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1        
   

 

1.1       
 

,     ,   —  

,         

ё  ё            
   ,         

 ,      ,   

,       —    

    ( ),  

. 

 —       

ё     , ,   .  

    ,    

 ,       

,     .     

          

        ,  

 , ,   .  

 

     

 

        

  1. 

       

      (   Disaster 

Monitoring Constellation, DMC),  — ,    

(    «2+1»).      
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 DMC      - , 

   SSTL    , 

, ,    [2]. -  —   

 ,     (   )  100  

500 .   -    « ё  »   

500  1000 .     , , 

  « » .  -  DMC  

120–160      
     .  

 

 

 1 —       

 

 2002–2009 .    DMC,   -

   686    7 -   

: Alsat-1, Bilsat, Nigeriasat-1, UK-DMC, Beijing-1, UK-DMC-2  

Deimos-1.     , -  

DMC     ё     

.   ,   —  DMC   

5%    ё    .  ,  

     ,    
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 DMCII.  DMC c 2005 .    «   

 »     [2].  

     «2+1»     HJ-

1A/B    HJ-1C. -  HJ-1A  HJ-1B 

(Huan Jing — « », «  »)   500   

     ё    

 30     700   ё    (3 

     —  ).    HJ-1A 

       

,      115   

       (  5 ,  0,45–

0,95 )    100     50 . -

 HJ-1       ё    

   ( , ,   ) 

   150   300  (  )   

 720 .  ё          

    ,    

     .  -  

   -    650    

   3  [2].  

    ,  

 Small Satellite Constellation for Environment and Disaster Monitoring 

and Forecasting, SSCEDMF,   2000 .    

         

  (  ) .     

 «4+4»,  ,      4   

   4   ,    

ё      12  [3]. 
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   ,    . 

      ,   

,     ,   

    .    

         
 «    » (  ), 

     .  

       ё     

  , ,   .     

    ,    

 ,       

      , 

     [2].  

         

    RADARSAT-1 ( ), ENVISAT (ESA), 

EROS A/B ( ), SPOT 4/5 ( ), IRS-P5/P6 ( ), Terra/Aqua 

( ),      « - 1». 

        

    « -  № 1», ё  
    .   

 —      ё  ,   

 -     « - », 

  2012 .  

      

     ( )  

         

    ,      . 
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   ,     

,   ,   , 

   . 

 

     

 

   -

  ( ),       

, —        

   :   ,  

  ,  ,    

    ,  

  -  .    

   -  

,        

,      

 ,     

,         

(   ,  ,  

 ).  

          
   ,    

       , 

   .    « »,  

         

    —  « »   

« ».  

 « » — ,    

« »,     , 
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 ,    ,  

   . .      

   :  

   ; 

        

    ; 

    («  »); 

        

   ,   
 ; 

     ( , 

  ). 

        

: 

        

      

       

    ; 

      ; 

        

       

; 

        

   ; 

      

   ; 

   3D-       

       

    . 
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 « »    : 

1.         

,        

       ;  

      —   

   ,     ,   

    . 

2. -      GeoMixer,  
     ,     

 ,    , 

       .  

3.   . 

         

    ,  

    .   

     -

   . 

   : 

      

 ; 

    . 

       

   , ,    
,     ,  

 ,   ,    

   . . 

 « » —  ,   

  1993     « ». 
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   .    

 « »       

,     .   

        

  ,     

  (API)   Windows.  

        , 

    ( , , ,  
,    .)     

  Windows- . 

 « »    : 

       , 

 ,    ;  

  ,  , , ; 

         

  ,     GPS; 

 ,      

; 

        

       ; 

       

   ; 

       ; 

       
   . 

   « »      

    ,    

,   . 
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1.2      

 

        

  ,   [8]:   

,   ,    

,   .      

    ,   

,      .   
,       

       . 

 

    

 

      

,        

   (  2).   

       .  

 

 

 2 —    

 

       

,      ,  
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 .      

 ,      . 

   —  ,  

,       

   .  

      

  .   ,      

, ,  ,  , ,   . ., 
      .  

       

 .       

       

.       

   [4]: 

1.     (Surface reflectance); 

2.     (Bottom reflectance); 

3.    (Volume reflectance). 

 ,        

      [5]. 

        . 

      (  )   (  3).  

    .   
  ,       .  

  .     

 ,      , 

   .      

   (6–8 ),       

    .  
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 3 —      . A — 

   , B —    

, C —   , D —  , E — 

  . 
 

    ,  

     (~0,4 )   (0,64–0,69 ) 

 , . .    .    

         ,    

 . ,      ,  

   ,     .  

       . , 

  ,   ,   

   .       , 

  ,      .  
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 , . .     

   [6].  

 

       
 

 

      

    ,   
        

.        

       

,    . 

 —      

 ,    ( )  

  (  , , /  ,   

  . .).  

       

    n-    ⃗ = , … , 𝑛 , 

         [7].  

  -    

  ,    .  

      

  ,    

 ( )   .     

      , 

     . 

          

        

:       .  

      , 
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,   (supervised classification)  

  (unsupervised classification). 

      ,   

   ,   ,     

    .    

   ,      

.          

 .      
,          

  . 

  ,    ,    

     ,  

     ,  

     .   

     ,   

     ,    

  . 

 

     

 

      ,  

  .     — 

      .  

       ,  

     = , … , 𝑛 ,   —  

,     = > , = ,    

  ,   = ≤  —  . 
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  .         

: 

 = ∑ =1 −∑ =1+ ,                                                                                     (1) 

 

   —   ,    —  [9]. 

  ,     

 ,          

  ,     .    

        .  
       

        

      .  

   ,       

   ,    

  .  

 

     

 

      (  

),  .     

     —   .  

        

(  ). 

  ,        
 —  .  ,   

     .   

 ,       
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,  ,       (  

         ,   

) [10].  

      ,  

  ,  -    

   .   ,  , 

   ,  . 

      ,   
   ,      

  .        

    ,    ,   

      

 .       

   ,      

 . 

      ,   

.             

   .     

     ,   

 ,    .  

         

    .  
        

  ,     . 

  ,      -  

     ,    

 .  
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 ,      ,  

  .     , 

    ( , , , 

 )       

 .       
,        , 

     ,  

      .    

       

      , 

   .  

      

 NDWI — Normalized Difference Water Index (   

 ), NDSI — Normalized Difference Snow Index (  

  ),   NDVI — Normalized Difference 

Vegetation Index (    ).  

      1996 ,  Stuart K. 

Mcfeeters  NDWI — Normalized Difference Water Index (  

  )       
  (band 2)    (band 4)  Landsat 

TM.  S.K. Mcfeeters (1996)   ,  ,  

       , 

    Landsat.   , 

  NDWI,     ,  

 —    [11]: 
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𝑁𝐷 𝐼 = 𝑏𝑔𝑟 𝑛−𝑏𝑁𝐼𝑏𝑔𝑟 𝑛+𝑏𝑁𝐼  ,                                                                                         (2) 

 

 𝑔𝑟 𝑛   𝑁𝐼  —        

 (0,845–0,885 )  . 
NDWI        

    ,   

 ,    ,    

 . 

        

 — NDVI (Normalized Difference Vegetation Index) —  

   —   , 

     (  ). 
         , 

    .   

 : 

 𝑁𝐷 𝐼 =  𝑏𝑁𝐼 −𝑏𝑟𝑏𝑁𝐼 +𝑏𝑟 ,                                                                                             (3) 

 

 𝑁𝐼   𝑟  —       

 (0,845–0,885 )    .  

   ,   

NDVI,       ,   
 ,        

.  NDVI     

 ,   ,  −0,2         

  . 

NDSI (Normalized difference snow index) —   

  —    , 
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  .     

    .     

     ,  ,   

(1,6 )  . NDSI    [12]: 

 𝑁𝐷𝑆𝐼 = 𝑏𝑔𝑟 𝑛−𝑏 𝑊𝐼𝑏𝑔𝑟 𝑛+𝑏 𝑊𝐼 ,                                                                                            (4) 

 

 𝑔𝑟 𝑛  —   ё   , 𝐼  —    

   (1,6 ).  

       1,6  

(SWIR),          
 ,       

        

3–50  (MIR) [13]. 

     ,  , 

 0,4  .       NDSI, 

 0,4,       11%   

   10%    (SWIR). 

      

     ,  

  , -       . 

     ,   

         

  .   

        

,         

   . 
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1.3    1 

 

       

  « »  « ».   

         

        . 

       

           
  ,    .  

       

,      :  

 ,   ,  

  ,   .  

      

,         ,  

  ,     .  

    : NDWI, NDVI  NDSI.  

       

,      .  
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2         
 

 

2.1    

 

     

     .    

     ,   
      .  

 

     

  

        

   ,   

      .   
   .   

 ,       

 .       

,  GeoTIFF —    

    TIFF,  ,     

,     - ,  

   ,   

,  ,     ,  
     .   

         

GeoTiff,       

. 

      ,   
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,    ,     

       .  

       

GeoTIFF,     shape- .  

 

       

 

      , 
    .     

    .     

 ,     GeoTIFF,  

       , 

,  ,  ,    

  .    , 

          

  .  

    ,   

  ,        

    . 

        

     .    

      GeoTIFF,   
 ,      

  ,    , 

      .    

  . 

    ,   

       , 

   GeoTIFF  shape.  
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      , 

     .  

    ,     

      . 

  , ,    ,   

        
       

.    —   , 

     :  

1. NDWI — Normalized Difference Water Index (   

 ),    (2). 

2. NDVI — Normalized Difference Vegetation Index (   

 ),    (3). 

3. NDSI — Normalized Difference Snow Index (   

 ),    (4). 

       

      ,   

  . .         

     ,  

,       
.   
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2.2    

 

 GDAL/OGR       
 

 

         

    ,   

    .   , 
         

   -  .    

  GDAL/OGR. 

GDAL (Geospatial Data Abstraction Library) —     

    -   , 

  Open Source  X/MIT  Open Source 

Geospatial Foundation (OSGeo).    

        

.       .  

         

   . 

  OGR,     

 GDAL,      .  

 GDAL    ,  GeoTIFF, 
Erdas Imagine, JPEG2000  ,  142 .  

  (84 ): ESRI Shapefile, ESRI ArcSDE, ESRI FileGDB, 

GML, KML  . 

      Python,  

  GDAL/OGR. 

GDAL Python API     : 

gdal — Python    GDAL 

ogr — Python    OGR 
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osr —     

gdal_array —   

gdalconst —  

 GDAL   ,   

    ,    , 

        ,    

.  , GDAL     

    ,    
     ,     

.  

 OGR       

     ,    

  ,       , 

 ,  .       

 ,      . 

    GDAL, OGR     

    . 

      

 GDAL: 

1. gdal.Open() —   ; 

2. GetProjection()  GetGeoTransform()  —    

   ; 
3. GetRasterBand()  ReadAsArray() —      

  ; 

4. RasterXSize  RasterYSize —      X  Y; 

5. GetDriverByName()  Create() —   ; 

6. SetProjection(), SetGeoTransform(), GetRasterBand().WriteArray() — 

     .,       

 ; 

7. Polygonize() —   . 
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   OGR: 

1. GetDriverByName(), CreateDataSource() —   ; 

2. CreateLayer() —     . 

 

       

 

       

         .   
          

 4.    ,   

 ,    5.  

 

 

 4 —  ,   
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 5 —  ,    

 

       

    ,  0,   

 6.  

      

 ,  0,1,    7. 

       
    ,  0,2,   

 8. 
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 6 —      NDWI 

 

 

 7 —      NDVI 
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 8 —      NDSI 

 

       

 ,    ,   

  .        

         

    ,    

  .  
    ,  -

 (      

,      )   

,     ,    

.     , ,  

 (  )       

(        ).    

 ,      
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,       .  

 ,     ,  

  « »,     « »    

.         

( )   ,  ,  

   -   . 

         

   ,   —   
,    (  9). 

 

 

 9 —   

 

    ,     

   (  ).   

      

 ,       

    N     

    : 

 𝑙 = 𝑛 +𝑛 +𝑛 +𝑛 +𝑛𝑁 ,                                                       (5) 
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 nAA, nBB, nCC, nDD, nEE, N —     . 

     ,  

        

        .  

   «  » (producer's accuracy), 

   ,       

    .   A: 

 ′  𝐴 = 𝑛𝑛− .                                                                          (6) 

 

       ,  

        

       .  

  «  » (user's accuracy),    

    ,    

   .   A: 

 ′  = 𝑛𝑛 −.                                                                                               (7) 

 

-       

    (  ). 

      , 

   10,       

    Quantum GIS.  
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 10 —   

 

    NDWI    11.  

« »  « »        

. 

 

NDWI 

  

   ∑ 

 14110 14 14124 

 483 93513 93996 

∑ 14593 93527 108120 

 11 —     NDWI 

 

       (5),  

 NDWI  : 

 



38 
 

𝑙 𝑁𝐷 𝐼 = + = , . 
 

         

 NDWI    (6)  : 

 

′  А = = , , 
′  Н Т = = , . 

 

      — 96%,  

 — 99%.  ,    96%   , 

 ,     ,   

 99%         

. 

     (7)    

NDWI  : 

 

′  𝑁𝐷 𝐼 = = , . 
 

      — 99%.  

  ,       

(error of commission), . .  ,   ,  

  . 

    NDVI    12. 
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NDVI 

  

   ∑ 

 14505 217 14722 

 713 92685 93398 

∑ 15218 92902 108120 

 12 —     NDVI 

 

  ,     

   NDVI :  

 𝑙 𝑁𝐷 𝐼 = + = , , 
′  А = = , , 
′  Н Т = = , , 

′  𝑁𝐷 𝐼 = = , . 
 

    NDSI    13. 

 

NDSI 

  

   ∑ 

 14490 417 14961 

 396 92763 93159 

∑ 14886 93108 108120 

 13 —     NDSI 
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  ,     

   NDSI :  

 𝑙 𝑁𝐷 𝐼 = + = , , 
′  А = = , , 
′  Н Т = = , , 

′  𝑁𝐷 𝐼 = = , . 
 

       
   NDWI, NDVI  NDSI    14. 

 

   
 
  

  

 
 

  
 

 
 

NDWI 99% 96% 99% 99% 

NDVI 99% 95% 99% 98% 

NDSI 99% 97% 99% 97% 

 14 —   

 

   ,    14,  3  

      ,   ,  

        , 
    .  NDWI  

   ,  ,    

        

.        

 NDSI,  ,     
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,   ,    . 

        

  ,      ,   

.  

    ,  

 ,       NDWI, 

        

,       .  
 

2.3       

   

 

         

  ,    ,   

  .   15    , 

    .  

 

 

 15 —       
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    ,      

 ,        

 .   12.1.051-90 « . . 

        

 1000 »     ,  

  ( , ,   . .)   100  (± 30 , 

    Landsat-8).  

        
  ,    

       

 .      ,  

        

          .  

         

     2015 ,     —   

2013–2016 .       16. 

 

 

 16 —        2016 ( )  

  2015 ( ) 

 

        

  Quantum GIS  fTools « ».  

    ,      
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  ,      .  , 

          2016,   

    ,    

      (  17).  

       

  . 

 

 

 17 —     

 

         
,         

   .  

  18    ,  

        2013  2016 . 

    ,    

       16,   

       . 

   ,      
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     ,      

 , ,  2014  2016 .   

  

 18 —      (  ): 2013, 
2014, 2015, 2016  

 

         

   ,       

    ,   

    .  ,  ,    

       (  19). 
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 19 —         

 

 

         

 ,         
 ,   ,   ,    

  ,    .  

 

2.4    2 

 

         

    .    
  ,     .  ,  

       ,  

         

.          

      ,    

     ,     

. 
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 ,    , 

    ,     

    ,     

  .     

        .  

       
   ,    

   ,    .    

         

,         

.  

        , 

      
   .       

       ,  

      .  

    ,     

,        

     .  

       

    ,   
     .  
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