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ɺɺɽɼɽʅʀɽ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʪʫʜʝʥʪʦʚ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚ-

ʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʙʫʜʫʱʠʭ ʢʦʤʧʝʪʝʥʪʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʵʣʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʮʝʣʷʭ 

ʦʙʦʙʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʜʚʝʜʝʥʠʷ ʠʪʦʛʦʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ 

ʩʬʝʨʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʩʪʫʜʝʥʪʦʚ (ʅʀʈʉ), ʘ ʪʘʢʞʝ ʚʳ-

ʷʚʣʝʥʠʷ ʠ ʚʦʚʣʝʯʝʥʠʷ ʚ ʅʀʈʉ ʥʘʠʙʦʣʝʝ ʩʧʦʩʦʙʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʪʫ-

ʜʝʥʪʦʚ ʚ ʉʘʤɻʊʋ ʧʨʦʚʦʜʷʪʩʷ çɼʥʠ ʥʘʫʢʠè.  

çɼʥʠ ʥʘʫʢʠè ï ʵʪʦ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʤʦʣʦʜʝʞʥʳʭ ʥʘʫʯʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʡ, ʚʢʣʶʯʘʶʱʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʢʦʥʬʝʨʝʥʮʠʶ 

ʩʪʫʜʝʥʪʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ, ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʫʶ ʚʳʩʪʘʚʢʫ ʨʘʙʦʪ 

ʩʪʫʜʝʥʪʦʚ. ʊʘʢʦʡ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ, ʦʪʙʦʨʘ ʠ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪ, ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʤʦʱʥʦʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʧʨʦʚʦʞʜʝʥʠʝ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʩʬʝʨʝ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʢʠ, ʘʢʪʠʚʠʟʠʨʦʚʘʪʴ 

ʚʫʟʦʚʩʢʫʶ ʤʦʣʦʜʝʞʥʫʶ ʥʘʫʯʥʫʶ ʩʨʝʜʫ. 
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ʋɼʂ 621.002 

ɸ.ɺ. ʂʦʥʩʪʘʥʪʠʥʦʚ 

 

ʊʈɽʍʄɽʈʅɸʗ ʉɹʆʈʂɸ ʇɸʈʆɺʆɻʆ ʂʆʊʃɸ  

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʢʘʬ. ʀɻ, ʢ.ʧ.ʥ. ɸ.ɹ. ʇʫʟʘʥʢʦʚʘ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʩʚʷʟʘʥʘ ʩ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʝʡ ʦʧʘʩʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ (ʆʇʆ), ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪ-

ʩʷ ʠ ʧʘʨʦʚʦʡ ʢʦʪʝʣ (ʩʤ. ʨʠʩʫʥʦʢ). ɺʧʝʨʚʳʝ ʜʘʥʥʳʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʘʛ-

ʨʝʛʘʪ ʷ ʫʚʠʜʝʣ ʚʦ ʚʨʝʤʷ ʵʢʩʢʫʨʩʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʆɸʆ çʉʫʨʛʫʪʥʝʬ-

ʪʝʛʘʟè. 
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʩʨʝʜʩʪ-

ʚʘʤʠ CAD-ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʙʘʟʝ CAM/CAE-ʩʠʩʪʝʤ. ɼʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ ʧʘʨʦʚʦʛʦ 

ʢʦʪʣʘ;  

¶ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʟʜʘʥʠʝ 

ʧʣʦʩʢʦ ï ʛʨʘʬʠʯʝʩʢʠʭ ʵʩʢʠʟʦʚ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ;  

¶ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʩʙʦʨʢʘ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʧʘʨʦʚʦʛʦ 

ʢʦʪʣʘ. 

ʇʘʨʦʚʦʡ ʢʦʪʝʣ ï ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʘʨʘ. ʇʨʠ ʵʪʦʤ ʫʩʪ-

ʨʦʡʩʪʚʦ ʤʦʞʝʪ ʜʘʚʘʪʴ ʜʚʘ ʚʠʜʘ ʧʘʨʘ: ʥʘʩʳʱʝʥʥʳʡ ʠ ʧʝʨʝʛʨʝʪʳʡ. ɼʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʘʨ ʧʝʨʝʛʨʝʚʘʶʪ. ʇʝʨʝʛʨʝʪʳʡ ʧʘʨ ʠʟ ʢʦʪʣʘ 

ʤʦʞʝʪ ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʜʚʠʞʝʥʠʝ. 

ʄʦʜʝʣʠʨʫʝʤʳʡ ʥʘʤʠ ʢʦʪʝʣ ʠʤʝʣ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʳ: 27,9 ʤʝʪʨʦʚ 

ʚ ʚʳʩʦʪʫ ʠ 16 ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ. ɺʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʩʦʩʪʦʠʪ 

ʠʟ 9 ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ: ʢʦʨʧʫʩ, ʨʘʤʘ, 3 ʢʣʘʧʘʥʘ, ʤʘʩʣʦʦʭʣʘʜʠʪʝʣʴ, ʦʪ-

ʚʦʜʳ 16 ʰʪʫʢ, ʬʠʣʴʪʨ, ʪʝʨʤʦʤʝʪʨ, ʘ ʪʘʢʞʝ ʣʝʩʪʥʠʮʘ ʠ ʧʣʘʪʬʦʨʤʘ. ʂʘʞ-

ʜʘʷ ʜʝʪʘʣʴ ʠʛʨʘʝʪ ʩʚʦʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʙʦʪʳ. ʕʣʝʤʝʥʪʳ 

ʩʙʦʨʢʠ ʩʦʟʜʘʚʘʣʠʩʴ ʩʪʘʥʜʘʨʪʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ-3D: 

ʚʳʜʘʚʣʠʚʘʥʠʝ, ʚʨʘʱʝʥʠʝ, ʚʳʨʝʟʘʥʠʝ. ʉʘʤʳʝ ʩʣʦʞʥʳʝ ʧʨʠʝʤʳ ʧʨʠʤʝʥʷ-

ʣʠʩʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʪʚʦʜʦʚ: ʤʘʩʩʠʚ ʧʦ ʩʝʪʢʝ ʩ ʟʘʜʘʥʠʝʤ ʰʘʛʘ ʠ 

ʢʦʣʠʯʝʩʪʚʘ ʦʙʲʝʢʪʦʚ ʧʦ ʦʩʠ, ʩʤʝʱʸʥʥʘʷ ʧʣʦʩʢʦʩʪʴ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ 

ʦʧʝʨʘʮʠʷ.  

ʉʙʦʨʢʘ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜ, ʨʘʩʧʦ-

ʣʦʞʝʥʥʳʭ ʥʘ ʩʪʨʘʥʠʮʝ ʩʦʧʨʷʞʝʥʠʷ: ʩʦʦʩʥʦʩʪʴ, ʩʦʚʧʘʜʝʥʠʝ, ʧʘʨʘʣʣʝʣʴ-

ʥʦʩʪʴ ʠ ʜʨ. ɺʦʢʨʫʛ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ ʙʳʣʘ ʚʦʟʜʚʠʛʥʫʪʘ ʣʝʩʪʥʠʮʘ ʠ ʧʣʘʪ-

ʬʦʨʤʘ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʨʘ-

ʙʦʯʠʝ ʤʦʜʝʣʠ ʨʘʟʣʠʯʥʳʭ ʘʛʨʝʛʘʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʜʦʩʪʘʪʦʯʥʦʤʫ ʢʦʣʠʯʝʩʪ-

ʚʫ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʧʘʨʦʚʦʛʦ ʢʦʪʣʘ, ʧʦʩʪʘʚʣʝʥʥʘʷ ʥʘʤʠ ʮʝʣʴ 

ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ. 



 8 

ʋɼʂ 621 

ʂ.ʉ. ʇʝʰʢʠʥ, ɸ.ʉ. ɻʫʩʝʚ 

 

ʉʆɿɼɸʅʀɽ ʄʆɼɽʃʀ ʎʀʃʀʅɼʈɸ ɻʀɼʈɸɺʃʀʏɽʉʂʆɻʆ 

ɺ ʂʆʄʇɸʉ-3D 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʬʘʢʫʣʴʪʝʪ, 

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʊ.ʉ. ʄʦʩʢʘʣʝʚʘ 

 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʧʦʩʪʨʦʝʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜ-

ʨʦʮʠʣʠʥʜʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʂʆʄʇɸʉ-3D. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶ-

ʱʠʝ ʟʘʜʘʯʠ: ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʛʠʜʨʦʮʠʣʠʥʜʨʘ, ʝʛʦ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ, ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʯʠʭ ʯʝʨʪʝʞʝʡ ʜʝʪʘʣʝʡ, ʚʭʦʜʷɦ ʠʭ ʚ ʩʙʦʨʢʫ.  

ʎʠʣʠʥʜʨ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ï ʵʪʦ ʜʚʠʛʘʪʝʣʴ ʚʦʟʚʨʘʪʥʦ-

ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ɽʛʦ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘ-

ʥʠʠ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʚ ʧʦʨʰʥʝʚʦʡ ʠ ʰʪʦʢʦʚʦʡ ʧʦʣʦʩʪʠ. ʉʫ-

ʱʝʩʪʚʫʝʪ 4 ʪʠʧʘ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ: ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʠ ʜʚʫʩʪʦʨʦʥʥʝʛʦ 

ʜʝʡʩʪʚʠʷ, ʪʝʣʝʩʢʦʧʠʯʝʩʢʠʝ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ. 

ʄʦʜʝʣʴ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʩʦʟʜʘʥʘ ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D ñʩʤʝʰʘʥ-

ʥʳʤ ʦʙʨʘʟʦʤò. ʉʥʘʯʘʣʘ ʤʦʜʝʣʠʨʦʚʘʣʠʩʴ ʝʝ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ: ʢʦʨ-

ʧʫʩ, ʩʪʘʢʘʥ, ʬʣʘʥʝʮ, ʧʦʨʰʝʥʴ, ʢʨʳʰʢʘ, ʚʠʣʢʘ ʠ ʧʨʦʢʣʘʜʢʘ. ɼʣʷ ʩʦʟʜʘ-

ʥʠʷ ʜʝʪʘʣʝʡ ʩʙʦʨʦʯʥʦʡ ʝʜʠʥʠʮʳ ñɻʠʜʨʦʮʠʣʠʥʜʨò ʧʨʠʤʝʥʷʣʠʩʴ: ʩʤʝ-

ʱʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʦʧʝʨʘʮʠʠ ʚʨʘʱʝʥʠʷ ʠ ʚʳʜʘʚʣʠʚʘʥʠʷ, ʚʳʨʝʟʘʥʠʝ 

ʵʣʝʤʝʥʪʘ ʚʨʘʱʝʥʠʷ ʠ ʚʳʜʘʚʣʠʚʘʥʠʷ, ʟʝʨʢʘʣʴʥʳʝ ʤʘʩʩʠʚʳ ʠ ʤʘʩʩʠʚʳ ʧʦ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʩʝʪʢʝ, ʬʘʩʢʠ ʠ ʩʢʨʫʛʣʝʥʠʷ, ʨʝʙʨʦ ʞʝʩʪʢʦʩʪʠ ʠ ʩʝʯʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʴʶ.  

ʇʨʠ ʩʦʟʜʘʥʠʠ ʨʝʟʴʙʳ ʥʘ ʙʦʣʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʢʦʤʘʥʜʳ, ʢʘʢ 

ñʩʧʠʨʘʣʴ ʮʠʣʠʥʜʨʠʯʝʩʢʘʷò (ʪʨʘʝʢʪʦʨʠʷ), ʵʩʢʠʟ ʨʘʚʥʦʩʪʦʨʦʥʥʝʛʦ ʪʨʝ-

ʫʛʦʣʴʥʠʢʘ (ʦʙʲʝʢʪ ʚʳʨʝʟʘʥʠʷ), ñʚʳʨʝʟʘʪʴ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪò, 

ʦʧʝʨʘʮʠʷ ñʚʳʨʝʟʘʪʴ ʵʣʝʤʝʥʪ ʚʳʜʘʚʣʠʚʘʥʠʷò. 
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ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʛʠʜʨʦʮʠʣʠʥʜʨʘ ʚ ʂʆʄ-

ʇɸʉ-3D ʩʪʘʣʘ ʩʙʦʨʢʘ (ʩʤ. ʨʠʩʫʥʦʢ) ʛʦʪʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʤʦʜʝʣʝʡ 

ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ. ɺʟʘʠʤʥʦʝ ʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʩʙʦʨʢʠ ʟʘʜʘʚʘ-

ʣʦʩʴ ʧʫʪʝʤ ʫʢʘʟʘʥʠʷ ʩʦʧʨʷʞʝʥʠʡ ʤʝʞʜʫ ʥʠʤʠ. ʇʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶ-

ʱʠʝ ʪʠʧʳ ʩʦʧʨʷʞʝʥʠʡ: ʩʦʚʧʘʜʝʥʠʝ ʦʙʲʝʢʪʦʚ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʠ ʩʦʦʩ-

ʥʦʩʪʴ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘ-

ʣʘʩʴ ʬʫʥʢʮʠʷ ñʨʘʟʥʝʩʪʠò ʚ ʨʘʟʜʝʣʝ ñʩʝʨʚʠʩò, ʧʨʠ ʵʪʦʤ ʙʳʣʠ ʟʘʜʘʥʳ ʟʥʘ-

ʯʝʥʠʷ: ʰʘʛ, ʢʦʤʧʦʥʝʥʪ, ʨʘʩʩʪʦʷʥʠʝ ʠ ʥʘʧʨʘʚʣʝʥʠʝ. 

 
ʄʦʜʝʣʴ ʩʙʦʨʢʠ ʮʠʣʠʥʜʨʘ 

 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʧʨʠʥʮʠʧ ʜʚʠʞʝʥʠʷ ʧʦʨʰʥʷ ʚʥʫʪʨʠ ʢʦʨʧʫ-

ʩʘ ʧʨʠʤʝʥʷʣʘʩʴ ʙʠʙʣʠʦʪʝʢʘ ʘʥʠʤʘʮʠʠ ʂʆʄʇɸʉ-3D. ɸʥʠʤʘʮʠʷ ʟʘʜʘʚʘ-

ʣʘʩʴ ʨʘʟʣʠʯʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʚʠʞʝʥʠʷ ʪʘʢʠʤʠ, ʢʘʢ ʩʢʦʨʦʩʪʴ, ʥʘʧʨʘʚ-

ʣʝʥʠʝ, ʪʨʘʝʢʪʦʨʠʷ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʩʦʫʜʘʨʝʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʘʥʠʤʘʮʠʷ 

ʧʦʟʚʦʣʠʣʘ ʠʤʠʪʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʧʦʨʰʥʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʜʘʚʣʝʥʠʷ ʨʘ-

ʙʦʯʝʡ ʞʠʜʢʦʩʪʠ.  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʫʜʨʷʚʮʝʚ ɽ.ʄ. ʂʆʄʇɸʉ-3D. ʆʩʥʦʚʳ ʨʘʙʦʪʳ ʚ ʩʠʩʪʝʤʝ. ï ʄ.: ɼʄʂ ʇʨʝʩʩ, 

2004. ï 528 ʩ. 

2. ʏʝʨʝʧʘʰʢʦʚ ɸ.ɸ., ʅʦʩʦʚ ʅ.ɺ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʚ-

ʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ï ɺʦʣʛʦʛʨʘʜ: ʀʟʜ. ʜʦʤ çʀʥ-

ʌʦʣʠʦè, 2009. ï 640 ʩ. 
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ɼ.ʉ. ʇʠʢʘʣʦʚ 

 

ʇʆʉʊʈʆɽʅʀɽ ʊʈɽʍʄɽʈʅʓʍ ʄʆɼɽʃɽʁ ʉɹʆʈʆʏʅʓʍ 

ʋɿʃʆɺ ɺ ɻʈɸʌʀʏɽʉʂʆʄ ʈɽɼɸʂʊʆʈɽ ʂʆʄʇɸʉ-3D 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɼ.ɺ. ʅʝʩʥʦʚ 

 

3D ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ ï ʵʪʦ ʦʙʣʘʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʠʩʳʚʘʪʴ ʦʙʲʝʤʥʳʝ ʦʙʲʝʢʪʳ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. 

ʉʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ ʜʝʣʠʪʩʷ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: 

Å ʄʦʜʝʣʠʨʦʚʘʥʠʝ ï ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʨʝʜʘʢʪʦʨʝ 3D-

ʛʨʘʬʠʢʠ. 

Å ɺʠʟʫʘʣʠʟʘʮʠʷ (ʨʝʥʜʝʨʠʥʛ) ï ʧʦʩʪʨʦʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪ-

ʚʠʠ ʩ ʤʦʜʝʣʴʶ ʦʙʲʝʢʪʘ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʝʨʘʮʠʡ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʝʜʘʢʪʦʨʘ ʂʆʄʇɸʉ-3D ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝ-

ʥʠ ʩʣʦʞʥʦʩʪʠ, ʠʟʫʯʠʪʴ ʚʝʩʴ ʩʧʝʢʪʨ ʧʨʠʢʣʘʜʥʳʭ ʙʠʙʣʠʦʪʝʢ ʨʝʜʘʢʪʦʨʘ, 

ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩʦ ʩʙʦʨʢʦʡ, ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʩʝ ʵʪʦ ʥʘ ʦʪ-

ʜʝʣʴʥʦ ʚʟʷʪʦʤ ʤʝʭʘʥʠʟʤʝ ï çʌʦʨʩʫʥʢʝè. 

ʉʙʦʨʦʯʥʳʡ ʫʟʝʣ ʬʦʨʩʫʥʢʠ ʩʦʩʪʦʠʪ ʠʟ 33 ʧʦʟʠʮʠʡ ʠ 44 ʜʝʪʘʣʝʡ, ʠʟ 

ʢʦʪʦʨʳʭ: 29 ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ 15 ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʨʝ-

ʜʘʢʪʦʨʘ ʂʆʄʇɸʉ-3D [1, 2] ʢʘʢ: ʚʳʨʝʟʘʥʠʝ, ʚʳʜʘʚʣʠʚʘʥʠʝ, ʚʳʨʝʟʘʥʠʝ ʠ 

ʚʳʜʘʚʣʠʚʘʥʠʝ ʚʨʘʱʝʥʠʝʤ, ʩʤʝʱʝʥʥʳʝ ʧʣʦʩʢʦʩʪʠ, ʫʩʣʦʚʥʦʝ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʨʝʟʴʙʳ, ʬʘʩʢʘ, ʩʢʨʫʛʣʝʥʠʝ, ʢʦʧʠʨʦʚʘʥʠʝ ʧʦ ʤʘʩʩʠʚʫ, ʨʝʙʨʦ ʞʝʩʪʢʦ-

ʩʪʠ, ʣʦʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ (ʃʉʂ). ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫ-

ʯʠʣʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ ʠ ʙʠʙʣʠʦʪʝʢʠ ʩʪʘʥ-

ʜʘʨʪʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: çʆʪʚʝʨʩʪʠʷ ʨʝʟʴʙʦʚʳʝè, çʆʪʚʝʨ-

ʩʪʠʷ ʛʣʘʜʢʠʝè, çʇʨʦʪʦʯʢʠ ʜʣʷ ʤʝʪʨʠʯʝʩʢʦʡ ʨʝʟʴʙʳè, çʂʘʥʘʚʢʠ ʜʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʰʣʠʬʦʚʘʥʠʷè. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʙʦʨʢʠ ʧʨʠʤʝʥʷʣʠʩʴ ʵʣʝʤʝʥ-
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ʪʳ ʙʠʙʣʠʦʪʝʢʠ ʢʨʝʧʝʞʥʳʭ ʠʟʜʝʣʠʡ, ʵʪʦ: çɺʠʥʪʳ ʫʩʪʘʥʦʚʦʯʥʳʝè, 

çʐʧʠʣʴʢʠ ʩ ʚʚʠʥʯʠʚʘʝʤʳʤ ʢʦʥʮʦʤè, çʐʧʦʥʢʘè, çɻʘʡʢʠè, çʐʘʡʙʳè, 

çʇʨʫʞʠʥʳè. 

 

 
ʊʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʬʦʨʩʫʥʢʠ 

 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʆʄʇɸʉ-3D V16. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʦʤ 1-6 ï ɿɸʆ ɸʉʂʆʅ, 2015. 

2. ɸʟʙʫʢʘ ʂʆʄʇɸʉ-3D V16. ï ɿɸʆ ɸʉʂʆʅ, 2015. 
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ʋɼʂ. 004.92 

ʈ.ɺ. ʉʦʣʦʥʝʥʢʦ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʊʈɽʍʄɽʈʅʓʍ ʉɹʆʈʆʏʅʓʍ ʋɿʃʆɺ 

ʅɸ ʇʈʀʄɽʈɽ ʅɸʉʆʉɸ ʇʆʈʐʅɽɺʆɻʆ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɼ.ɺ. ʅʝʩʥʦʚ 

 

ʊʨʝʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ï ʧʨʝʢʨʘʩʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʦʧʣʦʱʝʥʠʷ 

ʚʘʰʠʭ ʠʜʝʡ. ʕʪʦ ʦʜʠʥ ʠʟ ʨʘʟʜʝʣʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʡ ʧʦ-

ʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʦʙʲʝʤʥʳʝ ʦʙʲʝʢʪʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʮʚʝʪʘ. ʊʨʝʭʤʝʨ-

ʥʳʝ ʦʙʲʝʢʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʦʣʠʛʨʘʬʠʠ, ʠʛʨʦʚʦʡ ʠʥʜʫʩʪʨʠʠ, ʨʝʢʣʘʤʝ, 

ʢʠʥʝʤʘʪʦʛʨʘʬʝ ʠ ʘʥʠʤʘʮʠʠ. ɼʠʟʘʡʥʝʨʳ ʠʟ ʵʪʦʛʦ ʨʘʟʜʝʣʘ ʤʦʛʫʪ ʩʤʦʜʝ-

ʣʠʨʦʚʘʪʴ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʥʩʪʨʫʢʮʠʷʤʠ, ʩʜʝʣʘʪʴ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʫʶ ʠʣʠ ʤʫʣʴʪʠʧʣʠʢʘʮʠʦʥʥʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ.  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʥʘʫʯʠʪʴʩʷ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ 

ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʲʸʤʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʂʆʄ-

ʇɸʉ-3D [1, 2], ʘ ʠʤʝʥʥʦ: ʠʟʫʯʠʪʴ ʧʨʠʸʤʳ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ, ʦʚʣʘ-

ʜʝʪʴ ʥʘʚʳʢʘʤʠ ʨʘʙʦʪʳ ʩ ʛʨʘʬʠʯʝʩʢʠʤ ʨʝʜʘʢʪʦʨʦʤ ʠ ʝʛʦ ʧʨʠʢʣʘʜʥʳʤʠ 

ʙʠʙʣʠʦʪʝʢʘʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣ ʚʳʙʨʘʥ ʩʙʦʨʦʯʥʳʡ ʯʝʨʪʝʞ ʧʦʨʰʥʝʚʦʛʦ ʥʘ-

ʩʦʩʘ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. 

ʉʙʦʨʢʘ ʩʦʩʪʦʠʪ ʠʟ 31 ʧʦʟʠʮʠʠ ʠ 48 ʜʝʪʘʣʝʡ, ʩʙʦʨʦʯʥʳʡ ʫʟʸʣ ʩʝʨʚʦʤʦʪʦ-

ʨʘ ʚʢʣʶʯʘʝʪ 23 ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ 8 ʩʪʘʥʜʘʨʪʥʳʭ ʜʝʪʘʣʝʡ. ʇʨʠ ʩʦʟʜʘʥʠʠ 

ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʘʥʜʳ ʂʆʄʇɸʉ-3D, ʪʘ-

ʢʠʝ ʢʘʢ ʚʨʘʱʝʥʠʝ, ʚʳʜʘʚʣʠʚʘʥʠʝ, ʢʦʧʠʨʦʚʘʥʠʝ ʧʦ ʤʘʩʩʠʚʫ, ʚʳʨʝʟʘʥʠʝ, 

ʩʤʝʱʸʥʥʳʝ ʧʣʦʩʢʦʩʪʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ, ʜʣʷ ʜʝ-

ʪʘʣʝʡ, ʩʦʟʜʘʚʘʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʧʨʠʢʣʘʜʥʳʭ ʙʠʙʣʠʦʪʝʢ: ñʐʧʦʥʦʯʥʳʝ 

ʧʘʟʳò, ñʆʪʚʝʨʩʪʠʷ ʨʝʟʴʙʦʚʳʝò ʠ ʧʨ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʩʙʦʨʢʠ ʢʨʝʧʝʞʥʳʝ 

ʜʝʪʘʣʠ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ɹʠʙʣʠʦʪʝʢ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ ʢʨʝʧʝʞʥʳʭ ʜʝ-

ʪʘʣʝʡ: ñʐʧʦʥʢʠò, ñɺʠʥʪʳò, ñʐʧʣʠʥʪʳò, ñʐʧʠʣʴʢʠò, òʐʘʡʙʳò, ñɻʘʡ-
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ʢʠò. ʉʙʦʨʢʘ ʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ ʧʨʦʠʩʭʦʜʠʣʘ ʚ 3 ʫʨʦʚʥʷ, ʠ ʧʨʠ ʚʳʧʦʣ-

ʥʝʥʠʠ ʧʦʜʩʙʦʨʦʢ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ: ñʇʘʨʘʣʣʝʣʥɹʦʩʪʴò, 

ñʉʦʦʩʥʦʩʪʴò, ñʉʦʚʧʘʜʝʥʠʝ ʦʙʲʝʢʪʦʚò, ñʅʘ ʨʘʩʩʪʦʷʥʠʠò. ʇʦʩʣʝ ʚʳʧʦʣ-

ʥʷʣʩʷ ʨʘʟʨʝʟ ʧʦʣʥʦʡ ʩʙʦʨʢʠ, ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ 

ʰʘʪʫʥʘ, ʚʪʫʣʦʢ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʢʣʘʧʘʥʦʚ, ʢʦʨʧʫʩʘ ʠ ʪ.ʜ. 

ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʙʦʨʢʘ ʚ ʨʘʟʥʝʩʝʥʥʦʤ ʚʠʜʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳ-

ʣʦ ʫʚʠʜʝʪʴ ʬʦʨʤʫ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʩʙʦʨʢʘ. 

 

 
ʊʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʥʘʩʦʩʘ ʧʦʨʰʥʝʚʦʛʦ 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʆʄʇɸʉ-3D V16. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʊʦʤ 1-6 ï ɿɸʆ ɸʉʂʆʅ, 2015. 

2. ɸʟʙʫʢʘ ʂʆʄʇɸʉ-3D V16. ï ɿɸʆ ɸʉʂʆʅ, 2015. 
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ʋɼʂ 621.002 

ʂ.ɺ. ʎʘʨʝʚ 

 

ʇʆʉʊʈʆɽʅʀɽ ʄɸʉʐʊɸɹʅʆʁ ʄʆɼɽʃʀ ʊɽʍʅʀʂʀ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ,  

ʢʘʬʝʜʨʘ çʀʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʢʘʬ. ʀɻ, ʢ.ʧ.ʥ. ɸ.ɹ. ʇʫʟʘʥʢʦʚʘ  

 

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʪʘʥʢʘ 

Pz.ʂpfw V Ausf.D [1]. ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʤʦʜʝʣʠ: ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʝʨʪʝʞʝʡ ʩ ʨʘʟʤʝʨʘʤʠ, ʬʦʪʦʛʨʘ-

ʬʠʡ, ʨʠʩʫʥʢʦʚ ʠ ʪ.ʜ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʯʝʨʪʝʞʠ ʙʳʣʠ ʧʣʦʭʦʛʦ ʢʘ-

ʯʝʩʪʚʘ, ʣʠʙʦ ʠʤʝʣʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ, ʧʦʵʪʦʤʫ ʧʨʠʭʦ-

ʜʠʣʦʩʴ ʠʭ ʜʦʨʘʙʘʪʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʨʝʜʘʢʮʠʦʥʥʦ-ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦ-

ʛʨʘʤʤ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʆʙʱʠʡ ʛʘʙʘʨʠʪʥʳʡ ʯʝʨʪʝʞ 

 

ʇʦ ʨʘʟʤʝʨʘʤ, ʚʟʷʪʳʤ ʩ ʯʝʨʪʝʞʝʡ, ʙʳʣ ʩʦʟʜʘʥ ʢʦʤʧʠʣʠʨʦʚʘʥʥʳʡ ʵʩ-

ʢʠʟ, ʢʦʪʦʨʳʡ ʠ ʩʪʘʣ ʦʩʥʦʚʦʡ ʙʫʜʫʱʝʡ ʤʦʜʝʣʠ. ɺʩʝ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ 

ʢʦʨʧʫʩʘ ʠ ʙʘʰʥʠ ʩʦʟʜʘʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʵʩʢʠʟʘ. ɹʨʦʥʝʣʠʩʪʳ ʢʦʨ-
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ʧʫʩʘ ʩʦʟʜʘʚʘʣʠʩʴ ʙʫʣʝʚʳʤʠ ʦʧʝʨʘʮʠʷʤʠ: ʚʳʜʘʚʣʠʚʘʥʠʷ ʠ ʚʳʨʝʟʘʥʠʷ. 

ʏʘʩʪʠ ʙʘʰʥʠ ʩʦʟʜʘʚʘʣʠʩʴ ʦʧʝʨʘʮʠʝʡ ʧʦ ʩʝʯʝʥʠʷʤ.  

ɼʘʣʴʰʝ ʥʘ ʢʦʨʧʫʩʝ ʠ ʙʘʰʥʝ ʩʦʟʜʘʚʘʣʠʩʴ ʵʣʝʤʝʥʪʳ ʜʝʪʘʣʠʟʘʮʠʠ, ʪʘ-

ʢʠʝ ʢʘʢ ʣʶʢʠ, ʚʳʭʣʦʧʥʳʝ ʪʨʫʙʳ, ʨʝʰʝʪʢʠ ʨʘʜʠʘʪʦʨʘ, ʭʦʜʦʚʘʷ, ʜʝʨʞʘ-

ʪʝʣʴ ʦʨʫʜʠʷ, ʦʧʪʠʢʠ ʠ ʪ.ʧ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʢʨʦʤʝ ʚʳʰʝʥʘʟʚʘʥ-

ʥʳʭ ʦʧʝʨʘʮʠʠ: ʚʨʘʱʝʥʠʷ, ʤʘʩʩʠʚ ʧʦ ʢʨʠʚʦʡ, ʤʘʩʩʠʚ ʧʦ ʩʝʪʢʝ, ʢʦʧʠʨʦʚʘ-

ʥʠʝ ʠ ʧʝʨʝʥʦʩ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʢʨʫʛʣʝʥʠʝ ʠ ʬʘʩʢʘ. 

ʌʠʥʘʣʴʥʳʡ ʵʪʘʧ ʵʪʦ ʩʙʦʨʢʘ ʤʦʜʝʣʠ (ʨʠʩ. 2) ʠʟ ʨʘʥʝʝ ʩʦʟʜʘʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʦʧʨʷʞʝʥʠʡ. ɺ ʦʙʱʝʤ, ʩʙʦʨʢʘ ʩʦʩʪʦʠʪ ʠʟ 47 ʜʝ-

ʪʘʣʝʡ: 19 ʚ ʢʦʨʧʫʩʝ, 8 ʚ ʙʘʰʥʝ ʠ 22 ʚ ʭʦʜʦʚʦʡ. 

 

 
ʈʠʩ. 2. ʄʦʜʝʣʴ 

 

ʇʨʝʜʣʦʞʝʥʥʫʶ ʥʘʤʠ ʪʝʭʥʠʢʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʦʤʧʴʪʁʝʨʥʳʭ 

ʠʛʨʘʭ, ʬʠʣʴʤʘʭ, ʘ ʪʘʢʞʝ ʢʘʢ ʦʩʥʦʚʫ ʜʣʷ ʤʘʩʰʪʘʙʥʳʭ ʤʦʜʝʣʝʡ.  

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʂʦʣʦʤʠʝʮ ʄ.ɺ. ʇʝʨʚʳʝ ʇʘʥʪʝʨʳ Pz.ʂpfw V Ausf.D. ï ʄ.: ʕʢʩʤʦ, 2011. ï 74 ʩ. 
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ʋɼʂ 621.01 

ɸ.ʉ. ʄʝʰʘʣʢʠʥʘ 

 

ʊɽʍʅʆʃʆɻʀʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʀ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ʖɺɽʃʀʈʅʆɻʆ ʀɿɼɽʃʀʗ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʉAD/CAM -ʇʈʆɻʈɸʄʄ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ ʢʘʬ. çʊʄè ɺ.ɸ. ʈʦʜʠʦʥʦʚ 

 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʝʪʩʷ 3D-ʤʦʜʝʣʴ ʶʚʝʣʠʨʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʧʨʦ-

ʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ ArtCAM Jewelsmith, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʠʟʘʡʥʘ, ʥʦ ʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʩʢʦʚʳʭ ʤʦʜʝʣʝʡ ʭʫʜʦʞʝʩʪ-

ʚʝʥʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʬʨʝʟʝʨʥʦ-ʛʨʘʚʠʨʦʚʘʣʴʥʳʭ ʩʪʘʥʢʘʭ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʚʦʩʢʦʚʦʡ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʩʦʟʜʘʝʪʩʷ 

ʢʨʝʧʝʞʥʘʷ ʯʘʩʪʴ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʤʦʜʝʣʴ ʙʫʜʝʪ ʜʝʨʞʘʪʴʩʷ ʥʘ ʧʦʚʦ-

ʨʦʪʥʦʡ ʦʩʠ. ɿʘʪʝʤ ʟʘʜʘʝʤ ʟʘʛʦʪʦʚʢʫ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʠ ʥʘʭʦ-

ʜʠʤ ʚʦ ʚʢʣʘʜʢʝ çʊʨʘʝʢʪʦʨʠʠè 3D-ʚʳʙʦʨʢʫ ʤʦʜʝʣʠ, ʚʳʙʠʨʘʝʤ ʠʥʩʪʨʫ-

ʤʝʥʪ ʠ ʩʪʨʦʠʤ ʪʨʘʝʢʪʦʨʠʶ ʦʙʨʘʙʦʪʢʠ (ʩʤ. ʨʠʩʫʥʦʢ). ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦ-

ʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʦʣʴʮʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʢʘʤʥʠ 

ʠʟ ʤʦʜʝʣʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʪʢʨʳʚʘʝʤ ʚʢʣʘʜʢʫ çʄʘʩʪʝʨ 3D-

ʦʙʨʘʙʦʪʢʠè ʠ ʚʳʙʠʨʘʝʤ ʨʝʞʠʤ çʂʦʣʴʮʦè, ʚ ʦʪʢʨʳʚʰʝʤʩʷ ʦʢʥʝ ʟʘʜʘʝʤ 

ʧʘʨʘʤʝʪʨʳ ʢʦʣʴʮʘ, ʚʳʙʠʨʘʝʤ ʤʘʨʢʫ ʩʪʘʥʢʘ, ʠ ʬʘʡʣ ʧʨʦʛʨʘʤʤʳ ʦʙʨʘʙʦʪ-

ʢʠ. ʇʨʦʛʨʘʤʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʪʨʦʠʪ ʥʫʞʥʳʝ ʪʨʘʝʢʪʦʨʠʠ, ʦʩʪʘʝʪʩʷ 

ʣʠʰʴ ʟʘʜʘʪʴ ʥʫʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʨʝʞʠʤʳ ʨʝʟʘʥʠʷ ʠ ʟʘʧʫʩʪʠʪʴ ʨʘʩʯʝʪ, 

ʧʦʩʣʝ ʯʝʛʦ ʚʦʩʢʦʚʫʶ ʤʦʜʝʣʴ ʢʦʣʴʮʘ ʤʦʞʥʦ ʦʪʧʨʘʚʣʷʪʴ ʥʘ ʦʙʨʘʙʦʪʢʫ ʥʘ 

ʩʪʘʥʢʝ ʩ ʏʇʋ. ɺʦʩʢʦʚʘʷ ʤʦʜʝʣʴ, ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʣʠʪʝʡʥʦʡ 

ʬʦʨʤʳ. ʆʙʨʘʙʦʪʘʥʥʘʷ ʚʦʩʢʦʚʘʷ ʤʦʜʝʣʴ ʠʟʜʝʣʠʷ ʧʦʢʨʳʚʘʝʪʩʷ ʛʠʧʩʦʚʦʡ 

ʩʤʝʩʴʶ, ʟʘʪʝʤ ʚʦʩʢ ʚʳʧʣʘʚʣʷʶʪ, ʘ ʚ ʧʦʣʫʯʝʥʥʫʶ ʬʦʨʤʫ ʟʘʣʠʚʘʶʪ ʤʝ-

ʪʘʣʣ. ʉʘʤʳʤ ʧʦʩʣʝʜʥʠʤ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʶʚʝʣʠʨʥʦʛʦ ʫʢʨʘʰʝʥʠʷ ʷʚʣʷ-

ʶʪʩʷ ʠʥʢʨʫʩʪʘʮʠʷ ʠ ʧʦʣʠʨʦʚʢʘ, ʦʥʠ ʧʨʠʜʘʶʪ ʠʟʜʝʣʠʶ ʪʦʚʘʨʥʳʡ ʚʠʜ. 
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ʊʨʘʝʢʪʦʨʠʷ ʦʙʨʘʙʦʪʢʠ 

 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʶʚʝʣʠʨ-

ʥʦʛʦ ʠʟʜʝʣʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CAD/CAM-ʧʨʦʛʨʘʤʤ ʧʦʟʚʦʣʷʝʪ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʠ ʚʦʩʢʦʚʦʡ ʤʦʜʝʣʠ ʠ ʠʟʛʦ-

ʪʦʚʣʝʥʠʷ ʶʚʝʣʠʨʥʦʛʦ ʠʟʜʝʣʠʷ, ʧʨʠ ʵʪʦʤ ʠʟʜʝʣʠʷ ʧʦʣʫʯʘʶʪʩʷ ʙʦʣʝʝ 

ʪʦʯʥʳʝ. 

 

ɹʀɹʃʀʆɻʈɸʌʀʏɽʉʂʀʁ ʉʇʀʉʆʂ 

 

1. ʃʠʚʰʠʮ ɺ.ɹ. ʖʚʝʣʠʨʥʦʝ ʣʠʪʴʝ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ: ʉʧʨʘʚʦʯʥʠʢ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʜʦʤ çʆʅʀʂʉ 21 ʚʝʢè, ʀʟʜʘʪʝʣʴʩʪʚʦ 

çʎʝʥʪʨ ʦʙʱʝʯʝʣʦʚʝʯʝʩʢʠʭ ʮʝʥʥʦʩʪʝʡè, 2005. ï 224 ʩ. 

2. ʊʝʣʝʩʦʚ ʄ.ʉ., ɺʝʪʨʦʚ ɸ.ɺ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʠ ʨʝʤʦʥʪ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ. ï ʄ.: 

ʃʝʛʧʨʦʤʙʳʪʠʟʜʘʪ, 1986. ï 192 ʩ. 
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ʋɼʂ: 621.74.045 

ɽ.ʉ. ʏʝʨʳʰʝʚʘ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʍʃɸɾɼɽʅʀʗ ʆʊʃʀɺʂʀ, 

ʇʆʃʋʏɽʅʅʆʁ ʃʀʊʔɽʄ ʇʆ ɺʓʇʃɸɺʃʗɽʄʓʄ ʄʆɼɽʃʗʄ 

 

ʌʘʢʫʣʴʪʝʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʪʨʘʥʩʧʦʨʪʘ, 

ʢʘʬʝʜʨʘ çʊʝʭʥʦʣʦʛʠʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɺ.ɸ. ɼʤʠʪʨʠʝʚ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʚ ʧʨʦʛʨʘʤʤʝ LVMFlow 4.1. ʧʨʦʮʝʩʩʘ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʩʧʣʦʥhʦʡ ʠ ʧʦʣʦʡ 

ʦʪʣʠʚʢʠ ʠʟ ʤʝʜʥʦʛʦ ʩʧʣʘʚʘ, ʧʦʣʫʯʝʥʥʦʡ ʣʠʪʴʝʤ ʧʦ ʚʳʧʣʘʚʣʷʝʤʳʤ ʤʦ-

ʜʝʣʷʤ (ʃɺʄ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʦʙʨʘʟʘ ʤʦʜʝʣʠ ʧʨʠʥʷʪʘ ʩʢʫʣʴʧʪʫʨʘ ʜʨʝʚ-

ʥʝʛʨʝʯʝʩʢʦʡ ʧʦʵʪʝʩʩʳ ʉʘʬʦ. ʈʘʩʯʝʪ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚʳʧʦʣʥʝʥ ʤʝʪʦ-

ʜʦʤ ʧʨʠʚʝʜʝʥʥʳʭ ʪʦʣʱʠʥ [1]. ʇʨʠʚʝʜʝʥʥʘʷ ʪʦʣʱʠʥʘ, ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʦʙʲʸʤʘ ʦʭʣʘʞʜʘʝʤʦʡ ʦʪʣʠʚʢʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʝʸ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠʨʘʚʥʠ-

ʚʘʝʪ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʦʪʣʠʚʢʫ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʭʣʘ-

ʞʜʝʥʠʷ ʢ ʧʣʦʩʢʦʡ ʩʪʝʥʢʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʣʱʠʥʳ. ʇʦʣʫʯʝʥʠʝ ʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʦʪʣʠʚʢʠ ʦʩʥʦʚʘʥʦ ʥʘ ʩʦʙʣʶʜʝʥʠʠ ʧʨʠʥʮʠʧʘ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ, ʚʳʨʘʞʘʶʱʝʛʦʩʷ ʚ ʩʦʙʣʶʜʝʥʠʠ ʥʝʨʘʚʝʥʩʪ-

ʚʘ , ʛʜʝ ŭ ï ʧʨʠʚʝʜʝʥʥʘʷ ʪʦʣʱʠʥʘ (ʤʦʜʫʣʴ ʦʭʣʘʞʜʝʥʠʷ) ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ ʩʪʦʷʢʘ, ʧʠʪʘʪʝʣʷ ʠ ʦʪʣʠʚʢʠ. ʇʨʠʚʝʜʝʥʥʘʷ ʪʦʣʱʠʥʘ 

ʩʧʣʦʰʥʦʡ ʠ ʧʫʩʪʦʪʝʣʦʡ ʦʪʣʠʚʢʠ ʦʧʨʝʜʝʣʣ̫ʘʩʴ ʧʦ 3D-ʤʦʜʝʣʠ (ʨʠʩ. 1). 
 

  

ʈʠʩ. 1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʚʝʜʝʥʥʦʡ ʪʦʣʱʠʥʳ ʩʧʣʦʰʥʦʡ ʠ ʧʦʣʦʡ ʦʪʣʠʚʢʠ 


