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ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɪɚɡɪɚɛɨɬɤɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 3D-ɩɟɱɚɬɢ ɦɟɬɨɞɚɦɢ ɫɟɥɟɤɬɢɜɧɨɝɨ ɥɚ-
ɡɟɪɧɨɝɨ ɫɩɟɤɚɧɢɹ (SLS) ɢ ɩɨɫɥɨɣɧɨɝɨ ɧɚɩɥɚɜɥɟɧɢɹ (FDM) ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ 
ɡɚɪɭɛɟɠɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɍɟɯɧɨɥɨɝɢɢ 3D-ɩɟɱɚɬɢ ɩɨɡɜɨɥɹɸɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɚɜɢɚɰɢɨɧɧɵɟ ɞɟɬɚɥɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ 
ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɡɚ ɟɞɢɧɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ ɬɪɭɞɨ-
ɡɚɬɪɚɬɚɦɢ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɨɬɯɨɞɨɜ. 

ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɨɣɫɬɜ ɤɨɦɩɨɡɢɰɢɣ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ SLS- ɢ 
FDM-ɦɟɬɨɞɚɦɢ ɧɚ ɨɫɧɨɜɟ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ ГвpООФ (Ʉɢɬɚɣ) 
ɦɚɪɨɤ 550PF ɢ 330UPF, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ VТМЭrОб (Ⱥɧɝɥɢɹ) ɦɚɪɨɤ 90G, 150G 
ɢ 380G. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɚɤɢɦ ɤɨɦɩɨɡɢɰɢɹɦ ɢ ɩɪɢɧɰɢɩɵ ɢɯ ɩɨɞ-
ɝɨɬɨɜɤɢ ɤ ɩɟɪɟɪɚɛɨɬɤɟ. 

Кɥɸɱɟɜыɟ ɫɥɨɜɚ: ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧ, ɚɞɞɢɬɢɜɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɫɟɥɟɤɬɢɜɧɨɟ ɥɚɡɟɪɧɨɟ 
ɫɩɟɤɚɧɢɟ, 3D-ɩɟɱɚɬɶ, ɩɨɫɥɨɣɧɨɟ ɧɚɩɥɚɜɥɟɧɢɟ, ɩɨɫɥɨɣɧɵɣ ɫɢɧɬɟɡ. 
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MATERIALS  FOR  THE  3D-PRINTING 
ON  THE  BASIS  OF  POLYETHERETHERKETONES 

 
Development of foreign production polyetheretherketon materials for the 3D printing by the 

selection laser baking (SLS) and fiber fusing (FDM) methods of on the basis of polyetherether-
ketones of foreign production. 

3D-technologies allow to make aviation details and designs of the composite geometry for a 
uniform production cycle with minimum labor costs and quantity of a wastage. 

Results of compositions properties research for processing by SLS- and FDM-methods on 
the basis of polyetheretherketon of Zypeek (China) brands 550PF and 330UPF and also pro-
duction of the Victrex company (England) brands 90G, 150G and 380G has been shown in arti-
cle. The main requirements to such compositions and the principles of their preparation for 
processing has been formulated. 

Keywords: polyetheretherketone, additive technologies, selection laser sintering, 3D-printing, 
layer-by-layer fusing, rused deposition molding. 

 
1Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ 
ɢɧɫɬɢɬɭɬ ɚɜɢɚɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ» Ƚɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɧɚɭɱɧɵɣ ɰɟɧɬɪ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ [Federal 
State Unitary Enterprise «AХХ-Russian Scientific Research InstitutО ШП AЯТКЭТШЧ εКЭОrТКХs» State Research 
Center of the Russian Federation]; e-mail: admin@viam.ru 
 

ȼɜɟɞɟɧɢɟ 
ɇɚ ɫɨɜɪɟɦɟɧɧɨɦ ɭɪɨɜɧɟ ɪɚɡɜɢɬɢɹ ɚɜɢɚɰɢɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɨɫɨɛɨɟ ɡɧɚɱɟ-

ɧɢɟ ɩɪɢɨɛɪɟɬɚɸɬ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɢɧɧɨɜɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɨɬɟɧɰɢɚɥ ɤɨɬɨɪɵɯ ɩɨɡ-
ɜɨɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɜɵɲɚɬɶ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɭɜɟɥɢɱɢɜɚɬɶ 
ɢɯ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ Д1–4Ж. ȼɚɠɧɵɦɢ ɚɫɩɟɤɬɚɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɚɤɠɟ ɫɬɚɧɨɜɹɬɫɹ ɷɤɨɥɨ-
ɝɢɱɧɨɫɬɶ ɢ ɛɟɡɨɬɯɨɞɧɨɫɬɶ. Ɍɚɤɢɟ ɬɟɯɧɨɥɨɝɢɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɲɢɪɨɤɨɦ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɢ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɢ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ 
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ɢɧɬɟɥɥɟɤɬɚ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɩɟɪɚɬɢɜɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɞɫɬɪɨɣɤɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɨɞ ɬɪɟɛɨɜɚɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɦɨɦɟɧɬɚ ɢ ɫɜɨɣɫɬɜɚ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ Д5–9]. 

Ɉɝɪɨɦɧɵɦ ɩɨɬɟɧɰɢɚɥɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɨɛɥɚɞɚɸɬ 3D-ɬɟɯɧɨɥɨɝɢɢ 
ɛɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɢ, ɲɢɪɨɤɢɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɚɞɚɩɬɚɰɢɢ, ɦɚɥɨɣ ɞɨɥɟ ɨɬ-
ɯɨɞɨɜ ɢ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ. Ɋɵɧɨɤ ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 
ɧɢɯ ɧɟɩɪɟɪɵɜɧɨ ɪɚɫɬɟɬ Д10–15]. 

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦɢ ɦɟɬɨɞɚɦɢ 3D-ɩɟɱɚɬɢ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɦɚɬɟɪɢɚ-
ɥɨɜ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ: ɩɨɫɥɨɣɧɨɟ ɧɚɩɥɚɜɥɟɧɢɟ (FDε-ɩɟɱɚɬɶ) ɢ ɫɟɥɟɤɬɢɜɧɨɟ 
ɥɚɡɟɪɧɨɟ ɫɩɟɤɚɧɢɟ (SδS-ɩɟɱɚɬɶ). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɨɥɭɮɚɛɪɢɤɚɬɨɦ ɞɥɹ 3D-ɩɟɱɚɬɢ ɹɜɥɹ-
ɟɬɫɹ ɩɨɥɢɦɟɪɧɵɣ ɮɢɥɚɦɟɧɬ, ɜɨ ɜɬɨɪɨɦ – ɩɨɪɨɲɤɨɜɚɹ ɤɨɦɩɨɡɢɰɢɹ. 

ȼɵɛɨɪ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɦɟɬɨɞɚ 3D-ɩɟɱɚɬɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɧɤɪɟɬɧɵɯ ɢɡɞɟɥɢɣ 
ɨɛɵɱɧɨ ɨɛɭɫɥɨɜɥɟɧ ɪɹɞɨɦ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɫɜɨɣɫɬɜɚ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɤɨɧɟɱ-
ɧɨɝɨ ɢɡɞɟɥɢɹ, ɟɝɨ ɤɨɧɮɢɝɭɪɚɰɢɹ ɢ ɬɪɟɛɭɟɦɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. Ɍɚɤ, ɢɡɞɟ-
ɥɢɹ, ɩɨɥɭɱɟɧɧɵɟ FDε-ɦɟɬɨɞɨɦ, ɱɚɫɬɨ ɬɪɟɛɭɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɢɡ-ɡɚ ɜɵɫɨɤɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɟɱɚɬɢ ɧɟ ɜɯɨɞɹɳɢɯ 
ɜ ɤɨɧɫɬɪɭɤɰɢɸ ɞɟɬɚɥɢ ɩɨɞɞɟɪɠɢɜɚɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɮɢɥɚɦɟɧɬ ɞɥɹ  
FDM-ɩɟɱɚɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɷɤɫɬɪɭɡɢɨɧɧɵɯ ɥɢɧɢɹɯ ɫ ɜɵɫɨɤɢɦɢ ɞɨɩɭɫɤɚɦɢ ɩɨ ɞɢɚ-
ɦɟɬɪɭ, ɱɬɨ ɬɪɟɛɭɟɬ ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɫɯɨɞɨɜ ɧɚ ɟɝɨ ɩɨɥɭɱɟɧɢɟ ɢɡ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɝɨ ɢɥɢ 
ɩɨɪɨɲɤɨɨɛɪɚɡɧɨɝɨ ɫɵɪɶɹ. 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɢ SδS-ɩɟɱɚɬɢ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɤɚɱɟɫɬɜɭ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɬɚɤ ɱɬɨ ɩɟɱɚɬɶ ɢɡ ɨɛɵɱɧɵɯ ɩɨɥɢɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɵɧɤɟ, ɞɚɥɟɤɨ ɧɟ ɜɫɟɝɞɚ ɜɨɡɦɨɠɧɚ. 

Ɋɨɫɫɢɣɫɤɢɣ ɪɵɧɨɤ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 3D-ɩɟɱɚɬɢ ɯɚ-
ɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɨɣ ɧɚɫɵɳɟɧɧɨɫɬɶɸ ɩɪɟɞɥɨɠɟɧɢɣ ɢɦɩɨɪɬɧɵɯ ɪɟɲɟɧɢɣ ɜ ɨɛɥɚɫɬɢ 
ɦɚɬɟɪɢɚɥɨɜ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɨɝɪɚɧɢɱɟɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɣ ɩɪɨ-
ɞɭɤɰɢɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɚɧɤɰɢɨɧɧɵɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɪɹɞɨɦ ɡɚɪɭɛɟɠɧɵɯ 
ɝɨɫɭɞɚɪɫɬɜ, ɧɟ ɩɨɡɜɨɥɹɸɬ ɨɬɟɱɟɫɬɜɟɧɧɵɦ ɩɪɟɞɩɪɢɹɬɢɹɦ ɡɚɤɭɩɚɬɶ ɫɨɜɪɟɦɟɧɧɵɟ ɜɵɫɨɤɨ-
ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɞɥɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɭɫɬɚɧɨɜ-
ɤɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɡɞɟɥɢɣ. ɉɪɢ ɷɬɨɦ ɨɬɟɱɟɫɬɜɟɧɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɵɧɤɟ ɮɪɚɝɦɟɧɬɚɪɧɨ ɢ ɧɟ ɩɨɡɜɨɥɹɸɬ ɪɟɲɚɬɶ ɫɬɨɹɳɢɟ ɩɟɪɟɞ ɩɪɨɦɵɲ-
ɥɟɧɧɨɫɬɶɸ ɡɚɞɚɱɢ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɨɫɨɛɭɸ ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ 
ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨ-
ɥɨɝɢɣ, ɫɩɨɫɨɛɧɵɯ ɫɨɫɬɚɜɢɬɶ ɭɫɩɟɲɧɭɸ ɤɨɧɤɭɪɟɧɰɢɸ ɢɦɩɨɪɬɧɵɦ ɚɧɚɥɨɝɚɦ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɞɧɢɦɢ ɢɡ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ 3D-ɩɟɱɚɬɢ ɹɜɥɹ-
ɸɬɫɹ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɵ Д16–19Ж. ɂɯ ɞɨɫɬɨɢɧɫɬɜɚ – ɜɵɫɨɤɢɟ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ ɢ ɬɟɪɦɨɫɬɚɛɢɥɶɧɨɫɬɶ, ɫɬɨɣɤɨɫɬɶ ɤ ɚɝɪɟɫɫɢɜɧɵɦ ɫɪɟɞɚɦ, ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬ-
ɧɨɫɬɶ – ɨɩɪɟɞɟɥɹɸɬ ɤɪɭɝ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɪɟɲɟɧɵ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ 
ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɵ (polyetheretherketon – PEEK) ɩɪɢ-
ɦɟɧɹɸɬ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɚɜɢɚɰɢɨɧɧɨɣ ɬɟɯɧɢɤɢ, ɪɚɛɨɬɚɸɳɢɯ ɩɨɞ ɦɟɯɚɧɢɱɟ-
ɫɤɢɦɢ ɧɚɝɪɭɡɤɚɦɢ ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɫɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬ-
ɤɨɦ ɊȿȿK ɹɜɥɹɟɬɫɹ ɬɪɭɞɧɨɫɬɶ ɟɝɨ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɢɡɞɟɥɢɹ ɢ ɩɨɥɭɮɚɛɪɢɤɚɬɵ, ɫɜɹɡɚɧɧɚɹ ɫ 
ɨɱɟɧɶ ɜɵɫɨɤɢɦɢ ɞɥɹ ɬɟɪɦɨɩɥɚɫɬɚ ɬɟɦɩɟɪɚɬɭɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɥɚɜɥɟɧɢɹ, ɧɟɜɨɡ-
ɦɨɠɧɨɫɬɶɸ ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɫɬɜɨɪɟɧɢɹ ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ, ɬɪɭɞɧɨɫɬɶɸ ɢɡɦɟɥɶɱɟɧɢɹ ɜ 
ɞɪɨɛɢɥɤɚɯ, ɫɤɥɨɧɧɨɫɬɶɸ ɤ ɧɚɤɨɩɥɟɧɢɸ ɫɬɚɬɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɢɱɟɫɬɜɚ ɩɨɪɨɲɤɚɦɢ ɢ ɪɹɞɨɦ 
ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ Д20–23]. 

ɉɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɵ (ɤɚɤ FDε (ɮɢɥɚɦɟɧɬ), ɬɚɤ ɢ SδS (ɩɨɪɨɲɨɤ)) ɩɟɪɟɪɚɛɚɬɵ-
ɜɚɸɬɫɹ ɜ ɢɡɞɟɥɢɹ ɦɟɬɨɞɚɦɢ 3D-ɩɟɱɚɬɢ. Ɍɪɟɛɨɜɚɧɢɹ ɤ ɮɢɥɚɦɟɧɬɭ ɜɤɥɸɱɚɸɬ, ɩɪɟɠɞɟ 
ɜɫɟɝɨ, ɫɨɛɥɸɞɟɧɢɟ ɞɨɩɭɫɤɨɜ ɧɚ ɟɝɨ ɞɢɚɦɟɬɪ (ɩɨɪɹɞɤɚ 1,75˃0,1 ɦɦ – ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ 
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3D-ɩɪɢɧɬɟɪɨɜ) ɢ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ. Ⱦɥɹ ɩɟɪɟɪɚɛɨɬɤɢ SδS-ɩɨɪɨɲɤɨɜ ɨɫɨɛɨɟ ɡɧɚ-
ɱɟɧɢɟ ɢɦɟɸɬ ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ, ɫɮɟɪɢɱɧɨɫɬɶ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɱɚɫɬɢɰ ɩɨɥɢɦɟɪɚ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɜ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɥɟɤɫɧɨɣ ɧɚɭɱɧɨɣ ɩɪɨɛɥɟɦɵ 13.2. 
«Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɉɄɆ» («ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɜɢɬɢɹ ɦɚɬɟɪɢɚɥɨɜ ɢ ɬɟɯ-
ɧɨɥɨɝɢɣ ɢɯ ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ ɩɟɪɢɨɞ ɞɨ 2030 ɝɨɞɚ») Д1Ж. 

 
Ɇɚɬɟɪɢɚɥɵ ɢ ɦɟɬɨɞɵ 

Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɞɥɹ 3D-ɩɟɱɚɬɢ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢ ɩɨɥɢ-
ɷɮɢɪɷɮɢɪɤɟɬɨɧɵ ɩɪɨɢɡɜɨɞɫɬɜɚ Ⱥɧɝɥɢɢ ɢ Ʉɢɬɚɹ ɦɚɪɨɤ VТМЭrОб 90G, 150G, 380G ɢ 
ГвЩООФ 550PF ɢ 330UPF ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɏɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ ɩɨɪɨɲɤɨɜɨɝɨ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ ɫɤɚ-
ɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɫɤɨɩɚ TESωAσ VEGA 3 БεU ɜ 
ɪɟɠɢɦɟ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɩɪɢ ɭɜɟɥɢɱɟɧɢɹɯ ɨɬ ×200 ɞɨ ×10000. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɩɨɪɨɲɤɨɜ ɩɨɥɢɷɮɢɪ-
ɷɮɢɪɤɟɬɨɧɚ ɧɚɧɨɫɢɥɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɬɨɤɨɩɪɨɜɨɞɹɳɟɝɨ ɫɤɨɬɱɚ ɧɚ ɨɫɧɨɜɟ ɭɝɥɟɪɨɞɚ, ɩɨ-
ɫɥɟ ɱɟɝɨ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɜ ɜɚɤɭɭɦɧɨɣ ɭɫɬɚɧɨɜɤɟ ɞɥɹ ɦɚɝɧɟɬɪɨɧɧɨɝɨ ɧɚɩɵɥɟɧɢɹ 
Q150R ES ɧɚɧɨɫɢɥɢ ɫɥɨɣ ɡɨɥɨɬɚ. Ʉɨɥɢɱɟɫɬɜɟɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 
ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɚɧɚɥɢɡɚ 
ɢɡɨɛɪɚɠɟɧɢɣ IЦКqОSМШЩО ωШХШr ɩɨ Ɇɂ1.2.042–2011. 

Ɍɟɦɩɟɪɚɬɭɪɵ ɫɬɟɤɥɨɜɚɧɢɹ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɩɥɚɜɥɟɧɢɹ ɨɩɪɟɞɟɥɹɥɢ ɩɨ 
ȽɈɋɌ Ɋ 55134–2012, ɬɟɦɩɟɪɚɬɭɪɭ ɞɟɫɬɪɭɤɰɢɢ – ɩɨ ȽɈɋɌ 29127–91. 

ɍɝɨɥ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ȽɈɋɌ 27802–93, ɧɚɫɵɩɧɭɸ ɩɥɨɬɧɨɫɬɶ – 
ɩɨ ȽɈɋɌ 11035.1–93, ɞɢɚɦɟɬɪ ɮɢɥɚɦɟɧɬɚ – ɩɨ ȽɈɋɌ 33694–2015, ɜɥɚɠɧɨɫɬɶ – ɩɨ 
ȽɈɋɌ Ɋ 56721–2015. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɬɪɟɛɨɜɚ-
ɧɢɣ ɤ ɤɨɦɩɨɡɢɰɢɹɦ ɧɚ ɨɫɧɨɜɟ ɊȿȿK ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɚɦɢ FDM ɢ SLS. ɉɟɪɟɪɚ-
ɛɨɬɤɭ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɯ ɤɨɦɩɨɡɢɰɢɣ ɦɟɬɨɞɨɦ FDM-ɩɟɱɚɬɢ ɨɫɭɳɟɫɬɜɥɹɥɢ ɧɚ ɢɯ ɩɨɥɭ-
ɮɚɛɪɢɤɚɬɚɯ – ɮɢɥɚɦɟɧɬɚɯ (ɷɤɫɬɪɭɞɚɬɚɯ). Ɉɛɪɚɡɰɵ ɩɨɥɢɦɟɪɧɵɯ ɮɢɥɚɦɟɧɬɨɜ ɞɥɹ  
3D-ɩɟɱɚɬɢ ɩɨɥɭɱɚɥɢ ɷɤɫɬɪɭɡɢɟɣ ɧɚ ɞɜɭɯɲɧɟɤɨɜɨɦ ɷɤɫɬɪɭɞɟɪɟ. Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɵ-
ɛɪɚɥɢ ɊȿȿK ɮɢɪɦɵ VТМЭrОб ɦɚɪɨɤ 90G, 150G ɢ 380G. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɞɧɢɦ ɢɡ ɨɩɪɟɞɟɥɹɸɳɢɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɤɚɱɟɫɬɜɟɧ-
ɧɨɝɨ ɷɤɫɬɪɭɞɚɬɚ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ FDM-ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɜɥɚɠɧɨɫɬɶ ɢɫɯɨɞɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ. Ⱦɥɹ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ ɜɥɚɠɧɨɫɬɶ ɝɪɚɧɭɥɹɬɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 0,3–0,4% 
(ɩɨ ɦɚɫɫɟ). 

ȼɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɟɪɟɪɚɛɨɬɤɢ ɩɨɥɢɦɟɪɚ (ɞɨ 450°ɋ) ɩɪɢɜɨɞɢɬ ɤ ɱɪɟɡɜɵɱɚɣɧɨ 
ɢɧɬɟɧɫɢɜɧɨɦɭ ɢɫɩɚɪɟɧɢɸ ɫɨɞɟɪɠɚɳɟɣɫɹ ɜ ɧɟɦ ɜɥɚɝɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɟɮɟɤɬɨɜ ɜ ɜɢɞɟ 
ɩɭɡɵɪɶɤɨɜ ɢ ɪɚɤɨɜɢɧ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɫɭɲɤɢ. ɉɪɢ ɷɬɨɦ 
ɭɠɟ ɩɨɫɥɟ ɧɟɫɤɨɥɶɤɢɯ ɱɚɫɨɜ ɩɪɟɛɵɜɚɧɢɹ ɊȿȿK ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ ɜɥɚɠɧɨɫɬɶ ɜɵɫɭ-
ɲɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɡɪɚɫɬɚɟɬ ɧɚɫɬɨɥɶɤɨ, ɱɬɨ ɜ ɷɤɫɬɪɭɞɚɬɟ ɧɚɱɢɧɚɸɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ 
ɞɟɮɟɤɬɵ. ɉɨɷɬɨɦɭ, ɟɫɥɢ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɪɢɚɥ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨ-
ɫɥɟ ɫɭɲɤɢ, ɟɝɨ ɫɥɟɞɭɟɬ ɯɪɚɧɢɬɶ ɜ ɝɟɪɦɟɬɢɱɧɨɣ ɟɦɤɨɫɬɢ ɧɟ ɛɨɥɟɟ 1 ɫɭɬ. 

Ⱦɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɮɢɥɚɦɟɧɬɚ FDε-ɦɟɬɨɞɨɦ ɨɩɪɟɞɟɥɹɸɳɟɟ ɡɧɚɱɟɧɢɟ ɢɦɟɟɬ ɫɬɚ-
ɛɢɥɶɧɨɫɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɮɢɥɚɦɟɧɬɚ ɢ ɨɬɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ. ɀɟɫɬɤɢɟ ɬɪɟɛɨ-
ɜɚɧɢɹ ɩɪɟɞɴɹɜɥɹɸɬɫɹ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɤ ɫɨɛɥɸɞɟɧɢɸ ɞɨɩɭɫɤɨɜ ɧɚ ɞɢɚɦɟɬɪ ɮɢɥɚɦɟɧɬɚ, ɚ 
ɬɚɤɠɟ ɤ ɤɚɱɟɫɬɜɭ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɢ – ɧɚɥɢɱɢɸ ɩɨɪ, ɪɚɤɨɜɢɧ ɢ ɩɨɫɬɨɪɨɧɧɢɯ ɜɤɥɸɱɟɧɢɣ. 

Ɉɞɧɚɤɨ ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɣ ɮɢɥɚɦɟɧɬ ɨɛɥɚɞɚ-
ɟɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɶɸ, ɧɟ ɜɫɟɝɞɚ ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɣ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ 
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ɩɟɪɟɪɚɛɨɬɤɢ ɧɚ FDε-ɩɪɢɧɬɟɪɟ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɳɟɩɪɢɧɹɬɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɤ ɤɚɱɟ-
ɫɬɜɭ ɮɢɥɚɦɟɧɬɚ ɹɜɥɹɟɬɫɹ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɶ ɜ ɩɪɟɞɟɥɚɯ ɞɨ ˃0,1 ɦɦ (ɞɢɚɦɟɬɪ ɮɢɥɚɦɟɧɬɚ 
1,75˃0,1 ɦɦ), ɱɬɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɧɚ ɩɪɢɧɬɟɪɟ ɤɚɱɟ-
ɫɬɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢɥɢ ɢɡɞɟɥɢɣ. ɉɨɥɭɱɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɨɛɪɚɡɰɵ ɮɢɥɚɦɟɧɬɚ ɯɚ-
ɪɚɤɬɟɪɢɡɨɜɚɥɢɫɶ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɶɸ ɨɬ 0,09 ɞɨ 0,16 ɦɦ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɩɪɢɱɢɧɚ ɷɬɨɝɨ – 
ɨɫɨɛɟɧɧɨɫɬɢ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɦɟɬɨɞɨɦ ɷɤɫɬɪɭɡɢɢ, ɜ ɱɚɫɬɧɨɫɬɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟ ɦɟɬɨɞɚ ɫɜɨɛɨɞɧɨɣ ɤɚɥɢɛɪɨɜɤɢ ɫɬɪɟɧɝ ɩɨɥɢɦɟɪɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɨɯɥɚɠɞɟɧɢɟɦ ɧɚ 
ɜɨɡɞɭɯɟ. Ɉɩɪɨɛɨɜɚɧɧɚɹ ɜ ɯɨɞɟ ɪɚɛɨɬɵ ɫɯɟɦɚ ɜɨɞɹɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɧɟ ɩɨɡɜɨɥɢɥɚ ɭɥɭɱ-
ɲɢɬɶ ɤɚɱɟɫɬɜɨ ɮɢɥɚɦɟɧɬɚ ɢɡ-ɡɚ ɫɥɢɲɤɨɦ ɚɤɬɢɜɧɨɝɨ ɩɪɨɬɟɤɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɢ ɧɚ ɜɯɨɞɟ ɜ ɨɯɥɚɠɞɚɸɳɭɸ ɜɚɧɧɭ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɤɨɪɨɛɥɟɧɢɸ ɮɢɥɚɦɟɧɬɚ. ɋɥɟɞɨ-
ɜɚɬɟɥɶɧɨ, ɩɪɨɛɥɟɦɚ ɫɧɢɠɟɧɢɹ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɢ ɮɢɥɚɦɟɧɬɚ ɬɪɟɛɭɟɬ ɩɪɢɦɟɧɟɧɢɹ  
ɤɚɥɢɛɪɚɬɨɪɨɜ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɨɯɥɚɠɞɟɧɢɟɦ ɫɬɪɟɧɝɢ ɩɨɥɢɦɟɪɚ ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɬɟɪɦɨɫɬɚɬɢɪɭɟɦɨɣ ɨɫɧɚɫɬɤɨɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɹ ɞɢɚɦɟɬɪɨɜ ɮɢɥɚɦɟɧɬɨɜ ɊȿȿK ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 
 

Ɍɚɛɥɢɰɚ 1 
Ɋɚɡɧɨɬɨɥɳɢɧɧɨɫɬɶ ɮɢɥɚɦɟɧɬɨɜ ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ  

ɮɢɪɦɵ VТМЭЫОб (Ⱥɧɝɥɢɹ) 
Ɇɚɪɤɚ ɦɚɬɟɪɢɚɥɚ Ⱦɢɚɦɟɬɪ, ɦɦ 

Victrex 90G 1,74˃0,09 
Victrex 150G 1,83˃0,09 
Victrex 380G 1,77˃0,16 

 
ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɮɢɥɚɦɟɧɬ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɊȿȿK ɦɚɪɤɢ 

VТМЭrОб 150G, ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɞɢɚɦɟɬɪɭ, ɚ ɮɢɥɚɦɟɧɬ ɊȿȿK ɧɚ ɨɫɧɨɜɟ 
ɦɚɪɤɢ VТМЭrОб 380G – ɩɨ ɬɨɱɧɨɫɬɢ ɫɨɛɥɸɞɟɧɢɹ ɪɚɡɦɟɪɨɜ. Ɋɚɡɥɢɱɢɹ ɜ ɤɚɱɟɫɬɜɟ ɩɨɥɭɱɟɧ-
ɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɨɛɴɹɫɧɹɸɬɫɹ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɪɚɡɥɢɱɢɹɦɢ ɜ ɜɹɡɤɨɭɩɪɭɝɨɦ ɬɟɱɟɧɢɢ ɪɚɫ-
ɩɥɚɜɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɊȿȿK, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɦ ɪɟɥɚɤɫɚɰɢɨɧɧɵɦ 
ɢɡɦɟɧɟɧɢɹɦ ɫɬɪɟɧɝ ɞɥɹ ɦɚɪɨɤ ɫ ɛɨɥɶɲɟɣ ɭɩɪɭɝɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɬɟɱɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪ ɩɥɚɜɥɟɧɢɹ, ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɞɟɫɬɪɭɤɰɢɢ 
ɢɫɫɥɟɞɭɟɦɵɯ ɮɢɥɚɦɟɧɬɨɜ ɊȿȿK ɦɟɬɨɞɨɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɫɤɚɧɢɪɭɸɳɟɣ ɤɚɥɨɪɢɦɟɬ-
ɪɢɢ (ȾɋɄ) ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

 
Ɍɚɛɥɢɰɚ 2 

Ɍɟɦɩɟɪɚɬɭɪɧɵɟ ɩɟɪɟɯɨɞɵ ɮɢɥɚɦɟɧɬɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ  
ɮɢɪɦɵ VТМЭЫОб (Ⱥɧɝɥɢɹ) 

Ɇɚɪɤɚ 
ɦɚɬɟɪɢɚɥɚ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ, °ɋ 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɞɟɫɬɪɭɤɰɢɢ, °ɋ 

Victrex 90G 302 342 568 
Victrex 150G 307 344 574 
Victrex 380G 301 342 577 

 
ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɜɢɞɧɨ, ɱɬɨ ɩɟɪɟɪɚɛɨɬɤɚ ɜɫɟɯ ɦɚɪɨɤ ɊȿȿK ɜɨɡɦɨɠɧɚ ɜ 

ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɢɧɬɟɪɜɚɥɚɯ, ɨɞɧɚɤɨ ɧɚ ɩɪɚɤɬɢɤɟ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɚɪɤɢ 
ɫ ɛɨɥɶɲɟɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɨɣ ɢɦɟɸɬ ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɭɸ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ, ɱɬɨ 
ɬɪɟɛɭɟɬ ɤɨɪɪɟɤɰɢɢ ɬɟɦɩɟɪɚɬɭɪ ɩɟɪɟɪɚɛɨɬɤɢ ɜ ɫɬɨɪɨɧɭ ɢɯ ɭɜɟɥɢɱɟɧɢɹ. ɋɨɝɥɚɫɧɨ ɩɨɥɭ-
ɱɟɧɧɵɦ ɞɚɧɧɵɦ, ɩɨɤɚɡɚɬɟɥɶ ɬɟɤɭɱɟɫɬɢ ɪɚɫɩɥɚɜɨɜ ɦɚɪɨɤ VТМЭrОб 90G, 150G ɢ 380G ɩɪɢ 
360°ɋ ɫɨɫɬɚɜɥɹɟɬ 120; 56 ɢ 31 ɝ/10 ɦɢɧ, ɚ ɦɚɪɨɤ ГвЩООФ 550PF ɢ 330UPF: 7 ɢ 45 ɝ/10 ɦɢɧ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɤɨɦɩɨɡɢɰɢɣ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɦɟɬɨɞɨɦ 
FDM ɮɢɥɚɦɟɧɬ ɧɚ ɨɫɧɨɜɟ ɊȿȿK ɞɨɥɠɟɧ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

– ɞɢɚɦɟɬɪ ɮɢɥɚɦɟɧɬɚ 1,75˃0,1 ɦɦ; 
– ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 350˃15°ɋ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɟɪɟɞ ɩɟɪɟɪɚɛɨɬɤɨɣ ɮɢɥɚɦɟɧɬɚ ɧɟɨɛɯɨɞɢɦɚ 
ɫɭɲɤɚ ɊȿȿK. ɗɤɫɬɪɭɡɢɨɧɧɚɹ ɥɢɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɮɢɥɚɦɟɧɬɚ ɞɨɥɠɧɚ ɤɨɦɩɥɟɤɬɨ-
ɜɚɬɶɫɹ ɤɚɥɢɛɪɚɬɨɪɨɦ. Ɍɟɦɩɟɪɚɬɭɪɵ ɩɟɪɟɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɚ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɦɨɥɟɤɭɥɹɪ-
ɧɨɣ ɦɚɫɫɵ: ɫ ɟɟ ɜɨɡɪɚɫɬɚɧɢɟɦ ɡɧɚɱɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɭɜɟɥɢɱɢɜɚɸɬɫɹ. 

ȼ ɪɚɛɨɬɟ ɬɚɤɠɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɬɟɯɧɢɱɟ-
ɫɤɢɯ ɬɪɟɛɨɜɚɧɢɣ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɨɡɢɰɢɣ ɊȿȿɄ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ SδS. 

Ɋɚɧɟɟ ɜɨ ɎȽɍɉ «ȼɂȺɆ» ɩɪɨɜɨɞɢɥɢɫɶ ɪɚɛɨɬɵ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɩɨɪɨɲɤɨɜɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ ɧɚ ɨɫɧɨɜɟ ɊȿȿK ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɜ ɨɛɪɚɡɰɵ ɦɟɬɨɞɨɦ ɥɚɡɟɪɧɨɝɨ SLS. ȼ ɯɨɞɟ 
ɪɚɛɨɬ ɜɨɡɧɢɤ ɪɹɞ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɛɥɟɦ, ɧɟ ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɚɬɶ ɧɚ ɫɭɳɟɫɬɜɭɸ-
ɳɟɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɨɛɪɚɡɰɵ ɫɨ ɫɬɚɛɢɥɶɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. Ɍɚɤ, ɜ ɯɨɞɟ ɪɚɡɪɚɜɧɢɜɚɧɢɹ ɧɨ-
ɜɵɯ ɫɥɨɟɜ ɦɚɬɟɪɢɚɥɚ ɧɨɠɨɦ ɭɫɬɚɧɨɜɤɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɜɨɡɧɢɤɚɥɢ ɞɟɮɟɤɬɵ ɜ 
ɜɢɞɟ ɩɨɥɨɫ ɢ ɡɚɞɢɪɨɜ, ɱɬɨ ɧɟ ɞɚɜɚɥɨ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɜɧɨɦɟɪɧɨ ɧɚɧɨɫɢɬɶ ɧɨɜɵɟ ɫɥɨɢ  
ɨɛɪɚɡɰɨɜ. Ɉɛɪɚɡɨɜɚɧɢɟ ɬɚɤɢɯ ɞɟɮɟɤɬɨɜ ɫɜɹɡɚɧɨ ɫ ɤɨɦɤɨɜɚɧɢɟɦ ɦɚɬɟɪɢɚɥɚ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. Ʉɨɦɤɨɜɚɧɢɟ ɩɨɪɨɲɤɚ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɜ ɤɚɦɟɪɟ ɩɨɫɬɪɨɟɧɢɹ ɨɛɪɚɡɰɚ 
 
ɋ ɰɟɥɶɸ ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɨɪɨɲɤɨɜ ɞɥɹ SLS ɧɚ ɛɚɡɟ 

ɦɚɪɨɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ ГвЩООФ 550PF ɢ 330UPF ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɯ ɝɪɚ-
ɧɭɥɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɢɡɭɱɚɥɢ ɦɟɬɨɞɨɦ 
ɫɤɚɧɢɪɭɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɤɚɡɚɧɧɵɟ ɦɚɪɤɢ ɦɚɬɟɪɢɚ-
ɥɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɩɨ ɝɪɚɧɭɥɨɦɟɬɪɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ: ɦɚɬɟɪɢɚɥ ɦɚɪɤɢ 
330UPF ɢɦɟɟɬ ɜɞɜɨɟ ɦɟɧɶɲɢɣ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɚɬɟɪɢɚɥɨɦ ɦɚɪ-
ɤɢ 550PF. Ʉɪɨɦɟ ɬɨɝɨ, ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɸɬɫɹ ɢɧɬɟɪɜɚɥɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 3. 
 

Ɍɚɛɥɢɰɚ 3 
Ɋɚɡɦɟɪɵ ɱɚɫɬɢɰ ɩɨɪɨɲɤɨɜ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ 

ɮɢɪɦɵ ГвЩООФ (Ʉɢɬɚɣ) 
Ɇɚɪɤɚ 

ɦɚɬɟɪɢɚɥɚ 
Ɋɚɡɦɟɪ ɱɚɫɬɢɰ, ɦɤɦ 

Dmin Dɫɪ Dmax 
Zypeek 550PF 17,2 40,3 69,9 

Zypeek 330UPF 8,7 19,1 32,1 
 
Ɉɩɢɫɚɧɧɵɟ ɪɚɧɟɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɩɪɨɛɥɟɦɵ ɧɚɛɥɸɞɚɸɬɫɹ ɞɥɹ ɪɹɞɚ ɪɚɡɥɢɱɧɵɯ 

ɩɨɪɨɲɤɨɜ ɢ ɧɟ ɤɨɪɪɟɥɢɪɭɸɬ ɧɚɩɪɹɦɭɸ ɫ ɞɚɧɧɵɦɢ ɩɨ ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ. Ɍɟɦ ɧɟ ɦɟɧɟɟ ɨɞ-
ɧɢɦ ɢɡ ɬɪɟɛɨɜɚɧɢɣ ɤ SδS-ɤɨɦɩɨɡɢɰɢɹɦ ɹɜɥɹɟɬɫɹ ɦɢɧɢɦɚɥɶɧɚɹ ɩɨɥɢɞɢɫɩɟɪɧɨɫɬɶ ɱɚɫɬɢɰ. 
ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ, ɦɟɧɟɟ ɤɨɬɨɪɨɝɨ ɩɟɪɟɪɚɛɨɬɤɚ ɩɨɪɨɲɤɨɜ 
ɦɟɬɨɞɨɦ SδS ɧɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ. Ⱦɚɧɧɵɣ ɪɚɡɦɟɪ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 60 ɞɨ 120 ɦɤɦ ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɬɢɩɚ ɦɚɬɟɪɢɚɥɚ ɢ ɤɨɧɤɪɟɬɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ. Ɍɚɤɢɦ  
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ɨɛɪɚɡɨɦ, ɜ ɞɚɥɶɧɟɣɲɟɣ ɪɚɛɨɬɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɜɵɛɢɪɚɬɶ ɦɚɪɤɢ ɊȿȿK ɫ ɛɨ ɥɶɲɢɦ ɪɚɡɦɟ-
ɪɨɦ ɱɚɫɬɢɰ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɫɬɶɸ. 

ɂɫɯɨɞɹ ɢɡ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɨ ɩɪɨɰɟɫɫɟ, ɨɩɪɟɞɟɥɹɸɳɟɣ ɬɟɯɧɨɥɨɝɢ-
ɱɟɫɤɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɞɥɹ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɜɧɢɜɚɧɢɹ ɫɥɨɟɜ ɩɨɥɢɦɟɪɚ ɩɪɢ ɩɟɪɟɪɚɛɨɬɤɟ 
ɦɟɬɨɞɨɦ SδS ɹɜɥɹɟɬɫɹ ɫɵɩɭɱɟɫɬɶ ɩɨɪɨɲɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɵɩɭɱɟɫɬɢ ɦɟɬɨ-
ɞɨɦ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 2. 

 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɭɝɥɚ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɬɤɨɫɚ ɩɨɪɨɲɤɨɜ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɦɚɪɤɢ ГвЩООФ 

550PF ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ: 
 – ɜ ɢɫɯɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ;  – ɩɨɫɥɟ ɫɭɲɤɢ 

 
ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɵɩɭɱɟɫɬɶ ɩɨɪɨɲɤɨɜ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ ɢɯ ɧɚɫɵɩɧɨɣ ɩɥɨɬ-

ɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɜ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɧɚɩɪɚɜɥɟɧɧɨɦɭ ɪɟɝɭɥɢɪɨɜɚɧɢɸ 
ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɪɨɲɤɨɜ ɊȿȿK ɫ ɰɟɥɶɸ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɫɵɩɭɱɟɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɩɨ-
ɪɨɲɤɢ ɩɨɞɜɟɪɝɚɥɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɜ ɬɟɪɦɨɲɤɚɮɭ. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ 
ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɧɚɫɵɩɧɭɸ ɩɥɨɬɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɣ, ɩɪɢ ɷɬɨɦ ɫɭɲɤɚ 
ɦɚɬɟɪɢɚɥɚ ɬɚɤɠɟ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɵɩɭɱɟɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟ-
ɧɵ ɧɚ ɪɢɫ. 2–4. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɧɚ 
ɩɪɚɤɬɢɤɟ ɞɥɹ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɵɩɭɱɟɫɬɢ ɤɨɦɩɨɡɢɰɢɣ ɞɥɹ SδS. 

 

 
Ɋɢɫ. 3. ɑɚɫɬɢɰɵ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɦɚɪɤɢ ГвЩООФ 550PF ɞɨ (ɚ) ɢ ɩɨɫɥɟ ɨɬɠɢɝɚ (ɛ) 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɧɚɫɵɩɧɨɣ ɩɥɨɬɧɨɫɬɢ ɩɨɪɨɲɤɚ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ  

ɨɬɠɢɝɚ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɨɬɠɢɝɚ 15 ɱ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɠɢɝɚ ɭɞɚɥɨɫɶ ɫɭɳɟɫɬɜɟɧɧɨ (ɞɨ 14%) ɩɨɜɵɫɢɬɶ ɧɚɫɵɩɧɭɸ ɩɥɨɬ-
ɧɨɫɬɶ ɊȿȿK, ɩɪɢ ɷɬɨɦ ɫɵɩɭɱɟɫɬɶ ɦɚɬɟɪɢɚɥɚ ɜɵɪɨɫɥɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 25%. Ⱦɚɧɧɵɣ 
ɷɮɮɟɤɬ ɫɜɹɡɚɧ ɫ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɊȿȿK ɩɪɢ ɩɨɜɵɲɟɧɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚɯ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɨɫɬɭ ɩɥɨɬɧɨɫɬɢ ɱɚɫɬɢɰ ɡɚ ɫɱɟɬ ɛɨɥɶɲɟɣ ɭɩɨɪɹɞɨɱɟɧɧɨ-
ɫɬɢ ɫɬɪɭɤɬɭɪɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣ – ɧɚ ɤɪɢɜɨɣ ȾɋɄ ɧɚɛɥɸɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ 
ɩɢɤɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ⱦɚɥɶɧɟɣɲɢɣ ɪɨɫɬ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɵɞɟɪɠɤɢ ɢɥɢ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɨɬɠɢɝɚ ɥɢɦɢɬɢɪɭɟɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɩɪɢɡɧɚɤɨɜ ɞɟɫɬɪɭɤɰɢɢ ɩɨɥɢɦɟɪɚ (ɢɡɦɟɧɟɧɢɟ  
ɰɜɟɬɚ), ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢɡɞɟɥɢɹ. 

ȼɚɠɧɵɦ ɮɚɤɬɨɪɨɦ, ɜɥɢɹɸɳɢɦ ɧɚ ɫɵɩɭɱɟɫɬɶ ɩɨɪɨɲɤɨɜ ɩɨɥɢɦɟɪɨɜ, ɹɜɥɹɟɬɫɹ ɮɨɪɦɚ 
ɢɯ ɱɚɫɬɢɰ, ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɢ ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ 
ɧɚ ɪɢɫ. 3 ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɣ, ɊȿȿK ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɚɧɢɢ ГвЩООФ ɫɨɫɬɨɹɬ ɜ ɨɫɧɨɜɧɨɦ ɢɡ 
ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ ɫ ɧɟɛɨɥɶɲɨɣ (ɞɨ 5%) ɩɪɢɦɟɫɶɸ ɭɞɥɢɧɟɧɧɵɯ 
ɜɵɬɹɧɭɬɵɯ ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɨɤɚɡɵɜɚɬɶ ɧɟɝɚɬɢɜɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɵɩɭɱɟɫɬɶ ɤɨɦɩɨɡɢ-
ɰɢɢ. ɂɯ ɜɵɞɟɥɟɧɢɟ ɢɡ ɨɫɧɨɜɧɨɣ ɮɪɚɤɰɢɢ ɩɨɥɢɦɟɪɚ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɨɪɨɲɤɚ ɛɟɡ ɬɚɤɨɣ 
ɩɪɢɦɟɫɢ ɞɨɥɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ. 

ɇɚ ɦɢɤɪɨɮɨɬɨɝɪɚɮɢɹɯ ɬɚɤɠɟ ɜɢɞɧɨ, ɱɬɨ ɞɟɮɟɤɬɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɦɟɪɵ ɱɚ-
ɫɬɢɰ ɫɧɢɠɚɸɬɫɹ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (ɪɢɫ. 3), ɱɬɨ ɨɬɤɪɵɜɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ 
ɩɨ ɭɥɭɱɲɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɤɨɦɩɨɡɢɰɢɣ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɨɪɨɲɤɨɜ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɜɥɚɠɧɨɫɬɢ ɩɨɪɨɲɤɨɜ ɊȿȿK ɧɚ ɢɯ ɫɵɩɭ-
ɱɟɫɬɶ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɚɠɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 4. 
 

Ɍɚɛɥɢɰɚ 4 
ȼɥɚɠɧɨɫɬɶ ɪɚɡɥɢɱɧɵɯ ɦɚɪɨɤ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɨɜ ɮɢɪɦɵ ГвЩООФ (Ʉɢɬɚɣ) 

Ɇɚɪɤɚ ɦɚɬɟɪɢɚɥɚ ȼɥɚɠɧɨɫɬɶ, % Ɉɫɬɚɬɨɱɧɚɹ ɜɥɚɠɧɨɫɬɶ ɩɨɫɥɟ 3 ɱ ɫɭɲɤɢ, % 
Zypeek 550PF 0,42 0,02 

Zypeek 330UPF 0,41 0,02 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ 

ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɦɩɨɡɢɰɢɹɦ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ SδS ɧɚ ɨɫɧɨɜɟ ɊȿȿK: 
– ɮɪɚɤɰɢɨɧɧɵɣ ɫɨɫɬɚɜ 60–100 ɦɤɦ (80%); 
– ɱɚɫɬɢɰɵ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ; 
– ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ≥0,35 ɝ/ɫɦ3. 
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Ʉɪɨɦɟ ɬɨɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɣ ɩɟ-
ɪɟɪɚɛɨɬɤɢ ɩɨɪɨɲɤɨɜ ɊȿȿK ɦɟɬɨɞɨɦ SδS ɢɦɟɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɦɚɬɟɪɢɚɥɚ – 
ɫɭɲɤɚ, ɮɪɚɤɰɢɨɧɢɪɨɜɚɧɢɟ, ɨɬɠɢɝ ɢ ɬ. ɩ. ɉɪɨɜɟɞɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɦɚ-
ɬɟɪɢɚɥɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɟɝɨ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ. 

 

 
 

Ɋɢɫ. 5. Ƚɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɩɨɪɨɲɤɚ ɩɨɥɢɷɮɢɪɷɮɢɪɤɟɬɨɧɚ  
ɦɚɪɤɢ ГвЩООФ 550PF ɞɨ (ɚ) ɢ ɩɨɫɥɟ (ɛ) ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɞɪɨɛɢɥɤɟ ɢ ɩɨɫɥɟ ɨɬɠɢɝɚ (ɜ) 

 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɧɚɩɪɚɜɥɟɧɧɵɟ ɧɚ ɪɟɝɭɥɢɪɨ-

ɜɚɧɢɟ ɮɪɚɤɰɢɨɧɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɪɨɲɤɨɜ ɦɟɬɨɞɨɦ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɞɪɨɛɢɥɤɚɯ ɫɩɟɰɢɚɥɶɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɢ, ɩɨɤɚɡɚɥɢ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɢ, ɬɪɚɞɢɰɢɨɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɬɚɤɢɯ ɩɨɪɨɲ-
ɤɨɜ ɬɟɪɦɨɩɥɚɫɬɨɜ, ɤɚɤ ɩɨɥɢɚɦɢɞ ɢɥɢ ɩɨɥɢɜɢɧɢɥɯɥɨɪɢɞ, ɧɟ ɩɨɡɜɨɥɹɸɬ ɷɮɮɟɤɬɢɜɧɨ 
ɭɩɪɚɜɥɹɬɶ ɮɪɚɤɰɢɨɧɧɵɦ ɫɨɫɬɚɜɨɦ ɊȿȿK ɢɡ-ɡɚ ɟɝɨ ɨɱɟɧɶ ɜɵɫɨɤɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. Ɍɚɤ, ɧɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧɵ ɝɢɫɬɨɝɪɚɦɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟ-
ɪɚɦ ɩɨɪɨɲɤɚ ɊȿȿK ɦɚɪɤɢ ГвЩООФ 550PF ɞɨ ɢ ɩɨɫɥɟ ɢɡɦɟɥɶɱɟɧɢɹ ɜ ɪɨɬɨɪɧɨɣ ɞɪɨɛɢɥɤɟ  
ɜ ɬɟɱɟɧɢɟ 1 ɱ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 550 ɨɛ/ɦɢɧ. 

 
Ɂɚɤɥɸɱɟɧɢɹ 

ɉɪɨɜɟɞɟɧɚ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɢɦɩɨɪɬɧɵɯ ɊȿȿK ɩɪɨɢɡɜɨɞɫɬɜɚ Ⱥɧɝɥɢɢ  
ɢ Ʉɢɬɚɹ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɚɞɞɢɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɧɧɵɟ ɩɪɨɦɵɲɥɟɧɧɵɟ ɦɚɪɤɢ ɊȿȿK ɢɦɩɨɪɬɧɨɝɨ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɧɟ ɦɨɝɭɬ ɷɮɮɟɤɬɢɜɧɨ ɩɟɪɟɪɚɛɨɬɵɜɚɬɶɫɹ ɦɟɬɨɞɨɦ SLS ɛɟɡ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 
ɩɨɞɝɨɬɨɜɤɢ ɢɡ-ɡɚ ɢɯ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɫɵɩɭɱɟɫɬɢ. ɗɬɢ ɦɚɬɟɪɢɚɥɵ ɬɪɟɛɭɸɬ ɩɪɟɞɜɚɪɢɬɟɥɶ-
ɧɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɟɪɟɞ ɩɟɪɟɪɚɛɨɬɤɨɣ. ɉɨɥɭɱɟɧɧɵɟ ɞɥɹ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɬɨɞɨɦ ɩɨɫɥɨɣɧɨɝɨ 
ɧɚɩɥɚɜɥɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɵ ɨɛɥɚɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɨɣ ɪɚɡɧɨɬɨɥɳɢɧɧɨɫɬɶɸ, ɱɬɨ ɫɜɢɞɟ-
ɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɹ. 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɩɨɥɭɮɚɛɪɢɤɚɬɚɦ ɧɚ ɨɫɧɨɜɟ ɊȿȿK ɞɥɹ 
SLS- ɢ FDε-ɦɟɬɨɞɨɜ 3D-ɩɟɱɚɬɢ. 



ǽȜșȖȚеȞțȩе  ȚаȠеȞȖаșȩ  
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