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ɼʠʩʝʨʪʘʮʠʷʪʘ ʝ ʦʙʩʲʜʝʥʘ ʠ ʜʦʧʫʩʥʘʪʘ ʜʦ ʟʘʱʠʪʘ ʥʘ ʨʘʟʰʠʨʝʥʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʩʝʢʮʠʷ 

Ăʄʘʪʝʤʘʪʠʯʝʩʢʠ ʤʝʪʦʜʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʝʥʟʦʨʥʘ ʠʥʬʦʨʤʘʮʠʷñ ʚ ʀʀʂʊ ʥʘ ɹɸʅ, 

ʩʲʩʪʦʷʣʦ ʩʝ ʥʘ 18.05.2012 ʛ. 

 

ɼʠʩʝʨʪʘʮʠʷʪʘ ʩʲʜʲʨʞʘ 141 ʩʪʨ., 54 ʬʦʨʤʫʣʠ, 108 ʬʠʛʫʨʠ, 29 ʪʘʙʣʠʮʠ, 9 ʩʪʨ. ʣʠʪʝʨʘʪʫʨʘ, 

ʚʢʣʶʯʚʘʱʘ 168 ʟʘʛʣʘʚʠʷ ʠ ʧʨʠʣʦʞʝʥʠʷ ʦʪ 10 ʩʪʨ. ʧʨʦʛʨʘʤʝʥ ʢʦʜ. 

 

ɿʘʱʠʪʘʪʘ ʥʘ ʜʠʩʝʨʪʘʮʠʷʪʘ ʱʝ ʩʝ ʩʲʩʪʦʠ ʥʘ ééééé..é.é.  ʛ. ʦʪ éé..éé.. ʯʘʩʘ ʚ 

ʟʘʣʘ ééé..éé.. ʥʘ ééééééé.. ʥʘ ʦʪʢʨʠʪʦ ʟʘʩʝʜʘʥʠʝ ʥʘ ʥʘʫʯʥʦ ʞʫʨʠ ʚ ʩʲʩʪʘʚ: 

 

1. ʘʢʘʜ. ʀʚʘʥ ʇʦʧʯʝʚ 

2. ʧʨʦʬ. ʜʪʥ ɹʣʘʛʦʚʝʩʪ ʐʠʰʢʦʚ 

3. ʧʨʦʬ. ʜʪʥ ɸʥʜʦʥ ʃʘʟʘʨʦʚ 

4. ʜʦʮ. ʜ-ʨ ɺʝʨʘ ɹʝʭʘʨ 

5. ʜʦʮ. ʜ-ʨ ʏʘʚʜʘʨ ʄʠʥʯʝʚ 

 

ʄʘʪʝʨʠʘʣʠʪʝ ʟʘ ʟʘʱʠʪʘʪʘ ʩʘ ʥʘ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʠʥʪʝʨʝʩʫʚʘʱʠʪʝ ʩʝ ʚ ʀʀʂʊ ʥʘ ɹɸʅ, 

ʉʦʬʠʷ, ʫʣ. ñɸʢʘʜ. ɻ.ɹʦʥʯʝʚò, ʙʣ. 2 

 

 

 

 

ɸʚʪʦʨ: ɼʠʤʠʪʲʨ ʇʝʪʨʦʚ ʄʠʥʯʝʚ 

ɿʘʛʣʘʚʠʝ: ʀʅʊɽʈʌɽʈʆʄɽʊʈʀʏʅʀ ʄɽʊʆɼʀ ʀ ɸʃɻʆʈʀʊʄʀ ɿɸ ʄʆɼɽʃʀʈɸʅɽ ʀ 
ʆɹʈɸɹʆʊʂɸ ʅɸ ʉɸʊɽʃʀʊʅʀ SAR ʀɿʆɹʈɸɾɽʅʀʗ 
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ʋɺʆɼ 

ʉʪʨʫʢʪʫʨʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʚʢʣʶʯʚʘ: ʩʲʜʲʨʞʘʥʠʝ, ʫʚʦʜ, ʯʝʪʠʨʠ ʛʣʘʚʠ, ʟʘʢʣʶʯʝʥʠʝ ʩ ʥʘʫʯʥʦ 

ʠ ʥʘʫʯʥʦ-ʧʨʠʣʦʞʥʠ ʧʨʠʥʦʩʠ, ʩʧʠʩʲʢ ʥʘ ʥʘʫʯʥʠʪʝ ʧʫʙʣʠʢʘʮʠʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ, ʩʧʠʩʲʢ ʩ ʠʟʧʦʣʟʚʘʥʠʪʝ ʬʠʛʫʨʠ, ʩʧʠʩʲʢ ʩ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʘʙʣʠʮʠ, 

ʩʧʠʩʲʢ ʩ ʠʟʧʦʣʟʚʘʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠ ʧʨʠʣʦʞʝʥʠʝ ʩ ʧʨʦʛʨʘʤʝʥ ʢʦʜ.  

ɻʣʘʚʠʪʝ ʩʘ ʦʨʛʘʥʠʟʠʨʘʥʠ ʢʘʢʪʦ ʩʣʝʜʚʘ: ʛʣʘʚʘ 1 ʥʘ ʪʝʤʘ "ɸʥʘʣʠʟ ʠ ʦʮʝʥʢʘ ʥʘ ʩʠʩʪʝʤʠʪʝ, 

ʤʝʪʦʜʠʪʝ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʩʘʪʝʣʠʪʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ", ʛʣʘʚʘ 2 ʥʘ ʪʝʤʘ "ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ", ʛʣʘʚʘ 3 ʥʘ ʪʝʤʘ "ʄʘʪʝʤʘʪʠʯʝʩʢʦ 

ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ" ʠ ʛʣʘʚʘ 4 ʥʘ ʪʝʤʘ 

"ʅʘʪʫʨʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʨʝʘʣʥʠ ʩʘʪʝʣʠʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ". 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʦʬʦʨʤʝʥ ʚ ʯʝʪʠʨʠ ʛʣʘʚʠ. ʆʩʥʦʚʥʠʷʪ ʪʝʢʩʪ ʝ ʠʟʣʦʞʝʥ ʥʘ 141 

ʩʪʨʘʥʠʮʠ. ɺʢʣʶʯʝʥʠ ʩʘ: 54 ʬʦʨʤʫʣʠ, 108 ʬʠʛʫʨʠ ʠ 29 ʪʘʙʣʠʮʠ. ʌʠʛʫʨʠʪʝ ʠ ʪʘʙʣʠʮʠʪʝ 

ʩʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʦʨʝʜʥʦ ʥʦʤʝʨʠʨʘʥʠ. ʎʠʪʠʨʘʥʠ ʩʘ 168 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ. 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʪʝʤʘʪʘ ʠ ʦʙʟʦʨ ʥʘ ʦʩʥʦʚʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚ ʦʙʣʘʩʪʪʘ 

ʈʘʟʚʠʪʠʝʪʦ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʧʨʝʟ 

ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʧʦʟʚʦʣʠ ʧʦʷʚʘʪʘ ʠ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʥʦʚʠ ʪʝʭʥʦʣʦʛʠʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ 

ʩʘʪʝʣʠʪʥʠ ʜʘʥʥʠ, ʢʲʤ ʢʦʠʪʦ ʩʝ ʦʪʥʘʩʷʪ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠʪʝ ʩʠʩʪʝʤʠ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ 

ʘʧʝʨʪʫʨʘ, ʤʦʥʪʠʨʘʥʠ ʥʘ ʩʘʪʝʣʠʪʥʠ ʥʦʩʠʪʝʣʠ - ʤʦʱʝʥ ʠʥʩʪʨʫʤʝʥʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʥʝʡʥʘʪʘ ʜʠʥʘʤʠʢʘ ʠ ʦʙʝʢʪʠ ʚʲʨʭʫ ʥʝʷ. ʊʷʭʥʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʝ 

ʠʟʢʣʶʯʠʪʝʣʥʦ ʘʢʪʫʘʣʥʘ ʪʝʤʘ, ʢʦʷʪʦ ʚʩʝ ʧʦ ʰʠʨʦʢʦ ʩʝ ʜʠʩʢʫʪʠʨʘ ʚ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ. 

ʊʦʟʠ ʠʥʪʝʨʝʩ ʝ ʧʨʝʜʠʟʚʠʢʘʥ ʦʪ ʨʘʟʥʦʦʙʨʘʟʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ ʠ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʠʪʦ ʪʝ 

ʧʨʝʜʦʩʪʘʚʷʪ. ɼʠʩʪʘʥʮʠʦʥʥʦʪʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʠ ʚʲʚ ʚʨʝʤʝʪʦ ʩʠʛʥʘʣʠ ʠ ʪʝʭʥʠʪʝ 

ʧʘʨʘʤʝʪʨʠ, ʩʲʭʨʘʥʝʥʠʝʪʦ ʠ ʦʙʨʘʙʦʪʚʘʥʝʪʦ ʠʤ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ, ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ 

ʦʪʜʘʣʝʯʝʥ ʤʦʥʠʪʦʨʠʥʛ, ʩʘ ʥʷʢʦʠ ʦʪ ʪʝʭʥʠʪʝ ʚʲʟʤʦʞʥʦʩʪʠ. ʊʝ ʥʘʤʠʨʘʪ ʩʲʱʦ ʪʘʢʘ 

ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʚ ʩʠʪʫʘʮʠʠ ʥʘ ʢʨʠʟʠ, ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ ʠ ʘʚʘʨʠʠ, ʢʘʪʦ ʧʦʟʚʦʣʷʚʘʪ 

ʜʘ ʩʝ ʩʲʙʝʨʝ ʠ ʦʙʨʘʙʦʪʠ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʛʦʣʝʤʠ ʪʝʨʠʪʦʨʠʠ. ʃʝʩʥʘʪʘ ʦʙʤʷʥʘ ʥʘ ʜʘʥʥʠ 

ʧʦʟʚʦʣʷʚʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ʦʪʜʝʣʥʠ ʢʦʣʝʢʪʠʚʠ ʧʨʠ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʲʚʤʝʩʪʥʠ 

ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʜʠʩʪʘʥʮʠʦʥʥʠʪʝ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʨʝʣʝʬʘ ʠ ʜʠʥʘʤʠʢʘʪʘ ʥʘ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. 

ʎʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ 

ʎʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ: ʥʘ ʙʘʟʘʪʘ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠ ʠ ʢʠʥʝʤʘʪʠʯʥʠ 

ʤʦʜʝʣʠ ʥʘ InSAR ʩʮʝʥʘʨʠʷ, ʜʘ ʩʝ ʠʟʛʨʘʜʷʪ  ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR 

ʩʠʛʥʘʣʠ, ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʤʝʪʦʜʠ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʪʷʭʥʘʪʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ ʥʘ MATLAB  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʦʯʝʥʘʪʘ ʮʝʣ ʩʝ ʧʦʩʪʘʚʷʪ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ:  
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Å ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ; 

Å ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ; 

Å ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʠ ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ; 

Å ɼʘ ʩʝ ʠʟʚʲʨʰʠ ʯʠʩʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʥʝ ʥʘ ʤʦʜʝʣʠʪʝ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʥʘʪʫʨʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʠ ʦʪ ʜʘʥʥʠʪʝ ʥʘ ʩʘʪʝʣʠʪʘ 

ENVISAT. 

ɸʧʨʦʙʘʮʠʷ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 

ʆʩʥʦʚʥʠʪʝ ʪʝʦʨʝʪʠʯʥʠ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʠʟʣʦʞʝʥʠ ʚ 4 ʧʫʙʣʠʢʘʮʠʠ, ʜʚʝ 

ʦʪ ʪʷʭ ʧʨʝʟ 2009 ʚ XVI -th International Symposium on Electrical Apparatus and 

Technologies ï ɹʫʨʛʘʩ, ɹʲʣʛʘʨʠʷ, ʘ ʜʨʫʛʠʪʝ ʜʚʝ ʩʲʦʪʚʝʪʥʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʥʘʫʯʥʠ 

ʢʦʥʬʝʨʝʥʮʠʠ: 28 June ï 2 July 2010, Bergen, Norway, ESA Living Planet Simposium 2010 

ʠ 19-23 September 2011, Frascaty, Italy, ESA Fringe 2011. 

ʇʫʙʣʠʢʘʮʠʠ ʩʚʲʨʟʘʥʠ ʩ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ  

¶ Andon Lazarov, Dimitar Minchev, Comparison analysis of ESA software products and 

their functionality for interferometric processing., Burgas, Bulgaria, XVI-th 

International Symposium on Electrical Apparatus and Technologies, ISBN 978-954-

323-530-8, SIELA 2009 Proceeding, p.165-174, 2009. 

¶ Andon Lazarov, Dimitar Minchev, SAR mapping equations and coordinate 

transformations., Burgas, Bulgaria, XVI-th International Symposium on Electrical 

Apparatus and Technologies, ISBN 978-954-323-530-8, SIELA 2009 Proceeding, 

p.175-180, 2009. 

¶ Andon Lazarov, Dimitar Minchev, Gurgen Aleksanyan, Maya Ilieva, Landslide 

phenomena in sevan national park ï Armenia., 28 June ï 2 July 2010, Bergen, 

Norway, ESA Living Planet Simposium 2010 Proceedings SP-686, ISBN 978-92-

9221-250-6, ISSN 1609-042X, 2010.  

¶ Andon Lazarov, Dimitar Minchev, INSAR study of landslides in the region of lake 

Sevanï Armenia, 19-23 September 2011, Frascaty, Italy, ESA Fringe 2011 
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1. ɸʅɸʃʀɿ ʀ ʆʎɽʅʂɸ ʅɸ ʉʀʉʊɽʄʀʊɽ, ʄɽʊʆɼʀʊɽ ʀ ɸʃɻʆʈʀʊʄʀʊɽ 

ɿɸ ʉɸʊɽʃʀʊʅʆ ɼʀʉʊɸʅʎʀʆʅʅʆ ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɿɽʄʅɸʊɸ 

ʇʆɺʒʈʍʅʆʉʊ 

ɺ ʪʘʟʠ ʛʣʘʚʘ ʦʪ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʝ ʥʘʧʨʘʚʝʥ ʘʥʘʣʠʟ ʥʘ: ʤʝʪʦʜʠʪʝ, ʪʝʭʥʠʢʠʪʝ ʠ 

ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʆʙʦʩʦʙʝʥʠ 

ʩʘ ʢʣʶʯʦʚʠʪʝ ʤʦʤʝʥʪʠ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʪʝʭʥʦʣʦʛʠʷʪʘ, ʚʢʣʶʯʠʪʝʣʥʦ: ʦʧʨʝʜʝʣʷʥʝʪʦ 

ʥʘ ʙʘʟʦʚʠʪʝ ʣʠʥʠʠ, ʨʝʛʠʩʪʨʘʮʠʷʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ, ʨʘʟʩʪʠʣʘʥʝʪʦ ʥʘ ʬʘʟʘʪʘ, 

ʢʦʭʝʨʝʥʪʥʦʩʪ, ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʛʨʝʰʢʠ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʠʤʫʣʘʪʦʨʠ. ʅʘʧʨʘʚʝʥ ʝ ʘʥʘʣʠʟ ʠ 

ʦʮʝʥʢʘ ʥʘ ʩʲʚʨʝʤʝʥʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚ ʦʙʣʘʩʪʪʘ, ʩʠʩʪʝʤʠʪʝ, 

ʤʝʪʦʜʠʪʝ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʩʘʪʝʣʠʪʥʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ.  

1.1.ʎʝʣ ʠ ʟʘʜʘʯʠ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʜʠʩʝʨʪʘʮʠʷ 

ʆʙʩʪʦʡʥʠʷʪ ʘʥʘʣʠʪʠʯʝʥ ʧʨʝʛʣʝʜ ʠ ʥʘʧʨʘʚʝʥʠʷʪ ʘʥʘʣʠʟ ʥʘ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʢʘʟʚʘ, ʯʝ: 

¶ ʉʲʱʝʩʪʚʫʚʘʪ ʟʥʘʯʠʤ ʦʙʝʤ ʦʪ ʤʝʪʦʜʠ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʪʠʤʫʣʘʮʠʦʥʥʠ ʤʦʜʝʣʠ ʥʘ ʧʨʦʮʝʩʠʪʝ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʥʦ ʢʲʤ ʥʘʩʪʦʷʱʠʷ ʤʦʤʝʥʪ ʦʪʩʲʩʪʚʘ ʦʙʦʙʱʘʚʘʱ ʤʦʜʝʣ 

ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ ʩʣʦʞʥʠʷ ʨʝʣʝʬ 

ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʧʦʣʫʯʘʚʘʥʝ ʥʘ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ SAR 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ.  

¶ ʆʪ ʦʩʦʙʝʥ ʠʥʪʝʨʝʩ ʝ ʧʨʦʙʣʝʤʲʪ ʧʦ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʦʙʱ ʘʣʛʦʨʠʪʲʤ ʟʘ ʤʦʜʝʣʠʨʘʥʝ 

ʥʘ ʩʣʦʞʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʝʣʝʬ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʤʦʜʫʣʠʨʘʱ ʬʘʟʘʪʘ 

ʠʟʣʲʯʝʥʠʷ SAR ʩʠʛʥʘʣ ʧʨʠ ʧʨʝʦʪʨʘʞʝʥʠʝ ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʦʮʝʥʢʘ ʥʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʨʘʝʢʪʦʨʥʠʪʝ ʧʘʨʘʤʝʪʨʠ ʥʘ SAR ʩʘʪʝʣʠʪʠʪʝ ʚʲʨʭʫ ʚʠʜʘ ʠ ʢʘʯʝʩʪʚʦʪʦ 

ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢʪʦ ʠ ʩʧʝʮʠʬʠʯʥʠʪʝ ʟʘʜʘʯʠ ʧʨʠ ʩʲʚʤʝʩʪʥʘʪʘ 

ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʠ SAR ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʢʦʠʪʦ ʥʦʩʷʪ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʪʨʠʤʝʨʥʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʨʝʣʝʬʘ ʠ ʥʝʛʦʚʦʪʦ ʠʟʤʝʩʪʚʘʥʝ. 

ʆʪʪʫʢ ʤʦʛʘʪ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘʪ ʮʝʣʪʘ ʠ ʟʘʜʘʩʯʠʪʝ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ: 

ʎʝʣ ʥʘ ʥʘʩʪʦʷʱʠʷ ʜʠʩʝʨʪʘʮʠʦʥʝʥ ʪʨʫʜ: ʥʘ ʙʘʟʘʪʘ ʥʘ ʛʝʦʤʝʪʨʠʯʥʠ ʠ ʢʠʥʝʤʘʪʠʯʥʠ 

ʤʦʜʝʣʠ ʥʘ InSAR ʩʮʝʥʘʨʠʷ, ʜʘ ʩʝ ʠʟʛʨʘʜʷʪ  ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR 

ʩʠʛʥʘʣʠ, ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʤʝʪʦʜʠ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʠ 

ʪʷʭʥʘʪʘ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ ʥʘ MATLAB  

ɿʘ ʧʦʩʪʠʛʘʥʝ ʥʘ ʧʦʩʦʯʝʥʘʪʘ ʮʝʣ ʩʝ ʧʦʩʪʘʚʷʪ ʩʣʝʜʥʠʪʝ ʦʩʥʦʚʥʠ ʟʘʜʘʯʠ:  

¶ ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ; 

¶ ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ; 
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¶ ɼʘ ʩʝ ʨʘʟʨʘʙʦʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ, ʘʣʛʦʨʠʪʲʤ ʠ ʧʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʠ ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ; 

¶ ɼʘ ʩʝ ʠʟʚʲʨʰʠ ʯʠʩʣʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʠʨʘʥʝ ʥʘ ʤʦʜʝʣʠʪʝ ʠ ʘʣʛʦʨʠʪʤʠʪʝ ʧʨʠ 

ʦʙʨʘʙʦʪʢʘ ʥʘ ʥʘʪʫʨʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʠ ʦʪ ʜʘʥʥʠʪʝ ʥʘ ʩʘʪʝʣʠʪʘ 

ENVISAT. 

2. ʄɸʊɽʄɸʊʀʏɽʉʂʆ ʄʆɼɽʃʀʈɸʅɽ ʅɸ ʇʈʆʎɽʉɸ ʅɸ ʇʆʃʋʏɸɺɸʅɽ ʅɸ 

ʂʆʄʇʃɽʂʉʅʆ SAR ʀɿʆɹʈɸɾɽʅʀɽ ʅɸ ɿɽʄʅɸʊɸ ʇʆɺʒʈʍʅʆʉʊ 

ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠʪʝ, ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ SAR 

ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʤʦʜʝʣʠʨʘʥʠʷ ʩʠʛʥʘʣ. ɺ ʩʣʝʜʩʪʚʠʝ 

ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʦʩʪʘʚʝʥʘʪʘ ʮʝʣ ʩʝ ʠʤʧʣʝʤʝʥʪʠʨʘ ʫʥʠʚʝʨʩʘʣʝʥ ʛʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ 

ʥʘ ʨʝʣʝʬ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʦʪʨʘʟʝʥʠʪʝ ʦʪ ʪʦʟʠ ʨʝʣʝʬ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ, ʘʣʛʦʨʠʪʤʠ ʟʘ ʪʷʭʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʠ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

2.1. ɻʝʦʤʝʪʨʠʯʥʦ ʢʠʥʝʤʘʪʠʯʝʥ ʩʮʝʥʘʨʠʡ 

ʈʘʟʛʣʝʞʜʘ ʩʝ ʛʝʦʤʝʪʨʠʯʥʦ ʢʠʥʝʤʘʪʠʯʝʥ ʩʮʝʥʘʨʠʡ, ʜʝʬʠʥʠʨʘʥ ʚ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ 

Oxyz. ʊʠʧʠʯʥʘ ʛʝʦʤʝʪʨʠʷ ʥʘ InSAR ʩʠʩʪʝʤʘ ʠʟʧʦʣʟʚʘʱʘ ʪʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʤʥʦʛʦʢʨʘʪʥʠ 

ʦʙʣʠʪʘʥʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ. 1. 

 
ʌʠʛ. 1. ɻʝʦʤʝʪʨʠʷ ʥʘ InSAR. 

ʉʠʩʪʝʤʘʪʘ SAR ʝ ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʙʦʨʜʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʥʦʩʠʪʝʣ ʩʲʩ ʟʘʜʘʜʝʥʠ 

ʪʨʘʝʢʪʦʨʥʠ ʧʘʨʘʤʝʪʨʠ. ɺʝʢʪʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʷ ʥʦʩʠʪʝʣ 

ʠʤʘ ʚʠʜʘ, ʠʟʨʘʟ (1): 

(1) ö
÷

õ
æ
ç

å
-+= p

N
Tp

p
2

)(
0

VRR , 

ʢʲʜʝʪʦ )0(
0

RR = ʝ ʚʝʢʪʦʨʲʪ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʩʠʩʪʝʤʘ ʜʦ 

ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪ t = 0; V ï ʚʝʢʪʦʨʲʪ ʩʢʦʨʦʩʪ ʥʘ ʩʘʪʝʣʠʪʘ; pT  ʝ ʧʝʨʠʦʜʲʪ ʥʘ ʧʦʚʪʦʨʝʥʠʝ 

ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ; p ʝ ʠʥʜʝʢʩʲʪ ʥʘ ʩʦʥʜʠʨʘʱʠʷ ʠʤʧʫʣʩ; N ï ʧʲʣʥʠʷʪ ʙʨʦʡ ʥʘ 

ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ. 

ɺʝʢʪʦʨʥʦʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʩʝ ʧʨʦʝʢʪʠʨʘ ʚ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ Oxyz, ʧʨʠ ʢʦʝʪʦ ʩʝ 

ʧʦʣʫʯʘʚʘ: 
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ʢʲʜʝʪʦ )( px , )( py ʠ )( pz  ʩʘ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪʘ p; )0(0 xx = , )0(0 yy = ʠ 

)0(0 zz =  ʩʘ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪʘ p = 0; a= cosVVx , b= cosVVy , d= cosVVz - 

ʧʨʦʝʢʮʠʠʪʝ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ ʚʲʨʭʫ ʢʦʦʨʜʠʥʘʪʥʠʪʝ ʩʠʩʪʝʤʠ; acos , bcos , gcos  - 

ʥʘʧʨʘʚʣʷʚʘʱʠ ʢʦʩʠʥʫʩʠ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ. 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (ʌʠʛ.2), ʠʟʦʙʨʘʟʝʥʘ ʚ ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʩʠʩʪʝʤʘ Oxyz 

ʘʥʘʣʠʪʠʯʥʦ ʩʝ ʧʨʝʜʩʪʘʚʷ, ʢʘʪʦ ʬʫʥʢʮʠʷ ʥʘ ʢʦʦʨʜʠʥʘʪʘʪʘ z ʦʪ ʢʦʦʨʜʠʥʘʪʠʪʝ x ʠ y ʥʘ 

ʧʦʚʲʨʭʥʠʥʘʪʘ, ʢʦʷʪʦ ʚ ʜʠʩʢʨʝʪʥʘ ʬʦʨʤʘ ʩʝ ʟʘʧʠʩʚʘ ʩʲʩ ʩʣʝʜʥʦʪʦ ʫʨʘʚʥʝʥʠʝ (3): 

 (3) 
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mnmn

mnmnmnmn

mn

mnmnmnmnmnmnmn

yx

yxyx
x

yxxyxzz

-+--

-ö
÷

õ
æ
ç

å
---

+---==

,

 

ʢʲʜʝʪʦ Mmxmn D= , Nnymn D= ʩʘ ʜʠʩʢʨʝʪʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʚ ʨʘʚʥʠʥʘʪʘ Oxy;  MD  ʠ ND  

- ʨʘʟʤʝʨʠʪʝ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʷ ʝʣʝʤʝʥʪ ʚ ʨʘʚʥʠʥʘ Oxy; m ʠ n - ʦʪʥʦʩʠʪʝʣʥʠʪʝ ʜʠʩʢʨʝʪʥʠ 

ʢʦʦʨʜʠʥʘʪʠ (ʠʥʜʝʢʩʠ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʷ ʝʣʝʤʝʥʪ) ʧʦ ʦʩʠʪʝ Ox ʠ Oy. 

 
ʌʠʛ. 2. ɻʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʥʘ ʧʦʚʲʨʭʥʠʥʘ, ʥʘʙʣʶʜʘʚʘʥʘ ʦʪ SAR. 

ɼʦʧʫʩʢʘ ʩʝ, ʯʝ ʚʲʚ ʚʩʝʢʠ ʨʘʟʜʝʣʠʪʝʣʝʥ ʝʣʝʤʝʥʪ ʩ ʨʘʟʤʝʨ (MD , ND ) ʠ ʢʦʦʨʜʠʥʘʪʠ (mnx  ,

mny ) ʝ ʨʘʟʧʦʣʦʞʝʥ ʝʜʠʥ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ. ɺ ʧʨʦʮʝʩʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ 

ʚʝʢʪʦʨ ʨʘʟʩʪʦʷʥʠʝʪʦ )(p
mn

R  ʦʪ SAR, ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʩʘʪʝʣʠʪʘ ʜʦ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ 

ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʩ ʛʝʦʤʝʪʨʠʯʝʥ ʚʝʢʪʦʨ 
mn

R , ʜʠʥʘʤʠʯʥʦ ʩʝ ʧʨʦʤʝʥʷ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ 

ʩʣʝʜʥʦʪʦ ʚʝʢʪʦʨʥʦ ʫʨʘʚʥʝʥʠʝ  

(4) 
mnmn

pp RRR -= )()(  

ʀʥʬʦʨʤʘʮʠʷʪʘ ʟʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʩʝ ʩʲʜʲʨʞʘ ʚ 

ʢʦʤʧʣʝʢʩʥʘʪʘ ʘʤʧʣʠʪʫʜʘ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʦʪ ʥʝʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʛʥʘʣʠ, ʩʝ ʜʝʬʠʥʠʨʘ ʩ 

ʤʦʜʫʣʘ ʥʘ ʚʝʢʪʦʨʘ ʨʘʟʩʪʦʷʥʠʝ )(pRmn
, ʢʦʡʪʦ ʩʝ ʧʨʝʜʩʪʘʚʷ ʩ ʠʟʨʘʟʘ (5): 
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(5) [ ] [ ] [ ]222
)()()()(

mnmnmnmn
zpzypyxpxpR -+-+-= . 

ʇʨʠ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ (ʩʠʥʪʝʟ ʥʘ ʘʧʝʨʪʫʨʘʪʘ) ʟʘ ʚʩʷʢʦ p, m ʠ n 

ʩʝ ʠʟʯʠʩʣʷʚʘ ʚʝʣʠʯʠʥʘʪʘ )(pRmn . ɿʘ ʫʣʝʩʥʝʥʠʝ ʧʨʦʛʨʘʤʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ 

ʤʦʜʝʣʠʨʘʥʝʪʦ, ʜʘʥʥʠʪʝ ʦʪ ʠʟʯʠʩʣʝʥʠʝʪʦ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ )(pRmn  ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʚ 

ʪʨʠʤʝʨʥʘ ʤʘʪʨʠʮʘ (ʤʘʩʠʚ) ʩ ʨʘʟʤʝʨʥʦʩʪ [p, m, n] (ʌʠʛ.3). 

 
ʌʠʛ. 3. ʊʨʠʤʝʨʥʘ ʤʘʪʨʠʮʘ ʥʘ ʜʘʥʥʠʪʝ ʟʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʜʦʤʠʥʠʨʘʱʠʪʝ ʪʦʯʢʦʚʠ 

ʠʟʣʲʯʚʘʪʝʣʠ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

2.2. ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

SAR ʩʠʩʪʝʤʘʪʘ ʧʨʝʜʘʚʘ ʧʦʨʝʜʠʮʠ ʦʪ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʚʲʣʥʠ ʢʲʤ ʮʝʣʪʘ, ʢʦʠʪʦ ʩʘ 

ʦʧʠʩʘʥʠ ʘʥʘʣʠʪʠʯʥʦ ʦʪ ʧʦʨʝʜʠʮʘʪʘ ʥʘ N ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠ ʠʤʧʫʣʩʠ (LFM) 

ʢʘʢʪʦ ʩʣʝʜʚʘ, ʠʟʨʘʟ (6): 

(6) [ ]{ }ä
=

-+--=
M

p
pp

pTtbpTtjAtS
1

2)()(exp)( w

,

 

ʢʲʜʝʪʦ ɸ ʝ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʧʨʝʜʘʜʝʥʠʷ ʠʤʧʫʣʩ, Tp ʝ ʧʝʨʠʦʜʘ ʥʘ ʠʤʧʫʣʩʘ, 
l
pw

c
2=  ʝ 

ʲʛʣʦʚʘʪʘ ʯʝʩʪʦʪʘ, Np ,1=  ʝ ʪʝʢʫʱʠʷ ʙʨʦʡ ʠʟʣʲʯʝʥʠ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠ 

ʠʤʧʫʣʩʠ, N ʝ ʦʙʱʠʷʪ ʙʨʦʡ ʠʟʣʲʯʝʥʠ ʠʤʧʫʣʩʠ ʧʦ ʚʨʝʤʝ ʥʘ ʘʧʝʨʪʫʨʥʠʷ ʩʠʥʪʝʟ, c = 3.10
8
 

m/s ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ ȹF ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ ʣʝʥʪʘʪʘ ʥʘ ʧʨʝʜʘʜʝʥʠʷ ʠʤʧʫʣʩ ʢʦʡʪʦ 

ʦʩʠʛʫʨʷʚʘ ʨʘʟʤʝʨʘ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʷ ʝʣʝʤʝʥʪ, ʪ.ʝ. FcR D=D 2/ , 
k

T

F
b

D
=
p

 ʝ ʠʥʜʝʢʩ ʥʘ 

ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ, Tʢ e ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ 

ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ. 

ɼʝʪʝʨʤʠʥʠʨʘʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ SAR ʩʠʛʥʘʣʘ, ʦʪʨʘʟʝʥ ʦʪ mn-ʪʠʷ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʝ 

ʢʨʘʡʥʘ ʬʫʥʢʮʠʷ ʠ ʤʦʞʝ ʜʘ ʩʝ ʦʧʨʝʜʝʣʠ ʦʪ ʠʟʨʘʟʘ (7): 

(7) ( )[ ]{ }2)(exp.).()(
mnmn
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ʢʲʜʝʪʦ )( mnmn za  ʝ ʢʦʝʬʠʮʠʝʥʪʲʪ ʥʘ ʦʪʨʘʟʷʚʘʥʝ ʥʘ ʧʠʢʩʝʣ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, 

ʬʫʥʢʮʠʷ ʥʘ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ; ʚʨʝʤʝʪʦ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʥʘ mn-ʠʷ ʜʦʤʠʥʠʨʘʱ 

ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ, ʝ ʜʘʜʝʥʦ ʚ ʠʟʨʘʟ (9): 

(9) 
c

pR
pt mn

mn

)(2
)( =

 

ʢʲʜʝʪʦ 810*3  c=  m/s ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʢʦʝʬʠʮʠʝʥʪʲʪ 2 ʦʪʯʠʪʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʚʲʣʥʘ ʦʪ ʩʠʩʪʝʤʘʪʘ SAR ʜʦ ʜʦʤʠʥʠʨʘʱ 

ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʠ ʦʙʨʘʪʥʦ ʜʦ ʩʠʩʪʝʤʘʪʘ SAR. 

ɼʝʪʝʨʤʠʥʠʨʘʥʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʪʨʘʟʝʥʠʷ SAR ʩʠʛʥʘʣ )(tS  ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʝʩʤʝʪʥʘʪ 

ʢʘʪʦ ʩʫʤʘ ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ ʜʦʤʠʥʠʨʘʱʠʪʝ ʪʦʯʢʦʚʠ ʠʟʣʲʯʚʘʪʝʣʠ ʦʪ 

ʧʦʚʲʨʭʥʦʩʪʪʘ, ʪ.ʝ. )(tS  ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʧʠʩʘʥ (10): 

(10) 
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ɺʨʝʤʝʚʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ t ʥʘ ʦʪʨʘʟʝʥʠʷ SAR ʩʠʛʥʘʣ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʟʘ ʚʩʝʢʠ 

ʧʨʝʜʘʜʝʥ ʠʤʧʫʣʩ p ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʨʘʟʝʥʘ ʚ ʜʠʩʢʨʝʪʥʘ ʬʦʨʤʘ ʢʘʪʦ Tkptt
mn

D-+= )1()(
min

, 

ʢʲʜʝʪʦ )(,1
max

pKk=  ʝ ʠʥʜʝʢʩʲʪ ʥʘ ʚʨʝʤʝʚʠʷ ʜʠʩʢʨʝʪ, FT D=D 2/1  ʝ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ 

ʥʘ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ, ȹF ʝ ʰʠʨʠʥʘʪʘ ʥʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ, 

)(max pK  ʝ ʥʦʤʝʨʲʪ ʥʘ ʧʦʩʣʝʜʥʘʪʘ ʢʣʝʪʢʘ ʧʦ ʨʘʟʩʪʦʷʥʠʝ, ʢʲʜʝʪʦ SAR ʩʠʛʥʘʣʲʪ ʝ 

ʨʝʛʠʩʪʨʠʨʘʥ ʧʨʠ ʚʩʝʢʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ, 
minmnt ʝ ʚʨʝʤʝʪʦ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʦʪ ʥʘʡ-ʙʣʠʟʢʘʪʘ 

ʪʦʯʢʘ, )(min pRmn
- ʨʘʟʩʪʦʷʥʠʝʪʦ ʥʘ ʥʘʡ-ʙʣʠʟʢʠʷ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʧʨʠ 

p-ʪʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ, ʦʪʨʘʟʝʥʠʷʪ SAR ʩʠʛʥʘʣ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʚ ʜʠʩʢʨʝʪʥʘ 

ʬʦʨʤʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʧʠʩʘʥ ʚʲʚ ʚʠʜʘ: 
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ʀʟʨʘʟʠʪʝ (1-11) ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʦʪʨʘʟʝʥʠ ʢʦʤʧʣʝʢʩʥʠ SAR 

ʩʠʛʥʘʣʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪ ʩʲʩ ʩʣʦʞʝʥ ʨʝʣʝʬ. 
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2.3.ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ 

ʈʘʟʛʣʝʞʜʘ ʩʝ ʩʣʫʯʘʡ ʥʘ ʩʠʥʪʝʟ ʥʘ ʘʧʝʨʪʫʨʘʪʘ ʧʨʠ ʩʪʨʘʥʠʯʥʦ, ʦʨʪʦʛʦʥʘʣʥʦ ʥʘ ʧʦʩʦʢʘʪʘ 

ʥʘ ʧʦʣʝʪʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠʷ ʥʦʩʠʪʝʣ, ʥʘʙʣʶʜʝʥʠʝ. ʊʦʛʘʚʘ ʚ ʤʦʤʝʥʪʘ p = N/2 ʩʘʪʝʣʠʪʲʪ ʱʝ 

ʙʲʜʝ ʚ ʨʘʚʥʠʥʘʪʘ Oxz ʥʘ ʤʠʥʠʤʘʣʥʦ ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʥʘʯʘʣʦʪʦ ʥʘ ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʩʠʩʪʝʤʘ 

Oxyz. ʀʟʤʝʥʝʥʠʝʪʦ ʥʘ ʬʘʟʘʪʘ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ ʟʘ ʧʝʨʠʦʜʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ, ʠʟʤʝʨʝʥ 

ʩ N ʩʦʥʜʠʨʘʱʠ ʠʤʧʫʣʩʘ ʠ ʧʝʨʠʦʜʲʪ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ ʥʝ 

ʥʘʜʚʠʰʘʚʘ ʩʪʦʡʥʦʩʪʪʘ p/2, ʥʝ ʠʟʠʩʢʚʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʜʦʧʲʣʥʠʪʝʣʥʦ ʬʦʢʫʩʠʨʘʱʘ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʊʦʚʘ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʩʣʝʜ 

ʦʧʝʨʘʮʠʷʪʘ ʜʝʤʦʜʫʣʘʮʠʷ ʥʘ ʦʪʨʘʟʝʥʠʷ SAR ʩʠʛʥʘʣ ʢʦʤʧʣʝʢʩʥʠʷʪ ʦʙʨʘʟ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʜʘ ʩʝ ʧʦʣʫʯʠ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ 

ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ ʥʘ ʌʫʨʠʝ, ʪ.ʝ: 
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ʀʟʨʘʟʲʪ ʩʝ ʨʝʘʣʠʟʠʨʘ ʩ ʧʨʦʮʝʜʫʨʘ ʥʘ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ: 

(13) )],(
~

(FFT[FFT),( pkSpkS
kp

=# , 

ʢʲʜʝʪʦ ʜʝʤʦʜʫʣʠʨʘʥʠʷ SAR ʩʠʛʥʘʣ ʩʝ ʧʨʝʜʩʪʘʚʷ ʯʨʝʟ: 

(14) [ ]{ }2))1(()1(exp),(),(
~

TkbTkjpkSpkS D-+D-= w . 

ʇʦʣʫʯʝʥʠʷʪ ʦʙʨʘʟ, ʩʲʜʲʨʞʘʱ ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʝ ),( pkS# . 

2.4. ɸʣʛʦʨʠʪʲʤ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ 

ɿʘʜʘʜʝʥ ʝ ʪʨʠʤʝʨʝʥ ʨʝʣʝʬ ʥʘ ʧʦʚʲʨʭʥʠʥʘʪʘ ),( mnmnmn yxz , ʜʝʬʠʥʠʨʘʥʘ ʩ  ʘʥʘʣʠʪʠʯʥʠʷ 

ʠʟʨʘʟ (3). ʊʷ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʢʘʪʦ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʘ ʩ ʨʘʟʤʝʨʥʦʩʪ M = 64 ʨʝʜʘ, N = 64 

ʩʪʲʣʙʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʩʘ ʚʠʩʦʯʠʥʠʪʝ ʚ ʪʨʠʤʝʨʥʘʪʘ 

ʢʦʦʨʜʠʥʘʪʥʘ ʨʘʚʥʠʥʘ Oxyz ʥʘ SAR ʩʮʝʥʘʨʠʷ. ʈʘʟʤʝʨʲʪ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʷ ʝʣʝʤʝʥʪ ʧʦ 

ʦʩʪʘ Ox ʝ 10=DM m. ʈʘʟʤʝʨʲʪ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʷ ʝʣʝʤʝʥʪ ʧʦ ʦʩʪʘ Oy  ʝ 10=DN m. 

ʇʦʚʲʨʭʥʠʥʘʪʘ, ʦʧʠʩʘʥʘ ʩ ʫʨʘʚʥʝʥʠʝ (3), ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.2. 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʥʦʩʠʪʝʣ ʩ 

ʪʨʘʝʢʪʦʨʥʠ ʧʘʨʘʤʝʪʨʠ: ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪʘ p = N/2, ʢʦʦʨʜʠʥʘʪʠ ʥʘ 

ʚʝʢʪʦʨ ʩʢʦʨʦʩʪ: =xV 0, 300=yV  m/s, =zV 0, ʥʘʯʘʣʥʠ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʥʦʩʠʪʝʣʷ x0 = -10
3
  m, 

y0 = 0 m, z0 = 3.10
5
 m. ʇʘʨʘʤʝʪʨʠ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ: ʠʥʜʝʢʩʲʪ ʥʘ ʩʦʥʜʠʨʘʱʠʷ 

ʠʤʧʫʣʩ pNp ,1Í , ʙʨʦʷʪ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ ʧʨʠ ʩʠʥʪʝʟʘ ʥʘ ʘʧʝʨʪʫʨʘʪʘ 128=pN , 

ʧʝʨʠʦʜʲʪ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʠʤʧʫʣʩʘ: 210-=pT  s, ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʣʠʥʝʡʥʦ 

ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ 610-=kT  s, ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʜʠʩʢʨʝʪʘ ʥʘ ʣʠʥʝʡʥʦ 

ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ kk NTT /=D ; k = {1,2,é, ʂ} ʠʥʜʝʢʩʲʪ k ʠ ʙʨʦʷʪ K ʥʘ 

ʜʠʩʢʨʝʪʠʪʝ ʥʘ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠʷ ʠʤʧʫʣʩ, ʥʦʩʝʱʘʪʘ ʯʝʩʪʦʪʘ ʥʘ ʠʟʣʲʯʝʥʠʷ 
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ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʝʥ ʤʦʜʫʣʠʨʘʥ ʠʤʧʫʣʩ f = 10
10

 H, ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ ʥʘ ʠʤʧʫʣʩʘ ʝ DF= 

1.5.10
8
 Hz. 

ʀʟʯʠʩʣʷʚʘ ʩʝ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ SAR ʠʟʪʦʯʥʠʢ ʜʦ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʦʪ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʟʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪʝʥ ʤʦʤʝʥʪ p ʧʦ ʠʟʨʘʟʘ (5). ʀʟʯʠʩʣʷʚʘ ʩʝ 

ʚʨʝʤʝʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʩʠʛʥʘʣʘ ʟʘ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʠʟʣʲʯʚʘʪʝʣ )(pTmn  

ʩ ʠʟʨʘʟ (9), ʢʲʜʝʪʦ 810*3  c=  m/s ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʢʦʝʬʠʮʠʝʥʪʲʪ 2 ʦʪʯʠʪʘ 

ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʚʲʣʥʘ ʦʪ ʩʠʩʪʝʤʘʪʘ SAR ʜʦ ʜʦʤʠʥʠʨʘʱ 

ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʯʠʩʣʝʥʠʝʪʦ ʩʝ ʧʦʤʝʩʪʚʘʪ ʚ ʪʨʠʤʝʨʥʘ ʤʘʪʨʠʮʘ ʩ ʜʠʤʝʥʩʠʠ [p, m, n]. 

ʉʲʩʪʘʚʷ ʩʝ ʝʜʥʦ ʤʝʨʝʥ ʤʘʩʠʚ ʦʪ ʚʩʠʯʢʠ )(ptmn  ʩʪʦʡʥʦʩʪʠ, ʘʨʘʥʞʠʨʘʥʠ ʚʲʚ ʚʲʟʭʦʜʷʱ 

ʨʝʜ. ʆʧʨʝʜʝʣʷ ʩʝ ʤʠʥʠʤʘʣʥʘʪʘ )(ptmn  ʩʪʦʡʥʦʩʪ - )(min ptmn . ʀʟʯʠʩʣʷʚʘ ʩʝ ʚʨʝʤʝʚʠʷʪ 

ʧʘʨʘʤʝʪʲʨ ),( pkEmn  
ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ: 

(15) )()1()(),(
min

ptTkptpkE
mnmnmn
-D-+=  

ʀʟʯʠʩʣʷʚʘ ʩʝ ʚʩʝʢʠ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥ ʩʠʛʥʘʣ, ʦʪʨʘʟʝʥ ʦʪ m,n ï ʪʠʷ 

ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʟʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪ k Í {1, 2, é, 128} ʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ p 

Í {1, 2,é, 128}.  

(16) ( )[ ]{ }2
),(),(exp.),( pkEbpkEjapkS

mnmnmnmn
+= w

.
 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʯʠʩʣʝʥʠʝʪʦ ʩʝ ʟʘʧʠʩʚʘʪ ʚ ʯʝʪʠʨʠ ʤʝʨʥʘ ʤʘʪʨʠʮʘ (ʤʘʩʠʚ) ),( pkS
mn

.  

ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʦʩʪʪʘ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ ʦʪ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʠʟʣʲʯʚʘʪʝʣ ʥʝ ʚʩʷʢʘ 

ʩʪʦʡʥʦʩʪ ʦʪ ʥʝʛʦ ʱʝ ʫʯʘʩʪʚʘʪ ʚʲʚ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣʘ. ʉʝʣʝʢʮʠʷʪʘ ʥʘ 

ʩʪʦʡʥʦʩʪʠʪʝ, ʟʘ ʩʫʤʘʨʥʠʷ ʩʠʛʥʘʣ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʧʦʝʣʝʤʝʥʪʥʦ ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ 

(ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ɸʜʘʤʘʨ) ʥʘ ),( pkSmn
 ʩʲʩ ʩʣʝʜʥʘʪʘ ʧʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ: 

(17) 
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rect , ʪ.ʝ. 

(18) ),(.),(
rect,

pkS
T

E
pkS

mn

k

mn ö
ö

÷

õ

æ
æ

ç

å
=rect

.

 

ʇʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö

÷

õ

æ
æ

ç

å

k
T

E
rect  ʝ ʯʝʪʠʨʠ ʤʝʨʥʘ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ 

ʩʪʦʡʥʦʩʪ ʝʜʠʥʠʮʘ ʠʣʠ ʥʫʣʘ ʥʘ ʧʦʟʠʮʠʷ [k, p, m, n] ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʝ (17). 
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ʌʠʛ. 4. ʇʦʝʣʝʤʝʥʪʥʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʝʪʠʨʠ ʤʝʨʥʠ ʤʘʪʨʠʮʠ. 

ʇʦʝʣʝʤʝʥʪʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ),( pkS
mn

 ʩ ʤʘʪʨʠʮʘʪʘ, ʧʦʣʫʯʝʥʘ ʦʪ 

ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö

÷

õ

æ
æ

ç

å

k
T

E
rect  ʱʝ ʜʘʜʝ ʚ ʨʝʟʫʣʪʘʪ ʤʘʪʨʠʮʘ),(

rect,
pkS

mn
, ʢʦʷʪʦ ʩʲʜʲʨʞʘ 

ʩʘʤʦ ʞʝʣʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ SAR ʩʠʛʥʘʣʘ, ʦʪʨʘʟʝʥ ʦʪ mn ïʪʠʷ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ 

ʠʟʣʲʯʚʘʪʝʣ (ʌʠʛ.8). 

ʊʦʛʘʚʘ ʧʨʠ ʩʫʤʠʨʘʥʝ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ ʧʦ ʜʠʤʝʥʩʠʠʪʝ m ʠ n ʱʝ ʩʝ ʧʦʣʫʯʘʪ 

ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʠʥʪʝʨʬʝʨʝʥʪʥʠʷ ʩʠʛʥʘʣ ),( pkS , ʟʘʧʠʩʘʥʠ ʢʘʪʦ ʝʣʝʤʝʥʪʠ ʥʘ ʜʚʫʤʝʨʥʘ 

ʤʘʪʨʠʮʘ ʩ ʘʜʨʝʩʠ [p, k], ʪ.ʝ. 

(19) ää
= =

=
M

m

N

n
mn

pkSpkS
1 1

rect,
),(),(

.

 

2.5.ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʦʪ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ 

ɼʝʤʦʜʫʣʘʮʠʷ ʥʘ SAR ʩʠʛʥʘʣʘ ʯʨʝʟ ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʚʫʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ),( pkS  ʩ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʠʷ ʠʟʣʲʯʝʥ ʩʠʛʥʘʣ ʩʝ ʠʟʚʲʨʰʚʘ ʩ ʠʟʨʘʟ (14). ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʯʨʝʟ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ ʥʘ ʜʚʫʢʨʘʪʥʦ ʙʲʨʟʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ, ʧʨʝʜʩʪʘʚʝʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩ ʠʟʨʘʟ (12), ʘ ʧʨʦʛʨʘʤʥʦ ʩ ʠʟʨʘʟ 

(13). ɼʚʫʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ),( pkS#  ʝ ʪʲʨʩʝʥʠʷʪ ʢʦʤʧʣʝʢʩʝʥ ʦʙʨʘʟ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʩʲʜʲʨʞʘʱ ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ. 

ɺ ʩʣʝʜʚʘʱʘʪʘ ʪʦʯʢʘ 2.6. ʝ ʜʘʜʝʥʘ ʧʨʦʛʨʘʤʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʦʪ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR 

ʩʠʛʥʘʣʠ. ʅʘ ʌʠʛ.5 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ ʩ 

ʥʝʛʦʚʠʪʝ: ʨʝʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ (ʘ) ʠ ʤʥʠʤʘ ʢʦʤʧʦʥʝʥʪʘ (ʙ). 

 
ʌʠʛ. 5. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ: ʨʝʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ SAR 

ʩʠʛʥʘʣ (ʘ) ʠ ʤʥʠʤʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ SAR ʩʠʛʥʘʣʘ (ʙ). 

ʅʘ ʌʠʛ.6 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʯʨʝʟ ʪʨʠʤʝʨʥʘ 

ʠʟʦʤʝʪʨʠʯʥʘ ʧʨʦʝʢʮʠʷ. ʅʘ ʌʠʛ.7 ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʦʤʧʣʝʢʩʥʠʷ ʦʙʨʘʟ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʧʦʚʲʨʭʥʠʥʘ ʯʨʝʟ ʢʘʨʪʠʥʘʪʘ ʥʘ ʘʤʧʣʠʪʫʜʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪʠʪʝ ʥʘ 

ʜʦʤʠʥʠʨʘʱʠʪʝ ʠʟʣʲʯʚʘʪʝʣʠ (ʘ) ʠ ʢʘʨʪʠʥʘʪʘ ʥʘ ʬʘʟʠʪʝ (ʙ), ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ 
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ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʜʦ SAR ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪʘ ʥʘ 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ (p = N/2). 

 
ʌʠʛ. 6. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʧʦʚʲʨʭʥʠʥʘʪʘ: ʪʨʠʤʝʨʥʘ ʠʟʦʤʝʪʨʠʯʥʘ ʧʨʦʝʢʮʠʷ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ï ʘʤʧʣʠʪʫʜʥʘ ʢʘʨʪʠʥʘ. 

 
ʌʠʛ. 7. ʂʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ: ʘʤʧʣʠʪʫʜʥʘ (ʘ) ʠ 

ʬʘʟʦʚʘ (ʙ) ʢʘʨʪʠʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʠʷ ʦʙʨʘʟ. 

ɸʤʧʣʠʪʫʜʥʘʪʘ ʢʘʨʪʠʥʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʩʝ ʦʪʣʠʯʘʚʘ ʩ ʚʠʩʦʢʘ ʜʝʪʘʡʣʥʦʩʪ, ʢʦʝʪʦ 

ʧʦʪʚʲʨʞʜʘʚʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʪʘ ʪʦʯʥʦʩʪ ʥʘ ʤʦʜʝʣʠʨʘʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠ 

ʦʪʨʘʟʝʥʠʪʝ ʦʪ ʥʝʷ SAR ʩʠʛʥʘʣʠ. 

2.6. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʘʣʛʦʨʠʪʤʠʪʝ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR 

ʩʠʛʥʘʣʠ ʠ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ MATLAB ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ 

SAR ʩʠʛʥʘʣʠ ʝ ʜʘʜʝʥʘ ʚ ʊʘʙʣ.1. ɹʣʦʢ ʜʠʘʛʨʘʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ 

ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.8. 

%% ʂʦʨʠʛʠʨʘʱ ʲʛʲʣ 

FI = (-pi/2) - atan(z1/x1); 

%% ʌʦʨʤʠʨʘʥʝ ʥʘ ʩʠʛʥʘʣʘ 

for p = 1:Np  

for k = 1:Nk     

% ʄʠʥʠʤʘʣʥʦʪʦ ʚʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʠʤʧʫʣʩ 

mint = min(T(p,:)); 

for NextTmn = 1:Size_Tmn(2) 

    % ʂʦʤʧʦʥʝʥʪʘ ʥʘ ʩʠʛʥʘʣʘ 

    E(p,k) = mint + (k-1).*deltaT_LFM - T(p,NextTmn);        

    % ʇʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ 

    if ((( E(p,k) / Tk ) >= 0) && (( E(p,k) / Tk ) < 1)) 

     next = exp(-1i.*(omega.*E(p,k) + b.*E(p,k)^2));  

     % ʇʨʝʤʘʭʚʘʥʝ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ (nan) ʠ ʙʝʟʢʨʘʡʥʦʩʪ (inf) 

     if (isfinite(next))  

         S_exp(p,k) = S_exp(p,k) + next; 

     end 

    end          

end  
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% ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʨʠʛʠʨʘʱʠʷ ʲʛʲʣ 

S_exp(k) = S_exp(k) .* exp(1i*( FI - (k-1)*(FI / Np)) ); 

end 

% ɼʝʤʦʜʫʣʘʮʠʷ ʥʘ ʩʠʛʥʘʣʘ 

k=[1:Nk];  

S_dem(p,k) = S_exp(p,k) .* exp(1i.*(omega.*(k-1).*deltaT_LFM + b.*((k-1).*deltaT_LFM).^2));  

end 

%% ʟʘʧʠʩʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʚʲʚ ʬʘʡʣ 

slc = S_dem; 

save slc1.mat slc; 

ʊʘʙʣ. 1. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ MATLAB ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ. 

 
ʌʠʛ. 8. ɹʣʦʢ ʜʠʘʛʨʘʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ. 

2.7. ʀʟʚʦʜʠ 

ɺ ʥʘʩʪʦʷʱʘʪʘ ʛʣʘʚʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʤʘʪʨʠʯʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ. ʇʨʝʜʩʪʘʚʝʥʘ ʝ ʩ ʘʥʘʣʠʪʠʯʝʥ ʠʟʨʘʟ ʩʣʦʞʥʘ ʧʦʚʲʨʭʥʠʥʘ, ʢʦʷʪʦ 

ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ. ʊʝ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʢʘʪʦ 

ʯʝʪʠʨʠ ʤʝʨʥʘ ʤʘʪʨʠʮʘ ʦʪ ʜʘʥʥʠ. ɿʘ ʜʘ ʩʝ ʦʧʠʰʝ ʧʨʦʮʝʩʲʪ ʥʘ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ SAR 

ʩʠʛʥʘʣʠʪʝ ʩʝ ʠʟʧʦʣʟʚʘ ʝʜʠʥʠʯʥʘ ʧʨʘʚʦʲʛʲʣʥʘ ʩʝʣʝʢʪʠʨʘʱʘ ʬʫʥʢʮʠʷ, ʢʦʷʪʦ ʛʝʥʝʨʠʨʘ 

ʯʝʪʠʨʠ ʤʝʨʥʘ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ. ɿʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʠʪʝ ʩʝ ʧʨʠʣʘʛʘ ʌʫʨʠʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʠʪʝ: ʨʘʟʩʪʦʷʥʠʷ ʠ ʘʟʠʤʫʪ. ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʦʜʝʣ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ SLC ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʩʣʦʞʥʠ ʧʦʚʲʨʭʥʠʥʠ. ʇʨʠʣʦʞʝʥ ʝ 

ʮʠʬʨʦʚ ʝʢʩʧʝʨʠʤʝʥʪ, ʨʝʘʣʠʟʠʨʘʥ ʚ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLAB. ɽʢʩʧʝʨʠʤʝʥʪʲʪ 

ʜʝʤʦʥʩʪʨʠʨʘ ʘʣʛʦʨʠʪʲʤ ʥʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ 

ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ. 
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3. ʄɸʊɽʄɸʊʀʏɽʉʂʆ ʄʆɼɽʃʀʈɸʅɽ ʅɸ ʇʈʆʎɽʉɸ ɿɸ ʇʆʃʋʏɸɺɸʅɽ ʅɸ 

ʂʆʄʇʃɽʂʉʅɸ ʀʅʊɽʈʌɽʈʆɻʈɸʄɸ 

ɺ ʪʘʟʠ ʛʣʘʚʘ ʝ ʨʘʟʨʘʙʦʪʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ɻʝʥʝʨʠʨʘʥʠ ʩʘ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ 

ʜʝʤʦʥʩʪʨʠʨʘʱʠ ʠʟʤʝʥʝʥʠʝʪʦ ʚ ʨʝʣʝʬʘ ʩʣʝʜ ʥʘʩʪʲʧʠʣʘ ʜʝʬʦʨʤʘʮʠʷ. ʇʨʝʜʩʪʘʚʝʥʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʘ ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʮʠʬʨʦʚʦ ʤʦʜʝʣʠʨʘʥʝ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ MATLAB  [1]. 

3.1.ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ InSAR ʩʠʛʥʘʣ 

ɿʘʜʘʜʝʥʘ ʝ ʪʨʠʠʟʤʝʨʥʘ ʧʦʚʲʨʭʥʦʩʪ, ʢʦʷʪʦ ʝ ʦʙʨʘʟʫʚʘʥʘ ʦʪ ʧʠʢʩʝʣʠ, ʥʘʙʣʶʜʘʚʘʥʘ ʦʪ 

ʤʥʦʞʝʩʪʚʦ ʩʘʪʝʣʠʪʠ [2] ʧʦʩʨʝʜʩʪʚʦʤ SAR. ɸʢʦ ʜʚʝ ʧʦʟʠʮʠʠ ʥʘ ʩʘʪʝʣʠʪʘ ENVISAT ʩ 

ʠʥʩʪʨʫʤʝʥʪʘ ASAR ʩʝ ʜʝʬʠʥʠʨʘʪ ʢʘʪʦ1S  ʠ 2S  [3], ʪʦʛʘʚʘ ʟʘ ʧʦʟʠʮʠʷʪʘ 1S  ʝ ʚ ʩʠʣʘ 

ʩʣʝʜʥʘʪʘ ʛʝʦʤʝʪʨʠʯʥʘ ʨʝʣʘʮʠʷ [4]: 001 RPS =  - ʣʠʥʠʷ ʥʘ ʚʠʟʠʨʘʥʝ, 0R  - ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ 

ʩʘʪʝʣʠʪʘ 1S  ʜʦ ʨʝʬʝʨʝʥʪʥʘʪʘ ʪʦʯʢʘ 
0P , ʣʝʞʘʱʘ ʥʘ ʥʫʣʝʚʦ ʥʠʚʦ,22

011
)(

pp
NRRPS ++=  - ʝ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ʪʦʯʢʘʪʘ ʥʘ ʠʥʪʝʨʝʩ,PPRp 0=  - ʝ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʚʲʣʥʘʪʘ ʧʦ ʧʣʦʩʢʘʪʘ 

ʬʘʟʘ ʧʦ ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʣʠʥʠʷʪʘ ʥʘ ʚʠʟʠʨʘʥʝ ʦʪ ʨʝʬʝʨʝʥʪʥʘʪʘ ʪʦʯʢʘ 
0P  ʢʲʤ ʪʦʯʢʘʪʘ 1P , 

ʣʝʞʘʱʘ ʚ ʥʘʡ-ʙʣʠʟʢʘʪʘ ʨʝʟʦʣʶʮʠʦʥʥʘ ʢʣʝʪʢʘ ʥʘ ʚʠʩʦʯʠʥʘ 21PPq=  ʦʪ ʥʫʣʝʚʦʪʦ ʥʠʚʦ. ɿʘ 

ʧʦʟʠʮʠʷ 2S : 22

012
)()(

nprp
BNBRRPS -+-+= . 

ʉʣʝʜ ʥʷʢʦʣʢʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʘʥʠʧʫʣʘʮʠʠ, ʚʘʨʠʘʮʠʠʪʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ 

)( 1112 PSPSR -=D  ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʨʘʟʝʥʠ ʢʘʪʦ:  

(20) öö
÷

õ
ææ
ç

å
+==D

qq sintan
00

qR

R

B

R

NB
R

pnpn  

ʌʘʟʦʚʘʪʘ ʨʘʟʣʠʢʘ F, ʩʲʦʪʚʝʪʩʪʚʘʱʘ ʥʘ ʚʘʨʠʘʮʠʠʪʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ RD  ʝ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʨʘʟʣʠʢʘʪʘ ʥʘ ʠʟʤʠʥʘʪʠʷ ʧʲʪ RD2  (ʬʘʢʪʦʨʲʪ 2 ʝ ʜʚʫʧʦʩʦʯʥʠʷ ʧʲʪ 

ʦʪ 1S  ʠ2S  ʜʦ1P ), ʪ.ʝ.. 

(21) )2( Rk D=F , 

ʢʲʜʝʪʦ 
l

p
=

2
k  ʝ ʥʦʤʝʨ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ; l ʝ ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʙʘʟʘ ʠʟʨʘʟ (20) ʬʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ, ʥʘʨʝʯʝʥʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʬʘʟʘ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʧʠʩʘʥʠ ʢʘʪʦ: 

(22) öö
÷

õ
ææ
ç

å
+=F

qql

p

sintan
.

4

0

qR

R

B pn  

ʌʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʚ ʜʚʝ ʢʦʤʧʦʥʝʥʪʠ: öö
÷

õ
ææ
ç

å
=F

ql

p

tan
.

4

0

1

pn
R

R

B
- ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʧʦ ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ pR ʦʪ ʪʦʯʢʦʚʠ ʮʝʣʠ 1P  ʠ 0P . 
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ö
÷

õ
æ
ç

å
=F

ql

p

sin
.

4

0

2

q

R

B
n - ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʚʠʩʦʯʠʥʥʘ ʨʘʟʣʠʢʘ q ʤʝʞʜʫ 

ʪʦʯʢʦʚʠ ʮʝʣʠ 1P  ʠ 0P , ʩʧʨʷʤʦ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʨʝʬʝʨʝʥʪʥʘ ʧʣʦʩʢʦʩʪ. 

ʋʤʥʦʞʝʥʠʝʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʘʪʘ ʬʘʟʘ, 

ʫʩʣʦʚʠʝ )exp( 1F-j , ʩʝ ʥʘʨʠʯʘ ʦʧʣʦʩʢʦʩʪʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ. ʊʘʟʠ ʧʨʦʮʝʜʫʨʘ, 

ʛʝʥʝʨʠʨʘ ʬʘʟʦʚʘ ʢʘʨʪʘ, ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʚʠʩʦʯʠʥʘʪʘ ʥʘ ʨʝʣʝʬʘ. ʇʨʦʤʷʥʘʪʘ ʥʘ ʬʘʟʘʪʘ 

ʟʘʝʜʥʦ ʩ ʚʠʩʦʯʠʥʘʪʘ ʩʝ ʜʘʚʘ ʦʪ ʠʟʨʘʟ: 

 (23) 
ql

p

sin

.4

0
R

B

dq

d
n=

F
 

ʊʦʚʘ ʦʪʥʦʰʝʥʠʝ ʦʧʠʩʚʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʧʦ ʚʠʩʦʯʠʥʘ ʧʨʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʠʟʩʣʝʜʚʘʥʠʷ, ʢʦʝʪʦ ʦʱʝ ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʚʠʩʦʯʠʥʘ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ.  

ɺʠʩʦʯʠʥʘʪʘ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ aH  ʩʝ ʜʝʬʠʥʠʨʘ ʢʘʪʦ ʚʠʩʦʯʠʥʥʘ ʨʘʟʣʠʢʘ, ʢʦʷʪʦ ʝ 

ʛʝʥʝʨʠʨʘʥʘ ʦʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʬʘʟʘ ʧʨʠ ʠʟʤʝʥʝʥʠʝ 2 ́ʩʣʝʜ ʦʧʣʦʩʢʦʩʪʷʚʘʥʝ ʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ. ɺʠʩʦʯʠʥʘʪʘ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʦʩʪ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʜʲʣʞʠʥʘʪʘ ʥʘ 

ʚʲʣʥʘʪʘ, ʦʙʭʚʘʪʘ ʧʦ ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʩʠʥʫʩʘ ʦʪ ʲʛʲʣʘ ʥʘ ʥʘʙʣʶʜʝʥʠʝ q, ʠ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʪʘ ʙʘʟʦʚʘ ʣʠʥʠʷ nB : 

(24) 
n

a
B

R
H

2

sin
0
ql

=  

ʅʘ ʙʘʟʘʪʘ ʥʘ ʠʟʨʘʟ (24) ʩʝ ʧʨʝʧʦʨʲʯʚʘʪ ʧʦ-ʜʲʣʛʠ ʙʘʟʦʚʠ ʣʠʥʠʠ, ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʪʦʯʥʦʩʪ 

ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʘʪʘ, ʥʦ ʠʤʘ ʪʝʦʨʝʪʠʯʥʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʛʨʘʥʠʮʠ. ʅʘʜ 

ʦʧʨʝʜʝʣʝʥʘ ʙʘʟʦʚʘ ʣʠʥʠʷ (ʥʘʨʝʯʝʥʘ: ʢʨʠʪʠʯʥʘ ʙʘʟʦʚʘ ʣʠʥʠʷ), ʩʧʝʢʪʨʘʣʥʦʪʦ ʠʟʤʝʩʪʚʘʥʝ 

ʤʝʞʜʫ ʜʚʝʪʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʜʚʠʰʘʚʘ ʯʝʩʪʦʪʥʘʪʘ ʣʝʥʪʘ, ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʥʝ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʬʦʨʤʠʨʘʥʠ. 

3.1.2. ʀʟʤʝʨʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʪʝʨʝʥʘ. ɼʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ 

ɼʚʠʞʝʥʠʝʪʦ ʥʘ ʪʝʨʝʥʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʢʨʠʪʦ ʚ ʩʣʫʯʘʡ ʢʦʛʘʪʦ ʦʪʨʘʟʷʚʘʱʠʪʝ ʪʦʯʢʠ ʦʪ 

ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʤʝʥʷʪ ʩʚʦʷʪʘ ʦʪʥʦʩʠʪʝʣʥʘ ʧʦʟʠʮʠʷ ʚʲʚ ʚʨʝʤʝʚʠʷ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 

ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʚʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ (ʚ ʩʣʫʯʘʠʪʝ ʢʘʪʦ: ʩʚʣʠʯʘʥʠʷ, ʟʝʤʥʠ 

ʠʟʤʝʩʪʚʘʥʠʷ, ʟʝʤʝʪʨʝʩʝʥʠʷ ʠ ʜʨ.). ɼʦʧʲʣʥʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ ʟʘ ʬʘʟʘʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʥʘ ʧʨʦʝʢʮʠʷʪʘ d ʦʪ ʠʟʤʝʩʪʚʘʥʝʪʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʪ.ʝ: 

(25) d
l

p4
3
-=F .  

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʣʝʜ ʦʧʣʦʩʢʦʩʪʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʨʝʟʫʣʪʘʪʥʘʪʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʬʘʟʘ ʩʲʜʲʨʞʘ ʫʯʘʩʪʥʠʮʠ ʟʘ ʚʠʩʦʯʠʥʘ ʠ ʜʚʠʞʝʥʠʝ, ʪ.ʝ. 

(26) d
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ɿʘ ʜʘ ʩʝ ʨʘʟʢʨʠʝ ʫʯʘʩʪʥʠʢʲʪ ʟʘ ʜʚʠʞʝʥʠʝ ʦʪ ʬʘʟʘʪʘ, ʩʝ ʠʟʧʦʣʟʚʘ ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʪʝʭʥʠʢʘ. ɼʘ ʚʟʝʤʝʤ ʥʘʧʨʠʤʝʨ ʝʜʠʥʠʯʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʜʚʦʡʢʘ 

(ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ ʠʟʦʙʨʘʞʝʥʠʷ), ʧʦʣʫʯʝʥʠ ʩ ʥʝ ʥʫʣʝʚʘ ʙʘʟʦʚʘ ʣʠʥʠʷ ʠ ʥʝʢʘ ʝ ʥʘʣʠʯʝʥ 

ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ. ʉʪʲʧʢʠʪʝ ʥʘ ʦʙʨʘʙʦʪʢʘ ʩʘ ʩʣʝʜʥʠʪʝ: 

¶ ʎʠʬʨʦʚʠʷ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ ʢʦʥʚʝʨʪʠʨʘʥ ʦʪ ʛʝʦʛʨʘʬʩʢʠ ʚ 

SAR ʢʦʦʨʜʠʥʘʪʠ ʠ ʚʠʩʦʯʠʥʘʪʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʢʦʥʚʝʨʪʠʨʘʥʘ ʚ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʬʘʟʠ. ɹʘʟʦʚʘʪʘ ʣʠʥʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʲʱʘʪʘ ʢʘʪʦ ʪʘʟʠ ʧʨʠ 

ʠʟʧʦʣʟʚʘʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʜʚʦʡʢʘ. 

¶ ʉʠʥʪʝʟʠʨʘʥʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʬʘʟʠ ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʚʘʜʝʥʠ ʦʪ ʪʝʟʠ ʥʘ 

ʥʘʣʠʯʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʜʚʦʡʢʘ. ʊʘʟʠ ʦʧʝʨʘʮʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʘ ʚ 

ʢʦʤʧʣʝʢʩʥʘʪʘ ʦʙʣʘʩʪ, ʯʨʝʟ ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʘʪʘ ʩʠʥʪʝʟʠʨʘʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

ɺ ʩʣʫʯʘʡ ʩ ʪʨʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʙʝʟ ʫʯʘʩʪʥʠʢ ʟʘ ʜʚʠʞʝʥʠʝ ʚ ʪʝʨʝʥʘ ʤʝʞʜʫ ʜʚʝ 

ʦʪ ʠʟʦʙʨʘʞʝʥʠʷʪʘ, ʝʜʥʦ ʦʪ ʪʨʠʪʝ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʙʨʘʥʦ ʟʘ ʛʣʘʚʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʊʦʛʘʚʘ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʛʝʥʝʨʠʨʘʥʠ ʜʚʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ: ʜʚʝʪʝ ʧʦʜʯʠʥʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ 

ʢʦʨʝʛʠʩʪʨʠʨʘʪ ʩʧʨʷʤʦ ʛʣʘʚʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘʡ-ʢʲʩʘʪʘ ʚʨʝʤʝʚʘ ʨʘʟʣʠʢʘ (ʟʘ ʜʘ ʩʝ 

ʛʘʨʘʥʪʠʨʘ ʢʦʭʝʨʝʥʪʥʦʩʪ ʠ ʜʘ ʩʝ ʠʟʙʝʛʥʝ ʜʚʠʞʝʥʠʝ ʥʘ ʪʝʨʝʥʘ) ʠ ʩʨʝʜʥʘ/ʚʠʩʦʢʘ ʙʘʟʦʚʘ 

ʣʠʥʠʷ (ʟʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʚʠʩʦʯʠʥʥʘ ʪʦʯʥʦʩʪ ʥʘ ʠʟʤʝʨʚʘʥʝʪʦ) ʪʨʷʙʚʘ ʜʘ ʙʲʜʘʪ ʠʟʙʨʘʥʠ ʟʘ 

ʧʲʨʚʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʜʚʦʡʢʘ. ɺʪʦʨʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʜʚʦʡʢʘ ʪʨʷʙʚʘ ʜʘ ʠʤʘ 

ʚʠʩʦʢʘ ʚʨʝʤʝʚʘ ʨʘʟʣʠʢʘ (ʪʷ ʪʨʷʙʚʘ ʜʘ ʩʲʜʲʨʞʘ ʠʟʤʝʥʝʥʠʝ ʥʘ ʪʝʨʝʥʘ). ʇʨʦʮʝʩʲʪ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʚʢʣʶʯʚʘ ʩʣʝʜʥʠʪʝ ʩʪʲʧʢʠ:  

¶ ʇʲʨʚʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʨʘʟʩʪʝʣʝʥʘ ʠ ʩʢʘʣʠʨʘʥʘ ʚ ʦʪʥʦʰʝʥʠʝ ʩ 

ʜʚʝʪʝ ʙʘʟʦʚʠ ʣʠʥʠʠ. 

¶ ʅʝʡʥʘʪʘ ʬʘʟʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʩʚʠʪʘ ʦʪʥʦʚʦ ʠ ʠʟʚʘʜʝʥʘ ʦʪ ʬʘʟʘʪʘ ʥʘ ʚʪʦʨʘʪʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ (ʦʙʠʢʥʦʚʝʥʦ ʪʦʚʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʢʦʤʧʣʝʢʩʥʘʪʘ ʦʙʣʘʩʪ). 

ɸʢʦ ʙʘʟʦʚʠʪʝ ʣʠʥʠʠ ʥʘ ʜʚʝʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʜʚʦʡʢʠ ʩʘ ʮʷʣʦ ʯʠʩʣʦ, ʨʘʟʩʪʠʣʘʥʝʪʦ 

ʥʘ ʬʘʟʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʙʝʛʥʘʪʦ. ʌʘʟʠʪʝ ʥʘ ʝʜʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʜʠʨʝʢʪʥʦ ʩʢʘʣʠʨʘʥʠ ʯʨʝʟ ʮʷʣʦ ʯʠʩʣʦ ʤʝʞʜʫ ʙʘʟʦʚʠʪʝ ʣʠʥʠʠ ʠ ʠʟʚʘʜʝʥʠ ʦʪ ʬʘʟʠʪʝ ʥʘ 

ʜʨʫʛʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

3.1.3. ʂʦʨʝʛʠʩʪʨʘʮʠʷ 

ʂʦʨʝʛʠʩʪʨʘʮʠʷʪʘ ʝ ʬʫʥʜʘʤʝʥʪʘʣʥʘ ʩʪʲʧʢʘ ʚ ʧʨʦʮʝʩʘ ʥʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʠ ʩʝ ʩʲʩʪʦʠ ʚ ʜʝʬʠʥʠʨʘʥʝʪʦ ʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ. ʊʦʚʘ ʜʝʡʩʪʚʠʝ 

ʛʘʨʘʥʪʠʨʘ, ʯʝ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʮʝʣʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʱʝ ʫʯʘʩʪʚʘ ʚ ʝʜʠʥ ʠ ʩʲʱʠ ʧʠʢʩʝʣ 

(ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʘʟʠʤʫʪ) ʢʘʢʪʦ ʚ ʛʣʘʚʥʦʪʦ, ʪʘʢʘ ʠ ʚ ʧʦʜʯʠʥʝʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʇʨʘʚʠʣʥʦʪʦ ʧʦʜʨʘʚʥʷʚʘʥʝ ʤʝʞʜʫ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʠʟʚʲʨʰʝʥʦ ʥʘ ʙʘʟʘ 

ʧʠʢʩʝʣ ʧʦ ʧʠʢʩʝʣ, ʩ ʪʦʯʥʦʩʪ ʝʜʥʘ ʜʝʩʝʪʘ ʦʪ ʨʝʟʦʣʶʮʠʷʪʘ ʠʣʠ ʧʦʚʝʯʝ. 

ʂʦʨʝʛʠʩʪʨʘʮʠʷʪʘ ʟʘʚʠʩʠ ʦʪ ʪʦʧʦʛʨʘʬʠʷʪʘ ʥʘ ʤʝʩʪʥʦʩʪʪʘ. ɺʲʧʨʝʢʠ ʪʦʚʘ, ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʚʠʩʦʯʠʥʘʪʘ ʝ ʧʦʯʪʠ ʥʝʟʥʘʯʠʪʝʣʥʦ ʚ ʧʦʚʝʯʝʪʦ ʩʣʫʯʘʠ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘʪʘ 

ʢʘʨʪʘ ʤʦʞʝ ʜʘ ʦʩʠʛʫʨʠ ʛʣʘʜʲʢ ʧʦʣʠʥʦʤ, ʢʦʡʪʦ ʜʘ ʘʧʨʦʢʩʠʤʠʨʘ ʧʠʢʩʝʣ ʧʦ ʧʠʢʩʝʣ 

ʠʟʤʝʩʪʚʘʥʝʪʦ ʩ ʧʨʝʟʫʤʧʮʠʷʪʘ, ʯʝ ʮʝʣʠʪʝ ʣʝʞʘʪ ʥʘ ʝʣʠʧʩʦʚʠʜʥʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ. ɺ 

ʩʘʪʝʣʠʪʥʠʪʝ SAR ʩʠʩʪʝʤʠ, ʢʘʪʦ ERS ʠ Envisat - ASAR ʩʝʥʟʦʨʘ ʟʘ ʩʢʦʨʦʩʪ ʠ ʚʠʩʦʯʠʥʘ ʩʘ 
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ʪʦʣʢʦʚʘ ʩʪʘʙʠʣʥʠ, ʯʝ ʠʟʤʝʩʪʚʘʥʝʪʦ ʛʣʘʚʥʦ-ʧʦʜʯʠʥʝʥʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʤʢʠʪʝ (100 Ĭ 

100 km) ʤʦʞʝ ʜʘ ʙʲʜʝ ʘʧʨʦʢʩʠʤʠʨʘʥʦ ʦʪ ʩʣʝʜʥʠʷ ʧʦʣʠʥʦʤ: 

(27) ( ) dascbrrar MMMS +++= )(
2

 

(28) ( ) hasgfrreas MMMS +++= )()(
2

, 

ʢʲʜʝʪʦ Mr , Mas)( ʩʘ ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʘʟʠʤʫʪ ʥʘ ʧʠʢʩʝʣʠʪʝ ʦʪ ʛʣʘʚʥʦʪʦ SAR 

ʠʟʦʙʨʘʞʝʥʠʝ;Sr , Sas)(  ʩʘ ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʠ ʘʟʠʤʫʪ ʥʘ ʧʠʢʩʝʣʠʪʝ ʦʪ 

ʧʦʜʯʠʥʝʥʦʪʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ. ʂʦʨʝʛʠʩʪʨʘʮʠʦʥʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ 

ʠʟʯʠʩʣʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʤʝʪʦʜʘ ʥʘ ʥʘʡ-ʤʘʣʢʠʪʝ ʢʚʘʜʨʘʪʠ, ʙʘʟʠʨʘʥ ʥʘ ʨʝʛʫʣʷʨʥʘ 

ʨʝʰʝʪʢʘ ʦʪ ʪʦʯʢʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʚʲʨʭʫ ʮʷʣʘʪʘ ʨʘʤʢʘ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʝʪʦ. 

ʂʦʨʝʛʠʩʪʨʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʝʣʘʮʠʷ ʝ ʧʨʝʜʣʦʞʝʥʘ ʚ ʠʟʪʦʯʥʠʮʠ [5] ʠ [6]. ʂʨʦʩ-

ʢʦʨʝʣʘʮʠʷʪʘ ʝ ʩʭʦʜʥʘ ʥʘ ʢʦʥʚʦʣʶʮʠʷʪʘ. ɸʢʦ ʩʘ ʜʘʜʝʥʠ ʨʲʙʦʚʝʪʝ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ 

A(y,x) ʠ B(y,x), ʢʲʜʝʪʦ 1 Ò y Ò M ʠ 1 Ò x Ò N, ʪʦ: 

(29) ὃώȟὼ ὄώȟὼ ὑώȟὼ В В ὃὮȟὯὄώ ὮȟὼὯ

ὍὊὊὝὊὊὝὃὊὊὝὄᶻ 

ʂʲʜʝʪʦ: ʬʫʥʢʮʠʠʪʝ FFT[...] ʠ IFFT[...] ʩʘ ʩʲʦʪʚʝʪʥʦ ʧʨʘʚʘ ʠ ʦʙʨʘʪʥʘ ʜʠʩʢʨʝʪʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʌʫʨʠʝ (Discrete Fourier Transform). ʆʧʝʨʘʪʦʨʘ (*) ʫʢʘʟʚʘ ʢʦʤʧʣʝʢʩʥʦ 

ʩʧʨʝʛʥʘʪʦ (ʩʧʨʷʛʘʥʝ). ɻʦʣʝʤʠ ʩʪʦʡʥʦʩʪʠ ʥʘ K(ŭy,ŭx) ʧʦʢʘʟʚʘʪ ʯʝ B(y+ŭy-1,x+ŭx-1) ʠ 

A(y,x) ʩʘ ʩʭʦʜʥʠ. ʄʘʢʩʠʤʘʣʥʦʪʦ K(ŭy,ŭx) ʧʨʝʜʧʦʣʘʛʘ, ʯʝ B ʝ ʠʟʤʝʩʪʝʥʦ ʩ (ŭy-1,ŭx-1) 

ʩʧʨʷʤʦ A. ʇʦʜʦʙʥʦ ʥʘ ʢʦʥʚʦʣʶʮʠʷʪʘ, ʢʦʨʝʣʘʮʠʷʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥʘ ʚ ʯʝʩʪʦʪʥʘʪʘ 

ʦʙʣʘʩʪ. 

ʉʧʝʢʪʲʨ ʥʘ ʠʟʤʝʩʪʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʜʘʚʘ ʩ ʠʟʨʘʟʘ: 

(30) ὃώȟὼ В В ὥύȟὺὩὼὴς“Ὥ ȟπ ύ ὓȟπ ὺ ὔ 

(31) ὃώ ώȟὼ ὼ В В ὥύȟὺὩὼὴς“Ὥ

 В В ὥύȟὺὩὼὴς“Ὥ  В В ὥύȟὺὩὼὴς“Ὥ

Ὡὼὴς“Ὥ ὍὊὊὝὧύȟὺ  

ʢʲʜʝʪʦ: ὧύȟὺ ὥύȟὺὩὼὴς“Ὥ  

ʀʟʤʝʩʪʚʘʥʝ (ŭy,ŭx) ʚʲʚ ʚʨʝʤʝʚʘʪʘ ʦʙʣʘʩʪ, ʧʨʠʯʠʥʷʚʘ ʬʘʟʦʚʦ ʠʟʤʝʩʪʚʘʥʝ 2ˊ(w ŭy/M + v 

ŭx/N) ʚʲʚ ʚʩʝʢʠ ʝʣʝʤʝʥʪ (w,v) ʦʪ ʩʧʝʢʪʲʨʘ a(w,v). 

ʌʘʟʦʚʠ ʨʘʟʣʠʢʠ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ A(y,x) and B(y,x) ʩ ʠʟʤʝʩʪʚʘʥʝ ʦʪ (ŭy, ŭx) ʧʠʢʩʝʣʘ, ʩʝ 

ʜʘʚʘʪ ʦʪ ʠʟʨʘʟʘ: 

(32)  ὄώȟὼ  ὃώ ώȟὼ  ὼ
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ʠ ʚ ʯʝʩʪʦʪʥʘʪʘ ʦʙʣʘʩʪ ʩ ʠʟʨʘʟʘ: 

(33) Â×ȟÖ Á×ȟÖÅØÐςʌÉ  

ʨʘʟʣʠʢʘʪʘ ʚ ʬʘʟʠʪʝ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ a(w,v) ʠ b(w,v) ʝ ʩʚʲʨʟʘʥʘ ʩʘʤʦ ʩ ʠʟʤʝʩʪʚʘʥʝʪʦ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʠʟʨʘʟ: 

(34) Ὠύȟὺ ὦύȟὺὥύȟὺᶻ ȿὦύȟὺȿȿὥύȟὺȿὩὼὴς“Ὥ . 

ʇʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟ ʥʘ ʬʘʟʠʪʝ ʥʘ d(w,v) ʩʝ ʦʧʨʝʜʝʣ ̫(ŭy, ŭx). 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʦʜʘ ʝ ʚ ʩʨʝʜʘ MATLAB . ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʧʨʦʛʨʘʤʥʘʪʘ 

ʨʝʘʣʠʟʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʩʣʝʜʚʘʱʘʪʘ ʬʠʛ.9: 

 
ʌʠʛ. 9. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʝʣʘʮʠʷ 

ʏʨʝʟ ʪʦʟʠ ʤʝʪʦʜ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ [5] ʠ [6] ʝ ʧʦʩʪʠʛʘʥʘʪʘ ʚʠʩʦʢʘ ʧʦʜ-

ʧʠʢʩʝʣʥʘ ʪʦʯʥʦʩʪ. ʂʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʠʷʪ ʘʥʘʣʠʟ ʦʩʠʛʫʨʷʚʘ ʥʘʜʝʞʜʥʘ ʦʮʝʥʢʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝʪʦ. 

ʇʨʦʛʥʦʟʘʪʘ ʝ ʪʦʯʥʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʝʜʥʠ ʧʠʢʩʝʣ. ʊʦʯʥʦʩʪʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʜʦʙʨʝʥʘ ʯʨʝʟ ʦʮʝʥʢʘ 

ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʧʨʠ ʢʦʝʪʦ ʜʦʩʪʠʞʠʤʘʪʘ ʪʦʯʥʦʩʪ ʝ ʩʪʦʪʥʠ ʦʪ ʨʘʟʤʝʨʠʪʝ ʥʘ 

ʧʠʢʩʝʣʘ. 

3.1.4. ʂʦʭʝʨʝʥʪʥʦʩʪ 

ʇʨʝʜʚʘʨʠʪʝʣʥʦ ʫʩʣʦʚʠʝ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʝ, ʯʝ ʬʘʟʘʪʘ ʚ ʨʘʤʢʠʪʝ ʥʘ 

ʧʠʢʩʝʣ ʩʝ ʟʘʧʘʟʚʘ. ʂʦʤʧʣʝʢʩʥʘʪʘ ʢʦʭʝʨʝʥʪʥʦʩʪ ʦʮʝʥʷʚʘ ʬʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ ʤʝʞʜʫ 

ʧʠʢʩʝʣʠʪʝ ʚ ʜʚʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ. 

ʂʦʭʝʨʝʥʪʥʦʩʪʪʘ ʥʘ ʢʦʨʝʛʠʩʪʨʠʨʘʥʠʪʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʘʪʦ ʤʦʜʫʣ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ, ʜʝʬʠʥʠʨʘʥʠ ʟʘ ʦʪʜʝʣʥʠʪʝ ʧʠʢʩʝʣʠ ʚ 

ʛʣʘʚʥʦʪʦ ʠ ʧʦʜʯʠʥʝʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʤʦʞʝ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʩ ʠʟʨʘʟʘ: 

(35) 
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ʢʲʜʝʪʦ M

ar
S  ʠ S

ar
S  ʩʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʥʟʠʚʥʦʩʪʠ ʥʘ ar-ʪʠʷ (ʨʘʟʩʪʦʷʥʠʝ-ʘʟʠʤʫʪ) ʝʣʝʤʝʥʪ 

ʦʪ ʛʣʘʚʥʦʪʦ ʠ ʧʦʜʯʠʥʝʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʷ, N ʝ ʙʨʦʷʪ ʥʘ ʝʣʝʤʝʥʪʠ ʧʦ ʘʟʠʤʫʪ ʠ K ʝ ʙʨʦʷʪ 

ʥʘ ʝʣʝʤʝʥʪʠ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʟʘ ʦʧʨʝʜʝʣʝʥ ʧʠʢʩʝʣ ʚ SAR ʠʟʦʙʨʘʞʝʥʠʝʪʦ. ʆʮʝʥʢʘʪʘ ʥʘ 

ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ )mod(g# (ʥʘʨʠʯʘʥʦ ʦʱʝ ʩʪʝʧʝʥ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ) ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʦʧʠʩʘʥʠʝ 

ʥʘ ʬʘʟʦʚʘʪʘ ʚʟʘʠʤʥʘ ʢʦʨʝʣʘʮʠʷ. 

3.2.ʇʨʠʤʝʨ ʥʘ ʤʦʜʝʣ ʥʘ ʢʦʤʧʣʝʢʩʥʘ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

3.2.1. SAR ʛʝʦʤʝʪʨʠʯʥʦ ʦʧʠʩʘʥʠʝ 

ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ 

ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʛʣʘʚʘ 2 ʤʘʪʝʤʘʪʠʯʝʩʠ ʤʦʜʝʣ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ 

SAR ʩʠʛʥʘʣʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ 

SAR ʠʟʦʙʨʘʞʝʥʠʝ. ʀʟʨʘʟʠʪʝ ʦʪ (1) ʜʦ (11) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ SAR 

ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʩʣʦʞʝʥ ʨʝʣʝʬ, ʚʞ. ʠʟʨʘʟ (3) ʠ ʠʟʦʙʨʘʟʝʥ ʥʘ ʌʠʛ.6. 

3.2.2. ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʦʪ ʢʦʤʧʣʝʢʩʥʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ 

ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʷʪ ʨʘʡʦʥ ʥʘ ʠʥʪʝʨʝʩ ʱʝ ʙʲʜʝ ʚʲʟʩʪʘʥʦʚʝʥʦ ʚ ʤʦʤʝʥʪʘ p 

= N/2, ʢʦʝʪʦ ʦʪʛʦʚʘʨʷ ʥʘ ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʩʠʥʪʝʟʠʨʘʥʘʪʘ ʘʧʝʨʪʫʨʘ. ɹʨʦʷʪ ʥʘ ʠʟʣʲʯʝʥʠʪʝ 

ʠʤʧʫʣʩʠ N, ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʘʪʝʣʠʪʘ ʠ ʧʝʨʠʦʜʘ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʠʤʧʫʣʩʠʪʝ ʩʘ ʪʘʢʘ 

ʠʟʙʨʘʥʠ, ʯʝ ʜʘ ʛʘʨʘʥʪʠʨʘʪ ʨʘʟʣʠʢʠ ʚʲʚ ʬʘʟʠʪʝ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ ʧʦ ʚʨʝʤʝ ʥʘ 

ʘʧʝʨʪʫʨʥʠʷ ʩʠʥʪʝʟ ʥʝ ʧʦʚʝʯʝ ʦʪ p/2. ʉʣʝʜʦʚʘʪʝʣʥʦ ʥʝ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʜʦʧʲʣʥʠʪʝʣʥʘ 

ʢʦʨʝʢʮʠʷ ʥʘ ʬʘʟʘʪʘ ʠ ʬʦʢʫʩʠʨʘʱʘ ʧʨʦʮʝʜʫʨʘ. 

ɸʣʛʦʨʠʪʲʤʲʪ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʧʨʝʜʩʪʘʚʝʥ ʚ ʠʟʨʘʟʠ ʦʪ (12) ʜʦ 

(19), ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ - ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ 

(ʌʠʛ.10). 

 
ʌʠʛ. 10. (ʘ) ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʛʣʘʚʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, (ʙ) ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ 

ʧʦʜʯʠʥʝʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

3.2.3. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ 

ɻʣʘʚʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝ ʘʥʘʣʠʪʠʯʥʦ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩ ʠʟʨʘʟʘ: 

 (36) 
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ʢʲʜʝʪʦ AM ʝ ʘʤʧʣʠʪʫʜʘʪʘ, ʘ ʌM ʝ ʬʘʟʘʪʘ ʥʘ ʛʣʘʚʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. 
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ʇʦʜʯʠʥʝʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝ ʘʥʘʣʠʪʠʯʥʦ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩ ʠʟʨʘʟʘ: 

 (37) 
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ʢʲʜʝʪʦ As ʝ ʘʤʧʣʠʪʫʜʘʪʘ, ʘ ʌs ʝ ʬʘʟʘʪʘ ʥʘ ʧʦʜʯʠʥʝʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

ɻʣʘʚʥʦʪʦ (36) ʠ ʧʦʜʯʠʥʝʥʦʪʦ (37) ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʥʝʨʠʨʘʪ ʢʦʤʧʣʝʢʩʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦʪʦ ʠʤ ʫʤʥʦʞʝʥʠʝ, ʪ.ʝ. 

(38) )(* ...* SMi

SM
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eAAeAeAAAI

F-FF-F
=== ###  

ʄʦʜʫʣʲʪ ʥʘ ʢʦʤʧʣʝʢʩʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ (38) ʥʠ ʜʘʚʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ, ʜʦʢʘʪʦ 

ʬʘʟʘʪʘ ʝ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ʊʦʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʯʨʝʟ ʠʟʨʘʟ (39):  
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ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʥʘ ʌʠʛ. 11. ɺʲʚ ʌʠʛ. 11, ʙ ʤʦʞʝ ʜʘ ʙʲʜʝ 

ʥʘʙʣʶʜʘʚʘʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ ʧʦʨʦʜʝʥʘ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʟʝʤʥʘ 

ʧʦʚʲʨʭʥʦʩʪ. 

 
ʌʠʛ. 11. (ʘ) ʂʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ, (ʙ) ʀʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

3.3. ʂʚʘʟʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩ ʝʬʝʢʪʠʚʥʘ 

ʧʦʜʧʠʢʩʝʣʥʘ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ 

3.3.1. ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʧʦʩʣʝʜʚʘʣʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʨʘʡʦʥʘ. 

ʉʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʚ GEO TIFF ʬʘʡʣʦʚʝ 

ʀʟʨʘʟʠʪʝ ʦʪ (1) ʜʦ (11) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʩʣʦʞʝʥ ʨʝʣʝʬ. ʌʠʛ.12 

 
ʌʠʛ. 12. (ʘ) ɿʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ, (ʚ) ʜʝʬʦʨʤʘʮʠʷ. 
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ʄʦʜʝʣʠʨʘʥʠ ʩʘ ʪʨʠ ʧʦʚʲʨʭʥʦʩʪʠ: ʧʲʨʚʦʥʘʯʘʣʥʘ, ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʠ 

ʜʝʬʦʨʤʠʨʘʥʘ. ɿʘʧʠʩʘʥʠ ʩʘ ʚ GEO TIFF [7], [8], ʢʦʡʪʦ ʠʤʘ ʩʣʝʜʥʠʷ ʦʙʱ ʚʠʜ  ʌʠʛ.13. 

 
ʌʠʛ. 13. ʆʙʱ ʚʠʜ ʥʘ GEO TIFF ʬʘʡʣ. 

3.3.2. ʉʠʤʫʣʘʮʠʷ ʥʘ ʩʘʪʝʣʠʪʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ, ʠʟʧʦʣʟʚʘʱʘ ʨʘʜʠʦ 

ʣʦʢʘʮʠʦʥʥʘ ʩʪʘʥʮʠʷ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʘʪʝʣʠʪʥʘ ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʜʚʘ 

ʢʦʩʤʠʯʝʩʢʠ ʥʦʩʠʪʝʣʠ. ʈʘʟʩʪʦʷʥʠʷʪʘ ʦʪ ʜʚʘʪʘ ʩʧʲʪʥʠʢʘ ʜʦ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʠʟʩʣʝʜʚʘʥʘʪʘ 

ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʠʟʨʘʟʠʪʝ: 

(40) 
( ) ( ) ( )

( ) ( ) ( )2
2

2

2

2
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ʢʲʜʝʪʦ X,Y,Z ʩʘ ʢʦʦʨʜʠʥʘʪʥʠ ʤʘʪʨʠʮʠ, ʦʧʠʩʚʘʱʠ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

ɻʨʘʬʠʯʥʦʪʦ ʦʧʠʩʘʥʠʝ ʚ pseudo color map ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ R1 ʠ R2 ʦʪ ʩʘʪʝʣʠʪʠʪʝ ʜʦ ʪʨʠʪʘ 

ʪʠʧʘ ʧʦʚʲʨʭʥʦʩʪʠ (ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʘʤʦ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʠ ʜʝʬʦʨʤʠʨʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ) ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʲʦʪʚʝʪʥʦ ʥʘ ʌʠʛ. 14, ʌʠʛ.15 ʠ 

ʌʠʛ.16. 

 

ʌʠʛ. 14. ʈʘʟʩʪʦʷʥʠʷ ʜʦ 

ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. 

 

ʌʠʛ. 15. ʈʘʟʩʪʦʷʥʠʷ ʜʦ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʩ 

ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

 

ʌʠʛ. 16. ʈʘʟʩʪʦʷʥʠʷ ʜʦ 

ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

ʀʥʪʝʨʬʝʨʝʥʪʥʘʪʘ ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʝ 

ʠʟʯʠʩʣʷʚʘ ʦʪ ʠʟʨʘʟʘ: 

(41) )(
4

12
RRP

wrapped
-=

l

p
, ʢʲʜʝʪʦ 

f

810.3
=l  , 910.3=f . 

ʆʧʝʨʘʮʠʷ ʧʦ ʥʘʤʠʨʘʥʝ ʥʘ ʨʘʟʛʲʥʘʪʘʪʘ ʬʘʟʘ (ʦʱʝ ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʨʘʟʩʪʝʣʝʥʘ ʬʘʟʘ) ʩʝ 

ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ: 

(42) ()( )KPP
wrappedunwrapped

max2p-= , 

ʢʲʜʝʪʦ ʂ ʝ ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ ʠʟʨʘʟʘ: 
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(43) ( )ù
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ʂʚʘʟʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩʲʩ ʩʚʠʪʠ ʬʘʟʠ (ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʢʨʲʛʦʚʝ) ʠ 

ʨʘʟʩʪʝʣʝʥʠʪʝ ʬʘʟʠ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʨʝʣʝʬʘ ʥʘ ʪʨʠʪʝ ʧʦʚʲʨʭʥʠʥʠ (ʧʲʨʚʦʥʘʯʘʣʥʦ 

ʤʦʜʝʣʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʘʤʦ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʠ 

ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ), ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ, ʩʲʦʪʚʝʪʥʦ ʥʘ 

ʌʠʛ. 17, ʌʠʛ.18 ʠ ʌʠʛ.19. 

 
ʌʠʛ. 17. ʂʚʘʟʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ 

ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

 
ʌʠʛ. 18. ʂʚʘʟʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʩ 

ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ 

 
ʌʠʛ. 19. ʂʚʘʟʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ 

ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ 

ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

3.3.3. ɺʲʚʝʞʜʘʥʝ ʥʘ ʦʪʤʝʩʪʚʘʥʝ ʚʲʚ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʚʩʝʢʠ ʧʠʢʩʝʣ ʥʘ ʝʜʥʦ  ʢʚʘʟʠ 

SAR ʠʟʦʙʨʘʞʝʥʠʝ 

ʉ ʮʝʣ ʠʣʶʩʪʨʘʮʠʷ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʚʘʪʘ SAR ʦʙʨʘʟʘ, ʩʝ ʚʲʚʝʞʜʘ 

ʧʨʝʜʥʘʤʝʨʝʥʦ ʦʪʤʝʩʪʚʘʥʝ ʚ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʚʩʝʢʠ ʧʠʢʩʝʣ, ʢʘʢʪʦ ʩʣʝʜʚʘ 5% ʥʘʛʦʨʝ ʠ 5% 

ʥʘʣʷʚʦ. 

3.3.4. ʂʦʨʝʛʠʩʪʨʘʮʠʷ ʠ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʄʝʪʦʜ ʟʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ ʝ 

ʧʨʝʜʩʪʘʚʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚ ʠʟʨʘʟʠ ʦʪ (27) ʜʦ (34). ɸʣʛʦʨʠʪʲʤ ʟʘ ʝʬʝʢʪʠʚʥʘ 

ʧʦʜʧʠʢʩʝʣʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ 

ʩ ʮʝʣ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʝ ʧʦʩʦʯʝʥ ʚ ʠʟʪʦʯʥʠʢ [9] ʠ [10]. ɻʝʥʝʨʠʨʘʥʘʪʘ ʢʚʘʟʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʜʝʤʦʥʩʪʨʠʨʘʱʘ ʠʟʤʝʥʝʥʠʝʪʦ ʚ ʨʝʣʝʬʘ ʩʣʝʜ ʥʘʩʪʲʧʠʣʘʪʘ ʜʝʬʦʨʤʘʮʠʷ ʝ 

ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ.20, 21 ʠ.22. 

 
ʌʠʛ. 20. ʈʘʟʩʪʝʣʝʥʠ ʬʘʟʠ ʠ ʪʷʭʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ. 
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ʌʠʛ. 21. ʉʚʠʪʠ ʬʘʟʠ ʠ ʪʷʭʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘʪʘ. 

 
ʌʠʛ. 22. ʉʚʠʪʠ ʠ ʨʘʟʩʪʝʣʝʣʠ ʬʘʟʠ ʠ ʪʝʭʥʠʪʝ ʜʠʬʝʨʝʥʪʥʠ. 

ʈʝʟʫʣʪʘʪʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ ʬʘʟʘ ʧʦʢʘʟʚʘ ʷʩʥʦ ʠʟʚʲʨʰʝʥʘʪʘ ʜʝʬʦʨʤʘʮʠʷ. 

3.4.SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ - ʯʠʩʣʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

3.4.1. SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ 

ʣʠʥʠʠ 

ʄʦʜʝʣʠʨʘʥʘ ʝ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʨʘʟ (3) ʠ ʝ ʠʟʚʲʨʰʝʥʘ ʜʝʬʦʨʤʘʮʠʷ (ʌʠʛ.23). 

 
ʌʠʛ. 23. (ʘ) ɿʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʝʣʝʬʘ. 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʪʨʠ ʩʘʪʝʣʠʪʥʠ ʥʦʩʠʪʝʣʷ. 

ɹʘʟʦʚʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ ʧʲʨʚʠʪʝ ʜʚʘ ʝ 10 ʤʝʪʨʘ, ʘ ʤʝʞʜʫ ʚʪʦʨʠʪʝ 20 ʤʝʪʨʘ. ʀʟʨʘʟʠʪʝ ʦʪ 

(1) ʜʦ (11) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ. ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ 

ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʯʨʝʟ ʜʚʫʢʨʘʪʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ ʥʘ ʙʲʨʟʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ, ʠʟʨʘʟʠ (12) ʠ (13). 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʜʠʬʝʨʝʥʮʠʘʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. ʀʟʧʦʣʟʚʘʥ ʝ ʘʣʛʦʨʠʪʲʤ ʟʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜ-

ʧʠʢʩʝʣʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ, 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠʟʨʘʟʠ ʦʪ (27) ʜʦ (34). ʂʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʢʘʪʦ 

ʚʪʦʨʦʪʦ ʠ ʪʨʝʪʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʘ ʢʦʨʝʛʠʩʪʨʠʨʘʥʠ ʩʧʨʷʤʦ ʧʲʨʚʦʪʦ. ɺ 

ʩʣʫʯʘʷ ʧʲʨʚʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʛʣʘʚʥʦ, ʘ ʚʪʦʨʦʪʦ ʠ ʪʨʝʪʦʪʦ ʩʘ 

ʧʦʜʯʠʥʝʥʠ. 



 

1
.s
˹
ˢ
˶
ˮ
˭
 
ˮ
 
˻
̇
˩
˹
˴
ˢ
 
˹
ˢ
 
˿
ˮ
˿
́
˩
˸
ˮ
́
˩
Σ
 
˸
˩
́
˻
˨
ˮ
́
˩
 
ˮ
 
ˢ
˶
˥
˻
˾
ˮ
́
˸
ˮ
́
˩
 
˭
ˢ
 
˿
ˢ
́
˩
˶
ˮ
́
˹
˻
 
˨
ˮ
˿
́
ˢ
˹
̇
ˮ
˻
˹
˹
˻
 
ˮ
˭
˿
˶
˩
˨
ˤ
ˢ
˹
˩
 
˹
ˢ
 
˭
˩
˸
˹
ˢ
́
ˢ
 
˽
˻
ˤ
̌
˾
̆
˹
˻
˿
́

 

 нр

 

ʅʘ ʌʠʛ.24 ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʪʨʠʪʝ SAR 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʘ ʠ ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 

 
ʌʠʛ. 24. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʩʠʛʥʘʣʠ: ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. 

ʀʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʠʟʨʘʟ (21), ʘ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ ʠʟʨʘʟʠ 

(22) ʠ (23). ʌʠʛ.25 ʠ ʌʠʛ.26 ʚʠʟʫʘʣʠʟʠʨʘʪ ʪʘʢʘ ʧʦʣʫʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʘ (ʢʦʭʝʨʝʥʪʥʘ 

ʢʘʨʪʘ) ʠ ʬʘʟʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʦʪ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʥʘʠʤʝʥʫʚʘʥʠ 

ʟʘ ʢʨʘʪʢʦʩʪ 12 ʠ 13. 

 
ʌʠʛ. 25. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʠ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ. 

 
ʌʠʛ. 26. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

ʀʟʚʣʝʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʦʪ ʢʦʤʧʣʝʢʩʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ.27. 

 

ʌʠʛ. 27. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʠʟʚʣʝʯʝʥʠ ʦʪ ʢʦʤʧʣʝʢʩʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

ʌʦʨʤʠʨʘʥʠ ʩʘ ʪʨʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʝʜʥʘ 

ʜʠʬʝʨʝʥʪʥʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ʀʟʩʣʝʜʚʘʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ 

ʣʠʥʠʠ ʚʲʨʭʫ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ ʠ ʜʠʬʝʨʝʥʪʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ. ɺ ʪʘʙʣʠʯʝʥ ʚʠʜ 

ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʥʠ ʠ ʬʘʟʦʚʠʪʝ ʢʦʤʧʦʥʝʥʪʠ, ʫʯʘʩʪʚʘʱʠ ʚ ʢʦʤʧʣʝʢʩʥʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʪʨʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ InSAR ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ, ʩʲʱʦ ʩʘ 
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ʧʨʝʜʩʪʘʚʝʥʠ ʚʨʝʤʝʥʘʪʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ, ʢʘʢʪʦ ʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʤʝʩʪʚʘʥʠʷʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʧʦ ʨʝʜʦʚʝ ʠ ʢʦʣʦʥʠ 

ʧʨʠ ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 

ʇʦʩʦʯʝʥʠʪʝ ʚʨʝʤʝʥʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʩʘ ʟʘʚʠʩʠʤʠ ʦʪ 

ʘʧʘʨʘʪʥʘʪʘ ʠ ʧʨʦʛʨʘʤʥʘʪʘ ʯʘʩʪ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ. ɺ ʩʣʫʯʘʷ ʙʝ 

ʠʟʧʦʣʟʚʘʥ ʣʘʧʪʦʧ ʤʘʨʢʘ Acer ʤʦʜʝʣ Aspire ʥʦʤʝʨ 5755G. 

3.4.2. ʆʮʝʥʢʘ ʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʯʨʝʟ SAR ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʄʦʜʝʣʠʨʘʥʘ ʝ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʨʘʟ (3) ʠ ʝ ʠʟʚʲʨʰʝʥʘ ʜʝʬʦʨʤʘʮʠʷ (ʌʠʛ.28). 

 

ʌʠʛ. 28. (ʘ) ʅʘʙʣʶʜʘʚʘʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʜʝʬʦʨʤʠʨʘʥʘ ʧʦʚʲʨʭʥʦʩʪ. 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʪʨʠ ʩʘʪʝʣʠʪʥʠ ʥʦʩʠʪʝʣʷ. 

ɹʘʟʦʚʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ ʧʲʨʚʠʪʝ ʜʚʘ ʝ 1500 ʤʝʪʨʘ, ʘ ʤʝʞʜʫ ʚʪʦʨʠʪʝ ʝ 1200 ʤʝʪʨʘ. 

ʀʟʨʘʟʠʪʝ ʦʪ (1) ʜʦ (11) ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ. 

ʈʝʘʣʠʟʘʮʠʷʪʘ ʚ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLAB ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣʘ 

ʝ ʜʘʜʝʥ ʚ ʊʘʙʣ. 2. ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʘʣʣʛʦʨʠʪʲʤʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.29. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

% ʌʦʨʤʠʨʘʥʝ ʥʘ ʩʠʛʥʘʣʘ 

for p = 1:Np  

for k = 1:Nk  

% ʄʠʥʠʤʘʣʥʦʪʦ ʚʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʠʤʧʫʣʩ 

mint = min(T(p,:)); 

% ɺʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ 

NextTmn = 1:Size_Tmn(2); 

% ʂʦʤʧʦʥʝʥʪʘ ʥʘ ʩʠʛʥʘʣʘ 

phase = mint + (k-1).*deltaT_LFM - T(p,NextTmn);        

% ʇʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ 

phase_rect = (( phase / Tk ) >= 0) & (( phase / Tk ) < 1); 

% ʉʣʝʜʚʘʱ ʫʯʘʩʪʥʠʢ ʚ ʩʫʤʠʨʘʥʝʪʦ 

next = exp(-1i.*(omega.*phase + b.*phase.^2));  

% ʧʨʠʣʘʛʘʥʝ ʥʘ ʧʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ ʢʲʤ ʩʣʝʜʚʘʱʠʷʪ ʫʯʘʩʪʥʠʢ ʚ ʩʫʤʠʨʘʥʝʪʦ 

next = next .* phase_rect; 

% ɼʦʙʘʚʷʥʝ ʥʘ ʩʫʤʘʪʘ ʢʲʤ ʩʠʛʥʘʣʘ 

S_exp(p,k) = S_exp(p,k) + sum(next); 

end  

k = 1:Nk; 

% ɼʝʤʦʜʫʣʘʮʠʷ ʥʘ ʩʠʛʥʘʣʘ 

S_dem(p,k) = S_exp(p,k) .* exp(1i.*(omega.*(k-1).*deltaT_LFM + b.*((k-1).*deltaT_LFM).^2)); 

End 

ʊʘʙʣ. 2. ʌʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ. 
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ʌʠʛ. 29. ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʧʨʦʚʝʜʝʥʠʷ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ ʧʦʢʘʟʘʥʠ ʦʪ  ʌʠʛ.30 ʜʦ ʌʠʛ.32.  

 

ʌʠʛ. 30. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) 

ʌʘʟʘ ʥʘ ʧʲʨʚʦʪʦ 

ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

 

ʌʠʛ. 31. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) 

ʌʘʟʘ ʥʘ ʚʪʦʨʦʪʦ ʢʦʤʧʣʝʢʩʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ. 

 

ʌʠʛ. 32. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) 

ʌʘʟʘ ʥʘ ʪʨʝʪʦʪʦ ʢʦʤʧʣʝʢʩʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ. 

ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʯʨʝʟ ʜʚʫʢʨʘʪʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ 

ʥʘ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ, ʠʟʨʘʟʠ (12) ʠ (11). ʇʦʣʫʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ ʦʪ ʪʨʠʪʝ ʩʘʪʝʣʠʪʥʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, ʩʣʝʜ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ.33. 

 
ʌʠʛ. 33. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʩʠʛʥʘʣʠ: ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. 

ʄʝʪʦʜ ʟʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ: ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʠʟʨʘʟʠ 

ʦʪ (27) ʜʦ (34). ʇʦʣʫʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ ʦʪ ʪʨʠʪʝ 

ʩʘʪʝʣʠʪʥʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʣʝʜ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʘ ʠ ʪʷʭʥʘʪʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ.34. 
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ʌʠʛ. 34. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʚʲʟʩʪʘʥʦʚʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʘʤʧʣʠʪʫʜʥʘ ʠ 

ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʩʣʝʜ ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 

ʅʘʤʠʨʘʥʝ ʥʘ ʬʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ, ʥʘʨʝʯʝʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʠʟʨʘʟ (21). 

ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʠʟʨʘʟʠ (22) ʠ (23). ʌʠʛ. 35 

ʠ ʌʠʛ.36 ʚʠʟʫʘʣʠʟʠʨʘʪ ʪʘʢʘ ʧʦʣʫʯʝʥʠʪʝ: ʘʤʧʣʠʪʫʜʘ (ʢʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ) ʠ ʬʘʟʘ 

(ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʦʪ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʩʲʦʪʚʝʪʥʦ ʥʘʠʤʝʥʫʚʘʥʠ ʟʘ 

ʢʨʘʪʢʦʩʪ 12 ʠ 13. 

 
ʌʠʛ. 35. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

 
ʌʠʛ. 36. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

ɺʲʚ ʬʘʟʦʚʠʷ ʦʙʨʘʟ ʥʘ ʌʠʛ.37 ʤʦʛʘʪ ʷʩʥʦ ʜʘ ʙʲʜʘʪ ʦʪʢʨʠʪʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʨʝʣʝʬʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 12) ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 13). 

ʀʟʚʣʝʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʦʪ ʢʦʤʧʣʝʢʩʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ.37 

 
ʌʠʛ. 37. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ, ʠʟʚʣʝʯʝʥʠ ʦʪ ʢʦʤʧʣʝʢʩʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

3.4.3. ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʦʪ ʢʦʤʧʣʝʢʩʥʠʷʪ ʩʠʛʥʘʣ ʯʨʝʟ 

ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ ʜʠʩʢʨʝʪʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ 
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ʉʪʘʨʪʠʨʘʡʢʠ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʧʨʝʜʭʦʜʥʘʪʘ ʯʘʩʪ ʘʣʛʦʨʠʪʲʤ, ʧʦʣʫʯʘʚʘʤʝ ʢʦʤʧʣʝʢʩʥʠʷ 

ʩʠʛʥʘʣ ʢʘʪʦ ʜʚʫʤʝʨʥʘ ʤʘʪʨʠʮʘ ʟʘ ʚʩʝʢʠ ʝʜʠʥ ʦʪ ʩʘʪʝʣʠʪʥʠʪʝ ʥʦʩʠʪʝʣʠ (ʌʠʛ.38 ʠ ʌʠʛ.39) 

 

ʌʠʛ. 38. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ 

 

ʌʠʛ. 39. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ 

ɿʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʠʟʧʦʣʟʚʘ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ 

ʜʠʩʢʨʝʪʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ. ʊʦʚʘ ʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ ʚʲʨʭʫ ʝʜʥʦʪʦ 

ʠʟʤʝʨʝʥʠʝ ʥʘ ʜʘʥʥʠʪʝ, ʩʣʝʜʚʘʥʦ ʦʪ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ ʚʲʨʭʫ ʚʪʦʨʦʪʦ ʠʟʤʝʨʝʥʠʝ 

ʥʘ ʜʘʥʥʠʪʝ. ʆʙʨʘʪʥʦ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ ʝ ʪʦʯʥʦ ʦʙʨʘʪʥʘʪʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʌʫʨʠʝ, ʠʟʚʲʨʰʚʘʥʘ ʚʲʨʭʫ ʜʚʝʪʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ʜʘʥʥʠʪʝ. ʌʦʨʤʫʣʠʪʝ 

ʟʘ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ ʜʠʩʢʨʝʪʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ ʠ ʦʙʨʘʪʥʦ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ 

ʜʠʩʢʨʝʪʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ, ʩʘ ʜʘʜʝʥʠ ʦʪ ʋʥʠʚʝʨʩʠʪʝʪʘ ʈʘʡʩ, ʢʘʢʪʦ ʩʣʝʜʚʘ: 

(44) Ὂόȟὺ В В ὪὼȟώὩ , 

(45) Ὢὼȟώ В В ὊόȟὺὩ . 

ʇʨʦʛʨʘʤʥʠ ʬʨʘʛʤʝʥʪʠ ʚ ʩʨʝʜʘ MATLAB ʟʘ ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʪʘʟʠ ʤʘʪʝʤʘʪʠʢʘ ʤʦʛʘʪ ʜʘ 

ʙʲʜʘʪ ʨʘʟʛʣʝʜʘʥʠ ʚ ʠʟʪʦʯʥʠʢ [11]. 

ɿʘ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʪʘʟʠ ʪʨʘʥʩʬʦʨʤʘʮʠʷ, ʩʝ ʧʨʝʜʧʦʯʠʪʘ ʘʥʘʣʦʛ ʥʘ FFT, ʢʦʡʪʦ ʜʘ ʧʦʟʚʦʣʠ 

ʙʲʨʟʦ ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ. ɺ ʜʝʡʩʪʚʠʪʝʣʥʦʩʪ ʜʚʫ-

ʜʠʤʝʥʩʠʦʥʥʦʪʦ ʜʠʩʢʨʝʪʥʦ ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ ʤʦʞʝ ʜʘ ʩʝ ʦʪʜʝʣʠ ʚ ʜʚʝ ʝʜʥʦ ʤʝʨʥʠ 

ʜʠʩʢʨʝʪʥʠ ʧʨʝʦʙʨʘʟʫʚʘʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʝʘʣʠʟʠʨʘʥʠ ʩ FFT ʘʣʛʦʨʠʪʲʤ (ʙʲʨʟʦ 

ʪʨʘʥʩʬʦʨʤʠʨʘʥʝ ʥʘ ʌʫʨʠʝ), ʪ.ʝ. ʚ ʩʠʣʘ ʝ ʠʟʨʘʟʘ: 

(46) Ὂόȟὺ В Ὡ В ὪὼȟώὩ  

ʅʘ ʌʠʛ.40 ʠ ʌʠʛ.41 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʫʯʘʩʪʥʠʮʠʪʝ: ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ, ʠʟʚʣʝʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʷʪ ʩʠʛʥʘʣ ʩʣʝʜ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʯʨʝʟ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ ʜʠʩʢʨʝʪʥʦ 

ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʌʫʨʠʝ. 

 

ʌʠʛ. 40. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ. 

 

ʌʠʛ. 41. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ. 

ʅʘʤʠʨʘʥʝ ʥʘ ʬʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ, ʥʘʨʝʯʝʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʠʟʨʘʟ (21). 

ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʠʟʨʘʟʠ (22) ʠ (23). 
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ʌʠʛ. 42. ʂʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ (ʘʤʧʣʠʪʫʜʘ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤa (ʬʘʟʘ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ. 

ɺ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʌʠʛ. 42 ʩʝ ʦʪʢʨʦʷʚʘʪ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʢʨʲʛʦʚʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʨʝʣʝʬʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʡʦʥ. 

3.4.4. ɸʥʘʣʠʟ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʚ ʢʚʘʟʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ 

ʎʝʣʪʘ ʥʘ ʪʦʟʠ ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʜʘ ʜʝʤʦʥʩʪʨʠʨʘ ʧʨʘʢʪʠʯʝʩʢʠ ʠʤʧʣʝʤʝʥʪʘʮʠʷʪʘ ʥʘ 

ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʬʘʟʘ ʚ ʩʨʝʜʘ MATLABÈ. ɺ 

ʥʘʩʪʦʷʱʠʷ ʝʢʩʧʝʨʠʤʝʥʪ, ʚʭʦʜʥʠʪʝ ʥʘʩʪʨʦʡʚʘʱʠ ʧʘʨʘʤʝʪʨʠ ʩʘ ʤʘʢʩʠʤʘʣʥʦ ʠʜʝʥʪʠʯʥʠ ʩ 

ʨʝʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʩʘʪʝʣʠʪʘ ENVISAT ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʛʝʥʮʠʷ ʟʘ ʢʦʩʤʠʯʝʩʢʠ 

ʠʟʩʣʝʜʚʘʥʠʷ [12]. ɽʜʠʥʩʪʚʝʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ, ʤʦʥʪʠʨʘʥʘ ʥʘ ʩʧʲʪʥʠʢʦʚ 

ʥʦʩʠʪʝʣ ʠʟʚʝʜʝʥ ʚ ʦʨʙʠʪʘ ʥʘ ʚʠʩʦʯʠʥʘ 800 ʢʤ ʥʘʜ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʏʨʝʟ ʜʚʫʢʨʘʪʥʦ 

ʦʙʣʠʪʘʥʝ ʥʘ ʨʘʡʦʥʘ ʥʘ ʠʥʪʝʨʝʩ ʩ ʙʘʟʦʚʘ ʣʠʥʠʷ ʦʪ 282,8427125 ʤʝʪʨʘ ʟʘ ʢʦʥʢʨʝʪʥʠʷ 

ʮʠʬʨʦʚ ʝʢʩʧʝʨʠʤʝʥʪ. ʄʦʜʝʣʠʨʘʥʘ ʝ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʨʘʟ (3) ʠ ʧʦʩʣʝʜʚʘʣʘ 

ʜʝʬʦʨʤʘʮʠʷ. ʈʝʘʣʠʟʠʨʘʥ ʝ ʯʠʩʣʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʩ ʢʚʘʟʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʯʨʝʟ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠʟʨʘʟʠ ʦʪ (40) ʜʦ (43). ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʬʘʟʘ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʬʘʟʘ ʥʘ ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʥʘ ʌʠʛ.43. ʉʲʱʝʩʪʚʫʚʘʱʘʪʘ ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.44. 

 
ʌʠʛ. 43. (ʘ) ʬʘʟʘ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʬʘʟʘ ʥʘ ʜʝʬʦʨʤʠʨʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. 

 
ʌʠʛ. 44. ʌʘʟʦʚʘ ʨʘʟʣʠʢʘ. 

ɿʘ ʪʘʢʘ ʧʦʣʫʯʝʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʬʘʟʘ ʤʦʞʝ ʜʘ ʩʝ ʩʪʘʨʪʠʨʘʪ ʥʷʢʦʣʢʦ ʨʘʟʣʠʯʥʠ 

ʧʨʦʮʝʜʫʨʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ. ʊʫʢ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʣʝʜʥʠʪʝ ʪʨʠ ʘʣʛʦʨʠʪʲʤʘ: MATLABÈ 

unwrap function; 2D Costantini phase unwrapping based on network programming; 2D 

Goldstein branch cut phase unwrapping algorithm. 

ʅʘ ʌʠʛ.45, ʌʠʛ.46, ʌʠʛ.47. ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʪʨʠʪʝ ʘʣʛʦʨʠʪʲʤʘ ʟʘ 

ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ, ʧʨʠʣʦʞʝʥʠ ʚʲʨʭʫ ʧʦʣʫʯʝʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʬʘʟʘ ʦʪ 

ʧʲʨʚʦʪʦ ʦʙʣʠʪʘʥʝ ʥʘʜ ʠʟʩʣʝʜʚʘʥʘʪʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ. 


