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ʪʘʣʘʧʪʘʨè. ï ʄᴅʩʢʝʫ: ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ, 2017. ï 12 ʙ. 

ʄʝʤʉʊ 26633-2015 çɸʫʳʨ ʞᴅʥʝ ʤʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨ. ʊʝʭʥʠʢʘʣʳץ 

ʰʘʨʪʪʘʨè. 

 .ʤʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפʈ ʉʊ 1217-2003 çפ

 .ʤ. ʉʳʥʘʫ ᴅʜʽʩʪʝʨʽèײץ ʘʥסʤʳʩʪʘʨʳʥʘ ʘʨʥʘʣײʨʳʣʳʩ ʞײפ

ʄʝʤʉʊ 7473-2010 çɹʝʪʦʥ ץʦʩʧʘʣʘʨʳ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 25592-2019 çɾʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʢװʣ-ץʦʞ ץʦʩʧʘʣʘʨʳ. 

ɹʝʪʦʥʜʘʨסʘ ʘʨʥʘʣסʘʥ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 10178-85 çʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʞᴅʥʝ ץʦʞʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 310.1-76 çʎʝʤʝʥʪʪʝʨ. ʉʳʥʘʫ ᴅʜʽʩʪʝʨʽ. ɾʘʣʧʳ ʝʨʝʞʝʣʝʨè. 

ʄʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪ ɻʆʉʊ 310.2-76 çʎʝʤʝʥʪʪʝʨ. ױʥʪʘץʪʘʣʫ ʜᴅʨʝʞʝʩʽʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽè. 

ʄʝʤʉʊ 310.3-76 çʎʝʤʝʥʪʪʝʨ. פʘʣʳʧʪʳ ץʦʶʣʳסʳʥ, ײʩʪʘʩʫ ʤʝʨʟʽʤʜʝʨʽʥ 

ʞᴅʥʝ ʢᴇʣʝʤ ᴇʟʛʝʨʽʩʽʥʽש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽè. 

ʄʝʤʉʊ 310.4-81 çʎʝʤʝʥʪʪʝʨ. ʀʽʣʫ ʞᴅʥʝ ʩʳסʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽè. 

ʄʝʤʉʊ 965-89 çɸץ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʝʨ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 5802-86 çײפʨʳʣʳʩ ʝʨʽʪʽʥʜʽʣʝʨʽ. ʉʳʥʘʫ ᴅʜʽʩʪʝʨʽè. 

ʄʝʤʉʊ 6139-2003 çʎʝʤʝʥʪʪʽ ʩʳʥʘʫסʘ ʘʨʥʘʣסʘʥ ײץʤ. ʊʝʭʥʠʢʘʣʳץ 

ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 10178-85* çʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʞᴅʥʝ ץʦʞʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. 

ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 15825-80 çʊװʩʪʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 24640-91 çʎʝʤʝʥʪʢʝ ʘʨʥʘʣסʘʥ ץʦʩʧʘʣʘʨ. ɾʽʢʪʝʣʫʽè. 

ʄʝʤʉʊ 25818-2017 çɾʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳײ שʰʧʘ ʢװʣʜʝʨʽ. 

ɹʝʪʦʥʜʘʨסʘ ʘʨʥʘʣסʘʥ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 

ʄʝʤʉʊ 7473-2010 çɹʝʪʦʥ ץʦʩʧʘʣʘʨʳ. ʊʝʭʥʠʢʘʣʳץ ʰʘʨʪʪʘʨè. 
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ɹɽʃɻɯʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

ʆʩʳ ʜʠʩʩʝʨʪʘʮʠʷʜʘ ʢʝʣʝʩʽ ʪʝʨʤʠʥʜʝʨ ʪʠʽʩʪʽ ʘʥʳץʪʘʤʘʣʘʨʳʤʝʥ ʙʽʨʛʝ 

 :ʦʣʜʘʥʳʣʘʜʳץ

3D-ʧʨʠʥʪʝʨ ï ʩʘʥʜʳ3 ץD-ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪʽʥʽ ץʘʙʘʪʪʘʧ 

 .ʳסʨʳʣײץ ץʦʣʜʘʥʘʪʳʥ ʧʝʨʠʬʝʨʠʷʣʳץ ʨʫ ᴅʜʽʩʽʥײץ

ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ - ɸᴆ (ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ) (additive 

manufacturing) ï ʤʘʪʝʨʠʘʣʜʳ, ᴅʜʝʪʪʝ ץʘʙʘʪʪʘʧ ץʦʩʫ ʘʨץʳʣʳ ʵʣʝʢʪʨʦʥʜʳץ 

ʛʝʦʤʝʪʨʠʷʣʳץ ʤʦʜʝʣʴ ʥʝʛʽʟʽʥʜʝ ʬʠʟʠʢʘʣʳץ ʦʙʲʝʢʪ ʞʘʩʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

ʙײʡʳʤʜʘʨʜʳ ᴇʥʜʽʨʫ ʧʨʦʮʝʩʽ. ɹײʣ ᴅʜʽʩ ʤʘʪʝʨʠʘʣʜʳ ʘʣʳʧ ʪʘʩʪʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

(ʩʫʙʪʨʘʢʪʠʚʪʽ) ᴇשʜʝʫʜʝʥ ʞᴅʥʝ ʜᴅʩʪװʨʣʽ ץʘʣʳʧʪʘʫ ᴅʜʽʩʪʝʨʽʥʝʥ (ײץʶ, ʰʪʘʤʧʪʘʫ) 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 

ɹʝʪʦʥ ï ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʟʘʪʪʘʥ, ʩʫʜʘʥ, ʩʦʥʜʘʡ-ʘײ ץʩʘץ ʞᴅʥʝ ʽʨʽ 

ʪʦʣʪʳʨסʳʰʪʘʨʜʘʥ ʪײʨʘʪʳʥ ʜײʨʳʩ ʪʘשʜʘʣסʘʥ ץʦʩʧʘʥʳ ץʘʣʳʧʪʘʧ, ץʘʪʘʡʪʫ 

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥʘʪʳʥ ʞʘʩʘʥʜʳ ʪʘʩ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʳ. 

ɹʝʪʦʥ ץʦʩʧʘʩʳ ï ʪᴇʩʝʣʛʝʥʛʝ ʜʝʡʽʥʛʽ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʘʨʜʘʥ, 

ʪʦʣʪʳʨסʳʰʪʘʨʜʘʥ, ʩʫ ץʦʩץʳʰʪʘʨʜʘʥ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ץʦʩʧʘʣʘʨʜʘʥ 

ʪײʨʘʪʳʥ ץʦʩʧʘ. 

ɾʕʆ - ɾʳʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳץʪʘʨʳ/ʊʝʧʣʦʵʣʝʢʪʨʦʮʝʥʪʨʘʣʴ. ʉʽʟʜʽש 

ʞʘסʜʘʡʳשʳʟʜʘ - ᴆʩʢʝʤʝʥ ɾʕʆ (ᴆʩʢʝʤʝʥ ɾʕʆ).  

CAD (Computer Aided Design) - ɹʘʩʳʧ ʰʳסʘʨʫ ʘʣʜʳʥʜʘ ʩʘʥʜʳ3 ץD-

ʤʦʜʝʣʴʜʝʨ ʞʘʩʘʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʩʽ 

(ɸɾɾ).  

AMF (Additive Manufacturing File Format) - ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʬʘʡʣʳʥʳש 

ʬʦʨʤʘʪʳ. ʊװʧʢʽʣʽʢʪʽ ᴇʥʽʤ ʞʦʙʘʩʳʥ ʦʥʳ ʬʠʟʠʢʘʣʳץ ʽʩʢʝ ʘʩʳʨʫ ʘʣʜʳʥʜʘ ʩʘʥʜʳץ 

ʪװʨʜʝ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɹɹ (ʋʇ-ʢʦʜʪʘʨ) - ɹʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ. ʄʳʩʘʣʳ, SheetCam 

ʙʘסʜʘʨʣʘʤʘʣʳץ ʧʘʢʝʪʽʥʜʝ ʞʘʩʘʣʘʪʳʥ ʩʪʘʥʦʢʪʳ ʥʝʤʝʩʝ 3D-ʧʨʠʥʪʝʨʜʽ ʙʘʩץʘʨʫסʘ 

ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʘʨ.  

XRD (X-ray Diffraction) - ʈʝʥʪʛʝʥʜʽʢ-ʬʘʟʘʣʳץ ʪʘʣʜʘʫ  

SEM (Scanning Electron Microscopy) - ʕʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ. 

ʉʢʘʥʝʨʣʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ. ɹʝʪʦʥ ײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ 

ʢװʣʜʽ ʧʘʡʜʘʣʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʪʳʥ ʘʩʧʘʧʪʳץ ᴅʜʽʩʪʝʨ. 
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ʂɯʈɯʉʇɽ 

 

ɿʝʨʪʪʝʫ ʪʘץʳʨʳʙʳʥʳש ᴇʟʝʢʪʽʣʽʛʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳס שʳʣʳʤʳʥ 

ʜʘʤʳʪʫʜʳ2024-2026 ש ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʙʘʩʳʤ ʙʘסʳʪʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ: 

çʕʢʦʣʦʛʠʷ, ץʦʨʰʘסʘʥ ʦʨʪʘ ʞᴅʥʝ ʪʘʙʠסʘʪʪʳ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫè ʞᴅʥʝ çʕʥʝʨʛʠʷ, 

ʦʟʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʞᴅʥʝ ᴇʥʜʽʨʽʩè [1]. ɾʳʣʫ ʵʣʝʢʪʨ ʦʨʪʘʣʳץʪʘʨʳʥʳש ʢװʣ-ץʦʞ 

 ʨʳʣʳʩײץ ʘשʥʝʛʽʟʽʥʜʝ ʞʘ שʞᴅʥʝ ʦʣʘʨʜʳ שʪʘʨʳʥ ʢᴅʜʝʛʝ ʞʘʨʘʪʫʜʳץʘʣʜʳץ

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫʜʽש ʝʨʝʢʰʝ ʤʘשʳʟʳ ʙʘʨ. ʉʦʥʳʤʝʥ ʙiʨ ʤʝʟʛiʣʜʝ ײץʨʳʣʳʩʪʘ 

ʘʜʜʠʪʠʚʪiʢ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʜʘʤʳʪʫ ʙʝʨiʣʛʝʥ ץʘʩʠʝʪʪʝʨi ʙʘʨ ʘʨʥʘʡʳ ʙʝʪʦʥ 

 ʰʽʥװ ʘʨʫסʘʥ ʙʘʡʣʘʥʳʩʪʳ 3D-ʙʘʩʳʧ ʰʳסʦʩʧʘʣʘʨʳʥ ʞʘʩʘʫʜʳ ʪʘʣʘʧ ʝʪʝʜi. ʆʩʳץ

ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʜʘʨʳʥ 

ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ סʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ,ʤʦʜʝʣʴʜʝʫ ʤʝʥ ʞʦʙʘʣʘʫʜʳ ʧʘʡʜʘʣʘʥʫʜʳ ץʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʮʠʬʨʣʳײפ

ʞʘשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ʞᴅʥʝ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳ 

 .ᴇʥʜʽʨʽʩʪʽʢ ᴅʜʽʩʪʝʨʜʽ ʙᴇʣʽʧ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ ץʘʤʪʠʪʳʥ ʠʥʥʦʚʘʮʠʷʣʳץ

 ʪʳץʳʟʳץ ʣײʨʽʧ ʞʘʪʳʨ, ʙװʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ᴇʥʜʽʨʽʩʪʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʞײפ

 שʘ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫʜʽשʨʜʽʩʢʝ ʘʣʳʧ ʢʝʣʝʜʽ: ʞʘװ

ʘʨץʘʩʳʥʜʘ ʞʦסʘʨʳ ʠʢʝʤʜʽʣʽʢʧʝʥ ʞᴅʥʝ ʘʟ ץʦʣ ʞײʤʳʩʳʤʝʥ ʦʙʲʝʢʪʽʣʝʨʜʽ ᴇʥʜʽʨʫ 

ʤװʤʢʽʥʜʽʛʽ ʪʫʳʥʜʘʡʜʳ. 

 ʘʙʘʪʪʳץ ʙʽʨʽ שʨʳʣʳʩ ʩʘʣʘʩʳʥʘ ʝʥʛʽʟʽʣʝʪʽʥ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײפ

ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʘʣʜʳʥ ʘʣʘ ʙʝʨʽʣʛʝʥ װʰ ᴇʣʰʝʤʜʽ 

ʮʠʬʨʣʳץ ʤʦʜʝʣʴʛʝ ʩᴅʡʢʝʩ ʰʠʢʽʟʘʪ ץʦʩʧʘʩʳʥ ʙʽʨʽʟʜʽ ʩʘʣʫ (ʵʢʩʪʨʫʟʠʷ) ʞʦʣʳʤʝʥ 

ʦʙʲʝʢʪʽʣʝʨʜʽ ʞװʨʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʦʣʜʘʥʳʣʘʪʳʥץ ʰʽʥװ ʪʝʭʥʦʣʦʛʠʷʩʳ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʳ ʵʢʩʪʨʫʟʠʷפ

 ʨʳʣʳʩײץ (ʡʽʨʰʽʢʪʽװʪ ץʩʘײ ʥʝʛʽʟʽʥʝʥ) ʨʘʤʳײץ שʦʩʧʘʣʘʨʳʥʳץ ʘʟʽʨʛʽ ʢʝʟʜʝʛʽ ʙʝʪʦʥץ

3D-ʧʨʠʥʪʝʨʣʝʨʽʥʜʝʛʽʜʝʡ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʦשʪʘʡʣʘʥʜʳʨʳʣʤʘסʘʥ. ɹײʣ 

 שʦʣʘʨʜʳ ץʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ, ʩʦʥʜʘʡ-ʘ ץʪᴇʤʝʥ ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳ שʦʩʧʘʣʘʨʜʳץ

ʥʝʛiʟiʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳש ʞʝʪʢiʣiʢʩiʟ ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨi ʤʝʥ ײʟʘץ 

ʤʝʨʟiʤʜiʣiʛiʥʝ ʘʣʳʧ ʢʝʣʝʜi. פʘʙʘʪʪʳ ʵʢʩʪʨʫʟʠʷ ᴅʜiʩiʤʝʥ ʞʘʩʘʣסʘʥ ᴇʥiʤʜʝʨʜiש ʝש 

ʢᴇʧ ʪʘʨʘʣסʘʥ ʘץʘʫʣʘʨʳ װʟiʢʪʝʨʜiש ʙʦʣʫʳʥ, ץʘʙʘʪʪʘʨʜʳש ʘסʫʳʥʘʥ ʛʝʦʤʝʪʨʠʷʥʳש 

ʙײʟʳʣʫʳʥ, ʙʦʩ ʦʨʳʥʜʘʨ ʤʝʥ ʞʘʨʳץʪʘʨʜʳ, ʞʘʨʳץʪʘʨסʘ ʪᴇʤʝʥ ʪᴇʟiʤʜiʣiʢʪi, ʞʦסʘʨʳ 

ʢʝʫʝʢʪiʣiʢʪi, ʰᴇʛʫ ʢʝʟiʥʜʝʛi ʞʦסʘʨʳ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳ, ʙiʨʪʝʢʪi ʝʤʝʩ ץʘʪʘʶʜʳ 

ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ץʘʤʪʠʜʳ. 

ʂᴇʨʩʝʪʽʣʛʝʥ ʪʘʣʘʧʪʘʨסʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳʥ ʞᴅʥʝ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʧʨʦʧʦʨʮʠʷʩʳʥ ʜײʨʳʩ ʪʘשʜʘʫ, ʩʦʥʜʘʡ-ʘץ ʦʥʳץ שʘʪʫʳ װʰʽʥ 

ʦשʪʘʡʣʳ ʞʘסʜʘʡʣʘʨʜʳ ʩʘץʪʘʫ ʤʘשʳʟʜʳ. ɹײʜʘʥ ʙʘʩץʘ, ץʘʙʘʪʪʘʨʜʳ ʞʘסʫʜʳש ʜᴅʣʜʽʛʽ 

ʤʝʥ ʩʘʧʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʙʘʩʧʘ ײץʨʳʣסʳʩʳ ʢʦʥʩʪʨʫʢʮʠʷʩʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʙʘʩʫ ᴅʜʽʩʪʝʤʝʩʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ. 

ʕʢʩʪʨʫʟʠʷ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʩʠʷץʪʳ ʙʘʩʳʧ ʰʳסʘʨʫ 

ʧʨʦʮʝʩʽʥʽש ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʨʝʪʪʝʫ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 

 שʡʳʤʜʘʨʳ ᴇʥʜʽʨʽʩʽʥʽײʘʥ ʙʝʪʦʥ ʙסʘʨʘʜʳ. ɹʘʩʳʣץʳʟʜʳ ʨᴇʣ ʘʪשʘʣʳʧʪʘʩʪʳʨʫʜʘ ʤʘץ

ʩʘʧʘʩʳ ʤʝʥ ʪʠʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ ʤʘץʩʘʪʳʥʜʘ ʞװʡʝʣʽ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʫ ʞᴅʥʝ 

ʧʨʦʮʝʩʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʘשʳʟʜʳ. 
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 ʪʘʡʣʳשʰʽʥ ʦװ ʩʘʨʪʫץʳ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽ ʞʘסʨʳʣʳʩʪʘײפ

ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʞᴅʥʝ ʞʘץʩʘʨʪʳʣסʘʥ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳײץ שʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫ ץʘʞʝʪ. ɹײʜʘʥ ʙʘʩץʘ, 

ʦʩʳ ʪʝʭʥʦʣʦʛʠʷ ʙʦʡʳʥʰʘ ᴅʜʝʙʠʝʪʪʝʨ ʤʝʥ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʳש ʩʘʥʳ 

ʞʝʪʢʽʣʽʢʩʽʟ, ʙײʣ ʦʥʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫʜʳ ץʠʳʥʜʘʪʘʜʳ 

ʇʨʦʙʣʝʤʘʥʳש ʟʝʨʪʪʝʣʫ ʜᴅʨʝʞʝʩʽ. פʘʟʘץʩʪʘʥʜʘ ʞʳʣʫ ʵʥʝʨʛʝʪʠʢʘʩʳʥʳש 

ʪʝʭʥʦʛʝʥʜʽʢ ʞᴅʥʝ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ץʘʡʪʘ ᴇשʜʝʫ ʤᴅʩʝʣʝʩʽ 

ʽʨʛʝʣʽ סʳʣʳʤʠ ʙʘʟʘסʘ ʠʝ. ᴆʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨ ʤʝʥ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪ 

ʥʝʛʽʟʽʥʜʝ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫʛʝ ʧʨʦʬʝʩʩʦʨ ʉ.ɸ. ʄʦʥʪʘʝʚʪʳש 

ʞʝʪʝʢʰʽʣʽʛʽʥʜʝʛʽ סʳʣʳʤʠ ʤʝʢʪʝʧ װʣʢʝʥ װʣʝʩ ץʦʩʪʳ. ɸʣ ʆʨʪʘʣʳפ ץʘʟʘץʩʪʘʥʥʳש 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʙʝʪʦʥʜʘʨʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʞᴅʥʝ ʧʦʣʠʬʫʥʢʮʠʦʥʘʣʜʳ ץʦʩʧʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʤᴅʩʝʣʝʣʝʨʽ ʄ.ɸ. ʈʘʭʠʤʦʚʪʳש 

ʝשʙʝʢʪʝʨʽʥʜʝ ʝʛʞʝʡ-ʪʝʛʞʝʡʣʽ ʟʝʨʪʪʝʣʛʝʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʰʽʣʝʨ (ʅ. ʃʫʢʫʪʮʦʚʘ, ʃ. ʀ. 

ɼʚʦʨʢʠʥ, ʉ. ɼʫʨʠʮʢʠʡ, ʂ. ʉ. ɹʘʪʘʝʚ, ʉ. ʅ. ʂʦʞʠʢʦʚ, ʄ. ɸ. ɾװʩʽʧʦʚʘ, Tang Van 

Lam, M. I. Netesa ʞᴅʥʝ ʪ.ʙ.) ᴇʟ ʝשʙʝʢʪʝʨʽʥʜʝ ײץʤ ʤʝʥ ʮʝʤʝʥʪʪʽ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ 

 ʤʢʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. ɿʝʨʪʪʝʫװʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʤץʘʣʜʳץ ʦʞץ-ʣװʰʽʥ ʢװ

ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʤײʥʜʘʡ ʤʠʥʝʨʘʣʜʳ װʩʪʝʤʝʣʝʨ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʥʳש ʙʝʨʽʢʪʽʛʽʥ ʵʪʘʣʦʥʜʳץ 

(ʙʘץʳʣʘʫ) װʣʛʽʣʝʨ ʜʝשʛʝʡʽʥʜʝ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜ 

ɹʽʨץʘʪʘʨ ʰʝʪʝʣʜʽʢ ʟʝʨʪʪʝʫʣʝʨ Kou P., Singh S ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥסʘ ʢװʣ-

 ʳʥʘ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳʥʘ ʞᴅʥʝסʘʡʣʳʣʳסשʳ שʦʞ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʝʥʛʽʟʫ ʦʥʳץ

 ,ʩʘʩ ʥᴅʪʠʞʝʣʝʨʜʽ Nguyen Thץײ ʘʥסᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʨʘʩʪʘʜʳ. ʆʩʳ שʳʥʘ ʦסʪʳץʟʘײ

ʩʦʥʜʘʡ-ʘץ ɸ.ʉ. ʈʘʩʩʦʭʠʥ ʞᴅʥʝ ʪ.ʙ. ʢʝʣʪʽʨʝʜʽ, ʦʥʜʘ ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩʪʘ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ײץʨʘʤʜʘʨ װʰʽʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ ʨʝʪʽʥʜʝ ʢװʣ-ץʦʞ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ ץʘʨʘʣʜʳ. 

3D-ʙʘʩʧʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʜʘʤʳʪʫ ʦשʪʘʡʣʳ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ץʦʩʧʘʣʘʨʜʳ 

ʽʨʽʢʪʝʫ ʩʘʣʘʩʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʽ ᴇʟʝʢʪʝʥʜʽʨʜʽ. ʃ.ʀ. ɼʚʦʨʢʠʥ, ɺ.ʀ. ʄʘʨʯʫʢ, ɸ.ɸ. 

ɾʠʪʢʦʚʩʢʠʡ, Ngo, T. T., Zhang, Y., Yu, H., Xin, Z., Nair R. ʞײʤʳʩʪʘʨʳ 

ʤʠʥʝʨʘʣʜʳץ ץʦʩʧʘʣʘʨʜʳש, ʵʢʩʪʨʫʟʠʷ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ץʘʙʘʪ ײץʨʳʣʳʤʳʥʳש 

ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʙʘʩʧʘ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳ. ɸʣʘʡʜʘ 

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦץʳʩ ץʘʣʜʳץʪʘʨʳʥʳש ʝʨʝʢʰʝʣʽʛʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʘʜʜʠʪʠʚʪʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨʜʘ ץʦʣʜʘʥʫʜʳ ʝʩʢʝʨʝʪʽʥ ʢʝʰʝʥʜʽ 

ʟʝʨʪʪʝʫʣʝʨ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʞʝʪʢʽʣʽʢʩʽʟ. ɹײʣ ʦʩʳ ʞײʤʳʩʪʳס שʳʣʳʤʠ ʞʘשʘʣʳסʳ 

ʤʝʥ ᴇʟʝʢʪʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ʆʩʳʣʘʡʰʘ, ʩʦסשʳ ʞʳʣʜʘʨʜʘסʳ ʟʝʨʪʪʝʫʣʝʨʛʝ 

ʞװʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫ ᴇʟʝʢʪʽʣʽʛʽʥ ʩʘץʪʘʡʪʳʥ ʙʽʨץʘʪʘʨ ʰʝʰʽʣʤʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʙᴇʣʽʧ 

ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 

- ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥʳש ʬʨʘʢʮʠʷʣʳײץ ץʨʘʤʳʥʳש ʬʦʨʤʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽ 
ʤʝʥ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ץʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʘʜʛʝʟʠʷסʘ ᴅʩʝʨʽʥʝ ʘʨʥʘʣסʘʥ 

ʞײʤʳʩʪʘʨʜʳש ʞʝʪʢʽʣʽʢʩʽʟ ʩʘʥʳ; 

- ʙʽʨ ʟʝʨʪʪʝʫ ʰʝשʙʝʨʽʥʜʝ ʤʠʢʨʦ- ʞᴅʥʝ ʥʘʥʦʩʪʨʫʢʪʫʨʘʣʳץ ʪʘʣʜʘʫʜʳ, 

ʙʝʨʽʢʪʽʢʪʽ ʞᴅʥʝ ʨʝʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʙʘסʘʣʘʫʜʳ ʙʽʨʽʢʪʽʨʝʪʽʥ ʢʝʰʝʥʜʽ 

ʪᴅʩʽʣʜʽש ʙʦʣʤʘʫʳ; 
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- ʵʢʩʪʨʫʟʠʷ ʢʝʟʽʥʜʝ ʙײʡʳʤʜʘʨ ʛʝʦʤʝʪʨʠʷʩʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ 

 ʦʩʧʘʣʘʨʤʝʥץ ץʭʠʤʠʷʣʳ שʦʞ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽץ-ʣװʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʥʪʝʢʩʪʽʥʜʝ ʢץ

(ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨʤʝʥ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʪʦʨʣʘʨʤʝʥ) ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʳ ʪʫʨʘʣʳ 

ʜʝʨʝʢʪʝʨʜʽש ʰʝʢʪʝʫʣʽʣʽʛʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ (3D-

ʙʘʩʳʧ ʰʳסʘʨʫ) ʘʨʥʘʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝ 

 שʦʣʜʘʥʫʜʳץ ʪʘʨʳʥ ʦʣʘʨʜʳץʘʣʜʳץ ʦʞץ-ʣװʦʣʜʘʥʳʣʘʪʳʥ ᴆʩʢʝʤʝʥ ɾʕʆ ʢץ

ʦשʪʘʡʣʳ ײץʨʘʤʳ ʤʝʥ ʧʘʨʘʤʝʪʨʣʝʨʽʥ סʳʣʳʤʠ ʥʝʛʽʟʜʝʡ ʦʪʳʨʳʧ ʢʝʰʝʥʜʽ ʟʝʨʪʪʝʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɿʝʨʪʪʝʫ ʦʙʲʝʢʪʽʩʽ: ײץʨʳʣʳʩʪʳש ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ װʰʽʥ ᴆʩʢʝʤʝʥ 

ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ײʩʘץ ʜᴅʥʜʽ ʙʝʪʦʥʜʳ ʘʣʫ ʞᴅʥʝ 

 .ʦʣʜʘʥʫ ʧʨʦʮʝʩʽץ

ɿʝʨʪʪʝʫ ʤᴅʥʽ: ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦץʳʩ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫʤʝʥ ײʩʘץ 

ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳײץ שʨʳʣʳʩʪʳש ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ װʰʽʥ ץʦʣʜʘʥʫ 

ʪײʨסʳʩʳʥʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʪʝʦʨʠʷʣʳץ ᴅʜʽʩʪʝʨʤʝʥ ʟʝʨʜʝʣʝʥʝʪʽʥ 

ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ.  

 :ʰʽʥ ʤʳʥʘʜʘʡ ʤʽʥʜʝʪʪʝʨ ʰʝʰʽʣʜʽװ ʦʣ ʞʝʪʢʽʟʫץ ʘץʩʘʪץʘʥ ʤʘסʦʡʳʣפ

 ʦʣʜʘʥʫʜʳ, ʞʳʣʫ ʵʣʝʢʪʨץ ʨʳʣʳʩʪʘ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײץ -

ʦʨʪʘʣʳץʪʘʨʳʥʳש (ɾʕʆ) ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ᴇʥʜʽʨʫʜʝ, 

ʩʦʥʳש ʽʰʽʥʜʝ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʧʘʡʜʘʣʘʥʫʳʥ ʞᴅʥʝ ʦʥʳײץ שʨʘʤʜʘʨʳʥ 

ᴅʟʽʨʣʝʫ ᴅʜʽʩʪʝʨʽʥ ʪʘʣʜʘʫ; 

- ᴆʩʢʝʤʝʥ ɾʕʆ-ʥʳש ʢװʣ װʡʽʥʜʽʩʽʥʜʝ ʢװʣ-ץʦʞ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש 

 ʘʣʳʧʪʘʩʫʳ ʤʝʥ ʪʘʨʘʣʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʮʝʤʝʥʪʪʽʢץ

ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʘ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʘסʘʣʘʫ; 

- ᴆʩʢʝʤʝʥ ɾʕʆ-ʥʳש ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ 

 ;ʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʥʝʛʽʟʜʝʫײץ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥװʪ ץʩʘײ

- ᴅʟʽʨʣʝʥʛʝʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳ ʤʝʥ ʙʝʪʦʥʜʘʨʜʳש ʨʝʦʣʦʛʠʷʣʳץ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨʜʳ ʘʜʜʠʪʠʚʪʽ ץʘʣʳʧʪʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) 

ʞʘסʜʘʡʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ ʞᴅʥʝ ʘʣʳʥʘʪʳʥ ʙʝʪʦʥ 

ʵʣʝʤʝʥʪʪʝʨʽʥʽש ʩʘʧʘʩʳʥ ʙʘסʘʣʘʫ; 

- ᴅʟʽʨʣʝʥʛʝʥ ʙʝʪʦʥʜʘʨʜʳש ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫ, ʦʣʘʨʜʳש 
ʞײʤʳʩʳʥ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ץʦʣʜʘʥʫʜʳש ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʫ. 

ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. ɾײʤʳʩʪʘ ʪʝʦʨʠʷʣʳץ (ʦʪʘʥʜʳץ ʞᴅʥʝ ʰʝʪʝʣʜʽʢ ʪᴅʞʽʨʠʙʝʥʽ 

ʪʘʣʜʘʫ ʞᴅʥʝ ʞʠʥʘץʪʘʫ, ʙʝʪʦʥʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʤʦʜʝʣʴʜʝʫ), ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

(ʰʠʢʽʟʘʪ ʧʝʥ ʙʝʪʦʥʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʨʝʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ, ײץʨʘʤʜʘʨʜʳ ʽʨʽʢʪʝʫ, װʣʛʽʣʝʨʜʽ ʩʳʥʘʫ), ʘʩʧʘʧʪʳץ 

(ʨʝʥʪʛʝʥʜʽʢ-ʬʘʟʘʣʳץ ʪʘʣʜʘʫ, ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ) ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ-

ᴇʥʜʽʨʽʩʪʽʢ ᴅʜʽʩʪʝʨ (װʣʛʽʣʝʨʜʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ, ʪʝʭʥʠʢʘʣʳץ-

ʵʢʦʥʦʤʠʢʘʣʳץ ʙʘסʘʣʘʫ) ʧʘʡʜʘʣʘʥʳʣʜʳ ʪʠʽʤʜʽʣʽʛʽ). 
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  :ʳʣʳʤʠ ʝʨʝʞʝʣʝʨס ʘʨʳʣʘʪʳʥסʘ ʰʳסʘʫסʦʨפ          

- ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ 

ʘʨʥʘʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥʜʘ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʥʝʛʽʟʜʝʫ; 

- ʢװʣ-ץʦʞ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽײץ שʨʘʤʳ ʤʝʥ ʤʠʥʝʨʘʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʬʦʨʤʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ 3D-ʙʘʩʫ 

ʢʝʟʽʥʜʝ ץʘʙʘʪʪʘʨʜʳש ʘʜʛʝʟʠʷʩʳʥʘ ᴅʩʝʨ ʝʪʫ ʟʘשʜʳʣʳץʪʘʨʳ; 

- ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ װʰʽʥ ʙʝʨʽʢʪʽʢ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳש 
ʦשʪʘʡʣʳ װʡʣʝʩʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ 

ᴅʟʽʨʣʝʥʛʝʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳ; 

- ʙʝʪʦʥʥʳײץ שʨʳʣʳʤʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʢװʣ-ץʦץʳʩʪʳ 

ʧʘʡʜʘʣʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʪʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʘʩʧʘʧʪʳץ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ (XRD, SEM); 

- ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘ 3D-ʙʘʩʫ װʰʽʥ ץʦʣʜʘʥʫ 

ʞᴇʥʽʥʜʝʛʽ ײʩʳʥʳʤʜʘʨ ʞᴅʥʝ ײץʨʳʣʳʩ ʧʨʘʢʪʠʢʘʩʳʥʘ ʝʥʛʽʟʫʛʝ ʙʘסʳʪʪʘʣסʘʥ 

ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘסʘ ʘʨʥʘʣסʘʥ ʝʨʝʞʝʣʝʨ. 

 :ץʘʣʳשʳʣʳʤʠ ʞʘנ

- ʝש ʪʠʽʤʜʽ ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ 4-ʘʡʤʘץʪʳש ʢװʣʽ סʳʣʳʤʠ ʪײʨסʳʜʘʥ 

ʥʝʛʽʟʜʝʣʜʽ, ʦʣ ʝש ʪᴇʤʝʥʛʽ װʡʽʥʜʽ ʪʳסʳʟʜʳסʳʤʝʥ (350ï500 ʢʛ/ʤį) ʞᴅʥʝ ʰʳʥʳ 

ʬʘʟʘʩʳʥʳש ʝש ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʤʝʥ (75ï93%) ʩʠʧʘʪʪʘʣʘʜʳ. ɿʝʨʪʪʝʫʣʝʨ ʦʩʳ 

ʘʡʤʘץʪʘ ʘʤʦʨʬʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʳש ʙʘʩʳʤ ʙʦʣʫʳ ʞʦסʘʨʳ ʨʝʘʢʮʠʷʣʳץ 

 ʟʫ ʞᴅʥʝײʰʽʥ ʠʥʝʨʪʪʽ ʘʛʨʝʛʘʪʪʘʨʜʳ ʙװ ʣײʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ, ʙץ ʘʙʽʣʝʪʪʽץ

ʤʝʥʰʽʢʪʽ ʙʝʪʪʽ 3000ï3500 ʩʤĮ/ʛ ʜʝʡʽʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʫ ץʘʞʝʪ; 

- 0,16 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʰʘʨ ʪᴅʨʽʟʜʽ ʙᴇʣʰʝʢʪʝʨʽ ץʦʩʧʘʥʳש ʽʰʢʽ 
 ʘʤʪʘʤʘʩʳʟץ ʪʳ ʵʢʩʪʨʫʟʠʷʥʳץʨʘײʡʢʝʣʽʩʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ʇɻʈ 7,0ï7,5 ʩʤ ʢʝʟʽʥʜʝ ʪװ

ʝʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʪװʡʽʨʰʽʢʘʨʘʣʳץ ץʫʳʩʪʘʨʜʳ ʪʦʣʪʳʨʫ ʘʨץʳʣʳ ʙʝʪʦʥ ײץʨʳʣʳʤʳʥ 

ʪʳסʳʟʜʘʡʜʳ; 

 ʣװʨʘʤʳʥʜʘ 80% ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʧʝʥ 20% ʢײץ ,ʘʥסʳʣʳ ʘʣʳʥץʪʘʫ ʘʨץʥʪʘײ -
(ʥʝʛʽʟʽʥʝʥ ʢװʣ װʡʽʥʜʽʩʽʥʽ4 ש-ʘʡʤʘסʳʥʘʥ) ʙʘʨ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳ ʧʘʡʜʘʣʘʥʫ ʙʝʪʦʥʥʳש ʦשʪʘʡʣʳ ץʘʩʠʝʪʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʪʽʥʽ ʵʢʩʧʝʨʠʤʝʥʪʘʣʜʳ ʪװʨʜʝ ʜᴅʣʝʣʜʝʥʜʽ. ɹײʣ ʪᴅʩʽʣ ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢʪʽ22,5 ש ʄʇʘ-סʘ ʞᴅʥʝ ץʘʙʘʪʘʨʘʣʳץ ʘʜʛʝʟʠʷ ʙʝʨʽʢʪʽʛʽʥʽ1,48 ש ʄʇʘ ʞʝʪʫʽʥ 

 ;ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ

- ʙʝʪʦʥ ץʘʩʠʝʪʪʝʨʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ-ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʞװʨʛʽʟʽʣʜʽ: 

Python ʦʨʪʘʩʳʥʜʘ pandas ʞᴅʥʝ NumPy ʢʽʪʘʧʭʘʥʘʣʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ 

ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ᴅʟʽʨʣʝʥʜʽ. 

ɼʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽ (RĮ=0,87ï0,95) ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳ87 שï95%-ʳ ʜᴅʣ ʦʩʳ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ-ʮʝʤʝʥʪʪʽ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ײץʨʘʤʳʥʘ ʪᴅʫʝʣʜʽ ʝʢʝʥʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʨʜʝ ʨʘʩʪʘʜʳ; 

- ʘʩʧʘʧʪʳץ ʟʝʨʪʪʝʫʣʝʨ (XRD, SEM) ʥʝʛʽʟʽʥʜʝ ʘʤʦʨʬʪʳ ʢʨʝʤʥʝʟʝʤʥʽש 
ʧʦʨʪʣʘʥʜʠʪʧʝʥ ᴅʨʝʢʝʪʪʝʩʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʝʢʽʥʰʽʣʽʢ ʢʘʣʴʮʠʡ 

ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש (CïSïH) ʪװʟʽʣʫʽ ʘʨץʳʣʳ ʞʦסʘʨʳ ʪʳסʳʟ ʮʝʤʝʥʪʪʽ-ʢװʣʜʽ 

ʤʘʪʨʠʮʘʥʳץ שʘʣʳʧʪʘʩʘʪʳʥʳ ʜᴅʣʝʣʜʝʥʜʽ. ANSYS ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ײץʨʘʤʜʘ (80/20) ʰʘסʳʥ 
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ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ ʙʘʩʳʧ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʵʢʚʠʚʘʣʝʥʪʪʽ 

ʢʝʨʥʝʫʣʝʨʜʽ2,51 ש ʄʇʘ-ʜʘʥ ʘʩʧʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ʤʽʥʜʝʪʪʝʨʜʽ 

 ʳʣʳʤʠ ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʳ, ʙʘʷʥʜʘʤʘס ץʘʪʳʩʫʜʘʥ, ʩʦʥʜʘʡ-ʘץ ʘ ʙʝʣʩʝʥʜʽסʦʶץ

ʪʝʟʠʩʪʝʨʽʥ ʜʘʡʳʥʜʘʫʜʘʥ ʞᴅʥʝ ʧʘʪʝʥʪ ʘʣʫסʘ ᴇʪʽʥʽʤ ʙʝʨʫʜʝʥ ʪײʨʘʜʳ. ɿʝʨʪʭʘʥʘʣʳץ 

ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʩʳʥʘץʪʘʨʜʳ ʘʚʪʦʨ ᴇʟ ʙʝʪʽʥʰʝ ʦʨʳʥʜʘʜʳ. ɹʽʨʣʝʩʢʝʥ 

ʞʘʨʠʷʣʘʥʳʤʜʘʨʜʘ ʘʚʪʦʨ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫʛʝ, ʘʣʳʥסʘʥ 

ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ ʤʝʥ ʪʘʣʜʘʫסʘ, ʤʘץʘʣʘʣʘʨ ʤᴅʪʽʥʜʝʨʽʥ ʜʘʡʳʥʜʘʫסʘ, ʩʦʥʜʘʡ-ʘץ 

ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʫʥʠʚʝʨʩʠʪʝʪ ʘʫʤʘסʳʥ ʘʙʘʪʪʘʥʜʳʨʫ ʞײʤʳʩʪʘʨʳʥʘ ʞᴅʥʝ ʦץʫ 

 .ʦʩʪʳץ ʣʝʩװ ʩʳʥʳʤʜʘʨ ᴅʟʽʨʣʝʫʛʝ ʝʣʝʫʣʽײ ʜʝʨʽʩʽʥʝ ʝʥʛʽʟʫ ʙʦʡʳʥʰʘװ

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ:  
- ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ װʰʽʥ ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦץʳʩ ץʘʣʜʳץʪʘʨʳʥ 

ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳס שʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ײץʨʘʤʳ 

ᴅʟʽʨʣʝʥʽʧ, ʧʘʡʜʘʣʘʥʫסʘ ײʩʳʥʳʣסʘʥ; 

 ʘʥ ʧʘʪʝʥʪʽ ʙʝʪʦʥ ˉ 10443. 3D-ʙʘʩʧʘסʈ ʧʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ ʘʨʥʘʣפ -

ʙʝʪʦʥסʘ ʘʨʥʘʣסʘʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳ; 

 ʪʘʨʳץʘʣʜʳץ ʦʞץ-ʣװʘʥ ʧʘʪʝʥʪʽ ˉ 12067. ʂסʈ ʧʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ ʘʨʥʘʣפ -

ʥʝʛʽʟʽʥʜʝ ʙʝʪʦʥ ʙײʡʳʤʜʘʨʳʥ 3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʰʠʢʽʟʘʪ ץʦʩʧʘʩʳ; 

- ʙʘʩʳʣסʘʥ ץʘʙʘʪʪʳץ שʦʟסʘʣʳʩʳ ʤʝʥ ʬʦʨʤʘסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

3D-ʙʘʩʧʘ װʰʽʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳʥ ʽʨʽʢʪʝʫ ᴅʜʽʩʪʝʤʝʩʽʥʝ 2026 ʞʳʣסʳ 5 

ʥʘʫʨʳʟʜʘסʳ ˉ 68369 ʘʚʪʦʨʣʳץײץ ץʳץ ʦʙʲʝʢʪʽʩʽʥʝ ץײץʳץʪʘʨʜʳ ʤʝʤʣʝʢʝʪʪʽʢ 

ʪʽʨʢʝʫ ʪʫʨʘʣʳ ʢʫᴅʣʽʢ ʘʣʳʥʜʳ; 

- ʫʥʠʚʝʨʩʠʪʝʪ ʘʫʤʘסʳʥ ʘʙʘʪʪʘʥʜʳʨʫ ʵʣʝʤʝʥʪʪʝʨʽʥ ײץʨʳʣʳʩ 3D-ʙʘʩʧʘ 

ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥ ʝʥʛʽʟʫ 

ʘʢʪʽʩʽ ʘʣʳʥʜʳ; 

- ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʣʝʨʽ 6ɺ07305 - çײפʨʳʣʳʩè ʞᴅʥʝ 

6B07501 - çʉʪʘʥʜʘʨʪʪʘʫ ʞᴅʥʝ ʩʝʨʪʠʬʠʢʘʪʪʘʫè ʙʽʣʽʤ ʙʝʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש 

ʦץʫ ʧʨʦʮʝʩʽʥʝ ʝʥʛʽʟʽʣʛʝʥ. 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʥʝʛʽʟʛʽ ץʘסʠʜʘʣʘʨʳ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʽ 

ʜᴅʣʝʣʜʝʥʽʧ, ʙʘʨʣʳסʳ13 סʳʣʳʤʠ ʝשʙʝʢʪʝ ʞʘʨʠʷʣʘʥʜʳ, ʦʥʳש ʽʰʽʥʜʝ: 

- Scopus ʞᴅʥʝ Web of Science ʭʘʣʳץʘʨʘʣʳץ ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ ʨʝʡʪʠʥʛʪʽʢ 
ʙʘʩʳʣʳʤʜʘʨʜʘ ï 2 ʤʘץʘʣʘ; 

 שʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽסʳʣʳʤ ʞᴅʥʝ ʞʦנ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ -
 ʘʥסʩʳʥײ (ɽʂפʉʉנ) ʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽץ ʳ ʩʘʧʘʥʳסʳʣʳʤ ʩʘʣʘʩʳʥʜʘנ

ʙʘʩʳʣʳʤʜʘʨʜʘ ï 2 ʤʘץʘʣʘ; 

- ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ ʞʠʥʘץʪʘʨʳʥʜʘ ï 2 

ʙʘʷʥʜʘʤʘ; 

 ʧʘʡʜʘʣʳ ʤʦʜʝʣʴʛʝ ʧʘʪʝʥʪʪʝʨʽ ʞᴅʥʝ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ -

ʘʚʪʦʨʣʳץ ʢʫᴅʣʽʢʪʝʨ ï 3 ײץʞʘʪ.  
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1 ɿɽʈʊʊɽʋ ʄᴄʉɽʃɽʉɯʅɯר ɾɸנɼɸʁʓ ɾᴄʅɽ ɿɽʈʊʊɽʋ 

ʄɯʅɼɽʊʊɽʈɯ 

 

 ʦʣʜʘʥʫ ʧʨʦʮʝʩʪʝʨʽ ʤʝʥץ ʳ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳסʨʳʣʳʩʪʘײפ 1.1

ᴅʜʽʩʪʝʨʽʥʝ ʰʦʣʫ ʞᴅʥʝ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʥʘʨʳסʳʥʜʘסʳ ʘסʳʤʜʘסʳ ʞʘסʜʘʡʜʳ 

ʙʘסʘʣʘʫ. 

 

ɸʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ (Additive Manufacturing) - ʘʜʜʠʪʠʚʪʽʣʽʢ ʩᴇʟʽʥʝʥ - 

 ʢᴇʤʝʛʽʤʝʥ ʦʙʲʝʢʪʽʥʽ שʣ ʢʦʤʧʴʶʪʝʨʣʽʢ 3D-ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳײʦʩʳʣʘʪʳʥ) - ʙץ

 ,ʨʳʣʳʩʪʘײץ ʣ ʪʝʭʥʦʣʦʛʠʷʣʘʨײʳʪʪʘ ʙץʘʟiʨʛi ʫʘפ .ʘʙʘʪʪʘʧ ᴇʩʽʨʫ ʞᴅʥʝ ʩʠʥʪʝʟʜʝʫץ

ʩʦʥʜʘʡ-ʘץ ʤʝʜʠʮʠʥʘ, ʙiʣiʤ ʙʝʨʫ, ʩᴅʫʣʝʪ, ʢʘʨʪʦʛʨʘʬʠʷ, ʦʡʳʥʰʳץʪʘʨ ᴇʥʜiʨʫ ʞᴅʥʝ 

ʦʡʳʥ-ʩʘʫʳץ ʩʠʷץʪʳ ץʦסʘʤʥʳש ʙʘʩץʘ ʜʘ ʩʘʣʘʣʘʨʳʥʜʘ ᴅʨʪװʨʣi ʤʘץʩʘʪʪʘʨʜʘ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʜʘʤʳʪʫ ʙʘʨʳʩʳʥʜʘ 

 ,ʪʳ ʩʘʣʘʣʘʨʳ ʤʝʥ ʩʘʫʜʘ ʤʘʨʢʘʣʘʨʳʥʘ ʩʽʣʪʝʤʝ ʞʘʩʘʡ ʦʪʳʨʳʧץʥʘ שʦʣʜʘʥʫʜʳץ

ʢᴇʧʪʝʛʝʥ ᴅʨʪװʨʣʽ ʪʝʨʤʠʥʜʝʨ ʤʝʥ ʘʥʳץʪʘʤʘʣʘʨ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹײʣ ʞʠʽ 

ʰʘʪʘʩʪʳʨʘʜʳ, ʙײʣ ʢʦʤʤʫʥʠʢʘʮʠʷʥʳ ʞᴅʥʝ ʦʩʳ ʪʝʭʥʦʣʦʛʠʷʥʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫʜʳ 

 ʘʨʘʜʳץʩʪʘʥʜʘʨʪ ʝʨʝʢʰʝ ʨᴇʣ ʘʪ ץʘʨʘʣʳץʘʥ ʙʘʡʣʘʥʳʩʪʳ ʭʘʣʳסʠʳʥʜʘʪʘʜʳ. ʆʩʳץ

[2], ʦʣ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽש ʙʽʨʳסשʘʡ ץʘסʠʜʘʪʪʘʨʳ ʤʝʥ ʪʝʨʤʠʥʦʣʦʛʠʷʩʳʥ 

ʙʝʣʛʽʣʝʡʜʽ. ײפʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʦʩʳ ץʘסʠʜʘʪʪʳ ץʦʣʜʘʥʫ ʮʝʤʝʥʪ ʞᴅʥʝ ʢʦʤʧʦʟʠʪʪʽ 

 ʘʣʳʧʩʳʟץ ʘʥסʦʩʧʘʣʘʨ ʥʝʛʽʟʽʥʜʝ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣץ

 ,3D Concrete Printing) שʘʨʫʜʳסʘʣʳʧʪʘʩʪʳʨʫʜʳ ʢᴇʟʜʝʡʪʽʥ ʙʝʪʦʥʤʝʥ 3D ʙʘʩʳʧ ʰʳץ

3DCP) ʞʝʢʝ ʙʘסʳʪʳʥ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ᴅʢʝʣʜʽ. 

ʍʍ סʘʩʳʨʜʳש ʙʘʩʳʥʘʥ ʙʘʩʪʘʧ ᴇʥʜʽʨʽʩʪʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʙʘʨʣʳץ ʩʘʣʘʣʘʨʜʘ 

ʜʝʨʣʽʢ ᴇʩʫʜʝ. ײפʨʳʣʳʩ ʩʘʣʘʩʳʥʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ʝʥʛʽʟʫʛʝ ʩʳʥʜʘʨʣʳ ʪᴅʩʽʣ, 

ʙʘʩץʘ ʩʘʣʘʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʜʘʡʳʥ ᴇʥʽʤʥʽש ʝʜᴅʫʽʨ ʘʟ ʤᴇʣʰʝʨʽ, ʩʦʥʜʘʡ-ʘץ 

 ʳ ʞᴅʥʝסʪʘʨʪʳʤʜʳʣʳ ץʵʢʦʥʦʤʠʢʘʣʳ שʪʳץʨʘʪʳʥ ʞʘʙʜʳײʳʤʙʘʪ ʪץ

ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ᴇʥʜʽʨʽʩʢʝ ʙʝʨʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ʰʝʢʪʝʫʣʝʨ ʢʝʜʝʨʛʽ 

ʙʦʣʜʳ [3]. ײפʨʳʣʳʩ ʩʘʣʘʩʳ ʙװʛʽʥʜʝ ʪᴇʤʝʥ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ, ײץʨʳʣʳʩ 

ʘʣʘשʜʘʨʳʥʜʘסʳ ʘʚʘʨʠʷʣʳץ ʞʘסʜʘʡʣʘʨʜʳש ʞʦסʘʨʳ ʩʪʘʪʠʩʪʠʢʘʩʳ, ײץʨʳʣʳʩ 

ʧʨʦʮʝʩʪʝʨʽʥ ʙʘץʳʣʘʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ, ʙʽʣʽʢʪʽ ʞײʤʳʩʰʳʣʘʨʜʳש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽ 

ʩʠʷץʪʳ ʝʣʝʫʣʽ ʧʨʦʙʣʝʤʘʣʘʨʤʝʥ ʙʝʪʧʝ-ʙʝʪ ʢʝʣʝʜʽ [4]. ᴄʨʠʥʝ, ײץʨʳʣʳʩ ʩʘʣʘʩʳ 

ʙװʢʽʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ ʞʘשʘʨʪʳʣʤʘʡʪʳʥ ʨʝʩʫʨʩʪʘʨ ʤʝʥ ʪʘʙʠסʠ ʤʘʪʨʠʘʣʜʘʨʜʳש ʽʨʽ 

ʪײʪʳʥʫʰʳʣʘʨʳʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [5].  

-ʢʠʙʝʨ ,ץʧʘʨʘʪʪʳץʨʳʣʳʩ ʩʘʣʘʩʳʥʘ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʘײפ

ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʽʢ ʞװʡʝʣʝʨʜʽ ʙʽʨʳסשʘʡ ʮʠʬʨʣʳץ ʢʦʥʪʫʨסʘ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫʜʳ ʢᴇʟʜʝʡʪʽʥ çʀʥʜʫʩʪʨʠʷ 4.0è ʞʘᴃʘʥʜʳץ ʪʨʝʥʜʽʥʽש ʞᴅʥʝ 

çʎʠʬʨʣʳײץ ץʨʳʣʳʩè (Construction 4.0) ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʪᴅʩʽʣʜʝʨ ʙᴇʣʰʝʢʪʝʣʛʝʥ ץʦʣ ʦʧʝʨʘʮʠʷʣʘʨʳʥʘʥ סʠʤʘʨʘʪʪʘʨʜʳ 

ʞʦʙʘʣʘʫʜʳש, ᴇʥʜʽʨʫʜʽש ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫʜʳש ʟʠʷʪʢʝʨʣʽʢ, ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ 

ʞᴅʥʝ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʮʝʩʪʝʨʽʥʝ ʢᴇʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

çʀʥʜʫʩʪʨʠʷ 4.0è ʧʘʨʘʜʠʛʤʘʩʳ ʰʝשʙʝʨʽʥʜʝ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ 

ʨʦʙʦʪʪʘʥʜʳʨʫʤʝʥ, ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪʧʝʥ, ʟʘʪʪʘʨ ʠʥʪʝʨʥʝʪʽʤʝʥ (IoT), װʣʢʝʥ 

ʜʝʨʝʢʪʝʨʤʝʥ ʞᴅʥʝ ʮʠʬʨʣʳץ ʤʦʜʝʣʴʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ (BIM) ץʘʪʘʨ ʥʝʛʽʟʛʽ 

ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨʽ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ᴆʟʽʥʽש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ 
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ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש ʞʦסʘʨʳ ʜᴅʨʝʞʝʩʽʥʽש ʘʨץʘʩʳʥʜʘ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 

3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʞʘשʘ ʮʠʬʨʣʳץ ʵʢʦʥʦʤʠʢʘʥʳש ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʪʽʥ 

ʦʨʥʳץʪʳ ʞᴅʥʝ ʨʝʩʫʨʩ װʥʝʤʜʝʡʪʽʥ ײץʨʳʣʳʩ ʪײʞʳʨʳʤʜʘʤʘʩʳʥ ʽʩʢʝ ʘʩʳʨʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ. 

[6], [7] ʞᴅʥʝ [8] ʟʝʨʪʪʝʫʣʝʨʽʥʝ ʩᴅʡʢʝʩ ײץʨʳʣʳʩ ʩʝʢʪʦʨʳʥ ʮʠʬʨʣʘʥʜʳʨʫ 

ʦʙʲʝʢʪʽʥʽש ʪʦʣʳץ ᴇʤʽʨʣʽʢ ʮʠʢʣʽʥ ץʘʤʪʠʜʳ - ײץʨʳʣʳʩ ʵʣʝʤʝʥʪʪʝʨʽʥ ʞʦʙʘʣʘʫ ʤʝʥ 

ᴇʥʜʽʨʫʜʝʥ ʙʘʩʪʘʧ ʧʘʡʜʘʣʘʥʫ ʤʦʥʠʪʦʨʠʥʛʽʥʝ ʜʝʡʽʥ, ʘʣ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ 

ʦʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʷʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʥʝʛʽʟʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ɸʜʜʠʪʠʚʪiʢ ᴇʥʜiʨiʩ ʜᴅʩʪװʨʣiʢʧʝʥ ʝʨʝʢʰʝʣʝʥʝʜi, ʙײʣ ײץʨʘʣ-ʩʘʡʤʘʥʜʘʨʜʳ 

ᴇʥʜiʨʫ ץʘʞʝʪʪiʣiʛiʥ ʙʦʣʜʳʨʤʘʫ ʝʩʝʙiʥʝʥ ʢᴇʧ ʝשʙʝʢʪʽ ץʘʞʝʪ ʝʪʧʝʡʪiʥʜʝʡ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʪװʧʢʽʣʽʢʪʽ ᴇʥʽʤ ʞʦʙʘʩʳ ʪʦʣʳץ ʬʠʟʠʢʘʣʳץ ʥʳʩʘʥʜʘ ʽʩʢʝ 

ʘʩʳʨʳʣʤʘʩʪʘʥ ʙײʨʳʥ, ʩʘʥʜʳץ ʬʘʡʣʜʘ [9] ʩʘץʪʘʡ ʦʪʳʨʳʧ, ʢʝʟ ʢʝʣʛʝʥ ʩʘʣʘʜʘ 

 ʰʽʥ CAD (Computerװ ʧʨʦʮʝʩʪʝʨʽ ץʙʘʨʣʳ שʘ ʙʦʣʘʪʳʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽסʦʣʜʘʥʫץ

Aided Design) AMF (ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʬʘʡʣʳʥʳש ʬʦʨʤʘʪʳ) ʩʪʘʥʜʘʨʪʪʳ 

ʬʘʡʣʳʥʳש ʬʦʨʤʘʪʳʥ ʙʝʣʛʽʣʝʡʪʽʥʜʽʢʪʝʥ ʤװʤʢʽʥ. 

ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽש ʥʝʛʽʟʛʽ ʧʨʠʥʮʠʧʪʝʨʽʥʝ ʜᴅʩʪװʨʣʽ ץʘʣʳʧʪʘʨ ʤʝʥ 

ʞʘʙʜʳץʪʘʨʜʳ ץʦʣʜʘʥʫʜʳ ʙʦʣʜʳʨʤʘʡʪʳʥ ʩʘʥʜʳ3 ץD-ʤʦʜʝʣʴ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ 

ʙײʡʳʤʜʳ ץʘʙʘʪʪʘʧ ץʘʣʳʧʪʘʩʪʳʨʫ ʞʘʪʘʜʳ; ʛʝʦʤʝʪʨʠʷʥʳש ʜᴅʣʜʽʛʽ ʤʝʥ 

ʞʘסשʳʨʪʳʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʧʨʦʮʝʩʪʽש ʮʠʬʨʣʳץ ʙʘʩץʘʨʳʣʫʳ; ʝש ʘʟ 

 çʀʥʜʫʩʪʨʠʷ ץʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ; ʩʦʥʜʘʡ-ʘײ ʪʘʨ ʢʝʟʽʥʜʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳץʘʣʜʳץ

4.0è ʪײʞʳʨʳʤʜʘʤʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʮʠʬʨʣʳץ ᴇʥʜʽʨʽʩʪʽʢ ʞװʡʝʣʝʨʛʝ 

ʠʥʪʝʛʨʘʮʠʷʣʘʫ. ɹײʣ ץʘסʠʜʘʪʪʘʨ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʙʘʩʳʧ ʰʳסʘʨʫʜʳש 

 שʥʝʛʽʟʽʥʜʝ ʞʘʪʳʨ ʞᴅʥʝ ʦʣʘʨʜʳ שʳ 3D ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳסʘʟʽʨʛʽ ʟʘʤʘʥץ

 .ʳʥʜʘʡʜʳץʳʥ ʘʡסʨʣʽ ᴅʜʽʩʪʝʨʽʥʝʥ ʘʡʳʨʤʘʰʳʣʳװʜᴅʩʪ שʠʤʘʨʘʪʪʘʨʜʳ ʩʘʣʫʜʳס

ʍʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʳש ʞʽʢʪʝʤʝʩʽʥʝ ʩᴅʡʢʝʩ [2], ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ 

ᴅʜʽʩʪʝʨʽ ʙײʡʳʤʥʳץ שʘʣʳʧʪʘʩʫ ץʘסʠʜʘʪʳ, ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʳש ʪװʨʽ ʞᴅʥʝ 

ʵʥʝʨʛʠʷ ʙʝʨʫ ʪᴅʩʽʣʽ ʙʦʡʳʥʰʘ ʝʨʝʢʰʝʣʝʥʝʜʽ. ײפʨʳʣʳʩ ʩʘʣʘʩʳʥʜʘ ʧʘʩʪʘ ʪᴅʨiʟʜʝʩ 

ʮʝʤʝʥʪ ʞᴅʥʝ ʢʦʤʧʦʟʠʪʪi ץʦʩʧʘʣʘʨʜʳ ʵʢʩʪʨʫʟʠʷʣʘʫסʘ ʥʝʛiʟʜʝʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, 

ʩʦʥʜʘʡ-ʘץ ץʘʣʳʧʪʘʨ, ʥʳʩʘʥʜʘʨ ʤʝʥ ʩᴅʫʣʝʪ ʵʣʝʤʝʥʪʪʝʨiʥ ʞʘʩʘʫ װʰiʥ 

 ʨʣʳʤײסʳʥʤʝʥ ʙʘʡʣʘʥʳʩʪʳʨʫ ʧʨʦʮʝʩʪʝʨi ʥʝסʪʘʨʜʳ ʘץʥʪʘײ ʦʣʜʘʥʳʣʘʪʳʥץ

ʜʘʤʳʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʠʥʞʝʥʝʨʣʽʢ ʪᴅʞʽʨʠʙʝʜʝ ײץʨʳʣʳʩ ʠʥʬʨʘײץʨʳʣʳʤʳʥʜʘ 

ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʤʝʪʘʣʣ, ʧʣʘʩʪʠʢ ʞᴅʥʝ ʛʠʧʩ ʙᴇʣʰʝʢʪʝʨʽʥ ʜʘʡʳʥʜʘʫʜʳ 

 ᴅʜʽʩʪʝʨ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʣʘʟʝʨʣʽʢ ʞᴅʥʝ ʬʦʪʦʧʦʣʠʤʝʨʠʟʘʮʠʷʣʳץ

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ɾײʤʳʩʪʘ[10] , [11] ײץʨʳʣʳʩʪʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽש ʪװʨʣʽ 

ᴅʜʽʩʪʝʨʽ, ʦʥʳש ʽʰʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳ ʵʢʩʪʨʫʟʠʷʣʳץ, ʘסʳʥʜʳ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʞᴅʥʝ 

ʘסʳʥʜʳ ʞʘסʫ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ʝש ʘʟ ʝשʙʝʢ ʰʳסʳʥʜʘʨʳʤʝʥ ʞᴅʥʝ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʣʜʳץʪʘʨʳʤʝʥ ʢװʨʜʝʣʽ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. פʘʙʘʪʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ װʰʽʥ ʮʝʤʝʥʪ ʤʘʪʝʨʠʘʣʜʘʨʳ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ 

ʵʢʩʪʨʫʟʠʷʣʳץ ᴅʜʽʩʪʝʨʛʝ ʝʨʝʢʰʝ ʥʘʟʘʨ ʘʫʜʘʨʳʣʘʜʳ, ʘʣ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳ 

ʘסʳʥʤʝʥ ʞʘסʫ ײʥʪʘץ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳ ʞʘסʫʜʳ ʢᴇʟʜʝʡʜʽ. ɹײʣ 

ʪʝʭʥʦʣʦʛʠʷ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʜʝʨʝʢʪʝʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ץʘʙʘʪʪʘʧ ʪײʨסʳʟʫʜʳ ʙʦʣʞʘʡʜʳ, ʙײʣ ʜᴅʩʪװʨʣʽ ײץʨʘʣʜʘʨ ʤʝʥ 
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 ʘסʨʜʝʣʽ ʥʳʩʘʥʜʘʨ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʞʘʩʘʫװʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʙʘʡ ʢסʨʳʣײץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ᴅʜʝʙʠ ʰʦʣʫ ʥʝʛʽʟʽʥʜʝ ץʘʟʽʨʛʽ ʟʘʤʘʥסʳ ײץʨʳʣʳʩʪʘ 

 .ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʩʭʝʤʘ ʞʘʩʘʣʜʳ שʦʣʜʘʥʳʣʘʪʳʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʽץ

 .ʦʣʜʘʥʳʣʘʪʳʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ᴅʜʽʩʪʝʨʽ ʉʫʨʝʪ 1.1 ʙʝʨʽʣʛʝʥץ ʨʳʣʳʩʪʘײפ

 

 
 

ʉʫʨʝʪ 1.1 ï ʄʘʪʝʨʠʘʣʜʳש ʪװʨʽ ʞᴅʥʝ ץʦʣʜʘʥʫ ʩʘʣʘʩʳ ʙʦʡʳʥʰʘ 

 ʳ 3D-ʙʘʩʧʘ ᴅʜʽʩʪʝʨʽʥ ʞʽʢʪʝʫסʨʳʣʳʩʪʘײץ

 

ʕʢʩʪʨʫʟʠʷʣʳϨ ʙʘʩʳʧ ʰʳϤʘʨʫ. 3D-ʙʝʪʦʥʜʳ ʙʘʩʳʧ ʰʳסʘʨʫ (3D Concrete 

Printing, 3DCP) ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʪײʨסʳʟʫ װʰʽʥ ץʘʣʳʧʪʘʫʰʳ 

ʰװʤʝʢ ʘʨץʳʣʳ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ 

 ʣ ᴅʜʽʩײʘʥ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹסʪʘʨʘʣ שʢʝ שʳ ʝסʨʳʣʳʩʪʘײץ

ʜᴅʩʪװʨʣʽ ץʘʣʳʧʪʘʨʜʳ ʧʘʡʜʘʣʘʥʙʘʡ ץʘʙʳʨסʘʣʘʨʜʳ, ʙʘסʘʥʜʘʨʜʳ, ʰʘסʳʥ ʩᴅʫʣʝʪ 

ʥʳʩʘʥʜʘʨʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ײץʨʳʣʳʩ ʵʣʝʤʝʥʪʪʝʨʽʥ ʜʘʡʳʥʜʘʫ װʰʽʥ ʙʝʣʩʝʥʜʽ 

 ʤʢʽʥʜʽʢװʘ ʤסʳʥʜʘʨʳʥ ʝʜᴅʫʽʨ ʘʟʘʡʪʫסʙʝʢ ʰʳשʪʘʨ ʤʝʥ ʝץʘʣʜʳץ ʣײʦʣʜʘʥʳʣʘʜʳ ʙץ

ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʩᴅʫʣʝʪʪʽʢ ʞʦʙʘʣʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʝʜʽ [10], [12], 3D 

 ʦʙʲʝʢʪʽʣʝʨʜʽ ʩʘʣʫ ʢʝʟʽʥʜʝ ץʨʳʣʳʤʜʳײץʠʤʘʨʘʪʪʘʨʜʳ, ʢᴇʧʽʨʣʝʨʜʽ ʞᴅʥʝ ʠʥʬʨʘס

 ʨʜʝʣʽװʞᴅʥʝ ʢ שʘʨʳ ʜᴅʨʝʞʝʜʝʛʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳסʦʣʜʘʥʳʣʜʳ ʞᴅʥʝ ʞʦץ

ʥʳʩʘʥʜʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽʥʽש ʘʨץʘʩʳʥʜʘ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʝʥʛʽʟʫ װʰʽʥ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʪʝʭʥʦʣʦʛʠʷ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ [10], [13]. 2-ʩʫʨʝʪʪʝ ץʘʙʘʪʪʳ 

ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽʤʝʥ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽ 

 .ʘʥסʩʳʥʳʣײ
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ʉʫʨʝʪ 1.2 ï פʘʙʘʪʪʳ ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽʤʝʥ ײץʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ 3D-

ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽ 

 

ϯʥʪʘϨ Ϩʘʙʘʪʳʥ ʙʘʣϨʳʪʫ (Powder Bed Fusion) 

ʉʝʣʝʢʪʠʚʪʽ ʣʘʟʝʨʣʽʢ ʢװʡʜʽʨʫ (SLS) ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽ ʣʘʟʝʨʣʽʢ ʙʘʣץʳʪʫ 

(SLM). SLS ʞᴅʥʝ SLM ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ײʥʪʘץ ʤʘʪʝʨʠʘʣסʘ (ʤʝʪʘʣʜʘʨ ʥʝʤʝʩʝ 

ʧʦʣʠʤʝʨʣʝʨ) ʣʘʟʝʨʣʽʢ ʩᴅʫʣʝʣʝʥʫʜʽש ʞʝʨʛʽʣʽʢʪʽ ᴅʩʝʨʽ ʘʨץʳʣʳ ʙײʡʳʤʜʘʨʜʳ 

 ʧʽʩʽʨʽʣʫʽ ʥʝʤʝʩʝ שʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳסʘʣʳʧʪʘʩʪʳʨʫץ ʘʙʘʪʪʘʧץ

ʢʝʡʽʥʥʝʥ ʢʨʠʩʪʘʣʜʘʥʫʤʝʥ ʪʦʣʳץ ʙʘʣץʳʪʫ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ᴅʜʽʩʪʝʨ ʘʵʨʦסʘʨʳʰ, 

ʤʘʰʠʥʘ ʞʘʩʘʫ ʞᴅʥʝ ʤʝʜʠʮʠʥʘ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʜʳ, ʘʣʘʡʜʘ ʩʦסשʳ 

ʞʳʣʜʘʨʳ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʝʛʽ ʞᴅʥʝ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʜʘסʳ ʤʝʪʘʣʣ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʜʘʡʳʥʜʘʫ װʰʽʥ ײץʨʳʣʳʩ ʩʘʣʘʩʳʥʘ ʙʝʣʩʝʥʜʽ ʝʥʛʽʟʽʣʫʽ ʙʘʡץʘʣʘʜʳ. 

ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, SLS/SLM ײץʨʳʣʳʩ ץʘץשʘʣʘʨʳʥʳש ʙʝʨʽʢ, 

ʢʦʨʨʦʟʠʷסʘ ʪᴇʟʽʤʜʽ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʜᴅʣ ʪʦʨʘʧʪʳץ ʵʣʝʤʝʥʪʪʝʨʽʥ, ʙʽʨʽʢʪʽʨʫ 

ʙᴇʣʰʝʢʪʝʨʽʥ ʞᴅʥʝ ʞʝʢʝʣʝʥʜʽʨʽʣʛʝʥ ʙʝʢʽʪʫ ʞװʡʝʣʝʨʽʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʩʦʥʜʘʡ-ʘץ ʞʦʙʘʣʘʨʜʳש ʩᴅʫʣʝʪ-ʢʦʥʩʪʨʫʢʪʦʨʣʳץ ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʢʝשʝʡʪʝʜʽ [14]. 

ʄʝʪʘʣʣ ײʥʪʘסʳʥ ʩʝʣʝʢʪʠʚʪʽ ʣʘʟʝʨʣʽʢ ʞʝʥʪʝʢʪʝʫ (SLS) ʧʨʦʮʝʩʽ ʩʫʨʝʪ 3 

ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

ʉʫʨʝʪ 1.3 ï ʄʝʪʘʣʣ ײʥʪʘסʳʥ ʩʝʣʝʢʪʠʚʪʽ ʣʘʟʝʨʣʽʢ ʞʝʥʪʝʢʪʝʫ (SLS) ʧʨʦʮʝʩʽ 

 

ɹʘʡʣʘʥʳʩʪʳʨסʳʰʪʳ ʙװʨʢʫ ᴅʜʽʩʽ (Binder Jetting) 

ɹײʣ ᴅʜʽʩ ײʥʪʘץ ʤʘʪʝʨʠʘʣסʘ (ʛʠʧʩ, ײץʤ, ʤʝʪʘʣʣ) ʩײʡʳץ ʙʘʡʣʘʥʳʩʪʳʨסʳʰʪʳ 

 .ʘʣʳʧʪʘʩʘʜʳץ ʨʳʣʳʤײץ ʘʪʪʳץ ʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝסʫסʘʙʘʪ ʞʘץ-ʘʙʘʪץ

ʇʨʦʮʝʩʩ ץʘʙʘʪʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʞʦסʘʨʳ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʞᴅʥʝ ʽʨʽ 
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ʢᴇʣʝʤʜʽ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ײפʨʳʣʳʩ 

ʩʘʣʘʩʳʥʜʘ ʪʝʭʥʦʣʦʛʠʷ ײץʶ ץʘʣʳʧʪʘʨʳʥ ʞᴅʥʝ ᴇʟʝʢʪʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʢװʨʜʝʣʽ 

ʛʝʦʤʝʪʨʠʷʥʳש ʩᴅʫʣʝʪʪʽʢ ʞᴅʥʝ ʩᴅʥʜʽʢ ʵʣʝʤʝʥʪʪʝʨʽʥ ʜʘʡʳʥʜʘʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ᴄʜʽʩʪʽש ʤʘשʳʟʜʳ ʘʨʪʳץʰʳʣʳסʳ ץʦʣʜʘʥʳʣʘʪʳʥ ײʥʪʘץ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʢʝש ʚʘʨʠʘʪʠʚʪʽʣʽʛʽ ʞᴅʥʝ ʧʨʦʮʝʩʪʽ ʤʘʩʰʪʘʙʪʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ [15]. ɹײʡʳʤʜʳ ʘסʳʥʜʳ ʙʘʡʣʘʥʳʩʪʳʨʫ ᴅʜʽʩʽʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʧʨʦʮʝʩʽ 

(Binder Jetting) ʧʨʦʮʝʩʩʽ ʩʫʨʝʪ 1.4 ʢᴇʨʩʝʪʽʣʛʝʥ.  

 

 
 

ʉʫʨʝʪ 1.4 ï ɹײʡʳʤʜʳ ʘסʳʥʜʳ ʙʘʡʣʘʥʳʩʪʳʨʫ ᴅʜʽʩʽʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʫ 

ʧʨʦʮʝʩʽ (Binder Jetting) 

 

ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ ʠ ʧʦʨʪʘʣʴʥʳʝ ʩʠʩʪʝʤʳ (Robotic Arm and 

Gantry Systems). 

ɸʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩʪʘ ʨʦʙʦʪʪʘʣסʘʥ ʤʘʥʠʧʫʣʷʪʦʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʤʘʪʝʨʠʘʣʜʳ ʙʝʨʫ ʪʨʘʝʢʪʦʨʠʷʩʳʥʳש ʞʦסʘʨʳ ʜᴅʣʜʽʛʽʥ ʞᴅʥʝ ʢװʨʜʝʣʽ ʢʝשʽʩʪʽʢʪʽʢ 

ʛʝʦʤʝʪʨʠʷʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʢʝʟʽʥʜʝ ʠʢʝʤʜʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʄײʥʜʘʡ 

ʞװʡʝʣʝʨ ʢᴇʙʽʥʝʩʝ ʵʢʩʪʨʫʟʠʦʥʜʳ ʰװʤʝʢʪʝʨʤʝʥ ʙʽʨʽʢʪʽʨʽʣʝʜʽ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʵʣʝʤʝʥʪʪʝʨʽʥ ʪʽʢʝʣʝʡ ײץʨʳʣʳʩ ʘʣʘשʳʥʜʘ ʪײʨסʳʟʫ ʢʝʟʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ, ʙײʣ 

ʧʨʦʮʝʩʪʽ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨסʘ ʙʝʡʽʤʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [15]. 

ʇʦʨʪʘʣʜʳץ ʞװʡʝʣʝʨ ʙʘʩʧʘ ʙʘʩʪʘʨʳʥʳװ שʰ ʢʦʦʨʜʠʥʘʪʪʳץ ʙʘסʳʪʪʘ 

 ʨʳʣʳʤʤʝʥײץ ץʤʝʭʘʥʠʢʘʣʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʧʦʨʪʘʣʜʳץ ʘʣʫʳʥסʦʟץ

ʞʘʙʜʳץʪʘʣסʘʥ ʽʨʽ ʢᴇʣʝʤʜʽ 3D-ʧʨʠʥʪʝʨʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʞװʡʝʣʝʨ ʙʽʨ 

 ʘʥʜʘ, ʽʨʽסʦʩʘ ʘʣץ ʘʣʘʨʜʳ ʞᴅʥʝ ʢᴇʪʝʨʛʽʰ ʵʣʝʤʝʥʪʪʝʨʜʽץʘʣץ ,ʠʤʘʨʘʪʪʘʨʜʳס ʘʙʘʪʪʳץ

 ʝʜᴅʫʽʨ ץʰʳʣʳץʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʅʝʛʽʟʛʽ ʘʨʪʳװʘ ʤסʨʳʣʳʩ ʦʙʲʝʢʪʽʣʝʨʽʥ ʩʘʣʫײץ

 ʪʳ ʜᴅʣʜʽʛʽץʨʘײʪ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ ʘʙʘʪʪʘʨʜʳץ ʘʤʪʫ ʞᴅʥʝץ ʜʘʨʳʥשʨʳʣʳʩ ʘʣʘײץ

ʞʘסʜʘʡʳʥʜʘ װʣʢʝʥ ײʟʳʥʜʳץʪʘסʳ ʞʦʙʘʣʘʨʜʳ ʽʩʢʝ ʘʩʳʨʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 ʠʤʘʨʘʪʪʘʨ ʩʘʥʳס ʘʥסʳʣʳ ʩʘʣʳʥץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨײפ

ʙʦʡʳʥʰʘ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ פʳʪʘʡ ʘʣʜʳסשʳ ʦʨʳʥʜʘ [16]. 

ʂᴇʨʥʝʢʽ ʤʳʩʘʣʜʘʨʜʳש ʙʽʨʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ 1,5 ʘʡʜʘ ʦʨʳʥʜʘʣסʘʥ ʘʫʜʘʥʳ 4000 ʤ ʘʩʪʘʤ Į 

ʪײʨסʳʥ װʡ ײץʨʳʣʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʦʙʘʥʳ ץʳʪʘʡʣʳץ Hua Shang Tengda 

ʢʦʤʧʘʥʠʷʩʳ ʽʩʢʝ ʘʩʳʨʜʳ, ʦʣ ʽʨʽ ʛʘʙʘʨʠʪʪʽ ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʣʝʨʽ ʤʝʥ 
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ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש ʞʝʪʝʢʰʽ ᴅʟʽʨʣʝʫʰʽʣʝʨʽʥʽש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ (1.5-ʩʫʨʝʪ). 

 

  
ʘ ʙ 

  
ʚ ʛ 

  
ʜ ʝ 

ʉʫʨʝʪ 1.5 ï ʘ - Hua Shang Tengda ʪײʨסʳʥ װʡʽ, ʙ - ɼʫʙʘʡʜʘסʳ ʢʝשʩʝ ʢʝʰʝʥʽ, ʚ - 

Apis Cor 3D Printed House (ʈʝʩʝʡ/ɼʫʙʘʡ, ʜʝʤʦʥʩʪʨʘʮʠʷʣʳװ ץʡ), ʛ - Heydar Aliyev 

Center, Baku, ʜ - Tecla 3D Printed House (ʀʪʘʣʠʷ, WASP) + Mario Cucinella 

Architects), e - MX3D Bridge Pavilion/3D printed pavilion (ʠʥʥʦʚʘʮʠʷʣʳץ 

ʧʘʚʠʣʴʦʥʜʘʨ, ɽʫʨʦʧʘ) 

 

ɽʫʨʦʧʘʜʘ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʪʦʣʳץ 

ʪײʨסʳʟʳʣסʘʥ ʘʣסʘʰץʳ ʪײʨסʳʥ װʡ 2017 ʞʳʣʳ ʗʨʦʩʣʘʚʣʴ ץʘʣʘʩʳʥʜʘ ʩʘʣʳʥʜʳ (ʭ-

ʩʫʨʝʪ). ײפʨʳʣʳʩ ʧʨʠʥʪʝʨʣʝʨʽʥ ץʦʣʜʘʥʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ץʘʙʘʪʪʘʧ 

 ʳʥʳʥסʘ ʞᴅʥʝ ʤʘʪʝʨʠʘʣ ʰʳסʘʨʪʫץʳʩץ ʨʳʣʳʩ ʤʝʨʟʽʤʽʥײץ ʘʣʳʧʪʘʩʪʳʨʫ ʝʩʝʙʽʥʝʥץ

ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ.3D Printhuset (ʂʦʧʝʥʛʘʛʝʥ, ɼʘʥʠʷ) ʢʦʤʧʘʥʠʷʩʳ (6-
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ʩʫʨʝʪ, ʘ) çʉʧʝʮʘʚʠʘè ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽʥʜʝ ʙʘʩʳʣסʘʥ ʘʫʜʘʥʳ 50 ʤĮ ʢʝשʩʝ 

 .ʞʦʙʘʩʳʥ ʽʩʢʝ ʘʩʳʨʜʳ שʠʤʘʨʘʪʳʥʳס

Apis Cor ʢʦʤʧʘʥʠʷʩʳ (ʀʨʢʫʪʩʢ ץ.) ʄᴅʩʢʝʫ ʦʙʣʳʩʳʥʳש ʉʪʫʧʠʥʦ ץʘʣʘʩʳʥʜʘ 

ʘʫʜʘʥʳ 32 ʤĮ ʙʽʨ ץʘʙʘʪʪʳ ʪײʨסʳʥ װʡʜʽ ʙʘʩʳʧ ʰʳסʘʨʜʳ (ʉʫʨʝʪ 1.6, ʙ). 

ʊʝʭʥʦʣʦʛʠʷʥʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ - ײץʨʳʣʳʩ ʘʣʘשʳʥʜʘ ʙʘʩʳʧ ʰʳסʘʨʫʜʳ 

 .ʳסʳʨʣʳץʪײ שʪʘʨʜʳץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʞʘʙʜʳץ

ʈʝʩʝʡʣʽʢ ʠʥʞʝʥʝʨʣʝʨ ʧʦʨʪʘʣʜʳ ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽʥ ʞʘʩʘʧ ʰʳסʘʨʜʳ 

ʞᴅʥʝ ʦʥʳש ʢᴇʤʝʛʽʤʝʥ ʄʠʥʥʝʩʦʪʘ ʰʪʘʪʳʥʜʘסʳ ʜʝʤʦʥʩʪʨʘʮʠʷʣʳײץ ץʣʳʧʪʳ ץʦʩʘ 

ʘʣסʘʥʜʘ, ʙʽʨץʘʪʘʨ ʩᴅʫʣʝʪ ʥʳʩʘʥʜʘʨʳʥ ʩʘʣʜʳ (ʉʫʨʝʪ 1.6, ʚ). 

ɸʣʴʢʦʙʝʥʜʘʩ ץʘʣʘʩʳʥʜʘ (ʄʘʜʨʠʜ ʧʨʦʚʠʥʮʠʷʩʳ, ʀʩʧʘʥʠʷ) (6-ʩʫʨʝʪ, ʛ) 3D-

ʧʨʠʥʪʝʨʜʝ ʘʨʥʘʡʳ ʙʝʪʦʥ ʢʦʤʧʦʟʠʮʠʷʩʳʥʘʥ ʙʘʩʳʣסʘʥ ᴅʣʝʤʜʝʛʽ ʘʣסʘʰץʳ ʞʘʷʫ 

ʞװʨʛʽʥʰʽʣʝʨ ʢᴇʧʽʨʽ ʩʘʣʳʥʜʳ. ױʟʳʥʜʳסʳ ʰʘʤʘʤʝʥ 12 ʤ ʞᴅʥʝ ʝʥʽ 2 ʤ 

ʢʦʥʩʪʨʫʢʮʠʷʩʳ ץʘʙʘʪʪʳ ʙʘʣץʳʪʫ ᴅʜʽʩʽʤʝʥ ץʘʣʳʧʪʘʩʪʳʨʳʣסʘʥ ʩʝʛʽʟ ʩʝʢʮʠʷʜʘʥ 

ʪײʨʘʜʳ.  

 

  
ʘ ʙ 

  
ʚ ʛ 

 

ʉʫʨʝʪ 1.6  - ײפʨʳʣʳʩʪʘ 3D-ʙʘʩʳʧ ʰʳסʘʨʫʜʳ ץʦʣʜʘʥʫ ʤʳʩʘʣʜʘʨʳ: ʘ ï ʢʝשʩʝ 

 - ʡ (Apis Cor, ʈʝʩʝʡ); ʚװ ʳʥסʨײʠʤʘʨʘʪʳ (3D Printhuset, ɼʘʥʠʷ);ʙ - ʪס

ʜʝʤʦʥʩʪʨʘʮʠʷʣʳײץ ץʣʳʧ (ɸ. ʈʫʜʝʥʢʦ, ɸפʐ); ʛ - ʞʘʷʫ ʞװʨʛʽʥʰʽʣʝʨ ʢᴇʧʽʨʽ 

(IAAC, ʀʩʧʘʥʠʷ). 

 

[17] ʞײʤʳʩʪʘ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ (ɸʇ) ʥʘʨʳסʳ ʪʘʨ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞʳʣʜʘʤ ʧʨʦʪʦʪʠʧʪʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘʥ ʞʘʧʧʘʡ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʢʝ 

ʢᴇʰʝʪʽʥʽʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ. ʆʥʜʘ 3D-ʙʘʩʳʣʳʤʥʳץ שʘʣʳʧʪʘʩʳʧ ʢʝʣʝ ʞʘʪץʘʥ 
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ʣʘʥʜʰʘʬʪʳ, ᴅʩʽʨʝʩʝ ɻʝʨʤʘʥʠʷ ʤʝʥ ʙʘʩץʘ ʜʘ ʝʣʜʝʨʜʝ ʥʘʨʳץʪʳש ʥʝʛʽʟʛʽ װʨʜʽʩʪʝʨʽ 

ʤʝʥ ʜʠʥʘʤʠʢʘʩʳ ʢᴇʨʩʝʪʽʣʝʜʽ. 

ɹʘסʘʣʘʫ 3D-ʙʘʩʧʘʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʨʝʚʦʣʶʮʠʷʣʳץ ᴅʣʝʫʝʪʽʥʝ ץʘʨʘʤʘʩʪʘʥ, 

 ʳʤʳ ʤʝʥ ʩʘʣʘʣʘʨʳץʘʫ שᴇʟʛʝʨʽʩʪʝʨʜʽ ץʳ ʨʝʚʦʣʶʮʠʷʣʳסʘʟʽʨʛʽ ʧʨʘʢʪʠʢʘʣʘʨʜʘץ

ʢװʨʜʝʣʽ ʙʦʣʳʧ ץʘʣʘʪʳʥʳʥ ʞᴅʥʝ ʪʦʣʳץ ʪװʩʽʥʫ װʰʽʥ ʦʜʘʥ ᴅʨʽ ʟʝʨʜʝʣʝʫʜʽ ʪʘʣʘʧ 

ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾײʤʳʩʪʘ  [18] COVID-19 ʧʘʥʜʝʤʠʷʩʳʥʘʥ ʪʫʳʥʜʘסʘʥ 

ʽʨʢʽʣʽʩʪʝʨ ʬʦʥʳʥʜʘ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ (ɸʇ) ʩʘʣʘʩʳʥʜʘסʳ ʘסʳʤʜʘסʳ װʨʜʽʩʪʝʨ 

 ʘ ʥʦʨʤʘʩʳ ʨʝʪʽʥʜʝ ʘʪʘʧשʞʘ שᴅʣʝʫʝʪʽ ᴇʥʜʽʨʽʩʪʽ שʘʨʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʦʥʳץ

ʢᴇʨʩʝʪʽʣʝʜʽ. 

ʆʜʥʘʢʦ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʜʣʝʞʘʱʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ 3D-ʧʝʯʘʪʠ. ʆʙʟʦʨ ʦʭʚʘʪʳʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ɸʇ ʢʘʢ ʚ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ, ʪʘʢ ʠ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ, 

ʜʝʤʦʥʩʪʨʠʨʫʷ ʨʘʩʪʫʱʠʡ ʠʥʪʝʨʝʩ ʠ ʜʦʩʪʠʞʝʥʠʷ ʥʘ ʨʳʥʢʝ ɸʇ [13]. 

[19], [20], [21], [22], [23], [24], [25], [26] ʝשʙʝʢʪʝʨʽʥʜʝ ʙʝʪʦʥʤʝʥ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫסʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ 

ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʘʨʪʳʧ ʢʝʣʝ ʞʘʪץʘʥʳ ʘʪʘʧ ᴇʪʽʣʝʜʽ, ʘʣʘʡʜʘ ʦʥʳ 

ʢʝשʽʥʝʥ ʝʥʛʽʟʫʛʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʪʽʥ ʰʝʰʽʣʤʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʘʨ ʝʢʝʥʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʢʝש ʢᴇʣʝʤʜʝ ʝʥʛʽʟʫ 

ʞʦʣʳʥʜʘ ᴅʣʽ ʜʝ ʰʝʰʽʤʽʥ ʪʘʧʧʘסʘʥ ʧʨʦʙʣʝʤʘʣʘʨ ʙʘʨ ʝʢʝʥʽ ʘʡʪʳʣסʘʥ. ɸʪʘʧ 

ʘʡʪץʘʥʜʘ, סʠʤʘʨʘʪʪʘʨʜʳש ʞʘʙʳʥʜʘʨʳ ʤʝʥ ʘʨʘʣʳץ ץʘʙʘʪʪʘʨʳʥʳש ʢᴇʣʜʝʥʝש 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʙʘʩʳʧ ʰʳסʘʨʫ, 3D-ʧʨʠʥʪʝʨʜʝ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʢᴇʪʝʨʛʽʰ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ ʘʨʤʠʨʣʝʫ ʤᴅʩʝʣʝʣʝʨʽ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʚʪʦʨʣʘʨʜʳש ʧʽʢʽʨʽʥʰʝ, ʙʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨʜʝ ʦʩʳ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ 

ʙʘʩʳʤʜʳץ ʙʝʨʽʣʫʽ ʪʠʽʩ, ʩʦʥʜʘʡ-ʘץ ʙʝʪʦʥʜʳ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ װʰʽʥ ʞʘשʘ 

 .ʘʞʝʪץ ʘʩʪʳʨʳʣʫʳסʤʳʩʪʘʨ ʞʘʣײʳ ʞסʳʪʳʥʜʘסʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʙʘײץ

 

 ʽʰʽʥʜʝ ʘʜʜʠʪʠʚʪʽ שʰʽʥ, ʦʥʳװ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ᴇʥʜʽʨʫװʪ ץʩʘױ 1.2

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʙʦʡʳʥʰʘ ᴅʣʝʤʜʽʢ ʞᴅʥʝ ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝ. 

 

ʎʠʬʨʣʳײץ ץʨʳʣʳʩ ʧʝʥ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʜʘʤʫʳʤʝʥ ʢװʣ-ץʦʞ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʙʝʪʦʥʥʳ3 שD-ʙʘʩʳʣʳʤʳʥʜʘ ץʦʣʜʘʥʫסʘ ץʳʟʳסʫʰʳʣʳץ ʘʨʪʘʜʳ, 

ʤײʥʜʘ ʦʣʘʨʜʳץ שʦʩʧʘʥʳש ʨʝʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ, ץʘʪʘʡסʘʥ ʙʝʪʦʥʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ʥʝʛʽʟʛʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. ײפʨʳʣʳʩʪʳץ שʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʦʩʳʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ʙʽʨʽ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʳש ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ 

ʧʣʘʩʪʠʢʘʣʳץ ʞᴅʥʝ ʧʽʰʽʥ ʪʝשʛʝʨʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙײʣ ʦʥʳ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ 

 ʘʡʪʘʣʘʤʘ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝץ (פפʂ) ʪʘʨʳʥץʘʣʜʳץ ʦʞץ-ʣװʪʘʡʣʳ ʝʪʝʜʽ. ʂשʰʽʥ ʦװ

ʧʘʡʜʘʣʘʥʫ ʙʝʪʦʥʥʳש ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʦʨʥʳץʪʳ 

ʧʨʘʢʪʠʢʘʣʘʨʜʳ ʙʽʨ ʤʝʟʛʽʣʜʝ ʜʘʤʳʪʫ װʰʽʥ ʦʣʘʨʜʳש ᴅʣʝʫʝʪʽʥʽש ʘʨץʘʩʳʥʜʘ ᴇʟʝʢʪʽ. 

ɿʝʨʪʪʝʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʝʪʦʥʥʳש ʜᴅʩʪװʨʣʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʂס-פפʘ ʘʫʳʩʪʳʨʫ 

ʩʘʧʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ץʘʣʜʳץʩʳʟ ᴇʥʜʽʨʽʩʪʽ ʜʘʤʳʪʫסʘ ʳץʧʘʣ 

ʝʪʝʜʽ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʞʦסʘʨʳ 
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ʪʝʭʥʦʣʦʛʠʷʣʳץ ᴇʥʜʽʨʽʩ ʧʝʥ ʩʘʥʘʣʳ ʪײʪʳʥʫʜʳ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʝ ʦʪʳʨʳʧ, 

ʞʝʣʽʣʽʢ ʵʢʦʥʦʤʠʢʘʜʘʥ ʪײʡʳץ ʮʠʢʣʜʽ ʵʢʦʥʦʤʠʢʘסʘ ᴇʪʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ [27]. 

[28] ʞײʤʳʩʳʥʜʘ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘסʳ ײʩʘץʪʘʣסʘʥ ײץʤʥʳש ʦʨʥʳʥʘ ʢװʣ 

 ʘ ʜʝʡʽʥס- ʨʘʤʳ 60%ײץ שʣ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳװʣʜʽ ʧʘʡʜʘʣʘʥʫ ʢװʰʧʘ ʢײ ʳ ʤʝʥסʘʣʜʳץ

ʙʦʣסʘʥʜʘ ץʦʩʧʘʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ 

ʢᴇʨʩʝʪʽʣʜʽ ץײʩʘʩ ʥᴅʪʠʞʝʣʝʨ [29]  ײץʤʜʳ ʪʘʩ ʢᴇʤʽʨʜʽש ʢװʣ ץʦץʳʩʳʤʝʥ ʘʫʳʩʪʳʨʫסʘ 

ʘʨʥʘʣסʘʥ ʟʝʨʪʪʝʫʜʝ ʘʣʳʥʜʳ, ʤײʥʜʘ 20% -ʜʘʥ 100% -סʘ ʜʝʡʽʥ ʘʫʳʩʪʳʨʫ ʢʝʟʽʥʜʝ 

ʙʘץʳʣʘʫ ץʦʩʧʘʣʘʨʳʥʳש ʙʝʨʽʢʪʽʛʽ ʝʣʝʫʣʽ ʪװʨʜʝ ᴇʟʛʝʨʤʝʛʝʥʽ ʥʝʤʝʩʝ ʝʨʪʝ ʞʘʩʪʘ 

ʪᴇʤʝʥʜʝʛʝʥʽ, ʙʽʨʘ90 ץ ʢװʥʥʝʥ ʢʝʡʽʥ ʙʘץʳʣʘʫʤʝʥ ʩʘʣʳʩʪʳʨʳʣסʘʥʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾײʤʳʩʪʘ [30] ʙʝʪʦʥʜʘסʳ ץʦʩʳʤʰʘ ʪײʪץʳʨ ʞᴅʥʝ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʰʘש ʪᴅʨʽʟʜʽ 

ʢװʣʜʽ ʧʘʡʜʘʣʘʥʫ ʟʝʨʜʝʣʝʥʝʜʽ. ʆʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘסʘ, ʨʝʦʣʦʛʠʷʣʳץ, 

ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ײʟʘץ ʤʝʨʟʽʤʜʽ ץʘʩʠʝʪʪʝʨʛʝ, ʩʦʥʜʘʡ-ʘץ ʵʢʦʣʦʛʠʷʣʳץ 

ʘʩʧʝʢʪʽʣʝʨʛʝ ᴅʩʝʨʽ ץʘʨʘʣʘʜʳ. ʂװʣʜʽ ץʦʩʫ ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ 

 ʘʡʪʘץ ʘסʳʰʪʘʨסʣʜʽ ʞʘʩʘʥʜʳ ʪʦʣʪʳʨװʰʧʘ ʢײ ʩʘʨʪʘʪʳʥʳ, ʘʣץʤʝʨʟʽʤʽʥ ʞʘ ץʟʘײ

ᴇשʜʝʫ ץʘʣʜʳץʪʘʨʜʳ ʪʠʽʤʜʽ ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʳ ʩʘץʪʘʫסʘ ʳץʧʘʣ 

ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. פʘʣʜʳץʪʘʨʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ʞʦʙʘʣʘʫ ʝʨʢʽʥʜʽʛʽ ʩʠʷץʪʳ 

ʘʨʪʳץʰʳʣʳץʪʘʨסʘ ץʘʨʘʤʘʩʪʘʥ, ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʤʝʥ, ʘʥʠʟʦʪʨʦʧʠʷʤʝʥ 

ʧʨʦʙʣʝʤʘʣʘʨ ʙʘʨ [31].  3D ʙʘʩʳʧ ʰʳסʘʨʫʜʳ ʦʜʘʥ ᴅʨʽ ʜʘʤʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ, 

ʞʘשʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʞʘץʩʘʨʪʫסʘ ʞᴅʥʝ ʩʪʘʥʜʘʨʪʪʘʨʜʳ ʙʝʡʽʤʜʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ 

[32]. 

ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ (ɸʇ) ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʩʳ ʞᴅʥʝ ʞʘץʩʘʨʪʳʣסʘʥ 

ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʘʨ ʙײʡʳʤʜʘʨʜʳ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʘʣʘʡʜʘ 

 ʘʨʫסʪʳ ʙʘʩʳʧ ʰʳץʳ, ʢᴇʧ ʤᴇʣʰʝʨʜʝʛʽ ʢᴇʟʜʝʨ ʩʠʷסʜʳשʘʣʳץ שʘʙʘʪʪʳץ

ʧʘʨʘʤʝʪʨʣʝʨʽ ʙײʡʳʤʜʘʨʜʳש ʩʦסשʳ ʩʘʧʘʩʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [33]. 

 ʘʨʫסʜᴅʣʜʽʛʽʥ ʞᴅʥʝ ʙʘʩʳʧ ʰʳ שʳ ʙʝʨʽʢʪʽʢʪʽ, ʛʝʦʤʝʪʨʠʷʥʳסʜʳשʘʣʳץ שʘʙʘʪʪʳפ

ʫʘץʳʪʳʥ ʘʥʳץʪʘʡʪʳʥ ʝש ʤʘשʳʟʜʳ ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [34]. 

ɸʪʘʧ ʘʡʪץʘʥʜʘ [35] ʩʳʥʘʧʪʳ ʠʥʪʨʫʟʠʷʣʳץ ʧʦʨʦʤʝʪʨʠʷ (MIP) ʞᴅʥʝ ʨʝʥʪʛʝʥʜʽʢ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʪʦʤʦʛʨʘʬʠʷ (ʂʊ, SEM) ʢᴇʤʝʛʽʤʝʥ 3D ʙʘʩʧʘ ʙʝʪʦʥʳʥʜʘסʳ 

 ʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥסʪʘʨʘʣʫʳʥ ʪʘʣʜʘʧ, ʙʘʩʳʧ ʰʳ שʪʘʨʜʳץʷʰʳײ

ʤʘʢʨʦʧʦʨʣʘʨ ʤʝʥ ץʫʳʩʪʘʨ ʙʘʩʧʘ ʙʘʩʳ ץʦʟסʘʣʳʩʳʥʳש ʧʘʨʘʤʝʪʨʣʝʨʽʤʝʥ ʞᴅʥʝ 

ʳʣסʘʣʜʳש ʞʦסʘʣʫ ʞʳʣʜʘʤʜʳסʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʝʢʝʥʽʥ ʘʥʳץʪʘʜʳ. ɹײʣ 

ʬʘʢʪʦʨʣʘʨ, ᴅʩiʨʝʩʝ ץʘʙʘʪʘʨʘʣʳץ ץʦʩʳʣʫ ʢʝʟiʥʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨiʢʪiʢʢʝ ʪʝʨiʩ 

ᴅʩʝʨ ʝʪʝʜi. 

ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʮʝʤʝʥʪʪʽ ʦʩʳ ʤʘʪʝʨʠʘʣʜʘʨʤʝʥ ʽʰʽʥʘʨʘ ʘʫʳʩʪʳʨʫ 

ʙʝʪʦʥʥʳש ʩʳʨʪץʳ ᴅʩʝʨʣʝʨʛʝ, ʩʦʥʳש ʽʰʽʥʜʝ ʭʣʦʨʠʜʪʝʨʜʽש ʢʽʨʫʽʥʝ ʞᴅʥʝ ʩʫʜʳש 

ʘʙʨʘʟʠʚʪʽʢ ᴅʩʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʘʜʳ, ʙײʣ ʘץʳʨ ʩʦשʳʥʜʘ ʦʥʳש ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʘʜʳ [36] , ʵʢʦʣʦʛʠʷʣʳץ ʪʠʽʤʜʽʣʽʢ ʪײʨסʳʩʳʥʘʥ ʜʘ. ɹײʣ ᴇʥʝʨʢᴅʩiʧʪiʢ ʞʘʥʘʤʘ 

ᴇʥiʤʜʝʨ ʙʝʪʦʥʥʳש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ, ʦʥʳ 

ᴇʥʜiʨʫʜiש ᴇʟiʥʜiʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞᴅʥʝ ʦʨʥʳץʪʳ ײץʨʳʣʳʩʪʳש ʜʘʤʫʳʥʘ ʳץʧʘʣ 

ʝʪʫʛʝ ץʘʙiʣʝʪʪi. ɹʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʘ ʢװʣ ʤʝʥ ʰʣʘʢʪʳ ץʦʩʫ ʩʳסʫסʘ ʞᴅʥʝ ʠʽʣʫʛʝ 

ʙʝʨʽʢʪʽʢʪʽ ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. 

ʂװʣ-ײʥʪʘץ ʧʝʥ ʜʦʤʝʥʜʽ ץʦʞ ץʦʩʳʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ʭʠʤʠʷʣʳץ 

ʘʛʨʝʩʩʠʷסʘ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʢװʢʽʨʪ ץʳʰץʳʣʳʥʳש ᴅʩʝʨʽʥʝ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʢʧʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʜʘ ʧʘʡʜʘʣʘʥʳʣʘʪʳʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ װʰʽʥ 
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ʝʨʝʢʰʝ ʤʘשʳʟʜʳ. ɹײʣ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʜʦʤʝʥʜʽʢ ʰʣʘʢʪʳ (GGBFS) ʞᴅʥʝ 

 ʦʣץ ʳʣʳץʦʣʜʘʥʫ ʘʨץ ʣʜʽ ʙʽʨʛʝװʘ ʪᴇʟʽʤʜʽ ʙʝʪʦʥʜʳ ʘʨʪʪʳʨʘʪʳʥ ʢסʳʣץʳhץ

ʞʝʪʢʽʟʽʣʝʜʽ [28], [36]. פʘʟʘץʩʪʘʥʜʘ ץʘʪʪʳ ʦʪʳʥʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 32 ʞʳʣʫ ʵʣʝʢʪʨ 

ʩʪʘʥʮʠʷʩʳ ʙʘʨ. ʂװʣ ʤʝʥ ʢװʣ-ץʦʞ ץʦʩʧʘʣʘʨʳʥʳש ʞʳʣ ʩʘʡʳʥסʳ ʰʳסʳʤʳ 1985 

ʞʳʣʳ 17 ʤʣʥ ʪʦʥʥʘסʘ ʞʝʪʪʽ, װʡʽʥʜʽʣʝʨʜʝ 180 ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʞʠʥʘץʪʘʣסʘʥ. 

ʂװʣʜʽש ʤʠʥʝʨʘʣʜʳײץ ץʨʘʤʳ ʞʘסʳʣʘʪʳʥ ʦʪʳʥʥʳש ʪװʨʽʤʝʥ, ʦʥʳש 

ʜʠʩʧʝʨʩʠʷʣʳסʳʤʝʥ, ʞʘסʫ ᴅʜʽʩʽʤʝʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʬʘʢʪʦʨʣʘʨʤʝʥ ʘʥʳץʪʘʣʘʜʳ. ᴄʨ 

ʪװʨʣʽ ʢᴇʣʝʤʜʝʛʽ ʩʬʝʨʘʣʳץ ʙᴇʣʰʝʢʪʝʨ ʪװʨʽʥʜʝʛʽ ᴅʡʥʝʢʪʽש ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳ 

ʙʘʨʣʳץ ʟײʣʳʤʜʘʨסʘ ʪᴅʥ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂʚʘʨʮ, ʤʫʣʣʠʪ, ʞʘʥʙʘסʘʥ ʢᴇʤʽʨ 

ʙᴇʣʰʝʢʪʝʨʽ ʜʝ ʪʘʙʳʣסʘʥ. ʂʝʡʙʽʨ ʢװʣʜʝʨʜʝ ʝʨʢʽʥ ʢʘʣʴʮʠʡ ʪʦʪʳסʳʥʳש ʙʦʣʫʳ 

ʘʥʳץʪʘʣʜʳ [37]. 

 ʦʩʧʘʣʘʨʳʥץ ʦʞץ-ʣװʨʳʣʳʩʪʘ ʢײץ ʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳײץ שʪʘʨʜʳץʘʣʜʳפ

ʧʘʡʜʘʣʘʥʫ ʙʦʡʳʥʰʘ ʙʽʨץʘʪʘʨ ʙʘסʳʪʪʘʨ ʘʥʳץʪʘʣʜʳ. ʎʝʤʝʥʪ ᴇʥʜʽʨʽʩʽʥʜʝ ʩʘʟʜʳ 

ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʞᴅʥʝ ʮʝʤʝʥʪʪʽ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ץʦʩʧʘ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

ʂװʣ ʪײʪץʳʨ ʟʘʪʪʘʨסʘ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳץ ץʦʩʧʘʣʘʨסʘ ʩʪʘʥʜʘʨʪʪʘʨʜʘ ʢᴇʟʜʝʣʛʝʥ 

 .ʦʩʧʘʣʘʨ ʥʦʤʝʥʢʣʘʪʫʨʘʩʳʥʘ ʝʥʛʽʟʽʣʛʝʥ [38], [39]ץ

ʂװʡʜʽʨʫ ʞʦʣʳʤʝʥ ʘʣʳʥʘʪʳʥ ʢʽʨʧʽʰ ᴇʥʜʽʨʽʩʽʥʜʝ ʢװʣ ʞᴅʥʝ ʢװʣ-ץʦʞ 

 ʪʘʩʪʘʨʜʳ ץʣ-ʢʝʨʘʤʠʢʘʣʳװʪʘʩʳ ʤʝʥ ʢץʠʳʨʰʳץ ʣװʘ ʪʘʩʪʘʨʳʥ, ʢסʘʙʳʨץ ʦʩʧʘʣʘʨʳץ

ʜʘʡʳʥʜʘʫ װʰʽʥ ʰʠʢʽʟʘʪ ץʦʩʧʘʩʳʥʳש ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʎʝʤʝʥʪ ʧʝʥ ʙʝʪʦʥ ᴇʥʜʽʨʽʩʽʥʜʝ ʢװʣʜʽ ʢᴅʜʝʛʝ ʞʘʨʘʪʫʜʳש ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʩʽ 

ɾʕʆ-ʜʘ ʪʘʩ ʢᴇʤʽʨʜʽ ʞʘסʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ʪᴇʤʝʥ ʢʘʣʴʮʠʡʣʽ (CaO 10% -סʘ 

ʜʝʡʽʥ) ʢװʣʜʽ ʧʘʡʜʘʣʘʥʫʜʳ ʪʘשʜʘʡʜʳ. ɹײʣ ʢװʣ ʞʦסʘʨʳ ʢʘʣʴʮʠʡʛʝ ץʘʨʘסʘʥʜʘ 

ʛʠʜʨʘʚʣʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʘʟ, ʙʽʨʘץ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʙʽʨʢʝʣʢʽ 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʘʩʪʳײץ ץʨʘʤʳʥʘ ʠʝ ʞᴅʥʝ ʘʨʘʣʘʩ ʪײʪץʳʨ ʟʘʪ ʢᴇʣʝʤʽʥʽש ʙʽʨʢʝʣʢʽ 

ᴇʟʛʝʨʫʽʥʝ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʧʝʡʜʽ [40],[41],[42],[43],[44],[45]. 

ɾʦʣ ײץʨʳʣʳʩʳʥʜʘ ʪʦʧʳʨʘץʪʳ ʥʳסʘʡʪʫ ʢʝʟiʥʜʝ ʞʘʥסʳʰ ʪʘץʪʘʪʘʩʪʘʨʜʳ 

ʞʘסʫ ʥᴅʪʠʞʝʩiʥʜʝ ʘʣʳʥʘʪʳʥ ʞʦסʘʨʳ ʢʘʣʴʮʠʡʣi ʢװʣ ʥʝײסʨʣʳʤ ʢʝשiʥʝʥ 

 .ʦʣʜʘʥʳʣʜʳץ

ɾʦסʘʨʳ ʢʘʣʴʮʠʡʣʽ ʟײʣʳʤʜʳץʪʘʨʜʳ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ ʢʘʣʴʮʠʡ ʪʦʪʳסʳʥʳש (CaO 

 - ʦʩʧʘʣʘʨʩʳʟץ ʘʥʜʘʡץʘʨʳ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʦʣʘʨ ʝʰסʘ ʜʝʡʽʥ) ʞʦס- 30%

ʘʢʪʠʚʘʪʦʨʣʘʨʩʳʟ ʜʝʨʙʝʩ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ. 

         ɸʟ ʢʘʣʴʮʠʡʣʽ (ʙʝʣʩʝʥʜʽ ʝʤʝʩ) ʢװʣ ʤʝʥ ʢװʣ-ץʦʞ ץʦʩʧʘʣʘʨʳ ʞʦʣ ײץʨʳʣʳʩʳʥʜʘ 

ʪʘʷʫ ʫʘץʳʪץʘ ʜʝʡʽʥ ʘʩʬʘʣʴʪʙʝʪʦʥʜʘסʳ ʤʠʥʝʨʘʣʜʳ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʥʝʤʝʩʝ 

ʥʝʛʽʟʜʝʨʜʽש ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳʥ ʦʨʥʘʪʫ ʢʝʟʽʥʜʝ ʠʥʝʨʪʪʽ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ 

 ץʛʠʜʨʘʪʘʮʠʷʣʳ שʦʩʧʘʣʘʨʳʥʳץ ʦʞץ-ʣװʣ ʤʝʥ ʢװʣ ʨʝʪʪʝ ʢײʘʥ. ɹסʦʣʜʘʥʳʣץ

 ʦʣʜʘʥʫ ʩʘʣʘʩʳץ ʘʥ. ʆʣʘʨʜʳסʘʥʘ ʧʘʡʜʘʣʘʥʳʣס ʘʙʽʣʝʪʪʽʣʽʛʽ ʽʰʽʥʘʨʘץ ʘץץʘʪʪʳʣʳץ

ʘʡʪʘʨʣʳץʪʘʡ ʢʝשʝʡʜʽ.  

ʆʪʘʥʜʳץ ʟʝʨʪʪʝʫʰʽʣʝʨ ʪᴇʤʝʥ ʢʘʣʴʮʠʡʣʽ ʢװʣʜʝʨ ʤʝʥ ʢװʣ-ץʦʞ 

  \ʢᴇʨʽʥʽʩʽ ʉʘʆ ʥʝʤʝʩʝ ʉʘ (ʆʅ) שʙʝʣʩʝʥʜʽʣʽʛʽʥʽ ץʛʠʜʨʘʚʣʠʢʘʣʳ שʦʩʧʘʣʘʨʳʥʳץ

ʪװʨʽʥʜʝʛʽ ᴅʢ ʝש ʞʘץʩʳ ʘʢʪʠʚʪʝʥʜʽʨʛʽʰ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ. 

ʄʳʩʘʣʳ, ᴅʢʪʽ ʞʦʣ ײץʨʳʣʳʩʳʥʜʘ ʪʦʧʳʨʘץ ʧʝʥ ʢװʣʜʽ ʥʳסʘʡʪʫ װʰʽʥ 

ʧʘʡʜʘʣʘʥʫ ᴇʪʝ ʪʠʽʤʜʽ. 
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ʉʦסשʳ ʞʳʣʜʘʨʳ ʞʦʣ ײץʨʳʣʳʩʳʥʳש ʦʪʘʥʜʳץ ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʢװʣ ʤʝʥ ʢװʣ-ץʦʞ 

 ʨʘʤʳʥʜʘײץ שʘʙʘʪʪʘʨʳʥʳץ ץʨʳʣʳʤʜʳײץ ץʙʘʨʣʳ שʦʩʧʘʣʘʨʳ ʞʦʣʜʘʨʜʳץ

ʧʘʡʜʘʣʘʥʳʣʘʜʳ: 

 ;ʳ ʨʝʪʽʥʜʝסʪʦʧʳʨʘ שʜʝʥʝʩʽʥʝ ʞʝʨ ʪᴇʩʝʤʽʥʽ שʡʽʥʜʽʥʽװ -

- ʞʦסʘʨסʳ ʪװʟʝʪʫ ץʘʙʘʪʳʥʳש ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ; 

- ʥʝʛʽʟʜʝʨʜʽש ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ ʝʤʝʩ ʪײʪץʳʨʣʘʨʤʝʥ 

ʥʳסʘʡʪʳʣסʘʥ ʤʠʥʝʨʘʣʜʳ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ; 

- ʞʘʤʳʣסʳ ײץʨʳʣסʳʩʳʥʘ ʘʨʥʘʣסʘʥ ʮʝʤʝʥʪ-ʙʝʪʦʥʥʳש ʘʩʪʳײץ ץʨʘʤʳ 

ʤʝʥ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʪʳʥ ץʦʩʧʘ ʨʝʪʽʥʜʝ; 

- ʤʠʥʝʨʘʣ ʨʝʪʽʥʜʝ. 

-ץʭʠʤʠʷʣʳ שʦʩʧʘʣʘʨʳʥʳץ ʦʞץ-ʣװʣʜʝʨ ʤʝʥ ʢװʢ שɾʕʆ-ʥʳ ץʩʪʘʥʜʳץʘʟʘפ

ʤʠʥʝʨʘʣʜʳץ ʪʘʣʜʘʫʣʘʨʳʥʳש ʜʝʨʝʢʪʝʨʽ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʢʘʣʴʮʠʡ ʪʦʪʳסʳʥʳש 

ʙʦʩ ʤᴇʣʰʝʨʽʥʽש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ פʘʟʘץʩʪʘʥʜʳץ ɾʕʆ-ʥʳש 

ʟײʣʳʤʜʳסʳʥ ʞʘʥʜʘʥʜʳʨʫ ʞʦʣʜʘʨʳʥʳש ʙʽʨʽ ʉʘʆ ʞᴅʥʝ ʉʘ (ʆ)  ʪװʨʽʥʜʝʛʽ ᴅʢʪʽ ץʦʩʫ 

ʞᴅʥʝ ײץʨʘʤʳʥʜʘ ץʦʩʧʘʣʘʨʳ ʙʘʨ ʘʢʪʠʚʘʪʦʨʣʘʨ ᴅʢʪʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ᴅʩʝʨʽʥʝʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʦʪʪʳץʪʘʨʳʥʜʘ ʢᴇʤʽʨʜʽ 

ʞʘסʫ ʢʝʟʽʥʜʝ ʤʠʥʝʨʘʣʜʳ ʟʘʪʪʳ ʞʘסʫ ʧʨʦʮʝʩʽʥʜʝ ʢװʨʜʝʣʽ ʭʠʤʠʷʣʳץ 

ʨʝʘʢʮʠʷʣʘʨʜʳש ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

 ʨʳʣʳʩײץ ʽʰʽʥʜʝ ʘʜʜʠʪʠʚʪʽ שʰʽʥ, ʦʥʳװ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ᴇʥʜʽʨʫװʪ ץʩʘױ

ʪʝʭʥʦʣʦʛʠʷʩʳ ʢʦʥʪʝʢʩʽʥʜʝ ʢᴇʤʽʨ ʞʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʘʥ ʢװʣ-ץʦʞ 

 ʥʜʘʡ ʪᴅʩʽʣײʤʢʽʥʜʽʢʪʝʨʽʥ ʙʝʣʩʝʥʜʽ ʟʝʨʪʪʝʡʜʽ. ʄװʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʤץʘʣʜʳץ

 ʧʨʦʙʣʝʤʘʣʘʨʜʳ ʰʝʰʫʛʝ ץʘ ʙʘʡʣʘʥʳʩʪʳ ʵʢʦʣʦʛʠʷʣʳסʪʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫץʘʣʜʳץ

 ʧʘʡʜʘʣʘʥʫ שʦʣʜʘʥʳʣʘʪʳʥ ʙʝʪʦʥʥʳץ ʨʳʣʳʩʪʘײץ ץʘʥʘ ʝʤʝʩ, ʩʦʥʜʘʡ-ʘס

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʙʝʪʦʥ 

ᴇʥʜʽʨʽʩʽʥʝ ʳץʧʘʣʜʘʩʪʳʨʫ ʪʠʽʤʜʽ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘʩʘʫ װʰʽʥ ʞʝʨʛʽʣʽʢʪʽ 

ʨʝʩʫʨʩʪʘʨʜʳ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ פʘʟʘץʩʪʘʥʜʘסʳ ʦʨʥʳץʪʳ 

 ʳʩץʦץ-ʣװʘʨʘʩʪʳʨʳʣʘʜʳ. ʂץ ʳʪʳ ʨʝʪʽʥʜʝסʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘ שʨʳʣʳʩʪʳײץ

 ʨʘʤʳ 30% ʄ500ײץ ʪʘʡʣʳשʦ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘײ ʦʣʜʘʥʫʤʝʥץ ʪʘʨʳʥץʘʣʜʳץ

ʤʘʨʢʘʣʳ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽ, 40% ײץʤʜʳ ʞᴅʥʝ 30% ʢװʣ-ץʦץʳʩʪʳ ץʘʤʪʠʜʳ. 

ʄײʥʜʘʡ ץʦʩʧʘ ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʣʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʵʢʩʪʨʫʟʠʷסʘ 

ʞʘʨʘʤʜʳʣʳסʳʥ ʢᴇʨʩʝʪʪʽ, ץʦʟסʘʣסʳʰʪʳסʳ 5,81 ʩʤ ʞᴅʥʝ ʪײʪץʳʥʜʘʫ ʫʘץʳʪʳ 4 ʩʘסʘʪ 

19 ʤʠʥʫʪ [46]. 

ʂװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ, ʤʳʩʘʣʳ, 

ʧʦʣʠʧʨʦʧʠʣʝʥ ʪʘʣʰʳסʳʥ ץʦʩʫ ʘʨץʳʣʳ, ʩʳסʫ ʢʝʟʽʥʜʝ ʙʝʪʦʥʥʳש ʞʘʨʳʣʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ. ɹײʣ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ װʰʽʥ 

 ᴅʣʝʫʝʪʽʥ שʳ ʠʥʥʦʚʘʮʠʷʣʘʨʜʳסʳ ʦʜʘʥ ʘʨסʪʘʡʣʘʥʜʳʨʫ ʩʘʣʘʩʳʥʜʘשʨʘʤʜʳ ʦײץ

ʢᴇʨʩʝʪʝʜʽ [47]. 

ɸʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨסʘ ʙʝʡʽʤʜʝʣʛʝʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ 

 ʦʩʧʘʣʘʨʳ 3D-ʙʘʩʳʧץ ʨʣʽ ʙʝʪʦʥװʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫ ʥʝʛʽʟʛʽ ʤᴅʥʛʝ ʠʝ, ᴇʡʪʢʝʥʽ ʜᴅʩʪײץ

ʰʳסʘʨʫסʘ ʞʘʨʘʤʩʳʟ. ʄײʥʜʘʡ ץʦʩʧʘʣʘʨʜʘ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽʤʝʥ ʰʘסʳʥ ʩᴅʫʣʝʪ ʥʳʩʘʥʜʘʨʳʥ ʞʘʩʘʫסʘ ʳץʧʘʣ ʝʪʝʜʽ ʞᴅʥʝ ײץʨʳʣʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש ʰʠʢʽʟʘʪ ʙʘʟʘʩʳʥ ʢʝשʝʡʪʝʜʽ[48]. 

ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ᴇʥʜʽʨʽʩʽʥʜʝ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ 

 ,ʘʨʳ ʧʝʨʩʧʝʢʪʠʚʘʥʳ ʢᴇʨʩʝʪʝʜʽסʰ-ʞʽʛʝʨʽ ʞʦװʢ שʩʪʘʥʥʳץʘʟʘפ ʦʣʜʘʥʫ ʙʦʡʳʥʰʘץ
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ʘʣʘʡʜʘ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘʫץʳʤסʘ ʢᴇʰʫ ײץʨʘʤʜʳ ʽʨʽʢʪʝʫ ᴅʜʽʩʪʝʤʝʣʝʨʽ ʤʝʥ ץʘʡʪʘ ᴇשʜʝʫ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʦʜʘʥ ᴅʨʽ ʟʝʨʪʪʝʫ ʤʝʥ ʞʝʪʽʣʜʽʨʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. 

 

 ʦʞץ-ʣװʽʰʽʥʜʝ ʢ שʨʘʤʳʥ, ʦʥʳײץ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘױ 1.3

 ʦʣʜʘʥʘ ʦʪʳʨʳʧ ᴅʟʽʨʣʝʫ ʞᴇʥʽʥʜʝʛʽ ᴅʜʽʩʪʝʨʜʽ ʪʘʣʜʘʫץ ʪʘʨʳʥץʘʣʜʳץ

 

 ʨʘʤʳʥ ʝʩʝʧʪʝʫ ᴅʜʽʩʥʘʤʘʩʳʥ ʟʝʨʪʪʝʫײץ ʪʘʡʣʳשʦ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘױ

 ץʥʝʤʜʝʫʛʝ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳװ ʳʥʜʘʨʜʳסʪʠʽʤʜʽʣʽʛʽʥʝ, ʰʳ שʨʳʣʳʩʪʳײץ

ʪײʨʘץʪʳʣʳץץʘ ʝʣʝʫʣʽ ᴅʩʝʨʽʥʽש ʘʨץʘʩʳʥʜʘ סʳʣʳʤʠ ʽʟʜʝʥʽʩʪʝʨʜʽש ʥʝʛʽʟʛʽ 

ʩʘʣʘʣʘʨʳʥʳש ʙʽʨʽʥʝ ʘʡʥʘʣʜʳ. ױʡסʘʨʳʤ ʪᴅʩʽʣʜʝʨʽ ʤʝʥ ʵʤʧʠʨʠʢʘʣʳץ 

ʬʦʨʤʫʣʘʣʘʨסʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥ ʽʨʽʢʪʝʫʜʽש ʜᴅʩʪװʨʣʽ ᴅʜʽʩʪʝʨʽ ʦʥʜʘסʘʥ 

ʞʳʣʜʘʨ ʙʦʡʳ ʜʘʤʳʜʳ, ʙʽʨʘץ ʢᴇʙʽʥʝʩʝ ץʦʩʧʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʤʝʥ ʢᴇʧʪʝʛʝʥ 

ʙᴅʩʝʢʝʣʝʩ ʬʘʢʪʦʨʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʢװʨʜʝʣʽ ʞʝʣʽʣʽʢ ʝʤʝʩ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣʜʳ ʝʩʢʝʨʫ 

 .ʰʽʥ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [49]װ

2000 ʞʳʣʜʘʨʜʳש ʙʘʩʳʥʜʘ ʙʘʩʪʘʣסʘʥ ʤʘʰʠʥʘʣʳץ ʦץʳʪʫ ᴅʜʽʩʪʝʨʽ (ML) ʤʝʥ 

ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ʤʝʪʘʵʚʨʠʩʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʽʥʽש ʠʥʪʝʛʨʘʮʠʷʩʳ ʙʝʪʦʥ 

 ʣײʘʫʳʩʫʳʥʘ ʘʣʳʧ ʢʝʣʜʽ, ʙ שʳ ʧʘʨʘʜʠʛʤʘʥʳסʦʩʧʘʣʘʨʳʥ ʞʦʙʘʣʘʫ ʩʘʣʘʩʳʥʜʘץ

ʩʳסʫסʘ, ʳסשʘʡʣʳ ʦʨʥʘʣʘʩʫסʘ ʞᴅʥʝ ʢᴇʤʽʨʪʝʛʽ ʽʟʽʥʝ ʙʝʨʽʢʪʽʢ ʩʠʷץʪʳ ʙʝʪʦʥʥʳש 

 ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʪʘʡʣʘʥʜʳʨʫשʘ ʞᴅʥʝ ʦסʨʣʳʤ ʜᴅʣ ʙʦʣʞʘʫײסʘʩʠʝʪʪʝʨʽʥ ʥʝץ

[50],[51]. 

ɹʝʪʦʥ ᴇʥʜʽʨʽʩʽ CO  ʞʘᴃʘʥʜʳץ ʰʳסʘʨʳʥʜʳʣʘʨʳʥʳש ʰʘʤʘʤʝʥ 8% -ʳʥ 

 ʪʘʡץʙʝʨʽʢʪʽʢʪʽ ʩʘ ץʨʳʣʳʤʜʳײץ ʪʘʡʣʘʥʜʳʨʫשʨʘʤʳʥ ʦײץ ʦʩʧʘʣʘʨץ ,ʪʘʥץʦʩʘʪʳʥʜʳץ

ʦʪʳʨʳʧ, ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ᴅʩʝʨʜʽ ʘʟʘʡʪʫ װʰʽʥ ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ [52]. ʎʝʤʝʥʪ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥʳץ ,שʦʩʳʤʰʘ ʪײʪץʳʨ ʟʘʪʪʘʨ ʤʝʥ ʥʘʥʦ-ץʦʩʧʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ 

 ʳ ʝʩʝʧʪʝʫ ᴅʜʽʩʪʝʨʽʥסʘʟʽʨʛʽ ʟʘʤʘʥץ ʨʜʝʣʽʣʽʛʽװʘʥ ʢץʘʥʜʘ, ᴇʩʽʧ ʢʝʣʝ ʞʘʪסʦʩʘ ʘʣץ

  .ʘʞʝʪʪʽʣʽʛʽʥ ʦʜʘʥ ᴅʨʽ ʢᴇʨʩʝʪʝʜʽ [54]ץ ʦʣʜʘʥʫץ

 ʦʩʧʘʣʘʨʳʥ ʜᴅʣ ʤʦʜʝʣʴʜʝʫץ ʘʨʘʤʘʩʪʘʥ, ʙʝʪʦʥץ ʘסʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʪʘʙʳʩʪʘʨפ

ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʙʘʡʣʘʥʳʩʪʳ ʢװʨʜʝʣʽ ʧʨʦʙʣʝʤʘʣʘʨ ʙʘʨ, ʙײʣ ʢʽʨʽʩ 

ʘʡʥʳʤʘʣʳʣʘʨʳʥʳש ʞʦסʘʨʳ ᴇʣʰʝʤʜʽʣʽʛʽʥʝ, ʞʝʣʽʣʽʢ ʝʤʝʩ ʰʝʢʪʝʫʣʝʨʛʝ ʞᴅʥʝ 

ʙʝʨʽʢʪʽʢ, ᴇʟʽʥʜʽʢ ײץʥ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪײʨʘץʪʳʣʳץ ʩʠʷץʪʳ ʙʽʨʥʝʰʝ ʤʘץʩʘʪʪʘʨʜʳ 

ʪʝשʝʩʪʽʨʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ [53],[54].  

 ʤʦʜʝʣʴʜʝʨ ʢᴇʙʽʥʝʩʝ ץʞᴅʥʝ ʨʝʛʨʝʩʩʠʷʣʳ ץʳ ʵʤʧʠʨʠʢʘʣʳסʦʣʜʘʥʳʩʪʘפ

ʰʝʢʪʝʫʣʽ ʞʘʣʧʳʣʘʫ ץʘʙʽʣʝʪʽ ʤʝʥ ʪװʩʽʥʜʽʨʽʣʫʽʥʝʥ ʟʘʨʜʘʧ ʰʝʛʝʜʽ, ʘʣ ʪʘʟʘ data-

driven (ʪʝʢ ʜʝʨʝʢʪʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ) ʞʘʩʘʥʜʳ ʠʥʪʝʣʣʝʢʪ ʤʦʜʝʣʴʜʝʨʽ ʢᴇʙʽʥʝʩʝ 

ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ʧʨʠʥʮʠʧʪʝʨʜʽ ʙײʟʘʜʳ ʥʝʤʝʩʝ ʦץʳʪʫ ʽʨʽʢʪʝʤʝʣʝʨʽʥʽש ʝʜᴅʫʽʨ 

ʢᴇʣʝʤʽʥ ʪʘʣʘʧ ʝʪʝʜʽ [55],[56]. 

ʆשʪʘʡʣʘʥʜʳʨʫʜʳש ʥʝײסʨʣʳʤ ʪʠʽʤʜʽ ʘʣʛʦʨʠʪʤʜʝʨʽ ʪʫʨʘʣʳ ʧʽʢʽʨʪʘʣʘʩʪʘʨ 

ʞʘʣסʘʩʫʜʘ: ʛʝʥʝʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨ װʡʽʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ 

ʩʠʷץʪʳ ʩʪʦʭʘʩʪʠʢʘʣʳץ ʤʝʪʘʵʚʨʠʩʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ ʜʝʪʝʨʤʠʥʠʨʣʝʥʛʝʥ ʪᴅʩʽʣʜʝʨʤʝʥ 

ʞᴅʥʝ ʞʝʢʝ ʠʥʪʝʣʣʝʢʪʪʽש ʞʘשʘ ʘʣʛʦʨʠʪʤʜʝʨʽʤʝʥ ʙᴅʩʝʢʝʣʝʩʝʜʽ  [53], [57]. ɹײʜʘʥ 

ʙʘʩץʘ, ʢᴇʤʽʨʪʝʛʽ ʽʟʽ ʩʠʷץʪʳ ʵʢʦʣʦʛʠʷʣʳץ ʤʝʪʨʠʢʪʝʨʜʽ ײץʨʘʤʜʳ ʽʨʽʢʪʝʫ ʧʨʦʮʝʩʽʥʝ 

 ʨʳʣʳʩײץ ʨʣʽװʣ ᴅʨʪײʨʣʽ ʟʝʨʪʪʝʫʣʝʨʜʝ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʜʽ [58], ʙװʦʩʫ ᴅʨʪץ

ʢʦʥʪʝʢʩʪʝʨʽʥʜʝ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞװʡʝʣʝʨʽʥ ʽʩ ʞװʟʽʥʜʝ 

 .ʠʳʥʜʘʪʘʜʳץ ʦʣʜʘʥʫʜʳץ
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ʅʝʡʨʦʥʜʳץ ʞʝʣʽʣʝʨʜʽ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ 

ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʙʦʡʳʥʰʘ ʥʘץʪʳ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ץʦʩʧʘʣʘʨʜʳ 

 ʪʳץʰᴇʛʫʽ ʩʠʷ שʘ ʙʝʨʽʢʪʽʛʽ ʞᴅʥʝ ʢʦʥʫʩʪʳסʫסʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʳװʘ ʤסʘʣʳʧʪʘʩʪʳʨʫץ

ʙʝʪʦʥʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʜᴅʣ ʤʦʜʝʣʴʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹʘסʜʘʨʣʘʤʘʣʳץ ᴅʜʽʩʪʝʨ 

ʝש ʘʟ ʰʳסʳʥʜʘʨ ʢʝʟʽʥʜʝ ʪʘʣʘʧ ʝʪʽʣʝʪʽʥ ץʘʩʠʝʪʪʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʘʨʘץʘʪʳʥʘʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʘ ʦʪʳʨʳʧ, ʙʝʪʦʥʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽ ײץʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. 

Visual Basi ʩʠʷץʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞʦʙʘʣʘʫ ʞװʡʝʣʝʨʽ (CAD) ʞᴅʥʝ 

ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʜʝʨʽ ʩʪʘʥʜʘʨʪʪʘʨʜʳש ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʢʪʽ (ʤʳʩʘʣʳ, SCSNI 

ʞᴅʥʝ ACI) ʞᴅʥʝ ʙʝʨʽʣʛʝʥ ʧʘʡʜʘʣʘʥʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ײץʨʘʤʜʳ 

ʨʝʪʪʝʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳʥ ʽʨʽʢʪʝʫ 

ʧʨʦʮʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ [59]. 

ɹʝʪʦʥʥʳש ʢᴇʧ ʢʦʤʧʦʥʝʥʪʪʽ ײץʨʘʤʜʘʨʳʥ ʞʦʙʘʣʘʫ ʘʣʛʦʨʠʪʤʜʝʨʽ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʣʝʨʽʥ ᴅʟʽʨʣʝʫ ʤʘʪʝʨʠʘʣʜʳש ʙʽʨʪʝʢʪʽ ʞᴅʥʝ ʪʳסʳʟ ײץʨʳʣʳʤʳʥ ʘʣʫʜʳ 

  .ʧʘʣ ʝʪʝʜʽ [60]ץʘ ʳסʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫץ ʧʘʡʜʘʣʘʥʫ שʣ ʦʥʳײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ

 ץʜʘʨʣʘʤʘʣʳסʪʘʡʣʘʥʜʳʨʫ ʢʝʟʽʥʜʝ ʙʘשʨʘʤʜʘʨʳʥ ʦײץ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥװʪ ץʩʘױ

ᴅʜʽʩʪʝʨʜʽש ʝʜᴅʫʽʨ ʘʨʪʳץʰʳʣʳץʪʘʨʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʦʩʳ ʪᴅʩʽʣʜʝʨʜʽש ʰʝʢʪʝʫʣʝʨʽʥ 

ʝʩʢʝʨʫ ץʘʞʝʪ. ʄʦʜʝʣʴʜʝʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨʜʽש ʜᴅʣʜʽʛʽ ʙʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨʜʽש 

ʩʘʧʘʩʳʥʘ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ ʧʨʦʮʝʩʽʥʜʝ ʩʘʣʳʥסʘʥ ʞʦʨʘʤʘʣʜʘʨסʘ ʪʽʢʝʣʝʡ 

ʙʘʡʣʘʥʳʩʪʳ. 

ɹײʜʘʥ ʙʘʩץʘ, ʦʩʳ ᴅʜʽʩʪʝʨʜʽ ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʫ ʙʘסʜʘʨʣʘʤʘʣʳץ 

 שʘʩʠʝʪʪʝʨʽʥ ʜʝ ʪʝʨʝץ ץʭʠʤʠʷʣʳ-ץʬʠʟʠʢʘʣʳ שʨʘʣʜʘʨʜʳ ʜʘ, ʤʘʪʝʨʠʘʣʜʘʨʜʳײץ

ʪװʩʽʥʫʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥ ʞʦʙʘʣʘʫʜʘ ʝש ʞʘץʩʳ 

ʥᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʤʦʜʝʣʜʝʫʜʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʪʝʢʩʝʨʫʤʝʥ װʡʣʝʩʪʽʨʝʪʽʥ ʪʝשʛʝʨʽʤʜʽ ʪᴅʩʽʣʜʽ ʧʘʡʜʘʣʘʥʫ ץʘʞʝʪ. ʊײʪʘʩʪʘʡ ʘʣסʘʥʜʘ, 

ᴅʜʝʙʠʝʪʪʽ ʪʘʣʜʘʫ ʛʠʙʨʠʜʪʽ ʞᴅʥʝ ʪװʩʽʥʽʢʪʽ ʀʀ-ʤʦʜʝʣʴʜʝʨʜʽש ʧʝʨʩʧʝʢʪʠʚʘʣʳʣʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʩʝʥʽʤʜʽ ʜʝʨʝʢʪʝʨ ʞʠʳʥʪʳסʳʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʞʘʥ-ʞʘץʪʳ ʚʘʣʠʜʘʮʠʷʣʘʫʜʳ ʞװʨʛʽʟʫ ץʘʞʝʪʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 

ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 

3D-ʙʘʩʳʧ ʰʳסʘʨʫʜʳ ʙʝʪʦʥʤʝʥ ʝʥʛʽʟʫ ʧʨʦʮʝʩʪʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫסʘ ʞᴅʥʝ 

 ʨʳʣʳʩèײץ ץʘʥ çʎʠʬʨʣʳסʳʪʪʘʣסʡʝʣʝʨʛʝ ʢᴇʰʫʛʝ ʙʘװʙʝʛʽʥʝʥ ʟʠʷʪʢʝʨʣʽʢ ʞשʦʣ ʝץ

ʞʘᴃʘʥʜʳץ ʪײʞʳʨʳʤʜʘʤʘʩʳʥʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʭʥʦʣʦʛʠʷʥʳש 

ʥʝʛʽʟʛʽ ʘʨʪʳץʰʳʣʳסʳ ʜᴅʩʪװʨʣʽ ץʘʣʳʧʪʘʨʜʳ ʧʘʡʜʘʣʘʥʙʘʡ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʞʘʩʘʫ ʤװʤʢʽʥʜʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʝשʙʝʢ ʰʳסʳʥʜʘʨʳ 

ʤʝʥ ץʘʣʜʳץʪʘʨ ʩʘʥʳʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥʜʝʪʝʜʽ. 

 ʘʨʘʩʳʥʜʘ ʮʝʤʝʥʪ שʨʣi ᴅʜiʩʪʝʨiʥiװᴅʨʪ שʨʳʣʳʩʪʘ ʘʜʜʠʪʠʚʪiʢ ᴇʥʜiʨiʩʪiײפ

ʞᴅʥʝ ʢʦʤʧʦʟʠʪʪi ץʦʩʧʘʣʘʨʜʳ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ᴅʜiʩi ʥʝײסʨʣʳʤ ʢʝש ʪʘʨʘʣסʘʥ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ײץʨʳʣʳʩ ץʘץשʘʣʘʨʳʥʳש ʩᴅʫʣʝʪ ʵʣʝʤʝʥʪʪʝʨʽ 

ʤʝʥ ʞʦסʘʨʳ ʜᴅʣʜʽʢʪʝʛʽ ʤʝʪʘʣʣ ʪʦʨʘʧʪʘʨʳʥ ʜʘʡʳʥʜʘʫʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ 

 ʙʘʡʣʘʥʳʩʪʳʨʫ (Binder Jetting) ʞᴅʥʝ ʩʝʣʝʢʪʠʚʪʽ ʣʘʟʝʨʣʽʢ ץʳʥʜʳסʪʘʨʜʳ ʘץʥʪʘײ

ʢװʡʜʽʨʫ (SLS/SLM) ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʜʘʤʫʜʘ. 
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ʊʝʭʥʦʣʦʛʠʷ ʙװʢʽʣ ᴅʣʝʤʜʝ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʝʥʛʽʟʽʣʫʜʝ: ʩʘʣʳʥסʘʥ סʠʤʘʨʘʪʪʘʨ 

ʩʘʥʳ ʙʦʡʳʥʰʘ פʳʪʘʡ ʢᴇʰ ʙʘʩʪʘʧ ʪײʨ (Hua Shang Tengda ʢʦʤʧʘʥʠʷʩʳ). ʈʝʩʝʡʜʝ 

ʩʦʥʜʘʡ-ʘץ ʗʨʦʩʣʘʚʣʜʘ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ɽʫʨʦʧʘʜʘסʳ ʘʣסʘʰץʳ ʪײʨסʳʥ װʡʜʽ 

(2017 ʞ.) ʞᴅʥʝ çʉʧʝʮʘʚʠʘè ʞᴅʥʝ Apis Cor ʢʦʤʧʘʥʠʷʣʘʨʳʥʳש ʤʦʙʠʣʴʜʽ 

ʧʨʠʥʪʝʨʣʝʨʽʥ ᴅʟʽʨʣʝʫʜʽ ץʦʩʘ ʘʣסʘʥʜʘ, ʤʘשʳʟʜʳ ʞʦʙʘʣʘʨ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. 

ɾʕʆ פʐ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ װʰʽʥ ץʘʡʪʘʣʘʤʘ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ 

ʪײʡʳץ ʮʠʢʣ ʵʢʦʥʦʤʠʢʘʩʳʥʳש ʜʘʤʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥ ᴇʟʝʢʪʽ ʙʘסʳʪ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײץʤʜʳ ʥʝʤʝʩʝ ʮʝʤʝʥʪʪʽ ʢװʣ-ץʦץʳʩ 

ʤʘʪʝʨʠʘʣʜʘʨʳʤʝʥ ʽʰʽʥʘʨʘ ʘʫʳʩʪʳʨʫ (60% -סʘ ʜʝʡʽʥ) ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʩʘץʪʘʫסʘ ʞᴅʥʝ ʙʝʪʦʥʥʳש ʪᴇʟʽʤʜʽʣʽʛʽʥ, ʦʥʳש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʢʦʨʨʦʟʠʷסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

180 ʤʣʥ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʢװʣ-ץʦʞ ץʦʩʧʘʣʘʨʳ ʞʠʥʘץʪʘʣסʘʥ פʘʟʘץʩʪʘʥ װʰʽʥ 

ʦʣʘʨʜʳ ʢᴅʜʝʛʝ ʞʘʨʘʪʫʜʳש ʵʢʦʣʦʛʠʷʣʳץ ʤʘשʳʟʳ ᴇʪʝ ʟʦʨ. ɾʝʨʛʽʣʽʢʪʽ ʟʦʣʜʘʨʜʳש 

ʝʨʝʢʰʝʣʽʛʽ ʢʘʣʴʮʠʡ ʦʢʩʠʜʽʥʽש ʪᴇʤʝʥ ʙʦʣʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙײʣ ʛʠʜʨʘʚʣʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʢᴇʨʩʝʪʫ װʰʽʥ ʘʨʥʘʡʳ ʘʢʪʠʚʘʪʦʨʣʘʨʜʳ (ʤʳʩʘʣʳ, ᴅʢʪʘʩʪʳ) 

ʧʘʡʜʘʣʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨ (ʤʳʩʘʣʳ, 30% ʮʝʤʝʥʪ, 40% ײץʤ 

ʞᴅʥʝ 30% ʢװʣ-ץʦץʳʩ) 3D-ʵʢʩʪʨʫʟʠʷסʘ ᴇʟʜʝʨʽʥʽש ʞʘʨʘʤʜʳʣʳסʳʥ ʨʘʩʪʘʜʳ. 

ɹʝʪʦʥ ץʦʩʧʘʣʘʨʳʥ ʽʨʽʢʪʝʫʜʽש ʜᴅʩʪװʨʣʽ ʵʤʧʠʨʠʢʘʣʳץ ᴅʜʽʩʪʝʨʽ ץʘʟʽʨʛʽ 

ʟʘʤʘʥסʳ ʝʩʝʧʪʝʫ ʪᴅʩʽʣʜʝʨʽʤʝʥ ʘʫʳʩʪʳʨʳʣʘʜʳ. ʄʘʰʠʥʘʣʳץ ʦץʳʪʫʜʳ, 

ʛʝʥʝʪʠʢʘʣʳץ ʘʣʛʦʨʠʪʤʜʝʨʜʽ ʞᴅʥʝ ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʜʝʨʜʽ ʠʥʪʝʛʨʘʮʠʷʣʘʫ 

ʙʝʨʽʢʪʽʢ, ײץʥ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʽʟʜʽש ʘʨʘʩʳʥʜʘ ʪʝשʛʝʨʽʤ ʞʘʩʘʡ ʦʪʳʨʳʧ, ʙʝʪʦʥ 

 ,ʘʨʘʤʘʩʪʘʥץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʣʝʫʝʪʢʝװʘ ʤסʪʘʡʣʘʥʜʳʨʫשʨʣʳʤ ʜᴅʣ ʦײסʨʘʤʳʥ ʥʝײץ

3D-ʙʘʩʧʘʥʳ ʢʝשʽʥʝʥ ʝʥʛʽʟʫ ʙʽʨץʘʪʘʨ ʰʝʰʽʣʤʝʛʝʥ ʧʨʦʙʣʝʤʘʣʘʨʤʝʥ ʰʝʢʪʝʣʝʜʽ: 

ʪʽʨʝʫ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʘʨʤʘʪʫʨʘʣʘʫʜʳש ʢװʨʜʝʣʽʣʽʛʽ, ʢᴇʣʜʝʥʝש ʞʘʙʳʥʜʘʨʜʳ 

ʙʘʩʳʧ ʰʳסʘʨʫ ʤᴅʩʝʣʝʣʝʨʽ ʞᴅʥʝ ʙʘʩʳʣסʘʥ ʙײʡʳʤʜʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥʽש 

ʘʥʠʟʦʪʨʦʧʠʷʩʳ. 
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2 ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɿɽʈʊʊɽʋʃɽʈ ᴄɼɯʉʊɽʈɯ ɾᴄʅɽ 

ʄɸʊɽʈʀɸʃɼɸʈɼʓר ʉʀʇɸʊʊɸʄɸʉʓ  
 

ʊʘʨʘʫʜʘ ʙʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʜᴅʡʝʢʪʽ ʪװʨʜʝ ʢʝʣʪʽʨʽʣʛʝʥ, ʩʦʜʘʥ ʢʝʡʽʥ ײץʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʣʝʨʽʥ, 

ʮʝʤʝʥʪ-ʢװʣ ץʦʩʧʘʣʘʨʳʥ ʞᴅʥʝ 3D-ʙʘʩʧʘ ʙʝʪʦʥʜʘʨʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʤʝʣʝʨʽ ʙʘʷʥʜʘʣסʘʥ.  

 

2.1 ɹʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ  
ɹײʣ ʙᴇʣʽʤʜʝ ײץʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש, ʮʝʤʝʥʪ-ʢװʣ ץʦʩʧʘʣʘʨʳʥʳש 

 ʘʥ ʙʝʪʦʥʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝסʘ ʘʨʥʘʣסʘʨʫסʨʘʤʜʘʨʳʥ ʞᴅʥʝ 3D-ʙʘʩʳʧ ʰʳײץ

ʧʘʡʜʘʣʘʥʳʣסʘʥ ʙʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʳʥʘʫ ᴅʜʽʩʪʝʨʽ 

ʙʘʷʥʜʘʣסʘʥ. ʂʝʣʪʽʨʽʣʛʝʥ ᴅʜʽʩʪʝʨ ץʦʣʜʘʥʳʩʪʘסʳ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ץʘʡʪʘʣʘʥʘʪʳʥ ʞᴅʥʝ ʩʝʥʽʤʜʽ ʥᴅʪʠʞʝʣʝʨʜʽ ʘʣʫʜʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ.  

ʎɽʄ II/A-ʐ 42,5ʅ çPROFI CEM 450+è ʤʘʨʢʘʣʳ ʮʝʤʝʥʪʪʽ ʟʝʨʪʪʝʫ 

ϸʜʽʩʪʝʨ.̔ ʎʝʤʝʥʪ ץʘʤʳʨʳʥʳץ שʘʣʳʧʪʳ ʪʳסʳʟʜʳסʳ ʤʝʥ ײʩʪʘʫ ʤʝʨʟʽʤʜʝʨʽ 

ʄɽʄʉʊ 310.3-76 [61] ʙʘʷʥʜʘʣסʘʥ ᴅʜʽʩʪʝʤʝ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɾײʤʳʩʪʘ 

ʄɽʄʉʊ 10181-2014 [62] ʙʦʡʳʥʰʘ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ, ʄɽʄʉʊ 

28570-2019 [63] ʙʦʡʳʥʰʘ ʠʽʣʫ ʞᴅʥʝ ץʳʩʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽ, ʩʦʥʜʘʡ-ʘץ 

ʄɽʄʉʊ 30744-2001 [64] ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʮʝʤʝʥʪʪʽ ײʩʘץʪʘʫ ʞʽשʽʰʢʝʣʽʛʽ 

ʘʥʳץʪʘʣʜʳ.  

ϯʩʘϨʪʘʣϤʘʥ Ϩϰʤʜʳ ʟʝʨʪʪʝʫ ϸʜʽʩʪʝʨʽ ʦʥʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳʥ, 

ʜᴅʥʜʝʨ ʙʝʪʽʥʽש ʧʽʰʽʥʽ ʤʝʥ ʩʠʧʘʪʳʥ, ʰʘש ʪᴅʨʽʟʜʽ ʞᴅʥʝ ʩʘʟʜʳ ʙᴇʣʰʝʢʪʝʨʜʽש 

 ʞʘʪʪʘʨʤʝʥ ʨʝʛʣʘʤʝʥʪʪʝʣʛʝʥײץ ʳ ʥʦʨʤʘʪʠʚʪʽʢסʦʣʜʘʥʳʩʪʘץ ץʨʘʤʳʥ, ʩʦʥʜʘʡ-ʘײץ

ʙʘʩץʘ ʜʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʥʳץʪʘʫʜʳ ʢᴇʟʜʝʛʝʥ. ʉʳʥʘץʪʘʨ ʄɽʄʉʊ 8735-88 [65] 

ʞᴅʥʝ ʄɽʄʉʊ 8736-2014 [66] ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʦʨʳʥʜʘʣʜʳ.  

ʂϮʣ ϮʡʽʥʜʽʩʽʥʽϬ 2-ʘʡʤʘϤʳʥʜʘϤʳ ʢϮʣʜʽ (ʦʨʪʘʰʘ) ʪʦʣʪʳʨϤʳʰ ʨʝʪʽʥʜʝ ʩʳʥʘʫ 

ϸʜʽʩʪʝʨʽ ʦʥʳש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʘʥʳץʪʘʫʜʳ ʢᴇʟʜʝʛʝʥ. ɼᴅʥʜʽʢ ײץʨʘʤʳ ʄɽʄʉʊ 8735 ʩᴅʡʢʝʩ ʙʝʣʛʽʣʝʥʜʽ. ײפʨסʘץ 

ʢװʡʜʝʛʽ ץʦʞʜʳ ײץʨʘʫʰʳ ʜᴅʥʜʝʨʜʽש ʞʠʥʘץʪʘʣסʘʥ ʪʳסʳʟʜʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ 

ʄɽʄʉʊ 9758 [67] ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ. ʂװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳʥʜʘסʳ ʢװʣʜʽש 

ʬʘʟʘʣʳײץ ץʨʘʤʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʣʘʨʜʳ ײץʨʫ ʞᴅʥʝ ʪʘʣʜʘʫ ʘʨץʳʣʳ ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʮʠʷ ᴅʜʽʩʽʤʝʥ ʟʝʨʪʪʝʣʜʽ, [65] ʙײʣ ʥʝʛʽʟʛʽ ʢʨʠʩʪʘʣʜʳ ʬʘʟʘʣʘʨʜʳ 

ʩᴅʡʢʝʩʪʝʥʜʽʨʫʛʝ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʘʥʜʳץ ʘʨʘץʘʪʳʥʘʩʳʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʂװʣ - ץʦʞ ʙʝʥ ʦʥʳש ʢװʣʜʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʛʽʥʽש ʢᴇʣʝʤʽ ᴇʟʛʝʨʫʽʥʽש ʙʽʨʢʝʣʢʽʣʽʛʽ 

ʄɽʄʉʊ 310.3 [68] ʙʦʡʳʥʰʘ װʣʛʽʣʝʨʜʽ ʩʫʜʘ ץʘʡʥʘʪʫ ᴅʜʽʩʽʤʝʥ 1:1 (ʮʝʤʝʥʪ: ʢװʣ) 

ʘʨʘץʘʪʳʥʘʩʳʥʜʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʧʝʥ ץʦʩʧʘʜʘ ʙʘסʘʣʘʥʜʳ.  

ʂפפ ʳʣסʘʣʜʳʣʳסʳ ʄɽʄʉʊ 8735 [65] ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɿʐʉ ʢװʣʜʽ 

 ʙʝʣʩʝʥʜʽʣʽʢ ץʦʩʧʘ ʨʝʪʽʥʜʝʛʽ ʧʫʮʦʣʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳ שʨʘʫʰʳʩʳʥʳײץ

ʜᴅʨʝʞʝʩʽ ɺ ץʦʩʳʤʰʘʩʳʥʘ ʩᴅʡʢʝʩ ʙʝʣʛʽʣʝʥʜʽ, ʘʣ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʄɽʄʉʊ 

25592 - 2019 [69] ʙʦʡʳʥʰʘ ɻ ץʦʩʳʤʰʘʩʳʥʘ ʩᴅʡʢʝʩ ʞװʨʛʽʟʽʣʜʽ.  
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ʂϮʣ ϮʡʽʥʜʽʩʽʥʽϬ 4-ʘʡʤʘϤʳʥʜʘϤʳ ʢϮʣʜʽ ʩʳʥʘʫ ϸʜʽʩʪʝʨʽ. ʂװʣ װʡʽʥʜʽʩʽʥʽש 

ʪᴇʨʪʽʥʰʽ ʘʡʤʘסʳʥʜʘסʳ ʢװʣʜʽ ʩʳʥʘʫ ᴅʜʽʩʪʝʨʽ ʄɽʄʉʊ 25818-2017 [70] 

ʪʘʣʘʧʪʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨʳʣʜʳ. çɾʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʢװʣ-ʪʦʟʫʳè, 

ᴇʡʪʢʝʥʽ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽ ʙʦʡʳʥʰʘ ʦʣ ʢװʣ-ʪʦʟʫסʘ 

ʞʘץʳʥ. פʳʟʜʳʨʫ ʢʝʟʽʥʜʝ ʤʘʩʩʘʥʳש ʞʦסʘʣʫʳʥ ʄɽʄʉʊ 11022 [71] ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʜʳ. ʂװʣ װʡʽʥʜʽʩʽʥʽ4 ש-ʘʡʤʘסʳ ʢװʣʽʥʽש ʬʘʟʘʣʳײץ ץʨʘʤʳʥ ʨʝʥʪʛʝʥ 

ʜʠʬʨʘʢʮʠʷʩʳ ᴅʜʽʩʽʤʝʥ ʢװʣ װʡʽʥʜʽʩʽʥʽש ʝʢʽʥʰʽ ʘʡʤʘסʳ ʢװʣʽʥʝ ץײʩʘʩ ʘʥʳץʪʘסʘʥ.  

ˉ 008 ʝʣʝʫʽʰʪʝʛʽ ץʘʣʜʳץ ʧʝʥ ʢװʣʜʽװ שʣʝʩʪʽʢ ʙʝʪʽ ʄɽʄʉʊ 310.2 [72]. ʩᴅʡʢʝʩ 

ʙʝʣʛʽʣʝʥʜʽ. ʎʝʤʝʥʪ ʧʝʥ ʢװʣ ץʦʩʧʘʩʳ ʢᴇʣʝʤʽʥʽש ʙʽʨʢʝʣʢʽ ᴇʟʛʝʨʫʽ, ʪײʪץʳʥʜʘʫʜʳש 

ʙʘʩʪʘʣʫʳ, ʩʫ ץʘʞʝʪʪʽʣʽʛʽ ʞᴅʥʝ ʢװʣ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʠʥʜʝʢʩʽ ʄɽʄʉʊ 30744 [64] 

ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʨʝʪʪʝ װʣʛʽʣʝʨʜʽ ʩʫʜʘ ץʘʡʥʘʪʫ ʘʨץʳʣʳ ʩʳʥʘʫ 

ʢʝʟʽʥʜʝ ʢᴇʣʝʤʥʽש ʙʽʨʢʝʣʢʽ ᴇʟʛʝʨʫʽ ʙʘסʘʣʘʥʜʳ; ʢװʣ ץʘʣʳʧʪʳ ʪʳסʳʟʜʳץʪʘסʳ 

 ʘʪʳʥʘʩʳʥʜʘץʳ ʙʦʡʳʥʰʘ 30:70 ʘʨʘסʘ ʜʝʡʽʥ ʩʘʣʤʘסʘʥסʘʤrʨʜʳ ʘʣץ

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʧʝʥ ʘʣʜʳʥ ʘʣʘ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ʊײʪץʳʥʜʘʫʜʳש ʙʘʩʪʘʣʫʳʥ 

ʩʘʣʤʘסʳ ʙʦʡʳʥʰʘ 25% ʢװʣ ʞᴅʥʝ 75% ʮʝʤʝʥʪʪʽ ץʘʤʪʠʪʳʥ ʮʝʤʝʥʪ ʪײʪץʳʨסʳʰʪʘ 

ʘʥʳץʪʘʜʳ. ɹʝʣʩʝʥʜʽʣʽʢ ʠʥʜʝʢʩʽʥ ʙʘץʳʣʘʫ ʮʝʤʝʥʪ Ĭ ײץʤ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʮʝʤʝʥʪ-ʢװʣ-

 ʳ 40 Ĭ 40-160 ʤʤסʘʥ 28 ʞᴅʥʝ 90 ʪᴅʫʣʽʢ ʞʘʩʳʥʜʘסʨʘʤʜʘʨʳʥʘʥ ʞʘʩʘʣײץ ʤײץ

ʤᴇʣʰʝʨʽʥʜʝʛʽ ʩʪʘʥʜʘʨʪʪʳ ʧʨʠʟʤʘʣʘʨʜʳ ץʳʩʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢʪʽ ʩʘʣʳʩʪʳʨʫ 

ʘʨץʳʣʳ ʙʝʣʛʽʣʝʜʽ. 

 

2.2 ʄʘʪʝʨʠʘʣʜʘʨʜʳש ʩʠʧʘʪʪʘʤʘʩʳ  
ɹᴇʣʽʤʜʝ ײץʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʩʽʥ, ʢװʣ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥ ʞᴅʥʝ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʰʠʢʽʟʘʪ ײץʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳ ʢʝʡʽʥʥʝʥ 

ʧʘʡʜʘʣʘʥʫ װʰʽʥ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʙʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʪʫʨʘʣʳ ʜʝʨʝʢʪʝʨ ײʩʳʥʳʣסʘʥ.  

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ. ɿʝʨʪʪʝʫʣʝʨ װʰʽʥ çPROFI CEM 450+è ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʽ 

 ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢʝʩʪʝ ץʤʝʭʘʥʠʢʘʣʳ-ץʬʠʟʠʢʘʣʳ שʦʣʜʘʥʳʣʜʳ. ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽץ

ˉ 2.1 ʙʝʨʽʣʛʝʥ.  

 

ʂʝʩʪʝ 2.1 ï ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽש ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ çPROFI 

CEM 450+è. 

 
ʂᴇʨʩʝʪʢʽʰʪʽש ʘʪʘʫʳ 

 ̄ ʪʘץʥʪʘױ

ʣʫ 

ʜᴅʨʝʞʝʩʽ 

(ʝʣʝʢʪʝ 

 ʘʥסʘʣץ

ץʘʣʜʳץ

ˉ 0045) 

 ʪʘʣʫץʥʪʘױ

ʞץײʘʣʳסʳ 

(ʝʣʝʢʪʝʛʽ 

 ˉ ץʘʣʜʳץ

008) % 

ʪʘץʥʪʘױ

ʣʫ 

ʞץײʘʣʳס

ʳ (ˉ 

0063 

ʝʣʝʢʪʝʛʽ 

 ,(ץʘʣʜʳץ

% 

 ʘʪʘʶפ

ʫʘץʳʪʳ: 

ʙʘʩʪʘʣʫʳ, 

ʘʷץʪʘʣʫʳ, 

ʤʠʥ 

ʂᴇʣʝʤʥʽש 

ᴇʟʛʝʨʫʽʥʽש 

ʙʽʨʢʝʣʢʽʣʽʛ

ʽ (ʢʝשʝʶ), 

ʤʤ 

ʅʦʨʤʘʪʠʚʪʽ

ʢ ץʦʶʣʳסʳ, 

% 

28 

ʪᴅʫʣʽʢʪʝʛ

ʽ ʩʳסʫסʘ 

ʙʝʨʽʢʪʽʢ 

ʰʝʛʽ, 

ʄʇʘ 

1 - - - 201ï306 0,6 27,6 46,7 

 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʢʝʩʪʝ 2.2 ʢʝʣʪʽʨʽʣʛʝʥ  
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ʂʝʩʪʝ 2.2 - ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʝʤʝʥʪʘ ʤʘʨʢʠ çPROFI CEM 450+è 

(ɹʫʭʪʘʨʤʠʥʩʢʘʷ ʮʝʤʝʥʪʥʘʷ ʢʦʤʧʘʥʠʷ, ʂʘʟʘʭʩʪʘʥ) 

 

ʎʝʤʝʥʪʪʽש ʬʘʟʘʣʳײץ ץʨʘʤʳ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ᴅʜʽʩʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. ɹʽʨʽʥʰʽ 

ʢʝʟʝשʜʝ ʤʘʪʝʨʠʘʣʜʘ ʙʘʨ ʢʨʠʩʪʘʣʜʳ ʬʘʟʘʣʘʨʜʳ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʩʘʧʘʣʳ 

ʪʘʣʜʘʫ ʦʨʳʥʜʘʣʜʳ. ɽʢʽʥʰʽ ʢʝʟʝשʜʝ ʮʝʤʝʥʪʪʽש ʥʝʛʽʟʛʽ ʤʠʥʝʨʘʣʦʛʠʷʣʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ײץʨʘʤʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʩʘʥʜʳץ 

ʬʘʟʘʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ. ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʷʣʳץ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 2.1 ʞᴅʥʝ 2.2 

ʩʫʨʝʪʪʝʨʜʝ ʙʝʨʽʣʛʝʥ. 

 
ʉʫʨʝʪ 2.2 - Aeris Research ʜʠʬʨʘʢʪʦʤʝʪʨʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʘʣʳʥסʘʥ 

ʮʝʤʝʥʪʪʽש ʨʝʥʪʛʝʥ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʩʳ (ʩʘʧʘʣʳ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ) 

 
ʉʫʨʝʪ 2.2 ð ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʮʝʤʝʥʪʪʽש ʩʘʥʜʳץ 

ʬʘʟʘʣʳץ ʪʘʣʜʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ (Aeris Research ʜʠʬʨʘʢʪʦʤʝʪʨʽ) 

 

ˉ 

ʨ/ʥ 

ʄʘʪʝʨʠʘʣ 

ʘʪʘʫʳ 

ʆʢʩʠʜʪʝʨ ʤᴇʣʰʝʨʽ , % 

Al O FeO CaO MgO Na O K O TiO P O SrO 

1 
ʎʝʤʝʥʪ 

ɹʎʂ 
5,01 3,07 40,38 1,77 1,75 0,9 0,245 0,1119 0,0426 
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ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʮʝʤʝʥʪ ײץʨʘʤʳʥʜʘ ʘʣʠʪʪʽ (C S), ʙʝʣʠʪʪʽ 

(C S) ʞᴅʥʝ ʢʘʣʴʮʠʡʜʽש ʘʣʶʤʠʥʘʪʪʳ ץʦʩʳʣʳʩʪʘʨʳʥ ץʦʩʘ ʘʣסʘʥʜʘ, 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʝʨʛʝ ʪᴅʥ ʥʝʛʽʟʛʽ ʢʣʠʥʢʝʨʣʽʢ ʬʘʟʘʣʘʨʜʳש ʙʦʣʫʳʥ ʨʘʩʪʘʜʳ, ʙײʣ 

ʪײʪץʳʨʜʳש ʞʦסʘʨʳ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʢʫᴅʣʘʥʜʳʨʘʜʳ.  

 ʡʽʥʜʽװ ʤ 2,4 ʽʨʽ, 1,5 ʛ/ʩʤ3ײץ ʘʥסʪʘʣץʥʪʘױ .ʳʰסʤ ʪʦʣʪʳʨײץ ʘʥסʪʘʣץʩʘױ

ʪʳסʳʟʜʳסʳ, 2,75 ʛ/ʩʤ3 ʰʳʥʘʡʳ ʪʳסʳʟʜʳסʳ, 0,9% ʪʦʧʳʨʘץʪʘ ʙʘʣʰʳץʪʳש ʙʦʣʫʳ 

ʞᴅʥʝ 280 ʤ2/ʛ ʤʝʥʰʽʢʪʽ ʙʝʪʽ ʤʦʜʫʣʽʤʝʥ ʩʠʧʘʪʪʘʣʜʳ. ױʩʘץʪʘʣסʘʥ ײץʤʥʳש ʞʘʣʧʳ 

ʪװʨʽ ʩʫʨʝʪ 2.3 ʙʝʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 2.3 ï ױʩʘץʪʘʣסʘʥ ײץʤʥʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ 

 
 ̄ ɽʣʝʢʪʝʨʜʝʛʽ ʞʝʢʝ ץʘʣʜʳץʪʘʨ, ʤʘʩʩʘʩʳ ʙʦʡʳʥʰʘ % ײפʤ 

ʪʦʙʳ 

 

ɯʨʽʣʽʢ 

ʤʦʜʫʣʽ 2,5 1,25 0,63 0,315 0,16 <0,16 

1 9 10,6 14,8 41,4 22,5 1,9 ʦʨʪʘʰʘ ʄʢʤ2,4 

 

ʂװʣ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳ ʙʦʡʳʥʰʘ ײʩʘץ ʪʦʣʪʳʨסʳʰץʘ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ: ʄɽʄʉʊ 25592-2019 [67] ʩᴅʡʢʝʩ ʤᴇʣʰʝʨʽ 0,315 ʤʤ 

ʘʨʪʳץ ʙᴇʣʰʝʢʪʝʨʜʽװ שʣʝʩʽ ʢʝʤʽʥʜʝ 50% -ʜʳ ײץʨʘʡʜʳ, ʙײʣ ʦʥʳש ʙʝʪʦʥ 

 .ʳʥ ʨʘʩʪʘʡʜʳסʘ ʞʘʨʘʤʜʳʣʳסʦʩʧʘʣʘʨʳʥʜʘ ʧʘʡʜʘʣʘʥʫץ

 

  

                          ʘ ʙ 

  
ʚ ʛ 

 

ʉʫʨʝʪ 2.3 - ɹʘʩʪʘʧץʳ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʞʘʣʧʳ ʪװʨʽ: ʘ - ײʩʘץʪʘʣסʘʥ ײץʤ, ʙ - 

ʢװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳʥʜʘסʳ ʢװʣ, ʚ - ʢװʣ װʡʽʥʜʽʩʽʥʽ4 ש-ʘʡʤʘסʳʥʜʘסʳ ʢװʣ, ʛ - 

ʙʘʟʘʣʴʪ ʬʠʙʨʘʩʳ 



29 
 

 

 ʆʨʪʘ ʬʨʘʢʮʠʷʣʳ ʢװʣ (ʢװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳ). ʊʦʣʪʳʨסʳʰʪʳ ʘʫʳʩʪʳʨʫ 

 .ʣʽ ʧʘʡʜʘʣʘʥʳʣʜʳװʢ שʳʥʳסʝʢʽʥʰʽ ʘʡʤʘ שʡʽʥʜʽʩʽʥʽװ ʣװʰʽʥ ᴆʩʢʝʤʝʥ ɾʕʆ ˉ 2 ʢװ

 ʳ 2,75 ʛ/ʩʤ3, ʤʝʥʰʽʢʪʽ ʙʝʪʽ 3000סʳʟʜʳסʳ 800 ʢʛ/ʤ3, ʰʳʥʘʡʳ ʪʳסʳʟʜʳסʡʽʥʜʽ ʪʳת

ʩʤ2/ʛ, ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝʛʽ ʰʳסʳʥʜʘʨ, % - 3,8%. 

ʆʨʪʘʰʘ ʬʨʘʢʮʠʷ ʢװʣʽʥʽש (ʢװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳ) ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ 

ʪʘʣʜʘʫʳ 2.4.,2.5 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.4 ï ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ 

ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʩʫʨʝʪʽ (ʩʘʧʘʣʳ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ) 

(ʜʠʬʨʘʢʪʦʤʝʪʨ Aeris Research) 

 

 
ʉʫʨʝʪ 2.5 - ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʦʨʪʘʰʘ 

ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʩʘʥʜʳץ ʬʘʟʘʣʳײץ ץʨʘʤʳ 
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ʆʨʪʘʰʘ ʬʨʘʢʮʠʷʜʘסʳ ʢװʣʜʽש ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫʳ ʦʥʳש 

SiO) שʨʘʤʳʥʜʘ ʢʚʘʨʮʪʳײץ ), ʤʫʣʣʠʪʪʽש (Al Si O ), ʢʨʠʩʪʘʣʜʳ ʬʘʟʘʣʘʨʳ ʙʘʩʳʤ 

ʝʢʝʥʽʥ, ʩʦʥʜʘʡ-ʘץ ʘʟ ʤᴇʣʰʝʨʜʝ ʛʝʤʘʪʠʪ (Fe O ) ʞᴅʥʝ ʤʘʛʥʝʪʠʪ (Fe O ) ʙʘʨ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. ʉʘʥʜʳץ ʬʘʟʘʣʳץ ʪʘʣʜʘʫ ʥʝʛʽʟʛʽ װʣʝʩʪʽ ʢʚʘʨʮ (ʰʘʤʘʤʝʥ 59-60%) 

 ʨʘʤʳʥ ʥʝʛʽʟʜʝʡʜʽ, ʘʣײץ ʠʥʝʨʪʪʽ שʣ ʤʘʪʝʨʠʘʣʜʳײʪʘʜʳ, ʙץʨʘʡʪʳʥʳʥ ʘʥʳײץ

ʤʫʣʣʠʪʪʽײץ שʨʘʤʳ (ʰʘʤʘʤʝʥ 25-28%) 

 שʪʘʫʜʳץʥʪʘײ ʣװʂ .(ʳסʘʡʤʘ-4 שʡʽʥʜʽʩʽʥʽװ ʣװʢ) ʣװʬʨʘʢʮʠʷʣʳ ʢ ץʩʘױ

 ʘʞʝʪʪʽʣʽʛʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ ʞᴅʥʝ 28ץ ʥᴅʟʽʢʪʽʛʽʤʝʥ, ʦʨʪʘʰʘ ʩʫ ץʘʪʪʘʥʘʨʣʳסʘʥʘץ

ʪᴅʫʣʽʢ ʞʘʩʳʥʜʘסʳ 82% ʞᴅʥʝ 90 ʪᴅʫʣʽʢ ʞʘʩʳʥʜʘסʳ 90% ʜʝשʛʝʡʽʥʜʝ ʙʝʣʩʝʥʜʽʣʽʢ 

ʠʥʜʝʢʩʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʦʪʳʨʳʧ, ʧʫʮʮʦʣʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʝʜʽ. תʡʽʥʜʽ 

ʪʳסʳʟʜʳסʳ 350 ʢʛ/ʤ3, ʰʳʥʘʡʳ ʪʳסʳʟʜʳסʳ 2,53 ʛ/ʩʤ3, ʤʝʥʰʽʢʪʽ ʙʝʪʽ 2700 ʩʤ2/ʛ, 

  .ʳʥʜʘʨ, % - 0,64%סʳʟʜʳʨʫ ʢʝʟʽʥʜʝʛʽ ʰʳץ

ʆʨʪʘʰʘ ʬʨʘʢʮʠʷ ʢװʣʽʥʽש (ʢװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳ) ʩʘʧʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ 

ʪʘʣʜʘʫʳ ʩʫʨʝʪ 2.6, 2.7 ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 2.6 ð ױʩʘץ ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʩʘʧʘʣʳץ ʨʝʥʪʛʝʥʦʜʠʬʨʘʢʮʠʷʣʳץ 

ʜʠʘʛʨʘʤʤʘʩʳ 
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ʉʫʨʝʪ 2.7 ð ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ ʪʘʣʜʘʫ ʜʝʨʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ײʩʘץ 

ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʩʘʥʜʳץ ʬʘʟʘʣʳײץ ץʨʘʤʳ 

 

 ʪʘʣʜʘʫʳ ʤʫʣʣʠʪ ʧʝʥ ץʨʝʥʪʛʝʥʜʽʢ ʜʠʩʬʨʘʢʮʠʷʣʳ שʣʜʽװʬʨʘʢʮʠʷʣʳ ʢ ץʩʘױ

 .ʪʘʜʳץʙʘʩʳʤ ʝʢʝʥʽʥ ʘʥʳ שʘʥ ʢʝʟʜʝ ʢʚʘʨʮʪʳסʨʘʤʳʥʜʘ ʪʝʤʽʨ ʙʘʨ ʬʘʟʘʣʘʨ ʙʦʣײץ

ɾʦסʘʨʳ ʘʤʦʨʬʪʳ ʬʦʥ ʨʝʘʢʮʠʷסʘ ץʘʙʽʣʝʪʪʽ ʰʳʥʳ ʬʘʟʘʥʳש ʙʘʨ ʝʢʝʥʽʥ 

ʢʫᴅʣʘʥʜʳʨʘʜʳ. ʂװʣʜʽײ שʩʘץ ʜʠʩʧʝʨʩʪʽ ʞʘʡ-ʢװʡʽ ʤʝʥ ʦʥʳש ʬʘʟʘʣʳײץ ץʨʘʤʳ 

ʮʝʤʝʥʪʧʝʥ ʙʽʨʛʝ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳ ʢʦʤʧʦʥʝʥʪ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫʜʳש ʦʨʳʥʜʳʣʳסʳʥ ʥʝʛʽʟʜʝʡʜʽ.  

ʀʽʣʛʽʰʪʽʢ ʙʝʨʝʪʽʥ ץʦʩʧʘ (ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʳץ ץʦʩʧʘ). ʀʽʣʛʽʰʪʽʢ ʙʝʨʝʪʽʥ 

 ץʨʣʽ ʭʠʤʠʷʣʳװᴅʨʪ שʜʘʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳשʪʘ (ʦʩʧʘץ ץʧʣʘʩʪʠʬʠʢʘʪʦʨʣʳ) ʦʩʧʘʣʘʨץ

ʥʝʛʽʟʽ ʤʝʥ ᴅʨʝʢʝʪ ʝʪʫʽ ʝʩʢʝʨʽʣʜʽ, ʩʦʥʜʳץʪʘʥ ʞײʤʳʩʪʘ MasterGlenium 

ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪ ʵʬʠʨʽ ʥʝʛʽʟʽʥʜʝ ᴇʥʜʽʨʽʩ ʤʦʜʠʬʠʢʘʪʦʨʣʘʨʳ ץʘʙʳʣʜʘʥʜʳ.  

ʌʠʙʨʘ. ɸʨʤʠʨʣʝʫʰʽ ʪʘʣʰʳץ ʨʝʪʽʥʜʝ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ װʰʽʥ ʰʠʢʽʟʘʪ 

 ʦʣʜʘʥʳʣʘʪʳʥ ʙʘʟʘʣʴʪ ʬʠʙʨʘʩʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹʘʟʘʣʴʪץ ʨʘʤʳʥʜʘײץ ʦʩʧʘʣʘʨʳץ

ʬʠʙʨʘʩʳʥʳש ʪʘʣʰʳײ ץʟʳʥʜʳסʳ 6ï12 ʤʤ, ʘʣ ʜʠʘʤʝʪʨʽ 13ï20 ʤʢʤ ײץʨʘʡʜʳ. ɹײʣ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʘʩʳʣסʘʥ ץʘʙʘʪʪʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥ, ʧʽʰʽʥ ʪײʨʘץʪʳʣʳסʳʥ ʞᴅʥʝ 

 ʪʘʡʣʳשʦ שʘʙʽʣʝʪʽʥʽץ ʳʣʳ ʵʢʩʪʨʫʟʠʷʣʘʥʫץʤʝʛʽ ʘʨװ3D-ʧʨʠʥʪʝʨ ʰ שʦʩʧʘʥʳץ

ʘʨʘץʘʪʳʥʘʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ᴆʥʜʽʨʫʰʽ ï çʄʝʪʇʨʦʤʕʥʝʨʛʦè ɾʐʉ 

  .(ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ)

ʉʫ. ʉʫ ʄʝʤʉʊ ɻʆʉʊ 23732-2011 [71] ʪʘʣʘʧʪʘʨʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. 

ʉʫʜʘסʳ ʦʨʛʘʥʠʢʘʣʳץ ʙʝʪʪʽʢ-ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳץ ,שʘʥʪ ʥʝʤʝʩʝ ʬʝʥʦʣʜʘʨʜʳש ᴅʨ 

 שʤʘʡʜʳ ,שʤʘʡʜʳ ,שʥʘʡ ᴇʥʽʤʜʝʨʽʥʽײʨʘʤʳ 10 ʤʛ/ʣ ʘʩʧʘʡʜʳ. ʉʫʜʘ ʤײץ שʘʡʩʳʩʳʥʳץ

 .ץʦʩʧʘʣʘʨ ʞʦץ ʳʰסʉʫʜʘ ʙʦʷ .ץʣʜʽʨʣʝʨʽ ʞʦװ

ʉʫʜʘ ʝʨʠʪʽʥ ʪײʟʜʘʨʜʳש, SO , Cl-1 ʠʦʥʜʘʨʳʥʳש ʞᴅʥʝ ᴇʣʰʝʥʛʝʥ 

ʙᴇʣʰʝʢʪʝʨʜʽײץ שʨʘʤʳ 5.4-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʰʘʤʘʣʘʨʜʘʥ ʘʩʧʘʡʜʳ, ʉʫʜʳש 

ʪʦʪʳסʫʳ 14 ʤʛ/ʣ. ʉʫʜʳש ʩʫʪʝʢ ʢᴇʨʩʝʪʢʽʰʽ (pH) - 7.  
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ʂʝʩʪʝ 2.4 - ʉʫʜʘסʳ ץʦʩʧʘʣʘʨʜʳײץ שʨʘʤʳ. 

ʉʫʜʳש ʪʘסʘʡʳʥʜʘʣʫʳ 

ʄᴇʣʰʝʨʽ, ʤʛ/ʣ 

ɽʨʠʪʽʥ ʪײʟʜʘʨ 
ʀʦʥʜʘʨ 

SO-2
4 

ʀʦʥʜʘʨ

Cl-1 

ɯʣʽʥʛʝʥ 

ʙᴇʣʰʝʢʪ

ʝʨ 

ɹʝʪʦʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʙʝʪʦʥ 

 ʘʥ ʩʫסʘ ʘʨʥʘʣסʦʩʧʘʩʳʥ ʘʨʘʣʘʩʪʳʨʫץ
4800 2650 1100 170 

 

ʉʫʜʘ ʩʦʥʜʘʡ-ʘץ ʮʝʤʝʥʪ ץʘʤʳʨʳ ʤʝʥ ʙʝʪʦʥʥʳץ שʘʪʘʶ ʞᴅʥʝ ץʘʪʘʶ ʤʝʨʟʽʤʽʥ 

ʙײʟʘʪʳʥ, ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ʤᴇʣʰʝʨʜʝ 

 .ʦʩʧʘʣʘʨ ʙʦʣʤʘʡʜʳץ

 

 ʦʩʧʘʣʘʨʳʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢץ ʣװʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʣʝʨʽʥ, ʮʝʤʝʥʪ-ʢײפ 2.3

ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ. 

ɹײʣ ʙᴇʣʽʤʜʝ ײץʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʩʽʥ, ʢװʣ - ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ 

 ʨʘʤ ʤʘʪʝʨʠʘʣʜʘʨʳײץ ʩʘʩץײ ʜʘʫשʘʥ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥ ʪʘסʩʳʥʳʣײ

ʤʝʥ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʘʣʜʳסשʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʥʝʛʽʟʜʝʣʜʽ. 

ʇʘʡʜʘʣʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʝʨ ʽʩʢʝ ʘʩʳʨʫʜʳץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʤʝʥ, ᴇʣʰʝʫ 

ʙʘʟʘʩʳʥʳץ שʦʣʞʝʪʽʤʜʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽש ʞʦסʘʨʳ ʞʘסשʳʨʪʳʣʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 

 ʤ-ʮʝʤʝʥʪ ʝʨʽʪʽʥʜʽʩʽʥ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽײפ 2.3.1

ɾʳʣʞʳʤʘʣʳʣʳסʳ, ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳ, ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽ ʞᴅʥʝ ʝʨʽʪʽʥʜʽ 

 ʘʥ. ɽʨʽʪʽʥʜʽסʪʘʣץʳ ʄɽʄʉʊ 58767 [73] ʩᴅʡʢʝʩ ʘʥʳסʘʙʘʪʪʳʣʳץ שʦʩʧʘʣʘʨʳʥʳץ

 ʢᴇʣʝʤʽ ʄɽʄʉʊ 10181 [62] ʙʦʡʳʥʰʘ שʘʥ ʘʫʘʥʳסʳ ʪʘʨʪʳʣסʦʩʧʘʣʘʨʳʥʜʘץ

ʘʥʳץʪʘʣʜʳ. ɾʘשʘ ʜʘʡʳʥʜʘʣסʘʥ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ץʦʩʧʘסʘ 

ʢʝʤʽʥʜʝ 5 ʩʤ ʪʝʨʝשʜʽʢʢʝ ʙʘʪʳʨʳʣסʘʥ ʢʝʟʜʝ ʪʝʨʤʦʤʝʪʨʤʝʥ ᴇʣʰʝʫ ʞʦʣʳʤʝʥ 

ʘʥʳץʪʘʣʜʳ 40ʭ40ʭ160ʤʤ ᴇʣʰʝʤʜʽ ʧʨʠʟʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨʜʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ 

ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ, ץʘʪʳʧ ץʘʣסʘʥ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʦʨʪʘʰʘ 

ʪʳסʳʟʜʳסʳ ʄɽʄʉʊ 58767 [73] ʩᴅʡʢʝʩ 10ʭ10ʭ10 ʩʤ ᴇʣʰʝʤʜʽ װʣʛʽ-ʪʝʢʰʝʣʝʨʜʝ 

ʘʥʳץʪʘʣסʘʥ, ʐᴇʛʫʜʽש ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ ʄɽʄʉʊ 24544 [74] ʩᴅʡʢʝʩ 40ʭ40ʭ160 

ᴇʣʰʝʤʜʽ ʧʨʠʟʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨʜʝ ʘʥʳץʪʘʣסʘʥ. ɽʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʩʫ ʙᴇʣʫʽʥ 

ʄɽʄʉʊ 10181 [62] ʙʦʡʳʥʰʘ ʘʥʳץʪʘסʘʥ. 

2.3.4 ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥ ʟʝʨʪʪʝʫ ʪᴅʩʽʣʜʝʨʽ. ʂװʣ -ʮʝʤʝʥʪʪʽ 

 ʩʪʘʫ ʤʝʨʟʽʤʜʝʨʽ ʄɽʄʉʊ 310.3-76 [61]ײ ʳ ʤʝʥסʜʳשʘʣʳץ ʘʣʳʧʪʳץ שʘʤʳʨʜʳץ

ʞʘʟʳʣסʘʥ ᴅʜʽʩʪʝʤʝʛʝ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʜʳ. ʂװʣ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥʳש ʪʳסʳʟʜʘʫ 

ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʛʽʥʽש ʰʝʛʽ ʄɽʄʉʊ 28570-2019 [63] ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ. 

 

2.4 ʊװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨʜʳ ʞᴅʥʝ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ 

ʙʝʪʦʥʜʘʨʜʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ 
 ץʩʪʘʥ ʪʝʭʥʠʢʘʣʳץʘʟʘפ ʳʩסʳ ʐʳסʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ɼ.ʉʝʨʽʢʙʘʝʚ ʘʪʳʥʜʘת

ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʦʨʥʘʪʳʣסʘʥ S-6045 ʤʘʨʢʘʣʳ 3D-ʧʨʠʥʪʝʨʜʝ (ʩʫʨʝʪ 2.8) ʞװʟʝʛʝ 

ʘʩʳʨʳʣʜʳ. 
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ʉʫʨʝʪ 2.8 - S-6045 ʤʘʨʢʘʣʳ ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽ: 1 - ʙʘʩʧʘ ʙʘʩʳ, 2 - ʪʠʝʫ 

ʙʫʥʢʝʨʽ, 3 - ʢᴇʣʜʝʥʝץ שʦʟסʘʣʳʩ ʤʝʭʘʥʠʟʤʽ, 4 - 3D ʧʨʠʥʪʝʨ ʨʘʤʘʩʳ, 5 - ʜʘʡʳʥ 

ᴇʥʽʤ 

 

S-6045 ʤʦʜʝʣʽ S-6043 ʧʣʘʪʬʦʨʤʘʩʳʥʳש ʙʘʟʘʩʳʥʜʘ ᴅʟʽʨʣʝʥʛʝʥ S 

ʩʝʨʠʷʩʳʥʳש ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʥײʩץʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɹײʣ 3D ʧʨʠʥʪʝʨ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʩᴅʫʣʝʪ, ʜʠʟʘʡʥ 

ʩʘʣʘʩʳʥʜʘסʳ ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪʪʘʨʜʳ ʜʘʤʳʪʫ ʤװʤʢʽʥʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʂᴇʣʝʤʜʽ ʙʘʩʧʘ ʙײʨʳʥ ʦʣʘʨʜʳ ʞʘʩʘʫ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʙʦʣʫʳ װʰʽʥ 

ʪʳʤ ʢװʨʜʝʣʽ ʜʝʧ ʝʩʝʧʪʝʣʛʝʥ ʙײʡʳʤʜʘʨʜʳ ᴇʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [41].  

ʇʨʠʥʪʝʨ S-6045 S-6043 ʥʝʛʽʟʽʥʜʝ ᴅʟʽʨʣʝʥʛʝʥ S ʩʝʨʠʷʣʳ ʰʘסʳʥ ʬʦʨʤʘʪʪʳ 

ʧʨʠʥʪʝʨʣʝʨʜʽש ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʤʦʜʝʣʽ ײץʨʘʤʳ ʙʦʡʳʥʰʘ ᴅʨʪװʨʣʽ ʙʝʪʦʥʜʘʨʤʝʥ, 

ʦʥʳש ʽʰʽʥʜʝ 500 ʩʝʨʠʷʣʳ ʮʝʤʝʥʪ ʥʝʛʽʟʽʥʜʝʛʽ ʩʪʘʥʜʘʨʪʪʳ ײץʨʘʤʜʘʨʤʝʥ, ʷסʥʠ ʢʝʟ 

ʢʝʣʛʝʥ ײץʨʳʣʳʩ ʥʘʨʳסʳʥʜʘ ʝʨʢʽʥ ʩʘʪʳʣʳʤʜʘ ʙʦʣʫʳʤʝʥ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ 

  .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘ ʤסʦʩʧʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫץ ʦʩʧʘʣʘʨ ʤʝʥ ʬʠʙʨʫʣʴʜʽץ

ɽʫʨʦʧʘʣʳץ ᴇʥʜʽʨʽʩʪʝʛʽ ʧʨʠʥʪʝʨʛʝ ʘʨʥʘʣסʘʥ ʞʠʳʥʪʳץʪʘʨ (ʨʝʣʴʩʪʽʢ 

ʙʘסʳʪʪʘסʳʰʪʘʨ ʞᴅʥʝ ץʘʜʘʤʜʳץ ץʦʟסʘʣʪץʳʰʪʘʨ).  

ʅʝʛʽʟʛʽ ʞʠʳʥʪʳץʪʘ ʧʨʠʥʪʝʨ ʪװʨʣʽ ײץʨʘʤʤʝʥ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʝʩʝʧʪʝʣʛʝʥ װʰ 

ʙʘʩʧʘ ʙʘʩʪʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ.  

ɾʠʳʥʪʳץץʘ ʝʨʽʪʽʥʜʽ ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʞʫʫ ʢʽʨʝʜʽ.  

ʅʝʛʽʟʛʽ ʞʠʳʥʪʳץʪʘ ʧʨʠʥʪʝʨ ʪװʨʣʽ ײץʨʘʤʤʝʥ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʝʩʝʧʪʝʣʛʝʥ װʰ 

ʙʘʩʧʘ ʙʘʩʪʘʨʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. ɾʠʳʥʪʳץץʘ ʝʨʽʪʽʥʜʽ ʘʨʘʣʘʩʪʳʨסʳʰ ʞᴅʥʝ 

ʞʦסʘʨʳ ץʳʩʳʤʜʳ ʞʫʫ ʢʽʨʝʜʽ.  

S-6045 ײץʨʳʣʳʩ ʧʨʠʥʪʝʨʽ 400-500 ʩʝʨʠʷʣʳ ʮʝʤʝʥʪ ʥʝʛʽʟʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ 

 ʳʥʜʘ ʥʝʤʝʩʝסʨʳʣʳʩ ʥʘʨʳײץ ʥʠ ʢʝʟ ʢʝʣʛʝʥסʘʨʘʜʳ, ʷסʨʘʤʜʘʨʤʝʥ ʙʘʩʳʧ ʰʳײץ

ʜװʢʝʥʜʝ ʩʘʪʳʧ ʘʣʫסʘ ʙʦʣʘʜʳ.  
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ʄʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨ ʤʝʥ ʬʠʙʨʫʣʴʜʽ ץʦʩʧʘʣʘʨʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

ʇʘʡʜʘʣʘʥʫ ʞᴇʥʽʥʜʝʛʽ ʥײʩץʘʫʣʳץʪʘ ץʦʩʧʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʨʝʛʣʘʤʝʥʪʪʝʨ ʙʘʨ [42].  

ɹʝʪʦʥʜʘʨʜʳש ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳ ɻʆʉʊ 12730.1-78  [75] ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʣʜʳ.  

ɹʝʪʦʥʜʘʨʜʳש ʢʝʫʝʢʪʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ɻʆʉʊ 12730.4-78 [76] çɹʝʪʦʥʜʘʨ. 

ʂʝʫʝʢʪʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽè.  

ɹʝʪʦʥʜʘʨʜʳש ʩʫ ʩʽשʽʨʫʽ ʄɽʄʉʊ 12730.3-2020 ᴅʜʽʩʪʝʤʝʩʽ ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʣʜʳ [77].  

ɹʝʪʦʥʜʘʨʜʳש ʩʦʨʙʮʠʷʣʳץ ʳʣסʘʣʜʳʣʳסʳ ʄɽʄʉʊ 12852.6-77 [78] ʙʦʡʳʥʰʘ 

ʘʥʳץʪʘʣʜʳ. ױʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨʜʳ ʠʶ ʞᴅʥʝ ץʳʩʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽ 

ʄɽʄʉʊ 5802-86 [79] ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣסʘʥ. ᴇʣʰʝʤʜʝʨʽ 40 Ĭ 40 Ĭ 160 ʤʤ װʣʛʽ-

ʘʨץʘʣʳץʪʘʨʜʘ ʞᴅʥʝ ʠʽʣʫʛʝ ʩʳʥʘʫʜʘʥ ʢʝʡʽʥ ʘʣʳʥסʘʥ װʣʛʽ-ʧʨʠʟʤʘʣʘʨʜʳש 

ʞʘʨʪʳʩʳʥʜʘ ʪʠʽʩʽʥʰʝ. ʉʳʥʘץʪʘʨ ʀʇ-100, ʀʇ-1000-0 ʞᴅʥʝ ʄʀʀ-100 ʩʳʥʘץ 

ʤʘʰʠʥʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʞװʨʛʽʟʽʣʜʽ.  

ɿʝʨʪʪʝʣʝʪʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨסʘ ץʘʪʳʩʪʳ ʦʩʳ ᴅʜʽʩʪʝʤʝʥʽ ץʦʣʜʘʥʫ 

ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʽʨʽ ʪʦʣʪʳʨסʳʰʪʳש (ʤᴇʣʰʝʨʽ 5 ʤʤ-ʜʝʥ ʘʩʪʘʤ) ʙʦʣʤʘʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ 10180-2012 ʄɽʄʉʊ [80] ʨʝʛʣʘʤʝʥʪʪʝʛʝʥ װʣʛʽʣʝʨʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʢʽʰʽʨʝʡʪʽʣʛʝʥ ᴇʣʰʝʤʜʝʨ װʣʛʽʣʝʨʽʥ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʜʘʥ ʙʘʩץʘ ʢᴇʟʜʝʣʛʝʥ ᴇʣʰʝʤʜʝʨʜʽש ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥ ץʘʣʳʧʪʘʫ ץʘʙʘʪʪʳ 

ʵʢʩʪʨʫʟʠʷ (3D-ʙʘʩʧʘ) ᴅʜʽʩʽʤʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ץʠʳʥʜʳץ 

ʪʫסʳʟʘʜʳ.  

ʕʣʝʢʪʨʦʥʜʳϨ-ʤʠʢʨʦʩʢʦʧʠʷʣʳϨ ʪʘʣʜʘʫ ʞϮʨʛʽʟʫ ϸʜʽʩʪʝʤʝʩʽ.  

ɹʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ װʣʛʽʣʝʨʽʥʽש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳʥ ʟʝʨʪʪʝʫ JEOL 

(JSM ʩʝʨʠʷʩʳ) ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʳʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ ʨʘʩʪʨʣʳץ 

ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (ʈʕʄ) ᴅʜʽʩʽʤʝʥ ʦʨʳʥʜʘʣʜʳ. ɿʝʨʪʪʝʫ װʰʽʥ װʣʛʽʣʝʨʜʽ 

ʥʦʨʤʘʪʠʚʪʽʢ ץʘʪʘʶ ʞʘʩʳʥʘ ʞʝʪʢʝʥʥʝʥ ʢʝʡʽʥ ʙʘʩʳʣסʘʥ ʙײʡʳʤʜʘʨʜʘʥ ʽʨʽʢʪʝʧ 

ʘʣʜʳ. תʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ ʮʝʤʝʥʪ ʪʘʩʪʘʨʳʥʳש ʬʘʟʘʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʞʘʡ-

ʢװʡʽʥʽש ᴇʟʛʝʨʫʽʥ ʙʦʣʜʳʨʤʘʫ ʤʘץʩʘʪʳʥʜʘ 50-60 Áʉ ʞʦסʘʨʳ ʝʤʝʩ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʪײʨʘץʪʳ ʤʘʩʩʘסʘ ʜʝʡʽʥ ʢʝʧʪʽʨʫʜʽ ץʘʤʪʠʜʳ.  

ʈʝʛʨʝʩʩʠʷʣʳϨ ʤʦʜʝʣʴʜʝʫ ʞϸʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʦϬʪʘʡʣʘʥʜʳʨʫ.  

ʈʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫ 

Python ʙʘסʜʘʨʣʘʤʘʣʳץ ʦʨʪʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. ɼʝʨʝʢʪʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ 

ʞᴅʥʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ײץʨʫ װʰʽʥ ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ 

ᴅʜʽʩʪʝʨʽʥ ʽʩʢʝ ʘʩʳʨʘʪʳʥ cement-app-stats.streamlit.app ʚʝʙ-ץʦʩʳʤʰʘʩʳ 

  .ʦʣʜʘʥʳʣʜʳץ

3D ʙʘʩʧʘ ϮʣʛʽʣʝʨʽʥʽϬ ʢʝʨʥʝʫ-ʜʝʬʦʨʤʘʮʠʷʣʘʥϤʘʥ ʢϮʡʽʥ ʩʘʥʜʳϨ ʤʦʜʝʣʴʜʝʫ.  

3D-ʙʘʩʧʘ װʣʛʽʣʝʨʽʥʽש ʢʝʨʥʝʫ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʞʘʡ-ʢװʡʽʥ ʩʘʥʜʳץ 

ʤʦʜʝʣʴʜʝʫ ʢʝʨʥʝʫʣʝʨ ʤʝʥ ʜʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʪʘʨʘʣʫʳʥ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘץ 

ʤʘʪʝʨʠʘʣʜʳש ʙײʟʳʣʫʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʰʝʢʪʽ ʞװʢʪʝʤʝʣʝʨʜʽ ʘʥʳץʪʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʦʨʳʥʜʘʣʜʳ.  

ʄʦʜʝʣʴʜʝʫ ANSYS ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʪװʧʢʽʣʽʢʪʽ 

ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. תʣʛʽʣʝʨʜʽש ʛʝʦʤʝʪʨʠʷʣʳװ  ץʣʛʽʣʝʨʽ 
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ʙʘʩʳʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʥʘץʪʳ ᴇʣʰʝʤʜʝʨʽ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣʜʳ. ɽʩʝʧʪʝʨʜʝ 

ʟʝʨʪʭʘʥʘʣʳץ ʩʳʥʘץʪʘʨ ʙʘʨʳʩʳʥʜʘ ʘʣʳʥסʘʥ ʤʘʪʝʨʠʘʣʜʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ 

ʘʥʳץʪʘʣסʘʥ ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

 

ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣʽʥʽש ʬʠʟʠʢʘʣʳץ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝ 

ʦʥʳ3 שD-ʙʝʪʦʥʜʘʨ װʰʽʥ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʞʘʨʘʤʜʳʣʳסʳ 

ʨʘʩʪʘʣʜʳ. ʂװʣʜʽש ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʤʝʭʘʥʠʢʘʣʳץ ʘʢʪʠʚʪʝʫʜʽ 

 .ʘʞʝʪץ ʦʣʜʘʥʫץ

ʉʪʘʥʜʘʨʪʪʳ ʬʠʟʠʢʘʣʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʩʳʥʘץʪʘʨ ʩʠʷץʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʥʳ 

ʪʘʣʜʘʫʜʳש ʜᴅʣʜʽʛʽ ʞʦסʘʨʳ ᴅʜʽʩʪʝʨʽʥ (ʈʕʄ, ʨʝʥʪʛʝʥʜʽʢ-ʬʘʟʘʣʳץ ʪʘʣʜʘʫ) ץʘʤʪʠʪʳʥ 

 ʘʥסʣ ʘʣʳʥײʘʣʳʧʪʘʩʪʳʨʳʣʜʳ. ɹץ ʢʝʰʝʥʽ שʳ ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽʥʽסʘʟʽʨʛʽ ʟʘʤʘʥץ

ʥᴅʪʠʞʝʣʝʨʜʽש ʜײʨʳʩʪʳסʳ ʤʝʥ סʳʣʳʤʠ ʪʝʨʝשʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫ װʰʽʥ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʜʳ 

(Python, ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪʘʣʜʘʫ ʢʽʪʘʧʭʘʥʘʩʳ) ʪʘשʜʘʫ ʥʝʛʽʟʜʝʣʛʝʥ. ɹײʣ çײץʨʘʤ - 

 ʘ ʞᴅʥʝ ʙʝʪʦʥ ʨʝʮʝʧʪʫʨʘʩʳʥסʨʫײץ ʤʦʜʝʣʴʜʝʨʽʥ ץʘʩʠʝʪè ʙʘʨʘʙʘʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʙʘʟʘ ʜʘʡʳʥʜʘʣʜʳ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳ3 ץD-ʙʘʩʳʧ ʰʳסʘʨʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʧʳʩʳץʪʘʣʜʳ, ʙײʣ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨ ײץʨʘʤʳʥ ᴅʟʽʨʣʝʫ 

ʞᴇʥʽʥʜʝʛʽ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥʝ ʢᴇʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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3 ʂתʃ ï פʆɾ ʄɸʊɽʈʀɸʃʓʅ ʂɽʐɽʅɼɯ ɿɽʈʊʊɽʋ ɾᴄʅɽ 

ʆʃɸʈɼʓ פʆʃɼɸʅʋ 

 

3.1 ᴆʩʢʝʤʝʥ ץʘʣʘʩʳʥʳʥ ɾʕʆ  ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʢװʣ װʡʽʥʜʽʩʽʥʜʝ 

 .ʘʣʳʧʪʘʩʪʳʨʫ ʞᴅʥʝ ʦʨʥʘʣʘʩʪʳʨʫץ

 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ᴅʢʝʪʫ ʢʝʟʽʥʜʝ ʢװʣʜʽש ʪװʡʽʨʰʽʢ ײץʨʘʤʳ ײץʙʳʨʜʳש ʰʳסʫ 

ʪʝʩʽʛʽʥʝ ʜʝʡʽʥʛʽ ץʘʰʳץʪʳץץʘ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ. ɹײʣ ʩײʡʳץʪʳץ ץʦʟסʘʣʳʩʳ 

ʞʳʣʜʘʤʜʳסʳʥʳש ʪʝʨʝשʜʽʢ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ, ʦʣ ʣʦʛʘʨʠʬʤʜʽʢ 

ʟʘסשʘ ʩᴅʡʢʝʩ ᴇʟʛʝʨʝʜʽ: ʝש ʪᴇʤʝʥ ʞʳʣʜʘʤʜʳץ ʪװʙʽʥʜʝ ʙʘʡץʘʣʘʜʳ, ʘʣ ʝש ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץ ʛʠʜʨʘʚʣʠʢʘʣʳץ ᴅʢʝʪʫʜʽש ʰʘʡʳʥʜʳ ʘʨʥʘʣʘʨʳ ʤʝʥ ʢװʣ װʡʽʥʜʽʣʝʨʽʥʽש 

ʙʝʪʽʥʜʝ ʙʘʡץʘʣʘʜʳ. 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ʘסʳʥʥʳש ᴅʨʙʽʨ ץʘʙʘʪʳ ײץʨʘʤʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ץʘʣץʳʤʘ 

ʙᴇʣʰʝʢʪʝʨʜʽש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʽʥ ʪʘʩʳʤʘʣʜʘʡʜʳ. ʊʘʩʳʤʘʣʜʘʫ ʙʘʨʳʩʳʥʜʘ 

ʟʦʣʦʰʣʘʢ ʧʫʣʴʧʘʩʳʥʳש ʬʨʘʢʮʠʷʣʘʥʫʳ ʞװʨʝʜʽ ð ʙᴇʣʰʝʢʪʝʨʜʽש ʽʨʽʣʽʛʽ ʙʦʡʳʥʰʘ 

ʜʘ, ʦʣʘʨʜʳש ʤʠʥʝʨʘʣʦʛʠʷʣʳײץ ץʨʘʤʳ ʤʝʥ ʤʦʨʬʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʜʘ. ʇʫʣʴʧʘʥʳ 

ʪᴇʛʫ ʢʝʟʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʪʳסʳʟʜʳסʳ ʤʝʥ ʰᴇʛʫ ʞʳʣʜʘʤʜʳסʳʥʳש 

ʘʡʳʨʤʘʰʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʘʡץʳʥ 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʞʽʢʪʝʣʫʽ ʙʘʨ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʟʦʣʦʰʣʘʢ 

 .ʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ [81],[82]װʪ שʦʩʧʘʩʳʥʳץ

ʇʫʣʴʧʘʥʳ ʪᴇʛʫ ʥװʢʪʝʩʽʥʝʥ ʘʣʳʩʪʘסʘʥ ʩʘʡʳʥ ʰʳסʘʨʳʣʘʪʳʥ ʢװʣʜʝʛʽ ʘʫʳʨ 

ʤʠʥʝʨʘʣʜʘʨʜʳש (ʤʘʛʥʝʪʠʪ ʧʝʥ ʛʝʤʘʪʠʪʪʽש) ʤᴇʣʰʝʨʽ ʘʟʘʷʜʳ, ʘʣ ʞʝשʽʣ ʤʠʥʝʨʘʣʜʘʨ 

ʤʝʥ ʰʳʥʳ ʩʳʥʳץʪʘʨʳʥʳש (ʢʚʘʨʮ, ʜʘʣʘ ʰʧʘʪʳ, ʰʳʥʳ) ʤᴇʣʰʝʨʽ ʘʨʪʘʜʳ. ʆʩʳסʘʥ 

ʙʘʡʣʘʥʳʩʪʳ ʟʦʣʦʪʦʦʪʚʘʣ ʘʫʤʘסʳ ʰʘʨʪʪʳ ʪװʨʜʝ 4 ʘʡʤʘץץʘ ʙᴇʣʽʥʝʜʽ (3.1-

ʩʫʨʝʪ)[83]. 

ɹʽʨʽʥʰʽ (ʟʦʣʦʰʣʘʢ ʪᴇʛʽʣʝʪʽʥ ʦʨʳʥסʘ ʝש ʞʘץʳʥ) ʘʡʤʘץʪʘ ʢװʣʜʽש ʝש ʘʫʳʨ 

ʞᴅʥʝ ʽʨʽ ʙᴇʣʰʝʢʪʝʨʽ ʞʠʥʘʣʘʜʳ, ʝʢʽʥʰʽ ʘʡʤʘץʪʘ ð ʞʝשʽʣʽʨʝʢ ʞᴅʥʝ ײʩʘץʪʘʫ 

ʙᴇʣʰʝʢʪʝʨ, ʦʩʳʣʘʡʰʘ ʪᴇʨʪʽʥʰʽ ʘʡʤʘץץʘ ʜʝʡʽʥ ʞʘʣסʘʩʘʜʳ. ʊᴇʨʪʽʥʰʽ ʘʡʤʘץʪʘ 

 ʣ ʤʘʩʩʘʩʳ ʞʠʥʘʣʘʜʳ (ʂʝʩʪʝ 3.1)װʣʛʝʨʛʝʥ ʢװ ʳʥʘʥ ᴇʪʽʧסʘʡʤʘ 4 ץʙʘʨʣʳ שʡʽʥʜʽʥʽװ

[84]. 

 
 

ʉʫʨʝʪ 3.1  ï ᴆʩʢʝʤʝʥ ɾʕʆ ˉ2 ʢװʣ װʡʽʥʜʽʩʽʥ ʢװʣʜʽש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʡʤʘץʪʘʨסʘ ʙᴇʣʫ ʩʳʟʙʘʩʳ 
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ʂʝʩʪʝ 3.1  ï ʂװʣʜʽש ʘʡʤʘץʪʘʨ ʙʦʡʳʥʰʘ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

 
ʂװʣ 

 שʡʽʥʜʽʩʽʥʽװ

ʘʡʤʘסʳ 

 ʡʽʥʜʽת

ʪʳסʳʟʜʳץ, 

ʢʛ/ʤį 

ʅʘץʪʳ 

ʪʳסʳʟʜʳץ, 

ʛ/ʩʤį 

ʄʝʥʰʽʢʪʽ 

ʙʝʪʽ, ʩʤĮ/ʛ 

ʐʳʥʳ 

ʬʘʟʘʩʳʥʳש 

ʤᴇʣʰʝʨʽ, % 

 ʳʟʜʳʨʫפ

ʢʝʟʽʥʜʝʛʽ 

ʤʘʩʩʘʥʳש 

ʞʦסʘʣʫʳ, % 

I 700ï800 2,8ï2,85 3000ï4000 40ï50 7,0ï11,0 

II  600ï700 2,7ï2,85 3000ï4500 50ï60 3,8ï9,0 

III  500ï600 2,6ï2,75 3000ï3500 60ï75 0,78ï1,53 

IV  350ï500 2,53ï2,6 2700ï3000 75ï93 0,64ï0,98 

 

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣi ץʘʨʘ-ʩײʨ ʪװʩʪʽ, ʙʦʨʧʳʣʜʘץ ʤʘʪʝʨʠʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, 

ʦʣ ʘʟ ʤᴇʣʰʝʨʜʝʛʽ ʢʚʘʨʮ ײץʤʳ, ʪʝʤʽʨ ʞᴅʥʝ ʢʘʣʴʮʠʡ ץʦʩʳʣʳʩʪʘʨʳ ʙʘʨ ʩʘʟʜʳ 

ʢװʡʜʽʨʫ ᴇʥʽʤʽ. ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʝʜᴅʫʽʨ ʤᴇʣʰʝʨʜʝ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʢװʣ ʪʦʣʳץ ʢװʡʤʝʛʝʥ ʞᴅʥʝ ʤʠʢʨʦʩʢʦʧ ʘʨץʳʣʳ ʜʝʨʣʽʢ ʙʘʡץʘʣʤʘʡʜʳ. ʆʨʛʘʥʠʢʘʣʳץ 

ʟʘʪʪʘʨʜʳש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢװʣʜʽ ʬʘʟʘʣʘʨסʘ ʙᴇʣʫ ץʠʳʥ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʟʝʨʪʪʝʣʝʪʽʥ װʣʛʽʣʝʨ 400ï600Áʉ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ᴇʪʢʽʟʽʣʜʽ. 

ʂװʣʜʽײץ שʨʘʤʳ ʜᴅʩʪװʨʣʽ ʪװʨʜʝ װʰ ʥʝʛʽʟʛʽ ʬʘʟʘסʘ ʙᴇʣʽʥʝʜʽ ð ʰʳʥʳʪᴅʨʽʟʜʽ 

(ʚʠʪʨʝʫʩʪʳ), ʢʨʠʩʪʘʣʜʳץ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ. ᴄʨץʘʡʩʳʩʳ ʤʘʪʝʨʠʘʣʜʳש ʬʠʟʠʢʘ-

ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ, ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʜʝʨʽʩʪʝʨʜʝʛʽ ʤʽʥʝʟ-ײץʣץʳʥ, ʵʢʦʣʦʛʠʷʣʳץ 

ᴅʩʝʨʽʥ ʞᴅʥʝ ʩʘʥʠʪʘʨʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʡʜʳ. 

ʐʳʥʳʪᴅʨʽʟʜʽ (ʚʠʪʨʝʫʩʪʳ) ʬʘʟʘ ʙʘʣץʳʪʳʣסʘʥ ʤʠʥʝʨʘʣʜʘʨʜʳש ʪʝʟ 

ʩʘʣץʳʥʜʘʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʘʤʦʨʬʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʘʨʜʘʥ ʪײʨʘʜʳ, ʩʦʥʳש 

ʩʘʣʜʘʨʳʥʘʥ ʤʘʪʝʨʠʘʣ ײץʨʳʣʳʤʳʥʜʘ ʘʣʳʩ ʨʝʪʪʽʣʽʢ ʙʦʣʤʘʡʜʳ. ɹײʣ ʤʝʭʘʥʠʟʤ [85] 

ʝשʙʝʢʪʝʨʽʥʜʝ ʞʘʥ-ʞʘץʪʳ ʩʠʧʘʪʪʘʣסʘʥ, ʦʥʜʘ ײʰʧʘ ʢװʣʜʝʛʽ ʰʳʥʳʪᴅʨʽʟʜʽ ײץʨʘʤʜʘʩ 

ʙᴇʣ̔ʢʪʽש ʢװʣʜʽש ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ʙʘʣץʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʰʝʰʫʰʽ ᴅʩʝʨ 

ʝʪʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʐʳʥʳʪᴅʨʽʟʜʽ ʬʘʟʘʥʳש ʝʜᴅʫʽʨ װʣʝʩʽ ʚʫʣʢʘʥʜʳץ ʢװʣʜʝ ʜʝ ʢʝʟʜʝʩʝʜʽ, ʤײʥʜʘ ʦʣ 

ʙᴇʣʰʝʢʪʝʨʜʽש ʪʳסʳʟʜʳסʳʥ, ʦʣʘʨʜʳש ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ, ʩʦʥʜʘʡ-ʘץ 

ʘʪʤʦʩʬʝʨʘʣʳװ ץʜʝʨʽʩʪʝʨ ʤʝʥ ʢʣʠʤʘʪʪʳץ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ᴅʩʝʨ ʝʪʫ ץʘʙʽʣʝʪʽʥ 

ʘʥʳץʪʘʡʜʳ. ɺʫʣʢʘʥʜʳץ ʰʳʥʳ ץʦʩʳʥʜʳʣʘʨʳ [86] ʝשʙʝʢʪʝ ʞʘʥ-ʞʘץʪʳ 

ʩʠʧʘʪʪʘʣסʘʥ. 

ʂʨʠʩʪʘʣʜʳץ ʬʘʟʘ ʨʝʪʪʝʣʛʝʥ ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳ ʙʘʨ ʤʠʥʝʨʘʣʜʘʨʜʳ ץʘʤʪʠʜʳ, 

ʦʣʘʨʜʳש ʽʰʽʥʜʝ ʝש ʞʠʽ ʢʝʟʜʝʩʝʪʽʥʜʝʨʽ ð ʢʚʘʨʮ, ʜʘʣʘ ʰʧʘʪʪʘʨʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ 

ʤʝʪʘʣʣ ʦʢʩʠʜʪʝʨʽ. ɹײʣ ʤʠʥʝʨʘʣʜʘʨ ʙʘʣץʳʤʘʣʘʨʜʳש ʩʘʣץʳʥʜʘʫʳ ʢʝʟʽʥʜʝ ʜʝ, 

ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳ ʨʝʘʢʮʠʷʣʘʨ ʙʘʨʳʩʳʥʜʘ ʜʘ ʪװʟʽʣʝʜʽ. ʂʨʠʩʪʘʣʜʳץ ʬʘʟʘʥʳש 

ʤʘשʳʟʜʳʣʳסʳ, ʤʳʩʘʣʳ, ʘʪʤʦʩʬʝʨʘʜʘסʳ ʤײʟ ʪװʟʽʣʫ װʜʝʨʽʩʪʝʨʽʥʜʝ [87] ʞᴅʥʝ ʦʥʳש 

ʘʚʪʦʨʣʘʨʳʥʳש ʝשʙʝʢʪʝʨʽʥʜʝ ʘʪʘʧ ᴇʪʽʣʛʝʥ, ʦʥʜʘ ʜʘʣʘ ʰʧʘʪʪʘʨʳʥʳש ʤײʟ 

ʥʫʢʣʝʘʮʠʷʩʳʥʳש ʦʨʪʘʣʳסʳ ʨʝʪʽʥʜʝ ʞʦסʘʨʳ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɺʫʣʢʘʥʜʳץ ʰʳסʘʨʳʥʜʳʣʘʨʜʘ ʙʫ ʬʘʟʘʩʳʥʜʘ ʢʨʠʩʪʘʣʜʘʥʫ ʘʨץʳʣʳ ʪװʟʽʣʝʪʽʥ 

ʞᴅʥʝ ʞʦסʘʨʳ ʙʠʦʣʦʛʠʷʣʳץ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʢʨʠʩʪʦʙʘʣʠʪ ʪʝ ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥ 

[88]. 
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ʆʨʛʘʥʠʢʘʣʳץ ʬʘʟʘ ʥʝʛʽʟʽʥʝʥ ʙʠʦʤʘʩʩʘ ʢװʣʜʝʨʽʥʝ ʞᴅʥʝ ײץʨʘʤʳʥʜʘ 

ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʳ ʙʘʨ ʙʘʩץʘ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʪᴅʥ. ʆʣ ʢᴇʤʽʨʪʝʢʪʽ ץʦʩʳʣʳʩʪʘʨʜʳ, 

ʪʦʣʳץ ʞʘʥʙʘסʘʥ ץʘʣʜʳץʪʘʨʜʳ, ʩʦʥʜʘʡ-ʘץ ʢװʣʜʽש ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʝ, ʦʥʳש 

ʵʢʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʰʳסʘʨʳʥʜʳʣʘʨ ʢʝʟʽʥʜʝʛʽ ʢᴇʤʽʨʪʝʢʪʽש ʤʽʥʝʟ-ײץʣץʳʥʘ 

ʞᴅʥʝ ʪʦʧʳʨʘץʪʘʨʤʝʥ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ᴅʩʝʨ ʝʪʝ ʘʣʘʪʳʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʪʦʧʪʘʨʜʳ ץʘʤʪʠʜʳ. ɹײʣ ʙʘסʳʪ ʙʽʨץʘʪʘʨ ʙʠʦʛʝʦʭʠʤʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʝ 

 .ʘʥ [89]סʘʨʘʩʪʳʨʳʣץ

ʂװʣ װʣʛʽʣʝʨʽʥ ʤʠʢʨʦʩʢʦʧ ʘʨץʳʣʳ ʟʝʨʪʪʝʫ, ʩʦʥʜʘʡ-ʘץ ʪʝʨʤʠʷʣʳץ ʪʘʣʜʘʫ 

ʜʝʨʝʢʪʝʨʽ ʢװʣ ײץʨʘʤʳʥʜʘ 70ï80%-סʘ ʜʝʡʽʥ ʰʳʥʳ ʬʘʟʘʩʳʥʳש ʙʘʩʳʤ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. ʆʣ ʩʘʨʳ, ץʦשʳʨ, ץʘʨʘ ʞᴅʥʝ ʪװʩʩʽʟ ʰʳʥʳ ʪװʨʽʥʜʝʛʽ ʜᴇשʛʝʣʝʢ ʞᴅʥʝ ץʳʨʣʳ 

ʙᴇʣʰʝʢʪʝʨ ʢװʡʽʥʜʝ ʢʝʟʜʝʩʝʜʽ, ʦʣʘʨʜʳש ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ ʟʘʪʪʳש ʭʠʤʠʷʣʳץ 

 .ʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ N = 1,564; 1,635 ʞᴅʥʝ 1,700 ʤᴅʥʜʝʨʽʥʝ ʠʝ (3.2-ʩʫʨʝʪ)ײץ

ʂװʣ ײץʨʘʤʳʥʜʘ ʩʦʥʜʘʡ-ʘץ ʞʦסʘʨʳ ʜᴅʨʝʞʝʜʝ ʤʫʣʣʠʪʪʝʥʛʝʥ ʩʘʟʜʳ ʤʘʩʩʘ ʜʘ 

ʙʘʨ. ʆʥʳש ʽʰʢʽ ʙᴇʣʽʛʽ ʢʝʫʝʢʪʽ ʘʤʦʨʬʪʳ ʤʘʩʩʘʜʘʥ ʪײʨʘʜʳ (ʩʘʟ ʤʠʥʝʨʘʣʜʘʨʳʥʳש 

ʢʨʠʩʪʘʣʜʳץ ʪʦʨʳʥʳש ʙײʟʳʣʫ ᴇʥʽʤʽ).  

 

  
 

ʉʫʨʝʪ 3.2 ï ʐʘשʪᴅʨʽʟʜʽ ʢװʣ 

 

ɻʘʟ ʬʘʟʘʩʳʤʝʥ ʪʦʣʪʳʨʳʣסʘʥ ʢװʡʝ ʪᴅʨʽʟʜʽ ʞʘʥʙʘʡ ץʘʣסʘʥ ʢᴇʤʽʨʪʝʢ 

 ʘʨʘץ-ʨײʘʥ ʩʘʟʜʳ ʟʘʪ ʙᴇʣʰʝʢʪʝʨʽ ʩסʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʘʤʦʨʬʪʘʥ שʫʳʩʪʘʨʳʥʳץ

ʪװʩʢʝ ʙʦʷʣסʘʥ ʞᴅʥʝ ʤᴇʣʜʽʨ ʝʤʝʩ ʙʦʣʘʜʳ. ʂװʣ ײץʨʘʤʳʥʜʘ 10ï15% ʤᴇʣʰʝʨʽʥʜʝ 

ʢʚʘʨʮ, ʜʘʣʘ ʰʧʘʪʪʘʨʳ ʞᴅʥʝ ʪ.ʙ. ʤʠʥʝʨʘʣʜʘʨʜʳש ʪװʡʽʨʣʝʨʽ ʪװʨʽʥʜʝʛʽ ʢʨʠʩʪʘʣʜʳץ 

ʬʘʟʘ ʙʘʡץʘʣʘʜʳ. 

ʐʘשʪᴅʨʽʟʜʽ ʢװʣʜʝʨʜʝ ᴅʨʪװʨʣʽ ʙʽʨʪʝʢʪʽʣʽʢ ʜᴅʨʝʞʝʩʽʥʝ ʠʝ ʘʛʨʝʛʘʪʪʘʣסʘʥ 

ʙᴇʣʰʝʢʪʝʨ ʢʝʟʜʝʩʝʜʽ. פʘʫʽʧʪʽ ʙʦʣʳʧ ᴅʨʪʝʢʪʽ ʤʠʢʨʦʙᴇʣʰʝʢʪʝʨʜʽש ʙʽʨ-ʙʽʨʽʤʝʥ 

ʞʘʥʘʩʳʧ, ᴇʟʘʨʘ ʙʘʣץʳʧ ʙʽʨʽʛʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ ʘʛʨʝʛʘʪʪʘʨ ʩʘʥʘʣʘʜʳ. ɹײʣ 

ʧʨʦʮʝʩʢʝ ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʙᴇʣʰʝʢʪʝʨʜʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ᴅʩʝʨ ʝʪʝʜʽ. ɾʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʙᴇʣʰʝʢʪʝʨʜʽש ʞʘʙʳʩʳʧ, ʽʨʽ ʘʛʨʝʛʘʪʪʘʨʜʳש ʪװʟʽʣʫʽʥ ʢװʰʝʡʪʝʜʽ, 

ʙײʣ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʳ ʥʘʰʘʨʣʘʪʳʧ, ʦʣʘʨʜʳ ײʩʪʘʫ ʧʨʦʮʝʩʽʥ ץʠʳʥʜʘʪʘʜʳ 

[90],[91] . 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʝʪʢʽ ץʘʙʘʪʪʘʨʳʥʳש 

ʙʝʣʩʝʥʜʽʨʽʣʫʽʥʝ ʞᴅʥʝ ʵʥʝʨʛʝʪʠʢʘʣʳץ ʪʦʩץʘʫʳʣʜʘʨʜʳש ʪᴇʤʝʥʜʝʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ, 

ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʽʨʽʛʽʧ, ʽʨʽ ʘʛʣʦʤʝʨʘʪʪʘʨ ʪװʟʫʽ ʞװʨʝʜʽ [92]. 

ʄײʥʜʘʡ ʘʛʨʝʛʘʪʪʘʨ ʙʘʩʪʘʧץʳ ʙᴇʣʰʝʢʪʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʜʠʩʧʝʨʩʪʽʣʽʛʽ ʪᴇʤʝʥ, 
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ʪʳסʳʟʜʳסʳ ʞʦסʘʨʳ ʞᴅʥʝ ʘʵʨʦʜʠʥʘʤʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ᴇʟʛʝʰʝ ʙʦʣʘʜʳ, ʙײʣ 

ʦʣʘʨʜʳ ײʩʪʘʫʜʳ ץʠʳʥʜʘʪʳʧ, ʢװʣ ʰᴇʛʽʥʜʽʣʝʨʽʥʽש ʞʝʨʛʽʣʽʢʪʽ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש 

ʘʨʪʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ᴄʜʽʩʪʝʨ ʰʘשʪᴅʨʽʟʜʽ ʢװʣʜʽץ שʘʩʠʝʪʪʝʨʽʥ ʪʘʣʜʘʫ ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ 

ʢʝʰʝʥʜʽ ʪᴅʩʽʣʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʘʣʘʡʜʘ ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʰʝʢʪʝʫʣʝʨ 

ʤʝʥ ʳץʪʠʤʘʣ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʝʩʢʝʨʫ ʤʘשʳʟʜʳ. ʄʳʩʘʣʳ, X-ray fluorescence 

(XRF) ᴅʜʽʩʽʥʜʝʛʽ ʤʘʪʨʠʮʘʣʳץ ᴅʩʝʨʣʝʨ ʞᴅʥʝ Inductively coupled plasma optical 

emission spectrometry (ICP-OES) ʢʝʟʽʥʜʝ װʣʛʽʣʝʨʜʽש ʪʦʣʳץ ʝʨʽʤʝʫʽ ʥᴅʪʠʞʝʣʝʨʜʽש 

ʜᴅʣʜʽʛʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʜʽʩʪʽ ʪʘשʜʘʫ ʥʘץʪʳ ץʦʣʜʘʥʫ ʩʘʣʘʩʳʥʘ ʞᴅʥʝ ʢװʣʜʽץ שʘʞʝʪʪʽ 

 ʩʽʥʫװʣ ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ ʪײʤʢʽʥ [93]. ɹװʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʫʽ ʤץ

ʙʝʨʽʣʛʝʥ ʞʘסʜʘʡ װʰʽʥ ʝץ שʦʣʘʡʣʳ ᴇשʜʝʫ ᴅʜʽʩʪʝʨʽʥ ʪʘשʜʘʫʜʘ ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ. 

ʂװʣʜʽש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: ʪʳסʳʟʜʳץ, 

ʢᴇʣʝʤʜʽʢ ʤʘʩʩʘ, ʤʠʢʨʦʢʝʫʝʢʪʽʣʽʢ, ʜʠʩʧʝʨʩʪʽʣʽʢ, ʩʫ ץʘʞʝʪʪʽʣʽʛʽ. ɿʝʨʪʪʝʣʝʪʽʥ ʢװʣʜʽש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 3.2-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

ɿʝʨʪʪʝʣʝʪʽʥ ʢװʣʜʽש ʰʳʥʳʪᴅʨʽʟʜʽ ʬʘʟʘʩʳ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʞᴅʥʝ ʰʳʥʳʥʳש ʝʢʽ 

ʪװʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: ʪװʩʩʽʟ (ʞʘʨʳץ ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ n = 1,540é1,580) ʞᴅʥʝ 

ᴇʣʰʝʤʽ 0,5ï10  ʤ ʙʦʣʘʪʳʥ ʙʘʣץʳʧ ʜʦʤʘʣʘʥסʘʥ ʰʘʨʠʢʪʝʨ ʪװʨʽʥʜʝʛʽ ʩʘʨʳ, ʩʠʨʝʢ 

ʞʘסʜʘʡʜʘ ʩʘʨʳ-ץʦשʳʨ ʰʳʥʳ. ʆʥʳש ʪװʩʽ ʪʝʤʽʨ ʦʢʩʠʜʽʥʽש ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, 

ʩʦʥʜʳץʪʘʥ ʞʘʨʳץ ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ ʞʦסʘʨʳʨʘץ ð n = 1,600ï1,630. 

ʂװʣʜʽש ʢʨʠʩʪʘʣʜʳץ ʙᴇʣʽʛʽ ʦʪʳʥʥʳש ʦʨʛʘʥʠʢʘʣʳײץ ץʨʘʤʳʤʝʥ ʙʽʨʛʝ ʞװʨʝʪʽʥ 

ʙʘʩʪʘʧץʳ ʤʠʥʝʨʘʣʜʘʨʜʘʥ, ʩʦʥʜʘʡ-ʘץ ʞʘסʫ ʧʨʦʮʝʩʽʥʜʝ ʪװʟʽʣʛʝʥ ʞʘשʘ 

ʪװʟʽʣʽʤʜʝʨʜʝʥ ʪײʨʘʜʳ. ʅʝʛʽʟʽʥʝʥ, ʢװʣʜʽש ʢʨʠʩʪʘʣʜʳץ ʙᴇʣʽʛʽʥ ʢʚʘʨʮ, ʜʘʣʘ ʰʧʘʪʳ, 

ʤʫʣʣʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʢʨʠʩʪʦʙʘʣʠʪ, ʢʦʨʜʠʝʨʠʪ, ʪʨʠʜʠʤʠʪ ײץʨʘʡʜʳ. 

ʂʚʘʨʮ ʢᴇʙʽʥʝʩʝ ᴇʣʰʝʤʽ 30ï250Ŀ10  ʤ ʙʦʣʘʪʳʥ ʪװʩʩʽʟ ʠʜʠʦʤʦʨʬʪʳ 

ʢʨʠʩʪʘʣʣʠʪʪʝʨ ʪװʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ. ʂʚʘʨʮʪʳײ שʩʘץ ʪװʡʽʨʣʝʨʽ ʞʠʝʢʪʝʨʽʥʜʝ ʽʰʽʥʘʨʘ 

ʙʘʣץʳסʘʥ. ɼʘʣʘ ʰʧʘʪʪʘʨʳ ʦʣʠʛʦʢʣʘʟ ʞᴅʥʝ ʘʥʦʨʪʠʪ ʪװʨʽʥʜʝ ʢʝʟʜʝʩʝʜʽ, ʦʣʘʨʜʳש 

ʪװʡʽʨʣʝʨʽ ʘʟ ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘסʘʥ. ʂװʣʜʝ ᴇʪʝ ʩʠʨʝʢ ʢʝʫʝʢʪʝʨ ʙʘʡץʘʣʘʜʳ, ʢʝʡʜʝ 

ʳ 0,5Ŀ10סʟʳʥʜʳײ  ʤ ʜʝʡʽʥ ʞʝʪʝʪʽʥ ʥװʢʪʝʣʽʢ ʞᴅʥʝ ʠʥʝ ʪᴅʨʽʟʜʽ ʤʫʣʣʠʪ ʢʨʠʩʪʘʣʜʘʨʳ 

ʢʝʟʜʝʩʝʜʽ. ʂʘʨʙʦʥʘʪʪʘʨ ʢʘʣʴʮʠʪ ʧʝʥ ʜʦʣʦʤʠʪʪʽש ʪװʩʩʽʟ ײʩʘץ ʪװʟʽʣʽʤʜʝʨʽ ʪװʨʽʥʜʝ, 

ᴇʣʰʝʤʽ 40Ŀ10  ʤ ʜʝʡʽʥ ʙʦʣʘʜʳ. ʄʘʛʥʝʪʠʪ ʧʝʥ ʛʝʤʘʪʠʪ ʞʠʽ ץʳʟʳʣ-ץʦשʳʨ ʞᴅʥʝ 

 ʟʝʜʽ. ʂʨʠʩʪʦʙʘʣʠʪ ᴇʪʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʜʽ ʞᴅʥʝװʳʨʣʘʨ ʪסʛʝʣʝʢ ʰʦשʩʪʽ ʜᴇװʘʨʘ ʪץ

 .ʘʣʘʜʳץʨʽʥʜʝ ʙʘʡװʘʡʥʘʣʘʩʳʥʜʘ ʞʠʝʢ ʪ שʡʽʨʣʝʨʽʥʽװʘʥ ʢʚʘʨʮ ʪסʪʘʣץʩʘײ

ɸʤʦʨʬʪʳ ʘʣʶʤʦʩʠʣʠʢʘʪʪʳ ʘʛʨʝʛʘʪʪʘʨ (10ï70% ʘʨʘʣʳסʳʥʜʘ) ʢʨʠʩʪʘʣʜʳץ 

ʞᴅʥʝ ʰʳʥʳʪᴅʨʽʟʜʽ ʟʘʪʪʘʨ ʪʦʧʪʘʨʳʥʳש ʘʨʘʩʳʥʜʘ ʘʨʘʣʳץ ʦʨʳʥ ʘʣʘʜʳ ʞᴅʥʝ 

 ʘʨʳ, ʩʳʥʫ ʢᴇʨʩʝʪʢʽʰʽ ʦʨʪʘʰʘ 1,570 ʞᴅʥʝ ʪᴇʤʝʥסʨʘʤʳʥʜʘ ʢʨʝʤʥʠʡ ʤᴇʣʰʝʨʽ ʞʦײץ

1,510 ʙʦʣʘʪʳʥ ײʩʘץ ʜʠʩʧʝʨʩʪʽ ʟʘʪʪʘʥ ʪײʨʘʜʳ. ʆʣʘʨ ʢʘʦʣʠʥʠʪʢʝ ʞʘʪʘʜʳ. 

 

3.2 ʂװʣ װʡʽʥʜʽʩʽʥʽ2 ש-ʘʡʤʘסʳʥʜʘסʳ ʦʨʪʘʰʘ ʬʨʘʢʮʠʷʣʳ ײʩʘץʪʘʣסʘʥ 

 .ʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽץ שʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽײץ-ʮʝʤʝʥʪ שʤʜʳ ʘʣʤʘʩʪʳʨʫʜʳײץ

 

ɹʽʨʢʦʤʧʦʥʝʥʪʪʽ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢװʣ - ץʦʞ ץʦʩʧʘʩʳʥʳש 

 ʳʥʜʘ ʙʦʣʫʳסʣ (ʬʨʘʢʮʠʷʩʳ 0,315 ʤʤ-ʜʝʥ ʢʽʰʽ) 20ï50% ʘʨʘʣʳװʨʘʤʳʥʜʘ ʢײץ

ʤװʤʢʽʥ. ɽʛʝʨ ץʦʩʧʘʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ ʦʩʳ ʰʝʢʪʝʨʜʝʥ ʘʩʳʧ ʢʝʪʩʝ, ʦʥʳײץ שʨʘʤʳʥ 
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ʪװʟʝʪʫ ץʘʞʝʪ. ɿʦʣʦʰʣʘʢ ץʦʩʧʘʩʳʥ ʰʣʘʢ ʧʝʥ ʢװʣʜʽ ʘʨʘʣʘʩʪʳʨʫ ʘʨץʳʣʳ ʘʣסʘʥ 

ʢʝʟʜʝ, ץʦʩʧʘʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽʥ ʤʘʩʩʘ ʙʦʡʳʥʰʘ 20% ʜʝשʛʝʡʽʥʜʝ ץʘʙʳʣʜʘʫ 

 .ʩʳʥʳʣʘʜʳײ

ʂװʣ - ץʦʞ ץʦʩʧʘʩʳʥʜʘסʳ ᴇʣʰʝʤʽ 5 ʤʤ-ʜʝʥ װʣʢʝʥ ʰʣʘʢ ʬʨʘʢʮʠʷʩʳʥʳש 

ʤᴇʣʰʝʨʽ (ʤײʥʜʘʡ ʪװʡʽʨʣʝʨʜʽש ʘʟ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ) ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʛʽʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʧʝʡʜʽ ʞᴅʥʝ ʦʥʳ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʙʘץʳʣʘʤʘʫסʘ ʙʦʣʘʜʳ. 

ʂװʣ - ץʦʞ ץʦʩʧʘʩʳ ʥʝʛʽʟʽʥʜʝʛʽ ʪʦʣʪʳʨסʳʰʧʝʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ʜʘʡʳʥʜʘʫʜʳ 

ʉ-773, ʉ-357 ʪʠʧʪʽ ʤᴅʞʙװʨʣʽ ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨʜʘ ʥʝʤʝʩʝ ʉʄ-289, ʉ-209 ʞᴅʥʝ ʉ-

290 ʪʠʧʪʽ ץʘʣʘץʰʘʣʳ ʝʨʽʪʽʥʜʽ-ʙʝʪʦʥ ʘʨʘʣʘʩʪʳʨסʳʰʪʘʨʜʘ ʞװʨʛʽʟʫ ײʩʳʥʳʣʘʜʳ. 

ɸʨʘʣʘʩʪʳʨʫ ײʟʘץʪʳסʳ ʘʨʘʣʘʩʪʳʨסʳʰʪʳש ʩʳʡʳʤʜʳʣʳסʳ ʤʝʥ ץʦʩʧʘʥʳש 

 .ʳʥʜʘ ʙʦʣʫʳ ʪʠʽʩסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 3ï5 ʤʠʥʫʪ ʘʨʘʣʳסʘʪʪʳʣʳץ

ʎʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ᴆʩʢʝʤʝʥ ɾʕʆ ˉ2 ʢװʣ 

 .ʣ ʧʘʡʜʘʣʘʥʳʣʜʳװʘʥ ʢסʳʥʘʥ ʘʣʳʥסʘʡʤʘ-2 שʡʽʥʜʽʩʽʥʽװ

ʎʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʜʽש ʘʙʩʦʣʶʪʪʽʢ ʢᴇʣʝʤʽ ʥʝʛʽʟʽʥʜʝ 

ʜʘʡʳʥʜʘʣʜʳ. 

ʎʝʤʝʥʪ ʤᴇʣʰʝʨʽ ʙʘʨʣʳץ ץʦʩʧʘʣʘʨ װʰʽʥ ʙʽʨʜʝʡ ʙʦʣʜʳ, ʘʣ ʟʦʣʦʰʣʘʢ ײʩʘץ 

ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ײʩʘץʪʘʣסʘʥ ײץʤʜʳ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ. 

ɿʦʣʦʰʣʘʢʪʳש ʞʘʣʧʳ ʤᴇʣʰʝʨʽ ײʩʘץʪʘʣסʘʥ ײץʤʥʳש ʞʘʣʧʳ ʤʘʩʩʘʩʳʥʳ10% ש-ʜʘʥ 

 ʧʨʦʧʦʨʮʠʷʣʘʨʳ שʦʩʧʘʥʳץ ʘ ʜʝʡʽʥ ᴇʟʛʝʨʽʧ ʦʪʳʨʜʳ. 3.3-ʢʝʩʪʝʜʝ ʪᴇʨʪס-50%

ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.3 ï 1 ʤį ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽʥ ʘʨʘʣʘʩʪʳʨʫ ʧʨʦʧʦʨʮʠʷʣʘʨʳ 

 
 ʨʘʤʳײפ

 ʘʥסʪʘʣʪʘʣץʥʪʘײ)

 ʣ ïװʤʜʳ ʢײץ

 ʦʞʙʝʥץ

ʘʣʤʘʩʪʳʨʫ)  

ʎʝʤʝʥʪ, ʢʛ/ʤ3 ʂװʣ ï ץʦʞ  

(ʬʨʘʢʮʠʷʩʳ 0,315 ï 

0,14) ʢʛ/ʤ3 

 ,ʤײץ ʘʥסʪʘʣץʥʪʘױ

ʢʛ/ʤ3 

ʉʫ, ʣ 

0% 594

  

0 1367 200 

10% 594 136,7 1230,3 202 

20% 594 273,4 1093,6 210 

30% 594 410,1 956,9 218 

40% 594 546,8 820,2 223 

50% 594 683,5 683,5 237 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ. ɽʨʽʪʽʥʜʽ 

 ץʪʘʣʜʳ. ʉʳʥʘץʳ ʢʦʥʫʩʪʳ ʙʘʪʳʨʫ ᴅʜʽʩʽʤʝʥ ʘʥʳסʳʰʪʳסʘʣסʦʟץ שʦʩʧʘʩʳʥʳץ

ʛʦʨʠʟʦʥʪʘʣʴ ʙʝʪʢʝ ʦʨʥʘʪʳʣסʘʥ ʩʪʘʥʜʘʨʪʪʳ ײץʨʘʣʜʳש ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ʓʜʳʩ 

ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʤʝʥ ʪʦʣʪʳʨʳʣʳʧ, ʢʝʡʽʥ ʰʪʳʢʪʘʫ ʞᴅʥʝ ʞʝשʽʣ ʩʦץץʳʣʘʫ ʘʨץʳʣʳ 

ʪʳrסʟʜʘʣʜʳ. ײפʨʘʣ ʘʣʘשʳʥʘ ʦʨʥʘʪץʘʥʥʘʥ ʢʝʡʽʥ ʢʦʥʫʩ ץʦʩʧʘ ʙʝʪʽʤʝʥ 

ʞʘʥʘʩʪʳʨʳʣʳʧ, ʝʨʢʽʥ ʙʘʪʫ װʰʽʥ ʙʦʩʘʪʳʣʜʳ [94]. ʂʦʥʫʩʪʳש ʙʘʪʫ ʪʝʨʝשʜʽʛʽ ʩʳʥʘץ 

ʙʘʩʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ 1 ʤʠʥʫʪ ᴇʪʢʝʥ ʩʦש ʰʢʘʣʘ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʘʡʳʨʤʘʩʳ ʨʝʪʽʥʜʝ 

1 ʤʤ ʜᴅʣʜʽʢʧʝʥ ʘʥʳץʪʘʣʜʳ. ʉʳʥʘץ ʞװʨʛʽʟʫ ʧʨʦʮʝʩʽ 3.3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.3 ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳʥ ʢʦʥʫʩʪʳ ʙʘʪʳʨʫ 

ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʫ 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳ ʙʝʣʛʽʣʽ ʢᴇʣʝʤʽ ʙʘʨ ᴇʣʰʝʫʽʰ 

ʳʜʳʩʪʳ ʪʘʨʘʟʳʣʘʫ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʉʳʥʘץ ʘʣʜʳʥʜʘ ᴇʣʰʝʫʽʰ ʳʜʳʩ ʘʣʜʳʥ 

ʘʣʘ ᴇʣʰʝʥʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʣ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʤʝʥ ʪʦʣʪʳʨʳʣʳʧ, ʰʪʳʢʪʘʫ ʞᴅʥʝ 

ʞʝשʽʣ ʩʦץץʳʣʘʫ ʘʨץʳʣʳ ʪʳסʳʟʜʘʣʜʳ. פʦʩʧʘʥʳש ʘʨʪʳץ ʙᴇʣʽʛʽ ʘʣʳʥʳʧ, ʙʝʪʽ 

ʪʝʛʽʩʪʝʣʛʝʥʥʝʥ ʢʝʡʽʥ ʳʜʳʩ ץʘʡʪʘʜʘʥ ᴇʣʰʝʥʜʽ. ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʪʳסʳʟʜʳסʳ 

 ʘʡʳʨʤʘʩʳʥ ᴇʣʰʝʫʽʰ שʘʥ ʳʜʳʩ ʧʝʥ ʙʦʩ ʳʜʳʩ ʤʘʩʩʘʣʘʨʳʥʳסʦʩʧʘʤʝʥ ʪʦʣʪʳʨʳʣץ

ʳʜʳʩʪʳש ʢᴇʣʝʤʽʥʝ ʙᴇʣʫ ʘʨץʳʣʳ ʝʩʝʧʪʝʣʜʽ. 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳʥʳש ʤᴅʥʜʝʨʽ 3.4-

ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.3  ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ 
ʉʠʧʘʪʪʘʤʘʩʳ 

 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ, %  

0 10 20 30 40 50 

 ,ʳסʳʰʪʳסʘʣסʦʟפ

ʩʤ 

7 7 6,7 6,7 6,6 6,3 

ʊʳסʳʟʜʳסʳ, ʛ/ʩʤ3 2,04 2,02 2,03 1,95 1,93 1,89 

 

ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ, ʢװʣʜʽ 50%-סʘ ʜʝʡʽʥ ץʦʩʫ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש 

ʙײʣ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ɼʝʛʝʥʤʝʥ, ʢװʣʜʽ ʝʥʛʽʟʫʜʽש 

ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ (10%-סʘ ʜʝʡʽʥ) ץʦʟסʘʣסʳʰʪʳץ ʪײʨʘץʪʳ ʩʘץʪʘʣʘʜʳ, ʘʣ ʦʥʳש 

ʤᴇʣʰʝʨʽ 50%-סʘ ʜʝʡʽʥ ʘʨʪץʘʥ ʩʘʡʳʥ, ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳײץ שʨʳʣʳʤʳʥʳש 

ᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ץʦʟסʘʣסʳʰʪʳץʪʳש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ. ɽʨʽʪʽʥʜʽʥʽש 

ʰᴇʛʫʽ 0,75ï1 ʤʤ/ʤ ײץʨʘʜʳ. ʐᴇʛʫʜʽ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ð ץʦʩʧʘʥʳש 

ʙʘʩʪʘʧץʳ ʩʫ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʮʝʤʝʥʪ-ʢװʣ ץʘʤʳʨʳʥʳש ʢᴇʣʝʤʜʽʢ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ. 

ɸʥʳץʪʘʣסʘʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʢᴇʨʥʝʢʽ ʪװʨʜʝ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʢװʣ ʤᴇʣʰʝʨʽʥʽש 

ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʫ ʩʠʧʘʪʳʥ ʥʘץʪʳʣʘʫ 

ʤʘץʩʘʪʳʥʜʘ 3.4 ʞᴅʥʝ 3.5 ʩʫʨʝʪʪʝʨʜʝ ץʦʟסʘʣסʳʰʪʳץ ʧʝʥ ʦʨʪʘʰʘ ʪʳסʳʟʜʳץʪʳש ʢװʣ 

ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.4  ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳʥʳש ʢװʣ ʤᴇʣʰʝʨʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʛʽ 

 

3.4-ʩʫʨʝʪʪʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ, ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳ ײץʨʘʤʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ 

ʘʨʪץʘʥ ʩʘʡʳʥ ʦʥʳש ʦʨʪʘʰʘ ʪʳסʳʟʜʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ. ʊʳסʳʟʜʳץʪʳש 

ʝש ʘʡץʳʥ ʪᴇʤʝʥʜʝʫʽ ײץʤʜʳ ʢװʣʤʝʥ 30%-ʜʘʥ ʘʨʪʳץ ʘʣʤʘʩʪʳʨסʘʥʜʘ ʙʘʡץʘʣʘʜʳ, ʙײʣ 

 שʳʥʳסʳʟʜʳסʰʳʥʘʡʳ ʪʳ שʣ ʙᴇʣʰʝʢʪʝʨʽʥʽװʘʥʜʘ ʢסʤʤʝʥ ʩʘʣʳʩʪʳʨײץ ʘʥסʪʘʣץʩʘײ

ʪᴇʤʝʥʜʽʛʽʤʝʥ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

 

 
 

ʉʫʨʝʪ 3.5 - ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳʥʳש ʢװʣ ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ʉʫʨʝʪ 3.5 ʢᴇʨʽʥʛʝʥʜʝʡ, ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ 10%-סʘ ʜʝʡʽʥ 

ʙʦʣסʘʥʜʘ ʦʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʽʩ ʞװʟʽʥʜʝ ᴇʟʛʝʨʽʩʩʽʟ ʩʘץʪʘʣʳʧ, ʰʘʤʘʤʝʥ 7,0 ʩʤ 

 ʘʟʜʘʧ שʪʳץʳʰʪʳסʘʣסʦʟץ ʘʥ ʢʝʟʜʝץʘ ʜʝʡʽʥ ʘʨʪס-ʣʝʩʽ 20ï30%װ ʣװʨʘʡʜʳ. ʂײץ

ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʘʜʳ, ʘʣ ʢװʣ ʤᴇʣʰʝʨʽ 40ï50% ʙʦʣסʘʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʽש ʘʡץʳʥ 

ʪᴇʤʝʥʜʝʧ, 6,3 ʩʤ-ʛʝ ʜʝʡʽʥ ʘʟʘʷʪʳʥʳ ʘʥʳץʪʘʣʘʜʳ. 
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ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʘʙʘʪʪʘʩʫʳ ʞᴅʥʝ ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽ. ɽʨʽʪʽʥʜʽ 

 ʣʛʽʣʝʨ 10Ĭ10Ĭ10 ʤʤװ ʰʽʥװ ʘʣʘʫסʘʙʘʪʪʘʩʫʳʥ ʞᴅʥʝ ʙʽʨʪʝʢʪʽʣʽʛʽʥ ʙʘץ שʦʩʧʘʩʳʥʳץ

ᴇʣʰʝʤʜʽ ʢʫʙ ʧʽʰʽʥʜʽ ץʘʣʳʧʪʘʨסʘ ʩʘʣʳʥʳʧ, ʢʝʡʽʥ ʪʳסʳʟʜʘʣʳʧ, 1 ʤʠʥʫʪ ʙʦʡʳ 

ʚʠʙʨʘʮʠʷʣʘʥʜʳ. ɺʠʙʨʘʮʠʷʣʳץ ᴅʩʝʨʜʝʥ ʢʝʡʽʥ װʣʛʽʣʝʨ ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ 

 ʘʣʜʳ ʝʣʝʫסʳʰʪʳ ʘʣʳʧ ʪʘʩʪʘʡ ʦʪʳʨʳʧ, ʳʣסʘ ʙᴇʣʽʥʜʽ, ʦʣʘʨ ʙʘʡʣʘʥʳʩʪʳʨסʘʙʘʪʪʘʨץ

ᴅʜʽʩʽʤʝʥ ᴇשʜʝʣʽʧ, ʢʝʡʽʥ ʪʦʣʪʳʨסʳʰ ʪײʨʘץʪʳ ʤʘʩʩʘסʘ ʜʝʡʽʥ 105ï110 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʝʧʪʽʨʽʣʜʽ. ʊʦʣʪʳʨסʳʰ ʤʘʩʩʘʩʳʥʳץ שʘʙʘʪʪʘʨ ʙʦʡʳʥʰʘ 

ʩʘʣʳʩʪʳʨʳʣʫʳ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʘʙʘʪʪʘʩʫ ʜᴅʨʝʞʝʩʽʥ ʙʘסʘʣʘʫ װʰʽʥ 

 .ʦʣʜʘʥʳʣʜʳץ

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽ R, % ʚʠʙʨʘʮʠʷʣʳץ ᴅʩʝʨʜʝʥ 

ʢʝʡʽʥ װʣʛʽʥʽש ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ץʘʙʘʪʪʘʨʳʥʜʘסʳ ʪʦʣʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʽש 

ʘʡʳʨʤʘʩʳ ʙʦʡʳʥʰʘ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʜʳ: 

 

 
 

ʤײʥʜʘ: m  ð װʣʛʽʥʽש ʞʦסʘʨסʳ ץʘʙʘʪʳʥʘʥ ʙᴇʣʽʥʽʧ ʘʣʳʥסʘʥ ʪʦʣʪʳʨסʳʰ 

ʤʘʩʩʘʩʳ, ʛ; m  ð װʣʛʽʥʽש ʪᴇʤʝʥʛʽ ץʘʙʘʪʳʥʘʥ ʙᴇʣʽʥʽʧ ʘʣʳʥסʘʥ ʪʦʣʪʳʨסʳʰ 

ʤʘʩʩʘʩʳ, ʛ. R ʢᴇʨʩʝʪʢʽʰʽʥʽש ʤᴅʥʽ ʥʝײסʨʣʳʤ ʞʦסʘʨʳ ʙʦʣʩʘ, ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש 

 ʙʽʨʪʝʢʪʽʣʽʛʽ ʪᴇʤʝʥ שʘʨʳ ʞᴅʥʝ ʦʥʳסʨʣʳʤ ʞʦײסʘʙʘʪʪʘʩʫ ʜᴅʨʝʞʝʩʽ ʩʦץ

ʙʦʣʘʜʳ.ɽʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳץ שʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽʥ ʘʥʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ 3.5-

ʢʝʩʪʝʜʝ ʞᴅʥʝ ʛʨʘʬʠʢʘʣʳץ ʪװʨʜʝ (3.6-ʩʫʨʝʪ) ʢʝʣʪʽʨʽʣʛʝʥ.  

 

ʂʝʩʪʝ 3.5 ï ʂװʣʜʽש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʽʥʜʝ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳץ שʘʙʘʪʪʘʩʫ 

ʢᴇʨʩʝʪʢʽʰʽ 

 
ʂװʣ ʤᴇʣʰʝʨʽ, % ɾʦסʘʨסʳ ץʘʙʘʪʪʘסʳ 

ʪʦʣʪʳʨסʳʰʪʳש 

ʤʘʩʩʘʩʳ, ʛ 

ʊᴇʤʝʥʛʽ ץʘʙʘʪʪʘסʳ 

ʪʦʣʪʳʨסʳʰʪʳש 

ʤʘʩʩʘʩʳ, ʛ 

 ʘʙʘʪʪʘʣʫפ

ʢᴇʨʩʝʪʢʽʰʽ R, % 

0 520 530 0,95 

10 518 532 1,33 

20 515 535 1,90 

30 512 538 2,48 

40 508 542 3,24 

50 505 545 3,81 

 

ʂʝʩʪʝ 3.5  ʢᴇʨʽʥʛʝʥʜʝʡ, ʢװʣ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʤʝʥ ץʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽʥʽש 

ʘʟʜʘʧ ᴇʩʫʽ ʙʘʡץʘʣʘʜʳ, ʘʣʘʡʜʘ ʦʥʳש ʤᴅʥʜʝʨʽ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʰʝʢʪʝʨʜʝ ץʘʣʘʜʳ. 

ʂװʣ ʤᴇʣʰʝʨʽ ʘʨʪץʘʥ ʩʘʡʳʥ ץʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽʥʽש ᴇʟʛʝʨʫ ʟʘשʜʳʣʳץʪʘʨʳʥ 

ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ ʩʫʨʝʪ 3.6 ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.6  ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽ R-ʜʽש ʢװʣ 

ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽ ʙʝʣʛʽʣʝʥʛʝʥ ᴅʜʽʩʪʝʤʝʛʝ ʩᴅʡʢʝʩ ʩװʟʛʽ 

 ʳ 12 ʤʤ ʙʦʣʘʪʳʥסʜʳשʘʣʳץ ʪʘʨץʪʘʣʜʳ. ʉʳʥʘץʟʫ ᴅʜʽʩʽʤʝʥ ʘʥʳװʳʣʳ ʩץʘʟʳ ʘʨסʘץ

ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳ ץʘʙʘʪʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ʤʝʪʘʣʣ ʩʘץʠʥʘסʘ ץʘʣʳʧʪʘʣʳʧ, ʩװʟʛʽ 

(ʩʦʨסʳʰ) ץʘסʘʟʜʳװ שʩʪʽʥʝ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. 

ʉʳʥʘץ ʙʘʩʪʘʣסʘʥסʘ ʜʝʡʽʥ ʩװʟʛʽ ץʘסʘʟʳ ʘʣʜʳʥ ʘʣʘ ᴇʣʰʝʥʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ ʦʥʳש 

 ʠʷʪץײʘ ʤסʠʥʘץʠʥʘ ʦʨʥʘʪʳʣʜʳ. ʉʘץʩʪʽʥʝ ʜᴅʢʝ ʪᴇʩʝʤʽ ʤʝʥ ʤʝʪʘʣʣ ʩʘװ

ʘʨʘʣʘʩʪʳʨʳʣסʘʥ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳ ʩʘʣʳʥʜʳ, ʙʝʪʽ ʪʝʛʽʩʪʝʣʽʧ, װʣʛʽ 10 ʤʠʥʫʪ ʙʦʡʳ 

 .ʩʪʘʣʜʳײ

 

ʂװʣʜʽש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʽʥʜʝʛʽ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥ 

ʘʥʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ 3.6-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.6  ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽ 

 ̄

ʂװʣ ï ץʦʞ 

ʤᴇʣʰʝʨʽ , 

% 

V , % V , % Vↄ, % ɸʫʳʪץʫ, % 
ʐʘʨʪ Ò 

20% 

1 0 96,0 95,5 95,8 0,5 ʆʨʳʥʜʘʣʜʳ 

2 10 95,2 94,8 95,0 0,4 ʆʨʳʥʜʘʣʜʳ 

3 20 94,5 94,0 94,3 0,5 ʆʨʳʥʜʘʣʜʳ 

4 30 93,6 93,1 93,4 0,5 ʆʨʳʥʜʘʣʜʳ 

5 40 92,8 92,2 92,5 0,6 ʆʨʳʥʜʘʣʜʳ 

6 50 91,9 91,3 91,6 0,6 ʆʨʳʥʜʘʣʜʳ 
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 ᴅʩʝʨʽʥ ʢᴇʨʥʝʢʽ ʪʘʣʜʘʫ שʣ ʬʨʘʢʮʠʷʩʳʤʝʥ ʘʣʤʘʩʪʳʨʫ ʜᴅʨʝʞʝʩʽʥʽװʤʜʳ ʢײפ

 ʨʽʥʜʝװʨʜʝ ʛʨʘʬʠʢʪʝʨ ʪװʦʩʳʤʰʘ ʪץ ʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨסʰʽʥ ʘʣʳʥװ

 .ʘʥ (ʉʫʨʝʪ 3.7)סʩʳʥʳʣײ

 

 
 

ʉʫʨʝʪ 3.7 ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥʽש ʢװʣ ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ɻʨʘʬʠʢʪʝʨʜʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײץʤʜʳ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫ ʜᴅʨʝʞʝʩʽ 

ʘʨʪץʘʥ ʩʘʡʳʥ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʡʜʽ. ʂװʣ ʤᴇʣʰʝʨʽʥʽש 

ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʪʦʣʪʳʨסʳʰʪʳש ʪװʡʽʨʰʽʢ 

 שʳ ʩʫ ʬʘʟʘʩʳʥʳסʨʳʣʳʤʳʥʜʘײץ ʦʩʧʘʩʳץ ᴇʟʛʝʨʫʽʤʝʥ ʞᴅʥʝ ʝʨʽʪʽʥʜʽ שʨʘʤʳʥʳײץ

 .ʩʽʥʜʽʨʽʣʝʜʽװʘʡʪʘ ʙᴇʣʽʥʫʽʤʝʥ ʪץ

ɽʨʽʪʽʥʜʽʥʽש ʙʝʨʽʢʪʽʢ ʰʝʛʽ 40Ĭ40Ĭ160 ʤʤ ᴇʣʰʝʤʜʽ װʣʛʽ-ʙʘʣʦʯʢʘʣʘʨʜʳ ʠʽʣʫ 

ʞᴅʥʝ ʩʳסʳʣʫ ʩʳʥʘץʪʘʨʳ ʘʨץʳʣʳ ɻʆʉʊ 58767ð2019 [73] ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ 

ʘʥʳץʪʘʣʜʳ. תʣʛʽʣʝʨʜʽץ שʘʪʫʳ ץʘʣʳʧʪʳ ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʳʥʜʘ 28 ʪᴅʫʣʽʢ ʙʦʡʳ 

ʞװʨʛʽʟʽʣʜʽ. ʉʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʪʘʣʜʘʫʳ 3.7-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 3.7 ï ʂװʣʜʽש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʽʥʜʝ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʙʝʨʽʢʪʽʢ 

ʩʳʥʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ 

 
ɹʝʨʽʢʪʽʢ ʰʝʛʽ ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ, % 

0 10 20 30 40 50 

ʉʳסʫ ʢʝʟʽʥʜʝ, 

ʄʇʘ 

5,8 5,4 5,5 4,8 3,3 3,1 

ʀʽʣʫ ʢʝʟʽʥʜʝ, 

ʄʇʘ 

3,1 2,6 2,3 2,1 2,1 1,9 
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ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײץʤʜʳ 20%-סʘ ʜʝʡʽʥʛʽ ʤᴇʣʰʝʨʜʝ 

ʢװʣʤʝʥ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ ʝʨʽʪʽʥʜʽʥʽש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ 

ʪʝʨʽʩ ᴅʩʝʨ ʝʪʧʝʡʜʽ. 

ʆʩ rʘʨʘʣʳץʪʘ ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽ 5,4ï5,5 ʄʇʘ ײץʨʘʡʜʳ, ʙײʣ 

ʙʘץʳʣʘʫ ײץʨʘʤʳʥʳש ʙʝʨʽʢʪʽʛʽʤʝʥ (5,8 ʄʇʘ) ʰʘʤʘʣʘʩ. ʂװʣ ʤᴇʣʰʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ᴇʟʛʝʨʫʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ ʛʨʘʬʠʢ ʪװʨʽʥʜʝ ײʩʳʥʳʣסʘʥ (ʉʫʨʝʪ 3.8). 

 

ʉʫʨʝʪ 3.8 ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽʥʽש 

ʢװʣ ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ɼʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײץʤʜʳ 20%-סʘ ʜʝʡʽʥ ʢװʣʤʝʥ ʽʰʽʥʘʨʘ 

ʘʣʤʘʩʪʳʨʫ ʝʨʽʪʽʥʜʽʥʽש ʙʝʨʽʢʪʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ʪʝʨʽʩ ᴅʩʝʨ ʝʪʧʝʡʜʽ. ʂװʣ ʤᴇʣʰʝʨʽʥ 

ʦʜʘʥ ᴅʨʽ ʘʨʪʪʳʨסʘʥʜʘ ʩʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ ᴅʩʽʨʝʩʝ 

 .ʘʣʘʜʳץʳʥ ʙʘʡץʘʥʜʘ ʘʡסʣʤʝʥ 40ï50% ʘʣʤʘʩʪʳʨװʤʜʳ ʢײץ

ɽʨʽʪʽʥʜʽ װʣʛʽʣʝʨʽʥʽש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢ ʤʘʨʢʘʩʳ ï18 Ñ 2 Áʉ ʞᴅʥʝ 18 Ñ 2 Áʉ 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʤײʟʜʘʪʫïʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʳש ʩʘʥʳ ʙʦʡʳʥʰʘ çɹʝʪʦʥ-ʌʨʦʩʪè 

ʘʩʧʘʙʳʥʳש ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʉʳʥʘץʪʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʩʫʨʝʪ 3.9 

ʢᴇʨʩʝʪʽʣʛʝʥ. 
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ʉʫʨʝʪ 3.9  - ɸʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢʢʝ ʩʳʥʘץʪʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 

 

ʂװʣ ʤᴇʣʰʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש 

ᴇʟʛʝʨʫʽ ʙʦʡʳʥʰʘ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ ʛʨʘʬʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʢ ʪװʨʽʥʜʝ ײʩʳʥʳʣסʘʥ 

(ʩʫʨʝʪ 3.10). 

 

 
ʉʫʨʝʪ 3.10  ï ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʢװʣ ʤᴇʣʰʝʨʽʥʝ 

ʪᴅʫʝʣʜʽʣʽʛʽ 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʢװʣ ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽ 

ʛʨʘʬʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʳʥ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʝʨʽʪʽʥʜʽ ײץʨʘʤʳʥʜʘסʳ ʢװʣ 

 ʙʽʨʪʽʥʜʝʧ שʟʜʘʪʫïʝʨʽʪʫ ʮʠʢʣʜʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥʽײʤ שʘʨʪʫʳ ʦʥʳ שʣʝʩʽʥʽװ

ʪᴇʤʝʥʜʝʫʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ. ɹʘץʳʣʘʫ ײץʨʘʤʳʥʜʘ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢ F100 ʤʘʨʢʘʩʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙײʣ ʝʨʽʪʽʥʜʽʥʽש ʪʝʨʽʩ ʪʝʤʧʝʨʘʪʫʨʘ ᴅʩʝʨʽʥʝ ʞʦסʘʨʳ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʂװʣ ʤᴇʣʰʝʨʽ 10% ʙʦʣסʘʥʜʘ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢ F75 ʤʘʨʢʘʩʳʥʘ ʜʝʡʽʥ 

ʪᴇʤʝʥʜʝʡʜʽ, ʘʣ 20% ʙʦʣסʘʥʜʘ ð F50 ʤʘʨʢʘʩʳʥʘ ʜʝʡʽʥ. ʂװʣ ʤᴇʣʰʝʨʽʥ 30ï50%-סʘ 
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ʜʝʡʽʥ ʦʜʘʥ ᴅʨʽ ʘʨʪʪʳʨʫ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽץ שʦʩʳʤʰʘ ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʤʝʡʜʽ, 

ʘʣʘʡʜʘ ʝʨʽʪʽʥʜʽ ʝש ʪᴇʤʝʥʛʽ F25 ʤʘʨʢʘʩʳʥ ʩʘץʪʘʡʜʳ. 

ʐᴇʛʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʘʥʳץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢװʣ ʤᴇʣʰʝʨʽ 

 ʰᴇʛʫʽ 0,3ï0,6 ʤʤ/ʤ ץʪʳץʩʳʟʳ שʦʩʧʘʣʘʨʳʥʳץ ʘʥʜʘ ʝʨʽʪʽʥʜʽסʘ ʜʝʡʽʥ ʙʦʣס-30%

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ, ʙײʣ ʮʝʤʝʥʪʪʽ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳ װʰʽʥ ʥʦʨʤʘʪʠʚʪʽʢ ʤᴅʥʜʝʨʛʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʙײʣ ײץʨʘʤʜʘʨʜʳ ʰᴇʛʫʛʝ ʪײʨʘץʪʳ ʜʝʧ ʩʠʧʘʪʪʘʡʜʳ. 

ʂװʣ ʤᴇʣʰʝʨʽ 40ï50%-סʘ ʜʝʡʽʥ ʘʨʪץʘʥʜʘ ʰᴇʛʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ 0,9 ʤʤ/ʤ-ʛʝ 

ʜʝʡʽʥ ᴇʩʝʜʽ, ʙײʣ ʙʘץʳʣʘʫ ײץʨʘʤʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʰᴇʛʫ ʜʝשʛʝʡʽʥʽש 

ʞʦסʘʨʳʣʘסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂװʣ ʤᴇʣʰʝʨʽʥʽש ʢᴇʧ ʙʦʣʫʳ ʢʝʟʽʥʜʝ ʰᴇʛʫʜʽש ʘʨʪʫʳ 

ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ץʘʞʝʪʪʽʣʽʛʽʥʽש ᴇʩʫʽʤʝʥ ʞᴅʥʝ ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʢʝʫʝʢʪʽʨʝʢ 

 .ʩʽʥʜʽʨʽʣʝʜʽװʘʣʳʧʪʘʩʫʳʤʝʥ ʪץ שʨʳʣʳʤʳʥʳײץ

ɹʝʪʦʥ ץʦʩʧʘʩʳʥʜʘסʳ ʩʫ ʙᴇʣʽʥʫʽʥ ʘʥʳץʪʘʫ ʦʥʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʤʘשʳʟʜʳ ʢᴇʨʩʝʪʢʽʰʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʙײʣ ץʦʩʧʘʥʳש 

 ʘסʘʣʘʫסʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫʽʥ ʙʘ שʘ ʙʝʡʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʩʫ ʬʘʟʘʩʳʥʳסʘʙʘʪʪʘʩʫץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ 3.8-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

  ʂʝʩʪʝ 3.8  ï ɹʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʩʫ ʙᴇʣʽʥʫ ʥᴅʪʠʞʝʣʝʨʽ 

 
ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ, % ʉʫ ʙᴇʣʽʥʫʽ, % 

0 0,8 

10 1,1 

20 1,5 

30 2,1 

40 2,8 

50 3,5 

 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʝʪʦʥ ץʦʩʧʘʩʳʥʜʘסʳ ʩʫ 

ʙᴇʣʽʥʫʽʥʽש ʘʨʪʫʳ ץʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʽʥʽש ᴇʩʫʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ, ʙײʣ ץʦʩʧʘʥʳש 

 ʘʨʳסʞʦ שʪᴇʤʝʥʜʝʛʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʫ ʙᴇʣʽʥʫʽʥʽ שʳʥʳסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

ʙʦʣʫʳ ʩʫ ʬʘʟʘʩʳʥʳש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫʽʥʝ ʞᴅʥʝ ץʘʪʘʡסʘʥ ʝʨʽʪʽʥʜʽʜʝ ʢʝʫʝʢʪʽʣʽʛʽ 

ʞʦסʘʨʳ ʘʡʤʘץʪʘʨʜʳש ʪװʟʽʣʫʽʥʝ ᴅʢʝʣʝʜʽ. 

ɹʽʨʪʝʢʪʽ ʝʤʝʩ ʞᴅʥʝ ʢʝʫʝʢʪʽʣʽʛʽ ʞʦסʘʨʳ ײץʨʳʣʳʤʥʳץ שʘʣʳʧʪʘʩʫʳ 

ʤʘʪʝʨʠʘʣʜʳש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʢʝʨʽ ᴅʩʝʨ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ץʘʪʫסʘ ʙʝʡʽʤ ʝʨʢʽʥ ʞᴅʥʝ 

ʢʘʧʠʣʣʷʨʣʳץ ʩʫʜʳש ʤᴇʣʰʝʨʽ ʘʨʪʘʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ײץʤʜʳ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫ 

ʜᴅʨʝʞʝʩʽʥʽש ʘʨʪʫʳʤʝʥ ʙʽʨʛʝ ʩʫ ʙᴇʣʽʥʫ ʤʝʥ ץʘʙʘʪʪʘʩʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ᴇʩʽʧ, ʝʨʽʪʽʥʜʽ 

 .ʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʡʜʽסʘʷʟ שʦʩʧʘʣʘʨʳʥʳץ

ʆʩʳʣʘʡʰʘ, ʩʫ ʙᴇʣʽʥʫ ʤʝʥ ץʘʙʘʪʪʘʩʫ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳײ שʟʘץ 

ʤʝʨʟʽʤʜʽʣʽʛʽʥ, ʩʦʥʳש ʽʰʽʥʜʝ ʦʣʘʨʜʳש ʤײʟʜʘʪʫïʝʨʽʪʫ ʮʠʢʣʜʝʨʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʫʳ ʤװʤʢʽʥ. ɿʦʣʦʰʣʘʢ 

 שʩʫʜʳ ץʣ ʘʨʪʳײʘʙʘʪʪʘʩʫʜʳ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹץ ʦʩʫץ ʦʩʧʘʩʳʥʘץ ʪʘʨʳʥ ʝʨʽʪʽʥʜʽץʘʣʜʳץ

ʢװʣ ʪװʡʽʨʣʝʨʽʥʽש ʙʝʪʽʥʜʝ ʩʽשʽʨʽʣʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ, ʩʦʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫʜʳש 

ʞʦסʘʨʳ ʢᴇʪʝʨʽʣʫʽ, ʷסʥʠ ʙʝʪʢʝ ʰʳסʫʳ ʪʝʞʝʣʝʜʽ [95]. 
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3.3 ʂװʣ װʡʽʥʜʽʩʽʥʽ4 ש-ʘʡʤʘסʳʥʜʘסʳ ײʩʘץ ʬʨʘʢʮʠʷʤʝʥ ʮʝʤʝʥʪʪʽ 

ʘʣʤʘʩʪʳʨʫʜʳש ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

 

ʎʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ᴆʩʢʝʤʝʥ ɾʕʆ ˉ2 ʢװʣ 

 ʣʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. ʆʣװᴅʢʝʪʫ ʢ ץʘʥ ʛʠʜʨʘʚʣʠʢʘʣʳסʳʥʘʥ ʘʣʳʥסʘʡʤʘ-4 שʡʽʥʜʽʩʽʥʽװ

ʟʦʣʦʰʣʘʢ ץʦʩʧʘʣʘʨʳʥʳש ʝש ʞʝשʽʣ ʢʦʤʧʦʥʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ᴅʜʝʪʪʝ ʢװʣ 

 .ʰʝʪʢʽ ʙᴇʣʽʢʪʝʨʽʥʝ ʞʠʥʘʣʘʜʳ שʡʽʥʜʽʩʽʥʽװ

ʍʠʤʠʷʣʳײץ ץʨʘʤʳ ʞᴅʥʝ ʛʠʜʨʘʚʣʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥʽש ʪᴇʤʝʥ ʙʦʣʫʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʣʝʪʽʥ ʢװʣ ץʳʰץʳʣʜʳ, ʙʝʣʩʝʥʜʽʣʽʛʽ ʪᴇʤʝʥ ʢװʣʜʝʨʛʝ ʞʘʪʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʢװʣ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʘ ʤʠʢʨʦ ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ 

ʝʥʛʽʟʽʣʜʽ. ɹײʣ ʨʝʪʪʝ ʢװʣʜʽ ײץʨʳʣʳʩ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ץʦʣʜʘʥʫ ײץʤ ʙᴇʣʰʝʢʪʝʨʽ 

ʘʨʘʩʳʥʜʘסʳ ץʫʳʩʪʘʨʜʳ ʪʦʣʪʳʨʫסʘ ʞײʤʩʘʣʘʪʳʥ ʮʝʤʝʥʪ ʰʳסʳʥʳʥ ʘʟʘʡʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʜʝʧ ʙʦʣʞʘʥʜʳ. 

ʉʪʘʥʜʘʨʪʪʳ ᴅʜʽʩʪʝʤʝ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʢװʣʜʽש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ 

ʪʘʣʜʘʫʳ ʦʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥ (ʰʘʤʘʤʝʥ 68%) ᴇʣʰʝʤʽ 0,14 ʤʤ-ʜʝʥ ʢʽʰʽ ʪװʡʽʨʣʝʨ 

 ʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝײץ-ʨʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ (3.9-ʢʝʩʪʝ). ɼᴅʣ ʦʩʳ ʬʨʘʢʮʠʷ ʮʝʤʝʥʪײץ

ʮʝʤʝʥʪʪʽש ʙʽʨ ʙᴇʣʽʛʽʥ ʘʣʤʘʩʪʳʨʫ װʰʽʥ ץʦʣʜʘʥʫ ʨʝʪʽʥʜʝ ʪʘשʜʘʣʜʳ. 

 

ʂʝʩʪʝ 3.9 ï ʂװʣʜʽש ʪװʡʽʨʰʽʢ ײץʨʘʤʳ 

 
ʂᴇʨʩʝʪʢʽʰʪʝʨ ɽʣʝʢʪʝʨʜʽש ʪʝʩʽʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ, ʤʤ 

5 2,5 1,25 0,63 0,315 0,14 <0,14 

ɾʝʢʝ ץʘʣʜʳ67,6 18,5 3,3 1,2 2,5 3,7 3,2 % ,ץ 

ʊʦʣʳץ ץʘʣʜʳ100 32,4 13,9 10,6 9,4 6,9 3,2 % ,ץ 

 

ɯʨʽʣʽʢ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢװʣ ᴇʪʝ ײʩʘץץʘ ʞʘʪʘʜʳ. ɽʨʽʪʽʥʜʽ ʜʘʡʳʥʜʘʫ װʰʽʥ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʟʘʪ ʨʝʪʽʥʜʝ ʙʝʣʩʝʥʜʽʣʽʛʽ R  = 25 ʄʇʘ ʙʦʣʘʪʳʥ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ 

 ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳ (ʇʉʍ-2 ʘʩʧʘʙʳʥʜʘ ʘʫʘ ᴇʪʽʤʜʽʣʽʛʽ שʦʣʜʘʥʳʣʜʳ, ʦʥʳץ

ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣסʘʥ) 1164 ʩʤĮ/ʛ ײץʨʘʜʳ. ʂװʣʜʽש ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳ 2115 ʩʤĮ/ʛ 

ʙʦʣʜʳ. 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳʥʳש ʤᴅʥʜʝʨʽ 3.11-

ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. ʂʝʩʪʝʜʝʥ ʢᴇʨʽʥʛʝʥʜʝʡ, ʢװʣʜʽ 50%-סʘ ʜʝʡʽʥ ץʦʩʫ ʮʝʤʝʥʪ-ײץʤ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʙײʣ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʧʝʡʜʽ. 

ɸʣʘʡʜʘ ʢװʣʜʽ ʝʥʛʽʟʫʜʽש ʙʘʩʪʘʧץʳ ʢʝʟʝשʽʥʜʝ (15%-סʘ ʜʝʡʽʥ) ץʦʟסʘʣסʳʰʪʳץ 

 שʦʩʧʘʩʳʥʳץ ʘ ʜʝʡʽʥ ʢᴇʙʝʡʛʝʥʜʝ ʝʨʽʪʽʥʜʽס-ʣ ʤᴇʣʰʝʨʽ 50%װʘ ʘʨʪʘʜʳ, ʘʣ ʢס-7%

 .ʘʣʘʜʳץʘ ʪᴇʤʝʥʜʝʫʽ ʙʘʡס-10% שᴇʟʛʝʨʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʥʳ שʨʳʣʳʤʳʥʳײץ

ɽʨʽʪʽʥʜʽʥʽש ʰᴇʛʫʽ 0,75ï1 ʤʤ/ʤ ײץʨʘʜʳ. ʐᴇʛʫʜʽ ʘʥʳץʪʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ð 

 ʢᴇʣʝʤʜʽʢ שʘʤʳʨʳʥʳץ ʣװʳ ʩʫ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʮʝʤʝʥʪ-ʢץʙʘʩʪʘʧ שʦʩʧʘʥʳץ

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ. 
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ʂʝʩʪʝ 3.11 ð ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳ 

 
ʉʠʧʘʪʪʘʤʘʣʘʨʳ ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ, % 

0 10 20 30 40 50 

 ʩʤ 7,0 7,3 7,1 6,6 6,5 6,1 ,ץʳʰʪʳסʘʣסʦʟפ

ʊʳסʳʟʜʳץ, ʛ/ʩʤį 2,01 2,02 2,03 2,01 1,95 1,91 

 

ɽʨʽʪʽʥʜʽʥʽש ʙʝʨʽʢʪʽʢ ʰʝʛʽʥ ʘʥʳץʪʘʫ 40Ĭ40Ĭ160 ʤʤ ᴇʣʰʝʤʜʽ װʣʛʽ-

ʙʘʣʦʯʢʘʣʘʨʜʳ ʠʽʣʫ ʞᴅʥʝ ʩʳסʳʣʫ ʩʳʥʘץʪʘʨʳ ʘʨץʳʣʳ ɻʆʉʊ 5802ï86 ʩʪʘʥʜʘʨʪʳʥʘ 

ʩᴅʡʢʝʩ ʞװʨʛʽʟʽʣʜʽ. תʣʛʽʣʝʨʜʽץ שʘʪʫʳ ץʘʣʳʧʪʳ ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʳʥʜʘ 28 ʪᴅʫʣʽʢ 

ʙʦʡʳ ᴇʪʪʽ. 

ʂʝʩʪʝ 3.12 ʢʝʣʪʽʨʽʣʛʝʥ ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢװʣʜʽ 

ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʘ ʝʥʛʽʟʫ ʙʘץʳʣʘʫ ײץʨʘʤʜʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ײץʨʳʣʳʩ 

ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ɹʝʨʽʢʪʽʢʪʽש ʝש ʞʦסʘʨʳ ᴇʩʽʤʽ 

ʢװʣʜʽ20% ש ʝʥʛʽʟʽʣʛʝʥ ʞʘסʜʘʡʜʘ ʙʘʡץʘʣʘʜʳ. ʂװʣ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʤʝʥ 

ʙʝʨʽʢʪʽʢʪʽש ʞʦסʘʨʳʣʘʫʳ ʦʥʳש ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽʥʜʝ ʤʠʢʨʦ ʪʦʣʪʳʨסʳʰ ʞᴅʥʝ 

ʧʫʮʮʦʣʘʥʜʳץ ץʦʩʧʘ ʨᴇʣʽʥ ʘʪץʘʨʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʂװʣʜʽ ʞײʪʘש ʮʝʤʝʥʪ-ײץʤ 

 ʣװʘ, ʮʝʤʝʥʪ-ʢסʫʳʩʪʘʨʜʳ ʪʦʣʪʳʨʫץ ʳסʡʽʨʣʝʨʽ ʘʨʘʩʳʥʜʘװʤ ʪײץ ʦʩʧʘʣʘʨʳʥʘ ʝʥʛʽʟʫץ

 ʢᴇʣʝʤʜʽʢ שʘʪʪʳ ʬʘʟʘʥʳץ ʳסʦʩʧʘʜʘץ ʘ ʞᴅʥʝסʤᴇʣʰʝʨʽʥ ʘʨʪʪʳʨʫ שʘʤʳʨʳʥʳץ

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥ ʢᴇʙʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 ʘʪʘʶ ʢʠʥʝʪʠʢʘʩʳץ ʳסʘʡ ʙʦʡʳʥʜʘ 6 שʨʜʝ ʝʨʽʪʽʥʜʽʣʝʨʜʽװʦʩʳʤʰʘ ʪפ

ʟʝʨʪʪʝʣʜʽ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʟʝʨʪʪʝʣʛʝʥ ʢװʣʜʝʨʜʽ ʝʨʽʪʽʥʜʽ 

 ʨʳʣʳʩײץ ʳʪ ᴇʪʝ ʢʝʣʝץʦʩʫ ʫʘץ ʦʩʧʘʣʘʨʳʥʘ 400 ʢʛ/ʤį ʜʝʡʽʥ ʤᴇʣʰʝʨʜʝץ

ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽʥ ʙʘץʳʣʘʫ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 

ʪᴇʤʝʥʜʝʪʧʝʡʜʽ. 

 

ʂʝʩʪʝ 3.12  ï ʉʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʰʝʛʽʥʽש ʤᴅʥʜʝʨʽ 

 
ɹʝʨʽʢʪʽʢ ʰʝʛʽ 

 

ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ, % 

0 10 20 30 40 50 

ʉʳסʫ ʢʝʟʽʥʜʝ, ʄʇʘ 2,9 5,4 5,8 4,8 3,0 3,1 

ʀʽʣʫ ʢʝʟʽʥʜʝ, ʄʇʘ 1,5 2,6 2,3 2,1 1,3 1,7 

 

ɼʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢװʣʜʽ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽʥʝ ʝʥʛʽʟʫ 

ʦʨʪʘʰʘ ʤᴇʣʰʝʨʣʝʨʜʝ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʜʽ. ʉʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ 

(5,8 ʄʇʘ) ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ (2,3 ʄʇʘ) ʙʝʨʽʢʪʽʢʪʽש ʝש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽ ʢװʣ 

ʤᴇʣʰʝʨʽ 20% ʙʦʣסʘʥʜʘ ʙʘʡץʘʣʘʜʳ, ʙײʣ ײץʨʘʤʥʳש ʦשʪʘʡʣʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂװʣ ʤᴇʣʰʝʨʽʥ 30ï50%-סʘ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ ʙʝʨʽʢʪʽʢ ʪᴇʤʝʥʜʝʡʪʽʥʽ 

ʙʘʡץʘʣʘʜʳ, ʘʣʘʡʜʘ ײץʤʜʳ ʢװʣʤʝʥ ʤʘʢʩʠʤʘʣʜʳ ʘʣʤʘʩʪʳʨʫ ʞʘסʜʘʡʳʥʜʘ ʜʘ 

ʝʨʽʪʽʥʜʽʥʽש ʙʝʨʽʢʪʽʛʽ ʙʘץʳʣʘʫ ײץʨʘʤʳʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʜʝשʛʝʡʜʝ ץʘʣʘʜʳ. 

ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʢװʣʜʽ 20%-סʘ ʜʝʡʽʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ ʞᴅʥʝ ʙײʣ 

ʞʘסʜʘʡʜʘ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽ ʥʘʰʘʨʣʘʤʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 ʂװʣ ץʦʩʳʣסʘʥ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽ ʞʦסʘʨʳ ʙʽʨʪʝʢʪʽ ʢʝʫʝʢʪʝʨʛʝ ʠʝ ײʩʘץ 

ʪװʡʽʨʰʽʢʪʽ ײץʨʳʣʳʤʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ ʦʥʳש ʞʦסʘʨʳ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ (150 
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ʮʠʢʣʜʘʥ ʘʩʪʘʤ) ʞᴅʥʝ ʩʫ ᴇʪʧʝʫʰʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ױʩʘץ ʪװʡʽʨʰʽʢʪʽ 

 ʳʣʫ ʢʝʟʽʥʜʝʛʽסʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ (ʩʳץ ʘ ʪᴇʟʽʤʜʽʣʽʢʪʽסʘʨʳ ʩʫסʞʦ ץʨʳʣʳʤ ʩʦʥʜʘʡ-ʘײץ

ʞײʤʩʘʨʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 0,84). 

 

3.4 ʎʝʤʝʥʪ ʧʝʥ ײʰʧʘ ʢװʣʜʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ 

3.3 ʙᴇʣʽʤʜʝ ᴆʩʢʝʤʝʥ ɾʕʆ ץʘʣʜʳץʪʘʨʳʥ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ 

ʮʝʤʝʥʪʪʽש ʙʽʨ ʙᴇʣʽʛʽʥ ʘʣʤʘʩʪʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʂװʣʤʝʥ ʮʝʤʝʥʪʪʽ20% ש-ʳʥ ʘʣʤʘʩʪʳʨסʘʥʜʘ ʙʝʨʽʢʪʽʢʪʽש ʝש ʞʦסʘʨʳ ʘʨʪʫʳ 

ʙʘʡץʘʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʜʽ. ʂװʣ ץʦʩʳʣסʘʥ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽ ʞʦסʘʨʳ ʙʽʨʪʝʢʪʽ 

ʢʝʫʝʢʪʝʨʛʝ ʠʝ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ײץʨʳʣʳʤʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʞʦסʘʨʳ 

ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʩʫ ᴇʪʧʝʫʰʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʂװʣ ץʦʩʳʣסʘʥ ʝʨʽʪʽʥʜʽ 

 ʤײץ-ʘ ʞᴅʥʝ ʮʝʤʝʥʪסʘʙʘʪʪʘʩʫץ ʘ, ʪᴇʤʝʥץץʘʨʳ ʧʣʘʩʪʠʢʘʣʳʣʳסʦʩʧʘʩʳ ʞʦץ

 .ʘʟ ʙʦʣʫʳʥʘ ʠʝ שʘʥʜʘ ʩʫ ʙᴇʣʽʥʫʽʥʽסʦʩʧʘʣʘʨʳʤʝʥ ʩʘʣʳʩʪʳʨץ

ɹʝʪʦʥʜʘʨʜʳש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʪʫ ʞᴅʥʝ 

ʦʣʘʨʜʳש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫ ʤʘץʩʘʪʳʥʜʘ ᴆʩʢʝʤʝʥ ɾʕʆ-ʥʳײ שʰʧʘ ʢװʣʽ ʤʝʥ 

ʮʝʤʝʥʪʪʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ, ʩʝʙʝʙʽ 

ʜʠʩʧʝʨʩʪʽʣʽʢʪʽש ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʟʘʪʪʘʨʜʳש ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʞᴅʥʝ, ʪװʧʪʝʧ 

ʢʝʣʛʝʥʜʝ, ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʛʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥʽ ʙʝʣʛʽʣʽ. 

 ʪʘʫץʥʪʘײ ʣʜʽװʰʧʘ ʢײ ʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʮʝʤʝʥʪ ʧʝʥײפ

 ʪʘʫץʥʪʘײ ʪʘʥ, ʙʽʨʣʝʩʢʝʥץʦʣʜʘʥʳʣʘʪʳʥʜʳץ ʰʽʥ ʢᴇʙʽʥʝʩʝ ʰʘʨʣʳ ʜʠʽʨʤʝʥʜʝʨװ

ʢᴇʣʝʤʽ 0,0264 ʤį ʙʦʣʘʪʳʥ ʟʝʨʪʭʘʥʘʣʳץ ʜʠʽʨʤʝʥʜʝ ʞװʨʛʽʟʽʣʜʽ [57]. 

ʐʘʨʣʳ ʜʠʽʨʤʝʥʜʝʨʜʝ װʡʢʝʣʽʩ ʞᴅʥʝ ʞʘʥʰʫ ᴅʩʝʨʣʝʨʽ ʙʘʩʳʤ ʙʦʣʘʜʳ, ʘʣ 

 ʪʘʫץʥʪʘײ ʪʘʫ ʜᴅʨʝʞʝʩʽ ʜʠʽʨʤʝʥʛʝ ʙʝʨʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣ ʤᴇʣʰʝʨʽʥʝ ʞᴅʥʝץʥʪʘײ

 שʰʽʥ ʜʠʽʨʤʝʥʥʽװ ʳʥ ʘʣʫסʪʳץʩʘײ ʪʘʣʫץʥʪʘײ ʪʳץʨʘײʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʊסʪʳץʟʘײ

 ʘʞʝʪʪʽץ שʪʘʫʰʳ ʜʝʥʝʣʝʨʜʽץʥʪʘײ ,ʘʤʪʘʤʘʩʳʟ ʝʪʽʧץ ʤʳʩ ʨʝʞʠʤʽʥײʘʣʳʧʪʳ ʞץ

ᴇʣʰʝʤʜʝʨʽʥ ʜײʨʳʩ ʪʘשʜʘʫ ץʘʞʝʪ. ʊᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʜʠʽʨʤʝʥʜʽ 

 ʩʳʥʳʣʘʜʳ. ɼʠʽʨʤʝʥʜʝʛʽײ ʪʘʫʰʳ ʰʘʨʣʘʨʤʝʥ 0,25ï0,33 ʢᴇʣʝʤʽʥʜʝ ʪʦʣʪʳʨʫץʥʪʘײ

ʰʘʨʣʘʨʜʳש ʤʘʩʩʘʩʳ ʦʥʳש ʢᴇʣʝʤʽʥʝ ʩᴅʡʢʝʩ ʙʦʣʫʳ ʪʠʽʩ. ᴄʜʝʪʪʝ, ʰʘʨʣʘʨʜʳש 

ʤʘʩʩʘʩʳ ʜʠʽʨʤʝʥʥʽש ʪʦʣʳץ ʢᴇʣʝʤʽʥʽ1 ש ʤį-ʥʘ 1,0ï1,1 ʪ ײץʨʘʡʜʳ. 

ʐʘʨʣʳ ʜʠʽʨʤʝʥʜʝʨʜʽש ᴇʥʽʤʜʽʣʽʛʽ ʩʦʥʳʤʝʥ ץʘʪʘʨ ײʥʪʘץʪʘʣʘʪʳʥ 

ʤʘʪʝʨʠʘʣʤʝʥ ʙʽʨʢʝʣʢʽ ʞװʢʪʝʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɼʠʽʨʤʝʥ ʪʦʣʳץ ʞװʢʪʝʣʤʝʛʝʥ 

ʞʘסʜʘʡʜʘ ʦʥʳש ᴇʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥʜʝʧ ץʘʥʘ ץʦʡʤʘʡ, ʰʘʨʣʘʨʜʳש ʙʨʦʥʴ 

ʧʣʠʪʘʣʘʨʳʥʜʘסʳ ʪʦʟʫʳ ʘʨʪʘʜʳ, ʩʝʙʝʙʽ ʙײʣ ʢʝʟʜʝ ʰʘʨʣʘʨ ʞʝʪʢʽʣʽʢʪʽ ʤʘʪʝʨʠʘʣ 

 .ʳʣʘʜʳסʘ ʩʦסʘʥ ʧʣʠʪʘʣʘʨסʘʙʘʪʳʤʝʥ ʞʘʙʳʣʤʘץ

ʎʝʤʝʥʪʪʽש ʙʽʨ ʙᴇʣʽʛʽʥ ʘʣʤʘʩʪʳʨʫ ʞᴅʥʝ ʦʣʘʨʜʳ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ װʰʽʥ 

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ װʡʽʥʜʽʩʽʥʽ4 ש-ʘʡʤʘסʳʥʘʥ ʘʣʳʥסʘʥ ʛʠʜʨʘʚʣʠʢʘʣʳץ ᴅʢʝʪʫ ʢװʣʽ 

 ʽʣ ʢʦʤʧʦʥʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳשʞʝ שʝ שʦʩʧʘʣʘʨʳʥʳץ ʦʣʜʘʥʳʣʜʳ. ʆʣ ʟʦʣʦʰʣʘʢץ

ʞᴅʥʝ ʢװʣ װʡʽʥʜʽʩʽʥʽש ʰʝʪʢʽ ʙᴇʣʽʢʪʝʨʽʥʝ ʞʠʥʘʣʘʜʳ. ʉʪʘʥʜʘʨʪʪʳ ᴅʜʽʩʪʝʤʝ ʙʦʡʳʥʰʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢװʣʜʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥ 

(ʰʘʤʘʤʝʥ 68%) ᴇʣʰʝʤʽ 0,14 ʤʤ-ʜʝʥ ʢʽʰʽ ʪװʡʽʨʣʝʨ ײץʨʘʡʪʳʥʳ ʘʥʳץʪʘʣʜʳ (2-

ʢʝʩʪʝ). ɯʨʽʣʽʢ ʤʦʜʫʣʽ ʙʦʡʳʥʰʘ ʢװʣ ᴇʪʝ ײʩʘץץʘ ʞʘʪʘʜʳ. ʂװʣʜʽש ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ 

ʘʫʜʘʥʳ 1949 ʩʤĮ/ʛ, ʰʳʥʘʡʳ ʪʳסʳʟʜʳסʳ ð 1,725 ʛ/ʩʤį. 

ʎʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽ 1 : 4 ײץʨʘʤʳʥʜʘ ʜʘʡʳʥʜʘʣʜʳ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

ʨʝʪʽʥʜʝ 50% ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʧʝʥ 50% ײʰʧʘ ʢװʣʜʝʥ ʪײʨʘʪʳʥ ץʦʩʧʘ 
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ʧʘʡʜʘʣʘʥʳʣʜʳ. ɽʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ 6ï7 ʩʤ ʙʦʣʜʳ ʞᴅʥʝ 

ʉʪʨʦʡʎʅʀʃ ʢʦʥʫʩʳ ʘʨץʳʣʳ ʙʘץʳʣʘʥʜʳ. ɿʦʣʦ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥʳײ שʥʪʘץʪʘʣʫ 

ʜᴅʨʝʞʝʩʽ ʇʉʍ-2 ʘʩʧʘʙʳʥʜʘ ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. 

ɽʨʽʪʽʥʜʽʥʽש ʤʘʨʢʘʩʳ 4Ĭ4Ĭ16 ʩʤ ᴇʣʰʝʤʜʽ ʙʘʣʦʯʢʘʣʘʨʜʘ ʩʪʘʥʜʘʨʪʪʳ ᴅʜʽʩʪʝʤʝ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. 

ʉʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ 3.13-ʢʝʩʪʝʜʝ ʞᴅʥʝ 3.10-ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥ. ɸʣʳʥסʘʥ 

ʥᴅʪʠʞʝʣʝʨʜʽ ʪʘʣʜʘʫ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʪʽ: ʟʦʣʦ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥ ײʥʪʘץʪʘʫ ʫʘץʳʪʳ 

ʘʨʪץʘʥ ʩʘʡʳʥ ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥ ʪʫʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪװʨʜʝ ᴇʩʧʝʡʜʽ; 

ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥ ʘʨʪץʘʥ ʩʘʡʳʥ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ ץʘʞʝʪʪʽʣʽʛʽ ʘʟʘʡʳʧ, 

ʙʝʨʽʢʪʽʛʽ ʘʨʪʘʜʳ. ɽש ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢ 5,5 ʩʘסʘʪ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʙʘʡץʘʣʜʳ. 

 ,ʘʥʳʤʝʥסʳʥ ʘʨʪʪʳʨסʳʟʜʳסʪʳ שʘʩʪʳʨʫ ʝʨʽʪʽʥʜʽʥʽסʪʘʫʜʳ ʦʜʘʥ ᴅʨʽ ʞʘʣץʥʪʘױ

ʙʝʨʽʢʪʽʢʢʝ ʘʟ סʘʥʘ ᴇʩʽʤ ʙʝʨʝʜʽ. ʆʩʳʣʘʡʰʘ, ʮʝʤʝʥʪ ʧʝʥ ʢװʣʜʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ 

 ʤʢʽʥʜʽʢװʘ ʤסʳʥʳʥ ʘʟʘʡʪʫסʙʝʣʩʝʥʜʽʨʝʜʽ ʞᴅʥʝ ʮʝʤʝʥʪ ʰʳ ץʦʩʧʘʥʳ ʤʝʭʘʥʠʢʘʣʳץ

ʙʝʨʝʜʽ, ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

 

ʂʝʩʪʝ 3.13  ï ɹʽʨʣʝʩʽʧ ײʥʪʘץʪʘʣסʘʥ ʟʦʣʦ-ʮʝʤʝʥʪ ץʦʩʧʘʩʳ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ 

ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽʥʽש ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ 

 

 ʪʘʫץʥʪʘױ

ʫʘץʳʪʳ 

ʄʝʥʰʽʢʪʽ ʙʝʪʢʽ 

ʘʫʜʘʥʳ S, ʩʤĮ/ʛ 

ʀʽʣʫ ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ ʰʝʛʽ 

Rʠʟʛ28, ʢʛʩ/ʩʤĮ 

ʉʳסʫ ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ ʰʝʛʽ 

Rʩʞ28, ʢʛʩ/ʩʤĮ 

ʆʨʪʘʰʘ 

ʪʳסʳʟʜʳץ ɟʩʨ, 

ʛ/ʩʤį 

1,0 2197 1,2 2,5 1,74 

2,0 2428 1,4 3,1 1,78 

3,0 2887 1,6 3,8 1,77 

4,0 3125 1,6 4,1 1,88 

5,0 3489 1,9 4,8 1,82 

6,0 3600 2 5 1,88 

7,0 3660 2,1 5,2 1,90 

8,0 3750 2,2 5,4 1,92 

9,0 3898 2,3 5,7 1,94 

10,0 4010 2,3 5,8 1,90 

 

ʆʩʳʣʘʡʰʘ, ᴆʩʢʝʤʝʥ ɾʕʆ ײʰʧʘ ʢװʣʽ ʤʝʥ ʮʝʤʝʥʪʪʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ 

ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʩʽʥʽש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ 

ʮʝʤʝʥʪ ʰʳסʳʥʳʥ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʤʘʪʝʨʠʘʣʜʘʨʜʳש 

ᴇʟʽʥʜʽʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɸʣʘʡʜʘ ײʥʪʘץʪʘʣʘʪʳʥ ʤʘʪʝʨʠʘʣ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ײʥʪʘץʪʘʫ ײʟʘץʪʳסʳʥʘ ʪʽʢʝʣʝʡ ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ʪᴅʫʝʣʜʽʣʽʢʪʝ 

ʙʦʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽײץ שʨʳʣʳʤʳʥʘ 

ʙʝʣʩʝʥʜʽʨʫʜʽש ᴅʩʝʨʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ ץʦʩʳʤʰʘ ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʫ ʪʫʨʘʣʳ 

ʰʝʰʽʤ ץʘʙʳʣʜʘʥʜʳ. 
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ʉʫʨʝʪ 3.11 ï ʄʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʥʳש, ʩʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢʪʽש 

 ʳʪʳʥʘ ʪᴅʫʝʣʜʽʣʽʛʽץʪʘʫ ʫʘץʥʪʘײ

 

ɻʨʘʬʠʢʘʣʳץ ʪᴅʫʝʣʜʽʣʽʢ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײʥʪʘץʪʘʫ ʫʘץʳʪʳ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʩʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ᴇʩʝʜʽ, ʙײʣ ʮʝʤʝʥʪ-ʢװʣ ץʘʤʳʨʳʥʳש ʤʝʥʰʽʢʪʽ 

ʙʝʪʢʽ ʘʫʜʘʥʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ ʞᴅʥʝ ʤʘʪʝʨʠʘʣ ײץʨʳʣʳʤʳʥʳש 

ʙʝʣʩʝʥʜʽ ץʘʣʳʧʪʘʩʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

3.5 ʂװʣ - ʮʝʤʝʥʪ ץʦʩʧʘʩʳʥ ʙʝʣʩʝʥʜʽʨʫ 

 

 ʳʪʪʘ ʰʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ᴇʥʜʽʨʫʜʝ ʝʣʽʤʽʟʜʝ ʞᴅʥʝ ʰʝʪʝʣʜʝץʘʟʽʨʛʽ ʫʘפ

ʥʝʛʽʟʽʥʝʥ ʥʝʛʽʟʛʽ ʞᴅʥʝ ᴅʣʩʽʟ ץʳʰץʳʣʜʳ ʜʦʤʥʘ ʰʣʘʢʪʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. ʐʣʘʢ 

ʤᴇʣʰʝʨʽ ʦʥʳש ʭʠʤʠʷʣʳײץ ץʨʘʤʳʥʘ ʞᴅʥʝ ʮʝʤʝʥʪʪʽץ שʦʣʜʘʥʳʣʫ ʩʘʣʘʩʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ ʮʝʤʝʥʪ ײץʨʘʤʳʥʜʘ 30ï60% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. 

ᴆʩʢʝʤʝʥ ɾʕʆ ʰʣʘʢʪʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ, ʦʥʜʘ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʧʝʥ ʰʣʘʢ ʰʘʨʣʳ ʜʠʽʨʤʝʥʜʝ ʙʽʨʛʝ 

ʞᴅʥʝ ʙᴇʣʝʢ ײʥʪʘץʪʘʣʜʳ, ˉ0085 ʝʣʝʢʪʝ ץʘʣʜʳ6 ץï8% ʙʦʣסʘʥסʘ ʜʝʡʽʥ, ʙײʣ 3000ï

3500 ʩʤĮ/ʛ ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. תʣʛʽʣʝʨ 1 : 3 ײץʨʘʤʳʥʜʘסʳ 

ʧʣʘʩʪʠʢʘʣʳץ ʢʦʥʩʠʩʪʝʥʮʠʷʣʳ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ ʜʘʡʳʥʜʘʣʜʳ. תʣʛʽʣʝʨʜʽץ שʘʪʘʶʳ 

 ʨʝʞʠʤʽ ʙʦʡʳʥʰʘ סʩʘ 2 + 10 + 20 ץʜʘʡʜʘ 28 ʪᴅʫʣʽʢ ʙʦʡʳ, ʩʦʥʜʘʡ-ʘסʘʣʳʧʪʳ ʞʘץ

ʙʫʣʘʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. 

ʐʣʘʢ ץʦʩʳʣסʘʥ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʛʝʥ 

ʩʳʥʘץʪʘʨ (ʢʝʩʪʝ 3.14) ʢᴇʨʩʝʪʢʝʥʜʝʡ, 15% ʰʣʘʢ ץʦʩʳʣסʘʥ ʮʝʤʝʥʪ 7 ʞᴅʥʝ 28 ʪᴅʫʣʽʢ 

 ʳʣʫ ʙʝʨʽʢʪʽʛʽʥ ʙʽʨʰʘʤʘ ʘʨʪʪʳʨʘʜʳ, ʘʣ 20ï30% ʰʣʘʢסʘʪʘʶʜʘʥ ʢʝʡʽʥ ʩʳץ

 ץʘʣʜʳʣʳסʘ ʪᴇʤʝʥʜʝʡʜʽ. ɾʳʣʫ-ʳʣס-ʘʥʜʘ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 10ï15%סʦʩʳʣץ
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ʞʘסʜʘʡʳʥʜʘ ץʘʪʘʡסʘʥʜʘ ʰʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽש ʙʝʨʽʢʪʽʛʽ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʧʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ 15ï25%-סʘ ʘʨʪʘʜʳ. 

 

ʂʝʩʪʝ 3.14 - ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʣʘʢʦʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 

 
 ʨʘʤʳ ʂᴇʣʝʤʜʽʢײפ

ʤʘʩʩʘ, 

ʢʛ/ʤį 

ʊʳסʳʟʜʳץ 

ʛ/ʩʤį 

 ʘʣʳʧʪʳפ

 ʳסʪʘץʦʶʣʳץ

 ʩʫ שʘʤʳʨʜʳץ

 % ,ʘʞʝʪʪʽʣʽʛʽץ

 ʘʪʘʶפ

ʫʘץʳʪʳ, ʤʠʥ 

(ʙʘʩʪʘʣʫʳ/ 

ʘʷץʪʘʣʫʳ) 

ʉʳסʳʣʫ 

ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ, 

ʄʇʘ 28 

ʩʫʪ 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ 

ʐʣʘʢ (60:40 %) 

1120 3,11 27 130/390 21 

 

ʆʩʳʣʘʡʰʘ, ᴆʩʢʝʤʝʥ ɾʕʆ ʰʣʘʛʳʥ 40ï50% ʤᴇʣʰʝʨʽʥʜʝ ץʦʩʫ ʘʨץʳʣʳ 

 ʳʣʫ ʙʝʨʽʢʪʽʛʽסʘʥ ʥʝʤʝʩʝ ʙʫʣʘʫʜʘʥ ʢʝʡʽʥ ʩʳסʘʪʘʡץ ʜʘʡʜʘ 28 ʪᴅʫʣʽʢסʘʣʳʧʪʳ ʞʘץ

20ï25 ʄʇʘ ʙʦʣʘʪʳʥ ʰʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʘʣʫסʘ ʙʦʣʘʜʳ. 

ʇʦʨʪʣʘʥʜʮʝʤʝʥʪ ʧʝʥ ʰʣʘʢʪʳ ʝʢʽ ʩʘʪʳʣʳ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 25ï30%-סʘ ʘʨʪʘʜʳ, ʘʣ 3000ï3500 ʩʤĮ/ʛ ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥסʘ 

ʜʝʡʽʥ ײʥʪʘץʪʘʫ ʙʽʨʣʝʩʢʝʥ ײʥʪʘץʪʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʙʝʨʽʢʪʽʢʪʽ 20ï30%-סʘ 

ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ץʳʰץʳʣʜʳ ʰʣʘʢʪʘʨʜʳש ᴅʨʪװʨʣʽ ײʥʪʘץʪʘʣסʳʰʪʳסʳʤʝʥ ʞᴅʥʝ ʙʽʨʣʝʩʢʝʥ 

 ʪʘʣʫʳץʥʪʘײ ʽʨʽʢʪʝʧ שʪʘʫ ʤʘʪʝʨʠʘʣ ð ʢʣʠʥʢʝʨʜʽץʤʩʘײʪʘʫ ʢʝʟʽʥʜʝ ʞץʥʪʘײ

ʩʘʣʜʘʨʳʥʘʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʜʠʩʧʝʨʩʪʽʣʽʛʽʥ ʨʝʪʪʝʫʜʽש ʤװʤʢʽʥ ʙʦʣʤʘʫʳʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ. 

ɹʘʩʪʘʧץʳ ʮʝʤʝʥʪ ײʥʪʘץʪʘʨʳʥʳש ʧʝʪʨʦʛʨʘʬʠʷʣʳץ ʪʘʣʜʘʫʣʘʨʳ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʽʨʣʝʩʢʝʥ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʰʣʘʢ ʥʝʛʽʟʽʥʝʥ ᴇʣʰʝʤʽ 150ï200 ʤʢʤ 

ʙʦʣʘʪʳʥ ʽʨʽ ʬʨʘʢʮʠʷʜʘ ʰʦסʳʨʣʘʥʘʜʳ, ʤײʥʜʘ 35ï65 ʤʢʤ ʬʨʘʢʮʠʷʣʘʨ ʙʘʩʳʤ 

ʙʦʣʘʜʳ. 

 ʬʨʘʢʮʠʷʜʘ ץʩʘײ ʘʥ ʢʣʠʥʢʝʨ ʥʝʛʽʟʽʥʝʥ ᴇʣʰʝʤʽ 30 ʤʢʤ-ʜʝʥ ʢʽʰʽסʪʘʣץʥʪʘױ

ʰʦסʳʨʣʘʥʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʘʣʣʦʤʦʨʬʪʳ ʬʘʟʘʜʘ ʢᴇʣʜʝʥʝץ שʠʤʘʩʳ 100 ʤʢʤ-ʛʝ 

ʜʝʡʽʥ ʞʝʪʝʪʽʥ ʞʝʢʝ ʢʣʠʥʢʝʨ ʤʠʥʝʨʘʣʜʘʨʳʥʳש ʘʛʨʝʛʘʪʪʘʨʳʥʳש ʤᴇʣʰʝʨʽ 

ʘʨʪʘʪʳʥʳ ʙʘʡץʘʣʘʜʳ. 

ɽʢʽ ʩʘʪʳʣʳ ײʥʪʘץʪʘʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʰʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽ ʟʝʨʪʪʝʫ 

ʙʘʨʳʩʳʥʜʘ ʰʣʘʢ ᴅʡʥʝʛʽʥʽש ʞʝʢʝ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ 150ï200 ʤʢʤ-ʛʝ ʜʝʡʽʥ 

ʞʝʪʝʪʽʥʽ, ʘʣ 25ï40 ʤʢʤ ʬʨʘʢʮʠʷʣʘʨ ʙʘʩʳʤ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ʎʝʤʝʥʪ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ 15ï20 ʤʢʤ-ʜʝʥ ʘʩʧʘʡʜʳ, ʘʣ ʘʛʨʝʛʘʪʪʘʨ ʜʝʨʣʽʢ 

ʙʘʡץʘʣʤʘʡʜʳ. ʄʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳ 3000ï3500 ʩʤĮ/ʛ ʜʝʡʽʥ ʙᴇʣʝʢ ײʥʪʘץʪʘʫ 

ʢʝʟʽʥʜʝ ʰʣʘʢ ᴅʡʥʝʛʽ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ 60ï80 ʤʢʤ-ʛʝ ʜʝʡʽʥ ʙʦʣʳʧ, 20ï30 

ʤʢʤ ʬʨʘʢʮʠʷʣʘʨ ʙʘʩʳʤ ʙʦʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ. ʎʝʤʝʥʪ ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʜʝʨʽ 

30ï65 ʤʢʤ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʙʽʨʣʝʩʢʝʥ ʞᴅʥʝ ʝʢʽ ʩʘʪʳʣʳ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʘʩʘ ץʳʰץʳʣʜʳ 

ʰʣʘʢʪʳש ʘʙʨʘʟʠʚʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ᴅʩʝʨʽʥʝʥ ʢʣʠʥʢʝʨ ʤʠʥʝʨʘʣʜʘʨʳʥʳײ שʥʪʘץʪʘʣʫ 

ʜᴅʨʝʞʝʩʽ ʝʜᴅʫʽʨ ʘʨʪʘʜʳ, ʘʣ ʰʣʘʢ ʽʨʽ ʬʨʘʢʮʠʷʣʘʨʜʘ ʰʦסʳʨʣʘʥʘʜʳ. 

ɹᴇʣʝʢ ײʥʪʘץʪʘʫ ʢʝʟʽʥʜʝ ʥʝʛʽʟʽʥʝʥ ײʩʘץ ʬʨʘʢʮʠʷʣʘʨʜʘʥ ʪײʨʘʪʳʥ ʰʣʘʢ ʧʝʥ 

ʢʣʠʥʢʝʨ ײʥʪʘסʳʥ ʘʣʫ ʤװʤʢʽʥʜʽʛʽ ʪʫʳʥʜʘʡʜʳ, ʙײʣ ʦʣʘʨʜʳש ʨʝʘʢʮʠʷʣʳץ 
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 שʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳ שʣʛʽʣʝʨʜʽװ ʘʥסʘʪʘʡץ ʘʨʪʫʳʥʘ ʞᴅʥʝ שʘʙʽʣʝʪʽʥʽץ

ʞʦסʘʨʳʣʘʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. ʐʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽש ʦשʪʘʡʣʳ ʨʝʘʢʮʠʷʣʳץ 

 ʘʩʠʝʪʪʝʨʽʥʝץ שʦʣʜʘʥʳʣʘʪʳʥ ʰʣʘʢ ʧʝʥ ʢʣʠʥʢʝʨʜʽץ ʰʽʥװ ʪʘʫץʘʙʽʣʝʪʽʥ ʘʥʳץ

ʙʘʡʣʘʥʳʩʪʳ ʬʨʘʢʮʠʷʣʘʨʜʳש ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʘʨʘץʘʪʳʥʘʩʳʥ, ʩʦʥʜʘʡ-ʘץ ʘʣʳʥʘʪʳʥ 

ʮʝʤʝʥʪʪʝʨʜʽש ʩʫ ץʘʞʝʪʪʽʣʽʛʽ ʤʝʥ ץʘʪʘʡסʘʥ װʣʛʽʣʝʨʜʽש ʩʳʟʳץʪʳץ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ ʝʩʢʝʨʫ ץʘʞʝʪ. 

 ץʪʝʭʥʠʢʘʣʳ שʧʨʦʮʝʩʪʝʨʽ ʮʝʤʝʥʪ ʪʘʩʳʥʳ ץʬʠʟʠʢʘ-ʭʠʤʠʷʣʳ שʘʪʘʶʜʳפ

 ʨʣʽװʩʠʧʘʪʪʘʤʘʣʘʨʳʥ, ᴅʨʪ ץʙʝʨʽʢʪʽʛʽʥ, ʜʝʬʦʨʤʘʮʠʷʣʳ שʘʩʠʝʪʪʝʨʽʥ ð ʦʥʳץ

ʦʨʪʘʜʘסʳ ʞᴅʥʝ ʫʘץʳʪ ʙʦʡʳʥʰʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ײץʨʘʤʳʥʜʘ ᴆʩʢʝʤʝʥ ɾʕʆ-ʥʳ30 שï40% 

ʰʣʘʛʳ ʙʘʨ ʮʝʤʝʥʪʪʽץ שʘʩʠʝʪʪʝʨʽ ʢʣʠʥʢʝʨʣʽ ʮʝʤʝʥʪʪʝʨ ʤʝʥ ʥʝʛʽʟʜʽʣʽʛʽ ʞʦסʘʨʳ 

ʜʦʤʥʘʣʳץ ʪװʡʽʨʰʽʢʪʝʣʛʝʥ ʰʣʘʢʪʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ʰʣʘʢʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʝʨʜʽש 

 ʢᴇʨʩʝʪʧʝʡʜʽ. ɼʝʤʝʢ, 8-ʪʘʨʘʫʜʘ ץʪʘʡ ʘʡʳʨʤʘʰʳʣʳץʘʩʠʝʪʪʝʨʽʥʝʥ ʘʡʪʘʨʣʳץ

 ʡʳʤʜʘʨʳʥ ᴇʥʜʽʨʫʜʝײʷʣʳ ʙʝʪʦʥ ʙײ ʜʠʩʧʝʨʩʪʽ ʢʣʠʥʢʝʨʜʽ ץʩʘײ ʘʥסʘʨʘʩʪʳʨʳʣץ

 ,ʪʘʡ ʦʪʳʨʳʧץʝʡʪʫʛʝ ʞᴅʥʝ ʪʠʽʩʪʽ ʩʘʧʘʥʳ ʩʘשʦʣʜʘʥʫ ʘʨʟʘʥ ʰʠʢʽʟʘʪ ʙʘʟʘʩʳʥ ʢʝץ

ᴇʟʽʥʜʽʢ ײץʥʳ ʪᴇʤʝʥ ᴇʥʽʤʜʝʨ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʞᴅʥʝ ײʥʪʘץʪʘʫʜʳש ʪʠʽʤʜʽ ʨʝʞʠʤʽʥ 

ʪʘשʜʘʫ ʟʦʣʦʮʝʤʝʥʪʪʽ ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳײץ שʨʳʣʳʤʳ ʤʝʥ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ײץʨʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

  

ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 

ᴆʩʢʝʤʝʥ ɾʕʆ-ʥʳש ʢװʣ-ץʦʞ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʢʝʰʝʥʜʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ-

ʪʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦʣʘʨʜʳש ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ 

ʝʪʫ ʟʘשʜʳʣʳץʪʘʨʳʥ ʙʘסʘʣʘʫ ʥʝʛʽʟʽʥʜʝ ʢʝʣʝʩʽ ʥʝʛʽʟʛʽ ץʦʨʳʪʳʥʜʳʣʘʨ ʘʣʳʥʜʳ: 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ᴅʢʝʪʫ ʢʝʟʽʥʜʝ ʢװʣ װʡʽʥʜʽʩʽʥʜʝ ʢʝשʽʩʪʽʢʪʽʢ ʙʽʨʪʝʢʪʽ ʝʤʝʩ 

 ʳʥץʘʡ שʦʞ ʤʘʪʝʨʠʘʣʳʥʳץ-ʣװʪʘʣʜʳ, ʦʣ ʢץʘʣʳʧʪʘʩʘʪʳʥʳ ʘʥʳץ ʨʳʣʳʤײץ

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ, ʤʠʥʝʨʘʣʦʛʠʷʣʳץ ʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʙʘʪʪʘʩʫʳʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. ʂװʣ װʡʽʥʜʽʩʽʥʜʝʛʽ ʘʡʤʘץʪʘʨʜʳץ שʘʣʳʧʪʘʩʫʳ ʙᴇʣʰʝʢʪʝʨʜʽש 

ʪʳסʳʟʜʳסʳ ʤʝʥ ʰᴇʛʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʘʡʳʨʤʘʰʳʣʳסʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʘסʳʥ 

ʞʳʣʜʘʤʜʳץʪʘʨʳʥʳש ʪʝʨʝשʜʽʢ ʙʦʡʳʥʰʘ ʪʘʨʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʙײʣ װʡʽʥʜʽ 

ʰʝʛʽʥʜʝ ʢװʣʜʽש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽʥ 

ʘʥrץʪʘʡʜʳ; 

ʂװʣ װʡʽʥʜʽʩʽʥʽש ᴅʨʪװʨʣʽ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʢװʣ-ץʦʞ ʤʘʪʝʨʠʘʣʜʘʨʳ ʤʝʥʰʽʢʪʽ 

ʙʝʪʢʽ ʘʫʜʘʥʳ, ʰʳʥʳʪᴅʨʽʟʜʽ ʬʘʟʘʥʳש ʤᴇʣʰʝʨʽ, ʰʳʥʘʡʳ ʞᴅʥʝ װʡʽʥʜʽʣʽʢ 

ʪʳסʳʟʜʳסʳ ʙʦʡʳʥʰʘ ʝʣʝʫʣʽ ʘʡʳʨʤʘʰʳʣʳץʪʘʨסʘ ʠʝ ʝʢʝʥʽ ʢᴇʨʩʝʪʽʣʜʽ, ʙײʣ 

ʦʣʘʨʜʳש ʮʝʤʝʥʪ-ײץʤ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪײʨסʳʜʘʥ ᴅʨʪװʨʣʽ ʨᴇʣ 

ʘʪץʘʨʫʳʥ ð ʪʦʣʪʳʨסʳʰ, ʤʠʢʨʦ ʪʦʣʪʳʨסʳʰ ʥʝʤʝʩʝ ʢװʣ-ʮʝʤʝʥʪʪʽ 

ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʢʦʤʧʦʥʝʥʪʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫʳʥ ʘʥʳץʪʘʡʜʳ; 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪװʨʜʝ 2-ʘʡʤʘץ ʢװʣʽ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ ײʩʘץ 

ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ײʩʘץʪʘʣסʘʥ ײץʤʜʳ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ װʰʽʥ ʪʠʽʤʜʽ 

 ʘ ʜʝʡʽʥס-ʣʤʝʥ 20ï30%װʤʜʳ ʢײפ .ʪʘʣʜʳץʤʢʽʥ ʝʢʝʥʽ ʘʥʳװʦʣʜʘʥʳʣʫʳ ʤץ

ʘʣʤʘʩʪʳʨסʘʥʜʘ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳץ שʦʟסʘʣסʳʰʪʳסʳ ʤʝʥ ʪʳסʳʟʜʳסʳʥʳש 
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 ʤʝʨʟʽʤʜʽʣʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ץʟʘײ ʪʘʣʘʜʳ, ʘʣ ʙʝʨʽʢʪʽʢ ʞᴅʥʝץʛʝʡʽ ʩʘשʦʣʘʡʣʳ ʜʝץ

ʘʡʪʘʨʣʳץʪʘʡ ʥʘʰʘʨʣʘʤʘʡʜʳ; 

ʂװʣ ʤᴇʣʰʝʨʽ 30%-ʜʘʥ ʘʩץʘʥʜʘ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʣʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʞװʡʝʣʽ ᴇʟʛʝʨʫʽ ʙʘʡץʘʣʘʪʳʥʳ ʘʥʳץʪʘʣʜʳ: ʦʨʪʘʰʘ 

ʪʳסʳʟʜʳץ ʪᴇʤʝʥʜʝʡʜʽ, ץʘʙʘʪʪʘʩʫ ʤʝʥ ʩʫ ʙᴇʣʽʥʫ ʘʨʪʘʜʳ, ʰᴇʛʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳ 

ᴇʩʝʜʽ, ʩʦʥʜʘʡ-ʘץ ʙʝʨʽʢʪʽʢ ʧʝʥ ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʢ ʪᴇʤʝʥʜʝʡʜʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʢװʣ 

ʙᴇʣʰʝʢʪʝʨʽʥʽש ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʛʽʤʝʥ, ʰʳʥʘʡʳ ʪʳסʳʟʜʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʤʝʥ 

ʞᴅʥʝ ʮʝʤʝʥʪ-ʢװʣ ץʘʤʳʨʳ ײץʨʳʣʳʤʳʥʜʘסʳ ʩʫ ʬʘʟʘʩʳʥʳץ שʘʡʪʘ ʙᴇʣʽʥʫʽʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʜʽ; 

 שʨʘʤʳʤʝʥ ʞᴅʥʝ ʰʳʥʳʪᴅʨʽʟʜʽ ʬʘʟʘʥʳײץ ץʜʠʩʧʝʨʩʪʽ ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳ ץʩʘױ

ʞʦסʘʨʳ ʤᴇʣʰʝʨʽʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥ 4-ʘʡʤʘץ ʢװʣʽ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ 

ʤʠʢʨʦ ʪʦʣʪʳʨסʳʰ ʞᴅʥʝ ʧʫʮʮʦʣʘʥʜʳץ ץʦʩʧʘ ʨʝʪʽʥʜʝ ʪʠʽʤʜʽ ʞײʤʳʩ ʽʩʪʝʡʪʽʥʽ 

ʘʥʳץʪʘʣʜʳ. ʎʝʤʝʥʪʪʽ 20%-סʘ ʜʝʡʽʥ ʢװʣʤʝʥ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫ ʮʝʤʝʥʪ ʪʘʩʳʥʳש 

 ʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢʪʽ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝסʳʟʜʘʧ, ʩʳסʨʳʣʳʤʳʥ ʪʳײץ

ʤʘʪʝʨʠʘʣʜʳש ʙʽʨʪʝʢʪʽ ײʩʘץ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ; 

ʂװʣʜʽ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʝ ʝʥʛʽʟʫ ʦʣʘʨʜʳש ʨʝʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ: ʧʣʘʩʪʠʢʘʣʳʣʳץ ʘʨʪʘʜʳ, ʩʫ ʙᴇʣʽʥʫ ʤʝʥ 

 שʘʨʳʣʘʡʜʳ. ʆʩʳ ʬʘʢʪʦʨʣʘʨʜʳסʘʙʽʣʝʪʽ ʞʦץ ʩʪʘʫײ ʘʙʘʪʪʘʩʫ ʪᴇʤʝʥʜʝʡʜʽ, ʩʫץ

ʞʠʳʥʪʳסʳ ʝʨʽʪʽʥʜʽʣʝʨʜʽש ʘʷʟסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʩʫ ᴇʪʧʝʫʰʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʢװʣʜʽ 

ʜᴅʩʪװʨʣʽ ʧʣʘʩʪʠʬʠʢʘʮʠʷʣʘʫʰʳ ץʦʩʧʘʣʘʨסʘ ʪʠʽʤʜʽ ʙʘʣʘʤʘ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ; 

ʎʝʤʝʥʪ ʧʝʥ ײʰʧʘ ʢװʣʜʽ ʙʽʨʣʝʩʽʧ ʞᴅʥʝ ʙᴇʣʝʢ ײʥʪʘץʪʘʫ ʘʨץʳʣʳ ʢװʣ-ʮʝʤʝʥʪ 

 ʨʘʤʳʥ ʞᴅʥʝײץ ʜʠʩʧʝʨʩʪʽʢ שʙʝʣʩʝʥʜʽʨʫ ʦʣʘʨʜʳ ץʦʩʧʘʣʘʨʳʥ ʤʝʭʘʥʠʢʘʣʳץ

ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳʥ ʝʣʝʫʣʽ ᴇʟʛʝʨʪʝʪʽʥʽ, ʙײʣ ʩʫ ץʘʞʝʪʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽʤʝʥ 

ʞᴅʥʝ ʮʝʤʝʥʪ-ײץʤ ʝʨʽʪʽʥʜʽʣʝʨʽʥʽש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʘʨʪʫʳʤʝʥ ץʘʪʘʨ 

ʞװʨʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ײʥʪʘץʪʘʫʜʳש ʦשʪʘʡʣʳ ײʟʘץʪʳסʳ ʙʘʨ ʝʢʝʥʽ 

ʢᴇʨʩʝʪʽʣʜʽ, ʦʥʳ ʘʨʪʪʳʨʫ ʙʝʨʽʢʪʽʢʪʽש ʧʨʦʧʦʨʮʠʦʥʘʣʜʳ ᴇʩʫʽʥʝ ᴅʢʝʣʤʝʡʜʽ; 

ɽʢʽ ʩʘʪʳʣʳ ʞᴅʥʝ ʙᴇʣʝʢ ײʥʪʘץʪʘʫ ʮʝʤʝʥʪ ʧʝʥ ʢװʣʜʽש ʬʨʘʢʮʠʷʣʘʨ ʙʦʡʳʥʰʘ 

ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ, ʢװʣ-ʮʝʤʝʥʪ ʞװʡʝʩʽʥʽש ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʽש ʘʨʪʫʳʥ ʞᴅʥʝ 

ʙʽʨʣʝʩʢʝʥ ײʥʪʘץʪʘʫʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʙʝʨʽʢʪʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

 ʣװʣ ʢʣʠʥʢʝʨ ʞᴅʥʝ ʢײʨʜʝ ʜᴅʣʝʣʜʝʥʜʽ, ʙװʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪץ

ʬʘʟʘʣʘʨʳʥʳש ᴅʨʪװʨʣʽ ײʥʪʘץʪʘʣסʳʰʪʳסʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ; 
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4 ɸɼɼʀʊʀɺʊɯ ױפʈʓʃʓʉ ʊɽʍʅʆʃʆɻʀʗʃɸʈʓʅɸ (3D-ɹɸʉʓʇ 

ʐʓנɸʈʋ) ɸʈʅɸʃנɸʅ ױʉɸפ ʊתʁɯʈʐɯʂʊɯ ɹɽʊʆʅɼʓ ᴄɿɯʈʃɽʋ 

 

4.1 3D-ʙʘʩʳʧ ʰʳסʘʨʫ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥ ʪʘשʜʘʫʜʳ 

ʥʝʛʽʟʜʝʫ 
 

3 ʙᴇʣʽʤʜʝ ײʩʳʥʳʣסʘʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣʽʥ ʮʝʤʝʥʪ-ײץʤ 

ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʫ ʦʣʘʨʜʳש ʨʝʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ 

 ʣ ʝʥʛʽʟʫ ʩʫ ʙᴇʣʽʥʫ ʤʝʥװʘʩʠʝʪʪʝʨʽʥʝ ʢʝʰʝʥʜʽ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ʂץ

 ʳʥ ʘʨʪʪʳʨʘʪʳʥʳ ʞᴅʥʝ ʮʝʤʝʥʪסʧʣʘʩʪʠʢʘʣʳʣʳ שʦʩʧʘʣʘʨʜʳץ ,ʘʙʘʪʪʘʩʫʜʳ ʘʟʘʡʪʳʧץ

ʪʘʩʳʥʳש ʙʽʨʪʝʢʪʽ ײץʨʳʣʳʤʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʘ ʳץʧʘʣ ʝʪʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʮʝʤʝʥʪ ʧʝʥ ʢװʣʜʽ ʙʽʨʣʝʩʽʧ ײʥʪʘץʪʘʫ ʘʨץʳʣʳ ʤʠʥʝʨʘʣʜʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʦʣʘʨʜʳש ʤʝʥʰʽʢʪʽ ʙʝʪʢʽ ʘʫʜʘʥʳʥ ʞᴅʥʝ 

ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʳʧ, ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʝʨʽʢʪʽʢ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʦש ᴅʩʝʨ ʝʪʝʪʽʥʽ ʢᴇʨʩʝʪʽʣʜʽ. 

ɸʣʜʳסשʳ ʙᴇʣʽʤʜʝ ץʘʪʪʳ ץʘʣʳʧʪʘʨʜʘ ץʘʣʳʧʪʘʣʘʪʳʥ ʮʝʤʝʥʪ-ײץʤ 

ʝʨʽʪʽʥʜʽʣʝʨʽ װʰʽʥ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʮʝʤʝʥʪ-ʢװʣ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥ 

ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʮʝʤʝʥʪ ʧʝʥ ʢװʣʜʽ60/40 ש ʤʘʩʩʘʣʳץ ץʘʪʳʥʘʩʳ ʙʝʨʽʢʪʽʢ ʧʝʥ 

ʪʳסʳʟʜʳץʪʳש ʦשʪʘʡʣʳ װʡʣʝʩʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʽʛʽ ʘʥʳץʪʘʣסʘʥ ʙʦʣʘʪʳʥ. 

ɸʣʘʡʜʘ ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʣʳʧʪʘʩʫʳ 

ʤʝʥ ץʘʪʘʶ ʰʘʨʪʪʘʨʳ ײץʡʤʘ ʥʝʤʝʩʝ ʚʠʙʨʦʥʳסʳʟʜʘʣסʘʥ װʣʛʽʣʝʨʜʝʥ ʪװʙʝʛʝʡʣʽ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʤʘʪʝʨʠʘʣ ʵʢʩʪʨʫʟʠʷ ʘʨץʳʣʳ 

 ,ʘʩʠʝʪʪʝʨʽץ ץʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳ שʦʩʧʘʥʳץ ʥʜʘײʘʙʘʪʪʘʧ ʪᴇʩʝʣʝʜʽ, ʤץ ,ʘʣʳʧʪʘʣʳʧץ

 ʳ ᴅʩʝʨʽʥʝʥסᴇʟ ʩʘʣʤʘ שʘʙʘʪʪʘʨʜʳץ ʘʥסʳ ʞᴅʥʝ ʙʘʩʳʣסʟʽʣʫ ʞʳʣʜʘʤʜʳװʨʳʣʳʤ ʪײץ

ʧʽʰʽʥʽʥ ʩʘץʪʘʫ ץʘʙʽʣʝʪʽ ʰʝʰʫʰʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʮʝʤʝʥʪïʢװʣʜʽש ʙײʨʳʥ ʘʥʳץʪʘʣסʘʥ 60/40 ץʘʪʳʥʘʩʳʥ 

 ʤʢʽʥװʦʣʜʘʥʫ ʤץ ʜʘʡʣʘʨʳʥʘסʘʨʫ ʞʘסʪʳʣʘʫʩʳʟ ʪʽʢʝʣʝʡ 3D-ʙʘʩʳʧ ʰʳץʦʩʳʤʰʘ ʥʘץ

ʝʤʝʩ. ʕʢʩʪʨʫʟʠʷʣʘʥʫ ץʘʙʽʣʝʪʽ, ʧʽʰʽʥ ʩʘץʪʘʫ ץʘʙʽʣʝʪʽ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʦשʪʘʡʣʳ װʡʣʝʩʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ 

 ʘʪʳʥʘʩʪʘʨץ ʽʨʝʢשʢʝ שʣʜʽװʣ ʟʝʨʪʪʝʫʜʝ ʮʝʤʝʥʪ ʧʝʥ ʢײʰʽʥ ʙװ ʪʘʫץʨʘʤʳʥ ʘʥʳײץ

ʜʠʘʧʘʟʦʥʳ ץʘʨʘʩʪʳʨʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʘʷʩʳʥʜʘ ʮʝʤʝʥʪ/ʢװʣ 

 ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ץʘʪʳʥʘʩʳ 80/20-ʜʘʥ 50/50-ʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʝʪʽʥ ʤʝʭʘʥʠʢʘʣʳץ

ʮʝʤʝʥʪ-ʢװʣ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳ ʟʝʨʪʪʝʣʜʽ, ʙײʣ ʮʝʤʝʥʪʪʽ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫ 

ʜᴅʨʝʞʝʩʽʥʽץ שʦʩʧʘʣʘʨʜʳש ʨʝʦʣʦʛʠʷʣʳץ ʤʽʥʝʟ-ײץʣץʳʥʘ ʞᴅʥʝ ץʘʪʘʡסʘʥ ʤʘʪʝʨʠʘʣ 

 .ʤʢʽʥʜʽʢ ʙʝʨʜʽװʘ ʤסʘʣʘʫסʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʙʘץ

3D-ʙʘʩʳʧ ʰʳסʘʨʫ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥ ᴅʟʽʨʣʝʫʜʝʛʽ ʥʝʛʽʟʛʽ 

ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʽ ð ʪʦʣʪʳʨסʳʰʪʳש ʪװʡʽʨʰʽʢ ײץʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ. 

ʕʢʩʪʨʫʟʠʷ ʪײʨʘץʪʳʣʳסʳ, ʤʘʪʝʨʠʘʣʜʳש ʙʽʨʢʝʣʢʽ ʙʝʨʽʣʫʽ ʞᴅʥʝ 3D-ʧʨʠʥʪʝʨ 

ʩʦʧʣʦʩʳʥʳש ʙʽʪʝʣʫʽʥ ʙʦʣʜʳʨʤʘʫ ʪʘʣʘʧʪʘʨʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ײץʤʜʳ ʽʰʽʥʘʨʘ 

ʘʣʤʘʩʪʳʨʫ װʰʽʥ 0,63ï0,315 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣ ʪʘשʜʘʣʜʳ. ɹײʣ ʬʨʘʢʮʠʷʥʳ 

 ʩʘʨʪʳʧ, ʢʝʫʝʢʪʽʣʽʢʪʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝץʳʟ ʦʨʥʘʣʘʩʫʳʥ ʞʘסʪʳ שʡʽʨʣʝʨʜʽװʦʣʜʘʥʫ ʪץ

 ʣײʙʽʨʪʝʢʪʽʣʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʙ שʨʳʣʳʤʳʥʳײץ שʡʽʨʰʽʢʪʽ ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳװʪ ץʩʘײ

ʦʣʘʨʜʳש ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʞᴅʥʝ ץʘʙʘʪʪʘʧ ʪᴇʩʝʫ ʢʝʟʽʥʜʝʛʽ ʧʽʰʽʥ 

ʩʘץʪʘʫ ץʘʙʽʣʝʪʽʥʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ. 
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ɸʜʜʠʪʠʚʪʽ ץʘʣʳʧʪʘʫ ʞʘסʜʘʡʳʥʜʘ ʤʘʪʝʨʠʘʣʜʳש ʪײʪʘʩʪʳסʳ ʤʝʥ ʞʘʨʳץץʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥ ᴅʟʽʨʣʝʫʜʝ ʜʠʩʧʝʨʩʪʽ ʘʨʤʘʪʫʨʘʣʘʫʰʳ 

ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʙʘʟʘʣʴʪ ʪʘʣʰʳסʳ ץʦʣʜʘʥʳʣʜʳ. ʊʘʣʰʳץʪʘʨ ʞʘʨʳץʰʘץʪʘʨʜʳ 

çʢᴇʧʽʨʣʝʫè ᴅʩʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʞʘʨʳץʰʘץ ʧʘʡʜʘ ʙʦʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ ץʘʣʜʳץ 

ʙʝʨʽʢʪʽʢʪʽ ʘʨʪʪʳʨʘʜʳ ʞᴅʥʝ ʠʽʣʫ/ʩʦʟʳʣʫ ʢʝʟʽʥʜʝʛʽ ʘʞʳʨʘʫסʘ ʪᴇʟʽʤʜʽʣʽʢʪʽ 

ʞʦסʘʨʳʣʘʪʘʜʳ. 

 ץʘʩʠʝʪʪʝʨʽʥ ʨʝʪʪʝʫ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳ שʦʩʧʘʥʳפ

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ ʤʝʥ ײʩʘץ ʜʠʩʧʝʨʩʪʽ ʢװʣ ʬʨʘʢʮʠʷʣʘʨʳʥ 

 ʡʽʨʰʽʢʪʽ ʙʝʪʦʥװʪ ץʩʘײ ʰʽʥװ ʘʞʝʪʪʽʣʽʛʽʥ ʘʟʘʡʪʫץ ʘʥ ʩʫץʘ ʙʘʡʣʘʥʳʩʪʳ ʘʨʪסʦʣʜʘʥʫץ

 ʨʘʤʳʥʘ MasterGlenium ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪ ʵʬʠʨʣʝʨʽ ʥʝʛʽʟʽʥʜʝʛʽײץ

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʝʥʛʽʟʽʣʜʽ. MasterGlenium ʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽ 

 ʪʳץʨʘײʘʪʳʥʘʩʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ, ʪץ ʪʘʡ ʦʪʳʨʳʧ, ʩʫ-ʮʝʤʝʥʪץʪʳ ʩʘץʳʰʪʳסʘʣסʦʟץ

ʵʢʩʪʨʫʟʠʷʥʳ ʞᴅʥʝ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳש ʙʽʨʢʝʣʢʽ ʙʝʨʽʣʫʽʥ 

 ʘשʦʩʧʘʣʘʨʳ ʞʘץ ʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [96]. MasterGlenium (PCE)װʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

ʞᴅʥʝ ץʘʪʘʡסʘʥ ʙʝʪʦʥʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʥʝʛʽʟʽʥʝʥ ʜʠʩʧʝʨʩʠʷʣʘʫ ʞᴅʥʝ ʩʫ 

 ʪᴇʤʝʥʜʝʫʽ ʙʝʨʽʣʛʝʥ שʘʞʝʪʪʽʣʽʛʽʥʽץ ʳʣʳ ᴇʟʛʝʨʪʝʜʽ. ʉʫץʘʞʝʪʪʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʫ ʘʨץ

ʞʳʣʞʳʤʘʣʳʣʳץʪʘ ʪᴇʤʝʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, 

ʩʝʙʝʙʽ PCE ʤʦʣʝʢʫʣʘʣʘʨʳ ʙᴇʣʰʝʢʪʝʨʜʽ ʜʠʩʧʝʨʩʠʷʣʘʧ, ʘסʳʤʜʳʣʳװ ץʰʽʥ ץʘʞʝʪʪʽ 

ʙʦʩ ʩʫ ʤᴇʣʰʝʨʽʥ ʘʟʘʡʪʘʜʳ [97]. 

ʆʩʳʣʘʡʰʘ, ʙײʣ ʞײʤʳʩʪʘ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ 

 ʣʜʽ ʙʽʨʣʝʩʽʧװʦʣʜʘʥʳʣʜʳ: ʮʝʤʝʥʪ ʧʝʥ ʢץ ʨʘʤʳʥ ᴅʟʽʨʣʝʫʜʝ ʢʝʰʝʥʜʽ ʪᴅʩʽʣײץ

 ʘʪʳʥʘʩʳʥ 80/20ï50/50ץ ʣװʙʝʣʩʝʥʜʽʨʫ, ʮʝʤʝʥʪïʢ ץʳʣʳ ʤʝʭʘʥʠʢʘʣʳץʪʘʫ ʘʨץʥʪʘײ

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʪʫ, ײץʤʜʳ 0,63ï0,315 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣʤʝʥ ʽʰʽʥʘʨʘ 

ʘʣʤʘʩʪʳʨʫ, ʩʦʥʜʘʡ-ʘץ ʙʘʟʘʣʴʪ ʪʘʣʰʳסʳ ʤʝʥ MasterGlenium 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥ ץʦʣʜʘʥʫ. פʘʙʳʣʜʘʥסʘʥ ʰʝʰʽʤʜʝʨ ץʦʩʧʘʣʘʨʜʳש 

ʨʝʦʣʦʛʠʷʣʳץ ʤʽʥʝʟ-ײץʣץʳʥ ʤʘץʩʘʪʪʳ ʪװʨʜʝ ʙʘʩץʘʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳ ʘʜʜʠʪʠʚʪʽ 

 ʘʙʘʪʪʘʧ ʪᴇʩʝʫʛʝץ ʘʣʳʧʪʘʫ ʤʝʥץ ץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ʵʢʩʪʨʫʟʠʷʣʳײץ

ʞʘʨʘʤʜʳ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

 

 ʨʘʤʜʘʨʳʥ ᴅʟʽʨʣʝʫײץ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘױ 4.2

ʞᴅʥʝ ᴅʟʽʨʣʝʥʛʝʥ ץʦʩʧʘʣʘʨʜʳש ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ 
 

4.1 ʙᴇʣʽʤʜʝ ʪײʞʳʨʳʤʜʘʣסʘʥ ʝʨʝʞʝʣʝʨ ʥʝʛʽʟʽʥʜʝ ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʫסʘ ʘʨʥʘʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ײץʨʘʤʜʘʨʳ ᴅʟʽʨʣʝʥʜʽ. ײפʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ʙʘʨʳʩʳʥʜʘ ʥʝʛʽʟʛʽ 

ʤʘץʩʘʪ ץʦʩʧʘʥʳש ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳץ שʘʞʝʪʪʽ װʡʣʝʩʽʤʽʥ 

 ʪʘʫץʧʽʰʽʥʜʽ ʩʘ ,ץʳʰʪʳסʘʥʜʘ: ʵʢʩʪʨʫʟʠʷʣʘʥץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʙʦʣʜʳ, ʘʪʘʧ ʘʡʪץ

 שʘʥ ʤʘʪʝʨʠʘʣʜʳסʘʪʘʡץ ʘʪʘʨץ ʳ, ʩʦʥʳʤʝʥסʪʳʣʳץʨʘײʫ ʪסʘʙʘʪʪʘʧ ʞʘץ ʘʙʽʣʝʪʽ ʞᴅʥʝץ

 .ʪʘʫץʘʩʠʝʪʪʝʨʽʥ ʩʘץ ץʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳ ץʘʪʪʘʥʘʨʣʳסʘʥʘץ

ɹʘץʳʣʘʫ ײץʨʘʤʳ ʨʝʪʽʥʜʝ ײץʨʘʤʳʥʜʘ ʢװʣ ץʦʩʳʣʤʘסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ 

 ץʩʘײ ʳʰ ʢʦʤʧʦʥʝʥʪ ʨʝʪʽʥʜʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʘʣסʘʙʳʣʜʘʥʜʳ, ʦʥʜʘ ʙʘʡʣʘʥʳʩʪʳʨץ

ʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ײץʤ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ʨʝʪʪʝ ʙʘʟʘʣʴʪ ʪʘʣʰʳסʳ ʤʝʥ 

MasterGlenium ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥʳש ʤᴇʣʰʝʨʽ ʙʘץʳʣʘʫ ײץʨʘʤʳʥʜʘ 
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ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ײץʨʘʤʜʘʨʤʝʥ ʙʽʨʜʝʡ ץʘʙʳʣʜʘʥʜʳ, ʙײʣ ʥᴅʪʠʞʝʣʝʨʜʽ ʜײʨʳʩ 

ʩʘʣʳʩʪʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ ʝʥʛʽʟʫ ʤʝʥ 

ʪװʡʽʨʰʽʢ ײץʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ʙʝʪʦʥ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ײץʨʘʤʜʘʨʜʘ ʥʝʛʽʟʛʽ ʘʡʥʳʤʘʣʳ ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝ ʮʝʤʝʥʪ 

ʧʝʥ ʢװʣʜʽש ʤʘʩʩʘʣʳץ ץʘʪʳʥʘʩʳ, ʩʦʥʜʘʡ-ʘײ ץʩʘץ ʪʦʣʪʳʨסʳʰ ײץʨʘʤʳʥʜʘסʳ 0,63ï

0,315 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽװ שʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʜʳ. ʎʝʤʝʥʪ/ʢװʣ ʤʘʩʩʘʣʳץ 

 ʣ ʮʝʤʝʥʪʪʽײʳʥʜʘ ᴇʟʛʝʨʪʽʣʜʽ, ʙסʘʪʳʥʘʩʳ 80/20; 70/30; 60/40 ʞᴅʥʝ 50/50 ʘʨʘʣʳץ

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫ ʜᴅʨʝʞʝʩʽʥʽץ שʦʩʧʘʣʘʨʜʳש 

ʨʝʦʣʦʛʠʷʣʳץ ʤʽʥʝʟ-ײץʣץʳʥʘ ʞᴅʥʝ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש ʬʠʟʠʢʘ-

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹײʣ ʜʠʘʧʘʟʦʥʜʳ 

ʪʘשʜʘʫ ʤʘʪʝʨʠʘʣʜʳש ʵʢʩʪʨʫʟʠʷʣʳץ ץʘʣʳʧʪʘʫסʘ ʞʘʨʘʤʜʳʣʳסʳʥ ʩʘץʪʘʡ ʦʪʳʨʳʧ, 

ʮʝʤʝʥʪʪʽ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫʜʳש ʦשʪʘʡʣʳ ʞᴅʥʝ ʰʝʢʪʽ ʜʝשʛʝʡʽʥ ʘʥʳץʪʘʫ 

 .ʘʞʝʪʪʽʣʽʛʽʤʝʥ ʥʝʛʽʟʜʝʣʜʽץ

 ץʩʘײ ʣʤʝʥ ʽʰʽʥʘʨʘ ʘʣʤʘʩʪʳʨʫװʤʜʳ 0,63ï0,315 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢײפ

ʪװʡʽʨʰʽʢʪʽ ץʦʩʧʘʥʳש ʪװʡʽʨʰʽʢ ײץʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʪʳסʳʟ 

ʦʨʘʣʫʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ [94]. ɸʪʘʣסʘʥ ʬʨʘʢʮʠʷʜʘסʳ ʢװʣʜʽ 

ʧʘʡʜʘʣʘʥʫ ʪʦʣʪʳʨסʳʰʪʳץ שʫʳʩʪʳʣʳסʳʥ ʘʟʘʡʪʫסʘ, ץʦʩʧʘ ײץʨʳʣʳʤʳʥʳש 

ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʞᴅʥʝ ʵʢʩʪʨʫʟʠʷ ʢʝʟʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳש ʪײʨʘץʪʳ ʘסʫʳʥ 

 ʣʝʩʽװ שʣʜʽװʳ ʢסʣ ʬʨʘʢʮʠʷʜʘײʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɹװʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤץ

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ʩʝʛʨʝʛʘʮʠʷʩʳʥ ʙʦʣʜʳʨʤʘʡʪʳʥʜʘʡ ʞᴅʥʝ ʵʢʩʪʨʫʟʠʷʣʳץ 

ʪʦʨʘʧʪʳש ʪײʨʘץʪʳ ʞײʤʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥʜʝʡ ʝʪʽʧ ʪʘשʜʘʣʜʳ. 

ɹʘʟʘʣʴʪ ʪʘʣʰʳסʳ ʤʝʥ MasterGlenium ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥʳש ʤᴇʣʰʝʨʽ 

ʙʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʙʘץʳʣʘʫ ײץʨʘʤʜʘʨʳ װʰʽʥ ʪײʨʘץʪʳ ץʘʙʳʣʜʘʥʜʳ. 

ɹʘʟʘʣʴʪ ʪʘʣʰʳסʳʥʳש ʤᴇʣʰʝʨʽ ʤʘʪʝʨʠʘʣʜʳש ʞʘʨʳץʰʘץץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝ 

ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ץʘʙʘʪʪʘʨʜʳש ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ץʘʨʘʡ, 

 .ʜʘʣʜʳשʳʥ ʥʘʰʘʨʣʘʪʧʘʡʪʳʥʜʘʡ ʝʪʽʧ ʪʘסʳʰʪʳסʵʢʩʪʨʫʟʠʷʣʘʥ שʦʩʧʘʥʳץ

MasterGlenium ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥʳש ʜʦʟʘʩʳ ʵʢʩʪʨʫʟʠʷʣʳץ ץʘʣʳʧʪʘʫ 

ʞʘסʜʘʡʳʥʜʘ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳץ שʘʞʝʪʪʽ ʞʳʣʞʳʤʘʣʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ 

ʤװʤʢʽʥʜʽʛʽʥʰʝ ʪᴇʤʝʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥʜʘ ʪʳסʳʟ ᴅʨʽ ʙʽʨʢʝʣʢʽ ʮʝʤʝʥʪ ʪʘʩ 

 .ʩʘʪʳʥʜʘ ʽʨʽʢʪʝʣʜʽץʘʣʳʧʪʘʩʪʳʨʫ ʤʘץ ʨʳʣʳʤʳʥײץ

3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש ᴅʟʽʨʣʝʥʛʝʥ 

ʙʘץʳʣʘʫ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ײץʨʘʤʜʘʨʳ 4.1-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 4.1 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳײץ שʨʘʤʜʘʨʳ 
ˉ 

ʨʘײץ

ʤʳ  

ʨʽ ʎʝʤʝʥװʨʘʤ ʪײפ

ʪ/ʢװʣ 

ʘʪʳʥץ

ʘʩʳ 

ʎʝʤ

ʝʥʪ, 

% 

ʂװʣ, 

% 

ʪʘץʩʘױ

ʣסʘʥ 

 ʤײץ

ʂװʣ ʬʨ. 

0,63ï

0,315 

ʤʤ 

ɹʘʟʘʣʴʪ 

ʪʘʣʰʳס

 r

Mast

er 

Gleni

um 

ʂ ɹʘץʳʣʘʫ 100/0 100 0 + ï + + 

1 ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ 80/20 80 20 + + + + 

2 ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ 70/30 70 30 + + + + 

3 ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ 60/40 60 40 + + + + 
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ᴄʨʙʽʨ ײץʨʘʤ װʰʽʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳ ץʦʩʧʘʥʳש ʞʳʣʞʳʤʘʣʳʣʳסʳ ʤʝʥ 

ʵʢʩʪʨʫʟʠʷʣʘʥסʳʰʪʳסʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʣʤʝʥ ʪװʟʝʪʽʣʜʽ. ɹʝʪʦʥ 

 ,ʘʣʘʥʜʳסʰᴇʛʫʽ (ʦʪʳʨʫʳ) ᴅʜʽʩʽʤʝʥ ʙʘ שʳ ʢʦʥʫʩʪʳסʞʳʣʞʳʤʘʣʳʣʳ שʦʩʧʘʣʘʨʳʥʳץ

ʦʣ ץʦʩʧʘʥʳש ʢʦʥʩʠʩʪʝʥʮʠʷʩʳʥ ʘʣʜʳʥ ʘʣʘ ʘʥʳץʪʘʫ ʞᴅʥʝ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥ 

ʪʘשʜʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ (4.1-ʩʫʨʝʪ). 

ɹײʣ ᴅʜʽʩ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʜʝʬʦʨʤʘʮʠʷסʘ ץʘʨʩʳ ʪײʨʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʦʥʳש 

ʩʪʘʪʠʢʘʣʳץ ʞʘסʜʘʡʜʘ ʙʝʨʽʣʛʝʥ ʧʽʰʽʥʜʽ ʩʘץʪʘʫ ʤװʤʢʽʥʜʽʛʽʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ, ʩʦʥʜʘʡ-ʘץ ʪײʨʘץʪʳ ʵʢʩʪʨʫʟʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʤʘץʩʘʪʳʥʜʘ ײץʨʘʤʜʳ 

ʪװʟʝʪʫ ʢʝʟʽʥʜʝ ʙʘʩʪʘʧץʳ ʢʨʠʪʝʨʠʡ ʨʝʪʽʥʜʝ ץʳʟʤʝʪ ʝʪʪʽ. 

 

  
ʉʫʨʝʪ 4.1 ï ɹʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʰᴇʛʫʽʥ ʢʦʥʫʩʪʳ ʙʘʪʳʨʫ ᴅʜʽʩʽʤʝʥ 

ʘʥʳץʪʘʫ 

ʉʫʨʝʪ 4.2 ï ɹʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʵʢʩʪʨʫʟʠʷʣʘʥסʳʰʪʳסʳʥ ʙʘסʘʣʘʫ 

 ʜʽʛʽʥשʙʘʪʫ ʪʝʨʝ שʰʽʥ ʢʦʥʫʩʪʳװ

(ʇɻʈ) ʘʥʳץʪʘʫ 

 

ʂʦʥʫʩʪʳש ʰᴇʛʫʽ 1ï2 ʩʤ ʙʦʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥ 

ʪʘשʜʘʫ װʰʽʥ ʩʫʜʳש ʤᴇʣʰʝʨʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʣʤʝʥ ʽʨʽʢʪʝʣʜʽ. ʉʫ ʤᴇʣʰʝʨʽ ʙʝʨʽʣʛʝʥ 

ʰᴇʛʫ ʤᴅʥʽʥʝ ʞʝʪʢʝʥʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʪʽʣʽʧ ʦʪʳʨʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʣ 220 ʤʣ ײץʨʘʧ, ʙײʣ 

ɺ/ʎ å 0,37 ʤᴅʥʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ. ɸʪʘʣסʘʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳ ʢʝʡʽʥ ʢװʣ ץʦʩʳʣסʘʥ 

 ʳʥʘסʳʰʪʳסʵʢʩʪʨʫʟʠʷʣʘʥ שʦʩʧʘʥʳץ ʟʝʪʫ ʢʝʟʽʥʜʝ ʞᴅʥʝװʨʘʤʜʘʨʜʳ ʪײץ

ʢʦʤʧʦʥʝʥʪʪʝʨʜʽש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ ʙʘʨʳʩʳʥʜʘ ʙʘʩʪʘʧץʳ ʤᴅʥ ʨʝʪʽʥʜʝ 

ʧʘʡʜʘʣʘʥʳʣʜʳ. 

 ʘסʘʣʳʧʪʘʫץ ץʵʢʩʪʨʫʟʠʷʣʳ שʦʩʧʘʥʳץ ʘʞʝʪʪʽ ʢʦʥʫʩ ʰᴇʛʫʽʥ ʞᴅʥʝפ

ʞʘʨʘʤʜʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥ ʽʨʽʢʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ 4.2-

ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 4.2 ð ᴄʨʪװʨʣʽ ץʘʪʳʥʘʩʪʘʨ ʢʝʟʽʥʜʝ ʝʨʽʪʽʥʜʽ ץʦʩʧʘʩʳʥʳש ʩʫ-ʮʝʤʝʥʪ 

 ʘʪʳʥʘʩʳʥ ʽʨʽʢʪʝʫ ʥᴅʪʠʞʝʣʝʨʽץ

 
ʎʝʤʝʥʪ/ʢװʣ ץʘʪʳʥʘʩʳ ʉ/ʎ ʂʦʥʫʩ ʰᴇʛʫʽ (ʙʘʪʫʳ), ʩʤ 

100/0 0,37 1,8 

80/20 0,40 2 

70/30 0,42 2 

60/40 0,46 2 

50/50 0,47 2 
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ɹʘʩʪʘʧץʳ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳ 0,37 ʙʦʣסʘʥʜʘ, ʦʣ ʙʘץʳʣʘʫ ײץʨʘʤʳʥʜʘ 

ʢʦʥʫʩʪʳ1 שï2 ʩʤ ʰᴇʛʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ, ʘʣ ʢװʣ ʝʥʛʽʟʫ ץʦʩʧʘʥʳש ʩʫסʘ ʜʝʛʝʥ 

 ʰʽʥװ ʦʣ ʞʝʪʢʽʟʫץ ʩʘʩ ʢʦʥʫʩ ʰᴇʛʫʽʥʝץױ .ʨʜʽװʘʪʘʨ ʞץ ʘʨʪʫʳʤʝʥ שʘʞʝʪʪʽʣʽʛʽʥʽץ

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ײץʨʘʤʜʘʨʜʘ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳ ʘʨʪʪʳʨʳʣʜʳ, ʙײʣ ʨʝʪʪʝ ɺ/ʎ 

ᴇʩʽʤʽ ײץʨʘʤʜʘסʳ ʢװʣ װʣʝʩʽ ʢᴇʙʝʡʛʝʥ ʩʘʡʳʥ ײʣסʘʷ ʪװʩʪʽ. 

 

 
 

ʉʫʨʝʪ 4.3 ï ױʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ײץʨʘʤʳʥʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽʥʝ 

ʙʘʡʣʘʥʳʩʪʳ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥʳש ᴇʟʛʝʨʫʽ 

 

ʂʦʥʫʩ ʰᴇʛʫʽ ʙʦʡʳʥʰʘ ʩʫ-ʮʝʤʝʥʪ ץʘʪʳʥʘʩʳʥ ʪʘשʜʘʫ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʩʪʘʪʠʢʘʣʳץ ʞʘסʜʘʡʜʘסʳ ץʘʞʝʪʪʽ ʢʦʥʩʠʩʪʝʥʮʠʷʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʜʽ. ɸʣʘʡʜʘ ᴅʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨʜʳש ʵʢʩʪʨʫʟʠʷʣʳץ ץʘʣʳʧʪʘʫסʘ ʞʘʨʘʤʜʳʣʳסʳʥ 

ʙʘסʘʣʘʫ װʰʽʥ ʙײʣ ʢᴇʨʩʝʪʢʽʰ ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʜʳ, ʩʝʙʝʙʽ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ 

ʧʨʦʮʝʩʽʥʜʝ ʙʝʪʦʥ ץʦʩʧʘʩʳ ʩʦʧʣʦ ʘʨץʳʣʳ ᴇʪʢʝʥ ʢʝʟʜʝ ץʘʨץʳʥʜʳ ʳסʳʩʫ 

ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥʘ ײʰʳʨʘʡʜʳ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ץʦʩʧʘʣʘʨʜʳש 

ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪʦʣʳץ ʩʠʧʘʪʪʘʫ װʰʽʥ ץʦʩʳʤʰʘ ʪװʨʜʝ ʢʦʥʫʩʪʳש 

ʙʘʪʫ ʪʝʨʝשʜʽʛʽ (ʇɻʈ) ʘʥʳץʪʘʣʜʳ, ʦʣ ʵʢʩʪʨʫʟʠʷסʘ ʞʘץʳʥ ʞʘסʜʘʡʣʘʨʜʘ ץʦʩʧʘʥʳש 

ʜʝʬʦʨʤʘʮʠʷסʘ ץʘʨʩʳ ʪײʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɸʡʪʘ ʢʝʪʫ ʢʝʨʝʢ, ʩʪʘʪʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʜʘ ʘʥʳץʪʘʣʘʪʳʥ ʞʳʣʞʳʤʘʣʳʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳש ʵʢʩʪʨʫʟʠʷʣʳץ ץʘʣʳʧʪʘʫ ʢʝʟʽʥʜʝʛʽ ʤʽʥʝʟ-

 ʳʣʳ ᴇʪʢʝʥʜʝ ʤʘʪʝʨʠʘʣץʩʦʧʣʦʩʳ ʘʨ שʩʠʧʘʪʪʘʤʘʡʜʳ. 3D-ʧʨʠʥʪʝʨʜʽ ץʳʥ ʪʦʣʳץʣײץ

ʪʳʥʳʰ ʢװʡʜʝʛʽ ʞʘסʜʘʡʜʘʥ ʝʜᴅʫʽʨ ʝʨʝʢʰʝʣʝʥʝʪʽʥ ʳסʳʩʫ ʢʝʨʥʝʫʣʝʨʽʥʝ ײʰʳʨʘʡʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ᴅʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨʜʳש ʵʢʩʪʨʫʟʠʷʣʘʥסʳʰʪʳסʳʥ ʙʘסʘʣʘʫ 

 .ʦʣʜʘʥʳʣʜʳ (ʉʫʨʝʪ 4.2)ץ ʙʘʪʫ ʢᴇʨʩʝʪʢʽʰʽ (ʇɻʈ) שʰʽʥ ʢʦʥʫʩʪʳװ

ɸʣʳʥסʘʥ ʢʦʥʫʩ ʙʘʪʫ ʤᴅʥʜʝʨʽ MasterGlenium ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥʳש 

ʤᴇʣʰʝʨʽʥ ʥʘץʪʳʣʘʫ ʞᴅʥʝ ʩʦʧʣʦʥʳש ʙʽʪʝʣʫʽʥʩʽʟ ʪײʨʘץʪʳ ʵʢʩʪʨʫʟʠʷʥʳ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳ. 3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʮʝʤʝʥʪʪʽʢ 

ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳש ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣסʘʥ 

ʞײʤʳʩʪʘʨʜʘ ʢʦʥʫʩʪʳש ʙʘʪʫ ʢᴇʨʩʝʪʢʽʰʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳש 
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ʵʢʩʪʨʫʟʠʷʣʘʥסʳʰʪʳסʳʥ ʙʘסʘʣʘʫʜʳש ʠʥʪʝʛʨʘʣʜʳ ʢʨʠʪʝʨʠʡʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ ʝʢʝʥʽ ʘʥʳץʪʘʣסʘʥ. 1ï4 ʟʝʨʪʪʝʫʣʝʨʜʝ ʘʪʘʧ ᴇʪʽʣʛʝʥʜʝʡ, ʪײʨʘץʪʳ ʙʘʩʳʧ 

ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥ ʞᴅʥʝ װʟʜʽʢʩʽʟ ץʘʙʘʪʪʳץ שʘʣʳʧʪʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

ʢʦʥʫʩʪʳש ʙʘʪʫʳʥʳש ʦשʪʘʡʣʳ ʤᴅʥʜʝʨʽ 7ï7,5 ʩʤ ײץʨʘʡʜʳ. 

ʇʣʘʩʪʠʬʠʢʘʮʠʷʣʘʫʰʳ ץʦʩʧʘʥʳש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʣʝʨʽ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ 

ʢʦʥʫʩʪʳש ʙʘʪʫ (ʇɻʈ) ʤᴅʥʜʝʨʽ 4.3-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 4.3 ï ᴄʨʪװʨʣʽ ʤᴇʣʰʝʨʣʝʫʣʝʨ ʢʝʟʽʥʜʝ ʘʣʳʥסʘʥ ʢʦʥʫʩʪʳש ʙʘʪʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

(ʇɻʈ) 

 
ʎʝʤʝʥʪ/ʢװʣ 

 ʘʪʳʥʘʩʳץ

MasterGlenium 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ

ʳ, ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

ʤʘʩʩʘʩʳʥʘʥ % 

ʂʦʥʫʩ ʰᴇʛʫʽ 

(ʙʘʪʫʳ), ʩʤ 

ʕʢʩʪʨʫʟʠʷסʘ 

ʞʘʨʘʤʜʳʣʳס

 r

ɽʩʢ. 

100/0 0,30 6,3 Ñ ʊײʨʘץʩʳʟ 

ʵʢʩʪʨʫʟʠʷ 

80/20 0,30 6,2 Ñ 
ʊײʨʘץʩʳʟ 

ʵʢʩʪʨʫʟʠʷ 

80/20 0,50 7,1 + 
ʊײʨʘץʪʳ 

ʵʢʩʪʨʫʟʠʷ 

70/30 0,50 6,8 Ñ 

ɾײʤʳʩ 

ʜʠʘʧʘʟʦʥʳʥʘ 

ʞʘץʳʥ 

70/30 0,70 7,3 + 
ʊײʨʘץʪʳ 

ʵʢʩʪʨʫʟʠʷ 

60/40 0,70 6,6 Ñ 
ʊײʨʘץʩʳʟ 

ʵʢʩʪʨʫʟʠʷ 

60/40 0,90 7,4 + 
ʊײʨʘץʪʳ 

ʵʢʩʪʨʫʟʠʷ 

50/50 0,90 6,9 Ñ ʊװʟʝʪʫ ץʘʞʝʪ 

50/50 1,10 7,5 + ʆשʪʘʡʣʳ ʨʝʞʠʤ 

çÑè ð ʰʘʨʪʪʳ ʪװʨʜʝ ʞʘʨʘʤʜʳ, ײץʨʘʤʜʳ ʪװʟʝʪʫ ץʘʞʝʪ 

 

ʂʝʩʪʝ 4.3 ʜʝʨʝʢʪʝʨʽʥʝʥ ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, MasterGlenium 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥʳש ʤᴇʣʰʝʨʽʥ ʘʨʪʪʳʨʫ ʢʦʥʫʩʪʳש ʙʘʪʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש 

(ʇɻʈ) ᴇʩʫʽʥʝ ʞᴅʥʝ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʳש ʵʢʩʪʨʫʟʠʷʣʘʥסʳʰʪʳסʳʥʳש ʞʘץʩʘʨʫʳʥʘ 

ᴅʢʝʣʝʜʽ. ʇɻʈ ʤᴅʥʽ 7ï7,5 ʩʤ ʘʨʘʣʳסʳʥʘ ʞʝʪʢʝʥʜʝ ʩʦʧʣʦʥʳש ʙʽʪʝʣʫʽʥʩʽʟ ʪײʨʘץʪʳ 

ʵʢʩʪʨʫʟʠʷ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʝʜʽ. ײפʨʘʤʜʘסʳ ʢװʣ ʤᴇʣʰʝʨʽ ʘʨʪץʘʥ ʩʘʡʳʥ ʇɻʈ-ʜʽש 

ʞײʤʳʩ ʜʠʘʧʘʟʦʥʳʥʘ ʞʝʪʫ װʰʽʥ ʧʣʘʩʪʠʬʠʢʘʮʠʷʣʘʫʰʳ ץʦʩʧʘʥʳש ʰʳסʳʥʳʥ 

ʢᴇʙʝʡʪʫ ץʘʞʝʪ ʙʦʣʘʜʳ. 

 ʳʥץʜʝʨʽʩʽʥʝ ʞʘװ ʘʣʳʧʪʘʫץ ʘʣʳʧʪʘʩʪʳʨʫ ʘʜʜʠʪʠʚʪʽץ ʘʙʘʪʪʘʨʜʳפ

ʞʘסʜʘʡʣʘʨʜʘ S-6045 ʤʘʨʢʘʣʳ ʵʢʩʪʨʫʟʠʷʣʳץ ʪʠʧʪʝʛʽ ʟʝʨʪʭʘʥʘʣʳײץ ץʨʳʣʳʩ 3D-

ʧʨʠʥʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʕʢʩʪʨʫʟʠʷ ʙʘʨʳʩʳʥʜʘ ץʦʩʧʘʥʳש 

ʩʦʧʣʦʜʘʥ װʟʜʽʢʩʽʟ ʰʳסʫʳ, ץʘʣʳʧʪʘʩʘʪʳʥ ץʘʙʘʪʪʳש ʪײʨʘץʪʳʣʳסʳ, ʩʦʥʜʘʡ-ʘץ 

ʩʝʛʨʝʛʘʮʠʷ ʙʝʣʛʽʣʝʨʽʥʽש ʞᴅʥʝ ʵʢʩʪʨʫʟʠʷʣʳץ ʘʨʥʘʥʳש ʙʽʪʝʣʫʽʥʽש ʙʦʣʤʘʫʳ 

ʚʠʟʫʘʣʜʳ ʪװʨʜʝ ʙʘסʘʣʘʥʜʳ. 
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ʉʫʨʝʪ 4.4 ʢʝʩʪʝ 4.5 ʢᴇʨʩʝʪʽʣʛʝʥ ײץʨʘʤʜʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ץʦʩʧʘʣʘʨʜʳש 

ʵʢʩʪʨʫʟʠʷ ʤʳʩʘʣʜʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
 

ʉʫʨʝʪ 4.4  ð 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʞʘשʘ ʜʘʡʳʥʜʘʣסʘʥ ײʩʘץ 

ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʘʥ ץʘʙʘʪʪʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ 

 

ʉʫʨʝʪ 4.4  ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ᴅʟʽʨʣʝʥʛʝʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳ 

ʵʢʩʪʨʫʟʠʷ ʢʝʟʽʥʜʝ װʟʜʽʢʩʽʟ ʞᴅʥʝ ʪײʨʘץʪʳ ץʘʙʘʪʪʳץ שʘʣʳʧʪʘʩʫʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʝʜʽ. פʦʩʧʘ ʩʦʧʣʦʜʘʥ ʰʳץץʘʥʥʘʥ ʢʝʡʽʥ ʙʝʨʽʣʛʝʥ ʛʝʦʤʝʪʨʠʷʩʳʥ ʩʘץʪʘʡʜʳ, 

ʞʘʡʳʣʳʧ ʢʝʪʫʛʝ ʞᴅʥʝ ʩʝʛʨʝʛʘʮʠʷסʘ ʙʝʡʽʤ ʝʤʝʩ, ʙײʣ ʦʥʳש ʞʝʪʢʽʣʽʢʪʽ ʧʽʰʽʥ 

ʩʘץʪʘסʳʰ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʞʽʧʪʽװ שʟʽʣʫʽ ʤʝʥ ʩʦʧʣʦʥʳש ʙʽʪʝʣʫʽ ʙʘʡץʘʣʤʘʡʜʳ. 

 

4.3 3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳ ʤʝʥ ʙʝʪʦʥʥʳש 

ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ 

 

3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש ʬʠʟʠʢʘ-

ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫסʘ 

ʘʨʥʘʣסʘʥ ʩʳʥʘץ ᴅʜʽʩʪʝʨʽʥʽש ʢʝʰʝʥʽ ץʦʣʜʘʥʳʣʜʳ. ʉʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʛʽʥ ʙʘץʳʣʘʫʜʳש ʩʪʘʥʜʘʨʪʪʳ ᴅʜʽʩʪʝʨʽʥ ʧʘʡʜʘʣʘʥʘ 

ʦʪʳʨʳʧ ʘʥʳץʪʘʣʜʳ, ʦʣʘʨ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ʙײʡʳʤʜʘʨסʘ 

ʙʝʡʽʤʜʝʣʽʧ, ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ װʣʛʽʣʝʨʜʽש ʧʽʰʽʥʽ ʤʝʥ ײץʨʳʣʳʤʳʥʳש 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝʪʽʥ ᴇʪʧʝʣʽ ʢʦʵʬʬʠʮʠʝʥʪ ץʦʣʜʘʥʳʣʜʳ [98], [99]. 

ɹʘϨʳʣʘʫ ʞϸʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ Ϯʣʛʽʣʝʨʜʽ ʜʘʡʳʥʜʘʫ Ϯʰʽʥ ʩʳʥʘʤʘ ʘʣʫ 

 ʳʣʘʫץʦʩʧʘʩʳʥʘʥ ʙʘץ ʘʨʫ (ʜʘʡʳʥʜʘʫ) ʢʝʟʽʥʜʝ ʙʝʪʦʥסʨʳʣʳʤʜʳ ʙʘʩʳʧ ʰʳײפ

ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽʣʝʨʜʽ ʞʘʩʘʫ װʰʽʥ ʩʳʥʘʤʘʣʘʨ ʘʣʳʥʜʳ. ʉʳʥʘʤʘ 

ʘʣʳʥסʘʥʥʘʥ ʢʝʡʽʥ 20 ʤʠʥʫʪ ʽʰʽʥʜʝ ᴅʨʙʽʨ ײץʨʘʤ ʙʦʡʳʥʰʘ 6-ʜʘʥ ʙʘץʳʣʘʫ ʞᴅʥʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ װʣʛʽ ʜʘʡʳʥʜʘʣʜʳ. ɾײʤʳʩ ײץʨʘʤʜʘʨʳ ʘʣʜʳʥ ʘʣʘ ʤʠʥʝʨʘʣʜʳ 

ʤʘʡʤʝʥ ʤʘʡʣʘʥסʘʥ ץʘʣʳʧʪʘʨסʘ ץʘʙʘʪʪʘʧ ʩʘʣʳʥʳʧ, ץʦʣʤʝʥ ʪʳסʳʟʜʘʣʜʳ. 

ʊʳסʳʟʜʘʫ ʜʠʘʤʝʪʨʽ 16 ʤʤ ʙʦʣʘʪ ᴇʟʝʢ ʘʨץʳʣʳ ץʦʣʤʝʥ ʰʪʳʢʪʘʫ ᴅʜʽʩʽʤʝʥ 

ʞװʨʛʽʟʽʣʜʽ. 

ɼʘʡʳʥʜʘʣסʘʥʥʘʥ ʢʝʡʽʥ 24 ʩʘסʘʪ ᴇʪʢʝʥ ʩʦװ שʣʛʽʣʝʨ ץʘʣʳʧʪʘʥ ʰʳסʘʨʳʣʳʧ, 

(20 Ñ 2) ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳסʳ ʢʝʤʽʥʜʝ 95 % 
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ʙʦʣʘʪʳʥ ץʘʣʳʧʪʳ ץʘʪʘʶ ʢʘʤʝʨʘʩʳʥʜʘ ʩʘץʪʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ 4.6-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ װʣʛʽʣʝʨ ʘʣʳʥʜʳ. 

 

 
 

ʉʫʨʝʪ 4.5  ð פʘʣʳʧʪʘʥ ʰʳסʘʨʳʣסʘʥʥʘʥ ʢʝʡʽʥʛʽ װʣʛʽʣʝʨʜʽש ʩʳʨʪץʳ ʢᴇʨʽʥʽʩʽ 

 

ʂʝʩʪʝ 4.5 -  ץʘʪʘʶʜʳ14 ,7 ש ʞᴅʥʝ 28 ʪᴅʫʣʽʛʽʥʜʝ ʩʳʥʘʣסʘʥ ʙʝʪʦʥ ʪʝʢʰʝ װʣʛʽʣʝʨʽʥʽש 

ʩʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ 

 
 ,ʘʪʘʶ ʤʝʨʟʽʤʽפ % ,ʣ ʤᴇʣʰʝʨʽװʨʘʤ ˉ ʂײפ

ʪᴅʫʣʽʢ 

ʂʫʙʪʘʨʜʳש 

ʦʨʪʘʰʘ 

ʙʝʨʽʢʪʽʛʽ, ʄʇʘ 

3D-ʙʝʪʦʥʥʳש 

ʦʨʪʘʰʘ ʥʘץʪʳ 

ʙʝʨʽʢʪʽʛʽ (ʂ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

ʝʩʢʝʨʝ ʦʪʳʨʳʧ), 

ʄʇʘ 

0 0 7 9,16 7,51 

  14 14,56 11,47 

  28 29,40 23,50 

1 80/20 7 8,01 6,78 

  14 13,88 12,01 

  28 22,90 22,50 

2 70/30 7 7,23 6,08 

  14 9,65 7,98 

  28 22,90 19,80 

3 60/40 7 6,29 5,31 

  14 11,86 9,85 

  28 15,90 13,10 

4 50/50 7 4,51 3,82 

  14 9,61 7,96 

  28 10,98 9,04 

 

ʆʩʳʣʘʡʰʘ, ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʩʘʣʳʩʪʳʨʫ 

ʥᴅʪʠʞʝʣʝʨʽʥ ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ, ɻʆʉʊ 10180-2012 çɹʝʪʦʥʳ. ʄʝʪʦʜʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʘʤè ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʩʳʥʘץ 

ʥᴅʪʠʞʝʣʝʨʽʥ ᴇשʜʝʫ ʢʝʟʽʥʜʝ ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥʽש ʙʝʨʽʢʪʽʛʽʥʝʥ ʘʜʜʠʪʠʚʪʽ 
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ʪʝʭʥʦʣʦʛʠʷʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʙʝʨʽʢʪʽʛʽʥʝ ᴇʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ 

(ʂʧʝʨʝʭʦʜʘ) ʝʩʢʝʨʝ ʦʪʳʨʳʧ ʪװʟʝʪʫ ʞװʨʛʽʟʫ ץʘʞʝʪ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʪʘʥʜʘʨʪʪʳ ʩʳʥʘץ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ, ʪʽʧʪʽ ᴇʪʧʝʣʽ 

ʢʦʵʬʬʠʮʠʝʥʪʪʽ ʝʩʢʝʨʛʝʥʥʽש ᴇʟʽʥʜʝ, 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥסʘʥ 

ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ץʘʙʘʪʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ᴅʩʝʨʽʥ ʪʦʣʳץ 

ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʤʝʡʜʽ. ɹײʣ ɻʆʉʊ 10180ï2012 ʙʦʡʳʥʰʘ ʨʝʛʣʘʤʝʥʪʪʝʣʛʝʥ 

ᴅʜʽʩʪʝʨ ʤʘʪʝʨʠʘʣʜʳש ʩʳסʳʣʫ ʞᴅʥʝ ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʠʥʪʝʛʨʘʣʜʳ ʙʝʨʽʢʪʽʛʽʥ 

ʩʠʧʘʪʪʘʡʪʳʥʳʤʝʥ ʞᴅʥʝ ץʘʙʘʪʘʨʘʣʳץ ʰʝʢʘʨʘʣʘʨ ʙʦʡʳʤʝʥ ʙײʟʳʣʫסʘ ץʘʨʩʳʣʳץʪʳ 

ʙʘסʘʣʘʫסʘ ʙʘסʳʪʪʘʣʤʘסʘʥʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʦʩʳ ʞײʤʳʩʪʘ 

ʩʪʘʥʜʘʨʪʪʳ ᴅʜʽʩʪʝʨʤʝʥ ץʘʪʘʨ ץʦʩʳʤʰʘ ʞᴅʥʝ ʙʝʡʽʤʜʝʣʛʝʥ ʩʳʥʘץ ᴅʜʽʩʪʝʨʽ 

 .ʦʣʜʘʥʳʣʜʳץ

ᴄʨʪװʨʣʽ ʙʝʨʽʢʪʽʢ ʩʳʥʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʤװʤʢʽʥʜʽʛʽʥ 

 ʘסʪʘʫץʽʣʽʥʽʩʫ ʙʝʨʽʢʪʽʛʽʥ ʘʥʳ ץʘʙʘʪʘʨʘʣʳץ ʳʣʫ, ʠʽʣʫ ʞᴅʥʝסʰʽʥ ʩʳװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

ʘʨʥʘʣסʘʥ װʣʛʽʣʝʨ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʢʝʩʽʧ ʘʣʫ (ʚʳʧʠʣʠʚʘʥʠʝ) 

ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣʜʳ. ʄײʥʜʘʡ װʣʛʽʣʝʨʜʽ ʧʘʡʜʘʣʘʥʫ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ 

 ʽʰʽʥʜʝ שʝʨʝʢʰʝʣʽʢʪʝʨʽʥ, ʩʦʥʳ ץʨʳʣʳʤʜʳײץ ʪʳץʥʘ שʘʥ ʤʘʪʝʨʠʘʣʜʳץʘʣʳʧʪʘʩץ

 ʘʥʠʟʦʪʨʦʧʠʷʩʳʥ ʝʩʢʝʨʫʛʝ שʘʩʠʝʪʪʝʨʜʽץ ʙʦʣʫʳʥ ʞᴅʥʝ שʰʝʢʘʨʘʣʘʨʜʳ ץʘʙʘʪʘʨʘʣʳץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ, ʘʣ ʙײʣ ʬʘʢʪʦʨʣʘʨ ʩʪʘʥʜʘʨʪʪʳ ײץʡʤʘ ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥ ʩʳʥʘʫ 

ʢʝʟʽʥʜʝ ʪʦʣʳץ ʢᴇʨʽʥʙʝʡʜʽ. ʆʩʳʣʘʡʰʘ, ʪʽʢʝʣʝʡ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʝʥ 

ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʝ ʩʳסʳʣʫ, ʠʽʣʫ ʞᴅʥʝ ʞʘʨʳʧ ʙᴇʣʫ (ʨʘʩʱʝʧʣʝʥʠʝ) ʩʳʥʘץʪʘʨʳʥ 

ʞװʨʛʽʟʫ ʥʘץʪʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ ʞײʤʳʩʳʥʘ ʙʘʨʳʥʰʘ ʞʘץʳʥ ʞʘסʜʘʡʣʘʨʜʘ 

ʤʘʪʝʨʠʘʣʜʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʢʝʰʝʥʜʽ ʞᴅʥʝ ʦʙʲʝʢʪʠʚʪʽ ʙʘסʘʣʘʫʜʳ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʪʽץ

ʀʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢʪʽ ʘʥʳץʪʘʫ ɻʆʉʊ 10180ï2012 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ 

ʞװʨʛʽʟʽʣʜʽ, ʙײʣ ʨʝʪʪʝ ʞװʢʪʝʤʝ ʙʘסʳʪʳʥʘ ץʘʪʳʩʪʳ ץʘʙʘʪʘʨʘʣʳץ ʙʘʡʣʘʥʳʩʪʘʨʜʳש 

ʙʘסʳʪʳ ʝʩʢʝʨʽʣʽʧ, ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʢʝʩʽʧ ʘʣʳʥסʘʥ 

ʧʨʠʟʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨ ץʦʣʜʘʥʳʣʜʳ. ʉʳʥʘץʪʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʉʫʨʝʪ 4.6 

ʢᴇʨʩʝʪʽʣʛʝʥ, ʘʣ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʩʪʝ 4.6  ʢʝʣʪʽʨʽʣʛʝʥ. 

 

, 

ʉʫʨʝʪ 4.6  ï ʀʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢʪʽ ʘʥʳץʪʘʫ  

(ʇɻʄ-1000ʄɻ4 ʛʠʜʨʘʚʣʠʢʘʣʳץ ʧʨʝʩʽ) 
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3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש 

 ʣʛʽʣʝʨʜʽ ʞʘʨʳʧ ʙᴇʣʫװ ʰʽʥ ʮʠʣʠʥʜʨʣʽʢװ ʪʘʫץʽʣʽʥʽʩʫ ʙʝʨʽʢʪʽʛʽʥ ʘʥʳ ץʘʙʘʪʘʨʘʣʳץ

(ʨʘʩʱʝʧʣʝʥʠʝ) ʩʳʥʘץʪʘʨʳ ץʦʣʜʘʥʳʣʜʳ. ɹײʣ ᴅʜʽʩʪʽ ʪʘשʜʘʫʜʳש ʩʝʙʝʙʽ ï ʞʘʨʳʧ 

ʙᴇʣʫ ʢʝʟʽʥʜʝ װʣʛʽʜʝ ʩʦʟʳʣʫ ʢʝʨʥʝʫʣʽ ʢװʡʽ ץʘʣʳʧʪʘʩʘʜʳ, ʤײʥʜʘ ʙײʟʳʣʫ ʢᴇʙʽʥʝʩʝ 

ʤʘʪʝʨʠʘʣʜʳש ʝש ᴅʣʩʽʟ ʘʡʤʘסʳʥʜʘ ʙʘʩʪʘʣʳʧ, ʩʦʣ ʙʘסʳʪʪʘ ʜʘʤʠʜʳ. ɸʜʜʠʪʠʚʪʽ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘ ʤײʥʜʘʡ ᴅʣʩʽʟ ʘʡʤʘץ, ᴅʜʝʪʪʝ, ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ץʘʙʘʪʪʘʧ ʞʘסʫ 

ʙʘʨʳʩʳʥʜʘ ץʘʣʳʧʪʘʩʘʪʳʥ ץʘʙʘʪʘʨʘʣʳץ ʙʘʡʣʘʥʳʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʞʘʨʳʧ ʙᴇʣʫ ʩʳʥʘסʳʥʳש ᴅʜʽʩʪʝʤʝʩʽ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ 

ʢʝʟʽʥʜʝ ץʘʣʳʧʪʘʩץʘʥ ץʘʙʘʪʘʨʘʣʳץ ʰʝʢʘʨʘʣʘʨ ʙʦʡʳʥʜʘסʳ ʙʝʨʽʢʪʽʢʪʽ ʙʘסʘʣʘʫסʘ 

ʙʝʡʽʤʜʝʣʜʽ, ʙײʣ [100] ʞײʤʳʩʪʘ ײʩʳʥʳʣסʘʥ ʪᴅʩʽʣʛʝ ץײʩʘʩ. ᴄʜʽʩʪʝʤʝʥʽ ʙʝʡʽʤʜʝʫ 

 ץʘʙʘʪʘʨʘʣʳץ ʟʳʣʫ ʥʝʛʽʟʽʥʝʥײʳʪʳʥ ʙסʢʪʝʫ ʙʘװʦʨʥʘʣʘʩʫʳʥ ʞᴅʥʝ ʞ שʣʛʽʣʝʨʜʽװ

ʰʝʢʘʨʘ ʙʦʡʳʤʝʥ ʞװʨʝʪʽʥʜʝʡ ʝʪʽʧ ʪʘשʜʘʫʜʘʥ ʪײʨʜʳ. 

ɹʘʩʳʧ ʰʳסʘʨʫʜʘʥ ʢʝʡʽʥ 24 ʩʘסʘʪ ᴇʪʢʝʥ ʩʦװ שʣʛʽʣʝʨ ʢʝʩʽʣʽʧ ʘʣʳʥʳʧ, 

 ʘʪʘʶ ʢʘʤʝʨʘʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ, ʦʥʜʘ ʦʣʘʨ 7, 14 ʞᴅʥʝ 28 ʪᴅʫʣʽʢʢʝץ ʘʣʳʧʪʳץ

ʜʝʡʽʥ ʩʘץʪʘʣʜʳ. ɾʘʨʳʧ ʙᴇʣʫ ʩʳʥʘץʪʘʨʳ ʇɻʄ-1000ʄɻ4 ʧʨʝʩʪʽש ʢᴇʤʝʛʽʤʝʥ 

ʞװʨʛʽʟʽʣʜʽ. ʉʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʩʳʥʘסʳʥʳש ʙʘʨʳʩʳ, ʩʦʥʜʘʡ-ʘץ ʞװʢʪʝʫ 

ʧʨʦʮʝʩʽʥʜʝ ʩʳʥʘץ ʧʨʝʩʽʥʝ ʦʨʥʘʪʳʣסʘʥ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ װʣʛʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ 

ʩʫʨʝʪ 4.7  ʢʝʣʪʽʨʽʣʛʝʥ. 

 

 
ʉʫʨʝʪ 4.7 ï ɾʘʨʳʧ ʙᴇʣʫ ʩʳʥʘסʳ: ץʘʙʘʪʘʨʘʣʳץ ʽʣʽʥʽʩʫ ʙʝʨʽʢʪʽʛʽʥ ʘʥʳץʪʘʫ: ʘ ï 

ʇɻʄ-1000ʄɻ4 ʛʠʜʨʘʚʣʠʢʘʣʳץ ʧʨʝʩʪʝ ʩʳʥʘʫ; ʙ ï ʩʳʥʘץ ʩʳʟʙʘʩ r

 

ʉʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ ʄʝʤʉʊ 10180-2012 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʇɻʄ-

1000ʄɻ4 ʛʠʜʨʘʚʣʠʢʘʣʳץ ʧʨʝʩʪʝ ʘʥʳץʪʘʣʜʳ. ʉʳʥʘץʪʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʩʫʨʝʪ 4.8 

ʢʝʣʪʽʨʽʣʛʝʥ. 

 



67 
 

 
ʉʫʨʝʪ 4.8  ï 3D-ʧʨʠʥʪʝʨʜʝ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʩʳסʫסʘ ʩʳʥʘʫ: ʘ ï 

ʩʳסʳʣʫ ʙʝʨʽʢʪʽʛʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʩʳʥʘץ ʧʨʝʩʽ; ʙ ï ʩʳʥʘץ ʩʳʟʙʘʩʳ 

 

ʂʝʩʪʝ 4.6 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣסʘʥ װʣʛʽʣʝʨʜʽש ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʩʳʥʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

 
 ,ʣ ʤᴇʣʰʝʨʽװʨʘʤ ˉ ʂײפ

% 

 ʘʪʘʶפ

ʤʝʨʟʽʤʽ, 

ʪᴅʫʣʽʢ 

ʀʽʣʫ ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ, 

ʢʛʩ/ʩʤĮ 

ʉʳסʫ 

ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ, 

ʢʛʩ/ʩʤĮ 

ɹᴇʣʽʥʫ 

ʢʝʟʽʥʜʝʛʽ 

ʙʝʨʽʢʪʽʢ, 

ʢʛʩ/ʩʤĮ 

0 0 7 13 94,0 12,5 

  14 13,5 130,5 14,0 

  28 15,0 198,1 15,2 

1 80/20 7 11,1 79,7 11,2 

  14 12,3 128,4 12,1 

  28 14,3 172,1 14,8 

2 70/30 7 9,8 62,1 10,1 

  14 11,3 88,3 11,1 

  28 12,3 152,1 12,0 

3 60/40 7 9,1 64,1 8,2 

  14 9,8 121,0 10,1 

  28 11,5 142,0 10,8 

4 50/50 7 8,1 43,0 7,7 

  14 9,3 88,0 9,4 

  28 10,3 102 9,8 

 

4.4 ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʜʽש ʙʝʪʦʥ ײץʨʳʣʳʤʳʥʘ ᴅʩʝʨʽ 
 

ʖ.ʄ. ɹʘʞʝʥʦʚʪʳ[101]  ש ʝשʙʝʛʽʥʜʝ ʙʘʷʥʜʘʣסʘʥ ʙʝʪʦʥ ײץʨʳʣʳʤʳ 

ʪʝʦʨʠʷʩʳʥʘ ʩᴅʡʢʝʩ, ʙʝʪʦʥ ײץʨʘʤʳ סʘʥʘ ʝʤʝʩ, ʝש ʘʣʜʳʤʝʥ ʦʥʳש ʽʰʢʽ 

 ʛʝʡʣʽ ʛʝʪʝʨʦʛʝʥʜʽשʨʜʝʣʽ ʢᴇʧʜʝװʪʘʣʘʪʳʥ ʢץʳʣʳ ʘʥʳץʩʠʧʘʪʳ ʘʨ שʨʳʣʳʤʳʥʳײץ

ʞװʡʝ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ɹʝʪʦʥ ײץʨʳʣʳʤʳ ʙʽʨʥʝʰʝ ʠʝʨʘʨʭʠʷʣʳץ ʜʝשʛʝʡʜʝ ץʘʣʳʧʪʘʩʘʜʳ: 

¶ ʤʘʢʨʦײץʨʳʣʳʤʜʳץ (ʪʦʣʪʳʨסʳʰʪʳש ʞᴅʥʝ ʽʨʽ ץʫʳʩʪʘʨʜʳש ʪʘʨʘʣʫʳ),  



68 
 

¶ ʤʝʟʦײץʨʳʣʳʤʜʳץ ( çʪʦʣʪʳʨסʳʰ ï ʮʝʤʝʥʪ ʪʘʩʳè ʞʘʥʘʩʫ ʘʡʤʘסʳ),  

¶ ʤʠʢʨʦײץʨʳʣʳʤʜʳץ (ʮʝʤʝʥʪ ʪʘʩʳʥʳײץ שʨʳʣʳʩʳ, ʛʠʜʨʘʪʘʮʠʷ ᴇʥʽʤʜʝʨʽ, 

ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽ).  

ʖ.ʄ. ɹʘʞʝʥʦʚʪʳש ʧʽʢʽʨʽʥʰʝ, ʙʝʨʽʢʪʽʢ ʧʝʥ ײʟʘץ ʤʝʨʟʽʤʜʽʣʽʢʢʝ ʰʝʰʫʰʽ 

ᴅʩʝʨʜʽ ץʫʳʩʪʳʣʳץʪʳש ʘʙʩʦʣʶʪʪʽʢ ʤᴅʥʽ ʝʤʝʩ, ʦʥʳש ʩʠʧʘʪʳ ð ʢʝʫʝʢʪʝʨʜʽש 

ᴇʣʰʝʤʽ, ʧʽʰʽʥʽ, ʪʘʨʘʣʫʳ ʤʝʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʳ, ʩʦʥʜʘʡ-ʘץ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש 

ʪײʪʘʩʪʳסʳ ʢᴇʨʩʝʪʝʜʽ. 

ʎʝʤʝʥʪ ʪʘʩʳʥʳש ʤʠʢʨʦײץʨʳʣʳʤʳ ʢʝʣʝʩʽ ʵʣʝʤʝʥʪʪʝʨʜʝʥ ʪײʨʘʪʳʥ ʞװʡʝ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

1. ʢʘʣʴʮʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש ʛʝʣʴ ʪᴅʨʽʟʜʽ ʬʘʟʘʣʘʨʳ (CïSïH),  

2. ʛʠʜʨʘʪʘʮʠʷʥʳש ʢʨʠʩʪʘʣʜʳץ ᴇʥʽʤʜʝʨʽ,  

3. ʨʝʘʢʮʠʷסʘ ʪװʩʧʝʛʝʥ ʪװʡʽʨʰʽʢʪʝʨ,  

4. ʤʠʢʨʦץʫʳʩʪʘʨ ʤʝʥ ʢʘʧʠʣʣʷʨʣʳץ ץʫʳʩʪʘʨ,  

5. ᴅʨʪװʨʣʽ ʪʳסʳʟʜʳץʪʘסʳ ᴇʪʧʝʣʽ ʘʡʤʘץʪʘʨ.  

ɹʘʞʝʥʦʚ ʙʝʪʦʥ ײץʨʳʣʳʤʳʥʳש ᴅʨץʘʰʘʥ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʝʢʝʥʽʥ, ʘʣ ʙʝʨʽʢʪʽʢ 

ʞװʡʝʥʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ. ɾʘʣʧʳ 

ʪװʨʜʝ ʙʝʨʽʢʪʽʢʪʽש ʪʳסʳʟʜʳץץʘ ʪᴅʫʝʣʜʽʣʽʛʽ ʢʝʣʝʩʽ ץʘʪʳʥʘʩʧʝʥ ᴇʨʥʝʢʪʝʣʫʽ ʤװʤʢʽʥ: 

  
Ὑ ὃὴ 

 

ʤײʥʜʘסʳ n ð ʤʘʪʝʨʠʘʣʜʳײץ שʨʳʣʳʤʜʳײ ץʡʳʤʜʘʩʫ ʪʠʧʽʥ ʩʠʧʘʪʪʘʡʪʳʥ 

ʢᴇʨʩʝʪʢʽʰ. 

ʆʩʳʣʘʡʰʘ, ײץʨʳʣʳʤʜʳץ ʵʣʝʤʝʥʪʪʝʨʜʽש ʪʳסʳʟ ʦʨʥʘʣʘʩʫʳʥʘ, ʞʘשʘ 

ʪװʟʽʣʽʤʜʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ ʞᴅʥʝ ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽʥʽש ʩʠʧʘʪʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʢʝʟ 

ʢʝʣʛʝʥ ᴇʟʛʝʨʽʩʪʝʨ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʙʝʨʽʢʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ɽʨʝʢʰʝ ʤʘשʳʟסʘ çʪʦʣʪʳʨסʳʰ ï ʮʝʤʝʥʪ ʪʘʩʳè ʞʘʥʘʩʫ ʘʡʤʘסʳ ʠʝ, ʩʝʙʝʙʽ ʙײʣ 

ʘʡʤʘץʪʘ ײץʨʳʣʳʤ ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʥʝʛʽʟʛʽ ʤʘʩʩʘʩʳʥʘʥ ᴇʟʛʝʰʝ ʙʦʣʘʜʳ. ɼᴅʣ ʦʩʳ 

ʘʡʤʘץʪʘ ʢᴇʙʽʥʝʩʝ ʘץʘʫʣʘʨ, ʤʠʢʨʦʞʘʨʳץʪʘʨ ʞᴅʥʝ ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʢ 

ʰʦסʳʨʣʘʥʘʜʳ. 

ʂװʣʜʽ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʫ ʦʥʳש ʤʝʥʰʽʢʪʽ ʙʝʪʽʥʽש ʘʫʜʘʥʳʥʘ, 

ʜʠʩʧʝʨʩʪʽʣʽʛʽʥʝ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʵʥʝʨʛʝʪʠʢʘʣʳץ ʢװʡʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ, ʙײʣ ᴇʟ 

ʢʝʟʝʛʽʥʜʝ ʢʝʣʝʩʽ ʧʨʦʮʝʩʪʝʨʛʝ ʳץʧʘʣ ʝʪʝʜʽ: 

1. ʧʫʮʮʦʣʘʥʜʳץ ʨʝʘʢʮʠʷʥʳש ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʪʝʨʝשʜʽʛʽʥʝ,  

2. ʢʘʣʴʮʠʡʜʽש ʝʢʽʥʰʽʣʽʢ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש ʪװʟʽʣʫʽʥʝ,  

3. C/S ץʘʪʳʥʘʩʳʥʘ,  

4. ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽʥʽש ʪʦʣʫ ʜᴅʨʝʞʝʩʽʥʝ,  

5. ʮʝʤʝʥʪʪʽʢ ʤʘʪʨʠʮʘʥʳש ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ.  

ʆʩʳʣʘʡʰʘ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʜʽש ʙʝʪʦʥ ײץʨʳʣʳʤʳʥʘ ᴅʩʝʨʽʥ 

ʟʝʨʪʪʝʫ ʙʝʪʦʥʥʳײץ שʨʳʣʳʤʜʳץ ʪʝʦʨʠʷʩʳ ʪײʨסʳʩʳʥʘʥ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש, 

ʞʘʥʘʩʫ ʘʡʤʘסʳʥʳש ʞᴅʥʝ ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽʥʽש ʪʨʘʥʩʬʦʨʤʘʮʠʷʩʳʥ ʪʘʣʜʘʫ ʨʝʪʽʥʜʝ 

 .ʘʨʘʩʪʳʨʳʣʫʳ ʪʠʽʩץ

4.4.1 ɹʘϨʳʣʘʫ ϨϰʨʘʤʳʥʳϬ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (100% ʮʝʤʝʥʪ) 
 ʜʘʡʳʥʜʘסʘʪʘʶ ʞʘץ ʘʣʳʧʪʳץ ʨʘʤʳײץ ʳʣʘʫץʙʘ ץʦʩʧʘʩʳ ʞʦץ ʣװʨʘʤʳʥʜʘ ʢײפ

ʮʝʤʝʥʪ ʪʘʩʳʥʳײץ שʨʳʣʳʤʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʳש ʵʪʘʣʦʥʜʳץ ʤʦʜʝʣʽ ʨʝʪʽʥʜʝ 
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 ʨʳʣʳʤʳײץ ʙʝʪʦʥ שʘʨʘʩʪʳʨʳʣʘʜʳ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘʥʳ ʪʘʣʜʘʫ ʖ.ʄ. ɹʘʞʝʥʦʚʪʳץ

ʪʝʦʨʠʷʩʳ ʪײʨסʳʩʳʥʘʥ ʞװʨʛʽʟʽʣʝʜʽ, ʦסʘʥ ʩᴅʡʢʝʩ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʮʝʤʝʥʪʪʽʢ 

 ʩʠʧʘʪʳʤʝʥ שʽʩʪʽʛʽʥʽשʜᴅʨʝʞʝʩʽʤʝʥ ʞᴅʥʝ ʢʝʫʝʢ ʢʝ שʳʥʳסʳʟʜʳסʪʳ שʘʥʳץשʘץ

ʘʥʳץʪʘʣʘʜʳ. 

ɹʘץʳʣʘʫ װʣʛʽʩʽʥʽש ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʟʝʨʪʪʝʫʽ ʢʝʣʝʩʽ ײץʨʳʣʳʤʜʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ ʘʥʳץʪʘʡʜʳ: 

1. ʢʘʣʴʮʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש (CïSïH) ʜʘʤʳסʘʥ ʛʝʣʴʪᴅʨʽʟʜʽ ʬʘʟʘʩʳ;  

2. ʢʘʣʴʮʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽש ʢʨʠʩʪʘʣʜʳץ ץʦʩʳʥʜʳʣʘʨʳʥʳש ʙʦʣʫʳ;  

3. ʨʝʘʢʮʠʷסʘ ʪװʩʧʝʛʝʥ ʮʝʤʝʥʪ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʢʝʟʜʝʩʫʽ;  

4. ᴅʨʪװʨʣʽ ᴇʣʰʝʤʜʝʛʽ ʢʘʧʠʣʣʷʨʣʳץ ʞᴅʥʝ ʛʝʣʴʜʽʢ ʢʝʫʝʢʪʝʨ ʞװʡʝʩʽ;  

5. ᴅʨʪװʨʣʽ ʪʳסʳʟʜʳץʪʘסʳ ʞʝʨʛʽʣʽʢʪʽ ᴇʪʧʝʣʽ ʘʡʤʘץʪʘʨ.  

ɹʘץʳʣʘʥʘʪʳʥ ײץʨʳʣʳʤ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʽʨʪʝʢʪʽ ʝʤʝʩ ʩʠʧʘʪץʘ ʠʝ, ʙײʣ 

ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʛʝʪʝʨʦʛʝʥʜʽ ʪʘʙʠסʘʪʳ ʞᴅʥʝ ʦʥʳש ʙʝʨʽʢʪʽʛʽʥʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʩʠʧʘʪʳ ʪʫʨʘʣʳ ɹʘʞʝʥʦʚʪʳש ʪײʞʳʨʳʤʳʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. ɹʘץʳʣʘʫ ײץʨʘʤʳʥʳש 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (100% ʮʝʤʝʥʪ) ʩʫʨʝʪ 4.9 ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
ʘ 

 
ʙ 

 
ʚ 

 
ʛ 

ʉʫʨʝʪ 4.9  ð ɹʘץʳʣʘʫ ײץʨʘʤʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (100% ʮʝʤʝʥʪ) 

1000, 3000, 200, 50 ʝʩʝʣʽʢ װʣʢʝʡʪʫʜʝ: ʘ ð ײץʨʳʣʳʤʥʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ; ʙ ð 

ʜʘʤʳסʘʥ CïSïH ʛʝʣʽ ʘʡʤʘסʳ; ʚ ð Ca(OH)  ʢʨʠʩʪʘʣʜʘʨʳ; ʛ ð ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽʥʽש 

ʩʠʧʘʪʳ. 

 

ɹʘץʳʣʘʫ װʣʛʽʩʽʥʽײץ שʨʳʣʳʤʳʥ ʘʡץʳʥ ʢʘʧʠʣʣʷʨʣʳץ ʢʝʫʝʢʪʽʣʽʛʽ ʙʘʨ ʪʳסʳʟ 

ʪʠʧʢʝ ʞʘʪץʳʟʫסʘ ʙʦʣʘʜʳ. ʎʝʤʝʥʪʪʽʢ ץʘץשʘ װʟʜʽʢʩʽʟ ʙʦʣסʘʥʳʤʝʥ, ʦʥʜʘ ʘץʘʫʣʳ 

ʘʡʤʘץʪʘʨ, ʤʠʢʨʦʢʝʫʝʢʪʝʨ ʞᴅʥʝ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʟʦʥʘʣʘʨ ʢʝʟʜʝʩʝʜʽ. 

ʂʘʧʠʣʣʷʨʣʳץ ʢʝʫʝʢʪʝʨʜʽש ʙʦʣʫʳ ʞᴅʥʝ ʞʘʥʘʩʫ ʘʡʤʘץʪʘʨʳʥʳש ʙʽʨʪʝʢʪʽ ʝʤʝʩʪʽʛʽ 

ʙײʣ ʞװʡʝ װʰʽʥ ʙʝʨʽʢʪʽʢʪʽש ʰʝʢʪʽ ʤᴅʥʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʘʜʳ. 

4.4.2 ʂϮʣ ʤϺʣʰʝʨʽ 20% ʙʦʣϤʘʥ ʢʝʟʜʝʛʽ ϨϰʨʳʣʳʤʜʳϨ ϸʩʝʨʣʝʨ (80/20 

Ϩϰʨʘʤʳ) 
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ʎʝʤʝʥʪʪʽ20% ש-ʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨסʘʥʜʘ 

ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʥʝʛʽʟʽʥʝʥ ʪʳסʳʟ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ ץʘʣʳʧʪʘʩʘʜʳ. 

ʄʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʝʜʽ: 

1. CïSïH ʛʝʣʴʪᴅʨʽʟʜʽ ʬʘʟʘʩʳʥʳש ʜʘʤʫʳ;  

2. ʢװʣ ʙᴇʣʰʝʢʪʝʨʽʥʽש ʘʡʥʘʣʘʩʳʥʜʘ ʨʝʘʢʮʠʷʣʳץ ץʘʙʳץʪʘʨʜʳש ʪװʟʽʣʫʽ;  

3. ʽʨʽ ʢʘʧʠʣʣʷʨʣʳץ ʢʝʫʝʢʪʝʨ װʣʝʩʽʥʽש ʘʟʘʶʳ;  

 .ʘʨʪʫʳ שʙʽʨʪʝʢʪʽʣʽʛʽʥʽ שʨʳʣʳʤʥʳײץ .4

 

  
ʘ ʙ 

  
ʚ ʛ 

 

ʉʫʨʝʪ 4.10  ð 80/20 ײץʨʘʤʳʥʜʘסʳ ʮʝʤʝʥʪ ʪʘʩʳʥʳש 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ(Ĭ1000, Ĭ2000, Ĭ100, Ĭ50 װʣʢʝʡʪʫ): ʘ ð ײץʨʳʣʳʤʥʳש ʞʘʣʧʳ 

ʢᴇʨʽʥʽʩʽ; ʙ ð ʢװʣ ʙᴇʣʰʝʛʽ ʘʡʥʘʣʘʩʳʥʜʘסʳ ʨʝʘʢʮʠʷʣʳץ ץʘʙʳץ; ʚ ð ʪʳסʳʟ CïSïH 

ʘʡʤʘסʳ; ʛ ð ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽʥʽש ʩʠʧʘʪʳ. 

 

ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ ʝʢʽ ʪװʨʣʽ ʬʫʥʢʮʠʷ ʘʪץʘʨʘʜʳ: 

ï ײץʨʳʣʳʤʜʳ ʤʠʢʨʦʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʪʳסʳʟʜʘʡʜʳ; 

ï ʧʫʮʮʦʣʘʥʜʳץ ʨʝʘʢʮʠʷסʘ ץʘʪʳʩʳʧ, ʢʘʣʴʮʠʡʜʽש ʝʢʽʥʰʽʣʽʢ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש 

ʪװʟʽʣʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ [94]. ʖ.ʄ. ɹʘʞʝʥʦʚʪʳש ʞʽʢʪʝʤʝʩʽʥʝ ʩᴅʡʢʝʩ, ʤײʥʜʘʡ 

 .ʨʽʥʝ ʞʘʪʘʜʳװʨʳʣʳʤ ʪײץ ʳʟסʨʳʣʳʤ ʪʠʽʤʜʽ ʢʝʫʝʢʪʽʣʽʛʽ ʪᴇʤʝʥʜʝʪʽʣʛʝʥ ʪʳײץ

4.4.3 ʂװʣ ʤᴇʣʰʝʨʽ 30% ʙʦʣסʘʥ ʢʝʟʜʝʛʽ ײץʨʳʣʳʤʜʳץ ᴅʩʝʨʣʝʨ (70/30 

 (ʨʘʤʳײץ
ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ ʤᴇʣʰʝʨʽʥ 30%-סʘ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ 

ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳʥʜʘ ʙʘץʳʣʘʫ ײץʨʘʤʳʤʝʥ ʞᴅʥʝ 80/20 

ʞװʡʝʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʩʘʧʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʘʜʳ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳץ ʪʘʣʜʘʫ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʝʜʽ: 

1. ʮʝʤʝʥʪʪʽʢ ʤʘʪʨʠʮʘʥʳש ʜʠʩʧʝʨʩʪʽʣʽʛʽʥʽש ʘʨʪʫʳ;  

2. ʝʢʽʥʰʽʣʽʢ ʢʘʣʴʮʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש (CïSïH) ʢᴇʣʝʤʽʥʽײ שʣסʘʶʳ;  

3. ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ᴇʪʧʝʣʽ ʘʡʤʘץʪʘʨ ʩʘʥʳʥʳש ʢᴇʙʝʶʽ;  
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  .ʘʨʪʫʳ שʛʝʪʝʨʦʛʝʥʜʽʣʽʢʪʽ ץʨʳʣʳʤʜʳײץ .4

ʉʫʨʝʪ 4.11  ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ײץʨʳʣʳʤ ʜʘʤʳסʘʥ ײʩʘץʜʠʩʧʝʨʩʪʽ ʬʘʟʘʤʝʥ 

ʞᴅʥʝ ʢװʣ ʙᴇʣʰʝʢʪʝʨʽ ʤʝʥ ʮʝʤʝʥʪ ʪʘʩʳ ʘʨʘʩʳʥʜʘסʳ ʬʘʟʘʣʘʨ ʰʝʢʘʨʘʩʳʥʳש 

ʘʫʜʘʥʳʥʳײ שʣסʘʶʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

      

 
ʘ ʙ 

  
ʚ ʛ 

ʉʫʨʝʪ 4.12 ð 70/30 ײץʨʘʤʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (30% ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ): ʘ ð ײץʨrʣʳʤʥʳש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ (Ĭ1000); ʙ ð ʮʝʤʝʥʪʪʽʢ 

ʤʘʪʨʠʮʘʥʳש ʪʘʨʘʣʫ ʩʠʧʘʪʳ (Ĭ50); ʚ ð ᴅʨʪװʨʣʽ ʪʳסʳʟʜʳץʪʘסʳ ᴇʪʧʝʣʽ ʘʡʤʘץʪʘʨ 

(Ĭ100); ʛ ð ʜʘʤʳסʘʥ ʜʠʩʧʝʨʩʪʽ ײץʨʳʣʳʤ ʞᴅʥʝ ʝʢʽʥʰʽʣʽʢ CïSïH ʪװʟʽʣʽʤʜʝʨʽ 

(Ĭ500). 

 

ʂʝʩʢʽʥʜʝʨʜʝ ʞװʢ ʢᴇʪʝʨʛʽʰ ץʘץשʘ ʢʝʣʝʩʽ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʣʝʩʢʝʥ ᴅʩʝʨʽʥʝʥ 

 :ʘʣʘʜʳץʟʽʣʫʽ ʙʘʡװʪ שʣʜʽʢ ʤʘʪʨʠʮʘʥʳװʮʝʤʝʥʪ-ʢ ץʘʣʳʧʪʘʩʘʪʳʥ ʢʦʤʧʦʟʠʮʠʷʣʳץ

1. ʢʣʠʥʢʝʨ ʬʘʟʘʩʳʥʳש ʙʘʩʪʘʧץʳ ʛʠʜʨʘʪʘʮʠʷ ᴇʥʽʤʜʝʨʽ;  

2. ʧʫʮʮʦʣʘʥʜʳץ ʨʝʘʢʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʪװʟʽʣʝʪʽʥ ʝʢʽʥʰʽʣʽʢ CïSïH.  

ʂʣʠʥʢʝʨʣʽʢ ײץʨʘʤʜʘʩ ʙᴇʣʽʢʪʽװ שʣʝʩʽ ʘʟʘʡסʘʥʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʢװʣʜʽש 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʝʥʜʽʨʽʣʫʽ ʞװʡʝʥʽש ʞʦסʘʨʳ ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥ ʩʘץʪʘʫʜʳ 

 שʨʳʣʳʤʥʳײץ ʟʽʣʫʽʥʝ ʞᴅʥʝװʪ שʦʩʳʤʰʘ ʛʝʣʴʪᴅʨʽʟʜʽ ʬʘʟʘʥʳץ ʣײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙץ

ʽʰʽʥʘʨʘ ʪʳסʳʟʜʘʣʫʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʖ.ʄ. ɹʘʞʝʥʦʚʪʳש ʙʝʪʦʥ ײץʨʳʣʳʤʳ ʪʝʦʨʠʷʩʳ ʪײʨסʳʩʳʥʘʥ ץʘʨʘסʘʥʜʘ, 

ʢʣʘʩʩʠʢʘʣʳץ ʪʳסʳʟ ײץʨʳʣʳʤʥʘʥ ʬʘʟʘʣʘʨ ʘʨʘʣʳץ ʙʝʪʽ ײʣסʘʡסʘʥ ʞᴅʥʝ 

 ʘ ʢᴇʰʫסʨʳʣʳʤײץ ʳʟ ʜʠʩʧʝʨʩʪʽסʘʥ ʪʳץʛʝʪʝʨʦʛʝʥʜʽʣʽʛʽ ʘʨʪ ץʨʳʣʳʤʜʳײץ

ʙʘʡץʘʣʘʜʳ. ʌʘʟʘʘʨʘʣʳץ ʰʝʢʘʨʘʣʘʨ ʩʘʥʳʥʳש ʘʨʪʫʳ ʤʠʢʨʦ ʜʝשʛʝʡʜʝ ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʜʽש ʢװʨʜʝʣʝʥʫʽʥʝ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇʟʛʝʨʛʽʰʪʽʛʽʥʽש ᴇʩʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ. 

4.4.4 ʂϮʣ ʤϺʣʰʝʨʽ 40% ʙʦʣϤʘʥ ʢʝʟʜʝʛʽ ϨϰʨʳʣʳʤʜʳϨ ϸʩʝʨʣʝʨ (60/40 

Ϩϰʨʘʤʳ) 
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ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ װʣʝʩʽʥ 40%-סʘ ʜʝʡʽʥ ʘʨʪʪʳʨסʘʥʜʘ ʮʝʤʝʥʪ 

ʪʘʩʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳײ ץʡʳʤʜʘʩʫʳʥʜʘ 80/20 ʞᴅʥʝ 70/30 ײץʨʘʤʜʘʨʳʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʝʣʝʫʣʽ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʘʜʳ. 

ʄʠʢʨʦʩʢʦʧʠʷʣʳץ ʪʘʣʜʘʫ ʢʝʣʝʩʽʥʽ ʢᴇʨʩʝʪʝʜʽ: 

1. ʮʝʤʝʥʪʪʽʢ ʤʘʪʨʠʮʘʥʳש ʪײʪʘʩʪʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽ;  

  ;ʘʨʪʫʳ שʣʝʩʽʥʽװ שʜʠʩʧʝʨʩʪʽ ʬʘʟʘʥʳץʩʘײ .2

3. ʤʠʢʨʦʢʝʫʝʢʪʝʨ ʤʝʥ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʘʡʤʘץʪʘʨʜʳש ʢᴇʙʝʶʽ;  

  ;ʰʝʶʽװʢ שʛʝʪʝʨʦʛʝʥʜʽʣʽʢʪʽ ץʨʳʣʳʤʜʳײץ .4

5. ʞʝʨʛʽʣʽʢʪʽ ʪװʨʜʝ ײץʨʳʣʳʤʥʳש ʙʦʩʘשʩʫ (ʨʘʟʫʧʣʦʪʥʝʥʠʝ) 

ʘʡʤʘץʪʘʨʳʥʳץ שʘʣʳʧʪʘʩʫʳ.  

ʉʫʨʝʪ 4.13  ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ײץʨʳʣʳʤ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש ʘʡץʳʥ 

ʜʠʩʧʝʨʩʪʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʬʨʘʛʤʝʥʪʘʮʠʷʩʳʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. 

 

  

ʘ ʙ 

  
ʚ ʛ 

 

ʉʫʨʝʪ 4.13  ð 60/40 ײץʨʘʤʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (40% ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ) ᴅʨʪװʨʣʽ װʣʢʝʡʪʫ ʢʝʟʽʥʜʝ: 

ʘ ð ʮʝʤʝʥʪ-ʢװʣʜʽʢ ʤʘʪʨʠʮʘʥʳײ שʩʘץʜʠʩʧʝʨʩʪʽ ײץʨʳʣʳʤʳ (Ĭ1000); 

ʙ ð ʩʳʥʫ ʙʝʪʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ, ʞʝʨʛʽʣʽʢʪʽ ʙʦʩʘשʩʫ ʘʡʤʘץʪʘʨʳ (Ĭ50); 

ʚ ð ʤʠʢʨʦʢʝʫʝʢʪʝʨ ʤʝʥ ᴇʪʧʝʣʽ ʘʡʤʘץʪʘʨʜʳש ʪʘʨʘʣʫʳ (Ĭ100); 

ʛ ð ʜʠʩʧʝʨʩʪʽ ײץʨʳʣʳʤʥʳש ʩʠʧʘʪʳ ʞᴅʥʝ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש ʬʨʘʛʤʝʥʪʘʮʠʷʩʳ 

(Ĭ500). 

 

ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʜʽ 40% ʤᴇʣʰʝʨʜʝ ʝʥʛʽʟʫ ʙʘʩʪʘʧץʳ ʞװʢ 

ʢᴇʪʝʨʛʽʰ ץʘץשʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ʢʣʠʥʢʝʨ ʬʘʟʘʩʳʥʳש ʢᴇʣʝʤʽʥʽש ʘʟʘʶʳʥʘ 

ᴅʢʝʣʝʜʽ. ɽʢʽʥʰʽʣʽʢ ʢʘʣʴʮʠʡ ʛʠʜʨʦʩʠʣʠʢʘʪʪʘʨʳʥʳש ʪװʟʽʣʫʽ ʞʘʣסʘʩץʘʥʳʤʝʥ, 

Ca(OH)  ʤᴇʣʰʝʨʽʥʽש ʰʝʢʪʝʫʣʽʣʽʛʽ ײץʨʳʣʳʤʥʳש ʙʘʡʣʘʥʳʩʪʳʣʳץ ʜᴅʨʝʞʝʩʽʥʝ ᴅʩʝʨ 

ʝʪʝ ʙʘʩʪʘʡʜʳ. 
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ʖ.ʄ. ɹʘʞʝʥʦʚʪʳש ʙʝʪʦʥ ײץʨʳʣʳʤʳ ʪʝʦʨʠʷʩʳ ʪײʨסʳʩʳʥʘʥ ץʘʨʘסʘʥʜʘ, 

ʙʘʡץʘʣʘʪʳʥ ʞװʡʝ ʬʘʟʘʣʘʨ ʘʨʘʣʳץ ʙʝʪʽ ײʣסʘʡסʘʥ ʞᴅʥʝ ʤʠʢʨʦײץʨʳʣʳʤʜʳץ 

ʙʽʨʪʝʢʩʽʟʜʽʛʽ ʘʨʪץʘʥ ʜʠʩʧʝʨʩʪʽ ʪʳסʳʟ ײץʨʳʣʳʤ ʨʝʪʽʥʜʝ ʩʠʧʘʪʪʘʣʫʳ ʤװʤʢʽʥ. 

ᴆʪʧʝʣʽ ʘʡʤʘץʪʘʨ ʤʝʥ ʪʳסʳʟʜʳסʳ ʪᴇʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʟʦʥʘʣʘʨʜʳש ʢᴇʙʝʶʽ ʮʝʤʝʥʪʪʽʢ 

 ʣ ɟ ʧʘʨʘʤʝʪʨʽʥʜʝײʪᴇʤʝʥʜʝʫʽʥʝ ʘʣʳʧ ʢʝʣʝʜʽ, ʙ שʳʥʳסʳʟʜʳסʪʠʽʤʜʽ ʪʳ שʘʥʳץשʘץ

ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ. 

ʆʩʳʣʘʡʰʘ, ʢװʣ ʤᴇʣʰʝʨʽ 40% ʙʦʣסʘʥʜʘ ʞװʡʝ ײץʨʳʣʳʤʜʳץ ʪʳסʳʟʜʘʣʫʜʳש 

ʰʝʢʪʽ ʢװʡʽʥʝ ʞʘץʳʥʜʘʡʜʳ, ʦʜʘʥ ʢʝʡʽʥ ʤʘʪʨʠʮʘʥʳש ʙʦʩʘשʩʫ (ʨʘʟʫʧʣʦʪʥʝʥʠʝ) 

ʬʘʢʪʦʨʳ ʙʘʩʳʤ ʙʦʣʘ ʙʘʩʪʘʡʜʳ. 

4.4.5 ʂϮʣ ʤϺʣʰʝʨʽ 50% ʙʦʣϤʘʥ ʢʝʟʜʝʛʽ ϨϰʨʳʣʳʤʜʳϨ ϸʩʝʨʣʝʨ (50/50 

Ϩϰʨʘʤʳ) 
ʎʝʤʝʥʪ ʧʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʜʽש ʪʝץ שʘʪʳʥʘʩʳʥʜʘ (50/50) 

ʘʣʜʳסשʳ ײץʨʘʤʜʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ײץʨʳʣʳʤʥʳש ʩʘʧʘʣʳץ ʪײʨסʳʜʘʥ ᴇʟʛʝʰʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʜʝשʛʝʡʽ ʙʘʡץʘʣʘʜʳ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳץ ʪʘʣʜʘʫ ʢʝʣʝʩʽʥʽ ʘʥʳץʪʘʡʜʳ: 

1. ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש ʘʡץʳʥ ʬʨʘʛʤʝʥʪʘʮʠʷʩʳ;  

2. ʢʘʧʠʣʣʷʨʣʳץ ʢʝʫʝʢʪʽʣʽʢʪʽש ʝʜᴅʫʽʨ ʘʨʪʫʳ;  

  ;ʙʘʩʳʤ ʙʦʣʫʳ שʜʠʩʧʝʨʩʪʽ ʬʘʟʘʥʳץʩʘײ .3

4. ʬʘʟʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʛʝʪʝʨʦʛʝʥʜʽʣʽʢʪʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽ;  

5. ʞʝʨʛʽʣʽʢʪʽ ʙʦʩʘשʩʫ ʘʡʤʘץʪʘʨʳʥʳש ʙʦʣʫʳ.  

ʉʫʨʝʪ 4.14  ʢᴇʨʽʥʽʧ ʪײʨסʘʥʜʘʡ, ײץʨʳʣʳʤ ʘʡץʳʥ ʢʝʫʝʢʪʽʣʽʛʽ ʙʘʨ, ʮʝʤʝʥʪʪʽʢ 

ʤʘʪʨʠʮʘʥʳש ʪײʪʘʩʪʳסʳ ʪᴇʤʝʥʜʝʛʝʥ ʜʘʤʳסʘʥ ʜʠʩʧʝʨʩʪʽ ײʡʳʤʜʘʩʫʤʝʥ 

ʩʠʧʘʪʪʘʣʘʜʳ. 

 

  
ʘ ʙ 

  
ʚ ʛ 

 

4.6-ʩʫʨʝʪ ð 50/50 ײץʨʘʤʳʥʳש ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʩʳ (50% ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ) ᴅʨʪװʨʣʽ װʣʢʝʡʪʫ ʢʝʟʽʥʜʝ: 

ʘ ð ʮʝʤʝʥʪ-ʢװʣʜʽʢ ʤʘʪʨʠʮʘʥʳש ʜʠʩʧʝʨʩʪʽ ײץʨʳʣʳʤʳ (Ĭ1000); 

ʙ ð ʛʝʣʴʪᴅʨʽʟʜʽ ʞʘשʘ ʪװʟʽʣʽʤʜʝʨʜʽש ʤʦʨʬʦʣʦʛʠʷʩʳ ʞᴅʥʝ ʢʝʫʝʢ ʢʝשʽʩʪʽʛʽ (Ĭ2000); 
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ʚ ð ʩʳʥʫ ʙʝʪʽʥʽש ʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ, ʞʝʨʛʽʣʽʢʪʽ ʙʦʩʘשʩʫ ʘʡʤʘץʪʘʨʳ (Ĭ50); 

ʛ ð ʜʘʤʳסʘʥ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤ ʞᴅʥʝ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש ʬʨʘʛʤʝʥʪʘʮʠʷʩʳ 

(Ĭ500). 

 

ʂװʣʜʽ 50% ʤᴇʣʰʝʨʜʝ ʝʥʛʽʟʫ ʮʝʤʝʥʪ ʪʘʩʳʥʳש ʙʘʩʪʘʧץʳ ʞװʢ ʢᴇʪʝʨʛʽʰ 

 .ʪʘʡ ʘʟʘʡʪʘʜʳץʢᴇʣʝʤʽʥ ʘʡʪʘʨʣʳ שʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ʢʣʠʥʢʝʨ ʬʘʟʘʩʳʥʳץ ʘʩʳʥץשʘץ

ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʜʽש ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽ ʞʦסʘʨʳ ʙʦʣסʘʥʳʥʘ 

 ʰʽʥװ ʟʽʣʫʽװʤᴇʣʰʝʨʽ ʝʢʽʥʰʽʣʽʢ CïSïH ʪ שʘʨʘʤʘʩʪʘʥ, ʢʘʣʴʮʠʡ ʛʠʜʨʦʢʩʠʜʽʥʽץ

ʰʝʢʪʝʫʰʽ ʬʘʢʪʦʨסʘ ʘʡʥʘʣʘʜʳ. 

ʅᴅʪʠʞʝʩʽʥʜʝ ʜʠʩʢʨʝʪʪʽ ʮʝʤʝʥʪ-ʢװʣʜʽʢ ʞװʡʝ ץʘʣʳʧʪʘʩʘʜʳ, ʦʥʜʘ: 

ï ʛʝʣʴ ʬʘʟʘʩʳʥʳש ʢʝשʽʩʪʽʢʪʽʢ ʙʘʡʣʘʥʳʩʪʳʣʳץ ʜᴅʨʝʞʝʩʽ ʪᴇʤʝʥʜʝʡʜʽ; 

ï ʢʘʧʠʣʣʷʨʣʳץ ʢʝʫʝʢʪʝʨʜʽװ שʣʝʩʽ ʘʨʪʘʜʳ; 

ï ײץʨʳʣʳʤʜʳץ ʙʽʨʪʝʢʩʽʟʜʽʢ ʢװʰʝʡʝʜʽ. 

ʖ.ʄ. ɹʘʞʝʥʦʚʪʳש ʪʝʦʨʠʷʣʳץ ץʘסʠʜʘʣʘʨʳʥʘ ʩᴅʡʢʝʩ, ʢʝʫʝʢʪʽʣʽʢʪʽש ʘʨʪʫʳ 

ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ץʘץשʘʥʳש ʪײʪʘʩʪʳסʳʥʳש ʙײʟʳʣʫʳ ʪʠʽʤʜʽ ʪʳסʳʟʜʳץʪʳש (ɟ) 

ʪᴇʤʝʥʜʝʫʽʤʝʥ ץʘʪʘʨ ʞװʨʝʜʽ, ʙײʣ ʙʝʨʽʢʪʽʢʪʽש ʢʝʣʝʩʽ ʪᴅʫʝʣʜʽʣʽʢʢʝ ʩᴅʡʢʝʩ ʘʟʘʶʳʥʘ 

ᴅʢʝʣʝʜʽ: Ὑ ὃὴʂװʣ ʤᴇʣʰʝʨʽ 50% ʙʦʣסʘʥʜʘ ʞװʡʝ ײץʨʳʣʳʤʜʳץ ʪʳסʳʟʜʘʣʫ 
ʘʡʤʘסʳʥʘʥ ײץʨʳʣʳʤʜʳץ ʜʠʩʢʨʝʪʪʝʥʫ ʘʡʤʘסʳʥʘ ᴇʪʝʜʽ, ʤײʥʜʘ ʥʝʛʽʟʛʽ ʘʥʳץʪʘʫʰʳ 

ʬʘʢʪʦʨ ʮʝʤʝʥʪʪʽʢ ץʘץשʘʥʳש ʙʘʡʣʘʥʳʩʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

4.5 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʜʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝ 

ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ 

 

4.5.1 ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ײץʨʘʤʳʥʳש 

ʙʝʪʦʥ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʩʪʘʪʠʩʪʠʢʘʣʳץ-ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ 
 ץʘʩʠʝʪʪʝʨʽʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘױ

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʽש ᴅʩʝʨʽʥ ʩʘʥʜʳץ ʪײʨסʳʜʘʥ ʙʘסʘʣʘʫ 

ʤʘץʩʘʪʳʥʜʘ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʛʝ ʩʪʘʪʠʩʪʠʢʘʣʳץ-ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ 

ʞװʨʛʽʟʽʣʜʽ. ɹײʣ ʪᴅʩʽʣʜʽ ץʦʣʜʘʥʫ ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳײץ שʨʘʤסʘ 

ʪᴅʫʝʣʜʽ ᴇʟʛʝʨʫ ʟʘשʜʳʣʳץʪʘʨʳʥ ʘʥʳץʪʘʫסʘ, ʩʦʥʜʘʡ-ʘץ ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘ ץʦʣʜʘʥʫ װʰʽʥ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʽש 

ʦשʪʘʡʣʳ ʤᴇʣʰʝʨʽʥ ʥʝʛʽʟʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʊᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳ X ʨʝʪʽʥʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ ʤᴇʣʰʝʨʽ 

 ʪʘʨץʩʳʥʘ ץʘʨʘʩʪʳʨʳʣʜʳ. ʊᴅʫʝʣʜʽ ʘʡʥʳʤʘʣʳʣʘʨ y♯ ʨʝʪʽʥʜʝ ʟʝʨʪʭʘʥʘʣʳץ

ʥᴅʪʠʞʝʩʽʥʜʝ ʘʥʳץʪʘʣסʘʥ ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ (Rʩʞ), ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ 

(Rʠʟʛ) ʞᴅʥʝ ʞʘʨʳʧ ʙᴇʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ (Rras) ʘʣʳʥʜʳ. 

ʉʳʟʳϨʪʳϨ ʨʝʛʨʝʩʩʠʷʣʳϨ ʤʦʜʝʣʴʜʝʫ 

ɸʥʳץʪʘʣסʘʥ ʪᴅʫʝʣʜʽʣʽʢʪʝʨʜʽ ʩʘʥʜʳץ ʩʠʧʘʪʪʘʫ װʰʽʥ ʢʝʣʝʩʽ ʞʘʣʧʳ ʪװʨʜʝʛʽ 

ʩʳʟʳץʪʳץ ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ ץʦʣʜʘʥʳʣʜʳ: 

 

ώ ὥὼ ὦ ʀ 
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ʤײʥʜʘסʳ a ð ʨʝʛʨʝʩʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ, 

b ð ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʽש ʪײʨʘץʪʳ ʤװʰʝʩʽ, 

Ů ð ʢʝʟʜʝʡʩʦץ ץʘʪʝʣʽʢ. 

ʈʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʙʘסʘʣʘʫ ʝש ʢʽʰʽ ʢʚʘʜʨʘʪʪʘʨ ᴅʜʽʩʽ 

ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ʢʝʣʝʩʽ ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʠʥʠʤʠʟʘʮʠʷʣʘʫסʘ ʥʝʛʽʟʜʝʣʛʝʥ: 

 

В ώ ώ½­ άὭὲ , ώ = ὥὼ ὦ 
 

 

  
  

 
 

ʉʫʨʝʪ 4.15  ð ױʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳש ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʤᴇʣʰʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʩʳʟʳץʪʳץ ʨʝʛʨʝʩʩʠʷʣʳץ 

ʙʘʡʣʘʥʳʩʪʘʨʳ: ʘ ð ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ; ʙ ð ʠʽʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ; ʚ ð 

ʞʘʨʳʧ ʙᴇʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʢ. 

 

ʈʝʛʨʝʩʩʠʷʣʳϨ ʤʦʜʝʣʴʜʝʨʜʽϬ ʩʘʧʘʩʳʥ ʙʘϤʘʣʘʫ 

 ʳ ʤʝʥ ʩʘʧʘʩʳסʘʜʝʢʚʘʪʪʳʣʳ שʤʦʜʝʣʴʜʝʨʜʽ ץʘʥ ʨʝʛʨʝʩʩʠʷʣʳסʨʳʣײפ

ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ  Ὑ ʘʨץʳʣʳ ʙʘסʘʣʘʥʜʳ, ʦʣ ʢʝʣʝʩʽ ᴇʨʥʝʢʧʝʥ 

ʘʥʳץʪʘʣʘʜʳ: 

Ὑ=ρ
В

В
 

 

ώ - ʪʠʽʩʪʽ ʙʝʨʽʢʪʽʢ ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ. 
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ɼʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽ (R2=0,87ï0,95) ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ᴇʟʛʝʨʽʩʽʥʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽ ʮʝʤʝʥʪ װʣʝʩʽʥʽש ᴇʟʛʝʨʫʽʤʝʥ 

ʪװʩʽʥʜʽʨʽʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ, ʙײʣ ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ 

ʜʠʘʧʘʟʦʥʳʥʜʘ ʩʳʟʳץʪʳץ ʤʦʜʝʣʴʜʽ ʪʘשʜʘʫʜʳש ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʡʜʳ. 

ʈʝʛʨʝʩʩʠʷʣʳϨ ʪϸʫʝʣʜʽʣʽʢʪʝʨʜʽϬ ʩʪʘʪʠʩʪʠʢʘʣʳϨ ʤϸʥʜʽʣʽʛʽʥ ʪʝʢʩʝʨʫ 

ʈʝʛʨʝʩʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʥʜʽʣʽʛʽ ʉʪʴʶʜʝʥʪʪʽש t-

ʢʨʠʪʝʨʠʡʽ ʥʝʛʽʟʽʥʜʝ ʪʝʢʩʝʨʽʣʜʽ. ʅᴇʣʜʽʢ ʛʠʧʦʪʝʟʘ ʪʝʢʩʝʨʽʣʜʽ: 

 

Ὄȡὥ π 
 

ɹʘʣʘʤʘʣʳ ʛʠʧʦʪʝʟʘסʘ ץʘʨʩʳ: 

 

Ὄȡὥ̧π 
 

ʉʪʘʪʠʩʪʠʢʘʣʳץ ʤᴅʥʜʽʣʽʢ ʢʨʠʪʝʨʠʡʽ ʨʝʪʽʥʜʝ ʢʝʣʝʩʽ ʰʘʨʪ ץʘʙʳʣʜʘʥʜʳ: 

 

ὴ ὥȟὥ πȢπυ 
 

ɸʣʳʥסʘʥ ʙʘʨʣʳץ ʨʝʛʨʝʩʩʠʷʣʳץ ʪᴅʫʝʣʜʽʣʽʢʪʝʨ ʦʩʳ ʰʘʨʪʪʳ 

 ʟʝʨʪʪʝʣʛʝʥ ʙʝʨʽʢʪʽʢ שʙʝʪʦʥʥʳ שʣʝʩʽʥʽװ ʣ ʮʝʤʝʥʪײʘʪʪʘʥʜʳʨʘʜʳ, ʙסʘʥʘץ

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤᴅʥʜʽ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʝʪʦʥ ϨϰʨʘʤʳʥʳϬ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ϨʘʩʠʝʪʪʝʨʽʥʽϬ ʢʦʨʨʝʣʷʮʠʷʣʳϨ 

ʪʘʣʜʘʫʳ 

 ʩʠʧʘʪʪʘʤʘʣʘʨʳ ץʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳ שʨʘʤ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʙʝʪʦʥʥʳײפ

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ץʦʩʳʤʰʘ ʙʘסʘʣʘʫ װʰʽʥ ʇʠʨʩʦʥʥʳש ʢʦʨʨʝʣʷʮʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ ʢʦʨʨʝʣʷʮʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʦʣ ʢʝʣʝʩʽ 

ᴇʨʥʝʢʧʝʥ ʘʥʳץʪʘʣʘʜʳ: 

  
Вὼ ὼ ώ ώ

Вὼ ὼВώ ώ

 

 

ɸʣʳʥסʘʥ ʢʦʨʨʝʣʷʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʟʝʨʪʪʝʣʝʪʽʥ ʧʘʨʘʤʝʪʨʣʝʨ 

ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʜᴅʨʝʞʝʩʽ ʤʝʥ ʙʘסʳʪʳʥ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʪʽʥ ʢʦʨʨʝʣʷʮʠʷʣʳץ ʤʘʪʨʠʮʘ ײץʨʳʣʜʳ. 
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ʉʫʨʝʪ 4.16 ð ױʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳײץ שʨʘʤ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʢʦʨʨʝʣʷʮʠʷʣʘʨ ʤʘʪʨʠʮʘʩʳ. 

 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ, ʨʝʛʨʝʩʩʠʷʣʳץ 

ʤʦʜʝʣʴʜʝʨʜʽ ײץʨʫ, ʛʠʧʦʪʝʟʘʣʘʨʜʳ ʪʝʢʩʝʨʫ ʞᴅʥʝ ʥᴅʪʠʞʝʣʝʨʜʽ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ 

Python ʪʽʣʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ, pandas, NumPy, SciPy, Plotly ʞᴅʥʝ Streamlit 

ʢʽʪʘʧʭʘʥʘʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʦʨʳʥʜʘʣʜʳ. ɹʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʜʘʨʜʳ 

 ʜʝʫשʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʜʝʨʝʢʪʝʨʜʽ ᴇץ ʘʡʪʘ ᴇʥʜʽʨʽʣʫʽʥץ שʦʣʜʘʥʫ ʥᴅʪʠʞʝʣʝʨʜʽץ

ʧʨʦʮʝʩʽʥʝ ʩʫʙʲʝʢʪʠʚʪʽ ᴅʩʝʨʜʽ ʙʦʣʜʳʨʤʘʜʳ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʬʘʢʪʦʨʣʘʨʜʳש ʙʽʨʣʝʩʢʝʥ ᴅʩʝʨʽʥ ʪʦʣʳץ ʝʩʢʝʨʫ ʤʘץʩʘʪʳʥʜʘ 

ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽ ʢʝשʽʩʪʽʢʪʽʢ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫʤʝʥ 

ʪʦʣʳץʪʳʨʳʣʜʳ. 

 

 
 

ʘ ʙ 

ʉʫʨʝʪ 4.17  ð ɹʝʪʦʥʥʳש ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʛʽʥʽש ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪ ʤᴇʣʰʝʨʽ ʤʝʥ ʩʫ-ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

 ʙ ð (70/30 ,(ʨʘʤʳײץ 80/20) ʽʩʪʽʢʪʽʢ ʜʠʘʛʨʘʤʤʘʩʳ:ʘ ðשʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽ ʢʝץ

 .(ʨʘʤʳײץ
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ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨʜʽש ʢʝשʽʩʪʽʢʪʽʢ ʚʠʟʫʘʣʠʟʘʮʠʷʩʳ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ ʞᴅʥʝ ʩʫ-

ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ץʘʪʳʥʘʩʳʥʳש ʙʽʨ ʤʝʟʛʽʣʜʝ ʪᴇʤʝʥʜʝʫʽ ʙʝʪʦʥʥʳש ʩʳסʳʣʫ 

ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʛʽʥʽש ᴇʩʫʽʥʝ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

Rc28 ʙʝʨʽʢʪʽʛʽʥʽש ʝש ʞʦסʘʨʳ ʤᴅʥʜʝʨʽ 22,9 ʄʇʘ-סʘ ʜʝʡʽʥ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 

ʢʦʤʧʦʥʝʥʪ ʤᴇʣʰʝʨʽ 80% ʞᴅʥʝ W/B å 0,28ï0,30 ʙʦʣסʘʥʜʘ ʙʘʡץʘʣʘʜʳ. ɸʣ 70% 

ʤᴇʣʰʝʨʽʥʜʝ ʙʝʨʽʢʪʽʢ 19,8ï20,3 ʄʇʘ-ʜʘʥ ʘʩʧʘʡʜʳ, ʙײʣ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʽש ʞʦסʘʨʳ װʣʝʩʽʥʽש ʦשʪʘʡʣʳʣʳסʳʥ 

ʨʘʩʪʘʡʜʳ. 

  

ʘ ʙ 

ʉʫʨʝʪ 4.18 ð ɹʝʪʦʥʥʳש ʩʳסʳʣʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʛʽʥʽש ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪ ʤᴇʣʰʝʨʽ ʤʝʥ ʩʫ-ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

 ʙ ð (50/50 ,(ʨʘʤʳײץ 60/40) ʽʩʪʽʢʪʽʢ ʜʠʘʛʨʘʤʤʘʩʳ: ʘ ðשʘʪʳʥʘʩʳʥʘ ʪᴅʫʝʣʜʽ ʢʝץ

 .(ʨʘʤʳײץ

 

ʄʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪʪʽש ʤᴇʣʰʝʨʽ 50% 

ʞᴅʥʝ 60% ʙʦʣʘʪʳʥ ײץʨʘʤʜʘʨ װʰʽʥ ʢʝשʽʩʪʽʢʪʽʢ ʜʠʘʛʨʘʤʤʘʣʘʨ ʩʫ-ʙʘʡʣʘʥʳʩʪʳʨסʳʰ 

 ʳʣʫ ʢʝʟʽʥʜʝʛʽסʩʳ שʜʘʡʜʘ (W/B å 0,43) ʙʝʪʦʥʥʳסʘʥ ʞʘסʘʨʳ ʙʦʣסʘʪʳʥʘʩʳ ʞʦץ

ʙʝʨʽʢʪʽʛʽ 17,7ï18,3 ʄʇʘ ʘʨʘʣʳסʳʥʜʘ ʙʦʣʘʪʳʥʳʥ ʞᴅʥʝ ʘʡץʳʥ ʤʘʢʩʠʤʫʤ 

ʘʡʤʘסʳʥʳש ʞʦץʪʳסʳʤʝʥ ʩʠʧʘʪʪʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

4.6 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʜʘʨʳʥʳש ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʳץ ʢװʡʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ 
 

ʉʘʥʜʳץ ʤʦʜʝʣʴʜʝʫʜʽ ץʦʣʜʘʥʫ ʤʘʪʝʨʠʘʣ ץʘʩʠʝʪʪʝʨʽʥ ʪʘʣʜʘʫʜʘʥ ʜʘʡʳʥ 

ʙײʡʳʤʥʳש ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘסʘʣʘʫסʘ ʢᴇʰʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʩʦʥʜʘʡ-

ʘץ ʢʦʥʩʪʨʫʢʮʠʷʜʘסʳ ʝש ʞʦסʘʨʳ ʢʝʨʥʝʫ ʰʦסʳʨʣʘʥסʘʥ ʘʡʤʘץʪʘʨʜʳ ʘʥʳץʪʘʫסʘ 

ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. ɹײʣ ʘʡʤʘץʪʘʨ ʧʘʡʜʘʣʘʥʫ ʞװʢʪʝʤʝʣʝʨʽ ᴅʩʝʨʽʥʝʥ ʙײʟʳʣʫ ʩʠʧʘʪʳ 

ʤʝʥ ʤʝʭʘʥʠʟʤʽʥ ʘʡץʳʥʜʘʡʪʳʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
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ʉʫʨʝʪ 4.19 ð 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʝʩʝʧʪʽʢ 

ʛʝʦʤʝʪʨʠʷʣʳץ ʤʦʜʝʣʽ 

 

ɽʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝ ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʤʘʪʝʨʠʘʣʳ ʩʳʟʳץʪʳ-ʩʝʨʧʽʤʜʽ 

ʠʟʦʪʨʦʧʪʳ ʨʝʪʽʥʜʝ ץʘʙʳʣʜʘʥʜʳ. ʉʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽʥʽש ʤᴅʥʽ ʥʦʨʤʘʪʠʚʪʽʢ 

ʪᴅʫʝʣʜʽʣʽʢ ʙʦʡʳʥʰʘ ʙʝʪʦʥʥʳץ שʳʩʫ ʢʝʟʽʥʜʝʛʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʘʥʳץʪʘʣסʘʥ ʙʝʨʽʢʪʽʛʽ 

ʥʝʛʽʟʽʥʜʝ ʘʥʳץʪʘʣʜʳ. Rc28 = 22,9 ʄʇʘ ʙʦʣʘʪʳʥ ײץʨʘʤ װʰʽʥ ʩʝʨʧʽʤʜʽʣʽʢ ʤʦʜʫʣʽ E 

å 29 ɻʇʘ ʜʝʧ ץʘʙʳʣʜʘʥʜʳ. ʇʫʘʩʩʦʥ ʢʦʵʬʬʠʮʠʝʥʪʽ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨʜʳש 

 .ʩʳʥʳʤʜʘʨʳʥʘ ʩᴅʡʢʝʩ ɜ = 0,20 ʜʝʧ ʘʣʳʥʜʳײ

 

 
 

 

 

 

4.6.1  ʐʝʢʘʨʘʣʳϨ ʰʘʨʪʪʘʨ ʞϸʥʝ ʞϮʢʪʝʫ ʩϰʣʙʘʩʳ 

ɽʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝʛʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʙײʡʳʤʥʳש ʞײʤʳʩ ʽʩʪʝʫʽʥʽש ʝʩʝʧʪʽʢ 

ʩײʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʙʝʨʽʣʜʽ. ײפʨʳʣʳʤʜʳ ʙʝʢʽʪʫ ץʘʰʳץʪʘʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳ 

(Remote Displacement) ʙʝʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ, ʙײʣ ʪʽʨʝʢ ʰʘʨʪʪʘʨʳʥ 

ʞʝʨʛʽʣʽʢʪʽ ʩʘʥʜʳץ ʢʝʨʥʝʫ ʰʦסʳʨʣʘʥʫʣʘʨʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʩʳʟ ʜײʨʳʩ 

ʤʦʜʝʣʴʜʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ɾװʢʪʝʤʝʣʝʨ ʙײʡʳʤסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʧʘʡʜʘʣʘʥʫ ʞʘסʜʘʡʣʘʨʳʥ ʠʤʠʪʘʮʠʷʣʘʡʪʳʥ 

ʙʝʨʽʣʛʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ʪװʨʽʥʜʝ ץʦʣʜʘʥʳʣʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʩʘʥʜʳץ 
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ʰʝʰʽʤʥʽש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʩʪʘʪʠʢʘʣʳץ ʞװʢʪʝʤʝ ʢʝʟʽʥʜʝʛʽ 

ʙʝʪʦʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʝʩʝʧʪʝʫʜʽץ שʘʙʳʣʜʘʥסʘʥ ᴅʜʽʩʪʝʤʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

 

 
 

ʉʫʨʝʪ 4.20 ï ɽʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ ʞװʢʪʝʫʜʽ ʙʝʨʫ ʩײʣʙʘʩʳ. 

 

 

ɽʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝʛʽ ʪʦʣʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ᴇʨʽʩʽʥ ʪʘʣʜʘʫ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʜʝʬʦʨʤʘʮʠʷʩʳ ʘʡץʳʥ ʠʽʣʫ ʩʠʧʘʪʳʥʘ ʠʝ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. ɽװ שʣʢʝʥ ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʘʨʘʣʳץ ʙᴇʣʽʛʽʥʜʝ, 

ʞװʢʪʝʤʝ ʪװʩʽʨʽʣʝʪʽʥ ʘʡʤʘץʪʘ ʰʦסʳʨʣʘʥסʘʥ, ʘʣ ʙʝʢʽʪʫ ʞᴅʥʝ ʪʽʨʝʢ ʘʡʤʘץʪʘʨʳʥʜʘ 

ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨ ʤʠʥʠʤʘʣʜʳ. 

ʊʦʣʳץ ʦʨʳʥ ʘʫʳʩʪʳʨʫʜʳש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 0,081 ʤʤ ʙʦʣʜʳ, ʙײʣ ʙʝʨʽʣʛʝʥ 

ʞװʢʪʝʫ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʙײʡʳʤʥʳש ʞʦסʘʨʳ ץʘʪʪʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ɼʝʬʦʨʤʘʮʠʷʣʘʨʜʳש ʘʣʳʥסʘʥ ʪʘʨʘʣʫ ʩʠʧʘʪʳ ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʢװʪʽʣʝʪʽʥ ʞײʤʳʩ 

ʩײʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ ʤʝʥ ʩʘʥʜʳץ ʤʦʜʝʣʴ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש ʜײʨʳʩ ʙʝʨʽʣʛʝʥʽʥ ʨʘʩʪʘʡʜʳ. 

ʄʠʟʝʩ ʙʦʡʳʥʰʘ ʵʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳʥ ʪʘʣʜʘʫ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʢᴇʣʝʤʽʥʜʝ ʛʝʦʤʝʪʨʠʷ ᴇʟʛʝʨʝʪʽʥ ʘʡʤʘץʪʘʨʜʘ ʞᴅʥʝ 

  

ʉʫʨʝʪ 4.21  ï  3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ 

ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʪʦʣʳץ ʦʨʳʥ 

ʘʫʳʩʪʳʨʫʣʘʨ ᴇʨʽʩʽ (Total Deformation) 

ʉʫʨʝʪ 4.22  ï  3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ 

ʙʝʪʦʥ ʙײʡʳʤʳʥʜʘסʳ ʵʢʚʠʚʘʣʝʥʪʪʽ 

ʢʝʨʥʝʫʣʝʨ ᴇʨʽʩʽ (ʄʠʟʝʩ ʙʦʡʳʥʰʘ 

Equivalent Stress) 
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ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʠʽʣʫ ʞײʤʳʩʳ ʞװʨʝʪʽʥ ʙᴇʣʽʢʪʝʨʽʥʜʝ ʞʝʨʛʽʣʽʢʪʽ ʢʝʨʥʝʫ 

ʰʦסʳʨʣʘʥʫ ʘʡʤʘץʪʘʨʳ ץʘʣʳʧʪʘʩʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ʕʢʚʠʚʘʣʝʥʪʪʽ ʢʝʨʥʝʫʣʝʨʜʽש ʤʘʢʩʠʤʘʣʜʳ ʤᴅʥʽ 2,51 ʄʇʘ ʙʦʣʳʧ, ʙײʡʳʤʥʳש 

ʝש ʢᴇʧ ʞװʢʪʝʣʛʝʥ ʙᴇʣʽʢʪʝʨʽʥʜʝ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʙʝʨʽʣʛʝʥ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨ 

ʢʝʟʽʥʜʝʛʽ ʽʰʢʽ ʢװʰʪʝʨʜʽץ שʘʡʪʘ ʪʘʨʘʣʫʳʥʳש ʢװʪʽʣʝʪʽʥ ʩײʣʙʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʢᴇʣʝʤʽʥʽש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽʥʜʝ ʢʝʨʥʝʫʣʝʨ ʜʝשʛʝʡʽ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥ, 

ʙײʣ ʢʝʨʥʝʫʣʽ ʢװʡʜʽײ שʪʳʤʜʳ ʪʘʨʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

 

  
ʉʫʨʝʪ 4.23 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ 

ʙʝʪʦʥ ʙײʡʳʤʳʥʜʘסʳ ʤʘʢʩʠʤʘʣʜʳ ʙʘʩ 

ʢʝʨʥʝʫʣʝʨʜʽש (Maximum Principal 

Stress) ʪʘʨʘʣʫʳ. 

ʉʫʨʝʪ 4.24ï 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ 

ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʝʩʝʧʪʽʢ 

ʤʦʜʝʣʽʥʜʝʛʽ ʪʽʨʝʢ ʨʝʘʢʮʠʷʣʘʨʳ (Force 

Reaction) 

 

ʄʘʢʩʠʤʘʣʜʳ ʙʘʩ ʩʦʟʳʣʫ ʢʝʨʥʝʫʣʝʨʽʥʽש ʜʝשʛʝʡʽ ʙʝʪʦʥʥʳש ʪᴅʞʽʨʠʙʝʣʽʢ 

ʘʥʳץʪʘʣסʘʥ ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽʥʝʥ ʘʩʧʘʡʜʳ, ʙײʣ ץʘʙʳʣʜʘʥסʘʥ ʝʩʝʧʪʽʢ ʤʦʜʝʣʴʜʽש 

ʙʘʨʘʙʘʨʣʳסʳʥ ʞᴅʥʝ ץʘʨʘʩʪʳʨʳʣסʘʥ ʞװʢʪʝʤʝ ʜʠʘʧʘʟʦʥʳ ʰʝשʙʝʨʽʥʜʝ ʤʘʪʝʨʠʘʣʜʳ 

ʩʳʟʳץʪʳ-ʩʝʨʧʽʤʜʽ ʘʧʧʨʦʢʩʠʤʘʮʠʷʣʘʫʜʳ ץʦʣʜʘʥʫʜʳש ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʡʜʳ 

(ʉʫʨʝʪ 5.9 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʳʥʜʘסʳ ʤʘʢʩʠʤʘʣʜʳ ʙʘʩ 

ʢʝʨʥʝʫʣʝʨʜʽש ʪʘʨʘʣʫʳ (Maximum Principal Stress)). 

ʉʘʥʜʳץ ʝʩʝʧ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʪʽʨʝʢ ʨʝʘʢʮʠʷʣʘʨʳʥ ʪʘʣʜʘʫ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʙʝʢʽʪʽʣʛʝʥ ʘʡʤʘץʪʘʨʳʥʜʘסʳ ʞʠʳʥʪʳץ ʨʝʘʢʮʠʷʣʘʨ ʩʳʨʪץʳ 

ᴅʩʝʨʜʽ ʪʝשʝʩʪʽʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʩʪʘʪʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʢ ʰʘʨʪʪʘʨʳʥʳש 

ʦʨʳʥʜʘʣʫʳʥ ʞᴅʥʝ ʝʩʝʧʪʽʢ ʤʦʜʝʣʴʜʝ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳש ʜײʨʳʩ ʙʝʨʽʣʛʝʥʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 

ʊʽʨʝʢ ʨʝʘʢʮʠʷʣʘʨʳʥʳש ʪʘʨʘʣʫʳ ʩʠʤʤʝʪʨʠʷʣʳ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʪײʨסʳʜʘʥ 

ʥʝʛʽʟʜʝʣʛʝʥ ʩʠʧʘʪץʘ ʠʝ, ʙײʣ ʤʦʜʝʣʴʜʝ ʧʘʨʘʟʠʪʪʽʢ ץʘʪʘש ʦʨʳʥ ʘʫʳʩʪʳʨʫʣʘʨʜʳש 

ʞᴅʥʝ ʩʘʥʜʳץ ʙײʨʤʘʣʘʥʫʣʘʨʜʳש ʞʦץ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʝʩʝʧʪʽש ʜʝʬʦʨʤʘʮʠʷʣʘʥʘʪʳʥ ץʘʪʪʳ ʜʝʥʝ ʤʝʭʘʥʠʢʘʩʳ ʪײʨסʳʩʳʥʘʥ ʦʨʥʳץʪʳ ʞᴅʥʝ 

ʜײʨʳʩ ʦʨʳʥʜʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ (ʉʫʨʝʪ 5.10 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ 

ʙײʡʳʤʳʥʳש ʝʩʝʧʪʽʢ ʤʦʜʝʣʽʥʜʝʛʽ ʪʽʨʝʢ ʨʝʘʢʮʠʷʣʘʨʳ (Force Reaction)). 

ʆʩʳʣʘʡʰʘ, 3D-ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʳʥʳש ʢʝʨʥʝʫʣʽ-

ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʢװʡʽʥ ʩʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ ʦʥʳש ʜʝʬʦʨʤʘʮʠʷʣʘʥʫ ʩʠʧʘʪʳʥ 

ʘʥʳץʪʘʫסʘ, ʢʝʨʥʝʫ ʰʦסʳʨʣʘʥʫ ʘʡʤʘץʪʘʨʳʥ ʘʡץʳʥʜʘʫסʘ ʞᴅʥʝ ץʘʙʳʣʜʘʥסʘʥ 

ʝʩʝʧʪʽʢ ʩײʣʙʘʥʳש ʜײʨʳʩʪʳסʳʥ ʨʘʩʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ɸʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʞᴅʥʝ ʘʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʘʨץʳʣʳ 
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ʜʘʡʳʥʜʘʣסʘʥ ʙʝʪʦʥ ʙײʡʳʤʜʘʨʳʥʳש ʞײʤʳʩץʘ ץʘʙʽʣʝʪʪʽʣʽʛʽʥ ʙʘסʘʣʘʫ ʤʝʥ 

ʛʝʦʤʝʪʨʠʷʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʫʳ ʤװʤʢʽʥ. 

 

ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ʉʢʘʥʝʨʣʝʡʪʽʥ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷʥʳ (SEM) ʞᴅʥʝ װʣʛʽʣʝʨʜʽש 

ʨʝʥʪʛʝʥʜʽʢ-ʬʘʟʘʣʳץ ʪʘʣʜʘʫʳʥ (XRD) ץʘʤʪʠʪʳʥ ʢʝʰʝʥʜʽ ʘʩʧʘʧʪʳץ ʟʝʨʪʪʝʫʣʝʨ 

ʥʝʛʽʟʽʥʜʝ ʞʦסʘʨʳ ʪʳסʳʟʜʳץʪʳ, ʛʦʤʦʛʝʥʜʽ ʮʝʤʝʥʪ-ʢװʣ ʤʘʪʨʠʮʘʩʳʥʳץ שʘʣʳʧʪʘʩʫʳ 

 .ʳʣʳʤʠ ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜᴅʣʝʣʜʝʥʛʝʥס

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥʳש ʘʣʜʳʥ ʘʣʘ ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʣʩʝʥʜʽʣʽʛʽ ʙᴇʣʰʝʢʪʝʨʜʽץ שʘʨץʳʥʜʳ ʳʜʳʨʘʫʳʥʘ, ʦʣʘʨʜʳש ʤʝʥʰʽʢʪʽ ʙʝʪʽʥʽש 

ʝʜᴅʫʽʨ ײʣסʘʶʳʥʘ ʞᴅʥʝ ʨʝʘʢʮʠʷʣʳץ ץʘʙʽʣʝʪʽʥʽש ᴇʩʫʽʥʝ ʘʣʳʧ ʢʝʣʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

ʆʩʳʥʳש ʘʨץʘʩʳʥʜʘ ʢװʣ ʙᴇʣʰʝʢʪʝʨʽ ʢʝʰʝʥʜʽ ʬʫʥʢʮʠʷʥʳ ʘʪץʘʨʘʜʳ. ɹʽʨʽʥʰʽʜʝʥ, 

ʦʣʘʨ ץʘʪʪʳ ʬʘʟʘʥʳש ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳײץ ץʨʘʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʘʪʳʥ ʞᴅʥʝ 

ʢʘʧʠʣʣʷʨʣʳץ ץʫʳʩʪʘʨ ʤʝʥ ײץʨʳʣʳʤʥʳש ʤʠʢʨʦʜʝʬʝʢʪʪʝʨʽʥ ʢʦʣʴʤʘʪʪʘʡʪʳʥ 

(ʙʽʪʝʡʪʽʥ) ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʤʠʢʨʦʥʘʫסʳʰ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ. ɽʢʽʥʰʽʜʝʥ, 

ʘʡץʳʥ ʙʘʡץʘʣʘʪʳʥ ʧʫʮʮʦʣʘʥ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʠʝ ʙʦʣʘ ʦʪʳʨʳʧ, ʢװʣʜʽש ʘʤʦʨʬʪʳ 

ʢʨʝʤʥʝʟʽ ʢʣʠʥʢʝʨʣʽʢ ʤʠʥʝʨʘʣʜʘʨʜʳ ʛʠʜʨʘʪʘʮʠʷʣʘʫ ʧʨʦʮʝʩʽʥʜʝ ʙᴇʣʽʥʝʪʽʥ ʢʘʣʴʮʠʡ 

ʛʠʜʨʦʢʩʠʜʽʤʝʥ (ʧʦʨʪʣʘʥʜʠʪʧʝʥ) ʭʠʤʠʷʣʳץ ᴇʟʘʨʘ ʽʩ-ץʠʤʳʣסʘ ʪװʩʝʜʽ. 

ɸʜʜʠʪʠʚʪʽ ץʘʣʳʧʪʘʫ ʧʨʦʮʝʩʽʥʜʝ ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʞʘʡ-ʢװʡʜʽ 

 :ʤʦʜʝʣʴʜʝʫ ץʩʘʥʜʳ (ʉפפ)

ʂʦʥʩʪʨʫʢʮʠʷʣʳץ ʩʝʥʽʤʜʽʣʽʢʪʽ ʪʝʦʨʠʷʣʳץ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ץʘʣʳʧʩʳʟ ץʘʙʘʪʪʳ 

ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽʤʝʥ ʪײʨסʳʟʳʣʘʪʳʥ 3D-ʙʘʩʧʘ ʙײʡʳʤʜʘʨʳʥʳש ʦʨʥʳץʪʳʣʳסʳʥ 

ʞʦסʘʣʪʫ ʪᴅʫʝʢʝʣʜʝʨʽʥ ʙʘסʘʣʘʫ ʤʘץʩʘʪʳʥʜʘ ʪװʧʢʽʣʽʢʪʽ ʵʣʝʤʝʥʪʪʝʨ ᴅʜʽʩʽʥ (FEM) 

 ץʡʜʽ ʢʝʰʝʥʜʽ ʩʘʥʜʳװʘʥ ʞʘʡ-ʢסʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥץ

ʤʦʜʝʣʴʜʝʫ ʽʩʢʝ ʘʩʳʨʳʣʜʳ. ʉʘʣʳʥסʘʥ ʝʩʝʧʪʽʢ ʤʦʜʝʣʴ װʟʜʽʢʩʽʟ ʪײʨסʳʟʫʜʳש 

ʝʨʝʢʰʝʣʽʛʽʥ: ʩʘʣʳʥʘʪʳʥ ʞʦסʘʨסʳ ץʘʙʘʪʪʘʨʜʘʥ ʛʨʘʚʠʪʘʮʠʷʣʳץ ʞװʢʪʝʤʝʥʽש 

 ᴇʟʛʝʨʫ שʘʩʠʝʪʪʝʨʽʥʽץ ץʨʝʦʣʦʛʠʷʣʳ שʘʶʳʥ ʞᴅʥʝ ʤʘʪʝʨʠʘʣʜʳסʣײ ץʘʜʘʤʜʳץ

ʢʠʥʝʪʠʢʘʩʳʥ ʝʩʢʝʨʜʽ. 

ɺʠʨʪʫʘʣʜʳ ʤʦʜʝʣʴ ʜʝʥʝʩʽʥʜʝʛʽ ʙʘʩʪʳ ʢʝʨʥʝʫʣʝʨʜʽ ʙᴇʣʫ ᴇʨʽʩʪʝʨʽʥ ʝʛʞʝʡ-

ʪʝʛʞʝʡʣʽ ʪʘʣʜʘʫ (Maximum Principal Stress) ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʪᴇʤʝʥʛʽ 

 שʳʥʳסᴇʟʽʥʜʽʢ ʩʘʣʤʘ שʦʩʧʘʥʳץ ʘʣʜʳסʘʥ ʳʣסʘʜʘʥ ʩʘʣʳʥשʘʙʘʪʪʘʨʳʥʜʘ ʞʘץ

ᴅʩʝʨʽʥʝʥ ʪʫʳʥʜʘʡʪʳʥ ʤʘʢʩʠʤʘʣʜʳ ʩʦʟʳʣʫ ʞᴅʥʝ ʞʳʣʞʳʪʫ ʢʝʨʥʝʫʣʝʨʽʥʽש ʜʝשʛʝʡʽ 

 ʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʇʘʡʜʘ ʙʦʣʘʪʳʥװʘ ʤסʪʘʫץʘʫʽʧʩʽʟ ʤᴅʥʜʝʨ ʰʝʛʽʥʜʝ ʝʢʝʥʽʥ ʘʥʳץ

ʢʝʨʥʝʫʣʝʨ ʙʝʪʦʥʥʳש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʘʥʳץʪʘʣסʘʥ ʘסʳʤʜʳʣʳץ ʰʝʛʽʥʝʥ ʞᴅʥʝ 

ʩʦʟʳʣʫסʘ ʝʨʪʝʨʝʢ ײץʨʳʣʳʤʜʳץ ʙʝʨʽʢʪʽʛʽʥʝʥ ʘʩʧʘʡʪʳʥʳ ʝʩʝʧʪʽʢ ʜᴅʣʝʣʜʝʥʛʝʥ. 
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5 ɹɽʊʆʅʅɸʅ ɾɸʉɸʃנɸʅ ʐɸנʓʅ ʉᴄʋʃɽʊʊɯʂ ʌʆʈʄɸʃɸʈɼʓ 

ɸɼɼʀʊʀɺʊɯ ᴆʅɼɯʈʋ ʊɽʍʅʆʃʆɻʀʗʉʓ, ױʁʓʄɼɸʉʊʓʈʋʓ ɾᴄʅɽ 

ʉɸʇɸʅʓ ɹɸפʓʃɸʋ, ʉʆʅɼɸʁ-ɸפ ʆʅʓר ʊɽʍʅʀʂʆ-

ʕʂʆʅʆʄʀʂɸʃʓפ ʊʀɯʄɼɯʃɯɻɯ 

 

ʆʩʳ ʪʘʨʘʫʜʘ ʙʝʪʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʰʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ ʘʜʜʠʪʠʚʪʽ 

ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ײʡʳʤʜʘʩʪʳʨʫʳ ʞᴅʥʝ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ ʤᴅʩʝʣʝʣʝʨʽ 

 ʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥסʨʳʣʳʩ 3D-ʙʘʩʳʧ ʰʳײץ ץʘʨʘʩʪʳʨʳʣʳʧ, ʩʦʥʜʘʡ-ʘץ

 .ʘʣʘʥʜʳסʪʠʽʤʜʽʣʽʛʽ ʙʘ ץʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʢʘʣʳ שʦʣʜʘʥʫʜʳץ

ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʦʙʲʝʢʪʽʣʝʨʽ ʨʝʪʽʥʜʝ ץʘʟʘץʪʳײ שʣʪʪʳץ ᴇʨʥʝʛʽ ʪװʨʽʥʜʝʛʽ 

ʧʽʰʽʥʜʝ ʞʘʩʘʣסʘʥ ʦʨʳʥʜʳץ ʞᴅʥʝ ʛװʣʩʘʫʳʪ ʪװʨʽʥʜʝʛʽ ʰʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨ 

 ʪʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ ᴅʟʽʨʣʝʥʛʝʥ ʤʘʡʜʘץʘʣʜʳץ ʦʞץ-ʣװʡʳʤʜʘʨ ʢײʘʙʳʣʜʘʥʜʳ. ɹץ

ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʘʥ ײץʨʳʣʳʩ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣʜʳ, 

ʙײʣ ײץʨʳʣʳʩ ᴇʥʜʽʨʽʩʽʥʽש ʨʝʩʫʨʩʪʳץ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ 

ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. 

ɸʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫʜʳש ʦʨʳʥʜʳʣʳסʳʥ ʥʝʛʽʟʜʝʫ װʰʽʥ 

 ʘʨʫסʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ᴅʜʽʩʽʤʝʥ 3D-ʙʘʩʳʧ ʰʳץ ʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥײץ

ʧʨʦʮʝʩʪʝʨʽʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ ʢʝʟʝש-ʢʝʟʝשʽʤʝʥ ʦʨʳʥʜʘʣʜʳ. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝ ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ᴇʥʜʽʨʽʩʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ 

 ʪʳץʽʰʽʥʜʝ ʞʘʙʜʳ שʘʣʳʧʪʘʩʪʳʨʳʣʜʳ, ʦʥʳץ ʥʝʛʽʟʛʽ ʝʨʝʞʝʣʝʨʽ שʡʳʤʜʘʩʪʳʨʫʳʥʳײ

ʪʘשʜʘʫ, ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳʥ ᴅʟʽʨʣʝʫ, ʙʘʩʳʧ ʰʳסʘʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʘʥʳץʪʘʫ ʞᴅʥʝ ʙײʡʳʤʜʘʨʜʳ ץʘʣʳʧʪʘʫ ʰʘʨʪʪʘʨʳ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ɽʢʽʥʰʽ ʢʝʟʝשʜʝ ʰʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ ʮʠʬʨʣʳץ ʤʦʜʝʣʴʜʝʫ 

 ,ʜʘʨʣʘʤʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫסʘʨʫ ʙʘץʰʽʥ ʙʘʩװ ʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽײץ ,ʠʜʘʣʘʨʳסʘץ

ʩʦʥʜʘʡ-ʘץ ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʽש ʙʘʨʣʳץ ʩʘʪʳʣʘʨʳʥʜʘ ð ʙʝʪʦʥ ץʦʩʧʘʩʳʥ 

ʜʘʡʳʥʜʘʫʜʘʥ ʙʘʩʪʘʧ ʜʘʡʳʥ ʙײʡʳʤʜʘʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʞᴅʥʝ ʙʝʨʽʢʪʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʙʘסʘʣʘʫסʘ ʜʝʡʽʥ ð ᴇʥʽʤ ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ ᴅʜʽʩʪʝʨʽ ᴅʟʽʨʣʝʥʜʽ. 

 ʳʥ ʩᴅʫʣʝʪʪʽʢסʘʨʫ ᴅʜʽʩʽʤʝʥ ʰʘסʨʳʣʳʩ 3D-ʙʘʩʳʧ ʰʳײץ ʜʝשʰʽʥʰʽ ʢʝʟʝת

ʬʦʨʤʘʣʘʨʜʳ ᴇʥʜʽʨʫʜʽש ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ, ʦסʘʥ ʝשʙʝʢ 

ʩʳʡʳʤʜʳʣʳסʳʥ, ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨʜʳ, ᴇʥʜʽʨʽʩʪʽʢ ʮʠʢʣ ײʟʘץʪʳסʳʥ ʪʘʣʜʘʫ 

ʞᴅʥʝ ץײʩʘʩ ᴇʥʽʤʜʝʨʜʽ ʜᴅʩʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʜʘʡʳʥʜʘʫʤʝʥ ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʙʘסʘʣʘʫ ʢʽʨʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʩʝʨʠʷʣʳץ ʪװʨʜʝ ʰʳסʘʨʳʣʘʪʳʥ AMT S-6044 

 ʨʛʽʟʽʣʜʽ, ʦʥʳ ʉʇɽʎɸɺʀɸװʳʣʳ ʞץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨײץ

ʢʦʤʧʘʥʠʷʩʳ (ʗʨʦʩʣʘʚʣʴ ץʘʣʘʩʳ, ʈʦʩʩʠʷ) ᴇʥʜʽʨʝʜʽ. ɹײʣ ײʩʳʥʳʣסʘʥ 

ʪʝʭʥʦʣʦʛʠʷʥʳש ʥʘץʪʳ ײץʨʳʣʳʩ ᴇʥʜʽʨʽʩʽ ʞʘסʜʘʡʳʥʜʘ ʧʨʘʢʪʠʢʘʣʳץ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫʳʥ ʞᴅʥʝ ץʘʡʪʘ ᴇʥʜʽʨʽʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʨʘʩʪʘʡʜʳ. 

 

5.1 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ᴇʥʽʤʜʽ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʞʘʩʘʫ 

 

ɹʝʨʽʣʛʝʥ 3D-ʧʨʠʥʪʝʨ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʩᴅʫʣʝʪ ʞᴅʥʝ 

ʜʠʟʘʡʥ ʩʘʣʘʣʘʨʳʥʜʘסʳ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʙʘסʳʪʪʘʨʜʳ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʂᴇʣʝʤʜʽʢ ʙʘʩʳʧ ʰʳסʘʨʫ ʙײʨʳʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʩʽʟ ʥʝʤʝʩʝ ʪʳʤ 

ʢװʨʜʝʣʽ ʜʝʧ ʩʘʥʘʣסʘʥ ʙײʡʳʤʜʘʨʜʳ ᴇʥʜʽʨʫʛʝ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

S-6045 ʧʨʠʥʪʝʨʽ ð S ʩʝʨʠʷʣʳ ʰʘסʳʥ ʬʦʨʤʘʪʪʳ ʧʨʠʥʪʝʨʣʝʨʜʽש 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʤʦʜʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ (S-6043 ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣסʘʥ) ʞᴅʥʝ ᴅʨʪװʨʣʽ 

 ʽʰʽʥʜʝ שʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʥʳװʤʳʩ ʽʩʪʝʫʛʝ ʤײʦʩʧʘʣʘʨʳʤʝʥ ʞץ ʳ ʙʝʪʦʥסʨʘʤʜʘײץ

ʮʝʤʝʥʪʪʽ400 שï500 ʤʘʨʢʘʣʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ ʩʪʘʥʜʘʨʪʪʳ ץʦʩʧʘʣʘʨ, ʩʦʥʜʘʡ-ʘץ 

ʤʠʥʝʨʘʣʜʳץ ץʦʩʧʘʣʘʨ ʤʝʥ ʬʠʙʨʦʪʘʣʰʳץ ץʦʩʳʣסʘʥ ץʦʩʧʘʣʘʨ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ. 

ʇʨʠʥʪʝʨʜʽש ʥʝʛʽʟʛʽ ʪʦʨʘʧʪʘʨʳ (ʨʝʣʴʩʪʽʢ ʙʘסʳʪʪʘʫʰʳʣʘʨ ʤʝʥ ץʘʜʘʤʜʳץ 

 ʪʘʤʘʜʘץʞʠʥʘ ץᴇʥʜʽʨʽʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹʘʟʘʣʳ ץʳʰʪʘʨ) ʝʫʨʦʧʘʣʳץʘʣʪסʦʟץ

ᴅʨʪװʨʣʽ ײץʨʘʤʜʘʨʤʝʥ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ װʰ ʙʘʩʳʧ ʰʳסʘʨʫ ʙʘʩʳ 

 ʘʨʳסʳʰ ʧʝʥ ʞʦסʘ ʝʨʽʪʽʥʜʽ ʘʨʘʣʘʩʪʳʨץץʘʪʘʨ ʞʠʳʥʪʳץ ʘʥ. ʉʦʥʳʤʝʥסʘʨʘʩʪʳʨʳʣץ

 .ʳʩʳ ʢʽʨʝʜʽסʨʳʣײץ ʳʩʳʤʜʳ ʞʫʫץ

 ʽʥʝʥשʤʦʜʝʣʴʜʝʨʜʽ ᴅʟʽʨʣʝʫʜʝ ʢʝ ץʰʽʥ ʮʠʬʨʣʳװ ʘʨʫסʨʳʣʳʩ 3D-ʙʘʩʳʧ ʰʳײפ

 .ʜʘʨʣʘʤʘʣʘʨ ð çʂʦʤʧʘʩ-3Dè ʞᴅʥʝ AutoCAD (Autodesk)סʦʣʜʘʥʳʣʘʪʳʥ ʙʘץ

ʂᴇʧʪʝʛʝʥ 3D-ʧʨʠʥʪʝʨʣʝʨ װʰᴇʣʰʝʤʜʽ ʤʦʜʝʣʴʜʝʨʤʝʥ ʪʽʢʝʣʝʡ ʞײʤʳʩ 

ʽʩʪʝʤʝʡʪʽʥʜʽʢʪʝʥ, ʬʘʡʣʜʳ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʞʽʙʝʨʫ װʰʽʥ ʘʣʜʳʤʝʥ ʦʥʳ STL 

ʬʦʨʤʘʪʳʥʘ ʪװʨʣʝʥʜʽʨʫ ץʘʞʝʪ. ᴄʜʝʪʪʝ ץʘʞʝʪʪʽ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʧʨʠʥʪʝʨʤʝʥ ʙʽʨʛʝ ʙʝʨʽʣʝʜʽ. 

3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽ ð çʂʦʤʧʘʩ-3Dè ʥʝʤʝʩʝ 

AutoCAD ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʜʘ װʰᴇʣʰʝʤʜʽ ʤʦʜʝʣʴ ײץʨʫ ʞᴅʥʝ ʦʥʳ STL 

ʬʦʨʤʘʪʳʥʜʘ ʩʘץʪʘʫ. 

SheetCam ʙʘסʜʘʨʣʘʤʘʩʳ ʪʝʢ ʬʦʨʤʘʪʪʘʨʜʳ ʪװʨʣʝʥʜʽʨʽʧ ץʘʥʘ ץʦʡʤʘʡ, 

ʤʦʜʝʣʴʜʽ ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʜʘʡʳʥʜʘʡʜʳ, ʷסʥʠ ᴇשʜʝʫ ʪʨʘʝʢʪʦʨʠʷʣʘʨʳʥ 

 .ʘʣʳʧʪʘʩʪʳʨʳʧ, G-ʢʦʜʪʘʨʜʳ ʞʘʩʘʡʜʳץ

ɹʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥ ʙʘʩץʘʨʫ װʰʽʥ Mach3 ʙʘסʜʘʨʣʘʤʘʣʳץ ʢʝʰʝʥʽ 

 ʤʳʩ ʽʩʪʝʡʪʽʥ ʞᴅʥʝ ʦʥʳײʦʣʜʘʥʳʣʘʜʳ. Mach3 ð ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʝ ʞץ

ʧʨʠʥʪʝʨʜʽ ʙʘʩץʘʨʫʜʳש ʪʠʽʤʜʽ ʩʪʘʥʮʠʷʩʳʥʘ ʘʡʥʘʣʜʳʨʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣ. 

ʆʣ ʧʘʨʘʣʣʝʣʴ ʧʦʨʪ ʘʨץʳʣʳ ʧʨʠʥʪʝʨ ʞʘʙʜʳסʳʤʝʥ ʙʘʡʣʘʥʳʩʘʜʳ ʞᴅʥʝ ʙʘʩʳʧ 

ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥ ʪʦʣʳץ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

SheetCam ð ʩʘʥʜʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ ʙʘʩץʘʨʫʳ (ʏʇʋ) ʙʘʨ ʩʪʘʥʦʢʪʘʨ װʰʽʥ 

G-ʢʦʜʪʘʨʜʳ ʜʘʡʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ CAM-ʧʘʢʝʪ. ʆʣ ʧʣʘʟʤʘʣʳץ ʢʝʩʫ, ʬʨʝʟʝʨʣʝʫ, 

ʛʨʘʚʠʨʦʚʢʘ, ʣʘʟʝʨʣʽʢ, ʛʠʜʨʦʘʙʨʘʟʠʚʪʽ ʞᴅʥʝ ʛʘʟ-ץʳʰץʳʣʜʳ ʢʝʩʫ ʩʠʷץʪʳ ʥʝʛʽʟʛʽ 

CAM-ʤʽʥʜʝʪʪʝʨʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ɹʘסʜʘʨʣʘʤʘ ʏʇʋ ʩʪʘʥʦʢʪʘʨʳʥʜʘ ᴇשʜʝʫʜʽ 

ʩʘʧʘʣʳ ʞᴅʥʝ ʢᴅʩʽʙʠ ʪװʨʜʝ ʙʘסʜʘʨʣʘʤʘʣʘʫ װʰʽʥ ץʘʞʝʪʪʽ ʙʘʨʣʳץ ʬʫʥʢʮʠʷʣʘʨ 

ʞʠʳʥʪʳסʳʥʘ ʠʝ. 

SheetCam Standard ð ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ (ʋʇ-ʢʦʜʪʘʨ) ײץʨʫסʘ 

ʘʨʥʘʣסʘʥ ʧʘʢʝʪ. ɹʘסʜʘʨʣʘʤʘ ץʘʨʘʧʘʡʳʤ ʞᴅʥʝ ʠʥʪʫʠʪʠʚʪʽ ʪװʩʽʥʽʢʪʽ ʠʥʪʝʨʬʝʡʩʢʝ 

ʠʝ. ɽʛʝʨ ʋʇ ʞʘʩʘʫ ʙʘʨʳʩʳʥʜʘ ץʘʪʝʣʽʢʪʝʨ ʞʽʙʝʨʽʣʩʝ, ʦʣʘʨʜʳ ʦשʘʡ ʪװʟʝʪʫʛʝ 

ʙʦʣʘʜʳ, ʩʝʙʝʙʽ ץʘʪʝʣʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʘʥʳץʪʘʣʳʧ, 

ʧʘʡʜʘʣʘʥʫʰʳסʘ ʪʠʽʩʪʽ ʭʘʙʘʨʣʘʤʘʣʘʨ ʘʨץʳʣʳ ʢᴇʨʩʝʪʽʣʝʜʽ. 

SheetCam ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʙᴇʣʰʝʢʪʝʨʜʽ ʞʦʙʘʣʘʫ ʞᴅʥʝ ᴇשʜʝʫ װʰʽʥ ʙʘʨʣʳץ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ ʘʞʝʪʪʽ ʬʫʥʢʮʠʷʣʘʨץ

SheetCam ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʥʝʛʽʟʛʽ ʬʫʥʢʮʠʷʣʘʨʳ: 
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¶ DXF, HPGL, EMF ʬʦʨʤʘʪʪʘʨʳʥʘʥ ʜʝʨʝʢʪʝʨʜʽ ʦץʫ;  

¶ Excellon ʬʦʨʤʘʪʳʥʜʘסʳ ʜʝʨʝʢʪʝʨʜʽ ʦץʫ;  

¶ ʩʪʘʥʦʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʘʙʩʦʣʶʪʪʽʢ ʥᴇʣ ʥװʢʪʝʩʽʥ ʝʥʛʽʟʫ;  

¶ ʙᴇʣʰʝʢ ʧʘʨʘʤʝʪʨʣʝʨʽ ʤʝʥ ʦʥʳש ʥᴇʣ ʥװʢʪʝʩʽʥ ʝʥʛʽʟʫ;  

¶ ʩʪʘʥʦʢ װʩʪʝʣʽʥʽש ʰʝʢʘʨʘʣʘʨʳʥ ʞᴅʥʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʜʘʡʳʥʜʘʤʘʥʳ 

ʛʨʘʬʠʢʘʣʳץ ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ;  

¶ CAD-ʞװʡʝʜʝ ʘʣʜʳʥ ʘʣʘ ʦʨʳʥʜʘʣʤʘʩʘ, ʤʦʜʝʣʴʜʽ ץʘʙʘʪʪʘʨסʘ ʙᴇʣʫ;  

  ;ʜʝʫשʨʫ ʞᴅʥʝ ᴇײץ ʨʘʣʜʘʨ ʢʝʩʪʝʩʽʥײץ ¶

 ʘʨʫץʪʘʫ ʞᴅʥʝ ʙʘʩץʨʘʣʜʳ ʘʫʳʩʪʳʨʫ ʧʦʟʠʮʠʷʣʘʨʳʥ ʘʥʳײץ ¶

ʢʦʤʘʥʜʘʣʘʨʳʥ ʝʥʛʽʟʫ;  

¶ ʬʨʝʟʝʨʣʽʢ ײץʨʘʣʜʳש ʝʢʽ ʙʘסʳʪʪʘ (ʩʦʣ ʞᴅʥʝ ʦש) ʳסʳʩʫʳʥ ʪװʟʝʪʫ;  

¶ ʧʣʘʟʤʘʣʳץ ʢʝʩʫ ʢʦʥʪʫʨʣʘʨʳʥ ᴇשʜʝʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ;  

¶ ʦʡʳץʪʘʨ (ץʘʣʪʘʣʘʨ) ʪʘשʜʘʫʜʳ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ çʘʨʘʣʜʘʨʜʳè ʘʥʳץʪʘʡ 

ʦʪʳʨʳʧ ʦʨʳʥʜʘʫ;  

¶ ʪʦʧʪʳץ ʘʚʪʦʤʘʪʪʳ ʮʠʢʣʜʝʨ ʨʝʞʠʤʽʥʜʝ ʙײʨסʳʣʘʫ;  

¶ ʙײʨʘʥʜʘʥʳ ץʦʣʤʝʥ ʞᴅʥʝ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʢʝʩʫ;  

¶ ᴅʨʪװʨʣʽ ײץʨʘʣʜʘʨʜʳ ʪʘשʜʘʫ ʞᴅʥʝ ʧʘʡʜʘʣʘʥʫ;  

¶ ʙᴇʣʰʝʢʪʝʨʜʽ ʢᴇʰʽʨʫ, ʢᴇʙʝʡʪʫ, ʘʡʥʘʣʜʳʨʫ ʞᴅʥʝ ʞʳʣʞʳʪʫ, ʩʦʥʜʘʡ-ʘץ 

ʤʘʪʝʨʠʘʣ ʤʝʥ ʫʘץʳʪʪʳ װʥʝʤʜʝʫ װʰʽʥ ʦʣʘʨʜʳ ʜʘʡʳʥʜʘʤʘסʘ ʪʠʽʤʜʽ ʦʨʥʘʣʘʩʪʳʨʫ;  

¶ ʙᴇʣʰʝʢ ʩʳʟʙʘʩʳʥ ʪʽʨʝʢ ʥװʢʪʝʣʝʨ ʙʦʡʳʥʰʘ ʪʫʨʘʣʘʫ;  

¶ ʢʝʟ ʢʝʣʛʝʥ ʢʝʟʝשʜʝ G-ʢʦʜ ʢʦʤʘʥʜʘʣʘʨʳʥ ץʦʣʤʝʥ ʝʥʛʽʟʫ;  

 ʘʨʳʜʘʥסʳʥʜʘ (ʞʦסʪʳץʪʨʘʝʢʪʦʨʠʷʩʳʥ XY ʞʘʟʳ שʘʣʳʩʳʥʳסʦʟץ ʨʘʣײץ ¶

ʢᴇʨʽʥʽʩ) ʥʝʤʝʩʝ ʝʨʢʽʥ ʙײʨʳʰʪʘ 3D-ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫ;  

SheetCam ʙʘסʜʘʨʣʘʤʘʩʳ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʞᴅʥʝ ʏʇʋ ʘʨץʳʣʳ ᴇשʜʝʫ 

ʧʨʦʮʝʩʪʝʨʽʥ ʪʠʽʤʜʽ ʜʘʡʳʥʜʘʫ ʤʝʥ ʙʘʩץʘʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ᴅʤʙʝʙʘʧ ײץʨʘʣ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

 

 
  

 

ʉʫʨʝʪ 5.1 ï SheetCam ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʪʝʨʝʟʝʩʽ 

 

SheetCam TNG ð SheetCam Standard ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʞʘשʘ, 

ʞʝʪʽʣʜʽʨʽʣʛʝʥ ʥײʩץʘʩʳ. 
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ʉʫʨʝʪ 5.2 ï SheetCam ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ײץʞʘʪʪʳ ʘʰʫ 

 

ɹʘסʜʘʨʣʘʤʘʜʘ ʜʘʡʳʥ ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ (ʋʇ) ð G-ʢʦʜʪʘʨʜʳ ᴇשʜʝʫ 

ʬʫʥʢʮʠʷʩʳ ʙʘʨ. ɾװʡʝʣʽʢ ʤᴅʟʽʨ ʘʨץʳʣʳ ʰʘץʳʨʳʣʘʪʳʥ ʙᴇʣʝʢ ʪʝʨʝʟʝʜʝ 

ʧʦʩʪʧʨʦʮʝʩʪʽ ʤʦʜʝʣʴʜʝʫʜʝʥ ʢʝʡʽʥ ʧʘʡʜʘʣʘʥʫʰʳ ʜʘʡʳʥ ʙʘʩץʘʨʫ 

ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʤᴅʪʽʥʽʥ ʢᴇʨʝ ʘʣʘʜʳ ʞᴅʥʝ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʦסʘʥ ʙʽʨʜʝʥ 

 .ʘʞʝʪʪʽ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʝ ʘʣʘʜʳץ

 

 
 

ʉʫʨʝʪ 6.3 ï ʉʳʟʙʘʥʳ ʝʥʛʽʟʫ ʧʘʨʘʤʝʪʨʣʝʨʽ. 

 

ʌʫʥʢʮʠʠ ʨʝʜʘʢʪʦʨʘ G-ʢʦʜʦʚ ʘʥʘʣʦʛʠʯʥʳʝ ʬʫʥʢʮʠʷʤ ʦʙʳʯʥʳʭ ʪʝʢʩʪʦʚʳʭ 

ʨʝʜʘʢʪʦʨʦʚ Windows. ʉ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʳ, ʚʩʪʘʚʠʪʴ ʠʣʠ ʫʜʘʣʠʪʴ ʢʘʜʨʳ ʠʣʠ 

ʙʣʦʢʠ ʋʇ, ʩʦʭʨʘʥʠʪʴ ʦʪʨʝʜʘʢʪʠʨʦʚʘʥʥʳʡ ʬʘʡʣ. 
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ʉʫʨʝʪ 5.4 ï ʂʦʥʪʫʨ ʙʦʡʳʥʰʘ ʞʘשʘ ᴇשʜʝʫʜʽ ײץʨʫ. 

 

 
 

ʉʫʨʝʪ 5.5 ï ʂʦʥʪʫʨ ʧʘʨʘʤʝʪʨʣʝʨʽ 

Text ʧʣʘʛʠʥʽ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨסʘ ʤᴅʪʽʥʜʽ ʘʣʜʳʥ ʘʣʘ CAD-ʙʘסʜʘʨʣʘʤʘʜʘ 

ʜʘʡʳʥʜʘʤʘʡ-ʘץ, ʤᴅʪʽʥʜʽʢ ʞʘʟʫʣʘʨʜʳ ʛʨʘʚʠʨʦʚʢʘʣʘʫʜʳ ʙʘסʜʘʨʣʘʤʘʣʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

Simulation (ʀʤʠʪʘʮʠʷ) ʧʣʘʛʠʥʽ ʜʘʡʳʥ ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ (ʋʇ) 

ʙʘסʜʘʨʣʘʤʘʣʘʥסʘʥ ײץʨʘʣ ץʦʟסʘʣʳʩʳʥ ʩʪʘʥʦʢץʘ ʞʽʙʝʨʤʝʩ ʙײʨʳʥ ʘʣʜʳʥ ʘʣʘ 

ʚʠʟʫʘʣʠʟʘʮʠʷʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
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ʉʫʨʝʪ 6.7 ï ɹʘʩʪʘʧץʳ ʥװʢʪʝʣʝʨʜʽ ᴇשʜʝʫ 

 

  
  

ʉʫʨʝʪ 6.8 ï ʇʦʩʪʧʨʦʮʝʩʩʦʨʜʳ ʽʩʢʝ ץʦʩʫ. 

 

  
ʉʫʨʝʪ 5.9 ï ʉʳʟʙʘʥʳ .tap ʢʝשʝʡʪʽʤʽʤʝʥ ʩʘץʪʘʫ 

 

Mach3 ð ʜʝʨʙʝʩ ʢʦʤʧʴʶʪʝʨʜʝ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ ʞᴅʥʝ ʦʥʳ ʩʪʘʥʦʢʪʳ 

ʙʘʩץʘʨʫʜʳװ שʥʝʤʜʽ ʩʪʘʥʮʠʷʩʳʥʘ ʘʡʥʘʣʜʳʨʘʪʳʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʧʘʢʝʪʽ. Mach3 ʞᴅʥʝ ʦʥʳש ʧʘʨʘʣʣʝʣʴ ʧʦʨʪ ʜʨʘʡʚʝʨʽ ʩʪʘʥʦʢ ʞʘʙʜʳסʳʤʝʥ ʧʘʨʘʣʣʝʣʴ 

ʧʦʨʪ (ʧʨʠʥʪʝʨ ʧʦʨʪʳ) ʘʨץʳʣʳ ʙʘʡʣʘʥʳʩʘʜʳ. ɽʛʝʨ ʢʦʤʧʴʶʪʝʨʜʝ ʧʘʨʘʣʣʝʣʴ ʧʦʨʪ 

ʙʦʣʤʘʩʘ, USB ʘʨץʳʣʳ ץʦʩʳʣʘʪʳʥ ʘʨʥʘʡʳ USB-LPT ʘʜʘʧʪʝʨʽʥ ʥʝʤʝʩʝ PCI-

LPT/PCI-E-LPT ʢʝשʝʡʪʫ ʪʘץʪʘʩʳʥ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. 

LPT ʢʘʙʝʣʽ ʢʦʥʪʨʦʣʣʝʨ ʤʝʥ ʢʦʤʧʴʶʪʝʨʛʝ ץʦʩʳʣʘʜʳ. 

ʂʦʥʪʨʦʣʣʝʨʜʽץ שʦʨʝʢʪʝʥʫʽ ץʦʩʳʣסʘʥʥʘʥ ʢʝʡʽʥ Mach3 ʙʘסʜʘʨʣʘʤʘʩʳʥʳש 

ʥʝʛʽʟʛʽ ʪʝʨʝʟʝʩʽʥʜʝ çResetè (פʘʣʧʳʥʘ ʢʝʣʪʽʨʫ) ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʫ ץʘʞʝʪ. ɹײʣ ʢʝʟʜʝ 

ʙʘʪʳʨʤʘʥʳש ʘʡʥʘʣʘʩʳʥʜʘסʳ ʞʘץʪʘʫ ʞʳʧʳʣʳץʪʘʤʘʡ, ʞʘʩʳʣ ʪװʩʧʝʥ ʞʘʥʫʳ ʪʠʽʩ.  
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ʉʫʨʝʪ 5.10  -  ʈʝʪʪʽʢ  ʩʪʘʨʪ 

 
 

ʉʫʨʝʪ 5.11 ï tap ʢʝשʝʡʪʽʤʽ ʙʘʨ ʩʳʟʙʘʥʳ ʘʰʫ. 

 

ʆʩʳʜʘʥ ʢʝʡʽʥ ʙʘʩʳʧ ʰʳסʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥ ʞװʢʪʝʧ, ʽʩʢʝ ץʦʩʫסʘ ʙʦʣʘʜʳ. 

ɸʣʜʳʥ ʘʣʘ ײץʨʘʣʜʳ ʙʘʩʪʘʧץʳ ʥװʢʪʝʛʝ (ᴅʜʝʪʪʝ ʩʪʘʥʦʢʪʳש ʩʦʣ ʞʘץ ʘʣʜʳסשʳ 

ʙײʨʳʰʳ) ʦʨʥʘʣʘʩʪʳʨʳʧ ʞᴅʥʝ ʙᴇʣʰʝʢʪʽש ʙʠʽʢʪʽʛʽʥ ʦʨʥʘʪʳʧ, ʩʫʨʝʪ 6.12-ʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ZeroX, ZeroY, ZeroZ ʙʘʪʳʨʤʘʣʘʨʳʥ ʙʘʩʫ ץʘʞʝʪ. 

 
 

 ʉʫʨʝʪ 5.12 ï ɾײʤʳʩ ץʘʙʽʣʝʪʽʥ  ʪʝʢʩʝʨʫ 
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ToolPath ץʦʡʳʥʜʳʩʳʥʘ ᴇʪʝʤʽʟ, ʜʘʡʳʥʜʘʣסʘʥ G-ʢʦʜʪʳ ʞװʢʪʝʡʤʽʟ (File Ÿ 

Load G-code ʘʨץʳʣʳ) ʞᴅʥʝ ʩʫʨʝʪ 33-ʪʝʛʽʜʝʡ ʙᴇʣʰʝʢʪʽש ᴇʣʰʝʤʜʝʨʽ ʤʝʥ ʩʪʘʥʦʢ 

 .ʳʣʘʡʤʳʟץʩʪʝʣʽʥʜʝʛʽ ʦʨʥʘʣʘʩʫʳʥ ʙʘװ

Cycle Start ʙʘʪʳʨʤʘʩʳʥ ʙʘʩʳʧ, Tool ʪʝʨʝʟʝʩʽʥʜʝ ʞᴅʥʝ ʩʪʘʥʦʢʪʘ ײץʨʘʣʜʳש 

 .ʳʣʘʡʤʳʟץʘʣʳʩʳʥ ʙʘסʦʟץ

ɹʘסʜʘʨʣʘʤʘʥʳש ʙʘʩʪʘʧץʳ ʙʘʧʪʘʫʣʘʨʳ ᴇʥʽʤʜʽʣʽʢʪʽ ʙʘʨʳʥʰʘ ʘʨʪʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ, ʩʦʥʜʳץʪʘʥ ʙʘʩʳʧ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʙײʨʳʰʪʘʨ ʩᴅʣ ʜᴇשʛʝʣʝʥʫʽ ʤװʤʢʽʥ. 

ʄʘʢʩʠʤʘʣʜʳ ʜᴅʣʜʽʢʢʝ ʞʝʪʫ װʰʽʥ (ᴇʥʽʤʜʽʣʽʢʪʽ ʘʟʘʡʪʫ ʝʩʝʙʽʥʝʥ) ʧʘʨʘʤʝʪʨʣʝʨʜʽ 

ᴇʟʛʝʨʪʫ ץʘʞʝʪ (ʉʫʨʝʪ 6.13). 

 

 
  

ʉʫʨʝʪ 5.13 ï Mach3 ʙʘסʜʘʨʣʘʤʘʩʳʥ ʤʘʢʩʠʤʘʣʜʳ ᴇʥʽʤʜʽʣʽʢʢʝ 

ʦשʪʘʡʣʘʥʜʳʨʫ. 

 

Mach3 ץʘʜʘʤ ʠʤʧʫʣʴʩʪʘʨʳʥ ʞᴅʥʝ ʙʘסʳʪ ʩʠʛʥʘʣʜʘʨʳʥ ʛʝʥʝʨʘʮʠʷʣʘʧ, G-

ʢʦʜʪʳ ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש (ʋʇ) ʢʦʤʘʥʜʘʣʘʨʳʥ ʙʽʨʽʟʜʽ ʦʨʳʥʜʘʡʜʳ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʢʦʤʧʴʶʪʝʨ ʧʦʨʪʪʘʨʳʥʘ ʥʝʤʝʩʝ ʩʳʨʪץʳ ʢʦʥʪʨʦʣʣʝʨʛʝ ʞʽʙʝʨʝʜʽ. 

Mach3 ð ʩʪʘʥʦʢʪʘʨʜʳ ʙʘʩץʘʨʫסʘ ʘʨʥʘʣסʘʥ ᴇʪʝ ʠʢʝʤʜʽ ʙʘסʜʘʨʣʘʤʘ. ʂᴇʧ 

ʞʘסʜʘʡʜʘ ʩʪʘʥʦʢ Mach3 ʦʨʥʘʪʳʣסʘʥ ʢʦʤʧʴʶʪʝʨʛʝ ʧʘʨʘʣʣʝʣʴ (ʧʨʠʥʪʝʨʣʽʢ) ʧʦʨʪ 

ʘʨץʳʣʳ ץʦʩʳʣʘʜʳ. פʘʨʘʧʘʡʳʤ ʩʪʘʥʦʢʪʘʨ ʙʽʨ ʧʦʨʪʪʳ ץʦʣʜʘʥʩʘ, ʢװʨʜʝʣʽ 

ʞװʡʝʣʝʨʛʝ ʢʝʡʜʝ ʝʢʽ ʧʦʨʪ ץʘʞʝʪ ʙʦʣʫʳ ʤװʤʢʽʥ. 

LCD ʜʠʩʧʣʝʡ, ײץʨʘʣʜʳ ʘʚʪʦʤʘʪʪʳ ʘʫʳʩʪʳʨʫ, ʦʩʴʪʝʨʜʽ ʙʝʢʽʪʫ ʥʝʤʝʩʝ ʞʦץשʘ 

ʰʳסʘʨʫ ʢʦʥʚʝʡʝʨʽ ʩʠʷץʪʳ ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʜʳ ʙʘʩץʘʨʫ װʰʽʥ ModBus 

 ʳʣʘʨʳ (ʤʳʩʘʣʳ, PLC ʥʝʤʝʩʝ Homan Design ModIO ʢʦʥʪʨʦʣʣʝʨʽ)סʨʳʣײץ

ʧʘʡʜʘʣʘʥʳʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʡʣʘʥʳʩ çʧʝʨʥʝʪʘץʪʘ ʵʤʫʣʷʪʦʨʳè ʘʨץʳʣʳ ʜʘ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ, ʦʣ ʢʽʨʽʩ ʩʠʛʥʘʣʜʘʨʳʥʘ ʞʘʫʘʧ ʨʝʪʽʥʜʝ ʞʘʣסʘʥ ʧʝʨʥʝ ʙʘʩʫʣʘʨʳʥ 

 .ʘʣʳʧʪʘʩʪʳʨʘʜʳץ

Mach3 ʙʽʨ ʤʝʟʛʽʣʜʝ ʘʣʪʳ ʦʩʴʪʽ ʙʘʩץʘʨʘ ʘʣʘʜʳ, ʦʣʘʨʜʳץ שʦʟסʘʣʳʩʳʥ 

ʩʳʟʳץʪʳץ ʠʥʪʝʨʧʦʣʷʮʠʷ ʘʨץʳʣʳ װʡʣʝʩʪʽʨʝʜʽ ʥʝʤʝʩʝ X, Y, Z ʦʩʴʪʝʨʽʥʽש ʝʢʝʫʽ 

ʙʦʡʳʥʰʘ ʰʝשʙʝʨʣʽʢ ʠʥʪʝʨʧʦʣʷʮʠʷʥʳ ʦʨʳʥʜʘʡ ʦʪʳʨʳʧ, ץʘʣסʘʥ ʪᴇʨʪ ʦʩʴʪʽ 

ʙײʨʳʰץʘ ʩᴅʡʢʝʩ ʩʳʟʳץʪʳץ ʠʥʪʝʨʧʦʣʷʮʠʷʤʝʥ ʙʘʩץʘʨʘʜʳ. 

Mach3 ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ײץʨʘʣ ʪʘʨʳʣʳʧ ʢʝʣʝʪʽʥ 

ʙײʨʘʥʜʘʣʳ ʪʨʘʝʢʪʦʨʠʷ ʙʦʡʳʥʰʘ ץʦʟסʘʣʘ ʘʣʘʜʳ. ɹײʣ ץʦʟסʘʣʳʩʪʘʨ ʙʘʨʳʩʳʥʜʘ ʙʝʨʫ 
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ʞʳʣʜʘʤʜʳסʳ ʙʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ (ʋʇ) ʢᴇʨʩʝʪʽʣʛʝʥ ʤᴅʥʛʝ ʩᴅʡʢʝʩ, 

ʦʩʴʪʝʨʜʽװ שʜʝʫ ʞᴅʥʝ ʤʘʢʩʠʤʘʣʜʳ ʞʳʣʜʘʤʜʳץ ʰʝʢʪʝʫʣʝʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ 

ʩʘץʪʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʨʪװʨʣʽ ץʦʣʤʝʥ ʙʘʩץʘʨʫ ʨʝʞʠʤʜʝʨʽ ʘʨץʳʣʳ ʦʩʴʪʝʨ 

ʙʦʡʳʤʝʥ ײץʨʘʣʜʳ ץʦʣʤʝʥ ʞʳʣʞʳʪʫסʘ ʙʦʣʘʜʳ. 

ɽʛʝʨ ʩʪʘʥʦʢ ʤʝʭʘʥʠʟʤʽ ʨʦʙʦʪ ץʦʣʳ ʥʝʤʝʩʝ ʛʝʢʩʘʧʦʜ ʪװʨʽʥʜʝ ʙʦʣʩʘ, ʦʥʜʘ 

Mach3 ʦʥʳ ʙʘʩץʘʨʘ ʘʣʤʘʡʜʳ, ʩʝʙʝʙʽ ʤײʥʜʘʡ ʞʘסʜʘʡʜʘ ײץʨʘʣʜʳש X, Y, Z 

ʢʦʦʨʜʠʥʘʪʘʣʘʨʳʥʜʘסʳ ʦʨʥʳʥ ʩʪʘʥʦʢ çץʦʣʳʥʳשè ײʟʳʥʜʳסʳ ʤʝʥ ʘʡʥʘʣʫ 

ʙײʨʳʰʪʘʨʳʤʝʥ ʩᴅʡʢʝʩʪʝʥʜʽʨʫ װʰʽʥ ʢװʨʜʝʣʽ ʢʠʥʝʤʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʫʣʝʨ ץʘʞʝʪ 

ʙʦʣʘʜʳ. 

Mach3 ʰʧʠʥʜʝʣʴʜʽ ʽʩʢʝ ץʦʩʳʧ, ʦʥʳ ʢʝʟ ʢʝʣʛʝʥ ʙʘסʳʪʪʘ ʘʡʥʘʣʜʳʨʘ ʘʣʘʜʳ 

ʞᴅʥʝ ʪʦץʪʘʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʘʡʥʘʣʫ ʞʳʣʜʘʤʜʳסʳʥ (ʘʡʥ/ʤʠʥ) ʨʝʪʪʝʫ ʞᴅʥʝ 

ʞʽʧ ʢʝʩʫ ʩʠʷץʪʳ ʦʧʝʨʘʮʠʷʣʘʨʜʳ ʦʨʳʥʜʘʫ װʰʽʥ ʦʥʳש ʙײʨʳʣʫ ʙײʨʳʰʳʥ ʙʘץʳʣʘʫ 

ʤװʤʢʽʥʜʽʛʽ ʙʘʨ. 

ɹʘסʜʘʨʣʘʤʘ ʩʘʣץʳʥʜʘʪʫ ʞװʡʝʩʽʥʽש ʝʢʽ ʪװʨʽʥ ץʦʩʳʧ-ᴇʰʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ ʘʚʘʨʠʷʣʳץ ʪʦץʪʘʪʫ ʙʘʪʳʨʤʘʣʘʨʳʥ (E-stop), ʙʘʟʘʣʳץ 

ʘʞʳʨʘʪץʳʰʪʘʨʜʳ, ץʦʨסʘʥʳʩ ʞʘʙʜʳץʪʘʨʳʥ ʞᴅʥʝ ʰʝʢʪʽʢ ʘʞʳʨʘʪץʳʰʪʘʨʜʳ 

ʙʘץʳʣʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

Mach3 256-סʘ ʜʝʡʽʥ ᴅʨʪװʨʣʽ ײץʨʘʣ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʩʘץʪʘʡ ʘʣʘʪʳʥ 

ʜʝʨʝʢץʦʨʜʳ ץʦʣʜʘʡʜʳ. ɸʣʘʡʜʘ, ʝʛʝʨ ʩʪʘʥʦʢʪʘ ײץʨʘʣʜʳ ʘʚʪʦʤʘʪʪʳ ʘʫʳʩʪʳʨʫ 

ʥʝʤʝʩʝ ײץʨʘʣʜʘʨ ʜװʢʝʥʽ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʦʣʩʘ, ʦʥʳ ʙᴇʣʝʢ ʙʘʩץʘʨʫ ץʘʞʝʪ. 

 

5.2 ʐʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫʳ 

 

ɹʝʪʦʥ ʙײʡʳʤʜʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-

ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʫʜʽש ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʩʽ ð ʙʝʨʽʣʛʝʥ 

 שʣ ʤᴅʩʝʣʝʥʽײʨʳʣʳʩ ᴇʥʽʤʽʥ ʘʣʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײץ ʘʩʠʝʪʪʝʨʛʝ ʠʝ ʩʘʧʘʣʳץ

ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ð 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ, 

ʘʪʘʧ ʘʡʪץʘʥʜʘ: ʙʘʩʳʧ ʰʳסʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ײʟʘץ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʟʽʣʽʩʪʝʨʜʽץ שʘʞʝʪʪʽʣʽʛʽ. ɹײʣ װʟʽʣʽʩʪʝʨ ʧʣʘʩʪʠʢʘʣʳץ ʙʝʨʽʢʪʽʢʪʽש 

 ʘʤʪʘʤʘʩʳʟץ ʳʥסʪʳʣʳץʨʘײʧʽʰʽʥ ʪ שʘʙʘʪʪʘʨʜʳץ ʘʥץץʘʣʳʧʪʘʩʫʳ, ʙʘʩʳʣʳʧ ʰʳץ

ʝʪʫ, ץʘʞʝʪʪʽ ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʩʘץʪʘʫ, ʩʦʥʜʘʡ-ʘץ ʞʘʙʜʳץ ʧʝʥ 

ʠʥʞʝʥʝʨʣʽʢ ʞװʡʝʣʝʨʜʝʛʽ ʘץʘʫʣʘʨ, ʞײʤʳʩ ʘʫʳʩʳʤʳʥʳש ʘʷץʪʘʣʫʳ ʩʠʷץʪʳ 

ʬʘʢʪʦʨʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ ʙʝʪʦʥ 

ʙײʡʳʤʜʘʨʳʥ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʝשʙʝʢ ʩʳʡʳʤʜʳʣʳסʳʥ ʘʟʘʡʪʫסʘ ʞᴅʥʝ ᴇʥʜʽʨʽʩʪʝʛʽ 

 .ʘʞʝʪץ ʤʪʳʣʫײ ʘסʘʨʪʫץʳʩץ ʪʘʨʜʳץʘʣʜʳץ

ʆʩʳʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥ ץʘʙʘʪʪʘʧ 

ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ ײץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥ ʘʜʜʠʪʠʚʪʽ 

ᴇʥʜʽʨʫʜʽש ʧʨʠʥʮʠʧʪʽʢ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘʩʳ (ʩʪʘʥʜʘʨʪʪʳ ʩײʣʙʘ) ᴅʟʽʨʣʝʥʜʽ 

(ʉʫʨʝʪ 5.14). 

ɹײʣ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩײʣʙʘ 3D-ʧʨʠʥʪʝʨʜʝ ץʘʣʳʧ (ʦʧʘʣʫʙʢʘ) ץʦʣʜʘʥʙʘʡ-ʘץ 

ᴅʨʪװʨʣʽ ʧʽʰʽʥʜʝʛʽ ײץʨʳʣʳʩ ʙײʡʳʤʜʘʨʳ ʤʝʥ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥ ʜʘʡʳʥʜʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ץʦʩʧʘ ʥʝʛʽʟʽʥʜʝ ᴇʥʽʤ ᴇʥʜʽʨʫ װʰʽʥ ʢʝʣʝʩʽ 
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ʤʘʪʝʨʠʘʣʜʘʨ ץʘʞʝʪ: ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʤʠʥʝʨʘʣʜʳץ ʢʦʤʧʦʥʝʥʪ, ײʩʘץʪʘʣסʘʥ ײץʤ, ʢװʣ-

 .ʳ ʞᴅʥʝ ʩʫסʦʞ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʙʘʟʘʣʴʪ ʪʘʣʰʳץ

 ,ʳʰʪʘʨסʘ ʤᴇʣʰʝʨʣʝʫʽʰʪʝʨ, ʘʨʘʣʘʩʪʳʨץץʞʘʙʜʳ ץʘʞʝʪʪʽ ʪʝʭʥʦʣʦʛʠʷʣʳפ

ʘʜʜʠʪʠʚʪʽ ץʦʥʜʳʨסʳ (ɸʇ) ʞʘʪʘʜʳ. ɹײʣ ץʦʥʜʳʨסʳ ײץʨʘʤʳʥʘ ʤʘʪʝʨʠʘʣʜʳ 

ʵʢʩʪʨʫʟʠʷ ᴅʜʽʩʽʤʝʥ ʙʝʨʝʪʽʥ ײץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽ, ʦʥʳ ʙʘʧʪʘʫ ʤʝʥ ʙʘʩץʘʨʫסʘ 

ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʩʦʥʜʘʡ-ʘץ ץʦʥʜʳʨסʳסʘ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫʛʝ ʘʨʥʘʣסʘʥ ץʦʩʳʤʰʘ ײץʨʳʣסʳʣʘʨ ʢʽʨʝʜʽ.  

 

 
 

 

ʉʫʨʝʪ 5.14 ï ױʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʘʥ ײץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥ 

 .ʣʙʘʩʳײʩ ץʪʝʭʥʦʣʦʛʠʷʣʳ שʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ᴅʜʽʩʽʤʝʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʫʜʽץ

 

ʄʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ʜʘʡʳʥʜʘʫ ʦʥʳײץ שʨʘʤʜʘʩ ʙᴇʣʽʢʪʝʨʽʥ 

ʤᴇʣʰʝʨʣʝʫʜʽ, ʘʨʘʣʘʩʪʳʨʫʜʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽץ) שʦʟסʘʣסʳʰʪʳסʳ 

ʞᴅʥʝ ʪ.ʙ.) ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫʜʳ ץʘʤʪʠʜʳ. ʄʘʪʝʨʠʘʣʜʘʨʜʳ ʜʘʡʳʥʜʘʫ ʦʣʘʨʜʳ 

ᴇʥʜʽʨʫʰʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʜʘ, ײץʨʳʣʳʩ ʘʣʘשʳʥʜʘ ʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤװʤʢʽʥ. 

ʄʘʪʝʨʠʘʣʜʘʨʜʳ ʤᴇʣʰʝʨʣʝʫ ʩʘʣʤʘץʪʳץ ʜʦʟʘʪʦʨʣʘʨ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʝʜʽ. 

ʄʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʘʨʘʣʘʩʪʳʨʫ װʰʽʥ װʰ 

ʢʝʟʝשʜʽ ʘʨʘʣʘʩʪʳʨʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʘʜʳ: ʘʣʜʳʤʝʥ ʤʘʩʩʘʩʳ ʙʦʡʳʥʰʘ 

ʤᴇʣʰʝʨʣʝʥʛʝʥ ײץʨסʘץ ʢʦʤʧʦʥʝʥʪʪʝʨ ʞʝʢʝ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ, ʢʝʡʽʥ ʩײʡʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨ ʜʘʡʳʥʜʘʣʘʜʳ, ʩʦʜʘʥ ʩʦש ʘʨʘʣʘʩʪʳʨסʳʰʪʘ ײץʨסʘץ ʢʦʤʧʦʥʝʥʪʪʝʨʛʝ 

ʝʩʝʧʪʝʣʛʝʥ ʤᴇʣʰʝʨʜʝ ʩײʡʳץ ʢʦʤʧʦʥʝʥʪʪʝʨ ץʦʩʳʣʳʧ, ʙʽʨʛʝ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. 

ʉʘʧʘʥʳ ʙʘץʳʣʘʫ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʤʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʘʥ 

 ʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥײץ ᴅʜʽʩʽʤʝʥ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫץ

ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʫʜʽש ʙʘʨʣʳץ ʢʝʟʝשʜʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʫʽ ʪʠʽʩ. ɹײʣ ʨʝʪʪʝ ײץʨʳʣʳʩ 3D-

ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫסʘ ʝʨʝʢʰʝ 

ʤᴅʥ ʙʝʨʽʣʝʜʽ: ץʦʩʧʘ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ ʤᴇʣʰʝʨʣʝʫ ʜᴅʣʜʽʛʽʥ, ʘʨʘʣʘʩʪʳʨʫ ʨʝʞʠʤʽ ʤʝʥ 

 ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʦʩʳ ץʳʥ, ʧʣʘʩʪʠʢʘʣʳסʳʰʪʳסʘʣסʦʟץ שʳʥ, ʦʥʳסʪʳץʟʘײ

 שʘʨʫ ʧʨʦʮʝʩʽʥʽס3D-ʙʘʩʳʧ ʰʳ ץʪʘʣʫʳʥ, ʩʦʥʜʘʡ-ʘץʳʪ ʙʦʡʳʥʰʘ ʩʘץʫʘ שʘʩʠʝʪʪʝʨʜʽץ
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ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ð ʵʢʩʪʨʫʟʠʷ ʞʳʣʜʘʤʜʳסʳʥ ʞᴅʥʝ ʙʘʩʳʧ ʰʳסʘʨʫ 

ʙʘʩʳʥʳץ שʦʟסʘʣʫ ʞʳʣʜʘʤʜʳסʳʥ ʙʘץʳʣʘʫ ץʘʞʝʪ. 

ɹʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʩʘʧʘʩʳ ʪʝʢʩʝʨʽʣʛʝʥʥʝʥ ʢʝʡʽʥ 3D-ʧʨʠʥʪʝʨʜʽ ʜʘʡʳʥʜʘʫ 

ʞװʨʛʽʟʽʣʝʜʽ: ʘʣʳʥʙʘʣʳ ʞʠʥʘץʪʘʫʰʳ ʙʫʥʢʝʨʜʽש ʽʰʢʽ ʙʝʪʽ ʘʫʳʟ ʩʫʳʤʝʥ ʥʝʤʝʩʝ 

ʙᴇʣʛʽʰ ʤʘʡʣʘסʳʰʧʝʥ ʩʫʣʘʥʜʳʨʳʣʘʜʳ. ʆʜʘʥ ʢʝʡʽʥ ʙʫʥʢʝʨ ʜʘʡʳʥʜʘʣסʘʥ ʤʘʡʜʘ 

ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ ʞᴅʥʝ ʘʣʳʥʘʪʳʥ ʵʢʩʪʨʫʜʘʪʪʳש 

ʙʽʨʪʝʢʪʽʣʽʛʽʥʝ ץʦʣ ʞʝʪʢʽʟʽʣʛʝʥʛʝ ʜʝʡʽʥ ʩʳʥʘץʪʳץ ʵʢʩʪʨʫʟʠʷ ʞװʨʛʽʟʽʣʝʜʽ. 

 ʘʥסʘʨʫ ʘʣʜʳʥ ʘʣʘ ʞʘʩʘʣסʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ᴅʜʽʩʽʤʝʥ ʙʘʩʳʧ ʰʳפ

ʙײʡʳʤʥʳװ שʰᴇʣʰʝʤʜʽ ʮʠʬʨʣʳץ ʤʦʜʝʣʽ ʙʦʡʳʥʰʘ G-code ʙʘסʜʘʨʣʘʤʘʣʘʫ ʪʽʣʽʥʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʰʠʢʽʟʘʪʪʳש (ʩʳʨʝʮʪʽש) ץʘʞʝʪʪʽ 

ʧʣʘʩʪʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʦʥʳש ʙײʟʳʣʫʳʥ ʥʝʤʝʩʝ 

ʜʝʬʦʨʤʘʮʠʷʩʳʥ ʙʦʣʜʳʨʤʘʫ װʰʽʥ ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 .ʟʽʣʽʩʪʝʨ ʞʘʩʘʣʘʜʳװ

ʊʝʭʥʦʣʦʛʠʷʣʳװ ץʟʽʣʽʩʪʝʥ ʢʝʡʽʥʛʽ ʢʝʣʝʩʽ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʜᴅʣ ʩʦʥʜʘʡ 

 ʘשʞʘ שʦʩʧʘʩʳʥʳץ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥװʘʥ ʤʘʡʜʘ ʪסʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʨʘʤʜʘײץ

ʧʘʨʪʠʷʩʳʤʝʥ ʦʨʳʥʜʘʣʘʜʳ. פʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʵʢʩʪʨʫʜʘʪʪʳץ שʘʞʝʪʪʽ 

ʛʝʦʤʝʪʨʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʞʝʪʫ װʰʽʥ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʧʘʨʘʤʝʪʨʣʝʨʽ 

(ʵʢʩʪʨʫʟʠʷ ʞʳʣʜʘʤʜʳסʳ, ʙʝʨʫ ʞʳʣʜʘʤʜʳסʳ) ʪװʟʝʪʽʣʝʜʽ. 

 ʟʽʣʽʩʪʝʨ ʩʘʥʳװ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ʦʧʝʨʘʮʠʷʣʘʨʳ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳפ

ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ (ץʦʟסʘʣסʳʰʪʳץ, ʳסʳʩʫ 

ʰʝʛʽʥʜʝʛʽ ʢʝʨʥʝʫ, ʧʣʘʩʪʠʢʘʣʳץ ʙʝʨʽʢʪʽʢʪʽש ʞʠʥʘץʪʘʣʫ ʢʠʥʝʪʠʢʘʩʳ) ʞᴅʥʝ 

ʙײʡʳʤʥʳש (ʢʦʥʩʪʨʫʢʮʠʷʥʳש) ʛʝʦʤʝʪʨʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʘʥʳץʪʘʣʘʜʳ. 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʤʘʪʝʨʠʘʣʜʳ ץʘʪʘʶ ʧʨʦʮʝʩʽ ʞװʨʛʽʟʽʣʝʜʽ 

ʞᴅʥʝ ʙʝʪʦʥסʘ ʢװʪʽʤ ʞʘʩʘʣʘʜʳ, ʦʣ ʦʥʳץ שʘʪʫ ʙʘʨʳʩʳʥʜʘ ʦשʪʘʡʣʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ-ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʣʘʨʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝʥ ʪײʨʘʜʳ. 

 ʘʥסᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫפ

ʙײʡʳʤʜʳ ʢʝʡʽʥʛʽ ᴇשʜʝʫ (ʧʦʩʪᴇשʜʝʫ) ʪʽʨʝʢ ײץʨʳʣʳʤʜʘʨʳʥ (ʤʳʩʘʣʳ, ʬʘʥʝʨʘʜʘʥ 

ʞʘʩʘʣסʘʥ ʪᴇʩʝʤ, ʫʘץʳʪʰʘ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʵʣʝʤʝʥʪʪʝʨ) ʘʣʳʧ ʪʘʩʪʘʫʜʳ, ʙʘʨ 

ʙʦʣʩʘ ײʩʘץ ʘץʘʫʣʘʨʜʳ ʞʦʶʜʳ, ʩᴅʥʜʽʢ ʞʘʙʳʥʜʘʨʜʳ ʞʘסʫʜʳ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ʦʧʝʨʘʮʠʷʣʘʨʜʳ ץʘʤʪʠʜʳ. 

ʆʩʳʜʘʥ ʢʝʡʽʥ, ʝʛʝʨ ᴇʥʜʽʨʽʩ ʮʝʭ ʞʘסʜʘʡʳʥʜʘ ʞװʨʛʽʟʽʣʩʝ, ʙײʡʳʤ ʜʘʡʳʥ ᴇʥʽʤ 

 ,ʟʝʛʝ ʘʩʳʨʳʣʩʘװʳʥʜʘ ʞשʨʳʣʳʩ ʘʣʘײץ ʦʡʤʘʩʳʥʘ ʞʽʙʝʨʽʣʝʜʽ. ɸʣ ʝʛʝʨ ᴇʥʜʽʨʽʩץ

 .ʤʳʩʪʘʨʳ ʦʨʳʥʜʘʣʘʜʳײʨʳʣʳʩ ʞײץ ʳסʘʨʘʡץ ʨʛʽʟʽʣʽʧ, ᴅʨʽװʳʣʘʫʳ ʞץʘʙʳʣʜʘʫ ʙʘץ

 

5.3 ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʩʳʥʜʘסʳ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ 
 

3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ ʘʣʳʥʘʪʳʥ ײץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳ 

ʙʽʨץʘʪʘʨ ʬʘʢʪʦʨʣʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ: ʙʘʩʪʘʧץʳ ץʦʩʧʘʣʘʨʜʳש ʜײʨʳʩ ʪʘשʜʘʣסʘʥ 

 ץʘʨʫ ʪʝʭʥʦʣʦʛʠʷʣʳסʘ, ʙʘʩʳʧ ʰʳץץʦʣʜʘʥʳʣʘʪʳʥ ʞʘʙʜʳץ ,ʨʘʤʳʥʘײץ

ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ, ʜʘʡʳʥ ᴇʥʽʤ ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫʜʳש ʘʨʥʘʡʳ ᴅʜʽʩʪʝʤʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳץ ʙʘʟʘʥʳש ʜʘʤʫʳʥʘ, ʙʘʩʪʘʧץʳ ץʦʩʧʘʣʘʨ ʤʝʥ ʦʣʘʨʜʳש 

ʥʝʛʽʟʽʥʜʝʛʽ ʙײʡʳʤʜʘʨʜʳ ʩʳʥʘʫ ᴅʜʽʩʪʝʨʽʥʝ, ʩʦʥʜʘʡ-ʘץ ʞײʤʳʩʰʳʣʘʨʜʳש 

ʙʽʣʽʢʪʽʣʽʛʽʥʝ. 
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ɸʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʤʝʥ (ʦʥʳש ʽʰʽʥʜʝ ײץʨʳʣʳʩ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ) ʘʣʳʥסʘʥ ʙײʡʳʤʜʘʨʜʳש ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ ʪʘʣʘʧʪʘʨʳ 

ʜʝʨʝʢʢᴇʟʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ ץʨʳʣʳʩ 3D-ʧʨʠʥʪʝʨʽʥʜʝ ʜʘʡʳʥʜʘʣʘʪʳʥ ᴇʥʽʤ ʞʦʙʘʣʳײפ

 ʫץʣ ʪʘʣʘʧʪʘʨʜʘʥ ʘʫʳʪײʘ ʩᴅʡʢʝʩ ʙʦʣʫʳ ʪʠʽʩ. ɹסʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨץ ʞʘʪʪʘʨʜʘײץ

ᴅʨʪװʨʣʽ ʘץʘʫʣʘʨʳ ʙʘʨ ʩʘʧʘʩʳʟ ʙײʡʳʤʜʘʨʜʳש ʘʣʳʥʫʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ʦʥʳש 

ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳײץ שʨʘʤʳʥʳש ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש (ץʦʟסʘʣסʳʰʪʳסʳʥʳש) ʦשʪʘʡʣʳ ʪʘשʜʘʣʤʘʫʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ᴆʣʰʝʫ ʙʘץʳʣʘʫʳ ʄʝʤʉʊ 427ï75 ʙʦʡʳʥʰʘ ʤʝʪʘʣʣ ʩʳʟסʳʰʪʳ, ʄʝʤʉʊ 

7502ï98 ʙʦʡʳʥʰʘ ʤʝʪʘʣʣ ʨʫʣʝʪʢʘʥʳ, ʩʦʥʜʘʡ-ʘץ ʄʝʤʉʊ 25706ï83 ʙʦʡʳʥʰʘ 

 ʘʞʝʪʪʽץ שʣ ᴇʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽײʨʛʽʟʽʣʜʽ, ʙװʳʣʳ ʞץʦʣʜʘʥʫ ʘʨץ ʣʢʝʡʪʢʽʰ ʣʫʧʘʥʳװ

ʜᴅʣʜʽʛʽ ʤʝʥ ץʘʡʪʘʣʘʥסʳʰʪʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. 

 

ʂʝʩʪʝ 5.1 ï ᴄʨʪװʨʣʽ ײץʨʘʤʜʘסʳ ʤʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʣʘʨʳʥʘʥ 

 ʨʛʽʟʽʣʛʝʥװʘ ʞסʡʳʤʜʘʨײʘʥ ʙסʘʨʫ ᴅʜʽʩʽʤʝʥ ʜʘʡʳʥʜʘʣסʨʳʣʳʩ 3D-ʙʘʩʳʧ ʰʳײץ

ʚʠʟʫʘʣʜʳ ʞᴅʥʝ ᴇʣʰʝʫ ʘʨץʳʣʳ ʙײʟʙʘʡʪʳʥ ʙʘץʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽ. 

 
ˉ 

ʨ/ʥ 

ɸץʘʫ ʪװʨʽ ɹʘץʳʣʘʫ ײץʨʘʤʳ ʆשʪʘʡʣʘʥʜʳʨʳʣסʘʥ 

 ʨʘʤ (80/20)ײץ

1 ɻʝʦʤʝʪʨʠʷʣʳץ ᴇʣʰʝʤʜʝʨʜʽש ʘʫʳʪץʫʳ ʞʦץ ʝʣʝʫʩʽʟ 

 ʟʳʣʫʳ ʝʣʝʫʩʽʟ ʝʣʝʫʩʽʟײʙ שʟʫʣʽʛʽʥʽװʪ שʘʙʘʪʪʘʨʜʳפ 2

 ʝʣʝʫʩʽʟ ץʟʽʣʽʤʜʝʨ ʞʦװ ʳסʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘפ 3

4 
ʕʢʩʪʨʫʟʠʷʣʳץ ץʘʙʘʪʪʳײ שʟʳʥʜʳסʳ 

ʙʦʡʳʥʰʘ ʘʞʳʨʘʫ 

ʞʦץ ʞʦץ 

 ץʞʦ ץʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽ ʞʦ שʳʥʳסʜʳשʘʣʳץ ʘʙʘʪפ 5

6 ʕʢʩʨʫʟʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʳש ʪᴇʛʽʣʫʽ ʝʣʝʫʩʽʟ ʝʣʝʫʩʽʟ 

ɽʩʢʝʨʪʫ ï ʘץʘʫʣʘʨ ʢʝʣʝʩʽ ʢʨʠʪʝʨʠʡʣʝʨ ʙʦʡʳʥʰʘ ʩʠʧʘʪʪʘʣʜʳ: ʞʦץ / ʝʣʝʫʩʽʟ. 

 

3D-ʧʨʠʥʪʝʨʜʝ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙײʡʳʤʜʘ ʘʥʳץʪʘʣסʘʥ ʘץʘʫʣʘʨ 6.15ï6.17-

ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

  
ʉʫʨʝʪ 5.15 ï פʘʙʘʪʪʘʨ  ʘʨʘʩʳʥʜʘסʳ 

 .ʟʽʣʽʩʪʝʨװ

ʉʫʨʝʪ 5.16 ï ɾʝʨʛʽʣʽʢʪʽ ʘʡʤʘץʪʘסʳ 

 .ʫʳʩʪʘʨץ
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ʉʫʨʝʪ 5.17 ï פʘʙʘʪʪʘʨʜʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪʘʨʘʣʫʳ. 

 

 ץʰᴇʣʰʝʤʜʽ ʮʠʬʨʣʳװ ʰʽʥװ ʡʳʤʜʘʨʜʳ ʘʣʫײʳ ʙסʪʘץʟʳʥʜʳײ ʘʞʝʪʪʽפ

ʤʦʜʝʣʴʜʽש G-code ץʘʣʳʧʪʘʩʪʳʨʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫ ץʘʞʝʪ: ʰʠʢʽʟʘʪ 

 ץʟʘʨʫʳ, ʩʦʥʜʘʡ-ʘײ ʰʘʤʘʩʳʥʘ (Lʧʨ) שʣʛʽʥʽװ ʞʘʡʳʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ שʦʩʧʘʩʳʥʳץ

ʩʦʧʣʦʥʳש ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʩʦסשʳ ʢװʡʽʥʜʝ ʩʳסʳʣʳʧ ʰʳסʘʪʳʥ ץʦʩʧʘʥʳש ʘʫʳʨʣʳץ 

ʮʝʥʪʨʽʥʝʥ ʦʥʳש ʰʝʪʽʥʝ ʜʝʡʽʥʛʽ ץʘʰʳץʪʳץץʘ ʪʝץ שʦʩʳʤʰʘ ײʟʘʨʫʳ. ɹʝʣʛʽʣʽ ʙʽʨ 

ʜᴅʨʝʞʝʜʝ ʙײʣ ʝʨʝʢʰʝʣʽʢʪʝʨʜʽ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

(ʩʦʧʣʦ ʜʠʘʤʝʪʨʽ, ʰʧʠʥʜʝʣʴʜʽש ʘʡʥʘʣʫ ʞʳʣʜʘʤʜʳסʳ, ʙʝʨʫ ʞʳʣʜʘʤʜʳסʳ ʞᴅʥʝ ʪ.ʙ.) 

ʨʝʪʪʝʫ ʘʨץʳʣʳ ᴇʪʝʫʛʝ ʙʦʣʘʜʳ. 

ʂʝʣʝʩʽ ʢʝʟʝשʜʝ ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ 

 ʡʝ ʢʽʨʽʩװʣ ʞײʡʝʩʽ ᴅʟʽʨʣʝʥʜʽ. ɹװʳʣʘʫ ʞץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥ ʜʘʡʳʥʜʘʫ ʩʘʧʘʩʳʥ ʙʘײץ

ʙʘץʳʣʘʫʳʥ, ʦʧʝʨʘʮʠʷʣʳץ ʙʘץʳʣʘʫʜʳ ʞᴅʥʝ ץʘʙʳʣʜʘʫ ʙʘץʳʣʘʫʳʥ ץʘʤʪʠʜʳ. 

ʂʽʨʽʩ ʙʘץʳʣʘʫʳ. ʂʽʨʽʩ ʙʘץʳʣʘʫ ʧʨʦʮʝʩʽ ײץʨʳʣʳʩ ʩʘʣʫʰʳ (ʪʝʭʥʠʢʘʣʳץ 

ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ) ʞᴅʥʝ ײץʨʳʣʳʩ ʞײʤʳʩʪʘʨʳʥ ʪʽʢʝʣʝʡ ʦʨʳʥʜʘʫʰʳʣʘʨ ʪʘʨʘʧʳʥʘʥ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʆʣ ץʦʣʜʘʥʳʣʘʪʳʥ ײץʨʳʣʳʩ ʤʘʪʝʨʠʘʣʜʘʨʳʥʳש, 

ʙײʡʳʤʜʘʨʜʳש, ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש, ʞʘʨʪʳʣʘʡ ʬʘʙʨʠʢʘʪʪʘʨʜʳש ʞᴅʥʝ 

ʞʘʙʜʳץʪʘʨʜʳש ʩʘʧʘ ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫʜʽ ץʘʤʪʠʜʳ. ɹײʣ 

ʪʝʢʩʝʨʫʣʝʨ ʩʘʪʳʧ ʘʣʳʥסʘʥ (ʘʣʳʥסʘʥ) ʨʝʩʫʨʩʪʘʨʜʳש ʞʦʙʘʣʳײץ ץʞʘʪʪʘʤʘʜʘ ʞᴅʥʝ 

(ʥʝʤʝʩʝ) ʤʝʨʜʽʛʝʨʣʽʢ ʰʘʨʪʪʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʥʦʨʤʘʪʠʚʪʽʢ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩʪʽʛʽʥ, 

ʩʦʥʜʘʡ-ʘץ ʦʩʳ ʩʘʧʘʥʳ ʨʘʩʪʘʡʪʳʥ ʽʣʝʩʧʝ ײץʞʘʪʪʘʨʜʳש ʙʦʣʫʳʥ ʘʥʳץʪʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ. 

ʂʽʨʽʩ ʙʘץʳʣʘʫʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʢʽʨʽʩ ʙʘץʳʣʘʫ 

ʞʫʨʥʘʣʜʘʨʳʥʜʘ ʞᴅʥʝ ʟʝʨʪʭʘʥʘʣʳץ ʟʝʨʪʪʝʫʣʝʨ ʞʫʨʥʘʣʜʘʨʳʥʜʘ ʪʽʨʢʝʣʝʜʽ. 

ʂʽʨʽʩ ʙʘץʳʣʘʫʳ ʙʘʨʳʩʳʥʜʘ ʙʝʣʛʽʣʝʥʛʝʥ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʤʝʡʪʽʥ 

ʤʘʪʝʨʠʘʣʜʘʨ, ʙײʡʳʤʜʘʨ, ʢʦʥʩʪʨʫʢʮʠʷʣʘʨ, ʞʘʨʪʳʣʘʡ ʬʘʙʨʠʢʘʪʪʘʨ ʤʝʥ ʞʘʙʜʳץʪʘʨ 

ʩᴅʡʢʝʩʪʽ ᴇʥʽʤʜʝʨʜʝʥ ʙᴇʣʽʥʽʧ, ʥʘץʪʳ ʪʘשʙʘʣʘʥʫʳ ʪʠʽʩ. ʄײʥʜʘʡ ʨʝʩʫʨʩʪʘʨʜʳ 

 שʘʥʳ ʞᴅʥʝ ʦʥʳסʪʘʪʳʣץʪʦ שʤʳʩʪʘʨʜʳײʘʪʘʨ, ʞץ ʪʘʪʳʣʘʜʳ. ʉʦʥʳʤʝʥץʦʣʜʘʥʫ ʪʦץ

ʩʝʙʝʧʪʝʨʽ ʪʫʨʘʣʳ ײץʨʳʣʳʩ ʩʘʣʫʰʳ (ʪʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ) ʤʽʥʜʝʪʪʽ 

ʪװʨʜʝ ʭʘʙʘʨʜʘʨ ʝʪʽʣʫʽ ץʘʞʝʪ. 

 ʘʨʫ ʧʨʦʮʝʩʽʥʜʝ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʽסʜʘʡʜʘ 3D-ʙʘʩʳʧ ʰʳסʘʥ ʞʘסʘʞʝʪ ʙʦʣפ

 ʘʥ ʪᴇʩʝʤʜʝʨסʘʥ ʬʘʥʝʨʘʜʘʥ ʞʘʩʘʣסʤʢʽʥ, ʤʳʩʘʣʳ, ʣʘʤʠʥʘʮʠʷʣʘʥװʦʣʜʘʥʳʣʫʳ ʤץ

ʞᴅʥʝ ʫʘץʳʪʰʘ ʙʘʡʣʘʥʳʩʪʳʨʫʰʳ ʵʣʝʤʝʥʪʪʝʨ. ʄײʥʜʘʡ ʪʽʨʝʢ ײץʨʳʣʳʤʜʘʨʳʥʳש 

ʞײʤʳʩ ʙʝʪʪʝʨʽʥʜʝ ʞʘʨʳץʪʘʨ, ץʫʳʩʪʘʨ, ʙʦʩ ʦʨʳʥʜʘʨ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʘץʘʫʣʘʨ 



96 
 

ʙʦʣʤʘʫʳ ʪʠʽʩ, ʩʦʥʜʘʡ-ʘץ ץʦʣʜʘʥʘʨ ʘʣʜʳʥʜʘ ʦʣʘʨ ʢʽʨ ʤʝʥ ʰʘשʥʘʥ ʪʘʟʘʨʪʳʣʫʳ 

 .ʘʞʝʪץ

ɹײʣ ײץʨʳʣʳʤʜʘʨ 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʜʘʡʳʥ ʙײʡʳʤסʘ 

ʟʘץʳʤ ʢʝʣʪʽʨʤʝʡ ʦשʘʡ ʘʣʳʥʘʪʳʥʜʘʡ ʝʪʽʧ ʞʦʙʘʣʘʥʫʳ ʢʝʨʝʢ. ʗסʥʠ ʙʝʪʦʥʤʝʥ 

ʞʘʥʘʩʘʪʳʥ ʪʽʨʝʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʝʪʪʝʨʽ ʙʘʩʳʧ ʰʳסʘʨʳʣסʘʥ ʙʝʪʦʥʤʝʥ ʝש ʘʟ ʽʣʽʥʽʩʫ 

ʢװʰʽʥʝ ʠʝ ʙʦʣʫʳ ʪʠʽʩ. 

 ʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥײץ ᴅʜʽʩʽʤʝʥ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫפ

ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʢʽʨʽʩ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ ʢʝʟʝשʽʥʜʝʛʽ ʦʧʝʨʘʮʠʷʣʘʨ ʪʽʟʽʤʽ ʤʝʥ ʙʘץʳʣʘʫ 

 .ʨʘʣʜʘʨʳ 5.2-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥײץ

 

ʂʝʩʪʝ 5.2 ï פʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ ײץʨʳʣʳʩ 

ᴇʥʽʤʜʝʨʽʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʢʽʨʽʩ ʩʘʧʘʥʳ ʙʘץʳʣʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʘסʳ 

ʦʧʝʨʘʮʠʷʣʘʨ ײץʨʘʤʳ ʤʝʥ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳ. 

 
ɹʘץʳʣʘʫסʘ 

ʞʘʪʘʪʳʥ 

ʧʨʦʮʝʩʪʝʨʜʽש 

ʘʪʘʫʳ 

ɹʘץʳʣʘʥʘʪʳʥ 

ʦʧʝʨʘʮʠʷʣʘʨ 

ɹʘץʳʣʘʫ  

(ᴅʜʽʩ, ʢᴇʣʝʤ)  
 ʞʘʪʪʘʤʘײפ

ɼʘʡʳʥʜʳץ 

ʞײʤʳʩʪʘʨʳ 

ɾʦʙʘʣʳץ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 ʙʦʣʫʳʥ שʞʘʪʪʘʤʘʥʳײץ

ʞᴅʥʝ ʩᴅʡʢʝʩʪʽʛʽʥ ʪʝʢʩʝʨʫ 

ɺʠʟʫʘʣʜʳ, 

ʪײʪʘʩ 

ɾʦʙʘʣʳײץ ץʞʘʪʪʘʤʘ, 

ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʨʝʛʣʘʤʝʥʪ 

ʉʦʣ ʩʠʷץʪʳ 

-3D ץʨʳʣʳʩʪʳײפ

ʧʨʠʥʪʝʨʜʽש ʪʝʭʥʠʢʘʣʳץ 

ʞʘʡ-ʢװʡʽʥ ʪʝʢʩʝʨʫ 

(ʵʢʩʪʨʫʟʠʷ ʪʦʨʘʧʪʘʨʳ, 

 ,ʡʝʩʽװʦʩʧʘʥʳ ʙʝʨʫ ʞץ

ʙʘʩץʘʨʫ ʞװʡʝʩʽ) 

ɺʠʟʫʘʣʜʳ, 

ʬʫʥʢʮʠʦʥʘʣʜʳ 

ɾʘʙʜʳץʪʳש 

ʧʘʩʧʦʨʪʳ, 

ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ 

ʢᴇʨʩʝʪʫ ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ 

ɹʘʩץʘʨʫ ʙʘסʜʘʨʣʘʤʘʩʳʥ 

ʪʝʢʩʝʨʫ (G-code): 

ʪʨʘʝʢʪʦʨʠʷʥʳש ʜײʨʳʩʪʳסʳ, 

 ʘʙʘʪ ʙʠʽʢʪʽʛʽ, ʵʢʩʪʨʫʟʠʷץ

ʞʳʣʜʘʤʜʳסʳ 

ɺʠʟʫʘʣʜʳ, 

ʪʘשʜʘʫ 

ɹʘʩץʘʨʫʰʳ 

ʙʘסʜʘʨʣʘʤʘ, ʞײʤʳʩ 

ʞʫʨʥʘʣʳ 

ʐʠʢʽʟʘʪ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ 

ʙʘץʳʣʘʫ 

ɹʝʪʦʥ ץʦʩʧʘʩʳ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש ʩʘʧʘʩʳ 

ʪʫʨʘʣʳ ײץʞʘʪʪʘʨʜʳש 

ʙʦʣʫʳʥ ʪʝʢʩʝʨʫ (ʪײʪץʳʨ, 

ʪʦʣʪʳʨסʳʰʪʘʨ, ץʦʩʧʘʣʘʨ, 

ʩʫ) 

 ,ץʞʘʪʪʳײפ

ʪײʪʘʩ 

ʉᴅʡʢʝʩʪʽʢ 

ʩʝʨʪʠʬʠʢʘʪʪʘʨʳ, 

ʩʘʧʘ ʧʘʩʧʦʨʪʪʘʨʳ 

        ʉʦʣ ʩʠʷץʪʳ 

 שʨʘʤʳʥʳײץ ʦʩʧʘפ

ʙʝʢʽʪʽʣʛʝʥ ʨʝʮʝʧʪʽʛʝ 

ʩᴅʡʢʝʩʪʽʛʽʥ ʙʘץʳʣʘʫ 

 ,ץʞʘʪʪʳײפ

ʽʨʽʢʪʝʤʝʣʽ 

ʊʝʭʥʦʣʦʛʠʷʣʳץ 

ʢʘʨʪʘ, ץʦʩʧʘʥʳ 

ʜʘʡʳʥʜʘʫ ʞʫʨʥʘʣʳ 

 שʦʩʧʘʥʳפ

ʬʠʟʠʢʘʣʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥ 

ʙʘץʳʣʘʫ 

3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ 

ʘʨʥʘʣסʘʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʞʳʣʞʳʤʘʣʳʣʳסʳʥ 

(ʨʝʦʣʦʛʠʷʣʳץ 

ʞʘʨʘʤʜʳʣʳסʳʥ) ʪʝʢʩʝʨʫ 

ɺʠʟʫʘʣʜʳ, 

ʽʨʽʢʪʝʤʝʣʽ 
ʉʳʥʘץ ʭʘʪʪʘʤʘʣʘʨʳ 
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       ʉʦʣ ʩʠʷץʪʳ 

 ʙʽʨʪʝʢʪʽʣʽʛʽʥ שʦʩʧʘʥʳפ

ʞᴅʥʝ ץʘʙʘʪʪʘʣʫʳʥʳש 

ʙʦʣʤʘʫʳʥ ʙʘץʳʣʘʫ 

ɺʠʟʫʘʣʜʳ, 

ʪʘשʜʘʫ 

ʉʘʧʘʥʳ ʙʘץʳʣʘʫ 

ʞʫʨʥʘʣʳ 

ɹʘʩʧʘʥʳש ʥʝʛʽʟʽ 

ʤʝʥ ʘʡʤʘסʳʥ 

ʙʘץʳʣʘʫ 

ɹʘʩʧʘסʘ ʥʝʛʽʟʜʽש 

ʜʘʡʳʥʜʳסʳʥ ʪʝʢʩʝʨʫ 

(ʪʝʛʽʩʪʽʛʽ, ʪʘʟʘʣʳסʳ, 

ʪײʨʘץʪʳʣʳסʳ) 

ɺʠʟʫʘʣʜʳ, 

ᴇʣʰʝʫ 

ʅʝʛʽʟʜʝʤʝʥʽ 

ʢʫᴅʣʘʥʜʳʨʫ ʘʢʪʽʩʽ 

        ʉʦʣ ʩʠʷץʪʳ 

ʕʢʩʪʨʫʟʠʷʥʳש ʙʘʩʪʘʧץʳ 

ʥװʢʪʝʩʽ ʙʝʣʛʽʩʽʥʽש ʞʦʙʘʣʳץ 

ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩʪʽʛʽʥ 

ʪʝʢʩʝʨʫ 

ᴆʣʰʝʫʽʰ, 

ʽʨʽʢʪʝʤʝʣʽ 

ɸʪץʘʨʫʰʳʣʳץ 

 ʞʘʪʪʘʤʘײץ

ɾײʤʳʩʪʘʨʜʳ 

ʞװʨʛʽʟʫ 

ʰʘʨʪʪʘʨʳʥ 

ʙʘץʳʣʘʫ 

ɹʘʩʧʘ ʘʡʤʘסʳʥʜʘסʳ 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ-

ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʣʘʨʳʥ 

ʙʘץʳʣʘʫ 

ᴆʣʰʝʫʽʰ, 

ʢʝʟʝשʜʽʢ 

ɾײʤʳʩ ʞװʨʛʽʟʫ 

ʞʫʨʥʘʣʳ 

      ʉʦʣ ʩʠʷץʪʳ 

 ʘʫʽʧʩʽʟʜʽʢ ʪʝʭʥʠʢʘʩʳפ

ʪʘʣʘʧʪʘʨʳʥʳש ʩʘץʪʘʣʫʳʥ 

ʙʘץʳʣʘʫ 

ɺʠʟʫʘʣʜʳ, 

ʪײʪʘʩ 
ʥײʩץʘʤʘ ʞʫʨʥʘʣʳ 

 

ʆʧʝʨʘʮʠʷʣʳץ ʙʘץʳʣʘʫ. ʆʧʝʨʘʮʠʷʣʳץ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ ײץʨʳʣʳʩ ʩʘʣʫʰʳ 

(ʪʝʭʥʠʢʘʣʳץ ʪʘʧʩʳʨʳʩ ʙʝʨʫʰʽ) ʞᴅʥʝ ײץʨʳʣʳʩʪʳ ʞװʟʝʛʝ ʘʩʳʨʘʪʳʥ ʪײʣסʘ 

ʪʘʨʘʧʳʥʘʥ ʞװʨʛʽʟʽʣʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʩ ץʦʣʜʘʥʳʣʘʪʳʥ ʞʘʙʜʳץʪʳש (ʘʜʜʠʪʠʚʪʽ 

 ʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ, 3D-ʙʘʩʳʧװʤ ץʪʝʭʥʠʢʘʣʳ (שʳʥʳסʦʥʜʳʨץ

ʰʳסʘʨʫ ʨʝʞʠʤʜʝʨʽʥ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ʦʧʝʨʘʮʠʷʣʘʨʜʳײ שʟʘץʪʳסʳʥ ʞᴅʥʝ 3D-ʙʘʩʳʧ 

ʰʳסʘʨʫ ʢʝʟʽʥʜʝʛʽ װʟʽʣʽʩʪʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ ײʡʳʤʜʘʩʪʳʨʳʣʫʳ ʪʠʽʩ. ɹײʣ ʨʝʪʪʝ 

 ץʞᴅʥʝ ʨʝʦʣʦʛʠʷʣʳ ץʪʝʭʥʦʣʦʛʠʷʣʳ שʦʩʧʘʩʳʥʳץ ʦʣʜʘʥʳʣʘʪʳʥ ʙʝʪʦʥץ

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʥʝʛʽʟʛʝ ʘʣʳʥʘʜʳ. 

 ʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥײץ ᴅʜʽʩʽʤʝʥ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫפ

ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʧʝʨʘʮʠʷʣʳץ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ ʙʘʨʳʩʳʥʜʘ ʦʨʳʥʜʘʣʘʪʳʥ 

ʦʧʝʨʘʮʠʷʣʘʨ ײץʨʘʤʳ ʤʝʥ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳ 6.3-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

ʂʝʩʪʝ 5.3 ï פʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ ײץʨʳʣʳʩ 

ᴇʥʽʤʜʝʨʽʥ ʜʘʡʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦʧʝʨʘʮʠʷʣʳץ ʩʘʧʘʥʳ ʙʘץʳʣʘʫʜʳ ʞװʟʝʛʝ ʘʩʳʨʫʜʘסʳ 

ʦʧʝʨʘʮʠʷʣʘʨ ײץʨʘʤʳ ʤʝʥ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳ. 

 
ɹʘץʳʣʘʫסʘ 

ʞʘʪʘʪʳʥ 

ʧʨʦʮʝʩʪʝʨʜʽש ʘʪʘʫʳ 

ɹʘץʳʣʘʥʘʪʳʥ 

ʦʧʝʨʘʮʠʷʣʘʨ 

ɹʘץʳʣʘʫ 

(ᴅʜʽʩ, ʢᴇʣʝʤ) 

 ʞʘʪʪʘʤʘײפ

ɹʝʪʦʥ ץʦʩʧʘʩʳʥ 

ʜʘʡʳʥʜʘʫ 

ɹʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ 

ʤᴇʣʰʝʨʣʝʫ ʜᴅʣʜʽʛʽʥ 

ʙʘץʳʣʘʫ 

ɿʝʨʪʭʘʥʘʣʳץ, 

ʽʨʽʢʪʝʤʝʣʽ 

ɾײʤʳʩʪʘʨʜʳש ʞʘʣʧʳ 

ʞʫʨʥʘʣʳ, ʙʝʪʦʥ 

ʞײʤʳʩʪʘʨʳʥʳש 

ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ 

ɼʘʡʳʥʜʘʣסʘʥ ʙʝʪʦʥ 

 ʘʩʠʝʪʪʝʨʽʥץ שʦʩʧʘʩʳʥʳץ

ʙʘץʳʣʘʫ 

(ʞʳʣʞʳʤʘʣʳʣʳסʳ, 

ɿʝʨʪʭʘʥʘʣʳץ, 

ʽʨʽʢʪʝʤʝʣ ̔

ʉʳʥʘʫ ʭʘʪʪʘʤʘʣʘʨʳ, 

ʙʝʪʦʥ ʞײʤʳʩʪʘʨʳ 

ʞʫʨʥʘʣʳ 
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 ,ʪʘʣʫʳץʩʘ שʘʩʠʝʪʪʝʨʽʥʽץ

ʙʽʨʪʝʢʪʽʣʽʛʽ) 

ʕʢʩʪʨʫʟʠʷ ʧʨʦʮʝʩʽ 

(3D ʙʘʩʳʧ ʰʳסʘʨʫ) 

ʕʢʩʪʨʫʟʠʷʥʳש ʙʝʨʽʣʛʝʥ 

ʨʝʞʠʤʜʝʨʽʥʽש ʩʘץʪʘʣʫʳʥ 

ʙʘץʳʣʘʫ (ץʦʩʧʘʥʳ ʙʝʨʫ 

ʞʳʣʜʘʤʜʳסʳ, ʙʘʩʧʘ 

ʙʘʩʪʠʝʛʽʥ ʘʫʳʩʪʳʨʫ 

ʞʳʣʜʘʤʜʳסʳ) 

ʊʝʭʥʠʢʘʣʳץ 

ʙʘʡץʘʫ, ʪײʪʘʩ 

ɾʘʣʧʳ ʞײʤʳʩ 

ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ 
ɹʘʩʳʣʘʪʳʥ ץʘʙʘʪʪʘʨʜʳש 

ʙʠʽʢʪʽʛʽ ʤʝʥ ʝʥʽʥ ʙʘץʳʣʘʫ 

ɺʠʟʫʘʣʜʳ, 

ᴇʣʰʝʫ, 

ʽʨʽʢʪʝʤʝʣʽ 

ɸʪץʘʨʫʰʳʣʳץ 

 ʞʘʪʪʘʤʘײץ

ʉʦʣ ʩʠʷץʪʳ פʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ 

ʽʣʽʥʽʩʫ ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ 

ɺʠʟʫʘʣʜʳ, 

ʽʨʽʢʪʝʤʝʣʽ 

ɾײʤʳʩ ʞװʨʛʽʟʫ 

ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ ɹʘʩʧʘ ץʘʙʘʪʪʘʨʳʥʳש 

ʘʞʳʨʘʫʳʥʳש, 

 ʞᴅʥʝ שʘʙʘʪʪʘʣʫʳʥʳץ

ʜʝʬʦʨʤʘʮʠʷʩʳʥʳש 

ʙʦʣʤʘʫʳʥ ʙʘץʳʣʘʫ 

ɺʠʟʫʘʣʜʳ, 

ʪײʪʘʩ 
ʆʙʱʠʡ ʞʫʨʥʘʣ ʨʘʙʦʪ 

ɹʝʪʦʥʜʳ ץʘʪʘʡʪʫ 

ɹʝʪʦʥʜʳ ץʘʪʘʡʪʫʜʳש 

ʪʝʤʧʝʨʘʪʫʨʘʣʳץ-

ʳʣסʘʣʜʳʣʳץ ʨʝʞʠʤʽʥ 

ʙʘץʳʣʘʫ 

ᴆʣʰʝʫʽʰ, 

ʢʝʟʝשʜʽʢ 

ɾײʤʳʩ ʞװʨʛʽʟʫ 

ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ 

ɹʘʩʳʣסʘʥ ʙײʡʳʤʜʳ ʢװʪʫ 

ʙʦʡʳʥʰʘ ʪʘʣʘʧʪʘʨʜʳש 

ʩʘץʪʘʣʫʳʥ ʙʘץʳʣʘʫ (ץʘʞʝʪ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʞʘʙʫ, 

ʳʣסʘʣʜʘʥʜʳʨʫ) 

ɺʠʟʫʘʣʜʳ, 

ʪײʪʘʩ 

ɹʝʪʦʥ ʞײʤʳʩʪʘʨʳʥʳש 

ʞʫʨʥʘʣʳ 

 

 ᴅʜʽʩʽʤʝʥ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫפ .ʳʣʘʫʳץʘʙʳʣʜʘʫ ʙʘפ

 ʘʥסʳʣʘʫʳʥʜʘ ʦʨʳʥʜʘʣץʘʙʳʣʜʘʫ ʙʘץ ʳʟʫ ʢʝʟʽʥʜʝסʨײʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥ ʪײץ

 ʤʳʩʪʘʨ ʤʝʥײʞʘʩʳʨʳʥ ʞ ץʩʘʧʘʩʳʥ, ʩʦʥʜʘʡ-ʘ שʤʳʩʪʘʨʳʥʳײʨʳʣʳʩ-ʤʦʥʪʘʞ ʞײץ

ʞʝʢʝʣʝʛʝʥ ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʵʣʝʤʝʥʪʪʝʨʜʽש ʩʘʧʘʩʳʥ ʪʝʢʩʝʨʫ ץʘʞʝʪ. ɹײʣ ʨʝʪʪʝ 

ʞʘʩʳʨʳʥ ʞײʤʳʩʪʘʨʜʳ ʢʫᴅʣʘʥʜʳʨʫ ʘʢʪʽʣʝʨʽ ʞᴅʥʝ ʞʘʫʘʧʪʳ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ 

ʘʨʘʣʳץ ץʘʙʳʣʜʘʫ ʘʢʪʽʣʝʨʽ ʨᴅʩʽʤʜʝʣʝʜʽ. 

 ʨʳʣʳʩײץ ʘʥסʳʟʳʣסʨײᴅʜʽʩʽʤʝʥ ʪ (ʘʨʫס3D-ʙʘʩʳʧ ʰʳ) ʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫפ

ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳʥ ʙʘסʘʣʘʫʜʳש ʪʝʭʥʠʢʘʣʳץ ʢʨʠʪʝʨʠʡʣʝʨʽ (ʦʧʝʨʘʮʠʷʣʳץ 

ʙʘץʳʣʘʫ ʙʘʨʳʩʳʥʜʘ) 6.4-ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 
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ʂʝʩʪʝ 5.4 ï פʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ 

ʪײʨסʳʟʳʣסʘʥ ײץʨʳʣʳʩ ᴇʥʽʤʜʝʨʽʥ ץʘʙʳʣʜʘʫ ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫ ʢʝʟʽʥʜʝ 

ʦʨʳʥʜʘʣʘʪʳʥ ʦʧʝʨʘʮʠʷʣʘʨ ײץʨʘʤʳ ʤʝʥ ʙʘץʳʣʘʫ ײץʨʘʣʜʘʨʳ 

 
ɹʘץʳʣʘʫסʘ 

ʞʘʪʘʪʳʥ 

ʧʨʦʮʝʩʪʝʨʜʽש 

ʘʪʘʫʳ 

ɹʘץʳʣʘʥʘʪʳʥ 

ʦʧʝʨʘʮʠʷʣʘʨ 

ɹʘץʳʣʘʫ (ᴅʜʽʩ, 

ʢᴇʣʝʤ) 

 ʞʘʪʪʘʤʘײפ

ʆʨʳʥʜʘʣסʘʥ 

ʞײʤʳʩʪʘʨʜʳ 

 ʘʙʳʣʜʘʫץ

ʊʝʢʩʝʨʫ: - ʙײʡʳʤʥʳש 

ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʽʥʽש 

ʞʦʙʘʣʳץ ʤᴅʥʜʝʨʛʝ 

ʩᴅʡʢʝʩʪʽʛʽʥ; - ʙʝʪʦʥ 

ʙײʡʳʤʳ ʙʝʪʽʥʽש 

ʩʘʧʘʩʳʥ, ʦʥʳש ʽʰʽʥʜʝ 

ʢʝʡʽʥʛʽ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ; 

ɺʠʟʫʘʣʜʳ, ᴇʣʰʝʫ, 

ʪײʪʘʩ 

ʆʙʱʠʡ ʞʫʨʥʘʣ 

ʨʘʙʦʪ, 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʘʷ 

ʩʭʝʤʘ 

ʉʦʣ ʩʠʷץʪʳ 

- ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥ 

ʩʳʥʘʫ ʥᴅʪʠʞʝʣʝʨʽ 

ʙʦʡʳʥʰʘ ʙʝʪʦʥʥʳש 

ʥʘץʪʳ ʙʝʨʽʢʪʽʛʽ; 

ɿʝʨʪʭʘʥʘʣʳץ, 

ʽʨʽʢʪʝʤʝʣʽ 

ɿʝʨʪʭʘʥʘʣʳץ 

ʩʳʥʘץʪʘʨ 

ʭʘʪʪʘʤʘʣʘʨʳ 

ʉʦʣ ʩʠʷץʪʳ ï ʩʘʣʳʥסʘʥ 

ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳש 

ʞʦʙʘʣʳץ ʞʘסʜʘʡʳʥʘ 

ʩᴅʡʢʝʩʪʽʛʽ (ʪʽʛʽʥʝʥ, 

ʪװʟʫʣʽʛʽʥʝʥ ʞᴅʥʝ 

ʞʘʟʳץʪʳסʳʥʘʥ 

ʘʫʳʪץʫʣʘʨ); 

ɺʠʟʫʘʣʜʳ, ᴇʣʰʝʫ, 

ʪײʪʘʩ 

ɸʪץʘʨʫʰʳʣʳץ 

 ʞʘʪʪʘʤʘײץ

ʉʦʣ ʩʠʷץʪʳ - ʢᴇʟʛʝ ʢᴇʨʽʥʝʪʽʥ 

ʘץʘʫʣʘʨʜʳש 

 ,ʘʙʘʪʪʘʣʫʣʘʨץ)

ʞʘʨʳץʪʘʨ, ץʘʙʘʪʪʘʨ 

ʘʨʘʩʳʥʜʘסʳ 

ʘʞʳʨʘʫʣʘʨ, ʘסʳʥʜʘʨ) 

ʙʦʣʤʘʫʳ; 

ɺʠʟʫʘʣʜʳ, ʪײʪʘʩ 
ɾʘʣʧʳ ʞײʤʳʩ 

ʞʫʨʥʘʣʳ 

ʉʦʣ ʩʠʷץʪʳ ï ʦʨʳʥʜʘʣסʘʥ 

ʞײʤʳʩʪʘʨʜʳש ʞʦʙʘʣʘʫ 

ʞᴅʥʝ ʥʦʨʤʘʪʠʚʪʽʢ 

 ʞʘʪʪʘʤʘײץ

ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩʪʽʛʽ; 

 ʳʣʘʫץʙʘ ץʞʘʪʪʳײפ

ʆʨʳʥʜʘʣסʘʥ 

ʞײʤʳʩʪʘʨʜʳ 

 ʘʙʳʣʜʘʫ ʘʢʪʽʩʽץ

 

5.4 ʊʝʭʥʠʢʘ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ 

ᴄʟʽʨʣʝʥʛʝʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ʘʜʜʠʪʠʚʪʽ ᴇʥʜʽʨʽʩʪʝ 

 ʘʙʘʪʪʘʧץ ʩʘʪʳʥʜʘץʘʣʘʫ ʤʘסʪʠʽʤʜʽʣʽʛʽʥ ʙʘ ץʵʢʦʥʦʤʠʢʘʣʳ שʦʣʜʘʥʫʜʳץ

ʵʢʩʪʨʫʟʠʷʣʘʫ (3D-ʙʘʩʳʧ ʰʳסʘʨʫ) ᴅʜʽʩʽʤʝʥ 1 ʤį ײץʨʳʣʳʩ ᴇʥʽʤʽʥ ʜʘʡʳʥʜʘʫסʘ 

ʢʝʪʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨסʘ ʝʩʝʧʪʝʫ ʞװʨʛʽʟʽʣʜʽ. ɹʘʩʪʘʧץʳ ʜʝʨʝʢʪʝʨ ʨʝʪʽʥʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʘʣʜʳסשʳ ʙᴇʣʽʤʜʝʨʜʝ ʦʨʳʥʜʘʣסʘʥ ײץʨʘʤʜʳ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

ᴅʟʽʨʣʝʥʛʝʥ ײץʨʘʤʳ ץʘʙʳʣʜʘʥʜʳ.  
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ɽʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʩʘʣʳʩʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʥʘʨʳץʪʘ ʢʝשʽʥʝʥ 

 ʨʳʣʳʩײץ ץʘסʨײץ ץʘʥ ʜʘʡʳʥ ʟʘʫʳʪʪʳסʘ ʘʨʥʘʣסʘʨʫסʦʣʜʘʥʳʣʘʪʳʥ 3D-ʙʘʩʳʧ ʰʳץ

 ʰʽʥ ʘʜʜʠʪʠʚʪʽװ ʘʨʘʩʪʳʨʳʣʜʳ. ʉʘʣʳʩʪʳʨʫץ ʘץʩײʦʩʧʘʩʳ ʥʝʛʽʟʽʥʜʝ ʙʘʣʘʤʘʣʳ ʥץ

- Sikacrete) שʦʣʜʘʥʳʣʘʪʳʥ Sika ʢʦʤʧʘʥʠʷʩʳʥʳץ ʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʜʘײץ

751) 3D-ʙʘʩʳʧ ʰʳסʘʨʫסʘ ʘʨʥʘʣסʘʥ ײץʨסʘץ ץʦʩʧʘʩʳ ץʘʙʳʣʜʘʥʜʳ. ʄʘʪʝʨʠʘʣʜʳץ 

ʰʳסʳʥʜʘʨ ᴇʥʜʽʨʫʰʽ ײʩʳʥסʘʥ ʪʝʭʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ ʤʝʥ ʥʘʨʳץʪʳץ ʙʘסʘʣʘʨ 

ʥʝʛʽʟʽʥʜʝ 1 ʤį ʜʘʡʳʥ ץʦʩʧʘסʘ ץʘʡʪʘ ʝʩʝʧʪʝʣʜʽ. 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ᴅʜʽʩʽʤʝʥ 1 ʤį 

 ʳʥʜʘʨʜʳ ʝʩʝʧʪʝʫסʰʳ ץʘʥ ʤʘʪʝʨʠʘʣʜʳסʨʳʣʳʩ ᴇʥʽʤʽʥ ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣײץ

ʥᴅʪʠʞʝʣʝʨʽ ʢʝʩʪʝ 5.5  ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂʝʩʪʝ 5.5 ï 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ 1 ʤį ʙײʡʳʤ ᴇʥʜʽʨʫʛʝ ʞײʤʩʘʣʘʪʳʥ 

ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨ. 

ʘ) ᴅʟʽʨʣʝʥʛʝʥ ץʦʩʧʘ 
ʂʦʤʧʦʥʝʥʪ ʐʳסʳʥ ʢʛ/ʤį ɹʘסʘʩʳ, ʪʛ/ʢʛ ײפʥ,r ʪʛ/ʤį 

ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ  ʢװʣ - ʮʝʤʝʥʪ 590 36,00 21 240,0 

 ʤ 0,63-2,5 ʤʤ 772 20,00 15 440,0ײץ ʘʥסʪʘʣץʥʪʘױ

ʂװʣ ï ץʦʞ 0,315-0,16 ʤʤ 590 0,00 0,0 

ɹʘʟʘʣʴʪ ʬʠʙʨʘʩʳ 12 1 020,8 12 249,6 

MasterClenium 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳ 
1,7 1 212,2 2 060,7 

ɹɸʈʃʓנʓ ʤʘʪʝʨʠʘʣʜʘʨ 

(ᴅʟʽʨʣʝʥʛʝʥ ץʦʩʧʘ) 
  50 990,3 

 

ʚ) ʜʘʡʳʥ ʟʘʫʳʪʪʳײץ ץʨסʘײץ ץʨʳʣʳʩ ץʦʩʧʘʩʳ (1 ʤį װʰʽʥ ײץʨסʘץ ʙᴇʣʽʛʽ 1965 

ʢʛ ʜʝʧ ץʘʙʳʣʜʘʥסʘʥ, ʩʫ ʙᴇʣʝʢ ץʦʩʳʣʘʜʳ) 

 

ᴄʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʳ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ 1 ʤį ײץʨʳʣʳʩ ᴇʥʽʤʽʥ ᴇʥʜʽʨʫʛʝ 

ʞײʤʩʘʣʘʪʳʥ ʞʘʣʧʳ ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨ 50 990,3 ʪʛ/ʤį ײץʨʘʡʜʳ, ʘʣ ʜʘʡʳʥ 

ʟʘʫʳʪʪʳײץ ץʨסʘץ ץʦʩʧʘʥʳ ץʦʣʜʘʥסʘʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 131 000 ʪʛ/ʤį-ʛʝ ʞʝʪʝʜʽ. 

ʆʩʳʣʘʡʰʘ, ʤʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨʜʳש ʪᴇʤʝʥʜʝʫʽ 80 009,7 ʪʛ/ʤį-ʜʽ ײץʨʘʡʜʳ, ʙײʣ 

ʰʘʤʘʤʝʥ 61 % װʥʝʤʜʝʫʛʝ ʪʝפ .שʦʣ ʞʝʪʢʽʟʽʣʛʝʥ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ, ʝש 

ʘʣʜʳʤʝʥ, ᴅʟʽʨʣʝʥʛʝʥ ץʦʩʧʘ ײץʨʘʤʳʥʜʘ ʪʘʫʘʨʣʳײץ ץʥʳ ʞʦץ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ 

ʧʘʡʜʘʣʘʥʫʤʝʥ, ʩʦʥʜʘʡ-ʘץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣ-ʮʝʤʝʥʪʪʽ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʧʝʥ 

 ʦʩʧʘפ .ʩʽʥʜʽʨʽʣʝʜʽװʘʥ ʤᴇʣʰʝʨʽʤʝʥ ʪסʪʘʡʣʘʥʜʳʨʳʣשʦ שʳʰʪʳסʪʦʣʪʳʨ ץʩʘײ

 ʳ ʤʝʥ ʟʘʤʘʥʘʫʠ MasterClenium ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳסʨʘʤʳʥʘ ʙʘʟʘʣʴʪ ʪʘʣʰʳײץ

ʝʥʛʽʟʽʣʛʝʥʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨʜʳװ שʣʝʩʽ ʞʘʣʧʳ ʤʘʪʝʨʠʘʣ ײץʥʳʥʜʘ ʘʣʳʥסʘʥ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʧʝʡʜʽ. 

 

 

 

ʂʦʤʧʦʥʝʥʪ ʐʳסʳʥ ʢʛ/ʤį ɹʘסʘʩʳ, ʪʛ/ʢʛ ײפʥʳ, ʪʛ/ʤį 

 ʨʳʣʳʩײץ ץʘסʨײפ

 (ץʟʘʫʳʪʪʳ) ʦʩʧʘʩʳץ
1965 66,67 131 000,0 

ɾʀʓʅʓ 

ʤʘʪʝʨʠʘʣʜʘʨ 

(ʟʘʫʳʪʪʳץ ץʦʩʧʘ) 

  131 000,0 
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 ɹᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ  

 ɹײʣ ʙᴇʣʽʤʜʝ ʙʝʪʦʥʥʘʥ ʞʘʩʘʣסʘʥ ʰʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ ʘʜʜʠʪʠʚʪʽ 

ᴇʥʜʽʨʫʜʽש ʪʝʭʥʦʣʦʛʠʷʩʳ, ײʡʳʤʜʘʩʪʳʨʳʣʫʳ ʞᴅʥʝ ʩʘʧʘʥʳ ʙʘץʳʣʘʫ ʤᴅʩʝʣʝʣʝʨʽ 

 ץʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʢʘʣʳ שʘʥ ʰʝʰʽʤʥʽסʩʳʥʳʣײ ץʘʨʘʩʪʳʨʳʣʳʧ, ʩʦʥʜʘʡ-ʘץ

ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ. פʘʟʘץʪʳײ שʣʪʪʳץ ᴇʨʥʝʛʽ ʪװʨʽʥʜʝ ʦʨʳʥʜʘʣסʘʥ ʦʨʳʥʜʳץʪʘʨ 

ʤʝʥ ʛװʣʩʘʫʳʪʪʘʨʜʳ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽ ʮʠʬʨʣʳײץ ץʨʳʣʳʩ ᴇʥʜʽʨʽʩʽʥʽש 

 ʘʨʫץʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ ʞᴅʥʝ 3D-ʤʦʜʝʣʴʜʝʫ, ʙʘʩ ץʠʜʘʣʘʨʳʥʘ ʪʦʣʳסʘץ

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫ, ץʘʙʘʪʪʘʧ ʵʢʩʪʨʫʟʠʷʣʘʫ ʞᴅʥʝ ʙʝʪʦʥʥʳש ʢʝʡʽʥʛʽ ץʘʪʘʶ 

ʢʝʟʝשʜʝʨʽʥ ץʘʤʪʠʪʳʥʳ ʘʥʳץʪʘʣʜʳ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ᴇʥʜʽʨʽʩ AMT S-6044 ײץʨʳʣʳʩ 

3D-ʧʨʠʥʪʝʨʽʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ (ʉʇɽʎɸɺʀɸ), ʙײʣ ʪʝʭʥʦʣʦʛʠʷʥʳש 

ʥʘץʪʳ ײץʨʳʣʳʩ ʞʘסʜʘʡʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʤʝʥ ץʘʡʪʘ ᴇʥʜʽʨʽʣʫ ʤװʤʢʽʥʜʽʛʽʥ 

ʨʘʩʪʘʡʜʳ. ᴄʟʽʨʣʝʥʛʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʨʝʛʣʘʤʝʥʪ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʡʜʘ ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʨʝʦʣʦʛʠʷʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʝʜʽ ʞᴅʥʝ 

ʘʨʘʣʘʩʪʳʨʫ, ʵʢʩʪʨʫʟʠʷʣʘʫ ʞᴅʥʝ ץʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʟʽʣʽʩʪʝʨʜʽש 

ʦשʪʘʡʣʳ ʨʝʞʠʤʜʝʨʽʥ ץʘʨʘʩʪʳʨʘʜʳ, ʙײʣ ʙײʡʳʤʥʳש ʦʨʥʳץʪʳ ʢʝשʽʩʪʽʢʪʽʢ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽץ ʘʣʳʧʪʘʩʫʳʥץ שʨʳʣʳʤʳʥʳײץ

ɿʝʨʪʪʝʫ ʘʷʩʳʥʜʘ ʢʽʨʽʩ, ʦʧʝʨʘʮʠʷʣʳץ ʞᴅʥʝ ץʘʙʳʣʜʘʫ ʙʘץʳʣʘʫʣʘʨʳʥ 

 ʳʣʘʫ ʥᴅʪʠʞʝʣʝʨʽץʟʙʘʡʪʳʥ ʙʘײʡʝʩʽ ʝʥʛʽʟʽʣʜʽ. ɹװʳʣʘʫ ʞץʘʤʪʠʪʳʥ ʢʝʰʝʥʜʽ ʩʘʧʘ ʙʘץ

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ײץʨʘʤʳ (80/20 ץʘʪʳʥʘʩʳ) 

ʞʦסʘʨʳ ʩʘʧʘʣʳ ץʘʣʳʧʪʘʩʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: ץʘʙʘʪʪʘʨ ʘʨʘʩʳʥʜʘסʳ װʟʽʣʽʩʪʝʨ 

ʤʝʥ ץʘʣʳשʜʳץʪʳש ʙʽʨʢʝʣʢʽ ʝʤʝʩʪʽʛʽ ʙʘʡץʘʣʤʘʡʜʳ, ʘʣ ʛʝʦʤʝʪʨʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨʜʽש ʘʫʳʪץʫʣʘʨʳ ʤʝʥ ʞʝʨʛʽʣʽʢʪʽ ʘץʘʫʣʘʨ ʝʣʝʫʩʽʟ ʙʦʣʳʧ, ʙײʡʳʤʜʘʨʜʳש 

ʧʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʧʝʡʜʽ. 

ʄʘʪʝʨʠʘʣʜʳץ ʰʳסʳʥʜʘʨʜʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ᴅʟʽʨʣʝʥʛʝʥ 

ʪʝʭʥʦʣʦʛʠʷʥʳש ʞʦסʘʨʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. ᴄʟʽʨʣʝʥʛʝʥ ʤʘʡʜʘ 

ʪװʡʽʨʰʽʢʪʽ ʙʝʪʦʥ ץʦʩʧʘʩʳʥ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ 1 ʤį ײץʨʳʣʳʩ ᴇʥʽʤʽʥ ᴇʥʜʽʨʫ ײץʥʳ 50 

990,3 ʪʛ ײץʨʘʡʜʳ, ʘʣ ʜʘʡʳʥ ʟʘʫʳʪʪʳײץ ץʨסʘץ ץʦʩʧʘʥʳ ץʦʣʜʘʥסʘʥʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 

131 000 ʪʛ/ʤį ʙʦʣʘʜʳ. ɸʣʳʥסʘʥ װʥʝʤ 80 009,7 ʪʛ/ʤį-ʛʝ ʞʝʪʽʧ, ʤʘʪʝʨʠʘʣʜʳץ 

ʰʳסʳʥʜʘʨʜʳס-% 61 שʘ ʪᴇʤʝʥʜʝʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ ʵʥʝʨʛʝʪʠʢʘʥʳש ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ᴇʥʜʽʨʽʩʢʝ 

ʪʘʨʪʘ ʦʪʳʨʳʧ, ʘʜʜʠʪʠʚʪʽ ײץʨʳʣʳʩ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ װʰʽʥ ײʩʘץ ʪװʡʽʨʰʽʢʪʽ 

ʙʝʪʦʥʜʘʨ ײץʨʘʤʳʥ ᴅʟʽʨʣʝʫ ʤʝʥ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ᴇʟʝʢʪʽ סʳʣʳʤʠ-ʧʨʘʢʪʠʢʘʣʳץ 

ʧʨʦʙʣʝʤʘʩʳʥ ʰʝʰʝʜʽ. ɾװʨʛʽʟʽʣʛʝʥ ʪʝʦʨʠʷʣʳץ, ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ-

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢʝʰʝʥʽʥʽש ʥʝʛʽʟʽʥʜʝ ʤʳʥʘʜʘʡ ʥᴅʪʠʞʝʣʝʨ ʘʣʳʥʜʳ: 

1. ɸʜʜʠʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞᴅʥʝ ײץʨʘʤʜʘʨʜʳ ᴅʟʽʨʣʝʫ ᴅʜʽʩʪʝʨʽʥ 

 :ʦʣʜʘʥʫʜʳ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘץ

 ʨʣʽ ᴅʜʽʩʪʝʨʽװʜᴅʩʪ שʨʘʤʜʘʨʳʥ ʞʦʙʘʣʘʫʜʳײץ ʡʽʨʰʽʢʪʽ ʙʝʪʦʥʜʘʨװʪ ץʩʘױ

ʨʝʦʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʛʝ (ʵʢʩʪʨʫʜʠʚʪʽʣʽʢ ʞᴅʥʝ ʬʦʨʤʘסʘ ʪᴇʟʽʤʜʽʣʽʢ) 

 ʰʽʥװ ʘʨʫסʘ ʙʘʡʣʘʥʳʩʪʳ 3D-ʙʘʩʳʧ ʰʳסʦʡʳʣʘʪʳʥ ʝʨʝʢʰʝ ʪʘʣʘʧʪʘʨץ

 ʘʥסʨʳʣʳʩ ʙʘʩʧʘʩᴇʟiʥʝ ʘʨʥʘʣײץ ʳסʪʘץʪʘʣʜʳ. ʊʘʣʜʘʫ ʥʘʨʳץʦʣʜʘʥʳʣʤʘʡʪʳʥʳ ʘʥʳץ

 ʘʨʳסʤʦʜʠʬʠʢʘʪʦʨʣʘʨ ʝʩʝʙiʥʝʥ ʞʦ ץʠʤʧʦʨʪʪʳ שʢᴇʧʰiʣiʛiʥi שʦʩʧʘʣʘʨʜʳץ ץʘסʨײץ

ᴇʟiʥʜiʢ ײץʥʳ ʙʘʨ ʝʢʝʥiʥ ʢᴇʨʩʝʪʪi. ɾʕʆ ʢװʣ-ץʦʞ ץʘʣʜʳץʪʘʨʳʥ ʙʝʪʦʥ ץʦʩʧʘʩʳʥʳש 

 ʘʙʽʣʝʪʪʽץ ʳʪʪʘʧ ʨʝʪʪʝʫʛʝסʳʨʫ ʤʝʨʟʽʤʜʝʨʽʥ ʙʘץʪײʳ ʤʝʥ ʪסʳʨʣʳץʪײʪ ץʨʳʣʳʤʜʳײץ

 ʳʰ ʨʝʪʽʥʜʝסʨʘʫʳʰ ʞᴅʥʝ ʤʠʢʨʦ ʪʦʣʪʳʨײץ ץʦʣʞʝʪʽʤʜʽ ʙʝʣʩʝʥʜʽ ʤʠʥʝʨʘʣʜʳץ

ʧʘʡʜʘʣʘʥʫʜʳש ʦʨʳʥʜʳʣʳסʳ ʜᴅʣʝʣʜʝʥʜʽ. 

2. ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ-ץʦʞ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ: 

ᴆʩʢʝʤʝʥ ɾʕʆ ʢװʣ װʡʽʥʜʽʩʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ɻʠʜʨʦʢװʣʜʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ץʘʣʜʳץʪʘʨʜʳש ʢʝשʽʩʪʽʢʪʽʢ ʙʽʨʪʝʢʪʽ ʝʤʝʩʪʽʛʽ ʞᴅʥʝ 

ʛʨʘʥʫʣʦʤʝʪʨʠʷʣʳץ ʩʪʨʘʪʠʬʠʢʘʮʠʷʩʳ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʣʝʪʽʥ ʢװʣ ʪᴇʤʝʥ 

ʢʘʣʴʮʠʡʣʽ ʞᴅʥʝ ʞʘʩʳʨʳʥ ʧʫʮʮʦʣʘʥʜʳץ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 

ʎʝʤʝʥʪ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥʳש ʛʠʜʨʘʪʘʮʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʽʥʝ ʢװʣʜʽ ʪʘʨʪʫ װʰʽʥ 

ʦʥʳש ʤʝʥʰʽʢʪʽ ʙʝʪʽʥ ײʣסʘʡʪʘʪʳʥ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳʥ 

 .ʘʞʝʪ ʝʢʝʥʜʽʛʽ ʜᴅʣʝʣʜʝʥʜʽץ ʙʝʣʩʝʥʜʽʨʫ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʘʣʜʳʥ ʘʣʘ ʤʝʭʘʥʠʢʘʣʳץ

 ʨʘʤʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʥʝʛʽʟʜʝʫ ʥᴅʪʠʞʝʣʝʨʽײץ שʡʽʨʰʽʢʪʽ ʙʝʪʦʥʥʳװʪ ץʩʘױ .3

ʙʦʡʳʥʰʘ: 

 ʳʣʳʤʠס ʠʜʘʪʳ ʥʝʛʽʟʽʥʜʝסʘץ ʳʟ ʦʨʘʫסʳ ʙᴇʣʰʝʢʪʝʨʜʽ ʪʳסʘʪʪʳ ʬʘʟʘʜʘפ

ʥʝʛʽʟʜʝʣʛʝʥ ʞᴅʥʝ 3D-ʙʝʪʦʥʜʘʨʜʳש ʦשʪʘʡʣʳ ʨʝʮʝʧʪʫʨʘʩʳ ᴅʟʽʨʣʝʥʜʽ. ɹʝʨʽʢʪʽʢ ʧʝʥ 

ʪʝʭʥʦʣʦʛʠʷʣʳʣʳץ ʘʨʘʩʳʥʜʘסʳ ʪʝשʛʝʨʽʤʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʪʽ 20-

30% ʢᴇʣʝʤʽʥʜʝ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢװʣʤʝʥ ʘʣʤʘʩʪʳʨʫ ʦשʪʘʡʣʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʊʦʣʪʳʨסʳʰʪʳ ʦשʪʘʡʣʘʥʜʳʨʫʜʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽ ץʦʩʳʤʰʘ 

ʜᴅʣʝʣʜʝʥʜʽ: 20% ײʩʘץ ʪʦʣʪʳʨסʳʰʪʳ (ײץʤʜʳ) 0,16 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣʤʝʥ 

ʘʫʳʩʪʳʨʫ. ɹײʣ ʬʨʘʢʮʠʷʥʳ ʤʠʢʨʦʪʦʣʪʳʨסʳʰ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ ײץʤʥʳש 

ʪװʡʽʨʘʨʘʣʳץ ץʫʳʩʪʘʨʳʥ ʪʦʣʪʳʨʫסʘ, ʪʳסʳʟ ʩʢʝʣʝʪʪʽ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ 

ʵʢʩʪʨʫʟʠʷ ʢʝʟʽʥʜʝ ʩʫ ʙᴇʣʫʜʽ ʘʟʘʡʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

4. ʂװʣʜʽ ʢʝʰʝʥʜʽ ʧʘʡʜʘʣʘʥʫʜʳש ʨʝʦʣʦʛʠʷסʘ ʦש ᴅʩʝʨʽ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪװʨʜʝ 

ʜᴅʣʝʣʜʝʥʜʽ: 0,16 ʤʤ ʬʨʘʢʮʠʷʣʳ ʢװʣʜʽש ʩʬʝʨʠʢʘʣʳץ ʙᴇʣʰʝʢʪʝʨʽ çʤʠʢʨʦײץʣʘץʰʘè 

 ʡʢʝʣʽʩʪʽ ʪᴇʤʝʥʜʝʪʝʜʽ (ʵʢʩʪʨʫʜʪʘʣʫʳʥװ ʳסʘʨʳʧ, ʧʨʠʥʪʝʨ ʘʨʥʘʩʳʥʜʘץʳʟʤʝʪʽʥ ʘʪץ

ʘʨʪʪʳʨʘʜʳ), ʩʦʥʳʤʝʥ ץʘʪʘʨ ʧʫʮʮʦʣʘʥʜʳץ ʨʝʘʢʮʠʷʣʘʨ ʙʦʩ ʩʫʜʳ ʙʘʡʣʘʥʳʩʪʳʨʳʧ, 

 ʘʣʳʧʪʘʩʫʳʥ (ʧʽʰʽʥץ ʞʝʜʝʣ שʙʝʨʽʢʪʽʢʪʽ ץʨʳʣʳʤʜʳײץ ʦʩʧʘ ʪᴇʩʝʣʛʝʥʥʝʥ ʢʝʡʽʥץ

ʪײʨʘץʪʳʣʳסʳʥ) ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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ʌʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ʩʳʥʘץʪʘʨ ᴅʟʽʨʣʝʥʛʝʥ ʙʝʪʦʥʥʳ3 שD-ʙʘʩʳʧ ʰʳסʘʨʫסʘ 

ʪᴅʥ ʘʥʠʟʦʪʨʦʧʠʷʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞʝʪʢʽʣʽʢʪʽ ʤʘʨʢʘʣʳץ ʙʝʨʽʢʪʽʢʢʝ ʠʝ ʝʢʝʥʽʥ 

ʨʘʩʪʘʜʳ, ʘʣ ʪʳסʳʟ ʦʨʘʣʫ ʜᴅʨʝʞʝʩʽʥʽש ʞʦסʘʨʳ ʙʦʣʫʳ ʰᴇʛʫ ʜʝʬʦʨʤʘʮʠʷʣʘʨʳʥ 

ʪᴇʤʝʥʜʝʪʝʜʽ. 

5. 3D-ʙʘʩʳʧ ʰʳסʘʨʫ ʞʘסʜʘʡʳʥʜʘסʳ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʩʳʥʘץʪʘʨʜʳש 

ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ: 

ᴄʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨ ʰʘסʳʥ ʩᴅʫʣʝʪʪʽʢ ʬʦʨʤʘʣʘʨʜʳ (ʘʙʘʪʪʘʥʜʳʨʫ 

ʵʣʝʤʝʥʪʪʝʨʽʥ) ʥʘץʪʳ ʘʜʜʠʪʠʚʪʽ ץʘʣʳʧʪʘʫ ʞʘסʜʘʡʳʥʜʘ ʩᴅʪʪʽ ʘʧʨʦʙʘʮʠʷʜʘʥ 

ᴇʪʢʽʟʽʣʜʽ. ɸʣʳʥʘʪʳʥ ʵʣʝʤʝʥʪʪʝʨʜʽש ʩʘʧʘʩʳ ʤʘʪʝʨʠʘʣʜʳש ʥʘץʪʳ ץʘʩʠʝʪʪʝʨʽʥʝ 

ʤʘʰʠʥʘʣʳץ ʢʦʜʪʳ ʙʝʡʽʤʜʝʫʛʝ ʪʽʢʝʣʝʡ ʪᴅʫʝʣʜʽ ʝʢʝʥʽ ʜᴅʣʝʣʜʝʥʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʪװʨʜʝ ʽʨʽʢʪʝʫʜʽש 

ʘʚʪʦʨʣʳץ ʘʣʛʦʨʠʪʤʽ ʘʧʨʦʙʘʮʠʷʜʘʥ ᴇʪʪʽ (ˉ 68369 ʢʫᴅʣʽʢ). Mach3 ʙʘסʜʘʨʣʘʤʘʣʳץ 

ʦʨʪʘʩʳʥ ץʦʣʜʘʥʫ ʞᴅʥʝ ʟʦʣʦײץʨʘʤʜʳ ץʦʩʧʘʥʳש ʥʘץʪʳ ʞʘʡʳʣסʳʰʪʳסʳʥ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ G-ʢʦʜʪʳ ʪװʟʝʪʫ ʛʝʦʤʝʪʨʠʷʣʳץ ʘץʘʫʣʘʨʜʳ ʙʦʣʜʳʨʤʘʫסʘ ʞᴅʥʝ 

ʢʦʥʩʪʨʫʢʮʠʷʥʳש ʤʦʥʦʣʠʪʪʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

6. ʇʘʡʜʘʣʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫ, װʣʛʽʣʝʫ ʞᴅʥʝ ʊʕʅ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ: 

ʉʘʥʜʳץ ʤʦʜʝʣʴʜʝʫ (FEM) ʢʝʨʥʝʫʣʽ-ʜʝʬʦʨʤʘʮʠʷʣʘʥסʘʥ ʞʘʡ-ʢװʡʽʥʽש 

ʢᴇʤʝʛʽʤʝʥ ʙʘʩʳʣסʘʥ ʙײʡʳʤʜʘʨʜʳש ʢʦʥʩʪʨʫʢʮʠʷʣʳץ ʩʝʥʽʤʜʽʣʽʛʽ ʜᴅʣʝʣʜʝʥʜʽ. 

ɹʘʩʪʳ ʢʝʨʥʝʫʣʝʨʜʽ ʪʘʨʘʪʫʜʳ ʪʘʣʜʘʫ (Maximum Principal Stress) ץʘʙʘʪʘʨʘʣʳץ 

ʽʣʽʥʽʩʫʜʽש ʙʝʨʽʢʪʽʛʽ ץʘʙʘʪʪʳ ʪײʨסʳʟʫ ʧʨʦʮʝʩʽʥʜʝ ᴇʟ ʩʘʣʤʘסʳʥʘʥ ʪʫʳʥʜʘʡʪʳʥ 

ʩʦʟʳʣʫ ʢʝʨʥʝʫʽʥʝʥ ʝʜᴅʫʽʨ ʘʩʳʧ ʪװʩʝʪʽʥʽʥ ʨʘʩʪʘʜʳ, ʙײʣ ʢװʨʜʝʣʽ ʛʝʦʤʝʪʨʠʷʥʳש 

ʩʪʘʪʠʢʘʣʳץ ʪʝʧʝ-ʪʝשʜʽʛʽʥʝ ʢʝʧʽʣʜʽʢ ʙʝʨʝʜʽ. 

ɾʦסʘʨʳ ʪʝʭʥʠʢʘʣʳץ-ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ ʨʘʩʪʘʣʜʳ: ᴆʩʢʝʤʝʥ ɾʕʆ 

 ʥʳʥ 50 990,3ײץ ᴇʟʽʥʜʽʢ שʰʽʥ 1 ʤ į ʙʝʪʦʥʥʳװ ʘʨʫסʪʘʨʳʥ ʪʘʨʪʫ 3D-ʙʘʩʳʧ ʰʳץʘʣʜʳץ

ʪʝשʛʝʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʪʽ. ɼʠʩʩʝʨʪʘʮʠʷʜʘ ץʦʡʳʣסʘʥ ʤʽʥʜʝʪʪʝʨ ʪʦʣʳץ ʢᴇʣʝʤʜʝ 

ʦʨʳʥʜʘʣʜʳ. ᴄʟʽʨʣʝʥʛʝʥ ײץʨʘʤʜʘʨ ʤʝʥ ʘʣʛʦʨʠʪʤʜʝʨ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש 

 .ʽʥʝʥ ʝʥʛʽʟʫʛʝ ʜʘʡʳʥשʨʳʣʳʩ ʩʘʣʘʩʳʥʘ ʢʝײץ
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