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ʆʈɻɸʅʀɿɸʊʆʈʀ ʅɸ ʉʀʄʇʆɿʀʋʄɸ 

 

 

 

ʄɽɾɼʋʅɸʈʆɼʅɸ ʌɽɼɽʈɸʎʀʗ ʅɸ ɻɽʆɼɽɿʀʉʊʀʊɽ 

ʄɽɾɼʋʅɸʈʆɼʅʆ ɼʈʋɾɽʉʊɺʆ ʇʆ ʌʆʊʆɻʈɸʄɽʊʈʀʗ ʀ ɼʀʉʊɸʅʎʀʆʅʅʀ ʀɿʉʃɽɼɺɸʅʀʗ 

ɽɺʈʆʇɽʁʉʂʀ ʂʆʄʀʊɽʊ ʇʆ ɻɽʆɼɽɿʀʗ 

ɽɺʈʆʇɽʁʉʂɸ ɻʈʋʇɸ ʅɸ ɻɽʆɼɽɿʀʉʊʀʊɽ 

ʄɽɾɼʋʅɸʈʆɼʅɸ ɸʉʆʎʀɸʎʀʗ ʇʆ ɻɽʆɼɽɿʀʗ 

ʊɽʍʅʀʏɽʉʂʀ ʋʅʀɺɽʈʉʀʊɽʊ ɺ ʀʉʊɸʅɹʋʃ 

ʉʒʖɿ ʅɸ ɻɽʆɼɽɿʀʉʊʀʊɽ ʀ ɿɽʄɽʋʉʊʈʆʀʊɽʃʀʊɽ ɺ ɹʒʃɻɸʈʀʗ 

ʌɽɼɽʈɸʎʀʗ ʅɸ ʅɸʋʏʅʆ-ʊɽʍʅʀʏɽʉʂʀʊɽ ʉʒʖɿʀ 

ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ ï ʅɸʎʀʆʅɸʃɽʅ ʀʅʉʊʀʊʋʊ ʇʆ ɻɽʆʌʀɿʀʂɸ, ɻɽʆɼɽɿʀʗ ʀ 
ɻɽʆɻʈɸʌʀʗ 

ɹʒʃɻɸʈʉʂɸ ɸʂɸɼɽʄʀʗ ʅɸ ʅɸʋʂʀʊɽ ï ʀʅʉʊʀʊʋʊ ɿɸ ʂʆʉʄʀʏɽʉʂʀ ʀɿʉʃɽɼɺɸʅʀʗ ʀ 
ʊɽʍʅʆʃʆɻʀʀ 

ʋʅʀɺɽʈʉʀʊɽʊ ʇʆ ɸʈʍʀʊɽʂʊʋʈɸ, ʉʊʈʆʀʊɽʃʉʊɺʆ ʀ ɻɽʆɼɽɿʀʗ 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸ ʈɽɻʀʆʅɸʃʅʆʊʆ ʈɸɿɺʀʊʀɽ ʀ ɹʃɸɻʆʋʉʊʈʆʁʉʊɺʆʊʆ - ɸɻɽʅʎʀʗ ʇʆ 
ɻɽʆɼɽɿʀʗ, ʂɸʈʊʆɻʈɸʌʀʗ ʀ  

ʂɸɼɸʉʊʒʈ 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸ ɿɽʄɽɼɽʃʀɽʊʆ ʀ  ʍʈɸʅʀʊɽ 

ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸ ʆʊɹʈɸʅɸʊɸ - ɺʆɽʅʅʆɻɽʆɻʈɸʌʉʂɸ ʉʃʋɾɹɸ 

ʂɸʄɸʈɸ ʅɸ ʀʅɾɽʅɽʈʀʊɽ  ʇʆ ɻɽʆɼɽɿʀʗ 

ɸʉʆʎʀɸʎʀʗ ʅɸ ɻɽʆɼɽɿʀʏɽʉʂʀʊɽ ʌʀʈʄʀ 

ʂɸʄɸʈɸ ʅɸ ʀʅɾɽʅɽʈʀʊɽ ɺ ʀʅɺɽʉʊʀʎʀʆʅʅʆʊʆ ʇʈʆɽʂʊʀʈɸʅɽ ï ʉɽʂʎʀʗ ɻɽʆɼɽɿʀʗ 
ʉʒʖɿ ʅɸ ʋʏɽʅʀʊɽ ɺ ɹʒʃɻɸʈʀʗ  - ʉɽʂʎʀʀ ʊɽʍʅʀʏɽʉʂʀ ʀ ɻɽʆʃʆɻʆ - ɻɽʆɻʈɸʌʉʂʀ ʅɸʋʂʀ 

ɽʉʈʀ 

ʆʈɻɸʅʀɿɸʎʀʆʅɽʅ ʂʆʄʀʊɽʊ 

ʇʦʯ. ʧʨʝʜʩʝʜʘʪʝʣ: ʯʣ.-ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ 
ʇʨʝʜʩʝʜʘʪʝʣ: ʜ-ʨ ʠʥʞ. ʀʚʘʥ ʂʘʣʯʝʚ  
ɿʘʤ.-ʧʨʝʜʩʝʜʘʪʝʣʠ:  ʜʦʮ. ʜ-ʨ. ʠʥʞ. ʄʘʨʠʷ ɸʩʝʥʦʚʘ  
 

ʏʃɽʅʆɺɽ  

ʘʢʘʜ. ʜ.ʪ.ʥ. ʠʥʞ. ʗʯʢʦ ʀʚʘʥʦʚ, ʅʊʉʉɹ  
ʯʣ.-ʢʦʨ. ʜ.ʘ.ʥ. ʘʨʭ. ɸʪʘʥʘʩ ʂʦʚʘʯʝʚ, ʃʊʋ 
ʧʨʦʬ. ʜʪʥ ʠʥʞ. ɻʝʦʨʛʠ ɺʲʣʝʚ, ʉɻɿɹ 
ʧʨʦʬ. ʜ.ʠʢ.ʥ ʠʥʞ. ɸʥʜʨʝʡ ɸʥʜʨʝʝʚ, ʅɺʋ ʐʫʤʝʥ  
ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɽʣʝʥʘ ʇʝʥʝʚʘ, ʋɸʉɻ  
ʧʨʦʬ. ʜ.ʪ.ʥ.  ʠʥʞ. ʉʪʘʥʠʩʣʘʚ ɺʘʩʠʣʝʚ, ʋɸʉɻ  
ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɹʦʡʢʦ ʈʘʥʛʝʣʦʚ, ʄɻʋ  
ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ʂʝʨʘʥʢʘ ɺʘʩʠʣʝʚʘ, ʉɻɿɹ 
ʧʨʦʬ. ʄʘʨʛʘʨʠʪʘ ʄʦʥʜʝʰʢʘ, ʋɸʉɻ 
ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɼʝʥʠʮʘ ɹʦʨʠʩʦʚʘ, ɹɸʅ-ʀʂʀʊ  
ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ʍʨʠʩʪʦ ʅʠʢʦʣʦʚ, ɹɸʅ-ʀʂʀʊ 
ʜʦʮ. ʜ-ʨ ʠʥʞ. ʂʦʩʪʘʜʠʥ ʂʦʩʪʘʜʠʥʦʚ, ʉɻɿɹ 
ʜʦʮ. ʜ-ʨ ʠʥʞ. ʀʚʘʥ ʂʫʥʯʝʚ, ʋɸʉɻ 
ʜʦʮ. ʜ-ʨ ʠʥʞ. ɺʝʥʝʪʘ ʂʦʮʝʚʘ, ʉɻɿɹ 
ʜʦʮ. ʜ-ʨ ʠʥʞ. ʄʠʣʘ ɸʪʘʥʘʩʦʚʘ-ɿʣʘʪʘʨʝʚʘ, ɹɸʅ-ʅʀɻɻɻ  
ʜʦʮ. ʜ-ʨ ʠʥʞ. ʂʨʠʩʪʠʥʘ ʄʠʢʨʝʥʩʢʘ, ʋɸʉɻ 
 ʜʦʮ. ʜ-ʨ ʠʥʞ. ɺʝʩʝʣʠʥʘ ɻʦʩʧʦʜʠʥʦʚʘ, ʄɻʋ 
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ʛʣ. ʘʩ. ʜ-ʨ ʠʥʞ. ɼʦʙʨʦʤʠʨ ʌʠʣʠʧʦʚ, ʋɸʉɻ 
ʜ-ʨ ʠʥʞ. ʂʠʨʠʣ ʉʪʦʷʥʦʚ, ʄɿʍɻ 
ʠʥʞ. ɺʠʦʣʝʪʘ ʂʦʨʠʪʘʨʦʚʘ, ɸɻʂʂ 
ʧʦʣʢ. ʠʥʞ. ʀʚʘʥ ʀʥʢʦʚʩʢʠ, ɺɻʉ 
ʧʦʣʢ. ʠʥʞ. ʉʚʝʪʦʩʣʘʚ ʎʲʨʦʚʩʢʠ, ɺɻʉ 
ʧʦʣʢ. ʠʥʞ. ʅʠʢʦʣʘʡ ʁʦʨʜʘʥʦʚ, ɺɻʉ 
ʠʥʞ. ʀʚʘʥ ɼʝʷʥʦʚ, ʂʀʀʇ 
ʠʥʞ. ɿʣʘʪʘʥ ɿʣʘʪʘʥʦʚ, ʂʀɻ 
ʠʥʞ. ʎʚʝʪʘʥ ɻʝʦʨʛʠʝʚ, ɸɻʌ 
ʠʥʞ. ʎʚʝʪʝʥ ɹʦʝʚ, ʉɻɿɹ 

 

ʊɽʍʅʀʏɽʉʂʀ ʂʆʄʀʊɽʊ 

ʠʥʞ. ʀʚʘʥʢʘ ʂʦʣʝʚʘ, ʉɻɿɹ ï ʨʲʢʦʚʦʜʠʪʝʣ ʜʦʮ. ʜ-ʨ 
ʠʥʞ. ɹʦʨʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚ, ʋɸʉɻ ʛʣ. ʘʩ. ʜ-ʨ ʠʥʞ. 
ʅʘʜʝʞʜʘ ʗʨʣʦʚʩʢʘ, ʋɸʉɻ ʠʥʞ. ʉʪʘʥʠʤʠʨʘ 
ʉʪʦʷʥʦʚʘ, ʉɻɿɹ ʠʥʞ. ʄʘʨʛʘʨʠʪʘ ʊʦʥʯʝʚʘ 
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ʇʈɽɼɻʆɺʆʈ 

 

ʅʘʩʪʦʷʱʠʷʪ ʉʙʦʨʥʠʢ ʩʲʜʲʨʞʘ ʜʦʢʣʘʜʠʪʝ ʧʨʝʜʚʠʜʝʥʠ ʚ ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 
XXXV ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ Ăʉʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ 
ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠñ, ʉʦʬʠʷ, 05 ï 07 ʥʦʝʤʚʨʠ 2025 ʛ.  

ʉʣʝʜ ʧʨʝʜʛʦʚʦʨʘ, ʦʙʦʙʱʝʥʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʜʘ ʠ ʪʝʤʠʪʝ ʥʘ ʩʝʩʠʠʪʝ ʦʪ ʧʨʦʛʨʘʤʘʪʘ, 
ʢʦʷʪʦ ʝ ʩʲʦʙʨʘʟʝʥʘ ʠ ʩ ʜʠʥʘʤʠʯʥʠ ʧʨʦʤʝʥʠ ʥʘʣʦʞʠʣʠ ʩʝ ʚ ʧʦʩʣʝʜʥʠʷ ʤʦʤʝʥʪ. 

ʉʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʉʙʦʨʥʠʢʘ ʦʪʨʘʟʷʚʘ ʪʦʯʥʦ ʧʨʦʪʠʯʘʥʝʪʦ ʥʘ ʉʠʤʧʦʟʠʫʤʘ. ʀʟʥʝʩʝʥʠʪʝ 
ʜʦʢʣʘʜʠ, ʧʨʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʩʠʤʧʦʟʠʫʤʘ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʜʠʛʠʪʘʣʝʥ ʚʠʜ ʚ ʉʙʦʨʥʠʢʘ.  ʇʦʨʘʜʠ 
ʪʦʚʘ, ʯʝ ʩʝ ʷʚʠʭʘ ʤʘʣʢʠ ʨʘʟʣʠʯʠʷ ʩ ʧʨʦʛʨʘʤʘʪʘ, ʢʘʪʦ ï ʠʟʥʝʩʝʥ ʜʦʢʣʘʜ ʥʦ ʧʨʝʜʩʪʘʚʝʥʦ ʩʘʤʦ 
ʜʠʛʠʪʘʣʥʦ ʨʝʟʶʤʝ,  ʩʘʤʦ ʟʘʛʣʘʚʠʝ ʠ ʠʟʥʝʩʝʥ ʜʦʢʣʘʜ, ʚʢʣʶʯʝʥʦ ʟʘʛʣʘʚʠʝ ʚ ʧʨʦʛʨʘʤʘʪʘ, ʥʦ ʥʝ 
ʧʨʝʜʩʪʘʚʝʥʦ ʥʠʱʦ ʥʘ ʩʠʤʧʦʟʠʫʤʘ. ɺʩʲʱʥʦʩʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʉʙʦʨʥʠʢʘ ʦʪʨʘʟʷʚʘ, ʩʣʝʜʚʘʡʢʠ 
ʧʨʦʛʨʘʤʘʪʘ ʪʘʟʠ ʢʘʨʪʠʥʘ. 

ɼʦʢʣʘʜʠʪʝ ʚʢʣʶʯʝʥʠ ʚ ʉʙʦʨʥʠʢʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʚʲʚʝʜʝʥʘʪʘ ʦʪ ʩʢʦʨʦ 
ʩʠʩʪʝʤʘ ʟʘ ʀʟʠʩʢʚʘʥʠʷ ʠ ʰʘʙʣʦʥ ʟʘ ʧʫʙʣʠʢʫʚʘʥʝ ʥʘ ʩʪʘʪʠʠʪʝ ʚ ʩʧʠʩʘʥʠʝ Ăɻʝʦʜʝʟʠʷ, 
ʢʘʨʪʦʛʨʘʬʠʷ, ʟʝʤʝʫʩʪʨʦʡʩʪʚʦñ ʠ ʚʲʟʧʨʠʝʪʘ ʟʘ ʦʩʪʘʥʘʣʠʪʝ ʠʟʜʘʥʠʷ ʥʘ ʉʲʶʟʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ 
ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ (ʉɻɿɹ). ʊʦʚʘ ʙʠ ʩʣʝʜʚʘʣʦ ʜʘ ʫʥʠʬʠʮʠʨʘ ʠ ʧʦʜʦʙʨʠ ʠʟʜʘʥʠʷʪʘ, ʜʘ 
ʛʠ ʦʥʘʛʣʝʜʠ, ʦʧʨʦʩʪʠ ʠ ʦʙʣʝʢʯʠ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ ʠʟʜʘʚʘʥʝʪʦ ʠ ʧʦʣʟʚʘʥʝʪʦ  ʠʤ (ʂʘʯʝʥʠ ʩʘ ʥʘ 
ʠʥʪʝʨʥʝʪ ʩʪʨʘʥʠʮʘʪʘ ʥʘ ʉɻɿɹ). 

ɿʘʝʜʥʦ ʩ ʪʦʚʘ ʜʦʢʣʘʜʠʪʝ ʦʪʨʘʟʷʚʘʪ ʩʲʦʪʚʝʪʥʠʪʝ ʩʲʚʨʝʤʝʥʥʠ ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ 
ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʩʦʙʝʥʦ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ 
ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʠʷ ʥʘʩʪʦʷʱ 
ʝʪʘʧ. ʅʘʨʝʜ ʩʲʩ ʩʝʨʠʦʟʥʠʪʝ ʪʝʦʨʝʪʠʯʥʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʩʠʤʧʦʟʠʫʤʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʠ ʤʥʦʛʦ 
ʧʨʠʣʦʞʥʠ ʪʘʢʠʚʘ, ʟʘʝʜʥʦ ʩ ʥʘʮʠʦʥʘʣʥʠ, ʨʝʛʠʦʥʘʣʥʠ ʠ ʩʚʝʪʦʚʥʠ ʧʨʦʙʣʝʤʠ, ʧʨʝʜʩʪʘʚʝʥʠ ʠ ʦʪ 
ʩʧʝʮʠʘʣʠʩʪʠ ʦʪ ʩʚʲʨʟʘʥʠʪʝ ʩ ʛʝʦʜʝʟʠʷʪʘ ʦʙʣʘʩʪʠ ʩ ʠʥʞʝʥʝʨʝʥ, ʧʨʠʨʦʜʦʥʘʫʯʝʥ ʠ ʜʨʫʛ ʭʘʨʘʢʪʝʨ 
ʠ ʦʪ ʤʣʘʜʠ ʩʧʝʮʠʘʣʠʩʪʠ, ʠ ʩʪʫʜʝʥʪʠ.  

ʉʲʩ ʉʙʦʨʥʠʢʘ ʩʝ ʧʨʦʜʲʣʞʘʚʘ ʠ 35-ʛʦʜʠʰʥʘʪʘ ʪʨʘʜʠʮʠʷ ʟʘ ʦʪʨʘʟʷʚʘʥʝ ʥʘ ʝʞʝʛʦʜʥʦ 
ʧʨʦʚʝʞʜʘʥʠʷ ʤʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ, ʢʦʡʪʦ  ʚ ʠʩʪʦʨʠʷʪʘ ʥʘ ʉɻɿɹ  ʠ ʌʅʊʉ, ʦʩʪʘʚʘ ʢʘʪʦ ʝʜʥʦ 
ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʩʲʙʠʪʠʷ ʟʘ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ, ʥʘʫʯʥʘʪʘ, ʪʝʭʥʠʯʝʩʢʘʪʘ ʠ ʠʥʞʝʥʝʨʥʘ ʦʙʱʥʦʩʪ ʠ 
ʧʨʦʙʣʝʤʘʪʠʢʘ. 

ɽʣʝʤʝʥʪʠ ʦʪ ʦʬʦʨʤʷʥʝʪʦ ʥʘ ʉʙʦʨʥʠʢʘ ʟʘ 2025 ʛ. ʩʘ ʚʲʟʧʨʠʝʪʠ ʦʪ ʪʦʟʠ, ʩʲʩʪʘʚʝʥ ʟʘ 2023 
ʠ 2024 ʛ. 

ʉʲʩʪʘʚʠʪʝʣʠʪʝ ʥʘ ʉʙʦʨʥʠʢʘ ʠʟʢʘʟʚʘʪ ʙʣʘʛʦʜʘʨʥʦʩʪ ʟʘ ʩʲʜʝʡʩʪʚʠʝʪʦ ʧʦ ʩʲʩʪʘʚʷʥʝʪʦ ʤʫ, 
ʦʢʘʟʘʥʦ ʠʤ ʦʪ ʧʨʝʜʩʝʜʘʪʝʣʷ ʥʘ ʉɻɿɹ - ʜ-ʨ ʠʥʞ. ʀʚʘʥ ʂʘʣʯʝʚ ʠ ʩʝʢʨʝʪʘʨʷ ʥʘ ʉɻɿɹ - ʠʥʞ. 
ʉʪʘʥʠʤʠʨʘ ʉʪʦʷʥʦʚʘ, ʢʘʢʪʦ ʠ ʥʘ ʘʚʪʦʨʠʪʝ ʥʘ ʜʦʢʣʘʜʠ ʠ ʜʨʫʛʠ, ʩʲʱʦ ʦʢʘʟʘʣʠ ʩʲʜʝʡʩʪʚʠʝ. 

 

 

ʉʦʬʠʷ, 27.11.2025 ʛ.                                          ʏʣ.-ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ  -  ʈʝʜʘʢʪʦʨ  
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GEODESY AND RELATED FIELDS 

Sofia, 05 ï 07 November 2025 
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PREFACE 

 

This Collection contains the reports meant for the program for presentation of the XXXV International 

Symposium "Modern Technologies, Education and Professional Practice in Geodesy and Related 

Fields", Sofia, 05 ï 07 November 2025. 

In a generated form, after the preface, the order and topics of the sessions from the program are 

presented, which is also consistent with dynamic changes that were necessary at the last moment. 

The content of the Collection accurately reflects the course of the Symposium. The reports presented 

during the symposium are digitally presented in the Collection. Due to that, minor differences with the 

program appeared, such as - a report presented but only a digital summary presented, only a title and 

a report presented, a title included in the program but nothing presented at the symposium. In fact, the 

content of the Collection reflects, following the program, this picture. 

The reports reflected in the Collection are presented in accordance with the recently introduced system 

of Requirements and a template for publishing articles in the journal "Geodesy, Cartography, Land 

Management" and are adopted for the other publications of the Union of Surveyors and Land Managers 

in Bulgaria (USLMB). This should unify and improve the publications, make them more visual, simplify, 

and facilitate the preparation of their publication and use (They are uploaded to the website of the 

USLMB). 

Along with this, the reports reflect the relevant contemporary trends in the development of 

interdisciplinary technologies, especially geospatial technologies, education, and professional practice 

in geodesy and related fields at the specific current stage. Along with the serious theoretical 

developments of the symposium, many applied ones are also presented, along with national, regional, 

and global problems presented by specialists from geodesy-related fields of engineering, natural 

science, and other nature, as well as by young specialists and students. 

The Collection continues the 35-year tradition of covering the annually held international symposium, 

which, together with this in the history of the USLMB and FSEU, remains one of the most important 

events for the geodetic, scientific, technical, and engineering community and issues. 

Elements from the design of the Collection 2025 were adopted by the one compiled for 2023 and 2024. 

The compilers of the Collection express their gratitude for the assistance in compiling the Collection 

provided to them by: the Chairman of the SGZB - Dr. Eng. Ivan Kalchev, and the Secretary of the SGZB 

- Eng. Stanimira Stoyanova, as well as the authors of reports and others who also provided assistance.. 

 

Sofia, 27.11.2025          Corresponding Member of BAS, Prof. Dr. Eng. Georgi Milev ï Editor 
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ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 

 

ʇʈʀɺɽʊʉʊɺʀɽ 
 

ʢʲʤ ʫʯʘʩʪʥʠʮʠʪʝ ʚ XXXV ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ Ăʉʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ 

ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠñ ʦʪ 

ʯʣ.-ʢʦʨ. ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ ʧʦʯʝʪʝʥ 

ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʷ ʢʦʤʠʪʝʪ ʥʘ ʩʠʤʧʦʟʠʫʤʘ; ʧʦʯʝʪʝʥ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʉʲʶʟʘ ʥʘ 

ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ; ʧʦʯʝʪʝʥ ʯʣʝʥ ʥʘ ʌʝʜʝʨʘʮʠʷʪʘ ʥʘ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʪʝ ʩʲʶʟʠ ʚ ɹʲʣʛʘʨʠʷ; ʧʦʯʝʪʝʥ ʯʣʝʥ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʬʝʜʝʨʘʮʠʷ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ; 

ʯʣ.-ʢʦʨ. ʥʘ ɹʘʚʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ ʈʫʩʢʘʪʘ ʠʥʞʝʥʝʨʥʘ ʘʢʘʜʝʤʠʷ, ɼ-ʨ ʥʘ ʑʫʪʛʘʨʪʩʢʠʷʪ 

ʫʥʠʚʝʨʩʠʪʝʪ, ɻʝʨʤʘʥʠʷ, é 

 

ʉʢʲʧʠ ʧʨʠʷʪʝʣʠ, 

ʢʦʣʝʛʠ 

ʠ ʜʲʣʛʦʛʦʜʠʰʥʠ ʧʘʨʪʥʴʦʨʠ, 

 

ʀʤʘʤ ʯʝʩʪʪʘ ʠ ʫʜʦʚʦʣʩʪʚʠʝʪʦ ʜʘ ɺʠ ʧʨʠʚʝʪʩʪʚʘʤ ʟʘ XXXV ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ 

Ăʉʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ 

ʥʝʷ ʦʙʣʘʩʪʠñ. 

ʅʘʯʘʣʦʪʦ ʩʠ ʄʝʞʜʫʥʘʨʦʜʥʠʷʪ ʩʠʤʧʦʟʠʫʤ ʚʦʜʠ ʦʪ 1991 ʛ., ʪʦʛʘʚʘ ʧʨʦʚʝʜʝʥ ʚ ʉʦʬʠʷ, ʢʘʪʦ 

ʩʠʤʧʦʟʠʫʤ ʧʦ ʀʥʞʝʥʝʨʥʘ ʛʝʦʜʝʟʠʷ, ʦʨʛʘʥʠʟʠʨʘʥ ʦʪ ʉɻɿɹ, ʧʦʜ ʤʦʝ ʧʨʝʜʩʝʜʘʪʝʣʩʪʚʦ ʥʘ 

ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʷ ʢʦʤʠʪʝʪ ʠ ʧʦʜ ʝʛʠʜʘʪʘ ʥʘ ʌʀɻ, ʟʘʝʜʥʦ ʩ ʯʝʩʪʚʘʥʝʪʦ ʥʘ 100-ʛʦʜʠʰʥʠʥʘʪʘ ʥʘ 

ɺʦʝʥʥʦ-ʛʝʦʛʨʘʬʩʢʘʪʘ ʩʣʫʞʙʘ, ʩ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʪʦʛʘʚʘʰʥʠʷ ʄʠʥʠʩʪʲʨ ʥʘ ʦʪʙʨʘʥʘʪʘ ï ʊʦʜʦʨ 

ʊʘʛʘʨʝʚ ʠ ʧʦʯʝʪʥʠʷ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʌʀɻ ʠ ʉɻɿɹ ʧʨʦʬ. ʧʦʯʝʪʝʥ ʜ-ʨ ʠʥʞ. ɺʘʩʠʣ ʇʝʝʚʩʢʠ. 

 ʉʠʤʧʦʟʠʫʤʲʪ ʩʠ ʟʘʚʦʶʚʘ ʩʚʦʝ ʠʤʝ ʠ ʪʨʘʜʠʮʠʷ, ʧʨʝʟ ʜʲʣʛʠʪʝ ï 35 ʛʦʜʠʥʠ ʥʘ ʥʝʛʦʚʦʪʦ 

ʝʞʝʛʦʜʥʦ ʧʨʦʚʝʞʜʘʥʝ.  

ʊʦʡ ʦʪʨʘʟʷʚʘ ʩʲʦʪʚʝʪʥʠʪʝ ʩʲʚʨʝʤʝʥʥʠ ʪʝʥʜʝʥʮʠʠ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʩʦʙʝʥʦ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ, ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʧʨʘʢʪʠʢʘ ʚ 

ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠ ʥʘ ʢʦʥʢʨʝʪʥʠʷ ʝʪʘʧ.  ʅʘʨʝʜ ʩʲʩ ʩʝʨʠʦʟʥʠʪʝ ʪʝʦʨʝʪʠʯʥʠ 

ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʩʠʤʧʦʟʠʫʤʘ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʠ ʤʥʦʛʦ ʧʨʠʣʦʞʥʠ ʪʘʢʠʚʘ, ʟʘʝʜʥʦ ʩ ʥʘʮʠʦʥʘʣʥʠ, 

ʨʝʛʠʦʥʘʣʥʠ ʠ ʩʚʝʪʦʚʥʠ ʧʨʦʙʣʝʤʠ.  

ʆʩʚʝʥ ʛʝʦʜʝʟʠʩʪʠ ʚ ʩʠʤʧʦʟʠʫʤʘ ʫʯʘʩʪʚʘʪ ʩʧʝʮʠʘʣʠʩʪʠ ʦʪ ʩʚʲʨʟʘʥʠʪʝ ʩ ʛʝʦʜʝʟʠʷʪʘ 

ʦʙʣʘʩʪʠ ʩ ʠʥʞʝʥʝʨʝʥ, ʧʨʠʨʦʜʦʥʘʫʯʝʥ ʠ ʜʨʫʛ ʭʘʨʘʢʪʝʨ. ʊʘʢʘ ʝ ʠ ʪʘʟʠ ʛʦʜʠʥʘ. ɺ ʩʠʤʧʦʟʠʫʤʘ 

ʨʝʜʦʚʥʦ ʠʤʘ ʩʝʩʠʠ ʟʘ ʤʣʘʜʠ ʩʧʝʮʠʘʣʠʩʪʠ ʠ ʩʪʫʜʝʥʪʠ. ʀ ʪʘʟʠ ʛʦʜʠʥʘ ʤʣʘʜʝʞʢʠʪʝ ʜʦʢʣʘʜʠ ʩʘ 

ʠʥʪʝʛʨʠʨʘʥʠ ʚ ʩʲʦʪʚʝʪʥʠʪʝ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʝʩʠʠ. ʆʙʠʯʘʡʥʦ ʩʠʤʧʦʟʠʫʤʲʪ ʝ ʧʨʠʜʨʫʞʝʥ ʩ 

ʠʟʣʦʞʙʘ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʩʠʩʪʝʤʠ, ʠʥʩʪʨʫʤʝʥʪʠ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʝʢʪʠ, ʜʠʧʣʦʤʥʠ ʨʘʙʦʪʠ ʥʘ 

ʟʘʚʲʨʰʚʘʱʠ ʩʪʫʜʝʥʪʠ, ʬʦʪʦʠʟʣʦʞʙʠ ʠ ʜʨ., ʢʘʪʦ ʚʩʷʢʘ ʛʦʜʠʥʘ ʝ ʨʘʟʣʠʯʥʦ.  

ʊʘʟʠ ʛʦʜʠʥʘ ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʩʝʢʮʠʷ Ăɻʝʦʜʝʟʠʷ ʠ ʧʨʠʣʦʞʥʘ ʛʝʦʜʝʟʠʷñ ʦʪ 
ʂʘʤʝʨʘʪʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ, ʩ ʢʦʷʪʦ ʠʤʘʤʝ ʜʲʣʛʦʚʨʝʤʝʥʥʦ 
ʧʦʣʟʦʪʚʦʨʥʦ ʧʘʨʪʥʴʦʨʩʪʚʦ, ʩʝ ʚʢʣʶʯʠ ʚ ʉʠʤʧʦʟʠʫʤʘ ʢʘʪʦ ʦʨʛʘʥʠʟʠʨʘʭʤʝ ʜʚʝ ʦʙʦʩʦʙʝʥʠ ʩʝʩʠʠ.  
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ʀ ʪʘʟʠ ʛʦʜʠʥʘ ʧʦʩʪʲʧʠʣʠʪʝ ʜʦʢʣʘʜʠ ʩʘ ʦʙʠʯʘʡʥʠ ʥʘ ʙʨʦʡ ï 33, ʠ ʧʦʢʨʠʚʘʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʮʷʣʦʩʪʥʘʪʘ ʦʙʷʚʝʥʘ ʤʥʦʛʦʩʪʨʘʥʥʘ ʪʝʤʘʪʠʢʘ ʥʘ ʩʠʤʧʦʟʠʫʤʘ. ɿʘʷʚʝʥʦ ʫʯʘʩʪʠʝ ʠʤʘ ʦʩʚʝʥ ʦʪ 

ɹʲʣʛʘʨʠʷ, ʦʱʝ ʦʪ ʊʫʨʮʠʷ, ʉɸʑ, ʋʢʨʘʡʥʘ ʠ ʜʨʫʛʠ. ɼʦʢʣʘʜʠʪʝ ʩʝ ʦʬʦʨʤʷʪ ʢʘʪʦ ʜʠʛʠʪʘʣʝʥ ʩʙʦʨʥʠʢ 

ʠ ʩʝ ʠʟʜʘʚʘʪ ʩʣʝʜ ʩʠʤʧʦʟʠʫʤʘ. 

ʅʘʨʝʜ ʩ ʪʦʚʘ ʧʨʝʟ ʛʦʜʠʥʠʪʝ ʠʤʘ ʧʦʜʯʝʨʪʘʥ ʠʥʪʝʨʝʩ ʠ ʜʠʥʘʤʠʯʥʦ ʫʯʘʩʪʠʝ, ʧʨʝʜʠʤʥʦ ʦʪ 

ʙʲʣʛʘʨʩʢʘ ʠ ʪʫʨʩʢʘ ʩʪʨʘʥʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ XXIX ʩʠʤʧʦʟʠʫʤ ʙʝʰʝ ʤʥʦʛʦ ʫʩʧʝʰʥʦ ʦʨʛʘʥʠʟʠʨʘʥ ʠ 

ʧʨʦʚʝʜʝʥ ʧʨʝʟ 2018 ʛ. ʚ ʊʝʭʥʠʯʝʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʛʨ. ʀʩʪʘʥʙʫʣ, ʊʫʨʮʠʷ, ʢʘʪʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ 

ʧʨʦʜʲʣʞʘʚʘ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʪʘʟʠ ʛʦʜʠʥʘ.  

ɼʦʨʠ ʠ ʧʨʠ ʧʘʥʜʝʤʠʷʪʘ, XXX ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ ʩʝ ʧʨʦʚʝʜʝ ʤʥʦʛʦ ʫʩʧʝʰʥʦ ʧʨʝʟ 

2020 ʛ. ʚ ʉʦʬʠʷ ʧʦʜ ʢʦʤʙʠʥʠʨʘʥʘ ʬʦʨʤʘ ï ʧʨʠʩʲʩʪʚʝʥʘ ʠ ʦʥʣʘʡʥ. ʇʨʘʚʠʤ ʛʦ ʪʘʢʘ ʦʪ ʪʦʛʘʚʘ, 

ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʧʨʝʟ ʥʘʩʪʦʷʱʘʪʘ 2025 ʛ. 

ɺ ʠʩʪʦʨʠʷʪʘ ʥʘ ʉʲʶʟʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʠ ʌʅʊʉ, ʚʲʧʨʝʢʠ 

ʠʟʚʝʩʪʥʠ ʟʘʪʨʫʜʥʝʥʠʷ, ʩʠʤʧʦʟʠʫʤʲʪ ʦʩʪʘʚʘ ʢʘʪʦ ʝʜʥʦ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʩʲʙʠʪʠʷ ʟʘ 

ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ, ʥʘʫʯʥʘʪʘ, ʪʝʭʥʠʯʝʩʢʘʪʘ ʠ ʠʥʞʝʥʝʨʥʘ ʦʙʱʥʦʩʪ ʠ ʧʨʦʙʣʝʤʘʪʠʢʘ. 

ʆʱʝ ʚʝʜʥʲʞ ɺʠ ʧʨʠʚʝʪʩʪʚʘʤ ʟʘ ɺʘʰʝʪʦ ʫʯʘʩʪʠʝ ʠ ʠʩʢʨʝʥʦ ʧʦʞʝʣʘʚʘʤ ʫʩʧʝʭ ʥʘ ʪʘʟʠ 

ʤʥʦʛʦʩʪʨʘʥʥʘ, ʜʲʣʛʦʛʦʜʠʰʥʘ, ʪʨʘʜʠʮʠʦʥʥʘ ʠʟʷʚʘ ʥʘ ʉʲʶʟʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ 

ʚ ɹʲʣʛʘʨʠʷ. 

 

ʄʥʦʛʦ ʧʦʟʜʨʘʚʠ! 
 
ʉ ʫʚʘʞʝʥʠʝ, 
 
ɺʘʰ ʏʣ.-ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ 
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2. XXXV ʄɽɾɼʋʅɸʈʆɼɽʅ ʉʀʄʇʆɿʀʋʄ 

ʉʒɺʈɽʄɽʅʅʀʊɽ ʊɽʍʅʆʃʆɻʀʀ, ʆɹʈɸɿʆɺɸʅʀɽʊʆ ʀ ʇʈʆʌɽʉʀʆʅɸʃʅɸʊɸ ʇʈɸʂʊʀʂɸ ɺ 

ɻɽʆɼɽɿʀʗʊɸ ʀ ʉɺʒʈɿɸʅʀʊɽ ʉ ʅɽʗ ʆɹʃɸʉʊʀ 

ʉʦʬʠʷ, 05 ï 07 ʥʦʝʤʚʨʠ 2025 ʛ. 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 
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ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 

 

ʇʈʀɺɽʊʉʊɺʀɽ 
 

ʢʲʤ ʫʯʘʩʪʥʠʮʠʪʝ ʚ XXXV ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ Ăʉʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ 
ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠñ ʦʪ ʠʥʞ. ɻʝʦʨʛʠ ɻʝʦʨʛʠʝʚ, 
ʀʟʧʲʣʥʠʪʝʣʝʥ ʜʠʨʝʢʪʦʨ ʥʘ ɸʛʝʥʮʠʷ ʧʦ ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʢʘʜʘʩʪʲʨ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ 

ʨʝʛʠʦʥʘʣʥʦ ʨʘʟʚʠʪʠʝ ʠ ʩʪʨʦʠʪʝʣʩʪʚʦʪʦ 
 
ʋʚʘʞʘʝʤʠ ʜʘʤʠ ʠ ʛʦʩʧʦʜʘ, 
ʋʚʘʞʘʝʤʠ ʢʦʣʝʛʠ, 
ʋʚʘʞʘʝʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʘʢʘʜʝʤʠʯʥʠʪʝ ʩʨʝʜʠ ʠ ʙʠʟʥʝʩʘ, 

ɿʘ ʤʝʥ ʝ ʠʩʪʠʥʩʢʦ ʫʜʦʚʦʣʩʪʚʠʝ ʜʘ ɺʠ ʧʨʠʚʝʪʩʪʚʘʤ ʦʪ ʠʤʝʪʦ ʥʘ ɸʛʝʥʮʠʷʪʘ ʧʦ ʛʝʦʜʝʟʠʷ, 
ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʢʘʜʘʩʪʲʨ ʥʘ ʩʲʚʤʝʩʪʥʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ ʥʘ ʂʘʤʘʨʘʪʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʚ 
ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʉʲʶʟʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ. ʊʦʚʘ 
ʩʲʙʠʪʠʝ ʦʪʜʘʚʥʘ ʩʝ ʫʪʚʲʨʜʠ ʢʘʪʦ ʝʜʥʘ ʦʪ ʥʘʡ-ʟʥʘʯʠʤʠʪʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʧʣʘʪʬʦʨʤʠ ʚ ʥʘʰʠʷ 
ʩʝʢʪʦʨ ï ʤʷʩʪʦ, ʢʲʜʝʪʦ ʩʝ ʩʨʝʱʘʪ ʝʢʩʧʝʨʪʠʟʘʪʘ, ʦʧʠʪʲʪ ʠ ʩʪʨʝʤʝʞʲʪ ʢʲʤ ʠʥʦʚʘʮʠʠ. 

ɼʥʝʩ ʛʝʦʜʝʟʠʷʪʘ, ʢʘʨʪʦʛʨʘʬʠʷʪʘ, ʢʘʜʘʩʪʲʨʲʪ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʩʪʦʷʪ ʚ 
ʦʩʥʦʚʘʪʘ ʥʘ ʧʦʯʪʠ ʚʩʝʢʠ ʧʨʦʮʝʩ, ʩʚʲʨʟʘʥ ʩ ʫʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʠ ʨʘʟʚʠʪʠʝʪʦ ʥʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ. ɺ ʝʧʦʭʘ ʥʘ ʙʲʨʟʠ ʪʝʭʥʦʣʦʛʠʯʥʠ ʧʨʦʤʝʥʠ, ʮʠʬʨʦʚʠʟʘʮʠʷ ʠ ʧʦʚʠʰʝʥʠ 
ʦʯʘʢʚʘʥʠʷ ʦʪ ʩʪʨʘʥʘ ʥʘ ʦʙʱʝʩʪʚʦʪʦ, ʠʤʝʥʥʦ ʥʘʰʠʪʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʦʙʱʥʦʩʪʠ ʬʦʨʤʠʨʘʪ 
ʫʩʪʦʡʯʠʚʦʪʦ ʧʦʣʝ ʟʘ ʨʝʰʝʥʠʝ ʥʘ ʢʣʶʯʦʚʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ï ʦʪ ʧʨʝʮʠʟʥʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ 
ʤʦʜʝʣʠʨʘʥʝ ʠ ʜʠʛʠʪʘʣʥʠʪʝ ʢʘʜʘʩʪʨʘʣʥʠ ʜʘʥʥʠ ʜʦ ʤʦʜʝʨʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʠʥʪʝʛʨʠʨʘʥʠʪʝ 
ʩʠʩʪʝʤʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ. 

ɸʛʝʥʮʠʷʪʘ ʧʦ ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʢʘʜʘʩʪʲʨ ʚʠʞʜʘ ʚ ʧʘʨʪʥʴʦʨʩʪʚʦʪʦ ʩ ʂʀʀʇ ʠ ʉɻɿɹ 
ʥʝ ʩʘʤʦ ʪʨʘʜʠʮʠʷ, ʥʦ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʨʝʩʫʨʩ. ɿʘʝʜʥʦ ʠʤʘʤʝ ʧʦʪʝʥʮʠʘʣʘ ʜʘ ʫʩʢʦʨʠʤ 
ʚʥʝʜʨʷʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, ʜʘ ʧʦʜʦʙʨʠʤ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʫʩʣʫʛʠʪʝ ʢʲʤ ʛʨʘʞʜʘʥʠʪʝ 
ʠ ʙʠʟʥʝʩʘ, ʜʘ ʫʣʝʩʥʠʤ ʦʙʤʝʥʘ ʥʘ ʜʘʥʥʠ ʤʝʞʜʫ ʠʥʩʪʠʪʫʮʠʠʪʝ ʠ ʜʘ ʠʟʛʨʘʜʠʤ ʝʜʠʥʝʥ 
ʧʨʦʬʝʩʠʦʥʘʣʝʥ ʩʪʘʥʜʘʨʪ, ʢʦʡʪʦ ʜʘ ʧʦʩʪʘʚʠ ɹʲʣʛʘʨʠʷ ʨʘʤʦ ʜʦ ʨʘʤʦ ʩ ʚʦʜʝʱʠʪʝ ʝʚʨʦʧʝʡʩʢʠ 
ʧʨʘʢʪʠʢʠ. 

ʇʦʟʚʦʣʝʪʝ ʤʠ ʜʘ ʧʦʜʯʝʨʪʘʷ ʦʱʝ ʥʝʱʦ ʚʘʞʥʦ ï ʩʠʣʘʪʘ ʥʘ ʥʘʰʠʷ ʩʝʢʪʦʨ ʚʠʥʘʛʠ ʝ ʙʠʣʘ ʚ 
ʭʦʨʘʪʘ. ɺ ʪʝʭʥʠʷ ʧʨʦʬʝʩʠʦʥʘʣʠʟʲʤ, ʚ ʪʷʭʥʘʪʘ ʦʪʛʦʚʦʨʥʦʩʪ, ʚ ʧʦʩʪʦʷʥʩʪʚʦʪʦ ʠ ʦʪʜʘʜʝʥʦʩʪʪʘ ʠʤ 
ʢʲʤ ʪʦʯʥʦʩʪʪʘ, ʢʘʯʝʩʪʚʦʪʦ ʠ ʜʲʣʛʦʩʨʦʯʥʘʪʘ ʚʠʟʠʷ. ʊʘʟʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝ ʠʤʝʥʥʦ ʪʦʚʘ ï ʧʨʠʟʥʘʥʠʝ 
ʟʘ ʪʨʫʜʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ, ʛʝʦʜʝʟʠʩʪʠʪʝ, ʧʨʦʝʢʪʘʥʪʠʪʝ, ʫʯʝʥʠʪʝ ʠ ʚʩʠʯʢʠ ʝʢʩʧʝʨʪʠ, ʢʦʠʪʦ ʨʘʙʦʪʷʪ 
ʟʘʜʲʣʙʦʯʝʥʦ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʩʪʨʘʥʘʪʘ ʥʠ. 

ʋʚʝʨʝʥ ʩʲʤ, ʯʝ ʜʠʩʢʫʩʠʠʪʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʬʦʨʫʤʘ ʱʝ ʙʲʜʘʪ ʥʝ ʩʘʤʦ ʧʦʣʝʟʥʠ, ʥʦ ʠ 
ʚʜʲʭʥʦʚʷʚʘʱʠ. ʅʝʢʘ ʠʟʧʦʣʟʚʘʤʝ ʪʝʟʠ ʜʥʠ, ʟʘ ʜʘ ʦʙʤʝʥʠʤ ʠʜʝʠ, ʜʘ ʬʦʨʤʫʣʠʨʘʤʝ ʦʙʱʠ ʨʝʰʝʥʠʷ 
ʠ ʜʘ ʧʦʩʪʘʚʠʤ ʦʩʥʦʚʘʪʘ ʥʘ ʥʦʚʠ ʩʲʚʤʝʩʪʥʠ ʠʥʠʮʠʘʪʠʚʠ, ʢʦʠʪʦ ʜʘ ʜʦʧʨʠʥʝʩʘʪ ʟʘ ʧʦ-ʝʬʝʢʪʠʚʥʦ 
ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʜʘʥʥʠ, ʧʦ-ʢʘʯʝʩʪʚʝʥʠ ʠʥʚʝʩʪʠʮʠʦʥʥʠ ʧʨʦʮʝʩʠ ʠ ʧʦ-ʫʩʪʦʡʯʠʚʦ 
ʨʘʟʚʠʪʠʝ ʥʘ ʪʝʨʠʪʦʨʠʠʪʝ. 

ʇʦʞʝʣʘʚʘʤ ʥʘ ʚʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʫʩʧʝʰʥʘ ʨʘʙʦʪʘ, ʧʦʣʟʦʪʚʦʨʥʠ ʨʘʟʛʦʚʦʨʠ ʠ ʤʥʦʛʦ ʥʦʚʠ 
ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʢʦʥʪʘʢʪʠ. ʅʝʢʘ ʪʦʟʠ ʩʠʤʧʦʟʠʫʤ ʙʲʜʝ ʧʦʨʝʜʥʘʪʘ ʩʪʲʧʢʘ ʢʲʤ ʝʜʥʦ ʧʦ-ʩʚʲʨʟʘʥʦ, 
ʧʦ-ʠʥʦʚʘʪʠʚʥʦ ʠ ʧʦ-ʧʨʝʜʚʠʜʠʤʦ ʙʲʜʝʱʝ ʟʘ ʥʘʰʠʷ ʩʝʢʪʦʨ ʠ ʟʘ ɹʲʣʛʘʨʠʷ. 

ɹʣʘʛʦʜʘʨʷ ɺʠ ʟʘ ʚʥʠʤʘʥʠʝʪʦ ʠ ʞʝʣʘʷ ʫʩʧʝʰʝʥ ʩʠʤʧʦʟʠʫʤ! 

 
ʉʦʬʠʷ, 06.11.2025 ʛ.                               ʀʟʧʲʣʥʠʪʝʣʝʥ  ʜʠʨʝʢʪʦʨ: ɻʝʦʨʛʠ ɻʝʦʨʛʠʝʚ 
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3. XXXV ʄɽɾɼʋʅɸʈʆɼɽʅ ʉʀʄʇʆɿʀʋʄ 

ʉʒɺʈɽʄɽʅʅʀʊɽ ʊɽʍʅʆʃʆɻʀʀ, ʆɹʈɸɿʆɺɸʅʀɽʊʆ ʀ ʇʈʆʌɽʉʀʆʅɸʃʅɸʊɸ ʇʈɸʂʊʀʂɸ ɺ 

ɻɽʆɼɽɿʀʗʊɸ ʀ ʉɺʒʈɿɸʅʀʊɽ ʉ ʅɽʗ ʆɹʃɸʉʊʀ 

ʉʦʬʠʷ, 05 ï 07 ʥʦʝʤʚʨʠ 2025 ʛ. 
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ʇʈʀɺɽʊʉʊɺʀɽ 
 

ʢʲʤ 
 

ʆʨʛʘʥʠʟʘʪʦʨʠʪʝ, ʫʯʘʩʪʥʠʮʠʪʝ ʠ ʛʦʩʪʠʪʝ ʥʘ XXXV ʄʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ Ăʉʲʚʨʝʤʝʥʥʠ 
ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʧʨʘʢʪʠʢʘ ʚ ʛʝʦʜʝʟʠʷʪʘ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠñ 

 

ʋʚʘʞʘʝʤʠ ʯʣ. ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ - ʇʦʯʝʪʝʥ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʉʲʶʟʘ ʠ ʥʘ 
ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʷ ʢʦʤʠʪʝʪ ʥʘ ʩʠʤʧʦʟʠʫʤʘ. 

ʋʚʘʞʘʝʤʠ ʜ-ʨ ʠʥʞ. ʀʚʘʥ ʂʘʣʯʝʚ - ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ ʆʨʛʘʥʠʟʘʮʠʦʥʥʠʷ ʢʦʤʠʪʝʪ ʥʘ 
ʩʠʤʧʦʟʠʫʤʘ. 

ʋʚʘʞʘʝʤʠ ʢʦʣʝʛʠ ʠ ʛʦʩʪʠ. 
ɿʘ ʧʦʨʝʜʥʘ ʛʦʜʠʥʘ ʩ ʦʩʦʙʝʥʦ ʟʘʜʦʚʦʣʩʪʚʦ ʧʦʜʥʘʩʷʤʝ ʠʩʢʨʝʥʠʪʝ ʠ ʩʲʨʜʝʯʥʠ ʧʨʠʚʝʪʩʪʚʠʷ 

ʦʪ ʯʣʝʥʦʚʝʪʝ ʥʘ ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʩʝʢʮʠʷ ñɻʝʦʜʝʟʠʷ ʠ ʧʨʠʣʦʞʥʘ ʛʝʦʜʝʟʠʷò ʢʲʤ 
ʂʘʤʘʨʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʧʦ ʧʦʚʦʜ ʦʪʢʨʠʚʘʥʝʪʦ ʥʘ ʩʠʤʧʦʟʠʫʤʘ. ʆʪ 
ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʩ ʦʩʦʙʝʥʦ ʟʘʜʦʚʦʣʩʪʚʦ  ʫʯʘʩʪʚʘʤʝ ʚ ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʥʘ ʪʦʚʘ ʩʲʙʠʪʠʝʪʦ, ʢʦʝʪʦ ʝ 
ʝʜʥʦ ʧʨʠʟʥʘʥʠʝ ʟʘ ʥʘʰʘʪʘ ʠʥʩʪʠʪʫʮʠʷʪʘ. ʊʘʟʠ ʛʦʜʠʥʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʩʠʤʧʦʟʠʫʤʘ ʝ ʦʨʛʘʥʠʟʠʨʘʥʘ 
ʅʘʮʠʦʥʘʣʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʥʘ ʉʝʢʮʠʷʪʘ ʩ  ʜʦʢʣʘʜʠ ʥʘ ʘʢʪʫʘʣʥʘ ʪʝʤʘʪʠʢʘ ʟʘ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ 
ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʫʩʪʨʦʡʩʪʚʝʥʦʪʦ ʧʣʘʥʠʨʘʥʝ.  

ʂʘʤʘʨʘʪʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʂʘʤʘʨʘʪʘ ʥʘ ʘʨʭʠʪʝʢʪʠʪʝ ʚ 
ɹʲʣʛʘʨʠʷ ʩʘ ʧʨʦʜʲʣʞʠʪʝʣʠ ʥʘ ʪʨʘʜʠʮʠʠʪʝ ʠ ʜʝʡʥʦʩʪʪʘ ʥʘ ʠʥʞʝʥʝʨʥʦ-ʘʨʭʠʪʝʢʪʫʨʥʘʪʘ ʢʘʤʘʨʘ 
ʩʲʟʜʘʜʝʥʘ ʩ ʅʘʨʝʜʙʘ-ʟʘʢʦʥ ʧʨʝʟ 1937 ʛʦʜ. ʉ ʥʝʩʢʨʠʪʘ ʛʦʨʜʦʩʪ ʦʪʙʝʣʷʟʚʘʤʝ, ʯʝ ʧʦʚʝʯʝ ʦʪ 20 
ʛʦʜʠʥʠ ʥʘʰʘʪʘ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʥʘ ʠʥʞʝʥʝʨʠʪʝ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ ʩʝ 
ʨʘʟʚʠʚʘ ʩ  ʙʲʨʟʠ ʠ ʫʩʪʦʡʯʠʚʠ ʪʝʤʧʦʚʝ. ʅʘʨʘʩʪʚʘʪ ʝʞʝʛʦʜʥʦ ʙʨʦʷ ʥʘ ʯʣʝʥʦʚʝʪʝ ʠ ʥʘ 
ʧʨʘʚʦʩʧʦʩʦʙʥʠʪʝ ʣʠʮʘ. ʈʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ʂʘʤʘʨʘʪʘ ʧʦʣʘʛʘ ʫʩʠʣʠʷ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦʪʦ 
ʨʘʟʚʠʪʠʝ ʥʘ ʯʣʝʥʦʚʝʪʝ ʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʘʚʪʦʨʠʪʝʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ ʚ ʦʙʱʝʩʪʚʦʪʦ. ɼʝʡʥʦʩʪʪʘ 
ʥʘ ʋʧʨʘʚʠʪʝʣʥʠʷʪ ʩʲʚʝʪ ʝ ʥʘʩʦʯʝʥʘ ʚ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʜʦʢʫʤʝʥʪʠ ʟʘ ʨʘʙʦʪʘ ʥʘ ʦʨʛʘʥʠʟʘʮʠʷʪʘ, ʟʘ 
ʟʘʱʠʪʘ ʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʠʪʝ ʠʥʪʝʨʝʩʠ ʥʘ ʢʦʣʝʛʠʷʪʘ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʠʥʪʝʨʝʩʠʪʝ ʥʘ ʦʙʱʝʩʪʚʦʪʦ.   

 ɺʩʷʢʘ ʛʦʜʠʥʘ ʚ ʥʘʩ ʩʝ ʟʘʩʠʣʚʘ ʫʙʝʞʜʝʥʠʝʪʦ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʪʘʢʠʚʘ 
ʬʦʨʫʤʠ ʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʫʩʪʦʡʯʠʚʘ ʪʨʘʜʠʮʠʷ ʟʘ ʫʯʘʩʪʠʝ, ʢʘʢʪʦ ʥʘ ʫʪʚʲʨʜʝʥʠ, ʪʘʢʘ ʠ ʥʘ ʤʣʘʜʠ 
ʥʘʫʯʥʠ ʨʘʙʦʪʥʠʮʠ ʩ ʥʘʫʯʥʠ ʠ ʥʘʫʯʥʦ-ʧʨʠʣʦʞʥʠ ʜʦʢʣʘʜʠ ʩ ʤʥʦʛʦʩʪʨʘʥʥʘ ʪʝʤʘʪʠʢʘ. ʄʥʦʛʦ ʝ ʮʝʥʝʥ 
ʧʨʠʥʦʩʘ ʥʘ ʩʠʤʧʦʟʠʫʤʘ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʚ ʨʘʟʣʠʯʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʧʨʦʬʝʩʠʷ. 
ɽʞʝʛʦʜʥʦʪʦ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʠʤʧʦʟʠʫʤʘ ʩ ʥʝʛʦʚʘʪʘ ʙʦʛʘʪʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ, ʦʱʝ ʝʜʠʥ ʧʲʪ 
ʜʦʢʘʟʚʘ, ʯʝ ʪʦʚʘ ʩʲʙʠʪʠʝ ʩʝ ʦʯʘʢʚʘ ʩ ʠʥʪʝʨʝʩ ʢʘʢʪʦ ʦʪ ʥʘʫʯʥʘʪʘ ʦʙʱʥʦʩʪ, ʪʘʢʘ ʠ ʦʪ ʧʨʦʝʢʪʘʥʪʠʪʝ.    

             ʇʨʦʜʲʣʞʘʚʘʤʝ ʪʨʘʜʠʮʠʷʪʘ ʂʀʀʇ, ʢʘʪʦ ʩʲʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʪʦʟʠ ʝʞʝʛʦʜʝʥ ʥʘʫʯʝʥ 
ʬʦʨʫʤ ʜʘ ʧʦʜʧʦʤʘʛʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ  ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʛʝʦʜʝʟʠʷʪʘ ʠ ʚʥʝʜʨʷʚʘʥʝʪʦ ʠʤ ʚ 
ʧʨʦʝʢʪʘʥʪʩʢʘʪʘ ʧʨʘʢʪʠʢʘ. ʂʀʀʇ ʚʠʥʘʛʠ ʝ ʦʩʲʟʥʘʚʘʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ  ʧʦʜʢʨʝʧʘ ʥʘ 
ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʧʦ-ʩʧʝʮʠʘʣʥʦ ʚʠʩʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ. ɺʩʠʯʢʠ ʩʝʢʮʠʠ ʦʪ ʂʘʤʘʨʘʪʘ  ʝʞʝʛʦʜʥʦ ʩʘ 
ʫʜʦʩʪʦʷʚʘʣʠ ʩʲʩ ʩʪʠʧʝʥʜʠʠ ʠ ʧʨʦʜʲʣʞʘʚʘʤʝ ʜʘ ʧʦʜʧʦʤʘʛʘʤʝ ʦʪʣʠʯʥʠ  ʠ ʤʥʦʛʦ ʜʦʙʨʠ ʩʪʫʜʝʥʪʠ 
ʩ ʥʘʤʝʨʝʥʠʝ ʜʘ ʩʝ ʨʝʘʣʠʟʠʨʘʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʦʝʢʪʠʨʘʥʝʪʦ. ʊʫʢ ʪʨʷʙʚʘ ʜʘ ʧʨʠʚʝʪʩʪʚʘʤʝ 
ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʥʘ ʩʧʝʮʠʘʣʥʘ ʩʝʩʠʷ ʟʘ ʤʣʘʜʠ ʫʯʝʥʠ, ʩʧʝʮʠʘʣʠʟʘʥʪʠ ʠ ʩʪʫʜʝʥʪʠ  ʚ ʨʘʤʢʠʪʝ ʥʘ 
ʪʦʟʠ ʩʠʤʧʦʟʠʫʤ. 

ʑʝ ʠʟʨʘʟʷ ʦʪʥʦʚʦ ʩʚʦʷʪʘ ʫʚʝʨʝʥʦʩʪ, ʯʝ ʩʲʚʤʝʩʪʥʘʪʘ ʥʠ ʨʘʙʦʪʘ ʚ ʧʦʜʧʦʤʘʛʘʥʝʪʦ ʥʘ 
ʥʘʫʢʘʪʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʪʦ ʠ ʧʨʠʣʦʞʝʥʠʝʪʦ ʥʘ ʥʘʫʯʥʠʪʝ ʜʦʩʪʠʞʝʥʠʷʪʘ ʚ ʧʨʦʝʢʪʠʨʘʥʝʪʦ, ʱʝ 
ʧʨʦʜʲʣʞʠ ʠ ʟʘ ʥʘʧʨʝʜ. ʇʨʦʜʲʣʞʠʤ ʩʲʚʤʝʩʪʥʦ ʜʘ ʦʨʛʘʥʠʟʠʨʘʤʝ ʩʝʤʠʥʘʨʠ ʠ ʢʫʨʩʦʚʝ ʟʘ 
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ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʚʘʣʠʬʠʢʘʮʠʷʪʘ, ʢʦʥʬʝʨʝʥʮʠʠ ʟʘ ʟʘʧʦʟʥʘʚʘʥʝ ʥʘ ʢʦʣʝʛʠʪʝ ʩ ʥʦʚʦʩʪʠʪʝ ʚ  
ʩʲʚʨʝʤʝʥʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʬʝʩʠʦʥʘʣʥʘʪʘ ʧʨʘʢʪʠʢʘ.  

 ʀʟʢʘʟʚʘʤ ʙʣʘʛʦʜʘʨʥʦʩʪ ʥʘ ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʠ ʣʠʯʥʦ ʥʘ ʇʨʝʜʩʝʜʘʪʝʣʷ ʥʘ ʉɻɿɹ ʜ-ʨ 
ʠʥʞ. ʀʚʘʥ ʂʘʣʯʝʚ ʟʘ ʧʦʣʘʛʘʥʠʪʝ ʫʩʠʣʠʷ ʟʘ ʧʨʦʬʝʩʠʦʥʘʣʥʦʪʦ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʘʰʘʪʘ ʛʠʣʜʠʷ. ɼʘ 
ʧʦʞʝʣʘʝʤ ʥʘ ʚʩʠʯʢʠ ʢʦʣʝʛʠ ʦʪ ʉʲʶʟʘ ʟʜʨʘʚʝ, ʩʠʣʠ ʠ  ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʫʩʧʝʭʠ! 

 
ʇʦʞʝʣʘʚʘʤ ʥʘ ʚʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʧʦʣʟʦʪʚʦʨʥʘ ʨʘʙʦʪʘ! 
ɹʣʘʛʦʜʘʨʷ ʟʘ ʚʥʠʤʘʥʠʝʪʦ!  

 

ʉ ʫʚʘʞʝʥʠʝ: ʠʥʞ. ʀʚʘʥ ɼʝʷʥʦʚ 
ʇʨʝʜʩʝʜʘʪʝʣ ʥʘ ʅʘʮʠʦʥʘʣʥʘ ʧʨʦʬʝʩʠʦʥʘʣʥʘ ʩʝʢʮʠʷ 
ñɻʝʦʜʝʟʠʷ ʠ ʧʨʠʣʦʞʘʥʘ ʛʝʦʜʝʟʠʷò ʢʲʤ ʂʘʤʘʨʘ ʥʘ ʠʥʞʝʥʝʨʠʪʝ 
ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʦʪʦ ʧʨʦʝʢʪʠʨʘʥʝ 
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4. XXXV ʄɽɾɼʋʅɸʈʆɼɽʅ ʉʀʄʇʆɿʀʋʄ 

ʉʒɺʈɽʄɽʅʅʀʊɽ ʊɽʍʅʆʃʆɻʀʀ, ʆɹʈɸɿʆɺɸʅʀɽʊʆ ʀ ʇʈʆʌɽʉʀʆʅɸʃʅɸʊɸ ʇʈɸʂʊʀʂɸ ɺ 

ɻɽʆɼɽɿʀʗʊɸ ʀ ʉɺʒʈɿɸʅʀʊɽ ʉ ʅɽʗ ʆɹʃɸʉʊʀ 

ʉʦʬʠʷ, 05 ï 07 ʥʦʝʤʚʨʠ 2025 ʛ. 

ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 
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ïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïïï 

 

ʇʈʀɺɽʊʉʊɺʀɽ 

 

ʦʪ ʄʠʛʣʝʥʘ ʂʫʟʤʘʥʦʚʘ, ʋʧʨʘʚʠʪʝʣ ʥʘ ɽʉʈʀ ɹʲʣʛʘʨʠʷ 

ʋʚʘʞʘʝʤʠ ʜʘʤʠ ʠ ʛʦʩʧʦʜʘ, 
 
ʋʚʘʞʘʝʤʠ ʢʦʣʝʛʠ, ʩʢʲʧʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʦʙʱʥʦʩʪ, 
 
ɹʣʘʛʦʜʘʨʷ ʥʘ ʉʲʶʟʘ ʥʘ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ ʟʝʤʝʫʩʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ ʟʘ ʧʦʢʘʥʘʪʘ ʠ ʟʘ 

ʚʲʟʤʦʞʥʦʩʪʪʘ ɽʩʨʠ ɹʲʣʛʘʨʠʷ ʜʘ ʧʦʜʢʨʝʧʠ ʪʦʟʠ ʧʨʝʩʪʠʞʝʥ ʤʝʞʜʫʥʘʨʦʜʝʥ ʩʠʤʧʦʟʠʫʤ. ɿʘ ʥʘʩ ʝ 
ʯʝʩʪ ʜʘ ʙʲʜʝʤ ʯʘʩʪ ʦʪ ʩʲʙʠʪʠʝ, ʢʦʝʪʦ ʥʝ ʧʨʦʩʪʦ ʩʲʙʠʨʘ ʩʧʝʮʠʘʣʠʩʪʠ ʦʪ ʨʘʟʣʠʯʥʠ ʩʬʝʨʠ, ʘ 
ʧʦʩʪʘʚʷ ʬʦʢʫʩ ʚʲʨʭʫ ʝʜʥʦ ʦʪ ʥʘʡ-ʟʥʘʯʠʤʠʪʝ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʥʘʧʨʘʚʣʝʥʠʷ ï ʛʝʦʜʝʟʠʷʪʘ ʠ 
ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʷ ʦʙʣʘʩʪʠ. 

ʇʨʦʛʨʘʤʘʪʘ ʥʘ ʪʘʟʛʦʜʠʰʥʠʷ ʩʠʤʧʦʟʠʫʤ ʝ ʚʧʝʯʘʪʣʷʚʘʱʘ ï ʤʥʦʛʦ ʦʪ ʪʝʤʠʪʝ ʩʘ ʧʨʷʢʦ 
ʩʚʲʨʟʘʥʠ ʩ ɻʀʉ ʪʝʭʥʦʣʦʛʠʠʪʝ, ʩ ʤʦʜʝʨʥʘʪʘ ʢʘʨʪʦʛʨʘʬʠʷ, ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʜʘʥʥʠ ʠ ʮʠʬʨʦʚʘʪʘ 
ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʧʨʦʮʝʩʠʪʝ. ʊʦʚʘ ʚʠʥʘʛʠ ʥʠ ʨʘʜʚʘ ʠ ʤʦʪʠʚʠʨʘ, ʟʘʱʦʪʦ ʧʦʢʘʟʚʘ ʢʦʣʢʦ 
ʝʩʪʝʩʪʚʝʥʦ ɻʀʉ ʩʝ ʚʧʠʩʚʘ ʚ ʛʝʦʜʝʟʠʯʝʩʢʘ ʧʨʘʢʪʠʢʘ ʠ ʢʦʣʢʦ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʠʤʘ ʟʘ ʙʲʜʝʱʝʪʦ 
ʥʘ ʩʝʢʪʦʨʘ. 

ʅʠʝ, ʦʪ ɽʩʨʠ ɹʲʣʛʘʨʠʷ, ʜʦʙʨʝ ʟʥʘʝʤ, ʯʝ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠʪʝ ɻʀʉ ʟʘʧʦʯʚʘʪ ʦʪ 
ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʘʪʘ ʛʝʦʜʝʟʠʷ. ʅʘ ʚʘʰʘʪʘ ʪʦʯʥʦʩʪ, ʝʢʩʧʝʨʪʥʦʩʪ ʠ ʧʨʦʬʝʩʠʦʥʘʣʠʟʲʤ ʨʘʟʯʠʪʘʪ 
ʚʩʠʯʢʠ ʩʧʝʮʠʘʣʠʩʪʠ ʚ ɻʀʉ ʩʬʝʨʘʪʘ. ɺʘʰʠʪʝ ʜʘʥʥʠ, ʚʘʰʠʪʝ ʩʪʘʥʜʘʨʪʠ ʠ ʚʘʰʘʪʘ ʨʘʙʦʪʘ ʩʘ 
ʦʩʥʦʚʘʪʘ, ʚʲʨʭʫ ʢʦʷʪʦ ʥʠʝ ʠʟʛʨʘʞʜʘʤʝ ʠʥʪʝʣʠʛʝʥʪʥʠ ʩʠʩʪʝʤʠ, ʘʥʘʣʠʟʠ, ʤʦʜʝʣʠ ʠ ʨʝʰʝʥʠʷ. 

ɿʘʪʦʚʘ ʧʦʜʢʨʝʧʘʪʘ ʢʲʤ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʧʨʦʬʝʩʠʷ ʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʧʨʠʦʨʠʪʝʪ ʟʘ ʥʘʩ ï ʯʨʝʟ 
ʧʘʨʪʥʴʦʨʩʪʚʘ, ʯʨʝʟ ʫʯʘʩʪʠʝ ʚ ʠʥʠʮʠʘʪʠʚʠ ʢʘʪʦ ʪʦʟʠ ʩʠʤʧʦʟʠʫʤ, ʯʨʝʟ ʢʦʥʩʫʣʪʘʮʠʠ, ʝʢʩʧʝʨʪʠʟʘ ʠ 
ʯʨʝʟ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʜʦʩʪʲʧ ʜʦ ʩʲʚʨʝʤʝʥʥʠ ɻʀʉ ʪʝʭʥʦʣʦʛʠʠ ʠ ʣʠʮʝʥʟʠ. ʑʘʩʪʣʠʚʠ ʩʤʝ, ʯʝ ʤʦʞʝʤ 
ʜʘ ʙʲʜʝʤ ʯʘʩʪ ʦʪ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʙʨʘʥʰʘ ʠ ʜʘ ʨʘʙʦʪʠʤ ʟʘʝʜʥʦ ʟʘ ʥʝʛʦʚʦʪʦ ʜʠʛʠʪʘʣʥʦ ʙʲʜʝʱʝ. 

ʇʦʟʜʨʘʚʷʚʘʤ ʦʨʛʘʥʠʟʘʪʦʨʠʪʝ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪʪʘ, ʟʘ ʚʠʩʦʢʠʷ ʧʨʦʬʝʩʠʦʥʘʣʝʥ 
ʩʪʘʥʜʘʨʪ ʠ ʟʘ ʦʪʜʝʣʝʥʦʪʦ ʩʧʝʮʠʘʣʥʦ ʚʥʠʤʘʥʠʝ ʢʲʤ ʤʣʘʜʠʪʝ ʫʯʝʥʠ, ʩʪʫʜʝʥʪʠʪʝ ʠ ʤʣʘʜʠ 
ʩʧʝʮʠʘʣʠʩʪʠ. ʊʝ ʩʘ ʙʲʜʝʱʠʪʝ ʣʠʜʝʨʠ ʥʘ ʛʝʦʜʝʟʠʷʪʘ ʠ ɻʀʉ, ʠ ʝ ʦʪ ʢʣʶʯʦʚʦ ʟʥʘʯʝʥʠʝ ʜʘ ʥʘʤʠʨʘʪ 
ʩʚʦʷʪʘ ʧʣʘʪʬʦʨʤʘ ʠʤʝʥʥʦ ʪʫʢ ï ʩʨʝʜ ʚʘʩ. 

ɾʝʣʘʷ ʫʩʧʝʭ ʥʘ ʚʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ, ʧʦʣʟʦʪʚʦʨʥʠ ʜʠʩʢʫʩʠʠ ʠ ʚʜʲʭʥʦʚʝʥʠʝ ʧʨʝʟ ʩʣʝʜʚʘʱʠʪʝ 
ʜʥʠ. 
ɹʣʘʛʦʜʘʨʷ ʚʠ. 
 
ʉʦʬʠʷ, 06.11.2025 ʛ. 
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1. ʇʃɽʅɸʈʅɸ ʉɽʉʀʗ (ɯ) ï ɼʆʂʃɸɼʀ ʀ 
ɼʀʉʂʋʉʀʗ 

5. XXXV ʄɽɾɼʋʅɸʈʆɼɽʅ ʉʀʄʇʆɿʀʋʄ 
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GNSS ʇʆɿʀʎʀʆʅʀʈɸʅɽ ɺ ʈɽɸʃʅʆ ɺʈɽʄɽ: ʉʒɺʈɽʄɽʅʅʀ ɺʒɿʄʆɾʅʆʉʊʀ ʀ 
ɹʒɼɽʑʀ ʅɸʇʈɸɺʃɽʅʀʗ 

ɼ-ʨ ʢʘʥʜ. ɹʠʣʘʣ ʄʫʪʣʫ, ʧʨʦʬ. ʜ-ʨ ʉʝʨʜʘʣ ɽʨʦʣ, ʧʨʦʬ. ʜ-ʨ ʈʝʭʘ ʄʝʪʠʥ ɸʣʢʘʥ 
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ʊʫʨʮʠʷ 

 

REAL-TIME GNSS POSITIONING: CURRENT CAPABILITIES AND FUTURE DIRECTIONS  

PhD. Cand. Bilal Mutlu, Prof. Dr. Serdar Erol, Prof. Dr. Reha Metin Alkan  
*Geomatics Engineering Depart ment, Ķstanbul Technical University, T¿rkiye 

 

SUMMARY  
 

Real-time GNSS techniques offer three-dimensional positioning with accuracies ranging from meters 
to centimeters, depending on the method employed. For high-precision applications, Real-Time 
Kinematic (RTK) and Network RTK (NRTK) techniques have been widely used for many years, 
achieving centimeter-level accuracy after a short initialization time. Their performance, however, relies 
on the availability of dense geodetic infrastructure, including continuously operating reference stations 
and reliable communication links such as radio, GSM, or internet connections. Sparse reference-station 
coverage, communication outages, and geographic or topographic obstructions may therefore restrict 
their applicability. 
 
To overcome such limitations, satellite-based augmentation methods have been developed to deliver 
real-time corrections without dependence on local communication networks. Early systems, such as 
WAAS/SBAS broadcast code-based corrections, offered meter-level accuracy that is inadequate for 
higher-precision requirements. The need for high-accurate methods has led to the development of the 
real-time Precise Point Positioning (PPP) method, which also uses carrier-phase observations. The 
streaming of the real-time precise satellite products by global GNSS analysis centers enabled the 
implementation of real-time PPP (RT-PPP). Although RT-PPP reduces reliance on local reference 
networks, it still requires continuous and robust high-rate data transmission, making it vulnerable to 
poor or unstable communication conditions. 
 
Building on these advances, several commercial companies have started to provide real-time PPP 
services to worldwide users. These services generate real-time precise orbit, clock, and bias products 
using globally distributed reference networks, as well as atmospheric parameters obtained from 
regional reference networks. These corrections are then broadcast via L-band satellites or terrestrial 
communication (internet/GSM). As a result, the L-band supported RT-PPP services offer a flexible 
solution that enables seamless real-time 3D positioning even in areas without an internet connection. 
However, the equipment required for RT-PPP using commercial services is generally more expensive 
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and requires subscription fees, and the solution may be limited at high latitude areas where L-band 
communication satellites cannot be seen. 
 
Beyond commercial systems, some GNSS constellations broadcast corrections directly through their 
own satellites, thereby avoiding the need for external communication infrastructure altogether. Japanôs 
Quasi-Zenith Satellite System (QZSS) Centimeter Level Augmentation Service (CLAS) transmits 
regional high-accuracy corrections via an additional signal channel, providing decimeter- to centimeter-
level accuracy for both static and kinematic applications within Japan. Chinaôs BeiDou-3 system 
similarly distributes regional corrections through its B2b service satellites, enabling multi-GNSS RT-
PPP with sub-decimeter to decimeter accuracy after moderate convergence times. 
 
Unlike these regional approaches, the Galileo satellite system offers a Galileo High Accuracy Service 
(Galileo HAS) that transmits real-time orbit, clock, and bias corrections directly within its navigation 
signal structure, providing global coverage. This service covers all areas where Galileo satellites are 
visible and permits the combined processing of Galileo and GPS observations. The initial operational 
phase provides global RT-PPP corrections for several frequency bands, while future stages aim to 
incorporate atmospheric corrections to accelerate convergence -particularly in Europe -and improve 
overall reliability. The service provides accuracy better than 20 centimeters horizontally and 40 
centimeters vertically after a convergence time of several minutes. Real-time positioning is achieved by 
applying the broadcasted corrections within a PPP algorithm executed on the user receiver.  
 
In conclusion, modern GNSS real-time positioning methods demonstrate that achievable accuracy is 
fundamentally linked to the content of the corrections and the external infrastructures, such as reference 
networks and strong communication. Code-based augmentation systems enable robust meter-level 
positioning with wide accessibility, whereas carrierïphaseïbased techniques, such as PPP and RTK, 
provide substantially higher precision. Infrastructure-dependent methods -particularly network RTK-
yield the most rapid convergence and centimeter-level accuracy but require dense reference networks 
and reliable communication channels. In contrast, local infrastructure-independent RT-PPP techniques 
prioritize global applicability and operational autonomy. Still, they typically involve longer convergence 
times that depend on the content of the corrections, the used GNSS constellations and frequencies. 
Overall, the comparative analysis of these methods indicates that no single approach is universally 
optimal; instead, the choice of positioning strategy should reflect application-specific requirements, 
environmental constraints, and the practical balance between accuracy, availability, reliability, and 
infrastructure dependence. 
 
Keywords:  GNSS, Real-Time GNSS Positioning, Real-Time Kinematic/RTK, Real-Time Precise Point 
Positioning/RT-PPP, Galileo High Accuracy Service/HAS 
 

Table: Summary and characteristics of Real-Time GNSS positioning techniques. 
 

Method  
Accuracy 

(2D) 
Requirements  Coverage  

Convergenc
e Time 

Internet 
Needed 

SPP ~5ï10 m 
None 

(Absolute) 
Global Instant  

WAAS/SBAS ~1ï3 m 
SBAS satellites 

(Absolute) 

Regional 
(e.g. 

WAAS, 
EGNOS) 

Instant  

Single-
baseline RTK 

~1ï5 cm 
Base station nearby 

and radio link 
(Relative) 

Local 
(~10ï20 

km) 
Seconds  

Network RTK ~1ï3 cm 
CORS network, 
Control center, 

Strong 
Regional Seconds  
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Method  
Accuracy 

(2D) 
Requirements  Coverage  

Convergenc
e Time 

Internet 
Needed 

communication 
(Relative) 

Internet-
based 

RT-PPP 
~5ï25 cm 

Internet connected 
and PPP-client 
installed GNSS 

receiver 
(Absolute) 

Global 5ï30 min  

Commercial 
L-band based 

RT-PPP 
~2ï5 cm 

Subscription, L-
band supported and 
PPP-client installed 

GNSS receiver 
(Absolute) 

Global 1ï10 min  

Navigation 
Satellite-

broadcasted 
RT-PPP 

~10ï30 cm 

PPP client and 
Decoder installed 
GNSS receiver 

(Absolute) 

Regional / 
Global 

5ï30 min  
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ɻɽʆʀɼ/ʂɺɸɿʀɻɽʆʀɼ ɿɸ ʊɽʈʀʊʆʈʀʗʊɸ ʅɸ ʈɽʇʋɹʃʀʂɸ ɹʒʃɻɸʈʀʗ 

ʏʣ.-ʢʦʨ. ʧʨʦʬ. ʜ-ʨ ʠʥʞ. ɻʝʦʨʛʠ ʄʠʣʝʚ, ʀʂʀʊ-ɹɸʅ 

ʈɽɿʖʄɽ 
 
ʇʨʦʙʣʝʤʲʪ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʧʲʣʝʥ ʠ ʢʦʨʝʢʪʝʥ ʤʦʜʝʣ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʟʘ 

ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ ʚʩʝ ʦʱʝ ʥʝ ʝ ʨʝʰʝʥ. ʀʟʣʦʞʝʥʠ ʩʘ ʥʘʢʨʘʪʢʦ ʨʘʙʦʪʠʪʝ  ʧʦ 
ʤʦʜʝʣʠʨʘʥʝʪʦ ʠ ʩʪʘʪʫʢʚʦʪʦ ʥʘ ʩʚʝʪʦʚʥʠʷ ʠ ʝʚʨʦʧʝʡʩʢʠʷ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ  ʠ ʠʟʚʝʞʜʘʥʝʪʦ ʥʘ 
ʣʦʢʘʣʥʠ ʛʝʦʠʜʠ. ʆʙʦʙʱʝʥʦ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠʟʚʝʩʪʥʠʪʝ ʠʟʚʲʨʰʝʥʠ ʨʘʙʦʪʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 
ʛʝʦʠʜʘ /ʢʚʘʟʠʛʝʦʠʜʘ ʠ ʩʲʩʪʦʷʥʠʝʪʦ ʠʤ ʚ ʤʦʤʝʥʪʘ ʫ ʥʘʩ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʚʲʟʤʦʞʥʠʪʝ ʨʝʰʝʥʠʷ ʥʘ 
ʧʨʦʙʣʝʤʘ ʠ ʧʦʩʣʝʜʥʠʪʝ ʦʧʠʪʠ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʬʠʥʘʥʩʠʨʘʥʝ ʠ ʨʝʰʝʥʠʝ ʥʘ ʧʨʦʙʣʝʤʘ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʉʚʝʪʦʚʝʥ, ʨʝʛʠʦʥʘʣʝʥ ʠ ʣʦʢʘʣʝʥ ʛʝʦʠʜ, ʤʦʜʝʣ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʟʘ 
ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ, ʨʝʘʣʠʟʘʮʠʷ, ʨʝʰʝʥʠʷ, ʬʠʥʘʥʩʠ. 

 

GEOID/QUASIGEOID FOR THE TERRITORY OF THE REPUBLIC OF BULGARIA  

Corr. Memb. Prof. Dr. Eng. Georgi Milev (SRTI -BAS) 

SUMMARY 
 

The problem of deriving a complete and correct model of the geoid/quasigeoid for the territory of the 
Republic of Bulgaria has not yet been solved. The works on the world, European and the requirements 
for the derivation of local geoids are briefly presented. The known works carried out for determining the 
geoid/quasigeoid and their current status are summarized in our country. Possible solutions to the 

problem and the latest attempts to provide funding and a solution to the problem are presented. 
 
Keywords: World, regional and local geoid, geoid/quasi-geoid model for the territory of the Republic of 
Bulgaria, implementation, solutions, finances. 

 

ʇʈɽɼɻʆɺʆʈ  
 
ʇʦʚʦʜʲʪ ʟʘ  ʪʘʟʠ ʩʪʘʪʠʷ ʝ ʧʨʦʙʣʝʤʲʪ ʟʘ ʣʠʧʩʘʪʘ ʥʘ ʮʷʣʦʩʪʝʥ, ʧʨʝʮʠʟʝʥ ʙʲʣʛʘʨʩʢʠ ʛʝʦʠʜ 

ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ, ʥʘʣʝʞʘʱʘʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʥʝʛʦʚʦʪʦ ʩʲʟʜʘʚʘʥʝ, ʢʘʢʪʦ ʠ 
ʧʘʩʠʚʥʦʩʪʪʘ ʥʘ ʦʪʛʦʚʦʨʥʠʪʝ ʦʨʛʘʥʠ ʠ ʣʠʧʩʘ ʥʘ ʧʦʣʠʪʠʢʘ ʠ ʧʝʨʩʧʝʢʪʠʚʘ ʟʘ ʪʦʚʘ ʦʪ ʪʷʭʥʘ ʩʪʨʘʥʘ. 
ʉʠʛʫʨʥʦ ʟʘ ʪʦʚʘ ʱʝ ʩʝ ʠʟʪʲʢʥʘʪ ʦʙʝʢʪʠʚʥʠ ʧʨʠʯʠʥʠ ʠ ʥʝ ʥʘʤʝʨʝʥ ʥʘʜʝʞʜʝʥ ʠʟʪʦʯʥʠʢ ʦʪ ʪʷʭ ʟʘ 
ʬʠʥʘʥʩʠʨʘʥʝ. ʇʨʝʜ ʤʥʦʛʦ ʦʪ ʟʘʥʠʤʘʚʘʱʠʪʝ ʠ ʠʤʘʱʠ ʦʪʥʦʰʝʥʠʝ ʧʦ ʪʦʟʠ ʧʨʦʙʣʝʤ ʩʧʝʮʠʘʣʠʩʪʠ 
ʪʦʡ ʝ ʥʘ ʧʦ-ʟʘʜʝʥ ʧʣʘʥ ʧʨʠ ʪʷʭ, ʜʨʫʛʠ ʪʲʨʩʷʪ ʧʦ-ʦʧʨʦʩʪʝʥʠ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʝ ʥʘ 
ʥʘʧʨʘʚʝʥʦʪʦ ʠ ʥʘʣʠʯʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʚ ʤʦʤʝʥʪʘ. 

ɿʘʝʜʥʦ ʩ ʪʦʚʘ ʥʘʧʠʩʚʘʥʝʪʦ ʥʘ ʪʘʟʠ ʩʪʘʪʠʷ ʝ ʧʨʦʜʠʢʪʫʚʘʥʦ ʦʪ ʝʜʥʘ ʤʦʷ ʚʲʪʨʝʰʥʘ 
ʥʝʦʙʭʦʜʠʤʦʩʪ  ʟʘ ʠʟʷʩʥʷʚʘʥʝ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʚ ʧʦʩʣʝʜʥʦ ʚʨʝʤʝ, ʩʚʲʨʟʘʥʦ ʩ ʪʦʟʠ ʦʩʥʦʚʝʥ 
ʧʨʦʙʣʝʤ ʟʘ ʩʪʘʨʠʥʘʪʘ ʥʠ. ʉʲʱʦ ʪʘʢʘ ʠ ʟʘ ʦʩʚʝʪʣʷʚʘʥʝ ʥʘ ʤʦʷʪʘ ʨʦʣʷ ʟʘ ʥʝʛʦʚʦʪʦ ʨʝʰʘʚʘʥʝ. ʇʨʠ 
ʪʦʚʘ ʩʪʨʝʤʝʞʲʪ ʤʠ ʝ ʙʠʣ ʦʙʝʢʪʠʚʥʦ ʜʘ ʩʝ ʦʪʜʘʜʝ ʟʘʩʣʫʞʝʥʦʪʦ ʥʘ ʧʨʠʥʦʩʠʪʝ ʠ ʥʘ ʜʨʫʛʠ ʫʯʘʩʪʥʠʮʠ 
ʟʘ ʪʦʚʘ ʨʝʰʘʚʘʥʝ. 
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1. ʆɹʑʀ ʇʆʉʊɸʅʆɺʂʀ 

ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʬʠʛʫʨʘʪʘ, ʨʘʟʤʝʨʠʪʝ ʠ ʚʲʥʰʥʦʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ 
ʥʘ ɿʝʤʷʪʘ ʠ ʦʩʪʘʥʘʣʠʪʝ ʧʣʘʥʝʪʠ ʚʲʚ ʚʨʝʤʝʪʦ ʝ ʟʘʜʘʯʘ ʥʘ ʛʝʦʜʝʟʠʷʪʘ ʢʘʪʦ ʥʘʫʢʘ, ʜʝʬʠʥʠʨʘʥʘ ʦʪ 
ʧʨʦʬ. ʌʨʠʜʨʠʭ ʍʝʣʤʝʨʪ (1843 ï 1917), ɻʝʨʤʘʥʠʷ, ʩʲʱʦ ʦʪ ʁ. ʃʠʩʪʠʥʛ ʠ ʜʨ. [6], [19]. ʊʦʟʠ 
ʛʝʦʜʝʟʠʯʝʩʢʠ ʛʨʘʥʠʯʝʥ ʧʨʦʙʣʝʤ ʟʘ ɿʝʤʷʪʘ ʩʲʜʲʨʞʘ ʨʝʰʝʥʠʝʪʦ ʥʘ ʜʚʘ ʘʩʧʝʢʪʘ ï ʛʝʦʤʝʪʨʠʯʝʥ 
(ʬʠʛʫʨʘ ʥʘ ɿʝʤʷʪʘ) ʠ ʬʠʟʠʯʝʩʢʠ (ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ). ɿʘ ʮʝʣʪʘ ʦʩʥʦʚʥʦ ʩʝ ʠʟʧʦʣʟʚʘʪ ʩʲʦʪʚʝʪʥʠ 
ʤʝʪʦʜʠ ʠ ʠʟʤʝʨʚʘʥʠʷ ï ʛʝʦʤʝʪʨʠʯʥʠ, ʟʘ ʬʠʛʫʨʘʪʘ ʠ ʛʨʘʚʠʤʝʪʨʠʯʥʠ, ʩʚʲʨʟʘʥʠ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ 
ʧʦʣʝ. ʉʲʱʝʩʪʚʫʚʘʪ ʦʢʦʥʯʘʪʝʣʥʠ ʨʝʰʝʥʠʷ ʥʘ ʥʷʢʦʠ ʦʪ ʪʝʟʠ ʧʨʦʙʣʝʤʠ, ʠ ʪʝʢʫʱʠ ʨʝʰʝʥʠʷ ʟʘ ʜʨʫʛʠ, 
ʢʦʠʪʦ ʩʘ ʚ ʧʨʦʮʝʩ ʥʘ ʨʝʘʣʠʟʘʮʠʷ, ʢʘʪʦ ʧʨʠ ʥʷʢʦʠ ʧʦʩʪʝʧʝʥʥʦ ʩʝ ʥʘʧʨʝʜʚʘ ʚ ʧʦʩʪʠʛʘʥʝ ʥʘ 
ʦʢʦʥʯʘʪʝʣʥʦʪʦ ʨʝʰʝʥʠʝ.  

ɿʘ ʥʫʞʜʠʪʝ ʦʩʥʦʚʥʦ ʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ ʩʝ ʧʨʠʝʤʘ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 
ʬʠʛʫʨʘʪʘ ʥʘ ɿʝʤʷʪʘ ʯʨʝʟ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʤʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʠʛʫʨʘ ï ɽʃʀʇʉʆʀɼ. 
ɻʣʦʙʘʣʥʠ ʩʧʲʪʥʠʢʦʚʠ ʥʘʚʠʛʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ (Global Navigation Satellite Systems ï GNSS) 
ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʟʤʝʨʚʘʥʠʷ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʦ ʧʨʠʝʪ ʛʝʦʮʝʥʪʨʠʯʝʥ 
ʨʝʬʝʨʝʥʪʝʥ ʝʣʠʧʩʦʠʜ. ɼʝʬʠʥʠʨʘʥʠʷʪ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦ ʧʨʠʝʪ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʩʦʮʠʘʮʠʷ ʧʦ 
ʛʝʦʜʝʟʠʷ (International Association of Geodesy ï IAG), ʨʝʩʧʝʢʪʠʚʥʦ ʦʪ ʄʝʞʜʫʥʘʨʦʜʥʠʷ ʩʲʶʟ ʧʦ 
ʛʝʦʜʝʟʠʷ ʠ ʛʝʦʬʠʟʠʢʘ (International Union of Geodesy and Geophysics - IUGG) ʩʝ ʠʟʧʦʣʟʚʘ ʚ 
ʩʚʝʪʦʚʥʘʪʘ ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ ï ʈʝʬʝʨʝʥʪʥʠʷ ʝʣʠʧʩʦʠʜ GRS80 [19].  

ɿʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ ʩʝ ʧʨʘʚʷʪ ʘʧʨʦʢʩʠʤʘʮʠʠ ʯʨʝʟ: 1) ʥʝʧʨʘʚʠʣʥʘ, 
ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʝʜʝʬʠʥʠʨʫʝʤʘ ʧʦʚʲʨʭʥʠʥʘ ï ɻɽʆʀɼ (ʪʝʦʨʝʪʠʯʥʘʪʘ ʬʠʛʫʨʘ, ʜʝʬʠʥʠʨʘʥʘ ʢʘʪʦ 
ʝʢʚʠʧʦʪʝʥʮʠʘʣʥʘ ʥʠʚʦ-ʧʦʚʲʨʭʥʠʥʘ, ʢʦʷʪʦ ʧʨʷʢʦ ʘʧʨʦʢʩʠʤʠʨʘ ʩʨʝʜʥʦʪʦ ʤʦʨʩʢʦ ʥʠʚʦ, ʤʠʩʣʝʥʦ 
ʧʨʦʜʲʣʞʝʥʦ ʠ ʧʦʜ ʩʫʰʘʪʘ, ʟʘ ʢʦʷʪʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʲʪ ʢʲʤ ʚʩʷʢʘ ʥʝʡʥʘ ʪʦʯʢʘ ʩʲʚʧʘʜʘ ʩ ʧʦʩʦʢʘʪʘ 
ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʘʪʘ ʩʠʣʘ); 2) ʨʝʘʣʠʟʠʨʫʝʤʘ ʯʨʝʟ ʠʟʤʝʨʚʘʥʠʷ ʬʠʛʫʨʘ ï ʂɺɸɿʀɻɽʆʀɼ (ʧʦʯʪʠ ʠʣʠ 
ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʛʝʦʠʜ, ʚʲʚʝʜʝʥ ʦʪ ʄ. ʉ. ʄʦʣʦʜʝʥʩʢʠ (ʈʫʩʠʷ), ʠʟʧʦʣʟʚʘʥ ʠ ʚ ɹʲʣʛʘʨʠʷ [12]). ʊʦʚʘ 
ʩʝ ʦʪʥʘʩʷ ʠ ʟʘ ʨʝʛʠʦʥʠ ʠ ʣʦʢʘʣʥʠ ʯʘʩʪʠ ʦʪ ʥʝʷ. ʀʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʯʨʝʟ ʛʨʘʚʠʤʝʪʨʠʷ ʠ 
GNSS/Ni (ʥʠʚʝʣʘʮʠʷ), ʘ ʠʟʚʝʞʜʘʥʘʪʘ ʬʠʛʫʨʘ ʝ ʩʲʦʪʚʝʪʥʦ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʢʚʘʟʠʛʝʦʠʜ ʠ 
ʛʝʦʤʝʪʨʠʯʝʥ ʢʚʘʟʠʛʝʦʠʜ. ʉʲʱʦʪʦ ʩʝ ʦʪʥʘʩʷ ʠ ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɹʲʣʛʘʨʠʷ.  

ʉʧʦʩʦʙʠʪʝ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʛʝʦʠʜʘ ʩʘ ʰʠʨʦʢʦ ʦʙʩʲʞʜʘʥʠ. ʇʲʨʚʦʩʪʝʧʝʥʥʦ ʟʥʘʯʝʥʠʝ ʠʤʘ 
ʥʘʣʠʯʥʘʪʘ ʠʟʭʦʜʥʘ ʠʥʬʦʨʤʘʮʠʷ. ʆʩʥʦʚʥʠʪʝ ʩʧʦʩʦʙʠ ʩʝ ʢʣʘʩʠʬʠʮʠʨʘʪ ʢʘʢʪʦ ʩʣʝʜʚʘ [2]:  

Á ɸʩʪʨʦʥʦʤʦ-ʛʝʦʜʝʟʠʯʝʩʢʠ ʤʝʪʦʜ ï ʥʝʦʙʭʦʜʠʤʠʪʝ ʜʘʥʥʠ (ʦʪʢʣʦʥʝʥʠʷ ʥʘ ʦʪʚʝʩʘ) ʜʠʨʝʢʪʥʦ 
ʩʝ ʧʦʣʫʯʘʚʘʪ ʯʨʝʟ ʘʩʪʨʦʥʦʤʠʯʥʠʪʝ ʠ ʛʝʦʜʝʟʠʯʝʩʢʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʪʦʯʢʠʪʝ. ʇʨʦʬʠʣʲʪ ʥʘ 
ʛʝʦʠʜʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʤʝʞʜʫ ʘʩʪʨʦʥʦʤʦïʛʝʦʜʝʟʠʯʝʩʢʠʪʝ ʩʪʘʥʮʠʠ;  

Á ʏʨʝʟ ʛʝʦʧʦʪʝʥʮʠʘʣʝʥ ʤʦʜʝʣ ʥʘ ʟʝʤʥʦʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ, ʨʝʘʣʠʟʠʨʘʥ ʦʪ ʩʘʪʝʣʠʪʥʠ 
ʠ ʟʝʤʥʠ ʦʧʨʝʜʝʣʝʥʠʷ. ɻʝʦʠʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʩʝ ʧʦʣʫʯʘʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʦʪ ʩʬʝʨʦʭʘʨʤʦʥʠʯʥʠʪʝ 
ʢʦʝʬʠʮʠʝʥʪʠ;  

Á ɻʨʘʚʠʤʝʪʨʠʯʝʥ ʤʝʪʦʜ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʢʦʥʮʝʧʮʠʷʪʘ ʥʘ ʉʪʦʢʩ;  
Á ɻʝʦʤʝʪʨʠʯʝʥ ʠʣʠ ʠʥʪʝʨʧʦʣʘʮʠʦʥʝʥ ʤʝʪʦʜ (GNSS/Ni) ï ʣʦʢʘʣʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʛʝʦʠʜʘ 

ʚ ʪʦʯʢʠ, ʢʦʠʪʦ ʠʤʘʪ ʦʨʪʦʤʝʪʨʠʯʥʠ (ʥʦʨʤʘʣʥʠ) ʚʠʩʦʯʠʥʠ ʠ ʝʣʠʧʩʦʠʜʥʠ ʚʠʩʦʯʠʥʠ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ 
GNSS ʠʟʤʝʨʚʘʥʠʷ, ʠʟʚʲʨʰʝʥʠ ʝʜʠʥʩʪʚʝʥʦ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ɻʝʦʠʜʥʠʪʝ ʚʠʩʦʯʠʥʠ ʚ 
ʜʨʫʛʠʪʝ ʪʦʯʢʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʯʨʝʟ ʠʥʪʝʨʧʦʣʠʨʘʥʝ;  

Á ʏʨʝʟ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʠʟʚʝʜʝʥʠʪʝ ʦʪ GNSS ʦʧʨʝʜʝʣʝʥʠʷ ʝʣʠʧʩʦʠʜʥʠ 
ʚʠʩʦʯʠʥʠ ʠ ʥʦʨʤʘʣʥʠ ʚʠʩʦʯʠʥʠ, ʦʧʨʝʜʝʣʝʥʠ ʯʨʝʟ ʛʝʦʤʝʪʨʠʯʥʘ ʥʠʚʝʣʘʮʠʷ.  
 

ʉʲʱʝʩʪʚʫʚʘʪ ʚʨʲʟʢʠ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠ ʥʘ ʝʣʠʧʩʦʠʜʘ ʠ ʛʝʦʠʜʘ ʩ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 
ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʛʨʘʚʠʤʝʪʨʠʯʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʠ ʪʝʟʠ ʩ GNSS/Ni ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ 
ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ (ʬʠʛ. 1).  

     

 
ʌʠʛ. 1. ʇʦʚʲʨʭʥʠʥʠ ʠ ʚʠʩʦʯʠʥʠ 
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ʊʲʡ ʢʘʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ ʥʝ ʝ ʩʠʤʝʪʨʠʯʥʦ, ʛʝʦʠʜʲʪ ʥʝ ʝ ʠʜʝʘʣʥʘ ʩʬʝʨʘ 

ʠ ʩʝ ʦʪʢʣʦʥʷʚʘ ʦʪ ʝʣʠʧʩʦʠʜʘ. ɸʥʦʤʘʣʠʷʪʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ɝ ʝ ʤʷʨʢʘ ʟʘ ʪʦʚʘ ʦʪʢʣʦʥʝʥʠʝ ʠ ʩʝ 
ʠʟʧʦʣʟʚʘ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʤʝʞʜʫ ʝʣʠʧʩʦʠʜʥʠ ʚʠʩʦʯʠʥʠ (ʠʟʤʝʨʝʥʠ ʦʪ ʝʣʠʧʩʦʠʜʘ) ï ʅɽ. ʠ 
ʦʨʪʦʤʝʪʨʠʯʥʠ ʚʠʩʦʯʠʥʠ (ʠʟʤʝʨʝʥʠ ʦʪ ʛʝʦʠʜʘ) ï H0.  

ɸʅʆʄɸʃʀʗʊɸ ʅɸ ɺʀʉʆʏʀʅɸʊɸ, ʠʟʚʝʩʪʥʘ ʦʱʝ ʢʘʪʦ ʚʠʩʦʯʠʥʘ ʥʘ ʛʝʦʠʜʘ ʠʣʠ 
ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʢʚʘʟʠʛʝʦʠʜ ʠ ʝʣʠʧʩʦʠʜ ʟʘ ʜʘʜʝʥʘ ʪʦʯʢʘ, ʝ ʨʘʟʣʠʢʘʪʘ ʚʲʚ ʚʠʩʦʯʠʥʠʪʝ ʥʘ 
ʪʦʯʢʠʪʝ ʩʧʨʷʤʦ ʢʚʘʟʠʛʝʦʠʜʘ ʠ ʝʣʠʧʩʦʠʜʘ. ɻʝʦʠʜʲʪ ʝ ʧʦʚʲʨʭʥʦʩʪ ʩ ʝʜʥʘʢʲʚ ʛʨʘʚʠʪʘʮʠʦʥʝʥ 
ʧʦʪʝʥʮʠʘʣ, ʢʦʷʪʦ ʜʦʙʣʠʞʘʚʘ ʬʦʨʤʘʪʘ ʥʘ ʤʦʨʩʢʦʪʦ ʨʘʚʥʠʱʝ ʥʘ ɿʝʤʷʪʘ, ʜʦʢʘʪʦ ʝʣʠʧʩʦʠʜʲʪ ʝ 
ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʜʦʙʣʠʞʘʚʘ ʬʦʨʤʘʪʘ ʥʘ ɿʝʤʷʪʘ.  

ʉʧʨʷʤʦ ʝʣʠʧʩʦʠʜʘ, ʯʨʝʟ GNSS ʩʝ ʦʧʨʝʜʝʣʷʪ ʝʣʠʧʩʦʠʜʥʠʪʝ ʚʠʩʦʯʠʥʠ ʅɽ. ɺʲʚ ʚʩʷʢʘ ʪʦʯʢʘ 
ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʥʦʨʤʘʣʥʠʪʝ (ʢʚʘʟʠʛʝʦʠʜʥʠʪʝ ï ʅN.) ʠ ʝʣʠʧʩʦʠʜʥʠʪʝ (Hɽ) 
ʚʠʩʦʯʠʥʠ ʩʘ ʨʘʟʣʠʯʥʠ. ʀʤʝʥʥʦ ʪʝʟʠ ʨʘʟʣʠʢʠ ʩʝ ʥʘʨʠʯʘʪ ʘʥʦʤʘʣʠʷ ʥʘ ʚʠʩʦʯʠʥʠ ɝ 

 
(1)        ɝ (N = Hɽ ï HN) 

 
ɿʘ ʜʘ ʙʲʜʝ ʚʲʟʤʦʞʥʦ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ GNSS ʠʟʤʝʨʚʘʥʠʷʪʘ ʟʘ ʢʦʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ 

ʥʘʜʤʦʨʩʢʠ ʚʠʩʦʯʠʥʠ ʥʘ ʪʦʯʢʠ ʦʪ ʬʠʟʠʯʝʩʢʘʪʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʪʨʷʙʚʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʧʦ 
ʚʠʩʦʯʠʥʘ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ GNSS, ʜʘ ʩʝ ʢʦʨʠʛʠʨʘʪ ʩʲʩ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʘʥʦʤʘʣʠʷ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʟʘ 
ʢʦʥʢʨʝʪʥʘʪʘ ʪʦʯʢʘ ʥʘ ʠʟʤʝʨʚʘʥʝ. ʇʨʝʮʠʟʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʘʥʦʤʘʣʠʷ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ɝ ï 
ʦʥʜʫʣʘʮʠʷʪʘ ʥʘ ʛʝʦʠʜʘ ʥʘʜ ʝʣʠʧʩʦʠʜʘ ʟʘ ʮʷʣʘʪʘ ɿʝʤʷ ʝ ʟʘʜʘʯʘ, ʢʦʷʪʦ ʜʦ ʤʦʤʝʥʪʘ ʥʝ ʝ 
ʥʘʤʝʨʠʣʘ ʩʚʦʝʪʦ ʮʷʣʦʩʪʥʦ ʠ ʝʜʥʦʟʥʘʯʥʦ ʨʝʰʝʥʠʝ. ʅʘ ʙʘʟʘʪʘ ʥʘ ʦʙʦʙʱʝʥʠ ʜʘʥʥʠ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ 
ʛʣʦʙʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʛʝʦʠʜʘ ʟʘ ʮʷʣʘʪʘ ɿʝʤʷ, ʟʘ ʦʧʨʝʜʝʣʝʥʠ ʨʝʛʠʦʥʠ ʠ ʣʦʢʘʣʥʠ ʪʝʨʠʪʦʨʠʠ, ʢʦʠʪʦ 
ʦʙʘʯʝ ʥʝ ʩʘ ʜʦʩʪʘʪʲʯʥʦ ʧʨʝʮʠʟʥʠ ʠ ʧʦʩʪʦʷʥʥʦ ʪʲʨʧʷʪ ʨʘʟʚʠʪʠʝ ʠ ʧʦʜʦʙʨʝʥʠʝ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʦʚʠ 
ʜʘʥʥʠ, ʦʩʥʦʚʥʦ ʦʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʠʟʤʝʨʚʘʥʠʷ.  

ɻʝʦʠʜʠʪʝ, ʝʣʠʧʩʦʠʜʠʪʝ ʠ ʘʥʦʤʘʣʠʷʪʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʩʘ ʚʘʞʥʠ, ʟʘʱʦʪʦ ʠʛʨʘʷʪ ʨʝʰʘʚʘʱʘ 
ʨʦʣʷ ʚ ʥʘʰʝʪʦ ʨʘʟʙʠʨʘʥʝ, ʠ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʬʦʨʤʘʪʘ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʠ ʦʨʠʝʥʪʘʮʠʷʪʘ 
ʥʘ ɿʝʤʷʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ.  ʀʟʧʦʣʟʚʘʪ ʩʝ ʢʘʪʦ ʦʪʧʨʘʚʥʘ ʪʦʯʢʘ ʟʘ ʪʝʟʠ ʧʦʩʪʘʥʦʚʢʠ ʠ 
ʦʧʨʝʜʝʣʷʥʠʷ. ʊʝ ʦʩʠʛʫʨʷʚʘʪ ʧʦʩʣʝʜʦʚʘʪʝʣʝʥ ʠ ʪʦʯʝʥ ʥʘʯʠʥ ʟʘ ʠʟʤʝʨʚʘʥʝ ʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ 
ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʝʪʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ, ʘ ʩʲʱʦ ʠ ʟʘ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʦʪ ʧʨʠʣʦʞʝʥʠʷ, 
ʚʢʣʶʯʠʪʝʣʥʦ ʛʝʦʜʝʟʠʷ, ʪʦʧʦʛʨʘʬʩʢʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ, ʥʘʚʠʛʘʮʠʷ ʠ ʤʥʦʛʦ ʜʨʫʛʠ.  

ɿʥʘʯʠʤʦʩʪʪʘ ʥʘ ʧʨʦʙʣʝʤʘ ʩʝ ʚʠʞʜʘ ʦʪ ʬʘʢʪʘ, ʯʝ ʪʦʡ ʝ ʩʚʲʨʟʘʥ ʩ ʮʷʣʘʪʘ ɿʝʤʷ, ʩ 
ʦʪʜʝʣʥʠ ʨʝʛʠʦʥʠ ʠ ʦʪʜʝʣʥʠ ʩʪʨʘʥʠ. ɿʘʝʜʥʦ ʩ ʪʦʚʘ, ʢʘʢʪʦ ʱʝ ʩʝ ʠʟʪʲʢʥʝ ʤʥʦʛʦʢʨʘʪʥʦ ʠ ʧʦ 
ʥʘʪʘʪʲʢ, ʪʦʡ ʝ ʦʙʝʢʪ ʜʘ ʜʲʣʛʦʛʦʜʠʰʥʠ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʦʩʚʝʥ ʟʘ ʅʘʫʢʠʪʝ ʟʘ  

ɿʝʤʷʪʘ, ʌʠʟʠʢʘʪʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ ʥʘʫʢʠ, ʢʘʢʪʦ ʠ ʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 
ʛʝʦʠʜʘ, ʪʘʤ ʢʲʜʝʪʦ ʝ ʠʟʚʝʜʝʥ, ʚ ʩʪʦʧʘʥʩʢʘʪʘ ʩʬʝʨʘ, ʥʘʚʠʛʘʮʠʷʪʘ ʠ ʤʥʦʛʦ ʜʨʫʛʠ. 

2. ʉʒʉʊʆʗʅʀɽ ʅɸ ɼɽʁʅʆʉʊʊɸ ʀ ʀɿʉʃɽɼɺɸʅʀʗʊɸ  ʇʆ ʇʈʆɹʃɽʄɸ  

2.1. ʄʝʞʜʫʥʘʨʘʜʥʘ ʜʝʡʥʦʩʪ  

ɺ ʉʚʝʪʘ ʚ ʤʦʤʝʥʪʘ ʩʝ ʨʘʙʦʪʠ ʟʘ ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʠʟʚʝʞʜʘʥʝʪʦ ʥʘ ʩʚʝʪʦʚʝʥ, ʨʝʛʠʦʥʘʣʝʥ 
(ʥʘʧʨ. ɽʚʨʦʧʘ) ʠ ʣʦʢʘʣʝʥ (ʦʪʜʝʣʥʠ ʪʝʨʠʪʦʨʠʠ ʠ ʩʪʨʘʥʠ, ʥʘʧʨ. ʟʘ ʈ. ɹʲʣʛʘʨʠʷ) ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ. 

ʄʝʞʜʫʥʘʨʦʜʥʠʷʪ ʩʲʶʟ ʧʦ ʛʝʦʜʝʟʠʷ ʠ ʛʝʦʬʠʟʠʢʘ (ʄʉɻɻ) ʝ ʤʝʞʜʫʥʘʨʦʜʥʦ ʦʪʦʨʠʟʠʨʘʥ ʠ ʪʦʡ 
ʯʨʝʟ ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʩʦʮʠʘʮʠʷ ʧʦ ʛʝʦʜʝʟʠʷ (ʄɸɻ) ʠʟʚʲʨʰʚʘ ʜʝʡʥʦʩʪʠʪʝ ʧʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 
ɻʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ, ʨʝʩʧʝʢʪʠʚʥʦ ɻʝʦʠʜʘ. ɻʝʦʠʜʲʪ ʝ ʚʩʝ ʦʱʝ ʥʝʨʝʰʝʥ ʧʨʦʙʣʝʤ ʥʘ 
ʚʠʩʦʯʠʥʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʟʘ ɿʝʤʷʪʘ.  

ʇʨʦʙʣʝʤʲʪ ʟʘ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ ʠʟʭʦʜʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʠ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʚʠʩʦʯʠʥʠʪʝ, 
ʨʝʩʧʝʢʪʠʚʥʦ ʟʘ ɿʝʤʷʪʘ, ʟʘ ʜʘʜʝʥ ʨʝʛʠʦʥ ʠ ʟʘ ʜʘʜʝʥʘ ʣʦʢʘʣʥʘ ʪʝʨʠʪʦʨʠʷ, ʝ ʚʩʝ ʦʱʝ ʝʜʥʘ ʦʪ 
ʦʩʥʦʚʥʠʪʝ ʟʘʜʘʯʠ ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʛʝʦʜʝʟʠʷʪʘ ʠ ʦʩʪʘʥʘʣʠʪʝ ʥʘʫʢʠ 
ʟʘ ɿʝʤʷʪʘ. ʈʘʙʦʪʠ ʩʝ ʠʟʢʣʶʯʠʪʝʣʥʦ ʠʥʪʝʥʟʠʚʥʦ ʠ ʩʘ ʠʟʚʝʜʝʥʠ ʩ ʦʧʨʝʜʝʣʝʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʥʦʩʪ 
ʠ ʪʦʯʥʦʩʪ ʩʚʝʪʦʚʥʠ ʛʝʦʧʦʪʝʥʮʠʘʣʥʠ ʤʦʜʝʣʠ EGM96, EGM2008, XGM2019e, ɽʚʨʦʧʝʡʩʢʠ 
ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʢʚʘʟʠʛʝʦʠʜʝʥ ʤʦʜʝʣ EGG2015, ʣʦʢʘʣʥʠ ʛʝʦʠʜʠ ʥʘ ʤʥʦʛʦ ʩʪʨʘʥʠ ʠ ʪʝʨʠʪʦʨʠʠ. ɿʘ 
ʮʝʣʪʘ ʩʝ ʨʘʟʨʘʙʦʪʚʘʪ ʠ ʧʨʠʣʘʛʘʪ ʨʘʟʣʠʯʥʠ ʧʦʜʭʦʜʠ, ʤʝʪʦʜʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝ ʠʟʚʝʞʜʘʪ 
ʩʲʦʪʚʝʪʥʠ ʤʦʜʝʣʠ.  

ʅʘʨʝʜ ʩ ʪʦʚʘ, ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ ʠ ʨʘʚʥʦʚʝʩʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 
ʮʠʨʢʫʣʘʮʠʷʪʘ ʥʘ ʦʢʝʘʥʠʪʝ ʩʝ ʧʨʦʚʝʜʝ ʩʧʝʮʠʘʣʥʘ ʤʠʩʠʷ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʘʛʝʥʮʠʷ 
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(ESA) ʯʨʝʟ ʩʧʲʪʥʠʢʘ Gravity Field and Steady -State Ocean Circulation Explorer  (GOCE). ʊʷ ʙʝ 
ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ ʠ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʛʝʦʠʜʘ ʩ 
ʠʟʢʣʶʯʠʪʝʣʥʦ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ (1 ï 2 cm) ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘ ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ, ʢʘʢʪʦ ʠ 
ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʠʪʝ ʘʥʦʤʘʣʠʠ ʩ ʪʦʯʥʦʩʪ ʥʘ 1 mGal (ʢʲʜʝʪʦ 1 mGal = 10-5 m/s2). ʊʦʚʘ 
ʝ ʧʲʨʚʘʪʘ ʤʠʩʠʷ ʩ ʦʩʥʦʚʥʘ ʮʝʣ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ɿʝʤʷʪʘ, ʨʘʟʨʘʙʦʪʝʥʘ ʢʘʪʦ ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʘʪʘ ʥʘ 
ESA. ʉʧʲʪʥʠʢʲʪ ʝ ʠʟʩʪʨʝʣʷʥ ʥʘ 17 ʤʘʨʪ 2009 ʛ. ʠ ʟʘʚʲʨʰʚʘ ʩʚʦʷʪʘ ʤʠʩʠʷ ʥʘ 11 ʥʦʝʤʚʨʠ 2013 ʛ. 
ɼʘʥʥʠʪʝ ʦʪ ʥʝʛʦ ʩʝ ʦʙʨʘʙʦʪʚʘʪ, ʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʧʨʦʜʲʣʞʘʚʘʪ ʚ ʤʥʦʛʦ ʥʘʩʦʢʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʟʘ 
ʠʟʚʝʞʜʘʥʝ ʥʘ ʪʝʨʠʪʦʨʠʘʣʥʠ ʛʝʦʠʜʠ [18], [22], [6], [9].  

ʏʨʝʟ ʩʘʪʝʣʠʪʥʘʪʘ ʤʠʩʠʷ GOCE ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʘʛʝʥʮʠʷ ʙʝ ʢʘʨʪʦʛʨʘʬʠʨʘʥʦ 
ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ ʠ ʙʝ ʩʲʟʜʘʜʝʥ ʤʦʜʝʣ ʥʘ ʛʝʦʠʜʘ. ɼʘʥʥʠʪʝ ʦʪ GOCE ʩʝ ʠʟʧʦʣʟʚʘʪ 
ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʛʝʦʠʜʠ, ʣʦʢʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʛʝʦʠʜʠ, ʩʲʱʦ ʩʘ ʚʘʞʥʠ ʟʘ 
ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʣʦʢʘʣʥʠʪʝ ʛʝʦʠʜʠ. ɼʝʡʥʦʩʪʠʪʝ ʠ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʧʦ ʧʨʦʙʣʝʤʘ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ 
ʛʝʦʠʜʠ ʪʘʤ ʢʲʜʝʪʦ ʣʠʧʩʚʘʪ, ʢʘʢʪʦ ʠ ʥʘ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥʝ ʥʘ ʠʟʚʝʜʝʥʠʪʝ ʧʨʦʜʲʣʞʘʚʘ.  

ɺ ʤʥʦʛʦ ʛʦʣʷʤʘ ʯʘʩʪ ʟʘ ʪʝʨʠʪʦʨʠʠʪʝ ʥʘ ʩʪʨʘʥʠʪʝ ʚ ʩʚʝʪʘ ʠʤʘ ʨʘʟʨʘʙʦʪʝʥʠ ʥʘʮʠʦʥʘʣʥʠ 
ʛʝʦʠʜʥʠ/ʢʚʘʟʠʛʝʦʠʜʥʠ ʤʦʜʝʣʠ, ʢʦʠʪʦ ʧʦʩʪʦʷʥʥʦ ʩʝ ʘʢʪʫʘʣʠʟʠʨʘʪ ʠ ʠʤʘʪ ʟʘ ʮʝʣ ʜʘ ʧʦʜʦʙʨʷʪ 
ʪʦʯʥʦʩʪʪʘ ʥʘ ʛʝʥʝʨʠʨʘʥʠʪʝ ʦʪ ʪʷʭ ʜʘʥʥʠ.  

ʉʲʱʝʩʪʚʫʚʘʪ ʪʝʦʨʝʪʠʯʥʠ ʠ ʧʨʠʣʦʞʥʠ ʨʝʰʝʥʠʷ ʟʘ ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʠʟʧʦʣʟʚʘʥʠ ʟʘ 
ʠʟʚʝʞʜʘʥʝ ʩʲʦʪʚʝʪʥʦ ʥʘ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʠ ʛʝʦʤʝʪʨʠʯʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʧʨʠ ʠʟʚʝʞʜʘʥʝ ʥʘ 
ʦʙʦʙʱʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ (ʚʞ. [3], [21]). 

2.2. ɼʝʡʥʦʩʪ ʠ ʠʟʩʣʝʜʚʘʥʠʷ  ʫ ʥʘʩ 

ʉ ʧʨʦʙʣʝʤʘ ʟʘ ʛʝʦʠʜʘ ʫ ʥʘʩ ʩʘ ʩʝ ʟʘʥʠʤʘʚʘʣʠ ʠ ʩʝ ʟʘʥʠʤʘʚʘʪ, ʥʘʨʝʜ ʩ ʛʝʦʜʝʟʠʩʪʠʪʝ ʠ 
ʩʧʝʮʠʘʣʠʩʪʠ ʧʦ ʛʝʦʬʠʟʠʢʘ, ʢʘʢʪʦ ʠ ʩʲʚʤʝʩʪʥʠ ʝʢʠʧʠ ʦʪ ʨʘʟʣʠʯʥʠ ʠʥʩʪʠʪʫʮʠʠ. ʇʦ ʧʨʦʙʣʝʤʘ ʩʘ 
ʨʘʙʦʪʠʣʠ ʠ ʧʠʩʘʣʠ ʧʨʦʬ. ɼ. ɿʠʜʘʨʦʚ, ʘʢʘʜ. ʍʨʠʩʪʦʚ, ʧʨʦʬ. ʀʚ. ʇʝʪʢʦʚ, ʧʨʦʬ. ʄʣ. ʄʣʘʜʝʥʦʚʩʢʠ, 
ʧʨʦʬ. ɺʣ. ʉʪʦʡʥʦʚ, ʧʨʦʬ. ɸ. ɸʥʜʨʝʝʚ, ʧʨʦʬ. ɻ. ɺʲʣʝʚ, ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ, ʧʨʦʬ. ʀʚ. 
ɻʝʦʨʛʠʝʚ, ʧʨʦʬ. ɽ. ʇʝʥʝʚʘ, ʧʨʦʬ. ʉʣ. ɻʦʩʧʦʜʠʥʦʚ, ʜ-ʨ ɻ. ʄʠʭʘʡʣʦʚ,  ʜ-ʨ ʉ. ɸʚʜʝʚ, ʜ-ʨ ʍ. ʎʘʥʢʦʚ, 
ʜ-ʨ ʀ. ʂʘʣʯʝʚ, ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ, ʛʣ. ʘʩ. ɽ. ʄʠʭʘʡʣʦʚ, ʠʥʞ. ʄ. ʇʝʪʨʦʚ, ʛʣ. ʘʩ. ʜ-ʨ ʠʥʞ. ʂ. ʂʠʨʠʣʦʚʘ 
ʠ ʜʨ. ʅʷʢʦʠ ʧʫʙʣʠʢʘʮʠʠ ʩʘ ʩʧʦʤʝʥʘʪʠ ʚ ʧʨʠʣʦʞʝʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʅʷʤʘ ʦʙʘʯʝ ʮʷʣʦʩʪʥʦ 
ʠʟʣʦʞʝʥʠʝ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʦʙʦʙʱʝʥʠʝ ʠ ʦʮʝʥʢʘ. ʊʘʢʦʚʘ ʩ ʚʠʩʦʢʘ ʩʪʝʧʝʥ ʥʘ ʟʘʚʲʨʰʝʥʦʩʪ ʝ 
ʧʦʜʛʦʪʚʷʥʘʪʘ, ʚʝʯʝ ʚ ʥʘʧʨʝʜʥʘʣʘ ʬʘʟʘ, ʧʦ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ ʩ ʫʯʘʩʪʠʝ ʥʘ 
ʄ. ʅʠʢʦʣʦʚ, ʜ-ʨ ʀ. ʂʘʣʯʝʚ ʠ ʜ-ʨ ʍ. ʎʘʥʢʦʚ, ʤʦʥʦʛʨʘʬʠʷ ʄʆɼɽʃ ʅɸ ɻɽʆʀɼɸ ɿɸ ʊɽʈʀʊʆʈʀʗʊɸ 
ʅɸ ʈ. ɹʒʃɻɸʈʀʗ.  

ʅʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʩʘ ʠʟʚʲʨʰʝʥʠ ʠ ʩʝ ʠʟʚʲʨʰʚʘʪ ʛʨʘʚʠʤʝʪʨʠʯʥʠ, ʥʠʚʝʣʘʯʥʠ, 
GNSS ʠ ʜʨʫʛʠ ʠʟʤʝʨʚʘʥʠʷ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʮʝʣʝʥʘʩʦʯʝʥʦ ʟʘ ʠʟʚʦʜ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʥʘ 
ʯʘʩʪʠ  ʠ ʥʘ ʮʷʣʘʪʘ ʩʪʨʘʥʘ ʛʝʦʠʜʠ [13], [10], [1], [13], [5], [23]. 

ʇʨʘʚʝʥʠ ʩʘ ʠ ʩʝ ʧʨʘʚʷʪ ʪʝʦʨʝʪʠʯʥʠ ʠ ʧʨʠʣʦʞʥʠ ʪʨʘʢʪʦʚʢʠ ʠ ʨʝʰʝʥʠʷ. 
ʎʝʣʝʥʘʩʦʯʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʠʟʚʝʞʜʘʥʝ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ 

ʥʘ ʈ. ɹʲʣʛʘʨʠʷ, ʠʤʘ ʦʙʘʯʝ ʦʱʝ ʚ ʢʨʘʷ ʥʘ ʤʠʥʘʣʠʷ ʠ ʥʘʯʘʣʦʪʦ ʥʘ ʥʘʩʪʦʷʱʠʷ ʚʝʢ.  
ʋ ʥʘʩ ʩʘ ʨʝʘʣʠʟʠʨʘʥʠ ʥʝʟʘʚʠʩʠʤʦ  ʜʚʘ ʧʨʦʝʢʪʘ ʩ ʜʠʨʝʢʪʥʦ ʦʙʨʘʙʦʪʝʥʠ ʜʘʥʥʠ - ʨʝʟʫʣʪʘʪ 

ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʠ ʠʟʤʝʨʚʘʥʠʷ, ʟʘ ʠʟʚʝʞʜʘʥʝ ʤʦʜʝʣ ʥʘ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʟʘ ʮʷʣʘʪʘ ʪʝʨʠʪʦʨʠʷ 
ʥʘ ʈ. ɹʲʣʛʘʨʠʷ: 

 

1. ɻʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ ï ʌʦʥʜ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘ ʦʙʨʘʟʦʚʘʠʝʪʦ ʠ 
ʥʘʫʢʘʪʘ ï ʌʅʀ (ɼʦʛʦʚʦʨ ˉ ɼɼɺʋ 02/84), ʄʠʥʥʦ-ɻʝʦʣʦʞʢʠ ʋʥʠʚʝʨʩʠʪʝʪ ñʉʚ. ʀʚʘʥ ʈʠʣʩʢʠò ï 
ʥʘ ʪʝʤʘ Ăʇʦʩʪʨʦʷʚʘʥʝ ʥʘ ʥʘʮʠʦʥʘʣʝʥ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʢʚʘʟʠʛʝʦʠʜ ʯʨʝʟ ʦʧʪʠʤʠʟʠʨʘʥʠ ʤʦʜʝʣʠ 
ʦʪ ʢʨʘʝʥ ʙʨʦʡ ʪʦʯʢʦʚʠ ʤʘʩʠñ, ʩʲʩ ʫʯʘʩʪʠʝ ʠ ʥʘ (ʜ-ʨ ʠʥʞ. ʍ. ʎʘʥʢʦʚ, ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ, 
ʘʩ. ʠʥʞ. ɽ. ʄʠʭʘʡʣʦʚ [11], [7]. ʊʝ ʧʨʦʜʲʣʞʘʚʘʪ ʨʘʙʦʪʘʪʘ ʧʨʠ ʧʦ- ʥʘʪʘʪʲʰʥʦʪʦ ʧʨʝʮʠʟʠʨʘʥʝ ʠ 
ʠʟʚʲʥ ʜʦʛʦʚʦʨʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʦʝʢʪʘ) ʠ  

2. ɻʝʦʤʝʪʨʠʯʝʥ ʛʝʦʠʜ ï ʆʧʝʨʘʪʠʚʥʘʪʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ 
ʙʲʣʛʘʨʩʢʘʪʘ ʠʢʦʥʦʤʠʢʘ 2007ï2013 ʛ., ʩ ʙʝʥʝʬʠʮʠʝʥʪ ĂGeo plusò ɽʆʆɼ ʩ ʧʘʨʪʥʴʦʨ Ăɻʝʦʤʘʪʠʢʩ" 
ʆʆɼ (ʩ ʫʯʘʩʪʠʝ ʥʘ ʜ-ʨ ʠʥʞ. ʀ. ʂʘʣʯʝʚ ï ʨʲʢʦʚʦʜʠʪʝʣ ʥʘ ʧʨʦʝʢʪʘ, ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ, ʩ 
ʜʦʧʲʣʥʠʪʝʣʥʦ ʫʯʘʩʪʠʝ ʥʘ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ [4], [2]. ʊʝ ʧʨʦʜʲʣʞʘʚʘʪ ʨʘʙʦʪʘʪʘ ʧʨʠ ʧʦ- 
ʥʘʪʘʪʲʰʥʦʪʦ ʧʨʝʮʠʟʠʨʘʥʝ ʠ ʠʟʚʲʥ ʜʦʛʦʚʦʨʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ʧʨʦʝʢʪʘ). 

 
ʈʘʙʦʪʠʪʝ ʧʦ ʜʚʘʪʘ ʧʨʦʝʢʪʘ, ʠ ʧʦ-ʪʦʯʥʦ ʧʦʩʣʝʜʥʘʪʘ ʬʘʟʘ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʠʤ, ʩʝ 

ʦʩʥʦʚʘʚʘʪ ʠ ʥʘ ʩʲʜʝʡʩʪʚʠʝʪʦ ʥʘ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ ʠ ʯʨʝʟ ʥʝʛʦʚʠʪʝ ʣʠʯʥʠ ʠʥʜʠʚʠʜʫʘʣʥʠ 
ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʪʘʢʪʠ, ʧʨʝʜʠ ʚʩʠʯʢʦ ʩ ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ. 
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ɹʲʣʛʘʨʠʷ ʝ ʯʣʝʥ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʠʷ ʩʲʶʟ ʧʦ ʛʝʦʜʝʟʠʷ ʠ ʛʝʦʬʠʟʠʢʘ (ʄʉɻɻ) ï 

ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʘʩʦʮʠʘʮʠʷ ʧʦ ʛʝʦʜʝʟʠʷ (ʄɸɻ), ʯʨʝʟ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ (ɹɸʅ) ï 
ʅʘʮʠʦʥʘʣʝʥ ʢʦʤʠʪʝʪ ʧʦ ʛʝʦʜʝʟʠʷ ʠ ʛʝʦʬʠʟʠʢʘ (ʜʲʣʛʠ ʛʦʜʠʥʠ ʨʲʢʦʚʦʜʝʥʦ ʦʪ ʘʢʘʜ. ɺʣ. ʍʨʠʩʪʦʚ, 
ɹɸʅ).  

ʀʥʜʠʚʠʜʫʘʣʝʥ ʯʣʝʥ ʥʘ ʄʉɻɻ - ʄɸɻ ʦʪ ɹʲʣʛʘʨʠʷ ʝ ʩʘʤʦ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻʝʦʨʛʠ ʄʠʣʝʚ ʦʪ 
ɹɸʅ - ʀʂʀʊ. 

ʉʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʄʉɻɻ, ʨʝʩʧʝʢʪʠʚʥʦ ʄɸɻ, ʂʦʤʠʩʠʷ 2 ï ɻʨʘʚʠʪʘʮʠʦʥʥʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ ï 
ɻʝʦʠʜʘ, ʩ ʧʨʝʜʩʝʜʘʪʝʣ ʜ-ʨ ʍʘʡʥʝʨ ɼʝʥʢʝʨ, ʦʪ ʥʘʰʘ ʩʪʨʘʥʘ ʝ ʨʝʘʣʠʟʠʨʘʥʦ ʦʪ ʯʣ.-ʢʦʨ. ʧʨʦʬ. 
ɻʝʦʨʛʠ ʄʠʣʝʚ ʠ ʥ. ʩ. ʠʥʞ. ɽ. ʄʠʭʘʡʣʦʚ, ɹɸʅ ʠ ʜ-ʨ ʠʥʞ. ʍʨʠʩʪʠʷʥ ʎʘʥʢʦʚ, ʄɻʋ ʦʱʝ ʧʨʠ ʨʘʙʦʪʘʪʘ 
ʧʦ ʧʨʦʝʢʪ 1. ɻʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ. ʏʨʝʟ ʩʲʚʤʝʩʪʥʦ ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ɹʲʣʛʘʨʠʷ ʪʝ ʩʘ 
ʚʢʣʶʯʝʥʠ ʚ ʧʦʩʣʝʜʥʠʷ ʠʟʚʝʜʝʥ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ɽʚʨʦʧʘ ï EGG2015 [8]. ʇʨʝʜʠ 
ʪʦʚʘ ʥʘʰʠ ʜʘʥʥʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʠ ʟʘ ʠʟʚʦʜ.  

ɿʘʝʜʥʦ ʩ ʪʦʚʘ ʩʘ ʥʘʧʨʘʚʝʥʠ ʩʲʚʤʝʩʪʥʠ ʘʥʘʣʠʟʠ ʠ ʜʠʛʠʪʘʣʥʠ ʩʨʘʚʥʝʥʠʷ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʷ 
ʛʝʦʠʜ ʩ EGG2015 [12]. ʇʨʘʚʠ ʩʝ ʨʝʚʠʟʠʷ ʥʘ ʜʘʥʥʠ ʦʪ ʛʝʦʤʝʪʨʠʯʥʠʷ ʛʝʦʠʜ, ʩ ʦʛʣʝʜ ʪʦʯʥʦʪʦ ʤʫ 
ʠʟʚʝʞʜʘʥʝ ʠ ʧʦ-ʥʘʪʘʪʲʰʥʦʪʦ ʠʤ ʠʟʧʦʣʟʚʘʥʝ ʟʘ ʠʟʚʦʜ ʥʘ ʧʨʝʮʠʟʝʥ ʛʝʦʠʜ ʥʘ ʥʘʰʘʪʘ ʪʝʨʠʪʦʨʠʷ. 

ʉʲʱʦ ʪʘʢʘ ʧʨʝʟ 2005 ʛ. ʝ ʠʟʚʝʜʝʥ ʣʦʢʘʣʝʥ ʤʦʜʝʣ ʥʘ ʛʝʦʠʜʘ ʟʘ ʉʝʚʝʨʦʠʟʪʦʯʥʘ ɹʲʣʛʘʨʠʷ ʩ 
ʪʦʯʥʦʩʪ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 7 ʩm [1]. ʅʘʨʝʜ ʩ ʪʦʚʘ ʝ ʥʘʧʨʘʚʝʥʦ ʦʩʲʚʨʝʤʝʥʷʚʘʥʝ ʥʘ ʚʛʨʘʜʝʥʘʪʘ ʚ 
ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʠʷ ʩʦʬʪʫʝʨ ʥʘ ɸʛʝʥʮʠʷʪʘ ʧʦ ʛʝʦʜʝʟʠʷ, ʢʘʨʪʦʛʨʘʬʠʷ ʠ ʢʘʜʘʩʪʲʨ BGStrans 
ʚʠʩʦʯʠʥʥʘ ʨʝʬʝʨʝʥʪʥʘ ʧʦʚʲʨʭʥʠʥʘ, ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʦʩʣʝʜʥʠʷ ʝʚʨʦʧʝʡʩʢʠ ʤʦʜʝʣ ʥʘ 
ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ɽGG2015 [3]. 

ʈʘʙʦʪʠʪʝ ʧʦ ʠʟʚʦʜʘ ʥʘ ʥʦʚ ʦʙʦʙʱʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʩʘ ʧʨʦʜʲʣʞʝʥʠ ʦʪ ʝʢʠʧ ʯʣ.-ʢʦʨ. ɻ. 
ʄʠʣʝʚ ï ʨʲʢʦʚʦʜʠʪʝʣ, ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ ʠ ʜ-ʨ ʠʥʞ. ʀ. ʂʘʣʯʝʚ. ʅʘ ʙʘʟʘʪʘ ʥʘ ʩʧʦʤʝʥʘʪʠʪʝ ʜʚʘ 
ʧʨʦʝʢʪʘ ʩʘ ʚʲʟʧʨʠʝʪʠ ʥʦʚʘ ʠʜʝʦʣʦʛʠʷ, ʥʘʫʯʥʘ ʦʨʠʝʥʪʘʮʠʷ ʠ ʩʠʩʪʝʤʘ.  

ʂʘʢʪʦ ʚʝʯʝ ʙʝʰʝ ʧʨʝʜʩʪʘʚʝʥʦ ʙʣʘʛʦʜʘʨʝʥʠʝ ʥʘ ʠʟʚʲʨʰʝʥʠʪʝ ʜʦ ʩʝʛʘ ʜʝʡʥʦʩʪʠ ʠ 
ʧʦʩʪʠʛʥʘʪʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʚ ʨʘʤʢʠʪʝ ʥʘ ʨʘʙʦʪʘʪʘ ʠ ʨʘʟʨʘʙʦʪʝʥʠʪʝ ʥʘʫʯʥʠ ʨʝʰʝʥʠʷ, ʘʣʛʦʨʠʪʤʠ, 
ʠʟʯʠʩʣʠʪʝʣʥʠ  ʧʨʦʛʨʘʤʠ ʠ ʠʟʚʲʨʰʝʥʠʪʝ ʦʙʨʘʙʦʪʢʠ, ʝ ʠʟʚʝʜʝʥ ʛʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʥʘ 
ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ, ʢʦʡʪʦ ʝ ʩʨʘʚʥʝʥ ʩ ʝʚʨʦʧʝʡʩʢʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ ʥʘ ʙʘʟʘʪʘ ʥʘ 
ʠʥʜʠʚʠʜʫʘʣʥʦ ʥʘʫʯʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ɻʝʨʤʘʥʠʷ ʠ ʄɸɻ ï ʢʦʤʠʩʠʷ 2 ʟʘ ʛʝʦʠʜʘ ï ʜ-ʨ ʍ. ɼʝʥʢʝʨ 
[14]. 

3. ʇʆɼʍʆɼʗʑʀ ʈɽʐɽʅʀʗ 

ʈʘʙʦʪʘʪʘ ʧʦ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ, ʩʣʝʜ ʠʟʪʠʯʘʥʝ ʥʘ ʜʦʛʦʚʦʨʠʪʝ ʥʘ ʜʚʘʪʘ 
ʧʨʦʝʢʪʘ,  ʪʷʭʥʦʪʦ ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʠ ʩʲʚʤʝʩʪʥʦ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʧʨʝʮʠʟʠʨʘʥʝ ʠ ʨʝʘʣʠʟʠʨʘʥʝ ʟʘ 
ʠʟʚʦʜ ʥʘ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʝ ʧʨʦʜʲʣʞʝʥʘ ʧʦ ʠʥʠʮʠʘʪʠʚʘ, ʥʘʩʦʢʠ ʠ 
ʨʲʢʦʚʦʜʩʪʚʦ  ʦʪ ʯʣ.- ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ, ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ  ʜ-ʨ ʠʥʞ. ʀ. ʂʘʣʯʝʚ, ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ. 

ʊʝ ʧʨʦʜʲʣʞʘʚʘʪ ʩʲʱʦ ʨʘʙʦʪʠʪʝ ʧʦ ʠʟʚʝʞʜʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠʷ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ, ʢʘʪʦ 
ʧʨʘʚʷʪ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ɽʚʨʦʧʝʡʩʢʠʷ ʛʝʦʠʜ ʠ ʧʦ- ʥʘʪʘʪʲʰʥʦʪʦ ʤʫ ʧʨʝʮʠʟʠʨʘʥʝ. 

ɿʘʝʜʥʦ ʩ ʪʦʚʘ ʪʝ ʨʘʙʦʪʷʪ ʧʦ ʨʝʰʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʟʘ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʜʚʘʪʘ 
ʧʨʦʝʢʪʘ ʠ ʠʟʚʦʜ ʥʘ ʧʦ-ʪʦʯʝʥ ʦʙʝʜʠʥʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ, ʥʘ ʩʪʨʘʥʘʪʘ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʠʚʝʞʜʘʥʝʪʦ 
ʠ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʚ ʝʜʥʦʨʦʜʥʘ ʚʝʣʠʯʠʥʘ ï ʘʥʦʤʘʣʝʥ ʧʦʪʝʥʮʠʘʣ, ʢʦʠʪʦ ʩʝ ʪʨʝʪʠʨʘʪ ʧʦ-
ʥʘʪʘʪʲʢ ʟʘ ʠʟʚʦʜʘ ʥʘ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ. 

ʈʘʙʦʪʷʪ ʠ ʧʦ ʨʝʰʝʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʷ ʟʘ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʜʚʘʪʘ ʧʨʦʝʢʪʘ, ʜʘʥʥʠ 
ʦʪ ʥʦʚʠ ʠʟʤʝʨʚʘʥʠʷ, ʥʘʣʠʯʥʠ ʜʘʥʠ ʦʪ ʜʨʫʛ ʨʦʜ ʠʟʤʝʨʚʘʥʠʷ ʟʘ ʠʟʚʦʜ ʥʘ ʧʦ-ʧʲʣʝʥ, ʧʦ-ʪʦʯʝʥ 
ʦʙʝʜʠʥʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʩʪʨʘʥʘʪʘ. 

ʊʘʚʘ ʚʘʞʠ ʠ ʟʘ ʧʦʜʛʦʪʚʷʥʘʪʘ ʦʪ ʪʷʭ ʩʲʦʪʚʝʪʥʘ ʤʦʥʦʛʨʘʬʠʷ Ăʄʦʜʝʣ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ 
ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷñ. ʊʷ ʝ ʚ ʜʦʩʪʘ ʥʘʧʨʝʜʥʘʣʘ ʬʘʟʘ ʥʘ ʧʦʜʛʦʪʦʚʢʘ ʠ ʦʪʨʘʟʷʚʘ 
ʥʘʧʨʘʚʝʥʦʪʦ ʜʦ ʩʝʛʘ ʧʦ ʜʚʘʪʘ ʧʨʦʝʢʪʘ ʠ ʥʘʩʦʢʠ, ʧʨʠʥʮʠʧʠ ʠ ʨʝʰʝʥʠʷ ʧʨʠ ʧʦ-ʥʘʪʘʪʲʰʥʘʪʘ ʨʘʙʦʪʘ 
ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʥ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ. 

ʀʟʣʦʞʝʥʠʪʝ ʨʘʙʦʪʠ ʠ ʧʦ ʜʚʘʪʘ ʧʨʦʝʢʪʘ, ʢʘʢʪʦ ʚʝʯʝ ʩʝ ʩʧʦʤʝʥʘ, ʩʝ ʠʟʚʲʨʰʚʘʪ ʚ ʪʝʩʝʥ 
ʢʦʥʪʘʢʪ ʠ ʩʲʜʝʡʩʪʚʠʝ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣ (ʜ-ʨ ʍ. ɼʝʥʢʝʨ, ɻʝʨʤʘʥʠʷ) ʥʘ ʄɸɻ, ʨʝʩʧʝʢʪʠʚʥʦ ʂʦʤʠʩʠʷ 2 
ʟʘ ɽʚʨʦʧʝʡʩʢʠʷ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ EGG215.  

ɼʘʥʥʠʪʝ ʦʪ ʪʦʟʠ ʨʦʜ ʠʟʤʝʨʚʘʥʠʷ ʠ ʧʦ-ʩʪʘʨʠ ʦʪ ʪʷʭ, ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʪʘʢʠʚʘ ʥʘ ʜʲʨʞʘʚʥʠ 
ʠʥʩʪʠʪʫʮʠʠ, ʩʲʚʤʝʩʪʥʦ ʧʨʦʚʝʨʝʥʠ ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɹʲʣʛʘʨʠʷ, ʩʘ ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʝʢʠʧ ʩ 
ʨʲʢʦʚʦʜʠʪʝʣ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ ʥʘ ɽʚʨʦʧʝʡʩʢʠʷ ʮʝʥʪʲʨ ʟʘ ɻʝʦʠʜʘ (ʛʨ. ʍʘʥʦʚʝʨ, ɻʝʨʤʘʥʠʷ, 
ʜ-ʨ. ʍ. ɼʝʥʢʝʨ [7]) ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ï ʛʝʦʠʜ ʟʘ ɽʚʨʦʧʘ. ʊʦʚʘ ʝ ʧʦʩʣʝʜʥʠʷ, 
ʧʦʥʘʩʪʦʷʱʝʤ ʚʘʣʠʜʝʥ ʠ ʠʟʧʦʣʟʚʘʥ, ʝʚʨʦʧʝʡʩʢʠ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ ï EGG2015. ɿʘ 
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ʧʨʝʜʰʝʩʪʚʘʱʠʷ ʛʝʦʠʜ (EGG2008) ʜʘʥʥʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʦʪ ʧʨʦʬ. ʀ. ɻʝʦʨʛʠʝʚ ʠ ʢʦʣʝʢʪʠʚ 
EGG2008 [ 3], [23]. 

 ʇʨʠ ʪʘʢʘ ʩʲʱʝʩʪʚʫʚʘʱʘʪʘ ʩʠʪʫʘʮʠʷ, ʥʘʨʝʜ ʩ ʜʨʫʛʦʪʦ ʠ ʩ ʥʘʣʠʯʠʝ ʥʘ ʜʚʘ ʥʝʟʘʚʠʩʠʤʠ, 
ʥʝʩʲʛʣʘʩʫʚʘʥʠ ʧʨʦʝʢʪʘ ʥʘ ʛʝʦʠʜʠ  ʫ ʥʘʩ, ʦʪ ʘʚʪʦʨʘ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʩʪʘʪʠʷ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʜʚʘ 
ʧʦʜʭʦʜʘ ʥʘ ʨʝʰʝʥʠʝ, ʢʦʠʪʦ ʩʲʦʪʚʝʪʩʪʚʘʪ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷʪʘ ʚ ʜʚʘʪʘ ʧʨʦʝʢʪʘ (ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ) 
ʧʨʝʜʣʦʞʝʥʠ ʟʘ ʬʠʥʘʥʩʠʨʘʥʝ ʦʪ ʌʅʀ. ʇʦʩʦʯʝʥʠ ʪʫʢ, ʚ ʢʨʘʷ ʥʘ ʪ. 3. 

 
ɽɼʀʅʀʗʊ ʝ ʥʘ ʙʘʟʘʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʦʪʦ ʦʪ ʠʥʞ. ʄ. ʅʠʢʦʣʦʚ ʟʘ ʧʨʠʚʝʞʜʘʥʝ ʠ ʩʲʚʤʝʩʪʥʦ 

ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʜʚʘʪʘ ʥʘʰʠ ʛʝʦʠʜʘ ʢʲʤ ʝʜʥʦʨʦʜʥʘ ʚʝʣʠʯʠʥʘ ï ʘʥʦʤʘʣʝʥ ʧʦʪʝʥʮʠʘʣ, 
ʢʦʡʪʦ ʩʝ ʪʨʝʪʠʨʘ ʧʦ-ʥʘʪʘʪʲʢ ʟʘ ʠʟʚʦʜʘ ʥʘ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ.  

 
ɺʊʆʈʀʗʊ ʝ ʦʩʥʦʚʘʚʘʥ ʥʘ ʜʘʥʥʠʪʝ ʠ ʧʨʠʥʮʠʧʠʪʝ ʥʘ ʚʝʯʝ ʠʟʚʝʜʝʥʠʷ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʛʝʦʠʜ 

ʨʘʟʰʠʨʝʥ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥ ʩ ʥʦʚʠ ʪʝʦʨʝʪʠʯʥʠ ʠ ʧʨʠʣʦʞʥʠ ʨʝʰʝʥʠʷ ʠ ʫʩʲʚʲʨʰʝʥʩʪʚʘʥ 
ʩʦʬʪʫʝʨ, ʟʘʝʜʥʦ ʩ ʧʦʢʨʠʚʘʥʝ ʩ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʧʨʘʟʥʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʠʟʤʝʨʚʘʥʠʷ (ʬʠʛ. 1 [8])  
ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʜʚʘʪʘ ʩʧʦʤʝʥʘʪʠ ʛʝʦʠʜʘ, ʠ ʜʘʥʥʠ ʦʪ ʥʦʚʠ ʠ ʩʲʱʝʩʪʚʫʚʘʱʠ ʥʷʢʦʠ 
ʜʨʫʛʠ ʪʠʧʦʚʝ   ʠʟʤʝʨʚʘʥʠʷ, ʜʘ ʩʝ ʥʘʧʨʘʚʠ ʠʟʚʦʜ ʥʘ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʩʪʨʘʥʘʪʘ [14], [8]. 

ɺʩʲʱʥʦʩʪ ʧʨʠ ʚʪʦʨʠʷ ʧʦʜʭʦʜ ʩʣʝʜʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʦ-ʚʲʟʤʦʞʥʦʩʪ ʮʷʣʘʪʘ ʥʘʣʠʯʥʘ 
ʧʦʜʭʦʜʷʱʘ ʟʘ ʮʝʣʪʘ ʠʥʬʦʨʤʘʮʠʷ. ʇʨʠ ʪʦʚʘ ʠ ʧʨʠ ʥʝʛʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʠʚʝʞʜʘʥʝʪʦ ʢʲʤ 
ʘʥʦʤʘʣʝʥ ʧʦʪʝʥʮʠʘʣ, ʚʤʝʩʪʦ ʢʦʣʦʢʘʮʠʷʪʘ ʧʦ ʤʝʪʦʜʘ ʥʘ ʥʘʡ-ʤʘʣʢʠʪʝ ʢʚʘʜʨʘʪʠ [20]. 

ʇʦʜʨʦʙʥʦʩʪʠ ʟʘ ʭʦʜʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʨʝʰʝʥʠʝ ʠ ʦʙʨʘʙʦʪʢʘ  ʥʘ ʜʘʥʥʠʪʝ ʪʫʢ ʥʷʤʘ ʜʘ ʩʝ 
ʜʘʚʘʪ. 

 
ɺ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ʪʘʢʲʚ ʥʘʮʠʦʥʘʣʝʥ ʛʝʦʠʜʝʥ ʤʦʜʝʣ ʦʩʥʦʚʘʥ ʥʘ ʩʧʦʤʝʥʘʪʠʪʝ ʧʦʜʭʦʜʠ ʥʝ 

ʩʲʱʝʩʪʚʫʚʘ ʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʥʘʧʨʘʚʝʥʦʪʦ ʠ ʧʦʩʪʠʛʥʘʪʦʪʦ ʜʦ ʩʝʛʘ ʫ ʥʘʩ ʩʝ ʧʦʩʪʘʚʷ ʟʘʜʘʯʘ ʜʘ ʩʝ 
ʩʲʟʜʘʜʝ ʧʲʨʚʠʷʪ ʧʨʝʮʠʟʝʥ ʛʝʦʠʜʝʥ/ʢʚʘʟʠʛʝʦʠʜʝʥ ʤʦʜʝʣ ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ. 
ʇʨʠʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʜʘ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʩʲʚʤʝʩʪʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʚʩʠʯʢʠ ʥʘʣʠʯʥʠ ʚ ʩʪʨʘʥʘʪʘ ʜʘʥʥʠ 
ʦʪ ʛʝʦʜʝʟʠʯʝʩʢʠ ʠ ʜʨʫʛʠ ʪʠʧʦʚʝ ʠʟʤʝʨʚʘʥʠʷ, ʧʨʠʣʦʞʠʤʠ ʟʘ ʮʝʣʪʘ, ʙʝʟʩʧʦʨʥʦ ʚʢʣʶʯʠʪʝʣʥʦ ʠ ʥʘ 
ʥʦʚʠ ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʠ GNSS/ʥʠʚ. ʠʟʤʝʨʚʘʥʠʷ. 

ʆʩʥʦʚʥʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʠ ʝʜʥʦ ʦʪ ʥʘʡ-ʚʘʞʥʠʪʝ ʠʟʠʩʢʚʘʥʠʷ, ʝ ʥʘʣʠʯʠʝʪʦ ʥʘ ʜʘʥʠ ʦʪ 
ʠʟʤʝʨʝʥʠʷ ʩ ʜʦʩʪʘʪʲʯʥʘ ʪʦʯʥʦʩʪ ʥʘ ʮʝʣʝʩʲʦʙʨʘʟʥʦ ʨʘʟʧʦʣʦʞʝʥʠ ʧʦ ʪʝʨʠʪʦʨʠʷʪʘ, ʥʘ ʢʦʷʪʦ ʱʝ ʩʝ 
ʠʟʚʝʞʜʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ, ʩʲʦʪʚʝʪʝʥ ʧʦʜʭʦʜʷʱ ʙʨʦʡ ʪʦʯʢʠ (ʛʨʘʚʠʤʝʪʨʠʯʥʠ, GNSS/Niv., 
ʩʧʲʪʥʠʢʦʚʠ  ʠ ʜʨʫʛʠ). 

ɿʘ ʩʲʞʘʣʝʥʠʝ, ʢʘʢʪʦ ʩʝ ʩʧʦʤʝʥʘ, ʠʤʘ ʯʘʩʪʠ ʦʪ ʩʪʨʘʥʘʪʘ, ʦʱʝ ʥʝʧʦʢʨʠʪʠ ʩʲʩ ʩʲʦʪʚʝʪʥʠ 
ʜʘʥʥʠ ʦʪ ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ (ʚʠʜʥʦ ʠ ʦʪ ʧʦʢʨʠʪʠʝʪʦ ʥʘ ʩʪʨʘʥʘʪʘ ʩ ʜʘʥʥʠ, ʦʮʝʥʝʥʦ ʥʘ 
ʙʘʟʘʪʘ ʥʘ EGG2015 (ʬʠʛ. 2) ʠʣʠ ʜʨʫʛʠ ʧʦʜʭʦʜʷʱʠ ʠʟʤʝʨʚʘʥʠʷ  [8].  

 

 
 

ʌʠʛ. 2. ʇʦʢʨʠʪʠʝ ʥʘ ɹʲʣʛʘʨʠʷ ʩ ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʜʘʥʥʠ 
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ʇʦʢʨʠʪʠʝʪʦ ʥʘ ʩʪʨʘʥʘʪʘ ʩ ʪʘʢʘ ʦʧʠʩʘʥʠʪʝ ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ, ʪʦʯʢʠ ʠ ʤʨʝʞʠ ʝ 
ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 1. ʗʩʥʦ ʩʝ ʚʠʞʜʘ, ʯʝ ʣʠʧʩʚʘʪ ʠʟʤʝʨʚʘʥʠʷ ʚ ʮʝʥʪʨʘʣʥʘʪʘ ʯʘʩʪ ʥʘ ʉʪʘʨʘ ʧʣʘʥʠʥʘ, 
ʈʠʣʘ, ʈʦʜʦʧʠʪʝ ʠ ʦʪʯʘʩʪʠ ʚ ʉʝʚʝʨʦʠʟʪʦʯʥʘ ɹʲʣʛʘʨʠʷ. ɺ ʧʨʝʦʙʣʘʜʘʚʘʱʘʪʘ ʯʘʩʪ ʦʪ ʩʪʨʘʥʘʪʘ ʠʤʘ 
ʥʘʣʠʯʠʝ ʥʘ ʜʦʩʪʘʪʲʯʥʦ ʜʘʥʥʠ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʧʨʠʙʣʠʟʠʪʝʣʝʥ ʛʨʘʚʠʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʥʘ  ʛʝʦʠʜʘ 
ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ. 

ʇʦʣʝʟʥʠ ʚ ʪʦʚʘ ʦʪʥʦʰʝʥʠʝ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʉʘʪʝʣʠʪʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ  [18], [22], 6]. ʊʝ ʩʘ ʦʪ 
ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʝʦʠʜʘ ʥʘ ɿʝʤʷʪʘ. 

ʅʘʡ-ʚʘʞʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʛʝʦʠʜʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʧʲʪʥʠʮʠ ʩʘ: 
ʉʘʪʝʣʠʪʥʘ ʛʨʘʚʠʤʝʪʨʠʷ: ʄʠʩʠʠ ʢʘʪʦ GRACE (Gravity Recovery and Climate Experiment) ʠ 

GOCE, ʠʟʤʝʨʚʘʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ. GRACE ʩʝ ʩʲʩʪʦʠ ʦʪ ʜʚʘ ʩʧʲʪʥʠʢʘ, ʯʨʝʟ ʢʦʠʪʦ 
ʩʝ ʠʟʤʝʨʚʘʪ ʚʘʨʠʘʮʠʠʪʝ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʥʘ ɿʝʤʷʪʘ. GOCE ʠʟʤʝʨʚʘ ʛʨʘʚʠʪʘʮʠʦʥʥʠʪʝ 
ʛʨʘʜʠʝʥʪʠ, ʪ.ʝ. ʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʧʨʦʤʝʥʠ ʚ ʛʨʘʚʠʪʘʮʠʷʪʘ ʚ ʨʘʟʣʠʯʥʠ ʧʦʩʦʢʠ. ʊʝʟʠ ʜʘʥʥʠ 
ʧʦʟʚʦʣʷʚʘʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʤʥʦʛʦ ʧʨʝʮʠʟʥʠ ʛʣʦʙʘʣʥʠ ʤʦʜʝʣʠ ʥʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʪʦ ʧʦʣʝ ʠ ʧʦ ʪʦʟʠ 
ʥʘʯʠʥ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʝʦʠʜʘ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ. 

ʉʘʪʝʣʠʪʥʘ ʘʣʪʠʤʝʪʨʠʷ: ʊʦʟʠ ʤʝʪʦʜ ʠʟʧʦʣʟʚʘ ʨʘʜʘʨʥʠ ʩʠʛʥʘʣʠ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ 
ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʤʦʨʩʢʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʆʪ ʪʝʟʠ ʜʘʥʥʠ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʛʝʦʠʜʲʪ ʥʘʜ ʦʢʝʘʥʠʪʝ, 
ʪʲʡ ʢʘʪʦ ʤʦʨʩʢʦʪʦ ʨʘʚʥʠʱʝ ʚ ʧʦʢʦʡ ʝ ʤʥʦʛʦ ʙʣʠʟʦ ʜʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʛʝʦʠʜʘ. 

ʂʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʪʝʟʠ ʠʟʤʝʨʚʘʥʠʷ ʩ ʥʘʟʝʤʥʠ ʜʘʥʥʠ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʠʟʤʝʨʚʘʥʠʷ ʥʘ 
ʛʨʘʚʠʪʘʮʠʷʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʚʦʜʠ ʜʦ ʥʘʡ-ʪʦʯʥʠʪʝ ʤʦʜʝʣʠ ʥʘ ʛʝʦʠʜʠ, ʪʲʡ ʢʘʪʦ ʪʝ 
ʦʙʭʚʘʱʘʪ ʨʘʟʣʠʯʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʨʝʟʦʣʶʮʠʠ: ʉʘʪʝʣʠʪʠʪʝ ʧʨʝʜʦʩʪʘʚʷʪ ʛʣʦʙʘʣʥʠ ʤʦʜʝʣʠ, 
ʜʦʢʘʪʦ ʥʘʟʝʤʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʩʘ ʚʘʞʥʠ ʟʘ ʨʝʛʠʦʥʘʣʥʠʪʝ ʜʝʪʘʡʣʠ. 

ʅʘ ʙʘʟʘʪʘ ʥʘ  ʩʧʲʪʥʠʢʘ GOCE ʩʝ ʧʦʜʦʙʨʷʚʘʪ ʣʦʢʘʣʥʠʪʝ ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ ʠ 
ʣʦʢʘʣʥʠʪʝ ʛʝʦʠʜʠ, ʦʩʦʙʝʥʦ ʚ ʛʨʘʥʠʯʥʠʪʝ ʠʤ ʨʘʡʦʥʠ [11], [17].  

 
ʉʲʚʤʝʩʪʥʘ ʢʘʨʪʘ ʥʘ ʧʦʢʨʠʪʠʪʝ ʥʘ ʥʝʧʦʢʨʠʪʠ ʫʯʘʩʪʲʮʠ ʥʘ ʩʪʨʘʥʘʪʘ ʩ ʜʚʘʪʘ ʪʠʧʘ 

ʠʟʤʝʨʚʘʥʠʷ ï ʛʨʘʚʠʤʝʪʨʠʯʥʠ ʠ GNSS/Niv. e ʧʦʢʘʟʘʥʦ ʥʘ ʬʠʛ. 3, ʩʲʱʦ ʩʲʩʪʘʚʝʥʘ ʦʪ ʠʥʞ. ʄ. 
ʅʠʢʦʣʦʚ, ʧʦ ʧʨʝʜʣʦʞʝʥʠʝ ʥʘ ʯʣ. ʢʦʨ. ʧʨʦʬ. ɻ. ʄʠʣʝʚ.  

 

 
 

ʌʠʛ. 3. ʉʲʚʤʝʩʪʥʘ ʢʘʨʪʘ ʥʘ ʥʝʧʦʢʨʠʪʠ ʩ ʠʟʤʝʨʚʘʥʠʷ ʫʯʘʩʪʲʮʠ ʦʪ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. 
ɹʲʣʛʘʨʠʷ 

 
ʈʝʰʝʥʠʷ ʥʘ ʧʨʦʙʣʝʤʘ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʤʦʜʝʣ ʥʘ ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʯʨʝʟ ʩʘʤʦʩʪʦʷʪʝʣʥʠ, 

ʦʪʜʝʣʥʠ ʪʠʧʦʚʝ ʠʟʤʝʨʚʘʥʠʷ, ʠʣʠ ʥʝʩʲʛʣʘʩʫʚʘʥʠ (ʯʨʝʟ ʥʘʜʛʨʘʞʜʘʥʝ) ʢʦʤʙʠʥʠʨʘʥʠ ʜʘʥʥʠ ʟʘ 
ʨʝʰʝʥʠʷ, ʢʘʢʪʦ ʚʝʯʝ ʩʧʦʤʝʥʘʪʠʪʝ, ʩʝ ʚʠʞʜʘ, ʯʝ ʥʝ ʩʘ ʟʘʜʦʚʦʣʠʪʝʣʥʠ ʠ ʥʝ ʩʘ ʝʬʝʢʪʠʚʥʠ. 
ʆʙʝʜʠʥʷʚʘʥʝʪʦ, ʧʦʜ ʥʷʢʘʢʚʘ ʬʦʨʤʘ, ʧʨʠ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʜʘʥʥʠʪʝ ʝ ʢʨʘʯʢʘ ʥʘʧʨʝʜ, ʥʦ ʥʝ ʝ 
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ʜʦʩʪʘʪʲʯʥʦ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʢʦʤʧʣʝʢʩʝʥ ʧʦʜʭʦʜ ʠ ʩʲʦʪʚʝʪʥʦ ʜʦʩʪʘʪʲʯʥʦ ʬʠʥʘʥʩʠʨʘʥʝ ʥʘ ʪʦʟʠ 
ʬʫʥʜʘʤʝʥʪʘʣʝʥ, ʥʝ ʩʘʤʦ ʥʘʮʠʦʥʘʣʝʥ ʧʨʦʙʣʝʤ, ʦʪ ʩʲʦʪʚʝʪʥʘ ʠʥʩʪʠʪʫʮʠʷ, ʠʣʠ ʜʨʫʛ ʠʟʪʦʯʥʠʢ, ʚ 
ʩʪʨʘʥʘʪʘ. 

ɸʚʪʦʨʲʪ ʘʢʪʠʚʥʦ ʨʘʙʦʪʠ ʚ ʪʦʚʘ ʥʘʧʨʘʚʣʝʥʠʝ. ʊʦʡ ʝ ʠʥʠʮʠʘʪʦʨ ʠ ʘʚʪʦʨ ʥʘ ʠʜʝʷʪʘ ʠ 

ʠʜʝʦʣʦʛʠʷʪʘ, ʥʘʫʯʥʦʪʦ ʦʧʠʩʘʥʠʝ, ʢʘʢʪʦ ʥʘ ʦʩʥʦʚʥʠʷ ʩʲʩʪʘʚ ʠ ʦʩʥʦʚʥʠ ʤʦʤʝʥʪʠ ʚ ʦʨʛʘʥʠʟʘʮʠʷʪʘ 
ʠ ʘʢʪʠʚʝʥ ʫʯʘʩʪʥʠʢ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʠ ʧʨʝʜʣʘʛʘʥʝʪʦ ʥʘ ʜʚʘ ʧʨʦʝʢʪʘ, ʟʘ ʬʠʥʘʥʩʠʨʘʥʝ ʦʪ ʌʅʀ. 

5. ɿɸʂʃʖʏɽʅʀɽ ʀ ʀɿɺʆɼʀ    

ʆʪʜʘʚʘʡʢʠ ʜʲʣʞʠʤʦʪʦ ʥʘ ʦʩʪʘʥʘʣʠʪʝ ʩʧʝʮʠʘʣʠʩʪʠ ʨʘʙʦʪʠʣʠ ʠ ʨʘʙʦʪʝʱʠ ʧʦ ʧʨʦʙʣʝʤʘ ʦʪ 
ʠʟʣʦʞʝʥʦʪʦ ʤʦʞʝ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʟʘʢʣʶʯʝʥʠʷ ʠ ʠʟʚʦʜʠ. 

 ʅʘʧʨʘʚʝʥʘʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠ ʧʨʝʛʣʝʜ ʠ ʘʥʘʣʠʟ ʥʘ ʧʨʦʙʣʝʤʠʪʝ ʥʘ ʪʦʟʠ ʝʪʘʧ, ʥʘ 
ʘʢʪʫʘʣʥʦʩʪʪʘ, ʩʲʩʪʦʷʥʠʝʪʦ, ʪʝʦʨʝʪʠʯʥʠʪʝ ʠ ʧʨʠʣʦʞʥʠ ʨʝʰʝʥʠʷ, ʦʙʦʙʱʝʥʠʝʪʦ ʟʘ 
ʛʝʦʠʜʘ/ʢʚʘʟʠʛʝʦʠʜʘ ʥʘ ɿʝʤʷʪʘ, ʨʝʛʠʦʥʘʣʥʠʪʝ ʠ ʣʦʢʘʣʥʠʪʝ ʛʝʦʠʜʠ/ʢʚʘʟʠʛʝʦʠʜʠ ʠ ʢʦʥʢʨʝʪʥʦ 
ʣʦʢʘʣʥʠʷʪ ʛʝʦʠʜ/ʢʚʘʟʠʛʝʦʠʜ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ ʧʦʢʘʟʚʘʪ ʪʷʭʥʘʪʘ ʠʟʢʣʶʯʠʪʝʣʥʘ 
ʚʘʞʥʦʩʪ, ʘʢʪʫʘʣʥʦʩʪ ʠ ʟʥʘʯʝʥʠʝ. ʉ ʦʩʦʙʝʥʘ ʩʠʣʘ ʪʦʚʘ ʚʘʞʠ ʟʘ ʥʘʰʘʪʘ ʩʪʨʘʥʘ ï ʟʘ ʥʘʰʠʷʪ 
ʣʦʢʘʣʝʥ ʛʝʦʠʜ. ʉʲʱʝʩʪʚʫʚʘʪ ʤʥʦʛʦ ʙʣʘʛʦʧʨʠʷʪʥʠ ʧʨʝʜʧʦʩʪʘʚʢʠ, ʪʦʟʠ ʩʣʦʞʝʥ, ʦʙʝʤʝʥ, ʪʨʫʜʦ- ʠ 
ʚʨʝʤʝ, ʠʥʪʝʣʝʢʪʫʘʣʥʦ ʧʦʛʣʲʱʘʱ, ʠ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʥʘʫʯʝʥ ʠ ʧʨʠʣʦʞʝʥ, ʩ ʥʘʮʠʦʥʘʣʥʦ ʠ ʩ 
ʤʝʞʜʫʥʘʨʦʜʥʦ ʟʥʘʯʝʥʠʝ ʧʨʦʙʣʝʤ ʜʘ ʙʲʜʝ ʨʝʰʝʥ, ʘʢʦ ʩʝ ʦʩʠʛʫʨʠ ʥʝʦʙʭʦʜʠʤʦʪʦ ʬʠʥʘʥʩʠʨʘʥʝ ʠ 
ʠʥʩʪʠʪʫʮʠʦʥʘʣʥʦ ʩʝ ʚʲʟʣʦʞʠ ʨʝʰʝʥʠʝʪʦ ʥʘ ʩʧʝʮʠʘʣʠʩʪʠʪʝ, ʨʘʙʦʪʝʱʠ ʠʥʪʝʥʟʠʚʥʦ ʦʪ ʜʲʣʛʠ 
ʛʦʜʠʥʠ ʠ ʥʘ ʪʦʟʠ ʝʪʘʧ ʧʦ ʥʝʛʦ ʠ ʠʤʘʱʠ ʛʦʪʦʚʥʦʩʪ ʟʘ ʪʦʚʘ (ʝʢʠʧʲʪ ʦʪ 2025 ʛ.).  ʊʝ ʱʝ ʩʝ ʟʘʝʤʘʪ ʩ 
Ăʣʝʪʷʱ ʩʪʘʨʪñ ʩ ʥʝʛʦ. ɺʩʷʢʦ ʟʘʙʘʚʷʥʝ ʚʦʜʠ  ʧʦ ʦʙʝʢʪʠʚʥʠ ʠ ʠʥʜʠʚʠʜʫʘʣʥʠ ʧʦʚʦʜʠ ʠ ʧʨʠʯʠʥʠ ʜʦ 
ʦʪʣʘʛʘʥʝ ʥʘ ʪʦʚʘ ʨʝʰʝʥʠʝ ʩ ʤʥʦʛʦ ʛʦʜʠʥʠ. ʊʦʚʘ ʥʝ ʙʠʚʘ ʜʘ ʩʝ ʩʣʫʯʠ! ɿʘ ʪʦʚʘ ʦʪʛʦʚʦʨʥʠʪʝ 
ʠʥʩʪʠʪʫʮʠʠ ʧʦ ʧʨʦʙʣʝʤʘ ʩʣʝʜʚʘ ʘʢʪʫʘʣʥʦ ʜʘ ʩʝ ʟʘʝʤʘʪ ʩ ʠʟʢʣʶʯʠʪʝʣʥʘ ʦʪʛʦʚʦʨʥʦʩʪ ʟʘ ʥʝʛʦʚʦʪʦ 
ʨʝʰʝʥʠʝ. 
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ɼʦʮ. ʜ-ʨ ʠʥʞ. ɺʘʩʠʣ ʎʚʝʪʢʦʚ, ʋɸʉɻ 
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ʆʩʥʦʚʥʘ ʮʝʣ ʥʘ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʜʘ ʧʨʝʜʩʪʘʚʠ ʝʜʥʘ ʩʲʚʨʝʤʝʥʥʘ ʤʝʪʦʜʠʢʘ ʟʘ 

ʠʟʨʘʚʥʝʥʠʝ ʥʘ ʧʨʝʮʠʟʥʠ ʥʠʚʝʣʘʯʥʠ ʤʨʝʞʠ, ʙʘʟʠʨʘʥʘ ʥʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠ 
ʦʩʚʦʙʦʜʝʥʘ ʦʪ ʥʘʩʣʝʜʝʥʠ ʦʪ ʤʠʥʘʣʦʪʦ ʩʪʝʨʝʦʪʠʧʠ ʟʘ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʛʨʝʰʢʠ ʚ ʥʠʚʝʣʘʯʥʠʪʝ 
ʠʟʤʝʨʚʘʥʠʷ. ʂʘʪʦ ʠʟʭʦʜʥʠ ʜʘʥʥʠ ʚ ʠʟʩʣʝʜʚʘʥʝʪʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʊʨʝʪʘʪʘ 
ʥʠʚʝʣʘʮʠʷ ʥʘ ʈ. ɹʲʣʛʘʨʠʷ /1975-1984/. ʈʘʟʛʣʝʜʘʥ ʝ ʘʣʛʦʨʠʪʲʤ ʩʲʩʪʦʷʱ ʩʝ ʦʪ ʪʨʠ ʦʩʥʦʚʥʠ ʩʪʲʧʢʠ: 

1. ʉʝʣʝʢʪʠʨʘʥʝ ʥʘ ʪʝʟʠ ʩʪʦʡʥʦʩʪʠ ʤʝʞʜʫ ʜʚʝʪʝ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʧʨʝʚʠʰʝʥʠʷʪʘ ʤʝʞʜʫ 
ʢʨʘʡʥʠʪʝ ʨʝʧʝʨʠ ʚ ʥʠʚʝʣʘʯʥʠʪʝ ʣʠʥʠʠ ʠ ʪʷʭʥʦʪʦ ʩʨʝʜʥʦʘʨʠʪʤʝʪʠʯʥʦ, ʢʦʠʪʦ ʤʠʥʠʤʘʣʠʟʠʨʘʪ 
ʥʝʩʲʚʧʘʜʝʥʠʷʪʘ ʚ ʥʠʚʝʣʘʯʥʠʪʝ ʧʦʣʠʛʦʥʠ.  

2. ɼʝʬʠʥʠʨʘʥʝ ʥʘ ʪʝʞʝʩʪʠ ʟʘ ʦʪʜʝʣʥʠʪʝ ʧʨʝʚʠʰʝʥʠʷ ʥʘ ʦʩʥʦʚʘʪʘ ʥʘ ʪʷʭʥʦʪʦ 
ʜʝʡʩʪʚʠʪʝʣʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʪʦʯʥʦʩʪʪʘ ʥʘ ʤʨʝʞʘʪʘ. 

3. ʌʠʥʘʣʥʦ ʠʟʨʘʚʥʝʥʠʝ ʥʘ ʤʨʝʞʘʪʘ ʢʘʪʦ ʩʚʦʙʦʜʥʘ (ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʜʝʬʠʥʠʨʘʥ 
ʠʟʭʦʜʝʥ ʨʝʧʝʨ), ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʝʣʝʢʪʠʨʘʥʠʪʝ ʧʨʝʚʠʰʝʥʠʷ ʦʪ ʪ.1 ʠ ʪʝʞʝʩʪʠʪʝ ʦʪ ʪ.2. 

ʈʝʟʫʣʪʘʪʠʪʝ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʚʩʷʢʘ ʝʜʥʘ ʩʪʲʧʢʘ, ʩʘ ʩʲʧʦʩʪʘʚʝʥʠ ʧʦʤʝʞʜʫ ʩʠ ʠ ʩ ʨʝʟʫʣʪʘʪʠʪʝ 
ʧʦʣʫʯʝʥʠ ʧʨʠ ʠʟʨʘʚʥʝʥʠʝ ʥʘ ʤʨʝʞʘʪʘ ʧʦ ʢʣʘʩʠʯʝʩʢʠ ʥʘʯʠʥ, ʠʟʧʦʣʟʚʘʱ ʩʚʝʜʥʦʘʨʠʪʤʝʪʠʯʥʠ 
ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʤʝʨʝʥʠʪʝ ʧʨʝʚʠʰʝʥʠʷ ʚ ʥʠʚʝʣʘʯʥʠʪʝ ʣʠʥʠʠ ʠ ʪʝʞʝʩʪʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ 
ʥʘ ʜʲʣʞʠʥʠʪʝ ʥʘ ʥʠʚʝʣʘʯʥʠʪʝ ʣʠʥʠʠ. ɸʥʘʣʠʟʲʪ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘ, ʯʝ ʚʩʷʢʘ ʝʜʥʘ 
ʦʪ ʩʪʲʧʢʠ 1-3 ʚʦʜʠ ʜʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʠʟʨʘʚʥʝʥʠʝ. 
ʉʠʛʫʨʥʦʩʪʪʘ ʥʘ ʠʟʚʦʜʠʪʝ ʝ ʩ ʥʠʚʦ ʥʘ ʩʠʛʫʨʥʦʩʪ ʧʦ-ʚʠʩʦʢʦ ʦʪ 95%. ʂʘʪʦ ʥʘʡ-ʚʘʞʥʘ ʩʪʲʧʢʘ ʚ 
ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʪʦʯʥʦʩʪʪʘ ʥʘ ʠʟʨʘʚʥʝʥʠʝ ʥʘ ʤʨʝʞʘʪʘ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʦʯʠ, ʩʝʣʝʢʪʠʨʘʥʝʪʦ ʥʘ 
ʚʭʦʜʥʠʪʝ ʜʘʥʥʠ ʟʘ ʠʟʨʘʚʥʝʥʠʝ ï ʪ.1. ɺʪʦʨʘ ʧʦ ʟʥʘʯʠʤʦʩʪ ʝ ʩʪʲʧʢʘ 3. ʇʨʠʣʘʛʘʥʝʪʦ ʥʘ 
ʧʨʝʜʣʦʞʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʩʨʝʜʥʠ ʢʚʘʜʨʘʪʥʠ ʛʨʝʰʢʠ ʚ ʠʟʨʘʚʥʝʥʠʪʝ 
ʚʠʩʦʯʠʥʠ ʥʘ ʨʝʧʝʨʠʪʝ ʚ ʤʨʝʞʘʪʘ ʚ ʜʠʘʧʘʟʦʥʘ 2.17 ï 3.01 ʤʤ. ɿʘ ʩʨʘʚʥʝʥʠʝ ʩʲʦʪʚʝʪʥʠʪʝ ʩʨʝʜʥʠ 
ʢʚʘʜʨʘʪʥʠ ʛʨʝʰʢʠ ʚ ʠʟʨʘʚʥʝʥʠʪʝ ʚʠʩʦʯʠʥʠ ʥʘ ʨʝʧʝʨʠʪʝ ʚ ʤʨʝʞʘʪʘ, ʧʦʣʫʯʝʥʠ ʧʨʠ ʢʣʘʩʠʯʝʩʢʠʷ 
ʧʦʜʭʦʜ ʥʘ ʠʟʨʘʚʥʝʥʠʝ ʥʘ ʧʨʝʮʠʟʥʠ ʥʠʚʝʣʘʯʥʠ ʤʨʝʞʠ, ʩʘ ʚ ʜʠʘʧʘʟʦʥʘ 7.19 ï 16.43 ʤʤ.  

ʂʣʶʯʦʚʠ ʜʫʤʠ: ʛʝʦʤʝʪʨʠʯʥʘ ʥʠʚʝʣʘʮʠʷ, ʚʠʩʦʯʠʥʥʠ ʩʠʩʪʝʤʠ, ʨʘʟʣʠʢʠ ʚ ʤʦʨʩʢʠ ʥʠʚʘ, 
ʠʟʨʘʚʥʝʥʠʝ.  

 

READJUSTMENT OF THE THIRD LEVELLING OF BULGARIA (1975-1984) 

Asso c. Prof.  PhD Eng. Vasil  Cvetko v, UACEG 

 

SUMMARY 
 
The primary objective of this study is to present a modern methodology for adjusting precise levelling 
networks, based on statistical principles and free from outdated stereotypes about the accumulation of 
errors in levelling measurements. The input data used in the study are results from the Third Levelling 
of the Republic of Bulgaria (1975ï1984). 
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An algorithm consisting of three main steps is examined: 
 

1. Selecting those values between the two measurements of height differences between the 
endpoints of levelling lines and their arithmetic mean that minimise closing errors in levelling loops. 

2.  Defining weights for the individual height differences based on their actual influence on the accuracy 
of the network. 

3. Final adjustment of the network as a free network (without a predefined datum point), using the 
selected height differences from Step 1 and the weights from Step 2. 

 

The results obtained at each step are compared both among themselves and with results from a 
classical adjustment approach, which uses the arithmetic mean of measured elevation differences in 
the lines and assigns weights inversely proportional to the lengths of the levelling lines. 
The analysis reveals that each of Steps 1ï3 results in a statistically significant improvement in 
adjustment accuracy. The confidence level of the conclusions exceeds 95%. The most critical step in 
improving adjustment accuracy is Step 1 ï selecting the input data for adjustment. Step 3 ranks second 
in importance. 
 
Applying the proposed algorithm results in root mean square errors in the adjusted benchmark heights 
ranging from 2.17 to 3.01 mm. For comparison, the corresponding RMS errors from the classical 
adjustment method range from 7.19 to 16.43 mm. 

 
Keywords: geometric levelling, reference systems, ocean level differences, adjustment 

1. INTRODUCTION 

Precise geometric levelling  is a fundamental method for establishing national and continental height 
networks of the highest class. As of now, Bulgaria has completed three measured and adjusted levelling  
cycles, and the final fourth cycle is nearing completion and adjustment. Typically, each cycle takes 
several years of intensive and monotonous fieldwork to carry out the levelling measurements. Achieving 
reliable results from levelling  measurements depends not only on the methodology and precision of 
the measurements themselves but also on their subsequent processing. Recognizing the importance 
of this, the adjustment of Bulgariaôs third levelling  cycle (1975ï1984) was performed in several versions 
- five different parametric adjustments and one conditional adjustment of the network as an independent 
system, using benchmark VNR 28 (Varna) as the origin [1]. The five parametric adjustments of the 
network mainly differ in the number of included polygons, the number of specified benchmarks, and the 
selection of those benchmarks [1]. In all adjustment variants of the network, formula (1) was used, 
where L is the length of the levelling line in km. 

 

(1)  0  ρ,ϳ 

 
The achieved accuracy for 1 km of levelled distance after the network adjustment in the various versions 
ranges from Ñ1.21 mm/km to Ñ1.43 mm/km. The differences in the adjusted elevations of key 
benchmarks between the different versions vary from 2 to 12 mm [1]. However, nowhere in the work of 
Burilkov and Vuchkova is there any mention of the obtained mean square errors of the adjusted 
elevations of the key benchmarks in the network, some of which exceed Ñ15 mm [4]. Despite this, the 
authors conclude that the best version of the network adjustment (as an independent network with the 
century fundamental benchmark CFB 28 in Varna) has established a modern, solid elevation base that 
spans the territory of the country. The experience gained from Bulgaria's Third Levelling has also served 
as the foundation for the two most recent national levelling guidelines [2], [3]. 
 
However, it should be noted that many of the specifications laid out in these guidelines [2, 3] do not 
align with the actual data from first-order levelling ðboth in Bulgaria and in other countries [5, 8,  9, 12, 
13, 17, 19, 22] when processed using modern methods of mathematical statistics and probability theory. 
The most significant of these discrepancies are discussed below. 
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1.1.  Heteroscedasticity problem or the relevance of the classical weights [1] 

According to Kªªriªinen [17, pp. 52], ñthe errors are divided into two classes, accidental and systematic, 
which are assumed to be independent of each other. The accidental errors are caused by sources that 
are independent in all successive observations and obey the laws of Gauss. The systematic errors are 
due to causes acting similarly on successive or adjacent levelling observations; these do not obey the 
laws of Gauss. They become accidental only for distances exceeding a certain limit Z of the order of 
several tens of kilometres. The total error is the combined influence of both types of error and is 
calculated for distances longer than the above limit as the quadratic sum of the accidental and 
systematic errorsò. This popular belief about the accumulation of levelling uncertainties is widely used 
in many scientific studies [15-16, among others] where levelling data is processed.  
 
However, some modern studies [5, 8-9, 19] reveal that do not support the above belief. According to 
[5], the coefficients of determination R2 of the absolute closing errors |W| concerning the loop 
circumferences L or the square root of the loop circumferences L0.5  in the case of the Second Levelling 
of Bulgaria /1953-1957/, the Third Levelling of Bulgaria /1975-1984/, The Second Levelling of Finland 
/1935-1955/ [17], the Third Levelling of Finland /1978-2006/ [22], are 0.20, 0.12, 0.05 and 0.00, 
respectively. According to [19, Fig. 8], the correlation coefficient R between loop lengths and their 
absolute closing errors in the Fourth Precise Levelling Campaign of Poland /1999-2003/ is 0.12. This 
means that the determination coefficient R2 = 0.01. Thus, in very few percentages, usually below 20%, 
the variance of |W| can be explained by L or L0.5. We have a similar situation according to the 
relationship between the absolute values of line discrepancies |D| and L or L0.5. The coefficients of 
determination of |D| to L0.5  are 0.54, 0.27, 0.36, 0.27, and 0.17, respectively for the Second Levelling of 
Bulgaria /1953-1957/, the Third Levelling of Bulgaria /1975-1984/, The Second Levelling of Finland 
/1935-1955/, the Third Levelling of Finland /1978-2006/, and the Fourth Precise Levelling Campaign of 
Poland /1999-2003/. The main reason for the low determination of |W| and |D| concerning L or L0.5  is 
the presence of heteroscedasticity in this relationship. Fig. 1 illustrates this fact, referring to data from 
the Third Levelling of Bulgaria. 

 

 
 

Fig. 1. Line discrepancies and closing errors in the Third Precise Levelling Network of Bulgaria /1975-
1984/ [8]. 

 
Taking the above facts into account, the nonsense of the weights (1) is obvious. Thus, some more 
relevant weights of levelling measurements exist [5], [9], [13], [20], among others. 
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1.2.  Initial adjustment data problem or the properties of t he mean of two observations  

Another major drawback of the classical adjustment method for precise levelling networks is the use of 
the arithmetic mean of the two measured height differences between the endpoints of a levelling line. 
Of course, suppose we assume that both measurements of each height difference follow the same 
distribution with a standard deviation of ů. In that case, the arithmetic mean of the two measurements 
will have a standard deviation of 0.707ů [12-13]. However, this fact by no means implies that the true 
error of the arithmetic mean of the two measurements is smaller than the true error of either individual 
measurement. In reality, the probability that the true error of the arithmetic mean of two random 
observations is smaller than the true errors of both observations converges to 33% if the distribution of 
the observations is uniform. In the case of normally distributed observations, this probability is even 
lower, under 30% [10 ï13]. Fig. 2 illustrates this point using the closing errors in the loops from 
Bulgaria's Third Levelling. 

 

 
 

Fig. 2. Closing errors in the Third Precise Levelling Network of Bulgaria /1975-1984/ [8]. 

 
Therefore, the use of the classical adjustment approach, which relies on arithmetic means of elevation 
differences in levelling lines, constitutes a systematic error in processing the available data. Instead of 
improving the final results of the adjustment, it worsens them, both in terms of accuracy and reliability.  

1.3.  The choice of a datum point  

Investigations into the geodetic network adjustment problem [18-20, among others] have shown that 
some parameters estimated using the GaussïMarkov model are invariant considering the choice of 
datum point. These include the a posteriori variance factor (ůĮ), the adjusted observations (l ⅞), and the 
corrections (ὺ) to the original observations (ὰ). However, other crucial parameters, such as the cofactor 
matrix of the adjusted coordinates and/or heights (ὗ ), do depend on the datum. As a result, the 
standard errors of any quantities derived from the benchmark uncertainties (e.g., vertical and horizontal 
displacements, geoid or quasi-geoid determinations) are also affected. Therefore, selecting an 
appropriate datum point in national reference systems should not be based solely on the assumed 
stability of the point, but also on its location within the network. The impact of the datum point on the 
benchmark uncertainties, considering the Second Levelling of Bulgaria [14], is shown in Fig. 3.  
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Fig. 3. Benchmark mean standard errors in the Second Levelling of Bulgaria regarding datum points. 

 
According to Fig. 3, the least mean of the benchmark standard errors can be obtained when the datum 
point is located in the benchmark mass centre. The farther the datum point is from the benchmark mass 
centre, the greater the uncertainty in the benchmark heights. 
 
According to many Bulgarian researchers [1, 4, 16, among others], the most suitable datum point in the 
Bulgarian Levelling Networks - namely the First (1920ï1930), Second (1953 ï 1957), and Third (1975 
ï 1984) is considered to be the century fundamental benchmark CFBM 28 in Varna. However, given 
that this benchmark is situated at the periphery of the network, its use as a datum may not be ideal. 
Moreover, GNSS data from the IGS14 reference point VARN, located at the Public Astronomical 
Observatory & Planetarium ñNicolaus Copernicus,ò indicate a subsidence rate of ï1.9 Ñ 0.86 mm/year 
over the years [21]. Therefore, the arguments that support the stability of CFBM 28 in [1] seem 
suspicious based on the given accuracy of the Second and Third Levelling of Bulgaria. This topic needs 
additional investigation. 

 

1.4.  Objectives of the research  

Taking all things together, the primary objective of this study is to present a modern methodology for 
adjusting precise levelling networks, based on statistical principles and free from outdated stereotypes 
about the accumulation of errors in levelling measurements. The secondary aims of the research are 
to estimate, compare, and evaluate the impact of: 
 

ÁUsed weights; 
ÁSelection of the most appropriate line height differences; 
ÁThe usage of the virtual datum point in the benchmark mass centre by adjustment of the 

network of the Third Levelling of Bulgaria as a free network. 
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2. DATA AND THEIR PROCESSING  

2.1.  Used data  

In this study, we use the height differences obtained in the upward direction, downward direction, and 
their averages from Bulgaria's Third Levelling, corrected only by the average lath meter corrections. 
The data used is given in Table 1. The configuration of the network is presented by Fig. 4. 
 

 

Fig. 4. The Third Precise Levelling Network of Bulgaria /1975-1984/. 

 
Table 1. Height differences between the line terminal benchmarks obtained in both directions, their 

average, and the line lengths. 
 

Line From To 
Line Height Differences in m Length in 

km 

I II Average L 

1 Lom Montana 111.52062 111.47631 111.49847 306.689 

2 Lom Montana 111.49172 111.48604 111.48888 54.363 

3 Lom Glozhene 24.42325 24.41534 24.41930 60.176 

4 Glozhene Borovan 122.24869 122.23964 122.24417 37.466 

5 Vratsa Borovan -197.74803 -197.75696 -197.75250 34.281 

6 Glozhene Nikopol 126.99003 126.97325 126.98164 130.859 

7 Borovan Knezha -19.25104 -19.26724 -19.25914 36.598 

8 Knezha Grivitsa 111.99559 112.00188 111.99874 66.485 

9 Nikopol Grivitsa 88.04556 88.04130 88.04343 43.655 

10 Grivitsa Levski -202.92906 -202.93962 -202.93434 45.824 

11 Levski Ruse 89.29772 89.28072 89.28922 125.416 

12 Nikopol Ruse -25.57087 -25.58375 -25.57731 144.178 

13 Ruse Belokopitovo 39.13892 39.12898 39.13395 111.783 

14 Ruse Kalipetrovo -29.45748 -29.44651 -29.45200 142.06 
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Line From To 
Line Height Differences in m Length in 

km 

I II Average L 

15 Kalipetrovo Belokopitovo 68.57324 68.55945 68.56634 112.675 

16 Kalipetrovo Dobrich 96.27144 96.25150 96.26147 97.646 

17 Dobrich Varna -161.13759 -161.17537 -161.15648 198.675 

18 Dobrich Varna -161.17403 -161.18833 -161.18118 51.728 

19 Belokopitovo Varna -133.46611 -133.48792 -133.47702 110.846 

20 Varna Burgas 17.06735 17.07590 17.07162 151.93 

21 G. Alexandrovo Burgas -97.09100 -97.12809 -97.10955 76.815 

22 Omurtag G. Alexandovo -382.91252 -382.92276 -382.91764 80.565 

23 Omurtag Belokopitovo -363.56926 -363.58715 -363.57821 60.478 

24 G.Oriahovitsa Omurtag 455.55824 455.52130 455.53977 84.668 

25 Kazanlak G. Alexandovo -196.85474 -196.89499 -196.87487 134.099 

26 Gabrovo Kazanlak -13.12957 -13.16793 -13.14875 50.101 

27 G.Oriahovitsa Gabrovo 282.66062 282.66120 282.66091 64.764 

28 Levski G.Oriahovitsa 36.47838 36.46646 36.47242 69.49 

29 Zl. Panega Gabrovo 193.89740 193.87004 193.88372 141.06 

30 Zlatitsa Kazanlak -333.53917 -333.52897 -333.53407 130.5 

31 Zl. Panega Zlatitsa 514.30682 514.27210 514.28946 69.955 

32 Knezha Zl. Panega 34.34341 34.34450 34.34396 52.317 

33 Dolni Bogrov Zlatitsa 179.01168 179.00282 179.00725 72.87 

34 Novi Iskar Dolni Bogrov 20.16593 20.15960 20.16277 17.76 

35 Vratsa Novi Iskar 132.39569 132.42255 132.40912 108.49 

 
Table 2. Height differences between the line terminal benchmarks obtained in both directions, their 

average, and the line lengths. 
 

Line From To 
Line Height Differences in m Length in 

km 

I II Average L 

36 Montana  Vratsa 232.94459 232.94003 232.94231 43.67 

37 Montana  Dragoman 593.31526 593.26565 593.29046 103.297 

38 Pushkarov Novi Iskar -42.49799 -42.49855 -42.49827 13.94 

39 Dragoman Pushkarov -185.43359 -185.44650 -185.44005 38.292 

40 Dupnitsa Dragoman 227.36161 227.39380 227.37771 184.795 

41 GUGK Dupnitsa -96.34899 -96.35507 -96.35203 61.837 

42 GUGK Pushkarov -54.40690 -54.41120 -54.40905 13.795 

43 Dolni Bogrov GUGK 76.74142 76.73642 76.73892 30.421 

44 Dupnitsa Pazardjik -306.40217 -306.43533 -306.41875 142.167 

45 Zlatitsa Pazardjik -505.05481 -505.07559 -505.06520 91.615 

46 Pazardjik Haskovo 24.58289 24.58156 24.58223 133.75 

47 Kazanlak Haskovo -146.91755 -146.90844 -146.91300 116.276 

48 Haskovo Elhovo -110.58370 -110.62596 -110.60483 122.053 

49 Elhovo G. Alexandovo 60.63556 60.63576 60.63566 65.309 

50 Burgas Elhovo 36.45438 36.41771 36.43604 308.26 

51 Momchilgrad Elhovo -146.17830 -146.16964 -146.17397 257.857 

52 Haskovo Momchilgrad 35.61933 35.59911 35.60922 70.99 
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Line From To 
Line Height Differences in m Length in 

km 

I II Average L 

53 Dospat Momchilgrad -981.74260 -981.78257 -981.76259 198.21 

54 Pazardjik Dospat 1041.94281 1041.91917 1041.93099 91.837 

55 Dupnitsa Dospat 735.51710 735.49646 735.50678 265.552 

Note: The height differences contain only the lath meter corrections. The bolded values are selected line height 
differences that minimise the loop closing errors. 

2.2. Data processing  

2.2.1.Selecting these values of the height differences between line terminal benchmarks that 
minimise the closing errors in the network loops by a greedy algorithm. The algorithm is 
copyrighted and therefore will not be disclosed here. One can use the bolded values in 
Table 1 to check the results presented below.  

2.2.2.Applying the procedure given in the study [20] for calculation of assumption-free weights, 
mentioned below also as non-parametric weights, following the steps: 

2.2.2.1.We readjusted the Bulgarian Second Levelling network 55 times, each time 
removing a different levelling line. 

2.2.2.2.Based on the remaining 54 lines, we adjusted the network and summed the standard 
errors of the adjusted benchmark heights. If a line deteriorates the network accuracy, 
it is normal for its skip to produce a smaller sum of the nodal benchmarksô standard 
errors. Therefore, the smaller the sum of the nodal benchmarksô standard errors, the 
less weight the line has. Since the number of levelling lines is the same for each 
independent adjustment, we can use the average of the nodal benchmarksô standard 
errors (ASE) in each adjustment instead of their sums. 

2.2.2.3.When we obtain 55 ASE, we can calculate their average ASEMEAN. 

2.2.2.4.Now we can calculate the weights ύ  for each levelling line i by equation (2). 

      (2)       ×  !3%Ⱦ!3%  

2.2.3.Adjustment of the network as a free with the use of the selected height differences of 
each line and assumption-free weights (2). 

3. RESULTS 

Fig. 5 evaluates the accuracy through the separate steps and compares the classical variant of the 
adjustment with different steps defined in section 2.2. (Data processing). 

 

 

Fig. 5. Samples of benchmark standard deviations, obtained in the different adjustment variants. 
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Fig. 6 compares the classical variant of the adjustment with the proposed adjustment method in section 
2.2. (Data processing). 
 

 

Fig. 6. Comparison between classical adjustment and the adjustment as a free network with selected 
line height differences and assumption-free weights.  
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Fig. 5 and 6 show that the adjustment method proposed in Section 2.2 (Data Processing) 
outperformed the classical approach, which used mean line height differences and weights as defined 
in equation (1). 

 

 
 

Fig. 7. Differences in the adjusted benchmark heights in mm (between the classical and the proposed 
approach results).  

4. DISCUSSION 

In the present study, the raw data from the Third Levelling of Bulgaria were used. The only correction 
applied to the measurements is the correction for the lath meter correction. The measurements were 
not corrected for normal corrections, refraction and magnetism, tidal effects, recent vertical movements 
of the Earthôs crust, seasonal fluctuations of benchmarks, etc. Nevertheless, the calculated a posteriori 
mean square error for 1 km of levelling obtained after network adjustment is 1.21 mm/km, which is also 
the lowest value among the cited a posteriori mean square errors from various adjustment variants 
described in [1]. This fact alone raises questions about the quality of the normal corrections applied in 
the official version of the adjustment, given that they do not improve the accuracy of the network. 
 
However, the goal of our study is an adjustment algorithm for the first-order levelling network of our 
country. As seen in Fig. 5, the classical variant of network adjustmentðconducted as an independent 
network with datum point in Varna as the origin and using the arithmetic mean values from the two 
measurements of height differences in the lines and weights (1)ðyields significantly worse results 
compared to the adjustments of the network carried out in the individual steps of the algorithm described 
in Section 2.2. A visual comparison of the boxplots of the sample root mean square errors of the 
adjusted heights at nodal benchmarks leads to the following conclusions: 

ÁThe most significant improvement in the quality of network adjustment comes from selecting 
those values of the measured height differences in the levelling lines that minimise discrepancies in 
levelling polygons. This step reduces the values of root mean square errors in the network by an 
average of 3.5 times compared to the classical approach. This finding is in full agreement with the 
conclusions made in [10-11]. 

ÁThe adjustment using weights (2), based on the actual influence of the individually selected 
height differences in the levelling lines, slightly improves the results obtained in the previous step. Of 
course, further improvement could be achieved using iterative adjustments such as IDW(p) or IAHW(p) 
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described in [5]. The overall improvement in network accuracy resulting from the adjustment using both 
selected height differences and weights (2) compared to the classical adjustment is about 3.8 times. 

ÁAdjusting the network as a free network (without a fixed benchmark), using the selected height 
differences (bold values in Table 1) and weights (2), led to an average increase in network accuracy of 
about 5.3 times compared to the classical adjustment. Therefore, adjustment of the network as a free 
network can be considered the second most important factor among those compared in this article. This 
final adjustment variant resulted in root mean square errors ranging from 2.17 mm to 3.01 mm, with an 
average of 2.57 mm. A graphical comparison of the results obtained in this adjustment step and the 
classical network adjustment can be seen in Fig. 6. 
 
Analysing Fig. 7 shows that the differences in adjusted elevations of the key benchmarks between the 
classical adjustment and the presented method range from +6 to -14 mm, which is approximately equal 
to the arithmetic value of the root mean square errors of the adjusted benchmark heights obtained 
through the classical approach. The isolines of these differences show depressions and peaks near 
certain benchmarks, such as Zlatna Panega, Dospat, Elhovo, and Burgas, which indicates that using 
arithmetic mean values of height differences in adjacent lines may include extreme values from one of 
the two measurements. However, this issue requires further investigation. 

5. CONCLUSION 

The main objective of this study was to present a modernised algorithm for the adjustment of levelling 
networks of the highest class, one that is free from outdated notions about error accumulation in 
levelling, which are based on vague and contradictory assumptions not supported by modern statistical 
methods and probability theory. Applying the presented algorithm to data from the Third Levelling of 
Bulgaria (1975ï1984) led to a significant improvement in network adjustment accuracy, with root mean 
square errors of the adjusted heights of nodal benchmarks being less than 3 mm. This demonstrates 
that, as of today, the accuracy of precise geometric levelling is several times higherðand still 
unmatchedðby other methods [6, 18, 21] used for defining national and continental height systems. 
The results also indicate the need to reassess and revise a substantial portion of the existing levelling 
specifications and instructions [3], particularly those related to execution methodology, setting 
tolerances for discrepancies between individual measurements, evaluating accuracy, and the method 
for processing levelling data. A revaluation is also necessary for the global impact of various systematic 
factors that introduce errors into levelling measurements. 
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ʄʆʅʀʊʆʈʀʅɻ ʀ ʆʎɽʅʂA ʅɸ ʉʊɸɹʀʃʅʆʉʊʊɸ ʅɸ ɿɽʄʅɸʊɸ ʂʆʈɸ ɺ ʈɸʁʆʅɸ ʅɸ 
ɸʅʊʀʏEʅ ʂɸʄɽʅɽʅ ʂʆʄʇʃɽʂʉ ʇɽʈʇɽʈʀʂʆʅ 

ʇʨʦʬ. ʜʥ. ʠʥʞ. ʄʠʣʘ ɸʪʘʥʘʩʦʚʘ-ɿʣʘʪʘʨʝʚʘ, ʅʀɻɻɻ-ɹɸʅ 

ʈɽɿʖʄɽ 

 

ɺ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʠʟʧʦʣʟʚʘʤʝ  SAR ʜʘʥʥʠ ʩ ʦʪʚʦʨʝʥ ʢʦʜ, ʧʦʣʫʯʝʥʠ ʦʪ ʩʧʲʪʥʠʢʦʚʠ 
ʥʘʙʣʶʜʝʥʠʷ ʧʦ ʧʨʦʛʨʘʤʘʪʘ Copernicus (CLMS), ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʣʫʞʙʘ ʟʘ 
ʜʚʠʞʝʥʠʝ ʥʘ ʟʝʤʷʪʘ (European Ground Motion Service EGMS). ʆʙʝʢʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝ ʝ 
ɸʨʭʝʦʣʦʛʠʯʝʩʢʠʷʪ ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ. ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ MT-SAR ʤʝʪʦʜʘ ʟʘ ʘʥʘʣʠʟ ʠ 
ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʛʝʦʜʠʥʘʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʚ ʨʘʡʦʥʘ ʝ ʤʥʦʛʦ ʧʦʜʭʦʜʷʱʦ, ʪʲʡ ʢʘʪʦ ʩʢʘʣʥʠʷʪ 
ʢʦʤʧʣʝʢʩ, ʨʘʟʧʦʣʦʞʝʥ ʥʘ ʦʪʢʨʠʪʦ ʝ ʧʦʯʠʩʪʚʘʥ ʠ ʧʦʜʜʲʨʞʘʥ ʙʝʟ ʨʘʩʪʠʪʝʣʥʦʩʪ, ʘ ʩʢʘʣʠʪʝ ʠʤʘʪ 
ʨʦʣʷʪʘ ʥʘ ʝʩʪʝʩʪʚʝʥʠ ʦʪʨʘʞʘʪʝʣʠ.  ʊʘʢʘ ʧʦʣʫʯʝʥʠʨʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʩ ʚʠʩʦʢʘ ʩʪʦʡʥʦʩʪ ʥʘ 
ʢʦʭʝʨʝʥʪʥʦʩʪ ʠ ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ.  ɿʘ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ ʦʪ 5 ʛʦʜʠʥʠ ( 2019-2024) ʝ ʠʟʚʲʨʰʝʥ 
ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʛʝʦʜʠʥʘʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʦʙʭʚʘʱʘʱʘ ʯʝʪʠʨʠʪʝ ʯʘʩʪʠ ʥʘ 
ʢʦʤʧʣʝʢʩʘ: ʢʨʝʧʦʩʪʘ ï ɸʢʨʦʧʦʣ, ɼʚʦʨʝʮ-ʩʚʝʪʠʣʠʱʝ, ʉʝʚʝʨʦʠʟʪʦʯʥʦ ʠ ʖʞʥʦ ʧʦʜʛʨʘʜʠʝ. 
ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ  InSAR ʪʝʭʥʦʣʦʛʠʷʪʘ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʧʲʣʥʘ ʢʘʨʪʠʥʘ ʟʘ 
ʩʣʫʯʚʘʱʠʪʝ ʩʝ ʛʝʦʧʨʦʮʝʩʠ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɸʨʭʝʦʣʦʛʠʯʝʩʢʠʷʪ ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ. ʈʘʡʦʥʲʪ 
ʝ ʩʪʘʙʠʣʝʥ ʠ ʥʝ ʩʘ ʦʪʢʨʠʪʠ ʩʠʣʥʠ ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ. 

ʂʣʁʯʦʚʠ ʜʫʤʠ: InSAR, EGMS, ʤʦʥʠʪʦʨʠʥʛ, ʛʝʦʜʠʥʘʤʠʯʥʠ ʧʨʦʮʝʩʠ, ɸʨʭʝʦʣʦʛʠʯʝʩʢʠ 
ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ 

 

MONITORING AND estimation OF THE STABILITY OF THE EARTH'S CRUST IN THE 
AREA On THE ANCIENT STONE COMPLEX OF PERPERIKON  

Prof.  DSc. Mila Atanasova -Zlatareva , NIGGG-BAS 

 
SUMMARY  

 

In this study, the author use open-source SAR data obtained from satellite observations under the 
Copernicus program (CLMS), provided by the European Ground Motion Service EGMS. The object of 
this study is the Perperikon Archaeological Complex. The application of the MT-SAR method for the 
analyzing and investigating geodynamic processes in the area is very appropriate, since the rock 
complex, located in the open air, is cleaned and maintained without vegetation and the rocks act as 
natural reflectors. The obtained results demonstrate high coherence values and accuracy. For a time 
interval of 5 years (2019-2024), have carried out monitoring of geodynamic processes for the territory 
covering the four parts of the complex: the fortress - Acropolis, Palace-sanctuary, North-Eastern and 
Southern Suburbs. The application of InSAR technology made it possible to create a complete picture 
of the geoprocesses occurring on the territory of the Perperikon Archaeological Complex. The area is 
stable and no strong deformation processes have been detected. 

 
Keywords: InSAR, EGMS, monitoring, geodynamic processes,  Archaeological Complex  Perperikon  

 



 

45 

 

1. ɺʒɺɽɼɽʅʀE 

ɺ ʥʘʩʪʦʷʱʦʪo ʠʟʩʣʝʜʚʘʥʝ ʩʝ ʠʟʧʦʣʟʚʘʪ ʜʘʥʥʠ ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʣʫʞʙʘ ʟʘ 
ʜʚʠʞʝʥʠʝ ʥʘ ʟʝʤʷʪʘ (EGMS) ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʟʝʤʥʠ ʜʚʠʞʝʥʠʷ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ 
ɸʨʭʝʦʣʦʛʠʯʝʩʢʠʷ ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ. 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʣʫʞʙʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʟʝʤʷʪʘ (EGMS) ʝ ʧʲʨʚʘʪʘ 
ʢʦʥʪʠʥʝʥʪʘʣʥʘ ʫʩʣʫʛʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʟʝʤʥʘʪʘ ʢʦʨʘ ʙʘʟʠʨʘʥʘ ʥʘ SAR ʜʘʥʥʠ, 
ʢʘʪʦ ʧʦʩʣʝʜʥʘʪʘ ʘʢʪʫʘʣʠʟʘʮʠʷ ʦʙʭʚʘʱʘ ʧʝʨʠʦʜʘ 2019-2023 ʛ. [13]. ʋʩʣʫʛʘʪʘ ʧʨʝʜʦʩʪʘʚʷ 
ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʝʩʪʝʩʪʚʝʥʠʪʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʠʪʝ ʜʚʠʞʝʥʠʷ ʥʘ ʟʝʤʥʘʪʘ ʢʦʨʘ, ʚʲʨʭʫ ʪʝʨʠʪʦʨʠʡʪʝ 
ʥʘ ʩʪʨʘʥʠʪʝ ʫʯʘʩʪʚʘʱʠ ʚ ʧʨʦʛʨʘʤʘʪʘ Ăʂʦʧʝʨʥʠʢñ ʩ ʤʠʣʠʤʝʪʨʦʚʘ ʪʦʯʥʦʩʪ. EGMS ʧʨʝʜʣʘʛʘ 
ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʛʝʦʣʦʞʢʠ ʦʧʘʩʥʦʩʪʠ ʠ ʙʘʚʥʦ ʜʚʠʞʝʱʠ ʩʝ ʧʨʦʮʝʩʠ, ʢʘʪʦ ʩʚʣʘʯʠʱʘ, 
ʷʚʣʝʥʠʷ ʥʘ ʧʦʪʲʚʘʥʝ, ʩʚʲʨʟʘʥʠ ʩ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ ʠʣʠ ʤʠʥʥʦʪʦ ʜʝʣʦ ʥʘ ʧʦʜʟʝʤʥʠʪʝ ʚʦʜʠ, 
ʧʨʝʜʠʟʚʠʢʘʥʠ ʦʪ ʯʦʚʝʢʘ ʜʝʬʦʨʤʘʮʠʠ ʠ ʜʝʬʦʨʤʘʮʠʠ, ʩʚʲʨʟʘʥʠ ʩ ʚʫʣʢʘʥʠʯʥʘ ʠ ʩʝʠʟʤʦʪʝʢʪʦʥʠʯʥʘ 
ʘʢʪʠʚʥʦʩʪ [10], [11]. 

ɿʘ ʜʘ ʩʝ ʦʮʝʥʠ ʜʝʬʦʨʤʘʮʠʷʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʦʩʪ ʠ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʚʲʨʭʫ ʢʨʠʪʠʯʥʘʪʘ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚ ʨʝʛʠʦʥʘʣʥʘʪʘ ʇʨʝʚʝʟʘ-ɻʲʨʮʠʷ ʚ [8] ʠʥʪʝʛʨʠʨʘʪ ʜʘʥʥʠʪʝ ʦʪ ɽʚʨʦʧʝʡʩʢʘʪʘ 
ʩʣʫʞʙʘ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʟʝʤʷʪʘ (EGMS) ʠ ʛʝʦʧʨʦʩʪʨʘʥʩʪʚʝʥʠʪʝ ʜʘʥʥʠ.  

InSAR ʤʝʪʦʜʘ ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʝʤʥʠ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʡʦʥʘ ʥʘ 
ʘʨʭʝʣʦʛʠʯʝʩʢʠʷ ʦʙʝʢʪ ʉʦʣʥʠʮʘʪʘ-ʇʨʦʚʘʜʠʷ [20]. ɺ [9] ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ EGMS 
ʜʘʥʥʠʪʝ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʩʲʱʠʷ  ʢʫʣʪʫʨʝʥ ʧʘʤʝʪʥʠʢ ʉʦʣʥʠʮʘʪʘ-ʇʨʦʚʘʜʠʷ. 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʥʷʢʦʣʢʦ ʛʦʜʠʥʠ ʧʨʠʣaʛʘʥʝʪʦ ʥʘ EGMS ʜʘʥʥʠ ʥʘʤʠʨʘ ʯʝʩʪʦ ʧʨʠʣʦʞʝʥʠʝ 
ʟʘ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʘʨʭʠʣʦʛʠʯʥʠ ʠ  ʢʫʣʪʫʨʥʠ ʧʘʤʝʪʥʠʮʠ.  ɺ [7] ʩʝ ʠʟʫʯʘʚʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʘ 
ʩʪʨʫʢʪʫʨʘ - ɸʢʚʘʨʠʫʤʲʪ ʃʘʤʙʫʩʘ, ʠʟʜʲʣʙʘʥʘ ʠʟʮʷʣʦ ʚ ʩʢʘʣʥʘ ʦʩʥʦʚʘ, ʢʦʷʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ 
ʨʘʟʧʦʟʥʘʪʘ ʠ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʘʥʥʠ ʦʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ. ɼʘʥʥʠʪʝ ʟʘ 
ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʟʝʤʥʘʪʘ ʢʦʨʘ ʦʪ EGMS ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʨʘʡʦʥʘ 
ʇʘʬʦʩ- ɿʘʧʘʜʝʥ ʂʠʧʲʨ, ʢʲʜʝʪʦ ʩʝ ʥʘʤʠʨʘʪ ʛʦʣʷʤ ʙʨʦʡ ʜʨʝʚʥʠ ʧʘʤʝʪʥʠʮʠ ʠ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠ 
ʦʙʝʢʪʠ [6]. 

ʆʙʝʢʪʠʪʝ ʥʘ ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ ʯʝʩʪʦ ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ ʠ ʪʷʭʥʦʪʦ 
ʠʟʣʘʛʘʥʝ ʩʪʘʚʘ ʦʩʦʙʝʥʦ ʥʝʩʠʛʫʨʥʦ ʩ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ.  ʊʝ ʩʪʘʚʘʪ  ʫʷʟʚʠʤʠ ʠ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 
ʩʘ ʠʟʣʦʞʝʥʠ ʥʘ ʨʠʩʢ ʦʪ ʚʣʦʰʘʚʘʥʝ ʠʣʠ ʧʲʣʥʦ ʫʥʠʱʦʞʝʥʠʝ. ʈʠʩʢʦʚʝ ʢʘʪʦ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʟʝʤʷʪʘ, 
ʥʘʚʦʜʥʝʥʠʷ, ʜʲʞʜʦʚʝ ʠ ʝʨʦʟʠʷ ʟʥʘʯʠʪʝʣʥʦ ʟʘʧʣʘʰʚʘʪ ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʧʘʤʝʪʥʠʮʠ. ɺʲʟʤʦʞʥʠ ʩʘ 
ʥʘʩʪʲʧʚʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʠʪʝ, ʧʦʚʣʠʷʥʠ ʢʘʢʪʦ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ, ʪʘʢʘ ʠ ʦʪ 
ʯʦʚʝʰʢʘ ʜʝʡʥʦʩʪ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʦʩʦʙʝʥʦ ʩʝʨʠʦʟʝʥ ʨʠʩʢ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʙʝʟʮʝʥʥʠ 
ʦʙʝʢʪʠ. ɿʥʘʯʠʪʝʣʥʠ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʫʩʠʣʠʷ ʩʘ ʥʘʩʦʯʝʥʠ ʢʲʤ ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʦʙʝʢʪʠʪʝ ʥʘ 
ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ [17]. ɺ [17] ʩʝ  ʧʨʝʜʣʘʛʘ ʤʝʪʦʜʦʣʦʛʠʯʥʘ ʨʘʤʢʘ ʟʘ ʩʧʨʘʚʷʥʝ ʩ ʨʠʩʢʦʚʝʪʝ ʦʪ 
ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʢʣʠʤʘʪʘ ʠ ʧʨʠʨʦʜʥʠʪʝ ʙʝʜʩʪʚʠʷ, ʟʘʧʣʘʰʚʘʱʠ ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ, ʧʦ ʥʘʡ-
ʝʬʝʢʪʠʚʥʠʷ ʚʲʟʤʦʞʝʥ ʥʘʯʠʥ. 

2. ʆɹɽʂʊ ʅɸ ʀɿʉʃɽɼɺɸʅɽ  

ʀʟʪʦʯʥʠʪʝ ʈʦʜʦʧʠ ʩʘ ʨʘʡʦʥ ʩ ʠʟʢʣʶʯʠʪʝʣʥʦ ʙʦʛʘʪʩʪʚʦ ʥʘ ʩʢʘʣʥʠ ʧʘʤʝʪʥʠʮʠ, ʢʦʠʪʦ ʩʘ 
ʚʘʞʥʘ ʯʘʩʪ ʦʪ ʢʫʣʪʫʨʥʦʪʦ ʠ ʧʨʠʨʦʜʥʦ ʥʘʩʣʝʜʩʪʚʦ ʥʘ ɹʲʣʛʘʨʠʷ,  ʟʘ ʪʦʚʘ  ʩʘ ʦʙʝʢʪ ʥʘ ʥʘʫʯʥʠ 
ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʝʪʦʜʠʢʘ ʟʘ ʦʮʝʥʢʘ ʥʘ ʛʝʦʣʦʞʢʠʪʝ ʨʠʩʢʦʚʝ, ʢʦʠʪʦ ʟʘʩʪʨʘʰʘʚʘʪ 
ʩʢʘʣʥʠʪʝ ʢʫʣʪʫʨʥʠ ʧʘʤʝʪʥʠʮʠ ʚ ʀʟʪʦʯʥʠʪʝ ʈʦʜʦʧʠ [18]. 
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ʂʘʤʝʥʥʠʷʪ  ʘʨʭʝʦʣʦʛʠʯʝʩʢʠ ʧʘʤʝʪʥʠʢ ʇʝʨʧʝʨʠʢʦʥ ʝ ʩʢʘʣʝʥ ʤʘʩʠʚ ʚ ʀʟʪʦʯʥʠʪʝ ʈʦʜʦʧʠʪʝ, 
ʟʘ ʢʦʡʪʦ ʩʝ ʩʤʷʪʘ, ʯʝ ʚʲʟʥʠʢʚʘ ʧʨʝʜʠ ʦʢʦʣʦ 8000 ʛʦʜʠʥʠ [2]. ʄʘʱʘʙʥʠʪʝ ʨʘʟʢʦʧʢʠ, ʨʘʟʢʨʠʚʘʪ 
ɼʚʦʨʝʮʘ, ɸʢʨʦʧʦʣʘ ʠ ʜʨʫʛʠ ʘʨʭeoʣʦʛʠʯʥʠ ʦʙʝʢʪʠ, ʥʝʧʦʟʥʘʪʠ ʥʘ ʦʙʱʝʩʪʚʦʪʦ (ʬʠʛ. 1). ʅʘʡ- 
ʨʘʥʥʠʪʝ ʩʣʝʜʠ ʦʪ ʯʦʚʝʰʢʦ ʧʨʠʩʲʩʪʚʠʝ ʥʘ ʩʢʘʣʠʩʪʠʷ ʭʲʣʤ ʜʘʪʠʨʘʪ ʦʪ ʢʨʘʷ ʥʘ VI ʚ.  ʠ ʥʘʯʘʣʦʪʦ ʥʘ 
V ʚ.  ʧʨʝʜʠ ʍʨ.. ʉʢʘʣʥʠʷ ʤʘʩʠʚ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʤʘʱʘʙʝʥ ʢʫʣʪʦʚ ʢʦʤʧʣʝʢʩ  ʚ ʧʝʨʠʦʜʘ XVII - XII ʚ.  
ʧʨʝʜʠ ʍʨ.. ʇʨʝʟ ʢʲʩʥʦʙʨʦʥʟʦʚʘʪʘ ʝʧʦʭʘ ʇʝʨʧʝʨʠʢʦʥ ʩʝ ʧʨʝʚʲʨʥʘʣ ʚ ʛʨʘʥʜʠʦʟʥʦ ʩʚʝʪʠʣʠʱʝ.  
ʇʨʝʜʧʦʣʘʛʘ ʩʝ, ʯʝ ʪʦʯʥʦ ʚ ʇʝʨʧʝʨʠʢʦʥ ʩʝ ʝ ʥʘʤʠʨʘʣʦ ʧʨʦʯʫʪʦʪʦ ʩʚʝʪʠʣʠʱʝ ʥʘ ʙʦʛ ɼʠʦʥʠʩ. 
ʇʝʨʧʝʨʠʢʦʥ ʩʝ ʩʲʩʪʦʠ ʦʪ ʯʝʪʠʨʠ ʯʘʩʪʠ: ʤʦʱʥʘ ʢʨʝʧʦʩʪ ï ɸʢʨʦʧʦʣ, ɼʚʦʨʝʮ-ʩʚʝʪʠʣʠʱʝ, ʢʦʡʪʦ ʝ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʦ ʜʦ ɸʢʨʦʧʦʣʘ ʦʪ ʶʛʦʠʟʪʦʢ, ʉʝʚʝʨʦʠʟʪʦʯʥʦ ʠ ʖʞʥʦ ʧʦʜʛʨʘʜʠʝ. ʇʦ ʭʲʣʤʦʚʝʪʝ ʩʘ 
ʧʦʩʪʨʦʝʥʠ ʤʥʦʛʦ ʭʨʘʤʦʚʝ ʠ ʧʦʩʪʨʦʡʢʠ. ʀʟʜʲʣʙʘʥʠ ʩʘ ʰʠʨʦʢʠ ʫʣʠʮʠ. ʅʘ ʚʩʷʢʘ ʫʣʠʮʘ ʩʘ ʟʘʧʘʟʝʥʠ 
ʦʩʪʘʥʢʠ ʦʪ ʢʲʱʠ, ʠʟʩʝʯʝʥʠ ʚ ʩʘʤʠʷ ʢʘʤʲʢ. ɺ ʠʟʪʦʯʥʘʪʘ ʯʘʩʪ ʥʘ ɸʢʨʦʧʦʣʘ ʝ ʠʟʩʝʯʝʥʘ ʦʛʨʦʤʥʘ 
ɹʘʟʠʣʠʢʘ. ɹʘʟʠʣʠʢʘʪʘ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʝ ʙʠʣʘ ʜʨʝʚʝʥ ʭʨʘʤ, ʘ ʧʦ ʚʨʝʤʝ ʥʘ ʭʨʠʩʪʠʷʥʩʪʚʦʪʦ ʩʝ ʝ 
ʧʨʝʚʲʨʥʘʣʘ ʚ ʮʲʨʢʚʘ.  ʆʪ ʙʘʟʠʣʠʢʘʪʘ ʢʲʤ ʚʲʪʨʝʰʥʦʩʪʪʘ ʥʘ ɸʢʨʦʧʦʣʘ ʚʦʜʠ ʧʦʢʨʠʪʘ ʢʦʣʦʥʘʜʘ, 
ʧʦʨʪʠʢ, ʯʠʠʪʦ ʢʦʣʦʥʠ ʩʘ ʦʮʝʣʝʣʠ ʜʦ ʜʥʝʩ [2]. 
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ʌʠʛ. 1. ʀʥʬʦʨʤʘʮʠʦʥʥʦ ʪʘʙʣʦ ʣʦʢʘʣʠʟʠʨʘʥʦ ʥʘ ʚʭʦʜʘ ʥʘ ɸʨʭʠʦʣʦʛʠʯʝʩʢʠ ʢʦʤʧʣʝʢʩ 
ʇʝʨʧʝʨʠʢʦʥ 
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ɼʚʦʨʝʮʘ ʚ ʇʝʨʧʝʨʠʢʦʥ ʝ ʩ ʚʥʫʰʠʪʝʣʥʠʪʝ ʨʘʟʤʝʨʠ ʟʘ ʘʥʪʠʯʥʦʩʪʪʘ, ʥʘʡ-ʚʝʨʦʷʪʥʦ ʝ ʙʠʣ 

ʭʨʘʤʦʚ ʢʦʤʧʣʝʢʩ, ʧʦʩʚʝʪʝʥ ʥʘ ʙʦʛ ɼʠʦʥʠʩ. ɺ ʮʝʥʪʲʨʘ ʤʫ ʩʝ ʥʘʤʠʨʘ ʪʨʠʜʝʩʝʪʤʝʪʨʦʚʘ 
ʮʝʨʝʤʦʥʠʘʣʥʘ ʟʘʣʘ, ʢʦʷʪʦ ʝ ʩʣʫʞʝʣʘ ʟʘ ʠʟʚʲʨʰʚʘʥʝ ʥʘ ʨʠʪʫʘʣʠ ʠ ʦʙʨʝʜʠ. ɿʘʙʝʣʝʞʠʪʝʣʝʥ ʦʙʝʢʪ 
ʚ ɼʚʦʨʝʮʘ ʝ ʤʘʩʠʚʝʥ ʢʘʤʝʥʝʥ ʪʨʦʥ. ʇʦʜ ʪʫʭʣʝʥʠʷ ʧʦʜ ʥʘ ʚʩʷʢʦ ʧʦʤʝʱʝʥʠʝ ʠʤʘ ʭʠʣʷʜʠ ʢʘʥʘʣʠ 
ʟʘ ʦʪʪʠʯʘʥʝ ʥʘ ʜʲʞʜʦʚʥʘʪʘ ʚʦʜʘ ï ʥʝʱʦ, ʢʦʝʪʦ ʧʦʜʩʢʘʟʚʘ, ʯʝ ʝ ʩʲʟʜʘʜʝʥʘ ʝʜʥʘ ʙʣʝʩʪʷʱʘ ʟʘ 

 

  

  
 

 

ʌʠʛ. 2. ɸʥʪʠʯʥʠʷ ʢʘʤʝʥʝʥ ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ, ʩʥʠʤʢʠ ʣʠʯʝʥ ʘʨʭʠʚ ʤʘʡ 2024ʛ. 



 

48 

 

ʚʨʝʤʝʪʦ ʩʠ ʢʘʥʘʣʠʟʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ. ɼʚʦʨʝʮʲʪ ʝ ʟʘʦʙʠʢʦʣʝʥ ʩ ʦʛʨʦʤʥʘ ʢʨʝʧʦʩʪʥʘ ʩʪʝʥʘ, ʢʦʷʪʦ 
ʝ ʩʚʲʨʟʘʥʘ ʩ ɸʢʨʦʧʦʣʘ ʠ ʟʘʝʜʥʦ ʦʬʦʨʤʷʪ ʫʥʠʢʘʣʝʥ ʘʥʩʘʤʙʲʣ ʦʙʱʝʩʪʚʦʪʦ (ʬʠʛ. 2) [2]. 

 ɿʘ ʜʘ ʙʲʜʝ ʩʲʭʨʘʥʝʥ ʠ ʟʘʧʘʟʝʥ ʟʘ ʙʲʜʝʱʠʪʝ ʧʦʢʦʣʝʥʠʷ ʪʦʟʠ ʫʥʠʢʘʣʝʥ ʘʥʪʠʯʝʥ ʢʦʤʧʣʝʢʩ, 
ʠʟʣʦʞʝʥ ʥʘ ʦʪʢʨʠʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʧʦʩʪʦʷʥʥʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʚʲʟʥʠʢʚʘʥʝ ʥʘ 
ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ, ʚʩʣʝʜʩʪʚʠʝ ʥʘ ʥʘʩʪʲʧʠʣʠʪʝ ʧʨʦʤʝʥʠ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʥʠ ʠ ʢʣʠʤʘʪʠʯʥʠ 
ʬʘʢʪʦʨʠ ʩʣʝʜ ʨʘʟʢʨʠʚʘʥʝʪʦ ʤʫ, ʢʦʠʪʦ ʜʘ ʜʦʚʝʜʘʪ ʜʦ ʠʟʤʝʥʝʥʠʷ ʚ ʢʘʤʝʥʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. ʇʨʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʩʘ ʚʢʣʶʯʝʥʠ ʪʝʨʠʪʦʨʠʠʪʝ ʥʘ ɸʢʨʦʧʦʣʘ (ʬʠʛ. 1 ʦʪʙʝʣʷʟʘʥʘ ʩ ʦʨʘʥʞʝʚ ʮʚʷʪ), ɼʚʦʨʝʮ-
ʩʚʝʪʠʣʠʱʝ (ʯʝʨʚʝʥ ʮʚʷʪ), ʉʝʚʝʨʦʠʟʪʦʯʥʦ (ʦʨʘʥʞʝʚ ʮʚʷʪ) ʠ ʖʞʥʦ (ʞʲʣʪ ʮʚʷʪ) ʧʦʜʛʨʘʜʠʝ. 

3. ʄɽʊʆɼ ʀ ɼɸʅʅʀ  

ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʷʪʘ ʝ ʪʝʭʥʠʢʘ, ʢʦʷʪʦ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʪʦʧʦʛʨʘʬʩʢʘ ʠ 
ʢʠʥʝʤʘʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʦʪ ʘʥʘʣʠʟʘ ʥʘ ʬʘʟʦʚʘʪʘ ʨʘʟʣʠʢʘ ʥʘ  ʨʘʟʣʠʯʥʠ 
SAR ʠʟʦʙʨʘʞʝʥʠʷ. ʌʘʟʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʨʘʟʩʪʦʷʥʠʝʪʦ ʤʝʞʜʫ ʩʝʥʟʦʨʘ ʠ ʮʝʣʪʘ, ʢʘʪʦ 
ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʧʨʝʜʦʩʪʘʚʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʧʦʟʠʮʠʷ ʥʘ ʮʝʣʪʘ ʩʧʨʷʤʦ ʩʘʪʝʣʠʪʘ. 
ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʝʜʠʥ ʠ ʩʲʱʠ ʛʝʦʛʨʘʬʩʢʠ  ʨʝʛʠʦʥ, ʩʲʙʨʘʥʠ 
ʧʦ ʨʘʟʣʠʯʥʦ ʚʨʝʤʝ (InSAR) ʝ ʨʘʟʨʘʙʦʪʝʥ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʠʪʝ ʟʘ ʨʝʣʝʬʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ 
ʥʘʯʠʥ ʩʲʟʜʘʚʘ ʮʠʬʨʦʚʠ ʚʠʩʦʯʠʥʥʠ ʤʦʜʝʣʠ ʥʘ ʩʢʘʥʠʨʘʥʘʪʘ/ʟʘʩʥʝʪʘʪʘ ʧʣʦʱ. ʂʘʪʦ ʧʦ-ʥʘʪʘʪʲʰʥʦ 
ʨʘʟʚʠʪʠʝ ʪʘʟʠ ʪʝʭʥʠʢʘ ʝ ʨʘʟʰʠʨʝʥʘ ʜʦ ʦʮʝʥʢʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʦ ʧʨʝʤʝʩʪʚʘʥʝ. ʊʦʚʘ ʨʘʟʰʠʨʝʥʠʝ 
ʩʝ ʥʘʨʠʯʘ ʜʠʬʝʨʝʥʮʠʘʣʥʘ InSAR (DInSAR), ʪʲʡ ʢʘʪʦ ʨʘʟʛʣʝʞʜʘ  ʨʘʟʣʠʢʠʪʝ ʥʘ 
ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ, ʢʲʜʝʪʦ ʧʨʠʥʦʩʲʪ, ʜʲʣʞʘʱ ʩʝ ʥʘ ʪʦʧʦʛʨʘʬʠʷʪʘ (ʠʟʚʝʩʪʝʥʘ ʦʪ ʮʠʬʨʦʚ ʤʦʜʝʣ 
ʥʘ ʨʝʣʝʬʘ ʠʣʠ ʠʟʯʠʩʣʝʥ) ʩʝ ʢʦʤʧʝʥʩʠʨʘ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʘʪ ʩʘʤʦ ʢʦʤʧʦʥʝʥʪʠʪʝ, ʧʦʨʦʜʝʥʠ ʦʪ 
ʜʝʬʦʨʤʘʮʠʷʪʘ.  ʇʲʨʚʦʥʘʯʘʣʥʦ DInSAR ʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʝʜʠʥʠʯʥʠ ʩʲʙʠʪʠʷ ʥʘ 
ʧʨʝʤʝʩʪʚʘʥʠʷ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʯʨʝʟ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʜʚʝ ʧʦʣʫʯʝʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ 
ʨʘʟʣʠʯʥʠ ʧʨʝʤʠʥʘʚʘʥʠʷ ʥʘ ʩʧʲʪʥʠʢʘ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʘʪʘ ʜʝʬʦʨʤʘʮʠʷ, 
ʚʲʟʥʠʢʚʘʱʠ ʤʝʞʜʫ ʜʚʝʪʝ ʧʨʠʜʦʙʠʚʘʥʠʷ (ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʩ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʤʠʥʘʚʘʥʝ).  
Mʫʣʪʠʪʝʤʧʦʨʘʣʥʠ ʠʣʠ ʤʫʣʪʠ-ʠʥʪʝʨʬʝʨʦʛʨʘʤʥʠ InSAR ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʦʮʝʥʠ ʚʨʝʤʝʚʘ 
ʩʝʨʠʷ ʦʪ ʢʘʨʪʠ ʥʘ ʧʨʝʤʝʩʪʚʘʥʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʯʨʝʟ ʘʥʘʣʠʟʠʨʘʥʝ ʥʘ ʥʘʙʦʨ ʦʪ SAR 
ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʲʱʠʷ ʛʝʦʛʨʘʬʩʢʠ ʨʝʛʠʦʥ, ʩʲʙʨʘʥʠ ʟʘ ʦʧʨʝʜʝʣʝʥ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ. 

ɽʚʨʦʧʝʡʩʢʘʪʘ ʩʣʫʞʙʘ ʟʘ ʜʚʠʞʝʥʠʝ ʥʘ ʟʝʤʷʪʘ (EGMS) ʝ ʢʦʤʧʦʥʝʥʪ ʥʘ ʫʩʣʫʛʘʪʘ ʟʘ 
ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʟʝʤʷʪʘ ʧʦ ʧʨʦʛʨʘʤʘʪʘ Copernicus (CLMS) [13]. EGMS ʧʨʝʜʦʩʪʘʚʷ ʧʦʩʣʝʜʦʚʘʪʝʣʥʘ, 
ʨʝʜʦʚʥʘ, ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʘ, ʭʘʨʤʦʥʠʟʠʨʘʥʘ ʠ ʥʘʜʝʞʜʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪʥʦʩʥʦ ʧʨʠʨʦʜʥʠʪʝ ʠ 
ʘʥʪʨʦʧʦʛʝʥʥʠʪʝ ʷʚʣʝʥʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʟʝʤʷʪʘ ʥʘʜ ʫʯʘʩʪʚʘʱʠʪʝ ʜʲʨʞʘʚʠ ʧʦ ʧʨʦʛʨʘʤʘʪʘ 
Copernicus ʠ ʧʨʝʟ ʥʘʮʠʦʥʘʣʥʠʪʝ ʛʨʘʥʠʮʠ, ʩ ʤʠʣʠʤʝʪʨʦʚʘ ʪʦʯʥʦʩʪ.  

EGMS Calibrated ʩʝ ʚʠʟʫʘʣʠʟʠʨʘ ʢʘʪʦ ʚʝʢʪʦʨʥʘ ʢʘʨʪʘ ʥʘ ʪʦʯʢʠʪʝ ʥʘ ʠʟʤʝʨʚʘʥʝ, ʮʚʝʪʦʚʦ 
ʢʦʜʠʨʘʥʠ ʧʦ ʩʨʝʜʥʘ ʩʢʦʨʦʩʪ. ɺʩʷʢʘ ʪʦʯʢʘ ʝ ʩʚʲʨʟʘʥʘ ʩ ʚʨʝʤʝʚʘ ʩʝʨʠʷ ʦʪ ʠʟʤʝʩʪʚʘʥʝ, ʪ.ʝ. ʛʨʘʬʠʢʘ 
ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʟʘ ʚʩʷʢʦ ʟʘʩʥʝʤʘʥʝ ʥʘ ʩʧʲʪʥʠʢʘ. ʇʨʦʜʫʢʪʲʪ ʩʝ ʛʝʥʝʨʠʨʘ ʢʘʢʪʦ ʟʘ 
ʚʲʟʭʦʜʷʱʠ, ʪʘʢʘ ʠ ʟʘ ʥʠʟʭʦʜʷʱʠ ʦʨʙʠʪʠ [13]. ʊʦʟʠ ʧʨʦʜʫʢʪ ʩʝ ʩʯʠʪʘ ʟʘ ʦʩʥʦʚʝʥ ʧʨʦʜʫʢʪ ʥʘ EGMS, 
ʪʲʡ ʢʘʪʦ ʪʦʯʢʠʪʝ ʥʘ ʠʟʤʝʨʚʘʥʝ ʩʘ ʩʚʲʨʟʘʥʠ ʩ ʤʦʜʝʣ, ʧʦʣʫʯʝʥ ʦʪ ʜʘʥʥʠ ʦʪ ʛʣʦʙʘʣʥʘʪʘ 
ʥʘʚʠʛʘʮʠʦʥʥʘ ʩʧʲʪʥʠʢʦʚʘ ʩʠʩʪʝʤʘ (GNSS). ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʠʟʤʝʨʚʘʥʠʷʪʘ ʚʝʯʝ ʥʝ ʩʘ ʦʪʥʦʩʠʪʝʣʥʠ 
ʠ ʩʝ ʩʯʠʪʘʪ ʟʘ ʘʙʩʦʣʶʪʥʠ. ʂʘʣʠʙʨʠʨʘʥʠʷʪ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʚʘ ʩʨʘʚʥʷʚʘʥʝ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʥʘ 
ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʟʝʤʷʪʘ ʦʪ ʩʲʩʝʜʥʠ ʦʙʣʘʩʪʠ, ʧʨʠʥʘʜʣʝʞʘʱʠ ʢʲʤ ʨʘʟʣʠʯʥʠ ʧʨʦʜʫʢʪʠ ʦʪ ʝʜʥʦ ʠ 
ʩʲʱʦ ʥʠʚʦ [13]. 

EGMS ʝ ʧʨʦʝʢʪʠʨʘʥ ʜʘ ʧʨʝʜʦʩʪʘʚʷ ʧʨʦʜʫʢʪʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʚ ʨʘʤʢʠʪʝ ʥʘ 
ʩʪʨʦʛʦ ʜʝʬʠʥʠʨʘʥʘ ʠ ʪʦʯʥʘ ʛʝʦʜʝʟʠʯʝʩʢʘ ʩʠʩʪʝʤʘ. ʀʟʧʦʣʟʚʘʡʢʠ ʩʠʥʝʨʛʠʯʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ 
InSAR ʠ GNSS, EGMS ʧʨʝʜʦʩʪʘʚʷ ʣʦʢʘʣʥʠ ʠʟʤʝʨʚʘʥʠʷ ʩ ʚʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʚ ʰʠʨʦʢ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥ ʤʘʱʘʙ [16].  

ʊʘʟʠ ʠʥʪʝʛʨʘʮʠʷ ʝ ʦʪ ʨʝʰʘʚʘʱʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʪʦʯʥʠ ʠʟʤʝʨʚʘʥʠʷ ʥʘ 
ʜʝʬʦʨʤʘʮʠʠ ʚ ʮʷʣʘ ɽʚʨʦʧʘ, ʢʘʪʦ ʩʝ ʧʨʝʦʜʦʣʷʚʘʪ ʦʛʨʘʥʠʯʝʥʠʷʪʘ, ʧʦʨʦʜʝʥʠ ʦʪ ʨʷʜʢʦʪʦ 
ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʝʨʤʘʥʝʥʪʥʠʪʝ GNSS ʩʪʘʥʮʠʠ, ʢʦʠʪʦ ʦʙʠʢʥʦʚʝʥʦ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘ 
ʨʘʟʩʪʦʷʥʠʝ 50-60 ʢʠʣʦʤʝʪʨʘ ʝʜʥʘ ʦʪ ʜʨʫʛʘ. InSAR ʧʨʝʜʣʘʛʘ ʧʦʜʨʦʙʥʠ ʠʟʤʝʨʚʘʥʠʷ ʚ ʣʦʢʘʣʝʥ 
ʤʘʱʘʙ (ʜʦ ʜʝʩʝʪʢʠ ʢʠʣʦʤʝʪʨʠ), ʢʦʠʪʦ ʩʘ ʦʪʥʦʩʠʪʝʣʥʠ ʩʧʨʷʤʦ ʩʧʝʮʠʬʠʯʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ 
ʨʝʬʝʨʝʥʮʠʠ, ʜʦʢʘʪʦ GNSS ʧʨʝʜʦʩʪʘʚʷ ʘʙʩʦʣʶʪʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʜʘʥʥʠ ʚ ʧʦ-ʛʦʣʝʤʠ ʦʙʭʚʘʪʠ. 
ʉʪʨʘʪʝʛʠʯʝʩʢʘʪʘ ʢʦʤʙʠʥʘʮʠʷ ʦʪ ʪʝʟʠ ʪʝʭʥʦʣʦʛʠʠ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ EGMS 
ʜʘ ʧʨʝʜʦʩʪʘʚʷ ʪʦʯʥʠ ʧʨʦʜʫʢʪʠ ʟʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʟʝʤʷʪʘ ʚ ʰʠʨʦʢ ʛʝʦʛʨʘʬʩʢʠ ʤʘʱʘʙ. ʀʟʧʦʣʟʚʘ 
ʩʝ ʤʨʝʞʦʚ GNSS ʤʦʜʝʣ ʟʘ ʢʘʣʠʙʨʠʨʘʥʝ ʥʘ InSAR ʜʘʥʥʠʪʝ [16].  
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ɿʘ ʜʘ ʩʝ ʫʩʪʘʥʦʚʠ ʥʘʜʝʞʜʥʘ, ʧʘʥʝʚʨʦʧʝʡʩʢʘ ʢʘʣʠʙʨʦʚʲʯʥʘ ʨʝʬʝʨʝʥʪʥʘ ʩʪʦʡʥʦʩʪ ʟʘ 
InSAR ʜʘʥʥʠ, ʝ ʥʘʣʦʞʠʪʝʣʥʘ ʩʪʨʦʛʘ ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠʪʝ ʦʪ GNSS ʩʪʘʥʮʠʠʪʝ.  

ʄʨʝʞʦʚʠʷʪ GNSS ʤʦʜʝʣ ʧʦʟʚʦʣʷʚʘ ʠʥʪʝʛʨʠʨʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʦʪ ʤʥʦʞʝʩʪʚʦ ʩʪʘʥʮʠʠ ʚ 
ʨʘʤʢʠʪʝ ʥʘ ʜʠʩʢʨʝʪʥʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ ʢʣʝʪʢʠ ʠʣʠ ʪʦʯʢʠ ʦʪ ʤʨʝʞʘʪʘ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ 
ʠʥʪʝʨʧʦʣʘʮʠʷ ʠ ʝʢʩʪʨʘʧʦʣʘʮʠʷ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʩʢʦʨʦʩʪʪʘ ʚ ʧʦ-ʰʠʨʦʢʠ ʛʝʦʛʨʘʬʩʢʠ ʦʙʣʘʩʪʠ. 
ʏʨʝʟ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʨʝʞʦʚ GNSS ʤʦʜʝʣ, ʧʨʦʮʝʩʲʪ ʥʘ ʢʘʣʠʙʨʠʨʘʥʝ ʩʪʘʚʘ ʧʦ-ʩʪʘʙʠʣʝʥ, 
ʦʩʠʛʫʨʷʚʘʡʢʠ ʧʦʜʦʙʨʝʥʘ ʪʦʯʥʦʩʪ ʠ ʥʘʜʝʞʜʥʦʩʪ ʟʘ ʧʘʥʝʚʨʦʧʝʡʩʢʠ InSAR ʧʨʠʣʦʞʝʥʠʷ. 

ɼʦʙʨʝ ʜʝʬʠʥʠʨʘʥʦ ʨʝʰʝʥʠʝ ʟʘ ʩʢʦʨʦʩʪ ʥʘ GNSS ʩʣʫʞʠ ʢʘʪʦ ʩʪʘʥʜʘʨʪʠʟʠʨʘʥʘ 
ʨʝʬʝʨʝʥʪʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʙʘʟʦʚʠʪʝ ʧʨʦʜʫʢʪʠ ʥʘ EGMS ʚ ʢʘʣʠʙʨʠʨʘʥʠ/ʦʨʪʦ 
ʧʨʦʜʫʢʪʠ [16]. ʋʩʣʫʛʘʪʘ ʠʟʠʩʢʚʘ ʭʦʤʦʛʝʥʥʦ, ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʦ ʨʝʬʝʨʝʥʪʥʦ ʨʝʰʝʥʠʝ, ʦʙʭʚʘʱʘʱʦ 
ʮʝʣʠʷ ʝʚʨʦʧʝʡʩʢʠ ʢʦʥʪʠʥʝʥʪ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ ʩʢʦʨʦʩʪʠʪʝ ʠ ʥʘʣʠʯʥʦʩʪʪʘ ʥʘ ʚʨʝʤʝʚʠ ʩʝʨʠʠ. ʊʘʟʠ 
ʨʝʬʝʨʝʥʪʥʘ ʩʠʩʪʝʤʘ ʝ ʥʘʧʲʣʥʦ ʩʲʦʙʨʘʟʝʥʘ ʩ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʩʠʩʪʝʤʘ, ʦʜʦʙʨʝʥʘ ʦʪ EUREF[15].  

ɺ ʤʦʤʝʥʪʘ EGMS ʨʘʙʦʪʠ, ʠʟʧʦʣʟʚʘʡʢʠ ʨʝʬʝʨʝʥʪʥʘʪʘ ʨʘʤʢʘ ETRF2000, ʨʝʘʣʠʟʘʮʠʷ ʥʘ 
ɽʚʨʦʧʝʡʩʢʘʪʘ ʥʘʟʝʤʥʘ ʨʝʬʝʨʝʥʪʥʘ ʩʠʩʪʝʤʘ ʦʪ 1989 ʛ. (ETRS89). ITRF, ʧʦʜʜʲʨʞʘʥʘ ʦʪ 
ʄʝʞʜʫʥʘʨʦʜʥʘʪʘ ʩʣʫʞʙʘ ʟʘ ʚʲʨʪʝʥʝ ʥʘ ɿʝʤʷʪʘ ʠ ʨʝʬʝʨʝʥʪʥʠ ʩʠʩʪʝʤʠ (IERS), ʧʨʝʜʦʩʪʘʚʷ 
ʦʩʥʦʚʥʠʷ ʛʝʦʜʝʟʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪ, ʢʲʤ ʢʦʡʪʦ ʩʘ ʦʙʚʲʨʟʘʥʠ ʨʝʛʠʦʥʘʣʥʠ ʩʠʩʪʝʤʠ ʢʘʪʦ ETRS89 [1], 
[5]. ɺ ʪʦʟʠ ʢʦʥʪʝʢʩʪ ETRF2000 ʩʝ ʩʯʠʪʘ ʟʘ ʧʦ-ʩʪʘʙʠʣʥʘ ʦʪ ETRF2014 ʧʦʨʘʜʠ ʧʦʜʦʙʨʝʥʦʪʦ Ⱬ 
ʩʲʦʙʨʘʟʷʚʘʥʝ ʩ ʝʚʨʦʧʝʡʩʢʠʪʝ ʪʝʢʪʦʥʠʯʥʠ ʨʝʘʣʥʦʩʪʠ [15-16]. ɿʘ ʜʘ ʩʝ ʩʧʨʘʚʠ ʩ ʪʦʟʠ ʧʨʦʙʣʝʤ, 
EGMS ʩʝ ʛʦʪʚʠ ʜʘ ʧʨʝʤʠʥʝ ʦʪ ETRF2000 ʢʲʤ ʥʦʚʘ ʨʝʘʣʠʟʘʮʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ITRF2020, ʥʘʡ-
ʥʦʚʠʷʪ ʛʣʦʙʘʣʝʥ ʛʝʦʜʝʟʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪ [16].  

EGMS ʠʟʧʦʣʟʚʘ ʜʚʝ ʦʩʥʦʚʥʠ GNSS ʨʝʰʝʥʠʷ, ʟʘʝʜʥʦ ʩ ʜʦʧʲʣʥʠʪʝʣʝʥ ʠʟʪʦʯʥʠʢ ʚ 
ʝʚʨʦʧʝʡʩʢʠ ʤʘʱʘʙ: 

 
Áʆʩʥʦʚʝʥ ʠʟʪʦʯʥʠʢ: EPND ʩʪʘʥʮʠʠ - ʇʦʨʪʘʣ ʟʘ ʧʨʦʜʫʢʪʠ ʟʘ ʧʦʩʪʦʷʥʥʦ ʩʛʲʩʪʷʚʘʥʝ ʥʘ 

ʤʨʝʞʘʪʘ ʥʘ EUREF [4] 
Áɺʪʦʨʠʯʝʥ ʠʟʪʦʯʥʠʢ: NGL ʩʪʘʥʮʠʠ -ɻʝʦʜʝʟʠʯʝʩʢʘ ʣʘʙʦʨʘʪʦʨʠʷ ʚ ʅʝʚʘʜʘ [3] 
Áɼʦʧʲʣʥʠʪʝʣʝʥ ʠʟʪʦʯʥʠʢ: EUDV ʩʪʘʥʮʠʠ -EUREF WG on European Dense Velocities [14]  

 

EPN Densification program (EPND) ʇʨʦʛʨʘʤʘʪʘ ʟʘ ʫʧʣʲʪʥʷʚʘʥʝ.ʩʛʲʩʪʷʚʘʥʝ ʥʘ EPN ʥʘ 
EUREF [16] ʠʥʪʝʛʨʠʨʘ ʥʘʮʠʦʥʘʣʥʠ GNSS ʤʨʝʞʦʚʠ ʨʝʰʝʥʠʷ ʩʧʦʨʝʜ ʩʪʘʥʜʘʨʪʠʪʝ ʥʘ EUREF. ʊʷ 
ʚʢʣʶʯʚʘ 28 ʘʥʘʣʠʪʠʯʥʠ ʮʝʥʪʲʨʘ, ʠʟʧʦʣʟʚʘʱʠ ʧʨʝʜʠʤʥʦ Bernese ʩʦʬʪʫʝʨ v5.2. ʊʫʢ ʩʝ ʚʢʣʶʯʚʘʪ 
ʠ ʜʘʥʥʠ ʦʪ ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʝʨʤʘʥʝʥʪʥʘ GNSS ʤʨʝʞʘ ʥʘ ɹʲʣʛʘʨʠʷ ʩʲʩʪʦʷʱʘ ʩʝ ʦʪ 29 
ʧʝʨʤʘʥʝʥʪʥʠ GPS/GNSS ʩʪʘʥʮʠʠ, ʯʠʠʪʦ ʜʘʥʥʠ ʩʝ ʘʨʭʠʚʠʨʘʪ, ʦʙʨʘʙʦʪʚʘʪ ʠ ʘʥʘʣʠʟʠʨʘʪ ʚ ʎʝʥʪʲʨ 
ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʥʘ ɻʅʉʉ ʜʘʥʥʠ ʥʘ ʅʀɻɻɻ-ɹɸʅ. ʀʥʪʝʛʨʘʮʠʷʪʘ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʥʘ 
ʧʨʦʜʫʢʪʦʚʦ ʥʠʚʦ, ʢʘʪʦ ʘʥʘʣʠʪʠʯʥʠ ʮʝʥʪʲʨʘ ʧʨʝʜʦʩʪʘʚʷʪ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʦʙʨʘʙʦʪʢʘʪʘ ʚʲʚ ʬʦʨʤʘʪ 
SINEX ʩ ʧʲʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʜʠʩʧʝʨʩʠʷʪʘ ʠ ʢʦʚʘʨʠʘʮʠʷʪʘ. EPND ʨʝʰʝʥʠʷʪʘ ʩʝ ʘʢʪʫʘʣʠʟʠʨʘʪ 
ʝʞʝʛʦʜʥʦ. ʊʝʢʫʱʠʷʪ ʙʨʦʡ ʩʪʘʥʮʠʠ ʥʘʜʭʚʲʨʣʷ 3500, ʥʦ ʩʝ ʬʠʣʪʨʠʨʘ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 2500 
ʧʦʨʘʜʠ ʢʨʘʪʢʠ ʧʝʨʠʦʜʠ ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʠ/ʠʣʠ ʚʠʜʠʤʦ ʦʪʢʣʦʥʝʥʠʝ ʚ ʩʢʦʨʦʩʪʪʘ [16].  

ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ ʩʘ  ʚʨʝʤʝʚʦ ʧʦʜʨʘʚʥʝʥʠ ʩ ʚʨʝʤʝʚʠ ʤʦʜʝʣ, ʦʮʝʥʝʥ ʧʨʠ ʥʘʡ-
ʨʘʥʥʠʷ ʚʲʟʤʦʞʝʥ ʤʦʤʝʥʪ ʥʘ ʩʲʙʠʨʘʥʝ ʥʘ ʜʘʥʥʠ ʚʲʚ ʚʩʝʢʠ ʚʨʝʤʝʚʠ ʨʝʜ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ ʢʲʤ 
ʩʨʝʜʥʠʷʪ ʢʦʤʧʦʥʝʥʪ ʥʘ ʩʢʦʨʦʩʪʪʘ [mm/yr] ʥʘ Basic ʧʨʦʜʫʢʪʠ ʥʘ EGMS ʚ ʜʲʣʛʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʠ 
ʤʘʱʘʙʠ ʨʝʬʝʨʠʨʘʥʠ ʢʲʤ ETRF2000, ʠʟʧʦʣʟʚʘʡʢʠ ʤʨʝʞʘʪʘ EPND [16] 

EGMS Ortho  ʜʘʥʥʠ ʩʘ  ʚʨʝʤʝʚʦ  ʬʠʢʩʠʨʘʥʠ ʢʲʤ ʢʦʥʢʨʝʪʥʘ ʜʘʪʘ.  ɽʢʩʪʨʘʧʦʣʠʨʘʥʠ (ʘʢʦ ʝ 
ʥʝʦʙʭʦʜʠʤʦ) ʟʘ ʚʨʝʤʝʚʦ ʧʦʜʨʘʚʥʷʚʘʥʝ ʥʘ ʚʨʝʤʝʚʠʪʝ ʨʝʜʦʚʝ ʦʪ ʚʲʟʭʦʜʷʱʠ ʠ ʥʠʟʭʦʜʷʱʠ ʦʨʙʠʪʠ, 
ʠʟʧʦʣʟʚʘʡʢʠ ʩʨʝʜʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʚʩʝʢʠ ʚʨʝʤʝʚʠ ʨʝʜ. ʀʥʪʝʨʧʦʣʠʨʘʥʠ ʩʘ ʟʘ ʧʦʩʪʠʛʘʥʝ ʥʘ 
ʨʘʚʥʦʤʝʨʥʦ ʚʨʝʤʝʚʦ ʚʟʝʤʘʥʝ ʥʘ ʧʨʦʙʠ, ʩ ʠʟʢʣʶʯʝʥʠʝ ʥʘ ʜʲʣʛʠ ʧʨʦʧʫʩʢʠ ʚ ʜʘʥʥʠʪʝ, ʢʲʜʝʪʦ ʥʝ  ʝ 
ʧʨʠʣʦʞʠʤʦ - ʧʨʠʤʝʨʥʦ ʩʥʝʞʥʠʷ ʩʝʟʦʥ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʦ EGMS Ortho ʜʘʥʥʠʪʝ ʜʠʨʝʢʪʥʦ ʩʘ 
ʧʦʣʫʯʝʥʠ ʦʪ ʢʘʣʠʙʨʠʨʘʥʠ ʧʨʦʜʫʢʪʠ, ʩʣʝʜʦʚʘʪʝʣʥʦ ʨʝʬʝʨʠʨʘʥʠ ʢʲʤ ETRF2000 [16]. 

ɺ ʥʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ ʠ EGMS Ortho ʜʘʥʥʠ 
ʧʨʦʜʫʢʪʠ ʟʘ ʧʝʨʠʦʜʘ ʷʥʫʘʨʠ 2019 ʜʦ ʜʝʢʝʤʚʨʠ 2023. 
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4. ʈɽɿʋʃʊɸʊʀ 

 

ʅʘ ʬʠʛ. 3 ʩʘ ʧʦʢʘʟʘʥʠ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʧʦʚʲʨʭʥʦʩʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʧʦ ʚʠʟʠʨʥʘʪʘ ʣʠʥʠʷ  
LOS ʟʘ ʪʝʨʠʪʦʨʠʠʪʝ ʧʦʢʨʠʚaʱʠ ɸʢʨʦʧʦʣʘ, ɼʚʦʨʝʮʘ, ɹʘʟʠʣʠʢʘʪʘ, ʉʝʚʝʨʦʠʟʪʦʯʥʦʪʦ ʠ ʖʞʥʦʪʦ 
ʧʦʜʛʨʘʜʠʝ (ʬʠʛ. 1) ʧʦ ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ ʟʘ ʧʝʨʠʦʜʘ 2019-2023, ʧʦʣʫʯʝʥʠ ʦʪ ʥʠʟʭʦʜʷʱʘ  
ʦʨʙʠʪʘ 109 ʠ ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ 131 ʠ 29 ʥʘ ʉʝʥʪʠʥʝʣ 1. 

ʂʦʛʘʪʦ ʠʤʘ ʧʦʚʲʨʭʥʦʩʪʥʠ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʜʚʝʪʝ ʟʘʩʥʝʤʘʥʠʷ, ʩʝ ʟʘʧʠʩʚʘ ʬʘʟʦʚʦ 
ʠʟʤʝʩʪʚʘʥʝ. ʀʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʢʘʨʪʦʛʨʘʬʠʨʘ ʪʦʚʘ ʬʘʟʦʚʦ ʧʨʝʤʝʩʪʚʘʥʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ. 
ʀʟʤʝʨʚʘ ʩʝ ʢʦʣʢʦ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʧʨʠʙʣʠʞʘʚʘ ʠʣʠ ʦʪʜʘʣʝʯʘʚʘ ʦʪ ʩʝʥʟʦʨʘ, ʢʦʡʪʦ ʥʝ ʝ 
ʨʘʟʧʦʣʦʞʝʥ ʚ ʤʝʩʪʥʠʷ ʛʝʦʛʨʘʬʩʢʠ ʟʝʥʠʪ. ʇʨʠ ʧʨʠʙʣʠʞʘʚʘʥʝ ʢʲʤ ʩʝʥʟʦʨʘ, ʧʠʢʩʝʣʘ (ʪʦʯʢʘʪʘ) ʩʝ 
ʦʮʚʝʪʷʚʘ ʚ ʩʪʫʜʝʥʠʪʝ ʮʚʝʪʦʚʝ ʥʘ ʩʠʥʷʪʘ ʛʘʤʘ, ʘ ʧʨʠ ʦʪʜʘʣʝʯʘʚʘʥʝ ʦʪ ʩʝʥʟʦʨʘ ʚ ʪʦʧʣʠʪʝ ʮʚʝʪʦʚʝ 
ʥʘ ʩʢʘʣʘʪʘ ʦʪ ʞʲʣʪʦ ʜʦ ʯʝʨʚʝʥʦ. ʊʦʚʘ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʧʦ ʚʠʟʠʨʥʘʪʘ ʣʠʥʠʷ, ʧʨʠ 
ʨʘʟʣʠʯʥʠʪʝ ʦʨʙʠʪʠ, ʲʛʲʣʲʪ, ʧʦʜ ʢʦʡʪʦ ʩʝ ʥʘʩʦʯʚʘ ʢʲʤ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʤʦʞʝ ʜʘ ʝ ʨʘʟʣʠʯʝʥ. 
ɼʝʬʦʨʤʘʮʠʠ ʥʘ  ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʦʪ ʚʨʝʤʝʚʠʪʝ ʩʝʨʠʠ ʩʘʤʦ ʟʘ ʮʝʣʠ, ʢʦʠʪʦ 
ʧʦʢʘʟʚʘʪ ʢʦʭʝʨʝʥʪʥʦʩʪ ʧʦ ʩʪʝʢʘ (ʛʨʫʧʘ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ ʠʟʦʙʨʘʞʝʥʠʷ) ʦʪ SAR  ʠʟʦʙʨʘʞʝʥʠʷ 
ʩʲʩ ʩʪʦʡʥʦʩʪʠ coh>0.65. ʊʘʢʠʚʘ ʮʝʣʠ /ʦʪʨʘʞʘʪʝʣʠ/ ʩʲʦʪʚʝʪʩʪʚʘʪ  ʥʘʧʨʠʤʝʨ ʥʘ ʩʢʘʣʠ (ʝʩʪʝʩʪʚʝʥʠ 
ʨʝʬʣʝʢʪʦʨʠ) ʠʣʠ ʩʛʨʘʜʠ (ʠʟʢʫʩʪʚʝʥʠ ʨʝʬʣʝʢʪʦʨʠ), ʢʦʠʪʦ  ʜʝʡʩʪʚʘʪ ʢʘʪʦ ʧʦʩʪʦʷʥʥʠ ʨʝʬʣʝʢʪʦʨʠ, 
ʢʘʪʦ ʧʦʜʜʲʨʞʘʪ ʧʦʩʪʦʷʥʥʠ ʜʠʝʣʝʢʪʨʠʯʥʠ ʩʚʦʡʩʪʚʘ ʟʘ ʧʝʨʠʦʜʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ. ʊʦʚʘ ʦʪʛʦʚʘʨʷ 
ʢʦʥʢʨʝʪʥʦ ʥʘ ʩʣʫʯʘʷ ʥʘ ʠʟʩʣʝʜʚʘʥʝ - ɸʥʪʠʯʥʠʷ ʢʘʤʝʥʝʥ ʢʦʤʧʣʝʢʩ ʇʝʨʧʝʨʠʢʦʥ, ʢʦʠʪʦ ʝ ʠʟʛʨʘʜʝʥ 
ʦʪ ʛʨʘʥʠʪʥʠ ʩʢʘʣʠ ʠ ʝ ʧʦʯʠʩʪʝʥ ʦʪ ʨʘʩʪʠʪʝʣʥʦʩʪ (ʬʠʛ. 2). 

ʇʦʨʘʜʠ ʚʨʝʤʝʚʘʪʘ ʜʝʢʦʨʝʣʘʮʠʷ ʚ ʩʠʛʥʘʣʘ, ʜʲʣʞʘʱʘ ʩʝ ʥʘ ʧʨʦʤʷʥʘ ʚ  ʜʠʝʣʝʢʪʨʠʯʥʠʪʝ 
ʩʚʦʡʩʪʚʘ ʥʘ ʦʪʨʘʟʷʚʘʱʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʪʝʯʝʥʠʝ ʥʘ ʚʨʝʤʝʪʦ ʧʦʨʘʜʠ  ʰʫʤ, ʨʘʟʣʠʯʠʷ ʚ 
ʘʪʤʦʩʬʝʨʥʠʷ ʩʣʦʡ ʠʣʠ ʜʨʫʛʠ ʩʤʫʱʝʥʠʷ, ʚʨʝʤʝʚʘʪʘ ʧʦʨʝʜʠʮʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʧʨʝʤʝʩʪʚʘʥʠʷ 
ʥʝ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʣʝʯʝʥʘ ʟʘ ʚʩʠʯʢʠ ʧʠʢʩʝʣʠ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʷʪʘ.  ɿʘ ʯʘʩʪʠ ʦʪ ʟʝʤʥʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ, ʧʦʢʨʠʪʠ ʩ ʛʦʨʠ ʠʣʠ ʟʝʤʝʜʝʣʩʢʠ ʧʦʣʝʪʘ, ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ ʧʦ ʩʪʝʢʘ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʥʝ 

  

 

  

ʌʠʛ. 3.  ʈʝʛʠʩʪʨʠʨʘʥʠ ʧʦʚʲʨʭʥʦʩʪʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʧʦ ʚʠʟʠʨʥʘʪʘ ʣʠʥʠʷ  LOS ɸ) ʥʠʟʭʦʜʷʱʘ  
ʦʨʙʠʪʘ 109 ʠ ɹ) ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ 131 ʠ 29 ʟʘ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023 ʦʪ  ʂʘʣʠʙʨʠʨʘʥʠ 
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ʩʝ ʟʘʧʘʟʚʘ, ʟʘʱʦʪʦ ʨʘʜʘʨʥʠʷʪ ʩʠʛʥʘʣ  ʥʘ ʦʙʨʘʪʥʦʪʦ ʦʪʨʘʟʷʚʘʥʝ ʩʲʜʲʨʞʘ ʧʨʠʥʦʩ ʦʪ ʨʘʟʩʝʡʚʘʥʝʪʦ 
ʦʪ ʨʘʩʪʠʪʝʣʥʠʷ ʩʣʦʡ. 

ɸʥʘʣʠʟʠʨʘʡʢʠ ʠʟʚʘʜʢʠʪʝ ʦʪ ʠʥʪʝʨʘʢʪʠʚʥʘʪʘ EGMS ʢʘʨʪʘ (ʬʠʛ. 3) ʷʩʥʦ ʩʝ ʚʠʞʜʘʪ ʦʪʜʝʣʥʠ 
ʧʠʢʩʝʣʠ, ʢʦʠʪʦ ʩʝ ʦʪʢʨʦʷʚʘʪ ʦʪ ʦʙʱʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʨʘʡʦʥʘ. ɿʘ ʪʝʟʠ ʫʯʘʩʪʲʮʠ ʩʘ ʠʟʚʘʜʝʥʠ 
ʚʨʝʤʝʚʠʪʝ ʨʝʜʦʚʝ  ʟʘ ʢʦʥʢʨʝʪʥʠʷ ʧʠʢʩʝʣ ʟʘ ʧʨʦʚʝʨʢʘ ʥʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʭʦʜʘ ʥʘ ʚʨʝʤʝʚʠʷ ʨʝʜ.   

 

ʇʨʠʤʝʨ 1 (ʬʠʛ 4) -  ʧʠʢʩʝʣ ʦʮʚʝʪʝʥ ʚ ʪʲʤʥʦ ʩʠʥʴʦ ʚ ʨʘʡʦʥʘ ʥʘ ɸʢʨʦʧʦʣʘ  (ʬʠʛ. 3 ɸ)  ʩ 
WGS84 ʢʦʦʨʜʠʥʘʪʠ 41.7158N, 25.4657E, 484.50 ʤ.  ʠʤʘ ʩʨʝʜʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʨʤʝʩʪʚʘʥʝ 2.0 ʤʤ/ʛ 
ʧʨʠ ʢʦʭʝʨʥʪʥʦʩʪ 0.84 ʦʧʨʝʜʝʣʝʥ ʩʲʩ ʩʨ. ʢʚ. ʛʨ 2.6ʤʤ.. ʈʝʛʠʩʪʨʠʨʘ ʩʝ ʧʨʠʙʣʠʞʘʚʘʥʝ ʥʘ ʧʠʢʩʝʣʘ 
ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʢʲʤ SAR ʩʝʥʟʦʨʘ. 

 

ʌʠʛ. 4.  MT- SAR ʧʨʝʤʝʩʪʚʘʥʠʷ  ʟʘ ʪʦʯʢʘ (WGS84 ʢʦʦʜʠʥʘʪʠ 41.7158N, 25.4657E, 484.50 m) 
ʦʪ ʥʠʟʭʦʜʷʱʘ  ʦʨʙʠʪʘ 109  ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023 ʦʪ  ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ  

[13] 

 

 ʌʠʛ.  5.  MT- SAR ʧʨʝʤʝʩʪʚʘʥʠʷ  ʟʘ ʪʦʯʢʘ (WGS84 ʢʦʦʜʠʥʘʪʠ 41.7158N, 25.4657E, 
484.50m) ʦʪ ʥʠʟʭʦʜʷʱʘ  ʦʨʙʠʪʘ 109  ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023 ʦʪ  ʂʘʣʠʙʨʠʨʘʥʠ 

EGMS ʜʘʥʥʠ  [13] 



 

52 

 

 

ʇʨʠʤʝʨ 2 (ʬʠʛ. 5) -  ʧʠʢʩʝʣ ʦʮʚʝʪʝʥ ʚ ʞʲʣʪʦ ʚ ʨʘʡʦʥʘ ʥʘ ɸʢʨʦʧʦʣʘ  (ʬʠʛ. 3 ɸ)  ʩ WGS84 
41.7159N, 25.4654E, 484.01m. ʩʲʩ ʩʨʝʜʥʘʪʘ ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʤʝʩʪʚʘʥʝ 0.80ʤʤ/ʛ ʧʨʠ ʢʦʭʝʨʥʪʥʦʩʪ 
0.86 ʦʧʨʝʜʝʣʝʥʘ ʩʲʩ ʩʨ. ʢʚ. ʛʨ 2.50 ʤʤ. ʈʝʛʠʩʪʨʠʨʘ ʩʝ ʦʪʜʘʣʝʯʘʚʘʥʝ ʥʘ ʧʠʢʩʝʣʘ ʦʪ ʟʝʤʥʘʪʘ 
ʧʦʚʲʨʭʥʦʩʪ  ʧʦ ʧʦʩʦʢʘ ʢʲʤ SAR ʩʝʥʟʦʨʘ. 

 

ʅʘ ʬʠʛ. 6 ʩʘ ʧʦʢʘʟʘʥʠ MT-SAR ʨʝʜʦʚʝ ʥʘ ʧʨʝʤʝʩʪʚʘʥʠʷ ʟʘ ʪʦʯʢʘ ʦʪ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ 
ɼʚʦʨʮʦʚʠʷ ʢʦʤʧʣʝʢʩ ʩ WGS84ʢʦʦʨʜʠʥʘʪʠ 41.7149N, 25.4662E, 461.13ʤ. ʦʪ ʚʲʟʭʦʜʷʱʠ ʦʪʙʠʪʠ  29 
ʠ 131,  ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023 ʦʪ  ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ [13]. 

 

 

ʂʦʤʙʠʥʠʨʘʡʢʠ ʜʘʥʥʠʪʝ ʦʪ ʜʚʘʪʘ ʪʠʧʘ ʦʨʙʠʪʠ, ʚʲʟʭʦʜʷʱa (ʦʨʘʥʞʝʚʦ) ʠ ʥʠʟʭʦʜʷʱa 
(ʯʝʨʚʝʥʦ) ʩʝ ʧʦʣʫʯʘʚʘʪ ʚʝʨʪʠʢʘʣʥʠʪʝ (ʞʲʣʪʦ) ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʝʢʪʦʨʘ ʥʘ ʧʨʝʤʝʩʪʚʘʥʝ (ʬʠʛ. 7.) 

 

ʌʠʛ. 6.  MT- SAR ʨʝʜʦʚʝ ʥʘ ʧʨʝʤʝʩʪʚʘʥʠʷ  ʟʘ ʪʦʯʢʘ (WGS84 ʢʦʦʜʠʥʘʪʠ 41.7158N, 
25.4657E, 484.50m) ʦʪ ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ  29 ʠ 131,  ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023 ʦʪ  

ʂʘʣʠʙʨʠʨʘʥʠ EGMS ʜʘʥʥʠ  [13] 

 

ʌʠʛ. 7. ɺʝʨʪʠʢʘʣʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠ ʦʪ MT- SAR  ʩʝʨʠʠ ʦʪ ʠʟʭʦʜʷʱʘ ʦʨʙʠʪʘ 
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ʉʪʘʙʠʣʥʦʩʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʥʦʩʪ ʚ ʨʘʡʦʥʘ ʥʘ ʪʘʟʠ ʪʦʯʢʘ ʝ ʧʦʢʘʟʘʪʝʣʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʘ ʩʨʝʜʥʘ 
ʚʝʨʪʠʢʘʣʥʘ ʩʢʦʨʦʩʪ ʥʘ ʧʨʝʤʝʩʪʚʘʥʝ 0.40ʤʤ/ʛ ʩʲʩ ʩʨ. ʢʚ.ʛʨ. 0.60ʤʤ. 

 

ʇʨʦʮʝʩʘ ʧʦʟʚʦʣʷʚʘ  ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ EGMS Ortho ʜʘ ʩʝ ʢʦʤʙʠʥʠʨʘʪ ʜʘʥʥʠ ʦʪ  ʧʦʚʝʯʝ 
ʦʪ ʜʚʝ ʦʨʙʠʪʠ ʘʢʦ ʠʤʘ ʥʘʣʠʯʥʠ ʟʘ ʨʘʡʦʥʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʦʙʝʢʪ. ʇʨʠʤʝʨ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ EGMS 
Ortho ʚʝʨʪʠʢʘʣʥʠʪʝ ʜʘʥʥʠ ʢʦʤʧʦʥʝʥʪʠ ʦʪ ʜʘʥʥʠ  ʥʘ ʝʜʥʘ ʥʠʟʭʦʜʷʱʘ ʦʨʙʠʪʘ ʠ ʜʚʝ ʚʲʟʭʦʜʷʱʠ 
(ʦʨʘʥʞʝʚʦ)  ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʬʠʛ. 8. ʉʲʱʦ ʩʝ ʜʝʤʦʥʩʪʨʠʨʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚ 
ʨʘʡʦʥʘ ʥʘ ʠʟʩʣʝʜʚʘʥʝ, ʥʝ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ ʧʦʪʲʚʘʥʠʷ ʠʣʠ ʠʟʜʠʛʘʥʠʷ ʚ ʪʘʟʠ ʪʦʯʢʘ (WGS84: 
41.7161N, 25.4656E, 475.08ʤ) ʩʲʩ ʩʨʝʜʥʘ ʚʝʨʪʠʢʘʣʥʘ ʩʢʦʨʦʩʪ ʦʪ 0.10ʤʤ/ʛ ʩʲʩ ʩʨ. ʢʚ. ʛʨ. ʦʪ 0.80 
ʤʤ. 

 

 

ʌʠʛ. 8.    ɺʝʨʪʠʢʘʣʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠ ʦʪ MT- SAR  ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ  ʦʪ 
ʥʠʟʭʦʜʷʱʘ ʦʨʙʠʪʘ 109 ʠ ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ 29 ʠ 131, ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023  EGMS 

ʜʘʥʥʠ  [13] 
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ʅʘ ʬʠʛ. 9 ʩ ʧʦʤʦʱʪʘ ʥʘ EGMS Ortho ʜʘʥʥʠ ʝ ʧʦʢʘʟʘʥʦ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʭʦʨʠʟʦʥʪʘʣʥʠʪʝ      
(ʀ-ɿ) ʧʨʝʤʝʩʪʚʘʥʠʷ ʚ ʢʦʥʢʨʝʪʥʘʪʘ ʪʦʯʢʘ ʦʪ MT- SAR  ʚʨʝʤʝʚʠ ʨʝʜʦʚʝ ʦʪ ʥʠʟʭʦʜʷʱʘ ʦʨʙʠʪʘ 109 
ʠ ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ  29. ʅʝ ʩʝ ʨʝʛʠʩʪʨʠʨʘʪ  ʭʦʨʠʟʦʥʪʘʣʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ.  

ɼʨʫʛ ʧʨʠʤʝʨ ʧʨʠ ʦʧʨʝʜʝʣʷʥʝ ʥʘ EGMS Ortho ʢʦʤʧʦʥʝʥʪʠ ʝ ʧʨʝʜʩʪʘʚʝʥ ʥʘ ʬʠʛ. 10. ɺʠʜʠʤʦ 
ʦʪ ʛʨʘʬʠʢʘʪʘ ʩʣʝʜ 10 ʘʧʨʠʣ 2022ʛ. ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦʢʘʯʚʘʥʝ ʥʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠʪʝ  ʥʘ 
LOS ʧʨʝʤʝʩʪʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠ ʠ ʦʪ ʜʚʘʪʘ ʪʠʧʘ ʦʨʙʠʪʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ  ʧʨʠʙʣʠʞʘʚʘʥʝ ʧʦ LOS 
ʢʲʤ ʩʝʥʟʦʨʘ ʟʘ ʚʲʟʭʦʜʷʰʘʪʘ ʦʪʙʠʪʘ ʠ ʦʪʜʘʣʝʯʘʚʘʥʝ  ʧʦ LOS ʧʨʠ ʜʘʥʥʠʪʝ ʦʪ ʥʠʟʭʦʜʷʱʘʪʘ 
ʦʨʙʠʪʝ. ʉʲʛʣʘʩʥʦ ʩʠʥʫʩ-ʢʦʩʠʥʫʩʦʚʘʪʘ ʚʨʲʟʢʘ [12], [19] ʤʝʞʜʫ  ʥʘʢʣʦʥʝʥʠʪʝ ʧʦ LOS ʧʨʝʤʝʩʪʚʘʥʠʷ 
ʠ ʚʝʨʪʠʢʘʣʥʠʪʝ ʠ ʭʦʨʠʟʦʥʪʘʣʥʠʪʝ ʧʨʝʤʝʩʪʚʘʥʠʷ ʚ ʪʦʟʠ ʩʣʫʯʘʡ, ʪʲʡ ʢʘʪʦ ʧʨʝʤʝʩʪʚʘʥʠʷʪʘ ʧʦ LOS 
ʩʘ ʩ ʦʙʨʘʪʥʠ ʟʥʘʮʠ,  ʥʝ ʩʝ ʨʝʛʠʩʪʨʠʨʘ ʧʨʦʤʷʥʘ ʚʲʚ ʚʝʨʪʠʢʘʣʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ, ʘ ʪʷ ʩʝ ʜʲʣʞʠ ʚ 
ʠʟʮʷʣʦ ʚ ʧʨʝʤʝʩʪʚʘʥʝ  ʚ ʭʦʨʠʟʦʥʦʪʦ ʧʦʣʦʞʝʥʠʝ ʥʘ ʧʠʢʩʝʣʘ. 

5. ɿɸʂʃʖʏɽʅʀɽ 

ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʘʥʥʠ ʦʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʠ ʪʝʭʥʠʪʝ ʧʨʦʜʫʢʪʠ ʩʘ ʧʨʠʣʦʞʠʤʠ 
ʚʩʝ ʧʦ-ʯʝʩʪʦ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʘʪʘ ʥʘʫʢʘ ʠ ʢʫʣʪʫʨʥʦʪʦ 
ʥʘʩʣʝʜʩʪʚʦ. ʇʨʠʣʦʞʝʥʠʝʪʦ ʥʘ InSAR ʪʝʭʥʦʣʦʛʠʷʪʘ ʜʘʚʘ ʝʜʥʘ ʦʙʱʘ ʠ ʧʲʣʥʘ ʧʨʝʜʩʪʘʚʘ ʟʘ 
ʩʣʫʯʚʘʱʠʪʝ ʩʝ ʛʝʦʜʠʥʘʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ɸʨʭʝʦʣʦʛʠʯʝʩʢʠʷʪ ʢʦʤʧʣʝʢʩ 
ʇʝʨʧʝʨʠʢʦʥ. ʅʘʙʦʨʲʪ ʦʪ EGMS ʜʘʥʥʠ ʝ ʪʦʯʝʥ ʠ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʣʝʟʝʥ ʠʩʪʨʫʤʝʥʪ ʟʘ ʥʘʙʣʶʜʝʥʠʷ 
ʥʘ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠ ʦʙʝʢʪʠ, ʧʣʦʱʥʠ  ʢʘʤʝʥʥʠ ʩʪʨʫʢʪʫʨʠ ʠ ʜʨʫʛʠ ʢʫʣʪʫʨʥʦ ʦʙʝʢʪʠ ʠʟʣʦʞʝʥʠ ʥʘ 
ʦʪʢʨʠʪʦ. ʈʘʡʦʥʘ ʝ ʩʪʘʙʠʣʝʥ ʠ ʥʝ ʩʘ ʦʪʢʨʠʪʠ ʩʠʣʥʠ ʜʝʬʦʨʤʘʮʠʦʥʥʠ ʧʨʦʮʝʩʠ, ʢʦʠʪʦ ʜʘ ʜʦʚʝʜʘʪ 
ʜʦ ʩʚʣʘʯʠʱʘ ʠ ʩʨʫʪʠʱʘ ʠʣʠ ʜʨʫʛʠ ʨʘʟʨʫʰʠʪʝʣʥʠ ʟʝʤʥʠ ʧʨʦʮʝʩʠ, ʥʦ ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ ʚ 
ʣʦʢʘʮʠʠʪʝ, ʢʲʜʝʪʦ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʷʢʘʢʚʠ ʧʦʚʲʨʭʥʦʩʥʠ ʧʨʦʤʝʥʠ ʜʘ ʙʲʜʘʪ ʠʟʚʲʨʰʝʥʠ 
ʜʦʧʲʣʥʠʪʝʣʥʠ ʧʦʣʝʚʠ ʥʘʙʣʶʜʝʥʠʷ, ʟʘ ʜʘ ʩʝ ʫʪʦʯʥʠ ʜʘʣʠ ʪʝ ʩʘ ʚ ʩʣʝʜʩʪʚʠʝ ʥʘ ʘʨʭʠʦʣʦʛʠʯʝʩʢʠ 
ʨʘʙʦʪʠ ʠʣʠ ʩʘ ʧʨʝʜʚʝʩʪʥʠʢ ʥʘ ʟʝʤʥʠ ʜʚʠʞʝʥʠʷ. ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦ-ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʠ ʦʮʝʥʢʘ  ʧʨʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʚʝʨʪʠʢʘʣʥʠ ʘʨʭʠʣʦʛʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠ ʚ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʡʦʥ, ʢʘʪʦ 
ʢʦʣʦʥʠʪʝ ʦʪ ɹʘʟʠʣʠʢʘʪʘ ʠ  ʂʫʣʘʪʘ  ʝ ʧʨʝʧʦʨʲʯʠʪʝʣʥʦ  ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʩʲʚʨʝʤʝʥʥʠʪʝ 
ʛʝʦʜʝʟʠʯʝʩʢʠ ʪʝʭʥʦʣʦʛʠʠ ʢʘʪʦ  ʥʘʟʝʤʥʠ ʣʘʟʘʨʥʠ ʩʢʝʥʝʨʠ, LIDAR ʠʣʠ SLAM.  

 

ʌʠʛ. 10.   ɺʝʨʪʠʢʘʣʥʠ ʧʨʝʤʝʩʪʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʠ ʦʪ MT- SAR  ʨʝʜʦʚʝ  ʦʪ ʥʠʟʭʦʜʷʱʘ 
ʦʨʙʠʪʘ 109 ʠ ʚʲʟʭʦʜʷʱʠ ʦʨʙʠʪʠ  131,  ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ 2019-2023  EGMS ʜʘʥʥʠ  [13] 
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6. ɹʃɸɻʆɼɸʈʅʆʉʊʀ 

ʊʦʚʘ ʧʨʦʫʯʚʘʥʝ ʝ ʧʨʦʚʝʜʝʥʦ ʧʦ ʧʨʦʝʢʪ Ăʆʮʝʥʢʘ ʥʘ ʛʝʦʣʦʞʢʠʷ ʨʠʩʢ ʚʲʨʭʫ ʩʢʘʣʥʠ ʢʫʣʪʫʨʥʠ 
ʧʘʤʝʪʥʠʮʠ ʥʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʀʟʪʦʯʥʠʪʝ ʈʦʜʦʧʠñ, ʬʠʥʘʥʩʠʨʘʥ ʦʪ ʌʦʥʜ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷñ 
(ʜʦʛʦʚʦʨ ʂʇ-06-ʅ84/2 ʦʪ 09.12.2024 ʛ.) 
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9. XXXV ʄɽɾɼʋʅɸʈʆɼɽʅ ʉʀʄʇʆɿʀʋʄ 
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ɻɽʆɼɽɿʀʗʊɸ ʀ ʉɺʒʈɿɸʅʀʊɽ ʉ ʅɽʗ ʆɹʃɸʉʊʀ 
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20  ɻʆɼʀʅʀ ɼɸʄʉʂʀ ʂʃʋɹ ʅɸ ɾɽʅʀʊɽ ɺ ɻɽʆɼɽɿʀʗʊɸ ï ɾɽʅʀʊɽ ʂɸʊʆ ʌɸʂʊʆʈ 
ɺ ʇʈʆʌɽʉʀʆʅɸʃʅʆʊʆ ʀ ʅɸʋʏʅʆʊʆ ʈɸɿɺʀʊʀɽ ʅɸ ɻɽʆɼɽɿʀʗʊɸ 

ʇʨʦʬ. ʜʥ. ʠʥʞ. ʄʠʣʘ ɸʪʘʥʘʩʦʚʘ-ɿʣʘʪʘʨʝʚʘ, ʅʀɻɻɻ-ɹɸʅ 

 

ʈɽɿʖʄɽ 
 
ɼʚʘʜʝʩʝʪ ʛʦʜʠʥʠ, ʜʚʘ ʧʲʪʠ ʛʦʜʠʰʥʦ,  ʩʝ ʦʨʛʘʥʠʟʠʨʘʪ ʩʨʝʱʠ ʥʘ ʞʝʥʠʪʝ ʚ ʛʝʦʜʝʟʠʷʪʘ ʢʲʤ 

Ăʂʦʤʠʩʠʷʪʘ ʟʘ ʩʦʮʠʘʣʥʘ ʜʝʡʥʦʩʪ ʠ ʨʘʙʦʪʘ ʩ ʞʝʥʠʪʝ ʢʲʤ ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʥʘ ʉɻɿɹñ ʊʝʟʠ 
ʩʨʝʱʠ ʩʘ  ʤʷʩʪʦ, ʢʲʜʝʪʦ ʩʪʫʜʝʥʪʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ, ʨʲʢʦʚʦʜʠʪʝʣʠ ʠ ʩʣʫʞʠʪʝʣʠ, ʨʘʙʦʪʝʱʠ ʠ 
ʧʝʥʩʠʦʥʝʨʠ ï ʚʩʠʯʢʠ ʟʘʝʜʥʦ ʫʯʘʩʪʚʘʪ ʚ ʦʙʩʲʞʜʘʥʝʪʦ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʦʙʷʚʝʥʘ ʠʣʠ 
ʥʝʧʨʠʥʫʜʝʥʦ ʚʲʟʥʠʢʥʘʣʘ ʪʝʤʘ. ʏʣʝʥʦʚʝʪʝ ʥʘ ʛʨʫʧʘʪʘ ʧʦʣʫʯʘʚʘʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʧʲʣʥʝʥʠʪʝ ʠ 
ʧʨʝʜʩʪʦʷʱʠ ʟʘʜʘʯʠ ʥʘ ʉɻɿɹ, ʟʘ ʧʨʦʙʣʝʤʠʪʝ ʧʨʝʜ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʠ ʧʨʝʜ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ 
ʦʙʱʥʦʩʪ. ʆʙʝʢʪ ʥʘ ʦʙʩʲʞʜʘʥʝ ʩʪʘʚʘʪ ʧʨʦʝʢʪʠ ʟʘ  ʧʨʦʤʝʥʠ ʚ ʥʦʨʤʘʪʠʚʥʘʪʘ ʫʨʝʜʙʘ, ʦʙʩʲʞʜʘʪ ʩʝ 
ʧʨʦʬʝʩʠʦʥʘʣʥʦʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʦʪʦ ʦʙʫʯʝʥʠʝ. 

ʆʩʚʝʥ ʢʦʣʝʞʢʠ, ʪʝ ʩʘ ʩʲʧʨʫʛʠ, ʤʘʡʢʠ, ʩʝʩʪʨʠ, ʤʣʘʜʠ ʜʘʤʠ, ʧʦʟʥʘʪʠ ʠ ʧʨʠʷʪʝʣʠ ʠ ʚʩʠʯʢʠ ʩʘ 
ʩʚʲʨʟʘʥʠ ʩ ʛʝʦʜʝʟʠʯʝʩʢʘʪʘ ʧʨʦʬʝʩʠʷ ʠ ʩʨʦʜʥʠ ʩ ʥʝʷ ʩʧʝʮʠʘʣʥʦʩʪʠ. ʆʙʝʜʠʥʷʚʘ ʛʠ ʞʝʣʘʥʠʝʪʦ ʟʘ 
ʦʙʱʫʚʘʥʝ, ʠʜʝʷʪʘ ʜʘ ʩʘ ʟʘʝʜʥʦ, ʟʘ ʜʘ ʦʙʩʲʜʷʪ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʩʲʙʠʪʠʷ ʠ ʧʨʦʙʣʝʤʠ, ʜʘ ʩʧʦʜʝʣʷʪ 
ʣʠʯʥʠ ʩʣʫʯʢʠ ʠ ʧʨʝʞʠʚʷʚʘʥʠʷ.ʊʦʚʘ ʩʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʜʘʤʩʢʘʪʘ ʛʨʫʧʘ ʢʲʤ ʉʲʶʟʘ ʥʘ ʛʝʜʝʟʠʩʪʠʪʝ ʠ 
ʟʝʤʝʫʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ /ʉɻɿɹ/. ʉʨʝʱʠʪʝ ʥʘ ʛʨʫʧʘʪʘ ʩʝ ʦʨʛʘʥʠʟʠʨʘʥʘʪ ʦʪ ʂʦʤʠʩʠʷʪʘ ʟʘ 
ʩʦʮʠʘʣʥʘ ʜʝʡʥʦʩʪ ʠ ʨʘʙʦʪʘ ʩ ʞʝʥʠʪʝ ʢʲʤ ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʥʘ /ʉɻɿɹ/.  

 

20 YEARS OF WOMEN'S CLUB IN GEODESY  ï  WOMEN AS A FACTOR IN THE 
PROFESSIONAL AND SCIENTIFIC DEVELOPMENT OF GEODESY  

Prof.  DSc. Mila Atanasova -Zlatareva , NIGGG-BAS 

 

SUMMARY 
 
ʊwenty years, twice a year, meetings of women in geodesy have been organized by the "Commission 
for Social Activities and Work with Women at the Management Board of the Bulgarian Geodesy 
Association". These meetings are a place where students and teachers, managers and employees, 
workers and retirees - all participate together in the discussion of a previously announced or 
spontaneously arising topic. The members of the group receive information about the completed and 
upcoming tasks of the Bulgarian Geodesy Association, about the problems facing the management and 
the geodesic community. The subject of discussion is projects for changes in the regulatory framework, 
professional education and practical training are discussed. In addition to colleagues, they are wives, 
mothers, sisters, young ladies, acquaintances and friends and all are related to the geodesic profession 
and related specialties. They are united by the desire to communicate, the idea of being together to 
discuss professional events and problems, to share personal stories and experiences. 
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1. ʀʅʀʎʀɸʊʀɺɸ  ɿɸ ʉʒɿɼɸɺɸʅɽ 

ʀʜʝʷʪʘ  ʟʘ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʪʦʟʠʢʣʫʙ ʝ ʥʘ ʩʝʢʨʝʪʘʨʷ ʥʘ ʉɻɿɹ ï ʠʥʞ. ʀʚʘʥʢʘ ʂʦʣʝʚʘ, ʢʦʷʪʦ 
ʠʥʠʮʠʠʨʘ ʧʲʨʚʘʪʘ ʩʨʝʱʘ ʥʘ 25.02.2005 ʛʦʜʠʥʘ. ʅʘ ʩʨʝʱʘʪʘ ʧʨʠʩʲʩʪʚʘʪ ʧʨʦʬ. ʄʘʨʘ ɼʘʩʢʘʣʦʚʘ, 
ʜʦʮ. ʃʶʙʘ ʇʘʚʣʦʚʘ, ʜʦʮ. ʈʘʜʢʘ ʗʥʝʚʘ, ʜʦʮ. ɸʥʠ ɼʝʣʠʝʚʘ, ʜʦʮ. ɺʝʥʝʪʘ ʂʦʮʝʚʘ, ʠʥʞ. ɺʝʨʘ 
ʍʨʠʩʯʝʚʘ, ʠʥʞ. ɺʘʥʷ ʂʦʣʝʚʘ, ʠʥʞ. ɹʦʛʜʘʥʦʚ ʠ ʤʣʘʜʠʪʝ ʢʦʣʝʛʠ ʜʦʮ. ʄʘʷ ʀʣʠʝʚʘ. 

ɼʦ ʪʦʛʘʚʘ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ Ăʂʦʤʠʩʠʷʪʘ ʟʘ ʩʦʮʠʘʣʥʘ ʜʝʡʥʦʩʪ ʠ ʨʘʙʦʪʘ ʩ ʞʝʥʠʪʝ ʢʲʤ 
ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʥʘ ʉɻɿɹñ ʝ ʜʦʮ. ʃʶʙʘ ʇʘʚʣʦʚʘ ʠ ʩʣʝʜ ʫʯʨʝʜʷʚʘʥʝʪʦ ʥʘ ʜʘʤʩʢʠʷ ʢʣʫʙ ʩʝ 
ʧʦʝʤʘ ʦʪ ʜʦʮ. ɺʝʥʝʪʘ ʂʦʮʝʚʘ, ʢʦʷʪʦ ʧʦʚʝʯʝ ʦʪ 18 ʛʦʜʠʥʠ ʝ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʩʝʢʮʠʷʪʘ ʠ ʠʛʨʘʝ 
ʚʘʞʥʘ ʨʦʣʷ ʟʘ ʦʙʝʜʠʥʷʚʘʥʝʪʦ ʠ ʧʨʠʦʙʱʘʚʘʥʝʪʦ ʥʘ ʞʝʥʠʪʝ ʛʝʦʜʝʟʠʩʪʢʠ ʢʲʤ ʢʣʫʙʘ. 

 

 

 
 

ʌʠʛ. 1. ʉʥʠʤʢʘ ʦʪ ʧʲʨʚʘʪʘ ʩʨʝʱʘ ʥʘ ʜʘʤʩʢʘʪʘ ʛʨʫʧʘ ʢʲʤ ʉʲʶʟʘ ʥʘ ʛʝʜʝʟʠʩʪʠʪʝ ʠ 
ʟʝʤʝʫʪʨʦʠʪʝʣʠʪʝ ʚ ɹʲʣʛʘʨʠʷ /ʉɻɿɹ/ ʩʲʩʪʦʷʣʘ ʩʝ ʥʘ 25.02.2025ʛ. ʇʦʩʚʝʱʝʥʠʝ ʥʘ ʜʦʮ.   

ɺʝʥʝʪʘ ʂʦʮʝʚʘ ʢʲʤ ʠʥʞ. ʉʪʦʷʥ ɹʦʛʜʘʥʦʚ. 

 

 
































































































































































































































































































































































































































