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ʋɺʆɼ 

ɸʢʪʫʘʣʥʦʩʪ ʥʘ ʪʝʤʘʪʘ ʠ ʦʙʟʦʨ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ 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:  

¶ 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; 

¶ 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. 

ʉʪʨʫʢʪʫʨʘ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ 

ɼʠʩʝʨʪʘʮʠʦʥʥʠʷʪ ʪʨʫʜ ʚʢʣʶʯʚʘ: ʩ̡ʜ̡ʨʞʘʥʠʝ, ʧʨʝʜʛʦʚʦʨ, ʯʝʪʠʨʠ ʛʣʘʚʠ, ʟʘʢʣʶʯʝʥʠʝ, 

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.  



 

̂
ˤ
˻
˨ 

 с

 

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". 

ʆʩʥʦʚʥʠʷʪ ʪʝʢʩʪ ʥʘ ʜʠʩʝʨʪʘʮʠʦʥʥʠʷ ʪʨʫʜ ʝ ʠʟʣʦʞʝʥ ʥʘ 141 ʩʪʨʘʥʠʮʠ, ʢʦʠʪʦ 

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

ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʧʦʨʝʜʥʦ ʥʦʤʝʨʠʨʘʥʠ. ʎʠʪʠʨʘʥʠ ʩʘ 168 ʣʠʪʝʨʘʪʫʨʥʠ ʠʟʪʦʯʥʠʮʠ. 

ʂʣʶʯʦʚʠ ʜʫʤʠ: SAR, InSAR, DInSAR, ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ ʥʘ SAR ʩʠʛʥʘʣʠ, DInSAR 

ʦʮʝʥʢʘ ʥʘ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 
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1. ɸʅɸʃʀɿ ʀ ʆʎɽʅʂɸ ʅɸ ʉʀʉʊɽʄʀʊɽ, ʄɽʊʆɼʀʊɽ ʀ ɸʃɻʆʈʀʊʄʀʊɽ ɿɸ 

ʉɸʊɽʃʀʊʅʆ ɼʀʉʊɸʅʎʀʆʅʅʆ ʀɿʉʃɽɼɺɸʅɽ ʅɸ ɿɽʄʅɸʊɸ 

ʇʆɺʒʈʍʅʆʉʊ 

1.1.ʆʙʱ ʧʨʝʛʣʝʜ  

ʂʦʩʤʠʯʝʩʢʠʪʝ ʤʠʢʨʦʚʲʣʥʦʚʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ 

(Synthetic Aperture Radar-SAR) ʩʘ ʤʦʱʥʠ ʠʥʩʪʨʫʤʝʥʪʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ [1], [2], [3], [4], [5], [6], [7], [8]. ʊʝʟʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩʦʥʜʠʨʘʪ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʠ ʦʙʝʢʪʠʪʝ ʚʲʨʭʫ ʥʝʷ ʩ ʚʠʩʦʢʦ ʠʥʬʦʨʤʘʪʠʚʥʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʠʤʧʫʣʩʠ, 

ʨʝʛʠʩʪʨʠʨʘʪ ʦʙʨʘʪʥʦʪʦ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʦ ʠʟʣʲʯʚʘʥʝ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ ʯʨʝʟ ʩʧʝʮʠʘʣʥʠ 

ʚʲʟʩʪʘʥʦʚʠʪʝʣʥʠ ʘʣʛʦʨʠʪʤʠ ʬʦʨʤʠʨʘʪ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʲʩʪʦʷʱʠ ʩʝ ʦʪ 

ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝʪʦ [9]. ʇʦʣʫʯʝʥʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʘ ʜʚʫ ʢʦʦʨʜʠʥʘʪʥʠ: ʨʘʟʩʪʦʷʥʠʝ ʠʣʠ ʚʨʝʤʝ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʠ ʘʟʠʤʫʪ ʠʣʠ 

ʥʘʧʨʝʯʥʦ ʨʘʟʩʪʦʷʥʠʝ. ɺʠʩʦʢʘ ʨʝʟʦʣʶʮʠʷ ʠʣʠ ʜʝʪʘʡʣʥʦʩʪ (ʨʘʟʜʝʣʠʪʝʣʥʘ ʩʧʦʩʦʙʥʦʩʪ) 

ʧʦ ʧʲʨʚʘʪʘ ʢʦʦʨʜʠʥʘʪʘ ʩʝ ʨʝʘʣʠʟʠʨʘ ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʰʠʨʦʢʦ ʩʧʝʢʪʲʨʥʠ ʩʦʥʜʠʨʘʱʠ 

ʩʠʛʥʘʣʠ, ʘ ʧʦ ʚʪʦʨʘʪʘ ʯʨʝʟ ʢʦʭʝʨʝʥʪʥʦ ʩʫʤʠʨʘʥʝ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ ʚ ʧʨʦʮʝʩʘ ʥʘ 

ʩʠʥʪʝʟʘ ʥʘ ʘʧʝʨʪʫʨʘʪʘ. ʇʨʠʣʦʞʝʥʠʝ ʥʘ SAR ʩʠʩʪʝʤʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʪʘ ʝ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʨʠʤʝʨʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʪʝ ʦʙʝʢʪʠ, 

ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʠʟʚʣʝʯʝʥʠ ʦʪ ʢʦʤʧʣʝʢʩʥʠʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʠ ʦʪ ʩʠʩʪʝʤʘʪʘ [10], [11], [12], [13]. ʊʘʢʦʚʘ ʧʨʠʣʦʞʝʥʠʝ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʧʨʝʜʣʦʞʝʥʦ ʚ ʠʟʪʦʯʥʠʮʠʪʝ [14], [15], [16], [17].  

ʇʲʨʚʘʪʘ ʜʝʤʦʥʩʪʨʘʮʠʷ ʥʘ InSAR ʪʝʭʥʠʢʘ, ʧʨʠʣʦʞʝʥʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ ʝ 

ʜʝʣʦ ʥʘ Graham [18] ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʘʤʦʣʝʪʥʘ SAR. ʊʦʡ ʜʦʧʲʣʚʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ 

ʩʠʩʪʝʤʘ SAR ʩ ʜʦʧʲʣʥʠʪʝʣʥʘ ʘʥʪʝʥʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʚ ʨʘʚʥʠʥʘ, ʦʨʪʦʛʦʥʘʣʥʘ ʥʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘʪʘ ʘʥʪʝʥʘ, ʬʦʨʤʠʨʘʡʢʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʦ ʪʦʟʠ 

ʥʘʯʠʥ ʜʚʘ ʦʪʨʘʟʝʥʠ ʩʠʛʥʘʣʘ ʦʪ ʪʝʨʝʥʘ ʩʝ ʧʦʣʫʯʘʚʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦ, ʬʦʨʤʠʨʘʡʢʠ 

ʘʤʧʣʠʪʫʜʥʠ ʚʘʨʠʘʮʠʠ, ʢʦʠʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʤʦʜʝʣ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʪʝ ʬʘʟʠ ʥʘ ʩʠʛʥʘʣʠʪʝ. 

ʀ ʪʲʡ ʢʘʪʦ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʬʘʟʘ ʩʝ ʧʨʦʤʝʥʷ ʩ ʧʨʦʤʷʥʘʪʘ ʥʘ ʨʝʣʝʬʘ, ʚʘʨʠʘʮʠʠʪʝ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʢʨʲʛʦʚʝ / fringes (ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʮʷʣʘʪʘ ʛʘʤʘ ʥʘ ʬʘʟʘʪʘ ʚ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʦʪ 0 ʜʦ 2ˊ ʚ ʧʲʣʥʠʷ ʠ ʮʠʢʲʣ) ʩʣʝʜʚʘʪ ʪʦʧʦʛʨʘʬʩʢʠʪʝ ʢʦʥʪʫʨʠ [19], 

[20]. InSAR ʧʦʜʩʠʩʪʝʤʠʪʝ ʩʘ ʨʘʟʨʘʙʦʪʝʥʠ ʟʘ ʮʠʬʨʦʚʦ ʟʘʧʠʩʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʘ ʦʪ 

ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʟʘ ʚʩʷʢʘ ʘʥʪʝʥʘ. ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʦʪʥʦʩʠʪʝʣʥʘʪʘ ʬʘʟʘ ʥʘ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʨʷʢʦ ʨʝʢʦʥʩʪʨʫʠʨʘʥʘ. ʇʲʨʚʠʪʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʪʘʢʠʚʘ 

ʩʠʩʪʝʤʠ ʩ ʚʲʟʜʫʰʥʘ ʧʣʘʪʬʦʨʤʘ ʩʘ ʙʠʣʠ ʜʦʢʣʘʜʚʘʥʠ ʦʪ Zebker, ʠʟʪʦʯʥʠʢ [21] ʠ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʜʘʥʥʠ ʦʪ SeaSAT [19], [22].  

ʇʲʨʚʘʪʘ ʦʮʝʥʢʘ ʟʘ ʠʟʤʝʩʪʚʘʥʝ ʩʣʝʜ ʟʝʤʝʪʨʝʩʝʥʠʝ ʝ ʙʠʣʘ ʩʲʦʙʱʝʥʘ ʚ [23], ʢʲʜʝʪʦ 

ʩʝ ʢʦʤʙʠʥʠʨʘ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ (DEM). ʏʨʝʟ ʨʘʜʘʨʥʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʬʦʨʤʠʨʘʱʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʧʦʣʫʯʝʥʠ ʧʨʝʜʠ ʠ ʩʣʝʜ ʟʝʤʝʪʨʝʩʝʥʠʝʪʦ, ʠ 

ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʪʦʧʦʛʨʘʬʩʢʠʪʝ ʝʬʝʢʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʝ ʦʪʢʨʠʪʘ 

ʦʙʣʘʩʪʪʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝʪʦ ʩʣʝʜ ʟʝʤʝʪʨʝʩʝʥʠʝʪʦ. ʏʨʝʟ ʢʦʤʙʠʥʠʨʘʥʝ ʥʘ ʪʨʠ ʨʘʜʘʨʥʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ ʜʚʘ ʢʦʤʧʣʝʢʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ [24] ʩʝ ʦʪʜʝʣʷʪ 

ʪʦʧʦʛʨʘʬʩʢʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʠʥʘʤʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ʨʝʣʝʬʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ 

ʩʝ ʦʮʝʥʷʚʘʪ ʠʟʤʝʩʪʚʘʥʝʪʦ ʚ ʜʘʜʝʥʘ ʩʝʠʟʤʠʯʥʘ ʦʙʣʘʩʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʩʝ ʦʮʝʥʷʚʘʪ ʯʨʝʟ 
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ʩʨʘʚʥʝʥʠʝ ʩ ʪʝʟʠ, ʧʦʣʫʯʝʥʠ ʩ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠ ʤʝʪʦʜʠ, ʢʘʪʦ ʛʣʦʙʘʣʥʘ ʩʘʪʝʣʠʪʥʘ ʩʠʩʪʝʤʘ 

ʟʘ ʧʦʟʠʮʠʦʥʠʨʘʥʝ (GPS) ʠ ʪʨʠʘʥʛʫʣʘʮʠʦʥʥʠ ʜʘʥʥʠ. ʇʦʜʦʙʥʘ ʩʭʝʤʘ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʩ ʤʥʦʛʦʢʨʘʪʥʦ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʩʘʪʝʣʠʪʘ ʠ ʤʥʦʛʦ ʤʘʣʢʘ ʙʘʟʦʚʘ ʣʠʥʠʷ, 

ʢʦʷʪʦ ʦʩʠʛʫʨʷʚʘ ʩʣʘʙʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʢʲʤ ʨʝʣʝʬʘ, ʝ ʠʟʧʦʣʟʚʘʥʘ 

ʦʪ Goldstein [25], ʟʘ ʜʘ ʩʝ ʦʮʝʥʠ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʣʝʜʝʥʠ ʧʣʘʩʪʦʚʝ [26]. 

1.2.ʇʨʝʜʠʤʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ 

ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ SAR ʩʠʩʪʝʤʠ, ʢʲʜʝʪʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʪʦ ʥʘ ʮʝʣʪʘ ʝ 

ʚ ʜʚʝ ʠʟʤʝʨʝʥʠʷ (ʢʦʦʨʜʠʥʘʪʠ), ʧʨʠ InSAR ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʩʠʩʪʝʤʘ ʝ ʩ ʪʨʠ ʠʟʤʝʨʝʥʠʷ. 

ʆʩʚʝʥ ʜʚʝʪʝ ʢʦʦʨʜʠʥʘʪʠ, ʝʜʥʘʪʘ ʧʦ ʣʠʥʠʷʪʘ ʥʘ ʧʦʣʝʪʘ (ʧʦʩʦʢʘ ʘʟʠʤʫʪ), ʘ ʜʨʫʛʘʪʘ ʧʦ 

ʨʘʟʩʪʦʷʥʠʝ ʦʪ ʘʥʪʝʥʘʪʘ ʜʦ ʮʝʣʪʘ (ʥʘʧʨʝʯʥʦ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝʪʦ ʥʘ ʜʚʠʞʝʥʠʝ), ʪʨʝʪʘʪʘ 

ʢʦʦʨʜʠʥʘʪʘ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʬʘʟʘʪʘ ʥʘ ʚʩʝʢʠ ʧʠʢʩʝʣ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʩʝ 

ʠʟʧʦʣʟʚʘ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʪʦʧʦʛʨʘʬʩʢʘ ʢʘʨʪʘ. 

ʉʲʱʝʩʪʚʝʥʦ ʧʨʝʜʠʤʩʪʚʦ ʥʘ InSAR ʧʨʝʜ ʢʦʥʚʝʥʮʠʦʥʘʣʥʠʪʝ ʠ GPS ʛʝʦʜʝʟʠʯʝʩʢʠʪʝ 

ʪʝʭʥʠʢʠ ʝ, ʯʝ ʪʷ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʧʦʣʫʯʠ ʩʚʦʝʚʨʝʤʝʥʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʛʦʣʝʤʠ ʧʣʦʱʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ. ʆʪʧʘʜʘ ʥʝʦʙʭʦʜʠʤʦʩʪʪʘ ʦʪ ʩʢʲʧʦ 

ʥʘʟʝʤʥʦ ʦʙʦʨʫʜʚʘʥʝ ʠʣʠ ʩʢʲʧʠ ʢʘʤʧʘʥʠʠ ʚ ʥʝʧʨʠʩʪʲʧʥʠ ʠʣʠ ʦʪʜʘʣʝʯʝʥʠ ʨʘʡʦʥʠ ʥʘ 

ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. InSAR ʝ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʣʠʯʥʘ ʦʪ ʦʧʪʠʯʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ. 

ʂʦʭʝʨʝʥʪʥʠʷʪ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ ʩʲʜʲʨʞʘ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. ʅʝʛʦʚʠʷʪ 

ʤʠʢʨʦʚʲʣʥʦʚ ʭʘʨʘʢʪʝʨ ʧʦʟʚʦʣʷʚʘ ʪʦʡ ʜʘ ʧʨʦʥʠʢʚʘ ʧʨʝʟ ʦʙʣʘʯʥʘ ʧʦʢʨʠʚʢʘ ʠ ʠʟʧʦʣʟʚʘ 

ʜʝʥʦʥʦʱʥʦ ʦʧʝʨʘʪʠʚʥʠʪʝ ʩʠ ʩʧʦʩʦʙʥʦʩʪʠ. InSAR ʪʝʭʥʦʣʦʛʠʷʪʘ ʦʩʠʛʫʨʷʚʘ 

ʚʠʩʦʢʦʩʢʦʨʦʩʪʝʥ ʜʦʩʪʲʧ ʜʦ ʜʘʥʥʠ ʠ ʪʷʭʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʬʪʫʝʨ, ʠʟʛʨʘʞʜʘ 

ʘʨʭʠʚ ʦʪ ʜʘʥʥʠ, ʢʦʡʪʦ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʦʙʣʘʩʪʠ ʦʪ 

ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

ɽʜʥʦ ʦʪ ʦʛʨʘʥʠʯʝʥʠʷʪʘ ʝ ʚʨʝʤʝʚʘʪʘ ʜʝʢʦʨʝʣʘʮʠʷ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʥʘ 

ʩʧʝʢʪʲʨʲʪ ʠ ʪʦʧʣʠʥʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʤʝʞʜʫ ʧʦʣʫʯʘʚʘʥʝʪʦ 

ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɻʦʣʠ ʩʢʘʣʠ ʠ ʠʟʢʫʩʪʚʝʥʠ ʩʲʦʨʲʞʝʥʠʷ ʯʝʩʪʦ ʦʩʪʘʚʘʪ ʢʦʭʝʨʝʥʪʥʠ ʟʘ 

ʜʲʣʲʛ ʧʝʨʠʦʜ ʦʪ ʚʨʝʤʝ, ʥʦ ʚ ʉ-ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ (ʜʲʣʞʠʥʘ ʥʘ ʚʲʣʥʘʪʘ ʦʪ 5,6 ʩʤ) 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʦʪ ʛʦʨʩʢʠ ʤʝʩʪʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʥʝʢʦʭʝʨʝʥʪʥʠ, ʜʦʨʠ ʠ 

ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʜʘ ʩʘ ʙʠʣʠ ʧʦʣʫʯʝʥʠ ʩ ʝʜʠʥ ʜʝʥ ʨʘʟʣʠʢʘ. ʊʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʤʥʦʛʦʢʨʘʪʥʦ 

ʨʘʟʩʝʡʚʘʥʝ ʦʪ ʣʠʩʪʘ ʠ ʤʘʣʢʠ ʢʣʦʥʠ, ʯʠʠʪʦ ʧʦʟʠʮʠʠ ʩʘ ʥʝʩʪʘʙʠʣʥʠ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ 

ʩʥʠʤʢʠ, ʧʨʝʜʦʩʪʘʚʝʥʠ ʦʪ ʨʘʜʘʨʥʠ ʩʠʛʥʘʣʠ ʠʟʧʦʣʟʚʘʱʠ L-ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ, ʦʩʠʛʫʨʷʚʘ 

ʩʲʛʣʘʩʫʚʘʥʦʩʪ ʜʦʨʠ ʠ ʚ ʨʘʡʦʥʠ ʩ ʨʘʩʪʠʪʝʣʥʦʩʪ [27]. 

ɼʨʫʛʦ ʦʛʨʘʥʠʯʝʥʠʝ ʟʘ InSAR ʪʝʭʥʦʣʦʛʠʷʪʘ ʝ ʧʨʦʤʝʥʷʱʘʪʘ ʩʝ ʘʪʤʦʩʬʝʨʘ ʥʘ ɿʝʤʷʪʘ: 

ʥʘʧʨʠʤʝʨ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʦʜʥʠ ʧʘʨʠ, ʥʘʨʫʰʘʚʘʪ ʫʯʘʩʪʥʠʢʘ ʬʘʟʘ, ʚʦʜʝʱʦ ʜʦ ʬʘʟʦʚʠ  

ʠʟʤʝʩʪʚʘʥʠʷ, ʢʦʠʪʦ ʤʦʛʘʪ ʜʘ ʩʠʤʫʣʠʨʘʪ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʆʙʣʘʮʠʪʝ 

ʤʦʛʘʪ ʜʘ ʧʨʝʜʠʟʚʠʢʘʪ ʧʨʦʤʝʥʠ ʚʲʚ ʬʘʟʠʪʝ, ʝʢʚʠʚʘʣʝʥʪʥʠ ʥʘ ʟʝʤʥʠ ʠʟʤʝʩʪʚʘʥʠʷ ʜʦ 10 

ʩʘʥʪʠʤʝʪʨʘ. InSAR ʤʦʞʝ ʜʘ ʠʟʤʝʨʚʘ ʩʘʤʦ ʧʦʚʲʨʭʥʦʩʪʥʘ ʜʝʬʦʨʤʘʮʠʷ ʚ ʧʨʷʢʘ ʚʠʜʠʤʦʩʪ 

(LOS) ʥʘ ʩʧʲʪʥʠʢʘ, ʪʘʢʘ ʯʝ ʩ ʠʟʤʝʩʪʚʘʥʝ, ʫʩʧʦʨʝʜʥʦ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʩʘʪʝʣʠʪʘ ʚʦʜʠ ʜʦ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʩʘʤʦ ʧʦ ʝʜʥʦ ʠʟʤʝʨʝʥʠʝ. ʊʦʚʘ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʥʝʷʩʥʦʪʠ 

ʚ ʨʘʟʯʠʪʘʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ, ʢʦʝʪʦ ʩʝ ʧʨʝʦʜʦʣʷʚʘ ʯʨʝʟ ʢʦʤʙʠʥʘʮʠʠ ʦʪ ʜʘʥʥʠ, 

ʧʦʣʫʯʝʥʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʲʛʣʠ ʥʘ ʥʘʙʣʶʜʝʥʠʝ [28], [27]. 
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ɺʠʥʘʛʠ ʩʲʱʝʩʪʚʫʚʘ ʚʝʨʦʷʪʥʦʩʪ ʟʘ ʟʘʛʫʙʘ ʥʘ ʢʦʨʝʣʘʮʠʷ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʟʘ ʥʷʢʦʠ 

ʦʪ ʜʚʦʡʢʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʂʨʠʪʠʯʥʘʪʘ ʩʪʦʡʥʦʩʪ ʟʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘʪʘ ʙʘʟʦʚʘ ʣʠʥʠʷ  ʟʘ 

ʜʚʦʡʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʨʝʜʝʣʷ ʛʨʘʥʠʮʘʪʘ, ʩʣʝʜ ʢʦʷʪʦ ʠʤʘ ʟʘʛʫʙʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ. 

1.3.ʊʝʭʥʠʢʠ ʠ ʤʝʪʦʜʠ 

ɽʜʥʘ ʦʪ ʪʝʭʥʠʢʠʪʝ ʥʘ ʦʙʨʘʙʦʪʢʘ ʩʝ ʥʘʨʠʯʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ʝʜʥʦ 

ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʩʘʪʝʣʠʪʘ. ʊʦʚʘ ʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʜʚʝ ʘʥʪʝʥʠ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ, ʥʘʨʝʯʝʥ 

ʦʱʝ ʩʪʨʘʥʠʯʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ (cross-track interferometry), ʜʚʝ ʘʥʪʝʥʠ ʩʘ ʤʦʥʪʠʨʘʥʠ 

ʥʘ ʝʜʥʘ ʠ ʩʲʱʘ ʧʣʘʪʬʦʨʤʘ. ɽʜʥʘʪʘ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ SAR ʘʥʪʝʥʘ ʠʟʣʲʯʚʘ ʤʠʢʨʦʚʲʣʥʦʚʠ 

ʩʠʛʥʘʣʠ ʠ ʧʦʣʫʯʘʚʘ ʦʪʨʘʟʝʥʠ ʩʠʛʥʘʣʠ, ʜʦʢʘʪʦ ʜʦʧʲʣʥʠʪʝʣʥʘʪʘ ʘʥʪʝʥʘ ʥʘʤʠʨʘʱʘ ʩʝ ʥʘ 

ʬʠʢʩʠʨʘʥʦ ʨʘʟʩʪʦʷʥʠʝ ʩʘʤʦ ʧʦʣʫʯʘʚʘ ʦʪʨʘʟʝʥʠ ʩʠʛʥʘʣʠ. ɼʚʝʪʝ ʘʥʪʝʥʠ ʩʘ ʧʦʜʨʝʜʝʥʠ ʧʦ 

ʪʘʢʲʚ ʥʘʯʠʥ, ʯʝ ʪʷʭʥʘʪʘ ʙʘʟʦʚʘ ʣʠʥʠʷ ʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʧʦʣʝʪʘ. ɿʘʝʜʥʦ 

ʩ ʢʦʦʨʜʠʥʘʪʠʪʝ ʧʦ ʧʦʩʦʢʘ ʠ ʧʦ ʥʘʧʨʝʯʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʬʘʟʦʚʘʪʘ ʨʘʟʣʠʢʘ ʦʩʠʛʫʨʷʚʘ 

ʜʝʬʠʥʠʮʠʷʪʘ ʥʘ ʪʨʠ ʜʠʤʝʥʩʠʦʥʥʦʪʦ ʨʘʟʧʦʣʦʞʝʥʠʝ ʥʘ ʚʩʠʯʢʠ ʪʦʯʢʠ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝʪʦ 

[19]. ɼʚʝ ʘʥʪʝʥʠ ʩʘ ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʧʨʠ ʤʠʩʠʠ, ʢʘʪʦ NASA TOPSAR [28]. ʇʦʣʫʯʝʥʠʪʝ 

ʮʠʬʨʦʚʠ ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬʘ (Digital Elevation Models) ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʨʝʛʫʣʷʨʥʘ ʨʝʰʝʪʢʘ 

ʥʘ ʪʦʧʦʛʨʘʬʠʷʪʘ ʥʘ ʨʘʡʦʥʘ. ʊʘʢʠʚʘ ʮʠʬʨʦʚʠ ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬʘ ʩʘ ʛʝʥʝʨʠʨʘʥʠ ʦʪ 

ʢʦʩʤʠʯʝʩʢʘʪʘ ʩʠʩʪʝʤʘ SRTM (Shuttle Radar Topography Mission), ʢʦʷʪʦ ʙʝ ʩʪʘʨʪʠʨʘʥʘ ʚ 

2000 ʛʦʜʠʥʘ. ʊʦʚʘ ʙʝʰʝ ʩʲʚʤʝʩʪʝʥ ʧʨʦʝʢʪ ʥʘ NGA ʠ NASA ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ DLR ʠ ASI. 

ʊʷ ʙʝ ʧʦʩʚʝʪʝʥʘ ʥʘ ʠʟʛʦʪʚʷʥʝʪʦ ʥʘ ʧʨʝʮʠʟʝʥ ʛʣʦʙʘʣʝʥ ʪʦʧʦʛʨʘʬʩʢʠ ʤʦʜʝʣ ʥʘ ɿʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ. ɿʘ ʝʜʠʥʘʜʝʩʝʪ ʜʥʝʚʥʘʪʘ ʤʠʩʠʷ, ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʚ 1-arc second 

(ʨʝʟʦʣʶʮʠʷ ʦʪ 30m x 30m) ʙʝ ʠʟʛʦʪʚʝʥ, ʠʟʧʦʣʟʚʘʡʢʠ ʪʝʭʥʠʢʘʪʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ 

ʙʘʟʠʨʘʥʘ ʥʘ ʝʜʥʦ ʧʨʝʤʠʥʘʚʘʥʝ ʩ ʬʠʢʩʠʨʘʥʘ ʙʘʟʦʚʘ ʣʠʥʠʷ ʚ C ʠ X-ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ, 

ʢʘʪʦ C-ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ ʙʝ ʠʟʧʦʣʟʚʘʥ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦ 

ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ, ʘ X- ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ ʢʦʥʪʨʦʣ ʥʘ ʢʘʯʝʩʪʚʦʪʦ [29]. 

ʌʠʢʩʠʨʘʥʝʪʦ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʙʝ ʧʦʩʪʠʛʥʘʪʦ ʩ ʜʚʝ ʘʥʪʝʥʠ, ʝʜʥʘʪʘ ʥʘ ʙʦʨʜʘ ʥʘ 

ʩʦʚʘʣʢʘʪʘ, ʠ ʜʨʫʛʘʪʘ ʥʘʤʠʨʘʱʘ ʩʝ ʥʘ ʨʘʟʩʪʦʷʥʠʝ 60 ʤʝʪʨʘ. ʅʘʢʣʦʥʲʪ ʥʘ ʦʨʙʠʪʘʪʘ ʥʘ 

ʩʦʚʘʣʢʘʪʘ ʝ ʙʠʣ 57 ʛʨʘʜʫʩʘ, ʢʦʝʪʦ ʧʦʟʚʦʣʠ ʤʦʜʝʣʘ ʜʘ ʙʲʜʝ ʩʲʟʜʘʜʝʥ ʤʝʞʜʫ 60Á ʩʝʚʝʨʥʘ 

ʠ 56Á ʠʟʪʦʯʥʘ ʰʠʨʠʥʘ, ʢʦʝʪʦ ʧʦʢʨʠʚʘ 80% ʦʪ ɿʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ɸʙʩʦʣʶʪʥʘʪʘ 

ʣʠʥʝʡʥʘ ʚʝʨʪʠʢʘʣʥʘ ʪʦʯʥʦʩʪ ʥʘ ʚʠʩʦʯʠʥʥʠʪʝ ʜʘʥʥʠ ʝ 16 ʤʝʪʨʘ, a ʘʙʩʦʣʶʪʥʘʪʘ 

ʭʦʨʠʟʦʥʪʘʣʥʘ ʪʦʯʥʦʩʪ ʝ 20 ʤʝʪʨʘ. SRTM ʜʘʥʥʠʪʝ ʙʷʭʘ ʦʙʨʘʙʦʪʝʥʠ ʦʪ JPL ʚ ʮʠʬʨʦʚ 

ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʩ ʛʝʦʛʨʘʬʩʢʘ ʧʨʦʝʢʮʠʷ (latitude/longitude) ʩʲʦʪʥʦʩʥʦ WGS84 ʧʦ 

ʭʦʨʠʟʦʥʪʘʣʘ ʠ EGM96 ʧʦ ʚʝʨʪʠʢʘʣʘ ʩ 90 ʤʝʪʨʘ ʦʩʨʝʜʥʷʚʘʥʝ ʩʧʨʷʤʦ 30 ʤʝʪʨʦʚʠʪʝ 

ʜʘʥʥʠ.  

ɺʪʦʨʘʪʘ ʪʝʭʥʠʢʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʩʝ ʥʘʨʠʯʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʙʘʟʠʨʘʥʘ ʥʘ ʜʚʝ 

ʧʨʝʤʠʥʘʚʘʥʠʷ. ʊʦʚʘ ʝ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩ ʝʜʥʘ ʘʥʪʝʥʘ. ɼʨʫʛʠ ʢʦʩʤʠʯʝʩʢʠ ʩʠʩʪʝʤʠ 

ʨʘʟʯʠʪʘʪ ʥʘ ʝʜʥʘ ʝʜʠʥʩʪʚʝʥʘ ʘʥʪʝʥʘ, ʥʦ ʨʘʙʦʪʷʪ ʧʨʠ ʫʩʣʦʚʠʝ ʥʘ ʧʦʚʪʦʨʷʝʤʦʩʪ ʥʘ 

ʦʨʙʠʪʘʪʘ, ʪʘʢʘʚʘ ʯʝ ʢʦʩʤʠʯʝʩʢʠʷʪ ʘʧʘʨʘʪ ʜʘ ʩʣʝʜʚʘ ʤʘʢʩʠʤʘʣʥʦ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʦʨʙʠʪʘ 

ʟʘ ʜʘ ʠʟʛʦʪʚʠ ʚʪʦʨʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦ ʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ [28]. ʊʘʟʠ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʝ ʥʘʨʠʯʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʩ ʧʦʚʪʦʨʷʝʤʦʩʪ ʥʘ ʦʨʙʠʪʘʪʘ ʠʣʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʙʘʟʠʨʘʥʘ ʥʘ ʜʚʝ ʧʨʝʤʠʥʘʚʘʥʠʷ. ʊʷ ʩʝ ʦʩʠʛʫʨʷʚʘ ʯʨʝʟ ʢʦʥʪʨʦʣʠʨʘʥʝ 

ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʩʘʪʝʣʠʪʘ ʧʦ ʪʘʢʲʚ ʥʘʯʠʥ, ʯʝ ʜʘ ʩʝ ʧʦʚʪʦʨʠ ʧʲʪʝʢʘʪʘ ʤʫ ʧʦʯʪʠ 

ʧʝʨʬʝʢʪʥʦ. ʊʦʚʘ ʜʘʚʘ ʚʲʟʤʦʞʥʦʩʪ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʦʧʦʛʨʘʬʠʷ ʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ 
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ʜʚʠʞʝʥʠʷ ʧʦ ʧʦʚʲʨʭʥʦʩʪʪʘ. ɸʢʦ ʠʤʘ ʨʘʟʜʝʣʝʥʠʝ ʧʦ ʪʨʘʝʢʪʦʨʠʷ ʤʝʞʜʫ ʧʦʚʪʘʨʷʱʠʪʝ ʩʝ 

ʧʨʝʤʠʥʘʚʘʥʠʷ ʠ ʥʷʤʘ ʧʨʦʤʝʥʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʪʦ ʪʘʟʠ ʜʚʦʡʢʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʠ 

ʚ ʜʚʘ ʨʘʟʣʠʯʥʠ ʤʦʤʝʥʪʘ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʪʦʧʦʛʨʘʬʩʢʠ 

ʠʟʤʝʨʚʘʥʠʷ [19]. ʉ ʠʟʩʪʨʝʣʚʘʥʝʪʦ ʥʘ ʢʦʩʤʠʯʝʩʢʠʷ ʘʧʘʨʘʪ ERS-2 ʧʨʝʟ 1995 ʛʦʜʠʥʘ 

ʟʘʝʜʥʦ ʩ ERS-1, ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʛʝʥʮʠʷ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ [30] ʦʩʠʛʫʨʠ ʜʚʝ 

ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ ʩ ʚʨʝʤʝʚʘ ʨʘʟʣʠʢʘ ʦʪ ʝʜʠʥ ʜʝʥ. ɼʚʘʪʘ ʩʘʪʝʣʠʪʘ ʚ ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ 

Ăʊɸʅɼɽʄñ ʤʠʩʠʷ ʩʝ ʩʣʝʜʚʘʭʘ ʝʜʠʥ ʜʨʫʛ ʧʦ ʝʜʥʘ ʠ ʩʲʱʘ ʦʨʙʠʪʘ, ʪʘʢʘ ʯʝ ʝʜʥʘ ʠ ʩʲʱʘ 

ʟʦʥʘ ʝ ʥʘʙʣʶʜʘʚʘʥʘ ʠ ʪʦʧʦʛʨʘʬʩʢʠ ʢʘʨʪʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʛʝʥʝʨʠʨʘʥʠ. TanDEM-X 

ʟʘʝʜʥʦ ʩ TerraSAR-X (ʠʟʩʪʨʝʣʷʥʠ ʧʨʝʟ 2007) ʝ ʬʦʨʤʘʮʠʷ ʦʪ ʜʚʘ ʩʘʪʝʣʠʪʘ, ʥʦʩʝʱʠ X-

ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ ʨʘʜʘʨʠ, ʢʦʠʪʦ ʣʝʪʷʪ ʥʘ ʨʘʟʩʪʦʷʥʠʝ ʩʘʤʦ ʥʷʢʦʣʢʦ ʩʪʦʪʠʥ ʤʝʪʨʘ, ʪʘʢʘ 

ʯʝ ʩʠʥʭʨʦʥʥʠ ʟʘʧʠʩʠ ʥʘʨʝʯʝʥʠ Ăɹʃʀɿʅɸʎʀñ ʩʝ ʛʝʥʝʨʠʨʘʪ ʚ ʪʘʢʘ ʥʘʨʝʯʝʥʠʷ ʨʝʞʠʤ 

ĂStrip Map Modeñ (3 m ʟʝʤʥʘ ʨʝʟʦʣʶʮʠʷ) ʪʦʚʘ ʝ ʙʘʟʘ ʟʘ ʛʣʦʙʘʣʝʥ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ 

ʨʝʣʝʬʘ [31]. ʍʦʤʦʛʝʥʝʥ ʚʠʩʦʯʠʥʝʥ ʤʦʜʝʣ ʥʘ ʮʷʣʘʪʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʱʝ ʙʲʜʝ 

ʟʘʚʲʨʰʝʥ ʧʨʝʟ 2014 ʛʦʜʠʥʘ. ʊʦʡ ʱʝ ʠʤʘ ʦʪʥʦʩʠʪʝʣʥʘ ʚʝʨʪʠʢʘʣʥʘ ʪʦʯʥʦʩʪ ʦʪ 2 ʤʝʪʨʘ ʠ 

10 ʤʝʪʨʘ ʘʙʩʦʣʶʪʥʘ, ʩ ʭʦʨʠʟʦʥʪʘʣʝʥ ʨʘʩʪʝʨ ʦʪ ʧʨʠʙʣʠʟʠʪʝʣʥʦ 12ʭ12 ʢʚʘʜʨʘʪʥʠ ʤʝʪʨʘ, 

ʩʠʣʥʦ ʟʘʚʠʩʠʤʦ ʦʪ ʛʝʦʛʨʘʬʩʢʠʪʝ ʢʦʦʨʜʠʥʘʪʠ. ʉʠʩʪʝʤʘʪʘ ʩʝ ʧʦʜʜʲʨʞʘ ʦʪ ɻʝʨʤʘʥʩʢʠʷ 

ʘʝʨʦʢʦʩʤʠʯʝʩʢʠ ʮʝʥʪʲʨ - The German Aerospace Centre (DLR) ʠ ɸʚʩʪʨʠʷ. 

ʇʲʨʚʠ ʤʝʪʦʜ ʥʘ ʦʙʨʘʙʦʪʢʘ ʝ ʤʝʪʦʜʲʪ ʥʘ ʜʚʝʪʝ ʧʨʝʤʠʥʘʚʘʥʠʷ, ʥʘʨʠʯʘʥ ʦʱʝ 

ʝʣʠʤʠʥʘʮʠʷ ʯʨʝʟ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ.  ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʟʘ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʝʬʝʢʪʘ ʥʘ 

ʪʦʧʦʛʨʘʬʠʷʪʘ ʩʝ ʠʟʠʩʢʚʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ - DEM. ʆʪ ʜʚʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʧʦʣʫʯʘʚʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʘ ʦʪ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʩʠʤʫʣʠʨʘʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ (ʥʘʨʠʯʘʥʘ ʦʱʝ ʩʠʥʪʝʟʠʨʘʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʩʲʩ ʩʲʱʘʪʘ ʛʝʦʤʝʪʨʠʷ 

ʢʘʪʦ ʨʝʘʣʥʘʪʘ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʝ ʠʟʚʝʩʪʥʘ ʧʨʝʮʠʟʥʘ ʧʦʟʠʮʠʷ ʥʘ ʩʘʪʝʣʠʪʠʪʝ. ɿʘ ʪʘʟʠ ʮʝʣ 

ʩʝ ʠʟʧʦʣʟʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʨʙʠʪʘʣʥʠʪʝ ʚʝʢʪʦʨʠ. ʌʘʟʘʪʘ ʚ ʩʠʤʫʣʠʨʘʥʘʪʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʟʘʚʠʩʠ ʩʘʤʦ ʦʪ ʪʦʧʦʛʨʘʬʠʷʪʘ, ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʬʘʟʘʪʘ ʚ ʨʝʘʣʥʘʪʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʢʦʷʪʦ ʩʝ ʚʣʠʷʝ ʠ ʦʪ ʠʟʤʝʩʪʚʘʥʝʪʦ [32]. ʉʣʝʜʦʚʘʪʝʣʥʦ ʯʨʝʟ ʠʟʚʘʞʜʘʥʝ 

ʥʘ ʬʘʟʠʪʝ ʦʪ ʜʚʝʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʩʝ ʧʨʝʤʘʭʚʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʪʦʧʦʛʨʘʬʠʷʪʘ, ʠʣʠ 

ʢʘʟʘʥʦ ʧʦ ʜʨʫʛ ʥʘʯʠʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʢʨʲʛʦʚʝ (fringes) ʩʚʲʨʟʘʥʠ ʩ ʦʙʱʘʪʘ 

ʪʦʧʦʛʨʘʬʠʷ ʩʝ ʠʟʚʘʞʜʘʪ. ʈʝʟʫʣʪʘʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ (ʪʘʢʘ ʥʘʨʝʯʝʥʘ Ăʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘñ) ʩʲʜʲʨʞʘ ʩʘʤʦ ʪʝʟʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʢʨʲʛʦʚʝ ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ 

ʨʘʟʣʠʢʘʪʘ ʚ ʠʟʤʝʩʪʚʘʥʝʪʦ. ʊʦʚʘ ʝ ʥʘʡ-ʧʨʝʜʧʦʯʠʪʘʥʠʷʪ ʤʝʪʦʜ ʟʘ ʠʟʯʠʩʣʝʥʠʝ ʥʘ 

Ăʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘñ, ʟʘʱʦʪʦ ʝ ʥʘʡ-ʜʠʨʝʢʪʝʥ. 

ɺʪʦʨʠ ʤʝʪʦʜ ʥʘ ʦʙʨʘʙʦʪʢʘ ʝ ʤʝʪʦʜʲʪ ʥʘ ʪʨʠ ʧʨʝʤʠʥʘʚʘʥʠʷ (ʪ.ʝ. ʜʚʦʡʥʘ-

ʜʠʬʝʨʝʥʮʠʷ). ɿʘ ʪʦʟʠ ʤʝʪʦʜ ʩʘ ʥʝʦʙʭʦʜʠʤʠ ʪʨʠ SAR ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʪʦ ʝʜʥʦ ʦʪ ʪʷʭ ʝ 

ʛʣʘʚʥʦ ʟʘ ʜʚʝ ʦʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʜʚʦʡʢʠ. ʇʦʣʫʯʘʚʘʪ ʩʝ ʜʚʝ ʨʝʘʣʥʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʚʲʨʭʫ ʝʜʥʘ ʠ ʩʲʱʘ ʛʝʦʤʝʪʨʠʷ, ʥʦ ʩ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ. ɺ ʨʝʟʫʣʪʘʪ 

ʜʚʝʪʝ ʦʪ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ ʱʝ ʠʤʘʪ ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʢʨʲʛʦʚʝ, ʢʦʝʪʦ 

ʠʟʠʩʢʚʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. ɽʜʥʘ ʦʪ ʜʚʦʡʢʠʪʝ ʪʨʷʙʚʘ ʜʘ ʦʙʭʚʘʥʝ ʧʝʨʠʦʜʘ ʥʘ ʜʝʬʦʨʤʘʮʠʷ, ʘ 

ʜʨʫʛʘʪʘ ʜʚʦʡʢʘ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʥʝ ʟʘʩʝʛʥʘʪʘ ʦʪ ʪʦʚʘ ʷʚʣʝʥʠʝ. 

ʊʨʝʪʠ ʤʝʪʦʜ ʥʘ ʦʙʨʘʙʦʪʢʘʪʘ ʝ ʪʘʢʘ ʥʘʨʝʯʝʥʠʷʪ ʤʝʪʦʜ ʥʘ ʯʝʪʠʨʠ ʧʨʝʤʠʥʘʚʘʥʠʷ. 

ʄʝʪʦʜʲʪ ʝ ʘʥʘʣʦʛʠʯʝʥ ʥʘ ʤʝʪʦʜʘ ʥʘ ʪʨʠ ʧʨʝʤʠʥʘʚʘʥʠʷ. ʀʟʧʦʣʟʚʘʪ ʩʝ ʯʝʪʠʨʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʝ ʬʦʨʤʠʨʘʪ ʜʚʝ ʨʝʘʣʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʟʘ ʢʦʠʪʦ ʩʝ ʧʨʠʣʘʛʘ 
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ʢʦʨʝʛʠʩʪʨʘʮʠʷ. ʊʦʚʘ ʩʚʝʞʜʘ ʤʝʪʦʜʘ ʜʦ ʪʦʟʠ ʩ ʪʨʠ ʧʨʝʤʠʥʘʚʘʥʠʷ ʠ ʦʪʩʪʨʘʥʷʚʘ ʚʨʝʤʝʚʘʪʘ 

ʜʝʢʦʨʝʣʘʮʠʷ ʤʝʞʜʫ ʠʟʦʙʨʘʞʝʥʠʷʪʘ. ʊʦʟʠ ʬʘʢʪ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʛʦʣʷʤʘ ʛʲʚʢʘʚʦʩʪ ʧʨʠ 

ʠʟʙʦʨʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ. 

ʊʝʭʥʠʢʘ ʟʘ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʜʝʬʦʨʤʘʮʠʠ. ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʠʟʧʦʣʟʚʘ ʪʝʭʥʠʢʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʩʦʢʘʪʘ 

(along-track interferometry). ʏʨʝʟ ʪʦʟʠ ʤʝʪʦʜ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʟʘʩʥʝʤʘ ʥʷʢʦʣʢʦ ʧʲʪʠ ʩ 

ʚʨʝʤʝʚʘ ʨʘʟʣʠʢʘ ʦʪ ʩʝʢʫʥʜʘ ʜʦ ʛʦʜʠʥʠ [19]. ʊʦʚʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʧʦʩʪʠʛʥʘʪʦ ʠʣʠ ʩ ʜʚʝ 

ʘʥʪʝʥʠ ʧʦʩʪʘʚʝʥʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠ ʘʧʘʨʘʪ, ʧʘʨʘʣʝʣʥʠ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʠʣʠ ʯʨʝʟ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʧʨʘʚʝʥʠ ʚ ʨʘʟʣʠʯʝʥ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣ, ʥʦ ʧʦ ʩʲʱʠʷ ʣʝʪʘʪʝʣʝʥ ʧʲʪ ʠ 

ʥʘʙʣʶʜʘʚʘʥʘ ʛʝʦʤʝʪʨʠʷ (ʨʝʣʝʬ). ɸʢʦ ʘʥʪʝʥʠʪʝ ʩʘ ʨʘʟʧʦʣʦʞʝʥʠ ʥʘʧʨʝʯʥʦ ʥʘ 

ʪʨʘʝʢʪʦʨʠʷʪʘ ʥʘ ʩʘʪʝʣʠʪʘ ʱʝ ʩʝ ʧʦʷʚʠ ʚʣʠʷʥʠʝ ʥʘ ʪʦʧʦʛʨʘʬʠʷʪʘ ʥʘ ʨʝʣʝʬʘ. ɺ ʧʨʦʪʠʚʝʥ 

ʩʣʫʯʘʡ ʤʦʞʝ ʜʘ ʙʲʜʝ ʟʘʩʝʯʝʥʦ ʩʘʤʦ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ. ʉʝʠʟʤʠʯʥʠʪʝ 

ʧʨʠʣʦʞʝʥʠʷ ʥʘ InSAR ʚʢʣʶʯʚʘʪ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʟʝʤʝʪʨʝʩʝʥʠʷ, ʩʚʣʠʯʘʥʠʷ ʠ ʪʝʢʪʦʥʠʢʘ ʥʘ 

ʟʝʤʥʠʪʝ ʧʣʘʩʪʦʚʝ. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʧʨʝʜʦʩʪʘʚʷ ʢʘʪʦ ʨʝʟʫʣʪʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʝʠʟʤʠʯʥʠ, ʢʦ-ʩʝʠʟʤʠʯʥʠ ʠ 

ʧʦʩʪ ʩʝʠʟʤʠʯʥʠ ʜʝʬʦʨʤʘʮʠʠ. ʊʝʟʠ ʫʩʣʦʚʠʷ ʩʝ ʜʝʬʠʥʠʨʘʪ ʢʘʪʦ: ʜʝʬʦʨʤʘʮʠʠ, 

ʧʨʝʜʰʝʩʪʚʘʱʠ ʩʝʠʟʤʠʯʥʠ ʩʲʙʠʪʠʷ (ʥʝʦʙʭʦʜʠʤʠ ʩʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʠ ʩʲʙʠʪʠʝʪʦ), 

ʦʙʭʚʘʱʘʱʠ ʩʝʠʟʤʠʯʥʦʪʦ ʩʲʙʠʪʠʝ (ʥʝʦʙʭʦʜʠʤʦ ʝ ʝʜʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʝʜʠ ʠ ʝʜʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ ʩʣʝʜ ʩʲʙʠʪʠʝʪʦ), ʠʣʠ ʩʣʝʜ ʩʝʠʟʤʠʯʥʦ ʩʲʙʠʪʠʝ (ʥʝʦʙʭʦʜʠʤʠ ʩʘ ʜʚʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʩʲʙʠʪʠʝʪʦ) [33]. ɸʥʘʣʦʛʠʯʥʘ ʝ ʩʠʪʫʘʮʠʷʪʘ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʜʝʬʦʨʤʘʮʠʠ, ʧʦʨʦʜʝʥʠ ʦʪ ʚʫʣʢʘʥʠʯʥʘ ʜʝʡʥʦʩʪ. ʄʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʚʲʨʰʝʥʠ ʠʟʤʝʨʚʘʥʠʷ: 

ʧʨʝʜʠ, ʧʦ-ʚʨʝʤʝ ʥʘ ʠ ʩʣʝʜ ʚʫʣʢʘʥʠʯʥʦ ʠʟʨʠʛʚʘʥʝ. ɺʫʣʢʘʥʠʯʥʠ ʠʟʨʠʛʚʘʥʠʷ, ʚʣʠʷʥʠʷ ʥʘ 

ʚʫʣʢʘʥʠʪʝ ʢʘʪʦ ʥʦʚʠ ʟʘʧʲʣʚʘʥʠʷ ʩ ʤʘʛʤʘ, ʟʘʨʦʚʝʥʠ ʤʘʛʤʘ ʟʘʣʠ ʠ ʜʦʨʠ ʪʝʨʤʘʣʥʠ 

ʢʦʥʪʨʘʢʮʠʠ ʦʪ ʠʟʨʠʛʥʘʣʠ ʧʦʪʦʮʠ ʣʘʚʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʩʝʯʝʥʠ ʯʨʝʟ InSAR [27]. ɿʝʤʥʠ 

ʩʚʣʠʯʘʥʠʷ, ʧʦʨʦʜʝʥʠ ʦʪ ʤʠʥʥʘ ʜʝʡʥʦʩʪ, ʚʦʜʥʠ ʩʦʥʜʠʨʘʥʠʷ ʠ ʥʝʬʪʝʥʠ ʨʘʟʣʠʚʠ, ʩʲʱʦ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʠʟʤʝʨʚʘʥʠ ʧʦʩʨʝʜʩʪʚʦʤ InSAR. ʊʝʭʥʠʢʘʪʘ ʩʝ ʧʨʠʣʘʛʘ 

ʩʲʱʦ ʚ ʨʘʟʩʣʝʜʚʘʥʠʷ ʥʘ ʩʚʣʘʯʠʱʘ ʠ ʣʝʜʝʥʠ ʧʦʪʦʮʠ (ʜʚʠʞʝʥʠʝ ʥʘ ʣʝʜʥʠʮʠ). 

ʊʝʭʥʠʢʘ ʥʘ ʪʝʤʘʪʠʯʥʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ. ʇʨʦʤʷʥʘ ʚ ʦʪʨʘʟʠʪʝʣʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʤʝʞʜʫ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʚ 

ʧʨʦʤʷʥʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ. ɺʘʞʝʥ ʤʦʤʝʥʪ ʝ ʦʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘʪʘ 

ʜʝʢʦʨʝʣʘʮʠʷ, ʧʨʠʯʠʥʝʥʘ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʦʪ ʚʨʝʤʝʚʘʪʘ 

ʜʝʢʦʨʝʣʘʮʠʷ, ʟʘ ʜʘ ʩʝ ʠʟʚʲʨʰʠ ʢʦʨʝʢʪʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʘ ʬʠʟʠʯʥʠʷ ʬʝʥʦʤʝʥ [33]. 

ʊʘʟʠ ʚʲʟʤʦʞʥʦʩʪ ʥʘ ʩʠʩʪʝʤʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʧʦʣʟʚʘʥʘ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʠʟʤʝʥʝʥʠʷʪʘ 

ʥʘ ʛʦʨʠʪʝ, ʨʘʩʪʝʞ ʥʘ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ, ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʟʝʤʠ, ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʥʘʚʦʜʥʝʥʠʷ, ʭʠʜʨʦʣʦʛʠʷ, ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʣʝʥʦʩʪʪʘ ʠ ʜʨ. 

ʊʝʭʥʠʢʘ ʧʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʘʪʤʦʩʬʝʨʥʦʪʦ ʟʘʢʲʩʥʝʥʠʝ. ɺ ʨʘʡʦʥʠʪʝ ʢʲʜʝʪʦ 

ʪʦʧʦʛʨʘʬʠʷʪʘ ʝ ʤʥʦʛʦ ʜʦʙʨʝ ʠʟʚʝʩʪʥʘ ʠ ʥʷʤʘ ʫʩʣʦʚʠʷ ʟʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, 

ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ ʨʘʜʘʨʥʠʪʝ ʩʠʛʥʘʣʠ ʢʲʤ ʚʘʨʠʘʮʠʷʪʘ ʥʘ ʦʪʨʘʞʘʪʝʣʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ 

ʥʘ ʘʪʤʦʩʬʝʨʘʪʘ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʫʯʘʚʘʥʠ ʦʪ ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʘ ʛʣʝʜʥʘ ʪʦʯʢʘ, ʪʘʢʘ 

ʥʘʨʝʯʝʥʘʪʘ Interferometric Radar Meteorology (IRM), ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʢʘʨʪʠ ʩ ʚʠʩʦʢʘ 

ʨʝʟʦʣʶʮʠʷ ʥʘ ʚʦʜʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʘʪʘ [33]. 
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ɼʠʬʝʨʝʥʪʥʘʪʘ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʝ ʙʘʟʦʚʘ InSAR ʪʝʭʥʠʢʘʪʘ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʛʝʦʜʠʥʘʤʠʢʘ. ɺʣʠʷʥʠʝʪʦ ʥʘ ʪʦʧʦʛʨʘʬʠʷʪʘ ʩʝ ʧʨʝʤʘʭʥʘʪʦ ʯʨʝʟ ʦʮʝʥʢʘ ʥʘ ʪʨʠ ʠ ʧʦʚʝʯʝ 

SLC SAR ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ. ʊʝ ʩʘ ʧʦʣʫʯʝʥʠ ʧʨʝʟ ʚʨʝʤʝʚʠ ʠʥʪʝʨʚʘʣʠ ʦʪ 

ʧʦʨʷʜʲʢʘ ʦʪ ʩʝʢʫʥʜʠ ʜʦ ʛʦʜʠʥʠ, ʚʢʣʶʯʚʘʱʠ ʩʲʙʠʪʠʝʪʦ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ. 

ʀʟʚʲʨʰʚʘ ʩʝ ʩʨʘʚʥʝʥʠʝ ʤʝʞʜʫ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʨʝʜʩʪʘʚʷʱʘ ʪʦʧʦʛʨʘʬʩʢʠʷ ʨʝʣʝʬ 

ʧʨʝʜʠ ʛʝʦʣʦʛʠʯʥʦʪʦ ʩʲʙʠʪʠʝ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʨʝʜʩʪʘʚʷʱʘ ʪʦʧʦʛʨʘʬʠʷʪʘ ʩʣʝʜ 

ʛʝʦʣʦʛʠʯʥʦʪʦ ʩʲʙʠʪʠʝ. ʀʟʤʝʩʪʚʘʥʝʪʦ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʦʪʢʨʠʚʘ ʚʲʚ ʬʘʟʦʚʘʪʘ ʨʘʟʣʠʢʘ 

ʥʘ ʧʠʢʩʝʣʠʪʝ ʦʪ ʚʩʷʢʘ ʜʚʦʡʢʘ ʦʪ ʤʥʦʞʝʩʪʚʦʪʦ SAR ʠʟʦʙʨʘʞʝʥʠʷ [34]. ʌʘʢʪʲʪ, ʯʝ 

ʠʟʤʝʩʪʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʩʝ ʠʟʤʝʨʚʘ ʚ ʛʨʘʥʠʮʠʪʝ ʥʘ ʝʜʠʥ ʧʠʢʩʝʣ ʝ ʩʲʱʝʩʪʚʝʥʦ ʦʪʣʠʯʠʝ ʦʪ 

ʜʨʫʛʠ ʪʝʭʥʠʢʠ, ʧʨʠ ʢʦʠʪʦ ʜʚʠʞʝʥʠʝʪʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʟʤʝʨʝʥʦ ʩʘʤʦ ʢʦʛʘʪʦ ʪʦ ʝ ʧʦʚʝʯʝ 

ʦʪ ʟʥʘʯʠʪʝʣʥʘ ʯʘʩʪ ʦʪ ʨʝʟʦʣʶʮʠʷʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ. 

ʇʨʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʝ, ʜʘʥʥʠʪʝ ʦʪ ʠʟʤʝʨʚʘʥʠʷʪʘ (raw data) ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʨʘʪ ʚ ʝʜʠʥʠʯʥʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ (Single-Look Complex - SLC), 

ʢʦʝʪʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʜʚʫ-ʜʠʤʝʥʩʠʦʥʥʘ ʤʘʪʨʠʮʘ ʩ ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʢʦʣʦʥʠ - ʢʦʦʨʜʠʥʘʪʠʪʝ 

ʧʦ ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ (slant range) ʠ ʧʦ ʨʝʜʦʚʝ ï ʢʦʦʨʜʠʥʘʪʠʪʝ ʧʦ ʘʟʠʤʫʪ (azimuth / 

cross range), ʢʘʪʦ ʚʩʝʢʠ ʝʣʝʤʝʥʪ ʥʘ ʤʘʪʨʠʮʘʪʘ ʝ ʝʣʝʤʝʥʪʘʨʝʥ ʢʘʨʪʠʥʝʥ ʝʣʝʤʝʥʪ, 

ʥʘʨʝʯʝʥ ʧʠʢʩʝʣ, ʠʣʠ Ăʨʘʟʜʝʣʠʪʝʣʝʥ ʝʣʝʤʝʥʪñ (resolution cell) ʘʩʦʮʠʠʨʘʥ ʩ ʤʘʣʲʢ ʨʘʡʦʥ 

ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ. ɺʩʝʢʠ ʝʣʝʤʝʥʪ ʦʪ ʤʘʪʨʠʮʘʪʘ ʝ ʢʦʤʧʣʝʢʩʥʦ ʯʠʩʣʦ, 

ʢʦʝʪʦ ʥʦʩʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʤʠʢʨʦʚʲʣʥʦʚʠʷ ʩʠʛʥʘʣ, ʦʪʨʘʟʝʥ ʦʪ 

ʩʲʦʪʚʝʪʥʠʷ ʨʘʟʜʝʣʠʪʝʣʝʥ ʝʣʝʤʝʥʪ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ [35].  

1.4.ɸʣʛʦʨʠʪʤʠ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʠ ʦʙʨʘʙʦʪʢʘ 

ʉʲʚʨʝʤʝʥʥʠ ʤʦʜʝʣʠ, ʤʝʪʦʜʠ ʠ ʘʣʛʦʨʠʪʤʠ ʟʘ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʩ 

ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʥʘ ʛʣʦʙʘʣʥʦ ʪʦʧʦʛʨʘʬʩʢʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʠ ʄʦʥʪʝ ʂʘʨʣʦ ʩʠʤʫʣʘʮʠʷ ʥʘ 

ʨʝʘʣʥʘ InSAR ʩʠʩʪʝʤʘ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ [36]. ʈʘʟʨʘʙʦʪʝʥ ʝ ʥʦʚ ʘʣʛʦʨʠʪʲʤ ʦʪ ʯʝʪʚʲʨʪʠ 

ʨʝʜ ʟʘ ʦʮʝʥʢʘ ʥʘ ʦʪʥʦʩʠʪʝʣʥʦ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʩʘʪʝʣʠʪ-ʟʝʤʘ ʧʨʠ SAR ʦʙʨʘʙʦʪʢʘ, ʢʦʡʪʦ 

ʚʢʣʶʯʚʘ ʜʚʫʜʠʤʝʥʩʠʦʥʥʘ ʪʨʘʥʩʬʝʨʥʘ ʬʫʥʢʮʠʷ ʠ ʬʘʟʦʚʘ ʢʦʨʝʢʮʠʷ ʧʦ ʨʘʟʩʪʦʷʥʠʝ, ʧʨʠ 

ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ ʤʥʦʞʝʩʪʚʦ ʘʟʠʤʫʪʥʠ ʣʠʥʠʠ [37]. ʇʨʝʜʣʦʞʝʥ ʝ K-ʦʩʨʝʜʥʷʚʘʱ ʘʣʛʦʨʠʪʲʤ 

ʟʘ ʛʨʫʧʠʨʘʥʝ ʠ ʢʦʥʪʨʦʣʠʨʘʥʠ ʡʝʨʘʨʭʠʯʥʠ ɹʝʡʩ ʤʨʝʞʠ ʟʘ ʢʣʲʩʪʝʨʠʟʘʮʠʷ ʥʘ ʦʛʨʦʤʥʠ 

ʤʘʩʠʚʠ ʦʪ ʜʘʥʥʠ, ʧʦʣʫʯʝʥʠ ʦʪ Shuttle Radar Topography Mission [38]. ʇʨʦʠʟʚʦʜʩʪʚʝʥʘʪʘ 

ʣʠʥʠʷ ʟʘ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʦʪ Shuttle Radar Topography Mission (SRTM), ʢʦʷʪʦ 

ʝ ʚʢʣʶʯʚʘ ʩʢʘʥʠʨʘʥʝ ʠ ʚʠʟʫʘʣʠʟʠʨʘʥʝ, SAR ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʥʘʢʨʘʷ 

ʤʦʟʘʠʯʥʘ ʧʨʦʮʝʜʫʨʘ, ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ [39]. ʀʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʘ ʪʝʭʥʠʢʘ ʥʘ 

ʤʦʤʝʥʪʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ ʧʨʠ SAR ʦʙʨʘʙʦʪʢʘ, ʢʦʷʪʦ ʠʟʧʦʣʟʚʘ ʧʨʦʟʦʨʝʯʥʘ 

ʬʫʥʢʮʠʷ, ʝ ʨʘʟʛʣʝʜʘʥʘ ʚ [40]. ʉʠʩʪʝʤʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʧʦʣʝʪʘ ʥʘ ʩʘʤʦʣʝʪʥʠ 

ʥʦʩʠʪʝʣʠ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ [41]. ɽʢʩʧʝʨʠʤʝʥʪ ʥʘ ʢʦʩʤʠʯʝʩʢʘ InSAR ʩʠʩʪʝʤʘ, ʦʧʝʨʠʨʘʱʘ 

ʧʦ ʧʦʩʦʢʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠ ʘʥʘʣʠʟ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʠ ʩʮʝʥʘʨʠʠ ʟʘ ʤʠʩʠʠ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ [42]. ɿʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʩʝʠʟʤʠʯʥʠ ʠ ʚʫʣʢʘʥʠʯʥʠ ʧʨʦʮʝʩʠ, ʢʘʢʪʦ ʠ ʟʘ 

ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʥʘ ʣʝʜʥʠʮʠ ʠ ʪʝʭʥʠʪʝ ʜʚʠʞʝʥʠʷ ʚʲʚ ʚʘʞʥʠ ʟʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʧʦʣʷʨʥʠ 

ʨʝʛʠʦʥʠ ʩ ʮʝʣ ʜʠʘʛʥʦʩʪʠʢʘ, ʩ ʤʥʦʛʦʢʨʘʪʥʠ ʧʨʝʤʠʥʘʚʘʥʠʷ ʥʘ ʩʘʪʝʣʠʪʘ [43]. ʉʠʤʫʣʠʨʘʥʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʪʷʭʥʦʪʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʘʣʥʠ SAR ʜʘʥʥʠ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ [44]. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʮʠʬʨʦʚʠ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʦʪ ERS 

ʪʘʥʜʝʤ ʜʚʦʡʢʠ, ʢʘʢʪʦ ʠ ʥʦʚ ʘʣʛʦʨʠʪʲʤ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʚ [45]. 
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ɸʜʘʧʪʠʚʝʥ ʬʠʣʪʲʨ ʥʘ ɻʦʣʜʱʘʡʥ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ  ʨʝʰʝʥʠʝ ʥʘ ʩʪʝʨʝʦ 

InSAR ʧʨʦʙʣʝʤ ʧʨʠ ʛʝʦʣʦʢʘʮʠʷ ʠ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʮʠʬʨʦʚʠ ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬʘ ʚ ʠʟʙʨʘʥʘ 

ʢʘʨʪʦʛʨʘʬʩʢʘ ʧʨʦʝʢʮʠʷ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [46]. ʇʨʦʩʪʦ ʠ ʪʦʯʥʦ ʨʝʰʝʥʠʝ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʷ ʩʪʝʨʝʦ SAR ʧʨʦʙʣʝʤ ʧʨʠ ʛʝʦʣʦʢʘʮʠʷ ʠ ʝʬʝʢʪʠʚʥʦ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʮʠʬʨʦʚʠ ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬʘ ʚ ʠʟʙʨʘʥʘ ʢʘʨʪʦʛʨʘʬʩʢʘ ʧʨʦʝʢʮʠʷ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [47]. 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ InSAR ʪʝʭʥʠʢʘ, ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘ 

ʬʦʨʤʫʣʘ ʥʘ ʥʦʚ ʤʝʪʦʜ ʟʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ Ăʥʘ 4 ʧʘʩʘñ ʟʘʝʜʥʦ ʩ ʥʝʛʦʚʘʪʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘ ʬʦʨʤʫʣʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ [48]. 

1.5.ʆʧʨʝʜʝʣʷʥʝ ʥʘ ʙʘʟʦʚʠʪʝ ʣʠʥʠʠ 

ʅʦʚ ʧʦʜʭʦʜ ʢʲʤ ʘʢʫʨʘʪʥʘ ʦʮʝʥʢʘ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ, ʢʦʡʪʦ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ 

ʂʘʣʤʘʥ ʬʠʣʪʲʨ ʠ ʠʟʧʦʣʟʚʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ SAR 

ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʧʨʝʜʣʦʞʝʥ ʚ [49]. ɸʥʘʣʠʟ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʧʨʠ 

ʜʠʬʝʨʝʥʪʥʘ InSAR ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʩ ʪʦʯʥʦʩʪ ʧʦ-ʤʘʣʢʦ ʦʪ 1 cm ʝ 

ʧʫʙʣʠʢʫʚʘʥ ʚ [50]. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ ʦʮʝʥʢʘ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʙʘʟʦʚʘʪʘ 

ʣʠʥʠʷ ʚʲʨʭʫ ʦʧʣʦʩʢʦʩʪʷʚʘʥʝ ʥʘ ʬʘʟʘʪʘ, ʘʜʘʧʪʠʚʥʦ ʬʠʣʪʨʠʨʘʥʝ ʠ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ 

ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʝʥ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʝ ʧʨʝʜʣʦʞʝʥʦ ʚ [51]. ɺ [52] ʝ ʧʨʝʜʣʦʞʝʥ 

ʜʠʥʘʤʠʯʝʥ ʧʨʦʛʨʘʤʝʥ ʧʦʜʭʦʜ ʧʨʠ ʦʮʝʥʢʘ ʥʘ ʨʝʣʝʬʘ ʯʨʝʟ ʤʥʦʞʝʩʪʚʦ ʦʪ InSAR ʙʘʟʦʚʠ 

ʣʠʥʠʠ. 

1.6.ʂʦ-ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ 

ʆʩʥʦʚʥʘ ʦʧʝʨʘʮʠʷ ʧʨʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʝ ʩʲʚʤʝʩʪʥʘʪʘ 

ʨʝʛʠʩʪʨʘʮʠʷʪʘ (ʢʦʨʝʛʠʩʪʨʘʮʠʷ) ʥʘ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷʪʘ - ʛʣʘʚʥʦ ʠ 

ʧʦʜʯʠʥʝʥʦ, ʢʦʷʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʜʚʝ ʩʪʲʧʢʠ: ʛʨʫʙʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ (coarse coregistration) 

- ʩʲʚʧʘʜʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʥʘ ʥʠʚʦ ʧʠʢʩʝʣ, ʬʠʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ (fine 

corregistration) - ʧʦʜ ʧʠʢʩʝʣʥʦ ʩʲʚʧʘʜʝʥʠʝ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ. ʇʦʩʨʝʜʩʪʚʦʤ ʢʦʤʧʣʝʢʩʥʦ 

ʫʤʥʦʞʝʥʠʝ ʥʘ ʢʦʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʛʝʥʝʨʠʨʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

ɸʤʧʣʠʪʫʜʥʘʪʘ ʩʪʦʡʥʦʩʪ ʝ ʦʩʨʝʜʥʝʥʘ ʘʤʧʣʠʪʫʜʘ ʟʘ ʧʠʢʩʝʣ, ʘ ʬʘʟʘʪʘ ʝ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 

ʬʘʟʠʪʝ ʥʘ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʟʘ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ. 

ʈʝʛʠʩʪʨʘʮʠʷ ʥʘ ʤʥʦʞʝʩʪʚʦ InSAR ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʝʜʠʥ ʠ ʩʲʱʠ ʪʝʨʝʥ, ʧʦʣʫʯʝʥʠ ʧʨʠ 

ʤʥʦʛʦʢʨʘʪʥʠ ʦʙʣʠʪʘʥʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʦʪ ʩʘʪʝʣʠʪ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʢʦʨʝʣʘʮʠʷ ʝ 

ʧʨʝʜʣʦʞʝʥʦ ʚ [53]. ʄʝʪʦʜʠ ʟʘ ʬʠʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ InSAR ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʦʪʢʨʠʚʘʥʝ ʥʘ 

ʩʧʝʮʠʬʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʚ ʪʷʭ ʩʝ ʘʥʘʣʠʟʠʨʘʪ ʚ [54]. ɻʝʦ-ʢʦʜʠʨʘʥʝ 

ʠ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʘʜʘʧʪʠʚʝʥ ʘʣʛʦʨʠʪʲʤ ʩʝ 

ʨʘʟʛʣʝʞʜʘ ʚ [55]. ʇʘʨʘʣʝʣʝʥ ʘʣʛʦʨʠʪʲʤ ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ MPI ʙʠʙʣʠʦʪʝʢʘ ʠ 

ʨʝʘʣʠʟʘʮʠʷʪʘ ʥʘ ʤʦʜʫʣ ʟʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʧʨʝʜʣʦʞʝʥ ʚ 

[56]. 

1.7.ʈʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ 

InSAR ʠʟʧʦʣʟʚʘ ʘʤʧʣʠʪʫʜʥʘʪʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʜʘʜʝʥʘ ʦʙʣʘʩʪ ʦʪ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʜʚʝ ʨʘʟʣʠʯʥʠ 

ʘʥʪʝʥʠ ʠʣʠ ʯʨʝʟ ʜʚʫʢʨʘʪʥʦ ʧʨʝʤʠʥʘʚʘʥʝ ʥʘ ʝʜʠʥ SAR ʩʘʪʝʣʠʪ. ʌʘʟʦʚʘʪʘ ʨʘʟʣʠʢʘ ʤʝʞʜʫ 

ʚʩʷʢʘ ʜʚʦʡʢʘ ʧʠʢʩʝʣʠ ʥʘ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʲʟʜʘʚʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ʇʨʠ 

ʥʘʣʠʯʠʝ ʥʘ ʨʘʟʣʠʢʘ ʚʲʚ ʬʘʟʠʪʝ ʥʘ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʠ ʝʜʥʘ 
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ʧʦʟʠʮʠʷ ʠʣʠ ʤʥʦʛʦ ʙʣʠʟʢʠ ʜʚʝ ʧʦʟʠʮʠʠ (ʩ ʤʠʥʠʤʘʣʥʘ ʙʘʟʦʚʘ ʣʠʥʠʷ), ʚ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʤʦʛʘʪ ʜʘ ʩʝ ʦʪʢʨʠʷʪ ʠʟʤʝʩʪʚʘʥʠʷ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʜʦ ʯʘʩʪʠ ʦʪ 

ʜʲʣʞʠʥʘʪʘ ʥʘ ʚʲʣʥʘʪʘ ʥʘ ʦʙʣʲʯʚʘʱʠʷ ʩʠʛʥʘʣ [33], [28], [25]. 

ɺʣʠʷʥʠʝʪʦ ʥʘ ʢʨʠʚʠʥʘʪʘ ʥʘ ɿʝʤʷʪʘ ʚʲʨʭʫ ʬʘʟʘʪʘ ʩʝ ʢʦʨʠʛʠʨʘ ʯʨʝʟ ʧʨʦʮʝʜʫʨʘʪʘ 

Ăʦʧʣʦʩʢʦʩʪʷʚʘʥʝñ (flattening) ʯʨʝʟ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʦʨʙʠʪʘʪʘ ʠ 

ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ, ʢʦʨʝʣʘʮʠʷʪʘ ʥʘ ʦʪʨʘʟʝʥʠʪʝ ʩʠʛʥʘʣʠ, ʢʦʷʪʦ ʟʘʚʠʩʠ ʦʪ ʧʦʟʠʮʠʠʪʝ ʥʘ 

ʩʘʪʝʣʠʪʠʪʝ ʚ ʤʦʤʝʥʪʘ ʥʘ ʜʚʝʪʝ ʠʟʤʝʨʚʘʥʠʷ [57], ʧʨʦʤʷʥʘʪʘ ʥʘ ʬʠʟʠʯʥʠʪʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʝʣʝʬʘ ʚʲʚ ʚʨʝʤʝʚʠʷ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ (ʚʨʝʤʝʚʘ 

ʜʝʢʦʨʝʣʘʮʠʷ, ʧʨʠʯʠʥʝʥʘ ʦʪ ʧʨʦʤʝʥʠ ʚ ʨʘʩʪʠʪʝʣʥʦʩʪʪʘ ʠʣʠ ʚʦʜʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʠ ʜʨ.) ʠ 

ʚʨʝʤʝʚʠʪʝ ʟʘʢʲʩʥʝʥʠʷ ʥʘ ʚʲʣʥʠʪʝ, ʧʨʠʯʠʥʝʥʘ ʦʪ ʧʨʦʤʷʥʘ ʚ ʪʨʦʧʦʩʬʝʨʥʠʪʝ ʠʣʠ 

ʡʦʥʦʩʬʝʨʥʠʪʝ ʫʩʣʦʚʠʷ ʤʝʞʜʫ ʜʚʝ ʧʨʝʣʠʪʘʥʠʷ [58]. ɼʨʫʛʠ ʠʟʪʦʯʥʠʮʠ ʥʘ ʜʝʢʦʨʝʣʘʮʠʷ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʣʦʰʦʪʦ ʢʘʯʝʩʪʚʦ ʥʘ ʠʟʧʦʣʟʚʘʥʠʷ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʠʣʠ ʙʨʦʷ ʥʘ 

ʩʚʲʨʟʚʘʱʠʪʝ ʪʦʯʢʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʧʨʠ ʢʦʨʝʛʠʩʪʨʘʮʠʷʪʘ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʪʘ. ʇʨʠʣʘʛʘ ʩʝ ʧʨʝʜʚʘʨʠʪʝʣʥʦ ʬʠʣʪʨʠʨʘʥʝ ʧʨʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ [22], ʦʩʨʝʜʥʷʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʨʝʟʦʣʶʮʠʦʥʥʠʪʝ ʝʣʝʤʝʥʪʠ ʚ ʩʧʝʮʠʬʠʯʝʥ 

ʧʨʦʟʦʨʝʮ, ʟʘ ʜʘ ʩʝ ʧʦʜʦʙʨʠ ʬʘʟʦʚʘʪʘ ʩʪʘʪʠʩʪʠʢʘ [33]. ʊʦʡ ʩʝ ʧʨʠʣʘʛʘ ʧʨʠ ʩʲʦʪʥʦʰʝʥʠʝ 

ʨʘʟʩʪʦʷʥʠʝ-ʘʟʠʤʫʪ, ʢʘʪʦ 1:5, 2:10 ʠ ʪ.ʥ., ʢʦʝʪʦ ʜʘʚʘ ʧʨʠʙʣʠʟʠʪʝʣʥʦ ʢʚʘʜʨʘʪʥʠ ʧʠʢʩʝʣʠ. 

ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʥʷʢʦʣʢʦ ʬʠʣʪʨʠʨʘʱʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʨʝʟʫʣʪʘʪʥʠʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ. ɽʜʠʥ ʦʪ ʪʷʭ ʝ ʘʜʘʧʪʠʚʝʥ ʬʠʣʪʲʨ, ʧʨʝʜʣʦʞʝʥ ʦʪ 

Goldstein [59], ʢʦʡʪʦ ʟʥʘʯʠʪʝʣʥʦ ʧʦʜʦʙʨʷʚʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ ʠ ʥʘʤʘʣʷʚʘ ʰʫʤʘ, ʠʟʧʦʣʟʚʘʡʢʠ ʩʠʣʘʪʘ ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ, ʟʘ ʜʘ ʩʝ ʦʩʲʱʝʩʪʚʠ ʠʟʛʣʘʞʜʘʥʝ ʥʘ ʩʧʝʢʪʲʨʘ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ. ʇʨʘʚʠʣʥʦʪʦ 

ʮʷʣʦ ʯʠʩʣʦ ʦʪ ʬʘʟʦʚʠ ʮʠʢʣʠ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʙʲʜʝ ʜʦʙʘʚʝʥʦ ʢʲʤ ʠʟʤʝʨʚʘʥʝʪʦ ʥʘ 

ʬʘʟʘʪʘ, ʟʘ ʜʘ ʩʝ ʧʦʣʫʯʠ ʧʨʘʚʠʣʥʘʪʘ ʜʠʩʪʘʥʮʠʷ ʧʦ ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʪʲʡ ʢʘʪʦ 

ʧʨʦʤʷʥʘʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʠʟʤʝʨʚʘ ʢʘʪʦ ʯʘʩʪ ʦʪ ʬʘʟʦʚʠʷ ʮʠʢʲʣ. ɿʘ ʪʘʟʠ ʮʝʣ 

ʘʙʩʦʣʶʪʥʘʪʘ ʬʘʟʘ, ʢʦʷʪʦ ʝ ʙʠʣʘ ʩʛʲʥʘʪʘ ʚ ʠʥʪʝʨʚʘʣʘ (-ˊ, +ˊ) ʩʝ ʨʝʢʦʥʩʪʨʫʠʨʘ ʯʨʝʟ 

ʨʘʟʛʲʚʘʥʝ ʥʘ ʬʘʟʘʪʘ. ʇʨʦʮʝʜʫʨʘʪʘ ʝ ʯʫʚʩʪʚʠʪʝʣʥʘ ʢʲʤ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʩʘʪʝʣʠʪʘ, ʪʷ 

ʠʟʠʩʢʚʘ ʢʲʩʠ ʙʘʟʦʚʠ ʣʠʥʠʠ. ʈʝʟʫʣʪʘʪʥʘʪʘ ʨʘʟʛʲʥʘʪʘ ʬʘʟʘ ʩʝ ʪʨʘʥʩʬʦʨʤʠʨʘ ʦʪ ʨʘʜʘʨʥʘ 

ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ (ʨʘʟʩʪʦʷʥʠʝ/ʘʟʠʤʫʪ/ʚʠʩʦʯʠʥʘ) ʜʦ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʛʝʦʜʝʟʠʯʥʘ 

ʩʠʩʪʝʤʘ, ʢʘʪʦ WGS84 (ʛʝʦʛʨʘʬʩʢʘ ʰʠʨʠʥʘ / ʛʝʦʛʨʘʬʩʢʘ ʜʲʣʞʠʥʘ / ʚʠʩʦʯʠʥʘ ʥʘʜ 

ʨʝʬʝʨʝʥʪʥʠʷʪ ʝʣʠʧʩʦʠʜ) ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʮʝʜʫʨʘ ʥʘ ʛʝʦʢʦʜʠʨʘʥʝ, ʠʟʧʦʣʟʚʘʡʢʠ 

ʧʦʟʠʮʠʠʪʝ ʦʪ ʮʠʬʨʦʚʠʷ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʠʣʠ ʬʠʥʥʘ ʥʘʩʪʨʦʡʢʘ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʠ ʥʘ 

ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʠʟʦʙʨʘʟʷʚʘʥʝ ʚ ʩʣʫʯʘʡ, ʢʦʛʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʨʘʟʛʲʥʘʪʘ ʪʦʧʦʛʨʘʬʩʢʘ ʬʘʟʘ. 

ʂʘʪʦ ʢʨʘʝʥ ʨʝʟʫʣʪʘʪ ʤʦʞʝ ʜʘ ʩʝ ʧʦʩʪʨʦʠ ʢʘʨʪʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩ 

ʨʝʟʦʣʶʮʠʷ ʜʝʩʝʪʢʠ ʤʝʪʨʠ ʠ ʧʦʜ ʩʘʥʪʠʤʝʪʨʦʚʘ ʪʦʯʥʦʩʪ. ʊʲʡ ʢʘʪʦ ʨʘʜʘʨʲʪ ʝ ʩʧʦʩʦʙʝʥ ʘ 

ʠʟʤʝʨʚʘ ʨʘʟʣʠʢʘ ʚ ʜʲʣʞʠʥʘ ʥʘ ʧʲʪʷ ʩʘʤʦ ʧʦ Ăʣʠʥʠʷʪʘ ʥʘ ʚʠʟʠʨʘʥʝñ (LOS) ʠʣʠ ʧʦ 

ʧʦʩʦʢʘ ʥʘ ʥʘʢʣʦʥʝʥʦʪʦ ʨʘʟʩʪʦʷʥʠʝ, ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʦʪ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʦʙʫʩʣʘʚʷ ʦʪ ʠʟʤʝʩʪʚʘʥʠʷʪʘ ʧʦ LOS [33]. 

ʇʨʝʜʣʦʞʝʥʦ ʝ ʨʝʰʝʥʠʝ ʥʘ ʧʨʦʙʣʝʤʘ ʧʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦʪʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʢʘʪʦ ʜʚʫʜʠʤʝʥʩʠʦʥʥʘ ʘʙʩʦʣʶʪʥʘ ʦʮʝʥʢʘ ʥʘ ʬʘʟʘʪʘ, ʢʦʝʪʦ ʩʲʯʝʪʘʚʘ 

ʠʪʝʨʘʮʠʦʥʝʥ ʘʣʛʦʨʠʪʲʤ ʩ ʥʝʣʠʥʝʡʥʘ ʩʪʦʭʘʩʪʠʯʥʘ ʦʮʝʥʢʘ ʥʘ ʬʘʟʘʪʘ [60]. ʇʨʝʜʩʪʘʚʝʥ ʝ 

ʘʥʘʣʠʟ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪʪʘ ʥʘ ʧʦʣʠʥʦʤʠʘʣʝʥ ʘʣʛʦʨʠʪʲʤ ʟʘ ʜʚʫʜʠʤʝʥʩʠʦʥʥʦ 
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ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ, ʬʦʨʤʫʣʠʨʘʥʠ ʩʘ ʠʟʨʘʟʠ ʟʘ ʩʨʝʜʥʘʪʘ ʢʚʘʜʨʘʪʠʯʥʘ ʛʨʝʰʢʘ ʥʘ 

ʠʟʯʠʩʣʝʥʠʪʝ ʢʦʝʬʠʮʠʝʥʪʠ. ʀʟʚʲʨʰʝʥʠ ʩʘ ʄʦʥʪʝ ʂʘʨʣʦ ʩʠʤʫʣʘʮʠʠ ʥʘ ʠʟʙʨʘʥʠ ʧʨʠʤʝʨʠ 

ʟʘ ʧʦʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʪʝʦʨʝʪʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ [61]. ʉʨʘʚʥʝʥʠ ʩʘ ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʟʘ 

ʧʨʝʦʙʨʘʟʫʚʘʥʝ ʥʘ ʬʘʟʘ ʚʲʚ ʚʠʩʦʯʠʥʘ ʧʨʠ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʠʟʧʦʣʟʚʘʱʠ ʢʘʢʪʦ 

ʩʠʥʪʝʪʠʟʠʨʘʥʠ ʪʘʢʘ ʠ ʨʝʘʣʥʠ ʜʘʥʥʠ [62]. ʊʝʦʨʝʪʠʯʝʥ ʘʥʘʣʠʟ ʥʘ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʟʘ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ, ʨʝʘʣʠʟʠʨʘʥʠ ʠ ʜʝʤʦʥʩʪʨʠʨʘʥʝ ʥʘ 

ʪʷʭʥʘʪʘ ʪʝʦʨʝʪʠʯʥʘʪʘ ʨʘʚʥʦʩʪʦʡʥʦʩʪ ʝ ʧʫʙʣʠʢʫʚʘʥ ʚ [63]. ʈʝʰʝʥʠʝ ʟʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʯʨʝʟ ʤʘʢʩʠʤʘʣʥʘ ʝʥʪʨʦʧʠʷ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ 

[64]. ʇʨʝʜʩʪʘʚʝʥ ʝ ʧʘʨʘʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʠ ʘʣʛʦʨʠʪʲʤ ʟʘ ʦʮʝʥʷʚʘʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘ 

ʬʫʥʢʮʠʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʜʚʫʜʠʤʝʥʩʠʦʥʥʘ ʬʘʟʘ, ʢʘʪʦ ʬʘʟʘʪʘ ʥʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʦʪʦ ʧʦʣʝ ʩʝ ʨʘʟʩʪʠʣʘ, ʢʘʪʦ ʩʝ ʫʚʝʣʠʯʘʚʘ/ʥʘʤʘʣʷʚʘ ʩ ʯʠʩʣʦ ʢʨʘʪʥʦ ʥʘ 2ˊ, 

ʢʦʝʪʦ ʝ ʥʘʡ-ʙʣʠʟʢʦ ʜʦ ʨʘʟʣʠʢʘʪʘ ʤʝʞʜʫ ʧʨʠʥʮʠʧʥʘʪʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʬʘʟʘʪʘ ʠ 

ʧʨʦʛʥʦʟʥʘʪʘ ʩʪʦʡʥʦʩʪ ʬʘʟʘʪʘ ʚ ʪʝʟʠ ʢʦʦʨʜʠʥʘʪʠ, ʧʫʙʣʠʢʫʚʘʥʦ ʚ [65]. ʇʨʝʜʣʦʞʝʥ ʝ 

ʤʫʣʪʠ ʨʝʟʦʣʶʮʠʦʥʝʥ ʧʦʜʭʦʜ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʨʘʟʩʪʠʣʘʥʝʪʦ ʥʘ ʬʘʟʘʪʘ, ʤʝʪʦʜʲʪ ʝ 

ʠʟʩʣʝʜʚʘʥ ʯʨʝʟ ʩʠʤʫʣʘʮʠʠ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʫʩʧʝʰʥʦ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʙʝʟ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʥʘʢʣʦʥʘ ʥʘ ʨʝʣʝʬʘ ʠ ʧʨʠ ʥʠʩʢʘ ʢʦʭʝʨʝʥʪʥʦʩʪ [66]. ʈʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ 

ʯʨʝʟ ʥʘ ʨʘʟʨʝʟʠ ʥʘ ʢʣʦʥʦʚʝ ʠ ʨʝʢʫʨʩʠʚʝʥ ʤʝʪʦʜ ʥʘ ʩʚʲʨʟʘʥʠ, ʧʦʩʨʝʜʩʪʚʦʤ ʜʦʙʘʚʷʥʝ ʥʘ 

ʜʚʝ ʥʦʚʠ ʬʫʥʢʮʠʠ ʢʲʤ ʢʣʘʩʠʯʝʩʢʠʷ ʧʦʜʭʦʜ ʥʘ ɻʦʣʜʱʘʡʥ [67]. ɼʚʫʜʠʤʝʥʩʠʦʥʝʥ ʤʝʪʦʜʘ 

ʥʘ ʥʘʡ-ʤʘʣʢʠʪʝ ʢʚʘʜʨʘʪʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʧʨʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ SAR 

ʦʙʨʘʙʦʪʢʘ ʝ ʧʨʝʜʣʦʞʝʥ ʚ [68]. ʉʨʘʚʥʝʥʠʝ ʥʘ ʨʘʟʣʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ, 

ʙʘʟʠʨʘʥʠ ʥʘ ʥʘʡ-ʤʘʣʢʘʪʘ ʩʨʝʜʥʘ ʢʚʘʜʨʘʪʠʯʥʘ ʛʨʝʰʢʘ ʝ ʧʨʝʜʣʦʞʝʥʘ ʚ [69]. ɹʝʡʩ 

ʧʦʜʭʦʜʲʪ ʟʘ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʬʘʟʘʪʘ ʠ ʧʨʝʜʣʦʞʝʥʠʪʝ 

ʩʠʤʫʣʘʮʠʠ ʧʦʢʘʟʚʘʪ ʧʦʣʦʞʠʪʝʣʥʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʚʲʟʩʪʘʥʦʚʝʥʠʪʝ ʬʘʟʠʪʝ ʧʨʠ ʥʠʩʢʠ 

ʩʪʦʡʥʦʩʪʠ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ [70]. ʅʦʚ ʤʝʪʦʜ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

SAR ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʠʟʧʦʣʟʚʘʡʢʠ ʤʝʪʦʜʘ ʄʦʥʪʝ ʂʘʨʣʦ, ʨʝʘʣʠʟʠʨʘʥ ʢʘʪʦ ʥʝʚʨʦʥʥʘ 

ʤʨʝʞʘ ʩʲʩ ʩʪʦʡʥʦʩʪʠ ʚ ʢʦʤʧʣʝʢʩʥʘʪʘ ʦʙʣʘʩʪ ʝ ʜʝʤʦʥʩʪʨʠʨʘʥ ʧʨʠ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʫʙʣʠʢʫʚʘʥʦ ʚ [71]. ʅʦʚ ʤʝʪʦʜ ʟʘ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʥʝʝʜʥʦʟʥʘʯʥʦʩʪʠʪʝ 

ʚʲʚ ʬʘʟʘʪʘ ʦʪ ʤʫʣʪʠ ʯʝʩʪʦʪʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ (ʜʚʫ-ʯʝʩʪʦʪʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ), ʯʨʝʟ ʫʤʥʦʞʘʚʘʥʝ ʥʘ ʩʠʛʥʘʣʠ ʩ ʨʘʟʣʠʯʥʘ ʯʝʩʪʦʪʘ ʝ ʧʨʝʜʣʦʞʝʥ ʚ [72]. 

ʈʝʟʫʣʪʘʪʠ ʦʪ ʢʦʤʧʶʪʲʨʥʦ ʤʦʜʝʣʠʨʘʥʝ ʠ ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʜʚʘ ʧʦʜʭʦʜʘ ʟʘ 

ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ: ʯʨʝʟ ʤʝʪʦʜʠʪʝ ʥʘ ʦʩʪʘʪʲʮʠʪʝ ʠ ʥʘʡ-ʤʘʣʢʠʪʝ ʢʚʘʜʨʘʪʠ, 

ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʬʘʟʘʪʘ ʠ ʦʮʝʥʢʘ ʥʘ ʥʠʚʦʪʦ ʥʘ ʰʫʤʘ ʧʨʠ ʨʘʟʩʪʠʣʘʥʝ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ 

[73]. 

1.8.ʂʦʭʝʨʝʥʪʥʦʩʪ 

ʆʮʝʥʢʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪʪʘ ʟʘ SAR ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʪʦ ʪʦʯʥʦʩʪʪʘ ʥʘ ʧʦʣʫʯʝʥʘʪʘ 

ʦʮʝʥʢʘ ʟʘ ʚʝʣʠʯʠʥʘʪʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ, ʝ ʬʫʥʢʮʠʷ ʥʘ ʩʨʝʜʥʠʷ ʙʨʦʷ ʥʘ ʧʠʢʩʝʣʠʪʝ ʠ ʙʨʦʷ 

ʥʘ ʥʝʟʘʚʠʩʠʤʠʪʝ ʜʠʩʢʨʝʪʠ ʦʪ ʚʩʝʢʠ ʧʠʢʩʝʣ (ʪ.ʝ. ʨʝʟʦʣʶʮʠʷ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ). 

ʉʨʝʜʥʘʪʘ (ʢʦʤʧʣʝʢʩʥʘ) ʢʦʭʝʨʝʥʪʥʦʩʪ ʧʦʟʚʦʣʷʚʘ ʦʮʝʥʢʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ ʧʨʠ ʣʦʢʘʣʥʦ 

ʩʪʘʮʠʦʥʘʨʥʠ ʩʠʛʥʘʣʠ ʧʨʠ ʚʣʦʰʝʥʘ ʢʣʝʪʲʯʥʘ ʨʝʟʦʣʶʮʠʷ [74]. ʅʦʚ ʧʦʜʭʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ 

InSAR ʢʦʭʝʨʝʥʪʥʦʩʪ, ʦʩʥʦʚʘʥ ʥʘ ʙʠʥʘʨʥʠ ʢʦʭʝʨʝʥʪʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʡʪʦ ʩʝ ʠʟʧʦʣʟʚʘ 

ʟʘ ʦʮʝʥʢʘ ʥʘ ʰʫʤ ʚ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ, ʝ ʧʫʙʣʠʢʫʚʘʥ ʚ [75]. 
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1.9. ʆʙʨʘʙʦʪʢʘ ʥʘ ʛʨʝʰʢʠ 

ʄʝʪʦʜ ʟʘ ʢʦʤʧʝʥʩʠʨʘʥʝ ʥʘ ʛʨʝʰʢʠʪʝ, ʠʥʜʫʮʠʨʘʥʠ ʦʪ ʜʚʠʞʝʥʠʝʪʦ ʥʘ ʘʚʠʘʮʠʦʥʥʘ 

SAR ʯʨʝʟ ʜʚʫʢʘʥʘʣʥʘ ʬʘʟʦʚʘ ʢʦʤʧʝʥʩʘʮʠʷ, ʝ ʧʨʝʜʩʪʘʚʝʥ [76]. ɸʥʘʣʠʟ ʥʘ ʘʪʤʦʩʬʝʨʥʦ 

ʠʥʜʫʮʠʨʘʥʠ ʛʨʝʰʢʠ ʚʲʨʭʫ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʷ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ ʠ ʦʮʝʥʢʘ ʥʘ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʚʲʨʭʫ ʪʷʭʥʦʪʦ ʤʠʥʠʤʠʟʠʨʘʥʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ [77]. 

ʄʝʪʦʜ ʟʘ ʤʥʦʛʦʢʨʘʪʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʥʠʚʦʪʦ ʥʘ ʰʫʤʘ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʷ SAR 

ʦʙʨʘʟ ʝ ʧʫʙʣʠʢʫʚʘʥ ʚ [78]. ʇʨʝʜʣʦʞʝʥ ʝ ʘʥʘʣʠʟ ʥʘ ʬʘʟʦʚʠʪʝ ʛʨʝʰʢʠ ʧʨʠ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ SAR ʩʠʩʪʝʤʠ ʩ ʝʜʥʦ ʦʙʣʠʪʘʥʝ, ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ 

ʧʨʠʣʦʞʝʥʠ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠʤʝʨ [79].  

1.10. ʇʨʠʣʦʞʝʥʠʷ 

ʉʣʝʜ ʤʠʩʠʷʪʘ SeaSAT ʧʨʝʟ 1978 ʛ. ʩʘ ʦʩʲʱʝʩʪʚʝʥʠ ʥʷʢʦʣʢʦ ʤʠʩʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʪʝ 

ʩʦʚʘʣʢʠ (Space Shuttle) ʥʘ ʉɸʑ ʩ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ 

ʥʘ ʙʦʨʜʘ. ʇʨʦʚʝʜʝʥʠ ʩʘ ʤʥʦʞʝʩʪʚʦ ʩʘʪʝʣʠʪʥʠʪʝ SAR ʤʠʩʠʠ [80] ʚ ʪʦʚʘ ʯʠʩʣʦ: ERS-1 ʥʘ 

ESA [30], ʠʟʩʪʨʝʣʷʥ ʧʨʝʟ 1991 ʩ ʥʦʩʝʱʘ ʯʝʩʪʦʪʘ 5.3 GHz (C-ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ); ERS2 

(ʧʘʢ ʥʘ ESA) ʠʟʩʪʨʝʣʷʥ ʧʨʝʟ 1995 ʩ ʥʦʩʝʱʘ ʯʝʩʪʦʪʘ 5.3 GHz (C- ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ); 

SRTM ʥʘ NASA ʠʟʩʪʨʝʣʷʥ ʧʨʝʟ 2000 ʩ ʯʝʩʪʦʪʘ 5.3 GHz (C- ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ); 

ENVISAT ʥʘ ESA [30], ʠʟʩʪʨʝʣʷʥ ʧʨʝʟ 2001 ʥʦʩʝʱʘ ʯʝʩʪʦʪʘ 5.3 GHz (C- ʯʝʩʪʦʪʝʥ 

ʜʠʘʧʘʟʦʥ); ALOS ʥʘ JAXA [81], ʠʟʩʪʨʝʣʷʥ ʧʨʝʟ 2006 ʥʦʩʝʱʘ ʯʝʩʪʦʪʘ 1.2 GHz (L- 

ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ) ʠ ʤʥʦʛʦ ʜʨʫʛʠ. ʅʘ 14 ʘʧʨʠʣ 2012 ʛʦʜʠʥʘ ENVISAT ʩʧʨʷ ʜʘ 

ʧʨʝʜʘʚʘ ʜʘʥʥʠ ʢʲʤ ɿʝʤʷʪʘ. ESA ʧʣʘʥʠʨʘ ʥʦʚʠ ʧʫʩʢʦʚʝ ʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ 

ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ ʚ ʙʲʜʝʱʠʪʝ ʤʠʩʠʠ Sentinel. 

ɿʘ ʦʮʝʥʢʘ ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʥʘ ʙʦʨʜʘ ʧʨʠ SRTM ʤʠʩʠʷ, ʩʝ 

ʧʨʝʜʣʘʛʘ InSAR ʧʨʦʮʝʩʦʨ ʩʲʩ ʩʨʝʜʥʘ ʨʝʟʦʣʶʮʠʷ, ʨʘʙʦʪʝʱ ʧʦʯʪʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ [82]. 

ɻʝʨʤʘʥʩʢʠʷʪ ʮʝʥʪʲʨ ʟʘ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ, ʨʝʘʣʠʟʠʨʘ ʦʧʝʨʘʮʠʦʥʥʘ 

ʩʠʩʪʝʤʘ ʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ SAR ʦʙʨʘʙʦʪʢʘ, ʧʦʜʜʲʨʞʘʱʘʪʘ ʩʠʩʪʝʤʠʪʝ: ERS SAR, 

ENVISAT ASAR, ʢʘʢʪʦ ʠ ʤʠʩʠʷʪʘ SRTM, ʢʘʪʦ ʦʩʥʦʚʥʘ ʮʝʣ ʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ 

ʦʙʨʘʙʦʪʢʘ ʠ ʮʠʬʨʦʚ ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ, ʠ ʧʦʧʲʣʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʘ ʙʘʟʘ ʜʘʥʥʠ [83]. ɹʲʜʝʱʠ 

ʢʦʩʤʠʯʝʩʢʠ SAR ʤʠʩʠʠ ʥʘ ʅɸʉɸ: Shuttle Radar Topography Mission (SRTM) ʠ 

LightSAR, ʢʘʢʪʦ ʠ ʜʝʪʘʡʣʥʦ ʦʧʠʩʘʥʠʝ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩʘ 

ʧʫʙʣʠʢʫʚʘʥʠ ʚ [84]. SAR ʩʲʦʨʲʞʝʥʠʝʪʦ ʚ ɸʣʷʩʢʘ (Alaska SAR Facility / ASF) ʝ 

ʨʘʟʧʨʝʜʝʣʝʥ ʘʢʪʠʚʝʥ ʘʨʭʠʚʝʥ ʮʝʥʪʲʨ ʥʘ ʅɸʉɸ, ʪʦ ʦʩʠʛʫʨʷʚʘ SAR ʜʘʥʥʠ, ʧʨʦʜʫʢʪʠ ʠ 

ʩʠʩʪʝʤʠ [85]. ʇʨʝʜʩʪʘʚʝʥ ʝ ɹʝʡʩ ʧʦʜʭʦʜ ʟʘ ʪʦʧʦʛʨʘʬʩʢʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ ʯʨʝʟ SAR 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʩ ʥʷʢʦʣʢʦ ʘʥʪʝʥʠ, ʪʦʧʦʛʨʘʬʩʢʘʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʝ ʬʦʨʤʫʣʠʨʘʥʘ ʢʘʪʦ 

ʧʘʨʘʤʝʪʨʠʯʥʘ ʦʮʝʥʢʘ, ʨʘʟʨʘʙʦʪʝʥ ʝ InSAR ʩʠʤʫʣʘʪʦʨ ʟʘ ʦʮʝʥʢʘ ʥʘ ʧʨʝʜʣʦʞʝʥʠʪʝ 

ʪʦʧʦʛʨʘʬʩʢʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ [86]. ʇʨʝʜʩʪʘʚʝʥʦ ʝ ʧʨʠʣʦʞʝʥʠʝ ʥʘ DInSAR 

ʪʝʭʥʠʢʘ ʠ ʥʦʚ ʤʝʪʦʜ ʟʘ ʦʮʝʥʢʘ ʥʘ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʩʚʣʘʯʠʱʥʠ ʨʘʡʦʥʠ, ʢʦʡʪʦ ʜʘʚʘ 

ʜʦʩʪʦʚʝʨʥʠ ʨʝʟʫʣʪʘʪʠ ʚ ʟʦʥʠ ʩ ʥʠʩʢʦ ʥʠʚʦ ʥʘ ʫʨʙʘʥʠʟʘʮʠʷ, ʢʘʪʦ ʥʘʧʨʠʤʝʨ ʩʚʣʘʯʠʱʥʦ 

ʦʧʘʩʥʠʪʝ ʨʘʡʦʥʠ ʚ ʖʞʥʘ ʀʪʘʣʠʷ [87]. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʦʩʥʦʚʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʘ ASAR ʦʪ ʩʘʪʝʣʠʪʘ ENVISAT ʥʘ ESA, ʦʙʦʩʥʦʚʘʥ ʝ ʠʟʙʦʨʲʪ ʥʘ ʘʣʛʦʨʠʪʲʤ 

ʟʘ ʦʙʨʘʙʦʪʢʘ ʟʘ ʚʩʝʢʠ ʧʨʦʜʫʢʪ ʥʘ ʙʘʟʘʪʘ ʥʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʢʘʯʝʩʪʚʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ 

ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʩʧʨʷʤʦ ʩʧʝʮʠʬʠʢʘʮʠʠʪʝ ʥʘ ESA [88]. ʀʥʬʦʨʤʘʮʠʷ ʟʘ ʩʲʩʪʦʷʥʠʝʪʦ 

ʥʘ ʠʥʩʪʨʫʤʝʥʪʘ ASAR ʥʘ ENVISAT, ʟʘʚʲʨʰʝʥʠʪʝ ʝʪʘʧʠ ʥʘ ʧʨʦʝʢʪʘ, ʟʘʝʜʥʦ ʩ 
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ʧʨʝʜʚʘʨʠʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʤʫ, ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʚ [89]. ʆʪʢʨʠʚʘʥʝ 

ʥʘ ʟʝʤʥʠ ʩʚʣʘʯʠʱʘ ʚ ʠʟʪʦʯʥʘʪʘ ʯʘʩʪ ʥʘ ʧʨʝʬʝʢʪʫʨʘ ʉʘʡʪʘʤʘ, ʢʦʷʪʦ ʩʝ ʥʘʤʠʨʘ ʥʘ ʩʝʚʝʨ 

ʦʪ ʩʪʦʣʠʮʘʪʘ ʥʘ ʗʧʦʥʠʷ ï ʊʦʢʠʦ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʢʨʲʛʦʚʝ, ʯʨʝʟ 

ERS/SAR ʜʚʦʡʢʠ ʜʘʥʥʠ ʩ ʜʲʣʲʛ ʠʥʪʝʨʚʘʣ, ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ [90]. ʇʨʝʜʣʦʞʝʥʘ ʝ ʨʘʥʥʘ 

ʧʨʝʜʫʧʨʝʜʠʪʝʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ, ʪʲʡ ʢʘʪʦ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʩʚʣʘʯʠʱʝʪʦ, ʢʘʪʦ 

ʜʲʣʙʦʯʠʥʘ ʠ ʟʘʩʝʛʥʘʪ ʦʙʝʤ, ʢʘʢʪʦ ʠ ʧʦʚʝʜʝʥʠʝʪʦ ʡ, ʢʘʪʦ ʪʠʧʦʣʦʛʠʷ ʠ ʢʠʥʝʤʘʪʠʯʥʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʞʝ ʜʘ ʙʲʜʝ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʥʦ ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʪʦʯʥʠ ʛʝʦʣʦʞʢʠ ʠ 

ʛʝʦʪʝʭʥʠʯʝʩʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʧʦʯʚʠʪʝ, ʠ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʩʧʝʮʠʬʠʯʥʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ [91]. ʇʨʝʜʣʦʞʝʥ ʝ ʥʦʚ ʘʣʛʦʨʠʪʲʤ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʣʦʢʘʣʠʟʠʨʘʥʠ ʷʚʣʝʥʠʷ ʥʘ ʜʝʬʦʨʤʘʮʠʠ, ʚʲʟ ʦʩʥʦʚʘ ʥʘ ʤʘʣʢʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʧʨʠ 

ʜʠʬʝʨʝʥʪʥʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʧʦ-ʩʧʝʮʠʘʣʥʦ ʧʨʝʜʣʦʞʝʥʠʷʪ ʧʦʜʭʦʜ ʨʘʟʰʠʨʷʚʘ 

ʚʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʪʝʭʥʠʢʘʪʘ SBAS, ʧʨʝʜʩʪʘʚʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʝ ʪʝʩʪʚʘʥ ʩ ʜʘʥʥʠ, 

ʧʦʣʫʯʝʥʠ ʦʪ ʩʘʪʝʣʠʪʘ ERS ʦʪ ʦʙʣʘʩʪʪʘ ʂʘʤʧʘʥʠʷ ʚ ʀʪʘʣʠʷ [92]. ʇʨʝʜ-ʧʨʦʝʢʪʥʦ 

ʧʨʦʫʯʚʘʥʝ ʠ ʩʠʤʫʣʘʮʠʷ ʥʘ ʤʘʣʢʘ ʩʘʪʝʣʠʪʥʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ 

ʘʧʝʨʪʫʨʘ ʟʘ ʛʣʦʙʘʣʥʦ 3D ʠʟʦʙʨʘʟʷʚʘʥʝ, ʯʨʝʟ ʪʨʠ ʘʙʩʦʣʶʪʥʦ ʝʜʥʘʢʚʠ ʤʘʣʢʠ ʩʧʲʪʥʠʢʘ, 

ʢʘʪʦ ʜʚʘ ʦʪ ʪʷʭ ʣʝʪʷʪ ʟʘʝʜʥʦ ʧʦ ʫʩʧʦʨʝʜʥʠ ʦʨʙʠʪʠ ʩ ʨʘʟʣʠʯʥʠ ʲʛʣʠ ʥʘ ʥʘʙʣʶʜʘʚʘʥʝ ʥʘ 

ʝʜʥʘ ʠ ʩʲʱʘ ʦʙʣʘʩʪ ʠ ʧʦʟʚʦʣʷʚʘʪ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʙʝʟ ʚʨʝʤʝʚʘ ʜʝʢʦʨʝʣʘʮʠʷ, ʘ ʪʨʝʪʠʷʪ 

ʣʝʪʠ ʧʦ ʜʨʫʛʘ ʦʨʙʠʪʘ ʪʦʯʥʦ ʟʘʜ ʜʚʘʪʘ ʩʧʲʪʥʠʢʘ ʩ ʨʘʟʣʠʯʥʦ ʲʛʣʦʚʦʪʦ ʨʘʟʜʝʣʷʥʝ, ʠ 

ʦʙʣʠʪʘ ʩʲʱʠʷʪ ʨʘʡʦʥ ʩ ʢʨʘʪʢʦ ʚʨʝʤʝ ʥʘ ʧʦʚʪʦʨʥʦ ʥʘʙʣʶʜʝʥʠʝ, ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [93]. 

ɹʲʜʝʱʝʪʦ ʥʘ ʠʥʩʪʨʫʤʝʥʪʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʢʦʩʤʠʯʝʩʢʦ ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ 

ɿʝʤʷʪʘ ʥʘ ʅɸʉɸ ʟʘ ʩʣʝʜʚʘʱʠʪʝ 25 ʛʦʜʠʥʠ ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [94]. ɼʦʢʣʘʜ ʟʘ ʥʘʧʨʝʜʲʢʘ 

ʥʘ NASA ʠ JPL ʧʨʠ ʚʲʟʜʫʰʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ, 

ʪʝʭʥʠʢʠʪʝ ʟʘ ʧʦʣʷʨʠʤʝʪʨʠʯʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʧʦ ʧʦʩʦʢʘ ʥʘ ʜʚʠʞʝʥʠʝʪʦ ʠ ʧʦ 

ʥʘʧʨʝʯʥʦ ʥʘʧʨʘʚʣʝʥʠʝ, ʨʘʟʚʠʪʠ ʩ ʧʦʤʦʱʪʘ ʥʘ AIRSAR, ʝ ʧʫʙʣʠʢʫʚʘʥ ʚ [95]. ʄʝʪʦʜʠʢʘ 

ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʛʦʣʝʤʠ ʛʝʦʤʝʪʨʠʯʥʠ ʩʪʨʫʢʪʫʨʠ ʠ ʪʷʭʥʦʪʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ, ʯʨʝʟ InSAR 

ʠʟʤʝʨʚʘʥʠʷ, ʝ ʧʫʙʣʠʢʫʚʘʥʦ ʚ [96]. ʉʠʩʪʝʤʥʠ ʠʟʠʩʢʚʘʥʠʷ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘ ʙʲʜʝʱʘ 

ʛʣʦʙʘʣʥʘ ʩʠʩʪʝʤʘ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ɿʝʤʷʪʘ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʦ-ʚʨʝʤʝʚʘʪʘ ʨʝʟʦʣʶʮʠʷ, 

ʘʨʭʠʪʝʢʪʫʨʥʠ ʨʝʰʝʥʠʷ, ʝʚʦʣʶʮʠʷ ʠ ʩʝʥʟʦʨʝʥ ʫʝʙ ʙʘʟʠʨʘʥ ʧʦʜʭʦʜ, ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚ 

[97]. ʊʝʭʥʠʢʘ ʥʘ ʧʦʩʪʦʷʥʥʦ ʪʦʯʢʦʚʠ ʠʟʣʲʯʚʘʪʝʣʠ ʥʘʩʦʯʝʥʘ ʢʲʤ ʩʲʚʤʝʩʪʥʦ ʠʟʧʦʣʟʚʘʥʝ 

ʥʘ ʩʝʨʠʷ ʦʪ ʢʦʩʤʠʯʝʩʢʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʮʝʣ ʠʟʚʣʠʯʘʥʝ ʥʘ 

ʚʠʩʦʢʘ ʪʦʯʥʦʩʪ ʟʘ ʚʠʩʦʯʠʥʠʪʝ ʠ ʜʝʬʦʨʤʘʮʠʠʪʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʯʨʝʟ ʨʷʜʢʘ 

ʤʨʝʞʘ ʥʘ ʨʘʜʘʨʥʠ ʪʦʯʢʠ ï ʧʦʩʪʦʷʥʥʠ ʠʟʣʲʯʚʘʪʝʣʠ, ʝ ʧʫʙʣʠʢʫʚʘʥʘ ʚ [98]. 

1.11. ʉʠʤʫʣʘʪʦʨʠ 

ɺ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ SAR ʦʙʨʘʙʦʪʢʘ, ʩʠʤʫʣʘʮʠʷʪʘ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ ʝ ʯʘʩʪ 

ʦʪ ʧʨʦʮʝʩʘ ʥʘ ʦʙʨʘʙʦʪʢʘ ʠ ʛʝʥʝʨʘʮʠʷ ʥʘ ʢʦʤʧʣʝʢʩʥʠ ʦʙʨʘʟʠ. ʊʷ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ 

ʩʠʥʪʝʟʠʨʘʥʠ ʜʘʥʥʠ, ʟʘ ʜʘ ʩʝ ʪʝʩʪʚʘ ʠ ʜʦʢʘʞʝ ʮʷʣʘʪʘ ʚʝʨʠʛʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ InSAR 

ʦʙʨʘʙʦʪʢʘʪʘ ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʜʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʮʠʬʨʦʚʠʷ 

ʤʦʜʝʣ ʥʘ ʨʝʣʝʬʘ - DEM. ʉʠʤʫʣʘʮʠʷʪʘ ʥʘ SAR ʚʢʣʶʯʚʘ ʩʠʤʫʣʠʨʘʥʝ ʥʘ ʨʝʣʝʬʘ ʠ ʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩ ʮʠʬʨʦʚʠ ʤʝʪʦʜʠ ʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʨʙʠʪʘʪʘ ʥʘ ʩʘʪʝʣʠʪʘ. 

ʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʚʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ ʩ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʪʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʥʘʙʣʶʜʘʚʘʥʠʷ ʦʪ ʩʠʩʪʝʤʘʪʘ ʨʝʣʝʬ. ʉʲʱʝʩʪʚʫʚʘʪ 

ʨʘʟʣʠʯʥʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ʪʦʟʠ ʧʨʦʙʣʝʤ. ʉʠʤʫʣʘʮʠʦʥʝʥ ʤʦʜʝʣ ʥʘ ʧʦʚʲʨʭʥʦʩʪʥʘ 
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ʪʦʧʦʛʨʘʬʠʷ, ʙʘʟʠʨʘʥ ʥʘ ʬʨʘʢʪʘʣʥʦ ʙʨʘʫʥʦʚʦ ʜʚʠʞʝʥʠʝ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ [99]. ɿʘ 

ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪʪʘ ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʚʲʨʭʫ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʧʨʠʣʘʛʘ 

ʢʦʩʠʥʫʩʦʚʘ ʬʫʥʢʮʠʷ ʚ [100] ʠ [101]. 

ʀʟʛʨʘʜʝʥʘ ʝ ʩʪʘʥʮʠʷ ʦʙʨʘʙʦʪʢʘ ʥʘ ʢʦʩʤʠʯʝʩʢʠ InSAR ʜʘʥʥʠ, ʛʝʥʝʨʠʨʘʥʠ ʩ 

ʧʦʚʪʦʨʷʝʤʦʩʪ ʥʘ ʦʨʙʠʪʘʪʘ, ʦʩʠʛʫʨʷʚʘʱʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ [102]. ʈʘʟʨʘʙʦʪʝʥ ʝ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ ʩʠʤʫʣʘʪʦʨ ʟʘ ʪʝʩʪʚʘʥʝ ʠ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ InSAR ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʦʙʨʘʙʦʪʢʘ, ʩ ʥʝʛʦʚʘ ʧʦʤʦʱ ʛʨʝʰʢʠ, ʧʦʨʦʜʝʥʠ ʧʨʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʘʣʛʦʨʠʪʤʠ ʟʘ 

ʦʙʨʘʙʦʪʢʘ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʠʟʦʣʠʨʘʥʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʦ ʦʧʨʝʜʝʣʝʥʠ [103]. ʇʨʝʜʩʪʘʚʝʥ ʝ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʦʧʪʠʤʘʣʝʥ ʩʠʤʫʣʘʮʠʦʥʝʥ ʧʨʦʮʝʩʦʨ ʟʘ ʪʨʠ-ʜʠʤʝʥʩʠʦʥʥʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ 

ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʨʠ SAR ʘʥʪʝʥʠ, ʟʘ ʜʘ ʩʝ ʥʘʤʘʣʷʪ ʥʝʜʦʩʪʘʪʲʮʠʪʝ: ʥʝʷʩʥʦʪʘ ʚʲʚ ʬʘʟʘʪʘ ʠ 

ʰʫʤ ʚ ʜʘʥʥʠʪʝ ʧʨʠ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠ ̫[104]. ʀʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ 

SAR ʧʨʦʮʝʩʦʨ ʟʘ ʠʟʙʷʛʚʘʥʝ ʥʘ ʬʘʟʦʚʠ ʥʝʝʜʥʦʟʥʘʯʥʦʩʪʠ ʝ ʧʫʙʣʠʢʫʚʘʥ ʚ [105]. 

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʤʦʜʫʣʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ SAR ʧʨʦʜʫʢʪʠ, ʢʦʷʪʦ ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʤʦʩʪ ʟʘ ʫʩʪʦʡʯʠʚʠ 

ʦʧʝʨʘʪʠʚʥʠ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʥʠ ʮʠʬʨʦʚʠ 

ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬʘ [106]. ʀʥʪʝʛʨʠʨʘʥ AIRSAR/TOPSAR ʤʫʣʪʠ ʯʝʩʪʦʪʥʦ 

ʧʦʣʷʨʠʤʝʪʨʠʯʝʥ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ SAR ʧʨʦʮʝʩʦʨ, ʢʦʡʪʦ ʠʟʚʣʠʯʘ ʤʘʢʩʠʤʘʣʥʦʪʦ 

ʩʲʜʲʨʞʘʥʠʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ SAR ʜʘʥʥʠʪʝ, ʯʨʝʟ ʢʦʤʙʠʥʠʨʘʥʘ ʧʦʣʷʨʠʤʝʪʨʠʯʥʘ (C-, L-

ʠ P- ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ) ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ (C-ʠ/ʠʣʠ L- ʯʝʩʪʦʪʝʥ ʜʠʘʧʘʟʦʥ) 

ʪʝʭʥʠʢʠ ʝ ʦʧʠʩʘʥ ʚ [107]. SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ ʠ ʜʠʬʝʨʝʥʪʥʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʥ 

ʧʨʦʮʝʩʦʨ ʟʘ ʦʙʨʘʙʦʪʢʘ ʩ ʦʩʥʦʚʥʠ ʤʦʜʫʣʠ: Modular SAR Processor (MSP), Interferometric 

SAR Processor (ISP), Differential Interferometry and Geocoding Module (DIFF&GEO), ʝ 

ʧʨʝʜʣʦʞʝʥ ʚ [108]. ʇʨʝʜʩʪʘʚʝʥ ʝ ʝʬʝʢʪʠʚʝʥ SAR ʩʠʤʫʣʘʪʦʨ ʥʘ ʢʦʤʧʣʝʢʩʥʠ ʩʠʛʥʘʣʠ ʟʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʜʚʦʡʢʠ, ʢʘʪʦ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʦʣʫʯʝʥʠ ʦʪ ʩʠʤʫʣʠʨʘʥʠ ʜʘʥʥʠ ʩʘ 

ʩʨʘʚʥʝʥʠ ʩ ʪʝʟʠ, ʧʦʣʫʯʝʥʠ ʦʪ ʨʝʘʣʥʠ ʜʘʥʥʠ [109]. ɻʝʥʝʨʠʨʘʥʝ ʥʘ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ 

ʩ ʤʘʰʠʥʘ ʩ ʨʘʟʧʨʝʜʝʣʝʥʘ ʧʘʤʝʪ ʠ ʧʘʨʘʣʝʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʥʬʦʨʤʘʮʠʷʪʘ ʯʨʝʟ 16 Power-

PC ʧʣʘʪʬʦʨʤʠ ʠ ʦʙʨʘʙʦʪʚʘʱʠ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʛʦʣʝʤʠ ʪʨʘʥʩʣʘʮʠʦʥʥʠ ʦʪʤʝʩʪʚʘʥʠʷ, 

ʤʝʞʜʫ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʜʚʦʡʢʠ ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ [110]. ɸʢʦ ʙʨʦʷʪ ʥʘ 

ʧʠʢʩʝʣʠʪʝ ʚ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʝ ʜʦʩʪʘʪʲʯʥʦ ʛʦʣʷʤ, ʠʟʧʲʣʥʝʥʠʝʪʦ ʧʦʩʪʠʛʘ ʧʦʯʪʠ ʣʠʥʝʡʥʘ 

ʩʢʦʨʦʩʪ ʩ ʜʦʙʘʚʷʥʝ ʥʘ ʧʨʦʮʝʩʦʨʠ. ʈʘʟʨʘʙʦʪʝʥ ʝ ʮʠʬʨʦʚ ʩʠʤʫʣʘʪʦʨ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ 

ʪʨʠ ʘʥʪʝʥʥʘ InSAR ʩʠʩʪʝʤʘ ʟʘ ʪʦʧʦʛʨʘʬʩʢʦ ʢʘʨʪʦʛʨʘʬʠʨʘʥʝ, ʚ ʩʠʤʫʣʘʪʦʨʘ ʝ ʚʢʣʶʯʝʥʘ 

ʧʨʦʮʝʜʫʨʘ ʟʘ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ, ʧʦʣʫʯʝʥʠ ʩʘ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ ʢʘʨʪʠ ʥʘ ʚʠʩʦʯʠʥʘʪʘ 

ʥʘ ʪʝʨʝʥʘ [111]. ʈʝʘʣʠʟʠʨʘʥ ʝ InSAR ʩʠʤʫʣʘʪʦʨ ʥʘ ʢʦʤʧʣʝʢʩʥʠ ʩʠʛʥʘʣʠ, ʠʟʧʦʣʟʚʘʥ ʝ 

ʝʜʠʥ ʠ ʩʲʱ ʢʦʩʤʠʯʝʩʢʠ SAR ʧʨʠ ʩʣʘʙʦ ʨʘʟʣʠʯʘʚʘʱʠ ʩʝ ʧʦʟʠʮʠʠ ʩ ʮʝʣ ʘʥʘʣʠʟ ʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘʪʘ ʛʝʦʤʝʪʨʠʷ, ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʨʘʜʠʦʤʝʪʨʠʯʥʘʪʘ ʠ ʛʝʦʤʝʪʨʠʯʥʘʪʘ 

ʢʘʣʠʙʨʘʮʠʷ ʠ ʮʠʬʨʦʚʠʪʝ ʤʦʜʝʣʠ ʥʘ ʨʝʣʝʬ [112]. ʅʦʚ ʤʝʪʦʜ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʣʠʥʝʡʥʠ 

ʜʝʢʦʨʝʣʘʮʠʦʥʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ SAR ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʯʨʝʟ 

ʩʣʠʚʘʥʝ ʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʘʤʧʣʠʪʫʜʘʪʘ ʠ ʢʦʭʝʨʝʥʪʥʦʩʪ, ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ [113]. SLC 

ʩʠʛʥʘʣ ʩʠʤʫʣʘʪʦʨ ʟʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ SAR ʩʠʩʪʝʤʘ ʥʘ ʢʦʩʤʠʯʝʩʢʘ ʧʣʘʪʬʦʨʤʘ 

ʜʚʠʞʝʱʘ ʩʝ ʧʦ ʠʜʝʘʣʥʘ ʂʝʧʣʝʨʦʚʘ ʦʨʙʠʪʘ ʝ ʦʧʠʩʘʥ ʚ [114], ʢʘʪʦ ʟʘ ʩʠʩʪʝʤʥʘ ʧʣʘʪʬʦʨʤʘ 

ʩʝ ʤʦʜʝʣʠʨʘʪ ʤʝʭʘʥʠʯʥʠ ʜʝʬʦʨʤʘʮʠʠ ʥʘ ʨʝʬʝʨʝʥʪʥʠʪʝ ʩʪʨʫʢʪʫʨʠ. ʂʦʥʮʝʧʮʠʷ, 

ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʨʝʘʣʠʟʘʮʠʷ ʥʘ "InSAR SIM", ʩʨʝʜʘ ʟʘ ʩʠʤʫʣʘʮʠʷ ʠ ʦʮʝʥʢʘ ʥʘ ʩʘʪʝʣʠʪʥʠ 

InSAR ʜʘʥʥʠ ʦʪ ʪʘʥʜʝʤ ʤʠʩʠʷ RADARSAT-2 ʥʘ ʂʘʥʘʜʩʢʘʪʘ ʢʦʩʤʠʯʝʩʢʘ ʘʛʝʥʮʠʷ ʩʘ 
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ʧʨʝʜʩʪʘʚʝʥʠ [115]. ɽʬʝʢʪʠʚʥʘ ʛʝʦʣʦʢʘʮʠʷ ʠ ʩʠʤʫʣʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝ ʧʨʠ ʜʲʣʛʘ SAR 

ʢʘʨʪʦʚʘ ʠʚʠʮʘ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚ [116], ʢʘʪʦ ʟʘ ʧʦʟʠʮʠʠ, ʨʘʟʧʦʣʦʞʝʥʠ ʥʘʨʷʜʢʦ ʧʦ 

ʧʨʦʪʝʞʝʥʠʝ ʥʘ ʜʲʣʲʛ ʦʪʢʦʩ, ʩʝ ʠʟʧʦʣʟʚʘ ʦʙʨʘʪʥʦ ʛʝʦʢʦʜʠʨʘʥʝ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʢʘʨʪʘʪʘ. ʇʨʝʜʩʪʘʚʝʥ ʝ ʥʦʚ ʘʣʛʦʨʠʪʲʤ ʟʘ ʝʬʝʢʪʠʚʥʘ ʩʠʤʫʣʘʮʠʷ ʥʘ SAR 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʥʘ ʛʦʣʝʤʠ ʧʣʦʱʠ ʠ ʧʨʝʩʝʯʝʥ ʪʝʨʝʥ, ʢʘʪʦ ʩʠʤʫʣʠʨʘʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ 

ʩʨʘʚʥʷʚʘʪ ʩ ʨʝʘʣʥʠ ʜʘʥʥʠ ʦʪ ʪʘʥʜʝʤ ʤʠʩʠʷʪʘ ʥʘ ʩʧʲʪʥʠʢʘ (ERS-1/2) ʠ Shuttle Radar 

Topography Mission (SRTM) [117]. ʉʠʤʫʣʘʮʠʷ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ 

ʢʦʩʤʠʯʝʩʢʠ SAR ʩʠʩʪʝʤʠ ʩ ʨʝʘʣʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʜʘʥʥʠʪʝ, ʩʝʥʟʦʨʘ ʠ ʦʨʙʠʪʠʪʝ ʝ 

ʧʨʝʜʩʪʘʚʝʥʘ ʚ [118]. ʌʦʨʤʠʨʘʥʝ ʥʘ ʜʚʦʡʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʢʦʭʝʨʝʥʪʥʘ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʥʦʚ ʧʦʜʭʦʜ ʟʘ 

ʬʦʨʤʠʨʘʥʝ ʥʘ ʦʙʨʘʟʘ, ʢʦʡʪʦ ʝʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʘ, ʬʦʢʫʩʠʨʘ ʠ ʠʥʪʝʨʬʝʨʠʨʘ ʜʚʝʪʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ [119], ʧʨʠ ʪʦʚʘ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʢʦʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʘ ʧʨʦʙʣʝʤʠʪʝ ʧʦ ʨʘʟʩʪʠʣʘʥʝ ʥʘ ʬʘʟʘʪʘ ʠ ʘʪʤʦʩʬʝʨʥʠʪʝ ʝʬʝʢʪʠ ʚ ʥʝʷ ʩʘ 

ʠʟʙʝʛʥʘʪʠ. ʇʦʩʨʝʜʩʪʚʦʤ ʩʪʦʭʘʩʪʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʚʨʝʤʝʚʠ ʩʝʨʠʠ ʧʨʠ SAR 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ ʚ [120] ʝ ʧʨʝʜʩʪʘʚʝʥ ʘʜʘʧʪʠʚʝʥ ʤʦʜʝʣ ʟʘ ʪʝʩʪʚʘʥʝ ʥʘ ʬʦʨʤʘʣʥʦ 

ʨʘʟʧʨʦʩʪʨʘʥʷʚʘʥʝ ʥʘ ʛʨʝʰʢʘʪʘ. ʇʨʦʛʨʘʤʥʘ ʩʨʝʜʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʜʘʥʥʠ ʦʪ 

ʜʠʩʪʘʥʮʠʦʥʥʦ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʧʨʝʜʣʦʞʝʥʘ ʚ [121]. SAR 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʦʧʪʠʤʘʣʥʠ ʘʣʛʦʨʠʪʤʠ ʟʘ ʦʙʨʘʙʦʪʢʘ ʧʨʠ ɻʘʫʩʦʚʠ ʩʪʦʭʘʩʪʠʯʥʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʠ ʚʲʚ ʚʨʝʤʝʪʦ ʤʦʜʝʣʠ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ ʚ [122].  

1.12. ʉʲʚʨʝʤʝʥʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ ʦʙʣʘʩʪʪʘ 

ʅʘ ʌʠʛ.1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ InSAR 

ʦʪ ʚʠʨʪʫʘʣʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ Scopus ʟʘ ʧʝʨʠʦʜʘ 1990 ʜʦ ʧʲʨʚʦ ʪʨʠʤʝʩʝʯʠʝ ʥʘ 2012 

ʚʢʣʶʯʠʪʝʣʥʦ. ɻʨʘʬʠʢʘʪʘ ʧʨʝʜʩʪʘʚʷ ʦʙʱʦ 3116 ʥʘ ʙʨʦʡ ʧʫʙʣʠʢʘʮʠʠ. 

 

ʌʠʛ. 1. Scopus, Keyword: InSAR, Results: 3116, Period: 1990-2012 
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ʅʘ ʌʠʛ. 2 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ InSAR 

ʦʪ ʚʠʨʪʫʘʣʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ ScienceDirect ʟʘ ʧʝʨʠʦʜʘ 1991 ʜʦ ʧʲʨʚʦ ʪʨʠʤʝʩʝʯʠʝ ʥʘ 2012 

ʚʢʣʶʯʠʪʝʣʥʦ. ɻʨʘʬʠʢʘʪʘ ʧʨʝʜʩʪʘʚʷ ʦʙʱʦ 1257 ʥʘ ʙʨʦʡ ʧʫʙʣʠʢʘʮʠʠ. 

 

ʌʠʛ. 2. ScienceDirect, Keyword: InSAR, Results: 1257, Period: 1991-2012 

ʅʘ ʌʠʛ.3 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ InSAR 

ʦʪ ʚʠʨʪʫʘʣʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ IEEE XploreÈ Digital Library ʟʘ ʧʝʨʠʦʜʘ 1990 ʜʦ ʧʲʨʚʦ 

ʪʨʠʤʝʩʝʯʠʝ ʥʘ 2012 ʚʢʣʶʯʠʪʝʣʥʦ. ɻʨʘʬʠʢʘʪʘ ʧʨʝʜʩʪʘʚʷ ʦʙʱʦ 3050 ʥʘ ʙʨʦʡ 

ʧʫʙʣʠʢʘʮʠʠ. 

 

ʌʠʛ. 3. IEEE XploreÈ Digital Library, KeyWord: InSAR, Results: 3050, Period: 1990-2012 

ɺ ʊʘʙʣ.1 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ InSAR 

ʦʪ ʪʨʠʪʝ ʚʠʨʪʫʘʣʥʠ ʙʠʙʣʠʦʪʝʢʠ: Scopus, ScienceDirect ʠ IEEE XploreÈ Digital Library ʟʘ 
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ʧʝʨʠʦʜʘ ʦʪ 1990 ʜʦ ʧʲʨʚʦ ʪʨʠʤʝʩʝʯʠʝ ʥʘ 2012 ʚʢʣʶʯʠʪʝʣʥʦ. ʊʘʙʣʠʮʘʪʘ ʧʨʝʜʩʪʘʚʷ ʦʙʱʦ 

7423 ʥʘ ʙʨʦʡ ʧʫʙʣʠʢʘʮʠʠ. 

SOURCE SUM 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 

Scopus 3116 4 5 1 5 9 16 32 61 48 48 97 81 115 129 188 222 212 260 330 352 388 440 73 

ScienceDirect 1257 - 23 11 0 3 7 1 3 2 11 12 16 31 52 45 72 87 95 101 155 151 238 141 

IEEE Digital 

Library 
3050 3 5 6 4 22 28 47 71 106 114 120 121 136 163 146 194 152 256 305 322 350 351 28 

ʊʘʙʣ. 1. ɹʨʦʡ ʧʫʙʣʠʢʘʮʠʠ ʚ Scopus, ScienceDirect ʠ IEEE XploreÈ Digital Library ʟʘ 

ʧʝʨʠʦʜʘ ʦʪ 1990 ʜʦ 2012. 

ɺ ʌʠʛ.4 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʛʦʜʠʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ InSAR ʦʪ 

ʪʨʠʪʝ ʚʠʨʪʫʘʣʥʠ ʙʠʙʣʠʦʪʝʢʠ ʚ Scopus, ScienceDirect ʠ IEEE XploreÈ Digital Library ʟʘ 

ʧʝʨʠʦʜʘ ʦʪ 1991 ʜʦ 2011 ʚʢʣʶʯʠʪʝʣʥʦ. 

 

ʌʠʛ. 4. ɹʨʦʡ ʧʫʙʣʠʢʘʮʠʠ ʚ Scopus, ScienceDirect ʠ IEEE XploreÈ Digital Library ʟʘ 

ʧʝʨʠʦʜʘ ʦʪ 1991 ʜʦ 2011. 

ʇʦʢʘʟʘʥʠʪʝ ʧʦ-ʛʦʨʝ ʬʠʛʫʨʠ ʠ ʛʨʘʬʠʢʠ ʧʨʝʜʩʪʘʚʷʪ ʩʲʚʨʝʤʝʥʥʦ ʩʲʩʪʦʷʥʠʝ ʥʘ 

ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷʪʘ ʠ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʷ. 

ʄʦʞʝ ʷʩʥʦ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ ʧʨʦʛʨʝʩʠʚʥʦʪʦ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʙʨʦʷ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ 

ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ ʚ ʦʙʣʘʩʪʪʘ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 10 ʛʦʜʠʥʠ.  
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1.13. ɿʘʢʣʶʯʝʥʠʝ 

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.  

1.14. 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 ʟʘʜʘʯʠʪʝ 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; 

¶ 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. 
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2. ʄɸʊɽʄɸʊʀʏɽʉʂʆ ʄʆɼɽʃʀʈɸʅɽ ʅɸ ʇʈʆʎɽʉɸ ʅɸ ʇʆʃʋʏɸɺɸʅɽ ʅɸ 

ʂʆʄʇʃɽʂʉʅʆ SAR ʀɿʆɹʈɸɾɽʅʀɽ ʅɸ ɿɽʄʅɸʊɸ ʇʆɺʒʈʍʅʆʉʊ 

ʇʨʝʜʤʝʪ ʥʘ ʥʘʩʪʦʷʱʘʪʘ ʛʣʘʚʘ ʝ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ 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. 5. 

 

ʌʠʛ. 5. 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: 

(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 = N/2; 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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(2) 

ö
÷

õ
æ
ç

å
--=

ö
÷

õ
æ
ç

å
--=

ö
÷

õ
æ
ç

å
--=

p
N

TVzpz

p
N

TVypy

p
N

TVxpx

pz

py

px

2
)(

2
)(

2
)(

0

0

0

, 

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; acosVVx = , 

bcosVVy = , dcosVVz = - ʧʨʦʝʢʮʠʠʪʝ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ ʚʲʨʭʫ ʢʦʦʨʜʠʥʘʪʥʠʪʝ 

ʩʠʩʪʝʤʠ; acos , bcos , gcos  - ʥʘʧʨʘʚʣʷʚʘʱʠ ʢʦʩʠʥʫʩʠ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ. 

ʅʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ (ʌʠʛ.6), 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) 

( ) [ ]

[ ]

[ ]22

2253

222

)1(exp
3

1

exp
5

10

)1()(exp)1(3,

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. 

 

ʌʠʛ. 6. 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 )(pmnR  ʦʪ SAR, ʨʘʟʧʦʣʦʞʝʥ ʦʪ ʩʘʪʝʣʠʪʘ ʜʦ ʚʩʝʢʠ 
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ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʩ ʛʝʦʤʝʪʨʠʯʝʥ ʚʝʢʪʦʨ 
mnR , 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 ʩʲʩ ʩʣʝʜʥʠʷ ʠʟʨʘʟ: 

(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.7). 

 

ʌʠʛ. 7. 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 ʠʟʣʲʯʚʘ ʧʦʨʝʜʠʮʠ ʦʪ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ ʚʲʣʥʠ ʢʲʤ ʮʝʣʪʘ, ʢʦʠʪʦ 

ʘʥʘʣʠʪʠʯʥʦ ʩʝ ʧʨʝʜʩʪʘʚʷʪ ʩ ʧʦʨʝʜʠʮʘ ʥʘ N ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠ ʠʤʧʫʣʩʠ 

(LFM) ʢʘʢʪʦ ʩʣʝʜʚʘ: 

(6) [ ]{ }ä
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-+--=
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ʢʲʜʝʪʦ ɸ ʝ ʘʤʧʣʠʪʫʜʘʪʘ ʥʘ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ, Tp ʝ ʧʝʨʠʦʜʘ ʥʘ ʠʤʧʫʣʩʘ, 
l
pw

c
2=  

ʝ ʲʛʣʦʚʘʪʘ ʯʝʩʪʦʪʘ, Np ,1=  ʝ ʪʝʢʫʱʠʷʪ 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/ , 
kT

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) , ( )[ ]{ }2)(exp.).()( mnmn
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ʢ̡ ʜʝʪʦ: 
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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 

ʩʠʛʥʘʣʘ ʥʘ mn-ʠʷ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ, ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟ: 

(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 ʚʲʚ ʚʠʜʘ: 
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ɺʨʝʤʝʚʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ t ʥʘ ʦʪʨʘʟʝʥʠʷ SAR ʩʠʛʥʘʣ ʧʦ ʨʘʟʩʪʦʷʥʠʝ ʟʘ ʚʩʝʢʠ 

ʠʟʣʲʯʝʥ 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 ʥʦʤʝʨʪ̡ 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. 

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: 
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(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.6. 

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 

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}.  
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(16) ( )[ ]{ }2
),(),(exp.),( pkEbpkEjapkS mnmnmnmn += w

.
 

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

),( pkSmn
.  

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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(18) ),(.),(rect, pkS
T

E
pkS mn

k
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=rect

.

 

ʇʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö
÷

õ
æ
æ
ç

å

kT

E
rect  ʝ ʯʝʪʠʨʠ ʤʝʨʥʘ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ 

ʩʜ̡ʲʨʞʘ ʩʪʦʡʥʦʩʪ ʝʜʠʥʠʮʘ ʠʣʠ ʥʫʣʘ ʥʘ ʧʦʟʠʮʠʷ [k, p, m, n] ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʝ 

(17). 

 

ʌʠʛ. 8. ʇʦʝʣʝʤʝʥʪʥʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʯʝʪʠʨʠ ʤʝʨʥʠ ʤʘʪʨʠʮʠ. 

ʇʦʝʣʝʤʝʥʪʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ),( pkSmn
 ʩ ʤʘʪʨʠʮʘʪʘ, 

ʧʦʣʫʯʝʥʘ ʦʪ ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö
÷

õ
æ
æ
ç

å

kT

E
rect  ʱʝ ʜʘʜʝ ʚ ʨʝʟʫʣʪʘʪ ʤʘʪʨʠʮʘpkSmn ,(rect, , 

ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʩʘʤʦ ʞʝʣʘʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ SAR ʩʠʛʥʘʣʘ, ʦʪʨʘʟʝʥ ʦʪ mn ïʪʠʷ 

ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ (ʌʠʛ.8). 
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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.9 ʝ ʚʠʟʫʘʣʠʟʠʨʘʥ ʧʦʣʫʯʝʥʠʷʪ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ ʩ ʥʝʛʦʚʠʪʝ: 

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

 

ʌʠʛ. 9. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ: ʨʝʘʣʥʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ SAR 

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

ʅʘ ʌʠʛ.10 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷʪʘ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʯʨʝʟ 

ʪʨʠʤʝʨʥʘ ʠʟʦʤʝʪʨʠʯʥʘ ʧʨʦʝʢʮʠʷ. ʅʘ ʌʠʛ.11 ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʦʤʧʣʝʢʩʥʠʷʪ ʦʙʨʘʟ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ʯʨʝʟ ʢʘʨʪʠʥʘʪʘ ʥʘ ʘʤʧʣʠʪʫʜʥʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʠʥʪʝʥʟʠʚʥʦʩʪʠʪʝ ʥʘ ʜʦʤʠʥʠʨʘʱʠʪʝ ʠʟʣʲʯʚʘʪʝʣʠ (ʘ) ʠ ʢʘʨʪʠʥʘʪʘ ʥʘ ʬʘʟʠʪʝ (ʙ), 

ʧʨʦʧʦʨʮʠʦʥʘʣʥʠ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʜʦ SAR 

ʩʘʪʝʣʠʪʘ ʚ ʤʦʤʝʥʪʘ ʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ (p = N/2). 
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ʌʠʛ. 10. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʥʘ ʧʦʚʲʨʭʥʠʥʘʪʘ: ʪʨʠʤʝʨʥʘ ʠʟʦʤʝʪʨʠʯʥʘ ʧʨʦʝʢʮʠʷ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ ï ʘʤʧʣʠʪʫʜʥʘ ʢʘʨʪʠʥʘ. 

 

ʌʠʛ. 11. 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 ʚ̡ ʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʧʦʚʲʨʭʥʦʩʪʪʘ 

ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʠʟʯʠʩʣʷʪ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ SAR ʜʦ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ 

ʠʟʣʲʯʚʘʪʝʣ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʟʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪʝʥ ʤʦʤʝʥʪ p. ʉʪʘʥʜʘʨʪʥʦ 

ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ ʩ ʚʣʦʞʝʥ ʮʠʢʲʣ for ʟʘ ʚʩʷʢʦ p, ʥʘʧʨʠʤʝʨ: 

% ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷ ʠ ʚʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʠʤʧʫʣʩʠʪʝ 

for p = 1:Np 

for mn = 1: m_n*m_n 

 R(p,mn) = sqrt((Xr(p) - x(mn)).^2 + (Yr(p) - y(mn)).^2 + (Zr(p) - z(mn)).^2); 

 T(p,mn)=(2.*R(p,mn))./c;  

end 

end 
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ʇʨʦʛʨʘʤʥʠʷʪ ʬʨʘʛʤʝʥʪ ʦʙʘʯʝ ʙʠ ʦʪʥʝʣ ʜʦʩʪʘ ʚʨʝʤʝ ʟʘ ʠʟʯʠʩʣʝʥʠʝ. ɿʘ 

ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʙʲʨʟʦʜʝʡʩʪʚʠʝʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʬʫʥʢʮʠʷ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ɽʚʢʣʠʜʦʚʠʪʝ 

ʨʘʟʩʪʦʷʥʠʷ ʦʪ SAR ʜʦ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʥʘʧʠʩʘʥʘ ʦʪ Roland Bunschoten, University of 

Amsterdam, Intelligent Autonomous Systems (IAS) group, ʢʦʷʪʦ ʝ ʝʜʥʦ ʨʝʜʦʚʘ ʠ ʠʤʘ 

ʩʣʝʜʥʠʷ ʩʠʥʪʘʢʩʠʩ: 

R = distance(a,b). 

ɺʩʲʱʥʦʩʪ, ʪʘʟʠ ʬʫʥʢʮʠʷ ʠʟʯʠʩʣʷʚʘ ɽʚʢʣʠʜʦʚʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʩʣʝʜʥʠʷ MATLAB ʧʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ: 

aa=sum(a.*a,1); bb=sum(b.*b,1); ab=a'*b;  

R = sqrt(abs(repmat(aa',[1 size(bb,2)]) + repmat(bb,[size(aa,2) 1]) - 2*ab)); 

ʈʘʟʣʠʢʘʪʘ ʚʲʚ ʚʨʝʤʝʪʦ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʤʝʞʜʫ ʜʚʘʪʘ ʬʨʘʛʤʝʥʪʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʚ 

ʊʘʙʣ.2. ʗʩʥʦ ʩʝ ʚʠʞʜʘ ʧʦʜʦʙʨʝʥʦʪʦ ʚʨʝʤʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʧʨʠ ʚʝʢʪʦʨʠʟʠʨʘʥʘ ʬʫʥʢʮʠʷ 

(ʝʜʥʦ ʨʝʜʦʚʘ) ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ɽʚʢʣʠʜʦʚʦ ʨʘʟʩʪʦʷʥʠʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʘʣʠʟʘʮʠʷʪʘ ʩ 

ʚʣʦʞʝʥʠ ʮʠʢʣʠ. ʉʣʦʞʥʦʩʪʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʚʝʢʪʦʨʠʟʠʨʘʥʘ ʬʫʥʢʮʠʷ ʝ O(1), ʜʦʢʘʪʦ 

ʨʝʘʣʠʟʘʮʠʷʪʘ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʠ ʚʨʝʤʝ ʟʘʢʲʩʥʝʥʠʷʪʘ ʧʦʩʨʝʜʩʪʚʦʤ 

ʚʣʦʞʝʥ ʮʠʢʲʣ ʠʤʘ ʩʣʦʞʥʦʩʪ O(n
2
), ʢʘʪʦ n ʝ ʙʨʦʷ ʥʘ ʠʤʧʫʣʩʠʪʝ. ɺ ʢʦʥʢʨʝʪʥʠʷ ʮʠʬʨʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪ ʙʨʦʷ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ ʝ 512. 

Elapsed time is 50.054114 seconds. Elapsed time is 0.410323 seconds. 

ʊʘʙʣ. 2. ɺʨʝʤʝ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ R. 

ɺʨʝʤʝʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʩʠʛʥʘʣʘ ʟʘ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʠʟʣʲʯʚʘʪʝʣ 

)( pTmn  ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʠʟʨʘʟʘ (14), 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 ʩ ʠʟʨʘʟ 

(15). ʀʟʯʠʩʣʷʚʘ ʩʝ ʚʩʝʢʠ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥ ʩʠʛʥʘʣ, ʦʪʨʘʟʝʥ ʦʪ m,n ï ʪʠʷ 

ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʟʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪ k Í {1, 2, é, 512} ʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ  p 

Í {1, 2,é, 512}, ʧʨʠʣʘʛʘ ʩʝ ʠʟʨʘʟ (16). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʯʠʩʣʝʥʠʝʪʦ ʩʝ ʟʘʧʠʩʚʘʪ ʚ 

ʯʝʪʠʨʠ ʤʝʨʥʘ ʤʘʪʨʠʮʘ (ʤʘʩʠʚ) ),( pkSmn
.  

ʇʦʨʘʜʠ ʦʛʨʘʥʠʯʝʥʦʩʪʪʘ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ ʦʪ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʠʟʣʲʯʚʘʪʝʣ ʥʝ 

ʚʩʷʢʘ ʩʪʦʡʥʦʩʪ ʦʪ ʥʝʛʦ ʱʝ ʫʯʘʩʪʚʘ ʚʲʚ ʬʦʨʤʠʨʘʥʝʪʦ ʤʫ. ʉʝʣʝʢʮʠʷʪʘ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ, 

ʫʯʘʩʪʚʘʱʠ ʚ ʩʫʤʘʨʥʠʷ ʩʠʛʥʘʣ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʧʦʝʣʝʤʝʥʪʥʦ ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ 

(ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ɸʜʘʤʘʨ) ʥʘ ),( pkSmn  ʩ ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ ʜʝʬʠʥʠʨʘʥʘ 

ʦʪ ʠʟʨʘʟ (17), ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʧʨʠʣʘʛʘ ʠʟʯʠʩʣʝʥʠʝʪʦ ʠʟʨʘʟ (18).  
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ʇʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö
÷

õ
æ
æ
ç

å

kT

E
rect  ʝ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʩʪʦʡʥʦʩʪ 

ʝʜʠʥʠʮʘ ʠʣʠ ʥʫʣʘ, ʥʘ ʧʦʟʠʮʠʷ [k, p, m, n] ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʝʪʦ ʧʦʩʪʘʚʝʥʦ ʧʦ-ʛʦʨʝ. 

ʇʦʝʣʝʤʝʥʪʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ),( pkSmn  ʩ ʤʘʪʨʠʮʘʪʘ, ʧʦʣʫʯʝʥʘ 

ʦʪ ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ 
ö
ö
÷

õ
æ
æ
ç

å

kT

E
rect , ʱʝ ʜʘʜʝ ʚ ʨʝʟʫʣʪʘʪ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʩʘʤʦ 

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

ʠʟʣʲʯʚʘʪʝʣ. 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], ʠʟʨʘʟ (19). 

ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ MATLAB ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ ʝ ʜʘʜʝʥʘ ʚ ʊʘʙʣ.3. ɹʣʦʢ ʜʠʘʛʨʘʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ 

ʥʘ SAR ʩʠʛʥʘʣ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.12. 

%% 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  

% 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. 3. ʇʨʦʛʨʘʤʥʘ ʨʝʘʣʠʟʘʮʠʷ ʚ ʩʨʝʜʘ MATLAB ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ. 
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ʌʠʛ. 12. ɹʣʦʢ ʜʠʘʛʨʘʤʘ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʩʠʛʥʘʣʠ. 

ʂʦʤʧʣʝʢʩʥʠʷʪ ʩʠʛʥʘʣ ),( pkS , ʬʦʨʤʠʨʘʱ ʠʟʦʙʨʘʞʝʥʠʷʪʘ, ʩʲʜʲʨʞʘʱʠ ʘʤʧʣʠʪʫʜʥʘ ʠ 

ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʩʝ ʠʟʯʠʩʣʷʚʘ ʟʘ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʩʘʪʝʣʠʪʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ 

ʩʠʩʪʝʤʠ ʠ ʩʝ ʟʘʧʠʩʚʘ ʩʲʦʪʚʝʪʥʦ ʚʲʚ ʬʘʡʣʦʚʝ ʟʘ ʧʦʩʣʝʜʚʘʱʘ ʦʙʨʘʙʦʪʢʘ. 

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 ʥʘʩʪʦʷʱʘʪʘ ʛʣʘʚʘ Ăʤʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘñ ʩʘ ʠʟʧʦʣʟʚʘʥʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣʠ ʟʘ ʩʠʤʫʣʘʮʠʷ ʥʘ 

ʤʫʣʪʠ-ʩʘʪʝʣʠʪʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʩʠʩʪʝʤʘ, ʠʟʧʦʣʟʚʘʱʘ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ 

ʩʲʩ ʩʠʥʪʝʟʠʨʘʥʘ ʘʧʝʨʪʫʨʘ, ʩʠʤʫʣʘʮʠʷ ʥʘ ʥʘʙʣʶʜʝʥʠʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʦʪ ʨʘʟʣʠʯʥʠ 

ʧʦʟʠʮʠʠ ʠ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʜʦ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ [123], [124]. 

ʇʨʝʜʣʦʞʝʥʠʪʝ ʤʦʜʝʣʠ ʟʘʧʠʩʚʘʪ ʠʥʬʦʨʤʘʮʠʷʪʘ ʚ GEO TIFF ʬʘʡʣʦʚʝ [125]. ʀʟʧʦʣʟʚʘʥ ʝ 

ʘʣʛʦʨʠʪʲʤ ʟʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ ʩ ʮʝʣ ʢʦʨʝʛʠʩʪʨʘʮʠʷ [126], [127]. ɻʝʥʝʨʠʨʘʥʠ ʩʘ ʜʠʬʝʨʝʥʪʥʠ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʜʝʤʦʥʩʪʨʠʨʘʱʠ ʠʟʤʝʥʝʥʠʝʪʦ ʚ ʨʝʣʝʬʘ ʩʣʝʜ ʥʘʩʪʲʧʠʣʘ ʜʝʬʦʨʤʘʮʠʷ. 

ʇʨʝʜʩʪʘʚʝʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʘ ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʮʠʬʨʦʚʦ ʤʦʜʝʣʠʨʘʥʝ ʚ ʧʨʦʛʨʘʤʥʘʪʘ 

ʩʨʝʜʘ MATLAB  [128]. 

3.1. ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ InSAR ʩʠʛʥʘʣ 

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

ʤʥʦʞʝʩʪʚʦ ʩʘʪʝʣʠʪʠ [129] ʧʦʩʨʝʜʩʪʚʦʤ SAR ʪʝʭʥʦʣʦʛʠʷ. ɺʩʝʢʠ ʝʜʠʥ ʦʪ ʪʝʟʠ ʧʠʢʩʝʣʠ ʝ 

ʜʝʬʠʥʠʨʘʥ ʦʪ ʪʨʝʪʘʪʘ ʢʦʦʨʜʠʥʘʪʘ ),( ijijij yxz  ʚ ʪʨʠʠʟʤʝʨʥʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ Oxyz

. ʇʦʚʲʨʭʥʦʩʪʪʘ ʩʝ ʦʙʣʲʯʚʘ ʩ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʠ ʚʲʣʥʠ, ʠʟʣʲʯʚʘʥʠ ʦʪ ʧʨʝʜʘʚʘʪʝʣʠʪʝ ʥʘ 

ʩʘʪʝʣʠʪʠʪʝ Sat(1), Sat(2), Sat(3), ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ N ʥʘ ʙʨʦʡ SAR ʘʥʪʝʥʠ, ʤʦʥʪʠʨʘʥʠ ʥʘ 

ʩʘʪʝʣʠʪʠʪʝ ʠ ʥʘʙʣʶʜʘʚʘʱʠ ʝʜʥʘ ʠ ʩʲʱʘ ʧʦʚʲʨʭʥʦʩʪ. ʄʝʞʜʫ ʚʩʷʢʘ ʜʚʦʡʢʘ 
nmAA   ʦʪ 

ʩʘʪʝʣʠʪʠ, ʢʲʜʝʪʦ Mnm ,1=¸ , N ʝ ʙʨʦʷ ʥʘ ʩʘʪʝʣʠʪʠʪʝ, ʤʦʞʝ ʜʘ ʩʝ ʜʝʬʠʥʠʨʘ InSAR. 

 

ʌʠʛ. 13. ɻʝʦʤʝʪʨʠʷ ʥʘ InSAR. 



 

˸
ˢ
́
˩
˸
ˢ
́
ˮ
̉
˩
˿
˴
˻
 
˸
˻
˨
˩
˶
ˮ
˾
ˢ
˹
˩
 
˹
ˢ
 
˽
˾
˻
̇
˩
˿
ˢ
 
˭
ˢ
 
˽
˻
˶
̂
̉
ˢ
ˤ
ˢ
˹
˩
 
˹

ˢ
 
˴
˻
˸
˽
˶
˩
˴
˿
˹
ˢ
 
ˮ
˹
́
˩
˾
̅
˩
˾
˻
˥
˾
ˢ
˸
ˢ

 

 ос

 

ʆʩʥʦʚʥʘ ʛʝʦʤʝʪʨʠʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʘ SAR ʩʠʛʥʘʣʘ ʝ ʚʝʢʪʦʨʲʪ-ʨʘʟʩʪʦʷʥʠʝ 

)(pijR  ʦʪ SAR ʩʠʩʪʝʤʘʪʘ ʜʦ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʩʮʝʥʘ, ʟʘʜʘʜʝʥʘ ʢʘʪʦ ʚʝʢʪʦʨ 

(ʌʠʛ.13). 

(20) [ ]Tn

ij

n

ij

n

ijij

nn

ij pzpypxpp )(),(),()()( =-= RRR
,
 

ʢʲʜʝʪʦ: n = 1 · 3 ʝ ʥʦʤʝʨʲʪ ʥʘ SAR, 
ijR

 
ʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʲʪ ʥʘ ij - ʪʘʪʘ 

ʥʘʙʣʶʜʘʚʘʥʘ ʪʦʯʢʘ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʘ )( pn
R  ʝ ʜʠʥʘʤʠʯʥʠʷʪ ʨʘʜʠʫʩ-ʚʝʢʪʦʨ ʥʘ n ï ʪʠʷ 

SAR ʚ ʠʟʩʣʝʜʚʘʥʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʩʠʩʪʝʤʘ Oxyz. )( pxn

ij , )( pyn

ij , )( pzn

ij ʩʘ ʪʝʢʫʱʠʪʝ 

ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʚʝʢʪʦʨʘ-ʨʘʟʩʪʦʷʥʠʝ ʦʪ n-ʪʠʷ SAR ʜʦ ʧʠʢʩʝʣ ʦʪ ʧʦʚʲʨʭʥʠʥʘʪʘ, ʠʟʤʝʨʝʥʠ 

ʚ p-ʪʠʷ ʤʦʤʝʥʪ ʥʘ ʥʘʙʣʶʜʝʥʠʝʪʦ ʠ ʜʝʬʠʥʠʨʘʥʠ ʧʦ ʩʣʝʜʥʠʷ ʥʘʯʠʥ: 

(21) ij

nn

ij xpxpx -= )()( ; ij

nn

ij ypypy -= )()( ; ij

nn

ij zpzpz -= )()( , 

ʢʲʜʝʪʦ Xixij D= ; Yjyij D= ; ),( ijijijij yxzz =  ʩʘ ʜʠʩʢʨʝʪʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʧʠʢʩʝʣ ʦʪ 

ʧʦʚʲʨʭʥʠʥʘʪʘ, )( pxn , )( pyn , )( pzn  ʩʘ ʜʠʥʘʤʠʯʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ n-ʪʠʷ SAR, ʢʦʠʪʦ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʩ ʨʘʚʝʥʩʪʚʘʪʘ: 

(22) px

nn Tp
N

Vxpx ö
÷

õ
æ
ç

å
--=

2
)( 0 ;

 
py

nn Tp
N

Vypy ö
÷

õ
æ
ç

å
--=

2
)( 0 ; pz

nn Tp
N

Vzpz ö
÷

õ
æ
ç

å
--=

2
)( 0 , 

ʢ̡ ʜʝʪʦ nx0
, ny0

, nz0
 ʩʘ ʥʘʯʘʣʥʠʪʝ ʢʦʦʨʜʠʥʘʪʠ ʥʘ n-ʪʠʷ SAR, ʠʟʯʠʩʣʝʥʠ ʚ ʤʦʤʝʥʪʘ 

2

N
p= ; pT  ʝ ʧʝʨʠʦʜʲʪ ʥʘ ʧʦʚʪʦʨʝʥʠʝ; p  ʝ ʙʨʦʷʪ ʥʘ ʠʟʣʲʯʝʥʠʪʝ ʠʤʧʫʣʩʠ. 

[ ]Tzyx VVV ,,=V  e ʚʝʢʪʦʨʲʪ-ʩʢʦʨʦʩʪ ʥʘ SAR ʤʫʣʪʠ ʩʘʪʝʣʠʪʥʘʪʘ ʩʠʩʪʝʤʘ; acosVVx =  

,cosbVVy =  dcosVVz =  - ʩʘ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ; acos , bcos  ʠ 

bad 22 coscos1cos --=  ʩʘ ʥʘʩʦʯʚʘʱʠʪʝ ʢʦʩʠʥʫʩʠ ʠ V  ʝ ʤʦʜʫʣʲʪ ʥʘ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪ. 

ʄʦʜʫʣʲʪ ʥʘ ʚʝʢʪʦʨʘ ʨʘʟʩʪʦʷʥʠʝ ʥʘ ij -ʪʠʷ ʧʠʢʩʝʣ, ʠʟʤʝʨʝʥ ʦʪ n-ʪʘʪʘ SAR ʘʥʪʝʥʘ 

ʩʝ ʜʝʬʠʥʠʨʘ ʦʪ ʩʣʝʜʥʠʷ ʠʟʨʘʟ: 

(23) { }2
1

222 )]([)]([)]([)( pzpypxpR n

ij

n

ij

n

ij

n

ij ++= . 

ʀʟʨʘʟ (23) ʱʝ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ n-ʪʠʷ SAR ʩʠʛʥʘʣ, ʦʪʨʘʟʝʥ ʦʪ ij -ʪʠʷ 

ʧʠʢʩʝʣ ʦʪ ʧʦʚʲʨʭʥʠʥʘʪʘ.  

ɺ ʧʨʝʜʣʦʞʝʥʠʷ ʤʦʜʝʣ ʚʝʢʪʦʨʲʪ-ʨʘʟʩʪʦʷʥʠʝ ʩʝ ʧʨʝʜʩʪʘʚʷ ʧʦʩʨʝʜʩʪʚʦʤ p ʥʘ ʙʨʦʡ 

ʤʘʪʨʠʮʠ ʩ ʨʘʟʤʝʨʥʦʩʪ ï I x J (ʌʠʛ. 14), ʢʲʜʝʪʦ I ʝ ʙʨʦʷʪ ʥʘ ʧʠʢʩʝʣʠʪʝ ʧʦ ʢʦʦʨʜʠʥʘʪʥʘʪʘ 

ʦʩ Ox, J ï ʙʨʦʷʪ ʥʘ ʧʠʢʩʝʣʠʪʝ ʧʦ ʢʦʦʨʜʠʥʘʪʥʘʪʘ ʦʩ Oy.  
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ʌʠʛ. 14. ʄʘʪʨʠʮʘ ʥʘ ʨʘʟʩʪʦʷʥʠʝʪʦ ʜʦ ij-ʪʠʷ ʧʠʢʩʝʣ. 

ɺʨʝʤʝʪʦ ʥʘ ʟʘʢʲʩʥʝʥʠʝʪʦ ʥʘ ʩʠʛʥʘʣʘ ʟʘ ʚʩʷʢʦ p, ʦʪʨʘʟʝʥ ʦʪ ij -ʪʠʷ ʧʠʢʩʝʣ ʩʝ 

ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ (24): 

(24) 
c

pR
pt

n

ijn

ij

)(2
)( =

,
 

ʢʲʜʝʪʦ: Mp ,1=  ʝ ʪʝʢʫʱʠʷ ʙʨʦʡ ʠʟʣʲʯʝʥʠ ʠʤʧʫʣʩʠ, M ʝ ʦʙʱʠʷ ʙʨʦʡ ʥʘ 

ʠʤʧʫʣʩʠʪʝ, 810.3=c  m/s ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, )( pRn

ij  ʝ ʚʝʢʪʦʨʘ ʨʘʟʩʪʦʷʥʠʝ ʜʦ ij -

ʪʠʷ ʧʠʢʩʝʣ. 

ʀʟʯʠʩʣʷʚʘʪ ʩʝ ʚʨʝʤʝʥʘʪʘ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʦʪ ʚʩʠʯʢʠ ʧʠʢʩʝʣʠ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʪ.ʝ. ʟʘ Ii ,1= , Jj ,1= , ʢʲʜʝʪʦ I ʝ ʙʨʦʷʪ ʥʘ ʧʠʢʩʝʣʠʪʝ ʧʦ ʘʟʠʤʫʪ, J - ʙʨʦʷʪ 

ʥʘ ʧʠʢʩʝʣʠʪʝ ʧʦ ʨʘʟʩʪʦʷʥʠʝ. ʆʙʱʠʷʪ ʠʤ ʙʨʦʡ ʝ (I.J). ɺʨʝʤʝʥʘʪʘ ʥʘ ʟʘʢʲʩʥʝʥʠʝ (I.J) ʩʝ 

ʘʨʘʥʞʠʨʘʪ ʚʲʚ ʚʲʟʭʦʜʷʱ ʨʝʜ ʠ ʩʝ ʠʥʜʝʢʩʠʨʘʪ (ʥʦʤʝʨʠʨʘʪ) ʩ ʠʥʜʝʢʩ JIl .,1= . 

ʇʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʜʘʥʥʠʪʝ ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ ʥʘ (ʌʠʛ.15). ɿʘ ʨʘʟʛʣʝʜʘʥʠʷ ʧʨʠʤʝʨ i 

ʠ j ʩʝ ʠʟʤʝʥʷʪ ʚ ʠʥʪʝʨʚʘʣʘ [0 .. 64], ʘ p ï ʙʨʦʷʪ ʥʘ ʠʤʧʫʣʩʠʪʝ ʝ ʨʘʚʝʥ ʥʘ 128. ɿʘ ʚʩʷʢʦ p 

ʩʝ ʥʘʤʠʨʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʥʘʡ-ʤʘʣʢʦʪʦ t. ʉʣʝʜ ʧʦʜʨʝʞʜʘʥʝʪʦ ʥʘ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ t ʚʲʚ 

ʚʲʟʭʦʜʷʱ ʨʝʜ, ʪʦʚʘ ʝ ʧʲʨʚʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ t ʟʘ ʚʩʷʢʦ p. 

 

ʌʠʛ. 15. ɺʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝ. 
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ʉʣʝʜ ʠʟʯʠʩʣʝʥʠʝ ʥʘ )( pRn

ij , )( ptn

ij  ʠ )(min pt n
ij  ʩʣʝʜʚʘ ʬʦʨʤʠʨʘʥʝ ʥʘ InSAR ʩʠʛʥʘʣʘ. 

ɼʝʪʝʨʤʠʥʠʨʘʥʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʥʘ SAR ʩʠʛʥʘʣʘ ʩʘ ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʬʠʟʠʯʝʩʢʠ ʦʧʪʠʯʥʠʷʪ ʧʨʠʥʮʠʧ ʥʘ Huggens-Fresnel, ʩʧʦʨʝʜ ʢʦʡʪʦ InSAR ʩʠʛʥʘʣʘ ʤʦʞʝ 

ʜʘ ʙʲʜʝ ʠʟʯʠʩʣʝʥ ʢʘʪʦ ʩʫʤʘ ʦʪ ʝʣʝʤʝʥʪʘʨʥʠ ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ ʧʠʢʩʝʣʠʪʝ ʥʘ ʦʙʝʢʪʘ, 

ʪ.ʝ. ʚʨʝʤʝʚʠʷ ʟʘʧʠʩ ʥʘ ʜʘʥʥʠʪʝ ),( kpSn  ʤʦʞʝ ʜʘ ʙʲʜʘʪ ʟʘʧʠʩʘʥ ʢʘʪʦ: 

(25) [ ]{ }ä +-=
l

ll

n bQQj
T

Q
zakpS 2exp)(),( wrect#

,

 

ʢʲʜʝʪʦ:  

(26) )()1()(min ptTkptQ n

l

n

l -D-+= ,
 

ʢʲʜʝʪʦ: Mp ,1=  ʝ ʪʝʢʫʱʠʷʪ ʥʦʤʝʨ ʥʘ ʠʟʣʲʯʝʥʠʷ ʠʤʧʫʣʩ; M ʝ ʦʙʱʠʷʪ ʙʨʦʡ ʥʘ 

ʠʤʧʫʣʩʠʪʝ; 
l
pw

c
2=  ʝ ̡ʛʣʦʚʘʪʘ ʯʝʩʪʦʪʘ; T  ʝ ʚʨʝʤʝʚʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʠʤʧʫʣʩʘ; 

)( ijij za  ʝ ʢʦʝʬʠʮʠʝʥʪʘ ʥʘ ʦʪʨʘʞʝʥʠʝ (ʥʦʨʤʠʨʘʥʘ ʠʥʪʝʥʟʠʚʥʦʩʪ) ʥʘ ʧʠʢʩʝʣ ʦʪ ʦʙʝʢʪʥʦʪʦ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʘʨʘʤʝʪʲʨʪ̡ )( ijij za  ʝ ʬʫʥʢʮʠʷ ʦʪ ʛʝʦʤʝʪʨʠʷʪʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʠ 

ʦʪʨʘʟʷʚʘʱʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʚʩʝʢʠ ʧʠʢʩʝʣ. ɿʘ ʫʜʦʙʩʪʚʦ ʥʘ ʠʟʯʠʩʣʝʥʠʷʪʘ )( ijij za  ʩʝ ʧʨʠʝʤʘ 

ʢʦʥʩʪʘʥʪʥʘ ʚʝʣʠʯʠʥʘ. 

ʇʨʘʚʦʲʛʲʣʥʘʪʘ ʙʠʥʘʨʥʘ ʬʫʥʢʮʠʷ 
T

Q
rect , ʫʯʘʩʪʚʘʱʘ ʚ ʩʫʤʘʪʘ ʦʪ ʠʟʨʘʟ (25), ʩʝ 

ʦʧʨʝʜʝʣʷ ʢʘʪʦ ʧʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ, ʪ.ʝ.: 

 (27) 

î
î
î

í

î
î
î

ì

ë

>

¢

¢

=

1,0

1,1

0,0

T

Q

T

Q

T

Q

T

Q
rect . 

ʌʫʥʢʮʠʷʪʘ ʠʟʚʝʞʜʘ ʨʝʟʫʣʪʘʪʥʘ ʩʪʦʡʥʦʩʪ ʝʜʠʥʠʮʘ ʠʣʠ ʥʫʣʘ, ʢʘʪʦ ʦʧʨʝʜʝʣʷ ʜʘʣʠ 

ʧʦʨʝʜʥʠʷʪ ʩʠʛʥʘʣ ʜʘ ʫʯʘʩʪʚʘ ʚ ʩʫʤʘʪʘ ʦʪ ʠʟʨʘʟʘ (25) ʠʣʠ ʜʘ ʥʝ ʫʯʘʩʪʚʘ. 

3.1.1. ɻʝʦʤʝʪʨʠʷ ʥʘ InSAR 

ɸʢʦ ʜʚʝ ʧʦʟʠʮʠʠ ʥʘ ʩʘʪʝʣʠʪʘ ENVISAT (ʌʠʛ.16) ʩ ʠʥʩʪʨʫʤʝʥʪʘ ASAR ʩʝ 

ʜʝʬʠʥʠʨʘʪ ʢʘʪʦ1S  ʠ 2S  [130], ʪʦʛʘʚʘ ʟʘ ʧʦʟʠʮʠʷʪʘ 1S  ʝ ʚ ʩʠʣʘ ʩʣʝʜʥʘʪʘ ʛʝʦʤʝʪʨʠʯʥʘ 

ʨʝʣʘʮʠʷ [131]: 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 , 
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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:  

(28) 
öö
÷

õ
ææ
ç

å
+==D
qq sintan00

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  ʠ 2S  ʜʦ1P), ʪ.ʝ.. 

(29) )2( Rk D=F , 

ʢʲʜʝʪʦ 
l

p
=

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

 

ʌʠʛ. 16. InSAR ʛʝʦʤʝʪʨʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʥʦ ʥʘ ʙʘʟʘ ʠʟʨʘʟ (28) ʬʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ, ʥʘʨʝʯʝʥʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʬʘʟʘ 

ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʟʘʧʠʩʘʥʠ ʢʘʪʦ: 

(30) 
öö
÷

õ
ææ
ç

å
+=F

qql
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.
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qR

R

B pn . 

ʌʘʟʦʚʠʪʝ ʨʘʟʣʠʢʠ ʩʘ ʨʘʟʜʝʣʝʥʠ ʚ ʜʚʝ ʢʦʤʧʦʥʝʥʪʠ: öö
÷

õ
ææ
ç

å
=F

ql

p

tan
.
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0

1

pn
R

R

B
- ʬʘʟʦʚʘ 

ʨʘʟʣʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʠʟʤʝʩʪʚʘʥʝ ʧʦ ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ pR ʦʪ ʪʦʯʢʦʚʠ ʮʝʣʠ 1P  

ʠ 0P . ö
÷

õ
æ
ç

å
=F

ql

p

sin
.

4
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q

R

Bn - ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥʘ ʥʘ ʚʠʩʦʯʠʥʥʘ ʨʘʟʣʠʢʘ q 

ʤʝʞʜʫ ʪʦʯʢʦʚʠ ʮʝʣʠ 1P  ʠ 0P , ʩʧʨʷʤʦ ʭʦʨʠʟʦʥʪʘʣʥʘʪʘ ʨʝʬʝʨʝʥʪʥʘ ʧʣʦʩʢʦʩʪ. 
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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 ʩ ʠʟʨʘʟ: 

 (31) 
ql

p

sin

.4

0R

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 : 

(32) 
n

a
B

R
H

2

sin0 ql
= . 

ʅʘ ʙʘʟʘʪʘ ʥʘ ʠʟʨʘʟ (32) 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.). ɼʦʧ̡ʣʥʠʪʝʣʥʦʪʦ ʫʩʣʦʚʠʝ ʟʘ ʬʘʟʘʪʘ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

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

ʥʘʢʣʦʥʝʥʦ ʨʘʟʩʪʦʷʥʠʝ, ʪ.ʝ. 

(33) d
l

p4
3 -=F .  

ʇʦ ʪʦʟʠ ʥʘʯʠʥ ʩʣʝʜ ʦʧʣʦʩʢʦʩʪʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʨʝʟʫʣʪʘʪʥʘʪʘ 

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

(34) d
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=F+F=F . 

ɿʘ ʜʘ ʩʝ ʨʘʟʢʨʠʝ ʫʯʘʩʪʥʠʢʲʪ ʟʘ ʜʚʠʞʝʥʠʝ ʦʪ ʬʘʟʘʪʘ, ʩʝ ʠʟʧʦʣʟʚʘ ʜʠʬʝʨʝʥʪʥʘ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ ʪʝʭʥʠʢʘ. ɼʘ ʚʟʝʤʝʤ ʥʘʧʨʠʤʝʨ ʝʜʠʥʠʯʥʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʘ 
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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 ʪʦʣʢʦʚʘ ʩʪʘʙʠʣʥʠ, ʯʝ ʠʟʤʝʩʪʚʘʥʝʪʦ ʛʣʘʚʥʦ-ʧʦʜʯʠʥʝʥʦ 



 

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

 

 пн

 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʘʤʢʠʪʝ (100 Ĭ 100 km) ʤʦʞʝ ʜʘ ʙʲʜʝ ʘʧʨʦʢʩʠʤʠʨʘʥʦ ʦʪ ʩʣʝʜʥʠʷ 

ʧʦʣʠʥʦʤ: 

(35) ( ) dascbrrar MMMS +++= )(
2

 

(36) ( ) 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 [132] ʠ [133]. 

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: 

(37) ὃώȟὼ ὄώȟὼ ὑ‏ώȟ‏ὼ В В ὃὮȟὯὄ‏ώ Ὦȟ‏ὼὯ

ὍὊὊὝὊὊὝὃὊὊὝὄᶻ, 

ʢ̡ ʜʝʪʦ ʬʫʥʢʮʠʠʪʝ FFT[...] ʠ IFFT[...] ʩʘ ʩʲʦʪʚʝʪʥʦ ʧʨʘʚʘ ʠ ʦʙʨʘʪʥʘ ʜʠʩʢʨʝʪʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʌʫʨʠʝ (Discrete Fourier Transform). ʆʧʝʨʘʪʦʨʲʪ (*) ʫʢʘʟʚʘ 

ʢʦʤʧʣʝʢʩʥʘ ʩʧʨʝʛʥʘʪʦʩʪ. 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. 

ʉʧʝʢʪʲʨʲʪ ʥʘ ʠʟʤʝʩʪʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʜʘʚʘ ʩ ʠʟʨʘʟʘ: 

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

(39) 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). 

 ʌʘʟʦʚʠʪʝ ʩʲʦʪʥʦʰʝʥʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ A(y,x) ʠ B(y,x) ʩ ʠʟʤʝʩʪʚʘʥʝ ʦʪ (ŭy, ŭx) 

ʧʠʢʩʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦʪʦ ʩʝ ʜʘʚʘʪ ʩ ʠʟʨʘʟʘ: 

(40)  ὄώȟὼ  ὃώ ώȟὼ‏  ,ὼ‏
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ʘ ʚ ʯʝʩʪʦʪʥʘʪʘ ʦʙʣʘʩʪ ʩ ʠʟʨʘʟʘ 

(41) Â×ȟÖ Á×ȟÖÅØÐςʌÉ . 

ʈʘʟʣʠʢʘʪʘ ʚʲʚ ʬʘʟʠʪʝ ʤʝʞʜʫ ʝʣʝʤʝʥʪʠʪʝ a(w,v) ʠ b(w,v) ʝ ʩʚʲʨʟʘʥʘ ʩʘʤʦ ʩ 

ʠʟʤʝʩʪʚʘʥʝʪʦ ʥʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʪ.ʝ. 

(42) Ὠύȟὺ ὦύȟὺὥύȟὺᶻ ȿὦύȟὺȿȿὥύȟὺȿὩὼὴς“Ὥ . 

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

ʇʨʦʛʨʘʤʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʤʝʪʦʜʘ ʝ ʚ ʩʨʝʜʘ MATLAB . ʇʨʠ ʟʘʜʘʜʝʥʠ ʜʚʝ 

ʠʟʦʙʨʘʞʝʥʠʷ f ʠ g, ʬʫʥʢʮʠʷʪʘ ʟʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʧʦʜʧʠʢʩʝʣʥʘ ʪʦʯʥʦʩʪ 

ʯʨʝʟ ʢʦʨʝʣʘʮʠʷ ʠʟʠʩʢʚʘ ʪʨʠ ʚʭʦʜʥʠ ʧʘʨʘʤʝʪʲʨʘ, ʢʘʢʪʦ ʩʣʝʜʚʘ: ʧʲʨʚʠʪʝ ʜʚʘ ʧʘʨʘʤʝʪʲʨʘ 

ʩʘ ʙʲʨʟʦ ʜʚʫ-ʜʫʤʝʥʪʠʦʥʥʦ ʌʫʨʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʜʚʝʪʝ ʠʟʦʙʨʘʞʝʥʠʷ f ʠ g (fft2 ʩʨʝʜʘ 

MATAB), ʘ ʪʨʝʪʠʷʪ ʧʘʨʘʤʝʪʲʨ ʝ ʪʲʨʩʝʥʠʷʪ ʬʘʢʪʦʨ ʥʘ ʧʦʜ ʧʠʢʩʝʣʥʦ ʥʠʚʦ, ʥʘʧʨʠʤʝʨ 

ʮʠʬʨʘ 10, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ 1/10 ʦʪ ʧʠʢʩʝʣʘ.  

ʇʲʨʚʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʤʘʱʘʙʠʨʘ ʩ ʤʥʦʞʠʪʝʣ 2 ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʛʨʘʜʝʥʘʪʘ 

ʧʲʨʚʦʥʘʯʘʣʥʘ ʦʮʝʥʢʘ ʥʘ ʌʫʨʠʝ ʚ ʜʚʘ ʧʲʪʠ ʧʦ-ʛʦʣʷʤ ʤʘʩʠʚ. ɸʢʦ ʨʝʟʦʣʶʮʠʷʪʘ ʝ MxN, ʪʦ 

ʥʦʚʠʪʝ ʩʘ M*2 ʠ N*2. ʉʲʟʜʘʚʘ ʩʝ ʜʚʫ-ʜʠʤʝʥʩʠʦʥʝʥ ʤʘʩʠʚ CC ʩ ʥʦʚʠʪʝ ʜʠʤʝʥʩʠʠ M*2 ʠ 

N*2, ʠʥʠʮʠʘʣʠʟʠʨʘʥ ʧʲʨʚʦʥʘʯʘʣʥʦ ʩ ʥʫʣʝʚʠ ʩʪʦʡʥʦʩʪʠ.  

ʇʦ ʥʘʪʘʪʲʢ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʠʷʪ ʤʘʩʠʚ ʩʝ ʧʦʧʲʣʚʘ ʦʪ ʩʪʦʡʥʦʩʪʠʪʝ ʙʝʟ ʨʲʙʦʚʝʪʝ, 

ʪ.ʝ. CC( m+1-fix(m/2):m+1+fix((m-1)/2), n+1-fix(n/2):n+1+fix((n-1)/2) ) = fftshift(buf1ft) .* 

conj( fftshift(buf2ft) ); 

ʀʟʚʣʠʯʘʪ ʩʝ ʠʥʜʝʢʩʠʪʝ ʩ ʤʘʢʩʠʤʘʣʥʠ ʩʪʦʡʥʦʩʪʠ CCmax. ʂʨʦʩ ʢʦʨʝʣʘʮʠʷʪʘ CC ʩʝ 

ʧʦʣʫʯʘʚʘ ʦʪ ʦʙʨʘʪʥʦ ʙʲʨʟʦ ʌʫʨʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚʲʨʭʫ ʠʟʤʝʩʪʝʥʦʪʦ  ʦʙʨʘʪʥʦ ʌʫʨʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʟʘ ʠʥʜʝʢʩʠʪʝ ʦʪ CCmax, ʪ.ʝ. CC = ifft2(ifftshift(CCmax)). ʇʦʩʣʝ ʩʝ 

ʧʦʣʫʯʘʚʘʪ ʠʟʤʝʩʪʚʘʥʠʷʪʘ ʚ ʦʨʠʛʠʥʘʣʥʘʪʘ ʧʠʢʩʝʣʥʘ ʤʨʝʞʘ ʦʪ ʧʦʟʠʮʠʷʪʘ ʚ 

ʢʨʦʩʢʦʨʝʣʘʮʠʦʥʥʠʷ ʤʘʩʠʚ.  

ɸʢʦ ʣʦʢʘʣʥʠʷ ʤʘʢʩʠʤʫʤ ʧʦ ʨʝʜʦʚʝ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ M/2, ʪʦ 

ʠʟʤʝʩʚʘʥʝʪʦ ʧʦ ʨʝʜʦʚʝ ʝ: row_shift=rloc-m-1, ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʝ row_shift=rloc-1. ɸʢʦ 

ʣʦʢʘʣʥʠʷ ʤʘʢʩʠʤʫʤ ʧʦ ʢʦʣʦʥʠ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ N/2, ʪʦ ʠʟʤʝʩʚʘʥʝʪʦ ʧʦ 

ʨʝʜʦʚʝ ʝ: col_shift=cloc-n-1, ʚ ʧʨʦʪʠʚʝʥ ʩʣʫʯʘʡ ʝ col_shift=cloc-1. ʉʣʝʜ ʢʦʝʪʦ ʩʝ 

ʦʧʨʝʜʝʣʷʪ ʠʟʤʝʩʪʚʘʥʠʷʪʘ row_shift=row_shift/2 ʠ col_shift=col_shift/2. 

ɸʢʦ ʪʲʨʩʝʥʠʷʪ ʬʘʢʪʦʨ ʥʘ ʧʦʜʧʠʢʩʝʣʥʦ ʥʠʚʦ ʝ ʧʦ-ʛʦʣʷʤ ʦʪ ʜʚʝ, ʪʦ ʦʮʝʥʢʘʪʘ ʩʝ 

ʧʨʝʮʠʟʠʨʘ ʯʨʝʟ ʫʤʥʦʞʝʥʠʝ ʩ ʜʠʩʢʨʝʪʥʦʪʦ ʌʫʨʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʥʦʚʘ ʧʠʢʩʝʣʥʘ 

ʤʨʝʞʘ. ʇʲʨʚʦʥʘʯʘʣʥʦʪʦ ʠʟʤʝʩʪʚʘʥʝ ʩʝ ʦʮʝʥʷʚʘ ʚ ʥʦʚʘʪʘ ʤʨʝʞʘ, ʥʘʤʠʨʘ ʩʝ ʤʘʢʩʠʤʫʤʲʪ 

ʚ ʢʨʦʩʢʦʨʝʣʘʮʠʦʥʥʠʷ ʤʘʩʠʚ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ ʠʟʚʲʨʰʚʘ ʦʙʨʘʪʥʘ ʧʠʢʩʝʣʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʢʲʤ ʦʨʠʛʠʥʘʣʥʘʪʘ ʧʠʢʩʝʣʥʘ ʤʨʝʞʘ. 

ɸʢʦ ʪʲʨʩʝʥʠʷʪ ʤʥʦʞʠʪʝʣ ʥʘ ʧʦʜʧʠʢʩʝʣʥʦ ʥʠʚʦ ʝ ʨʘʚʝʥ ʥʘ 2, ʪʦ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʧʨʝʮʠʟʠʨʘʥʝ ʥʘ ʧʠʢʩʝʣʥʦ ʠʟʤʝʩʪʚʘʥʝ. ɼʠʬʝʨʝʥʪʥʘʪʘ ʬʘʟʘ ʩʝ ʧʦʣʫʯʘʚʘ 
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ʢʘʪʦ arctan ʦʪ ʨʝʘʣʥʘʪʘ ʠ ʤʥʠʤʘʪʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ CCmax, ʪ.ʝ. diffphase = 

atan2(imag(CCmax), real(CCmax)). ɸʢʦ ʜʦʨʠ ʩʘʤʦ ʚ ʝʜʠʥ ʨʝʜ ʠ/ʠʣʠ ʢʦʣʦʥʘ ʧʦ ʪʦʚʘ 

ʠʟʤʝʨʝʥʠʝ ʠʟʤʝʩʪʚʘʥʝʪʦ ʥʷʤʘ ʥʠʢʘʢʲʚ ʝʬʝʢʪ, ʠʟʤʝʩʪʚʘʥʝʪʦ ʧʦ ʨʝʜʦʚʝ ʠ ʢʦʣʦʥʠ ʩʝ 

ʦʧʨʝʜʝʣʷ  ʢʘʪʦ ʥʫʣʘ. 

ʉʣʝʜ ʜʝʬʠʥʠʨʘʥʝ ʥʘ ʢʦʝʬʠʮʠʝʥʪʠʪʝ ʥʘ ʠʟʤʝʩʚʘʥʝʪʦ (ʨʝʜʦʚʝ ʠ/ʠʣʠ ʢʦʣʦʥʠ), ʩʝ 

ʦʧʨʝʜʝʣʷ ʢʦʨʝʛʠʩʪʨʠʨʘʥʘ ʚʝʨʩʠʷ ʥʘ ʚʪʦʨʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʬʫʥʢʮʠʷʪʘ ʠʟʚʝʞʜʘ 

ʠʟʯʠʩʣʝʥʠʷ ʨʝʟʫʣʪʘʪ ʦʙʨʘʪʥʦ ʚ ʧʨʦʛʨʘʤʘʪʘ, ʢʦʷʪʦ ʷ ʠʟʚʠʢʚʘ. 

ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʧʨʦʛʨʘʤʥʘʪʘ ʨʝʘʣʠʟʘʮʠʷ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʩʣʝʜʚʘʱʘʪʘ ʬʠʛ.17: 

 

ʌʠʛ. 17. ɹʣʦʢ ʩʭʝʤʘ ʟʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠ ̫ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʨʝʣʘʮʠ ̫

ɻʨʝʰʢʘʪʘ ʚ ʠʟʤʝʩʪʚʘʥʝ ʥʘ ʧʠʢʩʝʣʠʪʝ (ʨʘʟʣʠʢʘ ʤʝʞʜʫ ʠʩʪʠʥʩʢʠʪʝ ʠ ʧʦʣʫʯʝʥʠʪʝ 
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ʠʟʤʝʩʪʚʘʥʠʷ) ʝ ʤʝʞʜʫ 0,0016 ʠ 0,0043 ʚ ʧʦʩʦʢʠʪʝ ʍ ʠ ʋ ʩʲʦʪʚʝʪʥʦ. ʈʝʘʣʠʟʠʨʘʥʘ ʝ 

ʪʦʯʥʦʩʪ ʧʦ-ʚʠʩʦʢʘ ʦʪ 0.01 ʦʪ ʧʠʢʩʝʣ. ʇʨʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʢʦʥʚʝʥʮʠʦʥʘʣʝʥ FFT ʧʦʜʭʦʜ 

ʩʲʩ ʩʲʱʘʪʘ ʪʦʯʥʦʩʪ ʙʠ ʠʟʠʩʢʚʘʣʦ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 25600 x 25600 ʦʧʝʨʘʮʠʠ FFT, ʢʦʝʪʦ ʙʠ 

ʦʪʥʝʣʦ ʧʨʦʜʲʣʞʠʪʝʣʥʦ ʠʟʯʠʩʣʠʪʝʣʥʦ ʚʨʝʤʝ. 

ʏʨʝʟ ʪʦʟʠ ʤʝʪʦʜ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʘ ʠʥʬʦʨʤʘʮʠʷ ʚ [132] ʠ [133] 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: 
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arS  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 

SAR ʩʠʩʪʝʤʘʪʘ ʝʤʠʪʠʨʘ ʩʝʨʠʷ ʦʪ ʣʠʥʝʡʥʦ ʯʝʩʪʦʪʥʦ ʤʦʜʫʣʠʨʘʥʠ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʠ 

ʠʤʧʫʣʩʠ, ʢʦʠʪʦ ʘʥʘʣʠʪʠʯʥʦ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʜʝʬʠʥʠʨʘʥʠ ʦʪ ʠʟʨʘʟʠʪʝ ʚʲʚ ʚʪʦʨʘ ʛʣʘʚʘ. 

ɼʝʪʝʨʤʠʥʠʩʪʠʯʥʠʷʪ ʢʦʤʧʦʥʝʥʪ ʥʘ SAR ʩʠʛʥʘʣʘ ʦʪʨʘʟʝʥ ʦʪ ʮʷʣʘʪʘ ʥʘʙʣʶʜʘʚʘʥʘ ʟʝʤʥʘ 

ʧʦʚʲʨʭʥʦʩʪ ʤʦʞʝ ʜʘ ʙʲʜʝ ʨʘʟʛʣʝʞʜʘʥ ʢʘʪʦ ʛʝʦʤʝʪʨʠʯʥʘ ʩʫʤʘ ʥʘ ʩʠʛʥʘʣʠʪʝ ʦʪʨʘʟʝʥʠ ʦʪ 

ʚʩʠʯʢʠ ʠʟʣʲʯʚʘʱʠ ʪʦʯʢʠ. ɿʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʛʝʦʤʝʪʨʠʯʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʠʟʧʦʣʟʚʘ ʧʨʝʜʣʦʞʝʥʠʷ ʚ ʛʣʘʚʘ 2 ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ 

ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ 

ʧʨʦʮʝʩʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ SAR ʠʟʦʙʨʘʞʝʥʠʝ. ʀʟʨʘʟʠʪʝ ʦʪ (1) ʜʦ (19) 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 
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ʈʘʟʛʣʝʞʜʘ ʩʝ SAR ʩʘʪʝʣʠʪʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʥʘʙʣʶʜʘʚʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘ ʧʦʩʦʢʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʩʘʪʝʣʠʪʘ. ʀʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ 

ʥʘʙʣʶʜʘʚʘʥʠʷ ʨʘʡʦʥ ʩʝ ʚʲʟʩʪʘʥʦʚʷʚʘ ʚ ʤʦʤʝʥʪʘ p = N/2, ʢʦʝʪʦ ʩʲʦʪʚʝʪʩʪʚʘ ʥʘ 

ʧʦʣʦʚʠʥʘʪʘ ʦʪ ʨʘʟʤʝʨʘ ʥʘ 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. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʜʚʝ 

ʙʲʨʟʠ ʌʫʨʠʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʥʘ ʜʝʤʦʜʫʣʠʨʘʥʠʷ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ (12), ʢʦʝʪʦ 

ʤʦʞʝ ʜʘ ʙʲʜʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʦ ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ ʥʘ ʧʨʦʜʫʢʪʘ MATLAB
È
 ʩ 

ʬʫʥʢʮʠʷʪʘ Fast Fourier Transform (FFT), (13). ʇʘʨʘʤʝʪʨʠʪʝ ʥʘ ʜʚʝʪʝ ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʚ ʊʘʙʣ.4. 

 SAR1 SAR2 

X, km 170,3 170,8 

Y, km 10 10 

Z, km 300 300 

Np 512 512 

Nk 512 512 

m_n 140 140 

delta 5 5 

V, m/s -1800 -1800 

Tp, s 0.008 0.008 

Tk, s 0.02 0.02 

F, GHz 10 10 

deltaf, MHz 200 200 

ʊʘʙʣ. 4. ʇʘʨʘʤʝʪʨʠ ʥʘ ʜʚʝʪʝ ʩʘʪʝʣʠʪʥʠ ʩʠʩʪʝʤʠ 

ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ SAR ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʧʨʝʜʩʪʘʚʝʥ ʚ ʠʟʨʘʟʠ (12) ʠ (13), 

ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ. 

ɹʘʟʦʚʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ SAR ʩʠʩʪʝʤʠʪʝ ʝ ʪʘʢʘ ʠʟʙʨʘʥʘ, ʯʝ ʦʪ ʛʣʘʚʥʦʪʦ ʠ ʧʦʜʯʠʥʝʥʦʪʦ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʩʝ ʛʝʥʝʨʠʨʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʦʩʨʝʜʩʪʚʦʤ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦʪʦ ʠʤ ʫʤʥʦʞʝʥʠʝ, ʙʝʟ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

 

ʌʠʛ. 18. (ʘ) ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʛʣʘʚʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, (ʙ) ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ 

ʧʦʜʯʠʥʝʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

3.2.3. ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 
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ɻʣʘʚʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝ ʘʥʘʣʠʪʠʯʥʦ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩʲʩ 

ʩʣʝʜʥʠʷ ʤʘʪʨʠʯʝʥ ʠʟʨʘʟ 

 (44) 
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, 

ʢʲʜʝʪʦ AM ʝ ʘʤʧʣʠʪʫʜʘʪʘ, ʘ ʌM ʝ ʬʘʟʘʪʘ ʥʘ ʛʣʘʚʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. 

ʇʦʜʯʠʥʝʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʝ ʘʥʘʣʠʪʠʯʥʦ ʜʘ ʙʲʜʝ ʧʨʝʜʩʪʘʚʝʥʦ ʩʲʩ 

ʩʣʝʜʥʠʷ ʤʘʪʨʠʯʝʥ ʠʟʨʘʟ 

 (45) 
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ʢʲʜʝʪʦ As ʝ ʘʤʧʣʠʪʫʜʘʪʘ, ʘ ʌs ʝ ʬʘʟʘʪʘ ʥʘ ʧʦʜʯʠʥʝʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ 

ʠʟʦʙʨʘʞʝʥʠʝ. 

ɻʣʘʚʥʦʪʦ (44) ʠ ʧʦʜʯʠʥʝʥʦʪʦ (45) ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʛʝʥʝʨʠʨʘʪ 

ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʪʨʠʯʥʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦ 

ʫʤʥʦʞʝʥʠʝ, ʪ.ʝ. 

(46) 
)(* ...* SMSM i
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ʄʦʜʫʣʲʪ ʥʘ ʢʦʤʧʣʝʢʩʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ (46) ʥʠ ʜʘʚʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ, 

ʜʦʢʘʪʦ ʬʘʟʘʪʘ ʝ ʜʝʡʩʪʚʠʪʝʣʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ʊʦʚʘ ʝ ʧʨʝʜʩʪʘʚʝʥʦ ʯʨʝʟ ʠʟʨʘʟ (47):  
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ɺ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLABÈ , ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ - Coh ʩʝ 

ʠʟʚʣʠʯʘ ʩ ʧʦʤʦʱʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ - ABS, ʘ ʠʟʦʙʨʘʞʝʥʠʝʪʦ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ - Int ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʬʫʥʢʮʠʷʪʘ - ANGLE.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʥʘ ʌʠʛ. 19. ɺ̡ʚ ʌʠʛ. 19, ʙ ʤʦʞʝ ʜʘ 

ʙʲʜʝ ʥʘʙʣʶʜʘʚʘʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ ʧʦʨʦʜʝʥʘ ʦʪ ʠʟʤʝʥʝʥʠʝʪʦ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʟʝʤʥʘ 

ʧʦʚʲʨʭʥʦʩʪ. 
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ʌʠʛ. 19. (ʘ) ʂʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ, (ʙ) ʀʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

3.3. ʂʚʘʟʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩ ʝʬʝʢʪʠʚʥʘ 

ʧʦʜʧʠʢʩʝʣʥʘ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ 

3.3.1. ʄʦʜʝʣʠʨʘʥʝ ʥʘ ʟʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ ʠ ʧʦʩʣʝʜʚʘʣʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ 

ʨʘʡʦʥʘ. ʉʲʭʨʘʥʷʚʘʥʝ ʥʘ ʜʘʥʥʠʪʝ ʚ GEO TIFF ʬʘʡʣʦʚʝ 

ʈʘʟʛʣʝʞʜʘ ʩʝ ʧʦʚʲʨʭʥʦʩʪ ʩʲʩ ʩʣʦʞʝʥ ʨʝʣʝʬ, ʦʧʠʩʘʥʘ ʩ ʠʟʨʘʟ (3) ʠ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ  

ʌʠʛ. 20, ʘ. ɿʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʜʝʬʦʨʤʘʮʠʷ ʥʘ ʨʝʣʝʬʘ ʩʝ ʠʟʚʣʠʯʘʪ ʩʘʤʦ ʧʦʣʦʞʠʪʝʣʥʠ 

ʩʪʦʡʥʦʩʪʠ (ʌʠʛ. 20, ʙ), ʚʲʚʝʞʜʘ ʩʝ ʜʝʬʦʨʤʘʮʠʷ (ʌʠʛ. 20, ʚ) ʯʨʝʟ ʩʣʝʜʥʠʪʝ ʦʧʝʨʘʮʠʠ: 

ʥʘʤʝʨʝʥʘ ʝ ʩʨʝʜʥʘʪʘ ʚʠʩʦʯʠʥʘ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ; ʩʲʩʪʘʚʝʥʘ ʝ ʙʠʥʘʨʥʘ ʠʥʜʝʢʩʥʘ ʤʘʪʨʠʮʘ, 

ʩʲʜʲʨʞʘʱʘ ʩʪʦʡʥʦʩʪ ʝʜʠʥʠʮʘ ʩʘʤʦ ʚ ʦʥʝʟʠ ʠʥʜʝʢʩʠ ʦʪ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʢʦʠʪʦ ʩʘ ʧʦ-

ʚʠʩʦʢʠ ʦʪ ʥʘʤʝʨʝʥʘʪʘ ʩʨʝʜʥʘ ʚʠʩʦʯʠʥʘ; ʜʝʬʦʨʤʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ 20% 

ʨʝʜʫʢʮʠʷ ʥʘ ʚʠʩʦʯʠʥʠʪʝ, ʢʦʠʪʦ ʩʘ ʥʘʜ ʩʨʝʜʥʘʪʘ ʠ ʩʘ ʠʟʚʘʜʝʥʠ ʦʪ ʠʟʭʦʜʥʘʪʘ ʧʦʚʲʨʭʥʠʥʘ, 

ʢʘʪʦ ʩʝ ʠʟʧʦʣʟʚʘ ʙʠʥʘʨʥʘʪʘ ʤʘʪʨʠʮʘ. 

 

ʌʠʛ. 20. (ʘ) ɿʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ, (ʚ) ʜʝʬʦʨʤʘʮʠʷ. 

ʊʘʢʘ ʦʧʠʩʘʥʠʪʝ ʦʧʝʨʘʮʠʠ ʩʘ ʠʟʚʲʨʰʝʥʠ ʩ ʧʦʤʦʱʪʘ ʥʘ ʩʣʝʜʥʠʷ ʧʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ: 

surface_middle = max(max(surface)) / 2; 

index = (surface > surface_middle); 

elevation = (index .* surface) ./ 1.2; 

deformation = surface - elevation + ((index .* surface_middle)/1.2); 

ʀ ʪʨʠʪʝ ʤʦʜʝʣʠʨʘʥʠ ʟʝʤʥʠ ʧʦʚʲʨʭʥʦʩʪʠ: ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ, ʪʘʟʠ ʩ ʧʦʣʦʞʠʪʝʣʥʠ 

ʩʪʦʡʥʦʩʪʠ ʠ ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʟʝʤʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩʘ ʟʘʧʠʩʘʥʠ ʚ GEO TIFF ʬʘʡʣ 
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ʧʦʩʨʝʜʩʪʚʦʤ ʬʫʥʢʮʠʷ geotiffwrite, ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʠʟʪʦʯʥʠʮʠ [125], [134]. ʊʝʩʪʦʚʠʪʝ 

ʨʘʡʦʥʠ ʩʘ ʛʝʥʝʨʠʨʘʥʠ, ʢʘʪʦ ʧʦʚʲʨʭʥʦʩʪʠ ʦʪ 512 ʠ 1024 ʪʦʯʢʠ ʠ ʠʤʘʪ ʩʣʝʜʥʠʷ ʦʙʱ ʚʠʜ 

ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ. 21. 

 

ʌʠʛ. 21. 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 ʩ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʨʘʝʢʪʦʨʠʷʪʘ ʚ ʤʦʤʝʥʪ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ, ʢʘʢʪʦ ʩʣʝʜʚʘ ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʧʲʨʚʠʷ ʩʘʪʝʣʠʪ: S1x0 = 0 m, S1y0 = 3*10
5
 m, 

S1z0 = 3*10
5
 m, ʢʦʦʨʜʠʥʘʪʠ ʥʘ ʚʪʦʨʠʷ ʩʘʪʝʣʠʪ: S2x0 = 0 m, S2y0 = 3.3*10

5
 m, S1z0 = 3*10

3
 

m, ʙʘʟʦʚʘ ʣʠʥʠʷ ʤʝʞʜʫ ʩʘʪʝʣʠʪʠʪʝ: B = 300 m. ʆʩʥʦʚʥʘ ʠʥʬʦʨʤʘʪʠʚʥʘ ʢʦʤʧʦʥʝʥʪʘ ʟʘ 

ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʬʘʟʠʪʝ ʚ ʜʚʘʪʘ ʢʦʤʧʣʝʢʩʥʠ ʦʙʨʘʟʘ ʩʘ ʨʘʟʩʪʦʷʥʠʷʪʘ ʦʪ ʩʘʪʝʣʠʪʠʪʝ ʜʦ 

ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝʪʦ. 

ʈʘʟʩʪʦʷʥʠʷʪʘ ʦʪ ʜʚʘʪʘ ʩʧʲʪʥʠʢʘ ʜʦ ʚʩʷʢʘ ʪʦʯʢʘ ʦʪ ʠʟʩʣʝʜʚʘʥʘʪʘ ʟʝʤʥʘ 

ʧʦʚʲʨʭʥʦʩʪ ʩʝ ʦʧʨʝʜʝʣʷʪ ʦʪ ʠʟʨʘʟʠʪʝ: 

(48) 
( ) ( ) ( )

( ) ( ) ( )22

2

2

2

22

2

1

2

1

2

11

ZSYSXSR

ZSYSXSR

zyx

zyx

-+-+-=

-+-+-=
, 

ʢ̡ ʜʝʪʦ 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. 22, 23 ʠ 24. 
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ʌʠʛ. 22. ʈʘʟʩʪʦʷʥʠʷ ʜʦ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

 

ʌʠʛ. 23. ʈʘʟʩʪʦʷʥʠʷ ʜʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

 

ʌʠʛ. 24. ʈʘʟʩʪʦʷʥʠʷ ʜʦ ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

ʀʥʪʝʨʬʝʨʝʥʪʥʘʪʘ ʬʘʟʦʚʘ ʨʘʟʣʠʢʘ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ ʪʨʠʪʝ ʠʟʩʣʝʜʚʘʥʠ 

ʧʦʚʲʨʭʥʦʩʪʠ ʩʝ ʠʟʯʠʩʣʷʚʘ ʦʪ ʠʟʨʘʟʘ: 

(49) )(
4

12 RRPwrapped -=
l

p
, ʢʲʜʝʪʦ 

f

810.3
=l  m, 910.3=f Hz. 

ʆʧʝʨʘʮʠʷ ʧʦ ʥʘʤʠʨʘʥʝ ʥʘ ʨʘʟʛʲʥʘʪʘʪʘ ʬʘʟʘ (ʦʱʝ ʪʘʢʘ ʥʘʨʝʯʝʥʘʪʘ ʨʘʟʩʪʝʣʝʥʘ 

ʬʘʟʘ) ʩʝ ʦʧʨʝʜʝʣʷ ʦʪ ʠʟʨʘʟʘ: 

(50) ()( )KPP wrappedunwrapped max2p-= , 

ʢʲʜʝʪʦ ʂ ʝ  ʮʷʣʘʪʘ ʯʘʩʪ ʥʘ ʠʟʨʘʟʘ: 
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(51) ( )ù
ù

ø
é
é

è
-= 12

2
RRK

l
. 

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. 25, 26 ʠ 27. 

 

ʌʠʛ. 25. ʂʚʘʟʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. 

 

ʌʠʛ. 26. ʂʚʘʟʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ ʧʦʚʲʨʭʥʦʩʪʪʘ ʩ ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ. 

 

ʌʠʛ. 27. ʂʚʘʟʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʦ ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʩ ʧʦʣʦʞʠʪʝʣʥʠ 

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

ʦʪ 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 ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʥʠʷ ʧʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ ʚ ʩʨʝʜʘ MATLAB: 

s = size(img); 

shift = 0.05; % relative shift by persent of the image 

img = img(:,mod(round((1:s(2))+ s(2)*shift), s(2))+1,:); % Left/right 

img = img(mod(round((1:s(1))+ s(1)*shift), s(1))+1,:,:); % Up/Down 

3.3.4. ʂʦʨʝʛʠʩʪʨʘʮʠʷ ʠ ʢʚʘʟʠ SAR ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʇʨʠʣʘʛʘ ʩʝ ʘʣʛʦʨʠʪʲʤ ʟʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ 

ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʧʦʩʨʝʜʩʪʚʦʤ ʢʨʦʩ-ʢʦʨʝʣʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ, ʧʦʩʦʯʝʥ ʚ ʠʟʪʦʯʥʠʢ [126], 

[127], [132] ʠ [133]. ʈʝʟʫʣʪʘʪʲʪ ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ. 28 ʠ ʌʠʛ. 29. ɸʣʛʦʨʠʪʲʤ ʟʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʜʚʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʣʘʚʥʦ ʠ ʧʦʜʯʠʥʝʥʦ, ʝ ʧʨʝʜʩʪʘʚʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʩ 

ʠʟʨʘʟʠʪʝ (35) ʠ (42). ɻʝʥʝʨʠʨʘʥʘʪʘ ʢʚʘʟʠ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, ʜʝʤʦʥʩʪʨʠʨʘʱʘ 

ʠʟʤʝʥʝʥʠʝʪʦ ʚ ʨʝʣʝʬʘ ʩʣʝʜ ʥʘʩʪʲʧʠʣʘʪʘ ʜʝʬʦʨʤʘʮʠʷ, ʝ ʧʦʢʘʟʘʥ ʥʘ ʌʠʛ.30 ʠ ʌʠʛ.31. 

 

ʌʠʛ. 28. ʈʘʟʩʪʝʣʝʥʠ ʬʘʟʠ ʠ ʪʷʭʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ. 

ʅʘ ʌʠʛ.28 ʩʘ ʧʦʢʘʟʘʥʠ ʨʘʟʩʪʝʣʝʥʠ ʬʘʟʠ ʚ ʩʣʝʜʥʘʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦʩʪ: ʥʘ ʧʲʨʚʠʷ 

ʨʝʜ ʚʜʷʩʥʦ ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʩʚʠʪʘʪʘ ʬʘʟʘ ʥʘ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ. ʀʟʦʙʨʘʞʝʥʠʝʪʦ 

ʚ ʩʨʝʜʘʪʘ ʝ ʩʚʠʪʘʪʘ ʬʘʟʘ ʥʘ ʜʝʬʦʨʤʠʨʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʠʟʤʝʩʪʝʥʘ ʩ 5% ʚʣʷʚʦ ʠ 5% 

ʥʘʛʦʨʝ. ɺ ʪʦʟʠ ʩʣʫʯʘʡ ʜʠʬʝʨʝʥʪʥʘʪʘ ʬʘʟʘ, ʧʦʢʘʟʘʥʘ ʥʘ ʧʲʨʚʠ ʨʝʜ ʚ ʜʷʩʥʦ ʥʝ ʝ 

ʝʜʥʦʟʥʘʯʥʘ. ʅʘ ʚʪʦʨʠ ̫ʨʝʜ ʚ ʩʨʝʜʘʪʘ ʩʲʱʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʬʘʟʘʪʘ ʥʘ ʜʝʬʦʨʤʠʨʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʝ ʢʦʨʝʛʠʩʪʨʠʨʘʥʦ ʠ ʢʘʢʪʦ ʤʦʞʝ ʜʘ ʩʝ ʟʘʙʝʣʝʞʠ ʜʦʣʫ ʚʜʷʩʥʦ, ʨʝʟʫʣʪʘʪʥʘʪʘ 

ʜʠʬʝʨʝʥʪʥʘ ʬʘʟʘ ʧʦʢʘʟʚʘ ʷʩʥʦ ʠʟʚʲʨʰʝʥʘʪʘ ʜʝʬʦʨʤʘʮʠʷ. 
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ʅʘ ʌʠʛ.29 ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʩʘ ʠʜʝʥʪʠʯʥʦ ʨʘʟʧʦʣʦʞʝʥʠ, ʢʘʪʦ ʚ ʪʦʟʠ ʩʣʫʯʘʡ 

ʨʘʟʣʠʢʘʪʘ ʩʧʨʷʤʦ ʌʠʛ.28 ʝ, ʯʝ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʩʚʠʪʠ ʬʘʟʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʧʦʚʲʨʭʥʦʩʪʠ. 

 

ʌʠʛ. 29. ʉʚʠʪʠ ʬʘʟʠ ʠ ʪʷʭʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘʪʘ. 

ʆʙʱʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʩʛʲʥʘʪʠʪʝ ʠ ʨʘʟʩʪʝʣʝʥʠʪʝ ʬʘʟʠ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ 

ʧʦʚʲʨʭʥʦʩʪʠ ʠ ʪʝʭʥʠʪʝ ʜʠʬʝʨʝʥʪʥʠ ʬʘʟʠ ʩʘ ʧʦʢʘʟʘʥʠ ʥʘ ʌʠʛ. 30. 

 

ʌʠʛ. 30. ʉʛʲʥʘʪʠ ʠ ʨʘʟʩʪʝʣʝʣʠ ʬʘʟʠ ʠ ʪʝʭʥʠʪʝ ʜʠʬʝʨʝʥʪʥʠ. 
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3.4. SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ - ʯʠʩʣʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ 

3.4.1. SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʠ 

ʙʘʟʦʚʠ ʣʠʥʠʠ  

ʀʟʩʣʝʜʚʘ ʩʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʚʲʨʭʫ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ ʠ ʜʠʬʝʨʝʥʪʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ. ɿʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʟʝʤʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ ʝ ʠʟʧʦʣʟʚʘʥʘ ʩʪʘʥʜʘʨʪʥʘʪʘ ʬʫʥʢʮʠʷ peaks ʚ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLABÈ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʬʫʥʢʮʠʷʪʘ ʩʝ ʜʘʚʘ ʦʪ ʠʟʨʘʟ (3). ɿʘʜʘʜʝʥʠʷʪ ʪʨʠʤʝʨʝʥ 

ʨʝʣʝʬ ʩ ʧʦʚʲʨʭʥʠʥʘʪʘ mnz  ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʘ. ʉʪʦʡʥʦʩʪʠʪʝ ʥʘ 

ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʩʘ ʚʠʩʦʯʠʥʠʪʝ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ (ʧʠʢʩʝʣʠʪʝ) ʚ 

ʪʨʠʤʝʨʥʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʨʘʚʥʠʥʘ Oxyz ʥʘ SAR ʩʮʝʥʘʨʠʷ (ʌʠʛ.6). 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ ʟʘʜʘʜʝʥʠʷʪ ʪʨʠʤʝʨʝʥ ʨʝʣʝʬ ʝ ʜʝʬʦʨʤʠʨʘʥ ʢʘʪʦ ʩʘ 

ʠʟʚʣʝʯʝʥʠ ʩʘʤʦ ʧʦʣʦʞʠʪʝʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʪ.ʝ. 

ʜʝʬʦʨʤʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʝʤʘʭʚʘʥʝ ʥʘ ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʩʪʦʡʥʦʩʪ 

(ʌʠʛ.31, ʘ ʠ 31, ʙ). 

 

ʌʠʛ. 31. (ʘ) ɿʝʤʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʧʦʣʦʞʠʪʝʣʥʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʨʝʣʝʬʘ. 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʪʨʠ ʩʘʪʝʣʠʪʥʠ 

ʥʦʩʠʪʝʣʷ ʩʲʩ ʟʘʜʘʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ InSAR ʩʮʝʥʘʨʠʷ, ʢʘʢʪʦ ʩʣʝʜʚʘ (ʊʘʙʣ.5): 

 SAR1 SAR2 SAR3 

X1, m 200 200 200 

Y1, m 1000 1010 1020 

Z1, m 200000 200000 200000 

Np 512 512 512 

Nk 512 512 512 

m_n 128 128 128 

delta 4 4 4 

V, m/s 2000 2000 2000 

Tp, s 0.8 0.8 0.8 

Tk, s 0.02 0.02 0.02 

F, GHz 10 10 10 

Deltaf, MHz 200 200 200 

ʊʘʙʣ. 5. ʇʘʨʘʤʝʪʨʠ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ 
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ʊʫʢ X1, Y1 ʠ Z1 ʩʘ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, Np ʝ 

ʙʨʦʷ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ, Nk ʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʧʦ K, m_n e ʜʠʤʝʥʩʠʷʪʘ ʥʘ 

ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, delta ʝ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʠʪʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, V ʝ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʘʪʝʣʠʪʥʠʷ ʥʦʩʠʪʝʣ, Tp ʝ ʧʝʨʠʦʜʘ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʠʤʧʫʣʩʘ (Pulse 

repetition period), Tk ʝ ʣʠʥʝʡʥʦ ʬʘʟʦʚ ʧʘʨʘʤʝʪʲʨ (Linear phase parameter), f ʝ ʥʦʩʝʱʘ 

ʯʝʩʪʦʪʘ ʥʘ ʩʠʛʥʘʣʘ, deltaf ʝ ʯʝʩʪʦʪʥʘ ʣʝʥʪʘ. 

ʂʘʢʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʦʪ ʊʘʙʣ.5, ʚʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʨʠʪʝ ʩʘʪʝʣʠʪʥʠ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʠ, ʢʘʪʦ ʠʤʘ ʨʘʟʣʠʢʘ ʝʜʠʥʩʪʚʝʥʦ ʚ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʠʤ ʝʜʥʘ ʦʪ ʜʨʫʛʘ ï ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ. ɹʘʟʦʚʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ SAR1 ʠ SAR2 ʝ 

10 ʤʝʪʨʘ, ʘ ʤʝʞʜʫ SAR1 ʠ SAR3 ʝ 20 ʤʝʪʨʘ. 

ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ SAR ʩʠʛʥʘʣ 

ʀʟʚʲʨʰʚʘ ʩʝ ʜʝʤʦʜʫʣʘʮʠʷ ʥʘ SAR ʩʠʛʥʘʣʘ ʯʨʝʟ ʫʤʥʦʞʝʥʠʝ ʥʘ ʚʩʷʢʘ ʢʦʣʦʥʘ ʥʘ 

ʜʚʫʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ),( pkS  ʩ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʠʷ ʠʟʣʲʯʝʥ ʩʠʛʥʘʣ, ʠʟʨʘʟ (14).  

ɺʲʟʩʪʘʥʦʚʷʚʘ ʩʝ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʯʨʝʟ ʜʚʫʢʨʘʪʥʦ ʙʲʨʟʦ 

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

ɼʚʫʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ ),( pkS#  ʝ ʪʲʨʩʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ ʦʙʨʘʟ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʩʲʜʲʨʞʘʱ: ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ.  

ʇʨʦʛʨʘʤʥʠʷʪ ʬʨʘʛʤʝʥʪ ʚ ʩʨʝʜʘ MATLAB ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ SAR ʩʠʛʥʘʣ ʝ ʜʘʜʝʥ ʚ ʊʘʙʣ.6.
 

% ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʯʨʝʟ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ 

slc = fftshift(fft(transpose(fft(slc)))); 

ʊʘʙʣ. 6. ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʯʨʝʟ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ. 

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, 

ʧʦʩʦʯʝʥ ʚ ʠʟʪʦʯʥʠʮʠ [126], [127], [132] ʠ [133] ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʝ ʦʧʠʩʘʥ ʩ ʠʟʨʘʟʠ ʦʪ 

(35) ʜʦ (42). 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. 

ʅʘ ʌʠʛ.32 ʩʘ ʠʣʶʩʪʨʠʨʘʥʠ ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʪʨʠʪʝ SAR 

ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʦʙʨʘʟʘ ʠ ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 
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ʌʠʛ. 32. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʩʠʛʥʘʣʠ: ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ 

ʀʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʠʟʨʘʟ (30), ʘ ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩ 

ʠʟʨʘʟʠ (33) ʠ (34). ʀʟʯʠʩʣʠʪʝʣʥʠʷʪ ʧʨʦʮʝʩ ʚʢʣʶʯʚʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʦʪ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʮʠʬʨʦʚʠ ̫ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ 

ʢʦʤʙʠʥʠʨʘʥʠ ʧʲʨʚʦ ʠ ʚʪʦʨʦ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʢʘʢʪʦ ʠ ʧʲʨʚʦ ʠ ʪʨʝʪʦ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʦʪ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʫʯʘʩʪʚʘʱʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ.  

ʇʨʦʛʨʘʤʥʠʪ̫ ʬʨʘʛʤʝʥʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ 

ʠʟʚʣʠʯʘʥʝʪʦ ʥʘ ʘʤʧʣʠʪʫʜʥʘ (ʢʦʭʝʨʝʥʪʥʦʩʪ) ʠ ʬʘʟʦʚʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʠʥʬʦʨʤʘʮʠʷ 

ʦʪ ʪʷʭ, ʨʘʟʨʘʙʦʪʝʥ ʚ ʩʨʝʜʘ MATLAB ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʊʘʙʣ. 7. ʌʠʛ.33 ʠ ʌʠʛ.34 

ʚʠʟʫʘʣʠʟʠʨʘʪ ʘʤʧʣʠʪʫʜʘʪʘ (ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ) ʠ ʬʘʟʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʥʘ ʜʚʝʪʝ 

ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʥʘʠʤʝʥʫʚʘʥʠ ʟʘ ʢʨʘʪʢʦʩʪ 12 ʠ 13. 

%% ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

% ɺ ʪʘʟʠ ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʥʠʷʪ ʬʨʘʛʤʝʥʪ ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʟʚʣʠʯʘʪ ʩʝ 

ʢʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʠ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ. 

% ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 

I12 = slc1 .* conj( slc2 ); 

I13 = slc1 .* conj( slc3 ); 

% ʀʟʚʣʠʯʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ 

I12A = abs(I12); 

I12P = angle(I12); 

I13A = abs(I13); 

I13P = angle(I13); 

% ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ 

figure('Position',[0 0 fullscreen(3) fullscreen(4)]), colormap(gray) 

subplot(2,2,1), imagesc(I12A), title('ɸʤʧʣʠʪʫʜʘ 12'); 

subplot(2,2,2), imagesc(I13A), title('ɸʤʧʣʠʪʫʜʘ 13'); 

subplot(2,2,3), imagesc(I12P), title('ʌʘʟʘ 12'); 
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subplot(2,2,4), imagesc(I13P), title('ʌʘʟʘ 13'); 

ʊʘʙʣ. 7. ʇʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ. 

 

ʌʠʛ. 33. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʠ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ. 

 

ʌʠʛ. 34. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ. 
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ɸʥʘʣʦʛʠʯʥʦ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʝ ʠʟʯʠʩʣʷʚʘ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʚʝʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʢʦʠʪʦ ʩʘ ʨʝʟʫʣʪʘʪ ʦʪ 

ʧʨʝʜʭʦʜʥʘʪʘ ʦʧʝʨʘʮʠʷ. ɼʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʜʝʤʦʥʩʪʨʠʨʘ ʠʟʤʝʥʝʥʠʝʪʦ ʚ 

ʨʝʣʝʬʘ ʩʣʝʜ ʥʘʩʪʲʧʠʣʘʪʘ ʜʝʬʦʨʤʘʮʠʷ. ɸʤʧʣʠʪʫʜʘʪʘ ʠ ʬʘʟʘʪʘ ʥʘ ʢʦʤʧʣʝʢʩʥʘʪʘ 

ʜʠʬʝʨʝʥʪʥʘʪʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʥʘ ʌʠʛ.35. 

 

ʌʠʛ. 35. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʠʟʚʣʝʯʝʥʠ ʦʪ ʢʦʤʧʣʝʢʩʥʘʪʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. 

ʀʟʩʣʝʜʚʘʥʝ ʥʘ ʚʣʠʷʥʠʝʪʦ ʥʘ ʙʘʟʦʚʘʪʘ ʣʠʥʠ̫  ʚʲʨʭʫ SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠʪʝ 

ʠ ʜʠʬʝʨʝʥʪʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ 

ʌʦʨʤʠʨʘʪ ʩʝ ʪʨʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ 

ʝʜʥʘ ʜʠʬʝʨʝʥʪʥʘ ʢʦʤʧʣʝʢʩʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ. ɺ ʊʘʙʣ.8 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʠʪʝ ʠ 

ʬʘʟʠʪʝ ʥʘ ʪʨʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ (1, 10, 100, 1000 

ʤʝʪʨʘ). ɺ ʊʘʙʣ.9 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ ʪʨʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ (1, 10, 100, 1000 ʤʝʪʨʘ) ʧʨʝʜʠ 

ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. ɺ ʊʘʙʣ.10 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ 

ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ ʪʨʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ 

ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ (1, 10, 100, 1000 ʤʝʪʨʘ) ʩʣʝʜ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. ɺ ʊʘʙʣ.11 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ ʪʨʠʪʝ 

ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ (1, 10, 100, 1000 ʤʝʪʨʘ). 

ɹʘʟʦʚʠ ʣʠʥʠʠ ɸʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ 
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B = 1 m 

 

B = 10 m 

 

B = 100 m 

 

B = 1000 m 
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ʊʘʙʣ. 8. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʪʨʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ 

ʣʠʥʠʠ. 

ɹʘʟʦʚʠ ʣʠʥʠʠ ɸʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ 

B = 1 m 

 

B = 10 m 

 

B = 100 m 
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B = 1000 m 

 

ʊʘʙʣ. 9. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʪʨʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʧʨʝʜʠ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ 

ʧʨʦʮʝʜʫʨʘ. 

ɹʘʟʦʚʠ ʣʠʥʠʠ ɸʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ 

B = 1 m 

 

B = 10 m 
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B = 100 m 

 

B = 1000 m 

 

ʊʘʙʣ. 10. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʪʨʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʩʣʝʜ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

ɹʘʟʦʚʠ ʣʠʥʠʠ ɸʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ 

B = 1 m 
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B = 10 m 

 

B = 100 m 

 

B = 1000 m 

 

ʊʘʙʣ. 11. ɸʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ ʥʘ ʪʨʠʪʝ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʨʠ ʨʘʟʣʠʯʥʠ 

ʙʘʟʦʚʠ ʣʠʥʠʠ. 

ɺ ʊʘʙʣ. 12 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʨʝʤʝʥʘʪʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ 

ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʠʛʥʘʣʘ ʠ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʪʨʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʨʠ 

ʨʘʟʣʠʯʥʠʪʝ ʙʘʟʦʚʠ ʣʠʥʠʠ, ʩʲʦʪʚʝʪʥʦ: 1, 10, 100 ʠ 1000 ʤʝʪʨʘ. 

ɹʘʟʦʚʠ ʣʠʥʠʠ ʂʦʨʝʛʠʩʪʨʘʮʠʷ 

B = 1 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 8057.826567 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 9061.457467 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 7643.542772 seconds. 
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B = 10 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 12969.612388 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 12389.666395 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 12719.458267 seconds. 

B = 100 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 7617.324193 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 8046.198936 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 7456.949189 seconds. 

B = 1000 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 8406.282645 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 8678.024004 seconds. 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

Elapsed time is 7734.427218 seconds. 

ʊʘʙʣ. 12. ɺʨʝʤʝʥʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʲʤʘ. 

ɺ ʊʘʙʣ. 13 ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʚʨʝʤʝʥʘʪʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʝʬʝʢʪʠʚʥʘʪʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ, ʢʘʢʪʦ ʠ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʟʤʝʩʪʚʘʥʠʷʪʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ 

ʧʦ ʨʝʜʦʚʝ ʠ ʢʦʣʦʥʠ ʧʨʠ ʪʷʭʥʘʪʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 

ɹʘʟʦʚʠ ʣʠʥʠʠ ʂʦʨʝʛʠʩʪʨʘʮʠʷ 

B = 1 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ "3-pass-

interferometry" 

Translation invariant normalized RMS error between images: 0.149699 

Global phase difference between the two images (should be zero if images are non-

negative): -0.324443 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: 0 

Translation invariant normalized RMS error between images: 0.583119 

Global phase difference between the two images (should be zero if images are non-

negative): -0.514834 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: 0.1 

Elapsed time is 2.530170 seconds. 

B = 10 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ "3-pass-

interferometry" 

Translation invariant normalized RMS error between images: 0.197184 

Global phase difference between the two images (should be zero if images are non-

negative): 0.0932771 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: -1 

Translation invariant normalized RMS error between images: 0.596862 

Global phase difference between the two images (should be zero if images are non-

negative): 0.284445 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: -2 

Elapsed time is 2.344026 seconds. 

B = 100 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ "3-pass-

interferometry" 

Translation invariant normalized RMS error between images: 0.871513 
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Global phase difference between the two images (should be zero if images are non-

negative): 1.03886 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: -9.9 

Translation invariant normalized RMS error between images: 0.956405 

Global phase difference between the two images (should be zero if images are non-

negative): -2.04896 

Pixel rows shifts between images: 0.1 

Pixel cols shifts between images: -17.7 

Elapsed time is 2.533322 seconds. 

B = 1000 m 

ɻʝʥʝʨʠʨʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʪʦʜʘ "3-pass-

interferometry" 

Translation invariant normalized RMS error between images: 0.987959 

Global phase difference between the two images (should be zero if images are non-

negative): 2.1298 

Pixel rows shifts between images: 0 

Pixel cols shifts between images: -94.5 

Translation invariant normalized RMS error between images: 0.993778 

Global phase difference between the two images (should be zero if images are non-

negative): 2.46027 

Pixel rows shifts between images: -0.1 

Pixel cols shifts between images: 65.3 

Elapsed time is 2.426012 seconds. 

ʊʘʙʣ. 13. ɽʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

ʇʦʩʦʯʝʥʠʪʝ ʚ ʊʘʙʣ.12 ʠ ʊʘʙʣ.13 ʚʨʝʤʝʥʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʩʘ 

ʟʘʚʠʩʠʤʠ ʦʪ ʘʧʘʨʘʪʥʘʪʘ ʠ ʧʨʦʛʨʘʤʥʘʪʘ ʯʘʩʪ ʥʘ ʩʲʦʪʚʝʪʥʘʪʘ ʢʦʤʧʶʪʲʨʥʘ ʩʠʩʪʝʤʘ. ɺ 

ʩʣʫʯʘʷ ʧʨʦʚʝʜʝʥʠʪʝ ʮʠʬʨʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʠʟʚʲʨʰʝʥʠ ʩ ʘʧʘʨʘʪʥʘ ʠ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪ 

ʧʨʝʜʩʪʘʚʝʥʘ ʚ ʊʘʙʣ. 14. ʀʟʧʦʣʟʚʘʥ ʝ ʣʘʧʪʦʧ ʤʘʨʢʘ Acer ʤʦʜʝʣ Aspire ʥʦʤʝʨ 5755G. 

CPU IntelÈ CoreÊ i5-2410M 2,3GHz 

RAM 5 GB DDR3 

VIDEO NVIDIAÈ GeForceÈ GT 540M, 2 GB VRAM 

HDD 1 TB 

OS MicrosoftÈ WindowsÈ 7 Professional 64 bit + SP1 

MATLAB MATLABÈ R2010b Version 7.11.0.584 64 bit 

ʊʘʙʣ. 14. ɸʧʘʨʘʪʥʘ ʠ ʧʨʦʛʨʘʤʥʘ ʯʘʩʪ. 

ʀʟʚʦʜʠ 

ɺ ʨʝʟʫʣʪʘʪ ʥʘ ʘʥʘʣʠʟʘ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʨʘʟʣʠʯʥʠ ʙʘʟʦʚʠ ʣʠʥʠʠ, 

ʤʦʛʘʪ ʜʘ ʩʝ ʥʘʧʨʘʚʷʪ ʩʣʝʜʥʠʪʝ ʠʟʚʦʜʠ. ʇʨʠ ʤʘʣʢʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʩʣʘʙʦ 

ʠʟʨʘʟʝʥʠ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʠ 

ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ. ʊʘʢʲʚ ʝ ʩʣʫʯʘʷʪ ʧʨʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʦʪ 1 ʤʝʪʲʨ ʠ 10 ʤʝʪʨʘ. 

ʇʨʠ ʛʦʣʝʤʠ ʙʘʟʦʚʠ ʣʠʥʠʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʷʩʥʦ ʠʟʨʘʟʝʥʠ Ăʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ 

ʢʨʲʛʦʚʝñ ʚʲʚ ʬʘʟʦʚʠʪʝ ʢʘʨʪʠʥʠ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʥʦ 

ʠʤʘ ʟʘʛʫʙʘ ʥʘ ʢʦʭʝʨʝʥʪʥʦʩʪ ʧʨʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʧʦʨʦʜʝʥʘ ʦʪ 

ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ ʢʨʠʪʠʯʥʘʪʘ ʙʘʟʦʚʘ ʣʠʥʠʷ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʨʘʡʦʥ. ʊʘʢʲʚ ʝ ʩʣʫʯʘʷʪ ʩ 

ʙʘʟʦʚʠ ʣʠʥʠʠ 100 ʤʝʪʨʘ ʠ ʦʩʦʙʝʥʦ ʦʩʝʟʘʝʤ ʝ ʝʬʝʢʪʘ ʧʨʠ ʙʘʟʦʚʘ ʣʠʥʠʷ ʦʪ 1000 ʤʝʪʨʘ ʚ 

ʧʦʢʘʟʘʥʠʪʝ ʬʠʛʫʨʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘʪʘ ʯʘʩʪ ʝ ʩʠʣʥʦ ʚʲʟʧʨʝʧʷʪʩʪʚʘʥʘ ʦʪ ʤʦʱʥʦʩʪʪʘ ʥʘ 

ʥʘʣʠʯʥʘʪʘ ʭʘʨʜʫʝʨʥʘ ʢʦʥʬʠʛʫʨʘʮʠʷ.  
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3.4.2. ʆʮʝʥʢʘ ʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʯʨʝʟ SAR 

ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

ʄʦʜʝʣʠʨʘ ʩʝ ʧʨʦʮʝʩʲʪ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠ SAR ʩʠʛʥʘʣʠ, ʦʪʨʘʟʝʥʠ ʦʪ 

ʩʣʦʞʥʘ ʧʦʚʲʨʭʥʦʩʪ ʙʝʟ ʜʝʬʦʨʤʘʮʠʷ ʠ ʩ ʜʝʬʦʨʤʘʮʠʷ, ʢʘʪʦ ʠ ʩʠʥʪʝʟʲʪ ʥʘ ʢʦʤʧʣʝʢʩʥʠ 

SAR ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʧʨʠ ʚʠʩʦʢʦʩʢʦʨʦʩʪʥʠ ʘʣʛʦʨʠʪʤʠ 

ʥʘ ʠʟʯʠʩʣʠʪʝʣʥʠʷ ʧʨʦʮʝʩ. ʆʪʥʦʚʦ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʟʝʤʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʝ ʠʟʧʦʣʟʚʘʥʘ 

ʩʪʘʥʜʘʨʪʥʘʪʘ ʬʫʥʢʮʠʷ peaks ʚ ʧʨʦʛʨʘʤʥʘʪʘ ʩʨʝʜʘ MATLABÈ, ʠʟʨʘʟ (3). ɿʘʜʘʜʝʥʠʷʪ 

ʪʨʠʤʝʨʝʥ ʨʝʣʝʬ ʩ ʧʦʚʲʨʭʥʠʥʘ mnz  ʝ ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʢʚʘʜʨʘʪʥʘ ʤʘʪʨʠʮʘ. ʉʪʦʡʥʦʩʪʠʪʝ 

ʥʘ ʝʣʝʤʝʥʪʠʪʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʩʘ ʚʠʩʦʯʠʥʠʪʝ ʥʘ ʨʘʟʜʝʣʠʪʝʣʥʠʪʝ ʝʣʝʤʝʥʪʠ (ʧʠʢʩʝʣʠ) ʚ 

ʪʨʠʤʝʨʥʘʪʘ ʢʦʦʨʜʠʥʘʪʥʘ ʨʘʚʥʠʥʘ Oxyz ʥʘ SAR ʩʮʝʥʘʨʠʷ (ʌʠʛ.6).  

ɿʘ ʮʝʣʠʪʝ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘ, ʟʘʜʘʜʝʥʠʷʪ ʪʨʠʤʝʨʝʥ ʨʝʣʝʬ ʝ ʜʝʬʦʨʤʠʨʘʥ ʢʘʪʦ ʩʘ 

ʨʝʜʫʮʠʨʘʥʠ ʧʦʣʦʞʠʪʝʣʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʦʪ ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, ʪ.ʝ. 

ʜʝʬʦʨʤʘʮʠʷʪʘ ʝ ʠʟʚʲʨʰʝʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʠʩʦʯʠʥʥʘʪʘ ʩʪʦʡʥʦʩʪ ʥʘ 

ʨʝʣʝʬʘ ʩ 2/3, ʢʘʢʪʦ ʝ ʧʦʢʘʟʘʥʦ ʥʘ ʌʠʛ. 36, ʘ ʠ ʌʠʛ.36, ʙ. 

 

ʌʠʛ. 36. (ʘ) ʅʘʙʣʶʜʘʚʘʥʘ ʧʦʚʲʨʭʥʦʩʪ, (ʙ) ʜʝʬʦʨʤʠʨʘʥʘ ʧʦʚʲʨʭʥʦʩʪ. 

ʇʦʚʲʨʭʥʠʥʘʪʘ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʲʩ SAR ʩʠʩʪʝʤʘ, ʨʘʟʧʦʣʦʞʝʥʘ ʥʘ ʪʨʠ ʩʘʪʝʣʠʪʥʠ 

ʥʦʩʠʪʝʣʷ ʩʲʩ ʟʘʜʘʜʝʥʠ ʧʘʨʘʤʝʪʨʠ ʥʘ InSAR ʩʮʝʥʘʨʠʷ, ʢʘʢʪʦ ʩʣʝʜʚʘ (ʊʘʙʣ. 15): 

 SAR1 SAR2 SAR3 

X1, km 350 351,5 350,0 

Y1, km 350 350,0 351,2 

Z1, km 800 800 800 

Np 512 512 512 

Nk 512 512 512 

m_n 256 256 256 

delta 2 2 2 

V, m/s 1000 1000 1000 

Tp, s 0.025 0.025 0.025 

Tk, s 0.0025 0.0025 0.0025 

F, GHz 10 10 10 

deltaf, MHz 150 150 150 
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ʊʘʙʣ. 15. ʇʘʨʘʤʝʪʨʠ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 

ʂʲʜʝʪʦ: X1, Y1 ʠ Z1 ʩʘ ʢʦʦʨʜʠʥʘʪʠʪʝ ʥʘ ʩʘʪʝʣʠʪʥʠʪʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ, 

Np ʝ ʙʨʦʷ ʥʘ ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ, Nk ʝ ʙʨʦʷʪ ʥʘ ʜʠʩʢʨʝʪʠʪʝ ʧʦ ʨʘʟʩʪʦʷʥʠʝ, ʨʘʚʝʥ ʥʘ 

K, ʙʨʦʷʪ ʥʘ ʜʠʩʢʨʝʪʠʪʝ ʥʘ LFM ʠʤʧʫʣʩ, m_n e ʜʠʤʝʥʩʠʷʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ, 

delta ʝ ʨʘʟʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʠʪʝ ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ, V ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʘʪʝʣʠʪʥʠʷ 

ʥʦʩʠʪʝʣ, Tp ʝ ʧʝʨʠʦʜʲʪ ʥʘ ʧʦʚʪʦʨʝʥʠʝ ʥʘ ʠʤʧʫʣʩʘ (Pulse repetition period), Tk ʝ 

ʚʨʝʤʝʚʠʷʪ ʨʘʟʤʝʨ ʥʘ LFM ʜʠʩʢʨʝʪ, f ʝ ʥʦʩʝʱʘ ʯʝʩʪʦʪʘ ʥʘ ʩʠʛʥʘʣʘ, deltaf ʝ ʯʝʩʪʦʪʥʘ 

ʣʝʥʪʘ. 

ʂʘʢʪʦ ʤʦʞʝ ʜʘ ʩʝ ʚʠʜʠ ʚ ʊʘʙʣ.15, ʚʩʠʯʢʠ ʧʘʨʘʤʝʪʨʠ ʥʘ ʪʨʠʪʝ ʩʘʪʝʣʠʪʥʠʪʝ 

ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʘ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʠ, ʢʘʪʦ ʠʤʘ ʨʘʟʣʠʢʘ ʝʜʠʥʩʪʚʝʥʦ ʚ 

ʨʘʟʩʪʦʷʥʠʝʪʦ ʠʤ ʝʜʥʘ ʦʪ ʜʨʫʛʘ. ʉʲʦʪʚʝʪʥʦ ʙʘʟʦʚʘʪʘ ʣʠʥʠʷ ʤʝʞʜʫ SAR1 ʠ SAR2 ʝ 

1500m, ʘ ʤʝʞʜʫ SAR1 ʠ SAR3 ʝ 1200 m. 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʨʘʟʩʪʦʷʥʠʷʪʘ  

ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʠʟʯʠʩʣʠ ʨʘʟʩʪʦʷʥʠʝʪʦ ʦʪ SAR ʜʦ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ 

ʠʟʣʲʯʚʘʪʝʣ ʦʪ ʥʘʙʣʶʜʘʚʘʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʟʘ ʚʩʝʢʠ ʜʠʩʢʨʝʪʝʥ ʤʦʤʝʥʪ p. ʀʟʧʦʣʟʚʘ ʩʝ 

ʬʫʥʢʮʠʷ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ɽʚʢʣʠʜʦʚʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʦʪ SAR ʜʦ ʧʦʚʲʨʭʥʦʩʪʪʘ, ʥʘʧʠʩʘʥʘ 

ʦʪ Roland Bunschoten, University of Amsterdam, Intelligent Autonomous Systems (IAS) 

group, ʢʦʷʪʦ ʝ ʝʜʥʦ ʨʝʜʦʚʘ ʠ ʠʤʘ ʩʣʝʜʥʠʷ ʩʠʥʪʘʢʩʠʩ 

R = distance(a,b). 

ʇʦʚʝʯʝ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʠʤʧʣʝʤʝʥʪʘʮʠʷʪʘ ʥʘ ʚʝʢʪʦʨʠʟʠʨʘʥʘʪʘ ʬʫʥʢʮʠʷ ʟʘ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ɽʚʢʣʠʜʦʚʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʢʨʠʪʘ ʚ ʠʟʪʦʯʥʠʢ [135]. 

ɺʩʲʱʥʦʩʪ ʪʘʟʠ ʬʫʥʢʮʠʷ ʠʟʯʠʩʣʷʚʘ ɽʚʢʣʠʜʦʚʠʪʝ ʨʘʟʩʪʦʷʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʝʜʥʠʷ 

MATLABÈ ʧʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ: 

aa=sum(a.*a,1); bb=sum(b.*b,1); ab=a'*b;  

R = sqrt(abs(repmat(aa',[1 size(bb,2)]) + repmat(bb,[size(aa,2) 1]) - 2*ab)); 

ʉʣʦʞʥʦʩʪʪʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʧʨʠ ʚʝʢʪʦʨʠʟʠʨʘʥʘ ʬʫʥʢʮʠʷ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ 

ɽʚʢʣʠʜʦʚʦ ʨʘʟʩʪʦʷʥʠʝ ʝ O(1), ʢʘʪʦ ʚ ʢʦʥʢʨʝʪʥʠʷ ʮʠʬʨʦʚ ʝʢʩʧʝʨʠʤʝʥʪ ʙʨʦʷʪ ʥʘ 

ʩʦʥʜʠʨʘʱʠʪʝ ʠʤʧʫʣʩʠ ʝ 512. 

ɺʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʠʤʧʫʣʩʠʪʝ ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣʲʪ 

ɺʨʝʤʝʚʠʷʪ ʧʘʨʘʤʝʪʲʨ ʥʘ ʟʘʢʲʩʥʝʥʠʝ ʥʘ ʩʠʛʥʘʣʘ mnT
 
ʟʘ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ 

ʠʟʣʲʯʚʘʪʝʣ p ʩʝ ʠʟʯʠʩʣʷʚʘ ʩ ʠʟʨʘʟʘ (9), ʢʲʜʝʪʦ 810*3  c=  m/s ʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, 

ʢʦʝʬʠʮʠʝʥʪʲʪ 2 ʦʪʯʠʪʘ ʚʨʝʤʝʪʦ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ ʝʣʝʢʪʨʦʤʘʛʥʠʪʥʘʪʘ ʚʲʣʥʘ ʦʪ 

ʩʠʩʪʝʤʘʪʘ SAR ʜʦ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ ʠ ʦʙʨʘʪʥʦ. ʉʲʩʪʘʚʷ ʩʝ ʝʜʥʦʤʝʨʝʥ 

ʤʘʩʠʚ ʦʪ ʚʩʠʯʢʠ mnt  ʩʪʦʡʥʦʩʪʠ, ʘʨʘʥʞʠʨʘʥʠ ʚʲʚ ʚʲʟʭʦʜʷʱ ʨʝʜ. ʆʧʨʝʜʝʣʷ ʩʝ 

ʤʠʥʠʤʘʣʥʘʪʘ mnt  ʩʪʦʡʥʦʩʪ  minmnt  ʟʘ ʚʩʝʢʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ p. ʀʟʯʠʩʣʷʚʘ ʩʝ ʬʘʟʦʚʘʪʘ 

ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ, ʠʟʨʘʟ (15). 
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ʂʨʘʡʥʘʪʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ ʥʘ ʦʪʨʘʟʝʥʠʷ ʩʠʛʥʘʣ ʦʪ ʚʩʝʢʠ ʜʦʤʠʥʠʨʘʱ 

ʠʟʣʲʯʚʘʪʝʣ ʧʨʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʩʫʤʘʨʥʠʷ SAR ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ ʩʝ ʦʪʯʠʪʘ ʩ 

ʧʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ. ʉʝʣʝʢʮʠʷʪʘ ʥʘ ʩʠʛʥʘʣʠʪʝ, ʦʪʨʘʟʝʥʠ ʦʪ ʦʪʜʝʣʥʠʪʝ ʦʪʨʘʞʘʪʝʣʠ ʠ 

ʫʯʘʩʪʚʘʱʠ ʚ ʩʫʤʘʨʥʠʷ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʧʦʝʣʝʤʝʥʪʥʦ 

ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ (ʤʘʪʨʠʯʥʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ɸʜʘʤʘʨ) ʩ ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʤʘʪʨʠʯʥʘ 

ʬʫʥʢʮʠʷ, ʠʟʨʘʟ (17). 

ʉʝʣʝʢʪʠʨʘʱʘʪʘ ʧʨʘʚʦʲʛʲʣʥʘ ʬʫʥʢʮʠʷ ʝ ʙʠʥʘʨʥʘ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ 

ʩʪʦʡʥʦʩʪ ʝʜʠʥʠʮʘ ʠʣʠ ʥʫʣʘ, ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʫʩʣʦʚʠʝʪʦ ʧʦʩʪʘʚʝʥʦ ʧʦ-ʛʦʨʝ. 

ʇʦʝʣʝʤʝʥʪʥʦʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʤʘʪʨʠʮʘʪʘ ʥʘ ʩʠʛʥʘʣʘ ʩ ʤʘʪʨʠʮʘʪʘ, ʧʦʣʫʯʝʥʘ ʦʪ 

ʧʨʘʚʦʲʛʲʣʥʘʪʘ ʬʫʥʢʮʠʷ, ʱʝ ʜʘʜʝ ʚ ʨʝʟʫʣʪʘʪ ʤʘʪʨʠʮʘ, ʢʦʷʪʦ ʩʲʜʲʨʞʘ ʩʘʤʦ ʞʝʣʘʥʠʪʝ 

ʩʪʦʡʥʦʩʪʠ ʥʘ SAR ʩʠʛʥʘʣʘ, ʦʪʨʘʟʝʥ ʦʪ mnïʪʠʷ ʜʦʤʠʥʠʨʘʱ ʪʦʯʢʦʚ ʠʟʣʲʯʚʘʪʝʣ. ʊʦʛʘʚʘ 

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

ʥʘ ʪʲʨʩʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ SAR ʩʠʛʥʘʣ, expS , ʟʘʧʠʩʘʥʠ ʢʘʪʦ ʝʣʝʤʝʥʪʠ ʥʘ ʜʚʫʤʝʨʥʘ 

ʤʘʪʨʠʮʘ ʩ ʘʜʨʝʩʠ [p, k], ʠʟʨʘʟ (19). 

ʈʝʘʣʠʟʘʮʠʷʪʘ ʚ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLAB ʥʘ ʧʦʩʦʯʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʟʘ 

ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʚʨʝʤʝ ʟʘʢʲʩʥʝʥʠʝʪʦ ʥʘ ʠʤʧʫʣʩʠʪʝ ʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʠʷ SAR 

ʩʠʛʥʘʣ ʝ ʧʨʝʜʩʪʘʚʝʥ ʚ ʊʘʙʣ. 16. ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʘʣʛʦʨʠʪʲʤʘ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ 

ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʥʘ ʌʠʛ.37.
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% 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. 16. ʌʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ. 
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ʌʠʛ. 37. ɹʣʦʢ ʩʭʝʤʘ ʥʘ ʬʦʨʤʠʨʘʥʝ ʥʘ SAR ʩʠʛʥʘʣ. 

ʈʝʟʫʣʪʘʪʥʘʪʘ ʤʘʪʨʠʮʘ expS , ʯʨʝʟ ʢʦʷʪʦ ʩʝ ʬʦʨʤʠʨʘ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ, 

ʩʲʜʲʨʞʘʱʘ ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʩʝ ʠʟʯʠʩʣʷʚʘ ʟʘ ʚʩʷʢʘ ʝʜʥʘ ʦʪ ʪʨʠʪʝ 

ʩʘʪʝʣʠʪʥʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʠ ʩʝ ʩʲʭʨʘʥʷʚʘ ʚʲʚ ʬʘʡʣʦʚʝ ʟʘ ʧʦ-ʥʘʪʘʪʲʰʥʘ 

ʦʙʨʘʙʦʪʢʘ, ʢʘʢʪʦ ʩʣʝʜʚʘ: slc1.mat, slc2.mat ʠ slc3.mat. 

ʅʘ ʌʠʛ.38, ʘ ʠ ʌʠʛ.38, ʙ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʘʪʘ ʠ ʬʘʟʘʪʘ ʥʘ ʢʦʤʧʣʝʢʩʝʥ 

SAR ʩʠʛʥʘʣ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʲʨʚʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘ ʌʠʛ. 39,ʘ ʠ 

ʌʠʛ.39,ʙ ʩʘ ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʘʪʘ ʠ ʬʘʟʘʪʘ ʥʘ ʢʦʤʧʣʝʢʩʥʠʷ SAR ʩʠʛʥʘʣ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʚʪʦʨʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ. ʅʘ ʌʠʛ. 40, ʘ ʠ ʌʠʛ.40, ʙ ʩʘ 

ʧʨʝʜʩʪʘʚʝʥʠ ʘʤʧʣʠʪʫʜʘʪʘ ʠ ʬʘʟʘʪʘ ʥʘ ʢʦʤʧʣʝʢʩʥʠʷ SAR ʩʠʛʥʘʣ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʪʨʝʪʦʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ.  
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ʌʠʛ. 38. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ ʥʘ ʧʲʨʚʠ ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ. 

 

ʌʠʛ. 39. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ ʥʘ ʚʪʦʨʠ ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ. 
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ʌʠʛ. 40. (ʘ) ɸʤʧʣʠʪʫʜʘ, (ʙ) ʌʘʟʘ ʥʘ ʪʨʝʪʠ ʢʦʤʧʣʝʢʩʝʥ ʩʠʛʥʘʣ. 

ɸʣʛʦʨʠʪʲʤ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ SAR ʩʠʛʥʘʣ 

ʀʟʚʲʨʰʚʘ ʩʝ ʜʝʤʦʜʫʣʘʮʠʷ ʥʘ SAR ʩʠʛʥʘʣʘ ʯʨʝʟ ʧʨʦʠʟʚʝʜʝʥʠʝʪʦ ʥʘ ʜʚʫʤʝʨʥʘʪʘ 

ʤʘʪʨʠʮʘ expS  ʩ ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʠʷ ʠʟʣʲʯʝʥ ʩʠʛʥʘʣ, ʟʘ ʚʩʝʢʠ ʠʟʣʲʯʝʥ ʠʤʧʫʣʩ p, 

ʠʟʨʘʟ (14). ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʩʝ ʠʟʚʲʨʰʚʘ ʯʨʝʟ ʜʚʫʢʨʘʪʥʘ 

ʠʟʯʠʩʣʠʪʝʣʥʘ ʧʨʦʮʝʜʫʨʘ ʥʘ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ, ʠʟʨʘʟʠ (12) ʠ (13). 

ɺʩʣʝʜʩʪʚʠʝ ʜʚʫʤʝʨʥʘʪʘ ʤʘʪʨʠʮʘ pkslc  ʝ ʪʲʨʩʝʥʠʷ ʢʦʤʧʣʝʢʩʝʥ ʦʙʨʘʟ ʥʘ ʥʘʙʣʶʜʘʚʘʥʘʪʘ 

ʧʦʚʲʨʭʥʦʩʪ, ʩʲʜʲʨʞʘʱ: ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʩʝʢʠ ʧʠʢʩʝʣ ʦʪ 

ʠʟʦʙʨʘʞʝʥʠʝʪʦ.  

ʈʝʘʣʠʟʘʮʠʷʪʘ ʚ ʧʨʦʛʨʘʤʥʘ ʩʨʝʜʘ MATLAB ʥʘ ʧʦʩʦʯʝʥʠʷ ʘʣʛʦʨʠʪʲʤ ʟʘ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ ʦʪ SAR  ʩʠʛʥʘʣ ʝ ʜʘʜʝʥ ʚ ʊʘʙʣ. 17.
 

% ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʯʨʝʟ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ 

slc = fftshift(fft(transpose(fft(slc)))); 

ʊʘʙʣ. 17. ɺʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʦʙʨʘʟʘ ʯʨʝʟ ʙʲʨʟʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʌʫʨʠʝ. 

ʅʘ ʌʠʛ. 41 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʘʤʧʣʠʪʫʜʠ ʠ ʬʘʟʠ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʪʨʠʪʝ ʩʘʪʝʣʠʪʥʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ. 
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ʌʠʛ. 41. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ. 

ɿʘ ʮʝʣʠʪʝ ʥʘ ʧʦʩʣʝʜʚʘʱʘʪʘ ʜʠʬʝʨʝʥʮʠʘʣʥʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ʪʘʢʘ ʧʦʣʫʯʝʥʠʪʝ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʝ ʥʝʦʙʭʦʜʠʤʘ ʪʷʭʥʘʪʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. ɺ ʧʨʝʜʩʪʘʚʝʥʠʷ ʮʠʬʨʦʚ 

ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʠʟʧʦʣʟʚʘʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ, 

ʙʘʟʠʨʘʥʘ ʥʘ ʢʨʦʩ ʢʦʨʝʣʘʮʠʷ, ʨʘʟʨʘʙʦʪʝʥʘ ʦʪ ʠʥʩʪʠʪʫʪʘ TU-delft. ʇʨʠ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʚʪʦʨʦ ʠ ʪʨʝʪʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʷ ʩʘ 

ʢʦʨʝʛʠʩʪʨʠʨʘʥʠ ʩʧʨʷʤʦ ʧʲʨʚʦ ʠʟʦʙʨʘʞʝʥʠʝ. ɺ ʩʣʫʯʘʷ ʧʲʨʚʦ ʢʦʤʧʣʝʢʩʥʦ ʠʟʦʙʨʘʞʝʥʠʝ 

ʠʛʨʘʝ ʨʦʣʷʪʘ ʥʘ ʛʣʘʚʥʦ, ʘ ʚʪʦʨʦ ʠ ʪʨʝʪʦ ʩʘ ʧʦʜʯʠʥʝʥʠ. 

ʅʘ ʌʠʛ. 42 ʝ ʧʨʝʜʩʪʘʚʝʥʘ ʚʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʘʤʧʣʠʪʫʜʠʪʝ ʠ ʬʘʟʠʪʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ SAR ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʪʨʠʪʝ ʩʘʪʝʣʠʪʥʠ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʠ ʩʠʩʪʝʤʠ ʩʣʝʜ 

ʪʷʭʥʘʪʘ ʩʲʚʤʝʩʪʥʘ ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 
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ʌʠʛ. 42. ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʚʲʟʩʪʘʥʦʚʝʥʠ ʠʟʦʙʨʘʞʝʥʠʷ: ʘʤʧʣʠʪʫʜʥʘ ʠ 

ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʩʣʝʜ ʪʷʭʥʘʪʘ  ʢʦʨʝʛʠʩʪʨʘʮʠʷ. 

ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʜʠʬʝʨʝʥʪʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ 

ʉʣʝʜʚʘʱʘʪʘ ʩʪʲʧʢʘ ʦʪ ʠʟʯʠʩʣʠʪʝʣʥʠʷ ʧʨʦʮʝʩ ʚʢʣʶʯʚʘ ʥʘʤʠʨʘʥʝʪʦ ʥʘ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʦʪ ʜʚʝ ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʧʨʝʜʩʪʘʚʝʥʠʷ 

ʮʠʬʨʦʚ ʝʢʩʧʝʨʠʤʝʥʪ ʩʘ ʢʦʤʙʠʥʠʨʘʥʠ ʧʲʨʚʦʪʦ ʠ ʚʪʦʨʦ, ʢʘʢʪʦ ʠ ʧʲʨʚʦʪʦ ʠ ʪʨʝʪʦ 

ʢʦʤʧʣʝʢʩʥʠ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʩʝ ʧʦʣʫʯʘʚʘʪ ʦʪ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʫʯʘʩʪʚʘʱʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ. ʇʨʦʛʨʘʤʥʠʷʪ 

ʬʨʘʛʤʝʥʪ, ʨʘʟʨʘʙʦʪʝʥ ʚ ʩʨʝʜʘ MATLAB ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ 

ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ ʠ ʠʟʚʣʠʯʘʥʝʪʦ ʥʘ ʘʤʧʣʠʪʫʜʥʘ ʠ ʬʘʟʦʚʘ ʠʥʬʦʨʤʘʮʠʷ ʦʪ ʪʷʭ ʝ 

ʧʨʝʜʩʪʘʚʝʥ ʚ ʊʘʙʣ. 18. ʌʠʛ. 43 ʠ ʌʠʛ. 44 ʚʠʟʫʘʣʠʟʠʨʘʪ ʘʤʧʣʠʪʫʜʘʪʘ (ʢʦʭʝʨʝʥʪʥʘ 

ʢʘʨʪʘ) ʠ ʬʘʟʘʪʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ) ʥʘ ʜʚʝʪʝ ʢʦʤʧʣʝʢʩʥʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʩʲʦʪʚʝʪʥʦ 

ʥʘʠʤʝʥʫʚʘʥʠ ʟʘ ʢʨʘʪʢʦʩʪ 12 ʠ 13. 

%% ʇʦʣʫʯʘʚʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 

% ɺ ʪʘʟʠ ʯʘʩʪ ʦʪ ʧʨʦʛʨʘʤʥʠʷ ʬʨʘʛʤʝʥʪ ʩʝ ʠʟʯʠʩʣʷʚʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʠʟʚʣʠʯʘʪ ʩʝ 

ʢʦʭʝʨʝʥʪʥʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʠ ʩʝ ʚʠʟʫʘʣʠʟʠʨʘʪ. 

% ʀʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʪʦ ʠʟʦʙʨʘʞʝʥʠʝ 

I12 = slc1 .* conj( slc2 ); 

I13 = slc1 .* conj( slc3 ); 

% ʀʟʚʣʠʯʘʥʝ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ 

I12A = abs(I12); 

I12P = angle(I12); 

I13A = abs(I13); 

I13P = angle(I13); 

% ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʢʦʭʝʨʝʥʪʥʘʪʘ ʢʘʨʪʘ ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘʪʘ 

figure('Position',[0 0 fullscreen(3) fullscreen(4)]), colormap(gray) 

subplot(2,2,1), imagesc(I12A), title('ɸʤʧʣʠʪʫʜʘ 12'); 

subplot(2,2,2), imagesc(I13A), title('ɸʤʧʣʠʪʫʜʘ 13'); 

subplot(2,2,3), imagesc(I12P), title('ʌʘʟʘ 12'); 

subplot(2,2,4), imagesc(I13P), title('ʌʘʟʘ 13'); 

ʊʘʙʣ. 18. ʇʨʦʛʨʘʤʝʥ ʬʨʘʛʤʝʥʪ ʟʘ ʠʟʯʠʩʣʷʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ. 
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ʌʠʛ. 43. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʠ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

 

ʌʠʛ. 44. ʂʦʭʝʨʝʥʪʥʠ ʢʘʨʪʠ (ɸʤʧʣʠʪʫʜʠ) ʠ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ (ʌʘʟʠ) ʧʦʣʫʯʝʥʠ ʦʪ 

ʢʦʤʧʣʝʢʩʥʠʪʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʣʝʜ ʩʪʘʨʪʠʨʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʧʦʜʧʠʢʩʝʣʥʘ 

ʢʦʨʝʛʠʩʪʨʘʮʠʦʥʥʘ ʧʨʦʮʝʜʫʨʘ. 

ɺʲʚ ʬʘʟʦʚʠʷ ʦʙʨʘʟ ʥʘ ʌʠʛ.44 ʤʦʛʘʪ ʷʩʥʦ ʜʘ ʙʲʜʘʪ ʦʪʢʨʠʪʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʨʝʣʝʬʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 12) ʠ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʥʠʪʝ 

ʢʨʲʛʦʚʝ, ʩʲʦʪʚʝʪʩʪʚʘʱʠ ʥʘ ʜʝʬʦʨʤʘʮʠʷʪʘ (ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ 13). 

ɸʥʘʣʦʛʠʯʥʦ, ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ ʩʝ ʠʟʯʠʩʣʷʚʘ 

ʢʦʤʧʣʝʢʩʥʦ ʩʧʨʝʛʥʘʪʦ ʫʤʥʦʞʝʥʠʝ ʥʘ ʜʚʝʪʝ ʠʥʪʝʨʬʝʨʦʛʨʘʤʠ, ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʝʜʭʦʜʥʘʪʘ 

ʦʧʝʨʘʮʠʷ. ʇʦʢʘʟʘʥ ʝ ʨʝʟʫʣʪʘʪʲʪ ʦʪ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʠʬʝʨʝʥʪʥʘ ʠʥʪʝʨʬʝʨʦʛʨʘʤʘ, 




























































































































