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ɺ ʤʦʥʦʛʨʘʬʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ 

ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ. ʇʨʠʚʝʜʝʥ ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʦʪʝʣʴʥʳʭ 

ʤʦʜʝʣʝʡ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʛʦ ʪʠʧʘ ʚ ʩʨʝʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʉɸʇʈ 
ʂʆʄʇɸʉ-3D. ʈʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʧʨʠʝʤʳ ʧʦʩʪʨʦʝʥʠʷ  ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʪʘʥʦʯʥʳʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʤʦʜʫʣʝ Artisan Randering. ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʰʧʠʥʜʝʣʴʥʳʭ ʫʟʣʦʚ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ɸʈʄ FEM ʥʘ ʙʘʟʝ ʠʭ 3D-

ʤʦʜʝʣʝʡ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʝʰʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʟʫʙʯʘʪʳʤ ʨʝʤʝʥʥʳʤ 

ʧʝʨʝʜʘʯʘʤ ʰʝʚʨʦʥʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ʙʝʟʟʘʟʦʨʥʳʭ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʚ ʚʠʜʝ 3D-ʤʦʜʝʣʝʡ 
ɼʣʷ ʚʝʜʫʱʠʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʥʦʯʥʳʭ ʩʠʩʪʝʤ, ʥʘʫʯʥʳʭ ʨʘʙʦʪʥʠʢʦʚ, ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʩʪʫʜʝʥʪʦʚ.  
 

ʋ ʤʦʥʦʛʨʘʬʽʾ ʨʦʟʛʣʷʥʫʪʽ ʧʨʦʙʣʝʤʠ ʧʦʙʫʜʦʚʠ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ 

ʧʨʦʝʢʪʦʚʘʥʠʭ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ ʚʝʨʩʪʘʪʽʚ. ʅʘʚʝʜʝʥʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʤʦʜʝʣʝʡ ʫʩʪʘʪʢʫʚʘʥʥʷ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʜʣʠʣʴʥʦ-ʨʦʟʪʦʯʫʚʘʣʴʥʦʛʦ ʪʠʧʫ ʚ ʩʝʨʝʜʦʚʠʱʽ 
ʽʥʪʝʛʨʦʚʘʥʦʾ ʉɸʇʈ ʂʆʄʇɸʉ-3D. ʈʦʟʛʣʷʥʫʪʦ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʽ ʧʨʠʡʦʤʠ ʧʦʙʫʜʦʚʠ 

ʢʦʤʧʦʥʝʥʪʽʚ ʚʝʨʩʪʘʪʥʠʭ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʬʦʪʦʨʝʘʣʽʩʪʠʯʥʦʛʦ ʫʷʚʣʝʥʥʷ ʚ ʤʦʜʫʣʽ Artisan Randering. ʇʨʦʚʝʜʝʥʦ 
ʜʦʩʣʽʜʞʝʥʥʷ ʰʧʠʥʜʝʣʴʥʠʭ ʚʫʟʣʽʚ ʤʝʪʦʜʦʤ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʫʣʷ ɸʈʄ 

FEM ʥʘ ʙʘʟʽ ʾʭ 3D-ʤʦʜʝʣʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ ʨʽʰʝʥʥʷ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʟʫʙʯʘʩʪʠʭ ʧʘʩʦʚʠʭ ʧʝʨʝʜʘʯ ʰʝʚʨʦʥʥʦʛʦ ʧʨʦʬʽʣʶ ʽ ʙʝʟʟʘʟʦʨʥʠʭ ʯʝʨʚ'ʷʯʥʠʭ ʧʝʨʝʜʘʯ ʫ ʚʠʛʣʷʜʽ 

3D-ʤʦʜʝʣʝʡ 

ɼʣʷ ʧʨʦʚʽʜʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʽ ʬʘʭʽʚʮʽʚ ʚ ʦʙʣʘʩʪʽ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʝʨʩʪʘʪʥʠʭ ʩʠʩʪʝʤ, ʥʘʫʢʦʚʮʽʚ, ʚʠʢʣʘʜʘʯʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʩʪʫʜʝʥʪʽʚ. 
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3 

 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʧʨʘʢʪʠʢʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʶʪ ʤʝʪʦʜʳ ʠ ʧʨʦʮʝʜʫʨʳ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʠʥʞʝʥʝʨʦʚ-ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʥʘ ʩʪʨʘʪʝʛʠʶ 3D- 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ.  ɺ ʯʝʤ ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘ  ʦʙʲʝʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ? 

1. ɺ ʧʨʦʮʝʩʩʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʩʪʨʫʢʪʦʨʫ ʣʝʛʯʝ 

ʦʧʝʨʠʨʦʚʘʪʴ ʠʤʝʥʥʦ ʦʙʲʝʤʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

2. ʊʨʝʭʤʝʨʥʳʝ ʤʦʜʝʣʠ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ - ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʝʣʠʷ ʥʝʩʫʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʪʨʝʭʤʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʠʪʴ ʫʛʦʣ ʦʙʟʦʨʘ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʜʝʪʘʣʠ, ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʜʣʷ ʘʛʨʝʛʘʪʦʚ ʚʳʧʦʣʥʠʪʴ ʚʠʨʪʫʘʣʴʥʳʝ ʩʙʦʨʢʠ ʠ ʨʘʟʙʦʨʢʠ. 

3. ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʝʯʥʦʡ ʮʝʣʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʤʝʥʥʦ ʪʨʝʭʤʝʨʥʳʝ ʠʟʜʝʣʠʷ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʨʘʙʦʯʠʝ ʯʝʨʪʝʞʠ ʠʭ ʢʦʤʧʦʥʝʥʪ 

4. ʇʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ  ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ: ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʚʠʜ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʥʘʛʨʫʟʦʢ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

5. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦ  ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʫʧʨʘʚʣʷʶʱʫʶ ʧʨʦʛʨʘʤʤʫ ʢʦʜ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʧʨʠʥʪʝʨʦʚ. 

ʈʘʟʚʠʪʠʝ ʥʦʚʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʦʙʨʘʟʫʝʪ ʭʘʨʘʢʪʝʨ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠʥʞʝʥʝʨʘ-ʢʦʥʩʪʨʫʢʪʦʨʘ. ɺ ʧʨʦʰʣʦʤ ʦʩʪʘʣʘʩʴ 

çʨʫʯʥʘʷè ʪʝʭʥʦʣʦʛʠʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʩʯʝʪʦʚ, ʯʝʨʪʝʞʝʡ ʠ 

ʜʦʢʫʤʝʥʪʘʮʠʠ, ʢʦʛʜʘ ʛʣʘʚʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʙʳʣʠ 

ʢʘʨʘʥʜʘʰ ʠ ʢʫʣʴʤʘʥ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʪʘʢʠʭ ʯʝʨʪʝʞʝʡ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʪʱʘʪʝʣʴʥʦʩʪʴʶ ʚʳʧʦʣʥʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ʠ ʧʨ. ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʩʦʩʪʦʷʣ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʝʡ ʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʂʘʯʝʩʪʚʦ ʚʳʧʫʩʢʘʝʤʦʡ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʜʝʣʘʣʠ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʥʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʢʦʨʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʠʟʤʝʥʠʣʠ ʧʨʠʥʮʠʧʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʠ  

ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʠʟʜʝʣʠʷ, ʫʚʝʣʠʯʠʚ ʝʛʦ ʪʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʤʥʦʛʦʢʨʘʪʥʦ. ɺ ʛʨʘʬʠʯʝʩʢʠʭ ʨʝʜʘʢʪʦʨʘʭ ʧʦʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʠ ʧʦʚʪʦʨʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷ, ʦʧʝʨʘʪʠʚʥʦ 

ʩʦʟʜʘʚʘʪʴ ʪʠʧʦʚʳʝ ʠ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ, ʤʘʢʩʠʤʘʣʴʥʦ ʫʩʢʦʨʠʪʴ 

ʚʳʧʫʩʢ ʯʝʨʪʝʞʝʡ ʠ ʧʨʦʯʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɹʦʣʴʰʠʤ ʪʦʣʯʢʦʤ ʢ ʧʨʦʛʨʝʩʩʫ 

ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʈʝʚʦʣʶʮʠʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʪʘʣʦ ʚʥʝʜʨʝʥʠʝ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ. ʇʨʦʝʢʪʥʳʝ 

ʠʥʩʪʠʪʫʪʳ, ʚʥʝʜʨʷʶʱʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ) ʠ ʨʘʩʯʝʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʨʝʟʢʦ ʩʦʢʨʘʱʘʣʠ ʩʨʦʢʠ 

ʟʘʚʝʨʰʝʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʝʢʪʘ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʝʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʥʝ 

ʧʨʠʤʝʥʷʣʠ ʉɸʇʈ ʠ ʤʦʛʣʠ ʧʦʜʛʦʪʦʚʠʪʴ ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ ʵʩʢʠʟʥʳʡ ʧʨʦʝʢʪ. 

ɸʩʩʦʮʠʘʪʠʚʥʘʷ ʩʚʷʟʴ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʘʷ ʚ ʉɸʇʈ ʤʝʞʜʫ ʤʦʜʝʣʴʶ 

ʠʟʜʝʣʠʷ, ʝʛʦ ʯʝʨʪʝʞʘʤʠ, ʘ ʪʘʢʞʝ  ʩʧʝʮʠʬʠʢʘʮʠʷʤʠ, ʨʝʘʣʠʟʫʝʪ  

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 3D-ʤʦʜʝʣʴ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʦʚʳʰʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ. ɼʘʣʴʥʝʡʰʝʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʉɸʇʈ ʧʦʩʪʝʧʝʥʥʦ ʧʨʝʚʨʘʱʘʝʪ ʠʭ ʚ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ʞʠʟʥʝʥʥʳʤ ʮʠʢʣʦʤ ʠʟʜʝʣʠʷ ʠ ʠʥʞʝʥʝʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʛʠʙʢʦ 

ʫʧʨʘʚʣʷʪʴ ʵʪʠʤʠ ʜʘʥʥʳʤʠ ʚ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʥʞʝʥʝʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ. 

1. ʉʠʩʪʝʤʳ ʪʷʞʝʣʦʛʦ ʢʣʘʩʩʘ. ʆʥʠ ʦʩʥʘʱʝʥʳ ʨʘʟʚʠʪʳʤʠ 

ʛʠʙʨʠʜʥʳʤʠ ʪʨʝʭʤʝʨʥʳʤʠ ʨʝʜʘʢʪʦʨʘʤʠ ( ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ 

ʪʚʝʨʜʦʪʝʣʴʥʦʝ, ʪʘʢ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ), ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʳʝ 

ʤʦʜʫʣʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ. ɺʦʟʥʠʢʘʶʱʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ 

ʦʩʚʦʝʥʠʠ, ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʥʘʚʳʢʦʚ. ʕʪʠ ʩʠʩʪʝʤʳ ʦʯʝʥʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʝ, ʥʦ ʠ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʝʣʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʬʦʨʤ. ʂ ʩʠʩʪʝʤʘʤ ʪʘʢʦʛʦ ʢʣʘʩʩʘ ʦʪʥʦʩʷʪʩʷ NX, CATIA 

ʠ ʧʨ. 

2. ʉʠʩʪʝʤʳ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ 

ʙʦʣʴʰʠʥʩʪʚʦ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩʦʚʝʨʰʝʥʩʪʚʫʷ ʧʨʠ ʵʪʦʤ ʧʣʦʩʢʦʝ ʯʝʨʯʝʥʠʝ. ɺ ʩʦʩʪʘʚ ʵʪʠʭ 

ʩʠʩʪʝʤ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʥʝʙʦʣʴʰʠʝ ʤʦʜʫʣʠ, ʨʝʰʘʶʱʠʝ ʪʠʧʦʚʳʝ ʨʘʩʯʝʪʥʳʝ 

ʟʘʜʘʯʠ. ʂ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ Autodesk Inventor, SolidWorks, Solid 

Edge ʠ ʪ. ʜ. 

3. ʋʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʫʣʠ. ʇʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ, ʥʝʙʦʣʴʰʠʝ 

ʧʨʦʛʨʘʤʤʳ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʝ ʨʝʰʝʥʠʝ ʫʟʢʦʧʨʦʬʠʣʴʥʦʡ ʟʘʜʘʯʠ 
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ʢʦʥʢʨʝʪʥʦʡ ʦʪʨʘʩʣʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤʠ, ʣʠʙʦ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʘʭ 

ʪʷʞʝʣʦʛʦ ʠʣʠ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʦʚ. 

ʉʨʝʜʠ ʩʠʩʪʝʤ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ ʚʳʜʝʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʪʨʝʭʤʝʨʥʦʛʦ 

ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂʆʄʇɸʉ-3D, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ 

ʚʩʪʨʘʠʚʘʝʤʳʡ ʨʘʩʯʝʪʥʳʡ ʤʦʜʫʣʴ ɸʈʄ FRM, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʘʥʢʦʚ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯʥʦʩʪʠ, 

ʞʝʩʪʢʦʩʪʠ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ. ʉɸʇʈ ʂʆʄʇɸʉ ʩʝʛʦʜʥʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 3D-CAD ʩ ʩʦʙʩʪʚʝʥʥʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʷʜʨʦʤ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʵʪʦʡ ʩʠʩʪʝʤʳ ʦʪʥʦʩʠʪʩʷ  

ʧʦʜʜʝʨʞʢʘ ʢʘʢ ʟʘʧʘʜʥʳʭ, ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʪʘʥʜʘʨʪʦʚ ʚʳʧʦʣʥʝʥʠʷ 

ʯʝʨʪʝʞʝʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʙʩʪʚʝʥʥʳʝ 

ʠʟʦʙʨʝʪʝʥʠʷ ʚ ʩʬʝʨʝ ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʫʜʦʙʥʳʡ ʯʝʨʪʝʞʥʦ-

ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʠʙʣʠʦʪʝʢ ʠ ʧʨʠʣʦʞʝʥʠʡ ʤʦʛʫʪ 

ʩʜʝʣʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʳʩʪʨʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ. 

ɼʨʫʛʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ. ʕʪʦʪ ʢʣʘʩʩ ʧʨʦʛʨʘʤʤ ʥʘʯʘʣ 

ʙʫʨʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ 3D ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ. 

ʊʨʝʭʤʝʨʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʦʪ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʛʨʫʟʦʢ, 

ʪʨʝʭʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʧʦʣʝ) ʪʝʤʧʝʨʘʪʫʨ, ʧʨʦʯʥʦʩʪʥʦʡ, 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ, ʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ ʩʪʘʣʠ ʘʨʩʝʥʘʣʦʤ 

ʠʥʞʝʥʝʨʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʪʘʢʠʝ ʩʠʩʪʝʤʳ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʥʳʭ 

ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ ʪʨʫʜʥʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ ʠʣʠ ʢʦʪʦʨʳʝ ʪʨʝʙʦʚʘʣʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʳʩʦʢʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʬʬʝʢʪʠʚʥʦ 

ʨʝʰʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ʷʚʣʷʶʪʩʷ ʤʝʪʦʜʳ ʠ 

ʧʨʦʮʝʜʫʨʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʦʚ ʠ ʩʠʩʪʝʤ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʛʦ ʢʣʘʩʩʘ. 

ʎʝʣʴʶ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʪʘʥʢʦʩʪʨʦʠʪʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘ 

ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʚʠʪʳʭ ʩʨʝʜʩʪʚ ʠ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ: 

-  ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʦʚ; 

- ʰʠʨʦʢʦʡ ʛʘʤʤʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʨʦʙʢʘʭ 

ʧʝʨʝʜʘʯ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʪʘʥʢʦʚ; 

- ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʚʢʣʶʯʘʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ 

ʤʘʛʘʟʠʥʳ, ʘʚʪʦʦʧʝʨʘʪʦʨʳ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠ ʨʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ; 

- ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠ ʩʣʦʞʥʳʭ ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʳ 

ʩʪʘʥʢʘ. 
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ʅʘ ʢʘʬʝʜʨʝ çʄʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʚʝʨʩʪʘʪʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠè 

ʉʭʽʜʥʦʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  ʚ 2012é2015 ʛ.ʛ. 

ʧʨʦʚʝʜʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʨʘʙʦʪʳ ʧʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ 

ʩʪʘʥʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʉʪʫʜʝʥʪʳ ʢʘʬʝʜʨʳ ʩʪʘʥʦʚʠʣʠʩʴ ʧʦʙʝʜʠʪʝʣʷʤʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ çɹʫʜʫʱʠʝ ɸʩʳ ʂʆʄʇʴʶʪʝʨʥʦʛʦ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷè, ʧʨʦʚʦʜʠʤʦʛʦ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ ɸʉʂʆʅ. ʉ ʢʦʥʢʫʨʩʥʳʤʠ 

ʧʨʦʝʢʪʘʤʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ɻʘʣʝʨʝʝ ʧʨʦʝʢʪʦʚ ʟʘ 2012é2015 ʛ.ʛ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʪʫʜʝʥʪʘʤ ʢʘʬʝʜʨʳ ɹʫʨʣʘʢʦʚʫ ɽ.ʀ., 

ʆʩʠʧʦʚʫ ɺ.ʀ., ʉʫʭʦʨʫʪʯʝʥʢʦ ʀ.ɸ., ɾʫʨʘʚʣʝʚʫ ɺ.ɺ., ʍʤʝʣʴʥʠʮʢʦʤʫ ɸ.ɺ., 

ʃʠʪʚʠʥʝʥʢʦ ʉ.ʉ. ʟʘ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʤʘʩʪʝʨʩʪʚʘ ʧʨʠ 

ʩʦʟʜʘʥʠʠ 3D-ʤʦʜʝʣʝʡ ʩʪʘʥʦʯʥʳʭ ʩʠʩʪʝʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ-3D. 

 

 



7 

 

1. 3D-ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʄɽʊɸʃʃʆʈɽɾʋʑʀʍ ʉʊɸʅʂʆɺ ʌʈɽɿɽʈʅʆ-

ʉɺɽʈʃʀʃʔʅʆ-ʈɸʉʊʆʏʅʆɻʆ ʊʀʇɸ 

1.1. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ  

ʮʝʥʪʨʘ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 

ʏʝʪʳʨʝʭʢʦʦʨʜʠʥʘʪʥʳʡ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʳʡ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-

ʨʘʩʪʦʯʥʦʡ ʩʪʘʥʦʢ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠ ʩʝʨʠʡʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘʤ. ʆʥ 

ʦʩʥʘʱʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠ ʚʝʨʪʠʢʘʣʴʥʳʤ ʰʧʠʥʜʝʣʷʤʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʦʙʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ, ʘ ʪʘʢʞʝ ʩʦʦʩʥʫʶ ʨʘʩʪʦʯʢʫ ʦʪʚʝʨʩʪʠʡ ʙʝʟ 

ʧʝʨʝʫʩʪʘʥʦʚʢʠ ʟʘʛʦʪʦʚʢʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʩʥʘʩʪʢʘ ʚ ʚʠʜʝ ʤʘʣʦʛʘʙʘʨʠʪʥʦʡ 

ʫʛʣʦʚʦʡ ʠ ʜʦʣʙʝʞʥʦʡ ʛʦʣʦʚʦʢ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʙʨʘʙʦʪʢʫ ʚ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʠ ʬʘʩʦʥʥʳʭ ʧʘʟʦʚ. 

ʅʘʣʠʯʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʭʦʙʦʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʜʠʩʢʦʚʳʤʠ ʠ ʬʘʩʦʥʥʳʤʠ ʬʨʝʟʘʤʠ. 

ʉʪʫʜʝʥʪʳ ʢʘʬʝʜʨʳ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʩʪʘʥʢʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʍʤʝʣʴʥʠʮʢʠʡ ɸ.ɺ. ʠ ʆʩʠʧʦʚ ɺ.ʀ. ʨʘʟʨʘʙʦʪʘʣʠ 3D-ʤʦʜʝʣʴ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 

[1, 2] ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʛʘʣʝʨʝʝ ʢʦʥʢʫʨʩʘ ɹʫʜʫʱʠʭ ʘʩʦʚ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D- ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʦʛʦ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ 

ɸʉʂʆʅ ʚ 2013 ʠ 2015 ʛʦʜʘʭ. 3D-ʤʦʜʝʣʴ ʩʦʩʪʦʠʪ ʠʟ 2640 ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʠ 

ʩʙʦʨʦʢ ʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1.1. 

ʐʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ ʩʪʘʥʢʘ (ʨʠʩ. 1.2) ʩʦʩʪʦʠʪ ʠʟ; ʢʦʨʧʫʩʘ ʯʫʛʫʥʥʦʛʦ 

ʣʠʪʦʛʦ, ʰʧʠʥʜʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʤʝʭʘʥʠʟʤʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʞʠʤʘ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ, ʧʝʨʝʜʘʶʱʝʛʦ ʚʨʘʱʝʥʠʝ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʝʜʫʱʝʡ ʰʝʩʪʝʨʥʠ; ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʢʦʨʦʙʢʠ 

ʩʢʦʨʦʩʪʝʡ ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ; 

ʧʨʠʚʦʜʘ ʧʦʜʘʯ, ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʯʠ ʉʆɾ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ; ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʢʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʰʧʠʥʜʝʣʴʥʦʡ 

ʙʘʙʢʠ ʠ ʝʝ ʤʝʭʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʦʨʤʘʣʴʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ ʦʪ 

ʫʩʪʨʦʡʩʪʚʘ ʏʇʋ. ʉʝʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ ʚ 3D 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.3. 
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ʈʠʩ. 1.1. 3D-ʤʦʜʝʣʴ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 

 

ʈʠʩ. 1.2. 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ 
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ʈʠʩ. 1.3. ʉʝʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʩʪʘʥʢʘ (ʨʠʩ 1.4). 

ɺʨʘʱʝʥʠʝ ʰʧʠʥʜʝʣʷ (ʨʠʩ. 1.5) ʧʨʦʠʟʚʦʜʠʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʪ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʯʝʨʝʟ ʧʦʣʠʢʣʠʥʦʚʦʡ ʨʝʤʝʥʴ ʧʝʨʝʜʘʝʪʩʷ ʥʘ  

ʜʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʢʦʨʦʙʢʫ ʩʢʦʨʦʩʪʝʡ, ʩ ʚʳʭʦʜʥʦʛʦ ʚʘʣʘ ʢʦʪʦʨʦʡ, ʜʚʠʞʝʥʠʝ 

ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʤʫʬʪʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʦʣʦʚʢʠ ʠʣʠ ʜʦʣʙʝʞʥʦʡ ʛʦʣʦʚʢʠ, ʣʠʙʦ ʥʘ 

ʰʝʩʪʝʨʥʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ, ʚʨʘʱʘʶʱʝʛʦʩʷ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 

20 é 4000  ʤʠʥ
-1
. 

ʌʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ  ʰʧʠʥʜʝʣʴʥʦʡ 

ʙʘʙʢʠ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʵʩʪʝʪʠʢʫ ʠ ʚʣʠʷʝʪ ʥʘ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1.6). 

ʐʧʠʥʜʝʣʴ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ ʥʘ ʩʜʚʦʝʥʥʳʭ ʨʘʜʠʘʣʴʥʦ-

ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʛʦʤ ʧʦ ʩʭʝʤʝ çʪʘʥʜʝʤ ï ʆè 

(ʨʠʩ. 1.7) . ɺ ʧʝʨʝʜʥʝʡ ʦʧʦʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʜʰʠʧʥʠʢʠ  ʦʩʦʙʦʣʝʛʢʦʡ ʩʝʨʠʠ 

2-446113 ɻʆʉʊ 832-78 ʩ ʫʛʣʦʤ ʢʦʥʪʘʢʪʘ Ŭ = 26
0
. ʅʘʨʫʞʥʳʝ ʢʦʣʴʮʘ ʵʪʠʭ 

ʧʦʜʰʠʧʥʠʢʦʚ ʦʙʨʘʱʝʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʨʘʟʥʦʠʤʝʥʥʳʤʠ ʪʦʨʮʘʤʠ. ʊʠʧ 

ʩʦʝʜʠʥʝʥʠʷ çʪʘʥʜʝʤè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ 

ʦʩʝʚʳʝ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘʛʨʫʟʢʠ. ɺʝʣʠʯʠʥʘ ʚʳʜʝʨʞʠʚʘʝʤʦʡ ʨʘʜʠʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʨʘʜʠʘʣʴʥʘʷ ʞʝʩʪʢʦʩʪʴ ʟʘʚʠʩʷʪ ʦʪ ʚʝʣʠʯʠʥʳ ʚʳʧʦʣʥʝʥʥʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʛʘ. ʇʨʠ ʤʦʥʪʘʞʝ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩʣʝʜʫʝʪ ʩʪʨʦʛʦ 

ʧʨʦʚʝʨʷʪʴ ʩʦʚʧʘʜʝʥʠʝ ʫʛʣʦʚ ʢʦʥʪʘʢʪʘ ʧʦʜʰʠʧʥʠʢʦʚ Ŭ. ʅʘ ʟʘʜʥʝʡ ʦʧʦʨʝ 

ʤʦʥʪʠʨʫʝʪʩʷ ʜʚʘ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘ ʦʩʦʙʦʣʝʛʢʦʡ ʩʝʨʠʠ 2-

446112 ɻʆʉʊ 832-78. 

ɼʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʮʝʜʫʨʳ ʘʥʘʣʠʟ ʥʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʘ ʘʥʠʤʘʮʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 (ʨʠʩ. 1.8) 
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ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩ. 1. 4. 3D-ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʩʪʘʥʢʘ ʉʌ68ɺʌ4:  

ʘ ï ʧʦʚʦʜʦʢ ʛʦʣʦʚʢʠ ʙʳʩʪʨʦʭʦʜʥʦʡ; ʙ ï ʢʦʥʠʯʝʩʢʦʝ ʢʦʣʝʩʦ ʩ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ;  

ʚ ï ʢʨʦʥʰʪʝʡʥ ʰʘʨʠʢʦʚʦʡ ʚʠʥʪʦʚʦʡ ʧʝʨʝʜʘʯʠ; ʛ ï ʚʘʣ ï ʰʝʩʪʝʨʥʷ ʢʦʥʠʯʝʩʢʘʷ 
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ʈʠʩ. 1.5. ʂʠʥʝʤʘʪʠʢʘ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ ʚ 3D 

 

ʈʠʩ. 1.6. ʌʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ 

 

ʈʠʩ. 1.7. ʐʧʠʥʜʝʣʴ ʩ ʦʧʦʨʘʤʠ ʚ 3D 
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ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʜʘʥʥʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʩʭʝʤʫ (ʨʠʩ. 1.3) ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʫʶ ʙʘʣʢʫ ʥʘ ʯʝʪʳʨʝʭ ʦʧʦʨʘʭ 

(ʧʦʜʰʠʧʥʠʢ-ʦʧʦʨʘ), ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʦʙʣʘʜʘʶʪ ʣʠʥʝʡʥʳʤʠ A  ʠ 

ʫʛʣʦʚʳʤʠ a  ʧʦʜʘʪʣʠʚʦʩʪʷʤʠ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʨʨʝʢʪʥʦ ʟʘʤʝʥʠʪʴ ʩʜʚʦʝʥʥʳʝ ʧʦʜʰʠʧʥʠʢʠ ʦʜʥʦʡ ʦʧʦʨʦʡ, ʧʝʨʝʭʦʜʷ ʢ 

ʜʚʫʭʦʧʦʨʥʦʡ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ [3, 4, 5, 6]. 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʙʘʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.9 

 

 

ʈʠʩ. 1.8. ɸʥʠʤʘʮʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 

 

ʈʠʩ. 1.9. 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʙʘʙʢʠ 
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ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʫʯʝʪʦʤ ʫʛʣʦʚʦʡ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ 

ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʫʣʴ ʢʦʤʧʣʝʩʥʦʛʦ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ APM 

Structure 3D [7 ], ʢʦʪʦʨʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ʉɸʇʈ ʂʆʄʇɸʉ-3D ʚ ʚʠʜʝ 

ʤʦʜʫʣʷ ɸʈʄ FEM [ 8 ]. 

ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ɸʈʄ Structure 3D ʩʦʟʜʘʝʪʩʷ 

çʢʘʨʢʘʩʥʘʷè ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʱʧʠʥʜʝʣʷ ʩ ʦʧʨʘʚʢʦʡ (ʨʠʩ. 1.10), ʚ 

ʢʦʪʦʨʦʡ ʛʨʘʥʠʮʳ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʟʣʘʤʠ ʚ ʪʝʭ ʪʦʯʢʘʭ, 

ʛʜʝ ʧʨʠʢʣʘʜʳʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʠʣʠ ʤʝʥʷʝʪʩʷ ʠʟʛʠʙʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʝʯʝʥʠʷ. 

ʂʘʞʜʳʡ ʩʪʝʨʞʝʥʴ ʠʤʝʝʪ ʢʦʥʢʨʝʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʩʦʝʜʠʥʝʥ ʩ ʧʦʤʦʱʴʶ ʫʟʣʦʚ ʩ 

ʦʩʪʘʣʴʥʳʤʠ ʩʪʝʨʞʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ.  

 

 

ʈʠʩ. 1.10. ʂʘʨʢʘʩʥʘʷ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʰʧʠʥʜʝʣʷ 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʪʴ: 

- ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʢʘʞʜʦʤʫ ʠʟ ʩʪʝʨʞʥʝʡ; 

- ʦʧʦʨʳ ʜʣʷ ʩʦʟʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʝʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ; 

- ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ; 

- ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ   

ʆʩʦʙʝʥʥʦʩʪʴʶ ʟʘʜʘʥʠʷ ʦʧʦʨ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʱʝʥʠʷ ʚ 

ʦʜʥʦʡ ʦʧʦʨʝ ʠ ʞʝʩʪʢʦʛʦ ʠ ʫʧʨʫʛʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʣʠʯʥʳʤʠ ʦʙʲʝʢʪʘʤʠ. ʆʥʠ ʙʫʜʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ 

ʩʦʚʤʝʩʪʥʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʝʡʩʪʚʫʶʪ ʧʦ ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚ ʫʟʣʝ. ɼʣʷ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʝʰʝʥʳ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʡʩʪʚʠʷ ʩʠʣ Py (ʦʩʴ z) ʠ  Fr (ʫʧʨʫʛʦʝ 

ʟʘʢʨʝʧʣʝʥʠʝ) ʠ ʧʦʚʦʨʦʪ ʚʦʢʨʫʛ ʦʩʠ z. ɺ ʨʝʞʠʤʝ ʟʘʜʘʥʠʷ ʞʝʩʪʢʦʛʦ 
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ʟʘʢʨʝʧʣʝʥʠʷ, ʚʢʣʶʯʝʥʠʝʤ ʬʣʘʞʢʦʚ ʚ ʧʦʣʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ 

ʩʣʝʜʫʝʪ ʟʘʜʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʚ ʥʘʧʨʘʣʝʥʠʠ ʦʩʝʡ  x ʠ  y , ʘ 

ʪʘʢʞʝ ʧʦʚʦʨʦʪʳ ʚʦʢʨʫʛ ʵʪʠʭ ʞʝ ʦʩʝʡ. 

ʈʘʩʯʝʪ ʚ ʩʨʝʜʝ ɸʈʄ Structure3D ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʘʣʘ ʚ ʣʶʙʦʤ ʝʛʦ ʩʝʯʝʥʠʠ, 

ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʥʘʛʨʫʟʦʢ, ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ ʠ ʜʨ., ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʧʫʥʢʪʝ 

ʤʝʥʶ çʈʝʟʫʣʴʪʘʪʳè. ʅʘ ʨʠʩ. 1.11. ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʣʝ ʧʝʨʝʤʝʱʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ ʪʠʧʦʚʦʡ ʦʧʝʨʘʮʠʠ ʨʘʩʪʘʯʠʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ 

ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʤ ʩʪʘʥʢʝ ʉʌ68ɺʌ4 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʥʩʦʣʴʥʦʡ ʯʘʩʪʠ ʫʟʣʘ ʩ ʫʯʝʪʦʤ 

ʫʛʣʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ymax= -0,0285; ɗmax= 0,000768 ʨʘʜ.  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʙʦʪʘʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʛʨʫʞʝʥʠʷʤʠ ʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʣʠʟʢʠʝ ʢ ʨʘʚʥʦʧʨʦʯʥʳʤ ʧʦ ʢʨʠʪʝʨʠʶ ʞʝʩʪʢʦʩʪʠ. 

ʅʘʣʠʯʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʠ ʞʝʩʪʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʦʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʨʘʟʤʝʨʦʤ 1000Ĭ500Ĭ500 ʤʤ. 

 

 

ʈʠʩ. 1.11. ʕʧʶʨʘ ʧʝʨʝʤʝʱʝʥʠʡ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 
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1.1.1. ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʧʠʥʜʝʣʴʥʘʷ ʛʦʣʦʚʢʘ 

ʅʘʣʠʯʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʠ ʞʝʩʪʢʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʦʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʨʘʟʤʝʨʦʤ 1000Ĭ500Ĭ500 ʤʤ. 

ɻʦʣʦʚʢʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʝʧʠʪʩʷ ʢ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʝ ʯʝʪʳʨʴʤʷ 

ʚʠʥʪʘʤʠ ʠ ʮʝʥʪʨʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʢʦʥʠʯʝʩʢʠʭ ʰʪʳʨʝʡ ʠ ʚʪʫʣʦʢ. 

ʅʘʠʙʦʣʴʰʠʡ ʭʦʜ ʧʠʥʦʣʠ 90 ʤʤ. ɿʘʞʠʤ ʧʠʥʦʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʯʝʪʳʨʝʭ 

ʩʪʦʨʦʥ, ʩ ʧʦʤʦʱʴʶ ʟʘʞʠʤʥʳʭ ʩʝʢʪʦʨʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʝʥʠʷ ʨʫʢʦʷʪʢʠ. 

ɼʣʷ ʩʠʣʦʚʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʙʣʦʢʠʨʦʚʢʘ ʧʠʥʦʣʠ ʟʫʙʯʘʪʳʤ 

ʬʠʢʩʘʪʦʨʦʤ ʚ ʧʨʝʜʝʣʘʭ ʰʘʛʘ ʨʝʡʢʠ - 4,166 ʤʤ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʊ -ʦʙʨʘʟʥʦʛʦ ʧʘʟʘ ʚ ʧʝʨʝʭʦʜʥʦʡ ʧʣʠʪʝ ʛʦʣʦʚʢʘ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90Á ʚ ʦʙʝ ʩʪʦʨʦʥʳ. ʋʩʪʘʥʦʚʢʘ ʛʦʣʦʚʢʠ ʚ ʥʫʞʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʪʠʬʪʦʤ.  

ɼʣʷ ʪʦʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʛʦʣʦʚʢʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʴʥʘʷ ʦʧʨʘʚʢʘ, ʚʩʪʘʚʣʷʝʤʘʷ ʠ ʟʘʞʘʪʘʷ ʚ ʢʦʥʫʩʥʦʤ 

ʦʪʚʝʨʩʪʠʠ ʰʧʠʥʜʝʣʷ, ʠ ʩʪʨʝʣʦʯʥʳʡ ʠʥʜʠʢʘʪʦʨ. ɿʘʞʠʤ ʠ ʨʘʟʞʠʤ 

ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, 

ʟʘʢʨʝʧʣʷʝʤʳʤ ʥʘ ʟʘʜʥʝʡ ʯʘʩʪʠ ʰʧʠʥʜʝʣʷ. ʀʥʩʪʨʫʤʝʥʪ ʟʘʞʠʤʘʝʪʩʷ ʚ ʨʘʙʦʯʝʤ 

ʰʧʠʥʜʝʣʝ ʧʘʢʝʪʦʤ ʪʘʨʝʣʴʯʘʪʳʭ ʧʨʫʞʠʥ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʞʠʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠ, ʧʨʠʯʝʤ ʠʥʩʪʨʫʤʝʥʪ ʦʩʪʘʝʪʩʷ ʟʘʢʨʝʧʣʝʥʥʳʤ 

ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʦʪʢʘʟʘ ʛʠʜʨʘʚʣʠʢʠ. ʈʘʟʞʠʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʜʘʯʝ ʜʘʚʣʝʥʠʷ 

ʚ ʧʦʣʦʩʪʴ ʮʠʣʠʥʜʨʘ ʧʨʠ ʥʝ ʚʨʘʱʘʶʱʝʤʩʷ ʰʧʠʥʜʝʣʝ. ɺ ʧʝʨʠʦʜ ʨʘʟʞʠʤʘ 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʛʨʫʟʢʘ ʧʦʜʰʠʧʥʠʢʦʚ ʰʧʠʥʜʝʣʷ ʦʪ ʫʩʠʣʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʜʣʷ ʩʞʘʪʠʷ ʧʘʢʝʪʘ ʪʘʨʝʣʴʯʘʪʳʭ ʧʨʫʞʠʥ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʦʚ. 

3D-ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

1.12, ʘ; ʙ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʩʤʦʥʪʠʨʦʚʘʥ ʚ ʛʠʣʴʟʝ, ʠʤʝʶʱʝʡ 

ʧʝʨʝʤʝʱʝʥʠʝ ʚ ʢʦʨʧʫʩʝ, ʧʦʣʫʯʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʢʦʥʠʯʝʩʢʫʶ ʧʘʨʫ ʠ 

ʢʫʣʘʯʢʦʚʫʶ ʤʫʬʪʫ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ (ʨʠʩ. 1.13): 

- ʥʠʞʥʷʷ ʦʧʦʨʘ ï ʩʜʚʦʝʥʥʳʝ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʝ ʰʘʨʠʢʦʚʳʝ 

ʧʦʜʰʠʧʥʠʢʠ 2-446112 ɻʆʉʊ 832-75 ʦʩʦʙʦʣʝʛʢʦʡ ʩʝʨʠʠ ʜʠʘʤʝʪʨʦʚ 1, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʦ ʩʭʝʤʝ çʪʘʥʜʝʤè ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʛʦʤ ʈʥ = 390 ʅ. 

ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʠʢʩʘʮʠʶ ʰʧʠʥʜʝʣʷ ʠ ʢʦʨʧʫʩʘ ʚ ʨʘʜʠʘʣʴʥʦʤ ʠ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ; 

- ʚʝʨʭʥʷʷ ʦʧʦʨʘ ï ʦʜʠʥʘʨʥʳʡ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʰʘʨʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ  

2-446111 ɻʆʉʊ 831-75 ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʥʘʪʷʛʦʤ ʈʥ = 

370 ʅ. 
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ʈʠʩ. 1.12. 3D-ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ:  
ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ ï ʩʝʯʝʥʠʝ 

 

ʈʠʩ. 1.13. ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʩ ʦʧʦʨʘʤʠ 
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ʅʘ ʨʠʩ. 1.14 ʧʦʢʘʟʘʥʘ 3D-ʤʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ 

ʤʦʜʝʣʠ ʉʌ68ɺʌ4. 

 

 

ʈʠʩ. 1.14. ʐʧʠʥʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʦʣʦʚʢʠ ʚ 3D 

1.1.2. ʋʛʣʦʚʘʷ ʰʧʠʥʜʝʣʴʥʘʷ ʛʦʣʦʚʢʘ 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ ʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʟʜʘʥʘ 

3D-ʤʦʜʝʣʴ ʫʛʣʦʚʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʦʡ (ʨʠʩ. 15, ʘ; ʙ) ʚ ʉɸʇʈ ʂʆʄʇɸʉ-

3D.  
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ʈʠʩ. 1.15. ʋʛʣʦʚʘʷ ʛʦʣʦʚʢʘ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ68ɺʌ4: ʘ ï ʦʙʱʠʡ ʚʠʜ; ʙ - ʢʦʥʩʪʨʫʢʮʠʷ 

ʋʛʣʦʚʘʷ ʛʦʣʦʚʢʘ ʩʪʘʥʢʘ ʉʌ68 ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʳʭ ʩʪʘʥʢʦʚ. ʋʛʣʦʚʘʷ ʛʦʣʦʚʢʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʫʩʪʫʧʦʚ ʠ ʧʘʟʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
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ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘʛʦʪʦʚʦʢ ʧʣʦʩʢʦʩʪʝʡ. ʆʥʘ ʨʝʘʣʠʟʫʝʪ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʜʦ 

4000 ʤʠʥ
-1
 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʰʧʠʥʜʝʣʷ ʥʘ 360

0
 ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ɼʚʠʞʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʥʘ 

ʰʧʠʥʜʝʣʴ  ʛʦʣʦʚʢʠ ʫʛʣʦʚʦʡ  ʧʝʨʝʜʘʝʪʩʷ ʯʝʨʝʟ ʢʦʥʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ. 

ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʦʧʝʨʘʮʠʝʡ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʩ ʧʦʤʦʱʴʶ ʫʛʣʦʚʦʡ 

ʛʦʣʦʚʢʠ, ʷʚʣʷʝʪʩʷ ʬʨʝʟʝʨʦʚʘʥʠʝ ʧʣʦʩʢʦʩʪʝʡ, ʧʘʟʦʚ ʠ ʫʩʪʫʧʦʚ ʢʦʥʮʝʚʦʡ 

ʬʨʝʟʦʡ. ɼʘʥʥʳʡ ʪʠʧʦʨʘʟʤʝʨ ʛʦʣʦʚʢʠ ʦʩʥʘʱʘʝʪʩʷ ʥʘʙʦʨʦʤ ʢʦʥʮʝʚʳʭ ʬʨʝʟ ʩ 

ʜʠʘʤʝʪʨʦʤ ʚ ʜʠʘʧʘʟʦʥʝ 3 é 25 ʤʤ.  

ʐʧʠʥʜʝʣʴ ʫʛʣʦʚʦʡ ʛʦʣʦʚʢʠ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʦʧʦʨʘʭ (ʨʠʩ. 1.16): 

ʇʝʨʝʜʥʷʷ - ʧʦʜʰʠʧʥʠʢ 3182108 - ʨʦʣʠʢʦʚʳʡ ʨʘʜʠʘʣʴʥʳʡ ʜʚʫʭʨʷʜʥʳʡ 

ʩ ʢʦʨʦʪʢʠʤʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʨʦʣʠʢʘʤʠ ʩ ʢʦʥʠʯʝʩʢʠʤ ʦʪʚʝʨʩʪʠʝʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʢʦʣʴʮʘ ʩ ʙʦʨʪʘʤʠ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʢʦʣʴʮʝ. ʅʘʧʨʘʚʣʝʥʠʝ 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʥʘʛʨʫʟʦʢ - ʨʘʜʠʘʣʴʥʦʝ. ɼʦʧʫʩʢʘʶʪ ʨʝʛʫʣʠʨʦʚʢʫ 

ʨʘʜʠʘʣʴʥʦʛʦ ʟʘʟʦʨʘ. ʇʦʜʰʠʧʥʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 7634-75. 

ɿʘʜʥʷʷ: ï ʧʦʜʰʠʧʥʠʢ 246205 - ʰʘʨʠʢʦʚʳʡ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ 

ʩʜʚʦʝʥʥʳʡ, ʥʘʨʫʞʥʳʝ ʢʦʣʴʮʘ ʢʦʪʦʨʦʛʦ ʦʙʨʘʱʝʥʳ ʜʨʫʛ ʢ ʜʨʫʛʫ ʰʠʨʦʢʠʤʠ 

ʪʦʨʮʘʤʠ, ʫʛʦʣ ʢʦʥʪʘʢʪʘ Ŭ=26Ü. ʅʘʧʨʘʚʣʝʥʠʝ ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʥʘʛʨʫʟʦʢ - 

ʨʘʜʠʘʣʴʥʦʝ ʠ ʦʩʝʚʦʝ ʚ ʦʙʝ ʩʪʦʨʦʥʳ. ʂʦʤʧʣʝʢʪ ʧʦʜʰʠʧʥʠʢʦʚ ʬʠʢʩʠʨʫʝʪ ʚʘʣ 

ʠ ʢʦʨʧʫʩ ʚ ʦʙʦʠʭ ʦʩʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʞʝʩʪʢʫʶ 

ʫʛʣʦʚʫʶ ʬʠʢʩʘʮʠʶ ʚʘʣʘ ʯʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʜʰʠʧʥʠʢ 346205. 

ʇʦʜʰʠʧʥʠʢ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʫ ɻʆʉʊ 832-78. 

 

 

ʈʠʩ. 1.16. ʐʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʩ ʦʧʦʨʘʤʠ 

http://www.podshypnik.info/index.php?zid=standards&standart=gost7634
http://www.podshypnik.info/index.php?zid=standards&standart=gost832
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ʂʦʤʧʣʝʢʩʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʉʌ68 (ʨʠʩ. 1.17, ʘ) ʦʩʫʱʝʩʪʚʠʤ ʩ ʧʦʤʦʱʴʶ 

ʤʦʜʫʣʷ ɸʈʄ FEM [8], ʦʩʥʘʱʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ, 

ʚʭʦʜʷʱʠʤ ʚ ʉɸɽ - ʙʠʙʣʠʦʪʝʢʫ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ 

ʟʘʜʘʯ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (Mʂʕ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʝʧʣʝʥʠʝ ʚ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʦʧʦʨʘʭ ʠ ʟʘʜʘʶʪʩʷ 

ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 1.17, ʙ); ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʚʧʘʜʘʶʱʠʝ ʛʨʘʥʠ 

(ʜʣʷ ʂʕ-ʘʥʘʣʠʟʘ ʩʙʦʨʢʠ); ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʂʕ-ʩʝʪʢʠ (ʨʠʩ. 1.17, ʚ) 

ʤʝʪʦʜʦʤ MT Frontal (c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʥʦʛʦʷʜʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ); 

ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʠ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʢʘʨʪ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ ʄʂʕ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ ʠ ʘʥʘʣʠʟʘ 

ʨʘʟʙʠʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʝʣʠʯʠʥʘʭ ʛʣʫʙʠʥʳ ʧʨʦʩʤʦʪʨʘ (ʨʠʩ. 1.17, ʛ). 

 

 

 
ʘ ʙ 

  
ʚ ʛ 

 

ʈʠʩ. 1.17. ʇʨʦʮʝʜʫʨʳ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ:  

ʘ ï 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʷ: ʙ ï ʦʧʦʨʳ ʠ ʥʘʛʨʫʟʢʠ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʰʧʠʥʜʝʣʴ;  
ʚ ï ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ; ʛ ï ʛʣʫʙʠʥʘ ʧʨʦʩʤʦʪʨʘ 

ɺ ʨʘʤʢʘʭ ʤʦʜʫʣʷ ɸʈʄ FEM ʦʩʫʱʝʩʪʚʣʝʥʳ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ ʠ ʧʦʣʫʯʝʥʳ: 

- ʧʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ (ʯʝʪʚʝʨʪʘʷ ʪʝʦʨʠʷ 

ʧʨʦʯʥʦʩʪʠ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1.18;  

- ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ (ʨʠʩ. 1.19) ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʝʯʝʥʠʡ ʰʧʠʥʜʝʣʷ;  

- ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʧʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ (ʨʠʩ. 1.20). 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʦʪʦʢʦʣ ʨʘʩʯʝʪʘ ʚ ɸʈʄ FEM (ʨʠʩ. 1.21) 
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ʈʠʩ. 1.18. ʅʘʧʨʷʞʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʰʧʠʥʜʝʣʷ 

 

ʈʠʩ. 1.19. ʉʫʤʤʘʨʥʳʝ ʣʠʥʝʡʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ 
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ʈʠʩ. 1.20. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ  

 

 
ʈʠʩ. 1.21. ʇʨʦʪʦʢʦʣ ʨʘʩʯʝʪʘ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 
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1.2. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʪʘʥʢʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠ ʉɺʄ1ʌ4 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ ʚʪʦʨʦʛʦ 

ʪʠʧʦʨʘʟʤʝʨʘ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʛʦ ʪʠʧʘ ʥʘ ʙʘʟʝ ʤʦʜʝʣʠ 

ʉɺʄ1ʌ4. ʅʘ ʩʪʘʥʢʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʦʙʨʘʙʦʪʢʘ ʚʝʨʪʠʢʘʣʴʥʳʭ, 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ ʧʣʦʩʢʦʩʪʝʡ, ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʦʪʚʝʨʩʪʠʡ, ʧʘʟʦʚ ʨʘʟʣʠʯʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʬʨʝʟʝʨʦʚʘʥʠʝʤ, 

ʩʚʝʨʣʝʥʠʝʤ, ʟʝʥʢʝʨʦʚʘʥʠʝʤ ʠ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ ʠʤʝʶʪʩʷ ʪʘʢʠʝ  

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʫʟʣʳ, ʢʘʢ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʙʣʦʢ ʜʣʷ ʪʦʯʥʦʛʦ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʰʧʠʥʜʝʣʷ ʠ ʩʧʝʮʠʘʣʴʥʘʷ ʰʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ, 

ʨʝʘʣʠʟʫʶʱʘʷ ʛʣʘʚʥʦʝ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʝ ʜʚʠʞʝʥʠʝ. ɺ ʧʨʠʚʦʜʝ ʛʣʘʚʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʛʫʣʠʨʫʝʤʳʡ ʧʨʠʚʦʜ ʥʘ ʙʘʟʝ ʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʪʠʨʠʩʪʦʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʷ 

ɼʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʘʤʠ ʠ 

ʨʝʞʫʱʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ ʚ ʜʘʥʥʦʤ ʩʪʘʥʢʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʤʦʜʫʣʴʥʘʷ ʦʩʥʘʩʪʢʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ 

ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʝ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʙʝʟ ʧʝʨʝʫʩʪʘʥʦʚʢʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. 

 

  

ʈʠʩ.1.22. 3D- ʤʦʜʝʣʴ ʩʪʘʥʢʘ ʉɺʄ1ʌ4 
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ʉʪʘʥʦʢ ʦʩʥʘʱʝʥ ʜʦʟʠʨʦʚʘʥʥʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʤʘʟʢʠ ʪʠʧʘ 

çʊʨʠʙʦʥè ʜʣʷ ʥʘʧʨʘʚʣʷʶʱʠʭ ʩʢʦʣʴʞʝʥʠʷ, ʧʝʨʝʜʘʯ ɺɻʂ  ʠ ʦʧʦʨ ʢʘʯʝʥʠʷ 

ʰʧʠʥʜʝʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ 

ʤʦʜʝʣʠ ʉɺʄ1ʌ4, ʦʩʥʘʱʝʥʥʦʛʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘ ʠ 

ʧʦʚʦʨʦʪʥʳʤ ʩʪʦʣʦʤ, ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʩʪʘʥʢʘ [9, 10] ʚ ʉɸʇʈ ʂʆʄʇɸʉ-3D 

(ʨʠʩ. 1.22).  

ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʝ ʫʟʣʦʚ ʩʪʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 1.23. 

 

  
ʘ ʙ 

  
ʚ ʛ 

ʈʠʩ. 1.23. 3D- ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʩʪʘʥʢʘ ʉɺʄ1ʌ4: ʘ ï ʬʣʘʥʝʮ ʛʠʜʨʦʙʣʦʢʘ;  
ʙ ï ʢʨʳʰʢʘ ʛʠʜʨʦʙʣʦʢʘ; ʧʦʨʰʝʥʴ; ʛ ï ʪʨʫʙʢʘ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ 
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ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.24.  

 

 

ʈʠʩ. 1.24. ʂʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʩʪʘʥʢʘ 

ʆʙʝʩʧʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʪʦʯʥʦʩʪʠ ʠ 

ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʘʥʢʦʚ ʩʚʷʟʘʥʦ ʩ ʘʥʘʣʠʟʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʭ 

ʞʝʩʪʢʦʩʪʠ ʠ ʧʦʜʘʪʣʠʚʦʩʪʠ. ʆʮʝʥʢʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʧʦʜʘʪʣʠʚʦʩʪʠ 

ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʢʨʠʪʝʨʠʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʪʘʪʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ ʙʘʟʦʚʳʭ ʜʝʪʘʣʝʡ ʠ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ. ʊʘʢ ʜʝʬʦʨʤʘʮʠʠ ʧʦʜʚʠʞʥʳʭ ʰʧʠʥʜʝʣʴʥʳʭ ʙʘʙʦʢ 

ʬʨʝʟʝʨʥʳʭ ʠ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʦʚ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʜʦ 70 % 

ʦʙʱʝʡ.  

1.2.1. ʐʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ 

ɼʣʷ ʦʮʝʥʢʠ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ ʩʪʘʥʢʘ ʉɺʄ1ʌ4 

ʨʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ [9] ʵʪʦʛʦ ʬʦʨʤʦʦʙʨʘʟʫʶʱʝʛʦ ʫʟʣʘ (ʨʠʩ. 1.25).  

ʂʦʥʩʪʨʫʢʮʠʷ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʨʝʟʝ (ʨʠʩ. 1.25, ʘ), ʘ ʝʝ 

ʨʝʥʜʝʨʠʥʛ ʚ ʤʦʜʫʣʝ Artisan Rendering ʥʘ ʨʠʩ. 1.25, ʙ.  

 

 
 

ʘ ʙ 

ʈʠʩ. 1.25. ʐʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ ʩʪʘʥʢʘ ʉɺʄ1ʌ4:  

ʘ ï ʨʘʟʨʝʟ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ; ʙ ï ʨʝʥʜʝʨʠʥʛ ʚ ʤʦʜʫʣʝ Artisan Rendering 

ɺ ʥʠʞʥʝʡ ʦʧʦʨʝ ʰʧʠʥʜʝʣʷ ʫʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʦʪʦʯʥʳʡ ʨʘʜʠʘʣʴʥʦ-

ʫʧʦʨʥʳʡ ʜʚʫʭʨʷʜʥʳʡ ʢʦʥʠʯʝʩʢʠʡ ʨʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ, ʢʦʪʦʨʳʡ 

ʚʦʩʧʨʠʥʠʤʘʝʪ ʨʘʜʠʘʣʴʥʳʝ ʠ ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʧʫʩʪʠʤʦʡ ʨʘʜʠʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʚ 1,7 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʨʷʜʥʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʦʧʦʨʳ. 
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ɺ ʚʝʨʭʥʝʡ ʦʧʦʨʝ ʫʩʪʘʥʦʚʣʝʥ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʢʦʥʠʯʝʩʢʠʡ 

ʧʦʜʰʠʧʥʠʢ, ʢʦʪʦʨʳʡ ʜʦʧʫʩʢʘʝʪ ʨʘʟʜʝʣʴʥʳʡ ʤʦʥʪʘʞ ʢʦʣʝʮ ʠ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʥʘʪʷʛ ʧʨʫʞʠʥʥʦʛʦ ʪʠʧʘ (ʨʠʩ. 3). 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʩʪʨʦʝʥʠʷ ʩʣʦʞʥʳʭ 3D-ʩʙʦʨʦʢ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ 

3D-ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʠ ʫʟʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʰʧʠʥʜʝʣʴʥʫʶ ʛʦʣʦʚʢʫ 

ʂʦʤʧʣʝʢʩʥʳʡ ʠʥʞʝʥʝʨʥʳʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʦʩʫʱʝʩʪʚʠʤ ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ɸʈʄ FEM [7, 

8], ʦʩʥʘʱʝʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʦʤ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ, ʚʭʦʜʷʱʠʤ ʚ ʉɸɽ ï 

ʙʠʙʣʠʦʪʝʢʫ, ʢʦʪʦʨʘʷ ʨʝʘʣʠʟʫʝʪ ʨʝʰʝʥʠʷ ʠʥʞʝʥʝʨʥʳʭ ʟʘʜʘʯ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (Mʂʕ). ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʢʨʝʧʣʝʥʠʝ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʧʦʨʘʭ ʠ ʟʘʜʘʶʪʩʷ ʧʨʠʢʣʘʜʳʚʘʝʤʳʝ 

ʥʘʛʨʫʟʢʠ; ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʚʧʘʜʘʶʱʠʝ ʛʨʘʥʠ (ʜʣʷ ʂʕ-ʘʥʘʣʠʟʘ ʩʙʦʨʢʠ); 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʂʕ-ʩʝʪʢʠ ʤʝʪʦʜʦʤ MT Frontal (c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʥʦʛʦʷʜʝʨʥʦʩʪʠ ʧʨʦʮʝʩʩʦʨʘ); ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʝʪ ʠ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʚ 

ʚʠʜʝ ʢʘʨʪ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʤʝʱʝʥʠʡ. 

ɺ ʨʘʤʢʘʭ ʤʦʜʫʣʷ ɸʈʄ FEM ʦʩʫʱʝʩʪʚʣʝʥʳ ʚʩʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʜʝʡʩʪʚʠʷ ʠ ʧʦʣʫʯʝʥʳ: 

ï ʧʦʣ̫ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʄʠʟʝʩʫ (ʯʝʪʚʝʨʪʘʷ ʪʝʦʨʠʷ 

ʧʨʦʯʥʦʩʪʠ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʠʩ. 1.26, ʘ;  

ï ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ (ʨʠʩ. 1.26, ʙ) ʥʘ ʤʥʦʞʝʩʪʚʝ ʩʝʯʝʥʠʡ ʰʧʠʥʜʝʣʷ. 

 
ʘ 

 

ʙ 

ʈʠʩ. 1.26. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʰʧʠʥʜʝʣʷ: 
ʘ ï ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ 
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1.2.2. ʇʦʚʦʨʦʪʥʳʡ ʩʪʦʣ 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʩʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʦʨʘʟʤʝʨʦʚ 

ʩʪʘʥʢʦʚ ʠ ʧʦʩʪʦʷʥʥʦʡ ʩʤʝʥʳ ʢʦʥʬʠʛʫʨʘʮʠʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʠʥʝʡʢʠ 

ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ, ʦʩʥʘʱʝʥʥʳʭ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʚʦʜʘʤʠ [11]. 

ʉʪʦʣ ʧʦʚʦʨʦʪʥʳʡ  ʫʧʨʘʚʣʷʝʤʳʡ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ 

ʫʟʣʘ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ ʥʘ ʩʪʦʣʝ ʩʪʘʥʢʘ ʚ ʜʚʫʭ ʧʦʣʦʞʝʥʠʷʭ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʉɸʇʈ ʂʆʄʇɸʉ ʧʦʩʪʨʦʝʥʘ 3D-ʤʦʜʝʣʴ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 

ʩʦʩʪʦʷʱʘʷ ʠʟ ʙʦʣʝʝ ʯʝʤ 300 ʜʝʪʘʣʝʡ [12] (ʨʠʩ. 1.27). 

 

 

ʈʠʩ. 1.27. ʉʪʦʣ ʧʦʚʦʨʦʪʥʳʡ  ʫʧʨʘʚʣʷʝʤʳʡ 

ʉʪʦʣ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʯʝʨʚʷʯʥʘʷ ʧʘʨʘ, 

ʧʝʨʝʜʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʦʪ ʚʳʩʦʢʦʤʦʤʝʥʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ 

ʦʨʛʘʥ ï ʧʣʘʥʰʘʡʙʫ (ʨʠʩ. 1.28, ʘ). ʋʧʨʘʚʣʝʥʠʝ ʩʪʦʣʦʤ ʧʦʚʦʨʦʪʥʳʤ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʋʏʇʋ ʯʝʨʝʟ ʢʨʫʛʦʚʦʡ ʠʥʜʫʢʪʦʩʠʥ ʇʋʀ-18ɸ. 

ʇʦʚʦʨʦʪ ʧʣʘʥʰʘʡʙʳ ʥʘ ʟʘʜʘʥʥʳʡ ʫʛʦʣ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʦʧʪʠʯʝʩʢʠʤ 

ʜʘʪʯʠʢʦʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ. 

ʂʨʝʧʣʝʥʠʝ ʜʝʪʘʣʝʡ ʢ ʩʪʦʣʫ ʧʦʚʦʨʦʪʥʦʤʫ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʊ-ʦʙʨʘʟʥʳʤ 

ʧʘʟʘʤ. ʀʟʤʝʥʝʥʠʝ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ ʧʣʘʥʰʘʡʙʳ ʩʪʦʣʘ ʧʦʚʦʨʦʪʥʦʛʦ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʣʘʚʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,1 ʜʦ 3,5 ʤʠʥ
-1
, ʫʩʢʦʨʝʥʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 6,5 ʤʠʥ
-1
. ɺ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʦʣʘ 

ʧʦʚʦʨʦʪʥʦʛʦ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʥʩʦʣʴʥʦ-

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʜʝʪʘʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʘʜʥʷʷ ʙʘʙʢʘ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʙʘʟʠʨʦʚʘʥʠʷ  ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ (ʨʠʩ. 1.28, 

ʙ) ʚ ʧʨʠʚʦʜʝ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʦʜʥʫ 

ʢʦʥʠʯʝʩʢʫʶ ʧʦʩʘʜʦʯʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʪʘʢʞʝ ʙʘʟʠʨʦʚʘʥʠʝ ʧʦ ʪʦʨʮʫ.  

 

 

 

ʘ ʙ 

ʈʠʩ. 1.28. ʇʦʚʦʨʦʪʥʳʡ ʩʪʦʣ: ʘ, ʙ ï ʩʝʯʝʥʠʷ ʩʪʦʣʘ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʙʝʟʟʘʟʦʨʥʦʡ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ [13, 14].  

ʆʙʥʫʣʝʥʠʝ ʙʦʢʦʚʳʭ ʟʘʟʦʨʦʚ ʚ ʯʝʨʚʷʯʥʦʤ ʟʘʮʝʧʣʝʥʠʠ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʩʤʝʱʝʥʠʷ ʯʝʨʚʷʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʦʩʠ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʨʠʩ. 

1.29. 
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ʈʠʩ. 1.29. ʂʦʥʩʪʨʫʢʮʠʷ ʧʝʨʝʜʘʯʠ ʩ ʦʙʥʫʣʝʥʠʝʤ ʙʦʢʦʚʳʭ ʟʘʟʦʨʦʚ 

ʇʨʠ ʵʪʦʤ ʚ ʢʦʥʪʘʢʪʝ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝ ʩʪʦʨʦʥʳ 

ʚʠʪʢʘ ʯʝʨʚʷʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʙʝʟʟʘʟʦʨʥʦʝ ʯʝʨʚʷʯʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʚ 

ʜʚʫʭ ʘʩʧʝʢʪʘʭ ï  ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʠ ʩʠʣʦʚʦʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʯʝʨʚʷʢʘ ï u, ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1.30. 

 

 

ʈʠʩ. 1.30. ʂ ʦʧʨʝʜʝʣʝʥʠʶ ʩʤʝʱʝʥʠʷ ʯʝʨʚʷʢʘ 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʵʣʝʤʝʥʪʳ ʟʘʮʝʧʣʝʥʠʷ ï ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʨʘʜʠʫʩʘʤʠ 1ar  ʠ 102 arr , ( m2,0  ï ʨʘʜʠʘʣʴʥʳʡ ʟʘʟʦʨ),  ʜʘʥʳ ʥʝ 
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ʚ ʪʝʭ ʧʨʦʧʦʨʮʠʷʭ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʨʝʘʣʴʥʳʭ ʧʝʨʝʜʘʯʘʭ (ʚʝʣʠʯʠʥʳ u  

ʠ 
1
 ʙʳʣʠ ʙʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʟʣʠʯʠʤʳ). 

ʀʟʚʝʩʪʥʳʤʠ ʷʚʣʷʶʪʩʷ:  )2(5,01 qmra  ï ʨʘʜʠʫʩ ʚʝʨʰʠʥ 

ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ;  ]2,0)2(5,0[102 qmrr a  ï ʨʘʜʠʫʩ ʜʫʛʠ 

ʦʢʨʫʞʥʦʩʪʠ, ʦʯʝʨʯʠʚʘʶʱʝʡ ʚʝʨʰʠʥʳ ʟʫʙʴʝʚ ʢʦʣʝʩʘ ʚ ʦʩʝʚʦʤ ʩʝʯʝʥʠʠ;  

)2(75,05,1 12 qmrb a  ï ʰʠʨʠʥʘ ʚʝʥʮʘ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ; (m  ʠ 

q  ï ʤʦʜʫʣʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ). 

ʀʟ  æ
OAO2  ʩʣʝʜʫʝʪ, ʯʪʦ 

02

2 2/
arcsin

r

b
. 

ʀʟ  æ
BOO1 : 

1

2

2

2

02

1

)2/(
arccos

ar

br
;       111 2/ . 

ʆʯʝʚʠʜʥʦ, ʯʪʦ: 

1110 2/ ;     221 2/ . 

ʀʟ  æOOO 12 : 

2/)( 21210 . 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʠʟ  æOOO 12 , ʛʜʝ ʠʟʚʝʩʪʥʳ ʜʚʝ ʩʪʦʨʦʥʳ ï 1ar  ʠ 
02

r , ʘ 

ʪʘʢʞʝ ʫʛʦʣ  ʤʝʞʜʫ ʥʠʤʠ, ʥʘʭʦʜʠʪʩʷ ʠʩʢʦʤʦʝ ʩʤʝʱʝʥʠʝ ʯʝʨʚʷʢʘ u : 

cos2 021

2

02

2

1 rrrru aa .                          (1.1) 

ʈʘʩʯʝʪʳ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ (1) ʜʣʷ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʮʝʧʣʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

03,0...02,0/ 1du , 
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ʪʦ ʝʩʪʴ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʟʟʘʟʦʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ  

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʱʝʥʠʷ ʯʝʨʚʷʢʘ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʠ ʢʦʣʝʩʘ ʥʘ 

ʚʝʣʠʯʠʥʫ u, ʨʘʚʥʫʶ 2é3% ʦʪ ʝʛʦ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ 1d . 

ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʯʝʨʚʷʢ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʤʝʱʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʥʝʰʥʠʭ ʥʘʛʨʫʟʦʢ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʨʫʞʥʦʡ 

ʩʠʣʳ ʥʘ ʯʝʨʚʷʢʝ 
1t

F  ʯʝʨʚʷʢ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʚʝʨʥʫʪʴʩʷ ʚ ʥʝʩʤʝʱʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ (ʧʫʥʢʪʠʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʠʩ. 1.29). ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ 

ʧʦʷʚʣʝʥʠʶ ʟʘʟʦʨʦʚ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʯʪʦ ʥʘʨʫʰʠʪ ʪʦʯʥʦʩʪʴ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʚʨʘʱʝʥʠʷ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ. ʇʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʪʘʢʦʤʫ ʩʤʝʱʝʥʠʶ ʤʦʛʫʪ 

ʧʨʫʞʠʥʳ ʩʞʘʪʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʩʢʦʣʴʟʷʱʠʭ ʦʧʦʨʘʭ ʚʘʣʘ ʯʝʨʚʷʢʘ. ʋʩʠʣʠʷ 

ʧʨʫʞʠʥ ʇF  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ  ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʩʪʝʤʳ ʩʠʣ, 

ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1.31. 

 

 

ʈʠʩ. 1.31. ʂ ʨʘʩʯʝʪʫ ʩʠʣʳ ʩʞʘʪʠʷ ʧʨʫʞʠʥ ʇF : 

1 ï ʯʝʨʚʷʢ;  2 ï ʯʝʨʚʷʯʥʦʝ ʢʦʣʝʩʦ;  3 ʠ 4 ï ʧʦʜʰʠʧʥʠʢʠ ʚ ʩʢʦʣʴʟʷʱʠʭ ʦʧʦʨʘʭ ʚʘʣʘ 

ʯʝʨʚʷʢʘ, ʢʦʪʦʨʳʝ ʧʦʜʞʠʤʘʶʪʩʷ ʧʨʫʞʠʥʘʤʠ 5;  1T  ʠ 
2T  ï ʚʨʘʱʘʶʱʠʝ ʤʦʤʝʥʪʳ ʥʘ 

ʚʘʣʘʭ ʯʝʨʚʷʢʘ ʠ ʢʦʣʝʩʘ;  G  ï ʚʝʩ ʚʘʣʘ ʯʝʨʚʷʢʘ ʚ ʩʙʦʨʝ 

 

3D ï ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ ʩʦ ʩʢʦʣʴʟʷʱʠʤʠ 

ʦʧʦʨʘʤʠ ʜʘʝʪ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ (ʨʠʩ. 1.32) 

ʇʦ ʫʩʣʦʚʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ:  12 tʇ FGF ,  ʦʪʢʫʜʘ 

2/)( 1 GFF tʇ ,  ʅ. 
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ʈʠʩ. 1.32. ʉʢʦʣʴʟʷʱʠʝ ʦʧʦʨʳ ʯʝʨʚʷʢʘ ʧʦʚʦʨʦʪʥʦʛʦ ʩʪʦʣʘ 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʣʫʯʠʤ 

2

)(

2

2

G

d

tg
TFʇ ,  ʅ,                                   (1.2) 

ʛʜʝ 
22

zmd  ï ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʤ; 

)/(
1

qzarctg  ï ʜʝʣʠʪʝʣʴʥʳʡ ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ, ʛʨʘʜ; 

ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʛʨʘʜ. 

ʇʨʠ ʚʳʚʦʜʝ ʩʦʦʪʥʦʰʝʥʠʷ (1.2) ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʙʣʠʞʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʨʘʩʯʝʪʘ ʂʇɼ ʯʝʨʚʷʯʥʦʡ ʧʘʨʳ [15, 16]: 

)(/ tgtg . 

ʇʦ ʫʩʣʦʚʠʶ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ:  12 tʇ FGF ,  ʦʪʢʫʜʘ 

2/)( 1 GFF tʇ ,  ʅ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʣʫʯʠʤ 

2

)(

2

2

G

d

tg
TFʇ ,  ʅ,                             (1.3) 
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ʛʜʝ 
22

zmd  ï ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ, ʤ; 

)/(
1

qzarctg  ï ʜʝʣʠʪʝʣʴʥʳʡ ʫʛʦʣ ʧʦʜʲʝʤʘ ʚʠʪʢʦʚ ʯʝʨʚʷʢʘ, ʛʨʘʜ; 

ï ʧʨʠʚʝʜʝʥʥʳʡ ʫʛʦʣ ʪʨʝʥʠʷ ʚ ʟʘʮʝʧʣʝʥʠʠ, ʛʨʘʜ. 

ʇʨʠ ʫʪʦʯʥʝʥʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʩʯʝʪʘ ʂʇɼ ʩʠʣʘ ʧʨʫʞʠʥ 
ʇ

F  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

 

22

2

G

d

tg
TFʇ .                                   (1.4) 

ɿʜʝʩʴ, [17]: 

22)( z
f

tg

tg S
ʧʨ , 

ʛʜʝ  Sʧʨ VCBf  ï ʧʨʠʚʝʜʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʨʠ ʢʘʯʝʥʠʠ 

ʟʫʙʴʝʚ ʧʦ ʚʠʪʢʘʤ, B  ʠ C  ï ʧʦ [17];  

)1(01,1058,0

)16,0()]1(34,017,0[

2

2

2

2

2

xz

zxzS  ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʝʨʝʢʨʳʪʠʷ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʚ ʩʨʝʜʥʝʡ ʪʦʨʮʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʢʦʣʝʩʘ; (x  

ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʤʝʱʝʥʠʷ ʯʝʨʚʷʢʘ). 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʫʪʦʯʥʝʥʥʳʡ ʚʘʨʠʘʥʪ (1.3) ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʘʨʠʘʥʪʘ (1.2) ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 5é6%. 

ɼʣʷ ʩʪʘʥʢʘ ʉɺʄ1ʌ4, ʛʜʝ ʚʨʘʱʝʥʠʝ ʩʪʦʣʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʚʷʯʥʦʡ 

ʧʝʨʝʜʘʯʝʡ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: 
,34;0;50/1/

;5,12;15,3;98

221 ʤʤbxzz

qʤʤmʤʤaW
 

ʩʤʝʱʝʥʠʝ u  ʠ ʧʦʪʨʝʙʥʘʷ ʩʠʣʘ ʧʨʫʞʠʥʳ ʇF ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʝʥʠʷ: 

.156

;375,39%1,2  ,824,0 1

ʅF

ʤʤdʦʪʩʦʩʪʘʚʣʷʝʪʯʪʦʤʤu

ʇ

 

ʈʘʩʰʠʨʝʥʥʳʡ ʧʨʦʝʢʪʠʨʦʚʦʯʥʳʡ ʨʘʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ (ʏʇ)  

ʦʩʫʱʝʩʪʚʠʤ ʚ ʤʦʜʫʣʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʚʨʘʱʝʥʠʷ 

ɸʈʄ Trans [18, 19]. ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ, ʤʘʪʝʨʠʘʣʝ ʯʝʨʚʷʢʘ ʠ 
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ʢʦʣʝʩʘ, ʪʠʧʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʠʤ ʦʩʥʦʚʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʯʠ, ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʚ ʥʝʡ, ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ 

ʧʦʣʦʞʝʥʠʷ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʜʦʧʫʩʢʠ ʠ ʧʦʩʘʜʢʠ ʚ ʟʘʮʝʧʣʝʥʠʠ 

(ʨʠʩ.1.33). 

 

 
 

ʘ ʙ 

 
 

ʚ ʛ 

ʈʠʩ. 1.33. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʏʇ ʚ ʤʦʜʫʣʝ ɸʈʄ Trans:  

ʘ ï ʩʠʣʳ ʚ ʟʘʮʝʧʣʝʥʠʠ; ʙ ï ʧʘʨʘʤʝʪʨʳ ʢʦʥʪʨʦʣʷ;  
ʚ ï ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ; ʛ ï ʜʦʧʫʩʢʠ ʚ ʟʘʮʝʧʣʝʥʠʠ 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʚ APM FEM [7] 

ʧʦʩʪʨʦʝʥʘ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ (ʨʠʛ. 1.34, ʘ), ʩ ʯʠʩʣʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ 11515, ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ʜʣʷ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʝʝ, ʯʝʤ 

3000. ɺ ʩʠʩʪʝʤʝ APM FEM ʢʘʞʜʳʡ ʢʦʥʝʯʥʳʡ ʩʪʝʨʞʥʝʚʦʡ ʵʣʝʤʝʥʪ ʚʢʣʶʯʘʝʪ 

ʜʚʘ ʫʟʣʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 6 ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʠʭ ʫʟʣʳ, ʩ ʫʯʝʪʦʤ ʢʦʪʦʨʦʛʦ 

ʩʬʦʨʤʠʨʦʚʘʥʘ ʤʘʪʨʠʮʘ ʞʝʩʪʢʦʩʪʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ 

ʩʠʩʪʝʤʳ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʉʦʚʤʝʩʪʥʳʤ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʡ (ʨʠʛ. 1.34, ʙ) ʠ ʚʝʣʠʯʠʥʳ 

ʥʘʧʨʷʞʝʥʠʡ (ʨʠʛ. 1.34, ʚ) , ʈʘʩʯʝʪ ʩʪʝʨʞʥʝʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚʝʜʝʪʩʷ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʷʪʴ 

ʚʝʣʠʯʠʥʳ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 
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ʘ 

 

   

ʙ                                                                         ʚ 

ʈʠʩ. 1.34. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ  

ʩʦʩʪʦʷʥʠʷ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ:  
ʘ ï ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʩʝʪʢʘ; ʙ ï ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ; ʚ ï ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʇʦʣʫʯʝʥʥʳʝ 3D-ʤʦʜʝʣʠ ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʮʝʥʪʨʘ ʠ ʝʛʦ ʦʩʥʦʚʥʳʭ 

ʫʟʣʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʢʫʨʩʝ  çɹʫʜʫʱʠʝ ɸʩʳ 

ʂʆʄʇʴʶʪʝʨʥʦʛʦ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷè, ʧʨʦʚʦʜʠʤʳʤ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ 

ɸʉʂʆʅ (ʦʢʪʷʙʨʴ 2014 ʛ.) ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʦʝʢʪ ʩʪʘʣ ʩʝʨʝʙʨʷʥʳʤ 

ʧʨʠʟʝʨʦʤ ʵʪʦʛʦ ʢʦʥʢʫʨʩʘ. 

ʇʦʣʫʯʝʥʳ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ: 

- ˉ 95715 çɹʝʟʟʘʟʦʨʥʘ ʯʝʨʚ'ʷʯʥʘ ʧʝʨʝʜʘʯʘè; 

- ˉ 99664 çʇʦʚʦʨʦʪʥʠʡ ʩʪʽʣ ʤʝʪʘʣʦʨʽʟʘʣʴʥʦʛʦ ʚʝʨʩʪʘʪʘè 

ʇʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ʘ 2015 04681 çʇʦʚʦʨʦʪʥʠʡ ʩʪʽʣè. 

1.3. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦʛʦ ʩʪʘʥʢʘ ʩ 

ʰʝʩʪʠʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʦʡ  ʤʦʜʝʣʠ ʉʌ16ʄʌ3 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʳʡ ʩʪʘʥʦʢ ʚʪʦʨʦʛʦ 

ʪʠʧʦʨʘʟʤʝʨʘ ʤʦʜʝʣʠ ʉʌ16ʄʌ3.  

ɼʘʥʥʳʡ ʩʪʘʥʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ ʠ ʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʜʝʣʠʡ 
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ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟ ʩʪʘʣʝʡ, ʯʫʛʫʥʘ, ʣʝʛʢʠʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ʅʘ ʩʪʘʥʢʝ 

ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʦʙʨʘʙʦʪʢʘ ʚʝʨʪʠʢʘʣʴʥʳʭ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʥʘʢʣʦʥʥʳʭ 

ʧʣʦʩʢʦʩʪʝʡ, ʬʘʩʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʪʚʝʨʩʪʠʡ, ʧʘʟʦʚ ʨʘʟʣʠʯʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ: ʬʨʝʟʝʨʦʚʘʥʠʝʤ, ʩʚʝʨʣʝʥʠʝʤ, ʟʝʥʢʝʨʦʚʘʥʠʝʤ ʠ 

ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ. ɺ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʉɸʇʈ ʂʆʄʇɸʉ ʩʪʫʜʝʥʪʦʤ ʢʘʬʝʜʨʳ 

ʄɺʪʘɯ ɾʫʨʘʚʣʝʚʳʤ ɺ.ɺ. ʧʦʩʪʨʦʝʥʘ 3D-ʤʦʜʝʣʴ ʩʪʘʥʢʘ (ʨʠʩ. 1.35), ʩʦʩʪʦʷʱʘʷ 

ʠʟ 791 ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʠ 73 ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʨʘʟʣʠʯʥʳʭ 

ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʩʪʘʥʢʘ ʩʙʦʨʦʢ [20, 21]. 

 

 

ʈʠʩ. 1.35. 3D-ʤʦʜʝʣʴ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ16ʄʌ3 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʧʨʦʝʢʪ ʚ ʚʠʜʝ 3D-ʤʦʜʝʣʠ ʩʪʘʥʢʘ ʩʪʘʣ ʧʦʙʝʜʠʪʝʣʝʤ ʚ 

XII ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʢʦʥʢʫʨʩʝ ʙʫʜʫʱʠʭ ʘʩʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ 2014, ʧʨʦʚʦʜʠʤʳʤ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ ɸʉʂʆʅ.  

ʆʩʥʦʚʥʳʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʮʝʧʦʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.36. 
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ʈʠʩ. 1.36. ʂʠʥʝʤʘʪʠʢʘ ʩʪʘʥʢʘ ʉʌ16ʄʌ3 ʚ 3D 

3D-ʤʦʜʝʣʠ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ, ʚʭʦʜʷʱʠʤ ʚ ʩʙʦʨʢʠ ʨʘʟʣʠʯʥʳʭ ʫʟʣʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1.37. 
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ʈʠʩ. 1.37. ɼʝʪʘʣʠ ʩʪʘʥʢʘ ʉʌ16ʄʌ3:  

ʘ ï ʛʠʣʴʟʘ ʰʧʠʥʜʝʣʷ; ʙ ï ʢʦʨʧʫʩ ʤʘʩʣʷʥʦʛʦ ʥʘʩʦʩʘ;  
ʚ ï ʦʧʦʨʘ; ʛ ï ʰʪʦʢ ʤʝʭʘʥʠʟʤʘ ʚʨʘʱʝʥʠʷ 

1.3.1. ʐʝʩʪʠʰʧʠʥʜʝʣʴʥʘʷ ʨʝʚʦʣʴʚʝʨʥʘʷ ʛʦʣʦʚʢʘ 

ʉʪʘʥʦʢ ʦʩʥʘʱʝʥ ʫʩʪʨʦʡʩʪʚʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʦʚʦʨʦʪʘ ʰʝʩʪʠʰʧʠʥʜʝʣʴʥʦʡ ʨʝʚʦʣʴʚʝʨʥʦʡ 

ʛʦʣʦʚʢʠ ʚ ʥʫʞʥʫʶ ʧʦʟʠʮʠʶ ʧʦ ʧʨʦʛʨʘʤʤʝ. ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ ʢʫʣʘʯʢʦʚ, ʘ ʧʦʚʦʨʦʪ ʛʦʣʦʚʢʠ 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʛʠʜʨʦʜʚʠʛʘʪʝʣʷ. ʐʝʩʪʠʰʧʠʥʜʝʣʴʥʘʷ ʨʝʚʦʣʴʚʝʨʥʘʷ ʛʦʣʦʚʢʘ ʷʚʣʷʝʪʩʷ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʜʦʩʪʘʪʦʯʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʤʫ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʤʘʛʘʟʠʥʫ ʩʦ 

ʩʚʦʠʤ ʧʨʠʚʦʜʦʤ. ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʩʣʫʯʘʝ ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʦʨʧʫʩʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʠ ʨʘʙʦʪʝ ʩʪʘʥʢʘ ʧʦʜʚʠʞʥʘʷ ʯʘʩʪʴ 
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ʨʝʚʦʣʴʚʝʨʥʦʡ ʛʦʣʦʚʢʠ ʬʠʢʩʠʨʫʝʪʩʷ ʧʘʢʝʪʦʤ ʪʘʨʝʣʴʯʘʪʳʭ ʧʨʫʞʠʥ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʫʩʠʣʠʝʤ 20580 ʅ. 

ɺ ʰʝʩʪʠʰʧʠʥʜʝʣʴʥʦʡ ʨʝʚʦʣʴʚʝʨʥʦʡ ʛʦʣʦʚʢʝ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʯʫʛʫʥʥʳʡ ʢʦʨʧʫʩ, ʚ ʨʘʜʠʘʣʴʥʳʭ ʨʘʩʪʦʯʢʘʭ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧʣʷʝʪʩʷ 

ʰʝʩʪʴ ʰʧʠʥʜʝʣʴʥʳʭ ʫʟʣʦʚ (ʨʠʩ. 1.38). ʅʘ ʨʠʩ. 1.39 ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʝ ʩʝʯʝʥʠʷ.  

 

 

ʈʠʩ. 1.38. 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʝʡʰʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʉɸʇʈ ʂʆʄʇɸʉ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʠʣʦʞʝʥʠʡ. ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʜʝʪʘʣʝʡ ʢʘʢ ʢʦʨʧʫʩ ʩʪʘʥʠʥʳ ʩ 

ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡ ʠ ʢʦʨʧʫʩ ʰʝʩʪʠʰʧʠʥʜʝʣʴʥʦʡ ʨʝʚʦʣʴʚʝʨʥʦʡ ʛʦʣʦʚʢʠ 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʢʣʘʜʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʉɸʇʈ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʦ ʧʨʦʮʝʩʩ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ Artisan Rendering 

ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʂʆʄʇɸʉ ʬʦʨʤʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʟʘʡʥ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʢʘ.  
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ʈʠʩ. 1.39. ʉʝʯʝʥʠʷ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ʉʪʘʥʠʥʘ ʩʪʘʥʢʘ ʷʚʣʷʝʪʩʷ ʙʘʟʦʚʳʤ ʫʟʣʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʤʦʥʪʠʨʫʶʪʩʷ 

ʫʟʣʳ ʠ ʤʝʭʘʥʠʟʤʳ ʩʪʘʥʢʘ. ɾʝʩʪʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʘʥʠʥʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ 

ʩʯʝʪ ʨʘʟʚʠʪʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʙʝʨ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ 

ʩʪʘʥʠʥʳ ʩʤʦʥʪʠʨʦʚʘʥʘ ʢʦʨʦʙʢʘ ʩʢʦʨʦʩʪʝʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʭʘʥʠʟʤʦʤ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʤʝʭʘʥʠʟʤʦʤ ʚʨʘʱʝʥʠʷ ʨʝʚʦʣʴʚʝʨʥʦʡ ʛʦʣʦʚʢʦʡ 

(ʨʠʩ. 1.40, ʘ; ʙ) 
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ʈʠʩ. 1.40. ʄʝʭʘʥʠʟʤ ʧʦʚʦʨʦʪʘ ʰʝʩʪʠʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ: 
 ʘ ï 3D-ʩʙʦʨʢʘ;  ʙ ï ʩʝʯʝʥʠʝ  

1.3.2. ʐʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ 

 
 

ʘ ʙ 

ʈʠʩ. 1.41. ʐʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʩʪʘʥʢʘ ʉʌ16ʄʌ3: ʘ ï ʩʙʦʨʢʘ; ʙ ï ʩʝʯʝʥʠʝ 

ʌʦʨʤʦʦʙʨʘʟʫʶʱʠʡ ʰʧʠʥʜʝʣʴʥʳʡ ʫʟʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʚʫʭʦʧʦʨʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ [21, 22]. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ 

ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʛʦʣʦʚʢʠ (ʨʠʩ. 1.41, ʘ; ʙ). ɺ ʧʝʨʝʜʥʝʡ ʦʧʦʨʝ 

ʰʧʠʥʜʝʣʷ ʫʩʪʘʥʦʚʣʝʥ ʚʳʩʦʢʦʪʦʯʥʳʡ ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʡ ʜʚʫʭʨʷʜʥʳʡ 

ʢʦʥʠʯʝʩʢʠʡ ʨʦʣʠʢʦʚʳʡ ʧʦʜʰʠʧʥʠʢ, ʢʦʪʦʨʳʡ ʚʦʩʧʨʠʥʠʤʘʝʪ ʨʘʜʠʘʣʴʥʳʝ ʠ 

ʜʚʫʭʩʪʦʨʦʥʥʠʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʜʦʧʫʩʪʠʤʦʡ ʨʘʜʠʘʣʴʥʦʡ 

ʥʘʛʨʫʟʢʦʡ ʚ 1,7 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʜʥʦʨʷʜʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʚʳʰʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʦʧʦʨʳ. 

ɺ ʟʘʜʥʝʡ ʦʧʦʨʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʜʚʦʝʥʥʳʝ  ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʝ 

ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʠ, ʢʦʪʦʨʳʝ ʚʦʩʧʨʠʥʠʤʘʶʪ ʨʘʜʠʘʣʴʥʳʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 
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ʠ ʜʚʫʩʪʦʨʦʥʥʠʝ ʦʩʝʚʳʝ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ 

ʠʭ ʚ ʧʣʘʚʘʶʱʠʭ ʦʧʦʨʘʭ ʙʝʟ ʬʠʢʩʠʨʦʚʘʥʠʷ ʥʘʨʫʞʥʳʭ ʢʦʣʝʮ ʚ ʦʩʝʚʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʵʪʦʤʫ ʠʭ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʫʟʣʘʭ ʩ ʙʦʣʴʰʠʤʠ 

ʦʩʝʚʳʤʠ ʫʩʠʣʠʷʤʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʚʨʘʱʝʥʠʷ. 

ʈʝʥʜʝʨʠʥʛ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʚʳʧʦʣʥʝʥ ʚ ʩʠʩʪʝʤʝ Artisan Rendering, 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʚ ʩʦʩʪʘʚ ʂʆʄʇɸʉ-3D (ʨʠʩ. 1.42) 

 

 

ʈʠʩ. 1.42. ʈʝʥʜʝʨʠʥʛ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 

ʇʨʠ ʤʦʥʪʘʞʝ ʟʘʜʥʝʡ ʦʧʦʨʳ ʚʳʙʨʘʥʦ ʍ-ʦʙʨʘʟʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʨʘʜʠʘʣʴʥʦ-ʫʧʦʨʥʳʭ ʰʘʨʠʢʦʧʦʜʰʠʧʥʠʢʦʚ (çʣʠʮʝʚʳʤʠè ʩʪʦʨʦʥʘʤʠ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʛʘ ʚ ʚʠʜʝ ʧʨʦʩʪʘʚʦʯʥʳʭ ʢʦʣʝʮ ʨʘʟʥʦʡ 

ʰʠʨʠʥʳ. ʈʝʛʫʣʠʨʦʚʢʘ ʢʦʣʝʮ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʠʟʙʳʪʦʯʥʳʡ ʥʘʛʨʝʚ ʦʧʦʨ. 

ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʪʴ ʰʠʨʠʥʫ ʧʨʦʩʪʘʚʦʯʥʦʡ ʚʪʫʣʢʠ ʤʝʞʜʫ 

ʚʥʫʪʨʝʥʥʠʤʠ ʢʦʣʴʮʘʤʠ ʧʦʜʰʠʧʥʠʢʘ (ʟʘʤʝʥʠʪʴ ʝʝ) ʣʠʙʦ ʫʤʝʥʴʰʠʪʴ ʥʘ 

ʚʝʣʠʯʠʥʫ ʧʝʨʝʰʣʠʬʦʚʢʠ ʰʠʨʠʥʫ ʧʨʦʩʪʘʚʦʯʥʦʡ ʚʪʫʣʢʠ ʤʝʞʜʫ ʥʘʨʫʞʥʳʤʠ 

ʢʦʣʴʮʘʤʠ. ɺ ʧʨʘʢʪʠʢʝ ʩʪʘʥʢʦʩʪʨʦʝʥʠʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʰʣʠʬʦʚʢʠ ʟʘʚʠʩʠʪ ʦʪ 

ʜʠʘʤʝʪʨʘ ʦʪʚʝʨʩʪʠʷ ʧʦʜʰʠʧʥʠʢʘ. ɼʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

70 ʜʦ 100 ʤʤ ï ʚʝʣʠʯʠʥʘ ʧʝʨʝʰʣʠʬʦʚʢʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 6 ʤʢʤ.  

 

ʊʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʠʣʣʶʩʪʨʠʨʫʝʪʩʷ 

ʥʘ ʨʠʩ. 1.43. 
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ʈʠʩ. 1.43. ʈʘʟʥʦʩ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 

1.3.3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʰʧʠʥʜʝʣʷ ʚ ʩʨʝʜʝ ɸʈʄ Structure 3D 

ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʩʨʝʜʩʪʚ ʨʝʰʝʥʠʷ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʝʢʪʥʳʭ 

ʟʘʜʘʥʠʡ ʧʦ ʩʦʟʜʘʥʠʶ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʝʩʪʴ 

ʤʦʜʫʣʴ ɸʈʄ Structure 3D [7]. ʕʪʦʪ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʥʘʣʠʟʘ ʫʧʨʫʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʶ ʧʨʦʠʟʚʦʣʴʥʳʭ ʪʨʝʭʤʝʨʥʳʭ 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʩʪʝʨʞʥʝʚʳʭ, 

ʧʣʘʩʪʠʥʯʘʪʳʭ, ʦʙʦʣʦʯʢʦʚʳʭ ʠ ʦʙʲʝʤʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʠʭ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʷʝʪʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ - ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʫʯʝʪʦʤ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʢʘʞʜʦʛʦ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠ ʩ ʫʯʝʪʦʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʫʟʣʦʚ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʩʠʣʦʚʳʭ ʬʘʢʪʦʨʦʚ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʢʦʥʝʯʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʨʘʩʯʝʪʘ ʰʣʠʮʝʚʳʭ, ʨʝʟʴʙʦʚʳʭ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ ʧʨʠʚʦʜʘ 

ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ16ʄʌ3. ɺ ʧʨʦʮʝʩʩʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ ɸʈʄ Structure 3D ʩʦʟʜʘʝʪʩʷ çʧʨʦʚʦʣʦʯʥʘʷè ʤʦʜʝʣʴ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʨʠʩ. 1.44), ʚ ʢʦʪʦʨʦʡ ʢʘʞʜʳʡ ʩʪʝʨʞʝʥʴ ʠʟʦʙʨʘʞʝʥ ʚ ʚʠʜʝ 

ʣʠʥʠʠ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦ ʮʝʥʪʨʫ ʚʝʩʘ ʙʫʜʫʱʝʛʦ ʧʝʨʝʩʝʯʝʥʠʷ.  

ʂʘʞʜʳʡ ʩʪʝʨʞʝʥʴ ʠʤʝʝʪ ʢʦʥʢʨʝʪʥʳʝ ʨʘʟʤʝʨʳ ʠ ʩʦʝʜʠʥʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʫʟʣʦʚ ʩ ʜʨʫʛʠʤʠ ʩʪʝʨʞʥʷʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʰʧʠʥʜʝʣʷ, 

ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʠ ʢʘʨʢʘʩʥʘʷ ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ 1.45, ʘ; ʙ. 
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ʈʠʩ. 1.44. ʇʨʦʚʦʣʦʯʥʘʷ ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʷ 

         
ʘéééééééééééééééééééé..ʙ 

ʈʠʩ. 1.45. ʄʦʜʝʣʠ ʰʧʠʥʜʝʣʷ ʚ ɸʈʄ Structure 3D: 

 ʘ ï ʪʚʝʨʜʦʪʝʣʴʥʘʷ; ʙ ï ʢʘʨʢʘʩʥʘʷ 

 

ʈʠʩ. 1.46. ʇʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʰʧʠʥʜʝʣʷ 



45 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʩʯʝʪʘ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʜʘʪʴ: ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʢʘʞʜʦʤʫ ʠʟ ʩʪʝʨʞʥʝʡ (ʨʠʩ. 

1.46); ʦʧʦʨʳ ʜʣʷ ʩʦʟʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʧʦʣʦʞʝʥʠʝ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ; ʚʥʝʰʥʠʝ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ 

(ʚʢʣʶʯʘʷ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʝʝ ʵʣʝʤʝʥʪʦʚ); ʧʘʨʘʤʝʪʨʳ ʤʘʪʝʨʠʘʣʘ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʘʩʯʝʪ ʚ ʩʨʝʜʝ ɸʈʄ Structure 3D ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʦʣʥʫʶ ʢʘʨʪʠʥʫ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʘʣʘ ʚ ʣʶʙʦʤ ʝʛʦ ʩʝʯʝʥʠʠ, 

ʚʢʣʶʯʘʷ ʦʮʝʥʢʫ ʥʘʛʨʫʟʦʢ, ʩʠʣʦʚʳʝ ʬʘʢʪʦʨʳ ʠ ʜʨ., ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 

1.1 ï ʪʘʙʣ.1.6. 

ʊʘʙʣʠʮʘ 1.1 

ʅʘʛʨʫʞʝʥʠʷ ʚ ʫʟʣʘʭ: (ʅʘʛʨʫʞʝʥʠʝ 0) 

N ʊʠʧ 
ʅʦʤʝʨ 

ʫʟʣʘ 
ʇʨʦʝʢʮʠʠ ʄʦʜʫʣʴ 

   ʥʘ x ʥʘ y ʥʘ z  

0 ʩʠʣʘ , ʅ 0 -6442.00 0.00 -5187.00 8270.69 

1 ʩʠʣʘ , ʅ 3 -2355.00 0.00 -2616.00 3519.87 

ʊʘʙʣʠʮʘ 1.2 

ʇʝʨʝʤʝʱʝʥʠʷ ʚ ʫʟʣʘʭ: (ʅʘʛʨʫʞʝʥʠʝ 0) 

N ʃʠʥʝʡʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ [ʤʤ] ʋʛʣʦʚʦʝ ʧʝʨʝʤʝʱʝʥʠʝ [ɻʨʘʜ] 

 x y z x y z 

0  -0.0707  6.56e-038  -0.0576  0.0251  -0.0454  -0.0297  

1  -0.0504  6.56e-038  -0.0412  0.0135  -0.00234  -0.0182  

2  -0.0226  2.54e-037  -0.0219  -0.000167  0.00946  -0.00135  

3  -0.0254  3.1e-021  -0.0293  -0.00428  0.0191  0.00236  

       

ʊʘʙʣʠʮʘ 1.3 

ʀʥʜʝʢʩ ʩʪʝʨʞʥʷ  0 (Rod 0) 

ʋʟʝʣ  ʉʠʣʘ [ʅ] ʄʦʤʝʥʪ [ʅ*ʤ] 

 
Fx 

(ʦʩʝʚʘʷ) 
Fy Fz 

Mx 

ʢʨʫʯʝʥʠʝ 
My Mz 

0 -0.00 5187.00 6442.00 347.00 0.00 -29.00 

1 -0.00 5187.00 6442.00 347.00 -289.89 -262.41 
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ʊʘʙʣʠʮʘ 1.4 

ʀʥʜʝʢʩ ʩʪʝʨʞʥʷ  1 (Rod 1) 

ʋʟʝʣ ʉʠʣʘ [ʅ] ʄʦʤʝʥʪ [ʅ*ʤ] 

 
Fx 

(ʦʩʝʚʘʷ) 
Fy Fz 

Mx 

(ʢʨʫʯʝʥʠʝ) 
My Mz 

1 0.00 1485.91 1894.83 138.92 -121.73 -102.34 

2 0.00 1485.91 1894.83 138.92 -390.79 -313.34 

ʊʘʙʣʠʮʘ 1.5 

ʀʥʜʝʢʩ ʩʪʝʨʞʥʷ 2 (Rod 2) 

ʋʟʝʣ ʉʠʣʘ [ʅ] ʄʦʤʝʥʪ [ʅ*ʤ] 

 Fx 

ʦʩʝʚʘʷ 

Fy Fz Mx 

ʢʨʫʯʝʥʠʝ 

My Mz 

2  -0.00  -2616.00  -2355.00  347.00  -346.18  -384.55  

3  -0.00  -2616.00  -2355.00  347.00  0.00  -0.00  

ʆʙʱʘʷ ʤʘʩʩʘ ʢʦʥʩʪʨʫʢʮʠʠ 7.89 ʢʛ;  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 0.09 ʤʤ (Rod 0) (ʅʘʛʨʫʞʝʥʠʝ 0). 

ʊʘʙʣʠʮʘ 1.6 

ʅʘʧʨʷʞʝʥʠʝ ʚ ʩʪʝʨʞʥʝ (ʤʘʢʩ.) [ʄʇʘ] (ʅʘʛʨʫʞʝʥʠʝ 0) 

N ʆʙʦʟʥʘʯʝʥʠʝ ʋʟʣʳ ʕʢʚ. ʥʘʧʨʷʞʝʥʠʝ 

0  Rod 0 0,1    124  

1  Rod 1 1,2   24.7  

2  Rod 2 2,3   12.2  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 123,6 ʄʇʘ (Rod 0) (ʅʘʛʨʫʞʝʥʠʝ 0) 

 

ʀʥʩʪʨʫʤʝʥʪʘʨʠʡ ʤʦʜʫʣʷ ɸʈʄ  Structure 3D ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʨʘʩʯʝʪ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʉʌ16ʄʌ3. ʅʘ ʨʠʩ. 1.47 

ʠʟʦʙʨʘʞʝʥʥʳʝ ʵʧʶʨʳ ʤʦʤʝʥʪʦʚ ʠʟʛʠʙʘ (ʨʠʩ. 1.47, ʘ) ʠ ʧʦʧʝʨʝʯʥʳʭ ʩʠʣ (ʨʠʩ. 

1.47, ʙ) 

ʋʧʨʫʛʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʰʧʠʥʜʝʣʷ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂɽ). ʉ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʄʂɽ ʧʦʩʪʨʦʝʥʥʳ ʧʦʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ 

ʰʧʠʥʜʝʣʷ (ʨʠʩ. 1.48, ʘ, ʙ, ʚ) 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʥʘʠʣʫʯʰʠʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʙʦʪʘʷ ʩ ʨʘʟʥʳʤʠ ʥʘʛʨʫʞʝʥʠʷʤʠ ʠ ʠʭ 

ʢʦʤʙʠʥʘʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ 
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ʢʦʥʩʪʨʫʢʮʠʠ ʙʣʠʟʢʠʝ ʢ ʨʘʚʥʦʧʨʦʯʥʳʤ ʧʦ ʢʨʠʪʝʨʠʷʤ ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ, 

ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ. 

 

  
                  ʘ                                                                ʙ 

ʈʠʩ.1.47. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʥʦʛʦ ʨʘʩʯʝʪʘ: 

ʘ ï ʵʧʶʨʳ ʠʟʛʠʙʘʶʱʠʭ ʤʦʤʝʥʪʦʚ; ʙ ï ʵʧʶʨʳ ʧʦʧʝʨʝʯʥʠʭ ʩʠʣ  

 
 

 

 

 

 

ʘ 
 

ʙ 
 

ʚ 

ʈʠʩ. 1.48. ï ɺʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʰʧʠʥʜʝʣʷ: 

 ʘ ï ʧʦʣʷ ʵʢʚʠʚʘʣʝʥʪʥʳʭ ʥʘʧʨʷʞʝʥʠʡ; ʙ ï ʧʦʣʷ ʛʣʘʚʥʳʭ ʥʘʧʨʷʞʝʥʠʡ;  
ʚ ï ʧʦʣʷ ʧʝʨʝʤʝʱʝʥʠʡ 
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ʂʦʤʧʣʝʢʩʥʳʡ ʨʘʩʯʝʪ ʨʦʣʠʢʦʚʦʛʦ ʜʚʫʭʨʷʜʥʦʛʦ ʨʘʜʠʘʣʴʥʦʛʦ 

ʧʦʜʰʠʧʥʠʢʘ 3182116 ɻʆʉʊ 7634-75) ʦʩʫʱʝʩʪʚʠʤ ʚ ʤʦʜʫʣʝ APM Bear [23]. ɺ 

ʵʪʦʤ ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʨʘʩʯʝʪʫ ʧʦʜʰʠʧʥʠʢʦʚ, ʚ ʢʦʪʦʨʦʤ 

ʫʯʠʪʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʧʨʦʮʝʩʩʦʚ, ʚʳʟʚʘʥʥʘʷ 

ʥʘʣʠʯʠʝʤ ʧʦʛʨʝʰʥʦʩʪʠ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʨʝʘʣʴʥʦʤ ʢʦʥʪʘʢʪʝ ʤʝʞʜʫ 

ʪʝʣʘʤʠ ʢʘʯʝʥʠʷ ʠ ʜʦʨʦʞʢʘʤʠ ʢʘʯʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʵʪʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʩʦʧʦʩʪʘʚʠʤʘ ʩ ʚʝʣʠʯʠʥʦʡ ʢʦʥʪʘʢʪʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʯʪʦ ʜʝʣʘʝʪ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʥʝʧʨʠʛʦʜʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʢʦʥʪʘʢʪʥʦʡ ʟʘʜʘʯʠ.  

ɺ APM Bear ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚʳʙʦʨʦʯʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʢʦʥʪʘʢʪʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʧʦʜʰʠʧʥʠʢʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 100 ʵʣʝʤʝʥʪʦʚ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ 

ʨʝʘʣʠʟʘʮʠʶ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʱʝʥʠʡ ʠ ʞʝʩʪʢʦʩʪʠ, 

ʠʭ ʜʠʩʧʝʨʩʠʠ, ʤʘʢʩʠʤʘʣʴʥʳʝ, ʤʠʥʠʤʘʣʴʥʳʝ ʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʟʥʘʯʝʥʠʷ, 

ʬʦʨʤʫ ʧʦʣʝʡ ʨʘʩʩʝʠʚʘʥʠʷ ʠ ʪ.ʜ.  

 
ʉʨʝʜʥʷʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 2511 ʯʘʩ 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʥʪʘʢʪʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ 
1285 ʄʇʘ 

ɺʳʜʝʣʝʥʠʝ ʪʝʧʣʘ 59628 ɼʞ/ʯʘʩ 

ɼʠʥʘʤʠʯʝʩʢʘʷ 

ʛʨʫʟʦʧʦʜʲʝʤ- 

ʥʦʩʪʴ 

127831 ʅ 

ʈʘʜʠʘʣʴʥʳʝ ʙʠʝʥʠʷ 31.478 ʤʢʤ 

ɹʦʢʦʚʳʝ ʙʠʝʥʠʷ 0.216 ʤʢʤ 

ʄʦʤʝʥʪ ʪʨʝʥʠʷ 0.989 ʅ Ĭʤ 

ʇʦʪʝʨʠ ʤʦʱʥʦʩʪʠ 16.564 ɺʪ 
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26.8385 36.4385 , ʤʢʤ31.6385
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ʈʠʩ. 1.49. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʝʨʝʜʥʝʡ ʦʧʦʨʳ ʰʧʠʥʜʝʣʷ:  

ʘ ï ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ; ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ;  
ʚ ï ʛʠʩʪʦʛʨʘʤʤʘ ʨʘʜʠʘʣʴʥʳʭ ʙʠʝʥʠʡ; ʛ ï ʧʦʣʝ ʙʠʝʥʠʡ (ʦʩʝʚʳʝ-ʨʘʜʠʘʣʴʥʳʝ) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ 

ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʥʝʡ ʦʧʦʨʳ ʰʧʠʥʜʝʣʷ ʥʘ ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʦʤ 

ʨʦʣʠʢʦʚʦʤ ʜʚʫʭʨʷʜʥʦʤ ʧʦʜʰʠʧʥʠʢʝ 3182116 ɻʆʉʊ 7634-75 (ʨʠʩ. 1.49, ʘ), 
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ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʩʠʣ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʚʘʨʠʘʥʪʦʚ (ʠʪʝʨʘʮʠʷ ˉ 3)  

ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʮʝʥʪʨʘ ʧʦʜʰʠʧʥʠʢʘ (ʨʠʩ. 1.49, ʙ), ʛʠʩʪʦʛʨʘʤʤʫ 

ʨʘʜʠʘʣʴʥʳʭ ʙʠʝʥʠʡ (ʨʠʩ. 1.49, ʚ) ʠ ʧʦʣʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʦʩʝʚʳʭ ʠ 

ʨʘʜʠʘʣʴʥʳʭ ʙʠʝʥʠʡ (ʨʠʩ. 1.49, ʛ).  

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʝʨʝʜʥʝʡ ʦʧʦʨʝ  (ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʞʝʩʪʢʦʩʪʠ j = 98000 ʅ/ʤʤ) ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʜʦʧʫʩʪʠʤʳʤ 

ʟʥʘʯʝʥʠʷʤ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʣʠʯʠʝ ʜʝʪʘʣʝʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʝʚʫʶ 

ʬʠʢʩʘʮʠʶ (ʨʘʩʧʦʨʥʳʝ ʚʪʫʣʢʠ, ʢʦʣʴʮʘ) ʧʦʚʳʰʘʶʪ ʞʝʩʪʢʦʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʢʨʠʪʝʨʠʶ ʞʝʩʪʢʦʩʪʠ.  

1.4. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ  

ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʮʝʥʪʨʘ ʤʦʜʝʣʠ ʄʎ200 

ʇʨʝʚʘʣʠʨʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ 

ʨʝʟʘʥʠʷ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʢʦʤʧʣʝʢʩ ʨʘʩʯʝʪʥʳʭ ʧʨʦʮʝʜʫʨ, ʦʩʥʦʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ ʞʝʩʪʢʦʩʪʠ ʠ ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʫʟʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜʘʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʮʝʥʠʚʘʥʠʷ 

ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʆʎ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʛʦ ʪʠʧʘ 

ʤʦʜʝʣʠ ʆʎ 200 ʚ ʩʨʝʜʘʭ ʉɸʇʈ ʂʆʄʇɸʉ ʠ ɸʈʄ WinMachine [24, 25] 

ɼʣʷ ʘʥʘʣʠʟʘ ʢʦʥʩʪʨʫʢʮʠʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʢʨʠʪʝʨʠʶ 

ʞʝʩʪʢʦʩʪʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʷ ʉɸʇʈ KOMPAC 3D V14. ɺʦʩʧʦʣʴʟʫʝʤʩʷ 

ʧʨʠʥʮʠʧʦʤ çʩʥʠʟʫ ʚʚʝʨʭè ʪ.ʝ ʚʥʘʯʘʣʝ ʧʦʩʪʨʦʠʤ 3D-ʤʦʜʝʣʠ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʜʝʪʘʣʝʡ (ʢʦʨʧʫʩ, ʬʣʘʥʝʮ, ʧʦʣʫʤʫʬʪʘ, ʛʘʡʢʘ ʠ ʜʨ.) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ 

ʦʙʲʝʜʠʥʝʥʠʝʤ ʚ ʩʙʦʨʦʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʫʟʣʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʙʦʨʦʯʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ  ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 149 ʜʝʪʘʣʝʡ (26 

ʦʨʠʛʠʥʘʣʴʥʳʭ, 31 ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ) ʨʘʟʨʘʙʦʪʘʥʳ ʪʚʝʨʜʦʪʝʣʴʥʳʝ 

ʤʦʜʝʣʠ (ʨʠʩ.  1.50). 

ʂʨʫʧʥʳʝ ʦʙʲʝʤʳ ʠʥʬʦʨʤʘʮʠʠ: ʪʘʙʣʠʯʥʳʝ ʠ ʪʝʢʩʪʦʚʳʝ ʜʘʥʥʳʝ, 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʨʠʩʫʥʢʠ ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʭʦʨʦʰʦ ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ. ɺʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ɸʈʄ Base [26, 27], ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʫʶ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʨʝʜʫ ʉɸʇʈ. ʊʘʢʦʡ ʤʦʜʫʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʙʘʟ ʠʣʠ ʩʦʟʜʘʥʠʷ 

ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʙʘʟ ʜʘʥʥʳʭ. 
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ʈʠʩ. 1.50. 3D-ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 

ʅʘ ʙʘʟʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ 

ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʩʙʦʨʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ (ʨʠʩ. 

1.51), ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʥʫʪʘ ʙʣʘʛʦʜʘʨʷ ʤʦʜʫʣʶ Photo360 [28, 

29]. ɺ ʵʪʦʤ ʤʦʜʫʣʝ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʣʦʞʝʥʠʷ ʪʝʢʩʪʫʨ ʧʦʜʦʙʥʳʭ 

ʨʝʘʣʴʥʳʤ; ʧʨʠ ʵʪʦʤ ʣʠʙʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʶʱʘʷʩʷ ʙʠʙʣʠʦʪʝʢʘ ʩʪʨʫʢʪʫʨ ʠʣʠ 

ʩʦʟʜʘʝʪʩʷ ʩʚʦʷ ʩʦʙʩʪʚʝʥʥʘʷ. ʅʘ ʨʠʩ. 1.52 ʧʦʢʘʟʘʥʦ ʩʝʯʝʥʠʝ ʰʧʠʥʜʝʣʴʥʦʛʦ 

ʫʟʣʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʩʙʦʨʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʘʥʠʤʘʮʠʠ ʉɸʇʈ. ʇʨʠʤʝʥʷʷ ʧʨʦʝʢʪ ʘʥʠʤʘʮʠʠ,  ʢʘʢ 

ʧʦʰʘʛʦʚʫʶ ʩʪʨʘʪʝʛʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʡ 

ʰʘʛʦʚ (ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʡʩʪʚʠʝ ʦʜʥʦʛʦ ʠʣʠ 

ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʭʘʥʠʟʤʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ʜʚʠʞʝʥʠʷ) ʧʦʩʪʨʦʝʥʘ ʘʥʠʤʘʮʠʷ ʩʙʦʨʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʆʎ 200  (ʨʠʩ.1.53). 
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ʈʠʩ. 1.51. ʊʚʝʨʜʦʪʝʣʴʥʘʷ 3D-ʤʦʜʝʣʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʆʎ 200 

 

ʈʠʩ. 1.52. ʉʝʯʝʥʠʝ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 
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ʈʠʩ. 1.53. ɸʥʠʤʘʮʠʷ ʩʙʦʨʢʠ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʆʎ 200 

 

ʈʠʩ. 1.54. ʉʝʪʯʘʪʘʷ ʧʦʣʫʧʨʦʟʨʘʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ 
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ʅʘʯʠʥʘʷ ʩ 9-ʡ ʚʝʨʩʠʠ ʂʆʄʇɸʉ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʨʘʩʯʝʪʘ ʠ 

ʦʪʦʙʨʘʞʝʥʠʷ ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ï ʩʝʪʯʘʪʦʡ ʠʣʠ 

ʨʝʘʣʠʩʪʠʯʥʦʡ [30, 31]. ʇʨʠ ʵʪʦʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʯʘʪʦʡ 

ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʦʪʦʙʨʘʞʝʥʠʝ ʧʝʨʝʢʨʳʪʳʭ ʦʙʲʝʢʪʦʚ ʚʩʝʛʜʘ ʙʫʜʝʪ ʧʨʘʚʠʣʴʥʦʡ. 

ʇʨʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʘ (ʜʝʪʘʣʠ ʠʣʠ ʫʟʣʘ ʩʙʦʨʢʠ) ʚ ʢʦʥʪʝʢʩʪʝ 

ʩʙʦʨʢʠ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʘ. ʕʪʠ ʥʘʩʪʨʦʡʢʠ ʟʘʪʨʘʛʠʚʘʶʪ ʪʦʣʴʢʦ ʪʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ ʥʝ 

ʨʝʜʘʢʪʠʨʫʶʪʩʷ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. ʅʘ ʨʠʩ. 1.54 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʚ ʩʝʪʯʘʪʦʤ ʧʦʣʫʧʨʦʟʨʘʯʥʦʤ ʚʠʜʝ.  

ʆʩʥʦʚʥʳʤ ʣʠʤʠʪʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ, ʷʚʣʷʝʪʩʷ ʝʛʦ ʞʝʩʪʢʦʩʪʴ  [32, 33]. ɼʣʷ 

ʦʮʝʥʢʠ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʦʚʘʥ ʤʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʘʣʦʚ ʠ ʦʩʝʡ 

ɸʈʄ Shaft [1, 18, 34].ʕʪʦʪ ʤʦʜʫʣʴ ʦʧʝʨʠʨʫʝʪ ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʙʦʨʦʤ 

ʧʨʠʤʠʪʠʚʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʰʧʠʥʜʝʣʷ (ʨʠʩ. 1.55). 

 

 

ʈʠʩ. 1.55. ʉʭʝʤʘ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ: 
 ʘ ï ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ; ʙ ï ʨʘʩʯʝʪʥʘʷ ʩʭʝʤʘ; ʚ ï ʩʠʣʳ ʨʝʟʘʥʠʷ 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ 

ʤʝʪʦʜʫ ʄʦʨʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʟʘʥʠʷ ʠ ʩʠʣʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʟʫʙʯʘʪʦʡ ʤʫʬʪʝ ʚ 

ʩʣʫʯʘʝ ʥʝʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ. ɹʳʣ ʧʨʦʩʯʠʪʘʥ ʩʘʤʳʡ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʩʠʣʘ ʨʝʟʘʥʠʷ ʠ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚ ʢʫʣʘʯʢʦʚʦʡ ʤʫʬʪʝ ʜʝʡʩʪʚʫʶʪ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʨʠʩ. 1.56 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʧʶʨʳ ʧʝʨʝʤʝʱʝʥʠʡ ʰʧʠʥʜʝʣʷ. 

 

 
 

ʈʠʩ. 1.56. ʇʝʨʝʤʝʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʷʭ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦ 

ʤʝʪʦʜʫ ʄʦʨʘ ʙʳʣʠ ʦʮʝʥʝʥʳ ʧʝʨʝʤʝʱʝʥʠʷ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʟʣʘ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʨʝʟʘʥʠʷ ʠ ʩʠʣʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʚ ʟʫʙʯʘʪʦʡ ʤʫʬʪʝ ʚ 

ʩʣʫʯʘʝ ʥʝʩʦʦʩʥʦʩʪʠ ʚʘʣʦʚ. ɹʳʣ ʧʨʦʩʯʠʪʘʥ ʩʘʤʳʡ ʩʣʦʞʥʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ 

ʩʠʣʘ ʨʝʟʘʥʠʷ ʠ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʚ ʢʫʣʘʯʢʦʚʦʡ ʤʫʬʪʝ ʜʝʡʩʪʚʫʶʪ ʚ ʦʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ  

ʉʫʤʤʘʨʥʳʡ ʧʨʦʛʠʙ ʥʘʭʦʜʠʪʩʷ ʟʘ ʬʦʨʤʫʣʦʡ: 

 

2 2 2 20,017 0,027 0,031 .ʛ ʚy y y ʤʤ 
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ʇʨʠ ʜʦʧʫʩʪʠʤʦʤ ʧʨʦʛʠʙʝ ʨʘʚʥʳʤ 0,04 ʤʤ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʘʷ ʞʝʩʪʢʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ.  

ʇʨʠʚʝʜʝʥʥʘʷ ʫʧʨʫʛʘʷ ʣʠʥʠʷ ʰʧʠʥʜʝʣʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʝ 

ʩ ʞʝʩʪʢʠʤʠ ʦʧʦʨʘʤʠ. ʋʯʝʪ ʧʦʜʘʪʣʠʚʦʩʪʠ ʦʧʦʨ [35] ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪ 

ʢʘʨʪʠʥʫ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1.7 

ʊʘʙʣʠʮʘ 1.7 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʞʝʩʪʢʦʩʪʠ ʰʧʠʥʜʝʣʷ 

ʂʦʦʨʜ. 

ʩʝʯʝʥʠʷ, 

ʤʤ 

ʇʝʨʝʤʝʱʝʥʠʷ, ʤʤ ʋʛʣʳ ʠʟʛʠʙʘ, ʛʨʘʜ 

ʥʝʧʦʜʚʠʞʥʘʷ 

ʦʧʦʨʘ 

ʫʧʨʫʛʘʷ 

ʦʧʦʨʘ ʜʦʧ 

ʥʝʧʦʜʚ. 

ʦʧʦʨʘ 

ʫʧʨʫʛʘʷ 

ʦʧʦʨʘ 
ʜʦʧʫʩ-

ʪʠʤ. 
 ʚʝʨʪ. ʛʦʨ. ʩʫʤʤ. ʚʝʨʪ. ʛʦʨ. ʩʫʤʤ. ʩʫʤʤ. ʩʫʤʤ. 

0 0,027 0,017 0,031 0,075 0,084 0,113 
0,04 

0,022 0,045 
0,06 

98 - - - 0,017 0,041 0,044 0,012 0,036 

 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʧʝʨʝʜʥʝʡ ʦʧʦʨʝ ʥʘ ʪʨʝʭ ʨʘʜʠʘʣʴʥʦ 

ʦʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʞʝʩʪʢʦʩʪʠ j = 98000 ʅ/ʤʤ [34]) 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʥʘʣʠʯʠʝ ʜʝʪʘʣʝʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʩʝʚʫʶ ʬʠʢʩʘʮʠʶ (ʨʘʩʧʦʨʥʳʝ ʚʪʫʣʢʠ, ʢʦʣʴʮʘ) ʧʦʚʳʰʘʶʪ 

ʞʝʩʪʢʦʩʪʴ ʰʧʠʥʜʝʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʤ ʢʨʠʪʝʨʠʶ 

ʞʝʩʪʢʦʩʪʠ.  
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2.  3D-ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ ʇɽʈɽɼɸʏ 

2.1. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ 

ɺ ʧʨʠʚʦʜʘʭ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʠ 

ʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʮʝʥʪʨʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠʚʦʜʳ ʩ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʠ ʪʠʨʠʩʪʦʨʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ ʥʘʧʨʷʞʝʥʠʡ. ʇʨʠʚʦʜʳ ʪʘʢʦʛʦ 

ʠʩʧʦʣʥʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ ʜʚʫʭʟʦʥʥʦʤ ʨʝʛʫʣʠʨʦʚʘʥʠʠ. ʊʘʢ, ʜʣʷ ʜʚʠʛʘʪʝʣʷ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʝʨʠʠ  2ʇ  ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ 

ʰʧʠʥʜʝʣʷ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 1:4. ɿʘʯʘʩʪʫʶ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʪʦʪ ʜʠʘʧʘʟʦʥ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʚʘʪʴ, ʯʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʚʦʜʦʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ ʠ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ.  

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 

ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʤʘʣʦʰʫʤʥʦʩʪʴ, ʧʣʘʚʥʦʩʪʴ ʠ 

ʢʦʤʧʝʥʩʘʮʠʷ ʧʝʨʝʛʨʫʟʦʢ ʚ ʨʝʞʠʤʝ ʧʫʩʢʘ (ʢʣʠʥʦʨʝʤʝʥʥʳʝ (ʨʠʩ. 2.1, ʘ) ʠ 

ʧʦʣʠʢʣʠʥʦʚʳʝ (ʨʠʩ. 2.1, ʙ) ʧʝʨʝʜʘʯʠ). 3D-ʤʦʜʝʣʠ ʧʦʩʪʨʦʝʥʳ ʚ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʉɸʇʈ ʂʆʄʇɸʉ-3D [36, 37]. 

ɺʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʥʘ 

ʟʫʙʯʘʪʳʝ ʨʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʩʦʭʨʘʥʝʥʠʷ ʧʝʨʝʜʘʪʦʯʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ ʠ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʂʇɼ. ɿʫʙʯʘʪʳʝ ʨʝʤʥʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʚʘʨʠʘʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʠʤʠ, ʢʨʫʛʣʳʤʠ ʠ 

ʢʣʠʥʦʚʳʤʠ ʨʝʤʥʷʤʠ. ʆʥʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʦʙʝʩʧʝʯʠʚʘ ̫ ʙʦʣʝʝ 

ʧʣʘʚʥʫʶ ʨʘʙʦʪʫ ʧʝʨʝʜʘʯʠ, ʠʩʢʣʶʯʘ ̫ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʢʠʚʘ; ʧʨʠ ʵʪʦʤ ʦʥʠ ʩʦʟʜʘʶʪ ʥʝ ʩʪʦʣʴ ʚʳʩʦʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 

ʚʘʣʳ ʠ ʧʦʜʰʠʧʥʠʢʠ ʦʪ ʥʘʪʷʞʝʥʠʷ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ. 

ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʘ 3D-ʤʦʜʝʣʴ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ, ʚ 

ʧʨʠʚʦʜʝ ʛʣʘʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ68 [38]. 

ʀʤʝʝʪʩʷ ʨʷʜ ʠʜʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʨʝʤʝʥʥʦʡ 

ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ [39, 40]. ʇʦʣʫʯʝʥʳ ʧʘʪʝʥʪʳ ʥʘ ʧʦʣʝʟʥʳʝ ʤʦʜʝʣʠ: 

1. ʇʝʨʝʜʘʯʘ ʟʫʙʯʘʩʪʠʤ ʨʝʤʝʥʝʤ ˉ 99663 ʦʪ 10.06.2015; 

2. ʇʝʨʝʜʘʯʘ ʟʫʙʯʘʩʪʠʤ ʨʝʤʝʥʝʤ ˉ 100880 ʦʪ 10.08.2015. 
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ʈʠʩ. 2.1. ʈʝʤʝʥʥʳʝ ʧʝʨʝʜʘʯʠ: 
ʘ ï ʢʣʠʥʦʨʝʤʝʥʥʘʷ; ʙ ï ʧʦʣʠʢʣʠʥʦʚʘʷ 

ʅʝʜʦʩʪʘʪʢʦʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʷʚʣʷʝʪʩʷ 

ʜʝʬʦʨʤʘʮʠʷ ʟʫʙʦʚ ʨʝʤʥʷ ʧʨʠ ʚʭʦʜʝ ʠʭ ʚ ʟʘʮʝʧʣʝʥʠʝ, ʥʘʣʠʯʠʝ ʬʣʘʥʮʝʚ ʥʘ 

ʪʦʨʮʘʭ ʰʢʠʚʦʚ ʠ ʧʦʚʳʰʝʥʥʦʝ ʚʣʠʷʥʠʝ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʬʠʣʷ 

ʟʫʙʴʝʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʛʨʫʟʢʠ ʧʦ ʚʳʩʦʪʝ ʟʫʙʦʚ.  

ʋʤʝʥʴʰʝʥʠʝ ʫʨʦʚʥʷ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʝʨʝʜʘʯʝ ʟʫʙʯʘʪʳʤ ʨʝʤʥʝʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʤʥʝʡ (ʨʠʩ. 2.3, ʘ; ʙ) ʠ ʰʢʠʚʦʚ (ʨʠʩ. 2.3,ʚ) ʩ 

ʟʫʙɹ̫ ʤʠ ʪʨʘʧʝʮʝʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ (ʨʠʩ. 2.3,ʛ), ʘ ʚ 

ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʥʠ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʰʝʚʨʦʥʦʚ. ʐʝʚʨʦʥʳ 

ʰʢʠʚʦʚ ʨʘʟʜʝʣʝʥʳ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʚʢʦʡ ʥʘ ʜʚʘ ʧʦʣʫʰʝʚʨʦʥʘ ʩ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 

Ŭ. ʇʨʠ ʵʪʦʤ  ʰʠʨʠʥʫ ʟʫʙʯʘʪʦʛʦ ʨʝʤʥʷ b ʦʧʨʝʜʝʣʷʶʪ  ʧʦ ʢʨʠʪʝʨʠʶ ʪʷʛʦʚʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʤʥʷ. 
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ʈʠʩ. 2.2. ɿʫʙʯʘʪʘʷ ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ 

ʅʘʣʠʯʠʝ ʢʦʣʴʮʝʚʦʡ ʢʘʥʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʢʦʥʪʘʢʪ ʟʫʙʴʝʚ 

ʰʢʠʚʘ ʩ ʨʘʙʦʯʠʤʠ ʫʯʘʩʪʢʘʤʠ ʟʫʙʴʝʚ ʨʝʤʥʷ, ʛʜʝ ʠʭ ʣʝʚʳʝ ʧʦʣʫʰʝʚʨʦʥʳ 

ʧʝʨʝʩʝʢʘʶʪʩʷ ʩ ʧʨʘʚʳʤʠ ʧʦʣʫʰʝʚʨʦʥʘʤʠ ï ʟʘʢʨʫʛʣʝʥʠʷ ʨʘʜʠʫʩʦʤ 

,2,0 mr  (m ï ʤʦʜʫʣʴ ʟʘʮʝʧʣʝʥʠʷ, ʤʤ). ʇʨʦʧʦʨʮʠʠ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʬʠʣʝʡ ʟʫʙʴʝʚ ʨʝʤʥʷ ʠ ʰʢʠʚʦʚ ʩʦʚʧʘʜʘʶʪ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʝʜʘʯʠ ʩ ʪʘʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʟʫʙʦʚ ʥʘ ʨʝʤʥʝ ʠ 

ʰʢʠʚʘʭ ʧʨʝʜʦʪʚʨʘʪʠʪ ʧʦʧʝʨʝʯʥʦʤ ʩʧʦʣʟʘʥʠʝ ʨʝʤʥʷ ʩʦ ʰʢʠʚʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʠʩʢʣʶʯʠʪʴ ʬʣʘʥʮʳ ʠʟ ʢʦʥʩʪʨʫʢʮʠʠ ʰʢʠʚʦʚ ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʫʤʝʥʴʰʠʪʴ 

ʧʦʪʝʨʠ ʥʘ ʪʨʝʥʠʝ ʠ ʧʦʚʳʩʠʪʴ ʥʘʛʨʫʟʦʯʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʝʜʘʯʠ ʟʫʙʯʘʪʳʤ 

ʨʝʤʥʝʤ. 
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ʈʠʩ. 2.3. ɿʫʙʯʘʪʘʷ ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ ʩ ʰʝʚʨʦʥʥʳʤ ʧʨʦʬʠʣʝʤ:  

ʘ, ʙ ï ʨʝʤʝʥʴ ʟʫʙʯʘʪʳʡ ʰʝʚʨʦʥʥʳʡ; ʚ ï ʰʢʠʚ ʟʫʙʯʘʪʳʡ ʰʝʚʨʦʥʥʳʡ;  

ʛ ï ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʟʫʙʴʝʚ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ 

ʇʦʚʳʰʝʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʧʨʠ 

ʧʦʚʳʰʝʥʥʳʭ ʟʘʛʨʫʟʢʘʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʨʝʤʥʝʡ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʳʭ (ʨʠʩ. 2.4, ʘ; ʙ) ʠ ʰʢʠʚʦʚ, ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʪʦʨʳʭ (ʨʠʩ. 2.4, ʚ) ʨʘʟʤʝʱʝʥʳ ʟʫʙʴʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʘʨʦʢ ʩ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʥʘ ʪʦʨʮʘʭ ʰʢʠʚʦʚ )4/)...(6/(  [3]. 
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ʈʠʩ. 2.4. ʇʝʨʝʜʘʯʘ ʟʫʙʯʘʪʘʷ ʨʝʤʝʥʥʘʷ ʩ ʘʨʦʯʥʳʤʠ ʟʫʙʴʷʤʠ:  
ʘ, ʙ ï  ʨʝʤʝʥʴ ʩ ʘʨʦʯʥʳʤʠ ʟʫʙʴʷʤʠ; ʚ ï ʰʢʠʚ ʩ ʘʨʦʯʥʳʤʠ ʟʫʙʴʷʤʠ 

ʈʘʟʥʦʦʙʨʘʟʥʳʡ ʧʘʨʢ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʥʘʱʘʝʪʩʷ 

ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʮʝʜʫʨ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʝʨʝʜʘʯ ʧʦʟʚʦʣʷʪ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʚ 2D-ʨʝʜʘʢʪʦʨʝ  ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 3D-ʨʝʜʘʢʪʦʨʝ ʩʠʩʪʝʤʳ 

ɸʈʄ WinMachine [31]. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 2D-

ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ɸʈʄ Graph, ʢʦʪʦʨʳʡ ʚʭʦʜʠʪ ʚ ʢʘʯʝʩʪʚʝ ʤʦʜʫʣʷ ʚ 

ʉɸʇʈ ɸʈʄ WinMacine [34]. ɺ ʵʪʦʪ ʤʦʜʫʣʝ ʨʝʘʣʠʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʥʦ-ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ. ɼʣʷ ʰʠʨʦʢʦʡ ʛʘʤʤʳ ʰʢʠʚʦʚ ʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʩʯʝʪʥʳʝ ʬʦʨʤʫʣʷʨʳ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʢʥʘʭ 

ʧʝʨʝʤʝʥʥʳʭ ʤʦʜʫʣʷ APM Graph [41].  

ɻʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʫʨ ʰʢʠʚʘ, ʧʦʣʫʯʝʥʥʳʡ ʥʘ ʙʘʟʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʙʘʟʦʡ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʘ ʰʢʠʚʘ 

ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʚ ʤʦʜʫʣʝ ɸʈʄ Graph (ʨʠʩ. 2.5), ʘ ʪʘʢʞʝ 3D ï 

ʤʦʜʝʣʠ ʚ ʤʦʜʫʣʝ ɸʈʄ Studio [18]. ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠ 

ʜʣʷ ʧʦʣʠʢʣʠʥʦʚʦʡ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2.6). 
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ʈʠʩ. 2.5. ʐʢʠʚ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ:  

ʘ ï ʬʨʘʛʤʝʥʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʙ ï ʬʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ;  

ʚ ï ʬʨʘʛʤʝʥʪ 3D-ʤʦʜʝʣʠ 

 

 
 

ʘ ʙ ʚ 

ʈʠʩ. 2.6. ʐʢʠʚ ʧʦʣʠʢʣʠʥʦʚʦʡ ʧʝʨʝʜʘʯʠ:   

 ʘ ï ʬʨʘʛʤʝʥʪ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ;  ʙ ï ʬʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ;  

ʚ ï ʬʨʘʛʤʝʥʪ 3D-ʤʦʜʝʣʠ 
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2.1.1. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʫʙʯʘʪʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ  

ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʰʢʠʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʢʦʤʘʥʜʘ 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʙʦʨʦʤ ʚ ʦʢʥʝ ʂʆʄʇɸʉ ï SHAFT 2D 

ʧʠʢʪʦʛʨʘʤʤʳ ʅʦʚʘʷ ʤʦʜʝʣʴ  ʠ ʦʜʥʦʛʦ ʠʟ ʪʠʧʦʚ ʦʪʨʠʩʦʚʢʠ (ʥʘʧʨʠʤʝʨ, ɺ 

ʨʘʟʨʝʟʝ (ʨʠʩ. 2.7) 

 

 

ʈʠʩ. 2.7. ɺʳʙʦʨ ʪʠʧʘ ʦʪʨʠʩʦʚʢʠ ʰʢʠʚʘ 

ɺ ʦʩʥʦʚʥʦʤ ʦʢʥʝ ʂʆʄʇɸʉ ï SHAFT 2D ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʪʠʧʘ 

ʩʪʫʧʝʥʝʡ ʜʝʪʘʣʠ, ʵʣʝʤʝʥʪʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʳ ʩʪʫʧʝʥʝʡ (ʨʠʩ. 2.8).  

ɼʣʷ ʛʝʥʝʨʘʮʠʠ 3D-ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʘʥʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʥʘʟʚʘʥʠʝʤ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʰʢʠʚʘ. (ʨʠʩ. 2.9) 

ʉ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʤʘʥʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʛʝʥʝʨʘʮʠʷ 

ʩʝʯʝʥʠʡ ʠ ʚʠʜʦʚ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ. 

ʀʥʪʝʛʨʘʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʉɸʇʈ ʂʆʄʇɸʉ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʘʥʜʘ  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʜʝʪʘʣʝʡ, ʧʨʠ ʚʳʙʦʨʝ 

ʢʦʪʦʨʦʡ ʧʦʜʛʨʫʞʘʝʪʩʷ ʤʦʜʫʣʴ ʚʳʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʙʦʪʘ ʩ ʵʪʠʤ ʤʦʜʫʣʝʤ 

ʚʦʟʤʦʞʥʘ ʚ ʚʠʜʝ ʚʳʙʦʨʘ ʠʟ ʧʨʝʜʣʘʛʘʝʤʦʡ ʙʘʟʳ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣ ʜʝʪʘʣʠ, 

ʣʠʙʦ ʚ ʚʠʜʝ ʨʫʯʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʙʘʟʫ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ 

ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʚʟʷʪʴ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ çʃʦʮʤʘʥ: ʄʘʪʝʨʠʘʣʳ ʠ ʩʦʨʪʘʤʝʥʪʳè 

ʇʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ ʰʢʠʚʘ ʟʫʙʯʘʪʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ. ɺʳʧʦʣʥʠʤ 

ʧʦʩʪʨʦʝʥʠʝ ʰʢʠʚʘ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: ʤʦʜʫʣʴ  m = 7 ʤʤ; ʯʠʩʣʦ 

ʟʫʙʴʝʚ z = 26; ʰʠʨʠʥʘ ʦʙʦʜʘ ʰʢʠʚʘ b = 32 ʤʤ. 
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ʈʠʩ. 2.8. ʆʩʥʦʚʥʦʝ ʦʢʥʦ ʜʠʘʣʦʛʘ  ʂʆʄʇɸʉ ï SHAFT 2D 

 

ʈʠʩ. 2.9. ʆʢʥʦ ʛʝʥʝʨʘʮʠʠ 3D-ʤʦʜʝʣʝʡ 
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ɺ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʧʦʩʪʨʦʝʥʠʷ ʚʥʝʰʥʝʛʦ ʢʦʥʪʫʨʘ ʩ ʧʦʤʦʱʴʶ  

ʧʠʢʪʦʛʨʘʤʤ rʕʣʝʤʝʥʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʚʳʙʠʨʘʝʪʩʷ ʪʠʧ ʧʝʨʝʜʘʯʠ:  

ʐʢʠʚ ʟʫʙʯʘʪʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2.10). ɺ ʵʪʦʤ ʦʢʥʝ ʤʦʞʥʦ ʚʳʙʨʘʪʴ 

ʦʧʮʠʶ ʈʘʟʤʝʨʳ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʩʪʘʥʦʚʢʠ ʨʘʟʤʝʨʦʚ ʥʘ ʯʝʨʪʝʞʝ. 

ɺ  ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʈʘʩʯʝʪ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ (ʨʠʩ. 2.11) 

ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʦʝʢʪʥʳʡ ʨʘʩʯʝʪ ʧʝʨʝʜʘʯʠ. ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʦʢʥʝ  ʇʨʦʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ (ʨʠʩ. 2.12). 

 

 

ʈʠʩ. 2.10. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ çʐʢʠʚ ʟʫʙʯʘʪʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠè 

 

ʈʠʩ. 2.11. ʆʢʥʦ ʨʘʩʯʝʪʘ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 
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ɺ ʦʢʥʝ ʚʚʦʜʘ ʜʘʥʥʳʭ (ʨʠʩ. 2.12) ʟʘʜʘʝʪʩʷ ʤʦʜʫʣʴ ʰʢʠʚʘ, ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʨʘʩʯʝʪʥʦʡ ʚʝʣʠʯʠʥʦʡ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʦʚ ʟʫʙʴʝʚ, 

ʧʨʠ ʧʦʜʙʦʨʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘʩʪʨʦʡʢʝ ʩʪʘʥʢʦʚ. ɿʥʘʯʝʥʠʷ 

ʥʦʨʤʘʣʴʥʳʭ ʤʦʜʫʣʝʡ ʜʣʷ ʧʝʨʝʜʘʯ ʟʫʙʯʘʪʳʤ ʨʝʤʥʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʪʨʘʩʣʝʚʳʤ ʩʪʘʥʜʘʨʪʦʤ ʆʉʊ 38-05114-76 ʠ ʚʳʙʠʨʘʝʪʩʷ ʠʟ ʚʳʧʘʜʘʶʱʝʛʦ 

ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ. ʇʦʩʣʝ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʈʘʩʯʝʪ 

(ʨʠʩ. 2.12) ʠ ʟʘʧʠʩʴ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʝʢʪʥʭr ʜʘʥʥʳʭ ʚ ʦʪʜʝʣʴʥʦʤ ʜʦʢʫʤʝʥʪʝ. 

 

 

ʈʠʩ. 2.12. ʆʢʥʦ ʚʚʦʜʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʉʠʩʪʝʤʘ ʂʆʄʇɸʉ ï SHAFT 2D ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ ʨʘʩʯʝʪʳ ʟʫʙʯʘʪʦʨʝʤʝʥʥʳʭ ʧʝʨʝʜʘʯ. ɼʣʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʚʘʨʠʘʥʪʘ (ʨʠʩ. 2.13), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʳʰʝ ʧʨʝʜʩʪʘʚʣʝʥʥʤr ʠʩʭʦʜʥʳʤ 

ʜʘʥʥʳʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʠ ʚ ʦʢʥʝ ɺʳʙʦʨ ʦʙʲʝʢʪʘ ʧʦʩʪʨʦʝʥʠʷ (ʨʠʩ. 

14) ʩʪʨʦʷʪʩʷ ʚʥʝʰʥʠʡ ʠ ʚʥʫʪʨʝʥʥʠʡ ʢʦʥʪʫʨʳ. ɺ ʧʦʣʝ ʯʝʨʪʝʞʘ ʙʫʜʝʪ 

ʥʘʯʝʨʯʝʥ ʰʢʠʚ ʩ ʰʠʨʠʥʦʡ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ 32 ʤʤ  ʠ ʜʠʘʤʝʪʨʦʤ ʦʢʨʫʞʥʦʩʪʝʡ 

ʚʝʨʰʠʥ ʟʫʙʴʝʚ 180,566 ʤʤ.  

ɼʣʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʬʠʣʷ ʟʫʙʴʝʚ ʰʢʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʧʮʠʷ 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʪʫʧʝʥʝʡ Ÿ ʧʨʦʬʠʣʴ ʟʫʙʴʝʚ. ʅʘ ʧʦʣʝ ʯʝʨʪʝʞʘ 

ʚʳʧʦʣʥʠʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʷ ʟʫʙʴʝʚ, ʘ ʚ ʜʠʘʣʦʛʦʚʦʤ ʦʢʥʝ ʧʦʷʚʠʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʘʧʠʩʴ ʦ ʜʘʥʥʦʡ ʦʧʝʨʘʮʠʠ (ʨʠʩ. 2.15). 

ʇʦʩʪʨʦʝʥʠʝ 3D-ʤʦʜʝʣʠ ʰʢʠʚʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʨʦʝʥʥʦʡ ʧʣʦʩʢʦʡ ʤʦʜʝʣʠ ʂʆʄʇɸʉ-SHAFT 2D. ɻʦʪʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ ʧʦʤʝʱʘʝʪʩʷ ʚ ʥʦʚʳʡ ʜʦʢʫʤʝʥʪ ʂʆʄʇɸʉ-3D.  ʇʨʠʤʝʨ 

ʦʬʦʨʤʣʝʥʠʷ ʯʝʨʪʝʞʘ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 2.16.  
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ʈʠʩ. 2.13. ʆʢʥʦ ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʘ ʧʝʨʝʜʘʯʠ 

 

ʈʠʩ. 2.14. ʆʢʥʦ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ 

 

ʈʠʩ. 2.15. ɼʠʘʣʦʛʦʚʦʝ ʦʢʥʦ ʧʨʦʬʠʣʷ ʟʫʙʴʝʚ 
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ʈʠʩ. 2.16. ʐʢʠʚ ʟʫʙʯʘʪʦʡ ʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 

2.2. ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ 

ʀʩʪʦʨʠʷ ʧʨʠʣʦʞʝʥʠʷ ʂʆʄʇɸʉ-Shaft ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 20 ʣʝʪ. ɺ 

1991 ʛʦʜʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʧʝʨʚʳʝ ʤʦʜʫʣʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ (ʩʦʟʜʘʥʘ ʦʩʥʦʚʘ ʩʠʩʪʝʤʳ GEARS ʧʦʜ MS-DOS). ɺ 

ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʂʆʄʇɸʉ-3D V14 ʧʨʠʣʦʞʝʥʠʷ ʂʆʄʇɸʉ-Shaft 2D ʠ 

ʂʆʄʇɸʉ-Shaft 3D ʚʦʰʣʠ ʧʦʜ ʥʦʚʳʤʠ ʠʤʝʥʘʤʠ ð çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʧʝʨʝʜʘʯʠ 2Dè ʠ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3Dè [42, 43] 

ɺ ʚʝʨʩʠʠ ʂʆʄʇɸʉ-3D ʩ ʠʥʜʝʢʩʦʤ 15 ʚʚʝʜʝʥʳ ʨʷʜ ʦʩʥʦʚʥʳʭ 

ʠʟʤʝʥʝʥʠʡ[44]: 

1. ʇʦʧʦʣʥʝʥʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ ʙʠʙʣʠʦʪʝʢʠ ʟʘʨʫʙʝʞʥʳʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ. ʊʘʢ ʧʨʠ ʚʳʙʦʨʝ ʤʦʜʫʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ  ʚ ʨʘʩʯʝʪʝ 

ʟʫʙʯʘʪʳʭ ʠ ʯʝʨʚʷʯʥʳʭ ʧʝʨʝʜʘʯ ʤʦʞʥʦ ʚʳʙʠʨʘʪʴ ʥʝ ʪʦʣʴʢʦ çʛʦʩʪʦʚʩʢʠʝè 

ʠʩʭʦʜʥʳʝ ʢʦʥʪʫʨʳ ʠ ʤʦʜʫʣʠ (ʢʨʫʧʥʳʝ, ʤʝʣʢʠʝ, ʢʦʥʪʫʨʳ ʜʣʷ 

ʚʳʩʦʢʦʥʘʧʨʷʞʝʥʥʳʭ ʧʝʨʝʜʘʯ), ʥʦ ʠ ʟʘʨʫʙʝʞʥʳʝ ʧʠʪʯʝʚʳʝ ʠ ʤʝʪʨʠʯʝʩʢʠʝ 

(AGMA 201.02, ASAB6b, DIN 3972-52, ISO 53:1998, JIS B 1701-1973). ʊʘʢʞʝ 
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ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʚʚʦʜʠʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʝʡ. ɼʣʷ 

ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ ʠʣʠ ʟʘʨʫʙʝʞʥʳʤ ʤʦʜʫʣʝʤ ʠ ʠʩʭʦʜʥʳʤ 

ʢʦʥʪʫʨʦʤ ʩʪʘʣ ʚʦʟʤʦʞʝʥ ʚʳʙʦʨ ʥʝʩʪʘʥʜʘʨʪʥʦʛʦ ʜʦʣʙʷʢʘ. ʉʧʠʩʦʢ ʪʘʢʠʭ 

ʜʦʣʙʷʢʦʚ ʬʦʨʤʠʨʫʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʦʚʦʛʦ ʜʦʣʙʷʢʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʝʛʦ ʫʧʨʦʱʝʥʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʩʯʝʪ. ɺ 

ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʧʠʩʦʢ ʜʦʣʙʷʢʦʚ ʤʦʞʥʦ ʧʦʧʦʣʥʷʪʴ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ.  

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʰʣʠʮʝʚ. ʌʫʥʢʮʠʦʥʘʣ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʣʠʮʝʚ 

ʜʦʧʦʣʥʝʥ ʨʝʞʠʤʦʤ ʧʦʩʪʨʦʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʰʣʠʮʝʚ ʧʦ ʧʨʦʪʦʪʠʧʫ ʠʣʠ ʙʝʟ 

ʥʝʛʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʦʪʠʧʘ ʤʦʛʫʪ ʙʳʪʴ ʚʳʙʨʘʥʳ ʰʣʠʮʳ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʳʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʝʯʝʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʠʣʠ ʩʪʘʥʜʘʨʪʘʤ ʟʘʨʫʙʝʞʥʳʭ 

ʩʪʨʘʥ (DIN 5482-1973, SAE J499A-1975, DIN 5471-1974, DIN 5472-1980). 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʧʘʨʘʤʝʪʨ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʰʣʠʮʝʚ 

ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥ.  

3. ɺ ʨʘʩʯʝʪ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʜʦʙʘʚʣʝʥʳ ʯʝʨʚʷʢʠ ʪʠʧʦʚ ZT1, ZT2, 

ZN3, ZK4.  

4. ʈʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʚʠʥʪʦʚʦʡ ʵʚʦʣʴʚʝʥʪʥʦʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʠ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʘʙʦʪ r ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çʩʪʦʧ-ʢʘʜʨʘè.  

5. ʐʧʦʥʦʯʥʳʝ ʧʘʟʳ ʨʘʩʰʠʨʝʥʥʦʛʦ ʪʠʧʘʞʘ ʠ ʨʘʟʤʝʨʦʚ. 

6. ʇʦʜʰʠʧʥʠʢʠ ʠ ʤʘʥʞʝʪʳ ʩʪʨʦʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʧʨʘʚʦʯʥʠʢʘ ʠʣʠ 

ʙʠʙʣʠʦʪʝʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʠʟʜʝʣʠʡ.  

7. ɺʩʝ ʙʘʟʳ ʜʘʥʥʳʭ ʧʝʨʝʚʝʜʝʥʳ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʫʶ ʠ ʫʜʦʙʥʫʶ 

ʉʋɹɼ Absolute DataBase. ɺ ʥʦʚʦʡ ʚʝʨʩʠʠ ʙʠʙʣʠʦʪʝʢʠ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ 

ʨʘʟʣʠʯʥʳʤʠ ʩʪʫʧʝʥʷʤʠ ʧʨʦʝʢʪʠʨʫʝʤʦʡ ʤʦʜʝʣʠ.  

ɺ ʧʨʠʣʦʞʝʥʠʠ ɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3D ʥʘʰʣʘ ʦʪʨʘʞʝʥʠʝ 

ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʦʧʪʠʤʠʟʘʮʠʠ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʝʨʝʜʘʯʠ ʚʥʝʰʥʝʛʦ ʟʘʮʝʧʣʝʥʠʷ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʨʘʩʯʝʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʤʝʱʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʝʨʝʜʘʯʫ ʩ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: 

- ʢʦʥʪʘʢʪʥʘʷ ʧʨʦʯʥʦʩʪʴ; 

- ʧʨʦʯʥʦʩʪʴ ʧʦ ʠʟʛʠʙʫ; 

- ʨʘʚʥʦʧʨʦʯʥʦʩʪʴ ʟʫʙʴʝʚ; 

- ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʝʜʘʥʠʶ; 

- ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʝʜʘʥʠʶ; 

- ʧʣʘʚʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʊʘʢʦʡ ʨʝʞʠʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʨʝʝʯʥʫ  ʁ

ʮʠʣʠʥʜʨʠʯʝʩʢʫ  ʁ ʟʫʙʯʘʪʫ  ʁ ʧʝʨʝʜʘʯʫ, ʦʨʪʦʛʦʥʘʣʴʥʘʷ ʧʝʨʝʜʘʯʫ 

(ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʵʚʦʣʴʚʝʥʪʥʳʡ ʯʝʨʚʷʢ/ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʢʦʩʦʟʫʙʦʝ ʢʦʣʝʩʦ). 

ɺ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʧʝʨʝʜʘʯʘʭ ʚʤʝʩʪʦ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʦʝ 

ʢʦʩʦʟʫʙʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ ʢʦʣʝʩʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʪʝʭʥʦʣʦʛʠʶ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ɺ ʢʨʫʛ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʝʨʝʜʘʯ ʚʢʣʶʯʝʥʘ ʧʣʘʥʝʪʘʨʥʘʷ 
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ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ ɼʞʝʡʤʩʘ, ʥʘʰʝʜʰʘʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʫʤʤʠʨʫʶʱʠʭ ʟʚʝʥʴʷʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʩʭʝʤ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʩʪʘʥʢʦʚ. 

ɺ ʧʨʠʣʦʞʝʥʠʠ ɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠ 3D ʨʘʟʨʘʙʦʪʘʥʳ 

ʤʦʜʝʣʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʘʭ 

ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʡ ʛʨʫʧʧ. ɺ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦʤ ʩʪʘʥʢʝ ʚʪʦʨʦʛʦ ʪʠʧʦʨʘʟʤʝʨʘ ʤʦʜʝʣʠ 

ʉʌ16ʄʌ3, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʛʦ ʧʨʦʬʠʣʷ ʠʟ ʩʪʘʣʝʡ, ʯʫʛʫʥʘ, ʣʝʛʢʠʭ ʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʫʧʝʥʯʘʪʘʷ ʢʦʨʦʙʢʘ ʩʢʦʨʦʩʪʝʡ (ʨʠʩ. 2.17).  

 

 

ʈʠʩ. 2.17. ɿʫʙʯʘʪʳʝ ʧʝʨʝʜʘʯʠ ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ 

ɺ ʩʪʘʥʢʝ ʉʌ16ʄʌ3 ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ, 3D-ʤʦʜʝʣʠ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2.18 [20, 21]. 

ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʩʦʣʴʥʦ-ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ ʥʘ ʙʘʟʝ 

ʤʦʜʝʣʠ ʉɺʄ1ʌ4. ɺ ʧʨʠʣʦʞʝʥʠʠ çɺʘʣʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʝʨʝʜʘʯʠè 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʷʜ ʤʦʜʝʣʝʡ ʟʫʙʯʘʪʠʭ ʢʦʣʝʩ ʠ ʚʘʣ-ʰʝʩʪʝʨʝʥ (ʨʠʩ. 2.19) 

ɺ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʤ ʩʪʘʥʢʝ ʩ ʏʇʋ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʥʠʯʝʩʢʠʝ  ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʧʨʷʤʳʤ ʠ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ (ʨʠʩ. 2.20). 
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ʘ ʙ 

ʈʠʩ. 2.18. ɹʣʦʢʠ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ:  

ʘ ï ʥʘ ʧʝʨʚʦʡ ʩʪʫʧʝʥʠ ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ; ʙ ï ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ 

 
 

ʘ ʙ 

 

 
ʚ ʛ 

ʈʠʩ. 2.19. ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ:  
ʘ ï ʩ ʦʩʝʚʦʡ ʬʠʢʩʘʮʠʝʡ; ʙ ï ʧʦʜʚʠʞʥʳʝ; ʚ ï ʚʘʣ-ʰʝʩʪʝʨʥʷ; ʛ ï ʚʪʫʣʢʘ-ʰʝʩʪʝʨʥʷ 
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ʈʠʩ. 2.20. ʂʦʥʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ:  
ʘ ï ʩʦ ʰʣʠʮʘʤʠ; ʙ ï ʩʦ ʰʧʦʥʢʦʡ; ʚ ï ʚʪʫʣʢʘ-ʰʝʩʪʝʨʥʷ; ʛ ï ʚʘʣ-ʰʝʩʪʝʨʥʷ 

ʉʦʚʨʝʤʝʥʥʳʝ ʉɸʇʈ ʩʧʦʩʦʙʥʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʥʝʢʦʪʦʨʳʭ 

ʚʠʜʦʚ ʧʝʨʝʜʘʯ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ (ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ, ʯʝʨʚʷʢʠ, ʰʢʠʚʳ ʠ ʪ. ʜ.). 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ 

ʚʠʟʫʘʣʠʟʘʮʠʷ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʘʷ ï ʟʫʙʴʷ (ʘ ʪʦʯʥʝʝ ï ʚʧʘʜʠʥʳ ʤʝʞʜʫ ʥʠʤʠ) 

ʩʠʩʪʝʤʘ ʥʝ ʛʝʥʝʨʠʨʫʝʪ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʫʩʣʦʚʥʳʤʠ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʥʦʮʝʥʥʦʡ 3D ï ʤʦʜʝʣʠ ʢʦʥʠʯʝʩʢʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʩ 

ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ ʥʫʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ  ʥʠʞʝ ʥʘ ʧʨʠʤʝʨʝ  ʉɸʇʈ ʂʆʄʇɸʉ 3D. 

ʇʨʦʬʠʣʠʨʦʚʘʥʠʝ ʟʫʙʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʨʝʟʘʥʠʷ ʚʧʘʜʠʥʳ, ʢʘʢ 

ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʨʝʟʘʥʠʠ ʟʫʙʴʝʚ ʥʘ ʟʫʙʦʨʝʟʥʦʤ ʩʪʘʥʢʝ ʟʘ ʩʯʝʪ ʫʜʘʣʝʥʠʷ 
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ʤʘʪʝʨʠʘʣʘ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʳʨʝʟʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ ʠ 

ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʣʦʞʝʥʠʷʭ ʪʦʨʮʦʚʳʤ ʩʝʯʝʥʠʷʤ ʧʨʠ 

ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ çɺʳʨʝʟʘʪʴ ʵʣʝʤʝʥʪ ʧʦ ʩʝʯʝʥʠʷʤè. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʫʛʦʚʳʭ ʟʫʙʴʝʚ: 

1. ɺʜʦʣʴ ʚʧʘʜʠʥʳ ʟʫʙʘ ʥʝ ʩʦʭʨʘʥʷʝʪʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʧʦʜʦʙʠʝ 
ʧʨʦʬʠʣʝʡ (ʩʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ). 

2. ʊʨʘʝʢʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʯʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʠʥʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʩʝʯʝʥʠʷ ʟʘʥʠʤʘʶʪ ʩʣʦʞʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ 

ʧʦʣʦʞʝʥʠʷ.  

ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ:  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʪʦʨʮʦʚʳʭ 

ʩʝʯʝʥʠʡ (ʧʣʦʩʢʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʦʥʠ ʩʪʨʦʷʪʩʷ); 

2. ʈʘʩʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʟʫʙʯʘʪʦʛʦ 
ʢʦʣʝʩʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʩʪʨʦʷʪʩʷ ʪʦʨʮʦʚʳʝ ʩʝʯʝʥʠʷ; 

3. ʇʦʩʪʨʦʝʥʠʝ ʩʝʯʝʥʠʡ; 

4. ʉʦʙʩʪʚʝʥʥʦ ʚʳʨʝʟʘʥʠʝ. 

ɼʣʷ  ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʘ ʪʘʢʞʝ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ 

ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ 

ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʨʘʩʯʝʪʝ  

ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ: 

z ï ʯʠʩʣʦ ʟʫʙʴʝʚ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ; 

ŭ ï ʫʛʦʣ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ; 

mn ï ʤʦʜʫʣʴ ʥʦʨʤʘʣʴʥʳʡ; 

ɓn ï ʜʝʣʠʪʝʣʴʥʳʡ ʫʛʦʣ ʥʘʢʣʦʥʘ ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʟʫʙʘ ʢʦʥʠʯʝʩʢʦʛʦ 

ʢʦʣʝʩʘ; 

R ï ʢʦʥʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩʨʝʜʥʝʝ; 

ha; hf ï ʚʳʩʦʪʘ ʜʝʣʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʠ ʥʦʞʢʠ ʟʫʙʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

ɗa ; ɗf ï ʫʛʦʣ ʜʝʣʠʪʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʠ ʥʦʞʢʠ ʟʫʙʘ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 

d0 ï ʜʠʘʤʝʪʨ ʟʫʙʦʨʝʟʥʦʡ ʛʦʣʦʚʢʠ; 

n ï ʥʦʨʤʘʣʴʥʳʡ ʫʛʦʣ ʧʨʦʬʠʣʷ ʥʘ ʜʝʣʠʪʝʣʴʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ ʩ ʢʨʫʛʦʚʳʤʠ ʟʫʙʴʷʤʠ. 

ʇʦʣʦʞʝʥʠʝ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ Rx, 

ʠʤʝʶʱʠʤ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʧʘʜʠʥʳ ʙʝʟ ʨʝʟʢʠʭ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ ʩʝʯʝʥʠʷʤʠ, ʚʧʦʣʥʝ 

ʜʦʩʪʘʪʦʯʥʦ ʧʷʪʠ ʩʝʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʢʨʘʡʥʠʝ ʩʝʯʝʥʠʷ ʥʫʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʪʦʨʮʦʚ ʚʝʥʮʘ ʢʦʥʠʯʝʩʢʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ (2 ï 5 

ʤʤ), ʘ ʩʨʝʜʥʝʝ ʩʝʯʝʥʠʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʨʘʩʧʦʣʦʞʠʪʴ ʥʘ ʜʣʠʥʝ 

ʩʨʝʜʥʝʛʦ ʢʦʥʫʩʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ R, ʪʦʛʜʘ ʧʘʨʘʤʝʪʨʳ ʚ ʵʪʦʤ ʩʝʯʝʥʠʠ ʨʘʚʥʳ 

ʩʨʝʜʥʠʤ ʨʘʩʯʝʪʥʳʤ ʜʣʷ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ. 
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ʇʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʵʩʢʠʟʳ ʩʝʯʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʘʤʠ ʧʝʨʝʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ çʇʦʚʝʨʭʥʦʩʪʴ ʚʳʜʘʚʣʠʚʘʥʠʷè), 

ʠʤʠʪʠʨʫʶʱʝʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʠʤʝʶʱʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʠʘʤʝʪʨ (d0) ʠ 

ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʩ ʫʯʝʪʦʤ ɓn ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʩʧʠʨʘʣʠ), ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ. ʕʩʢʠʟ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʦʢʨʫʞʥʦʩʪʴ) ʩʪʨʦʠʪʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ, 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʜʝʣʠʪʝʣʴʥʦʤʫ ʢʦʥʫʩʫ ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ. ʆʢʨʫʞʥʦʩʪʴ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʪʦʯʢʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʩʨʝʜʥʝʤ 

ʢʦʥʫʩʥʦʤ ʨʘʩʩʪʦʷʥʠʠ R (ʦʙʳʯʥʦ ʵʪʦ ʩʝʨʝʜʠʥʘ ʟʫʙʯʘʪʦʛʦ ʚʝʥʮʘ) ʤʝʞʜʫ 

ʢʘʩʘʪʝʣʴʥʦʡ ʢ ʦʢʨʫʞʥʦʩʪʠ ʚ ʵʪʦʡ ʪʦʯʢʝ ʠ ʦʙʨʘʟʫʶʱʝʡ ʢʦʥʫʩʘ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʵʪʫ ʪʦʯʢʫ, ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʫʛʦʣ ɓn (ʨʠʩ. 2.21). 

 

 

ʈʠʩ. 2.21. ʇʦʣʦʞʝʥʠʝ ʧʣʦʩʢʦʩʪʝʡ ʵʩʢʠʟʦʚ ʩʝʯʝʥʠʡ 

ʊʘʢʞʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ Rx ʚʳʩʪʨʘʠʚʘʶʪʩʷ 

ʢʦʥʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʢʦʥʫʩʘʤʠ, 

ʦʙʨʘʟʫʶʱʘʷ ʢʦʪʦʨʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʙʨʘʟʫʶʱʝʡ ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ. 

ʇʣʦʩʢʦʩʪʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʦʩʪʨʦʝʥʳ ʵʩʢʠʟʳ ʩʝʯʝʥʠʡ, ʷʚʣʷʶʪʩʷ 

ʢʘʩʘʪʝʣʴʥʳʤʠ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʢʦʥʫʩʘʤ ʠ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʦʥʫʩʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʠ ʞʝ ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʙʘʟʦʚʳʤʠ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʵʩʢʠʟʦʚ ʩʝʯʝʥʠʡ. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʦʨʮʦʚʦʛʦ ʩʝʯʝʥʠʷ ʥʫʞʥʦ ʫʩʣʦʚʥʦ ʟʘʤʝʥʠʪʴ 

ʢʦʥʠʯʝʩʢʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ ʥʘ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʝ. ʇʘʨʘʤʝʪʨʳ 
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ʠʩʭʦʜʥʦʛʦ ʢʦʥʪʫʨʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ  ʷʚʣʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʨʮʦʚʳʤ ʧʘʨʘʤʝʪʨʘʤ ʢʦʥʠʯʝʩʢʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ. 

ʇʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪʩʷ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʩʝʯʝʥʠʡ ʚʧʘʜʠʥʳ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʠʟʚʝʩʪʥʳʤ ʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʟʘʚʠʩʠʤʦʩʪʷʤ [45]. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ 

ʢʦʣʝʩʘ ʚʳʯʠʩʣʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʩʝʯʝʥʠʷ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʵʚʦʣʴʚʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʟʫʙʘ 

ʚ ʩʝʯʝʥʠʠ (ʨʠʩ. 2.22). ʊʦʣʱʠʥʘ ʟʫʙʘ (ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʯʝʪʦʚ) ʥʝ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ, ʘ ʧʨʠʥʠʤʘʝʪʩʷ ʧʨʠ ʛʨʘʬʠʯʝʩʢʦʤ ʧʦʩʪʨʦʝʥʠʠ, ʠʩʭʦʜʷ ʠʟ 

ʫʛʣʦʚʦʛʦ ʰʘʛʘ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ. ʂʘʢ ʧʦʢʘʟʘʣʘ 

ʧʨʘʢʪʠʢʘ, ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ ʚʧʘʜʠʥʫ ʥʘ ʚʝʣʠʯʠʥʫ, 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʫʶ ʚʝʨʭʥʝʤʫ ʜʦʧʫʩʢʫ ʥʘ ʪʦʣʱʠʥʫ ʟʫʙʘ ʜʣʷ ʜʘʥʥʦʛʦ 

ʢʦʥʠʯʝʩʢʦʛʦ ʢʦʣʝʩʘ. 

 

 

ʈʠʩ. 2.22. ʇʦʩʪʨʦʝʥʠʝ ʵʚʦʣʴʚʝʥʪ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʚʩʝʭ ʩʝʯʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ ʢʦʤʘʥʜʘ çɺʳʨʝʟʘʪʴ 

ʵʣʝʤʝʥʪ ʧʦ ʩʝʯʝʥʠʷʤè. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʢʦʣʝʩʝ ʦʙʨʘʟʫʝʪʩʷ ʚʧʘʜʠʥʘ (ʨʠʩ. 

2.23). ɿʘʪʝʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʘʥʜʳ çʄʘʩʩʠʚ ʧʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʩʝʪʢʝè, 

ʢʦʣʠʯʝʩʪʚʦ ʚʧʘʜʠʥ ʜʦʚʦʜʠʪʩʷ ʜʦ ʯʠʩʣʘ z. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 3D ï ʤʦʜʝʣʠ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ 

ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ ʩ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʭʦʞʝʩʪʠ ʩ 

ʨʝʘʣʴʥʳʤʠ ʢʦʣʝʩʘʤʠ. ʆʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʧʨʦʬʠʣʠʨʦʚʘʥʠʷ ʚʧʘʜʠʥʳ ʠʤʝʝʪ 

ʥʝʢʦʪʦʨʳʝ ʫʧʨʦʱʝʥʠʷ ʠ ʧʦʛʨʝʰʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ, ʥʦ ʠʤʠ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ, 

ʪʘʢ ʢʘʢ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʚʠʟʫʘʣʴʥʦʝ 

ʚʦʩʧʨʠʷʪʠʝ 3D ï ʤʦʜʝʣʠ (ʨʠʩ. 2.24). 
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ʈʠʩ. 2.23. ʕʩʢʠʟʳ ʩʝʯʝʥʠʡ 

 

ʈʠʩ. 2.24. ɿʘʮʝʧʣʝʥʠʝ ʢʦʥʠʯʝʩʢʠʭ ʟʫʙʯʘʪʳʭ ʢʦʣʝʩ ʩ ʢʨʫʛʦʚʳʤ ʟʫʙʦʤ 

2.3. ʏʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ 

ɺ ʢʦʥʩʪʨʫʢʮʠʷʭ ʢʦʨʦʙʦʢ ʧʦʜʘʯ ʠ ʧʦʚʦʨʦʪʥʳʭ ʩʪʦʣʦʚ ʥʘʰʣʠ 

ʧʨʠʤʝʥʝʥʠʷ ʯʝʨʚʷʯʥʳʝ ʧʝʨʝʜʘʯʠ, 3D-ʤʦʜʝʣʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.25. 

ʆʥʠ ʚʳʧʦʣʥʷʶʪʩʷ ʙʝʟʟʘʟʦʨʥʳʤʠ, ʧʨʦʙʣʝʤʦʡ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʪʢʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʦʩʝʚʳʤʠ ʫʛʣʘʤʠ ʠ ʪʦʣʱʠʥʘʤʠ ʥʘ 

ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʩʪʦʨʦʥʘʭ; ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʬʨʝʟʳ, 

ʜʝʣʠʪʝʣʴʥʳʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʙʦʣʴʰʝ ʜʝʣʠʪʝʣʴʥʦʛʦ ʜʠʘʤʝʪʨʘ ʯʝʨʚʷʢʘ; 

ʥʝʦʨʪʦʛʦʥʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʬʨʝʟʳ ʧʨʠ ʥʘʨʝʟʢʝ ʟʫʙʴʝʚ 

ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ. 



76 

 

 
ʘ ʙ 

ʈʠʩ. 2.25. ʏʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ:  

ʘ ï ʯʝʨʚʷʢ; ʙ ï ʢʦʣʝʩʦ ʯʝʨʚʷʯʥʦʝ 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʧʘʪʝʥʪʝ [14] ʠ ʨʘʙʦʪʝ [12] ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʟʘʟʦʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʚ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʯʝʨʚʷʢʦʚ, ʬʨʝʟ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʠʟʛʦʪʦʚʣʝʥʠʷ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʯʝʨʚʷʢ 1 

ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ G ʩʤʝʱʘʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦ ʚʥʠʟ, ʩʦʭʨʘʥʷʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴ ʚʨʘʱʝʥʠʷ, ʜʦ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʝʛʦ ʚʝʨʰʠʥ ʩ ʚʧʘʜʠʥʘʤʠ 

ʟʫʙʴʝʚ ʯʝʨʚʷʯʥʦʛʦ ʢʦʣʝʩʘ 2, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ  ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩ. 2.26). ɺ ʨʝʟʫʣʴʪʘʪʝ ʟʘʟʦʨʳ ʚ ʟʘʮʝʧʣʝʥʠʠ ʦʙʥʫʣʷʶʪʩʷ.  

 

ʈʠʩ. 2.26. ʉʭʝʤʘ ʙʝʟʟʘʟʦʨʥʦʡ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ 
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ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚʘʣʘ ʯʝʨʚʷʢʘ ʝʛʦ 

ʧʦʜʰʠʧʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʢʦʣʴʟʷʱʠʭ ʦʧʦʨʘʭ 4,  ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ  ʚʘʣʫ 

ʯʝʨʚʷʢʘ ʩʘʤʦʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʭʨʘʥʷʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴ ʚʨʘʱʝʥʠʷ. ʆʧʦʨʳ 4 ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ 

ʢʦʨʧʫʩʝ 3 ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʙʣʘʛʦʜʘʨʷ ʚʳʩʪʫʧʘʤ ɸ 

ʪʨʝʫʛʦʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʥʘ ʦʧʦʨʘʭ 1 ʠ ʢʘʥʘʚʢʘʤ ɹ ʪʘʢʦʛʦ ʞʝ ʧʨʦʬʠʣʷ ʚ 

ʢʦʨʧʫʩʝ 2, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʝʧʦʜʚʠʞʥʦ ʥʘ ʢʦʨʧʫʩʝ ʤʝʭʘʥʠʟʤʘ (ʨʠʩ. 2.27) . 

 

 

ʈʠʩ. 2.27. ʉʢʦʣʴʟʷʱʘʷ ʦʧʦʨʘ  

ʆʢʨʫʞʥʘʷ ʩʠʣʘ ʯʝʨʚʷʢʘ 
1t

F , ʥʘʧʨʘʚʣʝʥʥʘʷ ʚʥʠʟ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʷ ʙʝʟʟʘʟʦʨʥʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʯʝʨʚʷʢʘ ʩ ʯʝʨʚʷʯʥʳʤ ʢʦʣʝʩʦʤ. ʇʨʠ 

ʨʝʚʝʨʩʝ, ʢʦʛʜʘ ʩʠʣʘ 
1t

F  ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ, ʨʠʩ. 2.26, ʧʦʜʲʝʤʫ ʯʝʨʚʷʢʘ ʚʚʝʨʭ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʙʨʘʟʦʚʘʥʠʶ ʟʘʟʦʨʦʚ ʚ ʟʘʮʝʧʣʝʥʠʠ ʧʨʝʧʷʪʩʪʚʫʝʪ ʩʠʣʘ 

ʩʞʘʪʠʷ 
ʇ

F  ʧʨʫʞʠʥ 4, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʢʦʨʧʫʩʝ 3 ʥʘ ʩʢʦʣʴʟʷʱʠʭ ʦʧʦʨʘʭ ʚ 

ʢʦʪʦʨʳʭ ʟʘʢʨʝʧʣʝʥʳ ʧʦʜʰʠʧʥʠʢʠ ʚʘʣʘ ʯʝʨʚʷʢʘ. 

3D-ʤʦʜʝʣʴ ʙʝʟʟʘʟʦʨʥʦʡ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʠ ʩʦ ʩʢʦʣʴʟʷʱʠʤʠ ʦʧʦʨʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.28 [12]. 
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ʈʠʩ. 2. 28. ɹʝʟʟʘʟʦʨʥʘʷ ʯʝʨʚʷʯʥʘʷ ʧʝʨʝʜʘʯʘ ʚ ʩʢʦʣʴʟʷʱʠʭ ʦʧʦʨʘʭ 
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3.  3D-ʄʆɼɽʃʀʈʆɺɸʅʀɽ  

ʀʅʉʊʈʋʄɽʅʊɸʃʔʅʓʍ ʉʀʉʊɽʄ 

3.1. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʛʘʟʠʥ ʩ ʘʚʪʦʦʧʝʨʘʪʦʨʦʤ 

ʇʦʜ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʩʠʩʪʝʤʦʡ ʧʦʥʠʤʘʝʪʩʷ ʢʦʤʧʣʝʢʩ ʫʩʪʨʦʡʩʪʚ ʠ 

ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʝʟʘʥʠʝʤ [46, 

47]. ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʠʥʩʪʨʫʤʝʥʪʦʦʙʝʩʧʝʯʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʩʨʝʜʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ (ɸʉʀ) 

ʉʤʝʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʚʨʫʯʥʫʶ ʥʘ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʪʘʥʢʘʭ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʦʩʪʦʠ ʵʪʠʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʩʪʘʥʢʦʚ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʤʝʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ 5 ï 10 ʩ ʧʨʦʪʠʚ 25 ï 

40 ʩ ʧʨʠ ʩʤʝʥʝ ʚʨʫʯʥʫʶ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʘ ʩʤʝʥ ʠʥʩʪʨʫʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʨʠʤʝʨʥʦ 20 ï 25 ʨʘʟ ʚ ʯʘʩ, ʧʨʠʤʝʥʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ɸʉʀ ʥʘ ʪʘʢʠʭ ʩʪʘʥʢʘʭ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʩʪʝʧʝʥʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʘʥʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ 

ʧʨʠ ʩʤʝʥʝ ʠʥʩʪʨʫʤʝʥʪʘ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʩʪʨʦʡʩʪʚʘ ɸʉʀ ʤʥʦʛʦʮʝʣʝʚʳʭ ʩʪʘʥʢʦʚ ʩʦʩʪʦʷʪ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʛʘʟʠʥʦʚ, ʷʚʣʷʶʱʠʭʩʷ 

ʥʘʢʦʧʠʪʝʣʷʤʠ ʠʥʩʪʨʫʤʝʥʪʘ (ʙʣʦʢʦʚ ʨʝʞʫʱʝʛʦ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʰʧʠʥʜʝʣʝʡ); ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʰʧʠʥʜʝʣʝ 

ʩʪʘʥʢʘ; ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʩʪʨʫʤʝʥʪʘ ʦʪ ʤʘʛʘʟʠʥʘ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 

ʤʘʥʠʧʫʣʷʪʦʨʘʤ ʠʣʠ ʢ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʧʦʟʠʮʠʷʤ ï ʥʘʢʦʧʠʪʝʣʷʤ 

ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʦʟʠʮʠʠ ʝʛʦ ʩʤʝʥʳ. 

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ 

ʤʘʛʘʟʠʥʘʤ, ʩʣʝʜʫʶʱʠʝ; ʜʦʩʪʘʪʦʯʥʘʷ ʚʤʝʩʪʠʤʦʩʪʴ; ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ ʩʪʘʥʢʘ; ʣʝʛʢʦʩʪʴ ʠ 

ʫʜʦʙʩʪʚʦ ʟʘʛʨʫʟʢʠ ʤʘʛʘʟʠʥʦʚ ʠ ʭʦʨʦʰʠʡ ʜʦʩʪʫʧ ʢ ʥʠʤ; ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ; ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ; 

ʥʘʠʤʝʥʴʰʝʝ ʯʠʩʣʦ ʢʦʦʨʜʠʥʘʪ ʧʨʠ ʩʤʝʥʝ ʠʥʩʪʨʫʤʝʥʪʘ. 
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ʋʩʪʨʦʡʩʪʚʘ ʜʣʷ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ ʩ 

ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ. 

ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʦʷʪ ʠʟ ʤʘʛʘʟʠʥʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ 

ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠʥʩʪʨʫʤʝʥʪʘ ʚ 

ʰʧʠʥʜʝʣʴ ʩʪʘʥʢʘ ʠ ʦʙʨʘʪʥʦ. ɺ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʤʘʥʠʧʫʣʷʪʦʨ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʙʠʨʘʝʪ ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʤʘʛʘʟʠʥʘ-ʥʘʢʦʧʠʪʝʣʷ ʠʣʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʧʦʤʝʱʘʝʪ ʠʥʩʪʨʫʤʝʥʪ ʚ ʰʧʠʥʜʝʣʴ ʩʪʘʥʢʘ. 

ʄʘʛʘʟʠʥʳ ʫʩʪʨʦʡʩʪʚ ɸʉʀ ʩ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 

ʜʠʩʢʦʚʳʝ, ʙʘʨʘʙʘʥʥʳʝ ʠ ʮʝʧʥʳʝ. ɼʠʩʢʦʚʳʝ ʤʘʛʘʟʠʥʳ ʧʨʠʤʝʥʷʶʪʩʷ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʥʘʢʣʦʥʥʦʡ ʦʩʷʤʠ ʚʨʘʱʝʥʠʷ. ɺ ʤʘʛʘʟʠʥʘʭ 

ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ 

ʚʝʨʪʠʢʘʣʴʥʦ, ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠʣʠ ʧʦʜ ʫʛʣʦʤ (ʢʦʨʦʥʯʘʪʳʝ).  

ʂ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʤʘʛʘʟʠʥʘʤ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʦʚ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: 

1) ʚʤʝʩʪʠʤʦʩʪʴ ʤʘʛʘʟʠʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʢʦʤʧʣʝʢʪʘ 

ʟʘʛʨʫʞʝʥʥʳʭ ʚ ʥʝʛʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʭʚʘʪʘʣʦ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʠʧʦʚʦʡ ʜʝʪʘʣʠ; 

2) ʦʥ ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʢʦʤʧʘʢʪʥʳʤ; 

3) ʤʘʛʘʟʠʥ ʜʦʣʞʝʥ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚʥʝ ʨʘʙʦʯʝʡ ʟʦʥʳ ʩʪʘʥʢʘ, ʥʝ ʤʝʰʘʪʴ 

ʨʘʙʦʯʠʤ ʜʚʠʞʝʥʠʷʤ ʩʪʘʥʢʘ, ʫʩʪʘʥʦʚʢʝ ʠ ʩʥʷʪʠʶ ʟʘʛʦʪʦʚʦʢ, ʥʘʣʘʜʢʝ ʩʪʘʥʢʘ; 

4) ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥ ʣʝʛʢʠʡ, ʫʜʦʙʥʳʡ ʠ ʙʝʟʦʧʘʩʥʳʡ ʜʦʩʪʫʧ 

ʥʘʣʘʜʯʠʢʘ ʠ ʦʧʝʨʘʪʦʨʘ ʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤʫ ʤʘʛʘʟʠʥʫ; 

5) ʚʩʝ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʜʝʡʩʪʚʠʷ ʜʣʷ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʦʣʞʥʳ 

ʚʳʧʦʣʥʷʪʴʩʷ ʥʘ ʩʪʘʥʢʝ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʦʙʨʘʙʦʪʢʦʡ ʜʝʪʘʣʠ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ 

ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʩʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ; 

6) ʦʧʝʨʘʮʠʠ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʝ ʜʦʣʞʥʳ ʚʳʟʳʚʘʪʴ ʚʠʙʨʘʮʠʡ 

ʩʘʤʦʛʦ ʩʪʘʥʢʘ. 

ɺʳʙʦʨ ʪʠʧʘ ʤʘʛʘʟʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝʤ, ʪʠʧʦʤ ʠ 

ʢʦʤʧʦʥʦʚʢʦʡ, ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ. ɸʥʘʣʠʟ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʢʦʨʧʫʩʥʳʭ ʜʝʪʘʣʝʡ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʥʘ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʘʭ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʢʦʣʦ 18 % ʜʝʪʘʣʝʡ 

ʪʨʝʙʫʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝ ʙʦʣʝʝ 10 ʠʥʩʪʨʫʤʝʥʪʦʚ, 50 % ð ʜʦ 20; 17 % - ʜʦ 

30, 10 % - 40 ʠ 5 % - ʜʦ 50 ʠ ʙʦʣʝʝ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʇʦʵʪʦʤʫ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪ 

ʤʘʛʘʟʠʥʳ ʚʤʝʩʪʠʤʦʩʪʴʶ ʜʦ 30 ʠʥʩʪʨʫʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʜʠʩʢʦʚʳʝ (ʠʣʠ 

ʙʘʨʘʙʘʥʥʳʝ) 

ɺ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʡ ʩʪʘʥʦʢ ʩ ʏʇʋ ʥʘ ʙʘʟʝ 

ʤʦʜʝʣʠ ʉɺʄ1ʌ4 ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ɸʉʀ ʩ ʜʠʩʢʦʚʳʤ ʤʘʛʘʟʠʥʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʩʪʦʡʢʝ ʩʪʘʥʢʘ, ʠ ʜʚʫʭʟʘʭʚʘʪʥʳʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ (ʨʠʩ. 

3.1). ʉʤʝʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʤ ʧʦʣʦʞʝʥʠʠ 

ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʠ. 

ʉʪʫʜʝʥʪʦʤ ʢʘʬʝʜʨʳ ʄɺɯ ʉʅʋ ʠʤ. ɺ.ɼʘʣʷ ʃʠʪʚʠʥʝʥʢʦ ʉ.ʉ. 

ʨʘʟʨʘʙʦʪʘʥʘ  ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ɸʉʀ, ʚʢʣʶʯʘʶʱʘʷ 1330  3D-ʤʦʜʝʣʝʡ 
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ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʦʢ. ʇʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʛʘʣʝʨʝʝ ʍIII 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ çɹʫʜʫʱʠʝ ɸʩʳ ʂʦʤʧʴʶʪʝʨʥʦʛʦ 3D-

ʤʦʜʝʣʠʨʦʚʘʥʠʷè, ʦʨʛʘʥʠʟʦʚʘʥʥʦʛʦ ʛʨʫʧʧʦʡ ʢʦʤʧʘʥʠʡ ɸʉʂʆʅ ʚ 2015 ʛʦʜʫ. 

 

 

ʈʠʩ. 3.1. ʂʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʛʘʟʠʥ ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʚʳʜʘʯʠ 

ʥʘ ʧʦʟʠʮʠʶ ʠʥʩʪʨʫʤʝʥʪʘ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʦʧʨʘʚʦʢ ʩ ʨʝʞʫʱʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʤʘʛʘʟʠʥʘ ʠ ʩʧʦʩʦʙʘ ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ 

ʚʩʝ ʨʝʞʫʱʠʝ ʠ ʜʨʫʛʠʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚ ʧʦʩʘʜʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ ʰʧʠʥʜʝʣʷ ʩʪʘʥʢʘ ʠʣʠ ʚ ʛʥʝʟʜʦ 

ʤʘʛʘʟʠʥʘ ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʳʭ ʦʧʨʘʚʦʢ, ʚ ʢʦʪʦʨʳʭ ʠʥʩʪʨʫʤʝʥʪʳ 

ʟʘʢʨʝʧʣʷʶʪʩʷ, ʘ ʝʩʣʠ ʪʨʝʙʫʝʪʩʷ, ʪʦ ʠ ʥʘʩʪʨʘʠʚʘʶʪʩʷ ʥʘ ʟʘʜʘʥʥʳʡ ʨʘʟʤʝʨ 

ʦʙʨʘʙʦʪʢʠ ʣʠʙʦ ʚʥʝ ʩʪʘʥʢʘ, ʣʠʙʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪ ʩʠʩʪʝʤʳ ʏʇʋ ʩʪʘʥʢʘ.  

ʅʘ ʨʠʩ. 3.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʠʩʢʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ 

ʤʘʛʘʟʠʥʘ ʥʘ 14 ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ  ʛʥʝʟʜ, ʘ ʥʘ ʨʠʩ. 3.3 ʝʛʦ ʩʝʯʝʥʠʝ, ʜʘʶʱʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʢʦʥʩʪʨʫʢʮʠʠ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʢʠ ʤʘʛʘʟʠʥʘ. 

 

 

 

ʘ ʙ 

ʈʠʩ. 3.2. ɼʠʩʢʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʘʛʘʟʠʥ:  
ʘ ï ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʢʨʝʧʣʝʥʠʝʤ; ʙ ï ʩʙʦʨʢʘ 
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ʈʠʩ. 3.3. ʉʝʯʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʘʛʘʟʠʥʘ   

 

ʈʠʩ. 3.4. ʄʘʥʠʧʫʣʷʪʦʨ ï ʘʚʪʦʦʧʝʨʘʪʦʨ 
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ʉʤʝʥʫ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʜʘʥʥʦʤ ʜʠʩʢʦʚʦʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʤʘʛʘʟʠʥʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʫʭʟʘʭʚʘʪʥʳʡ ʧʦʚʦʨʦʪʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ (ʨʠʩ. 3.4). ɺ ʧʦʟʠʮʠʠ 

ʩʤʝʥʳ ʠʥʩʪʨʫʤʝʥʪʘ ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90Á, ʟʘʭʚʘʪʳʚʘʷ 

ʠʥʩʪʨʫʤʝʥʪ ʚ ʤʘʛʘʟʠʥʝ ʠ ʠʥʩʪʨʫʤʝʥʪ  ʚ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ, ʟʘʪʝʤ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʧʝʨʝʜ, ʚʳʥʠʤʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʠʟ ʛʥʝʟʜ ʤʘʛʘʟʠʥʘ ʠ 

ʰʧʠʥʜʝʣʷ. ʄʘʥʠʧʫʣʷʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 180Á, ʤʝʥʷʷ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʝʩʪʘʤʠ, ʟʘʪʝʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʟʘʜ, ʫʩʪʘʥʘʚʣʠʚʘʷ ʠʥʩʪʨʫʤʝʥʪʳ ʚ ʛʥʝʟʜʘ 

ʤʘʛʘʟʠʥʘ ʠ ʰʧʠʥʜʝʣʷ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90Á 

ʚ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʦʩʪʦʡ ʮʠʢʣ ʨʘʙʦʪʳ. ʅʝʜʦʩʪʘʪʦʢ ʢʦʥʩʪʨʫʢʮʠʠ ï ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʤʘʛʘʟʠʥʝ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʥʝʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʠ ʧʦʚʦʨʦʪʝ ʤʘʥʠʧʫʣʷʪʦʨ ʙʫʜʝʪ 

ʟʘʜʝʚʘʪʴ ʟʘ ʩʦʩʝʜʥʠʡ ʠʥʩʪʨʫʤʝʥʪ. 

ʆʪʜʝʣʴʥʳʝ ʩʙʦʨʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʘʚʪʦʦʧʝʨʘʪʦʨʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.5. 

 

 

 
ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩ. 3.5. ʉʙʦʨʢʠ ʫʟʣʦʚ ʘʚʪʦʦʧʝʨʘʪʦʨʘ:  
ʘ ï ʟʘʭʚʘʪ; ʙ ï ʛʨʘʥʜʙʫʢʩʘ; ʚ ï ʧʦʨʰʝʥʴ; ʛ ï ʰʪʦʢ 
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3.2. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʨʝʧʣʝʥʠʝ ʠ ʤʦʥʪʘʞ 

ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʥʘ ʩʪʘʥʢʘʭ ʟʘʛʦʪʦʚʦʢ, ʩʙʦʨʢʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʟʘʛʦʪʦʚʦʢ ʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʦʮʝʜʫʨʘ ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ [21]ʚ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D: ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ 

(ʨʠʩ. 3.6, ʘ), ʨʘʟʚʝʨʪʳʚʘʥʠʷ (ʨʠʩ. 3.6, ʙ), ʩʚʝʨʣʝʥʠʷ (ʨʠʩ. 3.6, ʚ), 

ʨʝʟʴʙʦʥʘʨʝʟʘʥʠʷ (ʨʠʩ. 3.6, ʛ) ʠ ʜʨʫʛʠʭ. 

 

  

ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩ. 3.6. ï ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʦʩʥʘʩʪʢʘ:  

ʘ ï ʬʨʝʟʝʨʥʘʷ ʦʧʨʘʚʢʘ; ʙ ï ʦʧʨʘʚʢʘ ʩ ʨʘʟʚʝʨʪʢʦʡ;  

ʚ ï ʩʚʝʨʣʠʣʴʥʘʷ ʦʧʨʘʚʢʘ; ʛ ï ʦʧʨʘʚʢʘ ʜʣʷ ʨʝʟʴʙʦʥʘʨʝʟʘʥʠʷ 

ɺ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ-3D ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

ʨʘʩʪʦʯʥʦʡ ʦʧʨʘʚʢʠ ʩ ʤʠʢʨʦʨʝʛʫʣʠʨʦʚʢʦʡ ʨʝʟʮʘ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʨʘʩʪʘʯʠʚʘʥʠʷ 

(ʊʋ 2-035-774-80), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 3.7.  

 

 
 

ʘ ʙ 

ʈʠʩ. 3.7. ʈʘʩʪʦʯʥʘʷ ʦʧʨʘʚʢʘ: ʘ ï ʩʙʦʨʢʘ; ʙ ï ʩʝʯʝʥʠʝ  
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ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʨʘʩʪʦʯʥʦʡ ʦʧʨʘʚʢʠ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʙʦʨ - ʨʝʟʝʮ-

ʚʩʪʘʚʢʘ ʫʛʣʦʚʦʡ ʨʘʩʪʦʯʥʦʡ ʩ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʢʨʝʧʣʝʥʠʝʤ ʧʣʘʩʪʠʥ ʧʦ ʆʉʊ 2ʀ29-1-81.  ʊʚʝʨʜʦʪʝʣʴʥʘʷ 

ʤʦʜʝʣʴ ʤʠʢʨʦʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 3.8. 

 

 

 
ʘ ʙ 

ʈʠʩ. 3.8. ʄʠʢʨʦʙʦʨ: ʘ ï ʩʙʦʨʢʘ; ʙ ï ʩʝʯʝʥʠʝ  

ʈʝʥʜʝʨʠʥʛ  ʦʧʨʘʚʢʠ ʠ ʤʠʢʨʦʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.9. 

 

  
ʘ ʙ 

ʈʠʩ. 3.9. ʈʝʥʜʝʨʠʥʛ: ʘ ï ʨʘʩʪʦʯʥʘʷ ʦʧʨʘʚʢʘ; ʙ ï ʤʠʢʨʦʙʦʨ 

ʈʘʟʥʦʩ ʨʘʩʪʦʯʥʦʡ ʦʧʨʘʚʢʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 3.10 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʙʦʨʦʢ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʙʣʦʢʦʚ (ʨʠʩ. 3.11) 

ʠʩʧʦʣʴʟʦʚʘʥʳ 3D-ʤʦʜʝʣʠ ʦʨʠʛʠʥʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʬʨʝʟʝʨʥʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.12. 
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ʈʠʩ. 3.10. ʈʘʟʥʦʩ ʨʘʩʪʦʯʥʦʡ ʦʧʨʘʚʢʠ 

 

 

ʘ ʙ 

 

 

ʚ ʛ 

ʈʠʩ. 3.11. 3D-ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʬʨʝʟʝʨʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ:  

ʘ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʜʣʷ ʪʦʨʮʦʚʦʛʦ ʬʨʝʟʝʨʦʚʘʥʠʷ; ʙ ï ʜʝʨʞʘʪʝʣʴ;  

ʚ ï ʚʪʫʣʢʘ ʧʝʨʝʭʦʜʥʘʷ; ʛ ï ʰʧʦʥʢʘ 
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ʂʦʤʧʣʝʢʪʫʶʱʠʝ ʩʚʝʨʣʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3.12. 

ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʟʫʙʦʥʘʨʝʟʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.13. 

 

 
ʘ 

 

 
ʙ ʚ 

ʈʠʩ. 3.12. 3D-ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʩʚʝʨʣʠʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ:  

ʘ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʜʣʷ ʩʚʝʨʣʝʥʠʷ; ʙ ï ʜʝʨʞʘʪʝʣʴ; ʚ ï ʚʪʫʣʢʘ ʧʝʨʝʭʦʜʥʘʷ 

 
 

ʘ ʙ 

 

 
ʚ ʛ 

ʈʠʩ. 3.13. 3D-ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ  

ʜʣʷ ʥʘʨʝʟʘʥʠʷ ʨʝʟʴʙʳ: ʘ ï ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʙʣʦʢ ʜʣʷ ʨʝʟʴʙʦʥʘʨʝʟʘʥʠʷ;  

ʙ ï ʚʪʫʣʢʘ; ʚ ï ʧʝʨʝʭʦʜʥʠʢ; ʛ ï ʛʘʡʢʘ 
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ʉʨʝʜʩʪʚʘʤʠ ʉɸʇʈ ʂʆʄʇɸʉ-3D ʩʦʟʜʘʝʪʩʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʥʘ ʧʨʠʤʝʨʝ ʦʧʝʨʘʮʠʠ  ʩʚʝʨʣʝʥʠʷ 

(ʨʠʩ. 3.14) ʠ ʬʨʝʟʝʨʦʚʘʥʠʷ (ʨʠʩ. 3.15). ɺ ʤʦʜʫʣʝ Artisan Rendering ʠʤʝʶʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʤʙʠʥʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʩʚʝʱʝʥʠʷ, ʬʘʢʪʫʨʳ ʠ ʨʝʣʴʝʬʥʦʩʪʠ. 

ʇʨʠ ʵʪʦʤ ʬʘʢʪʫʨʳ ʩʦʜʝʨʞʘʪ ʦʪʨʘʞʝʥʠʷ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʢʘʢ 

ʟʝʨʢʘʣʦ ʠʣʠ ʩʪʝʢʣʦ.  

 

 

ʈʠʩ. 3.14. ʈʝʥʜʝʨʠʥʛ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʩʚʝʨʣʝʥʠʷ 

 

ʈʠʩ. 3.15. ʈʝʥʜʝʨʠʥʛ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʬʨʝʟʝʨʦʚʘʥʠʷ 
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ɺ ʢʘʯʝʩʪʚʝ ʩʤʝʥʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʘʢʞʝ 

ʙʳʩʪʨʦʭʦʜʥʘʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʘʷ ʛʦʣʦʚʢʘ, ʢʦʪʦʨʘʷ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ 

ʢʦʥʮʝʚʳʤʠ ʬʨʝʟʘʤʠ, ʩʚʝʨʣʘʤʠ ʠ ʜʨʫʛʠʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʜʠʘʤʝʪʨʦʤ ï 5 ʤʤ. ʈʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ [2] ʙʳʩʪʨʦʭʦʜʥʦʡ ʛʦʣʦʚʢʠ (ʨʠʩ. 

3.16), ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.17. 

 

 

ʈʠʩ. 3.16. ɹʳʩʪʨʦʭʦʜʥʘʷ ʩʚʝʨʣʠʣʴʥʘʷ ʛʦʣʦʚʢʘ 

 

ʈʠʩ. 3.17. ʉʝʯʝʥʠʝ ʙʳʩʪʨʦʭʦʜʥʦʡ ʩʚʝʨʣʠʣʴʥʦʡ ʛʦʣʦʚʢʠ 

ɿʘʞʠʤ ʙʳʩʪʨʦʭʦʜʥʦʡ ʛʦʣʦʚʢʠ ʚ ʰʧʠʥʜʝʣʝ ʩʪʘʥʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʪʘʢʞʝ 

ʢʘʢ ʠ ʠʥʩʪʨʫʤʝʥʪʘ. ʐʪʳʨʴ ʬʠʢʩʘʪʦʨʘ ʛʦʣʦʚʢʠ ʚʚʦʜʠʪʩʷ ʚ ʦʪʚʝʨʩʪʠʝ 

ʢʨʦʥʰʪʝʡʥʘ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʪʦʨʮʫ ʛʠʣʴʟʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʦʚʦʨʦʪʘ 

ʙʳʩʪʨʦʭʦʜʥʦʡ ʥʘʩʘʜʢʠ ʚ ʢʦʥʮʝʚʦʤ ʦʪʚʝʨʩʪʠʠ ʰʧʠʥʜʝʣʷ. ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ 

ʚʨʘʱʝʥʠʷ ʧʦʚʦʜʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʥʘ ʰʧʠʥʜʝʣʝ ʚ 2,5 ʨʘʟʘ.  
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ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚʳʰʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʦʩʥʘʩʪʢʝ 

ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʦʚ ʧʨʠʤʝʥʷʶʪ ʦʧʨʘʚʢʠ ʩ ʢʦʥʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ 

ʩ ʢʦʥʫʩʥʦʩʪʴʶ 7:24, ʠʩʢʣʶʯʘʶʱʠʤ ʩʘʤʦʪʦʨʤʦʞʝʥʠʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠ ʙʦʣʴʰʦʡ ʞʝʩʪʢʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʦʧʨʘʚʢʠ ʩʦ ʰʧʠʥʜʝʣʝʤ ʩ ʚʳʩʦʢʦʡ 

ʪʦʯʥʦʩʪʴʶ ʙʘʟʠʨʦʚʘʪʴ ʦʧʨʘʚʢʫ ʚ ʰʧʠʥʜʝʣʝ, ʘ ʪʘʢʞʝ ʣʝʛʢʦ ʠʟʚʣʝʢʘʪʴ ʝʝ ʩ 

ʧʦʤʦʱʴʶ ʘʚʪʦʦʧʝʨʘʪʦʨʘ. ɺ ʰʧʠʥʜʝʣʝ ʦʧʨʘʚʢʘ ʦʙʳʯʥʦ ʫʜʝʨʞʠʚʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʪʷʛʠ ʠ ʧʘʢʝʪʘ ʪʘʨʝʣʴʯʘʪʳʭ ʧʨʫʞʠʥ ʠʣʠ ʟʘʢʨʝʧʣʷʝʪʩʷ ʚʠʥʪʦʤ. ʊʷʛʘ 

ʠʤʝʝʪ ʥʘ ʢʦʥʮʝ ʟʘʭʚʘʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʮʝʧʣʝʥʠʝ ʩ 

ʭʚʦʩʪʦʚʠʢʦʤ, ʚʚʝʨʥʫʪʳʤ ʚ ʦʧʨʘʚʢʫ. 

ʂ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʤʫ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʪʘʥʢʦʚ ʩ ʏʇʋ ʬʨʝʟʝʨʥʦ-

ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʡ ʛʨʫʧʧʳ ʧʨʝʜʲʷʚʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ: ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ; ʤʠʥʠʤʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ; 

ʚʳʩʦʢʘʷ ʞʝʩʪʢʦʩʪʴ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʨʠʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʠʣ 

ʨʝʟʘʥʠʷ; ʚʠʙʨʦʫʩʪʦʡʯʠʚʦʩʪʴ; ʙʳʩʪʨʦʩʤʝʥʥʦʩʪʴ; ʥʘʜʝʞʥʦʩʪʴ; ʣʝʛʢʘʷ ʠ 

ʙʳʩʪʨʘʷ ʥʘʩʪʨʦʡʢʘ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ ʪʨʝʙʫʝʤʳʡ ʨʘʟʤʝʨ ʚʥʝ ʩʪʘʥʢʘ; 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ; ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ; ʤʠʥʠʤʘʣʴʥʘʷ 

ʥʦʤʝʥʢʣʘʪʫʨʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

3.3. ʈʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ 

ɺ ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʩʪʘʥʢʘʭ ʬʨʝʟʝʨʥʦ-ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʦʛʦ ʪʠʧʘ 

ʥʘʰʣʠ ʧʨʠʤʝʥʝʥʠʝ ʨʝʞʫʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ. 

ʉʚʝʨʣʦ, ʢʘʢ ʦʩʝʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʚ ʩʚʦʝʡ ʨʘʙʦʯʝʡ ʯʘʩʪʠ ʚʢʣʶʯʘʶʪ 

ʨʝʞʫʱʫʶ ʠ ʢʘʣʠʙʨʫʶʱʫʶ ʢʦʤʧʦʥʝʥʪʳ, ʥʘ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʥʳ ʜʚʝ 

ʚʠʥʪʦʚʳʝ ʢʘʥʘʚʢʠ, ʩʦʟʜʘʶʱʠʝ ʜʚʘ ʟʫʙʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʷʪ ʩʧʠʨʘʣʴʥʳʝ ʩʚʝʨʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ 

ʠ ʢʦʥʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ. ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʨʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʩʚʝʨʣʘ ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʯʘʩʪʠ ʠʤʝʝʪʩʷ ʟʘʥʠʞʝʥʠʝ ʧʦ ʩʧʠʥʢʝ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʨʝʞʫʱʝʡ ʢʨʦʤʢʝ ʣʝʥʪʦʯʢʠ ʰʠʨʠʥʦʡ 0,2é2 ʤʤ. ɺʠʥʪʦʚʘʷ 

ʯʘʩʪʴ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʘʟʚʝʨʪʳʚʘʶʱʝʡ ʚʠʥʪʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʟʘʜʥʠʭ ʫʛʣʦʚ. ʕʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ 

ʦʩʝʚʳʭ ʥʘʛʨʫʟʦʢ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʟʘʜʥʠʭ ʫʛʣʦʚ ʥʘ ʧʦʧʝʨʝʯʥʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʝ. 

ɺ ʉɸʇʈ ʂʆʄʇɸʉ-3D ʩ ʫʯʝʪʦʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ 

ʩʧʠʨʘʣʴʥʦʛʦ ʩʚʝʨʣʘ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʠ ʢʦʥʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ (ʨʠʩ. 

3.18) 
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ʈʠʩ. 3.18 ʉʧʠʨʘʣʴʥʳʝ ʩʚʝʨʣʘ: 
ʘ ï ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ; ʙ ï ʩ ʢʦʥʠʯʝʩʢʠʤ ʭʚʦʩʪʦʚʠʢʦʤ 

ʇʨʠ ʩʚʝʨʣʝʥʠʠ ʦʪʚʝʨʩʪʠʡ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʪʚʝʨʩʪʠʡ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʫʤʷ ʩʚʝʨʣʘʤʠ ʨʘʟʥʳʭ ʜʠʘʤʝʪʨʦʚ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʙʳʪʴ ʪʘʢʠʤ, ʯʪʦʙʳ ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʩʚʝʨʣʘ 

ʙʳʣ ʙʦʣʴʰʝ ʜʣʠʥʳ ʧʦʧʝʨʝʯʥʦʡ ʢʨʦʤʢʠ ʚʪʦʨʦʛʦ ʩʚʝʨʣʘ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ 

ʧʦʧʝʨʝʯʥʘʷ ʢʨʦʤʢʘ ʚʪʦʨʦʛʦ ʩʚʝʨʣʘ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʟʘʥʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʫʩʠʣʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʘʯʠ, 

ʠ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʫʤʝʥʴʰʘʝʪʩʷ ʫʚʦʜ ʩʚʝʨʣʘ ʚ ʩʪʦʨʦʥʫ ʦʪ ʦʩʠ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʪʚʝʨʩʪʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʩʚʝʨʣʘ ʜʣʷ ʨʘʩʩʚʝʨʣʠʚʘʥʠʷ ʚ 3D ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

3.19,ʘ. 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʮʝʥʪʨʦʚʳʭ ʦʪʚʝʨʩʪʠʡ ʧʦ ɻʆʉʊ 14034-74 ʨʘʟʣʠʯʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʧʨʠʤʝʥʷʶʪ ʮʝʥʪʨʦʚʦʯʥʳʝ ʩʚʝʨʣʘ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. ʆʥʠ ʠʤʝʶʪ ʫʛʣʦʚʦʡ ʧʨʦʬʠʣʴ ʩʝʯʝʥʠʷ ʢʘʥʘʚʦʢ (ʫʛʦʣ 

90é110
0
) ʠ ʥʘ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʣʝʥʪʦʯʢʘ ʢʘʢ ʥʘ ʩʚʝʨʣʦʚʦʯʥʦʡ ʪʘʢ ʠ ʥʘ 

ʟʝʥʢʦʚʦʯʥʦʡ ʯʘʩʪʠ ʩʚʝʨʣʘ. ʇʨʠ ʵʪʦʤ ʩʧʠʥʢʘ ʨʝʞʫʱʝʡ ʯʘʩʪʠ ʟʘʪʳʣʫʝʪʩʷ ʧʦ 

ʘʨʭʠʤʝʜʦʚʦʡ ʩʧʠʨʘʣʠ (ʨʠʩ. 3.19, ʙ) 
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ʈʠʩ. 3.19. ʉʚʝʨʣʘ: ʘ ï ʜʣʷ ʨʘʩʩʚʝʨʣʠʚʘʥʠʷ; ʙ ï ʜʣʷ ʮʝʥʪʨʦʚʢʠ 
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ɼʣʷ ʯʠʩʪʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʦʪʚʝʨʩʪʠʡ 6é10 ʢʚʘʣʠʪʝʪʦʚ ʪʦʯʥʦʩʪʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʚʝʨʪʢʠ ʩ ʨʘʙʦʯʝʡ ʯʘʩʪʴʶ ʚ ʚʠʜʝ ʩʪʨʫʞʝʯʥʳʭ ʢʘʥʘʚʦʢ 

(ʧʨʷʤʳʭ ʠʣʠ ʚʠʥʪʦʚʳʭ), ʨʘʟʜʝʣʷʶʱʠʭ ʟʫʙʴʷ ʨʘʟʚʝʨʪʦʢ. ʌʦʨʤʘ ʟʫʙʴʝʚ ʚ 

ʩʝʯʝʥʠʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʦʩʠ ʨʘʟʚʝʨʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʧʝʨʝʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʘ ʣʝʥʪʦʯʢʘ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʮʠʣʠʥʜʨʫ (ʨʠʩ. 3.20). 

 

 

ʈʠʩ. 3.20. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʟʚʝʨʪʢʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʧʣʦʩʢʦʩʪʝʡ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʨʝʟʳ ʪʦʨʮʝʚʳʝ, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ 1800 ʧʦ ʆʂʇ, ʧʦʜʛʨʫʧʧʘ 1890 ï ʬʨʝʟʳ ʜʣʷ 

ʩʪʘʥʢʦʚ ʩ ʏʇʋ, ʚʠʜ 1895 ï ʪʦʨʮʦʚʳʝ ʪʚʝʨʜʦʩʧʣʘʚʥʳʝ ʬʨʝʟʳ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʢʨʝʧʣʝʥʠʝʤ ʤʥʦʛʦʛʨʘʥʥʳʭ ʠ ʢʨʫʛʣʳʭ ʧʣʘʩʪʠʥ. ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʬʨʝʟ, ʦʩʥʘʱʝʥʥʳʭ ʥʝʧʝʨʝʪʘʯʠʚʘʝʤʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʷʚʣʷʝʪʩʷ 

ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʝʞʫʱʠʭ ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʧʫʩʘ 

ʬʨʝʟʳ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʬʨʝʟ ʧʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʳ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʬʨʝʟʳ. ʅʘ ʨʠʩ. 3.21 ʧʦʢʘʟʘʥʘ 3D-ʤʦʜʝʣʴ 

ʥʘʩʘʜʥʦʡ ʪʦʨʮʦʚʦʡ ʬʨʝʟʳ ʩ ʥʝʧʝʨʝʪʘʯʠʚʘʝʤʳʤʠ ʪʚʝʨʜʦʩʧʣʘʚʥʳʤʠ 

ʧʣʘʩʪʠʥʘʤʠ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʧʘʟʦʚ ʠ ʫʩʪʫʧʦʚ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ ʧʨʠʤʝʥʷʶʪʩʷ ʢʦʥʮʝʚʳʝ ʬʨʝʟʳ (ʧʦʜʛʨʫʧʧʘ ʆʂʇ 1820; ʚʠʜ 1821), 

ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʪʦʨʮʦʚʦ-ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ 

ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ, ʢʘʢ ʥʘ ʪʦʨʮʝ, ʪʘʢ ʠ ʥʘ ʮʠʣʠʥʜʨʝ. ʋ ʢʦʥʮʝʚʳʭ ʬʨʝʟ ʦʙʱʝʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʚʠʥʪʦʚʳʭ ʢʘʥʘʚʦʢ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ ʥʝ 

ʩʦʚʧʘʜʘʶʪ ʠ ʬʦʨʤʘ ʪʦʨʮʦʚʳʭ ʟʫʙʴʝʚ ʦʪʣʠʯʘʶʪʩʷ ʧʝʨʝʭʦʜʥʳʤ ʫʯʘʩʪʢʦʤ ʚ ʚʠʜʝ 

ʬʘʩʢʠ (ʨʠʩ. 3.22) 
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ʈʠʩ. 3.21. ʅʘʩʘʜʥʘʷ ʪʦʨʮʦʚʘʷ ʬʨʝʟʘ  
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ʈʠʩ. 3.22. ʂʦʥʮʝʚʘʷ ʬʨʝʟʘ 
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ʄʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʡ ʩʪʘʥʦʢ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 ʠʤʝʝʪ ʤʦʜʠʬʠʢʘʮʠʶ ʩ 

ʭʦʙʦʪʦʤ ʠ ʧʘʢʝʪʦʤ ʜʠʩʢʦʚʳʭ ʬʨʝʟ, ʨʘʩʰʠʨʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʘʥʢʘ ʧʨʠ ʟʫʙʦʥʘʨʝʟʘʥʠʠ. 

ɼʠʩʢʦʚʳʝ ʟʫʙʦʨʝʟʥʳʝ ʤʦʜʫʣʴʥʳʝ ʬʨʝʟʳ ʦʪʥʦʩʷʪʩʷ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʇʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʧʦʩʦʙʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʘʥʘʣʦʛʠʯʥʳ ʬʘʩʦʥʥʳʤ ʬʨʝʟʘʤ ʩ ʟʫʙʴʷʤʠ, ʟʘʪʳʣʦʚʘʥʥʳʤʠ ʚ ʨʘʜʠʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʩ ʧʨʷʤʳʤʠ ʠʣʠ ʧʦʜʬʨʝʟʝʨʦʚʘʥʥʳʤʠ ʧʦ ʙʦʢʘʤ ʩʪʨʫʞʝʯʥʳʤʠ 

ʢʘʥʘʚʢʘʤʠ.  

ʊʘʢ ʢʘʢ ʜʠʩʢʦʚʘʷ ʟʫʙʦʨʝʟʥʘʷ ʤʦʜʫʣʴʥʘʷ ʬʨʝʟʘ ʠʤʝʝʪ ʥʫʣʝʚʦʡ 

ʧʝʨʝʜʥʠʡ ʫʛʦʣ ʠ ʧʨʠ ʥʘʨʝʟʘʥʠʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʷʤʦʟʫʙʦʛʦ ʢʦʣʝʩʘ 

ʨʘʙʦʪʘʝʪ ʤʝʪʦʜʦʤ ʢʦʧʠʨʦʚʘʥʠʷ, ʪʦ ʧʨʦʬʠʣʠʨʦʚʘʥʠʝ ʝʝ ʨʝʞʫʱʠʭ ʢʨʦʤʦʢ 

ʩʚʦʜʠʪʩʷ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʬʦʨʤʳ ʚʧʘʜʠʥ ʟʫʙʴʝʚ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ.  

ʉʦʛʣʘʩʥʦ ɻʆʉʊ 10996-64 ʧʨʦʬʠʣʴ ʟʫʙʘ ʬʨʝʟʳ ʩʦʩʪʦʠʪ ʠʟ 

ʵʚʦʣʴʚʝʥʪʥʦʛʦ, ʥʝʵʚʦʣʴʚʝʥʪʥʦʛʦ ʫʯʘʩʪʢʦʚ ʠ ʧʨʷʤʦʡ. ɼʣʷ ʙʦʣʴʰʦʡ ʛʘʤʤʳ 

ʜʠʩʢʦʚʳʭ ʬʨʝʟ, ʠʤʝʶʱʠʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: 

ʵʚʦʣʴʚʝʥʪʥʳʡ ʧʨʦʬʠʣʴ ʨʝʞʫʱʠʭ ʣʝʟʚʠʡ; ʧʝʨʝʭʦʜʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʝ ʜʫʛʘʤʠ; ʟʘʪʳʣʦʚʘʥʥʘʷ ʟʘʜʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʧʠʩʳʚʘʝʤʘʷ 

ʘʨʭʠʤʝʜʦʚʦʡ ʩʧʠʨʘʣʴʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [21, 22]. 

ɸʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʠ ʩʠʥʪʘʢʩʠʩ ʉɸʇʈ 

ɸʈʄ WinMachine ʧʨʝʜʩʪʘʚʣʝʥ ʚ [37]. 

ʇʨʠ ʧʨʦʬʠʣʠʨʦʚʘʥʠʠ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʦ ʤʝʪʦʜʫ 

ʢʦʧʠʨʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ ʵʚʦʣʴʚʝʥʪʥʦʡ ʯʘʩʪʴʶ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʧʨʦʬʠʣʴ ʥʝʨʘʙʦʯʝʡ ʠ ʥʝʵʚʦʣʴʚʝʥʪʥʦʡ ʯʘʩʪʠ ʬʨʝʟʳ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ ʟʫʙʴʝʚ ʥʘʨʝʟʘʝʤʦʛʦ ʢʦʣʝʩʘ  z1, ʘ ʪʘʢʞʝ ʠ ʯʠʩʣʘ ʟʫʙʴʝʚ 

ʧʘʨʥʦʛʦ ʢʦʣʝʩʘ  z2. 

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʥʘʭʦʞʜʝʥʠʷ ʪʦʯʢʠ  K  ʥʘ ʵʚʦʣʴʚʝʥʪʥʦʤ ʫʯʘʩʪʢʝ 

ʧʨʦʬʠʣʷ ʟʫʙʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʘʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʨʦʬʠʣʷ ʟʫʙʘ, 

ʬʘʢʪʠʯʝʩʢʠ ʫʯʘʩʪʚʫʶʱʝʡ ʚ ʟʘʮʝʧʣʝʥʠʠ [48]. ʇʦʣʦʞʝʥʠʝ ʪʦʯʢʠ  K  ʟʘʜʘʝʪʩʷ 

ʨʘʜʠʫʩʦʤ Rk. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʚʨʘʱʝʥʠʠ ʢʦʣʝʩʘ ʚʳʡʜʫʪ ʠʟ ʚʟʘʠʤʥʦʛʦ 

ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ. 

ʇʨʠ ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʟʫʙʴʝʚ ʨʘʜʠʫʩ ʦʩʥʦʚʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʢʦʣʝʩʘ  rb 

ʙʫʜʝʪ ʤʝʥʴʰʝ ʨʘʜʠʫʩʘ ʚʧʘʜʠʥ  Rf  (ʨʠʩ. 3.23) ʠ ʧʨʦʬʠʣʴ ʟʫʙʘ ʢʦʣʝʩʘ  ɸɺ  ʦʪ 

ʦʢʨʫʞʥʦʩʪʠ ʚʳʩʪʫʧʦʚ ʜʦ ʦʢʨʫʞʥʦʩʪʠ ʚʧʘʜʠʥ ʷʚʣʷʝʪʩʷ ʵʚʦʣʴʚʝʥʪʥʳʤ. ʅʘ 

ʨʠʩ. 3.23 ʧʦʢʘʟʘʥʳ ʧʨʠʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʵʚʦʣʴʚʝʥʪʥʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ 

ʧʨʦʬʠʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ. 

ʇʘʨʘʤʝʪʨʠʟʦʚʘʥʥʳʡ ʟʘʪʳʣʦʚʘʥʥʳʡ ʟʫʙ ʬʨʝʟʳ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 

3.24. 
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ʘ ʙ 

ʈʠʩ. 3.23. ʇʨʦʬʠʣʴ ʢʘʥʘʚʢʠ ʥʘʨʝʟʘʝʤʦʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ:  

ʘ ï ʵʚʦʣʴʚʝʥʪʥʳʡ ʧʨʦʬʠʣʴ ʩ ʧʝʨʝʭʦʜʥʦʡ ʢʨʠʚʦʡ; ʙ ï ʢʦʥʪʫʨ ʢʘʥʘʚʢʠ ʟʫʙʘ 

 

 
 

ʘ ʙ 

ʈʠʩ. 3.24. ɿʘʪʳʣʦʚʘʥʠʝ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʫʙʘ:  
ʘ ï ʦʜʥʦʢʨʘʪʥʦʝ ʟʘʪʳʣʦʚʘʥʠʝ; ʙ ï ʜʚʫʭʢʨʘʪʥʦʝ ʟʘʪʳʣʦʚʘʥʠʝ 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʬʠʣʝʡ ʚ ʨʝʞʠʤʝ çʕʩʢʠʟè ʧʦʩʪʨʦʝʥʳ 

ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʠʩʢʦʚʘʭ ʬʨʝʟ ʚ ʤʦʜʫʣʝ ɸʈʄ Studio (ʨʠʩ. 3.25). 
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ʘ ʙ 

ʈʠʩ. 3.25. ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ ʜʠʩʢʦʚʦʡ ʬʨʝʟʳ:  
ʘ ï ʢʦʥʩʪʨʫʢʮʠʷ; ʙ ï ʩʭʝʤʘ ʥʘʨʝʟʘʥʠʷ 
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4.  3D-ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʂʆʈʇʋʉʅʓʍ ɼɽʊɸʃɽʁ 

4.1. ɹʘʟʦʚʳʝ ʜʝʪʘʣʠ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʫʟʣʦʚ ʩʪʘʥʢʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʩʫʱʝʡ ʩʠʩʪʝʤʦʡ ʩʪʘʥʢʘ, ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴʶ ʙʘʟʦʚʳʭ ʫʟʣʦʚ 

[49, 50, 51]. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ: ʩʪʘʥʠʥʳ, 

ʩʪʦʡʢʠ, ʢʦʣʦʥʥʳ, ʢʦʨʧʫʩʘ ʰʧʠʥʜʝʣʴʥʳʭ ʙʘʙʦʢ ʠ ʜʨʫʛʠʝ. ɹʘʟʦʚʳʝ ʜʝʪʘʣʠ 

ʜʦʣʞʥʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʞʝʩʪʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʧʦʚʳʰʝʥʥʳʤʠ ʜʝʤʧʬʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʩʧʦʩʦʙʥʦʩʪʴ ʛʘʩʠʪʴ ʚʠʙʨʘʮʠʶ 

ʚ ʨʘʙʦʯʝʡ ʟʦʥʝ ʩʪʘʥʢʘ). 

ʂʦʨʧʫʩʥʳʝ ʜʝʪʘʣʠ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʥʘʛʨʫʟʦʢ (ʠʟʛʠʙ ʩ ʢʨʫʯʝʥʠʝʤ) ʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʧʫʩʪʦʪʝʣʳʤʠ ʩ ʟʘʤʢʥʫʪʳʤ 

ʧʨʦʬʠʣʝʤ. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʬʨʝʟʝʨʥʳʭ ʩʪʘʥʢʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʪʘʥʠʥʳ (ʩʪʦʡʢʠ). ʌʦʨʤʘ ʩʪʘʥʠʥ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʦʨʦʙʯʘʪʦʡ 

ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʩʪʝʥʢʘʤʠ ʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ (ʨʝʙʨʘʤʠ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʞʝʩʪʢʦʩʪʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʧʦʣʦʩʪʝʡ ʠ ʦʪʩʝʢʦʚ. 

ʈʝʙʨʘ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʥʘʧʨʠʤʝʨ ʜʠʘʛʦʥʘʣʴʥʳʝ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʝʱʝ ʙʦʣʴʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ. ʉʪʦʡʢʠ, ʠʩʧʳʪʳʚʘʶʱʠʝ ʩʣʦʞʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʠʤʝʶʪ ʧʨʦʬʠʣʴ, ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʢ 

ʢʚʘʜʨʘʪʥʦʤʫ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʜʝʬʦʨʤʘʮʠʶ ʧʨʠ ʢʨʫʯʝʥʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʪʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʝʯʝʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʤ ʩ ʫʜʘʣʝʥʠʝʤ ʦʪ ʦʩʥʦʚʘʥʠʷ ʩʪʦʡʢʠ, 

ʬʦʨʤʘ ʩʝʯʝʥʠʡ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʢʚʘʜʨʘʪʥʦʡ. ʊʘʢʦʡ ʧʨʦʬʠʣʴ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ 

ʙʘʟʦʚʦʡ ʜʝʪʘʣʠ çʢʦʣʦʥʥʘè ʩʪʘʥʢʘ ʰʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʦʛʦ ʩʪʘʥʢʘ ʩ ʏʇʋ ʤʦʜʝʣʠ ʉʌ68ɺʌ4.  

ʅʘ ʯʫʛʫʥʥʦʤ ʦʩʥʦʚʘʥʠʠ ʩʪʘʥʢʘ ʟʘʢʨʝʧʣʝʥʘ ʢʦʣʦʥʥʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʤʦʥʪʠʨʫʶʪʩʷ ʚʩʝ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ ʩʪʘʥʢʘ. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦʣʦʥʥʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʙʘʙʢʘ ʰʧʠʥʜʝʣʴʥʘʷ (ʦʩʴ "Z "), ʢ 

ʢʦʪʦʨʦʡ ʢʨʝʧʠʪʩʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʛʦʣʦʚʢʘ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ. 

ʇʦ ʚʝʨʪʠʢʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʢʦʣʦʥʥʳ ʧʝʨʝʤʝʱʘʝʪʩʷ ʩʫʧʧʦʨʪ 

(ʦʩʴ "Y"), ʘ ʧʦ ʝʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʥʘʧʨʘʚʣʷʶʱʠʤ ʦʩʥʦʚʥʦʡ 
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ʚʝʨʪʠʢʘʣʴʥʳʡ ʩʪʦʣ (ʦʩʴ "X"), ʢ ʢʦʪʦʨʦʤʫ ʢʨʝʧʠʪʩʷ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʤʧʣʝʢʪʘʮʠʠ, ʞʝʩʪʢʠʡ ʫʛʣʦʚʦʡ ʩʪʦʣ ʠʣʠ ʧʦʚʦʨʦʪʥʳʡ ʩʪʦʣ ʜʣʷ ʫʩʪʘʥʦʚʢʠ 

ʥʘ ʥʠʭ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ 

3D- ʤʦʜʝʣʴ ʢʦʣʦʥʥʳ ʩʦʟʜʘʥʘ ʚ ʉɸʇʈ ʂʆʄʇɸʉ [1, 2] (ʨʠʩ. 4.1). ʅʘ 

ʨʠʩ. 4.2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʣʦʥʥʳ ʩʪʘʥʢʘ.  

 

 

ʈʠʩ. 4.1. ʊʚʝʨʜʦʪʝʣʴʥʘʷ ʤʦʜʝʣʴ ʢʦʣʦʥʥʳ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 
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ʈʠʩ. 4.2. ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʣʦʥʥʳ 

ɺ ʚʝʨʪʠʢʘʣʴʥʦ-ʬʨʝʟʝʨʥʳʭ ʢʦʥʩʦʣʴʥʳʭ ʩʪʘʥʢʘʭ ʩ ʏʇʋ ʤʦʜʝʣʝʡ 

ʉɺʄ1ʌ4 ʠ ʉʌ16ʄʌ3 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʙʘʟʦʚʦʡ ʜʝʪʘʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

çʩʪʘʥʠʥʘ ʩ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡè  ʅʘ ʵʪʦʡ ʩʪʘʥʠʥʝ ʤʦʥʪʠʨʫʶʪʩʷ ʫʟʣʳ ʠ 

ʤʝʭʘʥʠʟʤʳ ʩʪʘʥʢʘ. ʅʘ ʢʦʨʧʫʩʝ ʩʪʘʥʠʥʳ ʠʤʝʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʦ ʢʦʪʦʨʳʤ ʧʝʨʝʤʝʱʘʝʪʩʷ ʢʦʥʩʦʣʴ, ʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʢʦʨʧʫʩʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʢʦʨʦʙʢʘ ʩʢʦʨʦʩʪʝʡ. ʇʦʚʳʰʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʙʘʟʦʚʦʡ 

ʜʝʪʘʣʠ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʨʝʙʝʨ ʞʝʩʪʢʦʩʪʠ 

ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʪʠʧʘ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʢʦʨʦʙʣʝʥʠʷ ʩʪʝʥʦʢ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʨʝʙʨʘʤʠ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ 400 ʤʤ. ʋ ʙʦʣʴʰʠʥʩʪʚʘ ʩʪʘʥʢʦʚ ʤʦʤʝʥʪ 

ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʦʡʢʫ ʫ ʦʩʥʦʚʘʥʠʷ, ʙʦʣʴʰʝ ʯʝʤ ʩʚʝʨʭʫ, ʧʦʵʪʦʤʫ 

ʩʪʦʡʢʠ ʯʘʩʪʦ ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʩʰʠʨʷʶʱʠʤʩʷ ʢʥʠʟʫ, ʭʦʪʷ ʙʳ ʚ ʦʜʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. 

ɺ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ ʨʘʟʨʘʙʦʪʘʥʳ  3D- ʤʦʜʝʣʠ ʙʘʟʦʚʦʡ ʜʝʪʘʣʠ 

çʩʪʘʥʠʥʘ ʩ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡè [9, 10, 20] , ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 

4.3 ʠ ʨʠʩ. 4.4.  ʉʝʯʝʥʠʷ ʵʪʠʭ ʜʝʪʘʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.5.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʠʭ ʙʘʟʦʚʳʭ  ʜʝʪʘʣʝʡ  ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ 

ï ʯʝʨʪʝʞʠ ʢʘʞʜʦʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 5 ʣʠʩʪʘʭ ʬʦʨʤʘʪʘ ɸ1. ʎʝʣʝʩʦʦʙʨʘʟʥʳʤ  

ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʥʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʠʜʥʘ ʥʘ ʨʠʩ. 4.3é4.5. 

ʌʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ ʢʦʨʧʫʩʘ ʩʪʘʥʠʥʳ ʩ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʥʘ 

ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʘʩʩʦʮʠʘʪʠʚʥʦʩʪʠ,  ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.6. ɼʣʷ ʵʪʦʛʦ ʚ 

ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ ʠʤʝʝʪʩʷ ʢʦʤʘʥʜʘ çʉʦʟʜʘʪʴ ʥʦʚʳʡ ʯʝʨʪʝʞ ʠʟ ʤʦʜʝʣʠè, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʟʜʘʥʠʝ ʯʝʨʪʝʞʘ ʩ ʘʩʩʦʮʠʘʪʠʚʥʳʤ ʚʠʜʦʤ ʪʝʢʫʱʝʡ 

ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ.  
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ʈʠʩ. 4.3. 3D-ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʩʪʘʥʠʥʳ ʩ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʢʘ ʉɺʄ1ʌ4 
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ʈʠʩ. 4.4. 3D-ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʩʪʘʥʠʥʳ ʩ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʢʘ ʉɺ16ʄʌ3 
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ʘ ʙ 

ʈʠʩ. 4.5. ʇʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʢʦʨʧʫʩʦʚ:  
ʘ ï ʩʪʘʥʢʘ ʉɺʄ1ʌ4; ʙ ï ʩʪʘʥʢʘ ʉʌ16ʄʌ3 

4.2. ɹʘʟʦʚʳʝ ʜʝʪʘʣʠ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ 

ʂ ʵʣʝʤʝʥʪʘʤ ʥʝʩʫʱʠʭ ʩʪʘʥʢʦʚ ʦʪʥʦʩʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʦʨʦʙʦʢ (ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ, ʰʧʠʥʜʝʣʴʥʳʝ ʙʘʙʢʠ ʠ ʪ.ʧ.). ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 

ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʤʝʶʪ ʬʦʨʤʫ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ. ʅʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʞʝʩʪʢʦʩʪʴ ʢʦʨʦʙʢʠ ʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʩʪʝʥʢʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʤʝʩʪʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ. ɾʝʩʪʢʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʘ ʟʘ ʩʯʝʪ ʙʦʙʳʰʝʢ ʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʝʙʝʨ, 

ʧʦʜʢʨʝʧʣʷʶʱʠʭ ʙʦʙʳʰʢʠ.  

ɺ ʩʠʩʪʝʤʝ ʂʆʄʇɸʉ ʨʘʟʨʘʙʦʪʘʥʘ  3D- ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʩʪʘʥʢʘ ʤʦʜʝʣʠ ʉʌ68ɺʌ4 [1, 2, 5] , 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.7.  ʉʝʯʝʥʠʝ ʵʪʦʡ ʜʝʪʘʣʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 

4.8.  
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ʈʠʩ. 4.6. ʌʨʘʛʤʝʥʪ ʯʝʨʪʝʞʘ ʢʦʨʧʫʩʘ ʩʪʘʥʢʘ ʉʌ16ʄʌ3 

 

ʈʠʩ. 4.7. ʂʦʨʧʫʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 
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ʈʠʩ. 4.8. ʉʝʯʝʥʠʝ ʢʦʨʦʙʢʠ ʩʢʦʨʦʩʪʝʡ ʩʪʘʥʢʘ ʉʌ68ɺʌ4 

ʐʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ ʩʦʩʪʦʠʪ ʠʟ; ʢʦʨʧʫʩʘ ʯʫʛʫʥʥʦʛʦ ʣʠʪʦʛʦ, 

ʰʧʠʥʜʝʣʴʥʦʛʦ ʙʣʦʢʘ ʩ ʤʝʭʘʥʠʟʤʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʞʠʤʘ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʚʘʣʘ, ʧʝʨʝʜʘʶʱʝʛʦ ʚʨʘʱʝʥʠʝ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠʣʠ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʚʝʜʫʱʝʡ ʰʝʩʪʝʨʥʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʙʘʙʢʠ ʦʩʥʘʱʝʥʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʢʦʨʦʙʢʦʡ ʩʢʦʨʦʩʪʝʡ 

ʫʧʨʘʚʣʷʝʤʦʡ ʛʠʜʨʦʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʝʢʣʶʯʝʥʠʷ ʩʢʦʨʦʩʪʝʡ; 

ʫʩʪʨʦʡʩʪʚʦʤ ʧʦʜʘʯʠ ʉʆɾ ʚ ʟʦʥʫ ʨʝʟʘʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʦʧʪʠʢʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʦʣʦʞʝʥʠʝ ʰʧʠʥʜʝʣʴʥʦʡ 

ʙʘʙʢʠ ʠ ʝʝ ʤʝʭʘʥʠʟʤʦʚ. 

ʐʠʨʦʢʦʫʥʠʚʝʨʩʘʣʴʥʳʡ ʩʪʘʥʦʢ ʦʩʥʘʱʝʥ ʨʘʟʣʠʯʥʦʡ ʤʦʜʫʣʴʥʦʡ 

ʦʩʥʘʩʪʢʦʡ , ʚʢʣʶʯʘʶʱʝʡ  ʚʝʨʪʠʢʘʣʴʥʫʶ ʠ ʫʛʣʦʚʫʶ ʰʧʠʥʜʝʣʴʥʫʶ ʛʦʣʦʚʢʠ.  

ɻʦʣʦʚʢʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʢʨʝʧʠʪʩʷ ʢ ʰʧʠʥʜʝʣʴʥʦʡ ʙʘʙʢʝ ʯʝʪʳʨʴʤʷ 

ʚʠʥʪʘʤʠ ʠ ʮʝʥʪʨʠʨʫʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʚʫʭ ʢʦʥʠʯʝʩʢʠʭ ʰʪʳʨʝʡ ʠ ʚʪʫʣʦʢ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʰʧʠʥʜʝʣʴ ʩʤʦʥʪʠʨʦʚʘʥ ʚ ʛʠʣʴʟʝ, ʠʤʝʶʱʝʡ ʧʝʨʝʤʝʱʝʥʠʝ ʚ 

ʢʦʨʧʫʩʝ, ʧʦʣʫʯʘʶʱʝʡ ʚʨʘʱʝʥʠʝ ʯʝʨʝʟ ʢʦʥʠʯʝʩʢʫʶ ʧʘʨʫ ʠ ʢʫʣʘʯʢʦʚʫʶ 

ʤʫʬʪʫ. 

ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʊ ï ʦʙʨʘʟʥʦʛʦ ʧʘʟʘ ʚ ʧʝʨʝʭʦʜʥʦʡ ʧʣʠʪʝ ʛʦʣʦʚʢʘ 

ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ 90 ʚ ʦʙʝ ʩʪʦʨʦʥʳ. ʋʩʪʘʥʦʚʢʘ ʛʦʣʦʚʢʠ ʚ ʥʫʞʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʰʪʠʬʪʦʤ ɼʣʷ ʪʦʯʥʦʡ ʫʩʪʘʥʦʚʢʠ ʛʦʣʦʚʢʠ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʥʪʨʦʣʴʥʘʷ ʦʧʨʘʚʢʘ, ʚʩʪʘʚʣʷʝʤʘʷ ʠ 

ʟʘʞʘʪʘʷ ʚ ʢʦʥʫʩʥʦʤ ʦʪʚʝʨʩʪʠʠ ʰʧʠʥʜʝʣʷ ʠ ʩʪʨʝʣʦʯʥʳʡ ʠʥʜʠʢʘʪʦʨ. 

ʈʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ [ 

7], ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ  ʥʘ ʨʠʩ. 4.9. 
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ʈʠʩ. 4.9. ʂʦʨʧʫʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʰʧʠʥʜʝʣʴʥʦʡ ʛʦʣʦʚʢʠ:  
ʘ ï ʢʦʥʩʪʨʫʢʮʠʷ; ʙ ï ʩʝʯʝʥʠʝ 

ʋʛʣʦʚʘʷ ʛʦʣʦʚʢʘ ʚʭʦʜʠʪ  ʚ ʢʦʤʧʣʝʢʪ ʧʦʩʪʘʚʢʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʩʪʘʥʢʘ 

ʉʌ68ɺʌ4 ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʬʨʝʟʝʨʥʦ-

ʩʚʝʨʣʠʣʴʥʦ-ʨʘʩʪʦʯʥʳʭ ʩʪʘʥʢʦʚ. ʋʛʣʦʚʘʷ ʛʦʣʦʚʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʫʯʘʩʪʢʘʭ ʟʘʛʦʪʦʚʦʢ ʧʣʦʩʢʦʩʪʝʡ, ʫʩʪʫʧʦʚ ʠ 

ʧʘʟʦʚ. ʆʥʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʠ ʯʘʩʪʦʪʘʭ 

ʚʨʘʱʝʥʠʷ ʰʧʠʥʜʝʣʷ ʜʦ 4000 ʤʠʥ
-1
 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʰʧʠʥʜʝʣʷ 

ʥʘ 360
0
 ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʫʛʣʦʚʦʡ ʛʦʣʦʚʢʠ ʚ 3D ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.10 

ʐʧʠʥʜʝʣʴʥʳʝ ʙʘʙʢʠ ʥʘʨʷʜʫ ʩ ʬʦʨʤʦʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ ʠʤʝʶʪ 

ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʬʦʨʤʫ. ʂ ʪʘʢʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢʦʨʧʫʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʰʧʠʥʝʣʴʥʦʡ ʙʘʙʢʠ ʩʪʘʥʢʘ ʄʎ200. ɺʝʨʪʠʢʘʣʴʥʦ ʧʦʜʚʠʞʥʘʷ 

ʣʦʙʦʚʘʷ ʙʝʟʢʦʥʩʦʣʴʥʘʷ ʰʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʧʦʨʪʘʣʴʥʦʡ 

ʩʪʦʡʢʝ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʡ ʢʨʝʩʪʦʚʦʝ  ʧʝʨʝʤʝʱʝʥʠʝ ʧʦ ʦʩʷʤ ʍ ʠ ʋ. 

ʈʘʟʨʘʙʦʪʘʥʘ 3D-ʤʦʜʝʣʴ ʰʧʠʥʝʣʴʥʦʡ ʙʘʙʢʠ ʩʪʘʥʢʘ ʄʎ200 ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʰʧʠʥʜʝʣʷ [24, 25], ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 

4.11. 

ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʪʘʥʢʘ ʉɺʄ1ʌ4 ʧʨʝʜʫʩʤʦʪʨʝʥ, ʚ 

ʢʘʯʝʩʪʚʝ ʘʚʪʦʥʦʤʥʦʛʦ ʤʦʜʫʣʷ ʩʪʦʣ ʧʦʚʦʨʦʪʥʳʡ ʫʧʨʘʚʣʷʝʤʳʡ. ʆʥ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʜʚʫʭ ʧʦʣʦʞʝʥʠʷʭ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʴʶ, 
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ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥ ʩʦʩʪʦʠʪ 

ʠʟ ʢʦʨʧʫʩʘ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʯʝʨʚʷʯʥʘʷ ʧʘʨʘ, ʧʝʨʝʜʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʦʪ 

ʚʳʩʦʢʦʤʦʤʝʥʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʦʨʛʘʥ ï ʧʣʘʥʰʘʡʙʫ (ʨʠʩ. 

2.26 ʠ ʨʠʩ. 2.28) 
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ʈʠʩ. 4.10. ʋʛʣʦʚʘʷ ʰʧʠʥʜʝʣʴʥʘʷ ʛʦʣʦʚʢʘ: ʘ ï ʢʦʥʩʪʨʫʢʮʠʷ; ʙ ï ʩʝʯʝʥʠʝ 
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ʈʠʩ. 4.11 ʐʧʠʥʜʝʣʴʥʘʷ ʙʘʙʢʘ ʩʪʘʥʢʘ ʄʎ200:  

ʘ ï ʢʦʥʩʪʨʫʢʮʠʷ; ʙ ï ʩʝʯʝʥʠʝ 


