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ʉʝʢʮʠʷ 5. ʇʦʜʛʦʪʦʚʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʙʝʟʦʧʘʩʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. 

Section 5. Qualified cadres training for design, construction and safe 

operation of hydraulic structures. 
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ʇʈɽʇʆɼɸɺɸʅʀʗɻʈɸʌʀʏɽʉʂʀʍ ɼʀʉʎʀʇʃʀʅ 

ʂʫʯʢʘʨʦʚʘ ɼʠʣʘʨʦʤ ʌʘʡʟʫʣʣʘʝʚʥʘ, ɸʯʠʣʦʚʘ ɼʠʣʥʦʟʘ ɸʭʤʘʪʦʚʥʘ 

 

595 

ʍ פʀʐʃʆפ  .5 ɾɸʃʀʂ ʕʂʀʅʃɸʈʀ ׳ʆʉʀʃɼʆʈʃʀʂʃɸʈʀʅʀ 

ʈɽɾɸʃɸʐʊʀʈʀʐʅʀʅɻ ʄɸʊɽʄɸʊʀʂ ʄʆɼɽʃʃɸʈʀ ʍɸפʀɼɸ 

ɺʘʭʦʙʦʚ ɺʘʣʠʞʦʥ ɺʘʭʦʙʦʚʠʯ 

 

599 
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6.  ʇʆɼɻʆʊʆɺʂɸ ʂɸɼʈʆɺ ɼʃʗ ʉɽʂʊʆʈɸ ɺʆɿʆɹʅʆɺʃʗɽʄʆʁ 

ʕʅɽʈɻɽʊʀʂʀ 

ɺʘʩʴʢʦʚ ɸʣʝʢʩʝʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʊʷʛʫʥʦʚ ʄʠʭʘʠʣ ɻʝʦʨʛʠʝʚʠʯ, 

ʐʝʩʪʦʧʘʣʦʚʘ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 

5602 

7.  ʋʄʋʄʂɸʉɹʀʁ ʌɸʅʃɸʈʅʀ ʋʂʀʊʀʐɼɸ ʀʅʊɽʈʌɸʆʃ ʋʉʃʋɹʃɸʈ 

ɺɸ ʇɽɼɸɻʆɻʀʂ ʊɽʍʅʆʃ ʆɻʀʗʃɸʈɼɸʅ ʋʅʋʄʃʀ ʌʆʁɼɸʃɸʅʀʐ        

ʄʫʩʣʠʤʦʚ ʊʫʨʘʚʦʡ ɼʞʫʨʘʝʚʠʯ, ʖʥʫʩʦʚʘ ʌʘʨʠʜʘ ʈʘʭʤʦʥʙʝʨʜʠʝʚʥʘ 

 

608 

8.  ñʄʋʉʊɸפʀʃ ʉɶɿ ʊʋʈʂʋʄʃɸʈʀò ʄʆɼʋʃʀʅʀ ɶפʀʊʀʐʅʀʅɻ 

ʋʉʊʋɺʆʈ ʁɶʅɸʃʀʐʃɸʈʀ 

ʈʘʭʠʤʦʚʘ ʂʦʤʠʣʘ ʅʘʧʘʩʦʚʥʘ, ʖʩʫʧʦʚ ʕʨʢʠʥ ʂʫʨʙʘʥʙʘʝʚʠʯ 

 

613 

9.  ʅɽʂʆʊʆʈʓɽ ʇʈʆɹʃɽʄʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʀʅʌʆʈʄɸʎʀʆʅʅʆ-

ʂʆʄʄʋʅʀʂɸʎʀʆʅʅʓʍ ʊɽʍʅʆʃʆɻʀʁ ɺ ʆɹʈɸɿʆɺɸʅʀʀ 

ʂʘʨʠʤʦʚʘ ʍ.ʍ., ɿʠʷʝʚʘ ʐ.ʂ.  

 

618 

10.  ʀʈʈʀɻɸʎʀʗ ʉʆ׳ɸʉʀɻɸ ʆʀɼ ʄɸʊʅʃɸʈ ɹʀʃɸʅ ʀʐʃɸʐ 

ʊɸɾʈʀɹɸʉʀɼɸʅ 

ʕʨʢʘʝʚ ʕ.ʊ., ɿʫʣʭʦʥʦʚ ʄ.ɾ.  

 

622 

 ʆʈʀʃɸɼʀɻɸʅ ɽʈʃɸʈʀɼɸʅנʍɶɾɸʃʀɻʀɼɸ ʉʋ פʀʐʃʆפ  .11

ʉɸʄɸʈɸʃʀ ʌʆʁɼɸʃɸʅʀʐɼɸ ʀʅʅʆɺɸʎʀʆʅ 

ʊɽʍʅʆʃʆɻʀʗʃɸʈʅʀ ɾʆʈʀʁ ʕʊʀʐ 

ʄʘʡʠʥʦʚ ʐʫʭʨʘʪ ϧ˄ʯϨʘʨʦʚʠʯ, ʀʩʣʦʤʦʚ ɶʪʢʠʨ ʇʠʨʤʝʪʦʚʠʯ, 

ʉʘʬʘʝʚ ʉʘʥʞʘʨ ɿʘʬʘʨʙʝʢ ˄Ϥʣʠ 

 

626 

12.  ʄʆʅʀʊʆʈʀʅɻ ï ʂɸʂ ʀʅʉʊʈʋʄɽʅʊ ʆɹɽʉʇɽʏɽʅʀʗ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆɺʓʐɽʅʀʗ ʂɺɸʃʀʌʀʂɸʎʀʀ 

ʇɽɼɸɻʆɻʀʏɽʉʂʀʍ ʂɸɼʈʆɺ 

ʂʦʤʠʣʦʚ ϧʘʤʘʨʠʜʜʠʥ ɶʨʠʥʦʚʠʯ, ɸʭʤʝʪʦʚʘ ʂʣʘʨʘ 

 

630 

13.  ɻʊʀ ʚʘ ʅʉʌ ʁ ʅɸʃʀʐʀ ʊɸʃɸɹɸʃɸʈʀʅʀ ʄɸʍʉʋʉ ʌɸʅʃɸʈʅʀ 

ɿʃɸʐʊʀʈʀʐʃɸʈʀɼɸ ʂʀʄɪ  ʌɸʅʀʅʀʅɻ ʈʆʃʀ 

ʂʦʤʠʣʦʚ ϧʘʤʘʨʠʜʜʠʥ ɶʨʠʥʦʚʠʯ, ɶʨʘʟʘʣʠʝʚʘ ɿʘʨʥʠʛʦʨ   

 

636 

14.  ʅʋʊʂ ʄɸɼɸʅʀʗʊʀ ʌɸʅʀʅʀ ɶפʀʊʀʐɼɸ ʀʃנʆʈ ʍʆʈʀɾʀʁ 

ʊɸɾʈʀɹɸʃɸʈʅʀʅɻ ɸʍɸʄʀʗʊʀ 

ϧʫʨʙʘʥʦʚʘ  ʖʣʜʫʟʭʦʥ  ʀʣʭʦʤʦʚʥʘ, ʉʘʠʧʦʚʘ ʄʘʨʷʤʞʦʥ ʊʫʣʢʫʥʦʚʥʘ 

 

639 

15.  ʀʃʄʀʁ-ʇɽɼɸɻʆɻʀʂ ʂɸɼʈʃɸʈʅʀ ʊɸʁɪʈʃɸʐ ɺɸ ʋʃɸʈʅʀ 

ʄɸʃɸʂɸʉʀʅʀ ʆʐʀʈʀʐ ʆʐʀʈʀʐ ʄɸʉɸʃɸʃɸʈʀ. 

ʄʠʨʘʣʠʝʚʘ ɼ.ʊ. 
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16.  ʄʋʊɸʍɸʉʉʀʉʃɸʈɻɸ ʍʆʈʀɾ ʊʀʃʃɸʈʀʅʀ ɶʈɻɸʊʀʐʅʀʅɻ 

ɶɿʀɻɸ ʍʆʉ ʊʆʄʆʅʃɸʈʀ 

ɸʙʜʫʣʣʘʝʚʘ ʈ.ʄ., ʍʘʣʠʢʦʚʘ ʃ.ɶ., ʁ˄ʣʜʦʰʝʚʘ ʄ.ɹ.   

 

646 

17.  ʆʇʈɽɼɽʃɽʅʀɽ ʋʈʆɺʅɽʁ ʂʆʄʇɽʊɽʅʎʀʁ ʂɸʂ ʌɸʂʊʆʈ ʆʎɽʅʂʀ 

ɹʋɼʋʑɽɻʆ ʉʇɽʎʀɸʃʀʉʊɸ 

ʂʠʣʠʯʝʚʘ ʌʝʨʫʟʘ ɹʝʰʠʤʦʚʥʘ 
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18.  ʄɽʊʆɼʀʏɽʉʂʀɽ ʇʈʀɪʄʓ ʀɻʈʆɺʆɻʆ ʆɹʋʏɽʅʀʗ ʆɹʑɽʅʀʖ 

ɹʋɼʋʑʀʍ ʉʇɽʎʀɸʃʀʉʊʆɺ ʇʆ ʇʈʆɽʂʊʀʈʆɺɸʅʀʖ, 

ʉʊʈʆʀʊɽʃʔʉʊɺʋ ʀ ɹɽɿʆʇɸʉʅʆʁ ʕʂʉʇʃʋɸʊɸʎʀʀ 

ɻʀɼʈʆʊɽʍʅʀʏɽʉʂʀʍ ʉʆʆʈʋɾɽʅʀʁ 

ʂʠʣʠʯʝʚʘ ʌʝʨʫʟʘ ɹʝʰʠʤʦʚʥʘ 
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19.  ʃʆʁʀ׳ɸʅʀʅɻ ɹɸ׳ʆʉʀʅʀ ʊɸʍʃʀʃ פʀʃʀʐ ɺɸ 

ʆʇʊʀʄɸʃʃɸʐʊʀʈʀʐɼɸ  MICROSOFT PROJECT 2013 

ɼɸʉʊʋʈʀɼɸʅ ʌʆʁɼɸʃɸʅʀʐ ʋʉʋʃʃɸʈʀ 

ɸʙʜʫʢʘʜʠʨʦʚʘ ɼʠʥʘʨʘ ʊʘʰʢʘʥʙʘʝʚʥʘ 

 

657 

20.  ʌʆʈʄʀʈʆɺɸʅʀɽ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʂʆʄʇɽʊɽʅʎʀʀ 

ʉʊʋɼɽʅʊʆɺ ʉʈɽɼʉʊɺɸʄʀ ʈʋʉʉʂʆɻʆ ʗɿʓʂɸ. 

ɸʣʣʝʥʦʚʘ ʀʨʠʥʘ  ɺʣʘʜʠʤʠʨʦʚʥʘ, ʊʘʰʝʚʘ ʋʤʠʜʘ ʊʝʤʫʨʦʚʥʘ 

 

662 

21.  ʇʈʀʅʎʀʇʓ ɿɸʅʀʄɸʊɽʃʔʅʆʉʊʀ ʅɸ ɿɸʅʗʊʀʗʍ ʇʆ ʈʋʉʉʂʆʄʋ 

ʗɿʓʂʋ  

ɸʣʣʝʥʦʚʘ ʀʨʠʥʘ  ɺʣʘʜʠʤʠʨʦʚʥʘ. 
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22.  ʄɸʊɽʄɸʊʀʂɸʅʀ  ɶפʀʊʀʐɼɸ  ɹɸʐʆʈɸʊʃɸʐ ʋʉʋʃʀ 

ʁ˄ʣʜʦʰʝʚ ʅʫʨʠʣʣʘ ʅʠʛʤʘʪʦʚʠʯ, ʂʘʨʠʤʙaʝʚʘ ʉʘʠʜʘ 
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23.  ʄʋʊɸʍɸʉʉʀʉʃɸʈ ʊɸʁɪʈʃɸʐɼɸ ʂɽʁʉ ʊɽʍʅʆʃʆɻʀʗʃɸʈɼɸʅ 

ʌʆʁɼɸʃɸʅʀʐ  

ʍʘʣʠʢʦʚʘ ʃ.ɶ., ʁ˄ʣʜʦʰʝʚʘ  ʄ.ɹ.  
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24.  ɹɶʃנʋʉʀ ʄʋʊɸʍɸʉʉʀʉʃɸʈʅʀʅɻ  ʂɸʉɹʀʁ 

ʂʆʄʇɽʊɽʅʊʃʀɻʀʅʀ  ʐɸʂʃʃɸʅʊʀʈʀʐ ɺɸ ʈʀɺʆɾʃɸʅʊʀʈʀʐ 

ʆʄʀʃʃɸʈʀ 

ʐʦʤʫʨʦʪʦʚʘ ʅʠʛʦʨʘʭʦʥ ʅʘʙʠʞʦʥʦʚʥʘ 

 

674 

25.  ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʇʆɼɻʆʊʆɺʂʀ 

ʉʊʋɼɽʅʊʆɺ ʊɽʍʅʀʏɽʉʂʀʍ ɺʋɿʆɺ ʇʈʀ ʀɿʋʏɽʅʀʀ 

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ɼʀʉʎʀʇʃʀʅ 

ʌʘʡʟʫʣʣʘʝʚʘ ʅʠʣʫʬʘʨ ʉʘʜʫʣʣʘʝʚʥʘ  
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26.  ʆɹʋʏɽʅʀɽ ɺɽɹ-ʊɽʍʅʆʃʆɻʀʗʄ ʅɸ ʆʉʅʆɺɽ ʋʏɽɹʅʓʍ 

ʇʈʆɽʂʊʆɺ ɺ ʊɽʍʅʀʏɽʉʂʀʍ ɺʋɿɸʍ 

ʅʘʤ ɸʥʞʝʣʘ ʃʴʚʦʚʥʘ 
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27.  ʆʃʀʁ ʊɸʒʃʀʄ ʊʀɿʀʄʀɼɸ ʊɸʃɸɹɸʃɸʈʅʀʅɻ ʄʋʉʊɸפʀʃ 

ʊɸʒʃʀʄʅʀ ʊɸʐʂʀʃ פʀʃʀʐʅʀʅɻ ʀʃʄʀʁ-ʄɽʊʆɼʀʂ 

ɸʉʆʉʃɸʈʀ 

ʇʘʨʤʘʥʦʚ ɸʣʠʙʦʡ ʕʨʛʘʰʝʚʠʯ, ɹʘʡʤʝʪʦʚ ʄʫʭʘʤʤʘʪʘʣʠ 

ʄʝʭʨʠʜʜʠʥʦʚʠʯ, ʊʦʞʠʙʦʝʚ ɹʘʭʪʠʸʨ  ʄʫϨʫʤʞʦʥ ˄Ϥʣʠ  
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28.  ʕʂʉʇɽʈʀʄɽʅʊ ʅɸʊʀɾɸʃɸʈʀʅʀ פɸʁʊɸ ʀʐʃɸʐɼɸ  ʉʇʃɸʁʅ 

ʌʋʅʂʎʀʗʃɸʈɼɸʅ ʌʆʁɼɸʃɸʅʀʐ 

ʖʩʫʧʦʚ ʄʘʞʠʜ 
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29.  ʏʀɿʄɸ ɻɽʆʄɽʊʈʀʗ ʌɸʅʀɼɸʅ ʄɽʊʈʀʂ ɺɸ ʇʆɿʀʎʀʆʅ 

ʄɸʉɸʃɸʃɸʈ ɽʏʀʐɼɸ ʕʃɽʂʊʈʆʅ ɼɸʈʉʃʀʂʃɸʈ ʋʏʋʅ POWER 
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POINT ʀʄʂʆʅʀʗʃɸʈʀ ʍɸפʀɼɸ 

ʇʫʣʘʪʦʚʘ ʍʘʣʠʤʘ ɸʰʨʘʬʦʚʥʘ, ɽʜʳʣʙʦʝʚ ʋʥʘʨʙʝʢ ɼʞʘʨʳʣʢʘʩʳʥʦʚʠʯ, 

ʀʣʭʦʤ ɿʦʢʠʨʦʚ 

 

30.  ʄɸʒʈʋɿɸ ʄɸʐנʋʃʆʊʀʅʀ ɶפʀʊʀʐɼɸ ɿɸʄʆʅɸɺʀʁ 

ʇɽɼɸɻʆɻʀʂ ʊɽʍʅʆʃʆɻʀʗʃɸʈɼɸʅ ʌʆʁɼɸʃɸʅʀʐʅʀʅɻ 

ɸ׳ɸʄʀʗʊʀ 

ʄʘʪʷϨʫʙʦʚ ɹʘʭʪʠʷʨ ʐʘʤʫʨʘʪʦʚʠʯ 
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31.  ñʄʋʉʊɸפʀʃ ʉɶɿ ʊʋʈʂʋʄʃɸʈʀò ʄʆɼʋʃʀʅʀ ɶפʀʊʀʐɼɸ 

ʀʃנʆʈ ʍʆʈʀɾʀʁ ʊɸɾʈʀɹɸʃɸʈ 

ʈʘʭʠʤʦʚʘ ʂʦʤʠʣʘ ʅʘʧʘʩʦʚʥʘ 
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32.  ʅʋʈʆʊɸ ʊʆנʀ,  ʊʆנ ʆʃɼʀ ʊɽʂʀʉʃʀʂʃɸʈʀɼɸ ʊɸʈפɸʃɻɸʅ 

 ʃʀʃʀ׳ʃɸʈʀ ʍʆʉʉɸʃɸʈʀʅʀʅɻ ʊɸפʈʆ ʏɶʃ ʊʋʇʈʆ׳ʋʄʃʀ ʉɸפ

ʊ.ʊʫʨʘʝʚ 
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33.  ʄɽʊʆɼʀʂɸ ʉʆɿɼɸʅʀɽ 3-x ʄɽʈʅʓʍ ʄʆɼɽʃɽʁ 

ʊʆʇʆɻʈɸʌʀʏɽʉʂʀʍ ʇʆɺɽʈʍʅʆʉʊɽʁ 

ɼʞʫʤʘʙʘʝʚʘ ʌʦʪʠʤʘ ʀʨʢʠʥʦʚʥʘ, ɽʜʳʣʙʘʝʚ ʋʥʘʨʙʝʢ 

ɼʞʘʨʳʣʢʘʩʳʥʦʚʠʯ, ʀʣʭʦʤɿʦʢʠʨʦʚ 
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34.  ʂʈɸɽɺɸʗ  ɿɸɼɸʏɸ ʆ  ʊɽʏɽʅʀʗʍ ɾʀɼʂʆʉʊɽʁ ɺʅʋʊʈʀ 

ʇʃʆʉʂʆʇɸʈɸʃʃɽʃʔʅʆʁ ʉʀʄʄɽʊʈʀʏʅʆʁ ʉʆʇʃɸ ʃɸɺɸʃʗ 

ɸʙʜʫʣʣʘʝʚ ɸʢʤʘʣʞʦʥ ɸʙʜʫʞʘʣʠʣʦʚʠʯ 
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35.  ʏʀɿʄɸ ɻɽʆʄɽʊʈʀʗ ʌɸʅʀʅʀ ɶפʀʊʀʐɼɸ ɸʍɹʆʈʆʊ 

ʊɽʍʅʆʃʆɻʀʗʃɸʈʀ ɺʆʉʀʊɸʃɸʈʀʅʀ ʊɸɼɹʀפ ʕʊʀʐ 

ʊɸɾʈʀɹɸʃɸʈʀ 

ɼʞʫʤʘʙʦʝʚʘ ʌʦʪʠʤʘ ʀʨʢʠʥʦʚʥʘ, ɽʜʳʣʙʦʝʚ ʋʥʘʨʙʝʢ 

ɼʞʘʨʳʣʢʘʩʳʥʦʚʠʯ 
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36.  ʆɹ ʆɼʅʆʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏɽ ɼʃʗ ʋʈɸɺʅɽʅʀʗ ʉʄɽʐɸʅʅʆɻʆ 

ʊʀʇɸ ɺʊʆʈʆɻʆ ʈʆɼɸ. 

ɸʙʜʫʣʣʘʝʚ ɸʢʤʘʣʞʦʥ ɸʙʜʫʞʘʣʠʣʦʚʠʯ 
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Section 3. Efficient use of water and land resources, land reclamation. 
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ɸ.ʅ. ʂʦʩʪʷʢʦʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʈʦʩʩʠʠ. ɼʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʦʚ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʤʦʛʫʪ 

ʩʪʘʪʴ ʠʩʪʦʯʥʠʢʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʦʙʦʩʥʦʚʘʥʠʶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʴ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ, ʦʨʦʰʝʥʠʝ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ 

 

AGRICULTURAL WATER SUPPLY IN THE CONDITIONS OF WATER 

RESOURCE DEFICIENCY  
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Abstract. The article considers the problems of using water resources for agricultural water 

supply in conditions of climatic changes in Russia. The deficit of water resources in the south of the 

European part of the country and in Western Siberia determines the need to increase the water 

availability of the regions. The integrated use of surface and groundwater and redistribution of river 

flow can become a source of additional water resources. The main requirements for the 

substantiation of rationale river flow redistribution are defined. 
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ʨʝʩʫʨʩʦʚ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʠ ʚʳʩʦʢʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʝ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 

ʨʘʟʚʠʪʠʝ ʚʦʜʦʜʝʬʠʮʠʪʘ ʚ ʨʝʛʠʦʥʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

 ʉʨʝʜʥʷʷ ʤʥʦʛʦʣʝʪʥʷʷ ʚʝʣʠʯʠʥʘ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 4,3 ʪʳʩ. 

ʢʤ 
3
, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 10% ʤʠʨʦʚʦʛʦ ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʪʦʨʦʝ ʤʝʩʪʦ ʚ ʤʠʨʝ ʧʦʩʣʝ 

ɹʨʘʟʠʣʠʠ [1].  ʆʜʥʘʢʦ, ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʩʫʨʩʳ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʥʝʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʌ, ʘ ʚʝʣʠʯʠʥʘ ʩʪʦʢʘ ʚʝʩʴʤʘ ʜʠʥʘʤʠʯʥʘ ʚʦ ʚʨʝʤʝʥʠ. ɼʣʷ 

ʩʨʝʜʥʠʭ ʨʝʢ ʛʦʜʦʚʳʝ ʨʘʩʭʦʜʳ ʚʦʜʳ ʚ ʤʥʦʛʦʚʦʜʥʳʝ ʛʦʜʳ ʚ 2-4 ʨʘʟʘ ʙʦʣʴʰʝ, ʘ ʚ ʤʘʣʦʚʦʜʥʳʝ ï 

ʚ 6-20 ʨʘʟ ʤʝʥʴʰʝ ʩʨʝʜʥʠʭ ʤʥʦʛʦʣʝʪʥʠʭ, ʘ ʜʣʷ ʤʘʣʳʭ ʨʝʢ ʵʪʘ ʨʘʟʥʠʮʘ ʚʦʟʨʘʩʪʘʝʪ. ʅʘ 

ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʭʫʜʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ  

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠʟ-ʟʘ ʧʦʩʪʫʧʘʶʱʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʝʢ 

ʦʪʥʦʩʷʪʩʷ ʧʦ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢ ʢʘʪʝʛʦʨʠʷʤ çʟʘʛʨʷʟʥʝʥʥʳʝè ʠ çʩʠʣʴʥʦ 

ʟʘʛʨʷʟʥʝʥʥʳʝè [2].  

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʪʨʘʥʳ ʨʘʟʚʝʜʘʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩ ʩʫʤʤʘʨʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʧʘʩʘʤʠ 34ʢʤ
3
/ʛʦʜ [1].  ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʪʘʢʞʝ ʥʝʨʘʚʥʦʤʝʨʥʦ: ʙʦʣʝʝ 72% ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʉʝʚʝʨʦ-ɿʘʧʘʜʥʳʡ, ʋʨʘʣʴʩʢʠʡ, ʉʠʙʠʨʩʢʠʡ ʠ ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʝ ʦʢʨʫʛʘ. 

ʅʘ ʬʦʥʝ ʦʙʠʣʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʝ ʚ ʩʪʨʘʥʝ ʩ 2000 ʧʦ 2016 ʛ. 

ʩʦʢʨʘʪʠʣʦʩʴ ʥʘ 16,4 ʤʣʨʜ. ʤ
3
 ʠʣʠ ʥʘ 19%  [2]. ɿʘʙʦʨ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʥʠʟʠʣʩʷ ʩ 75,9 ʢʤ
3
 ʜʦ 61,9 ʢʤ

3
, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ  ʚʦʜ ʩ 65,7 ʜʦ 52,4 ʢʤ

3
, 

ʧʦʜʟʝʤʥʳʭ ʩ 10,2 ʜʦ 9,5 ʢʤ
3
. ʉ 2000ʛ. ʧʦ 2015 ʛ. ʚ ʈʦʩʩʠʠ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʜ ʥʘ ʧʠʪʴʝʚʦʝ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʩ 13,6 ʜʦ 7,9 ʢʤ
3
,  ʥʘ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʩ 38,8 ʜʦ 31,2 ʢʤ
3
, ʥʘ ʦʨʦʰʝʥʠʝ ʩʦ 12,6 ʜʦ 7,1 ʢʤ

3
.  ʊʨʝʥʜ ʩʥʠʞʝʥʠʷ 

ʚʦʜʦʦʪʙʦʨʘ ʚʨʝʤʝʥʠ ʩʚʷʟʘʥ ʥʝ ʪʦʣʴʢʦ ʩ ʜʠʥʘʤʠʢʦʡ ʥʘʨʦʜʦʥʘʩʝʣʝʥʠʷ, ʥʦ ʪʘʢʞʝ ʩ ʩʦʩʪʦʷʥʠʝʤ 

ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ, ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʨʘʟʚʠʪʠʷ ʠ ʜʨʫʛʠʤʠ ʧʨʠʯʠʥʘʤʠ. [2]. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ: ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ 

ʩʣʦʞʠʚʰʝʡʩʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʩʠʪʫʘʮʠʠ, ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ 

ʯʘʩʪʠ ʩʪʨʘʥʳ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʳʰʝʥʠʷ 

ʚʦʜʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʝʛʠʦʥʦʚ ʢʘʢ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʦʨʦʰʝʥʠʷ ʟʝʤʝʣʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʚ ʢʘʯʝʩʪʚʝ  

ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʢʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ɸʥʘʣʠʟ ʦʧʳʪʘ ʨʘʙʦʪ ʧʦ 

ʧʝʨʝʙʨʦʩʢʝ ʩʪʦʢʘ ʩʝʚʝʨʥʳʭ, ʩʠʙʠʨʩʢʠʭ ʨʝʢ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠ ʩʪʦʢʘ ʥʘ ʶʛʝ 

ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʧʦʟʚʦʣʠʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʦʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʙʦʩʥʦʚʘʥʠʶ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  ɺʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʦʨʦʰʝʥʠʝ ʠ ʦʙʚʦʜʥʝʥʠʝ ʟʝʤʝʣʴ, ʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʦʙʲʝʤʘʭ ï ʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʝ 

ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʦʙʝʩʧʝʯʝʥʠʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʠ ʜʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ  ʠ 

ʬʘʢʪʠʯʝʩʢʦʝ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 
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ʪʨʝʙʫʝʤʳʭ [3]. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʫʚʝʣʠʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʢʘʢ ʚ ʦʩʥʦʚʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʨʝʛʠʦʥʘʭ 

ʥʘ ʶʛʝ ʩʪʨʘʥʳ, ʪʘʢ, ʧʦ ʤʝʨʝ ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʩʥʠʞʝʥʠʷ ʫʚʣʘʞʥʝʥʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʠ ʚ 

ʮʝʥʪʨʘʣʴʥʳʭ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘʥʳ ʦʯʝʚʠʜʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʧʦʚʳʰʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʨʦʩʪʘ ʚʘʣʦʚʦʛʦ ʩʙʦʨʘ ʟʝʨʥʦʚʳʭ ʠ 

ʢʦʨʤʦʚʳʭ ʢʫʣʴʪʫʨ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʦʨʦʰʝʥʠʷ [4].  ʆʜʥʦʚʨʝʤʝʥʥʦ, ʙʦʣʴʰʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʧʝʰʥʦʝ ʨʝʰʝʥʠʝ ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʨʝʛʠʦʥʘʭ. ʇʦʵʪʦʤʫ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʜʝʬʠʮʠʪ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠʤʝʝʪ ʚ ʩʬʝʨʝ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝ 

ʪʦʣʴʢʦ ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʥʦ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʉʝʣʴʩʢʦʝ ʥʘʩʝʣʝʥʠʝ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ, ʯʝʤ ʛʦʨʦʜʩʢʦʝ, ʠʩʧʦʣʴʟʫʝʪ ʧʠʪʴʝʚʫʶ ʚʦʜʫ ʠʟ 

ʠʩʪʦʯʥʠʢʦʚ ʥʝʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɼʦʣʷ ʩʝʣʴʩʢʦʛʦ ʥʘʩʝʣʝʥʠʷ ʦʙʝʩʧʝʯʝʥʥʦʛʦ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʥʦʨʤʘʪʠʚʥʦʛʦ ʢʘʯʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 77,16% (ʛʦʨʦʜʩʢʦʛʦ 95,4%) [2]. ʇʨʠ ʵʪʦʤ 

ʫʜʝʣʴʥʳʡ ʚʝʩ ʥʘʩʝʣʝʥʠʷ, ʦʙʝʩʧʝʯʝʥʥʦʛʦ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʫʩʣʦʚʥʦ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʚʦʜʦʡ ʚ ʩʝʣʴʩʢʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʘʨʴʠʨʫʝʪ ʧʦ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʤ 

ʦʙʣʘʩʪʷʤ [2]. ʅʘʧʨʠʤʝʨ, ʚ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 92,48 % (ʟʘ ʩʯʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʟʝʤʥʳʤʠ ʚʦʜʘʤʠ), ʚ ʄʦʩʢʦʚʩʢʦʡ ʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʷʭ 

ï ʦʢʦʣʦ 72% , ʚ ʉʘʨʘʪʦʚʩʢʦʡ 58,9%, ʂʫʨʛʘʥʩʢʦʡ -4 1,15, ʚ ɺʦʣʦʛʦʜʩʢʦʡ 20,1%.  

ʅʝʜʦʩʪʘʪʦʯʥʳʝ ʦʙʲʝʤʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʠʭ ʢʘʯʝʩʪʚʘ ʥʦʨʤʘʪʠʚʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʧʠʪʴʝʚʳʤ ʚʦʜʘʤ, ʦʙʫʩʣʦʚʠʣʠ ʥʘʣʠʯʠʝ ʚʦʜʦʜʠʬʠʮʠʪʘ ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ. 

ʂ ʪʘʢʠʤ ʨʝʛʠʦʥʘʤ, ʢʘʢ ʠʟʚʝʩʪʥʦ,  ʦʪʥʦʩʷʪʩʷ ʈʝʩʧʫʙʣʠʢʘ ʂʘʣʤʳʢʠʷ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʠ ʂʫʨʩʢʘʷ 

ʦʙʣʘʩʪʠ, ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʢʨʘʡ, ʦʪʜʝʣʴʥʳʝ ʨʘʡʦʥʳ ʖʞʥʦʛʦ ʋʨʘʣʘ ʠ ʶʛʘ ʉʠʙʠʨʠ, ʪʝʨʨʠʪʦʨʠʠ 

ʉʘʨʘʪʦʚʩʢʦʡ ʠ ɸʩʪʨʘʭʘʥʩʢʦʡ ʦʙʣʘʩʪʝʡ, ʯʘʩʪʠʯʥʦ ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʠ ʆʨʝʥʙʫʨʛʩʢʘʷ ʦʙʣʘʩʪʠ ʠ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ. ɺʩʝʛʦ ʚ ʨʘʡʦʥʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʦʜʦʜʝʬʠʮʠʪʦʚ 

ʧʨʦʞʠʚʘʝʪ ʧʦʨʷʜʢʘ 6,3 ʤʣʥ. ʯʝʣʦʚʝʢ. ʌʘʢʪʠʯʝʩʢʠʝ ʦʙʲʝʤʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʥʴʰʝ ʪʝʢʫʱʠʭ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʚʦʜʝ ʚ ɸʩʪʨʘʭʘʥʩʢʦʡ, ʈʦʩʪʦʚʩʢʦʡ, ʏʝʣʷʙʠʥʩʢʦʡ, 

ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʚ ʉʪʘʚʨʦʧʦʣʴʩʢʦʤ ʠ ʂʨʘʩʥʦʜʘʨʩʢʦʤ ʢʨʘʝ, ʚ ʈʝʩʧʫʙʣʠʢʘʭ ʂʨʳʤ, 

ʂʘʣʤʳʢʠʷ [3]. ʇʨʦʙʣʝʤʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʚʷʟʠ ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, 

ʘʨʠʜʠʟʘʮʠʝʡ ʢʣʠʤʘʪʘ ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʘ ʩʯʝʪ 

ʧʨʝʦʜʦʣʝʥʠʷ ʧʨʦʙʣʝʤ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʫʣʫʯʰʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, 

ʨʘʟʚʠʪʠʝʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʡ  ʠ ʤʝʪʦʜʠʯʝʩʢʦʡ ʙʘʟʳ, ʫʣʫʯʰʝʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʠʩʪʝʤ ʠ ʜʨʫʛʠʝ [3,4].  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʠʪʫʘʮʠʠ ʚ ʚʦʜʦʜʝʬʠʮʠʪʥʳʭ ʨʘʡʦʥʘʭ ʥʝʦʙʭʦʜʠʤ ʠ 

ʧʦʠʩʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʨʷʜʝ ʨʝʛʠʦʥʦʚ ʧʨʦʙʣʝʤʘ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʧʦʜʟʝʤʥʳʤʠ.  ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟ ʚʩʝʛʦ ʦʙʲʝʤʘ ʟʘʧʘʩʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 15,8%, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʥʘʨʦʜʥʦʤ ʭʦʟʷʡʩʪʚʝ, 

ʚʢʣʶʯʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʢʘʢ ʚ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʳʭ ʮʝʣʷʭ, ʪʘʢ ʠ 

ʦʨʦʰʝʥʠʠ ʟʝʤʝʣʴ.  

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʚʦʜʦʜʝʬʠʮʠʪʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ ʂʫʨʛʘʥʩʢʦʡ, 

ʏʝʣʷʙʠʥʩʢʦʡ, ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʷʭ, ʥʘ ʶʛʝ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʯʥʦʛʦ ʩʪʦʢʘ. ʆʙʱʠʡ ʦʙʲʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 
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ʧʨʝʜʣʘʛʘʝʤʳʭ ʧʝʨʝʙʨʦʩʦʢ ʚ ʤʠʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 595 ʤʣʨʜ. ʤ
3
/ʛʦʜ, ʠ 1,1 ʤʣʨʜ. ʤ

3
/ʛʦʜ ʚ 

35 ʩʪʨʘʥʘʭ ʤʠʨʘ. ʅʘʧʨʠʤʝʨ,  ʚ ʌʈɻ 135 ʤʠʣʣʠʦʥʦʚ ʢʫʙʦʤʝʪʨʦʚ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʛʦʜ 

ʧʦʩʪʫʧʘʝʪ ʧʦ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʩʝʪʠ ʠʟ ɹʦʜʝʥʩʢʦʛʦ ʦʟʝʨʘ.  Tʨʫʙʦʧʨʦʚʦʜʳ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ ʠʟ 

ʩʪʘʣʠ, ʧʦʣʠʤʝʨʥʦʛʦ ʣʠʪʴʷ ʠʣʠ ʙʝʪʦʥʘ  ʜʠʘʤʝʪʨʦʤ ʜʦ 2,25 ʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪ ʚʦʜʫ ʥʘ 

ʨʘʩʩʪʦʷʥʠʝ ʙʦʣʝʝ 1700 ʢʠʣʦʤʝʪʨʦʚ  ʜʦ ʩʝʚʝʨʥʳʭ ʛʨʘʥʠʮ ʌʈɻ. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʦʢʘ 

ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʠ ʚ ʨʝʛʠʦʥʘʭ ʥʘʰʝʡ ʩʪʨʘʥʳ.  ʕʪʦ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʧʨʝʩʥʳʭ ʚʦʜ, 

ʥʘʧʨʠʤʝʨ, ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʣʤʳʢʠʷ. ʆʜʥʘʢʦ, ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʯʥʦʛʦ ʩʪʦʢʘ ʝʛʦ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ, ʥʘ ʢʦʪʦʨʳʭ 

ʩʣʝʜʫʝʪ ʦʩʪʘʥʦʚʠʪʴʩʷ ʧʦʜʨʦʙʥʝʝ.  

1. ʅʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ï ʵʪʦ ʦʙʷʟʘʪʝʣʴʥʦʩʪʴ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʚʦʜʥʳʭ ʨʝʩʫʨʩʘʭ  ʚʦʜʦʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʚʦʜʦʜʝʬʠʮʠʪʥʳʭ 

ʨʝʛʠʦʥʘʭ ʩ ʫʯʝʪʦʤ ʠʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʛʣʦʙʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʢʣʠʤʘʪʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʜʦ 2050ʛ. ʠ ʩ ʧʨʝʬʝʨʝʥʮʠʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

2.ʈʘʩʩʤʦʪʨʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʚʦʜʦʜʝʬʠʮʠʪʥʳʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. 

3.ʆʙʷʟʘʪʝʣʴʥʦʩʪʴ ʵʢʦʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʝʨʝʙʨʦʩʢʠ ʩʪʦʢʘ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʠʩʭʦʜʷ ʠʟ 

ʦʙʦʩʥʦʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʜʦʧʫʩʪʠʤʦʛʦ ʦʙʲʝʤʘ ʠʟʲʷʪʠʷ ʩʪʦʢʘ ʨʝʢ-ʜʦʥʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʠʤʝʪʴ  

ʚ ʚʠʜʫ, ʯʪʦ ʦʪʥʶʜʴ ʥʝ ʚʩʝʛʜʘ, ʢʦʛʜʘ ʨʝʯʴ ʢʘʩʘʝʪʩʷ ʧʨʠʨʦʜʥʦʡ ʠʣʠ ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʟʘʪʨʘʪʳ 

ʥʘ ʢʦʤʧʝʥʩʘʮʠʶ  ʫʱʝʨʙʘ ʤʦʛʫʪ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʷ. ʆʧʳʪ ʧʦʢʘʟʳʚʘʝʪ 

ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʘʪʘʩʪʨʦʬ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ,  

ʛʠʜʨʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ  ʨʝʢʠ-ʜʦʥʦʨʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʙʘʣʘʥʩ ʤʝʞʜʫ  ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ  

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ.  ʇʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ, ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʨʝʢ ɽʚʨʦʧʝʡʩʢʦʡ ʟʦʥʳ ï ɼʦʥʘ, ʂʫʙʘʥʠ, ʉʘʤʫʨʘ, ɺʦʣʛʠ, ʋʨʘʣʘ ï ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ 

ʠʩʯʝʨʧʘʥʳ, ʘ ʦʩʪʘʣʴʥʳʭ ʨʝʢ ʈʦʩʩʠʠ: ʇʝʯʦʨʳ, ʉʝʚʝʨʥʦʡ ɼʚʠʥʳ, ʅʝʚʳ, ʉʫʣʘʢʘ, ʊʝʨʝʢʘ, ʆʙʠ, 

ɽʥʠʩʝʷ, ɸʤʫʨʘ, ʃʝʥʳ ï ʦʩʚʦʝʥʳ ʥʘ ʪʨʠ ʯʝʪʚʝʨʪʠ ʠ ʙʦʣʝʝ [2].   ʂʦʥʝʯʥʦ, ʵʪʠ ʚʳʚʦʜʳ ʧʦʣʫʯʝʥʳ 

ʜʣʷ ʫʩʣʦʚʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʝʨʘʮʠʦʥʘʣʴʥʳʤ ʠ ʥʝʵʢʦʥʦʤʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. 

ʈʘʙʦʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚʦ ɺʅʀʀɻʠʄ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʦʪʙʦʨ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʦʙʲʝʤʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 25- 30% ʦʪ 

ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʤʥʦʛʦʣʝʪʥʝʛʦ ʩʪʦʢʘ. ʉ ʪʘʢʦʡ ʥʘʛʨʫʟʢʦʡ ʛʝʦʩʠʩʪʝʤʘ ʨʝʯʥʦʛʦ ʙʘʩʩʝʡʥʘ 

ʩʧʨʘʚʠʪʩʷ, ʚ ʤʥʦʛʦʣʝʪʥʝʤ (60-80-ʣʝʪʥʝʤ) ʮʠʢʣʝ ʢʦʣʝʙʘʥʠʡ ʩʪʦʢ, ʟʘ ʩʯʝʪ ʤʥʦʛʦʚʦʜʥʳʭ  ʣʝʪ, 

ʚʦʩʩʪʘʥʦʚʠʪʩʷ,  ʠ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʝʯʥʦʤ ʙʘʩʩʝʡʥʝ ʥʝ ʧʨʦʠʟʦʡʜʝʪ. ʇʨʠ 

ʚʦʜʦʦʪʙʦʨʝ ʩʚʝʨʭ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʦʝ ʠʩʯʝʨʧʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

4. ʆʙʦʩʥʦʚʘʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʪʦʢʘ ʜʦʣʞʥʦ ʙʳʪʴ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʦʚʦʢʫʧʥʫʶ ʜʠʥʘʤʠʢʫ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʣʦʙʘʣʴʥʳʭ 

ʠ ʮʠʢʣʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʣʠʷʥʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʙʠʦʪʠʯʝʩʢʠʝ, 

ʛʝʦʬʠʣʴʪʨʘʮʠʦʥʥʳʝ, ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ (ʧʝʨʝʨʘʙʦʪʢʘ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ), ʥʘ 

ʠʟʤʝʥʝʥʠʷ ʣʘʥʜʰʘʬʪʦʚ, ʚʢʣʶʯʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ, ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʝ, 

ʧʦʯʚʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʜʠʥʘʤʠʢʫ ʛʝʦʙʠʦʮʝʥʦʟʦʚ ʥʘ ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʚʦʟʤʦʞʥʦʝ 

ʨʘʟʚʠʪʠʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʪʨʘʩʩʝ ʧʝʨʝʙʨʦʩʢʠ. ʇʨʦʛʥʦʟʳ ʜʠʥʘʤʠʢʠ ʧʨʠʨʦʜʥʦʡ 

ʩʨʝʜʳ, ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩʠʨʫʶʪʩʷ ʩ ʧʨʦʛʥʦʟʘʤʠ ʩʦʮʠʘʣʴʥʳʭ 
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ʧʦʜʚʠʞʝʢ, ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʣʝʩʥʦʛʦ, ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʨʳʙʦʚʦʜʩʪʚʘ. 

ʇʨʦʛʥʦʟʥʳʝ ʤʦʜʝʣʠ ʜʦʣʞʥʳ ʦʩʥʦʚʳʚʘʪʴʩʷ ʥʘ ʩʮʝʥʘʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ, 

ʚʢʣʶʯʘʪʴ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʳʭ ʵʢʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʩʦʮʠʘʣʴʥʳʭ ʨʠʩʢʦʚ ʠ ʜʘʚʘʪʴ ʦʩʥʦʚʫ 

ʜʣʷ ʧʣʘʥʠʨʦʚʘʥʠʷ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʠʣʠ ʩʥʠʞʝʥʠʶ ʧʦʩʣʝʜʩʪʚʠʡ ʠʭ 

ʨʝʘʣʠʟʘʮʠʠ. 

5.ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʝʨʝʙʨʦʩʢʠ ʯʘʩʪʠ ʨʝʯʥʦʛʦ ʩʪʦʢʘ, ʠʩʭʦʜʷ ʠʟ 

ʧʨʝʜʰʝʩʪʚʫʶʱʝʛʦ ʦʧʳʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʝʝ ʦʙʦʩʥʦʚʘʥʠʷ. ʆʩʦʙʦʝ 

ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʠʟʳʩʢʘʥʠʷʤ, ʧʦʚʳʰʝʥʠʶ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. 

ʕʪʠ ʚʦʧʨʦʩʳ ʫʧʠʨʘʶʪʩʷ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʪʠʚʦʚ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʠʟʳʩʢʘʥʠʷʤ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʦ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʦʙʲʝʤʦʚ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ  ʦʙʲʝʤʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʚʩʝʭ 

ʚʠʜʦʚ ʨʘʙʦʪ. 

6.ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʙʦʩʥʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ ʚʦʜʳ, ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ  

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʨʠ ʟʘʢʣʘʜʢʝ ʪʨʘʩʩ ʧʝʨʝʙʨʦʩʢʠ. 

7.ʆʙʷʟʘʪʝʣʴʥʦʩʪʴ ʧʨʠʚʣʝʯʝʥʠʷ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʫʪʝʡ ʨʝʰʝʥʠʷ  ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʪʦʢʘ ʠ ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʵʪʠʤ 

ʟʘʜʘʯ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʩʦʮʠʘʣʴʥʳʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚ ʟʦʥʝ ʧʝʨʝʙʨʦʩʢʠ.  

8.ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

(ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʤʝʣʠʦʨʘʪʠʚʥʳʭ ʩʠʩʪʝʤ ʠ ʧʨ.) ʜʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʥʝʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʧʦʪʝʨʴ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʝʛʠʦʥʘʭ-

ʨʝʮʠʧʠʝʥʪʘʭ. 

9. ʆʙʦʩʥʦʚʘʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʪʨʝʙʫʶʱʝʛʦʩʷ (ʘ ʥʝ ʟʘʚʝʜʦʤʦ ʟʘʥʠʞʝʥʥʦʛʦ, ʢʘʢ ʵʪʦ 

ʧʨʠʥʷʪʦ) ʦʙʲʝʤʘ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʝʛʦ ʦʙʝʩʧʝʯʝʥʠʝ ʟʘ ʩʯʝʪ ʢʘʢ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʦʙʦʩʥʦʚʘʥʠʷ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʠ ʨʝʘʣʠʟʘʮʠʠ (ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ) ʧʝʨʝʙʨʦʩʢʠ ʯʘʩʪʠ 

ʩʪʦʢʘ ʨʝʢ. 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʳ ʦʙʝʩʧʝʯʝʥʠʷ ʚʦʜʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ  ʨʝʛʠʦʥʦʚ ʶʛʘ ʝʚʨʦʧʝʡʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ,  ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʦʚ ʚ ʩʚʷʟʠ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤ ʚʦʜʦʜʝʬʠʮʠʪʦʤ ʠ ʘʨʠʜʠʟʘʮʠʝʡ ʢʣʠʤʘʪʘ ʚ ʙʣʠʞʘʡʰʝʡ 

ʚʨʝʤʝʥʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ ʥʘʜʝʞʥʦ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʯʘʩʪʴ ʩʪʦʢʘ 

ʩʝʚʝʨʥʳʭ ʨʝʢ ʤʦʞʝʪ ʙʳʪʴ ʠʟʲʷʪʘ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʭʦʟʷʡʩʪʚʝʥʥʦ-ʧʠʪʴʝʚʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʝʛʠʦʥʦʚ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝ ʠ ʦʨʦʰʝʥʠʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʟʝʤʝʣʴ. ʦʙʦʩʥʦʚʘʥʠʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠ ʩʪʦʢʘ ʨʝʢ ʪʨʝʙʫʝʪ 

ʥʘʜʝʞʥʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʤʠ ʚʳʰʝ ʪʨʝʙʦʚʘʥʠʷʤʠ. ʇʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʷʭ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʩʠʩʪʝʤʳ (ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ, ʚʦʜʦʦʪʚʝʜʝʥʠʷ, ʤʝʣʠʦʨʘʪʠʚʥʳʝ ʠ ʧʨ.) 

ʶʞʥʳʭ ʨʝʛʠʦʥʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ, ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ  ʥʘ ʫʨʦʚʥʝ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ 

ʜʦʩʪʠʞʝʥʠʡ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  
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GEOGREPHIC OBJECT BASED IMAGE ANALYSYS AND REMOTE SENSING 

IN ENVIRONMENT  
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Annotation. This article is based on theoretical review. In this article provides discussion 

about GEOBIA which started using in Remote Sensing image analysis. Provides review about its 

importance, development and other properties. Discussed possibilities of this method. Provided 

discussion about results and advantages in using it by scientists. This article gives information about 

GEOBIA and its possibilities and perspectives using it in science. 

Keywords: Geographic Object Based Image Analyze (GEOBIA), Remote Sensing (RS), 

Image analyze, satellite, concepts, methods, tools. 

 

ɻɽʆɻʈɸʌʀʏɽʉʂʆ-ʆɹɽʒʂʊʆʆʈɽʅʊʀʈʆɺɸʅʅʓʁ ɸʅɸʃʀɿ ʉʅʀʄʂʆɺ 

ɿɽʄɽʃʔ ɺ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼɽ 

 

ɸʨʠʬʞʘʥʦʚ A.M., ɸʢʤʘʣʦʚ ʐ.ɹ. 

 

ɸʥʥʦʪʘʮʠʷ. ʉʪʘʪʴʷ ʦʩʥʦʚʘʥʦ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ 

ʘʥʘʣʠʟ ʤʝʪʦʜʘ ɻʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʆʙʝʢʪʦ-ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ɸʥʘʣʠʟ ʉʥʠʤʢʦʚ ʢʦʪʦʨʳʡ 

ʥʦʚʠʟʥʘ ʜʣʷ ʩʬʝʨʳ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ. ʇʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʜʦʩʪʦʚʝʨʥʦʩʪʠ, 

ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ. ʇʨʦʚʦʜʠʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʫʯʝʥʳʭ ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦʪ ʤʝʪʦʜ. ʕʪʘ ʩʪʘʪʴʷ ʜʘʸʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʟʥʘʥʠʝ 

ʩʧʝʮʠʘʣʠʩʪʘʤ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɻʆʆɸʉ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ɻʆʆɸʉ (ɻʝʦ-ʆʙʝʢʪʦ ʆʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ɸʥʘʣʠʟ ʉʥʠʤʢʦʚ), ɼɿɿ 

(ɼʠʩʪʘʥʮʠʦʥʥʦʝ ɿʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ), ʘʥʘʣʠʟ ʩʥʠʤʢʦʚ, ʩʧʫʪʥʠʢ, ʂʦʥʮʝʧʮʠʷ, ʄʝʪʦʜ, 

ʄʘʪʝʨʠʘʣʳ. 

 

 

Introduction.  Geographic Object Based Image Analyze (GEOBIA) method came to 

Remote Sensing (RS) 40 years ago. The invention of this method caused many changes in RS 

analysis. It has developed from 2000 [2] and this method started to be widely implemented from 

that year. Because 2000 was the beginning of a new period of the RS satellite, this period is 

http://www.mnr.gov.ru/docs/o_sostoyanii_i_ob_okhrane_okruzhayushchey_sredy_
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characterized by the creation and launching of the Very High Resolution (VHR) satellites. 

Development in RS imagery and increasing the resolutions brought the necessity of creating 

programs and analyzing the image information more intelligently. Lang [9] explained the word 

ñintelligentlyò in his image analysis, he said that the word contains many demands, which provides 

good results and qualified analysis. As a result, GEOBIA program and software have developed. 

This development can be seen in the share of published scientific articles on this subject by year in 

"Scopus" search (Figure 1): 

 
Figure 1. Scopus review for theme "OBIA" and "GEOBIA" (Source: Scopus 18/01/2016). 

According to Blaschke [2], from the second quarter of 2008, all around the world 12 

GEOBIA conferences were held and published 5 directly articles about it, in 349 articles indirect 

identified GEOBIA and wrote 242 full unfinished articles and Internet, CD materials, Ram and 

books. Growing of this degree is increasing year by year, with a growing number of articles about 

GEOBIA in several prestigious scientific journals. Based on the arguments above, we can conclude 

that GEOBIA started to be important in RS and many scientists have paid attention to this analysis 

program for many years. 

VHR image satellites were the cause of integrating GEOBIA to RS. VHR imagesô pixels 

resolution is very high, and number of image pixels gave information about a part of the object. In 

other middle resolution images one pixel give information about one or many objects. VHR images 

analysis need to generate many pixels for the analyzing of objects. And this reason brings to make 

mistakes in pixel to pixel analysis. To solve those mistakes created object based image 

segmentation in pixel to pixel analysis software. And it developed step by step and separated from 

pixel to pixel method. And it called GEOBIA [2]. 

Methods and materials. As VHR imagery satellites started operating, a new GEOBIA 

method appeared among RS analyzing methods. This method based on analyse of image by the 

object. As mentioned above the size of the pixel is smaller than the size of the object in these 

images, so one object contains number of pixels. Therefore, pixel to pixel analyzing start to made 

much mistakes and take time. Generalizing the same pixels into one object and analyzing them is 

the most convenient way in this case. The name of this process is Segmentation, which is one of the 

stages of this method. GEOBIA method consist of several programs and software [9]. The main 

target is the use of adequate and automated methods in analyzing imagesô according their spectral, 



26 
 

textural, spatial and topologic features. Another advantage of the use of GEOBIA in RS is accurate 

classification of the images and make it available format for GIS. 

The main reason of creating modern analyzing programs is to increase the accuracy and 

decrease the extent of labor and time-spend. Creating rule-based classification based on knowledge 

by GEOBIA technologies helps us to solve the above mentioned problems. Creation of rule set is 

put in force based on scientific conclusions. It is possible to create not only simple rule sets by 

using these technologies, but also possible to create the most complicated and multi-staged rule sets 

with using this method. It exists automatic algorithms for calculations in GEOBIA. Besides, it is 

possible to do algorithms by literatures [1]. 

Scientists focused their main attention on GEOBIA classification in analyzing high-

resolution images. Because, high-resolution satellites take images in 2-5 resolution, the 

visualization of each object will be noticeable. In this analysis plays important role not their pixel 

properties but other hundreds futures. Especially, the images of WV2 (WorldView2) multi spectral 

satellites have many bands and it helps to increase the clarity of results in analysis. Khin et. al. [7] 

had noted in his research, that the accuracy value of the results would be low, if the VHR images 

were analysed by pixel-based image analysing. 

Using GEOBIA in high-resolution images increases the clarity of results and decreases the 

time and resource spend [3]. However, using it in middle and low-resolution images provides good 

results. According to Dao [4], using GEOBIA in MODIS image classifications for large-scale land 

cover mapping gives more accurate results. Here, we can determine the following objects: biomass, 

forest cover, rice crop, snow and etc. Dao [4] mapped the rice fields in Cambodia using MODIS 

NDVI images. The result was impressive, the average correlation was ï 0.675. This result is a better 

coefficient for rice management. Besides, he analysed the Landsat images for flood mapping of this 

area. He used eCognition program in his analysis. According to his conclusions, GEOBIA 

analysing the low-resolution images gives a positive result, as well. Using this analysis on a large 

scale in mapping speeds up the analysing process. 

Results. We observed that GEOBIA analyzing methods has in all modern RS analyzing 

programs. The most significant analyzing process is creating an urban drainage system model for 

San Clement city, in California State by analyzing the VHR images, which was done by Khin [7]. 

As we mentioned above, he had used the GEOIBA method in this analysis. He used ERDAS 

IMAGE 2013 program for segmenting the images and used the ArcGIS program for classifications. 

GEOBIA has started to be used in the water sector. It is commonly used for classification of 

images of agricultural lands and for extracting water bodies. Using GEOBIA for VHR images 

analysis spatially developed in water management to identify water sets and water bodies. 

According to Blaschke [2] scientist used this method for solve such problems in water 

management: 

- Forest detection; 

- Land cover and land use classification; 

- Urban landscape structure; 

- Water extraction analyses. 

Most of those researches had been done by classification of land surface and water objects 

extraction: 

Chen et. al. [3] used GEOBIA analysis of VHR images for agricultural land change 

detection. The conclusion of their research is that change in land use is an intensive procedure and it 

is necessary to analyse it immediately. The present method is efficient and provides a quick 
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opportunity of getting data information. Minar and Evans [11] in his work by using this method 

determined the geomorphology of the surface of the earth. They created a simple segmentation 

based method. They did segmentation of the landscape of the earth by land surface morphology, 

compared the segmentation methods, and gave some suggestions about increasing the accuracy in 

their research. 

Mathieu, Aryal and Chong [10] did object-based classification of ICONS imagery for 

mapping large-scale vegetation communities in urban areas of Dunedin city in the south island of 

New Zealand. Blaschke [1] GEOBIA analysed the RS image for a township close to Salzburg, 

Germany. Analysis was held in 2006, and a DN model was created by using this method. It was a 

segmentation analysis, scientists showed new possibilities of this method in their scientific works. 

As a result of analysis, new maps were created in GIS. Scientists used these maps as a manual in 

determining sewage and water collecting places, indicating watering parts. This research was one of 

the first steps in geomorphologic mapping. 

Kokje and Gao [8] proved that using GEOBIA in integrated analysing of VHR images gives 

a positive result by creating an urban land cover classification model for Auckland city. This 

analysis was done by eCognition program, classified in details, the accuracy of results were very 

high-93%. B. M. J. Ribeiro [13] used a new program InterIMAGE v0.95 in urban land cover, 

mapping the Rodoanel Mario Covas Township, situated in Sao Paolo, Spain by WV2 images. But 

in this research was not mentioned that it was object or pixel based image-analyzing program. But 

the process consists of segmentation and classification as in GEOBIA. 

Vieira et. al. [16] extracted sugar-cane fields in Brazilôs agricultural fields by using 

GEOBIA and Data integrated analyzing the RS data. In their research, with using Definiens 

Developer program Landsat5-7 images had been segmented, and two classes of plant farms had 

been separated out by classifying. The accuracy of the results has been checked with field research, 

and it was 93%. According to conclusions of Vieira et. al., it is possible to get a decent result not 

only in VHR images, but also in HR images by this analysis. Son et. al. [15] dealt with using 

GEOBIA in analysing Landsat images for change detection mapping, they mentioned that using this 

method helps to get high-quality results for long-term change detection. 

Conclution. Ronczyk [14] used eCognition in modeling the urban land cover extraction 

object-based classification for Szekesfehervar city in Hungary, and classified Remote Sensing High 

Spatial Resolution images (WV2). According to his conclusion, the urban ecosystem expresses a 

wide structural diversity and consequently spectral variability. Thus, we cannot get better results by 

using only spectral information in classification processes. In his scientific work, he classified 

objects in images by their spectral, context and geometric information using GEOBIAôs means. The 

opportunity to be able to use other information in GEOBIA analysis causes to increase the accuracy 

of results. 

Phin [12] had used GEOBIA in arid zones in Australia. He created ecological and 

geomorphologic maps for Palau and Fiji regions of Australia, using QuickBird images. Other 

scientists who had worked in arid areas were G. Duveiller et al [6]. They analysed forest changes 

and desertification in Central African countries. They provided analysis of Landsat ETM of 10 

years data and conducted statistical analysis. 

Irina Dronova et. al. [5] used GEOBIA for Central Asia, she did vegetation covers change 

analysis around Poyang Lake in China for a low water level year. She made a classification of 32 m 

resolution RS images of the Poyang lake area (from literature review we know that GEOBIA is 

more used for VHR images). More attentive side of this research is: for vegetation cover change 
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analysis she created NDVI layer and by analysing of this layer changes she made statistical analysis 

of correlation between the water level of the river and vegetation development. We made the same 

analysis with much larger resolution MODIS (250 m) images NDVI layers. After this analysis, she 

created the MODIS NDVI layers data change for the last 13 years and compared it with different 

natural factors. 

Gartner et. al. (2014) used GEOBIA, for identification of wood and riparian areas in Afghan 

forests which are situated in Xinjiang province of western China. In this research they made an 

analysis of Quickbird 2 and WorldView 2 images with eCognition software and reached accuracy 

results. During literature research, we have found three scientific works about using GEOBIA: 1 in 

Central Asia and 2 in China. We can conclude that GEOBIA analysis is a quite new method for 

Central Asia, especially for Uzbekistan. Application of GEOBIA in Uzbekistan will be an 

innovation. There are only two research articles globally including the west part of Uzbekistan. 
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GEOGREPHIC OBJECT BASED IMAGE ANALYSYS AND ALGORITHM 

DESCRIPTION BY USING ECOGNITION  
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Annotation. In this article provides discussion about eCognition software which based on 

GEOBIA method. Explained its advantages and possibilities according to literature. Step of the 

analyses and working principles of this method were lighted. GEOBIA compared with pixel to pixel 

methods. This article helps to reader as manual for choosing better one. 

Keywords: GEOBIA, eCognition, Pixel, Segmentation, Classification, Remote Sensing, 

Image analyze, Satellite, Concepts, Methods, Tools. 

 

ʆʇʀʉɸʅʀɽ ɻɽʆɻʈɸʌʀʏɽʉʂʀʍ ʆɹʒɽʂʊɸ ʆʈʀɽʅʊʀʈʆɺɸʅʀɽ ɸʅɸʃʀɿɸ 

ʄɽʊʆɼʆɺ ʀ ɽɻʆ ɸʃɻʆʈʀʊʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ECOGNITION  

 

ɸʨʠʬʞʘʥʦʚ A.M.; ɸʢʤʘʣʦʚ ʐ.ɹ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚ ʧʨʦʛʨʘʤʤʝ eCognition ʚʢʣʶʯʘʶʱʠʡ 

ʚʥʫʪʨʠ ʤʝʪʦʜʘ ʆʙʝʢʪʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʦʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʠ 

ʘʥʘʣʠʟ ʦʩʚʝʯʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʘ. ɼʘʥʳ ʧʦʩʪʝʧʝʥʥʦʩʪʴ 

ʘʥʘʣʠʟʘ ʠ ʨʘʙʦʯʠʡ ʧʨʠʥʮʠʧ ʧʨʦʛʨʘʤʤʳ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ eCognition ʩʘʤʘʷ 

ʨʝʟʫʣʴʪʘʙʝʣʥʘʷ ʧʨʦʛʨʘʤʤʘ ʚ ɼɿ. ʕʪʘ ʩʪʘʪʴʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʯʠʪʘʪʝʣʷ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʦ: ɻʆʆɸʉ, eCognition, ʇʠʢʩʝʣʴ, ʉʝʛʤʝʥʪʘʮʠʷ, ʂʣʘʩʩʠʬʠʢʘʮʠʷ, 

ɼʠʩʪʘʥʮʠʦʥʥʦʝ ɿʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʝʣʴ, ʘʥʘʣʠʟ ʩʥʠʤʢʦʚ, ʩʧʫʪʥʠʢ, ʂʦʥʮʝʧʮʠʷ, ʄʝʪʦʜ, 

ʄʘʪʝʨʠʘʣʳ. 
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Introduction.  According to the literatures RS (Remote Sensing) data must be analyzed by a 

RS analysis program in order to convert images it to digital format and extract from them the 

necessary information. There are two methods in RS analysis programs: Pixel to Pixel Analysis and 

GEOBIA (Geographic Object Based Image Analysis). With launching of VHR (Very High 

Resolution) image satellites, the GEOBIA analysis method started to use widely in RS analysis. In 

this article we will review the advantages of this method with its systematic construction and 

analysis categories in contrast with pixel to pixel analyze method. 

Method and materials. Until 2000, with the launching of VHR commercial satellites, pixel 

to pixel was main analysis method in scientific research. Middle and low resolution images also 

helped to develop this method. Because in these images each pixel contains an object or collection 

of objects (e.g. MODIS image spectral resolution is 250 m, ie 1 pixel covers 62500 m
2
). But spatial 

resolution of VHR images are very high (WV-2 multi 2.5m, pan 0.5 m) and the group of many 

pixels gives us one object information and analyzing it by pixel to pixel method started to wastes 

more time and made more mistakes. Scientists across with idea "Why we canôt analyse VHR 

images by objects?" [1]. Thus, they started to use GEOBIA for images analysis. This new method 

shows its advantage in the analysis of VHR images and over time it has become an important 

analysis method and developed a number of software. And it had been started to be used for HR 

(High Resolution) and MR (Middle Resolution) image analysis. Many scientists analytically 

compared these two methods in their researches [1]. 

In Figure 1 describes the structure of analysis of these methods. In accordance with the 

scientistsô conclusion, GEOBIA has big advantages for VHR images analysis [1]. 

Because of pixel heterogeneity, mixing of pixels, spectral similarity and object pattern 

variability of images the traditional pixel to pixel analysis method has law accuracy. GEOBIA 

found the solution for this problem, with this method it is possible to analyze according to pixels 

and object properties [9]. 

 

 

 

 

 

 

 

Figure 1. Difference between pixels and 

object (Source: WV2 image of Yangiobod 

college, 2012). 
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Results. First image which called ñVisual imageò in Figure 1 represents visual information 

of the object. The visualization was clearly demonstrated in the boundaries of the object. We did 

segmentation this image with ñChess Board Segmentationò algorithm in the second image which 

named ñImage in pixel objectsò. Now the visualization of the object disappeared and it is divided 

into a thousand of pixels. The boundaries of the object are uncertain and the visualization of image 

is poor. But now this image has partly visual and full pixel information. When we did "Multi 

Resolution Segmentation" of this image in the third figure, the visual information of the object 

restored. The pixel information is not separated now, it is formed into a pixel group which is 

specific to one particular object. As a result we have some homogeneous pixel groups of the object. 

Moreover, our segment objects acquired geometric textural and many other information like that 

(for example: geometric information ð roads are lines, buildings are squared form, crop fields are 

in round form). 

It gives more and more analyze possibilities. It should be noted that with eCognition it is 

possible to analyze images in both methods. With GEOBIA method and this software it is possible 

to analyze images not only by their pixel features, there are also a number of properties such as 

texture or geometric properties which one can use for analysis [7]. According to Blaschke's [1] 

conclusion, the eCognition software has the following advantages: it is fast, it is accurate, it is 

possible to analyze objects according to the different properties of these objects, it is possible to 

analyze images without changing the coordinates and it is possible to export the analysed data to 

GIS. Because of these advantages it becomes an obligatory utilizable method in RS analysis. 

In VHR images together with pixel features, textural, geometric and other futures are also 

very important. In figure 1 one may note the geometric peculiarities of the construction (straight 

lines, the smallest object, etc.). These features help to point out the lines of the objects and to 

classify them. 

The other advantage of eCognition is the possibility to classify different objects into their 

own classes, in order to classify it into one class by their similarity at the end of the research [5]. 

And it is a cyclic analysing method helping pre-analyse the results [4]. 

Xiaohe [10] compared pixel-based analysis and object-based analysis on the basis of 

extended scientific research and noted that using object-based image analysis is more effective for 

high-resolution images. He emphasized, ñThe object-oriented classification is the main method of 

high spatial resolute remote sensingò. So, the number of articles which used GEOBIA analyses of 

low and middle resolution images is few. 

Conclusion. In eCognition has Object oriented image Classification. This method of 

classification was successfully applied to high resolution remote sensing images by many scientists 

[6]. Using spatial and spectral information of the images, and analysing these images by objects 

(not by pixels) are the main advantages of this method. An Object based hierarchical Classification 

was created by using this method. In this hierarchy an algorithm of classification has been found 

from water to urban area. This classification was conducted using eCognition 9 software 

(http://www.ecognition.com). This commercial software was developed by Definiens 

(www.definiens.com) in Munich, Germany [7]. Advantages of this software in comparison with 

other software in GEOBIA analysis, have been proven by many scientists. In their scientific 

research, they compared Erdas Imagine, ENVI and eCognition software according to their 

capabilities. From these programs eCognition software was recommended as a program with 

minimum errors and high accuracy [3]. It is also confirmed in Ozdemir's doctoral work. In his work 

he compared eCognition and Erdas Imagine programs, and gave facts about the advantages and 
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disadvantages of this software, as a result of his scientific work he had decided to use eCognition in 

his analysis [8]. The advantage of using this program is an opportunity to apply over thousand 

properties for analysis. These properties are textural, geometric, areal, etc. According to Gianinetto 

[2] 50% of RS GEOBIA analysis in the scientific research has been carried out using the eCognition 

software. This value represents a big number of scientific works within widely used programs. 

Object based image classification involves three steps: (1) Determination of appropriate 

segmentation parameters; (2) Feature selection for the classification based on objects; (3) Creation 

of classification rule sets or the application of a classification algorithm [11]. Those advantages 

made us use GEOBIA in our analysis. 
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REMOTE SENSING APPLIED TO WATER AND AGRICULTURAL 

MANAGEMENT OF CENTRAL ASIA AND UZBEKISTAN  

 

Arifjanov A.M.-professor of TIIAME; Akmalov Sh.B.- assistant of TIIAME 

 

Annotation. In article analized futures, prespectives and resent conditions of using Remote 

Sensing (RS) in water and agricultural management of Uzbekistan and Asia. With reading this 

article, reader will choose for themselves future research plan for using RS for different sphere of 

water and agriculture. According conclusion of this article on can say RS in Uzbekistan started to 

develop step by step. And it helps to solve different problems of different branches with using 

satellite images. 

Keywords: Uzbekistan, Space researches, Syrdarya, Landsat, Remote Sensing, Water 

management, Water basin, Irrigation, Agriculture. 

 

ɼʀʉʊɸʅʎʀʆʅʅʆɽ ɿʆʅɼʀʈʆɺɸʅʀɽ ɿɽʄɽʃʔ ɺ ɺʆɼʅʆʄ ʀ ʉɽʃʔʉʂʆʄ 

ʍʆɿʗʁʉʊɺɽ ʎɽʅʊʈɸʃʅʆʁ ɸɿʀʀ ʀ ʋɿɹɽʂʀʉʊɸʅɸ 

 

ɸʨʠʬʞʘʥʦʚ A.M.; ɸʢʤʘʣʦʚ ʐ.ɹ. 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʚʦʜʥʦʤ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʋʟʙʝʢʠʩʪʘʥʘ. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʩʪʘʪʴʶ, 

ʯʠʪʘʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪ ʩʝʙʝ ʟʘʜʘʯʠ ʧʦ ʢʦʩʤʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʋʟʙʝʢʠʩʪʘʥʝ ʨʘʟʚʠʚʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʦ. ʂʦʩʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʦʤʦʛʘʶʪ ʦʪʨʘʩʣʷʤ ʨʝʰʠʪʴ ʨʘʟʥʳʝ ʧʨʦʙʣʝʤʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʋʟʙʝʢʠʩʪʘʥ, ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʉʳʨʜʘʨʴʷ, Landsat, 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʟʝʤʝʣʴ, ʚʦʜʥʦʝ ʭʦʟʷʡʩʪʚʦ, ʙʘʩʩʝʡʥ, ʠʨʨʠʛʘʮʠʷ, ʩʝʣʴʩʢʦʝ 

ʭʦʟʷʡʩʪʚʦ. 

 

 

Introduction.  In Central Asia, including Uzbekistan the use of RS (Remote Sensing) 

imagery in water management is passive compared to developed countries. Only low and middle 

resolution RS images are generally used in the water management. Widely used software for 

analyzing them is: Erdas Imagine [1]. In the images with such resolutions it is impossible to identify 

water bodies if their width is less than 250 m. For this reason, their usage in water resource 

management is not common. But over the last 10 years this sphere has been developing gradually. 

Nowadays the use of high and very high resolution images and new software for their analysis are 

very attractive for scientists in Central Asia [2]. Totally there are 468 scientific works on water 

management in Central Asia using RS, 58 of them were done in Uzbekistan ("Scopus") (Figure 1). 

Methods and materials. Until 2011 among scientific works which were done in 

Uzbekistan, 20 have used MODIS images, 7 of them used Landsat images, 3 of them used SPOT 

images and the rest used various low and middle resolution images (Table 1). 80% of the present 

work is carried out in the Kharezm, Ferghana region and Karakalpakstan. One scientific work is 

carried out in the territory of the Syr Darya region: "Land use classification" mapping of two 

farming areas. 
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Figure 1. Scopus review for theme "Remote sensing in Central Asia" (Source: Scopus 

18/01/2016). 

Description of carried scientific works in water management using RS in Central Asia: 

Platonov et. al. [7] created Water Productivity Mapping (WPM) for "G'alaba" farm located in the 

Syr Darya basin in Central Asia, using satellite imagery Landsat ETM (Landsat 7) thermal images. 

Nezlin [6] created a model of inter-connectedness between rain and NDVI degrees for the Aral Sea 

basin. Here he used RS images from July 1981 to September 2001 of Normalized Difference 

Vegetation Index (AVHRR NDVI). Conrad [1] created SEBAL model for Khorezm region by using 

RS (MODIS images), GIS and hydrologic models [1]. 

Edlinger et. al. [3] analyzed the changes of land use in Kashkadarya agricultural fields of 

Uzbekistan. Analyze provided by integrating HR and MR images. They used Landsat MSS and TM 

data in 1972/73, 1977, 1987, 1998 and 2009 , and MODIS NVI images. 

During the vegetation period of 1987-2005-2006-2007, scientists analyzed Landsat TM and MSS 

images by ArcGIS software, for study the change of biomass and thriving of special plants of Tim 

village mountainous area in Karnabschol area, Uzbekistan and created change diagram. Here, they 

created a NDVI from Landsat images layers and analyzed the thriving degree of plants by this layer 

[8]. Nikanorova (2015) created a "Water distribution" model for the Fergana region by RS MODIS 

images and GIS program. Navratil and Wilps (2008) studied the degree of soil erosion by wind 

from the Aral Sea area with using RS SPOT-5 images. 

No Region Publications Studied areas 
Used RS 

images 
Model/Map 

Used 

software 

1 Karakalpakistan 10 

Aral sea, 

Amudarya 

delta, 

NOA 

AVHRR, 

MODIS, 

ENVI SAT, 

Landsat, 

SPOT, 

Map (water value, 

water class, LU/LC, 

soil erosion) 

Erdas 

Imagine, 

GIS 

2 Kharezm 8 
WUAS, whole 

area 

MODIS 

(NDVI), 

ASTER, 

Landsat, 

SPOT5 

DN, SEBAL, 

HYDRUS 1D 

models, Vegetation 

maps 

Erdas 

Imagine, 

GIS 

3 Samarkand 1 Whole Landsat DEM NDVI 
 

4 Djizakh 1 Desert Rusian satilit Classification GIS 
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3 band 

5 Syr Darya 3 
Whole area, 

G'alaba farm 

MODIS, 

Landsat 

ETM+termal, 

IRS, Quikbird 

Map of crop 

productivity, water 

use and water 

productivity, 

vegetation map 

Erdas 

Imagine, 

GIS 

6 Tashkent 1 Chirchik River 

ASTER 

ALOS 

AVNIR2 

DEM Classification GIS 

7 Fergana 5 Whole valley 

NOA 

AVHRR, 

MODIS, 

Rapid Eye 

Snensor (rus), 

Landsat, LGI, 

DIScover, 

GlobCover 

SEBAL, 

Evapotranspiration 

(ET), Hydrus-1D, 

DN models LU/LC 

maps 

Erdas 

Imagine, 

GIS 

8 Uzbekistan 4 Whole republic 

MODIS, 

Rapid Eye, 

SPOT5, 

Landsat 7, 

MSU-E 01 

(russ) 

ET model, LU/LC 

maps 

Erdas 

Imagine, 

GIS, 

Atcor3, 

eCogniton 

8 

Table 1. Scientific work in WRM using RS (Source: Akmalov 2014). 

Results. Table 4 shows that there has been found a research work which the eCognition 

program was used in Uzbekistan. The article is devoted to the analysis of crop degradation by 

implementing Landsat TM for Kharezm region. The analysis was conducted by Dubovyk and others 

[2]. They conducted segmentation analysis with the help of eCognition 8.1 software. Therefore, the 

research work does not contain any information about classification in that program. Moreover, 

classification accuracy consists of 80 percent [2]. In 2013 they introduced there scientific work to 

the public more completely and widely. In their research work they used the same area, same 

program and the same segmentation algorithms. Here they conducted object based change 

classification and mentioned the advantages of spectral mixture analysis [2]. 

In Central Asia, the research with RS images were conducted in mapping of irrigation 

system, determining and predicting the different catastrophes in the environment. Ramesh 

Sivanpillai and Alexandre V. Latchininskiy (2008) had studied the migration of grasshoppers in the 

Amudarya delta and mapped it with Landsat images. As a result, the direction of grasshopper 

migration and their places of laying eggs were mapped. These maps are suggested for the Agency 

of protecting agricultural products as a manual. 

Ruecker et. al. [10] created information sets for Khorezm region by integrating and 

analysing field information in RS data. Karanova et. al. [5] researched the determining rate of 

saltiness of soil in arid areas, especially in the Jizzakh area, Uzbekistan, with RS data by graphic 

features in spectral layers of chemical elements in soil. According to their conclusions, spectral 

characteristics of soil in arid areas and spectral characteristics of salt flats are very alike, and we can 

find 5 categories of saltiness rates in this area. They used Russian satellite images in their research. 

Dr. R. Ressl et. al. [9] created a land cover change detection map for 1998, for the Aral Sea area, 

integrating RS and GIS. Here they used visual classification and Erdas Imagine software and 

Landsat MSS SPOT 4 vegetation data. 

Conclusion. If we give our attention to all these research, we can see that the developed 

models and maps assist in the management of water resources. Many models are mainly developed 
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by using MODIS images. In many analyses only MODIS images were used as it has NDVI layer 

and it is easily accessible. But now it is possible to easily create NDVI layer for all satellite images 

by using RS analyzing software. It can be done in a few seconds [11]. Another issue is that because 

of the low resolution of MODIS images it is difficult to classify small water lines. We know that 

each water line is very important for SEBAL and ET models to take into account the transpiration 

that occurs in them. In this kind of cases scientists generally use a method to draw water bodies 

through the GPS points. But in this method very small water bodies are not taken into consideration 

either [1]. For the correlation and checking the accuracy, the classification of irrigation networks 

must be done via VHR images. Hence, the main obstacle for using RS images in Central Asia is 

that it is low effective. It is a result of using mainly low and middle resolution images. They are 

used, because they are free. Even their analyses were carried out by using old programs which had 

not been updated for a long time. The second issue to take into consideration is that in these 

researches there were not conducted analyses by using Landsat OLI TRIS images. According to 

Ressl [9] Landsat images are the most optimal method for LU and LC analyses. As it is known, this 

satellite is a new for all RS. Landsat OLI TIRS started to send images to earth since 2013. Its 

capabilities are much higher than previous Landsat satellites. New modern programs must be used 

in its analyses as these programs have large possibilities and help the user to save time and efforts 

and conduct accurate analysis [4]. 

 

REFERENCES 

1. Conrad, C., Fritsch, S., Zeidler, J., R¿cker, G. & Dech, S. (2010). Per-Field Irrigated 

Crop Classification in Arid Central Asia Using SPOT and ASTER Data. Remote Sensing, 2 (4) : 

1035ï1056. 

2. Dubovyk, O., Menz, G., Conrad, C., Thonfeld, F. & Khamzina, A. (2013). Object-

Based Identification of Vegetation Cover Decline in Irrigated Agro-Ecosystems in Uzbekistan. 

Quaternary International, Hydrological and Ecological Responses to Climatic Change and  

3. Edlinger, J., Conrad, C., Lamers, J., Khasankhanova, G. & Koellner, T. (2012). 

Reconstructing the Spatio-Temporal Development of Irrigation Systems in Uzbekistan Using 

Landsat Time Series. Remote Sensing, 4 (12) : 3972ï3994. 

4. Hay, G.J., & Castilla, G. (2008). Geographic Object-Based Image Analysis 

(GEOBIA) : A new name for a new discipline. In Object-based image analysis, Springer Berlin. 

DOI:10.1007/978-3-540-77058-9_4 

5. Karavanova, E.I., Shrestha, D.P. & Orlov, D.S. (2001). Application of Remote 

Sensing Techniques for the Study of Soil Salinity in Semi-Arid Uzbekistan. Responses to Land 

Degradation. Oxford and IBH Publishing Co. Pvt. Ltd, Oxford, 261ï273. 

6. Nezlin, N.P., Kostianoy, A.G. & Li, B.L. (2005). Inter-Annual Variability and 

Interaction of Remote-Sensed Vegetation Index and Atmospheric Precipitation in the Aral Sea 

Region. Journal of Arid Environments, 62 (4) : 677ï700. 

7. Platonov, A., Thenkabail, P.S., Biradar, C.M., Cai, X., Gumma, M., Dheeravath, V., 

Cohen, Y., Alchanatis, V., Goldshlager, N., Ben-Dor, E., Vithanage, J., Manthrithilake, H., 

Kendjabaev, S., & Isaev, S. (2008). Water Productivity Mapping (WPM) Using Landsat ETM+ 

Data for the Irrigated Croplands of the Syrdarya River Basin in Central Asia. Sensors, 8 (12) : 

8156ï8180. 



37 
 

8. Rajabov, T. (2013). Ecological assessment of spatio-temporal changes of vegetation 

in response to piosphere effects in semi-arid rangelands of Uzbekistan. Programme de formation 

Restauration de terrain, Reykjav²k, Islande, 109-144. 

9. Ressl, R.A., Ptichnikov, A., Novikova, N., Reimov, P., Kapustin, G., & Forstman, D. 

(2015). Disturbed Ecosystems Dynamics In The Aral Sea Region By Remote Sensing And Gis 

Methods. http ://www.spot-vegetation.com/pages/vgtprep/gt2000/ressl.pdf, Dernier acc¯s : 23 juin 

2015. 

10. Ruecker, G.R., Wehrmann, T., Schettler, I., Conrad, C., Landmann, T., Klein, D., 

Fritsch, S., Schorcht, G., Mund, J.P., Kuenzer, C., Keil, M., Mehl, H. & Dech, S. (2009). 

Integration of Remote Sensing Products in Regional Information Systems to Support Decision 

Making in Land and Water Management in Central Asia. Proceedings of the 

GISCAô09 Conference, 27-28 ao¾t, Bichkek, Kirghizistan. 

11. Xiaohe, Z., Liang, Z., Jixian, Z., & Huiyong, S. (2014). An object-oriented 

classification method of high resolution imagery based on improved AdaTree. IOP Conference 

Series : Earth and Environmental Science. DOI :10.1088/1755-1315/17/1/012212. 

 

 

CALCULATION OF CARRYING CAPACITY AND ECOLOGICALLY 

SUSTAINABLE STOCKING RATE IN PSKEM SUB -FORESTRY (BRUCHMULLO 

FORESTRY) ACCORDING TO LAST CADASTER INVENTORY  

 

Associated professor Alim Pulatov, Alikhanov Bokhir(MEs) 

Tashkent Institute of irrigation and agricultural mechanization engineers 

 

Abstract. The concept of carrying capacity is widely used for pasture monitoring. Its 

determines how many livestock can be grazed on a certain pasture without causing deterioration of 

vegetation. The main purpose of this research is to apply authors formula for estimating carrying 

capacity of a pasture areas. Moreover, the term ñEcologically sustainable stocking rateò , that is 

used in USA pasture managers was firstly calculated for the pastures. For study area the pasture 

plots of Pskem sub-forestry, that is the part of Bruchmullo forestry, have been take. The cadaster 

data was taken from Main Forestry Department during the internship was used for article. The total 

CC for the whole forestry made up 5922 Animal Unit per Month for year 2008(when the last 

pasture inventory was conducted), while the average ESSR equaled to 0,88 AUM ha
-1

.  

Key words: carrying capacity, land degradation, overgrazing, pastures 

 

ʆʇʈɽɼɽʃɽʅʀɽ ɽʄʂʆʉʊʀ ʇɸʉʊɹʀʑ ʀ ʕʂʆʃʆɻʀʏɽʉʂʀ 

ʋʉʊʆʁʏʀɺʆɻʆ ʇʆɻʆʃʆɺʔʗ ʉʂʆʊɸ ɺ ʇʉʂɽʄʉʂʆʄ ʃɽʉʅʀʏɽʉʊɺɽ ʉ 

ʇʆʄʆʑʔʖ ʇʆʉʃɽɼʅɽɻʆ ʂɸɼɸʉʊʈʆɺʓʍ ɼɸʅʅʓʍ 

 

ɸʣʠʤ ʇʫʣʘʪʦʚ, ɸʣʠʭʘʥʦʚ ɹʦʭʠʨ 

 

ɸʥʥʦʪʘʮʠʷ. ʂʦʥʮʝʧʮʠʷ ʝʤʢʦʩʪʠ ʧʘʩʪʙʠʱ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʩʪʙʠʱ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʣʠ. ʆʥʦ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʤʥʦʛʦ ʩʢʦʪʘ ʤʦʞʝʪ 

ʧʘʩʪʠʩʴ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʧʘʩʪʙʠʱʝ ʙʝʟ ʚʳʟʦʚʘ ʜʝʛʨʘʜʘʮʠʠ.  ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʘʚʪʦʨʩʢʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʤʢʦʩʪʠ ʧʘʩʪʙʠʱ. ɹʦʣʝʝ ʪʦʛʦ 
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ʪʝʨʤʠʥ çʕʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʦʪʘè ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠ ʚʳʯʠʩʣʝʥʦ ʚ ʭʦʜʝ 

ʵʪʦʡ ʨʘʙʦʪʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʤʢʦʩʪʠ ʧʘʩʪʙʠʱ ʙʳʣʦ ʚʟʷʪʦ ʇʩʢʝʤʩʢʦʝ ʣʝʩʥʠʯʝʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ɹʨʫʯʤʫʣʣʠʥʩʢʦʛʦ ʣʝʩʭʦʟʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʜʘʩʪʨʦʚʳʝ 

ʜʘʥʥʳʝ 2008 ʛʦʜʘ, ʧʨʦʚʝʜʝʥʥʳʝ ɻʣʘʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ɽʤʢʦʩʪʴ ʣʝʩʥʠʯʝʩʪʚʘ 

ʩʦʩʪʘʚʠʣʦ 5922 ʂʈʉ. ʊʦʛʜʘ ʢʘʢ çʕʢʦʣʦʛʠʯʝʩʢʦʝ ʫʩʪʦʡʯʠʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʦʪʘè  ʩʦʩʪʘʚʠʣʦ 

0,88 ʂʈʉ ʥʘ ʛʝʢʪʘʨ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʝʤʢʦʩʪʴ ʧʘʩʪʙʠʱ, ʜʝʛʨʘʜʘʮʠʷ ʟʝʤʣʠ, ʧʝʨʝʚʳʧʘʩ, ʧʘʩʪʙʠʱʘ 

 

 

Introduction. ʉarrying capacity is very important concept for rangeland management. FAO 

(1988) defined CC as the maximum rate of livestock that rangeland can support on a sustainable 

basis. By Meehan et al. (2016) carrying capacity is measurement of how much forage the rangeland 

piece can produce annually, while for population ecologists the carrying capacity is the level of 

population under which it will not grow (Mysterud,2004). Usually, CC assessment is based on the 

idea that livestock needs from 2,5 to 3 %  of total dry matter of their bodyweight every day(De 

Leeuw et al, 1990).Therefore, a tropical cow with 250 kg of bodyweight will need  from 6,25 kg to 

7,5 daily, 187 kg to 225 kg monthly and from 2244 to 2700 kg annually of dry matter. Additionally, 

De Leeuw (1990) claims that to estimate the relationships between fodder supply and demand three 

points should be taken into account: 

1) Gazing efficiency  

2) Loss of biomass(due to trampling, fouling, decomposition) 

3) Maximum proportion of forage that can be grazed without rangeland degradation. 

Often, CC is considered as a static value, however different ecosites of pastures vary in CC during 

space and time and during different seasons (De Leeuw et al, 1990; Meehan et al.,2016). Moreover, 

it is difficult to estimate properly the carrying capacity of pastures, because various factors 

influence to it (Mulonda, 2011). 

By Hocking et al.(2009) main technique for determining CC is to calculate the amount of 

biomass at the end of the growing season or before the grazing period and multiply  it to correction 

factor and divide all these to the amount of dry matter forage that demand livestock. 

CC=
ᶻ

 

Where: AGB-is aboveground biomass of pasture; CF-correction factor; DMD- amount of 

dry matter forage by livestock. 

In Uzbekistan Research Institute of Karakul develops the concept of carrying capacity. 

Following to their methodology the carrying capacity of pastures are assessed according to next 

formula (ʅʀʀ ʋʟʙʝʢʠʩʪʘʥʘ ʂʘʨʘʢʫʣʝʚʦʜʩʪʚʘ ʠ ʇʫʩʪʳʥʴ,2016): 

CC=
ᶻ ᶻ ᶻ

ᶻ
 

Where: AGB-aboveground biomass of pasture; NV-nutritional value of forage; CU-

maximum allowable coefficient of use of biomass; A-area; D- grazing days; AFI- average forage 

intake by one animal unit per day. 

Range health expresses the pastures ability to perform certain ecosystem functions. It can be 

defined as healthy, unhealthy or healthy, but with certain problems. Ecosystem functions include 

net primary productivity, soil stability, plant diversity, carbon storage, nutrient cycling and 

evapotranspiration (Alberta Sustainable Resource Development, 2004). Several data are required to 

estimate CC: range surveys, ecosystems, grazing studies, forage growth and etc.. 
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Meehan et al. (2016) gives next definitions to stocking rate and carrying capacity ñStocking 

rate is forage demand, while carrying capacity is forage supplyò. However, both concepts are 

expressed in Animal Units per Month (AUMs), the stocking rate characterize the actual livestock 

number and type, while carrying capacity   describes theoretical stocking number that certain 

rangeland can support on sustainable basis. 

Carrying capacity and stocking rate are usually expressed in AUMs- Animal Unit Months. 

AUM is based on age, class, type of a livestock and estimate how much forage livestock demand 

for one month (Meehan et al., 2016). There are several type of AUMs varying between countries. 

For example in USA, one AUM is equivalent to 1000-pound (455 kg) mature cow with 6-month 

calf. Though livestock is not always mature cows with calf and can contain bulls, horses, sheep, 

goat end etc. , each of them are expressed in Animal Unit Equivalent (AUE) through AUMs. In arid 

and semi-arid regions  animal unit equivalent expressed in Tropical Livestock Unit(TLU), which 

equals to one cow weighting 250 kgôs and taking 6,5 kg of dry matter each day. 

Term ñEcologically sustainable stocking rateò is a concept close to carrying capacity. 

According to Alberta Sustainable Resource Development (2004) ESSR shows the maximum safe 

number of animal units per month for a certain type of plant species that pasture plot can support on 

a sustainable basis. There are several indicators that ESSR takes into account: biophysical 

constrains, grazing potential and goals. It is usually expressed in AUM/area unit or area unit/AUM. 

Main goal of this research article is estimating carrying capacity of Pskem sub-forestry 

pasture areas according to last inventory.  

Methodology 

Study area 

Bruchmulla forestry within Ugam Chatkal is situated on the territory of Bostanlik district, 

Tashkent region, the major territory of which the forestry covers, belongs to subtropics climatic 

zone of Northern Hemisphere. The major element of continental subtropics climate of the northern 

hemisphere- the prevalence of dry clear weather during the summer with average temperature 25 C, 

not stable weather during winter with precipitation rate and drastic temperature change. 

The duration of vegetation period is 210-230 days. In physic-geographical terms, the 

location of the forestry is included in the mountain system. Mean annual precipitation varies from 

700mm to 900 mm. Temperature during winter -9;-6 and during summer from +12 to +22. Altitude 

varies from 900 m to 4000 meters. 

Pskem sub-forestry is situated in northern part of Bruchmullo sub-forestry. It is divided into 

9 quarters (23-31) with a total territory of 19435 hectares according to Main Forestry Department. 

The total pasture territory of Pskem sub-forestry according to cadaster data equals to 8600 hectares, 

which is approximately 40 % of total sub-forestry area.  

Each pasture is divided into plots (videls) which has its own taxonomic classification. Plots 

also vary in territory: from ten to hundred hectares. Pasture plots have been identified within each 

quarter. Cadaster data for estimating carrying capacity was obtained from Main Forestry 

Department. The last inventory of pastures according to cadaster data was conducted in 2008. 

Methods 

To estimating carrying capacity of each pasture plot and quarter next formula have been 

used: 

CC= 
ᶻ ᶻ ᶻᶻ

ᶻ
 

Formula 1. 
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Where:ABG-aboveground biomass of pasture plots per hectare; CU- coefficient of use of 

pastures (65 % in Uzbekistan for mountainous pastures); TDM- the biomass loss according to 

drying out (averagely 30 % of biomass according to several experts);A- area of pasture(in 

hectares); AFI- average forage intake of dry matter of one animal unit every day in kgôs (2,5-3 % of 

animal weight);BL- biomass loss due to trampling, urinating and croaking (usually 20 %); SD- 

stocking days (30 days). 

Average aboveground biomass for quarters (AAGB) were calculated according to next 

formula: 

AAGB= В ὴὭzὃὋὄὭȾВ ὴὭ 

Formula 2. 

Where:pi-the area of pasture plot I; AGBi- the aboveground biomass of pasture plot I; n- 

number of pasture plots within a quarter. 

The total pasture biomass for quarters were calculated using the following formula: 

TPB=В ὃὋὄὭzὴὭ 

Formula 3. 

Ecologically sustainable stocking rate (ESSR) was calculated according to next formula: 

ESSR= 
 

 

All cadaster data was analyzed in Microsoft Excel program. 

Results 

Generally 98 pasture plots have been identified with a total pasture area 7260 hectares, 

which is for 1400 hectares less than stated by Main Forestry Department. This can be due to 

missing or incorrect data within cadaster information, provided by department.  

Foremost, average aboveground biomass for each quarter have been calculated using 

formula 2. The results are shown in Table 2: 

Table 2. Average AGB for each quarter 

QUARTER Average AGB(kg per hectare) 

23 790 

24 650 

25 680 

26 315 

27 460 

28 460 

29 435 

30 474 

31 530 

Average 452 

 

Next step was calculating the total pasture area within one quarter. For this purpose first of 

all all pasture plots for a certain quarter were identified and then summed the area of each plot 

within a quarter: 

Table 3. Total pasture area 

QUARTER TOTAL PASTURE AREA(ha)  

23 144 

24 46 



41 
 

25 506 

26 817 

27 1440 

28 403 

29 1371 

30 1387 

31 1145 

Total 7259 

 

According to information regarding to average aboveground biomass and pasture areas total 

pasture biomass for each pasture quarter was calculated summing the total pasture biomass of all 

pasture plots within a quarter: 

Table 4. Total pasture biomass for each quarter 

QUARTER TOTAL PASTURE BIOMAS S(KG) 

23 113760 

24 299000 

25 308385 

26 257390 

27 663200 

28 185710 

29 598000 

30 657000 

31 605000 

TOTAL  3419000 

  

The main purpose of this research is calculating carrying capacity of Pskem sub-forestry 

according to cadaster data. In order to estimate carrying capacity for each quarter of Pskem sub-

forestry the formula 1 mentioned in methodology part was taken. For AUM we took tropical 

livestock animal equivalent which demand 6.25 kg of dry matter per day. For a biomass loss 65 % 

was taken. According to calculation, each quarter has the following carrying capacity value: 

Table 5. Carrying capacity of each quarter 

Quarter  Carrying capacity(AUM)  

23 197 

24 52 

25 534 

26 446 

27 1150 

28 322 

29 1036 

30 1139 

31 1049 

Total 5925 
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The next important indicator that was estimated is ESSR, the concept that is close to 

carrying capacity. It is usually calculate just simply dividing carrying capacity into pasture area. 

The results are shown in Table 5: 

Table 6. Ecologically sustainable stocking rate of a quarter 

Quarter  ESSR(AUM ha
-1

) 

23 1,3 

24 1,1 

25 1 

26 0,54 

27 0,8 

28 0,8 

29 0,75 

30 0,8 

31 0,9 

Average 0,88 

 

Statistical analysis 

To analyze statistical properties Microsoft Excel software was applied.  To find out the 

mathematical relationship between indicators regression and correlational analysis were conducted.  

The statistical relationship between carrying capacity and pasture area is shown in 

Scatterplot 1. As it can be seen from the graph, carrying capacity has very high positive correlation 

with pasture area.  

 
Scatterplot 1 

The relationship between carrying capacity and total pasture biomass shows perfect 

correlation and has linear trend, as it can be seen from Scatterplot 2: 

 
Scatterplot 2 
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At the time according to Scatterplot 3 the relationship between carrying capacity and 

aboveground biomass of pasture is very low, due to this cannot, and does not have any trend 

patterns:  

 
Scatterplot 3 

At the same time ecologically sustainable stocking rate of a pasture have a perfect 

correlation with its aboveground biomass: 

 
Scatterplot 4 

Conclusions and discussions 

During these research Pskem sub-forestry, which is the part of Bruchmullo forestry, have 

been analyzed. Total territory of sub-forestry equals to 19435 hectares according to Main Forestry 

Department. The total pasture territory within Pskem equals to 8600 hectares according to cadaster 

data. There is a significant difference between official estimates and a number calculated in this 

research. Overall 98 pasture plots within 9 quarters were found with a summed territory 7259 

hectares. Average AGB of all queries 452 kg per hectare. Total pasture biomass of Pskem in 2008 

was 3419 tons according to calculations. The carrying capacity equaled to 5925 AUMôs, where 1 

AUM=1 TLU (250 kg cow). The average ESSR for all quarters generally made up 0,88 AUM ha
-1
. 

However, the actual carrying capacity and average ESSR should be smaller than estimated, because 

the CC formula does not take into account the access factor and percent of palatable species, which 

reduce total allowable forage.  
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ANALYSIS OF LAND COVER CHANGE OF BRUCHMULLA FORESTRY FROM 

2009 TO 2016 USING NORMALIZED DIFFERENCE VEGETATION INDEX  

 

Associated professor Alim Pulatov, Alikhanov Bokhir(MEs) 

Tashkent Institute of irrigation and agricultural mechanization engineers 

 

Abstract. Land degradation is a broad concept because it has various definitions and types. 

Land degradation, defined as ñthe temporary or permanent lowering of the productive capacity of 

land as a result of human activitiesò. Remote sensing is a powerful tool of monitoring of land 

degradation. It has various advantages comparing to traditional field measurements: its cheap, fast, 

large scale and easy applicable. Normalized difference vegetation index is mostly widely used VI of 

assessing vegetation cover.  For this research 6 Landsat satellite images were downloaded from 

usgs.com  starting year 2009 and ending 2016. Results showed that there is a significant land cover 

change in Bruchmullo forestry during these years. According to RS analysis, the total cover of 

glaciers reduced from 75000 hectares to 50000 hectares, while the forest area (high-density 

vegetation) almost doubled- from 25000 hectares to 50000 hectares.  

Key words: land degradation, land cover change, climate change, water desiccations 

 

ɸʅɸʃʀɿ ʀɿʄɽʅɽʅʀʗ ɿɽʄɽʃʔʅʆɻʆ ʇʆʂʈʓʊʀʗ ʃɽʉʅʆɻʆ ʍʆɿʗʁʉʊɺɸ 

ɹʈʀʏʄʋʃʃɸ ʉ 2009 ʇʆ 2016 ɻɻ. ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʅʆʈʄɸʃʀɿʆɺɸʅʅʆɻʆ 

ʈɸɿʃʀʏʅʆɻʆ ʋʈʆɺʅʗ ʈɸʉʊʀʊɽʃʔʅʆʉʊʀ 

 

ɸʣʠʤ ʇʫʣʘʪʦʚ, ɸʣʠʭʘʥʦʚ ɹʦʭʠʨ 
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ɸʥʥʦʪʘʮʠʷ. ɼʝʛʨʘʜʘʮʠʷ ʟʝʤʣʠ ʩʯʠʪʘʝʪʩʷ ʙʦʣʴʰʠʤ ʧʦʥʷʪʠʝʤ.  ʆʥʦ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʦʧʨʝʜʝʣʝʥʠʡ. ɼʝʛʨʘʜʘʮʠʷ ʟʝʤʣʠ ʦʟʥʘʯʘʝʪ ʚʨʝʤʝʥʥʦʝ ʠʣʠ ʧʦʩʪʦʷʥʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʟʝʤʣʠ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɼʠʩʪʘʥʮʠʦʥʥʦʝ 

ʟʦʥʜʠʨʦʚʘʥʠʝ ïɻ ʪʦ ʤʦʱʥʦʝ ʩʨʝʜʩʪʚʦ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʣʠ.  ʆʥʦ ʠʤʝʝʪ 

ʥʝʩʢʦʣʴʢʦ ʧʨʝʚʦʩʭʦʜʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʥʘʟʝʤʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ: ʦʥʦ 

ʜʝʰʝʚʦʝ, ʙʳʩʪʨʦʝ ʠ ʣʝʛʢʦ ʧʨʠʤʝʥʠʤʦʝ. NDVI ïɻ ʪʦ ʩʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʠ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʡ ʠʥʜʝʢʩ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʟʝʤʣʠ.  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ 6 

Landsat ʩʥʠʤʢʦʚ ʙʳʣʠ ʩʢʘʯʘʥʳ ʩ ʩʘʡʪʘ usgs.com ʥʘʯʠʥʘʷ ʩ 2009 ʢʦʥʯʘʷ 2016. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʝʩʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʢʨʳʪʠʷ ʟʝʤʣʠ ʚ ʪʝʯʝʥʠʠ ʵʪʠʭ ʣʝʪ. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ɼɿɿ, ʣʝʜʥʠʢʦʚʦʝ ʧʦʢʨʳʪʠʝ ʫʤʝʥʴʰʠʣʦʩʴ ʩ 75000 ʜʦ 50000 ʛʝʢʪʘʨ, ʘ ʧʦʢʨʳʪʠʝ ʣʝʩʦʚ 

ʫʚʝʣʠʯʠʣʦʩʴ ʚʜʚʦʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʝʛʨʘʜʘʮʠʷ ʟʝʤʣʠ, ʠʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʠʟʤʝʥʝʥʠʝ 

ʢʣʠʤʘʪʘ, ʦʧʫʩʪʳʥʠʚʘʥʠʝ 

 

 

Introduction. Land degradation is a broad concept because it has various definitions and 

types. Land degradation, defined as ñthe temporary or permanent lowering of the productive 

capacity of land as a result of human activitiesò (UNEP, 1992), has been recognized as a global 

problem. Another definition by FAO is ñdegraded land  is land which due to natural processes or 

human activity is not able to sustain properly an economic function and/or the original ecological 

function(ISO,1996)ò. At the UN Conference on Sustainable Development political leaders agreed, 

that land degradation, desertification and droughts are major problems, that deadlocks sustainable 

development and impose to stability of regions (Reeves, 2016). Land degradation starts with some 

characteristics and develops into measurable features. Therefore, land degradation is hardly to 

recognize at early stages. Many attempts are undertaken to mitigate or overcome land degradation, 

however many of them are failed (Omuto et al., 2011). These obstacles explain why degradation is 

became a global challenge.  

RS is a powerful tool for estimating aboveground biomass.  The advantage of remote 

sensing over fieldwork is that it is not time consuming and financially cheaper.  RS can be used 

both in small and large areas of grazing land for monitoring and assessment.  Various studies show 

that RS has high correlation with actual field measurements.  Moreover, most satellite RS images 

have revisit time not more than two weeks and some of them use hyperspectral sensors to gather 

information from land surface. 

By Ghorbani et al. (2012) remote sensing has evolved into a powerful tool in climatic and 

environmental monitoring and researches, both in local and global scale. Moreover, it can be 

empirically related to field measurements. Additional advantages of remote sensing is that it can be 

calibrated, repeated and cost-effective (Ghorbani et al, 2012).  

The application of remote sensing via rangeland monitoring and assessment of biomass is 

very long and starts from the launch of first satellites (Reeves et al, 2016). Though the remote 

sensing is widely applied in rangeland monitoring during many decades, there is a still mismatch 

between the information the rangeland experts need and the information the remote sensing images 

provide. Satellite images can provide the information on a large scale about the leaf area index, 

water conditions and chlorophyll, while rangeland managers require foremost the information about 

the successional status of the species presence (Hunt et al., 2003). However, the situation is 

changing in recent years.  
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The major goal and advantage of remote sensing monitoring of rangelands is observation of 

vegetation conditions over a large area and within long period. In this case remote sensing can be 

applied for both regional and global scales. It can be useful for assessing above ground biomass of 

pastures or for monitoring general conditions of vegetation cover of world rangelands for predicting 

of climate change. Reeves et al. (2016) asserts that remote sensing approach is truly objective, 

critical and synoptic for assessing changes in our environment: terrestrial, aquatic, oceanic and 

atmospheric.  

Hunt el al. (2003) mentions several examples when hyperspectral remote sensing is applied 

in identifying noxious plant species on rangelands. He states that the best approach for identifying 

noxious species is aerial photography during the specific phenological phase (flowering). For 

example, in one research conducted in Texas rangelands, demonstrated the use of SPOT satellite in 

detecting the false stands of broom weed (Hunt et al.,2003). In another research accomplished by 

Williams and Hunt (2002) illustrated that AVIRIS satellite images with conjunction of other 

analysis tools for hyper spectral images can map the cover of leafy spurge on a research area(Hunt 

et al.,2003).  

The goal of this research is to estimate land cover change of Bruchmullo sub-forestry area 

from 2009 to 2016 using Normalized Difference Vegetation Index. 

Methodology. For remote sensing analysis, 6 Landsat images (path 153/row 31) were 

downloaded from usgs.com. Though the last inventory of Bruchmullo pastures were conducted in 

2008. However, there was no high quality image for period May-June for the study area, 

consequently image analysis starts from 2009. For remote sensing analysis, next satellite dataôs 

were used: 

Table 1. Landsat images 

Year Day Sensor 

2008 No high 

quality data 

Landsat 5 

2009 4
th
 of June Landsat 5 

2010 7
th
 of June Landsat 5 

2013 14
th
 of May Landsat 8 

2014 17
th
 of May Landsat 8 

2015 20
th
 of May Landsat 8 

2016 22th of May Landsat 8 

 

For analysis of remote sensing images Normalized Difference Vegetation Index(NDVI) was 

chose. The formula for NDVI is the following: 

NDVI= (NIR-RED)/(NIR+RED) 

Results. In order to research the vegetation and biomass cover of surface three vegetation 

indices were applied in Erdas Imagine: NDVI(simple intrinsic index), SAVI(soil adjusted index), 

MSAVI(modified SAVI).the purpose of estimating these three indices was to test various types of 
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models to find out which type shows more correct  results and better correlation with cadaster data. 

ARVI index (Atmospherically Resistance VI) was also planned to apply during this research, 

however due to few researches using this index and no value relationship with NDVI it was decided 

to no to use ARVI. Data-action model for remote sensing and GIS-analysis are shown in data action 

model below: 

 
 

 
  

Using several literature sources that made a research combining field work and remote 

sensing data analysis with these VI (Masselink,2016; Huete, 1989; Qi et al,1994 ;Bratkov and 

Ataev,2017; gis-lab.ru) following classification values for NDVI and their equivalent values for 

SAVI and MSAVI were used(Table 4): 

Table 2. VI classification values 

Download satellite 
images 

Stack layers in the 
model maker 

Rescale to unsigned 8-
bit 

Atmospheric correction 

Cut image for study 
area 

Apply NDVI and make 
classification 

Map presentation and 
legend 

Reclassify and calculate 
area of classess 
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Land 

cover 

NDVI  

Water or 

glaciers 

-#-0 

Bare soil 0-0,3 

Light 

pastures 

0,3-0,4 

Heavy 

pastures 

0,4-0,55 

Forests >0,55 

For NDVI index following results for years 2009, 2010, 2013, 2014,2015,2016: 

 
Figure 3. NDVI land cover classification 2009-2016 

Using Reclassify tool in ArcGIS total area of all classes for each year were calculated in 

hectares. The land cover tend is shown in Diagram 1: 
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Diagram 1. NDVI classification of land cover 

CONCLUSION 

According to this diagram, it is clearly that water or glaciers cover almost twice reduced 

within 8 years: from 75000 hectares in 2009 to 45000 hectares in 2016. The bare soil cover have 

fluctuations during this period: from 2009 to 2014 it sharply increases from 50000 hectares to more 

than 120000 hectares in 2015. Afterwards, begins to sharply reduce to the same level as in 2009. 

This can be due to fluctuations in precipitation and temperature change within these years.  

While the area covered by light and heavy pastures stays stable during these years, the 

forestlands have fluctuations: from 2010 to 2013, it significantly reduces to almost zero levels, 

afterwards starting 2015 it again to increase and reaches 40000 hectares in 2016.  

The NDVI can be a good indicator for land cover classification and land management and 

monitoring. Frequent remote sensing monitoring  can help to prevent, mitigate or overcome land 

degradation for land managers. Though, for verification of satellite data field measurements are 

necessary.  
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ʕʂʆʃʆɻʆ-ɺʆɼʆʍʆɿʗʁʉʊɺɽʅʅɸʗ ʆʎɽʅʂɸ ʊʈɸʅʉʌʆʈʄɸʎʀʀ 
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ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʂʘʟʘʭʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʨʠʩʦʚʦʜʩʪʚʘ ʠʤ. ʓ.ɾʘʢʘʝʚʘ 

 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʠ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʤʥʦʛʦʣʝʪʥʠʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʈɻʇ çʂʘʟʛʠʜʨʦʤʝʪè ʧʦ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜʳ ʚ 

ʥʠʟʦʚʴʷʭ ʨʝʢʠ ʉʳʨʜʘʨʴʠ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ ʚ ʫʩʣʦʚʠʷʭ ʘʥʪʨʦʧʦʛʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ECOLOGICAL -WATER -ECONOMIC EVALU ATION OF TRANSFORMATION 

OF CONCENTRATION OF POLLUTANTS IN WATERS OF LOWNS OF THE 

SYRDARYA RIVER  

 

Mustafayev Zh. S., Kozykeyeva A. T., Abdyvalieva K. S. 

 

Abstract. On the basis of ordering and system analysis information and perennial analyzes 

RGP çKazhydrometè water pollution downstream river Syr evaluated water quality and 

environmental conditions that can determine the intensity and direction of transformation polluting 

substances in the space-time scales in terms of human activities. 

Keywords: analysis, estimation, system, systematization, water, substances, ecology, state, 

anthropogenic, nature, technique, transformation. 

 

 

ɺʚʝʜʝʥʠʝ. ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʦʭʨʘʥʘ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ ʠ 

ʠʩʪʦʱʝʥʠʷ ʚ ʙʘʩʩʝʡʥʝ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ ʙʳʣʠ ʠ ʦʩʪʘʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʩʠʩʪʝʤʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʙʫʩʪʨʦʡʩʪʚʘ ʨʝʯʥʳʭ 

ʙʘʩʩʝʡʥʦʚ. ɺʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʥʳʭ  ʨʝʩʫʨʩʦʚ 

ɸʤʫʜʘʨʴʠ ʠ ʉʳʨʜʘʨʴʠ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ  ʚʦʜʥʳʤʠ ʦʙʲʝʢʪʦʚ ʜʣʷ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ 
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ʤʦʨʷ  ʚ  ʢʦʥʮʝ ʍʍ ʠ ʚ ʥʘʯʘʣʝ XXI ʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʠ ʪʝʤʧʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠʚʝʰʝʥʘ ʚʦʟʤʦʞʥʦ-

ʜʦʧʫʩʪʠʤʦʛʦ ʧʨʝʜʝʣʘ   ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. ʇʨʠ ʦʯʝʥʴ ʚʳʩʦʢʦʤ ʪʝʤʧʝ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʯʨʝʟʤʝʨʥʦʡ ʪʝʭʥʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ  ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ 

ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʣʠ  ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʥʘʨʫʰʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʠʦʮʝʥʦʟʦʚ 

ʙʘʩʩʝʡʥʦʚ ʨʝʢ ɸʤʫʜʘʨʴʠ ʠ ʉʳʨʜʘʨʴʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʢʠ ʙʘʩʩʝʡʥʘ ɸʨʘʣʴʩʢʦʛʦ ʤʦʨʷ, ɸʤʫʜʘʨʴʷ ʠ ʉʳʨʜʘʨʴʷ ʥʘʭʦʜʷʪʩʷ  ʧʦʜ 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʙʠʦʪʠʯʝʩʢʠʝ ʠ 

ʘʙʠʦʪʠʯʝʩʢʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʭ ʛʠʜʨʦʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʩʦʩʪʦʷʥʠʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʥʦʛʦʣʝʪʥʠʝ  ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʦ ʩʦʩʪʦʷʥʠʠ   ʫʧʨʘʚʣʷʝʤʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʛʠʜʨʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʦʜʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ, ʘ ʪʘʢʞʝ ʜʘʥʥʳʝ ʦʙʦ ʚʩʝʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʬʘʢʪʦʨʘʭ ʚʣʠʷʥʠʷ ʥʘ ʵʪʦ ʩʦʩʪʦʷʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ ʚʩʝʩʪʦʨʦʥʥʝʡ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʩʜʝʣʘʪʴ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʧʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʠʞʥʝʛʦ  ʪʝʯʝʥʠʷ 

ʨʝʢʠ ʉʳʨʜʘʨʴʠ ʥʘ  ʦʩʥʦʚʝ ʤʥʦʛʦʣʝʪʥʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʛʠʜʨʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʥʜʝʢʩʘ ʐʝʥʥʦʥʘ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʬʘʢʪʦʨʦʚ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʝ ʥʘ ʝʝ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʥʬʦʨʤʘʮʠʦʥʥʦʡ ʙʘʟʦʡ  ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʚʦʜʳ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʉʳʨʜʘʨʴʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ çɽʞʝʛʦʜʥʳʝ ʜʘʥʥʳʝ ʦ ʢʘʯʝʩʪʚʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜè ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥè 

ʈɻʇ çʂʘʟʛʠʜʨʦʤʝʪè ʄʆʉɺʈ ʈʂ [1] ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ,  ʤʥʦʛʦʣʝʪʥʠʝ ʬʦʥʜʦʚʳʝ ʠ ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʧʦ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ [2; 3; 4], ʚʢʣʶʯʘʶʱʠʭ ʙʠʦʭʠʤʠʯʝʩʢʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ (5ɹʇʂ), ʘʟʦʪ ʘʤʤʦʥʠʡʥʳʡ (4NH ), ʘʟʦʪ ʥʠʪʨʠʪʥʳʡ (2NO ), ʘʟʦʪ 

ʥʠʪʨʘʪʥʳʡ (3NO ), ʭʣʦʨʠʜʳ (Cl), ʩʫʣʴʬʘʪʳ ( 4SO ), ʤʝʜʴ (Cu), ʮʠʥʢ (Zn), ʥʘʪʨʠʡ (Na) ʠ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ (ʪʘʙʣʠʮʘ 1). 

 

ʊʘʙʣʠʮʘ 1 ïʂʦʥʮʝʥʪʨʘʮʠʠ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ ʥʠʟʦʚʴʷ ʨʝʢʠ ʉʳʨʜʘʨʴʠ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʦʤ ʤʘʩʰʪʘʙʝ 

 

ɿʘʛʨʷʟʥʷʶʱʠʝ 

ʚʝʱʝʩʪʚʘ 

ɻʦʜʳ 

1985 1990 2000 2005 2010 

1 2 3 4 5 6 

ʂʦʢʙʫʣʘʢ 

ʣʤʛɹʇʂ /,5      1.130 

ʣʤʛNH /,4  0.09 0.05 0.040 0.040 0.045 

ʣʤʛNO /,2  0.21 0.07 0.050 0.060 0.078 

ʣʤʛNO /,3  3.19 4.33 3.650 2.660 8.55 

ʣʤʛCl /,  83.44 117.70 268.960 78.520 135.0 

ʣʤʛCu /,  0.85 6.01 3.480 3.530 2.250 

ʣʤʛZn /,  2.25 3.84 6.560 5.210 5.683 

ʣʤʛNa /,  199.35 161.91 50.220 114.93 335.0 

ʣʤʛSO /,4  451.63 462.43 424.31 518.22 941.0 

ʅʝʬʪʴ, ʤʛ/ʣ 0.09 0.100 0.050 0.110 0.097 

ʐʘʨʜʘʨʘ 




