
 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
ɢɧɫɬɢɬɭɬ 

Ɇɟɠɢɧɫɬɢɬɭɬɫɤɚɹ ɛɚɡɨɜɚɹ ɤɚɮɟɞɪɚ  
«ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ» 

ɤɚɮɟɞɪɚ 

 
 

 ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
___________  ȼ.ȿ. Ʉɨɫɟɧɤɨ 
   ɩɨɞɩɢɫɶ                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« ___» _________2021 ɝ. 
 

 

ɆȺȽɂɋɌȿɊɋɄȺə ȾɂɋɋȿɊɌȺɐɂə 
 
 

«Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɞɢɚɦɟɬɪɨɦ 3,5 ɦɟɬɪɚ 
ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» 

ɬɟɦɚ 

 
15.04.05 «Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ 

ɩɪɨɢɡɜɨɞɫɬɜ» 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 

15.04.05.02 «Ɍɟɯɧɨɥɨɝɢɹ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ» 
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɩɪɨɝɪɚɦɦɵ 

 
 

ɇɚɭɱɧɵɣ 
ɪɭɤɨɜɨɞɢɬɟɥɶ    

 ɞɨɰɟɧɬ ɆȻɄ ɉɎ ɢ ɄɌ 
ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ  ȼ.ɇ. ɇɚɝɨɜɢɰɢɧ 

 ɩɨɞɩɢɫɶ, ɞɚɬɚ ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ   Ɇ.Ⱥ. Ⱦɪɟɦɭɯɢɧ 
 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
Ɋɟɰɟɧɡɟɧɬ 

 ɇɚɱɚɥɶɧɢɤ ɝɪɭɩɩɵ 
ɰɟɯɚ 039 ȺɈ «ɂɋɋ» ȼ.ȿ. ɑɢɱɭɪɢɧ 

 ɩɨɞɩɢɫɶ, ɞɚɬɚ ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ   ȿ.ɋ. ɋɢɞɨɪɨɜɚ 

 ɩɨɞɩɢɫɶ, ɞɚɬɚ  ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 

Ʉɪɚɫɧɨɹɪɫɤ 2021 



 

Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 
ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 

ɢɧɫɬɢɬɭɬ 

Ɇɟɠɢɧɫɬɢɬɭɬɫɤɚɹ ɛɚɡɨɜɚɹ ɤɚɮɟɞɪɚ 
«ɉɪɢɤɥɚɞɧɚɹ ɮɢɡɢɤɚ ɢ ɤɨɫɦɢɱɟɫɤɢɟ ɬɟɯɧɨɥɨɝɢɢ» 

ɤɚɮɟɞɪɚ 

 
 

 ɍɌȼȿɊɀȾȺɘ 
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
___________  ȼ.ȿ. Ʉɨɫɟɧɤɨ 
   ɩɨɞɩɢɫɶ                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

« ___» _________2021 ɝ. 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

ɋɬɭɞɟɧɬɭ: Ⱦɪɟɦɭɯɢɧɭ Ɇɚɤɫɢɦɭ Ⱥɧɞɪɟɟɜɢɱɭ. 

Ƚɪɭɩɩɚ ɆɌ 19-04Ɇ. 

ɇɚɩɪɚɜɥɟɧɢɟ 15.04.05 «Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜ». 

ɋɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ ɩɨɞɝɨɬɨɜɤɢ: 15.04.05.02 «Ɍɟɯɧɨɥɨɝɢɹ 

ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ». 

Ɍɟɦɚ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ (ɆȾ): «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɞɢɚɦɟɬɪɨɦ 3,5 ɦɟɬɪɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ». 

ɍɬɜɟɪɠɞɟɧɨ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ ɨɬ 22.03.2021 № 3961/ɫ   

Ɋɭɤɨɜɨɞɢɬɟɥɶ ɆȾ: ȼ.ɇ. ɇɚɝɨɜɢɰɢɧ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ɆȻɄ ɉɎ ɢ ɄɌ 

ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ɆȾ: 

1 Ɇɟɬɨɞɵ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

2 ɂɡɝɨɬɨɜɥɟɧɢɟ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ ɞɥɹ ɮɨɪɦɨɜɚɧɢɹ 

ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ. 

3 Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɜɢɞɟ ɫɥɚɣɞɨɜ ɩɪɟɡɟɧɬɚɰɢɢ ɜ 

ɤɨɥɢɱɟɫɬɜɟ 20 ɲɬɭɤ. 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ____________   ȼ.ɇ ɇɚɝɨɜɢɰɢɧ  
   ɩɨɞɩɢɫɶ                    ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ ___________     Ɇ.Ⱥ. Ⱦɪɟɦɭɯɢɧ  
                             ɩɨɞɩɢɫɶ              ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 
 

11.01.2021  

 

 

 

 

 

 



 

ɊȿɎȿɊȺɌ 

 

Ɇɚɝɢɫɬɟɪɫɤɚɹ ɞɢɫɫɟɪɬɚɰɢɹ ɧɚ ɬɟɦɭ «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɞɢɚɦɟɬɪɨɦ 3,5 ɦɟɬɪɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ» ɫɨɞɟɪɠɢɬ 92 ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 31 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɚ, 51 ɪɢɫɭɧɤɨɜ, 10 ɬɚɛɥɢɰɵ. 

ɉɈɅɂɆȿɊɇɕɃ ɄɈɆɉɈɁɂɐɂɈɇɇɕɃ ɆȺɌȿɊɂȺɅ, ɊȿɎɅȿɄɌɈɊ, 

ɎɈɊɆɈɈȻɊȺɁɍɘɓȺə ɈɋɇȺɋɌɄȺ, ɄɈɇȿɑɇɈ – ɗɅȿɆȿɇɌɇȺə 

ɆɈȾȿɅɖ, ɌȿɏɇɈɅɈȽɂə ɂɁȽɈɌɈȼɅȿɇɂə, ɉɊɈɑɇɈɋɌɖ, 3D-ɉȿɑȺɌɖ.  

Ɉɛɴɟɤɬ – ɩɚɪɚɛɨɥɢɱɟɫɤɢɣ ɪɟɮɥɟɤɬɨɪ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. 

ɐɟɥɶ:  

– ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɢɡɝɨɬɨɜɥɟɧɢɟ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɞɢɚɦɟɬɪɨɦ 3,5 

ɦɟɬɪɚ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ. 

Ɂɚɞɚɱɢ ȼɄɊ: 

 ɪɚɫɫɦɨɬɪɟɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ; 

 ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɧɚɝɪɭɡɤɢ ɧɚ ɮɨɪɦɨɨɛɪɚɡɭɸɳɭɸ ɨɫɧɚɫɬɤɭ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɟɮɥɟɤɬɨɪɚ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ 

ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɢɡ 

ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
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ɋɈȾȿɊɀȾȺɇɂȿ 

 

ȼɜɟɞɟɧɢɟ ................................................................................................................... 7 

1 Ɇɟɬɨɞɵ ɢ ɨɫɨɛɟɧɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ..................................Error! Bookmark not defined. 

1.1 ɉɪɢɦɟɧɟɧɢɟ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɫɨɡɞɚɧɢɹ 

ɮɨɪɦɨɫɬɚɛɢɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɫɩɭɬɧɢɤɨɜɵɯ ɚɧɬɟɧɧ ......... Error! Bookmark not 

defined. 

1.2 Ɇɟɬɨɞɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢɡɞɟɥɢɣ ɢɡ 

ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ............Error! Bookmark not defined. 

1.2.1 Ɇɟɬɨɞ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ ...........Error! Bookmark not defined. 

1.2.2 Ɇɟɬɨɞ RTM (Resin Transfer Molding) ɩɪɨɩɢɬɤɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ .. Error! 

Bookmark not defined. 

1.2.3 Ɇɟɬɨɞ VARI (Vacuum Assisted Resin Infusion) ɜɚɤɭɭɦɧɚɹ ɢɧɮɭɡɢɹ

 ...................................................................................Error! Bookmark not defined. 

1.2.4 Ɇɟɬɨɞ RFI (Resin Film Infusion) ɩɪɨɩɢɬɤɚ ɩɥɟɧɨɱɧɵɦ ɫɜɹɡɭɸɳɢɦ

 ...................................................................................Error! Bookmark not defined. 

1.3 ȼɵɛɨɪ ɭɝɥɟɩɥɚɫɬɢɤɚ ɫɨ ɫɜɹɡɭɸɳɢɦ ɤɨɦɩɨɧɟɧɬɨɦ, ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ 

ɢɡɞɟɥɢɣ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ...............Error! Bookmark not defined. 
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ȼȼȿȾȿɇɂȿ 
 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɫɬɚɧɰɢɢ 

ɫɩɭɬɧɢɤɨɜɨɣ ɫɜɹɡɢ, ɱɬɨ ɛɵɥɨ ɨɛɭɫɥɨɜɥɟɧɨ ɭɜɟɥɢɱɟɧɢɟɦ ɤɨɥɢɱɟɫɬɜɚ 

ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Ɂɟɦɥɢ, ɫ ɤɚɠɞɵɦ ɢɡ ɤɨɬɨɪɵɯ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɞɞɟɪɠɢɜɚɬɶ ɪɚɞɢɨɫɜɹɡɶ ɫ ɰɟɥɶɸ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɚɪɚɦɟɬɪɨɜ ɨɪɛɢɬɵ ɢ  ɩɪɢɟɦɚ 

ɬɟɥɟɦɟɬɪɢɱɟɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ [1]. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢɧɹɬɶ ɫɢɝɧɚɥ ɨɬ ɫɩɭɬɧɢɤɚ, 

ɧɚ Ɂɟɦɥɟ, ɬɨɠɟ ɧɭɠɧɵ ɚɧɬɟɧɧɵ. ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦ ɷɥɟɦɟɧɬɨɦ ɧɚɡɟɦɧɨɣ 

ɚɧɬɟɧɧɨɣ ɫɢɫɬɟɦɵ (ɇȺɋ) ɹɜɥɹɟɬɫɹ ɪɟɮɥɟɤɬɨɪ, ɨɬ ɤɚɱɟɫɬɜɚ ɜɵɩɨɥɧɟɧɢɹ 

ɤɨɬɨɪɨɝɨ, ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɪɚɛɨɬɚ ɜɫɟɣ ɇȺɋ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ ɪɟɮɥɟɤɬɨɪɚ ɢ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɬɪɟɛɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɭɫɬɨɣɱɢɜɵ ɤ ɪɚɡɥɢɱɧɵɦ ɩɨɝɨɞɧɵɦ ɮɚɤɬɨɪɚɦ, 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɨɬɨɪɵɯ ɨɩɪɟɞɟɥɹɟɬɫɹ, ɤɚɤ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ 

(ɋɄɈ) ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɮɥɟɤɬɨɪɚ ɨɬ ɡɚɞɚɧɧɨɝɨ ɩɚɪɚɛɨɥɨɢɞɚ. Ⱦɥɹ 

ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɢ ɜɨɡɦɨɠɧɨɫɬɶ  

ɩɪɨɜɨɞɢɬɶ ɛɨɥɶɲɢɟ ɩɨɬɨɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɜɚɬɶ ɞɢɚɦɟɬɪ 

ɚɧɬɟɧɧ, ɱɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɦɚɫɫɵ ɪɟɮɥɟɤɬɨɪɚ. ɂɫɯɨɞɹ ɢɡ 

ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɨɝɨɞɧɵɦ ɮɚɤɬɨɪɚɦ ɢ ɞɢɚɩɚɡɨɧɭ ɱɚɫɬɨɬ ɪɚɛɨɬɵ ɚɧɬɟɧɧɵ, ɋɄɈ 

ɪɟɮɥɟɤɬɨɪɨɜ ɧɚɡɟɦɧɵɯ ɚɧɬɟɧɧ (ɇȺ) ɞɨɥɠɧɨ ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɛɨɥɟɟ 0,03 ɦɦ. 

ɉɨɷɬɨɦɭ ɬɨɱɧɨɫɬɶ ɮɨɪɦɵ ɪɟɮɥɟɤɬɨɪɚ ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢ 

ɞɟɮɨɪɦɚɰɢɣ ɨɬ ɩɨɝɨɞɧɵɯ ɮɚɤɬɨɪɨɜ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ ɭɤɚɡɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɢɡɞɟɥɢɣ ɪɚɫɲɢɪɹɟɬɫɹ ɞɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɧɚɝɪɭɡɨɤ, 

ɭɜɟɥɢɱɢɜɚɸɬɫɹ ɬɟɦɩɟɪɚɬɭɪɵ, ɞɚɜɥɟɧɢɹ, ɱɬɨ ɬɪɟɛɭɟɬ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ 

ɢ ɬɟɯɧɨɥɨɝɢɣ ɮɨɪɦɨɜɚɧɢɹ ɢɡɞɟɥɢɣ, ɨɬɜɟɱɚɸɳɢɯ ɷɬɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. 

ɋɨɜɪɟɦɟɧɧɵɣ ɭɪɨɜɟɧɶ ɬɟɯɧɨɥɨɝɢɣ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɪɟɮɥɟɤɬɨɪɵ 

ɩɪɟɰɢɡɢɨɧɧɨɣ ɬɨɱɧɨɫɬɢ ɨɬɪɚɠɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɪɤɚɥɶɧɵɯ ɚɧɬɟɧɧ, ɫ 

ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɟɪɟɩɚɞɚɦ ɬɟɦɩɟɪɚɬɭɪ ɢ ɜɨɡɞɟɣɫɬɜɢɹ 

ɜɟɬɪɨɜɵɯ ɧɚɝɪɭɡɨɤ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ.  

ȼ ɤɚɱɟɫɬɜɟ ɜɵɛɨɪɚ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɪɟɮɥɟɤɬɨɪɨɜ ɇȺɋ, ɞɨɜɨɥɶɧɨ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɢ ɩɨɥɢɦɟɪɧɵɟ 

ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɉɄɆ), ɚ ɢɦɟɧɧɨ ɭɝɥɟɩɥɚɫɬɢɤɨɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, 
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ɱɬɨ ɧɚɩɪɹɦɭɸ ɫɜɹɡɚɧɧɨ ɫ ɤɨɦɩɥɟɤɫɨɦ ɢɯ ɭɧɢɤɚɥɶɧɵɯ ɫɜɨɣɫɬɜ, ɬɚɤɢɯ ɤɚɤ: 

ɩɨɜɵɲɟɧɧɚɹ ɠɟɫɬɤɨɫɬɶ, ɩɪɨɱɧɨɫɬɶ ɢ ɥɟɝɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɬɚɛɢɥɶɧɨɫɬɶ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ,  ɜɵɫɨɤɚɹ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ 

ɩɨɞɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɫɜɹɡɭɸɳɟɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ ɦɚɬɪɢɰɵ, 

ɦɢɧɢɦɚɥɶɧɨɟ ɩɨɝɥɨɳɟɧɢɟ ɜɥɚɝɢ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ ɫɥɨɠɧɨɣ 

ɮɨɪɦɵ. Ȼɥɚɝɨɞɚɪɹ ɜɵɲɟɫɤɚɡɚɧɧɵɦ ɫɜɨɣɫɬɜɚɦ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ 

ɬɨɱɧɨɫɬɶ ɢ ɧɢɡɤɭɸ ɭɞɟɥɶɧɭɸ ɦɚɫɫɭ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɩɨɜɵɲɟɧɢɟɦ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɮɥɟɤɬɨɪɚ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɚɧɚɥɨɝɢɱɧɵɦ 

ɤɨɧɫɬɪɭɤɰɢɹɦ ɢɡ ɚɥɸɦɢɧɢɹ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ 

ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɬɪɟɛɨɜɚɧɢɣ ɤ ɪɟɮɥɟɤɬɨɪɭ. 

 
[ɂзɴято ɝлɚɜɵ 1-3] 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɢ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 

ɦɟɬɨɞɢɤɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɞɢɚɦɟɬɪɨɦ 3,5 ɦɟɬɪɚ ɢɡ ɉɄɆ, 

ɩɨɡɜɨɥɹɸɳɚɹ ɢɡɝɨɬɨɜɢɬɶ ɪɟɮɥɟɤɬɨɪ ɡɚ ɨɞɢɧ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ, ɩɨ 

ɬɟɯɧɨɥɨɝɢɢ ɚɜɬɨɤɥɚɜɧɨɝɨ ɮɨɪɦɨɜɚɧɢɹ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨ 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɧɟɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ.  

Ȼɵɥɢ ɩɪɟɞɥɨɠɟɧɵ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɨɫɧɚɫɬɤɢ ɫ ɎɈɉ. 

ɉɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ: 

 ɪɚɫɫɦɨɬɪɟɬɶ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɟ ɬɟɯɧɨɥɨɝɢɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ, 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ ɢɡ ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɤɨɧɫɬɪɭɤɰɢɸ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ; 

 ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɧɚɝɪɭɡɤɢ ɧɚ ɮɨɪɦɨɨɛɪɚɡɭɸɳɭɸ ɨɫɧɚɫɬɤɭ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɪɟɮɥɟɤɬɨɪɚ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɪɦɨɨɛɪɚɡɭɸɳɟɣ ɨɫɧɚɫɬɤɢ 

ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ; 

 ɪɚɡɪɚɛɨɬɚɬɶ ɦɟɬɨɞɢɤɭ ɢɡɝɨɬɨɜɥɟɧɢɹ ɰɟɥɶɧɨɝɨ ɪɟɮɥɟɤɬɨɪɚ ɢɡ 

ɩɨɥɢɦɟɪɧɵɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. 

Ȼɵɥɢ ɜɵɩɨɥɧɟɧɵ.  
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ɋɉɂɋɈɄ ɋɈɄɊȺЩȿɇɂɃ 

 

FDM – Fused Depsition Modelling; 

FFF – Fused Filament Fabrication; 

RFI – Resin Film Infusion; 

RTM – Resin Transfer Molding; 

VARI – Vacuum Assisted Resin Infusion; 

Ⱥɋ – ɚɧɬɟɧɧɚɹ ɫɢɫɬɟɦɚ; 

Ⱦɇ – ɞɢɚɝɪɚɦɦɚ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ; 

ɄɂɆ – ɤɨɨɪɞɢɧɚɬɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɦɚɲɢɧɚ; 

ɄɅɌɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ; 

ɄɆ – ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ; 

ɄɇȾ – ɤɨɷɮɮɢɰɢɟɧɬɚ ɧɚɩɪɚɜɥɟɧɧɨɝɨ ɞɟɣɫɬɜɢɹ; 

ɄɈ – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ; 

Ʉɍ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ; 

ɅɄɆ – ɥɚɤɨɤɪɚɫɨɱɧɵɣ ɦɚɬɟɪɢɚɥ; 

ɆȾ – ɦɚɝɢɫɬɟɪɫɤɨɣ ɞɢɫɫɟɪɬɚɰɢɹ; 

ɇȺ – ɧɚɡɟɦɧɚɹ ɚɧɬɟɧɧɚ; 

ɇȺɋ – ɧɚɡɟɦɧɚɹ ɚɧɬɟɧɧɚɹ ɫɢɫɬɟɦɚ; 

Ɉɉɍ – ɨɩɨɪɧɨ-ɩɨɜɨɪɨɬɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; 

ɉɄɆ – ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ; 

ɉɈ – ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 

ɋɄɈ – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ; 

ɋɇɢɉ – ɫɬɪɨɢɬɟɥɶɧɵɟ ɧɨɪɦɵ ɢ ɩɪɚɜɢɥɚ; 

ɎɈɉ – ɮɨɪɦɨɨɛɪɚɡɭɸɳɚɹ ɩɨɜɟɪɯɧɨɫɬɶ; 

ɑɉɍ – ɱɢɫɥɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɭɩɪɚɜɥɟɧɢɟ. 
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ɋɉɂɋɈɄ ɂɋɉɈɅɖɁɈȼȺɇɇɕɏ ɂɋɌɈɑɇɂɄɈȼ 
 
1 Ɍɟɫɬɨɟɞɨɜ, ɇ.Ⱥ. Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ: 

ɭɱɟɛɧɢɤ/ ɇ. Ⱥ. Ɍɟɫɬɨɟɞɨɜ. – Ʉɪɚɫɧɨɹɪɫɤ, ɋɢɛȽȺɍ, 2009. – 352 ɫ. 

2 Ɇɢɯɚɣɥɢɧ, ɘ.Ⱥ. Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɨɥɢɦɟɪɧɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ 

ɦɚɬɟɪɢɚɥɵ. 2-ɟ ɢɡɞ. / ɘ.Ⱥ. Ɇɢɯɚɣɥɢɧ. – ɋɚɧɤɬ-ɩɟɬɟɪɛɭɪɝ : ɂɡɞɚɬɟɥɶɫɬɜɨ 
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ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɭɱɟɛ. ɩɨɫɨɛɢɟ ɩɨ ɥɚɛɨɪɚɬɨɪɧɨɦɭ ɩɪɚɤɬɢɤɭɦɭ / 

Ɇ.Ⱥ ɒɟɜɰɨɜɚ – ɏɚɪɶɤɨɜ : ɏȺɂ, 2005. – 84 ɫ. 

4 Ⱦɟɦɟɧɬɶɟɜɚ, Ʌ.Ⱥ. ɋɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ 
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2009. – 560 ɫ. 

6 Ȼɚɬɚɟɜ, Ⱥ.Ⱥ. Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ: ɫɬɪɨɟɧɢɟ, ɩɨɥɭɱɟɧɢɟ, 
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