
 

 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ɹʋɼɯɺʅʀʎʊɺɸ ɯ 

ɸʈʍɯʊɽʂʊʋʈʀ 

 

ʌʘʢʫʣʴʪʝʪ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ 

ʂʘʬʝʜʨʘ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʽ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

 

ʇʆʗʉʅʖɺɸʃʔʅɸ ɿɸʇʀʉʂɸ 

ʜʦ ʜʠʧʣʦʤʥʦʛʦ ʧʨʦʝʢʪʫ  

ʦʩʚʽʪʥʴʦ-ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʛʦ ʨʽʚʥʷ ʤʘʛʽʩʪʨʘ 

ʥʘ ʪʝʤʫ: 

 

çɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡè 

 

ɺʠʢʦʥʘʚ: ʩʪʫʜʝʥʪ II ʢʫʨʩʫ, 

ʛʨʫʧʠ ɻʉʊʤ-24 

ʟʘ ʥʘʧʨʷʤʢʦʤ ʧʽʜʛʦʪʦʚʢʠ 

19 çɸʨʭʽʪʝʢʪʫʨʘ ʽ 

ʙʫʜʽʚʥʠʮʪʚʦè 

193 çɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡè 

ʇʨʠʭʦʜʴʢʦ ʅ.ʉ, 

(ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ 

cʪʫʜʝʥʪʘ) 

ʂʝʨʽʚʥʠʢ: 

ɻʦʨʢʦʚʯʫʢ ʖ.ɺ. ʢ.ʪ.ʥ. 

(ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ, 

ʥʘʫʢʦʚʠʡ ʩʪʘʪʫʩ, ʧʦʩʘʜʘ) 

ʈʝʮʝʥʟʝʥʪ: 

ʅʝʩʪʝʨʝʥʢʦ ʆ. ɺ. 

(ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

 

 

ʂʀɰɺ-2025  



 

 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ɹʋɼɯɺʅʀʎʊɺɸ ɯ ɸʈʍɯʊɽʂʊʋʈʀ 

 

ʌʘʢʫʣʴʪʝʪ: ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ 

ʂʘʬʝʜʨʘ: ɻʝʦʽʥʬʦʨʤʘʪʠʢʠ ʽ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

ʆʩʚʽʪʥʽʡ ʨʽʚʝʥʴ: çʤʘʛʽʩʪʨ ʟʘ ʆʇʇè 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ:  193 çɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡè 

ʉʧʝʮʽʘʣʽʟʘʮʽʷ: ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ 

                                                                                           

           
ɿɸʊɺɽʈɼɾʋʖ 

ɼʝʢʘʥ ʬʘʢʫʣʴʪʝʪʫ 

 ʜʦʮʝʥʪ., ʢ.ʪ.ʥ. ʅʝʩʪʝʨʥʝʥʢʦ ʆ. ɺ. 

 ñ03ò ʛʨʫʜʥʷ 2025 ʨʦʢʫ 

 

ɿ  ɸ  ɺ  ɼ  ɸ  ʅ  ʅ  ʗ 

ɼʆ ɺʀʂʆʅɸʅʅʗ ʂɺɸʃɯʌɯʂɸʎɯʁʅʆɰ ɺʀʇʋʉʂʅʆɰ ʈʆɹʆʊʀ 

ʅɸ ɿɼʆɹʋʊʊʗ ʆʉɺɯʊʅʔʆɻʆ ʉʊʋʇɽʅʗ ʄɸɻɯʉʊʈɸ 

    ʇʨʠʭʦʜʴʢʦ ʅʘʟʘʨʽʡ ʉʝʨʛʽʡʦʚʠʯ   

 (ʧʨʽʟʚʠʱʝ, ʽʤôʷ,  ʧʦ ʙʘʪʴʢʦʚʽ) 

 

1.ʊʝʤʘ ʨʦʙʦʪʠ: ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-

ʜʘʥʠʭ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʟʘʪʚʝʨʜʞʝʥʘ ʥʘʢʘʟʦʤ ʨʝʢʪʦʨʘ ʂʅʋɹɸ ˉ 1844/22/25 ʚʽʜ 31.10.2025 

 

2. ʂʝʨʽʚʥʠʢ ʨʦʙʦʪʠ  ʜʦʮ., ʢ.ʪ.ʥ. ɻʦʨʢʦʚʯʫʢ ʖʣʽʷ ɺʽʢʪʦʨʽʚʥʘ   

( ʧʨʽʟʚʠʱʝ, ʽʤôʷ ʪʘ ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, 

ʚʯʝʥʝ ʟʚʘʥʥʷ) 

3. ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʨʦʙʦʪʠ ʜʦ ʟʘʭʠʩʪʫ: 04.12.2025 

 



 

 

4. ɿʤʽʩʪ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ ʟʘ ʨʦʟʜʽʣʘʤʠ:  

ʈ. 1. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʽ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʟʘʩʦʙʽʚ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʡ 

ʈ. 2. ʄʝʪʦʜʠʯʥʽ ʟʘʩʘʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʈ. 3. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʈ. 4. ʇʨʘʢʪʠʯʥʘ ʘʧʨʦʙʘʮʽʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

5. ɻʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʟʘ ʨʦʟʜʽʣʘʤʠ 

ʈ. 1. 1.1. ʉʭʝʤʘ ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ LiDAR; 

1.2. ʇʨʠʢʣʘʜ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ; 

1.3. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʦʙʨʦʙʢʠ LiDAR-

ʜʘʥʠʭ. 

ʈ. 2 2.1. ʉʭʝʤʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʢʘʨʪ ʽ ʧʣʘʥʽʚ; 

2.2. ɯʥʩʪʠʪʫʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ; 

ʈ. 3. 3.1. ɹʣʦʢ-ʩʭʝʤʘ ʘʣʛʦʨʠʪʤʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ; 

3.2. ɸʨʭʽʪʝʢʪʫʨʘ ʤʘʢʨʦʩʽʚ ʫ MicroStation (VBA, MDL); 

3.3. ɿʦʙʨʘʞʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ (ʙʫʜʽʚʣʽ, ʨʦʩʣʠʥʥʽʩʪʴ 

ʪʦʱʦ). 

ʈ. 4. 4.1. ɺʽʟʫʘʣʽʟʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ (ʎʄʈ, 3D-ʤʦʜʝʣʴ ʟʘʙʫʜʦʚʠ); 

4.2. ʇʦʨʽʚʥʷʣʴʥʘ ʪʘʙʣʠʮʷ ʪʦʯʥʦʩʪʽ ʪʘ ʯʘʩʫ ʦʙʨʦʙʢʠ. 

 

6. ʂʘʣʝʥʜʘʨʥʠʡ ʧʣʘʥ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ: 

 

ʅʘʟʚʘ ʝʪʘʧʽʚ ʜʠʧʣʦʤʥʦʛʦ  

ʧʨʦʝʢʪʫ (ʨʦʙʦʪʠ) 

ʉʪʨʦʢ  ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʽʚ 

ʧʨʦʝʢʪʫ ( ʨʦʙʦʪʠ ) 

ʈʦʟʜʽʣ 1.  ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

LiDAR-ʜʘʥʠʭ. 

 

27.10.2025 



 

 

ʈʦʟʜʽʣ 2. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʠʯʥʠʭ ʟʘʩʘʜ ʽ 

ʚʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ. 

 

10.11.2025 

ʈʦʟʜʽʣ 3. ʈʦʟʨʦʙʣʝʥʥʷ ʤʘʢʨʦʩʽʚ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ. 

 

24.11.2025 

ʈʦʟʜʽʣ 4.  ʇʨʘʢʪʠʯʥʘ ʘʧʨʦʙʘʮʽʷ ʤʝʪʦʜʽʚ ʽ ʦʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ. 
24.11.2025 

ʆʩʪʘʪʦʯʥʝ ʦʬʦʨʤʣʝʥʥʷ ʨʦʙʦʪʠ 07.12.2025 

ʅʘʧʨʘʚʣʝʥʥʷ ʨʦʙʦʪʠ ʥʘ ʨʝʮʝʥʟʫʚʘʥʥʷ, 

ʧʝʨʝʚʽʨʢʫ ʥʘ ʧʣʘʛʽʘʪ 
08.12.2025 

ʇʦʧʝʨʝʜʥʽʡ ʟʘʭʠʩʪ ʨʦʙʦʪʠ ʥʘ ʢʘʬʝʜʨʽ 23.12.2025 

 

7. ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʘʪʝʩʪʘʮʽʡʥʦʾ ʚʠʧʫʩʢʥʦʾ ʨʦʙʦʪʠ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ ʧʦʩʘʜʘ  

ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʝʨʝʚʽʨʠʚ 

ʜʘʪʘ ʧʽʜʧʠʩ  

ʈʦʟʜʽʣ 1.    

ʈʦʟʜʽʣ 2.    

ʈʦʟʜʽʣ 3.    

ʈʦʟʜʽʣ 4.    

 

8. ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ_ 

 

ɿʘʚ. ʢʘʬʝʜʨʠ                   ʂʘʨʧʽʥʩʴʢʠʡ ʖ.ʆ. 

  (ʧʽʜʧʠʩ)     (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ʂʝʨʽʚʥʠʢ           ɻʦʨʢʦʚʯʫʢ ʖ.ɺ. 

(ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 

ʉʪʫʜʝʥʪ      ʇʨʠʭʦʜʴʢʦ ʅ.ʉ. 

 (ʧʽʜʧʠʩ)  (ʧʨʽʟʚʠʱʝ ʪʘ ʽʥʽʮʽʘʣʠ) 



 

 

 

 

 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

ɹʋɼɯɺʅʀʎʊɺɸ ɯ ɸʈʍɯʊɽʂʊʋʈʀ 

 

ʌʘʢʫʣʴʪʝʪ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ 

 

ʂʘʬʝʜʨʘ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʽ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

 

 

 

 

 

ʇʆʗʉʅʖɺɸʃʔʅɸ ɿɸʇʀʉʂɸ 

ɼʆ ɸʊɽʉʊɸʎɯʁʅʆɰ ʈʆɹʆʊʀ  

ʅɸ ɿɼʆɹʋʊʊʗ ʆʉɺɯʊʅʔʆɻʆ ʉʊʋʇɽʅʗ ʄɸɻɯʉʊʈɸ 

 

ʥʘ ʪʝʤʫ: 

 

çɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡè 

 

 

 

 

 

 

ʇʨʠʭʦʜʴʢʦ ʅʘʟʘʨʽʡ ʉʝʨʛʽʡʦʚʠʯ 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ʂʠʾʚ ï 2025 ʨ. 

ʂʀɰɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ɹʋɼɯɺʅʀʎʊɺɸ ɯ ɸʈʍɯʊɽʂʊʋʈʀ 

 

ʌʘʢʫʣʴʪʝʪ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ 

 

ʂʘʬʝʜʨʘ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ ʽ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

 

ɿɸʊɺɽʈɼɾʋʖ 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

ʧʨʦʬ., ʜ.ʪ.ʥ. ʂʘʨʧʽʥʩʴʢʠʡ ʖ.ʆ. 

ñ03ò ʛʨʫʜʥʷ 2025 ʨʦʢʫ 

 

 

 

ʇʆʗʉʅʖɺɸʃʔʅɸ ɿɸʇʀʉʂɸ 

ɼʆ ɸʊɽʉʊɸʎɯʁʅʆɰ ʈʆɹʆʊʀ  

ʅɸ ɿɼʆɹʋʊʊʗ ʆʉɺɯʊʅʔʆɻʆ ʉʊʋʇɽʅʗ ʄɸɻɯʉʊʈɸ 

 

 

çɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡè 

 

 

 

 

 

 

 

 

 ɺʠʢʦʥʘʣʘ ʩʪʫʜʝʥʪ ʛʨʫʧʠ  ɻʉʊʤ-24 

193 çɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡè 

ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʽ ʪʝʭʥʦʣʦʛʽʾ   

ʇʨʠʭʦʜʴʢʦ ʅ.ʉ.  
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ʈɽɿʖʄɽ (summary) 

ʜʦ ʘʪʝʩʪʘʮʽʡʥʦʾ ʚʠʧʫʩʢʥʦʾ ʨʦʙʦʪʠ ʩʪʫʜʝʥʪʘ: 

ʇʨʠʭʦʜʴʢʦ ʅʘʟʘʨʽʡ ʉʝʨʛʽʡʦʚʠʯ 

ɿɺʆ ʂʠʾʚʩʴʢʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ̔  ʘʨʭʽʪʝʢʪʫʨʠ 

ʊʝʤʘ 
ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʜʣʷ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʆʩʚʽʪʥʽʡ 

ʩʪʫʧʽʥʴ 

ʄʘʛʽʩʪʨ ʟʘ ʦʩʚʽʪʥʴʦ-ʥʘʫʢʦʚʦʶ ʧʨʦʛʨʘʤʦʶ ʥʘʚʯʘʥʥʷ 

ʌʘʢʫʣʴʪʝʪ ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ 

ʂʘʬʝʜʨʘ ɻʝʦʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ 193 ɻʝʦʜʝʟʽʷ ʪʘ ʟʝʤʣʝʫʩʪʨʽʡ 

ʂʝʨʽʚʥʠʢ ɻʦʨʢʦʚʯʫʢ ʖʣʽʷ ɺʽʢʪʦʨʽʚʥʘ ʜʦʮ. ʢ.ʪ.ʥ. 

ʆʙʩʷʛ ʨʦʙʦʪʠ ʧʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʨʦʟʜʽʣʽʚ ʢʨʝʩʣʝʥʴ 

ʬʦʨʤʘʪʫ ɸ1 

86 4 0 

ʈʦʟʜʽʣ 1 ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʚʠʢʦʥʘʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ. ʈʦʟʛʣʷʥʫʪʦ ʬʽʟʠʯʥʽ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʥʦʚʠ 

ʣʽʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʧʨʠʥʮʠʧʠ ʬʦʨʤʫʚʘʥʥʷ ʭʤʘʨ ʪʦʯʦʢ ʽ ʾʭ ʨʦʣʴ ʷʢ 

ʚʠʭʽʜʥʦʛʦ ʜʞʝʨʝʣʘ ʧʨʦʩʪʦʨʦʚʦʾ ̔ ʥʬʦʨʤʘʮʽʾ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʦʩʥʦʚʥʽ 

ʧʘʨʘʤʝʪʨʠ LiDAR-ʜʘʥʠʭ, ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʪʦʧʦʛʨʘʬʽʯʥʦʤʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ. ʊʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʩʫʯʘʩʥʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʜʣʷ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʪʘ ʚʠʟʥʘʯʝʥʦ ʾʭ 

ʤʽʩʮʝ ʫ ʟʘʛʘʣʴʥʦʤʫ ʢʘʨʪʦʛʨʘʬʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. 

ʈʦʟʜʽʣ 2 ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʡ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʯʠʥʥʦʾ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʪʘ ʚʠʤʦʛ ʜʦ 

ʪʦʯʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʢʘʨʪ ʽ ʧʣʘʥʽʚ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʦʨʛʘʥʽʟʘʮʽʡʥʽ ʪʘ ̔ ʥʩʪʠʪʫʮʽʡʥʽ ʘʩʧʝʢʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʜʦʩʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʩʚʽʪʦʚʽʡ ʪʘ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ. 

ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʧʦʨʽʚʥʷʥʥʶ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʟʥʽʤʘʥʥʷ ʟ 

ʩʫʯʘʩʥʠʤʠ ʣʽʜʘʨʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ. 



 

 

ʈʦʟʜʽʣ 3 ʊʨʝʪʽʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʨʦʟʨʦʙʣʝʥʥʶ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʤʝʪʦʜʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʦʙʨʦʙʢʠ ʭʤʘʨ ʪʦʯʦʢ, ʱʦ ʚʢʣʶʯʘʻ ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ. ʆʧʠʩʘʥʦ 

ʧʨʠʥʮʠʧʠ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʨʦʩʽʚ ʫ ʩʝʨʝʜʦʚʠʱʽ 

MicroStation + TerraScan, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʧʨʦʮʝʩʠ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ̔  ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʢʘʤʝʨʘʣʴʥʠʭ ʨʦʙʽʪ. 

ʈʦʟʜʽʣ 4 ʋ ʯʝʪʚʝʨʪʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ. ɺʠʢʦʥʘʥʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʩʪʦʚʦʾ ʪʝʨʠʪʦʨʽʾ ʅʽʤʝʯʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʨʝʘʣʴʥʠʭ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʟ ʧʦʜʘʣʴʰʠʤ ʩʪʚʦʨʝʥʥʷʤ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ɦ ʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ ʧʨʘʢʪʠʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ. 

ɺʠʩʥʦʚʢʠ ʧʦ 

ʨʦʙʦʪʽ 

ʋ ʤʘʛʽʩʪʝʨʩʴʢʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʦ ʧʽʜʭʦʜʠ ʜʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙʨʦʙʢʠ 

ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʮʠʬʨʦʚʠʭ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. ʈʝʟʫʣʴʪʘʪʠ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʧʽʜʪʚʝʨʜʠʣʠ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʧʽʜʭʦʜʽʚ ʫ ʩʫʯʘʩʥʽʡ ʪʦʧʦʛʨʘʬʦ- 

ʛʝʦʜʝʟʠʯʥʽʡ ʧʨʘʢʪʠʮʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: LiDAR, ʣʽʜʘʨʥʽ ʜʘʥʽ, ʮʠʬʨʦʚʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʦʙʨʦʙʢʘ, 

ʭʤʘʨʘ ʪʦʯʦʢ, ʪʦʧʦʛʨʘʬʽʯʥʽ ʧʣʘʥʠ, MicroStation, TerraScan. 

Keywords: LiDAR, lidar data, digital cartography, automated processing, point cloud, 

topographic mapping., MicroStation, TerraScan. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʟʫʤʦʚʣʝʥʘ ʪʠʤ, ʱʦ ʚ ʫʤʦʚʘʭ ʮʠʬʨʦʚʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʛʝʦʜʝʟʽʾ ʪʘ ʢʘʨʪʦʛʨʘʬʽʾ ʦʙʩʷʛ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ, ʘ ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʨʫʯʥʦʾ ʦʙʨʦʙʢʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʠʤʠ. ɺ ʋʢʨʘʾʥʽ ʚʩʝ 

ʘʢʪʠʚʥʽʰʝ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʘʝʨʦʣʽʜʘʨʘʮʽʡʥʽ ʟʡʦʤʢʠ ʜʣʷ ʧʦʪʨʝʙ 

ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʽʥʞʝʥʝʨʥʦʛʦ ʧʨʦʻʢʪʫʚʘʥʥʷ ʪʘ 

ʢʘʜʘʩʪʨʫ, ʦʜʥʘʢ ʚʽʜʩʫʪʥʽʩʪʴ ʫʥʽʬʽʢʦʚʘʥʠʭ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʽ ʙʨʘʢ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʨʽʰʝʥʴ ʫʩʢʣʘʜʥʶʶʪʴ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʘʥʠʭ. ʊʦʤʫ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ LiDAR-

ʜʘʥʠʭ ʻ ʚʘʞʣʠʚʠʤ ʥʘʫʢʦʚʠʤ ʪʘ ʧʨʘʢʪʠʯʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʣʽʜʘʨʥʠʭ 

ʜʘʥʠʭ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʤʝʪʦʜʠ, ʘʣʛʦʨʠʪʤʠ ʪʘ ʟʘʩʦʙʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʧʣʘʥʽʚ ʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ 

ʜʘʥʠʭ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ, ʰʚʠʜʢʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʚʠʨʽʰʫʶʪʴʩʷ ʪʘʢʽ ʟʘʚʜʘʥʥʷ: 

1. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʪʘ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ ʟʘʩʪʦʩʫʚʘʥʥʷ LiDAR ʫ ʩʚʽʪʦʚʽʡ ʪʘ ʫʢʨʘʾʥʩʴʢʽʡ 

ʧʨʘʢʪʠʮʽ. 

2. ʈʦʟʛʣʷʥʫʪʠ ʤʝʪʦʜʠʯʥʽ ʪʘ ʽʥʩʪʠʪʫʮʽʡʥʽ ʟʘʩʘʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʡ, ʩʪʘʥʜʘʨʪʠ ʪʘ ʚʠʤʦʛʠ ʜʦ ʦʙʨʦʙʢʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. 

3. ɼʦʩʣʽʜʠʪʠ ʽʩʥʫʶʯʽ ʘʣʛʦʨʠʪʤʠ ʪʘ ʧʨʦʛʨʘʤʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʦʙʨʦʙʢʠ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʽ ʚʠʟʥʘʯʠʪʠ ʾʭʥʽ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ. 

4. ʈʦʟʨʦʙʠʪʠ ʪʘ ʚʜʦʩʢʦʥʘʣʠʪʠ ʤʘʢʨʦʩʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʬʽʣʴʪʨʘʮʽʾ, 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʭʤʘʨ ʪʦʯʦʢ. 

5. ɺʠʢʦʥʘʪʠ ʧʨʘʢʪʠʯʥʫ ʘʧʨʦʙʘʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʥʘ ʨʝʘʣʴʥʽʡ 

ʪʝʨʠʪʦʨʽʾ, ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ. 
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ʈʆɿɼɯʃ 1 ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɯ ʊɽʅɼɽʅʎɯɰ 

ʈʆɿɺʀʊʂʋ ɿɸʉʆɹɯɺ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ 

ʊɽʈʀʊʆʈɯʁ 

  



 

 

ʈʆɿɼɯʃ 1. ʉʋʏɸʉʅʀʁ ʉʊɸʅ ɯ ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ 

ɿɸʉʆɹɯɺ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʊɽʈʀʊʆʈɯʁ 

 

1.1. ʄʝʪʦʜʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʩʫʯʘʩʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

1.1.1. ʉʫʪʥʽʩʪʴ ʽ ʟʥʘʯʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ð ʮʝ ʢʦʤʧʣʝʢʩʥʠʡ ʧʨʦʮʝʩ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, 

ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʦʚʽʨʥʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ, ʧʨʠʨʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʋ ʤʠʥʫʣʦʤʫ ʮʝʡ ʧʨʦʮʝʩ 

ʙʘʟʫʚʘʚʩʷ ʥʘ ʘʥʘʣʦʛʦʚʠʭ ʤʝʪʦʜʘʭ, ʪʘʢʠʭ ʷʢ ʪʦʧʦʛʨʘʬʽʯʥʘ ʟʡʦʤʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʦʜʦʣʽʪʽʚ ʽ ʪʘʭʝʦʤʝʪʨʽʚ, ʘ ʨʝʟʫʣʴʪʘʪʠ ʦʬʦʨʤʣʷʣʠʩʷ ʫ ʚʠʛʣʷʜʽ ʧʘʧʝʨʦʚʠʭ ʢʘʨʪ ʽ 

ʧʣʘʥʽʚ. ɿ ʧʦʯʘʪʢʦʤ ʝʧʦʭʠ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʢʘʨʪʦʛʨʘʬʽʷ ʧʦʯʘʣʘ 

ʪʨʘʥʩʬʦʨʤʫʚʘʪʠʩʷ: ʜʘʥʽ ʩʪʘʣʠ ʟʙʠʨʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ, ʮʠʬʨʦʚʠʭ ʪʘʭʝʦʤʝʪʨʽʚ, GNSS ʽ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ. ɺ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʷʪʴ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʩʪʚʦʨʶʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ 2D ʪʘ 3D 

ʤʦʜʝʣʽ ʪʝʨʠʪʦʨʽʡ [1,2]. 

1. ɯʩʪʦʨʠʯʥʠʡ ʢʦʥʪʝʢʩʪ ʽ ʨʦʟʚʠʪʦʢ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʇʝʨʰʽ ʮʠʬʨʦʚʽ ʢʘʨʪʠ ʟôʷʚʠʣʠʩʷ ʥʘʧʨʠʢʽʥʮʽ XX ʩʪʦʣʽʪʪʷ, ʢʦʣʠ ʟôʷʚʠʣʠʩʷ 

ʧʝʨʩʦʥʘʣʴʥʽ ʢʦʤʧôʶʪʝʨʠ, ʟʜʘʪʥʽ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ ʜʘʥʠʭ. ɿʛʦʜʦʤ ʙʫʣʠ 

ʨʦʟʨʦʙʣʝʥʽ ʧʝʨʰʽ ɻɯʉ-ʩʠʩʪʝʤʠ, ʱʦ ʜʦʟʚʦʣʷʣʠ ʽʥʪʝʛʨʫʚʘʪʠ ʨʽʟʥʽ ʰʘʨʠ 

ʽʥʬʦʨʤʘʮʽʾ: ʨʝʣʴʻʬ, ʤʝʨʝʞʽ ʽʥʞʝʥʝʨʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʚʦʜʥʽ ʦʙôʻʢʪʠ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʰʣʷʭʠ. ʇʦʷʚʘ LiDAR (Light Detection and Ranging) ʪʘ UAV 

(Unmanned Aerial Vehicles) ʚʽʜʢʨʠʣʘ ʥʦʚʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ, ʘʜʞʝ ʪʝʧʝʨ ʤʦʞʣʠʚʦ 

ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʶʚʘʪʠ ʭʤʘʨʠ ʪʦʯʦʢ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ, ʷʢʽ ʪʦʯʥʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ɿʝʤʣʽ. ʎʝʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʧʝʨʝʭʦʜʠʪʠ ʚʽʜ 

ʧʣʦʩʢʠʭ ʢʘʨʪ ʜʦ ʪʨʠʚʠʤʽʨʥʠʭ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʫ 

ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʤʽʩʪ, ʣʘʥʜʰʘʬʪʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ 

ʢʦʥʪʨʦʣʶ [1,3]. 

 

2. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ  



 

 

ɺʘʞʣʠʚʦ ʨʦʟʤʝʞʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʟʙʦʨʫ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ. ʋ ʥʘʫʢʦʚʽʡ ʽ ʧʨʦʬʝʩʽʡʥʽʡ ʧʨʘʢʪʠʮʽ ʮʽ ʧʦʥʷʪʪʷ 

ʯʘʩʪʦ ʧʣʫʪʘʶʪʴ, ʦʜʥʘʢ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʝʪʦʜʦʣʦʛʽʾ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ ʨʽʟʥʽ ʬʫʥʢʮʽʾ. 

ʊʝʭʥʦʣʦʛʽʾ ʟʙʦʨʫ ʜʘʥʠʭ 

ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ: 

¶ LiDAR (Lig ht Detection and Ranging) 

¶ UAV (Unmanned Aerial Vehicles) 

¶ GNSS (Global Navigation Satellite Systems) 

¶ ʘ ʪʘʢʦʞ ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ, ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ, ʥʘʟʝʤʥʝ ʪʘ ʤʦʙʽʣʴʥʝ 

ʣʘʟʝʨʥʝ ʩʢʘʥʫʚʘʥʥʷ. 

ɰʭʥʷ ʨʦʣʴ: ʬʦʨʤʫʚʘʥʥʷ ʚʠʭʽʜʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʷʢʽ ʱʝ ʥʝ ʻ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʦʨʜʠʥʘʪ, 

ʚʠʩʦʪ, ʟʦʙʨʘʞʝʥʴ ʽ ʭʤʘʨ ʪʦʯʦʢ, ʘʣʝ ʥʝ ʚʠʢʦʥʫʶʪʴ ʬʫʥʢʮʽʡ ʘʥʘʣʽʟʫ ʽ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʝʭʥʦʣʦʛʽʾ ʚʣʘʩʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ɼʦ ʪʝʭʥʦʣʦʛʽʡ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʥʘʣʝʞʘʪʴ ʪʽʣʴʢʠ ʪʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʚʦʨʝʥʥʷ, ʦʙʨʦʙʢʫ, ʘʥʘʣʽʟ ʪʘ ʧʦʜʘʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʽ ʧʝʨʰ ʟʘ ʚʩʝ 

ð ʮʝ: 

ɻɯʉ (ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ) 

ɻɯʉ ʻ ʮʝʥʪʨʘʣʴʥʦʶ ʧʣʘʪʬʦʨʤʦʶ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʦʩʢʽʣʴʢʠ: 

¶ ʽʥʪʝʛʨʫʻ ʚʩʽ ʪʠʧʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (LiDAR, UAV, GNSS, 

ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ); 

¶ ʟʘʙʝʟʧʝʯʫʻ ʚʽʟʫʘʣʽʟʘʮʽʶ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪ, ʧʣʘʥʽʚ ʪʘ ʪʨʠʚʠʤʽʨʥʠʭ ʤʦʜʝʣʝʡ; 

¶ ʤʽʩʪʠʪʴ ʽʥʩʪʨʫʤʝʥʪʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ; 

¶ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʘʪʨʠʙʫʪʠʚʥʽ ʙʘʟʠ ʜʘʥʠʭ; 

¶ ʧʽʜʪʨʠʤʫʻ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʦʙʨʦʙʢʫ ʯʝʨʝʟ ʤʘʢʨʦʩʠ, ʩʢʨʠʧʪʠ, ʘʣʛʦʨʠʪʤʠ 

ʪʘ ʤʦʜʫʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ [1,3]. 

 

 

ʊʘʙʣʠʮʷ 1.1 



 

 

ʊʝʭʥʦʣʦʛʽʷ ʆʩʥʦʚʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʇʝʨʝʚʘʛʠ ʆʙʤʝʞʝʥʥʷ 

LiDAR ʊʨʠʚʠʤʽʨʥʝ 

ʩʢʘʥʫʚʘʥʥʷ ʨʝʣʴʻʬʫ 

ʪʘ ʦʙôʻʢʪʽʚ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, 

ʜʝʪʘʣʴʥʽ ʭʤʘʨʠ ʪʦʯʦʢ 

ɺʘʨʪʽʩʪʴ, ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ 

UAV ɸʝʨʦʬʦʪʦʟʡʦʤʢʘ ʪʘ 

LiDAR-ʟʥʽʤʢʠ 

ʐʚʠʜʢʽʩʪʴ, ʜʦʩʪʫʧ ʜʦ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ 

ʜʽʣʷʥʦʢ 

ʇʦʛʦʜʥʽ ʦʙʤʝʞʝʥʥʷ, 

ʧʦʪʨʝʙʘ ʫ ʥʘʚʯʘʥʥʽ 

ʦʧʝʨʘʪʦʨʽʚ 

GNSS ɻʝʦʧʨʠʚôʷʟʢʘ ʪʘ 

ʢʦʦʨʜʠʥʘʪʥʘ ʪʦʯʥʽʩʪʴ 

ʊʦʯʥʘ ʧʨʠʚôʷʟʢʘ 

ʜʘʥʠʭ 

ʆʙʤʝʞʝʥʘ ʪʦʯʥʽʩʪʴ ʫ ʛʫʩʪʦ 

ʟʘʙʫʜʦʚʘʥʠʭ ʨʘʡʦʥʘʭ 

ɻɯʉ ɯʥʪʝʛʨʘʮʽʷ ʪʘ ʘʥʘʣʽʟ 

ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʦʙʨʦʙʢʠ, ʪʝʤʘʪʠʯʥʠʡ 

ʘʥʘʣʽʟ 

ʇʦʪʨʝʙʫʻ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 

 

1.1.2. LiDAR ʷʢ ʙʘʟʦʚʠʡ ʤʝʪʦʜ ʩʫʯʘʩʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ  

ʉʚʽʪʣʦʚʝ ʚʠʷʚʣʝʥʥʷ ʽ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ, ʘʥʛʣ. Light Detection and 

Ranging (LiDAR) ð ʮʝ ʚʠʩʦʢʦʪʦʯʥʘ ʪʝʭʥʦʣʦʛʽʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʨʠʚʠʤʽʨʥʽ ʢʦʦʨʜʠʥʘʪʠ ʦʙôʻʢʪʽʚ ʽ ʧʦʚʝʨʭʥʽ ʟ ʚʠʩʦʢʦʶ 

ʪʦʯʥʽʩʪʶ. ʄʝʪʦʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʘʟʝʨʥʦʤʫ ʩʢʘʥʫʚʘʥʥʽ ʪʘ ʩʪʚʦʨʝʥʥʽ ʭʤʘʨʠ ʪʦʯʦʢ, 

ʷʢʘ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ (ʎʄʈ), ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʧʦʚʝʨʭʥʽ (ʎʄʇ) ʪʘ 3D-ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ LiDAR ʧʦʣʷʛʘʻ ʫ 

ʥʘʩʪʫʧʥʦʤʫ: ʣʘʟʝʨʥʠʡ ʧʝʨʝʜʘʚʘʯ ʚʠʧʨʦʤʽʥʶʻ ʢʦʨʦʪʢʽ ʽʤʧʫʣʴʩʠ ʩʚʽʪʣʘ, ʷʢʽ 

ʚʽʜʙʠʚʘʶʪʴʩʷ ʚʽʜ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙôʻʢʪʽʚ. ʇʦʚʝʨʥʝʥʽ ʽʤʧʫʣʴʩʠ ʬʽʢʩʫʶʪʴʩʷ 

ʧʨʠʡʤʘʯʝʤ, ʽ ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʤʝʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʩʪʘʥʴ ʜʦ 

ʦʙôʻʢʪʘ. ʎʝʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʢʦʦʨʜʠʥʘʪʠ ʢʦʞʥʦʾ ʪʦʯʢʠ (X, Y, Z) ʽʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. 



 

 

 

ʈʠʩ. 1.1 ï ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ LiDAR 

ɼʦʜʘʪʢʦʚʦ, ʩʫʯʘʩʥʽ LiDAR-ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʬʽʢʩʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ, ʦɦ ʜʦʟʚʦʣʷʻ ʚʽʜʨʽʟʥʷʪʠ ʨʽʟʥʽ ʪʠʧʠ ʧʦʚʝʨʭʦʥʴ (ʥʘʧʨʠʢʣʘʜ, 

ʙʝʪʦʥ, ʘʩʬʘʣʴʪ, ʣʠʩʪʷ ʜʝʨʝʚ) ʪʘ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʤʘʨ ʪʦʯʦʢ. 

ʌʦʨʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ LiDAR 

1. Aerial LiDAR (ALS) ï ʘʚʽʘʮʽʡʥʝ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ. ɼʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʜʦ 10ï30 

ʪʦʯʦʢ/ʤĮ ʽ ʪʦʯʥʽʩʪʴ ʜʦ 2ï4 ʩʤ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, ʦʮʽʥʢʠ ʣʘʥʜʰʘʬʪʽʚ, ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ ʤʽʩʮʝʚʦʩʪʽ. 

2. Terrestrial LiDAR (TLS) ï ʥʘʟʝʤʥʝ ʩʢʘʥʫʚʘʥʥʷ, ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ 

ʘʨʭʽʪʝʢʪʫʨʥʽ, ʽʥʞʝʥʝʨʥʽ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʽ ʦʙôʻʢʪʠ. ʇʽʜʭʦʜʠʪʴ ʜʣʷ 

ʜʝʪʘʣʴʥʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ, ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ ʪʘ ʟʦʥ 

ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ. ʊʦʯʥʽʩʪʴ TLS ʤʦʞʝ ʜʦʩʷʛʘʪʠ ʤʽʣʽʤʝʪʨʘ. 

3. Mobile LiDAR (MLS) ï ʤʦʙʽʣʴʥʽ ʩʢʘʥʝʨʠ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ ʯʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʠʭ 

3D ʤʦʜʝʣʝʡ ʤʽʩʴʢʠʭ ʚʫʣʠʮʴ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʢʦʨʠʜʦʨʽʚ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ 

ʜʦʨʦʞʥʽʭ ʤʝʨʝʞ. 

ʇʝʨʝʚʘʛʠ LiDAR 



 

 

¶ ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʪʘ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨ ʪʦʯʦʢ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʜʝʪʘʣʽʟʘʮʽʶ 

ʨʝʣʴʻʬʫ ʽ ʦʙôʻʢʪʽʚ. 

¶ ʄʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʫ ʙʫʜʴ-ʷʢʠʭ ʫʤʦʚʘʭ ʦʩʚʽʪʣʝʥʥʷ, ʚʢʣʶʯʥʦ ʟ ʥʽʯʥʠʤ 

ʯʘʩʦʤ. 

¶ ɯʥʪʝʛʨʘʮʽʷ ʟ ɻɯʉ ʪʘ ʽʥʰʠʤʠ ʧʨʦʛʨʘʤʥʠʤʠ ʧʣʘʪʬʦʨʤʘʤʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ. 

¶ ʄʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʜʘʥʠʭ: ʧʦʚʝʨʭʥʷ ˇʨʫʥʪʫ, ʢʨʦʥʠ 

ʜʝʨʝʚ, ʙʫʜʽʚʣʽ ʪʘ ʽʥʰʽ ʦʙôʻʢʪʠ. 

¶ ʇʽʜʪʨʠʤʢʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʤʘʰʠʥʥʦʛʦ 

ʥʘʚʯʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʪʦʯʦʢ [4ï8]. 

 

ʈʠʩ. 1.2 ï ɺʽʜʦʙʨʘʞʝʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʘʚʽʘʮʽʡʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʫ ʇɿ 

MicroStation 

ɿʘʛʘʣʴʥʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ LiDAR ʜʘʥʠʭ [9]. 

1. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ: ʚʠʜʘʣʝʥʥʷ ʰʫʤʽʚ ʪʘ ʥʝʢʦʨʝʢʪʥʠʭ ʪʦʯʦʢ, ʢʦʨʝʢʮʽʷ 

ʚʽʜʙʠʪʪʽʚ, ʢʘʣʽʙʨʫʚʘʥʥʷ ʜʘʥʠʭ. 

2. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ: ʚʠʜʽʣʝʥʥʷ ˇʨʫʥʪʫ, ʨʦʩʣʠʥʥʦʩʪʽ, ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʠʭ 

ʦʙôʻʢʪʽʚ. ʄʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ Progressive TIN Densification, ʚʠʩʦʪʥʫ 

ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 



 

 

3. ɻʝʦʧʨʠʚôʷʟʢʘ: ʽʥʪʝʛʨʘʮʽʷ ʩʢʘʥʽʚ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ, ʧʝʨʝʚʽʨʢʘ 

ʪʦʯʥʦʩʪʽ. 

4. ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ (ʎʄʈ, ʎʄʇ) ʪʘ 3D ʤʦʜʝʣʝʡ ʦʙôʻʢʪʽʚ. 

5. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʘʥʘʣʽʟ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʢʨʦʩʽʚ, ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ 

ʘʚʪʦʝʥʢʦʜʝʨʽʚ ʜʣʷ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ [7,8]. 

ɺʠʢʣʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʪʝʭʥʦʣʦʛʽʾ LiDAR. 

¶ ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʣʽʮʝʥʟʽʡ. 

¶ ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʱʦ ʧʦʪʨʝʙʫʻ ʧʦʪʫʞʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ. 

¶ ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʘʪʽʚ (LAS, LAZ, XYZ). 

¶ ʅʝʦʙʭʽʜʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʣʷ ʨʦʙʦʪʠ ʟ ʦʙʨʦʙʢʦʶ ʪʘ 

ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ. 

¶ ʇʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ: ʽʥʪʝʛʨʘʮʽʷ ʟ ɻɯʉ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʭʤʘʨ ʪʦʯʦʢ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʤʘʨʪ-ʩʽʪʽ, ʝʢʦʣʦʛʽʯʥʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʧʣʘʥʫʚʘʥʥʽ ʪʝʨʠʪʦʨʽʡ. 

1.1.3. ɿʘʩʪʦʩʫʚʘʥʥʷ LiDAR ʫ ʩʫʯʘʩʥʦʤʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ   

LiDAR ð ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ ʰʚʠʜʢʦ ʽ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʪʠ ʪʨʠʚʠʤʽʨʥʫ ʬʦʨʤʫ ʧʦʚʝʨʭʥʽ ʡ ʦʙôʻʢʪʽʚ. ʅʠʞʯʝ 

ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʨʦʟʛʣʷʜ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʨʦʙʦʯʽ 

ʧʨʦʮʝʜʫʨʠ, ʚʠʤʦʛʠ ʜʦ ʜʘʥʠʭ, ʪʠʧʦʚʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʪʘ ʧʨʘʢʪʠʯʥʽ 

ʟʘʫʚʘʞʝʥʥʷ. 

ʆʩʥʦʚʥʠʤʠ ʥʘʧʨʷʤʢʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ LiDAR ʻ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʧʣʘʥʽʚ ʪʘ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ (DTM/DEM/DSM), ʘ ʪʘʢʦʞ ʜʝʪʘʣʴʥʠʭ ʤʽʩʴʢʠʭ 

3D-ʤʦʜʝʣʝʡ. ʊʦʧʦʧʣʘʥʠ ʪʘ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʢʘʨʪ ʨʽʟʥʠʭ ʤʘʩʰʪʘʙʽʚ ï ʚʽʜ ʜʝʪʘʣʴʥʠʭ ʧʣʘʥʽʚ ʽʟ ʤʘʩʰʪʘʙʦʤ 1:500ï

1:5 000 ʜʦ ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʘʨʪ ʽʟ ʤʘʩʰʪʘʙʦʤ 1:25 000 ʽ ʙʽʣʴʰʝ. ʑʽʣʴʥʽʩʪʴ ʭʤʘʨʠ 

ʪʦʯʦʢ ʜʣʷ ʪʘʢʠʭ ʨʦʙʽʪ ʟʘʟʚʠʯʘʡ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 5 ʜʦ 20 ʪʦʯʦʢ ʥʘ ʢʚʘʜʨʘʪʥʠʡ 

ʤʝʪʨ, ʘ ʜʣʷ ʜʝʪʘʣʴʥʽʰʠʭ ʧʣʘʥʽʚ ʚʦʥʘ ʤʘʻ ʙʫʪʠ ʥʝ ʤʝʥʰʝ 20ï30 ʪʦʯʦʢ/ʤĮ. ʄʽʩʴʢʽ 

3D-ʤʦʜʝʣʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʪʚʦʨʶʚʘʪʠ ʙʫʜʽʚʣʽ, ʚʫʣʠʮʽ ʪʘ ʽʥʰʫ ʤʽʩʴʢʫ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫ ʪʨʠʚʠʤʽʨʥʦʤʫ ʚʠʛʣʷʜʽ. ɼʣʷ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʬʘʩʘʜʽʚ 



 

 

ʧʦʪʨʽʙʥʘ ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ ʙʣʠʟʴʢʦ 10ï50 ʪʦʯʦʢ/ʤĮ, ʘ ʜʣʷ ʚʫʣʠʮʴ ʪʘ ʜʦʨʽʛ ï 

ʧʨʠʙʣʠʟʥʦ 10ï20 ʪʦʯʦʢ/ʤĮ. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʦ LiDAR ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʟʘʙʫʜʦʚʠ, ʜʣʷ ʘʥʘʣʽʟʫ ʨʝʣʴʻʬʫ, 

ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʤʦʜʝʣʝʡ, ʦʮʽʥʢʠ ʧʦʭʠʣʽʚ ʽ ʝʨʦʟʽʾ. ʋ ʣʽʩʦʚʦʤʫ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʚʠʤʽʨʶʚʘʪʠ ʚʠʩʦʪʫ ʜʝʨʝʚ ʽ ʢʨʦʥ, ʦʮʽʥʶʚʘʪʠ ʱʽʣʴʥʽʩʪʴ 

ʥʘʩʘʜʞʝʥʴ ʪʘ ʙʽʦʤʘʩʫ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʧʣʘʥʫʚʘʪʠ ʨʫʙʢʠ, ʢʦʥʪʨʦʣʶʚʘʪʠ ʣʽʩʦʚʽ 

ʨʝʩʫʨʩʠ ʪʘ ʟʜʽʡʩʥʶʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ. ʋ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʩʝʢʪʦʨʽ 

LiDAR ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʨʪʫʚʘʥʥʷ ʜʦʨʽʛ, ʟʘʣʽʟʥʠʮʴ, ʤʦʩʪʽʚ ʽ ʪʫʥʝʣʽʚ, 

ʦʮʽʥʢʠ ʧʨʦʬʽʣʽʚ, ʦʙʩʷʛʽʚ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʩ, ʱʦ ʜʦʧʦʤʘʛʘʻ 

ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʢʦʥʪʨʦʣʽ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʂʨʽʤ 

ʪʦʛʦ, ʧʦʚʪʦʨʥʽ LiDAR-ʟʡʦʤʢʠ ʜʦʟʚʦʣʷʶʪʴ ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʝʬʦʨʤʘʮʽʾ ʪʘ 

ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʝʦʜʠʥʘʤʽʢʠ: ʚʽʜʩʪʝʞʫʚʘʪʠ ʧʝʨʝʤʽʱʝʥʥʷ ʩʭʠʣʽʚ, ʜʘʤʙ, 

ʢʘʨôʻʨʽʚ ʪʘ ʽʥʰʠʭ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʚʠʟʥʘʯʘʪʠ ʟʩʫʚʠ ʪʘ ʧʣʘʥʫʚʘʪʠ ʟʘʭʦʜʠ 

ʙʝʟʧʝʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, LiDAR ʦʙôʻʜʥʫʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʩʦʢʦʪʦʯʥʦʛʦ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʠʭ ʽ 

ʰʪʫʯʥʠʭ ʦʙôʻʢʪʽʚ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ï ʚʽʜ 

ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʦ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʛʝʦʜʠʥʘʤʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. 

 

ʈʦʙʦʯʽ ʧʨʦʮʝʜʫʨʠ LiDAR (ʜʝʪʘʣʴʥʦ) 

1. ʇʣʘʥʫʚʘʥʥʷ ʟʡʦʤʢʠ 

Á ɺʠʟʥʘʯʝʥʥʷ ʤʝʪʠ ʟʡʦʤʢʠ: ʷʢʠʡ ʧʨʦʜʫʢʪ ʧʦʪʨʽʙʝʥ (DTM, 3D-ʤʦʜʝʣʴ, 

ʧʨʦʬʽʣʽ, ʤʦʥʽʪʦʨʠʥʛ). 

Á ɺʠʙʽʨ ʧʣʘʪʬʦʨʤʠ: ALS, TLS, MLS, UAV-LiDAR ʟʘʣʝʞʥʦ ʚʽʜ ʤʘʩʰʪʘʙʫ 

ʪʘ ʙʶʜʞʝʪʫ. 

Á ʇʨʦʻʢʪʫʚʘʥʥʷ ʤʘʨʰʨʫʪʫ ʘʙʦ ʪʨʘʻʢʪʦʨʽʾ ʧʦʣʴʦʪʫ: ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʝʨʝʢʨʠʪʪʷ (60ï80 % ʜʣʷ ALS), ʚʨʘʭʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʪʘ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ. 



 

 

Á ʇʣʘʥʫʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ: ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʽʾ, ʜʘʣʴʥʽʩʪʴ 

ʩʢʘʥʫʚʘʥʥʷ, ʢʫʪ ʦʛʣʷʜʫ ʩʝʥʩʦʨʽʚ. 

2. ɿʙʽʨ ʜʘʥʠʭ 

Á ɺʠʢʦʥʘʥʥʷ ʧʦʣʴʦʪʽʚ, ʦʙôʾʟʜʽʚ ʘʙʦ ʩʢʘʥʫʚʘʥʥʷ. 

Á ʂʘʣʽʙʨʫʚʘʥʥʷ GNSS/IMU ʩʠʩʪʝʤ ʜʣʷ ʪʦʯʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. 

Á ɿʙʽʨ ʤʝʪʘʜʘʥʠʭ: ʜʘʪʘ, ʯʘʩ, ʘʪʤʦʩʬʝʨʥʽ ʫʤʦʚʠ, ʚʠʩʦʪʘ ʧʦʣʴʦʪʫ. 

Á ʂʦʥʪʨʦʣʴ ʧʝʨʚʠʥʥʦʾ ʷʢʦʩʪʽ ʭʤʘʨʠ ʧʽʜ ʯʘʩ ʟʙʦʨʫ. 

3. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʜʘʥʠʭ 

Á ɯʤʧʦʨʪ ʬʘʡʣʽʚ LAS/LAZ ʫ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ. 

Á ʌʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ ʽ ʘʥʦʤʘʣʽʡ (ʩʪʦʚʧʠ, ʧʪʘʭʠ, ʣʽʪʘʢʠ). 

Á ʇʝʨʝʚʽʨʢʘ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʚʠʨʽʚʥʶʚʘʥʥʷ ʟ ʨʝʘʣʴʥʠʤʠ ʛʝʦʜʝʟʠʯʥʠʤʠ 

ʪʦʯʢʘʤʠ. 

Á ʂʘʣʽʙʨʫʚʘʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʦʛʦ ʩʠʛʥʘʣʫ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. 

4. ʈʝʻʩʪʨʘʮʽʷ ʪʘ ʟʰʠʚʢʘ ʥʘʙʦʨʽʚ 

Á ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ICP ʘʙʦ feature-based registration ʜʣʷ ʟʰʠʚʢʠ 

ʢʽʣʴʢʦʭ ʩʢʘʥʽʚ. 

Á ʇʨʠʚôʷʟʢʘ ʜʦ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ (GCP) ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ. 

Á ʇʝʨʝʚʽʨʢʘ ʟʘʣʠʰʢʦʚʠʭ ʧʦʤʠʣʦʢ ʪʘ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʪʦʯʦʢ. 

5. ʂʣʘʩʠʬʽʢʘʮʽʷ ʪʘ ʛʝʥʝʨʘʮʽʷ ʧʨʦʜʫʢʪʽʚ 

Á ɹʘʟʦʚʘ ʢʣʘʩʠʬʽʢʘʮʽʷ: Progressive TIN, CSF ʜʣʷ ˇʨʫʥʪʫ, ʚʝʛʝʪʘʮʽʾ, 

ʙʫʜʽʚʝʣʴ. 

Á ʇʦʢʨʘʱʝʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ: ML / Deep Learning (PointNet, KPConv) ʜʣʷ 

ʩʢʣʘʜʥʠʭ ʩʝʨʝʜʦʚʠʱ. 

Á ɻʝʥʝʨʘʮʽʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ: DTM, DSM, 3D-ʤʦʜʝʣʽ (LOD). 

Á ɽʢʩʪʨʘʢʮʽʷ ʢʦʥʪʫʨʽʚ, ʩʪʚʦʨʝʥʥʷ ʧʨʦʬʽʣʽʚ, ʘʥʘʣʽʟ ʟʤʽʥ ʜʣʷ ʧʦʚʪʦʨʥʠʭ 

ʟʡʦʤʦʢ. 

6. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʪʘ ʝʢʩʧʦʨʪ 

Á ʇʝʨʝʚʽʨʢʘ ʪʦʯʥʦʩʪʽ ʟʘ ʢʦʥʪʨʦʣʴʥʠʤʠ ʪʦʯʢʘʤʠ (RMSE). 

Á ʆʮʽʥʢʘ ʣʦʛʽʯʥʦʾ ʫʟʛʦʜʞʝʥʦʩʪʽ ʰʘʨʽʚ, ʧʝʨʝʚʽʨʢʘ ʥʘ ʧʨʦʧʫʩʢʠ ʪʘ ʰʫʤ. 

Á ɽʢʩʧʦʨʪ ʫ GIS (SHP, GDB), CAD (DGN/DXF), ʧʫʙʣʽʢʘʮʽʷ ʜʣʷ ʚʝʙ-ɻɯʉ. 



 

 

ʊʘʙʣʠʮʷ 1.2 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʄʽʥʽʤʘʣʴʥʘ 

ʱʽʣʴʥʽʩʪʴ 

(ʪʦʯʦʢ/ʤĮ) 

ʉʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ / ʧʨʠʟʥʘʯʝʥʥʷ 

ʭʤʘʨʠ 

ʊʦʧʦʧʣʘʥʠ / ʎʠʬʨʦʚʽ 

ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ 

(DEM/DTM/DSM) 

5ï20 ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʤʽʩʮʝʚʦʩʪʽ, ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ, 

ʧʣʘʥʫʚʘʥʥʷ ʙʫʜʽʚʥʠʮʪʚʘ, ʘʥʘʣʽʟ 

ʨʝʣʴʻʬʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦʟʙʦʨʽʚ ʽ 

ʝʨʦʟʽʾ 

ʄʽʩʴʢʽ 3D-ʤʦʜʝʣʽ 10ï50 (ʜʣʷ 

ʬʘʩʘʜʽʚ Ó20) 

ʄʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʤʽʩʪʦʙʫʜʽʚʥʝ 

ʧʣʘʥʫʚʘʥʥʷ, ʝʥʝʨʛʝʪʠʢʘ, ʢʦʤʫʥʘʣʴʥʽ 

ʤʝʨʝʞʽ, ʦʮʽʥʢʘ ʪʽʥʴʦʚʠʭ ʟʦʥ 

ʃʽʩʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ 4ï12 ʆʮʽʥʢʘ ʚʠʩʦʪʠ ʜʝʨʝʚ ʽ ʢʨʦʥ, ʱʽʣʴʥʦʩʪʽ 

ʥʘʩʘʜʞʝʥʴ, ʦʙʩʷʛʽʚ ʙʽʦʤʘʩʠ, 

ʚʝʨʪʠʢʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʣʽʩʫ, ʣʽʩʦʚʽ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ 

ʊʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

10ï30 ʇʨʦʻʢʪʫʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟ ʜʦʨʽʛ, ʟʘʣʽʟʥʠʮʴ, 

ʤʦʩʪʽʚ ʽ ʪʫʥʝʣʽʚ, ʦʮʽʥʢʘ ʦʙʩʷʛʽʚ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ, ʪʨʘʩʫʚʘʥʥʷ, 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʧʽʜʪʦʧʣʝʥʥʷ ʪʘ ʝʨʦʟʽʾ 

ʂʦʥʪʨʦʣʴ ʜʝʬʦʨʤʘʮʽʡ ʽ 

ʛʝʦʜʠʥʘʤʽʢʘ 

ʙʫʜʴ-ʷʢʘ (ʯʠʤ 

ʙʽʣʴʰʝ ʪʦʯʦʢ, ʪʠʤ 

ʪʦʯʥʽʰʝ) 

ʄʦʥʽʪʦʨʠʥʛ ʧʝʨʝʤʽʱʝʥʴ ʩʭʠʣʽʚ, ʜʘʤʙ, 

ʢʘʨôʻʨʽʚ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜ, ʦʮʽʥʢʘ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʝʨʠʪʦʨʽʡ, ʢʦʥʪʨʦʣʴ 

ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

 

ɼʞʝʨʝʣʘ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ ʽ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ 

LiDAR 

1. ʊʦʧʦʧʣʘʥʠ / DTM / DEM / DSM (5ï20 ʪʦʯʦʢ/ʤĮ, ʜʣʷ ʜʝʪʘʣʴʥʠʭ ʧʣʘʥʽʚ 

Ó20ï30 ʪʦʯʦʢ/ʤĮ) 

ʇʨʘʢʪʠʢʘ: ʧʦʚʽʪʨʷʥʝ ʩʢʘʥʫʚʘʥʥʷ ALS ʜʣʷ ʚʝʣʠʢʠʭ ʧʣʦʱ; TLS / MLS ʜʣʷ 

ʣʦʢʘʣʴʥʠʭ ʜʽʣʷʥʦʢ; 

ʅʘʫʢʦʚʽ ʜʞʝʨʝʣʘ: Baltsavias, 1999; Hyyppª et al., 2008; 

ʉʪʘʥʜʘʨʪʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ: ASPRS LiDAR Guidelines, ISO 16739; 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ: ʤʽʥʽʤʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʚʠʟʥʘʯʝʥʘ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʪʦʯʥʦʩʪʽ 

ʧʦʭʠʣʽʚ. 



 

 

2. ʄʽʩʴʢʽ 3D-ʤʦʜʝʣʽ (10ï50 ʪʦʯʦʢ/ʤĮ ʜʣʷ ʬʘʩʘʜʽʚ; ~10ï20 ʜʣʷ ʚʫʣʠʮʴ) 

ʇʨʘʢʪʠʢʘ: ʤʦʙʽʣʴʥʝ ʪʘ ʘʝʨʦʟʥʽʤʘʣʴʥʝ ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʤʽʩʪ 

(MLS + ALS), ʬʦʪʦʛʨʘʤʤʝʪʨʽʷ ʜʣʷ ʪʝʢʩʪʫʨ ʬʘʩʘʜʽʚ; 

ʅʘʫʢʦʚʽ ʜʞʝʨʝʣʘ: Vosselman & Maas, 2010; Oude Elberink & Vosselman, 

2011; 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ: ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʚʠʟʥʘʯʘʻ ʜʝʪʘʣʽʟʘʮʽʶ ʬʘʩʘʜʽʚ ʽ ʚʫʣʠʮʴ, 

ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ LOD1ïLOD3 ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

3. ʃʽʩʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʘ ʦʮʽʥʢʘ ʙʽʦʤʘʩʠ (4ï8 ʪʦʯʦʢ/ʤĮ ʜʣʷ ʢʨʦʥ; Ó10 ʜʣʷ 

ʪʦʯʥʦʾ ʙʽʦʤʘʩʠ) 

ʇʨʘʢʪʠʢʘ: ʧʦʚʽʪʨʷʥʝ ALS ʜʣʷ ʚʝʣʠʢʠʭ ʧʣʦʱ; TLS ʜʣʷ ʢʘʣʽʙʨʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʙʽʦʤʘʩʠ; 

ʅʘʫʢʦʚʽ ʜʞʝʨʝʣʘ: Lefsky et al., 2002; Hyyppª et al., 2008; 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ: ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʦʙʨʘʥʘ ʜʣʷ ʪʦʯʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʢʨʦʥ 

ʜʝʨʝʚ ʽ ʚʝʨʪʠʢʘʣʴʥʦʾ ʩʪʨʫʢʪʫʨʠ ʣʽʩʫ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʙʽʦʤʘʩʠ. 

4. ʊʨʘʥʩʧʦʨʪ (10ï30 ʪʦʯʦʢ/ʤĮ) 

ʇʨʘʢʪʠʢʘ: MLS ʪʘ TLS ʜʣʷ ʜʦʨʽʛ, ʤʦʩʪʽʚ, ʪʫʥʝʣʽʚ; 

ʅʦʨʤʘʪʠʚʥʽ ʜʞʝʨʝʣʘ: ASCE Guidelines, Eurocodes; 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ: ʱʽʣʴʥʽʩʪʴ ʭʤʘʨʠ ʟʘʙʝʟʧʝʯʫʻ ʪʦʯʥʽʩʪʴ ʧʦʧʝʨʝʯʥʠʭ ʪʘ 

ʧʦʟʜʦʚʞʥʽʭ ʧʨʦʬʽʣʽʚ, ʘ ʪʘʢʦʞ ʢʦʥʪʨʦʣʴ ʦʙʩʷʛʽʚ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ. 

5. ʂʦʥʪʨʦʣʴ ʜʝʬʦʨʤʘʮʽʡ ʽ ʛʝʦʜʠʥʘʤʽʢʘ (ʙʫʜʴ-ʷʢʘ ʱʽʣʴʥʽʩʪʴ; ʯʠʤ ʙʽʣʴʰʝ 

ʪʦʯʦʢ, ʪʠʤ ʪʦʯʥʽʰʝ) 

ʇʨʘʢʪʠʢʘ: ʧʦʚʪʦʨʥʽ ʩʢʘʥʫʚʘʥʥʷ ALS/TLS/MLS ʜʣʷ time-series ʘʥʘʣʽʟʫ; 

ʅʘʫʢʦʚʽ ʜʞʝʨʝʣʘ: Jaboyedoff et al., 2012; Crosetto et al., 2016; 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ: ʯʠʤ ʙʽʣʴʰʘ ʱʽʣʴʥʽʩʪʴ, ʪʠʤ ʪʦʯʥʽʰʝ ʚʠʟʥʘʯʘʶʪʴʩʷ ʜʨʽʙʥʽ 

ʟʤʽʥʠ ʨʝʣʴʻʬʫ ʪʘ ʧʝʨʝʤʽʱʝʥʥʷ ʩʧʦʨʫʜ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʘʜʽʡʥʠʡ ʢʦʥʪʨʦʣʴ 

ʜʝʬʦʨʤʘʮʽʡ. 

 



 

 

1.2. ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʅʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ: 

ʊʘʙʣʠʮʷ 1.3 

ʇʨʦʛʨʘʤʥʠʡ 

ʢʦʤʧʣʝʢʩ 

ʈʦʟʨʦʙʥʠʢ ʆʩʥʦʚʥʝ 

ʧʨʠʟʥʘʯʝʥʥʷ 

ʆʩʦʙʣʠʚʦʩʪʽ ɹʘʟʦʚʽ ʬʫʥʢʮʽʾ 

ʦʙʨʦʙʣʝʥʥʷ 

ʭʤʘʨʠ 

ɹʘʟʦʚʽ 

ʬʫʥʢʮʽʾ 

ʤʦʜʝʣʶʚʘʥʥʷ 

/ ʢʨʝʩʣʝʥʥʷ 

ʆʨʽʻʥʪʦʚʥʘ 

ʚʘʨʪʽʩʪʴ 

MicroStation + 

TerraScan 

Bentley 

Systems 

ʆʙʨʦʙʢʘ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

LiDAR 

ʇʽʜʪʨʠʤʢʘ 

VBA, MDL; 

ʚʠʩʦʢʦʪʦʯʥʽ 

ʤʘʢʨʦʩʠ 

ʌʽʣʴʪʨʘʮʽʷ 

ʰʫʤʽʚ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʛʝʥʝʨʘʮʽʷ 

DTM/DSM, 

ʨʝʜʘʛʫʚʘʥʥʷ 

ʪʦʯʦʢ 

ʇʦʙʫʜʦʚʘ 3D-

ʤʦʜʝʣʝʡ, 

ʧʨʦʬʽʣʽ, 

ʽʟʦʣʽʥʽʾ, 

ʢʨʝʩʣʝʥʥʷ 

CAD 

ɺʠʩʦʢʘ 

(~$10,000ï

15,000 

ʣʽʮʝʥʟʽʷ) 

ArcGIS Pro Esri ɻʝʦʘʥʘʣʽʪʠʢʘ, 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʣʴʻʬʫ 

Python, 

ModelBuilder 

ɯʤʧʦʨʪ 

LAS/LAZ, 

ʦʙʨʦʙʢʘ ʭʤʘʨ 

ʪʦʯʦʢ, 

ʛʝʦʘʥʘʣʽʟ 

ɻʝʥʝʨʘʮʽʷ 

DTM/DSM, 

3D-

ʚʽʟʫʘʣʽʟʘʮʽʷ, 

ʢʘʨʪʠ, ʧʨʦʬʽʣʽ 

ʉʝʨʝʜʥʷ 

(~$1,500/ʨʽʢ 

ʧʽʜʧʠʩʢʘ) 

QGIS + PDAL 

/ LAStools 

Open 

Source 

Open-source 

ʦʙʨʦʙʢʘ 

ʜʘʥʠʭ 

ʇʽʜʪʨʠʤʢʘ 

ʩʢʨʠʧʪʽʚ 

Python 

ʂʦʥʚʝʨʩʽʷ 

ʬʦʨʤʘʪʽʚ, 

ʬʽʣʴʪʨʘʮʽʷ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ, 

ʘʛʨʝʛʘʮʽʷ ʪʦʯʦʢ 

ʇʦʙʫʜʦʚʘ 

DEM/DTM, 

ʧʨʦʩʪʽ 3D-

ʚʽʟʫʘʣʽʟʘʮʽʾ, 

ʝʢʩʧʦʨʪ ʫ 

GIS/CAD 

ɹʝʟʢʦʰʪʦʚʥʦ 

CloudCompare Open 

Source 

3D-

ʚʽʟʫʘʣʽʟʘʮʽʷ 

ʭʤʘʨ ʪʦʯʦʢ 

ɺʠʩʦʢʘ 

ʰʚʠʜʢʽʩʪʴ 

ɯʤʧʦʨʪ/ʝʢʩʧʦʨʪ 

ʭʤʘʨ, 

ʚʠʨʽʚʥʶʚʘʥʥʷ, 

ʨʝʻʩʪʨʘʮʽʷ, 

ʦʙʯʠʩʣʝʥʥʷ 

ʭʤʘʨʥʠʭ 

ʚʽʜʩʪʘʥʝʡ 

3D-ʤʦʜʝʣʽ, 

ʦʙʯʠʩʣʝʥʥʷ 

ʦʙôʻʤʽʚ, 

ʧʨʦʬʽʣʽ, 

ʚʽʟʫʘʣʽʟʘʮʽʷ 

ɹʝʟʢʦʰʪʦʚʥʦ 

Global Mapper Blue 

Marble 

ʇʦʙʫʜʦʚʘ 

ʎʄʈ, 

ʝʢʩʧʦʨʪ ɻɯʉ-

ʜʘʥʠʭ 

ʇʨʦʩʪʠʡ 

ʽʥʪʝʨʬʝʡʩ 

ɯʤʧʦʨʪ 

LAS/LAZ, 

ʨʝʜʘʛʫʚʘʥʥʷ 

ʭʤʘʨ, ʙʘʟʦʚʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

DEM/DTM, 

ʧʨʦʬʽʣʽ, 

ʢʘʨʪʠ, ʙʘʟʦʚʝ 

ʢʨʝʩʣʝʥʥʷ 

ʉʝʨʝʜʥʷ 

(~$500ï600 

ʣʽʮʝʥʟʽʷ) 

 

MicroStation ð ʮʝ ʽʥʞʝʥʝʨʥʘ ʧʣʘʪʬʦʨʤʘ CAD/GIS, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, 3D-ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʇʘʢʝʪ 

TerraScan ʟʘʙʝʟʧʝʯʫʻ ʛʣʠʙʦʢʫ ʽʥʪʝʛʨʘʮʽʶ LiDAR-ʽʥʩʪʨʫʤʝʥʪʽʚ: ʢʣʘʩʠʬʽʢʘʮʽʶ, 

ʬʽʣʴʪʨʘʮʽʶ, ʛʝʥʝʨʘʮʽʶ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʧʦʙʫʜʦʚʫ ʧʨʦʬʽʣʽʚ ʪʘ ʟʨʽʟʽʚ. 

ʇʝʨʝʚʘʛʠ: 

ʧʽʜʪʨʠʤʢʘ ʤʘʢʨʦʩʽʚ VBA ʪʘ ʤʦʜʫʣʽʚ MDL ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʽʚ; 

ʩʫʤʽʩʥʽʩʪʴ ʟ ʽʥʰʠʤʠ Bentley-ʧʨʦʜʫʢʪʘʤʠ (InRoads, OpenCities); 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ; 



 

 

ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ð ʜʦ 3 ʩʤ ʫ ʧʣʘʥʽ ʽ 5 ʩʤ ʧʦ ʚʠʩʦʪʽ. 

ʋ ʩʝʨʝʜʦʚʠʱʽ MicroStation ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʤʘʢʨʦʩ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʯʦʢ ʟʘ ʚʠʩʦʪʦʶ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʙʠʪʪʷ, ʱʦ ʩʫʪʪʻʚʦ ʩʢʦʨʦʯʫʻ 

ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ [9]. 

 ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʙʦʪʠ ʟ LiDAR-ʜʘʥʠʤʠ. 

ʆʙʨʦʙʢʘ ʜʘʥʠʭ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ ʚʠʤʘʛʘʻ ʧʦʪʫʞʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʟʜʘʪʥʝ ʧʨʘʮʶʚʘʪʠ ʟ ʚʝʣʠʢʠʤʠ ʤʘʩʠʚʘʤʠ ʭʤʘʨ ʪʦʯʦʢ (ʽʥʦʜʽ ʜʦ 

ʢʽʣʴʢʦʭ ʤʽʣʴʷʨʜʽʚ ʟʘʧʠʩʽʚ), ʚʠʢʦʥʫʚʘʪʠ ʬʽʣʴʪʨʘʮʽʶ, ʢʣʘʩʠʬʽʢʘʮʽʶ, ʧʦʙʫʜʦʚʫ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ (ʎʄʈ) ʽ ʧʦʚʝʨʭʥʽ (ʎʄʇ), ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʫʚʘʪʠ 

ʨʝʟʫʣʴʪʘʪʠ ʚ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ). 

ʉʫʯʘʩʥʽ ʇɿ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʰʚʠʜʢʦʜʽʻʶ, ʪʦʯʥʽʩʪʶ 

ʘʣʛʦʨʠʪʤʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʽʜʪʨʠʤʢʦʶ ʩʪʘʥʜʘʨʪʽʚ LAS/LAZ ʽ ʤʦʞʣʠʚʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʨʦʙʢʠ. 

ʊʘʙʣʠʮʷ 1.4 

ʇʨʦʛʨʘʤʘ 

ʆʩʥʦʚʥʽ 

ʤʦʞʣʠʚʦʩʪʽ 
ʇʝʨʝʚʘʛʠ ʅʝʜʦʣʽʢʠ 

ʉʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

MicroStation 

(VBA, MDL)  

ɺʽʟʫʘʣʽʟʘʮʽʷ, 

ʨʝʜʘʛʫʚʘʥʥʷ, 

ʥʘʧʠʩʘʥʥʷ ʤʘʢʨʦʩʽʚ 

ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʧʦʙʫʜʦʚʘ ʎʄʈ 

ɻʥʫʯʢʽʩʪʴ, 

ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʚʣʘʩʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʽʚ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʽʥʰʠʤʠ ʤʦʜʫʣʷʤʠ 

ʇʦʪʨʝʙʫʻ ʥʘʚʠʯʦʢ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ 

ʣʽʮʝʥʟʽʾ 

ʂʘʨʪʦʛʨʘʬʽʷ, 

ʛʝʦʜʝʟʽʷ, 

ʽʥʬʨʘʩʪʨʫʢʪʫʨ

ʥʽ ʧʨʦʝʢʪʠ 

 

 

 

 

ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.4 



 

 

TerraScan 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʭʤʘʨ 

ʪʦʯʦʢ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ 

ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, 

ʦʧʪʠʤʽʟʦʚʘʥʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

LiDAR 

ʇʨʘʮʶʻ ʷʢ 

ʥʘʜʙʫʜʦʚʘ ʜʦ 

MicroStation, 

ʦʢʨʝʤʦ ʥʝ 

ʬʫʥʢʮʽʦʥʫʻ 

ɻʝʦʜʝʟʽʷ, 

ʪʦʧʦʛʨʘʬʽʷ, 

ʩʪʚʦʨʝʥʥʷ 

ʎʄʈ 

ArcGIS Pro  

ʇʨʦʩʪʦʨʦʚʠʡ 

ʘʥʘʣʽʟ, 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʝʣʴʻʬʫ, 

ʛʝʥʝʨʫʚʘʥʥʷ 

ʧʦʚʝʨʭʦʥʴ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʦʯʦʢ 

ʐʠʨʦʢʽ ʘʥʘʣʽʪʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ, 

ʽʥʪʝʛʨʘʮʽʷ ʟ ʙʘʟʘʤʠ 

ʜʘʥʠʭ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, 

ʩʢʣʘʜʥʽʩʪʴ ʜʣʷ 

ʥʦʚʘʯʢʽʚ 

ɻʝʦʽʥʬʦʨʤʘʮʽʡ

ʥ ̔ʩʠʩʪʝʤʠ, 

ʤʦʥʽʪʦʨʠʥʛ 

ʜʦʚʢʽʣʣʷ 

QGIS 

(LAStools, 

PDAL)  

ɺʽʜʢʨʠʪʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʦʙʨʦʙʢʠ LiDAR, 

ʧʽʜʪʨʠʤʢʘ ʨʽʟʥʠʭ 

ʬʦʨʤʘʪʽʚ 

ɹʝʟʢʦʰʪʦʚʥʽʩʪʴ, 

ʨʦʟʰʠʨʶʚʘʥʽʩʪʴ, 

ʚʝʣʠʢʘ ʩʧʽʣʴʥʦʪʘ 

ʄʝʥʰ ʟʨʫʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ, 

ʧʦʪʨʝʙʫʻ 

ʥʘʣʘʰʪʫʚʘʥʴ 

ʅʘʫʢʦʚʽ 

ʜʦʩʣʽʜʞʝʥʥʷ, 

ʥʘʚʯʘʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛ 

CloudCompar

e 

ɺʽʜʢʨʠʪʘ 3D-

ʚʽʟʫʘʣʽʟʘʮʽʷ, 

ʧʦʨʽʚʥʷʥʥʷ ʭʤʘʨ 

ʪʦʯʦʢ, ʙʘʟʦʚʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʃʝʛʢʘ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, 

ʙʝʟʢʦʰʪʦʚʥʘ, 

ʰʚʠʜʢʘ ʨʦʙʦʪʘ 

ʆʙʤʝʞʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʚʝʣʠʢʠʭ ʧʨʦʻʢʪʽʚ 

ɺʽʟʫʘʣʽʟʘʮʽʷ, 

ʘʥʘʣʽʟ 3D-

ʤʦʜʝʣʝʡ, 

ʥʘʚʯʘʣʴʥʽ 

ʟʘʚʜʘʥʥʷ 

 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʽ ʨʝʢʦʤʝʥʜʘʮʽʾ 

1. ɿʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ 

ʌʫʥʢʮʽʾ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ LiDAR ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʛʨʫʧʠ: 

¶ ʆʙʨʦʙʢʘ ʭʤʘʨʠ ʪʦʯʦʢ ï ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʷ, ʟʰʠʚʢʘ ʩʢʘʥʽʚ; 

¶ ʄʦʜʝʣʶʚʘʥʥʷ/ʢʨʝʩʣʝʥʥʷ ï ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ 

(DTM/DSM), 3D-ʤʦʜʝʣʝʡ, ʧʨʦʬʽʣʽʚ, ʝʢʩʪʨʘʢʮʽʷ ʢʦʥʪʫʨʽʚ; 

¶ ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ï ʘʥʘʣʽʟ ʨʝʣʴʻʬʫ, ʟʦʥʫʚʘʥʥʷ, ʛʝʦʘʥʘʣʽʪʠʢʘ. 



 

 

ʅʘʡʧʦʚʥʽʰʠʡ ʥʘʙʽʨ ʬʫʥʢʮʽʡ ʥʘʜʘʶʪʴ TerraScan ʪʘ ArcGIS Pro. ɺʦʥʠ 

ʧʽʜʪʨʠʤʫʶʪʴ ʧʦʚʥʠʡ ʨʦʙʦʯʠʡ ʮʠʢʣ ï ʚʽʜ ʽʤʧʦʨʪʫ LAS/LAZ ʜʦ ʛʝʥʝʨʘʮʽʾ ʎʄʈ 

ʪʘ ʚʝʢʪʦʨʠʟʘʮʽʾ. 

ɼʣʷ ʥʘʚʯʘʣʴʥʠʭ ʘʙʦ ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʮʽʣʝʡ ʧʽʜʭʦʜʠʪʴ QGIS ʽʟ ʧʣʘʛʽʥʘʤʠ 

LAStools ʘʙʦ PDAL, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʩʪʫʧ ʜʦ ʙʘʟʦʚʠʭ ʬʫʥʢʮʽʡ ʦʙʨʦʙʢʠ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʭʤʘʨ ʪʦʯʦʢ ʙʝʟ ʬʽʥʘʥʩʦʚʠʭ ʚʠʪʨʘʪ. 

2. ʊʦʯʥʽʩʪʴ ʦʙʨʦʙʢʠ 

ʇʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʥʝ ʟʤʽʥʶʶʪʴ ʩʘʤʽ ʜʘʥʽ, ʘʣʝ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʚʠʟʥʘʯʘʶʪʴ, 

ʥʘʩʢʽʣʴʢʠ ʷʢʽʩʥʦ ʭʤʘʨʠ ʪʦʯʦʢ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʫ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ. TerraScan 

ʪʘ RiPROCESS ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʦʪʦʯʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʧʦʚʝʨʭʥʽ ʪʘ ʙʫʜʽʚʝʣʴ 

ʟʘʚʜʷʢʠ ʦʧʪʠʤʽʟʦʚʘʥʠʤ ʘʣʛʦʨʠʪʤʘʤ ʜʣʷ ʨʦʙʦʪʠ ʟ ʚʝʣʠʢʠʤʠ ʥʘʙʦʨʘʤʠ 

ʘʚʽʘʮʽʡʥʦʛʦ LiDAR. 

3. ɿʨʫʯʥʽʩʪʴ ʢʦʨʠʩʪʫʚʘʥʥʷ 

ɯʥʪʝʨʬʝʡʩ ʽ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʟʘʣʝʞʘʪʴ ʚʽʜ ʟʘʜʘʯ ʽ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

Global Mapper ʪʘ CloudCompare ʧʽʜʭʦʜʷʪʴ ʜʣʷ ʰʚʠʜʢʦʛʦ ʧʝʨʝʛʣʷʜʫ ʪʘ 

ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ, ʘ Pix4Dmapper ʟʨʫʯʥʠʡ ʜʣʷ ʧʦʣʴʦʚʠʭ ʟʡʦʤʦʢ ʽ ʨʦʙʦʪʠ ʟ 

ʜʘʥʠʤʠ ʟ ʜʨʦʥʽʚ. 

4. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʇʨʦʛʨʘʤʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʟʜʘʪʥʽʩʪʶ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ 

ʜʘʥʠʭ. TerraScan ʫ ʧʦʻʜʥʘʥʥʽ ʟ MicroStation ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʻ ʟ ʭʤʘʨʘʤʠ 

ʪʦʯʦʢ ʨʦʟʤʽʨʦʤ ʫ ʤʽʣʴʷʨʜʠ ʟʘʧʠʩʽʚ. QGIS ʪʘ ArcGIS Pro ʝʬʝʢʪʠʚʥʽ ʜʣʷ ʤʝʥʰʠʭ 

ʥʘʙʦʨʽʚ (ʜʦ 10ï20 ʤʣʥ ʪʦʯʦʢ), ʧʨʠ ʙʽʣʴʰʠʭ ʦʙʩʷʛʘʭ ʰʚʠʜʢʽʩʪʴ ʨʦʙʦʪʠ 

ʟʥʠʞʫʻʪʴʩʷ. 

5. ɿʘ ʮʽʥʦʶ ʽ ʚʽʜʢʨʠʪʽʩʪʶ. 

Open-source ʽʥʩʪʨʫʤʝʥʪʠ (QGIS, PDAL, CloudCompare) ʜʦʟʚʦʣʷʶʪʴ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʥʦʚʽ ʘʣʛʦʨʠʪʤʠ, ʧʨʦʪʝ ʥʝ ʤʘʶʪʴ ʧʦʪʫʞʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʧʦʚʥʦʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ, ʷʢ ʫ TerraScan ʯʠ ArcGIS Pro. 

 

ʇʨʦʙʣʝʤʠ ʽʥʪʝʛʨʘʮʽʾ LiDAR ʫ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʧʨʦʮʝʩ 



 

 

ɯʥʪʝʛʨʘʮʽʷ LiDAR ʫ ʩʫʯʘʩʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʩʪʠʢʘʻʪʴʩʷ ʟ ʥʠʟʢʦʶ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʤʘʶʪʴ ʷʢ ʪʝʭʥʽʯʥʠʡ, ʪʘʢ ʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʊʘʙʣʠʮʷ 1.5 

ʂʘʪʝʛʦʨʽʷ 

ʧʨʦʙʣʝʤʠ 

ʆʧʠʩ ʇʨʠʢʣʘʜʠ / ʥʘʩʣʽʜʢʠ 

ʆʨʛʘʥʽʟʘʮʽʡʥʽ ʆʙʤʝʞʝʥʥʷ, 

ʧʦʚôʷʟʘʥʽ ʟ 

ʨʝʩʫʨʩʘʤʠ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷʤ 

ɺʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʇɿ, ʧʦʪʨʝʙʘ ʚ 

ʥʘʚʯʘʥʥʽ ʧʝʨʩʦʥʘʣʫ, ʪʨʠʚʘʣʽ ʩʪʨʦʢʠ ʧʨʦʻʢʪʽʚ, 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʢʦʦʨʜʠʥʘʮʽʾ ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ 

ʊʝʭʥʽʯʥʽ ʇʨʦʙʣʝʤʠ ʟ ʩʘʤʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ 

ʜʘʥʠʤʠ 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʜʘʥʠʭ, ʦʙʤʝʞʝʥʥʷ ʧʦ ʜʘʣʴʥʦʩʪʽ 

ʪʘ ʪʦʯʥʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ, ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ 

GNSS/IMU, ʧʦʛʦʜʥʽ ʫʤʦʚʠ ʧʽʜ ʯʘʩ ʟʙʦʨʫ 

ʄʝʪʦʜʠʯʥʽ / 

ʘʥʘʣʽʪʠʯʥʽ 

ʇʦʚôʷʟʘʥʽ ʟ 

ʦʙʨʦʙʢʦʶ ʪʘ 

ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ 

ʉʢʣʘʜʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʭʤʘʨ ʪʦʯʦʢ, ʧʦʪʨʝʙʘ ʚ 

ʩʧʝʮʠʬʽʯʥʠʭ ʘʣʛʦʨʠʪʤʘʭ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ 

ʦʙôʻʢʪʽʚ (ʣʽʩ, ʤʽʩʴʢʘ ʟʘʙʫʜʦʚʘ, ʪʨʘʥʩʧʦʨʪ), 

ʧʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ, ʽʥʪʝʛʨʘʮʽʷ ʟ 

ʽʥʰʠʤʠ ɻɯʉ/ʤʦʜʝʣʷʤʠ 

ʌʽʥʘʥʩʦʚʽ / 

ʝʢʦʥʦʤʽʯʥʽ 

ʆʮʽʥʢʘ ʚʘʨʪʦʩʪʽ ʪʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ 

ʧʨʦʻʢʪʽʚ 

ɺʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʣʽʮʝʥʟʽʾ ʇɿ, ʩʝʨʚʽʩʥʝ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ, ʦʙʨʦʙʢʫ ʚʝʣʠʢʠʭ 

ʭʤʘʨ ʪʦʯʦʢ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʨʦʛʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʜʘʥʠʭ 

ɽʢʦʣʦʛʽʯʥʽ / 

ʟʦʚʥʽʰʥʽ 

ʆʙʤʝʞʝʥʥʷ 

ʟʦʚʥʽʰʥʽʤʠ 

ʬʘʢʪʦʨʘʤʠ 

ʇʦʛʦʜʥʽ ʫʤʦʚʠ, ʛʫʩʪʽ ʣʽʩʦʚʽ ʥʘʩʘʜʞʝʥʥʷ, ʤʽʩʴʢʽ 

ñʪʽʥʽò ʜʣʷ ʣʘʟʝʨʘ, ʩʝʟʦʥʥʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ 

ʧʦʣʴʦʪʽʚ UAV-LiDAR 

 

LiDAR-ʩʢʘʥʝʨʠ, UAV-ʩʠʩʪʝʤʠ ʪʘ ʤʦʙʽʣʴʥʽ ʧʣʘʪʬʦʨʤʠ ʻ ʜʦʨʦʛʠʤʠ ʽ 

ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʢʣʘʜʝʥʴ. ʅʘʧʨʠʢʣʘʜ, ʥʘʚʽʪʴ ʧʦʨʪʘʪʠʚʥʽ 

LiDAR-ʩʠʩʪʝʤʠ ʜʣʷ ʜʨʽʙʥʠʭ ʧʨʦʻʢʪʽʚ ʢʦʰʪʫʶʪʴ ʜʝʩʷʪʢʠ ʪʠʩʷʯ ʜʦʣʘʨʽʚ ʉʐɸ, 

ʘ ʧʨʦʬʝʩʽʡʥʽ ʤʦʙʽʣʴʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʤʘʩʰʪʘʙʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʤʦʞʫʪʴ 

ʩʷʛʘʪʠ ʩʦʪʝʥʴ ʪʠʩʷʯ. ʂʨʽʤ ʪʦʛʦ, ʣʽʮʝʥʟʽʡʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 



 

 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ (TerraScan, MicroStation, CloudCompare) ʧʦʪʨʝʙʫʻ ʨʝʛʫʣʷʨʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʪʘ ʪʝʭʥʽʯʥʦʾ ʧʽʜʪʨʠʤʢʠ [10]. 

ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʬʦʨʤʘʪʽʚ ʜʘʥʠʭ 

LiDAR-ʜʘʥʽ ʧʦʩʪʘʯʘʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʬʦʨʤʘʪʘʭ (LAS, LAZ, XYZ, E57), ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʾʭ ʦʙʨʦʙʢʫ ʪʘ ʽʥʪʝʛʨʘʮʽʶ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ɻɯʉ. ʂʦʞʝʥ ʬʦʨʤʘʪ ʤʘʻ 

ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʱʦʜʦ ʟʙʝʨʽʛʘʥʥʷ ʢʦʦʨʜʠʥʘʪ, ʚʽʜʙʠʪʪʽʚ ʣʘʟʝʨʘ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʩʠʛʥʘʣʫ. ʎʝ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʜʦʜʘʪʢʦʚʠʭ ʢʦʥʚʝʨʪʘʮʽʷʭ ʪʘ ʧʝʨʝʚʽʨʢʘʭ 

ʷʢʦʩʪʽ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʪʨʘʪʠ ʪʦʯʥʦʩʪʽ [10]. 

ɺʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ 

ɺ ʋʢʨʘʾʥʽ ʜʦʩʽ ʥʝʤʘʻ ʟʘʪʚʝʨʜʞʝʥʠʭ ʥʘ ʨʽʚʥʽ ʜʝʨʞʘʚʠ ʩʪʘʥʜʘʨʪʽʚ ʜʣʷ 

ʦʙʨʦʙʢʠ ʭʤʘʨ ʪʦʯʦʢ. ɺʽʜʩʫʪʥʽʩʪʴ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʭ ʤʝʪʦʜʠʢ ʫʩʢʣʘʜʥʶʻ ʤʘʩʦʚʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ LiDAR ʫ ʥʘʮʽʦʥʘʣʴʥʽ ʧʨʦʻʢʪʠ ʪʦʧʦʛʨʘʬʽʾ ʪʘ ʢʘʜʘʩʪʨʫ. ʋ 

ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʽʩʥʫʶʪʴ ʩʪʘʥʜʘʨʪʠ ISO ʪʘ OGC ʜʣʷ ʦʙʨʦʙʢʠ LiDAR-

ʜʘʥʠʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʤʽʩʥʽʩʪʴ ʽ ʫʥʽʬʽʢʘʮʽʶ, ʘʣʝ ʾʭʥʷ ʘʜʘʧʪʘʮʽʷ ʚ ʋʢʨʘʾʥʽ 

ʧʦʢʠ ʱʦ ʦʙʤʝʞʝʥʘ [10,11]. 

ɺʝʣʠʢʠʡ ʦʙʩʷʛ ʦʙʯʠʩʣʝʥʴ 

ʆʙʨʦʙʢʘ ʭʤʘʨ ʪʦʯʦʢ ʻ ʨʝʩʫʨʩʦʤʽʩʪʢʦʶ: 1 ʢʤĮ ʪʝʨʠʪʦʨʽʾ ʤʦʞʝ ʤʽʩʪʠʪʠ 

ʧʦʥʘʜ 1ï2 ʤʣʥ ʪʦʯʦʢ. ɼʣʷ ʘʥʘʣʽʟʫ ʪʘʢʠʭ ʜʘʥʠʭ ʥʝʦʙʭʽʜʥʽ ʧʦʪʫʞʥʽ ʨʦʙʦʯʽ ʩʪʘʥʮʽʾ 

ʟ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʤʠ ʧʨʦʮʝʩʦʨʘʤʠ, ʚʽʜʝʦʢʘʨʪʘʤʠ ʪʘ ʦʧʝʨʘʪʠʚʥʦʶ 

ʧʘʤôʷʪʪʶ. ɼʦʜʘʪʢʦʚʦ ʚʘʞʣʠʚʘ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ, ʱʦʙ ʫʥʠʢʥʫʪʠ 

ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʦʙʨʦʙʢʠ ʪʘ ʧʘʜʽʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ [10]. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ 

ʆʙʨʦʙʢʘ LiDAR ʚʠʤʘʛʘʻ ʟʥʘʥʴ ʫ ʢʽʣʴʢʦʭ ʩʬʝʨʘʭ: ʛʝʦʜʝʟʽʷ, ʢʘʨʪʦʛʨʘʬʽʷ, 

ɻɯʉ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʤʘʢʨʦʩʽʚ (VBA, MDL) ʪʘ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ 3D-

ʤʦʜʝʣʶʚʘʥʥʷʤ. ʅʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʢʘʜʨʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʧʦʤʠʣʦʢ ʫ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʥʝʚʽʨʥʦʾ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʣʴʻʬʫ ʘʙʦ ʚʪʨʘʪʠ ʜʘʥʠʭ [12]. 

ʊʝʭʥʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʪʘ ʩʧʝʮʠʬʽʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ UAV-LiDAR ʦʙʤʝʞʝʥʥʷ ʥʘʢʣʘʜʘʻ ʧʦʛʦʜʥʽ ʫʤʦʚʠ: 

ʪʫʤʘʥ, ʜʦʱ, ʩʠʣʴʥʠʡ ʚʽʪʝʨ ʤʦʞʫʪʴ ʟʥʠʟʠʪʠ ʪʦʯʥʽʩʪʴ ʟʥʽʤʘʥʥʷ [10]. 



 

 

ɼʣʷ ʱʽʣʴʥʦʾ ʫʨʙʘʥʽʟʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʦʪʨʽʙʥʘ ʜʦʜʘʪʢʦʚʘ ʧʦʩʪ-ʦʙʨʦʙʢʘ ʜʣʷ 

ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʙʫʜʽʚʝʣʴ, ʜʝʨʝʚ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ [12]. 

ʄʘʩʰʪʘʙʥʽ ʣʽʩʦʚʽ ʪʝʨʠʪʦʨʽʾ ʚʠʤʘʛʘʶʪʴ ʘʜʘʧʪʠʚʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʬʽʣʴʪʨʘʮʽʾ 

ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʯʦʢ, ʱʦʙ ʪʦʯʥʦ ʚʠʜʽʣʠʪʠ ʢʨʦʥʫ ʜʝʨʝʚ, ʧʽʜʣʽʩʦʢ ʪʘ ˇʨʫʥʪ 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 1 

ʉʫʯʘʩʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʩʫʪʪʻʚʦ ʟʤʽʥʠʣʦʩʷ ʟ ʧʝʨʝʭʦʜʦʤ ʚʽʜ 

ʘʥʘʣʦʛʦʚʠʭ ʤʝʪʦʜʽʚ ʜʦ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʦʪʦʯʥʽ 2D ʪʘ 3D ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ, ʦʙôʻʢʪʽʚ ʽ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ, GNSS, UAV ʪʘ LiDAR ʟʘʙʝʟʧʝʯʠʣʦ 

ʰʚʠʜʢʝ ʡ ʪʦʯʥʝ ʟʙʠʨʘʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʘ ʽʥʪʝʛʨʘʮʽʷ ʟ ɻɯʉ ʽ ʩʫʯʘʩʥʠʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʦʙʨʦʙʢʠ ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʪʘ ʾʭ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ. 

LiDAR ʻ ʢʣʶʯʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʩʫʯʘʩʥʦʾ ʢʘʨʪʦʛʨʘʬʽʾ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʜʝʪʘʣʴʥʽ ʭʤʘʨʠ ʪʦʯʦʢ ʜʣʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ, 3D 

ʤʦʜʝʣʝʡ ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ, ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ.  

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ (MicroStation + 

TerraScan, ArcGIS Pro, CloudCompare, QGIS ʪʘ ʽʥ.) ʨʽʟʥʠʪʴʩʷ ʟʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʶ, ʪʦʯʥʽʩʪʶ ʪʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ɺʠʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʤʘʩʰʪʘʙʫ ʟʘʚʜʘʥʥʷ, ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʩʚʽʜʫ ʢʦʨʠʩʪʫʚʘʯʘ.  

ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚʠʜʽʣʷʶʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ LiDAR ʟ 

ʥʝʡʨʦʤʝʨʝʞʘʤʠ ʪʘ ʘʣʛʦʨʠʪʤʘʤʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʦʙʨʦʙʢʘ ʚʝʣʠʢʠʭ ʜʘʥʠʭ ʫ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ, ʘ ʪʘʢʦʞ 

ʫʯʘʩʪʴ ʫ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʝʢʪʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʙʽʦʤʘʩʠ ʪʘ ʨʝʣʴʻʬʫ. ɺʦʜʥʦʯʘʩ 

ʟʘʣʠʰʘʶʪʴʩʷ ʚʠʢʣʠʢʠ: ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʇɿ, ʚʝʣʠʢʠʡ ʦʙʩʷʛ 

ʜʘʥʠʭ, ʧʦʪʨʝʙʘ ʫ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʢʘʜʨʘʭ, ʧʦʛʦʜʥʽ ʪʘ ʩʝʟʦʥʥʽ ʦʙʤʝʞʝʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʠʭ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʚ 

ʋʢʨʘʾʥʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ LiDAR ʪʘ 

ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ ʝʬʝʢʪʠʚʥʠʤ, ʚʠʩʦʢʦʪʦʯʥʠʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʦʾ ʥʘʫʢʠ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ ʧʨʦʩʪʦʨʦʚʦʛʦ 



 

 

ʧʣʘʥʫʚʘʥʥʷ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ 

ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʠʪʦʨʽʷʤʠ. 

  



 

 

 

 

 

 

 

 

 

 

 

 

ʈʆɿɼɯʃ 2 ʄɽʊʆɼʀʏʅɯ ɿɸʉɸɼʀ 

ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʊɽʈʀʊʆʈɯʁ   



 

 

ʈʆɿɼɯʃ 2. ʄɽʊʆɼʀʏʅɯ ɿɸʉɸɼʀ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ 

ʊɽʈʀʊʆʈɯʁ 

2.1. ɯʥʩʪʠʪʫʮʽʡʥʽ ʟʘʩʘʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ 

ɯʥʩʪʠʪʫʮʽʡʥʽ ʟʘʩʘʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ï ʮʝ ʩʠʩʪʝʤʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦ-ʧʨʘʚʦʚʠʭ, ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʪʦʜʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ, ʱʦ 

ʨʝʛʫʣʶʶʪʴ ʩʪʚʦʨʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ. ʎʝ ʚʢʣʶʯʘʻ: ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʘʚʦʚʦʛʦ ʩʪʘʪʫʩʫ ʛʝʦʜʝʟʠʯʥʠʭ ʜʘʥʠʭ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; ʩʪʚʦʨʝʥʥʷ 

ʜʝʨʞʘʚʥʠʭ ʪʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʫʩʪʘʥʦʚ (ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ, 

ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ), ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʙʽʨ, ʦʙʨʦʙʢʫ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ 

ʜʘʥʠʭ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʤʝʪʦʜʠʢ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ 

ʚʠʙʽʨ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʝʢʮʽʡ (ʥʘʧʨʠʢʣʘʜ, ʋʉʂ2000 ʚ ʋʢʨʘʾʥʽ), ʩʠʩʪʝʤ 

ʢʦʦʨʜʠʥʘʪʥʦʾ ʧʨʠʚ'ʷʟʢʠ ʪʘ ʩʧʦʩʦʙʽʚ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. 

ʂʣʶʯʦʚʽ ʘʩʧʝʢʪʠ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʟʘʩʘʜ: 

ʇʨʘʚʦʚʘ ʦʩʥʦʚʘ: 

ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʽ ʘʢʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʧʨʘʚʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ: 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʪʦʧʦʛʨʘʬʦ-ʛʝʦʜʝʟʠʯʥʫ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴè 

: ʆʩʥʦʚʥʠʡ ʟʘʢʦʥ, ʷʢʠʡ ʚʩʪʘʥʦʚʣʶʻ, ʱʦ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʷʢ 

ʜʝʨʞʘʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʧʽʜʧʦʨʷʜʢʦʚʘʥʽ ɼʝʨʞʛʝʦʢʘʜʘʩʪʨʫ), ʪʘʢ ʽ ʧʨʠʚʘʪʥʽ 

ʩʫʙ'ʻʢʪʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦʟʚʦʣʽʚ ʪʘ ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ʈʝʛʫʣʶʻ ʣʽʮʝʥʟʫʚʘʥʥʷ ʪʘ ʟʘʛʘʣʴʥʽ ʧʨʘʚʠʣʘ ʜʽʷʣʴʥʦʩʪʽ [13]. 

ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʮʽʦʥʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭè 

(ʅɼɻɼ) : ɺʠʟʥʘʯʘʻ ʧʨʘʚʦʚʽ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ 

ʅɼɼɼ, ʨʝʛʫʣʶʻ ʤʝʭʘʥʽʟʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ 

ʨʽʟʥʠʭ ʩʬʝʨʘʭ [14]. 

ʇʦʩʪʘʥʦʚʠ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ : ɼʝʪʘʣʽʟʫʶʪʴ ʟʘʢʦʥʠ, 

ʚʩʪʘʥʦʚʣʶʶʯʠ ʧʦʨʷʜʢʠ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʅɼɼ [15]. 



 

 

ɿʝʤʝʣʴʥʠʡ ʢʦʜʝʢʩ ʋʢʨʘʾʥʠ ʪʘ ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ɼʝʨʞʘʚʥʠʡ ʟʝʤʝʣʴʥʠʡ 

ʢʘʜʘʩʪʨè : ɺʠʟʥʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʦʩʥʦʚʠ ʜʣʷ ʚʝʜʝʥʥʷ 

ʟʝʤʝʣʴʥʦʛʦ ʢʘʜʘʩʪʨʫ [16]. 

ʈʝʛʫʣʶʚʘʥʥʷ ʧʠʪʘʥʴ ʚʣʘʩʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʫ ʜʦ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ: 

ɼʘʥʽ , ʩʪʚʦʨʝʥʽ ʟʘ ʙʶʜʞʝʪʥʽ ʢʦʰʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʻ ʜʝʨʞʘʚʥʦʶ ʚʣʘʩʥʽʩʪʶ. 

ʇʨʠʚʘʪʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʥʘʣʝʞʘʪʠ ʾʭ ʪʚʦʨʮʷʤ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ 

ʜʝʨʞʪʘʻʤʥʠʮʽ. ɸʚʪʦʨʩʴʢʝ ʧʨʘʚʦ ʥʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʨʦʜʫʢʮʽʶ ʪʘʢʦʞ 

ʟʘʭʠʱʘʻʪʴʩʷ [17]. 

ɼʦʩʪʫʧ : ɿʘʢʦʥ ʋʢʨʘʾʥʠ çʇʨʦ ʥʘʮʽʦʥʘʣʴʥʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭè ʚʩʪʘʥʦʚʣʶʻ ʧʨʠʥʮʠʧ ʰʠʨʦʢʦʛʦ, ʚʽʜʢʨʠʪʦʛʦ ʪʘ 

ʙʝʟʢʦʰʪʦʚʥʦʛʦ ʜʦʩʪʫʧʫ ʜʦ ʙʽʣʴʰʦʩʪʽ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʦʥʣʘʡʥ-ʩʝʨʚʽʩʽʚ, ʟʘ ʚʠʥʷʪʢʦʤ ʽʥʬʦʨʤʘʮʽʾ ʟ ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ 

(ʜʝʨʞʪʘʻʤʥʠʮʷ). ʇʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʨʦʙʦʪʠ ʟ ʜʘʥʠʤʠ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʶʨʠʜʠʯʥʫ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ [18, 19] 

 

ʆʨʛʘʥʽʟʘʮʽʡʥʘ ʩʪʨʫʢʪʫʨʘ: 

ɼʝʨʞʘʚʥʽ ʦʨʛʘʥʠ 

ʂʣʶʯʦʚʠʤʠ ʜʝʨʞʘʚʥʠʤʠ ʦʨʛʘʥʘʤʠ ʻ: 

ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʛʝʦʜʝʟʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ ʪʘ ʢʘʜʘʩʪʨʫ 

(ɼʝʨʞʛʝʦʢʘʜʘʩʪʨ) : ʎʝʥʪʨʘʣʴʥʠʡ ʦʨʛʘʥ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʷʢʠʡ ʨʝʘʣʽʟʫʻ 

ʜʝʨʞʘʚʥʫ ʧʦʣʽʪʠʢʫ ʫ ʩʬʝʨʘʭ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ, ʟʝʤʣʝʫʩʪʨʦʶ, ʪʦʧʦʛʨʘʬʦ-

ʛʝʦʜʝʟʠʯʥʦʾ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʚʝʜʝ ɼʝʨʞʘʚʥʠʡ ʟʝʤʝʣʴʥʠʡ 

ʢʘʜʘʩʪʨ. ɺʦʥʘ ʢʦʦʨʜʠʥʫʻʪʴʩʷ ʂʘʙʽʥʝʪʦʤ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʯʝʨʝʟ ʄʽʥʽʩʪʨʘ 

ʘʛʨʘʨʥʦʾ ʧʦʣʽʪʠʢʠ ʪʘ ʧʨʦʜʦʚʦʣʴʩʪʚʘ [20]. 

ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʘ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ (ʄʦʨʩʴʢʘ 

ʘʜʤʽʥʽʩʪʨʘʮʽʷ) : ʋ ʩʬʝʨʽ ʾʾ ʫʧʨʘʚʣʽʥʥʷ ʻ ʛʽʜʨʦʛʨʘʬʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʟʦʢʨʝʤʘ 

ʥʘʚʽʛʘʮʽʡʥʦ-ʛʽʜʨʦʛʨʘʬʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʨʝʧʣʘʚʩʪʚʘ [21]. 

ɼʝʨʞʘʚʥʝ ʘʛʝʥʪʩʪʚʦ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ (ɼʝʨʞʚʦʜʘʛʝʥʪʩʪʚʦ) : 

ɺʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʘʣʽʟʘʮʽʶ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ 



 

 

ʪʘ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʩʪʦʩʫʻʪʴʩʷ 

ʛʽʜʨʦʛʨʘʬʽʾ ʚʥʫʪʨʽʰʥʽʭ ʚʦʜ [22]. 

ʉʧʝʮʽʘʣʽʟʦʚʘʥʽ ʥʘʫʢʦʚʽ ʪʘ ʚʠʨʦʙʥʠʯʽ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ɼʦ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʭʦʜʷʪʴ ʜʝʨʞʘʚʥʽ ʪʘ ʧʨʠʚʘʪʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʱʦ ʚʠʢʦʥʫʶʪʴ ʧʨʦʬʽʣʴʥʽ ʨʦʙʦʪʠ: 

ɼʝʨʞʘʚʥʝ ʥʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʂʘʨʪʦʛʨʘʬʽʷè (ɼʅɺʇ 

çʂʘʨʪʦʛʨʘʬʽʷè) : ɿʘʡʤʘʻʪʴʩʷ ʨʦʟʨʦʙʣʝʥʥʷʤ ʪʘ ʚʠʜʘʥʥʷʤ ʪʝʤʘʪʠʯʥʠʭ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʪʚʦʨʽʚ, ʩʪʚʦʨʝʥʥʷʤ ʮʠʬʨʦʚʠʭ ʪʘ ʝʣʝʢʪʨʦʥʥʠʭ ʢʘʨʪ, 

ʛʝʦʛʨʘʬʽʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ [25]. 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʛʝʦʜʝʟʽʾ ʪʘ 

ʢʘʨʪʦʛʨʘʬʽʾè : ʇʨʦʚʦʜʠʪʠ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʜʽʷʣʴʥʽʩʪʴ ʫ ʩʬʝʨʘʭ ʛʝʦʜʝʟʽʾ, 

ʢʘʨʪʦʛʨʘʬʽʾ, ʬʦʪʦʛʨʘʤʤʝʪʨʽʾ ʪʘ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ [26]. 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çɼʝʨʞʛʽʜʨʦʛʨʘʬʽʷè : ʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʠʡ ʢʦʤʧʣʝʢʩ, 

ʱʦ ʚʭʦʜʠʪʴ ʜʦ ʩʬʝʨʠ ʫʧʨʘʚʣʽʥʥʷ ɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʤʦʨʩʴʢʦʛʦ ʪʘ ʨʽʯʢʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʋʢʨʘʾʥʠ ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʥʘʚʽʛʘʮʽʡʥʦ-ʛʽʜʨʦʛʨʘʬʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʨʩʴʢʠʭ ʰʣʷʭʽʚ [28]. 

ʇʨʠʚʘʪʥʽ ʩʫʙ'ʻʢʪʠ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ : ʏʠʩʣʝʥʥʽ ʧʨʠʚʘʪʥʽ ʛʝʦʜʝʟʠʯʥʽ ʪʘ 

ʟʝʤʣʝʚʧʦʨʷʜʥʽ ʢʦʤʧʘʥʽʾ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʩʝʨʪʠʬʽʢʘʪʠ ʪʘ ʜʦʟʚʦʣʠ ʥʘ 

ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ. 

ʄʽʞʥʘʨʦʜʥʽ ʦʨʛʘʥʽʟʘʮʽʾ, ʱʦ ʢʦʦʨʜʠʥʫʶʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ 

ʅʘ ʤʽʞʥʘʨʦʜʥʦʤʫ ʨʽʚʥʽ ʢʦʦʨʜʠʥʘʮʽʷ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʯʝʨʝʟ: 

ʄʽʞʥʘʨʦʜʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟʽ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ (ISO) : ʈʦʟʨʦʙʣʷʻ ʤʽʞʥʘʨʦʜʥʽ 

ʩʪʘʥʜʘʨʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽ ʚ ʋʢʨʘʾʥʽ, ʟʦʢʨʝʤʘ ʫ ʩʬʝʨʽ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ 

ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʩʝʨʽʷ ʩʪʘʥʜʘʨʪʽʚ ISO 19100). ʋʢʨʘʾʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ISO 

ʩʚʦʾʤ ʥʘʮʽʦʥʘʣʴʥʠʤ ʦʨʛʘʥʦʤ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ [23, 24]. 

ʄʽʞʥʘʨʦʜʥʘ ʛʽʜʨʦʛʨʘʬʽʯʥʘ ʦʨʛʘʥʽʟʘʮʽʷ (IHO) : ɺʩʪʘʥʦʚʣʶʻ ʤʽʞʥʘʨʦʜʥʽ 

ʩʪʘʥʜʘʨʪʠ ʜʣʷ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʟʡʦʤʦʢ ʪʘ ʤʦʨʩʴʢʠʭ ʢʘʨʪ [28]. 



 

 

ɭʚʨʦʧʝʡʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ 

(EuroGeographics) : ʉʧʨʠʷʻ ʦʙʤʽʥʫ ʜʦʩʚʽʜʦʤ ʪʘ ʩʧʽʚʧʨʘʮʽ ʤʽʞ ʥʘʮʽʦʥʘʣʴʥʠʤʠ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ, ʢʘʜʘʩʪʨʦʚʠʤʠ ʪʘ ʟʝʤʝʣʴʥʠʤʠ ʦʨʛʘʥʘʤʠ ɭʚʨʦʧʠ [29]. 

 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʙʘʟʘ: 

ʉʫʯʘʩʥʘ ʫʢʨʘʾʥʩʴʢʘ ʢʘʨʪʦʛʨʘʬʽʷ ʪʘ ʛʝʦʜʝʟʽʷ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʽ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʦʯʥʝ ʚʠʤʽʨʶʚʘʥʥʷ, ʦʙʨʦʙʢʫ 

ʪʘ ʘʥʘʣʽʟ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʆʜʥʠʤ ʽʟ ʢʣʶʯʦʚʠʭ ʥʘʧʨʷʤʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʠʩʪʝʤ GNSS/GPS, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ 

ʛʝʦʜʝʟʠʯʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʧʽʜʪʨʠʤʢʫ ʜʝʨʞʘʚʥʠʭ ʛʝʦʜʝʟʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʪʦʯʥʝ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ. ʎʽ ʜʘʥʽ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ 

ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ (ɻɯʉ), ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʡ ʘʥʘʣʽʟ, 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʶ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʟʦʢʨʝʤʘ ʚ ʨʘʤʢʘʭ 

ʅʘʮʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (ʅɯɻɼ). 

ɼʠʩʪʘʥʮʽʡʥʝ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʧʫʪʥʠʢʦʚʠʭ ʪʘ 

ʘʝʨʦʬʦʪʦʟʥʽʤʢʽʚ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ 

ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʦʩʥʦʚʠ, ʢʦʥʪʨʦʣʴ ʟʘ ʟʤʽʥʘʤʠ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ 

ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ. ɼʣʷ ʣʦʢʘʣʴʥʠʭ ʪʘ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʜʽʣʷʥʦʢ ʘʢʪʠʚʥʦ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʝʟʧʽʣʦʪʥʽ ʘʚʽʘʮʽʡʥʽ ʢʦʤʧʣʝʢʩʠ (ɹʇʃɸ), ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʦʨʪʦʬʦʪʦʧʣʘʥʠ ʪʘ ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ. ʃʘʟʝʨʥʝ 

ʩʢʘʥʫʚʘʥʥʷ (LiDAR) ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ʭʤʘʨ ʪʦʯʦʢ ʨʝʣʴʻʬʫ 

ʪʘ ʦʙôʻʢʪʽʚ, ʱʦ ʻ ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʻʢʪʽʚ ʪʘ 

ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʩʫʤʽʩʥʦʩʪʽ ʜʘʥʠʭ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʤʝʪʦʜʠ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ɺ ʋʢʨʘʾʥʽ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʘʮʽʦʥʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ɼʉʊʋ, ʛʘʨʤʦʥʽʟʦʚʘʥʽ ʟ ʤʽʞʥʘʨʦʜʥʠʤʠ 

ʩʪʘʥʜʘʨʪʘʤʠ ISO ʩʝʨʽʾ 19100. ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʘʟʘʤʠ ʜʘʥʠʭ ʪʘ 

ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʬʝʢʪʠʚʥʝ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ 

ʛʝʦʧʨʦʩʪʦʨʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʻʜʠʥʽ ʧʨʘʚʠʣʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʫʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ 

ʛʘʨʘʥʪʫʶʪʴ ʟʨʦʟʫʤʽʣʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʫ ʧʘʧʝʨʦʚʦʤʫ ʪʘ ʮʠʬʨʦʚʦʤʫ 



 

 

ʬʦʨʤʘʪʽ. ʈʝʛʫʣʷʨʥʝ ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʝʨʞʘʚʥʠʭ 

ʧʨʦʛʨʘʤ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʣʘʥʦʚʠʭ ʨʦʙʽʪ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʧʽʜʪʨʠʤʫʚʘʪʠ ʘʢʪʫʘʣʴʥʠʡ ʩʪʘʥ ʢʘʜʘʩʪʨʽʚ, ʨʝʻʩʪʨʽʚ ʪʘ ʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʢʘʨʪ [23-27]. 

 

ʄʝʪʦʜʠʯʥʘ ʩʢʣʘʜʦʚʘ: 

ʄʝʪʦʜʠʯʥʘ ʩʢʣʘʜʦʚʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʧʝʨʝʜʙʘʯʘʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʻʜʠʥʠʭ ʧʨʠʥʮʠʧʽʚ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʤʘʩʰʪʘʙʫ. ɼʦ ʥʠʭ 

ʥʘʣʝʞʘʪʴ ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʜʣʷ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʠʭ ʧʦʪʨʝʙ 

ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʡ ʜʝʪʘʣʽʟʘʮʽʻʶ, ʘ ʪʘʢʦʞ ʪʝʤʘʪʠʯʥʽ 

ʢʘʨʪʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʢʦʥʢʨʝʪʥʽ ʷʚʠʱʘ ʘʙʦ ʜʘʥʽ, ʪʘʢʽ ʷʢ ʛʝʦʣʦʛʽʯʥʽ, ˇʨʫʥʪʦʚʽ, 

ʪʫʨʠʩʪʠʯʥʽ ʯʠ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʽ [23, 39]. 

ɺʠʙʽʨ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʧʨʦʝʢʮʽʾ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʢʠ ʢʘʨʪ, 

ʦʩʢʽʣʴʢʠ ʙʫʜʴ-ʷʢʘ ʧʨʦʝʢʮʽʷ ʩʧʨʠʯʠʥʷʻ ʧʝʚʥʽ ʩʧʦʪʚʦʨʝʥʥʷ. ɺ ʋʢʨʘʾʥʽ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʢʘʨʪ ʧʝʨʝʚʘʞʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʽʚʥʦʢʫʪʥʘ 

ʧʦʧʝʨʝʯʥʘ ʮʠʣʽʥʜʨʠʯʥʘ ʧʨʦʝʢʮʽʷ ɻʘʫʩʩʘïʂʨʶʛʝʨʘ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʩʧʦʪʚʦʨʝʥʥʷ ʥʘ ʣʦʢʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʷʭ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʟʙʝʨʝʞʝʥʥʷ ʢʫʪʽʚ, ʱʦ ʻ 

ʢʨʠʪʠʯʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʚʝʜʝʥʥʷ 

ʢʘʜʘʩʪʨʫ. ɼʣʷ ʢʘʨʪ ʤʝʥʰʦʛʦ ʤʘʩʰʪʘʙʫ ʘʙʦ ʪʝʤʘʪʠʯʥʠʭ ʢʘʨʪ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʽʥʰʽ ʧʨʦʝʢʮʽʾ, ʷʢʽ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʧʣʦʱʽ ʘʙʦ ʚʽʜʩʪʘʥʽ ʟʘʣʝʞʥʦ ʚʽʜ ʤʝʪʠ ʢʘʨʪʠ 

[23, 29]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʜʥʦʟʥʘʯʥʦʩʪʽ ʪʘ ʟʨʦʟʫʤʽʣʦʩʪʽ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʨʦʟʨʦʙʣʝʥʽ ʫʥʽʚʝʨʩʘʣʴʥʽ ʩʧʦʩʦʙʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɼʦ ʥʠʭ 

ʚʽʜʥʦʩʷʪʴʩʷ ʟʥʘʯʢʠ, ʱʦ ʧʦʟʥʘʯʘʶʪʴ ʦʙôʻʢʪʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʦʙʨʘʞʝʥʽ ʫ 

ʤʘʩʰʪʘʙʽ ʢʘʨʪʠ, ʽʟʦʣʽʥʽʾ (ʛʦʨʠʟʦʥʪʘʣʽ) ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʨʝʣʴʻʬʫ ʯʠ 

ʥʝʧʝʨʝʨʚʥʠʭ ʷʚʠʱ, ʘʨʝʘʣʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʧʦʰʠʨʝʥʥʷ ʧʝʚʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽʩʥʠʡ ʬʦʥ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦʛʦ ʧʦʜʽʣʫ 

ʨʝʛʽʦʥʽʚ ʪʘ ʣʽʥʽʡʥʽ ʟʥʘʢʠ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʦʚʛʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʜʦʨʦʛʠ, 

ʨʽʯʢʠ ʯʠ ʢʦʨʜʦʥʠ [23, 28]. 



 

 

ɼʝʪʘʣʴʥʽ ʩʪʘʥʜʘʨʪʠ ʫ ʩʬʝʨʽ ʛʝʦʽʥʬʦʨʤʘʪʠʢʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʤʝʪʦʜʠʯʥʽ ʧʽʜʭʦʜʠ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʤʽʩʥʽʩʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʦʧʠʩʘʥʽ 

ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʧʦʩʽʙʥʠʢʫ çʆʩʥʦʚʠ ɻɯʉ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʷ ʛʝʦʛʨʘʬʽʯʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾè [23]. 

ʉʭʝʤʘ 2.1 

 

 

ʉʫʯʘʩʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ ʚʢʣʶʯʘʶʪʴ ʪʨʘʜʠʮʽʡʥʽ ʢʘʨʪʠ ʪʘ ʧʣʘʥʠ, ʘ 

ʪʘʢʦʞ ʮʠʬʨʦʚʽ ʡ ʝʣʝʢʪʨʦʥʥʽ ʢʘʨʪʠ, ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʪʘ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʤʽʩʮʝʚʦʩʪʽ. ʅʘʜʽʡʥʽʩʪʴ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʨʽʰʝʥʴ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʯʥʦʩʪʽ, 

ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʫʟʛʦʜʞʝʥʦʩʪʽ ʢʘʨʪ ʟ ʢʦʦʨʜʠʥʘʪʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʤʘʻ 

ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʪʝʨʠʪʦʨʽʡ, ʤʦʥʽʪʦʨʠʥʛʫ ʣʘʥʜʰʘʬʪʽʚ, 

ʧʣʘʥʫʚʘʥʥʷ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʝʩʫʨʩʘʤʠ. 



 

 

ɺ ʋʢʨʘʾʥʽ ʥʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻ ʩʪʘʥʜʘʨʪʠ 

ʤʘʩʰʪʘʙʽʚ, ʪʦʯʥʦʩʪʽ ʪʘ ʚʠʩʦʪʥʦʾ ʧʨʠʚôʷʟʢʠ ʢʘʨʪ ʽ ʧʣʘʥʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫ ʪʘʢʠʭ ʤʘʩʰʪʘʙʘʭ: 1 :10 000, 1 :25 000, 

1 :50 000, 1 :100 000, 1 :250 000, 1 :500 000 ʽ 1 :1 000 000. ʂʦʞʝʥ ʤʘʩʰʪʘʙ 

ʧʝʨʝʜʙʘʯʘʻ ʨʽʟʥʠʡ ʨʽʚʝʥʴ ʜʝʪʘʣʽʟʘʮʽʾ ʪʘ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʚʜʘʥʴ 

ð ʚʽʜ ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʣʘʥʜʰʘʬʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʘʙʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ. ɿʦʢʨʝʤʘ, ʢʘʨʪʘ ʤʘʩʰʪʘʙʫ 

1 :10 000 ʻ ʙʘʟʦʚʦʶ ʜʣʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ 

(NSDI), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʽʥʪʝʛʨʫʚʘʪʠ ʽʥʰʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʪʘ ʮʠʬʨʦʚʽ 

ʧʨʦʜʫʢʪʠ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. 

ɯʥʩʪʠʪʫʮʽʡʥʽ ʟʘʩʘʜʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʦʭʦʧʣʶʶʪʴ ʢʽʣʴʢʘ ʢʣʶʯʦʚʠʭ 

ʥʘʧʨʷʤʽʚ: 

ʅʦʨʤʘʪʠʚʥʘ ʙʘʟʘ ʪʘ ʩʪʘʥʜʘʨʪʠ 

¶ ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʪʦʯʥʦʩʪʽ ʢʦʦʨʜʠʥʘʪ ʽ ʚʠʩʦʪʥʠʭ ʧʦʟʥʘʯʦʢ; 

¶ ʉʪʘʥʜʘʨʪʠ ʥʘ ʬʦʨʤʘʪʠ ʜʘʥʠʭ: 

LAS/LAZ Ÿ ʘʤʝʨʠʢʘʥʩʴʢʽ ʩʪʘʥʜʘʨʪʠ LiDAR. 

SHP Ÿ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʬʦʨʤʘʪ ɻɯʉ (ESRI). 

GeoTIFF Ÿ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʨʘʩʪʨʦʚʠʡ ʬʦʨʤʘʪ ʟ ʛʝʦʧʨʠʚôʷʟʢʦʶ. 

ɺ ʋʢʨʘʾʥʽ ʮʽ ʬʦʨʤʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʘʤʢʘʭ ʥʘʮʽʦʥʘʣʴʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (NSDI), ʯʘʩʪʦ ʟ ʜʦʜʘʪʢʦʚʠʤ 

ʜʦʪʨʠʤʘʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ ISO 19100, OGC ʪʘ INSPIRE (ʻʚʨʦʧʝʡʩʴʢʽ ʩʪʘʥʜʘʨʪʠ 

ʩʫʤʽʩʥʦʩʪʽ ʛʝʦʜʘʥʠʭ) [30-32]. 

¶ ɺʠʤʦʛʠ ʜʦ ʤʝʪʘʜʘʥʠʭ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʧʨʦʜʫʢʪʠ: ʜʘʪʘ 

ʩʪʚʦʨʝʥʥʷ, ʘʚʪʦʨ, ʱʽʣʴʥʽʩʪʴ ʜʘʥʠʭ, ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʴ. 

ʅʘʮʽʦʥʘʣʴʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ (NSDI) 

¶ ʌʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʾ ʩʠʩʪʝʤʠ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ 

ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ; 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʩʫʤʽʩʥʦʩʪʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʤʽʞ ʜʝʨʞʘʚʥʠʤʠ 

ʦʨʛʘʥʘʤʠ, ʙʽʟʥʝʩʦʤ ʪʘ ʥʘʫʢʦʚʠʤʠ ʫʩʪʘʥʦʚʘʤʠ; 



 

 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ISO 19100, 

OGC, INSPIRE. 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ ʪʘ ʽʥʪʝʛʨʘʮʽʷ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ) ʜʣʷ ʦʙʨʦʙʢʠ, ʘʥʘʣʽʟʫ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʘʥʠʭ; 

¶ ɯʥʪʝʛʨʘʮʽʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟ ʩʫʯʘʩʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ 

ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ʪʘ LiDAR; 

¶ ɸʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʨʦʮʝʜʫʨʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, 

ʚʢʣʶʯʘʶʯʠ ʪʦʧʦʣʦʛʽʯʥʫ ʧʝʨʝʚʽʨʢʫ ʪʘ ʦʮʽʥʢʫ ʪʦʯʥʦʩʪʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ LiDAR ʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (LiDAR) ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʽ ʜʝʪʘʣʽʟʘʮʽʶ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ. LiDAR-ʜʘʥʽ ʬʦʨʤʫʶʪʴ 

ʭʤʘʨʠ ʪʦʯʦʢ ʟ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ð ʜʝʩʷʪʢʠ ʪʘ ʩʦʪʥʽ ʪʦʯʦʢ ʥʘ ʢʚʘʜʨʘʪʥʠʡ 

ʤʝʪʨ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʴʥʠʭ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ (ʎʄʈ) 

ʪʘ ʤʽʩʮʝʚʦʩʪʽ (ʎʄʄ). ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ LiDAR: 

¶ ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʽ ʜʝʪʘʣʽʟʘʮʽʷ: ʢʦʞʥʘ ʪʦʯʢʘ ʤʽʩʪʠʪʴ ʢʦʦʨʜʠʥʘʪʠ x, y, z ʪʘ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʙʠʪʪʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʦʙôʻʢʪʠ ʟ ʚʝʣʠʢʦʶ 

ʪʦʯʥʽʩʪʶ; 

¶ ʐʚʠʜʢʽʩʪʴ ʟʙʦʨʫ ʜʘʥʠʭ: ʦʜʠʥ ʧʨʦʣʴʦʪ ʣʽʪʘʣʴʥʦʾ ʧʣʘʪʬʦʨʤʠ ʦʭʦʧʣʶʻ 

ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ, ʟʤʝʥʰʫʶʯʠ ʯʘʩ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ; 

¶ ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʨʦʙʢʠ: ʘʣʛʦʨʠʪʤʠ ʪʘ ʤʘʢʨʦʩʠ ʜʦʟʚʦʣʷʶʪʴ ʬʽʣʴʪʨʫʚʘʪʠ 

ʰʫʤ, ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʦʙôʻʢʪʠ ʪʘ ʬʦʨʤʫʚʘʪʠ 3D-ʤʦʜʝʣʽ ʘʚʪʦʤʘʪʠʯʥʦ; 

¶ ʉʫʤʽʩʥʽʩʪʴ ʟ ɻɯʉ: ʭʤʘʨʠ ʪʦʯʦʢ ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ ʥʘʮʽʦʥʘʣʴʥʽ ʢʦʦʨʜʠʥʘʪʥʽ 

ʩʠʩʪʝʤʠ ʪʘ ʧʦʻʜʥʫʶʪʴʩʷ ʟ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʪʘ ʘʝʨʦʬʦʪʦʟʥʽʤʢʘʤʠ; 

¶ ʄʝʪʘʜʘʥʽ ʪʘ ʩʪʘʥʜʘʨʪʠ: ʢʦʞʥʘ ʭʤʘʨʘ ʪʦʯʦʢ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʜʘʪʫ ʟʙʦʨʫ, ʱʽʣʴʥʽʩʪʴ, ʪʦʯʥʽʩʪʴ ʽ ʜʞʝʨʝʣʦ ʜʘʥʠʭ. 

 

 



 

 

2.2. ɼʦʩʚʽʜ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʋ ʩʫʯʘʩʥʽʡ ʢʘʨʪʦʛʨʘʬʽʾ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʪʥʠʡ ʧʝʨʝʭʽʜ ʚʽʜ ʢʣʘʩʠʯʥʠʭ 

ʤʝʪʦʜʽʚ ʟʙʠʨʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʧʦʩʦʙʽʚ 

ʟʙʦʨʫ ʜʘʥʠʭ. ɼʦ ʪʘʢʠʭ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʣʝʞʘʪʴ ʢʦʩʤʦʟʥʽʤʢʠ, 

ʘʝʨʦʟʡʦʤʢʘ, ʙʝʟʧʽʣʦʪʥʽ ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ɹʇʃɸ), LiDAR, ʥʘʟʝʤʥʝ ʣʘʟʝʨʥʝ 

ʩʢʘʥʫʚʘʥʥʷ ʪʘ ʪʘʭʝʦʤʝʪʨʠʯʥʘ ʟʡʦʤʢʘ. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʦʩʥʦʚʥʘ ʫʚʘʛʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʶ LiDAR ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

LiDAR-ʪʝʭʥʦʣʦʛʽʷ (Light Detection and Ranging) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ 

ʚʠʩʦʢʦʪʦʯʥʽ ʭʤʘʨʠ ʪʦʯʦʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʢʦʦʨʜʠʥʘʪʠ X, Y, Z ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʚʽʜʙʠʪʪʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ. ʎʝ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʜʝʪʘʣʴʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ ʪʘ ʤʽʩʮʝʚʦʩʪʽ, ʱʦ ʥʝʜʦʩʷʞʥʦ ʜʣʷ ʪʨʘʜʠʮʽʡʥʠʭ ʘʝʨʦʬʦʪʦʟʥʽʤʢʽʚ. 

ɼʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ LiDAR ʚ ʋʢʨʘʾʥʽ 

ɺ ʋʢʨʘʾʥʽ LiDAR ʘʢʪʠʚʥʦ ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ ʜʝʨʞʘʚʥʽ ʪʘ ʥʘʫʢʦʚʽ ʧʨʦʻʢʪʠ. ɿʘ 

ʜʘʥʠʤʠ ʟʚʽʪʽʚ ICACI ñCartographic Activities in Ukraine 2019ï2023ò [33]: 

¶ ɺʧʨʦʚʘʜʞʫʶʪʴʩʷ ʮʠʬʨʦʚʽ ʪʦʧʦʛʨʘʬʽʯʥʽ ʢʘʨʪʠ ʪʘ ʎʄʈ, ʽʥʪʝʛʨʦʚʘʥʽ ʫ 

ʥʘʮʽʦʥʘʣʴʥʽ ɻɯʉ. 

¶ ʇʨʦʚʦʜʠʪʴʩʷ ʮʠʬʨʦʚʽʟʘʮʽʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʤʽʥ ʣʘʥʜʰʘʬʪʫ ʪʘ ʫʨʙʘʥʽʟʘʮʽʾ. 

¶ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ ʦʙʨʦʙʢʠ ʭʤʘʨ ʪʦʯʦʢ, ʚʢʣʶʯʘʶʯʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʤʘʢʨʦʩʠ ʪʘ ʩʢʨʠʧʪʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ, 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʨʝʣʴʻʬʫ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʥʝ ʪʽʣʴʢʠ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʠ ʪʝʨʠʪʦʨʽʡ ʫ ʯʘʩʽ, ʘʣʝ ʡ 

ʽʥʪʝʛʨʫʚʘʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʫ ʧʣʘʥʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʤʽʩʪ, ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ 

ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʧʨʦʛʨʘʤ. 

 

 

 

 

 

 



 

 

ʊʘʙʣʠʮʷ 2.1 

ʉʬʝʨʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʉʚʽʪʦʚʘ ʧʨʘʢʪʠʢʘ ʋʢʨʘʾʥʩʴʢʘ ʧʨʘʢʪʠʢʘ 

3D-ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ɺʠʩʦʢʘ ʪʦʯʥʽʩʪʴ, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʉʪʚʦʨʝʥʥʷ ʎʄʈ ʽ ʮʠʬʨʦʚʠʭ 

ʢʘʨʪ ʤʽʩʪ 

ʃʽʩʦʚʠʡ ʤʦʥʽʪʦʨʠʥʛ ʆʮʽʥʢʘ ʱʽʣʴʥʦʩʪʽ, ʚʠʩʦʪʠ ʜʝʨʝʚ, 

ʙʽʦʤʘʩʠ 

ʂʦʥʪʨʦʣʴ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ, 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ 

ʊʨʘʥʩʧʦʨʪʥʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʄʦʜʝʣʶʚʘʥʥʷ ʪʫʥʝʣʽʚ, ʤʦʩʪʽʚ, 

ʪʨʘʩ 

ʇʣʘʥʫʚʘʥʥʷ ʜʦʨʽʛ ʪʘ 

ʽʥʞʝʥʝʨʥʠʭ ʦʙôʻʢʪʽʚ 

ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʦʙôʻʢʪʽʚ 

Supervised/unsupervised, 

ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ 

ʄʘʢʨʦʩʠ MicroStation, 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʜʽʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ 

 

 

ʈʠʩ. 2.1 ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʪʘ ʤʽʩʮʝʚʦʩʪʽ [34]. 



 

 

 

ʈʠʩ. 2.2 ʚʠʟʥʘʯʝʥʥʷ ʟʘʧʘʩʫ ʜʝʨʝʚʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ 

LIDAR [35]. 

 

ʈʠʩ. 2.3 ʇʣʘʥʫʚʘʥʥʷ ʜʦʨʽʛ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʦʙôʻʢʪʽʚ [36]. 



 

 

 

ʈʠʩ. 2.4 ʎʠʬʨʦʚʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ [36]. 

 

ʈʠʩ. 2.5 ɼʝʪʘʣʴʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʦʙ'ʻʢʪʽʚ [36]. 

LiDAR ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʩʚʽʪʽ ʪʘ ʚ ʋʢʨʘʾʥʽ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʚʽʜʤʽʥʥʦʩʪʽ ʫ 

ʧʽʜʭʦʜʘʭ. ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʦʯʥʠʭ 3D-ʤʦʜʝʣʝʡ ʙʫʜʽʚʝʣʴ, ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ, ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʥʘʣʽʟʫ ʟʤʽʥ ʪʝʨʠʪʦʨʽʾ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ɺ ʋʢʨʘʾʥʽ LiDAR ʟʘʩʪʦʩʦʚʫʶʪʴ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʢʘʨʪ ʤʽʩʪ, ʢʦʥʪʨʦʣʶ ʣʽʩʦʚʦʛʦ 

ʧʦʢʨʠʚʫ, ʧʣʘʥʫʚʘʥʥʷ ʜʦʨʽʛ ʽ ʽʥʞʝʥʝʨʥʠʭ ʦʙôʻʢʪʽʚ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʚʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʢʨʦʩʽʚ ʽ MicroStation. ʆʪʞʝ, ʫʢʨʘʾʥʩʴʢʘ 

ʧʨʘʢʪʠʢʘ ʬʦʢʫʩʫʻʪʴʩʷ ʥʘ ʽʥʪʝʛʨʘʮʽʾ ʜʘʥʠʭ ʫ ʥʘʮʽʦʥʘʣʴʥʽ ɻɯʉ ʪʘ ʫʧʨʘʚʣʽʥʥʽ 

ʪʝʨʠʪʦʨʽʷʤʠ [37]. 

ʆʩʥʦʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʪʨʘʜʠʮʽʡʥʠʤ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷʤ ʽ LiDAR  

 



 

 

ʊʘʙʣʠʮʷ 2.2 

ʇʘʨʘʤʝʪʨ ʊʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ 

LiDAR  ʇʦʷʩʥʝʥʥʷ / 

ʇʝʨʝʚʘʛʠ 

ʊʨʠʚʘʣʽʩʪʴ 

ʨʦʙʦʪʠ 

ɿʘ ʜʘʥʠʤʠ Rock 

Robotic: 5ï7 ʜʥʽʚ 

ʜʣʷ 100 ʘʢʨʽʚ 

(å 40 ʛʘ) [38] 

Rock Robotic ʜʘʻ: 

ʜʣʷ LiDAR-ʜʨʦʥʘ 

ð 3ï4 ʛʦʜʠʥʠ ʥʘ 

ʤʽʩʮʽ (ʫʩʪʘʥʦʚʢʠ 

+ ʧʦʣʽʪ) ʜʣʷ 100 

ʘʢʨʽʚ. [38] 

LiDAR ʟʥʘʯʥʦ 

ʩʢʦʨʦʯʫʻ ʯʘʩ: ʟʘʤʽʩʪʴ 

ʙʘʛʘʪʴʦʭ ʜʥʽʚ 

ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ð 

ʣʠʰʝ ʢʽʣʴʢʘ ʛʦʜʠʥ 

ʊʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʡʥʘ 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ: 

±1ï2 ʩʤ 

ʚʝʨʪʠʢʘʣʴʥʘ: Ñ1ï

2 ʩʤ [39, 40] 

ɻʦʨʠʟʦʥʪʘʣʴʥʘ: 

~1,7 ʩʤ 

ʚʝʨʪʠʢʘʣʴʥʘ: 

~6,6 ʩʤ [39, 40] 

ʊʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʪʦʯʥʽʰʽ ʜʣʷ ʦʢʨʝʤʠʭ 

ʪʦʯʦʢ, ʘʣʝ LiDAR 

ʟʘʙʝʟʧʝʯʫʻ ʱʽʣʴʥʫ 

ʭʤʘʨʫ ʜʘʥʠʭ ʧʦ ʚʩʽʡ 

ʪʝʨʠʪʦʨʽʾ 

ʆʙʨʦʙʢʘ 

ʜʘʥʠʭ 

ʈʫʯʥʘ: ʚʚʝʜʝʥʥʷ 

ʪʦʯʦʢ, ʢʨʝʩʣʝʥʥʷ 

ʢʦʥʪʫʨʽʚ, 

ʧʽʜʨʘʭʫʥʦʢ ʚʠʩʦʪ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʘ: 

ʭʤʘʨʘ ʪʦʯʦʢ, 

ʬʽʣɹʪʨʘʮʽʷ ʰʫʤʽʚ, 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʦʙôʻʢʪʽʚ  

LiDAR ʝʬʝʢʪʠʚʥʽʰʠʡ: 

ʩʢʦʨʦʯʫʻ ʣʶʜʩʴʢʫ 

ʧʨʘʮʶ ʪʘ ʧʨʠʩʢʦʨʶʻ 

ʦʙʨʦʙʢʫ 

ɺʽʟʫʘʣʽʟʘʮʽʷ ʽ 

ʤʦʜʝʣʶʚʘʥʥʷ 

2D-ʪʦʧʦʧʣʘʥʠ, 

ʧʨʦʬʽʣʽ 

3D-ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ, ʮʠʬʨʦʚʽ 

ʢʘʨʪʠ, ʽʥʪʝʛʨʘʮʽʷ 

ʚ ɻɯʉ  

LiDAR ʢʨʘʱʠʡ ʜʣʷ 

ʪʨʠʚʠʤʽʨʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʮʠʬʨʦʚʦʛʦ ʘʥʘʣʽʟʫ 

ɺʠʜʽʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ 

ʈʫʯʥʝ ʚʠʟʥʘʯʝʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʜʦʨʽʛ, 

ʨʦʩʣʠʥʥʦʩʪʽ 

ɸʚʪʦʤʘʪʠʯʥʝ: 

ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʭʤʘʨʠ ʪʦʯʦʢ 

(ˇʨʫʥʪ, 

ʨʦʩʣʠʥʥʽʩʪʴ, 

ʙʫʜʽʚʣʽ) 

LiDAR ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʽ ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʜʽʣʷʪʠ ʦʙôʻʢʪʠ 

ʆʥʦʚʣʝʥʥʷ 

ʜʘʥʠʭ 

ʇʦʪʨʽʙʥʘ 

ʧʦʚʪʦʨʥʘ ʧʦʣʴʦʚʘ 

ʟʡʦʤʢʘ 

LiDAR-ʟʡʦʤʢʫ 

ʤʦʞʥʘ 

ʧʦʚʪʦʨʶʚʘʪʠ 

ʣʝʛʢʦ, ʰʚʠʜʢʦ 

ʦʥʦʚʣʶʚʘʪʠ ʢʘʨʪʠ  

LiDAR ʟʨʫʯʥʽʰʠʡ ʜʣʷ 

ʨʝʛʫʣʷʨʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʟʤʽʥ 

ɺʘʨʪʽʩʪʴ ɺʠʩʦʢʘ ʯʝʨʝʟ 

ʪʨʠʚʘʣʽʩʪʴ 

ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ  

ʇʦʯʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ ʥʘ 

ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ 

ʝʢʦʥʦʤʽʷ ʥʘ 

ʚʝʣʠʢʠʭ ʧʣʦʱʘʭ ʽ 

ʧʦʚʪʦʨʥʠʭ 

ʟʡʦʤʢʘʭ  

LiDAR ʝʢʦʥʦʤʽʯʥʽʰʠʡ 

ʜʣʷ ʚʝʣʠʢʠʭ ʧʣʦʱ ʽ 

ʯʘʩʪʠʭ ʦʥʦʚʣʝʥʴ; 

ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ 

ʜʝʰʝʚʰʽ ʥʘ ʤʘʣʝʥʴʢʠʭ 

ʜʽʣʷʥʢʘʭ 

 



 

 

ʊʦʯʥʽʩʪʴ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʩʪʘʥʦʚʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ Ñ1ï2 ʩʤ, 

ʚʝʨʪʠʢʘʣʴʥʦ Ñ1ï2 ʩʤ. ɺʦʥʘ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʨʷʤʠʤ ʚʠʤʽʨʘʤ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʦʪʘʣʴʥʦʾ ʩʪʘʥʮʽʾ ʘʙʦ GPS-ʨʦʚʝʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʪʦʯʥʽʩʪʴ ʫ ʦʢʨʝʤʠʭ ʪʦʯʢʦʚʦ ʚʠʤʽʨʶʚʘʥʠʭ ʦʙôʻʢʪʘʭ. ʇʨʦʪʝ ʪʘʢʘ ʤʝʪʦʜʠʢʘ 

ʥʝʧʨʘʢʪʠʯʥʘ ʜʣʷ ʚʝʣʠʢʠʭ ʪʝʨʠʪʦʨʽʡ ʯʝʨʝʟ ʪʨʠʚʘʣʽʩʪʴ ʧʦʣʴʦʚʠʭ ʨʦʙʽʪ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʨʢʝʨʽʚ, ʘ ʪʘʢʦʞ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʪʦʯʥʽʩʪʴ ʯʝʨʝʟ ʤʦʞʣʠʚʽ ʟʩʫʚʠ ʘʙʦ ʧʦʤʠʣʢʠ ʧʨʠ 

ʨʫʯʥʦʤʫ ʢʨʝʩʣʝʥʥʽ. 

ʊʦʯʥʽʩʪʴ LiDAR, ʷʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʨʦʥʠ, ʩʪʘʥʦʚʠʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʦ 

ʙʣʠʟʴʢʦ 1,7 ʩʤ ʽ ʚʝʨʪʠʢʘʣʴʥʦ ʧʨʠʙʣʠʟʥʦ 6,6 ʩʤ. ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʱʽʣʴʥʦʶ 

ʭʤʘʨʦʶ ʪʦʯʦʢ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤ ʩʢʘʥʫʚʘʥʥʷʤ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ GPS/IMU ʥʘ 

ʙʦʨʪʫ ʜʨʦʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʜʥʦʨʽʜʥʦ ʦʭʦʧʣʶʚʘʪʠ ʚʩʶ ʪʝʨʠʪʦʨʽʶ, ʚʢʣʶʯʥʦ ʟ 

ʚʘʞʢʦʜʦʩʪʫʧʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʧʨʦʩʪʦʨʦʤ ʧʽʜ ʢʨʦʥʦʶ ʜʝʨʝʚ. LiDAR ʜʦʟʚʦʣʷʻ 

ʰʚʠʜʢʦ ʙʫʜʫʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʜʘʥʽ ʟ 

ʘʚʪʦʤʘʪʠʯʥʠʤ ʚʠʜʽʣʝʥʥʷʤ ʦʙôʻʢʪʽʚ. ʆʩʥʦʚʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʻ ʪʝ, ʱʦ 

ʚʝʨʪʠʢʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʪʨʦʭʠ ʛʽʨʰʘ, ʥʽʞ ʫ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʦʢʨʝʤʠʭ 

ʪʦʯʦʢ, ʚʦʥʘ ʤʦʞʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʢʘʣʽʙʨʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʦʛʦʜʥʠʭ ʫʤʦʚ. 

[41]. 

2.3. ʆʛʣʷʜ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ  

ʆʙʨʦʙʢʘ LiDAR-ʜʘʥʠʭ ʻ ʢʣʶʯʦʚʠʤ ʝʪʘʧʦʤ ʫ ʮʠʬʨʦʚʦʤʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ, 

ʦʩʢʽʣʴʢʠ ʩʘʤʝ ʚʦʥʘ ʧʝʨʝʪʚʦʨʶʻ ʧʝʨʚʠʥʥʫ ʭʤʘʨʫ ʪʦʯʦʢ ʫ ʧʦʚʥʦʮʽʥʥʽ ʮʠʬʨʦʚʽ 

ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ, ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ, ʪʨʠʚʠʤʽʨʥʽ ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʪʘ ʽʥʰʽ 

ʪʨʠʚʠʤʽʨʥʽ ʧʨʦʩʪʦʨʦʚʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʽʜʪʚʦʨʶʶʪʴ ʨʝʘʣʴʥʽ ʦʙôʻʢʪʠ ʪʘ ʪʝʨʠʪʦʨʽʾ ʫ 

ʪʨʴʦʭ ʚʠʤʽʨʘʭ ʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʘʥʘʣʽʟʫ, ʧʣʘʥʫʚʘʥʥʷ, 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʫ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ. LiDAR-ʩʢʘʥʫʚʘʥʥʷ 

ʛʝʥʝʨʫʻ ʤʽʣʴʡʦʥʠ ʘʙʦ ʥʘʚʽʪʴ ʤʽʣʴʷʨʜʠ ʪʦʯʦʢ, ʱʦ ʦʧʠʩʫʶʪʴ ʛʝʦʤʝʪʨʽʶ 

ʪʝʨʠʪʦʨʽʾ, ʪʦʤʫ ʧʨʦʮʝʩ ʾʭʥʴʦʾ ʦʙʨʦʙʢʠ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ, 

ʪʦʯʥʦʩʪʽ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʦʙʯʠʩʣʝʥʴ. [42-44]. 



 

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʧʨʦʮʝʩʠ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ, 

ʱʦ ʨʝʘʣʽʟʫʶʪʴʩʷ ʫ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ MicroStation + TerraScan, ArcGIS, 

CloudCompare, Global Mapper, Pix4D, ʪʦʱʦ. 

ʇʨʦʮʝʩ: ɯʤʧʦʨʪ ʪʘ ʬʽʣʴʪʨʘʮʽʷ ʜʘʥʠʭ. 

ʆʩʥʦʚʥʽ ʜʽʾ: ɿʘʚʘʥʪʘʞʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ LAS/LAZ-ʬʘʡʣʽʚ ʽʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʨʘʚʠʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ (WGS84, UTM, ʣʦʢʘʣʴʥʽ ʩʠʩʪʝʤʠ), ʧʝʨʝʚʽʨʢʘ 

ʛʝʦʧʨʠʚôʷʟʢʠ ʪʘ ʦʨʽʻʥʪʘʮʽʾ ʭʤʘʨʠ ʪʦʯʦʢ, ʧʝʨʚʠʥʥʘ ʦʯʠʩʪʢʘ ʚʽʜ ʰʫʤʽʚ ʽ 

ʘʨʪʝʬʘʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʘʪʤʦʩʬʝʨʥʽ ʧʝʨʝʰʢʦʜʠ, ʧʠʣ, ʜʠʤ, ʧʪʘʭʠ, ʪʨʘʥʩʧʦʨʪʥʽ 

ʟʘʩʦʙʠ, ʪʠʤʯʘʩʦʚʽ ʦʙôʻʢʪʠ. ɺʠʜʘʣʝʥʥʷ ʘʥʦʤʘʣʴʥʠʭ ʪʦʯʦʢ (ñʚʠʢʠʜʽʚò) ʟʘ 

ʚʠʩʦʪʦʶ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʘʙʦ ʱʽʣʴʥʽʩʪʶ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ ʱʽʣʴʥʦʩʪʽ ʪʘ 

ʚʠʩʦʪʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʭʤʘʨʠ ʪʘ ʧʽʜʛʦʪʦʚʢʠ ʾʾ ʜʦ ʧʦʜʘʣʴʰʦʛʦ 

ʘʥʘʣʽʟʫ. ʂʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʜʘʥʠʭ ʧʝʨʝʜ ʥʘʩʪʫʧʥʠʤʠ ʝʪʘʧʘʤʠ. 

ʈʝʟʫʣʴʪʘʪ: ʆʯʠʱʝʥʘ ʽ ʧʝʨʝʚʽʨʝʥʘ ʭʤʘʨʘ ʪʦʯʦʢ, ʧʨʠʜʘʪʥʘ ʜʣʷ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ, ʧʨʦʩʪʦʨʦʚʦʛʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʙʨʦʙʣʝʥʥʷ, ʙʝʟ ʰʫʤʦʚʠʭ ʽ 

ʘʥʦʤʘʣʴʥʠʭ ʜʘʥʠʭ. 

 

ʇʨʦʮʝʩ: ʈʝʻʩʪʨʘʮʽʷ ʭʤʘʨ ʪʦʯʦʢ. 

ʆʩʥʦʚʥʽ ʜʽʾ: ɺʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʤʽʪʢʘ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ (GCP) ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ ʘʙʦ ʥʘ ʦʩʥʦʚʽ GPS/IMU ʜʘʥʠʭ, ʧʦʧʝʨʝʜʥʻ ʚʠʨʽʚʥʶʚʘʥʥʷ ʭʤʘʨ, ʱʦʙ 

ʧʽʜʛʦʪʫʚʘʪʠ ʾʭ ʜʦ ʪʦʯʥʦʛʦ ʟʰʠʚʘʥʥʷ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʚʠʨʽʚʥʶʚʘʥʥʷ, 

ʪʘʢʠʭ ʷʢ ICP (Iterative Closest Point) ʜʣʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʥʘʙʣʠʞʝʥʥʷ ʭʤʘʨ, 

Feature-based registration ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʟʘ ʢʣʶʯʦʚʠʤʠ ʦʟʥʘʢʘʤʠ (ʙʫʜʽʚʣʽ, 

ʜʦʨʦʛʠ, ʨʝʣʴʻʬ), Bundle adjustment ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʭʠʙʦʢ GPS/IMU ʪʘ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʦʟʠʮʽʡ ʩʝʥʩʦʨʽʚ. ʇʝʨʝʚʽʨʢʘ ʪʦʯʥʦʩʪʽ ʪʘ ʩʫʤʽʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, 

ʢʦʨʝʢʮʽʷ ʟʘ ʧʦʪʨʝʙʠ. 

ʈʝʟʫʣʴʪʘʪ: ʆʜʥʘ ʫʟʛʦʜʞʝʥʘ ʭʤʘʨʘ ʪʦʯʦʢ ʫ ʛʣʦʙʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ, 

ʙʝʟ ʨʦʟʨʠʚʽʚ ʽ ʟ ʧʨʘʚʠʣʴʥʠʤ ʩʫʤʽʱʝʥʥʷʤ ʤʽʞ ʟʡʦʤʢʘʤʠ ʟ ʨʽʟʥʠʭ ʧʦʟʠʮʽʡ ʘʙʦ 

ʧʦʣʴʦʪʽʚ. 

 

ʇʨʦʮʝʩ: ʂʣʘʩʠʬʽʢʘʮʽʷ ʭʤʘʨʠ ʪʦʯʦʢ. 



 

 

ʆʩʥʦʚʥʽ ʜʽʾ: ʇʨʠʩʚʦʻʥʥʷ ʢʦʞʥʽʡ ʪʦʯʮʽ ʢʣʘʩʫ ʦʙôʻʢʪʘ, ʥʘʧʨʠʢʣʘʜ ˇʨʫʥʪ, 

ʚʦʜʘ, ʨʦʩʣʠʥʥʽʩʪʴ, ʙʫʜʽʚʣʽ, ʰʪʫʯʥʽ ʦʙôʻʢʪʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ PTD 

(Progressive TIN Densification) ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʟʝʤʣʽ ʯʝʨʝʟ ʧʦʙʫʜʦʚʫ TIN, CSF 

(Cloth Simulation Filtering) ʜʣʷ ʧʦʰʫʢʫ ʨʝʣʴʻʬʫ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ñʥʘʪʷʛʫ 

ʪʢʘʥʠʥʠò, ʘ ʪʘʢʦʞ ʤʝʪʦʜʽʚ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ (PointNet, KPConv, PointCNN) 

ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʧʨʦʩʪʦʨʦʚʠʤʠ ʪʘ ʩʧʝʢʪʨʘʣʴʥʠʤʠ ʦʟʥʘʢʘʤʠ. 

ʂʦʥʪʨʦʣʴ ʪʘ ʨʫʯʥʘ ʢʦʨʝʢʮʽʷ ʢʣʘʩʽʚ ʫ ʩʢʣʘʜʥʠʭ ʜʽʣʷʥʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʪʘʤ, ʜʝ 

ʜʝʨʝʚʘ ʧʝʨʝʢʨʠʚʘʶʪʴ ʙʫʜʽʚʣʽ ʘʙʦ ʚʦʜʘ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ˇʨʫʥʪ. 

ʈʝʟʫʣʴʪʘʪ: ʉʪʨʫʢʪʫʨʦʚʘʥʘ ʭʤʘʨʘ ʪʦʯʦʢ ʽʟ ʧʨʠʩʚʦʻʥʠʤʠ ʢʦʜʘʤʠ ʢʣʘʩʽʚ, 

ʥʘʧʨʠʢʣʘʜ 2 ð ʟʝʤʣʷ, 6 ð ʙʫʜʽʚʣʽ, 5 ð ʜʝʨʝʚʘ, 9 ð ʚʦʜʘ, ʛʦʪʦʚʘ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʪʘ ʘʥʘʣʽʟʫ. 

 

ʇʨʦʮʝʩ: ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʤʽʩʮʝʚʦʩʪʽ (DEM, DTM, DSM). 

ʆʩʥʦʚʥʽ ʜʽʾ: ɯʥʪʝʨʧʦʣʷʮʽʷ ʚʠʩʦʪ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʨʝʛʫʣʷʨʥʦʾ ʩʽʪʢʠ ʽʟ ʢʨʦʢʦʤ 0.25ï1 ʤ, ʩʪʚʦʨʝʥʥʷ TIN-ʤʦʜʝʣʽ 

(ʪʨʠʢʫʪʥʠʢʦʚʦʾ ʤʝʨʝʞʽ) ʜʣʷ ʪʦʯʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʨʝʣʴʻʬʫ ʪʘ ʧʦʚʝʨʭʦʥʴ, 

ʛʝʥʝʨʘʮʽʷ ʽʟʦʣʽʥʽʡ ʪʘ 3D-ʧʦʚʝʨʭʥʽ. ɺʠʢʦʥʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʝʡ 

ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʟ ʢʦʥʪʨʦʣʴʥʠʤʠ ʪʦʯʢʘʤʠ ʘʙʦ ʧʦʣʴʦʚʠʤʠ ʚʠʤʽʨʘʤʠ. 

ʉʪʚʦʨʝʥʥʷ DEM (Digital Elevation Model) ʜʣʷ ʨʝʣʴʻʬʫ, DTM (Digital Terrain 

Model) ʙʝʟ ʦʙôʻʢʪʽʚ, DSM (Digital Surface Model) ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʫʜʽʚʝʣʴ, ʜʝʨʝʚ 

ʪʘ ʽʥʰʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʈʝʟʫʣʴʪʘʪ: ʎʠʬʨʦʚʽ ʤʦʜʝʣʽ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʧʦʚʝʨʭʦʥʴ, ʧʨʠʜʘʪʥʽ ʜʣʷ ɻɯʉ-

ʘʥʘʣʽʟʫ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʦʟʙʦʨʽʚ, ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ 

ʝʨʦʟʽʾ ʪʘ ʽʥʰʠʭ ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ. 

 

ʇʨʦʮʝʩ: ɺʝʢʪʦʨʠʟʘʮʽʷ ʪʘ ʝʢʩʧʦʨʪ. 

ʆʩʥʦʚʥʽ ʜʽʾ: ɸʚʪʦʤʘʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʫʨʽʚ ʙʫʜʽʚʝʣʴ, ʜʦʨʽʛ, ʟʝʣʝʥʠʭ 

ʟʦʥ, ʛʝʥʝʨʘʮʽʷ ʣʽʥʽʡ ʨʝʣʴʻʬʫ ʪʘ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ, ʪʘʢʠʭ ʷʢ ʚʝʨʰʠʥʠ ʘʙʦ ʦʧʦʨʠ. 

ɽʢʩʧʦʨʪ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʬʦʨʤʘʪʠ DXF, SHP, DGN, GDB ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ɻɯʉ 

ʪʘ CAD-ʩʠʩʪʝʤʘʭ. ʇʝʨʝʚʽʨʢʘ ʪʦʧʦʣʦʛʽʾ ʪʘ ʩʫʤʽʱʝʥʥʷ ʟ ʽʥʰʠʤʠ ʰʘʨʘʤʠ ʜʘʥʠʭ, 



 

 

ʚʠʧʨʘʚʣʝʥʥʷ ʧʦʤʠʣʦʢ, ʢʦʥʪʨʦʣʴ ʧʨʘʚʠʣʴʥʦʩʪʽ ʟʚôʷʟʢʽʚ ʪʘ ʥʝʧʨʠʨʠʚʥʦʩʪʽ ʣʽʥʽʡ. 

ʇʽʜʛʦʪʦʚʢʘ ʚʝʢʪʦʨʥʠʭ ʰʘʨʽʚ ʜʣʷ ʘʥʘʣʽʪʠʢʠ, ʧʨʦʝʢʪʫʚʘʥʥʷ, ʢʘʜʘʩʪʨʦʚʠʭ ʽ 

ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯ. 

ʈʝʟʫʣʴʪʘʪ: ɻʦʪʦʚʽ ʚʠʩʦʢʦʪʦʯʥʽ ʚʝʢʪʦʨʥʽ ʰʘʨʠ, ʷʢʽ ʤʦʞʥʘ ʽʥʪʝʛʨʫʚʘʪʠ ʫ 

ɻɯʉ-ʧʨʦʝʢʪʠ, CAD-ʩʠʩʪʝʤʠ, ʚʠʢʦʥʫʚʘʪʠ ʘʥʘʣʽʟ ʪʝʨʠʪʦʨʽʾ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [45, 46]. 

 

 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ2 

LiDAR-ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʠʩʦʢʦʪʦʯʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ, ʤʽʩʮʝʚʦʩʪʽ ʪʘ 3D-ʤʦʜʝʣʽ ʦʙôʻʢʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʦʨʽʚʥʷʥʦ ʟ ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʋ ʩʚʽʪʽ LiDAR 

ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʣʽʩʽʚ, ʘʥʘʣʽʟʫ ʪʨʘʥʩʧʦʨʪʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʟʤʽʥ ʣʘʥʜʰʘʬʪʽʚ, ʪʦʜʽ ʷʢ ʚ ʋʢʨʘʾʥʽ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʦʩʝʨʝʜʞʝʥʝ ʥʘ ʩʪʚʦʨʝʥʥʽ ʮʠʬʨʦʚʠʭ ʢʘʨʪ ʤʽʩʪ, ʢʦʥʪʨʦʣʽ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ. 

ʆʙʨʦʙʢʘ LiDAR-ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʧʦʪʫʞʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʧʝʨʩʦʥʘʣʫ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫʩʢʣʘʜʥʶʻ ʤʘʩʦʚʝ ʚʧʨʦʚʘʜʞʝʥʥʷ. ɺʦʜʥʦʯʘʩ ʪʝʭʥʦʣʦʛʽʷ 

ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʠʡ ʟʙʽʨ ʚʝʣʠʢʠʭ ʦʙʩʷʛʽʚ ʜʘʥʠʭ, ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʦʙʨʦʙʢʠ ʪʘ 

ʽʥʪʝʛʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ɻɯʉ, ʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʦʧʪʠʤʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʽʚ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʧʨʦʮʝʩʽʚ. 
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ʈʆɿɼɯʃ 3. ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʄɽʊʆɼɯɺ 

3.1. ʈʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ 

ʄʝʪʦʜʠʢʘ ʩʪʚʦʨʝʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʧʣʘʥʫ ʤʘʩʰʪʘʙʫ ʄ1:500 ʧʝʨʝʜʙʘʯʘʻ 

ʦʙʨʦʙʢʫ ʭʤʘʨʠ ʪʦʯʦʢ, ʦʪʨʠʤʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʜʘʨʥʠʭ ʩʠʩʪʝʤ (LiDAR) ʥʘ 

ʙʦʨʪʫ ʣʽʪʘʣʴʥʠʭ ʧʣʘʪʬʦʨʤ ʘʙʦ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ), ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʽ ʦʙôʻʢʪʽʚ ʤʽʩʮʝʚʦʩʪʽ ʫ ʩʝʨʝʜʦʚʠʱʽ 

MicroStation ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ TerraScan. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ð ʦʪʨʠʤʘʪʠ ʪʦʯʥʠʡ ʪʦʧʦʛʨʘʬʽʯʥʠʡ ʧʣʘʥ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ 

ʨʝʣʴʻʬ, ʟʘʙʫʜʦʚʫ, ʟʝʣʝʥʽ ʥʘʩʘʜʞʝʥʥʷ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʤʽʩʮʝʚʦʩʪʽ. 

1. ʇʽʜʛʦʪʦʚʢʘ ʪʘ ʽʤʧʦʨʪ ʜʘʥʠʭ 

ɿʙʽʨ ʜʘʥʠʭ: LiDAR-ʟʡʦʤʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʪʘʣʴʥʠʭ 

ʧʣʘʪʬʦʨʤ ʘʙʦ ɹʇʃɸ, ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʦʨʪʫʶʪʴʩʷ ʫ ʬʦʨʤʘʪ LAS/LAZ. 

ɯʤʧʦʨʪ ʫ TerraScan/MicroStation 

ʇʘʨʘʤʝʪʨʠ ʽʤʧʦʨʪʫ ʚʢʣʶʯʘʶʪʴ: 

Á ʚʠʙʽʨ ʢʦʦʨʜʠʥʘʪʥʦʾ ʩʠʩʪʝʤʠ; 

Á ʬʽʣʴʪʨʘʮʽʶ ʧʦʧʝʨʝʜʥʽʭ ʥʝʢʦʨʝʢʪʥʠʭ ʜʘʥʠʭ; 

Á ʧʦʧʝʨʝʜʥʽʡ ʧʝʨʝʛʣʷʜ ʱʽʣʴʥʦʩʪʽ ʪʘ ʨʦʟʧʦʜʽʣʫ ʪʦʯʦʢ. 

ʈʝʟʫʣʴʪʘʪ: ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʭʤʘʨʘ ʪʦʯʦʢ, ʛʦʪʦʚʘ ʜʦ ʦʯʠʱʝʥʥʷ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. 

2. ʇʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ 

ʇʝʨʝʜ ʧʦʙʫʜʦʚʦʶ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʧʣʘʥʫ ʥʝʦʙʭʽʜʥʦ ʚʠʜʘʣʠʪʠ ʥʝʢʦʨʝʢʪʥʽ 

ʜʘʥʽ, ʱʦ ʥʝ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʝʘʣʴʥʽ ʦʙôʻʢʪʠ. 

ʄʝʪʦʜʠ ʬʽʣʴʪʨʘʮʽʾ: 

¶ ɺʠʩʦʪʘ: ʚʽʜʩʽʶʚʘʥʥʷ ʪʦʯʦʢ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʜʽʘʧʘʟʦʥʦʤ ʦʯʽʢʫʚʘʥʦʾ 

ʚʠʩʦʪʠ ʨʝʣʴʻʬʫ ʪʘ ʦʙôʻʢʪʽʚ. 

¶ ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʚʽʜʙʠʪʪʷ: ʚʽʜʢʠʜʘʶʪʴʩʷ ʪʦʯʢʠ ʟ ʘʥʦʤʘʣʴʥʦ ʥʠʟʴʢʦʶ ʘʙʦ 

ʚʠʩʦʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʩʠʛʥʘʣʫ. 

¶ ʑʽʣʴʥʽʩʪʴ: ʽʟʦʣʷʮʽʷ ʪʦʯʦʢ, ʷʢʽ ʥʝ ʤʘʶʪʴ ʩʫʩʽʜʽʚ ʫ ʟʘʜʘʥʦʤʫ ʨʘʜʽʫʩʽ. 

ʈʝʟʫʣʴʪʘʪ: ʯʠʩʪʘ ʪʘ ʦʜʥʦʨʽʜʥʘ ʭʤʘʨʘ ʪʦʯʦʢ, ʛʦʪʦʚʘ ʜʦ ʢʣʘʩʠʬʽʢʘʮʽʾ. 



 

 

1. ʂʣʘʩʠʬʽʢʘʮʽʷ ʦʙôʻʢʪʽʚ 

ɼʣʷ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʧʣʘʥʫ ʚʘʞʣʠʚʦ ʨʦʟʧʦʜʽʣʠʪʠ ʪʦʯʢʠ ʟʘ ʢʣʘʩʘʤʠ: 

ʊʘʙʣʠʮʷ 3.1 

ʂʣʘʩ ʄʝʪʦʜ ʚʠʜʽʣʝʥʥʷ 

ˆʨʫʥʪ ɺʽʜʙʽʨ ʥʠʞʥʽʭ ʪʦʯʦʢ ʭʤʘʨʠ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ 

ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (ʎʄʈ); ʚʨʘʭʫʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʥʘʭʠʣʽʚ ʪʘ ʨʝʣʴʻʬʥʠʭ ʬʦʨʤ ʜʣʷ ʪʦʯʥʦʛʦ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ. 

ɹʫʜʽʚʣʽ ɺʠʩʦʪʥʘ ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʧʽʜʥʷʪʠʭ ʩʪʨʫʢʪʫʨ; 

ʘʥʘʣʽʟ ʬʦʨʤʠ ʜʘʭʫ ʪʘ ʢʦʥʪʫʨʫ ʙʫʜʽʚʣʽ; ʧʦʙʫʜʦʚʘ 3D-ʤʦʜʝʣʽ 

ʜʘʭʫ ʜʣʷ ʪʦʯʥʦʛʦ ʪʦʧʦʧʣʘʥʫ. 

ʈʦʩʣʠʥʥʽʩʪʴ ɸʥʘʣʽʟ ʚʠʩʦʪʠ ʪʘ ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʜʝʨʝʚ ʪʘ 

ʢʫʱʽʚ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʪʠʧʦʤ ʨʦʩʣʠʥʥʦʩʪʽ 

(ʣʽʩ, ʧʘʨʢʦʚʘ ʟʦʥʘ, ʧʦʦʜʠʥʦʢʽ ʜʝʨʝʚʘ); ʚʨʘʭʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʫ ʪʦʯʦʢ ʫ 3D-ʧʨʦʩʪʦʨʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʦʥʠ. 

ɺʦʜʥʽ ʦʙôʻʢʪʠ ɺʠʷʚʣʝʥʥʷ ʟʦʥ ʽʟ ʥʠʟʴʢʠʤ ʚʽʜʙʠʪʪʷʤ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ 

ʚʽʜʥʦʩʥʦ ʧʣʦʩʢʠʤ ʨʝʣʴʻʬʦʤ; ʢʦʥʪʨʦʣʴ ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʪʦʯʥʦʛʦ ʢʦʥʪʫʨʫ ʚʦʜʦʡʤ; ʽʥʪʝʛʨʘʮʽʷ ʟ ʎʄʈ ʜʣʷ 

ʨʦʟʤʝʞʫʚʘʥʥʷ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ. 

ɯʥʞʝʥʝʨʥʽ ʩʧʦʨʫʜʠ (ʤʦʩʪʠ, 

ʦʧʦʨʠ, ʪʨʫʙʦʧʨʦʚʦʜʠ) 

ɺʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʬʦʨʤʦʶ, ʚʠʩʦʪʦʶ ʪʘ ʪʦʧʦʣʦʛʽʯʥʠʤʠ 

ʦʟʥʘʢʘʤʠ; ʟʘʩʪʦʩʫʚʘʥʥʷ CAD-ʪʦʧʦʣʦʛʽʾ ʜʣʷ ʫʪʦʯʥʝʥʥʷ 

ʢʦʥʪʫʨʽʚ; ʧʦʙʫʜʦʚʘ ʦʢʨʝʤʠʭ 3D-ʤʦʜʝʣʝʡ ʩʧʦʨʫʜ ʜʣʷ 

ʽʥʪʝʛʨʘʮʽʾ ʚ ʪʦʧʦʧʣʘʥ. 

ʃʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ ɺʠʩʦʪʥʘ ʪʘ ʧʨʦʩʪʦʨʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʘ ʬʽʣʴʪʨʘʮʽʷ ʜʣʷ 

ʚʠʜʽʣʝʥʥʷ ʧʨʦʚʦʜʽʚ ʪʘ ʦʧʦʨ; ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʪʦʯʦʢ 

ʫʟʜʦʚʞ ʪʨʘʻʢʪʦʨʽʾ ʃɽʇ; ʽʥʪʝʛʨʘʮʽʷ ʟ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʪʦʧʦʧʣʘʥʫ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʝʨʝʞ. 

ʊʠʤʯʘʩʦʚʽ ʦʙôʻʢʪʠ 

(ʘʚʪʦʤʦʙʽʣʽ, ʢʦʥʪʝʡʥʝʨʠ, 

ʙʫʜʽʚʝʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ) 

ɺʠʩʦʪʘ ʪʘ ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʪʨʠʚʘʣʠʭ 

ʦʙôʻʢʪʽʚ; ʢʣʘʩʠʬʽʢʘʮʽʷ ʷʢ ñʪʠʤʯʘʩʦʚʽò ʪʘ ʚʠʜʘʣʝʥʥʷ ʟ 

ʬʽʥʘʣʴʥʦʛʦ ʪʦʧʦʧʣʘʥʫ; ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʜʝʪʝʢʮʽʾ 

ʘʥʦʤʘʣʽʡ ʫ ʭʤʘʨʽ ʪʦʯʦʢ. 

 

ɯʥʩʪʨʫʤʝʥʪʠ: 



 

 

¶ TerraScan: ʘʚʪʦʤʘʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

¶ MicroStation ʤʘʢʨʦʩʠ: ʘʚʪʦʤʘʪʠʯʥʝ ʧʨʠʩʚʦʻʥʥʷ ʢʣʘʩʽʚ ʜʣʷ ʚʝʣʠʢʦʛʦ 

ʦʙʩʷʛʫ ʜʘʥʠʭ. 

ʈʝʟʫʣʴʪʘʪ: ʭʤʘʨʘ ʪʦʯʦʢ ʩʪʨʫʢʪʫʨʦʚʘʥʘ ʟʘ ʢʣʘʩʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ. 

4. ʇʦʙʫʜʦʚʘ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

¶ ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ: 

Á ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʦʯʦʢ ˇʨʫʥʪʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ TIN; 

Á ʉʛʣʘʜʞʫʚʘʥʥʷ ʥʝʨʽʚʥʦʩʪʝʡ ʪʘ ʚʠʜʘʣʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʰʫʤʽʚ. 

¶ ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʤʽʩʮʝʚʦʩʪʽ: 

Á ɯʥʪʝʛʨʘʮʽʷ ʜʘʥʠʭ ʧʨʦ ʙʫʜʽʚʣʽ, ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʥʽ ʦʙôʻʢʪʠ; 

Á ʇʦʙʫʜʦʚʘ 3D-ʤʦʜʝʣʽ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʝʣʴʻʬʫ ʪʘ ʟʘʙʫʜʦʚʠ. 

ʈʝʟʫʣʴʪʘʪ: ʪʦʧʦʛʨʘʬʽʯʥʘ ʦʩʥʦʚʘ ʤʘʩʰʪʘʙʫ ʄ1:500, ʱʦ ʚʢʣʶʯʘʻ ʪʦʯʥʠʡ 

ʨʝʣʴʻʬ, ʙʫʜʽʚʣʽ ʪʘ ʝʣʝʤʝʥʪʠ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

5. ʌʦʨʤʫʚʘʥʥʷ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʧʣʘʥʫ ʄ1:500 

¶ ʇʨʦʝʢʮʽʷ ʎʄʈ ʪʘ ʎʄʄ ʥʘ ʧʣʦʱʠʥʫ ʧʣʘʥʫ; 

¶ ɺʠʜʽʣʝʥʥʷ ʛʦʨʠʟʦʥʪʘʣʝʡ (ʽʟʦʣʽʥʽʡ) ʽʟ ʢʨʦʢʦʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʘʩʰʪʘʙʫ 

ʄ1:500 (ʟʘʟʚʠʯʘʡ 0.5ï1 ʤ); 

¶ ʅʘʥʝʩʝʥʥʷ ʦʙôʻʢʪʽʚ (ʙʫʜʽʚʣʽ, ʜʦʨʦʛʠ, ʜʝʨʝʚʘ, ʚʦʜʥʽ ʦʙôʻʢʪʠ) ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʾʭʥʽʭ ʢʣʘʩʽʚ; 

¶ ɺʠʚʽʨʢʘ ʪʦʯʥʦʩʪʽ ð ʧʝʨʝʚʽʨʢʘ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʩʮʝʚʦʩʪʽ, ʢʦʨʝʢʮʽʷ 

ʘʨʪʝʬʘʢʪʽʚ. 

ʈʝʟʫʣʴʪʘʪ: ʛʦʪʦʚʠʡ ʪʦʧʦʛʨʘʬʽʯʥʠʡ ʧʣʘʥ ʤʘʩʰʪʘʙʫ ʄ1:500, ʷʢʠʡ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʛʝʦʜʝʟʠʯʥʠʭ ʨʦʙʽʪ ʪʘ ʧʣʘʥʫʚʘʥʥʷ 

ʪʝʨʠʪʦʨʽʾ [47]. 

 

 

 

 

ʉʭʝʤʘ 3.1 



 

 

 

 

3.2. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ 

 ʄʘʢʨʦʩʠ (Macros) ʫ TerraScan / MicroStation ʷʚʣʷʶʪʴ ʩʦʙʦʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʩʮʝʥʘʨʽʾ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʦʙôʻʜʥʘʪʠ ʯʠʩʣʝʥʥʽ ʽʥʩʪʨʫʤʝʥʪʠ 



 

 

ʦʙʨʦʙʢʠ ʭʤʘʨ ʪʦʯʦʢ ʫ ʻʜʠʥʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʙʝʟ ʥʝʦʙʭʽʜʥʦʩʪʽ 

ʨʫʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʤʘʢʨʦʩʽʚ ʻ ʟʥʘʯʥʝ 

ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ 

ʦʙʨʦʙʮʽ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ. ʄʘʢʨʦʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʘʢʝʪʥʦʾ 

ʦʙʨʦʙʢʠ ʬʘʡʣʽʚ LAS/LAZ, ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʽʜʚʘʥʪʘʞʝʥʥʷ ʜʘʥʠʭ ʽʟ 

ʟʙʝʨʝʞʝʥʥʷʤ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʪʘʜʘʥʠʭ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʧʦʚʪʦʨʶʚʘʪʠ 

ʩʢʣʘʜʥʽ ʦʧʝʨʘʮʽʾ ʫ ʙʫʜʴ-ʷʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʟʘʜʘʥʽʡ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʂʣʶʯʦʚʦʶ ʬʫʥʢʮʽʻʶ ʤʘʢʨʦʩʽʚ ʻ ʧʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʭʤʘʨʠ ʪʦʯʦʢ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʘʚʪʦʤʘʪʠʯʥʝ ʚʠʜʘʣʝʥʥʷ ʥʝʢʦʨʝʢʪʥʠʭ ʘʙʦ ʽʟʦʣʴʦʚʘʥʠʭ ʪʦʯʦʢ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʯʝʨʝʟ ʘʨʪʝʬʘʢʪʠ ʩʝʥʩʦʨʽʚ, ʚʽʜʙʣʠʩʢʠ ʩʦʥʮʷ, ʨʫʭ ʪʚʘʨʠʥ ʘʙʦ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʌʽʣʴʪʨʘʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʚʠʩʦʪʠ, 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʪʷ ʪʘ ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ, ʱʦ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻ ʦʜʥʦʨʽʜʥʽʩʪʴ 

ʭʤʘʨʠ ʪʘ ʧʦʣʝʛʰʫʻ ʧʦʜʘʣʴʰʫ ʢʣʘʩʠʬʽʢʘʮʽʶ. ʄʘʢʨʦʩʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʘʶʪʴ 

ʢʣʶʯʦʚʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ, ʪʘʢʽ ʷʢ ˇʨʫʥʪ, ʙʫʜʽʚʣʽ, ʨʦʩʣʠʥʥʽʩʪʴ, ʚʦʜʥʽ ʦʙôʻʢʪʠ ʪʘ 

ʣʽʥʽʡʥʽ ʩʪʨʫʢʪʫʨʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʷʢ ʩʪʘʥʜʘʨʪʥʽ ʘʣʛʦʨʠʪʤʠ TerraScan 

(Progressive TIN Densification, CSF ð Cloth Simulation Filtering), ʪʘʢ ʽ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʚʠʜʽʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʟʘ ʚʠʩʦʪʦʶ, ʱʽʣʴʥʽʩʪʶ ʘʙʦ 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʣʷ ʙʫʜʽʚʝʣʴ ʤʘʢʨʦʩʠ ʬʦʨʤʫʶʪʴ ʪʨʠʢʫʪʥʫ 

ʩʽʪʢʫ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ ʪʦʯʦʢ ˇʨʫʥʪʫ, ʚʨʘʭʦʚʫʶʪʴ ʢʦʥʪʫʨʠ ʜʘʭʽʚ ʪʘ ʚʠʩʦʪʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ, ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʘʣʛʦʨʠʪʤʠ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʥʠʟʴʢʫ ʨʦʩʣʠʥʥʽʩʪʴ, ʢʫʱʽ, ʩʝʨʝʜʥʽ ʪʘ ʚʠʩʦʢʽ ʜʝʨʝʚʘ, ʘ ʚʦʜʥʽ 

ʦʙôʻʢʪʠ ʚʠʜʽʣʷʶʪʴʩʷ ʟʘ ʥʠʟʴʢʠʤ ʚʽʜʙʠʪʪʷʤ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʫ ʪʘ ʧʣʦʩʢʠʤ 

ʨʝʣʴʻʬʦʤ. ʃʽʥʽʡʥʽ ʩʪʨʫʢʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʧʨʷʤʦʣʽʥʽʡʥʽʩʪʶ ʪʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʠʩʦʪʥʠʤʠ ʧʨʦʬʽʣʷʤʠ. 

ʄʘʢʨʦʩʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʧʦʚʝʨʭʥʽ (TIN, DEM, 

DTM, DSM) ʪʘ ʚʝʢʪʦʨʥʽ ʢʦʥʪʫʨʠ ʦʙôʻʢʪʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʩʝʨʝʜʦʚʠʱʽ 

TerraScan / MicroStation. ɺʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ ʬʦʨʤʫʶʪʴ ʧʦʣʽʛʦʥʠ ʙʫʜʽʚʝʣʴ, 

ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ, ʢʦʥʪʫʨʠ ʜʦʨʽʛ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ ʨʝʣʴʻʬʫ, ʷʢʽ ʤʦʞʥʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʚ 3D-ʩʮʝʥʫ ʘʙʦ ʧʦʜʘʣʴʰʠʡ ɻɯʉ-ʘʥʘʣʽʟ. ʄʘʢʨʦʩʠ ʪʘʢʦʞ 



 

 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʧʨʦʮʝʩʽʚ: ʦʜʥʘʢʦʚʦ ʥʘʣʘʰʪʦʚʘʥʽ ʩʮʝʥʘʨʽʾ ʤʦʞʥʘ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʦ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʪʘ ʧʨʦʻʢʪʽʚ, ʱʦ ʧʽʜʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ ʦʙʨʦʙʢʠ. 

 

ʈʠʩ. 3.1 ɺʽʢʥʦ Macro ʟ ʤʦʜʫʣʷʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʤʠ. 

ɯʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʤʘʢʨʦʩʠ, ʚʢʣʶʯʘʶʪʴ ʢʦʤʘʥʜʠ ʜʣʷ 

ʘʚʪʦʤʘʪʠʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ ʰʫʤʽʚ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʯʦʢ ʟʘ ʢʣʘʩʘʤʠ, ʚʠʜʽʣʝʥʥʷ 

ʙʫʜʽʚʝʣʴ ʪʘ ʜʘʭʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʝʨʝʚ ʽ ʢʫʱʽʚ, 

ʛʝʥʝʨʘʮʽʾ ʢʦʥʪʫʨʽʚ ʙʫʜʽʚʝʣʴ, ʜʦʨʽʛ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ. ʄʦʜʫʣʽ ʤʘʢʨʦʩʫ 

ʦʙôʻʜʥʫʶʪʴ ʮʽ ʽʥʩʪʨʫʤʝʥʪʠ ʫ ʣʦʛʽʯʥʽ ʙʣʦʢʠ, ʥʘʧʨʠʢʣʘʜ ʤʦʜʫʣʴ ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ, ʤʦʜʫʣʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ˇʨʫʥʪʫ, ʤʦʜʫʣʴ ʚʠʜʽʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ ʤʦʜʫʣʴ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ. ʂʦʞʝʥ ʽʥʩʪʨʫʤʝʥʪ ʫ ʤʘʢʨʦʩʽ ʤʘʻ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ 

ʤʦʞʥʘ ʥʘʣʘʰʪʦʚʫʚʘʪʠ ʧʽʜ ʢʦʥʢʨʝʪʥʽ ʜʘʥʽ, ʥʘʧʨʠʢʣʘʜ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ 

ʚʠʩʦʪʠ, ʱʽʣʴʥʦʩʪʽ, ʧʣʦʱʽ ʘʙʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʨʝʢʪʥʦ ʦʙʨʦʙʣʷʪʠ 

ʭʤʘʨʠ ʪʦʯʦʢ ʨʽʟʥʦʾ ʷʢʦʩʪʽ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ. 



 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʨʦʩʽʚ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʽʚ, ʜʦʟʚʦʣʷʶʯʠ 

ʚʠʢʦʥʫʚʘʪʠ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʟʘʚʜʘʥʴ ʰʚʠʜʰʝ ʪʘ ʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʤʠʣʦʢ. 

ʄʘʢʨʦʩʠ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʷʢ ʫ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ, ʪʘʢ ʽ ʫ 

ʥʘʧʽʚʘʚʪʦʤʘʪʠʯʥʦʤʫ, ʧʦʻʜʥʫʶʯʠ ʟ ʨʫʯʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ TerraScan ʜʣʷ 

ʢʦʨʝʢʮʽʾ ʦʢʨʝʤʠʭ ʦʙôʻʢʪʽʚ ʘʙʦ ʩʢʣʘʜʥʠʭ ʜʽʣʷʥʦʢ. ʂʨʽʤ ʪʦʛʦ, ʤʘʢʨʦʩʠ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʚʯʘʪʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʪʚʦʨʶʚʘʪʠ ʚʣʘʩʥʽ ʩʮʝʥʘʨʽʾ, ʱʦ ʧʽʜʚʠʱʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʤʘʥʜʥʦʾ ʨʦʙʦʪʠ ʪʘ ʝʢʦʥʦʤʠʪʴ ʯʘʩ ʥʘ ʧʦʚʪʦʨʶʚʘʥʽ ʦʧʝʨʘʮʽʾ. 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʘʢʨʦʩʽʚ ʤʦʞʥʘ ʦʜʥʦʯʘʩʥʦ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʽ ʤʘʩʠʚʠ 

ʜʘʥʠʭ, ʚʽʜʥʦʚʣʶʚʘʪʠ ʢʣʘʩʠ ˇʨʫʥʪʫ, ʙʫʜʽʚʝʣʴ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʬʦʨʤʫʚʘʪʠ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʪʘ ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʚ 3D-ʩʮʝʥʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʄʘʢʨʦʩʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʫ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʦʙʢʠ, ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʤʦʞʣʠʚʽʩʪʴ 

ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʨʦʙʽʪ ʥʘ ʚʝʣʠʢʽ ʪʝʨʠʪʦʨʽʾ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʤʘʢʨʦʩʽʚ ʦʙʦʚôʷʟʢʦʚʦ ʧʨʠʩʢʦʨʶʻ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ 

LiDAR-ʜʘʥʠʭ. ɿʘʚʜʷʢʠ ʤʦʞʣʠʚʦʩʪʽ ʧʘʢʝʪʥʦʾ ʦʙʨʦʙʢʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʡʣʽʚ 

ʩʢʦʨʦʪʠʚʩʷ ʯʘʩ ʽʤʧʦʨʪʫ ʜʘʥʠʭ ʽʟ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ ʜʦ 1ï1,5 ʛʦʜʠʥʠ ʥʘ 

ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ. ʇʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʧʦʧʝʨʝʜʥʷ ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ 

ʜʦʟʚʦʣʠʣʘ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʥʝʢʦʨʝʢʪʥʠʭ ʪʦʯʦʢ ʽʟ 1200 ʜʦ 150 ʥʘ ʢʤĮ, ʱʦ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʣʦ ʷʢʽʩʪʴ ʭʤʘʨʠ ʪʦʯʦʢ. ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ 

ʟʘʙʝʟʧʝʯʠʣʘ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʟ 55% ʜʦ 70%, ʘ 

ʨʦʩʣʠʥʥʦʩʪʽ ð ʟ 70% ʜʦ 89%, ʟʘʚʜʷʢʠ ʚʨʘʭʫʚʘʥʥʶ ʚʠʩʦʪʥʠʭ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʭʤʘʨʠ ʪʦʯʦʢ. 

 

ʉʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ ʦʙôʻʢʪʽʚ ʩʪʘʣʦ ʰʚʠʜʢʠʤ ʪʘ 

ʽʥʪʝʛʨʫʻʪʴʩʷ ʫ MicroStation, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʫ ʚʽʟʫʘʣʽʟʘʮʽʶ ʪʝʨʠʪʦʨʽʾ ʫ 3D-

ʧʨʦʩʪʦʨʽ, ʘ ʪʘʢʦʞ ʧʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ ʽ ʧʣʘʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ. 

ʊʘʙʣʠʮʷ 3.2 

ʇʘʨʘʤʝʪʨ ɼʦ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʇʽʩʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʂʦʤʝʥʪʘʨ 



 

 

ʐʚʠʜʢʽʩʪʴ ʦʙʨʦʙʢʠ ~5 

ʛʦʜ/ʢʚʘʜʨʘʪʥʠʡ 

ʢʤ 

~2-2.5 

ʛʦʜ/ʢʚʘʜʨʘʪʥʠʡ ʢʤ 

ʇʘʢʝʪʥʘ ʦʙʨʦʙʢʘ ʽ 

ʤʘʢʨʦʩʠ 

ʊʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ 

55% 70% ʂʨʘʱʝ ʚʠʜʽʣʝʥʥʷ 

ʜʘʭʽʚ ʽ ʢʦʥʪʫʨʽʚ 

ʊʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʨʦʩʣʠʥʥʦʩʪʽ 

70% 89% ʈʦʟʧʦʜʽʣ ʧʦ ʚʠʩʦʪʽ ʽ 

ʱʽʣʴʥʦʩʪʽ ʪʦʯʦʢ 

ʂʽʣʴʢʽʩʪʴ 

ʥʝʢʦʨʝʢʪʥʠʭ ʪʦʯʦʢ 

1200 ʥʘ ʢʤĮ 150 ʥʘ ʢʤĮ ʇʦʢʨʘʱʝʥʘ 

ʬʽʣʴʪʨʘʮʽʷ ʰʫʤʽʚ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʨʦʮʝʩʫ 

ʯʘʩʪʢʦʚʘ ʧʦʚʥʘ ɺʩʽ ʢʣʶʯʦʚʽ ʝʪʘʧʠ 

ʢʝʨʫʶʪʴʩʷ 

ʤʘʢʨʦʩʘʤʠ 

 

3.3. ʈʦʟʨʦʙʣʝʥʥʷ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʋ ʤʝʞʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʨʦʟʨʦʙʢʫ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʤʘʢʨʦʩʽʚ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ MicroStation + TerraScan. ʆʩʥʦʚʥʘ 

ʤʝʪʘ ʧʦʣʷʛʘʣʘ ʫ ʧʨʠʩʢʦʨʝʥʥʽ ʦʙʨʦʙʢʠ ʭʤʘʨ ʪʦʯʦʢ, ʧʽʜʚʠʱʝʥʥʽ ʪʦʯʥʦʩʪʽ 

ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ ð ʙʫʜʽʚʝʣʴ ʽ ʨʦʩʣʠʥʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʫ 

ʟʘʙʝʟʧʝʯʝʥʥʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʪʘ 

ʟʘʙʫʜʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ʇʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʤʘʢʨʦʩʽʚ ʚʢʣʶʯʘʚ ʢʽʣʴʢʘ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ: 

1. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʭʤʘʨʠ ʪʦʯʦʢ 

ʅʘ ʧʦʯʘʪʢʦʚʦʤʫ ʝʪʘʧʽ ʤʘʢʨʦʩʠ ʘʚʪʦʤʘʪʠʯʥʦ ʽʤʧʦʨʪʫʶʪʴ ʜʘʥʽ LAS/LAZ, 

ʫʩʫʚʘʶʪʴ ʰʫʤʠ ʪʘ ʥʝʢʦʨʝʢʪʥʽ ʪʦʯʢʠ (ʽʟʦʣʴʦʚʘʥʽ ʪʦʯʢʠ ʚ ʧʦʚʽʪʨʽ, ʘʨʪʝʬʘʢʪʠ 

ʩʝʥʩʦʨʽʚ). ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʘ ʬʽʣʴʪʨʘʮʽʷ ʟʘ ʚʠʩʦʪʦʶ, 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʙʠʪʪʷ ʪʘ ʚʽʜʩʪʘʥʥʶ ʜʦ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ. ʎʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʦʜʥʦʨʽʜʥʫ ʭʤʘʨʫ ʪʦʯʦʢ, ʧʽʜʛʦʪʦʚʣʝʥʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ ʥʘ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʘʭ. 

2. ʂʣʘʩʠʬʽʢʘʮʽʷ ˇʨʫʥʪʫ 



 

 

ʄʘʢʨʦʩ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʜʽʣʷʻ ʪʦʯʢʠ ˇʨʫʥʪʫ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʘʣʛʦʨʠʪʤ 

Progressive TIN Densification, ʷʢʠʡ ʬʦʨʤʫʻ ʪʨʠʢʫʪʥʫ ʩʽʪʢʫ ʧʦʚʝʨʭʥʽ ʥʘ ʦʩʥʦʚʽ 

ʥʠʞʥʽʭ ʪʦʯʦʢ ʭʤʘʨʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʙʘʟʦʚʫ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

(ʎʄʈ), ʷʢʘ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʽʥʪʝʛʨʘʮʽʾ ʽʥʰʠʭ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ. 

ɼʦʜʘʪʢʦʚʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʦʜʥʦʨʽʜʥʽʩʪʴ ʚʠʩʦʪʥʠʭ ʟʥʘʯʝʥʴ ʪʘ 

ʚʠʢʣʶʯʘʶʪʴʩʷ ʘʥʦʤʘʣʴʥʽ ʪʦʯʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʧʣʠʥʫʪʠ ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʝʡ. 

3. ʂʣʘʩʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ 

ʄʘʢʨʦʩ ʜʣʷ ʙʫʜʽʚʝʣʴ ʧʦʻʜʥʫʻ ʚʠʩʦʪʥʫ ʬʽʣʴʪʨʘʮʽʶ ʪʘ ʘʣʛʦʨʠʪʤʠ ʚʠʜʽʣʝʥʥʷ 

ʢʦʥʪʫʨʽʚ ʜʘʭʽʚ. ɹʫʜʽʚʣʽ ʘʚʪʦʤʘʪʠʯʥʦ ʽʜʝʥʪʠʬʽʢʫʶʪʴʩʷ ʟʘ ʧʣʘʥʘʨʥʽʩʪʶ 

ʧʦʚʝʨʭʥʽ, ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʨʦʟʤʽʨʘʤʠ ʪʘ ʚʽʜʤʽʥʥʦʩʪʷʤʠ ʫ ʚʠʩʦʪʽ ʚʽʜ ˇʨʫʥʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʬʦʨʤʫʶʪʴ 2D-ʧʦʣʽʛʦʥʠ ʢʦʥʪʫʨʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ 

ʽʥʪʝʛʨʫʶʪʴʩʷ ʫ 3D-ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ ʫ MicroStation, ʟʘʙʝʟʧʝʯʫʶʯʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʘʣʴʰʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʪʦʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʩʪʦʨʦʚʠʭ ʚʟʘʻʤʦʟʚôʷʟʢʽʚ. 

4. ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʦʩʣʠʥʥʦʩʪʽ 

ʄʘʢʨʦʩ ʜʣʷ ʨʦʩʣʠʥʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʠʩʦʪʥʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʧʘʨʘʤʝʪʨʠ 

ʪʦʯʦʢ ʜʣʷ ʧʦʜʽʣʫ ʨʦʩʣʠʥʥʦʩʪʽ ʥʘ ʢʣʘʩʠ: 

¶ ʜʦ 1 ʤ ð ʥʠʟʴʢʘ ʨʦʩʣʠʥʥʽʩʪʴ ʽ ʢʫʱʽ, 

¶ 1ï15 ʤ ð ʩʝʨʝʜʥʷ ʜʝʨʝʚʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, 

¶ ʧʦʥʘʜ 15 ʤ ð ʚʠʩʦʢʽ ʜʝʨʝʚʘ. 

ɼʦʜʘʪʢʦʚʦ ʘʣʛʦʨʠʪʤ ʘʥʘʣʽʟʫʻ ʱʽʣʴʥʽʩʪʴ ʪʦʯʦʢ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʦʢʨʝʤʠʭ 

ʜʝʨʝʚʥʠʭ ʢʣʘʩʪʝʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʬʦʨʤʫʚʘʪʠ ʪʦʯʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʦʩʣʠʥʥʦʩʪʽ 

ʪʘ ʦʮʽʥʶʚʘʪʠ ʧʦʢʨʠʪʪʷ ʪʝʨʠʪʦʨʽʾ. ʈʦʟʧʦʜʽʣ ʟʘ ʚʠʩʦʪʦʶ ʪʘ ʱʽʣʴʥʽʩʪʶ ʟʘʙʝʟʧʝʯʫʻ 

ʢʦʨʝʢʪʥʫ ʽʥʪʝʛʨʘʮʽʶ ʨʦʩʣʠʥʥʦʩʪʽ ʫ 3D-ʩʮʝʥʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʧʨʦʩʪʦʨʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ ʣʽʩʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

5. ʇʘʢʝʪʥʘ ʦʙʨʦʙʢʘ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʢʨʦʩʠ ʜʦʟʚʦʣʷʶʪʴ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʢʣʶʯʦʚʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ 

ʭʤʘʨ ʪʦʯʦʢ ʪʘ ʟʤʝʥʰʠʪʠ ʨʫʯʥʝ ʚʪʨʫʯʘʥʥʷ ʦʧʝʨʘʪʦʨʘ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʘʢʝʪʥʫ ʦʙʨʦʙʢʫ ʬʘʡʣʽʚ LAS/LAZ, ʘʚʪʦʤʘʪʠʯʥʫ ʬʽʣʴʪʨʘʮʽʶ ʰʫʤʽʚ, 

ʢʣʘʩʠʬʽʢʘʮʽʶ ˇʨʫʥʪʫ, ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʙʫʜʽʚʝʣʴ, ʘ ʪʘʢʦʞ ʽʥʪʝʛʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ 

ʫ 3D-ʤʦʜʝʣʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʇʘʨʘʤʝʪʨʠ ʢʦʞʥʦʛʦ 



 

 

ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʤʘʢʨʦʩʽ ʥʘʣʘʰʪʦʚʫʶʪʴʩʷ ʧʽʜ ʢʦʥʢʨʝʪʥʫ ʜʽʣʷʥʢʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ ʽ ʧʽʜʚʠʱʫʻ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʇʝʨʰʠʡ ʤʘʢʨʦʩ: ʢʣʘʩʠʬʽʢʘʮʽʷ ʰʫʤʽʚ, ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ 

ʇʝʨʰʠʡ ʤʘʢʨʦʩ ʚʢʣʶʯʘʻ ʤʦʜʫʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ: 

ʇʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ ʭʤʘʨʠ ʪʦʯʦʢ, ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʬʽʣʴʪʨʘʮʽʻʶ ʰʫʤʽʚ ʟʘ 

ʚʠʩʦʪʦʶ, ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʚʽʜʙʠʪʪʷ ʪʘ ʚʽʜʩʪʘʥʥʶ ʜʦ ʩʫʩʽʜʥʽʭ ʪʦʯʦʢ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʜʘʣʷʪʠ ʥʝʢʦʨʝʢʪʥʽ ʪʦʯʢʠ, ʽʟʦʣʴʦʚʘʥʽ ʪʦʯʢʠ ʪʘ ʘʨʪʝʬʘʢʪʠ ʩʝʥʩʦʨʽʚ; 

ʂʣʘʩʠʬʽʢʘʮʽʶ ˇʨʫʥʪʫ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻ ʘʣʛʦʨʠʪʤ Progressive TIN 

Densification ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʦʾ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ; 

ʂʣʘʩʠʬʽʢʘʮʽʶ ʨʦʩʣʠʥʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʥʠʟʴʢʫ 

ʨʦʩʣʠʥʥʽʩʪʴ, ʢʫʱʽ, ʩʝʨʝʜʥʽ ʪʘ ʚʠʩʦʢʽ ʜʝʨʝʚʘ ʥʘ ʦʩʥʦʚʽ ʚʠʩʦʪʠ ʪʘ ʱʽʣʴʥʦʩʪʽ 

ʪʦʯʦʢ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʨʝʢʪʥʫ ʽʥʪʝʛʨʘʮʽʶ ʨʦʩʣʠʥʥʦʩʪʽ ʫ 3D-ʩʮʝʥʫ. 

ʎʝʡ ʤʘʢʨʦʩ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ, ʜʦʟʚʦʣʷʶʯʠ ʦʙʨʦʙʣʷʪʠ 

ʚʝʣʠʢʽ ʦʙôʻʤʠ ʜʘʥʠʭ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʪʘ ʟʤʝʥʰʫʶʯʠ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʤʠʣʦʢ. ɺʽʥ 

ʧʽʜʪʨʠʤʫʻ ʧʘʢʝʪʥʫ ʦʙʨʦʙʢʫ, ʱʦ ʩʢʦʨʦʯʫʻ ʯʘʩ ʽʤʧʦʨʪʫ ʬʘʡʣʽʚ ʜʦ 1ï1,5 ʛʦʜʠʥʠ 

ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʢʽʣʦʤʝʪʨ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʪʦʨʶʚʘʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ. 



 

 

 

ʈʠʩ. 3.2 ï ɺʽʢʥʦ ʧʝʨʰʦʛʦ ʤʘʢʨʦʩʫ ʟ ʤʦʜʫʣʷʤʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʰʫʤʽʚ, ˇʨʫʥʪʫ ʪʘ ʨʦʩʣʠʥʥʦʩʪʽ. 

ɼʨʫʛʠʡ ʤʘʢʨʦʩ: ʢʣʘʩʠʬʽʢʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʭʠʣʫ ʜʘʭʫ 

ɼʨʫʛʠʡ ʤʘʢʨʦʩ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴ. ɺʽʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʦʜʫʣʽ ʪʘ ʽʥʩʪʨʫʤʝʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ: 

ɺʠʩʦʪʥʽ ʪʘ ʧʨʦʩʪʦʨʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʜʽʚʝʣʴ, ʧʣʘʥʘʨʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ; 

ʅʘʭʠʣ ʜʘʭʫ, ʟ ʨʦʟʧʦʜʽʣʦʤ ʥʘ ʜʚʘ ʢʣʘʩʠ: ʚʽʜ 0 ʜʦ 15 ʛʨʘʜʫʩʽʚ ʪʘ ʧʦʥʘʜ 15 

ʛʨʘʜʫʩʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʬʦʨʤʫʚʘʪʠ ʢʦʥʪʫʨʠ ʜʘʭʽʚ ʽ 3D-ʤʦʜʝʣʽ ʙʫʜʽʚʝʣʴ; 

ɸʚʪʦʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ 2D-ʧʦʣʽʛʦʥʽʚ ʢʦʥʪʫʨʽʚ ʙʫʜʽʚʝʣʴ ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʽʥʪʝʛʨʘʮʽʾ ʫ MicroStation. 



 

 

ʎʝʡ ʤʘʢʨʦʩ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʽʜʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʧʨʦ ʙʫʜʽʚʣʽ, 

ʧʨʠʩʢʦʨʶʻ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʘ ʟʤʝʥʰʫʻ ʨʫʯʥʫ ʦʙʨʦʙʢʫ. ɺʽʥ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʷʢ 

ʩʘʤʦʩʪʽʡʥʦ, ʪʘʢ ʽ ʧʘʨʘʣʝʣʴʥʦ ʟ ʽʥʰʠʤʠ ʤʘʢʨʦʩʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʢʦʤʧʣʝʢʩʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʦʙʨʦʙʢʠ ʦʙôʻʢʪʽʚ ʟʘʙʫʜʦʚʠ. 

 

ʈʠʩ. 3.3 ï ɺʽʢʥʦ ʜʨʫʛʦʛʦ ʤʘʢʨʦʩʫ ʟ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʫʜʽʚʝʣʴ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʭʠʣʫ ʜʘʭʫ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʘʢʨʦʩʠ ʧʦʢʘʟʘʣʠ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʧʨʘʢʪʠʯʥʽʡ ʨʦʙʦʪʽ: 

ʚʦʥʠ ʩʢʦʨʦʯʫʶʪʴ ʯʘʩ ʦʙʨʦʙʢʠ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ, ʧʽʜʚʠʱʫʶʪʴ ʪʦʯʥʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʽ ʜʦʟʚʦʣʷʶʪʴ ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ 3D-ʩʝʨʝʜʦʚʠʱʝ 



 

 

ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʣʘʥʫʚʘʥʥʷ ʽʥʞʝʥʝʨʥʠʭ 

ʤʝʨʝʞ.. 

ʆʩʥʦʚʥʽ ʟʘʩʦʙʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʫ MicroStation + TerraScan 

ʊʘʙʣʠʮʷ 3.3 

ɿʘʩʽʙ / 

ɯʥʩʪʨʫʤʝʥʪ 

ʊʠʧ ʦʙôʻʢʪʘ ʇʨʠʟʥʘʯʝʥʥʷ ʂʦʤʝʥʪʘʨ / 

ʆʩʦʙʣʠʚʦʩʪʽ 

Progressive 

TIN 

Densification 

ˆʨʫʥʪ ʇʦʙʫʜʦʚʘ 

ʦʯʠʱʝʥʦʾ 

ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ 

ʇʦʩʪʫʧʦʚʝ 

ʫʱʽʣʴʥʝʥʥʷ 

ʪʨʠʘʥʛʫʣʷʮʽʡʥʦʾ ʩʽʪʢʠ 

ʜʦʟʚʦʣʷʻ ʚʠʦʢʨʝʤʠʪʠ 

ʪʦʯʢʠ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ 

ʌʽʣʴʪʨʘʮʽʷ  ʐʫʤʠ ɺʽʜʜʽʣʝʥʥʷ 

ʚʠʩʦʢʠʭ 

ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʦʙôʻʢʪʽʚ 

ʇʨʘʮʶʻ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ 

ʚʠʩʦʪʠ 

ʄʘʢʨʦʩʠ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ 

ɹʫʜʽʚʣʽ / 

ʈʦʩʣʠʥʥʽʩʪʴ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʦʙʨʦʙʢʠ ʪʘ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʯʦʢ 

ʇʽʜʪʨʠʤʫʻ 

ʧʘʨʘʤʝʪʨʠʟʘʮʽʶ ʟʘ 

ʚʠʩʦʪʦʶ, ʛʫʩʪʦʪʦʶ, 

ʧʣʦʱʠʥʥʽʩʪʶ 

Vectorization ɹʫʜʽʚʣʽ ɻʝʥʝʨʘʮʽʷ 

ʢʦʥʪʫʨʽʚ ʩʧʦʨʫʜ 

ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʌʦʨʤʫʻ ʧʦʣʽʛʦʥʠ, ʱʦ 

ʤʦʞʫʪʴ ʙʫʪʠ 

ʽʤʧʦʨʪʦʚʘʥʽ ʫ ʉɸʇʈ 

ʂʣʘʩʠʬʽʢʘʮʽʷ 

ʨʦʩʣʠʥʥʦʩʪʽ 

ɼʝʨʝʚʘ / 

ʏʘʛʘʨʥʠʢʠ 

ɺʠʷʚʣʝʥʥʷ ʪʘ 

ʩʪʨʫʢʪʫʨʠʟʘʮʽʷ 

ʦʙôʻʢʪʽʚ 

ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʢʨʠʚʫ 

ɺʠʢʦʨʠʩʪʦʚʫʻ ʘʥʘʣʽʟ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʚʠʩʦʪʠ 

ʪʘ ʱʽʣʴʥʦʩʪʽ 

3D-

ʤʦʜʝʣʶʚʘʥʥʷ 

ʈʝʣʴʻʬ / 

ɹʫʜʽʚʣʽ / 

ʈʦʩʣʠʥʥʽʩʪʴ 

ʉʪʚʦʨʝʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ 

ʮʠʬʨʦʚʦʾ ʩʮʝʥʠ 

ɿʘʙʝʟʧʝʯʫʻ 

ʽʥʪʝʨʘʢʪʠʚʥʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʙʨʦʙʢʠ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʤʝʞʘʭ ʮʽʻʾ ʨʦʙʦʪʠ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʜʝʪʘʣʴʥʦ ʚʩʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʧʘʨʘʤʝʪʨʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʤʘʢʨʦʩʽʚ. ʂʦʞʝʥ ʤʘʢʨʦʩ 

ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʤʦʜʫʣʽʚ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʰʫʤʽʚ, 

ˇʨʫʥʪʫ, ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʙʫʜʽʚʝʣʴ. ʂʣʘʩʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʘʢʨʦʩʫ ʤʦʞʥʘ 

ʬʽʟʠʯʥʦ ʧʝʨʝʛʣʷʥʫʪʠ ʥʘ ʦʩʥʦʚʽ ʩʢʨʽʥʰʦʪʽʚ, ʧʨʦʪʝ ʜʦʢʣʘʜʥʠʡ ʦʧʠʩ ʢʦʞʥʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ, ʡʦʛʦ ʧʘʨʘʤʝʪʨʽʚ ʽ ʘʣʛʦʨʠʪʤʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 



 

 

ʜʘʥʦʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʝ ʟʘʚʜʘʥʥʷ ʤʘʢʨʦʩʽʚ ð ʟʘʙʝʟʧʝʯʠʪʠ ʰʚʠʜʢʫ, ʝʬʝʢʪʠʚʥʫ 

ʪʘ ʧʦʚʪʦʨʶʚʘʥʫ ʦʙʨʦʙʢʫ ʭʤʘʨ ʪʦʯʦʢ, ʧʦʣʝʛʰʠʪʠ ʨʦʙʦʪʫ ʦʧʝʨʘʪʦʨʘ ʪʘ 

ʽʥʪʝʛʨʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʫ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ, ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʣʘʥʫʚʘʥʥʷ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʪʘ ʦʧʠʩʘʥʦ 

ʤʝʪʦʜʠʢʫ ʦʙʨʦʙʢʠ LiDAR-ʜʘʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ MicroStation + TerraScan, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʧʽʜ ʯʘʩ ʚʠʨʦʙʥʠʯʦʾ ʧʨʘʢʪʠʢʠ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ 

ʟʘʩʦʙʘʤ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʙʫʜʦʚʽ 3D-ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʫ ʡ ʟʘʙʫʜʦʚʠ. 

ɺʧʨʦʚʘʜʞʝʥʽ ʤʘʢʨʦʩʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʜʦʟʚʦʣʠʣʠ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʨʦʙʦʪʫ ʟ 

ʭʤʘʨʦʶ ʪʦʯʦʢ, ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʬʦʨʤʫʚʘʥʥʷ ʙʘʟʦʚʠʭ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʪʚʦʨʶʶʪʴ ʥʘʜʽʡʥʫ ʦʩʥʦʚʫ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ LiDAR-ʪʝʭʥʦʣʦʛʽʡ ʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ 

ʪʝʨʠʪʦʨʽʡ ʪʘ ʜʘʶʪʴ ʟʤʦʛʫ ʙʽʣʴʰ ʪʦʯʥʦ ʽ ʰʚʠʜʢʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʧʦʚôʷʟʘʥʽ 

ʟ ʧʨʦʩʪʦʨʦʚʠʤ ʘʥʘʣʽʟʦʤ ʽ 3D-ʤʦʜʝʣʶʚʘʥʥʷʤ ʦʙôʻʢʪʽʚ. 

  



 

 

 

 

 

 

 

 

 

 

 

 

ʈʆɿɼɯʃ 4 ʇʈɸʂʊʀʏʅɸ ɸʇʈʆɹɸʎɯʗ ɿɸʉʆɹɯɺ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ʃɯɼɸʈʅʀʍ ɼɸʅʀʍ 

ɼʃʗ ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʊɽʈʀʊʆʈɯʁ 



 

 

ʈʆɿɼɯʃ 4. ʇʈɸʂʊʀʏʅɸ ɸʇʈʆɹɸʎɯʗ ɿɸʉʆɹɯɺ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɰ ʆɹʈʆɹʂʀ ʃɯɼɸʈʅʀʍ ɼɸʅʀʍ ɼʃʗ 

ʂɸʈʊʆɻʈɸʌʋɺɸʅʅʗ ʊɽʈʀʊʆʈɯʁ 

4.1. ʂʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʅʽʤʝʯʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ 

ʋ ʤʝʞʘʭ ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʘʢʪʠʯʥʫ ʘʧʨʦʙʘʮʽʶ 

ʨʦʟʨʦʙʣʝʥʠʭ ʤʘʢʨʦʩʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʽʤʝʯʯʠʥʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʜʘʨʥʠʭ 

ʜʘʥʠʭ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ ʝʪʘʧʫ ʙʫʣʦ ʪʝʩʪʫʚʘʥʥʷ ʤʘʢʨʦʩʽʚ ʥʘ ʨʽʟʥʠʭ 

ʜʽʣʷʥʢʘʭ, ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʪʝʤʘʪʠʯʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʭʤʘʨ ʪʦʯʦʢ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ ʽ 3D-ʤʦʜʝʣʝʡ ʟʘʙʫʜʦʚʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʦʙʨʦʙʢʠ ʩʧʝʨʰʫ ʧʽʜʛʦʪʦʚʣʝʥʦ ʭʤʘʨʫ ʪʦʯʦʢ ʫ ʥʫʣʴʦʚʦʤʫ 

ʢʣʘʩʽ, ʜʝ ʚʩʽ ʪʦʯʢʠ ʱʝ ʥʝ ʢʣʘʩʠʬʽʢʦʚʘʥʽ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʭʤʘʨʘ ʚʽʜʦʙʨʘʞʘʻ 

ʧʦʯʘʪʢʦʚʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʧʦʜʽʣʫ ʥʘ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʚʠʭʽʜʥʠʡ ʩʪʘʥ ʣʽʜʘʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

 

ʄʘʣʶʥʦʢ 4.1 ï ʍʤʘʨʘ ʪʦʯʦʢ ʫ ʥʫʣʴʦʚʦʤʫ ʢʣʘʩʽ. 

 

ɼʘʣʽ ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʽ ʤʘʢʨʦʩʠ ʜʣʷ ʪʝʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ. 

ʇʝʨʰʠʡ ʤʘʢʨʦʩ ʦʙôʻʜʥʫʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʰʫʤʽʚ, ˇʨʫʥʪʫ ʪʘ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʤʘʢʨʦʩʫ ʭʤʘʨʘ ʪʦʯʦʢ ʦʪʨʠʤʫʻ ʩʪʨʫʢʪʫʨʦʚʘʥʫ 



 

 

ʪʝʤʘʪʠʯʥʫ ʬʦʨʤʫ, ʜʝ ʨʽʟʥʽ ʢʣʘʩʠ ʦʙôʻʢʪʽʚ ʚʽʟʫʘʣʴʥʦ ʚʽʜʦʢʨʝʤʣʝʥʽ: ʰʫʤʦʚʽ 

ʪʦʯʢʠ ʽʟʦʣʴʦʚʘʥʽ ʪʘ ʚʠʢʣʶʯʝʥʽ, ʪʦʯʢʠ ˇʨʫʥʪʫ ʚʠʜʽʣʝʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ, ʘ ʨʦʩʣʠʥʥʽʩʪʴ ʧʦʜʽʣʝʥʘ ʥʘ ʥʠʟʴʢʫ, 

ʩʝʨʝʜʥʶ ʪʘ ʚʠʩʦʢʫ ʟʘ ʚʠʩʦʪʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ʈʠʩ. 4.2 ʍʤʘʨʘ ʪʦʯʦʢ ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʰʫʤʽʚ ʽ ʛʨʫʥʪʫ ʚʽʜ 0 ʢʣʘʩʫ. 

 

ʈʠʩ. 4.3 ʍʤʘʨʘ ʪʦʯʦʢ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʩʣʠʥʥʦʩʪʽ. 



 

 

 

ʈʠʩ. 4.4 ʍʤʘʨʘ ʪʦʯʦʢ ʧʽʩʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʘʢʨʦʩʦʤ. 

 

ʈʠʩ. 4.5 ʋʤʦʚʥʽ ʧʦʟʥʘʯʝʥʥʷ ʢʣʘʩʽʚ. 

 

ʅʘ ʤʘʣʶʥʢʫ ʚʠʜʥʦ ʛʘʨʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʫ ʟʘʙʫʜʦʚʫ, ʷʢʘ ʙʫʣʘ ʦʙʨʦʙʣʝʥʘ 

ʤʘʢʨʦʩʦʤ. 

ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʽʚ ʥʝʢʦʨʝʢʪʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʧʽʜʛʦʪʦʚʣʝʥʦ ʭʤʘʨʫ ʪʦʯʦʢ ʽʟ ʧʦʤʠʣʢʘʤʠ ʫ ʚʠʜʽʣʝʥʥʽ ˇʨʫʥʪʫ ʪʘ ʦʙôʻʢʪʽʚ 

ʨʦʩʣʠʥʥʦʩʪʽ. ʎʝʡ ʧʨʠʢʣʘʜ ʽʣʶʩʪʨʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʢʨʦʩʫ ʜʣʷ 

ʢʦʨʝʢʮʽʾ. 



 

 

 

 

 

 

ʈʠʩʶ. 4.6 ï ʍʤʘʨʘ ʪʦʯʦʢ ʟ ʧʦʤʠʣʢʦʚʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʦʙôʻʢʪʽʚ ʪʘ 

ˇʨʫʥʪʫ. 



 

 

ɺʠʧʨʘʚʣʝʥʥʷ ʥʝʢʦʨʝʢʪʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʟʜʽʡʩʥʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʤʘʢʨʦʩʫ, ʷʢʠʡ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʘʚʪʦʨʦʤ ʨʦʙʦʪʠ. 

ʄʘʢʨʦʩ ʘʚʪʦʤʘʪʠʯʥʦ ʚʽʜʥʦʚʣʶʻ ʢʣʘʩʠ ˇʨʫʥʪʫ, ʢʦʨʝʢʪʥʦ ʽʥʪʝʛʨʫʻ ʪʦʯʢʠ 

ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʰʫʤʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʦʜʥʦʨʽʜʥʽʩʪʴ ʭʤʘʨʠ ʪʘ ʧʨʘʚʠʣʴʥʫ 

ʪʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ. 

 

 

 

ʄʘʣʶʥʦʢ 4.7 ï ʍʤʘʨʘ ʪʦʯʦʢ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʢʨʦʩʫ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ 

ʪʦʯʦʢ ʛʨʫʥʪʫ. 

 

ʇʽʩʣʷ ʪʝʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʦʚʝʜʝʥʦ ʩʪʚʦʨʝʥʥʷ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ 

ʨʝʣʴʻʬʫ (ʎʄʈ) ʪʘ 3D-ʤʦʜʝʣʽ ʟʘʙʫʜʦʚʠ. ʎʽ ʤʦʜʝʣʽ ʬʦʨʤʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ ʪʦʯʦʢ ˇʨʫʥʪʫ ʪʘ ʙʫʜʽʚʝʣʴ. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

ʜʦʟʚʦʣʷʻ ʚʽʜʪʚʦʨʶʚʘʪʠ ʨʝʣʴʻʬʥʫ ʩʪʨʫʢʪʫʨʫ ʪʝʨʠʪʦʨʽʾ, ʘ 3D-ʤʦʜʝʣʴ ʟʘʙʫʜʦʚʠ 

ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ ʙʫʜʽʚʝʣʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʪʫʨʽʚ ʪʘ ʚʠʩʦʪ.  



 

 

 

 

ʈʠʩ. 4.8 ï ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ 

 

ʈʠʩ. 4.9 ï 3D ʤʦʜʝʣʴ ʟʘʙʫʜʦʚʠ 

 



 

 

ʈʠʩ. 4.10. ʆʛʣʷʜ 3D ʤʦʜʝʣʝʡ ʙʫʜʠʥʢʽʚ. 

ʅʘ ʨʠʩʫʥʢʫ 4.8 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʽʚʝʣʴ, ʦʪʨʠʤʘʥʠʡ ʫ ʩʝʨʝʜʦʚʠʱʽ MicroStation ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʦʚʘʥʦʾ 

ʭʤʘʨʠ ʪʦʯʦʢ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʦʾ ʤʦʜʝʣʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ: 

ʙʣʠʟʴʢʦ 40 % ʙʫʜʽʚʝʣʴ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʾʭʥʽʡ ʨʝʘʣʴʥʽʡ ʛʝʦʤʝʪʨʽʾ, ʘ ʟʥʘʯʥʘ 

ʯʘʩʪʠʥʘ ʩʧʦʨʫʜ ʚʽʜʪʚʦʨʝʥʘ ʽʟ ʩʫʪʪʻʚʠʤʠ ʧʦʭʠʙʢʘʤʠ ʫ ʚʠʩʦʪʽ, ʧʣʦʱʠʥʥʦʩʪʽ ʪʘ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʜʘʭʽʚ. 

ʆʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʪʘʢʦʾ ʥʝʪʦʯʥʦʩʪʽ ʻ ʦʙʤʝʞʝʥʘ ʟʜʘʪʥʽʩʪʴ ʘʣʛʦʨʠʪʤʽʚ 

ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʢʦʨʝʢʪʥʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʭʤʘʨʫ ʪʦʯʦʢ ʫ ʱʽʣʴʥʦ 

ʟʘʙʫʜʦʚʘʥʠʭ ʨʘʡʦʥʘʭ, ʜʝ ʙʫʜʠʥʢʠ ʤʘʶʪʴ ʩʢʣʘʜʥʽ ʢʦʥʪʫʨʠ, ʨʽʟʥʽ ʢʫʪʠ ʥʘʭʠʣʫ 

ʧʦʢʨʽʚʣʽ ʪʘ ʤʘʣʫ ʚʽʜʩʪʘʥʴ ʤʽʞ ʩʧʦʨʫʜʘʤʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʘʣʛʦʨʠʪʤ ʧʨʘʮʶʻ 

ʥʝʩʪʘʙʽʣʴʥʦ: ʧʦʢʨʽʚʣʽ ʨʦʟʧʽʟʥʘʶʪʴʩʷ ʥʝʧʦʚʥʽʩʪʶ, ʢʦʥʪʫʨʠ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʘ 

ʤʽʩʮʷʤʠ ʙʫʜʽʚʣʽ ʬʦʨʤʫʶʪʴʩʷ ʷʢ ʩʫʮʽʣʴʥʽ ʟʣʠʪʽ ʦʙôʻʢʪʠ. 

ɼʦʜʘʪʢʦʚʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ ʻ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʢʦʨʝʢʪʥʦʛʦ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ. ʋ 

ʤʽʩʮʷʭ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʥʘ ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ ʻ ʥʠʟʴʢʦʶ, ʘʣʛʦʨʠʪʤ ʥʝ ʤʦʞʝ 

ʧʨʘʚʠʣʴʥʦ ʩʬʦʨʤʫʚʘʪʠ ʧʣʦʱʠʥʥʽ ʝʣʝʤʝʥʪʠ ʪʘ ʚʽʜʦʢʨʝʤʠʪʠ ʦʢʨʝʤʽ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ. ʏʝʨʝʟ ʮʝ ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ, ʱʦ ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʤʦʜʝʣʽ ʚ ʧʦʜʘʣʴʰʠʭ ɻɯʉ-

ʧʨʦʻʢʪʘʭ, ʟʦʢʨʝʤʘ ʫ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʢʘʜʘʩʪʨʦʚʠʭ ʨʦʙʦʪʘʭ ʯʠ ʘʥʘʣʽʟʽ ʤʽʩʴʢʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʙʫʣʘ ʚʠʟʥʘʥʘ ʥʝʧʨʠʜʘʪʥʦʶ 

ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʘ ʧʦʜʘʣʴʰʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ 

ʚʨʫʯʥʫ. ʈʫʯʥʘ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʙʫʜʽʚʝʣʴ ʫ MicroStation ʜʘʣʘ ʟʤʦʛʫ ʩʫʪʪʻʚʦ 

ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʽʾ, ʦʩʢʽʣʴʢʠ ʦʧʝʨʘʪʦʨ ʢʦʨʠʛʫʚʘʚ 

ʢʦʥʪʫʨʠ ʩʧʦʨʫʜ, ʫʪʦʯʥʶʚʘʚ ʬʦʨʤʠ ʜʘʭʽʚ ʪʘ ʘʜʘʧʪʫʚʘʚ ʤʦʜʝʣʽ ʜʦ ʨʝʘʣʴʥʠʭ ʤʝʞ 

ʟʘʙʫʜʦʚʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʨʫʯʥʫ ʚʠʧʨʘʚʣʝʥʦʾ ʢʣʘʩʠʬʽʢʦʚʘʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʪʦʧʦʛʨʘʬʽʯʥʫ ʢʘʨʪʫ, ʦʪʨʠʤʘʥʫ ʰʣʷʭʦʤ ʧʦʻʜʥʘʥʥʷ ʙʘʟʦʚʦʛʦ LiDAR-ʩʢʘʥʫʚʘʥʥʷ 



 

 

ʪʘ ʜʝʪʘʣʴʥʦʾ ʚʝʢʪʦʨʠʟʘʮʽʾ. ʋ ʧʨʦʮʝʩʽ ʪʦʧʦʛʨʘʬʽʯʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʚʜʘʣʦʩʷ 

ʚʽʜʪʚʦʨʠʪʠ: 

¶ ʙʫʜʽʚʣʽ ʟ ʚʠʩʦʢʦʶ ʛʝʦʤʝʪʨʠʯʥʦʶ ʪʦʯʥʽʩʪʶ; 

¶ ʜʝʨʝʚʦʩʪʽʡ ʪʘ ʦʢʨʝʤʽ ʜʝʨʝʚʘ ʟʘ ʜʘʥʠʤʠ ʢʣʘʩʠʬʽʢʘʮʽʾ ʨʦʩʣʠʥʥʦʩʪʽ; 

¶ ʣʽʥʽʡʥʽ ʦʙôʻʢʪʠ (ʜʦʨʦʛʠ, ʩʪʝʞʢʠ, ʧʘʨʢʘʥʠ, ʽʥʞʝʥʝʨʥʽ ʝʣʝʤʝʥʪʠ); 

¶ ʨʽʯʢʠ ʪʘ ʜʨʽʙʥʽ ʚʦʜʦʪʦʢʠ; 

¶ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʷʢʽʩʥʫ ʪʦʧʦʛʨʘʬʽʯʥʫ ʢʘʨʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʪʦʯʥʦʩʪʽ ʪʘ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʣʷ ʨʽʟʥʠʭ ɻɯʉ-ʥʘʧʨʷʤʢʽʚ. ʈʫʯʥʝ 

ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʟʘʙʝʟʧʝʯʠʣʦ ʧʨʘʚʠʣʴʥʝ ʛʝʦʤʝʪʨʠʯʥʝ ʚʽʜʪʚʦʨʝʥʥʷ ʬʦʨʤ 

ʩʧʦʨʫʜ, ʱʦ ʢʘʨʜʠʥʘʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʝ, ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʥʝ ʟʘʙʝʟʧʝʯʠʣʦ ʧʨʠʡʥʷʪʥʦʾ 

ʪʦʯʥʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

 

 

ʈʠʩ. 4.11 ʈʝʟʫʣʴʪʘʪ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʨʫʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʠʥʢʫ ʟʘ 

ʣʽʜʘʨʥʠʤʠ ʜʘʥʠʤʠ 



 

 

 

ʈʠʩ. 4.12 ʈʝʟʫʣʴʪʘʪ ʚʠʩʦʢʦʪʦʯʥʦʛʦ ʨʫʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʠʥʢʫ ʟʘ 

ʣʽʜʘʨʥʠʤʠ ʜʘʥʠʤʠ 

ʅʘ ʨʠʩʫʥʢʫ 4.10 ʪʘ 4.11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪ ʨʫʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʙʫʜʠʥʢʫ, ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʦʩʥʦʚʽ ʦʯʠʱʝʥʠʭ ʪʘ ʢʦʨʝʢʪʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʠʭ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʘʚʪʦʤʘʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʧʦʙʫʜʦʚʠ 3D-

ʛʝʦʤʝʪʨʽʾ, ʨʫʯʥʘ ʚʝʢʪʦʨʠʟʘʮʽʷ ʟʘʙʝʟʧʝʯʠʣʘ ʩʫʪʪʻʚʦ ʚʠʱʫ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʜʦʩʪʦʚʽʨʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʘʢʪʠʯʥʽʡ ʬʦʨʤʽ ʙʫʜʽʚʣʽ. 

ʋ ʭʦʜʽ ʜʝʪʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʧʦʭʠʙʢʘ ʧʨʠ ʨʫʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 2 ʩʤ, ʘ ʤʽʥʽʤʘʣʴʥʘ ʩʪʘʥʦʚʠʪʴ 

ʙʣʠʟʴʢʦ 0,5 ʩʤ. ʊʘʢʽ ʧʦʢʘʟʥʠʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʪʦʯʥʦʩʪʽ, ʱʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ ʜʦ ʩʪʚʦʨʝʥʥʷ 

ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ ʤʘʩʰʪʘʙʽʚ 1:500 ï 1:1000. ʉʘʤʝ ʥʘ ʦʩʥʦʚʽ ʪʘʢʦʾ 

ʚʠʩʦʢʦʪʦʯʥʦʩʪʽ ʩʪʘʣʦ ʤʦʞʣʠʚʠʤ ʩʬʦʨʤʫʚʘʪʠ ʬʽʥʘʣʴʥʫ ʪʦʧʦʛʨʘʬʽʯʥʫ ʢʘʨʪʫ 

ʪʝʨʠʪʦʨʽʾ, ʦʪʨʠʤʘʥʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʦʤʧʣʝʢʩʥʦʾ ʦʙʨʦʙʢʠ ʪʘ ʜʝʪʘʣʴʥʦʾ 

ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ. 

ʆʪʨʠʤʘʥʘ 3D-ʤʦʜʝʣʴ ʙʫʜʠʥʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ: 

¶ ʯʽʪʢʠʤ ʦʢʨʝʩʣʝʥʥʷʤ ʢʦʥʪʫʨʽʚ, ʙʝʟ ʩʧʦʪʚʦʨʝʥʴ ʪʘ ʟʤʽʱʝʥʴ; 



 

 

¶ ʪʦʯʥʦʶ ʨʝʢʦʥʩʪʨʫʢʮʽʻʶ ʢʫʪʽʚ ʽ ʧʝʨʝʣʦʤʽʚ ʧʦʚʝʨʭʦʥʴ; 

¶ ʧʦʚʥʦʶ ʚʽʜʧʦʚʽʜʥʽʩʪʶ ʨʝʘʣʴʥʠʤ ʨʦʟʤʽʨʘʤ ʽ ʛʝʦʤʝʪʨʽʾ ʦʙôʻʢʪʘ; 

¶ ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʦʧʦʨʥʠʭ ʪʦʯʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʫʥʠʢʥʫʪʠ ʘʨʪʝʬʘʢʪʽʚ 

ʥʘ ʬʘʩʘʜʘʭ ʪʘ ʧʦʢʨʽʚʣʽ. 

ɿʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʷʢʽʩʥʠʭ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ, ʨʫʯʥʦʾ ʚʝʢʪʦʨʠʟʘʮʽʾ ʪʘ 

ʢʦʥʪʨʦʣʶ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʘʥʘ ʙʫʜʽʚʣʷ ʚʽʜʧʦʚʽʜʘʻ ʚʠʩʦʢʠʤ 

ʚʠʤʦʛʘʤ ʜʦ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʪʦʯʥʦʩʪʽ. ʎʝ ʟʘʙʝʟʧʝʯʠʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ ʜʘʥʠʭ ʫ ɻɯʉ-ʘʥʘʣʽʟʘʭ, ʽʥʞʝʥʝʨʥʠʭ ʟʘʜʘʯʘʭ ʪʘ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʬʽʥʘʣʴʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ, ʷʢʘ ʨʝʧʨʝʟʝʥʪʫʻ ʩʪʨʫʢʪʫʨʫ ʤʽʩʮʝʚʦʩʪʽ ʟ 

ʚʠʩʦʢʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʶ. 

 

 

ʈʠʩ. 4.13 ʌʽʥʘʣʴʥʘ ʪʦʧʦʛʨʘʬʽʯʥʘ ʢʘʨʪʘ, ʩʬʦʨʤʦʚʘʥʘ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʙʨʦʙʢʠ 

ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ. 

 

ɹʽʣʽ ʣʽʥʽʾ ï ʟʘʣʽʟʥʠʮʷ ʪʘ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ɾʦʚʪʠʡ ï ʢʫʱʽ ʪʘ ʥʠʟʴʢʽ ʟʘʨʦʩʪʽ. 

ɿʝʣʝʥʠʡ ï ʜʝʨʝʚʘ (ʦʢʨʝʤʽ ʩʪʦʚʙʫʨʠ / ʢʨʦʥʠ). 

ʉʠʥʽʡ ï ʙʫʜʠʥʢʠ ʪʘ ʩʧʦʨʫʜʠ. 



 

 

ʉʠʥʽʡ ʟ ʯʝʨʚʦʥʠʤ ï ʜʦʨʦʛʠ ʪʘ ʝʣʝʤʝʥʪʠ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ. 

ʆʨʘʥʞʝʚʠʡ ï ʨʝʣʴʻʬ (ʥʘʩʠʧʠ, ʫʢʦʩʠ). 

ʈʦʞʝʚʠʡ / ʙʽʣʠʡ ï ʛʫʩʪʘ ʚʠʩʦʢʘ ʨʦʩʣʠʥʥʽʩʪʴ. 

 

ɼʦʜʘʪʢʦʚʦ, ʧʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʨʫʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʜʽʚʝʣʴ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʪʦʯʥʦʾ ʪʦʧʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʱʝ ʦʜʥʦʛʦ ʨʦʟʨʦʙʣʝʥʦʛʦ ʤʘʢʨʦʩʫ ʥʘ ʽʥʰʦʤʫ ʧʨʦʻʢʪʽ, ʷʢʠʡ ʩʪʦʩʫʚʘʚʩʷ ʦʙʨʦʙʢʠ 

ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʫ ʧʨʠʙʝʨʝʞʥʽʡ ʤʦʨʩʴʢʽʡ ʟʦʥʽ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʮʴʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʚʠʟʥʘʯʝʥʥʷ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ, ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʧʽʜʚʦʜʥʦʛʦ ʨʝʣʴʻʬʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʪʝʭʥʽʯʥʦʛʦ 

ʟʘʚʜʘʥʥʷ. 

ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʧʦʧʝʨʝʜʥʴʦ ʧʦʙʫʜʦʚʘʥʦ ʩʠʥʪʝʪʠʯʥʽ ʪʦʯʢʠ, ʷʢʽ 

ʦʢʨʝʩʣʶʚʘʣʠ ʚʝʨʭʥʶ ʤʝʞʫ ʘʢʚʘʪʦʨʽʾ ð ʫʤʦʚʥʠʡ ʢʦʥʪʫʨ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘ 

ʦʩʥʦʚʽ ʮʠʭ ʩʠʥʪʝʪʠʯʥʠʭ ʪʦʯʦʢ ʬʦʨʤʫʚʘʚʩʷ ʟʘʤʢʥʝʥʠʡ ʧʦʣʽʛʦʥ ʥʘʚʢʦʣʦ 

ʤʦʨʩʴʢʦʾ ʯʘʩʪʠʥʠ ʪʝʨʠʪʦʨʽʾ. ʇʽʩʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʚʘʚʩʷ ʟʘʧʫʩʢ ʤʘʢʨʦʩʫ, ʷʢʠʡ 

ʟʜʽʡʩʥʶʚʘʚ ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʪʦʯʦʢ ʫ ʪʨʴʦʭ ʪʝʤʘʪʠʯʥʠʭ 

ʢʣʘʩʘʭ: ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ, ʚʦʜʥʠʡ ˇʨʫʥʪ ʪʘ ʚʦʜʘ. 

 

ʈʠʩ. 4.14 ɺʽʢʥʦ Macro ʟ ʥʘʧʠʩʘʥʠʤ ʤʘʢʨʦʩʦʤ ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʚʘʚʩʷ. 



 

 

ʄʘʢʨʦʩ ʧʨʘʮʶʚʘʚ ʟʘ ʧʨʠʥʮʠʧʦʤ ʧʦʩʣʽʜʦʚʥʦʾ ʣʦʛʽʯʥʦʾ ʬʽʣʴʪʨʘʮʽʾ. ʋʩʽ 

ʪʦʯʢʠ ˇʨʫʥʪʫ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʩʠʥʪʝʪʠʯʥʠʭ ʪʦʯʦʢ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʧʝʨʝʚʦʜʠʣʠʩʴ ʫ ʢʣʘʩ ʚʦʜʥʠʡ ˇʨʫʥʪ. ʊʦʯʢʠ, ʱʦ ʧʦʪʨʘʧʣʷʣʠ ʫ ʧʨʦʤʽʞʦʢ ʤʽʞ 

ʢʣʘʩʦʤ ʚʦʜʥʦʛʦ ˇʨʫʥʪʫ ʪʘ ʚʦʜʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʚʽʜʥʦʩʠʣʠʩʴ ʜʦ ʢʣʘʩʫ ʚʦʜʘ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʪʦʯʦʢ, ʱʦ ʟʙʽʛʘʚʩʷ ʟ ʣʽʥʽʻʶ ʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʣʽʛʦʥʫ, 

ʢʣʘʩʠʬʽʢʫʚʘʚʩʷ ʷʢ ʚʦʜʥʘ ʧʦʚʝʨʭʥʷ. ʇʨʠ ʮʴʦʤʫ ʘʣʛʦʨʠʪʤ ʜʦʜʘʪʢʦʚʦ ʦʙʨʦʙʣʷʚ 

ʰʫʤʦʚʽ ʪʦʯʢʠ: ʚʦʥʠ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʣʫʯʘʣʠʩʴ ʽʟ ʦʩʥʦʚʥʦʛʦ ʤʘʩʠʚʫ ʽ 

ʧʝʨʝʥʦʩʠʣʠʩʴ ʫ ʚʽʜʧʦʚʽʜʥʠʡ ʢʣʘʩ ʰʫʤʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʧʽʜʚʠʱʝʥʫ ʯʠʩʪʦʪʫ 

ʪʘ ʩʪʨʫʢʪʫʨʦʚʘʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʤʘʢʨʦʩʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʦ ʟʥʘʯʥʝ ʧʨʠʩʢʦʨʝʥʥʷ 

ʦʙʨʦʙʢʠ ʧʨʠʙʝʨʝʞʥʠʭ ʟʦʥ ʧʦʨʽʚʥʷʥʦ ʟ ʨʫʯʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʘʥʘʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ. ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ, ʱʦ ʘʣʛʦʨʠʪʤ ʜʦʟʚʦʣʷʻ ʤʠʪʪʻʚʦ ʚʽʜʦʢʨʝʤʠʪʠ 

ʙʝʨʝʛʦʚʫ ʣʽʥʽʶ ʚʽʜ ʨʝʰʪʠ ʨʝʣʴʻʬʫ, ʫʥʠʢʥʫʚʰʠ ʙʘʛʘʪʦʛʦʜʠʥʥʦʛʦ ʨʫʯʥʦʛʦ 

ʧʝʨʝʤʠʢʘʥʥʷ ʪʦʯʦʢ ʤʽʞ ʢʣʘʩʘʤʠ. ʆʪʞʝ, ʤʘʢʨʦʩ ʟʘʙʝʟʧʝʯʠʚ ʩʪʘʙʽʣʴʥʫ, ʧʣʘʚʥʫ 

ʨʦʙʦʪʫ ʪʘ ʢʦʨʝʢʪʥʫ ʢʣʘʩʠʬʽʢʘʮʽʶ ʥʘʚʽʪʴ ʥʘ ʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ ʤʦʨʩʴʢʦʾ 

ʧʦʚʝʨʭʥʽ. 

ɼʣʷ ʽʣʶʩʪʨʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʜʚʘ ʨʠʩʫʥʢʠ: 

 

ʈʠʩ. 4.15 ʃʽʜʘʨʥʽ ʜʘʥʽ ʤʦʨʩʴʢʦʾ ʘʢʚʘʪʦʨʽʾ ʜʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʢʨʦʩʫ, ʜʝ 

ʧʦʢʘʟʘʥʦ ʚʠʭʽʜʥʠʡ ʤʘʩʠʚ ʪʦʯʦʢ ʙʝʟ ʪʝʤʘʪʠʯʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ; 



 

 

 

ʈʠʩ. 4.16 ʈʝʟʫʣʴʪʘʪ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʪʘ 

ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʢʦʨʝʢʪʥʝ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, 

ʚʦʜʥʦʛʦ ˇʨʫʥʪʫ ʪʘ ʦʢʨʝʤʠʡ ʢʣʘʩ "ʚʦʜʘ". 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʤʘʢʨʦʩʫ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ 

ʟʦʥ, ʟʦʢʨʝʤʘ ʤʦʨʽʚ, ʦʟʝʨ ʪʘ ʨʽʯʦʢ, ʜʝ ʥʝʦʙʭʽʜʥʘ ʰʚʠʜʢʘ ʽ ʪʦʯʥʘ ʧʦʙʫʜʦʚʘ 

ʙʝʨʝʛʦʚʦʾ ʤʝʞʽ ʪʘ ʩʪʨʫʢʪʫʨʠʟʘʮʽʷ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ. 

4.2. ʆʮʽʥʢʘ ʨʝʟʫʣʴʪʘʪʽʚ  

ʇʽʜ ʯʘʩ ʧʨʘʢʪʠʯʥʦʾ ʘʧʨʦʙʘʮʽʾ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ ʅʽʤʝʯʯʠʥʠ 

ʩʧʝʨʰʫ ʙʫʣʘ ʧʽʜʛʦʪʦʚʣʝʥʘ ʭʤʘʨʘ ʪʦʯʦʢ ʫ ʥʫʣʴʦʚʦʤʫ ʢʣʘʩʽ, ʪʦʙʪʦ ʙʝʟ ʞʦʜʥʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ. ʋ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ ʚʩʽ ʪʦʯʢʠ ʚʽʜʦʙʨʘʞʘʣʠʩʷ ʧʨʦʩʪʦ çʷʢ ʻè, ʙʝʟ 

ʧʦʜʽʣʫ ʥʘ ˇʨʫʥʪ, ʙʫʜʽʚʣʽ ʯʠ ʨʦʩʣʠʥʥʽʩʪʴ. ɼʣʷ ʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʜʘʥʠʭ ʙʫʣʦ 

ʟʘʩʪʦʩʦʚʘʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʢʨʦʩ, ʷʢʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʜʽʣʠʚ ʰʫʤʦʚʽ ʪʦʯʢʠ, 

ˇʨʫʥʪ ʽ ʨʦʩʣʠʥʥʽʩʪʴ. ʇʽʩʣʷ ʧʝʨʰʦʛʦ ʟʘʧʫʩʢʫ ʤʘʢʨʦʩʫ ʭʤʘʨʘ ʪʦʯʦʢ ʦʪʨʠʤʘʣʘ 

ʯʽʪʢʫ ʪʝʤʘʪʠʯʥʫ ʩʪʨʫʢʪʫʨʫ: ʰʫʤʦʚʽ ʪʦʯʢʠ ʙʫʣʠ ʽʟʦʣʴʦʚʘʥʽ, ˇʨʫʥʪ ʚʠʜʽʣʝʥʠʡ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʨʦʩʣʠʥʥʽʩʪʴ ʨʦʟʧʦʜʽʣʝʥʘ ʟʘ ʚʠʩʦʪʦʶ. ʎʝ 

ʟʘʙʝʟʧʝʯʠʣʦ ʧʽʜʛʦʪʦʚʢʫ ʜʘʥʠʭ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ. 

ʇʨʠ ʧʝʨʝʚʽʨʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʟôʷʩʫʚʘʣʦʩʷ, ʱʦ ʜʝʷʢʽ ʦʙôʻʢʪʠ ʥʝ ʤʘʣʠ ʪʦʯʦʢ 

ˇʨʫʥʪʫ, ʭʦʯʘ ʚʦʥʠ ʤʘʣʠ ʙʫʪʠ ʧʨʠʩʫʪʥʽ, ʘ ʯʘʩʪʠʥʘ ˇʨʫʥʪʫ ʦʧʠʥʠʣʘʩʷ ʚʩʝʨʝʜʠʥʽ 

ʦʙôʻʢʪʽʚ. ɼʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʮʠʭ ʧʦʤʠʣʦʢ ʟʘʩʪʦʩʫʚʘʣʠ ʜʦʜʘʪʢʦʚʠʡ ʤʘʢʨʦʩ, ʷʢʠʡ 






















