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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ɻʦʨʥʦʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ 

ʛʦʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʚʦ ʚʨʝʤʝʥʠ ʠ ʛʝʥʝʨʠʨʫʶʱʠʤʠ ʥʘ ʚʩʸʤ 

ʧʨʦʪʷʞʝʥʠʠ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʦʙʲʸʤ ʨʘʟʥʦʧʣʘʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʧʨʠʥʷʪʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʈʘʮʠʦʥʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʧʝʨʝʨʘʙʦʪʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʤʦʞʥʦ ʣʠʰʴ ʠʩʧʦʣʴʟʫʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʦʡ ʦʪʨʘʩʣʠ ʠ ʚ ʈʦʩʩʠʠ, ʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ 

ʨʘʟʚʠʪʠʝ, ʢʘʢ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢ ʠ ʝʸ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ: 

1. ʇʦʩʪʦʷʥʥʦʝ ʫʭʫʜʰʝʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ 

ʧʨʠʥʷʪʠʷ ʟʘʯʘʩʪʫʶ ʥʝʦʨʜʠʥʘʨʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

2. ʈʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʮʝʥ ʥʘ ʨʳʥʢʘʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʬʠʥʘʥʩʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʨʘʙʦʪʳ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʚʳʥʫʞʜʘʶʱʠʝ ʧʨʠʥʠʤʘʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ. 

3. ɾʝʣʘʥʠʝ ʩʦʙʩʪʚʝʥʥʠʢʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʣʫʯʘʪʴ ʜʦʩʪʦʚʝʨʥʫʶ ʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʥʘʥʩʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʝʢʪʦʚ ʠ ʧʣʘʥʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʢʘʢ ʚ 

ʮʝʣʦʤ ʧʦ ʧʨʝʜʧʨʠʷʪʠʶ, ʪʘʢ ʠ ʜʣʷ ʣʦʢʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

4. ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʨʦʩʪʝ ʠʭ ʩʪʦʠʤʦʩʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 

ʪʱʘʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ  ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

5. ɹʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ 

ʫʤʝʥʴʰʠʪʴ ʜʦʣʶ ʦʰʠʙʦʢ, ʩʚʷʟʘʥʥʳʭ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ.  

6. ʊʨʝʙʦʚʘʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʘʜʟʦʨʥʳʭ ʠ ʥʘʣʦʛʦʚʳʭ ʦʨʛʘʥʦʚ ʨʝʛʫʣʷʨʥʦ 

ʧʦʣʫʯʘʪʴ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʢʘʟʘʪʝʣʷʭ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʦʪʯʸʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʅʘʣʠʯʠʝ ʵʪʠʭ ʪʝʥʜʝʥʮʠʡ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʬʫʥʢʮʠʦʥʘʣʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻɻʀʉ). ʉʣʝʜʫʝʪ ʪʘʢʞʝ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʜʠʥʘʤʠʯʥʦ 
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ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʵʣʝʤʝʥʪʦʤ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ɻɻʀʉ ʥʘ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʤ ʧʨʝʜʧʨʠʷʪʠʠ ʫʞʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʫʨʦʚʝʥʴ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʧʦʣʥʦʮʝʥʥʦʡ ɻɻʀʉ, ʨʝʘʣʠʟʫʶʱʝʡ ʢʦʤʧʣʝʢʩʥʳʭ ʧʦʜʭʦʜ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ 

ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʝ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʇʝʨʝʭʦʜ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʩʦʟʜʘʝʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʡ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙ ʟʘ ʩʯʝʪ: 

¶ ʧʝʨʝʭʦʜʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʦ ʠʥʦʡ ʮʠʬʨʦʚʦʡ ʩʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ;  

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʛʦ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ, ʯʝʤ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ, ʙʫʤʘʞʥʦʤ ʚʘʨʠʘʥʪʝ ʨʘʙʦʪʳ; 

¶ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʫʪʠʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʜʛʦʪʦʚʢʦʡ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʧʝʨʝʥʦʩʦʤ ʠʟ ʦʜʥʦʡ ʩʣʫʞʙʳ ʚ ʜʨʫʛʫʶ; 

¶ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʚʳʧʫʩʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʣʘʩʩʘ 

ɻɻʀʉ, ʨʝʘʣʠʟʫʶʱʝʛʦ ʧʦʜʭʦʜʳ, ʨʘʟʚʠʚʘʝʤʳʝ ʨʦʩʩʠʡʩʢʦʡ ʛʦʨʥʦʡ ʥʘʫʢʦʡ, ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ ʠ ʚʘʞʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ, ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʠ 

ʧʨʝʜʣʦʞʠʪʴ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ 

ʧʨʦʜʫʢʪ, ʯʪʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʙʳʯʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ.  

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʧʣʝʢʩ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʦʪʢʨʳʪʦʡ ʠ ʧʦʜʟʝʤʥʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ ʥʘ 

ʦʩʥʦʚʝ ʪʨʸʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʨʝʞʠʤʘ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ. 

ʀʜʝʷ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʩʦʜʝʨʞʘʱʝʡ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʵʣʝʤʝʥʪʳ ʝʛʦ ʚʝʢʪʦʨʥʦʛʦ, 

ʢʘʨʢʘʩʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 
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ʨʝʘʣʠʟʫʶʱʠʭ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʦʣʦʞʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʝʤʳʝ ʢ ʟʘʱʠʪʝ: 

1. ʂʦʥʮʝʧʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ɻɻʀʉ, ʙʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʩʦʯʝʪʘʥʠʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʨʝʣʷʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʪʨʝʭʤʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʛʝʥʝʨʘʮʠʠ ʛʦʨʥʦ-ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʰʝʥʠʷ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʦʟʜʘʸʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʦʩʥʦʚʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʂʦʥʮʝʧʮʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʫʨʦʚʥʠ ʠʝʨʘʨʭʠʠ ʩʪʨʫʢʪʫʨʳ ɻɻʀʉ: 1. 

ʋʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ MINEFRAME 2. ʋʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʛʝʦʪʝʭʥʦʣʦʛʠʠ 3. ʋʨʦʚʝʥʴ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 4. ʋʨʦʚʝʥʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻɻʀʉ.  

2. ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʆɻʊ), ʩʦʜʝʨʞʘʱʘʷ ʚ 

ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʤʝʪʦʜʳ ʠʭ ʚʝʢʪʦʨʥʦʛʦ, ʢʘʨʢʘʩʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʠ 

ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʤʥʦʛʦʦʢʦʥʥʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ ʨʝʘʣʠʟʫʶʪ ʦʧʝʨʘʮʠʠ ʩʦʟʜʘʥʠʷ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʚ ʨʝʞʠʤʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ. ʉʪʨʫʢʪʫʨʘ 

ʤʦʜʝʣʝʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʥʝʩʫʱʠʝ ʩʝʯʝʥʠʷ (ʧʣʦʩʢʦʩʪʠ), ʧʨʠʚʷʟʘʥʥʳʝ ʢ ʥʠʤ ʢʦʥʪʫʨʘ, 

ʩʦʩʪʦʷʱʠʭ ʠʟ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʪʦʯʝʢ; ʵʣʝʤʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ 

ʩʝʤʘʥʪʠʯʝʩʢʦʝ ʥʘʧʦʣʥʝʥʠʝ, ʧʨʠʥʷʪʦʝ ʜʣʷ ʢʘʞʜʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʜʝʣʠ.  

3. ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʝʜʠʥʦʤ ʧʦʜʭʦʜʝ ʢ ʩʦʟʜʘʥʠʶ 3D-ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 

ʛʨʘʬʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ɻɻʀʉ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʙʘʟʦʚʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ.  ɺ ɻɻʀʉ ʨʝʘʣʠʟʦʚʘʥ ʤʥʦʛʦʦʢʦʥʥʳʡ ʨʝʞʠʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ 

ʨʘʟʥʳʭ ʚʠʜʦʚʳʭ ʦʢʥʘʭ, ʧʨʦʝʢʮʠʷʭ, ʨʘʟʨʝʟʘʭ. ʄʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʝʜʠʥʦʤ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘʛʨʝʛʠʨʫʶʱʝʤ ʩʦʚʦʢʫʧʥʦʩʪʴ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ ʦʙ ʦʙʲʝʢʪʘʭ ʛʦʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ.  

4. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʨʝʘʣʠʟʫʶʱʠʡ ʤʝʭʘʥʠʟʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ, ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩʳ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
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ʧʨʦʮʝʩʩʦʚ ʚʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩ ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʦʡ 

ʚʘʨʠʘʥʪʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ:  

1. ɺ ʦʙʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɻɻʀʉ ʥʘ 

ʛʦʨʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, 

ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʘʝʤʳʝ ʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤʠ ʩʣʫʞʙʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʪʜʝʣʘʤʠ, ʩʣʫʞʙʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʩ ʤʦʥʠʪʦʨʠʥʛʦʤ ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

2. ɺ ʨʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ɻɻʀʉ MINEFRAME, ʦʪʣʠʯʘʶʱʝʡʩʷ ʩʦʯʝʪʘʥʠʝʤ ʪʘʢʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʘʢ ʨʝʣʷʮʠʦʥʥʳʝ ɹɼ, ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ, ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

3. ɺ ʨʝʘʣʠʟʘʮʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ɻɻʀʉ, ʦʙʣʘʜʘʶʱʝʡ ʤʥʦʛʦʦʢʦʥʥʳʤ 

ʨʝʞʠʤʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʩ ʦʙʲʝʢʪʘʤʠ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʚ ʨʘʟʥʳʭ ʚʠʜʦʚʳʭ ʦʢʥʘʭ, ʧʨʦʝʢʮʠʷʭ, ʨʘʟʨʝʟʘʭ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʢʦʤʧʣʝʢʩ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

4. ɺ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ɹɼ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ɻɻʀʉ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ɹɼ. 

5. ɺ ʦʙʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʨʘʥʝʥʠʝ ʚ ʝʜʠʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʛʝʦʤʝʪʨʠʠ, 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʠ ʠ ʩʚʦʡʩʪʚʘʭ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʨʫʜʥʳʝ ʪʝʣʘ, ʧʣʘʩʪʳ, 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʧʨʠʨʦʜʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʜʟʝʤʥʳʝ 

ʚʳʨʘʙʦʪʢʠ, ʚʳʝʤʦʯʥʳʝ ʙʣʦʢʠ ʠ ʩʝʢʮʠʠ ʠ ʧʨ. 

6. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʜʭʦʜʘ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʘ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʠ ʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʭʨʘʥʠʪʴ 

ʩʦʩʪʦʷʥʠʝ  ʠ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʢʪʦʚ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ ʚ 4-ʭ ʠʟʤʝʨʝʥʠʷʭ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ.  

7. ɺ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʦʩʥʦʚʝ ʩʨʝʜʩʪʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ɹɼ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʸʪʘ ʅɼʉ ʠ 
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ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʚʘʨʠʘʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ɻɻʀʉ 

MINEFRAME ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ, ʘ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ï ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʚʢʣʶʯʝʥʠʝʤ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʧʠʩʦʢ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ.  

ʆʙʦʩʥʦʚʘʥʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ:  

¶ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʰʠʨʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ; 

¶ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʥʜʝʥʮʠʷʤ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʠ 

ʛʦʨʥʦʛʦ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʦʩʪʨʦʝʥʠʷ ɻɻʀʉ;  

¶ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʥʝʜʨʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ, ʨʘʟʨʝʟʘʭ, 

ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ ʠ ʰʘʭʪʘʭ; 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʩʦʟʜʘʥʠʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ɻɻʀʉ, 

ʨʝʘʣʠʟʫʶʱʝʡ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʆɻʈ ʀ ʇɻʈ). ʉʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣ 

ɻɻʀʉ MINEFRAME ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʠʥʞʝʥʝʨʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; ʤʦʜʫʣʝʡ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʭʦʜʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ 

ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʮʠʬʨʦʚʦʡ ʦʩʥʦʚʦʡ 

ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʝʘʣʠʟʘʮʠʷ ʨʘʙʦʪʳ. ʇʨʠʤʝʥʝʥʠʝ ɻɻʀʉ MINEFRAME ʧʦʟʚʦʣʠʣʦ ʦʩʫʱʝʩʪʚʠʪʴ 

ʨʝʘʣʠʟʘʮʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʨʷʜʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ, ʩʨʝʜʠ ʥʠʭ ʆɸʆ çʇʇɻʍʆè, 

ɸʆ çʉɿʌʂè ʆɸʆ çʆʨʝʥʙʫʨʛʩʢʠʝ ʤʠʥʝʨʘʣʳè, ʆɸʆ çɹʦʢʩʠʪ ʊʠʤʘʥʘè, ʆɸʆ çʋʯʘʣʠʥʩʢʠʡ 

ɻʆʂè, ʆɸʆ çʋʨʘʣʘʩʙʝʩʪè, ʨʫʜʥʠʢʠ ʭʦʣʜʠʥʛʦʚ çɸʃʈʆʉɸè ʠ çʈʋʉɸʃè, çɽɺʈʆʍʀʄè ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʮʝʥʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ ʧʨʝʚʳʰʘʝʪ 500 ʠ 

ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʉ ʧʨʠʤʝʥʝʥʠʝʤ  ɻɻʀʉ MINEFRAME ʚ ɻʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʂʅʎ ʈɸʅ (ɻʦʀ ʂʅʎ 

ʈɸʅ) ʚʝʜʝʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʇʀ). ʉ 

ʧʦʤʦʱʴʶ ɻɻʀʉ MINEFRAME ʚ ɻʦʀ ʂʅʎ ʈɸʅ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ, 
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ʧʦʜʜʝʨʞʘʥʥʳʝ ʛʨʘʥʪʦʤ ʈʌʌʀ (ʧʨʦʝʢʪ ˉ 00-07-90076), ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʢʦʥʪʨʘʢʪʦʤ ʩ 

ʌʝʜʝʨʘʣʴʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʥʘʫʢʝ ʠ ʠʥʥʦʚʘʮʠʷʤ (ˉ 02.740.11.0316), ʘ ʪʘʢʞʝ 

ʬʝʜʝʨʘʣʴʥʳʤʠ ʮʝʣʝʚʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʨʦʛʨʘʤʤʘʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ, ʧʨʦʛʨʘʤʤʘʤʠ ʆʅɿ ʈɸʅ. 

ɻɻʀʉ MINEFRAME ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʀʥʩʪʠʪʫʪʝ ʫʛʣʷ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, 

ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ, ʀʥʩʪʠʪʫʪʝ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ. 

ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ) ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ɸʧʘʪʠʪʩʢʦʤ ʬʠʣʠʘʣʝ ʄʫʨʤʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʄʫʨʤʘʥʩʢʦʤ ʘʨʢʪʠʯʝʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʨʝʧʦʜʘʶʪʩʷ 

ʢʫʨʩʳ çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʛʝʦʣʦʛʠʠè, çʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠè ʠ çʉɸʇʈ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ/ʦʪʢʨʳʪʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʛʦʨʥʳʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɺ ʈʦʩʧʘʪʝʥʪʝ ʧʦʣʫʯʝʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʕɺʄ, ʚʭʦʜʷʱʠʭ ʚ ɻɻʀʉ MINEFRAME. ɻɻʀʉ MINEFRAME ʧʨʠʟʥʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʚʢʣʶʯʝʥʘ ʚ ɽʜʠʥʳʡ ʨʝʝʩʪʨ ʨʦʩʩʠʡʩʢʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ ʙʘʟ ʜʘʥʥʳʭ, ʫʪʚʝʨʞʜʝʥʥʳʡ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ 

ˉ1236 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʟʘʧʨʝʪʘ ʥʘ ʜʦʧʫʩʢ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʝʛʦ 

ʠʟ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʜʣʷ ʮʝʣʝʡ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʢʫʧʦʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʠ ʤʫʥʠʮʠʧʘʣʴʥʳʭ ʥʫʞʜè ʦʪ 16 ʥʦʷʙʨʷ 2015ʛ.  

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ ʩʦʩʪʦʠʪ ʚ ʧʦʩʪʘʥʦʚʢʝ ʮʝʣʠ ʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ 

ʪʘʢʞʝ: 

1. ʈʘʟʨʘʙʦʪʢʝ ʘʨʭʠʪʝʢʪʫʨʳ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʝʝ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

2. ʆʙʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨ rʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

3. ʌʦʨʤʫʣʠʨʦʚʘʥʠʠ ʧʦʜʭʦʜʦʚ ʢ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ 

ʚʝʢʪʦʨʥʦʛʦ, ʢʘʨʢʘʩʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʝʞʠʤʝ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ɹɼ. 

4. ʆʙʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, ʯʪʦ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʨʘʟʥʦʨʦʜʥʳʝ ʜʘʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʩʧʦʩʦʙʦʚ ʜʦʩʪʫʧʘ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɻɻʀʉ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
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5. ʈʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦʢʣʘʜʳʚʘʣʠʩʴ ʠ ʦʙʩʫʞʜʘʣʠʩʴ 

ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʚ ʛʛ. ɸʧʘʪʠʪʳ, ʄʦʩʢʚʘ, 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ɹʝʣʛʦʨʦʜ, ʅʦʚʦʩʠʙʠʨʩʢ, ʍʘʙʘʨʦʚʩʢ ʠ ʜʨ., ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ: 2-nd regional Symposium on computer applications and operations 

research in the mineral industries, APCOMô97, Moscow, 1997; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʦʩʚʦʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʧʦʜʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʘ ʈʦʩʩʠʠè, ɸʧʘʪʠʪʳ; International Geological Congress. Rio de Janeiro, Brasil, 

2000; ʐʝʩʪʦʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʆʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʠ ʧʦʜʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʣʦʞʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭè, ɹʝʣʛʦʨʦʜ, 

2001; ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʅʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè, ʅʦʚʦʩʠʙʠʨʩʢ, 2001; 8-ʡ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çɻʦʨʥʦʝ 

ʜʝʣʦ ʚ ɸʨʢʪʠʢʝè, ɸʧʘʪʠʪʳ. 2005; 4-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ 

ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜè. ʄʦʩʢʚʘ, 2005; ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʇʨʦʤʳʰʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩè, ʄʦʩʢʚʘ, 2007; ɺʩʝʨʦʩʩʠʡʩ-

ʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪè, ɸʧʘʪʠʪʳ, 2008;  ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çʉʳʨʴʝʚʘʷ ʙʘʟʘ ʈʦʩʩʠʠè, Technische Universitat Bergakademie Freiberger, 

2009; V ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ çʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʥʘʫʢʘʭè, ɸʧʘʪʠʪʳ, 2009; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʧʦʩʚʷʱʝʥʥʘʷ 50-ʣʝʪʠʶ ɻʦʨʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʂʅʎ ʈɸʅ, 

ɸʧʘʪʠʪʳ, 2011; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ çɻʣʫʙʦʢʠʝ ʢʘʨʴʝʨʳè, ɸʧʘʪʠʪʳ, 2012; ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

çʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʦʨʥʦʤ ʜʝʣʝè ʥʘ IV ʋʨʘʣʴʩʢʦʤ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʦʤ 

ʬʦʨʫʤʝ, ɽʢʘʪʝʨʠʥʙʫʨʛ, 2011; 12-ʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ çʆʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʟʝʤʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʣʦʞʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦ-

ʚʠʷʭè, ɹʝʣʛʦʨʦʜ, 2013; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʠʥʦʩʪʨʘʥʥʳʭ 

ʫʯʸʥʳʭ çʇʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʛʝʦʨʝʩʫʨʩʦʚè, ʍʘʙʘʨʦʚʩʢ, 2013; 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014; ʅʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩ ʫʯʘʩʪʠʝʤ ʠʥʦʩʪʨʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ çʕʢʦʣʦʛʠʯʝʩʢʘʷ 

ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʦʛʦ ʤʠʨʦʚʦʟʟʨʝʥʠʷ ʚ 

ʦʩʚʦʝʥʠʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚè, ʛ. ɸʧʘʪʠʪʳ, 2014; 37, 38-th International  symposium on 
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computer applications and operations research in the mineral industries, APCOM-2015, 

Fairbanks; APCOM-2017, Golden; ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ ʩʠʤʧʦʟʠʫʤ çʅʝʜʝʣʷ ʛʦʨʥʷʢʘè, 

ʄʦʩʢʚʘ, 2002, 2004, 2007, 2008, 2009, 2010, 2012, 2013, 2015 ʛʛ.  

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʳ 2 ʤʦʥʦʛʨʘʬʠʠ, 1 ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ ʠ ʙʦʣʝʝ 70 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ, 

ʩʙʦʨʥʠʢʘʭ ʪʨʫʜʦʚ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ ʠ ʩʠʤʧʦʟʠʫʤʦʚ, (26 ʠʟ 

ʥʠʭ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ 

ʨʘʙʦʪ). ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʟʣʦʞʝʥʳ ʚ ʦʪʯʝʪʘʭ ʅʀʈ ɻʦʀ ʂʅʎ ʈɸʅ, ʧʨʦʝʢʪʦʚ 

ʈʌʌʀ, ʆʅɿ ʈɸʅ, ʌʎʇ, ʇʨʦʛʨʘʤʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ, ʦʙʲʝʤʦʤ 344 ʩʪʨʘʥʠʮʘ, ʩʦʩʪʦʠʪ ʠʟ 

ʚʚʝʜʝʥʠʷ, ʰʝʩʪʠ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʜʝʨʞʠʪ 6 

ʪʘʙʣʠʮ ʠ 180 ʠʣʣʶʩʪʨʘʮʠʡ. 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʢʘʜʝʤʠʢʫ ʅ.ʅ. ʄʝʣʴʥʠʢʦʚʫ ʟʘ 

ʚʩʝʤʝʨʥʫʶ ʧʦʜʜʝʨʞʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜ.ʪ.ʥ. ʉ.ɺ. ʃʫʢʠʯʸʚʫ ʟʘ ʜʦʣʛʦʣʝʪʥʝʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ 

ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʠʩʩʝʨʪʘʮʠʝʡ, ʢʦʣʣʝʢʪʠʚʫ ʧʨʦʛʨʘʤʤʠʩʪʦʚ ï ɸ.ʖ. ɸʣʠʩʦʚʫ, 

ɸ.ɸ. ɸʥʜʨʝʝʚʫ, ʂ.ʇ. ɻʫʨʠʥʫ, ʉ.ɺ. ɿʚʦʥʘʨʝʚʦʡ, ɸ.ɺ. ʂʦʨʥʠʝʥʢʦ, ɸ.ʅ. ʇʦʧʦʚʫ, ɽ.ʄ. 

ʉʘʚʠʥʫ, ɸ.ɺ. ʉʤʘʛʠʥʫ, ɸ.ɺ. ʉʪʝʧʘʯʝʚʦʡ, ɸ.ʉ. ʐʠʰʢʠʥʫ, ʅʝʚʝʜʨʦʚʫ ɸ.ʉ. ʟʘ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʚʦʧʣʦʱʝʥʠʝ ʩʦʚʤʝʩʪʥʳʭ ʠʜʝʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʥʘʭʦʜʦʢ, ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʚ ɻɻʀʉ 

MINEFRAME, ʢ.ʪ.ʥ. ɸ.ʃ. ɹʠʣʠʥʫ ʠ ʆ.ɺ. ɹʝʣʦʛʦʨʦʜʮʝʚʫ ʟʘ ʫʯʘʩʪʠʝ ʠ ʧʦʤʦʱʴ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʥʠʢʘʤ ʇɸʆ ʇʇɻʍʆ ɹ.ɸ. ʇʨʦʩʝʢʠʥʫ, ɽ.ɸ. ʀʣʴʠʥʫ, ɸʆ 

çʆʨʝʥʙʫʨʛʩʢʠʝ ʤʠʥʝʨʘʣʳè ʖ.ʄ. ʅʠʢʦʣʘʝʚʫ ʟʘ ʩʦʜʝʡʩʪʚʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʠ ʚʥʝʜʨʝʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʃ.ʉ. ʃʦʤʘʢʦ ʠ ʩʦʪʨʫʜʥʠʢʘʤ ʢʦʤʧʘʥʠʠ çʂʨʝʜʦ-ɼʠʘʣʦʛè ʟʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʇʆ ʠ ʝʛʦ ʚʥʝʜʨʝʥʠʶ. 
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1. ʀʩʪʦʨʠʷ ʠ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ɻɻʀʉ 

1.1 ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ɻɻʀʉ 

ʀʩʪʦʨʠʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ 50-

ʪʠʣʝʪʥʶʶ ʠʩʪʦʨʠʶ [1- 10]. ʊʦʛʜʘ (60-70-ʝ ʛʦʜr ʧʨʦʰʣʦʛʦ ʚʝʢʘ) ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ ʚʦʧʨʦʩʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʤʝʪʦʜʘʤ ʧʨʠ ʨʘʟʚʝʜʢʝ ʥʝʜʨ, ʤʘʰʠʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ [11], ʦʧʨʝʜʝʣʝʥʠ ̫ʨʝʞʠʤʘ ʛʦʨʥʳʭ ʨʘʙʦʪ [12], 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ ʛʣʘʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʘʨʴʝʨʦʚ [13, 

14]. ɺ ʪʝ ʛʦʜʳ ʥʘʯʘʣʦ ʩʢʣʘʜʳʚʘʪʴʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʢʘʢʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʦʜʭʦʜʳ ʧʨʠ ʜʦʙʳʯʝ ʇʀ, ʩʦʟʜʘʚʘʣʠʩʴ ʧʝʨʚʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ɸʉʋ) ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [15, 16]. ʀ ʝʩʣʠ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʠhʥʳ (ʕɺʄ) ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʤʠ 

ʚʥʝʜʨʝʥʠʷʤʠ ʘʣʛʦʨʠʪʤʦʚ, ʨʝʰʘʶʱʠʭ ʯʘʩʪʥʳʝ ʟʘʜʘʯʠ, ʪʦ ʢ ʥʳʥʝʰʥʝʤʫ ʤʦʤʝʥʪʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʘʢʪʠʢʫ ʛʦʨʥʦʛʦ ʜʝʣʘ ʩʪʘʣʦ ʧʦʚʩʝʤʝʩʪʥʳʤ: 

ʦʪ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦ ʦʙʦʛʘʱʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ. ɺʦ ʤʥʦʛʦʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʩʣʝʜʦʚʘʣ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ ʩʨʝʜʩʪʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʘʥʘʣʠʪʠʯʝʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʪʝʦʨʠʠ ʛʨʘʬʦʚ, ʤʝʪʦʜʦʚ ʦʧʪʠʤʠʟʘʮʠʠ, ʣʠʥʝʡʥʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ), 

ʦʙʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ.  

ʋʞʝ ʢ ʥʘʯʘʣʫ 80-ʭ ʛʦʜʦʚ ʚʳʷʚʠʣʠʩʴ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʷʚʠʣʠʩʴ ʪʝʥʜʝʥʮʠʠ 

ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʨʝʰʝʥʠʷʤ, ʦʙʲʝʜʠʥʷʶʱʠʤ ʥʘ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʩʥʦʚʝ 

ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ: ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ.  

ɺ ʧʝʨʠʦʜ ʩ ʥʘʯʘʣʘ ʧʦ ʢʦʥʝʮ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʚ ʉʉʉʈ ʙʳʣʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (ʉɸʇʈ). ʈʘʙʦʪʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʝʢʪʥʳʭ ʠʥʩʪʠʪʫʪʘʭ 

ʛʦʨʥʦʛʦ ʧʨʦʬʠʣʷ ʠ ɺʋɿʘʭ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʪʘʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ 

ʖʞʛʠʧʨʦʰʘʭʪ, ɻʠʧʨʦʨʫʜʘ, ʀʇʂʆʅ, ɻʠʧʨʦʥʠʢʝʣʴ, ʋʥʠʧʨʦʤʝʜʴ, ʉɻʀ, ɺʅʀʀʮʚʝʪʤʝʪ, 

ʂʘʟʛʠʧʨʦʮʚʝʪʤʝʪ, ʂʘʟʇʊʀ, ʀʥʩʪʠʪʫʪ ʢʠʙʝʨʥʝʪʠʢʠ ɸʅ ʋʟʉʉʈ, ʀɻɼ ʋʨʆ ɸʅ ʉʉʉʈ, ʀɻɼ 



14 
 

ɸʅ ʂʘʟʉʉʈ, ʂʨʠʚʦʨʦʞʩʢʠʡ ʛʦʨʥʦʨʫʜʥʳʡ ʠʥʩʪʠʪʫʪ, ʂʫʟʙʘʩʛʠʧʨʦʰʘʭʪ, ʉʠʙʛʠʧʨʦʰʘʭʪ [17- 

27].  

ɺ ʪʦ ʚʨʝʤʷ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

[16, 28, 29, 30], ʨʘʟʚʠʚʘʣʠʩʴ ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ 

ʨʫʜʥʠʢʦʚ, ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʧʦʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʝʡ ʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʟʘʜʘʯ. ʈʝʰʘʣʠʩʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘʣʛʦʨʠʪʤʠʟʠʨʦʚʘʣʠʩʴ ʟʘʜʘʯʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ, ʪʝʢʫʱʝʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦ ʦʩʥʦʚʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʦʙʱʠʝ ʚʦʧʨʦʩʳ ʪʝʦʨʠʠ ʧʦʩʪʨʦʝʥʠʷ ʉɸʇʈ ʢʘʨʴʝʨʦʚ.   

ʇʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʫʯʝʙʥʳʝ ʧʦʩʦʙʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʠʣʠʩʴ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʥʮʠʧʘʭ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʩʨʝʜʩʪʚʘʭ ʠ ʤʝʪʦʜʘʭ ʉɸʇʈ ʢʘʨʴʝʨʦʚ [29]. ɺ ʥʠʭ ʙʳʣʠ ʠʟʣʦʞʝʥʳ ʚʦʧʨʦʩʳ 

ʪʝʦʨʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʳ 

ʤʘʰʠʥʥʦʡ ʛʨʘʬʠʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʝʰʝʥʠʶ ʛʦʨʥʳʭ ʟʘʜʘʯ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ 

ʢʦʥʢʨʝʪʥʳʝ ʧʨʠʤʝʨʳ ʨʝʘʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʛʨʘʤʤ ʜʣʷ ʛʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʟʘʣʝʛʘʥʠʷ, ʬʦʨʤʫʣʠʨʦʚʘʣʠʩʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʦ-ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ (ɹɺʈ), ʦʪʚʘʣʴʥʳʭ ʨʘʙʦʪ 

ʠ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʚʘʨʠʘʥʪʦʚ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɺʥʠʤʘʥʠʝ ʢ ʚʦʧʨʦʩʘʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʪʝʭʥʠʢʠ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʫʜʝʣʷʣʦʩʴ ʚ ʦʙʱʝʜʠʩʮʠʧʣʠʥʘʨʥʳʭ ʫʯʝʙʥʠʢʘʭ 

ʛʦʨʥʦʛʦ ʜʝʣʘ [31, 32]. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʷʚʠʣʦʩʴ ʥʝ ʪʘʢ ʤʥʦʛʦ ʫʯʝʙʥʳʭ 

ʧʦʩʦʙʠʡ, ʦʩʚʝʱʘʶʱʠʭ ʧʨʦʙʣʝʤʘʪʠʢʫ ʧʦʩʪʨʦʝʥʠʷ ʛʦʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 

ʄʦʞʥʦ ʫʧʦʤʷʥʫʪʴ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʦʟʜʥʠʝ [33, 34; 35], ʚ ʢʦʪʦʨʳʭ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʨʠʚʦʜʠʣʠʩʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʥʮʠʧʦʚ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʦʢʘʟʳʚʘʣʦʩʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ.  

ɼʦʩʪʠʞʝʥʠʷ ʟʘʨʫʙʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʳʣʠ ʦʙʦʙʱʝʥʳ ʚ [36]. ɺ ʢʥʠʛʝ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʟʚʠʪʠʝ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʇʀ, ʤʝʪʦʜʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʧʦʤʦʱʴʶ ʕɺʄ, ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʘʤ ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
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ɺ ʢʦʥʮʝ 80-ʭ, ʥʘʯʘʣʝ 90-ʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʚʝʱʘʥʠʡ ʠ ʢʦʥʬʝʨʝʥʮʠʡ, ʠʟʜʘʥʳ ʪʨʫʜʳ, ʦʪʜʝʣʴʥʳʝ ʤʦʥʦʛʨʘʬʠʠ, [37-45] ʢʦʪʦʨʳʝ,  

ʬʘʢʪʠʯʝʩʢʠ ʧʦʜʚʝʣʠ ʠʪʦʛ ʪʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʛʦʨʥʦʤ ʜʝʣʝ 

ʉʉʉʈ. ʉʦʩʪʦʷʥʠʝ ʉɸʇʈ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʭʦʨʦʰʦ ʧʦʢʘʟʘʥʦ ʚ [23]. 

ɹʳʣʦ ʢʦʥʩʪʘʪʠʨʦʚʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʦʩʥʘʱʝʥʠʷ ʩʨʝʜʩʪʚʘʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʨʘʩʪʝʪ 

ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʕɺʄ ʩʝʨʠʠ ʉʄ, ʥʦ ʨʘʟʚʠʪʳʭ ʉɸʇʈ ʚ ʦʪʨʘʩʣʷʭ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʪ. ʆʩʥʘʱʝʥʠʝ ʩʨʝʜʩʪʚʘʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʪʜʝʣʴʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʠ 

ʩʦʟʜʘʝʪʩʷ ʥʝ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ, ʘ ʦʪʜʝʣʴʥʳʤʠ ʨʘʟʨʦʟʥʝʥʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠʣʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʥʝʪ ʫʥʠʬʠʢʘʮʠʠ ʇʆ, ʝʜʠʥʦʡ ʪʝʨʤʠʥʦʣʦʛʠʠ ʠ ʜʦʢʫʤʝʥʪʘʮʠʠ. ɺ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʘʙʦʪʳ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ, ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʚʳʰʣʠ ʥʘ ʚʝʜʫʱʝʝ ʤʝʩʪʦ, 

ʦʜʥʘʢʦ, ʥʝ ʜʦʩʪʠʛʣʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʱʠʪ ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʉɸʇʈ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʪʤʝʯʘʣʠʩʴ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ 

ʤʘʪʝʤʘʪʠʟʘʮʠʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʣʘʙʦʩʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʧʨʠʤʠʪʠʚʥʦʩʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʘʤ 

ʥʝʧʨʠʝʤʣʝʤʦʛʦ ʢʘʯʝʩʪʚʘ. 

ɹʦʣʝʝ ʢʦʥʢʨʝʪʥʦ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʦʣʢʥʫʣʠʩʴ ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʠʩʪʝʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚ [46]. ʉʨʝʜʠ ʤʥʦʞʝʩʪʚʘ 

ʧʨʠʯʠʥ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ: 

1. ʅʝʪ ʝʜʠʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ɸʉʋ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ - ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʕɺʄ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʥʝʩʦʚʤʝʩʪʠʤʦʩʪʴ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʇʆ. 

2. ʆʪʩʫʪʩʪʚʫʶʪ ʩʨʝʜʩʪʚʘ ʩʚʷʟʠ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʩʫʱʝʩʪʚʠʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʚʷʟʴ ʜʘʞʝ ʥʘ ʫʨʦʚʥʝ çʈʫʜʥʠʢ-ɻʆʂè. 

3. ʆʪʩʫʪʩʪʚʫʶʪ ʫʩʪʨʦʡʩʪʚʘ, ʨʝʛʠʩʪʨʠʨʫʶʱʠʝ ʠ ʩʦʙʠʨʘʶʱʠʝ ʠʥʬʦʨʤʘʮʠʶ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʤʘʰʠʥʥʳʭ ʥʦʩʠʪʝʣʷʭ. 

4. ʉʦʩʨʝʜʦʪʦʯʝʥʠʝ ʕɺʄ ʥʘ ʫʨʦʚʥʝ ʫʧʨʘʚʣʝʥʠʷ ɻʆʂʘʤʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʥʘ ʨʫʜʥʠʢʘʭ. 

5. ʅʝʪ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʦʙʲʝʤʥʳʭ ʤʦʜʝʣʝʡ). 

6. ʅʝ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʘʟ ʜʘʥʥʳʭ (ɹɼ), ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ 

ʝʜʠʥʫʶ ʠʜʝʦʣʦʛʠʶ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʉɸʇʈ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʉʋɹɼ. 
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7. ʆʪʩʫʪʩʪʚʫʝʪ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ɹɼ ʤʝʞʜʫ ʦʨʛʘʥʠʟʘʮʠʷʤʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʧʨʠʚʝʜʰʝʡ ʢ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʪʘʣʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʦʯʝʪʘʥʠʝ ʧ.2 ʠ ʧ.4. ʂʨʘʡʥʠʡ ʜʝʬʠʮʠʪ ʠ 

ʥʝʨʘʟʚʠʪʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʠʩʧʦʣʥʠʪʝʣʝʡ ʧʨʠʚʝʣ ʢ ʦʪʩʫʪʩʪʚʠʶ 

ʇʆ, ʨʝʰʘʶʱʝʛʦ ʟʘʜʘʯʠ ʪʘʢ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʛʦʚʦʨʠʪʴ ʦ ʭʦʪʴ ʢʘʢʦʤ-ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʆʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʦʣʥʷʪʴ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

çʩʥʠʟʫè ʧʨʠʚʦʜʠʣʦ ʢ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʪʝʭ ʥʝʤʥʦʛʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʪʦʨʳʝ ʚʥʝʜʨʷʣʠʩʴ ʥʘ ʫʨʦʚʥʝ ɻʆʂʦʚ.  

ʀʟ ʟʦʥʳ ʠʥʪʝʨʝʩʦʚ ʩʦʚʝʪʩʢʠʭ ʪʝʦʨʝʪʠʢʦʚ ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʉɸʇʈ ʙʳʣʦ ʩʦʚʝʨʰʝʥʥʦ 

ʫʧʫʱʝʥʦ ʙʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʥʘʯʘʚʰʝʝʩʷ ʚ ʥʘʯʘʣʝ 80-ʭ ʛʦʜʦʚ ʚ 

ʉʐɸ, ʩʪʨʘʥʘʭ ʟʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʗʧʦʥʠʠ. ʕʪʦ ʧʦʥʷʪʥʦʝ ʩʝʡʯʘʩ ʫʧʫʱʝʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʠʟʦʣʷʮʠʝʡ ʠ ʩʘʥʢʮʠʦʥʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʚʳʨʘʟʠʚʰʠʤʩʷ ʚ ʦʛʨʘʥʠʯʝʥʠʷʭ 

ʧʦʩʪʘʚʦʢ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʉʉʉʈ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʜʨʫʛʦʡ 

ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʚʠʪʠʷ ʉɸʇʈ ʛʦʨʥʦʛʦ ʜʝʣʘ ʩʪʘʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʢʣʘʩʩʘ çɻ ʣʝʢʪʨʦʥʥʦʛʦ ʢʫʣʴʤʘʥʘè, 

ʧʦʟʚʦʣʷʶʱʠʭ ʚʳʧʦʣʥʷʪʴ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʝʨʪʝʞʥʳʝ ʦʧʝʨʘʮʠʠ, ʘʚʪʦʤʘʪʠʟʠʨʫʶʱʠʝ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʠ, ʩ ʜʨʫʛʦʡ, ʦʙʣʝʛʯʘʶʱʠʝ ʧʨʦʮʝʩʩ 

ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʜʚʠʥʫʪʳʭ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʚʩʝʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. ʀ ʵʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʦʟʥʘʥʠʝ ʵʪʦʡ 

ʧʨʦʙʣʝʤʳ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʝʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʧʦʢʘʟʘʥʳ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [30, 47, 48]. ʂʦʥʪʨʘʩʪ ʤʝʞʜʫ ʥʝʨʘʟʚʠʪʦʩʪʴʶ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʜʘʣʝʢʦ ʧʨʦʜʚʠʥʫʚʰʠʤʩʷ ʬʨʦʥʪʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʨʘʩʯʝʪʦʚ ʙʳʣ ʭʘʨʘʢʪʝʨʝʥ ʥʝ 

ʪʦʣʴʢʦ ʜʣʷ ʛʦʨʥʳʭ ʉɸʇʈ, ʥʦ, ʚ ʦʙʱʝʤ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʨʠʤʝʥʷʶʱʠʭ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ 

ʉʉʉʈ [49]. 

ʇʨʝʦʜʦʣʝʪʴ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ ʩʤʦʛʣʦ ʪʦʣʴʢʦ ʤʘʩʩʦʚʦʝ ʧʦʷʚʣʝʥʠʝ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ, ʦʜʥʘʢʦ, ʢ ʵʪʦʤʫ ʚʨʝʤʝʥʠ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʧʨʝʞʥʠʝ ʥʘʨʘʙʦʪʢʠ ʉɸʇʈ ʠ ɸʉʋ ʛʦʨʥʳʭ ʨʘʙʦʪ ʙʳʣʠ ʧʦʪʝʨʷʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʧʘʜʘ 

ʉʉʉʈ, ʫʛʘʩʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʛʦʨʥʦʛʦ ʧʨʦʬʠʣʷ, 

ʧʨʝʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʟʘʢʨʳʪʠʷ ʦʪʨʘʩʣʝʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʉɸʇʈ. 

ʄʥʦʛʠʝ ʥʘʫʯʥʳʝ ʢʦʣʣʝʢʪʠʚʳ, ʟʘʥʠʤʘʚʰʠʝʩʷ ʵʪʦʡ ʪʝʤʘʪʠʢʦʡ, ʨʘʩʧʘʣʠʩʴ. ʇʦʵʪʦʤʫ ʧʦʯʪʠ 

ʚʩʝ ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʥʳʥʝ (ʥʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʪʝʤʘʪʠʢʝ ʛʦʨʥʦ-
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ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻɻʀʉ) (MINEFRAME, GEOMIX, K-MINE, 

ʉɸʄɸʈɸ ʠ ʜʨ.) ʙʳʣʠ ʥʘʯʘʪʳ ʠʤʝʥʥʦ ʚ ʵʪʦ ʚʨʝʤʷ, ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʨʘʥʝʝ ʩʝʨʴʝʟʥʦ ʥʝ 

ʟʘʥʠʤʘʚʰʠʭʩʷ ʪʘʢʦʡ ʧʨʦʙʣʝʤʦʡ, ʢʨʦʤʝ, ʧʦʞʘʣʫʡ, ʂʨʠʚʙʘʩʩʘʢʘʜʝʤʠʥʚʝʩʪʘ, 

ʫʥʘʩʣʝʜʦʚʘʚʰʝʛʦ ʥʘʨʘʙʦʪʢʠ ʂʨʠʚʦʨʦʞʩʢʦʛʦ ʛʦʨʥʦʨʫʜʥʦʛʦ ʠʥʩʪʠʪʫʪʘ. 

ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ  

ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʨʫʙʝʞʥʦʛʦ ʇʆ, ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ 

ʟʘʛʨʘʥʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʆʜʥʘʢʦ, ʠʥʦʩʪʨʘʥʥʳʝ ʛʦʨʥʳʝ ʧʘʢʝʪʳ ʩ ʪʨʫʜʦʤ ʥʘʭʦʜʠʣʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠʟ-ʟʘ ʠʭ ʜʦʨʦʛʦʚʠʟʥʳ, ʚʳʩʦʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʨʩʦʥʘʣʘ, 

ʧʨʦʙʣʝʤ ʩ ʨʫʩʠʬʠʢʘʮʠʝʡ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʦʛʨʘʤʤ ʠ ʥʝʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴʶ ʢ ʨʝʘʣʠʷʤ 

ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʘʥ ʙʳʚʰʝʛʦ ʉʉʉʈ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

90-ʝ  ʧʦʣʫʯʠʣʠ ʧʨʦʛʨʘʤʤʳ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ (Lotus 1-2-

3, Quattro Pro, MS Excel), ʪʝʢʩʪʦʚʳʝ ʨʝʜʘʢʪʦʨʳ (WordPerfect, AmiPro, MS Word), 

ʯʝʨʪʝʞʥʳʝ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʨʝʞʠʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʫʣʴʤʘʥʘ (AutoCAD, 

Microstation, CorelDraw). ʏʫʪʴ ʧʦʟʞʝ ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʢʣʘʩʩʘ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ (ɻʀʉ) [50-53]. ʇʨʝʦʙʣʘʜʘʶʱʠʤ 

ʩʪʘʣʦ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʩ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ MS Windows, ʯʪʦ 

ʚʦ ʤʥʦʛʦʤ ʨʝʰʠʣʦ ʧʨʦʙʣʝʤʳ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʇʆ, ʘ ʧʦʷʚʣʝʥʠʝ ʨʘʟʚʠʪʦʛʦ ʩʝʪʝʚʦʛʦ ʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʦʛʦ ʇʆ ʦʙʣʝʛʯʠʣʦ ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʤʝʥ 

ʜʘʥʥʳʤʠ, ʯʪʦ ʯʘʩʪʠʯʥʦ ʩʥʷʣʦ ʧʨʦʙʣʝʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʠʥʞʝʥʝʨʥʳʤʠ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʢʘʨʴʝʨʦʚ, ʨʫʜʥʠʢʦʚ ʠ ʰʘʭʪ. ɼʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ ʧʦʜʭʦʜʳ ʢ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʦʛʦ ʚʨʝʤʝʥʠ ʚ 

ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʧʠʩʘʥʳ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʚ [54]. 

ɼʦʩʪʘʪʦʯʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ (ʥʘʯʠʥʘʷ ʩ 70-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ) ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʠʤʝʚʰʠʝ ʩʠʣʴʥʳʝ ʦʪʜʝʣʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʝʜʧʨʠʥʠʤʘʣʠ ʧʦʧʳʪʢʠ ʨʘʟʨʘʙʦʪʢʠ ʇʆ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʠʣʘʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʩʚʦʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʜʘʯ. ʊʘʢ ʚ [55] ʦʧʠʩʘʥʘ  ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʛʝʦʣʦʛʦ-

ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʷʚʣʷʶʱʘʷʩʷ ʯʘʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʣʷ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ (ʅʇʆ) çɼʞʝʟʢʘʟʛʘʥʮʚʝʪʤʝʪè. ʉʠʩʪʝʤʘ ʨʝʘʣʠʟʦʚʘʣʘ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʦʩʥʦʚʫ 

ʜʣʷ  ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘʚʪʦʤʘʪʠʟʠʨʫʷ ʪʝʢʫʱʠʝ ʨʘʙʦʪʳ ʩʪʘʨʰʝʛʦ ʠ ʫʯʘʩʪʢʦʚʦʛʦ 

ʤʘʨʢʰʝʡʜʝʨʘ, ʘ ʪʘʢʞʝ ʛʝʦʣʦʛʘ. ɹʳʣʘ ʩʦʟʜʘʥʘ çʛʝʦʤʘʪʝʤʘʪʠʯʝʩʢʘʷè ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʬʦʨʤʠʨʦʚʘʪʴ ʚʘʨʠʘʥʪʳ ʥʘʙʦʨʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʙʣʦʢʦʚ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ʂʦʤʧʣʝʢʩ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ ʌʆʉʌʆʈʀʊ-80 ʙʳʣ ʩʦʟʜʘʥ ʜʣʷ ʛʦʨʥʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʣʘʩʪʦʚʳʭ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʙʦʣʴʰʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʬʦʩʬʦʨʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʘʨʘʪʘʫ). ʇʘʢʝʪ ʥʘʭʦʜʠʣʩʷ ʚ 
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ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʤʝʪʦʜʘ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʦ ʪʦ, ʯʪʦ ʢʘʨʴʝʨʥʦʝ ʧʦʣʝ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʙʳʣʦ ʨʘʟʙʠʪʦ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʟʦʥ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʜʣʠʥʝ ʚʳʨʘʙʦʪʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʦʜʛʦʪʦʚʢʫ 

ʥʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʳʜʝʣʷʣʩʷ ʫʯʘʩʪʦʢ, ʢʦʪʦʨʳʡ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʪʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʘʢ ʦʙʲʝʤ ʨʫʜʳ ʧʦ ʩʦʨʪʘʤ ʠ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ, 

ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʣʝʟʥʳʭ ʠ ʚʨʝʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʡ 

ʜʣʠʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʨʫʜ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ [29]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠ 

ʤʦʜʝʣʠ ʙʳʣʠ ʫʚʷʟʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʏʠʪʠʥʩʢʦʤ ʬʠʣʠʘʣʝ 

ɻʠʧʨʦʮʚʝʪʤʝʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʯʝʪʘ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ (ʊʕʆ) ʢʦʥʜʠʮʠʡ ʠ ʚʝʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʉɸʇʈ 

çʇʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢè. ʇʨʦʚʦʜʠʣʠʩʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʧʦ ʢʦʥʝʯʥʦʤʫ ʚʠʜʫ 

ʧʨʦʜʫʢʮʠʠ (ʢʦʥʮʝʥʪʨʘʪʳ, ʤʝʪʘʣʣ) ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʟʘʜʘʥʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʧʨʠʙʳʣʴ, 

ʧʨʠʚʝʜʝʥʥʳʝ ʟʘʪʨʘʪʳ, ʫʜʝʣʴʥʳʝ ʢʘʧʚʣʦʞʝʥʠʷ, ʫʱʝʨʙ ʦʪ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʠ ʪ.ʜ.) 

[56]. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʢʦʤʙʠʥʘʪ çɸʧʘʪʠʪè ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʠʪʫʪʦʚ ʀʇʂʆʅ ʠ ɻʦʀ ʂʌ 

ɸʅ ʉʉʉʈ ʚʝʣ ʠʥʪʝʥʩʠʚʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʙʦʨʘ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ [57]. 

ʄʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʉɸʇʈ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʨʫʜʥʠʢ ʢʘʢ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ, ʪʨʝʙʫʶʱʫʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʚʟʘʠʤʦʫʚʷʟʢʠ ʪʘʢʠʭ ʧʦʜʩʠʩʪʝʤ, ʢʘʢ 

ʚʩʢʨʳʪʠʝ, ʚʝʥʪʠʣʷʮʠʷ, ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʯʠʩʪʥʘ ̫ ʚʳʝʤʢʘ, ʛʝʥʧʣʘʥ, ʨʘʩʯʝʪ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ (ʊʕʇ) ʠ ʜʨ. [58].  ɺ ɻʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ ʂʅʎ ɸʅ ʉʉʉʈ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘ ̫ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʯʝʣʦʚʝʢʦ-

ʤʘʰʠʥʥʫʶ ʩʠʩʪʝʤʫ. ʄʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʝʡ 

ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʠ ʨʫʜʳ ʥʘ ʨʫʜʥʠʢʘʭ, ʧʨʠʤʝʥʷʶʱʠʭ ʩʠʩʪʝʤʳ ʵʪʘʞʥʦʛʦ ʠ ʧʦʜʵʪʘʞʥʦʛʦ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʦʙʨʫʰʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʤʥʦʛʦʚʘʨʠʘʥʪʥʘʷ ʦʮʝʥʢʘ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʨʫʜʥʠʢʝ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ  

ʠʟʤʝʥʝʥʠʷ ʊʕʇ ʦʪ ʦʙʲʝʤʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʠʤʝʥʷʝʤʦʡ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ [59, 60, 61]. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʚʳʙʦʨ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ, ʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʝ 

[62, 63, 64]. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʙʦʨ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʚʘʨʠʘʥʪʦʚ ʧʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ, ʦʧʪʠʤʠʟʘʮʠʶ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʯʝʪ 

ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ʈʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʜʣʷ ʨʘʩʯʝʪʦʚ ʦʪʜʝʣʴʥʳʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʚ ʨʘʙʦʪʝ [65] ʦʧʠʩʘʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʂʘʟʇʊʀ ʉɸʇʈ 
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çʊʨʘʥʩʧʦʨʪʘ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚè, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʫʣʠ ʜʣʷ ʨʘʩʯʝʪʘ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʚʦʟʥʦʛʦ, ʢʦʥʚʝʡʝʨʥʦʛʦ ʠ ʩʘʤʦʭʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʦʚ. ʄʦʜʫʣʠ ʧʦʟʚʦʣʷʣʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʪʷʛʦʚʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ, ʚʳʙʦʨ ʧʫʪʝʚʦʛʦ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʧʨʦʚʦʟʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɸ ʚ ʨʘʙʦʪʝ [66] ʧʨʠʚʝʜʝʥʳ ʧʦʜʭʦʜʳ ʢ 

ʦʙʦʩʥʦʚʘʥʠʶ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʝʨʚʳʭ ʩʦʚʝʪʩʢʠʭ 

ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʉɸʇʈ ʚʝʥʪʠʣʷʮʠʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦ-ʥʘʨʝʟʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʚʳʭʦʜʘ 

ʨʫʜʳ ʧʨʠ ʩʢʚʘʞʠʥʥʦʡ ʦʪʙʦʡʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʛʨʫʟʦʯʥʦ-

ʜʦʩʪʘʚʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʪʝʣʝʡ ʠʟʚʣʝʯʝʥʠʷ ʦʪ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʫʜʳ ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʤʝʪʦʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʥʦʡ ʚʳʝʤʢʠ ʨʫʜʳ [67]. 

ɺ ʥʘʯʘʣʝ 2000-ʭ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʵʣʝʢʪʨʦʥʥʳʝ ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʧʨʠʙʦʨʳ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʘʭʝʦʤʝʪʨʳ, ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ GPS 

(NavStar, GLONASS) [68, 69, 70] ʫʧʨʦʩʪʠʣʦ ʧʨʦʮʝʩʩ ʧʨʠʚʷʟʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʩʥʠʤʘʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʉ ʥʘʯʘʣʘ 2010-ʭ ʥʘʯʘʣʠ ʧʨʠʤʝʥʷʪʴʩʷ ʩʨʝʜʩʪʚʘ ʣʘʟʝʨʥʦʛʦ 

ʩʢʘʥʠʨʦʚʘʥʠʷ [71, 72, 73, 74], ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʩʲʝʤʢʠ ʧʦʜʟʝʤʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʠ ʦʙʲʝʢʪʦʚ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʆɻʈ), ʧʦʣʫʯʘʷ ʥʝʜʦʩʪʠʞʠʤʫʶ ʧʨʝʞʜʝ 

ʪʦʯʥʦʩʪʴ ʠʭ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ. ʅʘ ʨʫʜʥʠʢʘʭ ʧʦʷʚʣʷʶʪʩʷ ʥʦʩʠʤʳʝ ʩʨʝʜʩʪʚʘ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʨʝʛʠʩʪʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʠʟʣʫʯʝʥʠʡ [75, 76], ʵʪʦ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʩ ʵʢʩʧʨʝʩʩ ʦʮʝʥʢʦʡ ʢʘʯʝʩʪʚʘ ʇʀ.  

ɺ ʩʝʨʝʜʠʥʝ 2000-ʭ ʧʦʷʚʠʣʠʩʴ ʧʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ɻɻʀʉ, ʢʦʛʜʘ ʥʘ ʫʨʦʚʥʝ 

ʫʧʨʘʚʣʝʥʠʡ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʝʡʩʪʚʦʚʘʣʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʮʝʥʪʨʳ, 

ʩʦʩʨʝʜʦʪʘʯʠʚʘʶʱʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʘ ʩʚʷʟʴ 

ʩ ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ ʥʘ ʨʫʜʥʠʢʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʣʦʢʘʣʴʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ 

ʩʝʪʝʡ [77]. ʇʨʠʤʝʥʝʥʠʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʳʭ ʠ ʧʦʷʚʠʚʰʠʭʩʷ ʦʙʣʘʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʧʨʠʥʮʠʧʝ ʨʘʟʤʳʚʘʝʪ ʧʦʜʯʠʥʝʥʥʦʩʪʴ ʩʚʷʟʠ çʨʫʜʥʠʢ-ʫʧʨʘʚʣʝʥʠʝè, ʧʨʝʜʦʩʪʘʚʣʷʷ ʢʘʞʜʦʤʫ 

ʨʘʙʦʯʝʤʫ ʤʝʩʪʫ ʥʘʜʝʞʥʳʝ ʠ ʤʦʱʥʳʝ ʩʨʝʜʩʪʚʘ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʠʩʧʦʣʥʝʥʠʷ 

ʤʘʩʩʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʜʘʯ, ʨʝʰʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʫ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʩ 

ʜʘʥʥʳʤʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʨʘʙʦʪʘʥ ʜʦʩʪʘʪʦʯʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ɻɻʀʉ. ʕʪʦ ʩʦʯʝʪʘʥʠʝ ʚʝʢʪʦʨʥʳʭ, ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ 

ʠ ʙʣʦʯʥʳʭ ʤʦʜʝʣʝʡ (ɹʄ). ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʠʭ ʤʦʜʝʣʝʡ ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʘʢʠʝ ʨʘʙʦʪʳ, ʢʘʢ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʤʥʦʛʦʝ 
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ʜʨʫʛʦʝ. ɼʘʥʥʳʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʭʨʘʥʷʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʬʘʡʣʦʚʳʭ ʬʦʨʤʘʪʘʭ ʠ ɹɼ, ʦʜʥʘʢʦ, 

ʦʛʨʘʥʠʯʝʥʥʳʡ ʥʘʙʦʨ ʩʪʨʫʢʪʫʨ ʜʘʥʥʳʭ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʦʜʝʣʠ, ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʩʷ,  ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʘ ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʬʦʨʤʘʪʦʚ ɹɼ 

ʙʳʣʘ ʧʨʝʦʜʦʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʨʝʜʩʪʚ ʵʢʩʧʦʨʪʘ-ʠʤʧʦʨʪʘ ʠ ʢʦʥʚʝʨʪʘʮʠʠ ʜʘʥʥʳʭ, 

ʚʩʪʨʦʝʥʥʳʭ ʚʦ ʚʩʝ ɻɻʀʉ.  

ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʤʦʛʘʝʪ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʝʨʝʜʘʯʠ ɹɼ ʤʝʞʜʫ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ, ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤʠ ʠ ʵʢʩʧʣʫʘʪʘʥʪʘʤʠ. ɹɼ ʜʦʩʪʘʪʦʯʥʦ 

ʣʝʛʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʧʨʝʪʝʨʧʝʚʘʷ ʢʦʥʚʝʨʪʘʮʠʶ ʚ ʥʫʞʥʳʡ 

ʬʦʨʤʘʪ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʨʝʜʩʪʚʘ ɻɻʀʉ ʧʦʟʚʦʣʷʶʪ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤʠ ʢʘʢ ʩ ʦʜʥʠʤ ʠʟ 

ʤʥʦʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 

ʇʦʩʣʝ ʧʦʯʪʠ ʜʚʘʜʮʘʪʠʣʝʪʥʝʛʦ ʧʝʨʝʨʳʚʘ ʚ ʨʝʛʫʣʷʨʥʳʭ ʚʩʪʨʝʯʘʭ ʫʯʝʥʳʭ, 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʠʢʦʚ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʩʠʤʧʦʟʠʫʤʘʭ, ʧʦʩʚʷʱʝʥʥʳʭ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ ʛʦʨʥʦʤ ʜʝʣʝ, ʚ 2008 ʛʦʜʫ ʥʘ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʂʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪè ʚ ʛ. ɸʧʘʪʠʪʳ ʩʦʙʨʘʣʠʩʴ ʩʧʝʮʠʘʣʠʩʪʳ, 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʵʪʦʡ ʪʝʤʘʪʠʢʝ. [78]. ʉ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʪʘʢʠʝ ʚʩʪʨʝʯʠ ʩʪʘʣʠ ʜʦʩʪʘʪʦʯʥʦ 

ʨʝʛʫʣʷʨʥʳʤʠ ʠ ʧʨʦʭʦʜʠʣʠ ʚ ɽʢʘʪʝʨʠʥʙʫʨʛʝ [79] ʠ ɹʝʣʛʦʨʦʜʝ [80]. ʂʦʥʬʝʨʝʥʮʠʠ ʦʩʚʝʱʘʶʪ 

ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ 

ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʙʤʝʥ 

ʜʦʩʪʠʞʝʥʠʷʤʠ ʠ ʦʧʳʪʦʤ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʵʪʠʭ ʠ 

ʜʨʫʛʠʭ ʧʣʦʱʘʜʢʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʩʣʦʞʠʣʘʩʴ ʵʢʦʩʠʩʪʝʤʘ 

ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʥʘ ʧʦʩʪʩʦʚʝʪʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɻɻʀʉ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʦʩʥʦʚʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʦʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, 

ʤʝʪʦʜʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʰʝʥʠʡ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʘʷ 

ʛʣʫʙʠʥʘ ʠ ʪʱʘʪʝʣʴʥʦʩʪʴ  ʧʨʦʨʘʙʦʪʢʠ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʟʘʨʫʙʝʞʥʳʤ 

ʧʨʠʩʫʱʘ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘ ʤʝʪʦʜʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʀ (ʄʇʀ).  

ʉʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʪʝʤʘʪʠʢʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʩʠʤʧʦʟʠʫʤʦʚ ï 

APCOM (International Symposium on the Application of Computers and Operations Research in 

the Mineral Industry); çMines and Technologyè; MINEX; çFuture of Miningè; ʢʦʥʬʝʨʝʥʮʠʠ, 
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ʧʨʦʚʦʜʠʤʳʝ The Australasian Institute of Mining and Metallurgy (The AusIMM). ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʝʤʘʪʠʢʫ ʩʠʤʧʦʟʠʫʤʘ APCOM. ɽʛʦ ʠʩʪʦʨʠʷ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 

50 ʣʝʪ, ʠ ʥʘ ʩʝʛʦʜʥʷ ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʠʜʝʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʉʠʤʧʦʟʠʫʤ ʵʪʦʛʦ ʛʦʜʘ ʟʘʪʨʘʛʠʚʘʣ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʤʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ, ʫʯʝʪ ʬʘʢʪʦʨʦʚ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʨʠʩʢʦʚ ʥʦʚʳʭ 

ʧʨʦʝʢʪʦʚ, ʪʘʢ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʦʢ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ ʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʘʚʪʦʥʦʤʥʦʛʦ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʘʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦʢʘʟʳʚʘʶʪ ʩʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʛʦʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʦ ʦʙʦʟʥʘʯʘʶʪ ʪʝʥʜʝʥʮʠʠ ʠʭ ʙʫʜʫʱʝʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ APCOM-2017, ʧʦʢʘʟʳʚʘʶʪ ʰʠʨʦʪʫ 

ʪʝʤʘʪʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʦʨʥʦʛʦ ʜʝʣʘ: 

ʈʘʟʨʘʙʦʪʯʠʢʠ Maptek ʟʘʥʠʤʘʶʱʠʝʩʷ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ ʟʘʷʚʠʣʠ [81], ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʚʰʠʝʩʷ ʜʣʷ ʵʪʦʛʦ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʣʠʥʝʡʥʦʛʦ, ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʠʣʠ ʩʤʝʰʘʥʥʦʛʦ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʠʭ ʥʦʚʘʮʠʡ, ʢʘʢ 

ʤʥʦʛʦʧʦʪʦʯʥʳʝ, ʤʥʦʛʦʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʦʨʳ ʠʣʠ ʜʘʞʝ ʤʥʦʛʦʧʨʦʮʝʩʩʦʨʥʳʝ ʩʝʨʚʝʨʥʳʝ 

ʩʨʝʜʳ, ʧʦʩʢʦʣʴʢʫ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʥʝʜʦʩʪʫʧʥʳ. ʀʤʠ 

ʧʨʝʜʣʦʞʝʥ ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ - ʤʝʪʦʜ ʦʧʪʠʤʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʤʦʜʠʬʠʮʠʨʫʝʪ ʧʦʧʫʣʷʮʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʩʧʦʩʦʙʦʤ, ʧʦʜʦʙʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʵʚʦʣʶʮʠʠ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʪʦʛʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʨʝʰʝʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʙʣʝʤ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʷʚʣʷʝʪʩʷ ʠʭ ʛʠʙʢʦʩʪʴ. ɻʝʥʝʪʠʯʝʩʢʠʝ 

ʘʣʛʦʨʠʪʤʳ ʤʦʛʫʪ ʩʦʯʝʪʘʪʴʩʷ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʧʪʠʤʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʷ 

ʧʦʣʫʯʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʠʭ ʤʝʪʦʜʦʚ, ʧʨʝʦʜʦʣʝʚʘʷ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɻʝʥʝʪʠʯʝʩʢʠʝ ʘʣʛʦʨʠʪʤʳ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ, ʯʝʤ ʠʭ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʘʣʦʛʠ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ 

ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʚʳʯʠʩʣʝʥʠʡ. 

ɼʨʫʛʠʤ ʧʦʜʭʦʜʦʤ ʢ ʧʣʘʥʠʨʦʚʘʥʠʶ ʛʦʨʥʳʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʢʩʧʝʨʪʥʳʭ ʩʠʩʪʝʤ [82], ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʤʦʯʴ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʠ ʩʜʝʣʘʪʴ 

ʠʭ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ. ɹʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ 

ʧʦʤʦʛʘʝʪ ʚ ʧʣʘʥʠʨʦʚʘʥʠʠ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʵʢʩʧʝʨʪʥʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʠ ʧʦʣʫʯʘʝʪ 

ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʨʘʚʠʣʘʤʠ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʮʝʥʘʨʠʝʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩ 
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ʫʯʝʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɺʥʝʜʨʝʥʠʝ ʩʠʩʪʝʤʳ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ, ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʷ ʚ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʮʝʥʘʨʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʟʘʪʨʘʪʳ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʦʩʪʦʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʦʧʠʩʳʚʘʶʪ ʠ ʜʦʩʪʘʪʦʯʥʦ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʊʘʢ ʚ ʨʘʙʦʪʝ [83] ʧʨʠʚʦʜʠʪʩʷ ʘʣʛʦʨʠʪʤ ʦʢʦʥʪʫʨʠʚʘʥʠʷ ʥʘ ʙʣʦʯʥʦʡ ʤʦʜʝʣʠ 

ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʨʫʜ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ 

ʚʳʝʤʦʯʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɿʘʜʘʯʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʪʠʧʦʚ ʨʫʜ ʠʤʝʝʪ ʥʘ ʚʭʦʜʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʨʝʛʫʣʷʨʥʦʡ ʜʚʫʤʝʨʥʦʡ ʩʝʪʢʠ ʙʣʦʢʦʚ, ʛʜʝ ʢʘʞʜʳʡ ʙʣʦʢ ʩʦʜʝʨʞʠʪ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʦʭʦʜʫ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ 

ʤʦʞʝʪ ʠʤʝʪʴ ʪʨʠ ʧʝʨʝʤʝʥʥʳʝ ʜʣʷ ʢʘʞʜʦʛʦ ʙʣʦʢʘ, ʫʢʘʟʳʚʘʶʱʠʝ ʜʦʭʦʜ, ʝʩʣʠ ʙʣʦʢ ʠʜʝʪ ʥʘ 

ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ, ʥʘ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʣʠ ʚ ʦʪʚʘʣ. ʕʪʠ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 

ʙʣʦʢʘ ʢ ʙʣʦʢʫ ʠ ʷʚʣʷʶʪʩʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ. ɿʥʘʯʝʥʠʝ ʜʦʭʦʜʘ 

ʦʩʥʦʚʘʥʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʘʟʥʳʭ ʬʘʢʪʦʨʦʚ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʣʦʢʘʣʴʥʳʤʠ, 

ʥʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʤʠ, ʥʘʧʨʠʤʝʨ ʮʝʥʘ ʥʘ 

ʟʦʣʦʪʦ. ɼʨʫʛʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʤʝʨ ʤʠʥʠʤʘʣʴʥʦʡ ʚʳʝʤʦʯʥʦʡ ʝʜʠʥʠʮʳ, ʦʥ 

ʟʘʜʘʝʪʩʷ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʣʦʢʦʚ, ʦʪʨʘʙʘʪʳʚʘʝʤʳʭ ʝʜʠʥʦʚʨʝʤʝʥʥʦ, ʥʘʧʨʠʤʝʨ - ʦʙʣʘʩʪʴ 

ʨʘʟʤʝʨʦʤ 3Ĭ3 ʙʣʦʢʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʚʝʪʚʝʡ ʠ 

ʛʨʘʥʠʮ. ʇʨʠʤʝʥʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʦʟʚʦʣʷʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʦʪʝʨʠ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʳ, 

ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʨʪʦʚ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. 

ɹʳʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʧʨʠʤʝʥʝʥʠʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) 

ʜʣʷ ʪʘʢʠʭ ʟʘʜʘʯ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʩʦʩʪʘʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ (ɻʇ) ʧʦʩʣʝ ʚʟʨʳʚʘ ʠ ʚ 

ʧʨʦʮʝʩʩʝ ʦʪʨʘʙʦʪʢʠ [84]. ʆʧʨʝʜʝʣʝʥʠʶ ʦʙʲʝʤʦʚ ʦʪʚʘʣʦʚ, ʩʚʝʨʢʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʠ ʧʣʘʥʦʚʦʛʦ 

ʧʦʣʦʞʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʨʘʙʦʪʘ [85], ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʘʵʨʦʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ɹʇʃɸ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʜʝʰʝʚʣʷʶʪ ʧʨʦʮʝʩʩ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ ʧʨʠ ʝʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 

ʧʦʣʫʯʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʛʝʦʤʝʪʨʠʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʤʠʤʦ ʨʘʩʯʝʪʥʳʭ ʟʘʜʘʯ, ʩ 

ʧʦʤʦʱʴʶ ɹʇʃɸ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʚʠʜʝʦ ʠ ʬʦʪʦʤʘʪʝʨʠʘʣʳ, ʜʦʢʫʤʝʥʪʠʨʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʢʘʨʴʝʨʝ. 

ʊʝʭʥʦʣʦʛʠʠ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʦʥʠʢʘʶʪ ʠ ʥʘ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʙʠʣʴʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʝʨʘ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ʜʣʷ ʩʙʦʨʘ 

ʜʘʥʥʳʭ ʦ ʬʦʨʤʝ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʙʘʨʴʝʨʦʚ [86]. 
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ʉʢʘʥʠʨʦʚʘʥʠʝ ʚʳʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʦ ʙʳʩʪʨʦ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʫʶ ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʥʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʏʠʣʠ [87], ʪʘʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʦʙʣʘʯʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʙʘʟ ʜʘʥʥʳʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘ ̫ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʚʭʦʜʥʦʡ ʠ 

ʚʳʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʆʙʣʘʯʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ 

ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʨʘʟʥʦʨʦʜʥʳʝ ʪʠʧʳ 

ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ ʪʘʢʠʝ, ʢʘʢ ʮʝʥʘ ʥʘ ʩʳʨʴʝ ʠʣʠ ʚʨʝʤʷ ʮʠʢʣʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʨʩʠʡ ʧʣʘʥʘ ʜʦʙʳʯʠ ʨʫʜʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʩʝʛʜʘ ʷʚʣʷʣʘʩʴ 

ʚʘʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʧʦʠʩʢʘ ʥʦʚʳʭ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. ʊʘʢ ʚ 

[88] ʧʨʠʚʦʜʠʪʩʷ ʤʝʪʦʜʠʢʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʛʠʙʨʠʜʥʦʤ ʧʦʜʭʦʜʝ, ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʚʣʦʞʝʥʥʦʛʦ ʢʦʥʪʫʨʘ ʢʘʨʴʝʨʘ. ɸʣʛʦʨʠʪʤ 

ʦʩʥʦʚʘʥ ʥʘ ʧʨʦʮʝʜʫʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ LP ʨʝʣʘʢʩʘʮʠʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʠʟʘʮʠʶ ʮʝʥʳ ʥʘ ʤʝʪʘʣʣ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʦʥʥʘʞ ʨʫʜʳ ʠ ʚʩʢʨʳʰʠ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʦʞʝʥʠʷ ʢʘʨʴʝʨʘ. ʆʩʥʦʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʢʣʶʯʝʥʠʝ ʚʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʚ 

ʧʨʦʮʝʜʫʨʫ ʚʳʙʦʨʘ ʵʪʘʧʘ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ 

ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʢʘʨʴʝʨʘ ʠ ʩʦʟʜʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʢʦʥʝʯʥʳʭ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʘ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʩʝʢʪʦʨʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʇʀ. ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʤʝʪʦʜʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ 

ʜʘʝʪ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ ʢʘʨʴʝʨʘ ʠʟ ʥʘʙʦʨʘ 

ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ. 

ɺ ʨʘʙʦʪʝ [89] ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʜʚʫʭ ʤʝʪʦʜʦʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ï LGNP (Lerchs-Grossman Nested Pits) ʠ DBS (Direct Block 

Scheduling). ʆʙʘ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʠʨʫʶʪ ʧʣʘʥ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʦʣʫʯʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʢʘʢ ʨʷʜ 

ʧʨʝʜʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʴʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʮʝʥʦʚʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʪʘʢ ʠ ʥʘʙʦʨ 

ʝʞʝʛʦʜʥʳʭ ʧʦʣʦʞʝʥʠʡ ʢʘʨʴʝʨʦʚ, ʟʘʜʘʚʘʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ 

ʨʫʜʥʠʢʘ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʦʱʥʦʩʪʝʡ, ʪʘʢ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʥʘʧʨʠʤʝʨ, ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʦʡ ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ. ɺʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʦʙʦʠʭ ʤʝʪʦʜʦʚ ʦʜʠʥʘʢʦʚʳ, ʘ ʠʤʝʥʥʦ - ʫʛʦʣ ʥʘʢʣʦʥʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʠ ʚʳʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʡ ʮʝʥʥʦʩʪʠ ʙʣʦʢʦʚ. ʊʦ, ʯʪʦ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪ ʵʪʠ ʜʚʘ ʤʝʪʦʜʘ ï ʵʪʦ ʧʦʜʭʦʜ ʢ 
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ʚʳʜʝʣʝʥʠʶ ʩʪʘʜʠʡ ʦʪʨʘʙʦʪʢʠ. DBS ʦʩʥʦʚʘʥʦ ʥʘ ʧʣʘʥʠʨʦʚʘʥʠʠ ʝʞʝʛʦʜʥʳʭ ʦʙʲʝʤʦʚ 

ʜʦʙʳʯʠ, ʪ. ʝ. ʦʪʥʝʩʝʥʠʝ ʙʣʦʢʦʚ ʢ ʦʪʨʘʙʦʪʢʝ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʦʪʨʘʙʦʪʢʦʡ ʚ ʜʨʫʛʦʡ ʧʝʨʠʦʜ. ʕʪʘʧʳ, ʚʳʜʝʣʷʝʤʳʝ LGNP, 

ʦʧʪʠʤʘʣʴʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʠʩʪʦʛʦ 

ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ (ʏɼɼ), ʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, 

ʢʨʦʤʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʙʦʨʪʘ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ (Cu-Au-Mo), 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

Å ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʟʚʣʝʢʘʝʤʦʡ ʮʝʥʥʦʩʪʠ ʧʦʯʪʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ, DBS ʜʘʝʪ 

ʥʝʤʥʦʛʦ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʏɼɼ. 

Å ʇʣʘʥʳ ʛʦʨʥʳʭ ʨʘʙʦʪ ʪʘʢʞʝ ʙʳʣʠ ʩʭʦʞʠʤʠ, ʥʦ ʨʝʰʝʥʠʝ ʥʘ ʦʩʥʦʚʝ DBS ʧʨʠʚʝʣʦ ʢ 

ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʚʩʢʨʳʰʝ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʙʳʩʪʨʝʝ ʧʝʨʝʡʪʠ ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜʳ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʧʦʪʦʢ ʨʫʜʳ. 

Å ʈʝʰʝʥʠʝ DBS ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʫʶ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʡ 

ʧʨʦʨʠʩʦʚʢʠ ʧʦʣʦʞʝʥʠʷ ʢʘʨʴʝʨʘ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʤʠʥʠʤʘʣʴʥʫʶ ʰʠʨʠʥʫ 

ʨʘʙʦʯʝʡ ʧʣʦʱʘʜʢʠ. 

ɺ ʨʘʙʦʪʝ [90] ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʨʝʰʝʥʠʷ ʜʣʷ ʜʦʙʳʯʠ ʠ ʫʩʨʝʜʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʫʜ, ʨʫʜʥʳʭ 

ʩʢʣʘʜʦʚ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʫʜʥʠʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʳʨʴʝʤ ʥʝʩʢʦʣʴʢʦ 

ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʨʫʜ 

ʫʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʫʜʥʳʭ 

ʪʝʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʧʦʜʭʦʜʘ 

ʫʤʝʥʴʰʘʝʪ ʢʦʣʝʙʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʪʦʢʘ ʨʫʜʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʏɼɼ. ɿʘʜʘʯʘ ʢʦʤʙʠʥʘʪʦʨʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʘʝʪʩʷ ʤʝʪʘʵʚʨʠʩʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʠʤʠʪʘʮʠʠ ʦʪʞʠʛʘ 

ʩ ʘʜʘʧʪʠʚʥʳʤ ʧʦʠʩʢʦʤ ʦʢʨʝʩʪʥʦʩʪʠ.  

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʩ ʚʧʠʩʘʥʥʳʤʠ ʜʦʨʦʛʘʤʠ - ʵʪʦ ʩʣʦʞʥʳʡ ʵʪʘʧ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʦʧʳʪʘ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, ʢʘʢ ʦʪʤʝʯʘʶʪ ʘʚʪʦʨʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [87-89]. ʆʥʠ ʧʨʝʜʣʘʛʘʶʪ 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ, ʠʩʧʦʣʴʟʫʷ ʤʦʜʝʣʴ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʦʨʪʘ ʢʘʨʴʝʨʘ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ ʜʦʨʦʛ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. ɿʘ 

ʦʩʥʦʚʫ ʙʝʨʝʪʩʷ ʧʦʣʦʞʝʥʠʝ ʢʘʨʴʝʨʘ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʦʚ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ. ʎʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʚʣʠʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʨʦʛʠ 

ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʬʦʨʤʫ ʠ ʪʦʥʥʘʞ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʦʨʪʘ ʢʘʨʴʝʨʘ. 
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ɺ ʨʘʙʦʪʝ [91] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʝ 

ʫʯʠʪʳʚʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʫʚʷʟʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʥʝʜʦʠʟʫʯʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʧʣʘʥʳ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʏɼɼ, ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʦʪʢʣʦʥʝʥʠʷ 

ʚ ʦʪʥʦʰʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʷ ʢʦʥʜʠʮʠʦʥʥʳʭ ʨʫʜ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʭ 

ʦʪʨʘʙʦʪʢʠ. ɸʚʪʦʨʳ ʦʧʠʩʳʚʘʶʪ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʠʥʬʦʨʤʘʮʠʶ ʦ ʙʘʟʦʚʳʭ ʧʦʢʘʟʘʪʝʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʣʘʥʘ ʜʣʷ 

ʠʤʠʪʘʮʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ, ʚ ʢʦʪʦʨʳʭ 

ʦʪʨʘʙʦʪʢʘ ʨʫʜ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʙʦʨʘ ʧʨʠʦʨʠʪʝʪʦʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʦʙʨʘʟʦʚ, ʟʘʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʧʨʘʚʠʣ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ (ʣʦʛʠʢʘ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʟʘʜʘʥʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʥʢʨʝʪʥʳʭ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʢʘʯʝʩʪʚʘ ʇʀ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʣʘʥ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ.  

1.2 ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʚ ɻɻʀʉ 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʨʘʥʝʝ, ʠʩʪʦʨʠʷ ʧʨʠʤʝʥʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʛʦʨʥʦʤ 

ʜʝʣʝ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 50-ʪʠ ʣʝʪ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʧʦʜʭʦʜʦʚ, 

ʤʝʪʦʜʦʚ, ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʋʩʣʦʚʥʦ ʠʭ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ: 

1. ɿʘʜʘʯʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ çʵʣʝʤʝʥʪʘʨʥʳʭè ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʚʳʯʠʩʣʝʥʠʷʤʠ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʦʡ.  

2. ɿʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʠʩʢʦʤ ʥʘʠʙʦʣʝʝ ʘʜʝʢʚʘʪʥʦʛʦ ʤʦʜʝʣʴʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʩ ʧʦʠʩʢʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʘʣʛʦʨʠʪʤʳ, ʨʝʘʣʠʟʫʶʱʠʝ ʵʪʠ ʟʘʜʘʯʠ, ʪʝʩʥʦ ʩʚʷʟʘʥʳ, ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʯʠ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʧʝʨʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʤʠ ʠ ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʧʝʨʚʦʡ, ʠ 

ʟʘʯʘʩʪʫʶ ʚʢʣʶʯʘʶʪ ʠʭ, ʢʘʢ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʩʣʦʞʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʪʘʣʦ ʥʝʦʙʭʦʜʠʤʳʤ ʩʨʘʟʫ, ʢʘʢ ʪʦʣʴʢʦ ʙʳʣʘ ʦʩʦʟʥʘʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ 50-ʭ 

ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ [92, 93]. ɸ ʚ ʥʘʯʘʣʝ 60-ʭ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʉɸʇʈ [94, 95] ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ 

ʨʘʟʚʠʪʠʝ. 
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ʈʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʉɸʇʈ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʚʠʘ-, ʘʚʪʦ-, ʩʫʜʦ- 

ʧʨʠʙʦʨʦʩʪʨʝʥʠʷ ʠ ʜʨ.) ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ, ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʩʛʣʘʞʠʚʘʥʠʷ, 

ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ [96, 97], ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʉɸʇʈ, 

ʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʧʦʪʦʢʘʤʠ [98], ʥʘʰʝʜʰʠʤʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ɻɻʀʉ. ɺ ʧʫʙʣʠʢʘʮʠʷʭ 80-90-ʭ ʛʦʜʦʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʧʨʦʩʳ ʘʥʘʣʠʟʘ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʳ, ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʦʙʱʠʭ ʧʨʠʥʮʠʧʦʚ ʧʦʩʪʨʦʝʥʠʷ 

ʉɸʇʈ, ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ, ʧʨʦʛʨʘʤʤʥʦʛʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʋʜʝʣʷʣʦʩʴ ʩʝʨʴʝʟʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʙʣʝʤʘʤ ʩʦʟʜʘʥʠʷ ʉɸʇʈ ʩ ʝʜʠʥʳʭ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʟʠʮʠʡ, ʦʩʥʦʚʘʤ ʦʙʱʝʩʠʩʪʝʤʥʦʡ ʧʨʦʨʘʙʦʪʢʠ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʩʠʩʪʝʤʦʪʝʭʥʠʯʝʩʢʠʭ 

ʚʦʧʨʦʩʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [99-

108]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʪʩʪʘʚʘʥʠʝʤ ʩʨʝʜʩʪʚ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʚʦʜʘ-ʚʳʚʦʜʘ, 

ʩʦʚʝʪʩʢʠʤʠ ʫʯʝʥʳʤʠ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʣʦʩʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʤʫ 

ʦʙʝʩʧʝʯʝʥʠʶ ʉɸʇʈ, ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʧʨʠʩʫʱʘʷ ʪʦʤʫ ʚʨʝʤʝʥʠ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ 

ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʩʣʦʞʥʦʩʪʴ ʥʘʫʯʥʦʛʦ ʦʙʤʝʥʘ ʩ ʟʘʧʘʜʥʳʤʠ ʢʦʣʣʝʛʘʤʠ. 

ʇʦʩʪʝʧʝʥʥʦ ʵʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʙʳʣʠ ʧʨʝʦʜʦʣʝʥʳ, ʧʦʷʚʠʣʠʩʴ ʨʘʟʚʠʪʳʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʩʨʝʜʩʪʚʘ (ʤʦʱʥʳʝ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʝ ʧʣʦʪʪʝʨʳ ʠ ʩʢʘʥʝʨʳ), 

ʇʆ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠ ʦʧʠʩʳʚʘʶʱʠʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʯʝʨʪʝʞʝʡ, 

ʩʠʩʪʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʥʪʝʛʨʘʮʠʠ ʉɸʇʈ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʚ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʧʨʦʜʫʢʪʘ [109, 110]. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʪʠʷ ɻɻʀʉ ʧʨʝʜʩʪʘʚʣʷʣʠ ʨʘʙʦʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʥʪʝʛʨʘʮʠʝʡ ʉɸʇʈ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʠʟʚʦʜʩʪʚʘ [111], ʧʦʩʢʦʣʴʢʫ ʛʦʨʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ 

ʧʘʢʝʪʳ, ʘ ʟʘʪʝʤ ʠ ɻɻʀʉ ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʫʤʳʚʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʩʪʚʦ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʥʦ ʠ ʢʘʢ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ. 

ɺ ɻʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʚʠʚʘʣʦʩʴ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʨʦʣʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʛʦʨʥʦʤ ʜʝʣʝ [54]. ɺ ʩʝʨʝʜʠʥʝ 80-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʚ ʧʫʙʣʠʢʘʮʠʷʭ 

ʧʨʦʬʝʩʩʦʨʘ ɺ.ʉ. ʍʦʭʨʷʢʦʚʘ ʧʦʷʚʣʷʶʪʩʷ ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʚ ʢʦʥʪʝʢʩʪʝ 

ʛʦʨʥʦʡ ʥʘʫʢʠ [112, 113, 114]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʛʦʨʥʦʤʫ 

ʜʝʣʫ ʚʝʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʚ ʉʚʝʨʜʣʦʚʩʢʦʤ ʛʦʨʥʦʤ ʠʥʩʪʠʪʫʪʝ, ʀɻɼ ʛ. ʅʦʚʦʩʠʙʠʨʩʢʘ, 

ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʛ.ɸʣʤʘ-ɸʪʘ, ʅʀʀʂʄɸ, ɻʦʀ ʂʌ ʈɸʅ ʠ ʜʨ. [29, 30, 112, 115, 

116, 117, 118, 119] ʠ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʨʦʣʠ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʧʨʠʚʷʟʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʦʙʲʝʢʪʦʚ 

ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɸ ʚ ʥʘʯʘʣʝ 90-ʭ ʛʦʜʦʚ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʛʦʨʥʦʡ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʙʳʣʠ ʧʨʦʨʘʙʦʪʘʥʳ ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʥʘʰʣʠ ʩʚʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ [120]. ɺ ʩʪʨʫʢʪʫʨʝ ʥʘʫʢ ʦ ɿʝʤʣʝ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʚʷʟʴ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʩ 

ʛʝʦʵʢʦʣʦʛʠʝʡ, ʛʝʦʬʠʟʠʢʦʡ, ʛʝʦʣʦʛʠʝʡ ʠ ʛʦʨʥʳʤʠ ʥʘʫʢʘʤʠ, ʠ ʪʦ, ʯʪʦ ʛʝʦʠʥʬʦʨʤʘʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʜʣʷ ʥʠʭ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ, ʙʘʟʦʚʦʡ ʥʘʫʢʦʡ.  

ʋʞʝ ʪʦʛʜʘ ʧʦʷʚʠʣʦʩʴ ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʦʨʥʦʡ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʣʘʥʜʰʘʬʪʥʦ-ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʇʦʨʦʞʜʘʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʦʝʥʠʷ ʥʝʜʨ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘʩʳʧʠ ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ ʧʨʠʜʘʶʪ ʜʠʥʘʤʠʯʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦ 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʦʩʥʦʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ (ʩʚʷʟʘʥʥʫʶ ʩ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʮʝʩʩʦʤ ʜʦʙʳʯʠ ʇʀ), ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʧʨʠʣʦʞʝʥʠʡ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ, 

ʠʩʩʣʝʜʫʶʱʠʭ ʠʟʤʝʥʯʠʚʦʩʪʴ ʣʠʰʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʘʪʨʠʙʫʪʠʚʥʳʭ ʜʘʥʥʳʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʠʟʤʝʥʥʦʤ ʣʘʥʜʰʘʬʪʝ. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʦʨʥʦʡ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʦʝ 

(3D) ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ɿʝʤʣʠ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʦʩʦʙʳʝ 

ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʨʦʜʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʛʣʫʙʦʢʦ ʚ ʥʝʜʨʘʭ. 

ʇʦʷʚʠʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʪʨʫʜʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʚʰʠʝ ʧʨʦʙʣʝʤʳ ʠ ʟʘʜʘʯʠ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʢʘʢ ʦʙʣʘʩʪʠ ʟʥʘʥʠʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʩʪʳʢʝ ʥʘʫʢ ʦ ɿʝʤʣʝ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʠʟʫʯʘʶʱʝʡ ʟʘʢʦʥʳ ʠ ʤʝʪʦʜʳ ʨʝʛʠʩʪʨʘʮʠʠ, ʭʨʘʥʝʥʠʷ, 

ʧʝʨʝʜʘʯʠ, ʦʙʨʘʙʦʪʢʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʥʦʛʦʫʨʦʚʥʝʚʦʡ ʠ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʦʡ 

ʛʝʦʠʥʬʦʨʤʘʮʠʠ [121, 122]. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʪʨʫʜʦʚ ʙʳʣʘ ʠʭ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʊʘʢ ʮʝʣʴ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʢʘʢ çéʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦ ʠʟʫʯʝʥʠʶ ʩʪʨʦʝʥʠʷ ʠ ʵʚʦʣʶʮʠʠ ɿʝʤʣʠ, ʧʨʦʛʥʦʟʫ ʠ ʧʦʠʩʢʘʤ ʄʇʀ, 

ʨʘʟʨʘʙʦʪʢʝ ʇʀ, ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè.  

ʊʝʦʨʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ, 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʚʝʱʝʥʘ ʚ ʢʥʠʛʝ ʧʨʦʬʝʩʩʦʨʘ ʎʚʝʪʢʦʚʘ ɺ.ʗ. [123]. ʀʤ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ɻʀʉ: 

¶ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ; 

¶ ʛʝʦʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʬʦ-
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ʪʦʛʨʘʤʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʟʝʤʝʣʴʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʢʘʜʘʩʪʨʦʚʳʝ ʩʠʩʪʝʤʳ ʠ ʪ. ʜ.; 

¶ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʱʘ ̫ʚ ʩʝʙʝ, ʢʘʢ ɹɼ ʦʙʳʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢ ʠ ʛʨʘʬʠʯʝʩʢʠʝ 

ɹɼ; 

¶ ʩʠʩʪʝʤʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʶʱʘʷ ʚ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʙʲʝʤʝ ʤʝʪʦʜʳ ʠ 

ʧʨʦʮʝʩʩʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʤʢʘʭ 

ʜʨʫʛʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ; 

¶ ʩʠʩʪʝʤʘ ʧʦʣʫʯʝʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʶʱʘ ̫ ʤʝʪʦʜʳ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʉɸʇʈ ʠ ʨʝʰʘʶʱʘ ̫ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʧʨʠʚʷʟʢʦʡ ʦʙʲʝʢʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

¶ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʷʚʣʷʶʱʘʷʩʷ ʨʘʟʚʠʪʠʝʤ ʘʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʜʦʢʫʤʝʥʪʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʘ ̫ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘ ̫ ʩʠʩʪʝʤʘ, ʦʙʲʝʜʠʥʷʶʘɦ ̫ ʚ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʤʥʦʛʦʦʙʨʘʟʥʳʡ 

ʥʘʙʦʨ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʙʘʟʝ ʝʜʠʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

¶ ʧʨʠʢʣʘʜʥʘ ̫ ʩʠʩʪʝʤʘ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʘ̫ʩ ̫ ʚ ʥʘʚʠʛʘʮʠʠ, ʚʦʝʥʥʦʤ ʜʝʣʝ, 

ʪʦʧʦʛʨʘʬʠʠ, ʛʝʦʛʨʘʬʠʠ, ʛʝʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʝ, ʵʢʦʣʦʛʠʠ, ʜʝʤʦʛʨʘʬʠʠ ʠ ʪ. ʜ. 

ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ɻʀʉ 

ʣʝʞʠʪ ʧʦʩʣʦʡʥʳʡ ʧʨʠʥʮʠʧ, ʛʜʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʣʦʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʚʝʢʪʦʨʥʦʡ, 

ʥʦ ʠ ʚ ʨʘʩʪʨʦʚʦʡ ʬʦʨʤʝ. ʕʪʦʪ ʧʦʜʭʦʜ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʝ ʨʝʘʣʠʟʦʚʘʥ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ 

ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ɻɻʀʉ. ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ, ʩʠʩʪʝʤ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ɻʀʉ ʧʨʠʚʝʜʝʥʦ ʚ [124], ʛʜʝ ʪʘʢʞʝ ʧʦʢʘʟʘʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɻʀʉ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʛʝʦʣʦʛʠʷ, ʢʘʜʘʩʪʨʦʚʳʡ ʫʯʸʪ, ʣʝʩʥʦʝ 

ʭʦʟʷʡʩʪʚʦ, ʵʢʦʣʦʛʠʷ, ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʘʥʘʣʠʟ ʨʳʥʢʘ 

ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʚ ʈʦʩʩʠʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʛʦʨʥʦʡ ʛʝʦʠʥʬʦʨʤʘʪʠʢʠ ʧʦʣʫʯʠʣʠ ʨʘʟʚʠʪʠʝ 

ʚ ʪʨʫʜʘʭ ʐʝʢʘ ɺ.ʄ. [125, 126] ʚ ʚʠʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʦʙʲʝʢʪʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ɸʉʋ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤʠ 

ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʥʘ ʩʪʘʜʠʷʭ ʨʘʟʚʝʜʢʠ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʦʪʨʘʙʦʪʢʠ ʄʇʀ. 

ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ 

ʦʩʥʦʚʝ ʦʙʦʩʥʦʚʘʥʠ ̫ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʟʦʥʘʥʩʥʦ-ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʥʦʛʦ 

ʨʘʟʨʝʟʘ ʧʦʨʦʜ ʢʨʦʚʣʠ ʨʝʰʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʇʫʩʪʦʚʦʡʪʦʚʦʡ ʅ.ɸ. [127] ʩ ʨʝʘʣʠʟʘʮʠʝʡ 

ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʨʦʝʥʠʷ ʠ 

ʧʣʦʪʥʦʩʪʥʦʛʦ ʨʘʟʨʝʟʘ ʤʘʩʩʠʚʘ ɻʇ. ɺʦʧʨʦʩʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚ 

ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʚ ʨʘʙʦʪʘʭ ʧʦ 
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ʛʝʦʤʦʜʝʣʠʨʦʚʘʥʠ ʁʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʙʘʟʝ ʥʝʯʝʪʢʦʡ 

ʣʦʛʠʢʠ [128];  ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʪʨʝʙʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ [129]; ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʟʜʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ [130]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘʤʠ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʦʨʥʦʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ɻʀʉ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʙʘʥʢʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʜʘʥʥʳʭ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʡʦʥʘʤ ʂʨʘʡʥʝʛʦ ʩʝʚʝʨʘ ʈʦʩʩʠʠ ʧʦʢʘʟʘʥʘ ʚ [131]. ʈʘʟʨʘʙʦʪʘʥʘ 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʨʘʩʯʝʪʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʚʳʭʦʜʘ ʥʘ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʠʦʛʝʦʙʘʨʴʝʨʘ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʩʢʣʘʜʠʨʦʚʘʥʥʳʭ ʦʪʭʦʜʦʚ ʨʫʜʦʦʙʦʛʘʱʝʥʠʷ [132]. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ 

ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ 

ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ [133], ʠ ʢʘʢ ʧʨʠʤʝʨ ʨʘʟʚʠʪʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʠʢʠ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʬʠʟʠʢʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ɻʀʉ ʀʅʊɽɻʈʆ-ɻɽʆʌʀɿʀʂɸ [134]. ʇʦʜʭʦʜʳ ʢ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʦʙʲʝʢʪʦʚ ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,   ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʣʫʙʦʢʠʭ ʢʘʨʴʝʨʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʦʩʚʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʄʇʀ ʨʝʘʣʠʟʦʚʘʥʳ ʚ 

ʘʣʛʦʨʠʪʤʘʭ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚʘʭ ɻɻʀʉ [135, 136, 137]. 

ʇʨʦʠʩʭʦʜʠʣʦ ʨʘʟʚʠʪʠʝ ʘʣʛʦʨʠʪʤʦʚ ʠ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ɻɻʀʉ ʠ ʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʩʦʙʝʥʥʦ ʩʪʨʝʤʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ 

ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʉ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ 

ʦʧʨʝʜʝʣʸʥʥʦʩʪʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʣʷ ʧʝʨʚʳʭ ʦʩʥʦʚʦʡ ʩʪʘʣʠ ʪʨʫʜʳ ʄʘʪʝʨʦʥʘ ʠ ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ [4, 138, 139], ʘ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʘ ʃʝʨʯʩʘ-ɻʨʦʩʩʤʘʥʘ 

[11] ʷʚʠʣʩʷ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʜʣʷ ʤʥʦʛʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠ ʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʫʞʝ ʧʨʠʤʝʨʥʦ 40 

ʣʝʪ ʦʪʨʘʞʝʥʘ ʚʦ ʤʥʦʛʠʭ ʠʩʪʦʯʥʠʢʘʭ, ʥʘʧʨʠʤʝʨ [140]. ʅʘ ʥʳʥʝʰʥʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ɻɻʀʉ 

ʥʝʪ ʥʠʢʘʢʠʭ ʩʦʤʥʝʥʠʡ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʦʮʝʥʢʠ 

ʟʘʧʘʩʦʚ ʇʀ ʦʧʨʘʚʜʘʥʦ, ʥʘʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʥʝʜʦʩʪʘʪʢʠ 

ʤʝʪʦʜʘ ʠ ʧʨʦʙʣʝʤʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [141, 142, 143, 144, 145, 146, 147, 148]. ʄʝʪʦʜʳ 

ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ  ʨʝʰʝʥʠʷ ʟʘʜʘʯ, ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʧʦʥʠʤʘʥʠʠ - ʢʘʢ ʩʧʦʩʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
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ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʨ. ʧʨʠʟʥʘʢʦʚ. ʊʘʢ ʂʘʧʫʪʠʥ ʖ.ɽ. ʩ 

ʧʦʤʦʱʴʶ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʠ ʫʩʣʦʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʫʯʘʣ ʚʦʟʤʦʞʥʦʩʪʴ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʫʜʳ ʧʦ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʢʝ ʜʣʷ ʠʤʠʪʘʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʦʧʦʪʦʢʦʚ, 

ʧʦʩʪʫʧʘʶʱʠʭ ʠʟ ʢʘʨʴʝʨʘ ʠʣʠ ʰʘʭʪʳ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʫʶ ʬʘʙʨʠʢʫ. ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʦʮʝʥʢʘ 

ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʦʚ  ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʟʘʧʘʩʦʚ ʥʘ 

ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʘʯʝʩʪʚʘ ʨʫʜʳ, ʧʦʩʪʘʚʣʷʝʤʦʡ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. [149, 150, 151, 152]. 

ɼʝʤʦʥʩʪʨʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʞʝʩʪʚʘ ʤʝʪʦʜʦʚ ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʦʡ ʠ ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ 

ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʚ ʥʝʬʪʷʥʦʡ ʠʥʜʫʩʪʨʠʠ ʧʨʠʚʝʜʝʥʘ ʆʣʠʚʴʝ ɼʶʙʨʶʣʦʤ ʚ [153, 154], ʦʩʦʙʝʥʥʦ 

ʚ ʯʘʩʪʠ ʦʙʨʘʙʦʪʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʝʧʣʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʜ ʧʦʢʘʟʘʥʦ 

ʚ ʨʘʙʦʪʝ [155], ʛʜʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʧʣʘʩʪʘ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʝʙʠʪ, ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʛʝʦʪʝʨʤʘʣʴʥʦʡ ʩʪʘʥʮʠʠ. ɻʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʚ ʪʘʢʠʭ ʥʝʦʞʠʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʳʣʝʚʳʭ ʯʘʩʪʠʮ ʧʨʠ ʜʚʠʞʝʥʠʠ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʧʦ 

ʜʦʨʦʛʘʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʧʦʢʨʳʪʠʷ [156]. 

ʂʘʢ ʙʳʣʦ ʫʧʦʤʷʥʫʪʦ, ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʃʝʨʯʩʦʤ ʠ ɻʨʦʩʩʤʘʥʦʤ, ʩʪʘʣʠ ʠʩʪʦʯʥʠʢʦʤ ʚʜʦʭʥʦʚʝʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʘʚʪʦʨʦʚ, 

ʟʘʥʠʤʘʶʱʠʭʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʳʭ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʦʚ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʆɻʈ [157-160]. ʅʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʦʧʠʩʘʥʠʡ ʵʪʠʭ 

ʘʣʛʦʨʠʪʤʦʚ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 1981 ʛ. ʚ ʨʘʙʦʪʝ [161]. ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʉ.ɼ. ʂʦʨʦʙʦʚʘ 

ʜʝʪʘʣʴʥʦ [162] ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʥʘ ʪʦ ʚʨʝʤʷ  ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʦʚ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʘʭ 

ʧʣʘʚʘʶʱʝʛʦ ʢʦʥʫʩʘ. ʀʤ ʩʘʤʠʤ ʧʨʝʜʣʦʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ 

ʨʝʘʣʠʟʘʮʠʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ ʚ ʧʣʦʩʢʦʡ ʠ 3D ʧʦʩʪʘʥʦʚʢʝ, ʤʝʪʦʜ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʦʮʝʥʦʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʳʭ ʢʦʥʪʫʨʦʚ ʢʘʨʴʝʨʘ, ʤʝʪʦʜ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʢʦʥʪʫʨʦʚ ʢʘʨʴʝʨʘ, ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʜʣʷ ʚʳʙʦʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʠʤ ʤʝʪʦʜʳ ʠ ʘʣʛʦʨʠʪʤʳ ʘʢʪʫʘʣʴʥʳ ʜʦ ʩʠʭ ʧʦʨ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʛʦʜʳ ʝʛʦ ʜʦʩʪʠʞʝʥʠʷ, ʢʘʢ ʚʳʜʘʶʱʝʛʦʩʷ ʘʣʛʦʨʠʪʤʠʩʪʘ ʠ 

ʪʝʦʨʝʪʠʢʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʜʨ, ʙʳʣʠ ʥʝʜʦʦʮʝʥʝʥʳ. ʇʨʝʜʣʦʞʝʥʥʳʝ  

ʃʝʨʯʩʦʤ ʠ ɻʨʦʩʩʤʘʥʦʤ ʘʣʛʦʨʠʪʤʳ ʣʝʛʣʠ ʚ ʦʩʥʦʚʫ ʨʷʜʘ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ (ʇʇ), ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʫʯʝʪʘ ʬʘʢʪʦʨʦʚ ʚʨʝʤʝʥʠ, 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʠ ʜʦʙʳʚʘʝʤʳʭ ʨʫʜ, ʙʘʣʘʥʩʘ ʚ ʦʪʨʘʙʦʪʢʝ ʛʨʫʧʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪ.ʜ. 

[163]. ʄʥʦʛʠʝ ɻɻʀʉ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʦʜʫʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ ʠʣʠ 
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ʧʨʦʛʨʘʤʤʥʳʝ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩʦ ʩʪʦʨʦʥʥʠʤʠ ʦʧʪʠʤʠʟʘʪʦʨʘʤʠ [164, 165]. 

ʀʥʪʝʨʝʩ ʢ ʘʣʛʦʨʠʪʤʘʤ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʩ ʤʦʤʝʥʪʘ ʠʭ 

ʧʦʷʚʣʝʥʠʷ ʠ ʜʦ ʩʠʭ ʧʦʨ. ʆʧʠʩʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ 

ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ [166, 167, 168, 169, 170], ʦʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [163, 171, 172, 173, 174, 175]. ʊʘʢʦʝ 

ʚʥʠʤʘʥʠʝ ʢ ʘʣʛʦʨʠʪʤʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ 

ʚʘʞʥʦʩʪʴʶ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʚ ʧʨʘʢʪʠʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʇʆ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʩʤʝʥʠʣʦʩʴ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʥʘʯʠʥʘʷ ʩ ʛʨʦʤʦʟʜʢʠʭ ʕɺʄ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ 60-ʭ, ʜʦ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʚ ʩʝʨʝʜʠʥʝ 80-ʭ, ʠ ʧʣʘʥʰʝʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʥʘʰʠ ʜʥʠ. 

ʇʦʷʚʠʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʝ ʩʨʝʜʩʪʚʘ ʧʝʯʘʪʠ ʰʠʨʦʢʦʬʦʨʤʘʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ï 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ, ʧʣʘʥʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʨʘʟʨʝʟʦʚ ʠ ʧʨ. ʆʮʠʬʨʦʚʢʘ ʩʪʘʨʳʭ ʙʫʤʘʞʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʰʣʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʜʠʛʠʪʘʡʟʝʨʦʚ ʠ ʩʪʘʣʘ ʜʦʩʪʘʪʦʯʥʦ 

ʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩ ʧʦʷʚʣʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʨʘʩʪʨʦʚʳʭ 

ʬʘʡʣʦʚ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʧʨʝʜʦʩʪʘʚʠʣ ʥʦʚʳʝ ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ 

ʣʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʠ ʢʦʩʤʠʯʝʩʢʦʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, 

ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʜʣʷ ʘʢʪʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʈʘʟʚʠʪʠʝ ʉʋɹɼ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ ʯʪʦ, ʧʦʩʪʝʧʝʥʥʦ ʚʩʝ ɻɻʀʉ, ʥʘʨʷʜʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʥʘʨʥʳʭ ʠ ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ, ʩʪʘʣʠ ʧʨʠʦʙʨʝʪʘʪʴ ʩʨʝʜʩʪʚʘ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʩ ʧʦʤʦʱʴʶ ʨʝʣʷʮʠʦʥʥʳʭ ʉʋɹɼ ʧʨʠʟʥʘʥʥʳʭ ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ï ʬʠʨʤ 

ORACLE, MICROSOFT, IBM, SYBASE, EMBARCADERO. ʊʘʢʞʝ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʉʋɹɼ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʠʥʮʠʧʘʭ ʦʪʢʨʳʪʦʡ ʨʘʟʨʘʙʦʪʢʠ ï MySQL, Firebird, PostgreSQL ʠ 

ʜʨ. 

ʉʧʦʩʦʙʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʰʣʠ ʵʚʦʣʶʮʠʦʥʥʳʡ ʧʫʪʴ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʩʝʚʜʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʤʚʦʣʦʚ ʥʘ ʵʢʨʘʥʘʭ ʪʝʢʩʪʦʚʳʭ ʜʠʩʧʣʝʝʚ ʠ ʧʨʠʥʪʝʨʦʚ, 

ʜʦ ʚʧʦʣʥʝ ʨʝʘʣʠʩʪʠʯʥʦʡ ʪʨʸʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ, ʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʤʠʣʣʠʦʥʳ ʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʠʤʠʪʠʚʦʚ ʚ ʩʝʢʫʥʜʫ ʠ ʚʠʟʫʘʣʠʟʠʨʫʶʱʝʡ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ 

OpenGL ʠ DirectX ʦʙʲʝʢʪʳ ʩ ʟʘʜʘʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʪʝʥʷʤʠ ʠ ʪʝʢʩʪʫʨʘʤʠ. ʇʦʷʚʠʣʠʩʴ 

ʙʠʙʣʠʦʪʝʢʠ, ʨʝʘʣʠʟʫʶʱʠʝ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ, ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ, ʛʨʘʬʠʯʝʩʢʠʭ 

ʘʣʛʦʨʠʪʤʦʚ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʩʪʘʣʘ ʚʦʟʤʦʞʥʦʡ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʢʣʘʜʥʦʛʦ ʇʆ ɻɻʀʉ, ʥʘʧʨʠʤʝʨ: CGAL, OpenCV, OpenCL, 

WebGL, PhysX, CUDA, MAGMA ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ. 
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1.3 ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʤ ʜʝʣʝ 

ʈʘʟʨʘʙʦʪʢʘ ʄʇʀ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʩʪʘʣʘ ʥʝʤʳʩʣʠʤʦʡ ʙʝʟ ʰʠʨʦʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʠʭ 

ʦʩʚʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʨʘʟʚʝʜʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, 

ʜʦʙʳʯʘ ʇʀ ʠ ʨʝʢʫʣʴʪʠʚʘʮʠʷ, ʟʘʢʨʳʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ. ʈʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʥʦ ʪʘʢʞʝ ʩ ʪʝʤ, ʯʪʦ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʝʚʦʟʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʥʠ ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʇʀ ʠʟ ʥʝʜʨ, ʥʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʉʨʝʜʠ ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʤʝʝʪ 

ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʥʝʦʙʳʯʥʦʩʪʴʶ ʦʙʲʝʢʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʛʜʝ ʦʙʨʘʙʦʪʢʘ ʩʳʨʴʷ ʠ ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʚʝʜʝʪʩʷ 

ʚ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʝʛʦ ʧʨʦʜʫʢʪʳ ʠʤʝʶʪ 

ʬʠʢʩʠʨʦʚʘʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʦʙʨʘʙʘʪʳʚʘʶʱʠʝ ʤʝʭʘʥʠʟʤʳ ʠ ʩʪʘʥʢʠ ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʯʝʤ ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʜʝʪʘʣʠ, ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ, ʘ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʯʝʤ ʦʙʲʝʢʪ ʠʭ 

ʧʨʠʣʦʞʝʥʠʷ. ʀ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, ʩʫʪʴ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʠʪʴ 

ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʨʘʙʦʪʘʶʱʠʭ ʩʦʚʤʝʩʪʥʦ ʜʝʪʘʣʝʡ, ʪʦ ʚ ʛʦʨʥʦʤ 

ʜʝʣʝ ʠʟ ʤʘʩʩʠʚʘ ʧʫʩʪʳʭ ʧʦʨʦʜ ʥʝʦʙʭʦʜʠʤʦ ʠʟʚʣʝʯʴ ʪʦʣʴʢʦ ʪʦ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʕʪʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʢʣʘʜʳʚʘʶʪ ʩʚʦʶ 

ʩʧʝʮʠʬʠʢʫ ʥʘ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ɻɻʀʉ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʫʩʪʦʷʚʰʠʤʠʩʷ ʦʧʨʝʜʝʣʝʥʠʷʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ CAD/CAM/CAE [110] ʠ ʨʘʩʩʤʦʪʨʠʤ, 

ʢʘʢʠʝ ʚʠʜʳ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʤ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʠ ʢʘʢʠʝ ʟʘʜʘʯʠ ʦʥʠ 

ʨʝʰʘʶʪ. ʇʨʝʜʩʪʘʚʠʤ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 1.1  

ʊʘʙʣʠʮʘ ˉ 1.1 ï ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ CAD/CAM/CAE ʚ ʛʦʨʥʦʤ ʜʝʣʝ 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʀʥʞʝʥʝʨʥʳʝ ʟʘʜʘʯʠ ʛʦʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ 

ʉʧʝʮʠʘʣʠʟʠʨʦʚ

ʘʥʥʦʝ ʇʆ 

ɻɻʀʉ 

CAD 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʆʙʨʘʙʦʪʢʘ ʧʝʨʚʠʯʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ï 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ, ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥʥʦʛʦ ʠ ʠʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʳʨʘ-

ʙʦʪʦʢ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘʩʳʧʥʳʭ 

AutoCAD 

Arcinfo 

Blastmaker 

Digimine 

Mapinfo 

ʉɸʄɸʈɸ 

Photomod 

ʉɸɽ Mining 

(Datamine)  

Carlson Mining 

ʀʥʪʝʛʨʘ 

Geovia  
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ʉʦʟʜʘʥʠʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ. 

ɻʝʥʝʨʘʮʠʷ 

ʯʝʨʪʝʞʝʡ. 

ʩʦʦʨʫʞʝʥʠʡ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʫʨʦ-

ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ. ʇʦʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʦʚ, 

ʧʣʘʥʦʚ, ʧʨʦʬʠʣʝʡ ʠ ʠʥʳʭ ʛʨʘʬʠʯʝʩ-

ʢʠʭ ʜʦʢʫʤʝʥʪʦʚ ʚ ʩʪʘʥʜʘʨʪʘʭ ʛʦʨʥʦʡ 

ʛʨʘʬʠʢʠ. 

 

 
Geomix 

K-Mine 

Micromine 

Mineframe 

Minescape 

ʄinesight  

Techbase 

Vulcan 

 

CAM 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʘʷ ʧʦʜʛʦʪʦʚʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʦʪ ʧʝʨʩ-

ʧʝʢʪʠʚʥʦʛʦ ʜʦ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ.  

Mine2-4D 

NPVSheduler  

Runge (XPACK, 

XACT) 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

(ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʷ). 

Modular Mining 

ʉʦʶʟʪʝʭʥʦʢʦʤ 

Vist ʂʘʨʴʝʨ 

Wenco 

CAE 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʡ ʠʥʞʝʥʝʨʥʳʡ 

ʘʥʘʣʠʟ 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ - 

ʦʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʟʥʘʯʠʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʥʝʜʨʘʭ. ɻʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʝ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʝ. ʆʧʪʠʤʠʟʘʮʠʷ ʛʨʘʥʠʮ ʢʘʨʴʝ-

ʨʦʚ. ɻʦʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʢʘʨʴʝʨʥʳʭ ʧʦʣʝʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ. ʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʠʠ ʧʦʜʟʝʤ-

ʥr ʭ ʨʫʜʥʠʢʦʚ ʠ ʨʘʩʯʝʪʳ ʙʝʟʦʧʘʩʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ ʢʘʨʴʝʨʦʚ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʟʨʳʚʥʦʛʦ 

ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʚʳʧʫʩʢʘ ʨʫʜʳ. ʀʤʠʪʘʮʠʦʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʝʡ.  

ANSYS  

EcoSSe 3D 

Galena 

Genesis 

GST 

Leapfrog 

Modflow 

Move 

PLAXIS 

Rockware 

RockWorks 

Runge (Talpack, 

Haulsim, Dragsim) 

Sigma-GT 

Surfer 

SVOffice 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ, ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʉɸʇʈ ʛʦʨʥʳʭ ʨʘʙʦʪ.  ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʥʘʣʠʯʠʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʇʆ, ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ CAD/CAM/CAE ʛʦʨʥʳʭ ʨʘʙʦʪ. ʈʘʥʝʝ 

ʪʘʢʦʝ ʇʆ ʥʘʟʳʚʘʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʛʦʨʥʳʤʠ ʧʘʢʝʪʘʤʠ ʠʣʠ ʩʠʩʪʝʤʘʤʠ, ʘ ʩʝʡʯʘʩ ʚʩʝ 

ʙʦʣʴʰʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʦʚʦʩʦʯʝʪʘʥʠʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ. ʀ, 

ʭʦʪʷ ʜʘʞʝ ʩʘʤʳʝ ʨʘʟʚʠʪʳʝ ɻɻʀʉ ʥʝ ʨʝʰʘʶʪ ʚʩʝʛʦ ʥʘʙʦʨʘ CAD/CAM/CAE-ʟʘʜʘʯ, ʦʪʣʠʯʘʝʪ 

ʠʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʥʪʝʛʨʘʮʠʦʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʣʠʯʥʳʤ ʯʘʩʪʷʤ 

ʇʆ ʨʘʙʦʪʘʪʴ ʚ ʝʜʠʥʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʘ ʦʩʥʦʚʝ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʭʨʘʥʝʥʠʶ ʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ. ɻɻʀʉ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʟʘʯʘʩʪʫʶ ʨʝʘʣʠʟʫʶʪ 

ʧʨʦʮʝʜʫʨʫ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʤʠ, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤʠ, 

ʧʨʦʝʢʪʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤ ʠ ʛʦʨʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ 

ʢʦʤʧʘʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʠʣʦʞʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ 

ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʠ ʠʤʝʶʱʠʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʉɸʇʈ, ʚ ʢʦʪʦʨʦʤ 
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ʛʦʨʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʣʠʥʝʡʢʠ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʇʆ ï Dassault System, CAE, 

Mincom. 

ɺ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʘʣʠʟʘʮʠʠ ɻɻʀʉ ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 3D 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, ʢʘʢ ʥʦʩʠʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʘʟʤʝʨʘʭ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʙʲʝʢʪʦʚ 

ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʠ ɹɼ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 

ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʠʤʠ, ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, ʩʧʦʩʦʙʳ ʚʠʟʫʘʣʠʟʘʮʠʠ 

ʤʦʜʝʣʝʡ ʠ ʧʦʜʛʦʪʦʚʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʬʦʨʤʠʨʫʶʪ 

ʢʦʤʧʴʶʪʝʨʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʨʘʙʦʪʳ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʝʡ. ʅʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʤʦʜʫʣʠ, ʨʝʘʣʠʟʫʶʱʠʝ 

ʜʠʩʧʝʪʯʝʨʠʟʘʮʠʶ ʛʦʨʥʦʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɻʊʆ) ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʜʦʙʳʯʠ ʇʀ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ 

ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ 

ʚʟʨʳʚʦʚ, ʨʝʰʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʨʘʩʯʸʪ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʤʘʩʩʠʚʘ ɻʇ ʠ ʪ.ʜ. 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʇʆ ʨʝʰʘʝʪ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʝʥʥʦʡ CAD/CAM/CAE- ʪʝʭʥʦʣʦʛʠʠ 

ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ɻɻʀʉ ʠʣʠ ʜʨʫʛʠʤ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤ ʇʆ. 

ʀʥʪʝʛʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʦʙʤʝʥʥʳʭ ʬʦʨʤʘʪʦʚ 

ʬʘʡʣʦʚ (dxf, txt, csv, las, dat ʠ ʧʨ.), ʥʘʣʠʯʠʝʤ ʩʨʝʜʩʪʚ ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ ʚ ʬʦʨʤʘʪʳ CAD, 

ɻʀʉ, ɻɻʀʉ ʠ ʜʦʩʪʫʧʘ ʢ ʠʥʬʦʨʤʘʮʠʠ, ʭʨʘʥʠʤʦʡ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.1 ʥʘʟʚʘʥʠʷ ʇʆ ʥʝ ʩʦʩʪʘʚʣʷʶʪ ʠʩʯʝʨʧʳʚʘʶʱʠʡ ʩʧʠʩʦʢ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʧʨʦʛʨʘʤʤ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʬʫʥʢʮʠʦʥʘʣʘ ʠ 

ʧʨʦʨʘʙʦʪʘʥʥʦʩʪʠ - ʦʪ ʧʨʦʝʢʪʦʚ ʩ ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ ʜʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, 

ʥʘʧʨʠʤʝʨ [176, 177]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʘʟʚʠʪʠʷ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʧʦʜʜʝʨʞʢʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʠʩʢʦʤ ʧʨʦʨʳʚʥʳʭ 

ʨʝʰʝʥʠʡ. ɹʫʨʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʩʣʝʜʥʠʭ 20-ʪʠ ʣʝʪ ʚʳʜʚʠʛʘʝʪ ʥʘ ʧʝʨʝʜʥʠʡ ʢʨʘʡ ʨʘʟʨʘʙʦʪʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʤʘʢʩʠʤʠʟʘʮʠʶ ʧʨʠʙʳʣʴʥʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʀ. ɺʩʝ ʙʦʣʴʰʝʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʧʦʣʫʯʘʶʪ: ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʭʨʘʥʝʥʠʷ ʠ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ʙʦʣʴʰʠʤʠ ʜʘʥʥʳʤʠ (big data), 

ʧʦʟʚʦʣʷʶʱʠʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʜʘʥʥʳʭ, ʛʝʥʝʨʠʨʫʝʤʳʝ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ, ʦʧʨʝʜʝʣʷʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʦʮʝʩʩʘʤʠ; ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ (ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ) ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʥʠʤʠʟʘʮʠʠ ʚʣʠʷʥʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ, ʩʚʷʟʘʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʟʥʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ 

(ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʢʣʠʤʘʪʠʯʝʩʢʠʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʭ) ʨʘʟʨʘʙʦʪʢʠ ʇʀ. 

ʂʦʤʧʘʥʠʠ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʙʝʨʫʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʪʘʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʚʠʨʪʫʘʣʴʥʘʷ ʠ ʜʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʠ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʛʣʷʜʥʦʡ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʠ ʩʢʨʳʪʳʭ ʜʝʪʘʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ. ʕʪʠ ʨʝʰʝʥʠʷ 

ʧʦʤʦʛʘʶʪ ʚ ʦʙʫʯʝʥʠʠ ʛʦʨʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʧʦʚʳʰʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ, ʪʘʢ ʢʘʢ 

ʧʦʟʚʦʣʷʶʪ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ ʙʫʢʚʘʣʴʥʦ ʚʚʦʜʠʪʴ ʛʦʨʥʦʨʘʙʦʯʠʭ ʠ ʦʧʝʨʘʪʦʨʦʚ 

ʛʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʫʶ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʨʘʙʦʯʠʭ ʫʯʘʩʪʢʦʚ ʥʝ 

ʚʳʭʦʜʷ ʠʟ ʫʯʝʙʥʳʭ ʢʣʘʩʩʦʚ. 

ʈʦʙʦʪʠʟʘʮʠʷ ʠ ʪʝʣʝʫʧʨʘʚʣʝʥʠʝ ʛʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʚʩʝ ʰʠʨʝ ʧʨʠʤʝʥʷʝʪʩʷ ʥʘ 

ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ. ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʢʦʡ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʥʠʤʘʝʪʩʷ 

ʢʦʤʧʘʥʠʷ çɺʠʩʪ ʛʨʫʧʧè ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʆɸʆ ɹɽʃɸɿ. ʅʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʣʝʛʢʦʚʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʟʘʷʚʣʷʶʪ ʦ ʜʦʩʪʠʞʝʥʠʠ ʪʨʝʪʴʝʛʦ ʫʨʦʚʥʷ ʘʚʪʦʥʦʤʥʦʩʪʠ ʚ 2018 ʛ. 

(ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ï ʧʷʪʦʤ), ʵʪʦ ʧʦʟʚʦʣʠʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʦ 60 ʢʤ/ʯ ʙʝʟ 

ʢʦʥʪʨʦʣʷ ʩʦ ʩʪʦʨʦʥʳ ʚʦʜʠʪʝʣʷ. ɼʣʷ ʢʘʨʴʝʨʥʳʭ ʩʘʤʦʩʚʘʣʦʚ ʵʪʦʛʦ ʙʦʣʝʝ ʯʝʤ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦʨʦʜʳ ʤʝʞʜʫ ʧʫʥʢʪʘʤʠ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ.  

ʎʠʬʨʦʚʠʟʘʮʠʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʘʣʘ ʥʘʩʫʱʥʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ, ʧʨʠʰʣʦ 

ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʧʨʠʥʦʩʠʪʴ ʨʝʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʇʦʷʚʣʷʝʪʩʷ ʚʠʜʝʥʠʝ ʪʦʛʦ, ʢʘʢ ʮʠʬʨʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʫʚʝʣʠʯʠʚʘʶʪ ʮʝʥʥʦʩʪʴ ʛʦʨʥʦʛʦ 

ʙʠʟʥʝʩʘ ʟʘ ʩʯʝʪ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʠ ʟʥʘʥʠʡ ʦ ʨʝʩʫʨʩʘʭ (ʤʠʥʝʨʘʣʴʥʳʭ, ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʨʫʜʦʚʳʭ), ʦʙʥʦʚʣʝʥʠʷ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ 

ʧʨʦʝʢʪʥʳʭ ʠ ʧʣʘʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʘʥʘʣʠʟʘ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ ʮʠʬʨʦʚʠʟʘʮʠʷ ʧʦʢʘ ʝʱʸ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʦʤ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʦʨʥʳʭ 

ʢʦʤʧʘʥʠʡ ʥʝ ʪʦʣʴʢʦ ʚ ʈʦʩʩʠʠ, ʥʦ ʠ ʚ ʤʠʨʝ. ʊʘʢ ʘʚʪʦʨʳ ʦʪʯʝʪʘ [178] ʦʙ ʦʪʩʪʘʚʘʥʠʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʤʥʦʛʠʝ 

ʢʦʤʧʘʥʠʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʧʨʝʚʨʘʱʝʥʠʠ ʩʚʦʠʭ ʜʦʣʛʦʩʨʦʯʥʳʭ 

ʧʝʨʩʧʝʢʪʠʚ ʚ ʮʠʬʨʦʚʫʶ ʨʝʘʣʴʥʦʩʪʴ. ʅʘʙʣʶʜʘʝʪʩʷ ʷʚʥʳʡ ʜʠʩʩʦʥʘʥʩ ʤʝʞʜʫ ʧʦʪʝʥʮʠʘʣʦʤ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ ʧʦʩʣʫʞʥʳʤ ʩʧʠʩʢʦʤ ʫʩʧʝʰʥʳʭ 

ʨʝʘʣʠʟʘʮʠʡ ʥʘ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʂʘʢ ʧʨʠʤʝʨ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʚʥʝʜʨʝʥʠʷ 

ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʪʤʝʯʘʝʪʩʷ: 

1. ʆʧʪʠʤʠʟʘʮʠʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ: ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʲʝʜʠʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʦʙ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʣʘʥʦʚ ʨʘʙʦʪʳ. 
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2. ʇʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʛʦʪʦʚʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʧʝʨʝʭʦʜ ʥʘ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʨʦʢʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ 

ʧʦʟʚʦʣʠʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʟʘʧʯʘʩʪʠ ʠ ʨʘʙʦʯʫʶ ʩʠʣʫ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʩʪʦʠ. 

ɺʥʝʜʨʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʦʙʦʪʠʟʘʮʠʷ. 

3. ʇʦʚʳʰʝʥʠʝ ʛʠʙʢʦʩʪʠ ʠ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʠʟʤʝʥʝʥʠʷʤ ʨʳʥʦʯʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʬʨʘʭʪʦʚʳʝ ʩʪʘʚʢʠ ʠ ʪʝʥʜʝʥʮʠʠ ʧʦʚʝʜʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʦʩʪʘʚʢʠ ʨʫʜʳ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʩʪʦʝʚ ʪʨʘʥʩʧʦʨʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʪʘʝʪʩʷ ʥʘʩʫʱʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʫʣʫʯʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʨʘʟʚʠʪʳʭ ɻɻʀʉ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʢʘʢ ʟʘʨʫʙʝʞʥʳʤʠ ʩʠʩʪʝʤʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ CAE-MINING (DATAMINE), GEOVIA 

(SURPAC, GEMCOM ʠ ʜʨ.), MINESCAPE, MICROMINE, MINESIGHT, VULCAN ʠ ʧʨ., 

ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʠʤʠ - MINEFRAME ʠ GEOMIX, ʘ ʪʘʢʞʝ ʩʪʨʘʥ ʉʅɻ - K-MINE ʠ ʉɸʄɸʈɸ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ, ʨʝʰʝʥʠʝ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʦʧʪʠʤʠʟʘʮʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʝʥʪʠʣʷʮʠʦʥʥʳʭ ʩʝʪʝʡ, 

ʨʘʩʯʸʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʪ.ʜ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ɻɻʀʉ ʠʤʝʶʪ ʧʦʭʦʞʫʶ ʙʘʟʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ: 

¶ ʫʧʨʘʚʣʝʥʠʝ ɹɼ; 

¶ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 3-ʤʝʨʥʘʷ ʛʨʘʬʠʢʘ; 

¶ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

¶ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ; 

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʦʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ʅʠʞʝ ʧʨʠʚʝʜʸʥ ʦʙʟʦʨ ɻɻʀʉ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ 

ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʠ.  

1.3.1 Datamine 

ʆʜʥʘ ʠʟ ʧʝʨʚʳʭ ʠʤʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, ʧʦʷʚʠʚʰʠʭʩʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʛʦʨʥʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ 2010 ʛʦʜʫ 

Datamine Group ʚʦʰʣʘ ʚ ʩʦʩʪʘʚ ʢʦʤʧʘʥʠʠ CAE ʩʦ ʰʪʘʙ ʢʚʘʨʪʠʨʦʡ ʚ ʂʘʥʘʜʝ. ʕʪʦ ʩʣʠʷʥʠʝ 

ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʟʚʘʥʥʦʛʦ CAE Mining. ʉʦʙʩʪʚʝʥʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ CAE ʚ ʦʙʣʘʩʪʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʪʨʝʥʘʞʝʨʥʳʭ ʩʠʩʪʝʤ ʙʳʣʠ 
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ʩʢʦʤʙʠʥʠʨʦʚʘʥʳ ʩ ʧʦʜʭʦʜʘʤʠ Datamine ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɺ 2015 ʛʦʜʫ Datamine ʙʳʣ ʧʨʠʦʙʨʝʪʝʥ Constellation Software Inc (TSX: CSU), 

ʢʨʫʧʥʝʡʰʝʡ ʚ ʂʘʥʘʜʝ ʢʦʤʧʘʥʠʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). 

ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ Summit ʥʘ ʦʩʥʦʚʝ ʦʙʣʘʯʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪ ʤʦʱʥʦʩʪʠ 

ʢʨʫʧʥʳʭ ʮʝʥʪʨʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʜʣʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʂʦʥʝʯʥʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʠʤʝʝʪ ʣʦʢʘʣʴʥʦʛʦ ʇʆ, ʘ ʜʨʫʛʠʝ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʚ ʩʠʩʪʝʤʫ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʦʤʧʘʥʠʠ ʤʦʛʫʪ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʠʪʴ ʧʣʘʥʳ ʜʣʷ ʨʷʜʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʩʮʝʥʘʨʠʝʚ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʤʙʠʥʘʮʠʷʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʚʢʣʶʯʘʷ ʮʝʥʳ, ʟʘʪʨʘʪʳ, 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʧʘʨʘʤʝʪʨʳ ʜʦʙʳʯʠ. ɺ ʬʦʢʫʩʝ ʨʘʟʨʘʙʦʪʯʠʢʦʚ Datamine 

ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ:  

Å ʅʝʷʚʥʦʝ (implicit) ʤʦʜʝʣʠʨʦʚʘʥʠʝ;  

Å ʇʦʜʜʝʨʞʢʘ ʪʠʧʦʚ ʜʘʥʥʳʭ ʧʦ ʫʛʦʣʴʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʠ ʠʭ ʦʙʦʛʘʪʠʤʦʩʪʠ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʝ ʜʘʥʥʳʭ; 

Å ʉʠʩʪʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Å ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ 5D Planner. 

ʇʆ Datamine  ʩʦʩʪʦʠʪ ʠʟ ʤʦʜʫʣʝʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʬʫʥʢʮʠʦʥʘʣ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

ʜʘʥʥʳʤʠ, ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʧʣʘʥʠʨʦʚʘʥʠʶ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʫʧʨʘʚʣʝʥʠʶ ʛʦʨʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʆʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʩʢʦʣʴʢʦ ʤʦʜʫʣʝʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʘʙʦʪʫ ʢʘʢ ʚ ʦʜʥʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʨʝʞʠʤʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʘʙʦʪʳ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʩʨʝʜʠ ʥʠʭ: 

¶ Fusion ï ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ (ɻʆ), ʢʘʨʪʠʨʦʚʘʥʠʷ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʩʲʝʤʦʢ;  

¶ DHLogger ï ʯʘʩʪʴ ʩʠʩʪʝʤʳ ʚʚʦʜʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, 

ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʩʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ 

(QAQC) ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ;  

¶ Downhole Explorer  ï ʛʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʣʦʥʢʠ ʩʢʚʘʞʠʥʳ ʠ ʧʦʩʪʨʦʝʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʤʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʬʫʥʢʮʠʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ, ʪʘʙʣʠʮ, ʨʘʟʨʝʟʦʚ, 

ʧʣʘʥʦʚ, ʠʤʧʦʨʪʘ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ 

ʜʘʥʥʳʭ, ʪʘʢʠʤʠ ʢʘʢ: ʪʝʢʩʪʦʚʳʝ ʬʘʡʣʳ, ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ, SQL ʩʝʨʚʝʨʳ;  
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¶ MineMapper 3D ï ʩʦʟʜʘʥʠʝ ʢʘʨʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʢʫʱʝʛʦ ʧʦʣʦʞʝʥʠʷ ʦʪʢʨʳʪʳʭ 

ʠʣʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ, ʧʦ ʤʝʨʝ ʩʙʦʨʘ ʜʘʥʥʳʭ, 

ʨʘʩʩʯʠʪʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɻʇ, ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, 

ʪʦʥʥʘʞʠ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ;  

¶ Sample Station ï ʩʙʦʨ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʡ ʩʦʩʪʦʷʥʠʷ ʘʪʤʦʩʬʝʨʳ, 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʯʚ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ;  

¶ LIMS (Laboratory information management system) ï ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ 

ʦʧʨʦʙʦʚʘʥʠʷ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʪʨʠʭ-ʢʦʜʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ɹɼ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʣʘʙʦʨʘʪʦʨʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʩ ʧʦʜʜʝʨʞʢʦʡ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʘʙʦʪ. 

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʦʜʫʣʴ Studio, ʦʙʣʘʜʘʶʱʠʡ ʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: 

- ʇʦʜʜʝʨʞʢʘ ʢʦʤʧʣʝʢʩʥʳʭ ʥʘʙʦʨʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʩʢʚʘʞʠʥʥʦʝ ʠ ʙʦʨʦʟʜʦʚʦʝ 

ʦʧʨʦʙʦʚʘʥʠʝ; 

- ɻʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ: ʚʘʨʠʦʛʨʘʤʥʳʡ ʘʥʘʣʠʟ ʩ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʧʦʜʙʦʨʦʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʝʨʝʢʨʝʩʪʥʫʶ ʧʨʦʚʝʨʢʫ, 3D ʢʨʠʛʠʥʛ; 

- ʂʘʨʢʘʩʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ ʠ ʧʦʚʝʨʭʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 1.1); 

ʈʠʩʫʥʦʢ 1.1 ï ʂʘʨʢʘʩʥʳʝ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ, 

ʨʫʜʥʳʭ ʪʝʣ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ 

- ɹʣʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʩʫʙʙʣʦʢʠʨʦʚʘʥʠʝʤ; 



39 
 

- ʄʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʦʙʦʛʘʱʝʥʠʷ; 

- ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ (ɺɽ) ʩ ʧʝʨʝʭʦʜʦʤ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʢ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʦʢʨʳʚʘʶʪ ʚʩʝ ʩʪʘʜʠʠ ï ʦʪ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʜʦ ʦʧʝʨʘʪʠʚʥʦʛʦ. ɼʣʷ ʆɻʈ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ ʯʠʩʪʳʡ 

ʧʨʠʚʝʜʝʥʥʳʡ ʜʦʭʦʜ (NPV) Scheduler, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʘ ʃʝʨʯʩʘ-

ɻʨʦʩʩʤʘʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʛʨʘʥʠʮʳ ʢʘʨʴʝʨʦʚ, ʚʳʜʝʣʷʶʪʩʷ ʵʪʘʧʳ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʟʜʘʶʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʢʘʨʴʝʨʘ. Multimine Scheduler ï ʠʥʩʪʨʫʤʝʥʪ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʣʘʥʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩʨʘʟʫ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʨʫʜʥʠʢʦʚ.  

ʀʥʩʪʨʫʤʝʥʪ Mineable Reserves Optimiser ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʣʠ 

ʟʘʧʘʩʦʚ ʇʀ, ʜʦʙʳʚʘʝʤʳʭ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜʟʝʤʥʳʤ ʩʧʦʩʦʙʘʤʠ. ʈʘʙʦʪʘ ʠʥʩʪʨʫʤʝʥʪʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʤ ʘʣʛʦʨʠʪʤʝ ʧʣʘʚʘʶʱʝʛʦ ʟʘʙʦʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʤʘʢʩʠʤʠʟʘʮʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ 

ʩʪʦʠʤʦʩʪʴ ʙʣʦʢʘ.  

RMScheduler ï ʨʝʰʝʥʠʝ ʜʣʷ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ 

ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʆɻʈ, ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʩʨʝʜʥʝʥʠʷ ʧʦʪʦʢʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʣʠ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ 

ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ.  

Mine 2-4D ï ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʉʠʩʪʝʤʘ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʫʝʪ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʠ ʪʝʢʫʱʠʝ ʧʣʘʥʳ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʩʤʦʪʨʘ ʚʘʨʠʘʥʪʦʚ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʦʮʝʥʢʦʡ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʝʤ ʩʪʦʠʤʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ.  

Ventsim Visual ï ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ) ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ.   

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʳʰʝ, Datamine ʧʨʝʜʣʘʛʘʝʪ ʥʘʙʦʨ ʨʝʰʝʥʠʡ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʛʦʨʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

OreController ï ʛʠʙʢʘʷ ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʇʀ, 

ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ: ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʧʨʦʙʦʚʘʥʠʷ, ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʠ ʧʨʦʭʦʜʢʠ 

ʨʘʟʚʝʜʦʯʥʳʭ ʪʨʘʥʰʝʡ, ʧʨʦʚʝʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʢʘʨʪʠʨʦʚʘʥʠʝ; ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʢʘʨʪʠʨʦʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ 3D ʤʦʜʝʣʝʡ ʟʘʣʝʞʝʡ ʇʀ;  ʦʮʝʥʢʫ 

ʙʣʦʢʦʚ ʨʫʜ ʠ ʧʫʩʪʳʭ ʧʦʨʦʜ ʚ 3D ʤʦʜʝʣʠ; ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʜʦʙʳʯʠ ʇʀ. 

Raw Materials Manager ï ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤʠ 

ʨʘʙʦʪʘʤʠ ʥʘ ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʢʘʨʴʝʨʘʭ, ʧʦʩʪʘʚʣʷʶʱʠʭ ʩʳʨʴʸ ʜʣʷ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʦʚ. 
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Ring Designer ï ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʥʦʡ 

ʦʪʙʦʡʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʦʜʟʝʤʥʳʤ ʛʦʨʥʳʤ ʨʘʙʦʪʘʤ.  

Sirovision ï ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʮʝʥʢʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʫʧʦʚ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʪʝʨʝʦʩʲʝʤʢʠ 

ʫʯʘʩʪʢʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

MineTrust ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʠ ʩʦʟʜʘʥʠʷ ʦʙʱʝʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

1.3.2 Geovia 

ʂʦʤʧʘʥʠʷ Gemcom Software International Inc. ʙʳʣʘ ʠʟʚʝʩʪʥʘ ʢʘʢ ʨʘʟʨʘʙʦʪʯʠʢ ʇʆ 

GEMS, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʬʫʥʢʮʠʠ ʚʚʦʜʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ, ʢʘʨʢʘʩʥʦʛʦ ʠ ʙʣʦʯʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʩʣʝ ʧʦʢʫʧʢʠ ʚ 2006 ʛʦʜʫ ʢʦʤʧʘʥʠʠ Surpac Minex Group Pty Ltd, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʇʆ Surpac ʠ MINEX, Gemcom Software International Inc ʩʪʘʣʘ 

ʚʣʘʜʝʣʴʮʝʤ ʢʦʥʢʫʨʠʨʫʶʱʠʭ ʠ ʜʦʧʦʣʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʇʇ. ʂʦʤʧʘʥʠʝʡ Gemcom ʪʘʢʞʝ 

ʙʳʣʘ ʧʨʠʦʙʨʝʪʝʥʘ ʢʦʤʧʘʥʠʷ Whittle Pty, ʠʟʚʝʩʪʥʘʷ ʩʚʦʠʤʠ ʇʇ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, Gemcom ʙʳʣʘ ʧʦʛʣʦʱʝʥʘ ʢʦʨʧʦʨʘʮʠʝʡ 

Dessault Systemes, ʢʦʪʦʨʘʷ ʧʦʜ ʙʨʝʥʜʦʤ Geovia ʚʳʧʫʩʢʘʝʪ ʥʝʩʢʦʣʴʢʦ ʇʇ. ɺ ʨʘʤʢʘʭ ʵʪʦʛʦ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʚ ʇʆ Geovia ʚ 2013 ʛʦʜʫ ʙʳʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʦʪ ʜʨʫʛʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ Dassault Systemes. 

ʇʆ Surpac ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʝʦʣʦʛʦʚ, 

ʤʘʨʢʰʝʡʜʝʨʦʚ ʠ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʧʨʠ ʦʩʚʦʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʟʘʣʝʞʝʡ ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɽʛʦ ʠʥʩʪʨʫʤʝʥʪʳ ʚʢʣʶʯʘʶʪ: ʫʧʨʘʚʣʝʥʠʝ ʜʘʥʥʳʤʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʙʣʦʯʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʛʝʦʩʪʘʪʠʩʪʠʢʫ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʦʮʝʥʢʫ ʟʘʧʘʩʦʚ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ. ɺʩʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʳ ʠ ʥʘʩʪʨʦʝʥʳ ʧʦʜ ʦʩʦʙʝʥʥʦʩʪʠ 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʢʦʤʧʘʥʠʠ ʠ ʧʦʪʦʢʠ ʜʘʥʥʳʭ. ʇʆ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʴʥʳʤ ʠ ʥʘʩʪʨʘʠʚʘʝʤʳʤ. 

ʀʤʝʶʪʩʷ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʝʣʷʮʠʦʥʥʳʤʠ ɹɼ ʠ ʠʥʪʝʨʬʝʡʩʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʘʡʣʦʚ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ɻʀʉ, ʉɸʇʈ ʠ ʜʨʫʛʠʭ ʩʠʩʪʝʤ. ʈʝʘʣʠʟʦʚʘʥʘ ʠʥʪʝʛʨʘʮʠʷ ʩ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ Geovia MineSched.  

ʈʝʰʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦʩʪʨʦʝʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 3D ʛʨʘʬʠʢʠ ʠ 

ʛʝʦʩʪʘʪʠʩʪʠʢʠ. ʀʥʩʪʨʫʤʝʥʪʳ ʚʘʨʠʦʛʨʘʤʤʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʜʙʦʨ 

ʣʫʯʰʝʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʚʘʨʠʦʛʨʘʤʤʳ. ʀʥʩʪʨʫʤʝʥʪʳ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʡ ʠʤʝʶʪ ʠʥʪʝʨʬʝʡʩ 

ʢ ʙʠʙʣʠʦʪʝʢʝ GSLIB ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʜʫʨʳ ʢʨʠʛʠʥʛʘ. 
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ʇʆ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʠʟ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʈʘʟʣʠʯʥʳʝ ʪʠʧʳ ʜʘʥʥʳʭ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʤʦʛʫʪ 

ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʟ ʜʨʫʛʠʭ ʇʇ ʧʦʩʨʝʜʩʪʚʦʤ ʠʤʧʦʨʪʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʚʩʝʤʠ ʪʠʧʘʤʠ ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ: ʩʢʚʘʞʠʥʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ, ʤʦʜʝʣʠ ʨʫʜʥʳʭ ʪʝʣ ʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʦʙʦʣʦʯʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʢʘʨʴʝʨʦʚ, ʙʣʦʯʥʳʝ ʠ ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ, 

ʚʳʨʘʙʦʪʢʠ, ʟʘʙʦʠ ʠ ʧʨ.  

ʀʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʜʦʨʦʛ ʠʩʧʦʣʴʟʫʶʪ ʜʘʥʥʳʝ 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ, ʪʨʝʙʫʝʤʦʡ ʧʨʠ ʚʝʜʝʥʠʠ ʟʝʤʣʷʥʳʭ 

ʨʘʙʦʪ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʦʜʝʣʠ ʨʝʩʫʨʩʦʚ, ʢʘʨʴʝʨʦʚ ʠ ʜʘʥʥʳʝ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʛʝʥʝʨʘʮʠʠ ʦʪʯʝʪʦʚ ʧʦ ʦʙʲʝʤʘʤ ʠ 

ʢʘʯʝʩʪʚʫ ʇʀ. 

ʇʆ GEMS - ʨʝʰʝʥʠʷ ʜʣʷ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚ ʛʝʦʣʦʛʠʠ ʠ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʦʪʢʨʳʪʦʡ ʠ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʜʨ, ʚ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʢʘʣʝʥʜʘʨʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʝʜʠʥʦʡ ɹɼ ʜʘʝʪ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʉʨʝʜʩʪʚʘ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʳʭ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ JORC, SAMREC ʠ NI 43-101. 

ʀʥʩʪʨʫʤʝʥʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʧʦʟʚʦʣʷʶʪ 

ʫʧʨʘʚʣʷʪʴ ʜʘʥʥʳʤʠ ʩʢʚʘʞʠʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1.2), ʩʦʟʜʘʚʘʪʴ ʯʝʨʪʝʞʠ, ʢʘʨʪʳ, 

ʤʦʜʝʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪʚʝʨʜʳʭ ʪʝʣ, ʧʨʠʤʝʥʷʪʴ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʘʣʝʞʠ ʇʀ. ɼʣʷ 

ʦʮʝʥʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʙʣʦʯʥʦʛʦ ʠʣʠ ʩʝʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʝʪʦʤ ʘʥʠʟʦʪʨʦʧʠʠ 

ʩʚʦʡʩʪʚ, ʥʘʨʫʰʝʥʠʡ, ʫʨʘʛʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʦʧʨʦʙʦʚʘʥʠʷ.  

ʀʥʩʪʨʫʤʝʥʪʳ Unwrinkle/Unfold  ʧʦʟʚʦʣʷʶʪ ʨʘʟʛʣʘʞʠʚʘʪʴ ʠ ʨʘʩʧʨʷʤʣʷʪʴ ʩʣʦʞʥʳʝ 

ʚʦʣʥʠʩʪʳʝ ʠ ʥʘʨʫʰʝʥʥʳʝ ʧʣʘʩʪʳ, ʜʣʷ ʯʝʛʦ ʠʩʭʦʜʥʳʝ ʪʦʯʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʟʘʪʝʤ, ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʘʥʥʳʭ, 

ʚʦʟʚʨʘʱʘʶʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
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ʈʠʩʫʥʦʢ 1.2 ï ʈʘʙʦʪʘ ʩ ʜʘʥʥʳʤʠ ʩʢʚʘʞʠʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ 

ʇʇ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʢʨʳʪʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʀʥʩʪʨʫʤʝʥʪʳ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʫʯʰʠʭ ʨʝʰʝʥʠʡ ʛʦʨʥʦʛʦ ʧʣʘʥʘ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʠʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ, ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʚʝʨʢʫ ʧʣʘʥʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʪʝʢʫʱʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ.  

ʆʧʝʨʘʪʠʚʥʦʝ  ʫʧʨʘʚʣʝʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʢʪʫʘʣʠʟʠʨʦʚʘʥʥʳʭ ʜʘʥʥʳʭ 

ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ ʠ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʇʀ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ 

ʧʣʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʧʘʨʢʘ ɻʊʆ ʠʩʧʦʣʴʟʫʝʪʩʷ GEMS Go 

Simulator. 

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʆɻʈ ʚʢʣʶʯʘʶʪ: 

- ʠʥʪʝʨʬʝʡʩ ʢ Whittle, ʠʩʧʦʣʴʟʫʝʤʳʡ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʘʧʦʚ ʨʘʟʨʘʙʦʪʢʠ;  

- ʤʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ, ʬʦʨʤʠʨʫʶʱʠʡ ʩʝʪʢʫ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ.  

ʀʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʢʣʶʯʘʶʪ: 

- ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʤʦʜʝʣʝʡ ʧʦʜʟʝʤʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦ ʦʩʝʚʦʡ ʣʠʥʠʠ 

ʩ ʥʠʰʘʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʧʝʨʝʩʝʯʝʥʠʷʤʠ ʩ ʜʨʫʛʠʤʠ ʚʳʨʘʙʦʪʢʘʤʠ; 

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʙʲʝʤʦʚ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ;  

- ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʚʝʝʨʦʚ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ. 

ʇʆ Minex - ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʇʆ, ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʜʣʷ ʫʛʦʣʴʥʳʭ ʠ ʜʨʫʛʠʭ ʧʣʘʩʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʭʨʦʤʠʪʳ, ʬʦʩʬʦʨʠʪʳ, ʙʦʢʩʠʪʳ, ʞʝʣʝʟʥʳʝ ʨʫʜʳ, ʧʣʘʪʠʥʦʠʜʳ. 

ʆʭʚʘʪʳʚʘʝʪ ʚʩʝ ʘʩʧʝʢʪʳ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ï ʦʪ ʨʘʟʚʝʜʢʠ ʜʦ ʨʝʢʫʣʴʪʠʚʘʮʠʠ.  
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ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʤʥʦʞʝʩʪʚʝ ʜʦʩʪʫʧʥʳʭ ʜʘʥʥʳʭ (ʛʝʦʬʠʟʠʯʝʩʢʘʷ 

ʨʘʟʚʝʜʢʘ, ʦʧʨʦʙʦʚʘʥʠʝ, ʣʠʪʦʣʦʛʠʷ, ʦʙʦʛʘʪʠʤʦʩʪʴ, ʜʘʥʥʳʝ ʦ ʩʪʨʫʢʪʫʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʇʆ 

ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʣʘʩʪʦʚ (ʚʢʣʶʯʘʷ ʧʦʯʚʫ ʠ ʢʨʦʚʣʶ) ʠʭ ʨʘʟʜʝʣʝʥʠʡ, 

ʩʣʠʷʥʠʡ ʠ ʚʳʢʣʠʥʠʚʘʥʠʡ; ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʩʢʨʳʰʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ; ʛʝʥʝʨʘʮʠʠ ʨʘʟʨʝʟʦʚ, ʧʣʘʥʦʚ, ʦʪʯʝʪʦʚ ʧʦ ʪʘʢʠʤ ʘʪʨʠʙʫʪʘʤ, ʢʘʢ ʟʦʣʴʥʦʩʪʴ, 

ʤʦʱʥʦʩʪʴ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ; ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ JORC, SAMREC ʠ 

ʜʨʫʛʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. 

Minex Coal Washability  - ʤʦʜʫʣʴ ʨʘʩʯʝʪʘ ʦʙʦʛʘʪʠʤʦʩʪʠ ʫʛʣʷ ʧʨʦʠʟʚʦʜʠʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʨʠʚʦʡ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʟʦʣʴʥʦʩʪʴ, ʚʳʭʦʜ ʫʛʣʷ ʠ 

ʜʨʫʛʠʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦʙʦʛʘʱʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʦʮʝʥʝʥʳ ʜʣʷ ʚʩʝʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ.   

ʄʦʜʫʣʴ Minex Pit Optimiser ʠʩʧʦʣʴʟʫʝʪ ʘʣʛʦʨʠʪʤ ʃʝʨʯʩʘ-ɻʨʦʩʩʤʘʥʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ 

ʚʣʦʞʝʥʥʳʭ ʢʦʥʪʫʨʦʚ ʢʘʨʴʝʨʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ.  

Mine ʠ Ramp Design - ʤʦʜʫʣʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʨʪʦʚ ʠ ʩʲʝʟʜʦʚ, ʧʦʟʚʦʣʷʶʪ 

ʛʝʥʝʨʠʨʦʚʘʪʴ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ʠʣʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʘʨʴʝʨʳ ʠ ʦʪʚʘʣʳ. ʋʩʪʫʧʳ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʩʦʪʥʳʭ ʦʪʤʝʪʢʘʭ, ʧʦ ʧʦʯʚʝ ʠʣʠ ʢʨʦʚʣʝ ʧʣʘʩʪʘ, ʘ ʪʘʢʞʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʜʨʝʥʘʞ ʫʩʪʫʧʘ. ʋʛʣʳ ʦʪʢʦʩʦʚ ʫʩʪʫʧʦʚ, ʰʠʨʠʥʳ ʙʝʨʤ ʠ 

ʧʣʦʱʘʜʦʢ ʟʘʜʘʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʚʝʜʝʥʠʷ ʨʘʙʦʪ.  

Volumes ʠ Reserves ï ʤʦʜʫʣʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʩʯʝʪ ʦʙʲʝʤʦʚ, ʢʘʯʝʩʪʚʘ ʠ ʟʘʧʘʩʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʱʝʥʠʷ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʂʨʘʪʢʦʩʨʦʯʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ: 

¶ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʪʦʯʝʢ ʩʲʸʤʦʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʀʤʝʝʪʩʷ 

ʠʥʪʝʨʬʝʡʩ ʢ GPS ʠʥʩʪʨʫʤʝʥʪʘʤ ʜʣʷ ʟʘʛʨʫʟʢʠ ʩʲʝʤʦʢ ʠʣʠ ʜʣʷ ʚʳʥʦʩʘ ʪʦʯʝʢ ʚ ʥʘʪʫʨʫ; 

¶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʥʘ ʢʘʨʴʝʨʘʭ, ʠʤʝʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʮʠʨʦʚʘʥʠʷ 

ʩʢʚʘʞʠʥ ʥʘ ʫʛʦʣʴʥʳʡ ʧʣʘʩʪ, ʩʦʟʜʘʥʠʷ ʧʝʨʚʦʛʦ ʨʷʜʘ ʩʢʚʘʞʠʥ, ʢʦʥʪʫʨʥʳʭ ʨʷʜʦʚ ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʱʝʣʝʦʦʙʨʘʟʦʚʘʥʠʷ;  

¶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦʨʦʛ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʝʤ ʧʨʦʝʢʮʠʡ ʚʳʝʤʢʠ ʠ 

ʥʘʩʳʧʠ ʥʘ ʪʦʧʦʧʦʚʝʨʭʥʦʩʪʴ ʠ ʚʧʠʩʳʚʘʥʠʝ ʜʦʨʦʛ ʚ ʩʫʱʝʩʪʚʫʶʱʠʡ ʨʝʣʴʝʬ;  

¶ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʪʚʘʣʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʫʛʣʘʤʠ ʦʪʢʦʩʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʟʤʝʥʷʪʴʩʷ ʧʦ ʤʝʨʝ ʦʪʩʳʧʢʠ ʦʪʚʘʣʘ ʦʪ ʨʘʙʦʯʠʭ ʦʪʢʦʩʦʚ ʜʦ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚ ʢʦʥʝʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ; 

¶ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʚʳʧʦʣʘʞʠʚʘʥʠʶ ʦʪʢʦʩʦʚ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʠʠ ʦʪʚʘʣʦʚ, ʚʢʣʶʯʘʷ 

ʩʛʣʘʞʠʚʘʥʠʝ ʨʝʣʴʝʬʘ ʦʪʚʘʣʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʛʦʜʥʦʡ ʜʣʷ 

ʨʝʢʫʣʴʪʠʚʘʮʠʠ.  
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ʄʦʜʫʣʴ PCBC ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʘʥʠʷʤʠ, ʧʨʠʤʝʥʷʶʱʠʤʠ ʩʠʩʪʝʤʫ ʨʘʟʨʘʙʦʪʢʠ ʩ 

ʩʘʤʦʦʙʨʫʰʝʥʠʝʤ ʥʘ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʈʉɺʉ 

ʧʦʤʦʛʘʝʪ ʚ ʭʦʜʝ ʨʘʙʦʪ ʧʦ ʊʕʆ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʫʧʨʘʚʣʝʥʠʶ ʜʦʙʳʯʥʳʤ ʧʨʦʮʝʩʩʦʤ. 

ʉʠʩʪʝʤʘ Whittle ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʧʦʠʩʢʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʈʝʰʝʥʠʝ ʩʪʨʦʠʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʣʝʜʫʶʱʠʭ ʤʦʜʫʣʝʡ: 

Foundation module ï ʷʜʨʦ ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ, 

ʦʙʨʘʙʦʪʢʠ ɹʄ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʠ ʠʭ ʦʧʪʠʤʠʟʘʮʠʶ, ʘʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʋʛʣʳ ʦʪʢʦʩʦʚ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʢʘʢ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʩʪʳʭ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʨʝʛʠʦʥʦʚ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʳ. ʄʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʜʦ ʧʷʪʠʜʝʩʷʪʠ ʧʨʦʬʠʣʝʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ ʚʦʩʴʤʠ ʧʘʨ 

ʧʨʦʩʪʠʨʘʥʠʡ ʠ ʫʛʣʦʚ ʥʘʢʣʦʥʘ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʘʣʛʦʨʠʪʤʘ ʃʝʨʯʩʘ-

ɻʨʦʩʩʤʘʥʘ.  

Multi-Element ï ʤʦʜʫʣʴ ʨʘʩʰʠʨʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦ ʜʝʩʷʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ɹʄ. ʄʦʜʫʣʴ ʧʦʣʝʟʝʥ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʨʫʜ. ʂʘʞʜʳʡ ʢʦʤʧʦʥʝʥʪ ʤʦʞʝʪ ʠʤʝʪʴ 

ʩʦʙʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦʙʦʛʘʱʝʥʠʷ, ʩʪʨʫʢʪʫʨʫ ʩʪʦʠʤʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

Milawa Algorithm ï ʤʦʜʫʣʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʯʠʩʪʦʛʦ ʜʠʩʢʦʥʪʠʨʦʚʘʥʥʦʛʦ ʜʦʭʦʜʘ (ʏɼɼ) ʫʯʠʪʳʚʘʝʪ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ. ɸʣʛʦʨʠʪʤ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʘʚʠʣʘ ʧʦʜʚʠʞʢʠ ʫʩʪʫʧʦʚ ʠ 

ʙʦʨʪʦʚ, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: ʤʠʥʠʤʘʣʴʥʫʶ ʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʜʚʠʞʢʫ 

ʫʩʪʫʧʘ ʤʝʞʜʫ ʩʤʝʞʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ, ʩʢʦʨʦʩʪʴ ʫʛʣʫʙʢʠ.  

NPV Practical Push Backs ï ʤʦʜʫʣʴ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʧʦʜʚʠʞʢʠ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, 

ʦʪʚʝʯʘʶʱʠʝ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʫʤʘ ʏɼɼ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʰʠʨʠʥʝ ʨʘʙʦʯʠʭ 

ʧʣʦʱʘʜʦʢ. ʌʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʝʪ: ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʟʘʜʘʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ 

ʦʙʦʣʦʯʢʠ ʵʪʘʧʦʚ ʠʣʠ ʢʦʥʝʯʥʳʭ ʙʦʨʪʦʚ ʢʘʨʴʝʨʦʚ, ʪʘʢ ʯʪʦʙʳ ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʪʨʝʙʦʚʘʥʠʶ ʤʠʥʠʤʘʣʴʥʦʡ ʰʠʨʠʥʳ ʧʣʦʱʘʜʦʢ; ʚʳʙʨʘʪʴ ʥʘʙʦʨ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʣʦʞʝʥʠʡ 

ʢʘʨʴʝʨʘ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʏɼɼ ʜʣʷ ʟʘʜʘʥʥʳʭ ʢʦʥʝʯʥʳʭ ʛʨʘʥʠʮ. 

Multi -Mine ï ʤʦʜʫʣʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʘʢ ʝʜʠʥʦʡ ɹʄ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʟʘʜʘʥʳ ʩʚʦʠ ʫʩʣʦʚʠʷ ʦʧʪʠʤʠʟʘʮʠʠ.  

Simultaneous Optimisation ï ʤʦʜʫʣʴ ʜʣʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʙʦʨʪʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʨʫʜʥʳʝ ʩʢʣʘʜʳ. ʄʦʜʫʣʴ ʫʯʠʪʳʚʘʝʪ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʵʪʠʤʠ ʬʘʢʪʦʨʘʤʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʙʘʚʦʯʥʦʛʦ ʏɼɼ. 
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Stockpiles and Cut-offs ï ʤʦʜʫʣʴ ʩʦʟʜʘʝʪ ʧʣʘʥ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʫʩʪʘʥʘʚʣʠʚʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʟʘʧʘʩʦʚ,  ʦʧʪʠʤʠʟʠʨʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʫʜʥʳʭ ʩʢʣʘʜʦʚ ʠ 

ʙʦʨʪʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʇʀ ʜʣʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʏɼɼ;  

Blending ï ʤʦʜʫʣʴ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʫʩʨʝʜʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʀ, ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ ʤʦʜʫʣʝʤ Milawa Algorithm ʦʧʪʠʤʠʟʠʨʫʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʨʝʜʥʠʪʝʣʴʥʳʭ ʩʢʣʘʜʦʚ. ɽʛʦ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ - ʚʘʣʦʚʦʝ ʠ ʨʘʟʜʝʣʴʥʦʝ 

ʫʩʨʝʜʥʝʥʠʝ. ʋʯʠʪʳʚʘʶʪʩʷ ʧʦʢʘʟʘʪʝʣʠ ʠʟʚʣʝʯʝʥʠ ̫ ʇʀ, ʮʝʥʘ, ʠʟʜʝʨʞʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ʩʙʳʪʘ.  

ʇʆ MineSched ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʣʛʦʩʨʦʯʥʳʭ ʠ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʛʨʘʬʠʢʦʚ 

ʨʘʙʦʪ ʠ ʫʩʨʝʜʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʫʜʳ. ʇʆ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʝʭʘʥʠʟʤʳ ʧʦ ʟʘʜʘʥʠʶ ʠʩʭʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚʘʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʫʯʠʪʳʚʘʝʪʩʷ ʜʣʠʥʘ ʬʨʦʥʪʘ ʨʘʙʦʪ, 

ʦʙʲʝʤ, ʪʦʥʥʘʞ ʠʣʠ ʢʦʣʠʯʝʩʪʚʦ ʣʶʙʦʛʦ ʪʠʧʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ (ʢʦʥʮʝʥʪʨʘʪ, ʤʝʪʘʣʣ, ʩʦʨʪ 

ʇʀ). ʀʩʭʦʜʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʶʪʩʷ ʙʣʦʯʥʳʝ, ʩʝʪʦʯʥʳʝ ʠ ʧʦʣʠʛʦʥʘʣʴʥʳʝ ʤʦʜʝʣʠ ʩ 

ʣʶʙʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʫʜ ʠ ʠʭ ʩʦʨʪʦʚ. MineSched ʠʩʧʦʣʴʟʫʝʪ 2D ʠ 3D 

ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʣʷ ʚʠʟʫʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ, ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; ʧʨʝʜʦʩʪʘʚʣʷʝʪ  ʬʫʥʢʮʠʠ ʦʪʯʝʪʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʣʫʯʠʪʴ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʥʥʘʞʝ, ʩʦʜʝʨʞʘʥʠʷʭ, ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʦʨʫʜʦʚʘʥʠʠ,  

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʚʘʨʠʘʥʪʘ ʜʣʷ ʢʘʞʜʦʛʦ ʧʝʨʠʦʜʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ Geovia ʩʦʩʨʝʜʦʪʦʯʠʣʘ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʩʰʠʨʝʥʠʠ ʥʘʙʦʨʘ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʅʦʚʳʡ ʤʦʜʫʣʴ Stope Design Tools ʦʪ Surpac 

ʧʨʝʜʣʘʛʘʝʪ ʧʨʦʩʪʦʡ ʠ ʙʳʩʪʨʳʡ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

ʠʟʚʣʝʯʝʥʠʝ ʨʫʜʳ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʦʧʝʨʘʮʠʦʥʥʳʝ ʟʘʪʨʘʪʳ. ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ 

Stope Designer ʩʦʟʜʘʝʪ ʛʨʘʥʠʮʳ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʘ ʠʥʩʪʨʫʤʝʥʪ Stope Slicer ʜʝʣʠʪ 

ʠʭ ʥʘ ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ï ʩʝʢʮʠʠ, ʙʣʦʢʠ, ʮʝʣʠʢʠ. 

Minex ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʣ ʜʚʘ ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ ʩʚʦʝʛʦ ʤʦʜʫʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ: Quick Scheduler, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʥʝʠʥʪʝʨʘʢʪʠʚʥʳʤ ʧʣʘʥʠʨʦʚʱʠʢʦʤ, ʫʩʪʨʘʥʷʶʱʠʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʫʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʜʚʠʞʝʥʠ ̫ ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; Schedule Playback, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʛʨʘʬʠʢʠ ʚ 3D. Surpac ʠ Minex ʪʝʧʝʨʴ ʥʘʧʨʷʤʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩ Geovia 

Hub, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʬʫʥʢʮʠʷʤʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. ʕʪʦ ʜʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʜʦʩʪʫʧ ʢ 

ʥʫʞʥʳʤ ʜʘʥʥʳʤ ʠ ʧʦʤʦʛʘʝʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʠ ʛʦʨʥʳʤʠ ʨʘʙʦʪʘʤʠ. 
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1.3.3 Maptek Group  

 Maptek Group - ʵʪʦ ʢʦʥʩʦʨʮʠʫʤ ʢʦʤʧʘʥʠʡ ʩ ʙʦʣʝʝ ʯʝʤ ʪʨʠʜʮʘʪʠʣʝʪʥʝʡ ʠʩʪʦʨʠʝʡ 

ʫʯʘʩʪʠʷ ʚ ʛʦʨʥʦʤ ʙʠʟʥʝʩʝ. ʂʦʥʩʦʨʮʠʫʤ ʧʦʩʪʘʚʣʷʝʪ ʨʝʰʝʥʠʷ ʜʣʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʚʦ ʚʩʝʤ ʤʠʨʝ, ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʇʇ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʦʥʩʘʣʪʠʥʛʦʚʳʝ ʫʩʣʫʛʠ. 

ʇʇ Maptek Vulcan ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ ʣʠʥʝʡʢʫ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʫʥʢʮʠʠ 3D ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺʩʷ ʣʠʥʝʡʢʘ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʘʟʙʠʪʘ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: 

Vulcan Enviewer ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 3D ʧʨʦʩʤʦʪʨʘ ʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ: ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʢʚʘʞʠʥʳ, ʢʘʨʪʳ, ʩʝʪʦʯʥʳʝ ʤʦʜʝʣʠ, ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʤʦʜʝʣʠ, ɹʄ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ. 

Vulcan CAD ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʫʶ ʚʝʨʩʠʶ Vulcan ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ 3D 

ʉɸʇʈ: ʯʝʨʯʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʠʤʧʦʨʪ/ʵʢʩʧʦʨʪ ʜʘʥʥʳʭ, ʨʝʘʣʠʟʘʮʠʷ ʟʘʧʨʦʩʦʚ ʢ 

ʠʩʪʦʯʥʠʢʘʤ ʜʘʥʥʳʭ,  ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʛʦʪʦʚʢʠ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

Vulcan Surveyor ï ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʤʝʨʦʚ ʠ ʩʲʝʤʦʢ ʚ ʩʨʝʜʫ Vulcan ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ 

ʦʙʥʦʚʣʝʥʠʷ; ʦʙʝʩʧʝʯʠʚʘʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʥʘʟʥʘʯʝʥʠʝ ʘʪʨʠʙʫʪʦʚ ʥʘ ʪʦʯʢʠ ʩʲʝʤʢʠ, 

ʚʳʯʠʩʣʷʝʪ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʤʳ ʪʨʠʘʥʛʫʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

Vulcan Modeller ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʠʤʧʦʨʪʘ ʜʘʥʥʳʭ 

(TXT ʠ DXF), ʯʝʨʯʝʥʠʷ ʠ ʦʮʠʬʨʦʚʢʠ ʣʠʥʠʡ, ʪʦʯʝʢ ʠ ʪʝʢʩʪʦʚʳʭ ʦʙʲʝʢʪʦʚ; ʠʤʝʝʪ 

ʬʫʥʢʮʠʦʥʘʣ 3D ʉɸʇʈ; ʚʢʣʶʯʘʝʪ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʠʘʥʛʫʣʷʮʠʡ, ʩʝʪʦʯʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

Vulcan Explorer ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʨʦʮʝʩʩ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ 3D 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʥʪʝʛʨʘʮʠʶ ʜʘʥʥʳʭ ɻʆ, ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ɹɺʈ. 

Vulcan GIS Explorer ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʦʣʦʛʦʚ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʜʘʥʥʳʝ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚ ɻʀʉ. ʌʘʢʪʠʯʝʩʢʠ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Vulcan Explorer  ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʨʝʜʩʪʚ ʠʥʪʝʨʬʝʡʩʘ  Vulcan ESRI ArcGIS. 

Vulcan Mine Modeller for Open Pit ï ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʆɻʈ. ʀʥʩʪʨʫʤʝʥʪʳ ʨʘʙʦʪʘʶʪ ʚ 3D ʩʨʝʜʝ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʙʨʦʚʦʢ, ʙʝʨʤ, ʪʨʘʥʰʝʡ ʠ ʥʘʩʳʧʝʡ, ʘ ʪʘʢʞʝ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

Vulcan Mine Modeller for Underground ï ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʘ ʪʘʢʞʝ 
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ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʧʦʜʟʝʤʥʳʝ ʛʦʨʥʳʝ ʨʘʙʦʪʳ. 

Vulcan Geo Modeller ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʛʝʦʣʦʛʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʟʚʝʜʢʫ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʄʇʀ; ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ 

ʪʝʣ ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʤʝʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ɹɼ ʦʧʨʦʙʦʚʘʥʠʷ, ʩʦʟʜʘʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʝʪʦʯʥʳʭ ʠ ɹʄ ʩʣʦʞʥʳʭ ʧʣʘʩʪʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʥʘʨʫʰʝʥʠʷʤʠ. 

Vulcan Geo Stat Modeller ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ, ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʦʥʘʣ Geo Modeller ʩ ʜʦʙʘʚʣʝʥʠʝʤ  

ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʡ ʤʝʪʦʜʘʤʠ ʦʙʨʘʪʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʧʨʦʩʪʳʤ, ʦʙʳʯʥʳʤ ʠ ʠʥʜʠʢʘʪʦʨʥʳʤ ʢʨʠʛʠʥʛʦʤ. 

Geology Solutions ï ʨʝʰʝʥʠʷ ʜʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʫʧʘ ʠ ʧʨʦʩʤʦʪʨʘ ʜʘʥʥʳʭ ʦʧʨʦʙʦʚʘʥʠʷ ʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʦʥ. 

Database Management module ï ʷʚʣʷʝʪʩʷ ʦʙʷʟʘʪʝʣʴʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʩʝʭ 

ʧʨʠʣʦʞʝʥʠʡ Vulcan, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʠʤʧʦʨʪ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠ ʧʨʦʚʝʨʢʘ ʠʥʬʦʨʤʘʮʠʠ 

ʦ ʩʢʚʘʞʠʥʥʦʤ ʦʧʨʦʙʦʚʘʥʠʠ; ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, 

ʭʨʘʥʷʱʠʝʩʷ ʚ ɹɼ ʜʨʫʛʠʭ ʇʇ, ʩʦʜʝʨʞʠʪ ʩʨʝʜʩʪʚʘ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠ ̫ɹɼ. 

Vulcan Resource Modelling ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʡ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʦʙʨʘʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʢʨʠʛʠʥʛʘ, ʚʘʨʠʦʛʨʘʬʠʠ ʠ ʪʝʪʨʘ-

ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʅʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʦʙʲʝʜʠʥʸʥʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ Resource Modelling, 

ʧʨʝʜʩʪʘʚʣʝʥ ʤʦʜʫʣʷʤʠ: 

Block Modelling Tools ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ɹʄ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʩʫʙʙʣʦʢʘʤʠ. ʕʪʠ ʠʥʩʪʨʫʤʝʥʪʳ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

- ʅʘʙʦʨ ʧʨʦʮʝʜʫʨ ʜʣʷ ʦʮʝʥʢʠ ʩʦʜʝʨʞʘʥʠʡ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʟʘʧʘʩʦʚ, ʚʢʣʶʯʘʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʢʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʥʪʝʨʧʦʣʷʮʠʠ (ʢʨʠʛʠʥʛ, ʦʙʨʘʪʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ, ʧʦʣʠʛʦʥʦʚ).  

- ɺʘʨʠʦʛʨʘʤʤʥʳʝ ʚʳʯʠʩʣʝʥʠʷ, ʦʪʦʙʨʘʞʝʥʠʷ 3D ʧʦʣʷ ʧʦʠʩʢʘ ʠ ʜʘʥʥʳʭ, ʧʦʩʪʨʦʝʥʠʝ 

3D ʢʘʨʪ.  

- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʘʨʠʦʛʨʘʤʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ  ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ, ʠʥʪʝʨʘʢʪʠʚʥʦʝ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʧʦʜʛʦʥʢʘ ʧʘʨʘʤʝʪʨʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ; ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʡ ʧʨʦʩʪʳʤ, ʦʙʳʯʥʳʤ ʠ 

ʠʥʜʠʢʘʪʦʨʥʳʤ ʢʨʠʛʠʥʛʦʤ, ʘʬʬʠʥʥʫ  ʁ ʣʦʛʥʦʨʤʘʣʴʥʫ  ʁ ʢʦʨʨʝʢʮʠ,ʁ ʠʥʜʠʢʘʪʦʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʛʨʘʬʠʯʝʩʢʦʝ 3D çʨʘʟʲʷʩʥʝʥʠʝè ʧʨʦʮʝʩʩʘ ʦʮʝʥʢʠ. 



48 
 

- ʆʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʡ ʜʣʷ ʩʠʣʴʥʦ ʠʩʢʨʠʚʣʝʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʦʪ 

ʩʧʦʩʦʙ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ 

ʟʦʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʨʘʥʠʮʳ, ʟʘʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ.  

Base Geostatistics Module ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʥʫʪʨʠ ʧʨʦʮʝʩʩʦʚ Vulcan. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʙʠʙʣʠʦʪʝʢʝ GSLIB ʠ 

ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʚʘʨʠʦʛʨʘʤʤʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʢʣʶʯʘʷ 3D 

ʚʘʨʠʦʛʨʘʬʠʶ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʥʘʩʪʨʦʡʢʫ ʤʦʜʝʣʠ ʠ ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʜʙʦʨ ʤʦʜʝʣʠ ʚ 3D 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʧʦʣʫʯʘʷ ʥʘʧʨʘʚʣʝʥʥʳʝ ʚʘʨʠʦʛʨʘʤʤʳ. ʇʨʦʮʝʜʫʨʳ ʦʮʝʥʢʠ 

ʚʢʣʶʯʘʶʪ ʧʨʦʩʪʦʡ ʠ ʦʙʳʯʥʳʡ  ʢʨʠʛʠʥʛ.  

Stratigraphic Modelling Tools ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ:  

- ʄʦʜʝʣʠʨʦʚʘʪʴ ʫʛʦʣʴʥʳʝ ʟʘʣʝʞʠ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʫʯʝʪʘ ʩʜʚʠʛʦʚ, ʥʘʜʚʠʛʦʚ ʠ 

ʜʨʫʛʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʘʥʥʳʝ ʩʢʚʘʞʠʥʥʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ. ʄʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʚʘ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʩʦʛʣʘʩʥʦ ʤʦʱʥʦʩʪʠ 

ʧʣʘʩʪʦʚ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʩʦʟʜʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

- ʄʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʥʘʨʫʰʝʥʠʷ ʢʘʢ ʧʣʦʩʢʦʩʪʠ ʠʣʠ ʩʣʦʞʥʳʝ 

ʢʨʠʚʦʣʠʥʝʡʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʕʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʶʪ ʦʙʣʘʩʪʠ ʤʝʞʜʫ 

ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ɼʣʷ ʢʘʞʜʦʡ ʪʘʢʦʡ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʢʦʪʦʨʘʷ ʤʦʜʝʣʠʨʫʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ.  

- ʄʦʜʝʣʠʨʦʚʘʪʴ ʩʪʨʘʪʠʛʨʘʬʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ HARP-ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʠ ʩʦʟʜʘʶʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʩʝʪʦʯʥʳʭ ʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʩʝʪʦʯʥʳʭ ʤʦʜʝʣʝʡ ʢʘʯʝʩʪʚʘ. HARP-ʤʦʜʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʪʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʦʣʥʠʩʪʳʭ, ʪʦʥʢʠʭ ʧʣʘʩʪʦʚ ʙʝʟ ʜʠʩʢʨʝʪʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ɹʄ. HARP-ʤʦʜʝʣʠ ʟʘʣʝʞʝʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʙʝʟ ʧʦʪʝʨʴ ʪʦʯʥʦʩʪʠ.  

ʇʆ Geotechnical Tools ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʟʜʘʚʘʪʴ ɹɼ 

ʩʪʨʫʢʪʫʨ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʳ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ, ʚ ʢʨʫʛʦʚʳʭ, ʩʪʝʨʝʦʛʨʘʬʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ (ʩʝʪʴ 

ɺʫʣʴʬʘ) ʠʣʠ ʧʦ ʪʨʘʝʢʪʦʨʠʠ ʩʢʚʘʞʠʥʳ. ʇʆ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 

Downhole Image Mapping Module ï ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D ʚʠʨʪʫʘʣʴʥʦʡ 

ʩʢʚʘʞʠʥʳ, ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʣʝʩʲʝʤʢʠ ʠʣʠ ʵʭʦʣʦʢʘʮʠʠ ʚʥʫʪʨʠ ʩʢʚʘʞʠʥʳ. 
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Monitoring Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʦʙʨʘʙʦʪʢʠ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ: ʟʘʛʨʷʟʥʝʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ ʙʦʨʪʦʚ 

ʢʘʨʴʝʨʦʚ ʠ ʧʨ.  

ʇʆ Ore Control Tools ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ ʨʫʜʳ ʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʨʫʜʳ ʠ ʧʫʩʪʦʡ ʧʦʨʦʜʳ ʧʨʠ ʩʝʣʝʢʪʠʚʥʦʡ ʚʳʝʤʢʝ. ɺʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 

Grade Control Module ï ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ 

ʚʟʨʳʚʥʳʤ ʩʢʚʘʞʠʥʘʤ, ɹʄ, ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ, ʬʦʪʦʛʨʘʬʠʷʤ ʟʘʙʦʝʚ ʠ ʧʨ. ʀʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦ ODBC ʢ ʚʥʝʰʥʠʤ ɹɼ. 

Automated Dig Limits Module ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʠʙʳʣʴʥʦʩʪʠ 

ʨʘʟʨʘʙʦʪʢʠ ʜʦʙʳʯʥʳʭ ʙʣʦʢʦʚ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ɹʄ. ɺ ʧʨʦʮʝʩʩʝ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʝʥʝʨʠʨʫʶʪʩʷ ʛʨʘʥʠʮʳ ʨʘʟʨʘʙʦʪʢʠ ʨʫʜ ʠ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʩ ʤʘʢʩʠʤʠʟʘʮʠʝʡ ʧʨʠʙʳʣʠ.  

Channel Sampling Module ï ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʙʦʨʦʟʜʦʚʦʛʦ 

ʦʧʨʦʙʦʚʘʥʠʷ. ɺ ʦʩʥʦʚʥʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ, ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴ ʦʮʠʬʨʦʚʢʫ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʶʪʝʨʘ. 

Geophysics module ï ʧʦʟʚʦʣʷʝʪ ʦʪʦʙʨʘʞʘʪʴ ʜʘʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, 

ʭʨʘʥʷʱʠʝʩʷ ʚ ɹɼ ISIS, ʚ ʧʨʠʚʷʟʢʝ ʢ ʩʢʚʘʞʠʥʘʤ. 

Vulcan ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʆɻʈ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʦʜʫʣʷʤʠ: 

Vulcan Hardrock Pit Design Module ï ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʳʨʘʙʦʪʦʢ, ʦʪʚʘʣʦʚ, ʩʲʝʟʜʦʚ. ʇʦʟʚʦʣʷʝʪ ʨʘʙʦʪʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʘʨʠʘʥʪʘʤʠ ʫʛʣʦʚ ʦʪʢʦʩʦʚ ʫʩʪʫʧʦʚ ʠ ʰʠʨʠʥʳ ʙʝʨʤ, ʠʤʝʝʪ ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʫʩʪʫʧʦʚ ʠ ʚʥʫʪʨʠʢʘʨʴʝʨʥʳʭ ʜʦʨʦʛ. 

Interactive Surface Road Design Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ, ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ ʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʘʜʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʤʠʥʠʤʘʣʴʥʘʷ ʢʨʠʚʠʟʥʘ, ʧʨʠʨʘʱʝʥʠʷ ʜʣʠʥ ʠ 

ʫʢʣʦʥʦʚ  ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʨʦʬʠʣʠʨʦʚʢʠ. 

Drill  & Blast Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʥʘ ʢʘʨʴʝʨʘʭ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʤʦʛʫʪ ʟʘʜʘʚʘʪʴʩʷ ʧʘʨʘʤʝʪʨʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʩʣʦʞʥʳʝ ʰʘʙʣʦʥʳ 

ʨʘʟʤʝʱʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ. ʄʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʩʧʨʘʚʦʯʥʠʢ ʧʦ ʨʘʟʤʝʨʘʤ ʙʫʨʦʚʳʭ 

ʜʦʣʦʪ, ʩʢʦʨʦʩʪʷʤ ʙʫʨʝʥʠʷ,  ʧʘʨʘʤʝʪʨʘʤ ʩʨʝʜʩʪʚ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ 

(ɺɺ). 

Pit Optimiser Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʛʝʦʤʝʪʨʠʠ ʢʘʨʴʝʨʘ. ʇʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʣʦʯʥʳʝ ʠ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʳʝ ʤʦʜʝʣʠ, 
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ʩʦʜʝʨʞʘʱʠʝ ʛʝʦʣʦʛʠʯʝʩʢʫʶ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. ɺ 

ʤʦʜʫʣʝ ʨʝʘʣʠʟʦʚʘʥʳ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʃʝʨʯʩʘ-ɻʨʦʩʩʤʘʥʘ ʠ  ʧʣʘʚʘʶʱʝʛʦ 

ʢʦʥʫʩʘ. 

Cutoff Grade Optimiser ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʦʧʪʠʤʠʟʘʮʠʠ ʙʦʨʪʦʚʦʛʦ 

ʩʦʜʝʨʞʘʥʠʷ, ʯʪʦ ʤʘʢʩʠʤʠʟʠʨʫʝʪ NPV ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ.  

Haulage Profile and Productivity Analysis ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʨʘʙʦʯʝʛʦ ʮʠʢʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʘʤʦʩʚʘʣʦʚ, ʘ ʪʘʢʞʝ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ ʢʘʢ 

ʧʝʨʝʤʝʥʥʳʝ ʚ ɹʄ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʧʦʜʩʯʝʪʝ ʟʘʧʘʩʦʚ ʠ ʚ ʢʘʣʝʥʜʘʨʥʦʤ 

ʧʣʘʥʠʨʦʚʘʥʠʠ. 

Dragline Module ï ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʠʤʠʪʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʟʨʳʚʦʚ ʥʘ ʚʳʙʨʦʩ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʪʳ ʜʨʘʛʣʘʡʥʦʚ, 

ʙʫʣʴʜʦʟʝʨʦʚ, ʘʚʪʦʤʦʙʠʣʴʥʦ-ʵʢʩʢʘʚʘʪʦʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɼʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʆɻʈ Vulcan ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʤʦʜʫʣʠ: 

Chronos Reserving and Scheduling Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ ʦʙ ʦʙʲʝʤʘʭ ʜʦʙʳʯʠ. ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ 

ʚʳʯʠʩʣʝʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʝ Excel, ʩ ʢʦʪʦʨʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʚʷʟʴ.  

ʀʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʫʣʷʤʠ: 

Development Design Tools ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ: ʩʦʟʜʘʥʠʝ ʘʚʪʦʫʢʣʦʥʦʚ, ʩʧʠʨʘʣʴʥʳʭ 

ʩʲʝʟʜʦʚ, ʢʚʝʨʰʣʘʛʦʚ, ʰʪʨʝʢʦʚ; ʘʥʘʣʠʟ ʩʪʦʠʤʦʩʪʠ ʧʨʦʭʦʜʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

Underground Drill  & Blast Module ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ, ʧʦʟʚʦʣʷʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʰʘʙʣʦʥʦʚ ʩʬʦʨʤʠʨʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʝʪʢʫ ʨʘʟʤʝʱʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʠ 

ʧʦʜʛʦʪʦʚʠʪʴ ʦʪʯʸʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɺɺ. 

Ventilation Module ï ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʪʦʢʦʚ ʚʦʟʜʫʭʘ ʧʦ 

ʚʳʨʘʙʦʪʢʘʤ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ; ʩʦʜʝʨʞʠʪ ɹɼ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʦʙʣʘʩʪʠ 

ʨʫʜʥʠʢʘ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʘʤʠ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʩʪʨʘʠʚʘʝʤʳʭ ʮʚʝʪʦʚʳʭ ʩʭʝʤ. 

Polygon Reserver ï ʤʦʜʫʣʴ, ʠʟʚʝʩʪʥʳʡ ʪʘʢʞʝ ʢʘʢ I-Scheduler, ʩʦʜʝʨʞʠʪ 

ʠʥʩʪʨʫʤʝʥʪʳ ʧʣʘʥʠʨʦʚʘʥʠʷ. ʄʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʦʪʨʘʙʘʪʳʚʘʝʤʳʝ ʟʘʧʘʩʳ 

ʥʘʨʷʜʫ ʩ ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ɺɽ.  
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ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʇʆ I-SiteStudio 

Software, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʦʚ:  ʧʦʩʪʨʦʝʥʠʷ 3D-ʤʦʜʝʣʝʡ ʨʫʜʥʳʭ 

ʩʢʣʘʜʦʚ, ʦʪʚʘʣʦʚ ʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱ; ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʞʜʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʙʫʨʝʥʠʷ ʠ 

ʧʨʦʝʢʪʘ; ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʫʩʪʫʧʦʚ ʠ ʙʦʨʪʦʚ ʢʘʨʴʝʨʘ, ʦʪʢʦʩʦʚ ʦʪʚʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʛʨʘʬʠʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ʚʳʰʝ, Maptek ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʇʆ Mine Suite,  

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʢʦʤ ɻʊʆ. ʇʆ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʧʦʣʦʞʝʥʠʝ, ʩʦʟʜʘʚʘʪʴ ʦʪʯʝʪʳ ʧʦ ʚʠʜʘʤ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ, ʨʘʙʦʪʘʶʱʝʤʫ ʦʙʦʨʫʜʦʚʘʥʠʶ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʠ ʧʝʨʩʦʥʘʣʫ ʧʨʠ ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ.  

ʇʆ Vulcan ʢʦʤʧʘʥʠʠ Maptek ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʫʩʢʦʨʝʥʠʷ ʘʣʛʦʨʠʪʤʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʢʦʨʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʷ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʦʚ ʙʳʣʘ ʧʦʚʳʰʝʥʘ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʇʣʘʥʠʨʦʚʱʠʢ Gantt ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ 

ʦʧʝʨʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʦʝʢʪʦʚ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. ʄʦʜʫʣʴ Stope 

Optimiser ʛʝʥʝʨʠʨʫʝʪ ʬʦʨʤʳ ʚʳʝʤʦʯʥʳʭ ʝʜʠʥʠʮ, ʢʦʪʦʨʳʝ Level Designer ʠʩʧʦʣʴʟʫʝʪ ʜʣʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʪʦʯʝʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʦʩʪʫʧʘ ʥʘ ʛʦʨʠʟʦʥʪ, ʠ ʵʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘʪʝʤ 

ʧʝʨʝʜʘʝʪʩʷ ʚ ʧʣʘʥʠʨʦʚʱʠʢ Gantt. ʀʥʩʪʨʫʤʝʥʪʳ Vulcan Ring Design ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʩʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʪʝʧʝʨʴ ʧʦʣʥʦʩʪʴʶ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʚ Vulcan. 

ʈʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʚʘʨʠʘʥʪʳ ʥʝʷʚʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʥʠ 

ʚʢʣʶʯʘʶʪ ʠʥʩʪʨʫʤʝʥʪʳ ʚʳʙʦʨʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʪʨʠʘʥʛʫʣʷʮʠʠ. Vulcan ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʤʥʦʛʦʜʦʤʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ʄʦʜʝʣʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʦʙʥʦʚʣʷʪʴʩʷ ʜʣʷ ʩʮʝʥʘʨʠʝʚ çʯʪʦ, 

ʝʩʣʠè ʚ ʪʝʯʝʥʠʝ ʮʠʢʣʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʆʧʪʠʤʠʟʘʪʦʨʳ Pit ʠ Level Designer 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʳʩʪʨʳʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʧʨʦʩʤʦʪʨ ʨʝʟʫʣʴʪʘʪʦʚ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʝʨʝʜ 

ʧʦʜʨʦʙʥʳʤ ʘʥʘʣʠʟʦʤ, ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʨʝʰʠʪʴ, ʢʘʢʠʝ ʧʨʦʝʢʪʳ ʩʪʦʠʪ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ. ɼʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʜʠʟʘʡʥʘ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʢʦʤʙʠʥʘʮʠʶ ʩʮʝʥʘʨʠʝʚ. 

1.3.4 Mincom  

ʂʦʤʧʘʥʠʷ Mincom ʚ ʩʚʦʝʤ ʇʇ Intelligent Mining Solution (IMS) ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ, ʢʦʪʦʨʳʝ 

ʦʭʚʘʪʳʚʘʶʪ ʚʝʩʴ ʩʧʝʢʪʨ ʟʘʜʘʯ ʦʪ ʨʘʟʚʝʜʢʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʦ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʫʧʨʘʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʯʝʪʘ, ʩʙʳʪʘ ʠ ʣʦʛʠʩʪʠʢʠ. Mincom IMS ʦʙʲʝʜʠʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʠʣʦʞʝʥʠʷ: 

Mincom Exploration ï ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʧʦ ʙʫʨʝʥʠʶ ʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʦʚ ʧʨʦʙ. 
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Mincom MineScape ï ʥʘʙʦʨ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʦʪʢʨʳʪʦʡ ʠ ʧʦʜʟʝʤʥʦʡ ʜʦʙʳʯʝ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʫʛʣʷ ʠ ʨʫʜʳ. ʇʆ ʚʢʣʶʯʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. ɺʩʝ 

ʤʦʜʫʣʠ MineScape ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ 

ʜʦʩʪʫʧ ʢ ʝʜʠʥʦʡ ɹɼ ʚ ʣʦʢʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʝʪʠ (ʃɺʉ). ʂʘʞʜʳʡ ʤʦʜʫʣʴ ʚʳʧʦʣʥʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʫʥʢʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʂʨʦʤʝ ʬʫʥʢʮʠʡ ʩʦʟʜʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

MineScape ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʥʘʙʦʨ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʜʫʣʝʡ: 

Block Model ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʙʣʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʄʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʦʟʜʘʶʪʩʷ ʧʫʪʸʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ ʢʘʨʢʘʩʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʫʜʥʳʭ ʪʝʣ.  

Geologic Database (GDB) ï ɹɼ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ 

ʜʘʥʥʳʝ ʦ ʪʨʘʩʩʝ ʩʢʚʘʞʠʥʳ, ʣʠʪʦʣʦʛʠʠ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʛʝʥʝʨʠʨʫʝʪ ʥʘʙʦʨ 

ʩʪʘʥʜʘʨʪʥʳʭ ʠ ʟʘʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʦʪʯʝʪʦʚ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ 

ʩʢʚʘʞʠʥʘʤ. GDB ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʣʠʪʦʣʦʛʠʠ ʠ ʠʥʪʝʨʚʘʣʦʚ 

ʦʧʨʦʙʦʚʘʥʠʷ, ʜʘʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ, ʠ ʠʤʝʝʪ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʩʯʸʪʘ ʢʦʤʧʦʟʠʪʦʚ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʦʙʦʛʘʪʠʤʦʩʪʠ ʇʀ. 

Stratmodel ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩ ̫ ʧʦʩʪʨʦʝʥʠʝ ʩʣʦʞʥʳʭ ʧʣʘʩʪʦʚʳʭ ʤʦʜʝʣʝʡ ʩ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. 

Drill&Blast  ï ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʧʦ 

ʧʘʣʝʪʢʝ ʠ ʵʢʩʧʦʨʪʘ ʧʨʦʝʢʪʘ ʥʘ ʙʫʨʝʥʠʝ ʚ ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʙʫʨʦʚʳʭ ʩʪʘʥʢʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʥʳʭ GPS-ʫʩʪʨʦʡʩʪʚ.   

Roads ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ ʜʦʨʦʛ, ʦʧʪʠʤʠʟʘʮʠʠ ʙʘʣʘʥʩʘ 

ʚʳʝʤʢʠ ʠ ʥʘʩʳʧʠ, ʛʝʥʝʨʘʮʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʪʝʢʩʪʦʚʦʤ ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ.  

Open Cut ï ʩʦʜʝʨʞʠʪ ʩʨʝʜʩʪʚʘ ʛʝʥʝʨʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ ʢʨʘʪʢʦʩʨʦʯʥʳʭ ʛʦʨʥʳʭ ʧʣʘʥʦʚ, 

ʘ ʪʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ. ʀʥʩʪʨʫʤʝʥʪʳ ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʶʪ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ ʠʟʤʝʥʷʪʴ ʧʨʦʝʢʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʝʛʦ ʩʦʟʜʘʥʠʷ.  

Survey ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʨʝʰʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʜʘʯ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʚʳʥʦʩʘ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʛʦ ʧʣʘʥʘ ʚ ʥʘʪʫʨʫ. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʚʚʦʜ ʜʘʥʥʳʭ ʚ ɹɼ ʧʦ ʩʲʝʤʢʘʤ ʚʨʫʯʥʫʶ ʠ ʩ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ. ʉʦʟʜʘʝʪ 

ʦʪʯʝʪʳ ʧʦ ʦʙʲʝʤʘʤ ʜʦʙʳʯʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʧʦʛʘʰʝʥʠʝ ʠ ʩʚʝʨʢʫ ʟʘʧʘʩʦʚ. 
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Schedule ï ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʠʟʘʮʠ ʁʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ 

ʧʣʘʥʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʤʝʱʝʥʠʷ ɻʇ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʢʘʣʝʥʜʘʨʥʦʤ ʠ ʢʨʘʪʢʦʩʨʦʯʥʦʤ ʧʣʘʥʠʨʦʚʘʥʠʠ ʆɻʈ. 

Underground ï ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʢʘʣʝʥʜʘʨʥʦʛʦ ʠ ʛʦʜʦʚʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʣʷ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ 

ʢɻʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʝ ʠ ʤʘʨʢʰʝʡʜʝʨʩʢʠʤ ʩʲʝʤʢʘʤ. 

CCLAS ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʜʘʥʥʳʤʠ (LIMS), ʘʚʪʦʤʘʪʠʟʠʨʫʝʪ 

ʧʨʦʮʝʩʩʳ ʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʷʭ, ʚʢʣʶʯʘʷ ʨʝʛʠʩʪʨʘʮʠʶ ʧʨʦʙ, ʧʝʯʘʪʴ ʰʪʨʠʭ ʢʦʜʦʚ, 

ʩʙʦʨ ʜʘʥʥʳʭ ʠ ʦʪʧʨʘʚʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʯʝʨʝʟ ʀʥʪʝʨʥʝʪ.  

Assay Management ï ʪʝʭʥʦʣʦʛʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪ ʧʦ ʦʪʩʣʝʞʠʚʘʥʠʶ ʧʨʦʙ, 

ʟʘʧʨʦʩʫ ʠ ʧʦʣʫʯʝʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʢʦʥʪʨʦʣʶ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʦʧʨʦʙʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʶ ʟʘʪʨʘʪ ʧʦ ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 

Production Accounting ïʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʫʯyʪ ʠ ʢʦʥʪʨʦʣ ɹʙʘʣʘʥʩʘ ʤʝʪʘʣʣʦʚ ʜʣʷ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʝʰʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ 

ʜʦʙʳʯʝ ʠ ʦʙʦʛʘʱʝʥʠʶ ʨʫʜʳ.  

MineMarket ï ʫʧʨʘʚʣʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʤʠ ʮʝʧʦʯʢʘʤʠ, ʦʪʛʨʫʟʢʦʡ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʠ ʧʨʦʯʠʤʠ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʦʧʝʨʘʮʠʷʤʠ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. 

Mobility ï ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ, ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʙʦʨ ʧʨʠʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪʁ 

ʧʦʚʳʰʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʧʫʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʧʦʤʦʱʠ ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʥʦʫʪʙʫʢʠ, 

ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʘʥʰʝʪʳ, ʂʇʂ ʠ ʜʨ.  

LinkOne ï ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʢʘʪʘʣʦʛʦʚ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʦʯʥʫʶ ʠ ʩʚʦʝʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʧʘʩʥʳʭ ʯʘʩʪʷʭ ʜʣʷ ʢʨʫʧʥʦʡ ʠ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʝʪʠ ʜʠʣʝʨʦʚ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. 

1.3.5 MICROMINE 

ʆʩʥʦʚʘʥʥʘʷ ʚ ɿʘʧʘʜʥʦʡ ɸʚʩʪʨʘʣʠʠ ʚ 1986 ʛ., ʢʦʤʧʘʥʠʷ Micromine Pty Ltd ʷʚʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʳʤ ʧʦʩʪʘʚʱʠʢʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʆʜʥʦʠʤʸʥʥʳʡ ʧʨʦʜʫʢʪ ʢʦʤʧʘʥʠʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ MICROMINE ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʨʷʜ ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʨʝʙʦʚʘʥʠʡ 

ʧʦʣʴʟʦʚʘʪʝʣʷ: 

ʄʦʜʫʣʴ ʗɼʈʆ ï ʦʩʥʦʚʥʦʡ ʤʦʜʫʣʴ MICROMINE, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʤʧʦʨʪʘ, 

ʧʨʦʚʝʨʢʠ, ʦʙʨʘʙʦʪʢʠ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʠ ʜʨʫʛʠʭ 

ʜʘʥʥʳʭ. ʄʦʜʫʣʴ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʬʫʥʢʮʠʦʥʘʣ: 3D ʚʠʟʫʘʣʠʟʘʮʠʷ; ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʪʘʤʠ ʜʘʥʥʳʭ ʜʨʫʛʠʭ ʩʠʩʪʝʤ; ʛʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʢʚʘʞʠʥʥʦʛʦ 
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ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ; ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤ ʢʦʦʨʜʠʥʘʪ; ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʠ ʧʦʚʪʦʨʝʥʠʝ ʣʶʙʦʛʦ ʧʨʦʮʝʩʩʘ 

MICROMINE ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʨʦʩʦʚ ʠ ʥʘʙʦʨʦʚ ʬʦʨʤ. 

ʄʦʜʫʣʴ ʇʨʦʬʝʩʩʠʦʥʘʣ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʩʰʠʨʝʥʥʳʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʠ ʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʵʪʦʪ ʥʘʙʦʨ ʚʭʦʜʷʪ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʫʪʠʣʠʪʳ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʜʘʥʥʳʭ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ ʠ ʨʘʙʦʪʳ ʩ 

ʥʠʤʠ. ʋ ʤʦʜʫʣʷ ʩʣʝʜʫʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʠ: ʫʧʨʘʚʣʝʥʠʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʤʠ ʜʘʥʥʳʤʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʝʢʪʘ ʨʘʟʚʝʜʢʠ; ʢʦʨʨʝʣʷʮʠ ̫ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʠʭ 

ʢʦʤʧʦʟʠʪʠʨʦʚʘʥʠʝ; ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʢʦʦʨʜʠʥʘʪ; ʠʤʧʦʨʪ ʬʘʡʣʦʚ ʩ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ 

ʜʘʥʥʳʤʠ. 

ʄʦʜʫʣʴ ʃʘʙʦʨʘʪʦʨʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʩʙʦʨʫ, ʧʦʜʛʦʪʦʚʢʝ ʠ ʘʥʘʣʠʟʫ ʦʙʨʘʟʮʦʚ. ɺʦʟʤʦʞʥʦʩʪʠ ʤʦʜʫʣʷ: ʥʘʩʪʨʦʡʢʠ 

ʧʨʦʮʝʜʫʨ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ; ʚʳʧʦʣʥʝʥʠʝ ʧʦʣʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʪʛʨʫʟʢʠ ʠ 

ʧʨʠʝʤʢʠ ʦʙʨʘʟʮʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʩʯʝʨʧʳʚʘʶʱʫʶ ʧʨʦʚʝʨʢʫ ʩʦʦʪʚʝʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ 

ʧʦʣʫʯʝʥʥʦʤʫ ʟʘʧʨʦʩʫ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʦʚʝʨʢʘ ʧʨʠʝʤʣʝʤʦʩʪʠ ʜʘʥʥʳʭ.  

ʄʦʜʫʣʴ ʈʘʟʚʝʜʢʘ  ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʩ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ, ʚʢʣʶʯʘʷ: ʚʳʧʦʣʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʦʟʜʘʥʠʝ ʧʣʘʥʦʚ ʠ ʨʘʟʨʝʟʦʚ ʥʘ ʙʘʟʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʎʄʇ); ʨʘʩʯʸʪʳ ʧʦ 

ʩʢʚʘʞʠʥʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʦʧʮʠʡ ʢʦʤʧʦʟʠʪʦʚ;  ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ 

ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ; ʩʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ, ʦʙʨʘʙʦʪʢʫ ʩʪʨʫʢʪʫʨʥʳʭ ʙʫʨʦʚʳʭ 

ʜʘʥʥʳʭ, 3D ʢʦʥʪʫʨʳ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʠʭ ʨʘʩʯʸʪ, ʚ ʪʦʤ ʯʠʩʣʝ - 

ʦʢʦʥʪʫʨʠʚʘʥʠʝ ʠ ʧʦʜʩʯʸʪ ʦʙʲʸʤʦʚ. 

ʄʦʜʫʣʴ ʂʘʨʢʘʩʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʟʘʤʢʥʫʪʳʭ ʠ ʨʘʟʦʤʢʥʫʪʳʭ ʢʘʨʢʘʩʦʚ ʚ 3D ʩʨʝʜʝ. ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʜʫʣʷ 

ʧʦʟʚʦʣʷʶʪ: ʩʦʟʜʘʚʘʪʴ ʠ ʨʝʜʘʢʪʠʨʦʚʘʪ ɹʢʘʨʢʘʩʥʳʝ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ 

ʜʘʥʥʳʭ; ʬʦʨʤʠʨʦʚʘʪʴ ʦʪʯʸʪ rʧʦ ʪʦʥʥʘʞʫ ʠ ʩʦʜʝʨʞʘʥʠʷʤ, ʠʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʧʦ ʩʢʚʘʞʠʥʘʤ 

ʠʣʠ ɹʄ; ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʘʨʢʘʩʦʚ ʩ ʠʭ ʦʙʲʝʜʠʥʝʥʠʝʤ ʠʣʠ 

ʚʳʯʠʪʘʥʠʝʤ; ʬʦʨʤʠʨʦʚʘʪʴ ʨʘʟʨʝʟʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʩʝʯʝʥʠʷ ʧʣʦʩʢʦʩʪʷʤʠ ʢʘʨʢʘʩʥʳʭ 

ʤʦʜʝʣʝʡ; ʠʟʤʝʥʷʪʴ ʢʦʦʨʜʠʥʘʪ r ʢʘʨʢʘʩʘ ʧʦʩʨʝʜʩʪʚʦʤ ʚʨʘʱʝʥʠʷ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠʣʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪ; ʥʘʭʦʜʠʪʴ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩʢʚʘʞʠʥ ʠ 

ʢʘʨʢʘʩʘ. 

ʄʦʜʫʣʴ ʆʮʝʥʢʘ ʟʘʧʘʩʦʚ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ: ʩʦʟʜʘʥʠʠ ɹʄ ʠ 

ʠʥʪʝʨʧʦʣʷʮʠʠ ʩʦʜʝʨʞʘʥʠʷ ʇʀ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʦʙʨʘʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʦʙʨʘʪʥʦʛʦ ʠ 

ʧʦʣʠʠʥʜʠʢʘʪʦʨʥʦʛʦ ʂʨʠʛʠʥʛʘ, ʧʦʣʠʛʦʥʘʣʴʥʦʛʦ); ʢʣʘʩʩʠʬʠʢʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 
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ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʪʯʸʪʘ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʟʘʧʘʩʘʤ ʨʫʜʳ; ʧʦʜʙʦʨʝ 

ʚʘʨʠʦʛʨʘʤʤ; ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʄʦʜʫʣʴ ʆʧʪʠʤʠʟʘʮʠʷ ʢʘʨʴʝʨʘ ʩʦʟʜʘʸʪ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʪʫʨʳ ʢʘʨʴʝʨʦʚ. ɺ ʤʦʜʫʣʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ ʃʝʨʯʩʘ-ɻʨʦʩʩʤʘʥʘ, ʥʘʭʦʜʷʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ 

ʢʦʥʪʫʨʳ ʢʘʨʴʝʨʘ ʩ ʫʯʸʪʦʤ ʮʝʥ ʥʘ ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ, ʚʝʣʠʯʠʥʳ ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ 

ʨʫʜ,r ʜʘʥʥʳʭ ʩʪʦʠʤʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʇʀ ʠ ʧʨʦʯʠʭ ʟʘʪʨʘʪ. ʆʧʪʠʤʠʟʘʪʦʨ ʫʯʠʪʳʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʜʘʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ ʦʪʢʦʩʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ.  

ʄʦʜʫʣʴ ɻʦʨʥʳʡ ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪ rʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʦʪʢʨʳʪʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʚ ʨʝʞʠʤʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ 

ʨʫʜʥʠʢʦʚ. ɺ ʤʦʜʫʣʝ ʠʤʝʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠ ̫ ɹɺʈ ʜʣʷ ʦʪʢʨʳʪʳʭ ʠ 

ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʄʦʜʫʣʴ ʂʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʧʣʘʥʳ ʠ ʦʪʯʸʪʳ, 

ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ, ʧʦʩʨʝʜʩʪʚʦʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ɺɽ, ʢʘʣʝʥʜʘʨʷ ʨʝʩʫʨʩʦʚ ʠ ʥʦʨʤ 

ʠʟʚʣʝʯʝʥʠʷ. 

ʄʦʜʫʣʴ ʉʲʸʤʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʤʧʦʨʪʘ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ 

ʩʲʸʤʢʠ. ʄʦʜʫʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʨʘʩʯʸʪʘ ʪʦʯʝʢ, ʢʦʥʪʫʨʦʚ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʦʙʲʸʤʦʚ. 

ʄʦʜʫʣʴ ʋʛʦʣʴ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʜʘʥʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ, ʦʙʣʘʜʘʶʱʠʭ ʩʣʦʞʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ɺʦʟʤʦʞʥʦʩʪʠ: ʫʯʝʪ ʜʘʥʥʳʭ ʯʘʩʪʠʯʥʦʡ ʠ ʩʫʤʤʘʨʥʦʡ ʦʙʦʛʘʪʠʤʦʩʪʠ ʫʛʣʷ ʥʘ 

ʬʨʘʢʮʠʷʭ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ; ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʢʦʤʧʠʣʷʮʠʠ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʪʨʠʮʳ 

ʦʙʦʛʘʪʠʤʦʩʪʠ ʧʫʪʝʤ ʠʥʪʝʨʧʦʣʷʮʠʠ ʟʥʘʯʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʧʦ ʦʙʦʛʘʪʠʤʦʩʪʠ. 

ʄʦʜʫʣʴ ʇʝʯʘʪʴ  ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʧʝʨʝʚʝʩʪʠ ʠʟʦʙʨʘʞʝʥʠʝ ʠʟ ʬʦʨʤʘʪʘ 

MICROMINE ʚ ʬʦʨʤʘʪ ʩʪʨʘʥʠʮʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʚ ʣʶʙʦʤ Windows ï 

ʧʨʠʣʦʞʝʥʠʠ. ʄʦʜʫʣʴ ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʨʪʝʞʝʡ, ʜʣʷ 

ʫʩʢʦʨʝʥʠʷ ʠʭ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʘʙʣʦʥʳ. 

ʇʆ MICROMINE ʧʨʝʜʣʘʛʘʝʪ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʰʝʥʠʝ Geobank ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʜʘʥʥʳʤʠ, ʧʦʩʪʫʧʘʶʱʠʤʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʠʭ ʩʙʦʨʘ, ʧʨʦʚʝʨʢʠ ʠ ʭʨʘʥʝʥʠʷ 

ʜʘʥʥʳʭ. ɺʦʟʤʦʞʥʦʩʪʠ: ʟʘʧʨʦʩʳ ʜʘʥʥʳʭ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ; ʦʙʲʝʜʠʥʝʥʠʝ 

ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʜʘʥʥʳʭ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʢʣʶʯʝʥʠʷ ʢ MicrosoftSQLServer, 

MicrosoftAccess ʠ Oracle. Geobank ʠʤʝʝʪ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʦʪʯʝʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʥʝ ʪʦʣʴʢʦ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʠ ʨʘʩʧʝʯʘʪʳʚʘʪʴ ʦʪʯʝʪ ʚ ʟʥʘʢʦʤʦʤ ʬʦʨʤʘʪʝ 



56 
 

(ʥʘʧʨʠʤʝʨ, ʧʦʩʣʦʡʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʩʢʚʘʞʠʥʳ), ʥʦ ʠ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ɹɼ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʞʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʬʦʨʤʘʪʘ. 

ʊʘʢʞʝ MICROMINE ʧʨʝʜʣʘʛʘʝʪ ʨʝʰʝʥʠʝ Pitram ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʛʦʨʥʳʤ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʩʪʠ. ʉʠʩʪʝʤʘ Pitram ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ ʧʨʦʮʝʩʩʳ 

ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʜʠʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʨʘʙʦʪʳ ʩʦ ʚʩʝʤ ʦʙʲʝʤʦʤ 

ʜʘʥʥʳʭ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ 

Pitram ʩʦʩʪʦʠʪ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʨʘʩʰʠʨʷʶʱʠʤʠʩʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ: ʦʪ 

ʧʨʦʩʪʦʛʦ ʪʘʙʝʣʷ ʫʯʝʪʘ ʨʘʙʦʯʝʛʦ ʚʨʝʤʝʥʠ ʜʦ ʧʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʠ ʨʘʙʦʪʘʶʱʝʡ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʫʩʠʣʠʷ Micromine ʙʳʣʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʇɻʈ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪʳ. ɹʣʦʢ ʦʧʪʠʤʠʟʘʮʠʠ ʛʨʘʥʠʮ 

ʢʘʨʴʝʨʦʚ ʪʝʧʝʨʴ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʧʦʚʝʨʥʫʪʳʤʠ ʙʣʦʯʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʥʦʚʳʝ ʨʝʞʠʤʳ 

ʘʥʘʣʠʟʘ ʛʦʨʥʳʭ ʧʣʘʥʦʚ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʝ ʛʨʘʬʠʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʦʜʫʣʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ ʥʝʷʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʅʝʷʚʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪ 

ʨʘʜʠʘʣʴʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʘʥʠʮ ʇʀ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʨʫʰʝʥʠʡ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʙʣʦʯʥʳʝ ʤʦʜʝʣʠ ʧʣʘʩʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʫʯʝʪʦʤ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʘʩʪʦʚ ʠ ʥʘʨʫʰʝʥʠʡ.  

ɽʱʝ ʚ 2014 ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʧʝʨʝʭʦʜ ʥʘ 64 ʙʠʪʥʳʝ ʧʨʠʣʦʞʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʙʦʪʘʪʴ ʩ ʙʦʣʴʰʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. ɹʳʣʠ ʫʣʫʯʰʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʢʘʨʴʝʨʦʚ ʩ ʥʦʚʳʤʠ ʚʘʨʠʘʥʪʘʤʠ ʨʘʟʤʝʱʝʥʠʷ ʩʲʝʟʜʦʚ ʠ ʧʝʨʝʩʝʯʝʥʠʡ ʜʦʨʦʛ. ʀʥʪʝʨʝʩʥʳʤʠ 

ʩʪʘʣʠ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ ʛʝʦʣʦʛʠʠ ʩ ʧʦʤʦʱʴʶ 

ʪʝʭʥʦʣʦʛʠʡ Microsoft HoloLens. 

1.3.6 Carlson Software  

ʂʦʤʧʘʥʠʷ CarlsonSoftware ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʇʆ ʜʣʷ ʉɸʇʈ, 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ, ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɼʣʷ ʛʦʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʷ ʠʤʝʝʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʫʶ 

ʣʠʥʝʡʢʫ ʇʆ, ʚʢʣʶʯʘʶʱʫʶ Carlson Mining ʠ Carlson Survey. ʇʆ ʨʘʟʨʘʙʦʪʘʥʦ ʢʘʢ 

ʧʨʠʣʦʞʝʥʠʝ ʢ ʧʨʦʛʨʘʤʤʘʤ ʢʦʤʧʘʥʠʠ Autodesk Inc. - AutoCAD/AutoCADMap3D/ 

AutoCADCivil3D. ʊʘʢʞʝ ʇʆ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ ʢ ʧʣʘʪʬʦʨʤʝ 

AutoCAD, ʥʦ ʠ ʩʦ ʚʩʪʨʦʝʥʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʷʜʨʦʤ IntelliCAD  - ʘʥʘʣʦʛʦʤ AutoCAD, 

ʨʘʙʦʪʘʶʱʠʤ ʩ ʬʦʨʤʘʪʦʤ ʯʝʨʪʝʞʝʡ DWG. 

http://ru.wikipedia.org/wiki/IntelliCAD
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ʇʇ Carlson Mining ʩʦʩʪʦʠʪ ʠʟ 4-ʭ ʧʨʦʛʨʘʤʤ: 

Geology ï ʚʚʦʜ, ʘʥʘʣʠʟ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʧʦ ʩʢʚʘʞʠʥʘʤ. 

ʇʦʩʪʨʦʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʇʦʟʚʦʣʷʝʪ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʩʢʚʘʞʠʥʳ ʠʟ ʬʘʡʣʦʚ 

ʬʦʨʤʘʪʘ MDB, ʪʝʢʩʪʦʚʳʭ ʬʘʡʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʬʦʨʤʘʪʦʚ. ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʩʢʚʘʞʠʥʳ 

ʤʦʞʥʦ ʢʘʢ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʪʘʙʣʠʮ,r ʚ 

ʢʦʪʦʨʦʡ ʚʳʜʝʣʝʥʳ ʦʪʜʝʣʴʥʳʝ ʦʢʥʘ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʫʩʪʴʝʚ ʩʢʚʘʞʠʥ, ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʣʘʩʪʘʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʠʤʝʝʪ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʥʝʩʦʛʣʘʩʥʳʭ ʟʘʣʝʛʘʥʠʡ, ʚʳʢʣʠʥʠʚʘʥʠʡ, ʥʘʨʫʰʝʥʠʡ, 

ʨʘʟʜʝʣʝʥʠʷ ʧʣʘʩʪʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʳʭʦʜʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʡ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠʟʳʩʢʘʥʠʡ, ï ʣʠʥʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʜʣʷ 

ʚʳʭʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, 3D ʧʦʣʠʣʠʥʠʠ ʜʣʷ ʧʦʜʦʰʚʳ ʧʣʘʩʪʦʚ, ʙʦʨʦʟʜʦʚʳʝ ʧʨʦʙʳ. 

ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʪʨʠʘʥʛʫʣʷʮʠʠ, ʦʙʨʘʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, 

ʂʨʠʛʠʥʛʘ, ʧʦʣʠʥʦʤʠʘʣʴʥʳʡ ʠ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

Surface Mining ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʆɻʈ. ʇʆ, ʠʩʧʦʣʴʟʫʷ ʪʦʧʦʛʨʘʬʠʶ, 

ʜʘʥʥʳʝ ʛʝʦʣʦʛʠʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠ.̫ ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʨʴʝʨʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʫʩʪʫʧʦʚ ʥʘ ʨʘʟʥʳʭ ʙʦʨʪʘʭ ʢʘʨʴʝʨʘ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʣʦʯʥʦʛʦ ʤʝʪʦʜʘ ʚʳʧʦʣʥʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ ʧʫʪʝʤ ʜʝʣʝʥʠʷ ʢʘʨʴʝʨʘ ʥʘ ʟʦʥʳ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʚʩʪʘʚʢʦʡ ʩʲʝʟʜʦʚ ʩ 

ʟʘʜʘʥʥʳʤ ʫʢʣʦʥʦʤ ʚ ʫʢʘʟʘʥʥʦʤ ʤʝʩʪʝ. 

ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʢʘʨʴʝʨʘ ʜʨʘʛʣʘʡʥʦʤ. ɼʣʷ ʵʪʦʛʦ ʟʘʜʘʸʪʩʷ ʣʠʥʠ ̫ʚʳʥʠʤʘʝʤʦʡ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʚʘʣʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʨʘʛʣʘʡʥʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʫʛʣʘ 

ʥʘʩʳʧʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʦʨʤʠʨʫʶʪʩʷ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʧʦ ʦʩʝʚʦʡ ʣʠʥʠʠ ʜʚʠʞʝʥʠʷ 

ʜʨʘʛʣʘʡʥʘ ʠ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʫʩʪʫʧʘ.  

Underground Mining ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʚʝʜʝʥʠʠ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʚʝʥʪʠʣʷʮʠʠ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʟʤʝʩʪʠʪʴ ʧʫʪʠ 

ʵʚʘʢʫʘʮʠʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʳʭʦʜʳ. ɺʳʧʦʣʥʷʝʪʩʷ ʧʣʘʥʠʨʦʚʘʥʠʝ ʜʦʙʳʯʠ ʇʀ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʬʠʢʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʝʢʩʪʦʚʦʤ ʠ ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʘʭ (ʦʪʯʝʪ rʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ). 

Basic Mining ï ʙʘʟʦʚʳʝ ʢʦʤʘʥʜʳ ʜʣʷ ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ: ʚʚʦʜ ʜʘʥʥʳʭ ʧʦ ʩʢʚʘʞʠʥʘʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʠʣʴʪʨʦʚ; ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ, ʩʝʪʦʢ ʧʣʘʩʪʦʚ ʧʦ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥ; ʧʦʩʪʨʦʝʥʠʝ 

ʨʘʟʨʝʟʦʚ ʠ ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ ʧʦ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʦʜʫʣʷ  Geology, ʚʩʝ 

ʚʳʯʠʩʣʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʙʝʟ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʊʘʢʞʝ ʠʤʝʶʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʚʩʪʘʚʢʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ ʚ ʯʝʨʪʝʞ. 

http://www.nipinfor.ru/carlson_2009.html?id=carlson_2009#carlson_geology
http://www.nipinfor.ru/carlson_2009.html?id=carlson_2009#Carlson Surface Mining
http://www.nipinfor.ru/carlson_2009.html?id=carlson_2009#Carlson Underground Mining
http://www.nipinfor.ru/carlson_2009.html?id=carlson_2009#Carlson Basic Mining
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ʇʆ Carlson Survey ʨʝʘʣʠʟʫʝʪ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 

ɺʚʦʜ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ ʩʲʝʤʢʠ. ʇʆ ʧʦʟʚʦʣʷʝʪ ʧʦʤʝʱʘʪʴ ʚ 

ʨʠʩʫʥʦʢ AutoCAD ʜʘʥʥʳʝ ʩʲʝʤʢʠ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ: ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʨʠʙʦʨʦʚ; ʚʚʦʜʦʤ ʜʘʥʥʳʭ ʧʦ ʟʘʧʠʩʷʤ ʧʦʣʝʚʦʛʦ ʞʫʨʥʘʣʘ; ʚʩʪʘʚʢʦʡ ʪʦʯʝʢ ʠʟ ʪʝʢʩʪʦʚʳʭ 

ʬʘʡʣʦʚ. ɼʣ ̫ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʜʘʯ ʠʤʝʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ 

ʢʘʣʴʢʫʣʷʪʦʨ. ʇʦ ʚʚʝʜʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ 3D ʧʦʚʝʨʭʥʦʩʪʠ, 

ʚʳʚʝʩʪʠ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ ʚ ʤʦʜʝʣʠʨʫʝʤʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʥʘ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʄʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʠʨʫʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦ ʤʝʨʝ ʚʚʦʜʘ ʜʘʥʥʳʭ ʩʲʝʤʢʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʢʦʚ. ɻʨʘʬʠʯʝʩʢʠʝ 

ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʠ ʢʘʨʴʝʨʘ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪʘʤʠ Survey, ʪʘʢ ʠ ʩʨʝʜʩʪʚʘʤʠ 

AutoCAD. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ Survey ʨʘʙʦʪʘʝʪ ʩ 3D ʤʦʜʝʣʷʤʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʚʠʜʝ ʩʝʪʦʢ, ʠ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʤʦʜʝʣʝʡ ʚʳʯʠʩʣʷʶʪ ʦʙʲʝʤʳ.  

ʇʦʩʪʨʦʝʥʠʝ ʧʨʦʬʠʣʝʡ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʬʠʣʷ ʷʚʣʷʝʪʩʷ 3D 

ʤʦʜʝʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʣʠʥʠʷ, ʧʦ ʢʦʪʦʨʦʡ ʩʪʨʦʠʪʩʷ ʧʨʦʬʠʣʴ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʨʦʠʪʩʷ ʧʦ 

ʜʘʥʥʳʤ (ʪʦʯʢʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʣʠʥʠʠ), ʢʦʪʦʨʳʝ ʚʚʦʜʷʪʩʷ ʥʘ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʥʘ 

ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʨʦʬʠʣʴ ʧʦ ʪʝʢʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʥʦ ʩʦʚʤʝʩʪʠʪʴ ʩ ʧʨʦʬʠʣʷʤʠ, 

ʧʦʩʪʨʦʝʥʥʳʤʠ ʨʘʥʝʝ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʪʴ ʝʱʝ ʦʜʠʥ ʥʝʦʙʭʦʜʠʤʳʡ ʛʨʘʬʠʯʝʩʢʠʡ 

ʜʦʢʫʤʝʥʪ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʥʘʚ, ʦʪʚʘʣʦʚ, ʚʦʜʦʝʤʦʚ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʵʪʦʛʦ ʪʠʧʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʧʫʪʸʤ ʟʘʜʘʥʠʷ ʧʝʨʠʤʝʪʨʘ ʦʙʲʝʢʪʘ ʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʦʪʢʦʩʘ.  

1.3.7 Geomix 

ʇʇ ʨʘʟʨʘʙʦʪʘʥ ʠʥʩʪʠʪʫʪʦʤ ɺʀʆɻɽʄ, ʛ. ɹʝʣʛʦʨʦʜ [179]. ʇʇ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʇʇ ʧʨʠ ʦʪʢʨʳʪʦʡ ʠ 

ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʠ ʨʝʰʝʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ: ʧʦʜʩʯʸʪ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʧʘʩʦʚ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʛʝʦʣʦʛʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ 

ʨʘʙʦʪ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹɺʈ, ʪʝʢʫʱʝʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʈʝʘʣʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʦʟʜʘʥʠʝ ʢʘʨʪ 

ʨʘʟʣʠʯʥʦʛʦ ʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʠʥʞʝʥʝʨʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʦʤʧʣʦʱʘʜʦʢ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʷʜʨʘ ʩʠʩʪʝʤʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʦʜʫʣʝʡ: 

ʈʘʩʪʨʦʚʳʡ ʨʝʜʘʢʪʦʨ Elastic ï ʧʨʦʛʨʘʤʤʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʠ 

ʧʦʜʛʦʪʦʚʢʠ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʢ ʚʝʢʪʦʨʠʟʘʮʠʠ. ʈʝʜʘʢʪʦʨ ʧʦʟʚʦʣʷʝʪ: ʩʢʣʝʠʚʘʪ ɹ

ʦʪʜʝʣʴʥʳʝ ʬʘʡʣʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʟʤʝʨʘ ʚ ʬʘʡʣ ʦʩʥʦʚʳ; ʧʨʦʠʟʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ 

ʤʘʪʝʨʠʘʣʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ (ʘʵʨʦʬʦʪʦʩʲʝʤʢʘ, ʢʦʩʤʠʯʝʩʢʘʷ ʩʲʝʤʢʘ ʠ 
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ʧʨ.). ʆʙʨʘʙʦʪʘʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʨʦʚʦʛʦ ʨʝʜʘʢʪʦʨʘ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʠʬʨʦʚʢʠ ʚ ʚʝʢʪʦʨʥʦʤ ʨʝʜʘʢʪʦʨʝ. 

ɺʝʢʪʦʨʥʳʡ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ MapProj ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʠ ʚʝʜʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʛʦʨʥʦ-ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʛʨʘʬʠʢʠ. ʇʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʚʝʢʪʦʨʠʟʘʮʠʷ ʧʦ ʨʘʩʪʨʦʚʦʡ ʧʦʜʣʦʞʢʝ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ 

ʢʘʨʪ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ: ʩʦʟʜʘʚʘʪʴ ʣʝʛʝʥʜʳ ʜʣʷ ʢʘʨʪ, ʠʩʧʦʣʴʟʫʷ ʥʝʩʢʦʣʴʢʦ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʣʦʝʚ; ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʪʝʨʘʢʪʠʚʥʦʝ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ, ʧʨʦʩʤʦʪʨ ʠ ʧʝʯʘʪʴ 

ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ 3D ʨʝʞʠʤʝ; ʩʚʷʟʳʚʘʪʴ ʛʨʘʬʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʩ ʘʪʨʠʙʫʪʠʚʥʳʤʠ 

ɹɼ; ʧʦʤʝʱʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʪʘʙʣʠʮʳ ʥʘ ʢʘʨʪ;r ʧʨʦʠʟʚʦʜʠʪʴ ʚʝʢʪʦʨʠʟʘʮʠʶ ʜʘʥʥʳʭ ʚ 

ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ; ʚʳʚʦʜʠʪʴ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʣʶʙʦʡ 

ʧʨʠʥʪʝʨ/ʧʣʦʪʪʝʨ ʚ ʨʝʘʣʴʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʘʟʙʠʚʢʦʡ ʥʘ ʩʪʨʘʥʠʮʳ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʵʢʩʧʦʨʪ-ʠʤʧʦʨʪ ʬʦʨʤʘʪʦʚ MID/MIF, DXF, 

SHP, WMF, KDR, SXF. 

ʉʋɹɼ NetBase ï ʇʆ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʘʣʬʘʚʠʪʥʦ-

ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʉʪʨʫʢʪʫʨʘ ʩʘʤʦʡ ɹɼ ʠʝʨʘʨʭʠʯʝʩʢʘʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ̫ʪʘʙʣʠʮʘʤʠ 

ʜʘʥʥʳʭ ʩ ʩʠʩʪʝʤʦʡ ʩʩʳʣʦʢ ʠ ʠʥʜʝʢʩʦʚ. ʇʆ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʧʨʦʩʳ ʢ ɹɼ ʧʦ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʦʯʢʠ ʢ ʢʦʥʪʫʨʫ, ʩʢʚʘʞʠʥʝ, ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʪʘʙʣʠʮʳ ʜʘʥʥʳʭ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʟʘʧʨʦʩʘ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʵʢʩʧʦʨʪ-ʠʤʧʦʨʪ ʜʘʥʥʳʭ ʚ ʬʘʡʣʳ DBF ʠ DB. 

ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʤʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʠ ʛʝʦʣʦʛʦ-

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ (ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ ʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, 

ʨʝʟʫʣʴʪʘʪ rʦʧʨʦʙʦʚʘʥʠʷ, ʢʘʨʪ,r ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʨʝʟ rʠ ʧʣʘʥ rʠ ʪ.ʧ.) ʧʫʪʸʤ ʩʦʟʜʘʥʠʷ ɹɼ 

ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʸ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʫʯʘʩʪʢʦʚ. ʄʦʜʫʣʴ 

ʩʦʜʝʨʞʠʪ ʠʥʩʪʨʫʤʝʥʪʳ: ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʤʝʪʦʜʦʤ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝʥʠʡ; ʧʝʨʝʩʯʝʪʘ 

ʟʘʧʘʩʦʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʩʣʦʷʤ (ʵʪʘʞʘʤ); ʦʮʝʥʢʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʦʨʫʜʝʥʝʥʠʷ; ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʥʦʚ ʠ ʨʘʟʨʝʟʦʚ; ʧʣʘʥʦʚ ʚ ʠʟʦʣʠʥʠʷʭ 

ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʢʘʯʝʩʪʚʦ ʨʫʜ; ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʙʣʦʢʘʭ; ʛʦʜʦʚʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʙʳʯʠ. 

1.3.8 K-MINE  

ʇʆ K-MINE, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘ ʋʢʨʘʠʥʝ [180], ʧʦʟʠʮʠʦʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ 

ʢʘʢ  ɻʀʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɻʀʉ ʠʤʝʝʪ ʤʦʜʫʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʦʠʪ ʠʟ ʜʝʩʷʪʢʦʚ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʧʦʜ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʦʙʦʣʦʯʢʦʡ, ʩ 

ʝʜʠʥʳʤ ʬʦʨʤʘʪʦʤ ʜʘʥʥʳʭ, ʩ ʪʠʧʠʟʠʨʦʚʘʥʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ. 
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ʆʩʥʦʚʥʳʝ ʤʦʜʫʣʠ ɻʀʉ: 

ɻʨʘʬʠʯʝʩʢʦʝ ʷʜʨʦ ï ʚʳʧʦʣʥʷʝʪ ʥʠʟʢʦʫʨʦʚʥʝʚʳʝ ʦʧʝʨʘʮʠʠ ʧʦ: ʧʦʜʜʝʨʞʢʝ 

ʮʝʣʦʩʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʚʟʘʠʤʦʜʝʡʩʪʚʠ ʁ ʜʘʥʥʳʭ ʩ ʧʘʤʷʪʴʶ ʠ ʛʨʘʬʠʯʝʩʢʦʡ ʧʦʜʩʠʩʪʝʤʦʡ 

ʢʦʤʧʴʶʪʝʨʘ, ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ, ʨʘʟʛʨʘʥʠʯʝʥʠ ʁʧʦʣʥʦʤʦʯʠʡ ʜʦʩʪʫʧʘ ʢ ʜʘʥʥʳʤ (ʧʨʠ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤ ʨʝʞʠʤʝ).  

K-Raster ï ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʛʦʪʦʚʢʫ ʠ ʚʝʢʪʦʨʠʟʘʮʠ ʁʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʚʭʦʜʠʪ ʚ ʙʘʟʦʚʳʡ ʩʦʩʪʘʚ ɻʀʉ. ɻʣʘʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ï ʨʘʙʦʪʘ ʩ ʨʘʩʪʨʦʚʳʤʠ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʢʘʥʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʢʘʨʪʳ, ʧʣʘʥʰʝʪʳ) ʜʣʷ ʧʝʨʝʚʦʜʘ ʠʭ ʚ ʚʝʢʪʦʨʥʳʡ ʬʦʨʤʘʪ. 

ʇʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʤʦʜʫʣ ̫ʜʝʣʷʪʩʷ ʥʘ 2 ʯʘʩʪʠ: ʢʘʣʠʙʨʦʚʢʘ ʨʘʩʪʨʘ ʠ ʚʝʢʪʦʨʠʟʘʮʠʠ 

ʨʘʩʪʨʘ.  

K-BinEditor ï ʨʝʜʘʢʪʦʨ ʩʪʨʫʢʪʫʨʳ ʢʣʘʩʩʦʚ ʠ ʦʙʲʝʢʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʠʧʦʚ ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʠʷ ʰʘʙʣʦʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʠ ʤʝʪʦʜʦʚ 

ʫʞʝ ʚʩʪʨʦʝʥʥʳʭ ʚ ɻʀʉ ʩʪʘʥʜʘʨʪʥʳʭ ʦʙʲʝʢʪʦʚ ʠʣʠ ʜʦʙʘʚʣʝʥʠʷ ʢ ʥʠʤ ʥʦʚʳʭ ʩʚʦʡʩʪʚ 

(ʤʝʪʦʜʦʚ). 

K-GraphModeling ï ʤʦʜʫʣʴ ʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ 

ʩ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʦʡ ɻʀʉ.  

K-Print ï ʤʦʜʫʣʴ ʧʝʯʘʪʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʚʦʜʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ 

ʧʝʯʘʪʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ. ʄʦʜʫʣʴ ʧʝʯʘʪʠ K-Print ʠʥʪʝʛʨʠʨʦʚʘʥ ʚ ɻʀʉ ʠ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʜʣʷ ʧʝʯʘʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʪʘʢ ʠ ʜʣʷ ʧʝʯʘʪʠ 

ʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʜʫʣʝʡ.  

K-GeoMark ï ʤʦʜʫʣʴ ʛʝʦʣʦʛʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʌʫʥʢʮʠʦʥʘʣ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ; 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ 

ʠʟʤʝʨʝʥʠʡ; ʨʘʩʯʝʪ ʦʙʲʝʤʦʚ ʠ ʧʣʦʱʘʜʝʡ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ; ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʧʦ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʠ; ʧʦʩʪʨʦʝʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠ ̫ ʧʦ ʜʘʥʥʳʤ ʜʝʪʘʣʴʥʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ, ʨʘʩʯʝʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ɻʇ; ʧʦʩʪʨʦʝʥʠʝ ʩʦʚʤʝʱʝʥʥʳʭ ʛʝʦʣʦʛʦ-

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʟʨʝʟʦʚ ʚ ʧʨʦʠʟʚʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

K-BVR ï ʤʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʚʝʜʝʥʠʝʤ ʙʫʨʦʚʳʭ ʠ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʩ 

ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʜʦʙʳʯʠ ʇʀ. ʌʫʥʢʮʠʦʥʘʣ: ʩʦʟʜʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʧʘʩʧʦʨʪʦʚ ʚʟʨʳʚʦʚ; 

ʚʳʙʦʨ ʤʝʩʪʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʙʫʨʦʚʦʛʦ ʙʣʦʢʘ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʫʨʦʚʳʭ ʩʢʚʘʞʠʥ ʚ ʙʣʦʢʘʭ 

ʩ ʫʯʝʪʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʨʦʜ, ʩʭʝʤ ʚʟʨʳʚʘʥʠʷ, ʪʠʧʦʚ ɺɺ ʠ ʟʘʨʷʜʦʚ; ʨʘʩʯʝʪ ʠ 
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ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤ ʢʦʤʤʫʪʘʮʠʠ; ʨʘʩʯʝʪ ʟʘʨʷʜʦʚ ʩʢʚʘʞʠʥ; ʨʘʩʯʝʪ ʟʘʤʝʜʣʝʥʠʡ; ʚʝʜʝʥʠʝ 

ʢʘʨʪʳ ʙʫʨʠʤʦʩʪʠ ʧʦʨʦʜ. 

K-Project ï ʤʦʜʫʣʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʆɻʈ. ʌʫʥʢʮʠʦʥʘʣ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʳʭ 

ʢʦʥʪʫʨʦʚ ʢʘʨʴʝʨʦʚ ʠ ʦʪʚʘʣʦʚ, ʩʦʛʣʘʩʥʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʰʠʨʠʥ rʙʝʨʤʳ ʠ ʚʝʣʠʯʠʥʳ 

ʫʛʣʘ ʦʪʢʦʩʘ ʙʦʨʪʘ ʢʘʨʴʝʨʘ); ʩʦʟʜʘʥʠʝ ʢʘʣʝʥʜʘʨʷ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʙʠʚʢʠ ʧʨʦʝʢʪʘ ʦʪʨʘʙʦʪʢʠ ʥʘ ʵʪʘʧʳ); ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʲʝʟʜʦʚ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʦʨʦʛ ʠ ʦʙʲʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ; ʧʦʜʩʯʝʪ 

ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʤʝʞʜʫ ʟʘʜʘʥʥʳʤʠ ʢʦʥʪʫʨʘʤʠ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʜʚʠʞʢʠ ʙʦʨʪʦʚ ʠʣʠ 

ʫʯʘʩʪʢʦʚ ʙʦʨʪʦʚ ʥʘ ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʯʝʪʘ ʦʙʲʝʤʦʚ. 

K-Plan ï ʤʦʜʫʣʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʠ ʪʝʢʫʱʝʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜʟʝʤʥʳʤ 

ʩʧʦʩʦʙʦʤ ʜʦʙʳʯʠ. ʌʫʥʢʮʠʦʥʘʣ: ʥʘʙʦʨ ʦʙʲʝʤʦʚ ʧʣʘʥʦʚʦʡ ʜʦʙʳʯʠ ʨʫʜʳ ʠ ʧʦʨʦʜ rʜʣʷ 

ʨʘʟʥʳʭ ʪʠʧʦʚ ʵʢʩʢʘʚʘʪʦʨʥʳʭ ʟʘʭʦʜʦʢ (ʧʨʠ ʦʪʢʨʳʪʦʤ ʩʧʦʩʦʙʝ ʜʦʙʳʯʠ) ʠʣʠ ʚʳʝʤʦʯʥʳʭ 

ʢʘʤʝʨ (ʧʨʠ ʧʦʜʟʝʤʥʦʤ); ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʢʘʨʴʝʨʘʭ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʤʝʩʪ 

ʨʘʟʤʝʱʝʥʠʷ ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ ʠ ʦʯʝʨʝʜʥʦʩʪʠ ʠʭ ʦʪʨʘʙʦʪʢʠ; ʦʧʝʨʘʪʠʚʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʩʠʪʫʘʮʠʠ; ʦʧʪʠʤʠʟʘʮʠʷ ʤʝʩʪ ʟʘʣʦʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʩʲʝʟʜʦʚ. 

K-Topograph ï ʤʦʜʫʣʴ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ ʩʲʝʤʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʥʦʚ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʦʙʝʩʧʝʯʝʥʠʷ ʫʧʨʦʱʝʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʦʙʲʝʢʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʪ ʠ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ.  

K-Granules ï ʤʦʜʫʣʴ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ 

ʤʘʩʩʳ. ʌʫʥʢʮʠʦʥʘʣ: ʧʨʝʜʚʘʨʠʪʝʣʴʥʘ ̫ʦʙʨʘʙʦʪʢʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʨʘʟʥʳʝ 

ʚʠʜʳ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠ ʢʦʥʪʨʘʩʪʠʨʦʚʘʥʠʷ; ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʚʟʦʨʚʘʥʥʦʡ ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʩʥʠʤʢʝ ʩ ʪʦʯʥʦʩʪʴʶ 5-7%; ʚʳʚʦʜ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʚ ɹɼ 

ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠ ʪʘʙʣʠʮ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʦʚ; ʚʳʯʠʩʣʝʥʠʝ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʦ ʚʟʦʨʚʘʥʥʦʤ ʙʣʦʢʝ. 

1.3.9 ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʇʇ 

ʅʘ ʨʳʥʢʝ ʇʇ ʜʣʷ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ 

ʟʘʥʠʤʘʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʇʇ, ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʨʝʰʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ ʛʦʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʪʘʢʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʪʨʠ ʠʟ 

ʥʠʭ: Runge Mining, ʉɸʄɸʈɸ ʠ BlastMaker. 

Runge Mining Pty Ltd  

ʂʦʤʧʘʥʠʷ ʩʧʝʮʠʘʣʠʟʠʨʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʠ ʇʆ ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʬʠʥʘʥʩʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ 
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ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʫʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʠʢʠ. ʂʦʤʧʘʥʠʷ 

ʧʨʝʜʣʘʛʘʝʪ ʩʣʝʜʫʶʱʝʝ ʇʆ: 

Mining Dynamics ï ʬʦʨʤʠʨʫʝʪ ʚʠʟʫʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʜʣʷ ʚʩʝʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ - ʦʪ ʛʝʦʣʦʛʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ. 

XPAC ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʤʥʦʛʦʚʘʨʠʘʥʪʥʦʝ ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ 

ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʥʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʙʦʨ 

ʚʳʝʤʦʯʥʳʭ ʙʣʦʢʦʚ ʠ ʨʘʩʯʝʪ ʜʦʣʠ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʚ ʨʫʜʦʧʦʪʦʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʪʦʥʥʘʞʘ ʨʫʜʳ, ʧʦʩʪʘʚʣʷʝʤʦʡ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ. ʆʮʝʥʢʘ ʙʦʨʪʦʚʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʨʫʜʝ ʦʩʫʝɦʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʠ ʥʘ ʤʠʨʦʚʳʭ ʨʳʥʢʘʭ. 

XERAS ï ʬʠʥʘʥʩʦʚʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʨʘʩʯʝʪ ʙʶʜʞʝʪʦʚ ʠ 

ʢʘʣʴʢʫʣʷʮʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ. ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʫʯʸʪ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʢʘʧʠʪʘʣʴʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ; 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʣʘʥʳ ʧʨʝʜʧʨʠʷʪʠʷ; ʧʨʠʥʷʪʳʝ ʥʦʨʤʳ ʠ ʧʨʘʚʠʣʘ; ʫʯʝʪ ʧʦʢʘʟʘʪʝʣʝʡ 

ʚʩʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

FACETS ï ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʜʦʙʳʯʠ ʚ ʜʣʠʥʥʦʡ ʦʯʠʩʪʥʦʡ ʚʳʨʘʙʦʪʢʝ (ʣʘʚʝ). ʆʧʪʠʤʠʟʘʮʠʷ ʜʦʙʳʯʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ, ʢʘʢ: ʚʝʥʪʠʣʷʮʠʷ, ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʛʘʟʫ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ. ʇʨʦʛʨʘʤʤʘ ʚʳʷʚʣʷʝʪ 

ʧʨʦʙʣʝʤʳ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʦʤʫ ʜʦʙʳʯʥʦʤʫ ʟʘʙʦʶ. 

DragSim ï ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ  ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʪʨʘʙʦʪʢʠ ʟʘʭʦʜʦʢ  

ʜʨʘʛʣʘʡʥʦʤ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʨʦʜʳ ʠ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʵʢʩʢʘʚʘʪʦʨʘ. ʀʥʩʪʨʫʤʝʥʪʳ DragSim ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʧʝʨʘʮʠʡ ʜʨʘʛʣʘʡʥʘ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʜʣʷ ʩʨʝʜʥʝʩʨʦʯʥʦʛʦ, ʪʘʢ ʠ 

ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ. 

Talpac ï ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʩʢʘʚʘʪʦʨʥʦ-

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʨʝʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

Xact ï ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ,  ʠʤʝʝʪ 

ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʥʘʚʠʛʘʮʠʠ ʠ 3D ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʣʘʥʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

FracSIS ï ʩʦʜʝʨʞʠʪ ʩʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʨʘʟʚʝʜʢʠ ʠ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʠʭ ʭʨʘʥʝʥʠʝ ʚ ɹɼ. 

ʉɸʄɸʈɸ 

ʈʘʟʨʘʙʦʪʯʠʢ ʩʠʩʪʝʤʳ ʉɸʄɸʈɸ ï ʆʆʆ çʃʘʙʦʨʘʪʦʨʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʡè. 

ʉʠʩʪʝʤʘ ʉɸʄɸʈɸ (ʉʠʩʪʝʤʘ ɸʚʪʦʤʘʪʠʟʘʮʠʠ ʢʘʤʝʨʘʣʴʥʳʭ ʄʘʨʢʰʝʡʜʝʨʩʢʠʭ ʈʘʙʦʪ) 

ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʣʘʪʬʦʨʤʝ AutoCAD, ʠ ʝʸ ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ï ʘʚʪʦʤʘʪʠʟʘʮʠʷ 

http://runge.com/en/technology_solutions/mining_dynamics
http://runge.com/en/technology_solutions/facets
http://runge.com/en/technology_solutions/dragsim
http://runge.com/en/technology_solutions/dragsim
http://runge.com/en/technology_solutions/talpac
http://www.xact.net.au/
http://runge.com/en/technology_solutions/fracsis
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ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʨʘʙʦʪ ʥʘ ʢʘʨʴʝʨʘʭ ʠ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʘʭ. ʊʘʢ ʢʘʢ ʉɸʄɸʈɸ ʷʚʣʷʝʪʩʷ 

ʧʨʠʣʦʞʝʥʠʝʤ ʢ AutoCAD, ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʡ ʠʥʪʝʛʨʘʮʠʶ ʩʦ ʩʤʝʞʥʳʤʠ ʧʨʦʛʨʘʤʤʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʤʝʥʘ ʛʨʘʬʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ 

ʩʠʩʪʝʤʘʤʠ ʉɸʇʈ. 

ʉʠʩʪʝʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ: ʚʚʦʜ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʦʣʝʚʳʭ ʠʟʤʝʨʝʥʠʡ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʭ ʛʨʘʬʠʯʝʩʢʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ; ʧʨʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʪʦʙʨʘʞʝʥʠʝʤ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʢʦʥʪʨʦʣʝʤ 

ʧʨʦʭʦʜʢʠ; ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʠ ʨʘʟʤʝʪʦʯʥʳʭ ʦʧʝʨʘʮʠʡ ʚ ʧʣʘʥʦʚʦʡ ʧʨʦʝʢʮʠʠ ʠ 3D 

ʧʨʦʩʪʨʘʥʩʪʚʝ; ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 3D ʤʦʜʝʣʝʡ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ; ʧʦʜʛʦʪʦʚʢʫ 

ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʛʦʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; ʚʚʦʜ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ 

ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʛʦʨʥʦʛʦ ʦʪʚʦʜʘ, ʧʦʣʫʯʘʝʤʳʭ ʚ ʭʦʜʝ ʨʘʟʚʝʜʦʯʥʦʛʦ ʙʫʨʝʥʠʷ, 

ʧʨʦʭʦʜʯʝʩʢʠʭ ʠ ʦʯʠʩʪʥʳʭ ʨʘʙʦʪ; ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʝʬʘ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʩʪʦʚ. 

ʀʤʝʶʪʩʷ ʠʥʩʪʨʫʤʝʥʪʳ: ʜʣʷ ʨʘʩʯʝʪʘ ʧʨʦʬʠʣʝʡ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʩ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʧʘʨʘʤʝʪʨʦʚ (ʧʦʯʚʘ ʠ ʢʨʦʚʣʷ ʚʳʨʘʙʦʪʢʠ, ʛʦʣʦʚʢʘ ʨʝʣʴʩʘ, ʰʠʨʠʥʘ, ʚʳʩʦʪʘ 

ʚʳʨʘʙʦʪʢʠ, ʚʳʩʦʪʘ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʷ, ʚʳʩʦʪʘ ʢʦʥʚʝʡʝʨʘ, ʰʠʨʠʥʘ ʨʘʙʦʯʝʛʦ ʧʨʦʭʦʜʘ ʠ ʪ.ʜ.); 

ʧʨʝʜʨʘʩʯʝʪʘ ʩʙʦʝʢ; ʬʦʨʤʠʨʦʚʘʥʠ ̫ʪʝʢʩʪʦʚʦʛʦ ʜʦʢʫʤʝʥʪʘ ʠ ʦʪʨʠʩʦʚʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 

Blast ʄaker 

ʉɸʇʈ ɹɺʈ ʥʘ ʢʘʨʴʝʨʘʭ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʆʆʆ çBlast 

Makerè ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 

ʄʀʌʀ ʠ ɻʦʨʥʦʡ ʰʢʦʣʦʡ ʇʘʨʠʞʘ [181].  ʉʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʛʨʘʤʤʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʩʦʯʝʪʘʶʱʠʡ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ 

ʙʫʨʝʥʠʷ ʠ ʵʢʩʢʘʚʘʮʠʠ ʠ ʇʆ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʘʙʦʯʝʝ ʤʝʩʪʦ ʠʥʞʝʥʝʨʘ-

ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ ɹɺʈ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ï ʵʪʦ ʨʝʘʣʠʟʘʮʠʷ ʩʧʦʩʦʙʘ ʚʝʜʝʥʠʷ ɹɺʈ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʫʪʦʯʥʝʥʠʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʧʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʙʫʨʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ.  

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʅɼʉ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʜʝʬʦʨʤʘʮʠʡ.  

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ Split Analyzer ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʙʲʝʢʪʠʚʥʫʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ 

ʚʟʨʳʚʘ. ʄʦʜʫʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʚʟʦʨʚʘʥʥʦʡ 

ʛʦʨʥʦʡ ʤʘʩʩʳ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʬʦʪʦʛʨʘʬʠʡ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʩʝʪʢʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʠ ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʉʠʩʪʝʤʘ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʯʘʪʠ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ, ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʬʦʪʦʛʨʘʬʠʷʤʠ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ 
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ʩʦʩʪʘʚʝ ʩʠʩʪʝʤʳ Blast Maker ʜʘʥʥʳʡ ʤʦʜʫʣʴ ʧʦʟʚʦʣʷʝʪ ʩʦʧʦʩʪʘʚʠʪʴ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʠ 

ʨʝʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʟʨʳʚʘ. 

1.4 ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ɻɻʀʉ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʠʤʝʝʪ ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ, 

ʩʣʝʜʫʶʱʫʶ ʩʦʛʣʘʩʥʦ ʦʩʥʦʚʥʳʤ ʚʝʭʘʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ï 

ʧʦʢʦʣʝʥʠʷ ʕɺʄ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʨʝʰʝʥʠʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ, ʵʚʦʣʶʮʠʷ ʧʦʜʭʦʜʦʚ ʢ ʩʦʟʜʘʥʠʶ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʳʭ 

ʩʠʩʪʝʤ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ï ʦʪ ʥʝʙʦʣʴʰʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʪʠʣʠʪ, ʜʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, 

ʢʦʤʙʠʥʠʨʫʶʱʠʭ ʚ ʩʝʙʝ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, 

ʠʥʩʪʨʫʤʝʥʪʳ ʉɸʇʈ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʨʘʩʯʝʪʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʤʥʦʛʦ ʜʨʫʛʦʛʦ. ʅʘ ʧʨʦʮʝʩʩ ʨʘʟʚʠʪʠʷ 

ɻɻʀʉ ʚʣʠʷʶʪ ʦʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʇʆ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʚʣʷʝʪʩʷ çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ (ʩʦʦʨʫʞʝʥʠʷ)è - BIM 

(Building Information Modeling ʠʣʠ Building Information Model). ʕʪʦ ʧʦʜʭʦʜ ʢ ʚʦʟʚʝʜʝʥʠʶ, 

ʦʩʥʘʱʝʥʠʶ, ʦʙʝʩʧʝʯʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʝʤʦʥʪʘ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʩʙʦʨ ʠ ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚʩʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ, ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʠʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʦʦʨʫʞʝʥʠʠ ʩʦ 

ʚʩʝʤʠ ʝʸ ʚʟʘʠʤʦʩʚʷʟʷʤʠ ʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʢʦʛʜʘ ʟʜʘʥʠʝ ʠ ʚʩʝ, ʯʪʦ ʠʤʝʝʪ ʢ ʥʝʤʫ 

ʦʪʥʦʰʝʥʠʝ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʳʡ ʦʙʲʝʢʪ [182]. ʆʩʦʙʝʥʥʦʩʪʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʢʪ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ ʠʟʤʝʥʝʥʠʝ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʦʜʥʦʛʦ ʠʟ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʦʩʪʘʣʴʥʳʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʢʪʦʚ, ʚʧʣʦʪʴ ʜʦ ʯʝʨʪʝʞʝʡ, ʩʧʝʮʠʬʠʢʘʮʠʡ ʠ 

ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘʬʠʢʘ ʨʘʙʦʪ.  

ʕʪʘ ʢʦʥʮʝʧʮʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʯʘʩʪʠʯʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʚʦ ʚʩʝʭ ʨʘʟʚʠʪʳʭ ɻɻʀʉ ʚ 

ʚʠʜʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʦʧʨʝʜʝʣʷʝʤʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ ʢʘʨʴʝʨʦʚ ʠ ʧʦʜʟʝʤʥʳʭ 

ʨʫʜʥʠʢʦʚ c ʤʥʦʞʝʩʪʚʦʤ ʘʪʨʠʙʫʪʠʚʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝʤ 3D ʤʦʜʝʣʝʡ ʥʘʜ 

ʯʝʨʪʝʞʘʤʠ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʥʝ ʦʬʦʨʤʣʝʥʘ ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʠʤʝʥʥʦ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʛʦʨʥʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʧʨʝʜʧʨʠʷʪʠʷ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʩʣʦʞʥʳʝ 

ʚʦʧʨʦʩʳ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʝʝ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʛʨʘʥʠʮ ʢʘʨʴʝʨʦʚ ʠ ʰʘʭʪʥʳʭ ʧʦʣʝʡ, ʚʳʙʦʨ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʝʝ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʳʙʦʨ ʩʧʦʩʦʙʘ ʚʩʢʨʳʪʠʷ, ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʤʥʦʛʠʭ 
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ʜʨʫʛʠʭ. ʕʪʠ ʟʘʜʘʯʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʠ ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʣʶʙʦʡ ʠʟ ʥʠʭ ʚ ʙʦʣʴʰʝʡ ʠʣʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʩʪʘʣʴʥʳʝ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʚ ʛʦʨʥʦʤ ʜʝʣʝ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʦʙʲʝʢʪ 

ʛʦʨʥʳʭ ʨʘʙʦʪ (ʢʘʨʴʝʨ, ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ) ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, ʘ ʠʟʤʝʥʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʘʨʠʘʥʪʦʚ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʠʣʦ ʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʦʩʪʘʣʴʥʳʭ.  

ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʶʪ ʚʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ 

ʧʦʩʪʦʷʥʥʦ ʫʭʫʜʰʘʶʱʠʭʩʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʋʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦʜʟʝʤʥʳʭ ʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʠʭ ʫʛʣʫʙʣʝʥʠʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʨʝʜʩʪʚ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʙʦʨʘ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʤʦʥʠʪʦʨʠʥʛʘ 

(ʥʘʧʨʠʤʝʨ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ), ʠʭ ʘʥʘʣʠʟʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʜʦʣʞʥʳ 

ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʠʩʪʝʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʙʫʜʫʪ 

ʨʘʟʚʠʚʘʪʴʩʷ ɻɻʀʉ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ ʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ. ʅʘʧʨʠʤʝʨ, ʪʝʭʥʦʣʦʛʠʠ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ (deep learning), ʦʪʥʦʩʷʱʠʝʩʷ 

ʢ ʦʙʣʘʩʪʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʷʭ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʪʘʢ ʩʥʠʟʠʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʘʤ ʢʦʤʧʴʶʪʝʨʘ, ʯʪʦ ʠʭ ʧʨʠʤʝʥʷʶʪ ʚ 

ʤʦʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʨʠ ʨʘʩʧʦʟʥʘʚʘʥʠʠ ʛʦʣʦʩʘ, ʧʝʨʝʚʦʜʦʚ ʩ ʦʜʥʦʛʦ ʷʟʳʢʘ ʥʘ ʜʨʫʛʦʡ ʠ 

ʪ.ʜ. ʆʩʥʦʚʘʥʥʳʝ ʥʘ ʵʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʧʨʠʚʝʜʫʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ɻɻʀʉ ʩʪʘʥʝʪ ʙʦʣʝʝ ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʳʤ ʠ 

ʥʘʩʪʨʦʝʥʥʳʤ ʥʘ ʢʦʥʢʨʝʪʥʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʪʝʭʥʦʣʦʛʠʷʤʠ 

ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (generative design) ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʝʤ ʚʳʨʘʞʝʥʠʠ ʧʨʦʝʢʪʥʦʛʦ ʥʘʤʝʨʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʦʩʚʦʙʦʞʜʘʷ ʝʛʦ ʦʪ ʨʫʪʠʥʥʳʭ ʥʝ ʪʚʦʨʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ.  

ʋʞʝ ʩʝʡʯʘʩ ʤʳ ʚʠʜʠʤ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʛʦʨʥʦʤ ʜʝʣʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʦʩʥʦʚʘ ɻɻʀʉ, ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ 

ʜʘʥʥʳʭ (big data) ʠ ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʥʪʝʛʨʠʨʫʷʩʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʝʜʠʥʦʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʙʫʜʫʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʮʝʧʦʯʢʫ ʦʪ ʧʨʦʝʢʪʥʦʛʦ 

ʥʘʤʝʨʝʥʠʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʠ ʧʦʨʦʞʜʘʶʱʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ ʢ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚʩʝʡ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ (ʨʠʩ. 3): 

ʧʦʜʛʦʪʦʚʢʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʢ ʚʳʝʤʢʝ, ʵʢʩʢʘʚʘʮʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦ 

ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʨʘʙʦʯʝʡ ʟʦʥʝ, ʧʦʣʦʞʝʥʠʠ ʟʘʙʦʝʚ, ʪʝʤʧʘʭ ʧʨʦʭʦʜʢʠ, ʚʳʧʫʩʢʘ, 
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ʩʦʩʪʦʷʥʠʠ ʜʦʨʦʛ ʠ ʚʳʨʘʙʦʪʦʢ, ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ ʠ ʢʘʨʴʝʨʦʚ, ʘ ʪʘʢʞʝ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʇʀ, ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʚʠʜʦʚ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʟʦʥʝ ʚʝʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʙʫʜʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʩ 

ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ 

ʚ ʩʨʝʜʝ ɻɻʀʉ. ʆʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʝʜʦʩʪʘʚʷʪ ʜʣʷ ʵʪʦʛʦ  ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʨʝʩʫʨʩʳ ʜʣʷ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ, ʭʨʘʥʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ 

ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʄʦʱʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʢʨʳʪʳʭ ʚ ʥʝʜʨʘʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʩʪʘʪʴ ʪʝʭʥʦʣʦʛʠʷ 

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ (augmented reality). ʆʥʘ ʧʦʟʚʦʣʠʪ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ (ʦʯʢʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠʣʠ ʜʘʞʝ ʦʙʳʯʥʳʡ ʧʣʘʥʰʝʪ) 

ʨʝʘʣʠʟʦʚʘʪʴ ʢʦʥʮʝʧʮʠʶ çʨʝʥʪʛʝʥʦʚʩʢʦʛʦè ʟʨʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʯʝʣʦʚʝʢ ʥʘʭʦʜʷʩʴ ʥʘ 

ʤʝʩʪʝ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩʤʦʞʝʪ ʚʠʜʝʪʴ ʢʘʢ ʨʝʘʣʴʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚʦʢʨʫʛ ʩʝʙʷ, ʪʘʢ ʠ 

ʩʦʚʤʝʱʝʥʥʦʝ ʩ ʥʝʡ ʤʦʜʝʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʩʢʨʳʪʦ ʠ ʥʝ ʜʦʩʪʫʧʥʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʩʦʩʝʜʥʠʝ ʧʦʜʟʝʤʥʳʝ 

ʚʳʨʘʙʦʪʢʠ ʠ ʧʫʩʪʦʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ, ʚʢʣʶʯʘʷ ʟʘʣʝʛʘʥʠʝ ʇʀ ʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʇʀ ʚ ʨʘʟʚʘʣʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʩʦʩʪʦʷʥʠʝ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʯʝʛʦ 

ʧʝʨʩʦʥʘʣʘ ʠ ʧʨ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʝʘʣʴʥʳʝ ʠ ʤʦʜʝʣʴʥʳʝ ʦʙʲʝʢʪʳ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʥʦ ʠ ʫʣʫʯʰʠʪʴ 

ʢʦʥʪʨʦʣʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ɺʳʚʦʜʳ 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ɻɻʀʉ ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʨʘʟʚʠʪʠʷ ʦʪ 

ʨʘʟʨʘʙʦʪʢʠ ʦʪʜʝʣʴʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʨʝʰʘʶʱʠʭ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ 

ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʢ ʧʦʷʚʣʝʥʠʶ ʉɸʇʈ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʝʡ ʠ ʩʧʦʩʦʙʦʚ ʨʘʟʨʘʙʦʪʢʠ, 

 

ʈʠʩʫʥʦʢ 1.3 ï ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ,  

ʩʚʷʟʘʥʥʳʝ ʩ  ɻɻʀʉ  
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ʦʙʲʝʜʠʥʷʶʱʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʝʡʯʘʩ ʛʦʨʥʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʨʠʩʢʦʚʘʥʥʳʤ ʙʠʟʥʝʩʦʤ, ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʢʦʪʦʨʦʛʦ ʚʣʠʷʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ - ʦʪ ʧʦʣʠʪʠʯʝʩʢʠʭ ʦʪʥʦʰʝʥʠʡ ʤʝʞʜʫ 

ʩʪʨʘʥʘʤʠ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʤʠʥʝʨʘʣʘʭ ʠ ʤʝʪʘʣʣʘʭ, ʜʦ ʛʣʦʙʘʣʴʥʳʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʛʨʦʟ. ɻʦʨʥʘʷ ʦʪʨʘʩʣʴ ʧʦʜʚʝʨʞʝʥʘ ʨʠʩʢʫ ʢʦʛʜʘ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʚʦʟʤʦʞʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʧʨʠʚʳʯʥʦʡ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ, ʪʘʢ ʩʧʘʜ ʮʝʥ ʥʘ 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ ʧʨʠʣʦʞʠʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʠʣʠʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʦʧʝʨʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ, ʠ ʜʘʞʝ ʩʚʝʨʪʳʚʘʥʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʛʦʨʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʥʠʚʝʣʠʨʦʚʘʪʴ ʪʘʢʠʝ ʨʠʩʢʠ ʟʘ ʩʯʝʪ ʧʨʠʥʷʪʠʷ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠ ʧʣʘʥʦʚʳʭ ʨʝʰʝʥʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʦʯʥʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʬʫʥʜʘʤʝʥʪʝ. ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʜʘʯʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻɻʀʉ ʥʘ ʛʦʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, 

ʧʝʨʚʳʝ ʧʨʠʤʝʨʳ ʚʥʝʜʨʝʥʠʷ ʘʚʪʦʥʦʤʥʦʡ ʠ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʛʦʨʥʦʡ ʪʝʭʥʠʢʠ ʷʩʥʦ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʜʨʫʛʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ 

ʪʘʢʠʭ ʩʣʦʞʥʳʭ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʈʝʟʶʤʠʨʫʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ɻɻʀʉ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʬʠʟʠʯʝʩʢʫʶ ʠ ʣʦʛʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʪʘʢ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ ʩʦʜʝʨʞʘʣʘ ʚʩʝ ʜʘʥʥʳʝ, 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦ ʩʠʩʪʝʤʳ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʦʟʜʘʥʠʷ ɻɻʀʉ ʷʚʣʷʶʪʩʷ: 

¶ ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʰʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʜʘʯ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

¶ ʈʝʘʣʠʟʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʧʨʦʩʪʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ; 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʚʩʝʡ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʦʟʤʦʞʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ; 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

¶ ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʩʪʳʭ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ. 

ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ, 

ʪʨʝʙʫʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ɻɻʀʉ: 
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1. ʈʘʟʨʘʙʦʪʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʠʥʞʝʥʝʨʥʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

2. ʈʘʟʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʳ ʙʘʟ ʜʘʥʥʳʭ ʆɻʊ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ (ɻʆ), ʛʦʨʥʦʪʨʘʥʩ-

ʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ɻʊʆ), ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʠʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ. 

3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʛʨʘʬʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʨʝʘʣʠʟʫʶʱʠʭ ʙʘʟʦʚʳʝ ʬʫʥʢʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ, ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

4. ʉʦʟʜʘʪʴ ʥʘ ʙʘʟʝ ʛʨʘʬʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʝ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʠʥʞʝʥʝʨʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

5. ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ  ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʨʘʙʦʪʳ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʦʪʢʨʳʪʳʤ ʠ ʧʦʜʟʝʤʥʳʤ 

ʩʧʦʩʦʙʘʤʠ ʨʘʟʨʘʙʦʪʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʜʦʙʳʚʘʝʤʳʭ ʇʀ, ʧʨʠʤʝʥʷʝʤʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ, ʤʘʩʰʪʘʙʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ. 

ʉʨʝʜʠ ʥʠʭ ʆɸʆ çɸʧʘʪʠʪè, ʇɸʆ çʇʇɻʍʆè, ʆɸʆ çʉɿʌʂè, ʆɸʆ çɹʦʢʩʠʪ ʊʠʤʘʥʘè, ʆɸʆ 

çʆʨʝʥʙʫʨʛʩʢʠʝ ʤʠʥʝʨʘʣʳè, ɸʂ çɸʣʨʦʩʘè ʠ ʜʨʫʛʠʝ. ʈʘʟʥʦʦʙʨʘʟʠʝ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣʦ 

ʚʳʨʘʙʦʪʘʪʴ ʦʙʱʠʝ ʩʠʩʪʝʤʥʳʝ ʧʦʜʭʦʜʳ ʢ ʘʨʭʠʪʝʢʪʫʨʝ, ʩʨʝʜʩʪʚʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʘʤ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ɻɻʀʉ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ 

ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʈʦʩʩʠʡʩʢʦʡ ʬʝʜʝʨʘʮʠʠ ʠ ʩʪʨʘʥ ʉʅɻ. 

  



69 
 

2. ɸʨʭʠʪʝʢʪʫʨʘ ʠ ʩʦʩʪʘʚ ɻɻʀʉ 

ɺ ʭʦʜʝ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʣʠ ʚʳʨʘʙʦʪʘʥʳ ʧʨʠʥʮʠʧʳ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢ ʢʦʪʦʨʳʤ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʪʥʦʩʠʪʩʷ ʛʦʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʉ ʫʯʸʪʦʤ ʩʧʝʮʠʬʠʢʠ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʦ:  

1. ʉʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʘʜʝʢʚʘʪʥʦʡ ʤʦʜʝʣʠ ʄʇʀ ʠ ʝʸ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦ ʤʝʨʝ 

ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. 

2. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʬʘʢʪʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚ ʚʠʜʝ 3D ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʦʩʥʦʚʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ (ʆɻʊ). 

4. ʄʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ, ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʜʦʩʪʫʧ ʢ ʤʦʜʝʣʷʤ ʆɻʊ ʥʘ ʦʩʥʦʚʝ 

ʉʋɹɼ. 

ʄʦʜʝʣʴ ʆɻʊ ï ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʥʦʩʠʪʝʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ, ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ. 

ɺ ʵʪʦʤ ʧʣʘʥʝ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʆɻʊ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʧʨʠʨʦʜʥʘʷ ʠ 

ʪʝʭʥʦʛʝʥʥʘʷ ʩʨʝʜʘ, ʚʦʚʣʝʯʸʥʥʳʝ ʚ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʇʀ, ʷʚʣʷʶʪʩʷ ʫʜʦʙʥʳʤ ʩʨʝʜʩʪʚʦʤ 

ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʬʦʨʤʝ ʠ ʩʦʜʝʨʞʘʥʠʠ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ 

ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʮʠʬʨʦʚʳʭ 

ʤʦʜʝʣʝʡ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʘʨʠʘʥʪʳ ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ɻɻʀʉ. 

ɽʱʸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʩʢʣʘʜʳʚʘʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʙʫʤʘʞʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ. ɽʛʦ çʞʠʟʥʴè ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʣʘʩʴ 

ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʠʤʠʩʷ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʦʙʩʣʫʞʠʚʘʶʱʠʭ 

ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʛʦʨʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʚʥʝʜʨʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʣʫʞʙʘʭ. ʕʪʠ ʧʨʦʮʝʩʩʳ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʜʚʫʤ ʩʮʝʥʘʨʠʷʤ. 

ʇʨʠ ʧʝʨʚʦʤ - ʚʥʝʜʨʷʝʤʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʶʪ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʘʢʪʠʢʝ 

ʧʦʣʫʯʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʩʦʙʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʥʥʳʭ ʪʘʙʣʠʮ, ʣʦʢʘʣʴʥʳʭ ɹɼ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʜʘʢʪʦʨʦʚ ʉɸʇʈ. ʇʨʠ 

ʚʪʦʨʦʤ - ʚʥʝʜʨʷʝʤʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʫʶ ʩʠʩʪʝʤʫ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʠ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʥʦ 

ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʦʪʜʝʣʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ 

ʧʦʜ ʩʝʙʷ.  
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ʉʧʝʮʠʬʠʢʘ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ (ʀʉ) ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʢʣʘʜʳʚʘʝʪʩʷ ʜʦʙʳʯʘ ʇʀ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʩʴʤʘ ʨʘʟʥʦʨʦʜʥʳʝ ʤʦʜʝʣʠ ʠ 

ʘʣʛʦʨʠʪʤʳ ʠʭ ʦʙʨʘʙʦʪʢʠ. ɺ ʜʚʫʭ ʢʨʘʡʥʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʧʨʠʚʦʜʠʪ ʣʠʙʦ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʇʇ ʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʤʝʪʴ ʩʚʷʟʫʶʱʠʝ 

ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʣʠʙʦ ï ʢ ʚʥʝʜʨʝʥʠʶ ʩʫʧʝʨʩʠʩʪʝʤʳ, ʦʭʚʘʪʳʚʘʶʱʝʡ ʚʩʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʘʩʧʝʢʪʳ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʵʪʠ 

ʚʘʨʠʘʥʪʳ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ, ʧʝʨʚʳʡ - ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʜʘʞʝ ʠʟʥʘʯʘʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʚʘʶʪʩʷ ʠ ʨʘʩʰʠʨʷʶʪ ʩʬʝʨʳ ʩʚʦʝʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʩʤʝʞʥʳʝ 

ʫʯʘʩʪʢʠ, ʚʪʦʨʦʡ - ʧʦ ʧʨʠʯʠʥʝ ʢʨʘʡʥʝʡ ʩʣʦʞʥʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘʩʪʨʦʡʢʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ. ʏʘʱʝ ʚʩʝʛʦ, ʀʉ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʬʦʨʤʠʨʫʶʪʩʷ ʢʘʢ 

ʢʦʥʛʣʦʤʝʨʘʪ ʨʘʟʣʠʯʥʳʭ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ 

ʦʭʚʘʪʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʥʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʀʥʪʝʨʝʩʥʦʡ ʟʘʜʘʯʝʡ ʚ ʵʪʦʤ ʧʣʘʥʝ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ çʢʨʫʧʥʦʩʪʠè 

ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʀʉ ʠ ʩʧʦʩʦʙʳ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʅʘʠʙʦʣʝʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʩʭʝʤʘ ʦʨʛʘʥʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʨʠʩʫʥʦʢ 2.1). ʂʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ ʵʪʦʡ ʩʭʝʤʳ ʷʚʣʷʝʪʩʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʀʉ, ʠʤʝʶʱʝʡ ʩʚʦʶ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ, ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʠ 

ʘʣʛʦʨʠʪʤʳ ʠʭ ʦʙʨʘʙʦʪʢʠ. ʅʝʩʦʤʥʝʥʥʦ, ʵʪʠ ʩʠʩʪʝʤʳ ʜʦʣʞʥʳ ʠʤʝʪʴ ʩʨʝʜʩʪʚʘ ʩʪʳʢʦʚʢʠ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʪʘʢʞʝ ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʣʦʡ ʇʆ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʡ çʩʢʣʝʡʢʫè 

ʨʘʟʥʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʀʉ.  

2.1 ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ɻɻʀʉ MINEFRAME 

ʉʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʠ ʤʦʜʝʣʝʡ ɻɻʀʉ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʨʘʙʦʪʢʠ ʄʇʀ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, 

 
ʈʠʩʫʥʦʢ 2.1 ï ʆʩʥʦʚʥʳʝ ʯʘʩʪʠ ʀʉ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 
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ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʟʘʧʘʩʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʠʟʤʝʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ ɻʇ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʃʶʙʳʝ ʜʝʡʩʪʚʠʷ, ʩʚʷʟʘʥʥʳʝ, ʢʘʢ ʩ ʠʟʫʯʝʥʠʝʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢ ʠ ʩ ʝʛʦ ʨʘʟʨʘʙʦʪʢʦʡ, ʧʨʝʜʧʦʣʘʛʘʶʪ ʧʦʣʫʯʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ 

ʠʥʬʦʨʤʘʮʠʠ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʘʪʝʛʠʷ ʠ ʪʘʢʪʠʢʘ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʬʬʝʢʪʠʚʥʫʶ ʜʦʙʳʯʫ ʇʀ. ɺʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʚʝʜʝʥʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʥʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩ-

ʧʝʯʝʥʠʝ ʩʭʝʤʘʪʠʯʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ, ʤʝʥʷʶʱʠʭʩʷ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʜʝʣʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʨʠʩʫʥʦʢ 2.2). 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ 

ʦʙʲʝʤʘ ʠ ʢʘʯʝʩʪʚʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʣʶʙʦʡ ɻɻʀʉ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʥʘ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʝʦʪʝʭʥʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʦʙ ʝʸ ʦʙʲʝʢʪʘʭ ʠ 

ʧʨʦʮʝʩʩʘʭ. ʆʙʲʝʤ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʠ, 

ʩʪʝʧʝʥʴ ʝʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʬʦʨʤʘ ʭʨʘʥʝʥʠʷ, ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ ʜʦʩʪʫʧʥʦʩʪʴ, ʘ ʪʘʢʞʝ 

ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʳ ʦʙʨʘʙʦʪʢʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ, ʛʣʫʙʠʥʫ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʥʳʝ ʩʚʷʟʠ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝʦʙʝʩʧʝʯʝʥʠʝ
ʛʦʨʥʳʭ ʨʘʙʦʪ

ʄʦʜʝʣʠʦʙʲʝʢʪʦʚ

ʇʨʠʨʦʜʥʳʝ,
ʪʝʭʥʦʛʝʥʥʳʝʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ

ʊʦʧʦʛʨʘʬʠʯʝʩʢʠʝ

ɿʘʧʘʩʳ
ʧʦʣʝʟʥʦʛʦ
ʠʩʢʦʧʘʝʤʦʛʦ

ʉʦʟʜʘʚʘʝʤʳʝʀʩʧʦʣʴʟʫʝʤʳʝ

ɻʦʨʥʳʝʤʘʰʠʥʳ

ʉʪʘʮʠʦʥʘʨʥʦʝ
ʦʙʦʨʫʜʦʚʘʥʠʝ,
ʠʥʞʝʥʝʨʥʳʝ
ʢʦʤʤʫʥʠʢʘʮʠʠ

ʇʨʦʭʦʜʢʘ
ʛʦʨʥʳʭ
ʚʳʨʘʙʦʪʦʢ

ʇʦʜʛʦʪʦʚʢʘ
ʚʳʝʤʦʯʥʳʭ
ʝʜʠʥʠʮ

ɺʳʝʤʢʘ,
ʧʦʛʨʫʟʢʘ, ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ
ʛʦʨʥʦʡ ʤʘʩʩʳ

ʄʦʥʠʪʦʨʠʥʛ
ʪʝʭʥʦʛʝʥʥʳʭ ʠ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ
ʧʨʦʮʝʩʩʦʚ

ʋʯʝʪʦʙʲʝʤʦʚ ʠ
ʫʪʦʯʥʝʥʠʝ ʛʨʘʥʠʮ

ʌʦʨʤʠʨʦʚʘʥʠʝɹɼ
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ
ʦʧʨʦʙʦʚʘʥʠʷ

ʇʦʜʛʦʪʦʚʢʘ
ʜʦʢʫʤʝʥʪʘʮʠʠ

ʇʨʦʛʨʘʤʤʥʦʝʦʙʝʩʧʝʯʝʥʠʝ

ɻʦʨʥʳʝ
ʚʳʨʘʙʦʪʢʠ

ɺʳʝʤʦʯʥʳʝ
ʝʜʠʥʠʮʳ

ʂʦʥʩʪʨʫʢʪʠʚʥʳʝ
ʵʣʝʤʝʥʪʳ,
ʩʦʦʨʫʞʝʥʠʷ

ɿʦʥʳ,
ʦʙʣʘʩʪʠ

ɻʝʦʣʦʛʠʯʝʩʢʠʝ

ɻʝʦʬʠʟʠʯʝʩʢʠʝ

ɻʝʦʣʦʛʠʯʝʩʢʠʝ
ʧʨʦʙʳ

ʄʘʨʢʰʝʡʜʝʨʩʢʠʝ
ʪʦʯʢʠ

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ
ʧʨʦʮʝʩʩʳ 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ,
ʧʣʘʥʠʨʦʚʘʥʠʝ,
ʫʧʨʘʚʣʝʥʠʝ

ɺʳʧʦʣʥʝʥʠʝ
ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ
ʠ ʛʝʦʣʦʛʦʨʘʟʚʝ-
ʜʦʯʥʳʭʨʘʙʦʪ 

ʆʙʝʩʧʝʯʝʥʠʝ
ʙʝʟʦʧʘʩʥʦʩʪʠ
ʛʦʨʥʳʭ ʨʘʙʦʪ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ
ʛʝʦʣʦʛʠʯʝʩʢʠʭ
ʦʙʲʝʢʪʦʚ,

ʦʮʝʥʢʘ ʟʘʧʘʩʦʚ

ʄʦʜʝʣʠʨʦʚʘʥʠʝ
ʨʝʣʴʝʬʘ
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ɺ ʠʜʝʘʣʝ, ɻɻʀʉ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʮʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʠ 

ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʥʠʤʘʝʤʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʙʫʜʝʪ, ʢʘʢ ʤʠʥʠʤʫʤ, ʩʤʦʜʝʣʠʨʦʚʘʥʦ, ʘ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʛʦʨʠʪʤʦʚ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ ʣʫʯʰʝʝ, ʧʦ ʧʨʠʥʷʪʦʤʫ ʢʨʠʪʝʨʠʶ, 

ʨʝʰʝʥʠʝ. 

ɻɻʀʉ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʩʝ ʧʨʦʮʝʩʩʳ 

ʩʦʟʜʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʥʦʡ. 

ɺʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʟʜʘʥʠʷ ʩʢʚʦʟʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʢʦʪʦʨʦʡ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʚʘʞʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʠ. ʇʨʠ ʚʩʝʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʇʇ [152], ʩʝʛʦʜʥʷ 

ʨʝʘʣʴʥʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤ, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʟʥʘʢʫ ʢʦʤʧʣʝʢʩʥʳʭ. 

ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʩʣʦʞʥʦʩʪʴʶ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʚʘʨʠʘʥʪʦʚ ʠ ʩʭʝʤ ʦʪʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʣʠʯʠʝʤ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʪʦ ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʝʪ ʟʘʜʘʯʫ ʩʦʟʜʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʣʝʛʢʦ ʘʜʘʧʪʠʨʫʝʤʳʭ ʢ ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʧʨʘʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʢ ʯʠʩʣʫ 

ʢʦʤʧʣʝʢʩʥʳʭ ʦʪʥʦʩʠʪʴ ʩʠʩʪʝʤʳ, ʦʙʣʘʜʘʶʱʠʝ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʇʇ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ. ʅʘʨʷʜʫ ʩ ʧʝʨʝʯʥʝʤ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʣʝʞʘʱʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʶ, 

ʩʫʱʝʩʪʚʫʝʪ ʝʱʝ ʦʜʥʦ ʪʨʝʙʦʚʘʥʠʝ, ʢʦʪʦʨʦʤʫ ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʠʩʪʝʤʘ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. ʕʪʦ ʪʨʝʙʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʙʦʪʫ ʩ 3D 

ʤʦʜʝʣʷʤʠ ʦʙʲʝʢʪʦʚ ʚ ʨʝʞʠʤʝ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʫʜʘʣʝʥʥʳʤ ɹɼ ʚ ʃɺʉ ʧʨʝʜʧʨʠʷʪʠʷ 

ʠʣʠ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ (ʦʙʣʘʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ), ʯʪʦ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʘʜʝʢʚʘʪʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʛʦʨʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʚʳʙʦʨ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʳʥʝ 

ʠʟʚʝʩʪʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ɻɻʀʉ [183, 184, 185, 186, 187, 188] ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʘʣʠ ʪʨʠ 

ʬʘʢʪʦʨʘ:  

1. ɼʘʪʘ ʥʘʯʘʣʘ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ɻɻʀʉ, ʯʪʦ, ʧʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʙʳʩʪʨʦʝ 

ʨʘʟʚʠʪʠʝ ʩʨʝʜʩʪʚ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ, ʚʦ ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʩʪʨʫʢʪʫʨʫ 

ʩʦʟʜʘʚʘʝʤʳʭ ʩʠʩʪʝʤ ʠ ʤʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʝʸ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʦʩʥʦʚʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ 

ʨʝʰʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʪʝʭ ʣʝʪ. 

2. ʇʨʠʢʣʘʜʥʘʷ ʥʘʮʝʣʝʥʥʦʩʪʴ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ɻɻʀʉ ʥʘ ʨʝʰʝʥʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʢʨʫʛʘ 

ʟʘʜʘʯ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ: ʥʘʧʨʠʤʝʨ, ʨʘʟʚʠʪʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ 
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ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ ʠ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ï DATAMINE , MICROMINE; 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʨʘʟʨʘʙʦʪʢʠ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï MINESCAPE. 

3. ʆʨʠʝʥʪʘʮʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʘʙʦʪʫ ʩ 3D ʠʟʦʙʨʘʞʝʥʠʝʤ ʚ ʧʨʠʥʷʪʦʤ ʜʣʷ ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ ʬʦʨʤʘʪʝ 

ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘʠʙʦʣʴʰʝʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʧʦʣʴʟʦʚʘʣʠʩʴ  ɻʀʉ ʠ 

CAD-ʧʨʠʣʦʞʝʥʠʷ [188]. 

ʉʧʦʩʦʙʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʝʝ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ:  

1. ʉʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ. ʅʘ ʩʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʩʣʦʞʠʚʰʠʡʩʷ ʨʳʥʦʢ 

ʧʨʦʛʨʘʤʤʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʝʸ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʮʝʥʝ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʚʘʝʤʘʷ ʩʝʪʝʚʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩ ʮʝʣʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʜʠʥʦʛʦ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʦ ʪʘʢʞʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʳ ʝʛʦ ʢʘʜʨʦʚʳʭ, 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʜʨ. ʩʣʫʞʙ. 

2. ʉʋɹɼ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʝʛʦʜʥʷ ʧʨʦʤʳʰʣʝʥʥʳʝ ʉʋɹɼ 

ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺʳʙʦʨ ʉʋɹɼ ʟʘʯʘʩʪʫʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʙʦʨʦʤ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʨʝʘʣʠʟʦʚʘʥʘ ʨʘʙʦʪʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʠʩʢʦʤ 

ʉʋɹɼ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʩʝʪʝʚʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠ ʉʋɹɼ 

ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʠ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. 

3. ʇʇ, ʬʦʨʤʠʨʫʶʱʠʝ ʯʘʩʪʠ ɻɻʀʉ ʠ ʩʦʟʜʘʥʥʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ 

ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʛʝʦʣʦʛʦʚ, ʤʘʨʢʰʝʡʜʝʨʦʚ, ʪʝʭʥʦʣʦʛʦʚ, ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠ 

ʤʦʥʠʪʦʨʠʥʛʦʚʳʭ ʩʣʫʞʙ (ʥʘʧʨʠʤʝʨ: ʚʝʥʪʠʣʷʮʠʠ, ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʦʚ, ʧʨʦʛʥʦʟʘ 

ʛʦʨʥʳʭ ʫʜʘʨʦʚ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʨʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ ʠ ʧʨʦʝʢʪʥʳʤ ʦʨʛʘʥʠʟʘʮʠʷʤ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝ ʤʝʥʝʝ ʜʝʩʷʪʢʘ ʢʨʫʧʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʩʦʪʥʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʦ ʩʧʝʢʪʨʘ 

ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʛʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʟʘʜʘʯ.  

ʉʠʩʪʝʤʘ MINEFRAME [189, 190] ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ 1997 ʛ.  ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʚ 

ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʠ ʥʘ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʦʩʩʠʠ ʩʪʘʣʠ ʤʘʩʩʦʚʦ 

ʧʦʷʚʣʷʪʴʩʷ ʧʝʨʩʦʥʘʣʴʥʳʝ ʢʦʤʧʴʶʪʝʨʳ, ʘ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠ ʟʘʨʫʙʝʞʥʳʝ ɻɻʀʉ. ʇʦʵʪʦʤʫ, 

ʥʘʯʘʣʫ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʩʠʩʪʝʤʳ MINEFRAME ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʘʥʘʣʠʟ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʇʆ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʮʝʣʝʚʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʩʦʟʜʘʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ï ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ ʜʣʷ ʧʦʜʟʝʤʥʦʛʦ ʠ ʦʪʢʨʳʪʦʛʦ ʩʧʦʩʦʙʦʚ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʸʨʜʳʭ ʇʀ ʥʘ ʦʩʥʦʚʝ ʫʯʸʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ 
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ʧʨʝʜʧʨʠʷʪʠʡ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʨʠʚʝʣʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʦʥʮʝʧʪʫʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ ʢ 

ʩʦʟʜʘʥʠʶ ɻɻʀʉ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

1. ʉʪʨʫʢʪʫʨʘ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʭʨʘʥʝʥʠʝ ʚ ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʠ ʩʝʤʘʥʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʦʙʲʝʢʪʘ. 

2. ɻʨʘʬʠʯʝʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ɻɻʀʉ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʥʦʛʦʦʢʦʥʥʳʤ ʨʝʞʠʤʦʤ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʨʘʙʦʪʫ ʠ ʚʠʟʫʘʣʠʟʘʮʠʶ ʦʙʲʝʢʪʦʚ ʚ ʨʘʟʥʳʭ ʚʠʜʦʚʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ, ʧʨʦʝʢʮʠʷʭ ʠ ʨʘʟʨʝʟʘʭ. 

3. ʌʫʥʢʮʠʦʥʘʣ ɻɻʀʉ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʠʩʪʝʤʥʳʤʠ ʠ ʨʘʙʦʯʠʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ. ʉʪʨʫʢʪʫʨʘ  ɻɻʀʉ 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʠ ʨʝʘʣʠʟʘʮʠʶ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ 

ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʷʜʨʘ ʩʠʩʪʝʤʳ. 

4. ʉʧʦʩʦʙ ʭʨʘʥʝʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ  ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ɹɼ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ɻɻʀʉ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ 

ʧʝʨʩʦʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʜʦʩʪʫʧʘ ʢ ɹɼ. 

5. ɻɻʀʉ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʚʩʪʨʦʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʥʦʡ 

ʪʝʢʩʪʦʚʦʡ, ʪʘʙʣʠʯʥʦʡ ʠ ʛʦʨʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʪʝʩʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʩ 

ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʨʝʜʦʡ ʠ ʤʦʜʝʣʠʨʫʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

6. ɺʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤʳ ʜʦʣʞʝʥ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʩʦʟʜʘʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʘʨʠʘʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʄʇʀ. 

7. ʉʦʩʪʘʚ ʠ ʬʫʥʢʮʠʦʥʘʣ ɻɻʀʉ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʫʩʣʦʚʠʷʤ 

ʢʦʥʢʨʝʪʥʦʛʦ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʦʟʜʘʚʘʝʤʦʡ ɻɻʀʉ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

¶ ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʛʦʨʥʦʛʦ ʧʨʦʬʠʣʷ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʫ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʰʝʥʠʷ ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʟʘʜʘʯ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

¶ ʈʝʘʣʠʟʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠ ʧʨʦʩʪʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ 

ʜʘʥʥʳʭ; 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʛʦʪʦʚʥʦʩʪʠ ʩʪʨʫʢʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʢ ʠʟʤʝʥʝʥʠʷʤ 

ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ [191]; 

¶ ʆʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ (ʩʢʦʨʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ 

ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʦʪʨʝʙʣʷʝʤʘʷ ʧʘʤʷʪʴ); 
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¶ ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʩʪʳʭ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʠʥʪʝʨʬʝʡʩʦʚ ʜʣʷ 

3D ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʩʪʨʫʢʪʫʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 2.2, ʥʘʠʙʦʣʝʝ ʣʦʛʠʯʥʦʡ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʧʦʩʪʨʦʝʥʠʷ ɻɻʀʉ, ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʩʥʘʯʘʣʘ ʩʦʟʜʘʶʪʩʷ 

ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʘ ʟʘʪʝʤ ʘʣʛʦʨʠʪʤʳ ʠ 

ʩʨʝʜʩʪʚʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ ʩʦʟʜʘʥʠʠ ɻɻʀʉ MINEFRAME ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʠʤʝʥʥʦ 

ʪʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ [192, 193].  

ʈʘʟʨʘʙʦʪʢʘ ʩʣʦʞʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ, ʢ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ɻɻʀʉ 

MINEFRAME, ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ, ʦʪ ʣʦʛʠʢʠ ʧʦʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʡ 

ʚʦ ʤʥʦʛʦʤ ʙʫʜʫʪ ʟʘʚʠʩʝʪʴ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʠ ʢʘʯʝʩʪʚʦ ʇʇ. ʀʟʤʝʥʝʥʠʷ ʚ 

ʘʨʭʠʪʝʢʪʫʨʝ ʩʦʧʨʷʞʝʥʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʢʦʜʘ ʇʇ, ʧʦʵʪʦʤʫ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ɻɻʀʉ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʜʫʣʴʥʳʡ ʧʨʠʥʮʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʸ 

ʘʨʭʠʪʝʢʪʫʨʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʨʠʥʮʠʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʥʘʙʦʨ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ ʠ ʚʳʩʪʨʦʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʣʦʛʠʯʝʩʢʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʧʦʨʷʜʦʯʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ɻɻʀʉ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ:  

1. ʇʦʚʳʰʘʝʪʩʷ ʥʘʜʸʞʥʦʩʪʴ ɻɻʀʉ ʚ ʮʝʣʦʤ ʠ ʫʧʨʦʱʘʝʪʩʷ ʧʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ 

ʦʰʠʙʦʢ, ʪ.ʢ. ʚ ʯʸʪʢʦʡ ʩʪʨʫʢʪʫʨʝ ʣʝʛʯʝ ʚʳʜʝʣʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʙʣʦʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʘʙʦʪʳ ʢʦʪʦʨʦʛʦ ʚʦʟʥʠʢʘʝʪ ʦʰʠʙʢʘ, ʠ ʫʩʪʨʘʥʠʪʴ ʝʸ. 

2. ʋʧʨʦʱʘʝʪʩʷ ʥʘʨʘʱʠʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ɻɻʀʉ, ʪ.ʢ. 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʘʚʠʣʘ ʠ ʤʝʭʘʥʠʟʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʪʦʨʳʤʠ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʵʪʦ ʥʘʨʘʱʠʚʘʥʠʝ. 

3. C ʦʧʨʝʜʝʣʝʥʠʝʤ ʠʥʪʝʨʬʝʡʩʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʝʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʢʦʥʢʨʝʪʥʦʛʦ ʤʦʜʫʣʷ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʜʨʫʛʠʭ 

ʯʘʩʪʝʡ ɻɻʀʉ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʥʮʝʧʪʫʘʣʴʥʫʶ ʤʦʜʝʣʴ (ʂʄ) ɻɻʀʉ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʣʝʜʫʶʱʠʭ ʪʝʦʨʝʪʠʢʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ ʤʥʦʞʝʩʪʚ: 

ὑ̄ ̄̉ Ὃ̒ὋȟὓȟὈὄȟὕȟὖ      (2.1) 

ɽʝ ʵʣʝʤʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ: 

GG ï ʮʝʣʴ ʩʦʟʜʘʥʠʷ ɻɻʀʉ ï ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʟʘʜʘʯ 

(ʧʦʜʮʝʣʝʡ) ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

M ï ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʥʩʪʨʫʢʮʠʡ; 
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DB ï ʤʥʦʞʝʩʪʚʦ ʙʘʟ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʝʪ ɹɼ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʦʙʲʝʢʪʦʚ 

ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʛʦʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ʆ ï ʤʥʦʞʝʩʪʚʦ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ;  

ʈ ï ʤʥʦʞʝʩʪʚʦ ʧʨʠʣʦʞʝʥʠʡ ʠ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

ʄʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ: 

 

ὕ  ὓὝȟὓȟὃὸὸὶ       (2.2) 

 

MT ï ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ ʤʦʜʝʣʝʡ ʆɻʊ; 

ʄ ï ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Attr ï ʤʥʦʞʝʩʪʚʦ ʘʪʨʠʙʫʪʦʚ ʤʦʜʝʣʝʡ ʆɻʊ. 

ɹʦʣʝʝ ʧʦʜʨʦʙʥʦ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʧʦʩʦʙʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 4-ʡ ʛʣʘʚʝ.  

ʄʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ ʨʝʘʣʠʟʫʶʪ ʮʝʣʝʚʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ɻɻʀʉ ï ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʠ ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʦʥʘʣ ʙʠʟʥʝʩ-ʣʦʛʠʢʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ: 

 

ὖ ὊὲȟὃȟὄȟὍὉȟὍὝȟὔὩȟὡȟὅȟὒὃȟὃὢ     (2.3) 

 

ɿʜʝʩʴ: 

Fn ï ʤʥʦʞʝʩʪʚʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʜʫʨ ʠ ʬʫʥʢʮʠʡ; 

ɸ ï ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; 

B ï ʤʥʦʞʝʩʪʚʦ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ; 

IE ï ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ ʠʤʧʦʨʪʘ ʠ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ; 

IT ï ʤʥʦʞʝʩʪʚʦ ʠʥʪʝʨʬʝʡʩʥʳʭ ʩʨʝʜʩʪʚ ʧʦʣʴʟʦʚʘʪʝʣʷ; 

Ne ï ʤʥʦʞʝʩʪʚʦ ʩʝʪʝʚʳʭ ʩʨʝʜʩʪʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʣʦʞʝʥʠʡ ʠ ɹɼ;  

W ï ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ ʆɻʊ; 

ʉ ï ʢʣʘʩʩʠʬʠʢʘʪʦʨ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦ-ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

LA ï ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʇʆ;  

AX ï ʤʥʦʞʝʩʪʚʦ ʩʨʝʜʩʪʚ ʭʨʘʥʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʥʘʩʪʨʦʝʢ.  

 ʀʩʧʦʣʴʟʫʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʮʝʣʝʚʦʡ ʧʦʜʭʦʜ (ʌʎʇ) ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ 

ʤʦʜʝʣʠ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ɻɻʀʉ. ɽʛʦ ʩʫʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʤʥʦʛʦʫʨʦʚʥʝʚʳʭ ʠʝʨʘʨʭʠʯʝʩʢʠʭ ʜʨʝʚʦʚʠʜʥʳʭ ʩʪʨʫʢʪʫʨ ʢʘʢ ʩʧʦʩʦʙʘ ʩʪʨʫʢʪʫʨʥʦ-

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʧʦʜʭʦʜ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʚʦʩʴʤʠʜʝʩʷʪʳʭ 

ʛʦʜʘʭ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʫʧʨʘʚʣʝʥʠʷ ʩʣʦʞʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʦʙʲʝʢʪʘʤʠ [240]. 
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ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʮʝʣʝʚʦʛʦ ʧʦʜʭʦʜʘ ï ʵʪʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʦʩʨʝʜʩʪʚʦʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʮʝʣʝʡ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʦʟʥʘʯʘʝʪ ʜʦʩʪʠʞʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʮʝʣʠ. ʌʎʇ ʩʣʫʞʠʪ ʜʣʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʠʥʪʝʟʘ ʩʠʩʪʝʤ, ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ 

ʢʦʪʦʨʳʭ, ʠʭ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʘʷ 

ʤʦʜʝʣʴ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʚ ʬʦʨʤʝ ʜʨʝʚʦʚʠʜʥʦʡ ʩʠʩʪʝʤʳ ʮʝʣʝʡ. ʀʝʨʘʨʭʠʯʥʦʩʪʴ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʝʝ ʦʧʠʩʘʥʠʷ, ʥʦ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ  ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʪʨʫʢʪʫʨʥʦ-

ʘʣʛʦʨʠʪʤʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʯʝʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʡ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ.  çɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʘʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʦʜʝʣʴ ʬʫʥʢʮʠʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʩʪʨʫʢʪʫʨʫ, ʘʥʘʣʦʛʠʯʥʫʶ ʩʪʨʫʢʪʫʨʝ ʤʦʜʝʣʠ ʮʝʣʝʚʦʡ 

ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɸ ʤʦʜʝʣʴ ʬʫʥʢʮʠʡ ʦʧʨʝʜʝʣʷʝʪ ʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʄʦʜʝʣʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʮʝʣʝʚʦʛʦ ʧʦʜʭʦʜʘ, ʦʩʥʦʚʘʥʳ ʥʘ 

ʜʚʫʭʦʧʝʨʘʮʠʦʥʥʳʭ ʘʣʛʝʙʨʘʭ ʮʝʣʝʡ ʠ ʬʫʥʢʮʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ 

ʮʝʣʝʡ ʣʶʙʘʷ ʮʝʣʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʧʦʜʮʝʣʝʡ 

ʥʠʞʝʣʝʞʘʱʝʛʦ ʫʨʦʚʥʷ. ʊʦ ʝʩʪʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʫʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʜʦʩʪʠʞʝʥʠʝ 

ʧʦʜʮʝʣʝʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʨʫʛ ʟʘ ʜʨʫʛʦʤ ʠ/ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʧʘʨʘʣʣʝʣʴʥʦ). 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʪʘʢʠʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʮʝʣʝʚʦʤ ʧʦʜʭʦʜʝ ʚ ʜʝʢʦʤʧʦʟʠʮʠʠ ʜʝʡʩʪʚʠʡ ʦʪʨʘʞʝʥʘ ʜʝʢʦʤʧʦʟʠʮʠʷ ʮʝʣʝʡ 

(ʠʩʭʦʜʥʘʷ ʜʝʢʦʤʧʦʟʠʮʠʷ), ʘ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʫʪʴ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ð ʵʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ 

ʠ ʧʘʨʘʣʣʝʣʴʥʦʝ (ʩʦʚʤʝʩʪʥʦʝ) ʜʦʩʪʠʞʝʥʠʝ ʧʦʜʮʝʣʝʡè [240]. ʊ.ʝ. ʌʎʇ ʦʧʨʝʜʝʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʤʝʞʜʫ ʮʝʣʷʤʠ ʠ ʬʫʥʢʮʠʷʤʠ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ ʂʄ: ʮʝʣʷʤ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ 

ʠʝʨʘʨʭʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʫʥʢʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʠʭ ʜʦʩʪʠʞʝʥʠʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʠ 

ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʮʝʣʷʤʠ, ʜʦʩʪʠʛʘʝʤʳʤʠ ʥʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʠʝʨʘʨʭʠʠ.  

ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʦ ʧʦʢʨʳʪʠʠ [240] ʩʠʩʪʝʤʘ ʚ ʮʝʣʦʤ ʜʦʣʞʥʘ ʩʪʨʦʠʪʴʩʷ ʠʟ ʪʘʢʠʭ 

ʧʦʜʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʢʨʳʪʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʟʘʜʘʯ ʦʩʥʦʚʥʦʡ 

ʮʝʣʝʚʦʡ ʟʘʜʘʯʠ GG ʩʠʩʪʝʤʳ C. ɺ ʩʣʫʯʘʝ ɻɻʀʉ ʵʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʦʩʪʘʚ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʩʚʷʟʘʥʥʳʭ ʩ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʦʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ 

ʨʘʙʦʪ. 

ὅ ὅὫ᷾ ὅί᷾ὅό᷾ ὅέ      (2.4) 

ʛʜʝ 

ʉg ï ʧʦʜʩʠʩʪʝʤʘ ʛʝʦʣʦʛʠʠ; 

Cs ï ʧʦʜʩʠʩʪʝʤʘ ʤʘʨʢʰʝʡʜʝʨʠʠ; 

Cu, Co ï ʧʦʜʩʠʩʪʝʤʳ ʧʦʜʟʝʤʥʦʡ ʠ ʦʪʢʨʳʪʦʡ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. 

ʇʨʠ ʜʝʢʦʤʧʦʟʠʮʠʠ ʛʣʦʙʘʣʴʥʦʡ ʮʝʣʠ ɻɻʀʉ ï ʧʦʣʫʯʝʥʠʝ ʥʘʠʣʫʯʰʠʭ, ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʊʇʀ, ʧʦʣʫʯʘʝʤ ʤʥʦʞʝʩʪʚʦ ʧʦʜʮʝʣʝʡ (GGi) ʜʣʷ 
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ʨʝʰʝʥʠʷ ʮʝʣʝʚʳʭ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʩʠʩʪʝʤ. ɼʝʢʦʤʧʦʟʠʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʪʘʢʠʤ, 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʤʥʦʞʝʩʪʚʦ ʧʦʜʮʝʣʝʡ ʥʝ ʧʝʨʝʩʝʢʘʣʠʩʴ: 

 ὋὋ ὋὋ    (2.5) 

 
ὋὋ

 
ὋὋ

ὋὋȟ̆ ̒̌̉ Ὥ Ὦȟ
ȟɲ̆ ̒̌̉ Ὥ ὮȢ

 (2.6) 

 

ʂʘʞʜʦʡ ʧʦʜʮʝʣʠ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʜʩʠʩʪʝʤʘ Ci, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʝʡʩʪʚʠʡ Di ʧʦʢʨʳʚʘʶʱʫʶ ʧʦʜʮʝʣʴ GGi. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʢʦʤʧʦʟʠʮʠʷ ʧʝʨʚʦʛʦ ʫʨʦʚʥʷ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʫʨʦʚʥʝ ʜʝʢʦʤʧʦʟʠʮʠʠ ʥʝʢʦʪʦʨʘʷ ʧʦʜʮʝʣʴ GGi ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʢ ʤʥʦʞʝʩʪʚʦ ʧʦʜʮʝʣʝʡ ʩʣʝʜʫʶʱʝʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ, ʪ.ʝ. 

 ὋὋ  ὋὋȟὮ ρȟὔ (2.7) 

 

ʛʜʝ  

Ni ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʮʝʣʝʡ ʮʝʣʠ GGi 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦ ʜʝʡʩʪʚʠʡ Di ʧʦʢʨʳʚʘʝʪ ʩʦʚʦʢʫʧʥʦʩʪʴ ʮʝʣʝʡ GGi ʪʦʛʜʘ, 

ʢʦʛʜʘ ʜʝʡʩʪʚʠʷ Dij ʧʦʜʩʠʩʪʝʤ Cij ʧʦʢʨʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʜʮʝʣʠ GGi ʜʣʷ ʢʘʞʜʦʛʦ j, 

ʠ ʪʘʢ ʜʘʣʝʝ. ʉʪʨʫʢʪʫʨʘ ʠ ʩʪʝʧʝʥʴ ʜʝʢʦʤʧʦʟʠʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʧʨʠʤʠʪʠʚʥʳʭ (ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ɻɻʀʉ) ʮʝʣʝʡ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʪʘʢʠʝ ʧʨʠʤʠʪʠʚʳ GGij ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʟʥʘʯʠʤʫʶ ʜʣʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʩʤʳʩʣʦʚʫʶ ʥʘʛʨʫʟʢʫ, ʩ ʜʨʫʛʦʡ ï ʥʘʙʦʨ ʧʦʢʨʳʚʘʶʱʠʭ 

ʜʝʡʩʪʚʠʡ Dij.   

ɺ ʩʪʨʫʢʪʫʨʝ ɻɻʀʉ MINEFRAME ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝʩʢʦʣʴʢʦ ʟʥʘʯʠʤʳʭ ʫʨʦʚʥʝʡ ʝʝ 

ʠʝʨʘʨʭʠʠ. ʀʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʠ ʠ ʬʫʥʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʰʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʥʘ ʵʪʠʭ ʫʨʦʚʥʷʭ, ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ Da. 

ʅʘʯʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʥʳʭ ʤʦʜʫʣʝʡ MINEFRAME: 

ὖ  ὖάȟὖίώί ȟὖὥ      (2.8) 

ʛʜʝ  

Pm - ʦʩʥʦʚʥʳʝ ʧʨʦʛʨʘʤʤʳ: 

Pm = (GEOTOOLS, GEOTECH-3D, MINEGEAR, GEOUSERS); 

Psys ï ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ; 

Pa ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ: 

Pa = {Pdb, Pnet, Paux} 
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Pdb ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʨʘʙʦʪʳ ʩ ɹɼ; 

Pnet - ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

Paux ï ʤʥʦʞʝʩʪʚʦ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. 

ʉʣʝʜʫʶʱʠʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ 

ʛʝʦʪʝʭʥʦʣʦʛʠʠ: 

ὖ ὖὫȟὖίὶȟὖόȟὖέȟὖάὫȟὖὭέȟὖὫὶ     (2.9) 

ʛʜʝ 

Pg ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʛʝʦʣʦʛʠʠ; 

Psr ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʘʨʢʰʝʡʜʝʨʠʠ; 

Pu, Po ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʦʪʢʨʳʪʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ; 

Pmg ï ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ; 

Pio ï ʠʥʩʪʨʫʤʝʥʪʳ ʚʚʦʜʘ/ʚʳʚʦʜʘ ʜʘʥʥʳʭ, ʚ ʪ.ʯ. ʠʤʧʦʨʪʘ/ʵʢʩʧʦʨʪʘ; 

Pgr ï ʩʨʝʜʩʪʚʘ ʛʨʘʬʠʯʝʩʢʦʛʦ ʚʳʚʦʜʘ, ʚ ʪ.ʯ. ʧʦʜʛʦʪʦʚʢʠ ʛʦʨʥʦ-ʛʨʘʬʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɽʱʝ ʙʦʣʝʝ ʥʠʟʢʠʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 

ὖ ὖὺὩὧȟὖὸὶȟὖὦάȟὖάίὬȟὖὭὲὸȟὖὧὰὧ     (2.10) 

ʛʜʝ 

Pvec ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʚʝʢʪʦʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Ptr ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Pbm ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʙʣʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Pmsh  ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʩʝʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

Pint ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʦʣʷʮʠʠ; 

Pclc ï ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʜʫʨ ʨʘʩʯʝʪʘ ʥʘʪʫʨʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʜʝʣʝʡ. 

ʅʘʠʙʦʣʝʝ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʩʥʦʚʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ɻɻʀʉ: 

ὖ ὖὺὥȟὖάίὸȟὖὰὥȟὖὧὫȟὖὧὫὶȟὖέὶȟὖάὸὼ    (2.11) 

ʛʜʝ  

Pva ï ʦʧʝʨʘʮʠʠ ʚʝʢʪʦʨʥʦʡ ʘʣʛʝʙʨʳ; 

Pmst ï ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ; 

Pla ï ʤʝʪʦʜʳ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ; 

Pcg ï ʤʝʪʦʜʳ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ: 

Pcgr ï ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ; 
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Por - ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʝʨʘʮʠʡ; 

Pmtx ï ʦʧʝʨʘʮʠʠ ʥʘʜ ʤʘʪʨʠʮʘʤʠ. 

ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʦʜʠʪʴ ʜʝʢʦʤʧʦʟʠʮʠʶ ʜʘʣʝʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʫʨʦʚʥʠ ʠʝʨʘʨʭʠʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠ ʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ, ʥʝ ʷʚʣʷʶʱʠʝʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ɻɻʀʉ.  

ɼʣʷ ʧʦʜʮʝʣʝʡ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ Pj ʧʨʠʩʫʱʠ ʥʘʙʦʨʳ ʧʦʢʨʳʚʘʶʱʠʭ  

ʜʝʡʩʪʚʠʡ Ὀ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʙʲʝʜʠʥʝʥʠʝʤ ʵʪʠʭ ʤʥʦʞʝʩʪʚ:   

 Ὀ ὈȟὭ ρȟάȟὮ ρȟὲ    (2.12) 

ɿʜʝʩʴ m ï ʫʨʦʚʝʥʴ ʜʝʢʦʤʧʦʟʠʮʠʠ, n ï ʯʠʩʣʦ ʧʦʜʮʝʣʝʡ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ.  

ʄʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʙʦʨ ʜʝʡʩʪʚʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʚ ʚʠʜʝ ʦʙʲʝʜʠʥʝʥʠʷ 

ʤʥʦʞʝʩʪʚ Dj. ʂʘʞʜʦʤʫ ʜʝʡʩʪʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʜʮʝʣʴ, ʜʣʷ ʧʦʢʨʳʪʠʷ ʢʦʪʦʨʦʡ ʦʥʦ 

ʨʝʘʣʠʟʦʚʘʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʜʤʥʦʞʝʩʪʚʦ Rp ʤʥʦʞʝʩʪʚʘ ʚʩʝʭ ʦʪʥʦʰʝʥʠʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ R, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʧʘʨ (pi, dj), ʛʜʝ pi ï ʧʦʜʮʝʣʴ, ʘ dj ʜʝʡʩʪʚʠʝ ʠʟ 

ʥʘʙʦʨʘ ʜʝʡʩʪʚʠʡ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. 

Ὑὴ ὴȟὨ ȟὴᶰὖȟὨᶰὈȟὭ ρȟȿὖȿȟὮ ρȟὲ    (2.13) 

ʇʘʨʳ ʧʦʜʮʝʣʴ-ʜʝʡʩʪʚʠʝ ʬʦʨʤʠʨʫʶʪ ʧʦʜʤʥʦʞʝʩʪʚʦ Rw ʤʥʦʞʝʩʪʚʘ ʦʪʥʦʰʝʥʠʡ 

ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ R, ʵʣʝʤʝʥʪʳ ʢʦʪʦʨʦʛʦ {rwj} ʟʘʜʘʶʪ ʥʘʣʠʯʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʝʡʩʪʚʠʡ: 

ὶύ 
Ὠȟὴ ȟ̆ ̒̌̉ ̅̆̊̒̓̃̉̆ Ὠ̈́̃̉̒̉̓ ̏  ̗̓̐̏̅̆̌̉ ὴȠ

ὨȟὨ ȟ̆ ̒̌̉ ̅̆̊̒̓̃̉̆ Ὠ ̈́̃̉̒̉̓ ̏  ̠̓̅̆̊̒̓̃̉ ὨȢ
  (2.14) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʝʪʩʷ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ɻɻʀʉ ʦʙʲʝʜʠʥʷʶʱʘʷ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ, ʘʣʛʦʨʠʪʤʳ, ʧʨʦʮʝʜʫʨʳ ʠ ʬʫʥʢʮʠʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʥʘ 

ʪʘʢʞʝ ʚʢʣʶʯʘʝʪ ʙʘʟʳ ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠ ʆɻʊ, ʤʝʪʦʜʠʢʠ ʠʭ ʩʦʟʜʘʥʠʷ, ʭʨʘʥʝʥʠʷ ʠ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ. ʈʝʰʝʥʠʝ ʥʝʢʦʪʦʨʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ Tt ʷʚʣʷʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴʶ 

ʨʝʰʝʥʠʡ ʩʚʷʟʥʳʭ ʧʦʜʟʘʜʘʯ ὝὸṒὋὋ, ʧʨʠ ʵʪʦʤ ʥʘʙʦʨ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ IN ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ 

ʥʘʙʦʨ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ OUT.  

ὍὔṖὝὸ ὖὈὥ      (2.15) 

ὕὟὝṖὝὸ ὖὈὥ      (2.16) 

ʛʜʝ 

IN ï ʦʪʥʦʰʝʥʠʝ ʟʘʜʘʯʘ - ʤʥʦʞʝʩʪʚʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ Da;   
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OUT ï ʦʪʥʦʰʝʥʠʝ ʟʘʜʘʯʘ - ʤʥʦʞʝʩʪʚʦ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ Da, ʷʚʣʷʶʱʠʤʠʩʷ 

ʚʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʳʰʝʣʝʞʘʱʝʛʦ ʫʨʦʚʥʷ ʠʝʨʘʨʭʠʠ ʩʪʨʫʢʪʫʨʳ ɻɻʀʉ:  

 
Ὅὔ ὕὟὝȟ (2.17) 

 
Ὀὥ ὕὟὝὸὸȟ

ᶰ

 (2.18) 

 
Ὀὥ Ὅὔὸὸȟ

ᶰ

 (2.19) 

ʊ.ʝ. ʧʦʣʫʯʝʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʩʤʝʞʥʳʭ ʫʨʦʚʥʝʡ 

ʠʝʨʘʨʭʠʠ ʧʦʜʟʘʜʘʯ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ. ʊʠʧʳ ʜʘʥʥʳʭ, ʠʭ ʩʦʩʪʘʚ, ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʬʦʨʤʘʪ ʧʨʝʜʦʧʨʝʜʝʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʮʝʜʫʨ, ʨʝʘʣʠʟʫʶʱʠʭ ʢʘʞʜʫʶ 

ʦʪʜʝʣʴʥʫʶ ʧʦʜʟʘʜʘʯʫ.  

ɺ ʧʦʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʤʝʥʪʳ ʢʦʥʮʝʧʪʫʘʣʴʥʦʡ ʤʦʜʝʣʠ: ʙʘʟʳ 

ʜʘʥʥʳʭ ʠ ʤʦʜʝʣʠ, ʘʣʛʦʨʠʪʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʧʨʠʢʣʘʜʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ, ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻɻʀʉ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʛʦʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. 

2.2 ɸʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʣʠʟʘʮʠʠ ɻɻʀʉ MIN EFRAME  
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ɻɻʀʉ MINEFRAME ʩʦʟʜʘʚʘʣʘʩʴ [189, 194] ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʫʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ. ʀʩʭʦʜʷ ʠʟ ʵʪʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʩʠʩʪʝʤʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʦʪʜʝʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʚʳʡ ʫʨʦʚʝʥʴ ʠʝʨʘʨʭʠʠ ʂʄ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʣʘʩʪʷʭ, ʠʩʧʦʣʴʟʫʶʪ ɹɼ ʠ ʤʦʜʝʣʠ, ʠʤʝʶʪ ʥʝʦʙʭʦʜʠʤʳʡ ʬʫʥʢʮʠʦʥʘʣ ʜʣʷ 

ʨʝʝhʥʠʷ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ (ʨʠʩʫʥʦʢ 2.2):  

¶ ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʛʨʘʬʠʯʝʩʢʠʡ ʨʝʜʘʢʪʦʨ ʆɻʊ ï GEOTECH-3D. 

ʆʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠʨʫʶʱʝʡ ʩʨʝʜʳ, ʷʚʣʷʝʪʩʷ ʛʨʘʬʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ (ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʩʯʝʪʳ, ʚʠʟʫʘʣʠʟʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʧʦʣʥʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʛʦʨʥʦʡ ʪʝʭʥʦʣʦʛʠʠ). 

¶ ʈʝʜʘʢʪʦʨ ɹɼ ɻʆ ï GEOTOOLS. ʇʦʧʦʣʥʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʚʳʜʝʣʝʥʠʝ ʢʦʥʜʠʮʠʦʥʥʳʭ ʠ ʩʦʨʪʦʚʳʭ ʠʥʪʝʨʚʘʣʦʚ. 

¶ ʈʝʜʘʢʪʦʨ ɹɼ ɻʊʆ ï MINEGEAR. ʇʦʧʦʣʥʝʥʠʝ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʜʘʥʥʳʭ ʦ 

ʛʦʨʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ (ɻʉʄ). 

ʇʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ 

 
ʈʠʩʫʥʦʢ 2.2 ï ʉʪʨʫʢʪʫʨʘ ɻɻʀʉ MINEFRAME 
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¶ ʇʨʦʛʨʘʤʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ɹɼ ï GEOUSERS. ɸʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʝ ɹɼ, 

ʘʨʭʠʚʠʨʦʚʘʥʠʝ, ʨʝʟʝʨʚʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, 

ʥʘʟʥʘʯʝʥʠʝ ʧʨʘʚ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʢʦʥʪʨʦʣʴ ʠʭ ʜʝʡʩʪʚʠʡ. 

ʈʘʟʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ ʚʳʧʦʣʥʝʥʦ ʩ ʫʯʸʪʦʤ ʪʦʛʦ, ʯʪʦ 

ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʢʘʞʜʳʤ ʠʟ ʥʠʭ, ʚʳʧʦʣʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʟʣʠʯʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʠ ʥʝ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʛʨʘʬʠʯʝʩʢʘʷ ʩʨʝʜʘ GEOTECH-3D 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʦʚ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʳ GEOTECH-3D (ʨʠʩʫʥʦʢ 2.3) ʣʝʞʘʪ 

ʥʝʩʢʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʣʦʢʦʚ, ʨʝʰʘʶʱʠʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʟʘʜʘʯ. 

ʂʣʶʯʝʚʳʤ ʵʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʛʝʦʪʝʭʥʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʦʥʠ ʩʦʜʝʨʞʘʪ ʜʘʥʥʳʝ ʠ 

ʬʫʥʢʮʠʦʥʘʣ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʠ 

ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ʚʳʨʘʙʦʪʢʠ, ʢʘʨʴʝʨʳ, ʨʫʜʥʳʝ ʪʝʣʘ, ɺɽ, ʚʟʨʳʚʥʳʝ ʙʣʦʢʠ, 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʝ ʪʦʯʢʠ, ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʩʢʚʘʞʠʥʳ). ʆʩʪʘʣʴʥʳʝ ʯʘʩʪʠ ʩʠʩʪʝʤʳ ʣʠʙʦ 

ʠʩʧʦʣʴʟʫʶʪ ʵʪʠ ʢʣʘʩʩʳ, ʣʠʙʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʠʤ ʩʚʦʡ ʬʫʥʢʮʠʦʥʘʣ. ɺʩʝ ʢʣʘʩʩʳ ʦʙʲʝʢʪʦʚ 

ʦʩʥʦʚʘʥʳ ʥʘ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʦʤ ʧʦʜʭʦʜʝ, ʪ.ʝ. ʦʥʠ ʨʝʘʣʠʟʫʶʪ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʧʨʠʚʷʟʢʫ ʆɻʊ.  

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʝʡ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ GEOTECH-3D 
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ʀʥʬʦʨʤʘʮʠʷ ʦ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ ʆɻʊ. ɼʣʷ ʠʭ 

ʭʨʘʥʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ SQL-ʩʝʨʚʝʨ ʠ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʪ.ʢ. ʥʝʦʙʭʦʜʠʤʦ, 

ʯʪʦʙʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʨʘʟʣʠʯʥʳʭ 

ʩʣʫʞʙ ʧʨʝʜʧʨʠʷʪʠʷ. ɹɼ ʤʦʞʝʪ ʧʦʜʢʣʶʯʘʪʴʩʷ ʢʘʢ ʚ ʣʦʢʘʣʴʥʦʤ (ʥʘʭʦʜʷʩʴ ʥʘ ʢʣʠʝʥʪʩʢʦʡ 

ʤʘʰʠʥʝ), ʪʘʢ ʠ ʚ ʩʝʪʝʚʦʤ (ʥʘʭʦʜʷʩʴ ʥʘ ʩʝʨʚʝʨʝ) ʨʝʞʠʤʘʭ. ɺ ʣʶʙʦʤ ʠʟ ʵʪʠʭ ʨʝʞʠʤʦʚ ʉʋɹɼ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ.  

ʄʦʜʝʣʠ ʆɻʊ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ ɻɻʀʉ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. ʉ ʧʦʤʦʱʴʶ 

ʵʪʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʘʶʪʩʷ ʪʘʢʠʝ ʟʘʜʘʯʠ, ʢʘʢ ʚʝʢʪʦʨʥʦʝ, ʪʨʠʘʥʛʫʣʷʮʠʦʥʥʦʝ ʠ ʙʣʦʯʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʦʙʲʝʢʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ, ʚʳʧʦʣʥʝʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʘʩʯʸʪʦʚ ʥʘ ʦʩʥʦʚʝ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʧʦʩʪʨʦʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʯʸʪʦʚ ï ʵʪʦ ʫʨʦʚʝʥʴ ʘʣʛʦʨʠʪʤʦʚ ʠ 

ʧʨʦʮʝʜʫʨ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʠʝʨʘʨʭʠʠ ʂʄ. ʄʘʨʢʰʝʡʜʝʨʩʢʠʝ ʨʘʩʯʝʪʳ, ʤʦʜʫʣʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ (ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ɹɺʈ, ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ), 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʦʪʥʦʩʷʪʩʷ ʢʦ 

ʚʪʦʨʦʤʫ ʫʨʦʚʥʶ ʠʝʨʘʨʭʠʠ ʂʄ. 

ʇʦʤʠʤʦ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʩʨʝʜʩʪʚ GEOGECH-3D, 

ʜʣʷ ʚʚʦʜʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʠʩʪʝʤʫ ʠʟ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʦʜʫʣʴ ʠʤʧʦʨʪʘ 

ʜʘʥʥʳʭ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʜʝʣʠ ʆɻʊ ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʜʨʫʛʠʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʥʠʤʠ ʠʤʝʝʪʩʷ ʤʦʜʫʣʴ ʵʢʩʧʦʨʪʘ ʜʘʥʥʳʭ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʠʥʬʦʨʤʘʮʠʷ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ ʠʣʠ ʯʝʨʪʝʞʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʝʜʘʥʘ ʚ ʜʨʫʛʠʝ ʧʨʦʛʨʘʤʤʳ, ʥʘʧʨʠʤʝʨ, ʚ AutoCAD. ʊʘʢʦʡ ʧʦʜʭʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʭʨʘʥʝʥʠʝ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ɻɻʀʉ ʩ ʧʦʤʦʱʴʶ ʉʋɹɼ, ʘ ʬʘʡʣʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʦʣʴʢʦ ʜʣʷ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ. 

ɼʣ̫ ʦʪʦʙʨʘʞʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜʩʠʩʪʝʤʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʦʜʫʣʴ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʦʜʝʣʝʡ ʚ 3D ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʙʨʘʞʝʥʠʝʤ (ʧʦʚʦʨʦʪ, ʧʝʨʝʤʝʱʝʥʠʝ, 

ʠʟʤʝʥʝʥʠʝ ʤʘʩʰʪʘʙʘ ʩʮʝʥʳ), ʤʦʜʫʣʴ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ 2D - ʥʘ ʧʣʘʥʘʭ ʠ 

ʨʘʟʨʝʟʘʭ, ʤʦʜʫʣʴ ʧʦʜʛʦʪʦʚʢʠ ʣʠʩʪʦʚ ʧʝʯʘʪʠ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʝ 

ʛʦʨʥʦʡ ʛʨʘʬʠʢʠ. ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʠ ʢ ʚʳʚʦʜʫ ʥʘ ʧʝʯʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʧʦʜʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʪʦʙʨʘʞʘʶʪʩʷ ʤʦʜʝʣʠ ʆɻʊ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʘʚʠʣʘʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ, 

ʢʦʪʦʨʳʝ ʥʘʟʥʘʯʝʥʳ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʤʦʜʝʣʝʡ. ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʦʜʝʣʝʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʡ DirectX ʠ Windows GDI.  

ɼʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʤʦʜʝʣʝʡ ʢ ʛʨʘʬʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʩʪʘʥʜʘʨʪʝ ʛʦʨʥʦʡ ʛʨʘʬʠʢʠ 

ʚ MINEFRAME ʠʤʝʝʪʩʷ ʂʣʘʩʩʠʬʠʢʘʪʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚ ɻɻʀʉ ʚʥʦʩʷʪʩʷ ʧʨʘʚʠʣʘ ʦ 
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ʩʧʦʩʦʙʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʚ 3D ʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʣʠʥʝʡʥʳʭ, ʪʦʯʝʯʥʳʭ ʠ ʧʣʦʱʘʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʂʣʘʩʩʠʬʠʢʘʪʦʨ ʩʦʜʝʨʞʠʪ ʨʝʜʘʢʪʦʨʳ (ʣʝʛʝʥʜʳ, ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ, 

ʪʠʧʦʚ ʣʠʥʠʡ ʠ ʰʪʨʠʭʦʚʦʢ, ʰʪʘʤʧʦʚ ʠ ʨʘʤʦʢ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʨʪʝʞʝʡ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʘʚʠʣʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʚʳʚʦʜʘ ʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʧʝʯʘʪʠ ʚ MINEFRAME ʨʘʟʨʘʙʦʪʘʥʘ ʧʦʜʩʠʩʪʝʤʘ ʧʝʯʘʪʠ. ɼʘʥʥʘʷ ʧʦʜʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʤʦʜʝʣʝʡ ʆɻʊ ʩʦʚʤʝʩʪʥʦ ʩ ʧʨʘʚʠʣʘʤʠ ʠʭ ʦʪʦʙʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʤʠ 

ʂʣʘʩʩʠʬʠʢʘʪʦʨʦʤ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʪʦʚʳʭ ʯʝʨʪʝʞʝʡ ʚ ʪʨʝʙʫʝʤʦʤ ʚʠʜʝ ʩ 

ʥʘʠʤʝʥʴʰʠʤʠ ʪʨʫʜʦʟʘʪʨʘʪʘʤʠ ʧʦʜʛʦʪʦʚʢʘ ʛʦʨʥʦʡ ʛʨʘʬʠʢʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʰʘʙʣʦʥʦʚ, ʚʠʜʦʚʳʭ ʵʢʨʘʥʦʚ, ʰʪʘʤʧʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʦʬʦʨʤʣʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 

ʰʘʙʣʦʥʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʥʘʩʪʨʦʡʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚʠʜʦʚʳʭ ʵʢʨʘʥʦʚ ʠ ʦʪʦʙʨʘʞʘʝʤʦʡ 

ʚ ʥʠʭ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʙʦʨʘ ʰʪʘʤʧʦʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʘʙʣʠʯʥʳʭ ʜʘʥʥʳʭ 

ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʪʘʥʜʘʨʪʘʤʠ ʛʦʨʥʦʡ ʛʨʘʬʠʢʠ ʠ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ɻɻʀʉ ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʧʦʣʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʨʘʟʨʘʙʦʪʘʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. 

ʄʦʜʫʣʴ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʬʫʥʢʮʠʡ ʜʣʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʚ ʜʝʢʘʨʪʦʚʦʡ ʠ ʧʦʣʷʨʥʦʡ 

ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ, ʤʘʪʨʠʯʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʧʨʦʮʝʜʫʨ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʧʦʩʪʨʦʝʥʠʷ ɹʄ ʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ï ʵʪʦ ʫʨʦʚʝʥʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʠʝʨʘʨʭʠʠ ʂʄ. 

ʋʧʨʘʚʣʝʥʠʝ ʨʝʞʠʤʘʤʠ ʦʪʦʙʨʘʞʝʥʠʷ ʆɻʊ, ʠʟʤʝʥʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ ʠ ʩʚʷʟʝʡ ʩ ʜʨʫʛʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʄʝʥʝʜʞʝʨʘ ʦʙʲʝʢʪʦʚ. ʄʝʥʝʜʞʝʨ ʦʙʲʝʢʪʦʚ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʨʝʚʦʚʠʜʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʛʨʫʧʧʠʨʫʶʱʫʶ ʦʙʲʝʢʪʳ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ. ʆʥ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʦʙʦ ʚʩʝʭ ʦʙʲʝʢʪʘʭ ʚ ʦʪʢʨʳʪʦʤ 

ʧʨʦʝʢʪʝ, ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʥʪʝʨʬʝʡʩ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʩʚʦʡʩʪʚ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ ʠ ʠʭ 

ʤʦʜʠʬʠʢʘʮʠʠ. ʕʣʝʤʝʥʪʳ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʄʝʥʝʜʞʝʨʘ ʫʧʨʘʚʣʷʶʪ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʦʙʲʝʢʪʦʚ, ʚʢʣʶʯʘʷ ʥʘʟʥʘʯʝʥʠʝ ʧʨʘʚʠʣ ʦʪʦʙʨʘʞʝʥʠʷ, ʩʦʛʣʘʩʥʦ   

ʂʣʘʩʩʠʬʠʢʘʪʦʨʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦʛʦ ʧʨʠʤʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʝʡ ʩʠʩʪʝʤʳ 

ʨʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʫ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʘʩʩʦʚʳʭ ʚʟʨʳʚʦʚ ʧʨʠ ʚʝʜʝʥʠʠ ʆɻʈ 

[195]. ɺʟʨʳʚʥʦʡ ʙʣʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ ʫʩʪʫʧʘ ʢʘʨʴʝʨʘ ʩ ʨʘʟʤʝʱʸʥʥʳʤʠ ʧʦ 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʧʨʘʚʠʣʘʤ ʚʟʨʳʚʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʠ ʩʭʝʤʦʡ ʢʦʤʤʫʪʘʮʠʠ ʟʘʨʷʜʦʚ ʚ 

ʩʢʚʘʞʠʥʘʭ. ɼʣʷ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʨʝʘʣʠʟʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪʳ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʤʦʜʝʣʠ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ ʠʥʩʪʨʫʤʝʥʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʠʩʧʦʣʴʟʫʝʪ 

ʬʫʥʢʮʠʦʥʘʣ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠ ʘʣʛʦʨʠʪʤ ʪʨʠʘʥʛʫʣʷʮʠʠ ʠʟ ʤʦʜʫʣʷ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʦʟʜʘʸʪ ʦʙʲʝʢʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʣʘʩʩʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʸʪʩʷ ʤʦʜʝʣʴ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ ʚ ʚʠʜʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ, ʧʦʩʪʨʦʝʥʥʦʛʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʫʯʘʩʪʢʘ ʤʦʜʝʣʠ 

ʢʘʨʴʝʨʘ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʡ ʙʣʦʢ ʦʪʦʙʨʘʞʘʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ 

ʚʠʟʫʘʣʠʟʘʪʦʨʘ. ɼʘʣʝʝ ʩʨʝʜʩʪʚʘʤʠ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɹɺʈ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʩʯʸʪ 

ʧʦʣʦʞʝʥʠʷ ʚʟʨʳʚʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʙʣʦʢʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʟʘʨʷʞʘʥʠʷ, ʧʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʶʪʩʷ 

ʦʙʲʝʢʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʣʘʩʩʦʚ (ʩʢʚʘʞʠʥʳ ʠ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʨʷʜʘ). 

ʈʝʟʫʣʴʪʘʪʳ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ ʩʢʚʘʞʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʨʷʜʦʚ ʦʪʦʙʨʘʞʘʶʪʩʷ ʩʨʝʜʩʪʚʘʤʠ 

ʚʠʟʫʘʣʠʟʘʪʦʨʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ. ɸʥʘʣʦʛʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʭʝʤʳ 

ʢʦʤʤʫʪʘʮʠʠ ʟʘʨʷʜʦʚ ʚ ʩʢʚʘʞʠʥʘʭ. ʇʨʠ ʚʳʚʦʜʝ ʪʝʢʩʪʦʚʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʬʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʷ ʵʢʩʧʦʨʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʶʪʩʷ ʚ MS Excel ʚ ʚʠʜʝ ʧʘʩʧʦʨʪʘ ʚʟʨʳʚʥʦʛʦ ʙʣʦʢʘ. ɺʳʚʦʜ ʛʨʘʬʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ (ʧʨʦʝʢʪ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʭʘʨʘʢʪʝʨʥʳʝ ʨʘʟʨʝʟʳ ʧʦ ʙʣʦʢʫ, ʟʘʨʷʜʥʘʷ ʢʘʨʪʘ ʠ 

ʩʭʝʤʘ ʢʦʤʤʫʪʘʮʠʠ) ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʸʥ ʪʘʢʞʝ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣ ʤʦʜʫʣʷ ʵʢʩʧʦʨʪʘ ʚ 

ʚʠʜʝ ʯʝʨʪʝʞʘ ʚ ʬʦʨʤʘʪʝ DXF, ʣʠʙʦ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʘ ʧʦʜʩʠʩʪʝʤʳ 

ʧʝʯʘʪʠ ʩʦʚʤʝʩʪʥʦ ʩ ʜʘʥʥʳʤʠ ʢʣʘʩʩʠʬʠʢʘʪʦʨʘ. 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʦʨʛʘʥʠʟʦʚʘʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠ ʜʨʫʛʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʆʥʦ 

ʦʩʥʦʚʘʥʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʦʜʫʣʷʤʠ ʩʠʩʪʝʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ, 

ʦʙʨʘʙʦʪʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʘʨʭʠʪʝʢʪʫʨʘ ɻɻʀʉ ʧʦʟʚʦʣʷʝʪ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʢʣʶʯʘʪʴ ʥʦʚʳʝ ʤʦʜʫʣʠ, ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʨʘʱʠʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʘʨʭʠʪʝʢʪʫʨʳ ɻɻʀʉ MINEFRAME ʩʦʟʜʘʸʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʝʸ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ, ʢʘʢ ʩʣʦʞʥʦʡ ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ. 

2.3 ʀʥʪʝʨʬʝʡʩ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦʨʘ GEOTECH-3D 

ʀʥʪʝʨʬʝʡʩ ʚʩʝʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ɻɻʀʉ MINEFRAME ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʥʜʘʨʪʝ 

ʦʢʦʥʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ WINDOWS ʧʨʦʛʨʘʤʤ ʠ ʩʦʜʝʨʞʠʪ ʪʘʢʠʝ ʩʪʘʥʜʘʨʪʥʳʝ  

ʵʣʝʤʝʥʪʳ ʢʘʢ: ʦʢʥʘ ï ʜʠʘʣʦʛʦʚʳʝ ʠ ʨʘʙʦʯʠʭ ʦʙʣʘʩʪʝʡ, ɻʣʘʚʥʦʝ ʠ ʂʦʥʪʝʢʩʪʥʳʝ ʤʝʥʶ,  

ʢʥʦʧʢʠ ʚʳʟʳʚʘʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠʣʠ ʚʢʣʶʯʘʶʱʠʝ ʨʘʟʣʠʯʥʳʝ ʨʝʞʠʤʳ, ʧʦʣʷ ʚʚʦʜʘ 

ʯʠʩʣʦʚʳʭ ʠ ʪʝʢʩʪʦʚʳʭ ʜʘʥʥʳʭ, ʨʘʜʠʦʢʥʦʧʢʠ, ʧʦʣʷ ʚʳʙʦʨʘ ʩʧʠʩʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʜʨʝʚʦʚʠʜʥʳʝ ʠʝʨʘʨʭʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʘʙʣʠʮʳ ʠ ʧʨ. ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪ ʠ ʩʣʦʞʝʥ 

ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ (ʨʠʩʫʥʦʢ 2.4) GEOTECH-3D, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʩʦʩʪʘʚʥʳʝ ʵʣʝʤʝʥʪʳ: 
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ʈʠʩʫʥʦʢ 2.4 ï ʕʣʝʤʝʥʪʳ ʠʥʪʝʨʬʝʡʩʘ GEOTECH-3D 












































































































































































































































































































































































































































































