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ɻʃɸɺɸ 1. ɺɺɽɼɽʅʀɽ ɺ 3D ʊɽʍʅʆʃʆɻʀʀ 

1.1 ʀʩʪʦʨʠʷ ʧʦʷʚʣʝʥʠʷ 3D ʪʝʭʥʦʣʦʛʠʡ ʧʝʯʘʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʊʨʸʭʤʝʨʥʘʷ ʠʣʠ 3D ʧʝʯʘʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʦʡʥʦʝ ʩʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʥʘ ʙʘʟʝ ʚʠʨʪʫʘʣʴʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʤʦʜʝʣʠ.  

ʇʝʯʘʪʴ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ ʩʣʦʝʚ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

- 3D-ʧʨʠʥʪʝʨʝ. 3D-ʧʨʠʥʪʝʨʦʤ ʥʘʟʳʚʘʶʪ ʫʩʪʨʦʡʩʪʚʦ ʚʳʚʦʜʘ ʪʨʝʭʤʝʨʥʳʭ ʜʘʥʥʳʭ, ʦʪʣʠʯʘʝʪʩʷ 

ʦʥ ʦʪ ʦʙʳʯʥʦʛʦ ʧʨʠʥʪʝʨʘ, ʢʦʪʦʨʳʡ ʚʳʚʦʜʠʪ ʜʚʫʭʤʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʣʠʩʪ, ʪʝʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʳʚʦʜʠʪʴ ʪʨʝʭʤʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ (ʩʨʘʟʫ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ) ʧʦ ʧʨʠʥʮʠʧʫ 

ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʥʠʟʫ-ʚʚʝʨʭ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 3D-

ʧʝʯʘʪʴʶ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʟ ʮʠʬʨʦʚʳʭ 3D-ʤʦʜʝʣʝʡ, 

ʩʦʟʜʘʥʥʳʭ ʧʫʪʝʤ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʣʶʙʦʡ ʉɸʇʈ ʠʣʠ CAD-ʧʨʦʛʨʘʤʤʝ. 

ʊʝʭʥʦʣʦʛʠʷ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʟʘʨʦʜʠʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ ʍʍ ʚʝʢʘ, ʪʦʛʜʘ ʞʝ ʙʳʣʠ 

ʚʳʧʫʱʝʥʳ ʧʝʨʚʳʝ 3D ʧʨʠʥʪʝʨʳ, ʙʦʣʴʰʝ ʥʘʧʦʤʠʥʘʚʰʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʪʘʥʢʠ, ʥʝʞʝʣʠ 

ʧʝʯʘʪʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʎʝʥʘ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʦʩʪʘʚʣʷʣʘ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ 3D ʧʨʠʥʪʝʨʳ 

ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤʠ ʠ ʜʝʰʸʚʳʤʠ (ʈʠʩʫʥʦʢ 1.1.). ʇʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʫʩʪʨʦʡʩʪʚʘ, 

ʜʦʩʪʫʧʥʳʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʢʨʫʧʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ, ʥʦ ʠ ʜʣʷ ʤʝʣʢʠʭ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʠ ʜʦʤʘʰʥʠʭ ʭʦʟʷʡʩʪʚ. ʄʘʪʝʨʠʘʣʳ ʜʣʷ 3D 

ʧʝʯʘʪʠ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ABC-ʧʣʘʩʪʠʢʘ ʜʦ ʰʦʢʦʣʘʜʘ [1]. 

 

 
ʈʠʩʫʥʦʢ 1.1  ʉʦʚʨʝʤʝʥʥʳʡ ʜʝʰʝʚʳʡ 3D ʧʨʠʥʪʝʨ, Monoprice MP Select Mini ʩʪʦʠʤʦʩʪʴʶ $199. 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʨʸʭʤʝʨʥʳʝ ʧʝʯʘʪʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘʫʯʠʣʠʩʴ ʩʦʟʜʘʚʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʧʨʝʜʤʝʪʳ ʦʙʠʭʦʜʘ ʠ ʦʜʝʞʜʫ, ʥʦ ʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʪʘʣʠ, ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʯʝʣʦʚʝʯʝʩʢʠʝ 

ʪʢʘʥʠ ʠ ʦʨʛʘʥʳ. 

3D ʧʝʯʘʪʴ ʚʝʜʸʪ ʩʚʦʶ ʠʩʪʦʨʠʶ ʩ 1984 ʛʦʜʘ, ʢʦʛʜʘ ʘʤʝʨʠʢʘʥʝʮ ʏʘʨʣʴʟ ʍʘʣʣ ʨʘʟʨʘʙʦʪʘʣ 

ʪʝʭʥʦʣʦʛʠʶ ʧʦʩʣʦʡʥʦʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʪʨʸʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʫʶʱʝʡʩʷ ʢʦʤʧʦʟʠʮʠʠ (ʌʇʂ). 

ʇʘʪʝʥʪ ʥʘ ʩʚʦʸ ʠʟʦʙʨʝʪʝʥʠʝ ʘʚʪʦʨ ʧʦʣʫʯʠʣ ʪʦʣʴʢʦ ʚ 1986 ʛʦʜʫ, ʪʦʛʜʘ ʞʝ ʦʥ ʦʩʥʦʚʘʣ 

ʢʦʤʧʘʥʠʶ 3D System ʠ ʧʨʠʩʪʫʧʠʣ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʚʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʛʦʜ ʩʧʫʩʪʷ, ʚ 1987 ʛʦʜʫ. ʊʘʢ 

ʢʘʢ ʪʝʨʤʠʥ ç3D ʧʨʠʥʪʝʨè ʝʱʸ ʥʝ ʙʳʣ ʚʚʝʜʸʥ ʚ ʦʙʦʨʦʪ, ʘʧʧʘʨʘʪ ʏʘʨʣʴʟʘ ʍʘʣʘ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ çʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠè. 

ʊʝʭʥʦʣʦʛʠʷ 3D ʧʝʯʘʪʠ ʙʳʣʘ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʘ ʚ ʪʦ ʚʨʝʤʷ, ʠ ʢʦʤʧʘʥʠʷ 3D Systems 

ʠʟʛʦʪʦʚʠʣʘ ʠ ʧʦʩʪʘʚʠʣʘ ʧʝʨʚʫʶ ʤʦʜʝʣʴ ʩʪʘʥʢʘ ʥʝʩʢʦʣʴʢʠʤ ʠʟʙʨʘʥʥʳʤ ʟʘʢʘʟʯʠʢʘʤ. ɺ 1988 ʛ., 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʪʢʣʠʢʘʭ ʢʣʠʝʥʪʦʚ ʦ ʩʪʘʥʢʝ, ʢʦʤʧʘʥʠʷ ʨʘʟʨʘʙʦʪʘʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʫʶ 
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ʤʦʜʝʣʴ 3D ʧʨʠʥʪʝʨʘ SLA-250 ʠ ʙʳʣʦ ʥʘʯʘʪʦ ʝʛʦ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢ ʢʦʥʮʫ 1988 ʛ. ʪʝʭʥʦʣʦʛʠʠ 3D ʢʦʧʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʫʶ 

ʧʦʧʫʣʷʨʥʦʩʪʴ, ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ (Fused 

Deposition Modeling (FDM)) ʠ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (Selective Laser 

Sintering (SLS)). ʊʝʭʥʦʣʦʛʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʥʘʧʣʘʚʣʝʥʠʷ ʙʳʣʘ ʠʟʦʙʨʝʪʝʥʘ ʉʢʦʪʦʤ 

ʂʨʘʤʧ ʚ 1988 ʛ. ɺ ʩʣʝʜʫʶʱʝʤ ʛʦʜʫ ʠʤ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʢʦʤʧʘʥʠʷ Stratasys ʠ ʥʘʣʘʞʝʥʦ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʘʥʢʦʚ. ɺ 1992 ʛ. ʢʦʤʧʘʥʠʷ ʧʨʦʜʘʣʘ ʩʚʦʡ ʧʝʨʚʳʡ ʩʪʘʥʦʢ ç3D 

Modelerè. ɺ ʪʦʤ ʞʝ ʛʦʜʫ ʢʦʤʧʘʥʠʷ DTM ʚʳʧʫʩʪʠʣʘ ʥʘ ʨʳʥʦʢ ʩʪʘʥʦʢ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS). ɺ 1993 ʛ. ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ (MIT) ʙʳʣʘ ʠʟʦʙʨʝʪʝʥʘ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʝʱʝ ʦʜʥʘ ʪʝʭʥʦʣʦʛʠʷ 3D 

ʧʝʯʘʪʠ. ʆʥʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ çʊʝʭʥʦʣʦʛʠʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠè ʠ ʙʳʣʘ ʧʦʜʦʙʥʘ 

ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʫʡʥʦʡ ʧʝʯʘʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ 2D ʧʨʠʥʪʝʨʘʭ. ɺ 1995ʛ. ʢʦʤʧʘʥʠʷ ZCorporation 

ʧʦʣʫʯʠʣʘ ʦʪ ʄʘʩʩʘʯʫʩʝʪʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʘʪʝʥʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʯʘʣʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 3D ʧʨʠʥʪʝʨʦʚ, ʥʘ ʙʘʟʝ 3DP ʪʝʭʥʦʣʦʛʠʡ. 

ɺ 1996 ʛ. ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʳ ʩʪʘʥʢʠ çGenisysè ʦʪ ʢʦʤʧʘʥʠʠ Stratasys, çActua 2100è - ʦʪ 

3D Systems, ʠ çZ402è - Z Corporation. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚʧʝʨʚʳʝ ʧʦʷʚʠʣʩʷ ʪʝʨʤʠʥ 

çʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴè ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʪʘʥʢʦʚ ʙʳʩʪʨʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʦʣʴʢʦ ʚ ʢʦʥʮʝ 

1990-ʭ - ʥʘʯʘʣʝ 2000 ʛʛ., ʚ ʧʨʦʜʘʞʝ ʧʦʷʚʠʣʠʩʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ ʩʪʘʥʢʦʚ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʠʟʢʠʤ ʮʝʥʘʤ. ɺ 2005 ʛ. ʢʦʤʧʘʥʠʷ Z Corporation ʚʳʧʫʩʪʠʣʘ ʥʘ ʨʳʥʦʢ ʨʝʚʦʣʶʮʠʦʥʥʦ-ʥʦʚʫʶ 

ʤʦʜʝʣʴ Spectrum Z510 - ʩʪʘʥʦʢ 3D ʧʝʯʘʪʠ ʩ ʚʳʩʦʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ ʮʚʝʪʦʚ. ɽʱʝ ʦʜʠʥ ʧʨʦʨʳʚ 

ʚ ʦʙʣʘʩʪʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʧʨʦʠʟʦʰʝʣ ʚ 2006 ʛ. ʩ ʩʦʟʜʘʥʠʝʤ ʦʙʱʝʜʦʩʪʫʧʥʦʛʦ ʧʨʦʝʢʪʘ 

Reprap, ʥʘʮʝʣʝʥʥʦʛʦ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 3D ʧʨʠʥʪʝʨʘ, ʩʧʦʩʦʙʥʦʛʦ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʜʝʪʘʣʠ 

ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʇʦʷʚʣʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʧʦʩʣʝʜʥʶʶ ʧʦʣʦʚʠʥʫ 20 ʚʝʢʘ. 

ʇʝʨʚʳʡ 3D-ʩʢʘʥʝʨ ʫʚʠʜʝʣ ʩʚʝʪ ʚ 1960 ʛʦʜʫ. ʇʨʘʚʜʘ, ʦʥ ʠʤʝʣ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʠ ʢʘʢʦʡ-ʪʦ ʪʦʯʥʦʩʪʠ ʜʘʥʥʳʭ ʧʨʠʭʦʜʠʣʦʩʴ 

ʪʨʘʪʠʪʴ ʥʝʤʘʣʦ ʚʨʝʤʝʥʠ ʠ ʫʩʠʣʠʡ. ʇʦʩʣʝ 1985 ʛʦʜʘ ʩʢʘʥʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʟʤʝʥʠʣʠʩʴ, ʚ 

ʥʠʭ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʙʝʣʦʛʦ ʩʚʝʪʘ, ʣʘʟʝʨʳ ʠ ʟʘʪʝʤʥʝʥʠʝ ʜʣʷ ʣʫʯʰʝʛʦ çʟʘʭʚʘʪʘè 

ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ɺ 80-ʭ ʫʞʝ ʧʦʷʚʠʣʠʩʴ ʢʦʥʪʘʢʪʥʳʝ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 3D-ʩʢʘʥʝʨʘʭ ʜʣʷ 

ʦʮʠʬʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʚʝʨʜʳʭ ʥʝʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʵʪʦʪ ʩʧʦʩʦʙ ʙʳʣ ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʤ, 

ʜʘ ʠ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʜʘʣʝʢ ʦʪ ʠʜʝʘʣʴʥʦʛʦ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʚʩʢʦʨʝ ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʪʨʠ ʪʠʧʘ ʧʦ ʟʦʥʝ 

çʦʭʚʘʪʘè (ʈʠʩʫʥʦʢ 1.2): 

 
ʈʠʩʫʥʦʢ 1.2 ʊʠʧʳ ʦʧʪʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʟʦʥʝ ʦʭʚʘʪʘ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

1. ʪʦʯʝʯʥʳʡ, ʦʯʝʥʴ ʤʝʜʣʝʥʥʳʡ ʩʧʦʩʦʙ (point); 

2. ʟʘʭʚʘʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (area); 
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3. ʧʦʣʦʩʥʦʡ; ʢʘʢ ʚʳʷʩʥʠʣʦʩʴ, ʩʘʤʳʡ ʙʳʩʪʨʳʡ ʤʝʪʦʜ ,ʪʘʢ ʢʘʢ ʦʥ ʠʩʧʦʣʴʟʦʚʘʣ 
ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ, ʢʦʪʦʨʳʡ ʧʦʣʦʩʦʡ ʧʨʦʭʦʜʠʣʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥ ʪʘʢʞʝ 

ʦʙʝʩʧʝʯʠʚʘʣ ʠ ʥʫʞʥʫʶ ʪʦʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ (stripe). 

3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠʟ ʘʚʪʦʤʦʙʠʣʴʥʳʭ 

ʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʜʠʟʘʡʥ-ʙʶʨʦ, ʥʦ ʠ ʜʣʷ ʢʠʥʦʠʥʜʫʩʪʨʠʠ (ʦʪʮʠʬʨʦʚʢʘ ʣʶʜʝʡ ʧʨʠʤʝʥʷʣʘʩʴ 

ʟʘʪʝʤ ʚ ʩʦʟʜʘʥʠʠ ʦʙʨʘʟʦʚ ʚ ʘʥʠʤʘʮʠʠ). ʊʘʢʠʝ ʢʦʤʧʘʥʠʠ ʢʘʢ Cyberware Laboratories, Digibotics 

ʟʘʥʷʣʠʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʩʚʦʠʭ 3D-ʩʢʘʥʝʨʦʚ. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʘʷ ʢʦʤʧʘʥʠʷ ʩʦʟʜʘʣʘ Head Scanner, 

ʢʦʪʦʨʳʡ ʜʘʚʘʣ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʧʣʦʭʫʶ ʪʦʯʥʦʩʪʴ ʠ ʜʘʞʝ ʤʦʛ ʧʝʨʝʜʘʚʘʪʴ ʮʚʝʪ. ɸ ʚ 1994 ʛʦʜʫ 

ʢʦʤʧʘʥʠʡ 3D Scanners ʚʳʧʫʩʪʠʣʘ 3D-ʩʢʘʥʝʨ REPLICA, ʢʦʪʦʨʳʡ ʜʘʚʘʣ ʪʦʯʥʳʡ (ʜʣʷ ʪʦʛʦ 

ʚʨʝʤʝʥʠ) ʠ ʙʳʩʪʨʳʡ ʨʝʟʫʣʴʪʘʪ, ʵʪʦ ʩʪʘʣʦ ʩʝʨʴʝʟʥʳʤ ʫʩʧʝʭʦʤ. 

ʉ ʪʝʭ ʧʦʨ 3D-ʩʢʘʥʝʨʳ ʙʳʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ, ʦʥʠ ʩʪʘʣʠ ʪʦʯʥʝʝ, ʤʦʙʠʣʴʥʝʝ, 

ʧʝʨʝʜʘʶʪ ʮʚʝʪ. ɺ ʦʙʱʝʤ, ʤʦʞʥʦ ʥʘʡʪʠ 3D-cʢʘʥʝʨ ʧʦʜ ʣʶʙʫʶ ʟʘʜʘʯʫ. 

1.2 ʉʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʪʨʝʭʤʝʨʥʘʷ (3D) ʧʝʯʘʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʯʘʪʠ ʦʙʲʝʤʥʳʭ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʠ ʜʘʞʝ ʪʳʩʷʯ ʩʣʦʝʚ [2]. 

ʊʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʙʫʜʝʪ ʨʘʩʧʝʯʘʪʘʪʴ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʯʝʪʳʨʴʤʷ 

ʩʧʦʩʦʙʘʤʠ: 

1. ʩʢʘʯʘʪʴ ʛʦʪʦʚʫʶ ʤʦʜʝʣʴ, ʥʘʧʨʠʤʝʨ, ʠʟ ʠʥʪʝʨʥʝʪʘ; 

2. ʨʘʟʨʘʙʦʪʘʪʴ ʩ ʥʫʣʷ ʧʦʣʥʦʮʝʥʥʫʶ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʚ CAD ʧʨʦʛʨʘʤʤʝ 

ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

3. ʦʪʩʢʘʥʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ ʩʢʘʥʠʨʫʶʱʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ; 

4. ʦʙʨʘʙʦʪʘʪʴ ʩʝʨʠʶ ʬʦʪʦʛʨʘʬʠʡ ʥʫʞʥʦʛʦ ʦʙʲʝʢʪʘ ʤʝʪʦʜʘʤʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. 

ʅʘ ʧʨʦʩʪʦʨʘʭ ʠʥʪʝʨʥʝʪʘ ʧʦʣʥʦ ʨʝʩʫʨʩʦʚ, ʛʜʝ ʤʦʞʥʦ ʙʝʩʧʣʘʪʥʦ ʩʢʘʯʘʪʴ ʤʦʜʝʣʠ, 

ʩʦʟʜʘʥʥʳʝ ʜʨʫʛʠʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ [3]. ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩ ʙʦʣʴʰʠʤʠ 

ʢʦʣʣʝʢʮʠʷʤʠ ʠ ʫʜʦʙʥʳʤ ʧʦʠʩʢʦʤ. 

Thingiverse 

ʇʦʞʘʣʫʡ, ʩʘʤʳʡ ʠʟʚʝʩʪʥʳʡ ʩʘʡʪ ʚ ʩʚʦʝʡ ʢʘʪʝʛʦʨʠʠ ð ʵʪʦ Thingiverse ʩ ʧʦʠʩʪʠʥʝ 

ʦʛʨʦʤʥʦʡ ʙʘʟʦʡ ʤʦʜʝʣʝʡ (ʈʠʩʫʥʦʢ 1.3). ɽʛʦ ʩʦʟʜʘʣʘ ʢʦʤʧʘʥʠʷ Makerbot, ʢʦʪʦʨʘʷ ʘʢʪʠʚʥʦ 

ʨʘʟʚʠʚʘʝʪ ʠ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʦʦʙʱʝʩʪʚʦ ʤʝʡʢʝʨʦʚ, ʧʦʵʪʦʤʫ çɺʩʝʣʝʥʥʘʷ ʰʪʫʢʦʚʠʥè (ʚʦʣʴʥʳʡ 

ʧʝʨʝʚʦʜ ʥʘʟʚʘʥʠʷ ʩʘʡʪʘ) ʚʝʩʴʤʘ ʥʘ ʩʣʫʭʫ. ʅʘ ʩʘʡʪʝ ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʣʘʡʢʠ ʠ ʢʦʤʤʝʥʪʠʨʦʚʘʪʴ 

ʧʫʙʣʠʢʘʮʠʠ, ʪʘʢ ʯʪʦ ʵʪʦʪ ʨʝʩʫʨʩ ʯʝʤ-ʪʦ ʥʘʧʦʤʠʥʘʝʪ ʩʦʮʠʘʣʴʥʫʶ ʩʝʪʴ. ʊʫʪ ʤʦʞʥʦ ʥʘʚʝʨʥʷʢʘ 

ʥʘʡʪʠ ʪʦ, ʯʪʦ ʠʩʢʘʣʠ: ʦʪ ʧʣʘʩʪʠʢʦʚʳʭ ʜʝʪʘʣʝʡ ʜʣʷ ʧʳʣʝʩʦʩʘ ʜʦ ʙʣʦʢʦʚ Lego. 

 

 
ʈʠʩʫʥʦʢ 1.3 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ Thingiverse. 

https://www.thingiverse.com/
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3DToday 

ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʨʝʩʫʨʩʘ 3DToday ð ʨʫʩʩʢʦʷʟʳʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ 

ʵʥʪʫʟʠʘʩʪʦʚ 3D-ʧʝʯʘʪʠ (ʈʠʩʫʥʦʢ 1.4). ʇʦʤʠʤʦ ʤʦʜʝʣʝʡ ʥʘ ʩʘʡʪʝ ʝʩʪʴ ʨʘʟʜʝʣ ʩ ʥʦʚʦʩʪʷʤʠ ʠ 

ʩʪʘʪʴʷʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʯʝʨʧʥʫʪʴ ʤʥʦʛʦ ʠʥʪʝʨʝʩʥʦʛʦ ʦ ʪʝʭʥʦʣʦʛʠʷʭ ʧʝʯʘʪʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɸ ʝʩʣʠ ʯʪʦ-ʪʦ ʥʝʧʦʥʷʪʥʦ, ʚʳ ʚʩʝʛʜʘ ʤʦʞʝʪʝ ʟʘʜʘʪʴ ʚʦʧʨʦʩ ʚ ʨʘʟʜʝʣʝ 

çɺʦʧʨʦʩʳ ʠ ʦʪʚʝʪʳè. ʉʣʦʚʦʤ, 3DToday ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʠʩʢʘʪʴ ʤʦʜʝʣʠ, ʥʦ ʠ ʥʝʩʸʪ 

ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʫʶ ʤʠʩʩʠʶ. 

 

 
ʈʠʩʫʥʦʢ 1.4 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ 3DToday. 

Instructables 

ʉʘʡʪ Instructables ʟʥʘʤʝʥʠʪ ʣʶʙʠʪʝʣʴʩʢʠʤʠ DIY-ʧʨʦʝʢʪʘʤʠ (ʩʜʝʣʘʡ ʩʘʤ) ʦʙʰʠʨʥʦʡ 

ʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʝ ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʈʠʩʫʥʦʢ 1.5). ʅʘʧʨʠʤʝʨ, ʚ ʨʘʟʜʝʣʝ 

çWorkshop / 3D printingè ʚʳ ʥʘʡʜʸʪʝ ʚʩʝ ʧʨʦʝʢʪʳ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʥʳʝ ʩ ʧʝʯʘʪʴʶ ʥʘ 3D-

ʧʨʠʥʪʝʨʝ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʯʪʦ ʫʛʦʜʥʦ: ʬʠʛʫʨʥʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʚʘʟʘ ʠʣʠ ʜʝʪʘʣʴ ʛʨʘʥʜʠʦʟʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʇʦʩʢʦʣʴʢʫ ʦʧʫʙʣʠʢʦʚʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʥʝ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ 3D-ʧʝʯʘʪʴʶ, ʧʦʨʦʡ 

ʚʘʤ ʧʨʠʜʸʪʩʷ ʠʜʪʠ ʚ ʤʘʛʘʟʠʥ ʟʘ ʢʦʥʪʨʦʣʣʝʨʘʤʠ ɸʨʜʫʠʥʦ, ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʢʨʘʩʢʦʡ ʠ ʜʨʫʛʠʤʠ 

ʨʘʩʭʦʜʥʠʢʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʥʘʡʜʝʥʥʦʛʦ ʧʨʦʝʢʪʘ. 

 

 
ʈʠʩʫʥʦʢ 1.5 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ Instructables. 

https://3dtoday.ru/3d-models
https://www.instructables.com/workshop/3d-printing/projects/
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Pinshape 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʨʝʩʫʨʩ Pinshape ʥʝ ʩʣʠʰʢʦʤ-ʪʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʠʭ ʘʛʨʝʛʘʪʦʨʦʚ, ʥʦ 

ʟʜʝʩʴ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʢʦʣʣʝʢʮʠʷ ʤʦʜʝʣʝʡ ʩ ʘʢʮʝʥʪʦʤ ʥʘ ʬʘʥʦʚʳʝ ʰʪʫʯʢʠ 

(ʈʠʩʫʥʦʢ 1.6): ʠʛʨʫʰʢʠ, ʠʥʪʝʨʴʝʨʥʳʝ ʘʨʪ ʵʣʝʤʝʥʪʳ. ʅʘ ʩʘʡʪʝ ʫʜʦʙʥʳʡ ʧʦʠʩʢ ʠ ʥʘʚʠʛʘʮʠʷ. 

 

 
ʈʠʩʫʥʦʢ 1.6 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ Pinshape. 

STLFinder  

ʉʘʡʪ STLFinder ðʧʦʠʩʢʦʚʠʢ ʜʣʷ 3D-ʤʦʜʝʣʝʡ (ʈʠʩʫʛʥʦʢ 1.7). ʉʚʦʝʡ ʙʘʟʳ ʫ ʥʝʛʦ ʥʝʪ, 

ʟʘʪʦ ʦʥ ʫʤʝʝʪ ʠʩʢʘʪʴ ʛʦʪʦʚʳʝ ʤʦʜʝʣʠ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʥʘ ʚʩʝʭ ʢʨʫʧʥʳʭ ʩʘʡʪʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʙʠʨʘʷ ʩʚʦʡ ʟʘʧʨʦʩ ʚ ʧʦʠʩʢʦʚʫʶ ʩʪʨʦʢʫ, ʚʳ ʫʚʠʜʠʪʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʠʩʢʘ ʩʨʘʟʫ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʦʧʫʣʷʨʥʳʤ ʨʝʩʫʨʩʘʤ ʠ ʩʵʢʦʥʦʤʠʪʝ ʚʨʝʤʷ. 

 

 
ʈʠʩʫʥʦʢ 1.7 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʩʘʡʪʘ STLFinder. 

3D-ʘʨʭʠʚ NASA 

ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʩʘʡʪʦʚ ʩ ʧʦʜʙʦʨʢʘʤʠ ʤʦʜʝʣʝʡ ʥʘʰʸʣʩʷ ʦʬʠʮʠʘʣʴʥʳʡ ʘʨʭʠʚ NASA 

(ʈʠʩʫʥʦʢ 1.8): ʩʶʜʘ ʠʥʞʝʥʝʨʳ ʚʳʢʣʘʜʳʚʘʶʪ 3D-ʤʦʜʝʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʥʝʙʝʩʥʳʭ 

ʦʙʲʝʢʪʦʚ ʚ ʬʦʨʤʘʪʝ STL. ʄʦʞʥʦ ʥʘʧʝʯʘʪʘʪʴ ʩʝʙʝ ʟʦʥʜ çʂʘʩʩʠʥʠè ʠʣʠ ʘʩʪʝʨʦʠʜ ʕʨʦʩ

https://pinshape.com/
https://www.stlfinder.com/
https://nasa3d.arc.nasa.gov/models/printable
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. 
ʈʠʩʫʥʦʢ 1.8 ɻʣʘʚʥʘʷ ʩʪʨʘʥʠʮʘ ʦʬʠʮʠʘʣʴʥʦʛʦ ʘʨʭʠʚʘ NASA. 

ɽʩʣʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʙʨʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʢʦʨʧʫʩʦʤ ʠʣʠ 

ʢʘʩʪʦʤʠʟʠʨʦʚʘʥʥʦʡ ʤʝʭʘʥʠʢʦʡ, ʪʦ ʠʩʢʘʪʴ ʤʦʜʝʣʴ ʚ ʠʥʪʝʨʥʝʪʝ ʥʝ ʠʤʝʝʪ ʩʤʳʩʣʘ ʠ ʦʩʪʘʝʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʧʫʪʴ - ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʚ CAD ʧʨʦʛʨʘʤʤʘʭ. 

3D-ʨʝʜʘʢʪʦʨʦʚ ʦʯʝʥʴ ʤʥʦʛʦ, ʠ ʟʜʝʩʴ ʯʸʪʢʦ ʚʠʜʥʘ ʯʝʨʪʘ ʤʝʞʜʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ 

ʧʘʢʝʪʘʤʠ ʉɸʇʈ (ʜʦʨʦʛʠʤʠ ʠ ʩʣʦʞʥʳʤʠ) ʠ ʣʶʙʠʪʝʣʴʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ (ʧʨʦʩʪʳʤʠ ʠ 

ʜʦʩʪʫʧʥʳʤʠ). ʅʘʧʨʠʤʝʨ, ʧʦʧʫʣʷʨʥʳʡ ʨʝʜʘʢʪʦʨ Tinkercad ʜʘʞʝ ʥʝ ʥʘʜʦ ʩʢʘʯʠʚʘʪʴ ʥʘ 

ʢʦʤʧʴʶʪʝʨ: ʵʪʘ ʧʨʦʛʨʘʤʤʘ ʟʘʨʘʙʦʪʘʝʪ ʧʨʷʤʦ ʚ ʚʘʰʝʤ ʙʨʘʫʟʝʨʝ (ʈʠʩʫʥʦʢ 1.9). ɺ ʥʝʡ ʜʦʚʦʣʴʥʦ 

ʣʝʛʢʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʝ 3D-ʤʦʜʝʣʠ, ʘ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ ʞʠʟʥʴ 

ʧʨʦʱʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

 

 
ʈʠʩʫʥʦʢ 1.9  ʇʦʧʫʣʷʨʥʳʡ 3D ʨʝʜʘʢʪʦʨ Tinkercad. 

ɹʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ ʉɸʇʈ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʤʦʜʝʣʝʡ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʨʘʟʜʝʣʝ ʧʦʩʦʙʠʷ ʩ ʇʆ ʜʣʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

ʊʨʝʪʠʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ - ʦʪʩʢʘʥʠʨʦʚʘʪʴ ʦʙʲʝʢʪ ʩ ʧʦʤʦʱʴʶ 3D ʩʢʘʥʝʨʘ, 

https://www.tinkercad.com/
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ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ [2]. 3D ʩʢʘʥʝʨ ʘʥʘʣʠʟʠʨʫʝʪ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʦʙʲʝʢʪ ʠʣʠ ʞʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʦ ʬʦʨʤʝ 

ʧʨʝʜʤʝʪʘ ʠ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʦ ʝʛʦ ʚʥʝʰʥʝʤ ʚʠʜʝ (ʢ ʧʨʠʤʝʨʫ, ʦ ʮʚʝʪʝ). ʉʦʙʨʘʥʥʳʝ ʜʘʥʥʳʝ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʵʪʦʛʦ ʦʙʲʝʢʪʘ. 

3D ʩʢʘʥʝʨʳ ʥʝʤʥʦʛʦ ʧʦʭʦʞʠ ʥʘ ʦʙʳʯʥʳʝ ʢʘʤʝʨʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫ ʥʠʭ ʝʩʪʴ 

ʢʦʥʫʩʦʦʙʨʘʟʥʦʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʠ ʦʥʠ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʩ ʪʝʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʥʝ ʙʳʣʠ ʟʘʪʝʤʥʝʥʳ. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʪʦʤ, ʯʪʦ ʢʘʤʝʨʘ 

ʧʝʨʝʜʘʸʪ ʪʦʣʴʢʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʧʘʣʘ ʚ ʝʝ ʧʦʣʝ ʟʨʝʥʠʷ, ʘ ʚʦʪ 3D 

ʩʢʘʥʝʨ ʩʦʙʠʨʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʩʪʦʷʥʠʷʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʨʝʙʳʚʘʝʪ ʚ ʝʛʦ 

ʧʦʣʝ ʟʨʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ çʢʘʨʪʠʥʢʘè, ʧʦʣʫʯʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 3D ʩʢʘʥʝʨʘ, ʦʧʠʩʳʚʘʝʪ 

ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦʣʦʞʝʥʠʝ ʢʘʞʜʦʡ ʪʦʯʢʠ ʥʘ ʢʘʨʪʠʥʢʝ ʩʨʘʟʫ ʚ ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ (x,y,z). 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʬʦʨʤʳ ʠ ʩʦʟʜʘʥʠʝ 3D 

ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʪʦʨʳʤʠ 3D ʩʢʘʥʝʨʳ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʧʦ ʧʨʠʥʮʠʧʫ ʨʘʙʦʪʳ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ (ʈʠʩʫʥʦʢ 1.10). 

 
ʈʠʩʫʥʦʢ 1.10  ʉʦʚʨʝʤʝʥʥʳʝ 3D ʩʢʘʥʝʨ.r 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 3D-ʩʢʘʥʝʨʘʤʠ. ʃʶʙʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʟʤʝʨʷʝʪ ʜʝʪʘʣʠ ʚ ʨʝʘʣʴʥʦʤ ʤʠʨʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ, ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ 

ʠʣʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠ ʛʝʥʝʨʠʨʫʝʪ ʦʙʣʘʢʘ ʪʦʯʝʢ ʠʣʠ ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʩʝʪʢʠ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ 3D-ʩʢʘʥʝʨʦʤ. ʆʥʠ ʥʦʩʷʪ ʨʘʟʥʳʝ ʥʘʟʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 3D-ʜʠʛʠʪʘʡʟʝʨʳ, ʣʘʟʝʨʥʳʝ 

ʩʢʘʥʝʨʳ, ʩʢʘʥʝʨʳ ʙʝʣʦʛʦ ʩʚʝʪʘ, ʧʨʦʤʳʰʣʝʥʥʘʷ ʂʊ (ʂʦʤʧʴʶʪʝʨʥʘʷ ʪʦʤʦʛʨʘʬʠʷ), LIDAR ʠ 

ʜʨʫʛʠʝ. ʆʙʱʠʤ ʦʙʲʝʜʠʥʷʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚʩʝʭ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʬʠʢʩʠʨʫʶʪ ʛʝʦʤʝʪʨʠʶ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʩʦʪʥʷʤʠ ʪʳʩʷʯ ʠʣʠ ʤʠʣʣʠʦʥʘʤʠ ʠʟʤʝʨʝʥʠʡ. 

ʀʭ ʪʘʢ ʞʝ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʦʧʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. 

ɼʘʥʥʳʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʦʙʠʨʘʶʪʩʷ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʦʯʝʢ 

ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʫʶ 

ʩʝʪʢʫ. ɿʘʪʝʤ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦʟʜʘʸʪ ʤʦʜʝʣʴ. 

ʏʝʪʚʝʨʪʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʦʜʝʣʠ ï ʵʪʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʜʠʩʮʠʧʣʠʥʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ, ʧʦʣʦʞʝʥʠʷ ʠ ʠʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ ʧʦ ʠʭ ʬʦʪʦʠʟʦʙʨʘʞʝʥʠʷʤ. 

ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ [4]: 
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- ʩʦʟʜʘʥʠʝ ʢʘʨʪ ʠ ʧʣʘʥʦʚ ɿʝʤʣʠ (ʠ ʜʨʫʛʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ) ʧʦ ʩʥʠʤʢʘʤ 
(ʬʦʪʦʪʦʧʦʛʨʘʬʠʷ); 

- ʨʝʰʝʥʠʝ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʝʜʠʮʠʥʝ, 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ ʠ ʪ. ʜ. (ʥʘʟʝʤʥʘʷ, ʧʨʠʢʣʘʜʥʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ); 

- ʢʦʩʤʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. ʉʥʠʤʢʠ ɿʝʤʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʦʩʤʦʩʘ, 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʦʭʨʘʥʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʥʠʤʢʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʃʫʥʳ, ɺʝʥʝʨʳ, 

ʄʘʨʩʘ, ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʠʭ ʨʝʣʴʝʬ ʠ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦ ʜʨʫʛʦʡ ʧʦʣʝʟʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʧʦʷʚʠʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ XIX ʚʝʢʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʩʘʤʦʡ ʬʦʪʦʛʨʘʬʠʠ. ʇʨʠʤʝʥʷʪʴ ʬʦʪʦʛʨʘʬʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ 

ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ ʬʨʘʥʮʫʟʩʢʠʡ ʛʝʦʜʝʟʠʩʪ ɼʦʤʠʥʠʢ ʌ. ɸʨʘʛʦ ʧʨʠʤʝʨʥʦ ʚ 1840 ʛʦʜʫ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʇʆ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʩʪʘʣʘ ʚʩʝ ʙʦʣʴʰʝ ʧʦʭʦʞʘ ʥʘ ʧʨʦʮʝʩʩ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʪʦʣʴʢʦ 

ʟʜʝʩʴ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʦʪ ʜʦʨʦʛʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʘʤʝʥʠʚ ʝʛʦ ʥʘ 

ʦʙʳʯʥʫʶ ʬʦʪʦʢʘʤʝʨʫ ʠʣʠ ʢʘʤʝʨʫ ʩʤʘʨʪʬʦʥʘ (ʈʠʩʫʥʦʢ 1.11). 

 

 
ʈʠʩʫʥʦʢ 1.11 ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʪʦʢʘʤʝʨʳ. 

ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʡ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦ ʜʚʫʤ ʠʣʠ ʙʦʣʝʝ ʬʦʪʦʛʨʘʬʠʷʤ, ʩʥʷʪʳʤ ʠʟ ʨʘʟʥʳʭ 

ʧʦʣʦʞʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʘʞʜʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʦʪʳʩʢʠʚʘʶʪʩʷ ʦʙʱʠʝ ʪʦʯʢʠ. ɿʘʪʝʤ ʣʫʯ ʟʨʝʥʠʷ 

ʧʨʦʚʦʜʠʪʩʷ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʬʦʪʦʘʧʧʘʨʘʪʘ ʜʦ ʪʦʯʢʠ ʥʘ ʦʙʲʝʢʪʝ. ʇʝʨʝʩʝʯʝʥʠʝ ʵʪʠʭ ʣʫʯʝʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

1.3 ɺʦʟʤʦʞʥʦʩʪʠ 3D ʪʝʭʥʦʣʦʛʠʡ, ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʡ 

ɺʦʟʤʦʞʥʦʩʪʠ 3D ʧʝʯʘʪʠ ʙʝʟʛʨʘʥʠʯʥʳ. ʇʨʠ ʧʦʤʦʱʠ 3D ʧʨʠʥʪʝʨʘ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʘʤʳʝ 

ʨʘʟʣʠʯʥʳʝ ʚʝʱʠ: ʦʪ ʦʙʫʚʠ ʜʦ ʫʢʨʘʰʝʥʠʡ, ʦʪ ʧʣʘʩʪʠʢʦʚʳʭ ʪʝʣʝʬʦʥʥʳʭ ʯʝʭʣʦʚ ʜʦ 

ʠʤʧʣʘʥʪʘʪʦʚ ʧʦʟʚʦʥʦʯʥʠʢʘ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪʩʷ ʠʟ ʤʝʜʠʮʠʥʩʢʦʛʦ ʪʠʪʘʥʘ [5]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ 3D ʧʝʯʘʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʷʚʣʷʝʪʩʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ. 

ʉ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʧʨʦʜʫʢʪʘ 

ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ. 

ʈʘʟʚʠʪʠʝ 3D ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʜʫʢʮʠʠ. ʕʪʠ ʘʣʛʦʨʠʪʤʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
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ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

2008 - Objet Geometries ʦʙʲʷʚʠʣʘ ʦ ʩʦʟʜʘʥʠʠ ʨʝʚʦʣʶʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ Connex500Ê. ʕʪʦ ʙʳʣʘ ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʩʠʩʪʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʧʨʦʠʟʚʦʜʩʪʚʦ 3D ʜʝʪʘʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ. 

ʅʦʷʙʨʴ 2010 - Urbee ʧʝʨʚʳʡ ʧʨʦʪʦʪʠʧ ʥʘʧʝʯʘʪʘʥʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ. ʕʪʦ 

ʧʝʨʚʳʡ ʘʚʪʦʤʦʙʠʣʴ, ʢʦʨʧʫʩ ʢʦʪʦʨʦʛʦ ʥʘʧʝʯʘʪʘʣ ʛʠʛʘʥʪʩʢʠʡ 3D ʧʨʠʥʪʝʨ. ɺʩʝ ʚʥʝʰʥʠʝ 

ʢʦʤʧʦʥʝʥʪʳ - ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʦʪʦʪʠʧʳ ʩʪʝʢʣʷʥʥʳʭ ʧʘʥʝʣʝʡ - ʙʳʣʠ ʩʦʟʜʘʥʳ ʩ ʧʦʤʦʱʴʶ 

Dimension 3D Printers ʠ 3D Systems Fortus. 

ɺ 2011 ʛʦʜʫ ʢʦʤʧʘʥʠʷ Lockheed ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʘ ʙʨʠʪʘʥʩʢʦʤ ʘʚʠʘʰʦʫ ʚ 

ʌʘʨʥʙʦʨʦ ʙʦʣʴʰʦʡ ʙʝʩʧʠʣʦʪʥʳʡ ʩʘʤʦʣʸʪ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʛʦ ʙʳʣʘ ʠʟʛʦʪʦʚʣʝʥʘ 

ʤʝʪʦʜʦʤ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. ʉʘʤʦʣʸʪ Polecat - ʵʪʦ ʣʝʪʘʶʱʠʡ ʧʨʦʪʦʪʠʧ, ʧʨʠʟʚʘʥʥʳʡ ʧʦʢʘʟʘʪʴ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ 3D ʧʝʯʘʪʠ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʪʘʢʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʝʪʘʣʝʡ ʦʪʥʦʩʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴ, ʥʦ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʪʘʢʠʭ ʜʝʪʘʣʝʡ, ʘ 

ʵʪʦ - ʛʣʘʚʥʘʷ ʮʝʣʴ. 

ʄʝʜʠʮʠʥʘ ʠ ʩʪʦʤʘʪʦʣʦʛʠʷ 

ʄʝʜʠʮʠʥʩʢʠʡ ʩʝʢʪʦʨ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ, ʛʜʝ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ. ʄʝʜʠʮʠʥʘ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ 

ʢʘʢ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʣʶʜʝʡ. 

3D ʧʝʯʘʪʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʨʘʟʥʳʭ ʮʝʣʝʡ. ʇʦʤʠʤʦ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʝʭʥʦʣʦʛʠʷ 3D ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʣʠʪʴʝʚʳʭ ʬʦʨʤ, ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʥʩʪʨʫʤʝʥʪʦʚ (ʈʠʩʫʥʦʢ 1.12). 

 
ʈʠʩʫʥʦʢ 1.12 3D ʧʝʯʘʪʴ ʚ ʤʝʜʠʮʠʥʝ. 

ʊʘʢʞʝ 3D ʧʝʯʘʪʴ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʘʥʜʘʨʪʥʳʭ ʠʤʧʣʘʥʪʦʚ ʠ 

ʧʨʦʪʝʟʦʚ, (ʥʘʧʨʠʤʝʨ ʩʫʩʪʘʚʦʚ ʙʝʜʨʘ ʠ ʢʦʣʝʥʘ), ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ʅʘ 3D ʧʨʠʥʪʝʨʘʭ ʤʦʞʥʦ ʧʝʯʘʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʭʠʨʫʨʛʠʯʝʩʢʠʝ 

ʰʘʙʣʦʥʳ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʶʪ ʧʨʦʮʝʩʩ ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʜʝʣʘʶʪ ʝʛʦ 

ʙʦʣʝʝ ʪʦʯʥʳʤ ʠ ʧʨʦʩʪʳʤ. 

ɹʫʜʫʱʝʝ 3D ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʤʝʜʠʮʠʥʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʪʢʘʥʝʡ: ʢʦʞʠ, ʦʨʛʘʥʦʚ ʠ ʢʦʩʪʝʡ. 

ɸʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʂʘʢ ʠ ʤʝʜʠʮʠʥʩʢʠʡ ʩʝʢʪʦʨ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʥʘʯʘʣʘ ʚʥʝʜʨʷʪʴ 

3D ʪʝʭʥʦʣʦʛʠʠ ʚ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. ɺ ʧʘʨʪʥʝʨʩʪʚʝ ʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ 

ʠʥʩʪʠʪʫʪʘʤʠ ʫʯʝʥʳʝ ʩʤʦʛʣʠ ʨʘʩʰʠʨʠʪʴ ʛʨʘʥʠʮʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʪʝʭʥʦʣʦʛʠʡ. 

ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʩʘʤʦʣʝʪʘ ʩʪʦʠʪ ʙʦʣʴʰʠʭ ʫʩʠʣʠʡ, ʧʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʦʙʲʝʢʪ 

ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ.3D ʧʝʯʘʪʴ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʵʪʦʤ! 

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʱʘʪʝʣʴʥʳʤ 

ʠʩʧʳʪʘʥʠʷʤ. ʉʧʝʮʠʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʠʢʘ, ʩʦʟʜʘʥʥʳʝ ʜʣʷ ʵʪʦʛʦ ʩʝʢʪʦʨʘ 



14 

 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʳ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʈʠʩʫʥʦʢ 1.13). 

 

. 

ʈʠʩʫʥʦʢ 1.13 3D ʧʝʯʘʪʴ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʉʨʝʜʠ ʢʦʤʧʘʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ 3D ʧʝʯʘʪʴ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ - Boeing, Rolls-Royce, Airbus, 

BAE-Systems ʠ ʜʨʫʛʠʝ. 

ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ɽʱʝ ʦʜʥʠʤ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʪʘʣ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʩʝʢʪʦʨ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʥʦʛʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʦʤʧʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʪʝ, ʢʦʪʦʨʳʝ ʫʯʘʩʪʚʫʶʪ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʩʧʦʨʪʝ, ʠʩʧʦʣʴʟʫʶʪ 3D ʧʝʯʘʪʴ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʪʦʪʠʧʦʚ. ʊʘʢʞʝ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʝʪʘʣʝʡ (ʈʠʩʫʥʦʢ 1.14). 

 
ʈʠʩʫʥʦʢ 1.14 3D ʧʝʯʘʪʴ ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʖʚʝʣʠʨʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʶʚʝʣʠʨʥʳʭ ʫʢʨʘʰʝʥʠʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʪʨʝʙʦʚʘʣ 

ʧʦʟʥʘʥʠʡ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ - ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʦʨʤ ʜʣʷ ʣʠʪʴʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʪʴʷ ʨʘʟʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʛʘʣʴʚʘʥʠʢʘ, ʢʦʚʢʘ, ʨʝʟʢʘ ʢʘʤʥʷ, ʛʨʘʚʠʨʦʚʢʘ ʠ ʧʦʣʠʨʦʚʢʘ. ʆʩʚʦʝʥʠʝ ʢʘʞʜʦʡ ʠʟ ʵʪʠʭ 

ʜʠʩʮʠʧʣʠʥ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʣʝʪ ʠ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʡ ʧʨʘʢʪʠʢʠ. 

ɼʣʷ ʶʚʝʣʠʨʥʦʛʦ ʜʝʣʘ 3D ʧʝʯʘʪʴ ʩʪʘʣʘ ʥʘʩʪʦʷʱʠʤ ʦʪʢʨʳʪʠʝʤ. ʕʪʦ ʧʨʦʩʪʦʡ, ʙʳʩʪʨʳʡ ʠ 

ʪʦʯʥʳʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʧʫʩʪʠʪʴ ʥʝʢʦʪʦʨʳʝ 
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ʰʘʛʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, 3D ʧʝʯʘʪʴ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʣʶʙʳʝ 

ʜʠʟʘʡʥʝʨʩʢʠʝ ʟʘʤʳʩʣʳ (ʈʠʩʫʥʦʢ 1.15). 

 
ʈʠʩʫʥʦʢ 1.15 3D ʧʝʯʘʪʴ ʚ ʶʚʝʣʠʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʀʩʢʫʩʩʪʚʦ, ʜʠʟʘʡʥ, ʩʢʫʣʴʧʪʫʨʘ 

ɼʣʷ ʠʩʢʫʩʩʪʚʘ 3D ʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʦʨʤʳ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʝʜʤʝʪʦʚ ʥʦʚʳʤʠ ʩʧʦʩʦʙʘʤʠ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʦʨʠʛʠʥʘʣʴʥʳʝ ʨʝʰʝʥʠʷ 

ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ. ɺʦʟʤʦʞʥʦʩʪʠ 3D ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʥʠʤʘʪʴ ʦʧʳʪ 

ʧʨʦʩʣʘʚʣʝʥʥʳʭ ʤʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʚʘʪʴ ʥʝʦʙʳʯʥʳʝ ʧʨʝʜʤʝʪʳ 

ʜʝʢʦʨʘ. ʅʝʢʦʪʦʨʳʝ ʭʫʜʦʞʥʠʢʠ, ʥʘʧʨʠʤʝʨ ɼʞʦʰʫʘ ʍʘʨʢʝʨ, ʅʠʢ ʕʨʚʠʥʢ ʠ ʃʘʡʦʥʝʣ ɼʠʥ 

ʧʨʦʩʣʘʚʠʣʠʩʴ ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ 3D ʩʢʘʥʠʨʦʚʘʥʠʝʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ 

ʧʝʯʘʪʴʶ (ʈʠʩʫʥʦʢ 1.16). 

 

 
ʈʠʩʫʥʦʢ 1.16 3D ʧʝʯʘʪʴ ʚ ʜʠʟʘʡʥʝ 

ɹʣʘʛʦʜʘʨʷ 3D ʧʝʯʘʪʠ ʠ ʩʢʘʥʠʨʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʩʪʝʨʘ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʦʩʩʦʟʜʘʚʘʪʴ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ, ʩʦʟʜʘʚʘʪʴ ʪʦʯʥʳʝ ʢʦʧʠʠ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴʪʫʨʳ ʠ 

ʧʦʜʨʦʙʥʦ ʠʟʫʯʘʪʴ ʤʠʨʦʚʳʝ ʰʝʜʝʚʨʳ. 

ɸʨʭʠʪʝʢʪʫʨʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʄʥʦʛʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʢʦʤʧʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪ 3D ʧʝʯʘʪʴ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ 

ʢʣʠʝʥʪʩʢʦʡ ʙʘʟʳ ʠ ʫʩʧʝʰʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩ ʟʘʢʘʟʯʠʢʘʤʠ. ʂʦʤʧʘʥʠʠ ʧʝʯʘʪʘʶʪ ʤʘʢʝʪʳ 

ʙʫʜʫʱʠʭ ʩʪʨʦʝʥʠʡ ʠʣʠ ʧʦʤʦʛʘʶʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪ, ʚʳʧʦʣʥʝʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʘʭ ʜʣʷ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʝʢʦʪʦʨʳʝ ʘʨʭʠʪʝʢʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ 3D ʧʝʯʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʘʢ ʧʦʷʚʠʣʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ 3D 

ʧʝʯʘʪʠ (ʈʠʩʫʥʦʢ 1.17). 

 
ʈʠʩʫʥʦʢ 1.17 3D ʧʝʯʘʪʴ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʄʦʜʘ 

ʇʦʩʢʦʣʴʢʫ 3D ʧʝʯʘʪʴ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ (ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʦʪʢʨʳʪʠʷ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ), ʵʪʦʡ ʠʥʥʦʚʘʮʠʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʠ ʤʦʜʥʳʡ ʙʠʟʥʝʩ. ʅʘ ʤʠʨʦʚʳʝ 

ʧʦʜʠʫʤʳ ʚʳʰʣʠ ʘʢʩʝʩʩʫʘʨʳ, ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ 3D ʧʨʠʥʪʝʨʘʭ - ʛʦʣʦʚʥʳʝ ʫʙʦʨʳ, ʦʙʫʚʴ, ʩʫʤʢʠ 

ʠ ʦʜʝʞʜʘ. ʅʦʚʠʥʢʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʥʘ ʧʦʜʠʫʤʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʫʞʝ 

ʚʩʝʨʴʝʟ ʟʘʜʫʤʳʚʘʶʪʩʷ ʥʘʜ ʪʝʤ, ʢʘʢ ʩʜʝʣʘʪʴ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3D ʧʝʯʘʪʠ ʠʟ ʜʦʩʪʫʧʥʦʛʦ ʠ 

ʥʝʜʦʨʦʛʦʛʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʩʳʨʴʷ (ʈʠʩʫʥʦʢ 1.18). 

 

 
ʈʠʩʫʥʦʢ 1.18 3D ʧʝʯʘʪʴ ʚ ʤʦʜʝ 

ʇʝʨʚʦʧʨʦʭʦʜʮʝʤ ʚ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ 3D ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʘʣʘ ʀʨʠʩ ʚʘʥ 

ʍʝʨʧʝʥ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʣʘ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʢʦʣʣʝʢʮʠʠ, ʚʟʦʨʚʘʚʰʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʦʜʝ. 

ɽʜʘ 

3D ʧʝʯʘʪʴ ʝʜʦʡ - ʦʜʥʦ ʠʟ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʦʝ ʚʦʦʜʫʰʝʚʣʷʝʪ ʣʶʜʝʡ ʠ ʤʦʞʝʪ 

ʩʪʘʪʴ ʥʘʩʪʦʷʱʠʤ ʤʝʡʥʩʪʨʠʤʦʤ. ʕʪʦʪ ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʧʦʜʘʯʠ ʝʜʳ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ. 
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ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʜʣʷ ʪʘʢʦʡ ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʦʢʦʣʘʜ ʠ ʩʘʭʘʨ, ʥʦ ʩʝʡʯʘʩ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʜʦʣʞʘʶʪʩʷ. ʉʢʦʨʦ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʦʡ ʧʝʯʘʪʴ ʤʷʩʘ ʠʟ ʙʝʣʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʘ ʪʘʢʞʝ ʧʘʩʪʳ (ʈʠʩʫʥʦʢ 1.19). 

 
ʈʠʩʫʥʦʢ 1.19 3D ʧʝʯʘʪʴ ʝʜʦʡ 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ ʧʦʟʚʦʣʷʪ ʩʙʘʣʘʥʩʠʨʦʚʘʪʴ ʨʘʮʠʦʥ ʥʘ 

ʫʨʦʚʥʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ. 

ʄʘʩʩʦʚʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʫʛʠ 3D ʧʝʯʘʪʴ ʥʘʙʠʨʘʝʪ ʙʦʣʴʰʠʝ ʦʙʦʨʦʪʳ. 3D ʧʝʯʘʪʴ ʜʦʩʪʫʧʥʘ ʢʘʢ ʜʣʷ 

ʦʙʳʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʯʘʩʪʦ ʧʨʠʙʝʛʘʶʪ ʢ ʵʪʦʤʫ ʚʠʜʫ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʘʨʘʶʪʩʷ ʩʜʝʣʘʪʴ 3D ʧʝʯʘʪʴ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʧʦʥʷʪʥʦʡ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩ ʨʘʟʥʳʤ ʫʨʦʚʥʝʤ ʧʦʜʛʦʪʦʚʢʠ. ʉʨʝʜʠ ʣʠʜʝʨʦʚ ʫʩʣʫʛ ʧʝʯʘʪʠ - 3DSystems, 

Makerbot ʠ Stratasys. 
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ɻʃɸɺɸ 2. ʊɽʍʅʆʃʆɻʀʀ 3D ʇɽʏɸʊʀ 

2.1.ʕʢʩʪʨʫʟʠʦʥʥʘʷ 3D-ʧʝʯʘʪʴ (FDM/FFF)  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ (FDM/FFF), ʠʣʠ ʵʢʩʪʨʫʟʠʠ, ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʉ. ʉʢʦʪʪʦʤ ʊʨʘʤʧʦʤ ʚ ʢʦʥʮʝ 1980-ʭ ʛʦʜʦʚ ʠ ʧʦʣʫʯʠʣʦ ʢʦʤʤʝʨʯʝʩʢʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 1990 ʛʦʜʫ ʩʠʣʘʤʠ ʢʦʤʧʘʥʠʠ Stratasys, ʚ ʯʠʩʣʝ ʦʩʥʦʚʘʪʝʣʝʡ ʢʦʪʦʨʦʡ 

ʯʠʩʣʠʪʩʷ ʩʘʤ ʊʨʘʤʧ. ɺ ʩʚʷʟʠ ʩ ʠʩʪʝʯʝʥʠʝʤ ʩʨʦʢʘ ʜʝʡʩʪʚʠʷ ʧʘʪʝʥʪʘ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʩʦʦʙʱʝʩʪʚʦ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 3D -ʧʨʠʥʪʝʨʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʘ ʪʘʢʞʝ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʩʪʦʠʤʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚ ʫʤʝʥʴʰʠʣʘʩʴ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʩʦ ʚʨʝʤʝʥʠ ʠʟʦʙʨʝʪʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ [1]. 

ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʩʦʟʜʘʥʠʝ ʩʣʦʝʚ ʟʘ 

ʩʯʝʪ ʵʢʩʪʨʫʟʠʠ ʙʳʩʪʨʦ ʟʘʩʪʳʚʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʤʠʢʨʦʢʘʧʝʣʴ ʠʣʠ ʪʦʥʢʠʭ ʩʪʨʫʡ. 

ʕʢʩʪʨʫʜʝʨ ʥʘʛʨʝʚʘʝʪ ʤʘʪʝʨʠʘʣ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʘʚʣʠʚʘʥʠʝʤ 

ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʤʘʩʩʳ ʯʝʨʝʟ ʩʦʧʣʦ. ʉʘʤ ʵʢʩʪʨʫʜʝʨ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʰʘʛʦʚʳʤʠ 

ʜʚʠʛʘʪʝʣʷʤʠ ʠʣʠ ʩʝʨʚʦʤʦʪʦʨʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʠ ʚ 

ʪʨʝʭ ʧʣʦʩʢʦʩʪʷʭ. ʇʝʨʝʤʝʱʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ, ʧʨʠʚʷʟʘʥʥʳʤ ʢ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ. 

ʆʙʱʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 3D-ʧʨʠʥʪʝʨʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʪʠʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʩʣʘʡʜʝ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʙʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. 

ʄʦʜʝʣʴ ʚ ʬʦʨʤʘʪʝ STL ʜʝʣʠʪʩʷ ʥʘ ʩʣʦʠ ʠ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʦʙʨʘʟʦʤ ʜʣʷ 

ʧʝʯʘʪʠ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʛʝʥʝʨʠʨʫʶʪʩʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʧʝʯʘʪʠ ʥʘʚʠʩʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʅʝʢʦʪʦʨʳʝ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʚʦ ʚʨʝʤʷ ʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. ʅʘʧʨʠʤʝʨ, ʚʦʟʤʦʞʥʘ ʧʝʯʘʪʴ ʤʦʜʝʣʠ ʠʟ 

ʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʝʯʘʪʴʶ ʦʧʦʨ ʠʟ ʜʨʫʛʦʛʦ, ʣʝʛʢʦʨʘʩʪʚʦʨʠʤʦʛʦ, ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩ 

ʣʝʛʢʦʩʪʴʶ ʫʜʘʣʷʪʴ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʦ ʚʦʟʤʦʞʥʘ ʧʝʯʘʪʴ ʨʘʟʥʳʤʠ ʮʚʝʪʘʤʠ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʚʠʜʘ ʧʣʘʩʪʠʢʘ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʝʜʠʥʦʡ ʤʦʜʝʣʠ. ʀʟʜʝʣʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚʳʜʘʚʣʠʚʘʥʠʝʤ (ʵʢʩʪʨʫʟʠʝʡ) ʠ ʥʘʥʝʩʝʥʠʝʤ 

ʤʠʢʨʦʢʘʧʝʣʴ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʤʝʨʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʩʣʦʝʚ, ʟʘʩʪʳʚʘʶʱʠʭ ʩʨʘʟʫ ʧʦʩʣʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʷ. 

 
ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 3D-ʧʨʠʥʪʝʨʘ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʪʠʧʘ: 

1 - ʢʦʨʧʫʩ, 2 - ʟʘʢʨʝʧʣʝʥʥʳʝ ʥʘ ʥʝʤ ʥʘʧʨʘʚʣʷʶʱʠʝ,3 - ʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʢʘ, 4 - ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ, 5 - ʨʘʙʦʯʠʡ 

ʩʪʦʣ; 6 - ʫʧʨʘʚʣʷʶʱʘʷ ʵʣʝʢʪʨʦʥʠʢʘ 

ʇʣʘʩʪʠʢʦʚʘʷ ʥʠʪʴ ʨʘʟʤʘʪʳʚʘʝʪʩʷ ʩ ʢʘʪʫʰʢʠ ʠ ʧʦʜʘʝʪʩʷ ʚ ʵʢʩʪʨʫʜʝʨ - ʫʩʪʨʦʡʩʪʚʦ, 
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ʦʩʥʘʱʝʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦʜʦʤ ʜʣʷ ʧʦʜʘʯʠ ʥʠʪʠ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʜʣʷ 

ʧʣʘʚʢʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʦʧʣʦʤ, ʯʝʨʝʟ ʢʦʪʦʨʦʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʢʩʪʨʫʟʠʷ. 

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʩʣʫʞʠʪ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʩʦʧʣʘ, ʢʦʪʦʨʦʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʣʘʚʠʪ 

ʧʣʘʩʪʠʢʦʚʫʶ ʥʠʪʴ ʠ ʧʦʜʘʝʪ ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʩʪʨʦʷʱʫʶʩʷ ʤʦʜʝʣʴ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʩʦʧʣʘ, ʥʘʦʙʦʨʦʪ, ʦʭʣʘʞʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʝʥʪʠʣʷʪʦʨʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʟʢʦʛʦ 

ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʣʘʚʥʦʡ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ. 

ʕʢʩʪʨʫʜʝʨ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ ʧʦʜ ʢʦʥʪʨʦʣʝʤ 

ʘʣʛʦʨʠʪʤʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʪʘʥʢʘʭ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. 

ʉʦʧʣʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʪʨʘʝʢʪʦʨʠʠ, ʟʘʜʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʄʦʜʝʣʴ ʩʪʨʦʠʪʩʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ, ʩʥʠʟʫ ʚʚʝʨʭ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʵʢʩʪʨʫʜʝʨ (ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʡ çʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʦʡè) ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʧʦʰʘʛʦʚʳʤʠ 

ʤʦʪʦʨʘʤʠ ʠʣʠ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʢʦʦʨʜʠʥʘʪ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ 

ʪʝʭʥʦʣʦʛʠʠ FDM, ʷʚʣʷʝʪʩʷ ʜʝʢʘʨʪʦʚʘ ʩʠʩʪʝʤʘ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʧʨʷʤʦʫʛʦʣʴʥʦʤ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʦʩʷʤʠ X, Y ʠ Z. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, 

ʠʩʧʦʣʴʟʫʝʤʘʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ʜʝʣʴʪʘ-ʨʦʙʦʪʘʤʠ. 

ʈʘʟʥʦʚʠʜʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ. 

ʆʩʥʦʚʥʳʭ ʯʘʩʪʝʡ ʫ ʣʶʙʦʛʦ FDM ʧʨʠʥʪʝʨʘ ʚʩʝʛʦ ʜʚʝ: ʩʪʦʣ (ʦʥ ʞʝ ʧʣʘʪʬʦʨʤʘ), ʥʘ 

ʢʦʪʦʨʦʤ ʢʨʝʧʠʪʩʷ ʧʝʯʘʪʘʝʤʘʷ ʜʝʪʘʣʴ, ʠ ʵʢʩʪʨʫʜʝʨ - ʫʟʝʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʦʜʘʝʪʩʷ ʨʘʟʤʷʛʯʝʥʥʳʡ 

ʤʘʪʝʨʠʘʣ. ɺʩʝʛʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʫ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʪʨʠ ʦʩʠ - X, Y ʠ Z, ʛʜʝ Z - ʪʨʘʜʠʮʠʦʥʥʦ 

ʚʝʨʪʠʢʘʣʴʥʘʷ. ʊʦ, ʢʘʢ ʜʚʘ ʵʣʝʤʝʥʪʘ ʧʨʠʥʪʝʨʘ ʜʝʣʷʪ ʵʪʠ ʪʨʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʠ ʷʚʣʷʝʪʩʷ 

ʧʨʠʥʮʠʧʦʤ ʨʘʙʦʪʳ ʢʘʞʜʦʛʦ ʠʟ ʚʠʜʦʚ. 

ʂʘʞʜʳʡ 3D-ʧʨʠʥʪʝʨ ʠʤʝʝʪ ʩʦʙʩʪʚʝʥʥʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʧʨʠʚʦʜʷʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ: ʧʣʘʪʬʦʨʤʳ ʠ ʵʢʩʪʨʫʜʝʨʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʭʝʤʳ. 

ʂʘʨʪʝʟʠʘʥʩʢʘʷ ʢʠʥʝʤʘʪʠʢʘ 

1. ʂʠʥʝʤʘʪʠʢʘ çPrusaè (ʧʨʫʰʘ). 

ʇʨʫʰʘ (Prusa), ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ñʜʨʳʛʦʩʪʦʣò - ʧʨʦʩʪʝʡʰʘʷ, 

ʢʦʤʧʘʢʪʥʘʷ ʥʝʜʦʨʦʛʘʷ ʩʭʝʤʘ, ʥʘʟʚʘʥʥʘʷ ʚ ʯʝʩʪʴ ʩʚʦʝʛʦ ʠʟʦʙʨʝʪʘʪʝʣʷ, 

ʧʦʞʘʣʫʡ, ʩʘʤʘʷ ʧʨʦʜʘʚʘʝʤʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʧʨʠʥʪʝʨʦʚ ʚ ʙʳʪʦʚʦʤ ʩʝʢʪʦʨʝ. 

ʉʪʦʣ ʧʦʜʚʠʞʝʥ ʚ ʦʜʥʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ, ʢʘʢ ʧʨʘʚʠʣʦ, Y, ʘ ʵʢʩʪʨʫʜʝʨ 

ʜʚʠʞʝʪʩʷ ʧʦ ʦʩʪʘʣʴʥʳʤ ʜʚʫʤ. ɿʘ ʢʘʞʜʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʚʝʯʘʝʪ ʩʚʦʡ 

ʜʚʠʛʘʪʝʣʴ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʤʦʜʝʣʷʭ ʟʘ ʦʩʴ Z ʘʙʩʦʣʶʪʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʘʙʦʪʘʶʪ ʜʚʘ. 

ʇʣʶʩʳ: 

- ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʫʶ ʚʧʦʣʥʝ ʤʦʞʥʦ ʩʦʙʨʘʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, 

- ʥʝʚʳʩʦʢʘʷ ʮʝʥʘ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠ ʩʘʤʦʛʦ ʧʨʠʥʪʝʨʘ, 

- ʟʘ ʧʨʦʮʝʩʩʦʤ ʧʝʯʘʪʠ ʫʜʦʙʥʦ ʥʘʙʣʶʜʘʪʴ, 

- ʣʸʛʢʠʡ ʜʦʩʪʫʧ ʢ ʜʝʪʘʣʷʤ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʄʠʥʫʩʳ: 

- ʦʪʢʨʳʪʘʷ ʨʘʙʦʯʘʷ ʢʘʤʝʨʘ. ʕʪʦ ʫʭʫʜʰʘʝʪ ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ 
ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʤʦʞʝʪ ʠ ʚʦʚʩʝ ʩʜʝʣʘʪʴ ʝʸ 

ʥʝʚʦʟʤʦʞʥʦʡ. ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʢʘʤʝʨʫ ʟʘʢʨʳʪʦʡ, ʩʦʙʨʘʚ ʢʫʙʠʯʝʩʢʠʡ ʢʦʣʧʘʢ, 

ʥʘʧʨʠʤʝʨ, ʠʟ ʘʢʨʠʣʘ, ʥʦ ʵʪʦ ʤʦʞʝʪ ʩʠʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʱʠʝ ʛʘʙʘʨʠʪʳ ʢʦʨʧʫʩʘ 

ʧʨʠʥʪʝʨʘ, 

- ʠʥʝʨʪʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤ ʩʪʦʣʦʤ 3ʜ ʧʨʠʥʪʝʨʘ. ʉʪʦʣ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʩʠ Y ʩ ʥʝʤʘʣʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʧʨʠ ʧʝʯʘʪʠ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʠ ʩʘʤʘ ʤʦʜʝʣʴ. ɺ ʠʪʦʛʝ, ʧʨʠ ʧʝʯʘʪʠ ʚʳʩʦʢʠʭ ʠ ʪʦʥʢʠʭ ʤʦʜʝʣʝʡ ʥʘ 

ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʩʠʣʴʥʦ ʫʭʫʜʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʘ ʧʝʯʘʪʠ. ɼʣʷ ʪʦʛʦ 
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ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʙʳʩʪʨʳʡ ʢʘʯʝʩʪʚʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʣʷ ʤʦʜʝʣʝʡ ʩ ʪʘʢʦʡ 

ʛʝʦʤʝʪʨʠʝʡ, ʧʨʠʭʦʜʠʪʩʷ ʦʩʥʦʚʘʪʝʣʴʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʥʘʩʪʨʦʡʢʘʤ ʩʣʘʡʩʠʥʛʘ. 

2. ʂʦʥʩʦʣʴʥʳʡ ʧʨʠʥʪʝʨ 

ʊʦʞʝ ʇʨʫʰʘ, ʪʦʣʴʢʦ "ʦʧʦʣʦʚʠʥʝʥʥʘʷ": ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʪʦʡʢʘ ʚ 

ʥʘʣʠʯʠʠ ʚʩʝʛʦ ʦʜʥʘ. ʀʟ ʩʦʤʥʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ - ʯʫʪʴ ʤʝʥʴʰʠʡ 

ʛʘʙʘʨʠʪʥʳʡ ʨʘʟʤʝʨ ʧʦ ʰʠʨʠʥʝ, ʚ ʦʩʪʘʣʴʥʦʤ ʚʩʝ ʭʫʞʝ, ʠʟ-ʟʘ ʞʸʩʪʢʦʩʪʠ 

ʩʪʨʘʜʘʶʪ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ. ʄʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʥʮʠʧʦʚ FDM ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʢʘʢ ʩʪʦʣ ʟʘʢʨʳʪ 

ʤʠʥʠʤʘʣʴʥʦ ʠ ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʝʯʘʪʠ ʧʨʝʢʨʘʩʥʦ ʚʠʜʝʥ. 

ʇʣʶʩʳ: 

- ʢʦʤʧʘʢʪʥʦʩʪʴ 

- ʠʥʪʝʨʝʩʥʳʡ ʚʥʝʰʥʠʡ ʚʠʜ 

ʄʠʥʫʩʳ: 

- ʵʪʫ ʢʠʥʝʤʘʪʠʢʫ ʧʨʦʙʣʝʤʘʪʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʙʦʨʢʠ 
ʧʨʠʥʪʝʨʘ ʩ ʜʣʠʥʦʡ ʦʩʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʝʯʘʪʥʘʷ ʛʦʣʦʚʘ, ʙʦʣʝʝ 

ʜʚʫʭʩʦʪ ʤʠʣʣʠʤʝʪʨʦʚ 

- ʧʨʠʥʪʝʨʫ ʥʝʦʙʭʦʜʠʤʳ ʢʘʯʝʩʪʚʝʥʥʳʝ ʥʘʧʨʘʚʣʷʶʱʠʝ ʠ ʧʨʦʯʥʘʷ ʨʘʤʘ 

3. H-BOT 

H-Bot - ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʩʭʝʤʘ, ʢʦʪʦʨʦʡ ʦʙʣʘʜʘʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʠʥʪʝʨʳ ʧʦʜʦʨʦʞʝ. ʉʪʦʣ ʜʚʠʞʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʚʝʨʭ-ʚʥʠʟ, ʧʦ ʦʩʠ Z. 

ʂʘʨʝʪʢʘ ʩ ʵʢʩʪʨʫʜʝʨʦʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʜ ʩʪʦʣʦʤ ʧʦ ʦʩʷʤ X ʠ Y ʧʨʠ 

ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʨʝʤʥʷ ʠ ʜʚʫʭ ʩʦʛʣʘʩʦʚʘʥʥʦ ʨʘʙʦʪʘʶʱʠʭ ʜʚʠʛʘʪʝʣʝʡ. 

4. Core-XY 

CoreXY ʚʦ ʤʥʦʛʦʤ ʧʦʚʪʦʨʷʝʪ H-Bot, ʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʜʚʫʭ ʟʫʙʯʘʪʳʭ ʨʝʤʥʝʡ. ʏʘʱʝ ʚʩʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 3D ʧʨʠʥʪʝʨʳ ʢʦʤʧʦʥʫʶʪʩʷ ʧʦ ʵʪʠʤ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʩʭʝʤʘʤ. 

ʀʟ ʨʘʟʥʦʡ ʩʭʝʤʳ ʫʩʪʘʥʦʚʢʠ ʨʝʤʥʝʡ ʚʳʪʝʢʘʶʪ 

ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ H-Bot ʠ Core-XY. ɺ H Bot 

ʫʩʠʣʠʷ, ʧʝʨʝʤʝʱʘʶʱʠʝ ʙʘʣʢʫ ʦʩʠ ʍ ʧʦ ʦʩʠ ʋ ʤʦʛʫʪ 

ʧʝʨʝʢʦʩʠʪʴ ʝʸ, ʧʦʩʣʝ ʯʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʙʫʜʝʪ ʥʫʞʜʘʪʴʩʷ 

ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʨʝʧʣʝʥʠʷ ʙʘʣʢʠ ʦʩʠ ʍ 

ʠ ʩʘʤ ʝʸ ʧʨʦʬʠʣʴ ʜʦʣʞʥʳ ʙʳʪʴ ʢʘʯʝʩʪʚʝʥʥʳʤʠ, ʠ 

ʭʦʨʦʰʦ ʧʨʦʜʫʤʘʥʥʳʤʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʘʪʨʘʪʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʠʥʪʝʨʘ. ʋ Core-XY ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɽʱʸ ʦʜʥʦ ʫʷʟʚʠʤʦʝ ʤʝʩʪʦ ʵʪʠʭ ʢʠʥʝʤʘʪʠʢ ï ʟʫʙʯʘʪʳʝ ʨʝʤʥʠ. ʀʟ-ʟʘ ʩʚʦʝʡ ʙʦʣʴʰʦʡ ʜʣʠʥʳ, 

ʢʣʘʩʩʠʯʝʩʢʠʝ ʨʝʤʥʠ GT2-6 ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʨʘʩʪʷʥʫʪʴʩʷ ʟʘ ʥʝʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʨʘʙʦʯʝʛʦ 

ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʝʯʘʪʠ ʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠʥʪʝʨʘ. ʕʪʦʪ 

ʤʦʤʝʥʪ ʙʦʣʴʰʝ ʦʪʥʦʩʠʪʩʷ ʢ ʢʠʥʝʤʘʪʠʢʝ H Bot, ʪʘʢ ʢʘʢ ʪʘʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʜʠʥ ʦʯʝʥʴ ʜʣʠʥʥʳʡ 

ʟʫʙʯʘʪʳʡ ʨʝʤʝʥʴ, ʧʨʦʪʷʥʫʪʳʡ ʯʝʨʝʟ ʚʩʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʆʜʥʘʢʦ ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ 

ʛʘʙʘʨʠʪʦʚ ʚʩʝʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʸʤʘ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ, ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʵʪʘ 

ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʠ ʥʘ Core-XY. ʊʘʤ ʪʦʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʜʦʚʦʣʴʥʦ ʜʣʠʥʥʳʝ 

ʟʫʙʯʘʪʳʝ ʨʝʤʥʠ, ʭʦʪʴ ʠ ʩʠʣʴʥʦ ʢʦʨʦʯʝ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ H Bot. ɺ ʠʪʦʛʝ, ʧʨʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʠ 

ʪʘʢʠʭ ʢʠʥʝʤʘʪʠʢ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʜʙʦʨʫ ʧʦʜʭʦʜʷʱʝʛʦ ʟʫʙʯʘʪʦʛʦ ʨʝʤʥʷ, ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʧʨʠ ʨʘʙʦʪʝ ʦʥ ʥʝ ʧʨʦʚʠʩʘʣ ʠ ʩʤʦʛ ʧʨʦʩʣʫʞʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ. 

ʇʣʶʩʳ: 

- ʚʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 

- ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʦʪʦʯʥʫʶ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʝʯʘʪʴ ʧʨʠ ʧʨʠʝʤʣʝʤʦʡ 
ʩʢʦʨʦʩʪʠ, 

- ʨʘʚʥʦʤʝʨʥʦʝ ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 
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- ʦʪʩʫʪʩʪʚʠʝ ʠʥʝʨʪʥʦʩʪʠ, ʚʳʟʳʚʘʝʤʦʡ ʜʚʠʞʝʥʠʝʤ ʩʪʦʣʘ, 

- ʣʝʛʯʝ ʫʧʘʢʦʚʘʪʴ ʚ ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ ʠ ʪʝʨʤʦʢʘʤʝʨʫ. 

ʄʠʥʫʩʳ: 

- ʨʘʟʤʝʨ ʧʨʠʥʪʝʨʘ ʨʘʟʘ ʚ ʜʚʘ-ʪʨʠ ʙʦʣʴʰʝ ʧʝʯʘʪʘʝʤʦʛʦ ʦʙʲʝʤʘ, 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

- ʩʣʦʞʥʳʡ ʨʝʤʦʥʪ, 

- ʩʢʣʦʥʥʦʩʪʴ ʢ ʧʝʨʝʢʦʩʘʤ ʢʘʨʝʪʢʠ (ʜʣʷ H-Bot) 

5. ʂʠʥʝʤʘʪʠʢʘ çMakerbotè 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʘ ʢʠʥʝʤʘʪʠʢʘ ʧʦʭʦʞʘ ʥʘ Core 

XY ʠ H Bot, ʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʩʷʤ ʍ 

ʠ ʋ, ʘ ʩʪʦʣ 3ʜ ʧʨʠʥʪʝʨʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʠ Z. ɽʸ ʦʪʣʠʯʠʝ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʦʩʝʡ X ʠ ʋ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʳʝ ʨʝʤʥʠ ʠ ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ. ʆʜʠʥ ʰʘʛʦʚʳʡ 

ʜʚʠʛʘʪʝʣʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʦ ʦʩʠ ʋ ʚʤʝʩʪʝ ʩ ʢʘʨʝʪʢʦʡ 

ʵʢʩʪʨʫʜʝʨʘ, ʦʥ ʦʪʚʝʯʘʝʪ ʟʘ ʧʝʨʝʤʝʱʝʥʠʝ ʧʝʯʘʪʘʶʱʝʡ 

ʛʦʣʦʚʳ ʧʦ ʦʩʠ ʍ, ʢʦʥʪʨʦʣʠʨʫʷ ʠʭ ʯʝʨʝʟ ʦʪʜʝʣʴʥʳʡ 

ʟʫʙʯʘʪʳʡ ʨʝʤʝʥʴ. ɸ ʟʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʠ ʋ ʦʪʚʝʯʘʝʪ ʜʨʫʛʦʡ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʠ ʩʚʦʷ 

ʩʠʩʪʝʤʘ ʨʝʤʥʝʡ. 

ʇʣʶʩʳ: 

- ʟʫʙʯʘʪʳʝ ʨʝʤʥʠ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʠ ʥʝ 

ʩʢʣʦʥʥʳ ʢ ʨʘʩʪʷʞʝʥʠʶ 

- ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʨʝʟʫʣʴʪʘʪʦʚ 3ʜ ʧʝʯʘʪʠ ʧʨʠ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ 

- ʪʘʢʫʶ ʢʠʥʝʤʘʪʠʢʫ ʣʝʛʢʦ ʩʦʙʨʘʪʴ ʚ ʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩ, ʯʪʦʙʳ ʧʝʯʘʪʘʪʴ 

ʬʠʣʘʤʝʥʪʘʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨ 

- ʭʦʨʦʰʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʤ ʟʫʙʯʘʪʳʤ ʨʝʤʥʷʤ 

ʄʠʥʫʩʳ: 

- ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʦʩʠ ʍ ʧʫʪʝʰʝʩʪʚʫʝʪ ʚʤʝʩʪʝ ʩ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʦʡ ʧʦ ʦʩʠ ʋ, 
ʠʟ-ʟʘ ʯʝʛʦ ʢʘʨʝʪʢʘ ʧʨʠʦʙʨʝʪʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʝʩ 

- ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʩ ʢʨʘʶ ʦʪ ʥʘʧʨʘʚʣʷʶʱʠʭ ʦʩʠ ʍ, ʠʟ-ʟʘ ʯʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʵʪʦʡ ʦʩʠ ʧʦʣʫʯʘʝʪ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʘ ʤʘʩʩ ʚ ʦʜʥʫ ʠʟ ʩʪʦʨʦʥ, ʯʪʦ 

ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʝʯʘʪʠ.  

6. ʂʠʥʝʤʘʪʠʢʘ çUltimakerè 

ɽʱʸ ʦʜʥʘ ʢʠʥʝʤʘʪʠʢʘ, ʚ ʢʦʪʦʨʦʡ ʩʪʦʣ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʘ ʧʝʯʘʪʘʶʱʘʷ ʛʦʣʦʚʘ ʚ 

ʜʚʫʭ ʦʩʷʭ, ʍ ʠ ʋ. ɽʸ ʦʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ï ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʚʘʣʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ 

ʧʨʦʭʦʜʷʱʠʝ ʩʢʚʦʟʴ ʢʘʨʝʪʢʫ ʭʦʪʵʥʜʘ ʠʣʠ ʵʢʩʪʨʫʜʝʨʘ. 

ʕʪʠ ʚʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʨʦʚʥʳʤʠ. ʆʪ ʵʪʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʢ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠʥʪʝʨʘ, ʪʘʢ ʠ ʢʘʯʝʩʪʚʦ ʝʛʦ 

ʧʝʯʘʪʠ. ʊʘʢʞʝ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʵʪʦʡ ʢʠʥʝʤʘʪʠʢʝ 

ʥʫʞʥʦ ʫʜʝʣʠʪʴ ʠ ʧʦʜʰʠʧʥʠʢʘʤ ʩʢʦʣʴʞʝʥʠʷ. ʆʙʳʯʥʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʜʰʠʧʥʠʢʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʚʪʫʣʢʠ. ʋʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʧʦ ʦʩʷʤ ʍ ʠ ʋ ʨʘʟʜʝʣʝʥʦ. ɼʚʠʛʘʪʝʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʢʦʨʧʫʩ ʧʨʠʥʪʝʨʘ ʠ ʥʝ ʫʩʣʦʞʥʷʶʪ ʧʝʨʝʤʝʱʝʥʠʝ ʩʚʦʠʤ ʚʝʩʦʤ. ɼʣʷ ʢʘʞʜʦʡ ʦʩʠ ʦʪʜʝʣʴʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡ ʰʘʛʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʠ ʦʪʜʝʣʴʥʳʝ ʟʫʙʯʘʪʳʝ ʨʝʤʥʠ, ʯʘʩʪʦ ʟʘʤʢʥʫʪʳʝ. 

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʝ ʨʝʤʥʠ ʟʜʝʩʴ ʧʨʠʩʦʝʜʠʥʷʪʴ ʥʝ ʧʨʠʜʸʪʩʷ. 

ʇʣʶʩʳ: 

- ʢʦʨʦʪʢʠʝ ʟʫʙʯʘʪʳʝ ʨʝʤʥʠ 

- ʣʝʛʢʦ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʨʳʪʳʡ ʢʦʨʧʫʩ 

- ʰʘʛʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʨʧʫʩʝ 
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- ʤʘʣʳʡ ʚʝʩ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʳ, ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ 

- ʭʦʨʦʰʝʝ ʢʘʯʝʩʪʚʦ ʧʝʯʘʪʠ 

ʄʠʥʫʩʳ: 

- ʆʯʝʥʴ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʥʘʧʨʘʚʣʷʶʱʠʭ ʚʘʣʦʚ ʠ ʧʦʜʰʠʧʥʠʢʦʚ 

- ʇʣʦʭʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʧʝʨʚʳʤ ʤʠʥʫʩʦʤ 

7. Core-XYZ 

ʂʠʥʝʤʘʪʠʢʘ, ʥʘʧʦʤʠʥʘʶʱʘʷ Core-XY, ʥʦ ʝʱʸ ʙʦʣʝʝ 

ʩʣʦʞʥʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʡ. ɿʜʝʩʴ ʵʢʩʪʨʫʜʝʨ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʦ ʚʩʝʭ ʪʨʸʭ ʦʩʷʭ, ʘ ʩʪʦʣ ʥʝʧʦʜʚʠʞʥʦ 

ʟʘʢʨʝʧʣʸʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ ʜʦʤʘʰʥʠʭ DIY 

ʚʘʨʠʘʥʪʘʭ ʪʘʢʠʭ ʧʨʠʥʪʝʨʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʩʝʤ ʦʩʷʤ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʟʫʙʯʘʪʳʤʠ ʨʝʤʥʷʤʠ, ʂʘʞʜʳʡ ʟʫʙʯʘʪʳʡ 

ʨʝʤʝʥʴ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʯʝʨʝʟ ʚʩʝ ʪʨʠ ʦʩʠ. ʇʨʠʥʪʝʨ ʩ ʪʘʢʦʡ 

ʢʠʥʝʤʘʪʠʢʦʡ ʥʝʧʨʦʩʪʦ ʩʦʙʨʘʪʴ, ʟʘʪʦ, ʟʘ ʧʨʦʮʝʩʩʦʤ ʧʝʯʘʪʠ ʚ 

ʥʸʤ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʦ ʥʘʙʣʶʜʘʪʴ. ʇʝʯʘʪʘʝʤʘʷ ʤʦʜʝʣʴ 

ʦʩʪʘʸʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʦʜʚʠʞʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ, ʢʘʢ ʚ ɼʝʣʴʪʘ-ʧʨʠʥʪʝʨʘʭ, ʢʦʪʦʨʳʝ ʤʳ 

ʦʙʩʫʜʠʤ ʥʝʤʥʦʛʦ ʧʦʟʞʝ, ʧʨʠ ʵʪʦʤ Core-XYZ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʤʠʥʫʩʦʚ ʜʝʣʴʪʘ-

ʢʠʥʝʤʘʪʠʢʠ. 

ʇʣʶʩʳ: 

- ɾʸʩʪʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

- ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

- ʄʦʜʝʣʴ ʧʨʠ ʧʝʯʘʪʠ ʦʩʪʘʸʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʝʧʦʜʚʠʞʥʘ 

- ʃʸʛʢʘʷ ʫʩʪʘʥʦʚʢʘ ʟʘʢʨʳʪʦʡ ʢʘʤʝʨʳ 

- ʟʘʚʦʨʘʞʠʚʘʶʱʠʡ ʚʥʝʰʥʠʡ ʚʠʜ ʧʨʦʮʝʩʩʘ ʧʝʯʘʪʠ 

ʄʠʥʫʩʳ: 

- ʆʯʝʥʴ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʩʪʘʚʣʷʶʱʠʭ ʯʘʩʪʝʡ 

- ʇʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʣʝʢʪʨʦʥʠʢʝ ʠ ʢʘʯʝʩʪʚʫ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠʥʪʝʨʘ 

- ʉʣʦʞʥʘʷ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ ʠʟ-ʟʘ ʜʣʠʥʥʳʭ ʟʫʙʯʘʪʳʭ ʨʝʤʥʝʡ 

8. IDEX 

ʇʨʠʩʪʘʚʢʫ IDEX ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʠʥʪʝʨʦʚ, ʠʤʝʶʱʠʭ ʜʚʘ 

ʵʢʩʪʨʫʜʝʨʘ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʧʦ ʦʩʠ X ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ. ʕʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʟʤʦʞʥʳ ʙʣʘʛʦʜʘʨʷ ʜʚʫʤ 

ʥʝʟʘʚʠʩʠʤʳʤ ʰʘʛʦʚʳʤ ʜʚʠʛʘʪʝʣʷʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʸʥ ʩ ʦʜʥʦʡ ʠʟ ʧʝʯʘʪʥʳʭ ʛʦʣʦʚ ʩʚʦʠʤ ʟʫʙʯʘʪʳʤ ʨʝʤʥʸʤ. 

ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʦʯʝʨʝʜʥʦ ʧʝʯʘʪʘʪʴ ʜʚʫʤʷ 

ʧʣʘʩʪʠʢʘʤʠ ʦʜʥʫ ʜʝʪʘʣʴ ʠʣʠ ʜʚʝ ʦʜʠʥʘʢʦʚʳʝ (ʠʣʠ 

ʩʠʤʤʝʪʨʠʯʥʳʝ) ʜʝʪʘʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

9. ʂʦʥʚʝʡʝʨʥʳʡ ʪʠʧ 

ʂʦʥʚʝʡʝʨʥʳʡ ʧʨʠʥʪʝʨ. ɽʱʝ ʦʜʥʘ ʠʥʪʝʨʝʩʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ 3ʜ ʧʨʠʥʪʝʨʘ. ʇʦ ʩʫʪʠ, ʦʥʘ ʠʤʝʝʪ ʜʚʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʇʝʨʚʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʷʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ, 

ʦʪʜʝʣʴʥʦʡ ʧʦʣʥʦʮʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʦʡ, ʩʥʘʯʘʣʘ ʨʘʟʙʝʨʸʤ 

ʝʸ. 

ʆʪʣʠʯʠʷ ʜʚʘ: ʧʝʨʚʦʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʝ - ʩʪʦʣ 

ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʟʘʢʦʣʴʮʦʚʘʥʥʦʡ ʣʝʥʪʳ, ʥʘʧʦʜʦʙʠʝ ʪʝʭ, 

ʯʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʝʛʦʚʳʭ ʜʦʨʦʞʢʘʭ, ʠ ʦʜʥʦ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʨʘʙʦʯʫʶ ʦʙʣʘʩʪʴ ʧʦ 

ʦʩʠ Y ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʭʦʪʴ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺʪʦʨʦʝ ʦʪʣʠʯʠʝ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ - ʦʩʴ Z ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʝ ʪʨʘʜʠʮʠʦʥʥʦ ʚʝʨʪʠʢʘʣʴʥʦ, ʘ ʧʦʜ ʫʛʣʦʤ 
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ʢ ʦʩʠ ʜʚʠʞʝʥʠʷ ʩʪʦʣʘ. ʊʘʢʘʷ ʢʦʤʧʦʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ ʠʟʜʝʣʠʷ ʣʶʙʦʡ ʜʣʠʥʳ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ, ʥʝ ñʜʨʳʛʘʷò ʩʪʦʣʦʤ. ʊʝʭʥʦʣʦʛʠʷ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʘʷ ʠ ʠʤʝʝʪ ʦʩʦʙʳʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ï ʧʝʯʘʪʴ ʦʙʲʝʢʪʦʚ, ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʧʦ ʜʣʠʥʝ ʨʘʟʤʝʨ ʧʨʠʥʪʝʨʘ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʦʙʥʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʝʨʠʡʥʦʡ 3ʜ ʧʝʯʘʪʠ. 

ɺʪʦʨʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ï ʵʪʦ ʧʨʦʩʪʦ ʫʩʪʘʥʦʚʢʘ 

ʢʦʥʚʝʡʝʨʥʦʛʦ ʩʪʦʣʘ ʚʤʝʩʪʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ. ʕʪʘ 

ʚʘʨʠʘʮʠʷ ʧʨʦʱʝ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ 

çʙʝʩʢʦʥʝʯʥʳʝè ʧʦ ʜʣʠʥʝ ʦʙʲʝʢʪʳ, ʟʘʪʦ ʝʸ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʣʶʙʫʶ ʢʠʥʝʤʘʪʠʢʫ 

ʧʨʠʥʪʝʨʘ, ʠ ʟʘʧʫʩʢʘʪʴ ʥʘ ʧʝʯʘʪʴ ʧʦʦʯʝʨʸʜʥʦ ʥʫʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʲʝʢʪʦʚ. ɸ ʩʥʷʪʠʝʤ ʜʝʪʘʣʠ ʩʦ ʩʪʦʣʘ 

ʟʘʡʤʸʪʩʷ ʢʦʥʚʝʡʝʨ. 

ɼʝʣʴʪʘ-ʢʠʥʝʤʘʪʠʢʘ 

ɼʝʣʴʪʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ, 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʝʥʳ ʧʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʜʝʢʘʨʪʦʚʦʡ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʭʝʤʝ: ʪʨʠ ʠʟʤʝʨʝʥʠʷ - ʪʨʠ ʦʩʠ. ʋ ʜʝʣʴʪʳ 

ʚʩʝ ʪʨʠ ʦʩʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʪʚʝʯʘʶʪ ʟʘ ʧʦʣʦʞʝʥʠʝ 

ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʭʠʪʨʦʡ ʬʦʨʤʫʣʝ. ʆʪʣʠʯʘʝʪʩʷ ʜʘʞʝ ʩʪʦʣ, ʦʥ ʫ ʜʝʣʴʪʳ 

ʘʙʩʦʣʶʪʥʦ ʥʝʧʦʜʚʠʞʝʥ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʠʤʝʝʪ 

ʢʨʫʛʣʫʶ ʬʦʨʤʫ. ʇʨʠ ʪʘʢʦʡ ʢʦʤʧʦʥʦʚʢʝ ʚʩʝ ʪʷʞʝʣʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʩʪʘʶʪʩʷ ʥʘ ʢʦʨʧʫʩʝ ʧʨʠʥʪʝʨʘ, ʠ ʧʝʯʘʪʥʘʷ ʛʦʣʦʚʘ ʜʦʣʞʥʘ ʙʳʪʴ ʣʸʛʢʦʡ ʠ 

ʤʘʣʦʠʥʝʨʪʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʜʣʠʥʥʳʤ ʨʳʯʘʛʘʤ ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʜʚʠʞʝʥʠʝ ʥʘ ʦʜʥʦʡ ʠʟ ʦʩʝʡ 

ʧʨʠʥʪʝʨʘ ʚʳʟʳʚʘʝʪ ʢʨʘʪʥʦʝ ʩʤʝʱʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʚʘʪʴ ʜʝʣʴʪʝ ʩʘʤʳʝ 

ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʠʟ ʚʩʝʭ FDM ʧʨʠʥʪʝʨʦʚ. ʀ ʝʱʝ ɼʝʣʴʪʘ, ʧʦʞʘʣʫʡ, ʩʘʤʳʡ 

ʢʦʤʧʘʢʪʥʳʡ ʧʨʠʥʪʝʨ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʨʦʝʢʮʠʠ, ʥʘ ʩʪʦʣʝ ʟʘʥʠʤʘʝʪ ʤʠʥʠʤʫʤ ʤʝʩʪʘ, ʯʫʪʴ 

ʙʦʣʴʰʝ ʧʝʯʘʪʥʦʡ ʦʙʣʘʩʪʠ, ʚʝʩʴ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ, ʚʢʣʶʯʘʷ ʢʘʪʫʰʢʫ ʩ ʧʣʘʩʪʠʢʦʤ, ʫʭʦʜʠʪ 

ʚʚʝʨʭ, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʧʦʤʝʱʝʥʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʪʨʫʜʘ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʝʛʦ 

ʚ ʰʢʘʬʘʭ ʠ ʧʦʜʦʙʥʳʭ ñʪʝʨʤʦʢʘʤʝʨʘʭò. ɺʧʨʦʯʝʤ, ʧʨʠʦʙʨʝʩʪʠ ʠʣʠ ʩʜʝʣʘʪʴ ʢʦʤʧʘʢʪʥʫʶ 

ʢʘʤʝʨʫ ʧʨʷʤʦ ʥʘ ʢʦʨʧʫʩʝ ʧʨʠʥʪʝʨʘ ʪʦʞʝ ʥʝ ʩʣʦʞʥʦ. ʆʛʨʘʥʠʯʠʚʘʝʪ ʧʝʯʘʪʘʝʤʳʡ ʧʨʝʜʤʝʪ ʚ 

ʨʘʟʤʝʨʘʭ X-Y, ʥʦ ʦʯʝʥʴ ʭʦʨʦʰ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʠʭ ʦʙʲʝʢʪʦʚ. 

ʇʣʶʩʳ: 

- ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ, 

- ʥʝʧʣʦʭʦʝ ʢʘʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ, ʧʨʘʚʜʘ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʞʝʩʪʢʦʩʪʠ ʢʦʨʧʫʩʘ, 

- ʰʠʢʘʨʥʦ ʚʳʛʣʷʜʠʪ, ʥʝʚʝʨʦʷʪʥʦ ʢʨʘʩʠʚ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ. 

ʄʠʥʫʩʳ: 

- ʥʘ ʙʶʜʞʝʪʥʳʭ ʤʦʜʝʣʷʭ ʢʘʯʝʩʪʚʦ ʠ ʨʘʟʨʝʰʝʥʠʝ ʧʝʯʘʪʠ ʧʘʜʘʝʪ ʦʪ ʮʝʥʪʨʘ ʩʪʦʣʘ ʢ 

ʢʨʘʷʤ, 

- ʩʣʦʞʥʦ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʥʫʣʝʚʦʡ ʫʨʦʚʝʥʴ ʩʪʦʣʘ, ʜʣʷ ʵʪʦʛʦ ʧʨʠʥʪʝʨ ʜʝʣʘʝʪ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʭʨʘʥʠʪ ʠʭ ʚ ʧʘʤʷʪʠ, ʥʦ 

ʤʘʣʝʡʰʠʡ ʣʶʬʪ ʠʣʠ ʩʤʝʱʝʥʠʝ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʝʩʮʝʥʠʚʘʝʪ ʵʪʠ ʜʘʥʥʳʝ ʠ 

ʟʘʩʪʘʚʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʩʥʘʯʘʣʘ, 

- ʩʣʦʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʘʷ ʦʯʝʥʴ ʪʨʝʙʦʚʘʪʝʣʴʥʘ ʢ ʢʘʯʝʩʪʚʫ ʢʦʤʧʣʝʢʪʫʶʱʠʭ, 
ʠʟ ʢʦʪʦʨʳʭ ʩʦʙʠʨʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, 

- ʩʣʦʞʝʥ ʚ ʨʝʤʦʥʪʝ. 

ʇʦʣʷʨʥʘʷ ʢʠʥʝʤʘʪʠʢʘ 

ʇʦʣʷʨʥʳʡ 3D ʧʨʠʥʪʝʨ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʥʘʟʚʘʥʠʷ, ʛʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʚ ʟʘʤʝʥʝ ʜʝʢʘʨʪʦʚʳʭ 

ʢʦʦʨʜʠʥʘʪ ʥʘ ʧʦʣʷʨʥʳʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɺʘʨʠʘʥʪʘ ʜʚʘ: ʙʝʨʝʤ ʇʨʫʰʫ ʠ 

ʟʘʩʪʘʚʣʷʝʤ ʩʪʦʣ ʜʚʠʛʘʪʴʩʷ ʥʝ ʪʫʜʘ-ʩʶʜʘ ʧʦ ʦʩʠ Y, ʘ ʚʨʘʱʘʪʴʩʷ ʚʦʢʨʫʛ ʩʦʙʩʪʚʝʥʥʦʡ ʦʩʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʥʪʝʨʝʩʥʘʷ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʧʝʮʠʬʠʯʥʘʷ. ɼʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʥʘʧʝʯʘʪʘʪʴ 
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ʣʶʙʦʡ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʥʦ ʟʘʤʝʪʥʦʝ ʧʘʜʝʥʠʝ ʪʦʯʥʦʩʪʠ ʦʪ 

ʮʝʥʪʨʘ ʢ ʢʨʘʷʤ ʩʪʦʣʘ ʥʝ ʜʘʩʪ ʥʘʩʣʘʜʠʪʴʩʷ ʙʝʟʫʧʨʝʯʥʳʤ 

ʢʘʯʝʩʪʚʦʤ ʠʟʜʝʣʠʷ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʫʶ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʠʤʝʝʪ ʩʤʳʩʣ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʝʣ ʚʨʘʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʚʘʟ, ʢʨʫʞʝʢ, 

ʫʧʣʦʪʥʠʪʝʣʝʡ ʠ ʧʨʦʯʠʭ ʦʢʦʣʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʠ ʩʬʝʨʠʯʝʩʢʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ: ʧʨʠʥʪʝʨ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʦʢʨʫʞʥʦʩʪʠ ʠ 

ʧʝʯʘʪʘʝʪ ʦʙʲʝʢʪ ʚʦʢʨʫʛ ʩʝʙʷ ʚʨʘʱʘʷʩʴ ʠ ʧʦʜʥʠʤʘʷʩʴ ʩ ʢʘʞʜʳʤ 

ʩʣʦʝʤ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʪʘʢ ʫʩʪʨʦʝʥ ʩʪʨʦʠʪʝʣʴʥʳʡ ʧʨʠʥʪʝʨ, 

ʧʝʯʘʪʘʶʱʠʡ ʜʦʤʘ ʙʝʪʦʥʦʤ ʚʤʝʩʪʦ ʧʣʘʩʪʠʢʘ. ɹʣʘʛʦʜʘʨʷ 

ʧʦʣʷʨʥʦʡ ʩʭʝʤʝ ʧʝʯʘʪʠ, ʫʩʪʨʦʡʩʪʚʦ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʤʧʘʢʪʥʦ ʠ 

ʤʦʙʠʣʴʥʦ. ɺʦʦʙʱʝ, ʠʜʝʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 3D ʧʨʠʥʪʝʨʦʚ ʦʯʝʥʴ 

ʠʥʪʝʨʝʩʥʘ ʠ ʧʝʨʩʧʝʢʪʠʚʥʘ, ʥʦ ʵʪʦ ʪʝʤʘ ʦʪʜʝʣʴʥʦʡ ʩʪʘʪʴʠ. 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ 

ʇʨʠʥʪʝʨ-ʤʘʥʠʧʫʣʷʪʦʨ. ʇʨʦʤʳʰʣʝʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ 

ʚʝʩʴʤʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳ ʠ ʪʦʯʥʳ. ʀ ʝʩʪʝʩʪʚʝʥʥʦ, ʠʥʞʝʥʝʨʳ 

ʫʞʝ ʥʝ ʨʘʟ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʠʭ ʨʫʢʝ ʵʢʩʪʨʫʜʝʨ ʠ ʫʯʠʣʠ ʚʳʚʦʜʠʪʴ 

ʠʤ ʧʨʘʚʠʣʴʥʳʝ ʢʨʠʚʳʝ. ʇʝʯʘʪʴ ʩ ʤʘʥʠʧʫʣʷʪʦʨʘ ʤʦʞʝʪ ʚʝʩʪʠʩʴ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʦ ʧʦʩʣʦʡʥʦ, ʪʘʢ ʠ ʧʦʜʦʙʥʦ 3D-ʨʫʯʢʝ - ʚʳʪʷʛʠʚʘʪʴ 

ʣʠʥʠʠ ʧʨʷʤʦ ʚ ʚʦʟʜʫʭʝ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤʠ ʪʦʯʢʘʤʠ, ʯʪʦ, ʢʦʥʝʯʥʦ, 

ʫʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʧʝʯʘʪʴʶ FDM. ʇʦʢʘ ʯʪʦ ʪʘʢʦʡ 

ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʝʣʝʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʣʫʞʠʪ ʙʦʣʴʰʝ ʜʣʷ ʟʘʙʘʚʳ ʠ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʠ ʦʥʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʩʪʦʡʥʳ ʚʦʩʭʠʱʝʥʠʷ. 

SCARA 

SCARA (Selective Compliance Articulated Robot 

Arm) ï ʵʪʦ ʢʠʥʝʤʘʪʠʢʘ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʝʨʝʤʝʱʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ (X ʠ Y) ʟʘ ʩʯʝʪ ʩʦʯʣʝʥʝʥʠʷ ʨʳʯʘʞʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʇʝʨʝʤʝʱʝʥʠʝ ʵʢʩʪʨʫʜʝʨʘ ʚʚʝʨʭ-ʚʥʠʟ 

(ʚʜʦʣʴ ʦʩʠ Z) ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʤʝʭʘʥʠʟʤʦʤ ʧʦ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʘʧʨʘʚʣʷʶʱʝʡ. 

ʊʘʢʠʝ ʧʨʠʙʦʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ 

ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ, ʧʨʠ ʨʘʙʦʪʝ ʠʟʜʘʶʪ ʤʠʥʠʤʫʤ ʰʫʤʘ 

ʠ ʚʠʙʨʘʮʠʡ. SCARA ʧʦ ʜʝʪʘʣʠʟʘʮʠʠ ʧʝʯʘʪʠ ʧʨʝʚʟʦʰʣʠ ʠ ʢʘʨʪʝʟʠʘʥʩʢʠʝ ʤʦʜʝʣʠ: ʨʘʟʥʠʮʘ ʝʱʝ 

ʠ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʚʳʝ ʨʘʙʦʪʘʶʪ ʦʱʫʪʠʤʦ ʙʳʩʪʨʝʝ. ʊʘʢʘʷ ʢʠʥʝʤʘʪʠʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʨʦʙʦʪʘʭ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʥʠʤ ʧʨʠʤʝʥʷʶʪʩʷ ʦʩʦʙʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ 

ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʊʘʢʠʝ ʨʦʙʦʪʳ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʤʥʦʛʦʯʘʩʦʚʳʝ ʨʘʙʦʯʠʝ 

ʩʤʝʥʳ, ʠ ʩʪʦʷʪ ʦʥʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʜʸʰʝʚʦ. 

ʇʣʶʩʳ: 

- ʪʦʯʥʦʩʪʴ ʧʝʯʘʪʠ; 

- ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ; 

- ʥʝʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ ʤʘʩʩʘ. 

ʄʠʥʫʩʳ: 

- ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʞʝʩʪʢʦʩʪʠ ʚ ʟʦʥʝ ʦʩʝʡ X ʠ Y; 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

- ʥʝ ʩʘʤʘʷ ʰʠʨʦʢʘʷ ʩʬʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʷʪʠʦʩʝʚʳʝ ʧʨʠʥʪʝʨʳ 
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ʇʷʪʠ ʦʩʝʚʳʝ, ʠʣʠ 5ʜ ʧʨʠʥʪʝʨʳ ð ʵʪʦ ʦʪʜʝʣʴʥʳʡ 

ʢʣʘʩʩ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʩʷʤ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʝʨʝʤʝʱʘʪʴ 

ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʢʘʢ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʥʞʝʥʝʨʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʝʩʥʳʭ ʜʠʟʘʡʥʝʨʩʢʠʭ ʠ ʭʫʜʦʞʝʩʪʚʝʥʥʳʭ 

ʨʝʰʝʥʠʡ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʢʠʥʝʤʘʪʠʢʘ 

ʧʷʪʠʦʩʝʚʳʭ ʧʨʠʥʪʝʨʦʚ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʙʣʦʢʘ: ʧʝʨʚʳʡ 

ʙʣʦʢ ʧʝʨʝʤʝʱʘʝʪ ʧʝʯʘʪʘʶʱʫʶ ʛʦʣʦʚʫ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ 

ʜʚʝ ʦʩʠ ʩʚʦʙʦʜʳ, ʢʘʢ ʚʦ ʤʥʦʛʠʭ ʢʘʨʪʝʟʠʘʥʩʢʠʭ 

ʢʠʥʝʤʘʪʠʢʘʭ, ɸ ʚʪʦʨʦʡ ʙʣʦʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʧʝʯʘʪʥʳʡ 

ʩʪʦʣ ʧʨʠʥʪʝʨʘ, ʫ ʢʦʪʦʨʦʛʦ, ʧʦʤʠʤʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʦʩʠ 

Z, ʧʦʷʚʣʷʝʪʩʷ ʦʜʥʘ ʦʩʴ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ, ʠ ʚʪʦʨʘʷ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ, 

ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʘʢʣʦʥʷʪʴ ʩʪʦʣ ʥʘ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʜʫʩʦʚ. 

ʉʣʦʠ ʠ ʧʦʣʦʞʝʥʠʷ ʥʠʪʝʡ ʧʣʘʩʪʠʢʘ ʚ ʤʦʜʝʣʠ ʪʝʧʝʨʴ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ 

ʧʘʨʘʣʣʝʣʴʥʦ, ʘ ʤʥʦʛʠʤʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʥʘʧʝʯʘʪʘʥʥʳʝ ʤʦʜʝʣʠ ʩ 

ʚ ʨʘʟʳ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʜʦʣʞʘʪʴ 

ʧʝʯʘʪʴ ʙʫʢʚʘʣʴʥʦ ʩʙʦʢʫ ʤʦʜʝʣʠ, ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚ 3ʜ ʧʨʠʥʪʝʨʘʭ ʥʝʦʙʭʦʜʠʤʦ ʧʝʯʘʪʘʪʴ ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʜʝʪʘʣʴʶ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʥʫʞʥʫʶ ʛʝʦʤʝʪʨʠʶ ʫ ʨʝʟʫʣʴʪʘʪʘ ʧʝʯʘʪʠ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʷʪʠ ʦʩʝʡ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʦʩʦʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʧʦʣʫʯʘʪʴ 

ʥʘʧʝʯʘʪʘʥʥʳʝ ʤʦʜʝʣʠ ʥʘʤʥʦʛʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ 3ʜ ʧʨʠʥʪʝʨʘʤʠ. 

ʂʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʩʧʦʩʦʙ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ, 

ʤʝʪʦʜ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʦʙʣʘʜʘʝʪ ʩʘʤʳʤ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʬʠʣʘʤʝʥʪʦʚ). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʧʦʣʠʤʝʨʦʚ, ʚʢʣʶʯʘʷ ʘʢʨʠʣʦʥʠʪʨʠʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣ (ɸɹʉ-ʧʣʘʩʪʠʢ), 

ʧʦʣʠʢʘʨʙʦʥʘʪ (ʇʂ), ʧʦʣʠʣʘʢʪʠʜ (ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, ʇʃɸ), ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʠ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ (ʇʕɺɼ, ʇʕʅʇ), ʩʤʝʩʠ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʠ ɸɹʉ-ʧʣʘʩʪʠʢʘ, 

ʧʦʣʠʬʝʥʠʣʝʥʩʫʣʴʬʦʥ ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʦʣʠʤʝʨ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʥʘʧʦʣʥʠʪʝʣʷ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʯʠʩʪʦʛʦ ʧʣʘʩʪʠʢʘ. 

ɺ ʩʦʦʙʱʝʩʪʚʝ ʵʥʪʫʟʠʘʩʪʦʚ 3D-ʧʝʯʘʪʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʝʨʝʨʘʙʦʪʢʫ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʚ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3D-ʧʝʯʘʪʠ. ʇʨʦʝʢʪʳ ʦʩʥʦʚʘʥʳ ʥʘ 

ʚʳʨʘʙʦʪʢʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʰʨʝʜʝʨʦʚ ʠ ʧʝʨʝʧʣʘʚʣʷʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʩʦʟʜʘʚʘʝʤʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ. ʅʘʧʨʠʤʝʨ, ʩʦʟʜʘʥʠʝ ʥʘʚʝʩʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʪʘʢʠʭ, ʢʘʢ 

ʩʪʘʣʘʢʪʠʪʳ) ʥʝʚʦʟʤʦʞʥʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʧʦʜʜʝʨʞʢʠ. ʕʪʦ 

ʦʛʨʘʥʠʯʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʚʨʝʤʝʥʥʳʭ ʦʧʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʫʜʘʣʷʝʤʳʭ ʧʦ 

ʟʘʚʝʨʰʝʥʠʠ ʧʝʯʘʪʠ. ɻʣʘʚʥʳʤ ʞʝ ʜʦʩʪʦʠʥʩʪʚʦʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʝʝ ʜʦʩʪʫʧʥʦʩʪʴ: 

ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʵʢʩʪʨʫʟʠʦʥʥʳʡ 3D-ʧʨʠʥʪʝʨ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʦʪʨʝʙʫʝʪʩʷ ʚʣʦʞʠʪʴ ʚʩʝʛʦ 

30â40 ʪʳʩʷʯ ʨʫʙʣʝʡ. 

2.2.ʈʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3D-ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ 

ʇʦʣʠʣʘʢʪʠʜ (ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, ʇʃɸ, polylactic acid, PLA ) - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 3D-ʧʝʯʘʪʠ ʧʦʣʠʤʝʨʦʚ. ʕʪʦ ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʡ, 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ, ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ (ʈʠʩʫʥʦʢ 2.2), ʤʦʥʦʤʝʨʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 

ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ [1]. 
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ʈʠʩʫʥʦʢ 2.2. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʣʘʢʪʠʜʘ 

ʉʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʫʞʘʪ ʝʞʝʛʦʜʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʨʝʩʫʨʩʳ, ʪʘʢʠʝ, ʢʘʢ 

ʢʫʢʫʨʫʟʘ ʠ ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʩ ʢʦʨʦʪʢʠʤ ʩʨʦʢʦʤ 

ʩʣʫʞʙʳ (ʧʠʱʝʚʘʷ ʫʧʘʢʦʚʢʘ, ʦʜʥʦʨʘʟʦʚʘʷ ʧʦʩʫʜʘ, ʧʘʢʝʪʳ, ʨʘʟʣʠʯʥʘʷ ʪʘʨʘ), ʘ ʪʘʢʞʝ ʚ 

ʤʝʜʠʮʠʥʝ, ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʥʠʪʝʡ ʠ ʰʪʠʬʪʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʴ ʧʦʣʠʣʘʢʪʠʜʘ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʩʨʘʟʫ 

ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʣʠʣʘʢʪʠʜ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺʦ-

ʚʪʦʨʳʭ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʧʦʣʠʤʝʨʦʤ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʠʣʘʢʪʠʜ ʧʦʣʥʦʩʪʴʶ 

ʙʠʦʨʘʟʣʘʛʘʝʤ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʣʠʣʘʢʪʠʜʘ ʢ ʙʠʦʨʘʟʣʦʞʝʥʠʶ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʝʛʦ 

ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʇʣʘʩʪʠʢ ʣʝʛʢʦ ʚʧʠʪʳʚʘʝʪ ʚʦʜʫ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʦʢ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʠ 

ʠʟ ʇʃɸ ʥʝ ʧʨʝʜʥʘʟʥʘʯʘʶʪʩʷ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʘ ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʟʘʡʥʝʨʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʫʚʝʥʠʨʦʚ ʠ ʠʛʨʫʰʝʢ. ʉʨʝʜʠ ʥʝʤʥʦʛʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʠʤʝʥʝʥʠʡ ʧʦʣʠʣʘʢʪʠʜʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʧʘʢʦʚʢʠ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʥʠʪʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʧʦʜʰʠʧʥʠʢʘʭ, ʥʝ ʥʝʩʫʱʠʭ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (ʥʘʧʨʠʤʝʨ, ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ), 

ʯʪʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʦʪʣʠʯʥʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʢʦʣʴʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠʤʝʥʝʥʠʷ ʇʃɸ ʚ 3D-ʧʝʯʘʪʠ ʩʣʫʞʠʪ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ - ʚʩʝʛʦ 170-180 ÁC, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʤʫ ʨʘʩʭʦʜʫ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʦʨʦʛʠʭ ʩʦʧʝʣ ʠʟ ʣʘʪʫʥʠ ʠ ʘʣʶʤʠʥʠʷ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʪʨʫʟʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ 160-170 ÁC. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʧʦʣʠʣʘʢʪʠʜ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦ ʟʘʩʪʳʚʘʝʪ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 50 ÁC), ʯʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ 3D ʧʨʠʥʪʝʨʘ. ʆʧʪʠʤʘʣʴʥʳʤ ʚʘʨʠʘʥʪʦʤ 

ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʩ ʢʦʨʧʫʩʦʤ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ, ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʦʡ (ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʜʝʬʦʨʤʘʮʠʡ ʤʦʜʝʣʝʡ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ) ʠ, ʞʝʣʘʪʝʣʴʥʦ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʚʝʥʪʠʣʷʪʦʨʘʤʠ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʩʚʝʞʠʭ ʩʣʦʝʚ ʤʦʜʝʣʠ. 

ʇʦʣʠʣʘʢʪʠʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʦʡ ʫʩʘʜʢʦʡ, ʪ. ʝ. ʧʦʪʝʨʝʡ ʦʙʲʝʤʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʜʝʬʦʨʤʘʮʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʩʘʜʢʘ ʠʤʝʝʪ ʢʫʤʫʣʷʪʠʚʥʳʡ 

ʵʬʬʝʢʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʛʘʙʘʨʠʪʦʚ ʧʝʯʘʪʘʝʤʳʭ ʤʦʜʝʣʝʡ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ 

ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʧʦʜʦʛʨʝʚ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʧʝʯʘʪʘʝʤʳʭ 

ʦʙʲʝʢʪʦʚ. 

ʇʣʦʪʥʦʩʪʴ ʇʃɸ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 1200 ʜʦ 1400 ʢʛ/ʤʕ. ʉʪʦʠʤʦʩʪʴ ʧʦʣʠʣʘʢʪʠʜʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ, ʯʪʦ ʜʦʙʘʚʣʷʝʪ ʧʦʧʫʣʷʨʥʦʩʪʠ ʵʪʦʤʫ ʤʘʪʝʨʠʘʣʫ. ʋʩʨʝʜʥʝʥʥʳʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʣʘʢʪʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2.1 

ʊʘʙʣʠʮʘ 2.1 ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʣʘʢʪʠʜʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, Áʉ 170-180 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, Áʉ 50 

ʊʚʝʨʜʦʩʪʴ (ʧʦ ʈʦʢʚʝʣʣʫ), R 70-90 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, % 3,8 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʠʟʛʠʙʝ, ʄʇʘ 55,3 
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ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚʝ, ʄʇʘ 57,8 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 3,3 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ɻʇʘ 2,3 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, Áʉ 60-65 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,23-1,38 

ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʦʢ, ʤʤ 1 

ʊʦʯʥʦʩʪʴ ʧʝʯʘʪʠ, % Ñ 0,1 

ʈʘʟʤʝʨ ʤʝʣʴʯʘʡʰʠʭ ʜʝʪʘʣʝʡ, ʤʤ 0,3 

ʋʩʘʜʢʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ, - 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ, % 0,5-50 

ɸɹʉ-ʧʣʘʩʪʠʢ (ʘʢʨʠʣʦʥʠʪʨʠʣ-ʙʫʪʘʜʠʝʥ-ʩʪʠʨʦʣ, ABS) - ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʩʘʤʳʡ 

ʧʦʧʫʣʷʨʥʳʡ ʧʦʣʠʤʝʨ ʠʟ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 3D-ʧʝʯʘʪʠ. ɸɹʉ-ʧʣʘʩʪʠʢ - ʵʪʦ ʫʜʘʨʦʧʨʦʯʥʳʡ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ, ʧʦʣʫʯʝʥʥʳʡ ʩʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʘʢʨʠʣʦʥʠʪʨʠʣʘ ʩ ʙʫʪʘʜʠʝʥʦʤ ʠ 

ʩʪʠʨʦʣʦʤ (ʥʘʟʚʘʥʠʝ ʧʣʘʩʪʠʢʘ ʦʙʨʘʟʦʚʘʥʦ ʠʟ ʥʘʯʘʣʴʥʳʭ ʙʫʢʚ ʥʘʠʤʝʥʦʚʘʥʠʡ ʤʦʥʦʤʝʨʦʚ). 

ʇʨʦʧʦʨʮʠʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʈʠʩʫʥʦʢ 2.3) ʚ ʩʦʩʪʘʚʝ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 15ð35 % ʜʣʷ ʘʢʨʠʣʦʥʠʪʨʠʣʘ, 5ð30 % ʜʣʷ ʙʫʪʘʜʠʝʥʘ ʠ 40ð60 % ʜʣʷ ʩʪʠʨʦʣʘ. 

 

 
ʈʠʩʫʥʦʢ 2.3. ʄʦʥʦʤʝʨʳ ʜʣʷ ʩʠʥʪʝʟʘ ɸɹʉ-ʧʣʘʩʪʠʢʘ 

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʦʪʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʪʘʙʣ. 2.2), ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɸɹʉ-ʧʣʘʩʪʠʢ 

ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ: 

- ʜʝʪʘʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ (ʧʨʠʙʦʨʥʳʭ ʱʠʪʢʦʚ, ʵʣʝʤʝʥʪʦʚ ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, 
ʨʘʜʠʘʪʦʨʥʦʡ ʨʝʰʸʪʢʠ); 

- ʢʦʨʧʫʩʦʚ ʢʨʫʧʥʦʡ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ, ʨʘʜʠʦ- ʠ ʪʝʣʝʘʧʧʘʨʘʪʫʨʳ, ʜʝʪʘʣʝʡ 

ʵʣʝʢʪʨʦʦʩʚʝʪʠʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʧʳʣʝʩʦʩʦʚ, ʢʦʬʝʚʘʨʦʢ; 

- ʧʫʣʴʪʦʚ ʫʧʨʘʚʣʝʥʠʷ; 

- ʪʝʣʝʬʦʥʦʚ, ʬʘʢʩʦʚʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʤʧʴʶʪʝʨʦʚ, ʤʦʥʠʪʦʨʦʚ, ʧʨʠʥʪʝʨʦʚ, 

ʢʘʣʴʢʫʣʷʪʦʨʦʚ, ʜʨʫʛʦʡ ʙʳʪʦʚʦʡ ʠ ʦʨʛʪʝʭʥʠʢʠ; 

- ʢʦʨʧʫʩʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ; 

- ʩʧʦʨʪʠʥʚʝʥʪʘʨʷ; 

- ʜʝʪʘʣʝʡ ʦʨʫʞʠʷ; 

- ʤʝʙʝʣʠ (ʈʠʩʫʥʦʢ 2.4); 

- ʩʘʥʪʝʭʥʠʢʠ; 

- ʚʳʢʣʶʯʘʪʝʣʝʡ ʠ ʪʫʤʙʣʝʨʦʚ; 

- ʢʘʥʮʝʣʷʨʩʢʠʭ ʠʟʜʝʣʠʡ; 
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- ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ; 

- ʠʛʨʫʰʝʢ ʠ ʜʝʪʩʢʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ; 

- ʯʝʤʦʜʘʥʦʚ ʠ ʢʦʥʪʝʡʥʝʨʦʚ; 

- ʜʝʪʘʣʝʡ ʤʝʜʠʮʠʥʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ; 

- ʩʤʘʨʪ-ʢʘʨʪ. 

ʂʨʦʤʝ ʪʦʛʦ, ɸɹʉ-ʧʣʘʩʪʠʢ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʜʦʙʘʚʢʘ, ʧʦʚʳʰʘʶʱʘʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ ʠ 

ʫʣʫʯʰʘʶʱʘʷ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜʘ (ʇɺʍ), ʢʘʢ ʜʦʙʘʚʢʘ, ʧʦʚʳʰʘʶʱʘʷ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʧʦʣʠʩʪʠʨʦʣʘ, ʘ 

ʪʘʢʞʝ ʢʘʢ ʜʦʙʘʚʢʘ ʩʥʠʞʘʶʱʘʷ ʮʝʥʫ ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ. 

ʊʘʙʣʠʮʘ 2.2 ʉʚʦʡʩʪʚʘ ɸɹʉ-ʧʣʘʩʪʠʢʦʚ ʜʣʷ 3D-ʧʝʯʘʪʠ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, Áʉ ~ 105 

ʇʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ, ʄʇʘ 41 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ, ʄʇʘ 22 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 1627 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, % 6 

ʋʩʘʜʢʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ, % ɼʦ 0,8 

ʇʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʛ/ʩʤ
3
 ~ 1,05 

 

ɸɹʉ-ʧʣʘʩʪʠʢ ʫʩʪʦʡʯʠʚ ʢ ʚʣʘʛʝ, ʢʠʩʣʦʪʘʤ ʠ ʤʘʩʣʫ, ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʝʨʤʦʫʩʪʦʡʯʠʚʦʩʪʠ - ʦʪ 90 Áʉ ʜʦ 110 ÁC. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ 

ʤʘʪʝʨʠʘʣʘ ʨʘʟʨʫʰʘʶʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ, ʯʪʦ ʥʝʩʢʦʣʴʢʦ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ɸɹʉ-ʧʣʘʩʪʠʢ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʦʢʨʘʩʢʝ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʥʘ ʥʝʤʝʭʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ. 

 

 
ʈʠʩʫʥʦʢ 2.4. ʉʪʫʣʴʷ ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʪʝʢʣʦʚʘʥʠʷ (ʦʢʦʣʦ 100 ÁC), ɸɹʉ-

ʧʣʘʩʪʠʢ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ. ɺʚʠʜʫ ʘʤʦʨʬʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ ɸɹʉ-ʧʣʘʩʪʠʢ ʥʝ ʠʤʝʝʪ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʢʘʢ ʪʘʢʦʚʦʡ, ʥʦ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ 

ʵʢʩʪʨʫʟʠʠ ʩʯʠʪʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʝʜʝʣʘʭ 180-200 ÁC (ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʩ 

ʧʦʣʠʣʘʢʪʠʜʦʤ). ʅʠʟʢʠʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʵʢʩʪʨʫʟʠʠ ʠ ʩʪʝʢʣʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʟʘʩʪʳʚʘʥʠʶ ɸɹʉ- ʧʣʘʩʪʠʢʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʣʘʢʪʠʜʦʤ. 

ʆʩʥʦʚʥʳʤ ʤʠʥʫʩʦʤ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʫʩʘʜʢʠ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ - ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʧʦʪʝʨʷʪʴ ʜʦ 0,8 % ʦʙʲʝʤʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʤʦʜʝʣʠ, ʟʘʢʨʫʯʠʚʘʥʠʶ ʧʝʨʚʳʭ ʩʣʦʝʚ ʠ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ. ɼʣʷ 

ʙʦʨʴʙʳ ʩ ʵʪʠʤʠ ʥʝʧʨʠʷʪʥʳʤʠ ʷʚʣʝʥʠʷʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʰʝʥʠʷ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʜʦʛʨʝʚʘʝʤʳʝ ʨʘʙʦʯʠʝ ʧʣʘʪʬʦʨʤʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʝ ʩʥʠʞʝʥʠʶ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʥʠʞʥʠʤʠ ʠ ʚʝʨʭʥʠʤʠ ʩʣʦʷʤʠ ʤʦʜʝʣʠ. ɺʦ-ʚʪʦʨʳʭ, 3D-ʧʨʠʥʪʝʨʳ ʜʣʷ 

ʧʝʯʘʪʠ ɸɹʉ- ʧʣʘʩʪʠʢʦʤ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʶʪ ʟʘʢʨʳʪʳʝ ʢʦʨʧʫʩʘ ʠ ʨʝʛʫʣʠʨʦʚʢʫ ʬʦʥʦʚʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ 

ʥʘ ʦʪʤʝʪʢʝ ʯʫʪʴ ʥʠʞʝ ʧʦʨʦʛʘ ʩʪʝʢʣʦʚʘʥʠʷ, ʩʥʠʞʘʷ ʩʪʝʧʝʥʴ ʫʩʘʜʢʠ. ʇʦʣʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʧʨʦʚʦʜʠʪʩʷ ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʛʦʪʦʚʦʡ ʤʦʜʝʣʠ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʘʷ çʣʠʧʫʯʝʩʪʴè ɸɹʉ-ʧʣʘʩʪʠʢʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʩʭʚʘʪʳʚʘʥʠʷ ʩ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʪʘʢʠʭ, ʢʘʢ ʢʣʝʡʢʘʷ ʣʝʥʪʘ, ʧʦʣʠʠʤʠʜʥʘʷ 

ʧʣʝʥʢʘ ʠʣʠ ʥʘʥʝʩʝʥʠʝ ʨʘʩʪʚʦʨʘ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʚ ʘʮʝʪʦʥʝ ʥʘ ʧʣʘʪʬʦʨʤʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʧʝʨʝʜ ʧʝʯʘʪʴʶ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ɸɹʉ-ʧʣʘʩʪʠʢ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʳ 

ʟʜʦʨʦʚʴʶ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʣʘʩʪʠʢʘ ʚʳʜʝʣʷʶʪʩʷ ʧʘʨʳ ʘʢʨʠʣʦʥʠʪʨʠʣʘ - ʷʜʦʚʠʪʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʧʦʩʦʙʥʦʛʦ ʚʳʟʚʘʪʴ ʨʘʟʜʨʘʞʝʥʠʝ ʩʣʠʟʠʩʪʳʭ ʦʙʦʣʦʯʝʢ ʠ ʦʪʨʘʚʣʝʥʠʝ. ʍʦʪʷ 

ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʘʢʨʠʣʦʥʠʪʨʘʪʘ ʧʨʠ ʤʘʣʦʤʘʩʰʪʘʙʥʦʡ ʧʝʯʘʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʯʘʪʘʪʴ ʚ ʭʦʨʦʰʦ ʧʨʦʚʝʪʨʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠʣʠ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʳʪʷʞʢʫ. 

ʅʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ɸɹʉ- ʧʣʘʩʪʠʢ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʠ 

ʧʦʩʫʜʳ (ʦʩʦʙʝʥʥʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʦʨʷʯʝʡ ʧʠʱʠ ʠʣʠ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ) ʠʣʠ ʠʛʨʫʰʝʢ ʜʣʷ 

ʤʘʣʝʥʴʢʠʭ ʜʝʪʝʡ. 

ʍʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʚ ʘʮʝʪʦʥʝ ʚʝʩʴʤʘ ʧʦʣʝʟʥʘ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʙʦʣʴʰʠʝ ʤʦʜʝʣʠ ʧʦ ʯʘʩʪʷʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʢʣʝʠʚʘʥʠʝʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝʜʦʨʦʛʠʭ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʥʪʝʨʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʚʠʜʳ ɸɹʉ-ʧʣʘʩʪʠʢʠ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 

ʇʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (ʇɺʉ, poly(vinyl alcohol, PVA, PVAl ) - ʠʩʢʫʩʩʪʚʝʥʥʳʡ, 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ ʨʠʩʫʥʦʢ 2.5). ʉʠʥʪʝʟ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʘʢʮʠʝʡ ʱʝʣʦʯʥʦʛʦ ʣʠʙʦ ʢʠʩʣʦʪʥʦʛʦ ʛʠʜʨʦʣʠʟʘ ʠʣʠ ʘʣʢʦʛʦʣʠʟʘ ʩʣʦʞʥʳʭ 

ʧʦʣʠʚʠʥʠʣʦʚʳʭ ʵʬʠʨʦʚ. ʇɺʉ - ʪʚʝʨʜʳʡ ʧʦʣʠʤʝʨ ʙʝʣʦʛʦ ʮʚʝʪʘ ʙʝʟ ʚʢʫʩʘ ʠ ʟʘʧʘʭʘ, 

ʥʝʪʦʢʩʠʯʝʥ. ʇɺʉ ʤʦʞʝʪ ʢʨʠʩʪʘʣʣʠʟʦʚʘʪʴʩʷ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʚ ʠʥʪʝʨʚʘʣʝ 80-225 Áʉ, 

ʜʦʩʪʠʛʘʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (68 %). ʄʘʢʨʦʤʦʣʝʢʫʣʳ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʦʙʳʯʥʦ 

ʩʦʜʝʨʞʘʪ 1,0-2,5 % ʟʚʝʥʴʝʚ, ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʧʦ ʪʠʧʫ çʛʦʣʦʚʘ ʢ ʛʦʣʦʚʝè, ʠ ʠʤʝʶʪ 

ʘʪʘʢʪʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʇɺʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 5000 - 1000000 ʘ. ʝ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʠʥʠʣʦʚʳʭ ʤʦʥʦʤʝʨʦʚ, ʇɺʉ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ (ɺʉ). ʆʩʥʦʚʥʳʤ 

ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʇɺʉ ʩʣʫʞʠʪ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪ (ʇɺɸ). 

 

 
ʈʠʩʫʥʦʢ 2.5. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʇɺʉ 

ʇʦʤʠʤʦ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʚ ʢʘʯʝʩʪʚʝ: 

- ʢʣʝʷ ʜʣʷ ʙʫʤʘʛʠ ʠ ʧʣʠʪ; 

- ʟʘʛʫʩʪʠʪʝʣʷ ʠ ʤʦʜʠʬʠʢʘʪʦʨʘ ʢʣʝʝʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʘ; 

- ʢʣʝʷ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

- ʧʦʢʨʳʪʠʡ; 

- ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʧʣʝʥʦʢ; 

- ʛʣʘʟʥʳʭ ʢʘʧʝʣʴ ʠ ʩʤʘʟʦʢ ʞʝʩʪʢʠʭ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ; 

- ʘʨʤʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʙʝʪʦʥʳ; 

- ʩʳʨʴʷ ʜʣʷ ʧʦʣʠʚʠʥʠʣʥʠʪʨʘʪʘ; 

- ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ); 
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- ʟʘʱʠʪʥʳʭ ʧʝʨʯʘʪʦʢ; 

- ʘʛʝʥʪʘ ʵʤʙʦʣʠʟʘʮʠʠ ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʦʮʝʜʫʨʘʭ. 

ʇʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʦʩʦʙʦʡ ʦʙʣʘʩʪʴʶ 

ʧʨʠʤʝʥʝʥʠʷ. ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʇɺʉ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʴ. 3D-ʧʨʠʥʪʝʨʳ, 

ʦʩʥʘʱʝʥʥʳʝ ʜʚʦʡʥʳʤʠ ʵʢʩʪʨʫʜʝʨʘʤʠ, ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ ʩ ʦʧʦʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ ʠʟ ʇɺʉ (ʨʠʩ. 2.6). ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʝʯʘʪʠ ʦʧʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʳ ʚ ʚʦʜʝ, 

ʦʩʪʘʚʣʷʷ ʛʦʪʦʚʫʶ ʤʦʜʝʣʴ, ʥʝ ʪʨʝʙʫʶʱʫʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ 

ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ ʜʣʷ ʣʠʪʝʡʥʳʭ ʬʦʨʤ ʠ ʩʘʤʠʭ ʣʠʪʝʡʥʳʭ ʬʦʨʤ. 

 
ʈʠʩʫʥʦʢ 2.6. ʄʦʜʝʣʴ, ʨʘʩʧʝʯʘʪʘʥʥʘʷ ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ (ʢʨʘʩʥʳʡ) ʠ ʇɺʉ-ʧʣʘʩʪʠʢʘ (ʙʝʣʳʡ). ʆʧʦʨʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʇɺʉ ʧʦʜʣʝʞʘʪ ʫʜʘʣʝʥʠʶ ʧʨʦʩʪʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʚ ʚʦʜʝ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʇɺʉ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʳ (ʪʘʙʣ. 2.3). ʇʨʠ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ 

ʧʣʘʩʪʠʢ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʨʦʯʥʦʩʪʴ, ʥʦ ʚʦʟʨʘʩʪʘʝʪ ʵʣʘʩʪʠʯʥʦʩʪʴ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʫʟʠʠ ʩʦʩʪʘʚʣʷʝʪ 160-175 ÁC, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʇɺʉ ʚ ʧʨʠʥʪʝʨʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʧʝʯʘʪʠ ɸɹʉ- ʠ ʇʃɸ-

ʧʣʘʩʪʠʢʘʤʠ. 

ʊʘʙʣʠʮʘ 2.3 ʉʚʦʡʩʪʚʘ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 5000-200000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % 30-70 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,27-1,3 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 220-230 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 
ʦ
ʉ 85-90 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʩʪʨʫʢʮʠʠ, 
ʦ
ʉ 230 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ʄʘʨʪʝʥʩʫ, 
ʦ
ʉ 140 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɺʠʢʘ, 
ʦ
ʉ 160 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 60-120 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, % 10-30 

 

ʊʘʢ ʢʘʢ ʤʘʪʝʨʠʘʣ ʣʝʛʢʦ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʭʨʘʥʠʪʴ ʇɺʉ-ʧʣʘʩʪʠʢ ʚ ʩʫʭʦʡ 

ʫʧʘʢʦʚʢʝ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʩʫʰʠʚʘʪʴ ʧʝʨʝʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʉʫʰʢʫ ʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʚ ʛʦʥʯʘʨʥʦʡ ʧʝʯʠ ʠʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ ʜʫʭʦʚʢʝ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʩʫʰʢʘ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʘʪʫʰʝʢ ʟʘʥʠʤʘʝʪ 6-8 ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60-80 ÁC. ʅʘʛʨʝʚʘʥʠʝ ʚʳʰʝ 

ʪʝʤʧʝʨʘʪʫʨʳ 220 ÁC ʧʨʠʚʝʜʝʪ ʢ ʨʘʟʣʦʞʝʥʠʶ ʧʣʘʩʪʠʢʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ 

ʧʝʯʘʪʠ. 
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ʅʝʡʣʦʥʦʤ (nylon) ʥʘʟʳʚʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʘʤʠʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʣʦʢʦʥ. ʇʦʜ ʵʪʠʤ ʪʝʨʤʠʥʦʤ ʯʘʱʝ ʚʩʝʛʦ 

ʧʦʥʠʤʘʶʪʩʷ ʧʦʣʠ-ʛʝʢʩʘ-ʤʝʪʠʣʝʥʘ-ʜʠʧʠʥʘʤʠʜ (ʘʥʠʜ ʠʣʠ ʥʝʡʣʦʥ-66), ʣʠʙʦ ʧʦʣʠ-Ů-ʢʘʧʨʦʘʤʠʜ 

(ʢʘʧʨʦʥ ʠʣʠ ʥʝʡʣʦʥ-6). ʍʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʦʩʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʝʡʣʦʥʘ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʝ. ɼʚʝ ʵʪʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʥʝʡʣʦʥʘ ʦʯʝʥʴ ʩʭʦʞʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 3D-ʧʝʯʘʪʠ 

ʦʩʥʦʚʥʳʤ ʨʘʟʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ: ʥʝʡʣʦʥ-6 ʧʣʘʚʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

220 ÁC, ʘ ʥʝʡʣʦʥ-66 ʧʨʠ 265 Áʉ (ʪʘʙʣ. 2.4). ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ 

ʷʚʣʷʝʪʩʷ ʥʝʡʣʦʥ-66. ʕʪʦʪ ʧʦʣʠʤʝʨ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʦʤʧʘʥʠʝʡ DuPont ʚ 1935 

ʛʦʜʫ. 

ʊʘʙʣʠʮʘ 2.4 ʉʚʦʡʩʪʚʘ ʥʝʡʣʦʥʦʚ 

ʉʚʦʡʩʪʚʘ ʇɸ-66 ʇɸ-6 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % 40-60 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,14-1,15 1,13-1,15 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʄʇʘ 1700 1100 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩ ʥʘʜʨʝʟʦʤ, ʧʦ ʐʘʨʧʠ, ʢɼʞ/ʤ
2
 12 20 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ÁC 260 222 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, % 16-60 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ , % 2,50 3,00 

ʇʣʦʪʥʦʩʪʴ ʩʫʭʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʛ/ʩʤ
3
 1,14 1,14 

 

 
ʈʠʩʫʥʦʢ 2.7. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʥʝʡʣʦʥʘ (ʢʘʧʨʦʥ - ʩʚʝʨʭʫ, ʘʥʠʜ ï ʩʥʠʟʫ) 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʫʯʘʩʪʢʘʭ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʥʝʡʣʦʥʦʚ ʠʤʝʶʪ ʢʦʥʬʦʨʤʘʮʠʶ ʧʣʦʩʢʦʛʦ 

ʟʠʛʟʘʛʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩ ʩʦʩʝʜʥʠʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ 

ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʥʠʣʘ ʠ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʩʦʩʝʜʥʠʭ ʘʤʠʜʥʳʭ ʛʨʫʧʧ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʥʝʡʣʦʥʳ ʦʙʣʘʜʘʶʪ ʣʫʯʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʵʬʠʨʘʤʠ ʠ ʧʦʣʠʦʣʝʬʠʥʘʤʠ, ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (40-60 %) ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʝʡʣʦʥʦʚ ʠʭ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʫʣʫʯʰʘʶʪʩʷ, ʪʘʢʦʝ ʧʦʚʳʰʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ ʭʦʣʦʜʥʦʡ ʚʳʪʷʞʢʝ 

ʚʦʣʦʢʥʘ ʥʘ 400-600 %, ʧʨʦʠʩʭʦʜʷʱʘʷ ʧʨʠ ʵʪʦʤ ʦʨʠʝʥʪʘʮʠʷ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʳʪʷʞʢʠ ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʫʧʨʦʯʥʝʥʠʶ ʚʦʣʦʢʥʘ ʚ 4-6 ʨʘʟ. 

ɺ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʝʡʣʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʪʫʣʦʢ, ʚʢʣʘʜʳʰʝʡ, ʧʣʝʥʦʢ 

ʠ ʪʦʥʢʠʭ ʧʦʢʨʳʪʠʡ. ʅʝʡʣʦʥ, ʥʘʥʝʩʝʥʥʳʡ ʥʘ ʪʨʫʱʠʝʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʚʠʜʝ ʦʙʣʠʮʦʚʢʠ ʠʣʠ 

ʪʦʥʢʦʩʣʦʡʥʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʪʦʥʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʚʪʫʣʢʠ, ʚʢʣʘʜʳʰʠ ʠ ʢʦʨʧʫʩʘ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʧʦʚʳʰʘʝʪ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ. ɺ ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʘʭ ʪʨʝʥʠʷ 

ʫʜʝʣʴʥʳʝ ʜʘʚʣʝʥʠʷ, ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠʤʝʨʥʦ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʫ ʙʘʙʙʠʪʘ. ʅʝʡʣʦʥ 

ʠʤʝʝʪ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʠ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʷʭ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʫ ʥʝʡʣʦʥʘ ʧʨʠ ʨʘʙʦʪʝ ʧʦ ʩʪʘʣʠ ʙʝʟ ʩʤʘʟʢʠ ʠʣʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʩʤʘʟʢʝ ʨʘʚʝʥ 0,17-0,20, ʩ ʤʘʩʣʷʥʦʡ ʩʤʘʟʢʦʡ - 0,014-0,020, ʩ ʚʦʜʦʡ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ - 0,02-

0,05. ʍʦʨʦʰʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʨʠʤʝʥʷʪʴ ʥʝʡʣʦʥ ʚ ʧʘʨʘʭ ʪʨʝʥʠʷ ʙʝʟ 

ʩʤʘʟʢʠ ʠʣʠ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʤʘʟʢʝ. ʃʫʯʰʠʤ ʩʤʘʟʳʚʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʢʦʤʧʦʟʠʪʦʚ 
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ʥʘ ʦʩʥʦʚʝ ʥʝʡʣʦʥʘ ʷʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ, ʵʤʫʣʴʩʠʠ ʠ ʚʦʜʘ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʦ 

150Áʉ ʥʘ ʥʝʡʣʦʥ ʥʝ ʚʣʠʷʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʤʘʩʣʘ, ʢʦʥʩʠʩʪʝʥʪʥʳʝ ʩʤʘʟʢʠ. ʆʥ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʥʝ ʧʦʜʜʘʸʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʣʘʙʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʠʩʣʦʪ, ʱʝʣʦʯʝʡ ʠ ʩʦʣʸʥʦʡ ʚʦʜʳ. 

ʅʝʡʣʦʥʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʪʝʨʤʦʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʝʩʪʨʫʢʮʠʠ, 

ʚʝʜʫʱʝʡ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʧʨʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 100ð120Áʉ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʩʥʠʞʘʝʪʩʷ ʚ 5-10 ʨʘʟ. ɼʝʩʪʨʫʢʮʠʷ 

ʫʩʢʦʨʷʝʪʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʝʡʣʦʥ ʧʨʠʚʣʝʢʘʪʝʣʝʥ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʨʝʥʠʷ. ʊʘʢ, ʥʝʡʣʦʥ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʢʨʳʪʠʷ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʠ ʜʘʞʝ ʧʦʟʚʦʣʷʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʝʟ ʩʤʘʟʢʠ. ɺʩʣʝʜ ʟʘ 

ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʡʣʦʥʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʤ ʟʘʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʠ ʚ ʩʬʝʨʝ 

ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʧʳʪʢʠ ʧʝʯʘʪʘʪʴ ʥʝʡʣʦʥʦʤ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʩ 

ʧʝʨʚʳʭ ʜʥʝʡ ʧʦʷʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ. 

ʄʥʦʛʠʝ ʣʶʙʠʪʝʣʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʣʦʥʦʚʳʝ ʥʠʪʠ, ʜʦʩʪʫʧʥʳʝ ʚ ʰʠʨʦʢʦʡ 

ʧʨʦʜʘʞʝ, ʪʘʢʠʝ, ʢʘʢ ʧʨʦʚʦʣʦʢʘ ʜʣʷ ʩʘʜʦʚʳʭ ʪʨʠʤʤʝʨʦʚ. ɼʠʘʤʝʪʨ ʪʘʢʠʭ ʥʠʪʝʡ ʯʘʩʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʩʪʘʥʜʘʨʪʥʳʭ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʩʴʤʘ ʟʘʤʘʥʯʠʚʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʷʚʣʷʶʪʩʷ ʯʠʩʪʳʤ ʥʝʡʣʦʥʦʤ. ɺ ʩʣʫʯʘʝ ʩ ʧʨʫʪʢʘʤʠ ʜʣʷ ʪʨʠʤʤʝʨʦʚ ʤʘʪʝʨʠʘʣ ʩʦʩʪʦʠʪ ʠʟ 

ʥʝʡʣʦʥʘ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ (ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʛʠʙʢʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ). ɺʳʩʦʢʘʷ 

ʧʨʦʯʥʦʩʪʴ ʥʝʡʣʦʥʘ ʜʝʣʘʝʪ ʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʘʨʘʰʶʪʥʳʭ ʪʢʘʥʝʡ, ʩʪʨʦʧ ʠ 

ʣʷʤʦʢ; ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʝʡʣʦʥʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠʤʝʥʥʦ ʜʣʷ 

ʵʪʠʭ ʮʝʣʝʡ. ɺʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʭʦʨʦʰʘʷ ʛʠʙʢʦʩʪʴ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʣʦʥ 

ʚ ʢʘʯʝʩʪʚʝ ʰʚʝʡʥʳʭ ʥʠʪʦʢ, ʣʝʥʪ ʠ ʢʘʥʘʪʦʚ (ʈʠʩʫʥʦʢ 2.8). ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʠ ʜʨʫʛʠʭ 

ʦʙʣʘʩʪʝʡ, ʛʜʝ ʥʝʡʣʦʥ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ, ʦʜʥʘʢʦ ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʚʦʩʭʦʜʥʳʝ 

ʩʚʦʡʩʪʚʘ ʥʝʡʣʦʥʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʪʨʠʢʦʪʘʞʥʳʭ ʠʟʜʝʣʠʷʭ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʝʡʣʦʥ ʚ 

ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʢʞʝ ʚ ʢʦʚʨʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʋ 

ʥʝʡʣʦʥʦʚʳʭ ʢʦʚʨʦʚ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʜʘʞʝ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʥʠ ʤʝʥʴʰʝ ʟʘʛʨʷʟʥʷʶʪʩʷ ʠ ʣʝʛʢʦ ʯʠʩʪʷʪʩʷ. 

 

 
ʈʠʩʫʥʦʢ 2.8. ʅʝʡʣʦʥʦʚʘʷ ʣʝʥʪʘ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʧʦʧʳʪʢʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʨʘʟʨʘʙʦʪʢʠ ʧʝʯʘʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʝʡʣʦʥʘ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʧʝʯʘʪʠ ʵʨʦʟʠʦʥʥʦʛʦ ʪʠʧʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ Nylon-PA6 ʠ Taulman 680. ʋʢʘʟʘʥʥʳʝ ʤʘʨʢʠ ʧʦʜʣʝʞʘʪ ʵʢʩʪʨʫʟʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 230-

260 ÁC. 

ʊʘʢ ʢʘʢ ʥʝʡʣʦʥ ʣʝʛʢʦ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ, ʨʘʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʩʣʝʜʫʝʪ ʭʨʘʥʠʪʴ ʚ 

ʚʘʢʫʫʤʥʦʡ ʫʧʘʢʦʚʢʝ ʠʣʠ ʢʦʥʪʝʡʥʝʨʝ ʩ ʘʙʩʦʨʙʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ. ʇʨʠʟʥʘʢʦʤ ʯʨʝʟʤʝʨʥʦ 

ʚʣʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʘʨ, ʠʩʭʦʜʷʱʠʡ ʠʟ ʩʦʧʣʘ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ. ʕʪʦ ʥʝʦʧʘʩʥʦ, 
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ʦʜʥʘʢʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʠʪʴ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠ. 

ʇʨʠ ʧʝʯʘʪʠ ʥʝʡʣʦʥʦʤ ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʠʤʠʜʥʦʝ ʧʦʢʨʳʪʠʝ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ, ʪʘʢ ʢʘʢ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʣʝʛʢʦ ʩʧʣʘʚʣʷʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʢʨʳʪʠʷ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʣʠʧʢʫʶ ʣʝʥʪʫ ʩ ʚʦʩʢʦʚʦʡ ʧʨʦʧʠʪʢʦʡ (masking tape). 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʬʦʨʤʘʮʠʠ 

ʤʦʜʝʣʠ ʘʥʘʣʦʛʠʯʥʦ ʧʝʯʘʪʠ ɸɹʉ-ʧʣʘʩʪʠʢʦʤ. ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ 

ʥʝʡʣʦʥʘ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʪʨʫʜʝʨʳ ʩ ʰʠʧʦʚʘʥʥʳʤʠ ʧʨʦʪʷʛʠʚʘʶʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. 

ʉʣʦʠ ʥʝʡʣʦʥʘ, ʥʘʥʦʩʠʤʳʝ ʧʨʠʥʪʝʨʦʤ, ʠʤʝʶʪ ʦʪʣʠʯʥʫʶ ʘʜʛʝʟʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʩʩʣʦʝʥʠʷ ʤʦʜʝʣʝʡ. 

ʆʜʥʘʢʦ ʧʦʩʣʝ ʟʘʩʪʳʚʘʥʠʷ ʥʝʡʣʦʥ ʧʣʦʭʦ ʧʦʜʜʘʝʪʩʷ ʩʢʣʝʠʚʘʥʠʶ, ʧʦʵʪʦʤʫ ʧʝʯʘʪʴ 

ʢʨʫʧʥʳʭ ʤʦʜʝʣʝʡ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʟʘʪʨʫʜʥʠʪʝʣʴʥʘ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʩʢʣʝʠʚʘʥʠʶ ʤʦʞʝʪ 

ʷʚʣʷʪʴʩʷ ʩʧʣʘʚʢʘ. ʊʘʢ ʢʘʢ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʥʝʡʣʦʥʘ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ ʪʦʢʩʠʯʥʳʭ ʧʘʨʦʚ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʝʯʘʪʘʪʴ ʚ ʭʦʨʦʰʦ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʪʷʞʢʠ. 

ʇʦʣʠʢʘʨʙʦʥʘʪʳ (ʇʂ, PC) - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ 

ʩʣʦʞʥʳʝ ʧʦʣʠʵʬʠʨʳ ʫʛʦʣʴʥʦʡ ʢʠʩʣʦʪʳ ʠ ʨʘʟʣʠʯʥʳʭ ʜʚʫʭʘʪʦʤʥʳʭ ʩʧʠʨʪʦʚ. ʆʙʱʘʷ ʬʦʨʤʫʣʘ 

ʧʦʣʠʢʘʨʙʦʥʘʪʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: (-O-R-O-CO-)n. ʅʘʠʙʦʣʴʰʝʝ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʢʘʨʙʦʥʘʪʳ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʦʣʠʢʘʨʙʦʥʘʪ ʥʘ ʦʩʥʦʚʝ 

ʙʠʩʬʝʥʦʣʘ ɸ (ʈʠʩʫʥʦʢ 2.9). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʰʠʨʦʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʙʠʩʬʝʥʦʣʘ ɸ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʥʜʝʥʩʘʮʠʝʡ ʬʝʥʦʣʘ ʠ ʘʮʝʪʦʥʘ. 

 

 
ʈʠʩʫʥʦʢ 2.9. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʝ ʙʠʩʬʝʥʦʣʘ ɸ 

ʇʦʣʠʢʘʨʙʦʥʘʪʳ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʟʘ ʩʯʝʪ ʩʚʦʝʡ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ, 

ʘ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ (ʪʘʙʣ. 2.5). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʠʩʢ ʜʣʷ ʟʜʦʨʦʚʴʷ ʧʨʠ ʧʝʯʘʪʠ: ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʟʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʪʦʢʩʠʯʥʦʝ ʠ ʢʘʥʮʝʨʦʛʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʙʠʩʬʝʥʦʣ ɸ. ʆʩʪʘʪʦʯʥʳʡ ʙʠʩʬʝʥʦʣ ɸ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʷʭ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʠ ʠʩʧʘʨʷʪʴʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. ʇʦʵʪʦʤʫ 

ʧʝʯʘʪʴ ʤʦʜʝʣʝʡ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ, ʢʘʢ ʠ ʠʟ ʥʝʡʣʦʥʘ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʚ ʭʦʨʦʰʦ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʊʘʙʣʠʮʘ 2.5 ʉʚʦʡʩʪʚʘ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʥʘ ʦʩʥʦʚʝ ʙʠʩʬʝʥʦʣʘ ɸ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 20000-120000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % ʘʤʦʨʬʥʳʡ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,2 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, 
ʦ
ʉ 220 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 
ʦ
ʉ 150 

ʊʝʤʧʝʨʘʪʫʨʘ ʜʝʩʪʨʫʢʮʠʠ, 
ʦ
ʉ 310-320 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ɺʠʢʘ, 
ʦ
ʉ 150-155 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 65-70 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ʄʇʘ 95 

ɹʣʘʛʦʜʘʨʷ ʩʦʯʝʪʘʥʠʶ ʚʳʩʦʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʤʦʥʦʣʠʪʥʳʡ 
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ʧʣʘʩʪʠʢ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʠʥʟ, ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ, 

ʬʘʨ, ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʦʨʧʫʩʦʚ, ʦʯʢʦʚ ʠ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʡ ʚ 

ʈʦʩʩʠʠ ʬʦʨʤʘʪ ʧʨʠʤʝʥʝʥʠʷ ð ʣʠʩʪʦʚʦʡ ʧʦʣʠʢʘʨʙʦʥʘʪ: ʷʯʝʠʩʪʳʡ ʠ ʤʦʥʦʣʠʪʥʳʡ. ʃʠʩʪʦʚʦʡ 

ʧʦʣʠʢʘʨʙʦʥʘʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʝʪʦʧʨʦʟʨʘʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʫʟʠʠ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ. ɺʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ 

ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʛʫʪ ʩʪʘʪʴ ʧʨʠʯʠʥʦʡ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʠʟʜʝʣʠʡ. ʄʠʥʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ 30 ʤʤ/ʩ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 265 Áʉ. ʇʨʠ ʧʝʯʘʪʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʠʠʤʠʜʥʫʶ ʧʣʝʥʢʫ ʜʣʷ ʣʫʯʰʝʛʦ ʩʭʚʘʪʳʚʘʥʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʘʙʦʯʝʛʦ 

ʩʪʦʣʘ. ɺʳʩʦʢʘʷ ʩʢʣʦʥʥʦʩʪʴ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʢ ʜʝʬʦʨʤʘʮʠʠ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʠ, ʧʨʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʟʘʢʨʳʪʦʛʦ ʢʦʨʧʫʩʘ ʩ ʧʦʜʦʛʨʝʚʦʤ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ. 

ʇʦʣʠʢʘʨʙʦʥʘʪ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ (ʣʝʛʢʦ ʧʦʛʣʦʱʘʝʪ ʚʣʘʛʫ ʠʟ 

ʘʪʤʦʩʬʝʨʳ), ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʭʨʘʥʠʪʴ ʤʘʪʝʨʠʘʣ ʚ ʩʫʭʠʭ ʫʩʣʦʚʠʷʭ ʚʦ ʠʟʙʝʞʘʥʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʚ ʥʘʥʦʩʠʤʳʭ ʩʣʦʷʭ. ɺ ʩʣʫʯʘʝ ʜʣʠʪʝʣʴʥʦʡ ʧʝʯʘʪʠ ʚʦ ʚʣʘʞʥʦʤ ʢʣʠʤʘʪʝ 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴʩʷ ʭʨʘʥʝʥʠʝ ʨʘʙʦʯʝʡ ʢʘʪʫʰʢʠ ʚʦ ʚʣʘʛʦʟʘʱʠʪʥʦʤ ʢʦʥʪʝʡʥʝʨʝ. 

ʇʦʣʠʵʪʠʣʝʥ (ʇʕ, PE) - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ ʵʪʠʣʝʥʘ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʢʣʘʩʩʫ 

ʧʦʣʠʦʣʝʬʠʥʦʚ (ʈʠʩʫʥʦʢ 2.10). ʇʦʣʠʵʪʠʣʝʥ - ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʧʣʘʩʪʠʢ ʚ ʤʠʨʝ. 

 

 
ʈʠʩʫʥʦʢ 2.10. .ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʵʪʠʣʝʥʘ 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʘʶʪ ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʠʣʠ 

ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺɼ, ʇʕʅʇ ʠʣʠ LDPE - Low Density Polyethylene), ʠ ʧʦʣʠʵʪʠʣʝʥ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʠʣʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʇʕɺʇ, ʇʕʅɼ ʠʣʠ HDPE - High Density 

Polyethylene). ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨʦʡ ʤʘʢʨʦʤʦʣʝʢʫʣ (ʥʘʣʠʯʠʝʤ ʫ 

ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʠʥʥʦʮʝʧʦʯʝʯʥʳʭ ʦʪʚʝʪʚʣʝʥʠʡ), ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʪʘʙʣ. 2.6). 

ʊʘʙʣʠʮʘ 2.6 ʉʚʦʡʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʘ 

ʇʦʢʘʟʘʪʝʣʴ 
ɿʥʘʯʝʥʠʝ 

ʇʕɺɼ ʇʕʅɼ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 30000-40000 50000-5000000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % 60 70-90 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 0,913-0,930 0,910-0,970 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 105-120 125-140 

ʊʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ, ʄʇʘ 15-25 50-70 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩ ʥʘʜʨʝʟʦʤ, ʢɼʞ/ʤ
2
 - 2-45 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, 

ʄʇʘ 
9-16 10-30 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, % 100-800 50-1200 

 

ʇʦʣʠʵʪʠʣʝʥ ʣʝʛʢʦ ʧʣʘʚʠʪʩʷ (ʧʨʠ 130-145 Áʉ) ʠ ʙʳʩʪʨʦ ʟʘʩʪʳʚʘʝʪ (ʧʨʠ 100-120 Áʉ), 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘʥʦʩʠʤʳʝ ʩʣʦʠ ʟʘʯʘʩʪʫʶ ʥʝ ʫʩʧʝʚʘʶʪ ʩʭʚʘʪʳʚʘʪʴʩʷ. ʇʦʣʠʵʪʠʣʝʥ 

ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʩʘʜʢʦʡ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʟʘʢʨʫʪʢʫ ʧʝʨʚʳʭ ʩʣʦʝʚ ʠ ʜʝʬʦʨʤʘʮʠʶ 

ʤʦʜʝʣʝʡ ʚ ʮʝʣʦʤ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʤ ʟʘʩʪʳʚʘʥʠʠ. ʇʝʯʘʪʴ ʧʦʣʠʵʪʠʣʝʥʦʤ ʪʨʝʙʫʝʪ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʩ ʘʢʢʫʨʘʪʥʦʡ ʨʝʛʫʣʠʨʦʚʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʦʩʪʳʚʘʥʠʷ ʥʘʥʝʩʝʥʥʳʭ ʩʣʦʝʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʝʯʘʪʴ ʥʘ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ. 

ʇʦʣʠʵʪʠʣʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʜʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. 

ʇʨʠʯʠʥʦʡ ʪʦʤʫ ʩʣʫʞʘʪ ʩʣʦʞʥʦʩʪʠ ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʝʣʝʡ. 

ʊʨʫʜʥʦʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʣʠʭʚʦʡ ʢʦʤʧʝʥʩʠʨʫʶʪʩʷ ʜʝʰʝʚʠʟʥʦʡ ʠ 

ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴʶ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʝʩʢʦʣʴʢʦ 

ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʇʕʅɼ (ʙʫʪʳʣʦʢ, ʧʠʱʝʚʦʡ ʫʧʘʢʦʚʢʠ ʠ ʧʨ.) ʚ 

ʩʪʘʥʜʘʨʪʥʳʝ ʥʠʪʠ ʜʣʷ ʧʝʯʘʪʠ ʥʘ ʵʢʩʪʨʫʟʠʦʥʥʳʭ ʧʨʠʥʪʝʨʘʭ. ʇʨʠʤʝʨʘʤʠ ʩʣʫʞʘʪ FilaBot ʠ 

RecycleBot. ɿʘ ʩʯʝʪ ʧʨʦʩʪʦʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ RecycleBot ʟʘʯʘʩʪʫʶ ʩʦʙʠʨʘʶʪʩʷ 

ʩʠʣʘʤʠ ʵʥʪʫʟʠʘʩʪʦʚ. ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʧʦʣʠʵʪʠʣʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʵʤʠʩʩʠʷ ʧʘʨʦʚ ʚʨʝʜʥʳʭ 

ʚʝʱʝʩʪʚ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʧʝʯʘʪʴ ʚ ʭʦʨʦʰʦ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ʇʦʣʠʧʨʦʧʠʣʝʥ (ʇʇ, PP) - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ ʧʨʦʧʠʣʝʥʘ (ʈʠʩʫʥʦʢ 2.11).  

 

 
ʈʠʩʫʥʦʢ 2.11. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

ʇʦʣʠʧʨʦʧʠʣʝʥ ʠʤʝʝʪ ʥʠʟʢʫʶ ʧʣʦʪʥʦʩʪʴ, ʥʝʪʦʢʩʠʯʝʥ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ, ʫʩʪʦʡʯʠʚ ʢ ʚʣʘʛʝ ʠ ʠʟʥʦʩʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʜʝʰʝʚ (ʪʘʙʣ. 2.7). ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʠʟʢʫʶ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴ (ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʘʪʝʨʠʘʣ ʩʪʘʥʦʚʠʪʩʷ ʭʨʫʧʢʠʤ) ʠ ʫʷʟʚʠʤʦʩʪʴ ʢ ʧʨʷʤʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ 

ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ. 

ʇʦʣʠʧʨʦʧʠʣʝʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʫʜʳ, 

ʰʧʨʠʮʦʚ, ʪʨʫʙ, ʥʝʪʢʘʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʠ. 

ɻʣʘʚʥʦʡ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʧʝʯʘʪʠ ʧʦʣʠʧʨʦʧʠʣʝʥʦʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʫʩʘʜʢʘ ʤʘʪʝʨʠʘʣʘ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ - ʜʦ 2,4 %. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʫʩʘʜʢʘ ɸɹʉ-ʧʣʘʩʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ 0,8 %. ʅʝʩʤʦʪʨʷ 

ʥʘ ʪʦ, ʯʪʦ ʧʦʣʠʧʨʦʧʠʣʝʥ ʭʦʨʦʰʦ ʧʨʠʣʠʧʘʝʪ ʢ ʭʦʣʦʜʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʧʝʯʘʪʴ ʥʘ ʧʦʜʦʛʨʝʚʘʝʤʦʡ ʧʣʘʪʬʦʨʤʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʤʦʜʝʣʝʡ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʨʝʢʦʤʝʥʜʫʝʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʵʢʩʪʨʫʟʠʠ ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʩʦʩʪʘʚʣʷʝʪ 220 Áʉ. 

ʊʘʙʣʠʮʘ 2.7 ʉʚʦʡʩʪʚʘ ʧʦʣʠʧʨʦʧʠʣʝʥʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 75000-ʕ00000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % ʜʦ 75% 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
ʕ
 0,90-0,91 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 160-180 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 
ʦ
ʉ ʆʪ -10 ʜʦ -20 

ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, 
ʦ
ʉ ʆʪ -5 ʜʦ -25 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ (ʧʦ ɺʠʢʘ), 
ʦ
ʉ 95-110 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ ʕ0-ʕ5 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩ ʥʘʜʨʝʟʦʤ, ʢɼʞ/ʤ
2
 5-12 

 

ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʥʠʪʠ ʜʣʷ ʧʝʯʘʪʠ ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʘ ʧʨʦʜʘʞʫ ʢʦʤʧʘʥʠʷʤʠ Orbi-Tech, 

German RepRap, Qingdao TSD. ʂʦʤʧʘʥʠʷ Stratasys ʨʘʟʨʘʙʦʪʘʣʘ ʠʤʠʪʘʪʦʨ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʡ ʜʣʷ 3D-ʧʝʯʘʪʠ, ʧʦʜ ʥʘʟʚʘʥʠʝʤ Endur. 

ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ (Polycaprolactone, PCL) - ʙʠʦʨʘʟʣʘʛʘʝʤʳʡ ʧʦʣʠʵʬʠʨ, 

ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʠʟ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ (ʈʠʩʫʥʦʢ 2.12). ɻʣʘʚʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 
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ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ - 60 Áʉ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ. 

ʋʧʨʘʚʣʝʥʠʝʤ ʧʦ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʉʐɸ 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ ʨʘʟʨʝʰʝʥ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʘʤʦʨʘʩʩʘʩʳʚʘʶʱʠʭʩʷ 

ʠʤʧʣʘʥʪʦʚ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʥʠʪʝʡ. 

 
ʈʠʩʫʥʦʢ 2.12. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ 

ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ ʥʝʪʦʢʩʠʯʝʥ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʦʪʨʘʩʣʠ, ʠ ʙʠʦʨʘʟʣʘʛʘʝʤ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʦʨʛʘʥʠʟʤ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ ʨʘʩʧʘʜʘʝʪʩʷ, ʯʪʦ 

ʜʝʣʘʝʪ ʧʝʯʘʪʴ ʵʪʠʤ ʤʘʪʝʨʠʘʣʦʤ ʙʝʟʦʧʘʩʥʦʡ. ɹʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ 

ʦʪʩʫʪʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʦʞʦʛʦʚ ʧʨʠ ʧʨʠʢʦʩʥʦʚʝʥʠʠ ʢ ʩʚʝʞʠʤ ʤʦʜʝʣʷʤ. ɺʳʩʦʢʘʷ ʧʣʘʩʪʠʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʇʣʦʪʥʦʩʪʴ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ 1,15 ʛ/ʩʤ3. 

ʃʝʛʢʦʧʣʘʚʢʦʩʪʴ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʫʜʥʦʩʪʷʤ ʧʨʠ 

ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ, ʪʘʢ ʢʘʢ ʜʘʣʝʢʦ ʥʝ ʚʩʝ 3D- ʧʨʠʥʪʝʨʳ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʜʣʷ ʨʘʙʦʪʳ ʧʨʠ 

ʩʪʦʣʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʅʘʛʨʝʚʘʥʠʝ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʜʦ ʧʨʠʚʳʯʥʳʭ ʵʢʩʪʨʫʟʠʦʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨ (ʦʢʦʣʦ 200 Áʉ) ʚʳʟʳʚʘʝʪ ʧʦʪʝʨʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʧʦʣʦʤʢʝ ʵʢʩʪʨʫʜʝʨʘ. 

ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ ʤʘʣʦʧʨʠʛʦʜʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʚʚʠʜʫ ʚʷʟʢʦʩʪʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 60 Áʉ) ʠ ʥʠʟʢʦʡ ʪʝʧʣʦʩʪʦʡʢʦʩʪʠ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʧʨʝʢʨʘʩʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʢʝʪʦʚ ʠ ʧʠʱʝʚʦʡ 

ʫʧʘʢʦʚʢʠ. ʄʘʪʝʨʠʘʣ ʣʝʛʢʦ ʩʣʠʧʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʘʞʝ ʭʦʣʦʜʥʦʛʦ ʨʘʙʦʯʝʛʦ ʩʪʦʣʘ ʠ ʣʝʛʢʦ 

ʧʦʜʜʘʝʪʩʷ ʦʢʨʘʩʢʝ. 

ʇʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥ (PPSU) - ʚʳʩʦʢʦʧʨʦʯʥʳʡ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ (ʨʠʩ. 2.13), 

ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʝʤʳʡ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʄʘʪʝʨʠʘʣ ʠʤʝʝʪ ʧʨʝʢʨʘʩʥʫʶ 

ʭʠʤʠʯʝʩʢʫʶ ʠ ʪʝʧʣʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʛʦʨʠʪ. ʇʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʠʥʝʨʪʝʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʩʫʜʳ ʠ 

ʧʠʱʝʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ. ɼʠʘʧʘʟʦʥ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥʘ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ -50 ʜʦ +180 Áʉ. ʄʘʪʝʨʠʘʣ ʫʩʪʦʡʯʠʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʛʦʨʶʯʝ-

ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʣʦʪʥʦʩʪʴ ʧʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 1,29 ʛ/ʩʤ3, ʧʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ 76 ʄʇʘ. 

 

 
ʈʠʩʫʥʦʢ 2.13. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥʘ 

ʇʨʠ ʚʩʝʭ ʩʚʦʠʭ ʜʦʩʪʦʠʥʩʪʚʘʭ ʧʦʣʠʬʝʥʠʣʩʫʣʴʬʦʥ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 3D-ʧʝʯʘʪʠ 

ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʡ 370 Áʉ. ʊʘʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʫʟʠʠ 

ʥʝ ʧʦʜ ʩʠʣʫ ʙʦʣʴʰʠʥʩʪʚʫ ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʥʪʝʨʦʚ, ʭʦʪʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʝʯʘʪʴ ʚʦʟʤʦʞʥʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʩʦʧʝʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʘʢʪʠʚʥʳʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʢʦʤʧʘʥʠʷ Stratasys, ʧʨʝʜʣʘʛʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʳʝ 
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ʫʩʪʘʥʦʚʢʠ Fortus. 

ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ (ʇʄʄɸ, PMMA) - ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʚʠʥʠʣʦʚʳʡ ʧʦʣʠʤʝʨ 

ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ (ʈʠʩʫʥʦʢ 2.14), ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʨʦʟʨʘʯʥʳʡ ʧʣʘʩʪʠʢ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʡ 

ʢʘʢ ʦʨʛʩʪʝʢʣʦ. 

 

 
ʈʠʩʫʥʦʢ 2.14. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʧʨʦʯʝʥ, ʚʣʘʛʦʫʩʪʦʡʯʠʚ, ʙʝʟʦʧʘʩʝʥ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʣʝʛʢʦ 

ʧʦʜʜʘʝʪʩʷ ʩʢʣʝʠʚʘʥʠʶ, ʜʦʩʪʘʪʦʯʥʦ ʧʣʘʩʪʠʯʝʥ ʠ ʫʩʪʦʡʯʠʚ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʷʤʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʇʄʄɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2.8. 

ʊʘʙʣʠʮʘ 2.8 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 400000-500000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % ʘʤʦʨʬʥʳʡ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
ʕ
 1,2 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 160-180 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, 
ʦ
ʉ 95-105 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, % 4-5 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 70 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʢɼʞ/ʤ
2
 18-20 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 3000-3500 

ʇʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪ ʧʣʦʭʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʵʢʩʪʨʫʟʠʚʥʦʡ 3D-ʧʝʯʘʪʠ ʚ ʩʠʣʫ ʨʷʜʘ 

ʧʨʠʯʠʥ. ʇʄʄɸ ʧʣʦʭʦ ʭʨʘʥʠʪʩʷ ʚ ʚʠʜʝ ʢʘʪʫʰʝʢ ʩ ʥʠʪʴʶ, ʪʘʢ ʢʘʢ ʧʦʩʪʦʷʥʥʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʚ ʧʝʯʘʪʥʦʤ ʠʟʜʝʣʠʠ ʧʫʟʳʨʴʢʦʚ, ʨʘʟʨʝʰʝʥʠʝ ʧʝʯʘʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʦʯʝʥʴ ʚʳʩʦʢʠʤ. ʊʘʢʦʝ 

ʨʘʟʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʦ ʜʣʷ ʜʦʤʘʰʥʠʭ ʧʨʠʥʪʝʨʦʚ. ɹʳʩʪʨʦʝ ʟʘʩʪʳʚʘʥʠʝ 

ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʪʨʝʙʫʝʪ ʞʝʩʪʢʦʛʦ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ. ʇʦʢʘʟʘʪʝʣʠ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ ʧʨʠʥʪʝʨʦʚ ʵʢʩʪʨʫʟʠʦʥʥʦʛʦ ʪʠʧʘ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʨʘʟʨʝʰʝʥʠʶ, ʯʪʦ ʫʩʫʛʫʙʣʷʝʪ ʧʨʦʙʣʝʤʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʦʧʳʪʢʠ 

ʧʝʯʘʪʠ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʧʨʝʜʧʨʠʥʠʤʘʶʪʩʷ ʨʝʛʫʣʷʨʥʦ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʜʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʆʜʥʘʢʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʭ ʤʦʜʝʣʝʡ ʠʟʙʝʞʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʫʟʳʨʴʢʦʚ ʠ ʜʦʩʪʠʛʥʫʪʴ ʧʨʠʚʳʯʥʦʡ ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘ ʥʝ ʫʜʘʝʪʩʷ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʦʤ ʧʦʢʘʟʳʚʘʝʪ 

ʜʨʫʛʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʝʯʘʪʠ - ʤʥʦʛʦʩʪʨʫʡʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (MJM) ʦʪ ʢʦʤʧʘʥʠʠ 3D-Systems. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʦʪʦʧʦʣʠʤʝʨʥʳʡ ʚʘʨʠʘʥʪ ʘʢʨʠʣʘ. ɿʥʘʯʠʪʝʣʴʥʳʭ ʫʩʧʝʭʦʚ 

ʜʦʩʪʠʛʣʘ ʠ ʢʦʤʧʘʥʠʷ Stratasys, ʠʩʧʦʣʴʟʫʶʱʘʷ ʩʦʙʩʪʚʝʥʥʳʡ ʬʦʪʦʧʦʣʠʤʝʨʥʳʡ ʠʤʠʪʘʪʦʨ 

ʘʢʨʠʣʘ VeroClear ʥʘ ʧʨʠʥʪʝʨʘʭ ʤʘʨʢʠ Objet Eden. ʆʩʪʘʝʪʩʷ ʥʘʜʝʷʪʴʩʷ, ʯʪʦ ʚʳʩʦʢʠʡ ʩʧʨʦʩ ʥʘ 

ʘʢʨʠʣ ʧʨʠʚʝʜʝʪ ʢ ʧʦʷʚʣʝʥʠʶ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ, 

ʧʨʝʜʥʘ-ʟʥʘʯʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ. 

ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʇʕʊʌ, PET ʠʣʠ PETP) - ʧʨʦʜʫʢʪ ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʠ 

ʵʪʠʣʝʥʛʣʠʢʦʣʷ ʩ ʪʝʨʝʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠʣʠ ʝʸ ʜʠʤʝʪʠʣʦʚʳʤ ʵʬʠʨʦʤ (ʈʠʩʫʥʦʢ 2.15). ʕʪʦ 

ʪʚʸʨʜʦʝ ʙʝʩʮʚʝʪʥʦʝ ʧʨʦʟʨʘʯʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʘʤʦʨʬʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʙʝʣʦʝ ʥʝʧʨʦʟʨʘʯʥʦʝ ʚ 
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ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʄʘʪʝʨʠʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʘʩʪʠʢʦʚʳʭ ʙʫʪʳʣʦʢ 

ʠ ʜʨʫʛʦʡ ʧʠʱʝʚʦʡ ʠ ʤʝʜʠʮʠʥʩʢʦʡ ʪʘʨʳ.  

 

 
ʈʠʩʫʥʦʢ 2.15.ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʇʕʊʌ 

ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʭʠʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʠʩʣʦʪʘʤ, ʱʝʣʦʯʘʤ 

ʠ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ. ʇʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʪʘʙʣ. 2.9) ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ -40 Áʉ ʜʦ +75 Áʉ). 

ʂʨʦʤʝ ʪʦʛʦ, ʇʕʊʌ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. 

ʊʘʙʣʠʮʘ 2.9 ʉʚʦʡʩʪʚʘ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 20000-50000 
ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % 2,5-65 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
ʕ
 1,4 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʤʷʛʯʝʥʠʷ, 
ʦ
ʉ 240 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 260 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ, 
ʦ
ʉ ʕ40 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 
ʦ
ʉ 70 

ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ, 
ʦ
ʉ -60 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 170 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ, ʢɼʞ/ʤ
2
 9 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 3500 

 

ʇʝʯʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʕʊʌ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤʘʪʠʯʥʘ ʚʚʠʜʫ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ, ʜʦʩʪʠʛʘʶʱʝʡ 260 Áʉ, ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʩʘʜʢʠ ʧʨʠ 

ʦʩʪʳʚʘʥʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʜʦ 2 %. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʕʊʌ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʨʥʦ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ, ʯʪʦ ʠ ʧʝʯʘʪʴ ɸɹʉ-ʧʣʘʩʪʠʢʦʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʤʦʜʝʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʙʳʩʪʨʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʧʦʨʦʛʘ 

ʩʪʝʢʣʦʚʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʱʝʛʦ 70-80 Áʉ. 

ʄʘʪʝʨʠʘʣ ʩʪʘʣ ʧʨʝʜʤʝʪʦʤ ʚʥʠʤʘʥʠʷ ʫʤʝʣʴʮʝʚ, ʧʨʠʤʝʥʷʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʥʥʫʶ ʪʘʨʫ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʙʳʪʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 3D-ʧʝʯʘʪʠ. ɼʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʠʪʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ FilaBot ʠʣʠ 

RecycleBot. 

 

ʇʦʣʠʩʪʠʨʦʣ (Expandable PolyStyrene, EPS) - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ (ʈʠʩʫʥʦʢ 2.16), 

ʧʨʦʜʫʢʪ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʩʪʠʨʦʣʘ (ʚʠʥʠʣʙʝʥʟʦʣʘ). ʇʦʣʠʩʪʠʨʦʣ ʦʙʣʘʜʘʝʪ ʣʠʥʝʡʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʄʘʪʝʨʠʘʣ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ 

ʙʳʪʦʚʳʭ ʠʟʜʝʣʠʡ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʜʥʦʨʘʟʦʚʦʡ ʧʦʩʫʜʳ, ʠʛʨʫʰʝʢ, ʤʝʜʠʮʠʥʩʢʠʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʧʨ. 
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ʈʠʩʫʥʦʢ 2.16. ʍʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʧʦʣʠʩʪʠʨʦʣʘ 

ʇʨʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʧʦʣʠʩʪʠʨʦʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʙʣ. 2.10), 

ʩʭʦʞʠʝ ʩ ɸɹʉ-ʧʣʘʩʪʠʢʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʩʨʝʜʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʊʘʙʣʠʮʘ 2.10 ʉʚʦʡʩʪʚʘ ʧʦʣʠʩʪʠʨʦʣʘ 

ʇʦʢʘʟʘʪʝʣʴ ɿʥʘʯʝʥʠʝ 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʘ.ʝ. 60000-26000 

ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, % ɸʤʦʨʬʥʳʡ 

ʇʣʦʪʥʦʩʪʴ, ʛ/ʩʤ
3
 1,069-1,125 

ʊʝʧʣʦʩʪʦʡʢʦʩʪʴ ʧʦ ʄʘʨʪʝʥʩʫ, 
ʦ
ʉ 93 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 
ʦ
ʉ 240 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ, 
ʦ
ʉ 290 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 
ʦ
ʉ 93 

ʊʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ, ʄʇʘ 140-200 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 40-50 

ʋʜʘʨʥʘʷ ʚʷʟʢʦʩʪʴ ʩ ʥʘʜʨʝʟʦʤ, ʧʦ ʐʘʨʧʠ, ʢɼʞ/ʤ
2
 1,5 2,0 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʠʟʛʠʙʝ, ɻʇʘ 3,2 

 

ʅʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʣʠʩʪʠʨʦʣʘ ʷʚʣʷʶʪʩʷ ʝʛʦ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ: ʧʦʣʠʩʪʠʨʦʣ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʨʘʩʪʚʦʨʝʥʠʶ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʣʠʤʦʥʝʥʝ. ʊʘʢ ʢʘʢ ɸɹʉ-ʧʣʘʩʪʠʢ ʚ ʣʠʤʦʥʝʥʝ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʧʦʵʪʦʤʫ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʩʪʠʨʦʣʘ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʪʚʦʨʠʤʳʭ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʦʣʝʟʥʦ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʣʦʞʥʳʭ, 

ʧʝʨʝʧʣʝʪʝʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʦʧʦʨʘʤʠ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʤ 

ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʦʣʠʩʪʠʨʦʣ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ 

ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʣʘʞʥʦʤʫ ʢʣʠʤʘʪʫ, ʟʘʪʨʫʜʥʷʶʱʝʤʫ ʨʘʙʦʪʫ ʩ ʇɺʉ. 

ʉʪʦʠʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʬʠʣʘʤʝʥʪʦʚ ʠʟ ɸɹʉ-ʧʣʘʩʪʠʢʘ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʜʝʰʝʚʳʡ ʧʦʣʠʩʪʠʨʦʣ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʦʜʝʣʠ ʠʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ ʣʠʤʦʥʝʥʝ ʚʤʝʩʪʝ ʩ ʦʧʦʨʥʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʣʠʩʪʠʨʦʣʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʫʟʠʠ ʚʦʟʤʦʞʥʦ ʚʳʜʝʣʝʥʠʝ 

ʪʦʢʩʠʯʥʳʭ ʠʩʧʘʨʝʥʠʡ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʝʯʘʪʴ ʚ ʭʦʨʦʰʦ 

ʧʨʦʚʝʪʨʠʚʘʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ. 

ɼʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ɼʇʂ). ʅʝʜʘʚʥʷʷ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʘʥʠʠ LAYWOO-D3 (ʈʠʩʫʥʦʢ 2.17) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʝʯʘʪʠ ʤʦʜʝʣʝʡ, ʥʘʧʦʤʠʥʘʶʱʠʭ 
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ʜʝʨʝʚʷʥʥʳʝ ʠʟʜʝʣʠʷ. ʄʘʪʝʨʠʘʣ ʥʘ 40 % ʩʦʩʪʦʠʪ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʜʨʝʚʝʩʥʳʭ ʦʧʠʣʦʢ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʠ ʥʘ 60 % ʠʟ ʩʚʷʟʫʶʱʝʛʦ ʧʦʣʠʤʝʨʘ (ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ). ɺ 

ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʨʠʮ ʜʣʷ LAYWOO-D3 ʚʝʩʴʤʘ ʧʨʦʩʪ ʚ ʦʙʨʘʱʝʥʠʠ, ʙʫʜʫʯʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʝʨʞʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʠ ʥʝ ʪʨʝʙʫʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʦʛʨʝʚʘʝʤʦʡ 

ʧʣʘʪʬʦʨʤʳ. ʉʦʛʣʘʩʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤ, ʤʘʪʝʨʠʘʣ ʥʝʪʦʢʩʠʯʝʥ ʠ ʧʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʝʥ. 

 

 
ʈʠʩʫʥʦʢ 2.17. ʌʠʣʘʤʝʥʪ LAYWOO-D3 

ʋʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʚʘʪʴʩʷ ʨʘʟʣʠʯʥʳʭ ʚʠʟʫʘʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʝʯʘʪʠ ʩ ʨʘʟʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʩʦʧʣʘ. ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʩʦʩʪʘʚʣʷʝʪ 180 Áʉ - 250 Áʉ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʵʢʩʪʨʫʟʠʠ ʦʪʪʝʥʦʢ ʤʘʪʝʨʠʘʣʘ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʪʝʤʥʳʤ, ʧʦʟʚʦʣʷʷ ʠʤʠʪʠʨʦʚʘʪʴ ʨʘʟʥʳʝ ʩʦʨʪʘ ʜʨʝʚʝʩʠʥʳ ʠʣʠ ʛʦʜʦʚʳʝ 

ʢʦʣʴʮʘ. 

ɻʦʪʦʚʳʝ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 2.18) ʧʨʝʢʨʘʩʥʦ ʧʦʜʜʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ - 

ʰʣʠʬʦʚʢʝ, ʩʚʝʨʣʝʥʠʶ ʠ ʧʨ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʜʝʣʠʷ ʣʝʛʢʦ ʦʢʨʘʰʠʚʘʶʪʩʷ, ʘ ʥʝʦʢʨʘʰʝʥʥʳʝ 

ʤʦʜʝʣʠ ʜʘʞʝ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʳʡ ʜʨʝʚʝʩʥʳʡ ʟʘʧʘʭ. 

 
ʈʠʩʫʥʦʢ 2.18. ʄʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʬʠʣʘʤʝʥʪʘ ɼʇʂ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʪʘʢʠʭ, ʢʘʢ BambooFill (ʈʠʩʫʥʦʢ 2.19), ʦʪ ʛʦʣʣʘʥʜʩʢʦʡ ʢʦʤʧʘʥʠʠ ColorFabb. ɺ ʩʦʩʪʘʚ 

ʢʦʤʧʦʟʠʪʘ ʚʭʦʜʠʪ ʧʨʠʤʝʨʥʦ 80 ʤʘʩ. % ʧʦʣʠʣʘʢʪʠʜʘ ʠ 20 ʤʘʩ. % ʚʪʦʨʠʯʥʦʛʦ ʙʘʤʙʫʢʦʚʦʛʦ 

ʚʦʣʦʢʥʘ. 
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ʈʠʩ. 2.19. ʄʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʬʠʣʘʤʝʥʪʘ BambooFill 

ʂ ʩʦʞʘʣʝʥʠʶ, ʩʪʦʠʤʦʩʪʴ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ 

ʮʝʥʫ ʥʘ ʪʘʢʠʝ ʧʦʧʫʣʷʨʥʳʝ ʧʝʯʘʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ ʧʦʣʠʣʘʢʪʠʜ ʠ ɸɹʉ-ʧʣʘʩʪʠʢ. ʇʦ ʤʝʨʝ 

ʨʦʩʪʘ ʧʦʧʫʣʷʨʥʦʩʪʠ ʜʨʝʚʝʩʥʦ-ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʧʝʯʘʪʠ ʦʞʠʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʠʭ ʩʪʦʠʤʦʩʪʠ. 

 

ʂʦʤʧʦʟʠʪʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʤʠʥʝʨʘʣʳ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʝʜʘʚʥʦ ʠʟʦʙʨʝʪʘʪʝʣʝʤ ʂʘʝʤ 

ʇʘʨʪʠ ʢʦʤʧʦʟʠʪʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʈʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʲʝʢʪʳ ʩ ʨʘʟʣʠʯʥʦʡ ʪʝʢʩʪʫʨʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʵʢʩʪʨʫʟʠʠ ʧʦʨʷʜʢʘ 165 Áʉ-190 Áʉ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʠʤʝʶʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʯʘʪʠ ʜʝʣʘʝʪ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʰʝʨʰʘʚʳʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʪʨʫʟʠʠ ʩʚʳʰʝ 

210 Áʉ ʤʘʪʝʨʠʘʣ ʦʙʨʝʪʘʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʭʦʜʩʪʚʘ ʩ ʥʘʪʫʨʘʣʴʥʳʤ ʧʝʩʯʘʥʠʢʦʤ. 

ʄʘʪʝʨʠʘʣ ʣʝʛʦʢ ʚ ʨʘʙʦʪʝ, ʥʝ ʪʨʝʙʫʝʪ ʧʦʜʦʛʨʝʚʘ ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʳ, ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʨʠ ʫʩʘʜʢʝ ʠ ʥʝ ʚʳʜʝʣʷʝʪ ʪʦʢʩʠʯʥʳʭ ʠʩʧʘʨʝʥʠʡ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ. 

ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʝʛʦ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʳʤʠ ʤʘʩʰʪʘʙʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

 

ʂʦʤʧʦʟʠʪʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʤʝʪʘʣʣʳ. ʄʝʪʘʣʣʳ ʧʨʠʚʣʝʢʘʶʪ ʩʪʦʨʦʥʥʠʢʦʚ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʦʷʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ. ʂ ʩʦʞʘʣʝʥʠʶ, ʧʝʯʘʪʴ 

ʯʠʩʪʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʩʧʣʘʚʘʤʠ ʚʳʟʳʚʘʝʪ ʤʘʩʩʫ ʪʨʫʜʥʦʩʪʝʡ, ʥʝʧʨʝʦʜʦʣʠʤʳʭ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ 3D-ʧʝʯʘʪʠ. ʇʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ 

ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, 

ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ ʠʣʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ, ʪʨʝʙʫʶʱʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʴʷ ʩʪʦʠʤʦʩʪʴ ʠʩʯʠʩʣʷʝʪʩʷ ʩʦʪʥʷʤʠ ʪʳʩʷʯ 

ʜʦʣʣʘʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʤʠʪʘʪʦʨʳ ʤʝʪʘʣʣʦʚ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʫʡʥʦʡ 3D-ʧʝʯʘʪʠ, 

ʛʜʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ, ʯʘʩʪʠʮʳ ʢʦʪʦʨʳʭ 

ʩʢʨʝʧʣʷʶʪʩʷ ʥʘʥʦʩʠʤʳʤ ʩʚʷʟʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʧʝʯʘʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʠʤʠʪʘʪʦʨʳ ʣʠʰʴ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʩʚʝʪ. 

ʀʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʨʦʤ ʩʣʫʞʠʪ ʬʠʣʘʤʝʥʪ BronzeFill (ʈʠʩʫʥʦʢ 2.20) - ʬʘʢʪʠʯʝʩʢʠ, 

ʧʨʦʟʨʘʯʥʳʡ ʧʦʣʠʣʘʢʪʠʜ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʤʠʢʨʦʯʘʩʪʠʮ ʙʨʦʥʟʳ. ʄʘʪʝʨʠʘʣ, ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʨʦʭʦʜʷʱʠʡ ʙʝʪʘ-ʪʝʩʪʠʨʦʚʘʥʠʝ, ʜʦʣʞʝʥ ʜʦʢʘʟʘʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʣʶʙʳʭ ʧʨʠʥʪʝʨʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʩ ʧʦʣʠʣʘʢʪʠʜʦʤ. 
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ʈʠʩʫʥʦʢ 2.20. ʄʦʜʝʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʬʠʣʘʤʝʥʪʘ BronzeFill 

ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʧʦʣʠʨʦʚʢʝ, ʜʦʩʪʠʛʘʷ ʚʳʩʦʢʦʛʦ ʚʥʝʰʥʝʛʦ ʩʭʦʜʩʪʚʘ ʩ 

ʮʝʣʴʥʦʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʟʜʝʣʠʷʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʦʠʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʚʷʟʫʶʱʠʤ 

ʵʣʝʤʝʥʪʦʤ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʧʦʣʠʤʝʨ, ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 

2.3.ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA) 

ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA) - ʪʝʭʥʦʣʦʛʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʞʠʜʢʠʭ 

ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. ʊʝʨʤʠʥ çʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷè ʙʳʣ ʧʨʠʜʫʤʘʥ ʚ 1986 ʛʦʜʫ ʏʘʨʣʴʟʦʤ ɺ. 

ʍʘʣʣʦʤ, ʟʘʧʘʪʝʥʪʦʚʘʚʰʠʤ ʤʝʪʦʜ ʠ ʘʧʧʘʨʘʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʚʝʨʜʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʩʣʦʝʥʠʷ ʬʦʪʦʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʘʪʝʥʪ ʍʘʣʣʘ ʦʧʠʩʳʚʘʣ 

ʧʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʣʘʟʝʨʘ, ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʝʤʢʦʩʪʠ, 

ʟʘʧʦʣʥʝʥʥʦʡ ʞʠʜʢʠʤ ʬʦʪʦʧʦʣʠʤʝʨʦʤ. ʆʙʣʫʯʝʥʠʝ ʣʘʟʝʨʦʤ ʚʝʜʝʪ ʢ ʟʘʪʚʝʨʜʝʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ 

ʚ ʪʦʯʢʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʣʫʯʦʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʯʝʨʯʠʚʘʪʴ ʢʦʥʪʫʨʳ ʟʘʜʘʥʥʦʡ ʤʦʜʝʣʠ 

ʩʣʦʡ ʟʘ ʩʣʦʝʤ (ʈʠʩʫʥʦʢ 2.21). 

 
ʈʠʩʫʥʦʢ 2.21. ʉʭʝʤʘ ʨʘʙʦʪʳ ʧʨʠʥʪʝʨʘ ʧʦ ʤʝʪʦʜʫ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ 

ɺ 1986 ʛʦʜʫ ʍʘʣʣ ʦʩʥʦʚʘʣ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʤʧʘʥʠʶ, 3D-Systems, ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʦʛʦ 

ʧʨʦʜʚʠʞʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 3D Systems ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʩʨʝʜʠ ʢʦʤʧʘʥʠʡ-ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʦʩʪʘʚʱʠʢʦʚ ʪʝʭʥʦʣʦʛʠʡ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʪʝʭʥʦʣʦʛʠʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʠ 

ʧʦʣʫʯʠʚʰʝʡ ʢʦʤʤʝʨʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʝʡ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʵʬʬʝʢʪʝ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʈʠʩʫʥʦʢ 2.22) ʨʘʟʣʠʯʥʳʭ ʤʦʥʦʤʝʨʦʚ ʠ 

ʦʣʠʛʦʤʝʨʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʟʣʫʯʝʥʠʷ. ɺʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ: 

ʨʘʜʠʢʘʣʴʥʫʶ ʠ ʠʦʥʥʫʶ. 
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ʈʠʩʫʥʦʢ 2.22. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʈʘʜʠʢʘʣʴʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʠʤʝʨʘ, ʢʦʛʜʘ ʩʪʘʜʠʠ 

ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʮʝʧʠ ʧʨʦʪʝʢʘʶʪ ʩ ʫʯʘʩʪʠʝʤ ʨʘʜʠʢʘʣʦʚ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʷʚʣʷʝʪʩʷ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʘʷ 

ʜʠʩʩʦʮʠʘʮʠʷ, ʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʤʦʥʦʤʝʨʦʚ ʠ 

ʦʣʠʛʦʤʝʨʦʚ, ʠʣʠ ʧʨʦʩʪʦ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ, ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʘʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʨʘʜʠʢʘʣʴʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʤʦʣʝʢʫʣʦʡ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ. ʇʦʛʣʦʪʠʚʰʘʷ ʩʚʝʪ ʤʦʣʝʢʫʣʘ ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʜʘʣʝʝ 

ʠʜʝʪ ʧʨʦʮʝʩʩ ʨʘʟʨʳʚʘ ʭʠʤʠʯʝʩʢʦʡ ʩʚʷʟʠ. ʈʘʟʨʫʰʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʘʤʘʷ ʩʣʘʙʘʷ (ʣʠʙʦ ʦʜʥʘ 

ʠʟ ʩʘʤʳʭ ʩʣʘʙʳʭ) ʩʚʷʟʴ ʚ ʤʦʣʝʢʫʣʝ. ʉʦʝʜʠʥʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʬʦʪʦʠʥʠʮʠʘʪʦʨʳ, 

ʜʠʩʩʦʮʠʠʨʫʶʪ ʥʘ ʜʚʘ ʨʘʜʠʢʘʣʘ ʠʣʠ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʡ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʠ ʦʙʨʘʟʫʝʪʩʷ 

ʙʠʨʘʜʠʢʘʣ-ʤʦʣʝʢʫʣʘ, ʠʤʝʶʱʘʷ ʚ ʨʘʟʥʳʭ ʯʘʩʪʷʭ ʜʚʝ ʩʚʦʙʦʜʥʳʭ ʚʘʣʝʥʪʥʦʩʪʠ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʚʤʝʩʪʦ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʳ, ʢʦʪʦʨʳʝ 

ʧʦʛʣʦʱʘʶʪ ʩʚʝʪ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ. ɺʦʟʙʫʞʜʝʥʥʳʡ ʩʝʥʩʠʙʠʣʠʟʘʪʦʨ ʣʠʙʦ ʧʝʨʝʜʘʝʪ 

ʧʦʛʣʦʱʝʥʥʫʶ ʵʥʝʨʛʠʶ ʠʥʠʮʠʘʪʦʨʫ, ʣʠʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʥʠʤ, ʦʙʨʘʟʫʷ ʧʘʨʫ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʦʥʘ ʚʳʜʝʣʷʶʪ ʘʥʠʦʥʥʫʶ ʠ ʢʘʪʠʦʥʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʂʘʪʠʦʥʥʘʷ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʠʥʠʮʠʠʨʫʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʠʦʥʘ ʩ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʦʡ ʛʨʫʧʧʦʡ ʚ ʤʦʥʦʤʝʨʝ ʠʣʠ ʦʣʠʛʦʤʝʨʝ. 

ɹʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʠ ʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʠʤʝʥʥʦ ʢʘʪʠʦʥʥʳʝ ʠʥʠʮʠʘʪʦʨʳ. ʊʘʢ ʢʘʢ ʧʨʠ ʬʦʪʦʜʠʩʩʦʮʠʘʮʠʠ ʠʟʚʝʩʪʥʳʭ ʠʦʥʥʳʭ 

ʠʥʠʮʠʘʪʦʨʦʚ ʦʙʨʘʟʫʝʪʩʷ ʘʢʪʠʚʥʳʡ ʢʘʪʠʦʥ ʠ ʤʘʣʦʘʢʪʠʚʥʳʡ ʘʥʠʦʥ, ʪʦ ʧʦʜ ʠʦʥʥʦʡ 

ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʢʘʢ ʧʨʘʚʠʣʦ ʢʘʪʠʦʥʥʫʶ ʬʦʪʦʠʥʠʮʠʠʨʦʚʘʥʥʫʶ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ. ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 3D-ʧʝʯʘʪʠ ʥʘʭʦʜʠʪ ʪʘʢʞʝ ʠʤʝʥʥʦ 

ʢʘʪʠʦʥʥʘʷ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷ. ʇʦ ʢʘʪʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʤʦʛʫʪ ʧʦʣʠʤʝʨʠʟʦʚʘʪʴʩʷ 

ʚʠʥʠʣʦʚʳʝ ʠ ʜʠʝʥʦʚʳʝ ʤʦʥʦʤʝʨʳ ʠ ʦʣʠʛʦʤʝʨʳ, ʘʢʨʠʣʘʪʳ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʩʦʝʜʠʥʝʥʠʷ ʩ 

ʛʝʪʝʨʦʮʠʢʣʘʤʠ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʧʦʩʣʝʜʥʠʭ ʧʨʦʪʝʢʘʝʪ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ ʚ ʧʨʦʮʝʩʩʝ 

ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʘ. 

ʂʠʥʝʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʠʦʥʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʇʝʨʚʘʷ ʩʪʘʜʠʷ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʬʦʪʦʠʥʠʮʠʘʪʦʨʘ ʩ ʋʌ ʠʟʣʫʯʝʥʠʝʤ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨ I ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʛʣʦʱʝʥʥʦʛʦ ʢʚʘʥʪʘ ʩʚʝʪʘ ʦʙʨʘʟʫʝʪ ʠʦʥʥʫʶ ʧʘʨʫ ʂ
+
 ʠ ɸ

-
. 

ʕʪʘ ʠʦʥʥʘʷ ʧʘʨʘ ʤʦʞʝʪ ʦʩʪʘʪʴʩʷ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʠʦʥʥʦʡ ʩʚʷʟʴʶ ʣʠʙʦ ʧʨʦʜʠʩ 

ʩʦʮʠʠʨʦʚʘʪʴ ʥʘ ʢʘʪʠʦʥ ʠ ʘʥʠʦʥ. ʆʙʳʯʥʦ ʦʜʠʥ ʠʟ ʠʦʥʦʚ ʧʨʝʚʦʩʭʦʜʠʪ ʜʨʫʛʦʡ ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʜʘʞʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʤʦʥʦʤʝʨʘ 



44 

 

ʠʣʠ ʦʣʠʛʦʤʝʨʘ, ʧʦʣʠ ʤʝʨʠʟʦʚʘʪʴʩʷ ʢʘʢ ʧʦ ʘʥʠʦʥʥʦʤʫ, ʪʘʢ ʠ ʧʦ ʢʘʪʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʘʤ, 

ʪʦʣʴʢʦ ʦʜʠʥ ʠʦʥ ʠʟ ʧʘʨʳ ʠʥʠʮʠʠʨʫʝʪ ʮʝʧʥʦʡ ʧʨʦʮʝʩʩ. ʆʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʘʪʠʦʥ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʣʝʜʫʶʱʝʡ ʤʦʣʝʢʫʣʦʡ ʤʦʥʦʤʝʨʘ ʠʣʠ ʦʣʠʛʦʤʝʨʘ. 

ʆʙʨʳʚ ʮʝʧʠ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʧʦʣʠʤʝʨʥʦʛʦ ʢʘʪʠʦʥʘ ʩ ʘʥʠʦʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʯʝʥʴ ʨʝʜʢʦ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʳʚ ʮʝʧʠ ʧʨʦʠʩʭʦʜʠʪ ʣʠʙʦ ʧʝʨʝʜʘʯʝʡ ʮʝʧʠ ʥʘ ʤʦʥʦʤʝʨ ʩ ʦʪʱʝʧʣʝʥʠʝʤ ʘʪʦʤʘ 

ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʘʢʪʠʚʥʦʛʦ ʢʘʪʠʦʥʘ, ʣʠʙʦ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ ʧʨʝʢʨʘʱʘʝʪʩʷ ʪʦʛʜʘ, 

ʢʦʛʜʘ ʧʦʣʠʤʝʨʥʘʷ ʤʦʣʝʢʫʣʘ ʪʝʨʷʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʢʘʪʠʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ, ʠʤʝʶʱʠʭ ʚ ʩʚʦʝʡ 

ʩʪʨʫʢʪʫʨʝ ʛʝʪʝʨʦʮʠʢʣʳ, ʫʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʠ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʮʝʧʠ ʠ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʢʘʪʠʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʨʫʛʦʡ ʤʦʣʝʢʫʣʦʡ 

ʤʦʥʦʤʝʨʘ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʢʨʳʪʠʶ ʮʠʢʣʘ. 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʤʝʪʦʜʦʤ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʧʨʦʚʦʜʠʪʩʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ. ʂʘʞʜʳʡ 

ʩʣʦʡ ʚʳʯʝʨʯʠʚʘʝʪʩʷ ʣʘʟʝʨʦʤ ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ, ʟʘʣʦʞʝʥʥʳʤ ʚ ʪʨʝʭʤʝʨʥʦʡ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. 

ʆʙʣʫʯʝʥʠʝ ʣʘʟʝʨʦʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʪ.ʝ. ʦʪʚʝʨʞʜʝʥʠʶ) ʤʘʪʝʨʠʘʣʘ ʚ ʪʦʯʢʘʭ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʣʫʯʦʤ. ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʩ ʦʪʚʝʨʞʜʝʥʠʝʤ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳ (ʦʣʠʛʦʤʝʨʘ) ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʪʚʝʨʜʠʪʝʣʷ (ʨʝʘʛʝʥʪʘ). ɺ ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʦʥʘ ʞʠʜʢʘʷ, ʥʦ, ʚʩʪʫʧʘʷ ʚ ʨʝʘʢʮʠʶ, ʝʝ ʤʦʣʝʢʫʣʳ ʩʦʝʜʠʥʷʶʪʩʷ ʠ ʟʘʩʪʳʚʘʶʪ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ 

ʪʚʝʨʜʳʡ ʧʦʣʠʤʝʨ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʪʫʨʘ ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʙʘʢ ʩ ʞʠʜʢʦʡ 

ʩʤʦʣʦʡ ʥʘ ʜʠʩʪʘʥʮʠʶ, ʨʘʚʥʫʶ ʪʦʣʱʠʥʝ ʦʜʥʦʛʦ ʩʣʦʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ 0,05 ʤʤ ʜʦ 0,15 ʤʤ. 

ʇʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʧʦʩʪʨʦʝʥʠʷ 

ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʧʦʩʪʨʦʝʥʠʷ ʧʦʣʥʦʡ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʦʩʪʨʦʡʢʠ ʠʟʜʝʣʠʷ ʧʨʦʤʳʚʘʶʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʦʙʨʘʙʦʪʢʝ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʧʝʯʠ ʜʦ ʧʦʣʥʦʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʬʦʪʦʧʦʣʠʤʝʨʘ. 

ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʘʥʘʣʦʛʠʯʥʦ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʧʣʘʚʣʝʥʠʷ (FDM). ʆʧʦʨʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʬʘʡʣʝ, ʩʦʜʝʨʞʘʱʝʤ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ, ʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʠʟ ʪʦʛʦ ʞʝ ʬʦʪʦʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦ ʩʫʪʠ, ʦʧʦʨʳ ʷʚʣʷʶʪʩʷ ʚʨʝʤʝʥʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʜʘʣʷʝʤʳʤʠ ʚʨʫʯʥʫʶ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʛʦʪʦʚʣʝʥʠʷ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʧʝʯʘʪʠ. 

ʉʫʱʝʩʪʚʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʩʣʦʠ ʪʦʣʱʠʥʦʡ 15 ʤʠʢʨʦʥ, ʯʪʦ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʤʝʥʴʰʝ ʪʦʣʱʠʥʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʣʦʩʘ. ʊʦʯʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʨʦʪʦʪʠʧʦʚ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʪʝʟʦʚ ʠ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ. 

ʉʢʦʨʦʩʪʴ ʧʝʯʘʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʧʦʜʦʙʥʳʭ 

ʫʩʪʨʦʡʩʪʚ: ʚʨʝʤʷ ʧʦʩʪʨʦʝʥʠʷ ʦʜʥʦʡ ʤʦʜʝʣʠ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʣʠʰʴ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʥʦ ʚ 

ʠʪʦʛʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʤʦʜʝʣʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʣʘʟʝʨʥʳʭ ʛʦʣʦʚʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʫʩʪʨʦʡʩʪʚʦʤ 

ʦʜʥʦʚʨʝʤʝʥʥʦ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʝ ʥʘʩʪʦʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʦʙʣʘʩʪʴ 

ʧʦʩʪʨʦʝʥʠʷ ʦʪ 50 ʜʦ 150 ʤʤ ʚ ʦʜʥʦʤ ʠʟʤʝʨʝʥʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʫʩʪʘʥʦʚʢʠ, ʩʧʦʩʦʙʥʳʝ ʧʝʯʘʪʘʪʴ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʤʦʜʝʣʠ, ʛʜʝ ʠʟʜʝʣʠʷ ʠʟʤʝʨʷʶʪʩʷ ʫʞʝ ʚ 

ʤʝʪʨʘʭ. ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʣʦʞʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʪʦʧʦʣʠʤʝʨʘ: ʩʫʱʝʩʪʚʫʶʪ ʠʤʠʪʘʪʦʨʳ ʪʚʝʨʜʳʭ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ, ʨʝʟʠʥʳ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʬʫʥʮʠʦʥʘʣʴʥʳʭ ʘʢʨʠʣʦʚʳʭ ʠ ʤʝʪʘʢʨʠʣʦʚʳʭ 

ʩʤʦʣ, ʘ ʪʘʢʞʝ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʫʩʘʜʢʠ. ɺ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʜʦʩʪʘʪʦʯʥʦ ʧʦʧʫʣʷʨʥʳ ʠ ʩʤʝʩʠ ʵʧʦʢʩʠʜʥʳʭ ʩʤʦʣ ʩ ʢʘʪʠʦʥʥʳʤʠ 

ʬʦʪʦʠʥʠʮʠʘʪʦʨʘʤʠ. 

ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ ʤʦʛʫʪ ʠʤʝʪʴ ʩʘʤʳʝ ʨʘʟʥʳʝ ʬʠʟʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʤʦʛʫʪ ʥʘʧʦʤʠʥʘʪʴ ɸɹʉ-ʧʣʘʩʪʠʢ, ʘ ʥʝʢʦʪʦʨʳʝ  ʠʤʝʪʴ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ ʨʝʟʠʥʳ. ɼʦʩʪʫʧʥʳ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ ʠ ʩʤʦʣʳ ʩ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʧʦʣʠʤʝʨʠʟʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʟʥʳʝ ʩʤʦʣʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 
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ʪʦʢʩʠʯʥʦʩʪʠ. ʅʝʢʦʪʦʨʳʝ ʩʤʦʣʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʥʪʝʨʘʤʠ, ʘ 

ʥʝʢʦʪʦʨʳʝ çʟʘʪʦʯʝʥʳè ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʩʠʩʪʝʤʳ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʚʳʙʦʨ 

ʧʝʯʘʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʍʨʘʥʝʥʠʝ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʜʣʠʥʘ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʘ ʟʘʩʚʝʪʢʘ, ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʤʘʪʝʨʠʘʣʘ ʢ 

ʤʘʪʝʨʠʘʣʫ ʠ ʥʝ ʚʩʝʛʜʘ ʫʢʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ. ʇʨʠ ʦʙʨʘʱʝʥʠʠ ʩ ʬʦʪʦʧʦʣʠʤʝʨʥʳʤʠ 

ʩʤʦʣʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ ʦʩʥʦʚʥʳʝ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʳʝ 

ʦʯʢʠ ʠ ʧʝʨʯʘʪʢʠ. ʍʦʪʷ ʩʘʤʠ ʩʤʦʣʳ ʤʦʛʫʪ ʙʳʪʴ ʥʝʪʦʢʩʠʯʥʳ, ʟʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʧʨʦʤʳʚʢʘ 

ʛʦʪʦʚʳʭ ʤʦʜʝʣʝʡ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʴ ʟʜʦʨʦʚʴʶ. 

ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʥʦ ʟʘʯʘʩʪʫʶ ʠʤʝʝʪ 

ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ ʟʘ ʩʯʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʮʝʥʳ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʠʥ ʣʠʪʨ 

ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ ʤʦʞʝʪ ʩʪʦʠʪʴ ʦʪ 80 ʜʦ 120 ʜʦʣʣʘʨʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʪʦʠʤʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 10000 ʜʦ 500 000 ʜʦʣʣʘʨʦʚ. ɺʳʩʦʢʘʷ ʧʦʧʫʣʷʨʥʦʩʪʴ 

ʪʝʭʥʦʣʦʛʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʨʘʙʦʪʢʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʤʦʜʝʣʝʡ, ʪʘʢʠʭ, ʢʘʢ FORM 1 ʦʪ 

ʢʦʤʧʘʥʠʠ Forml ɸɹʉ ʠʣʠ Pegasus Touch ʦʪ ʢʦʤʧʘʥʠʠ FSL3D ʩ ʟʘʷʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʚ 

2400 ʠ 3500 ʜʦʣʣʘʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺ 2011 ʛʦʜʫ ʚ ɺʝʥʩʢʦʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʋʥʠʚʝʨʩʠʪʝʪʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʘʢʪʥʳʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦʡ 3Dʧʨʠʥʪʝʨ, ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ. ʄʘʩʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʨʠʥʪʝʨʘ ʩʦʩʪʘʚʠʣʘ 1,5 ʢʛ, ʘ ʩʪʦʠʤʦʩʪʴ ʧʨʠʤʝʨʥʦ 1200 ʝʚʨʦ. 

ʆʜʥʦ ʠʟ ʧʨʝʠʤʫʱʝʩʪʚ 3Dʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʩʢʦʨʦʩʪʴ. ʆʙʲʝʢʪʳ 

ʚʦʟʚʦʜʷʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʭʦʪʷ ʦʪʜʝʣʴʥʳʝ ʤʦʜʝʣʠ ʩ ʦʩʦʙʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʤʦʛʫʪ 

ʚʳʨʘʱʠʚʘʪʴʩʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ ʨʘʙʦʪʘʶʪ 

ʩ ʦʙʲʝʢʪʘʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ 50x50x60 ʩʤ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠʩʢʣʶʯʝʥʠʷ. 

2.4.ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (MJM)  

ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (MJM) - ʬʠʨʤʝʥʥʳʡ ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʡ ʢʦʤʧʘʥʠʝʡ 3D Systems. ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʣʠʥʝʡʢʝ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʧʨʠʥʪʝʨʦʚ ProJet [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʦʯʝʪʘʝʪ ʯʝʨʪʳ ʪʘʢʠʭ ʤʝʪʦʜʦʚ 3D-ʧʝʯʘʪʠ, 

ʢʘʢ ʩʪʨʫʡʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ (3DP), ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ 

(FDM/FFF) ʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SLA). ʇʦʩʪʨʦʝʥʠʝ ʩʣʦʝʚ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣ-ɹ

ʥʦʡ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʠ, ʦʩʥʘʱʝʥʥʦʡ ʤʘʩʩʠʚʦʤ ʩʦʧʝʣ. ʂʦʣʠʯʝʩʪʚʦ ʩʦʧʝʣ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʦʜʝʣʷʭ ʧʨʠʥʪʝʨʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 96 ʜʦ 448. 

ʇʝʯʘʪʴ ʧʨʦʚʦʜʠʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʚʦʩʢʘʤʠ ʠ ʬʦʪʦʧʦʣʠʤʝʨʥʳʤʠ 

ʩʤʦʣʘʤʠ. ɺ ʧʝʨʚʳʭ ʜʚʫʭ ʩʣʫʯʘʷʭ ʤʘʪʝʨʠʘʣʳ ʟʘʪʚʝʨʜʝʚʘʶʪ ʟʘ ʩʯʝʪ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. 

ɺ ʩʣʫʯʘʝ ʧʝʯʘʪʠ ʬʦʪʦʧʦʣʠʤʝʨʘʤʠ ʢʘʞʜʳʡ ʥʘʥʝʩʝʥʥʳʡ ʩʣʦʡ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʫʣʴʪʨʘʬʠʦʣʝ-

ʪʦʚʳʤ ʠʟʣʫʯʘʪʝʣʝʤ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʟʘʪʚʝʨʜʝʚʘʥʠʷ). 

ʄʥʦʛʦʩʪʨʫʡʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʧʦʨʳ ʥʘʚʠʩʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʤʦʜʝʣʝʡ ʠʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʚʦʩʢʘ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʚʦʩʢʦʚʳʭ ʩʪʨʫʢʪʫʨ ʧʦ ʦʢʦʥʯʘʥʠʠ ʧʝʯʘʪʠ ʛʦʪʦʚʘʷ ʤʦʜʝʣʴ ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʝʯʴ (ʚʩʪʨʦʝʥʥʫʶ ʠʣʠ 

ʦʪʜʝʣʴʥʫʶ) ʠ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʨʥʦ 60 Áʉ ʜʣʷ ʚʳʧʣʘʚʢʠ ʚʦʩʢʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ, 

ʩʨʘʚʥʠʤʳʭ ʩ ʣʘʟʝʨʥʦʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʝʡ (SLA) - ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ 

ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ 16 ʤʠʢʨʦʥ, ʘ ʨʘʟʨʝʰʝʥʠʝ ʧʝʯʘʪʠ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪ 

750ʭ750ʭ1600 DPI. ʈʘʥʥʠʝ ʤʦʜʝʣʠ MJM-ʧʨʠʥʪʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʳʜʝʥʥʳʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʧʦʣʠʤʝʨʳ. ʈʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʚʝʣʠ ʢ ʧʦʩʪʝʧʝʥʥʦʡ ʟʘʤʝʥʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ ʬʦʪʦʧʦʣʠʤʝʨʥʳʤʠ ʩʤʦʣʘʤʠ ʠ 

ʚʦʩʢʘʤʠ. 

ʇʨʠʥʪʝʨʳ ProJet ʠʩʧʦʣʴʟʫʶʪ ʘʩʩʦʨʪʠʤʝʥʪ ʤʘʪʝʨʠʘʣʦʚ ʤʘʨʢʠ VisiJet, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʚʦʩʢʠ ʠ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢ, VisiJet 

DentCast ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʪʣʠʚʦʯʥʦʛʦ ʚʦʩʢʘ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ, VisiJet X ʩʣʫʞʠʪ ʚ 
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ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦʧʫʣʷʨʥʦʤʫ ɸɹʉ-ʧʣʘʩʪʠʢʫ, VisiJet Crystal ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʣʠʪʝʡʥʳʭ ʤʘʩʪʝʨ-ʤʦʜʝʣʝʡ ʠ ʪ.ʜ. 

ʊʝʭʥʦʣʦʛʠʷ MJM ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʪʨʝʙʫʶʱʠʭ ʩʦʟʜʘʥʠʷ 

ʚʳʩʦʢʦʪʦʯʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ (ʈʠʩʫʥʦʢ 2.23). ʉʨʝʜʠ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʪʦʤʘʪʦʣʦʛʠʶ, ʶʚʝʣʠʨʥʦʝ ʜʝʣʦ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʜʠʟʘʡʥ, 

ʨʘʟʨʘʙʦʪʢʫ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨ. 

 

 
ʈʠʩʫʥʦʢ 2.23. ʀʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

2.5.ʎʠʬʨʦʚʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦʝʢʮʠʷ (DLP) 

ʎʠʬʨʦʚʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦʝʢʮʠʷ (DLP) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʦʜʩʪʚʝʥʥʳʡ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʦʡ 3D-ʧʝʯʘʪʠ [1]. 

ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʮʠʬʨʦʚʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʧʨʦʝʢʪʦʨʳ (DLP), ʧʦʟʚʦʣʷʷ ʩʥʠʞʘʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʣʘʟʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʩʢʘʥʠʨʫʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʦʜʥʠʤ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʣʘʟʝʨʥʳʤʠ ʛʦʣʦʚʢʘʤʠ, DLP-ʧʨʠʥʪʝʨʳ ʧʨʦʝʮʠʨʫʶʪ 

ʠʟʦʙʨʘʞʝʥʠʝ ʮʝʣʦʛʦ ʩʣʦʷ ʜʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʥʦʩʠʪʩʷ ʥʦʚʳʡ 

ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʦʝʮʠʨʫʝʪʩʷ ʠʟʦʙʨʘʞʝʥʠʝ ʥʦʚʦʛʦ ʩʣʦʷ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. 

ʆ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʤʝʪʦʜʘ ʩʣʦʞʥʦ ʩʫʜʠʪʴ. ʄʝʪʦʜ ʮʠʬʨʦʚʦʡ 

ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʝʯʘʪʠ ʧʦʷʚʠʣʩʷ ʥʝ ʪʘʢ ʜʘʚʥʦ, ʥʦ ʫʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʝʢʨʘʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʦʧʦʩʪʘʚʠʤʳʝ ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʣʘʟʝʨʥʦʡ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ, ʟʘʧʘʪʝʥʪʦʚʘʥʥʦʡ ʏʘʨʣʴʟʦʤ ʍʘʣʣʦʤ ʚ 1986 ʛʦʜʫ ʠ ʜʘʚʰʝʡ ʧʝʨʚʳʡ 

ʩʫʱʝʩʪʚʝʥʥʳʡ ʪʦʣʯʦʢ ʨʘʟʚʠʪʠʶ ʪʨʸʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ DLP ʧʝʨʝʜ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʝʡ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʝʢʪʦʨʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʳʤʠ ʠʟʣʫʯʘʪʝʣʷʤʠ. 

ʉ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠʷ DLP-ʧʨʠʥʪʝʨʳ ʩʦʩʪʘʚʣʷʶʪ ʧʨʷʤʫʶ ʢʦʥʢʫʨʝʥʮʠʶ 

ʫʩʪʨʦʡʩʪʚʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ. DLP-ʧʨʠʥʪʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʪʦʤʘʪʦʣʦʛʠʠ, ʶʚʝʣʠʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʚʦʙʦʜʥʦʤ ʜʠʟʘʡʥʝ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʫʚʝʥʠʨʦʚ. 

ʂʘʢ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ, DLP- ʧʨʠʥʪʝʨʳ ʠʤʝʶʪ ʚʳʩʦʢʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʪʦʯʥʦʩʪʠ ʧʝʯʘʪʠ - ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 15 ʤʠʢʨʦʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ, ʥʘʥʦʩʠʤʦʛʦ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤʠ ʵʢʩʪʨʫʟʠʦʥʥʳʤʠ ʧʨʠʥʪʝʨʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 50 ʤʠʢʨʦʥ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʘʟʨʝʰʝʥʠʝ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʢʦʨʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʪʦʯʥʦʩʪʠ ʮʝʥʦʡ 

ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʯʘʪʠ. ʈʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʘ ʠʤʝʥʥʦ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ, ʠʤʝʶʪ 

ʚʳʩʦʢʠʡ ʜʠʘʧʘʟʦʥ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʚʦʟʤʦʞʥʳ ʠʤʠʪʘʪʦʨʳ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

ʪʚʝʨʜʳʭ ʧʣʘʩʪʠʢʦʚ ʜʦ ʨʝʟʠʥʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʝʯʘʪʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ ʦʜʥʦʛʦ 
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ʮʚʝʪʘ, ʥʦ ʦʛʨʘʥʠʯʝʥʠʡ ʧʘʣʠʪʨʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʆʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ DLP, ʢʘʢ ʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ, ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ - ʧʦʨʷʜʢʘ $ 80-160 ʟʘ ʦʜʠʥ ʣʠʪʨ ʞʠʜʢʦʛʦ 

ʧʦʣʠʤʝʨʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʢʠʣʦʛʨʘʤʤ ʧʣʘʩʪʠʢʦʚʦʡ ʥʠʪʠ ʜʣʷ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ 

ʥʘʧʣʘʚʣʝʥʠʷ ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʟʘ $35. ɺ ʠʪʦʛʝ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʦʣʞʝʥ ʥʘʡʪʠ ʧʨʘʚʠʣʴʥʳʡ 

ʙʘʣʘʥʩ ʤʝʞʜʫ ʢʘʯʝʩʪʚʦʤ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ ʧʝʯʘʪʠ. 

ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ DLP-ʧʨʠʥʪʝʨʦʚ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʚʳʩʦʢʠʝ ʪʦʯʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʮʠʬʨʦʚʦʛʦ ʧʨʦʝʮʠʨʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʘ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʝʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ. ɺʩʝʛʜʘ ʚʘʞʥʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, ʘ 3D- 

ʧʝʯʘʪʴ ʝʱʝ ʥʝ ʨʘʩʢʨʳʣʘ ʚʩʝʭ ʩʚʦʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. ɽʱʝ ʦʜʥʠʤ ʧʣʶʩʦʤ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʧʝʯʘʪʠ 

ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʠʭ ʙʦʣʝʝ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʨʝʭʤʝʨʥʳʤʠ ʧʨʠʥʪʝʨʘʤʠ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʢʩʠʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ. ɸ ʝʱʝ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʠ. ʅʦ 

ʨʝʟʫʣʴʪʘʪʳ ʚʧʦʣʥʝ ʦʢʫʧʘʶʪ ʵʪʠ ʥʝʜʦʩʪʘʪʢʠ. 

2.6.ʄʘʩʦʯʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SGC) 

ʄʘʩʦʯʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (SGC) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʦ ʤʥʦʛʦʤ 

ʩʭʦʞʠʡ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʨʦʝʢʮʠʠ (DLP) [1]. 

ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʥʝʜʨʝʥʘ ʥʘ ʨʳʥʦʢ ʠʟʨʘʠʣʴʩʢʦʡ ʢʦʤʧʘʥʠʝʡ Cubital Ltd ʚ 

1986 ʛʦʜʫ. ʂʦʤʧʘʥʠʷ Cubital ʟʘʢʦʥʯʠʣʘ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʥʦ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʧʨʘʚʘ 

ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʢʦʤʧʘʥʠʝʡ Objet Geometries Ltd, ʘ ʚ 2012 ʛʦʜʫ ʧʝʨʝʰʣʠ ʢ ʢʦʨʧʦʨʘʮʠʠ 

Stratasys ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʣʠʷʥʠʷ ʜʚʫʭ ʢʦʤʧʘʥʠʡ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʠ SGC, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʧʨʠʥʪʝʨʘʭ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʢʦʤʧʘʥʠʠ 3D-Systems, ʠʟʚʝʩʪʝʥ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 

Film Transfer Imaging (FTI). 

ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʥʘʥʝʩʝʥʠʠ ʪʦʥʢʠʭ ʩʣʦʝʚ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʦʙʣʫʯʝʥʠʝʤ ʤʘʪʝʨʠʘʣʘ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʩʚʝʪʦʤ. ʆʙʣʫʯʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʬʠʟʠʯʝʩʢʦʤʫ ʬʦʪʦʰʘʙʣʦʥʫ, ʠʣʠ çʤʘʩʢʝè ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʥʪʫʨʘ. ʆʙʣʫʯʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ (ʟʘʪʚʝʨʜʝʚʘʥʠʶ) ʤʘʪʝʨʠʘʣʘ, ʧʦʩʣʝ ʯʝʛʦ ʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ ʫʜʘʣʷʝʪʩʷ ʠʟ 

ʨʘʙʦʯʝʡ ʟʦʥʳ, ʘ ʧʦʣʦʩʪʠ ʟʘʧʦʣʥʷʶʪʩʷ ʣʝʛʢʦʧʣʘʚʢʠʤ ʚʦʩʢʦʤ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. ʇʦ 

ʟʘʚʝʨʰʝʥʠʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʚʦʩʢ ʚʳʧʣʘʚʣʷʝʪʩʷ, ʦʩʪʘʚʣʷʷ ʛʦʪʦʚʫʶ ʤʦʜʝʣʴ, ʥʝ ʪʨʝʙʫʶʱʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʧʝʯʠ ʜʣʷ ʧʦʣʥʦʡ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ. ʇʦʜʙʦʨ 

ʧʦʜʭʦʜʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚʚʠʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʠʤʝʨ ʜʦʣʞʝʥ 

ʦʙʣʘʜʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʪʦʧʦʣʠʤʝʨʳ, 

ʥʘʧʦʤʠʥʘʶʱʠʝ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ɸɹʉ- ʧʣʘʩʪʠʢ. 

ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ SGC ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ, ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʪʘʢʠʤʠ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʢʘʢ 

SLA ʠʣʠ DLP. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʳʩʦʢʦʤʫ ʨʘʟʨʝʰʝʥʠʶ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʢʘʞʜʦʛʦ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʦ ʦʩʠ Z. 

ʅʘʢʦʥʝʮ, ʪʝʭʥʦʣʦʛʠʷ ʦʪʣʠʯʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʟʘ ʩʯʝʪ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʮʝʣʳʭ ʩʣʦʝʚ.  

ʉʨʝʜʠ ʥʝʜʦʩʪʘʪʢʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʰʫʤʥʦʩʪʴ ʠ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʪʭʦʜʦʚ, ʧʦʚʳʰʘʶʱʝʝ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʝʯʘʪʠ. ʉʘʤʠ ʞʝ ʫʩʪʘʥʦʚʢʠ ʜʦʚʦʣʴʥʦ 

ʜʦʨʦʛʠ ʚʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʝʪʦʜ SGC ʧʦʯʪʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʘ ʝʛʦ ʚʘʨʠʘʮʠʷ FTI ʩʪʘʣʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʪʣʠʯʠʤʘ ʦʪ ʮʠʬʨʦʚʦʡ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʝʯʘʪʠ (DLP) ʚʚʠʜʫ ʚʥʝʜʨʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʧʨʦʝʢʪʦʨʦʚ. 
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2.7.ʃʘʤʠʥʠʨʦʚʘʥʠʝ (LOM)  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ʣʘʤʠʥʠʨʦʚʘʥʠʷ (LOM) - ʪʝʭʥʦʣʦʛʠʷ ʙʳʩʪʨʦʛʦ 

ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Helisys Inc (ʈʠʩʫʥʦʢ 2.24) [1]. ʄʝʪʦʜ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʩʢʣʝʠʚʘʥʠʝ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʙʫʤʘʛʠ, ʧʣʘʩʪʠʢʘ, 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʣʴʛʠ) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʥʪʫʨʘ ʢʘʞʜʦʛʦ ʩʣʦʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ. 

ʆʙʲʝʢʪʳ, ʧʨʦʠʟʚʦʜʠʤʳʝ ʵʪʠʤ ʤʝʪʦʜʦʤ, ʦʙʳʯʥʦ ʧʦʜʣʝʞʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ ʧʦʩʣʝ ʧʝʯʘʪʠ. ʊʦʣʱʠʥʘ ʥʘʥʦʩʠʤʦʛʦ ʩʣʦʷ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ 

ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

 
ʈʠʩʫʥʦʢ 2.24. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʤʠʥʠʨʦʚʘʥʠʷ 

ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʃʠʩʪ ʤʘʪʝʨʠʘʣʘ ʩ ʢʣʝʡʢʠʤ ʧʦʢʨʳʪʠʝʤ 

ʥʘʥʦʩʠʪʩʷ ʥʘ ʨʘʙʦʯʫʶ ʧʣʘʪʬʦʨʤʫ (ʠʣʠ ʥʠʞʥʠʝ ʩʣʦʠ ʤʦʜʝʣʠ) ʩ ʧʦʤʦʱʴʶ ʨʘʟʦʛʨʝʪʦʛʦ ʨʦʣʠʢʘ. 

ʂʦʥʪʫʨ ʩʣʦʷ ʚʳʯʝʨʯʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ. ʃʠʰʥʠʡ ʤʘʪʝʨʠʘʣ ʨʝʞʝʪʩʷ ʣʘʟʝʨʦʤ ʥʘ ʤʝʣʢʠʝ 

ʩʝʢʮʠʠ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʫʜʘʣʝʥʠʷ. ʇʣʘʪʬʦʨʤʘ ʩ ʛʦʪʦʚʳʤ ʩʣʦʝʤ ʧʝʨʝʜʚʠʛʘʝʪʩʷ 

ʚʥʠʟ. ɺ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʧʦʜʘʝʪʩʷ ʥʦʚʳʡ ʣʠʩʪ ʤʘʪʝʨʠʘʣʘ. ʇʣʘʪʬʦʨʤʘ ʧʦʜʥʠʤʘʝʪʩʷ ʚʚʝʨʭ ʜʦ 

ʢʦʥʪʘʢʪʘ ʩ ʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʎʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʦʩʪʨʦʡʢʠ ʤʦʜʝʣʠ, ʧʦʩʣʝ 

ʯʝʛʦ ʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ ʫʜʘʣʷʝʪʩʷ, ʠ ʧʨʦʚʦʜʠʪʩʷ ʟʘʚʝʨʰʘʶʱʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʠʟʜʝʣʠʷ (ʩʚʝʨʣʝʥʠʝ, ʰʣʠʬʦʚʢʘ ʠ ʧʨ.) 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʝʯʘʪʴ ʟʘʚʝʨʰʝʥʘ, ʦʙʲʝʢʪ ʩʥʠʤʘʝʪʩʷ ʩ ʧʣʘʪʬʦʨʤʳ ʠ ʣʠʰʥʷʷ ʯʘʩʪʴ 

ʤʘʪʝʨʠʘʣʘ ʫʜʘʣʷʝʪʩʷ. ʀʟʜʝʣʠʷ, ʜʣʷ ʧʝʯʘʪʠ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʫʤʘʛʘ, ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʧʦ ʩʪʨʫʢʪʫʨʝ ʥʘʧʦʤʠʥʘʶʪ ʜʝʨʝʚʦ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩ 

ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʪʦʣʷʨʥʳʭ ʨʘʙʦʪ) ʦʙʨʘʙʦʪʘʥʳ. ɿʘʯʘʩʪʫʶ ʠʭ ʧʦʢʨʳʚʘʶʪ ʣʘʢʦʤ 

ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʣʘʛʠ. 

ʂʦʤʧʘʥʠʷ Mcor Technologies ʠʩʧʦʣʴʟʫʝʪ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ 

çʚʳʙʦʨʦʯʥʦʝ ʣʘʤʠʥʠʨʦʚʘʥʠʝè, ʠʣʠ SDL. ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ 

ʪʦʣʴʢʦ ʚ ʤʝʩʪʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ 

ʣʠʰʥʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ, 

ʚʳʙʦʨʦʯʥʦʝ ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʝʟʢʫ ʩ ʧʦʤʦʱʴʶ ʣʝʟʚʠʷ ʠʟ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ. 

ɼʦʤʘʰʥʠʝ 3D-ʧʨʠʥʪʝʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʣʘʤʠʥʠʨʦʚʘʥʠʷ, - ʙʦʣʴʰʘʷ 

ʨʝʜʢʦʩʪʴ. ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʥʪʝʨ SD300 ʦʪ ʢʦʤʧʘʥʠʠ Cubic Techonogies, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʝʛʦ ʩʪʦʠʤʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 15 ʪʳʩʷʯ ʜʦʣʣʘʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʤʝʪʦʜʦʤ ʣʘʤʠʥʠʨʦʚʘʥʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʙʫʤʘʛʠ, ʢʘʨʪʦʥʘ, ʧʣʘʩʪʠʢʦʚ, ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʬʦʣʴʛʠ. ʆʙʷʟʘʪʝʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʘʜʛʝʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʫʩʪʫʧʘʝʪ ʘʥʘʣʦʛʘʤ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʠ 

ʥʝʢʦʪʦʨʳʝ ʜʦʩʪʦʠʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʝʯʘʪʠ ʚ ʧʨʦʮʝʩʩʝ 

ʣʘʤʠʥʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʜʦʨʦʛʠʤʠ, ʧʨʦʯʥʳʤʠ, ʜʦʩʪʫʧʥʳʤʠ, ʘ ʠʭ ʩʚʦʡʩʪʚʘ 

ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦʪ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʩʦ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʘ ʪʘʢʞʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ, ʧʦʣʳʝ ʚʥʫʪʨʠ. ʀʟ-ʟʘ ʥʝ ʩʣʠʰʢʦʤ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʝʛʦ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ. 

ʇʦʜʭʦʜʷʱʠʝ ʜʣʷ ʧʝʯʘʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʳ - ʵʪʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʤʘʩʰʪʘʙʥʳʝ ʤʦʜʝʣʠ ʠ ʧʨʦʪʦʪʠʧʳ ʜʣʷ ʦʮʝʥʢʠ ʬʦʨʤʳ ʠ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʠʟʜʝʣʠʷ. ʊʘʢʞʝ ʩ ʝʛʦ 

ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʦʙʨʘʟʮʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ (ʦʪʣʠʚʢʝ 

ʤʝʪʘʣʣʘ ʠ ʪ.ʜ.). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʙʣʘʛʦʜʘʨʷ ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʠ 

ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɹʫʤʘʞʥʳʝ ʤʦʜʝʣʠ ʧʨʠʙʣʠʞʘʶʪʩʷ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢ 

ʜʨʝʚʝʩʠʥʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʈʘʟʨʝʰʝʥʠʝ ʧʝʯʘʪʠ ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʝʪ ʪʘʢʠʤ ʚʳʩʦʢʦʪʦʯʥʳʤ ʤʝʪʦʜʘʤ, ʢʘʢ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ 

(SLA) ʠʣʠ ʚʳʙʦʨʦʯʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS). ʊʝʭʥʦʣʦʛʠʷ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʜʦʧʫʩʢʘʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʤʦʜʝʣʝʡ. 

2.8.ʃʘʤʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ (SDL) 

ʃʘʤʠʥʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ (SDL) ʠʣʠ 3D-ʧʝʯʘʪʴ ʥʘ ʙʫʤʘʛʝ ʙʳʣʦ 

ʠʟʦʙʨʝʪʝʥʦ ʜʦʢʪʦʨʘʤʠ ʂʦʥʦʨʦʤ ʠ ʌʠʥʪʘʥʦʡ ʄʘʢʢʦʨʤʘʢ ʚ 2003 ʛʦʜʫ [1]. 

ʊʝʭʥʦʣʦʛʠʶ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʥʝ ʩʪʦʠʪ ʧʫʪʘʪʴ ʩ ʙʦʣʝʝ 

ʩʪʘʨʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʤʠʥʠʨʦʚʘʥʠʷ (LOM). 

ɺ ʪʝʭʥʦʣʦʛʠʠ LOM ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʘʟʝʨ, ʣʘʤʠʥʠʨʦʚʘʥʥʫʶ ʙʫʤʘʛʫ ʠ ʢʣʝʡ ʪʘʢ, ʯʪʦ ʚʩʝ 

ʩʢʣʝʠʚʘʣʦʩʴ ʤʝʞʜʫ ʩʦʙʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ʚʦʢʨʫʛ 3D-ʤʦʜʝʣʠ. 

ʀʟʚʣʝʯʝʥʠʝ ʤʦʜʝʣʠ ʤʦʛʣʦ ʩʪʘʪʴ ʥʘʩʪʦʷʱʠʤ ʠʩʧʳʪʘʥʠʝʤ, ʟʘʯʘʩʪʫʶ ʧʨʠʚʦʜʷʱʠʤ ʢ ʧʦʣʦʤʢʝ 

ʠʟʜʝʣʠʷ.  

ʂʦʤʧʘʥʠʷ Mcor Technologies ʠʩʧʦʣʴʟʫʝʪ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ 

çʚʳʙʦʨʦʯʥʦʝ ʣʘʤʠʥʠʨʦʚʘʥʠʝè, ʠʣʠ SDL. ʕʪʦʪ ʤʝʪʦʜ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ 

ʪʦʣʴʢʦ ʚ ʤʝʩʪʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʨʘʩʯʝʪʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʫʜʘʣʝʥʠʷ 

ʣʠʰʥʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ, 

ʚʳʙʦʨʦʯʥʦʝ ʣʘʤʠʥʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʝʟʢʫ ʩ ʧʦʤʦʱʴʶ ʣʝʟʚʠʷ ʠʟ ʢʘʨʙʠʜʘ 

ʚʦʣʴʬʨʘʤʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʘʥʠʠ Mcor ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʝʟʚʠʷ ʜʣʷ ʨʝʟʢʠ, ʘ ʧʨʠʥʪʝʨ ʩʢʣʝʠʚʘʝʪ 

ʪʦʣʴʢʦ ʪʝ ʯʘʩʪʠ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʩʢʣʝʠʪʴ ʥʝʦʙʭʦʜʠʤʦ (ʈʠʩʫʥʦʢ 2.25). ʇʝʨʚʳʡ ʣʠʩʪ ʚʨʫʯʥʫʶ 

ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʢ ʩʙʦʨʦʯʥʦʡ ʧʣʘʩʪʠʥʝ. ʈʘʩʧʦʣʦʞʠʪʴ ʧʝʨʚʳʡ ʣʠʩʪ ʧʨʘʚʠʣʴʥʦ ʥʝ ʩʘʤʦʝ ʚʘʞʥʦʝ, 

ʪʘʢ ʢʘʢ ʧʝʨʚʳʝ ʥʝʩʢʦʣʴʢʦ ʩʪʨʘʥʠʮ ʩʦʝʜʠʥʷʶʪʩʷ ʚʤʝʩʪʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʛʦ ʩʣʦʷ, ʧʝʨʝʜ ʪʝʤ 

ʢʘʢ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʥʘʨʝʟʢʠ. 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʨʝʥʠʷ ʛʣʫʙʠʥʳ ʣʝʟʚʠʷ ʠ ʢʣʝʷʱʝʛʦ ʩʣʦʷ ʚʳʚʝʨʝʥʳ, ʜʚʝʨʠ 

ʧʨʠʥʪʝʨʘ ʟʘʢʨʳʚʘʶʪʩʷ - ʘʧʧʘʨʘʪ ʛʦʪʦʚ ʢ ʠʤʧʦʨʪʫ ʜʘʥʥʳʭ ʦʪ ʧʨʦʛʨʘʤʤʳ-ʩʣʘʡʩʝʨʘ. ɺʥʘʯʘʣʝ 

ʩʣʦʡ ʢʣʝʷ ʥʘʥʦʩʠʪʩʷ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʣʠʩʪʘ, ʧʦʤʝʱʝʥʥʦʛʦ ʥʘ ʩʙʦʨʦʯʥʫʶ ʧʣʘʩʪʠʥʫ. ʂʣʝʡ 

ʥʘʥʦʩʠʪʩʷ ʚʳʙʦʨʦʯʥʦ; ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʧʝʯʘʪʠ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ òʩʝʣʝʢʪʠʚʥʳʡò. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʢʣʝʷʱʠʡ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʙʫʜʝʪ ʥʘʥʝʩʝʥ ʥʘ ʪʝ ʦʙʣʘʩʪʠ, 

ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʥʫʪ ʯʘʩʪʴʶ ʤʦʜʝʣʠ, ʘ ʢʣʝʷʱʝʝ ʩʨʝʜʩʪʚʦ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʙʫʜʝʪ 

ʥʘʥʝʩʝʥʦ ʥʘ ʪʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʣʫʞʠʪʴ ʝʝ ʧʦʜʜʝʨʞʢʦʡ. 
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ʈʠʩʫʥʦʢ 2.25. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʅʦʚʳʡ ʣʠʩʪ ʙʫʤʘʛʠ ʧʦʜʘʝʪʩʷ ʚ ʧʨʠʥʪʝʨ ʠʟ ʣʦʪʢʘ ʜʣʷ ʙʫʤʘʛʠ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʨʦʚʥʦ ʥʘ ʪʦ 

ʤʝʩʪʦ, ʢʫʜʘ ʙʳʣʦ ʥʘʥʝʩʝʥʦ ʢʣʝʷʱʝʝ ʩʨʝʜʩʪʚʦ. ʉʙʦʨʦʯʥʘʷ ʧʣʘʩʪʠʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʚʝʨʭ ʢ 

ʨʘʩʢʘʣʝʥʥʦʡ ʧʣʘʩʪʠʥʝ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʩʦʩʪʘʚʥʳʤ ʯʘʩʪʷʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʘʚʣʝʥʠʝ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ 

ʜʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʦʯʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʩʪʘʤʠ ʙʫʤʘʛʠ. 

ʂʦʛʜʘ ʩʙʦʨʦʯʥʘʷ ʧʣʘʩʪʠʥʘ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘ ʩʚʦʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, 

ʨʝʛʫʣʠʨʫʝʤʦʝ ʣʝʟʚʠʝ ʠʟ ʢʘʨʙʠʜʘ ʚʦʣʴʬʨʘʤʘ ʨʘʟʨʝʟʘʝʪ ʣʠʩʪ ʙʫʤʘʛʠ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʠʪ ʟʘ 

ʢʦʥʪʫʨʦʤ ʦʙʲʝʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʦʨʤʳ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʚʩʷ ʵʪʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʧʦʣʥʝʥʘ, ʫʩʪʨʦʡʩʪʚʦ ʥʘʯʠʥʘʝʪ ʥʘʥʦʩʠʪʴ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ ʢʣʝʷ. ɺʝʩʴ 

ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʤʦʤʝʥʪʘ, ʧʦʢʘ ʚʩʝ ʣʠʩʪʳ ʥʝ ʙʫʜʫʪ ʨʘʟʨʝʟʘʥʳ ʠ ʩʢʣʝʝʥʳ ʤʝʞʜʫ 

ʩʦʙʦʡ, ʘ ʤʦʜʝʣʴ ʥʝ ʧʨʠʤʝʪ ʩʚʦʡ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʠʜ. ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʥʝʩʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ 

ʩʣʦʷ ʟʘʚʝʨʰʝʥʦ, ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ ʠʟ ʩʙʦʨʦʯʥʦʡ ʢʘʤʝʨʳ. 

ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʣʘʤʠʥʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʚʠʜʥʳʤ, ʢʦʛʜʘ ʚʳ ʠʟʙʘʚʣʷʝʪʝʩʴ ʦʪ ʥʝʥʫʞʥʳʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʤʦʜʝʣʴ ʯʘʩʪʝʡ. ʕʪʦʪ 

ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ñʠʟʚʣʝʯʝʥʠʝò. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʢʣʝʷʱʝʝ ʚʝʱʝʩʪʚʦ ʥʘʥʦʩʠʪʩʷ 

ʚʳʙʦʨʦʯʥʦ, ʤʝʞʜʫ ʩʦʩʪʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʤʦʜʝʣʠ ʩʚʷʟʴ ʙʦʣʝʝ ʧʨʦʯʥʘʷ, ʯʝʤ ʤʝʞʜʫ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ ʤʦʜʝʣʠ 

ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ñʨʘʟʚʘʣʠʚʘʝʪʩʷò ʥʘ ʤʘʣʝʥʴʢʠʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʧʦʭʦʞʠʝ ʥʘ 

ʠʛʨʘʣʴʥʳʝ ʢʦʩʪʠ; ʵʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʭʨʫʧʢʦʡ 3D-ʤʦʜʝʣʠ. 

ʇʨʠʥʪʝʨʳ Mcor ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʝʡ ʥʝʧʨʠʭʦʪʣʠʚʦʩʪʴʶ: ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 3D -ʤʦʜʝʣʝʡ ʠʟ-

ʧʦʜ ʧʦʜʜʝʨʞʠʚʘʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʛʨʫʞʘʪʴ ʜʝʪʘʣʠ ʚ ʪʦʢʩʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʩʪʨʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ. ʇʨʠ ʧʝʯʘʪʠ ʥʘ ʧʨʠʥʪʝʨʝ ʢʦʤʧʘʥʠʠ 

Mcor ʤʦʜʝʣʴ ʥʝ ʨʘʩʢʨʦʰʠʪʩʷ ʠ ʥʝ ʨʘʟʨʫʰʠʪʩʷ. ʅʘ ʚʳʭʦʜʝ 3D -ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʧʨʦʯʥʫʶ ʠ ʞʝʩʪʢʫʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢ ʢʘʢ ʤʦʜʝʣʴ ʩʦʟʜʘʝʪʩʷ ʧʫʪʝʤ ʧʣʦʪʥʦʛʦ ʩʞʘʪʠʷ ʣʠʩʪʦʚ 

ʙʫʤʘʛʠ, ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ - ʵʪʦ, ʧʨʘʢʪʠʯʝʩʢʠ, ʚʦʩʩʦʟʜʘʥʥʦʝ ʜʝʨʝʚʦ. ʄʦʜʝʣʴ ʛʝʥʝʨʠʨʫʝʪ 

ʪʝʧʣʦ, ʚʳʟʳʚʘʝʪ ʧʨʠʷʪʥʳʝ ʪʘʢʪʠʣʴʥʳʝ ʦʱʫʱʝʥʠʷ. 

ʄʦʜʝʣʴ ʤʦʞʥʦ ʙʫʜʝʪ ʦʙʨʘʙʦʪʘʪʴ ʣʶʙʳʤ ʞʝʣʘʝʤʳʤ ʩʧʦʩʦʙʦʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʥʘ 

ʦʪʚʝʯʘʣʘ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

2.9.ʉʪʨʫʡʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ (3DP) 

ʉʪʨʫʡʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ (3DP) - ʦʜʠʥ ʠʟ ʩʪʘʨʝʡʰʠʭ ʤʝʪʦʜʦʚ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʄʘʩʩʘʯʫʩʝʪʩʢʦʤ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʠʥʩʪʠʪʫʪʝ (MIT) ʚ 1993 ʛʦʜʫ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʢʦʤʤʝʨʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 1995 

ʛʦʜʫ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʘʥʠʠ Z Corporation, ʧʨʠʦʙʨʝʪʝʥʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ 3D-Systems ʚ 2012 

ʛʦʜʫ [1]. 

ʂʘʢ ʠ ʜʨʫʛʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʪʨʫʡʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʩʣʦʡʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʨʦʰʢʠ, ʛʠʧʩ, 

ʧʣʘʩʪʠʢʠ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ, ʧʝʩʯʘʥʳʝ ʩʤʝʩʠ, ʥʘʥʦʩʠʤʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʪʦʥʢʠʤʠ 
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ʩʣʦʷʤʠ. ʂʦʥʪʫʨʳ ʤʦʜʝʣʠ ʚʳʯʝʨʯʠʚʘʶʪʩʷ ʧʝʯʘʪʥʦʡ ʛʦʣʦʚʢʦʡ, ʥʘʥʦʩʷʱʝʡ ʩʚʷʟʫʶʱʠʡ 

ʤʘʪʝʨʠʘʣ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʘʩʪʠʮʳ ʢʘʞʜʦʛʦ ʥʦʚʦʛʦ ʩʣʦʷ ʩʢʣʝʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ 

ʧʨʝʜʳʜʫʱʠʤʠ ʩʣʦʷʤʠ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʛʦʪʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 2.26). 

 

 

ʈʠʩʫʥʦʢ 2.26. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʪʨʫʡʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ 

ʆʨʠʛʠʥʘʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʛʠʧʩ, ʯʪʦ 

ʦʙʫʩʣʦʚʠʣʦ ʦʙʠʭʦʜʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ - çʛʠʧʩʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴè. ʇʝʯʘʪʥʳʝ 

ʛʦʣʦʚʢʠ ʵʢʩʪʨʫʜʠʨʫʶʪ ʚʦʜʫ, ʩʢʣʝʠʚʘʶʱʫʶ ʤʘʪʝʨʠʘʣ. ʉʦ ʚʨʝʤʝʥʝʤ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʣʘ ʠ ʪʝʧʝʨʴ ʚʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ: ʢʨʘʩʠʪʝʣʝʡ, 

ʫʧʣʦʪʥʠʪʝʣʝʡ ʠ ʧʨ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʤʠʤʦ ʛʠʧʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚʢʣʶʯʘʷ 

ʧʣʘʩʪʠʢʠ, ʧʝʩʯʘʥʳʝ ʩʤʝʩʠ ʠ ʜʘʞʝ ʤʝʪʘʣʣʳ. ʊʝʭʥʦʣʦʛʠʷ ʩʧʦʩʦʙʥʘ ʩʦʟʜʘʚʘʪʴ ʪʨʝʭʤʝʨʥʳʝ 

ʤʦʜʝʣʠ ʠʟ ʣʶʙʦʛʦ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʢʨʘʩʠʪʝʣʝʡ ʚ ʩʚʷʟʫʶʱʠʡ ʤʘʪʝʨʠʘʣ 

ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʮʚʝʪʥʫʶ ʧʝʯʘʪʴ. 

ʇʨʘʢʪʠʯʥʦʩʪʴ ʞʝ ʤʦʜʝʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ. ʅʘʧʨʠʤʝʨ, ʠʟʜʝʣʠʷ, 

ʩʦʟʜʘʥʥʳʝ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ, ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʠʜʦʤ, ʩʭʦʞʠʤ ʩ ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʠʟʜʝʣʠʷʤʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʭ ʧʨʦʯʥʦʩʪʴ ʙʫʜʝʪ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʝʪʴ ʦʪ 

ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʫʜʝʪ ʥʝʚʳʩʦʢʘ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʦʞʥʦ ʧʨʠʙʝʛʥʫʪʴ ʢ ʦʙʞʠʛʫ ʩ ʧʦʤʦʱʴʶ ʛʦʥʯʘʨʥʳʭ ʧʝʯʝʡ. ɺʦ ʠʟʙʝʞʘʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʤʦʜʝʣʝʡ ʦʙʞʠʛ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʥʝ ʩʧʝʢʘʥʠʝ, ʘ ʚʳʧʣʘʚʢʫ 

ʠʟʥʘʯʘʣʴʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʦʧʠʪʢʦʡ ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʩʫʙʩʪʘʥʮʠʝʡ. ʅʘʧʨʠʤʝʨ, 

ʚʦʟʤʦʞʥʘ ʚʳʧʣʘʚʢʘ ʠʣʠ ʚʳʞʠʛʘʥʠʝ ʩʚʷʟʫʶʱʠʭ ʧʣʘʩʪʠʢʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʧʨʦʧʠʪʢʦʡ 

ʩʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʤʝʜʴʶ ʠʣʠ ʙʨʦʥʟʦʡ. 

ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʙʫʜʫʪ ʦʙʣʘʜʘʪʴ ʚʳʩʦʢʦʡ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ, ʥʦ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝ ʨʘʚʥʦ ʥʝ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʜʝʪʘʣʝʡ ʤʝʭʘʥʠʟʤʦʚ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ 3DP, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʫʚʝʥʠʨʦʚ, ʫʢʨʘʰʝʥʠʡ ʠʣʠ ʤʘʢʝʪʦʚ, ʣʶʙʳʭ 

ʤʦʜʝʣʝʡ ʚʳʩʦʢʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ, ʥʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʥʘʛʨʫʟʢʘʤ. 

ʅʘʨʷʜʫ ʩ ʚʳʩʦʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʚ ʧʣʘʥʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʝʪʦʜ 3DP 

ʦʪʣʠʯʘʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʯʘʪʠ ʦʧʦʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʘʢʠʝ ʧʦʧʫʣʷʨʥʳʝ 

ʤʝʪʦʜʳ, ʢʘʢ FDM ʠʣʠ SLA, ʪʨʝʙʫʶʪ ʧʦʩʪʨʦʡʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘʟʳʚʘʝʤʳʭ 

çʦʧʦʨʘʤʠè ʠʣʠ çʧʦʜʜʝʨʞʢʘʤʠè, ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʚʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʝʯʘʪʘʝʤʳʭ ʤʦʜʝʣʝʡ. 

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʫʝʪ ʨʝʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʠʩʘʥʠʷ ʩʣʦʝʚ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʤʦʜʝʣʝʡ, ʘ ʚ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʧʝʯʘʪʴ ʚʦʦʙʱʝ ʥʝʚʦʟʤʦʞʥʘ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʦʡ 
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ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʩʣʫʯʘʝ ʩ 3DP ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʩʪʨʫʢʪʫʨ ʦʪʧʘʜʘʝʪ, 

ʪʘʢ ʢʘʢ ʢʘʞʜʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ ʩʣʫʞʠʪ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʧʦʨʦʡ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ. ʉʪʦʠʪʴ 

ʦʪʤʝʪʠʪʴ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ: ʦʩʪʘʪʦʯʥʳʡ ʧʦʨʦʰʦʢ ʤʦʞʝʪ ʙʳʪʴ ʩʦʙʨʘʥ ʠʟ ʨʘʙʦʯʝʡ 

ʢʘʤʝʨʳ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʧʝʯʘʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʣʝʜʫʶʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ. 

ʊʝʭʥʦʣʦʛʠʷ 3DP ʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʟʘʯʘʩʪʫʶ ʪʝʨʷʷ ʩʚʦʝ ʦʨʠʛʠʥʘʣʴʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ. ʊʘʢ, ʚ ʩʬʝʨʝ ʙʠʦʧʝʯʘʪʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʠ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ çʢʘʧʝʣʴʥʘʷ/ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴè, ʠʣʠ DOD 

(Drop on Demand). ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʞʠʚʳʭ ʢʣʝʪʦʢ ʩ ʮʝʣʴʶ 

ʧʦʩʪʨʦʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʪʢʘʥʝʡ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ 3DP ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʢʦʥʜʠʪʝʨʩʢʠʭ ʧʨʠʥʪʝʨʦʚ Chef Jet, ʩʪʨʦʷʱʠʭ ʪʨʝʭʤʝʨʥʳʝ 

ʩʲʝʜʦʙʥʳʝ ʤʦʜʝʣʠ ʠʟ ʩʘʭʘʨʦʩʦʜʝʨʞʘʱʠʭ ʧʨʦʜʫʢʪʦʚ, ʩʢʣʝʠʚʘʷ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʘʣʘ ʚʦʜʦʡ, 

ʥʘʧʦʜʦʙʠʝ ʦʨʠʛʠʥʘʣʴʥʳʭ çʛʠʧʩʦʚʳʭè ʧʨʠʥʪʝʨʦʚ. 

2.10. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ (ʧʨʦʚʦʣʦʯʥʘʷ) (EBF) 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʦʨʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʧʣʘʚʢʦʡ (EBF) - ʥʦʚʘʪʦʨʩʢʠʡ 

ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʮʝʥʪʨʦʤ NASA ʚ 

ʃʵʥʛʣʠ (LaRC) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʂʘʨʝʥ ʊʘʤʠʥʛʝʨ [1]. ʊʝʭʥʦʣʦʛʠʷ EBF ʥʘʮʝʣʝʥʘ ʥʘ 

ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʧʣʝʢʩʥʳʭ ʤʦʜʝʣʝʡ ʩ ʧʦʥʠʞʝʥʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʘʩʭʦʜʦʤ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʯʝʤ 

ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ ʮʝʥʪʨʘʤʠ NASA (JSC, GRC, 

GSFC ʠ MSFC), ʬʝʜʝʨʘʣʴʥʳʤʠ ʘʛʝʥʪʩʪʚʘʤʠ ʠ ʯʘʩʪʥʦʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ 

ʉʐɸ. NASA ʥʘʜʝʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ EBF ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʦʪʩʫʪʩʪʚʠʷ ʛʨʘʚʠʪʘʮʠʠ. ʄʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʫʯʢʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʜʣʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʬʦʨʤʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʧʣʘʚʢʠ, ʥʘʨʷʜʫ ʩ ʵʢʦʣʦʛʠʯʥʦʩʪʴʶ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʜʝʣʘʶʪ ʧʨʦʮʝʩʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʩʤʦʩʝ. 

ʂʦʥʮʝʧʮʠʷ EBF ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʩʪʨʦʡʢʝ çʧʨʘʢʪʠʯʝʩʢʠ ʛʦʪʦʚʳʭ ʬʦʨʤè (Near-net-shape ʚ 

ʘʥʛʣʦʷʟʳʯʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ). ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʟʜʝʣʠʷ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʪʨʝʭʤʝʨʥʳʭ 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʩ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʜʦʚʦʜʢʘ 

ʠʟʜʝʣʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʶʪʩʷ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʦʙʨʘʙʦʪʢʝ ʪʨʝʭʤʝʨʥʦʡ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʘʰʠʥʥʦʡ ʦʙʨʘʙʦʪʢʝ (ʪ.ʥ. G-

code). ɸʣʛʦʨʠʪʤʳ ʩʣʫʞʘʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʙʦʣʚʘʥʢʠ. 

ɺ ʩʣʫʯʘʝ ʩ EBF ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ: ʪʝ ʞʝ ʩʘʤʳʝ 

ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʥʝ ʫʜʘʣʝʥʠʝ ʣʠʰʥʝʡ ʤʘʩʩʳ, ʘ ʥʘʥʝʩʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʠʟʣʫʯʘʪʝʣʠ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ ʚ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʝ ʜʣʷ ʧʣʘʚʢʠ ʤʝʪʘʣʣʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʧʫʯʦʢ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʧʦʚʪʦʨʷʷ ʢʦʥʪʫʨʳ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ ʧʦʩʪʝʧʝʥʥʦ 

ʧʦʜʘʝʪʩʷ ʚ ʪʦʯʢʫ ʬʦʢʫʩʠʨʦʚʘʥʠʷ ʧʫʯʢʘ. ʈʘʩʧʣʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʝʤʝʜʣʝʥʥʦ ʟʘʩʪʳʚʘʝʪ, 

ʬʦʨʤʠʨʫʷ ʧʨʦʯʥʳʝ ʩʣʦʠ ʟʘʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʧʦʩʪʨʦʝʥʠʷ ʮʝʣʴʥʦʡ 

ʤʦʜʝʣʠ, ʪʨʝʙʫʶʱʝʡ ʣʠʰʴ ʤʠʥʠʤʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʊʝʭʥʦʣʦʛʠʷ EBF ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʦʙʲʝʢʪʳ ʨʘʟʤʝʨʦʤ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. ʇʨʘʢʪʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʦʙʲʝʤʫ ʧʦʩʪʨʦʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ 

ʬʠʟʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚʘʢʫʫʤʥʦʡ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʩʪʫʧʥʦʛʦ ʨʘʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʧʣʘʚʳ. 
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2.11. ʇʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (DMLS) 

ʇʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (DMLS) - ʪʝʭʥʦʣʦʛʠʷ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ EOS ʠʟ ʄʶʥʭʝʥʘ [1]. ʊʝʭʥʦʣʦʛʠ ʁDMLS 

ʟʘʯʘʩʪʫʶ ʧʫʪʘʶʪ ʩʦ ʩʭʦʞʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʚʳʙʦʨʦʯʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (Selective Laser 

Sintering, ʠʣʠ SLS) ʠ ʚʳʙʦʨʦʯʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʠ (Selective Laser Melting, ʠʣʠ SLM). 

ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʬʦʨʤʘʪʝ STL ʚ 

ʢʘʯʝʩʪʚʝ ʯʝʨʪʝʞʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʧʦʜʣʝʞʠʪ 

ʮʠʬʨʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʪʦʥʢʠʝ ʩʣʦʠ ʩ ʪʦʣʱʠʥʦʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʣʱʠʥʝ ʩʣʦʝʚ, ʥʘʥʦʩʠʤʳʭ ʧʝʯʘʪʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ. ɻʦʪʦʚʳʡ 

çʧʦʩʪʨʦʝʯʥʳʡè ʬʘʡʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʥʘʙʦʨ ʯʝʨʪʝʞʝʡ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʣʷ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ - ʧʦʨʷʜʢʘ 200 ɺʪ. ʅʝʢʦʪʦʨʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʝʝ ʤʦʱʥʳʝ ʣʘʟʝʨʳ ʩ ʧʦʚʳʰʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʪ.ʝ. 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ) ʜʣʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʂʘʢ ʚʘʨʠʘʥʪ 

ʚʦʟʤʦʞʥʦ ʧʦʚʳʰʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʣʘʟʝʨʦʚ. 

ʇʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʘʝʪʩʷ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʥʘʥʝʩʝʥʠʷ ʦʜʥʦʛʦ ʩʣʦʷ. ʉʧʝʮʠʘʣʴʥʳʡ ʚʘʣʠʢ ʚʳʨʘʚʥʠʚʘʝʪ ʧʦʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʨʦʚʥʳʡ ʩʣʦʡ 

ʠ ʫʜʘʣʷʝʪ ʠʟʣʠʰʥʠʡ ʤʘʪʝʨʠʘʣ ʠʟ ʢʘʤʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʣʘʟʝʨʥʘʷ ʛʦʣʦʚʢʘ ʩʧʝʢʘʝʪ ʯʘʩʪʠʮʳ 

ʩʚʝʞʝʛʦ ʧʦʨʦʰʢʘ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʧʨʝʜʳʜʫʱʠʤ ʩʣʦʝʤ ʩʦʛʣʘʩʥʦ ʢʦʥʪʫʨʘʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʴʶ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʳʯʝʨʯʠʚʘʥʠʷ ʩʣʦʷ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ: ʚʘʣʠʢ 

ʧʦʜʘʝʪ ʩʚʝʞʠʡ ʤʘʪʝʨʠʘʣ, ʠ ʣʘʟʝʨ ʥʘʯʠʥʘʝʪ ʩʧʝʢʘʪʴ ʩʣʝʜʫʶʱʠʡ ʩʣʦʡ (ʈʠʩʫʥʦʢ 2.27). 

 
ʈʠʩʫʥʦʢ 2.27. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 

ʧʝʯʘʪʠ - ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 20 ʤʠʢʨʦʥ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ: ʪʠʧʠʯʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ ʚ ʣʶʙʠʪʝʣʴʩʢʠʭ 

ʠ ʙʳʪʦʚʳʭ ʧʨʠʥʪʝʨʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʶ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ, ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 100 ʤʠʢʨʦʥ. 

ɼʨʫʛʦʡ ʠʥʪʝʨʝʩʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨ ʜʣʷ ʥʘʚʠʩʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. ʅʝʩʧʝʯʸʥʥʳʡ ʧʦʨʦʰʦʢ ʥʝ 

ʫʜʘʣʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʝʯʘʪʠ, ʘ ʦʩʪʘʝʪʩʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʳʡ 

ʧʦʩʣʝʜʫʶʱʠʡ ʩʣʦʡ ʠʤʝʝʪ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʠʟʨʘʩʭʦʜʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʙʨʘʥ ʠʟ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʧʦ ʟʘʚʝʨʰʝʥʠʠ ʧʝʯʘʪʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥ ʟʘʥʦʚʦ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʬʘʢʪʠʯʝʩʢʠ 
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ʙʝʟʦʪʭʦʜʥʳʤ, ʯʪʦ ʥʝʤʘʣʦʚʘʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʨʦʛʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ 

ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʣʘʟʝʨʥʦʡ ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʟʘʱʠʪʥʦʡ ʩʨʝʜʳ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʝʡ ʦʢʠʩʣʝʥʠʝ ʧʦʨʦʰʢʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʠʩʧʦʣʴʟʫʶʪ ʘʨʛʦʥ 

ʠʣʠ ʘʟʦʪ. ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʘʟʦʪʘ ʢʘʢ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʥʝʩʢʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʥʠʪʨʠʜʦʚ ʘʣʶʤʠʥʠʷ ʠʣʠ ʪʠʪʘʥʘ ʧʨʠ 

ʠʟʛʦʪʦʚʣʝʥʠʠ ʠʟʜʝʣʠʡ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʠ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ), ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʧʦʥʠʞʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ, ʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʠʩʧʦʣʥʝʥʠʷ ʤʠʥʠʤʠʟʠʨʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟʜʝʣʠʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʦʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʠʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʤ ʝʝ ʜʦʩʪʦʠʥʩʪʚʦʤ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ (çʩʫʙʪʨʘʢʪʠʚʥʳʭè ʤʝʪʦʜʦʚ ʬʨʝʟʝʨʦʚʢʠ, ʩʚʝʨʣʝʥʠʷ ʠ 

ʧʨ.). ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʦ, ʯʪʦ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ 

ʦʪ ʩʫʙʪʨʘʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʦʛʨʘʥʠʯʝʥʠʝʤ ʣʠʰʴ ʧʦ ʨʘʟʤʝʨʫ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ. ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ 

ʟʘʥʠʤʘʝʪ ʧʨʠʤʝʨʥʦ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʯʪʦ ʥʝʩʦʠʟʤʝʨʠʤʦ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʣʠʪʝʡʥʳʡ ʧʨʦʮʝʩʩ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʩ ʫʯʝʪʦʤ ʧʦʣʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʝʪʘʣʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ, ʥʝ ʦʙʣʘʜʘʶʪ 

ʤʦʥʦʣʠʪʥʦʩʪʴʶ, ʘ ʧʦʪʦʤʫ ʥʝ ʜʦʩʪʠʛʘʶʪ ʪʝʭ ʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʠ ʦʪʣʠʪʳʝ 

ʦʙʨʘʟʮʳ ʠʣʠ ʜʝʪʘʣʠ, ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʩʫʙʪʨʘʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʇʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʚʠʜʫ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʩʪʨʫʢʪʫʨ ʮʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʥʝʜʦʩʪʫʧʥʳʭ ʧʦ ʩʣʦʞʥʦʩʪʠ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɼʝʪʘʣʠ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʤʦʛʫʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥʳ ʮʝʣʠʢʦʤ, ʘ ʥʝ ʠʟ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʠ 

ʩʪʦʠʤʦʩʪʴ ʠʟʜʝʣʠʡ. ʊʘʢ ʢʘʢ ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

(ʥʘʧʨʠʤʝʨ, ʣʠʪʝʡʥʳʭ ʬʦʨʤ) ʠ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʪʭʦʜʦʚ 

(ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʩʫʙʪʨʘʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ), ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʝʣʢʦʩʝʨʠʡʥʳʭ ʧʘʨʪʠʡ ʩ ʧʦʤʦʱʴʶ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʛʦʜʥʝʡ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʳʭ 

ʠʟʜʝʣʠʡ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʫʶ, 

ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʫʶ, ʤʝʜʠʮʠʥʩʢʫʶ ʠ ʜʨʫʛʠʝ (ʈʠʩʫʥʦʢ 2.28). ʊʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʦʙʣʘʩʪʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʩʦʩʪʘʚʣʷʝʪ 250ʭ250ʭ250 ʤʤ, ʭʦʪʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʨʘʟʤʝʨʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʵʪʦ ʣʠʰʴ ʚʦʧʨʦʩ ʩʪʦʠʤʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʷʤʦʝ 

ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʢʨʘʱʘʷ ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʘʪʴ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʝʣʢʠʭ ʧʘʨʪʠʡ ʠ ʫʧʨʦʱʘʪʴ ʩʙʦʨʢʫ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

 
ʈʠʩʫʥʦʢ 2.28. ʀʟʜʝʣʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ 
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ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʂʠʪʘʷ ʠʩʧʦʣʴʟʫʝʪ DMLS-ʩʠʩʪʝʤʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʣʝʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʳʝ EADS, ʪʘʢʞʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʠ ʦʪʭʦʜʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ 

DMLS ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʝʜʠʥʠʯʥʳʭ ʵʢʟʝʤʧʣʷʨʘʭ ʠʣʠ ʤʝʣʢʠʤʠ 

ʧʘʨʪʠʷʤʠ. 5 ʩʝʥʪʷʙʨʷ 2013 ʛʦʜʘ ʀʣʦʥ ʄʘʩʢ ʦʧʫʙʣʠʢʦʚʘʣ ʬʦʪʦʛʨʘʬʠʠ ʜʝʪʘʣʠ ʨʘʢʝʪʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ Super Draco, ʩʦʟʜʘʥʥʦʡ ʠʟ ʥʠʢʝʣʴ-ʭʨʦʤʦʚʦʛʦ ʞʘʨʦʧʨʦʯʥʦʛʦ ʩʧʣʘʚʘ Inconel ʩ 

ʧʦʤʦʱʴʶ ʧʨʠʥʪʝʨʘ EOS. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʝ ʤʝʪʘʣʣʳ ʠ 

ʩʧʣʘʚʳ ʚ ʧʦʨʦʰʢʦʚʦʡ ʬʦʨʤʝ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʝʨʞʘʚʝʶʱʘʷ 

ʩʪʘʣʴ, ʢʦʙʘʣʴʪ-ʭʨʦʤʦʚʳʝ ʩʧʣʘʚʳ, ʪʠʪʘʥ ʠ ʧʨʦʯʠʝ ʤʘʪʝʨʠʘʣʳ. 

2.12. ʅʝʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (IMLS)  

ʇʨʦʮʝʩʩ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʥʝʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (IMLS), ʙʳʣ 

ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʘʥʠʝʡ DTMcorp of Austin ʚ 1995 ʛʦʜʫ [1]. ʉ 2001 ʛʦʜʘ DTMcorp ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʦʤʧʘʥʠʠ 3D-Systems. ɺ ʧʨʦʮʝʩʩʝ ʥʝʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʩʴ ʧʦʨʦʰʢʘ 

ʠ ʧʦʣʠʤʝʨʘ ʠʣʠ ʧʦʨʦʰʦʢ, ʧʦʢʨʳʪʳʡ ʧʦʣʠʤʝʨʦʤ, ʛʜʝ ʧʦʣʠʤʝʨ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʩʚʷʟʢʠ ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʧʨʦʯʥʦʩʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʘʣʴʥʝʡʰʝʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʩʪʘʜʠʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʚʦʜʷʪʩʷ ʦʪʛʦʥʢʘ ʧʦʣʠʤʝʨʘ, ʩʧʝʢʘʥʠʝ ʢʘʨʢʘʩʘ ʠ 

ʧʨʦʧʠʪʢʘ ʧʦʨʠʩʪʦʛʦ ʢʘʨʢʘʩʘ ʤʝʪʘʣʣʦʤ-ʩʚʷʟʢʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʦʝ 

ʠʟʜʝʣʠʝ. 

ɼʣʷ ʥʝʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʨʦʰʢʠ ʢʘʢ ʤʝʪʘʣʣʦʚ, ʪʘʢ ʠ 

ʢʝʨʘʤʠʢʠ ʠʣʠ ʠʭ ʩʤʝʩʝʡ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʠ ʧʦʨʦʰʢʘ ʩ ʧʦʣʠʤʝʨʦʤ ʧʨʦʚʦʜʷʪ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʤʝʰʠʚʘʥʠʝʤ, ʧʨʠ ʵʪʦʤ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʠʤʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 2-3 % (ʧʦ 

ʤʘʩʩʝ), ʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʦʰʢʘ, ʧʦʢʨʳʪʦʛʦ ʧʦʣʠʤʝʨʦʤ, ʪʦʣʱʠʥʘ ʩʣʦʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮʳ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʚʷʟʢʠ ʠʩʧʦʣʴʟʫʶʪ ʵʧʦʢʩʠʜʥʳʝ 

ʩʤʦʣʳ, ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʧʦʣʠʘʤʠʜʳ ʠ ʜʨʫʛʠʝ ʧʦʣʠʤʝʨʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʪʛʦʥʢʠ ʧʦʣʠʤʝʨʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʝʛʦ ʧʣʘʚʣʝʥʠʷ ʠ ʨʘʟʣʦʞʝʥʠʷ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 400-650 Áʉ. 

ʇʦʩʣʝ ʦʪʛʦʥʢʠ ʧʦʣʠʤʝʨʘ ʧʦʨʠʩʪʦʩʪʴ ʠʟʜʝʣʠʷ ʧʝʨʝʜ ʧʨʦʧʠʪʢʦʡ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40 %. 

ʇʨʠ ʧʨʦʧʠʪʢʝ ʧʝʯʴ ʥʘʛʨʝʚʘʶʪ ʥʘ 100-200 Áʉ ʚʳʰʝ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʧʨʦʧʠʪʳʚʘʶʱʝʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʦʩʢʦʣʴʢʫ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ ʢʨʘʝʚʦʡ ʫʛʦʣ ʩʤʘʯʠʚʘʥʠʷ ʠ 

ʧʦʥʠʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʧʨʦʧʠʪʢʠ. 

ʆʙʳʯʥʦ ʧʨʦʧʠʪʢʫ ʙʫʜʫʱʠʭ ʠʟʜʝʣʠʡ ʧʨʦʚʦʜʷʪ ʚ ʟʘʩʳʧʢʝ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʘʷ 

ʠʛʨʘʝʪ ʨʦʣʴ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʢʘʨʢʘʩʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʝʨʠʦʜ ʦʪ ʦʪʛʦʥʢʠ ʧʦʣʠʤʝʨʘ ʜʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʤʝʞʯʘʩʪʠʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʠʣʠ 

ʜʝʬʦʨʤʘʮʠʠ ʠʟʜʝʣʠʷ. ɿʘʱʠʪʫ ʦʪ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʟʫʶʪ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʚ ʧʝʯʠ 

ʠʥʝʨʪʥʦʡ ʠʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ɼʣʷ ʧʨʦʧʠʪʢʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ, 

ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ. ʄʘʪʝʨʠʘʣ ʜʣʷ ʧʨʦʧʠʪʢʠ ʜʦʣʞʝʥ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʤʝʞʬʘʟʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʠʣʠ ʝʛʦ ʧʦʣʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝʤ, ʤʘʣʳʤ ʢʨʘʝʚʳʤ ʫʛʣʦʤ ʩʤʘʯʠʚʘʥʠʷ ʠ ʠʤʝʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʥʠʞʝ, ʯʝʤ ʫ 

ʦʩʥʦʚʳ. ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʝʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʧʠʪʢʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢʠʝ, ʢʘʢ ʦʙʨʘʟʦʚʘʥʠʝ ʙʦʣʝʝ 

ʪʫʛʦʧʣʘʚʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʣʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʩʪʘʥʦʚʢʝ ʧʨʦʮʝʩʩʘ 

ʧʨʦʧʠʪʢʠ ʠʣʠ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʩʚʦʡʩʪʚʘʭ ʠ ʨʘʟʤʝʨʘʭ ʠʟʜʝʣʠʷ. ʆʙʳʯʥʦ ʜʣʷ ʧʨʦʧʠʪʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʨʢʘʩʘ ʠʩʧʦʣʴʟʫʶʪ ʙʨʦʥʟʫ, ʧʨʠ ʵʪʦʤ ʫʩʘʜʢʘ ʠʟʜʝʣʠʷ ʩʦʩʪʘʚʣʷʝʪ 2-5 %. 

2.13. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ ʤʝʪʘʣʣʦʚ (EBM) 

ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ (electron beam melting, ʠʣʠ EBM) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ [1]. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʟʘʯʘʩʪʫʶ ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ 

ʢʘʢ ʤʝʪʦʜ ʙʳʩʪʨʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ (EBM) ʩʭʦʞʘ ʩ ʚʳʙʦʨʦʯʥʦʡ 

ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʦʡ (SLM). ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʦʥʥʳʭ 
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ʠʟʣʫʯʘʪʝʣʝʡ (ʪ.ʥ. ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʰʝʢ) ʚʤʝʩʪʦ ʣʘʟʝʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʜʣʷ 

ʧʣʘʚʢʠ. ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ 

ʜʣʷ ʩʧʣʘʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʚ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʩʣʦʝʚ, ʧʦʚʪʦʨʷʶʱʠʭ ʢʦʥʪʫʨʳ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʈʠʩʫʥʦʢ 2.29). ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʝʭʥʦʣʦʛʠʡ 

ʩʧʝʢʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʦʩʦʙʦ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠ 

ʧʨʦʯʥʦʩʪʠ. 

 
ʈʠʩʫʥʦʢ 2.29. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʧʣʘʚʢʠ 

ʕʪʦʪ ʤʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʦʨʤ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ. ɻʦʪʦʚʳʝ ʠʟʜʝʣʠʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʣʠʪʳʭ ʜʝʪʘʣʝʡ ʧʦ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʋʩʪʨʦʡʩʪʚʦ 

ʩʯʠʪʳʚʘʝʪ ʜʘʥʥʳʝ ʩ ʬʘʡʣʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʪʨʝʭʤʝʨʥʫʶ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ, ʠ ʥʘʥʦʩʠʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʣʦʠ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʦʥʪʫʨʳ ʩʣʦʝʚ ʤʦʜʝʣʠ ʚʳʯʝʨʯʠʚʘʶʪʩʷ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʫʯʢʦʤ, ʧʣʘʚʷʱʠʤ ʧʦʨʦʰʦʢ ʚ ʤʝʩʪʘʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. ʇʣʘʚʢʘ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʚʘʢʫʫʤʥʳʭ ʨʘʙʦʯʠʭ ʢʘʤʝʨʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ 

ʦʢʩʠʜʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʩ ʯʠʩʪʳʤ ʪʠʪʘʥʦʤ. 

ʈʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʦʩʪʦʷʪ ʠʟ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ ʙʝʟ ʩʚʷʟʫʶʱʝʛʦ 

ʧʦʣʠʤʝʨʘ, ʘ ʛʦʪʦʚʳʝ ʤʦʜʝʣʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʧʦʨʠʩʪʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʦʙʞʠʛʘʥʠʝ ʥʘʧʝʯʘʪʘʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʕʪʦʪ ʘʩʧʝʢʪ ʧʦʟʚʦʣʷʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʫʶ ʧʣʘʚʢʫ ʚ ʦʜʥʫ ʛʨʫʧʧʫ ʩ 
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ʚʳʙʦʨʦʯʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʦʡ (SLM) ʠ ʧʨʦʪʠʚʦʧʦʩʪʘʚʠʪʴ ʪʝʭʥʦʣʦʛʠʷʤ ʚʳʙʦʨʦʯʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS) ʠ ʧʨʷʤʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʤʝʪʘʣʣʦʚ (DMLS), ʟʘʯʘʩʪʫʶ 

ʪʨʝʙʫʶʱʠʤ ʦʙʞʠʛʘ ʧʦʩʣʝ ʧʝʯʘʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʤʝʪʦʜʘʤʠ SLS, SLM ʠ DMLS ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʘʷ ʧʣʘʚʢʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʨʦʝʥʠʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ 

ʠʟʣʫʯʘʪʝʣʝʡ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ, ʘ ʥʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʧʫʯʢʦʚ. 

ʕʣʝʢʪʨʦʥʥʦʣʫʯʝʚʘʷ ʧʣʘʚʢʘ ʧʨʦʚʦʜʠʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʬʦʥʦʚʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʜʦʩʪʠʛʘʶʱʠʭ 700-1000 ÁC, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ, ʥʝ ʩʪʨʘʜʘʶʱʠʝ ʦʪ ʦʩʪʘʪʦʯʥʦʛʦ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʚʳʟʳʚʘʝʤʦʛʦ ʛʨʘʜʠʝʥʪʦʤ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʫʞʝ ʦʭʣʘʞʜʝʥʥʳʤʠ 

ʠ ʝʱʝ ʛʦʨʷʯʠʤʠ ʩʣʦʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʥʘʷ ʧʣʘʚʢʘ ʨʘʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʥʦʣʠʪʥʳʝ ʠʟʜʝʣʠʷ  ʦʪʩʶʜʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʦʪʩʫʪʩʪʚʠʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʞʠʛʘ. ʊʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥʘ ʰʚʝʜʩʢʦʡ 

ʢʦʤʧʘʥʠʝʡ Arcam AB. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʠʪʘʥʦʚʳʭ ʩʧʣʘʚʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʠʤʝʥʷʪʴ ʪʝʭʥʦʣʦʛʠʶ EBM ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ. ʅʘʯʠʥʘʷ ʩ 2007 

ʛʦʜʘ ʜʚʝ ʝʚʨʦʧʝʡʩʢʠʝ ʢʦʤʧʘʥʠʠ, Adler Ortho ʠ Lima Corporate, ʘ ʪʘʢʞʝ ʘʤʝʨʠʢʘʥʩʢʘʷ 

ʢʦʤʧʘʥʠʷ Exactech ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʵʣʝʢʪʨʦʥʥʦ ʣʫʯʝʚʦʡ ʧʣʘʚʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʘʮʝʪʘʙʫʣʷʨʥʳʭ ʯʘʰʝʢ (ʠʤʧʣʘʥʪʘʪʦʚ ʪʘʟʦʙʝʜʨʝʥʥʦʛʦ ʩʫʩʪʘʚʘ). 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʠʣʘ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ: Boeing, Lockheed Martin 

ʠ NASA ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʵʣʝʢʪʨʦʥʥʦʣʫʯʝʚʦʡ ʧʣʘʚʢʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʪʘʣʝʡ 

ʨʝʘʢʪʠʚʥʳʭ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ. 

2.14. ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (SLM) 

ʉʝʣʝʢʪʠʚʥʦʝ (ʚʳʙʦʨʦʯʥʦʝ) ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ (SLM) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʣʘʟʝʨʳ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ (ʢʘʢ ʧʨʘʚʠʣʦ, ʠʪʪʝʨʙʠʝʚʳʝ 

ʚʦʣʦʢʦʥʥʳʝ ʣʘʟʝʨʳ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʟʘ ʩʯʝʪ ʧʣʘʚʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʨʦʰʢʦʚ [1]. 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʚʝʣʘʩʴ ɺ. ʄʘʡʥʝʨʩʦʤ ʠ ʂ. 

ɺʠʩʩʝʥʙʘʭʦʤ ʠʟ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʪʝʭʥʠʢʠ (ILT) ʆʙʱʝʩʪʚʘ ʌʨʘʫʥʛʦʬʝʨʘ (ʛ. ɸʭʝʥ) 

ʩʦʚʤʝʩʪʥʦ ʩ ɼ. ʐʚʘʨʮʝ ʠ ʄ. ʌʦʢʝʣʝ ʠʟ ʢʦʤʧʘʥʠʠ F&S Stereolithographietechnik GmbH (ʛ. 

ʇʘʜʝʨʙʦʨʥ). 

ɺ 2000 ʛʦʜʫ ʢʦʤʧʘʥʠʷ F&S ʟʘʢʣʶʯʠʣʘ ʢʦʤʤʝʨʯʝʩʢʦʝ ʩʦʛʣʘʰʝʥʠʝ ʩ MCP HEK GmbH 

(ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʝʠʤʝʥʦʚʘʥʥʦʡ ʚ MTT Technology GmbH, ʘ ʟʘʪʝʤ ʚ SLM Solutions GmbH). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ɼʠʪʝʨ ʐʚʘʨʮʝ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ SLM Solutions GmbH, ʘ ʄʘʪʪʠʘʩ ʌʦʢʝʣʝ 

ʦʩʥʦʚʘʣ ʢʦʥʢʫʨʠʨʫʶʱʫʶ ʢʦʤʧʘʥʠʶ ReaLizer GmbH. 

ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʟʜʝʣʝʥʠʷ ʮʠʬʨʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʥʘ ʩʣʦʠ 

ʪʦʣʱʠʥʦʡ ʦʪ 20 ʜʦ 100 ʤʠʢʨʦʥ. ɻʦʪʦʚʳʡ ʬʘʡʣ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ STL ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʯʝʨʪʝʞʝʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʩʦʩʪʦʠʪ ʠʟ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʦʛʦ ʩʣʦʷ ʧʦʨʦʰʢʘ ʥʘ ʨʘʙʦʯʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʦʣ, ʩʧʦʩʦʙʥʳʡ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʨʦʮʝʩʩ ʧʝʯʘʪʠ ʧʨʦʪʝʢʘʝʪ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ, ʟʘʧʦʣʥʷʝʤʦʡ ʠʥʝʨʪʥʳʤʠ ʛʘʟʘʤʠ 

(ʥʘʧʨʠʤʝʨ, ʘʨʛʦʥʦʤ). ʆʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʦʢʩʠʜʘʮʠʠ ʨʘʩʭʦʜʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʦʡ ʧʝʯʘʪʴ ʪʘʢʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʘʢ ʪʠʪʘʥ. ʂʘʞʜʳʡ ʩʣʦʡ 

ʤʦʜʝʣʠ ʩʧʣʘʚʣʷʝʪʩʷ, ʧʦʚʪʦʨʷʷ ʢʦʥʪʫʨʳ ʩʣʦʝʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. ʇʣʘʚʢʘ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʥʘʧʨʘʚʣʷʝʤʦʛʦ ʧʦ ʦʩʷʤ X ʠ Y ʜʚʫʤʷ ʟʝʨʢʘʣʘʤʠ ʩ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʴʶ ʦʪʢʣʦʥʝʥʠʷ. ʄʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʜʣʷ ʧʣʘʚʢʠ 

ʯʘʩʪʠʮ ʧʦʨʦʰʢʘ ʚ ʛʦʤʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ (ʈʠʩʫʥʦʢ 2.30). 

ʊʝʭʥʦʣʦʛʠʷ ʚʳʙʦʨʦʯʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ 

ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʟʘʯʘʩʪʫʶ ʩ ʪʦʥʢʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʧʦʣʦʩʪʷʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ 

ʢʦʤʙʠʥʠʨʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʠ ʧʦʨʠʩʪʳʭ ʩʪʨʫʢʪʫʨ ʚ ʦʜʥʦʤ ʦʙʲʝʢʪʝ ʧʦʣʝʟʥʘ ʧʨʠ ʩʦʟʜʘʥʠʠ 
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ʠʤʧʣʘʥʪʘʪʦʚ, ʥʘʧʨʠʤʝʨ ʘʮʝʪʘʙʫʣʷʨʥʳʭ ʯʘʰʝʢ ʠʣʠ ʜʨʫʛʠʭ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚ ʩ 

ʧʦʨʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʦʩʪʝʦ-ʠʥʪʝʛʨʘʮʠʠ (ʩʨʘʱʠʚʘʥʠʶ ʩ ʢʦʩʪʥʦʡ 

ʪʢʘʥʴʶ). ʂʨʦʤʝ ʪʦʛʦ, ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʧʣʘʚʣʝʥʠʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʧʦʟʚʦʣʷʷ ʩʦʟʜʘʚʘʪʴ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʥʝʜʦʩʷʛʘʝʤʳʝ ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʣʦʞʥʦʩʪʠ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ (ʬʨʝʟʝʨʦʚʢʠ, ʨʝʟʢʠ ʠ ʪ.ʜ.). ʂʘʯʝʩʪʚʦ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ ʥʘʩʪʦʣʴʢʦ 

ʚʳʩʦʢʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʛʦʪʦʚʳʭ ʤʦʜʝʣʝʡ ʧʦʯʪʠ ʥʝ ʪʨʝʙʫʝʪʩʷ. ʇʦʙʦʯʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʩʣʫʞʠʪ ʵʢʦʥʦʤʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʢʘʢ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ 

ʧʣʘʚʣʝʥʠʝ ʚ ʩʠʣʫ ʩʚʦʝʡ ʩʧʝʮʠʬʠʢʠ ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʭʦʜʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

 

 
ʈʠʩʫʥʦʢ 2.30. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʠʷ 

ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ NASA ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʪʘʣʠ ʜʣʷ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ J-2X ʠ 

RS-25, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʠʢʝʣʝʚʳʭ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ SLM, ʥʝʩʢʦʣʴʢʦ ʫʩʪʫʧʘʶʪ ʧʦ 

ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʘʥʘʣʦʛʘʤ, ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʣʠʪʴʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʩʚʘʨʢʦʡ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʪʩʫʪʩʪʚʠʝ ʩʚʘʨʦʯʥʳʭ ʰʚʦʚ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ. 

2.15. ʉʝʣʝʢʪʠʚʥʦʝ ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ (SHS) 

ʉʝʣʝʢʪʠʚʥʦʝ (ʚʳʙʦʨʦʯʥʦʝ) ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ (SHS) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

[1]. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʣʘʚʢʝ ʩʣʦʝʚ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʩ ʧʦʤʦʱʴʶ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʚʥʠʟ ʥʘ 

ʜʠʩʪʘʥʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʦʣʱʠʥʝ ʦʜʥʦʛʦ ʩʣʦʷ, ʧʦʩʣʝ ʯʝʛʦ ʥʦʚʳʡ ʩʣʦʡ ʧʦʨʦʰʢʘ 

ʥʘʥʦʩʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʣʠʢʘ, ʘ ʟʘʪʝʤ ʧʨʦʚʦʜʠʪʩʷ ʩʧʝʢʘʥʠʝ ʥʦʚʦʛʦ 

ʩʣʦʷ ʧʦ ʢʦʥʪʫʨʘʤ, ʟʘʜʘʥʥʳʤ ʮʠʬʨʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ (ʈʠʩʫʥʦʢ 2.31). ʃʫʯʰʝ ʚʩʝʛʦ 

ʪʝʭʥʦʣʦʛʠʷ SHS ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʜʦʨʦʛʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ ʩʭʦʞʝ ʩ ʩʝʣʝʢʪʠʚʥʳʤ ʣʘʟʝʨʥʳʤ ʩʧʝʢʘʥʠʝʤ (SLS). 

ɽʜʠʥʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʧʣʦʚʦʡ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ ʚʤʝʩʪʦ ʣʘʟʝʨʥʦʡ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʠ ʛʘʙʘʨʠʪʳ ʧʝʯʘʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʚʧʣʦʪʴ ʜʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ 

ʥʘʩʪʦʣʴʥʳʭ ʧʨʠʥʪʝʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʜʘʯʘ SHS-ʫʩʪʨʦʡʩʪʚ ʤʘʣʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʣʘʟʝʨʥʳʤʠ 3D-ʧʨʠʥʪʝʨʘʤʠ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʝʪʦʜʘ ʪʝʧʣʦʚʦʛʦ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 
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ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʀʂ-ʠʟʣʫʯʝʥʠʷ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʦʙʨʘʪʴ ʜʚʘ 

ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ: ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ ʪʝʧʣʦ, ʘ ʜʨʫʛʦʡ ʙʫʜʝʪ ʝʛʦ ʧʦʛʣʦʱʘʪʴ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʙʠʥʠʨʫʷ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʟʜʝʣʠʷ ʤʦʞʥʦ ʜʦʩʪʠʛʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʠ ʤʥʦʛʦʦʙʨʘʟʠʷ ʝʛʦ ʬʦʨʤ. 

ʉʝʣʝʢʪʠʚʥʦʝ ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ - ʵʪʦ ʥʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ ʩʢʦʨʦʩʪʥʦʡ ʪʨʝʭʤʝʨʥʦʡ 

ʧʝʯʘʪʠ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʤʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪʩʷ ʠʟ ʧʦʨʦʰʢʘ, ʧʨʠʯʝʤ ʚʝʩʴ 

ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʚʪʦʨʥʦ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʦʜʝʣʠ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʧʝʯʘʪʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʜʝʪʘʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

 

 
ʈʠʩʫʥʦʢ 2.31. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʩʧʝʢʘʥʠʷ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ 

ʧʦʣʠʤʝʨʳ ʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠ ʟʘʯʘʩʪʫʶ 

ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʞʠʛʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ. 

2.16. ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS) 

ʉʝʣʝʢʪʠʚʥʦʝ (ʚʳʙʦʨʦʯʥʦʝ) ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS) - ʤʝʪʦʜ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʪʦʪʠʧʦʚ ʠ ʤʝʣʢʠʭ ʧʘʨʪʠʡ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ 

[1]. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʩʧʝʢʘʥʠʠ ʩʣʦʝʚ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 

ʧʦʤʦʱʴʶ ʣʘʟʝʨʦʚ ʚʳʩʦʢʦʡ ʤʦʱʥʦʩʪʠ. ʄʝʪʦʜ SLS ʟʘʯʘʩʪʫʶ ʦʰʠʙʦʯʥʦ ʧʨʠʥʠʤʘʶʪ ʟʘ ʩʭʦʞʠʡ 

ʧʨʦʮʝʩʩ, ʥʘʟʳʚʘʝʤʳʡ ʚʳʙʦʨʦʯʥʦʡ ʣʘʟʝʨʥʦʡ ʧʣʘʚʢʦʡ (SLM). ʈʘʟʥʠʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

SLS ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʰʴ ʯʘʩʪʠʯʥʫʶ ʧʣʘʚʢʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʩʧʝʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʚʳʙʦʨʦʯʥʘʷ ʣʘʟʝʨʥʘʷ ʧʣʘʚʢʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʦʣʥʫʶ ʧʣʘʚʢʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʤʦʥʦʣʠʪʥʳʭ ʤʦʜʝʣʝʡ. 

ʊʝʭʥʦʣʦʛʠʷ ʚʳʙʦʨʦʯʥʦʛʦ (ʩʝʣʝʢʪʠʚʥʦʛʦ) ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ (SLS) ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʂʘʨʣʦʤ ɼʝʢʘʨʜʦʤ ʠ ɼʞʦʟʝʬʦʤ ɹʠʤʘʥʦʤ ʠʟ ʋʥʠʚʝʨʩʠʪʝʪʘ ʊʝʭʘʩʘ ʚ ʆʩʪʠʥʝ ʚ ʩʝʨʝʜʠʥʝ 1980-ʭ 

ʛʦʜʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʣʠʩʴ ɸʛʝʥʪʩʪʚʦʤ ʧʝʨʝʜʦʚʳʭ ʦʙʦʨʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʧʨʦʝʢʪʦʚ ʉʐɸ (DARPA). ɺʧʦʩʣʝʜʩʪʚʠʠ ɼʝʢʘʨʜ ʠ ɹʠʤʘʥ ʙʳʣʠ ʚʦʚʣʝʯʝʥʳ ʚ ʢʦʤʧʘʥʠʶ DTM, 

ʦʙʨʘʟʦʚʘʥʥʫʶ ʜʣʷ ʧʨʦʜʚʠʞʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ SLS ʥʘ ʨʳʥʦʢ. ɺ 2001 ʛʦʜʫ DTM ʙʳʣʘ 

ʚʳʢʫʧʣʝʥʘ ʢʦʥʢʫʨʠʨʫʶʱʝʡ ʢʦʤʧʘʥʠʝʡ 3D-Systems. ʇʦʩʣʝʜʥʠʡ ʠʟ ʧʘʪʝʥʪʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

SLS ʙʳʣ ʟʘʷʚʣʝʥ 28 ʷʥʚʘʨʷ 1997 ʛʦʜʘ. ɽʛʦ ʩʨʦʢ ʜʝʡʩʪʚʠʷ ʠʩʪʝʢ 28 ʷʥʚʘʨʷ 2014 ʛʦʜʘ, ʯʪʦ 

ʜʝʣʘʝʪ ʪʝʭʥʦʣʦʛʠʶ ʦʙʱʝʜʦʩʪʫʧʥʦʡ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʙʳʣ ʟʘʧʘʪʝʥʪʦʚʘʥ ʈ. ʌ. ʍʘʫʩʭʦʣʜʝʨʦʤ ʚ 1979 ʛʦʜʫ, ʥʦ ʥʝ ʧʦʣʫʯʠʣ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
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ʊʝʭʥʦʣʦʛʠʷ SLS ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʣʘʟʝʨʦʚ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʫʛʣʝʢʠʩʣʦʪʥʳʭ) ʜʣʷ ʩʧʝʢʘʥʠʷ ʯʘʩʪʠʮ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʈʠʩʫʥʦʢ 2.32). ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʩʪʠʢʠ, ʤʝʪʘʣʣʳ, ʢʝʨʘʤʠʢʘ ʠʣʠ ʩʪʝʢʣʦ. ʉʧʝʢʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʟʘ ʩʯʝʪ 

ʚʳʯʝʨʯʠʚʘʥʠʷ ʢʦʥʪʫʨʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ (ʪ.ʥ. çʩʢʘʥʠʨʦʚʘʥʠʷè) ʩ ʧʦʤʦʱʴʶ 

ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʣʘʟʝʨʦʚ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʘʙʦʯʘʷ ʧʣʘʪʬʦʨʤʘ ʦʧʫʩʢʘʝʪʩʷ 

ʠ ʥʘʥʦʩʠʪʩʷ ʥʦʚʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ. ʇʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʥʦʡ ʤʦʜʝʣʠ. 

 

 
ʈʠʩʫʥʦʢ 2.32. ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ 

ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʠʟʜʝʣʠʷ ʟʘʚʠʩʠʪ ʥʝ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ, ʘ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ, ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʫʣʴʩʠʨʫʶʱʠʝ ʠʟʣʫʯʘʪʝʣʠ. ʇʝʨʝʜ 

ʥʘʯʘʣʦʤ ʧʝʯʘʪʠ ʨʘʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʦʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʯʫʪʴ ʥʠʞʝ ʪʦʯʢʠ 

ʧʣʘʚʣʝʥʠʷ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʩʧʝʢʘʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢʠʭ ʤʝʪʦʜʦʚ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢʘʢ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ ʠʣʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ, ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʥʝ ʪʨʝʙʫʝʪ 

ʧʦʩʪʨʦʝʥʠʷ ʦʧʦʨʥʳʭ ʩʪʨʫʢʪʫʨ. ʅʘʚʝʩʥʳʝ ʯʘʩʪʠ ʤʦʜʝʣʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʠʟʨʘʩʭʦʜʦʚʘʥʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʩʣʦʞʥʦʩʪʠ ʠʟʛʦʪʦʚʣʷʝʤʳʭ ʤʦʜʝʣʝʡ. 

ʅʝʢʦʪʦʨʳʝ SLS-ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʨʦʜʥʳʡ ʧʦʨʦʰʦʢ (ʢʘʢ ʧʨʠ ʧʨʷʤʦʤ 

ʣʘʟʝʨʥʦʤ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ), ʧʨʦʠʟʚʦʜʠʤʳʡ ʩ ʧʦʤʦʱʴʶ ʙʘʨʘʙʘʥʥʦʰʘʨʦʚʳʭ ʤʝʣʴʥʠʮ, ʥʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʛʨʘʥʫʣʳ ʩ ʪʫʛʦʧʣʘʚʢʠʤ ʷʜʨʦʤ ʠ ʦʙʦʣʦʯʢʦʡ 

ʠʟ ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. 

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ 

ʩʧʝʢʘʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʚ ʧʣʘʥʝ ʚʳʙʦʨʘ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʶʜʘ ʚʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʳ (ʥʘʧʨʠʤʝʨ, ʥʝʡʣʦʥ ʠʣʠ ʧʦʣʠʩʪʠʨʦʣ), ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ 

(ʩʪʘʣʴ, ʪʠʪʘʥ, ʜʨʘʛʦʮʝʥʥʳʝ ʤʝʪʘʣʣʳ, ʢʦʙʘʣʴʪ-ʭʨʦʤʦʚʳʝ ʩʧʣʘʚʳ ʠ ʜʨ.), ʘ ʪʘʢʞʝ ʢʦʤʧʦʟʠʪʳ ʠ 

ʧʝʩʯʘʥʳʝ ʩʤʝʩʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ 

ʚʩʝʤʫ ʤʠʨʫ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʚʘʣʘʩʴ ʜʣʷ ʙʳʩʪʨʦʛʦ 
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ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ (ʈʠʩʫʥʦʢ 2.33). ɼʦʩʪʘʪʦʯʥʦ ʥʝʦʞʠʜʘʥʥʳʤ, 

ʥʦ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ SLS ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʝʜʤʝʪʦʚ 

ʠʩʢʫʩʩʪʚʘ. 

 

 
ʈʠʩʫʥʦʢ 2.33. ʀʟʜʝʣʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʧʦ ʤʝʪʦʜʫ SLS 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʪʚʝʨʜʦʬʘʟʥʦʝ ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ. ʊʘʢ 

ʜʣʷ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʦʙʲʝʤʥʦʡ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ, ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʠ 

ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʧʨʠ ʩʧʝʢʘʥʠʠ ʧʦʨʦʰʢʘ, ʪʨʝʙʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʣʠʪʝʣʴʥʘʷ ʚʳʜʝʨʞʢʘ ʧʦʜ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʣʘʟʝʨʘ ʠ 

ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʜʝʣʘʝʪ ʵʪʦʪ ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʳʤ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʦʟʥʠʢʘʶʪ ʩʣʦʞʥʦʩʪʠ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʮʝʩʩʘ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʪʦʯʢʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʧʝʢʘʥʠʷ. 

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʜʝʣʠʡ. 



62 

 

ɻʃɸɺɸ 3. ʊɽʍʅʆʃʆɻʀʀ 3D ʉʂɸʅʀʈʆɺɸʅʀʗ 

3.1 ɺʨʝʤʷʧʨʦʣʝʪʥʳʝ ʩʢʘʥʝʨʳ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ Time-of-Flight  

3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ: ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʝʪʨʦʣʦʛʠʠ ʜʦ 

ʘʨʭʝʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʢʘʪʝʛʦʨʠʠ ð ʩʢʘʥʝʨʳ ʙʣʠʞʥʝʛʦ ʠ ʜʘʣʴʥʝʛʦ ʜʝʡʩʪʚʠʷ, ʦʜʥʘʢʦ ʥʠ 

ʦʜʥʘ ʠʟ ʥʠʭ ʥʝ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. ɼʣʷ ʢʘʞʜʦʡ ʩʬʝʨʳ ʧʦʜʭʦʜʠʪ ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʠʣʠ ʠʭ ʢʦʤʙʠʥʘʮʠʷ [6-11]. 

3D-ʩʢʘʥʝʨʳ ʙʣʠʞʥʝʛʦ ʜʝʡʩʪʚʠʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʨʘʙʦʯʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ (ʥʘʚʠʛʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʣʶʜʝʡ, ʦʙʭʦʜ ʧʨʝʧʷʪʩʪʚʠʡ, ʤʦʙʠʣʴʥʳʝ ʨʦʙʦʪʳ ʠ 

ʪ. ʜ.). ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʯʘʩʪʦ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʷʪʴ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠ ʦʙʲʝʢʪ, ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʝʛʦ ʧʦʣʦʞʝʥʠʝ. 

ɺ ʜʨʫʛʠʭ ʩʬʝʨʘʭ, ʥʘʧʨʠʤʝʨ ð ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʘʙʦʪʳ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʫʤʝʨʝʥʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʚ 1ï3 ʤʝʪʨʘ ʠ ʪʨʝʙʫʶʪ ʙʦʣʝʝ ʪʦʯʥʳʭ 

ʠʟʤʝʨʝʥʠʡ (ʦʢʦʣʦ 1ï5 ʤʤ). ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʭʦʜʷʱʠʤ ʨʝʰʝʥʠʝʤ ʤʦʞʝʪ ʙʳʪʴ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʚʨʝʤʝʥʠ ʧʨʦʣʝʪʘ - Time-of-Flight (ʈʠʩʫʥʦʢ 3.1).  

 

 
ʈʠʩʫʥʦʢ 3.1 ɺʨʝʤʷʧʨʦʣʝʪʥʳʡ ʧʨʠʥʮʠʧ (Time-of-Flight) 

ɺʨʝʤʷʧʨʦʣʝʪʥʳʡ ʧʨʠʥʮʠʧ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ: ʫʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʷʝʪ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʣʫʯʘʝʤʳʡ ʫʩʪʨʦʡʩʪʚʦʤ ʣʘʟʝʨʥʳʡ ʩʚʝʪ ʜʦʙʨʘʣʩʷ ʜʦ ʢʦʥʢʨʝʪʥʦʛʦ ʦʙʲʝʢʪʘ ʠ, 

ʦʪʨʘʟʠʚʰʠʩʴ, ʚʝʨʥʫʣʩʷ ʢ ʩʝʥʩʦʨʫ, ʜʣʷ ʢʘʞʜʦʡ ʪʦʯʢʠ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (c) ï ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ, ʠʟʤʝʨʠʚ ʚʨʝʤʷ ʧʨʦʣʸʪʘ ʣʘʟʝʨʥʦʛʦ 

ʣʫʯʘ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʝ ʧʝʨʝʤʝʩʪʠʣʩʷ ʩʚʝʪ, ʢʦʪʦʨʦʝ 

ʙʫʜʝʪ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʩʢʘʥʝʨʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʲʝʢʪʘ. ɼʦʧʫʩʪʠʤ, (t) 

ï ʵʪʦ ʚʨʝʤʷ ʧʨʦʣʸʪʘ ʣʫʯʘ ʪʫʜʘ ʠ ʦʙʨʘʪʥʦ, ʪʦʛʜʘ ʨʘʩʩʪʦʷʥʠʝ ʨʘʚʥʷʝʪʩʷ c(t/2). ʊʦʯʥʦʩʪʴ 

ʚʨʝʤʝʥʠ ʧʨʦʣʸʪʘ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ 3D-ʩʢʘʥʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʪʦʯʥʦ ʤʳ ʤʦʞʝʤ 

ʠʟʤʝʨʠʪʴ ʩʘʤʦ ʚʨʝʤʷ (t): ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʣʘʟʝʨʦʤ ʨʘʩʩʪʦʷʥʠʷ ʚ 1 ʤʠʣʣʠʤʝʪʨ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3,3 ʧʠʢʦʩʝʢʫʥʜʳ (ʈʠʩʫʥʦʢ 3.2). 

ʃʘʟʝʨʥʳʡ ʜʘʣʴʥʦʤʝʨ ʠʟʤʝʨʷʝʪ ʨʘʩʩʪʦʷʥʠʝ ʪʦʣʴʢʦ ʜʦ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʟʘʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʵʪʦʤʫ ʜʝʚʘʡʩ ʩʢʘʥʠʨʫʝʪ ʚʩʝ ʧʦʣʝ ʟʨʝʥʠʷ ʧʦ ʦʪʜʝʣʴʥʳʤ ʪʦʯʢʘʤ ʟʘ ʨʘʟ, ʧʨʠ 

ʵʪʦʤ ʤʝʥʷʷ ʥʘʧʨʘʚʣʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ. ʄʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʣʠʙʦ ʚʨʘʱʘʷ ʩʘʤ ʧʨʠʙʦʨ, 

ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʩʠʩʪʝʤʳ ʚʨʘʱʘʶʱʠʭʩʷ ʟʝʨʢʘʣ. ɿʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʪʦʨʦʡ ʤʝʪʦʜ, ʚʝʜʴ 

ʦʥ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ, ʪʦʯʥʝʝ ʠ ʣʝʛʯʝ ʚ ʦʙʨʘʱʝʥʠʠ. ʂ ʧʨʠʤʝʨʫ, ʚʨʝʤʷʧʨʦʣʝʪʥʳʡ 3D-ʩʢʘʥʝʨ 

ʤʦʞʝʪ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ 10 000 - 100 000 ʪʦʯʝʢ ʟʘ ʩʝʢʫʥʜʫ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʠʩʪʝʤʘʭ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ (ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ), ʩʢʘʥʝʨʳ ʥʘ 

ʦʩʥʦʚʝ Lidar ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ ʦʢʨʫʞʘʶʱʠʭ ʠʭ ʦʙʲʝʢʪʦʚ ʧʫʪʝʤ 

ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʢʦʪʦʨʳʡ ʩʢʘʥʠʨʫʝʪʩʷ ʧʦ ʧʦʣʶ ʟʨʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʚʠʞʫʱʝʛʦʩʷ ʟʝʨʢʘʣʘ. ʀʟʣʫʯʘʝʤʳʡ ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʦʙʲʝʢʪʦʚ ʠ 

ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʜʘʪʯʠʢʫ. ʇʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʩʦʜʝʨʞʠʪ ʢʘʢ ʦʪʨʘʞʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʲʝʢʪʘ (ʟʘʪʫʭʘʥʠʝ ʩʠʛʥʘʣʘ), ʪʘʢ ʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʝ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʣʫʙʠʥʳ ʩ ʧʦʤʦʱʴʶ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʧʨʠʥʮʠʧʘ. 

 
ʈʠʩʫʥʦʢ 3.2 ʈʘʩʯʝʪ ʨʘʩʩʪʦʷʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ Time-of-Flight 

ʃʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʥʘ ʦʩʥʦʚʝ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʧʨʠʥʮʠʧʘ ʷʚʣʷʶʪʩʷ ʩʢʘʥʝʨʘʤʠ ʜʘʣʴʥʝʛʦ 

ʜʝʡʩʪʚʠʷ. ʆʥʠ ʙʳʚʘʶʪ ʜʚʫʭ ʚʠʜʦʚ ð ʠʤʧʫʣʴʩʥʳʝ ʠ ʥʘ ʦʩʥʦʚʝ ʬʘʟʦʚʦʛʦ ʩʜʚʠʛʘ. 

ʉʢʘʥʝʨʳ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʳʭ ʠʤʧʫʣʴʩʦʚ, ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʝ ʢʘʢ ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ 

ʩʢʘʥʝʨʳ, ʦʩʥʦʚʘʥʳ ʥʘ ʦʯʝʥʴ ʧʨʦʩʪʦʡ ʢʦʥʮʝʧʮʠʠ: ʥʘʤ ʜʦʩʪʦʚʝʨʥʦ ʠʟʚʝʩʪʥʘ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʠʟʚʝʩʪʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʣʘʟʝʨ ʜʦʩʪʠʛʘʝʪ 

ʦʙʲʝʢʪʘ ʠ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʜʘʪʯʠʢʘ, ʣʝʛʢʦ ʚʳʯʠʩʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʘʪʯʠʢʘ ʜʦ ʦʙʲʝʢʪʘ. ʕʪʠ 

ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʫʶʪ ʩʭʝʤʳ, ʨʘʙʦʪʘʶʱʠʝ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʠʢʦʩʝʢʫʥʜ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ ʚʨʝʤʷ, 

ʢʦʪʦʨʦʝ ʪʨʝʙʫʝʪʩʷ ʤʠʣʣʠʦʥʘʤ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʘ ʜʣʷ ʚʦʟʚʨʘʪʘ ʢ ʜʘʪʯʠʢʫ, ʠ ʨʘʩʩʯʠʪʘʪʴ 

ʨʘʩʩʪʦʷʥʠʝ. ɺʨʘʱʘʷ ʣʘʟʝʨ ʠ ʜʘʪʯʠʢ (ʦʙʳʯʥʦ ʩ ʧʦʤʦʱʴʶ ʟʝʨʢʘʣ), ʩʢʘʥʝʨ ʤʦʞʝʪ ʩʢʘʥʠʨʦʚʘʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦ 360 ʛʨʘʜʫʩʦʚ ʚʦʢʨʫʛ ʩʝʙʷ. 

ʀʤʧʫʣʴʩʥʳʝ ʩʢʘʥʝʨʳ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʨʘʙʦʪʫ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʚ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʤʝʪʨʦʚ, 

ʟʘ ʩʯʝʪ ʤʦʱʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʷʟʘʪʝʣʴʥʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʠʟʣʫʯʝʥʠʝ 

ʪʘʢʠʭ ʣʘʟʝʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʦʧʘʩʥʳʤ ʜʣʷ ʛʣʘʟ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʜʦʩʪʠʛʘʝʪ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ, ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ ʦʥʘ ʩʥʠʞʘʝʪʩʷ. ɺʘʞʥʦ ʪʘʢʞʝ 

ʫʯʠʪʳʚʘʪʴ ʪʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʩʢʘʥʝʨʘ, ʟʘʷʚʣʝʥʥʘʷ ʚ ʦʧʠʩʘʥʠʷʭ ʠ 

ʨʝʢʣʘʤʥʳʭ ʙʫʢʣʝʪʘʭ, ʨʘʩʩʯʠʪʘʥʘ ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʣʫʯʘ ʣʘʟʝʨʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʚʳʩʦʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʦʙʲʝʢʪʘ ʧʦʯʪʠ ʚʩʝʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʠʞʝ (ʩʪʝʥʘ, ʙʦʨʪ ʢʘʨʴʝʨʘ ʠ ʪ. ʜ.), ʘ ʚʤʝʩʪʝ ʩ ʵʪʠʤ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʌʘʟʦʚʳʝ ʣʘʟʝʨʥʳʝ 3D-ʩʢʘʥʝʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʝʱʝ ʦʜʠʥ ʪʠʧ ʪʝʭʥʦʣʦʛʠʠ 3D-

ʩʢʘʥʝʨʦʚ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʚʨʝʤʷʧʨʦʣʝʪʥʦʤ ʧʨʠʥʮʠʧʝ, ʠ ʢʦʥʮʝʧʪʫʘʣʴʥʦ ʨʘʙʦʪʘʝʪ ʘʥʘʣʦʛʠʯʥʦ 

ʠʤʧʫʣʴʩʥʳʤ ʩʢʘʥʝʨʘʤ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʫʣʴʩʘʮʠʠ ʣʘʟʝʨʘ, ʵʪʠ ʩʠʩʪʝʤʳ ʪʘʢʞʝ ʤʦʜʫʣʠʨʫʶʪ 

ʤʦʱʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʠ ʩʢʘʥʝʨ ʩʨʘʚʥʠʚʘʝʪ ʬʘʟʫ ʦʪʧʨʘʚʣʝʥʥʦʛʦ ʠ ʚʦʟʚʨʘʱʝʥʥʦʛʦ ʢ 

ʜʘʪʯʠʢʫ ʩʠʛʥʘʣʘ (ʈʠʩʫʥʦʢ 3.3). ʀʟʤʝʨʝʥʠʷ ʩʜʚʠʛʘ ʬʘʟ ʦʙʳʯʥʦ ʙʦʣʝʝ ʪʦʯʥʳʝ, ʥʦ ʬʘʟʦʚʳʝ 

ʩʢʘʥʝʨʳ ʥʝ ʪʘʢ ʫʜʦʙʥʳ ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ, ʢʘʢ ʠʤʧʫʣʴʩʥʳʝ. 

ɺʨʝʤʷʧʨʦʣʝʪʥʳʡ ʣʘʟʝʨʥʳʡ 3D-ʩʢʘʥʝʨ ʩ ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʤʦʞʝʪ ʩʢʘʥʠʨʦʚʘʪʴ 

ʦʙʲʝʢʪʳ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 1000 ʤ, ʪʦʛʜʘ ʢʘʢ ʩʢʘʥʝʨʳ ʩ ʬʘʟʦʚʳʤ ʩʜʚʠʛʦʤ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʜʦ 100 ʤ. 
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ʈʠʩʫʥʦʢ 3.3 ʌʘʟʦʚʳʝ ʣʘʟʝʨʥʳʝ 3Dʩʢʘʥʝʨʳ 

ʌʘʟʦʚʳʝ ʩʢʘʥʝʨʳ ʠʩʧʦʣʴʟʫʶʪ ʙʝʟʦʧʘʩʥʳʡ ʜʣʷ ʛʣʘʟ ʣʘʟʝʨ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʠʟʤʝʨʝʥʠʡ 

ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʠʤʧʫʣʴʩʥʳʭ ʩʢʘʥʝʨʦʚ ʚ 10-100 ʨʘʟ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʪʘʙʣ. 3.1 ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʠʤʧʫʣʴʩʥʳʭ ʠ 

ʬʘʟʦʚʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ. 

ʊʘʙʣʠʮʘ 3.1 ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʤʧʫʣʴʩʥʳʭ ʠ ʬʘʟʦʚʳʭ ʣʘʟʝʨʥʳʭ ʩʢʘʥʝʨʦʚ 

ʊʠʧ ʩʢʘʥʝʨʘ ɼʦʩʪʦʠʥʩʪʚʘ ʅʝʜʦʩʪʘʪʢʠ 

ʀʤʧʫʣʴʩʥʳʡ ʜʘʣʴʥʦʩʪʴ ʜʦ 1000 ʤ - ʤʝʥʝʝ ʪʦʯʥʳʝ 

- ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ 

- ʙʦʣʝʝ ʰʫʤʥʳʝ 

- ʦʧʘʩʥʳ ʜʣʷ ʛʣʘʟ 

ʌʘʟʦʚʳʡ - ʙʦʣʝʝ ʪʦʯʥʳʝ 

- ʙʦʣʝʝ ʙʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ 

- ʤʝʥʝʝ ʰʫʤʥʳʝ 

- ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʛʣʘʟ 

ʦʙʳʯʥʘʷ ʜʘʣʴʥʦʩʪʴ ʥʝ ʙʦʣʝʝ 100 ʤ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʨʝʤʷʧʨʦʣʝʪʥʳʭ ʩʢʘʥʝʨʦʚ.  

ʉʫʤʤʠʨʫʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʠ ʨʘʟʣʠʯʠʷʭ ʜʚʫʭ ʪʠʧʦʚ ʚʨʝʤʷʧʨʦʣʝʪʥʳʭ 

ʩʢʘʥʝʨʦʚ, ʚʳʜʝʣʠʤ ʠʭ ʦʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

- 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʠʣʣʠʦʥʦʚ ʪʦʯʝʢ ʟʘ ʦʜʥʦ ʩʢʘʥʠʨʦʚʘʥʠʝ ð ʜʦ 1 ʤʠʣʣʠʦʥʘ 

ʪʦʯʝʢ ʚ ʩʝʢʫʥʜʫ. 

- ɹʦʣʴʰʘʷ ʦʙʣʘʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʜʦ 1000 ʤʝʪʨʦʚ). 

- ʍʦʨʦʰʘʷ ʪʦʯʥʦʩʪʴ ʠ ʨʘʟʨʝʰʝʥʠʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʘ. 

- ɹʝʩʢʦʥʪʘʢʪʥʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ʪʠʧʦʚ 
ʦʙʲʝʢʪʦʚ. 

- ʇʦʨʪʘʪʠʚʥʦʩʪʴ. 

ʀʩʪʦʨʠʷ ʠ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʧʨʠʥʮʠʧʘ. 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ ʧʨʠʤʝʥʝʥʠʷ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʧʨʠʥʮʠʧʘ ʧʨʦʠʟʦʰʝʣ ʚ 1971 ʛʦʜʫ, ʢʦʛʜʘ 

ʅɸʉɸ ʟʘʧʫʩʪʠʣʘ ʨʘʢʝʪʫ çʉʘʪʫʨʥ Vè, ʢʘʢ ʧʝʨʚʳʡ ʰʘʛ ʚ ʣʫʥʥʦʡ ʤʠʩʩʠʠ ɸʧʦʣʣʦʥʘ-15. 

ʊʝʭʥʦʣʦʛʠʷ ʣʠʜʘʨ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʩʲʝʤʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʩ ʦʨʙʠʪʳ ʩ ʚʳʩʦʢʦʡ 

ʩʪʝʧʝʥʴʶ ʜʝʪʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʝ ʫʜʘʚʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʘʥʝʝ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ʠ ʪʦʧʦʣʦʛʠʠ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʥʘʧʨʠʤʝʨ ð ʦʪ ɿʝʤʣʠ ʜʦ ʄʘʨʩʘ. 

ʅʘ ʬʦʪʦ ð ʢʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʣʠʜʘʨʥʳʭ ʩʢʘʥʦʚ ɸʧʦʣʣʦʥʘ 15 

(ʈʠʩʫʥʦʢ 3.4). 

ʕʪʦʪ ʧʨʠʥʮʠʧ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʱʝʨʙʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʂʦʨʦʣʝʚʩʢʠʤ 

ʧʦʞʘʨʦʤ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʣʝʩʫ ʕʣʴ-ɼʦʨʘʜʦ ʚ ʂʘʣʠʬʦʨʥʠʠ ʚ 2014 ʛʦʜʫ. ʕʪʦ ʧʦʤʦʛʣʦ ʜʘʪʴ 

ʪʦʯʥʳʝ ʦʪʚʝʪʳ ʥʘ ʚʦʧʨʦʩʳ ʦ ʩʝʨʴʝʟʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʫʱʝʨʙʘ (ʈʠʩʫʥʦʢ 3.5). ʇʦʩʢʦʣʴʢʫ ʣʠʜʘʨ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ, ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ 
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ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 

 
ʈʠʩʫʥʦʢ 3.4 ʂʘʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʣʠʜʘʨʥʳʭ ʩʢʘʥʦʚ ɸʧʦʣʣʦʥʘ 15 

ʅʘʧʨʠʤʝʨ, ʣʠʜʘʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʢʘʢʠʝ ʨʘʡʦʥʳ ʤʦʛʫʪ 

ʙʳʪʴ ʫʷʟʚʠʤʳ ʚ ʙʫʜʫʱʝʤ, ʚ ʩʣʫʯʘʝ ʪʘʢʠʭ ʙʝʜʩʪʚʠʡ ʢʘʢ ʥʘʚʦʜʥʝʥʠʷ. ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

çʂʦʨʦʣʝʚʩʢʠʤ ʧʦʞʘʨʦʤè, ʝʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʫʱʝʨʙʘ ʧʦʩʣʝ 

ʩʪʠʭʠʡʥʦʛʦ ʙʝʜʩʪʚʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʛʦ, ʥʘ ʯʝʤ ʩʣʝʜʫʝʪ ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʫʩʠʣʠʷ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ.  

 

 
ʈʠʩʫʥʦʢ 3.5 ʆʮʝʥʢʘ ʫʱʝʨʙʘ ʦʪ ʧʦʞʘʨʘ ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʣʝʩʫ ʕʣʴ-ɼʦʨʘʜʦ ʚ ʂʘʣʠʬʦʨʥʠʠ ʚ 2014 ʛʦʜʫ. 

ʃʠʜʘʨ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʥʦ ʠ ʜʣʷ ʧʦʠʩʢʘ ʧʦʪʝʨʷʥʥʳʭ 

ʛʦʨʦʜʦʚ ð ʦʙʥʘʨʫʞʝʥʠʷ ʩʪʨʫʢʪʫʨ ʧʦʜ ʛʫʩʪʳʤʠ ʟʘʨʦʩʣʷʤʠ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʥʘʰʝʣ 

ʟʘʪʝʨʷʥʥʳʡ ʛʦʨʦʜ ʚ ʄʝʢʩʠʢʝ, ʚ ʢʦʪʦʨʦʤ, ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʩʪʦʣʴʢʦ ʞʝ ʟʜʘʥʠʡ, ʩʢʦʣʴʢʦ ʥʘ 

ʄʘʥʭʵʪʪʝʥʝ. 

ʂʘʢ ʠʤʧʫʣʴʩʥʳʝ, ʪʘʢ ʠ ʬʘʟʦʚʳʝ ʣʘʟʝʨʥʳʝ 3D-ʩʢʘʥʝʨʳ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʩʢʘʥʠʨʦʚʘʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʜʘʥʠʷ, ʧʦʩʪʨʦʡʢʠ, ʚʦʟʜʫʰʥʳʝ ʠ ʤʦʨʩʢʠʝ ʩʫʜʘ, 

ʚʦʝʥʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʌʘʟʦʚʳʝ ʩʢʘʥʝʨʳ ʣʫʯʰʝ ʨʘʙʦʪʘʶʪ ʥʘ ʩʨʝʜʥʠʭ ʨʘʩʩʪʦʷʥʠʷʭ 

ʠ ʧʦʜʭʦʜʷʪ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ (ʈʠʩʫʥʦʢ 3.6), ʙʦʣʴʰʠʭ ʥʘʩʦʩʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 3.6 ʃʠʜʘʨ ʥʘ ʘʚʪʦʤʦʙʠʣʝ 

ɼʣʷ ʥʝʙʦʣʴʰʠʭ ʠʣʠ ʥʠʟʢʦʙʶʜʞʝʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ 3D-ʧʨʦʣʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʧʨʘʢʪʠʯʥʘ, ʠʟ-ʟʘ ʝʝ ʩʪʦʠʤʦʩʪʠ. ʊʘʢʠʝ ʩʢʘʥʝʨʳ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʜʣʷ ʩʝʨʴʝʟʥʳʭ 

ʠ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʪʠʨʦʚʘʥʠʝ ʧʦʡʤ (ʟʘʪʦʧʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ) ʠ ʟʜʘʥʠʡ. 

ɿʘʯʘʩʪʫʶ ʚʨʝʤʷʧʨʦʣʝʪʥʳʝ ʩʢʘʥʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. 

ʄʠʥʠʘʪʶʨʥʳʝ ʣʠʜʘʨʳ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʥʠʰʝʚʳʭ ʟʘʜʘʯ: 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʝʩʧʠʣʦʪʥʳʭ ʠ ʘʩʩʠʩʪʠʨʫʶʱʠʭ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʦʙʦʪʦʚ. 

3.2 ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ (ʂʀʄ, CMM) 

ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ, ʥʘʟʳʚʘʝʤʳʝ ʝʱʸ CMM (coordinate measuring 

machine, ʂʀʄ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʥʘʧʦʤʠʥʘʶʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʪʘʥʢʠ ʩ ʏʇʋ, ʠʤʝʶʱʠʝ ʚʤʝʩʪʦ ʰʧʠʥʜʝʣʷ ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʛʦʣʦʚʢʫ ʩ ʨʫʙʠʥʦʚʳʤ ʰʘʨʠʢʦʤ ʥʘ ʢʦʥʮʝ. ʉʢʘʥʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʥʪʘʢʪʥʳʤ ʩʧʦʩʦʙʦʤ: 

ʛʦʣʦʚʢʘ ʧʦʜʚʦʜʠʪʩʷ ʢ ʠʟʤʝʨʷʝʤʦʤʫ ʦʙʲʝʢʪʫ ʠ ʧʨʦʭʦʜʠʪ ʧʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʷ ʚʩʝ 

ʧʝʨʝʤʝʱʝʥʠʷ [6-11]. 

 

 
ʈʠʩʫʥʦʢ 3.7 ʂʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʤʘʰʠʥʳ 

ʊʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʧʦʨʪʘʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʦʜʚʠʞʥʳʤʠ ñʩʫʩʪʘʚʘʤʠò, ʚ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʩʦʢʦʪʦʯʥʳʝ ʵʥʢʦʜʝʨʳ. ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʩʢʘʥʠʨʫʶʱʝʛʦ ʦʨʛʘʥʘ ʵʪʠ ʜʘʪʯʠʢʠ 

ʬʠʢʩʠʨʫʶʪ ʧʦʣʫʯʘʝʤʳʝ ʢʦʦʨʜʠʥʘʪʳ, ʘ ʢʦʤʧʴʶʪʝʨ, ʩʥʘʙʞʸʥʥʳʡ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ, ʚʳʩʪʨʘʠʚʘʝʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ 

ʠʟʜʝʣʠʷ. 

ʊʝʭʥʦʣʦʛʠʷ ʢʦʥʪʘʢʪʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʦʩʥʦʚʥʳʝ ʠʟ ʢʦʪʦʨʳʭ ʪʘʢʦʚʳ: 
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1. ʥʠʟʢʘʷ, ʦʯʝʥʴ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ (ʢʨʦʤʝ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʟʘʤʝʨʳ 

ʣʠʰʴ ʧʦ ʥʝʤʥʦʛʠʤ ʦʪʜʝʣʴʥʳʤ ʪʦʯʢʘʤ); 

2. ʧʨʦʙʣʝʤʘʪʠʯʥʦʩʪʴ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʦʙʲʸʤʦʚ ʠ ʦʪʚʝʨʩʪʠʡ ʤʘʣʦʛʦ 

ʜʠʘʤʝʪʨʘ; 

3. ʩʪʘʮʠʦʥʘʨʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʠ ʠʭ ʙʦʣʴʰʠʝ ʛʘʙʘʨʠʪʳ. 

ʂʦʥʪʘʢʪʥʳʝ ʩʢʘʥʝʨʳ ʦʢʘʟʘʣʠʩʴ ʥʝʩʧʦʩʦʙʥʳ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʩ ʙʝʩʢʦʥʪʘʢʪʥʳʤʠ, ʢʦʪʦʨʳʝ 

ʣʠʰʝʥʳ ʫʢʘʟʘʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʰʣʠ ʠʟ ʫʧʦʪʨʝʙʣʝʥʠʷ ʧʦʯʪʠ 

ʧʦʣʥʦʩʪʴʶ. ʅʝʤʥʦʛʠʝ ʦʩʪʘʚʰʠʝʩʷ ʩʤʦʛʣʠ ʫʜʝʨʞʘʪʴʩʷ ʥʘ ʨʳʥʢʝ ʣʠʰʴ ʙʣʘʛʦʜʘʨʷ ʛʣʫʙʦʢʦʡ 

ʤʦʜʝʨʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠʚʰʝʡ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʤʦʙʠʣʴʥʦʩʪʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʠʟʤʝʨʝʥʠʡ. 

3.3 ʆʧʪʠʯʝʩʢʠʝ 3D-ʩʢʘʥʝʨʳ ʩʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʠʭ 3D-ʩʢʘʥʝʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʧʨʝʜʤʝʪʳ 

ʧʦʜʩʚʝʯʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ ʩʚʝʪʦʤ ʩ ʧʦʤʦʱʴʶ ʧʨʦʝʢʪʦʨʘ ʠ ʩʥʠʤʘʶʪʩʷ ʜʚʫʤʷ (ʨʝʞʝ 

ʦʜʥʦʡ) ʢʘʤʝʨʘʤʠ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ [6-11]. ʉʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʟʘʩʚʝʯʠʚʘʝʪʩʷ ʫʟʢʦʡ 

ʧʦʣʦʩʦʡ ʩʚʝʪʘ ʠʣʠ ʩʚʝʪʦʚʳʤ ʧʘʪʪʝʨʥʦʤ: ʯʝʨʥʦ-ʙʝʣʳʤʠ ʢʚʘʜʨʘʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦ 

ʧʨʠʥʮʠʧʫ ʰʘʭʤʘʪʥʦʡ ʜʦʩʢʠ, ʠʣʠ ñʟʝʙʨʦʡò ð ʯʝʨʥʦ-ʙʝʣʳʤʠ ʧʦʣʦʩʘʤʠ. ɼʝʬʦʨʤʘʮʠʷ 

ʧʨʦʝʮʠʨʫʝʤʦʛʦ ʨʠʩʫʥʢʘ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʥʘ ʩʢʘʥʠʨʫʝʤʳʡ ʦʙʲʝʢʪ ʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʛʣʫʙʠʥʝ 

ʠ ʢʨʠʚʠʟʥʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʬʦʨʤʝ ʧʨʝʜʤʝʪʘ (ʈʠʩʫʥʦʢ 3.8). 

 

 
ʈʠʩʫʥʦʢ 3.8 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʪʠʯʝʩʢʠʭ 3D-ʩʢʘʥʝʨʦʚ 

ʂʘʤʝʨʳ ʬʠʢʩʠʨʫʶʪ ʠʩʢʨʠʚʣʝʥʠʷ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʠʥʢʠ ʠ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚ ʇʆ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ 3D-ʤʦʜʝʣʴ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ (ʈʠʩʫʥʦʢ 3.9). 

 

 
ʈʠʩʫʥʦʢ 3.9 ʈʝʢʦʥʩʪʨʫʢʮʠʷ 3D-ʤʦʜʝʣʠ ʩʢʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʆʧʪʠʯʝʩʢʠʝ 3D-ʩʢʘʥʝʨʳ ʙʳʚʘʶʪ ʨʫʯʥʳʤʠ ʠ ʥʘʩʪʦʣʴʥʳʤʠ: ʩ ʧʦʚʦʨʦʪʥʳʤ ʩʪʦʣʠʢʦʤ ʠ 

ʙʝʟ. ʄʥʦʛʠʝ ʤʦʜʝʣʠ ʧʦʜʜʝʨʞʠʚʘʶʪ ʮʚʝʪʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʦʧʪʠʯʝʩʢʠʭ 3D-ʩʢʘʥʝʨʦʚ. 
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1. ʆʧʪʠʯʝʩʢʠʝ 3D-ʩʢʘʥʝʨʳ ʨʘʙʦʪʘʶʪ ʙʳʩʪʨʝʝ ʣʘʟʝʨʥʳʭ ʠ ʩʧʦʩʦʙʥʳ ʧʦʣʫʯʘʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʮʚʝʪʝ. 

2. ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʩʢʘʥʝʨʦʚ ʥʠʞʝ, ʯʝʤ ʩʪʦʠʤʦʩʪʴ ʣʘʟʝʨʥʳʭ 

ʘʥʘʣʦʛʦʚ. 

ʅʝʜʦʩʪʘʪʦʢ ʦʧʪʠʯʝʩʢʠʭ ʩʢʘʥʝʨʦʚ ʥʘ ʰʪʘʪʠʚʝ:  

1. ʆʛʨʘʥʠʯʝʥʠʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ, ʜʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʨʫʯʥʳʝ 
ʩʢʘʥʝʨʳ ʠ ʥʘʢʣʝʡʢʠ-ʤʘʨʢʝʨʳ. ʕʪʦ ʤʘʣʝʥʴʢʠʝ ʯʝʨʥʦ-ʙʝʣʳʝ ʤʝʪʢʠ, ʢʦʪʦʨʳʝ 

ʨʘʟʤʝʱʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʦʨʥʳʭ ʪʦʯʝʢ. ʆʪʩʢʘʥʠʨʦʚʘʥʥʘʷ ʧʦ 

ʯʘʩʪʷʤ ʢʨʫʧʥʘʷ ʜʝʪʘʣʴ ʩʰʠʚʘʝʪʩʷ ʚ ʝʜʠʥʫʶ 3D-ʤʦʜʝʣʴ. 

2. ʂʨʫʧʥʳʝ ʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ ʟʜʘʥʠʷ ʠ ʧʘʤʷʪʥʠʢʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʩʢʘʥʝʨʘʤʠ ʢʘʢ 
ʧʨʘʚʠʣʦ ʥʝ ʩʢʘʥʠʨʫʶʪ, ʪ.ʢ. ʵʪʦ ʦʯʝʥʴ ʜʦʣʛʦ ʠ ʪʨʫʜʦʟʘʪʨʘʪʥʦ, ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ 

ʥʘʤʥʦʛʦ ʣʫʯʰʝ ʩʧʨʘʚʣʷʶʪʩʷ ʣʘʟʝʨʥʳʝ ʩʢʘʥʝʨʳ ʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ. 

3. ʍʫʞʝ, ʯʝʤ ʣʘʟʝʨʥʳʝ 3D-ʩʢʘʥʝʨʳ, ʦʧʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʧʨʘʚʣʷʶʪʩʷ ʩʦ 

ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʙʣʝʩʪʷʱʠʭ, ʧʨʦʟʨʘʯʥʳʭ ʠ ʯʝʨʥʳʭ ʧʨʝʜʤʝʪʦʚ. ʅʦ ʚ 90% ʩʣʫʯʘʝʚ 

ʵʪʘ ʧʨʦʙʣʝʤʘ ʨʝʰʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʠʨʫʶʱʝʛʦ ʩʧʨʝʷ. 

ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʈʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʧʨʦʱʝ ʚʩʝʛʦ ʦʧʠʨʘʪʴʩʷ ʥʘ 

ʪʝʭʥʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠʣʠ ʯʝʨʪʝʞʠ ʨʘʟʨʘʙʦʪʯʠʢʘ. ʆʜʥʘʢʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʜʦʩʪʫʧ ʢ ʪʘʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘʢʨʳʪ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ (ʦʙʨʘʪʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ). ʊʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʬʦʨʤʠʨʦʚʘʥʥʫʶ ʧʨʠ ʧʦʤʦʱʠ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ CAD-ʤʦʜʝʣʴ ʤʦʞʥʦ ʜʦʨʘʙʦʪʘʪʴ ʩ 

ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʘ ʩʣʫʞʙʳ. ʆʙʨʘʪʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚʦ ʤʥʦʛʠʭ ʦʙʣʘʩʪʷʭ: ʦʪ ʢʨʫʧʥʳʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦ ʩʨʝʜʥʠʭ ʠ ʥʝʙʦʣʴʰʠʭ ʤʘʩʪʝʨʩʢʠʭ ʩʝʨʚʠʩʥʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʩʪʘʡʣʠʥʛʘ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛ ʩʪʘʥʦʚʠʪʩʷ 

ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ. ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʧʨʠ ʧʦʤʦʱʠ 3D-ʩʢʘʥʝʨʘ ʠ ʨʘʩʧʝʯʘʪʘʪʴ ʝʛʦ ʥʘ 

3D-ʧʨʠʥʪʝʨʝ ʤʦʞʝʪ ʜʘʞʝ ʧʦʣʴʟʦʚʘʪʝʣʴ, ʪʦʣʴʢʦ ʥʘʯʠʥʘʶʱʠʡ ʟʥʘʢʦʤʩʪʚʦ ʩ ʮʠʬʨʦʚʳʤʠ 

ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʩʢʘʥʝʨʘ 

ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ, ʧʝʨʝʚʦʜ 

ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʣʘʢʘ ʪʦʯʝʢ ʚ ʧʦʣʠʛʦʥʘʣʴʥʫʶ 3D-ʤʦʜʝʣʴ, ʦʙʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʜʣʷ ʧʝʨʝʚʦʜʘ ʚ ʉɸʇʈ-ʬʦʨʤʘʪ (ʈʠʩʫʥʦʢ 3.10). 

 

 
ʈʠʩʫʥʦʢ 3.10 ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʄʫʟʝʡʥʦʝ ʜʝʣʦ ʠ ʠʩʢʫʩʩʪʚʦ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ Shining 3D Pro 2X Plus ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʯʘʡʰʝʝ 
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ʢʘʯʝʩʪʚʦ ʦʮʠʬʨʦʚʢʠ ʦʙʲʝʢʪʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦʡ ʧʝʨʝʜʘʯʝʡ ʪʝʢʩʪʫʨʳ. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʥʦʛʦʮʚʝʪʥʳʝ ʧʦʣʦʪʥʘ ʠ ʫʢʨʘʰʝʥʥʘʷ ʩʣʦʞʥʳʤ ʦʨʥʘʤʝʥʪʦʤ 

ʚʘʟʘ. 

ʉʢʘʥʝʨ ʦʪʣʠʯʥʦ ʩʧʨʘʚʠʣʩʷ ʩ ʟʘʜʘʯʝʡ ʠ ʥʘʛʣʷʜʥʦ ʜʦʢʘʟʘʣ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʝʛʦ ʤʦʞʥʦ ʩʤʝʣʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʢʘʪʘʣʦʛʠʟʘʮʠʠ ʤʫʟʝʡʥʳʭ ʵʢʩʧʦʥʘʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʧʫʩʢʘ ʩʫʚʝʥʠʨʦʚ (ʈʠʩʫʥʦʢ 

3.11). 

 

 
ʈʠʩʫʥʦʢ 3.11 ʀʩʧʦʣʴʟʦʚʘʥʠʝ 3D ʩʢʘʥʝʨʘ ʚ ʤʫʟʝʡʥʦʤ ʜʝʣʝ 

ʅʘʫʢʘ. 

ʕʢʩʧʝʨʪʳ ʠʟ ʉʫʦʥʩʠ ʩʤʦʛʣʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʢʘʥʝʨ Artec Eva ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʤʦʨʩʢʠʤʠ 

ʦʙʠʪʘʪʝʣʷʤʠ ʠ ʠʟʫʯʝʥʠʷ ʠʭ ʦʙʨʘʟʘ ʞʠʟʥʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ʉʦʟʜʘʚ ʩʧʝʮʠʘʣʴʥʳʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʤʝʪʢʠ, ʫʯʝʥʳʝ ʩʤʦʛʣʠ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʦʚʝʜʝʥʠʝʤ 

ʧʦʜʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʙʝʟ ʧʨʠʯʠʥʝʥʠʷ ʠʤ ʬʠʟʠʯʝʩʢʦʛʦ ʜʠʩʢʦʤʬʦʨʪʘ (ʈʠʩʫʥʦʢ 3.12). 

 

 

ʈʠʩʫʥʦʢ 3.12 ʉʢʘʥʝʨ Artec Eva ʜʣʷ ʩʣʝʞʝʥʠʷ ʟʘ ʤʦʨʩʢʠʤʠ ʦʙʠʪʘʪʝʣʷʤʠ 

ʆʙʨʘʟʦʚʘʥʠʝ. 

ʊʘʢʠʝ ʧʨʦʩʪʳʝ ʠ ʥʝ ʪʨʝʙʫʶʱʠʝ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ ʜʣʷ ʩʚʦʝʛʦ ʦʩʚʦʝʥʠʷ 

ʤʦʜʝʣʠ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, XYZPrinting 3D Hand Scanner 2.0 ʠ 3D Systems Sense 2 ʩʪʘʥʫʪ 

ʦʪʣʠʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʚ ʰʢʦʣʘʭ ʠ ʪʝʭʥʠʢʫʤʘʭ. ɺʦʟʤʦʞʥʦʩʪʝʡ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʩ 

ʣʠʭʚʦʡ ʭʚʘʪʠʪ ʜʣʷ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʧʨʦʮʝʩʩʘ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 3.13). 

ɹʦʣʝʝ ʧʨʦʜʚʠʥʫʪʳʝ ʤʦʜʝʣʠ (ʥʘʧʨʠʤʝʨ, ʦʪ ʢʦʤʧʘʥʠʠ RangeVision), ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʚʦ ʤʥʦʛʠʭ ɺʋɿʘʭ. ʊʘʢ, ʚ ʦʜʥʦʤ ʠʟ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ɺʝʥʳ ʩ 

ʧʦʤʦʱʴʶ 3D-ʩʢʘʥʝʨʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʫʥʠʢʘʣʴʥʳʡ ʰʘʙʣʦʥ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 
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ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʨʝʟʢʠ ʩʚʠʥʳʭ ʤʦʟʛʦʚ. ʉʧʝʮʠʘʣʠʩʪʳ ʦʪʩʢʘʥʠʨʦʚʘʣʠ ʤʘʪʝʨʠʘʣ, ʘ ʧʦʪʦʤ 

ʧʨʠʜʘʣʠ ʝʤʫ ʥʫʞʥʫʶ ʬʦʨʤʫ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʭʤʝʨʥʦʡ ʧʝʯʘʪʠ. 

 

 
ʈʠʩʫʥʦʢ 3.13 ʆʙʫʯʝʥʠʝ ʜʝʪʝʡ 3Dʪʝʭʥʦʣʦʛʠʷʤ 

ʄʝʜʠʮʠʥʘ. 

ʉ ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ Medit i500 ʩʪʦʤʘʪʦʣʦʛʠ ʤʦʛʫʪ ʙʳʩʪʨʦ ʚʳʧʦʣʥʷʪʴ ʙʝʟʙʦʣʝʟʥʝʥʥʦʝ 

ʩʢʘʥʠʨʦʚʘʥʠʝ ʟʫʙʥʦʛʦ ʨʷʜʦʚ ʧʘʮʠʝʥʪʦʚ, ʥʫʞʜʘʶʱʠʭʩʷ ʚ ʩʨʦʯʥʦʡ ʤʝʜʠʮʠʥʩʢʦʡ ʧʦʤʦʱʠ. 

ʀʤʝʷ ʚ ʥʘʣʠʯʠʠ ʪʦʯʥʫʶ ʮʠʬʨʦʚʫʶ ʢʦʧʠʶ ʟʫʙʦʚ ʤʝʜʠʢʠ ʩʧʦʩʦʙʥʳ ʧʦʰʘʛʦʚʦ ʦʪʩʣʝʞʠʚʘʪʴ 

ʭʦʜ ʣʝʯʝʥʠʷ ʠ ʦʙʩʫʞʜʘʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩ ʜʨʫʛʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. 

3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʦʟʜʘʥʠʷ ʧʨʦʪʝʟʦʚ ï 

ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʫʱʝʩʪʚʝʥʥʫʶ ʚʨʝʤʝʥʥʫʶ ʠ ʬʠʥʘʥʩʦʚʫʶ ʵʢʦʥʦʤʠʶ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʪʨʘʪʥʦʡ ʧʨʦʮʝʜʫʨʦʡ ʩʦʟʜʘʥʠʷ ʩʣʝʧʢʦʚ. 

 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʥʘʧʠʩʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʧʪʠʯʝʩʢʠʝ 3D-ʩʢʘʥʝʨʳ 

ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʥʝʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʤʦʜʝʣʷʤʠ ʩʘʤʦʡ ʨʘʟʣʠʯʥʦʡ ʩʪʦʠʤʦʩʪʠ ï ʦʪ 30 000 ʜʦ 1 500 000 ʨʫʙʣʝʡ. 

ʉʢʘʥʝʨʳ ʨʫʯʥʦʛʦ ʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʠʧʘ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ï ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ, ʘʨʭʠʪʝʢʪʫʨʝ, ʤʝʜʠʮʠʥʝ ʠ ʪ.ʧ. 

ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ 3D-ʩʢʘʥʝʨʦʚ ʦʪʣʠʯʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ 

ʨʝʚʝʨʩ-ʠʥʞʠʥʠʨʠʥʛʝ ʠ ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ. ʂʨʦʤʝ ʪʦʛʦ, ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʙʶʜʞʝʪʥʫʶ, ʥʦ ʢʘʯʝʩʪʚʝʥʥʫʶ ʩʫʚʝʥʠʨʥʫʶ ʧʨʦʜʫʢʮʠʶ. 

3.4 ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ 

ʊʝʨʤʠʥ çʬʦʪʦʛʨʘʤʤʝʪʨʠʷè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʪʨʝʭ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ: photos ï ʩʚʝʪ, gramma - 

ʟʘʧʠʩʴ, metrio ï ʠʟʤʝʨʝʥʠʝ. ɼʦʩʣʦʚʥʦ ï ʠʟʤʝʨʝʥʠʝ ʩʚʝʪʦʟʘʧʠʩʠ [4, 6, 11-14]. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ð ʵʪʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʜʠʩʮʠʧʣʠʥʘ, ʟʘʥʠʤʘʶʱʘʷʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʬʦʨʤʘ, ʨʘʟʤʝʨʳ, ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʨʫʛʠʭ 

ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʦʚ, ʧʦ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʠʟʦʙʨʘʞʝʥʠʷʤ. 

ɼʠʩʮʠʧʣʠʥʘ ʠʩʧʦʣʴʟʫʝʪ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʠʟʦʙʨʘʞʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʢʘʤʝʨ, ʮʠʬʨʦʚʳʭ ʢʘʤʝʨ, ʪʝʣʝʚʠʟʠʦʥʥʳʭ ʢʘʤʝʨ, ʩʢʘʥʝʨʥʳʭ ʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ, 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʠ ʣʘʟʝʨʥʳʭ ʩʲʝʤʦʯʥʳʭ ʩʠʩʪʝʤ ʠ ʪ.ʜ. ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʪʨʝʤ ʦʩʥʦʚʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ. 

ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʩʦʟʜʘʥʠʝʤ ʢʘʨʪ ʠ ʧʣʘʥʦʚ ʧʦ ʩʥʠʤʢʘʤ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ 

ʯʘʩʪʦ ʥʘʟʳʚʘʶʪ ʬʦʪʦʪʦʧʦʛʨʘʬʠʝʡ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ 

ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ: ʚ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʤʝʜʠʮʠʥʝ, 

ʢʨʠʤʠʥʘʣʠʩʪʠʢʝ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʚʦʝʥʥʦʤ ʜʝʣʝ, ʛʝʦʣʦʛʠʠ ʠ ʪ.ʜ. ʕʪʦ 
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ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʘʟʳʚʘʶʪ ʥʘʟʝʤʥʦʡ ʠʣʠ ʧʨʠʢʣʘʜʥʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʝʡ. 

ʊʨʝʪʴʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʵʪʦ ʢʦʩʤʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. ʉʥʠʤʢʠ ɿʝʤʣʠ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ 

ʢʦʩʤʦʩʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʝʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʦʭʨʘʥʦʡ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʥʠʤʢʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʃʫʥʳ, ɺʝʥʝʨʳ, ʄʘʨʩʘ, 

ʧʦʟʚʦʣʷʶʪ ʠʟʫʯʠʪʴ ʠʭ ʨʝʣʴʝʬ ʠ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦ ʜʨʫʛʦʡ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʊʘʢʦʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʩʣʝʜʫʶʱʠʤʠ ʝʝ 

ʜʦʩʪʦʠʥʩʪʚʘʤʠ: 

- ɺʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʩʥʠʤʢʠ ʦʙʲʝʢʪʦʚ ʧʦʣʫʯʘʶʪ ʧʨʝʮʠʟʠʦʥʥʳʤʠ (ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ) ʢʘʤʝʨʘʤʠ, ʘ ʦʙʨʘʙʦʪʢʫ ʩʥʠʤʢʦʚ 

ʚʳʧʦʣʥʷʶʪ ʩʪʨʦʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

- ɺʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʜʦʩʪʠʛʘʝʤʘʷ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʠʟʤʝʨʷʶʪ ʥʝ 
ʩʘʤʠ ʦʙʲʝʢʪʳ, ʘ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ 

ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʥʠʤʢʘʤ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘ ʢʦʤʧʴʶʪʝʨʝ. 

- ʆʙʲʝʢʪʠʚʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 
ʦʙʲʝʢʪʝ ʧʦʣʫʯʘʝʪʩʷ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʤ ʧʫʪʝʤ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʚʪʦʨʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʚ ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʩʧʦʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʩʪʦʷʥʠʠ, ʢʘʢ ʚʩʝʛʦ 
ʦʙʲʝʢʪʘ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʯʘʩʪʝʡ. 

- ɹʝʟʦʧʘʩʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʪʘʢ ʢʘʢ ʠʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʢʦʥʪʘʢʪʥʳʤ 
ʤʝʪʦʜʦʤ. ʕʪʦ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʛʜʘ ʦʙʲʝʢʪ ʥʝʜʦʩʪʫʧʝʥ ʠʣʠ ʧʨʝʙʳʚʘʥʠʝ ʚ 

ʝʛʦ ʟʦʥʝ ʦʧʘʩʥʦ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. 

- ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʥʝʧʦʜʚʠʞʥʳʭ, ʘ ʪʘʢʞʝ ʤʝʜʣʝʥʥʦ ʠ ʙʳʩʪʨʦ ʜʚʠʞʫʱʠʭʩʷ 
ʦʙʲʝʢʪʦʚ, ʩʢʦʨʦʪʝʯʥʳʭ ʠ ʤʝʜʣʝʥʥʦ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʢʘʢ ʥʘʫʢʘ ʧʦʷʚʠʣʘʩʴ ʚ ʩʝʨʝʜʠʥʝ 19 ʩʪʦʣʝʪʠʷ, ʯʝʨʝʟ 13 ʣʝʪ ʧʦʩʣʝ 

ʧʦʷʚʣʝʥʠʷ ʬʦʪʦʛʨʘʬʠʠ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʦʩʫʱʝʩʪʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʥʴʰʝ. ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ ʠ ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦ ʝʛʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʠʟʦʙʨʘʞʝʥʠʶ ʙʳʣʦ ʜʘʥʦ ʚ 1759 ʛʦʜʫ ʀ. ʆ. ʃʘʤʙʝʨʪʦʤ ʚ ʨʘʙʦʪʝ çʉʚʦʙʦʜʥʘʷ 

ʧʝʨʩʧʝʢʪʠʚʘè. ɺ 1764 ʛʦʜʫ ʚʝʣʠʢʠʡ ʨʫʩʩʢʠʡ ʫʯʝʥʳʡ ʄ. ɺ. ʃʦʤʦʥʦʩʦʚ ʚ ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʈʦʩʩʠʠ ʧʨʝʜʣʦʞʠʣ ʩʦʩʪʘʚʣʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʠʩʫʥʢʠ 

ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʢʘʤʝʨʳ-ʦʙʩʢʫʨʳ (ʧʠʥʭʦʣ, ʩʪʝʥʦʧ, ʣʦʭʢʘʤʝʨʘ). ɺ 1839 ʛʦʜʫ 

ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʝʥʳʡ ɾ. ʄ. ɼʘʛʝʨ ʧʨʠʤʝʥʠʣ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʩ 

ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʢʘʤʝʨʳ, ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʝ ʩʝʨʝʙʨʦ, ʢʦʪʦʨʦʝ ʥʘʥʦʩʠʣʦʩʴ ʥʘ 

ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʧʣʘʩʪʠʥʢʫ. ʅʘ ʵʪʦʡ ʧʣʘʩʪʠʥʢʝ ʧʦʣʫʯʘʣʦʩʴ ʧʦʟʠʪʠʚʥʦʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ. ʊʘʢ ʧʦʷʚʠʣʘʩʴ ʬʦʪʦʛʨʘʬʠʷ. 

ʇʨʠʤʝʥʷʪʴ ʬʦʪʦʛʨʘʬʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʢʘʨʪ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ 

ʬʨʘʥʮʫʟʩʢʠʡ ʛʝʦʜʝʟʠʩʪ ɼʦʤʠʥʠʢ ʌ. ɸʨʘʛʦ ʧʨʠʤʝʨʥʦ ʚ 1840 ʛ., ʘ ʚ 1860 ʛ. ʬʨʘʥʮʫʟʩʢʠʡ 

ʚʦʝʥʥʳʡ ʠʥʞʝʥʝʨ ʕ. ʃʦʩʩʝʜʘ ʚʳʧʦʣʥʠʣ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʇʘʨʠʞʘ ʩ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ ʠ ʧʦ 

ʬʦʪʦʩʥʠʤʢʘʤ ʩʦʟʜʘʣ ʧʣʘʥ, ʪʦʯʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʦʢʘʟʘʣʘʩʴ ʚʳʰʝ ʧʣʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʕʪʦʡ ʨʘʙʦʪʦʡ ʙʳʣʦ ʧʦʣʦʞʝʥʦ ʥʘʯʘʣʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʩʲʝʤʢʠ, ʢʦʪʦʨʳʡ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʩʷ ʠ ʩʪʘʣ ʧʨʠʤʝʥʷʪʴʩʷ ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ. 

ɺ ʈʦʩʩʠʠ ʧʝʨʚʳʝ ʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʠʝ ʩʲʝʤʢʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚ 1891-1898 ʛʛ. 

ʠʥʞʝʥʝʨʘʤʠ ʅ.ʆ. ɺʠʣʣʝʨʦʤ, ʈ.ʖ. ʊʠʣʝ, ʇ.ʀ. ʑʫʨʦʚʳʤ ʜʣʷ ʮʝʣʝʡ ʪʨʘʩʩʠʨʦʚʘʥʠʷ ʞʝʣʝʟʥʳʭ 

ʜʦʨʦʛ ʚ ɿʘʢʘʚʢʘʟʴʝ ʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʵʧʦʭʝ ʢʦʤʧʴʶʪʝʨʦʚ: ʧʦʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ 

ʬʦʪʦʛʨʘʬʠʠ ʫʯʝʥʳʝ ʙʳʩʪʨʦ ʧʦʥʷʣʠ, ʯʪʦ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴ ʧʨʠʥʮʠʧ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʪʝʨʝʦʟʨʝʥʠʷ ʚ ʩʚʦʠʭ ʦʙʣʘʩʪʷʭ. ʀʩʧʦʣʴʟʫʷ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʥʷʪʳʝ ʩ ʜʚʫʭ ʥʝʤʥʦʛʦ ʨʘʟʥʳʭ 

ʧʦʟʠʮʠʡ, ʦʥʠ ʩʤʦʛʣʠ ʠʟʤʝʨʠʪʴ ʠ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʦʙʲʝʢʪʦʚ ʚ ʪʨʝʭʤʝʨʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʵʢʩʧʝʨʪʳ ʥʘʟʳʚʘʶʪ ʵʪʦʪ ʧʨʦʮʝʩʩ çʪʨʠʘʥʛʫʣʷʮʠʝʡè. 
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ʇʦ ʩʝʡ ʜʝʥʴ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʦʜʝʟʠʩʪʘʤʠ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʢʘʨʪ ʩ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʵʪʦ ʦʢʘʟʘʣʦʩʴ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤ ʚ ʛʦʨʥʳʭ ʨʘʡʦʥʘʭ, ʢʦʪʦʨʳʝ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳ ʠʣʠ ʜʣʷ 3D-ʩʢʘʥʠʨʦʚʘʥʠʷ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʪʨʠʘʥʛʫʣʠʨʫʶʪ ʮʝʣʳʝ ʟʜʘʥʠʷ ʠʣʠ ʦʙʲʝʢʪʳ 

ʨʘʟʤʝʨʦʤ ʩ ʦʙʫʚʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʞʝ ʪʝʣʝʬʦʥʳ ʤʦʞʥʦ ʧʨʝʚʨʘʪʠʪʴ ʚ ʧʦʨʪʘʪʠʚʥʳʝ 3D-

ʩʢʘʥʝʨʳ, ʧʨʦʩʪʦ ʫʩʪʘʥʦʚʠʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʧʨʠʣʦʞʝʥʠʝ. ʊʦʯʥʦʩʪʴ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʘ 

ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʡ. ʏʝʤ ʣʫʯʰʝ ʢʘʤʝʨʘ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʚʳ ʧʝʨʝʜʘʝʪʝ ʜʘʥʥʳʝ ʠ 

ʙʦʣʴʰʝ ʩʥʠʤʢʦʚ ʩ ʨʘʟʥʳʭ ʨʘʢʫʨʩʦʚ, ʪʝʤ ʣʫʯʰʝ ʙʫʜʝʪ ʚʘʰʘ 3D ʤʦʜʝʣʴ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʣʥʦʡ 3D ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʤʥʦʛʦ ʢʘʜʨʦʚ, ʧʝʨʝʤʝʱʘʷʩʴ 

ʚʦʢʨʫʛ ʦʙʲʝʢʪʦʚ ʩ ʰʘʛʦʤ 15ï30 ʛʨʘʜʫʩʦʚ, ʧʦʚʪʦʨʷʡʪʝ ʵʪʦ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

3D ʩʢʘʥʠʨʦʚʘʥʠʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʦ ʝʩʪʴ ʠʤʝʶʱʠʭ ʤʥʦʛʦ ʢʦʣʣʠʟʠʡ (ʈʠʩʫʥʦʢ 3.14). 

ʀʤʝʡʪʝ ʚ ʚʠʜʫ, ʯʪʦ ʜʣʷ ʪʨʠʘʥʛʫʣʷʮʠʠ ʪʦʯʢʠ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ ʢʘʢ ʤʠʥʠʤʫʤ 

ʜʚʘʞʜʳ, ʠʥʘʯʝ ʫ ʚʘʰʝʡ ʩʝʪʢʠ ʙʫʜʫʪ ʧʨʦʚʘʣʳ. 

 

 
ʈʠʩʫʥʦʢ 3.14 ʇʨʠʥʮʠʧ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ɺ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʝʨʠʦʜʘ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʥʘʟʚʘʪʴ ʢʘʢ ʘʥʘʣʦʛʦʚʘʷ, ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʠ ʮʠʬʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. 

ɸʥʘʣʦʛʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʩ ʠʟʦʙʨʝʪʝʥʠʷ ʚ 1901 ʛ. ʂ. ʇʫʣʴʬʨʠʭʦʤ 

ʩʪʝʨʝʦʢʦʤʧʘʨʘʪʦʨʘ (ʈʠʩʫʥʦʢ 3.15). ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ 

ʩʥʠʤʢʦʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʪʝʨʝʦʧʘʨʫ. 

 
ʈʠʩʫʥʦʢ 3.15 ʉʪʝʨʝʦʢʦʤʧʘʨʘʪʦʨ ʂ. ʇʫʣʴʬʨʠʭʘ 

ɼʘʣʝʝ ʨʘʟʚʠʪʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʧʦʰʣʦ ʧʦ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʧʦ ʘʵʨʦ ʠ 

ʥʘʟʝʤʥʳʤ ʩʥʠʤʢʘʤ. ʕʪʠ ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʠʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʥʠʤʢʦʚ ʚ ʢʘʨʪʫ. ʇʝʨʚʳʡ ʪʘʢʦʡ ʧʨʠʙʦʨ, ʩʪʝʨʝʦʘʚʪʦʛʨʘʬ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ 1909 ʛ. (ɽ. ʆʨʝʣʴ) 
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ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʘʨʪ ʧʦ ʥʘʟʝʤʥʳʤ ʩʥʠʤʢʘʤ. ɺ 1915 ʛ ɻʘʟʟʝʨ ʟʘʧʘʪʝʥʪʦʚʘʣ ʩʪʝʨʝʦʧʨʦʝʢʪʦʨ, 

ʢʦʪʦʨʳʡ ʩʪʘʣ ʧʨʦʪʦʪʠʧʦʤ ʤʫʣʴʪʠʧʣʝʢʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦʩʪʨʦʠʪʴ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʥʘ ʵʢʨʘʥʝ ʧʦ ʤʥʦʞʝʩʪʚʫ ʩʥʠʤʢʦʚ ʠ ʠʟʤʝʨʷʪʴ ʝʝ ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ. ɺ 1932 ʛ. 

ʌ.ɺ.ɼʨʦʙʳʰʝʚ ʠʟʦʙʨʝʣ ʩʪʝʨʝʦʤʝʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʨʠʩʦʚʘʪʴ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʥʠʤʢʘʭ. ʂʦʥʪʫʨʥʫʶ ʯʘʩʪʴ ʢʘʨʪʳ ʧʦʣʫʯʘʣʠ ʧʦ ʬʦʪʦʧʣʘʥʘʤ, 

ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʤʥʦʞʝʩʪʚʫ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʩʥʠʤʢʦʚ.  

ʊʨʘʥʩʬʦʨʤʠʨʦʚʘʥʠʝ ʩʥʠʤʢʦʚ ʚʳʧʦʣʥʷʣʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʘʭ, ʥʘʟʳʚʘʝʤʳʭ 

ʬʦʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ (ʈʠʩʫʥʦʢ 3.16), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʥʘʢʣʦʥʥʳʡ 

ʩʥʠʤʦʢ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʦʚ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

 
ʈʠʩʫʥʦʢ 3.16 ʌʦʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. ʕʪʦʪ ʵʪʘʧ ʚ ʨʘʟʚʠʪʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʕɺʄ (ʧʨʠʤʝʨʥʦ ʚ 1950ʛ.). ʅʘʯʠʥʘʷ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʩʪʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʜʦʣʞʘʶʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ 1957 ʛ. ʋ.ɺ. ʍʝʣʘʚʘ (ʂʘʥʘʜʘ) ʨʘʟʨʘʙʦʪʘʣ 

ʧʝʨʚʳʡ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ 

ʩʪʝʨʝʦʢʦʤʧʘʨʘʪʦʨʘ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʰʠʥʳ. ʅʘ ʩʪʝʨʝʦʢʦʤʧʘʨʘʪʦʨʝ 

ʚʳʧʦʣʥʷʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʩʥʠʤʢʦʚ, ʘ ʥʘ ʕɺʄ ï ʚʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ 

ʠʟʤʝʨʝʥʠʡ ʚ ʧʨʦʝʢʮʠʶ ʢʘʨʪʳ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʥʠʤʢʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʊʘʢʠʭ 

ʧʨʠʙʦʨʦʚ ʠ ʩʠʩʪʝʤ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ (ʐʚʝʡʮʘʨʠʷ, ɻʝʨʤʘʥʠʷ, ʌʨʘʥʮʠʷ, 

ʀʪʘʣʠʷ, ʈʦʩʩʠʷ ʠ ʋʢʨʘʠʥʘ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ, ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʎʠʬʨʦʚʘʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʧʦʷʚʣʝʥʠʝʤ ʮʠʬʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ 

ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʮʠʬʨʦʚʳʝ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʰʘʪʴ ʚʩʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ, ʚʢʣʶʯʘʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʝ ʥʘʙʣʶʜʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʩʥʠʤʢʦʚ ʥʘ ʵʢʨʘʥʝ 

ʢʦʤʧʴʶʪʝʨʘ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʰʠʨʦʢʦʡ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʥʠʤʢʦʚ ʚ ʢʘʨʪʫ. ʕʪʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʠ ʫʞʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʘʵʨʦʬʦʪʦʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʦʣʫʯʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠʣʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʪ (ʧʣʘʥʦʚ) 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ: 

ʎʠʬʨʦʚʘʷ ʢʘʨʪʘ ï ʵʪʦ ʢʘʨʪʘ (ʧʣʘʥ) ʚ ʮʠʬʨʦʚʦʡ ʬʦʨʤʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴ 

ʝʝ ʭʨʘʥʝʥʠʷ, ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʠ ʦʪʦʙʨʘʞʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ ʮʠʬʨʦʚʦʡ 
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ʢʘʨʪʳ, ʧʨʦʝʢʮʠʷ, ʨʘʟʛʨʘʬʢʘ, ʪʦʯʥʦʩʪʴ ʠ ʜʨ. ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʝʡ ʘʥʘʣʦʛʦʚʦʡ ʢʘʨʪʳ. 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʣʦʞʝʥʠʠ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʙʲʝʢʪʦʚ ʤʝʩʪʥʦʩʪʠ, ʩʚʷʟʷʭ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʪʘʢʞʝ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʬʦʨʤʝ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʨʦʛʨʘʤʤʥʦʤ 

ʦʙʝʩʧʝʯʝʥʠʠ (ʈʠʩʫʥʦʢ 3.17). 

 

 
ʈʠʩʫʥʦʢ 3.17 ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ) 

ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʠʬʨʦʚʦʡ ʢʘʨʪʳ ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʤʝʩʪʥʦʩʪʠ (ʎʄʄ), 

ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠ ʮʠʬʨʦʚʫʶ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ). 

ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) ï ʠʥʬʦʨʤʘʮʠʷ ʦ ʨʝʣʴʝʬʝ ʤʝʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʪʦʯʝʢ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʠ ʚʳʩʦʪʘʤʠ, ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ ʠ ʩʧʦʩʦʙʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʳʩʦʪ ʥʦʚʳʭ ʪʦʯʝʢ ʧʦ ʠʭ ʠʟʚʝʩʪʥʳʤ ʧʣʘʥʦʚʳʤ ʢʦʦʨʜʠʥʘʪʘʤ (ʈʠʩʫʥʦʢ 3.18). 

 

 
ʈʠʩʫʥʦʢ 3.18 ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʨʝʣʴʝʬʘ (ʎʄʈ) 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʮʠʬʨʦʚʳʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʟʘʜʘʯ ʧʦ ʩʦʟʜʘʥʠʶ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʘʨʪ ʠ ʧʣʘʥʦʚ, ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʥʝ ʪʦʣʴʢʦ. 

ʆʛʨʦʤʥʳʤ ʧʣʶʩʦʤ ʩʝʛʦʜʥʷʰʥʝʛʦ ʚʨʝʤʝʥʠ ʩʪʘʣʦ ʧʦʷʚʣʝʥʠʝ ʪʨʸʭʤʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʤʦʜʝʣʠ ʮʠʬʨʦʚʳʭ ʢʘʨʪ, ʎʄʄ ʠ ʎʄʈ ʚ ʨʝʞʠʤʝ 3D, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʦ ʪʘʢʫʶ ʜʠʩʮʠʧʣʠʥʫ ʢʘʢ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʩʤʝʣʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ ʧʝʨʝʞʠʚʘʝʪ ʚʟʨʳʚʥʦʡ 
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ʨʦʩʪ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʡ ʩʬʝʨʝ, ʢʠʥʦʠʥʜʫʩʪʨʠʠ ʠ 

ʘʥʠʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ. 

ɼʣʷ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ð ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʘʷ 

ʧʨʦʙʣʝʤʘ. ʋʞʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ 3D ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ 

ʧʨʦʛʨʝʩʩʘ ʩʪʨʦʡʢʠ. ʅʘʧʨʠʤʝʨ, ʛʦʪʦʚʘʷ ʚ ʩʨʦʢ ʯʘʩʪʴ ʦʙʲʝʢʪʘ ʥʘ ʤʦʜʝʣʠ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʟʝʣʝʥʳʤ, ʥʘʭʦʜʷʱʘʷʩʷ ʚ ʧʨʦʮʝʩʩʝ ð ʞʝʣʪʳʤ, ʢ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʢʦʪʦʨʦʡ ʝʱʝ ʥʝ ʧʨʠʩʪʫʧʠʣʠ ð 

ʩʝʨʳʤ, ʘ ʧʨʦʩʨʦʯʝʥʥʘʷ ð ʢʨʘʩʥʳʤ. ʆʜʥʘʢʦ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʙʲʝʢʪʠʚʥʳ, ʪʘʢ ʢʘʢ ʥʝ 

ʧʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ, ʘ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʠʡ ʧʨʦʛʨʝʩʩ ʧʦ 

ʬʦʪʦʛʨʘʬʠʷʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʚʦʣʴʥʦ ʪʷʞʝʣʦ. 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʧʨʝʜʣʘʛʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. ʀʩʧʦʣʴʟʫʝʪʩʷ 

ɹʇʃɸ, ʢʦʪʦʨʳʡ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʦʙʣʝʪʘʝʪ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʠ ʧʨʦʠʟʚʦʜʠʪ 

ʘʵʨʦʬʦʪʦʩʲʝʤʢʫ ʦʙʲʝʢʪʘ. ɼʘʣʝʝ ʤʘʩʩʠʚ ʬʦʪʦʛʨʘʬʠʡ ʚʳʛʨʫʞʘʝʪʩʷ ʚ ʦʜʠʥ ʠʟ ʧʨʦʛʨʘʤʤʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʙʦʨʢʘ ʘʢʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʋʩʪʘʥʦʚʠʚ ʧʝʨʠʦʜ ʦʙʣʝʪʘ, ʙʫʜʴ ʪʦ 

ʥʝʜʝʣʷ ʠʣʠ ʤʝʩʷʮ, ʫʜʘʝʪʩʷ ʦʪʩʣʝʜʠʪʴ ʦʙʲʝʢʪʠʚʥʳʡ ʧʨʦʛʨʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʪʯʝʪʦʚ ʥʘʯʘʣʴʩʪʚʫ. ʉ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʇʆ ʤʦʞʥʦ ʜʘʞʝ 

ʩʨʘʚʥʠʚʘʪʴ ʵʪʠ ʜʚʝ ʤʦʜʝʣʠ ʠ ʧʦʜʩʚʝʯʠʚʘʪʴ ʨʘʟʥʠʮʫ ʚ ʥʠʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʘʨʭʠʪʝʢʪʦʨʦʚ ʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʟʘʜʘʯʝʡ ʨʝʩʪʘʚʨʘʮʠʠ 

ʩʪʘʨʳʭ ʟʜʘʥʠʡ, ʘ ʠʥʦʛʜʘ ʠ ʨʝʤʦʥʪʘ ʥʦʚʳʭ. ɿʘʜʘʯʘ ʧʨʠʦʙʨʝʪʘʝʪ ʤʘʩʰʪʘʙ ʢʘʪʘʩʪʨʦʬʳ ʚ ʪʦʪ 

ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʨʦʯʥʦ ʥʝʦʙʭʦʜʠʤʳ ʯʝʨʪʝʞʠ ʦʙʲʝʢʪʦʚ ʩ ʫʢʘʟʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʘ ʦʥʠ 

ʫʪʝʨʷʥʳ ʠʣʠ ʫʞʝ ʧʦʪʝʨʷʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʧʦʤʦʱʴ ʘʨʭʠʪʝʢʪʦʨʘʤ ʠ ʜʨʫʛʠʤ 

ʩʧʝʮʠʘʣʠʩʪʘʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ ʠ ʨʝʩʪʘʚʨʘʮʠʝʡ ʟʜʘʥʠʡ, ʧʨʠʭʦʜʠʪ ʠʤʝʥʥʦ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʷ. ʅʫʞʥʳʡ ʦʙʲʝʢʪ ʬʦʪʦʛʨʘʬʠʨʫʝʪʩʷ, ʘ ʧʦʩʣʝ ʧʦ ʩʤʝʞʥʳʤ ʠʟʦʙʨʘʞʝʥʠʷʤ 

ʚʳʷʚʣʷʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʪʦʯʢʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʧʦʣʦʞʝʥʠʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʙʘʟʦʚʦʛʦ ʩʥʠʤʢʘ. 

ʊʦʯʢʠ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚʦʝʜʠʥʦ ʥʘ ʚʦʦʙʨʘʞʘʝʤʳʭ ʢʘʨʢʘʩʘʭ, ʠ ʧʦʣʫʯʘʝʪʩʷ ʛʦʪʦʚʘʷ ʤʦʜʝʣʴ 

(ʈʠʩʫʥʦʢ 3.19). 

 

 
ʈʠʩʫʥʦʢ 3.19 ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʚ ʘʨʭʠʪʝʢʪʫʨʝ 

ʉʦʮʠʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʘʷ ʩʬʝʨʘ ð ʵʪʦ ʜʨʫʛʘʷ ʦʙʣʘʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ʉʝʡʯʘʩ ʚ ʤʫʟʝʷʭ ʠ ʚʳʩʪʘʚʦʯʥʳʭ ʮʝʥʪʨʘʭ ʚʦ ʚʩʝʤ ʤʠʨʝ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʫʨʘ. ʕʪʦ ʥʘʙʦʨ ʩʬʝʨʠʯʝʩʢʠʭ ʧʘʥʦʨʘʤ, ʩʦʝʜʠʥʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʩʳʣʢʘʤʠ ʜʣʷ ʧʝʨʝʭʦʜʘ. ʋ ʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦ ʝʩʪʴ ʩʚʦʠ ʧʣʶʩʳ ð ʵʪʦ ʜʝʰʝʚʦ, ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ. 

ʉ ʧʦʤʦʱʴʶ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʪʨʝʭʤʝʨʥʳʡ ʪʫʨ ʚ 

ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʌʦʪʦʨʝʘʣʠʩʪʠʯʥʦʩʪʴ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ, ʠʥʪʝʨʘʢʪʠʚʥʦʩʪʴ ð 

ʦʪʣʠʯʠʝ ʢʦʣʦʩʩʘʣʴʥʦʝ. ʎʠʬʨʦʚʦʡ ʢʘʤʝʨʦʡ ʜʝʣʘʝʪʩʷ ʤʘʩʩʠʚ ʬʦʪʦʛʨʘʬʠʡ, ʥʘʧʨʠʤʝʨ, 

ʩʢʫʣʴʧʪʫʨʳ ʠ ʢʦʤʥʘʪʳ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʥʘʭʦʜʠʪʩʷ. ɼʘʣʝʝ ʵʪʦʪ ʤʘʩʩʠʚ ʟʘʛʨʫʞʘʝʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ, ʠ ʧʦʩʣʝ ʜʦʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʥʘ ʚʳʭʦʜʝ ʤʳ ʠʤʝʝʤ ʪʨʝʭʤʝʨʥʫʶ 
























































































































































































































































