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ɸʥʥʦʪʘʮʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʦʤʘʪʦʣʦʛʠʷ ï ʵʪʦ ʦʙʣʘʩʪʴ ʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥ-

ʩʠʚʥʳʤ ʪʝʤʧʦʤ ʨʘʟʚʠʪʠʷ. ɺ ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʠʢ ʷʚ-

ʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʦʟʠʮʠʡ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝʥʠʡ ʥʘ ʨʳʥʢʝ. ʅʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʶ ʪʨʝʭʤʝʨʥʦʡ (3D) ʧʝʯʘʪʠ ʤʦʞʥʦ ʩʤʝʣʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʟ-

ʛʦʪʦʚʣʝʥʠʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʪʘʢʞʝ ʥʘʰʣʘ ʰʠʨʦ-

ʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʉʫʪʴ ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʧʣʘʚʣʝʥʠʠ ʩʣʦʝʚ ʤʘʪʝʨʠʘ-

ʣʘ ʜʣʷ ʬʦʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʩʣʦʠ ʨʘʟʤʝʱʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʘʣʛʦʨʠʪʤʘʤʠ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʢʦʤʧʴʶʪʝʨʦʤ. ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

3D-ʧʝʯʘʪʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ ʩʪʘʜʠʡ, ʪʘʢʠʭ ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠ ʝʸ ʚʝʨʠʬʠʢʘ-

ʮʠʷ, ʩʝʛʤʝʥʪʘʮʠʷ ʤʦʜʝʣʠ ʧʦ ʩʣʦʷʤ, ʵʪʘʧ ʧʝʯʘʪʠ ʠʟʜʝʣʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟ-

ʚʝʩʪʥʦ ʦʢʦʣʦ ʜʝʚʷʪʠ ʦʩʥʦʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 3D-ʧʝʯʘʪʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʷʚʣʷʶʪʩʷ: 

ʣʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ, ʤʝʪʦʜ ʥʘʧʣʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ, ʩʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ, ʩʪʨʫʡʥʦʝ ʥʘ-

ʧʳʣʝʥʠʝ ʬʦʪʦʧʦʣʠʤʝʨʦʚ, ʪʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʮʚʝʪʥʘʷ ʩʪʨʫʡʥʘʷ ʧʝʯʘʪʴ. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʬʝʨʘ ʦʨʪʦʧʝʜʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʩʪʦʡʯʠʚʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʠʥʪʝʛʨʘʮʠʠ 

3D-ʧʝʯʘʪʠ ʚʩʣʝʜʩʪʚʠʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠʥʪʨʘʦʨʘʣʴʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʜʘʣʴʥʝʡʰʝʤʫ ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʤʘʪʦʣʦʛʠʷ, 3D-ʧʝʯʘʪʴ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ. 
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Abstract. Modern dentistry is a field of medicine characterized by a rapid pace of development. In the 

context of increasing competition, the use of advanced technologies is a key factor in strengthening the market 

position of dental institutions. Today, three-dimensional (3D) printing technology can be confidently classified 

as an advanced technological achievement capable of fully transforming the processes of manufacturing dental 

constructions. In dentistry, 3D printing technology has also found wide application. The essence of the 3D-

printing process lies in the sequential deposition of layers of material to form a three-dimensional structure, 

where layers are placed on top of each other according to computer-controlled algorithms. The standardized 

workflow of 3D-printed fabrication includes several stages, such as constructing and verifying a three-

dimensional model, segmenting the model into layers, and the printing stage itself. In modern industrial practice, 

approximately nine major modifications of 3D printing are known, differing in parameters such as productivity, 

positioning accuracy, materials used, and additional technological characteristics. The most common and widely 

used in clinical practice are laser stereolithography, fused deposition modeling, selective laser sintering, photo-

polymer jetting, multi-jet modeling, and color jet printing. It should be noted that the field of prosthetic dentistry 

demonstrates a stable trend toward integrating 3D printing due to the widespread use of intraoral scanning sys-

tems, which facilitates further development of this area. 

Keywords: dentistry, 3D printing, dental prototyping. 

 

ɺʚʝʜʝʥʠʝ. ʉʦʚʨʝʤʝʥʥʘʷ ʩʪʦʤʘʪʦʣʦʛʠʷ ï ʵʪʦ ʦʙʣʘʩʪʴ ʤʝʜʠʮʠʥʳ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥ-

ʩʠʚʥʳʤ ʪʝʤʧʦʤ ʨʘʟʚʠʪʠʷ [2, 5]. ɻʣʦʙʘʣʴʥʘʷ ʮʠʬʨʦʚʠʟʘʮʠʷ, ʦʭʚʘʪʳʚʘʶʱʘʷ ʨʘʟʣʠʯʥʳʝ ʦʪʨʘʩʣʠ ʞʠʟʥʠ, 

ʟʘʪʨʦʥʫʣʘ ʠ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ [13]. ɺ ʫʩʣʦʚʠʷʭ ʫʩʠʣʠʚʘʶʱʝʡʩʷ ʢʦʥʢʫʨʝʥʮʠʠ ʧʨʠʤʝʥʝʥʠʝ 
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ʧʝʨʝʜʦʚʳʭ ʤʝʪʦʜʠʢ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʧʦʟʠʮʠʡ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʫʯʨʝʞʜʝ-

ʥʠʡ ʥʘ ʨʳʥʢʝ. 

ɺ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʢʣʠʥʠʢ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʫʙʦʪʝʭʥʠʯʝʩʢʠʭ 

ʣʘʙʦʨʘʪʦʨʠʡ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʦʜ-

ʙʦʨʘ ʮʚʝʪʘ ʨʝʩʪʘʚʨʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʬʦʪʦʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʦʣʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʮʠʢʣʘ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ï ʩʪʘʥʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ [12]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʨʘʯʦʤ-ʩʪʦʤʘʪʦʣʦʛʦʤ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʣʝʯʝʥʠʝ ʠ ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ ʧʘʮʠʝʥʪʦʚ ʩ ʧʦʛʨʝʰʥʦʩʪʷʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ ʤʠʢʨʦʥʘ, ʯʪʦ ʧʦ-

ʟʚʦʣʷʝʪ ʜʦʩʪʠʛʘʪʴ ʤʘʢʩʠʤʘʣʴʥʳʭ ʵʩʪʝʪʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʩʦʟʜʘʥʠʷ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʢʘ ʜʝʥʪʘʣʴ-

ʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʦʨʪʦʜʦʥʪʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʝ ʨʝʩʪʘʚʨʘʮʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʠʟ-ʟʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʥʘ ʵʪʘ-

ʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʨʦʩʪʫ ʢʦʣʠʯʝʩʪʚʘ ʦʩʣʦʞʥʝʥʠʡ, ʩʥʠʞʝʥʠʶ ʵʩʪʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʥʝ-

ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʞʝʚʘʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʠ [1, 3]. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʝʭʥʦʣʦʛʠʶ ʪʨʝʭʤʝʨʥʦʡ (3D) ʧʝʯʘʪʠ ʤʦʞʥʦ ʩʤʝʣʦ ʦʪʥʝʩʪʠ ʢ ʢʘʪʝʛʦʨʠʠ ʧʝ-

ʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʧʦʣʥʦʩʪʴʶ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ 

ʤʥʦʞʝʩʪʚʝ ʦʪʨʘʩʣʝʡ: ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʦʙʦʨʦʥʥʦʤ ʩʝʢʪʦʨʝ, ʚ ʩʬʝʨʝ ʠʩ-

ʢʫʩʩʪʚ, ʤʝʜʠʮʠʥʝ ʠ ʤʥʦʞʝʩʪʚʝ ʜʨʫʛʠʭ [7, 11, 17]. ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ ʪʝʭʥʦʣʦʛʠʷ 3D-ʧʝʯʘʪʠ ʪʘʢʞʝ ʥʘʰʣʘ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ [9, 15].  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣ ʧʨʦʚʝʜʸʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ PubMed ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘ-

ʟʘʭ ʜʘʥʥʳʭ Scopus ʠ Medline ʩ 2021 ʧʦ 2023 ʛ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ Google ɸʢʘ-

ʜʝʤʠʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ ʙʘʟʘʭ e-Library ʠ Cyberleninka c 2019 ʧʦ 2024 ʛ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ 3D-ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʪʝʨʤʠʥʳ: ʘʜʜʠʪʠʚʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʙʳʩʪʨʘʷ ʧʨʦʪʦʪʠʧʠʟʘʮʠʷ, ʤʥʦʛʦʫʨʦʚʥʝʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʧʦ ʪʚʝʨ-

ʜʦʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʧʣʘʚʣʝʥʠʠ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʦʨʤʦʦʙʨʘʟʦ-

ʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʜʝ ʩʣʦʠ ʨʘʟʤʝʱʘʶʪʩʷ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʘʣʛʦʨʠʪʤʘʤʠ, ʫʧʨʘʚ-

ʣʷʝʤʳʤʠ ʢʦʤʧʴʶʪʝʨʦʤ. ʂʣʶʯʝʚʘʷ ʢʦʥʮʝʧʮʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʨʸʭʤʝʨʥʘʷ ʮʠʬʨʦ-

ʚʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʠʩʢʨʝʪʠʟʠʨʫʝʪʩʷ ï ʨʘʩʩʝʢʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʪʦʥʢʠʭ ʩʣʦʝʚ, ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʩʣʦʡʥʫʶ ʥʘʜʩʪʨʦʡʢʫ [4]. 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʧʦʣʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠ-

ʢʠ ʢʦʪʦʨʦʛʦ ʟʘʠʤʩʪʚʫʶʪʩʷ ʠʟ ʠʩʭʦʜʥʦʡ ʤʦʜʝʣʠ. 

ʉʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 3D-ʧʝʯʘʪʠ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʯʠʭ 

ʩʪʘʜʠʡ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʝʜʫʶʱʠʝ [10]:  

ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʠ ʝʸ ʚʝʨʠʬʠʢʘʮʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʣʠʙʦ ʧʫʪʸʤ ʨʫʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ 

CAD (Computer-Aided Design), ʣʠʙʦ ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʨʝʭʤʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤ 

ʩʚʝʪʦʤ, ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʣʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʦʨʜʠʥʘʪʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʤʘʰʠʥ.  

ʉʝʛʤʝʥʪʘʮʠʷ ʤʦʜʝʣʠ ʧʦ ʩʣʦʷʤ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ 

ʚ ʩʝʨʠʶ ʩʣʦʝʚ, ʪʦʣʱʠʥʘ ʢʦʪʦʨʳʭ ʦʧʪʠʤʠʟʠʨʦʚʘʥʘ (ʦʙʳʯʥʦ ʤʝʥʝʝ 100 ʤʠʢʨʦʤʝʪʨʦʚ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʣʘʜʢʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘ ʠʟʜʝʣʠʠ ʠ ʩʦʜʝʡʩʪʚʫʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʘʤʦʛʦ 

ʧʨʦʮʝʩʩʘ 3D-ʧʝʯʘʪʠ.  

ʕʪʘʧ ʧʝʯʘʪʠ ʠʟʜʝʣʠʷ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʜʘʥʥʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʣʦʷʤ, ʟʘʛʨʫʞʘʝʪʩʷ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 3D-ʧʨʠʥʪʝʨʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪ ʧʦʵʪʘʧʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʠʟʜʝ-

ʣʠʷ ʩʣʦʡ ʟʘ ʩʣʦʝʤ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʝ ʧʦʣʦʩʳ, ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʢʦʤʧʦʟʠʮʠʠ, ʩʧʝʢʘʝʤʳʝ ʩʧʣʘʚʳ, ʬʦʪʦʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ, ʧʦʣʠʤʝʨ-

ʥʳʝ ʧʣʝʥʢʠ ʠ ʧʨʦʯʝʝ), ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʧʨʦʯʠʝ ʧʦʢʘʟʘʪʝʣʠ [6]. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʜʫʩʪʨʠʘʣʴʥʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ ʜʝʚʷʪʠ ʦʩʥʦʚʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 3D-

ʧʝʯʘʪʠ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʚʳʙʦʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʷʤʠ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʧʝʮʠʬʠʢʦʡ ʪʨʝʙʦʚʘʥʠʡ ʢ ʨʝʟʫʣʴʪʘʪʫ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. 

ʃʘʟʝʨʥʘʷ ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ (Stereolithography ï SLA). ʇʨʠʥʮʠʧ ʧʨʦʮʝʩʩʘ ʩʦʩʪʦʠʪ ʚ ʧʦʵʪʘʧʥʦʤ 

ʦʪʚʝʨʞʜʝʥʠʠ ʬʦʪʦʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʋʌ) ʠʟʣʫʯʝʥʠʷ ʧʦ ʩʣʦʷʤ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʚʸʨʜʦʛʦ ʦʙʲʝʢʪʘ [8]. 
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ɼʣʠʪʝʣʴʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠ ʧʘʨʘʤʝʪʨ ʪʦʣʱʠʥʳ ʦʜʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʷʪ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ, ʯʪʦ ʨʝʛʫʣʠʨʫʝʪʩʷ ʤʦʱʥʦʩʪʴʶ ʋʌ-ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʩʢʘʥʠ-

ʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʧʦʣʠʤʝʨʥʦʡ ʩʤʝʩʠ (ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʤʦʥʦʤʝʨʦʚ ʠ ʬʦʪʦ-

ʠʥʠʮʠʘʪʦʨʦʚ). ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʛʣʫʙʠʥʳ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʚʦʟʤʦʞʥʦ ʚʚʝʜʝʥʠʝ ʩʚʝʪʦʧʦʛʣʦ-

ʱʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʦʣʫ [16]. 

ʉʧʠʩʦʢ ʜʦʩʪʦʠʥʩʪʚ SLA-ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʜʝʪʘʣʠʟʘʮʠʶ, ʪʦʯʥʦʩʪʴ ʛʝʦʤʝʪʨʠʠ, ʘ 

ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʥʳʝ ʛʘʙʘʨʠʪʳ ʨʘʙʦʯʠʭ ʢʘʤʝʨ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʩʪʨʦʝʥʠʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʠ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʘʢʫʩʪʠʯʝʩʢʠʭ 

ʠʟʣʫʯʝʥʠʡ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ. 

ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʰʘʙʣʦʥʦʚ, 

ʜʝʥʪʘʣʴʥʳʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʣʦʞʝʢ, ʧʨʦʪʝʟʦʚ, ʵʣʘʡʥʝʨʦʚ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʪʨʝʙʫʶʱʠʭ 

ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʄʝʪʦʜ ʥʘʧʣʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ (Fused Deposition Modeling ï FDM). ɺ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ FDM ʣʝʞʠʪ 

ʵʢʩʪʨʫʟʠʷ ʥʠʪʝʚʠʜʥʦʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʧʦʜʘʸʪʩʷ ʯʝʨʝʟ ʩʦʧʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʧʦʜ 

ʢʦʥʪʨʦʣʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʩ ʤʛʥʦʚʝʥʥʳʤ ʟʘʪʚʝʨʜʝʚʘʥʠʝʤ ʤʘʪʝʨʠʘʣʘ (0,1 ʩʝʢʫʥʜʘ) ʧʦʩʣʝ ʚʳʭʦʜʘ 

ʠʟ ʵʢʩʪʨʫʜʝʨʘ [7, 14]. 

ʇʝʨʝʤʝʱʝʥʠʝʤ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ ʫʧʨʘʚʣʷʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʩʣʦʡʥʦʝ 

ʥʘʥʝʩʝʥʠʝ ʤʘʪʝʨʠʘʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʨʘʙʦʯʫʶ ʧʣʘʪʬʦʨʤʫ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʮʠʢʣʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʘʢʨʠʣʦʥʠʪʨʠʣʙʫʪʘʜʠʝʥʩʪʠʨʦʣ (ɸɹʉ), ʧʦʣʠʢʘʨʙʦʥʘʪʳ, ʧʦʣʠʩʫʣʴʬʦʥʳ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ʠʟʜʝʣʠʡ ʩʦ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ ʟʘʜʝʡʩʪʚʫʝʪʩʷ ʚʪʦʨʦʡ ʵʢʩʪʨʫʜʝʨ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʨʫʢʪʫʨ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʤʘʪʝʨʠʘʣʳ [11]. ʊʦʯ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʝʯʥʳʭ ʠʟʜʝʣʠʡ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʢʩʪʨʫʜʝʨʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʜʘʯʠ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʤʝʨʥʦʩʪʠ ʩʣʦʸʚ.  

ʂ ʯʠʩʣʫ ʧʨʝʠʤʫʱʝʩʪʚ ʦʪʥʦʩʷʪ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʠʟʜʝʣʠʡ ʩ ʚʳʨʘʞʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ), ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʰʠʨʥʳʡ ʩʧʝʢʪʨ ʚʘʨʠʘʥʪʦʚ 

ʧʦʩʪʦʙʨʘʙʦʪʢʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʪʝʭʥʦʣʦʛʠʷ FDM ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʙʶʜʞʝʪʥʳʭ 3D-ʧʨʠʥʪʝʨʦʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩ ʫʯʝʪʦʤ ʧʦʷʚʣʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʷ FDM ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ ʚ ʩʪʦʤʘʪʦʣʦʛʠʠ ʜʣʷ ʥʝʤʝʜʣʝʥʥʦʡ ʧʝʯʘʪʠ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʘʥʘʪʦʤʠʯʝʩʢʠʭ [17]. 

ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (Selective Laser Sintering ï SLS). ʂʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʟʜʝʣʠʡ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʵʪʘʧʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʪʦʥʢʠʭ ʩʣʦʝʚ ʧʦʨʦʰʢʦ-

ʦʙʨʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʣʘʟʝʨʥʳʤ ʩʢʘʥʠʨʫʶʱʠʤ ʣʫʯʦʤ [16]. 

ʇʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʦʜʥʦʛʦ ʩʣʦʷ ʧʦʨʦʰʢʘ ʠ ʝʛʦ ʣʦʢʘʣʴʥʦʛʦ ʩʧʝʢʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ. ɼʦʩʪʠʛʘʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʨʝʰʘʶʱʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʜʦ 60 ʤʠʢʨʦʤʝʪʨʦʚ. 

ɻʣʘʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʩʯʠʪʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʢʣʘʚʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʜʜʝʨʞʢʘ 

ʧʦʣʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠʟʜʝʣʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʰʝʚʠʟʥʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠ ʤʘʩʰʪʘʙʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʪʦʯʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʤ ʧʦʨʦʰʢʦʤ, ʝʛʦ ʦʢʨʫʞʘʶʱʠʤ. 

ɺ ʩʪʦʤʘʪʦʣʦʛʠʠ ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʘʨ-

ʢʘʩʦʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʨʦʥʦʢ ʠ ʤʦʩʪʦʚʠʜʥʳʭ ʧʨʦʪʝʟʦʚ ʠʟ ʢʦʙʘʣʴʪʦʭʨʦʤʦʚʦʛʦ ʩʧʣʘʚʘ [8]. ʅʘ ʩʝʛʦʜʥʷʰ-

ʥʠʡ ʜʝʥʴ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʚʳʪʝʩʥʠʣʘ ʪʝʭʥʦʣʦʛʠʶ ʣʠʪʴʷ ʦʨʪʦʧʝʜʠʯʝʩʢʠʭ ʢʦʥʩʪ-

ʨʫʢʮʠʡ ʚ ʩʠʣʫ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʦʥʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʠʮʝʚʳʭ ʧʨʦʪʝʟʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʳʭ ʢʘʨʢʘʩʦʚ ʠʟ ʧʦʣʠʘʤʠʜʘ, ʘ ʪʘʢʞʝ ʩ ʮʝʣʴʶ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʨʝʞʫʱʠʭ ʠ ʩʚʝʨʣʠʣʴʥʳʭ ʰʘʙʣʦʥʦʚ, ʜʝʥʪʘʣʴʥʳʭ ʤʘʢʝʪʦʚ ʠ ʧʨʦʪʦʪʠʧʦʚ. 

ʂ ʦʛʨʘʥʠʯʝʥʠʷʤ ʪʝʭʥʦʣʦʛʠʠ ʦʪʥʦʩʷʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʢʨʫʞʘʶʱʠʤ ʫʩʣʦʚʠʷʤ (ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʦʚ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ ʠ ʧʦʜʜʝʨʞʢʘ ʢʣʠʤʘʪʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ). 

ʉʪʨʫʡʥʦʝ ʥʘʧʳʣʝʥʠʝ ʬʦʪʦʧʦʣʠʤʝʨʦʚ (PolyJet). ʊʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʥʘʧʳʣʝʥʠʷ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʞʠʜʢʠʭ ʧʦʣʠʤʝʨʦʚ ʥʘ ʨʘʙʦʯʫʶ ʧʣʘʪʬʦʨʤʫ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʪʨʫʡʥʳʭ ʧʝʯʘʪʘʶʱʠʭ ʛʦʣʦʚʦʢ; ʧʦʩʣʝʜʫʶʱʝʝ ʵʢʩʧʦʥʠʨʦʚʘʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʤ ʠʥʠʮʠʠʨʫʝʪ ʙʳʩʪʨʫʶ 

ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʠ ʦʪʚʝʨʞʜʝʥʠʝ ʢʘʞʜʦʛʦ ʩʣʦʷ [16]. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʝʧʦʜʚʠʞʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʩ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʛʦʣʦʚʢʦʡ, ʪʘʢ ʠ ʦʙʨʘʪʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʰʠʨʦʢʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʬʦʪʦʧʦʣʠʤʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʘʢ ʜʣʷ ʣʠʪʴʷ, 

ʪʘʢ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʩʠʣʠʢʦʥʦʧʦʜʦʙʥʳʭ ʵʣʘʩʪʦʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʊʝʭʥʦʣʦʛʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʟʨʝʰʝʥʠʝ ʜʦ 16 ʤʠʢʨʦʤʝʪʨʦʚ, ʫʣʫʯʰʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʟʜʝʣʠʡ 

ʩʦ ʩʣʦʞʥʦʡ ʠ ʤʝʣʢʦʨʘʟʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 
ʊʝʭʥʦʣʦʛʠʷ ʤʥʦʛʦʩʪʨʫʡʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Multi Jet Modeling ï MJM).  ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʜ-

ʧʦʣʘʛʘʝʪ ʥʘʥʝʩʝʥʠʝ ʤʦʜʝʣʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ (ʬʦʪʦʧʦʣʠʤʝʨʥʳʭ ʠʣʠ ʚʦʩʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʧʦʩʨʝʜʩʪʚʦʤ 




