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ɺʉʊʋʇ 

 

ʋ ʥʝʩʧʦʢʽʡʥʽ ʯʘʩʠ ʩʴʦʛʦʜʝʥʥʷ ʥʝ ʤʦʞʥʘ ʚʠʢʣʶʯʘʪʠ ʞʦʜʥʠʭ ʧʦʜʽʡ, ʷʢʽ ʙ 

ʤʦʛʣʠ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʘ ʞʠʪʪʷ ʣʶʜʝʡ. 

ɼʦʚʛʠʡ ʯʘʩ ʽʩʥʫʚʘʣʘ ʚʧʝʚʥʝʥʽʩʪʴ, ʱʦ ʨʦʩʽʡʩʴʢʽ ʚʽʡʩʴʢʘ ʥʝ ʟʨʫʡʥʫʶʪʴ ʜʘʤʙʠ 

ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ, ʦʩʢʽʣʴʢʠ ʦʯʝʚʠʜʥʠʤʠ ʙʫʣʠ ʤʘʩʰʪʘʙʥʽ ʽ ʥʝʧʦʚʦʨʦʪʥʽ ʥʘʩʣʽʜʢʠ 

ʪʘʢʦʾ ʢʘʪʘʩʪʨʦʬʠ. ʇʨʦʪʝ, 6 ʯʝʨʚʥʷ 2023 ʨʦʢʫ ʦʢʫʧʘʮʽʡʥʽ ʚʽʡʩʴʢʘ ʥʘʚʤʠʩʥʦ 

ʧʽʜʽʨʚʘʣʠ ʜʘʤʙʫ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʤʘʩʰʪʘʙʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʠʞʯʝ ʟʘ 

ʪʝʯʽʻʶ ʨʽʯʢʠ ɼʥʽʧʨʦ, ʷʢʝ ʟʘ ʧʣʦʱʝʶ ʩʪʘʥʦʚʠʣʦ ʙʣʠʟʴʢʦ 600 ʢʤ2, ʦʭʦʧʣʶʚʘʣʦ 

ʪʝʨʠʪʦʨʽʶ 80 ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʩʪʘʣʦ ʧʨʠʯʠʥʦʶ ʪʝʨʤʽʥʦʚʦʾ ʝʚʘʢʫʘʮʽʾ ʙʣʠʟʴʢʦ 

40 ʪʠʩʷʯ ʦʩʽʙ ʪʘ ʱʦʥʘʡʤʝʥʰʝ 300 ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ, ʽ ʧʨʠʟʚʝʣʦ ʜʦ ʟʙʠʪʢʽʚ, ʱʦ 

ʦʮʽʥʶʶʪʴʩʷ ʫ 14 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʉʐɸ [28]. 

ʋ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʚʞʝ ʙʫʣʠ ʧʨʝʮʝʜʝʥʪʠ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʚʦʜʦʩʭʦʚʠʱ 

ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ. ʄʦʚʘ ʡʜʝ ʧʨʦ ʆʩʢʽʣʴʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʜʘʤʙʫ ʷʢʦʛʦ ʙʫʣʦ 

ʟʨʫʡʥʦʚʘʥʦ ʫ ʜʨʫʛʽʡ ʧʦʣʦʚʠʥʽ ʚʝʨʝʩʥʷ 2022 ʨʦʢʫ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʙʫʣʦ ʯʘʩʪʢʦʚʦ 

ʟʘʪʦʧʣʝʥʦ ʪʘ ʧʽʜʪʦʧʣʝʥʦ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ. ʆʢʨʽʤ 

ʮʴʦʛʦ, ʟʥʘʯʥʦʛʦ ʧʦʨʫʰʝʥʥʷ ʟʘʟʥʘʣʘ ʤʽʩʮʝʚʘ ʝʢʦʩʠʩʪʝʤʘ. ɿʘʛʘʣʴʥʽ ʟʙʠʪʢʠ ʜʣʷ 

ʧʨʠʨʦʜʠ ʪʘ ʛʦʩʧʦʜʘʨʩʪʚʘ ʦʮʽʥʶʶʪʴʩʷ ʫ ʙʣʠʟʴʢʦ 4 ʤʽʣʴʷʨʜʽʚ ʛʨʠʚʝʥʴ [42]. 

ʆʩʦʙʣʠʚʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦ, ʥʘʩʘʤʧʝʨʝʜ, ʚʦʥʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʝʧʦʜʘʣʽʢ ʚʽʜ ʨʦʩ̔ʡʩʴʢʦʛʦ ʢʦʨʜʦʥʫ, ʽ, 

ʚʦʜʥʦʯʘʩ, ʟʘ 20 ʢʽʣʦʤʝʪʨʽʚ ʚʽʜ ʤʽʩʪʘ ʍʘʨʢʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʯʝʨʝʟ 

ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʚʽʡʩʴʢʦʚʦʾ ʦʙʩʪʘʥʦʚʢʠ ʽʩʥʫʶʪʴ ʜʦʚʦʣʽ ʚʠʩʦʢʽ ʨʠʟʠʢʠ 

ʧʦʚʪʦʨʝʥʥʷ ʪʫʪ ʩʮʝʥʘʨʽʶ ʆʩʢʽʣʴʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ ʥʝ ʣʠʰʝ 

ʚʩʪʘʥʦʚʠʪʠ, ʥʘʩʢʽʣʴʢʠ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʚʧʣʠʥʝ ʥʘ 

ʥʘʡʙʣʠʞʯʽ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʘʣʝ ʪʘʢʦʞ ʽ ʥʘ ʤʽʩʪʦ ʍʘʨʢʽʚ. 

ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ: ʨʦʟʨʦʙʠʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ 

ʽʤʦʚʽʨʥʠʭ ʟʦʥ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 
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ɿʘʜʘʯʽ, ʧʦʩʪʘʚʣʝʥʽ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ 

ʥʘʩʪʫʧʥʝ: 

1. ɺʩʪʘʥʦʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟʦʥ 

ʨʠʟʠʢʫ ʫ ʩʚʽʪʦʚʽʡ ʪʘ ʚʽʪʯʠʟʥʷʥʽʡ ʥʘʫʢʦʚʽʡ ʧʨʘʢʪʠʮʽ, ʚʠʟʥʘʯʠʪʠ ʩʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ 

ʮʦɹʛʦ ʥʘʧʨʷʤʫ. 

2. ʈʦʟʛʣʷʥʫʪʠ ʧʨʠʢʣʘʜʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟʦʥ ʨʠʟʠʢʫ, 

ʚʠʢʦʥʘʥʠʭ ʷʢ ʟʘʨʫʙʽʞʥʠʤʠ, ʪʘʢ ʽ ʚʽʪʯʠʟʥʷʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʚʩʪʘʥʦʚʠʪʠ ʩʧʽʣʴʥʽ ʪʘ 

ʚʽʜʤʽʥʥʽ ʨʠʩʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜʭʦʜʽʚ ʜʦ ʫʢʣʘʜʘʥʥʷ ʪʘ ʦʬʦʨʤʣʝʥʥʷ ʢʘʨʪ. 

3. ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʟʨʦʙʠʪʠ ʤʦʜʝʣʴ ʟʦʥ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ 

ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

4. ʅʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʦʾ ʤʦʜʝʣʽ ʨʦʟʨʦʙʠʪʠ ʢʘʨʪʠ ʟʦʥ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʧʦʧʝʨʝʜʥʴʦ ʚʩʪʘʥʦʚʠʪʠ 

ʧʦʪʝʥʮʽʡʥʽ ʢʦʨʦʪʢʦ- ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʽ ʥʘʩʣʽʜʢʠ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ, ʨʦʟʨʦʙʠʪʠ 

ʧʝʨʚʠʥʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ.  

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʩʪʫʧʘʻ ʊʨʘʚôʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʪʝʨʠʪʦʨʽʾ, ʱʦ 

ʡʦʛʦ ʦʪʦʯʫʶʪʴ, ʪʘ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ ʨʽʯʢʠ ʍʘʨʢʽʚ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʩʦʙʣʠʚʦʩʪʽ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʽʤʦʚʽʨʥʠʭ ʟʦʥ ʨʠʟʠʢʫ 

ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʆʩʥʦʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʞʝʨʝʣ, 

ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ, ʢʦʤʧôʶʪʝʨʥʝ ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. ɺ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʚʽʜʢʨʠʪʽ ʜʞʝʨʝʣʘ, ʘ ʪʘʢʦʞ ʬʦʥʜʦʚʽ ʤʘʪʝʨʽʘʣʠ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ (ʋʂʈʅɼɯɽʇ), 

ʜʝ ʨʘʥʽʰʝ ʧʨʦʭʦʜʠʣʘ ʚʠʨʦʙʥʠʯʘ ʧʨʘʢʪʠʢʘ. 

ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ, ʥʘ ʷʢʽʡ ʙʫʜʫʪʴ ʚʨʘʭʦʚʘʥʽ 

ʟʦʥʠ ʧʽʜʪʦʧʣʝʥʥʷ ʽ ʟʘʪʦʧʣʝʥʥʷ, ʦʮʽʥʝʥʽ ʝʢʦʣʦʛʽʯʥʽ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʪʘ ʽʥʰʽ 

ʨʠʟʠʢʠ ʽ ʥʘʩʣʽʜʢʠ. ʊʘʢʦʞ ʻ ʧʝʨʩʧʝʢʪʠʚʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʘʤʦʾ ʤʦʜʝʣʽ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʜʘʥʠʭ ʪʘ ʘʣʛʦʨʠʪʤʽʚ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ, 

ʟʘʩʦʙʽʚ ʪʘ ʩʮʝʥʘʨʽʾʚ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 1. ɻɯɼʈʆʊɽʍʅɯʏʅɯ ʉʇʆʈʋɼʀ ɺʆɼʆʉʍʆɺʀʑ ɯ ɺʀɺʏɽʅʅʗ 

ʈʀɿʀʂɯɺ ɰʍ ʈʋʁʅʋɺɸʅʅʗ 

 

1.1. ɿʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ ʚʠʚʯʝʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʚʦʜʦʩʭʦʚʠʱ 

 

ɼʘʤʙʠ ʷʢ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ ʚʽʜʦʤʽ ʣʶʜʩʪʚʫ ʱʝ ʟ ʪʨʝʪʴʦʛʦ ʪʠʩʷʯʦʣʽʪʪʷ 

ʜʦ ʥʘʰʦʾ ʝʨʠ [61]. ɸʣʝ ʫ ʩʫʯʘʩʥʽʡ ʬʦʨʤʽ ʚʦʥʠ ʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʷ ʚʽʜ ʧʦʯʘʪʢʫ ʍɯʍ 

ʩʪʦʣʽʪʪʷ, ʷʢ ʥʘʩʣʽʜʦʢ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ (ʟʦʢʨʝʤʘ ʝʥʝʨʛʝʪʠʢʠ), ʚ 

ʦʩʥʦʚʥʦʤʫ ʙʫʜʫʯʠ ʯʘʩʪʠʥʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʉʘʤʝ ʟ ʮʴʦʛʦ 

ʯʘʩʦʚʦʛʦ ʧʨʦʤʽʞʢʫ ʨʝʛʫʣʷʨʥʦ ʬʽʢʩʫʶʪʴʩʷ ʚʠʧʘʜʢʠ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. ɺʩʝʩʚʽʪʥʴʦ 

ʚʽʜʦʤʽ ʽʥʮʠʜʝʥʪʠ, ʪʘʢʽ ʷʢ ʘʚʘʨʽʷ ʥʘ ʜʘʤʙʘʭ ʄʘʣʴʧʘʩʩʝ (ʌʨʘʥʮʽʷ, 1959 ʨʽʢ), ɺʘʡʦʥʪ 

(ɯʪʘʣʽʷ, 1963 ʨʽʢ), ʛʨʝʙʣʷʭ ɹʘʥʴʮʷʦ (ʂʠʪʘʡ, 1975 ʨʽʢ) ʽ ʊʝʪʦʥ (ʉʐɸ, 1976 ʨʽʢ) ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ ʙʫʣʠ ʥʝ ʪʽʣʴʢʠ ʢʘʪʘʩʪʨʦʬʽʯʥʠʤʠ ʟʘ ʩʚʦʾʤʠ ʤʘʩʰʪʘʙʘʤʠ ʪʘ 

ʥʘʩʣʽʜʢʘʤʠ, ʘʣʝ ʽ ʪʘʢʦʞ ʩʪʘʣʠ ʩʪʠʤʫʣʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʷʜʫ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʧʦʜʽʙʥʠʭ ʷʚʠʱ. 

 

ʈʠʩ. 1.1. ʂʽʣʴʢʽʩʪʴ ʽʥʮʠʜʝʥʪʽʚ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙ, ʱʦ ʧʦʥʝʩʣʠ ʟʘ ʩʦʙʦʶ 

ʣʶʜʩʴʢʽ ʞʝʨʪʚʠ, ʟ 1850-ʭ ʨʦʢʽʚ ʽ ʜʦ ʩʴʦʛʦʜʥʽ [54] 
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 ʇʝʨʰʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ ʥʘʣʝʞʘʪʴ ʊ. ʄʘʢɼʦʥʘʣʜʫ ʪʘ ɼʞ. 

ʃʘʥʛʨʽʜʞ-ʄʦʥʦʧʦʣʽʩ, ʷʢʽ ʫ ʩʚʦʾʡ ʧʨʘʮʽ çBreaching Charateristics of Dam Failuresè 

1984 ʨʦʢʫ [1] ʟʚʝʨʥʫʣʠ ʫʚʘʛʫ ʥʘ ʥʝʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ ʧʨʠ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʨʦʟʨʘʭʫʥʢʘʭ ʷʢ ʤʽʩʮʴ ʧʨʦʨʠʚʫ ʜʘʤʙ, ʪʘʢ ʽ ʧʨʠʙʣʠʟʥʦʾ ʪʨʘʻʢʪʦʨʽʾ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ, 

ʽ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ 42 ʚʽʜʦʤʽ ʚʠʧʘʜʢʠ ʧʨʦʨʠʚʫ ʜʘʤʙ, ʨʦʟʨʦʙʠʣʠ ʚʣʘʩʥʫ ʦʩʥʦʚʫ 

ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʟʦʢʨʝʤʘ, ʜʣʷ ʦʮʽʥʢʠ ʧʽʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʦʜʥʦʛʦ 

ʧʦʪʦʢʫ, ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʟʨʫʡʥʦʚʘʥʦʾ ʯʘʩʪʠʥʠ ʪʘ ʯʘʩʫ, ʟʘ ʷʢʠʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʫʡʥʫʚʘʥʥʷ. ɰʭ ʥʘʧʨʘʮʶʚʘʥʥʷ ʩʪʘʣʠ ʢʣʘʩʠʯʥʦʶ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ 

ʧʦʜʘʣʴʰʠʭ ʤʦʜʝʣʝʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘʫʢʦʚʽ 

ʧʨʘʮʽ, ʧʦʚôʷʟʘʥʽ ʟ ʘʥʘʣʽʟʦʤ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʧʨʠʩʫʪʥʽ ʫ ʥʘʫʢʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʱʝ ʟ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʣʽʪʪʷ, ʘʣʝ ʚʦʥʠ ʥʝ ʙʫʣʠ ʧʦʚôʷʟʘʥʽ ʩʘʤʝ ʟ ʪʝʤʦʶ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʚʪʽʤ, ʚʩʝ ʦʜʥʦ ʚʦʥʠ ʜʘʶʪʴ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʴ ʪʘ 

ʧʝʨʰʽ ʩʧʨʦʙʠ ʦʮʽʥʠʪʠ ʟʦʥʠ ʨʠʟʠʢʫ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʘʢʠʭ ʢʘʪʘʩʪʨʦʬʘʭ. ɼʝʚʽʜ 

ʌʨʦʡʣʽʯ ʫ ʩʚʦʾʡ ʩʪʘʪʪʽ çEmbankment Dam Breach Parameters and Their 

Uncertaintiesè [2] ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʣʴʰ ʰʠʨʦʢʫ ʚʠʙʽʨʢʫ (72 ʚʠʧʘʜʢʠ ʨʫʡʥʫʚʘʥʥʷ 

ʜʘʤʙ) ʜʣʷ ʨʦʟʨʦʙʢʠ ʙʽʣʴʰ ʪʦʯʥʠʭ ʤʦʜʝʣʝʡ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʤʽʨʽʚ ʪʘ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʤʽʩʮʴ ʧʨʦʨʠʚʫ, ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʰʚʠʜʢʦʩʪʽ ʪʘ ʥʘʧʨʷʤʢʫ 

ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ. ʈʦʙʦʪʘ ʄ. ʇʽʨʩ çPredicting peak outflow from breached 

embankment damsè [3] 2010 ʨʦʢʫ ʧʨʦʚʦʜʠʪʴ ʦʛʣʷʜ ʽʩʥʫʶʯʠʭ ʨʝʛʨʝʩʽʡʥʠʭ 

ʚʽʜʥʦʰʝʥʴ (ʣʽʥʽʡʥʠʭ, ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʪʘ ʤʥʦʞʠʥʥʠʭ), ʱʦ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʽʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʪʦʢʫ, ʪʘʢʦʞ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 

ʩʧʨʦʙʠ ʧʦʢʨʘʱʠʪʠ ʬʦʨʤʫʣʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰ ʰʠʨʦʢʦʾ ʙʘʟʠ ʨʝʘʣʴʥʠʭ ʽʥʮʠʜʝʥʪʽʚ.  

ʈʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʽ ʫ ʥʘʰ ʯʘʩ. ɺ ʧʝʨʽʦʜ ʟ 

2000 ʧʦ 2009 ʨʽʢ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʥʘʜ 200 ʚʠʧʘʜʢʽʚ ʟʥʘʯʥʠʭ ʨʫʡʥʫʚʘʥʴ,  ʚʪʽʤ, 

ʟʘʚʜʷʢʠ ʚʧʨʦʚʘʜʞʝʥʥʶ ʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʟʘʭʦʜʽʚ ʙʝʟʧʝʢʠ, ̫ ʢʽ ʩʪʘʣʠ ʤʦʞʣʠʚʽ ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʟʘ ʨʘʭʫʥʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ 

ʟʦʥ ʨʠʟʠʢʫ, ʟʥʘʯʥʦ ʟʤʝʥʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʞʝʨʪʚ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʟʙʠʪʢʽʚ ʚʥʘʩʣʽʜʦʢ 

ʪʘʢʠʭ ʽʥʮʠʜʝʥʪʽʚ. ɹʽʣʴʰ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʨʠʚʫ ʜʘʤʙʠ, ʟʦʢʨʝʤʘ ʟʘʚʜʷʢʠ 
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ʨʽʟʥʠʤ ʚʠʜʘʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʦʤʠʤʠ ʚʩʽʤ 

ArcGIS ʘʙʦ QGIS, ʘ ʪʘʢʦʞ ʽ ʙʽʣʴʰ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʛʽʜʨʦʽʥʞʝʥʝʨʥʽʡ ʩʧʨʘʚʽ, ʟʦʢʨʝʤʘ HEC-RAS, TUFLOW, 

MIKE-Flood, 3D-Flow.  

ʑʝ 2000 ʨʦʢʫ ʫ ʩʪʘʪʪʽ çA simple raster-based model for flood inundation 

simulationè [4] ʇ. ɹʝʡʩʪ ʪʘ ɸ. ɼʝ ʈʦʦ ʦʧʠʩʘʣʠ ʥʦʚʫ ʤʦʜʝʣʴ ʜʣʷ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʩʠʤʫʣʷʮʽʾ ʧʦʚʝʥʽ, ʟʘʩʥʦʚʘʥʫ ʥʘ ʮʠʬʨʦʚʽʡ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʽʟ ʨʽʟʥʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ (100, 50, 25 ʤʝʪʨʽʚ), ʥʘ ʧʨʠʢʣʘʜʽ ʨʽʯʢʠ ʄʘʘʩ ʫ ʅʽʜʝʨʣʘʥʜʘʭ, ʜʝ 

ʚʽʜʙʫʣʘʩʷ ʚʝʣʠʢʘ ʧʦʚʽʥʴ ʫ 1995 ʨʦʮʽ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʤʦʜʝʣʴ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ï ʧʦʥʘʜ 80% ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʟʘʪʦʧʣʝʥʥʷ 

ʚʽʜʧʦʚʽʜʘʣʦ ʨʝʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʘʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʙʫʣʦ ʪʝ, ʱʦ ʜʘʥʘ ʤʦʜʝʣʴ  ̒

ʥʘʙʘʛʘʪʦ ʧʨʦʩʪʽʰʦʶ, ʥʽʞ ʪʽ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʨʘʥʽʰʝ, ʚʽʜʧʦʚʽʜʥʦ, ʮʝ 

ʟʤʝʥʰʫʚʘʣʦ ʯʘʩ, ʥʝʦʙʭʽʜʥʠʡ ʥʘ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʦʜʥʦʯʘʩ ʟʨʦʙʠʚʰʠ 

ʜʦʩʪʫʧʥʽʰʦʶ ʪʝʭʥʦʣʦʛʽʶ 1-D ʽ 2-D ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʥʠʭ ʧʦʪʦʢʽʚ, ʱʦ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʠʣʦ ʨʦʟʚʠʪʦʢ ʥʝ ʣʠʰʝ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ, ʘʣʝ ʽ ʟʘʛʘʣʦʤ ʨʦʟʚʠʪʦʢ ʛʘʣʫʟʽ 

ʽʥʞʝʥʝʨʥʦ-ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʗʢʱʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʙʽʣʴʰ ʩʫʯʘʩʥʠʡ ʝʪʘʧ, ʫ ʨʦʙʦʪʽ çEmpirical and semi-

analytical models for predicting peak outflows caused by embankment dam failuresè 

[5] 2018 ʨʦʢʫ ɹ. ɺʘʥʛ ʪʘ ʽʥ. ʧʨʦʚʦʜʠʣʠ ʨʦʟʨʦʙʢʫ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʭ 

ʝʤʧʽʨʠʯʥʠʭ ʪʘ ʥʘʧʽʚʘʥʘʣʽʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʧʨʦʛʥʦʟʫ ʧʽʢʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʧʦʪʦʢʫ ʩʘʤʝ ʧʨʠ ʢʘʪʘʩʪʨʦʬʽʯʥʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʮʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦʢʘʟʘʣʦ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ ʩʪʦʨʦʥʠ ʩʫʯʘʩʥʠʭ ʬʦʨʤʫʣ, ʽ ʚʽʜʢʨʠʣʦ ʙʽʣʴʰʝ 

ʤʦʞʣʠʚʦʩʪʝʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʾʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʘʜʘʧʪʘʮʽʶ ʧʽʜ ʨʽʟʥʽ ʚʠʜʠ ʜʘʤʙ.  

ɼ. ɺʝʨʤʘ ʫ ʜʦʩʣʽʜʞʝʥʥʽ çDesign for the prediction of peak outflow of 

embankment damsè [6] 2023 ʨʦʢʫ ʨʦʟʛʣʷʜʘʻ ʽʩʥʫʶʯʽ ʪʘ ʨʦʟʨʦʙʣʷʻ ʚʣʘʩʥʫ ʤʦʜʝʣʴ 

ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʽʢʦʚʦʛʦ ʧʦʪʦʢʫ ʚʥʘʩʣʽʜʦʢ ʧʨʦʨʠʚʫ ʥʘ ʚʦʜʥʦ-

ʽʥʞʝʥʝʨʥʠʭ ʩʧʦʨʫʜʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘ ʜʘʤʙʘʭ. ʋ ʨʝʟʫʣʴʪʘʪʽ, ʦʪʨʠʤʘʥʘ ʤʦʜʝʣʴ 

ʧʦʢʘʟʫʻ ʚʠʩʦʢʫ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʜʘʤʙ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʘʥʘʣʦʛʽʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʨʦʟʨʦʙʣʝʥʠʤʠ ʫ 1998 ʪʘ 2004 ʨʦʢʘʭ. 
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ɼʦʩʣʽʜʞʝʥʥʷ çProbabilistic mapping and sensitivity assessment of dam-break 

flood hazardè [7] ʉ. ʈʽʮʮʦ, ɸ. ʄʘʨʘʥʮʦʥʽ, ʄ. ɼôʆʨʽʘ ʧʨʦʧʦʥʫʻ ʤʝʪʦʜʦʣʦʛʽʶ 

ʧʦʙʫʜʦʚʠ ʡʤʦʚʽʨʥʽʩʥʠʭ ʢʘʨʪ ʧʦʚʝʥʝʡ ʚʥʘʩʣʽʜʦʢ ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʫ 

(ʰʠʨʠʥʘ ʧʨʦʨʠʚʫ, ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʚʦʜʦʩʭʦʚʠʱʽ). ɼʦʜʘʪʢʦʚʦ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʽʟ 

ʯʫʪʣʠʚʦʩʪʽ ʬʦʨʤʫʣ ʨʦʟʨʘʭʫʥʢʫ ʧʽʜ ʚʧʣʠʚʦʤ ʰʠʨʦʢʦʾ ʚʘʨʽʘʮʽʾ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʩʘʤʝ ʪʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʥʘʡʙʽʣʴʰʝ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʽʜʩʫʤʢʦʚʽ ʧʦʢʘʟʥʠʢʠ, ʽ ʪʘʢʦʞ ʪʽ ʜʽʘʧʘʟʦʥʠ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ 

ʯʫʪʣʠʚʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. ʎʷ ʨʦʙʦʪʘ ʷʩʢʨʘʚʦ ʽʣʶʩʪʨʫʻ ʩʫʯʘʩʥʠʡ ʧʨʦʮʝʩ 

ʧʝʨʝʭʦʜʫ ʚʽʜ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʭ ʢʘʨʪ ʜʦ ʢʘʨʪ ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ, ʱʦ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʝ 

ʚʽʜʧʦʚʽʜʘʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘ ʩʴʦʛʦʜʥʽ ʧʽʜʭʦʜʘʤ ʜʦ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ. ɿʘʛʘʣʦʤ, ʫ 

ʜʦʨʦʙʢʫ ʮʴʦʛʦ ʢʦʣʝʢʪʠʚʫ ʘʚʪʦʨʽʚ ʻ ʯʠʤʘʣʦ ʽʥʰʠʭ ʟʤʽʩʪʦʚʥʠʭ ʨʦʙʽʪ, ʧʦʚôʷʟʘʥʠʭ 

ʩʘʤʝ ʟ ʪʝʤʦʶ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ, ʷʢʽ ʨʦʟʛʣʷʜʘʪʠʤʫʪʴʩʷ ʫ ʥʘʩʪʫʧʥʠʭ 

ʨʦʟʜʽʣʘʭ. 

ɺʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʤʝʪʦʜʠʢʠ ʪʘ ʩʫʯʘʩʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʻ ʨʦʙʦʪʘ ʢʦʣʝʢʪʠʚʫ ʜʦʩʣʽʜʥʠʢʽʚ ʥʘ ʯʦʣʽ ʟ ʏ. ʄʦ ʪʘ ʽʥ., 

ʧʽʜ ʥʘʟʚʦʶ çSimulation of one-dimensional dam-break flood routing with HEC-RAS 

ð case studyè [8], ʱʦ ʥʘ ʨʝʘʣʴʥʦʤʫ ʧʨʠʢʣʘʜʽ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʏʝʥʛʙʽ (ʂʠʪʘʡ) 

ʧʦʢʘʟʫʻ ʢʣʶʯʦʚʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʦʜʥʦʚʠʤʽʨʥʦʛʦ (1D) ʤʦʜʝʣʶʚʘʥʥʷ 

ʥʘʧʨʷʤʢʫ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙʠ, ʧʨʦʚʦʜʠʪʴ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ 

ʩʮʝʥʘʨʽʾʚ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ, ʪʘ ʻ ʜʞʝʨʝʣʦʤ 

ʧʨʘʢʪʠʯʥʠʭ ʧʦʨʘʜ ʱʦʜʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ HEC-RAS (ʚʚʝʜʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʪʘ ʬʽʟʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʜʘʤʙʠ, ʾʾ ʧʨʦʨʠʚʫ, ʛʽʜʨʦʛʨʘʬʫ ʨʽʯʢʠ, ʧʦʯʘʪʢʦʚʠʭ ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ). 

ʇʨʦʚʦʜʠʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʜʚʦʚʠʤʽʨʥʠʤ (2D) ʤʦʜʝʣʶʚʘʥʥʷʤ ʘʥʘʣʦʛʽʯʥʠʭ 

ʩʮʝʥʘʨʽʾʚ, ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ ʟ ʤʝʪʦʜʽʚ.  
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ʈʠʩ. 1.2. ɻʽʜʨʦʛʨʘʤʘ ʰʚʠʜʢʦʩʪʽ ʪʝʯʽʾ ʚʦʜʠ ʧʨʠ ʩʠʤʫʣʷʮʽʾ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ, 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 11 ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʦʜʥʦʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ɸʚʪʦʨʠ: ʏ. 

ʄʦ, ʋ. ʐʝʥ ʪʘ ʽʥ. [8] 

ɿʙʽʨʥʠʢ ʩʪʘʪʝʡ çAdvances in Dam-Break Modeling for Flood Hazard 

Mitigationè [9] ʟʘ ʨʝʜʘʢʮʽʻʶ ʌ. ɸʫʨʝʣʽ, ɸ. ʄʘʨʘʥʮʦʥʽ ʪʘ ɻ. ʇʝʪʘʯʯʘ ʻ ʛʘʨʥʠʤ 

ʜʞʝʨʝʣʦʤ, ʱʦ ʧʨʦʚʦʜʠʪʴ ʦʛʣʷʜ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʥʘʩʣʽʜʢʽʚ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʪʘ ʟʦʥ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ, ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʨʦʟʜʽʣʠ, ʧʦʚôʷʟʘʥʽ ʽʟ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ, ʨʽʚʥʷʥʥʷʤʠ ʧʦʪʦʢʫ ʚʦʜʠ, ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷʤ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ, ʘʥʘʣʽʟʦʤ ʽʩʥʫʶʯʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʽʤʦʚʽʨʥʠʭ ʽʥʮʠʜʝʥʪʽʚ, ʧʨʦʚʦʜʠʪʴʩʷ 

ʨʦʟʛʣʷʜ ʚʧʣʠʚʫ ʟʘʪʦʧʣʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʞʠʪʣʦʚʦʾ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. 
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1.2. ɺʽʪʯʠʟʥʷʥʠʡ ʜʦʩʚʽʜ ʚʠʚʯʝʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʚʦʜʦʩʭʦʚʠʱ 

 

ʗʢ ʤʦʞʝʤʦ ʙʘʯʠʪʠ, ʧʠʪʘʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʧʨʦʜʦʚʞʫʻ ʤʘʪʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʘʢʪʫʘʣʴʥʦʩʪʽ ʫ ʟʘʨʫʙʽʞʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʧʨʦʪʝ ʫ ʚʽʪʯʠʟʥʷʥʽʡ ʧʨʘʢʪʠʮʽ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʦʥʦ ʪʽʣʴʢʠ ʧʦʯʠʥʘʻ 

ʚʠʩʚʽʪʣʶʚʘʪʠʩʷ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʩʧʨʠʯʠʥʝʥʦ ʤʘʩʰʪʘʙʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ, ʱʦ ʩʪʠʤʫʣʶʚʘʣʦ ʩʘʤʝ ʚʽʪʯʠʟʥʷʥʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʝ ʣʠʰʝ ʥʘ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘʢʠʭ ʥʘʩʣʽʜʢʽʚ, ʘʣʝ ʽ 

ʨʦʟʛʣʷʜ ʽʤʦʚʽʨʥʠʭ ʩʮʝʥʘʨʽʾʚ ʫ ʚʠʧʘʜʢʫ ʩʭʦʞʠʭ ʢʘʪʘʩʪʨʦʬ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ɿʦʢʨʝʤʘ, ʤʦʥʦʛʨʘʬʽʷ çɺʧʣʠʚ ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ  ʥʘ ʩʪʘʥ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʋʢʨʘʾʥʠè [10] ʘʚʪʦʨʩʪʚʘ ɺ.ʇ. ʉʪʨʦʢʘʣʴ ʪʘ ʽʥ. ʜʫʞʝ ʰʠʨʦʢʦ ʦʧʠʩʫʻ ʭʽʜ ʧʦʜʽʡ, 

ʟʘʬʽʢʩʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʟʤʽʥʠ ʨʽʚʥʷ ʚʦʜʠ, ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʙʫʣʘ 

ʟʘʪʦʧʣʝʥʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʪʘʣʴʥʘ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʢʘʪʘʩʪʨʦʬʠ, ʟʦʢʨʝʤʘ ʜʣʷ 

ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʚʦʜʠ, ʙʽʦʣʦʛʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʝʨʠʪʦʨʽʡ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʟʚʝʨʪʘʻʪʴʩʷ ʫʚʘʛʘ ʥʘ ʧʦʪʝʥʮʽʡʥʝ ʟʘʛʦʩʪʨʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʛʫʤʘʥʽʪʘʨʥʠʭ 

ʧʨʦʙʣʝʤ. ʊʘʢʦʞ ʮʷ ʨʦʙʦʪʘ ʤʽʩʪʠʪʴ ʚʝʣʠʢʠʡ ʦʙʩʷʛ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ 

ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʛʘʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʚʽʟʫʘʣʽʟʘʮʽʾ ʟʦʥ ʨʠʟʠʢʫ. ʆʢʨʽʤ ʂʘʭʦʚʩʴʢʦʾ 

ɻɽʉ, ʤʦʥʦʛʨʘʬʽʷ ʤʽʩʪʠʪʴ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ 

ʆʩʢʽʣʴʩʴʢʦʛʦ ʪʘ ʇʝʯʝʥʽʟʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʱʦ ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʧʦʜʽʙʥʽ 

ʢʘʪʘʩʪʨʦʬʠ ʩʘʤʝ ʚ ʤʝʞʘʭ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʈʦʙʦʪʘ çɿʘʪʦʧʣʝʥʥʷ ʪʘ 

ʧʽʜʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ: ʨʠʟʠʢʠ ʜʣʷ ʚʦʜʥʦʾ ʪʘ ʧʨʦʜʦʚʦʣʴʯʦʾ ʙʝʟʧʝʢʠ 

ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷè [11] ʘʚʪʦʨʽʚ ʉʪʨʦʢʘʣʴ ɺ.ʇ., ʐʝʚʯʫʢ ʉ.ɸ. ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ 

ʨʦʟʢʨʠʚʘʻ ʪʝʤʫ ʥʘʩʣʽʜʢʽʚ ʩʘʤʝ ʚʽʜ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʚʦʜʦʩʭʦʚʠʱʘ.  
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ʈʠʩ. 1.3. ʈʽʚʝʥʴ ʚʦʜʠ ʫ ʂʘʭʦʚʩʴʢʦʤʫ ʚʦʜʦʩʭʦʚʠʱʽ ʥʘ ʧʦʟʥʘʯʮʽ ʫ ʩʪʚʦʨʽ  

ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʧʦʩʪʘ çʂʘʭʦʚʢʘè, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʧʘʜʫ ʨʽʚʥʷ 

ʚʦʜʠ. ɸʚʪʦʨʠ: ʉʪʨʦʢʘʣʴ. ɺ.ʇ., ʐʝʚʯʫʢ ʉ.ɸ. [10] 

 ʑʝ ʦʜʥʘ ʚʘʞʣʠʚʘ ʨʦʙʦʪʘ ʚʽʜ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʨʽʚ, ʮʝ ʩʪʘʪʪʷ çDestruction of 

the Kakhovskaya hydroelectric power plant: the second aspect of the ecological 

catastropheè [12] ʘʚʪʦʨʩʪʚʘ ɺ. ʉʪʘʨʦʜʫʙʮʝʚʘ ʪʘ ʄ. ʃʘʜʠʢʠ. ɺ ʥʽʡ ʤʦʚʘ ʪʘʢʦʞ ʽʜʝ 

ʧʨʦ ʨʫʡʥʫʚʘʥʥʷ ʛʨʝʙʣʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ, ʥʘʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʡ 

ʘʥʘʣʽʟ, ʧʦʨʽʚʥʷʥʥʷ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙʠ ɼʥʽʧʨʦʚʩʴʢʦʾ ɻɽʉ ʯʘʩʽʚ ɼʨʫʛʦʾ 

ʉʚʽʪʦʚʦʾ ʚʽʡʥʠ, ʧʦʨʽʚʥʷʥʥʷ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʢʘʪʘʩʪʨʦʬʠ, ʦʮʽʥʢʘ 

ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘ ʧʝʨʩʧʝʢʪʠʚ ʚʽʜʥʦʚʣʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ.  

ʈʦʙʦʪʘ ʢʦʣʝʢʪʠʚʫ ʘʚʪʦʨʽʚ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʆ. ʐʫʤʽʣʦʚʦʾ çImpact of the 

RussiaïUkraine armed conflict on water resources and water infrastructureè [13] 

ʟʚʝʨʪʘʻ ʫʚʘʛʫ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʩʘʤʝ ʥʘ ʚʧʣʠʚ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ, ʦʮʽʥʶʻ ʥʘʩʣʽʜʢʠ ʨʫʡʥʫʚʘʥʴ, ʪʘ ʧʨʦʧʦʥʫʻ ʨʷʜ ʟʘʭʦʜʽʚ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʽʜ ʧʦʜʽʙʥʠʭ ʽʥʮʠʜʝʥʪʽʚ. ɼʘʻʪʴʩʷ ʦʛʣʷʜ ʥʝ ʣʠʰʝ 

ʜʣʷ ʚʠʧʘʜʢʫ ʽʟ ʂʘʭʦʚʩʴʢʦʶ ɻɽʉ, ʘʣʝ ʽ ʥʘ ʽʥʰʽ ʽʥʮʠʜʝʥʪʠ, ʱʦ ʪʨʘʧʣʷʣʠʩʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʥʘʩʣʽʜʦʢ ʨʦʩʽʡʩʴʢʦʛʦ ʚʪʦʨʛʥʝʥʥʷ. 

ʑʦʜʦ ʨʦʙʽʪ, ʷʢʽ ʧʨʷʤʦ ʧʦʚôʷʟʘʥʽ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʦʥ ʨʠʟʠʢʫ, ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʜʦʩʪʫʧʽ ʻ ʜʫʞʝ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʜʞʝʨʝʣ, ʱʦ ʨʦʟʢʨʠʚʘʶʪʴ ʧʠʪʘʥʥʷ ʩʘʤʝ ʚ ʢʦʥʪʝʢʩʪʽ 

ʋʢʨʘʾʥʠ, ʘ ʧʦʜʽʙʥʠʭ ʨʦʙʽʪ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʧʦʢʠ ʚʽʜʩʪʝʞʠʪʠ ʥʝ ʚʜʘʣʦʩʷ. 
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ʊʠʤ ʥʝ ʤʝʥʰ, ʥʘʚʽʪʴ ʦʙʤʝʞʝʥʽ ʜʞʝʨʝʣʘ ʜʘʶʪʴ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʢʦʤʧʣʝʢʩʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ 

ʚʦʜʦʩʭʦʚʠʱʘ. ʊʘʢ, ɹ. ɸʛʝʨʙʽʢ, ʄ. ʂʥʝʧʬʣʝ, ʌ. ɺʽʪʩʝʥʙʫʨʛ ʪʘ ʉ. ʁʦʥʢʤʘʥ ʫ 

ʜʦʩʣʽʜʞʝʥʥʽ çNear Real-time Flood Risk Modelling in Response to Increasing 

Uncertainties in Flood Predictionsè [14] ʧʨʦʚʦʜʷʪʴ ʜʝʪʘʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʩʦʪʠ 

ʧʦʚʝʥʽ, ʪʘ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʭʦʜʞʝʥʥʷ ʧʨʠʧʣʠʚʥʦʾ ʭʚʠʣʽ, ʽ 

ʧʦʨʽʚʥʶʶʪʴ ʮʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʨʝʘʣʴʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʾ 

ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʣʘʪʬʦʨʤʘ Tygron, ʘ ʫ ʷʢʦʩʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣ̔ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʉʘʥ-ɺʝʥʘʥʘ ʜʣʷ ʜʚʦʚʠʤʽʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʪʘ ʚʠʩʦʪʠ ʧʦʚʝʥʽ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʮʝ ʥʘʡʙʽʣʴʰ ʧʦʚʥʘ ʽ ʪʦʯʥʘ ʨʦʙʦʪʘ, 

ʧʦʚôʷʟʘʥʘ ʽʟ ʪʝʤʦʶ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɯʥʰʘ ʨʦʙʦʪʘ, ʧʦʚôʷʟʘʥʘ ʟ ʪʝʤʦʶ ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʂʘʭʦʚʩʴʢʽʡ ɻɽʉ, ʥʘʣʝʞʠʪʴ 

ʘʚʪʦʨʘʤ ʇ. ʂʘʜʘʤ, ʇ. ʊʭʘʢʫʨ, ʉ. ɼʚʽʚʝʜʽ, ɺ. ɻʘʨʛ ʪʘ ʇ. ɼʭʦʪ çDam Breach Analysis 

and Damage Assessment of Nova Kakhovka Dam using Satellite data and 1D and 2D 

Hydrodynamic Modelingè [15]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ HEC-RAS, ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, 

ʧʨʠ ʮʴʦʤʫ ʩʪʚʦʨʶʻʪʴʩʷ ʢʽʣʴʢʘ ʢʦʤʧôʶʪʝʨʥʠʭ ʤʦʜʝʣʝʡ, ʟʘʣʝʞʥʦ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʨʠʚʫ ʜʘʤʙʠ, ʱʦʙ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ, ʥʘʩʢʽʣʴʢʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʩʣʽʜʢʠ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʨʦʟʤʽʨʫ ʧʨʦʨʠʚʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʦʮʽʥʶʶʪʴʩʷ ʨʝʘʣʴʥʽ ʥʘʩʣʽʜʢʠ 

ʟʘʪʦʧʣʝʥʥʷ, ʽ ʪʘʢ ʩʘʤʦ ʡʜʝ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʝʡ ʟ ʨʝʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ 

ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ. 

ʎʽʢʘʚʘ ʨʦʙʦʪʘ ʚʽʜ ʚʽʪʯʠʟʥʷʥʠʭ ʘʚʪʦʨʽʚ ʄ.ʄ. ɹʽʣʷʻʚ ʪʘ ɺ.ɺ. ʂʦʟʘʯʠʥʘ ï 

çʄʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʪʘ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷè [16], ʷʢʘ ʭʦʯ ʽ ʥʝ 

ʩʪʦʩʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ, ʧʨʦʪʝ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ 

ʨʦʟʫʤʽʥʥʷ ʥʘʩʣʽʜʢʽʚ, ʩʧʨʠʯʠʥʝʥʠʭ ʟʘʪʦʧʣʝʥʥʷʤ, ʟʦʢʨʝʤʘ, ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʤʽʥʘ 

ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʽ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʝʬʝʢʪʫ ʫ ʨʷʜʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʦʥ 

ʨʠʟʠʢʫ ʧʨʠ ʟʘʪʦʧʣʝʥʥʽ ʪʝʨʠʪʦʨʽʡ. 
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ʇʽʜʩʫʤʦʚʫʶʯʠ, ʙʘʯʠʤʦ, ʱʦ ʪʝʤʘ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʥʘʙʫʣʘ ʟʥʘʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʫ ʩʚʽʪʦʚʽʡ ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʪʽ, ʦʙôʻʜʥʫʶʯʠ ʤʽʞ ʩʦʙʦʶ ʩʧʝʮʽʘʣʽʩʪʽʚ ʫ 

ʩʬʝʨʽ ʛʽʜʨʦʣʦʛʽʾ, ʽʥʞʝʥʝʨʽʾ, ʢʘʨʪʦʛʨʘʬʽʾ, ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, 

ʢʦʤʧôʶʪʝʨʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʽ ʩʪʘʚʠʪʴ ʧʝʨʝʜ ʩʦʙʦʶ ʙʘʛʘʪʦ ʟʘʜʘʯ, ʧʦʚôʷʟʘʥʠʭ ʽʟ 

ʧʦʧʝʨʝʜʞʝʥʥʷʤ ʪʘ ʟʤʝʥʰʝʥʥʷʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʛʦʩʧʦʜʘʨʩʴʢʫ ʪʘ 

ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʢʘʪʘʩʪʨʦʬ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙ. ɺ ʋʢʨʘʾʥʽ ʩʬʝʨʘ 

ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʧʨʦʜʦʚʞʫʻ ʨʦʟʚʠʚʘʪʠʩʷ, ʽ ʤʘʻ ʧʽʜ ʩʦʙʦʶ ʜʦʚʦʣʽ ʟʥʘʯʥʝ 

ʧʽʜˇʨʫʥʪʷ ʟʘʚʜʷʢʠ ʨʷʜʫ ʚʘʞʣʠʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʙʽʪ, ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʚʜʷʢʠ 

ʩʧʽʚʧʨʘʮʽ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʽʟ ʤʽʞʥʘʨʦʜʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ. ʌʘʢʪʠʯʥʦ, ʚ 

ʋʢʨʘʾʥʽ ʻ ʚʝʣʠʢʠʡ ʧʨʦʩʪʽʨ ʜʣʷ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʩʘʤʝ ʫ ʮʽʡ ʩʬʝʨʽ, ʯʠʤ 

ʘʢʪʠʚʥʦ ʢʦʨʠʩʪʫʶʪʴʩʷ ʷʢ ʚʽʪʯʠʟʥʷʥʽ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʽ ʩʧʝʮʽʘʣʽʩʪʠ. 
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ʈʆɿɼɯʃ 2. ɼʆʉɺɯɼ ʉʊɺʆʈɽʅʅʗ ʂɸʈʊʆɻʈɸʌɯʏʅʀʁ ʄʆɼɽʃɽʁ ɿʆʅ 

ʈʀɿʀʂʋ 

 

2.1. ʄʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʫ ʩʚʽʪʦʚʽʡ ʢʘʨʪʦʛʨʘʬʽʯʥʽʡ ʧʨʘʢʪʠʮʽ 

 

ʋʢʣʘʜʘʥʥʷ ʢʘʨʪ ʟʦʥ ʨʠʟʠʢʫ ʫ ʚʠʧʘʜʢʫ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʻ ʚʘʞʣʠʚʠʤ ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥ ʪʘ ʦʮʽʥʢʠ ʨʝʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ ʢʘʪʘʩʪʨʦʬʠ, ʚ ʧʝʨʰʫ 

ʯʝʨʛʫ ʜʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʟʘʭʦʜʽʚ, ʘ ʪʘʢʦʞ ʜʣʷ ʽʥʬʦʨʤʫʚʘʥʥʷ 

ʥʘʩʝʣʝʥʥʷ, ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʛʦ ʪʘ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ. 

ʈʦʟʚʠʪʦʢ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʪʘʢʦʞ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʦʜʠʥ ʽʟ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʞʝʨʪʚ ʧʽʜ ʯʘʩ ʪʘʢʠʭ ʽʥʮʠʜʝʥʪʽʚ ʪʘ 

ʜʦʟʚʦʣʷʻ ʤʽʥʽʤʽʟʫʚʘʪʠ ʟʙʠʪʢʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʝʢʦʥʦʤʽʢʠ.  

ʋ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʜʞʝʨʝʣ ʜʣʷ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʫ 

ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʽ ʟʦʥ ʨʠʟʠʢʫ. ʇʝʨʰʝ ï ʮʝ  ʩʫʯʘʩʥʠʡ ʧʦʩʽʙʥʠʢ çInundation Mapping 

of Flood Risks Associated with Dam Incidents and Failuresè ʘʙʦ FEMA P-946 [17], 

ʨʦʟʨʦʙʣʝʥʠʡ ʬʝʜʝʨʘʣʴʥʦʶ ʢʦʤʽʩʽʻʶ ʟ ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʝʪʠʢʦʶ ʉʐɸ. ʋ ʥʴʦʤʫ 

ʧʨʠʩʫʪʥʽ ʰʘʙʣʦʥʠ ʢʘʨʪ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʾʭ ʦʬʦʨʤʣʝʥʥʷ. ʎʝʡ ʜʦʢʫʤʝʥʪ ʻ 

ʦʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʦʨʽʻʥʪʠʨʽʚ ʫ ʤʽʞʥʘʨʦʜʥʽʡ ʽʥʞʝʥʝʨʥʦ-ʢʘʨʪʦʛʨʘʬʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. 

ɼʨʫʛʝ ʜʞʝʨʝʣʦ ï ʮʝ ʪʝʭʥʽʯʥʽ ʟʚʽʪʠ USBR (ɹʶʨʦ ʨʝʢʣʘʤʘʮʽʾ ʉʐɸ), ʟʦʢʨʝʤʘ ʟʚʽʪ 

çPrediction of Embankment Dam Breach Parameters. A Literature Review and Needs 

Assessment. Dam Safety Research Report. DSO-98-004è [18] ʘʚʪʦʨʩʪʚʘ ʊ. ɺʦʣ. ɺʽʥ, 

ʨʘʟʦʤ ʟ ʢʽʣʴʢʦʤʘ ʽʥʰʠʤʠ ʟʚʽʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ, PAP-1018) ʧʨʦʚʦʜʷʪʴ ʦʛʣʷʜ ʤʝʪʦʜʽʚ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʫ, ʪʘ ʤʽʩʪʷʪʴ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʨʠʚʫ ʜʘʤʙʠ (ʚʢʣʶʯʥʦ ʟ ʚʠʙʦʨʦʤ ʬʦʨʤʫʣʠ ʧʨʦʨʠʚʫ ʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʤʦʜʝʣʽ). ʊʨʝʪʽʤ ʜʞʝʨʝʣʦʤ ʻ ʪʝʭʥʽʯʥʽ ʙʶʣʝʪʝʥʽ, ʨʦʟʨʦʙʣʝʥʽ 

ʄʽʞʥʘʨʦʜʥʦʶ ʢʦʤʽʩʽʻʶ ʧʦ ʚʝʣʠʢʠʭ ʜʘʤʙʘʭ (ICOLD) [19], ʱʦ ʥʘʜʘʶʪʴ ʨʷʜ 

ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ, ʦʙʤʝʞʝʥʴ ʽ ʧʦʪʨʝʙ ʫ ʜʝʪʘʣʽʟʘʮʽʾ 

ʤʦʜʝʣʶʚʘʥʴ ʜʣʷ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ ʜʘʤʙ.  
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ʈʽʟʥʽ ʩʧʝʮʽʘʣʽʩʪʠ ʪʘ ʨʽʟʥʽ ʫʩʪʘʥʦʚʠ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʜʣʷ ʫʢʣʘʜʘʥʥʷ ʢʘʨʪ ʟʦʥ ʨʠʟʠʢʫ, ʧʨʦʪʝ ʽʩʥʫʻ ʟʘʛʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʤʝʪʦʜʦʣʦʛʽʾ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʱʦ ʦʧʠʩʘʥʠʡ ʫ ʊʘʙʣʠʮʽ 2.1.1. 

ʊʘʙʣʠʮʷ 2.1.1.  

ʄʝʪʦʜʦʣʦʛʽʷ ʫʢʣʘʜʘʥʥʷ ʢʘʨʪ ʟʘʪʦʧʣʝʥʥʷ 

ˉ ʧ.ʧ. ʅʘʟʚʘ ʝʪʘʧʫ ʄʝʪʦʜʠ 

1 ʆʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʫ ɽʤʧʽʨʠʯʥʽ ʬʦʨʤʫʣʠ: MacDonald, 

Costa, Froehlich; USBR/USACE 

2 ʉʪʚʦʨʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʛʨʘʬʽʢʫ 

ʧʨʦʨʠʚʫ (ʛʽʜʨʦʛʨʘʤʘ) 

Microsoft Excel ʘʙʦ ʘʥʘʣʦʛʽʯʥʝ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

3 ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

(1D/2D/3D)  

ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: HEC-

RAS, MIKE 21/MIKE Flood, 

Delft3D/TELEMAC, Flow 3D 4 ʇʝʨʝʪʚʦʨʝʥʥʷ ʤʦʜʝʣʝʡ ʫ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʰʘʨʠ 

5 ʇʦʨ̔ʚʥʷʥʥʷ ʪʘ ʢʦʨʝʢʮʽʷ ʟʘ 

ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ, 

ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

ɻʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ: ArcGIS, 

QGIS; ʽʥʩʪʨʫʤʝʥʪʠ HEC-GeoRAS, 

RAS Mapper 

6 ʆʬʦʨʤʣʝʥʥʷ ʛʦʪʦʚʠʭ ʢʘʨʪ 

ʅʘ ʩʴʦʛʦʜʥʽ ʫ ʩʚʽʪʦʚʽʡ ʧʨʘʢʪʠʮʽ ʚʠʜʽʣʷʶʪʴ ʪʘʢʽ ʥʘʡʧʦʰʠʨʝʥʽʰʽ ʚʠʜʠ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʟʦʥ ʨʠʟʠʢʫ: 

1. ʉʪʘʪʠʯʥʽ ʢʘʨʪʠ ʟʘʪʦʧʣʝʥʥʷ (single-scenario extent) ï ʥʘʡʧʦʰʠʨʝʥʽʰʽ 

ʥʘ ʩʴʦʛʦʜʥʽ, ʧʦʢʘʟʫʶʪʴ ʧʨʦʩʪʦʨʦʚʝ ʦʭʦʧʣʝʥʥʷ ʚ ʫʤʦʚʘʭ ʟʘʜʘʥʦʛʦ ʩʮʝʥʘʨʽʶ (ʧʦʚʥʝ 

ʨʫʡʥʫʚʘʥʥʷ / ʧʝʨʝʧʦʚʥʝʥʥʷ). ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʜʣʷ 

ʽʥʬʦʨʤʫʚʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ ʽ ʩʪʚʦʨʝʥʥʷ ʧʣʘʥʽʚ ʝʚʘʢʫʘʮʽʾ.  

2. ɻʣʠʙʠʥʥʽ ʢʘʨʪʠ (depth grids / depth polygons) ï ʧʦʪʨʽʙʥʽ ʜʣʷ ʦʮʽʥʢʠ 

ʧʦʰʢʦʜʞʝʥʴ ʙʫʜʽʚʝʣʴ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʟʘʛʨʦʟʠ ʞʠʪʪʶ 

ʥʘʩʝʣʝʥʥ,̫ ʯʘʩʪʦ ʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ 

ʝʚʘʢʫʘʮʽʾ ʥʘʩʝʣʝʥʥʷ ʽʟ ʟʦʥ ʨʠʟʠʢʫ.  
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3. ʂʘʨʪʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʯʘʩ ʧʨʠʙʫʪʪʷ ʧʦʚʝʥʽ (arrival time) ʪʘ ʾʾ 

ʰʚʠʜʢʽʩʪʴ (velocity) ï ʢʨʠʪʠʯʥʽ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʚʘʢʫʘʮʽʾ, ʯʘʩʪʦ ʚʭʦʜʷʪʴ ʫ ʟʚʽʪʠ ʌʝʜʝʨʘʣʴʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʉʐɸ ʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʽʥʩʪʠʪʫʮʽʡ ʽʥʰʠʭ ʢʨʘʾʥ.  

4. ʁʤʦʚʽʨʥʽʩʥʽ ʢʘʨʪʠ (probabilistic inundation maps) ï ʧʦʢʘʟʫʶʪʴ 

ʽʤʦʚʽʨʥʽʩʪʴ ʟʘʪʦʧʣʝʥʥʷ  ʪʝʨʠʪʦʨʽʾ ʧʨʠ ʚʘʨʽʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʫ, ʚʦʥʠ ʚʘʞʣʠʚʽ 

ʜʣʷ ʧʝʨʝʜʙʘʯʝʥʥʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʮʝʥʘʨʽʾʚ, ʙʘʣʘʥʩʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʝʡ ʪʘ 

ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʴ. ʗʢ ʧʨʘʚʠʣʦ ʪʘʢʽ ʢʘʨʪʠ ʧʦʰʠʨʝʥʽ ʚ ʥʘʫʢʦʚʠʭ ʩʪʘʪʪʷʭ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷʭ, ʽ ʨʽʜʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʧʫʙʣʽʯʥʽʡ ʩʬʝʨʽ. 

ɼʘʣʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʨʽʟʥʽ ʚʠʜʠ ʢʘʨʪ, ʱʦ ʧʦʢʘʟʫʶʪʴ ʟʦʥʠ ʨʠʟʠʢʫ 

ʚʥʘʩʣʽʜʦʢ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʽʜʪʦʧʣʝʥʥʷ, ʱʦ  ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʩʚʽʪʦʚʽʡ 

ʢʘʨʪʦʛʨʘʬʽʯʥʽʡ ʧʨʘʢʪʠʮʽ, ʟʦʢʨʝʤʘ ʫ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʷʭ, ʟʚʽʪʘʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʚʝʙ-ʨʝʩʫʨʩʘʭ ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʪʘ ʝʢʩʪʨʝʥʠʭ ʩʣʫʞʙ. 

 

ʈʠʩ. 2.1.1. ʂʘʨʪʘ çLeroy Anderson Dam Flood Inundation Sheet 5è ̔ ʟ ʩʝʨʽʾ ʢʘʨʪ 

çAnderson Dam (Valley Water, California) ï Inundation mapsè [20] 
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ʈʠʩ. 2.1.2. ʂʘʨʪʘ çLeroy Anderson Dam Flood Inundation Sheet 12è ʽʟ ʩʝʨʽʾ 

ʢʘʨʪ çAnderson Dam (Valley Water, California) ï Inundation mapsè 2016 [20] 

ʉʝʨʽʷ ʢʘʨʪ çAnderson Dam (Valley Water, California) ï Inundation mapsè, 

ʨʦʟʨʦʙʣʝʥʘ ʫ 2016 ʨʦʮʽ ʘʛʝʥʩʪʚʦʤ Valley Water (ʈʠʩ. 2.1.1., 2.1.2.) ʧʦʢʘʟʫʻ 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʟʦʥʽ ʨʠʟʠʢʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙʠ ʃʝʨʦʷ ɸʥʜʝʨʩʦʥʘ 

ʚʟʜʦʚʞ ʨʽʯʢʠ ʂʦʡʦʪ-ʂʨʽʢ. ʎʝ ʷʩʢʨʘʚʠʡ ʧʨʠʢʣʘʜ ʩʠʪʫʘʮʽʡʥʦʾ ʢʘʨʪʠ ʧʦʚʝʥʽ. ʅʘ ʥʽʡ 

ʧʦʢʘʟʘʥʦ ʪʝʨʠʪʦʨʽʾ ʽʤʦʚʽʨʥʦʛʦ ʟʘʪʦʧʣʝʥʥʷ ʟʘ ʜʚʦʭ ʩʮʝʥʘʨʽʾʚ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʱʦ ʻ ʤʦʞʣʠʚʠʤ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʽʟʥʦʢʦʣʴʦʨʦʚʦʛʦ 

ʰʪʨʠʭʫʚʘʥʥʷ ʜʣʷ ʧʦʟʥʘʯʝʥʥʷ ʧʣʦʱʠʥ. ɼʦʜʘʪʢʦʚʦ ʣʽʥʽʡʥʠʤʠ ʟʥʘʢʘʤʠ ʧʦʢʘʟʘʥʦ 

ʚʫʣʠʮʽ ʚ ʤʝʞʘʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʪʦʧʣʝʥʽ ʽ ʥʝʜʦʩʪʫʧʥʽ ʜʣʷ 

ʧʝʨʝʩʫʚʘʥʥʷ. ʆʢʨʝʤʦ ʧʦʟʥʘʯʝʥʽ ʰʢʦʣʠ, ʣʽʢʘʨʥʽ ʪʘ ʧʦʞʝʞʥʽ ʯʘʩʪʠʥʠ, ʱʦ ʻ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʧʨʦʢʣʘʜʘʥʥʷ ʤʘʨʰʨʫʪʽʚ ʝʚʘʢʫʘʮʽʾ ʪʘ ʽʥʰʠʭ ʙʝʟʧʝʢʦʚʠʭ ʟʘʭʦʜʽʚ ʜʣʷ 

ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ. 
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ʈʠʩ. 2.1.3. ɿʘʛʘʣʴʥʘ ʦʛʣʷʜʦʚʘ ʢʘʨʪʘ ʽʥʫʥʜʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ 

ʂʦʤʘʥʯʽ çCamanche main dam breachè [21] 

 

ʈʠʩ. 2.1.4. ʂʘʨʪʘ çCamanche main dam breach Sheet 1è. California DSOD [21] 
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ʏʘʩʪʦ ʢʘʨʪʠ ʧʦʻʜʥʫʶʪʴ ʫ ʩʦʙʽ ʢʽʣʴʢʘ ʚʠʜʽʚ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʧʦʩʦʙʽʚ 

ʟʦʙʨʘʞʝʥʥʷ, ʷʢʽ ʨʦʙʣʷʪʴ ʾʭ ʧʨʠʥʘʣʝʞʥʠʤʠ ʦʜʨʘʟʫ ʜʦ ʢʽʣʴʢʦʭ ʚʠʜʽʚ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʟʛʘʜʘʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʨʦʟʜʽʣʫ. ʊʘʢ, ʩʝʨʽʷ ʢʘʨʪ 

çCamanche main dam breachè, ʨʦʟʨʦʙʣʝʥʘ ɼʝʧʘʨʪʘʤʝʥʪʦʤ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

ʂʘʣʽʬʦʨʥʽʾ (ʈʠʩ. 2.1.3., 2.1.4.), ʧʦʢʘʟʫʻ ʽ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʩʦʪʫ ʧʦʚʝʥʽ (ʤʝʪʦʜ 

ʢʽʣʴʢʽʩʥʦʛʦ ʬʦʥʫ), ʽ ʯʘʩ ʧʨʠʙʫʪʪʷ ʧʦʚʝʥʽ (ʤʝʪʦʜ ʽʟʦʣʽʥʽʡ), ʽ ʥʘʜʘʻ ʜʫʞʝ ʜʝʪʘʣʴʥʝ 

ʫʷʚʣʝʥʥʷ ʧʨʦ ʨʝʘʣʴʥʽ ʟʘʛʨʦʟʠ ʫ ʚʠʧʘʜʢʫ ʢʘʪʘʩʪʨʦʬʠ, ʽ ʯʘʩ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʠʤ ʥʘ 

ʨʝʘʛʫʚʘʥʥʷ ʤʽʩʮʝʚʠʭ ʩʣʫʞʙ ʟ ʮʠʚʽʣʴʥʦʾ ʙʝʟʧʝʢʠ. ʎʷ ʩʝʨʽʷ ʢʘʨʪ ʻ ʦʜʥʽʻʶ ʽʟ 

ʙʘʛʘʪʴʦʭ, ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʚʝʙ-ʨʝʩʫʨʩʽ ɼʝʧʘʨʪʘʤʝʥʪʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʂʘʣʽʬʦʨʥʽʾ, 

ʱʦ ʻ ʛʘʨʥʠʤ ʧʨʠʢʣʘʜʦʤ ʤʦʞʣʠʚʦʩʪʝʡ ʚʟʘʻʤʦʜʽʾ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ ʚʣʘʜʠ ʽʟ 

ʥʘʩʝʣʝʥʥʷʤ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʨʝʩʫʨʩ ʻ ʜʦʩʪʫʧʥʠʤ ʘʙʩʦʣʶʪʥʦ ʜʣʷ ʫʩʽʭ. ɺʦʜʥʦʯʘʩ, 

ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʘʪʝʨʽʘʣʠ ʤʦʞʥʘ ʟʘʚʘʥʪʘʞʠʪʠ ʫ ʬʦʨʤʘʪʽ, ʧʨʠʜʘʪʥʦʤʫ ʜʣʷ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʜʘʛʫʚʘʥʥʷ ʫ ɻɯʉ, ʱʦ ʨʦʙʠʪʴ ʜʘʥʠʡ ʨʝʩʫʨʩ ʛʘʨʥʠʤ ʜʞʝʨʝʣʦʤ 

ʽʥʬʦʨʤʘʮʽʾ ʽ ʜʣʷ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ.  

ɯʟ ʜʦʩʚʽʜʫ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʜʦʩʣʽʜʥʠʢʘʤʠ, ʟʥʘʯʥʠʡ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʜʦʨʦʙʦʢ ʧʨʠʩʫʪʥʽʡ ʫ ʨʦʙʦʪʘʭ ɸ. ʄʘʨʘʥʮʦʥʽ, ʂ. ʈʽʮʮʦ ʪʘ ʄ. 

ɼôʆʨʽʘ, ʧʨʠʩʚʷʯʝʥʠʭ ʤʦʜʝʣʶʚʘʥʥʶ ʟʦʥ ʨʠʟʠʢʫ ʚ ʤʝʞʘʭ ɯʪʘʣʽʾ, ʥʘ ʧʨʠʢʣʘʜʽ ʜʘʤʙʠ 

ʚʦʜʦʩʭʦʚʠʱʘ ʄʽʥʴʷʥʦ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʥʘ ʨʽʯʮʽ ɸʨʜʘ ʫ ɸʧʧʝʥʽʥʘʭ. ʋ ʜʦʩʣʽʜʞʝʥʥʽ 

çProbabilistic mapping and sensitivity assessment of dam-break flood hazardè 

ʤʘʪʝʤʘʪʠʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦʧʦʚʥʝʥʽ ʛʘʨʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʡʤʦʚʽʨʥʽʩʥʠʭ ʢʘʨʪ ʱʦ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʚʝʥʽ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ (ʈʠʩ. 2.1.5., ʘ, 

çProbabilistic inundation extent mapè), ʘ ʪʘʢʦʞ ʨʘʡʦʥʠ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʽ, 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ (ʈʠʩ. 2.1.5., b, çFlooded areas for the reference 

scenario (S1,0)è).  
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ʈʠʩ. 2.1.5. ʁʤʦʚʽʨʥʽʩʥʘ ʢʘʨʪʘ çProbabilistic inundation extent mapè (ʣʽʚʦʨʫʯ) 

ʪʘ ʩʪʘʪʠʯʥʘ ʢʘʨʪʘ ʧʦʚʝʥʽ çFlooded areas for the reference scenario (S1,0)è 

(ʧʨʘʚʦʨʫʯ) ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ çProbabilistic mapping and sensitivity assessment of dam-

break flood hazardè. ɸʚʪʦʨʠ: ʂ. ʈʽʮʮʦ, ɸ. ʄʘʨʘʥʮʦʥʽ, ʄ. ɼôʆʨʽʘ [7] 

ʉʮʝʥʘʨʽʾ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨʽʚ ʟʨʫʡʥʦʚʘʥʦʾ 

ʯʘʩʪʠʥʠ, ʧʦʪʦʯʥʦʛʦ ʨʽʚʥʷ ʚʦʜʠ ʫ ʚʦʜʦʩʭʦʚʠʱʽ, ʚʧʣʠʚʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, 

ʰʚʠʜʢʦʩʪʽ ʨʝʘʢʮʽʾ ʝʢʩʪʨʝʥʠʭ ʩʣʫʞʙ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʤʦʥʪʫ 

ʧʦʰʢʦʜʞʝʥʥʷ, ʪʦʞ ʜʘʶʪʴ ʟʤʦʛʫ ʥʝ ʪʽʣʴʢʠ ʚʠʟʥʘʯʠʪʠ ʟʦʥʠ ʨʠʟʠʢʫ ʽ ʥʘʩʣʽʜʢʠ 

ʨʫʡʥʫʚʘʥʥʷ, ʘʣʝ ʽ ʧʦʨʽʚʥʷʪʠ ʾʭ ʤʽʞ ʩʦʙʦʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙʩʪʘʚʠʥ. 
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ʈʠʩ. 2.1.6. ʁʤʦʚʽʨʥʽʩʥʘ ʢʘʨʪʘ çProbability-weighted average of flood hazard 

index HRè  (ʣʽʚʦʨʫʯ) ʪʘ ʢʘʨʪʘ ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʧʦʚʝʥʽ çProbability-weighted average 

of the dam-break wave arrival timeè (ʧʨʘʚʦʨʫʯ) ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ çProbabilistic 

mapping of life loss due to dam break floodingè. ɸʚʪʦʨʠ: ɸ. ʄʘʨʘʥʮʦʥʽ, ʄ. ɼôʆʨʽʘ, 

ʂ. ʈʽʮʮʦ [22] 

ʂʘʨʪʠ ʽʟ ʜʦʩʣʽʜʞʝʥʥʷ ʮʠʭ ʞʝ ʘʚʪʦʨʽʚ çProbabilistic mapping of life loss due 

to dam break floodingè (ʈʠʩ. 2.1.6.) ʪʘʢʦʞ ʻ ʛʘʨʥʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʡʤʦʚʽʨʥʽʩʥʦʾ 

ʢʘʨʪʠ (ʘ, çProbability-weighted average of flood hazard index HRè) ʪʘ ʢʘʨʪʠ ʯʘʩʫ 

ʧʨʠʙʫʪʪʷ ʧʦʚʝʥʽ (b, çProbability-weighted average of the dam-break wave arrival 

timeè). ʇʝʨʰʘ ʢʘʨʪʘ ʚʽʜʦʙʨʘʞʘʻ ʽʥʜʝʢʩ ʟʘʛʨʦʟʠ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʟʘʣʝʞʥʦ ʚʽʜ 

ʽʤʦʚʽʨʥʦʩʪʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʷʢʽ ʤʦʞʝ ʥʝʩʪʠ ʧʦʚʽʥʴ. ʊʘʢ, ʤʠ ʯʽʪʢʦ 

ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʫ ʷʢʠʭ ʨʘʡʦʥʘʭ ʽʤʦʚʽʨʥʽʩʪʴ ʥʘʩʣʽʜʢʽʚ ʻ ʚʠʩʦʢʦʶ, ʘ ʫ ʷʢʠʭ ʚʦʥʘ 
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ʻ ʤʝʥʰʦʶ. ʇʨʠ ʮʴʦʤʫ ʤʠ ʙʘʯʠʤʦ ʟʘʛʘʣʴʥʫ ʪʝʨʠʪʦʨʽʶ, ʥʘ ʷʢʫ ʧʦʰʠʨʶʻʪʴʩʷ 

ʧʦʚʽʥʴ, ʘ ʥʘ ʜʨʫʛʽʡ ʢʘʨʪʽ ʙʘʯʠʤʦ ʘʥʘʣʦʛʽʯʥʫ ʪʝʨʠʪʦʨʽʶ, ʪʽʣʴʢʠ ʪʝʧʝʨ ʩʧʦʩʦʙʦʤ 

ʢʽʣʴʢʽʩʥʦʛʦ ʬʦʥʫ ʪʘʤ ʧʦʢʘʟʘʥʦ ʯʘʩ ʧʨʠʙʫʪʪʷ ʧʦʚʝʥʽ.  

 

ʈʠʩ. 2.1.7. ʂʘʨʪʘ ʚʠʩʦʪʠ ʧʦʚʝʥʽ ʥʘ ʨʽʯʮʽ ʏʝʥʛʙʽ (ʂʠʪʘʡ) ʟʘ ʨʽʟʥʠʤʠ 

ʩʮʝʥʘʨʽʷʤʠ çDam-break flood submerging range of Scheme 2è ʪʘ çDam-break flood 

submerging range of Scheme 3è, ʘʚʪʦʨʠ: ʏ. ʄʦ, ʋ. ʐʝʥ, ʂ. ʃʝʡ, ʍ. ɹʘʥ, ʖ. ʈʫʘʥ, 

ʐ. ʃʘʽ, ɺ. ʎʝʥ ʪʘ ɾ. ʍʽʥʛ [8] 

ʋ ʨʘʥʽʰʝ ʟʛʘʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ çSimulation of one-dimensional dam-break 

flood routing with HEC-RAS ð case studyè [8] ʻ ʱʝ ʦʜʠʥ ʛʘʨʥʠʡ ʧʨʠʢʣʘʜ ʢʘʨʪ 

ʚʠʩʦʪʠ ʧʦʚʝʥʽ, ʟʤʦʜʝʣʴʦʚʘʥʦʾ ʫ ʩʝʨʝʜʦʚʠʱʽ HEC-RAS. ʌʨʘʛʤʝʥʪʠ, ʥʘʚʝʜʝʥʽ ʥʘ 

ʈʠʩ. 2.1.7. ʚʽʜʦʙʨʘʞʘʶʪʴ ʜʚʘ ʦʩʥʦʚʥʽ ʟʤʦʜʝʣʴʦʚʘʥʽ ʩʮʝʥʘʨʽʾ (ʟʘʣʝʞʥʦ ʚʽʜ 

ʤʘʩʰʪʘʙʽʚ ʨʫʡʥʫʚʘʥʥʷ), ʜʝ ʢʘʨʪʠ ɸ ʽ ɺ ʧʦʢʘʟʫʶʪʴ ʚʠʩʦʪʫ ʧʦʚʝʥʽ ʧʨʠ ʧʦʚʥʦʤʫ 

ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙʠ, ʘ C i D ï ʧʨʠ ʯʘʩʪʢʦʚʦʤʫ ʨʫʡʥʫʚʘʥʥʽ (50% ʩʪʨʫʢʪʫʨʠ). ʂʘʨʪʠ 
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B i D ʧʦʢʘʟʫʶʪʴ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʨʘʡʦʥʫ ʤʽʩʪʘ ɹʘʡʩʝ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʧʽʜ 

ʥʘʡʙʽʣʴʰʠʤ ʨʠʟʠʢʦʤ ʫ ʚʠʧʘʜʢʫ ʽʤʦʚʽʨʥʦʾ ʢʘʪʘʩʪʨʦʬʠ. 

ʗʢʱʦ ʢʘʟʘʪʠ ʧʨʦ ʩʫʯʘʩʥʽ ʩʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ, ʪʦ ʚʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ 

ʥʘʙʠʨʘʻ ʡʤʦʚʽʨʥʽʩʥʝ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʦʚʝʥʝʡ (ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʨʠʚʫ ʥʘ ʦʩʥʦʚʽ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʨʝʣʴʻʬʫ). ʇʨʠ ʮʴʦʤʫ ʜʘʥʠʡ 

ʧʽʜʭʽʜ ʪʽʣʴʢʠ ʧʨʦʜʦʚʞʫʻ ʩʚʽʡ ʨʦʟʚʠʪʦʢ, ʽ ʤʘʻ ʰʠʨʦʢʝ ʧʦʣʝ ʜʣʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʤʝʪʦʜʠʢ ʪʘ ʧʽʜʭʦʜʽʚ. ʊʘʢʦʞ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʥʪʝʛʨʘʮʽʷ ʩʫʧʫʪʥʠʢʦʚʦʛʦ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʦʧʝʨʘʪʠʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ (Copernicus 

EMS, Sentinel/Maxar/ICEYE, UNOSAT) ʜʣʷ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʜʽʾ ʪʘ 

ʜʠʥʘʤʽʯʥʦʛʦ ʦʥʦʚʣʝʥʥʷ ʢʘʨʪ. ʆʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠ ʫʢʣʘʜʘʥʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʪʫʧʥʦʩʪʽ ʾʭ ʩʧʨʠʡʥʷʪʪʷ ʜʣʷ ʧʝʨʝʩʽʯʥʠʭ ʛʨʦʤʘʜʷʥ, ʪʘ 

ʘʢʮʝʥʪʫʚʘʥʥʽ ʫʚʘʛʠ ʥʘ ʾʭ ʧʨʠʢʣʘʜʥʦʤʫ ʟʥʘʯʝʥʥʽ, ʚʨʘʭʦʚʫʶʯʠ ʧʦʪʨʝʙʠ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʰʚʠʜʢʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʧʦʪʝʥʮʽʡʥʫ ʟʘʛʨʦʟʫ. 

ɿʘʛʘʣʦʤ, ʫ ʙʽʣʴʰʦʩʪʽ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʩʚʽʪʫ ʢʘʨʪʠ ʟʦʥ ʨʠʟʠʢʫ ʻ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ, ʟʦʢʨʝʤʘ ʫ ʨʝʞʠʤʽ ʦʥʣʘʡʥ,  ̔ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʧʦʩʪʽʡʥʘ 

ʘʢʪʫʘʣʽʟʘʮʽʷ ʥʘ ʨʽʚʥʽ ʤʫʥʽʮʠʧʘʣʽʪʝʪʽʚ, ʦʩʢʽʣʴʢʠ ʫ ʮʴʦʤʫ ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʩʘʤʽ ʦʨʛʘʥʠ ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʧʣʘʥʫʚʘʪʠ 

ʨʦʟʤʽʱʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʞʠʪʣʦʚʠʭ ʟʦʥ, ʧʨʦʚʦʜʠʪʠ ʧʨʝʚʝʥʪʠʚʥʽ ʟʘʭʦʜʠ ʪʘ 

ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʫ ʚʠʧʘʜʢʫ ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ. 

 

2.2. ʄʦʜʝʣʶʚʘʥʥʷ ʟʦʥ ʨʠʟʠʢʫ ʚ ʋʢʨʘʾʥʽ 

 

ɺ ʢʦʥʪʝʢʩʪʽ ʋʢʨʘʾʥʠ, ʥʘʡʙʽʣʴʰʠʤ ʧʦʣʝʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʦʥ ʨʠʟʠʢʫ ʩʪʘʚ ʽʥʮʠʜʝʥʪ, ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʜʘʤʙʠ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ. ɿʘ 

ʮʽʻʶ ʪʝʤʦʶ ʻ ʚʝʣʠʢʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʪʚʦʨʽʚ, ʫʢʣʘʜʝʥʠʭ ʟʘ 

ʽʥʽʮʽʘʪʠʚʠ ʪʘ ʧʽʜʪʨʠʤʢʠ ʇʨʦʛʨʘʤʠ ʆʆʅ ʧʦ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ (UNEP) ʪʘ ɯʥʩʪʠʪʫʪʫ 

ʚʠʚʯʝʥʥʷ ʚʽʡʥʠ (ISW), ʚʠʢʦʥʘʥʠʭ ʷʢ ʚʽʪʯʠʟʥʷʥʠʤʠ, ʪʘʢ ʽ ʟʘʨʫʙʽʞʥʠʤʠ 

ʩʧʝʮʽʘʣʽʩʪʘʤʠ. ʎʽ ʧʨʦʜʫʢʪʠ ʤʽʩʪʷʪʴ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʦʮʽʥʢʠ ʤʘʩʰʪʘʙʽʚ ʟʘʪʦʧʣʝʥʥʷ 

ʪʘ ʧʽʜʪʦʧʣʝʥʥʷ, ʢʘʨʪʠ ʟʦʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʫʨʘʞʝʥʥʷ ʽ ʧʨʦʛʥʦʟʦʚʘʥʠʭ 
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ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ. ʎʝ ʻ ʜʫʞʝ ʷʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʫʢʨʘʾʥʩʴʢʦʾ ʧʨʘʢʪʠʢʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʧʨʦʨʠʚʫ ʜʘʤʙʠ. ɺʘʛʦʤʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʪʘʢʦʞ ʩʝʨʽʷ 

ʩʠʪʫʘʮʽʡʥʠʭ ʢʘʨʪ ʚʽʜ Copernicus EMS activations, JRC Situation Maps, ECHO maps, 

ʱʦ ʚʢʣʶʯʘʶʪʴ ʦʮʽʥʢʠ ʚʠʩʦʪʠ ʧʦʚʝʥʽ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʪʘ ʾʾ ʪʨʠʚʘʣʦʩʪʽ, ʘʥʘʣʽʟ 

ʤʘʩʰʪʘʙʽʚ ʨʫʡʥʫʚʘʥʥʷ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ ʩʘʤʦʾ ʧʦʚʝʥʽ. ʎʽ ʤʘʪʝʨʽʘʣʠ ʯʘʩʪʦ 

ʢʦʤʙʽʥʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ 1D/2D ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʠʧʦʚʠʤʠ ʫʢʨʘʾʥʩʴʢʠʤʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʱʦ ʤʦʜʝʣʶʶʪʴ 

ʟʦʥʠ ʨʠʟʠʢʫ, ʻ: 

1. ʆʧʝʨʘʪʠʚʥʽ ʢʘʨʪʠ ʤʘʩʰʪʘʙʽʚ ʢʘʪʘʩʪʨʦʬʠ (ʚʠʢʦʥʘʥʽ ISW, ICEYE, 

UNOSAT, Copernicus EMS ʧʨʠ ʪʽʩʥʽʡ ʩʧʽʚʧʨʘʮʽ ʟ ʚʽʪʯʠʟʥʷʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ) ̫ ʢ 

ʦʩʥʦʚʥʝ ʜʞʝʨʝʣʦ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ, ʰʚʠʜʢʽ ʨʦʟʨʘʭʫʥʢʠ ʪʘ 

ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢ̔ ʢʘʨʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʰʚʠʜʢʦ ʩʪʚʦʨʝʥʽ ʫ ʚʠʧʘʜʢʫ 

ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʜʘʥʠʭ, ʧʨʦʪʝ ʾʭ ʪʦʯʥʽʩʪʴ ʜʫʞʝ ʩʠʣʴʥʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. 

2. ʄʦʜʝʣʴʥʽ ʦʮʽʥʢʠ ʚʠʩʦʪʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʚʝʥʽ (ʩʠʪʫʘʪʠʚʥʽ ʢʘʨʪʠ JRC 

ʪʘ Copernicus,  ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʪʘ ʩʫʧʫʪʥʠʢʦʚʽ ʜʘʥʽ 

ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʫ ʩʝʨʝʜʦʚʠʱʽ HEC-RAS). 

3. ɯʥʪʝʨʘʢʪʠʚʥʽ ʢʘʨʪʠ ʚʽʜ ɯʥʩʪʠʪʫʪʫ ʚʠʚʯʝʥʥʷ ʚʽʡʥʠ (ISW) ʪʘ ʚʝʙ-

ʨʝʩʫʨʩʽʚ ArcGIS Online, ʟ ʤʦʞʣʠʚʽʩʪʶ ʧʦʨʽʚʥʷʪʠ ʩʠʪʫʘʮʽʶ çʜʦè ʪʘ çʧʽʩʣʷè 

ʨʫʡʥʫʚʘʥʥʷ. 

ʗʩʢʨʘʚʠʤ ʧʨʠʢʣʘʜʦʤ ʦʧʝʨʘʪʠʚʥʦʾ ʢʘʨʪʠ ʤʘʩʰʪʘʙʽʚ ʢʘʪʘʩʪʨʦʬʠ ʻ ʢʘʨʪʘ ʚʽʜ 

ʎʝʥʪʨʫ ʩʫʧʫʪʥʠʢʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʆʆʅ (UNOSAT) çCumulative Satellite 

Detected Waters and Impact over Khersonska Oblast in Ukraine between 06 and 09 

June 2023è, ʱʦ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʟʜʝʙʽʣʴʰʦʛʦ ʟʘʚʜʷʢʠ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʪʘ 

ʰʚʠʜʢʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʨʘʟʦʤ ʽʟ ʢʦʥʩʫʣʴʪʘʮʽʷʤʠ ʟ ʤʽʩʮʝʚʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ (ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʢʨʘʾʥʩʴʢʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʪʘ ʜʦʩʣʽʜʥʠʢʘʤʠ). ɺ ʮʝʥʪʨʽ ʫʚʘʛʠ ï 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ (ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ, ʷʢʽʩʥʠʡ 

ʬʦʥ) ʪʘ ʦʨʽʻʥʪʦʚʥʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʱʦ ʦʧʠʥʠʣʠʩʷ ʚ ʥʝʙʝʟʧʝʮʽ (ʢʘʨʪʦʜʽʘʛʨʘʤʠ). 
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ɿʘʚʜʷʢʠ ʮʽʡ ʤʦʜʝʣʽ ʪʘʢʦʞ ʨʦʟʨʘʭʦʚʘʥʦ ʧʨʠʙʣʠʟʥʫ ʧʣʦʱʫ, ʥʘ ʷʢʫ ʧʦʰʠʨʶʻʪʴʩʷ 

ʧʦʚʽʥʴ, ̔  ʧʦʪʝʥʮʽʡʥʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʢʘʪʘʩʪʨʦʬʠ.  

 

ʈʠʩ. 2.2.1. ʆʧʝʨʘʪʠʚʥʘ ʢʘʨʪʘ UNOSAT çCumulative Satellite Detected 

Waters and Impact over Khersonska Oblast in Ukraine between 06 and 09 June 

2023è [23] 

ɯʥʰʽ ʢʘʨʪʠ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʟʚʽʪʫ ʆʆʅ ʟ ʧʨʠʚʦʜʫ ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʂʘʭʦʚʩʴʢʽʡ 

ɻɽʉ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʈʠʩ. 2.2.2., 2.2.3. ʪʘ 2.2.4. ʎʝ ʚʞʝ ʢʘʨʪʠ ʽʟ ʙʽʣʴʰ ʩʧʝʮʠʬʽʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ, ʦʪʨʠʤʘʥʦʶ ʟʘʚʜʷʢʠ ʤʦʜʝʣʶʚʘʥʥʶ ʫ ʩʝʨʝʜʦʚʠʱʽ MIKE-Flood. 

ɿʦʢʨʝʤʘ ʪʫʪ ʚʽʜʦʙʨʘʞʝʥʦ ʤʘʢʩʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʥʘ ʟʘʪʦʧʣʝʥʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʈʠʩ. 

2.2.2. çMaximum water depthè, ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ï ʟ 06.06.23 ʧʦ 12.06.23), 

ʤʘʢʩʠʤʘʣʴʥʫ ʰʚʠʜʢʽʩʪʴ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ (ʈʠʩ. 2.2.3. çMaximum water velocityè), 

ʪʘ ʧʦʢʘʟʥʠʢ, ʱʦ ʜʦʚʦʣʽ ʨʽʜʢʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ï ʮʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʥʦ ʚʽʜ ʧʦʪʦʢʫ ʚʦʜʠ (ʈʠʩ. 2.2.4. çMaximum bed shearstressè). ʇʨʠʟʥʘʯʝʥʥʷ ʮʠʭ 

ʢʘʨʪ ʚʞʝ ʙʽʣʴʰ ʚʘʞʣʠʚʝ ʜʣʷ ʥʘʫʢʦʚʦʾ ʜʽʷʣʴʥʦʩʪʽ ʪʘ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʜʣʷ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʪʝʨʠʪʦʨʽʾ. 
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ʈʠʩ. 2.2.2. ʂʘʨʪʘ çMaximum water depthè, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ ʚʠʩʦʪʫ 

ʧʦʚʝʥʽ / ʛʣʠʙʠʥʠ ʚʦʜʠ (ʤ) ʫ ʨʘʡʦʥʽ ʟʘʪʦʧʣʝʥʥʷ. ɿʚʽʪ ʆʆʅ ʟ ʧʨʠʚʦʜʫ ʢʘʪʘʩʪʨʦʬʠ 

ʥʘ ʂʘʭʦʚʩʴʢʽʡ ɻɽʉ [23] 

 

ʈʠʩ. 2.2.3. ʂʘʨʪʘ çMaximum water velocityè, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʫ 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ ʚʦʜʠ (ʤ/ʩ). ɿʚʽʪ ʆʆʅ ʟ ʧʨʠʚʦʜʫ ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʂʘʭʦʚʩʴʢʽʡ ɻɽʉ 

[23] 



27 

 

 

ʈʠʩ. 2.2.4. ʂʘʨʪʘ çMaximum bed shearstressè, ʱʦ ʧʦʢʘʟʫʻ ʤʘʢʩʠʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʜʥʦʛʦ ʧʦʪʦʢʫ ʥʘ ʜʥʦ (ʅ/ʤ2). ɿʚʽʪ ʆʆʅ ʟ ʧʨʠʚʦʜʫ ʢʘʪʘʩʪʨʦʬʠ ʥʘ 

ʂʘʭʦʚʩʴʢʽʡ ɻɽʉ [23] 

ʇʨʠʢʣʘʜʦʤ ʩʠʪʫʘʪʠʚʥʦʾ ʢʘʨʪʠ, ʜʝ ʟʦʙʨʘʞʝʥʦ ʩʘʤʝ ʤʦʜʝʣʴʥʽ ʦʮʽʥʢʠ ʛʣʠʙʠʥʠ 

ʚʦʜʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʧʦʚʝʥʽ, ʻ ʢʘʨʪʘ, ʨʦʟʨʦʙʣʝʥʘ ʆʙôʻʜʥʘʥʠʤ ʜʦʩʣʽʜʥʠʮʴʢʠʤ 

ʮʝʥʪʨʦʤ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʤʽʩʽʾ (JRC), ʟʦʙʨʘʞʝʥʘ ʥʘ ʈʠʩ. 2.2.5. ʋʩʽ ʜʘʥʽ, ʧʦʢʘʟʘʥʽ 

ʢʽʣʴʢʽʩʥʠʤ ʬʦʥʦʤ, ʻ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʦʪʝʥʮʽʡʥʠʡ ʚʧʣʠʚ, 

ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʘʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢʦʞ ʥʘ ʢʘʨʪʽ 

ʧʦʟʥʘʯʝʥʦ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʟʘʪʦʧʣʝʥʥʷ ʷʢʠʭ ʤʦʞʝ ʤʘʪʠ 

ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʭʽʤʽʯʥʽ, ʥʘʬʪʦʧʝʨʝʨʦʙʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ, ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ). 
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ʈʠʩ. 2.2.5. ʉʠʪʫʘʪʠʚʥʘ ʢʘʨʪʘ çNova Kakhovka Dam breach updateè ʟ̔  ʟʚʽʪʫ 

ɭʚʨʦʧʝʡʩʴʢʦʾ ʧʨʦʛʨʘʤʠ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ 

(ʨʦʟʨʦʙʣʝʥʘ JRC) [24] 

ʑʝ ʦʜʥʽʻʶ ʢʘʨʪʦʶ ʆʙ'ʻʜʥʘʥʦʛʦ ʜʦʩʣʽʜʥʠʮʴʢʦʛʦ ʮʝʥʪʨʫ ʻ ʦʧʝʨʘʪʠʚʥʘ ʢʘʨʪʘ 

ʥʘʩʣʽʜʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ (ʈʠʩ. 2.2.6.), ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʪʝʨʠʪʦʨʽʾ ʟʘʪʦʧʣʝʥʥʷ, 

ʟʤʦʜʝʣʴʦʚʘʥʽ ʟʘ ʜʚʦʤʘ ʩʮʝʥʘʨʽʷʤʠ (ʬʽʦʣʝʪʦʚʠʡ ï ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ, 

ʯʝʨʚʦʥʠʡ ï ʯʘʩʪʢʦʚʝ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ). ʗʢ ʽ ʥʘ ʧʦʧʝʨʝʜʥʽʡ ʢʘʨʪʽ, ʧʦʢʘʟʘʥʽ 

ʦʙ'ʻʢʪʠ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘ ʞʦʚʪʠʤʠ ʪʦʯʢʘʤʠ ʧʦʟʥʘʯʝʥʽ ʥʘʩʝʣʝʥʽ 

ʧʫʥʢʪʠ, ʜʝ ʙʫʣʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʚʽʥʴ.  

 



29 

 

 

ʈʠʩ. 2.2.6. ʆʧʝʨʘʪʠʚʥʘ ʢʘʨʪʘ çNova Kakhovka Dam breachè ɭʚʨʦʧʝʡʩʴʢʦʾ 

ʧʨʦʛʨʘʤʠ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʛʫʤʘʥʽʪʘʨʥʦʾ ʜʦʧʦʤʦʛʠ (DG ECHO Daily Map) 

[24] 

ʑʦʜʦ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ, ʥʘʡʢʨʘʱʠʤ ʧʨʠʢʣʘʜʦʤ ʻ ʢʘʨʪʘ, ʨʦʟʨʦʙʣʝʥʘ 

ɯʥʩʪʠʪʫʪʦʤ ʚʠʚʯʝʥʥʷ ʚʽʡʥʠ ʥʘ ʦʩʥʦʚʽ ʧʣʘʪʬʦʨʤʠ ArcGIS Online (ʈʠʩ. 2.2.7, 2.2.8). 

ɺʦʥʘ ʧʦʢʘʟʫʻ ʤʝʞʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʽ, ʽ ʟʘʚʜʷʢʠ ʽʥʩʪʨʫʤʝʥʪʫ 

çʰʪʦʨʢʘè (swipe tool) ʜʘʻ ʟʤʦʛʫ ʜʝʪʘʣʴʥʦ ʧʦʨʽʚʥʷʪʠ ʩʠʪʫʘʮʽʶ çʜʦè ʪʘ çʧʽʩʣʷè 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʤʦʞʥʘ ʰʚʠʜʢʦ ʽ ʷʢʽʩʥʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ 

ʘʥʘʣʽʟ, ʚʠʟʥʘʯʠʚʰʠ ʤʘʩʰʪʘʙʠ ʢʘʪʘʩʪʨʦʬʠ ʪʘ ʙʝʟʧʦʩʝʨʝʜʥʽ ʪʝʨʠʪʦʨʽʾ, ʱʦ 

ʦʧʠʥʠʣʠʩʷ ʚ ʟʦʥʽ ʨʠʟʠʢʫ. ʋ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʢʘʨʪʽ ʧʦʟʥʘʯʝʥʽ 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʨʦʩʽʡʩʴʢʠʤʠ ʦʢʫʧʘʮʽʡʥʠʤʠ ʚʽʡʩʴʢʘʤʠ ʪʘ ʾʭ 

ʬʦʨʪʠʬʽʢʘʮʽʡʥʽ ʩʧʦʨʫʜʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʪʘʢʦʞ ʧʨʦʩʪʝʞʠʪʠ ʚʧʣʠʚ 

ʢʘʪʘʩʪʨʦʬʠ ʥʘ ʧʝʨʝʙʽʛ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʪʘ ʦʮʽʥʠʪʠ ʧʦʪʝʥʮʽʡʥʠʡ ʝʬʝʢʪ ʫ 

ʤʘʡʙʫʪʥʴʦʤʫ. 
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ʈʠʩ. 2.2.7. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ISW. çNova Kakhovka Dam Flooding as of 

June 9, 2023è. ɿʦʙʨʘʞʝʥʥʷ çʜʦè ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ. [25] 

 

 

ʈʠʩ. 2.2.8. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ ISW çNova Kakhovka Dam Flooding as of June 

9, 2023è, ʟʦʙʨʘʞʝʥʥʷ çʧʽʩʣʷè ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ (ʩʪʘʥʦʤ ʥʘ 9 ʯʝʨʚʥʷ 2023 ʨʦʢʫ) 

[25] 

ʂʦʨʠʩʪʫʚʘʯʽ ʧʨʠ ʧʝʨʝʛʣʷʜʽ ʮʠʭ ʢʘʨʪ ʤʦʞʫʪʴ ʚʤʠʢʘʪʠ ʪʘ ʚʠʤʠʢʘʪʠ ʧʦʪʨʽʙʥʽ 

ʰʘʨʠ, ʱʦ ʟʙʽʣʴʰʫʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʚʽʜʥʦʩʥʘ ʧʨʦʩʪʦʪʘ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʻ ʟʤʦʛʫ ʙʽʣʴʰʽʡ ʢʽʣʴʢʦʩʪʽ ʣʶʜʝʡ ʦʪʨʠʤʘʪʠ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʦʩʚʽʪʠ ʪʘ ʥʘʚʠʯʦʢ ʨʦʙʦʪʠ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʧʨʦʛʨʘʤʥʠʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ.  
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ʈʠʩ. 2.2.9. ɯʥʪʝʨʘʢʪʠʚʥʘ ʢʘʨʪʘ çɽʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʪʘ ʨʠʟʠʢʠ ʚʽʡʥʠ ʚ 

ʋʢʨʘʾʥʽè ʥʘ ʧʣʘʪʬʦʨʤʽ Ecodozor, ʱʦ ʧʦʢʘʟʫʻ ʪʝʨʠʪʦʨʽʾ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʧʽʜʪʦʧʣʝʥʥʷ 

ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ [40] 

ʑʝ ʦʜʥʠʤ ʧʨʠʢʣʘʜʦʤ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʟʦʥ ʨʠʟʠʢʫ ʻ ʧʣʘʪʬʦʨʤʘ 

Ecodozor (ʈʠʩ. 2.2.9.). ʆʢʨʽʤ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʪʦʧʣʝʥʥʷ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʢʘʨʪʘ ʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʽ ʧʨʦ ʽʥʰʽ ʝʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʚʥʘʩʣʽʜʦʢ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ. ʂʽʣʴʢʽʩʥʠʡ ʬʦʥ ʥʘ ʢʘʨʪʽ ʧʦʢʘʟʫʻ ʚʠʩʦʪʫ 

ʧʦʚʝʥʽ, ʽ, ʚʦʜʥʦʯʘʩ, ʤʦʞʥʘ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʽ ʪʝʨʠʪʦʨʽʾ ʟʘʪʦʧʣʝʥʥʷ. ɸʣʝ ʧʨʠ ʮʴʦʤʫ 

ʧʣʘʪʬʦʨʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʘʥʽ ʟʚʽʪʽʚ ʆʆʅ ʪʘ ʆɹʉɭ, ʚʽʜʧʦʚʽʜʥʦ, ʮʝʡ ʩʝʨʚʽʩ ʧʨʦʩʪʦ 

ʜʦʟʚʦʣʷʻ ʧʝʨʝʛʣʷʜʘʪʠ ʜʘʥʽ ʤʦʜʝʣʶʚʘʥʥʷ ʽʟ ʥʘʢʣʘʜʘʥʥʷʤ ʨʽʟʥʠʭ ʰʘʨʽʚ ʽʥʬʦʨʤʘʮʽʾ. 

ʑʦʜʦ ʽʥʰʠʭ ʢʘʪʘʩʪʨʦʬ ʯʘʩʽʚ ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ 

ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ ʆʩʢʽʣʴʩʴʢʦʛʦ, ʂʘʨʘʯʫʥʽʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱ), ʪʘ ʧʦʜʽʡ, 

ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʟʘʪʦʧʣʝʥʥʷʤ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʨʘʥʽʰʝ (ʥʘʧʨʠʢʣʘʜ, 

ʨʫʡʥʫʚʘʥʥʷ ɼʥʽʧʨʦɻɽʉ 1941 ʨʦʢʫ), ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 

ʦʩʥʦʚʥʦʤʫ ʣʠʰʝ ʫ ʚʠʛʣʷʜʽ ʧʠʩʴʤʦʚʠʭ ʜʘʥʠʭ ʘʙʦ ʫ ʢʨʘʡʥʴʦʤʫ ʚʠʧʘʜʢʫ, ʷʢ 

ʩʫʧʫʪʥʠʢʦʚʽ ʯʠ ʘʝʨʦʬʦʪʦʟʥʽʤʢʠ. ɭʜʠʥʠʡ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʷʢʠʡ ʚʜʘʣʦʩʷ 

ʟʥʘʡʪʠ, ʮʝ ʢʘʨʪʘ ʨʘʡʦʥʽʚ ʟʘʪʦʧʣʝʥʥʷ ʧʽʜ ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʫ ɹʘʙʠʥʦʤʫ ʗʨʫ 

ʚ ʂʠʻʚʽ, 1961 ʨʦʢʫ (ʈʠʩ. 2.2.9.). ɼʘʥʘ ʢʘʨʪʘ ʟʘʩʥʦʚʘʥʘ ʚʠʢʣʶʯʥʦ ʥʘ ʽʩʪʦʨʠʯʥʠʭ 

ʜʦʢʫʤʝʥʪʘʭ, ʽ ʧʨʠ ʾʾ ʫʢʣʘʜʘʥʥʽ ʥʝ ʧʨʦʚʦʜʠʣʦʩʷ ʢʦʤʧ'ʪʝʨʥʦʛʦ ʯʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ ʯʝʨʝʟ ʮʝ ʚʘʞʢʦ ʦʮʽʥʠʪʠ ʪʦʯʥʽʩʪʴ ʧʦʢʘʟʘʥʠʭ ʟʦʥ 

ʟʘʪʦʧʣʝʥʥʷ. 

 

ʈʠʩ. 2.2.9. ʂʘʨʪʘ ʟʦʥʠ ʟʘʪʦʧʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʚ ʛʠʨʣʽ 

ɹʘʙʠʥʦʛʦ ʗʨʫ, çʂʫʨʝʥʽʚʩʴʢʘ ʪʨʘʛʝʜʽʷ 13 ʙʝʨʝʟʥʷ 1961 ʨʦʢʫè. ʈʦʟʨʦʙʥʠʢ ʢʘʨʪʠ ï 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʘʛʝʥʩʪʚʦ çɹʘʙʝʣʴè [26] 

ɿʘʛʘʣʦʤ, ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʢʘʨʪʦʛʨʘʬʽʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ 

ʨʠʟʠʢʫ ʚ ʋʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʫʞʝ ʚʠʩʦʢʠʤ, ʽ ʫ ʮʴʦʤʫ ʧʠʪʘʥʥʽ ʜʫʞʝ ʚʘʞʣʠʚʦ 

ʚʠʚʯʘʪʠ ʪʘ ʩʧʠʨʘʪʠʩʷ ʥʘ ʤʽʞʥʘʨʦʜʥʠʡ ʜʦʩʚʽʜ. ʂʘʨʪʠ ʟʦʥ ʨʠʟʠʢʫ ʤʘʶʪʴ ʙʫʪʠ 

ʜʦʩʪʫʧʥʽ ʥʝ ʣʠʰʝ ʷʢ ʯʘʩʪʠʥʘ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʮʴʢʠʭ ʨʦʙʽʪ, ʘʣʝ ʽ ʷʢ ʚʽʜʢʨʠʪʽ ʚʝʙ-

ʩʝʨʚʽʩʠ, ʷʢʠʤʠ ʤʦʞʝ ʚʽʣʴʥʦ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʙʫʜʴ-ʷʢʘ ʣʶʜʠʥʘ, ʯʠ ʪʦ ʩʧʽʚʨʦʙʽʪʥʠʢʠ 

ʨʷʪʫʚʘʣʴʥʠʭ ʩʣʫʞʙ, ʜʝʨʞʘʚʥʽ ʧʦʩʘʜʦʚʮʽ, ʥʘʫʢʦʚʮʽ, ʯʠ ʟʚʠʯʘʡʥʽ ʛʨʦʤʘʜʷʥʠ. ʅʘʨʘʟʽ 

ʞ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʢʘʨʪ, ʱʦ ʜʦʩʪʫʧʥʽ ʫ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣʘʭ, ʫʢʣʘʜʝʥʘ ʟ 
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ʽʥʽʮʽʘʪʠʚʠ ʪʘ ʧʽʜʪʨʠʤʢʠ ʤʽʞʥʘʨʦʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʦʭʦʧʣʶʻ ʧʝʨʝʚʘʞʥʦ ʚʠʧʘʜʦʢ ʟ 

ʂʘʭʦʚʩʴʢʦʶ ɻɽʉ, ʽ ʥʝ ʧʦʰʠʨʶʻʪʴʩʷ ʥʘ ʽʥʰʽ ʽʥʮʠʜʝʥʪʠ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʷʢ ʧʽʜ ʯʘʩ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʪʦʨʛʥʝʥʥʷ, ʪʘʢ ʽ ʜʦ ʥʴʦʛʦ. ɺʥʝʩʦʢ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ ʪʘ 

ʜʦʩʣʽʜʥʠʢʽʚ ʫ ʮʽ ʨʦʙʦʪʠ ʻ ʥʝʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʠʤ. ʅʝ ʚʠʢʣʶʯʝʥʦ, ʱʦ ʯʝʨʝʟ 

ʚʽʡʩʴʢʦʚʠʡ ʩʪʘʥ ʧʦʜʽʙʥʽ ʢʘʨʪʠ, ʨʦʟʨʦʙʣʝʥʽ ʫʢʨʘʾʥʩʴʢʠʤʠ ʘʚʪʦʨʘʤʠ ʻ ʚʽʜʩʫʪʥʽʤʠ ʫ 

ʧʫʙʣʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʽ ʤʦʞʫʪʴ ʟôʷʚʠʪʠʩʷ ʧʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʨʦʢʽʚ, ʦʩʦʙʣʠʚʦ ʟʘ 

ʫʤʦʚʠ ʟʘʚʝʨʰʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʘʩʪʴ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʥʝ ʣʠʰʝ 

ʢʦʤʧôʶʪʝʨʥʝ ʪʘ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʘʣʝ ʽ ʚʽʜʢʨʠʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ 

ʙʝʟʧʝʯʥʠʭ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʘʞʣʠʚʠʤ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝ ʣʠʰʝ ʥʘʩʣʽʜʢʽʚ 

ʨʫʡʥʫʚʘʥʥʷ ʚʝʣʠʢʠʭ ʚʦʜʦʩʭʦʚʠʱ, ʘʣʝ ʪʘʢʦʞ ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ, ʦʩʢʽʣʴʢʠ ʮʽʣʢʦʤ 

ʤʦʞʣʠʚʦ, ʱʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʤʝʪʦʜʠ, ʬʦʨʤʫʣʠ ʪʘ ʘʣʛʦʨʠʪʤʠ ʤʦʞʫʪʴ 

ʧʦʢʘʟʫʚʘʪʠ ʤʝʥʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʧʦʪʨʝʙʫʚʘʪʠʤʫʪʴ ʫʪʦʯʥʝʥʴ ʯʠ ʢʦʨʠʛʫʚʘʥʥʷ. 
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ʈʆɿɼɯʃ 3. 

ʄʆɼɽʃʖɺɸʅʅʗ ɯʄʆɺɯʈʅʀʍ ɿʆʅ ʈʀɿʀʂʋ ɺʅɸʉʃɯɼʆʂ 

ʈʋʁʅʋɺɸʅʅʗ ɼɸʄɹʀ ʊʈɸɺôʗʅʉʔʂʆɻʆ ɺʆɼʆʉʍʆɺʀʑɸ 

 

3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

 

ʊʨʘʚ'ʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʙʫʣʦ ʟʙʫʜʦʚʘʥʦ ʥʘ ʨ. ʍʘʨʢʽʚ ʫ ʧʝʨʽʦʜ ʟ 1969 ʧʦ 

1972 ʨʨ. ʁʦʛʦ ʦʩʥʦʚʥʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣ. 3.1.1. 

ʊʘʙʣʠʮʷ 3.1.1.  

ʆʩʥʦʚʥʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ɼʦʚʞʠʥʘ, ʢʤ ʐʠʨʠʥʘ, 

ʤʘʢʩ./ʧʦʨ, ʢʤ 

ɻʣʠʙʠʥʘ, 

ʤʘʢʩ./ʧʦʨ, ʤ 

ʇʣʦʱʘ 

ʜʟʝʨʢʘʣʘ, 

ʢʤ 2 

ʆʙʩʷʛ, ʤʣʥ. 

ʤ3 

8,2 1,38 /0,8 9,0/3,8 5,92 22,0 

ʅʦʨʤʘʣʴʥʠʡ 

ʧʽʜʧʽʨʥʠʡ 

ʨʽʚʝʥʴ, ʤ 

ʌʦʨʩʦʚʘʥʠʡ 

ʧʽʜʧʽʨʥʠʡ 

ʨʽʚʝʥʴ, ʤ 

ʈʽʚʝʥʴ 

ʤʝʨʪʚʦʛʦ 

ʦʙ'ʻʤʫ, ʤ 

ʂʦʨʠʩʥʠʡ 

ʦʙôʻʤ, ʤʣʥ. 

ʤ3 

ʇʣʦɦʘ 

ʤʽʣʢʦʚʦʜʜʷ 

(ʜʦ 2ʤ), ʢʤ2 

128,0 129,0 122,6 10,6 1,30 

 

ɿ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʨʦʝhʥʥʷ, 

ʨʠʙʦʨʦʟʚʝʜʝʥʥʷ ʪʘ ʨʝʢʨʝʘʮʽʾ ʥʘʩʝʣʝʥʥʷ. ɺʞʝ 1980ʛ. ʡʦʛʦ ʚʽʜʚʽʜʫʚʘʣʦ ʙʣʠʟʴʢʦ 200 

ʪʠʩʷʯ ʦʩʽʙ ʥʘ ʨʽʢ. ʆʩʥʦʚʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʩʭʦʚʠʱʘ: [43] 

¶ ʇʣʦʱʘ ʚʦʜʦʟʙʽʨʥʦʛʦ ʙʘʩʝʡʥʫ ï 240 ʢʤĮ. 

¶ ʈʽʯʥʠʡ ʦʙ'ʻʤ ʩʪʦʢʫ 50 % ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ï 16,8 ʤʣʥ ʤį. 

¶ ʇʘʚʦʜʢʦʚʠʡ ʩʪʽʢ 50 % ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ï 14,1 ʤʣʥ ʤį. 

¶ ʄʘʢʩʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ 1 % ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ï 160 ʤį/ʩ. 

ɼʦ ʩʢʣʘʜʫ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʚʭʦʜʷʪʴ: [48] 

¶ ɻʣʫʭʘ ʟʝʤʣʷʥʘ ʛʨʝʙʣʷ ʜʦʚʞʠʥʦʶ 940 ʤʝʪʨʽʚ, ʚʠʩʦʪʦʶ 13 ʤʝʪʨʽʚ ʪʘ 

ʰʠʨʠʥʦʶ 10 ʤʝʪʨʽʚ. 
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¶ ʐʘʭʪʥʠʡ ʚʦʜʦʩʢʠʜ ʽʟ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʪʨʴʦʭʚʽʯʢʦʚʠʡ, 

ʚʠʩʦʪʦʶ 8 ʤ, ʨʦʟʤʽʨʘʤʠ 3 (3,0ʭ2,5) ʤ, ʦʙʣʘʜʥʘʥʠʡ ʧʣʦʩʢʠʤʠ ʜʦʥʥʠʤʠ ʟʘʪʚʦʨʘʤʠ, 

ʱʦ ʤʘʶʪʴ ʨʦʟʤʽʨʠ 3ʭ2 ʤ. 

¶ ɺʦʜʦʩʢʠʜʥʠʡ ʪʫʥʝʣʴ ʪʨʴʦʭʚʽʯʢʦʚʠʡ ʨʦʟʤʽʨʘʤʠ 2(3,0ʭ2,5) ʤ ʫ ʙʦʢʦʚʠʭ 

ʩʝʢʮʽʷʭ, ʽ 3,8Ĭ2,5 ʤ ï ʫ ʩʝʨʝʜʥʽʡ. 

ʆʢʨʝʤʠʤ ʝʣʝʤʝʥʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʻ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʚʦʜʦʩʭʦʚʠʱʘ, 

ʷʢʠʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʩʢʣʘʜʽ ʤʽʩʮʝʚʦʾ ʙʽʦʪʠ ʪʘ ʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦʜʠ. 

ʇʦʰʠʨʝʥʥʷ ʥʘʡʧʨʦʩʪʽʰʠʭ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ (ʚʠʜʦʚʠʡ ʩʢʣʘʜ ʬʽʪʦʧʣʘʥʢʪʦʥʫ, ʡʦʛʦ 

ʢʽʣʴʢʽʩʪʴ ʪʘ ʙʽʦʤʘʩʘ), ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣ. 3.1.2. [49] 

ʊʘʙʣʠʮʷ 3.1.2.  

ɺʠʜʦʚʠʡ ʩʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʙʽʦʤʘʩʘ ʬʽʪʦʧʣʘʥʢʪʦʥʫ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ˉ ʧ/ʧ ʊʘʢʩʦʥʠ ʂ-ʩʪʴ, ʤʣʥ. ʢʣ/ʣ ɹ̔ ʦʤʘʩʘ, ʤʛ/ʣ 

1 2 3 4 

1 Aphanizomenon flos-aquae (L.) Ralfs 10,51 1,29 

2 M. tenuissima Lemm. 37,5 0,083 

3 Microcystis aeruginosa K¿tz. em. Elenk. 2,5 0,174 

4 M. pulverea (Wood) Forti em. Elenk. 12,5 0,028 

5 Oscillatoria agardii Gom. 7,81 0,86 

6 O. limnetica Lemm. 1,5 0,16 

                                ɺʩʴʦʛʦ ʉʠʥʴʦ-ʟʝʣʝʥʠʭ  72,32 2,6 

7 Chrysococcus biporus Skuja 0,15 0,04 

8 C. rufescens  Klebs 0,156 0,048 

                               ɺʩʴʦʛʦ ɿʦʣʦʪʠʩʪʠʭ 0,306 0,088 

9 Goniochloris mutica (A.Br.) Fott 0,078 0,008 

                                ɺʩʴʦʛʦ ɾʦʚʪʦ-ʟʝʣʝʥʠʭ 0,078 0,008 

10 Cocconeis pediculus Ehr. 0,078 0,036 

11 Cyclotella glomerata Bachmann 0,625 0,1 

12 C. meneghiniana K¿tz. 0,078 0,262 

13 N. palea var. tenuirostris Grun.  0,07 0,01 

14 Stephanodiscus hantzschii Grun. 0,076 0,02 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.1.2. 

1 2 3 4 

15 S. tenera W. Sm. 0,104 0,007 

                                 ɺʩʴʦʛʦ ɼʽʘʪʦʤʦʚʠʭ 1,03 0,435 

16 Euglena sp.   0,08 0,112 

17 Trachelomonas oblonga Lemm. 0,078 0,021 

                                ɺʩʴʦʛʦ ɽʚʛʣʝʥʦʚʠʭ 0,158 0,133 

18 Ankyra ocellata (Korsch.) Fott 0,468 0,077 

19 C. klebsii France 0,16 0,07 

20 Chlamydomonas sp. 0,156 0,115 

21 Chlorococcum infusionum (Schrank) Menegh. 0,31 0,17 

22 Closteriopsis acicularis (G. M. Smith) Belcher et Swale  0,63 0,035 

23 Coelastrum microporum N g. 1,25 0,198 

24 C. sphaericum N g. 1,23 0,325 

25 Crucigenia quadrata Morren 2,5 0,15 

26 Didymocystis planctonica Korsch. 0,625 0,144 

27 M. tortile (W. et G.S. West) Kom.-Legn. 0,156 0,032 

28 Oocystis borgei Snow 2,34 1,05 

29 O. lacustris Chod. 2,19 0,81 

30 Phacotus coccifer Korsch. 1,25 0,546 

31 Scenedesmus acuminatus (Lagerh.) Chod. 0,078 0,015 

32 S. bicaudatus Deduss. 0,625 0,13 

33 S. quadricauda (Turp.) Breb. 0,156 0,02 

34 Sphaerocystis planctonica (Korsch.) Bourr. 0,312 0,14 

                              ɺʩʴʦʛʦ ɿʝʣʝʥʠʭ 14,44 4,03 

 ɿɸɻɸʃʆʄ 88,33 7,29 

 

ʋ ʩʢʣʘʜʽ ʥʘʡʚʠʱʦʾ ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʚʠʜʽʣʷʻʪʴʩʷ 14 ʚʠʜʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ 2016 ʨʦʢʫ [49] ʧʦʢʘʟʘʣʦ, ʱʦ ʩʝʨʝʜ ʧʦʚʽʪʨʷʥʦ-

ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʧʝʨʝʚʘʞʘʶʪʴ ʦʯʝʨʝʪ ʟʚʠʯʘʡʥʠʡ (Phragmites australis) ʟ 

ʦʢʨʝʤʠʤʠ ʢʫʨʪʠʥʘʤʠ ʨʦʛʦʟʫ ʚʫʟʴʢʦʣʠʩʪʦʛʦ (Typha angustifolia) ʽ ʨʦʛʦʟʫ 

ʰʠʨʦʢʦʣʠʩʪʦʚʦʛʦ (Typha latifolia). ʂʨʽʤ ʪʦʛʦ, ʟʽ ʩʢʣʘʜʫ ʮʽʻʾ ʨʦʩʣʠʥʥʦʩʪʽ 
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ʦʢʨʝʤʠʤʠ ʢʫʨʪʠʥʘʤʠ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʦʯʝʨʝʪ ʦʟʝʨʥʠʡ (Scirpus lacustris) , ʯʘʩʪʫʭʘ 

ʧʦʜʦʨʦʞʥʠʢʦʚʘ (Alisma plantago - aquatica) ʪʘ ʩʫʩʘʢ ʧʘʨʘʩʦʣʴʢʦʚʠʡ (Butomus 

umbellatus). ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʚʽʪʨʷʥʦ-ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʚʽʜʽʛʨʘʻ ʚʝʣʠʢʫ 

ʨʦʣʴ ʫ ʟʤʽʮʥʝʥʥʽ ʙʝʨʝʛʽʚ ʚʦʜʦʡʤʠ. ʂʨʽʤ ʪʦʛʦ, ʚʦʥʘ ʻ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʥʘ ʥʽʡ ʢʦʣʦʥʽʡ ʽʤʤʦʙʽʣʽʟʦʚʘʥʠʭ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʩʘʤʦʦʯʠʱʝʥʥʽ ʚʦʜʠ ʚʦʜʦʡʤʠʱʘ ï ʪʦʙʪʦ ʚʠʩʪʫʧʘʻ ʚ ʨʦʣʽ ʧʨʠʨʦʜʥʦʛʦ ʙʽʦʧʣʘʪʦ.  

ʆʢʨʽʤ ʧʦʚʽʪʨʷʥʦ-ʚʦʜʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ ʫ ʚʦʜʦʡʤʽ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘʥʫʨʝʥʘ 

ʚʠʱʘ ʚʦʜʥʘ ʨʦʩʣʠʥʥʽʩʪʴ. ɿ ʾʾ ʩʢʣʘʜʫ ʪʫʪ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʢʫʰʠʨ ʟʘʥʫʨʝʥʠʡ 

(Ceratophyllum demersum), ʨʜʝʩʥʠʢ ʛʨʝʙʽʥʯʘʩʪʠʡ (Potamogeton pectinatus) ʽ 

ʧʨʦʥʠʟʘʥʦʣʠʩʪʠʡ (P. perfoliatus), ʚʦʜʦʧʝʨʠʮʷ ʢʽʣʴʯʘʩʪʘ (Meriophyllum 

verticillatum) . 

ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʤʽʣʢʦʚʦʜʜʷ (ʜʦ 2 ʤʝʪʨʽʚ) ʩʪʘʥʦʚʠʣʘ 1,30 ʢʤ2. ɿʘʨʘʟ, ʟʘ 

ʧʨʦʟʦʨʦʩʪʽ ʚʦʜʠ 1,8ʤ, ʟʘʥʫʨʝʥʘ ʨʦʩʣʠʥʥʽʩʪʴ ʧʨʦʩʫʥʫʣʘʩʴ ʜʦ ʛʣʠʙʠʥʠ 3,2 ʤ. ʊʦʤʫ, 

ʥʠʥʽ ʧʣʦʱʘ, ʜʝ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘʥʫʨʝʥʽ ʚʦʜʥʽ ʨʦʩʣʠʥʠ ʟʙʽʣʴʰʠʣʘʩʷ ʱʦʥʘʡʤʝʥʰʝ 

ʫ 1,5 ʨʘʟʠ ï ʜʦ 1,95 ʢʤ 2. 

ʂʨʽʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʘʥʫʨʝʥʦʾ ʨʦʩʣʠʥʥʦʩʪʽ, ʧʨʘʢʪʠʯʥʦ ʥʘ ʚʩʽʭ ʜʽʣʷʥʢʘʭ 

ʚʦʥʘ ʙʫʣʘ ʧʦʢʨʠʪʘ ʥʠʪʯʘʩʪʠʤʠ ʚʦʜʦʨʦʩʪʷʤʠ, ʷʢʽ ʧʨʠ ʩʠʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʤʦʞʫʪʴ 

ʟʥʘʯʥʦ ʧʦʛʽʨʰʠʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʚʦʜʦʡʤ.  

ɸʥʘʣʽʟ ʧʦʧʫʣʷʮʽʡ ʟʦʦʧʣʘʥʢʪʦʥʫ ʟʘ ʧʝʨʽʦʜ 1991-2016 ʨʦʢʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʡʦʛʦ 

ʩʢʣʘʜ ʟʤʽʥʠʚʩʷ ʩʣʘʙʢʦ. ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʟʘʬʽʢʩʦʚʘʥʠʭ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʪʘʢʩʦʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʊʘʙʣ. 3.1.3. [49] 

ʊʘʙʣ. 3.1.3.  

ɺʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ ʟʦʦʧʣʘʥʢʪʦʥʫ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ˉ 

ʧ/ʧ 
ʊʘʢʩʦʥ 1991 ʨʽʢ 1998 ʨʽʢ 2016 ʨʽʢ 

1 2 3 4 5 

Rotatoria 

1 Asplanchna priodonta + + + 

2  Filinia   longiseta + + + 

3 Keratella quadrata + + + 

4 K. cochlearis + + + 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.1.3. 

1 2 3 4 5 

5 Poliartrhra major + + + 

1 2 3 4 5 

6 Pompholyx complanata + + + 

7 Trichocerca pusilla + + + 

8 T. stylata + - + 

Cladocera 

9 Alona quadrangularis + - + 

10 Bosmina longirostris - - + 

11 B. coregoni + + + 

12 Daphnia cucullata Sars + - + 

13 Chidorus sphaerics - + + 

14 Daphnia longispina - + - 

15 Simocepholus vetulus - + - 

Copepoda 

16 Acanthocyclops americanus  + + + 

17 Cyclops vicinus   + + + 

18 Eudiaptomus gracilis  + - + 

19 Mesocyclops crassus  + + + 

Mollusca 

20 Dreissena polymorpha Pall., veliger - + + 

ʋʩʴʦʛʦ ʪʘʢʩʦʥʽʚ 15 15 18 

  

ɿʘ ʙʽʦʤʘʩʦʚʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʢʽʣʴʢʽʩʪʴ ʟʦʦʧʣʘʥʢʪʦʥʫ ʫ 2016 ʨʦʮʽ ʜʝʱʦ 

ʟʙʽʣʴʰʠʣʘʩʴ. ʋʚʝʩʴ ʟʦʦʧʣʘʥʢʪʦʥ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ 

ʢʦʨʤʦʚʠʤʠ ʦʨʛʘʥʽʟʤʘʤʠ ʜʣʷ ʨʠʙ.  

ɸʥʘʣʽʟ ʩʝʤʠ ʧʨʦʙ ʟʦʦʙʝʥʪʦʩʫ, ʚʽʜʽʙʨʘʥʠʭ ʫ ʣʠʧʥʽ 2016 ʨ., ʧʦʢʘʟʘʚ, ʱʦ 

ʟʦʦʙʝʥʪʠʯʥʘ ʩʧʽʣʴʥʦʪʘ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʯʠʥʢʘʤʠ 

ʨʽʟʥʠʭ ʢʦʤʘʭ: ʙʘʙʦʢ, ʜʚʦʢʨʠʣʠʭ (ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʭʽʨʦʥʦʤʽʜ) ʪʘ ʦʣʽʛʦʭʝʪʘʤʠ. 

ʆʩʥʦʚʥʫ ʙʽʦʤʘʩʫ ʩʪʘʥʦʚʠʣʠ ʣʠʯʠʥʢʠ ʭʽʨʦʥʦʤʽʜ, ʟʦʥʘ ʧʨʦʞʠʚʘʥʥʷ, ʷʢʠʭ 

ʧʨʠʫʨʦʯʝʥʘ ʜʦ ʤʫʣʽʚ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʚʦʜʦʡʤʠ, ʘ ʪʘʢʦʞ ʧʦ ʡʦʛʦ ʧʝʨʠʤʝʪʨʫ. 

ʅʘ ʜʽʣʷʥʢʘʭ ʧʦʨʦʩʣʠʭ ʚʠʱʦʶ ʚʦʜʥʦʶ ʨʦʩʣʠʥʥʽʩʪʶ ʟʫʩʪʨʽʯʘʣʠʩʷ ʣʠʯʠʥʢʠ ʙʘʙʦʢ. 

ʈʽʜʢʦ ʪʘ ʧʦʦʜʠʥʦʢʦ ʙʫʣʠ ʚʽʜʟʥʘʯʝʥʽ ʚʦʜʥʽ ʞʫʢʠ. ɿ ʜʚʦʩʪʫʣʢʦʚʠʭ ʤʦʣʶʩʢʽʚ 



39 

 

ʚʠʷʚʣʝʥʽ ʜʨʝʡʩʝʥʘ ʨʽʯʢʦʚʘ ʪʘ ʙʝʟʟʫʙʢʘ, ʱʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʣʽʪʦʨʘʣʴʥʽʡ ʟʦʥʽ ʧʨʠ 

ʩʝʨʝʜʥʽʡ ʱʽʣʴʥʦʩʪʽ 1-2 ʝʢʟ/ʤ2. 

ɺʠʜʦʚʠʡ ʩʢʣʘʜ ʽʭʪʽʦʬʘʫʥʠ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʩʢʣʘʜʘʚʩʷ ʥʘ ʦʩʥʦʚʽ 

ʩʢʣʘʜʫ ʨʠʙ ʨʽʯʢʠ ʍʘʨʢʽʚ ʪʘ ʧʽʜ ʜʽʻʶ ʬʘʢʪʦʨʽʚ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʚʠʥʠʢʥʝʥʥʷʤ 

ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʱʦ ʥʘʨʘʟʽ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʥʴʦʤʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʢʣʘʜ ʨʠʙ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘʣʽʯʫʻ 19 ʚʠʜʽʚ. ʄʘʩʦʚʠʤʠ 

ʚʠʜʘʤʠ ʻ: ʣʷʱ, ʩʫʜʘʢ, ʧʣʦʪʚʘ, ʦʢʫʥʴ, ʢʨʘʩʥʦʧʽʨʢʘ, ʫʢʣʝʶ. ʊʘʢʦʞ ʯʘʩʪʦ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʪʦʚʩʪʦʣʦʙʠʢʠ (ʙʽʣʠʡ, ʩʪʨʦʢʘʪʠʡ ʪʘ ʾʭʥʽʡ ʛʽʙʨʠʜ), ʢʦʨʦʧ, ʱʫʢʘ, 

ʛʫʩʪʝʨʘ, ʢʘʨʘʩʽ (ʩʨʽʙʥʠʡ ʪʘ ʟʦʣʦʪʠʡ) ʪʘ ʛʦʣʢʘ-ʨʠʙʘ. ʈʽʜʢʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʡʦʨʞ, 

ʙʠʯʢʠ (ʪʨʠ ʚʠʜʠ) ʪʘ ʙʽʣʠʡ ʘʤʫʨ. ɺʠʧʘʜʢʽʚ ʤʘʩʦʚʦʾ ʟʘʛʠʙʝʣʽ ʨʠʙʠ ʚʥʘʩʣʽʜʦʢ 

ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʧʝʨʽʦʜ ʡʦʛʦ ʽʩʥʫʚʘʥʥʷ ʥʝ 

ʚʽʜʟʥʘʯʘʣʦʩʷ. 

ʆʮʽʥʢʫ ʷʢʦʩʪʽ ʚʦʜʠ ʚʦʜʦʩʭʦʚʠʱʘ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ, ʟʦʢʨʝʤʘ ʚʽʜʦʤʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ 

ʜʦʚʢʽʣʣʷ (ʨʘʥʽʰʝ ï ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʄʽʥʧʨʠʨʦʜʠ), ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ 

(ɼʝʨʞʚʦʜʘʛʝʥʩʪʚʦ), ɼʝʨʞʘʚʥʦʛʦ ʢʦʤʽʪʝʪʫ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ɼʝʨʞʚʦʜʛʦʩʧ), 

ʨʝʪʨʦʩʧʝʢʪʠʚʥʠʭ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʋʢʨʘʾʥʩʴʢʦʛʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ (ʋʂʈʅɼɯɽʇ), [44; 45; 49]. ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʯʠʥʥʽ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ 

[50; 51]. 

ʋʟʘʛʘʣʴʥʝʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʨʽʟʥʠʭ ʧʝʨʽʦʜʽʚ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (1998-2022 ʨʦʢʠ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʷʭ 3.1.3-3.1.8. 
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ʊʘʙʣʠʮʷ 3.1.3.  

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʜʘʥʽ ʋʂʈʅɼɯɽʇ, 1998 ʨʽʢ 

ʇʦʢʘʟʥʠʢ 
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ʘ
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ʉʫʭʠʡ ʟʘʣʠʰʦʢ ʤʛ/ʜʤ3 398 400 406 - 1000 

ʍʣʦʨʠʜʠ ʤʛ/ʜʤ3 15,5 14,5 15,8 100 75 

ʉʫʣʴʬʘʪʠ ʤʛ/ʜʤ3 105 105 100 500 100 

ɾʦʨʩʪʢʽʩʪʴ ʤʛ-ʝʢʚ/ʜʤ3 5,38 5,38 5,18 - - 

ɿʚʘʞʝʥʽ ʨʝʯʦʚʠʥʠ ʤʛ/ʜʤ3 20 19,2 12,4 - - 

t o ʦʉ 22 21,2 21,1 - - 

ʆ2 ʤʛ/ʜʤ3 9,17 9,89 9,22 6 7,1 

ʇʦʢʘʟʥʠʢ ʨʅ  - 8,37 8,44 8,38 8,5 8,1 

ɹʉʂ5 ʤʛO2/ʜʤ3 1,52 0,41 0,97 3 2,1 

ʍʉʂ ʤʛO/ʜʤ3 8,8 17,6 7,6 50 25 

ɸʟʦʪ ʥʽʪʨʠʪʥʠʡ ʤʛN/ʜʤ3 0,006 0,002 0,004 0,02 0,01 

ɸʟʦʪ ʥʽʪʨʘʪʥʠʡ ʤʛN/ʜʤ3 0,2 0,1 0,1 9,1 0,5 

ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ ʤʛN/ʜʤ3 0,37 0,09 0,12 0,5 0,3 

ʄʽʥʝʨʘʣʴʥʠʡ ʘʟʦʪ (ʩʫʤ) ʤʛN/ʜʤ3 0,576 0,192 0,224 - - 

ʌʦʩʬʘʪʠ ʤʛ/ʜʤ3 0,34 0,29 0,28 2,1 0,15 

ʌʦʩʬʦʨ ʬʦʩʬʘʪʽʚ ʤʛʈ/ʜʤ3 0,111 0,095 0,091 - - 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ N/P -  5,19 2,03 2,45 - - 
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ʊʘʙʣʠʮʷ 3.1.4.  

ʗʢʽʩʪʴ ʚʦʜʠ ʟʘ ʚʽʜʦʤʯʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʄʽʥʧʨʠʨʦʜʠ ʟʘ 2009-2013 ʨʦʢʠ, ʨ. 

ʍʘʨʢʽʚ, ʚʠʱʝ ʚʽʜ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ 

ʇʦʢʘʟʥʠʢ ʇɼʂʨ ʤʘʢʩʠʤʫʤ ʩʝʨʝʜʥʷ ʤʽʥʽʤʫʤ 

ʊʝʤʧʝʨʘʪʫʨʘ, Üʉ - 24,50 10,11 1,00 

ɿʚʘʞʝʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ/ʜʤ3 - 11,80 4,76 2,50 

ʨʅ 8,5 8,10 7,85 7,47 

ʉʫʤʘ ʽʦʥʽʚ,ʤʛ/ʜʤ3 - 755,0 623,8 482,0 

ʂʠʩʝʥʴ,ʤʛ/ʜʤ3 6 8,38 7,30 6,61 

ʅʘʩʠʯʝʥʥʷ ʢʠʩʥʝʤ, % - 89,0 65,3 48,9 

ɹʉʂ5,ʤʛʆ2/ʜʤ3 3 4,64 3,23 2,23 

ʍʉʂ,ʤʛʆ2/ʜʤ3 50 32,90 23,80 19,00 

ʍʣʦʨʠʜʠ,ʤʛ/ʜʤ3 300 57,72 30,60 18,24 

ʉʫʣʴʬʘʪʠ,ʤʛ/ʜʤ3 100 194,49 152,69 97,90 

ʄʘʛʥʽʡ,ʤʛ/ʜʤ3 40 41,34 30,68 15,90 

ʂʘʣʴʮʽʡ,ʤʛ/ʜʤ3 180 118,32 95,84 44,40 

ɿʘʛʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʤʛ-ʝʝʢʚ/ʜʤ3 - 8,50 7,31 3,50 

ʃʫʞʥʽʩʪʴ  8,90 7,18 6,00 

ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ,ʤʛN/ʜʤ3 0,5 0,36 0,28 0,23 

ɸʟʦʪ ʥʽʪʨʠʪʥʠʡ,ʤʛN/ʜʤ3 0,02 0,047 0,015 0,002 

ɸʟʦʪ ʥʽʪʨʘʪʥʠʡ,ʤʛN/ʜʤ3 9 0,87 0,52 0,27 

ɸʟʦʪ ʤʽʥʝʨʘʣʴʥʠʡ (ʩʫʤ),ʤʛN/ʜʤ3  1,19 0,81 0,59 

ʌʦʩʬʘʪʠ,ʤʛ/ʜʤ3 2,1 1,20 0,90 0,57 

ʌʦʩʬʦʨ ʬʦʩʬʘʪʽʚ,ʤʛʈ/ʜʤ3  0,39 0,29 0,19 

ɺʽʜʥʦʰʝʥʥʷ N/P  4,57 2,91 1,55 
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ʊʘʙʣʠʮʷ 3.1.5.  

ʗʢʽʩʪʴ ʚʦʜʠ ʟʘ ʚʽʜʦʤʯʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʄʽʥʧʨʠʨʦʜʠ ʟʘ 2010-2012 ʨʦʢʠ, ʨ. 

ʍʘʨʢʽʚ, ʊʨʘʚ'ʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʛʨʝʙʣʷ 

ʇʦʢʘʟʥʠʢ ʇɼʂʨ ʤʘʢʩʠʤʫʤ ʩʝʨʝʜʥʷ ʤʽʥʽʤʫʤ 

ʊʝʤʧʝʨʘʪʫʨʘ, Üʉ - 26,00 13,83 3,50 

ɿʚʘʞʝʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ/ʜʤ3 - 21,60 9,78 2,40 

ʨʅ 8,5 8,40 8,21 8,12 

ʉʫʤʘ ʽʦʥʽʚ,ʤʛ/ʜʤ3 - 500,0 490,0 475,0 

ʂʠʩʝʥʴ,ʤʛ/ʜʤ3 6 7,41 7,15 6,92 

ʅʘʩʠʯʝʥʥʷ ʢʠʩʥʝʤ, % - 86,6 69,5 55,7 

ɹʉʂ5,ʤʛʆ2/ʜʤ3 3 3,45 3,05 2,32 

ʍʉʂ,ʤʛʆ2/ʜʤ3 50 26,50 23,00 18,00 

ʍʣʦʨʠʜʠ,ʤʛ/ʜʤ3 300 26,85 19,57 15,50 

ʉʫʣʴʬʘʪʠ,ʤʛ/ʜʤ3 100 123,63 113,02 101,40 

ʄʘʛʥʽʡ,ʤʛ/ʜʤ3 40 30,40 27,05 23,10 

ʂʘʣʴʮʽʡ,ʤʛ/ʜʤ3 180 71,90 68,22 59,16 

ɿʘʛʘʣʴʥʘ ʞʦʨʩʪʢʽʩʪʴ, ʤʛ-ʝ ʢʚ/ʜʤ3 - 5,90 5,68 5,40 

ʃʫʞʥʽʩʪʴ - 6,00 5,80 5,70 

ɸʟʦʪ ʘʤʦʥʽʡʥʠʡ,ʤʛN/ʜʤ3 0,5 0,28 0,26 0,23 

ɸʟʦʪ ʥʽʪʨʠʪʥʠʡ,ʤʛN/ʜʤ3 0,02 0,021 0,017 0,006 

ɸʟʦʪ ʥʽʪʨʘʪʥʠʡ,ʤʛN/ʜʤ3 9 0,31 0,25 0,22 

ɸʟʦʪ ʤʽʥʝʨʘʣʴʥʠʡ (ʩʫʤ),ʤʛN/ʜʤ3 - 0,56 0,52 0,51 

ʌʦʩʬʘʪʠ,ʤʛ/ʜʤ3 2,1 1,45 0,74 0,41 

ʌʦʩʬʦʨ ʬʦʩʬʘʪʽʚ,ʤʛʈ/ʜʤ3 - 0,47 0,24 0,13 

ɺʽʜʥʦʰʝʥʥʷ N/P - 3,78 2,70 1,09 
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ʊʘʙʣʠʮʷ 3.1.6.  

ʗʢʽʩʪʴ ʚʦʜʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʟʘ ʚʽʜʦʤʯʦʶ ʽʥʬʦʨʤʘʮʽʻʶ 

ɼʝʨʞʚʦʜʛʦʩʧʫ, 2014 ʨʽʢ 

ʇʦʢʘʟʥʠʢ PH 
Cl, 

ʤʛ/ʜʤ3 

SO4 

ʤʛ/ʜʤ3 

ʄʽʥʝʨʘʣʽʟʘʮʽʷ

, ʤʛ/ʜʤ3 

NH4 

ʤʛ/ʜʤ3 

NO2 

ʤʛ/ʜʤ3 

NO3 

ʤʛ/ʜʤ3 

28.04.2011 8,42 23,80 209,28 707,0 0,150 0,070 0,3 

02.06.2011 7,15 28,00 119,04 607,0 0,400 0,030 1,0 

14.09.2011 7,67 28,00 210,24 711,0 0,310 0,090 4,0 

19.04.2012 8,05 23,80 75,36 563,0 0,180 0,010 2,0 

14.06.2012 8,37 23,80 79,68 624,0 0,120 0,130 3,0 

29.08.2012 6,90 46,20 146,40 1050,0 7,850 0,220 2,0 

18.06.2013 8,88 19,60 133,92 651,0 0,280 0,192 2,0 

18.06.2014 8,40 22,40 229,92 833,0 0,220 0,004 0,2 

09.09.2014 8,33 23,80 216,5 685,0 0,160 0,103 2,2 

13.05.2015 8,36 25,20 289,0 830,0 0,200 0,020 1,2 

ʄʘʢʩʠʤʫʤ 8,88 46,20 289,0 1050,00 7,850 0,220 4,00 

ʉʝʨʝʜʥʻ 8,05 26,46 170,9 726,10 0,987 0,087 1,79 

ʄʽʥʽʤʫʤ 6,90 19,60 75,36 563,00 0,120 0,004 0,20 

ʂʦʨʜʦʥ 3 ʪʘ 

4 ʢʘʪʝʛʦʨʽʡ 

6,6-

8,1 75,00 100,00 1000,00 - - - 

ʇɼʂʨ 

6,5-

8,5 300,00 100,00 - - - - 

Ie (ʤʘʢʩ.) 7 3 6 4 - - - 

Ie (ʩʝʨʝʜʥ.) 3,8 2,0 4,9 2,4 - - - 

 

 

 

 

 

 

 

 



44 

 

ʊʘʙʣʠʮʷ 3.1.7.  

ʗʢʽʩʪʴ ʚʦʜʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʜʘʥʽ ʋʂʈʅɼɯɽʇ, 2016 ʨʽʢ 

ʇʦʢʘʟʥʠʢ ɺʝʣʠʯʠʥʘ ʂʨʘʪʥʽʩʪʴ ʇɼʂʨ ɽʢʦʣʦʛʽʯʥʠʡ ʽʥʜʝʢʩ 

ʊ, ʦʉ 26,6 - - 

ʇʦʢʘʟʥʠʢ ʨH 8,22 0,97 4 

TDS, ʤʛ/ʜʤ 3 630 - 2 

ʇʨʆ2 ʤʛ/ʜʤ 
3 

(ʧʦʚʝʨʭʥ.) 8,38 0,72 1 

ʇʨʆ2 ʤʛ/ʜʤ 
3 

(ʧʨʠʜʦʥʥ.) 8,00 0,75 1 

ʇʨʆ2 % (ʧʦʚʝʨʭʥ.) 105,7 - 2 

ʇʨʆ2 % (ʧʨʠʜʦʥʥ.) 100,8 - 1 

ɹʉʂ1, ʤʛʆ 2 /ʜʤ 
3 0,99 - - 

ɹʉʂ5 , ʤʛʆ 2 /ʜʤ 
3 2,62 0,87 4 

ʈɺ4 -ʈ, ʤʛʈ/ʜʤ 
3 0,155 0,23 5 

NO2 -N, ʤʛN/ʜʤ 
3 0,003 0,15 2 

NH4 -N, ʤʛN/ʜʤ 
3 0,475 0,95 4 

NO3 -N, ʤʛN/ʜʤ 
3 1,650 0,18 6 

 

ʊʘʙʣʠʮʷ 3.1.8.  

ʆʩʪʘʥʥʽ ʟʘʬʽʢʩʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ   

(ʚʝʨʭʽʚôʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʜʘʥʽ ɼʝʨʞʚʦʜʘʛʝʥʩʪʚʘ), 2021-2022 ʨʦʢʠ 

ʇʦʢʘʟʥʠʢ ɼʘʪʘ  ɿʥʘʯʝʥʥʷ ɻɼʂ 

1 2 3 4 

ɸʟʦʪ ʟʘʛʘʣʴʥʠʡ, ʤʛ/ʜʤ3 12.01.2022 

 

1,12 - 

ɸʤʦʥʽʡ, ʤʛ/ʜʤ3 12.01.2022 0,42 0,5 

ɹʉʂ5 12.01.2022 3,26 3 

ɿʘʚʠʩʣʽ ʨ-ʥʠ, ʤʛ/ʜʤ3 08.12.2021 6,6 25 

ʈʦʟʯʠʥʝʥʠʡ ʢʠʩʝʥʴ, ʤʛʆ2/ʜʤ
3 12.01.2022 8,68 - 

ʅʽʪʨʘʪʠ, ʤʛ/ʜʤ3 12.01.2022 3,26 40 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 3.1.9. 

1 2 3 4 

ʅʽʪʨʠʪʠ, ʤʛ/ʜʤ3 12.01.2022 0,05 0,08 

ʉʫʣʴʬʘʪʠ, ʤʛ/ʜʤ3 08.12.2022 143,85 500 

ʌʦʩʬʘʪʠ, ʤʛ/ʜʤ3 12.01.2022 0,98 2,1 

ʍʣʦʨʠʜʠ, ʤʛ/ʜʤ3 08.12.2022 35,49 300 

 

ʋʟʘʛʘʣʴʥʶʶʯʠ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʷʭ ʧʦʢʘʟʥʠʢʠ, ʤʦʞʝʤʦ ʚʽʜʩʪʝʞʠʪʠ 

ʙʘʛʘʪʦʨʽʯʥʽ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʚʦʜʦʩʭʦʚʠʱʘ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʈʠʩ. 3.1.1. 

 

ʈʠʩ. 3.1.1. ɹʘʛʘʪʦʨʽʯʥʽ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ (1998-2022 ʨʨ.) 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʙʘʛʘʪʦʨʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ 

ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʩʪʘʥʫ ʊʨʘʚ'ʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ ʥʘʩʪʫʧʥʝ: 

1. ɺ ʦʢʨʝʤʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʟʥʘʯʥʽ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʩʧʦʣʫʢ ʘʟʦʪʫ, 

ʷʢʠʡ ʫ ʜʘʥʽʡ ʚʦʜʦʡʤʽ ʻ ʦʩʥʦʚʥʠʤ ʝʣʝʤʝʥʪʦʤ, ʱʦ ʣʽʤʽʪʫʻ ʨʦʟʚʠʪʦʢ ʧʨʦʜʫʮʝʥʪʽʚ, 
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ʥʘʩʘʤʧʝʨʝʜ ʬʽʪʦʧʣʘʥʢʪʦʥʫ. ɯʥʜʝʢʩʠ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʤʦʛʣʠ ʜʦʩʷʛʘʪʠ ʜʫʞʝ 

ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʟʥʘʯʥʫ ʝʚʪʨʦʬʽʢʘʮʽʶ ʚʦʜʦʡʤʠ ʪʘ ʚʠʩʦʢʫ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ çʮʚʽʪʽʥʥʷè ʚʦʜʠ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʠʭ ʩʫʧʫʪʥʽʭ ʧʨʦʮʝʩʽʚ. 

ʇʽʜʚʠʱʝʥʥʷ ʟʥʘʯʝʥʥʷ ʙʽʦʣʦʛʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʢʠʩʥʶ ʚʢʘʟʫʻ ʥʘ ʨʦʟʚʠʪʦʢ 

ʪʚʘʨʠʥʥʦʛʦ ʩʚʽʪʫ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʫ ʟʙʽʣʴʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʟʦʦʙʝʥʪʦʩʫ, 

ʚʨʘʭʦʚʫʶʯʠ ʦʩʥʦʚʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ. 

2. ʉʣʽʜ ʪʘʢʦʞ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʚʦʜʘ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʚʦʜʦʩʭʦʚʠʱʝ ʟ ʨ. ʍʘʨʢʽʚ 

(ʟ ʪʝʨʠʪʦʨʽʾ ʨʦʩʽʾ), ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʷ ʚʠʱʠʤʠ ʨʽʚʥʷʤʠ ʚʤʽʩʪʫ ʙʽʣʴʰʦʩʪʽ ʩʧʦʣʫʢ 

ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʥʽʞ ʫ ʚʦʜʦʩʭʦʚʠʱʽ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʩʧʦʞʠʚʘʥʥʷ ʮʠʭ 

ʩʧʦʣʫʢ ʙʽʦʪʦʶ ʚʦʜʦʩʭʦʚʠʱʘ. ʆʢʨʽʤ ʪʦʛʦ, ʥʝʤʦʞʣʠʚʦ ʧʦʚʥʦʮʽʥʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ, ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʫʩʽʜʥʴʦʾ ʢʨʘʾʥʠ. 

3. ɺʦʜʥʦʯʘʩ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʩʫʣʴʬʘʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

2015-2016 ʨʦʢʘʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʭʦʜʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷ 

ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʦʜʦʡʤ, ʭʦʯʘ ʫ ʪʦʡ ʞʝ ʯʘʩ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʭʣʦʨʠʜʽʚ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʢʠʜʘʥʥʷ ʧʦʙʫʪʦʚʠʭ ʚʦʜ ʫ ʨʽʯʢʠ, ʱʦ 

ʧʦʩʪʘʯʘʶʪʴ ʚʦʜʫ ʜʦ ʚʦʜʦʩʭʦʚʠʱʘ.  

ʏʝʨʝʟ ʧʦʚʥʦʤʘʩʰʪʘʙʥʝ ʚʪʦʨʛʥʝʥʥʷ ʻ ʨʠʟʠʢ ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʫ ʭʽʤʽʯʥʦʤʫ 

ʩʢʣʘʜʽ ʚʦʜʠ, ʧʦʚôʷʟʘʥʠʡ ʽʟ ʟʘʣʠʰʢʘʤʠ ʙʦʻʧʨʠʧʘʩʽʚ ʪʘ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʤʦʞʫʪʴ ʧʦʪʨʘʧʠʪʠ ʫ ʚʦʜʦʩʭʦʚʠʱʝ ʯʝʨʝʟ ʧʦʚʝʨʭʥʝʚʽ ʘʙʦ ˇʨʫʥʪʦʚʽ 

ʚʦʜʠ ʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʦʟʚʠʪʦʢ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ [37]. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʻ 

ʧʨʦʚʝʜʝʥʥʷ ʥʦʚʠʭ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʪʘ ʙʽʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʚʦʜʦʩʭʦʚʠʱʘ, ʷʢ ʪʽʣʴʢʠ ʮʴʦʤʫ ʩʧʨʠʷʪʠʤʝ ʙʝʟʧʝʢʦʚʘ ʩʠʪʫʘʮʽʷ. ɸʥʘʣʽʟ 

ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ 2022 ʨʦʢʫ ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʚʦʜʦʩʭʦʚʠʱʘ ʥʝ ʚʽʜʙʫʚʘʣʦʩʷ ʙʦʡʦʚʠʭ ʜʽʡ, ʧʨʦʪʝ, ʚʦʥʠ ʤʘʣʠ ʤʽʩʮʝ 

ʚʽʜʙʫʚʘʪʠʩʷ ʫ ʥʘʚʢʦʣʠʰʥʽʭ ʨʘʡʦʥʘʭ (ʈʠʩ. 3.1.2. ʽ 3.1.3.). 



47 

 

 

ʈʠʩ. 3.1.2. ʊʨʘʚôʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʪʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʦʤ ʥʘ 

09.2022 

 

ʈʠʩ. 3.1.3. ʊʨʘʚôʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʪʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʩʪʘʥʦʤ ʥʘ 

06.2022 

ɼʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʟʥʽʤʢʠ ʤʦʞʥʘ ʯʽʪʢʦ ʧʦʙʘʯʠʪʠ ʩʣʽʜʠ ʚʽʜ ʨʫʭʫ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʤʽʩʮʷ ʚʣʫʯʘʥʥʷ ʨʘʢʝʪ ʪʘ ʩʥʘʨʷʜʽʚ, ʥʘʩʣʽʜʢʠ ʣʦʢʘʣʴʥʠʭ ʧʦʞʝʞ. 

ɺʪʽʤ, ʣʠʰʝ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʤʦʞʥʘ ʜʘʪʠ ʪʦʯʥʫ ʦʮʽʥʢʫ ʾʭ ʚʧʣʠʚʫ ʥʘ 
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ʝʢʦʣʦʛʽʯʥʠʡ ʪʘ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ. ɹʣʠʟʴʢʽʩʪʴ ʜʦ 

ʨʘʡʦʥʽʚ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʪʘ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ 

ʪʘ ʪʦʯʥʽʩʪʴ ʘʢʪʫʘʣʴʥʠʭ ʜʘʥʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʨʠʚʫ 

ʜʘʤʙʠ ʫ ʧʦʜʘʣʴʰʠʭ ʨʦʟʜʽʣʘʭ, ʱʦ ʜʦʧʫʩʢʘʻ ʥʘʷʚʥʽʩʪʴ ʥʝʪʦʯʥʦʩʪʝʡ ʫ ʤʦʜʝʣʶʚʘʥʥʽ 

ʪʘ ʚʽʜʢʨʠʚʘʻ ʰʠʨʰʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʽ. 

 

3.2. ʂʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ 

 

ɿ ʦʛʣʷʜʫ ʥʘ ʤʝʪʫ ʨʦʙʦʪʠ ï ʢʘʨʪʦʛʨʘʬʽʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽʤʦʚʽʨʥʠʭ ʟʦʥ 

ʨʠʟʠʢʫ ʟʘʪʦʧʣʝʥʥʷ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ ʨʽʯʢʠ ʍʘʨʢʽʚ ʫ ʨʘʟʽ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ 

ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ï ʜʦ ʤʦʜʝʣʽ ʚʠʩʫʚʘʶʪʴʩʷ ʪʘʢʽ ʚʠʤʦʛʠ: 

¶ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ (unsteady) ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʩʮʝʥʘʨʽʾ ʧʨʦʨʠʚʫ ʜʘʤʙʠ; 

¶ ʽʥʪʝʛʨʘʮʽʷ ʟ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʮʠʬʨʦʚʠʤʠ ʤʦʜʝʣʷʤʠ 

ʨʝʣʴʻʬʫ (ʎʄʈ) ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʢʘʨʪʦʛʨʘʬʫʚʘʥʥʷ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ; 

¶ ʥʘʷʚʥʽʩʪʴ ʧʦʟʠʪʠʚʥʦʛʦ ʜʦʩʚʽʜʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʚʽʪʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ 

ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙ [7; 8; 15; 17; 27]. 

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʷʢ ʦʩʥʦʚʥʝ ʩʝʨʝʜʦʚʠʱʝ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʦʙʨʘʥʦ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ HEC-RAS v6.6 (Hydrologic Engineering Center ï River 

Analysis System), ʨʦʟʨʦʙʣʝʥʝ ʽʥʞʝʥʝʨʥʠʤ ʢʦʨʧʫʩʦʤ ʘʨʤʽʾ ʉʐɸ [52]. ʇʝʨʝʚʘʛʠ 

HEC-RAS ʫ ʢʦʥʪʝʢʩʪʽ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʩʪʫʧʥʽ: 

¶ ʧʦʠhʨʝʥʘ ʤʽʞʥʘʨʦʜʥʘ ʧʨʘʢʪʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 1D ʪʘ 2D ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʨʦʨʠʚʫ ʜʘʤʙ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʯʠʩʣʝʥʥʠʤʠ ʨʦʙʦʪʘʤʠ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ 

ʧʨʠʢʣʘʜʽ ʂʘʭʦʚʩʴʢʦʾ ɻɽʉ ʪʘ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ, ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʘʭ [8; 15; 23; 24]); 

¶ ʚʙʫʜʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʛʨʘʬʘ ʧʨʦʨʠʚʫ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʫʪʚʦʨʝʥʥʷ ʨʦʟʣʦʤʫ, ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʢʣʘʩʠʯʥʠʤʠ ʧʽʜʭʦʜʘʤʠ 
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ʄʘʢɼʦʥʘʣʜʘ ï ʃʝʥʛʨʠʜʞ-ʄʦʥʦʧʦʣʽʩ, ʌʨʦʡʣʽʭʘ, ɺʘʥʛʘ ʪʘ ʽʥʰʠʭ [1; 2; 5; 

27]; 

¶ ʥʘʷʚʥʽʩʪʴ ɻɯʉ-ʤʦʜʫʣʷ RAS Mapper, ʱʦ ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʩʝʨʝʜʦʚʠʱʽ HEC-RAS ʬʦʨʤʫʚʘʪʠ ʨʘʩʪʨʦʚʽ ʪʘ ʚʝʢʪʦʨʥʽ ʢʘʨʪʠ ʛʣʠʙʠʥʠ, 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ, ʯʘʩʫ ʧʨʠʙʫʪʪʷ ʭʚʠʣʽ, ʘ ʜʘʣʽ ʝʢʩʧʦʨʪʫʚʘʪʠ ʾʭ ʫ ʬʦʨʤʘʪʽ, 

ʘʜʘʧʪʦʚʘʥʦʤʫ ʧʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ArcGIS; 

¶ ʙʝʟʢʦʰʪʦʚʥʘ ʣʽʮʝʥʟʽʷ, ʧʨʦʩʪʦʪʘ ʽʥʪʝʛʨʘʮʽʾ ʟ ʚʽʜʢʨʠʪʠʤʠ ʎʄʈ (SRTM, 

ASTER GDEM, ʥʘʮʽʦʥʘʣʴʥʽ ʚʠʩʦʪʥʽ ʤʦʜʝʣʽ). 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʤʘʩʰʪʘʙʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʣʷʥʢʠ (ʚʽʜ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ ʜʦ ʧʽʚʥʽʯʥʦʾ ʦʢʦʣʠʮʽ ʤ. ʍʘʨʢʽʚ), ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʣʠʥʠ ʨʽʯʢʠ ʍʘʨʢʽʚ, 

ʫ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʦʚʠʤʽʨʥʝ (2D) ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʦʩʦʙʦʤ Storage area to 2D 

Flow area, ʱʦ, ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʦʩʪʘʪʥʴʦ ʰʚʠʜʢʦ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ, ʘʣʝ, ʚʦʜʥʦʯʘʩ, ʥʝ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ, ʯʝʨʝʟ ʱʦ ʤʦʜʝʣʴ ʧʦʪʨʝʙʫʻ ʜʦʜʘʪʢʦʚʦʛʦ 

ʢʦʨʠʛʫʚʘʥʥʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʝʪʠʢʦ-ʘʥʘʣʽʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚ 

ʪʦʤʫ ʯʠʩʣʽ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʫ ʨʦʙʦʪʘʭ, ʟʛʘʜʘʥʠʭ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ. ɺʪʽʤ, ʥʘ 

ʧʦʪʦʯʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʜʘʥʠʡ ʩʧʦʩʽʙ ʧʦʢʘʟʫʻ ʩʝʙʝ ʷʢ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ. 

ʋ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʚʜʦʩʢʦʥʘʣʝʥʘ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʰʠʭ ʩʧʦʩʦʙʽʚ, ʟʦʢʨʝʤʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ (cross 

sections), ʽ ʧʦʻʜʥʘʥʥʷ ʢʽʣʴʢʦʭ ʧʽʜʭʦʜʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ ʛʝʦʤʝʪʨʽʾ ʤʦʜʝʣʽ, ʘʣʝ ʜʣʷ 

ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦʶ ʻ ʥʘʷʚʥʽʩʪʴ ʪʦʯʥʠʭ ʜʘʥʠʭ ʛʽʜʨʦʛʨʘʬʘ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, 

ʱʦ ʧʦʪʨʝʙʫʻ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʆʩʥʦʚʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ, ʱʦ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ: 

¶ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ (ʎʄʈ) ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 10 ʤʝʪʨʽʚ, 

ʦʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʢʦʤʙʽʥʫʚʘʥʥʷ ʚʽʜʢʨʠʪʠʭ ʛʣʦʙʘʣʴʥʠʭ ʜʘʥʠʭ (SRTM) ʪʘ 

ʫʪʦʯʥʝʥʥʷ ʟʘ ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʢʘʨʪʘʤʠ ʤʘʩʰʪʘʙʫ 1:25 000 ï 1:50 000; 

¶ ʚʝʢʪʦʨʥʽ ʰʘʨʠ ʨʽʯʢʦʚʦʾ ʤʝʨʝʞʽ, ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ ʚʦʜʦʩʭʦʚʠʱʘ, ʤʝʞ ʟʘʧʣʘʚʠ, 

ʦʪʨʠʤʘʥʽ ʰʣʷʭʦʤ ʚʝʢʪʦʨʠʟʘʮʽʾ ʟʘ ʩʫʧʫʪʥʠʢʦʚʠʤʠ ʟʥʽʤʢʘʤʠ ʪʘ 

ʪʦʧʦʛʨʘʬʽʯʥʠʤʠ ʢʘʨʪʘʤʠ; 
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¶ ʪʝʭʥʽʯʥʽ ʪʘ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʜʘʤʙʠ 

(ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʨʝʙʣʽ, ʚʽʜʤʽʪʢʠ ʅʇʈ ʽ ʌʇʈ, ʢʦʨʠʩʥʠʡ ʦʙôʻʤ, 

ʧʣʦʱʘ, ʚʠʩʦʪʥʽ ʚʽʜʤʽʪʢʠ ʨʫʩʣʘ ʥʠʞʯʝ ʜʘʤʙʠ) [31; 33; 43]; 

¶ ʝʤʧʽʨʠʯʥʦ ʦʮʽʥʝʥʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʣʦʤʫ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʜʘʤʙʠ ʟʘ ʤʦʜʝʣʷʤʠ 

ʄʘʢɼʦʥʘʣʜʘ ï ʃʘʥʛʨʠʜʞ-ʄʦʥʦʧʦʣʽʩ, ʌʨʦʡʣʽʭʘ ʪʘ ʽʥʰʠʭ [1; 2; 5; 27]. 

ʇʽʜʛʦʪʦʚʯʠʡ ʝʪʘʧ ʤʦʜʝʣʶʚʘʥʥʷ ʚʢʣʶʯʘʚ ʫ ʩʝʙʝ ʜʝʢʽʣʴʢʘ ʧʦʩʣʽʜʦʚʥʠʭ 

ʙʣʦʢʽʚ ʨʦʙʽʪ. ʅʘ ʦʩʥʦʚʽ ʚʽʜʢʨʠʪʠʭ ʜʘʥʠʭ ʩʝʨʚʽʩʫ Earth Explorer [62] ʙʫʣʦ 

ʟʘʚʘʥʪʘʞʝʥʦ ʚʠʩʦʪʥʫ ʤʦʜʝʣʴ (ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, ʜʘʥʽ SRTM ï Shuttle 

Radar Topography Mission) ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, ʡʦʛʦ 

ʚʦʜʦʟʙʦʨʫ ʪʘ ʜʽʣʷʥʢʠ ʨʽʯʢʠ ʍʘʨʢʽʚ ʚʽʜ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ʜʦ ʤʝʞʽ ʤʽʩʪʘ ʍʘʨʢʽʚ. 

ɺʠʩʦʪʥʽ ʜʘʥʽ ʙʫʣʠ ʦʙʨʽʟʘʥʽ ʟʘ ʤʝʞʘʤʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʦʙʩʷʛʫ ʨʦʟʨʘʭʫʥʢʽʚ. ɺ ʩʝʨʝʜʦʚʠʱʽ ArcGIS ʚʠʢʦʥʘʥʦ ʧʦʧʝʨʝʜʥʶ ʬʽʣʴʪʨʘʮʽʶ ʪʘ 

ʟʛʣʘʜʞʫʚʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʘʨʪʝʬʘʢʪʽʚ ʫ ʨʘʩʪʨʽ, ʧʨʦʚʝʜʝʥʦ ʢʦʨʝʢʮʽʶ ʚʠʩʦʪ ʜʦʣʠʥʠ 

ʨʽʯʢʠ ʫ ʤʽʩʮʷʭ, ʜʝ ʩʝʥʩʦʨʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʩʫʧʫʪʥʠʢʫ, çʧʝʨʝʦʮʽʥʶʚʘʣʠè ʚʠʩʦʪʠ 

ʤʽʩʮʝʚʦʩʪʽ (ʚʧʣʠʚ ʜʝʨʝʚ, ʰʪʫʯʥʠʭ ʩʧʦʨʫʜ ʪʦʱʦ), ʱʦ ʦʜʥʦʟʥʘʯʥʦ ʤʘʣʦ 

ʧʦʟʠʪʠʚʥʠʡ ʝʬʝʢʪ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʧʽʜʩʫʤʢʦʚʦʾ ʤʦʜʝʣʽ, ʧʝʨʝʨʘʭʫʥʦʢ ʫ 

ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ WGS 1984 World Mercator, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʙʘʟʦʚʦʾ ʢʘʨʪʠ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʝʢʪʦʨʠʟʘʮʽʷ ʨʘʩʪʨʦʚʠʭ 

ʜʘʥʠʭ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʛʣʠʙʣʝʥʦʾ ʦʙʨʦʙʢʠ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʮʠʬʨʦʚʫ 

ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ (ʎʄʈ) ʤʽʩʮʝʚʦʩʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟ ʧʨʦʩʪʦʨʦʚʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ 10 ʤʝʪʨʽʚ, ʱʦ ʻ ʧʨʠʜʘʪʥʦʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ 

ʢʘʨʪ ʟʦʥ ʟʘʪʦʧʣʝʥʥʷ. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʙʫʣʘ ʝʢʩʧʦʨʪʦʚʘʥʘ ʫ ʩʝʨʝʜʦʚʠʱʝ HEC-RAS 

ʯʝʨʝʟ ʚʙʫʜʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʢʦʥʚʝʨʪʘʮʽʾ ʪʘ ʜʦʩʪʫʧʥʘ ʜʣʷ ʧʝʨʝʛʣʷʜʫ ʫ ʤʦʜʫʣʽ RAS 

Mapper ʪʘ Geometry editor (ʈʠʩ. 3.2.1). 
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ʈʠʩ. 3.2.1. ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʜʦʣʠʥʠ ʨʽʯʢʠ ʍʘʨʢʽʚ ʪʘ ʊʨʘʚôʷʥʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ (ʬʨʘʛʤʝʥʪ, ʚʠʛʣʷʜ ʫ ʩʝʨʝʜʦʚʠʱʽ RAS Mapper). 

ʇʦʜʘʣʴʰʽ ʜʽʾ ʚ ʩʝʨʝʜʦʚʠʱʽ ArcGIS ʚʢʣʶʯʘʣʠ ʚʝʢʪʦʨʠʟʘʮʽʶ ʙʝʨʝʛʦʚʦʾ ʣʽʥʽʾ 

ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʨʫʩʣʘ ʨʽʯʢʠ ʍʘʨʢʽʚ, ʱʦ ʚʽʜʙʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʽ ʪʦʧʦʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ, ʪʘ ʽʤʧʦʨʪ ʬʘʡʣʫ ʧʨʦʝʢʮʽʾ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʝʨʝʜʦʚʠʱʽ HEC-RAS.  

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʧʦʣʷʛʘʚ ʫ ʧʝʨʝʥʝʩʝʥʥʽ ʮʠʬʨʦʚʠʭ ʜʘʥʠʭ ʜʦ ʩʝʨʝʜʦʚʠʱʘ 

HEC-RAS, ʰʣʷʭʦʤ ʽʤʧʦʨʪʫ ʪʘ ʢʦʥʚʝʨʪʘʮʽʾ ʰʝʡʧʬʘʡʣʽʚ ʪʘ ʨʘʩʪʨʦʚʠʭ ʜʘʥʠʭ, ʽ ʾʭ 

ʧʽʜʛʦʪʦʚʢʘ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʦʙʫʜʦʚʽ ʤʦʜʝʣʽ. ɿʦʢʨʝʤʘ, ʙʫʣʦ ʩʪʚʦʨʝʥʦ Storage 

area (ʟʦʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ) ʥʘ ʦʩʥʦʚʽ ʚʝʢʪʦʨʥʠʭ ʜʘʥʠʭ ʘʢʚʘʪʦʨʽʾ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʇʝʨʝʜ ʮʠʤ ʙʫʣʦ ʟʘʜʘʥʦ ʻʜʠʥʫ ʧʨʦʝʢʮʽʶ ʜʣʷ ʚʩʽʭ ʰʘʨʽʚ ʜʘʥʠʭ. ʊʘʢʦʞ ʫ HEC-RAS 

(ɻɯʉ-ʤʦʜʫʣʴ RAS Mapper) ʚʨʫʯʥʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 2D Flow area (ʟʦʥʘ ʟʘʪʦʧʣʝʥʥʷ), 

ʷʢʘ ʽʟ ʟʘʧʘʩʦʤ ʦʭʦʧʣʶʻ ʪʝʨʠʪʦʨʽʶ ʨʽʯʢʦʚʦʾ ʜʦʣʠʥʠ, ʽ ʩʘʤʝ ʚ ʾʾ ʤʝʞʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʨʘʭʫʥʦʢ ʥʘʧʨʷʤʢʫ ʪʝʯʽʾ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʪʦʧʣʝʥʥʷ. ʋ ʤʽʩʮʽ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʤʙʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ SA/2D Connection (ʟôʻʜʥʘʥʥʷ ʤʽʞ ʟʦʥʦʶ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ ʪʘ ʟʦʥʦʶ ʟʘʪʦʧʣʝʥʥʷ), ʱʦ ʽ ʷʚʣʷʻ ʩʦʙʦʶ ʦʮʠʬʨʦʚʘʥʫ ʚʝʨʩʽʶ 

ʜʘʤʙʠ. ɺ ʷʢʦʩʪʽ ʜʦʧʦʤʽʞʥʦʛʦ ʰʘʨʫ ʙʫʣʦ ʜʦʜʘʥʦ ʙʘʟʦʚʫ ʢʘʨʪʫ (basemap) ʥʘ ʦʩʥʦʚʽ 

ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ Google. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʧʽʜʛʦʪʦʚʘʥʦ ʫʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ 
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ʛʝʦʤʝʪʨʽʾ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʝʪʘʧʽʚ ʤʦʜʝʣʶʚʘʥʥʷ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʜʘʥʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 3.2.2 ʪʘ ʈʠʩ. 3.2.3. 

 

ʈʠʩ. 3.2.2. ɿʦʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ (Storage Area 1), ʟʦʥʘ ʟʘʪʦʧʣʝʥʥʷ (2D 

Flow area ʘʙʦ Perimeter 1) ʪʘ ʜʘʤʙʘ (SA/2D Connection), ʩʧʨʦʝʢʪʦʚʘʥʽ ʥʘ ʮʠʬʨʦʚʫ 

ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʫ RAS Mapper. 

 

ʈʠʩ. 3.2.3. ɿʦʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʦʜʠ (Storage Area 1), ʟʦʥʘ ʟʘʪʦʧʣʝʥʥʷ (2D 

Flow area ʘʙʦ Perimeter 1) ʪʘ ʜʘʤʙʘ (SA/2D Connection), ʧʽʜʛʦʪʦʚʣʝʥʽ ʜʦ ʚʚʝʜʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʤʝʪʨʽʾ. 
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ɼʘʣʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʽʜʛʦʪʦʚʯʠʡ ʝʪʘʧ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, 

ʟʦʢʨʝʤʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʛʨʝʙʣʽ. ɼʣʷ ʮʴʦʛʦ ʫ ʤʦʜʫʣʽ Geometric data (ʜʘʥʽ 

ʛʝʦʤʝʪʨʽʾ) ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʜʘʤʙʫ ʪʘ ʚʨʫʯʥʫ ʚʚʝʜʝʥʦ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ ʷʢ ʚʠʩʦʪʘ 

ʛʨʝʙʝʥʷ, ʪʠʧ ʛʨʝʙʣʽ, ʢʫʪʠ ʥʘʭʠʣʫ ʪʨʘʧʝʮʽʾ (ʫʢʦʩʠ). ʇʽʩʣʷ ʮʴʦʛʦ ʙʫʣʦ ʟʘʜʘʥʦ 

ʧʘʨʘʤʝʪʨʠ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʻ ʥʘʡʚʘʞʣʠʚʽʰʦʶ ʯʘʩʪʠʥʦʶ, ʦʩʢʽʣʴʢʠ ʧʨʷʤʦ ʚʧʣʠʚʘʻ 

ʥʘ ʨʝʟʫʣʴʪʘʪ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢ, ʚʨʫʯʥʫ ʙʫʣʦ ʚʚʝʜʝʥʦ ʰʠʨʠʥʫ ʪʘ ʚʠʩʦʪʫ ʨʦʟʣʦʤʫ, 

ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʥ ʫʪʚʦʨʶʻʪʴʩʷ, ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʫʪʚʦʨʝʥʥʷ, ʪʠʧ ʨʦʟʣʦʤʫ. 

ɹʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʫʣʦ ʚʠʚʝʜʝʥʦ ʘʥʘʣʽʪʠʯʥʠʤ ʩʧʦʩʦʙʦʤ ʽʟ ʨʷʜʫ ʨʦʙʽʪ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʤʦʜʝʣʶʚʘʥʥʷʤ ʨʫʡʥʫʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱ, ʟʘ ʩʚʦʾʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʙʣʠʟʴʢʠʤʠ ʜʦ ʊʨʘʚôʷʥʩʴʢʦʛʦ. ɿʘ ʫʤʦʚʦʶ ʧʦʪʦʯʥʦʛʦ ʩʮʝʥʘʨʽʶ (ʚʧʣʠʚ ʙʦʡʦʚʠʭ 

ʜʽʡ), ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʠʪʪʻʚʦ, ʽ ʡʦʛʦ ʟʘʟʥʘʻ ʥʘʡʙʽʣʴʰ ʚʨʘʟʣʠʚʘ ʯʘʩʪʠʥʘ 

ʜʘʤʙʠ ï ʚʦʜʦʩʢʠʜ, ʽ ʚʦʥʦ ʦʭʦʧʣʶʻ ʱʦʥʘʡʤʝʥʰʝ 1/2 ʜʦʚʞʠʥʠ ʫʩʽʻʾ ʛʨʝʙʣʽ. (ʈʠʩ. 

3.2.3.) 

 

 

ʈʠʩ. 3.2.4. ʇʦʟʜʦʚʞʥʽʡ ʧʨʦʬʽʣʴ ʜʘʤʙʠ ʪʘ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʩʪʘʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʪʦʢʫ 

(unsteady flow data). ʊʫʪ ʦʩʥʦʚʥʦʶ ʟʘʜʘʯʝʶ ʙʫʣʦ ʚʚʝʜʝʥʥʷ ʧʦʯʘʪʢʦʚʦʾ ʚʠʩʦʪʠ 
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ʘʢʚʘʪʦʨʽʾ ʚʦʜʦʩʭʦʚʠʱʘ (initial condition), ʪʘ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʠʪʦʢʫ (ʥʘʜʭʦʜʞʝʥʥʷ ʚʦʜʠ ʽʟ ʨʽʯʢʠ ʫ ʚʦʜʦʩʭʦʚʠʱʝ) (ʈʠʩ. 3.2.5.). 

ɿʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʪʦʢʫ 

(ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ). ʇʦʪʨʽʙʥʦ ʙʫʣʦ ʧʨʦʢʦʥʪʨʦʣʶʚʘʪʠ, ʱʦ 

ʦʙʨʘʥʦ ʧʦʪʨʽʙʥʠʡ ʥʘʙʽʨ ʛʝʦʤʝʪʨʽʾ, ʧʘʨʘʤʝʪʨʽʚ ʧʦʪʦʢʫ, ʚʩʪʘʥʦʚʠʪʠ ʥʘʙʽʨ ʜʘʥʠʭ, 

ʷʢʽ ʙʫʜʝ ʟʛʝʥʝʨʦʚʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʩʪʘʥʦʚʠʪʠ ʯʘʩʦʚʽ ʨʘʤʢʠ ʪʘ 

ʽʥʪʝʨʚʘʣ ʦʙʨʦʙʢʠ (ʈʠʩ. 3.2.6.). ɼʘʣʽ ʟʘʧʫʩʢʘʻʪʴʩʷ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʠʡ, 

ʟʘʣʝʞʥʦ ʚʽʜ ʟʘʜʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 5-20 ʭʚʠʣʠʥ (ʈʠʩ. 3.2.7.). 

 

ʈʠʩ. 3.2.6. ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʪʦʢʫ. 

 

ʏʘʩʪʠʥʘ ʧʘʨʘʤʝʪʨʽʚ ʘʥʘʣʽʟʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʦʪʦʢʫ ʙʫʣʘ ʟʘʜʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʜʦʩʪʫʧʥʠʭ ʜʞʝʨʝʣ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʦʜʦʩʭʦʚʠʱʝ, ʯʘʩʪʠʥʘ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ 

ʰʣʷʭʦʤ ʝʤʧʽʨʠʯʥʦʾ ʦʮʽʥʢʠ, ʜʘʥʠʭ ʚʠʩʦʪ ʫ ʎʄʈ, ʜʘʥʠʭ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ, ʱʦ 

ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʥʫʣʦ ʥʘ ʪʦʯʥʽʩʪʴ ʧʽʜʩʫʤʢʦʚʦʾ ʤʦʜʝʣʽ. 
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ʈʠʩ. 3.2.7. ɻʦʣʦʚʥʝ ʚʽʢʥʦ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʫ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʧʦʪʦʢʫ. 

ʇʽʩʣʷ ʦʯʽʢʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʪʨʠʚʘʚ ʙʣʠʟʴʢʦ 

ʜʚʘʜʮʷʪʠ ʭʚʠʣʠʥ, ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦ ʽʤʧʦʨʪʫʶʪʴʩʷ ʫ RAS 

Mapper ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʥʠʭ ʪʘ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ. ɼʦ ʥʘʙʦʨʫ ʨʝʟʫʣʴʪʘʪʽʚ ʚʭʦʜʠʪʴ 

ʢʘʨʪʦʛʨʘʬʽʯʥʘ ʽʥʬʦʨʤʘʮʽʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʛʣʠʙʠʥʫ ʪʘ ʯʘʩ 

ʥʘʜʭʦʜʞʝʥʥʷ ʧʦʚʝʥʽ, ʟʘʛʘʣʴʥʫ ʪʝʨʠʪʦʨʽʶ ʟʘʪʦʧʣʝʥʥʷ, ʽ ʤʦʞʝ ʙʫʪʠ ʽʤʧʦʨʪʦʚʘʥʘ ʫ 

ʬʦʨʤʘʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʫ ɻɯʉ. ʊʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʽʜʦʙʨʘʟʠʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʘʥʽʤʘʮʽʾ, ʷʢʘ 

ʥʘʦʯʥʦ ʜʝʤʦʥʩʪʨʫʻ ʪʝ, ʷʢ ʙʫʜʝ ʧʦʰʠʨʶʚʘʪʠʩʷ ʧʦʚʽʥʴ. ʆʢʨʽʤ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʜʘʥʠʭ, ʬʦʨʤʫʻʪʴʩʷ ʟʚʽʪ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʽ ʪʘʙʣʠʮʴ, ʷʢʽ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʤʽʥʫ 

ʰʚʠʜʢʦʩʪʽ ʧʦʪʦʢʫ ʪʘ ʧʣʦʱʽ ʟʘʪʦʧʣʝʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ. ʋʟʘʛʘʣʴʥʝʥʠʡ ʚʠʛʣʷʜ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʥʦ ʥʘ ʈʠʩ. 3.2.8. ï 3.2.10. 
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ʈʠʩ. 3.2.8. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʣʠʙʠʥʫ ʧʦʚʝʥʽ (30 ʭʚʠʣʠʥ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ), 

ʥʘʢʣʘʜʝʥʘ ʥʘ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʫ RAS Mapper. 

 

ʈʠʩ. 3.2.9. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʛʣʠʙʠʥʫ ʧʦʚʝʥʽ (1 ʛʦʜʠʥʘ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ), 

ʥʘʢʣʘʜʝʥʘ ʥʘ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ ʫ RAS Mapper. 
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ʈʠʩ. 3.2.10. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ (2 ʛʦʜʠʥʠ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ), 

ʥʘʢʣʘʜʝʥʘ ʥʘ ʙʘʟʦʚʫ ʢʘʨʪʫ ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ. 

ʆʪʨʠʤʘʥʘ ʰʣʷʭʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʷ ʜʘʻ ʟʤʦʛʫ ʦʮʽʥʠʪʠ, ʷʢʽ 

ʪʝʨʠʪʦʨʽʾ ʥʠʞʯʝ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʤʘʶʪʴ ʨʠʟʠʢ ʟʘʪʦʧʣʝʥʥʷ, ʟʘ ʷʢʠʡ 

ʯʘʩ ʧʽʩʣʷ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʮʝ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʰʚʠʜʢʽʩʪʴ 

ʧʦʰʠʨʝʥʥʷ ʧʦʚʝʥʽ, ʷʢʦʶ ʙʫʜʝ ʾʾ ʚʠʩʦʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

ʧʦʚʥʦʮʽʥʥʫ ʦʩʥʦʚʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʢʘʨʪ ʟʦʥ ʨʠʟʠʢʫ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʤʦʞʣʠʚʠʭ ʝʢʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ 

ʪʘ ʩʦʮʽʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘʢʦʛʦ ʽʥʮʠʜʝʥʪʫ. ʌʦʨʤʘʪ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ 

ʽʤʧʦʨʪʫʚʘʪʠ ʾʭ ʷʢ ʫ ʨʘʩʪʨʦʚʦʤʫ (ʨʦʟʰʠʨʝʥʥʷ .vrt, .tif ), ʪʘʢ ʽ ʫ ʚʝʢʪʦʨʥʦʤʫ 

(ʨʦʟʰʠʨʝʥʥʷ .shp) ʬʦʨʤʘʪʽ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʝʚʥʦʶ ʤʽʨʦʶ ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ, ʽ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʥʝ ʣʠʰʝ ʫ ʩʝʨʝʜʦʚʠʱʽ ArcGIS, ʘʣʝ ʪʘʢʦʞ ʫ ʽʥʰʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʟʦʢʨʝʤʘ ʫ MapInfo, QGIS, GRASS, ʪʘ ʥʘʧʨʷʤʫ ʫ 

ʩʪʚʦʨʝʥʥʽ ʦʥʣʘʡʥ-ʢʘʨʪ, ʱʦ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʪʘʢʦʞ ʧʨʦʚʦʜʠʪʠ ʾʭ ʦʥʦʚʣʝʥʥʷ ʫ 

ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʚʝʙ-ʩʝʨʚʽʩʘʭ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 
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3.3. ʈʦʟʨʦʙʢʘ ʢʘʨʪ ʟʦʥ ʨʠʟʠʢʫ ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ 

ʚʦʜʦʩʭʦʚʠʱʘ 

 

ʂʘʨʪʠ ʟʦʥ ʨʠʟʠʢʫ ʙʫʣʠ ʫʢʣʘʜʝʥʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ArcGIS ʥʘ 

ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ ʫ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʧʽʜʧʫʥʢʪʽ, ʘ ʪʘʢʦʞ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘ ʝʤʧʽʨʠʯʥʠʭ 

ʦʮʽʥʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚ ʪʦʤʫ ʯʠʩʣʽ ʫ ʨʦʙʦʪʘʭ, ʨʦʟʛʣʷʥʫʪʠʭ ʫ ʧʽʜʧʫʥʢʪʘʭ ʜʨʫʛʦʛʦ 

ʨʦʟʜʽʣʫ [4; 5; 6; 18; 27]. 

ʐʘʨʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʽ ʫ ʩʝʨʝʜʦʚʠʱʽ HEC-RAS ʙʫʣʠ 

ʽʤʧʦʨʪʦʚʘʥʽ ʫ ʬʦʨʤʘʪ, ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʤʠ 

ɻɯʉ ʫ ʚʠʛʣʷʜʽ ʰʝʡʧʬʘʡʣʽʚ (ʬʦʨʤʘʪ .shp). ɼʦ ʮʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʙʫʣʦ ʜʦʜʘʥʦ ʚʞʝ 

ʽʩʥʫʶʯʽ ʚʝʢʪʦʨʥʽ ʰʘʨʠ ʨʫʩʣʘ ʨʽʯʢʠ ʍʘʨʢʽʚ ʽ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ, 

ʨʘʩʪʨʦʚʠʡ ʰʘʨ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʪʘ ʜʚʽ ʙʘʟʦʚʽ ʢʘʨʪʠ (ʪʘʢʦʞ ʨʘʩʪʨʦʚʽ ʜʘʥʽ) 

ï ʩʫʧʫʪʥʠʢʦʚʠʭ ʟʥʽʤʢʽʚ Google ʪʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʧʽʜʢʣʘʜʢʫ Open Street Map 

(OSM). ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʧʽʜʢʣʘʜʢʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ (ʦʮʠʬʨʦʚʘʥʦ) ʜʦʜʘʪʢʦʚʽ ʚʝʢʪʦʨʥʽ 

ʰʘʨʠ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʦʩʥʦʚʠ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʫ ʩʝʙʝ ʤʝʨʝʞʫ ʜʦʨʽʛ, ʤʦʩʪʠ, ʥʘʩʝʣʝʥʽ 

ʧʫʥʢʪʠ, ʣʽʩʦʚʽ ʤʘʩʠʚʠ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʋ ʷʢʦʩʪʽ ʬʦʥʦʚʦʾ 

ʦʩʥʦʚʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, ʦʩʢʽʣʴʢʠ ʪʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ 

ʧʨʦʩʪʝʞʫʚʘʪʠ ʟʚôʷʟʦʢ ʤʽʞ ʨʘʡʦʥʘʤʠ ʟʘʪʦʧʣʝʥʥʷ, ʚʠʩʦʪʦʶ ʧʦʚʝʥʽ ʽ ʘʙʩʦʣʶʪʥʦʶ 

ʚʠʩʦʪʦʶ ʤʽʩʮʝʚʦʩʪʽ. ʇʽʩʣʷ ʥʘʣʘʰʪʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʾʭ 

ʘʥʘʣʽʟ ʪʘ ʢʦʨʠʛʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʩʭʦʞʠʭ ʨʦʙʽʪ ʫ ʩʬʝʨʽ ʤʦʜʝʣʶʚʘʥʥʷ ʟʦʥ 

ʨʠʟʠʢʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʠʭ, ʱʦ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ ʫ ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʜʽʣʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʫʢʣʘʜʝʥʦ ʩʝʨʽʶ ʽʟ ʧôʷʪʠ ʢʘʨʪ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʚʩʝʙʽʯʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʨʫʡʥʫʚʘʥʥʷ ʜʘʤʙʠ ʊʨʘʚôʷʥʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʽʤʦʚʽʨʥʽ 

ʟʦʥʠ ʨʠʟʠʢʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʦʛʦ ʽʥʮʠʜʝʥʪʫ. ʇʽʜʩʫʤʢʦʚʠʡ ʚʠʛʣʷʜ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʈʠʩ. 3.3.1. ï 3.3.5. 
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ʈʠʩ. 3.3.1. ʂʘʨʪʘ çʊʨʘʚôʷʥʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʪʘ ʨʽʯʢʘ ʍʘʨʢʽʚ. ʆʛʣʷʜʦʚʘ 

ʢʘʨʪʘè 


