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ɊȿɎȿɊАɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɩɨ ɬɟɦɟ «Ɏɢɡɢɤɨ– ɞɨɡɢɦɟɬɪɢɱɟɫɤɚɹ 

ɨɰɟɧɤɚ ɧɚɝɪɭɡɤɢ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ 

ɬɟɪɚɩɢɢ ɥɟɜɨɫɬɨɪɨɧɧɟɝɨ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ» ɫɨɞɟɪɠɢɬ 

67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 40 ɢɥɥɸɫɬɪɚɰɢɣ, 7 ɬɚɛɥɢɰ, 3 ɮɨɪɦɭɥɵ, 1 

ɩɪɢɥɨɠɟɧɢɟ, 28 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɅɍɑȿȼȺə ɌȿɊȺɉɂə, ɆɈɅɈɑɇȺə ɀȿɅȿɁȺ, ɄɈɇɌɊɈɅɖ ɁȺ 

ȾɕɏȺɌȿɅɖɇɕɆ ɐɂɄɅɈɆ ȼ ɊȿɀɂɆȿ ɊȿȺɅɖɇɈȽɈ ȼɊȿɆȿɇɂ, 

ɂɇɌȿɋɂȼɇɈ - ɆɈȾɍɅɂɊɈȼȺɇȺə, 3D ɄɈɇɎɈɊɆɇȺə ɅɍɑȿȼȺə 

ɌȿɊȺɉɂə, ɈȻɔЁɆɇɈ - ɆɈȾɍɅɅɂɊɈȼȺɇɇȺə ȾɍȽɈȼȺə ɌȿɊȺɉɂə, 

ɆɈȾȺɅɖɇȺə ȾɈɁȺ, ȾɈɁɈȼȺə ɇȺȽɊɍɁɄȺ, ɋȿɊȾɐȿ, ɅȿȽɄɈȿ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɩɪɨɜɟɫɬɢ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɥɚɧɨɜ 

ɨɛɥɭɱɟɧɢɹ ɧɚ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ ɫɥɟɜɚ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ɂɚɞɚɱɢ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ   

ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ ɬɪɟɦɹ ɦɟɬɨɞɢɤɚɦɢ ɨɛɥɭɱɟɧɢɹ:  

 - 3D ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ RPM; 

 - ɢɧɬɟɧɫɢɜɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ RPM; 

 - ɨɛɴёɦɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɞɭɝɨɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ RPM. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɨɛɥɭɱɟɧɢɹ ɢ ɜɵɛɪɚɬɶ ɥɭɱɲɢɣ 

ɫɩɨɫɨɛ ɢɡ ɬɪёɯ ɭɩɨɦɹɧɭɬɵɯ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜɧɟɞɪɟɧɢɟ ɧɨɜɟɣɲɢɯ ɦɟɬɨɞɢɤ ɞɥɹ ɫɧɢɠɟɧɢɹ 

ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ ɹɜɥɹɟɬɫɹ ɩɪɢɨɪɢɬɟɬɧɵɦ ɩɪɢ 
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ɩɪɨɜɟɞɟɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɹɜɥɹɟɬɫɹ, 

ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɩɪɢ ɨɛɥɭɱɟɧɢɢ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ 

ɫɥɟɜɚ. ȼ ɫɨɱɟɬɚɧɢɢ ɫ ɧɨɜɵɦɢ ɦɟɬɨɞɚɦɢ ɩɨɞɜɟɞɟɧɢɹ ɞɨɡɵ ɤ ɨɩɭɯɨɥɢ, 

ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɞɨɡɭ ɧɚ ɫɟɪɞɰɟ ɢ 

ɥɟɝɤɨɟ. ȼ ɞɚɧɧɨɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɪɚɛɨɬɟ ɨɰɟɧɢɜɚɟɬɫɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ 

ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɥɟɜɨɫɬɨɪɨɧɧɟɝɨ 

ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ, 

ɦɟɬɨɞɚɦɢ 3D ɤɨɧɮɨɪɦɧɨɣ, ɢɧɬɟɧɫɢɜɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɅɌ, ɚ ɬɚɤɠɟ 

ɨɛɴёɦɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɞɭɝɨɜɨɣ ɬɟɪɚɩɢɢ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɬɟɩɟɧɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ 

ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ ɨɛɴёɦ, ɞɥɹ ɫɟɪɞɰɚ ɢ ɥɟɜɨɝɨ ɥɟɝɤɨɝɨ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ 

ɦɚɤɫɢɦɚɥɶɧɚɹ, ɦɢɧɢɦɚɥɶɧɚɹ, ɫɪɟɞɧɹɹ ɢ ɦɨɞɚɥɶɧɚɹ ɞɨɡɚ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 

ɫɧɢɡɢɬɶ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɝɤɨɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ 

ɢɧɬɟɧɫɢɜɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ. Ⱥɧɚɥɢɡ ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – 

ɨɛɴёɦ, ɩɨɡɜɨɥɢɥ ɜɵɹɜɢɬɶ, ɱɬɨ ɦɨɞɚɥɶɧɚɹ ɞɨɡɚ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɢɧɮɨɪɦɚɬɢɜɧɨɣ, ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɩɟɧɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ. ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɢɤɢ ɈɆȾɌ ɩɨɤɚɡɚɥɨ, ɱɬɨ 

ɪɨɬɚɰɢɨɧɧɨɟ ɨɛɥɭɱɟɧɢɟ ɧɚ ɭɪɨɜɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɞɚɟɬ ɜɵɫɨɤɭɸ ɞɨɡɨɜɭɸ 

ɧɚɝɪɭɡɤɭ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ.  
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ВВȿȾȿɇɂȿ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɥɟɱɟɧɢɟ ɪɚɤɚ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɯɢɪɭɪɝɢɱɟɫɤɢɟ, 

ɥɭɱɟɜɵɟ, ɝɨɪɦɨɧɚɥɶɧɵɟ, ɯɢɦɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɥɟɱɟɧɢɹ. ȼɚɠɧɨɫɬɶ 

ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ ɜ ɤɨɦɩɥɟɤɫɧɨɣ ɬɟɪɚɩɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɝɢɫɬɨɥɨɝɢɟɣ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ, ɫɬɚɞɢɟɣ ɢ ɞɪɭɝɢɦɢ 

ɮɚɤɬɨɪɚɦɢ. Ɉɤɨɥɨ 70% ɨɧɤɨɥɨɝɢɱɟɫɤɢɯ ɛɨɥɶɧɵɯ ɩɪɨɯɨɞɹɬ ɤɭɪɫ ɥɭɱɟɜɨɣ 

ɬɟɪɚɩɢɢ. ȼɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɦɧɨɝɨ 

ɷɬɚɩɨɜ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɫɥɨɠɧɭɸ ɪɚɞɢɨɥɨɝɢɱɟɫɤɭɸ ɫɯɟɦɭ ɥɟɱɟɧɢɹ ɞɥɹ 

ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ.  

Ʌɭɱɟɜɚɹ ɬɟɪɚɩɢɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɬɵɤɟ ɬɪɟɯ ɧɚɭɤ – ɨɧɤɨɥɨɝɢɢ, 

ɪɚɞɢɚɰɢɨɧɧɨɣ ɮɢɡɢɤɢ ɢ ɪɚɞɢɨɛɢɨɥɨɝɢɢ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɢ ɩɪɨɜɟɞɟɧɢɟ 

ɥɟɱɟɧɢɹ ɬɪɟɛɭɸɬ, ɤɚɤ ɩɟɪɟɞɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɬɚɤ ɢ ɤɨɦɚɧɞɵ ɪɚɞɢɚɰɢɨɧɧɵɯ 

ɨɧɤɨɥɨɝɨɜ, ɦɟɞɢɰɢɧɫɤɢɯ ɮɢɡɢɤɨɜ, ɦɟɞɢɰɢɧɫɤɢɯ ɞɨɡɢɦɟɬɪɢɫɬɨɜ ɢ ɥɭɱɟɜɵɯ 

 ɬɟɪɚɩɟɜɬɨɜ.  

ȼɚɠɧɵɣ ɲɚɝ ɜ ɪɚɡɪɚɛɨɬɤɟ ɬɚɤɬɢɤɢ ɥɟɱɟɧɢɹ -  ɷɬɨ ɜɵɛɨɪ ɚɩɩɚɪɚɬɭɪɵ, 

ɧɚ ɤɨɬɨɪɨɣ ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɫɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɡɧɚɧɢɹɯ 

ɮɢɡɢɤɢ ɢ ɢɧɠɟɧɟɪɢɢ ɭɜɟɥɢɱɢɥɚɫɶ ɫ ɜɧɟɞɪɟɧɢɟɦ ɪɚɞɢɨɥɨɝɢɱɟɫɤɭɸ ɫɥɭɠɛɭ 

ɦɟɬɨɞɨɜ ɨɛɥɭɱɟɧɢɹ ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 

ɢɡɥɭɱɟɧɢɹ ɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ. ɗɬɢ ɦɟɬɨɞɵ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɬɟɨɪɟɬɢɱɟɫɤɢ ɩɨɞɜɟɫɬɢ ɧɭɠɧɭɸ ɞɨɡɭ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɜ ɥɸɛɭɸ 

ɱɚɫɬɶ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɨɪɝɚɧɢɡɦɚ, ɢ ɬɪɟɛɭɸɬ ɛɨɥɶɲɨɣ ɨɫɬɨɪɨɠɧɨɫɬɢ ɩɪɢ 

ɩɪɚɤɬɢɱɟɫɤɨɦ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɢ.  

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɢ ɫɧɢɠɟɧɢɹ 

ɨɫɥɨɠɧɟɧɢɣ ɜ ɩɨɫɥɟɥɭɱɟɜɨɦ ɩɟɪɢɨɞɟ ɧɟɨɛɯɨɞɢɦɨ ɨɛɥɭɱɚɬɶ ɥɨɤɚɥɶɧɭɸ 

ɦɢɲɟɧɶ ɜ ɬɟɥɟ ɛɨɥɶɧɨɝɨ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɩɨ ɞɨɡɟ ɧɟ ɛɨɥɟɟ 5% ɢ ɜɵɩɨɥɧɹɬɶ 

ɢɡɦɟɪɟɧɢɹ ɜ ɤɥɢɧɢɱɟɫɤɨɣ ɞɨɡɢɦɟɬɪɢɢ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɧɟ ɛɨɥɟɟ 2-3%. 

ɍɦɟɧɶɲɟɧɢɟ ɪɟɚɤɰɢɣ ɧɚ ɤɨɠɭ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ ɪɚɫɱɟɬɧɨɝɨ 

ɚɥɝɨɪɢɬɦɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɟ ɢ ɨɬɞɚɥɟɧɧɵɟ 
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ɪɟɡɭɥɶɬɚɬɵ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɝɥɭɛɨɤɨ 

ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɬɤɚɧɢ ɢ ɨɪɝɚɧɵ.  

Ɋɟɲɟɧɢɟɦ ɦɧɨɝɢɯ ɩɪɨɛɥɟɦ ɜ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɫɬɚɥɨ ɜɧɟɞɪɟɧɢɟ 

ɦɟɬɨɞɨɜ ɦɧɨɝɨɩɨɥɶɧɨɝɨ ɨɛɥɭɱɟɧɢɹ, ɩɨɞɜɢɠɧɵɯ ɦɟɬɨɞɨɜ ɨɛɥɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ 

ɩɪɢɦɟɧɟɧɢɟ ɦɭɥɶɬɢɥɟɩɟɫɬɤɨɜɵɯ ɤɨɥɥɢɦɚɬɨɪɨɜ (ɆɅɄ), ɱɬɨ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ 

ɬɪɟɛɭɟɬ ɨɱɟɧɶ ɫɥɨɠɧɨɝɨ ɮɢɡɢɤɨ-ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɫɨɜɪɟɦɟɧɧɵɯ ɩɥɚɧɢɪɭɸɳɢɯ ɫɢɫɬɟɦɚɯ. Ⱦɨɡɢɦɟɬɪɢɹ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ 

ɤɚɱɟɫɬɜɨ ɩɭɱɤɚ ɢ ɭɱɢɬɵɜɚɬɶ ɜɬɨɪɢɱɧɨɟ ɪɚɫɫɟɹɧɢɟ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɢ 

ɜɥɢɹɧɢɟ ɜɫɟɯ ɮɚɤɬɨɪɨɜ ɜ ɞɨɡɭ ɨɛɥɭɱɟɧɢɹ. ɉɥɚɧ ɨɛɥɭɱɟɧɢɢ ɨɩɭɯɨɥɢ ɜ 

ɧɟɨɛɯɨɞɢɦɨɣ ɞɨɡɟ ɫ ɦɢɧɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɨɛɥɭɱɟɧɢɟɦ ɡɞɨɪɨɜɵɯ ɨɪɝɚɧɨɜ 

ɢ ɬɤɚɧɟɣ ɝɥɚɜɧɚɹ ɡɚɞɚɱɚ ɜɪɚɱɚ ɪɚɞɢɨɬɟɪɚɩɟɜɬɚ ɢ ɦɟɞɢɰɢɧɫɤɨɝɨ ɮɢɡɢɤɚ. ȼ 

ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɜɨ ɜɫɟɦ ɦɢɪɟ ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɞɥɹ ɫɧɢɠɟɧɢɹ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ 

ɹɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɚɹ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ. 

ɉɪɨɜɟɞɟɧɢɟ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɪɚɤɚ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɧɭɠɞɚɟɬɫɹ ɜ 

ɤɨɦɩɥɟɤɫɧɨɣ ɩɨɞɝɨɬɨɜɤɟ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ, ɨɬ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ, ɞɨ 

ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɧɚ ɥɟɱɟɛɧɨɦ ɫɬɨɥɟ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ, ɤɨɬɨɪɵɟ 

ɩɨɡɜɨɥɹɸɬ ɫɧɢɡɢɬɶ ɥɭɱɟɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɨɪɝɚɧɵ ɪɢɫɤɚ, ɹɜɥɹɟɬɫɹ 

ɩɪɢɨɪɢɬɟɬɧɵɦ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɬɨɱɧɵɣ ɤɨɧɬɪɨɥɶ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ 

ɰɢɤɥɨɦ ɩɚɰɢɟɧɬɨɤ, ɚ ɬɚɤɠɟ ɜɧɟɞɪɟɧɢɟ ɧɨɜɟɣɲɢɯ ɦɟɬɨɞɢɤ ɮɢɡɢɤɨ – 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɞɥɹ ɫɧɢɠɟɧɢɹ ɥɭɱɟɜɵɯ ɩɨɜɪɟɠɞɟɧɢɣ ɧɚ 

ɥɟɜɨɟ ɥɟɝɤɨɟ ɢ ɫɟɪɞɰɟ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ. 

ɐɟɥɶ ɢɫɫɥɟɞɨɜɚɧɢɹ: ɩɪɨɜɟɫɬɢ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ 

ɩɥɚɧɨɜ ɨɛɥɭɱɟɧɢɹ ɧɚ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ ɫɥɟɜɚ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ɂɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɢɹ: 

1. Ɉɩɪɟɞɟɥɢɬɶ ɢ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ 

ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ ɬɪɟɦɹ ɦɟɬɨɞɢɤɚɦɢ ɨɛɥɭɱɟɧɢɹ:  
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 - 3D ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ RPM; 

 - ɢɧɬɟɧɫɢɜɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ RPM; 

 - ɨɛɴёɦɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɞɭɝɨɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ RPM. 

2. Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɪɟɠɢɦ ɨɛɥɭɱɟɧɢɹ ɢ ɜɵɛɪɚɬɶ ɥɭɱɲɢɣ 

ɫɩɨɫɨɛ ɢɡ ɬɪёɯ ɭɩɨɦɹɧɭɬɵɯ 
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1 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 

 

1.1 Вɢɞɵ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ 

 

Ʌɭɱɟɜɚɹ ɬɟɪɚɩɢɹ - ɷɬɨ ɩɪɨɰɟɫɫ, ɜ ɤɨɬɨɪɨɦ ɞɥɹ ɥɟɱɟɧɢɹ ɪɚɤɨɜɵɯ 

ɡɚɛɨɥɟɜɚɧɢɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɫɬɨɱɧɢɤɢ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ (ɂɂɂ). 

Ƚɥɚɜɧɨɣ ɡɚɞɚɱɟɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɟ ɩɨɞɜɟɞɟɧɢɟ ɞɨɡɵ 

ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɤ ɧɟɨɛɯɨɞɢɦɨɦɭ ɨɛɴёɦɭ ɨɩɭɯɨɥɢ, ɫ ɟɟ 

ɩɨɫɥɟɞɭɸɳɢɦ ɪɚɡɪɭɲɟɧɢɟɦ, ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɧɚɧɟɫɟɧɢɟɦ ɥɭɱɟɜɵɯ 

ɩɨɜɪɟɠɞɟɧɢɣ ɨɤɪɭɠɚɸɳɢɦ ɦɢɲɟɧɶ ɡɞɨɪɨɜɵɦ ɨɪɝɚɧɚɦ.  

 Ʌɭɱɟɜɭɸ ɬɟɪɚɩɢɸ ɩɨɞɪɚɡɞɟɥɹɸɬ ɧɚ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɢɩɨɜ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ. ȼ ɤɚɱɟɫɬɜɟ ɥɟɱɟɛɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ - ɢ - ɢɡɥɭɱɟɧɢɹ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɬɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ 

ɥɢɧɟɣɧɵɯ ɭɫɤɨɪɢɬɟɥɟɣ ɷɥɟɤɬɪɨɧɨɜ, ɩɭɱɤɢ ɷɥɟɤɬɪɨɧɨɜ, ɧɟɣɬɪɨɧɨɜ. ȼ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɥɭɛɢɧɨɣ ɡɚɥɟɝɚɧɢɹ ɩɚɬɨɥɨɝɢɱɟɫɤɨɝɨ ɨɱɚɝɚ, ɅɌ ɞɟɥɢɬɫɹ ɧɚ 

ɬɪɢ ɜɢɞɚ:  

1 ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɬɟɪɚɩɢɹ – ɜɨɡɞɟɣɫɬɜɢɟ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɪɢɥɨɠɟɧɢɢ ɢɫɬɨɱɧɢɤɚ ɤ ɬɤɚɧɢ ɨɩɭɯɨɥɢ, ɤɨɬɨɪɚɹ 

ɪɚɫɩɨɥɨɠɟɧɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɥɚ ɢɥɢ ɧɚ ɧɟɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ ɨɬ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɦɟɧɟɟ ɜɪɟɞɧɵɣ ɞɥɹ ɨɤɪɭɠɚɸɳɢɯ ɡɞɨɪɨɜɵɯ 

ɬɤɚɧɟɣ, ɬɚɤ ɤɚɤ ɦɚɤɫɢɦɭɦ ɢɨɧɢɡɚɰɢɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɞɨɡɟ ɩɪɨɧɢɤɚɬɶ ɝɥɭɛɨɤɨ ɜ 

ɬɤɚɧɶ; ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɬɟɪɚɩɢɹ ɩɪɢɦɟɧɹɟɬɫɹ, ɤɨɝɞɚ ɢɫɬɨɱɧɢɤ ɨɛɥɭɱɟɧɢɹ 

ɧɚɯɨɞɢɬɫɹ ɦɟɧɟɟ ɱɟɦ ɜ 7,5 ɫɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɠɢ. ɉɪɢɦɟɧɹɟɬɫɹ ɞɥɹ 

ɥɟɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɨɩɭɯɨɥɟɣ (ɤɨɠɚ, ɫɥɢɡɢɫɬɵɟ 

ɨɛɨɥɨɱɤɢ). 

2 Ʉɨɧɬɚɤɬɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ - ɷɬɨ ɦɟɬɨɞ ɥɟɱɟɧɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɦ 

ɢɫɬɨɱɧɢɤɨɦ, ɤɨɬɨɪɵɣ ɩɨɦɟɳɚɟɬɫɹ ɜ ɨɱɚɝ ɜ ɜɢɞɟ ɫɩɟɰɢɚɥɶɧɵɯ ɝɟɪɦɟɬɢɱɧɵɯ 

ɤɚɩɫɭɥ, ɢɝɥ, ɡɟɪɟɧ, ɞɥɹ ɜɧɭɬɪɢɬɤɚɧɟɜɨɝɨ ɢɥɢ ɜɧɭɬɪɢɩɨɥɨɫɬɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. 

ɉɪɢ ɤɨɧɬɚɤɬɧɨɣ ɅɌ ɩɨɥɭɱɚɸɬ ɨɛɵɱɧɨ ɜɵɫɨɤɢɟ ɞɨɡɵ ɨɛɥɭɱɟɧɢɹ ɥɨɤɚɥɶɧɨ ɧɚ 
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ɨɩɭɯɨɥɶ. Ɉɩɭɯɨɥɶ ɨɛɥɭɱɚɟɬɫɹ ɧɟ ɬɨɥɶɤɨ - ɢ - ɢɡɥɭɱɟɧɢɹɦɢ ɨɬ 

ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɧɨ ɢ ɜɬɨɪɢɱɧɵɦ ɪɟɧɬɝɟɧɨɜɫɤɢɦ ɢɡɥɭɱɟɧɢɟɦ, ɤɨɬɨɪɨɟ 

ɩɨɹɜɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɨɪɦɨɠɟɧɢɹ ɱɚɫɬɢɰ ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ. Ɍɚɤɨɣ 

ɦɟɬɨɞ ɷɮɮɟɤɬɢɜɟɧ ɩɪɢ ɥɟɱɟɧɢɢ ɡɥɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɹ 

ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɫɬɟɧɤɟ ɩɨɥɨɫɬɢ ɬɟɥɚ ɢɥɢ ɩɨɥɨɝɨ ɨɪɝɚɧɚ (ɩɪɹɦɚɹ ɤɢɲɤɚ, 

ɦɨɱɟɜɨɣ ɩɭɡɵɪɶ, ɬɟɥɨ ɦɚɬɤɢ, ɩɢɳɟɜɨɞ, ɧɨɫɨɝɥɨɬɤɚ, ɩɪɟɞɫɬɚɬɟɥɶɧɚɹ ɠɟɥɟɡɚ);  

3 Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ – ɦɟɬɨɞ ɞɨɫɬɚɜɤɢ ɞɨɡɵ 

ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɤ ɨɩɭɯɨɥɢ, ɤɨɬɨɪɚɹ ɧɚɯɨɞɢɬɫɹ ɧɚ ɛɨɥɶɲɨɣ 

ɝɥɭɛɢɧɟ. ȼɨɡɞɟɣɫɬɜɢɢ ɦɟɠɞɭ ɨɱɚɝɨɦ ɢ ɢɫɬɨɱɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɩɪɨɜɨɞɢɬɫɹ 

ɩɭɬɟɦ ɨɛɥɭɱɟɧɢɹ ɩɨɥɹɦɢ ɨɩɪɟɞɟɥёɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɢ ɧɚ ɨɩɪɟɞɟɥёɧɧɨɦ 

ɪɚɫɫɬɨɹɧɢɢ. Ⱦɢɫɬɚɧɰɢɨɧɧɚɹ ɅɌ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ (ɢɫɬɨɱɧɢɤ 

ɢɡɥɭɱɟɧɢɹ ɢ ɩɚɰɢɟɧɬ ɜ ɧɟɩɨɞɜɢɠɧɨɦ ɩɨɥɨɠɟɧɢɢ ɜɨ ɜɪɟɦɹ ɨɛɥɭɱɟɧɢɹ) ɢ 

ɞɢɧɚɦɢɱɟɫɤɭɸ (ɢɫɬɨɱɧɢɤ ɢɡɥɭɱɟɧɢɹ ɞɜɢɠɟɬɫɹ ɜɨɤɪɭɝ ɩɚɰɢɟɧɬɚ ɜɨ ɜɪɟɦɹ 

ɨɛɥɭɱɟɧɢɹ). ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɞɨɫɬɚɜɤɢ ɞɨɡɵ, ɞɢɫɬɚɧɰɢɨɧɧɚɹ 

ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ 3D ɤɨɧɮɨɪɦɧɭɸ, ɢɧɬɟɧɫɢɜɧɨ - 

ɦɨɞɭɥɢɪɨɜɚɧɧɭɸ, ɢ ɨɛɴёɦɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɭɸ [1,2, 16].  

 

1.2 Аɩɩɚɪɚɬɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ 

 

1.2.1 Ⱦɢɫɬɚɧɰɢɨɧɧɵɟ ɝɚɦɦɚ-ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ 

 
ȼ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɅɌ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɚɞɢɨɧɭɤɥɢɞ 60Co, ɩɪɢ ɪɚɫɩɚɞɟ ɤɨɬɨɪɨɝɨ ɨɛɪɚɡɭɟɬɫɹ ɞɜɚ 

ɮɨɬɨɧɚ ɫ ɷɧɟɪɝɢɹɦɢ 1,17 ɢ 1,33 Ɇɷȼ. ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɜɵɫɨɤɭɸ ɭɞɟɥɶɧɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɢ ɜɵɫɨɤɭɸ 

ɫɪɟɞɧɸɸ ɷɧɟɪɝɢɸ ɮɨɬɨɧɨɜ. Ɇɚɤɫɢɦɭɦ ɢɨɧɢɡɚɰɢɢ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ 60Co 

ɪɚɜɟɧ 0,5 ɫɦ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɠɢ.  
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1– ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɢɡɥɭɱɟɟɧɢɟ ɫ ɷɧɟɪɝɢɟɣ 200 ɤɷȼ; 

   2 – ɝɚɦɦɚ ɢɡɥɭɱɟɧɢɟ 60ɋɨ; 

   3 – ɜɵɫɨɤɨɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɬɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ ɫ ɷɧɟɪɝɢɟɣ 200 Ɇɷȼ; 

   4 – ɛɵɫɬɪɵɟ ɷɥɟɤɬɪɨɧɵ 22 Ɇɷȼ; 

   5 – ɩɪɨɬɨɧɵ 200 Ɇɷȼ; 

   6 – ɩɢɤ Ȼɪɟɝɝɚ. 

 

Ɋɢɫɭɧɨɤ 1 - Ɂɚɜɢɫɢɦɨɫɬɶ ɞɨɡɵ ɨɬ ɝɥɭɛɢɧɵ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɜ 

ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɬɤɚɧɢ 

 

ɂɫɬɨɱɧɢɤ 60Co ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɨɛɥɭɱɟɧɢɹ ɧɟɣɬɪɨɧɚɦɢ ɢɡ ɪɟɚɤɬɨɪɚ 

ɫɬɚɛɢɥɶɧɨɝɨ ɢɡɨɬɨɩɚ 59Co.  Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɥɨɲɧɨɣ ɰɢɥɢɧɞɪ 

ɞɢɚɦɟɬɪɨɦ 1-2 ɫɦ ɫ ɚɤɬɢɜɧɨɫɬɶɸ 5000-15000 ɤɸɪɢ. ɍɞɟɥɶɧɚɹ 

ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɶ ɤɨɛɚɥɶɬɚ-60 ɫɨɫɬɚɜɥɹɟɬ 230 Ʉɸɪɢ/ɝ. Ɋɚɫɩɨɥɚɝɚɟɬɫɹ 

ɢɫɬɨɱɧɢɤ ɜ ɤɨɪɩɭɫɟ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ ɢɡ ɧɢɠɧɟɣ ɱɚɫɬɢ 

ɤɨɬɨɪɨɣ ɜɵɯɨɞɢɬ ɩɭɱɨɤ [1]. 

Ƚɚɦɦɚ-ɚɩɩɚɪɚɬɵ ɫɨɫɬɨɹɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɧɵɯ ɱɚɫɬɟɣ:   
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- ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ ɚɩɩɚɪɚɬɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɡɚɳɢɬɧɵɣ ɤɨɧɬɟɣɧɟɪ ɫ ɢɫɬɨɱɧɢɤɨɦ ɢɡɥɭɱɟɧɢɹ ɢ ɫɧɚɛɠɟɧɧɵɣ ɤɨɥɥɢɦɚɬɨɪɨɦ, 

ɩɨɡɜɨɥɹɸɳɢɦ ɪɟɝɭɥɢɪɨɜɚɬɶ ɪɚɡɦɟɪ ɢ ɮɨɪɦɭ ɩɨɥɹ ɢɡɥɭɱɟɧɢɹ; 

- ɲɬɚɬɢɜɚ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ;  

- ɫɬɨɥɚ ɞɥɹ ɭɤɥɚɞɤɢ ɛɨɥɶɧɨɝɨ, ɨɫɧɨɜɧɨɝɨ ɢ ɪɭɱɧɨɝɨ ɩɭɥɶɬɨɜ 

ɭɩɪɚɜɥɟɧɢɹ.  

- ɨɩɬɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɰɟɧɬɪɚɬɨɪɵ ɢ ɥɚɡɟɪɵ; 

- ɭɤɚɡɚɬɟɥɢ Ɋɂɉ ɬɟɥɚ.  

ɍɩɪɚɜɥɟɧɢɟ ɩɟɪɟɦɟɳɟɧɢɹɦɢ ɝɚɧɬɪɢ ɚɩɩɚɪɚɬɚ ɢ ɫɬɨɥɚ, ɪɚɡɦɟɪɚɦɢ ɩɨɥɹ, 

ɭɫɬɚɧɨɜɤɨɣ ɜɪɟɦɟɧɢ ɫɟɚɧɫɚ ɨɛɥɭɱɟɧɢɹ, ɫɤɨɪɨɫɬɶɸ ɢ ɱɢɫɥɚ ɤɚɱɚɧɢɣ 

ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɫ ɪɭɱɧɨɝɨ ɩɭɥɶɬɚ, ɥɢɛɨ ɫ ɨɫɧɨɜɧɨɣ ɤɨɧɫɨɥɢ. ɇɚ ɪɢɫɭɧɤɟ 2 

ɩɪɟɞɫɬɚɜɥɟɧ ɞɢɫɬɚɧɰɢɨɧɧɵɣ ɝɚɦɦɚ - ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ Terablat ɫ 

ɢɫɬɨɱɧɢɤɨɦ 60Co . 

Ƚɚɦɦɚ - ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɥɢɧɟɣɧɵɯ 

ɭɫɤɨɪɢɬɟɥɟɣ ɷɥɟɤɬɪɨɧɨɜ ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɵɣ ɩɨɬɨɤɚ ɢɡɥɭɱɟɧɢɹ ɨɬ 

ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ [2,3,9].  

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫɭɧɨɤ 2 - Ⱦɢɫɬɚɧɰɢɨɧɧɵɣ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ Terabalt 
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ɇɟɞɨɫɬɚɬɤɨɦ ɝɚɦɦɚ ɭɫɬɚɧɨɜɨɤ ɹɜɥɹɟɬɫɹ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ 

ɷɧɟɪɝɢɢ ɢɡɥɭɱɟɧɢɹ, ɲɢɪɨɤɭɸ ɡɨɧɭ ɩɨɥɭɬɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ 

ɡɚɦɟɧɵ ɢɫɬɨɱɧɢɤɨɜ, ɢ ɩɨɫɬɨɹɧɧɵɣ ɪɚɞɢɚɰɢɨɧɧɵɣ ɮɨɧ. 

 

1.2.2 Ʌɢɧɟɣɧɵɟ ɭɫɤɨɪɢɬɟɥɢ ɷɥɟɤɬɪɨɧɨɜ 

 
Ʌɢɧɟɣɧɵɟ ɭɫɤɨɪɢɬɟɥɢ ɷɥɟɤɬɪɨɧɨɜ ɹɜɥɹɸɬɫɹ ɚɩɩɚɪɚɬɚɦɢ ɫ 

ɢɫɤɭɫɫɬɜɟɧɧɵɦɢ ɢɫɬɨɱɧɢɤɚɦɢ ɪɚɞɢɨɚɤɬɢɜɧɨɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɧɝɟɧɨɜɫɤɚɹ ɬɪɭɛɤɚ , ɤɨɬɨɪɚɹ 

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɬɟɤɥɹɧɧɭɸ ɤɨɥɛɭ ɩɨɞ ɜɚɤɭɭɦɨɦ ɫ ɞɜɭɦɹ ɷɥɟɤɬɪɨɞɚɦɢ – 

ɚɧɨɞɨɦ (+) ɢ ɤɚɬɨɞɨɦ (–). Ʉɚɬɨɞ ɧɚɝɪɟɜɚɟɬɫɹ ɜɨɥɶɮɪɚɦɨɜɨɣ ɧɢɬɶɸ ɢ 

ɩɪɨɢɫɯɨɞɢɬ ɬɟɪɦɨɢɨɧɧɚɹ ɷɦɢɫɫɢɹ ɷɥɟɤɬɪɨɧɨɜ. Ⱥɧɨɞ ɫɨɞɟɪɠɢɬ ɦɟɞɧɵɣ 

ɫɬɟɪɠɟɧɶ, ɧɚ ɤɨɧɰɟ ɤɨɬɨɪɨɝɨ ɡɚɤɪɟɩɥɟɧ ɜɨɥɶɮɪɚɦ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɦɢɲɟɧɶɸ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ ɜɵɫɨɤɢɦ ɧɚɩɪɹɠɟɧɢɟɦ  ɷɥɟɤɬɪɨɧɵ ɭɫɤɨɪɹɸɬɫɹ 

ɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɨɥɟɦ ɢ ɛɨɦɛɚɪɞɢɪɭɸɬ ɦɢɲɟɧɶ, ɫɨɡɞɚɜɚɹ ɪɟɧɬɝɟɧɨɜɫɤɨɟ 

ɢɡɥɭɱɟɧɢɟ. 

ɂɫɬɨɱɧɢɤ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ ɩɨɞɚɟɬ ɩɨɫɬɨɹɧɧɵɣ ɬɨɤ ɧɚ ɦɨɞɭɥɹɬɨɪ, 

ɝɞɟ ɮɨɪɦɢɪɭɸɬɫɹ  ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ  ɢɦɩɭɥɶɫɨɜ ɩɨ ɧɟɫɤɨɥɶɤɨ 

ɦɢɥɥɢɫɟɤɭɧɞ. ɂɦɩɭɥɶɫɵ ɩɨɞɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɷɥɟɤɬɪɨɧɧɭɸ ɩɭɲɤɭ ɢ 

ɧɚ ɦɚɝɧɟɬɪɨɧ ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɝɟɧɟɪɚɰɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ 

ɝɢɝɚɝɟɪɰɟɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ). ɉɨ ɜɨɥɧɨɜɨɞɭ ɦɢɤɪɨɜɨɥɧɵ ɩɟɪɟɦɟɳɚɸɬɫɹ 

ɜ ɜɚɤɭɭɦɢɪɨɜɚɧɧɭɸ ɭɫɤɨɪɢɬɟɥɶɧɭɸ ɬɪɭɛɤɭ ɤɭɞɚ ɢɧɠɟɤɬɢɪɭɟɬɫɹ 

ɩɨɥɭɱɟɧɧɵɣ ɩɭɱɨɤ ɷɥɟɤɬɪɨɧɨɜ ɨɬ ɷɥɟɤɬɪɨɧɧɨɣ ɩɭɲɤɢ. ȼ ɬɪɭɛɤɟ ɷɥɟɤɬɪɨɧɵ ɫ 

ɧɚɱɚɥɶɧɨɣ ɷɧɟɪɝɢɟɣ 50 ɤɷȼ ɤɨɧɬɚɤɬɢɪɭɸɬ ɫ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦɢ ɜɨɥɧɚɦɢ, 

ɩɨɫɬɟɩɟɧɧɨ ɧɚɤɚɩɥɢɜɚɹ ɷɧɟɪɝɢɸ (ɞɨ 20 Ɇɷȼ)ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ 

ɛɥɨɤ ɫɯɟɦɚ ɥɢɧɟɣɧɨɝɨ ɭɫɤɨɪɢɬɟɥɹ ɷɥɟɤɬɪɨɧɨɜ.[4] .  
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Ɋɢɫɭɧɨɤ 3 - ɋɯɟɦɚ ɦɟɞɢɰɢɧɫɤɨɝɨ ɥɢɧɟɣɧɨɝɨ ɭɫɤɨɪɢɬɟɥɹ 

 

Ɍɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ ɡɚ ɫɱɟɬ ɛɨɥɶɲɟɝɨ ɦɚɤɫɢɦɭɦɚ ɢɨɧɢɡɚɰɢɢ 

(ɪɢɫɭɧɨɤ 1) ɩɨɡɜɨɥɹɟɬ ɩɨɞɜɨɞɢɬɶ ɞɨɡɭ ɤ ɛɨɥɟɟ ɝɥɭɛɨɤɢɦ ɨɩɭɯɨɥɹɦ ɫ 

ɦɟɧɶɲɟɣ ɧɚɝɪɭɡɤɨɣ ɧɚ ɤɨɠɭ. ɉɥɚɧɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ 

ɪɚɫɱɟɬ ɞɨɡɵ ɫ ɭɱɟɬɨɦ ɪɚɡɧɵɯ ɩɥɨɬɧɨɫɬɟɣ ɬɤɚɧɟɣ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɥɢɧɟɣɧɵɣ ɭɫɤɨɪɢɬɟɥɶ ɫɩɨɫɨɛɟɧ ɪɚɡɝɨɧɹɬɶ ɷɥɟɤɬɪɨɧɵ ɞɨ 

ɤɢɧɟɬɢɱɟɫɤɢɯ ɷɧɟɪɝɢɣ ɨɬ 4 ɞɨ 25 Mɷȼ ɩɪɢ ɩɨɦɨɳɢ ɦɢɤɪɨɜɨɥɧɨɜɵɯ 

ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɩɨɥɟɣ ɫ ɱɚɫɬɨɬɨɣ ɨɬ 103 ɆȽɰ ɞɨ 104 ɆȽɰ. 

Ɏɨɪɦɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɝɨ ɮɨɬɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɥɢɧɟɣɧɵɯ 

ɭɫɤɨɪɢɬɟɥɹɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɬɪɟɯ ɤɨɥɥɢɦɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ: 

ɩɟɪɜɢɱɧɨɝɨ ɤɨɥɥɢɦɚɬɨɪɚ, ɩɨɞɜɢɠɧɨɝɨ ɜɬɨɪɢɱɧɨɝɨ ɤɨɥɥɢɦɚɬɨɪɚ, ɢ 

ɦɧɨɝɨɥɟɩɟɫɬɤɨɜɨɝɨ ɤɨɥɥɢɦɚɬɨɪɚ. Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɧɧɵɯ ɩɭɱɤɨɜ, 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɚɩɩɥɢɤɚɬɨɪɵ, ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ. [5,8,14] 

 

ɂɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ 

Ɇɨɞɭɥɹɬɨɪ 

ɗɥɟɤɬɪɨɧɧɚɹ 
ɩɭɲɤɚ 

ɍɫɤɨɪɢɬɟɥɶɧɵɣ ɬɪɚɤɬ 

 

Ɇɚɝɧɟɬɪɨɧ 

ȼɨɥɧɨɜɨɞ 

Ɋɚɞɢɚɰɢɨɧɧɚɹ ɝɨɥɨɜɤɚ 
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Ɋɢɫɭɧɨɤ 4 – Ʌɢɧɟɣɧɵɟ ɭɫɤɨɪɢɬɟɥɢ ɷɥɟɤɬɪɨɧɨɜ Clinac ɢ Unique ɮɢɪɦɵ 

Varian 

 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɥɢɧɟɣɧɵɟ ɭɫɤɨɪɢɬɟɥɢ ɷɥɟɤɬɪɨɧɨɜ 

ɝɟɧɟɪɢɪɭɸɳɢɟ ɬɨɪɦɨɡɧɨɟ ɢɡɥɭɱɟɧɢɟ ɫ ɷɧɟɪɝɢɟɣ 6 Ɇɷȼ ɢ ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɦɨɳɧɨɫɬɶ ɞɨɡɵ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ 600 Ɇȿ/ɦɢɧ. 

 

1.2.3 ɒɥɚɧɝɨɜɵɟ ɪɚɞɢɨɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ 

 
Ⱥɩɩɚɪɚɬɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɫɟɚɧɫɨɜ ɜɧɭɬɪɢɩɨɥɨɫɬɧɨɣ ɬɟɪɚɩɢɢ 

ɨɛɟɫɩɟɱɢɜɚɸɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɜɟɞɟɧɢɹ ɧɟɚɤɬɢɜɧɵɯ ɷɧɞɨɫɬɚɬɨɜ ɢ 

ɢɫɬɨɱɧɢɤɨɜ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɵɯ ɲɥɚɧɝɨɜ. 

Ⱥɩɩɚɪɚɬɵ ɫɧɚɛɠɟɧɵ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɞɚɱɭ 

ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɱɟɪɟɡ ɲɥɚɧɝ ɫ ɨɩɪɟɞɟɥёɧɧɵɦ ɤɚɧɚɥɨɦ ɜ 

ɷɧɞɨɫɬɚɬɵ, ɢ ɜɨɡɜɪɚɬ ɢɯ ɜ ɡɚɳɢɬɧɵɣ ɫɟɣɮ.  

ɉɪɢɥɚɝɚɟɦɵɟ ɤ ɚɩɩɚɪɚɬɚɦ ɤɨɥɶɩɨɫɬɚɬɵ ɥɟɝɤɨ ɜɜɨɞɹɬɫɹ ɢ ɮɢɤɫɢɪɭɸɬɫɹ 

ɜ ɧɭɠɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɛɟɡ ɨɩɚɫɟɧɢɹ ɢɯ ɫɦɟɳɟɧɢɹ ɜɧɭɬɪɢ ɨɪɝɚɧɚ ɩɪɢ 
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ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ ɢ ɫɟɚɧɫɚ ɨɛɥɭɱɟɧɢɹ. ɇɚɛɨɪ ɷɧɞɨɫɬɚɬɨɜ ɩɨɡɜɨɥɹɟɬ 

ɩɪɨɜɨɞɢɬɶ ɢɧɞɢɜɢɞɭɚɥɶɧɵɣ ɜɵɛɨɪ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɥɨɤɚɥɢɡɚɰɢɢ ɢ 

ɪɚɡɦɟɪɨɜ ɨɩɭɯɨɥɟɣ. ɉɨɫɥɟ ɮɢɤɫɚɰɢɢ ɷɧɞɨɫɬɚɬɚ, ɜɧɭɬɪɶ ɜɜɨɞɢɬɫɹ 

ɪɟɧɬɝɟɧɤɨɧɬɪɚɫɬɧɵɣ ɢɦɢɬɚɬɨɪ, ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɸɳɢɣ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɝɪɚɧɭɥ ɫ ɢɫɬɨɱɧɢɤɚɦɢ.                                                                         

ɒɥɚɧɝɨɜɵɟ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 

ɢɫɩɨɥɶɡɭɸɬ ɪɚɞɢɨɧɭɤɥɢɞɵ 60Co ɢ 192Ir, ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.  

ɂɫɬɨɱɧɢɤɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɝɪɚɧɭɥɵ ɩɪɨɞɨɥɝɨɜɚɬɨɣ                                                                           

ɮɨɪɦɵ. Ⱦɢɚɦɟɬɪ ɝɪɚɧɭɥ 0,9 ɦɦ ɢ ɞɥɢɧɧɨɣ 4,5 ɦɦ. ɂɫɬɨɱɧɢɤɢ ɜ ɤɚɠɞɨɦ 

ɤɚɧɚɥɟ ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɜɨɡɦɨɠɧɵɯ ɩɨɡɢɰɢɹɯ. Ɏɢɡɢɤɨ - 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɜɧɭɬɪɢɩɨɥɨɫɬɧɨɝɨ ɨɛɥɭɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ 

ɢɡɥɭɱɟɧɢɹ (ɚɤɬɢɜɧɵɯ ɝɪɚɧɭɥ), ɢ ɪɚɫɱɟɬɧɵɯ ɬɨɱɟɤ, ɩɭɬɟɦ ɨɰɟɧɤɢ ɞɨɡɨɜɨɣ 

ɧɚɝɪɭɡɤɢ ɨɬ ɤɚɠɞɨɣ ɚɤɬɢɜɧɨɣ ɝɪɚɧɭɥɵ ɷɧɞɨɫɬɚɬɚ [6,7].  

 

Ɍɚɛɥɢɰɚ 1 - Ɋɚɞɢɨɧɭɤɥɢɞɵ ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɲɥɚɧɝɨɜɵɯ ɝɚɦɦɚ - 

ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ 

 

Ɋɚɞɢɨɧɭɤɥɢɞ

ɵ 

ɉɟɪɢɨɞ 

ɩɨɥɭɪɚɫɩɚɞɚ 
ɗɧɟɪɝɢɹ (Ɇɷȼ) 

ɋɥɨɣ ɩɨɥɨɜɢɧɧɨɝɨ 

ɨɫɥɚɛɥɟɧɢɹ (ɦɦ 

ɫɜɢɧɰɚ) 

60Co 5.26 ɥɟɬ 
1.17,1.33 

(ɫɪɟɞɧ.ɷɧ 1.25) 
11.0 

192Ir 74.2 ɞɧɹ 
0.136-1.06 

(ɫɪɟɞɧ.ɷɧ. 0.38) 
2.5 

 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɨɤɚɡɚɧ ɲɥɚɧɝɨɜɵɣ ɚɩɩɚɪɚɬ ɫ ɢɡɨɬɨɩɨɦ 192Ir ɞɥɹ 

ɜɧɭɬɪɢɩɨɥɨɫɬɧɨɣ ɝɚɦɦɚ – ɬɟɪɚɩɢɢ «GammaMed plus» ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɤɨɦɩɚɧɢɢ Varian.  
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Ɋɢɫɭɧɨɤ 5 - ɒɥɚɧɝɨɜɵɣ ɚɩɩɚɪɚɬ ɞɥɹ ɜɧɭɬɪɢɩɨɥɨɫɬɧɨɣ ɝɚɦɦɚ – 

ɬɟɪɚɩɢɢ «GammaMed plus» 

 

1.3 ɉɪɟɞɥɭɱɟɜɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɚɰɢɟɧɬɨɜ 

 
1.3.1 Ʉɨɦɩɶɸɬɟɪɧɚɹ ɬɨɦɨɝɪɚɮɢɹ ɢ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɫɢɦɭɥɹɬɨɪɵ 

 

ɄɌ – ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɥɹ ɩɪɟɞɥɭɱɟɜɨɣ ɩɨɞɝɨɬɨɜɤɢ 

ɩɚɰɢɟɧɬɨɜ ɤ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɪɟɧɬɝɟɧɨɜɫɤɚɹ ɤɨɦɩɶɸɬɟɪɧɚɹ 

ɬɨɦɨɝɪɚɮɢɹ. 

Ɇɟɬɨɞ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɬɨɦɨɝɪɚɮɢɱɟɫɤɢɯ ɩɥɨɫɤɨɫɬɟɣ 

ɫɤɚɧɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ, ɧɚ ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢɡɦɟɪɟɧɢɣ 

ɩɨɝɥɨɳɟɧɢɹ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɩɨ ɩɥɨɬɧɨɫɬɢ ɬɤɚɧɟɣ ɜɵɪɚɠɟɧɧɨɣ ɜ 

ɟɞɢɧɢɰɚɯ ɏɚɭɧɫɮɢɥɞɚ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɩɪɨɰɟɫɫɟ ɫɤɚɧɢɪɨɜɚɧɢɹ.  
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ȼ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, ɤɨɦɩɶɸɬɟɪɧɚɹ ɬɨɦɨɝɪɚɮɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɧɟ 

ɬɨɥɶɤɨ ɞɥɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɢɲɟɧɢ, ɧɨ ɢ ɞɥɹ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ 

ɪɚɡɦɟɬɤɢ ɩɚɰɢɟɧɬɨɜ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 

ɚɧɚɬɨɦɢɱɟɫɤɢɦ ɞɚɧɧɵɦ ɩɨɥɭɱɟɧɧɵɯ ɫ ɪɚɡɦɟɬɤɢ. ɄɌ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɞɟɬɚɥɶɧɭɸ ɜɢɡɭɚɥɢɡɚɰɢɸ ɨɩɭɯɨɥɢ ɢ ɩɪɢɥɟɝɚɸɳɢɯ ɤ ɧɟɣ ɨɪɝɚɧɨɜ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɄɌ-ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɛɨɪ ɩɨɩɟɪɟɱɧɵɯ ɢɡɨɛɪɚɠɟɧɢɣ, 

ɢɥɢ ɬɨɦɨɝɪɚɦɦ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ, ɢ 

ɪɟɤɨɧɫɬɪɭɤɰɢɟɣ ɷɬɢɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜ ɬɪɟɯɦɟɪɧɭɸ ɦɨɞɟɥɶ ɜɧɭɬɪɟɧɧɟɣ 

ɚɧɚɬɨɦɢɢ ɩɚɰɢɟɧɬɚ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɰɟɞɭɪɭ ɬɨɱɧɨɫɬɢ ɩɪɨɯɨɠɞɟɧɢɹ ɩɨɥɟɣ 

ɢɡɥɭɱɟɧɢɹ ɱɟɪɟɡ ɧɟɨɛɯɨɞɢɦɵɣ ɚɧɚɬɨɦɢɱɟɫɤɢɣ ɨɛɴɟɦ ɢ ɦɚɤɫɢɦɚɥɶɧɨ ɧɟ 

ɡɚɞɟɬɶ ɡɞɨɪɨɜɵɟ ɨɪɝɚɧɵ ɢ ɬɤɚɧɢ, ɩɥɚɧ ɨɛɥɭɱɟɧɢɹ ɢɦɢɬɢɪɭɟɬɫɹ ɧɚ 

ɪɟɧɬɝɟɧɨɜɫɤɨɦ ɫɢɦɭɥɹɬɨɪɟ. ɗɬɚ ɩɪɨɰɟɞɭɪɚ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɬɟɯɧɢɱɟɫɤɨɣ 

ɨɰɟɧɤɢ ɩɥɚɧɚ ɨɛɥɭɱɟɧɢɹ. ɋɢɦɭɥɹɬɨɪɵ, ɢɦɢɬɢɪɭɸɬ ɝɟɨɦɟɬɪɢɸ ɥɟɱɟɛɧɨɝɨ 

ɚɩɩɚɪɚɬɚ ɢ ɭɤɥɚɞɤɭ ɩɚɰɢɟɧɬɚ ɜ ɩɨɥɨɠɟɧɢɟ, ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɢɥɚɫɶ ɄɌ - 

ɪɚɡɦɟɬɤɚ. ɋɢɦɭɥɹɰɢɹ ɦɨɠɟɬ ɪɟɚɥɢɡɨɜɵɜɚɬɶɫɹ ɧɚ ɨɛɵɱɧɵɯ ɫɢɦɭɥɹɬɨɪɚɯ, 

ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɪɟɧɬɝɟɧɨɜɫɤɢɟ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɪɨɦɟ ɬɨɝɨ 

ɫɢɦɭɥɹɬɨɪɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɪɚɡɦɟɬɤɢ ɩɚɰɢɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬ 

ɜɧɭɬɪɢɩɨɥɨɫɬɧɭɸ ɝɚɦɦɚ ɬɟɪɚɩɢɸ, ɚ ɬɚɤɠɟ 2-D ɩɥɚɧɢɪɨɜɚɧɢɟ. ɉɚɰɢɟɧɬɚ 

ɬɪɚɧɫɩɨɪɬɢɪɭɸɬ ɫɢɦɭɥɹɬɨɪ, ɡɚɬɟɦ ɜɵɩɨɥɧɹɸɬ ɞɜɚ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɫɧɢɦɤɚ, 

ɩɨɫɥɟ ɱɟɝɨ ɩɨɥɭɱɟɧɧɵɟ ɫɧɢɦɤɢ ɨɬɩɪɚɜɥɹɸɬɫɹ ɧɚ ɫɢɫɬɟɦɭ ɮɢɡɢɤɨ – 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɥɚɧɨɜ ɥɟɱɟɧɢɹ. [18,5] 
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1.3.2 Ɍɨɩɨɦɟɬɪɢɱɟɫɤɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɚɰɢɟɧɬɨɜ 

 

Ɍɨɩɨɦɟɬɪɢɱɟɫɤɚɹ ɩɨɞɝɨɬɨɜɤɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɬɚɩɨɜ:  

1 ɮɢɤɫɚɰɢɹ ɩɚɰɢɟɧɬɚ ɩɪɢ ɩɨɦɨɳɢ ɫɩɟɰɢɚɥɶɧɵɯ ɢɦɦɨɛɢɥɢɡɢɪɭɸɳɢɯ 

ɮɨɪɦ ɧɚ ɪɚɡɦɟɬɨɱɧɨɦ ɫɬɨɥɟ, ɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɪɢ ɩɨɦɨɳɢ ɫɢɫɬɟɦɵ 

ɥɚɡɟɪɨɜ; 

2 ɭɫɬɚɧɨɜɤɚ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ (user origin); 

          3 ɫɤɚɧɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɨɛɥɚɫɬɢ, ɫɛɨɪ ɞɚɧɧɵɯ; 

          4 ɭɫɬɚɧɨɜɤɚ ɩɨɥɨɠɟɧɢɹ ɢ ɮɨɪɦɵ ɩɭɱɤɚ, ɫɨɡɞɚɧɢɟ ɜɟɪɢɮɢɤɚɰɢɨɧɧɵɯ 

ɢɡɨɛɪɚɠɟɧɢɣ; 

          5 ɨɬɩɪɚɜɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɧɚ ɫɢɫɬɟɦɭ ɮɢɡɢɤɨ – 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɥɟɱɟɧɢɹ. 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɬɨɱɧɨɫɬɶ ɩɨɞɜɟɞɟɧɢɹ ɞɨɡɵ ɤ ɦɢɲɟɧɢ, 

ɧɟɨɛɯɨɞɢɦɨ ɩɪɚɜɢɥɶɧɨ ɩɪɨɜɟɫɬɢ ɪɚɡɦɟɬɤɭ ɧɚ ɤɨɦɩɶɸɬɟɪɧɨɦ ɬɨɦɨɝɪɚɮɟ. ȼ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɢɫɯɨɞɢɬ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɩɚɰɢɟɧɬɚ ɜ ɩɨɥɨɠɟɧɢɟ, ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɟɯ ɠɟ ɮɢɤɫɢɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ, ɱɬɨ ɢ ɧɚ ɥɢɧɟɣɧɨɦ 

ɭɫɤɨɪɢɬɟɥɟ ɷɥɟɤɬɪɨɧɨɜ, ɢɥɢ ɧɚ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ. ɉɨɫɥɟ 

ɮɢɤɫɚɰɢɢ ɜ ɧɭɠɧɨɦ ɩɨɥɨɠɟɧɢɢ, ɜɪɚɱ ɨɬɦɟɱɚɟɬ ɩɨɥɨɠɟɧɢɟ ɢɡɨɰɟɧɬɪɚ ɧɚ 

ɤɨɠɟ ɩɚɰɢɟɧɬɚ. Ʌɚɡɟɪɵ ɫɢɫɬɟɦɵ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜɵɫɬɚɜɥɹɸɬɫɹ ɧɚ 

ɩɨɥɨɠɟɧɢɟ ɜɵɛɪɚɧɧɨɝɨ ɢɡɨɰɟɧɬɪɚ, ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɥɟɱɟɛɧɨɝɨ ɩɨɥɨɠɟɧɢɹ.  

Ⱦɥɹ ɜɢɞɢɦɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɢɡɨɰɟɧɬɪɚ ɧɚ ɄɌ ɫɧɢɦɤɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɪɟɧɬɨɝɟɧɨɤɨɧɬɪɚɫɬɧɵɟ ɦɟɬɤɢ. Ɂɚɬɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɤɚɧɢɪɨɜɚɧɢɟ ɧɭɠɧɨɣ 

ɨɛɥɚɫɬɢ. ɉɨɥɭɱɟɧɧɵɟ ɫɧɢɦɤɢ ɄɌ ɛɭɞɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɨɫɧɨɜɟ ɜɫɟɯ 

ɞɚɥɶɧɟɣɲɢɯ ɷɬɚɩɨɜ ɥɟɱɟɧɢɹ ɩɚɰɢɟɧɬɚ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ 

ɤɨɦɩɶɸɬɟɪɧɨɣ ɬɨɦɨɝɪɚɮɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ 

ɩɥɚɧɢɪɨɜɚɧɢɢ ɞɥɹ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɞɨɡɵ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ, ɬ.ɤ. ɧɚ ɢɯ 

ɨɫɧɨɜɟ ɝɟɧɟɪɢɪɭɸɬɫɹ ɞɚɧɧɵɟ ɨ ɩɥɨɬɧɨɫɬɢ ɬɤɚɧɟɣ ɜɵɪɚɠɟɧɧɨɣ ɜ ɟɞɢɧɢɰɚɯ 

ɏɚɭɧɫɮɢɥɞɚ. ɉɨɥɨɠɟɧɢɟ ɢ ɢɦɦɨɛɢɥɢɡɚɰɢɹ ɩɚɰɢɟɧɬɚ ɩɪɢ ɄɌ-ɫɤɚɧɢɪɨɜɚɧɢɢ 
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ɜ ɬɨɱɧɨɫɬɢ ɞɨɥɠɧɨ ɞɭɛɥɢɪɨɜɚɬɶɫɹ ɧɚ ɤɚɠɞɨɣ ɥɟɱɟɛɧɨɣ ɭɤɥɚɞɤɟ ɧɚ ɥɢɧɟɣɧɨɦ 

ɭɫɤɨɪɢɬɟɥɟ ɷɥɟɤɬɪɨɧɨɜ ɢɥɢ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɨɦ ɚɩɩɚɪɚɬɟ.  

ȼɚɠɧɵɦ ɲɚɝɨɦ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɄɌ ɞɚɧɧɵɯ - ɜɵɛɨɪ ɩɪɟɞɟɥɨɜ 

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɬ.ɤ ɧɟɞɨɫɬɚɬɨɤ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɧɚ ɝɪɚɧɢɰɚɯ 

ɢɧɬɟɪɟɫɭɸɳɟɣ ɨɛɥɚɫɬɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɬɨɱɧɨɦɭ ɮɢɡɢɤɨ – 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦɭ ɪɚɫɱɟɬɭ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɢɹ ɄɌ – ɢɡɨɛɪɚɠɟɧɢɣ ɢ 

ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ ɩɚɰɢɟɧɬɚ, ɜɫɟ ɞɚɧɧɵɟ ɩɟɪɟɞɚɸɬɫɹ ɧɚ 

ɩɥɚɧɢɪɭɸɳɭɸ ɫɢɫɬɟɦɭ, ɞɥɹ ɪɚɫɱɟɬɚ ɞɨɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɹ 

ɩɥɚɧɚ ɥɟɱɟɧɢɹ. 

 

1.3.3 Ɏɢɤɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ 

 

Ⱦɥɹ ɮɢɤɫɚɰɢɢ ɩɚɰɢɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 

ɢɦɦɨɛɢɥɢɡɚɰɢɨɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ. Ⱦɥɹ ɧɭɠɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɝɨɥɨɜɵ ɢ ɲɟɢ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɞɝɨɥɨɜɧɢɤɢ (ɪɢɫɭɧɨɤ 6ɚ), ɨɧɢ ɩɨɡɜɨɥɹɸɬ ɩɨɞɛɢɪɚɬɶ 

ɧɟɨɛɯɨɞɢɦɵɣ ɭɝɨɥ ɧɚɤɥɨɧɚ ɝɨɥɨɜɵ. ɂɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɨɧɢ ɢɡ 

ɩɨɥɢɭɪɟɬɚɧɨɜɨɣ ɩɟɧɵ ɢɥɢ ɩɥɚɫɬɢɤɨɜɵɯ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. Ⱦɥɹ 

ɢɦɦɨɛɢɥɢɡɚɰɢɢ ɩɚɰɢɟɧɬɨɜ, ɫ ɨɩɭɯɨɥɹɦɢ ɝɨɥɨɜɵ, ɲɟɢ, ɝɨɥɨɜɧɨɝɨ ɢ ɫɩɢɧɧɨɝɨ 

ɦɨɡɝɚ, ɬɚɡɚ ɢ ɝɪɭɞɧɨɣ ɤɥɟɬɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɢɟ ɦɚɫɤɢ 

(ɪɢɫɭɧɨɤ 6ɛ), ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɢɬɫɹ ɦɹɝɤɢɦɢ ɢ ɩɥɚɫɬɢɱɧɵɦɢ ɜ ɝɨɪɹɱɟɣ ɜɨɞɟ, ɢ 

ɮɨɪɦɢɪɭɟɬɫɹ ɡɚɬɟɦ ɧɚ ɬɟɥɟ ɩɚɰɢɟɧɬɚ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɡɚɬɜɟɪɞɟɜɚɧɢɟɦ. 

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɧɨɫɢɬɶ ɦɟɬɤɢ ɧɚ 

ɫɚɦɢɯ ɦɚɫɤɚɯ, ɱɬɨ ɛɭɞɟɬ ɩɨɥɟɡɧɵɦ, ɟɫɥɢ ɩɥɚɧ ɨɛɥɭɱɟɧɢɹ ɛɭɞɟɬ ɫɨ 

ɫɦɟɳɟɧɢɟɦ ɤɨɨɪɞɢɧɚɬ. ɉɨɥɭɱɟɧɧɚɹ ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɚɹ ɦɚɫɤɚ ɡɚɤɪɟɩɥɹɟɬɫɹ 

ɧɚ ɫɩɟɰɢɚɥɶɧɵɯ ɩɥɚɧɤɚɯ ɧɚ ɫɬɨɥɟ ɄɌ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɧɚ ɫɬɨɥɟ ɥɟɱɟɛɧɨɝɨ 

ɚɩɩɚɪɚɬɚ.  
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                          ɚ                                                                    ɛ 

                          ɚ - ɩɨɞɝɨɥɨɜɧɢɤɢ, ɛ -  ɬɟɪɦɨɩɥɚɫɬɢɱɟɫɤɚɹ ɦɚɫɤɚ 

Ɋɢɫɭɧɨɤ 6 - Ɏɢɤɫɢɪɭɸɳɢɟ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ 

 

ȼ ɤɚɱɟɫɬɜɟ ɮɢɤɫɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɥɟɱɟɧɢɹ ɨɛɥɚɫɬɢ ɝɪɭɞɧɨɣ 

ɤɥɟɬɤɢ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɟɝɭɥɢɪɭɟɦɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɧɚ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɡɚɞɚɬɶ 

ɪɚɫɩɨɥɨɠɟɧɢɟ ɪɭɤ, ɚ ɬɚɤɠɟ ɧɚɤɥɨɧ ɬɭɥɨɜɢɳɚ. Ɍɚɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚɡɵɜɚɸɬ 

ɦɚɦɦɨɛɨɪɞɚɦɢ. Ⱦɥɹ ɮɢɤɫɚɰɢɢ ɜɫɟɝɨ ɩɨɡɜɨɧɨɱɧɢɤɚ ɢɫɩɨɥɶɡɭɸɬ ɜɚɤɭɭɦɧɵɣ 

ɦɚɬɪɚɫ. Ɉɧ ɫɨɫɬɨɢɬ ɢɡ ɩɚɤɟɬɚ, ɡɚɩɨɥɧɟɧɧɨɝɨ ɦɚɥɟɧɶɤɢɦɢ ɩɨɥɢɫɬɢɪɨɥɨɜɵɦɢ 

ɲɚɪɢɤɚɦɢ, ɢ ɜɚɤɭɭɦɧɨɝɨ ɤɨɦɩɪɟɫɫɨɪɚ. ɉɚɰɢɟɧɬ ɥɨɠɢɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ 

ɦɚɬɪɚɫɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɩɨɥɭɫɩɭɳɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɡɚɬɟɦ ɜɪɚɱ ɢ ɮɢɡɢɤ 

ɩɨɞɛɢɪɚɸɬ ɨɩɬɢɦɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɚɰɢɟɧɬɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɥɟɱɟɧɢɹ, ɢ 

ɜɨɡɞɭɯ ɢɡ ɦɚɬɪɚɫɚ ɨɬɤɚɱɢɜɚɟɬɫɹ ɜɚɤɭɭɦɧɵɦ ɤɨɦɩɪɟɫɫɨɪɨɦ, ɢ ɦɚɬɪɚɫ 

ɫɬɚɧɨɜɢɬɫɹ ɠɟɫɬɤɢɦ ɫ ɱɟɬɤɨɣ ɮɨɪɦɨɣ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɢɦɦɨɛɢɥɢɡɚɰɢɢ. 

 

1.4 Ɇɟɬɨɞɵ ɩɨɞɜɟɞɟɧɢɹ ɞɨɡɵ 

 

Ⱦɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɅɌ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɝɥɚɜɧɵɯ ɷɬɚɩɨɜ 

ɥɟɱɟɧɢɹ ɩɚɰɢɟɧɬɨɜ. Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ ɩɥɚɧɢɪɨɜɚɧɢɹ -  ɪɚɡɪɚɛɨɬɤɚ ɢ 

ɪɟɚɥɢɡɚɰɢɹ ɩɥɚɧɚ ɨɛɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɬ ɡɚɞɚɧɧɭɸ ɩɨɝɥɨɳɟɧɧɭɸ 

ɞɨɡɭ ɢɡɥɭɱɟɧɢɹ ɧɚ ɨɩɭɯɨɥɶ ɢ ɦɢɧɢɦɚɥɶɧɭɸ ɞɨɡɭ ɧɚ ɡɞɨɪɨɜɵɟ ɬɤɚɧɢ ɢ 
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ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɭɸ ɬɨɥɟɪɚɧɬɧɨɝɨ ɭɪɨɜɧɹ ɥɭɱɟɜɨɣ 

ɧɚɝɪɭɡɤɢ ɞɥɹ ɷɬɢɯ ɬɤɚɧɟɣ. [6] Ⱦɨɡɨɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɫ 

ɩɨɦɨɳɶɸ ɤɪɢɜɵɯ ɢɡɨɞɨɡ. Ɋɚɫɱɟɬ ɞɨɡ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɰɢɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ (ɩɨɝɪɟɲɧɨɫɬɶ 

ɧɟ ɛɨɥɟɟ 3-5%) ɨɩɪɟɞɟɥɹɬɶ ɞɨɡɨɜɵɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜ ɱɟɥɨɜɟɱɟɫɤɨɦ 

ɨɪɝɚɧɢɡɦɟ. Ⱥɥɝɨɪɢɬɦɵ ɭɱɢɬɵɜɚɸɬ ɩɥɨɬɧɨɫɬɢ ɜɫɟɯ ɬɤɚɧɟɣ, ɫɥɨɠɧɭɸ 

ɤɨɧɮɢɝɭɪɚɰɢɸ ɜɧɭɬɪɟɧɧɢɯ ɨɪɝɚɧɨɜ ɢ ɤɨɧɬɭɪɨɜ ɬɟɥɚ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɚɦɦɚ 

ɢ ɬɨɪɦɨɡɧɨɝɨ ɢɡɥɭɱɟɧɢɹ, ɨɫɥɚɛɥɟɧɢɟ ɩɭɱɤɚ ɤɨɥɥɢɦɚɰɢɨɧɧɵɯ ɭɫɬɪɨɣɫɬɜ. ȼ 

ɛɨɥɶɲɢɧɫɬɜɟ ɚɥɝɨɪɢɬɦɨɜ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɡɚɩɢɫɵɜɚɸɬ ɜ ɮɨɪɦɟ ɢɧɬɟɝɪɚɥɚ ɩɨ 

ɷɧɟɪɝɢɢ ɢ ɨɛɥɭɱɚɟɦɨɦɭ ɨɛɴɟɦɭ. ɉɨɫɤɨɥɶɤɭ ɬɚɤɨɣ ɢɧɬɟɝɪɚɥ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟɲɟɧ ɚɧɚɥɢɬɢɱɟɫɤɢ, ɬɨ ɫɨɡɞɚɸɬɫɹ ɦɟɬɨɞɵ ɩɪɢɛɥɢɠɟɧɧɨɝɨ ɪɚɫɱɟɬɚ 

(ɬɪɟɯɦɟɪɧɚɹ ɫɜɟɪɬɤɚ, ɫɜɟɪɬɤɚ ɫ ɪɚɡɥɨɠɟɧɢɟɦ ɧɚ ɤɨɧɭɫɵ, ɚɥɝɨɪɢɬɦ "ɬɨɧɤɨɝɨ 

ɥɭɱɚ" ɢ "ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɬɤɚɧɶ-ɜɨɡɞɭɯ"). [12] 

Ⱦɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɤɭɪɫɚ ɅɌ ɧɚ ɝɚɦɦɚ – ɬɟɪɚɩɟɜɬɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɚɯ, 

ɥɢɧɟɣɧɵɯ ɭɫɤɨɪɢɬɟɥɹɯ ɷɥɟɤɬɪɨɧɨɜ, ɜɧɭɬɪɢɩɨɥɨɫɬɧɵɯ ɝɚɦɦɚ ɚɩɩɚɪɚɬɚɯ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɥɚɧɢɪɭɸɳɢɟ ɫɢɫɬɟɦɵ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɩɥɚɧɢɪɨɜɚɧɢɟ ɤɚɤ ɨɞɧɨ ɬɚɤ ɢ ɦɧɨɝɨɰɟɧɬɪɨɜɨɝɨ ɨɛɥɭɱɟɧɢɹ ɢ ɢɯ 

ɩɪɨɢɡɜɨɥɶɧɵɯ ɤɨɦɛɢɧɚɰɢɣ: 

- ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɟ ɫɬɚɬɢɱɟɫɤɨɟ ɨɛɥɭɱɟɧɢɟ ɩɭɱɤɚɦɢ ɩɪɹɦɨɭɝɨɥɶɧɨɣ 

ɮɨɪɦɵ; 

- ɫɬɚɬɢɱɟɫɤɨɟ ɨɛɥɭɱɟɧɢɟ ɜɫɬɪɟɱɧɵɦɢ ɩɭɱɤɚɦɢ ɧɟɩɪɚɜɢɥɶɧɨɣ ɮɨɪɦɵ, 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬɫɹ ɆɅɄ; 

-ɩɨɞɜɢɠɧɨɟ ɨɛɥɭɱɟɧɢɟ (ɦɧɨɝɨɫɟɤɬɨɪɧɨɟ ɤɚɱɚɧɢɟ, ɪɚɜɧɨɦɟɪɧɚɹ 

ɤɪɭɝɨɜɚɹ ɪɨɬɚɰɢɹ, ɪɨɬɚɰɢɹ ɫ ɩɟɪɟɦɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɆɅɄ; 

-ɨɛɥɭɱɟɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɥɢɧɶɟɜ, ɤɪɚɟɜɵɯ ɢ ɪɚɫɳɟɩɥɹɸɳɢɯ 

ɛɥɨɤɨɜ. 
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ɂɧɮɨɪɦɚɰɢɹ ɨ ɩɥɨɬɧɨɫɬɢ ɬɤɚɧɟɣ ɜ ɫɢɫɬɟɦɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ ɨɫɧɨɜɟ 

ɫɧɢɦɤɨɜ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɬɨɦɨɝɪɚɮɚ. ɉɥɚɧɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ɨɛɪɚɛɚɬɵɜɚɟɬ 

ɫɧɢɦɤɢ ɫ ɄɌ, ɩɟɪɟɞɚɧɧɵɯ ɩɨ ɥɨɤɚɥɶɧɨɣ ɫɟɬɢ [9,10].   

ɉɪɨɬɨɤɨɥ ɩɥɚɧɚ ɨɛɥɭɱɟɧɢɹ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɫɜɨɣɫɬɜɚ ɩɨɥɟɣ, ɧɚɱɚɥɨ 

ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɩɥɚɧɚ, ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ, ɦɢɧɢɦɚɥɶɧɭɸ ɢ ɫɪɟɞɧɸɸ ɞɨɡɭ 

ɧɚ ɨɩɭɯɨɥɶ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ, ɚ ɬɚɤɠɟ, ɩɚɪɚɦɟɬɪɵ ɩɨɡɜɨɥɹɸɳɢɟ 

ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ ɫɟɚɧɫɚ. 

ɋɢɫɬɟɦɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɜɤɥɸɱɟɧɚ ɜ ɥɨɤɚɥɶɧɭɸ 

ɤɨɦɩɶɸɬɟɪɧɭɸ ɫɟɬɶ. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɨɬɩɪɚɜɥɹɬɶ 

ɞɚɧɧɵɯ ɨ ɩɥɚɧɟ ɥɟɱɟɧɢɹ ɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɬɟɯɧɢɱɟɫɤɨɣ 

ɪɟɚɥɢɡɚɰɢɢ ɧɚ ɨɫɧɨɜɧɨɣ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɥɟɱɟɛɧɨɝɨ ɚɩɩɚɪɚɬɚ. 

 

1.4.1 3-D ɤɨɧɮɨɪɦɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ 

 

3-D ɤɨɧɮɨɪɦɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ ɦɟɬɨɞ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɬɟɪɚɩɢɢ, 

ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɬɨɱɧɨɦ ɨɩɪɟɞɟɥɟɧɢɢ ɬɪɟɯɦɟɪɧɨɝɨ ɨɛɴɟɦɚ ɦɢɲɟɧɢ ɢ 

ɤɪɢɬɢɱɟɫɤɢɯ ɨɪɝɚɧɨɜ. Ʉɨɧɮɨɪɦɧɵɦ ɧɚɡɵɜɚɟɬɫɹ ɨɛɥɭɱɟɧɢɟ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɮɨɪɦɚ ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɴɟɦɚ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɚ ɤ ɮɨɪɦɟ ɨɩɭɯɨɥɢ. 

Ɇɨɳɧɨɫɬɶ ɞɨɡɵ (ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɡɥɭɱɟɧɢɹ) ɤɚɠɞɨɣ ɬɨɱɤɢ ɩɨɥɹ ɩɪɢ ɬɚɤɨɦ 

ɦɟɬɨɞɟ ɨɛɥɭɱɟɧɢɹ ɩɨɫɬɨɹɧɧɚɹ. ɉɨɥɭɱɟɧɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɦɨɞɟɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɫɢɫɬɟɦɨɣ ɩɥɚɧɢɪɨɜɚɧɢɹ ɅɌ, ɝɞɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɩɨɥɟɣ ɨɛɥɭɱɟɧɢɹ, ɢɯ ɪɚɡɦɟɪ ɢ ɮɨɪɦɚ. Ⱦɥɹ ɬɪɟɯɦɟɪɧɨɣ 3-D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 

ɫɜɨɣɫɬɜɟɧɧɨ ɨɛɥɭɱɟɧɢɟ ɧɟɤɨɦɩɥɚɧɚɪɧɵɦɢ ɩɨɥɹɦɢ, ɫɬɚɬɢɱɟɫɤɢɦ ɢ 

ɞɢɧɚɦɢɱɟɫɤɢɦ ɪɟɠɢɦɨɦ ɨɛɥɭɱɟɧɢɹ. ȼ ɨɛɥɭɱɚɟɦɵɣ ɨɛɴɟɦ ɩɨɩɚɞɚɟɬ ɜɫɹ 

ɨɤɨɧɬɭɪɟɧɧɚɹ ɨɩɭɯɨɥɶ ɥɸɛɨɣ ɮɨɪɦɵ ɩɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɨ ɨɝɪɚɧɢɱɟɧɨ 

ɨɛɥɭɱɟɧɢɟ ɨɤɪɭɠɚɸɳɢɯ ɡɞɨɪɨɜɵɯ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ. Ȼɥɚɝɨɞɚɪɹ ɬɨɱɧɨɫɬɢ ɢ 

ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɩɨɞɜɟɞɟɧɢɹ ɞɨɡɵ ɧɚɛɥɸɞɚɟɬɫɹ ɦɟɧɶɲɟɟ ɱɢɫɥɨ ɥɭɱɟɜɵɯ 

ɪɟɚɤɰɢɣ, ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɧɚ ɧɢɯ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ [12].  
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Ɋɢɫɭɧɨɤ 7 - Ⱦɨɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢ 3-D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɧɚ 

ɨɛɥɚɫɬɶ ɦɚɥɨɝɨ ɬɚɡɚ ɜ ɚɤɫɢɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ. 

 

Ʉɨɧɮɨɪɦɧɚɹ ɬɟɪɚɩɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɞɨɡɨɜɵɦ ɝɪɚɞɢɟɧɬɨɦ 

ɜɨɤɪɭɝ ɨɤɨɧɬɭɪɟɧɧɨɝɨ ɨɛɴɟɦɚ ɨɩɭɯɨɥɢ, ɢ ɯɨɪɨɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɫɥɭɱɚɟɜ, ɜ 

ɤɨɬɨɪɵɯ ɝɪɚɧɢɰɵ ɨɩɭɯɨɥɢ ɱɟɬɤɨ ɨɛɨɡɧɚɱɟɧɵ. ɇɚɥɢɱɢɟ ɦɭɥɶɬɢɥɟɩɟɫɬɤɨɜɨɝɨ 

ɤɨɥɥɢɦɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɥɭɱɟɜɭɸ ɬɟɪɚɩɢɸ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɛɥɨɤɨɜ ɞɥɹ ɡɚɤɪɵɬɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ. ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧ ɩɥɚɧ, 

ɪɚɫɫɱɢɬɚɧɧɵɣ ɦɟɬɨɞɨɦ 3-D ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ. ɋɢɫɬɟɦɚ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɥɢɧɶɹ, ɚ ɬɚɤɠɟ 

ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞɢɤɭ «ɩɨɥɟ ɜ ɩɨɥɟ», ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɢɡɨɰɟɧɬɪɨɜ, 

ɢ ɬ.ɞ. [13] 

 

1.4.2 ɂɧɬɟɧɫɢɜɧɨ – ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ 

 

ɂɧɬɟɧɫɢɜɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ (ɂɆɅɌ) - ɷɬɨ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɚɹ ɮɨɪɦɚ ɬɪɟɯɦɟɪɧɨɣ ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, 

ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɚɪɶɢɪɨɜɚɬɶ ɦɨɳɧɨɫɬɶ ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ ɩɨ ɩɨɥɸ 

ɨɛɥɭɱɟɧɢɹ ɫ ɤɚɠɞɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɭɱɤɚ ɮɨɬɨɧɨɜ, ɞɥɹ ɩɨɥɭɱɟɧɢɹ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɞɨɡɵ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɤɨɧɮɨɪɦɧɵɦɢ, ɱɟɦ ɬɟ, 

ɤɨɬɨɪɵɟ ɜɨɡɦɨɠɧɵ ɩɪɢ ɫɬɚɧɞɚɪɬɧɨɣ ɬɪɟɯɦɟɪɧɨɣ 3-D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. Ɍɚɤɨɣ 

ɦɟɬɨɞ ɨɛɥɭɱɟɧɢɹ ɷɮɮɟɤɬɢɜɟɧ, ɤɨɝɞɚ ɟɫɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɟɡɤɨɦ ɩɚɞɟɧɢɢ 

ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɧɚ ɝɪɚɧɢɰɟ ɦɢɲɟɧɢ ɢ ɨɤɪɭɠɚɸɳɢɯ ɬɤɚɧɟɣ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɨɩɭɯɨɥɶ ɫ ɜɨɝɧɭɬɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɜɤɥɸɱɟɧɧɵɦɢ ɜɧɭɬɪɶ ɤɪɢɬɢɱɟɫɤɢɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ. [12] 

ɉɨɥɟ ɨɛɥɭɱɟɧɢɹ ɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɟɝɦɟɧɬɨɜ, ɢ ɨɛɥɭɱɟɧɢɟ 

ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, ɮɨɪɦɢɪɭɹ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɟ 

ɩɨɥɟ ɨɛɥɭɱɟɧɢɹ ɮɨɬɨɧɚɦɢ. ɜɨ ɜɪɟɦɹ ɨɛɥɭɱɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɥɟɩɟɫɬɤɢ 

ɤɨɥɥɢɦɚɬɨɪɚ ɦɟɧɹɸɬ ɫɜɨɢ ɩɨɡɢɰɢɢ ɜ ɝɪɚɧɢɰɚɯ ɤɚɠɞɨɝɨ ɩɨɥɹ, ɢ ɪɚɫɩɚɞɚɟɬɫɹ 

ɧɚ ɪɹɞ ɫɟɝɦɟɧɬɨɜ, ɪɚɡɥɢɱɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɪɚɞɢɚɰɢɨɧɧɚɹ ɝɨɥɨɜɤɚ ɩɪɢ ɷɬɨɦ 

ɧɚɯɨɞɢɬɫɹ ɜ ɫɬɚɬɢɱɧɨɦ ɩɨɥɨɠɟɧɢɢ. (ɪɢɫɭɧɨɤ 8)  

Ⱦɜɢɠɟɧɢɟ ɆɅɄ ɦɨɠɟɬ ɦɟɧɹɬɶɫɹ ɜ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ:  

1 Ɍɟɯɧɨɥɨɝɢɹ «ɲɚɝ ɢ ɜɵɫɬɪɟɥ» 

Ɍɟɯɧɢɤɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɨɛɥɭɱɟɧɢɢ ɩɨɥɹɦɢ ɩɪɢ 

ɫɬɚɬɢɱɟɫɤɨɦ ɩɨɥɨɠɟɧɢɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ. ɉɨɞɜɟɞɟɧɢɟ ɞɨɡɵ 

ɪɟɚɥɢɡɭɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɩɟɪɟɦɟɳɟɧɢɟɦ ɥɟɩɟɫɬɤɨɜ ɤɨɥɥɢɦɚɬɨɪɚ ɦɟɠɞɭ 

ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɨɥɨɠɟɧɢɹɦɢ, ɩɪɢ ɷɬɨɦ ɩɨɥɟ ɧɟ ɜɤɥɸɱɟɧɨ, ɚ ɜɤɥɸɱɚɟɬɫɹ 

ɬɨɥɶɤɨ ɤɨɝɞɚ ɪɚɞɢɚɰɢɨɧɧɚɹ ɝɨɥɨɜɤɚ ɡɚɧɢɦɚɟɬ ɫɩɥɚɧɢɪɨɜɚɧɧɨɟ ɩɨɥɨɠɟɧɢɟ.  

2 Ɍɟɯɧɨɥɨɝɢɹ «ɫɤɨɥɶɡɹɳɟɝɨ ɨɤɧɚ» 

Ɉɧɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, 

ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɨɥɹ, ɫ ɩɨɦɨɳɶɸ ɩɚɪɵ ɥɟɩɟɫɬɤɨɜ 

ɤɨɥɥɢɦɚɬɨɪɚ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɟɩɪɟɪɵɜɧɨ ɦɟɧɹɟɬɫɹ ɤɨɧɮɢɝɭɪɚɰɢɹ ɩɨɥɹ. 

ɉɪɢ ɬɚɤɨɣ ɦɟɬɨɞɢɤɟ ɩɭɱɨɤ ɧɟɩɪɟɪɵɜɧɨ ɜɤɥɸɱɟɧ. ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧ 

ɩɥɚɧ ɨɛɥɭɱɟɧɢɹ, ɦɟɬɨɞɨɦ ɂɆɅɌ ɧɚ ɨɛɥɚɫɬɶ ɪɨɬɨɝɥɨɬɤɢ, ɜɵɩɨɥɧɟɧɧɵɣ ɩɨ 

ɬɟɯɧɨɥɨɝɢɢ «ɫɤɨɥɶɡɹɳɟɝɨ ɨɤɧɚ». 
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Ɋɢɫɭɧɨɤ 8 - ɉɨɥɭɱɟɧɧɨɟ ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɂɆɅɌ ɞɨɡɨɜɨɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚ ɨɛɥɚɫɬɶ ɪɨɬɨɝɥɨɬɤɢ ɜ ɚɤɫɢɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ 

 

ȼ ɩɪɨɰɟɫɫɟ ɨɩɬɢɦɢɡɚɰɢɢ ɩɥɚɧɨɜ ɂɆɅɌ ɫɢɫɬɟɦɚ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

ɨɩɪɟɞɟɥɹɟɬ ɨɩɬɢɦɚɥɶɧɵɣ ɭɝɨɥ ɨɛɥɭɱɟɧɢɹ, ɢ ɨɩɬɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɭɱɤɨɜ 

ɢɡɥɭɱɟɧɢɹ ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɦɢɲɟɧɢ ɢ ɨɪɝɚɧɨɜ ɪɢɫɤɚ, 

ɩɪɢɦɟɧɹɟɬɫɹ ɚɥɝɨɪɢɬɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɨɩɬɢɦɢɡɚɰɢɢ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨɬɨɤɚ ɢɡɥɭɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɦɨɞɭɥɹ ɢɧɜɟɪɫɧɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɮɥɸɟɧɫɚ ɜ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ. Ⱦɚɧɧɵɣ 

ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɩɚɞɟɧɢɹ ɞɨɡɵ ɩɪɢ 

ɨɩɬɢɦɢɡɚɰɢɢ ɡɚ ɩɪɟɞɟɥɚɦɢ ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɴɟɦɚ ɢ ɩɨɦɨɝɚɟɬ ɢɡɛɟɠɚɬɶ 

«ɝɨɪɹɱɢɯ» ɡɨɧ. [13,17,28]. 

 

1.4.3 Ɉɛɴёɦɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɞɭɝɨɜɚɹ ɬɟɪɚɩɢɹ 

 

Ɉɛɴɟɦɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɞɭɝɨɜɚɹ ɬɟɪɚɩɢɹ – ɷɬɨ ɚɥɝɨɪɢɬɦ ɞɥɹ 

ɨɩɬɢɦɢɡɚɰɢɢ ɩɥɚɧɚ ɨɛɥɭɱɟɧɢɹ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɬɪɟɯɦɟɪɧɨɟ 

ɞɨɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɫ ɩɨɦɨɳɶɸ ɩɨɜɨɪɨɬɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ 

ɥɢɧɟɣɧɨɝɨ ɭɫɤɨɪɢɬɟɥɹ ɷɥɟɤɬɪɨɧɨɜ. ɉɪɢ ɜɧɟɞɪɟɧɢɢ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ, ɫɬɚɥɨ 
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ɜɨɡɦɨɠɧɵɦ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɜɨ ɜɪɟɦɹ ɥɟɱɟɧɢɹ ɬɚɤɢɟ 

ɩɚɪɚɦɟɬɪɵ, ɤɚɤ: ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ, ɤɨɧɮɢɝɭɪɚɰɢɹ 

ɩɨɥɹ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɢɠɟɧɢɹ ɥɟɩɟɫɬɤɨɜ ɤɨɥɥɢɦɚɬɨɪɚ, ɢ ɦɨɳɧɨɫɬɶ ɞɨɡɵ. 

ɈɆȾɌ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɩɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɫ ɨɩɬɢɦɚɥɶɧɨɣ 

ɤɨɧɮɨɪɦɧɨɫɬɶɸ, ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɸɛɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ 

ɚɩɩɚɪɚɬɚ.  

ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɨɛɴɟɦɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɞɭɝɨɜɨɣ ɬɟɪɚɩɢɢ, 

ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɜɤɚ ɫɩɥɚɧɢɪɨɜɚɧɧɨɣ ɞɨɡɵ ɡɚ ɦɟɧɶɲɟɟ ɜɪɟɦɹ, ɱɬɨ ɩɪɢ ɂɆɅɌ. 

ɍɥɭɱɲɟɧɢɟ ɝɨɦɨɝɟɧɧɨɫɬɢ ɞɨɡɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɈɆȾɌ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɭɬɟɦ ɪɨɬɚɰɢɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ ɧɚ 360 ɝɪɚɞɭɫɨɜ, ɚ 

ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɥɸɛɵɯ ɭɱɚɫɬɤɚɯ ɪɨɬɚɰɢɢ. ɇɚ ɪɢɫɭɧɤɟ 9 ɩɨɤɚɡɚɧ ɩɥɚɧ 

ɨɛɥɭɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɣ ɦɟɬɨɞɨɦ ɈɆȾɌ ɨɞɧɨɣ ɩɨɥɧɨɣ ɚɪɤɨɣ ɧɚ ɨɛɥɚɫɬɶ 

ɦɚɥɨɝɨ ɬɚɡɚ.  

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 9 - ɉɨɥɭɱɟɧɧɨɟ ɞɨɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚ ɨɛɥɚɫɬɶ ɦɚɥɨɝɨ     

ɬɚɡɚ ɜ ɚɤɫɢɚɥɶɧɨɣ ɩɪɨɟɤɰɢɢ, ɩɪɢ ɨɩɬɢɦɢɡɚɰɢɢ ɈɆȾɌ ɨɞɧɨɣ ɩɨɥɧɨɣ ɚɪɤɨɣ 
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ɍɦɟɧɶɲɟɧɢɟ ɞɢɚɩɚɡɨɧɚ ɪɨɬɚɰɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɛɟɠɚɧɢɹ ɬɚɤɨɝɨ 

ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɥɹ, ɝɞɟ ɢɡɥɭɱɟɧɢɟ ɩɪɨɯɨɞɢɬ ɱɟɪɟɡ ɮɢɤɫɢɪɭɸɳɟɟ 

ɭɫɬɪɨɣɫɬɜɨ, ɢɥɢ, ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɩɨɥɟ ɧɟ ɩɪɨɯɨɞɢɥɨ ɱɟɪɟɡ 

ɡɞɨɪɨɜɭɸ ɫɬɨɪɨɧɭ ɬɟɥɚ. ɉɪɢ ɈɆȾɌ, ɧɟɬ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ ɤɨɥɢɱɟɫɬɜɨ 

ɪɨɬɚɰɢɣ ɢ ɞɭɝ, ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɨɛɥɭɱɟɧɢɹ, ɧɨ ɡɚɦɟɬɧɨ ɫɧɢɠɚɟɬ ɞɨɡɭ 

ɧɚ ɡɞɨɪɨɜɵɟ ɬɤɚɧɢ ɢ ɨɪɝɚɧɵ. ɉɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɫ ɨɩɬɢɦɢɡɚɰɢɟɣ ɈɆȾɌ 

ɢɦɟɸɬ ɛɨɥɟɟ ɝɨɦɨɝɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɞɨɡɵ ɧɚ ɦɢɲɟɧɶ, ɱɟɦ ɩɪɢ ɂɆɅɌ ɢ 

3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. [12,17, 28] 

 

1.5 ɋɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɚɹ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɥɭɱɟɜɚɹ 
ɬɟɪɚɩɢɹ 

 

ɋɢɧɯɪɨɧɢɡɢɪɨɜɚɧɧɚɹ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ, 

ɧɟɨɛɯɨɞɢɦɚ, ɤɨɝɞɚ ɧɚ ɨɛɴёɦ ɦɢɲɟɧɢ ɜɥɢɹɟɬ ɞɵɯɚɧɢɟ ɩɚɰɢɟɧɬɚ. 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɚɧɚɬɨɦɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɡɚɜɢɫɢɬ ɨɬ ɮɚɡɵ 

ɞɵɯɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ: ɨɪɝɚɧɨɜ ɝɪɭɞɧɨɣ ɤɥɟɬɤɢ, ɛɪɸɲɧɨɣ ɩɨɥɨɫɬɢ.   

ȼɨɡɦɨɠɧɨɫɬɶ ɨɬɫɥɟɠɢɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɪɝɚɧɨɜ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɅɌ ɭɜɟɥɢɱɢɜɚɟɬ ɬɨɱɧɨɫɬɶ ɥɟɱɟɧɢɹ ɢ ɫɧɢɠɚɟɬ ɥɭɱɟɜɭɸ ɧɚɝɪɭɡɤɭ 

ɧɚ ɨɤɪɭɠɚɸɳɢɟ ɡɞɨɪɨɜɵɟ ɨɪɝɚɧɵ. ɉɪɢ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ ɥɟɝɤɢɟ 

ɧɚɩɨɥɧɹɸɬɫɹ ɜɨɡɞɭɯɨɦ ɢ ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɜ ɨɛɴёɦɟ, ɬɟɦ ɫɚɦɵɦ ɪɚɫɲɢɪɹɸɬ 

ɨɛɥɚɫɬɶ ɝɪɭɞɧɨɣ ɤɥɟɬɤɢ, ɭɜɟɥɢɱɢɜɚɹ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɫɟɪɞɰɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 

ɫɭɳɟɫɬɜɟɧɧɨ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɥɭɱɟɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɥɟɝɤɢɟ ɢ ɫɟɪɞɰɟ, ɱɬɨ 

ɭɦɟɧɶɲɚɟɬ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɤɚɪɞɢɨ ɢ ɩɧɟɜɦɨɬɨɤɫɢɱɧɨɫɬɢ. Ɍɚɤɠɟ, ɩɪɢ ɬɨɱɧɨɦ 

ɤɨɧɬɪɨɥɟ ɡɚ ɞɜɢɠɟɧɢɟɦ ɦɢɲɟɧɢ, ɩɥɚɧ ɪɚɫɫɱɢɬɚɧɧɵɣ ɮɢɡɢɤɨɦ ɪɟɚɥɢɡɭɟɬɫɹ 

ɫ ɦɟɧɶɲɟɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɢɞɨɜ ɤɨɧɬɪɨɥɹ ɡɚ 

ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ. 
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1.5.1 Ⱦɵɯɚɬɟɥɶɧɵɣ ɝɟɣɬɢɧɝ 

 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɤɨɧɬɪɨɥɶ ɞɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜɨ 

ɜɪɟɦɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ ɄɌ. ɉɪɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɪɚɤɚ ɥɟɝɤɨɝɨ, 

ɨɛɵɱɧɨ ɨɤɨɧɬɭɪɢɜɚɧɢɟ ɨɛɴёɦɚ ɦɢɲɟɧɢ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɭɱɟɬɨɦ ɨɬɫɬɭɩɚ ɨɬ 

ɨɩɭɯɨɥɢ ɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɭɤɥɚɞɤɢ, ɚ ɬɚɤɠɟ ɧɚ ɞɵɯɚɬɟɥɶɧɵɣ ɰɢɤɥ. Ɍɚɤɨɣ 

ɦɟɬɨɞ ɭɱɟɬɚ ɞɵɯɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɪɚɡɦɟɪɨɜ 

ɩɨɥɹ ɨɛɥɭɱɟɧɢɹ ɢ ɤɚɤ ɫɥɟɞɫɬɜɢɟ ɭɜɟɥɢɱɟɧɢɸ ɧɚɝɪɭɡɤɢ ɧɚ ɡɞɨɪɨɜɵɟ ɬɤɚɧɢ. 

ɇɟɨɛɯɨɞɢɦɨ ɫɨɡɞɚɜɚɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ ɫɩɟɰɢɚɥɶɧɵɟ ɨɬɫɬɭɩɵ, ɫ 

ɩɨɦɨɳɶɸ 4D ɄɌ. Ɇɟɬɨɞ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢ ɄɌ ɢɡɨɛɪɚɠɟɧɢɹ, ɢ 

ɨɛɥɭɱɟɧɢɟ ɩɪɨɜɨɞɹɬɫɹ ɜ ɧɚɢɛɨɥɟɟ ɩɨɞɯɨɞɹɳɟɣ ɱɚɫɬɢ ɞɵɯɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ. 

ȼɵɩɨɥɧɹɟɬɫɹ ɩɪɨɫɩɟɤɬɢɜɧɨɟ ɢ ɪɟɬɪɨɫɩɟɤɬɢɜɧɨɟ ɄɌ ɫɤɚɧɢɪɨɜɚɧɢɟ. ɉɪɢ 

ɩɪɨɫɩɟɤɬɢɜɧɨɦ ɫɤɚɧɢɪɨɜɚɧɢɢ, ɩɨɥɭɱɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ, 

ɤɨɝɞɚ ɩɚɰɢɟɧɬɨɦ ɞɨɫɬɢɝɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɭɱɚɫɬɨɤ ɞɵɯɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ. 

Ⱦɵɯɚɧɢɟ ɨɬɫɥɟɠɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɞɵɯɚɬɟɥɶɧɨɝɨ ɦɨɧɢɬɨɪɚ, 

ɢɧɫɬɚɥɥɢɪɨɜɚɧɧɨɝɨ ɤ ɄɌ.  Ɋɟɬɪɨɫɩɟɤɬɢɜɧɚɹ (4D ɄɌ) ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 

ɛɨɥɟɟ ɬɨɱɧɵɟ ɞɚɧɧɵɟ ɄɌ, ɨɯɜɚɬɵɜɚɸɳɢɟ ɜɟɫɶ ɞɵɯɚɬɟɥɶɧɵɣ ɰɢɤɥ. 4D 

ɞɚɧɧɵɟ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɩɭɯɨɥɢ, ɢ ɟɟ 

ɞɜɢɠɟɧɢɹ ɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɞɪɭɝɢɦ ɨɪɝɚɧɚɦ ɧɚ ɜɫɟɦ ɞɵɯɚɬɟɥɶɧɨɦ ɰɢɤɥɟ.        

4D ɄɌ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɦɚɥɵɦ ɲɚɝɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ 3, 4 ɦɦ ɜ 

ɚɤɫɢɚɥɶɧɨɦ ɪɟɠɢɦɟ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɧɢɬɨɪɢɧɝɚ. Ʉɨɦɩɶɸɬɟɪɧɵɣ 

ɬɨɦɨɝɪɚɮ, ɜɵɩɨɥɧɹɟɬ ɧɟɫɤɨɥɶɤɨ ɫɤɚɧɨɜ ɜ ɤɚɠɞɨɦ ɩɨɥɨɠɟɧɢɢ ɫɬɨɥɚ ɧɚ 

ɤɚɠɞɵɣ ɰɢɤɥ ɞɵɯɚɧɢɹ. Ɂɚɬɟɦ ɫɢɫɬɟɦɚ ɪɟɤɨɧɫɬɪɭɢɪɭɟɬ ɩɨɥɭɱɟɧɧɵɟ 

ɢɡɨɛɪɚɠɟɧɢɹ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɫɪɟɡɨɜ. ɋɤɚɧɢɪɨɜɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨɞɢɬɶ ɜ 

ɤɚɠɞɨɦ ɩɨɥɨɠɟɧɢɢ ɫɬɨɥɚ. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɬɪɟɯɦɟɪɧɵɯ 

ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɵɯ ɄɌ ɫɤɚɧɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɤɚɠɞɨɦɭ ɭɱɚɫɬɤɭ ɤɪɢɜɨɣ 

ɞɵɯɚɧɢɹ, ɩɨɫɥɟ ɱɟɝɨ ɮɨɪɦɢɪɭɟɬɫɹ 4D ɄɌ ɫɤɚɧ, ɧɚ ɤɨɬɨɪɨɦ ɦɨɠɧɨ ɨɰɟɧɢɬɶ 

ɩɨɥɧɨɟ ɞɜɢɠɟɧɢɟ ɦɢɲɟɧɢ.  Ɂɚɬɟɦ, ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, 

ɜɪɚɱɨɦ ɫɨɡɞɚɟɬɫɹ ɨɛɴɟɦ ITV (ɪɢɫɭɧɨɤ 10).  
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ɉɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɫɪɟɞɧɹɹ ɨɰɟɧɤɚ ɞɜɢɠɟɧɢɹ 

ɨɩɭɯɨɥɢ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɨɪɝɚɧɚɦ ɪɢɫɤɚ ɫ ɧɟɛɨɥɶɲɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ. 

Ɉɞɧɚɤɨ, ɞɨɡɚ, ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɫɤɚɧɢɪɨɜɚɧɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ ɱɟɦ ɩɪɢ 

ɨɛɵɱɧɨɦ ɩɨɥɭɱɟɧɢɢ ɄɌ ɢɡɨɛɪɚɠɟɧɢɹ, ɢ ɡɚɧɢɦɚɟɬ ɡɧɚɱɢɬɟɥɶɧɵɣ ɨɛɴёɦ 

ɜɪɟɦɟɧɢ.  

 

 

 

 

 

 

 

ITV – ɨɛɴɟɦ, ɨɯɜɚɬɵɜɚɸɳɢɣ ɞɢɚɩɚɡɨɧ ɞɜɢɠɟɧɢɹ ɨɩɭɯɨɥɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɫɬɚɥɶɧɵɦ ɨɪɝɚɧɚɦ. [19,23.24] 

            

Ɋɢɫɭɧɨɤ 10 - Ɉɛɴёɦɵ ɨɛɥɭɱɟɧɢɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ 

ɞɵɯɚɬɟɥɶɧɨɝɨ ɝɟɣɬɢɧɝɚ 

 

1.5.2 Ʉɨɧɬɪɨɥɶ ɚɤɬɢɜɧɨɝɨ ɞɵɯɚɧɢɹ 

 

 Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɢɪɭɟɬ ɨɛɴёɦɚ ɜɨɡɞɭɯɚ, ɫ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ 

ABC. ɋɢɫɬɟɦɚ ABC ɫɨɫɬɨɢɬ ɢɡ ɫɩɢɪɨɦɟɬɪɚ ɢ ɞɢɫɩɥɟɟɜ, ɤɨɬɨɪɵɟ 

ɝɪɚɮɢɱɟɫɤɢ ɨɬɪɚɠɚɸɬ ɫɢɧɭɫɨɢɞɭ ɞɵɯɚɧɢɹ ɩɚɰɢɟɧɬɚ. ɉɚɰɢɟɧɬ ɞɵɲɢɬ ɱɟɪɟɡ 

ɬɪɭɛɤɭ ɫ ɛɚɤɬɟɪɢɚɥɶɧɵɦ ɮɢɥɶɬɪɨɦ, ɩɪɢ ɷɬɨɦ ɞɵɯɚɧɢɟ ɱɟɪɟɡ ɧɨɫ, 

ɡɚɤɪɵɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɡɚɠɢɦɚ, ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɤɨɧɬɪɨɥɹ ɨɛɴёɦɚ 

ɜɞɵɯɚɟɦɨɝɨ ɜɨɡɞɭɯɚ (ɪɢɫɭɧɨɤ 11). ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɧɢɟɦ 

ɩɨɞɛɢɪɚɟɬɫɹ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɰɢɟɧɬɚ ɢɧɞɢɜɢɞɭɚɥɶɧɨ. ɍɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ, ɫ ɭɱɟɬɨɦ ɞɥɢɬɟɥɶɧɨɫɬɢ ɡɚɞɟɪɠɤɢ ɞɵɯɚɧɢɹ, ɧɚ ɨɫɧɨɜɟ 

ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɛɨɥɶɧɨɝɨ. ȼɫɟ ɡɧɚɱɟɧɢɹ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɩɚɦɹɬɢ 
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ɤɨɦɩɶɸɬɟɪɚ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɮɢɡɢɤɨ – 

ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ ɩɥɚɧɢɪɨɜɚɧɢɢ, ɢ ɪɟɚɥɢɡɚɰɢɢ ɩɥɚɧɚ ɨɛɥɭɱɟɧɢɹ.  

 

 

 

 

 

Ɋɢɫɭɧɨɤ 11- ɍɫɬɪɨɣɫɬɜɨ ɤɨɧɬɪɨɥɹ ɚɤɬɢɜɧɨɝɨ ɞɵɯɚɧɢɹ ABC 

 

ȼɨ ɜɪɟɦɹ ɩɪɨɰɟɞɭɪɵ, ɩɚɰɢɟɧɬ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɭɥɶɬɚ 

ɦɨɠɟɬ ɩɪɟɤɪɚɬɢɬɶ ɪɚɛɨɬɭ ɚɩɩɚɪɚɬɚ, ɩɪɢ ɷɬɨɦ ɩɪɨɢɫɯɨɞɢɬ ɚɜɬɨɦɚɬɢɱɟɫɤɨɟ 

ɪɚɡɛɥɨɤɢɪɨɜɤɚ ɤɥɚɩɚɧɚ. Ʉɨɝɞɚ ɱɟɪɟɡ ɫɩɢɪɨɦɟɬɪ ɩɪɨɯɨɞɢɬ ɧɟɨɛɯɨɞɢɦɵɣ 

ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɤɥɚɩɚɧ ɡɚɤɪɵɜɚɟɬ ɞɵɯɚɬɟɥɶɧɭɸ ɬɪɭɛɤɭ, ɩɨɦɨɝɚɹ ɩɚɰɢɟɧɬɭ 

ɡɚɞɟɪɠɢɜɚɬɶ ɞɵɯɚɧɢɟ ɦɟɠɞɭ ɜɟɪɯɧɢɦ ɢ ɧɢɠɧɢɦ ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ. [21, 

22, 23] 

 

1.5.3 Ɂɚɞɟɪɠɤɚ ɞɵɯɚɧɢɹ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ 
ɜɪɟɦɟɧɢ 

 

Ⱦɥɹ ɨɰɟɧɤɢ ɝɥɭɛɢɧɵ ɜɞɨɯɚ ɩɪɢɦɟɧɹɟɬɫɹ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɜ ɪɟɠɢɦɟ 

ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɬɨɩɨɦɟɬɪɢɢ ɧɚ ɤɨɦɩɶɸɬɟɪɧɨɦ 

ɬɨɦɨɝɪɚɮɟ, ɭɱɢɬɵɜɚɹ ɮɢɡɢɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɚɰɢɟɧɬɚ, ɜɵɛɢɪɚɟɬɫɹ 

ɜɟɪɯɧɢɣ ɢ ɧɢɠɧɢɣ ɩɪɟɞɟɥɵ ɝɥɭɛɢɧɵ ɜɞɨɯɚ, ɦɟɠɞɭ ɤɨɬɨɪɵɦɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 

ɩɨɥɭɱɟɧɢɟ ɄɌ ɞɚɧɧɵɯ.  

ɋɢɫɬɟɦɚ RPM ɫɨɫɬɨɢɬ ɢɡ ɢɧɮɪɚɤɪɚɫɧɨɣ ɤɚɦɟɪɵ ɫɥɟɠɟɧɢɹ, 

ɢɧɫɬɚɥɥɢɪɨɜɚɧɧɨɣ ɜ ɄɌ, ɢ ɨɬɪɚɠɚɸɳɟɝɨ ɦɚɪɤɟɪɚ. Ɇɚɪɤɟɪ ɮɢɤɫɢɪɭɸɬ ɧɚ 
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ɝɪɭɞɢ, ɩɨɫɥɟ ɱɟɝɨ ɩɚɰɢɟɧɬ ɞɟɥɚɟɬ ɝɥɭɛɨɤɢɣ ɜɞɨɯ, ɩɪɢ ɷɬɨɦ ɤɚɦɟɪɚ 

ɮɢɤɫɢɪɭɟɬ ɧɚɫɤɨɥɶɤɨ ɢɡɦɟɧɢɥɚɫɶ ɜɵɫɨɬɚ ɩɨɞɧɹɬɢɹ ɦɚɪɤɟɪɚ, ɫ ɩɨɦɨɳɶɸ 

ɫɩɟɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ. Ⱦɚɥɟɟ ɢɧɮɪɚɤɪɚɫɧɚɹ ɤɚɦɟɪɚ ɩɟɪɟɞɚɟɬ ɩɨɥɭɱɟɧɧɨɟ 

ɫɦɟɳɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɞɵɯɚɧɢɹ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɦɚɪɤɟɪɚ, ɧɚ 

ɭɩɪɚɜɥɹɸɳɢɣ ɤɨɦɩɶɸɬɟɪ, ɝɞɟ ɨɬɨɛɪɚɠɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɞɵɯɚɧɢɹ ɢ ɞɢɚɩɚɡɨɧ 

ɞɜɢɠɟɧɢɹ ɝɪɭɞɧɨɣ ɤɥɟɬɤɢ ɩɚɰɢɟɧɬɚ, ɚ ɡɚɬɟɦ, ɩɪɟɨɛɪɚɡɭɟɬ ɢɯ ɜ ɜɢɞɟ 

ɫɢɧɭɫɨɢɞɵ. ɉɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, ɤɨɝɞɚ ɨɩɭɯɨɥɶ 

ɧɚɯɨɞɢɬɫɹ ɜ ɠɟɥɚɟɦɨɣ ɱɚɫɬɢ ɞɵɯɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ. ɗɬɢ ɩɨɪɨɝɢ ɨɩɪɟɞɟɥɹɸɬ, 

ɤɨɝɞɚ ɫɢɫɬɟɦɚ ɜɤɥɸɱɚɟɬ ɢ ɜɵɤɥɸɱɚɟɬ ɥɟɱɟɛɧɨɟ ɩɨɥɟ. 

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɩɪɨɰɟɞɭɪɵ, ɧɟɨɛɯɨɞɢɦɨ ɬɪɟɧɢɪɨɜɚɬɶ ɩɚɰɢɟɧɬɚ 

ɜɞɵɯɚɬɶ ɨɞɢɧɚɤɨɜɵɣ ɨɛɴёɦ ɜɨɡɞɭɯɚ, ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɪɟɦɟɧɢ 

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɦɢɧɢɦɢɡɚɰɢɹ ɩɨɝɪɟɲɧɨɫɬɢ. 

ɋɢɫɬɟɦɚ RPM ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɧɢɟɦ ɩɪɢ ɥɟɱɟɧɢɟ 

ɥɟɝɤɢɯ, ɩɟɱɟɧɢ ɢ ɩɨɞɠɟɥɭɞɨɱɧɨɣ ɠɟɥɟɡɵ, ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ. ɋɢɫɬɟɦɚ 

ɨɛɨɪɭɞɨɜɚɧɚ ɚɭɞɢɨɫɨɩɪɨɜɨɠɞɟɧɢɟɦ, ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɦɢɤɪɨɮɨɧ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɩɭɥɶɬɨɜɨɣ ɄɌ, ɢ ɞɢɧɚɦɢɤ, ɜ ɩɪɨɰɟɞɭɪɧɨɦ 

ɤɚɛɢɧɟɬɟ.  [20,23,24] 
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2 Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɥɚɧɨɜ 

ɨɛɥɭɱɟɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ RPM, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɚɧɧɵɟ ɫ 

ɩɥɚɧɢɪɭɸɳɟɣ ɫɢɫɬɟɦɵ ɨ 15 ɩɚɰɢɟɧɬɤɚɯ ɫ ɥɟɜɨɫɬɨɪɨɧɧɢɦ ɪɚɤɨɦ ɦɨɥɨɱɧɨɣ 

ɠɟɥɟɡɵ, ɭ ɤɨɬɨɪɵɯ ɟɫɬɶ ɩɨɤɚɡɚɧɢɹ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ. ȼ 

ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɚɧɵ ɨɛɥɭɱɟɧɢɹ ɦɟɬɨɞɨɦ 3D ɤɨɧɮɨɪɦɧɨɣ 

ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. ȼɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɛɵɥ 

ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɩɥɚɧɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɦɟɬɨɞɨɦ ɢɧɬɟɧɫɢɜɧɨ – 

ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ, ɜ ɬɪɟɬɶɟɣ ɝɪɭɩɩɟ - ɨɛɴёɦɧɨ – 

ɦɨɞɭɥɢɪɨɜɚɧɧɨɣ ɞɭɝɨɜɨɣ ɬɟɪɚɩɢɢ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ 

ɞɵɯɚɧɢɟɦ. Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɞɨɡɨɜɨɣ ɧɚɝɪɭɡɤɢ ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ 

ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ ɦɟɬɨɞɢɤ ɜɨ ɜɬɨɪɨɣ ɢ ɬɪɟɬɶɟɣ ɝɪɭɩɩɚɯ, ɬɚɤɠɟ 

ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɛɟɡ ɦɨɞɭɥяцɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɟɬɨɞɨɦ 

ɤɥɚɫɫɢɱɟɫɤɨɣ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. ȼɵɩɨɥɧɹɥɢɫɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɛɚɡɟ 

ɪɚɞɢɨɥɨɝɢɱɟɫɤɨɝɨ ɤɨɪɩɭɫɚ ɄɄɄɈȾ ɢɦ. Ⱥ.ɂ Ʉɪɵɠɚɧɨɜɫɤɨɝɨ. 

Ⱦɥɹ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɜɫɟ ɩɚɰɢɟɧɬɤɢ ɛɵɥɢ 

ɨɬɨɛɪɚɧɵ ɫ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɨɣ ɛɟɡ ɜɨɜɥɟɱɟɧɢɹ ɪɟɝɢɨɧɚɪɧɵɯ ɥɢɦɮɨɭɡɥɨɜ. 

 

2.1 Ɍɨɩɨɦɟɬɪɢɱɟɫɤɚɹ ɪɚɡɦɟɬɤɚ ɛɨɥɶɧɵɯ  
 

Ⱦɥɹ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɚɰɢɟɧɬɨɜ, ɫɤɚɧɢɪɨɜɚɧɢɟ 

ɜɵɩɨɥɧɹɥɨɫɶ ɧɚ 16-ɫɪɟɡɨɜɨɦ ɤɨɦɩɶɸɬɟɪɧɨɦ ɬɨɦɨɝɪɚɮɟ   “Somatom 

Definition AS” ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ “Siemens” (ɪɢɫɭɧɨɤ 13). Ɍɨɦɨɝɪɚɮ 

ɢɦɟɟɬ ɩɪɢɫɩɨɫɨɛɥɟɧɢɹ ɞɥɹ ɮɢɤɫɚɰɢɢ ɦɚɦɦɨɛɨɪɞɚ, ɥɚɡɟɪɧɭɸ ɫɢɫɬɟɦɭ, 

ɩɟɪɟɫɟɱɟɧɢɟ ɤɨɬɨɪɨɣ ɫɨɜɩɚɞɚɟɬ ɫ ɩɟɪɟɫɟɱɟɧɢɟɦ ɥɭɱɟɣ ɧɚ ɥɟɱɟɛɧɨɦ ɚɩɩɚɪɚɬɟ, 

ɫɬɨɥ ɞɥɹ ɭɤɥɚɞɤɢ ɩɚɰɢɟɧɬɚ, ɩɨɥɧɨɫɬɶɸ ɩɨɜɬɨɪɹɸɳɢɣ ɤɨɨɪɞɢɧɚɬɵ ɧɚ 

ɥɟɱɟɛɧɨɦ ɫɬɨɥɟ ɭɫɤɨɪɢɬɟɥɹ. ȼɫɟ ɄɌ ɫɧɢɦɤɢ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫ ɲɚɝɨɦ 

ɫɤɚɧɢɪɨɜɚɧɢɹ 3 ɦɦ, ɜ ɩɨɥɨɠɟɧɢɢ ɩɚɰɢɟɧɬɨɤ ɥɟɠɚ ɧɚ ɫɩɢɧɟ. Ⱥɧɚɥɢɡ ɄɌ 
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ɫɧɢɦɤɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɝɪɭɞɧɚɹ ɤɥɟɬɤɚ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 

ɨɬ ɫɟɪɞɰɚ ɜ ɫɪɟɞɧɟɦ ɧɚ 1-1.5 ɫɦ. ɇɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 3 – 4 ɫɦ (ɪɢɫɭɧɨɤ 12). 

 ɚ                                                               ɛ 

           ɚ – ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɛ – ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

  

Ɋɢɫɭɧɨɤ 12 – ɄɌ –ɫɧɢɦɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ 

ɫ ɨɤɨɧɬɭɪɟɧɧɵɦɢ ɫɬɪɭɤɬɭɪɚɦɢ 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 13 - Ʉɨɦɩɶɸɬɟɪɧɵɣ ɬɨɦɨɝɪɚɮ Somatom Definition AS 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Siemens 
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ɉɪɨɰɟɫɫ ɄɌ ɫɢɦɭɥɹɰɢɢ ɜɤɥɸɱɚɥ ɜ ɫɟɛɹ: 

-ɭɤɥɚɞɤɚ ɩɚɰɢɟɧɬɤɢ ɜ ɭɞɨɛɧɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ ɦɚɦɦɨɛɨɪɞɟ, c 

ɨɛɹɡɚɬɟɥɶɧɵɦ ɭɤɚɡɚɧɢɟɦ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ; 

-ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɩɚɰɢɟɧɬɨɤ ɩɪɢ ɩɨɦɨɳɢ ɥɚɡɟɪɧɨɣ ɫɢɫɬɟɦɵ; 

-ɧɚɧɟɫɟɧɢɟ ɪɟɧɬɝɟɧɤɨɧɬɪɚɫɬɧɵɯ ɦɟɬɨɤ ɧɚ ɤɨɠɭ ɩɚɰɢɟɧɬɨɤ ɢ 

ɩɨɫɥɟɞɭɸɳɢɦ ɦɚɪɤɢɪɨɜɚɧɢɟɦ ɞɥɹ ɡɚɞɚɧɢɹ ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ (user origin); 

-ɄɌ ɫɤɚɧɢɪɨɜɚɧɢɟ; 

-ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɫɤɚɧɢɪɨɜɚɧɢɹ ɧɚ ɫɢɫɬɟɦɭ ɩɥɚɧɢɪɨɜɚɧɢɹ ɱɟɪɟɡ 

ɥɨɤɚɥɶɧɭɸ ɫɟɬɶ. 

ɋɤɚɧɢɪɨɜɚɧɢɟ, ɚ ɬɚɤɠɟ ɧɚɧɟɫɟɧɢɟ ɪɟɧɬɝɟɧɨɤɨɧɬɪɚɫɬɧɵɯ ɦɟɬɨɤ 

ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ, ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɫɢɧɯɪɨɧɢɡɚɰɢɢ 

ɞɵɯɚɬɟɥɶɧɨɝɨ ɰɢɤɥɚ ɫ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɟɣ. Ɋɚɡɦɟɬɤɚ ɩɚɰɢɟɧɬɨɤ ɩɪɨɜɨɞɢɥɚɫɶ 

ɧɚ ɦɚɦɦɨɛɨɪɞɟ, ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵQuest (ɪɢɫɭɧɨɤ 14).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 14 - Ɇɚɦɦɨɛɨɪɞ ɞɥɹ ɮɢɤɫɚɰɢɢ ɩɚɰɢɟɧɬɨɤ ɧɚ ɄɌ ɢ ɥɟɱɟɛɧɨɦ 

ɚɩɩɚɪɚɬɟ 
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2.2 ɋɢɧɯɪɨɧɢɡɚɰɢɹ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ 

 

Ⱦɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɩɚɰɢɟɧɬɨɤ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ RPM 

(Realtime Position Management), ɤɨɦɩɚɧɢɢ, Varian.  

ɋɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɞɵɯɚɧɢɹ, ɞɢɚɩɚɡɨɧ 

ɞɜɢɠɟɧɢɹ ɩɚɰɢɟɧɬɚ. Ɉɬɪɚɠɚɸɳɢɣ ɦɚɪɤɟɪ ɩɨɦɟɳɚɥɫɹ ɧɚ ɝɪɭɞɶ ɩɚɰɢɟɧɬɤɢ, 

ɡɚɬɟɦ ɟɝɨ ɤɨɧɬɭɪ ɨɛɪɢɫɨɜɵɜɚɥɫɹ ɦɚɪɤɟɪɨɦ ɧɚ ɤɨɠɟ. ɉɪɢ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ, 

ɤɚɦɟɪɚ ɮɢɤɫɢɪɨɜɚɥɚ ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɞɟɬɟɤɬɨɪɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ 

ɦɚɪɤɟɪɟ. ɇɚ ɪɢɫɭɧɤɟ 15 ɩɪɟɞɫɬɚɜɥɟɧɨ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ RPM. 

 

 

 

 

 

 

 

 

 

 

 
 ɚ ɛ 

           ɚ – ɢɧɮɪɚɤɪɚɫɧɚɹ ɤɚɦɟɪɚ, ɛ – ɨɬɪɚɠɚɸɳɢɣ ɦɚɪɤɟɪ ɫ ɜɫɬɪɨɟɧɧɵɦɢ ɞɟɬɟɤɬɨɪɚɦɢ 

 

Ɋɢɫɭɧɨɤ 15– Ɉɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ 

 

ɉɨɪɨɝɨɜɵɟ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ 

ɩɚɰɢɟɧɬɨɜ. ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɪɚɡɦɟɬɤɢ ɜɫɟɦ ɩɚɰɢɟɧɬɤɚɦ 

ɩɪɨɜɨɞɢɥɢ ɨɛɭɱɟɧɢɟ ɦɟɬɨɞɢɤɢ ɞɵɯɚɧɢɹ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɚɜɢɥɶɧɨɫɬɢ 
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ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ RPM. ɉɨɥɭɱɟɧɢɟ ɄɌ ɞɚɧɧɵɯ ɩɪɨɜɨɞɢɥɨɫɶ, ɤɨɝɞɚ 

ɚɦɩɥɢɬɭɞɚ ɞɵɯɚɧɢɹ ɩɨɩɚɞɚɥɚ ɦɟɠɞɭ ɩɨɪɨɝɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɧɟ ɦɟɧɟɟ 3 

ɪɚɡ ɩɨɞɪɹɞ (ɪɢɫɭɧɨɤ 16). 

 

 

 

 

 

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 16 – ɉɪɢɦɟɪ ɝɪɚɮɢɤɚ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞɵ ɞɵɯɚɧɢɹ ɨɬ 

ɜɪɟɦɟɧɢ ɫ ɩɨɪɨɝɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, ɩɨɥɭɱɟɧɧɵɟ ɫ RPM 

 

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɨɱɧɨɣ ɬɨɩɨɦɟɬɪɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ, ɞɚɧɧɵɟ ɄɌ 

ɫɤɚɧɢɪɨɜɚɧɢɹ, ɫ ɤɨɨɪɞɢɧɚɬɚɦɢ ɩɨɥɨɠɟɧɢɹ, ɩɨɪɨɝɨɜɵɦɢ ɡɧɚɱɟɧɢɹɦɢ, 

ɩɨɥɭɱɟɧɧɵɦɢ ɫ RPM, ɩɟɪɟɞɚɜɚɥɢɫɶ ɱɟɪɟɡ ɥɨɤɚɥɶɧɭɸ ɫɟɬɶ ɧɚ ɫɢɫɬɟɦɭ ɮɢɡɢɤɨ 

– ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ. 

 

2.3 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɫɟɚɧɫɨɜ ɨɛɥɭɱɟɧɢɹ 

 

Ɋɚɫɱɟɬ ɫɟɚɧɫɨɜ ɩɪɨɜɨɞɢɥɫɹ ɧɚ ɫɢɫɬɟɦɟ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ «Eclipse» ɮɢɪɦɵ «Varian», ɜɟɪɫɢɢ 15.6.   

«Eclipse» ɩɨɞɞɟɪɠɢɜɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɫɩɨɫɨɛɵ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɢ 

ɤɨɧɬɚɤɬɧɨɝɨ ɨɛɥɭɱɟɧɢɹ, ɪɟɚɥɢɡɭɟɦɵɟ ɧɚ ɭɫɤɨɪɢɬɟɥɹɯ, ɝɚɦɦɚ-ɚɩɩɚɪɚɬɚɯ ɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɦɭɥɶɬɢɩɥɚɧɚɪɧɵɣ ɩɨɤɚɡ ɢɬɨɝɨɜ ɩɥɚɧɢɪɨɜɚɧɢɹ ɢ ɢɡɨɞɨɡɧɨɝɨ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɋɚɫɱɟɬ ɩɥɚɧɨɜ ɜɨ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩɚɯ ɩɪɨɜɨɞɢɥɫɹ ɜ 

ɫɪɟɞɧɟɦ ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɢ, ɩɪɢ ɷɧɟɪɝɢɢ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ – 6 Ɇɷȼ, ɢ ɫ 

ɦɨɳɧɨɫɬɶɸ ɞɨɡɵ 600 MU/ɦɢɧ. Ⱦɨɡɚ ɡɚ ɮɪɚɤɰɢɸ ɫɨɫɬɚɜɥɹɥɚ 2,5 Ƚɪ. 

ɋɭɦɦɚɪɧɚɹ ɨɱɚɝɨɜɚɹ ɞɨɡɚ – 45 Ƚɪ. Ɉɯɜɚɬ 93 - 95% ɨɬ ɩɪɟɞɩɢɫɚɧɧɨɣ ɞɨɡɵ ɧɚ 

100 % ɦɢɲɟɧɢ, ɛɵɥ ɩɨɥɭɱɟɧ ɜɨ ɜɫɟɯ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɥɚɧɚɯ. Ɋɚɫɱɟɬɵ ɩɥɚɧɨɜ 

ɨɛɥɭɱɟɧɢɹ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɧɚ ɨɞɢɧ ɥɢɧɟɣɧɵɣ ɭɫɤɨɪɢɬɟɥɶ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ 

ɩɨɝɪɟɲɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ, ɢɡ – ɡɚ ɬɟɯɧɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɩɩɚɪɚɬɨɜ. 

Ʉɭɦɭɥɹɬɢɜɧɚɹ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – ɨɛɴёɦ, ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɞɥɹ ɫɟɪɞɰɚ ɢ ɥɟɜɨɝɨ ɥɟɝɤɨɝɨ, ɜɨ ɜɫɟɯ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɥɚɧɚɯ ɜ 

ɤɚɠɞɨɣ ɝɪɭɩɩɟ.  ȼɫɟ ɡɧɚɱɟɧɢɹ ɞɨɡ, ɚ ɬɚɤɠɟ ɫɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ, 

ɜɵɜɨɞɹɬɫɹ ɜ ɜɢɞɟ ɬɚɛɥɢɰɵ, ɧɚ ɤɚɠɞɭɸ ɫɬɪɭɤɬɭɪɭ, ɫ ɭɤɚɡɚɧɢɟɦ ɜɫɟɣ 

ɧɟɨɛɯɨɞɢɦɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɩɥɚɧɟ ɨɛɥɭɱɟɧɢɹ. 

 

2.3.1 Ɏɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 

 

ȼ ɩɟɪɜɨɣ ɝɪɭɩɩɟ ɩɚɰɢɟɧɬɨɤ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɥɚɧɵ 3D ɤɨɧɮɨɪɦɧɨɣ 

ɅɌ ɧɚ ɞɜɭɯ ɪɚɡɧɵɯ ɄɌ, ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɧɚ ɡɚɞɟɪɠɤɟ ɫ 

ɩɪɢɦɟɧɟɧɢɟɦ RPM. ȼɨ ɜɫɟɯ ɩɥɚɧɚɯ, ɨɫɧɨɜɧɨɣ ɨɯɜɚɬ ɞɨɡɨɣ, ɨɤɨɧɬɭɪɟɧɧɭɸ 

ɜɪɚɱɨɦ ɦɢɲɟɧɶ, ɛɵɥ ɩɨɥɭɱɟɧ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ ɩɨɥɟɣ, ɫ 

ɭɝɥɚɦɢ ɩɨɜɨɪɨɬɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ 3100 – 3200 ɢ 1300 – 1400 (ɪɢɫɭɧɨɤ 

17).  

 

 

 ɚ ɛ  
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ɚ – ɪɚɫɤɪɵɬɢɟ ɦɭɥɶɬɢɥɟɩɟɫɬɤɨɜɨɝɨ ɤɨɥɥɢɦɚɬɨɪɚ ɧɚ ɨɤɨɧɬɭɪɟɧɧɭɸ ɦɢɲɟɧɶ, 

ɛ – ɩɨɥɨɠɟɧɢɟ ɩɨɥɟɣ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɅɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɢɧɚɦɢɱɟɫɤɢɯ ɤɥɢɧɶɟɜ 

 

Ɋɢɫɭɧɨɤ 17 – ɉɥɚɧɢɪɨɜɚɧɢɟ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 
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ɚ – ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ, ɛ – ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ 

Ɋɢɫɭɧɨɤ 18 - ɉɥɚɧɵ ɨɛɥɭɱɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɞɜɭɯ ɪɚɡɧɵɯ ɄɌ 

Ɇɟɬɨɞɢɤɢ «ɩɨɥɟ ɜ ɩɨɥɟ» ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ, ɨɯɜɚɬɚ 

93 - 95% ɢɡɨɞɨɡɵ ɧɚ 100 % ɦɢɲɟɧɢ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɞɨɡɵ ɜ ɦɚɤɫɢɦɭɦɟ, 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɢɧɚɦɢɱɟɫɤɢɟ ɤɥɢɧɶɹ 100 - 150. Ɉɬɫɬɭɩ ɧɚ ɩɚɞɟɧɢɟ 

ɝɪɚɞɢɟɧɬɚ ɞɨɡɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ 0,7 ɫɦ ɨɬ ɦɢɲɟɧɢ. Ɋɂɉ ɜɨ ɜɫɟɯ ɩɥɚɧɚɯ 

ɨɛɥɭɱɟɧɢɹ ɛɵɥ ɪɚɜɟɧ 94 - 97 ɫɦ (ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɚɧɚɬɨɦɢɱɟɫɤɢɯ 

ɨɫɨɛɟɧɧɨɫɬɟɣ). ɉɨɜɨɪɨɬ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ ɩɨɞɛɢɪɚɥɫɹ ɮɢɡɢɤɨɦ ɬɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɩɨɩɚɞɚɧɢɹ ɞɨɡɵ ɧɚ ɡɞɨɪɨɜɭɸ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ.  

 

 

 

 



40 
 

2.3.2Ɏɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɂɆɅɌ 

 

ȼɨ ɜɬɨɪɨɣ ɝɪɭɩɩɟ ɩɚɰɢɟɧɬɨɤ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɩɥɚɧɵ ɂɆɅɌ ɧɚ 

ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. ȼɨ ɜɫɟɯ ɩɥɚɧɚɯ, ɨɫɧɨɜɧɨɣ ɨɯɜɚɬ ɞɨɡɨɣ, ɨɤɨɧɬɭɪɟɧɧɭɸ 

ɜɪɚɱɨɦ ɦɢɲɟɧɶ, ɛɵɥ ɩɨɥɭɱɟɧ ɫ ɩɨɦɨɳɶɸ ɞɜɭɯ ɬɚɧɝɟɧɰɢɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨ 

- ɦɨɞɭɥɢɪɨɜɚɧɧɵɯ ɩɨɥɟɣ, ɫ ɭɝɥɚɦɢ ɩɨɜɨɪɨɬɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ 3100 – 

3200 ɢ 1300 – 1400. ɉɟɪɟɞ ɡɚɩɭɫɤɨɦ ɨɩɬɢɦɢɡɚɬɨɪɚ ɮɢɡɢɤ ɩɨɞɛɢɪɚɥ ɫɚɦɨɟ 

ɨɩɬɢɦɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨɥɟɣ ɨɛɥɭɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɤɨɨɪɞɢɧɚɬɵ ɛɭɞɭɳɟɣ 

ɭɤɥɚɞɤɢ ɩɚɰɢɟɧɬɨɤ. ɇɚ ɪɢɫɭɧɤɟ 19 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɧɚ 

ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɨɞɧɨɦ ɄɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ RPM: ɚ – 3D 

ɤɨɧɮɨɪɦɧɨɣ ɅɌ, ɛ – ɂɆɅɌ. 

Ɉɝɪɚɧɢɱɟɧɢɹ ɩɨ ɞɨɡɟ ɛɵɥɢ ɡɚɞɚɧɵ ɜ ɨɩɬɢɦɢɡɚɬɨɪɟ ɧɚ ɨɤɨɧɬɭɪɟɧɧɭɸ 

ɜɪɚɱɨɦ ɦɢɲɟɧɶ ɢ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ RUSSCO [15].  ȼɨ 

ɜɫɟɯ ɩɥɚɧɚɯ ɂɆɅɌ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɟɬɨɞɢɤɚ «ɫɤɨɥɶɡɹɳɟɟ ɨɤɧɨ».  

 

                            

 

 

 

 

 

  ɚ                                          ɛ 

ɚ – 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ, ɛ – ɂɆɅɌ 

Ɋɢɫɭɧɨɤ 19 - ɉɥɚɧɵ ɨɛɥɭɱɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɦɟɬɨɞɚɦɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 

ɢ ɂɆɅɌ, ɧɚ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ RPM 
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Ɋɢɫɭɧɨɤ 20 – ɉɨɥɨɠɟɧɢɟ ɆɅɄ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɂɆɅɌ 

 

ɉɪɢ ɂɆɅɌ, ɦɚɤɫɢɦɭɦ ɞɨɡɵ ɧɟ ɩɪɟɜɵɲɚɥ 106 % ɨɬ ɩɪɟɞɩɢɫɚɧɧɨɣ 

ɜɪɚɱɨɦ ɜɨ ɜɫɟɯ ɩɥɚɧɚɯ. Ɉɬɫɬɭɩ ɨɬ ɨɤɨɧɬɭɪɟɧɧɨɣ ɦɢɲɟɧɢ, ɢɫɩɨɥɶɡɨɜɚɥɫɹ 0,7 

ɫɦ. ɇɚ ɪɢɫɭɧɤɟ 20 ɢɡɨɛɪɚɠɟɧɨ ɩɨɥɨɠɟɧɢɟ ɥɟɩɟɫɬɤɨɜ ɦɭɥɶɬɢɥɟɩɟɫɬɤɨɜɨɝɨ 

ɤɨɥɥɢɦɚɬɨɪɚ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɂɆɅɌ. 

 

2.3.3 Ɏɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɩɥɚɧɢɪɨɜɚɧɢɟ ɈɆȾɌ 

 

ȼ ɬɪɟɬɶɟɣ ɝɪɭɩɩɟ ɩɚɰɢɟɧɬɨɤ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɈɆȾɌ ɧɚ 

ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɈɆȾɌ ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɨɞɧɨɜɪɟɦɟɧɧɨɣ 

ɪɨɬɚɰɢɢ ɪɚɞɢɚɰɢɨɧɧɨɣ ɝɨɥɨɜɤɢ ɢ ɞɜɢɠɟɧɢɢ ɥɟɩɟɫɬɤɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɨɞɧɨɣ ɢɥɢ ɞɜɭɯ ɚɪɨɤ ɜ ɞɢɚɩɚɡɨɧɟ ɜɪɚɳɟɧɢɹ ɨɬ 3100 ɞɨ 1300 ɩɨ ɱɚɫɨɜɨɣ 

ɫɬɪɟɥɤɟ, ɢ ɨɬ 1300 ɞɨ 3100 ɩɪɨɬɢɜ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɢ. Ɉɝɪɚɧɢɱɟɧɢɹ ɩɨ ɞɨɡɟ 

ɛɵɥɢ ɡɚɞɚɧɵ ɜ ɨɩɬɢɦɢɡɚɬɨɪɟ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

RUSSCO [15].  ɇɚ ɪɢɫɭɧɤɟ 21 ɩɨɤɚɡɚɧɨ ɩɨɥɨɠɟɧɢɟ ɩɨɥɟɣ ɨɛɥɭɱɟɧɢɹ ɩɪɢ 

ɈɆȾɌ. Ʉɪɚɫɧɵɦ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɨ ɞɜɢɠɟɧɢɟ ɩɨɥɟɣ ɩɪɢ ɪɨɬɚɰɢɢ. 

Ɇɚɤɫɢɦɭɦ ɞɨɡɵ ɜɨ ɜɫɟɯ ɩɥɚɧɚɯ ɈɆȾɌ ɧɟ ɩɪɟɜɵɲɚɥ 106% ɨɬ ɩɪɟɞɩɢɫɚɧɧɨɣ 

ɜɪɚɱɨɦ. 
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Ɋɢɫɭɧɨɤ 21 - ɉɨɥɨɠɟɧɢɟ ɩɨɥɟɣ ɩɪɢ ɈɆȾɌ 

 

   ɚ           ɛ 

                                   ɚ – ɈɆȾɌ, ɛ – 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 

 

Ɋɢɫɭɧɨɤ 22 - ɉɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɧɚ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ, ɜɵɩɨɥɧɟɧɧɵɟ 

ɦɟɬɨɞɚɦɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɈɆȾɌ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ RPM 

 

ɇɚ ɪɢɫɭɧɤɟ 22 ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɥɚɧɵ ɨɛɥɭɱɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɵɟ ɧɚ ɨɞɧɨɦ 

ɄɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ RPM. ȼ ɩɥɚɧɟ, ɪɚɫɫɱɢɬɚɧɧɨɦ ɦɟɬɨɞɨɦ ɈɆȾɌ (ɪɢɫɭɧɨɤ 
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22ɚ) ɜɢɞɧɨ, ɱɬɨ ɪɟɝɢɨɧ ɧɢɡɤɢɯ ɞɨɡ ɨɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɟ ɡɞɨɪɨɜɵɯ ɬɤɚɧɟɣ ɱɟɦ 

ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ (ɪɢɫɭɧɨɤ 22 ɛ). 

 

2.4 ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ 

 

Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɪɚɡɧɢɰɵ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɨ ɞɨɡɨɜɵɯ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɫɢɫɬɟɦɵ ɮɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ Eclipse 15.6, ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ 

ɥɟɝɤɨɟ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɞɢɚɝɪɚɦɦɵ «ɹɳɢɤ ɫ ɭɫɚɦɢ».    

 Ɂɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɨɱɟɤ ɛɵɥɢ ɭɫɪɟɞɧɟɧɵ ɞɥɹ ɤɚɠɞɨɣ ɝɪɭɩɩɵ, ɧɚ 

ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɭɦɭɥɹɬɢɜɧɵɟ ɢ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – ɨɛɴёɦ (ɉɪɢɥɨɠɟɧɢɟ Ⱥ) ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɵ Microsoft Excel 2016. 
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3 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 

 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɨɡ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ ɥɟɝɤɨɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ 

ɨɛɥɭɱɟɧɢɹ ɞɥɹ 15 ɩɚɰɢɟɧɬɨɜ ɫ ɪɚɤɨɦ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɫɥɟɜɚ. Ⱦɥɹ ɨɰɟɧɤɢ 

ɞɨɡɨɜɨɣ ɧɚɝɪɭɡɤɢ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɤɭɦɭɥɹɬɢɜɧɚɹ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ 

ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – ɨɛɴёɦ.        

 ȼɟɫɶ ɨɛɴёɦ ɨɤɨɧɬɭɪɟɧɧɨɝɨ ɨɪɝɚɧɚ ɫɨɫɬɨɢɬ ɢɡ ɜɨɤɥɟɥɟɣ, ɤɨɬɨɪɵɟ 

ɨɛɪɚɡɭɸɬ ɬɪɟɯɦɟɪɧɭɸ ɫɟɬɤɭ. Ɋɚɫɫɱɢɬɚɧɧɨɟ ɞɢɫɤɪɟɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ 

ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ ɜ ɷɥɟɦɟɧɬɚɯ ɨɛɴёɦɚ - ɜɨɤɫɟɥɹɯ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɝɢɫɬɨɝɪɚɦɦ ɞɨɡɚ - ɨɛɴёɦ.      

 Ʉɭɦɭɥɹɬɢɜɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ 

ɧɟɜɨɡɪɚɫɬɚɸɳɚɹ ɮɭɧɤɰɢɹ ɞɨɡɵ V(Di), ɨɬɨɛɪɚɠɚɸɳɚɹ ɬɨɬ ɷɥɟɦɟɧɬ ɨɛɴɟɦɚ, 

ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɞɨɡɭ Di.        

 ɉɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɅɌ ɧɚ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ, ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɥɟɜɨɝɨ 

ɥɟɝɤɨɝɨ ɢ ɫɟɪɞɰɚ ɧɟ ɜɯɨɞɢɬ ɜ ɩɨɥɟ ɨɛɥɭɱɟɧɢɹ, ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɜɚɠɧɨ 

ɨɰɟɧɢɬɶ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɢɦɟɧɧɨ ɬɨɝɨ ɨɛɴёɦɚ ɨɪɝɚɧɚ ɩɨɥɭɱɢɜɲɟɝɨ 

ɧɚɢɛɨɥɶɲɭɸ ɞɨɡɭ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ɉɛɥɭɱɟɧɢɟ ɤɪɢɬɢɱɟɫɤɢɯ ɨɪɝɚɧɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɧɟɪɚɜɧɨɦɟɪɧɨ, ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɞɨɡɵ, ɩɪɢ ɭɞɚɥɟɧɢɢ ɨɬ 

ɨɤɨɧɬɭɪɟɧɧɨɣ ɦɢɲɟɧɢ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɟ (ɧɟɝɨɦɨɝɟɧɧɨɟ) ɞɨɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ 

ɤɪɢɬɢɱɟɫɤɢɯ ɨɪɝɚɧɚɯ. ɂɞɟɚɥɶɧɨ ɝɨɦɨɝɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɬɨɛɪɚɠɚɟɬɫɹ 

ɤɚɤ ɭɡɤɢɣ ɩɢɤ ɧɚ ɞɨɡɟ 0.0 Ƚɪ.  ɍɡɤɢɣ ɢ ɜɵɫɨɤɢɣ ɩɢɤ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɨɥɟɟ 

ɝɨɦɨɝɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɨɛɥɭɱɚɟɦɨɦ ɨɛɴёɦɟ.     

 ȼ ɤɚɱɟɫɬɜɟ ɝɥɚɜɧɨɣ ɨɰɟɧɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɫɬɟɩɟɧɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 

ɩɨɪɚɠɟɧɢɹ, ɨɬ ɱɢɫɥɚ ɩɨɪɚɠɟɧɧɵɯ ɤɥɟɬɨɤ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɜɨɟ ɥɟɝɤɨɟ, 

ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɚɥɶɧɚɹ ɞɨɡɚ. ɗɬɨ ɞɨɡɚ, ɤɨɬɨɪɚɹ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ ɩɨɩɚɞɚɟɬ 

ɜ ɢɧɬɟɪɜɚɥ ɦɟɠɞɭ Di+1 ɢ Di. Ɇɨɞɚɥɶɧɚɹ ɞɨɡɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ - ɨɛɴёɦ, ɤɚɤ ɩɢɤ. [25] 
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Di+1 = Dmin + (i - 1)ΔD, (1) 

Di = Dmin + iΔD; i = 1,….,k, (2) 

Ƚɞɟ k - ɤɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ ɫ ɲɚɝɨɦ ΔD. 

ɋɭɦɦɚɪɧɵɣ Vi ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɭɬɟɦ ɩɟɪɟɛɨɪɚ ɡɧɚɱɟɧɢɣ ɞɨɡ ɜ m 

ɷɥɟɦɟɧɬɚɪɧɵɯ ɨɛɴёɦɨɜ: 

Vi= Vi+g,  (3) 

Ƚɞɟ g - ɡɧɚɱɟɧɢɟ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɨɛɴёɦɚ. 

ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɥɚɧɢɪɭɸɳɚɹ ɫɢɫɬɟɦɚ ɫɬɪɨɢɬ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɝɢɫɬɨɝɪɚɦɦɭ ɞɨɡɚ - ɨɛɴёɦ. [26]    

 Dmean- ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɫɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ ɩɨ ɤɨɥɢɱɟɫɬɜɭ ɪɚɫɱɟɬɧɵɯ 

ɬɨɱɟɤ, ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɜɧɭɬɪɢ ɨɤɨɧɬɭɪɟɧɧɨɝɨ ɨɛɴёɦɚ V(ɫɦ3)   

ɫɟɪɞɰɚ ɢ ɥɟɝɤɨɝɨ. [11]  Ɂɧɚɱɟɧɢɟ ɫɪɟɞɧɟɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɝɤɨɟ, ɬɚɤɠɟ 

ɹɜɥɹɟɬɫɹ ɢɧɮɨɪɦɚɬɢɜɧɵɦ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɬɟɩɟɧɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 

ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɥɟɜɭɸ ɦɨɥɨɱɧɭɸ ɠɟɥɟɡɭ ɩɪɢ ɮɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɦ 

ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ.  Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɣ ɨɰɟɧɤɢ ɞɨɡɨɜɨɣ ɧɚɝɪɭɡɤɢ 

ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɝɤɨɟ, ɛɵɥɢ ɬɚɤɠɟ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɞɨɡ (Гр) Dmax, Dmin. . 

 Dmax, Dmin -ɦɚɤɫɢɦɚɥɶɧɨɟ ɢ ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɡɵ (Гр) ɜ 

ɨɤɨɧɬɭɪɟɧɧɨɦ ɜɪɚɱɨɦ ɨɛɴёɦɟ V(ɫɦ3) ɫɟɪɞɰɚ ɢ ɥɟɝɤɨɝɨ.    

 ȼ ɤɚɱɟɫɬɜɟ «ɡɨɥɨɬɨɝɨ ɫɬɚɧɞɚɪɬɚ» ɞɥɹ ɨɰɟɧɤɢ ɞɨɡɵ ɧɚ ɨɪɝɚɧɵ ɪɢɫɤɚ 

ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɬɨɥɟɪɚɧɬɧɵɟ ɞɨɡɵ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ 

RUSSCO. 20% ɨɛɴёɦɚ ɥɟɝɤɨɝɨ ɧɟ ɛɨɥɟɟ 20 Ƚɪ, Dmean ɨɛɴёɦɚ ɫɟɪɞɰɚ ɧɟ ɛɨɥɟɟ 

5 Ƚɪ, 5% ɨɛɴёɦɚ ɫɟɪɞɰɚ ɧɟ ɛɨɥɟɟ 20 Ƚɪ [15], Dmean ɨɛɴёɦɚ ɥɟɝɤɨɝɨ ɧɟ ɛɨɥɟɟ 13 

Ƚɪ.  [27] 
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3.1 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɪɞɰɟ 

ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɧɚ ɫɜɨɛɨɞɧɨɦ 
ɞɵɯɚɧɢɢ ɢ ɧɚ ɡɚɞɟɪɠɤɟ 

Ⱦɥɹ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ 

ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɧɚ ɞɜɭɯ ɄɌ ɞɥɹ 5 ɩɚɰɢɟɧɬɨɤ, 

ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ Varian RPM. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ 

ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɨɡ ɧɚ ɫɟɪɞɰɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ 

ɨɛɥɭɱɟɧɢɹ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ 

ɞɵɯɚɧɢɟɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɢ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɞɨɡ 

Dmax, Dmean, Dmin, Dmod, (ɉɪɢɥɨɠɟɧɢɟ 1) ɜɢɡɭɚɥɶɧɨɟ ɫɪɚɜɧɟɧɢɟ ɤɨɬɨɪɵɯ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 23, 24. 

             

Ɋɢɫɭɧɨɤ 23 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ 

ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 
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  Ɋɢɫɭɧɨɤ 24 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ ɩɪɢ 3D 

ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

ɇɚ ɞɢɚɝɪɚɦɦɚɯ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ RPM ɧɚ 

ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ ɩɨɝɥɨɳёɧɧɵɟ ɞɨɡɵ (Ƚɪ) Dmax, Dmean, Dmin, Dmod ɡɧɚɱɢɬɟɥɶɧɨ 

ɧɢɠɟ, ɱɟɦ ɩɪɢ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ. Ⱥɧɚɥɢɡ ɩɥɚɧɨɜ ɅɌ ɩɪɢ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ ɩɨɤɚɡɚɥ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ ɧɟ ɩɪɟɜɵɲɚɸɬ, 

ɬɨɥɟɪɚɧɬɧɨɝɨ ɭɪɨɜɧɹ ɫɟɪɞɰɚ (Ɍɚɛɥɢɰɚ 2). 

Ɍɚɛɥɢɰɚ 2 – ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɪɞɰɟ, ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ 

ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 

 Dmean (Ƚɪ) 5% Vheart (Ƚɪ) Dmod (Ƚɪ) 

3D ɄɅɌ ɧɚ 

ɫɜɨɛɨɞɧɨɦ 

ɞɵɯɚɧɢɢ 

 2,5 15 0,5 
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3D ɄɅɌ ɧɚ 

ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ  

1 – 1,5 7,5 0,4 

 

3.2 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɪɞɰɟ 
ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 

ȼ ɫɥɟɞɭɸɳɟɣ ɝɪɭɩɩɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɦɟɬɨɞɚɦɢ 

ɂɆɅɌ ɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ 

ɞɵɯɚɬɟɥɶɧɨɦ ɰɢɤɥɨɦ, ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳёɧɧɵɯ 

ɞɨɡ Dmax, Dmin (ɉɪɢɥɨɠɟɧɢɟ 1), ɞɢɚɝɪɚɦɦɵ ɫɪɚɜɧɟɧɢɹ ɤɨɬɨɪɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɧɚ ɪɢɫɭɧɤɟ 25. 

  

 

 

 

 

              Ɋɢɫɭɧɨɤ 25 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ 

ɫɟɪɞɰɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɂɆɅɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ    

       ɇɚ ɪɢɫɭɧɤɟ 26 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɢɚɝɪɚɦɦɵ ɫɪɚɜɧɟɧɢɹ ɡɧɚɱɟɧɢɣ Dmean, 

Dmod. 
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Ɋɢɫɭɧɨɤ 26 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ ɩɪɢ 3D 

ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɂɆɅɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

Ⱥɧɚɥɢɡ ɝɢɫɬɨɝɪɚɦɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ ɩɪɢ 

ɂɆɅɌ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ ɱɟɦ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. ȼ ɬɚɛɥɢɰɟ 3 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɪɞɰɟ, ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ. 

Ɍɚɛɥɢɰɚ 3 - ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɪɞɰɟ, ɩɪɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ 

Dmean (Ƚɪ) 5% Vheart (Ƚɪ) Dmod (Ƚɪ) 

1 3,5 0,35 
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3.3 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɫɟɪɞɰɟ 

ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ ɈɆȾɌ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɨɡ ɧɚ ɫɟɪɞɰɟ ɜ 

ɫɥɟɞɭɸɳɟɣ ɝɪɭɩɩɟ, ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɦɟɬɨɞɨɦ ɈɆȾɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɨɦ ɰɢɤɥɨɦ, ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. 

Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɚɤɠɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɛɟɡ ɦɨɞɭɥɹɰɢɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɦɟɬɨɞɨɦ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. ɉɨɥɭɱɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ Dmax, Dmean, Dmin, Dmod (ɉɪɢɥɨɠɟɧɢɟ 1) ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɬɨɞɨɜ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 27, 

28. 

 

Ɋɢɫɭɧɨɤ 27 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ 

ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɈɆȾɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ  

ɉɪɢ ɈɆȾɌ, ɩɪɨɜɨɞɢɬɫɹ ɪɨɬɚɰɢɨɧɧɨɟ ɨɛɥɭɱɟɧɢɟ, ɢ ɆɅɄ ɦɟɧɹɟɬ 

ɩɨɥɨɠɟɧɢɟ ɥɟɩɟɫɬɤɨɜ, ɜɦɟɫɬɟ ɫ ɩɨɥɨɠɟɧɢɟɦ ɝɚɧɬɪɢ, ɩɨɷɬɨɦɭ ɩɥɨɳɚɞɶ 
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ɨɛɥɭɱɟɧɢɹ ɜɫɟɝɨ ɬɟɥɚ ɧɚ ɭɪɨɜɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ ɛɨɥɶɲɟ, ɨɫɨɛɟɧɧɨ ɧɚ ɭɪɨɜɧɟ 

ɧɢɡɤɢɯ ɞɨɡ, ɢ ɨɯɜɚɬɵɜɚɟɬ ɛɨɥɶɲɟ ɡɞɨɪɨɜɵɯ ɬɤɚɧɟɣ ɢ ɨɪɝɚɧɨɜ ɱɟɦ 3D 

ɤɨɧɮɨɪɦɧɚɹ ɅɌ, ɢ ɂɆɅɌ. ȼ ɬɚɛɥɢɰɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ 

ɧɚɝɪɭɡɤɚ. 

 

 

 

 

 

            Ɋɢɫɭɧɨɤ 28 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɫɟɪɞɰɟ ɩɪɢ 

3Dɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɈɆȾɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

Ɍɚɛɥɢɰɚ 4 - ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɪɞɰɟ ɩɪɢ ɈɆȾɌ ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ. 

Dmean (Ƚɪ) 5% Vheart (Ƚɪ) Dmod (Ƚɪ) 

2,5 >30 >1 

 

ɇɚ ɪɢɫɭɧɤɟ 29 ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɫɪɟɞɧɟɧɧɚɹ ɩɨ ɪɚɫɱɟɬɧɵɦ ɡɧɚɱɟɧɢɹɦ 

ɤɭɦɭɥɹɬɢɜɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ 
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ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ. (ɉɪɢɥɨɠɟɧɢɟ 1)

 

Ɋɢɫɭɧɨɤ 29 - Ʉɭɦɭɥɹɬɢɜɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ, 

ɭɫɪɟɞɧɟɧɧɚɹ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ. 

  

Ɋɢɫɭɧɨɤ 30 – ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (%) ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – ɨɛɴёɦ 

ɧɚ ɫɟɪɞɰɟ 
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Ɋɢɫɭɧɨɤ 31- Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ 

ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ 

ɇɚ ɪɢɫɭɧɤɟ 31 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - 

ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ. Ⱥɧɚɥɢɡ ɝɢɫɬɨɝɪɚɦɦ 

ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɶɲɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɫɟɪɞɰɟ ɩɨɥɭɱɟɧɚ ɩɪɢ 

ɫɭɦɦɚɰɢɢ ɩɥɚɧɨɜ ɈɆȾɌ ɫ ɩɪɢɦɟɧɟɧɢɟɦ RPM. Ɇɢɧɢɦɚɥɶɧɨɟ ɪɚɞɢɚɰɢɨɧɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɫɟɪɞɰɟ ɩɨɥɭɱɟɧɨ ɩɪɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. ɉɥɚɧɵ, 

ɪɚɫɫɱɢɬɚɧɧɵɟ ɦɟɬɨɞɚɦɢ 3D ɄɅɌ ɢ ɂɆɅɌ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ 

ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ, ɩɨɤɚɡɚɥɨ, ɱɬɨ ɦɨɞɚɥɶɧɚɹ ɞɨɡɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ, ɜ ɜɢɞɟ 

ɩɢɤɚ ɧɚ ɝɢɫɬɨɝɪɚɦɦɟ, ɨɬɥɢɱɚɟɬɫɹ ɧɟɡɧɚɱɢɬɟɥɶɧɨ. ɒɢɪɨɤɢɣ ɧɢɡɤɢɣ ɩɢɤ ɩɪɢ 

ɈɆȾɌ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɞɧɨɪɨɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɩɪɟɞɟɥɚɯ ɨɛɥɭɱɚɟɦɨɝɨ 

ɨɛɴёɦɚ. Ɉɰɟɧɤɚ ɩɥɚɧɨɜ, ɪɚɫɫɱɢɬɚɧɧɵɯ ɦɟɬɨɞɨɦ ɈɆȾɌ, ɜɵɹɜɢɥɚ 

ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɨɛɥɚɫɬɶ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ.  
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3.4 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɥɟɜɨɟ 

ɥɟɝɤɨɟ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɧɚ 
ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɧɚ ɡɚɞɟɪɠɤɟ 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɞɨɡ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɛɵɥɢ 

ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɨɛɥɭɱɟɧɢɹ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ, ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ ɞɵɯɚɬɟɥɶɧɵɦ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ Dmax, Dmean, Dmin, 

Dmod. ɇɚ ɪɢɫɭɧɤɚɯ 32, 33 ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɢɚɝɪɚɦɦɵ ɫɪɚɜɧɟɧɢɹ ɞɨɡ ɧɚ 

ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. 

 

Ɋɢɫɭɧɨɤ 32 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ 

ɥɟɝɤɨɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ. 
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Ɋɢɫɭɧɨɤ 33 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ 

ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɞɨɡ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɜɫɟɯ ɩɥɚɧɨɜ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ, 

ɛɵɥɨ ɜɵɹɜɥɟɧɨ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ 

ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬ ɥɭɱɟɜɭɸ ɧɚɝɪɭɡɤɭ.  ɉɪɢ ɚɧɚɥɢɡɟ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ 

ɥɟɝɤɨɟ ɜɚɠɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɨɛɴёɦ ɨɪɝɚɧɚ. Ⱥɧɚɥɢɡ ɄɌ ɫɧɢɦɤɨɜ ɢɡ ɩɟɪɜɨɣ 

ɢɫɫɥɟɞɭɟɦɨɣ ɝɪɭɩɩɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ 

ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ, ɨɛɴёɦ ɥɟɝɤɨɝɨ ɩɪɢ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 

2 ɪɚɡɚ, ɜɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ, ɭɦɟɧɶɲɚɟɬɫɹ ɪɢɫɤ ɪɚɡɜɢɬɢɹ ɥɭɱɟɜɵɯ ɩɭɥɶɦɨɧɢɬɨɜ.  

Ɍɚɛɥɢɰɚ 5 - ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɥɟɝɤɨɟ, ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ 

ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ, ɢ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ. 

 Dmean (Ƚɪ) 20% VLung (Ƚɪ) Dmod (Ƚɪ) 

3D ɄɅɌ ɧɚ 

ɫɜɨɛɨɞɧɨɦ 

ɞɵɯɚɧɢɢ 

 12 18 0.6 
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3D ɄɅɌ ɧɚ 

ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ  

9 12 0.45 

 

3.5 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɥɭɱɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɥɟɜɨɟ 
ɥɟɝɤɨɟ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ 
ɞɵɯɚɧɢɹ 

ȼ ɞɚɧɧɨɣ ɝɪɭɩɩɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɞɨɡ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ 

ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ 

ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ Varian RPM, ɦɟɬɨɞɨɦ 

ɂɆɅɌ 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 34 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ 

ɥɟɝɤɨɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɂɆɅɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 
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Ⱦɥɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɬɚɤɠɟ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɩɥɚɧɵ ɛɟɡ 

ɦɨɞɭɥɹɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɡɥɭɱɟɧɢɹ, ɦɟɬɨɞɨɦ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɞɨɡ Dmax, Dmean, Dmin, Dmod, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ 

ɩɨɫɬɪɨɟɧɢɹ ɞɢɚɝɪɚɦɦ "əɳɢɤ ɫ ɭɫɚɦɢ", ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 34, 35. 

 

Ɋɢɫɭɧɨɤ 35 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ 

ɩɪɢ 3Dɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɂɆɅɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɩɨɝɥɨɳɟɧɧɵɯ ɞɨɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɟɬɨɞɢɤɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ ɞɨɡɚ ɧɚ ɥɟɝɤɨɟ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɧɢɠɟ, 

ɱɟɦ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ (Ɍɚɛɥɢɰɚ 6).  

Ɍɚɛɥɢɰɚ 6 - ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɥɟɝɤɨɟ, ɩɪɢ ɂɆɅɌ ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ. 
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Dmean (Ƚɪ) 20% VLung (Ƚɪ) Dmod (Ƚɪ) 

 8 8 0.4 

             

Ȼɵɥɨ ɜɵɹɜɥɟɧɨ, ɢ ɩɨɞɬɜɟɪɠɞɟɧɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢ, ɱɬɨ, ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɫ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ, ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 

ɂɆɅɌ, ɥɟɝɤɨɟ, ɩɨɥɭɱɚɟɬ ɞɨɡɭ ɧɟ ɩɪɟɜɵɲɚɸɳɭɸ ɬɨɥɟɪɚɧɬɧɨɝɨ ɭɪɨɜɧɹ.   

3.6 Ɏɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɞɨɡɨɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɥɟɜɨɟ 
ɥɟɝɤɨɟ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ ɈɆȾɌ ɧɚ ɡɚɞɟɪɠɤɟ 
ɞɵɯɚɧɢɹ            

  ȼ ɫɥɟɞɭɸɳɟɣ ɝɪɭɩɩɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ 

ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 

Varian RPM, ɦɟɬɨɞɚɦɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɢ ɈɆȾɌ. ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ Dmax, Dmean, Dmin, Dmod, ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 

ɞɢɚɝɪɚɦɦ, ɞɥɹ ɫɪɚɜɧɟɧɢɹ ɦɟɬɨɞɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɚɯ 36, 37. 
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Ɋɢɫɭɧɨɤ 36 - ɋɪɚɜɧɟɧɢɟ ɦɢɧɢɦɚɥɶɧɨɣ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ 

ɥɟɝɤɨɟ ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɈɆȾɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ.  

 

 

 

 

 

 

Ɋɢɫɭɧɨɤ 37 - ɋɪɚɜɧɟɧɢɟ ɫɪɟɞɧɟɣ ɢ ɦɨɞɚɥɶɧɨɣ ɞɨɡɵ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ 

ɩɪɢ 3D ɤɨɧɮɨɪɦɧɨɣ ɅɌ ɢ ɈɆȾɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

Ɍɚɛɥɢɰɚ 6 - ɉɨɥɭɱɟɧɧɚɹ ɞɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɥɟɝɤɨɟ ɩɪɢ ɈɆȾɌ ɧɚ ɡɚɞɟɪɠɤɟ 

ɞɵɯɚɧɢɹ 

Dmean (Ƚɪ) 20% VLung (Ƚɪ) Dmod (Ƚɪ) 

 13 >25 >1 

 

Ɉɰɟɧɤɚ ɩɨɝɥɨɳёɧɧɵɯ ɞɨɡ ɜɫɟɯ ɪɚɫɫɱɢɬɚɧɧɵɯ ɩɥɚɧɨɜ ɜ ɞɚɧɧɨɣ ɝɪɭɩɩɟ 

ɩɨɤɚɡɚɥ, ɞɨɡɵ ɧɚ ɥɟɝɤɨɟ ɩɪɟɜɵɲɚɸɳɢɟ ɬɨɥɟɪɚɧɬɧɵɣ ɭɪɨɜɟɧɶ ɜ ɩɥɚɧɚɯ 

ɈɆȾɌ. (Ɍɚɛɥɢɰɚ 6)          
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Ⱥɧɚɥɢɡ ɝɢɫɬɨɝɪɚɦɦ ɩɨɤɚɡɚɥ, ɱɬɨ ɫɬɚɬɢɱɟɫɤɨɟ ɨɛɥɭɱɟɧɢɟ ɞɚɟɬ 

ɦɢɧɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɥɟɝɤɨɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɨɬɚɰɢɨɧɧɵɦ.  ɇɚ ɪɢɫɭɧɤɟ 

38 ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɭɦɭɥɹɬɢɜɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ, 

ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɭɫɪɟɞɧɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ 

ɩɚɰɢɟɧɬɨɜ. ɇɚ ɪɢɫɭɧɤɟ 39 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɫɨ ɫɬɚɧɞɚɪɬɧɵɦ 

ɨɬɤɥɨɧɟɧɢɟɦ (%), ɪɚɫɫɱɢɬɚɧɧɵɦ ɜ ɫɢɫɬɟɦɟ ɮɢɡɢɤɨ - ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ 

ɩɥɚɧɢɪɨɜɚɧɢɹ. (ɉɪɢɥɨɠɟɧɢɟ Ⱥ)        

 

Ɋɢɫɭɧɨɤ 38 – Ʉɭɦɭɥɹɬɢɜɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ – ɨɛɴёɦ ɧɚ ɥɟɝɤɨɟ ɞɥɹ 

ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ 
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 Ɋɢɫɭɧɨɤ 39 – ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (%) ɝɢɫɬɨɝɪɚɦɦɵ ɞɨɡɚ – ɨɛɴёɦ 

ɧɚ ɥɟɝɤɨɟ 

 

Ɋɢɫɭɧɨɤ 40 -Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - ɨɛɴёɦ ɧɚ ɥɟɝɤɨɟ 

ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ 
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ɇɚ ɪɢɫɭɧɤɟ 40 ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɝɢɫɬɨɝɪɚɦɦɚ ɞɨɡɚ - 

ɨɛɴёɦ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɞɥɹ ɜɫɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɝɪɭɩɩ ɩɚɰɢɟɧɬɨɜ. (ɉɪɢɥɨɠɟɧɢɟ 

Ⱥ) Ⱥɧɚɥɢɡ ɝɢɫɬɨɝɪɚɦɦɵ ɩɨɤɚɡɚɥ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɨɟ ɪɚɞɢɚɰɢɨɧɧɨɟ 

ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɥɟɜɨɟ ɥɟɝɤɨɟ ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɪɢ ɂɆɅɌ ɢ 3D ɄɅɌ.  

  ȼɵɫɨɤɢɣ ɭɡɤɢɣ ɩɢɤ ɩɪɢ ɂɆɅɌ ɢ 3D ɄɅɌ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɛɨɥɟɟ 

ɨɞɧɨɪɨɞɧɨɟ ɞɨɡɨɜɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɜ ɩɪɟɞɟɥɚɯ ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɴёɦɚ, ɱɟɦ 

ɩɪɢ ɈɆȾɌ. Ⱦɨɡɨɜɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɥɟɝɤɨɟ ɩɪɢ ɈɆȾɌ ɡɧɚɱɢɬɟɥɶɧɨ ɜɵɲɟ, ɱɟɦ 

ɩɪɢ ɞɪɭɝɢɯ ɦɟɬɨɞɚɯ. Ɇɨɞɚɥɶɧɚɹ ɞɨɡɚ ɩɪɢ ɈɆȾɌ ɫɨɫɬɚɜɢɥɚ ɛɨɥɟɟ 1 Ƚɪ, ɞɥɹ 

ɜɫɟɯ ɩɚɰɢɟɧɬɨɤ ɜ ɞɚɧɧɨɣ ɝɪɭɩɩɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɫɬɚɬɢɱɟɫɤɢɟ 

ɦɟɬɨɞɵ ɩɨɞɜɟɞɟɧɢɹ ɞɨɡɵ, ɩɪɢ ɩɥɚɧɢɪɨɜɚɧɢɢ ɥɭɱɟɜɨɣ ɬɟɪɚɩɢɢ ɧɚ ɦɨɥɨɱɧɭɸ 

ɠɟɥɟɡɭ ɛɟɡ ɜɨɜɥɟɱɟɧɢɹ ɜ ɩɪɨɰɟɫɫ ɪɟɝɢɨɧɚɪɧɵɯ ɥɢɦɮɨɭɡɥɨɜ, ɫɧɢɠɚɸɬ 

ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ ɨɪɝɚɧɵ ɢ ɡɞɨɪɨɜɵɟ ɬɤɚɧɢ.  

 

 

 

 

 

 

 

 

 



63 
 

ɁАɄɅЮɑȿɇɂȿ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɛɵɥɨ 

ɭɫɬɚɧɨɜɥɟɧɨ:          

 1 ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɬɪɨɥɹ ɡɚ ɞɵɯɚɬɟɥɶɧɵɦ ɰɢɤɥɨɦ ɜ 

ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɥɭɱɟɜɭɸ 

ɧɚɝɪɭɡɤɭ ɧɚ ɫɟɪɞɰɟ ɢ ɥɟɝɤɨɟ ɩɪɢ 3D ɄɅɌ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɥɚɧɚɦɢ, 

ɪɚɫɫɱɢɬɚɧɧɵɦɢ ɧɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ;      

 2 ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɢɤɢ ɈɆȾɌ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɪɨɬɚɰɢɨɧɧɨɟ ɨɛɥɭɱɟɧɢɟ 

ɧɚ ɭɪɨɜɧɟ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɞɚɟɬ ɜɵɫɨɤɭɸ ɞɨɡɨɜɭɸ ɧɚɝɪɭɡɤɭ ɧɚ ɤɪɢɬɢɱɟɫɤɢɟ 

ɨɪɝɚɧɵ. Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɞɥɹ ɩɥɚɧɢɪɨɜɚɧɢɹ ɦɨɥɨɱɧɨɣ ɠɟɥɟɡɵ ɛɟɡ 

ɜɨɜɥɟɱɟɧɢɹ ɪɟɝɢɨɧɚɪɧɵɯ ɥɢɦɮɨɭɡɥɨɜ, ɩɨɤɚɡɚɥɚ ɧɟɷɮɮɟɤɬɢɜɧɨɫɬɶ ɟɟ 

ɩɪɢɦɟɧɟɧɢɹ, ɧɟɫɦɨɬɪɹ ɧɚ ɛɨɥɟɟ ɝɨɦɨɝɟɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜ ɦɢɲɟɧɢ; 

 3 ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɢɤ 3D ɄɅɌ ɢ ɂɆɅɌ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɬɟɯɧɨɥɨɝɢɟɣ 

RPM, ɩɨɡɜɨɥɢɥɨ ɞɨɛɢɬɶɫɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 

ɨɪɝɚɧɵ ɪɢɫɤɚ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ ɬɨɥɟɪɚɧɬɧɨɫɬɢ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ RUSSCO 
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ɋɉɂɋɈɄ ɋɈɄɊАɓȿɇɂɃ 

ɅɌ - ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ; 

3D ɄɅɌ - ɬɪɟɯɦɟɪɧɚɹ ɤɨɧɮɨɪɦɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ; 

ɂɆɅɌ - ɢɧɬɟɧɫɢɜɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɥɭɱɟɜɚɹ ɬɟɪɚɩɢɹ; 

ɈɆȾɌ - ɨɛɴёɦɧɨ - ɦɨɞɭɥɢɪɨɜɚɧɧɚɹ ɞɭɝɨɜɚɹ ɬɟɪɚɩɢɹ; 

RPM - Realtime Position Management; 

ɄɌ–ɤɨɦɩɶɸɬɟɪɧɚɹ ɬɨɦɨɝɪɚɮɢɹ; 

Ɋɂɉ - ɪɚɫɫɬɨɹɧɢɟ ɢɫɬɨɱɧɢɤ - ɩɨɜɟɪɯɧɨɫɬɶ; 

ɆɅɄ - ɦɭɥɶɬɢɥɟɩɟɫɬɤɨɜɵɣ ɤɨɥɥɢɦɚɬɨɪ; 

ITV–Internal Target Volume; 

ABC - Active Breathing Coordinator. 
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ɉɊɂɅɈɀȿɇɂȿ А 

Ɍɚɛɥɢɰɚ 1 – Dmax, Dmean, Dmin, Dmod ɧɚ ɫɟɪɞɰɟ ɩɪɢ 3D ɄɅɌ, ɧɚ ɫɜɨɛɨɞɧɨɦ 

ɞɵɯɚɧɢɢ, ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

 ɇɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɇɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 
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od
 

1 0,28 45,6 3,55 0,52 0,19 41,7 1,53 0,32 

2 0,18 43,6 1,21 0,31 0,13 41,6 1,08 0,27 

3 0,13 42,7 1,4 0,32 0,12 40,0 0,85 0,22 

4 0,18 43,3 2,29 0,45 0,15 40,1 1,8 0,40 

5 0,31 44,5 3,49 0,76 0,12 40,1 1,08 0,54 

 

 

 

 

 



69 
 

Ɍɚɛɥɢɰɚ 2 – Dmax, Dmean, Dmin, Dmod ɧɚ ɫɟɪɞɰɟ, ɩɪɢ 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ, ɢ ɂɆɅɌ ɧɚ 

ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ ɂɆɅɌ 
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1 0,16 27,8 1,09 0,30 0,15 27,7 1,07 0,30 

2 0,19 28,1 0,97 0,48 0,18 27,9 0,88 0,4 

3 0,22 29,3 1,59 0,42 0,2 28,2 1,03 0,38 

4 0,18 27,9 1,05 0,38 0,15 27,4 1,01 0,32 

5 0,14 28,9 0,98 0,31 0,13 28,3 0,78 0,29 
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Ɍɚɛɥɢɰɚ 3 – Dmax, Dmean, Dmin, Dmod ɧɚ ɫɟɪɞɰɟ, ɩɪɢ 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ, ɢ 

ɈɆȾɌ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ ɈɆȾɌ 
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1 0,21 25,0 1,38 0,56 0,70 27,0 2,36 1,02 

2 0,35 28,9 0,93 0,76 0,45 30,9 2,08 1,02 

3 0,29 27,3 1,13 0,82 0,47 28,8 2,79 1,92 

4 0,15 24,8 0,82 0,4 0,29 26,7 2,35 0,87 

5 0,27 26,7 0,97 0,61 0,48 28,3 2,99 1,00 
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Ɍɚɛɥɢɰɚ 4 – Dmax, Dmean, Dmin, Dmod ɧɚ ɥɟɝɤɨɟ ɩɪɢ 3D ɄɅɌ, ɧɚ ɫɜɨɛɨɞɧɨɦ 

ɞɵɯɚɧɢɢ, ɢ ɧɚ ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

 ɇɚ ɫɜɨɛɨɞɧɨɦ ɞɵɯɚɧɢɢ ɇɚ ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 
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1 0,34 47,3 13,9 0,66 0,13 46,6 8,05 0,33 

2 0,06 46,0 9,45 0,54 0,04 44,4 7,74 0,49 

3 0,22 45,0 9,58 0,67 0,22 43,7 7,7 0,58 

4 0,11 46,1 13,3 0,54 0,04 46,3 10,7 0,49 

5 0,17 46,9 12,7 0,50 0,12 44,7 9,9 0,40 
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Ɍɚɛɥɢɰɚ 5 – Dmax, Dmean, Dmin, Dmod ɧɚ ɥɟɝɤɨɟ, ɩɪɢ 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ, ɢ ɂɆɅɌ ɧɚ 

ɝɥɭɛɨɤɨɦ ɜɞɨɯɟ 

 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ ɂɆɅɌ 
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1 0,21 47,8 13,4 0,67 0,18 46,4 11,1 0,38 

2 0,18 46,2 9,89 0,57 0,1 45,6 7,3 0,32 

3 0,25 48,9 10,2 0,85 0,18 47,2 9,1 0,65 

4 0,12 45,2 10,4 0,43 0,12 43,9 7,85 0,3 

5 0,17 46,7 9,85 0,47 0,15 44,2 7,49 0,38 
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Ɍɚɛɥɢɰɚ 6 – Dmax, Dmean, Dmin, Dmod ɧɚ ɥɟɝɤɨɟ, ɩɪɢ 3D ɄɅɌ, ɢ ɈɆȾɌ ɧɚ 

ɡɚɞɟɪɠɤɟ ɞɵɯɚɧɢɹ 

 3D ɤɨɧɮɨɪɦɧɚɹ ɅɌ ɈɆȾɌ 
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1 0,12 44,2 10,043 0,88 0,28 42,7 13,147 1,01 

2 0,15 44,1 8,596 0,92 0,25 43,8 11,763 1,27 

3 0,19 45,7 8,961 0,79 0,47 41,8 12,943 1,27 

4 0,13 44,7 9,129 0,83 0,24 44,1 13,425 0,92 

5 0,27 46,1 8,009 0,79 0,33 41,3 12,54 1,22 
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Ɍɚɛɥɢɰɚ 7 – ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (%) ɝɢɫɬɨɝɪɚɦɦ ɞɨɡɚ – ɨɛɴёɦ ɧɚ 

ɫɟɪɞɰɟ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɜ ɫɢɫɬɟɦɟ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 

 3D ɄɅɌ ɈɆȾɌ ɂɆɅɌ 

ɋɬ
ɚɧ

ɞɚ
ɪɬ

ɧɨ
ɟ 

ɨɬ
ɤɥ

ɨɧ
ɟɧ

ɢɟ
, %

 

9,048 12,58 10,28 

9,8 11,97 10,6 

9,42 11,75 9,7 

8,9 12,05 9,87 

10,2 12,74 10,2 

 

Ɍɚɛɥɢɰɚ 8 – ɋɬɚɧɞɚɪɬɧɨɟ ɨɬɤɥɨɧɟɧɢɟ (%) ɝɢɫɬɨɝɪɚɦɦ ɞɨɡɚ – ɨɛɴёɦ ɧɚ 

ɥɟɝɤɨɟ, ɪɚɫɫɱɢɬɚɧɧɨɟ ɜ ɫɢɫɬɟɦɟ ɮɢɡɢɤɨ – ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ 

 

 3D ɄɅɌ ɈɆȾɌ ɂɆɅɌ 

ɋɬ
ɚɧ

ɞɚ
ɪɬ

ɧɨ
ɟ 

ɨɬ
ɤɥ

ɨɧ
ɟɧ

ɢɟ
, %

 

12,5 14,27 11,28 

13,3 15,05 10,4 

13,1 14,9 10,8 

11,8 14,01 11,7 

11,3 14,22 11,5 
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Ɍɚɛɥɢɰɚ 9 – Ɂɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɨɱɟɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɢɫɬɨɝɪɚɦɦɵ – ɞɨɡɚ 

ɨɛɴёɦ ɧɚ ɫɟɪɞɰɟ ɭɫɪɟɞɧёɧɧɵɟ, ɩɨ ɤɚɠɞɨɣ ɢɫɫɥɟɞɭɟɦɨɣ ɝɪɭɩɩɟ ɩɚɰɢɟɧɬɨɜ 

 

 Vi , ɫɦ3 

Ⱦɨɡɚ, 
Ƚɪ 

ɂɆɅɌ 3D ɄɅɌ ɈɆȾɌ 

0,15 34,3317 29,741 17,147 
0,25 510,115 247,124 28,225 
0,35 694,793 480,763 37,009 
0,45 576,989 682,147 49,666 
0,55 470,184 510,247 79,832 
0,65 384,565 399,796 102,33 
0,75 314,321 341,179 140,997 
0,85 256,039 277,479 173,663 
0,95 209,561 205,167 219,389 
1,05 172,596 190,769 237,413 
1,15 143,932 154,299 262,713 
1,25 121,328 133,179 276,101 
1,35 103,553 110,228 228,197 
1,45 90,0889 95,671 182,229 
1,55 80,0449 90,339 143,332 
1,65 72,7163 84,739 112,71 
1,75 67,1408 72,111 92,8824 
1,85 62,7123 68,297 86,9082 
1,95 58,9353 63,007 80,7588 
2,05 55,5689 59,068 74,6285 
2,15 52,4029 56,222 69,691 
2,25 49,3712 51,731 65,2192 
2,35 46,3457 48,777 61,5302 
2,45 43,3634 47,6617 58,3319 
2,55 40,3014 40,9626 55,1534 
2,65 37,2152 36,0714 51,9486 
2,75 34,1405 31,7539 48,7096 
2,85 31,1005 27,8467 45,2258 
2,95 28,1762 24,6222 41,5629 
3,05 25,4333 21,854 38,0691 
3,15 22,8609 19,4654 34,8733 
3,25 20,4597 17,5748 32,2059 
3,35 18,2426 15,3803 29,8955 
3,45 16,2324 14,0661 27,9653 
3,55 14,41 12,0545 26,5608 
3,65 12,7675 11,1358 25,5298 
3,75 11,3315 10,0744 24,7592 
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3,85 10,086 8,82842 24,2491 
3,95 8,98846 8,18762 23,9517 
4,05 8,03889 7,59477 23,1774 
4,15 7,21797 6,84597 22,6943 
4,25 6,46087 6,42072 21,853 

 

Ɍɚɛɥɢɰɚ 10 – Ɂɧɚɱɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɬɨɱɟɤ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɝɢɫɬɨɝɪɚɦɦɵ – ɞɨɡɚ 

ɨɛɴёɦ ɧɚ ɥɟɝɤɨɟ ɭɫɪɟɞɧёɧɧɵɟ, ɩɨ ɤɚɠɞɨɣ ɢɫɫɥɟɞɭɟɦɨɣ ɝɪɭɩɩɟ ɩɚɰɢɟɧɬɨɜ 

 

 Vi , ɫɦ3 
Ⱦɨɡɚ, 

Ƚɪ 
ɂɆɅɌ 3D ɄɅɌ ɈɆȾɌ 

0,15 5,796 3,179 1,112 
0,25 65,469 38,7935 20,7711 
0,35 1136,43 753,69 28,222 
0,45 2798,369 1611,176 39,111 
0,55 2220,65 2647,12 188,22 
0,65 1631,3 2150,31 387,446 
0,75 1124,12 1743,69 507,369 
0,85 835,139 1211,312 789,3 
0,95 652,288 897,147 1133,14 
1,05 538,43 733,236 1374,198 
1,15 477,141 679,214 1114,1 
1,25 422,177 557,113 1009,723 
1,35 359,322 472,963 897,136 
1,45 323,091 399,001 805,179 
1,55 293,624 368,136 733,16 
1,65 266,51 333,126 663,178 
1,75 238,925 305,9 564,899 
1,85 218,531 275,127 502,132 
1,95 201,694 269,585 421,973 
2,05 188,197 251,793 311,722 
2,15 175,123 231,179 247,079 
2,25 163,434 211,003 231,007 
2,35 154,009 205,998 228,723 
2,45 145,039 183,739 220,669 
2,55 136,152 166,288 210,787 
2,65 128,723 141,779 201,366 
2,75 121,893 127,096 192,1777 

 




