢɩɢɡɢɪɨɜɚɧɧɵɣ ɹɡɵɤ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ, 

ɩɨɞɞɟɪɠɢɜɚɸɳɢɣ ɛɨɥɶɲɢɧɫɬɜɨ ɩɚɪɚɞɢɝɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ; 

 ɤɪɨɫɫ ɩɥɚɬɮɨɪɦɟɧɧɚɹ ɛɢɛɥɢɨɬɟɤɚ PCL(Point Cloud Library), ɩɨɡɜɨɥɹɸɳɚɹ 

ɪɚɛɨɬɚɬɶ c 2D-ɢ 3D-ɝɪɚɮɢɤɨɣ, ɢɦɟɟɬ ɛɨɥɶɲɨɣ ɩɚɤɟɬ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɪɚɛɨɬɚɟɬ ɫ 

ɪɟɚɥɢɡɚɰɢɟɣ ɫɬɚɧɞɚɪɬɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ICP; 

 ɛɢɛɥɢɨɬɟɤɚ OpenMP 

–ɛɢɛɥɢɨɬɟɤɚ ɞɥɹ ɹɡɵɤɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C, C++, ɩɨɡɜɨɥɹɸɳɚɹ ɡɚɩɭɫɤɚɬɶ 

ɩɚɪɚɥɥɟɥɶɧɨ ɭɱɚɫɬɤɢ ɤɨɞɚɧɚ ɦɧɨɝɨɩɪɨɰɟɫɫɨɪɧɵɯ ɫɢɫɬɟɦɚɯ. 

 ɉɨɥɭɱɟɧɧɨɟ ɩɥɨɬɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ ɡɚɝɪɭɠɟɧɨ ɜ 3D ɪɟɞɚɤɬɨɪ (ɉɈ 

AutodeskRevit) ɧɚ ɤɨɬɨɪɨɟ ɧɚɧɟɫɟɧɨ ɧɚɩɨɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ, (ɪɢɫɭɧɨɤ 2.10). 
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Ɋɢɫɭɧɨɤ 2.10 – ɋɨɜɦɟɳɟɧɢɟ ɜɢɪɬɭɚɥɶɧɨɝɨ ɨɛɥɚɤɚ ɬɨɱɟɤ ɬɟɪɪɢɬɨɪɢɢ ɢ 

ɧɚɩɨɥɶɧɨɝɨ ɪɢɫɭɧɤɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɱɟɪɟɡ ɩɪɨɝɪɚɦɦɭ Autodesk Revit 

 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɟɤɬ ɛɵɥ ɪɟɚɥɢɡɨɜɚɧ ɡɚ 3 ɲɚɝɚ:  

1) ɋɤɚɧɢɪɨɜɚɧɢɟ ɡɞɚɧɢɹ ɢ ɩɨɥɭɱɟɧɢɟ ɨɛɥɚɤɚ ɬɨɱɟɤ 

2) Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɨɞɟɥɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ 

3) ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨɟɤɬ ɪɟɤɨɧɫɬɪɭɤɰɢɢ 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ, ɝɟɨɩɪɢɜɹɡɤɢ ɢ “ɫɲɢɜɤɢ” ɞɚɧɧɵɯ ɫɨ ɫɬɚɧɰɢɣ ɫɤɚɧɢɪɨɜɚɧɢɹ 

ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ Cyclone-REGISTER ɨɬ Leica 

Geosystems. Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ, ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɢɡ ɩɨɥɭɱɟɧɧɨɝɨ «ɨɛɥɚɤɚ ɬɨɱɟɤ» ɫ 

ɩɨɦɨɳɶɸ Leica TrueView ɛɵɥɚ ɫɮɨɪɦɢɪɨɜɚɧɚ ɤɚɪɬɚ ɫɮɟɪɢɱɟɫɤɢɯ ɩɚɧɨɪɚɦ 

ɨɛɴɟɤɬɚ. Ɉɧɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɫɦɚɬɪɢɜɚɬɶ ɩɚɧɨɪɚɦɵ ɫ ɥɸɛɨɣ ɫɬɚɧɰɢɢ 

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɶ ɡɚɦɟɪɵ, ɨɫɬɚɜɥɹɬɶ ɚɧɧɨɬɚɰɢɢ ɢ ɩɪ., ɱɬɨ 

ɭɩɪɨɳɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ ɡɚɤɚɡɱɢɤɨɦ ɢ ɤɨɦɚɧɞɧɭɸ ɪɚɛɨɬɭ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ. 

ɉɨɥɭɱɟɧɧɨɟ ɩɪɢ ɩɨɦɨɳɢ Cyclone-REGISTER «ɨɛɥɚɤɨ» ɛɵɥɨ 

ɷɤɫɩɨɪɬɢɪɨɜɚɧɨ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɩɪɨɞɭɤɬ Autodesk ReCap ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ 

ɨɛɪɚɛɨɬɤɢ. Autodesk ReCap ɫɨɞɟɪɠɢɬ ɦɧɨɠɟɫɬɜɨ ɧɚɫɬɪɨɟɤ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

«ɨɛɥɚɤɨɦ» (ɭɞɚɥɟɧɢɟ ɬɨɱɟɤ, ɩɨɞɫɜɟɱɢɜɚɧɢɟ, ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɰɜɟɬɨɜɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢ ɩɪ.) ɢ ɩɨɡɜɨɥɹɟɬ ɞɨɛɢɬɶɫɹ ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɪɨɜɧɹ 

ɞɟɬɚɥɢɡɚɰɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ BIM-ɦɨɞɟɥɢ.  
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Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɢ ɨɛɥɟɝɱɟɧɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ ɛɵɥɨ ɡɚɝɪɭɠɟɧɨ ɜ 

Autodesk Revit. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɪɚɛɨɬɵ ɩɪɢɦɟɧɹɥɫɹ ɩɥɚɝɢɧ Leica CloudWorx for 

Revit, ɤɨɬɨɪɵɣ ɭɫɤɨɪɹɟɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɨɛɴɟɤɬɚ ɡɚ ɫɱɟɬ ɢɧɫɬɪɭɦɟɧɬɨɜ 

ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ, ɪɚɛɨɬɵ ɫ ɮɪɚɝɦɟɧɬɚɦɢ «ɨɛɥɚɤɚ ɬɨɱɟɤ» ɩɪɢ 

ɫɨɡɞɚɧɢɢ 2D ɢ 3D ɱɟɪɬɟɠɟɣ ɢ ɞɪ. Ȼɥɚɝɨɞɚɪɹ ɟɦɭ ɛɵɥɨ ɫɷɤɨɧɨɦɥɟɧɨ ɜɪɟɦɹ ɧɚ 

ɩɨɫɬɪɨɟɧɢɟ ɦɧɨɝɢɯ ɨɛɴɟɤɬɨɜ. Ɍɚɤɠɟ ɩɪɢɦɟɧɹɥɨɫɶ ɩɨɫɬɪɨɟɧɢɟ ɤɨɧɫɬɪɭɤɰɢɣ 

ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ “ɨɛɥɚɤɨ” ɤɚɤ ɧɚ ɬɪɟɯɦɟɪɧɭɸ ɩɨɞɥɨɠɤɭ. ɗɬɨ 

ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ ɢ ɛɟɡɨɬɤɚɡɧɵɣ ɫɩɨɫɨɛ, ɯɨɬɶ ɢ ɛɨɥɟɟ ɬɪɭɞɨɟɦɤɢɣ. Ȼɵɥɢ 

ɩɨɫɬɪɨɟɧɵ ɨɛɦɟɪɧɵɟ ɱɟɪɬɟɠɢ ɜɫɟɯ ɮɚɫɚɞɨɜ ɡɞɚɧɢɹ, ɩɨɷɬɚɠɧɵɟ ɩɥɚɧɵ, 

ɜɵɩɨɥɧɟɧɵ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɪɚɡɪɟɡɵ ɩɨ ɨɫɧɨɜɧɵɦ ɨɫɹɦ. ɍɧɢɤɚɥɶɧɨɣ 

ɨɫɨɛɟɧɧɨɫɬɶɸ ɪɚɛɨɬɵ ɩɨ “ɨɛɥɚɤɭ” ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɞɨɜɵɟɡɞɨɜ ɧɚ ɨɛɴɟɤɬ ɢ 

ɞɨɦɟɪɨɜ. ȼɫɟ ɧɟɞɨɫɬɚɸɳɢɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɫɮɟɪɢɱɟɫɤɢɯ 

ɩɚɧɨɪɚɦ ɜ Leica TrueView.  

Ⱦɥɹ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɜ Autodesk Revit ɟɫɬɶ ɨɱɟɧɶ ɩɨɥɟɡɧɵɣ ɢɧɫɬɪɭɦɟɧɬ 

“ɋɬɚɞɢɢ”. Ɉɧ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɬɶ ɜ ɩɪɨɟɤɬɟ ɤɥɸɱɟɜɵɟ ɷɬɚɩɵ ɪɚɛɨɬ ɢ ɩɪɢɜɹɡɵɜɚɬɶ 

ɤ ɧɢɦ ɜɨɡɜɟɞɟɧɢɟ ɢ ɫɧɨɫ ɨɛɴɟɤɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɨɞɧɨɦ ɮɚɣɥɟ ɮɨɪɦɢɪɭɟɬɫɹ 

ɩɨɥɧɨɰɟɧɧɚɹ BIM-ɦɨɞɟɥɶ ɜɫɟɯ ɜɢɞɨɜ ɪɚɛɨɬ, ɫ ɬɨɱɧɨɣ ɞɨɤɭɦɟɧɬɚɰɢɟɣ, 

ɫɩɟɰɢɮɢɤɚɰɢɹɦɢ ɢ ɩɪ. ȼɫɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɨɛɴɟɤɬɵ ɩɨɥɭɱɚɸɬ ɫɬɚɞɢɸ 

ɜɨɡɜɟɞɟɧɢɹ “ɋɭɳɟɫɬɜɭɸɳɢɟ”, ɢ ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɞɟɦɨɧɬɚɠɚ ɜ ɫɜɨɣɫɬɜɚɯ 

ɭɤɚɡɵɜɚɟɬɫɹ ɫɧɨɫ. ȼɫɟ ɜɨɡɜɨɞɢɦɵɟ ɨɛɴɟɤɬɵ ɫɨɡɞɚɸɬɫɹ ɧɚ “ɇɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɢ”. 

ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɟ ɬɨɥɶɤɨ ɞɟɥɚɬɶ ɞɨɤɭɦɟɧɬɚɰɢɸ ɧɚ ɪɚɡɧɵɟ ɫɬɚɞɢɢ, ɧɨ ɢ 

ɩɨɥɭɱɚɬɶ ɫɩɟɰɢɮɢɤɚɰɢɢ, ɬɪɟɯɦɟɪɧɵɟ ɜɢɞɵ ɫ ɥɸɛɵɦɢ ɧɚɫɬɪɨɣɤɚɦɢ 

ɨɬɨɛɪɚɠɟɧɢɹ ɷɥɟɦɟɧɬɨɜ. 

Ȼɥɚɝɨɞɚɪɹ BIM-ɦɨɞɟɥɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɭɬɟɦ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ 

ɨɛɪɚɛɨɬɤɢ, ɦɨɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɪɟɤɨɧɫɬɪɭɤɰɢɸ ɢ ɦɨɞɟɪɧɢɡɚɰɢɸ ɫ 

ɦɢɥɥɢɦɟɬɪɨɜɨɣ ɬɨɱɧɨɫɬɶɸ. Ⱥ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɟɣɲɢɯ ɩɪɨɝɪɚɦɦɧɵɯ 

ɩɪɨɞɭɤɬɨɜ ɢ ɦɟɬɨɞɢɤ ɪɚɛɨɬɵ ɩɨɡɜɨɥɢɥɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɢ ɟɟ ɫɨɡɞɚɧɢɢ. “ɋɨɜɦɟɫɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɚɡɟɪɧɨɝɨ 

ɫɤɚɧɢɪɨɜɚɧɢɹ ɢ BIM-ɬɟɯɧɨɥɨɝɢɣ — ɷɬɨ ɧɟ ɩɪɨɫɬɨ ɭɫɤɨɪɟɧɢɟ ɪɚɛɨɬɵ ɜ 

ɧɟɫɤɨɥɶɤɨ ɪɚɡ, ɷɬɨ ɫɨɜɟɪɲɟɧɧɨ ɞɪɭɝɨɣ, ɤɚɱɟɫɬɜɟɧɧɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɢ 
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ɷɮɮɟɤɬɢɜɧɵɣ ɭɪɨɜɟɧɶ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜɫɟɯ ɭɱɚɫɬɧɢɤɨɜ 

ɩɪɨɟɤɬɚ, ɷɬɨ ɪɚɛɨɬɚ ɫ ɬɨɱɧɟɣɲɢɦɢ ɞɚɧɧɵɦɢ ɢ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɟɥɶɸ 

ɥɸɛɨɝɨ ɭɪɨɜɧɹ ɞɟɬɚɥɢɡɚɰɢɢ” 

ɇɚ ɪɢɫɭɧɤɟ 2.11 ɩɪɢɜɟɞɟɧɚ 3D ɦɨɞɟɥɶ ɩɪɢɧɬɟɪɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɩɪɨɝɪɚɦɦɟ   

Autodesk Revit.  

 

  

 

Ɋɢɫɭɧɨɤ 2.11 - 3D ɦɨɞɟɥɶ ɩɪɢɧɬɟɪɚ, ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɩɪɨɝɪɚɦɦɟ   Autodesk 

Revit 

 

2.4 Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ 

 

ɉɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ ɩɨ ɢɡɨɛɪɚɠɟɧɢɸ   ɪɟɚɥɢɡɭɟɬɫɹ 

ɫɢɫɬɟɦɨɣ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫ ɜɩɟɪɟɞ ɫɦɨɬɪɹɳɟɣ ɜɢɞɟɨɤɚɦɟɪɵ. Ⱥɥɝɨɪɢɬɦ 

ɨɛɪɚɛɨɬɤɢ ɡɚɩɨɦɢɧɚɟɬ ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɢ ɬɟɫɬɨɜɨɦ ɩɪɨɟɡɞɟ, ɜɵɩɨɥɧɹɟɦɨɦ ɜ 

ɪɟɠɢɦɟ ɪɭɱɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɞɜɢɠɟɧɢɢ, 

ɫɨɩɨɫɬɚɜɥɹɟɬ ɫɨɯɪɚɧёɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɭɜɢɞɟɧɧɵɟ ɜ ɦɨɦɟɧɬ ɩɟɪɟɦɟɳɟɧɢɹ, 

ɧɚɯɨɞɹ ɪɚɫɯɨɠɞɟɧɢɹ - ɤɨɪɪɟɤɬɢɪɭɟɬ ɩɭɬɶ ɞɜɢɠɟɧɢɹ, ɫ ɰɟɥɶɸ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
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ɩɪɢɛɥɢɠɟɧɢɹ ɬɟɤɭɳɟɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤ ɪɚɧɟ ɩɪɨɣɞɟɧɧɨɣ.  Ɋɟɚɥɢɡɚɰɢɹ 

ɷɬɨɝɨ ɪɟɲɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɬɨɱɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɳɟɝɨ 

ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɫ ɨɲɢɛɤɨɣ ɨɬɤɥɨɧɟɧɢɟɦ ɨɬ ɢɫɬɢɧɧɨɝɨ, ɦɟɧɟɟ ɨɞɧɨɝɨ 

ɫɚɧɬɢɦɟɬɪɚ.  ɍɩɪɚɜɥɟɧɢɟ ɩɪɢɧɬɟɪɨɦ ɜɵɩɨɥɧɹɥɨɫɶ ɩɨ ɬɟɪɦɚɥɶɧɵɦ ɦɚɪɤɟɪɚɦ. 

Ɉɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɧɚɜɢɝɚɰɢɢ ɩɨ ɨɪɢɟɧɬɢɪɚɦ: 

ɚ) ɧɚɜɢɝɚɰɢɹ ɩɨ ɩɪɢɪɨɞɧɵɦ ɦɚɹɤɚɦ ɬɪɟɛɨɜɚɬɟɥɶɧɚ ɤ ɩɨɫɬɨɹɧɫɬɜɭ ɨɤɪɭɠɚɸɳɟɣ 

ɨɛɫɬɚɧɨɜɤɢ; 

ɛ) ɧɚɜɢɝɚɰɢɹ ɩɨ ɢɫɤɭɫɫɬɜɟɧɧɵɦ ɦɚɹɤɚɦ – ɧɟɞɨɪɨɝɚɹ ɢ ɦɨɠɟɬ ɨɛɥɚɞɚɬɶ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦɢ ɤɨɞɟɪɚɦɢ; 

ɜ) ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɪɨɛɨɬɨɦ ɢ ɨɪɢɟɧɬɢɪɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, 

ɱɟɦ ɜ ɫɢɫɬɟɦɚɯ ɫ ɚɤɬɢɜɧɵɦɢ ɦɚɹɤɚɦɢ; 

ɝ) ɬɨɱɧɨɫɬɶ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɢ ɭɝɥɚ ɦɟɠɞɭ ɪɨɛɨɬɨɦ ɢ 

ɨɪɢɟɧɬɢɪɨɦ; 

ɞ) ɧɟɨɛɯɨɞɢɦɚ ɛɨɥɶɲɚɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚ ɦɨɳɧɨɫɬɶ, ɱɟɦ ɜ ɫɢɫɬɟɦɚɯ ɫ ɚɤɬɢɜɧɵɦɢ 

ɦɚɹɤɚɦɢ; 

ɟ) ɜɧɟɲɧɢɟ ɭɫɥɨɜɢɹ (ɬɚɤɢɟ ɤɚɤ ɨɫɜɟɳɟɧɧɨɫɬɶ) ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ ɨɲɢɛɨɤ 

ɬɚɤɢɯ ɤɚɤ: ɨɪɢɟɧɬɢɪ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɡɧɚɧ, ɢɥɢ ɧɟɤɨɬɨɪɵɣ ɨɛɴɟɤɬ ɨɲɢɛɨɱɧɨ 

ɩɪɢɧɹɬ ɡɚ ɨɪɢɟɧɬɢɪ; 

ɠ) ɜ ɧɚɜɢɝɚɰɢɢ ɩɨ ɨɪɢɟɧɬɢɪɚɦ ɬɪɟɛɭɟɬɫɹ, ɱɬɨ ɛɵ ɪɨɛɨɬ ɡɧɚɥ ɫɜɨɟ ɩɪɢɦɟɪɧɨɟ 

ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɧ ɡɧɚɥ ɝɞɟ ɢɫɤɚɬɶ ɨɪɢɟɧɬɢɪɵ. ȿɫɥɢ ɷɬɨ 

ɬɪɟɛɨɜɚɧɢɟ ɧɟ ɜɵɩɨɥɧɟɧɨ, ɬɨ, ɨɱɟɧɶ ɱɚɫɬɨ, ɜ ɫɢɫɬɟɦɭ ɜɤɥɸɱɚɸɬ ɮɭɧɤɰɢɸ 

«ɜɫɟɨɯɜɚɬɧɨɝɨ» ɩɨɢɫɤɚ; 

ɡ) ɛɚɡɚ ɞɚɧɧɵɯ ɦɚɹɤɨɜ ɢ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɥɠɧɚ ɜɫɟ ɜɪɟɦɹ 

ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ. 

Ⱥɥɝɨɪɢɬɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ ɩɪɢɜɟɞɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.12. 
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Ɋɢɫɭɧɨɤ 2.12 - Ⱥɥɝɨɪɢɬɦ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ 

 

Ɇɟɬɨɞ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ.  ɗɬɨɬ ɦɟɬɨɞ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɦɟɬɨɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ ɩɨɫɬɭɩɚɸɬ ɫ   

ɢɡɨɛɪɚɠɟɧɢɣ ɦɟɬɤɢ ɩɨ ɨɛɨɱɢɧɟ ɞɨɪɨɝɢ.  

ɇɚ ɪɢɫɭɧɤɟ 2.13 ɩɪɢɜɟɞɟɧɚ ɫɯɟɦɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ 

ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 
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Ɋɢɫɭɧɨɤ 2.13 - ɋɯɟɦɚ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɜ 

ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ. 

 

ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɷɬɚɩɟ ɨɫɨɛɟɧɧɨ ɲɢɪɨɤɨɟ ɪɚɡɜɢɬɢɟ ɩɨɥɭɱɢɥɢ ɦɟɬɨɞɵ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɫɢɦɜɨɥɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɜ 

ɪɚɡɥɢɱɧɵɯ ɫɢɫɬɟɦɚɯ ɞɥɹ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɪɢɦɟɧɟɧɢɹ ɫɩɨɫɨɛɨɜ ɦɚɲɢɧɧɨɝɨ 

ɨɛɭɱɟɧɢɹ. ɉɪɨɝɪɟɫɫ ɜ ɫɮɟɪɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɞɜɭɦɹ 

ɮɚɤɬɨɪɚɦɢ: ɪɚɡɜɢɬɢɟɦ ɬɟɨɪɢɢ ɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ, ɚ ɬɚɤɠɟ 

ɪɚɡɜɢɬɢɟɦ ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ȿɫɥɢ ɤɨɦɩɶɸɬɟɪɧɵɦ ɡɪɟɧɢɟɦ ɧɚɡɵɜɚɸɬ 

ɨɛɳɢɣ ɧɚɛɨɪ ɨɩɪɟɞɟɥёɧɧɵɯ ɦɟɬɨɞɨɜ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɤɨɦɩɶɸɬɟɪɚɦ ɜɢɞɟɬɶ, 

ɬɨ ɨɛɥɚɫɬɶ ɢɧɬɟɪɟɫɚ ɫɢɫɬɟɦɵ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɹɜɥɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɰɢɮɪɨɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɜɵɜɨɞɚ ɥɢɛɨ ɜɜɨɞɚ ɢ ɤɨɦɩɶɸɬɟɪɧɵɟ ɫɟɬɢ, ɤɨɬɨɪɵɟ 

ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɤɨɧɬɪɨɥɹ ɡɚ ɩɪɨɢɡɜɨɞɢɦɵɦɢ 

ɩɪɨɰɟɫɫɚɦɢ.  

Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɫɜɹɡɚɧɨ ɫɨ ɫɮɟɪɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɨɩɬɢɤɢ, 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. Ɉɫɨɛɟɧɧɨɫɬɢ ɫɢɫɬɟɦ 
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ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫɨɫɬɨɹɬ ɜ ɢɯ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɫɬɢ ɧɚ 

ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɫɥɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɥɸɞɹɦ ɢɡ-ɡɚ ɢɯ 

ɨɞɧɨɨɛɪɚɡɢɹ. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɩɪɢɦɟɧɟɧɢɹ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɜ ɞɨɪɨɠɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɪɚɡɦɟɬɤɟ 

ɞɨɪɨɝ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɩɟɧɢ ɢɯ ɢɡɧɨɫɚ. Ɍɢɩɢɱɧɵɟ ɫɨɜɪɟɦɟɧɧɵɟ 

ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥɹ ɢɡɧɨɫɚ ɞɨɪɨɠɧɨɣ 

ɪɚɡɦɟɬɤɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɨɛɵɱɧɨ ɬɚɤɢɟ ɤɨɦɩɨɧɟɧɬɵ, ɤɚɤ:  

1) ɐɢɮɪɨɜɵɟ ɢɥɢ ɚɧɚɥɨɝɨɜɵɟ ɤɚɦɟɪɵ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɨɩɬɢɤɨɣ, 

ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɩɨɥɭɱɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ; 

2) ɂɧɬɟɪɮɟɣɫ, ɢɡɝɨɬɚɜɥɢɜɚɸɳɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ; 

3) ɉɪɨɰɟɫɫɨɪ; 

4) ɋɢɫɬɟɦɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ; 

5) Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɜɵɜɨɞɚ ɢ ɜɜɨɞɚ ɢɥɢ ɠɟ ɤɚɧɚɥɵ ɫɜɹɡɢ, 

ɨɬɨɛɪɚɠɚɸɳɢɟ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ; 

6) «ɍɦɧɚɹ» ɤɚɦɟɪɚ; 

7) Ɉɛɴɟɤɬɢɜɵ ɞɥɹ ɮɨɤɭɫɢɪɨɜɚɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɩɨɥɹ ɡɪɟɧɢɹ ɧɚ ɮɨɪɦɢ-

ɪɨɜɚɬɟɥɢ ɢɡɨɛɪɚɠɟɧɢɣ; 

8) ɇɚɥɢɱɢɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɫɜɟɬɚ; 

9) ɉɪɢɥɨɠɟɧɢɹ ɫɢɫɬɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɨɛɪɚɛɨɬɤɭ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɨɛɧɚɪɭɠɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɜɨɣɫɬɜ; 

10) Ⱦɚɬɱɢɤ ɩɨ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɟɣ ɨɛɧɚɪɭɠɟɧɢɹ, 

ɡɚɯɜɚɬɵɜɚɸɳɢɣ ɢ ɨɛɪɚɛɚɬɵɜɚɸɳɢɣ; 

11) ɂɡɨɛɪɚɠɟɧɢɹ; 

12) Ɋɚɡɥɢɱɧɵɟ ɩɪɢɜɨɞɵ ɨɩɪɟɞɟɥɟɧɧɵɯ ɮɨɪɦ. 

Ɏɨɪɦɚɥɶɧɨ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɢɡɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ (ɪɢɫɭɧɨɤ 2.14.). 
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Ɋɢɫɭɧɨɤ 2.14 - ɋɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɥɹ 

ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 2.14 ɜ ɫɨɫɬɚɜ ɦɨɞɟɥɢ ɜɯɨɞɹɬ:  

− ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ (ɪɚɛɨɬ);  

− ɨɛɳɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɚɛɨɬɚ;  

− ɩɨɞɫɢɫɬɟɦɚ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ;  

− ɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ;  

− ɩɨɞɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ.  

ɋȼɏ ɫ ɩɨɦɨɳɶɸ ɤɚɦɟɪɵ ɩɨɥɭɱɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɪɚɛɨɱɟɣ 

ɡɨɧɵ ɪɚɛɨɬɚ. ɋɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɫɬɨɹɧɢɟ ɨɛɴɟɤɬɨɜ ɪɚɛɨɱɟɣ ɡɨɧɵ ɪɚɛɨɬɚ ɢ ɢɯ ɨɬɞɟɥɶɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ, ɰɟɧɬɪɵ ɦɚɫɫ ɢ ɬ.ɞ.) 

Ⱦɚɧɧɚɹ ɫɮɟɪɚ ɟɳɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɚ ɜ ɨɛɥɚɫɬɢ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ 

ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ, ɚ ɢɦɟɧɧɨ ɪɨɛɨɬɢɡɚɰɢɹ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɜɨɡɦɨɠɧɨ 

ɩɪɨɜɟɞɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɛɭɞɟɬ ɨɛɫɬɨɹɬɟɥɶɧɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɩɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɦ ɧɚɧɟɫɟɧɢɢ ɞɨɪɨɠɧɨɣ 

ɪɚɡɦɟɬɤɢ. 

Ɍɢɩɵ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɨɤ 2.15. 
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Ɋɢɫɭɧɨɤ 2.15 – Ɍɢɩɵ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ: ɚ) ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ − ɩɨ ɩɪɢɧɰɢɩɭ 

«ɧɚɛɥɸɞɟɧɢɟ – ɩɟɪɟɦɟɳɟɧɢɟ»; ɛ) ɜɢɡɭɚɥɶɧɨɝɨ – ɫɨɝɥɚɫɧɨ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ 

ɨɛɪɚɡɭ. 

 

ɏɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɩɪɢɧɬɟɪɚ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ ɩɟɪɟɦɟɳɟɧɢɹ ɫ ɧɚɱɚɥɶɧɨɣ 

ɬɨɱɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɤɨɧɟɱɧɭɸ. Ɂɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɫ ɭɱёɬɨɦ ɩɨɥɨɠɟɧɢɹ 

ɩɪɢɧɬɟɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɚɤ ɤɚɤ ɩɪɢɧɬɟɪ ɦɨɠɟɬ ɦɟɧɹɬɶ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ, - ɷɬɨ 

ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɬɶ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, ɩɨɫɤɨɥɶɤɭ ɧɚ ɩɭɬɢ 

ɞɜɢɠɟɧɢɹ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɟɪɨɜɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɬɨɱɧɨɫɬɶ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. Ɉɩɪɟɞɟɥɟɧɢɟ ɬɚɤɢɯ ɭɱɚɫɬɤɨɜ ɜɨɡɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ   

ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ 

ɩɪɢɧɬɟɪ ɜɵɱɢɫɥɹɟɬ ɦɟɫɬɨ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ. 

ɉɟɪɟɞ ɚɞɚɩɬɢɜɧɨɣ ɜɢɡɭɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɫɬɚɜɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

− ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɩɪɢɧɬɟɪɚ ɜ ɧɚɱɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɢ ɩɪɢ 
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ɩɟɪɟɦɟɳɟɧɢɢ; 

− ɨɪɢɟɧɬɚɰɢɹ ɩɪɢɧɬɟɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ; 

− ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɪɤɟɪɧɵɯ ɭɱɚɫɬɤɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ 

ɢɦɟɟɬɫɹ ɝɢɛɤɢɣ ɭɱɚɫɬɨɤ ɞɨɪɨɝɢ, ɩɪɢ ɷɬɨɦ ɧɚɞ ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɪɚɛɨɬɚ 

ɪɚɫɩɨɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (web-ɤɚɦɟɪɚ) ɪɢɫɭɧɨɤ 2.16.  

Ɂɚɞɚɱɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ ɪɚɛɨɱɟɣ ɡɨɧɵ ɜ 

ɞɪɭɝɭɸ. ɋ ɩɨɦɨɳɶɸ ɋɆɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɪɢɧɬɟɪɚ, ɟɝɨ 

ɨɪɢɟɧɬɚɰɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɛɴɟɤɬɨɜ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɝɞɟ 

ɨɤɚɡɵɜɚɸɬɫɹ ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɟɞɦɟɬɵ, ɚ ɬɚɤɠɟ ɩɨɹɜɥɹɸɬɫɹ ɧɟɪɨɜɧɨɫɬɢ ɭɱɚɫɬɤɚ 

ɬɪɚɟɤɬɨɪɢɢ. Ⱥɧɚɥɢɡ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɩɭɬɶ 

ɞɜɢɠɟɧɢɹ ɩɪɢɧɬɟɪɚ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ. 

 

 

Ɋɢɫɭɧɨɤ 2.16 - ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɣ ɡɨɧɵ 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɠɟɧɢɹ ɦɨɞɟɥɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.17 
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Ɋɢɫɭɧɨɤ 2.17 – ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɠɟɧɢɹ ɩɪɢɧɬɟɪɚ 

 

 ɉɪɢ ɞɜɢɠɟɧɢɢ ɩɪɢɧɬɟɪɚ ɜɨɡɦɨɠɧɨ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɢ ɤɨɥɟɫɚ. ɂɡɥɨɦ ɩɪɢ 

ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɢ ɤɨɥɟɫɚ ɦɨɠɟɬ ɛɵɬɶ ɜɵɡɜɚɧ ɩɥɨɯɢɦ ɫɰɟɩɥɟɧɢɟɦ ɢɥɢ 

ɩɪɟɩɹɬɫɬɜɢɟɦ ɜ ɜɢɞɟ ɤɚɦɧɟɣ (ɪɢɫɭɧɨɤ 2.18). 

 

 

 

Ɋɢɫɭɧɨɤ 2.18 – ɉɪɨɫɤɚɥɶɡɵɜɚɧɢɟ ɤɨɥɟɫɚ ɩɪɢɧɬɟɪɚ 

 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɧɟɨɛɯɨɞɢɦɨ 

ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɭ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɜɢɞɟ G-Code: 
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RGB = imread('arrow.png');        

I = rgb2gray(RGB);   

level = graythresh(I); 

BW = im2bw(I);               

figure, imshow(BW) 

[n, m] = size(BW);               

 

ȼɵɜɨɞɵ  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɜɢɠɟɧɢɹ ɦɚɤɟɬɚ ɩɪɢɧɬɟɪɚ ɩɨ 

ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɢɦɟɟɬ ɨɬɤɥɨɧɟɧɢɟ ɦɟɧɟɟ 5% ɨɬ ɷɬɚɥɨɧɚ ɧɚ 0,1 ɦ 

ɩɪɨɣɞɟɧɧɨɝɨ ɩɭɬɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ. 
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3 ɗɄɋɉȿɊɂɆȿɇɌȺɅɖɇɕȿ ɂɋɋɅȿȾɈȼȺɇɂə 

ɉɈɁɂɐɂɈɇɂɊɈȼȺɇɂə ȾɈɊɈɀɇɈȽɈ ɉɊɂɇɌȿɊȺ 

 

ɐɟɥɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ 

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɧɬɟɪɚ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɞɨɪɨɠɧɨɣ 

ɪɚɡɦɟɬɤɢ, ɨɰɟɧɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ 

ɚɝɪɟɝɚɬɚ. 

Ɉɫɧɨɜɧɵɟ ɡɚɞɚɱɢ ɡɚɤɥɸɱɚɥɢɫɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ ɩɪɨɰɟɫɫɚ ɚɝɪɟɝɚɬɚ, ɫɢɥɨɜɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɲɚɝɨɜɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɪɚɛɨɱɢɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɢɧɬɟɪɚ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ 

ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɜɟɥɢɱɢɧ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɢ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɪɟɲɟɧɢɣ ɭɡɥɨɜ ɩɪɢɧɬɟɪɚ. 

 

3.1 Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ   

 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɛɨɱɢɯ ɩɪɨɰɟɫɫɨɜ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɩɪɨɜɨɞɢɥɨɫɶ 

ɩɭɬɟɦ:  

− ɩɪɨɜɟɞɟɧɢɹ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɞɨɪɨɠɧɵɦ ɩɪɢɧɬɟɪɨɦ; 

    − ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɨɰɟɫɫɚ ɧɚɧɟɫɟɧɢɹ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ.    

Ʌɚɛɨɪɚɬɨɪɧɵɟ ɢɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ ɚɝɪɟɝɚɬɟ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ 

ɪɢɫɭɧɤɟ 3.1. ɇɨɜɢɡɧɚ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɡɚɳɢɳɟɧɚ ɩɚɬɟɧɬɨɦ № 474486 [2]. 
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Ɋɢɫɭɧɨɤ 3.1 – Ɉɛɳɢɣ ɜɢɞ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ: 

1 –ɯɨɞɨɜɚɹ ɬɟɥɟɠɤɚ; 2 – ɧɚɩɪɚɜɥɹɸɳɢɟ; 3 – ɩɨɞɜɢɠɧɚɹ ɤɚɪɟɬɤɚ; 4 – ɮɨɪɫɭɧɤɚ; 5 

– ɜɟɛ ɤɚɦɟɪɚ; 6 – ɟɦɤɨɫɬɶ ɫ ɤɪɚɫɤɨɣ; 7 – ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ  

ɇɚ ɪɢɫɭɧɤɟ 3.2 ɩɪɢɜɟɞɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ   ɞɨɪɨɠɧɵɦ   

ɩɪɢɧɬɟɪɨɦ. 

 1 

 5 

 2 

 3 

 7 

 4 

 6 
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Ɋɢɫɭɧɨɤ 3.2 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɧɬɟɪɨɦ: 1 – ɬɟɥɟɠɤɚ; 

2 – ɤɚɪɟɬɤɚ; 3 –ɮɨɪɫɭɧɤɚ; 4 – ɩɨɞɚɱɚ ɤɪɚɫɤɢ  

 

ȼ ɬɚɛɥɢɰɟ 3.1 ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɢɡɦɟɪɹɟɦɵɯ ɫɢɫɬɟɦ. 

 

 

 

 

 

 

 

 1 

 4 

 2 

 3 
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Ɍɚɛɥɢɰɚ 3.1 – ɂɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 

 

 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɬɟɥɟɠɤɢ ɩɪɢɧɬɟɪɚ ɩɪɢɦɟɧɹɥɫɹ ɚɤɫɟɥɟɪɨɦɟɬɪ 

(ɪɢɫɭɧɨɤ 3.3). 

 

 

Ɋɢɫɭɧɨɤ 3.3 - ɐɢɮɪɨɜɨɣ ɚɤɫɟɥɟɪɨɦɟɬɪ Analog Devices USB ɫɟɪɢɢ ADXL 326 
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3.2 Ɋɟɡɭɥɶɬɚɬɵ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 

 

ɋɬɪɭɤɬɭɪɧɨ-ɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɪɢɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 3.4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 3.4 – ɋɬɪɭɤɬɭɪɧɨ-ɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɂɫɫɥɟɞɨɜɚɧɢɣ 

 

ȼ ɬɚɛɥɢɰɟ 3.2 ɩɪɢɜɟɞɟɧɚ ɦɚɬɪɢɰɚ ɢɫɩɵɬɚɧɢɣ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ 

 

 

 

 

 

Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ 

 ɐɟɥɢ ɢɫɫɥɟɞɨɜɚɧɢɣ: 
1. Ɉɰɟɧɤɚ ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ  
2. ɂɡɦɟɪɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ  
3.Ɉɰɟɧɤɚ ɚɞɟɤɜɚɬɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ 
  

ɂɡɦɟɪɟɧɢɟ  
ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɟɝɭɥɹɬɨɪɨɦ ɌɊɆ12 

Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɢɛɪɚɰɢɨɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ 

Ɉɰɟɧɤɚ ɫɯɨɞɢɦɨɫɬɢ  ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ 

1. ȼɵɜɨɞ ɨɛ ɚɞɟɤɜɚɬɧɨɫɬɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
2. Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɪɟɝɭɥɹɬɨɪɨɦ ɌɊɆ151 
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Ɍɚɛɥɢɰɚ 3.2 – Ɇɚɬɪɢɰɚ ɢɫɩɵɬɚɧɢɣ 

ɇɨɦɟɪ  

ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ⱦɜɢɝɚɬɟɥɶ  

ɯɨɞɚ 

Ⱦɜɢɝɚɬɟɥɶ  

ɩɟɱɚɬɢ 

ɉɢɬɚɧɢɟ ɤɨɧɬɪɨɥɥɟɪɚ  

ɤ ɤɨɬɨɪɨɦɭ ɩɨɞɤɥɸɱɟɧɵ  

ɞɚɬɱɢɤɢ 

ɉɪɢɦɟɱɚɧɢɟ 

Ⱦɜɢɝɚɬɟɥɢ ɧɚ ɯɨɥɨɫɬɨɦ ɯɨɞɭ 

Ⱥ - ɞɚɬɱɢɤ ɜɢɛɪɚɰɢɢ ɧɚ ɞɜɢɝɚɬɟɥɟ ɯɨɞɚ 

Ⱥ1 ɨɬɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ⱥ1.1 ɨɬɤɥ ɨɬɤɥ Ȼɉ   

Ⱥ2 ɜɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ⱥ2.1 ɜɤɥ ɨɬɤɥ Ȼɉ   

Ⱥ3 ɨɬɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ⱥ3.1 ɨɬɤɥ ɜɤɥ Ȼɉ   

Ⱥ4 ɜɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ⱥ4.1 ɜɤɥ ɜɤɥ Ȼɉ   

Ȼ - ɞɚɬɱɢɤ ɜɢɛɪɚɰɢɢ ɧɚ ɤɨɪɩɭɫɟ ɩɪɢɧɬɟɪɚ 

Ȼ1 ɨɬɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ȼ1.1 ɨɬɤɥ ɨɬɤɥ Ȼɉ   

Ȼ2 ɜɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ȼ2.1 ɜɤɥ ɨɬɤɥ Ȼɉ   

Ȼ3 ɨɬɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ȼ3.1 ɨɬɤɥ ɜɤɥ Ȼɉ   

Ȼ4 ɜɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

Ȼ4.1 ɜɤɥ ɜɤɥ Ȼɉ   

ȼ - ɞɚɬɱɢɤ ɜɢɛɪɚɰɢɢ ɧɚ ɞɜɢɝɚɬɟɥɟ ɩɟɱɚɬɢ 

ȼ1  ɨɬɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

ȼ1.1  ɨɬɤɥ ɨɬɤɥ Ȼɉ   

ȼ2  ɜɤɥ ɨɬɤɥ Ʉɨɦɩɶɸɬɟɪ   

ȼ2.1  ɜɤɥ ɨɬɤɥ Ȼɉ   

ȼ3  ɨɬɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

ȼ3.1  ɨɬɤɥ ɜɤɥ Ȼɉ   

ȼ4  ɜɤɥ ɜɤɥ Ʉɨɦɩɶɸɬɟɪ   

ȼ4.1  ɜɤɥ ɜɤɥ Ȼɉ   
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 3.2 

Ⱦɜɢɝɚɬɟɥɢ ɜ ɞɜɢɠɟɧɢɢ 

Ƚ ɨɬɤɥ ɜɤɥ ɤɨɦɩɶɸɬɟɪ ɉɥɨɳɚɞɤɚ ɩɟɱɚɬɢ ɩɟɪɟɦɟɳɚɥɚɫɶ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 0-45ɫɦ 

Ⱦɚɬɱɢɤ ɜɢɛɪɚɰɢɢ ɭɫɬɚɧɨɜɥɟɧ ɧɚ 

ɩɥɨɳɚɞɤɟ ɩɟɱɚɬɢ 

Ⱦ ɜɤɥ ɨɬɤɥ ɤɨɦɩɶɸɬɟɪ ɉɪɢɧɬɟɪ ɞɜɢɝɚɥɫɹ 

Ⱦɚɬɱɢɤ ɜɢɛɪɚɰɢɢ ɭɫɬɚɧɨɜɥɟɧ ɧɚ 

ɞɜɢɝɚɬɟɥɟ ɯɨɞɚ 

ȿ ɜɤɥ ɜɤɥ ɤɨɦɩɶɸɬɟɪ 
Ɂɚɩɭɳɟɧɚ ɩɪɨɝɪɚɦɦɚ ɩɟɱɚɬɢ ɫɬɪɟɥɤɢ  

 

 

ɇɚ ɪɢɫɭɧɤɚɯ 3.5 – 3.7 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɛɪɚɰɢɢ ɧɚɩɨɥɶɧɨɝɨ 

ɩɪɢɧɬɟɪɚ. 

 

 

Ɋɢɫɭɧɨɤ 3.5 – Ƚɪɚɮɢɤ ɜɢɛɪɚɰɢɢ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ: 

ɞɚɬɱɢɤ ɧɚ ɩɟɱɚɬɢ, ɯɨɞ ɜɵɤɥɸɱɟɧ 
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Ɋɢɫɭɧɨɤ 3.6 – Ƚɪɚɮɢɤ ɜɢɛɪɚɰɢɢ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ: 

ɯɨɞ ɢ ɩɟɱɚɬɶ ɜɤɥɸɱɟɧɵ 

 

 

Ɋɢɫɭɧɨɤ 3.7 – Ƚɪɚɮɢɤ ɜɢɛɪɚɰɢɢ ɧɚɩɨɥɶɧɨɝɨ ɩɪɢɧɬɟɪɚ: 

ɞɚɬɱɢɤ ɧɚ ɯɨɞɨɜɨɣ ɬɟɥɟɠɤɟ, ɯɨɞɨɜɚɹ ɬɟɥɟɠɤɚ ɩɟɪɟɦɟɳɚɥɚɫɶ ɜɩɟɪɟɞ, ɢ ɫɬɚɜɢɥɚɫɶ 

ɧɚɡɚɞ 

ȼɵɜɨɞɵ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚɩɨɥɶɧɨɝɨ 

ɩɪɢɧɬɟɪɚ ɩɨɞɬɜɟɪɞɢɥɢ ɚɞɟɤɜɚɬɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɫ ɪɚɫɯɨɠɞɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɧɟ ɛɨɥɟɟ 10%. 
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4 ɊȿȺɅɂɁȺɐɂə ɊȿɁɍɅɖɌȺɌɈȼ ɂɋɋɅȿȾɈȼȺɇɂɃ 

 

4.1 ɍɩɪɚɜɥɟɧɢɟ ɞɨɪɨɠɧɵɦ ɩɪɢɧɬɟɪɨɦ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɪɟɧɢɹ 

 

ɉɨɥɭɱɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɢɧɮɨɪɦɚɰɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɞɧɢɦ ɢɡ ɞɜɭɯ ɫɥɟɞɭɸɳɢɯ 

ɩɪɢɧɰɢɩɨɜ. ɉɟɪɜɵɣ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɧɟɩɪɟɪɵɜɧɨɦ (ɢɥɢ ɤɜɚɡɢɧɟɩɪɟɪɵɜɧɨɦ) 

ɩɨɫɬɭɩɥɟɧɢɢ ɜɢɞɟɨɫɢɝɧɚɥɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɞɥɹ ɤɨɪɪɟɤɰɢɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 

ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɪɨɛɨɬɚ. ɉɨ ɷɬɨɦɭ ɩɪɢɧɰɢɩɭ ɞɟɣɫɬɜɭɸɬ ɫɟɪɜɨɫɢɫɬɟɦɵ, 

ɦɢɧɢɦɢɡɢɪɭɸɳɢɟ ɨɬɤɥɨɧɟɧɢɹ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ ɨɬ 

ɠɟɥɚɟɦɨɝɨ, ɤɨɬɨɪɨɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɞɚɧɧɵɦ ɜɢɡɭɚɥɶɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɡɚ 

ɰɟɥɟɜɵɦ ɨɛɴɟɤɬɨɦ. ȼɬɨɪɨɣ ɩɪɢɧɰɢɩ ɨɫɧɨɜɚɧ ɧɚ ɜɜɨɞɟ ɢɧɮɨɪɦɚɰɢɢ ɜ 

ɭɫɬɪɨɣɫɬɜɨ ɭɩɪɚɜɥɟɧɢɹ ɪɨɛɨɬɚ ɞɢɫɤɪɟɬɧɵɦɢ ɩɨɪɰɢɹɦɢ. Ʉɚɠɞɚɹ ɬɚɤɚɹ ɩɨɪɰɢɹ 

ɫɥɭɠɢɬ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɵɯ ɞɜɢɠɟɧɢɣ ɧɚ ɨɱɟɪɟɞɧɨɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ, 

ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɪɨɛɨɬ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɟ ɰɟɥɟɜɨɟ ɩɨɥɨɠɟɧɢɟ 

«ɜɫɥɟɩɭɸ», ɬ. ɟ. ɛɟɡ ɧɟɩɪɟɪɵɜɧɨɣ ɜɢɡɭɚɥɶɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ʉɚɠɞɵɣ ɢɡ 

ɭɤɚɡɚɧɧɵɯ ɩɪɢɧɰɢɩɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɢɞɟɨɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɪɨɛɨɬɚɦɢ ɢɦɟɟɬ ɫɜɨɸ ɫɮɟɪɭ ɩɪɢɦɟɧɟɧɢɹ. Ɍɚɤ, ɚɞɚɩɬɢɜɧɵɟ ɫɜɚɪɨɱɧɵɟ ɪɨɛɨɬɵ, 

ɜɢɡɭɚɥɶɧɨ ɨɩɪɟɞɟɥɹɹ ɫɬɵɤ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ, ɤɨɪɪɟɤɬɢɪɭɸɬ ɞɜɢɠɟɧɢɟ 

ɝɨɥɨɜɤɢ ɜɞɨɥɶ ɲɜɚ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɩɨɫɬɭɩɥɟɧɢɢ ɫɢɝɧɚɥɚ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 

Ɍɚɤɨɣ ɫɩɨɫɨɛ ɧɚɯɨɞɢɬ ɩɪɢɦɟɧɟɧɢɟ ɩɪɢ ɜɡɹɬɢɢ ɞɜɢɠɭɳɢɯɫɹ ɞɟɬɚɥɟɣ ɫ 

ɤɨɧɜɟɣɟɪɚ, ɫɥɟɠɟɧɢɢ ɡɚ ɩɨɥɨɫɨɣ, ɧɚɩɪɚɜɥɹɸɳɟɣ ɞɜɢɠɟɧɢɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɢ 

ɬ. ɩ. ɏɨɬɹ ɬɚɤɢɟ ɫɢɫɬɟɦɵ ɧɟɫɨɦɧɟɧɧɨ, ɩɟɪɫɩɟɤɬɢɜɧɵ, ɞɨ ɫɢɯ ɩɨɪ ɧɚɦɧɨɝɨ ɲɢɪɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɋɌɁ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɬɨɪɨɦ ɢɡ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɩɪɢɧɰɢɩɨɜ 

«ɰɟɥɭɤɚɡɚɧɢɢ». Ɋɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɩɨɞɪɨɛɧɟɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɡɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ .ȼ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɩɨ 

ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɛɨɬɵ ɋɌɁ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɩɪɢɨɪɧɨ ɭɤɚɡɚɧɧɵɯ ɭɫɥɨɜɢɣ 

ɩɪɢɧɢɦɚɟɬɫɹ ɪɟɲɟɧɢɟ ɬɨɥɶɤɨ ɨ ɡɚɩɭɫɤɟ ɢɥɢ ɨɫɬɚɧɨɜɟ (ɩɪɟɪɵɜɚɧɢɢ) ɡɚɪɚɧɟɟ 

ɡɚɞɚɧɧɨɣ ɩɪɨɝɪɚɦɦɵ ɞɟɣɫɬɜɢɣ ɪɨɛɨɬɚ, ɭɯɨɞɟ ɧɚ ɬɭ ɢɥɢ ɢɧɭɸ ɠɟɫɬɤɭɸ 
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ɩɨɞɩɪɨɝɪɚɦɦɭ, ɢɡɦɟɧɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɤɨɦɚɧɞ 

ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ, ɩɨɥɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɤɚɠɞɨɣ ɢɡ ɤɨɬɨɪɵɯ ɞɨɥɠɧɚ 

ɛɵɬɶ ɜɧɟɫɟɧɚ ɜ ɭɩɪɚɜɥɹɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ɟɳɟ ɞɨ ɧɚɱɚɥɚ ɪɚɛɨɬɵ ɪɨɛɨɬɚ. ȼ 

ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɜɬɨɪɨɦ ɩɪɢɧɰɢɩɟ 

(ɪɢɫɭɧɨɤ 4.1).  

 

 

Ɋɢɫɭɧɨɤ 4.1 –Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ 

 

4.2 Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ   

 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɪɨɰɟɫɫɚ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɟɤɬɚ ɧɟɨɛɯɨɞɢɦɨ ɫɨɫɬɚɜɢɬɶ ɥɢɧɟɣɧɵɣ 

ɝɪɚɮɢɤ, ɢɫɩɨɥɧɢɬɟɥɹɦɢ ɹɜɥɹɸɬɫɹ ɧɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ (ɇɊ) ɢ ɫɬɭɞɟɧɬ (ɋ). 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɜɵɞɟɥɟɧɧɵɯ ɷɬɚɩɨɜ ɨɩɪɟɞɟɥɢɦ ɟɝɨ ɢɫɩɨɥɧɢɬɟɥɟɣ ɢ ɞɨɥɸ 

ɭɱɚɫɬɢɹ ɤɚɠɞɨɝɨ ɢɡ ɢɫɩɨɥɧɢɬɟɥɟɣ ɜ ɟɝɨ ɜɵɩɨɥɧɟɧɢɢ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 

ɫɜɟɞɟɦ ɜ ɬɚɛɥɢɰɭ 4.1.  
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Ɍɚɛɥɢɰɚ 4.1 – ɉɟɪɟɱɟɧɶ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɫ ɭɤɚɡɚɧɢɟɦ ɞɨɥɢ ɭɱɚɫɬɢɹ 

ɢɫɩɨɥɧɢɬɟɥɟɣ  
ɗɬɚɩɵ ɪɚɛɨɬɵ ɂɫɩɨɥɧɢɬɟɥɢ Ɂɚɝɪɭɡɤɚ 

ɢɫɩɨɥɧɢɬɟɥɟɣ, % 

1. ɉɨɫɬɚɧɨɜɤɚ ɰɟɥɟɣ ɢ ɡɚɞɚɱ ɢɫɫɥɟɞɨɜɚɧɢɣ ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ 

70/30 

2. Ⱥɧɚɥɢɡ ɧɨɜɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ 

30/70 

3. Ɋɚɡɪɚɛɨɬɤɚ ɢ ɭɬɜɟɪɠɞɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɡɚɞɚɧɢɹ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ 

30/70 

4. ɂɡɭɱɟɧɢɟ ɨɫɧɨɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ 

ɋɬɭɞɟɧɬ  

5. ɉɨɞɛɨɪ ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɋɬɭɞɟɧɬ 100 

6. Ɋɚɡɪɚɛɨɬɤɚ ɤɚɥɟɧɞɚɪɧɨɝɨ ɩɥɚɧɚ ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ, 

ɫɬɭɞɟɧɬ 

20/80 

7. ɋɨɫɬɚɜɥɟɧɢɟ ɚɥɝɨɪɢɬɦɚ ɪɚɛɨɬɵ ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 30/70 

8. ȼɵɛɨɪ ɦɟɬɨɞɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɋɬɭɞɟɧɬ 100 

9. Ɉɮɨɪɦɥɟɧɢɟ ɪɚɫɱɟɬɧɨ-ɩɨɹɫɧɢɬɟɥɶɧɨɣ 

ɡɚɩɢɫɤɢ 

ɋɬɭɞɟɧɬ 100 

10. ɉɨɞɜɟɞɟɧɢɟ ɢɬɨɝɨɜ ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ 100 

 

ɉɟɪɜɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɫ ɩɨɫɥɟɞɭɸɳɢɦɢ 

ɜɵɜɨɞɚɦɢ ɨ ɬɨɦ, ɤɚɤɢɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ ɧɭɠɧɨ ɩɨɫɬɚɜɢɬɶ. Ɍɚɤ ɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɱɟɬɤɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɢ ɨɛɹɡɚɧɧɨɫɬɟɣ ɦɟɠɞɭ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ 

ɢ ɫɬɭɞɟɧɬɨɦ. ɉɨ ɨɤɨɧɱɚɧɢɸ ɢɡɭɱɟɧɢɹ ɜɫɟɯ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɫɬɭɞɟɧɬ ɩɪɨɫɦɚɬɪɢɜɚɟɬ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɢɫɬɨɱɧɢɤɢ ɢ ɩɪɟɞɥɚɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɞɟɬɚɥɶɧɵɣ ɩɥɚɧ ɪɚɛɨɬ. 

Ⱦɚɧɧɵɣ ɩɥɚɧ ɤɨɪɪɟɤɬɢɪɭɟɬɫɹ ɢ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜ ɩɨɫɥɟɞɫɬɜɢɟ ɧɚɭɱɧɵɦ 

ɪɭɤɨɜɨɞɢɬɟɥɟɦ. Ɉɫɧɨɜɧɵɦɢ ɩɭɧɤɬɚɦɢ ɞɚɧɧɨɝɨ ɩɥɚɧɚ ɹɜɥɹɸɬɫɹ ɡɚɞɚɱɢ, 

ɩɪɨɩɢɫɚɧɧɵɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɫɬɭɞɟɧɬɨɦ. ȼɬɨɪɨɣ ɷɬɚɩ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɪɨɫɦɨɬɪ 

ɭɠɟ ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɩɪɨɟɤɬɨɜ, ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ. ɋɪɚɜɧɟɧɢɟ ɪɟɚɥɢɡɨɜɚɧɧɵɯ 

ɪɟɲɟɧɢɣ ɩɨɦɨɝɚɟɬ ɛɨɥɟɟ ɜɡɜɟɲɟɧɧɨ ɩɨɞɨɛɪɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɨɝɪɚɦɦɧɨɟ 
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ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɜɵɛɪɚɬɶ ɚɥɝɨɪɢɬɦɵ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ.  Ɋɟɡɭɥɶɬɚɬɨɦ ɬɪɟɬɶɟɝɨ ɷɬɚɩɚ 

ɫɬɚɧɭɬ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɟ ɭɩɪɚɜɥɟɧɢɹ, ɜ 

ɱɚɫɬɧɨɫɬɢ ɤ ɟё ɮɭɧɤɰɢɨɧɚɥɭ. Ɍɚɤ ɠɟ ɨɛɨɫɧɨɜɚɧɢɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɢ 

ɚɤɬɭɚɥɶɧɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ. Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɱɟɬɜɟɪɬɨɝɨ ɷɬɚɩɚ ɹɜɥɹɟɬɫɹ 

ɝɥɭɛɨɤɨɟ ɩɨɧɢɦɚɧɢɟ ɜɨɩɪɨɫɚ ɩɨ ɢɡɭɱɚɟɦɨɣ ɬɟɦɚɬɢɤɟ, ɩɨɞɛɨɪ ɧɭɠɧɨɝɨ 

ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜɵɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɢ 

ɨɩɪɟɞɟɥɟɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɛɨɬɵ. Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ 

ɩɹɬɨɝɨ ɷɬɚɩɚ ɹɜɥɹɟɬɫɹ ɩɨɞɛɨɪ ɧɟɨɛɯɨɞɢɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɤɚɦɟɪɵ ɩɨ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ ɮɨɤɭɫɢɪɨɜɤɚ ɢ 

ɪɚɡɪɟɲɟɧɢɟ ɨɛɴɟɤɬɢɜɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɲɟɫɬɨɝɨ ɷɬɚɩɚ ɛɭɞɟɬ 

ɤɚɥɟɧɞɚɪɧɵɣ ɩɥɚɧ, ɜ ɤɨɬɨɪɨɦ ɫɨɞɟɪɠɢɬɫɹ ɪɚɫɩɢɫɚɧɢɟ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɜɢɞɨɜ 

ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɨ ɞɨɫɬɢɠɟɧɢɸ ɰɟɥɢ - ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɥɹ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɫɨɪɬɢɪɨɜɨɱɧɵɦ ɪɨɛɨɬɨɦ. ȼ ɫɟɞɶɦɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ 

ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɫɧɨɜɧɵɯ ɤɨɧɰɟɩɰɢɣ ɢ ɢɞɟɣ, ɡɚɤɥɚɞɵɜɚɟɦɵɯ ɜ ɫɨɡɞɚɜɚɟɦɭɸ 

ɫɢɫɬɟɦɭ ɭɩɪɚɜɥɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɝɨɬɨɜɵɣ ɚɥɝɨɪɢɬɦ 

ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ, ɤɚɤ ɩɪɨɢɫɯɨɞɢɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɬɨɞɨɜ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫ ɪɚɛɨɬɨɣ ɦɚɧɢɩɭɥɹɬɨɪɚ.  ȼ ɜɨɫɶɦɨɦ ɷɬɚɩɟ ɩɪɨɢɫɯɨɞɢɬ 

ɩɨɞɛɨɪ ɦɟɬɨɞɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɢ ɫɜɹɡɵɜɚɧɢɟ ɢɯ ɜɨɟɞɢɧɨ. Ɋɟɡɭɥɶɬɚɬɨɦ 

ɜɵɩɨɥɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜɵɛɪɚɧɧɵɯ ɦɟɬɨɞɨɜ ɢ ɨɬɥɚɞɤɚ 

ɝɨɬɨɜɨɣ ɩɪɨɝɪɚɦɦɵ.  Ⱦɟɜɹɬɵɣ ɷɬɚɩ ɧɚɩɪɚɜɥɟɧ ɧɚ ɨɮɨɪɦɥɟɧɢɟ ɜɫɟɝɨ ɢɡɭɱɟɧɧɨɝɨ, 

ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɝɨ ɢ ɢɡɝɨɬɨɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜ ɬɟɤɫɬɨɜɨɦ ɮɨɪɦɚɬɟ ɞɥɹ 

ɡɚɳɢɬɵ ɢ ɬɚɤ ɠɟ ɞɥɹ ɩɪɨɞɨɥɠɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. ɇɚ 

ɞɟɫɹɬɨɦ ɷɬɚɩɟ ɫɬɭɞɟɧɬ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɜɨɢ ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɨɰɟɧɤɭ ɪɭɤɨɜɨɞɢɬɟɥɸ 

ɢ ɩɨɥɭɱɚɟɬ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ ɨ ɩɪɨɞɟɥɚɧɧɨɣ ɢɦ ɪɚɛɨɬɟ. 

     ɉɪɨɢɡɜɟɞɟɦ ɨɰɟɧɤɭ ɦɢɧɢɦɚɥɶɧɨɝɨ ɢ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

ɜɵɩɨɥɧɟɧɢɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɚɩɨɜ. Ɋɚɫɫɱɢɬɚɟɦ ɨɠɢɞɚɟɦɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ 

ɪɚɛɨɬ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɮɨɪɦɭɥɨɣ  
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ɝɞɟ    tɨɠ – ɨɠɢɞɚɟɦɨɟ ɜɪɟɦɹ ɜɵɩɨɥɧɟɧɢɹ i-ɝɨ ɷɬɚɩɚ ɪɚɛɨɬ ɜ ɱɟɥ.-ɞɧ., 

 tmin – ɦɢɧɢɦɚɥɶɧɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɞɧ.; tmax – ɦɚɤɫɢɦɚɥɶɧɚɹ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɬɵ, ɞɧ.  

 

Ɉɠɢɞɚɟɦɨɟ, ɦɢɧɢɦɚɥɶɧɨɟ ɢ ɦɚɤɫɢɦɚɥɶɧɨɟ ɜɪɟɦɹ ɢɫɩɨɥɧɟɧɢɹ ɜ 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɜɵɲɟ ɮɨɪɦɭɥɟ, ɨɰɟɧɢɜɚɸɬɫɹ ɜ ɪɚɛɨɱɢɯ ɞɧɹɯ ɧɚ ɱɟɥɨɜɟɤɚ. 

ɉɪɨɢɡɜɟɞɟɦ ɩɟɪɟɜɨɞ ɷɬɢɯ ɜɟɥɢɱɢɧ ɜ ɤɚɥɟɧɞɚɪɧɵɟ ɞɧɢ, ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɨɣ 

 

 *ɨɠ ɤ ɪɞT T T  

 

ɝɞɟ     Tɪɞ – ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɷɬɚɩɚ ɜ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɹɯ;  

TɄ - ɤɨɷɮɮɢɰɢɟɧɬ ɤɚɥɟɧɞɚɪɧɨɫɬɢ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɟɪɟɣɬɢ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ 

ɪɚɛɨɬ ɜ ɪɚɛɨɱɢɯ ɞɧɹɯ ɤ ɢɯ ɚɧɚɥɨɝɚɦ ɜ ɤɚɥɟɧɞɚɪɧɵɯ ɞɧɹɯ, ɢ ɪɚɫɫɱɢɬɵɜɚɟɦɵɣ ɩɨ 

ɮɨɪɦɭɥɟ  

 

 ɤɚɥ
ɤ

ɤɚɥ ɜɞ ɩɞ

T
T

T T T


 
 

 

ɝɞɟ   TɄȺɅ  – ɤɚɥɟɧɞɚɪɧɵɟ ɞɧɢ (TɄȺɅ  = 365);  

 TȼȾ  – ɜɵɯɨɞɧɵɟ ɞɧɢ (TȼȾ  = 52); 

 TɉȾ  – ɩɪɚɡɞɧɢɱɧɵɟ ɞɧɢ (TɉȾ = 10). 

  

Ɍɤ =1,48. 

 

ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɚɛɨɱɢɟ ɞɧɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ  
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Kȼɇ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɜɧɟɲɧɢɯ 

ɮɚɤɬɨɪɨɜ ɧɚ ɫɨɛɥɸɞɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɯ ɞɥɢɬɟɥɶɧɨɫɬɟɣ, ɜ ɱɚɫɬ 

ɧɨɫɬɢ, ɜɨɡɦɨɠɧɨ Kɜɧ = 1;  

ɄȾ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɤɨɦɩɟɧɫɚɰɢɸ 

ɧɟɩɪɟɞɜɢɞɟɧɧɵɯ ɡɚɞɟɪɠɟɤ ɢ ɫɨɝɥɚɫɨɜɚɧɢɟ ɪɚɛɨɬ (ɄȾ = 1– 1,2; ɜ ɷɬɢɯ ɝɪɚɧɢɰɚɯ 

ɤɨɧɤɪɟɬɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɧɢɦɚɟɬ ɫɚɦ ɢɫɩɨɥɧɢɬɟɥɶ).  

 

 Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2.  

 

Ɍɚɛɥɢɰɚ 4.2 – Ɋɚɫɱɟɬ ɬɪɭɞɨɡɚɬɪɚɬ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɟɤɬɚ 

 

 

ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɨɣ ɬɚɛɥɢɰɟ ɫɨɫɬɚɜɢɦ ɥɢɧɟɣɧɵɣ ɝɪɚɮɢɤ ɪɚɛɨɬ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ 

ɬɚɛɥɢɰɟ 4.3. 
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Ɍɚɛɥɢɰɚ 4.3 – Ʌɢɧɟɣɧɵɣ ɝɪɚɮɢɤ ɪɚɛɨɬ 

 

 

 

ȼɵɜɨɞɵ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɚ ɫɨɡɞɚɧɚ ɧɟɞɨɪɨɝɨɫɬɨɹɳɚɹ ɢ ɩɪɨɫɬɚɹ 

ɫɢɫɬɟɦɚ ɍɩɪɚɜɥɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ, ɫɩɨɫɨɛɧɚɹ 

ɧɚɯɨɞɢɬɶ ɢɡɞɟɥɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɟɝɨ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɩɨ 

ɨɩɪɟɞɟɥɟɧɧɨ ɡɚɞɚɧɧɵɦ ɩɪɢɡɧɚɤɚɦ. 
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ɈɋɇɈȼɇɕȿ ɊȿɁɍɅɖɌȺɌɕ ɂ ȼɕȼɈȾɕ 

 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɡɚɤɨɧɱɟɧɧɨɣ 

ɧɚɭɱɧɨɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɨɣ, ɫɨɞɟɪɠɚɳɟɣ ɧɚɭɱɧɨɟ ɨɛɨɫɧɨɜɚɧɢɟ, 

ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ ɢ ɜɧɟɞɪɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ 

ɪɟɲɟɧɢɟ ɜɚɠɧɨɣ ɩɪɨɛɥɟɦɵ.  Ɉɫɧɨɜɧɵɟ ɧɚɭɱɧɵɟ ɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ 

ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ: 

1) Ɋɚɡɪɚɛɨɬɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɫ 

ɷɥɟɦɟɧɬɚɦɢ ɞɨɩɨɥɧɟɧɧɨɣ ɪɟɚɥɶɧɨɫɬɢ; 

2) ɍɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɵ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ 

ɞɨɪɨɠɧɨɝɨ ɩɪɢɧɬɟɪɚ ɜ ɫɪɟɞɟ Matlab*SIMULINK;   

3) ɋɨɡɞɚɧɵ 3D ɦɨɞɟɥɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢɧɬɟɪɚ ɧɚ ɞɨɪɨɝɟ; 

4) Ɉɩɪɟɞɟɥɟɧɵ ɬɪɭɞɨɡɚɬɪɚɬɵ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɩɪɨɟɤɬɚ ɨɬ ɜɧɟɞɪɟɧɢɹ 

ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɩɟɱɚɬɢ.  
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ɉɍȻɅɂɄȺɐɂɂ 

ɍȾɄ 472. 75 

Ƚɪɢɲɢɧ А.А. ɋɬɭɞɟɧɬ, ɋɢɛɢɪɫɤɢɣ ɮɟɞɟɪɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, Ɋɨɫɫɢя, 

Кɪɚɫɧɨяɪɫɤ 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ – ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ Ɋ.Ɍ. ȿɦɟɥɶяɧɨɜ  

 

ɆɈȾȿɅɂɊɈȼȺɇɂȿ ɋɂɋɌȿɆɕ ɌȿɏɇɂɑȿɋɄɈȽɈ ɁɊȿɇɂə ȾɅə 

ɈɉɊȿȾȿɅȿɇɂə Ⱦȼɂɀȿɇɂə ɉɈ ɌɊȺȿɄɌɈɊɂɂ 

 

Ⱥɧɧɨɬɚɰɢɹ 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ, ɜɢɡɭɚɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɦɨɞɟɥɶ, ɪɨɛɨɬ 

 

ȼɜɟɞɟɧɢɟ. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɫɱɢɬɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 

ɦɟɬɨɞɨɜ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɚɜɬɨɦɚɬɢɡɚɰɢɸ ɞɟɣɫɬɜɢɣ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ 

ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɰɟɫɫɟ ɤɨɧɬɪɨɥɹ ɩɪɨɰɟɫɫɚ 

ɧɚɧɟɫɟɧɢɹ ɢ ɫɬɟɩɟɧɢ ɢɡɧɨɫɚ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ. ɉɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɞɚɧɧɵɯ, ɤɨɬɨɪɵɟ 

ɩɨɫɬɭɩɚɸɬ ɫ ɭɫɬɪɨɣɫɬɜ ɡɚɯɜɚɬɚ ɢɡɨɛɪɚɠɟɧɢɣ, ɩɪɨɞɨɥɠɚɹ ɜɵɩɨɥɧɟɧɢɟɦ ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɞɚɥɶɧɟɣɲɢɯ ɨɩɟɪɚɰɢɣ.  

ɉɪɨɰɟɫɫ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɢ ɜ ɪɨɛɨɬɨɬɟɯɧɢɤɟ, 

ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɤɚɤ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ, ɬɚɤ ɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ 

ɫɬɟɩɟɧɶɸ ɟё ɢɡɧɨɫɚ. ȼ ɫɮɟɪɟ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɢɧɬɟɪɟɫ ɤ ɩɪɨɛɥɟɦɚɦ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ, ɢɥɢ ɬɟɯɧɢɱɟɫɤɨɝɨ, ɡɪɟɧɢɹ, ɜɨɡɧɢɤ, ɧɚɪɹɞɭ ɫ 

ɜɚɠɧɟɣɲɢɦɢ ɡɚɞɚɱɚɦɢ, - ɬɚɤɢɦɢ, ɤɚɤ ɜɨɡɦɨɠɧɨɫɬɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɚ ɬɟɨɪɟɦ ɢ ɪɚɡɜɢɬɢɟ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɢɝɪ, ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ.  

Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɫɜɹɡɚɧɨ ɫɨ ɫɮɟɪɨɣ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ, ɨɩɬɢɤɢ, 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɩɪɨɦɵɲɥɟɧɧɨɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. Ɉɫɨɛɟɧɧɨɫɬɢ ɫɢɫɬɟɦ 
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ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɫɨɫɬɨɹɬ ɜ ɢɯ ɡɚɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɣ ɧɚ 

ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɟ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɫɥɨɠɧɨ ɜɵɩɨɥɧɹɬɶ ɥɸɞɹɦ ɢɡ-ɡɚ ɢɯ 

ɨɞɧɨɨɛɪɚɡɢɹ. Ɍɟɯɧɢɱɟɫɤɨɟ ɡɪɟɧɢɟ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɫɫɨɦ ɩɪɢɦɟɧɟɧɢɹ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɜ ɞɨɪɨɠɧɨɦ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɢ ɪɚɡɦɟɬɤɟ 

ɞɨɪɨɝ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɩɟɧɢ ɢɯ ɢɡɧɨɫɚ.  

Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ.  Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɜɢɡɭɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

Ɋɢɫɭɧɨɤ 1 – Ɇɨɞɟɥɶ ɚɞɚɩɬɢɜɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɞɥɹ ɦɨɛɢɥɶɧɨɝɨ ɪɨɛɨɬɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɞɨɪɨɠɧɨɣ 

ɪɚɡɦɟɬɤɢ 

 

 ȼ ɫɨɫɬɚɜ ɦɨɞɟɥɢ ɜɯɨɞɹɬ:  

− ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ (ɪɚɛɨɬ);  

− ɨɛɳɚɹ ɫɢɫɬɟɦɚ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɢ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ ɪɚɛɨɬɚ;  

− ɩɨɞɫɢɫɬɟɦɚ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɠɢɦɚ ɭɩɪɚɜɥɟɧɢɹ;  

− ɫɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ;  

− ɩɨɞɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ.  

ɋȼɏ ɫ ɩɨɦɨɳɶɸ ɤɚɦɟɪɵ ɩɨɥɭɱɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɨɛ ɨɛɴɟɤɬɚɯ ɪɚɛɨɱɟɣ 

ɡɨɧɵ ɪɚɛɨɬɚ. ɋɢɫɬɟɦɚ ɨɛɪɚɛɨɬɤɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ 
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ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɫɫɬɨɹɧɢɟ ɨɛɴɟɤɬɨɜ ɪɚɛɨɱɟɣ ɡɨɧɵ ɪɚɛɨɬɚ ɢ ɢɯ ɨɬɞɟɥɶɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ (ɥɢɧɟɣɧɵɟ ɪɚɡɦɟɪɵ, ɰɟɧɬɪɵ ɦɚɫɫ ɢ ɬ.ɞ.) 

Ɋɟɡɭɥɶɬɚɬɵ.  ȼ ɬɟɯɧɨɥɨɝɢɢ ɧɚɧɟɫɟɧɢɹ ɞɨɪɨɠɧɨɣ ɪɚɡɦɟɬɤɢ ɩɪɢɦɟɧɹɸɬɫɹ 

ɫɯɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ, ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɧɚ ɪɢɫɭɧɤɟ 2. 

 

Ɋɢɫɭɧɨɤ 2 – Ɍɢɩɵ ɫɯɟɦ ɭɩɪɚɜɥɟɧɢɹ: 

ɚ) ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ − ɩɨ ɩɪɢɧɰɢɩɭ «ɧɚɛɥɸɞɟɧɢɟ – ɩɟɪɟɦɟɳɟɧɢɟ»; 

ɛ) ɜɢɡɭɚɥɶɧɨɝɨ – ɫɨɝɥɚɫɧɨ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɩɨ ɨɛɪɚɡɭ. 

 

ɏɚɪɚɤɬɟɪɧɨɣ ɞɥɹ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ 

ɩɟɪɟɦɟɳɟɧɢɹ ɫ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ ɤɨɧɟɱɧɭɸ. Ɂɚɞɚɱɚ 

ɪɟɲɚɟɬɫɹ ɫ ɭɱёɬɨɦ ɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɍɚɤ ɤɚɤ ɞɢɧɚɦɢɱɟɫɤɢɟ 

ɨɛɴɟɤɬɵ ɦɨɝɭɬ ɦɟɧɹɬɶ ɫɜɨɟ ɩɨɥɨɠɟɧɢɟ, - ɷɬɨ ɦɨɠɟɬ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɬɶ ɧɚ 

ɜɵɩɨɥɧɟɧɢɟ ɪɨɛɨɬɨɦ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ, ɩɨɫɤɨɥɶɤɭ ɧɚ ɩɭɬɢ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ 

ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ ɧɟɞɨɫɬɚɬɨɱɧɨ ɫɜɨɛɨɞɧɵɟ ɢɥɢ ɩɪɨɯɨɞɢɦɵɟ ɭɱɚɫɬɤɢ. 
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Ɉɩɪɟɞɟɥɟɧɢɟ ɬɚɤɢɯ ɭɱɚɫɬɤɨɜ ɜɨɡɦɨɠɧɨ ɫ ɩɨɦɨɳɶɸ ɛɨɪɬɨɜɵɯ ɢ ɝɥɨɛɚɥɶɧɵɯ 

ɫɢɫɬɟɦ ɤɚɤ ɬɟɯɧɢɱɟɫɤɨɝɨ, ɬɚɤ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 

ɨɫɧɨɜɚɧɢɢ ɜɢɡɭɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɪɨɛɨɬ ɜɵɱɢɫɥɹɟɬ ɨɩɬɢɦɚɥɶɧɵɣ ɦɚɪɲɪɭɬ 

ɞɜɢɠɟɧɢɹ. 

ɉɟɪɟɞ ɚɞɚɩɬɢɜɧɨɣ ɜɢɡɭɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ ɫɬɚɜɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

− ɨɩɪɟɞɟɥɟɧɢɟ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɪɨɛɨɬɚ ɜ ɧɚɱɚɥɶɧɨɣ ɩɨɡɢɰɢɢ ɢ ɩɪɢ 

ɩɟɪɟɦɟɳɟɧɢɢ; 

− ɨɪɢɟɧɬɚɰɢɹ ɪɚɛɨɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ; 

− ɨɩɪɟɞɟɥɟɧɢɟ ɢ ɫɥɟɠɟɧɢɹ ɡɚ ɨɛɴɟɤɬɚɦɢ, ɧɚɯɨɞɹɬɫɹ ɜ ɪɚɛɨɱɟɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ; 

− ɜɵɞɟɥɟɧɢɟ ɧɟɩɪɨɯɨɞɢɦɵɯ ɭɱɚɫɬɤɨɜ. 

ɉɪɢɦɟɪ ɧɚɜɢɝɚɰɢɢ ɪɚɛɨɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ. ȿɫɬɶ ɪɚɛɨɱɟɟ 

ɩɪɨɫɬɪɚɧɫɬɜɨ, ɦɨɞɟɥɶ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɪɚɡɛɢɬɶ ɧɚ ɫɟɝɦɟɧɬɵ, ɨɞɢɧɚɤɨɜɵɟ ɩɨ 

ɫɜɨɟɣ ɞɥɢɧɟ ɢ ɲɢɪɢɧɟ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɧɚɦ ɫɭɞɢɬɶ ɨ ɬɨɦ, ɜ ɤɚɤɢɯ ɢɡ ɧɢɯ 

ɧɚɯɨɞɹɬɫɹ ɨɛɴɟɤɬɵ ɢ ɫɚɦ ɪɨɛɨɬ. Ɋɨɛɨɬ ɦɨɠɟɬ ɩɟɪɟɞɜɢɝɚɬɶɫɹ ɬɨɥɶɤɨ ɩɨ 

ɫɜɨɛɨɞɧɵɦ ɫɟɝɦɟɧɬɚɦ (ɹɱɟɣɤɚɦ), ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɫɥɢ ɧɚ ɩɭɬɢ ɩɟɪɟɦɟɳɟɧɢɹ 

ɪɚɛɨɬɚ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ ɜ ɞɪɭɝɭɸ, ɫɟɝɦɟɧɬɵ ɛɭɞɭɬ ɡɚɧɹɬɵ (ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 

ɧɟɩɪɨɯɨɞɢɦɵɟ ɭɱɚɫɬɤɢ), ɬɨ ɛɥɨɤ ɚɞɚɩɬɚɰɢɢ ɛɭɞɟɬ ɦɟɧɹɬɶ ɩɭɬɶ ɩɟɪɟɞɜɢɠɟɧɢɹ 

ɪɚɛɨɬɚ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɨɧ ɧɟ ɩɨɩɚɞɚɥ ɜ ɡɚɧɹɬɵɟ ɤɥɟɬɤɢ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɞɚɧɧɵɣ ɩɨɞɯɨɞ ɛɭɞɟɬ ɪɟɚɥɢɡɨɜɚɧ ɬɚɤɢɦ ɨɛɪɚɡɨɦ. ɉɭɫɬɶ 

ɢɦɟɟɬɫɹ ɝɢɛɤɢɣ ɭɱɚɫɬɨɤ ɞɨɪɨɝɢ, ɩɪɢ ɷɬɨɦ ɧɚɞ ɪɚɛɨɱɟɣ ɡɨɧɨɣ ɪɚɛɨɬɚ 

ɪɚɫɩɨɥɨɠɟɧɚ ɫɢɫɬɟɦɚ ɬɟɯɧɢɱɟɫɤɨɝɨ ɡɪɟɧɢɹ (web-ɤɚɦɟɪɚ) ɪɢɫɭɧɨɤ 3.  

 



78 
 

 

Ɋɢɫɭɧɨɤ 3 – ɍɫɥɨɜɧɚɹ ɫɯɟɦɚ ɪɚɛɨɱɟɣ ɡɨɧɵ 

 

Ɂɚɞɚɱɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟ ɢɡ ɨɞɧɨɣ ɬɨɱɤɢ ɪɚɛɨɱɟɣ ɡɨɧɵ ɜ 

ɞɪɭɝɭɸ. ɋ ɩɨɦɨɳɶɸ ɋɆɋ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɚɛɨɬɚ, ɟɝɨ ɨɪɢɟɧɬɚɰɢɹ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɨɛɴɟɤɬɨɜ ɪɚɛɨɱɟɣ ɡɨɧɵ, ɝɞɟ ɨɤɚɡɵɜɚɸɬɫɹ 

ɩɨɫɬɨɪɨɧɧɢɟ ɩɪɟɞɦɟɬɵ, ɚ ɬɚɤɠɟ ɩɨɹɜɥɹɸɬɫɹ ɧɟɩɪɨɯɨɞɢɦɵɟ ɭɱɚɫɬɤɢ ɬɪɚɟɤɬɨɪɢɢ. 

Ⱥɧɚɥɢɡ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɨɡɜɨɥɹɟɬ ɜɵɛɢɪɚɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɩɭɬɶ ɞɜɢɠɟɧɢɹ ɪɨɛɨɬɚ 

ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɤɨɧɟɱɧɨɣ ɬɨɱɤɢ. 

ȼɵɜɨɞɵ  

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɜɢɠɟɧɢɹ ɦɚɤɟɬɚ ɩɪɢɧɬɟɪɚ ɩɨ 

ɡɚɞɚɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɢɦɟɟɬ ɨɬɤɥɨɧɟɧɢɟ ɦɟɧɟɟ 5% ɨɬ ɷɬɚɥɨɧɚ ɧɚ 0,1 ɦ 

ɩɪɨɣɞɟɧɧɨɝɨ ɩɭɬɢ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ ɜɧɟɞɪɟɧɢɹ. 
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