
ʂʆʄʇʔʖʊɽʈʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀ 

ʉʊɸʊʀʉʊʀʏɽʉʂʀɽ ʄɽʊʆɼʓ 

 ɺ ʕʂʆʃʆɻʀʀ ʀ ʇʈʀʈʆɼʆʇʆʃʔɿʆɺɸʅʀʀ 

1 ʢʫʨʩ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʚʝʩʝʥʥʠʡ ʩʝʤʝʩʪʨ 2014 ʛ. 

ʇʨʝʧʦʜʘʚʘʪʝʣʴ: 

¶ɼʘʥʠʠʣ ʅʠʢʦʣʘʝʚʠʯ ʂʦʟʣʦʚ: daniilkozlov@gmail.com 

¶ʂʘʬʝʜʨʘ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʛʨʘʬʠʠ ʠ ʣʘʥʜʰʘʬʪʦʚʝʜʝʥʠʷ 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ: 

¶  http://landscape.edu.ru 

¶  ʣʝʢʮʠʦʥʥʳʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʜʘʥʠʷ, ʩʪʘʪʴʠ, ʩʩʳʣʢʠ ʥʘ          

ʪʝʤʘʪʠʯʝʩʢʠʝ ʩʘʡʪʳ 

ɿʘʥʷʪʠʷ:  

¶  ʩʨʝʜʘ ʚʝʨʭʥʝʡ ʥʝʜʝʣʠ 1-2 ʧʘʨʳ, 09:00-12:20, ʘʫʜ. 2017, 2023 

¶  ʣʝʢʮʠʠ (50%), ʧʨʘʢʪʠʯʝʩʢʠʝ (50%)  

¶  ʜʦʤʘ 

ɿʘʜʘʥʠʷ: 

¶  ʨʝʬʝʨʘʪ ʩʪʘʪʴʠ 2012-14 ʛʦʜʘ ʠʟ ʢʘʪʘʣʦʛʘ ELSEVIER  

¶  ʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʥʠʷ 

ʇʨʦʚʝʨʢʘ ʟʥʘʥʠʡ: 

¶ʧʨʘʢʪʠʯʝʩʢʠʝ (45%), ʚʦʧʨʦʩʳ ʵʢʟʘʤʝʥʘ (45%), ʘʢʪʠʚʥʘʷ ʨʘʙʦʪʘ (10%)  
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12.02 
ʎɽʃʀ, ɿɸɼɸʏʀ ʀ ʉʆɼɽʈɾɸʅʀɽ ʂʋʈʉɸ 

ʕʢʩʧʝʨʪʥʳʝ ʠ ʬʦʨʤʘʣʴʥʳʝ ʤʦʜʝʣʠ. 

26.02 
ʇʨʦʙʣʝʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʚ ʵʢʦʣʦʛʠʠ ʠ 
ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠ 

ɼɿ 

12.03 
ʇʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʛʝʦʩʪʘʪʠʩʪʠʢʘ 

ɼɿ 

26.03 
ʇʨʦʙʣʝʤʳ ʮʠʬʨʦʚʦʛʦ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: 
ʠʥʜʠʢʘʮʠʦʥʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ 

ɼɿ 

09.04 
ʇʨʦʙʣʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ 
ʵʢʦʣʦʛʠʠ ʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʠ 

ɼɿ 

23.04 ʉʝʤʠʥʘʨ ʧʦ ʧʨʦʙʣʝʤʘʤ ʇɸ (ʜʦʢʣʘʜʳ ʧʦ ʩʪʘʪʴʷʤ) 

ʈɸʉʇʀʉɸʅʀɽ 2014 



ɿɸɼɸʏʀ ʂɸʈʊʆɻʈɸʌʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 



ʉɺʆʁʉʊɺɸ ʉʈɽɼʓ, 

ʌɸʂʊʆʈʓ 

ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ, 

ʌɸʂʊʆʈʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓɽ 

ʆʉʅʆɺʓ,  

ENVIRONMENTAL COVARIATES  

S = f (x, y) S = f  
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ʃɸʅɼʐɸʌʊʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓʍ 

ʉɺʗɿɽʁ  
ɻɽʆʉʊɸʊʀʉʊʀʂɸ 

ɿɸɼɸʏʀ ʂɸʈʊʆɻʈɸʌʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 



ɻɽʆʉʊɸʊʀʉʊʀʏɽʉʂʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

http://gis-

lab.info/docs/saveliev201

2-geostat.pdf 

ʆʣʠʚʴʝ ɼʶʙʨʫʣ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʝʦʩʪʘʪʠʩʪʠʢʠ ʜʣʷ 

ʚʢʣʶʯʝʥʠʷ ʚ 

ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 

ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

EAGE, 2002 

http://rutracker.org/forum/vie

wtopic.php?t=2583257 

ɼʝʤʴʷʥʦʚ ɺ.ɺ., ʉʘʚʝʣʴʝʚʘ 

ɽ.ɸ. ɻʝʦʩʪʘʪʠʩʪʠʢʘ ʪʝʦʨʠʷ 

ʠ ʧʨʘʢʪʠʢʘ / ʧʦʜ ʨʝʜ. ʈ. ɺ . 

ɸʨʫʪʶʥʷʥʘ; ʀʥ-ʪ ʧʨʦʙʣʝʤ 

ʙʝʟʦʧʘʩʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʈɸʅʄ.: 

ʄʦʩʢʚʘ, "ʅʘʫʢʘ", 2010 ʛ. - 327 

ʩʪʨ.  



ɻɽʆʉʊɸʊʀʉʊʀʂɸ: ʆɹʃɸʉʊʔ ʇʈʀʄɽʅɽʅʀʗ 

 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʆɹʒɽʄɸ ʈɽɿɽʈɺʋɸʈʆɺ (ʨʫʜʥʦʛʦ ʪʝʣʘ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʪ.ʧ.) 

1951 - ɼʵʥʠ ʂʨʠʛ (Danie Krige), ʟʦʣʦʪʦʨʫʜʥʳʡ ʨʫʜʥʠʢ ʚ ʖɸʈ 

1968 - ɾʦʨʞ  ʄʘʪʝʨʦʥ ʨʘʟʨʘʙʦʪʘʣ ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʢʘʢ 

ʪʝʦʨʠʶ ʨʝʛʠʦʥʘʣʠʟʠʚʘʥʥʳʭ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ) 

ʧʝʨʝʤʝʥʥʳʭ, ʜʣʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʦ ʧʨʠʨʦʜʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

(ʛʦʨʥʦʨʫʜʥʦʝ ʜʝʣʦ) 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʆʃɽʁ (ʨʝʣʴʝʬʘ, ʤʝʪʝʦʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʜʨ.) 

1963 - ʃ.ʉ. ɻʘʥʜʠʥ, ʪʝʦʨʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʜʣʷ 

ʦʙʲʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʝʦʧʦʣʝʡ ʚʢʣʶʯʘʣʘ ʦʩʥʦʚʳ 

ʛʝʦʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʉʈɸɺʅɽʅʀɽ ʗɺʃɽʅʀʁ, ʠʟʤʝʨʝʥʥʳʭ ʚ çʨʘʟʥʳʭè ʪʦʯʢʘʭ (+, -, *, /) 

 



- ʚʠʟʫʘʣʠʟʘʮʠʷ (ʠʟʦʣʠʥʠʠ, 

3D ʠ ʜʨ.) 

- ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ, 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʨʝʣʴʝʬʦʤ 

(ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʡ ʩʪʦʢ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʟʘʛʨʷʟʥʠʪʝʣʷ ʠ ʜʨ.) 

- ʩʦʩʪʘʚʣʝʥʠʝ ʢʘʨʪʳ 

ʵʣʝʤʝʥʪʦʚ, ʬʦʨʤ ʠ ʪʠʧʦʚ 

ʨʝʣʴʝʬʘ 

- é 

ʎʀʌʈʆɺʓɽ ʄʆɼɽʃʀ ʈɽʃʔɽʌɸ (ʎʄʈ) 



ɻʆʈʀɿʆʅʊɸʃʀ ʊʆʇʆʂɸʈʊʓ ï ʆʉʅʆɺɸ ʎʄʈ 



ɻʆʈʀɿʆʅʊɸʃʀ ʊʆʇʆʂɸʈʊʓ ï ʆʉʅʆɺɸ ʎʄʈ 



ʈɽʃʔɽʌ ʎʏɿ (ʂʫʨʩʢʘʷ ʦʙʣ.)   ʎʄʈ ʥʘ ʦʩʥʦʚʝ ʪʦʧʦʢʘʨʪʳ 20ʭ20 ʤ 



ʌ* ʕ** 
ɻʨʘʜʘʮʠʠ ʢʨʫʪʠʟʥʳ ʩʢʣʦʥʦʚ 

0-1.2Á 1.2-2.5Á 2.5-5Á 5-10Á >10Á 

ʇ 
ʉ 

ʖ 

U 
ʉ 

ʖ 

ʃʝʛʝʥʜʘ: ʌ*  - ʬʦʨʤʘ ʩʢʣʦʥʦʚ ʚ ʧʣʘʥʝ (ʇ ï ʚʳʧʫʢʣʳʝ, U ï 

ʚʦʛʥʫʪʳʝ), ʕ** - ʦʨʠʝʥʪʘʮʠʷ ʩʢʣʦʥʦʚ: ʉ ï ʩʝʚʝʨʥʦʡ ʵʢʩʧʦʟʠʮʠʠ 

(ʭʦʣʦʜʥʳʝ), ʖ ï ʶʞʥʦʡ ʵʢʩʧʦʟʠʮʠʠ (ʪʝʧʣʳʝ) 

ʎʏɿ: ʮʠʬʨʦʚʘʷ ʦʩʥʦʚʘ ʢʘʨʪʳ ʵʣʝʤʝʥʪʦʚ ʤʝʟʦʨʝʣʴʝʬʘ 



ɺ.ɺ. ʉʳʩʫʝʚ, 2005 

ʕʣʝʤʝʥʪʘʨʥʳʡ ʇʊʂ - ʧʨʠʫʨʦʯʝʥ ʢ ʦʜʥʦʤʫ ʵʣʝʤʝʥʪʫ ʤʝʟʦʨʝʣʴʝʬʘ;  

ʵʪʦ ʪʝʨʨʠʪʦʨʠʷ ʦʜʥʦʨʦʜʥʘʷ ʧʦ ʪʨʝʤ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ: 

ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜ, ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʨʝʣʴʝʬʘ ʠ 

ʵʢʩʧʦʟʠʮʠʠ ʩʢʣʦʥʘ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʤʤʘʨʥʘʷ ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ, 

ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʜʠʥʘʢʦʚʳ. ʇʦʵʪʦʤʫ ʬʦʨʤʠʨʫʶʪʩʷ ʦʜʠʥ 

ʤʠʢʨʦʢʣʠʤʘʪ ʠ ʦʜʠʥ ʚʦʜʥʳʡ ʨʝʞʠʤ, ʦʜʠʥ ʙʠʦʛʝʦʮʝʥʦʟ, ʦʜʥʘ ʧʦʯʚʝʥʥʘʷ ʨʘʟʥʦʩʪʴ 

ʠ ʦʜʥʦʦʙʨʘʟʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʯʚʝʥʥʦʡ ʤʝʟʦʬʘʫʥʳ  [ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ é., 2004] 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ:   

       ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʇʊʂ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʝʬʘ ʦʪʦʙʨʘʞʝʥʠʝʤ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʧʠʩʘʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʧʦʣʝʡ ʠʥʩʦʣʷʮʠʠ ʠ 

ʛʨʘʚʠʪʘʮʠʠ 

ʋʨʘʚʥʝʥʠʷ ʪʝʦʨʠʠ ʧʦʣʷ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʷʚʣʷʶʪʩʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ 

ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ɻɽʆʌʀɿʀʏɽʉʂɸʗ ɼʀʌʌɽʈɽʅʎʀɸʎʀʗ ɻɽʆʉʀʉʊɽʄ 



TIN (Triangulated Irregular Network) 

ï ʣʠʥʝʡʥʘʷ ʥʝʨʝʛʫʣʷʨʥʘʷ ʩʝʪʴ, 

ʩʠʩʪʝʤʘ ʥʝ ʧʝʨʝʢʨʳʚʘʶʱʠʭʩʷ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ɺʝʨʰʠʥʘʤʠ 

ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʝ 

ʦʧʦʨʥʳʝ ʪʦʯʢʠ.  

ʈʝʰʝʪʢʘ (grid) ï ʩʪʨʫʢʪʫʨʘ 

ʨʝʛʫʣʷʨʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʣʠʥʠʡ (ʢʦʣʦʥʦʢ ʠ 

ʩʪʨʦʢ). 

ʉʠʥʦʥʠʤʳ: ʤʘʪʨʠʮʘ, ʪʘʙʣʠʮʘ, 

ʨʘʩʪʨ  

ɼɺɽ ʈɸɿʅʆɺʀɼʅʆʉʊʀ ʎʄʈ 



ʈɽɻʋʃʗʈʅʆ ʀ ʈɸɺʅʆʄɽʈʅʆ ʉʃʋʏɸʁʅʆ ʀ ʈɸɺʅʆʄɽʈʅʆ ʅɽ ʉʃʋʏɸʁʅʆ ʠ ʅɽ ʈɸɺʅʆʄɽʈʅʆ 

X Y Z 

X1 Y1 Z1 

X2 Y2 Z2 
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Xn Yn Zn 

ʇʆʃʆɾɽʅʀɽ ʊʆʏɽʂ ɺ ʇʈʆʉʊʈɸʅʉʊɺɽ 

Z1 Z2 

ʍ 

Y 

Z3 Z4 



ʅɽʈɽɻʋʃʗʈʅɸʗ ʉɽʊʔ ɿʅɸʏɽʅʀʁ ʈɽɻʋʃʗʈʅɸʗ ʉɽʊʔ ɿʅɸʏɽʅʀʁ 

ʀʅʊɽʈʇʆʃʗʎʀʗ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʛʨʠʜʘ (gridding) - ʧʨʦʮʝʩʩ ʚʳʯʠʩʣʝʥʠʷ 

ʟʥʘʯʝʥʠʡ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʘʭ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʠ ʧʦ 

ʟʥʘʯʝʥʠʷʤ ʥʝʨʝʛʫʣʷʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ (ʥʘʙʣʶʜʝʥʠʡ).  

ʀʅʊɽʈʇʆʃʗʎʀʗ 
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ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʙʣʠʞʝ ʪʦʯʢʘ ʜʘʥʥʳʭ ʢ ʫʟʣʫ ʩʝʪʠ, 

ʪʝʤ ʙʦʣʴʰʠʡ ʚʝʩ ʦʥʘ ʠʤʝʝʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʥʘʯʝʥʠʷ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʇʈʆɹʃɽʄʓ ʀʅʊɽʈʇʆʃʗʎʀʀ: 

Å ʇʆ ʂɸʂʀʄ ʊʆʏʂɸʄ ʀʅʊɽʈʇʆʃʀʈʆɺɸʊʔ? 

Å ʂɸʂ ɿɸɼɸʊʔ ɺɽʉɸ? 



ɺʳʩʦʪʘ 

(Y), m 

ɼʠʩʪʘʥʮʠʷ 

(D), m 

248.8 283.5 

248.5 406.5 

248.3 485.2 

255.8 558.7 

247.3 450.3 

245.9 454.6 

240.8 534.3 

==
0161.0

9993.3
kY 247.9 
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1. ʆʧʨʝʜʝʣʠʪʴ n ʙʣʠʞʘʡʰʠʭ 

ʪʦʯʝʢ ʢ ʟʘʜʘʥʥʦʡ ʪʦʯʢʝ k. 

2. ɺʳʯʠʩʣʠʪʴ ʨʘʩʩʪʦʷʥʠʝ Dik ʦʪ 

ʪʦʯʢʠ ʩ ʥʦʤʝʨʦʤ i ʜʦ ʪʦʯʢʠ ʩ 

ʥʦʤʝʨʦʤ k ʧʦ ʪʝʦʨʝʤʝ 

ʇʠʬʘʛʦʨʘ 

 

 

 

3. ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʝ Yk  ʧʦ 

ʬʦʨʤʫʣʝ 
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( )ä

ä
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==
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n
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/D

/DY

Y

1

1

1

[-] ï ʢʘʢ ʟʘʜʘʪʴ çʙʣʠʞʘʡʰʠʝè ʪʦʯʢʠ? 

        (ʧʦ ʯʠʩʣʫ, ʧʦ ʨʘʩʩʪʦʷʥʠʶ, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ?) 

? 

ʀʅʊɽʈʇʆʃʗʎʀʗ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ (IDV)  



[-] - ʧʦʷʚʣʝʥʠʶ ʷʚʥʳʭ ʪʨʝʫʛʦʣʴʥʳʭ ʛʨʘʥʝʡ ʥʘ ʛʨʘʬʠʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʙʦʣʴʰʠʭ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʩʝʛʤʝʥʪʦʚ ʥʘ ʢʘʨʪʝ ʠʟʦʣʠʥʠʡ  

? 

1. ʇʦʩʪʨʦʝʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ: 

ʥʘʭʦʜʠʤ ʧʝʨʚʳʝ ʪʨʠ ʙʣʠʟʢʠʝ 

ʜʨʫʛ ʢ ʜʨʫʛʫ ʪʦʯʢʠ ï ʧʦʣʫʯʘʝʤ 

ʪʨʝʫʛʦʣʴʥʠʢ. ʅʘʭʦʜʠʤ 

ʙʣʠʞʘʡʰʫʶ ʢ ʥʝʤʫ ʪʦʯʢʫ ʠ 

ʦʙʨʘʟʦʚʳʚʘʝʤ ʩʤʝʞʥʳʡ 

ʪʨʝʫʛʦʣʴʥʠʢ. ʀ ʪʘʢ ʜʣʷ ʚʩʝʭ 

ʪʦʯʝʢ. 

2. ʀʥʪʝʨʧʦʣʷʮʠʷ: ʜʣʷ ʠʩʢʦʤʦʡ 

ʪʦʯʢʠ ʥʘʭʦʜʠʤ ʪʨʝʫʛʦʣʴʥʠʢ, ʚ 

ʢʦʪʦʨʳʡ ʦʥʘ ʧʦʧʘʜʘʝʪ ʠ 

ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʝ Yk  ʧʦ 

ʬʦʨʤʫʣʝ 
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ɺʳʩʦʪʘ 

(Y), m 

ɼʠʩʪʘʥʮʠʷ 

(D), m 

248.8 283.5 

247.3 450.3 

245.9 454.6 

==
0079.0

968.1
kY 247.6 

ʃʀʅɽʁʅɸʗ ʀʅʊɽʈʇʆʃʗʎʀʗ ʥʘ ʦʩʥʦʚʝ ʪʨʠʘʥʛʫʣʷʮʠʠ  



ʄʝʪʦʜ ʦʙʨʘʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (Inverse Distance to a Power) ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤ, ʥʦ 

ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ "ʙʳʯʠʡ ʛʣʘʟ" ʚʦʢʨʫʛ ʪʦʯʝʢ ʥʘʙʣʶʜʝʥʠʡ ʩ ʚʳʩʦʢʠʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ. 

ʄʝʪʦʜ ʂʨʠʛʝ (Kriging)  - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʛʠʙʢʠʭ ʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʝʪʦʜʦʚ. ʕʪʦʪ ʤʝʪʦʜ 

ʟʘʜʘʝʪʩʷ ʚ SURFERʝ ʧʦ ʫʤʦʣʯʘʥʠʶ. ɼʣ ̫ʙʦʣʴʰʠʥʩʪʚʘ ʤʥʦʞʝʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜ 

ʂʨʠʛʝ ʩ ʣʠʥʝʡʥʦʡ ʚʘʨʠʘʛʨʘʤʤʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ. ʆʜʥʘʢʦ, ʥʘ ʤʥʦʞʝʩʪʚʘʭ ʙʦʣʴʰʦʛʦ 

ʨʘʟʤʝʨʘ ʦʥ ʨʘʙʦʪʘʝʪ ʤʝʜʣʝʥʥʦ. 

ʄʝʪʦʜ ʤʠʥʠʤʫʤʘ ʢʨʠʚʠʟʥʳ (Minimum Curvature)  ʛʝʥʝʨʠʨʫʝʪ ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʥʦʞʝʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʙʦʪʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ. 

ʄʝʪʦʜ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʠ (Polynomial Regression) ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʙʦʣʴʰʠʭ 

ʪʨʝʥʜʦʚ ʠ ʩʪʨʫʢʪʫʨ ʚ ɺʘʰʠʭ ʜʘʥʥʳʭ. ʕʪʦ ʤʝʪʦʜ ʨʘʙʦʪʘʝʪ ʦʯʝʥʴ ʙʳʩʪʨʦ ʜʣʷ ʤʥʦʞʝʩʪʚ ʣʶʙʦʛʦ 

ʨʘʟʤʝʨʘ, ʥʦ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʦʥ ʥʝ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʩʢʦʣʴʢʫ ʩʛʝʥʝʨʠʨʦʚʘʥʥʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ. 

ʄʝʪʦʜ ʨʘʜʠʘʣʴʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ (Radial Basis Functions) ʪʘʢ ʞʝ, ʢʘʢ ʠ ʤʝʪʦʜ ʂʨʠʛʝ, ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʛʠʙʢʠʤ ʠ ʛʝʥʝʨʠʨʫʝʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ,   ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʵʪʦʛʦ ʤʝʪʦʜʘ ʦʯʝʥʴ ʧʦʭʦʞʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ʂʨʠʛʝ. ʆʥ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʤʥʦʞʝʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʄʝʪʦʜ ʐʝʧʘʨʜʘ (Shepard's Method) ʧʦʜʦʙʝʥ ʤʝʪʦʜʫ ʦʙʨʘʪʥʳʭ ʨʘʩʩʪʦʷʥʠʡ (Inverse Distance to a 

Power), ʥʦ ʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʛʝʥʝʨʠʨʫʝʪ ʩʪʨʫʢʪʫʨʳ ʪʠʧʘ "ʙʳʯʠʡ ʛʣʘʟ", ʦʩʦʙʝʥʥʦ ʢʦʛʜʘ ʟʘʜʘʥ 

ʩʛʣʘʞʠʚʘʶʱʠʡ ʧʘʨʘʤʝʪʨ. 

ʄʝʪʦʜ ʪʨʠʘʥʛʫʣʷʮʠʠ (Triangulation with Linear Interpolation) ʜʣʷ ʤʥʦʞʝʩʪʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʪʦʯʝʢ ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ (ʦʪ 250 ʜʦ 1000 ʥʘʙʣʶʜʝʥʠʡ) ʨʘʙʦʪʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʠ ʩʪʨʦʠʪ ʭʦʨʦʰʝʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ. ʕʪʦʪ ʤʝʪʦʜ ʛʝʥʝʨʠʨʫʝʪ ʷʚʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ ʛʨʘʥʠ ʥʘ ʛʨʘʬʠʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʢ ʧʨʦʛʨʘʤʤʝ Surfer 6.0 

ʄɽʊʆɼʓ ʀʅʊɽʈʇʆʃʗʎʀʀ 



ʆʙʨʘʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʂʨʠʛʠʥʛ ʊʨʠʘʥʛʫʣʷʮʠʷ ɼʝʣʦʥʝ 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʴʶ 

ʠ ʟʘʜʘʯʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʭʘʨʘʢʪʝʨʦʤ ʷʚʣʝʥʠʷ 

Zres =  Zint ï Zreal 

 
Zres ï ʦʰʠʙʢʘ 

Zint ï ʨʝʟʫʣʴʪʘʪ 

ʠʥʪʝʨʧʦʣʷʮʠʠ 

Zreal ï ʠʩʭʦʜʥʦʝ ʟʥʘʯʝʥʠʝ 

 

ʅɽ ʂʆʈʈɽʂʊʅʆ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ 

ʪʦʯʥʦʡ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʂʘʢ ʦʮʝʥʠʪʴ ʦʰʠʙʢʫ  

ʠʥʪʝʨʧʦʣʷʮʠʠ? 

ʂɸʂʆʁ ʄɽʊʆɼ ʀʅʊɽʈʇʆʃʗʎʀʀ ʃʋʏʐɽ? 



ʂʨʠʛʠʥʛ  
(Kriging) 

ʄʝʪʦʜ ʐʝʧʘʨʜʘ 
(Modified Shepard's Method)  

ʆʙʨʘʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ  

(Inverse Distance to a Power)  

ʄʠʥʠʤʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ  

(Minimum Curvature)  

(Radial Basis Functions)  

ʀʩʭʦʜʥʳʝ ʪʦʯʢʠ  

ʂɸʂʆʁ ʄɽʊʆɼ ʀʅʊɽʈʇʆʃʗʎʀʀ ʃʋʏʐɽ? 

http://www.ap.krakow.pl/geo/bibliogr/r_idp.jpg
http://www.ap.krakow.pl/geo/bibliogr/r_mkr.jpg
http://www.ap.krakow.pl/geo/bibliogr/r_kriging.jpg
http://www.ap.krakow.pl/geo/bibliogr/r_msh.jpg
http://www.ap.krakow.pl/geo/bibliogr/r_rbf.jpg


ʆʙʨʘʪʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ  

(Inverse Distance to a Power)  

ʉʧʣʘʡʥ ʠʥʪʝʨʧʦʣʷʮʠʷ  

(Spline)  
ʂʨʠʛʠʥʛ  
(Kriging) 

ʂɸʂʆʁ ʄɽʊʆɼ ʀʅʊɽʈʇʆʃʗʎʀʀ ʃʋʏʐɽ? 



ɽʩʣʠ, ʩʨʝʜʥʝʝ (Ɇ) ʠ ʜʠʩʧʝʨʩʠʷ (var) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ 

Ɇ[Z(x)] = Ɇ [Z(x+h)] = m 

var([Z(x)] = var[Z(x+h)] = ů2 

ʪʦ ʢʦʚʘʨʠʘʮʠʷ ʟʥʘʯʝʥʠʡ ʚ ʜʚʫʭ ʪʦʯʢʘʭ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ 

Cov[Z(x), Z(x+h))] = C(h) 

ʅʆ! ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʢʦʚʘʨʠʘʮʠʠ ʫʯʘʩʪʚʫʝʪ ʩʨʝʜʥʝʝ, ʚʳʯʠʩʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 
 

ʉʪʘʮʠʦʥʘʨʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʠʨʘʱʝʥʠʡ: 

Ɇ[Z(x+h)-Z(x)]=0 

İʩʨʝʜʥʝʝ[(Z(x+h)-Z(x))2] = ɔ(h) - ʚʘʨʠʦʛʨʘʤʤʘ 

ɔ(h) = C(0) - C(h) 

ɻɽʆʉʊɸʊʀʉʊʀʏɽʉʂɸʗ ʄʆɼɽʃʔ ɼɸʅʅʓʍ 

h 

C(h) ʠ ɔ(h) 

ʉ0 

ɔ(h) = C(0) - C(h) 
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ɺɸʈʀʆɻʈɸʄʄɸ 
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ɔ(h) 

1 2 3 4 5 6 7 

ʈɸɼʀʋʉ (A)  

ʚʳʨʘʞʘʝʪ 
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ʇʆʈʆɻ (ʉ)  

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʜʠʩʧʝʨʩʠʠ 

ʕʌʌɽʂʊ 

ʉɸʄʆʈʆɼʂɸ (ʉ0) 

ʚʳʨʘʞʘʝʪ ʰʫʤ 



ɺɸʈʀʆɻʈɸʄʄɸ 

(Heuvelink, 2013) 



ʄʆɼɽʃʀ ɺɸʈʀʆɻʈɸʄʄʓ 

h 

ɔ(h) 

1 2 3 4 5 6 7 

ʦʪ ʧʨʝʜʝʣʴʥʦʡ ʛʣʘʜʢʦʩʪʠ é 

ʢ ʧʦʣʥʦʡ ʭʘʦʪʠʯʥʦʩʪʠ é 

h 

ɔ(h) 

1 2 3 4 5 6 7 

öö
÷

õ
ææ
ç

å
-=

3

3

22

3
)(

a

h

a

h
ʉhg

ʉh =)(g

ah¢¢0

ah>

ö
ö

÷

õ

æ
æ

ç

å
-=

-
a

h

eʉh 1)(g

ö
ö

÷

õ

æ
æ

ç

å
-=

-
2

2

1)( a

h

eʉhg

öö
÷

õ
ææ
ç

å
-+-=

7

7

5

5

3

3

2

2

4

3

2

7

4

35
7)(

a

h

a

h

a

h

a

h
ʉhg ah¢¢0

ah>ʉh =)(g

ʩʬʝʨʠʯʝʩʢʘʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ 

ʛʘʫʩʩʦʚʩʢʘʷ 

ʢʫʙʠʯʝʩʢʘʷ 

ö
÷

õ
æ
ç

å
-=

a

h

h

a
ʉh sin1)(g

ʵʬʬʝʢʪ ʷʤʳ 



ʄʆɼɽʃʀ ɺɸʈʀʆɻʈɸʄʄʓ 
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ʨʅ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 

n=2582 

      ʤʦʜʝʣʴ= ʩʬʝʨʠʯʝʩʢʘʷ 

ʩʘʤʦʨʦʜʦʢ = 0.57 

         ʧʦʨʦʛ = 1.81 

       ʨʘʜʠʫʩ = 812 km 



n=2582 

ʨʅ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 



n=2582 

ʨʅ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 



ʉɺʆʁʉʊɺɸ ʉʈɽɼʓ, 

ʌɸʂʊʆʈʓ 

ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ, 

ʌɸʂʊʆʈʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓɽ 

ʆʉʅʆɺʓ,  

ENVIRONMENTAL COVARIATES  

S = f (x, y) S = f  

? 

6 

6 8 

8 

ʍ 

Y 

ȱɆ3 
ȱɆ1ɟ 

ȱɆ3Ʌ Ȣɍ 

? 

? 

ʄʆɼɽʃʔ 

ʃɸʅɼʐɸʌʊʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓʍ 

ʉɺʗɿɽʁ  
ɻɽʆʉʊɸʊʀʉʊʀʂɸ 

ɿɸɼɸʏʀ ʂɸʈʊʆɻʈɸʌʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 



ʉɺʆʁʉʊɺɸ ʉʈɽɼʓ, 

ʌɸʂʊʆʈʓ 

ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ, 

ʌɸʂʊʆʈʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓɽ 

ʆʉʅʆɺʓ,  

ENVIRONMENTAL COVARIATES  

S = f (x, y) S = f  

ʄʆɼɽʃʔ 

ʃɸʅɼʐɸʌʊʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓʍ 

ʉɺʗɿɽʁ  
ɻɽʆʉʊɸʊʀʉʊʀʂɸ 

ʈɽɻʈɽʉʉʀʆʅʅʓʁ ʂʈʀɻʀʅɻ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ, ʩ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʩʢʦʨʝʣʣʠʨʦʚʘʥʥʦʡ ʯʘʩʪʴʶ 

ʪʨʝʥʜ, ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʡ ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ 

╢● █̒̃̏̊̒̓̃́ ̒̑̆̅ Ⱡ̜● 



ʉɺʆʁʉʊɺɸ ʉʈɽɼʓ, 

ʌɸʂʊʆʈʓ 

ʇʆʏɺʆʆɹʈɸɿʆɺɸʅʀʗ, 

ʌɸʂʊʆʈʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓɽ 

ʆʉʅʆɺʓ,  

ENVIRONMENTAL COVARIATES  

S = f (x, y) S = f  

ʄʆɼɽʃʔ 

ʃɸʅɼʐɸʌʊʅʆ-ʀʅɼʀʂɸʎʀʆʅʅʓʍ 

ʉɺʗɿɽʁ  
ɻɽʆʉʊɸʊʀʉʊʀʂɸ 

̑  ̱̊ ‍ ‍ᶻ̃ ̜̒̏̓‍́ ᶻ̋ ̑̔̓̉̈̎́‍ ᶻ̕ ̏̑̍ ́ȣ Ⱡ● 

ʈɽɻʈɽʉʉʀʆʅʅʓʁ ʂʈʀɻʀʅɻ 



ʈɽɻʈɽʉʉʀʆʅʅʓʁ ʂʈʀɻʀʅɻ 

1. ʧʦʩʪʨʦʠʪʴ ʨʝʛʨʝʩʩʠʦʥʥʫʶ ʤʦʜʝʣʴ (ʦʮʝʥʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ) 

 

 

2. ʚʳʯʠʩʣʠʪʴ ʦʩʪʘʪʢʠ  

 

 

      ʠ ʧʦʩʪʨʦʠʪʴ ʜʣʷ ʥʠʭ ʚʘʨʠʦʛʨʘʤʤʫ  

3. ʚʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʜʣʷ ʷʯʝʝʢ ʩʝʪʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʴʶ 

4. ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʜʣʷ ʷʯʝʝʢ ʩʝʪʢʠ ʦʩʪʘʪʢʠ ʤʝʪʦʜʦʤ 

ʢʨʠʛʠʥʛʘ 

5. ʩʣʦʞʠʪʴ ʨʝʟʫʣʴʪʘʪʳ 3 ʠ 4 ʰʘʛʦʚ 

̑  ̱̊ ‍ ‍ᶻ̃ ̜̒̏̓‍́ ᶻ̋ ̑̔̓̉̈̎́‍ ᶻ̕ ̏̑̍ ́ȣ  

Ⱡ● = ̑  ̱̊  ‍ ‍ᶻ̃ ̜̒̏̓‍́ ᶻ̋ ̑̔̓̉̈̎́‍ ᶻ̕ ̏̑̍ ́ȣ 



ʍʆʈɺɸʊʀʗ. ʄʆʑʅʆʉʊʔ ʇʆʏɺʓ (Hengl et al., 2004) 



ʍʆʈɺɸʊʀʗ. ʄʆʑʅʆʉʊʔ ʇʆʏɺʓ (Hengl et al., 2004) 

ʥʘʙʣʶʜʝʥʠʷ 

ʨʝʛʨʝʩʩʠʦʥʥʘʷ 

ʤʦʜʝʣʴ 

ʧʦʯʚʝʥʥʘʷ 

ʢʘʨʪʘ 

ʨʝʛʨʝʩʩʠʦʥʥʳʡ 

ʢʨʠʛʠʥʛ 

ʦʨʜʠʥʘʨʥʳʡ 

ʢʨʠʛʠʥʛ 



ʍʆʈɺɸʊʀʗ. ʄʆʑʅʆʉʊʔ ʇʆʏɺʓ (Hengl et al., 2004) 

ʅɽɿɸɺʀʉʀʄɸʗ ʇʈʆɺɽʈʂɸ ʇʆ 35 ʪʦʯʢʘʤ 



ȶɋɉɖɋɗɗɎɔɓɓɡɏ ɐɖɎɉɎɓɉ ȴɖɊɎɓɆɖɓɡɏ ɐɖɎɉɎɓɉ 

ʨʅ ʛʫʤʫʩʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘ 



ʄʦʜʝʣʴ ï ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (ʧʨʠʙʣʠʞʝʥʠʝ) ʨʝʘʣʴʥʦʩʪʠ 

ʈɽɸʃʔʅʆʉʊʔ ï ɼɸʅʅʓɽ ï ʄʆɼɽʃʔ 

ʩʨʝʜʥʝʝ + ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʩʪʘʪʦʢ ʪʨʝʥʜ + ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʩʪʘʪʦʢ 

ʉʊɸʎʀʆʅɸʈʅʆʉʊʔ = çʆɼʅʆʈʆɼʅʆ ʅɽʆɼʅʆʈʆɼʅʆɽè 

ʅɽ ʉʊɸʎʀʆʅɸʈʅʆʉʊʔ = çʅɽʆɼʅʆʈʆɼʅʆ ʅɽʆɼʅʆʈʆɼʅʆɽè 

ʉʊɸʎʀʆʅɸʈʅʆʉʊʔ 

ʩʨʝʜʥʝʝ + ʅɽ ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʩʪʘʪʦʢ ʪʨʝʥʜ + ʅɽ ʩʪʘʮʠʦʥʘʨʥʳʡ ʦʩʪʘʪʦʢ 



ʂʈʀɻʀʅɻ ï ʈɸɹʆʏʀʁ ʇʈʆʎɽʉʉ 

ɸʅɸʃʀɿ ɼɸʅʅʓʍ 

ʆʧʦʨʥʘʷ ʢʘʨʪʘ, ʦʩʥʦʚʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʛʠʩʪʦʛʨʘʤʤʘ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʚʘʨʠʦʛʨʘʤʤʘ 

 

ʇɸʈɸʄɽʊʈʓ ʂʈʀɻʀʅɻɸ 

ʄʦʜʝʣʴ ʚʘʨʠʦʛʨʘʤʤʳ, ʤʦʜʝʣʴ ʪʨʝʥʜʘ, ʨʘʟʤʝʨʳ ʦʢʨʝʩʪʥʦʩʪʠ 

 

ʈɽɿʋʃʔʊɸʊʓ ʂʈʀɻʀʅɻɸ 

ʇʝʨʝʢʨʝʩʪʥʘʷ ʧʨʦʚʝʨʢʘ, ʪʨʝʥʜ, ʠʥʪʝʨʧʦʣʠʨʦʚʘʥʥʘʷ ʢʘʨʪʘ, ʢʘʨʪʘ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʢʨʠʛʠʥʛʘ 



ʉʠʪʫʘʮʠʷ ˉ2 

ʊʦʯʢʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ ʠʟʤʝʨʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘʧʨʠʤʝʨ ï ʠʟʤʝʨʝʥʠʷ ʥʘ ʙʦʣʦʪʝ ʚʳʩʦʪʳ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ ʪʦʨʬʘ.   

ɻɽʆʉʊɸʊʀʉʊʀʏɽʉʂʀʁ ʇʈɸʂʊʀʂʋʄ 



ʋʏɽɹʅʓɽ ʄɸʊɽʈʀɸʃʓ               http://www.landscape.edu.ru  

http://www.landscape.edu.ru/edu_help2_gis.shtml#w6 

http://www.landscape.edu.ru/edu_help2_gis.shtml
http://www.landscape.edu.ru/edu_help2_gis.shtml


ʀʄʇʆʈʊ ʊɽʂʉʊʆɺʆʁ ʊɸɹʃʀʎʓ 

ʇʦʣʷ ʪʝʢʩʪʦʚʦʡ ʪʘʙʣʠʮʳ bogKatinMoss.txt: 

Xm - ʜʦʣʛʦʪʘ 

Ym - ʰʠʨʦʪʘ 

Id_point ï ʠʥʜʝʢʩ ʪʦʯʢʠ 

h_rel ï ʘʙʩ. ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪʘ 

h_bot ï ʘʙʩ. ʚʳʩʦʪʘ ʜʥʘ ʙʦʣʦʪʘ 

ʈʘʟʜʝʣʠʪʝʣʴ ʧʦʣʝʡ: ʧʨʦʙʝʣ (space) 

ʂʦʜ ʧʨʦʧʫʩʢʘ: ç-9999è 



ʆʊʂʈʓʊʔ ʊɸɹʃʀʎʋ 

ʇʦʣʷ ʪʝʢʩʪʦʚʦʡ ʪʘʙʣʠʮʳ bogKatinMoss.txt: 

Xm - ʜʦʣʛʦʪʘ 

Ym - ʰʠʨʦʪʘ 

Id_point ï ʠʥʜʝʢʩ ʪʦʯʢʠ 

h_rel ï ʘʙʩ. ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪʘ 

h_bot ï ʘʙʩ. ʚʳʩʦʪʘ ʜʥʘ ʙʦʣʦʪʘ 

ʈʘʟʜʝʣʠʪʝʣʴ ʧʦʣʝʡ: ʧʨʦʙʝʣ (space) 

ʂʦʜ ʧʨʦʧʫʩʢʘ: ç-9999è 

ʚ ʜʘʥʥʳʭ ʢʦʜʳ ʧʨʦʧʫʩʢʘ ç-9999è 

= ʚ ʪʦʯʢʝ ʥʝʪ ʠʟʤʝʨʝʥʠʡ 

1 

ʢʦʜʳ ʧʨʦʧʫʩʢʘ  

SAGA 



ʇʈɸɺʀʃʔʅʆ ɿɸɼɸʊʔ ʂʆɼ ʇʈʆʇʋʉʂɸ 

ʇʦʣʷ ʪʝʢʩʪʦʚʦʡ ʪʘʙʣʠʮʳ bogKatinMoss.txt: 

Xm - ʜʦʣʛʦʪʘ 

Ym - ʰʠʨʦʪʘ 

Id_point ï ʠʥʜʝʢʩ ʪʦʯʢʠ 

h_rel ï ʘʙʩ. ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʦʣʦʪʘ 

h_bot ï ʘʙʩ. ʚʳʩʦʪʘ ʜʥʘ ʙʦʣʦʪʘ 

ʈʘʟʜʝʣʠʪʝʣʴ ʧʦʣʝʡ: ʧʨʦʙʝʣ (space) 

ʂʦʜ ʧʨʦʧʫʩʢʘ: ç-9999è 

ʚ ʜʘʥʥʳʭ ʢʦʜʳ ʧʨʦʧʫʩʢʘ ç-9999è 

= ʚ ʪʦʯʢʝ ʥʝʪ ʠʟʤʝʨʝʥʠʡ 

1 

ʢʦʜʳ ʧʨʦʧʫʩʢʘ  

SAGA 



ʉʆɿɼɸʊʔ ʊʆʏʂʀ ɼʃʗ ʂɸɾɼʆʁ ʉʊʈʆʂʀ ʊɸɹʃʀʎʓ 



ɺʀɿʋɸʃʀɿʀʈʆɺɸʊʔ ʊʆʏʂʀ ʊʆʈʌʆʉʒɽʄʂʀ 

1. ɼʚʦʡʥʦʡ ʢʣʠʢ ʧʦ ʩʣʦʶ ʩ ʪʦʯʢʘʤʠ 

2. ʊʠʧ ʨʘʩʢʨʘʩʢʠ: Graduated Colors 

3. Attribute: h_rel ï ʚʳʩʦʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 

4. ʨʘʟʤʝʨ ʪʦʯʝʢ = 2-3 (ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʨʝʰʝʥʠʷ ʤʦʥʠʪʦʨʘ) 

5. Apply (ʧʨʠʤʝʥʠʪʴ) 

1 

2 

3 

4 

5 



RapidEye_090902.tif 

ɼʆɹɸɺʀʊʔ ʂʆʉʄʀʏɽʉʂʀʁ ʉʅʀʄʆʂ RapidEye ʦʪ 02.09.2009 



ɼʆɹɸɺʀʊʔ ʂʆʉʄʀʏɽʉʂʀʁ ʉʅʀʄʆʂ RapidEye ʦʪ 02.09.2009 

1. ɼʚʦʡʥʦʡ ʢʣʠʢ ʧʦ 

ʩʣʦʶ ʩ ʢʦʩʤʠʯʝʩʢʠʤ 

ʩʥʠʤʢʦʤ 

2. ɺʳʙʨʘʪʴ ʢʘʨʪʫ ʢ 

ʢʦʪʦʨʦʡ ʜʦʙʘʚʠʪʴ 

ʩʥʠʤʦʢ 

1 

2 
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1 

1. ʇʝʨʝʡʪʠ ʥʘ ʚʢʣʘʜʢʫ 

Maps 

2. ʀʟʤʝʥʠʪʴ ʧʦʨʷʜʦʢ 

ʩʣʦʝʚ ʥʘ ʢʘʨʪʝ 

 

PS: ʜʚʦʡʥʦʡ ʢʣʠʢ ʧʦ 

ʩʣʦʶ ʜʝʣʘʝʪ ʝʛʦ 

ʥʝʚʠʜʠʤʳʤ 

2 



ʀʅʊɽʈʇʆʃʗʎʀʗ: ʥʘʯʘʣʦ  

Ordinary Kriging ï ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʪʨʝʥʜʘ 

Universal Kriging ï ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʪʨʝʥʜʦʤ 



ʃʀʅɽʁʅɸʗ ʄʆɼɽʃʔ 74% ʂʋɹʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 96% 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɸʈʀʆɻʈɸʄʄʓ 

Zx = a + b * x + c * x^2 + d * x^3 

a = -0.00456267 

b = 0.000223506 

c = 1.18587e-006 

d = -1.35663e-01011 

Zx = a + b * x 

 

a = 1.14918 

b = 0.000757097 

1. ʀʟʤʝʥʠʪʴ ʥʘʩʪʨʦʡʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʚʘʨʠʦʛʨʘʤʤʳ 

2. ʇʦʜʦʙʨʘʪʴ ʤʦʜʝʣʴ 

ʚʘʨʠʦʛʨʘʤʤʳ 

1 

2 

1 

2 

ɤɌɏ 4 



ʆʇʈɽɼɽʃɽʅʀɽ ɻɽʆʄɽʊʈʀʀ ʈɽɻʋʃʗʈʅʆʁ ʉɽʊʀ 

Left Right 

   Bottom 

   Top 

Cell 

size 



ʈɽɿʋʃʔʊɸʊ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɸʙʩ. ʚʳʩʦʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʦʣʦʪʘ, ʤ 



ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊʔ ʈɽɿʋʃʔʊɸʊʆɺ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

ɺʦʟʤʦʞʥʘʷ 

ʦʰʠʙʢʘ 

ʠʥʪʝʨʧʦʣʷʮʠʠ, ʤ 


