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ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʉʥʽʞʢʦ ʉʝʨʛʽʡ ɯʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʤ̔ʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʍʦʭʣʦʚ ɺʘʣʝʨʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʐʘʢʽʨʟʘʥʦʚʘ ɾʘʥʥʝʪʪʘ ʈʘʰʠʜʦʚʥʘ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʐʝʚʯʝʥʢʦ ʆʣʴʛʘ ɻʨʠʛʦʨʽʚʥʘ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ʄɯɾʅɸʈʆɼʅɸ ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ 

ʍʘʙʝʣ ʄʽʭʘʣ (Habel Michağ) ï PhD (ʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶ), ɯʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʽʾ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʂʘʟʠʤʠʨʘ ɺʝʣʠʢʦʛʦ, ʤ. ɹʠʜʛʦʱ, ʇʦʣʴʱʘ 

 

ɺɯɼʇʆɺɯɼɸʃʔʅʀʁ ʉɽʂʈɽʊɸʈ 

ʃʫʢôʷʥʝʮʴ ʆʣʴʛʘ ɯʚʘʥʽʚʥʘ, ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  
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ʍʽʣʴʯʝʚʩʴʢʠʡ ɺ.ʂ. 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ɻɯɼʈʆɻʈɸʌɯɰ ɭɺʈʆʇʀ: ʈɯʏʂʀ, ʆɿɽʈɸ, ɺʆɼʆʉʍʆɺʀʑɸ 
 

ɭʚʨʦʧʘ ʤʘʻ ʛʫʩʪʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ, ʱʦ ʥʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʥʦ ʜʦ ʙʘʩʝʡʥʫ ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. 
ʇʝʚʥʘ ʯʘʩʪʠʥʘ ʨʽʯʦʢ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʥʘʣʝʞʠʪʴ ʜʦ ʙʘʩʝʡʥʫ ʙʝʟʩʪʽʯʥʦʛʦ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ. ʃʠʰʝ 
ʥʝʙʘʛʘʪʦ ʨʽʯʦʢ ʥʝʩʫʪʴ ʩʚʦʾ ʚʦʜʠ ʚ ʤʦʨʷ ʇʽʚʥʽʯʥʦʛʦ ʃʴʦʜʦʚʠʪʦʛʦ ʦʢʝʘʥʫ. ʊʘʢ, 43 ʚʝʣʠʢʽ ʨʽʯʢʠ ʟ ʧʣʦʱʝʶ 
ʚʦʜʦʟʙʦʨʫ ʧʦʥʘʜ 50 ʪʠʩ. ʢʤ

2
 ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʘ) ʙʘʩʝʡʥ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ ï 9 ʨʽʯʦʢ 

(ɺʦʣʛʘ, ʋʨʘʣ, ʂʘʤʘ, ʆʢʘ, ɹʽʣʘ, ɺʷʪʢʘ, ʋʬʘ, ʉʫʨʘ, ʄʦʢʰʘ); ʙ) ʙʘʩʝʡʥ ʇʽʚʥʽʯʥʦʛʦ ʃʴʦʜʦʚʠʪʦʛʦ ʦʢʝʘʥʫ ï 3 ʨʽʯʢʠ 
(ʇʝʯʦʨʘ, ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ, ʄʝʟʝʥʴ); ʚ) ʙʘʩʝʡʥ ʇʽʚʥʽʯʥʦʾ ɸʪʣʘʥʪʠʢʠ ï 9 ʨʽʯʦʢ (ʈʝʡʥ, ɽʣʴʙʘ, ɺʽʩʣʘ, ɿʘʭʽʜʥʘ ɼʚʽʥʘ, 
ʅʽʤʘʥ, ʆʜʨʘ, ɺʘʨʪʘ, ʉʝʥʘ, ʅʘʨʝʚ); ʛ) ʙʘʩʝʡʥ ʧʽʚʜʝʥʥʦʾ ɸʪʣʘʥʪʠʢʠ ï 6 ʨʽʯʦʢ (ʊʘʭʦ, ʃʫʘʨʘ, ɼʫʝʨʦ, ɻʚʘʜʽʘʥʘ, 
ɻʚʘʜʘʣʢʚʽʚʽʨ, ɻʘʨʦʥʥʘ); ʜ) ʙʘʩʝʡʥ ʉʝʨʝʜʟʝʤʥʦʛʦ ʤʦʨʷ (ʨʘʟʦʤ ʟ ʏʦʨʥʠʤ ʪʘ ɸʟʦʚʩʴʢʠʤ ʤʦʨʷʤʠ) ï 16 ʨʽʯʦʢ 
(ɽʙʨʦ, ʈʦʥʘ, ɼʫʥʘʡ, ɼʥʽʧʨʦ, ɼʦʥ, ɼʥʽʩʪʝʨ, ɼʝʩʥʘ, ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʍʦʧʝʨ, ʊʠʩʘ, ʉʘʚʘ, ʂʫʙʘʥʴ, ʇʽʚʜʝʥʥʠʡ 
ɹʫʛ, ʇʨʠʧôʷʪʴ, ʇʦ, ʄʘʨʠʮʷ); ʝ) ʩʝʨʝʜ ʮʴʦʛʦ ʧʝʨʝʣʽʢʫ ʚʝʣʠʢʠʭ ʚʦʜʦʪʦʢʽʚ ï 8 ʨʽʯʦʢ ʧʦʚôʷʟʘʥʦ ʟ ʪʝʨʠʪʦʨʽʻʶ 
ʋʢʨʘʾʥʠ. ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʯʦʢ ɭʚʨʦʧʠ ʻ ʾʭʥʷ ʪʨʘʥʩʢʦʨʜʦʥʥʽʩʪʴ. ʉʝʨʝʜ ʚʝʣʠʢʠʭ ʨʽʯʦʢ ʟ ʧʣʦʱʝʶ 
ʚʦʜʦʟʙʦʨʫ ʧʦʥʘʜ 50 ʪʠʩ. ʢʤ

2
 ʪʨʘʥʩʢʦʨʜʦʥʥʽ ʨʽʯʢʠ ʩʪʘʥʦʚʣʷʪʴ 51 %. 

ɺ ɭʚʨʦʧʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 16 ʪʠʩ. ʦʟʝʨ, ʷʢʽ ʤʘʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ 1,0 ʢʤ
2
. ʊʨʠ 

ʯʚʝʨʪʽ ʚʝʣʠʢʠʭ ʦʟʝʨ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʅʦʨʚʝʛʽʾ, ʐʚʝʮʽʾ, ʌʽʥʣʷʥʜʽʾ ʪʘ ʂʘʨʝʣʦ-ʂʦʣʴʩʴʢʽʡ ʯʘʩʪʠʥʽ ʈʦʩʽʾ ʽ ʤʘʶʪʴ 
ʣʴʦʜʦʚʠʢʦʚʦ-ʪʝʢʪʦʥʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ. 

ɺ ɭʚʨʦʧʽ ʩʪʚʦʨʝʥʦ ʙʣʠʟʴʢʦ 7000 ʚʝʣʠʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʽʟ ʩʫʤʘʨʥʦʶ ʧʣʦʱʝʶ ʧʦʥʘʜ 100 ʪʠʩ. ʢʤ
2
, ʟ ʷʢʠʭ 

50% ʩʪʘʥʦʚʠʪʴ ʧʣʦʱʘ ʚʦʜʦʩʭʦʚʠʱ ʻʚʨʦʧʝʡʩʴʢʦʾ ʯʘʩʪʠʥʠ ʈʦʩʽʾ. ʉʝʨʝʜ 13 ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʧʣʦʱʝʶ 
ʧʦʥʘʜ 1000 ʢʤ

2
 ʜʝʩʷʪʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʈʦʩʽʾ, ʜʚʘ (ʂʨʝʤʝʥʯʫʮʴʢʝ ʽ ʂʘʭʦʚʩʴʢʝ) ï ʚ ʋʢʨʘʾʥʽ, ʦʜʥʝ (ɽʡʩʩʝʣʤʝʨ) ï ʚ 

ʅʽʜʝʨʣʘʥʜʘʭ. ʅʘʡʙʽʣʴʰʝ ʚʦʜʦʩʭʦʚʠʱ ʚ ɯʩʧʘʥʽʾ (ʙʣʠʟʴʢʦ 1200) ʪʘ ʋʢʨʘʾʥʽ (ʙʣ. 1050). 
 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʜʨʦʛʨʘʬʽʷ, ʨʽʯʢʠ, ʦʟʝʨʘ, ʚʦʜʦʩʭʦʚʠʱʘ, ɭʚʨʦʧʘ.  
 

ɺʩʪʫʧ. ʋʢʨʘʾʥʦʶ ʧʨʦʭʦʜʠʪʴ ʯʘʩʪʠʥʘ ɻʦʣʦʚʥʦʛʦ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʚʦʜʦʜʽʣʫ. ɻʦʣʦʚʥʠʡ 
ʻʚʨʦʧʝʡʩʴʢʠʡ ʚʦʜʦʜʽʣ - ʣʽʥʽʷ, ʱʦ ʚʽʜʦʢʨʝʤʣʶʻ ʙʘʩʝʡʥʠ ʨʽʯʦʢ, ʷʢʽ ʚʧʘʜʘʶʪʴ ʚ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ ʽ ʤʦʨʷ ʧʽʚʥʽʯʥʦʾ ɸʪʣʘʥʪʠʢʠ, ʚʽʜ ʪʠʭ, ʱʦ ʞʠʚʣʷʪʴ ʉʝʨʝʜʟʝʤʥʝ, ɸʜʨʽʘʪʠʯʥʝ ʪʘ ʏʦʨʥʝ 
ʤʦʨʷ. ɺʽʥ ʧʨʦʩʪʷʛʘʻʪʴʩʷ ʚʽʜ ʇʽʨʝʥʝʡʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʚ ɻʽʙʨʘʣʪʘʨʽ ʥʘ ʧʽʚʜʝʥʥʦʤʫ ʟʘʭʦʜʽ 
ʯʝʨʝʟ ʚʩʶ ɭʚʨʦʧʫ ʜʦ ʙʝʟʩʪʽʯʥʦʛʦ ʙʘʩʝʡʥʫ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʩʭʦʜʽ.  

ɺʽʜʪʠʥʦʢ ɸʪʣʘʥʪʠʯʥʦ-ʯʦʨʥʦʤʦʨʩʴʢʦʛʦ ʚʦʜʦʜʽʣʫ ʧʨʦʭʦʜʠʪʴ ʪʨʴʦʤʘ ʦʙʣʘʩʪʷʤʠ ʥʘ 
ʟʘʭʦʜʽ ʋʢʨʘʾʥʠ. ʋ ɿʘʢʘʨʧʘʪʩʴʢʽʡ ʦʙʣʘʩʪʽ ʚʽʥ ʧʨʦʭʦʜʠʪʴ ʣʽʥʽʻʶ ʜʝʨʞʘʚʥʦʛʦ ʢʦʨʜʦʥʫ ʤʽʞ 
ʇʦʣʴʱʝʶ ʪʘ ʋʢʨʘʾʥʦʶ, ʜʘʣʽ ʃʴʚʽʚʩʴʢʦʶ ʽ ɺʦʣʠʥʩʴʢʦʶ ʦʙʣʘʩʪʷʤʠ (ʧʦʜʽʣʷʶʯʠ ʙʘʩʝʡʥʠ 
ɿʘʭʽʜʥʦʛʦ ɹʫʛʫ ʪʘ ʇʨʠʧôʷʪʽ ʟ ʚʠʭʦʜʦʤ ʥʘ ʐʘʮʴʢʽ ʦʟʝʨʘ ʽ ʜʘʣʽ ʥʘ ɹʽʣʦʨʫʩʴ). ʇʝʨʝʚʘʞʥʘ 
ʙʽʣʴʰʽʩʪʴ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʥʝʩʝ ʩʚʦʾ ʚʦʜʠ ʚ ʏʦʨʥʝ ʪʘ ɸʟʦʚʩʴʢʝ ʤʦʨʷ, ʧʨʠʯʦʤʫ 70 % ʩʪʦʢʫ 
ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʤʝʞʘʤʠ ʢʨʘʾʥʠ. ɯʟ ʪʝʨʠʪʦʨʽʾ ʙʣʠʟʴʢʦ 2,5 % ʋʢʨʘʾʥʠ, ʩʪʽʢ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɺʽʩʣʠ 
ʯʝʨʝʟ ʇʦʣʴʱʫ ʩʧʨʷʤʦʚʘʥʦ ʚ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ (ʨ. ɿʘʭʽʜʥʠʡ ɹʫʛ, ʨ. ʉʘʥ) [4, 7]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʜʦʪʠʯʥʘ ʜʦ ʩʢʣʘʜʥʦʾ ʛʽʜʨʦʛʨʘʬʽʾ ʻʚʨʦʧʝʡʩʴʢʦʛʦ 
ʢʦʥʪʠʥʝʥʪʫ, ʦʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʾ ʻ ʪʨʘʥʩʢʦʨʜʦʥʥʽʩʪʴ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ. 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʴ. ʆʢʨʽʤ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷʯʝʥʠʭ ʛʽʜʨʦʛʨʘʬʽʾ 
ʦʢʨʝʤʠʭ ʢʨʘʾʥ, ʚ ɭʚʨʦʧʽ ʚʠʜʘʥʦ ʜʝʷʢʽ ʫʟʘʛʘʣʴʥʶʶʯʽ ʧʨʘʮʽ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʚʦʜʥʠʭ 
ʦʙôʻʢʪʽʚ ʢʦʥʪʠʥʝʥʪʫ. ɿʦʢʨʝʤʘ, ʚ 2021 ʨ. ʚʠʡʰʣʦ ʜʨʫʛʝ ʚʠʜʘʥʥʷ ʤʦʥʦʛʨʘʬʽʾ çʈʽʯʢʠ ɭʚʨʦʧʠè 
ʟʘ ʨʝʜʘʢʮʽʻʶ Tockner K., Zarfl C., Robinson C. [12], ʚ ʷʢʽʡ ʥʘʚʝʜʝʥʦ ʛʽʜʨʦʣʦʛʽʯʥʽ ʪʘ ʙʽʦʣʦʛʽʯʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʥʘʜ 180 ʥʘʡʙʽʣʴʰʠʭ ʨʽʯʦʢ ɭʚʨʦʧʠ. ʆʙʨʘʥʽ ʚʦʜʦʪʦʢʠ ʚʢʣʶʯʘʶʪʴ 
ʥʘʡʙʽʣʴʰ ʨʽʯʢʠ ʪʘ ʪʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ. ʇʨʘʮʷ ʩʧʨʷʤʦʚʘʥʘ 
ʛʽʜʨʦʣʦʛʘʤ ʪʘ ʝʢʦʣʦʛʘʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʫʧʨʘʚʣʽʥʥʽ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʜʦʩʷʛʥʝʥʥʽ 
ʮʽʣʝʡ ɺʦʜʥʦʾ ʨʘʤʢʦʚʦʾ ʜʠʨʝʢʪʠʚʠ ɭʉ. ʋ 2012 ʨ. ʙʫʣʦ ʚʠʜʘʥʦ çɽʥʮʠʢʣʦʧʝʜʽʶ ʦʟʝʨ ʽ 
ʚʦʜʦʩʭʦʚʠʱè (ʟʘ ʨʝʜʘʢʮʽʻʶ Bengtsson L., Herschy R.W., Fairbridge R.W.), ʚ ʷʢʽʡ ʫ ʩʚʽʪʦʚʦʤʫ 
ʢʦʥʪʝʢʩʪʽ ʧʨʠʜʽʣʝʥʦ ʫʚʘʛʫ ʦʟʝʨʘʤ ʽ ʚʦʜʦʩʭʦʚʠʱʘʤ ɭʚʨʦʧʠ [3]. ɺʠʭʦʜʷʪʴ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ 
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ʧʨʘʮʽ, ʟʦʢʨʝʤʘ ʧʫʙʣʽʢʘʮʽʷ D. Markovinoviĺ ʪʘ ʽʥ., ʧʨʠʩʚʷʯʝʥʘ ʥʘʷʚʥʦʩʪʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ 
ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʟ ʛʽʜʨʦʛʨʘʬʽʾ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʾ ʚ ɭʚʨʦʧʽ ʯʝʨʝʟ ʩʠʩʪʝʤʫ INSPIRE [10]. 
ɻʽʜʨʦʛʨʘʬʽʯʥʽ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʜʘʥʽ ʤʽʩʪʷʪʴ ʧʨʦʩʪʦʨʦʚʽ ʧʨʠʚ'ʷʟʢʠ ʪʘ ʻ ʯʘʩʪʠʥʦʶ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ. ʅʘ ʻʚʨʦʧʝʡʩʴʢʦʤʫ ʨʽʚʥʽ ʜʘʥʽ ʻ ʯʘʩʪʠʥʦʶ ʻʚʨʦʧʝʡʩʴʢʦʾ 
ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʚʽʜʦʤʦʾ ʷʢ INSPIRE. ɿʘʚʜʘʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ï ʟʨʦʙʠʪʠ 
ʟʘʛʘʣʴʥʽ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʢʦʨʠʩʪʫʚʘʯʽʚ ʧʨʦʩʪʠʤ ʪʘ 
ʝʬʝʢʪʠʚʥʠʤ ʩʧʦʩʦʙʦʤ.  

ʄʝʪʘ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʛʽʜʨʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʝʨʠʪʦʨʽʾ 
ʩʫʭʦʜʦʣʫ ɭʚʨʦʧʠ ʟʘ ʦʩʥʦʚʥʠʤʠ ʚʦʜʥʠʤʠ ʦʙôʻʢʪʘʤʠ (ʨʽʯʢʠ, ʦʟʝʨʘ ʚʦʜʦʩʭʦʚʠʱʘ) ʪʘ ʦʮʽʥʠʪʠ 
ʨʦʣʴ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʋʢʨʘʾʥʠ ʷʢ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʠʥʠ ʛʽʜʨʦʛʨʘʬʽʾ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʢʦʥʪʠʥʝʥʪʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʨʽʘʣʠ ʟ ʦʬʽʮʽʡʥʦʛʦ ʩʘʡʪʫ 
ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [1, 2], ʨʝʛʽʩʪʨʘ ʤʽʞʥʘʨʦʜʥʠʭ 
ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ɭʚʨʦʧʠ [13], ʜʘʥʽ ʟ ʧʣʘʪʬʦʨʤʠ WorldAtlas [8, 9], ʽʥʬʦʨʤʘʮʽʷ ʟ ʽʥʰʠʭ 
ʜʞʝʨʝʣ [6, 14, 15]. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ  
 
1. ʈʽʯʢʠ 
ʅʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ ʥʘʷʚʥʽ ʯʠʩʣʝʥʥʽ ʚʦʜʦʟʙʦʨʠ ʨʽʯʦʢ (ʨʠʩ. 1).  
 

 
 
ʈʠʩ. 1. ɻʦʣʦʚʥʠʡ ʻʚʨʦʧʝʡʩʴʢʠʡ ʚʦʜʦʜʽʣ ʪʘ ʨʽʯʢʦʚʽ ʙʘʩʝʡʥʠ ɭʚʨʦʧʠ 
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ʈʽʯʢʦʚʽ ʙʘʩʝʡʥʠ ʧʝʨʝʚʘʞʥʦ ʻ ʚʽʜʥʦʩʥʦ ʤʘʣʠʤʠ (ʢʨʽʤ ʪʝʨʠʪʦʨʽʾ ʩʭʽʜʥʦʾ ʯʘʩʪʠʥʠ 
ɭʚʨʦʧʠ), ʘ ʩʘʤʽ ʨʽʯʢʠ - ʢʦʨʦʪʢʠʤʠ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʘʥʽ 
ʧʨʦ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʯʦʢ ʥʘ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ.  

ʅʘ ɿʝʤʣʽ ʚ ʤʦʨʷ ʚʧʘʜʘʻ 34 ʨʽʯʢʠ ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 2000 ʢʤ. ɺ ɭʚʨʦʧʽ ʪʘʢʠʭ ʨʽʯʦʢ 
ʯʦʪʠʨʠ. ɺ ʪʘʙʣ. 1 ʥʘʚʝʜʝʥʦ ʜʘʥʽ ʧʨʦ ʥʘʡʙʽʣʴʰʽ ʨʽʯʢʠ ɭʚʨʦʧʠ, ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʷʢʠʭ 
ʧʝʨʝʚʠʱʫʻ 50 ʪʠʩ. ʢʤ2. ɰʭ ʥʘʨʘʭʦʚʫʻʪʴʩʷ 43, ʩʝʨʝʜ ʷʢʠʭ 8 ï ʧʦʚôʷʟʘʥʽ ʟ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ. 
ɼʫʥʘʡ ʧʨʦʪʽʢʘʻ ʪʝʨʠʪʦʨʽʻʶ 10 ʢʨʘʾʥ, ʘ ʱʝ 9 ï ʧʨʠʯʝʪʥʽ ʜʦ ʡʦʛʦ ʙʘʩʝʡʥʫ. 

 
ʊʘʙʣʠʮʷ 1. ʅʘʡʜʦʚʰ ̔ʨʽʯʢʠ ɭʚʨʦʧʠ (ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 50 ʪʠʩ. ʢʤ

2
) 

ˉ ʈʽʯʢʘ ʂʫʜʠ ʚʧʘʜʘʻ 
ɼʦʚʞʠʥʘ, 
ʢʤ 

ʇʣʦʱʘ 
ʙʘʩʝʡʥʫ, 
ʪʠʩ. ʢʤ

2
 

ʉʝʨʝʜʥʷ 
ʚʠʪʨʘʪʘ, 
ʤ

3
/ʩ 

ʂʨʘʾʥʘ, ʷʢʦʶ ʧʨʦʪʽʢʘʻ 
ʨʽʯʢʘ

 

1 2 3 4 5 6 7 

1 ɺʦʣʛʘ ʂʘʩʧʽʡʩʴʢʝ ʤʦʨʝ-
ʦʟʝʨʦ 

3530 1360 8060 ʈʦʩʽʷ 

2 ɼʫʥʘʡ ʏʦʨʥʝ ʤʦʨʝ 2840 817 6700 ʅʽʤʝʯʯʠʥʘ, ɸʚʩʪʨʽʷ, 
ʉʣʦʚʘʯʯʠʥʘ, ʋʛʦʨʱʠʥʘ, 
ʍʦʨʚʘʪʽʷ, ʉʝʨʙʽʷ, 
ʈʫʤʫʥʽʷ, ɹʦʣʛʘʨʽʷ, 
ʄʦʣʜʦʚʘ,  ʋʢʨʘʾʥʘ 

3 ʋʨʘʣ ʂʘʩʧʽʡʩʴʢʝ ʤʦʨʝ-
ʦʟʝʨʦ 

2428 231 400 ʈʦʩʽʷ, ʂʘʟʘʭʩʪʘʥ 

4 ɼʥʽʧʨʦ ʏʦʨʥʝ ʤʦʨʝ 2201 504 1670 ʈʦʩʽʷ, ɹʽʣʦʨʫʩʴ, ʋʢʨʘʾʥʘ 

5 ɼʦʥ ɸʟʦʚʩʴʢʝ ʤʦʨʝ 1870 422 680 ʈʦʩʽʷ 

6 ʇʝʯʦʨʘ ɹʘʨʝʥʮʦʚʝ ʤʦʨʝ, 1809 322 4380 ʈʦʩʽʷ 

7 ʂʘʤʘ ɺʦʣʛʘ 1805 507 4100 ʈʦʩʽʷ 

8 ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ-
ɺʠʯʝʛʜʘ 

ɹʽʣʝ ʤʦʨʝ 1803 357 3490 ʈʦʩʽʷ 

9 ʆʢʘ ɺʦʣʛʘ 1500. 245 1258 ʈʦʩʽʷ 

10 ɹʽʣʘ ʂʘʤʘ 1430 142 950 ʈʦʩʽʷ 

11 ɼʥʽʩʪʝʨ ʏʦʨʥʝ ʤʦʨʝ 1362 72 310 ʋʢʨʘʾʥʘ, ʄʦʣʜʦʚʘ 

12 ɺʷʪʢʘ ʂʘʤʘ 1314 129 890 ʈʦʩʽʷ 

13 ʈʝʡʥ ʇʽʚʥʽʯʥʝ ʤʦʨʝ 1233 185 2315 ʐʚʝʡʮʘʨʽʷ, ʃʽʭʪʝʥʰʪʝʡʥ, 
ɸʚʩʪʨʽʷ, ʅʽʤʝʯʯʠʥʘ, 
ʌʨʘʥʮʽʷ, ʅʽʜʝʨʣʘʥʜʠ 

14 ɼʝʩʥʘ ʨ. ɼʥʽʧʨʦ 1130 88,9 360 ʈʦʩʽʷ, ʋʢʨʘʾʥʘ 

15 ɽʣʴʙʘ/ʃʘʙʘ ʇʽʚʥʽʯʥʝ ʤʦʨʝ 1094 148 861 ʏʝʭʽʷ, ʅʽʤʝʯʯʠʥʘ 

16 ʉʽʚʝʨʩʴʢʠʡ 
ɼʦʥʝʮʴ 

ɼʦʥ 1053 99 190 ʋʢʨʘʾʥʘ, ʈʦʩʽʷ 

17 ɺʽʩʣʘ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 1047 194 1090 ʇʦʣʴʱʘ 

18 ɿʘʭʽʜʥʘ ɼʚʽʥʘ/ 
ɼʘʫʛʘʚʘ  

ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 1020 88 678 ʈʦʩʽʷ, ɹʽʣʦʨʫʩʴ, ʃʘʪʚʽʷ 

19 ʊʘʭʦ/ʊʝʞʫ ɸʪʣʘʥʪʠʯʥʠʡ ʢʝʘʥ 1077 81 1670 ɯʩʧʘʥʽʷ, ʇʦʨʪʫʛʘʣʽʷ 

20 ʃʫʘʨʘ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

1006 117 835 ʌʨʘʥʮʽʷ 

21 ʍʦʧʝʨ ʨ. ɼʦʥ 980 61,1 150 ʈʦʩʽʷ 

22 ʄʝʟʝʥʴ ɹʘʨʝʥʮʦʚʝ ʤʦʨʝ 966 78 866 ʈʦʩʽʷ 

23 ʊʠʩʘ ʨ. ɼʫʥʘʡ 962 157 800 ʋʢʨʘʾʥʘ, ʈʫʤʫʥʽʷ, 
ʋʛʦʨʱʠʥʘ, ʉʣʦʚʘʯʯʠʥʘ, 
ʉʝʨʙʽʷ 

24 ʅʽʤʘʥ/ʅʷʤʫʥʘʩ ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ 937 98 678 ɹʽʣʦʨʫʩʽʷ, ʃʠʪʚʘ, ʈʦʩʽʷ 

25 ɽʙʨʦ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ 930 86 618 ɯʩʧʘʥʽʷ 

26 ʋʬʘ ʨ. ɹʽʣʘ 918 53 388 ʈʦʩʽʷ 

27 ʉʘʚʘ ʨ. ɼʫʥʘʡ 900 96 1722 ʉʣʦʚʝʥʽʷ, ʍʦʨʚʘʪʽʷ, 
ɹʦʩʥʽʷ ʽ ɻʝʨʮʝʛʦʚʠʥʘ, 
ʉʝʨʙʽʷ 

28 ɼʫʝʨʦ/ɼʦʨʫ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

897 97 675 ɯʩʧʘʥʽʷ, ʇʦʨʪʫʛʘʣʽʷ 

29 ʂʫʙʘʥʴ ɸʟʦʚʩʴʢʝ ʤʦʨʝ 870 58 425 ʈʦʩʽʷ 

30 ʆʜʝʨ/ʆʜʨʘ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

854 119 480 ʏʝʭʽʷ, ʇʦʣʴʱʘ, 
ʅʽʤʝʯʯʠʥʘ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1 

1 2 3 4 5 6 7 

31 ʉʫʨʘ ʨ. ɺʦʣʛʘ 841 67,5 260 ʈʦʩʽʷ 

32 ɻʚʘʜʽʘʥʘ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

818 68 80 ɯʩʧʘʥʽʷ, ʇʦʨʪʫʛʘʣʽʷ 

33 ʈʦʥʘ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ 812 96 1710 ʐʚʝʡʮʘʨʽʷ, ʌʨʘʥʮʽʷ 

34 ɺʘʨʪʘ ʨ. ʆʜʨʘ 808 54 215 ʇʦʣʴʱʘ 

35 ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʏʦʨʥʝ ʤʦʨʝ 806 64 108 ʋʢʨʘʾʥʘ 

36 ʇʨʠʧô̫ʪʴ ɼʥʽʧʨʦ 775 114 450 ʋʢʨʘʾʥʘ, ɹʽʣʦʨʫʩʴ 

37 ʉʝʥʘ ʧʨʦʪʦʢʘ ʃʘ-ʄʘʥʰ 775 79 560 ʌʨʘʥʮʽʷ 

38 ɻʚʘʜʘʣʢʚʽʚʽʨ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

657 57 164 ɯʩʧʘʥʽʷ 

39 ʄʦʢʰʘ ʨ. ʆʢʘ 656 51 95 ʈʦʩʽʷ 

40 ʇʦ ɸʜʨʽʘʪʠʯʥʝ ʤʦʨʝ 652 75 1460 ɯʪʘʣʽʷ 

41 ɻʘʨʦʥʥʘ ɸʪʣʘʥʪʠʯʥʠʡ 
ʦʢʝʘʥ 

647 56 650 ʌʨʘʥʮʽʷ,  ɯʩʧʘʥʽʷ 

42 ʄʘʨʠʮʷ/ɽʚʨʦʩ ɽʛʝʡʩʴʢʝ ʤʦʨʝ 525 54000 200 ɹʦʣʛʘʨʽʷ, ɻʨʝʮʽʷ, 
ʊʫʨʝʯʯʠʥʘ 

43 ʅʘʨʝʚ ʨ. ɺʽʩʣʘ 484 75,2 320 ɹʽʣʦʨʫʩʴ, ʇʦʣʴʱʘ 
 

ʇʦʥʘʜ 70 ʨʽʯʦʢ ɭʚʨʦʧʠ ʤʘʶʪʴ ʧʣʦʱʫ ʚʦʜʦʟʙʦʨʫ, ʱʦ ʧʝʨʝʚʠʱʫʻ 10 ʪʠʩ. ʢʤ2. ʃʠʰʝ 
ʨʽʯʢʠ, ʱʦ ʙʝʨʫʪʴ ʧʦʯʘʪʦʢ ʛʣʠʙʦʢʦ ʚʩʝʨʝʜʠʥʽ ʢʦʥʪʠʥʝʥʪʫ, ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʨʦʟʤʽʨʠ. 
ɭʚʨʦʧʝʡʩʴʢʘ ʨʽʚʥʠʥʘ ʧʨʦʨʽʟʘʥʘ ʙʘʛʘʪʴʤʘ ʚʘʞʣʠʚʠʤʠ ʨʽʯʢʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʃʫʘʨʘ, ʈʝʡʥ ʪʘ 
ɺʽʩʣʘ ʥʘ ʟʘʭʦʜʽ (ʎʝʥʪʨʘʣʴʥʦ-ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʘ ʨʽʚʥʠʥʘ); ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ ʪʘ ɿʘʭʽʜʥʘ 
ɼʚʽʥʘ (ɼʘʫʛʘʚʘ), ʱʦ ʪʝʯʫʪʴ ʥʘ ʧʽʚʥʽʯ ʫ ʉʭʽʜʥʽʡ ɭʚʨʦʧʽ; ɺʦʣʛʘ, ɼʦʥ ʽ ɼʥʽʧʨʦ, ʱʦ ʪʝʯʫʪʴ ʥʘ 
ʧʚ̔ʜʝʥʴ ʧʦ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʽʡ ʨʽʚʥʠʥʽ (ʻʚʨʦʧʝʡʩʴʢʘ ʯʘʩʪʠʥʘ ʈʦʩʽʾ ʪʘ  ʋʢʨʘʾʥʘ). 

ʊʨʠ ʥʘʡʜʦʚʰʽ ʨʽʯʢʠ ɭʚʨʦʧʠ - ɺʦʣʛʘ, ɼʫʥʘʡ ʪʘ ɼʥʽʧʨʦ ʜʨʝʥʫʶʪʴ ʯʚʝʨʪʴ ʢʦʥʪʠʥʝʥʪʫ. 
ʆʜʥʘʢ ʟʘ ʩʚʽʪʦʚʠʤʠ ʤʽʨʢʘʤʠ ʚʦʥʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ; ʾʭʥʽ ʚʦʜʦʟʙʦʨʠ ʟʘʡʤʘʶʪʴ 14-ʝ, 29-ʝ ʪʘ 
48-ʝ ʤʽʩʮʷ ʫ ʩʚʽʪʦʚʦʤʫ ʨʝʡʪʠʥʛʫ.  

ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʨʽʯʢʠ ʟʘ ʚʦʜʦʥʦʩʥʽʩʪʶ, ʪʦ ɺʦʣʛʘ ʽ ɼʫʥʘʡ ʟʙʝʨʽʛʘʶʪʴ ʩʚʦʾ ʧʦʟʠʮʽʾ, ʘ 
ʥʘ 3-ʝ ʤʽʩʮʝ ʚʠʭʦʜʠʪʴ ʨ. ʇʝʯʦʨʘ, ʥʘ 4-ʝ ï ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ ʽ ʪ. ʜ.(ʪʘʙʣ. 2). 

 
ʊʘʙʣʠʮʷ 2. ʈʘʥʞʫʚʘʥʥʷ ʨʽʯʦʢ ɭʚʨʦʧʠ ʟʘ ʚʦʜʦʥʦʩʥʽʩʪʶ 

ˉ ʈʽʯʢʘ 
ɺʠʪʨʘʪʘ, 
ʤ

3
/ʩ 

ˉ ʈʽʯʢʘ 
ɺʠʪʨʘʪʘ, 
ʤ

3
/ʩ 

ˉ ʈʽʯʢʘ 
ɺʠʪʨʘʪʘ, 
ʤ

3
/ʩ 

1 ɺʦʣʛʘ  8060 11 ʇʦ  1460 21 ɿʘʭʽʜʥʘ ɼʚʽʥʘ 678 

2 ɼʫʥʘʡ   6700 12 ʆʢʘ 1258 22 ʅʽʤʘʥ 678 

3 ʇʝʯʦʨʘ  4380 13 ɺʽʩʣʘ  1090 23 ɼʫʝʨʦ 675 

4 ʂʘʤʘ 4100 14 ɹʽʣʘ 950 24 ɻʘʨʦʥʥʘ 650 

5 ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ  3490 15 ʄʝʟʝʥʴ 866 25 ɽʙʨʦ 618 

6 ʅʝʚʘ  2490 16 ɽʣʴʙʘ  861 26 ʉʝʥʘ 560 

7 ʈʝʡʥ  2315 17 ʃʫʘʨʘ  835 27 ʊʘʭʦ 500 

8 ʉʘʚʘ  1722 18 ʊʠʩʘ 800 28 ʆʜʝʨ  480 

9 ʈʦʥʘ  1710 19 ɻʣʦʤʤʘ  709 29 ʇʨʠʧô̫ʪʴ 450 

10 ɼʥʽʧʨʦ  1670 20 ɼʦʥ  680 30 ʂʫʙʘʥʴ 425 

 
ɼʥʽʧʨʦ ʟʘʡʤʘʻ: 4-ʝ ʤʽʩʮʝ ʩʝʨʝʜ ʨʽʯʦʢ ɭʚʨʦʧʠ ï ʘ) ʟʘ ʜʦʚʞʠʥʦʶ; ʙ) ʟʘ ʧʣʦʱʝʶ 

ʙʘʩʝʡʥʫ; 10-ʝ ʤʽʩʮʝ ï ʟʘ ʚʦʜʦʥʦʩʥʽʩʪʶ (ʜʠʚ. ʪʘʙʣ. 1, 2). 
ʅʘʡʙʽʣʴʰʽ ʨʽʯʢʠ ɭʚʨʦʧʠ, ʚʦʜʦʟʙʽʨʥʽ ʙʘʩʝʡʥʠ ʷʢʠʭ ʧʝʨʝʚʠʱʫʶʪʴ 50 ʪʠʩ. ʢʤ2, ʜʨʝʥʫʶʪʴ 

ʧʨʠʙʣʠʟʥʦ ʜʚʽ ʪʨʝʪʠʥʠ ʢʦʥʪʠʥʝʥʪʫ ʽ ʚʢʣʶʯʘʶʪʴ ʨʽʯʢʠ, ʱʦ: 
 - ʚʧʘʜʘʶʪʴ ʥʘ ʩʭʽʜ ï ʫ ʂʘʩʧʽʡʩʴʢʝ ʤʦʨʝ-ʦʟʝʨʦ (ɺʦʣʛʘ, ʋʨʘʣ ʪʘ ʂʫʨʘ); 
- ʚʧʘʜʘʶʪʴ ʥʘ ʧʽʚʥʽʯ ï ʫ ɹʘʨʝʥʮʦʚʝ ʪʘ ɹʽʣʝ ʤʦʨʷ (ʇʽʚʥʽʯʥʘ ɼʚʽʥʘ, ʇʝʯʦʨʘ), ʫ 

ɹʘʣʪʽʡʩʴʢʝ ʤʦʨʝ (ʅʝʚʘ, ɺʽʩʣʘ, ʆʜʨʘ, ʅʽʤʘʥ); 
- ʚʧʘʜʘʶʪʴ ʚ ɸʪʣʘʥʪʠʯʥʠʡ ʦʢʝʘʥ ʪʘ ʇʽʚʥʽʯʥʝ ʤʦʨʝ (ʈʝʡʥ, ɽʣʴʙʘ, ʃʫʘʨʘ, ɼʫʝʨʦ ʪʘ ʽʥ.). 
- ʚʧʘʜʘʶʪʴ ʥʘ ʧʽʚʜʝʥʴ ï ʫ ʏʦʨʥʝ ʤʦʨʝ (ɼʫʥʘʡ, ɼʥʽʧʨʦ, ɼʥʽʩʪʝʨ, ʇʽʚʜʝʥʥʠʡ ɹʫʛ) ʪʘ 

ɸʟʦʚʩʴʢʝ ʤʦʨʝ (ɼʦʥ); 
- ʚʧʘʜʘʶʪʴ ʥʘ ʧʽʚʜʝʥʴ ï ʫ ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ (ʈʦʥʘ, ɽʙʨʦ, ʇʦ). 
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ɺʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ ʽʩʥʫʶʯʫ ʩʫʪʪʻʚʫ ʨʽʟʥʠʮʶ ʚ ʢʣʘʩʠʬʽʢʘʮʽʷʭ ʨʽʯʦʢ ʟʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ 
ʤʽʞ ɺʦʜʥʠʤ ʢʦʜʝʢʩʦʤ ʋʢʨʘʾʥʠ (ɺʂʋ) ʪʘ ɺʦʜʥʦʶ ʨʘʤʢʦʚʦʶ ʜʠʨʝʢʪʠʚʦʶ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 
ʉʦʶʟʫ (ɺʈɼ ɭʉ). ʂʣʘʩʠʬʽʢʘʮʽʷ ɺʈɼ ɭʉ ʚʠʨʽʟʥʷʻʪʴʩʷ ʩʫʪʪʻʚʦ ʤʝʥʰʠʤʠ ʛʨʘʜʘʮʽʷʤʠ ʧʣʦʱ 
ʚʦʜʦʟʙʦʨʽʚ, ʥʽʞ ʧʨʠʡʥʷʪʦ ʫ ɺʂʋ.  

ʈʽʯʢʠ ʟʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ ʫ ɺʦʜʥʽʡ ʨʘʤʢʦʚʽʡ ʜʠʨʝʢʪʠʚʽ ɭʉ (ʢʤ2):  
ʤʘʣʽ - 10ï100; ʩʝʨʝʜʥʽ ï 100ï1000; ʚʝʣʠʢʽ ï 1000ï10 000; ʜʫʞʝ ʚʝʣʠʢʽ > 10 000.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʨʽʯʦʢ ʟʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ ʫ ɺʦʜʥʦʤʫ ʢʦʜʝʢʩʽ ʋʢʨʘʾʥʠ (ʢʤ2): 
ʤʘʣʽ < 2000;  ʩʝʨʝʜʥʽ ï 2000ï50 000; ʚʝʣʠʢʽ > 50 000. 

ɭʚʨʦʧʘ ʤʘʻ ʛʫʩʪʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ, ʱʦ ʥʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʥʦ ʙʘʩʝʡʥʫ 
ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. ʇʝʚʥʘ ʯʘʩʪʠʥʘ ʨʽʯʦʢ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʥʘʣʝʞʠʪʴ ʜʦ ʙʘʩʝʡʥʫ 
ʙʝʟʩʪʽʯʥʦʛʦ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ. ʃʠʰʝ ʥʝʙʘʛʘʪʦ ʨʽʯʦʢ ʥʝʩʫʪʴ ʩʚʦʾ ʚʦʜʠ ʚ ʤʦʨʷ 
ʇʽʚʥʽʯʥʦʛʦ ʃʴʦʜʦʚʠʪʦʛʦ ʦʢʝʘʥʫ. ʇʨʠ ʟʥʘʯʥʽʡ ʚʦʜʥʦʩʪʽ ʨʽʯʢʠ ʇʽʚʥʽʯʥʦʾ, ɿʘʭʽʜʥʦʾ ʪʘ ʇʽʚʜʝʥʥʦʾ 
ɭʚʨʦʧʠ ʚʠʨʽʟʥʷʶʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʪʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʥʦʩʥʦ 
ʤʘʣʦʶ ʧʣʦʱʝʶ ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ, ʾʾ ʩʠʣʴʥʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʶ ʽ ʯʘʩʪʠʤ 
ʯʝʨʛʫʚʘʥʥʷʤ ʛʽʨ ʽ ʨʽʚʥʠʥ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʝʣʠʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʨʽʯʦʢ ʧʦʨʷʜ ʟ ʜʽʣʷʥʢʘʤʠ ʨʫʩʣʘ, 
ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʥʘ ʨʽʚʥʠʥʘʭ, ʻ ʜʽʣʷʥʢʠ, ʱʦ ʜʨʝʥʫʶʪʴ ʛʦʨʠ. ʉʢʣʘʜʥʽʩʪʴ ʤʦʨʬʦʣʦʛʽʾ ʨʽʯʢʦʚʠʭ 
ʙʘʩʝʡʥʽʚ ʜʦʧʦʚʥʶʻʪʴʩʷ ʩʪʨʦʢʘʪʽʩʪʶ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʨʝʞʠʤʫ ʞʠʚʣʝʥʥʷ ʪʘ ʩʪʦʢʫ. 

ʅʘ ʧʨʦʩʪʦʨʘʭ ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ ʨʽʯʢʠ ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 
ʨʦʟʚʠʪʢʫ ʚʦʜʦʟʙʽʨʥʦʾ ʧʣʦʱʽ ʪʘ ʨʫʩʣʦʚʦʾ ʤʝʨʝʞʽ. ʊʦʤʫ ʩʝʨʝʜ ʥʘʡʙʽʣʴʰʠʭ ʨʽʯʦʢ ɭʚʨʦʧʠ, 
ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 50 ʪʠʩ. ʢʤ2, ʨʽʯʢʠ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʩʪʘʥʦʚʣʷʪʴ ʧʦʥʘʜ 60 %. 

ʋ ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʪʠʧʽʚ ʨʽʯʦʢ ʟʘ ʜʞʝʨʝʣʘʤʠ ʞʠʚʣʝʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʟʦʥʘʣʴʥʘ 
ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ. ɿʘʛʘʣʦʤ ʟ ʧʽʚʥʦʯʽ ʥʘ ʧʽʚʜʝʥʴ ɭʚʨʦʧʠ ʫ ʞʠʚʣʝʥʥʽ ʨʽʯʦʢ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩʪʢʘ 
ʪʘʣʠʭ ʚʦʜ ʣʴʦʜʦʚʠʢʽʚ ʪʘ ʩʥʽʛʽʚ ʪʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʨʦʣʴ ʜʦʱʦʚʠʭ ʚʦʜ. ɸʣʝ ʫ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ 
ʮʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ. ʅʘʚʽʪʴ ʥʘ ʧʽʚʜʥʽ ɭʚʨʦʧʠ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʫ 
ʥʽʚʘʣʴʥʦʤʫ ʧʦʷʩʽ ʩʥʽʛʫ ʪʘʣʽ ʚʦʜʠ ʥʘʚʝʩʥʽ ʻ ʜʦʜʘʪʢʦʚʠʤ, ʘ ʜʣʷ ʜʝʷʢʠʭ ʨʽʯʦʢ ʽ ʩʫʪʪʻʚʠʤ 
ʜʞʝʨʝʣʦʤ ʞʠʚʣʝʥʥʷ. ʋ ʮʴʦʤʫ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʘ ʧʦʷʩʥʽʩʪʴ ʩʪʦʢʫ.  

ʈʽʯʢʠ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʞʠʚʣʝʥʥʷ ʧʦʰʠʨʝʥʽ ʥʘ ʐʧʽʮʙʝʨʛʝʥʽ, ʫ ʇʽʚʜʝʥʥʽʡ ɯʩʣʘʥʜʽʾ ʪʘ ʫ 
ʥʘʡʚʠʱʠʭ ʨʘʡʦʥʘʭ ʉʢʘʥʜʠʥʘʚʩʴʢʠʭ ʛʽʨ ʪʘ ɸʣʴʧ. ɿʘʛʘʣʴʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʯʦʢ ʮʴʦʛʦ ʪʠʧʫ ʻ 
ʧʨʠʫʨʦʯʝʥʽʩʪʴ ʾʭ ʦʩʥʦʚʥʦʛʦ ʩʪʦʢʫ ʜʦ ʧʝʨʽʦʜʫ ʧʣʶʩʦʚʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ 
ʪʘʥʝʥʥʷ ʣʴʦʜʦʚʠʢʽʚ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʥʘ ʚʩʽʭ ʨʽʯʢʘʭ ʟ ʦʩʥʦʚʥʠʤ ʣʴʦʜʦʚʠʢʦʚʠʤ ʞʠʚʣʝʥʥʷʤ ʧʽʢ 
ʚʠʪʨʘʪʠ ʚʦʜʠ ʧʨʠʧʘʜʘʻ ʥʘ ʣʠʧʝʥʴ ï ʩʝʨʧʝʥʴ. ɺʟʠʤʢʫ ʞ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʜʫʞʝ ʥʠʟʴʢʽ ʨʽʚʥʽ, 
ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʪʽʢ ʧʨʠʧʠʥʷʻʪʴʩʷ ʟʦʚʩʽʤ. ʅʘ ɸʣʴʧʽʡʩʴʢʠʭ ʨʽʯʢʘʭ ʐʚʝʡʮʘʨʽʾ ʤʦʜʫʣʽ 
ʩʪʦʢʫ ʫ ʣʠʧʥʽ - ʩʝʨʧʥʽ - ʚʝʨʝʩʥʽ ʧʝʨʝʚʠʱʫʶʪʴ 250 ʣ/ʩ ʥʘ 1 ʢʤ2, ʘ ʚ ʧʝʨʽʦʜ ʟ ʛʨʫʜʥʷ ʜʦ ʢʚʽʪʥʷ 
ʚʦʥʠ ʧʘʜʘʶʪʴ ʜʦ ʢʽʣʴʢʦʭ ʣ/ʩ.  

ʈʽʯʢʠ ʟ ʜʦʱʦʚʠʤ ʞʠʚʣʝʥʥʷʤ, ʱʦ ʚʠʨʽʟʥʷʶʪʴʩʷ ʚʝʣʠʢʦʶ ʚʦʜʥʽʩʪʶ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ 
ʨʦʢʫ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʤʽʨʥʦʛʦ ʤʦʨʩʴʢʦʛʦ ʢʣʽʤʘʪʫ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʦʧʘʜʽʚ ʪʘ ʾʭ 
ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʧʦ ʩʝʟʦʥʘʭ. ʆʩʦʙʣʠʚʦ ʙʘʛʘʪʦʚʦʜʥʽ ʚʦʥʠ ʚʟʠʤʢʫ, ʢʦʣʠ ʯʝʨʝʟ 
ʥʠʟʴʢʫ, ʘʣʝ ʜʦʜʘʪʥʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʚʽʪʨʷ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʝʟʥʘʯʥʽ. 
ɼʝʷʢʠʡ ʩʧʘʜ ʚʠʪʨʘʪ ʚʦʜʠ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʧʨʠʫʨʦʯʝʥʠʡ ʜʦ ʣʽʪʥʴʦʛʦ 
ʩʝʟʦʥʫ. ɼʦ ʮʴʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʨʽʯʢʠ ɹʨʠʪʘʥʩʴʢʠʭ ʦʩʪʨʦʚʽʚ, ʨʽʚʥʠʥʥʦʾ ʪʘ ʥʠʟʴʢʦʛʽʨʥʦʾ 
ʌʨʘʥʮʽʾ, ʟʘʭʽʜʥʠʭ ʪʝʨʠʪʦʨʽʡ ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ ʘʞ ʜʦ ʥʠʟʦʚʠʥ ɽʣʴʙʠ ʪʘ 
ʖʪʣʘʥʜʩʴʢʦʛʦ ʧʽʚʦʩʪʨʦʚʘ ʥʘ ʩʭʦʜʽ, ʉʝʚʝʨʥ, ʊʝʤʟʘ, ʉʦʤʤʘ, ʐʘʨʘʥʪʘ, ʨʽʚʥʠʥʥʽ ʜʽʣʷʥʢʠ ʪʝʯʽʾ 
ʃʫʘʨʠ, ʉʝʥʠ, ʈʝʡʥʫ. ɹʽʣʴʰʽʩʪʴ ʨʽʯʦʢ ʮʴʦʛʦ ʪʠʧʫ ʪʝʯʝ ʚ ʜʦʙʨʝ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʘʥʜʨʫʶʯʠʭ 
ʜʦʣʠʥʘʭ, ʤʘʻ ʥʝʟʥʘʯʥʽ ʫʭʠʣʠ ʨʫʩʣʘ, ʨʦʟʛʘʣʫʞʝʥʫ ʤʝʨʝʞʫ ʧʨʠʪʦʢ. ɹʘʛʘʪʦʚʦʜʥʽʩʪʴ ʨʽʯʦʢ ʪʘ 
ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʨʬʦʣʦʛʽʾ ʾʭ ʜʦʣʠʥ ʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. ʈʽʚʥʠʥʥʽʩʪʴ 
ʪʝʨʠʪʦʨʽʾ ʧʨʠ ʥʝʚʝʣʠʢʽʡ ʚʠʩʦʪʽ ʚʦʜʦʜʽʣʽʚ ʩʧʨʠʷʻ ʟ'ʻʜʥʘʥʥʶ ʨʽʯʦʢ ʨʽʟʥʠʭ ʙʘʩʝʡʥʽʚ 
ʩʫʜʥʦʧʣʘʚʥʠʤʠ ʢʘʥʘʣʘʤʠ. ʋ ʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ ʟ ʧʦʤʽʨʥʠʤ ʤʦʨʩʴʢʠʤ ʢʣʽʤʘʪʦʤ ʨʝʞʠʤ ʨʽʯʦʢ 
ʜʝʱʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʚʝʩʥʽ ʪʘʣʠʭ ʩʥʽʛʦʚʠʭ ʯʠ 
ʣʴʦʜʦʚʠʢʦʚʠʭ ʚʦʜ ʪʘ ʢʦʨʦʪʢʦʯʘʩʥʠʭ ʧʘʚʦʜʢʽʚ. 

ʈʽʯʢʠ, ʱʦ ʤʘʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʜʦʱʦʚʝ ʞʠʚʣʝʥʥʷ, ʘʣʝ ʯʘʩʪʢʦʚʦ ʽ ʩʥʽʛʦʚʝ, ʟ 
ʤʘʢʩʠʤʫʤʦʤ ʩʪʦʢʫ ʥʘʚʝʩʥʽ ʪʘ ʤʽʥʽʤʫʤʦʤ ʥʘʧʨʠʢʽʥʮʽ ʣʽʪʘ ï ʥʘ ʧʦʯʘʪʢʫ ʦʩʝʥʽ, ʪʠʧʦʚʽ ʜʣʷ 
ʨʘʡʦʥʽʚ ʟ ʧʦʤʽʨʥʠʤ ʧʝʨʝʭʽʜʥʠʤ ʢʣʽʤʘʪʦʤ ʚʽʜ ʤʦʨʩʴʢʦʛʦ ʜʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ. ʈʝʞʠʤ 
ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʫ ʮʠʭ ʨʘʡʦʥʘʭ ʤʝʥʰ ʨʽʚʥʦʤʽʨʥʠʡ, ʷʢ ʽ ʚ ʨʘʡʦʥʘʭ ʤʦʨʩʴʢʦʛʦ ʢʣʽʤʘʪʫ, 
ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʜʥʽʩʪʴ ʨʽʯʦʢ ʤʘʻ ʯʽʪʢʦ ʚʠʨʘʞʝʥʫ ʩʝʟʦʥʥʽʩʪʴ. ɺʝʩʥʷʥʠʡ ʤʘʢʩʠʤʫʤ ʩʪʦʢʫ ʥʘ 
ʮʠʭ ʨʽʯʢʘʭ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ ʪʘʥʝʥʥʷʤ ʩʥʽʛʽʚ ʪʘ ʚʝʩʥʷʥʠʤʠ ʜʦʱʘʤʠ. ɺʣʽʪʢʫ ʙʘʛʘʪʦ ʚʦʜʠ 
ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ. ɿʘʟʥʘʯʝʥʠʡ  ʪʠʧ  ʨʽʯʦʢ ʧʦʰʠʨʝʥʠʡ ʥʘ ʧʽʚʜʥʽ ʌʝʥʥʦʩʢʘʥʜʽʾ, 
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ʩʭʦʜʽ ʉʝʨʝʜʥʴʦʻʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ, ʽ ʥʘʚʽʪʴ ʥʘ ʇʨʠʜʫʥʘʡʩʴʢʠʭ ʨʽʚʥʠʥʘʭ. ɯʟ ʚʝʣʠʢʠʭ ʨʽʯʦʢ 
ʜʦ ʥʴʦʛʦ ʚʽʜʥʦʩʷʪʴʩʷ ʆʜʨʘ, ɺʽʩʣʘ, ʣʽʚʽ ʧʨʠʪʦʢʠ ɼʫʥʘʶ. 

ʈʽʯʢʠ ʟ ʯʽʪʢʦ ʚʠʨʘʞʝʥʠʤ ʨʽʚʥʝʤ ʚʦʜʠ ʫ ʟʠʤʦʚʦ-ʚʝʩʥʷʥʠʡ ʧʝʨʽʦʜ ʽ ʪʘʢ ʩʘʤʦ ʯʽʪʢʦ 
ʚʠʨʘʞʝʥʦʶ ʥʠʟʴʢʦʶ ʤʝʞʝʶ ʚʣʽʪʢʫ ʽ ʚ ʧʝʨʰʽʡ ʧʦʣʦʚʠʥʽ ʦʩʝʥʽ, ʢʦʣʠ ʚʦʥʠ ʞʠʚʣʷʪʴʩʷ 
ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʟʝʤʥʦʛʦ ʩʪʦʢʫ, ʚʣʘʩʪʠʚʽ ʨʘʡʦʥʘʤ ʽʟ ʩʫʙʪʨʦʧʽʯʥʠʤ 
ʩʝʨʝʜʟʝʤʥʦʤʦʨʩʴʢʠʤ ʢʣʽʤʘʪʦʤ. ɺʠʪʨʘʪʠ ʚʦʜʠ ʚʣʽʪʢʫ ʫ ʥʠʭ ʫ ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ ʤʝʥʰʽ, 
ʥʽʞ ʫʟʠʤʢʫ. ʅʝʚʝʣʠʢʽ ʨʽʯʢʠ ʚʣʽʪʢʫ ʧʝʨʝʩʠʭʘʶʪʴ ʘʙʦ ʜʫʞʝ ʤʽʣʽʶʪʴ. ʋ ʤʝʥʰʽʡ ʤʽʨʽ ʜʦ ʩʧʘʜʫ 
ʨʽʚʥʷ ʩʭʠʣʴʥʽ ʚʝʣʠʢʽ ʨʽʯʢʠ ʉʝʨʝʜʟʝʤʥʦʤʦʨ'ʷ, ʱʦ ʧʦʯʠʥʘʶʪʴʩʷ ʚ ʛʦʨʘʭ, ʜʝ ʚʣʽʪʢʫ ˇʨʫʥʪʦʚʝ 
ʞʠʚʣʝʥʥʷ ʜʦʧʦʚʥʶʻʪʴʩʷ ʜʦʱʦʚʠʤ ʟʘ ʨʘʭʫʥʦʢ ʦʨʦʛʨʘʬʽʯʥʠʭ ʦʧʘʜʽʚ. ʅʘʚʝʩʥʽ ʫ ʞʠʚʣʝʥʥʽ ʮʠʭ 
ʨʽʯʦʢ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʪʘʢʦʞ ʪʘʣʽ ʚʦʜʠ ʛʽʨʩʴʢʠʭ ʩʥʽʛʽʚ. ɿ ʚʝʣʠʢʠʭ ʨʽʯʦʢ ʜʦ ʟʘʟʥʘʯʝʥʦʛʦ ʪʠʧʫ 
ʚʽʜʥʦʩʷʪʴʩʷ ɽʙʨʦ, ɼʫʝʨʦ, ʊʘʭʦ, ɻʚʘʜʘʣʢʚʽʚʽʨ, ɻʚʘʜʽʘʥʘ, ʊʠʙʨ, ɼʨʠʥ. 

ʈʽʯʢʠ ʤʽʰʘʥʦʛʦ ʞʠʚʣʝʥʥʷʤ ʟ ʧʝʨʝʚʘʛʦʶ ʩʥʽʛʦʚʦʛʦ ʟ ʨʽʟʢʦ ʚʠʨʘʞʝʥʦʶ ʚʝʩʥʷʥʦʶ 
ʧʦʚʽʥʥʶ ʽ ʥʠʟʴʢʦʶ ʤʘʣʦʚʦʜʥʦʶ ʤʝʞʝʥʥʶ (ʩʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʠʡ ʪʠʧ). ɺʝʩʥʷʥʘ ʧʦʚʽʥʴ 
ʧʦʚ'ʷʟʘʥʘ ʟ ʪʘʥʝʥʥʷʤ ʩʥʽʛʫ. ɺʣʽʪʢʫ ʪʘ ʚʟʠʤʢʫ ʚʠʨʘʞʝʥʽ ʤʝʞʝʥʥʽ ʨʽʚʥʽ. ɼʦ ʮʴʦʛʦ ʪʠʧʫ ʨʽʯʦʢ 
ʥʘʣʝʞʘʪʴ ʨʽʯʢʠ ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ. ʅʘʧʨʠʢʣʘʜ ʫ ʨ. ɺʦʣʛʘ: ʩʥʽʛʦʚʝ ʞʠʚʣʝʥʥʷ - 
60 % ʩʪʦʢʫ, ˇʨʫʥʪʦʚʝ - 30 %, ʜʦʱʦʚʝ - 10 %. ɼʣʷ ʨ. ɼʥʽʧʨʦ: ʘ) ʫ ʚʝʨʭʽʚôʾ: ʩʥʽʛʦʚʝ ʞʠʚʣʝʥʥʷ - 
50 % ʩʪʦʢʫ, ˇʨʫʥʪʦʚʝ - 30 %, ʜʦʱʦʚʝ - 20 %; ʙ) ʫ ʧʦʥʠʟʟʽ (ʩʪʝʧʦʚʘ ʟʦʥʘ): ʩʥʽʛʦʚʝ ʞʠʚʣʝʥʥʷ 
ï 85-90 % ʩʪʦʢʫ, ˇʨʫʥʪʦʚʝ ï 10-15 %, ʜʦʱʦʚʝ ï ʤʘʡʞʝ ʚʽʜʩʫʪʥʻ.  

2. ʆʟʝʨʘ 
ɹʘʛʘʪʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʦʟʝʨ ʫʪʚʦʨʠʣʠʩʷ 10-15 ʪʠʩ. ʨʦʢʽʚ ʪʦʤʫ, ʩʬʦʨʤʫʚʘʚʰʠʩʴ ʧʽʜ ʯʘʩ 

ʦʩʪʘʥʥʴʦʛʦ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʧʝʨʽʦʜʫ. ʃʴʦʜʦʚʠʡ ʱʠʪ ʧʦʢʨʠʚʘʚ ʫʩʶ ʧʽʚʥʽʯʥʫ ɭʚʨʦʧʫ. ʆʜʥʘʢ ʫ 
ʮʝʥʪʨʘʣʴʥʽʡ ʪʘ ʧʽʚʜʝʥʥʽʡ ʯʘʩʪʠʥʽ ɭʚʨʦʧʠ ʣʴʦʜʦʚʠʢ ʜʦʭʦʜʠʚ ʣʠʰʝ ʜʦ ʛʽʨʩʴʢʠʭ ʭʨʝʙʪʽʚ. ʊʦʤʫ 
ʦʩʦʙʣʠʚʦ ʚʧʣʠʚ ʣʴʦʜʦʚʠʢʘ ʚʽʜʯʫʣʠ ʨʘʡʦʥʠ, ʱʦ ʥʠʥʽ ʤʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʠʨʦʜʥʠʭ 
ʦʟʝʨ. ʅʘʧʨʠʢʣʘʜ, ʅʦʨʚʝʛʽʷ, ʐʚʝʮʽʷ, ʌʽʥʣʷʥʜʽʷ ʪʘ ʂʘʨʝʣʦ-ʂʦʣʴʩʴʢʘ ʯʘʩʪʠʥʘ ʈʦʩʽʾ ʤʘʶʪʴ 
ʯʠʩʣʝʥʥʽ ʦʟʝʨʘ, ʯʘʩʪʢʘ ʧʣʦʱʽ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʜʦ  5-10 % ʾʭ ʥʘʮʽʦʥʘʣʴʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɺʝʣʠʢʘ 
ʢʽʣʴʢʽʩʪʴ ʦʟʝʨ ʙʫʣʘ ʫʪʚʦʨʝʥʘ ʽ ʚ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʥʘʚʢʦʣʦ ɹʘʣʪʽʡʩʴʢʦʛʦ ʤʦʨʷ, ʘ ʪʘʢʦʞ ʚ 
ɯʩʣʘʥʜʽʾ, ɯʨʣʘʥʜʽʾ, ʧʽʚʥʽʯʥʽʡ ʪʘ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʘʭ ɺʝʣʠʢʦʾ ɹʨʠʪʘʥʽʾ.  

ʋ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ɭʚʨʦʧʠ ʙʽʣʴʰʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʦʟʝʨ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʛʽʨʩʴʢʠʭ 
ʨʘʡʦʥʘʭ. ʆʟʝʨʘ ʥʘ ʚʝʣʠʢʽʡ ʚʠʩʦʪʽ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ, ʪʦʜʽ ʷʢ ʫ ʜʦʣʠʥʘʭ ʚʦʥʠ ʙʽʣʴʰʽ, 
ʥʘʧʨʠʢʣʘʜ, ɾʝʥʝʚʩʴʢʝ, ɹʦʜʝʥʩʴʢʝ, ɻʘʨʜʘ, ʂʦʤʦ ʪʘ ʄʘʜʞʦʨʝ ʚ ɸʣʴʧʘʭ, ʘ ʪʘʢʦʞ ʦʟʝʨʘ 
ʇʨʝʩʧʘ ʪʘ ʆʭʨʠʜʩʴʢʝ ʦʟʝʨʦ ʚ ɼʠʥʘʨʩʴʢʠʭ ɸʣʴʧʘʭ. ɼʚʘ ʚʠʥʷʪʢʠ ʩʪʘʥʦʚʣʷʪʴ ʚʝʣʠʢʽ ʦʟʝʨʘ, 
ʱʦ ʣʝʞʘʪʴ ʥʘ ʋʛʦʨʩʴʢʽʡ ʥʠʟʦʚʠʥʽ, - ɹʘʣʘʪʦʥ ʪʘ ʅʦʡʟʽʜʣʝʨ. 

ɭʚʨʦʧʝʡʩʴʢʽ ʢʨʘʾʥʠ, ʪʝʨʠʪʦʨʽʷ ʷʢʠʭ ʣʠʰʝ ʯʘʩʪʢʦʚʦ ʧʽʜʜʘʣʘʩʷ ʚʧʣʠʚʫ ʟʣʝʜʝʥʽʥʥʷ 
(ʇʦʨʪʫʛʘʣʽʷ, ɯʩʧʘʥʽʷ, ʌʨʘʥʮʽʷ, ɹʝʣʴʛʽʷ, ʧʽʚʜʝʥʴ ɸʥʛʣʽʾ, ʮʝʥʪʨʘʣʴʥʘ ʅʽʤʝʯʯʠʥʘ, ʏʝʭʽʷ, 
ʉʣʦʚʘʯʯʠʥʘ ʪʘ ʮʝʥʪʨʘʣʴʥʘ ʻʚʨʦʧʝʡʩʴʢʘ ʯʘʩʪʠʥʘ ʈʦʩʽʾ) ʥʝ ʤʘʶʪʴ ʪʘʢʦʾ ʢʽʣʴʢʽʩʪʶ ʚʝʣʠʢʠʭ  
ʧʨʠʨʦʜʥʠʭ ʦʟʝʨ. ʋ ʮʠʭ ʨʘʡʦʥʘʭ ʰʪʫʯʥʽ ʦʟʝʨʘ, ʪʘʢʽ ʷʢ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʩʪʘʚʠ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ 
ʯʘʩʪʽʰʝ, ʥʽʞ ʧʨʠʨʦʜʥʽ ʦʟʝʨʘ.  

ʋ ʪʘʙʣ. 3 ʥʘʚʝʜʝʥʦ ʩʧʠʩʦʢ ʟ 27 ʻʚʨʦʧʝʡʩʴʢʠʭ ʧʨʠʨʦʜʥʠʭ ʦʟʝʨ, ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʷʢʠʭ 
ʧʝʨʝʚʠʱʫʻ 500 ʢʤ2.  

ʆʟʝʨʘ ɭʚʨʦʧʠ ʤʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʝ ʧʦʭʦʜʞʝʥʥʷ:  ʣʴʦʜʦʚʠʢʦʚʝ, ʪʝʢʪʦʥʽʯʥʝ, 
ʣʴʦʜʦʚʠʢʦʚʦ-ʪʝʢʪʦʥʽʯʥʝ, ʚʫʣʢʘʥʽʯʥʝ, ʢʘʨʩʪʦʚʝ, ʟʘʛʘʪʥʝ, ʟʘʧʣʘʚʥʝ.  

ʃɹ ʦʜʦʚʠʢʦʚʦ-ʪʝʢʪʦʥʽʯʥʽ ʦʟʝʨʘ ï ʦʟʝʨʥʽ ʫʣʦʛʦʚʠʥʠ ʫʪʚʦʨʝʥʽ ʪʝʢʪʦʥʽʯʥʠʤʠ ʪʨʽʱʠʥʘʤʠ 
ʥʝʦʛʝʥ-ʘʥʪʨʦʧʦʛʝʥʦʚʦʛʦ ʯʘʩʫ ʽ ʦʙʨʦʙʣʝʥʽ ʜʘʚʥʽʤ ʣʴʦʜʦʚʠʢʦʤ, ʤʘʶʪʴ ʥʝʧʨʘʚʠʣʴʥʽ ʢʦʥʪʫʨʠ 
ʪʘ ʟʥʘʯʥʽ ʛʣʠʙʠʥʠ. ɼʦ ʪʘʢʦʛʦ ʪʠʧʫ ʥʘʣʝʞʘʪʴ ʥʘʡʙʽʣʴʰʽ ʦʟʝʨʘ ɭʚʨʦʧʠ: ʃʘʜʦʟʴʢʝ ʪʘ ʆʥʝʟʴʢʝ, 
ɺʝʥʝʨʥ, ɺʝʪʪʝʨʥ, ʄʝʣʘʨʝʥ, ʉʘʡʤʘʘ, ʇʷʡʷʥʥʝ.  

ɿʘʛʘʪʥʽ ʤʦʨʝʥʥʽ ʦʟʝʨʘ - ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʩʢʫʧʯʝʥʴ ʚ ʤʝʞʘʭ ɹʘʣʪʽʡʩʴʢʦʾ 
ʦʟʝʨʥʦʾ ʛʨʷʜʠ. 

ʃʴʦʜʦʚʠʢʦʚʽ ʦʟʝʨʘ - ʦʩʦʙʣʠʚʦ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ɸʣʴʧ. ʂʦʪʣʦʚʠʥʠ ʚʩʝʩʚʽʪʥʴʦ ʚʽʜʦʤʠʭ 
ʘʣʴʧʽʡʩʴʢʠʭ ʦʟʝʨ (ɾʝʥʝʚʩʴʢʝ, ɹʦʜʝʥʩʴʢʝ, ʎʶʨʽʭʩʴʢʝ) ʟʘʢʣʘʜʘʣʠʩʷ ʚ ʪʝʢʪʦʥʽʯʥʠʭ 
ʟʘʧʘʜʠʥʘʭ ʥʘʧʨʠʢʽʥʮʽ ʥʝʦʛʝʥʫ, ʘ ʧʦʪʽʤ ʙʫʣʠ ʦʙʨʦʙʣʝʥʽ ʪʘ ʧʦʛʣʠʙʣʝʥʽ ʧʦʪʫʞʥʠʤʠ 
ʣʴʦʜʦʚʠʢʘʤʠ, ʱʦ ʩʧʫʩʢʘʶʪʴʩʷ ʟ ʛʽʨ. 

ʂʘʨʩʪʦʚʽ ʦʟʝʨʘ - ʫʪʚʦʨʝʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʚʘʧʥʷʢʦʚʠʭ ʧʦʨʽʜ. ʎʝʡ ʪʠʧ ʦʟʝʨ 
ʧʦʰʠʨʝʥʠʡ ʥʘ ɹʘʣʢʘʥʩʴʢʦʤʫ ʧʽʚʦʩʪʨʦʚʽ, ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʥʘ ɺʦʣʠʥʽ ʚ ʋʢʨʘʾʥʽ. 

ɺʫʣʢʘʥʽʯʥʽ ʦʟʝʨʘ - ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʥʘʧʦʚʥʝʥʥʷ ʚʦʜʦʶ ʢʨʘʪʝʨʘ ʟʛʘʩʣʦʛʦ 
ʚʫʣʢʘʥʫ. ʍʘʨʘʢʪʝʨʥʽ ʜʣʷ ɯʩʣʘʥʜʽʾ, ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ɯʪʘʣʽʾ, ʅʽʤʝʯʯʠʥʽ. 
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ʊʘʙʣʠʮʷ 3. ʄʦʨʬʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʽʣʴʰʠʭ ʧʨʠʨʦʜʥʠʭ ʦʟʝʨ ɭʚʨʦʧʠ  

ˉ ʅʘʟʚʘ ʦʟʝʨʘ 
ʇʣʦʱʘ 

ʜʟʝʨʢʘʣʘ, ʢʤ
2 

ʆʙʻʤ, 
ʢʤ

3 

ɻʣʠʙʠʥʘ, ʤ 

ʂʨʘʾʥʘ ʤʘʢʩʠ-
ʤʘʣʴʥʘ 

ʩʝʨʝʜʥʷ 

1 ʃʘʜʦʟʴʢʝ 17700 908 230 51 ʈʦʩʽʷ 

2 ʆʥʝʟʴʢʝ 9720 292 120 30 ʈʦʩʽʷ 

3 ɺʝʥʝʨʥ 5519 153 106 27 ʐʚʝʮʽʷ 

4 ʏʫʜʩʴʢʦ-ʇʩʢʦʚʩʴʢʝ  3555 25 15,3 7,1 ɽʩʪʦʥʽʷ, ʈʦʩʽʷ 

5 ɺʝʪʝʨʥ 1886 73,5 120 39,5 ʐʚʝʮʽʷ 

6 ʉʘʡʤʘʘ 1377 14,8 85,8 10,8 ʌʽʥʣʷʥʜʽʷ 

7 ɺʠʛʦʟʝʨʦ 1143 6,5 18 5,7 ʈʦʩʽʷ 

8 ɽʡʩʩʝʣʤʝʨ 1137 5,3 5,5 4,6 ʅʽʜʝʨʣʘʥʜʠ 

9 ɹʽʣʝ  1130 6,2 34 5,5 ʈʦʩʽʷ 

10 ʇʷʡʷʥʥʝ 1118 18,1 95,3 16,2 ʌʽʥʣʷʥʜʽʷ 

11 ʄʝʣʘʨʝʥ 1090 14,3 66 12,8 ʐʚʝʮʽʷ 

12 ɯʥʘʨ ̔ 1084 15,5 92 14,3 ʌʽʥʣʷʥʜʽʷ 

13 ʊʦʧʦʟʝʨʦ 986 14,9 56 15,2 ʈʦʩʽʷ 

14 ɯʣʴʤʝʥʴ 982 2,9 10 3,5 ʈʦʩʽʷ 

15 ʉʝʛʦʟʝʨʦ 906 23,4 103 26 ʈʦʩʽʷ 

16 ʇʽʻʣʽʥʝʥ 894 9,0 61 10,1 ʌʽʥʣʷʥʜʽʷ 

17 ʆʫʣʫʷʨʚʽ 887 6,7 35 7,6 ʌʽʥʣʷʥʜʽʷ 

18 ɯʤʘʥʜʨʘ 876 11,2 67 12,8 ʈʦʩʽʷ 

19 ʇʽʭʣʘʷʚʝʩʽ 713 8,07 72 11,3 ʌʽʥʣʷʥʜʽʷ 

20 ʄʘʨʢʝʨʤʝʨ 700 2,1 5 3 ʅʽʜʝʨʣʘʥʜʠ 

21 ʇʷʦʟʝʨʦ, 659 10,1 49 15,4 ʈʦʩʽʷ 

22 ʂʦʚʜʦʟʝʨʦ 608 3,7 56 6,1 ʈʦʩʽʷ 

23 ʆʨʽʚʝʩʽ 601 5,51 74 9,2 ʌʽʥʣʷʥʜʽʷ 

24 ɹʘʣʘʪʦʥ 592 1,9 12,5 3,3 ʋʛʦʨʱʠʥʘ 

25 ɾʝʥʝʚʩʴʢʝ  580 89 310 153 ʐʚʝʡʮʘʨʽʷ, ʌʨʘʥʮʽʷ 

26 ʍʘʫʢʽʚʝʩʽ 562 5,11 55 9,1 ʌʽʥʣʷʥʜʽʷ 

27 ɹʦʜʝʥʩʴʢʝ 536 48,4 251 90 ʅʽʤʝʯʯʠʥʘ, ʐʚʝʡʮʘʨʽʷ, 
ɸʚʩʪʨʽʷ 

 

ɸʥʪʨʦʧʦʛʝʥʥʽ ʦʟʝʨʘ - ʜʦ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʚ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʚʽʜʥʦʩʷʪʴ   ʚʩʽ ʚʦʜʦʡʤʠ, ʷʢʽ 
ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʚʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ (ʚʦʜʦʩʭʦʚʠʱʘ, ʩʪʘʚʠ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ ʢʘʨôʻʨʠ, 
ʱʦ ʟʘʧʦʚʥʠʣʠʩʷ ʚʦʜʦʶ). 

ɿʘ ʜʘʥʠʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ɭʚʨʦʧʽ 
ʥʘʣʽʯʫʻʪʴʩʷ ʧʦʥʘʜ 500 ʪʠʩ. ʧʨʠʨʦʜʥʠʭ ʦʟʝʨ ʧʣʦʱʝʶ ʧʦʥʘʜ 0,01 ʢʤ2 (1,0 ʛʘ). ɹʣʠʟʴʢʦ 80-90 
% ʟ ʥʠʭ ʻ ʥʝʚʝʣʠʢʠʤʠ ʟ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ 0,01-0,1 ʢʤ2 ʪʦʜʽ ʷʢ ʙʣʠʟʴʢʦ 16 ʪʠʩ. ʤʘʶʪʴ ʧʣʦʱʫ 
ʧʦʚʝʨʭʥʽ, ʱʦ ʧʝʨʝʚʠʱʫʻ 1,0 ʢʤ2 . ʊʨʠ ʯʚʝʨʪʽ ʦʟʝʨ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʅʦʨʚʝʛʽʾ, ʐʚʝʮʽʾ, ʌʽʥʣʷʥʜʽʾ 
ʪʘ ʂʘʨʝʣʦ-ʂʦʣʴʩʴʢʽʡ ʯʘʩʪʠʥʽ ʈʦʩʽʾ [8]. ʅʘʡʛʣʠʙʰʠʤ ʚ ɭʚʨʦʧʽ ʻ ʦʟʝʨʦ ʍʦʨʥʽʥʜʘʣʴʩʚʘʪʥʝʪ 
(ʅʦʨʚʝʛʽʷ) ï 514 ʤ. 

ʅʘʡʙʽʣʴʰʽ ʚ ɭʚʨʦʧʽ ʃʘʜʦʟʴʢʝ (ʧʣʦʱʘ 17700 ʢʤ2) ʪʘ ʆʥʝʟʴʢʝ (9720 ʢʤ2) ʦʟʝʨʘ  
ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʈʦʩʽʾ (ʉʭʽʜʥʘ ɭʚʨʦʧʘ). ʆʙʠʜʚʘ ʦʟʝʨʘ ʟʥʘʯʥʦ ʙʽʣʴʰʽ 
ʟʘ ʽʥʰʽ ʻʚʨʦʧʝʡʩʴʢʽ ʦʟʝʨʘ. ɸʣʝ ʚʦʥʠ ʧʦʩʽʜʘʶʪʴ ʣʠʰʝ 18-ʝ ʪʘ 22-ʝ ʤʽʩʮʝ ʫ ʩʚʽʪʦʚʦʤʫ 
ʨʝʡʪʠʥʛʫ.   

ʑʝ 21 ʧʨʠʨʦʜʥʝ ʦʟʝʨʦ ʧʣʦʱʝʶ ʧʦʥʘʜ 500 ʢʤ2 ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʐʚʝʮʽʾ, ʌʽʥʣʷʥʜʽʾ, 
ɽʩʪʦʥʽʾ (ʇʽʚʥʽʯʥʘ ɭʚʨʦʧʘ) ʪʘ ʥʘ ʧʽʚʥʽʯʥʦʤʫ ʟʘʭʦʜʽ ʈʦʩʽʾ, ʘ ʪʘʢʦʞ ʦʜʥʝ ʚ ʋʛʦʨʱʠʥʽ ï ɹʘʣʘʪʦʥ 
(ʉʭʽʜʥʘ ɭʚʨʦʧʘ);  ʜʚʘ ʚ ʅʽʜʝʨʣʘʥʜʘʭ - ɽʡʩʩʝʣʤʝʨ, ʄʘʨʢʝʨʤʝʨ; ʦʜʥʝ ʚ ʐʚʝʡʮʘʨʽʾ ʪʘ 
ʌʨʘʥʮʽʾ ï ɾʝʥʝʚʩʴʢʝ; ʦʜʥʝ ʚ ʅʽʤʝʯʯʠʥʽ, ʐʚʝʡʮʘʨʽʾ ʪʘ ɸʚʩʪʨʽʾ - ɹʦʜʝʥʩʴʢʝ (ɿʘʭʽʜʥʘ 
ɭʚʨʦʧʘ). 

ʗʢʱʦ ʨʘʭʫʚʘʪʠ ʤʘʣʽ ʦʟʝʨʘ ʽʟ ʧʣʦʱʝʶ ʜʦ 0,001 ʢʤ2, ʪʦ ʪʦʜʽ ʢʽʣʴʢʽʩʪʴ ʦʟʝʨ ʚ ɭʚʨʦʧʽ 
ʟʨʦʩʪʘʻ ʜʦ 1,5 ʤʣʥ ʽʟ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʧʦʥʘʜ 200 ʪʠʩ. ʢʤ2.  

ɼʣʷ ʮʽʣʝʡ ʩʫʯʘʩʥʦʛʦ ʚʦʜʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʫ ɺʦʜʥʽʡ ʨʘʤʢʦʚʽʡ ʜʠʨʝʢʪʠʚʽ ɭʉ 
ʨʦʟʨʦʙʣʝʥʦ ʪʠʧʽʟʘʮʽʶ ʦʟʝʨ ʟʘ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʪʘ ʛʣʠʙʠʥʦʶ. 

ɿʘ ɺʦʜʥʦʶ ʨʘʤʢʦʚʦʶ ʜʠʨʝʢʪʠʚʦʶ ɭʉ ʟʘ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʦʟʝʨʘ 
ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ (ʢʤ2): ʜʫʞʝ ʚʝʣʠʢʽ   > 100; ʚʝʣʠʢʽ - 10ï100; ʩʝʨʝʜʥʽ - 1ï10; ʤʘʣʽ - 0,5ï1,0; 
ʜʫʞʝ ʤʘʣʽ < 0,5. 
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ɿʘ ɺʦʜʥʦʶ ʨʘʤʢʦʚʦʶ ʜʠʨʝʢʪʠʚʦʶ ɭʉ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʣʠʙʠʥʦʶ ʦʟʝʨʘ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 
(ʤ): ʛʣʠʙʦʢʽ   > 15; ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ - 3ï15; ʤʽʣʢʽ  < 3. 

ɺ ʋʢʨʘʾʥʽ ʦʜʥʝ ʦʟʝʨʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʘʪʝʛʦʨʽʾ ʜʫʞʝ ʚʝʣʠʢʠʭ ʟʘ ʧʣʦʱʝʶ (ʗʣʧʫʛ ï 149 
ʢʤ2 ʚ ʛʨʫʧʽ ʇʨʠʜʫʥʘʡʩʴʢʠʭ ʦʟʝʨ), ʦʜʥʝ ʦʟʝʨʦ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʛʣʠʙʦʢʠʭ (ɼʦʥʫʟʣʘʚ ï 16 ʤ 
ʫ ʂʨʠʤʫ).  

3. ɺʦʜʦʩʭʦʚʠʱʘ  
ʉʧʦʨʫʜʞʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʫ ɭʚʨʦʧʽ ʤʘʻ ʜʘʚʥʶ ʽʩʪʦʨʽʶ. ʋ ʾʭʥʴʦʤʫ ʩʪʚʦʨʝʥʥʽ 

ʥʘʩʘʤʧʝʨʝʜ ʙʫʣʦ ʟʘʮʽʢʘʚʣʝʥʝ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ. ʇʝʨʰʽ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʽ ʽʨʠʛʘʮʽʡʥʽ 
ʚʦʜʦʩʭʦʚʠʱʘ ʙʫʜʫʚʘʣʠʩʷ ʚ ɯʩʧʘʥʽʾ ʚ ʨʠʤʩʴʢʠʡ ʧʝʨʽʦʜ, ʫ II ʩʪ. ʜʦ. ʥ. ʝ., ʘ ʧʦʪʽʤ - ʚ ʩʝʨʝʜʥʽ 
ʚʽʢʠ. ɯʩʪʦʪʥʦ ʨʦʟʰʠʨʠʣʠʩʷ ʧʣʦʱʽ ʟʨʦʰʫʚʘʥʠʭ ʟʝʤʝʣʴ ʫ XIX ʩʪ., ʪʦʜʽ ʽʨʠʛʘʮʽʡʥʽ ʚʦʜʦʩʭʦʚʠʱʘ 
ʟ'ʷʚʠʣʠʩʷ ʚ ɯʩʧʘʥʽʾ, ɯʪʘʣʽʾ, ʥʘ ʧʽʚʜʥʽ ʌʨʘʥʮʽʾ.  

ʇʝʚʥʫ ʨʦʣʴ ʫ ʩʪʚʦʨʝʥʥʽ ʚʦʜʦʩʭʦʚʠʱ ʫ ʜʝʷʢʠʭ ʢʨʘʾʥʘʭ ʚʽʜʽʛʨʘʣʦ ʙʫʜʽʚʥʠʮʪʚʦ 
ʩʫʜʥʦʧʣʘʚʥʠʭ ʢʘʥʘʣʽʚ; ʥʘʧʨʠʢʣʘʜ, ʱʝ XVII ʩʪ. ʫ ʌʨʘʥʮʽʾ ʧʦʙʫʜʫʚʘʣʠ ɹʨʽʘʨʩʴʢʠʡ ʢʘʥʘʣ, ʱʦ 
ʟʚ'ʷʟʘʚ ʉʝʥʫ ʟ ʃʫʘʨʦʶ, ʽ ʇʽʚʜʝʥʥʠʡ ʢʘʥʘʣ, ʱʦ ʟ'ʻʜʥʘʚ (ʯʝʨʝʟ ɻʘʨʦʥʥʫ) ʉʝʨʝʜʟʝʤʥʝ ʤʦʨʝ 
ʪʘ ɹʽʩʢʘʡʩʴʢʫ ʟʘʪʦʢʫ. ʅʘʡʙʽʣʴʰʽ ʚʦʜʦʩʭʦʚʠʱʘ ʥʘ ʮʴʦʤʫ ʢʘʥʘʣʽ ï ʉʝʥ-ʇʝʨʨʦʣʴ  ʪʘ ʉʝʪʦʥ. 
ɻʫʩʪʘ ʤʝʨʝʞʘ ʢʘʥʘʣʽʚ ʽʟ ʥʝʚʝʣʠʢʠʤʠ ʚʦʜʦʩʭʦʚʠʱʘʤʠ ʟ ʢʽʥʮʷ XVIII ʜʦ ʧʦʯʘʪʢʫ XX ʩʪ. 
ʧʦʙʫʜʦʚʘʥʘ ʚ ɸʥʛʣʽʾ, ɹʝʣʴʛʽʾ, ʅʽʜʝʨʣʘʥʜʘʭ, ʥʘ ʇʽʚʥʽʯʥʦ-ʥʽʤʝʮʴʢʽʡ ʪʘ ʇʦʣʴʩʴʢʽʡ ʥʠʟʦʚʠʥʘʭ.  

ɿ ʢʽʥʮʷ ʍɯʍ ʩʪ. ʥʘʩʪʘʣʘ ʥʦʚʘ ʝʧʦʭʘ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ ʚʦʜʠ - ʙʫʜʽʚʥʠʮʪʚʦ ɻɽʉ ʽʟ 
ʩʪʚʦʨʝʥʥʷʤ ʚʝʣʠʢʠʭ ʚʦʜʦʩʭʦʚʠʱ. ɸ ʚ ʍʍ ʩʪ., ʦʩʦʙʣʠʚʦ ʧʽʩʣʷ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ (1939-
1945 ʨʨ.), ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʚʽʜʙʫʚʘʣʦʩʷ ʚʝʣʠʢʠʤʠ ʪʝʤʧʘʤʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʪʝʨʠʪʦʨʽʾ 
ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ, ʜʝ ʙʫʜʫʚʘʣʠʩʷ ʚʦʜʦʩʭʦʚʠʱʘ ʟʥʘʯʥʠʭ ʨʦʟʤʽʨʽʚ.  

ʅʘʡʙʽʣʴʰʠʤ ʚʦʜʦʩʭʦʚʠʱʝʤ ʽ ʪʨʝʪʴʦʶ ʟʘ ʚʝʣʠʯʠʥʦʶ ʻʚʨʦʧʝʡʩʴʢʦʶ ʧʨʽʩʥʦʚʦʜʥʦʶ 
ʚʦʜʦʡʤʦʶ ʻ ʂʫʡʙʠʰʝʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ ʥʘ ʨ. ɺʦʣʛʘ (ʪʘʙʣ. 4). ɸ ʚ ʜʝʩʷʪʢʫ ʻʚʨʦʧʝʡʩʴʢʠʭ 
ʧʨʽʩʥʦʚʦʜʥʠʭ ʚʦʜʦʡʤ ʟʘ ʧʣʦʱʝʶ ʚʭʦʜʷʪʴ ʈʠʙʽʥʩʴʢʝ, ɺʦʣʛʦʛʨʘʜʩʴʢʝ, ʎʠʤʣʷʥʩʴʢʝ, 
ʅʠʞʥʴʦʢʘʤʩʴʢʝ, ʏʝʙʦʢʩʘʨʩʴʢʝ (ʈʦʩʽʷ) ʪʘ ʂʨʝʤʝʥʯʫʮʴʢʝ (ʋʢʨʘʾʥʘ) ʚʦʜʦʩʭʦʚʠʱʘ.  

 

ʊʘʙʣʠʮʷ 4. ʄʦʨʬʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʡʙʽʣʴʰʠʭ ʚʦʜʦʩʭʦʚʠʱ ɭʚʨʦʧʠ  

ˉ 
ʅʘʟʚʘ ʚʦʜʦʩʭʦʚʠʱʘ, 

ʥʘ ʷʢʽʡ ʨʽʯʮʽ 
ʨʦʟʪʘʰʦʚʘʥʝ 

ʇʣʦʱʘ, 
ʢʤ

2 
ʆʙô̒ ʤ, 
ʢʤ

3 

ɻʣʠʙʠʥʘ, ʤ 
ʈʽʢ ʩʪʚʦ-
ʨʝʥʥʷ 

ʂʨʘʾʥʘ ʤʘʢʩʠ-
ʤʘʣʴʥʘ 

ʩʝʨʝ-
ʜʥ ̫

1 2 3 4 5 6 7 8 

1 ʂʫʡʙʠʰʝʚʩʴʢʝ  
(ʥʘ ʨ. ɺʦʣʛʘ) 

6450 57,3 34 8 1957 ʈʦʩʽʷ 

2 ʈʠʙʽʥʩʴʢʝ 
(ʥʘ ʨ. ɺʦʣʛʘ) 

4580 25,4 28 5,6 1947 ʈʦʩʽʷ 

3 ɺʦʣʛʦʛʨʘʜʩʴʢʝ 
(ʥʘ ʨ. ɺʦʣʛʘ) 

3320 31,5 41 10,1 1961 ʈʦʩʽʷ 

4 ʎʠʤʣʷʥʩʴʢʝ 
(ʥʘ ʨ. ɼʦʥ) 

2700 23,9 35 8,9 1955 ʈʦʩʽʷ 

5 ʅʠʞʥʴʦʢʘʤʩʴʢʝ 
(ʥʘ ʨ. ʂʘʤʘ) 

2650 4,2 20 3,3 1979 ʈʦʩʽʷ 

6 ʏʝʙʦʢʩʘʨʩʴʢʝ 

(ʥʘ ʨ. ɺʦʣʛʘ) 

2270 13,9 21 6 1982 ʈʦʩʽʷ 

7 ʂʨʝʤʝʥʯʫʮʴʢʝ 

(ʥʘ ʨ. ɼʥʽʧʨʦ) 

2252 13,5 28 6 1961 ʋʢʨʘʾʥʘ 

8 ʂʘʭʦʚʩʴʢʝ  

(ʥʘ ʨ. ɼʥʽʧʨʦ) 

2155 18,2 26 8,4 1958 ʋʢʨʘʾʥʘ 

9 ɽʡʩʩʝʣʤʝʨ (ʙʘʩ. 
ʇʽʚʥʽʯʥʦʛʦ ʤʦʨʷ) 

2000 5,1 9,5 5,5 1932 ʅʽʜʝʨ- 

ʣʘʥʜʠ 

10 ʂʘʤʩʴʢʝ 

(ʥʘ ʨ. ʂʘʤʘ) 

1915 12,2 30 6,3 1954 ʈʦʩʽʷ 

11 ʉʘʨʘʪʦʚʩʴʢʝ  

(ʥʘ ʨ. ɺʦʣʛʘ) 

1831 12,9 28 7 1968 ʈʦʩʽʷ 

12 ɻʦʨʴʢʽʚʩʴʢʝ 

(ʥʘ ʨ. ɺʦʣʛʘ) 

1591 8,7 22 3,7 1957 ʈʦʩʽʷ 

13 ɺʦʪʢʽʥʩʴʢʝ 

(ʥʘ ʨ. ʂʘʤʘ) 

1120 9,4 28 8,4 1964 ʈʦʩʽʷ 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 4  

1 2 3 4 5 6 7 8 

14 ʂʠʾʚʩʴʢʝ 

(ʥʘ ʨ. ɼʥʽʧʨʦ) 

992 3,73 8 3,8 1966 ʋʢʨʘʾʥʘ 

15 ɺʝʨʭʥʴʦʪʫʣʦʤʩʢɹʝ 

(ʨ. ʊʫʣʦʤʘ, ʅʦʪʦʟʝʨʦ)  

745 11,5 50 15,4 1965 ʈʦʩʽʷ 

16 ʂʘʥʚ̔ʩʴʢʝ 

(ʥʘ ʨ. ɼʥʽʧʨʦ) 

675 2,62 19 3,9 1976 ʋʢʨʘʾʥʘ 

17 ʄʽʥʛʷʯʝʚʽʨʩʴʢʝ 

(ʨ. ʂʫʨʘ) 

605 16,1 75 27 1954 ɸʟʝʨʙʘʡ- 

ʜʞʘʥ 

18 ʂʘʤ'ʷʥʩʴʢʝ 

(ʥʘ ʨ. ɼʥʽʧʨʦ) 

567 2,45 15 4,3 1964 ʋʢʨʘʾʥʘ 

 
ʉʝʟʦʥʥʘ ʪʘ ʤʽʞʨʽʯʥʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʩʪʦʢʫ ʨʽʯʦʢ, ʥʝʦʜʥʘʢʦʚʘ ʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʩʪʦʢʦʤ 

ʪʘ ʦʧʘʜʘʤʠ ʨʽʟʥʠʭ ʨʘʡʦʥʽʚ ʚʠʟʥʘʯʠʣʠ ʧʦʪʨʝʙʫ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʨʽʯʦʢ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 
ʚʦʜʦʩʭʦʚʠʱ. ɺʦʥʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʧʦʚʝʥʷʤʠ ʽ ʟʙʽʣʴʰʝʥʥʷ ʩʪʽʡʢʦʛʦ ʤʝʞʝʥʥʦʛʦ 
ʩʪʦʢʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʩʪʘʙʽʣʴʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ.  

ɿʘ ʜʘʥʠʤʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫ ɭʚʨʦʧʽ 
ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 7000 ʚʝʣʠʢʠʭ ʚʦʜʦʩʭʦʚʠʱ. ʂʨʽʤ ʪʦʛʦ, ʽʩʥʫʶʪʴ ʪʠʩʷʯʽ ʰʪʫʯʥʠʭ ʚʦʜʦʡʤ 
ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 100 000 
ʢʤ2, ʟ ʷʢʠʭ 50% ʩʪʘʥʦʚʠʪʴ ʧʣʦʱʘ ʚʦʜʦʩʭʦʚʠʱ ʻʚʨʦʧʝʡʩʴʢʦʾ ʯʘʩʪʠʥʠ ʈʦʩʽʾ [11],  ʭʦʯʘ ʾʭ 
ʚʽʜʥʦʩʥʦ ʡ ʥʝʙʘʛʘʪʦ ʮʴʦʤʫ ʨʝʛʽʦʥʽ, ʘʣʝ ʚʦʥʠ ʜʫʞʝ ʚʝʣʠʢʽ. ʐʽʩʪʴ ʥʘʡʙʽʣʴʰʠʭ ʚʦʜʦʩʭʦʚʠʱ 
ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʨ. ɺʦʣʛʘ. ɯʟ 13 ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʧʣʦʱʝʶ ʧʦʥʘʜ 1000 ʢʤ2 ʜʝʩʷʪʦʢ 
ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʈʦʩʽʾ, ʜʚʘ (ʂʨʝʤʝʥʯʫʮʴʢʝ ʽ ʂʘʭʦʚʩʴʢʝ) ï ʚ ʋʢʨʘʾʥʽ, ʦʜʥʝ (ɽʡʩʩʝʣʤʝʨ) ï ʚ 
ʅʽʜʝʨʣʘʥʜʘʭ. 

ɼʝʨʞʘʚʘʤʠ ʟ ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʦʩʭʦʚʠʱ ʻ ɯʩʧʘʥʽʷ (ʙʣʠʟʴʢʦ 1200), ʋʢʨʘʾʥʘ 
(ʙʣ. 1050), ʊʫʨʝʯʯʠʥʘ (ʙʣ. 610), ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ (ʙʣ. 570). ɯʥʰʠʤʠ ʢʨʘʾʥʘʤʠ ʟ ʚʝʣʠʢʦʶ 
ʢʽʣʴʢʽʩʪʶ ʚʦʜʦʩʭʦʚʠʱ ʻ ɯʪʘʣʽʷ (ʙʣ. 570), ʌʨʘʥʮʽʷ (ʙʣ. 550), ʅʦʨʚʝʛʽʷ (ʙʣ. 360), ʈʦʩʽʷ (ʙʣ. 
250) ʪʘ ʐʚʝʮʽʷ (ʙʣ. 190).  

ɺʦʜʦʩʭʦʚʠʱʘ ʋʢʨʘʾʥʠ ʩʪʘʥʦʚʣʷʪʴ 15 % ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʦʜʦʩʭʦʚʠʱ ʫ ɭʚʨʦʧʽ, ʘ ʧʣʦʱʘ 
ʫʢʨʘʾʥʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ï 2,3 % ʚʽʜ ʩʫʤʘʨʥʦʾ ʧʣʦʱʽ ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ.  

ɽʢʦʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʚʦʜʦʩʭʦʚʠʱ. ʉʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʢʠ 
ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʷʢ ʧʽʜ ʯʘʩ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢ ʽ ʧʽʩʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. ʇʽʩʣʷ 
ʩʧʦʨʫʜʞʝʥʥʷ ʛʨʝʙʣʽ ʨʽʚʝʥʴ ʚʦʜʠ ʫ ʚʦʜʦʩʭʦʚʠʱʽ ʧʽʜʥʽʤʘʻʪʴʩʷ. ɺʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚ ʟʦʥʽ 
ʟʘʪʦʧʣʝʥʥʷ ʚʦʜʦʶ ʯʘʩʪʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʩʝʨʡʦʟʥʽ ʟʤʽʥʠ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʪʨʘʯʝʥʽ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ, ʟʘʪʦʧʣʝʥʦ ʪʝʨʠʪʦʨʽʾ, ʥʘ ʷʢʠʭ ʙʫʣʠ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ, ʧʽʜʥʷʪʦ 
ʨʽʚʝʥʴ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʥʘ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʷʭ.  

ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʚʠʥʠʢʘʶʪʴ ʜʚʘ ʪʠʧʠ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ: 
- ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ ʜʦʚʝʜʝʥʥʷ ʚʦʜʦʡʤʠ ʜʦ ʥʝʧʨʠʜʘʪʥʦʛʦ ʩʪʘʥʫ ʟʘ ʩʚʦʾʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʚʠʪʢʫ ʚʦʜʦʨʦʩʪʝʡ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʪʦʢʩʠʯʥʠʭ 
ʨʝʯʦʚʠʥʠ ʫ ʚʦʜʦʩʭʦʚʠʱʘʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ; 

- ʟʘʛʘʣʴʥʝ ʝʢʦʣʦʛʽʯʥʝ ʧʦʛʽʨʰʝʥʥʷ ʨʽʯʢʦʚʦʾ ʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʥʠʞʯʝ ʚʦʜʦʩʭʦʚʠʱʘ. 
ʆʩʢʽʣʴʢʠ ʛʨʝʙʣʽ ʧʦʨʫʰʫʶʪʴ ʧʨʠʨʦʜʥʫ ʙʝʟʧʝʨʝʨʚʥʽʩʪʴ ʨʽʯʢʠ, ʘ ʚʦʜʦʩʭʦʚʠʱʘ ʟʤʽʥʶʶʪʴ 

ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʮʠʢʣ, ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʤʦʞʫʪʴ ʙʫʪʠ ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ. ʅʘʧʨʠʢʣʘʜ, 
ʟʘʢʨʠʚʘʻʪʴʩʷ ʜʦʩʪʫʧ ʜʦ ʥʝʨʝʩʪʦʚʠʱ ʧʨʦʭʽʜʥʠʭ ʨʠʙ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʦʩʦʙʣʠʚʫ ʧʨʦʙʣʝʤʫ ʜʣʷ 
ʪʘʢʠʭ ʨʠʙ, ʷʢ ʣʦʩʦʩʴ, ʬʦʨʝʣʴ, ʚʫʛʦʨ ʪʘ ʦʩʝʪʨ. ʇʨʠ ʮʴʦʤʫ, ʥʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʛʨʝʙʣʽ 
ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ, ʦʩʢʽʣʴʢʠ ʻ ʥʝʧʨʦʭʽʜʥʠʤʠ ʧʝʨʝʰʢʦʜʘʤʠ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʠʜʽʚ ʨʠʙ. 
ʅʝʚʝʣʠʢʽ ʛʨʝʙʣʽ (ʤʝʥʰʝ 10-15 ʤ ʫ ʚʠʩʦʪʫ), ʷʢʽ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ 10-100 ʨʘʟʽʚ ʯʘʩʪʽʰʝ, ʥʽʞ 
ʚʝʣʠʢʽ, ʯʠʥʷʪʴ ʩʝʨʡʦʟʥʠʡ ʥʝʩʧʨʠʷʪʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʧʦʧʫʣʷʮʽʾ ʨʠʙ. ʂʨʽʤ ʪʦʛʦ, ʚʦʜʦʩʭʦʚʠʱʘ 
ʟʘʪʨʠʤʫʶʪʴ ʟʘʚʠʩʣʽ ʨʝʯʦʚʠʥʠ, ʱʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʥʠʭ (ʧʝʨʝʚʘʞʥʦ ʧʽʩʦʢ). ʎʝ ʟʥʠʞʫʻ 
ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʥʦʩʽʚ ʥʘ ʜʽʣʷʥʢʠ ʥʠʞʯʝ ʟʘ ʪʝʯʽʻʶ .ʽ, ʟʨʝʰʪʦʶ, ʜʦ ʤʦʨʷ, ʜʝ ʚʽʜʩʫʪʥʽʩʪʴ ʧʽʩʢʫ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʝʨʝʛʦʚʦʾ ʝʨʦʟʽʾ. 

ɺʠʩʥʦʚʢʠ 
1) ɭʚʨʦʧʘ ʤʘʻ ʛʫʩʪʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ, ʱʦ ʥʘʣʝʞʠʪʴ ʧʝʨʝʚʘʞʥʦ ʜʦ ʙʘʩʝʡʥʫ 

ɸʪʣʘʥʪʠʯʥʦʛʦ ʦʢʝʘʥʫ. ʇʝʚʥʘ ʯʘʩʪʠʥʘ ʨʽʯʦʢ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʥʘʣʝʞʠʪʴ ʜʦ ʙʘʩʝʡʥʫ 
ʙʝʟʩʪʽʯʥʦʛʦ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ. ʃʠʰʝ ʥʝʙʘʛʘʪʦ ʨʽʯʦʢ ʥʝʩʫʪʴ ʩʚʦʾ ʚʦʜʠ ʚ ʤʦʨʷ 
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ʇʽʚʥʽʯʥʦʛʦ ʃʴʦʜʦʚʠʪʦʛʦ ʦʢʝʘʥʫ. ʊʘʢ, 43 ʚʝʣʠʢʽ ʨʽʯʢʠ ʟ ʧʣʦʱʝʶ ʚʦʜʦʟʙʦʨʫ ʧʦʥʘʜ 50 ʪʠʩ. ʢʤ2, 
ʩʝʨʝʜ ʷʢʠʭ 8 ʧʦʚô̫ʟʘʥʽ ʟ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ,  ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

ʘ) ʙʘʩʝʡʥ ʂʘʩʧʽʡʩʴʢʦʛʦ ʤʦʨʷ-ʦʟʝʨʘ ï 9 ʨʽʯʦʢ (ɺʦʣʛʘ, ʋʨʘʣ, ʂʘʤʘ, ʆʢʘ, ɹʽʣʘ, ɺʷʪʢʘ, 
ʋʬʘ, ʉʫʨʘ, ʄʦʢʰʘ); ʙ) ʙʘʩʝʡʥ ʇʽʚʥʽʯʥʦʛʦ ʃʴʦʜʦʚʠʪʦʛʦ ʦʢʝʘʥʫ ï 3 ʨʽʯʢʠ (ʇʝʯʦʨʘ, ʇʽʚʥʽʯʥʘ 
ɼʚʽʥʘ, ʄʝʟʝʥʴ); ʚ) ʙʘʩʝʡʥ ʇʽʚʥʽʯʥʦʾ ɸʪʣʘʥʪʠʢʠ ï 9 ʨʽʯʦʢ (ʈʝʡʥ, ɽʣʴʙʘ, ɺʽʩʣʘ, ɿʘʭʽʜʥʘ ɼʚʽʥʘ, 
ʅʽʤʘʥ, ʆʜʨʘ/ʆʜʝʨ, ɺʘʨʪʘ, ʉʝʥʘ, ʅʘʨʝʚ); ʛ) ʙʘʩʝʡʥ ʧʽʚʜʝʥʥʦʾ ɸʪʣʘʥʪʠʢʠ ï 6 ʨʽʯʦʢ 
(ʊʘʭʦ/ʊʝʞʫ, ʃʫʘʨʘ, ɼʦʨʘ/ɼʫʝʨʦ, ɻʚʘʜʽʘʥʘ, ɻʚʘʜʘʣʢʚʽʚʽʨ, ɻʘʨʦʥʥʘ); ʜ) ʙʘʩʝʡʥ ʉʝʨʝʜʟʝʤʥʦʛʦ 
ʤʦʨʷ (ʨʘʟʦʤ ʟ ʏʦʨʥʠʤ ʪʘ ɸʟʦʚʩʴʢʠʤ ʤʦʨʷʤʠ) ï 16 ʨʽʯʦʢ (ɽʙʨʦ, ʈʦʥʘ, ɼʫʥʘʡ, ɼʥʽʧʨʦ, ɼʦʥ, 
ɼʥʽʩʪʝʨ, ɼʝʩʥʘ, ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ, ʍʦʧʝʨ, ʊʠʩʘ, ʉʘʚʘ, ʂʫʙʘʥʴ, ʇʽʚʜʝʥʥʠʡ ɹʫʛ, ʇʨʠʧôʷʪʴ, 
ʇʦ, ʄʘʨʠʮʷ).  

2) ʇʨʠ ʟʥʘʯʥʽʡ ʚʦʜʥʦʩʪʽ ʨʽʯʢʠ ʇʽʚʥʽʯʥʦʾ, ɿʘʭʽʜʥʦʾ ʪʘ ʇʽʚʜʝʥʥʦʾ ɭʚʨʦʧʠ ʚʠʨʽʟʥʷʶʪʴʩʷ 
ʥʝʚʝʣʠʢʦʶ ʜʦʚʞʠʥʦʶ ʪʘ ʧʣʦʱʝʶ ʙʘʩʝʡʥʫ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʥʦʩʥʦ ʤʘʣʦʶ ʧʣʦʱʝʶ 
ʪʝʨʠʪʦʨʽʾ ɭʚʨʦʧʠ, ʾʾ ʩʠʣʴʥʦʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʨʦʟʯʣʝʥʦʚʘʥʽʩʪʶ ʽ ʯʘʩʪʠʤ ʯʝʨʛʫʚʘʥʥʷʤ ʛʽʨ ʽ 
ʨʽʚʥʠʥ. ʅʘ ʧʨʦʩʪʦʨʘʭ ʉʭʽʜʥʦ-ɭʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ ʨʽʯʢʠ ʦʪʨʠʤʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʜʣʷ 
ʨʦʟʚʠʪʢʫ ʚʦʜʦʟʙʽʨʥʦʾ ʧʣʦʱʽ ʪʘ ʨʫʩʣʦʚʦʾ ʤʝʨʝʞʽ. ʊʦʤʫ ʩʝʨʝʜ ʥʘʡʙʽʣʴʰʠʭ ʨʽʯʦʢ ɭʚʨʦʧʠ, 
ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ 50 ʪʠʩ. ʢʤ2, ʨʽʯʢʠ ʉʭʽʜʥʦʾ ɭʚʨʦʧʠ ʩʪʘʥʦʚʣʷʪʴ ʧʦʥʘʜ 60 %. 

3) ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʽʯʦʢ ɭʚʨʦʧʠ ʻ ʪʨʘʥʩʢʦʨʜʦʥʥʽʩʪʴ ʾʭʥʽʭ ʙʘʩʝʡʥʽʚ. ʉʝʨʝʜ 
ʚʝʣʠʢʠʭ ʨʽʯʦʢ, ʟ ʧʣʦʱʝʶ ʚʦʜʦʟʙʦʨʫ ʧʦʥʘʜ 50 ʪʠʩ. ʢʤ2, ʪʨʘʥʩʢʦʨʜʦʥʥʽ ʨʽʯʢʠ ʩʪʘʥʦʚʣʷʪʴ 
51 %. 

4) ɺ ɭʚʨʦʧʽ ʥʘʣʽʯʫʻʪʴʩʷ ʙʣʠʟʴʢʦ 16 ʪʠʩ. ʦʟʝʨ, ʷʢʽ ʤʘʶʪʴ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ, ʱʦ 
ʧʝʨʝʚʠʱʫʻ 1,0 ʢʤ2. ʊʨʠ ʯʚʝʨʪʽ ʦʟʝʨ ʢʦʥʪʠʥʝʥʪʫ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʅʦʨʚʝʛʽʾ, ʐʚʝʮʽʾ, ʌʽʥʣʷʥʜʽʾ 
ʪʘ ʂʘʨʝʣʦ-ʂʦʣʴʩʴʢʽʡ ʯʘʩʪʠʥʽ ʈʦʩʽʾ, ʤʘʶʪʴ ʣʴʦʜʦʚʠʢʦʚʦ-ʪʝʢʪʦʥʽʯʥʝ ʧʦʭʦʜʞʝʥʥʷ. ʅʘʡʙʽʣʴʰʽ 
ʚ ɭʚʨʦʧʽ ʃʘʜʦʟʴʢʝ (ʧʣʦʱʘ 17700 ʢʤ2) ʪʘ ʆʥʝʟʴʢʝ (9720 ʢʤ2) ʦʟʝʨʘ  ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʉʭʽʜʥʽʡ 
ɭʚʨʦʧʽ (ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʈʦʩʽʾ) ʽ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʟʘ ʨʦʟʤʽʨʘʤʠ ʽʥʰʽ 
ʻʚʨʦʧʝʡʩʴʢʽ ʦʟʝʨʘ. ʅʘʡʛʣʠʙʰʠʤ ʚ ɭʚʨʦʧʽ ʻ ʦʟʝʨʦ ʍʦʨʥʽʥʜʘʣʴʩʚʘʪʥʝʪ (ʅʦʨʚʝʛʽʷ) ï 514 ʤ.  

5) ɺ ɭʚʨʦʧʽ ʩʪʚʦʨʝʥʦ ʙʣʠʟʴʢʦ 7000 ʚʝʣʠʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʽʟ ʩʫʤʘʨʥʦ  ʁʧʣʦʝɦ  ʁʧʦʥʘʜ 
100 ʪʠʩ. ʢʤ2, ʟ ʷʢʠʭ 50% ʩʪʘʥʦʚʠʪʴ ʧʣʦʱʘ ʚʦʜʦʩʭʦʚʠʱ ʻʚʨʦʧʝʡʩʴʢʦʾ ʯʘʩʪʠʥʠ ʈʦʩʽʾ. ʉʝʨʝʜ 
13 ʻʚʨʦʧʝʡʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʧʣʦʱʝʶ ʧʦʥʘʜ 1000 ʢʤ2 ʜʝʩʷʪʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʈʦʩʽʾ, ʜʚʘ 
(ʂʨʝʤʝʥʯʫʮʴʢʝ ʽ ʂʘʭʦʚʩʴʢʝ) ï ʚ ʋʢʨʘʾʥʽ, ʦʜʥʝ (ɽʡʩʩʝʣʤʝʨ) ï ʚ ʅʽʜʝʨʣʘʥʜʘʭ. ʂʨʘʾʥʘʤʠ ʟ 
ʥʘʡʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʦʩʭʦʚʠʱ ʻ ɯʩʧʘʥʽʷ (ʙʣʠʟʴʢʦ 1200) ʪʘ ʋʢʨʘʾʥʘ (ʙʣ. 1050). ɯʥʰʠʤʠ 
ʢʨʘʾʥʘʤʠ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʚʦʜʦʩʭʦʚʠʱ ʻ ʊʫʨʝʯʯʠʥʘ (ʙʣ. 610), ɺʝʣʠʢʘ ɹʨʠʪʘʥʽʷ (ʙʣ. 
570), ɯʪʘʣʽʷ (ʙʣ. 570), ʌʨʘʥʮʽʷ (ʙʣ. 550), ʅʦʨʚʝʛʽʷ (ʙʣ. 360), ʈʦʩʽʷ (ʙʣ. 250) ʪʘ ʐʚʝʮʽʷ (ʙʣ. 
190). 
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Features of the hydrography of Europe: rivers, lakes, reservoirs 
Khilchevskyi V.K. 
Europe has a dense hydrographic network, mainly related to the Atlantic Ocean basin. A certain part of the 

rivers of Eastern Europe belongs to the basin of the endorheic Caspian sea-lake. Only a few rivers carry their waters 
to the seas of the Arctic Ocean. Thus, 43 large rivers with a catchment area of more than 50 thousand km2, among 
which 8 are connected with the territory of Ukraine, are distributed as follows: 

a) the basin of the Caspian Sea-lake - 9 rivers (Volga, Ural, Kama, Oka, Belaya, Vyatka, Ufa, Sura, Moksha); 
b) the basin of the Arctic Ocean - 3 rivers (Pechora, Northern Dvina, Mezen); c) North Atlantic basin - 9 rivers (Rhine, 
Elbe, Vistula, Western Dvina, Neman, Oder, Warta, Seine, Narew); d) the basin of the South Atlantic - 6 rivers 
(Tagus, Loire, Douro, Guadiana, Guadalquivir, Garonne); e) the Mediterranean Sea basin (together with the Black 
and Azov Seas) - 16 rivers (Ebro, Rhone, Danube, Dnieper, Don, Dniester, Desna, Siverskyi Donets, Khoper, Tisza, 
Sava, Kuban, Southern Bug, Pripyat, Po, Maritsa ). 

With significant water content, the rivers of Northern, Western and Southern Europe are characterized by a 
small length and basin area. This is due to the relatively small area of the territory of Europe, its strong horizontal 
dissection and the frequent alternation of mountains and plains. On the expanses of the East European Plain, rivers 
get the opportunity to develop a catchment area and a channel network. Therefore, among the largest rivers in 
Europe, whose basin area exceeds 50 thousand km

2
, the rivers of Eastern Europe account for more than 60%. 

An important feature of European rivers is the transboundary nature of their basins. Among the huge rivers, 
with a catchment area of more than 50 thousand km

2
, transboundary rivers account for 51%. 

In Europe, there are about 16 thousand lakes with a surface area exceeding 1.0 km
2
. Three quarters of the 

continent's lakes are located in Norway, Sweden, Finland and the Karelian-Kola part of Russia, and are of glacial-
tectonic origin. The largest in Europe Ladoga (area 17700 km

2
) and Onega (9720 km

2
) lakes are located in Eastern 

Europe (north-western part of Russia) and significantly exceed other European lakes in size. The deepest lake in 
Europe is Lake Hornindalsvatnet (Norway) - 514 m. 

In Europe, about 7,000 large reservoirs have been created with a total area of more than 100 thousand km
2
, 

of which 50% is the area of reservoirs in the European part of Russia. Among the 13 European reservoirs with an 
area of more than 1000 km

2
, a dozen are located in Russia, two (Kremenchug Reservoir and Kakhovka Reservoir) 

are in Ukraine, and one (IJsselmeer) is in the Netherlands. The states with the largest number of reservoirs are Spain 
(about 1200) and Ukraine (about 1050). Other countries with a large number of reservoirs are Turkey (610), Great 
Britain (570), Italy (570), France (550), Norway (360), Russia (250) and Sweden (190). 

Key words: hydrography, rivers, lakes, reservoirs, Europe.  
 

ʅʘʜʽʡʰʣʘ ʜʦ ʨʝʜʢʦʣʝʛʽʾ 09.11.2022  

https://www.worldatlas.com/lakes/10-largest-lakes-in-europe.html
https://www.worldatlas.com/lakes/10-largest-lakes-in-europe.html
https://www.worldatlas.com/rivers/major-rivers-of-europe.html
https://www.worldatlas.com/rivers/major-rivers-of-europe.html
https://doi.org/10.3390/w14091499
http://www.agile-online.org/
https://water.europa.eu/freshwater/europe-freshwater/freshwater-themes/water-resources-europe
https://water.europa.eu/freshwater/europe-freshwater/freshwater-themes/water-resources-europe


ISSN:2306-5680  ɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʽ ʛʽʜʨʦʝʢʦʣʦʛʽʷ. 2022. ˉ 4 (66) 

 
 17 

ɻɯɼʈʆʃʆɻɯʗ. ɺʆɼʅɯ ʈɽʉʋʈʉʀ_________________________________ 
 
 
 
 
 

DOI: https://doi.org/10.17721/2306-5680.2022.4.2  

UDC 556.537:551.4 
 
Szatten D., Herman O., Tňgowska N.  
Kazimierz Wielki University, Poland 

 
FUNCTIONALITY OF SPATIAL ANALYSIS IN THE ASSESSMENT OF THE IMPACT OF 

LAND COVER ON THE EROSION PROCESS PREDICTION 
 

Erosion is a process shaping the earth's surface, responsible for supplying sediment to the fluvial system. 
Identification of areas vulnerable to erosion is a critical element of sediment management in the catchment, enabling 
the assessment of the degree of its degradation. The research was based on the use of spatial data, Digital Terrain 
Model (DTM), and Corine Land Cover (CLC) on the example of two sub-catchments located on the lower Brda River. 
The main aim of the research was to assess the impact of land cover on the spatial prediction of the erosion process 
at the catchment scale. The Maximum Entropy Method was used to determine the spatial probability distribution of 
environmental variables related to the erosion process. Results showed the greatest predictive power of relief-related 
environmental features, associated with specific types of land cover. Predictive models can be successfully used to 
predict areas potentially exposed to erosion. 

 

Keywords: erosion; Maximum Entropy Model; prediction; Corine Land Cover (CLC); spatial analyses; Brda 
River catchment 

 
Introduction. As is commonly known, erosion is a natural process that modifies the relief 

of the Earth surface. The second component of the changes is the transformations of the terrain 
resulting from human activity. Erosion and sediment yield depend on several factors, related to 
geological, lithological, topographic, climatic, etc. conditions (Guerra et al., 2017). Hydrological 
responses related to erosion processes in the catchment scale also depend on land use and 
vegetation (Siriwardena et al., 2006). Understanding the erosion process enables sustainable 
sediment management at the catchment scale. 

Geographic Information Systems (GIS) tools enable remote control of environmental 
processes, including the erosion process. In addition, the use of models enables a better 
understanding and forecasting of processes taking place in the environment. Soil erosion 
prediction models are classified into two groups: empirical and physical process-based models. 
The most commonly used are The Universal Soil Loss Equation (USLE) (Wischmeier and 
Smith, 1978), The Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1997), and 
Erosion Potential Method (EPM) (Amiri, 2010), etc. They achieve the best results on small 
scales, while their wider application for large areas is difficult (Merritt et al., 2003). Stochastic 
models based on presence/absence factors with environmental variables are not commonly 
used in erosion process research. It is a user-friendly tool, using the ROC (receiver operating 
characteristics) curve, enabling the study of a large area in a relatively quickly. 

The main aim of the research was to assess the impact of land cover on the prediction of 
the erosion process on the example of two sub-catchments of the lower Brda River. In the 
research, spatial data were used: a Digital Terrain Model (DTM), and a database of the 
European land cover system - Corine Land Cover (CLC). The primary research hypotheses 
were: (i) relief in connection with the type of land cover, mainly determines the probability of the 
erosion process, (ii) local conditions strongly modify the sources of supply, transport paths, and 
deposition of eroded sediment in the catchment; (iii) predictive models enable a qualitative 
assessment of the erosion process at the catchment scale. To verify the assumed hypotheses, 
the Maximum Entropy Model tool was used, to determine the predictive power of environmental 
variables. The conducted research is significant from the point of view of the possibility of using 
new tools in the qualitative determination of the circulation of sediment in the catchment scale. 
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Study area. The Brda River catchment amounts to 4661 km2 and a length of 245 km 
(Map, 2007), which is a lowland tributary of the Vistula River (Poland). The geomorphological 
genesis of the catchment is related to the accumulation stage of the last glaciation (Galon, 
1953). The Brda valley is built of different-grained sands, surrounded by moraine uplands. The 
Brda River catchment is intense modified by hydrotechnical structures: dams ï Mylof Reservoir 
in the middle course of the river, and Lower Brda Cascade (Koronowo, Tryszczyn, Smukağa 
reservoirs) in the lower course (Szatten et al., 2018). At the same time, the hydrological regime 
of the estuary section of the Brda River, due to hydrotechnical works started in the Middle Ages 
- weirs, sluices, and canalization, is strongly transformed (Szatten, 2022). 

The study area is two sub-catchments located in the lower part of the Brda River. 
Considering the physical-geographical regionalization of Poland (Solon et al., 2018), the Z1 
catchment is located in the Southern Pomerania Lakeland macroregion (314.6-7), on the border 
of two mesoregions: Southern Krajna Lakeland (314.74) (western part), and the Brda River 
Valley (314.72) (eastern part). However, the catchment area Z2 is located within the Southern 
Pomerania Lakeland macroregion (314.6-7) (the northern part of the catchment), the 
mesoregions: Brda River Valley (314.72) and świecie Upland (314.73), and the ToruŒ-
Eberswalde Ice Marginal Valley macroregion (315.3), mesoregion ToruŒ Basin (315.35). Their 
choice results from intense morphometric and land cover diversity. In the case of the C1 
catchment, 9 types of land cover were distinguished, while in the C2 catchment, 15 types of 
CLC were defined (Figure 1). The C1 catchment area ï Brda River below the Koronowo 
Reservoir, amounts to 29.38 km2. The area is dominated by non-irrigated arable land (type CLC 
2.1.1) covering 20.31 km2 of the catchment area (69%). The C2 catchment area ï the estuary 
part of the river within the city of Bydgoszcz, amounts to 111.79 km2. The land cover of this 
catchment is dominated by coniferous forest (type CLC 3.1.2) 42.91 km2 (38%), and 
discontinuous urban fabric (type CLC 1.1.2) 24.33 km2 (22%) (Fig. 1). 
 
 

A        B 
 

 
Fig. 1. Corine Land Cover (CLC) of the Brda River sub-catchment area: C1 (A), and C2 (B). 

 
Materials and methods. The input data was a Digital Terrain Model (DTM) obtained from 

the resources of the Head Office of Geodesy and Cartography in Poland. Data in ASCII format 

file in the 1992 coordinate system, with a horizontal resolution of 1 x 1 m, and a vertical pixel 

accuracy of 0.1-0.25 m. The Corine Land Cover 2018 data was obtained from the resources of 

the Copernicus Land Monitoring Service (CLMS). According to technical assumptions, CLC 

uses a Minimum Mapping Unit of 25 ha for area phenomena and a minimum width of 100 m for 

linear phenomena (Heymann, 1994). 

Spatial analyzes in QuantumGIS (v.3.4.12), and SAGA software (Conrad et al., 2015) 

were performed. Based on the Map of the hydrological division of Poland (2007), a sub-

catchment for further research was identified. DTM was preprocessed using the Fill Sink 
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formula (Planchon and Darboux, 2002), and then selected geoprocessing tools to determine 4 

basic spatial parameters were used: LS-Factor - LSF (Moore et al., 1991), Melton Ruggedness 

Number - MRN (Marchi and Fontana, 2005), Stream Power Index - SPI (Moore et al., 1991) and 

Topographic Wetness Index - TWI (Sßrensen et al., 2005). 

The spatial probability distribution for the four environmental variables for the analyzed 

sub-catchments was determined using the Maximum Entropy Method (Phillips et al., 2006). The 

method is based on the Gibbs distribution and has been successfully used in environmental 

research (Kornejady et al., 2017; Bosino et al., 2020; Szatten and Wiňcğaw, 2021; BrzeziŒska et 

al., 2021). The dependent variables for the two studied sub-catchments were 10,000 random 

presence/absence background points, according to the basis defined by Phillips and Dudik 

(2008). The model was randomly validated, using it as a training sample (80% of data) and test 

sample (20% of data). The results define the percentage share of environmental variables in the 

model, using the AUC (area under curve) values, which determine the model's effectiveness. 

According to the criterion introduced by Hosmer and Lemeshow (2000), AUC>0.7 indicates 

acceptable model results, 0.8<AUC<0.9 indicates an excellent probability, and AUC>0.9 

indicates an outstanding prediction. 

Results and discussion. Results of spatial analyses of environmental variables allow for 

characterizing the study area in terms of the erosion process. The first one, the slope-length 

factor (LSF) is a commonly used indicator of erosion, proposed by Wischmeier and Smith 

(1978) in the USLE model. For C1 it assumes values in the range from 0.00 to 7.22 (average 

0.29), and for C2 in the range from 0.00 to 18.49 (average 0.17). In the case of both analyzed 

catchments, the LSF maximum values are related to the area of the river valley edges, for C1 - 

the Brda River valley, and for C2 - the marginal zone of the moraine plateau (Fig. 2). A similar 

spatial distribution for the second analyzed index MRN (Fig. 2) is observed. Index described a 

flow accumulation index, related to terrain relief (Melton, 1965). For C1 it assumes values in the 

range from 0.00 to 2.75 (average 0.21), and for C2 in the range from 0.00 to 2.39 (average 

0.28). The research of Saha et al. (2019) also shows that relief variability is strongly related to 

susceptibility to soil erosion in the catchment. The next indicator is SPI, which determines the 

erosive power of flowing water (Moore et al., 1991). For C1 it assumes values in the range from 

0 to 45979 (average 796), and for C2 in the range from 0 to 171003 (average 41). Linking the 

value of the SPI with the water surface slope makes it possible to characterize the ability to 

sediment transport, indicating that C2 has a much lower potential (Fig. 2), due to the regulated - 

canalized water regime of the river channel (Szatten, 2016). The SPI index was also included in 

the research of Pournader et al. (2018), where the prediction results of the Maximum Entropy 

Method indicated it as significant in the preparation of erosion susceptibility maps. The last 

indicator ï TWI describes a potential generation of runoff (Sßrensen et al., 2005) and indicates 

a potential area of sedimentation. This indicator has been successfully used in determining the 

potential erosive power of the surface runoff in the small catchment (Bosino et al., 2022). For 

C1 it assumes values in the range from 5.29 to 20.88 (average 9.46), and for C2 in the range 

from 4.49 to 23.17 (average 10.21). The spatial distribution of the maximum TWI values for the 

C1 catchment indicated the upper areas as potential areas of supply of eroded sediment, and 

the bottom of the Brda River valley as an area of sediment accumulation (Figure 2). However, in 

the case of the C2 catchment, the environmental variable indicated the potential path of the 

sediment transport associated with surface runoff (Fig. 2). 

Depending on the type of CLC, the percentage share of the tested environmental 

parameters in the Maximum Entropy Model had a unique distribution. The dominant 

environmental variable identified by the model was the MRN for both analyzed catchments (Fig. 

3). Depending on the type of CLC, the maximum percentage in the model was 88.01% for CLC 

2.1.1 (catchment C1), and 96.59% for CLC 3.2.4 (catchment C2). The average MRN value in 

the model was 49.03% for the C1 catchment, and 63.81% for the C2 catchment. The other 

three environmental variables had significantly smaller contributions to the model results (Fig. 

3). The average model shares for LSF, SPI, and TWI were respectively 19.70% (C1) and 12.62 

(C2), 11.66% (C1) and 9.28% (C2), 19.61% (C1) and 14.29% (C2). 

 



 ISSN:2306-5680  Hydrology, Hydrochemistry and Hydroecology. 2022. ˉ 4 (66) 

 
 20  

 
C1      C2 

a  

b  

c  

d  
 
Fig. 2. The spatial image of morphometric characteristics of the study area catchment: C1, 

C2 ï analyzed sub-catchments; a ï LSF, b ï MRN, c ï SPI, d - TWI. 
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A      B 

 
Fig. 3. Percentage of the dominant parameter in Maximum Entropy Model in the examined 

sub-catchments (C1 - A, and C2 - B) for selected CLC types. 
 

In the case of the C1 catchment, the spatial distribution of the model results indicates 
that the areas with AUC>0.9 are the edge zone of the Brda River valley (type CLC 3.1.1), and 
the fragmentarily sandur area (type 2.3.1) (Fig. 4). The total area of the C1 catchment 
corresponding to the value of AUC>0.9 is 0.64 km2. Areas with lower predictive power 
(0.7<AUC<0.9) are unevenly distributed for other types of CLC, most concentrated for CLC 
2.4.3 located in the bottom of the Brda River valley. 

 

A      B 

 
Fig. 4. Spatial differentiation of AUC values for Maximum Entropy Model in examined 

catchments: A ï C1, B ï C2. 
 

For the C2 catchment, the spatial distribution of the model results indicates that the 
areas with AUC>0.9 are fragmentary edge zone (southern) of the moraine plateau (type CLC 
1.4.1), fragmentary edge zone (north) of the moraine plateau (type 2.4.3) and partly the edge 
zone (northern) moraine plateau covered by forest (type 3.1.1) (Fig. 4). The total area of the C2 
catchment corresponding to the value of AUC>0.9 is 2.56 km2. Areas with lower predictive 
power (0.7<AUC<0.9) are unevenly distributed for the remaining types of CLC, most 
concentrated within the narrow valley of the Brda River. 
Conclusion. Based on the results of the conducted research on the assessment of the impact 
of the catchment area land cover on the prediction of the erosion process, using the Maximum 
Entropy Method, the following conclusions can be drawn: 

1. The lithological, and hydrological characteristics of the catchment determine its erosion 
potential to a large extent. In the case of the studied catchments, the diversification of the 
terrain relief showed the highest predictive power in the model. Among the studied indicators, 
the MRN showed a positive correlation with the potential sources of sediment supply from the 
catchment. The impact of local morphological conditions of the catchment, which intense modify 
the sources of supply, transport paths, and deposition, should be taken into account. 

2. The modeling results related to the types of CLC: 1.4.1, 2.3.1, 3.1.1, link with the local 
characteristics of the independent environmental variables (LSF, MRN, SPI, TWI) showed the 
highest predictive power, illustrated by the value of AUC>0.9. 
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3. The conducted research showed the need to implement predictive models, including the 
Maximum Entropy Method, in the qualitative assessment of the erosion process and the 
circulation of sediments at the catchment scale. These tools can be successfully used to predict 
areas potentially exposed to denudation, considering the variable land cover, to determine the 
directions of anti-erosion protection in the catchment. It is a tool for sustainable sediment 
management in the catchment. 
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ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʝʨʦʟʽʾ 

ʉʞʘʪʪʝʥ ɼ., ɻʝʨʤʘʥ ʆ., ʊʝʥʛʦʚʩʴʢʘ ʅ. 
ɽʨʦʟʽʷ ð ʮʝ ʧʨʦʮʝʩ, ʱʦ ʬʦʨʤʫʻ ʟʝʤʥʫ ʧʦʚʝʨʭʥʶ, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʥʘʜʭʦʜʞʝʥʥʷ ʥʘʥʦʩʽʚ ʜʦ ʨʽʯʢʦʚʦʾ 

ʩʠʩʪʝʤʠ. ɺʠʷʚʣʝʥʥʷ ʟʦʥ, ʚʨʘʟʣʠʚʠʭ ʜʦ ʝʨʦʟʽʾ, ʻ ʢʨʠʪʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʫʧʨʘʚʣʽʥʥʷ ʥʘʥʦʩʘʤʠ ʫ ʚʦʜʦʟʙʽʨʥʦʤʫ 
ʙʘʩʝʡʥʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ ʾʭ ʜʝʛʨʘʜʘʮʽʾ. ɼʦʩʣʽʜʞʝʥʥʷ ˇʨʫʥʪʫʚʘʣʦʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 
ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ (DTM) ʽ Corine Land Cover (CLC) ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʭ ʚʦʜʦʟʙʽʨʥʠʭ 
ʙʘʩʝʡʥʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʥʠʞʥʽʡ ʪʝʯʽʾ ʨʽʯʢʠ ɹʨʜʘ. ʆʩʥʦʚʥʦʶ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 
ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ ʥʘ ʧʨʦʩʪʦʨʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʝʨʦʟʽʾ ʚ ʤʘʩʰʪʘʙʽ ʚʦʜʦʟʙʦʨʫ. ʄʝʪʦʜ 
ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʧʨʦʩʪʦʨʦʚʦʾ ʡʤʦʚʽʨʥʦʩʪʽ ʟʤʽʥʥʠʭ 
ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʮʝʩʦʤ ʝʨʦʟʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ ʥʘʡʙʽʣʴʰʫ ʧʨʦʛʥʦʩʪʠʯʥʫ 
ʜʽʶ ʦʩʦʙʣʠʚʦʩʪʝʡ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʦʚôʷʟʘʥʠʭ ʟ ʨʝʣʴʻʬʦʤ, ʪʘ ʟ ʢʦʥʢʨʝʪʥʠʤʠ ʪʠʧʘʤʠ 
ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʇʨʦʛʥʦʩʪʠʯʥʽ ʤʦʜʝʣʽ ʤʦʞʥʘ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʡ, 
ʧʦʪʝʥʮʽʡʥʦ ʩʭʠʣʴʥʠʭ ʜʦ ʝʨʦʟʽʾ. 
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WATER EROSION POTENTIAL OF THE CONGO RIVER IN THE STANLEY-POOL BAY 

 

In this paper, a scientific study on the understanding of the erosion and transfer processes of suspended 
solids or sediments from the Congo River into the Stanley-Pool Bay was conducted. For this purpose, a treatment of 
rainfall data over three decades (1990-2020), parameters influencing the process of erosive dynamics leading to the 
realization of the water erosion map using the Universal Soil Loss Equation (USLE), was done. Using open access 
spatial data and GIS, this USLE model allowed quantifying the rate of material transported over the three decades: a 
spatialization of erosion risks on the right bank of the Congo River, notably in the Stanley-Pool Bay, a topography 
dominated by steep slopes up to 10%, a high erosivity and erodibility and a low soil protection were revealed.  

Finally, the results of the study show that about 40% of the study area is subject to soil loss. The erosion risk 
is very severe despite the vegetation cover.  

 

Key words: Solid transport, sediments, modelling, models, Stanley Pool, Congo River. 

 
Introduction.  The Congo River is the longest river in Africa (4,700 km) after the Nile, the 

second longest in the world after the Amazon in terms of flow (41,000 mįs-1) and has a basin 
area of 3.7 million kmĮ at its mouth. It serves as a border in its upper part between the Republic 
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of Congo (Brazzaville side) and the Democratic Republic of Congo (Kinshasa side) and in its 
lower part between Angola and the Democratic Republic of Congo (Boma and Matadi) in Bas-
Congo. Understanding how it works is therefore crucial in the 21st century when water is a 
major issue for Africa. 

Despite the proliferation of agreements and conventions on the environment (RIO+20 in 
Brazil), it is difficult, especially for African countries, to follow up on the implementation of the 
decisions of these conventions at the local level; for example, the desilting of large basins such 
as the Congo River basin. 

Upstream of the two capital cities of the Republic of Congo and the Democratic Republic 
of Congo, Brazzaville and Kinshasa, lies the Stanley Pool (Mbamou Island), a vast depression 
21.4 km long and 12.6 km wide on average, marked in the dry season (from June to August, 
sometimes until September depending on the year) by imposing sandbanks. Recent scientific 
hypotheses in the field also highlight the accentuation of erosion problems of an anthropic 
nature that affect the slopes and banks around the Stanley Pool and in the vicinity of 
Brazzaville. These problems considerably aggravate the silting up of the navigation channels of 
the Brazzaville River Port. 

      Numerous studies carried out at the Stanley Pool in Brazzaville and other scientific 
documents have shown that the Congo River is increasingly experiencing, in the middle part of 
its course, active sedimentation due to a significant transport of suspended matter, the volume 
of which seriously disrupts, in the dry season, port activities at the level of the Ubangi and also 
at the level of Brazzaville in the bay of the Stanley Pool, and more specifically at the 
Autonomous Port of Brazzaville. Studies have revealed that river navigation on the Ubangi 
River has become almost impossible for more than 200 days per year since 2002 due to a 
longer annual low water period. 

In Brazzaville, in the Stanley Pool, at the Autonomous Port, since the extension works 
undertaken in 1975, this port has been confronted with the problems of sediment deposits 
(imposing sandbanks) like those of the Oubangui, thus disrupting its river traffic, the only means 
of transporting people and goods to connect the cities and countries drained by this vast 
hydrographic network (the Congo River basin). Indeed, solutions must be found because the 
economic, social and cultural impacts on the local activities of the Port, but also on the hydric 
and biological balance of the Congo River, are very considerable. Water and soil are a 
necessary capital for human beings. Soil is a resource that renews itself very slowly (even on a 
millennial scale) and in semi-arid areas the soil is washed away by water, this is called water 
erosion [1]. The combined action of rain and runoff sometimes leads to irreversible soil loss, and 
water erosion is considered one of the causes of soil degradation [2]. On the right bank of the 
Congo River, for several years silting has disrupted port activity and caused economic 
disruption. Until now, the Maintenance Joint Service of Waterways of the Autonomous Port of 
Brazzaville has been dredging in some places to temporarily facilitate traffic.  

With a view to finding sustainable solutions, several studies have been carried out: the 
quantification of matter in the Congo River by Spronck [3], the first to quantify matter in solution 
(82mg/l), i.e. an export of 106x106 tons/year. Symoens [4] quantified the transport of dissolved 
mineral substances on an annual basis at 46.5x106 tons/year in 1968, then 35.5x106 tons/year 
in 1980. In order to refine certain results, during a five-year period (1987 to 1992), the solid and 
dissolved matter transport of the Congo River was measured monthly at the surface, making it 
possible to evaluate the solid flow of the river [5]. During this study period, the Congo River had 
a flow of 37700 m3/s, allowing an average export of 91.8 x106 tons of material distributed as 
7.9x106 tons of dissolved matter (DM). The 12% of TSS is made up of particulate organic matter 
(POM) and 29.5% of dissolved matter (DM). The rest of the load corresponds respectively to 
particulate mineral matter (88% of TSS) and dissolved matter (70.5% of DM). Compared to the 
world's major rivers, this interannual average concentration of these transports (76.2 mg/l) is 
low. Laraque and al. [6] estimate that in this year the Congo River transported 26.3 ton/km2 
/year with an average runoff of 120 mm [7] and a liquid flow of 41,700 m3 /s [8]. The total 
distribution of this solid transport at the main station of Brazzaville, which controls more than 
95% of the total basin area, shows that 30.6x106 tons of solids are transported per year. All 
assessments made on the Congo River at the Stanley Pool were made in a global and sporadic 
way. Kinga-Mouzeo [9], reiterating earlier results, estimates that the average annual tonnage of 
suspended exports is 40.56x106 tons. Molinier [10] carried out a series of monthly samples from 
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January 1978 to February 1979. At the same time he tried to diversify the sampling points on 
the measurement sections. The results of his work are very interesting since they show that the 
values of the contributions in suspension vary in a significant way between the surface and the 
bottom, contrary to the dissolved contributions which are approximately identical along a 
vertical.  

Several studies are being conducted to solve this problem without taking into account the 
relationship between various phenomena, namely (i) water erosion which carries the material 
into the Congo River, (ii) the different materials transported by the river current according to 
three modes of transport, (iii) as well as the interaction between the minor bed which is the 
place of deposition of the suspended material which, when the flow velocity decreases in certain 
places, is deposited to form sandbanks, and the major bed which transports the material. 

This study is a contribution to sustainable solutions for the silting problem in the 
Autonomous Port of Brazzaville. Using satellite data from the Djiri, Tsieme,Lifoula, la Lefini and 
BRAZZAVILLE stations, the study uses hydrological modelling (Fig. 1) to estimate the rate of 
material transported by the Congo River on the right bank over three decades (1990-2020). 

MATERIALS AND METHODS  
Presentation of the study area.  The Congo Basin (Fig. 1), with a length of 4700 km, 

drains a watershed with a surface area of 3,700,000 km2 covering a large part of Central Africa, 
with a high density hydrographic network and a slope of about 0.033% allowing water runoff. 

Several projects have been initiated to understand the hydrological, hydrogeological and 
hydroclimatic functioning of the Congo Basin [11]. The Stanley Pool at its entrance constitutes a 
control threshold for the Maluku limnimetric station. 

At this point in the river, the flow undergoes a variation due to the widening of the straight 
section of the river. A second natural sill can be observed at the exit of the rapids which controls 
the scales of the Brazzaville Beach. The surroundings of the Stanley Pool are very permeable 
to water infiltration, thus characterizing the rich potential of the groundwater in the vicinity of the 
Stanley Pool; the increasing distribution of clays from the mainland to the river increases a 
decrease in the permeability of the soil in the vicinity of the Stanley Pool. In the area around the 
Stanley Pool, where the slab is absent, the sandy plateau and the Stanley Pool sandstone form 

a thick, permeable mass, which is favorable to the deep infiltration of rainwater. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Hydrographic 
network of the study area 

 

 
Materials: data and software used. The data (Table 1) are processed in a multi software 

platform (Arc Gis 10.4.1 and MS Excel 2010), in order to elaborate a very rich database 
allowing the manipulation, the update of these data, as well as the visualization. 
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Table 1. Data and software used 

 
Presentation of the model. Erosion is a multiplicative function of rainfall erosivity (the R-

factor which is the potential energy) multiplied by the resistance of the environment, which 
includes the K-factor (soil erodibility), LS (the topographical factor), C (the vegetation cover and 
cultivation practices), P (takes into account the anti-erosion practices) These different factors 
control: climatic aggressiveness, soil erodibility, slope inclination and length, land use and 
erosion control practices [12 , 13]: 

 

A R LS K C P= ³ ³ ³ ³,                                                (1) 
 

where: A is the annual rate of soil loss in ton/ha/year, R is the rainfall erosivity factor, K is the 
soil erodibility, LS is a dimensionless factor representing slope (S in %) and slope length (L in 
m),  C is a dimensionless factor representing the effect of vegetation cover,  P is also a 
dimensionless factor that accounts for erosion control techniques such as contour ploughing. 

RESULTS 

R-factor. The R-factor (Erosivity in ton/ha/year) is calculated as follows:  

0.5 1.73R P= ³ ³                                                       (2) 
 

With: P: Annual precipitation in (mm). Using average annual precipitation in (mm) from different 
regions in and around the study area. 

 

 
 
 
 
 
 
 
 
 

Fig. 2. Rerosivity factor Map 

 

 

Soil erodibility factor K. The soil erodibility factor K expresses the sensitivity of the soil 
to water erosion. We evaluated the K index of the different soil types using the equations of 
WILLIAMS [15] and using the Digital Soil Map of the World (DSMW). Processing this map in 
ArcGis gave us the rates of different soil types; sand, clay, silt and organic matter. The soil 
erodibility factor was calculated by the formula of WILLIAMS [15]: 
 

  csand cl si orgC hisandFACTOR K f f f f-= ³ ³ ³ ,                                         (3) 

where: csandf : is a factor that lowers indicator K in soils with high coarse sand content and 

higher for soils with some sand, cl sif - : gives low soil erosion factors for soils with high rates of 

silt clay,
orgCf : reduces K values in soils with high organic carbon content, hisandf : lowers the K-

values for soils with extremely high sand content. 

NÁ Documents and download platforms Software Logiciels 

1 
Digital Terrain Model, Image Shuttle Radar Topography Mission (SRTM) of 30 m 
resolution of 2014 
Obtained from the website :  http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp.  

Arcgis 
10.4.1. 
MS  
 
 
 
Excel 
2010 
 

2 
Carte num®rique du sol du monde ç Digital soil maps of the world (DSMW), 
Obtained from the website:  
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116  

3 
LANDSAT 8 OLI satellite image of 14/08/2019 with 30 m resolution  
Precipitation recorded at the Brazzaville station between 1990 and 2020  
Obtained from the website: https://gis.ncdc.noaa.gov/maps/ncei/cdo/alltimes  

http://srtm.csi.cgiar.org/SELECTION/inputCoord.asp
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116
https://gis.ncdc.noaa.gov/maps/ncei/cdo/alltimes
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These three equations allowed the calculation of the K-factor, the results are 
represented.The calculated K values were interpolated using an IDW interpolation method on 
ArcGis 10.4.1 The values of the K index in the study area (Fig. 3) range from 0 to 0.1, showing 
the fragility of the soils susceptible to erosion. The map obtained shows that more than half of 
the study area represents a high erodibility than the others. The rest of the area has relatively 
low values of the soil class showing almost no erodibility caused by the forest reserve.  

 

 

 
 
 
 
 
 
 
 

Fig. 3. Erodibility factor Map K 

 
Topographic factor LS. The topographic factor combines the effects of slope length (L) 

and slope steepness (S) on erosion. These two factors are calculated from the digital terrain 
model in Arcmap (Eq.4). 

( ) ( )
2  

0.065 0.0456 0.006541

NN
slopelength

LS slope slope
constant

å õè ø= + ³ + ³ ³æ öê úç ÷
,              (4) 

where: Slope = slope inclination (%), Slope length (m), Constant = 22.1 in Sys. Metric (72.5 in 
Imperial units), NN: see Table 2. 

 
Table 2 : NN Values 

Slope < 1 1 Ò slope < 3 3 Ò slope < 5 Ó 5 

NN 0,2 0,3 0,4 0,5 

 
The LS factor represents a ratio of soil loss under given conditions, the higher the slope, the 
greater the risk of erosion. In fact, upstream of the right branch of the Stanley Pool, the slope 
varies up to 0.1. At these locations, the risk of erosion is very noticeable (Fig. 4). 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Topographic factor map LS 

 

 

Vegetation cover factor C. Vegetation represents the effects of plants, soil cover, soil 
biomass and soil destructive activities in erosion processes. The determination of this factor is 
developed from the mapping of vegetation density on a satellite image (LC08 Landsat 8 OLI of 
14/08/2019 of 30 m resolution), the latter was analyzed on the Arcgis software platform (version 
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10.4.1) by calculating the NDVI (Normalized Difference Vegetation Index). Afterwards, we used 
equation (9) of Van der Knijff et al., [16]: 

2 NDVI
 

1 NDVI
FactorC exp

-å õ
= æ ö

-ç ÷
                                                 (5) 

The C-factor map, presented in Fig. 5, shows variant values between 0.407 and 1.097. 
These results show that these values correspond to a better protection of the soils and are 
favorable for forest formations where anthropic activities are low. 

 

 
 
 
 
 
 
 
 
 
 

Fig. 5. Vegetation cover factor 
Map 

 

 

Factor of anti-erosion practices P. In the case of the watershed, there are some anti-
erosion practices. Thus the factor P, referring to the reality of the field thanks to satellite images 
and the map in Fig. 6, has been assumed to be equal to 0.8. This map (Fig. 6) shows that about 
60% of the study area is relatively protected while the rest is exposed to very high water erosion 
risks. 

 

 

 
 
 
 
 
 
 
 
 
 

Fig. 6. Map of erosion control 
practices 

 

 
Water erosion rates. The multiplication of the different USLE parameters under ArcGis 

software is given by: 

             Water erosionrate R factor K factor LS factor C factor P factor= ³ ³ ³ ³ .              (6) 
 

The simulation yielded the erosion risk map (Fig. 7), informing on the erosion potential in 
t/ha/year per spatial unit (DTM pixel) at a few points of the watershed with values ranging from 0 
to 1381 tons/hectares/year. This map shows a clear spatial variability of water erosion risks 
within the study area. The right branch of the Congo River, which is a final spillway of the 
hydrographic network of the city of Brazzaville, is one of the causes.  
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Fig. 7. Soil loss map in 
(tons/ha/year) in the Watershed 

 

 
Conclusion. This study is based on the use of open access spatial data and GIS for a 

spatialization of erosion risks on the right bank of the Congo River, particularly in the Stanley-
Pool bay which is the study area. It showed that in this area of the Congo River, the topography 
is dominated by steep slopes up to 10%, the erosivity is high, the erodibility is high and the soil 
protection is low. In addition, the existence of an urban and agricultural area in the steep slope 
zone accentuates the risk of erosion at this location. The results of this study show that 
approximately 40% of the area is subject to soil loss. The risk of erosion is very severe despite 
the vegetation cover.  

The good management of the hydrographic network, the methods of soil survey by the 
installation of grass strips are better adapted to face the risk of erosion in this zone, the 
afforestation of the zones with weak vegetation cover and the support of the efforts undertaken 
by the population will make it possible to protect in a durable way this territory.  

The use of the USLE model, GIS techniques and open access multi-source data can be 
applied at a reasonable cost to map the risk of erosion at the territorial scale, the analysis of the 
variability of erosion intensity and the identification of priority areas for soil conservation in the 
Republic of Congo. 
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ʇʦʪʝʥʮʽʘʣ ʚʦʜʥʦʾ ʝʨʦʟʽʾ ʨʽʯʢʠ ʂʦʥʛʦ ʚ ʟʘʪʦʮʽ ʉʪʝʥʣʽ-ʧʫʣ 
ɹʦʥʝʨ ʄ ʅ., ɻʘʨʤʝʣʴ ʆ. ʆ., ʂʨʽʩʪʽʘʥ ʊ., ɼʴʻʜʦʥʥ ʄ. ʅ. ɻ., ɹʝʨʥʘʨ ʄ. 
ʋ ʮʽʡ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʥʘʫʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʽʚ ʝʨʦʟʽʾ ʪʘ ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʚʠʩʣʠʭ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ ʘʙʦ ʦʩʘʜʽʚ ʽʟ ʨʽʯʢʠ ʂʦʥʛʦ ʚ ʟʘʪʦʢʫ ʉʪʝʥʣʽ-ʇʫʣ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʦʙʨʦʙʢʫ ʜʘʥʠʭ 
ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʟʘ ʪʨʠ ʜʝʩʷʪʠʣʽʪʪʷ (1990-2020), ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ  ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʮʝʩ ʝʨʦʟʽʡʥʦʾ 
ʜʠʥʘʤʽʢʠ, ʱʦ ʦʙʫʤʦʚʠʣʦ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʚʦʜʥʦʾ ʝʨʦʟʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʪʨʘʪ 
ˇʨʫʥʪʫ (USLE). ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʩʪʦʨʦʚʽ ʜʘʥʽ ʚʽʜʢʨʠʪʦʛʦ ʜʦʩʪʫʧʫ ʪʘ ɻɯʉ, ʮʷ ʤʦʜʝʣʴ USLE ʜʦʟʚʦʣʠʣʘ 
ʢʽʣʴʢʽʩʥʦ ʚʠʟʥʘʯʠʪʠ ʰʚʠʜʢʽʩʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʦʪʷʛʦʤ ʪʨʴʦʭ ʜʝʩʷʪʠʣʽʪʴ: ʨʦʟʧʦʜʽʣ ʨʠʟʠʢʽʚ 
ʝʨʦʟʽʾ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʂʦʥʛʦ, ʟʦʢʨʝʤʘ ʚ ʟʘʪʦʮʽ ʉʪʝʥʣʽ-ʇʫʣ,ʚ ʨʝʣʴʻʬʽ ʷʢʦʾ ʧʝʨʝʚʘʞʘʶʪʴ ʢʨʫʪʽ ʩʭʠʣʠ 
ʜʦ 10%, ʚʠʷʚʣʝʥʦ ʚʠʩʦʢʫ ʝʨʦʟʽʡʥʽʩʪʴ ʪʘ ʝʨʦʜʦʚʘʥʽʩʪʴ ʪʘ ʥʠʟʴʢʫ ˇʨʫʥʪʦʟʘʭʠʱʝʥʽʩʪʴ. 

ʅʘʨʝʰʪʽ, ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʙʣʠʟʴʢʦ 40% ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʽʜʜʘʻʪʴʩʷ 
ʚʪʨʘʪʽ ˇʨʫʥʪʫ. ʈʠʟʠʢ ʝʨʦʟʽʾ ʻ  ʜʫʞʝ ʚʝʣʠʢʠʤ, ʥʝʟʚʘʞʘʶʯʠ ʥʘʥʘʷʚʥʽʩʪʴ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʝʨʝʥʦʩ ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ, ʚʽʜʢʣʘʜʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʜʝʣʽ, ʙʘʩʝʡʥ ʉʪʝʥʣʽ, ʨʽʯʢʘ 
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APPLICATION OF HEC-RAS MODEL TO ANALYZE OF SEDIMENT TRANSPORT DYNAMIC 
PRE AND POST CONSTRUCTION OF FALL STRUCTURES  

AT LOWER NARA CANAL OFF-TAKING FROM UPPER NARA CANAL,  
SUKKUR BARRAGE, INDUS RIVER, SINDH, PAKISTAN 

 
This paper presents the research study using the HEC-RAS model to evaluate sediment dynamic problems in 

lower Nara canal pre and post-construction of fall structures at RD-77 and 101 respectively which is a major tributary 
of upper Nara canal that off-takes from Sukkur barrage on the left bank of Indus River. As a result, the hydraulic 
model has computed longitudinal and cross-section, velocity, water surface profiles, and sedimentation dynamics. 
Sediment transportation without fall structure is aggradation (5.75 ft and degradation (4.50 ft) and with fall structure 
aggradation (4.25 ft) and degradation (2.75 ft) respectively. Sediment transportation without fall structure is 
aggradation 500,000 tons and degradation 225,000 tons and with fall structure aggradation 155,000 tons and 
degradation 125,000 tons. Sediment transportation without fall structure is degradation 600,000 tons and with fall 
structure is aggradation 110,000 Tons and degradation 165,000 Tons. Sediment transportation without fall structure 
is aggradation 1,750,000 Tons and with fall structure is aggradation 1,300,000 Tons. Hence the results of the model 
revealed that aggradation at u/s and degradation at d/s of fall structures that is a true representation of the behavior 
of fall structures. Whereas, the section is wider than aggradation occurred and degradation is experienced in narrow 
sections in both scenarios (with and without fall structures). The positive impact of constructed fall structures was 
analyzed on the morphology of the canal. Hence, the construction of fall structures are essential at the change of 
country/steeper slope to avoid unnecessary erosion. 

 

Key words: HEC-RAS model, lower Nara canal, Indus River, fall structure, sediment transportation, 
aggradation degradation. 
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Introduction. Large Rivers of World have been receiving Average suspended load 

annually, Amazon (1200 MT), Huanghe (Yellow) (1080 MT), Ganga-Brahmaputra (1060 MT), 
Changjiang (Yangtze) 480 MT, Mississippi, 400 MT, Irrawaddy, 260 MT. Indus, 259 MT with 
delta 29524 km 2 . Indus River receives sediment Load material from two origins: catchment and 
its banks and bed. It changes behavior and location with temporal, spatial varying channel 
dimension and pattern and frequently flooding. Morphology of Indus braided with high to low 
meanders, Reach of the river, where Sukkur barrage is located, has great variability of 
sediment. Prior to construction of barrages and dams the annual sediment load ranged from 
270 to 600 MT (Kimani,1993). Estimated Heavy Sediment load is about 200 MT per year in 
Tarbela reservoir. And about average 330 MT at Kotri d/s of Sukkur barrage (Karim, A. et 
al.,2000). Average annual sediment load in the Indus River at Sukkur was 360 MT during 1902 
to 1960. Average Sediment Load 0.715 MT per day, Thus approximately 260 MT per Year 
(Feasibility of Study Sukkur, 2006). Rivers are affected by natural and human factors; rivers 
usually undergo severe erosion on bed or banks, sedimentation and sectional movements. 
These factors caused dramatic changes to rivers in long run leading to what is known as 
geomorphological changes. One of the key topics in river engineering is to investigate river 
morphology that describes the river geometry, bed shape and longitudinal profile, cross-
sections and changes of river shape (Van Rijn, L.C., 1993, Graf, W.H., 1984). Sediment 
deposition is a culprit in the slow reduction of aquatic habitats and increased water velocity, 
which changes the morphology of rivers (Ehteram, Ghotbi et al. 2019)  

Silting of reservoirs and rivers is another important aspect of sediment transport, the 
storage capacity of reservoir is reduced by its silting, thereby, reducing its use and life. The 
design and execution of a flood control is chiefly governed by the peak flood levels, which in 
turn, depends on the scour and deposition of sediment. Firstly, the bed levels may change by 
direct scouring of deposition of sediment; and thereby changing the flood levels. Secondly, the 
scouring and silting on the river banks may create sharp and irregular curves, which increase 
the flow resistance of the channel, and thereby, raising the flood levels for the same discharge. 
The phenomenon of sediment transport causes large scale scouring and siltation of irrigation 
canals, thereby increasing their maintenance. Many poorly designed artificial channels get silted 
up so badly, then they soon become inoperable, causing huge economic loss to the public 
exchequer. The artificial channels should, therefore, be properly designed, and should not fail to 
carry the sediment load admitted at the canal head works. Sediment transport, thus, poses 
numerous problems, and is a subject of great importance, and possesses enough potential for 
further research and development. The sediment in a canal is a burden to be borne by the 
flowing water, and is therefore designated as sediment load. The sediment may move in water 
either as bed load of as suspended load. Bed load is that in which the sediment moves along 
the bed with occasional jump into the channel. While, the suspended is the one in which the 
material is maintained in suspension due to the turbulence of the following water 
(Santosh,2007). 

Laneôs principle provide visual approach to the interaction b/w the main variables of a 
river/canal water discharge, slope, and sediment load and sediment size. In this simplified 
qualitative the river tries to achieve its dynamic equilibrium by adjusting these four main 
variables. When reduction in water discharge (due to diversion, the river/canal will try to restore 
its equilibrium by deposing the excess of sediment load (aggradation) Lanceôs Balance 
(Raudikivi, 1993). 

The sediment particlesô movement incorporates two key dreg transport modes, bed and 
suspended load. The bed load which moves very near to the bed is of main concern. The 
sediment is transported by flowing water and/or it slides along the bed or bounces instantly over 
the bed. The bed load transport is accumulated when there is low velocity with stream heavier 
grain sizes. While suspended load occur more at higher stream smaller/lighter grain size moves 
along the bed and are kept in suspension with moving water (Susana, et al., 2011).  

Sediment transport capabilities have been added to the Hydrologic Engineering Centerôs 

River Analysis System (HEC-RAS). HEC-RAS can be used to perform sediment routing and 

mobile bed computations.  The existing in HEC-RAS to compute a series of steady flow 
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profiles used to develop hydrodynamic parameters for sediment transport. The result is a 

continuous simulation of the change in cross sections as sedimentation processes adjust to 

the hydraulic conditions imposed by the inflowing water- sediment hydrograph and the base 

level control boundary conditions. 

Sediment  routing  and  mobile  boundary  simulations  are  commonly  employed  in  
support  of various  U. S. Army Corpôs of  Engineer  missions. However, many of the core 
capabilities of HEC-6 have recently been incorporated into HEC- RAS, leveraging the robust, 
existing, hydrodynamic capabilities in RAS and providing helpful user interfaces for one 
dimensional sediment transport modeling. The study by Ghimire and De Vantier used a one-
dimensional HEC-RAS numerical model integrated with Arc-GIS to develop a sediment 
deposition model at the Olmsted Locks and Dam area (Ghimire GR et al., 2016). When flow 
velocity increases gradually over a sedimentary bed, the motion of sediments occur if the bed 
shear stress (available shear stress) induced by the flow exceeds a certain critical value of 
shear stress (Ahmad et al., 2011).  Flow regime is mainly impacted by interactions of diverse 
hydraulic and hydrodynamic forces. This leads to a dynamic river system and changing cross-
sections due to periodic sedimentation and erosion (Delphi, M., et al., .2010)  

Most of the canal network on Indus Basin Irrigation System (IBIS) is directly fed from 
rivers that may carry heavy sediment particles; heavy silt particles may settle down in canal 
beds which create serious operation and maintenance problems. Sediment flow in natural 
channels and rivers varies in several ways in irrigation canals. Though irrigation canals and river 
both are much similar at the same time there are also many variations such as the width ratio, 
sediments load, the hydraulics and dynamics (Galappatti, 1983). The design system of canals is 
adopted in such a way that most of sediment particles remain suspended and being distributed 
into off-taking canals to reach in irrigation fields. Despite this, these particles tend to settle down 
and become problem in canalsô operation and maintenance. Thus, frequent canalsô 
maintenance and de-siltation is required to keep the canal operational that cause an additional 
burden on national economy (Munir, 2011), 

Nara Canal off-takes from left bank of Sukkur Barrage located on Indus River. This canal 
reaches its tail after traversing a distance of about 119 canal miles (595RDs) from its head 
regulator. The Jamrao Weir/Head Regulator controls the flows into the Lower Nara Canal. Two 
canals namely Jamrao Canal and Jamrao Twin Canal off-take from the right side, as well as the 
Ranto Canal (which also feeds Chotiari Reservoir) off-takes from the Nara Canal on the left side 
at the Jamrao  canal (SIDA report 2015). 

The bed load logically is dependent on the local properties of the channel so that the most 
of sediment discharge formulae predict bed-load discharge. The bed load formula was chosen 
mainly because the forecast of suspended sediment transport is more difficult. Most of the 
sediment discharge formulas predict bed and suspended load discharge, because bed load is 
logically dependent on the local properties of the channel. The prediction of suspended 
sediment transport is more difficult since the transport at any cross section depend on the 
balance between the particles in suspension and their deposition from suspension over a long 
up stream reach. 

Irrigation canals receives high silt load directly from Indus River. Beside this, erosion in 
canal banks, scour bed as well as non-cohesive bed material further increase the problem.  
Design of canalsô system is made to sustain and maintain regime conditions as most of 
sediment particles remain in suspension and being distributed into tertiary canals to reach in 
agricultural fields. Sediment particles tend to settle down in canals due to wider sections having 
low velocity which create severe silt deposition resulting to reduce the water carrying capacity 
system. Canal requires de-siltation to keep section capable for taking design discharge which is 
very costly. To analyze dynamic sedimentation behavior and morphological conditions of the 
Lower Nara Canal. To analyze dynamic sediment transport impact on Lower Nara Canal profile 
after construction of Fall structures at RD-77 and RD-101 

Study Area and methodology of Using HEC-RAS Model. Study was carried out on 
Lower Nara canal which receive Water from main Nara canal which off-takes from Sukkur 
barrage on its left bank. Nara is the largest canal in Sindh, having length of 364 kilometers with 
its designed capacity of 13,602 cusecs. It behaves like a river and about two million acres of 

https://www.sciencedirect.com/science/article/pii/S111049291630011X#bib0005
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agricultural land is irrigated by this canal. The Upper Nara canal exhibits varying hydraulic 
gradient with wider and narrower sections at a number of locations. The major problems of the 
Nara canal are excessive quantities of silt delivered through the system due to erosion from the 
canal prism as a result of scouring at upstream or silt fed into the Nara canal system at the head 
regulator of upper Nara canal, and the reduced discharge provided to the lower Nara canal. The 
currently three fall structures were constructed (as shown in fig.1) along the Nara canal to 
stabilize the flow regime and curb the menace of silt deposition. One of these three fall 
structures is located at RD 550 of upper Nara canal, second and third at RD 70 and RD 110 
respectively of lower Nara canal. The study has also been carried out to find out and analyze 
dynamic sediment transport impact on Lower Nara Canal profile after construction of fall 
structures at RD-77 and RD-101. 
 

 
Fig.1. Shows Study area 

 

Sediment Transport. Used for calculation related to geomorphological changes in long 
run, erosion and sedimentation on river and canals bed, changes of roughness factor in 
floodplain in sediment management (Smadi-Boroujeni, et al. 2008). 

HEC-RAS Model. Sediment computations in HEC-RAS utilize one dimensional, cross-
section averaged, hydraulic properties from RASôs hydraulic engines to compute sediment 
transport rates and update the channel geometry based on sediment continuity calculations. 
This Hydrodynamic HEC-RAS model has been developed by Hydrologic Engineering Center of 
the US Army Corps of Engineers (USACE) which can perform: i) Unsteady flow analysis in 
Rivers/Channels; ii) Water Quality analysis, iii) Sediment Transport analysis, iv) Hydraulic 
Design functions regarding (barrages, bridges, spillways, culverts, weirs and drops) (Manual 
HEC-RAS, 2017). Geospatial capabilities have been added to the Hydrologic Engineering 
Centerôs River Analysis System (HEC-RAS) to allow the hydraulic engineer to more efficiently 
develop hydraulic models through visualization of model results and refinement of model 
geometry within a consistent modeling environment.   

Method for computing process using HEC-RAS Model: The fig.2 reveals that at initial 
stage data should collected for preprocessing. This data sets have been used/applied for 
running the Model for hydraulic simulation and further model has been calibrated and validated 
with Manning N values and computed the results. 
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Fig.-2 Shows computing process for application of HEC-RAS Model 

 
Input to the Model. Geometry Data: i) Design parameters of Hydraulic structures ii) 

longitudinal and cross-section survey of Canal. iii)  Remotely sensed freely available Digital 
Surface Model (DEM) The Digital Surface Model (DEM) has been downward and Cross-section 
Longitudinal section has been digitized as project area (sea fig.3). 

  

 
 

Fig.3. Shows Canal Profile and L-Section of Lower Nara RD 01-165 

 

Sediment Data: i) Initial conditions and Transport Parameters; ii) size distribution; iii) 
Gradation Curve.  

The data of sediment samples taken from the canal reach with discharge including grain 
sizes of canal bed and D50 as shown in table 1.  

 

Table1. Shows Discharge and sediment Concentration  

Canal 
Location 

 High Flow (July, 2014) Measurements Data 

 Sediment Concentration 

Q Clay Silt Sand Total 

RD Cusecs ppm ppm ppm ppm 

lower Nara 8+200 6,043 252 764 168 1184 
 

 

Location Low Flow (April, 2014) Measurements Data 

 
 

Sediment Concentration 

 

Q Clay Silt Sand Total 

(RD) Cusecs ppm ppm ppm ppm 

Lower Nara 8+200 2,882 41 303 166 510 
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Six different transport functions are currently available in RAS including Ackers and White 
(1973), Englund- Hansen (1967), Laursen (1958), Myer-Peter-Muller (1948), Toffaleti (1968), 
and Yang (1972). Total transport capacity is calculated by invoking the similarity hypothesis 
(Armanini, 1992 and Vanoni  1975  after Einstein, 1950) by dividing the sediment gradation 
curve into discrete size classes, independently computing a transport potential for each size 

class and then weighted by the relative abundance in the active layer. 
 

 

Fig. 4. Bed Material Gradation Curve 

 
Boundary Conditions. i) U/s Condition (Flow Series) ii) D/s Condition (Normal Depth) 

and iii) Gate Openings.  Flow specification for sediment transport computations currently follows 
the ñquasi-steadyò flow approach of HEC-RAS. An event or period of record is approximated 
by computing a series of steady flow profiles (Fig. 1). Each of these each steady flow profiles is 
then associated with a duration and transport parameters are generated at each crosssection. 
Usually, however, bathymetry updates are required more frequently than the flow increment 
duration, so a computational time step is specified. The geometry file is updated and new 
steady flow hydrodynamics are computed at the beginning of each computational time step.  

Results and Discussion. The Geometry data, Hydraulic Data and Sediment Data have 
been given to HEC-RAS of Model for computing hydraulic and discharge parameters such as 
total discharge maximum and minimum velocity water surface elevation flow width and Froude 
No. (see Fig.6) and Model has computed sediment transport.  

 

 

Fig.5. Hydrograph as boundary condition 
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Table 2.  Shows hydraulic parameters 

 
 
The fig.6 shows the water level/computed flow at RD-01.  This figure reveals the visual 

phenomenon regarding water level in cross section of channel.  
 

 

Fig.6. Computed Flow at RD-01 

 
The fig.7 shows the outflow in Lower Naran at Fall Structure (RD-77). While fig.8:  3-D 

view of Fall Structure in Lower Nara at RD-77. These figures are representing the flow behavior 
at fall structure in 1-D and 3-D. Hence, result of model are nice as technical and other 
stakeholders can understand easily phenomenon flow passing through hydraulic structures.  

 

  

 Fig.7. Computed Out Flow in Lower 
Naran at Fall Structure (RD-77) 

Fig.8. 3-D view of Fall Structure in 
Lower Nara at RD-77 
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Fig. 9. Profile of L-Section, without Fall 
Structures at RD-77 and Impact of Sediment 
Load 

Fig. 10. Profile of L-Section, Fall 
Structures at RD-77 & 101 and Impact of 
Sediment Load 

 

The Fig.9 Profile of L-Section, without Fall Structures at RD-77 shows that there is no any 
hydraulic drop in the channel before construction of fall structure, hence there is no any Impact 
on velocity and Sediment transport Load. Fig.10: Profile of L-Section, Fall Structures at RD-77 & 
101 which reveals the drop/cut off between upstream and downstream of fall structures. Hence. 
This phenomena has reduced velocity and sediment behavior in channel. 

The fig.11, 12 and 13 exhibit that there aggradation and degradation at upstream and 
downstream of fall structures. This development of aggradation and degradation is true 
representation of results of model. The Fig.14 Profile shows the maximum velocity without Fall 
Structure which is 6 ft /sec. The high velocity remained cause of erosion and scouring banks 
and bed respectively. 

 

    

Fig.11. Cross-section at u/s and d/s of 
Fall-Structure- at RD-77 showing aggradation 

Fig.12. Cross-section at u/s and d/s of Fall-
Structure- at RD-77 showing degradation 

  

Fig.13. Cross-section at u/s and d/s of 
Fall-Structure- at RD-77 showing aggradation 
and degradation 

 
Fig.14. Profile (without Fall Structure)   
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The fig.15 shows the maximum velocity has been reduced due to construction of fall 
structure from 6 ft/see to 3.75 ft/see. The construction of fall structures which have developed 
drop and reduced flow velocity and improve the sediment transport. Hence, model is giving 
good result regarding simulation flow at fall structures.   

 

 

Fig.15. Velocity Profile (with Fall Structure)  
 

The fig.16 shows the water surface in channel before construction of fall structures. The 
Water surface is changing with increasing discharge in the canal from RD-01 to 115. 

 

 

Fig.16. Water Surface (without Fall Structure)   

 
The fig.17 shows that water surface after construction of Fall structures. The Water 

surface in canal showing drop between fall structures which were constructed RD-77 and RD-
101. These structures have reduced water surface and maintenance the velocity of canal for 
developing the regime conditions.  

 

 

Fig.17. Water Surface (with Fall Structure) 
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Fig.18 shows Invert Change (Ft) Sediment transportation without fall structure is 
aggradation (5.75 ft and degradation (4.50 ft), while fig.19 reveals with fall structure aggradation 
(4.25 ft) and degradation (2.75 ft) respectively. 

 

 

Fig.18. Invert Change (Ft)  due to Sediment transportation (without Fall Structure) 

 

 

Fig.19. Invert Change (Ft) due to Sediment transportation (with Fall Structure) 
 

Fig.20 and 21 show Mass Bed Change Cum (Tons) Sediment transportation without fall 
structure is aggradation 500,000 tons and degradation 225,000 tons and with fall structure 
aggradation 155,000 tons and degradation 125,000 tons respectively. 

 

 

Fig.20. Mass Bed Change Cum (Tons) due to Sediment transportation (without Fall 
Structure) 
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Fig.21. Mass Bed Change Cum (Tons) due to Sediment transportation (with Fall Structure) 

 

Fig.22 and 23 show that Long Cum Mass Change (Tons) Sediment transportation without 
fall structure is degradation 600,000 tons and with fall structure is aggradation 110,000 Tons 

and degradation 165,000 Tons respectively. 
 

 

Fig.22. Long Cum Mass Change (Tons) due to Sediment transportation (without Fall 
Structure) 

 

 

Fig.23. Long Cum Mass Change (Tons) due to Sediment transportation (with Fall Structure) 

 
Fig.24 and 25 exhibit that Mass in Cum (Ton) Sediment transportation without fall 

structure is aggradation 1,750,000 Tons and with fall structure is aggradation 1,300,000 Tons. 
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Fig.24. Mass in Cum (Ton) due to Sediment transportation (without Fall Structure) 

   

 

Fig.25. Mass in Cum (Ton) due to Sediment transportation (with Fall Structure) 

   

The results of hydraulic parameters and sediment transport that HEC-RAS now has basic 
sediment transport capabilities. RAS utilizes quasi-steady hydrodynamics and one of several 
transport equations to solve the sediment continuity equation. Sediment  surpluses  and  deficits  
are  modified  with  temporal  and  physical  constraints  and translated into bed aggradation 
and degradation. After each computational time step the RAS geometry file is updated based 
on bed elevation changes for the hydrodynamics and sediment potential computations to use 
during the next time step.  RAS includes a convenient user interface to specify the necessary 
data for a sediment analysis and a wide range of available outputs for analyzing a simulation 
(Stanford Gibson, et al.2006). 

Conclusion. As a result, Model has computed longitudinal and cross-section, velocity and 
water surface profiles and sedimentation dynamic. Further Model results show the 
sedimentation dynamic computation in Invert Change (Ft) Sediment transportation without fall 
structure is aggradation (5.75 ft and degradation (4.50 ft) and with fall structure  aggradation 
(4.25 ft) and degradation (2.75 ft) respectively. Mass Bed Change Cum (Tons) Sediment 
transportation without fall structure is aggradation 500,000 tons and degradation 225,000 tons 
and with fall structure aggradation 155,000 tons and degradation 125,000 tons. Long Cum Mass 
Change (Tons) Sediment transportation without fall structure is degradation 600,000 tons and 
with fall structure is aggradation 110,000 Tons and degradation 165,000 Tons. Mass in Cum 
(Ton) Sediment transportation without fall structure is aggradation 1,750,000 Tons and with fall 
structure is aggradation 1,300,000 Tons.   

Hence the results of Model revealed that aggradation at u/s and degradation at d/s of fall 
structures that is true representation of behavior of fall structures.  Whereas, section is wider 
that aggradation occurred and degradation is experienced in narrow section in both Scenarios 
(with and without fall structures). Positive impact of constructed fall structures was analyzed on 
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morphology of canal. Hence, the construction of fall structures are essential at change of 
country/steeper slope to avoid unnecessary erosion.  
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ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʝʣʽ HEC-RAS ʜʣʷ ʘʥʘʣʽʟʫ ʜʠʥʘʤʽʢʠ ʧʝʨʝʥʦʩʫ ʥʘʥʦʩʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʙʫʜʽʚʥʠʮʪʚʘ 
ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ ʥʘ ʅʠʞʥʴʦʤʫ ʢʘʥʘʣʽ ʅʘʨʘ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʚʽʜ ɺʝʨʭʥʴʦʛʦ ʢʘʥʘʣʫ ʅʘʨʘ, 
ʟʘʛʦʨʦʜʞʝʥʥʷ ʉʫʢʢʫʨ, ʨʽʯʢʘ ɯʥʜ, ʉʽʥʜ, ʇʘʢʠʩʪʘʥ 

ʊʫʥʽʦ ɯ. ɸ. 
ʋ ʮʽʡ ʩʪʘʪʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʦʩʣʽʜʥʠʮʴʢʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʝʣʽ HEC-RAS ʜʣʷ ʦʮʽʥʢʠ 

ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʙʣʝʤ ʚʽʜʢʣʘʜʝʥʴ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʢʘʥʘʣʫ ʅʘʨʘ, ʜʦ ʪʘ ʧʽʩʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ  
ʥʘ RD-77 ʪʘ 101 ʚʽʜʧʦʚʽʜʥʦ, ʷʢʽ ʻ ʦʩʥʦʚʥʦʶ ʧʨʠʪʦʢʦʶ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʢʘʥʘʣʫ ʅʘʨʘ, ʱʦ ʚʠʪʽʢʘʻ ʽʟ 
ʟʘʛʦʨʦʜʞʝʥʥʷ ʉʫʢʢʫʨ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ɯʥʜ. ɿʘ ʛʽʜʨʘʚʣʽʯʥʦʶ ʤʦʜʝʣʣʶ ʨʦʟʨʘʭʫʚʘʥʽ ʧʦʟʜʦʚʞʥʽ ʪʘ 
ʧʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ, ʰʚʠʜʢʽʩʪʴ, ʧʨʦʬʽʣʽ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʜʠʥʘʤʽʢʫ ʦʩʘʜʦʥʘʢʦʧʠʯʝʥʥʷ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
ʦʩʘʜʫ ʙʝʟ  ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ ʟ ʩʪʨʫʢʪʫʨʠ ʧʘʜʽʥʥʷ ʻ ʘʛʨʘʜʘʮʽʻʶ (5,75 ʬʫʪʽʚ) ʽ ʜʝʛʨʘʜʘʮʽʷ (4,50 ʬʫʪʽʚ) ʽ ʟʽ 
ʩʪʨʫʢʪʫʨʦʶ ʧʘʜʽʥʥʷ, ʘʛʨʘʜʘʮʽʻʶ (4,25 ʬʫʪʽʚ) ʽ ʜʝʛʨʘʜʘʮʽʻʶ (2,75 ʬʫʪʽʚ) ʚʽʜʧʦʚʽʜʥʦ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʩʘʜʫ 
ʙʝʟ ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʧʘʜʽʥʥʷ ʻ ʘʛʨʘʜʘʮʽʻʶ 500 000 ʪʦʥʥ ʽ ʜʝʛʨʘʜʘʮʽʻʶ 225 000 ʪʦʥʥ ʽ ʟʽ 
ʩʪʨʫʢʪʫʨʦʶ ʧʘʜʽʥʥʷ ʘʛʨʘʜʘʮʽʷ 155 000 ʪ ʽ ʜʝʛʨʘʜʘʮʽʷ 125 000 ʪ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʩʘʜʫ ʙʝʟ ʚʦʜʦʩʢʠʜʥʠʭ 
ʩʧʦʨʫʜ  ʙʝʟ ʩʪʨʫʢʪʫʨʠ ʧʘʜʽʥʥʷ ʻ ʜʝʛʨʘʜʘʮʽʻʶ 600 000 ʪ, ʘ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʧʘʜʽʥʥʷ ʻ ʘʛʨʘʜʘʮʽʻʶ 110 000 ʪ ʽ 
ʜʝʛʨʘʜʘʮʽʻʶ 165 000 ʪ. ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʦʩʘʜʫ ʙʝʟ ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ ʙʝʟ ʩʪʨʫʢʪʫʨʠ ʧʘʜʽʥʥʷ ʻ ʘʛʨʘʜʘʮʽʻʶ 
1 750 000 ʪʦʥʥ, ʘ ʽʟ ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ  ʻ ʘʛʨʘʜʘʮʽʻʶ 10 300 ʪ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʛʨʘʜʘʮʽʷ 
ʧʨʠ u/s ʽ ʜʝʛʨʘʜʘʮʽʷ ʧʨʠ d/s ʩʪʨʫʢʪʫʨ ʧʘʜʽʥʥʷ ʻ ʩʧʨʘʚʞʥʽʤ ʚʽʜʦʙʨʘʞʝʥʥʷʤ ʧʦʚʝʜʽʥʢʠ ʩʪʨʫʢʪʫʨ ʧʘʜʽʥʥʷ. 
ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʽʣʷʥʢʘ ʻ ʰʠʨʰʦʶ, ʥʽʞ ʚʽʜʙʫʣʘʩʷ ʘʛʨʘʜʘʮʽʷ, ʘ ʜʝʛʨʘʜʘʮʽʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʚʫʟʴʢʠʭ 
ʜʽʣʷʥʢʘʭ ʚ ʦʙʦʭ ʩʮʝʥʘʨʽʷʭ (ʟ ʪʘ ʙʝʟ ʩʧʦʨʫʜ). ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʧʣʠʚ ʟʙʫʜʦʚʘʥʠʭ ʚʦʜʦʩʢʠʜʥʠʭ ʩʧʦʨʫʜ ʥʘ 
ʤʦʨʬʦʣʦʛʽʶ ʢʘʥʘʣʫ. ʆʪʞʝ, ʙʫʜʽʚʥʠʮʪʚʦ ʩʧʦʨʫʜ ʜʣʷ ʧʘʜʽʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʧʨʠ ʟʤʽʥʽ ʤʽʩʮʝʚʦʩʪʽ/ ʟ ʙʽʣʴʰ ʢʨʫʪʠʤ 
ʩʭʠʣʦʤ ʻ ʚʘʞʣʠʚʠʤ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʥʝʙʘʞʘʥʦʾ ʝʨʦʟʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʦʜʝʣʴ HEC-RAS, ʨʽʯʢʘ ɯʥʜ, ʥʠʞʥʽʡ ʢʘʥʘʣ ʅʘʨʘ, ʚʦʜʦʩʢʠʜʥʘ ʩʧʦʨʫʜʘ  
ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʘʥʦʩʽʚ, ʘʛʨʘʜʘʮʽʷ, ʜʝʛʨʘʜʘʮʽʷ. 
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HYDRODYNAMIC FUNCTIONING OF THE LOBO RIVER RESERVOIR, 

West-Central of C¹te dôIvoire 
 
Built to improve water supply for the populations of the city of Daloa, the Lobo River reservoir is no longer 

functioning properly due to human activities near its reservoir.  This study, based on a 2D hydrodynamic model, 
carried out with the Mike21 HD software, allowed the reconstruction of the flows in the Lobo River reservoir. The 
results of the simulation indicate that the hydrodynamic model could reproduce the variation of water levels at the 
free surface of the reservoir. Also, the results are very sensitive to the boundary conditions of the model but also to 
the initial conditions. The results of the influence of pumping on the dynamics of water levels in the Lobo River 
reservoir showed that water levels are not significantly modified by pumping (less than 1.3 mm). Therefore, pumping 
has little impact on the hydrodynamics of the Lobo River because the pumped flows are much less than the inflow to 
the reservoir. 

 

Key words : Hydrodynamics; Modeling; Reservoir; Lobo River. 

 
Introduction. Artificial water storage, created by the construction of water reservoirs, is 

essential for the sustainable health and well-being of populations as it provides water for human 
consumption, irrigation, fishing practice and energy production. In addition, water retention 
reservoirs are also used for recreational activities, flood and drought control (Buyukyildiz et al., 
2014; Lu²s and Cabral, 2021).  

Like other African countries, C¹te d'Ivoire is not immune to eutrophication phenomena 
(Koffi et al., 2020b; Kouassi et al., 2013). The advanced eutrophication of some water reservoirs 
used to supply drinking water to the population sometimes makes it difficult to treat these waters 
due to siltation at the water intakes. Built to improve the supply of drinking water to the people of 
the city of Daloa, the Lobo River reservoir has been subject to all kinds of anthropogenic 
pressures for several years. Despite the efforts made by the competent authorities, recurrent 
problems of water supply are still observed in several districts of the town of Daloa. However, 
the water reservoir used to supply drinking water to the population has not yet been the subject 
of hydrodynamic studies to understand its functioning in order to adopt management strategies. 
Moreover, the combined effect of climate change, the absence of protection perimeters around 
the water reservoir, rapid urbanization and agricultural activities could affect the morphology 
and quality of the water. It is in this context that this study was initiated to understand the 
hydrodynamic functioning of the Lobo River reservoir. 

Material and Methods 
Study area. Located in west-central C¹te d'Ivoire between longitudes 6ę36' 0'' and 6ę36' 

36'' West and latitudes 6ę57' 0'' and 6ę57' 30'' North, the Lobo River impoundment is located 25 
km from the town of Daloa (Fig. 1). This river is one of the tributaries of the Sassandra River 
(Koffi et al., 2020a; Yao et al., 2012). The Lobo River impoundment is the main source of 
drinking water supply for the people of the city of Daloa.  

Hydrometric data. Hydrometric data from the Adjoukrou station located upstream of the 
reservoir were used in this study. These data cover the period 2019-2020. All hydrometric data 
used in this study are at daily time step. 

Bathymetric survey. Bathymetric surveys were conducted using a Lowrance Elite Ti 9 
echo sounder. This device consists of three parts. Bathymetric measurements were made at a 
frequency of 450 kHz to allow the waves emitted by the echo sounder to not penetrate the 
sediment (Lowrance, 2019). The development of a quality hydraulic model is highly dependent 
on good bathymetry. To this end, the areas covered by the bathymetry take into account the 
fluvial and lacustrine portion of the Lobo River impoundment reservoir. In order to obtain a 
regular grid of points, all the data were interpolated by the nearest neighbor method using the 
MIKE 21 software. 
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Fig. 1. Sudy area 
 

Hydrodynamic model. The distribution of currentology and water levels in the Lobo River 
impoundment were evaluated through the development of 2DH numerical modeling, performed 
using MIKE 21 FM software (DHI, 2020). This is a software package that simulates the variation 
of water levels, flows and sediment transport in two dimensions (2D).  It solves the classical 
two-dimensional Saint-Venant equations by the finite volume method on a flexible mesh grid. 
The vertically integrated conservation of mass and momentum equations used by the MIKE 21 
model are used to describe the flow and water level variations (DHI, 2020). A triangular mesh 
was used to generate the 2D model topography. Next, the mesh is smoothed to achieve the 
largest possible angles and feature area. After this step, the mesh is interpolated with the initial 
bathymetry using natural neighbor interpolation. When generating the model mesh, a correction 
is made to ensure good mesh quality. The domain mesh consists of 8125 nodes and 14628 
elements (Fig. 2). 

Boundary and initial conditions. Two boundary conditions were imposed in the 
hydrodynamic model. The flows are imposed as boundary conditions upstream of the domain. 
For the upstream boundary conditions, we positioned ourselves far enough (4.2 km from the 
weir) from the lake area to be able to parameterize the model with the river flow. As for the 
downstream boundary of the model, a constant water level (-1 m) and the spillway of the 
reservoir allowed to control the hydrodynamic model. In this study, a water level (-1) was 
imposed as an initial condition. This value represents the initial elevation at the surface of the 
Lobo River impoundment. 
 

 

Fig. 2. Meshing of the study area 
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Results 
Calibration and validation model. The results of the calibration of the steady-state 

model show a good synchronization between the observed water level-discharge curve and the 
one simulated by the model in periods of low water and high water (Fig. 3). Although the model 
is able to reproduce the water levels correctly, there are some discrepancies between the 
observed values and the simulated values for flood flows between 20 m3/s and 47 m3/s. Also, it 
should be noted that during the various simulations, the time to reach the steady state for very 
low flows (0.98 m3/s), observed in dry periods, is quite long. On the other hand, for a maximum 
river flow of 55 m3/s, the time to reach the steady state is quite short. In other words, the lower 
the flow, the longer it will take to reach the steady state. 
 

 
Fig. 3. Calibration and validation model 
 

Velocity distribution. The results of the velocity current distribution are shown in Fig. 4. 
There is a large variation in velocity currents in the reservoir. The velocities decrease from 
upstream to downstream. The maximum velocities are observed upstream of the reservoir. The 
speeds are between 0.054 and 0.76 m/s. It is noted that the maximum speeds are observed at 
the entrance of the reservoir, where they can reach 0.76 m/s. The currents are directed from 
East to West. However, in the reservoir, the simulated velocities are relatively weak and 
included between 0,0051 and 0,36 m/s. They remain relatively weak at the banks. In the vicinity 
of the spillway of the reservoir, we observe that the flow is accelerated by the presence of the 
weir and the currents are between 0.04 and 0.40 m/s. A hydraulic load allows the water to 
create a phenomenon of hydraulic jump downstream of the spillway with an increase of the 
speeds of the order of 0,45 m/s.  

  

Fig. 4. Velocity current distribution in the Lobo River impoundment (a). In the area of the old 
(b) and new (c) water intake 



 ISSN:2306-5680  Hydrology, Hydrochemistry and Hydroecology. 2022. ˉ 4 (66) 

 
 46  

 

Impact of pumping on the variation of water levels in the reservoir. The 
hydrodynamic model took into account the water intake in the Lobo River impoundment. This 
intake corresponds to a pumping of 675 m3/h, or 0.1875 m3/s continuously. The results show 
that the water levels from the models of the situations without pumping are very close to those 
of the situations with pumping. During the driest month of the year (February), the water levels 
in the Lobo River reservoir are not significantly modified by pumping (less than 1.3 mm). 
Pumping has little impact on the hydrodynamics of the Lobo River (Fig. 5). 
 

 
Fig. 5. Water level in the situations before and with water intake during the dry period 

(February 2020) 

 
Discussion. Simulated current velocities in the Lobo Reservoir, using MIKE 21 FM 

software, range from 0.051 to 0.72 m/s. The currents decrease from upstream to downstream of 
the reservoir. This result correlates closely with the work of Giovanni (1994); Kouassi et al. 
(2013); Teal et al. (2015); Guertault et al. (2018); Tang et al. (2021) who report that when a river 
enters a reservoir its velocities decrease significantly. However, near the inlet and after the weir, 
current velocities are observed to be higher than in the open ocean. This increase in current 
speed at the new water intake is due to the pumping carried out by the water distribution 
company of C¹te d'Ivoire (SODECI) for the supply of drinking water to the town of Daloa. After 
the weir, the currents are of the order of 0.28 m/s. This phenomenon could be explained by the 
hydraulic load that allows the water to create a hydraulic jump downstream of the weir. It is also 
noted that the water intake has very little impact on the variation of levels in the Lobo River 
reservoir. This weak influence of the water intake on the variation of the water levels in the 
water reservoir could be due to the fact that the water inflow is largely superior to the pumping 
flow of the water intake. 

Conclusion. This study provided an understanding of the hydrodynamic functioning of the 
Lobo River impoundment. The results of this study showed that water levels are not significantly 
modified by pumping (less than 1.3 mm). The pumping has little impact on the hydrodynamics 
of the Lobo River because the pumped flows are much lower than the inflow to the reservoir. 
For a better management of the reservoir, this study must continue by updating the bathymetry 
data and the realization of a sediment transport model in order to quantify and determine the 
preferential zones of sediment deposition in the Lobo River reservoir. 
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ɻʽʜʨʦʜʠʥʘʤʽʯʥʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʨʽʯʢʠ ʃʦʙʦ ʚ ʟʘʭʽʜʥʦ-ʮʝʥʪʨʘʣʴʥʦʤʫ ʂʦʪ-ʜôɯʚʫʘʨ.̔ 
ʂʦʬʬʽ ɹ., ɸʣʝʢʩʽʩ ɹ. ʃ., ɸʣʝʥ ʂ. ʉ., ʆʣʽʚ'ʻ ʂ. ʂ. ɾ., ʂʫʘʩʽ ʂ. ʃ. 
ʉʪʚʦʨʝʥʝ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ɼʘʣʦʘ, ʚʦʜʦʩʭʦʚʠʱʝ ʨʽʯʢʠ ʃʦʙʦ ʙʽʣʴʰʝ 

ʥʝ ʬʫʥʢʮʽʦʥʫʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʯʝʨʝʟ ʣʶʜʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ ʧʦʙʣʠʟʫ ʮʴʦʛʦ ʨʝʟʝʨʚʫʘʨʘ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ 
ʟʘʩʥʦʚʘʥʝ ʥʘ 2D ʛʽʜʨʦʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ, ʚʠʢʦʥʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Mike21 HD, 
ʜʦʟʚʦʣʠʣʦ ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʧʦʪʦʢʠ ʫ ʚʦʜʦʩʭʦʚʠʱʽ ʨʽʯʢʠ ʃʦʙʦ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, 
ʱʦ ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʚʽʜʪʚʦʨʠʪʠ ʟʤʽʥʫ ʨʽʚʥʽʚ ʚʦʜʠ ʚʽʣʴʥʦ ʾ ʧʦʚʝʨʭʥʽ ʚʦʜʦʡʤʠ. ʂʨʽʤ ʪʦʛʦ, 
ʨʝʟʫʣʴʪʘʪʠ ʜʫʞʝ ʯʫʪʣʠʚʽ ʜʦ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʤʦʜʝʣʽ, ʘ ʪʘʢʦʞ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ʈʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ 
ʚʽʜʢʘʯʫʚʘʥʥʷ ʚʦʜʠ ʥʘ ʜʠʥʘʤʽʢʫ ʨʽʚʥʽʚ ʫ ʚʦʜʦʩʭʦʚʠʱʽ ʨ. ʃʦʙʦ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʠ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʯʝʨʝʟ 
ʚʽʜʢʘʯʫʚʘʥʥʷ (ʤʝʥʰʝ 1,3 ʤʤ). ʊʦʤʫ ʚʽʜʢʘʯʫʚʘʥʥʷ ʩʣʘʙʢʦ ʚʧʣʠʚʘʻ ʥʘ ʛʽʜʨʦʜʠʥʘʤʽʢʫ ʨʽʯʢʠ ʃʦʙʦ, ʦʩʢʽʣʴʢʠ 
ʧʝʨʝʢʘʯʫʚʘʥʽ ʧʦʪʦʢʠ ʥʘʙʘʛʘʪʦ ʤʝʥʰʽ, ʥʽʞ ʧʨʠʧʣʠʚ ʜʦ ʚʦʜʦʩʭʦʚʠʱʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ : ʛʽʜʨʦʜʠʥʘʤʽʢʘ ; ʤʦʜʝʣʶʚʘʥʥʷ ; ʚʦʜʦʩʭʦʚʠʱʝ ; ʨ̔ ʯʢʘ ʃʦʙʦ. 
 

ʅʘʜʽʡʰʣʘ ʜʦ ʨʝʜʢʦʣʝʛʽʾ 17.11.2022 
 
 
 
DOI: https://doi.org/10.17721/2306-5680.2022.4.6  

         ʋɼʂ 556.535.3:627.43(282.247.314) 
 

ɻʫʣʷʻʚʘ ʆ.ʆ.1, ʋʩʦʚ ʆ.ɭ.2 
1
ʇʨɸʊ çʋʢʨʛʽʜʨʦʝʥʝʨʛʦè 

2
ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʙʽʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

 

ʆʎɯʅʂɸ ɿʄɯʅɽʅʆɻʆ ɻɯɼʈʆʃʆɻɯʏʅʆɻʆ ʈɽɾʀʄʋ ɼʅɯʉʊʈɸ  
ʗʂ ʆʉʅʆɺɸ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈɯɺ ɽʂʆʃʆɻɯʏʅʆɻʆ ʉʊʆʂʋ 

 

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʽ  ʧʨʘʢʪʠʯʥʽ ʘʩʧʝʢʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʚ ʋʢʨʘʾʥʽ ʟʛʽʜʥʦ ʟ 
ɺʦʜʥʦʶ ʈʘʤʢʦʚʦʶ ɼʠʨʝʢʪʠʚʦʶ. ʅʘ ʧʨʠʢʣʘʜʽ ɼʥʽʩʪʨʘ ʟʘʩʪʦʩʦʚʘʥʦ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʩʣʫʛʫʻ ʧʝʨʰʠʤ 
ʢʨʦʢʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚʦʜʥʦʛʦ 
ʨʝʞʠʤʫ ʚʥʘʩʣʽʜʦʢ ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʜʠʢʘʪʦʨʽʚ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥ. ɸʧʨʦʙʘʮʽʷ ʪʘʢʦʛʦ 
ʧʽʜʭʦʜʫ ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʨʽʯʢʘʭ ʋʢʨʘʾʥʠ ʟʘ ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʪʨʠʚʘʣʠʭ ʨʷʜʽʚ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ 
ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʨʝʞʠʤʫ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʚʦʜʦʩʭʦʚʠʱ. 
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ʚʠʪʨʘʪ ʚʦʜʠ ʥʠʞʯʝ ʛʨʝʙʝʣʴ ʪʘ ʚʦʜʦʟʘʙʦʨʽʚ. ʋ ɹʨʠʩʙʝʥʩʴʢʽʡ ɼʝʢʣʘʨʘʮʽʾ 2018 ʨʦʢʫ [1]  
ʤʽʩʪʠʪʴʩʷ ʪʝʨʤʽʥʦʚʠʡ ʟʘʢʣʠʢ ʜʦ ʜʽʡ ʱʦʜʦ ʟʘʭʠʩʪʫ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʪʘ 
ʚʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʾʭ ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ, ʚʥʫʪʨʽʰʥʴʦʾ ʮʽʥʥʦʩʪʽ ʪʘ ʝʢʦʩʠʩʪʝʤʥʠʭ 
ʧʦʩʣʫʛ ʷʢ ʮʝʥʪʨʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʷʢ 
ʦʩʥʦʚʠ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʽ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ɺʘʞʣʠʚʽʩʪʴ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʚ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʽʯʢʦʚʠʤʠ 
ʙʘʩʝʡʥʘʤʠ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ ʚʚʝʜʝʥʥʷʤ ʦʢʨʝʤʦʛʦ ʢʝʨʽʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ ˉ 31 çɽʢʦʣʦʛʽʯʥʠʡ 
ʩʪʽʢè ʫ ɺʦʜʥʫ ʈʘʤʢʦʚʫ ɼʠʨʝʢʪʠʚʫ ɭʉ ˉ2000/60/ɭʉ (ɺʈɼ) [2]. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʟʦʙʦʚôʷʟʫʻ 
ʋʢʨʘʾʥʫ ʨʦʟʛʣʷʜʘʪʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʥʘʜʙʘʥʥʷ ʟ ʧʨʦʙʣʝʤʘʪʠʢʠ ʪʘ ʧʝʨʩʧʝʢʪʠʚ 
ʨʦʟʚʠʪʢʫ ʢʦʥʮʝʧʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ, ʘ ʪʘʢʦʞ ʘʜʘʧʪʫʚʘʪʠ ʚʣʘʩʥʝ ʙʘʯʝʥʥʷ ʜʦ 
ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ. ɿʦʢʨʝʤʘ, ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʽʢ ʤʘʻ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʚ ʥʘʮʽʦʥʘʣʴʥʦʤʫ 
ʟʘʢʦʥʦʜʘʚʩʪʚʽ ʟ ʫʟʛʦʜʞʝʥʥʷʤ ʜʦ ʟʘʛʘʣʴʥʦʛʦ ʨʦʟʫʤʽʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʜʠʨʝʢʪʠʚ ʪʘ 
ʦʙʦʚôʷʟʢʦʚʦ ʚʢʣʶʯʘʪʠʩʷ ʫ ʧʣʘʥʠ ʫʧʨʘʚʣʽʥʥʷ ʨʽʯʢʦʚʠʤʠ ʙʘʩʝʡʥʘʤʠ, ʧʨʘʚʠʣʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʚʦʜʦʩʭʦʚʠʱ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʚ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʜʦʟʚʽʣʴʥʦʾ ʪʘ 
ʧʝʨʝʜʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʮʝʧʮʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʷ, 
ʥʘʩʘʤʧʝʨʝʜ, ʰʣʷʭʦʤ ʨʝʛʣʘʤʝʥʪʘʮʽʾ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʨʦʙʦʪʠ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ, ʨʝʞʠʤʽʚ 
ʨʦʙʦʪʠ ɻɽʉ, ʩʪʘʥʮʽʡ ʚʦʜʦʟʘʙʦʨʫ, ʪʦʱʦ. 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʤʽʞʥʘʨʦʜʥʦʶ 
ʥʘʫʢʦʚʦʶ ʩʧʽʣʴʥʦʪʦʶ ʨʦʟʨʦʙʣʝʥʦ ʜʦʩʠʪʴ ʙʘʛʘʪʦ ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ [2ï7]. ʅʘ ʧʨʘʢʪʠʮʽ 
ʪʘʢʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʧʝʚʥʦʶ ʤʽʨʦʶ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʧʝʨʝʧʦʥʦʶ, ʦʩʢʽʣʴʢʠ ʚʦʜʥʽ ʤʝʥʝʜʞʝʨʠ 
ʧʦʩʪʘʶʪʴ ʧʝʨʝʜ ʩʢʣʘʜʥʠʤ ʧʠʪʘʥʥʷʤ ʚʠʙʦʨʫ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ 
ʥʘʡʢʨʘʱʝ ʚʽʜʧʦʚʽʜʘʪʠʤʝ ʥʘʷʚʥʠʤ ʫʤʦʚʘʤ ʪʘ ʽʩʥʫʶʯʽʡ ʽʥʬʦʨʤʘʮʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʙʫʚ 
ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʨʦʢʦʚʠʡ ʪʨʴʦʭʨʽʚʥʝʚʠʡ ʽʻʨʘʨʭʽʯʥʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ 
ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʽʢ ʧʨʠ ʨʽʟʥʦʤʫ ʨʽʚʥʽ ʜʦʩʪʫʧʥʦʩʪʽ ʨʝʩʫʨʩʽʚ ʪʘ ʜʦʩʣʽʜʞʝʥʴ [2, 8]. ɼʦ ʧʝʨʰʦʛʦ 
ʧʦʯʘʪʢʦʚʦʛʦ ʨʽʚʥʷ, ʯʝʨʝʟ ʧʨʦʩʪʦʪʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘ ʥʠʟʴʢʫ ʚʘʨʪʽʩʪʴ, ʚʽʜʥʦʩʷʪʴ ʪʘʢ ʟʚʘʥʽ 
çʥʘʩʪʽʣʴʥʽè ʤʝʪʦʜʠ (ñhydrologic desktop methodsò), ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʘʭ. 
ɺ ʙʽʣʴʰʦʩʪʽ ʜʦʩʪʫʧʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʘʭ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ (ʚʝʣʠʯʠʥʘ ʚʦʜʥʦʩʪʽ, ʩʝʟʦʥʥʽʩʪʴ, ʪʨʠʚʘʣʽʩʪʴ, ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʪʘ 
ʤʽʥʣʠʚʽʩʪʴ (ʟʤʽʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʯʘʩʽ)), ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʫʤʽʥʥʷʤ 
ʝʢʦʣʦʛʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʽ ʟʤʽʥʠ, ʪʘ ʚʨʘʭʦʚʫʶʪʴ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʽ ʪʘ ʙʘʛʘʪʦʨʽʯʥʽ 
ʢʦʣʠʚʘʥʥʷ ʩʪʦʢʫ [9ï13]. ʎʽ ʤʝʪʦʜʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ, ʷʢ 
ʧʨʘʚʠʣʦ, ʘʚʪʦʥʦʤʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʚʦʥʠ ʩʣʫʛʫʶʪʴ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʪʦʜʦʣʦʛʽʡ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʢʝʨʽʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ [2] ʚ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ 
ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʽʥʜʠʢʘʪʦʨʽʚ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥ (IHA) ʥʘ ʨʽʯʮʽ ɼʥʽʩʪʝʨ. ɺʽʥ 
ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ Richter et al. [9] ʜʣʷ ʦʮʽʥʢʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ 
ʨʝʞʠʤʫ ʨʽʯʦʢ ʪʘ ʦʟʝʨ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ. ɹʽʣʴʰʽʩʪʴ 
ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ˇʨʫʥʪʫʶʪʴʩʷ ʩʘʤʝ ʥʘ IHA 
[10]. ɺ ʋʢʨʘʾʥʽ IHA ʰʠʨʦʢʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ, ʦʜʥʘʢ ʻ ʧʨʠʢʣʘʜʠ ʡʦʛʦ ʯʘʩʪʢʦʚʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʪʘ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ 
ʚʦʜʦʩʭʦʚʠʱ [14, 15]. 

ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʾ ʧʫʙʣʽʢʘʮʽʾ ʻ ʦʮʽʥʢʘ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʦʜʥʦʛʦ ʩʪʦʢʫ ɼʥʽʩʪʨʘ 
ʚʥʘʩʣʽʜʦʢ ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʤʝʪʦʜʫ ʷʢ ʧʝʨʰʦʛʦ ʢʨʦʢʫ ʧʨʠ 
ʚʠʟʥʘʯʝʥʥʽ ʧʘʨʘʤʝʪʨʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. 
ʗʢ ʟʘʟʥʘʯʝʥʦ ʚ ɼʦʜʘʪʢʫ II 1.4 ʜʦ ɺʈɼ, ʦʮʽʥʢʘ ʟʤʽʥ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʦʚʠʥʥʘ 

ʧʦʯʠʥʘʪʠʩʷ ʟ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʚʩʴʦʛʦ ʙʘʩʝʡʥʫ ʨʽʯʢʠ. ʊʘʢʘ ʦʮʽʥʢʘ ʧʝʚʥʦʶ ʤʽʨʦʶ ʚʠʢʦʥʘʥʘ ʚ 
ʨʘʤʢʘʭ ʨʦʟʨʦʙʢʠ ʇʣʘʥʫ ʫʧʨʘʚʣʽʥʥʷ ʨʽʯʢʦʚʠʤ ʙʘʩʝʡʥʦʤ ɼʥʽʩʪʨʘ [16] ʪʘ ʩʧʝʮʽʘʣʴʥʦʛʦ 
ʪʝʤʘʪʠʯʥʦʛʦ ʟʚʽʪʫ ʱʦʜʦ ʚʧʣʠʚʫ ʜʥʽʩʪʨʦʚʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʥʘ ʩʪʘʥ ɼʥʽʩʪʨʘ [15] ï ʜʦʜʘʪʢʫ 
ʜʦ ʊʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ɼʥʽʩʪʝʨ ʫ ʨʘʤʢʘʭ ʧʨʦʝʢʪʫ 
ɻɽʌ/ʇʈʆʆʅ/ʆɹʉɭ/ɭɽʂ ʆʆʅ çʉʧʨʠʷʥʥʷ ʪʨʘʥʩʢʦʨʜʦʥʥʦʤʫ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʫ ʪʘ 
ʢʦʤʧʣʝʢʩʥʦʤʫ ʫʧʨʘʚʣʽʥʥʶ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʫ ʙʘʩʝʡʥʽ ʨʽʯʢʠ ɼʥʽʩʪʝʨè. ɿʛʽʜʥʦ ʟ [16] 
ʟʘʙʦʨʠ ʚʦʜʠ, ʧʨʦʪʠʚʦʧʘʚʦʜʢʦʚʠʡ ʟʘʭʠʩʪ, ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʽʚ ʚʦʜʠ ʥʠʞʯʝ ʛʨʝʙʝʣʴ 
ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱ ʪʘ ʩʪʘʚʢʽʚ ʚ ʪʽʡ ʯʠ 
ʽʥʰʽʡ ʤʽʨʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʨʽʯʦʢ.  

ʅʘ ɼʥʽʩʪʨʽ ʥʘʡʙʽʣʴʰʠʤʠ ʚʦʜʦʩʭʦʚʠʱʘʤʠ ʻ ɼʥʽʩʪʨʦʚʩʴʢʝ ʪʘ ɼʫʙʦʩʘʨʩʴʢʝ. ɰʭ ʦʩʥʦʚʥʽ 
ʤʦʬʨʦʤʝʪʨʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʚʝʜʝʥʽ ʚ [15, 17]. ɺʦʜʦʩʭʦʚʠʱʘ ʤʘʶʪʴ ʙʘʛʘʪʦʮʽʣʴʦʚʝ 
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ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʪʨʝʙʠ ʟʨʦʰʝʥʥʷ, ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʙʦʨʦʪʴʙʠ ʟ ʧʦʚʝʥʷʤʠ 
ʪʘ ʧʘʚʦʜʢʘʤʠ, ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʩʫʜʥʦʧʣʘʚʩʪʚʘ, ʨʝʢʨʝʘʮʽʾ ʪʘ ʽʥ. 

ɼʫʙʦʩʘʨʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʚʽʜʩʪʘʥʽ 351 ʢʤ ʚʽʜ ʛʠʨʣʘ (ʨʠʩ. 1), 
ʟʜʽʡʩʥʶʻ ʫ ʤʝʞʝʥʠʡ ʧʝʨʽʦʜ - ʬʘʢʪʠʯʥʦ ʪʠʞʥʝʚʝ, ʘ ʚ ʧʦʚʝʥʽ ï ʜʦʙʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ. 
ɼʥʽʩʪʨʦʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʚʽʜʩʪʘʥʽ 677,7 ʢʤ ʚʽʜ ʛʠʨʣʘ, ʟʜʽʡʩʥʶʻ 
ʩʝʟʦʥʥʝ ʟ ʧʝʨʝʭʦʜʦʤ ʥʘ ʨʽʯʥʝ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ï ʦʪʞʝ ʻ ʛʦʣʦʚʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʥʘ 
ɼʥʽʩʪʨʽ, ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʾ ʫʚʘʛʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʪʘ ʻ 
ʦʙôʻʢʪʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

 
 

 
 

ʈʠʩ.1. ʃʽʥʽʡʥʘ ʩʭʝʤʘ ʨʦʟʤʽʱʝʥʥʷ ʨʫʩʣʦʚʠʭ ʜʥʽʩʪʨʦʚʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ 

 
ɿ ʤʝʪʦʶ ʦʮʽʥʢʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʽ 

ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʨʷʜʠ ʱʦʜʝʥʥʠʭ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʦʩʪʽʚ ɻʽʜʨʦʤʝʪʮʝʥʪʨʫ 
ʋʢʨʘʾʥʠ ʟ 1990 ʧʦ 2020 ʨʦʢʠ. ʆʮʽʥʢʫ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʪʚʦʨʽʚ ʫ ʨʫʩʣʽ ɼʥʽʩʪʨʘ (ʛ/ʧ ɿʘʣʽʱʠʢʠ) ʪʘ ʡʦʛʦ ʧʨʠʪʦʢʘʭ ʉʝʨʝʪ, ɿʙʨʫʯ, 
ɾʚʘʥʯʠʢ, ʉʤʦʪʨʠʯ, ʉʪʫʜʝʥʠʮʷ, ʋʰʠʮʷ, ʅʽʯʣʘʚʘ, ʂʘʣʶʩ ʪʘ ʃʷʜʦʚʘ. ɸʥʘʣʽʟ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ 
ʩʪʦʢʫ ʧʨʦʚʦʜʠʣʠ ˇʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʪʨʘʪʠ ʚʦʜʠ ʚ ʩʪʚʦʨʽ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ. ɺ ʧʨʦʮʝʩʽ 
ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʦʩʪʦʨʦʚʝ ʧʦʨʽʚʥʷʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ 
ʩʪʦʢʫ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʣʶʯʠʪʠ ʢʣʽʤʘʪʠʯʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʦʢʦʚʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʯʢʠ.  

ʈʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ 
ʧʨʦʚʦʜʠʣʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʫ ʽʥʜʠʢʘʪʦʨʽʚ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥ (IHA) ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ IHA v.7.1 [18]. ɼʣʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʮʽʥʢʠ ʨʝʞʠʤʫ 
ʚʦʜʥʦʛʦ ʩʪʦʢʫ ʤʝʪʦʜ IHA ʚʢʣʶʯʘʻ 33 ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʷʢʽ ʻ ʝʢʦʣʦʛʽʯʥʦ 
ʟʥʘʯʫʱʠʤʠ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʦʜʥʠʭ ʪʘ ʥʘʚʢʦʣʦʚʦʜʥʠʭ ʩʠʩʪʝʤ (ʪʘʙʣʠʮʷ 1) [9, 19]. 
ʇʝʨʝʚʘʛʦʶ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʜʝʪʘʣʴʥʠʡ 
ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ çʜʦ ʚʧʣʠʚʫè ʽ çʧʽʩʣʷ ʚʧʣʠʚʫè ʪʘ ʦʮʽʥʠʪʠ ʩʪʫʧʽʥʴ 
ʟʤʽʥʠ ʨʝʞʠʤʫ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ. ʇʨʦʛʨʘʤʘ IHA ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 
ʧʘʨʘʤʝʪʨʠʯʥʦʾ (ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ) ʪʘ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ (ʤʝʜʽʘʥʘ/ʧʨʦʮʝʥʪʠʣʴ) ʩʪʘʪʠʩʪʠʢʠ. 
ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦ  ʁ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ  ̒ ʥʘʷʚʥʽʩʪʴ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʩʪʦʢʦʚʦʛʦ ʨʷʜʫ (20 
ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ).  

 

ʊʘʙʣʠʮʷ 1. ɽʢʦʣʦʛʽʯʥʦ ʟʥʘʯʫʱʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [9] 

ɻʨʫʧʠ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ɻʽʜʨʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɽʢʦʣʦʛʽʯʥʘ ʟʥʘʯʫʱʽʩʪʴ ʛʨʫʧʠ 

ɺʝʣʠʯʠʥʠ 
ʤʽʩʷʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
(ʩʝʨʝʜʥʽ ʘʙʦ 
ʤʝʜʽʘʥʥʽ 
ʟʥʘʯʝʥʥʷ) 
ʛʨʫʧʘ 1  

12 ʧʦʢʘʟʥʠʢʽʚ 

IHA1 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʩʽʯʥʽ (ʤ
3
/ʩ) - ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʣʝʞʥʠʭ ʫʤʦʚ 

ʽʩʥʫʚʘʥʥʷ ʜʣʷ ʚʦʜʥʠʭ ʦʨʛʘʥʽʟʤʽʚ; 
- ʧʽʜʪʨʠʤʢʘ ˇʨʫʥʪʦʚʦʾ ʚʦʣʦʛʠ ʜʣʷ 
ʨʦʩʣʠʥ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʦʜʦʶ ʥʘʟʝʤʥʠʭ 
ʪʚʘʨʠʥ; 

- ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʤʦʚʠʭ ʫʤʦʚ ʜʣʷ 
ʭʠʞʘʢʽʚ ʪʘ ʽʥ. 

- ʬʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʘ ʢʠʩʥʝʚʦʛʦ 
ʨʝʞʠʤʽʚ; 

- ʩʪʘʙʽʣʽʟʘʮʽʷ ʧʨʦʜʫʢʮʽʡʥʦ-
ʜʝʩʪʨʫʢʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʚʦʜʥʽʡ ʤʘʩʽ.  

IHA2 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʶʪʦʤʫ (ʤ
3
/ʩ) 

IHA3 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʙʝʨʝʟʥʽ (ʤ
3
/ʩ) 

IHA4 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʢʚʽʪʥʽ (ʤ
3
/ʩ) 

IHA5 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʪʨʘʚʥʽ (ʤ
3
/ʩ) 

IHA6 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʯʝʨʚʥʽ (ʤ
3
/ʩ) 

IHA7 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʠʧʥʽ (ʤ
3
/ʩ) 

IHA8 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʩʝʨʧʥʽ (ʤ
3
/ʩ) 

IHA9 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʚʝʨʝʩʥʽ (ʤ
3
/ʩ) 

IHA10 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʞʦʚʪʥʽ (ʤ
3
/ʩ) 

IHA11 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʠʩʪʦʧʘʜʽ (ʤ
3
/ʩ) 

IHA12 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʛʨʫʜʥʽ (ʤ
3
/ʩ) 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ.1 

ɺʝʣʠʯʠʥʠ ʪʘ 
ʪʨʠʚʘʣʽʩʪʴ 
ʩʧʦʩʪʝʨʝʞʝʥʴ 
ʝʢʩʪʨʝʤʘʣʴʥʠʭ 
ʚʠʪʨʘʪ ʚʦʜʠ 
ʛʨʫʧʘ 2 

12 ʧʦʢʘʟʥʠʢʽʚ 

IHA13 1-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ (ʤ
3
/ʩ)

1
 - ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʘʣʘʥʩʫ 
ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʠʭ, ʨʫʜʝʨʘʣʴʥʠʭ 
ʽ ʩʪʨʝʩʦʩʪʽʡʢʠʭ ʨʦʩʣʠʥ; 

- cʪʚʦʨʝʥʥʷ ʤʽʩʮʴ ʜʣʷ ʨʦʟʚʠʪʢʫ 
ʨʦʩʣʠʥ; 

- ʬʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 
ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʟʘ ʫʤʦʚ 
ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ; 

- ʬʦʨʤʫʚʘʥʥʷ ʨʫʩʣʘ ʨʽʯʢʠ ʪʘ ʬʽʟʠʯʥʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ; 

- ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʤʽʥʫ ʧʦʞʠʚʥʠʤʠ 
ʨʝʯʦʚʠʥʘʤʠ ʤʽʞ ʨʫʩʣʦʤ ʪʘ ʟʘʧʣʘʚʦʶ; 

- ʧʽʜʪʨʠʤʢʘ ʨʦʟʚʠʪʢʫ ʧʝʚʥʠʭ ʚʠʜʽʚ 
ʨʦʩʣʠʥ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʟʘʧʣʘʚʠ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʧʨʠʨʦʜʥʠʭ 
ʥʝʨʝʩʪʦʚʠʱ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ 
ʜʣʷ ʨʦʟʤʥʦʞʝʥʥʷ ʨʠʙ; 

- ʦʙʤʝʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʽʥʚʘʟʽʡʥʠʭ ʚʠʜʽʚ; 
- ʧʦʢʨʘʱʝʥʥʷ ʢʦʨʤʦʚʠʭ ʫʤʦʚ ʜʣʷ 
ʭʠʞʘʢʽʚ ʪʘ ʽʥ. 

IHA14 3-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ (ʤ
3
/ʩ) 

IHA15 7-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ (ʤ
3
/ʩ) 

IHA16 30-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ (ʤ
3
/ʩ) 

IHA17 90-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ (ʤ
3
/ʩ) 

IHA18 1-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
(ʤ

3
/ʩ) 

IHA19 3-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
(ʤ

3
/ʩ) 

IHA20 7-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
(ʤ

3
/ʩ) 

IHA21 30-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
(ʤ

3
/ʩ) 

IHA22 90-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
(ʤ

3
/ʩ) 

IHA23 ʏʠʩʣʦ ʜʥʽʚ ʙʝʟ ʩʪʦʢʫ 

IHA24 ɯʥʜʝʢʩ ʙʘʟʠʩʥʦʛʦ ʩʪʦʢʫ
2
 

ɼʘʪʠ 
ʩʧʦʩʪʝʨʝʞʝʥʥʷ 
ʝʢʩʪʨʝʤʘʣʴʥʠʭ 
ʚʠʪʨʘʪ ʚʦʜʠ 
ʛʨʫʧʘ 3  

2 ʧʦʢʘʟʥʠʢʘ 

IHA25 ʂʘʣʝʥʜʘʨʥʘ ʜʘʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ  

1-ʜʝʥʥʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ 

-  ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʫ ʜʦ 
ʩʧʝʮʽʘʣʴʥʠʭ ʤʽʩʮʴ ʧʨʦʞʠʚʘʥʥʷ ʧʽʜ 
ʯʘʩ ʨʦʟʤʥʦʞʝʥʥʷ;  

- ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʦʚʝʜʽʥʢʠ 
ʜʣʷ ʤʽʛʨʫʶʯʠʭ ʨʠʙ ʚ ʧʝʨʽʦʜ ʥʝʨʝʩʪʫ. 

IHA26 ʂʘʣʝʥʜʘʨʥʘ ʜʘʪʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ  

1-ʜʝʥʥʦʾ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ 

ʊʨʠʚʘʣʽʩʪʴ ʪʘ 
ʧʝʨʽʦʜʠʯʥʽʩʪʴ 
ʩʧʦʩʪʝʨʝʞʝʥʴ  
ʥʠʟʴʢʠʭ ʪʘ 

ʚʠʩʦʢʠʭ ʚʠʪʨʘʪ 
ʚʦʜʠ 
ʛʨʫʧʘ 4 

4 ʧʦʢʘʟʥʠʢʘ 

IHA27 ʂʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʟ ʥʠʟʴʢʦʶ 
ʚʦʜʥʽʩʪʶ 

- ʬʦʨʤʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 
ʧʦʩʫʭʦʩʪʽʡʢʦʩʪʽ ʨʦʩʣʠʥ ʟʘ ʫʤʦʚ 
ʚʦʜʥʦʛʦ ʜʝʬʽʮʠʪʫ; 

- ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʧʨʠʨʦʜʥʠʭ 
ʥʝʨʝʩʪʦʚʠʱ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʤʦʚ 
ʜʣʷ ʨʦʟʤʥʦʞʝʥʥʷ ʨʠʙ; 

- ʨʦʟʤʥʦʞʝʥʥʷ ʚʦʜʦʧʣʘʚʘʶʯʠʭ ʧʪʘʭʽʚ; 
- ʧʽʜʪʨʠʤʢʘ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʨʦʩʣʠʥ ʫ 
ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʜʷʭ; 

- ʫʪʨʠʤʘʥʥʷ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʞʠʚʥʠʭ 
ʨʝʯʦʚʠʥ; 

- ʬʦʨʤʫʚʘʥʥʷ ʩʫʙʩʪʨʘʪʫ ʨʫʩʣʘ; 
- ʧʽʜʪʨʠʤʢʘ ʩʦʣʴʦʚʦʛʦ ʨʝʞʠʤʫ 
ʛʠʨʣʦʚʠʭ ʜʽʣʷʥʦʢ ʪʘ ʣʠʤʘʥʽʚ; 

- ʢʦʥʪʨʦʣʴ ʨʦʟʚʠʪʢʫ ʧʨʠʙʝʨʝʞʥʦʾ 
ʨʦʩʣʠʥʥʦʩʪʽ ʪʘ ʽʥ. 

IHA28 ʊʨʠʚʘʣʽʩʪʴ ʤʘʣʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ, ʜʥʽʚ ʫ ʨʦʮʽ 

IHA29 ʂʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʫ ʨʦʮʽ ʟ 
ʚʠʩʦʢʦʶ ʚʦʜʥʽʩʪʶ 

IHA30 ʊʨʠʚʘʣʽʩʪʴ ʙʘʛʘʪʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ, ʜʥʽʚ ʫ ʨʦʮʽ 

ʏʘʩʪʦʪʘ ʪʘ 
ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʟʤʽʥʠ 

ʛʽʜʨʦʣʦʛʽʯʥʦʾ 
ʩʠʪʫʘʮʽʾ 
ʛʨʫʧʘ 5 

3 ʧʦʢʘʟʥʠʢʘ 

IHA31 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ 
ʚʦʜʠ - (ʤ

3
/ʩ)/ʜʦʙʘ 

- ʬʦʨʤʫʚʘʥʥʷ ʚʦʜʥʦʛʦ ʩʪʨʝʩʫ ʫ ʨʦʩʣʠʥ 
ʧʨʠ ʟʥʠʞʝʥʽ ʨʽʚʥʷ ʚʦʜʠ; 

- ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ ʫ ʧʘʩʪʢʘʭ ʥʘ 
ʦʩʪʨʦʚʘʭ ʪʘ ʚʦʜʥʦ-ʙʦʣʦʪʥʠʭ ʫʛʽʜʜʷʭ 
ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʽʚʥʷ ʚʦʜʠ; 

- ʦʩʫʰʝʥʥʷ ʧʨʠʙʝʨʝʞʥʠʭ ʜʽʣʷʥʦʢ, 
ʟʘʛʠʙʝʣʴ ʤʘʣʦʨʫʭʦʤʠʭ ʚʦʜʥʠʭ 
ʦʨʛʘʥʽʟʤʽʚ.  

IHA32 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ 
ʚʦʜʠ - (ʤ

3
/ʩ)/ʜʦʙʘ 

IHA33 ʏʘʩʪʦʪʘ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʾ 
ʩʠʪʫʘʮʽʾ 

 

 
 

                                                 
1 3-, 7-, 30- ʽ 90-ʜʝʥʥʽ ʤʽʥʽʤʫʤʠ ʪʘ ʤʘʢʩʠʤʫʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʤʝʪʦʜʦʤ ʢʦʚʟʥʠʭ ʩʝʨʝʜʥʽʭ ʚʽʜʧʦʚʽʜʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ʜʣʷ ʢʦʞʥʦʛʦ ʤʦʞʣʠʚʦʛʦ ʧʝʨʽʦʜʫ, ʷʢʠʡ ʧʦʚʥʽʩʪʶ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʚʦʜʥʦʛʦ ʨʦʢʫ. 
2 ɯʥʜʝʢʩ ʙʘʟʠʩʥʦʛʦ ʩʪʦʢʫ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʚʽʜʥʦʰʝʥʥʷ ʚʝʣʠʯʠʥ 7-ʜʝʥʥʦʛʦ ʤʽʥʽʤʫʤʫ ʜʦ ʩʝʨʝʜʥʴʦʨʽʯʥʦʾ 
ʚʠʪʨʘʪʠ ʚʦʜʠ 
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ɼʦʜʘʪʢʦʚʦ IHA ʧʨʦʧʦʥʫʻ ʨʦʟʨʘʭʫʥʦʢ 34 ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧôʷʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ 
ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ: ʝʢʩʪʨʝʤʘʣʴʥʦ ʥʠʟʴʢʠʡ ʩʪʽʢ, ʥʠʟʴʢʠʡ ʩʪʽʢ, ʧʽʜʚʠʱʝʥʠʡ ʩʪʽʢ (ʩʪʽʢ ʚ ʤʝʞʘʭ 
ʨʫʩʣʘ ʜʦ ʚʠʭʦʜʫ ʚʦʜʠ ʥʘ ʟʘʧʣʘʚʫ), ʥʝʟʥʘʯʥʽ ʧʦʚʝʥʽ (ʧʘʚʦʜʢʠ) ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʧʦʚʝʥʽ 
(ʧʘʚʦʜʢʠ) [9, 19]. ʊʦʙʪʦ, ʬʘʢʪʠʯʥʦ ʛʽʜʨʦʛʨʘʬ ʩʪʦʢʫ ʨʦʟʯʣʝʥʦʚʫʶʪʴ ʟʘ ʝʢʦʣʦʛʽʯʥʦ 
ʨʝʣʝʚʘʥʪʥʠʤʠ ʬʘʟʘʤʠ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʚʥʠʡ ʩʧʝʢʪʨ ʫʤʦʚ, ʷʢʽ 
ʥʝʦʙʭʽʜʥʦ ʧʽʜʪʨʠʤʫʚʘʪʠ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʮʽʣʽʩʥʦʩʪʽ ʨʽʯʢʠ.  

ɿʘʛʘʣʦʤ ʧʨʠ ʘʥʘʣʽʟʽ ʟʤʽʥʝʥʦʛʦ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ IHA 
ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ 67 ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢ ʤʝʪʦʜ IHA, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʧʝʨʝʚʘʛʠ 
ʟʜʽʡʩʥʝʥʥʷ ʪʘʢʦʾ ʪʦʯʥʦʾ ʦʮʽʥʢʠ ʟʤʽʥ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʥʝ ʜʘʻ ʞʦʜʥʠʭ ʧʦʨʦʛʦʚʠʭ 
ʟʥʘʯʝʥʴ ʪʘ ʨʝʢʦʤʝʥʜʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ. ɺ ʜʝʷʢʠʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʤʽʥʠ ʨʘʥʞʫʚʘʪʠ ʥʘ ʪʨʠ ʢʣʘʩʠ: 0-33% ï ʚʽʜʩʫʪʥʽ ʘʙʦ ʥʝʟʥʘʯʥʽ, 34-67% ï 
ʩʝʨʝʜʥʽ, 68-100% ï ʟʤʽʥʠ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ [9].  

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟʫ ʟʤʽʥ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʦ ʛʨʫʧʘʭ ʟʛʽʜʥʦ ʟ 
ʪʘʙʣ. 1. ɿʘʛʘʣʦʤ, ʩʝʨʝʜʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʟʘ 31-ʨʽʯʥʠʡ ʧʝʨʽʦʜ ʧʨʠʨʦʜʥʦʛʦ ʪʘ 
ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ ʤʘʣʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʩʪʘʥʦʚʣʷʪʴ 265 ʤ3/ʩ ʪʘ 253 ʤ3/ʩ ʚʽʜʧʦʚʽʜʥʦ. 
ɿʤʝʥʰʝʥʥʷ ʨʽʯʥʦʛʦ ʩʪʦʢʫ ɼʥʽʩʪʨʘ ʥʠʞʯʝ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʽʜʨʦʚʫʟʣʘ ʚ 
ʩʝʨʝʜʥʴʦʤʫ ʥʘ 4,8 % ʩʢʦʨʽʰ ʟʘ ʚʩʝ ʦʙʫʤʦʚʣʝʥʦ ʚʝʣʠʯʠʥʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ 
ʧʦʚʝʨʭʥʽ ʚʦʜʦʩʭʦʚʠʱʘ ʪʘ ʥʘʷʚʥʽʩʪʶ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ ʨʽʯʢʠ ʚʦʜʦʟʘʙʦʨʽʚ ʤʽʩʪ ʂʘʤôʷʥʝʮʴ-
ʇʦʜʽʣʴʩʴʢʠʡ ʪʘ ʍʦʪʠʥ, ʘ ʪʘʢʦʞ, ʡʤʦʚʽʨʥʦ, ʥʝʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʦʙʣʽʢʫ ʩʪʦʢʫ 
ʨʝʛʫʣʷʨʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʚ ʩʪʚʦʨʽ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ ʯʝʨʝʟ ʡʦʛʦ ʚʥʫʪʨʽʰʥʴʦʜʦʙʦʚʽ 
ʢʦʣʠʚʘʥʥʷ [15].  

ɺʥʫʪʨʽʰʥʴʦʨʽʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʪʦʢʫ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ʪʘʙʣʠʮʽ 2. ʇʨʘʢʪʠʯʥʦ ʚʩʽ 
ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʪʚʦʨʽ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʢʣʘʩʫ 
ʥʝʟʥʘʯʥʠʭ. ɭʜʠʥʠʡ ʤʽʩʷʮʴ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ ʫʚʘʛʠ ʟ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʩʪʦʢʫ ʮʝ 
ʙʝʨʝʟʝʥʴ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʩʪʦʢʫ ʥʘ 34,3 % ʚʽʜ ʧʨʠʨʦʜʥʦʛʦ ʽ ʚʽʜʥʦʩʠʪʴʩʷ 
ʜʦ ʢʣʘʩʫ ʩʝʨʝʜʥʽʭ ʟʤʽʥ. ʎʝ ʧʦʚôʷʟʘʥʦ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟ ʘʢʫʤʫʣʶʚʘʥʥʷʤ ʚʦʜʠ ʫ 
ɼʥʽʩʪʨʦʚʩʴʢʦʤʫ ʚʦʜʦʩʭʦʚʠʱʽ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʧʽʜʧʽʨʥʦʛʦ ʨʽʚʥʷ ʟ ʤʝʪʦʶ ʧʨʦʚʝʜʝʥʥʷ 
ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʧʫʩʢʫ ʫ ʢʚʽʪʥʽ-ʪʨʘʚʥʽ [20].  

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʟʤʽʥ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʧʠ 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ 
ʪʘʙʣ. 3. ʇʦʨʽʚʥʷʥʥʷ ʜʘʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʨʷʜʽʚ ʟʘ ʧʝʨʽʦʜ 1990ï2020 ʨʦʢʠ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ 
ʧʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʚʦʜʦʩʭʦʚʠʱʘ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʟʙʽʣʴʰʠʚʩʷ, ʦʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ 3- ʪʘ 
7-ʜʝʥʥʦʛʦ ï ʥʘ 30,3% ʪʘ 32,1% ʚʽʜʧʦʚʽʜʥʦ. ʆʜʥʦʯʘʩʥʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 
ʤʘʢʩʠʤʘʣʴʥʦʾ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ï ʥʘ 32%. ʉʝʨʝʜ ʛʨʫʧʠ 2 ʥʘʡʙʽʣʴʰʠʭ 
ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʩʝʨʝʜʥʴʦʛʦ ʩʪʫʧʝʥʶ ʟʘʟʥʘʻ ʽʥʜʝʢʩ ʙʘʟʠʩʥʦʛʦ ʩʪʦʢʫ, ʚʽʜʩʣʽʜʢʦʚʫʻʪʴʩʷ ʡʦʛʦ 
ʟʙʽʣʴʰʝʥʥʷ ʥʘ 41,9%. 

 

ʊʘʙʣʠʮʷ 2. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʤʽʩʷʯʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʨʠʨʦʜʥʦʛʦ ʽ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ 
ʪʘ ʚʽʜʩʦʪʦʢ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʝʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 
ɻʨʫʧʘ 1  
(ʤ

3
/ʩ) 

ʇʨʠʨʦʜʥʠʡ ʩʪʽʢ ï ʧʨʠʪʽʢ 
ʚʦʜʠ ʜʦ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ 
ʚʦʜʦʩʭʦʚʠʱʘ ʚʢʣʶʯʘʶʯʠ 
ʙʦʢʦʚʫ ʧʨʠʪʦʯʥʽʩʪʴ 

(1990-2020 ʨʨ.) 

ɿʘʨʝʛʫʣʴʦʚʘʥʠʡ 
ʩʪʽʢ (ʚʠʪʨʘʪʠ ʚʦʜʠ 
ʚ ʩʪʚʦʨʽ ʄʦʛʠʣʽʚ-
ʇʦʜʽʣʴʩʴʢʠʡ) 
(1990-2020 ʨʨ.) 

ɺʽʜʭʠʣʝʥʥʷ, 
% 

IHA1 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʩʽʯʥʽ 189 175 -7,3 

IHA2 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʶʪʦʤʫ 223 186 -16,6 

IHA3 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʙʝʨʝʟʥʽ  359 236 -34,3 

IHA4 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʢʚʽʪʥʽ  431 397 -7,8 

IHA5 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʪʨʘʚʥʽ 317 310 -2,2 

IHA6 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʯʝʨʚʥʽ  332 331 -0,3 

IHA7 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʠʧʥʽ  297 317 6,9 

IHA8 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʩʝʨʧʥʽ 225 268 19,0 

IHA9 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʚʝʨʝʩʥʽ 208 219 5,1 

IHA10 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʞʦʚʪʥʽ  201 207 3,0 

IHA11 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʣʠʩʪʦʧʘʜʽ 210 202 -4,0 

IHA12 ɺʠʪʨʘʪʘ ʚʦʜʠ ʫ ʛʨʫʜʥʽ  191 183 -4,0 

ʉʝʨʝʜʥʷ ʱʦʨʽʯʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ 265 253 -4,8 
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ʊʘʙʣʠʮʷ 3. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ ʧʨʠʨʦʜʥʦʛʦ ʽ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ 
ʩʪʦʢʫ ʪʘ ʚʽʜʩʦʪʦʢ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʝʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 
ɻʨʫʧʘ 2 

 

ʇʨʠʨʦʜʥʽ 
ʝʢʩʪʨʝʤʘʣʴʥʽ 
ʚʝʣʠʯʠʥʠ 

(1990-2020 ʨʨ.) 

ɽʢʩʪʨʝʤʘʣʴʥʽ 
ʚʝʣʠʯʠʥʠ 

ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ 
(1990-2020 ʨʨ.) 

ɺʽʜʭʠʣʝʥʥʷ, % 

IHA13 1-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  87,5 108 23,1 

IHA14 3-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  90 117 30,3 

IHA15 7-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  93 123 32,1 

IHA16 30-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  110 136 24,2 

IHA17 90-ʜʝʥʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  151 159 5,06 

IHA18 1-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  1873 1275 -32,0 

IHA19 3-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  1586 1177 -25,8 

IHA20 7-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  1190 1030 -13,5 

IHA21 30-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  690 632 -8,4 

IHA22 90-ʜʝʥʥʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ  454 419 -7,8 

IHA23 ʏʠʩʣʦ ʜʥʽʚ ʙʝʟ ʩʪʦʢʫ 0 0 ï 

IHA24 ɯʥʜʝʢʩ ʙʘʟʠʩʥʦʛʦ ʩʪʦʢʫ 0,36 0,51 41,9 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʧʠ 3 ʚʢʘʟʫʶʪʴ ʥʘ ʢʘʣʝʥʜʘʨʥʽ ʧʝʨʽʦʜʠ, ʢʦʣʠ ʧʨʦʪʷʛʦʤ ʨʦʢʫ 
ʚʽʜʤʽʯʘʻʪʴʩʷ ʤʽʥʽʤʘʣʴʥʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʠ ʚʠʪʨʘʪʠ ʚʦʜʠ. ʊʘʢ, ʟʘ ʧʝʨʽʦʜ 
ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠʨʦʜʥʘ ʤʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ, ʷʢʘ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 55 ʜʦ 
127 ʤ3/ʩ, ʧʝʨʝʚʘʞʥʦ ʧʨʠʧʘʜʘʻ ʥʘ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʘʙʦ ʥʘ ʢʽʥʝʮʴ ʣʽʪʘ-ʧʦʯʘʪʦʢ ʦʩʝʥʽ. 
ʄʽʥʽʤʘʣʴʥʘ ʚʠʪʨʘʪʘ ʚʦʜʠ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ ʟ ʚʝʣʠʯʠʥʘʤʠ 95ï133 ʤ3/ʩ ʤʘʡʞʝ ʪʨʝʪʠʥʫ 
ʚʠʧʘʜʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫ ʙʝʨʝʟʥʽ. ɺ ʽʥʰʽ ʧʝʨʽʦʜʠ ʢʽʣʴʢʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʽʥʽʤʘʣʴʥʠʭ 
ʟʥʘʯʝʥʴ ʚ ʨʦʮʽ ʟʤʝʥʰʫʻʪʴʩʷ, ʦʩʦʙʣʠʚʦ ʚ ʣʽʪʥʴʦ-ʦʩʽʥʥʽʡ ʩʝʟʦʥ. ɿʘʛʘʣʴʥʝ ʚʽʜʭʠʣʝʥʥʷ 
ʧʨʦʭʦʜʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʩʪʘʥʦʚʠʪʴ 59 %, ʱʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʩʝʨʝʜʥʽʭ ʟʤʽʥ. 
ʉʝʟʦʥʠ, ʢʦʣʠ ʧʨʦʭʦʜʷʪʴ ʤʘʢʩʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʜʽʣʷʥʮʽ ʨʽʯʢʠ ʥʠʞʯʝ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ 
ʚʦʜʦʩʭʦʚʠʱʘ, ʟʘʣʠʰʠʣʠʩʷ ʧʨʘʢʪʠʯʥʦ ʘʥʘʣʦʛʽʯʥʠʤʠ ʟ ʧʨʠʨʦʜʥʠʤʠ ʫʤʦʚʘʤʠ ï ʮʝ ʧʝʨʽʦʜʠ 
ʟʥʘʯʥʠʭ ʚʝʩʥʷʥʠʭ ʧʦʚʝʥʝʡ ʘʙʦ ʣʽʪʥʽʭ ʧʘʚʦʜʢʽʚ. 

ɻʨʫʧʘ 4 ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʪʨʠʚʘʣʽʩʪʴ  ̔ ʧʝʨʽʦʜʠʯʥʽʩʪʴ 
ʢʦʣʠʚʘʥʴ ʚʦʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʘʶʪʴ ʪʨʠʚʘʣʽʩʪʴ ʤʘʣʦʚʦʜʥʦʛʦ ʪʘ ʙʘʛʘʪʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʽʚ ʚ 
ʨʦʮʽ. ɺ ʷʢʦʩʪʽ ʧʦʨʦʛʦʚʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʥʘʤʠ 
ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʘʟʥʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʧʦʧʫʩʢʫ ʯʝʨʝʟ ʙʫʬʝʨʥʠʡ ʛʽʜʨʦʚʫʟʦʣ ʟ ʚʝʣʠʯʠʥʦ  ʁ
104 ʤ3/ʩ ʟʛʽʜʥʦ ʟ ʜʦʜʘʪʢʦʤ 5 ʇʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ [17]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʙʘʛʘʪʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ ʟʘʜʘʥʘ ʧʦʨʦʛʦʚʘ ʚʠʪʨʘʪʘ ʚʦʜʠ 405 ʤ3/ʩ, ʷʢʘ ʻ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʝʢʦʣʦʛʽʯʥʦ 
ʟʥʘʯʫʱʦʶ, ʦʩʢʽʣʴʢʠ ʚ ʥʠʞʥʽʡ ʪʝʯʽʾ ɼʥʽʩʪʨʘ ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʧʦʯʠʥʘʻʪʴʩʷ ʚʠʭʽʜ ʚʦʜʠ ʥʘ 
ʟʘʧʣʘʚʫ [15]. ʈʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʠʚʘʣʦʩʪʽ ʤʘʣʦʚʦʜʥʦʛʦ ʪʘ ʙʘʛʘʪʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʷ 4. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʢʦʣʠʚʘʥʴ ʤʘʣʦʚʦʜʥʦʛʦ ʽ 
ʙʘʛʘʪʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʽʚ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ, ʚʽʜʩʦʪʦʢ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʝʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  

ɻʨʫʧʘ 4 
ʇʦʨʦʛʦʚʽ 
ʚʠʪʨʘʪʠ 
ʚʦʜʠ 

ʇʨʠʨʦʜʥʠʡ ʩʪʽʢ 
(1990-2020 ʨʨ.) 

ɿʘʨʝʛʫʣʴʦʚʘʥʠʡ 
ʩʪʽʢ (1990-2020 ʨʨ.) 

ɺʽʜʭʠʣʝʥʥʷ, 
% 

IHA27 
ʂʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʟ ʥʠʟʴʢʦʶ 
ʚʦʜʥʽʩʪʶ 

104 

3,7 2,1 -43,2 

IHA28 
ʊʨʠʚʘʣʽʩʪʴ ʤʘʣʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ, ʜʥʽʚ ʫ ʨʦʮʽ 

8,9 0,5 -94,1 

 
ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ 
ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʨʦʮʽ 

33 1 -96,9 

IHA29 
ʂʽʣʴʢʽʩʪʴ ʧʝʨʽʦʜʽʚ ʫ ʨʦʮʽ ʟ 
ʚʠʩʦʢʦʶ ʚʦʜʥʽʩʪʶ 

405 

7,6 9,4 19,7 

IHA30 
ʊʨʠʚʘʣʽʩʪʴ ʙʘʛʘʪʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ, ʜʥʽʚ ʫ ʨʦʮʽ 

7,1 5,3 -25,4 

 
ɿʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ 
ʙʘʛʘʪʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʨʦʮʽ 

54 50 -7,4 
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ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʩʢʣʘʜʘʻ 33 ʜʥʽ ʫ ʨʦʮʽ, 
ʥʠʞʯʝ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʮʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ ʦʜʠʥ ʜʝʥʴ. 
ʊʦʙʪʦ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʷʢ ʪʨʠʚʘʣʦʩʪʽ (ʜʦ 94,1%), ʪʘʢ ʽ ʧʝʨʽʦʜʠʯʥʦʩʪʽ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʠʟʴʢʠʭ ʚʠʪʨʘʪ ʚʦʜʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʚʠʢʦʥʘʥʥʷʤ ɼʥʽʩʪʨʦʚʩʴʢʠʤ 
ʢʦʤʧʣʝʢʩʥʠʤ ʛʽʜʨʦʚʫʟʣʦʤ ʬʫʥʢʮʽʾ ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ. ʅʘʡʙʽʣʴʰ ʤʘʣʦʚʦʜʥʠʤ (ʟʘ ʧʝʨʽʦʜ ʟ 
1990 ʧʦ 2020 ʨʨ.) ʚʠʷʚʠʚʩʷ 2015 ʨʽʢ, ʜʝ ʙʽʣʴʰʝ ʪʨʝʪʠʥʠ ʨʦʢʫ (138 ʜʥʽʚ) ʤʝʞʝʥʥʽ ʧʨʠʨʦʜʥʽ 
ʚʠʪʨʘʪʠ ʩʪʘʥʦʚʠʣʠ ʤʝʥʰʝ ʧʦʨʦʛʦʚʦʾ ʚʝʣʠʯʠʥʠ 104 ʤ3/ʩ. ʅʠʞʯʝ ʟʘ ʪʝʯʽʻʶ, ʚ ʩʪʚʦʨʽ ʄʦʛʠʣʽʚ-
ʇʦʜʽʣʴʩʴʢʠʡ, ʮʷ ʪʨʠʚʘʣʽʩʪʴ ʚ ʧʝʨʽʦʜ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʧʦʩʫʭʠ 2015 ʨʦʢʫ, ʩʢʣʘʣʘ ʚʩʴʦʛʦ ʣʠʰʝ 
ʜʚʘ ʜʥʽ. ɿʘʛʘʣʦʤ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʦʢʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ 
ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ. ʉʝʨʝʜʥʷ ʟʘʛʘʣʴʥʘ ʪʨʠʚʘʣʽʩʪʴ ʙʘʛʘʪʦʚʦʜʥʦʛʦ 
ʧʝʨʽʦʜʫ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʩʢʣʘʜʘʻ 55 ʜʥʽʚ ʫ ʨʦʮʽ, ʥʠʞʯʝ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʚʦʜʦʩʭʦʚʠʱʘ ʮʝ 
ʟʥʘʯʝʥʥʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 50 ʜʥʽʚ. ɿʤʽʥʠ ʱʦʜʦ 
ʪʨʠʚʘʣʦʩʪʽ ʽ ʧʝʨʽʦʜʠʯʥʦʾ ʙʘʛʘʪʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʥʝʟʥʘʯʥʽ. 

ɻʨʫʧʫ 5 ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʷʚʣʷʶʪʴ ʟʤʽʥʠ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʧʽʜʚʠʱʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʧʽʜʡʦʤʽ ʛʽʜʨʦʛʨʘʬʘ ʪʘ ʟʥʠʞʝʥʥʷ ʥʘ ʩʧʘʜʽ (ʧʦʟʠʪʠʚʥʠʭ ʘʙʦ 
ʥʝʛʘʪʠʚʥʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʜʦʙʦʚʠʭ ʨʽʟʥʠʮʴ), ʘ ʪʘʢʦʞ ʯʘʩʪʦʪʫ ʮʠʭ ʟʤʽʥ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ 
ʦʪʨʠʤʘʥʠʭ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʧʠ 5 ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 5.  

ʊʘʙʣʠʮʷ 5. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʽ ʯʘʩʪʦʪʠ ʟʤʽʥʠ ʜʦʙʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ 
ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ ʪʘ ʚʽʜʩʦʪʦʢ ʚʽʜʭʠʣʝʥʥʷ ʟʤʽʥʝʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

 
ɻʨʫʧʘ 5 

 

ʇʨʠʨʦʜʥʽ 
ʚʝʣʠʯʠʥʠ 

(1990-2020 ʨʨ.) 

ɺʝʣʠʯʠʥʠ 
ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ 

(1990-2020 ʨʨ.) 
ɺʽʜʭʠʣʝʥʥʷ, % 

IHA31 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

53,1 46,3 -12,7 

IHA32 ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

-30,0 -42,8 42,4 

IHA33 ʏʘʩʪʦʪʘ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʾ 
ʩʠʪʫʘʮʽʾ 

101 199 97,2 

 
ʉʫʪʪʻʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ (97,2 %) ʟʘʟʥʘʣʘ ʯʘʩʪʦʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʟʤʽʥ (ʢʦʣʠʚʘʥʴ ʚʠʪʨʘʪ 

ʚʦʜʠ), ʱʦ, ʩʢʦʨʽʰʝ ʟʘ ʚʩʝ, ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʭʦʜʞʝʥʥʷʤ ʭʚʠʣʴ ʧʦʧʫʩʢʽʚ ʚʦʜʠ 
ʅʠʞʥʴʦʜʥʽʩʪʨʦʚʩʴʢʦʾ ɻɽʉ ʚ ʨʘʡʦʥʽ ʛ/ʧ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ 
ʧʨʦʛʨʘʤʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʥʫʪʨʽʰʥʴʦʜʦʙʦʚʽ ʢʦʣʠʚʘʥʥʷ, ʧʨʠ ʜʠʩʢʨʝʪʥʠʭ ʚʠʤʽʨʘʭ 
ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʢʦʣʠʚʘʥʴ ʮʽʣʢʦʤ ʤʦʞʣʠʚʝ ʚʠʧʘʜʢʦʚʝ ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʨʽʟʥʽ ʬʘʟʠ. ʉʣʽʜ 
ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ ʚʽʜʜʘʣʝʥʥʷʤ ʥʘ 80 ʢʤ ʚʽʜ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʛʽʜʨʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 
ʧʦʧʫʩʢʦʚʽ ʭʚʠʣʽ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʽ ʾʭ ʚʧʣʠʚ ʥʘ ʝʢʦʩʠʩʪʝʤʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ [21]. 

ʇʽʜʩʫʤʦʚʫʶʯʠ ʤʘʩʰʪʘʙʠ ʟʤʽʥ 33-ʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ 
ʛʽʩʪʦʛʨʘʤʫ, ʨʘʥʞʫʶʯʠ ʾʭ ʟʘ ʢʘʪʝʛʦʨʽʷʤʠ: ʟʤʽʥʘʤʠ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ, ʩʝʨʝʜʥʽʭ ʪʘ ʥʝʟʥʘʯʥʠʭ 
ʟʤʽʥ (ʨʠʩ. 2). 

 

 

ʈʠʩ. 2. ɻʽʩʪʦʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʟʤʽʥ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʫ ʚʽʜʩʦʪʢʘʭ) ʚʥʘʩʣʽʜʦʢ 
ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ (ʯʦʨʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʟʥʘʯʝʥʦ ʟʤʽʥʠ ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ, ʪʝʤʥʦ ʩʽʨʠʤ ʪʘ 
ʩʚʽʪʣʦ ʩʽʨʠʤ ï ʩʝʨʝʜʥʽ ʪʘ ʥʝʟʥʘʯʥʽ ʟʤʽʥʠ ʚʽʜʧʦʚʽʜʥʦ) 
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ʆʪʞʝ, ʘʥʘʣʽʟ ʟʤʽʥ 33-ʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ 
ɼʥʽʩʪʨʦʚʩʴʢʠʤ ʚʦʜʦʩʭʦʚʠʱʝʤ ʧʨʠʟʚʝʣʦ ʜʦ ʨʷʜʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡ ʫ ʚʦʜʥʦʤʫ ʨʝʞʠʤʽ. ɼʦ ʟʤʽʥ 
ʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʶ ʚʽʜʥʦʩʠʪʴʩʷ: 

ï ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʦʪʠ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ (IHA33) ʥʝʧʦʜʘʣʽʢ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʽʜʨʦʚʫʟʣʘ; 

ï ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ (IHA28). 
ɼʦ ʩʝʨʝʜʥʽʭ ʟʤʽʥ ʚʽʜʥʦʩʷʪʴʩʷ ʧʦʢʘʟʥʠʢʠ, ʱʦ ʚʢʘʟʫʶʪʴ ʥʘ:  
ï ʟʤʽʱʝʥʥʷ ʩʧʦʩʪʝʨʝʞʝʥʴ 1-ʜʝʥʥʦʾ ʤʽʥʽʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʥʘ ʙʽʣʴʰ ʨʘʥʥʽ ʪʝʨʤʽʥʠ; 
ï ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʤʘʣʦʚʦʜʥʦʛʦ ʧʝʨʽʦʜʫ; 
ï ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʩʧʘʜʽ ʛʽʜʨʦʛʨʘʬʘ; 
ï ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʙʘʟʠʩʥʦʛʦ ʩʪʦʢʫ; 
ï ʟʤʝʥʰʝʥʥʷ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʫ ʙʝʨʝʟʥʽ.  
ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʨʘʥʩʬʦʨʤʘʮʽʡ 34 ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʧôʷʪʠ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʦʢʫ ʜʝʪʘʣʴʥʦ ʚʠʚʯʘʣʠʩʷ ʩʧʦʩʦʙʠ ʧʦʜʽʣʫ ʛʽʜʨʦʛʨʘʬʫ ʥʘ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʥʠʟʴʢʠʡ ʩʪʽʢ, 
ʥʠʟʴʢʠʡ ʩʪʽʢ, ʧʽʜʚʠʱʝʥʠʡ ʩʪʽʢ, ʥʝʟʥʘʯʥʽ ʧʦʚʝʥʽ (ʧʘʚʦʜʢʠ) ʪʘ ʢʘʪʘʩʪʨʦʬʽʯʥʽ ʧʘʚʦʜʢʠ. ɺʽʥ 
ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʛʨʘʤʦʶ, ʘʙʦ ʢʦʨʠʩʪʫʚʘʯʝʤ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʧʨʠ 
ʧʦʜʽʣʽ ʛʽʜʨʦʛʨʘʬʘ ʜʣʷ ʨʽʯʢʠ ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʥʷ [14] ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ 
ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʣʛʦʨʠʪʤ, ʷʢʠʡ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʦʙʥʠʢʦʤ IHA 
[9]. ʆʜʥʘʢ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʜʣʷ ɼʥʽʩʪʨʘ ʚʽʥ ʻ ʥʝʜʦʩʠʪʴ ʚʜʘʣʠʤ, ʦʩʢʽʣʴʢʠ ʥʝ ʚʨʘʭʦʚʫʻ ʚʩʶ 
ʩʧʝʮʠʬʽʢʫ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʨʽʯʢʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʛʨʘʥʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 
ʜʣʷ ʧʦʜʽʣʫ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 6. 

ʊʘʙʣʠʮʷ 6. ɻʨʘʥʠʯʥʽ ʧʨʠʨʦʜʥʽ ʧʦʢʘʟʥʠʢʠ ʜʣʷ ʧʦʜʽʣʫ ʛʽʜʨʦʛʨʘʬʘ ʥʘ ʪʠʧʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʩʪʦʢʫ 

ʊʠʧ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʩʪʦʢʫ 

ɿʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 
ʚʠʪʨʘʪ ʚʦʜʠ 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ 

ɽʢʩʪʨʝʤʘʣʴʥʠʡ 
ʥʠʟʴʢʠʡ ʩʪʦʢʫ  

ʥʠʞʯʝ 104 ʤ
3
/ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʟʛʽʜʥʦ ʟ [17] 

ʅʠʟʴʢʠʡ ʩʪʽʢ ʥʠʞʯʝ 189 ʤ
3
/ʩ* 50-ʠʡ ʧʨʦʮʝʥʪʠʣʴ ʷʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ IHA 

ʇʽʜʚʠʱʝʥʠʡ ʩʪʽʢ ʚʠʱʝ 302 ʤ
3
/ʩ 75-ʠʡ ʧʨʦʮʝʥʪʠʣʴ ʷʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦ IHA 

ʅʝʟʥʘʯʥʽ ʧʦʚʝʥʽ 
(ʧʘʚʦʜʢʠ) 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
486 ʤ

3
/ʩ ʽ ʙʽʣʴʰʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʠʟʥʘʯʝʥʘ ʟʛʽʜʥʦ ʟ [22] 

ɽʢʩʪʨʝʤʘʣʴʥʽ ʧʦʚʝʥʽ 
(ʧʘʚʦʜʢʠ) 

ʤʘʢʩʠʤʘʣʴʥʘ ʚʠʪʨʘʪʘ 
2190 ʤ

3
/ʩ ʽ ʙʽʣʴʰʝ  

ʥʝʙʝʟʧʝʯʥʘ ʚʽʜʤʽʪʢʘ ʥʘ ʛ/ʧ ʄʦʛʠʣʽʚ-ʇʦʜʽʣʴʩʴʢʠʡ 
ʩʢʣʘʜʘʻ 600 ʩʤ, ʱʦ ʟʛʽʜʥʦ ʟ ʢʨʠʚʦʶ ʢʦʦʨʜʠʥʘʪ 
ʚʽʜʧʦʚʽʜʘʻ ʚʠʪʨʘʪʽ 2190 ʤ

3
/ʩ 

* ï ʟʥʘʯʝʥʥʷ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʦʢʫ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʱʦʜʝʥʥʽ ʚʠʪʨʘʪʠ ʚʦʜʠ ʟʨʦʩʪʘʶʪʴ 
ʙʽʣʴʰʝ ʥʽʞ ʥʘ 25% ʟʘ ʜʝʥʴ ʽ ʟʘʢʽʥʯʫʻʪʴʩʷ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʱʦʜʝʥʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʤʝʥʰʝ ʥʽʞ ʥʘ 
10% ʟʘ ʜʦʙʫ. 

 
ʇʨʠʢʣʘʜ ʧʦʜʽʣʫ ʛʽʜʨʦʛʨʘʬʘ ʩʪʦʢʫ ʟʘ 2020 ʨʽʢ ʜʣʷ ʛ/ʧ ɿʘʣʽʱʠʢʠ ʥʘ ʨʽʟʥʽ ʪʠʧʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ.3. 
ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟʫ ʟʤʽʥ ʜʝʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʦʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 7. ɼʦ ʟʤʽʥ ʚʠʩʦʢʦʛʦ 
ʩʪʫʧʝʥʶ ʚʽʜʥʦʩʠʪʴʩʷ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʦ 
ʥʠʟʴʢʦʛʦ ʩʪʦʢʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʙʽʣʴʰʝ ʥʽʞ ʫ ʜʚʘ ʨʘʟʠ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʬʘʟʠ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʦʢʫ 
ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʥʝʟʥʘʯʥʦʤʫ ʩʢʦʨʦʯʝʥʥʽ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ. ɼʦ ʩʝʨʝʜʥʽʭ ʟʤʽʥ ʥʘʣʝʞʠʪʴ: 
ʟʤʝʥʰʝʥʥʷ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʧʘʚʦʜʢʽʚ ʪʘ ʜʝʷʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 
ʟʤʽʥʠ ʚʠʪʨʘʪ ʥʘ ʩʧʘʜʽ ʛʽʜʨʦʛʨʘʬʘ ʬʘʟʠ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʦʢʫ.  

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʫʪʴ ʤʘʪʠ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʽ 
ʨʝʛʣʘʤʝʥʪʽʚ ʰʪʫʯʥʠʭ ʛʽʜʨʦʛʨʘʬʽʚ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʝʢʦʤʝʥʜʘʮʽʷʭ ʨʦʙʦʪʠ [20] ʙʫʣʦ 
ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʝʨʝʛʣʷʜ ʜʽʶʯʠʭ ʚʠʤʦʛ ʱʦʜʦ ʜʦʙʦʚʦʛʦ ʧʨʠʨʦʩʪʫ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʧʽʜʡʦʤʽ 
ʛʽʜʨʦʛʨʘʬʘ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ ʚʝʩʥʷʥʦʛʦ ʧʦʧʫʩʢʫ, ʷʢʠʡ ʥʘʨʘʟʽ ʥʘ ʄʽʞʚʽʜʦʤʯʽʡ ʢʦʤʽʩʽʾ ʧʦ 
ʚʩʪʘʥʦʚʣʝʥʥʶ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʥʽʧʨʦʚʩʴʢʠʭ ʪʘ ʜʥʽʩʪʨʦʚʩʴʢʠʭ ʚʦʜʦʩʭʦʚʠʱ ʚ ʧʝʨʝʚʘʞʥʽʡ 
ʙʽʣʴʰʦʩʪʽ ʫʟʛʦʜʞʫʻʪʴʩʷ ʥʘ ʨʽʚʥʽ 50 ʤ3/ʩ. ʗʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʥʷ 
ʥʝʟʥʘʯʥʠʭ ʧʦʚʝʥʝʡ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʩʢʣʘʜʘʻ ʚ 
ʩʝʨʝʜʥʴʦʤʫ 186 ʤ3/ʩ ʥʘ ʜʦʙʫ (ʜʠʚ. ʪʘʙʣ. 7). 
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ʈʠʩ. 3. ʇʦʜʽʣ ʛʽʜʨʦʛʨʘʬʘ ʩʪʦʢʫ ʥʘ ʪʠʧʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʚ ʩʪʚʦʨʽ ʛ/ʧ ɿʘʣʽʱʠʢʠ ʥʘ 
ʧʨʠʢʣʘʜʽ 2020 ʨʦʢʫ 

 

ʊʘʙʣʠʮʷ 7. ɿʤʽʥʘ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʜʝʷʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʩʪʦʢʫ 

ʊʠʧʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ ʪʘ ʾʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʨʠʨʦʜʥʽ 
ʟʥʘʯʝʥʥʷ 

(1990-2020 ʨʨ.) 

ɿʥʘʯʝʥʥʷ  
ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ 

ʩʪʦʢʫ  
(1990-2020 ʨʨ.) 

ɺʽʜʭʠʣʝʥʥʷ, 
% 

ɽʢʩʪʨʝʤʘʣʴʥʠʡ 
ʥʠʟʴʢʠʡ ʩʪʽʢ 

ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ, ʤ
3
/ʩ 91,7 99,2 8,2 

ʪʨʠʚʘʣʽʩʪʴ, ʜʥʽʚ ʫ ʨʦʮʽ 11 1,4 -87,3 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʘʟ ʫ 
ʨʦʮʽ 

3,9 2,8 -28,7 

ʅʠʟʴʢʠʡ ʩʪʽʢ ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ, ʤ
3
/ʩ 179 169 -5,6 

ʇʽʜʚʠʱʝʥʠʡ 
ʩʪʽʢ 

ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ, ʤ
3
/ʩ 325 288 -11,1 

ʪʨʠʚʘʣʽʩʪʴ, ʜʥʚ̔ ʫ ʨʦʮʽ 5,3 3,4 -37,2 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʘʟ ʫ 
ʨʦʮʽ 

7,1 15,6 118 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

73,7 74,6 1,2 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

-32,9 -54,6 66,0 

ʅʝʟʥʘʯʥʽ ʧʦʚʝʥʽ 
(ʧʘʚʦʜʢʠ) 

ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ, ʤ
3
/ʩ 885 785 -11,3 

ʪʨʠʚʘʣʽʩʪʴ, ʜʥʽʚ ʫ ʨʦʮʽ 18,7 18,2 -2,7 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʘʟ ʫ 
ʨʦʮʽ 

4,0 3,7 -6,5 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

186 123 -33,9 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

-61,0 -72,2 18,4 

ɽʢʩʪʨʝʤʘʣʴʥʽ 
ʧʦʚʝʥʽ (ʧʘʚʦʜʢʠ) 

ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ, ʤ
3
/ʩ 3389 3280 -3,2 

ʪʨʠʚʘʣʽʩʪʴ, ʜʥʽʚ ʫ ʨʦʮʽ 44,9 39,7 -11,7 

ʧʝʨʽʦʜʠʯʥʽʩʪʴ, ʢʽʣʴʢʽʩʪʴ ʨʘʟ ʫ 
ʨʦʮʽ 

0,26 0,01 -62,5 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

310 233 -24,9 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʝʥʰʝʥʥʷ 
ʚʠʪʨʘʪ ʚʦʜʠ, (ʤ

3
/ʩ)/ʜʦʙʘ 

-152 -140 -7,8 
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ɺʠʩʥʦʚʢʠ. ɺ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʽ ʦʩʥʦʚʥʽ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ɼʥʽʩʪʨʘ ʚʥʘʩʣʽʜʦʢ 
ʟʘʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 33-ʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 34-ʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʟʥʠʭ ʪʠʧʽʚ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ. ɿʘʛʘʣʦʤ ʩʫʪʪʻʚʽ ʘʙʦ ʩʝʨʝʜʥʽ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʟʘʨʝʛʫʣʴʦʚʘʥʦʛʦ ʩʪʦʢʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʜʝʢʽʣʴʢʘ ʢʘʪʝʛʦʨʽʡ. 
ʇʝʨʰʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟʽ ʟʤʽʥʘʤʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʝʣʠʯʠʥ, ʩʪʦʩʫʻʪʴʩʷ ʚʘʞʣʠʚʠʭ ʧʠʪʘʥʴ 
ʚʦʜʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʘʚʦʜʢʽʚ. ɺ ʮʽʡ ʢʘʪʝʛʦʨʽʾ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ 
ʧʝʚʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ ʚʠʪʨʘʪ ʚʦʜʠ ʪʘ ʜʦʩʷʛʥʝʥʥʽ ʮʽʣʝʡ ɺʈɼ ʥʝʦʙʭʽʜʥʦ ʧʨʦʷʚʣʷʪʠ ʧʝʚʥʫ 
ʛʥʫʯʢʽʩʪʴ ʧʨʠ ʫʧʨʘʚʣʽʥʥʽ, ʽ ʯʽʪʢʦ ʨʦʟʫʤʽʪʠ ʝʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ. ɺ ʜʨʫʛʫ ʢʘʪʝʛʦʨʽʶ ʚʽʜʥʦʩʷʪʴʩʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʯʘʩʪʦʪʫ ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 
ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ ʩʧʘʜʽ ʛʽʜʨʦʛʨʘʬʘ ʫ ʬʘʟʽ ʧʽʜʚʠʱʝʥʦʛʦ ʩʪʦʢʫ. ʎʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʝʨʝʚʘʞʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʜʦʙʦʚʠʤ ʨʝʛʣʘʤʝʥʪʦʤ ʝʢʩʧʣʫʘʪʘʮʽʾ ɻɽʉ. ʆʢʨʝʤʦʾ ʫʚʘʛʠ, ʥʘ ʥʘʰ 
ʧʦʛʣʷʜ, ʧʦʪʨʝʙʫʻ ʦʮʽʥʢʘ ʥʘʩʣʽʜʢʽʚ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʫ ʙʝʨʝʟʥʽ, ʦʩʦʙʣʠʚʦ ʚ ʛʠʨʣʦʚʽʡ 
ʜʽʣʷʥʮʽ ɼʥʽʩʪʨʘ. 

ʆʜʥʘʢ, ʚʠʟʥʘʯʝʥʽ ʚʠʱʝʚʢʘʟʘʥʽ ʛʽʜʨʦʣʦʛʽʯʥ ̔ ʟʤʽʥʠ ʤʘʣʦ ʱʦ ʛʦʚʦʨʪ̫ʴ ʧʨʦ ʩʪʫʧʽʥʴ 
ʚʧʣʠʚʫ ʥʘ ʙʽʦʪʫ ʪʘ ʙʽʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ɿʘʣʠʰʘʻʪʴʩʷ ʩʢʣʘʜʥʘ ʨʦʙʦʪʘ ʟ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʪʘ 
ʜʦʢʫʤʝʥʪʫʚʘʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ ʦʨʛʘʥʽʟʤʽʚ  ̔ʫʛʨʫʧʦʚʘʥʴ ʨʝʘʢʮʽʡ ʥʘ ʮʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. 
ɺʠʩʫʚʘʥʥʷ ʛʽʧʦʪʝʟ, ʧʦʙʫʜʦʚʘ ʽ ʧʝʨʝʚʽʨʢʘ ʤʦʜʝʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʨʽʚʥʷʭ 
ʽʻʨʘʨʭʽʯʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʦʮʽʥʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫ. 
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Analysis of altered hydrological regime of the Dniester river as basic for ecological flows assessment 
Huliaieva O.O. Usov O.Ye. 
The theoretical and practical aspects of implementing the concept of ecological flow in Ukraine in accordance 

with the Water Framework Directive and CIS guidance document nÜ31 ñEcological flowsò are examined in the article. 
On the example of the Dniester, a hydrological method has been applied which is the first step in a three-tiered 
hierarchy approach to accommodate ecological flows applications. The transformation of the water regime owing to 
flow regulation has been analyzed using hydrological alteration indicators. 

With the help of the specific IHA v.7.1 software, a spatial comparative analysis between the average daily 
discharges water in hydrologic sections Zalishyki, including the lateral tributaries, and Mohyliv-Podilskyi from 1990 to 
2020 has been carried out. In the article 33 hydrologic parameters which characterize attributes of the flow regime 
relevant to the ecosystem functioning and 34 parameters for various types of ecological flow have been analyzed 
using parametric statistics. As a result, we came to the conclusions that duration, pick flow, timing of extreme values 
(minimum and maximum flow) and characteristics that determine the frequency of changes in the hydrological 
situation and fall rate of high flow pulses are subjected to the greatest changes due to regulations flow. 

As a result of the intra-annual redistribution of runoff by the reservoir, the discharge water on March is suffered 
the greatest transformation. It is related with the accumulation of water in the Dniester reservoir to the normal water 
level for the purpose of carrying out ecological release on April-May. The obtained values of the characteristics may 
have a keen practical interest in establishing regulations for artificial spring hydrographs of release. 

Approbation of IHA method confirmed the possibility of its application on the rivers of Ukraine, provided long-
term series of hydrological monitoring are available. The obtained results can serve as a basis for the development of 
a hydroecological monitoring programs for establishment an ecologically justified mode of operation of reservoirs. But 
there is still a lot of work of investigating and documenting organism- and community-specific responses to the 
above-mentioned hydrological alterations. 

Key words: ecological flows, indicators of hydrological alteration, hydrological parameters, discharge of flow, 
Dniester river. 
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ʉʦʢʦʣʴʯʫʢ ʂ.ɯ. 
ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʣʦʛʽʾ ʉʣʦʚʘʮʴʢʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ, ʉʣʦʚʘʮʴʢʠʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʚ ʅʽʪʨʽ  

 
ɿɸʉʊʆʉʋɺɸʅʅʗ ʈɯɿʅʀʍ ʄɽʊʆɼɯɺ ʇʈʆʉʊʆʈʆɺʆɰ ɯʅʊɽʈʇʆʃʗʎɯɰ ɼʆ 
ɻɯɼʈʆʃʆɻɯʏʅʀʍ ɼɸʅʀʍ ʅɸ ʇʈʀʂʃɸɼɯ ɹɸʉɽʁʅʋ ʈɯʏʂʀ ʇʈʀʇôʗʊʔ  

(ɺ ʄɽɾɸʍ ʋʂʈɸɰʅʀ) 
 
ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʦʧʠʩʫ ʪʘ ʧʦʨʽʚʥʷʥʥʶ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʯʦʪʠʨʠ ʤʝʪʦʜʠ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ: ʤʝʪʦʜ ʟʚʦʨʦʪʥʠʭ ʟʚʘʞʝʥʠʭ ʚʽʜʩʪʘʥʝʡ (IDW), 
ʪʨʽʘʥʛʫʣʷʮʽʷ (TIN), ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʷ ʪʘ Kriging. ɼʞʝʨʝʣʦʤ ʜʘʥʠʭ ʻ ʧʨʦʤʽʨʥʘ ʛʽʜʨʦʣʦʛʽʯʥʘ ʤʝʨʝʞʘ, 
ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʙʘʩʝʡʥʫ ʇʨʠʧôʷʪʽ ʪʘ ʧʨʠʣʝʛʣʠʭ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ, ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. ɹʫʣʦ 
ʩʪʚʦʨʝʥʦ ʢʘʨʪʦʩʭʝʤʠ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ ʤʦʜʫʣʶ ʩʪʦʢʫ ʪʘ ʦʮʽʥʝʥʦ ʪʦʯʥʽʩʪʴ 
ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜ IDW ʜʘʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʜʘʥʠʭ ʧʦ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʅʘʩʪʫʧʥʠʤ ʟʘ ʥʘʜʽʡʥʽʩʪʶ ʻ ʤʝʪʦʜ ʩʧʣʘʡʥ-ʽʥʪʝʨʧʦʣʷʮʽʾ, ʟ ʧʣʘʚʥʠʤʠ 
ʧʝʨʝʭʦʜʘʤʠ. ɺʽʥ ʪʘʢʦʞ ʤʦʞʝ ʚʚʘʞʘʪʠʩʴ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ. Kriging 
ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʚʝʣʠʢʠʤʠ ʧʦʭʠʙʢʘʤʠ, ʘʣʝ ʜʦʚʦʣʽ ʟʥʘʯʥʠʤ ʥʝʧʨʠʨʦʜʥʠʤ ʚʠʢʨʠʚʣʝʥʥʷʤ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘ 
ʢʽʣʴʢʽʩʪʶ ʘʨʪʝʬʘʢʪʽʚ.  ʅʘʡʤʝʥʰ ʥʘʜʽʡʥʠʤ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʝʪʦʜʽʚ ʩʪʘʚ ʤʝʪʦʜ TIN.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʨʦʩʪʦʨʦʚʘ ʽʥʪʝʨʧʦʣʷʮʽʷ, ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ, IDW, TIN, Kriging, Spline, ʤʦʜʫʣʴ 
ʩʪʦʢʫ, ʇʨʠʧôʷʪʴ 

 
ɺʩʪʫʧ. ɼʘʥʽ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʥʘ ʤʝʨʝʞʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʻ 

ʦʩʥʦʚʦʶ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʧʨʦʛʥʦʟʽʚ. ʇʨʦʩʪʦʨʦʚʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʜʘʥʠʭ 
ʟʘʣʝʞʠʪʴ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʤʝʨʝʞʽ, ʷʢʘ ʦʙʫʤʦʚʣʶʻ ʛʽʜʨʦʣʦʛʽʯʥʫ ʚʠʚʯʝʥʽʩʪʴ 
ʪʝʨʠʪʦʨʽʾ, ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʨʦʟʨʠʚʥʦʾ ʢʘʨʪʠ ʨʦʟʧʦʜʽʣʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʫ ʧʦ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 
ʪʝʨʠʪʦʨʽʷʭ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʪʦʜʠ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ɺʠʙʽʨ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʙʽʨʢʠ ʜʘʥʠʭ, ʱʽʣʴʥʦʩʪʽ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʬʽʟʠʢʦ-
ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ ʪʝʨʠʪʦʨʽʾ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʞʥʦʾ ʢʦʥʢʨʝʪʥʦʾ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [5]. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʟʨʫʯʥʽ ʤʝʪʦʜʠ ʽʥʪʝʨʧʦʣʷʮʽʾ 
ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ (ɻɯʉ). ɻɯʉ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʪʘ 
ʢʦʨʠʩʥʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʦʚʝʨʭʥʝʚʠʤʠ ʚʦʜʘʤʠ, ʦʧʠʩ ʾʭ ʤʦʞʣʠʚʦʩʪʝʡ 
ʧʝʨʝʚʘʛ ʚʠʢʦʨʠʩʪʘʥʥʷ ɻɯʉ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʧʨʘʮʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʜʦʩʣʽʜʥʠʢʽʚ 
[2, 7, 8, 9, 10, 11]. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʪʝʨʠʪʦʨʽʷ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʇʨʠʧôʷʪʴ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. 
ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʥʠʟʢʫ ʨʦʙʽʪ, ʧʨʠʩʚʷʯʝʥʠʭ ʽʥʪʝʨʧʦʣʷʮʽʾ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʫ ʤʝʞʘʭ 
ʙʘʩʝʡʥʫ ʇʨʠʧ'ʷʪʽ, ʧʦʚʥʦʮʽʥʥʽ ʧʦʨʽʚʥʷʥʥʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʧʨʘʢʪʠʮʽ ʥʝ 
ʧʨʦʚʦʜʠʣʠʩʴ. ɸʥʘʣʽʟʠ ʪʘʢʦʛʦ ʪʠʧʫ ʧʨʦʚʦʜʷʪʴʩʷ ʜʣʷ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ, ʘʣʝ 
ʾʭ ʨʝʟʫʣʴʪʘʪʠ ʥʝʤʦʞʣʠʚʦ ʪʦʯʥʦ ʝʢʩʪʨʘʧʦʣʶʚʘʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʟ ʽʥʰʠʤʠ ʧʨʠʨʦʜʥʠʤʠ 
ʫʤʦʚʘʤʠ. ɺʘʨʪʦ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʘʩʝʡʥ ʨ. ʇʨʠʧ'ʷʪʴ ʤʘʻ ʥʝʜʦʩʪʘʪʥʴʦ ʱʽʣʴʥʫ ʤʝʨʝʞʫ 
ʩʧʦʩʪʝʨʝʞʥʠʭ ʧʫʥʢʪʽʚ ʽ ʥʝʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʧʦ ʚʩʴʦʤʫ ʙʘʩʝʡʥʫ 
[15]. ʎʝ ʥʘʢʣʘʜʘʻ ʜʦʜʘʪʢʦʚʽ ʦʙʤʝʞʝʥʥʷ ʜʣʷ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʠ ʚʠʚʯʝʥʥʽ 
ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʽʯʢʦʚʠʤʠ ʙʘʩʝʡʥʘʤʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ TIN, IDW, ʩʧʣʘʡʥ ʪʘ Kriging 
ʧʨʠ ʧʨʦʩʪʦʨʦʚʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ, ʚʠʩʚʽʪʣʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʝʟʫʣʴʪʘʪʽʚ 
ʽʥʪʝʨʧʦʣʷʮʽʾ ʪʘ ʦʧʪʠʤʘʣʴʥʠʭ ʥʘʣʘʰʪʫʚʘʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʤʝʪʦʜʫ.  

ɺʠʭʽʜʥʽ ʜʘʥʽ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʘʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʙʘʟʽ ʜʘʥʠʭ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʇʨʠʧôʷʪʴ, ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. ʇʨʠʧ'ʷʪʴ ð ʨʽʯʢʘ ʚ ʋʢʨʘʾʥʽ, 
ʨʦʟʪʘʰʦʚʘʥʘ ʫ ɺʦʣʠʥʩʴʢʽʡ, ʘ ʪʘʢʦʞ ʯʘʩʪʢʦʚʦ ʚ ʈʽʚʥʝʥʩʴʢʽʡ ʽ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ ʪʘ ʚ 
ɹʽʣʦʨʫʩʽ. ʅʘʡʙʽʣʴʰʘ ʨʽʯʢʘ ʩʝʨʝʜ ʧʨʘʚʠʭ ʧʨʠʪʦʢ ɼʥʽʧʨʘ, ʚʧʘʜʘʻ ʚ ʂʠʾʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ. 
ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ʩʪʘʥʦʚʠʪʴ 121 ʪʠʩ. ʢʤ2. ɹʽʣʦʨʫʩʴʢʘ ʯʘʩʪʠʥʘ ʙʘʩʝʡʥʫ ʟʘʡʤʘʻ 
ʧʨʠʙʣʠʟʥʦ 43% ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ, ʫʢʨʘʾʥʩʴʢʘ ï ʙʣʠʟʴʢʦ 57% [14]. 

ɹʘʩʝʡʥ ʇʨʠʧ'ʷʪʽ ʟʘʡʤʘʻ ʤʘʡʞʝ ʚʩʶ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʫ ʯʘʩʪʠʥʫ ʋʢʨʘʾʥʠ. ʇʦʩʪʽʡʥʽ ʧʦʩʪʠ 
ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʤʝʨʝʞʽ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ ʇʨʠʧ'ʷʪʽ. ɹʘʩʝʡʥ 
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ʇʨʠʧ'ʷʪʽ ʤʘʻ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʫ ʛʽʜʨʦʛʨʘʬʽʯʥʫ ʤʝʨʝʞʫ, ʙʣʠʟʴʢʦ 10,5 ʪʠʩ. ʨʽʯʦʢ ʽ ʩʪʨʫʤʢʽʚ. 
ʅʘʡʙʽʣʴʰ ʟʥʘʯʥʠʤʠ ʧʨʘʚʦʙʝʨʝʞʥʠʤʠ ʧʨʠʪʦʢʘʤʠ ʻ ʊʫʨʽʷ, ʉʪʦʭʽʜ, ʉʪʠʨ, ɻʦʨʠʥʴ, ʉʪʚʠʛʘ, 
ʋʙʦʨʪʴ, ʉʣʦʚʝʯʥʘ, ʉʦʣʦʥʴ, ʋʞ.  

ʂʣʽʤʘʪ ʥʘ ʪʝʨʠʪʦʨʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʙʘʩʝʡʥʫ ʧʦʤʽʨʥʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʠʡ ʟ ʪʝʧʣʠʤ ʽ 
ʚʦʣʦʛʠʤ ʣʽʪʦʤ ʽ ʜʦʩʠʪʴ ʤ'ʷʢʦʶ ʟʠʤʦʶ. ɺʝʩʥʘ ʪʨʠʚʘʣʘ ʽ ʥʝʩʪʽʡʢʘ, ʟ ʯʘʩʪʠʤ ʯʝʨʛʫʚʘʥʥʷʤ 
ʭʦʣʦʜʥʠʭ ʽ ʪʝʧʣʠʭ ʧʝʨʽʦʜʽʚ, ʣʽʪʦ ʪʝʧʣʝ ʽ ʜʦʱʦʚʝ. ʈʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ 
ʙʘʩʝʡʥʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 550 ʜʦ 600 ʤʤ [4]. 

ɼʣʷ ʚʦʜʥʦʛʦ ʨʝʞʠʤʫ ʭʘʨʘʢʪʝʨʥʽ ʪʨʠʚʘʣʘ ʚʝʩʥʷʥʘ ʧʦʚʽʥʴ, ʢʦʨʦʪʢʦʯʘʩʥʘ ʣʽʪʥʷ ʤʝʞʝʥʴ, 
ʷʢʘ ʧʦʨʫʰʫʻʪʴʩʷ ʜʦʱʦʚʠʤʠ ʧʘʚʦʜʢʘʤʠ ʪʘ ʤʘʡʞʝ ʱʦʨʽʯʥʠʤʠ ʦʩʽʥʥʽʤʠ ʧʽʜʚʠʱʝʥʥʷʤʠ ʨʽʚʥʷ 
ʚʦʜʠ. ʅʘ ʚʝʩʥʫ ʧʨʠʧʘʜʘʻ 65% ʨʽʯʥʦʛʦ ʩʪʦʢʫ [16]. 

ɹʽʣʴʰʘ ʯʘʩʪʠʥʘ ʙʘʩʝʡʥʫ ʇʨʠʧ'ʷʪʽ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤʝʞʘʭ ʇʦʣʽʩʴʢʦʾ ʥʠʟʦʚʠʥʠ, 
ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʘ ʯʘʩʪʠʥʘ ʙʘʩʝʡʥʫ ð ʥʘ ɺʦʣʠʥʩʴʢʽʡ ʚʠʩʦʯʠʥʽ. ʈʝʣʴʻʬ ʧʝʨʝʚʘʞʥʦ 
ʨʽʚʥʠʥʥʦ-ʭʚʠʣʷʩʪʠʭ ʥʠʟʦʚʠʥ ʽ ʨʽʚʥʠʥ. ɹʘʩʝʡʥ ʇʨʠʧ'ʷʪʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʟʘʙʦʣʦʯʝʥʠʭ ʽ 
ʣʽʩʠʩʪʠʭ ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ. ʈʝʣʴʻʬ ʦʜʥʦʨʽʜʥʠʡ, ʣʘʥʜʰʘʬʪ ʽ ʤʝʪʝʦʨʦʣʦʛʽʯʥʽ ʫʤʦʚʠ 
ʟʤʽʥʶʶʪʴʩʷ ʧʣʘʚʥʦ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʩʪʦʨʦʚʦʾ 
ʽʥʪʝʨʧʦʣʷʮʽʾ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʜʽʙʥʽ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʫʤʦʚʠ ʩʫʩʽʜʥʽʭ ʚʦʜʦʜʽʣʽʚ, ʜʣʷ 
ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʦʞ ʜʘʥʽ ʟ ʙʘʩʝʡʥʫ ʨ. 
ʊʝʪʝʨʽʚ ʪʘ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ. 

ɺ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʾ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ 
ʩʝʨʝʜʥʽʡ ʙʘʛʘʪʦʨʽʯʥʠʡ ʤʦʜʫʣʴ ʩʪʦʢʫ. ɺʽʥ ʨʦʟʨʘʭʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʪʘʮʽʦʥʘʨʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ. ʎʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 
ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʦʨʽʚʥʷʥʥʷ ʚʦʜʦʜʽʣʽʚ ʪʦʱʦ. ɿʘ ʜʦʧʦʤʦʛʦʶ ɻɯʉ ʨʦʟʨʘʭʦʚʘʥʦ 
ʮʝʥʪʨʠ ʜʣʷ ʚʦʜʦʟʙʦʨʽʚ, ʚʠʟʥʘʯʝʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ ʧʦʩʪʘʤʠ, ʾʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ 
ʨʠʩ. 1. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʘʥʠʭ 33 
ʧʦʩʪʽʡʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, 
28 ʫ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʇʨʠʧ'ʷʪʽ ʪʘ 5 ʟʘ ʡʦʛʦ 
ʤʝʞʘʤʠ. 
 
 

ʈʠʩ. 1. ʇʦʜʽʣ ʙʘʩʝʡʥʫ ʇʨʠʧôʷʪʽ ʥʘ ʦʢʨʝʤʽ 
ʚʦʜʦʟʙʦʨʠ 

 
ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʶ ʩʪʦʢʫ 

ʩʪʘʥʦʚʠʪʴ 5,94 ʣ*ʩ-1*ʢʤ-2, ʤʽʥʽʤʘʣʴʥʝ 2,1 ʣ*ʩ-

1*ʢʤ-2, ʘ ʩʝʨʝʜʥʻ ʧʦ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ 3,84 ʣ*ʩ-1*ʢʤ-2. ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʦʢʦʤ ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 60 ʨʦʢʽʚ. ɺʨʘʭʦʚʫʶʯʠ ʧʝʚʥʫ 
ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʮʽʥʢʠ ʪʘ 
ʫʩʝʨʝʜʥʝʥʥʷ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʚʩʽ ʥʘʷʚʥʽ ʜʘʥʽ ʟ ʜʽʶʯʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ. ɿʘ 
ʚʽʜʩʫʪʥʦʩʪʽ ʜʘʥʠʭ ʚ ʦʢʨʝʤʽ ʨʦʢʠ ʚʦʥʠ ʟʘʧʦʚʥʶʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʨʝʣʷʮʽʡʥʠʭ 
ʟʘʣʝʞʥʦʩʪʝʡ. ʉʝʨʽʾ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦʩʪʘʪʥʴʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ, ʘ ʧʘʨʘʤʝʪʨʠ ʩʪʦʢʫ ʚ ʮʽʣʦʤʫ 
ʥʘʜʽʡʥʽ ʪʘ ʥʝʫʧʝʨʝʜʞʝʥʽ. ʎʷ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʦʨʫʰʫʻʪʴʩʷ ʜʣʷ ʜʚʦʭ ʨʷʜʽʚ ʜʘʥʠʭ: ʥʘ ʧʦʩʪʘʭ 
ʇʨʠʧ'ʷʪʴ - ʈʽʯʠʮʷ ʪʘ ʅʦʨʠʥ - ʉʣʘʚʝʥʱʠʥʘ [15]. ɯʤʦʚʽʨʥʦ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ 
ʙʘʩʝʡʥʽʚ ʽ ʘʥʪʨʦʧʦʛʝʥʥʘ ʜʽʷʣʴʥʽʩʪʴ ʚʧʣʠʥʫʣʠ ʥʘ ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʩʪʽʢ ʥʘ ʮʠʭ ʩʪʘʥʮʽʷʭ. 
ʆʜʥʘʢ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʽʥʪʝʨʧʦʣʷʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜ ʮʝʥʪʨʽʚ ʚʦʜʦʟʙʦʨʽʚ, ʘ ʡʤʦʚʽʨʥʽ 
ʧʨʠʯʠʥʠ ʨʽʟʢʠʭ ʟʤʽʥ ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ ʩʪʦʢʫ ʻ ʩʧʝʮʠʬʽʯʥʠʤʠ ʜʣʷ ʪʝʨʠʪʦʨʽʾ ʮʠʭ ʚʦʜʦʟʙʦʨʽʚ 
ʟʘʛʘʣʦʤ, ʮʽ ʜʘʥʽ ʪʘʢʦʞ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ. 

ʇʦʨʽʚʥʶʚʘʣʠ ʯʦʪʠʨʠ ʤʝʪʦʜʠ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʘ ʩʘʤʝ ʪʨʽʘʥʛʫʣʷʮʽʶ, ʤʝʪʦʜ 
ʟʚʦʨʦʪʥʦʛʦ ʟʚʘʞʫʚʘʥʥʷ ʚʽʜʩʪʘʥʝʡ, Kriging ʪʘ ʩʧʣʘʡʥ. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʟ ʤʝʪʦʶ 
ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʪʘʢʦʞ ʨʽʟʥʽ ʙʘʟʦʚʽ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ - ʪʨʽʘʥʛʫʣʷʮʽʷ (TIN), ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʣʽʥʽʡʥʽʡ ʽʥʪʝʨʧʦʣʷʮʽʾ ʽ ʙʣʠʟʴʢʠʡ ʜʦ 
ʨʫʯʥʦʾ ʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʇʦʯʘʪʢʦʚʽ ʪʦʯʢʠ ʟôʻʜʥʫʶʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʦʪʨʠʤʘʥʘ 
ʧʦʚʝʨʭʥʷ ʙʫʣʘ ʧʦʢʨʠʪʘ ʪʨʠʢʫʪʥʠʢʘʤʠ ʽ ʞʦʜʥʘ ʟʽ ʩʪʦʨʽʥ ʪʨʠʢʫʪʥʠʢʘ ʥʝ ʧʝʨʝʪʠʥʘʣʘ ʩʪʦʨʦʥʠ 
ʽʥʰʠʭ ʪʨʠʢʫʪʥʠʢʽʚ. ɿʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚ ʪʦʯʢʘʭ ʩʽʪʢʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ 
ʪʨʠʢʫʪʥʠʢʘ, ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʚʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚʦʥʠ ʥʘʣʝʞʘʪʴ ʧʣʦʱʠʥʽ, ʢʦʪʨʘ ʧʨʦʭʦʜʠʪʴ 
ʯʝʨʝʟ ʚʝʨʰʠʥʠ ʢʦʥʢʨʝʪʥʦʛʦ ʪʨʠʢʫʪʥʠʢʘ [17]. ʆʪʨʠʤʘʥʘ ʧʦʚʝʨʭʥʷ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʦʭʦʜʠʪʴ 
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ʯʝʨʝʟ ʫʩʽ ʧʦʯʘʪʢʦʚʽ ʪʦʯʢʠ, ʚ ʷʢʠʭ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʚʞʝ ʟʘʜʘʥʽ. ʅʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ 
ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʥʘ ʢʘʨʪʽ ʚʝʣʠʢʠʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʚʽʜʨʽʟʢʽʚ; ʨʝʟʫʣʴʪʘʪ, 
ʦʪʨʠʤʘʥʠʡ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʙʫʜʝ ʧʦʤʠʣʢʦʶ ʤʝʪʦʜʫ [3]. 

ʄʝʪʦʜ ʟʚʦʨʦʪʥʠʭ ʟʚʘʞʝʥʠʭ ʚʽʜʩʪʘʥʝʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʙʯʠʩʣʝʥʥʽ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ñʟʚʘʞʫʶʪʴʩʷò ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʫ ʚʠʭʽʜʥʠʭ ʪʦʯʢʘʭ ʧʨʠ ʧʦʙʫʜʦʚʽ 
ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ. ʇʦʙʫʜʦʚʘʥʘ ʬʫʥʢʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʣʷ 
ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ ʧʦʚʝʨʭʥʽ ʫ ʚʫʟʣʘʭ Grid-ʩʽʪʢʠ. ɺʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʥʘʜʘʻʪʴʩʷ 
ʦʢʨʝʤʽʡ ʚʠʭʽʜʥʽʡ ʪʦʯʮʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʫ ʚʫʟʣʽ Grid-ʩʽʪʢʠ, ʧʨʦʧʦʨʮʽʡʥʠʡ 
ʩʪʝʧʝʥʽ ʟʚʦʨʦʪʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʚʠʭʽʜʥʦʾ ʪʦʯʢʠ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʚʫʟʣʘ Grid-ʩʽʪʢʠ.  
ʉʪʝʧʽʥʴ ʟʚʦʨʦʪʥʦʾ ʚʽʜʩʪʘʥʽ ʪʘ ʢʨʠʪʠʯʥʘ ʚʽʜʩʪʘʥʴ (ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ), ʧʨʠ 
ʧʝʨʝʚʠʱʝʥʥʽ ʷʢʦʾ ʚʟʘʻʤʥʠʡ ʚʧʣʠʚ ʪʦʯʦʢ ʧʨʠ ʚʽʜʪʚʦʨʝʥʥʽ ʧʦʚʝʨʭʥʽ ʩʪʘʻ ʥʝʩʫʪʪʻʚʠʤ, 
ʟʘʜʘʶʪʴʩʷ ʜʦʩʣʽʜʥʠʢʦʤ. ʇʨʠ ʦʙʯʠʩʣʝʥʥʽ ʟʥʘʯʝʥʥʷ ʧʦʚʝʨʭʥʽ ʫ ʚʫʟʣʽ Grid-ʩʽʪʢʠ (ʧʨʠ ʧʦʙʫʜʦʚʽ 
ʽʥʪʝʨʧʦʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ) ʩʫʤʘ ʚʩʽʭ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ, ʱʦ ʧʨʠ ʮʴʦʤʫ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʜʦʨʽʚʥʶʻ ʦʜʠʥʠʮʽ, ʘ ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʞʥʦʾ ʚʠʭʽʜʥʦʾ ʪʦʯʢʠ ʻ ʜʦʣʝʶ 
ʮʽʻʾ ʟʘʛʘʣʴʥʦʾ ʦʜʠʥʠʯʥʦʾ ʚʘʛʠ. ʗʢʱʦ ʚʠʭʽʜʥʘ ʪʦʯʢʘ ʩʧʽʚʧʘʜʘʻ ʟ ʚʫʟʣʦʤ Grid-ʩʽʪʢʠ, ʪʦ 
ʚʘʛʦʚʠʡ ʢʦʝʬʽʮʽʻʥʪ ʮʽʻʾ ʚʠʭʽʜʥʦʾ ʪʦʯʢʠ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ, ʘ ʜʣʷ ʚʩʽʭ ʽʥʰʠʭ 
ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ ï ʥʫʣʶ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʥʘʯʝʥʥʷ ʫ ʚʫʟʣʽ Grid-ʩʽʪʢʠ ʧʦʚʥʽʩʪʶ ʩʧʽʚʧʘʜʘʻ ʟʽ 
ʟʥʘʯʝʥʥʷʤ ʧʦʚʝʨʭʥʽ ʫ ʚʠʭʽʜʥʽʡ ʪʦʯʮʽ, ʪʦʙʪʦ ʤʝʪʦʜ ʧʨʘʮʶʻ ʷʢ ʪʦʯʥʠʡ ʽʥʪʝʨʧʦʣʷʪʦʨ. 
ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʟʚʦʨʦʪʥʠʭ ʟʚʘʞʝʥʠʭ ʚʽʜʩʪʘʥʝʡ ʻ ʛʝʥʝʨʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʽʟʦʣʽʥʽʡ ʪʠʧʫ 
ñʙʠʯʘʯʝ ʦʢʦò ʥʘʚʢʦʣʦ ʪʦʯʦʢ ʟ ʚʝʣʠʢʠʤʠ ʘʙʦ ʤʘʣʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʚʝʣʠʯʠʥʠ ʧʦʚʝʨʭʥʽ. ɼʣʷ 
ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʟʛʘʜʘʥʠʭ ʪʦʯʦʢ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʤʦʞʥʘ ʟʘʜʘʪʠ ʟʥʘʯʝʥʥʷ 
ʧʘʨʘʤʝʪʨʫ, ʱʦ ʟʛʣʘʜʞʫʻ ʽʥʪʝʨʧʦʣʷʮʽʡʥʫ ʬʫʥʢʮʽʶ. ʆʜʥʘʢ ʯʠʤ ʙʽʣʴʰʝ ʧʘʨʘʤʝʪʨ, ʱʦ 
ʟʛʣʘʜʞʫʻ, ʪʠʤ ʤʝʥʰʠʡ ʚʧʣʠʚ ʤʘʻ ʢʦʞʥʘ ʚʠʭʽʜʥʘ ʪʦʯʢʘ ʥʘ ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʫ ʚʫʟʣʽ 
Grid-ʩʽʪʢʠ. [13]. ɼʣʷ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ ʟʥʘʯʝʥʥʷ, P=2 ʪʘ P=5, ʚʦʥʠ ʻ 
ʦʨʽʻʥʪʦʚʥʠʤʠ ʪʘ ʚ ʤʝʞʘʭ ʷʢʠʭ ʨʝʟʫʣʴʪʘʪʠ ʻ ʚʽʜʥʦʩʥʦ ʥʘʜʽʡʥʠʤʠ ʜʣʷ ʥʘʷʚʥʠʭ ʜʘʥʠʭ. 

ʉʧʣʘʡʥ ð ʪʨʝʪʽʡ ʤʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʷʢʠʡ ʦʮʽʥʶʻ ʟʥʘʯʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 
ʤʘʪʝʤʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ, ʢʦʪʨʘ ʤʽʥʽʤʽʟʫʻ ʟʘʛʘʣʴʥʫ ʢʨʠʚʠʟʥʫ ʧʦʚʝʨʭʥʽ. ʄʝʪʦʜ ʧʽʜʛʘʥʷʻ 
ʤʘʪʝʤʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʜʦ ʟʘʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʡʙʣʠʞʯʠʭ ʚʭʽʜʥʠʭ ʪʦʯʦʢ, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ 
ʪʦʯʢʠ ʚʠʙʽʨʢʠ. ʎʝʡ ʤʝʪʦʜ ʜʫʞʝ ʢʦʨʠʩʥʠʡ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʝʣʠʯʠʥ, ʱʦ ʧʣʘʚʥʦ 
ʟʤʽʥʶʶʪʴʩʷ, ʪʘʢʠʭ ʷʢ ʚʠʩʦʪʘ, ʚʠʩʦʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʘʙʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʥʷ. ʄʦʞʥʘ 
ʟ ʟʥʘʯʥʠʤ ʩʪʫʧʝʥʝʤ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʛʽʜʨʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʜʦʜʽʣʽʚ 
ʤʘʻ ʩʭʦʞʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʧʦʜʽʣʫ.  

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʩʧʣʘʡʥ ʥʝ ʻ ʚʠʯʝʨʧʥʦ 
ʧʨʝʜʩʪʘʚʣʝʥʠʤ ʜʣʷ ʛʽʜʨʦʣʦʛʽʯʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟʦʢʨʝʤʘ ʟ 
ʚʽʜʩʫʪʥʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚ ʩʪʘʥʜʘʨʪʥʦʤʫ ʥʘʙʦʨʽ ʽʥʩʪʨʫʤʝʥʪʽʚ ʦʜʥʽʻʾ ʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ɻɯʉ 
(QGIS), ʪʦʙʪʦ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ SAGA ɻɯʉ-ʤʦʜʫʣʴ ʚ QGIS, ʯʠ ʽʥʰʝ ʧʨʦʛʨʘʤʥʝ 
ʟʘʙʝʟʧʝʯʝʥʥʷ. 

Kriging ð ʯʝʪʚʝʨʪʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʙʫʚ ʦʙʨʘʥʠʡ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ. ɺʽʥ ʧʨʠʧʫʩʢʘʻ, ʱʦ 
ʚʽʜʩʪʘʥʴ ʘʙʦ ʥʘʧʨʷʤʦʢ ʤʽʞ ʪʦʯʢʘʤʠ ʚʠʙʽʨʢʠ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʩʪʦʨʦʚʫ ʢʦʨʝʣʷʮʽʶ, ʷʢʘ ʤʦʞʝ 
ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʧʦʷʩʥʝʥʥʷ ʟʤʽʥʠ ʧʦʚʝʨʭʥʽ. ɯʥʩʪʨʫʤʝʥʪ Kriging ʧʽʜʙʠʨʘʻ ʤʘʪʝʤʘʪʠʯʥʫ 
ʬʫʥʢʮʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʘʙʦ ʚʩʽʭ ʪʦʯʦʢ ʫ ʤʝʞʘʭ ʟʘʜʘʥʦʛʦ ʨʘʜʽʫʩʘ, ʱʦʙ 
ʚʠʟʥʘʯʠʪʠ ʚʠʭʽʜʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʮʷ [3]. 

IDW ʪʘ ʩʧʣʘʡʥ ʥʘʟʠʚʘʶʪʴ ʤʝʪʦʜʘʤʠ ʜʝʪʝʨʤʽʥʦʚʘʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ 
ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʚʢʦʣʠʰʥʽʭ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʥʷʭ ʪʘ ʥʘ ʚʠʟʥʘʯʝʥʠʭ 
ʤʘʪʝʤʘʪʠʯʥʠʭ ʬʦʨʤʫʣʘʭ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʛʣʘʜʢʽʩʪʴ ʦʪʨʠʤʘʥʦʾ ʧʦʚʝʨʭʥʽ. Kriging 
ʧʨʝʜʩʪʘʚʣʷʻ ʚ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʛʝʦʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ 
ʤʦʜʝʣʷʭ ʪʘ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʘʚʪʦʢʦʨʝʣʷʮʽʶ, ʩʪʘʪʠʩʪʠʯʥʽ ʟʚôʷʟʢʠ ʤʽʞ ʚʠʤʽʨʷʥʠʤʠ ʪʦʯʢʘʤʠ. 
ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʛʝʦʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʥʝ ʪʽʣʴʢʠ ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʦʚʝʨʭʥʶ 
ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʘʣʝ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʫ ʤʽʨʫ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʧʨʦʛʥʦʟʽʚ [3, 
12]. 

ʆʮʽʥʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ 
ʬʘʢʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʦʜʫʣʶ ʩʪʦʢʫ ʪʘ ʟʥʘʯʝʥʥʷʤʠ, ʟʥʷʪʠʤʠ ʟʽ ʩʪʚʦʨʝʥʠʭ ʢʘʨʪ. ʆʮʽʥʢʘ 
ʧʨʦʚʦʜʠʣʘʩʷ ʜʚʦʤʘ ʩʧʦʩʦʙʘʤʠ. ʇʝʨʰʠʡ ï ʮʝ ʦʮʽʥʢʘ ʚʽʜʤʽʥʥʦʩʪʝʡ ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, 
ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʧʨʦʮʝʜʫʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ (22 òʥʝʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠò ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽʟ 
ʟʘʛʘʣʴʥʠʭ 28 ʪʦʯʦʢ). ʎʝʡ ʪʠʧ ʦʮʽʥʢʠ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ  ʪʦʯʥʦʩʪʽ ʧʨʦʮʝʜʫʨʠ 
ʽʥʪʝʨʧʦʣʷʮʽʾ ʱʦʜʦ ʽʩʥʫʶʯʠʭ (ʟʘʜʘʥʠʭ) ʪʦʯʦʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ɼʣʷ ʜʨʫʛʦʛʦ ʪʠʧʫ ʦʮʽʥʶʚʘʥʥʷ 
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ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ 6 ʪʦʯʦʢ ʽʟ 28 ʫ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚʠʢʣʶʯʝʥʦ ʟ ʚʠʭʽʜʥʦʾ ʙʘʟʠ 
ʜʘʥʠʭ ʧʨʦʮʝʜʫʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ (ñʢʦʥʪʨʦʣʴʥʽ ʪʦʯʢʠò). ʆʮʽʥʢʫ ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʽ ʧʦʨʽʚʥʷʥʥʷ 
ʚʠʤʽʨʷʥʠʭ (ʨʝʘʣʴʥʠʭ) ʪʘ ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʫ ʮʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʢʘʭ. ʎʝ ʙʫʣʦ 
ʟʨʦʙʣʝʥʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʨʪ, ʦʪʨʠʤʘʥʠʭ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ, 
ʜʣʷ ʚʠʚʯʝʥʥʷ ʛʽʜʨʦʣʦʛʽʯʥʦ ʥʝʚʠʚʯʝʥʠʭ ʚʦʜʦʟʙʦʨʽʚ. ʊʦʯʢʠ ʚʠʙʠʨʘʣʠʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ 
ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦ ʪʝʨʠʪʦʨʽʾ. ɻʽʜʨʦʣʦʛʽʯʥʽ ʧʦʩʪʠ ʚʦʜʦʟʙʦʨʽʚ, ʧʨʠʣʝʛʣʠʭ ʜʦ ʙʘʩʝʡʥʫ 
ʇʨʠʧ'ʷʪʽ, ʚ ʮʽʡ ʦʮʽʥʮʽ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠʩʷ. 

ʑʦʙ ʦʙʯʠʩʣʠʪʠ ʩʝʨʝʜʥʶ ʘʙʩʦʣʶʪʥʫ ʧʦʭʠʙʢʫ (MAE) ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʫʩʽ 
ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʚʦʜʷʪʴ ʫ ʢʚʘʜʨʘʪ, ʧʽʜʩʫʤʦʚʫʶʪʴ ʽ ʩʫʤʫ ʜʽʣʷʪʴ ʥʘ ʟʘʛʘʣʴʥʫ 
ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʚʽʨʝʥʠʭ ʪʦʯʦʢ [1]. 
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ʜʝ yi - ʬʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʽʟ ʩʧʦʩʪʝʨʝʞʝʥʴ, yp - ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ, 

ʦʪʨʠʤʘʥʝ ʰʣʷʭʦʤ ʽʥʪʝʨʧʦʣʷʮʽʾ, n - ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ. 

ʂʚʘʜʨʘʪʥʠʡ ʢʦʨʽʥʴ ʽʟ ʮʴʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʟʥʘʯʘʻʪʴʩʷ ʷʢ RMSE (ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʘ 
ʧʦʤʠʣʢʘ): 
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ɺʽʜʭʠʣʝʥʥʷ ʪʘʢʦʞ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʽʜʩʦʪʢʘʭ ʰʣʷʭʦʤ ʜʽʣʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʘʙʩʦʣʶʪʥʦʾ 
ʧʦʭʠʙʢʠ ʥʘ ʩʝʨʝʜʥʽʡ ʨʝʘʣʴʥʠʡ (ʚʠʤʽʨʷʥʠʡ) ʤʦʜʫʣʴ ʩʪʦʢʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʪʘʢʦʛʦ ʪʠʧʫ ʥʝ ʤʦʞʝ ʙʘʟʫʚʘʪʠʩʷ ʣʠʰʝ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʮʽʥʮʽ 
ʨʝʟʫʣʴʪʘʪʽʚ. ɹʫʣʦ ʦʮʽʥʝʥʦ ʪʘʢʦʞ ʬʦʨʤʫ ʽʟʦʣʽʥʽʡ, ʥʘʷʚʥʽʩʪʴ ʧʦʤʠʣʦʢ ʥʘ ʽʥʪʝʨʧʦʣʴʦʚʘʥʽʡ 
ʧʦʚʝʨʭʥʽ, ʷʢʽ ʥʘʟʠʚʘʶʪʴʩʷ ʘʨʪʝʬʘʢʪʘʤʠ ð ʥʝʙʘʞʘʥʠʤʠ ʝʬʝʢʪʘʤʠ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʪʦʯʥʠʭ ɻɯʉ ʜʣʷ ʦʙʨʦʙʢʠ ʥʠʟʴʢʦʪʦʯʥʠʭ ʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ, ʧʦʟʠʮʽʡʥʠʭ 
ʧʦʤʠʣʦʢ, ʧʦʤʠʣʦʢ ʘʪʨʠʙʫʪʽʚ ʪʦʱʦ [6]. ʊʘʢʦʞ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʟʘʛʘʣʴʥʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 
ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʤʦʜʫʣʶ ʩʪʦʢʫ ʚ ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʘʧʠ ʧʨʦʩʪʦʨʦʚʦʛʦ 
ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʽʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʤʦʜʫʣʽʚ ʩʪʦʢʫ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ 
ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʬʘʢʪʠʯʥʠʭ ʪʘ ʽʥʪʝʨʧʦʣʴʦʚʘʥʠʭ ʟʥʘʯʝʥʴ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 
ɺ ʘʙʩʦʣʶʪʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʡʤʝʥʰʫ ʧʦʭʠʙʢʫ ʤʘʻ ʤʝʪʦʜ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ Kriging, 
ʜʨʫʛʠʤ ʟʘ ʪʦʯʥʽʩʪʶ ʻ ʤʝʪʦʜ IDW. ʅʘʡʙʽʣʴʰʽ ʧʦʭʠʙʢʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʥʘʯʝʥʥʷ, ʦʪʨʠʤʘʥʽ ʟ 
ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʥʦʾ TIN ʽ ʩʬʝʨʠʯʥʦʛʦ Kriging. ʇʨʠ ʮʴʦʤʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʩʽ ʦʪʨʠʤʘʥʽ 
ʟʥʘʯʝʥʥʷ ʚʽʜʭʠʣʷʶʪʴʩʷ ʚʽʜ ʬʘʢʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʤʦʜʫʣʶ 
ʩʪʦʢʫ ʤʝʥʰʝ ʥʽʞ ʥʘ 6%, ʪʦʙʪʦ ʚʩʽ ʤʝʪʦʜʠ ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪ, ʙʣʠʟʴʢʠʡ ʜʦ ʚʠʤʽʨʷʥʠʭ 
ʟʥʘʯʝʥʴ. 

 

ʊʘʙʣʠʮʷ 1. ʆʮʽʥʢʘ ʤʝʪʦʜʽʚ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʄʝʪʦʜ ʽʥʪʝʨʧʦʣʷʮʽʾ 

ʇʦʨʽʚʥʷʥʥʷ 

ʥʝʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ 

ʇʦʭʠʙʢʘ 
ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ 
ʤʦʜʫʣʶ ʩʪʦʢʫ  

ʉʝʨʝʜʥʻ 
ʚʽʜʭʠʣʝʥʥʷ 

ʇʦʭʠʙʢʘ 
ʩʝʨʝʜʥʴʦʨʽʯʥʦʛʦ 
ʤʦʜʫʣʶ ʩʪʦʢʫ  

ʉʝʨʝʜʥʻ 
ʚʽʜʭʠʣʝʥʥʷ 

MSE RMSE % MSE RMSE % 

0,14 0,38 4,03 0,55 0,74 15,13 

Kriging ʩʬʝʨʠʯʥʠʡ 0,17 0,41 4,78 0,35 0,59 9,70 

Kriging ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ 0,08 0,29 2,25 0,31 0,56 8,42 

TIN ʢʫʙʽʯʥʘ 0,15 0,38 3,85 0,43 0,65 11,63 

TIN ʣʽʥʽʡʥʘ 0,18 0,43 5,07 0,36 0,60 10,20 

IDW, P=5 0,11 0,33 3,02 0,42 0,65 11,66 

IDW, P=2 0,10 0,31 2,73 0,18 0,43 5,43 
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ʆʮʽʥʢʘ ʪʦʯʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʢʘʨʪ ʧʽʜ ʯʘʩ ʧʝʨʝʚʽʨʢʠ ʜʣʷ ʨʘʥʽʰʝ ʚʠʜʽʣʝʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ 
ʪʦʯʦʢ, ʷʢ ʽ ʦʯʽʢʫʚʘʣʦʩʷ, ʧʦʢʘʟʘʣʘ ʙʽʣʴʰʽ ʧʦʭʠʙʢʠ, ʘʣʝ ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʟʙʝʨʽʛʘʶʪʴʩʷ. 
Kriging ʧʦʢʘʟʫʻ ʥʘʡʪʦʯʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ, ʟʘ ʷʢʠʤʠ ʧʦʩʣʽʜʦʚʥʦ ʡʜʫʪʴ IDW, TIN ʽ ʩʧʣʘʡʥ. 
ʆʩʪʘʥʥʽʡ ʤʝʪʦʜ ʜʝʤʦʥʩʪʨʫʻ  ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʦʢ, ʱʦ ʧʝʨʝʚʠʱʫʻ 15% ʜʣʷ ʦʮʽʥʢʠ ʙʘʩʝʡʥʽʚ ʫ 
ʤʝʞʘʭ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ.  

ɿ ʫʩʽʭ ʯʦʪʠʨʴʦʭ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʣʠʰʝ IDW ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʦʜʠʪʠ ʪʘʢʦʞ 
ʝʢʩʪʨʘʧʦʣʷʮʽʶ ʜʘʥʠʭ (ʨʠʩ. 2). ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʟʥʘʯʝʥʥʷ ʜʣʷ ʙʽʣʴʰʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ 
ʇʨʠʧ'ʷʪʽ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. ʆʜʥʘʢ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʥʠʭ ʧʫʥʢʪʽʚ ʦʮʽʥʢʘ ʾʭ ʪʦʯʥʦʩʪʽ 
ʫ ʥʘʡʚʽʜʜʘʣʝʥʽʰʠʭ ʚʽʜ ʚʠʭʽʜʥʠʭ ʪʦʯʦʢ ʯʘʩʪʠʥʘʭ ʫʩʢʣʘʜʥʝʥʘ. ʅʘ ʨʠʩʫʥʢʫ ʪʘʢʦʞ ʚʠʜʥʦ 
ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʫ ñʙʠʯʘʯʠʭ ʦʯʝʡò, ʪʦʙʪʦ ʽʥʬʦʨʤʘʮʽʷ ʥʝ ʽʥʪʝʨʧʦʣʶʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʧʦ 
ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʘ ʚʽʜʩʪʘʥʽ. ʇʨʦʪʝ, ʚʨʘʭʦʚʫʶʯʠ 
ʽʥʪʝʨʧʦʣʷʮʽʶ ʚʽʜ ʮʝʥʪʨʽʚ ʚʦʜʦʟʙʦʨʽʚ, ʧʝʨʝʚʘʞʥʦ ʧʦʚʽʣʴʥʫ ʟʤʽʥʫ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ 
ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 
ʥʝʚʝʣʠʢʠʤʠ ʧʦʭʠʙʢʘʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʫ ʻ ʜʦʩʠʪʴ ʚʠʧʨʘʚʜʘʥʠʤ. 

 

 

ʈʠʩ. 2. ɯʟʦʣʽʥʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʜʫʣʶ ʩʪʦʢʫ ʧʦ ʙʘʩʝʡʥʫ ʇʨʠʧôʷʪʽ ʚ ʤʝʞʘʭ 
ʋʢʨʘʾʥʠ, ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʦʤ IDW, ʟ ʈ=5 

 

 
ʌʦʨʤʘ ʦʪʨʠʤʘʥʠʭ ʽʟʦʣʽʥʽʡ ʜʦʩʪʘʪʥʴʦ 

ʧʣʘʚʥʘ, ʦʜʥʘʢ ʤʦʞʫʪʴ ʬʦʨʤʫʚʘʪʠʩʴ ʦʢʨʝʤʽ 
ʜʽʣʷʥʢʠ ʟ ʜʦʩʠʪʴ ʛʦʩʪʨʠʤʠ ʢʫʪʘʤʠ. ʇʨʠʢʣʘʜ 
ʮʴʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ʅʝ ʙʫʣʦ 

ʧʦʤʽʯʝʥʦ ʫʪʚʦʨʝʥʥʷ ʘʨʪʝʬʘʢʪʽʚ. 
 
 
ʈʠʩ. 3. ɯʟʦʣʽʥʽʾ, ʦʪʨʠʤʘʥʽ ʟ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ IDW (P=2) 
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ɯʥʪʝʨʧʦʣʷʮʽʾ ʽʥʰʠʤʠ ʪʨʴʦʤʘ ʤʝʪʦʜʘʤʠ ʜʘʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʣʠʰʝ ʚ ʤʝʞʘʭ, ʘʚʪʦʤʘʪʠʯʥʦ 

ʚʠʟʥʘʯʝʥʠʭ ʚʭʽʜʥʠʤʠ ʜʘʥʠʤʠ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʮʽʥʠʪʠ ʚʦʜʦʟʙʦʨʠ, 

ʥʝʜʦʩʪʘʪʥʴʦ ʯʠ ʥʝʨʽʚʥʦʤʽʨʥʦ ʦʭʦʧʣʝʥʽ ʤʝʨʝʞʝʶ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʂʦʞʝʥ ʽʟ 

ʤʝʪʦʜʽʚ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ, ʥʝʜʦʣʽʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ, ʟʫʤʦʚʣʝʥʽ ʷʢ ʤʝʭʘʥʽʟʤʘʤʠ ʾʭ ʨʦʙʦʪʠ, 

ʪʘʢ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʪʠ QGIS. 

ʇʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʤʝʪʦʜʦʤ Kriging ʧʝʨʝʭʦʜʠ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʙʽʣʴʰ ʧʣʘʚʥʽ, ʚʽʜʩʫʪʥʷ 

ʧʨʦʙʣʝʤʘ ñʙʠʯʘʯʠʭ ʦʯʝʡò. ʆʜʥʘʢ ʙʽʣʴʰ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʘʩʪʨʦʚʠʭ ʰʘʨʽʚ ʪʘ 

ʚʠʜʽʣʝʥʠʭ ʽʟ ʥʠʭ ʽʟʦʣʽʥʽʡ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʜʝʷʢʠʭ ʪʦʯʢʘʭ ʽʟʦʣʽʥʽʾ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴ ʥʘʧʨʷʤ ʽʟʦʣʽʥʽʡ 

ʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ. ɼʘʥʽ ʝʬʝʢʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4ʘ 

ï 4ʜ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʤʘʻ ʨʽʟʥʠʮʽ ʤʽʞ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ ʪʘ ʩʬʝʨʠʯʥʠʤ Kriging, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʙʦʭ ʤʝʭʘʥʽʟʤʽʚ ʜʘʻ ʟʥʘʯʥʽ ʚʠʢʨʠʚʣʝʥʥʷ.  

ʇʨʠ ʮʴʦʤʫ ʚʠʢʨʠʚʣʝʥʥʷ ʪʘ ʘʨʪʝʬʘʢʪʠ ʧʦʰʠʨʝʥʽ ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʩʽʡ 

ʪʝʨʠʪʦʨʽʾ, ʱʦ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʩʚʽʜʯʠʪʠ ʧʨʦ ʩʠʩʪʝʤʥʽʩʪʴ ʥʝʜʦʣʽʢʽʚ ʤʝʪʦʜʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

Kriging ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʚʠʚʯʝʥʥʷ ʤʽʩʮʝʚʦʩʪʽ ʤʦʞʝ ʚʠʤʘʛʘʪʠ ʜʦʜʘʪʢʦʚʠʭ ʦʧʝʨʘʮʽʡ ʟ 

ʦʯʠʩʪʢʠ, ʚʽʜʩʽʶʚʘʥʥʷ ʘʨʪʝʬʘʢʪʽʚ ʪʘ ʭʠʙʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʡʤʦʚʽʨʥʦ ʟʙʽʣʴʰʠʪʴ ʟʘʛʘʣʴʥʽ 

ʧʦʭʠʙʢʠ. 
 

      
 

ʈʠʩ. 4.  ɸʨʪʝʬʘʢʪʠ ʪʘ ʩʧʦʪʚʦʨʝʥʥʷ ʽʟʦʣʽʥʽʡ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʜʫʣʶ ʩʪʦʢʫ, 
ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ: a) Kriging exponential; b) Kriging spherical. 

 

 

ʇʨʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ TIN ʽʟʦʣʽʥʽʾ ʪʘʢʦʞ ʥʝ ʻ ʛʣʘʜʢʠʤʠ (ʨʠʩ. 5). 

ʄʦʞʥʘ ʧʦʙʘʯʠʪʠ ʦʢʨʝʤʽ ʚʝʣʠʢʽ ʧʨʷʤʦʢʫʪʥʽ ʦʙʣʘʩʪʽ ʟ ʦʜʥʘʢʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʤʦʜʫʣʶ 

ʩʪʦʢʫ, ʪʦʙʪʦ ʤʝʪʦʜ ʤʦʞʝ ʜʘʪʠ ʥʝʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʆʢʨʽʤ ʮʴʦʛʦ, ʨʝʟʫʣʴʪʘʪʠ ʥʘ ʤʝʞʽ 

ʦʪʨʠʤʘʥʦʾ ʜʽʣʷʥʢʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʥʘ ʧʽʚʥʦʯʽ 

ʩʠʣʴʥʦ ʩʧʦʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʢʫʙʽʯʥʦʛʦ TIN ʯʝʨʝʟ ʦʩʦʙʣʠʚʦʩʪʽ ʤʝʭʘʥʽʟʤʫ 

ʽʥʪʝʨʧʦʣʷʮʽʾ ʚ QGIS. ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʥʝʤʦʞʣʠʚʦ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʥʘ ʜʦʩʪʦʚʽʨʥʽ ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʪʦʯʦʢ, ʱʦ ʪʘʢʦʞ ʙʫʣʦ ʚʨʘʭʦʚʘʥʦ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʪʘʙʣ. 1. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ TIN ʥʝ ʧʨʠʟʚʝʣʦ ʜʦ ʫʪʚʦʨʝʥʥʷ 

ʘʨʪʝʬʘʢʪʽʚ ʥʘ ʧʦʚʝʨʭʥʽ.  

 
 
ʈʠʩ. 5. ɯʟʦʣʽʥʽʾ, ʦʪʨʠʤʘʥʽ ʟ ʜʦʧʦʤʦʛʦʶ 

ʤʝʪʦʜʫ IDW (P=2) 

 
 
ʆʩʪʘʥʥʽʤ ʟ ʟʘʩʪʦʩʦʚʘʥʠʭ ʤʝʪʦʜʽʚ ʧʨʦʩʪʦʨʦʚʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʙʫʚ ʤʝʪʦʜ ʩʧʣʘʡʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʽʥʪʝʨʧʦʣʷʮʽʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 6. 
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ʈʠʩ. 6. ɯʟʦʣʽʥʽʾ ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʤʦʜʫʣʶ ʩʪʦʢʫ ʧʦ ʙʘʩʝʡʥʫ ʇʨʠʧôʷʪʽ ʚ ʤʝʞʘʭ 
ʋʢʨʘʾʥʠ, ʩʪʚʦʨʝʥʽ ʤʝʪʦʜʦʤ Spline 
 

ʇʝʨʝʭʦʜʠ ʤʽʞ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʽʟʦʣʽʥʽʾ ʻ ʜʫʞʝ ʧʣʘʚʥʠʤʠ, ʘʨʪʝʬʘʢʪʽʚ ʥʝʤʘʻ. ɿ ʫʩʽʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʝʪʦʜʽʚ ʩʧʣʘʡʥ ʻʜʠʥʠʡ ʥʝ ʧʦʪʨʝʙʫʻ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ 
ʢʘʨʪʦʩʭʝʤ ʟ ʤʝʪʦʶ ʚʽʟʫʘʣʴʥʦʛʦ ʩʫʧʨʦʚʦʜʫ. ʅʝʦʙʭʽʜʥʠʤʠ ʻ ʧʦʜʘʣʴʰʽ ʘʥʘʣʽʟʠ ʟ ʽʥʰʠʤʠ 
ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʟʤʝʥʰʝʥʥʷ ʧʦʭʠʙʦʢ ʦʪʨʠʤʘʥʠʭ ʟʥʘʯʝʥʴ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʙʦʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʷʢ ʧʦʭʠʙʢʠ, ʪʘʢ ʽ ʚʽʟʫʘʣʴʥʫ ʦʮʽʥʢʫ, 
ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʤʝʪʦʜ IDW ʻ ʢʨʘʱʠʤ ʜʣʷ ʽʥʪʝʨʧʦʣʷʮʽʾ ʜʘʥʠʭ ʧʦ ʜʦʩʣʽʜʞʫʚʘʥʽʡ 
ʪʝʨʠʪʦʨʽʾ. ɯʟʦʣʽʥʽʾ ʜʦʚʦʣʽ ʧʣʘʚʥʽ, ʥʝ ʙʫʣʦ ʧʦʤʽʯʝʥʦ ʘʨʪʝʬʘʢʪʽʚ, ʤʘʣʽ ʧʦʭʠʙʢʠ ʦʪʨʠʤʘʥʠʭ 
ʟʥʘʯʝʥʴ. ʇʝʨʝʚʘʛʦʶ ʤʦʞʝ ʙʫʪʠ ʪʘʢʦʞ ʦʙʤʝʞʝʥʘ ʝʢʩʪʨʘʧʦʣʷʮʽʷ ʜʘʥʠʭ. 

ʅʘʩʪʫʧʥʠʤ ʟʘ ʥʘʜʽʡʥʽʩʪʶ ʻ ʤʝʪʦʜ ʩʧʣʘʡʥ. ɯʩʪʦʪʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʻ ʥʘʡʙʽʣʴʰ ʧʣʘʚʥʽ 
ʽʟʦʣʽʥʽʾ ʩʝʨʝʜ ʫʩʽʭ ʽʥʰʠʭ ʤʝʪʦʜʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʘʨʪʝʬʘʢʪʽʚ, ʱʦ, ʨʘʟʦʤ ʟ ʥʝʚʝʣʠʢʠʤʠ ʚ 
ʘʙʩʦʣʶʪʥʦʤʫ ʚʠʤʽʨʽ ʧʦʭʠʙʢʘʤʠ, ʜʦʟʚʦʣʷʻ ʛʦʚʦʨʠʪʠ ʧʨʦ ʟʥʘʯʥʫ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʡʦʛʦ 
ʟʘʩʪʦʩʫʚʘʥʥʷ.  

ʄʝʪʦʜ Kriging ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʟ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʤʠ ʧʦʭʠʙʢʘʤʠ; 
ʦʜʥʘʢ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʩʪ-ʦʙʨʦʙʢʠ ʯʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʧʨʦʛʨʘʤ, ʷʢʽ 
ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʨʧʦʣʷʮʽʶ. 

ʄʝʪʦʜ TIN ʚ ʞʦʜʥʦʤʫ ʟ ʚʘʨʽʘʥʪʽʚ ʥʝ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʪʦʯʥʦʛʦ 
ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʞ ʚʦʜʦʟʙʦʨʫ ʪʘ ʜʽʣʷʥʦʢ ʟʘ ʤʝʞʘʤʠ ʚʠʟʥʘʯʝʥʦʾ ʪʝʨʠʪʦʨʽʾ. ɺʨʘʭʦʚʫʶʯʠ 
ʥʝʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʝʧʝʨʥʠʭ ʪʦʯʦʢ ʪʘ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʘʩʧʝʢʪʠ, 
ʜʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʨʝʢʦʤʝʥʜʫʚʘʪʠʩʴ ʣʠʰʝ ʜʣʷ ʫʪʦʯʥʝʥʥʷ ʜʘʥʠʭ ʫ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ 
ʧʨʘʚʦʙʝʨʝʞʞʷ ʙʘʩʝʡʥʫ ʨ. ʇʨʠʧôʷʪʴ.  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 
ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫ ʙʘʩʝʡʥʽ ʇʨʠʧ'ʷʪʽ ʪʘ ʧʦʧʝʨʝʜʥʽʭ 
ʜʦʩʣʽʜʞʝʥʴ ʚʦʜʦʟʙʦʨʽʚ, ʥʝʜʦʩʪʘʪʥʴʦ ʦʭʦʧʣʝʥʠʭ ʩʪʘʥʮʽʷʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʎʽ ʚʠʩʥʦʚʢʠ 
ʤʦʞʥʘ ʟ ʦʙʝʨʝʞʥʽʩʪʶ ʟʘʩʪʦʩʫʚʘʪʠ ʜʦ ʚʦʜʦʟʙʦʨʽʚ ʽʥʰʠʭ ʨʽʯʦʢ ʟʽ ʩʭʦʞʠʤʠ ʫʤʦʚʘʤʠ, ʪʦʙʪʦ 
ʜʣʷ ʨʽʚʥʠʥʥʠʭ ʚʦʜʦʟʙʦʨʽʚ ʟ ʧʣʘʚʥʦʶ ʟʤʽʥʦʶ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʽʟ ʩʝʨʝʜʥʴʦʶ ʧʣʦʱʝʶ 
ʚʦʜʦʟʙʦʨʫ ʚʽʜ 1000 ʜʦ 10 000 ʢʤ2. ɺʨʘʭʦʚʫʶʯʠ ʧʦʚʥʫ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʙʘʟʽ ʜʘʥʠʭ ʨʽʯʦʢ ʟ 
ʧʣʦʱʝʶ ʚʦʜʦʟʙʦʨʫ ʤʝʥʰʝ 100 ʢʤ2, ʦʪʨʠʤʘʥʽ ʚʠʩʥʦʚʢʠ ʧʦʪʨʝʙʫʶʪʴ ʦʢʨʝʤʦʛʦ 
ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʾʭ ʧʨʠʜʘʪʥʦʩʪʽ ʜʣʷ ʘʥʘʣʽʟʫ ʤʘʣʠʭ ʨʽʯʦʢ.  

ʎʷ ʩʪʘʪʪʷ ʪʘʢʦʞ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʧʨʠʢʣʘʜ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ 
ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ ʽʥʪʝʨʧʦʣʷʮʽʾ. 

 



 ISSN:2306-5680  Hydrology, Hydrochemistry and Hydroecology. 2022. ˉ 4 (66) 

 
 66  

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
1. Azpurua, M.A, Ramos K.D. Comparison of spatial interpolation methods for estimation of 

average electromagnetic field magnitude. Progress in Electromagnetics Research, Vol. 14, 2010. P. 135ï
145.  

2. Dzhalalvand A., Gaidukova E.V., Burlov V.G.et al. Applying methods of spatial interpolation to 
hydrological data on example of reception basin of Karun river (Iran). International Research Journal, 
2019. ˉ2 (80). URL: https://research-journal.org/archive/2-80-2019-february/primenenie-metodov-
prostranstvennoj-interpolyacii-k-gidrologicheskim-dannym-na-primere-vodosbora-r-karun-iran (accessed: 
09.09.2022). - doi: 10.23670/IRJ.2019.80.2.006  

3. ESRI. How Kriging works. ArcGIS for Desktop [Electronic resource] // Environmental Systems 
Research Institute, 2016. URL: https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-
kriging-works.htm (accessed 01.10.2022)  

4. Nabyvanets, Y., Osadcha, N., Hrebin, V., Vasylenko, Y., Koshkina, O. Development of draft river 
basin management plan for Dnipro river basin in Ukraine: phase 1, step 1. Description of the 
characteristics of the river basin. EUWI+ Project. 2019.  

5. Ghasemi, M., Mahdavi, A., Jafarzadeh A.A. Compare Kriging and IDW interpolation methods for 
soil mapping. The 2nd National Conference on Environment Hazard of Zagros, Tehran, 5 March 2015. 

6. Goodchild M.F., Kemp K.K., NCGIA Core Curriculum in GIS.National Center for Geographic 
Information and Analysis, University of California, Santa Barbara CA.1990. 

7. Hammouri N., El-Naqa A. Hydrological modeling of ungauged wadis in arid environments using 
GIS: a case study of Wadi Madoneh in Jordan. Revista mexicana de ciencias geol·gicas, 24, 2007. P. 
185ï196.  

8. Korniienko, V., Obodovskyi, O., Snizhko, S. The spatial analysis of the hydropower modules 
distribution for the Pripyat basin within Ukraine using open GIS technologies. 20th International 
Conference Geoinformatics: Theoretical and Applied Aspects, 2021, 1ï6. URL: 
https://doi.org/10.3997/2214-4609.20215521142  

9. Kusre, B.C., Baruah C., Bordoloi P.K., Patra S.C. Assessment of hydropower potential using GIS 
and hydrological modeling technique in Kopili River basin in Assam (India). Applied Energy, Volume 87, 
Issue 1, January, 2010.  P. 298ï309, URL: doi.org/10.1016/j.apenergy.2009.07.019.  

10. Pochaievets, O., Obodovskyi, O., Lukianets, O., Grebin, V. Algorithm research and evaluation 
of minimum water flow of mountain rivers using GIS. 20th International Conference Geoinformatics: 
Theoretical and Applied Aspects, 2021. URL: https://doi.org/10.3997/2214-4609.20215521123  

11. Sami, K., Mohsen, B. A., Afef, K., Fouad, Z. Hydrological Modeling Using GIS for Mapping 
Flood Zones and Degree Flood Risk in Zeuss-Koutine Basin (South of Tunisia). Journal of Environmental 
Protection, 2013. 4(12), 1409ï1422. URL: https://doi.org/10.4236/JEP.2013.412161  

12. Watson, D. F., Philip G. M. "A Refinement of Inverse Distance Weighted Interpolation." 
Geoprocessing 2, 1985.315ï327.  

13. ɯʱʫʢ ʆ.ʆ. ʇʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ɻɯʉ: ʥʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ / ʂ.: ɺʇʎ 
ñʂʠʾʚʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪò, 2003.196 ʩ   

14. ʇʘʣʘʤʘʨʯʫʢ ʄ.ʄ. ɿʘʢʦʨʯʝʚʥʘ ʅ.ɹ. ɺʦʜʥʠʡ ʬʦʥʜ ʋʢʨʘʾʥʠ: ʜʦʚʽʜʢʦʚʠʡ ʧʦʩʽʙʥʠʢ. 2-ʝ ʚʠʜ., 
ʜʦʧ. ʂʠʾʚ. ʅʽʢʘ-ʎʝʥʪʨ, 2006. 320 ʩ.   

15. ʉʦʢʦʣʴʯʫʢ  ʂ.ɯ. ʆʮʽʥʢʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʚʠʙʽʨʢʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ 
ʨʦʟʧʦʜʽʣʫ ʩʝʨʝʜʥʴʦʛʦ ʨʽʯʥʦʛʦ ʩʪʦʢʫ ʚʦʜʠ ʨʽʯʦʢ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʇʨʠʧôʷʪʽ. 
ɻʽʜʨʦʣʦʛʽʷ, ɻʽʜʨʦʭʽʤʽʷ, ɻʽʜʨʦʝʢʦʣʦʛʽʷ. 2019. ˉ 2 (53) p. 31-37.  

16. ʉʫʩʽʜʢʦ ʄ. ʄ., ʃʫʢôʷʥʝʮʴ ʆ. ɯ. ʈʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʩʪʫʧʝʥʝʤ ʛʽʜʨʦʣʦʛʽʯʥʦʾ 
ʥʝʙʝʟʧʝʢʠ. ʅʘʫʢʦʚʽ ʧʨʘʮʽ ʋʢʨʅɼɻʄɯ,  2004.  ɺʠʧ. 253.  ʩ.196-200.   

17. ʐʠʧʫʣʽʥ ɺ. ɼ. ʆʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ: ʥʘʚʯ. ʧʦʩʽʙʥʠʢ. ʍʘʨʢ. ʥʘʮ. 
ʘʢʘʜ. ʤʽʩʴʢ. ʛʦʩʧ-ʚʘ.  ʍ.: ʍʅɸʄɻ, 2010. 313 ʩ.  

 
References 

1. Azpurua, M.A, Ramos K.D. Comparison of spatial interpolation methods for estimation of 
average electromagnetic field magnitude. Progress in Electromagnetics Research, Vol. 14, 2010. P. 135ï
145.  

2. Dzhalalvand A., Gaidukova E.V., Burlov V.G.et al. Applying methods of spatial interpolation to 
hydrological data on example of reception basin of Karun river (Iran). International Research Journal, 
2019. ˉ2 (80). URL: https://research-journal.org/archive/2-80-2019-february/primenenie-metodov-
prostranstvennoj-interpolyacii-k-gidrologicheskim-dannym-na-primere-vodosbora-r-karun-iran (accessed: 
09.09.2022). - doi: 10.23670/IRJ.2019.80.2.006  

3. ESRI. How Kriging works. ArcGIS for Desktop [Electronic resource] // Environmental Systems 
Research Institute, 2016. URL: https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-
kriging-works.htm (accessed 01.10.2022)  

4. Nabyvanets, Y., Osadcha, N., Hrebin, V., Vasylenko, Y., Koshkina, O. Development of draft river 
basin management plan for Dnipro river basin in Ukraine: phase 1, step 1  Description of the 

https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-kriging-works.htm
https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-kriging-works.htm
https://doi.org/10.3997/2214-4609.20215521142
https://doi.org/10.3997/2214-4609.20215521123
https://doi.org/10.4236/JEP.2013.412161
https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-kriging-works.htm
https://desktop.arcgis.com/en/arcmap/10.7/tools/3d-analyst-toolbox/how-kriging-works.htm


ISSN:2306-5680  ɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʽ ʛʽʜʨʦʝʢʦʣʦʛʽʷ. 2022. ˉ 4 (66) 

 
 67 

characteristics of the river basin. EUWI+ Project. 2019.  
5. Ghasemi, M., Mahdavi, A., Jafarzadeh A.A. Compare Kriging and IDW interpolation methods for 

soil mapping. The 2nd National Conference on Environment Hazard of Zagros, Tehran, 5 March 2015. 
6. Goodchild M.F., Kemp K.K., NCGIA Core Curriculum in GIS.National Center for Geographic 

Information and Analysis, University of California, Santa Barbara CA.1990. 
7. Hammouri N., El-Naqa A. Hydrological modeling of ungauged wadis in arid environments using 

GIS: a case study of Wadi Madoneh in Jordan. Revista mexicana de ciencias geol·gicas, 24, 2007. P. 
185ï196.  

8. Korniienko, V., Obodovskyi, O., Snizhko, S. The spatial analysis of the hydropower modules 
distribution for the Pripyat basin within Ukraine using open GIS technologies. 20th International 
Conference Geoinformatics: Theoretical and Applied Aspects, 2021, 1ï6. URL: 
https://doi.org/10.3997/2214-4609.20215521142  

9. Kusre, B.C., Baruah C., Bordoloi P.K., Patra S.C. Assessment of hydropower potential using GIS 
and hydrological modeling technique in Kopili River basin in Assam (India). Applied Energy, Volume 87, 
Issue 1, January, 2010. Pages 298ï309, URL: doi.org/10.1016/j.apenergy.2009.07.019.  

10. Pochaievets, O., Obodovskyi, O., Lukianets, O., Grebin, V. Algorithm research and evaluation 
of minimum water flow of mountain rivers using GIS. 20th International Conference Geoinformatics: 
Theoretical and Applied Aspects, 2021. URL: https://doi.org/10.3997/2214-4609.20215521123  

11. Sami, K., Mohsen, B. A., Afef, K., Fouad, Z. Hydrological Modeling Using GIS for Mapping 
Flood Zones and Degree Flood Risk in Zeuss-Koutine Basin (South of Tunisia). Journal of Environmental 
Protection, 2013. 4(12), 1409ï1422. URL: https://doi.org/10.4236/JEP.2013.412161  

12. Watson, D. F., Philip G. M. "A Refinement of Inverse Distance Weighted Interpolation." 
Geoprocessing 2: 1985. 315ï327.  

13. Ishchuk O. O. Prostorovyi analiz i modeliuvannia v HIS: navchalnyi posibnyk [Spatial analysis 
and modeling in GIS: a tutorial ] / K.: VPTs ñKyivskyi universytetò, 2003.196 s   

14. Palamarchuk M.M. Zakorchevna N.B. Vodnyi fond Ukrainy: Dovidkovyi posibnyk [Water fund of 
Ukraine: reference guide]. 2-e vyd., dop. Kyiv. Nika-Tsentr, 2006. 320 s.   

15. Sokolchuk K.I. Otsinka reprezentatyvnosti riadiv sposterezhen ta vybirkovykh parametriv 
rozpodilu serednoho richnoho stoku vody richok na pravoberezhnii chastyni baseinu Prypiati [Assessment 
of the representativeness of the series of observations and sample parameters of the distribution of the 
average annual water flow of rivers on the right bank of the Pripyat River basin]. Hidrolohiia, Hidrokhimiia, 
Hidroekolohiia. 2019. ˉ 2 (53) p. 31-37.  

16. Susidko M. M., Lukianets O. I. Raionuvannia terytorii Ukrainy za stupenem hidrolohichnoi 
nebezpeky [Zoning of the territory of Ukraine according to the degree of hydrological danger] . Naukovi 
pratsi UkrNDHMI, 2004. Vyp. 253. s.196-200. 

17. Shypulin V. D. Osnovni pryntsypy heoinformatsiinykh system: navch. Posibnyk [Basic principles 
of geographic information systems: a study guide]. Khark. nats. akad. misk. hosp-va. Kh.: KhNAMH, 
2010. 313 s. 

 

Sokolchuk K.I. 
Application of different spatial interpolation methods to hydrological data on the example of the 

Pripyat river basin (within Ukraine) 
The article is devoted to the description and comparison of methods of spatial interpolation for hydrological 

data. Four spatial interpolation methods are considered: inverse distance weighted interpolation (IDW), triangulation 
(TIN), spline interpolation and Kriging. The data source is a permanent measuring hydrological network located on 
the territory of the Pripyat river basin and adjacent river basins, within the borders of Ukraine. Based on them, maps 
of the spatial distribution of the average annual specific discharge were created. Relief, physical and geographical 
conditions are changing smoothly, allowing spatial interpolation with sufficiently reliable results. 
The accuracy of the obtained results was assessed by mathematical and visual comparison. According to both of 
them was established, that IDW method gives better and results for the interpolation of hydrological data on the 
studied territory. The isolines are quite smooth, no artifacts were noticed, the errors of the obtained values are small. 
IDW is also easy to use, changing inner settings, such as distant coefficient, could significantly decrease negative 
effects. A certain extrapolation of the data can also be an advantage. 
The next most reliable method is the spline interpolation. The smoothest transitions between values and 
correspondingly extracted isolines, lack of artifacts make its results closer to the expected nature of changes in 
hydrological parameters. It can also be considered one of the most promising for implementation.  

Kriging is characterized by small errors, but rather significant unnatural distortion of the results and the 
number of artifacts. It is valid for both spherical and exponential versions.  

The TIN method was the least reliable among the studied methods. If it is necessary to clarify the data in the 
central parts of the territory over which the values are interpolated, it is better to use the linear version, which 
demonstrated slightly less distortion. 

Key words: Spatial interpolation, GIS, IDW, TIN, Kriging, Spline, specific discharge, Pripyat. 
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ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʝʜʘʛʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ  
 

ɸʅɸʃɯɿ ʉʊɸʅʋ ɺʀɺʏɽʅʆʉʊɯ ʈɯʏʆʂ ɹɸʉɽʁʅʋ ɼʅɯʉʊʈɸ  
ɺ ʄɽɾɸʍ ʊɽʈʅʆʇɯʃʔʑʀʅʀ 

 
ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʘʥʘʣʽʟʽ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʣʽʚʠʭ ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ. ʅʘʚʝʜʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ 
ʫʟʘʛʘʣʴʥʝʥʴ ʱʦʜʦ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʚʽʜ ʧʨʘʮʴ ʍɯʍ ʩʪʦʨʽʯʯʷ ʜʦ ʩʫʯʘʩʥʠʭ ʤʦʥʦʛʨʘʬʽʯʥʠʭ ʚʠʜʘʥʴ ʪʘ 
ʦʢʨʝʤʠʭ ʩʪʘʪʝʡ.    

ɸʥʘʣʽʟ ʩʪʘʥʫ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʦʢ ʨʝʛʽʦʥʫ ʪʘ ʾʭ ʙʘʩʝʡʥʽʚ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʝʨʝʜ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ 
ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ: ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ, ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʥʘʡʙʽʣʴʰʝ ʫʚʘʛʠ ʫ ʧʨʘʮʷʭ 
ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʍɯʍ ï ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʨʽʯʯʷ ʧʨʠʜʽʣʝʥʦ ʩʘʤʝ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ 
ʨʝʞʠʤʫ ʨʽʯʦʢ ʨʝʛʽʦʥʫ: ʙʘʛʘʪʦʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʾʭ ʩʪʦʢʫ, ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʦʚʝʥʝʡ ʪʘ ʜʦʱʦʚʠʭ ʧʘʚʦʜʢʽʚ, ʘʥʘʣʽʟʫ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ, ʜʠʥʘʤʽʮʽ ʨʫʩʣʦʚʠʭ 
ʧʨʦʮʝʩʽʚ, ʩʪʦʢʫ ʥʘʥʦʩʽʚ ʪʘ ʽʥ. ɿʥʘʯʥʦ ʤʝʥʰʫ ʫʚʘʛʫ ʧʨʠʚʝʨʥʫʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʷʢʦʩʪʽ 
ʚʦʜʠ, ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ. 

ʉʝʨʝʜ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʟʜʦʙʫʪʢʠ ʫ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ 
ʇʦʜʽʣʣʷ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ 
ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʆʜʝʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 
ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ɺʽʥʥʠʮʴʢʦʛʦ 
ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʩʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ; ɼʥʽʩʪʝʨ; ʊʝʨʥʦʧʽʣʴʩʴʢʘ ʦʙʣ.; ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʽ ʩʠʩʪʝʤʠ; 
ʚʠʚʯʝʥʽʩʪʴ; ʦʩʥʦʚʥʽ ʧʫʙʣʽʢʘʮʽʾ. 

 

ɺʩʪʫʧ. ʊʝʨʠʪʦʨʽʷ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʩʪʘʥʦʚʠʪʴ 13,8 ʪʠʩ. ʢʤ2 (2,3 % ʪʝʨʠʪʦʨʽʾ 
ʋʢʨʘʾʥʠ). ɺʦʥʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʙʘʩʝʡʥʘʭ ɼʥʽʧʨʘ (ʨʽʯʢʠ ɻʦʨʠʥʴ ʪʘ ɯʢʚʘ) (18 % ʪʝʨʠʪʦʨʽʾ 
ʦʙʣʘʩʪʽ) ʪʘ ɼʥʽʩʪʨʘ (ʨʽʯʢʠ ɿʦʣʦʪʘ ʃʠʧʘ, ʂʦʨʦʧʝʮʴ, ʉʪʨʠʧʘ, ɼʞʫʨʠʥ, ʉʝʨʝʪ, ʅʽʯʣʘʚʘ, ɿʙʨʫʯ) 
(82 %) [14]. ɼʦ ʙʘʩʝʡʥʫ ʨʽʯʢʠ ɼʥʽʩʪʝʨ ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘʣʝʞʠʪʴ 1174 ʨʽʯʦʢ ʽ 
ʩʪʨʫʤʢʽʚ ʟʘʛʘʣʴʥʦʶ ʜʦʚʞʠʥʦʶ 5195 ʢʤ, ʚ ʪ. ʯ. ʜʚʽ ʩʝʨʝʜʥʽʭ ʨʽʯʢʠ ʉʝʨʝʪ ʪʘ ɿʙʨʫʯ, 16 
ʚʦʜʦʩʭʦʚʠʱ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʧʣʝʩʘ 2348 ʛʘ, ʦʙôʻʤʦʤ ʚʦʜʠ 52,7 ʤʣʥ ʤ3 ʪʘ 927 
ʩʪʘʚʢʽʚ, ʚʦʜʦʡʤ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʧʣʝʩʘ 4764 ʛʘ, ʦʙôʻʤʦʤ ʚʦʜʠ 45,5 ʤʣʥ ʤ3 [51]. 

ɼʥʽʩʪʝʨ ʻ ʥʘʡʙʽʣʴʰʦʶ ʚ ʦʙʣʘʩʪʽ ʨʽʯʢʦʶ. ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʨʽʯʢʠ 1362 ʢʤ, ʚ ʤʝʞʘʭ 
ʋʢʨʘʾʥʠ ï 705 ʢʤ, ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ï 262 ʢʤ; ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʚʦʜʦʟʙʦʨʫ 
72100 ʢʤ2, ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ ï 52690 ʢʤ2, ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ï 11307 ʢʤ2 [51]. 

ʄʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʘʥʘʣʽʟ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʣʽʚʠʭ 
ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ. ɹʘʩʝʡʥʠ 
ʟʘʟʥʘʯʝʥʠʭ ʨʽʯʦʢ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʇʦʜʽʣʴʩʴʢʦʾ, ʥʘʡʙʽʣʴʰʦʾ ʟʘ ʧʣʦʱʝʶ, ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ 
ɼʥʽʩʪʨʘ, ʨʦʟʪʘʰʦʚʘʥʦʾ ʥʘ ɺʦʣʠʥʦ-ʇʦʜʽʣʴʩʴʢʦʤʫ ʧʣʘʪʦ. 

ɸʥʘʣʽʟ ʚʠʢʦʥʘʥʠʭ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʴ. ʈʽʯʢʘ ɼʥʽʩʪʝʨ ʜʨʫʛʘ ʟʘ ʜʦʚʞʠʥʦʶ ʪʘ 
ʚʦʜʥʽʩʪʶ ʨʽʯʢʘ ʋʢʨʘʾʥʠ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʪʘ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʫʤʦʚ 
ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʚʦʜʠ ʷʢ ʚʣʘʩʥʝ ʩʘʤʦʛʦ ɼʥʽʩʪʨʘ ʟʘ ʡʦʛʦ ʜʦʚʞʠʥʦʶ, ʪʘʢ ʡ ʯʠʩʝʣʴʥʠʭ ʡʦʛʦ 
ʧʨʠʪʦʢ. ʊʦʤʫ ʧʠʪʘʥʥʶ ʚʠʚʯʝʥʦʩʪʽ ʙʘʩʝʡʥʫ ʮʽʻʾ ʨʽʯʢʠ ʪʘ ʙʘʩʝʡʥʘʤ ʾʾ ʧʨʠʪʦʢ ʟʘʚʞʜʠ 
ʧʨʠʜʽʣʷʣʘʩʴ ʫʚʘʛʘ ʥʘʫʢʦʚʮʽʚ.  

ʇʝʨʰʠʡ, ʜʦʩʪʘʪʥʴʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʽʩʥʫʶʯʦʾ ʥʘ ʢʽʥʝʮʴ 30-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ 
ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ, ʚʠʚʯʝʥʦʩʪʽ ʡʦʛʦ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʪʘ 
ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʚʦʜʠʪʴʩʷ ʚ ʧʨʘʮʽ ɸ.ʇ. ɼʦʤʘʥʽʮʴʢʦʛʦ [26].  

ʅʘʩʪʫʧʥʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʱʦʜʦ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʟôʷʚʣʷʶʪʴʩʷ ʚ ʧʨʘʮʷʭ ʚʯʝʥʠʭ 
ʢʦʣʠʰʥʴʦʛʦ ʽʥʩʪʠʪʫʪʫ ʛʽʜʨʦʣʦʛʽʾ ʪʘ ʛʽʜʨʦʪʝʭʥʽʢʠ ɸʅ ʋʈʉʈ (ʥʘʟʚʘ ʪʝʧʝʨʽʰʥʴʦʛʦ ʽʥʩʪʠʪʫʪʫ 
ʛʽʜʨʦʤʝʭʘʥʽʢʠ ɸʅ ʋʢʨʘʾʥʠ ʚ 1944-1964 ʨʨ.). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʢʦʣʝʢʪʠʚʥʽ ʧʨʘʮʽ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ 
ʽʥʩʪʠʪʫʪʫ ʟʘ ʨʝʜʘʢʮʽʷʤʠ ʚʽʜʦʤʠʭ ʛʽʜʨʦʣʦʛʽʚ ʪʦʛʦ ʯʘʩʫ ï ɸ.ɺ. ʆʛʽʻʚʩʴʢʦʛʦ, ɻ.ɯ. ʐʚʝʮʷ, ʄ.ɯ. 
ɼʨʦʟʜʘ, ʄ.ʉ. ʂʘʛʘʥʝʨʘ ʪʘ ʽʥ. [13,36,55,59] ɺʦʥʠ ʤʽʩʪʷʪʴ ʜʝʪʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ 
ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʤʝʨʝʞʽ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ï ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ, ʾʭ ʦʩʥʦʚʥʠʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʠʩ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ 
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʘʭ. ʇʦ ʤʽʨʽ ʥʘʢʦʧʠʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ 
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ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʨʷʜʽʚ ʜʘʥʠʭ, ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʦʜʘʣʴʰʽ 
ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʯʦʢ, ʱʦ ʟʥʘʭʦʜʠʣʦ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ 
ʜʦʚʽʜʢʦʚʠʭ ʚʠʜʘʥʥʷʭ ʢʽʥʮʷ 80-ʭ, ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ [35,56]. ɺʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 
ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʟôʷʚʣʷʶʪʴʩʷ ʤʦʥʦʛʨʘʬʽʯʥʽ ʪʘ ʜʦʚʽʜʥʠʢʦʚʽ ʚʠʜʘʥʥʷ, ʱʦ ʤʽʩʪʷʪʴ ʩʫʯʘʩʥʫ 
ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʚʦʜʦʟʙʦʨʽʚ, ʾʭ ʢʣʽʤʘʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʢʨʝʤʠʭ 
ʝʣʝʤʝʥʪʽʚ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʜʚʘ 
ʜʦʚʽʜʢʦʚʠʭ ʚʠʜʘʥʥʷ ʟʘ ʨʝʜʘʢʮʽʻʶ ɺ.ɯ. ɺʠʰʥʝʚʩʴʢʦʛʦ ʽʟ ʩʧʽʚʘʚʪʦʨʘʤʠ [11,12], ʱʦ ʤʽʩʪʷʪʴ 
ʫʟʘʛʘʣʴʥʝʥʽ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʨʽʯʢʘʭ ʙʘʩʝʡʥʫ, ʚʽʜʧʦʚʽʜʥʦ, ʧʦ 2000 ʪʘ 2020 ʨʨ. ɼʘʥʽ 
ʱʦʜʦ ʦʙôʻʢʪʽʚ ʚʦʜʥʦʛʦ ʬʦʥʜʫ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʤʦʞʥʘ ʟʥʘʡʪʠ ʫ ʚʠʜʘʥʥʽ ʟʘ 
ʘʚʪʦʨʩʪʚʦʤ ʄ.ʄ. ʇʘʣʘʤʘʨʯʫʢʘ ʪʘ ʅ.ɹ. ɿʘʢʦʨʯʝʚʥʦʾ [43], ʜʨʫʛʝ ʚʠʜʘʥʥʷ ʷʢʦʾ ʚʠʡʰʣʦ ʚ 2006 
ʨ. ʋʟʘʛʘʣʴʥʝʥʽ ʤʘʪʝʨʽʘʣʠ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʚʽʜʥʦʩʥʦ 
ʥʘʷʚʥʦʩʪʽ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʪʘ ʦʢʨʝʤʠʭ ʾʾ ʨʘʡʦʥʽʚ ʚʦʜʦʩʭʦʚʠʱ ʽ ʩʪʘʚʢʽʚ ʥʘʚʝʜʝʥʦ ʫ 
ʜʦʚʽʜʥʠʢʫ ʟʘ ʨʝʜʘʢʮʽʻʶ ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ ʪʘ ɺ.ɺ. ɻʨʝʙʝʥʷ, ʦʧʫʙʣʽʢʦʚʘʥʦʤʫ ʚ 2014 ʨ. [14]. 
ʅʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ, ʱʦ ʤʽʩʪʷʪʴ ʘʥʘʣʽʟ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʦʢ - ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ 
ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʚʠʡʰʣʘ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ 
ʜʠʩʝʨʪʘʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʯʝʥʠʤʠ ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ 
ʌʝʜʴʢʦʚʠʯʘ, ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʂʠʾʚʩʴʢʦʛʦ 
ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʆʜʝʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʪʘ ʽʥʰʠʭ ʫʩʪʘʥʦʚ [7,20,37,38,42,46]. ɿʥʘʯʥʦ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ 
ʧʨʠʩʚʷʯʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʶ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨʽʯʦʢ ʨʝʛʽʦʥʫ ʪʘ ʾʭ 
ʛʽʜʨʦʭʽʤʽʯʥʦʤʫ ʨʝʞʠʤʫ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʢʦʣʝʢʪʠʚʥʫ 
ʤʦʥʦʛʨʘʬʽʶ ʟʘ ʨʝʜʘʢʮʽʻʶ ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ ʪʘ ɺ.ɸ. ʉʪʘʰʫʢʘ [19], ʱʦ ʚʠʡʰʣʘ ʜʨʫʢʦʤ ʚ 
2013 ʨ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʦʩʦʙʣʠʚʦ ʟ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ ʊʝʨʥʦʧʽʣʣʷ, ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʽʩʥʫʻ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʩʘʤʝ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʨʝʛʽʦʥʫ. ʋʚʘʛʘ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʚʯʝʥʠʭ ʟʦʩʝʨʝʜʞʝʥʘ 
ʥʘ ʘʥʘʣʽʟʽ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ 
ʨʝʞʠʤʫ ʚʣʘʩʥʝ ɼʥʽʩʪʨʘ. ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʘʥʘʣʽʟʫ ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʛʽʜʨʦʭʽʤʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʡʦʛʦ ʧʨʠʪʦʢ ʻ ʤʝʪʦʶ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɼʥʽʩʪʝʨ ʟ ʜʘʚʥʽʭ ʯʘʩʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ 
ʪʨʘʥʩʧʦʨʪʥʘ ʘʨʪʝʨʽʷ ʜʣʷ ʩʧʦʣʫʯʝʥʥʷ ɻʘʣʠʯʠʥʠ ʟ ʄʦʣʜʦʚʦʶ ʪʘ ʇʨʠʯʦʨʥʦʤʦʨôʷʤ. ʉʘʤʝ 
ʧʦʪʨʝʙʠ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʦʙʫʤʦʚʠʣʠ ʧʨʦʚʝʜʝʥʥʷ ʧʝʨʰʠʭ ʛʽʜʨʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 
ɼʥʽʩʪʨʽ ʪʘ ʩʢʣʘʜʘʥʥʷ ʡʦʛʦ ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʢʘʨʪʠ (ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ XVIII ʩʪʦʨʽʯʯʷ), ʘ ʪʘʢʦʞ 
ʧʦʯʘʪʦʢ (ʫ ʩʝʨʝʜʠʥʽ XIX ʩʪʦʨʽʯʯʷ) ʨʝʛʫʣʷʨʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʚʥʷʤʠ ʚʦʜʠ [19].  

ʈʦʟʚʠʪʦʢ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ. ɺ 1850 ʨ. ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʧʝʨʰʽ 4 ʚʦʜʦʤʽʨʥʽ ʧʦʩʪʠ 
ʥʘ ɺʝʨʭʥʴʦʤʫ ɼʥʽʩʪʨʽ. ɺʧʨʦʜʦʚʞ 50-70-ʭ ʨʦʢʽʚ ʍɯʍ ʩʪʦʨʽʯʯʷ ʢʽʣʴʢʽʩʪʴ ʚʦʜʦʤʽʨʥʠʭ ʧʦʩʪʽʚ ʥʘ 
ɺʝʨʭʥʴʦʤʫ ɼʥʽʩʪʨʽ ʜʦʩʷʛʘʻ 11. ʇʨʦʪʷʛʦʤ 70-90-ʭ ʨʦʢʽʚ ʍɯʍ ʩʪʦʨʽʯʯʷ ʨʦʟʧʦʯʠʥʘʶʪʴʩʷ 
ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʉʝʨʝʜʥʴʦʤʫ ʪʘ ʅʠʞʥʴʦʤʫ ɼʥʽʩʪʨʽ. ɿʦʢʨʝʤʘ, ʫ 1877 ʨ. ʨʦʟʧʦʯʘʪʦ 
ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʨʽʚʥʷʤʠ ʚʦʜʠ ʥʘ ʚʦʜʦʤʽʨʥʦʤʫ ʧʦʩʪʫ ʨ. ɼʥʽʩʪʝʨ ï ʤ. ɿʘʣʽʱʠʢʠ, ʱʦ 
ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ ʩʫʯʘʩʥʦʾ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʅʘ ʧʦʯʘʪʢʫ ʍʍ ʩʪʦʨʽʯʯʷ ɼʥʽʩʪʝʨ 
ʚʽʜʥʦʩʷʪʴ ʜʦ ʦʜʥʽʻʾ ʟ ʥʘʡʙʽʣʴʰ ʚʠʚʯʝʥʠʭ ʫ ʚʽʜʥʦʰʝʥʥʽ ʨʽʚʥʝʚʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ [26]. 
ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʦʢʦʤ ʚʦʜʠ ʥʘ ʨʽʯʢʘʭ ʙʘʩʝʡʥʫ ʧʦʯʠʥʘʶʪʴʩʷ ʜʝʱʦ ʧʽʟʥʽʰʝ ï ʟ 80-ʭ ʨʦʢʽʚ 
ʍɯʍ ʩʪʦʨʽʯʯʷ. ɿʦʢʨʝʤʘ, ʽʩʥʫʶʯʽ ʜʦʚʽʜʢʦʚʽ ʜʞʝʨʝʣʘ ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʦ ʩʪʦʢʫ ʚʦʜʠ ʥʘ 
ʧʦʩʪʫ ʨ. ɼʥʽʩʪʝʨ ï ʤ. ɹʝʥʜʝʨʠ ʟ 1881 ʨ. ʍʦʯʘ ʫ ʨʦʙʦʪʽ ɺ.ʄ. ʃʦʭʪʽʥʘ  [34] ʤʽʩʪʷʪʴʩʷ ʤʽʩʷʯʥʽ 
ʪʘ ʨʽʯʥʽ ʚʝʣʠʯʠʥʠ ʩʪʦʢʫ ɼʥʽʩʪʨʘ ʙʽʣʷ ʤ. ʄʦʛʠʣʴʦʚ ʟʘ 1854-1885 ʨʨ. ɿ 90-ʭ ʨʦʢʽʚ ʍɯʍ 
ʩʪʦʨʽʯʯʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʩʪʦʢʦʤ ʚʦʜʠ ʨʦʟʧʦʯʠʥʘʶʪʴʩʷ ʱʝ ʥʘ ʢʽʣʴʢʦʭ ʚʦʜʦʤʽʨʥʠʭ ʧʦʩʪʘʭ, 
ʨʦʟʪʘʰʦʚʘʥʠʭ, ʧʝʨʝʚʘʞʥʦ, ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ. ʅʘ ʚʦʜʦʤʽʨʥʦʤʫ ʧʦʩʪʫ ʨ. ɼʥʽʩʪʝʨ ï 
ʤ. ɿʘʣʽʱʠʢʠ ʨʝʛʫʣʷʨʥʝ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʨʦʟʧʦʯʘʪʦ ʚʽʜ 1895 ʨ. 

ʅʘ ʧʦʯʘʪʦʢ ʧʝʨʰʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ (1914 ʨ.) ʚ ʙʘʩʝʡʥʽ ɼʥʽʩʪʨʘ (ʥʘ ʛʦʣʦʚʥʽʡ ʨʽʯʮʽ ʪʘ ʾʾ 
ʧʨʠʪʦʢʘʭ) ʬʫʥʢʮʽʦʥʫʚʘʣʦ ʙʣʠʟʴʢʦ 100 ʚʦʜʦʤʽʨʥʠʭ ʧʦʩʪʽʚ [38]. ɺʽʡʩʴʢʦʚʽ ʜʽʾ, ʱʦ ʦʭʦʧʠʣʠ 
ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʙʘʩʝʡʥʫ ʚʧʨʦʜʦʚʞ 1914-1918 ʨʨ., ʧʨʠʟʚʝʣʠ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʦʛʦ ʟʤʝʥʰʝʥʥʷ 
ʢʽʣʴʢʦʩʪʽ ʧʦʩʪʽʚ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ. ʅʘ 1919 ʨ. ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ 
ʬʫʥʢʮʽʦʥʫʚʘʣʦ ʣʠʰʝ 4 ʚʦʜʦʤʽʨʥʽ ʧʦʩʪʠ. ʅʘʩʣʽʜʢʦʤ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʩʪʘʣʘ ʚʪʨʘʪʘ ʟʥʘʯʥʦʾ 
ʯʘʩʪʠʥʠ ʤʘʪʝʨʽʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʨʽʯʢʘʭ ʙʘʩʝʡʥʫ, ʧʝʨʝʚʘʞʥʦ ʧʦ ʡʦʛʦ ʘʚʩʪʨʦ-ʫʛʦʨʩʴʢʽʡ 
ʯʘʩʪʠʥʽ.  

ɺʽʜʥʦʚʣʝʥʥʷ ʤʝʨʝʞʽ ʨʦʟʧʦʯʘʣʦʩʷ ʫ 20-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. ʇʝʨʰʠʤʠ ʙʫʣʦ 
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ʚʽʜʥʦʚʣʝʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʪʠʭ ʧʦʩʪʘʭ, ʱʦ ʜʽʷʣʠ ʨʘʥʽʰʝ, ʟʛʦʜʦʤ ʚʽʜʢʨʠʚʘʣʠ ʥʦʚʽ. 
ɿʦʢʨʝʤʘ, ʫ 1920-ʭ ʨʨ. ʘʢʪʠʚʥʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʧʦʩʪʽʚ ʥʘ ʧʦʜʽʣʴʩʴʢʠʭ ʧʨʠʪʦʢʘʭ ɼʥʽʩʪʨʘ. 
ʉʪʘʥʦʤ ʥʘ 1939 ʨ. ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ (ʱʦ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʙʫʚ ʨʦʟʜʽʣʝʥʠʡ ʤʽʞ ʢʦʣʠʰʥʽʤ 
ʉʈʉʈ, ʇʦʣʴʩʴʢʦʶ ʨʝʩʧʫʙʣʽʢʦʶ ʪʘ ʈʫʤʫʥʽʻʶ) ʥʘʣʽʯʫʚʘʣʦʩʷ ʧʦʥʘʜ 140 ʚʦʜʦʤʽʨʥʠʭ ʧʦʩʪʽʚ. 
ɼʨʫʛʘ ʩʚʽʪʦʚʘ ʚʽʡʥʘ ʪʘ ʧʦʰʠʨʝʥʥʷ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʚʩʶ ʪʝʨʠʪʦʨʽʶ ʙʘʩʝʡʥʫ ʧʨʠʟʚʝʣʠ ʜʦ 
ʟʘʢʨʠʪʪʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʧʦʩʪʽʚ, ʘ ʧʦ ʪʠʭ ʧʦʩʪʘʭ, ʱʦ ʬʫʥʢʮʽʦʥʫʚʘʣʠ ʚ ʮʝʡ ʯʘʩ, ʚ 
ʥʘʷʚʥʦʩʪʽ ʣʠʰʝ ʥʝʧʦʚʥʽ ʜʘʥʽ. ɿʥʦʚ ʚʠʷʚʠʣʘʩʷ ʚʪʨʘʯʝʥʦʶ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʽʚ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʧʦʩʪʘʭ, ʱʦ ʧʨʘʮʶʚʘʣʠ ʚ ʤʝʞʘʭ ʧʦʣʴʩʴʢʦʾ ʪʘ ʨʫʤʫʥʩʴʢʦʾ ʯʘʩʪʠʥ ʙʘʩʝʡʥʫ ʫ 
ʤʽʞʚʦʻʥʥʠʡ ʯʘʩ (20-30-ʪʽ ʨʦʢʠ ʍʍ ʩʪʦʨʽʯʯʷ). ʆʪʞʝ, ʽʩʪʦʪʥʠʤ ʥʝʜʦʣʽʢʦʤ ʩʪʘʮʽʦʥʘʨʥʠʭ 
ʛʽʜʨʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʟʘ ʧʝʨʽʦʜ ʚʽʜ ʾʭ ʧʦʯʘʪʢʫ ʜʦ ʩʝʨʝʜʠʥʠ ʍʍ 
ʩʪʦʨʽʯʯʷ ʻ ʧʝʨʝʨʚʥʽʩʪʴ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʘʢʪʠʯʥʦ ʧʦ ʚʩʽʭ ʧʦʩʪʘʭ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʤʝʨʝʞʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʙʘʩʝʡʥʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ 
ʪʘ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʧʨʠʢʽʥʮʽ 60-ʭ, ʫ ʧʝʨʰʠʡ ʧʦʣʦʚʠʥʽ 70-ʭ ʨʦʢʽʚ 
ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. ʂʽʣʴʢʽʩʪʴ ʛʽʜʨʦʣʦʛʽʯʥʠʭ (ʷʢ ʩʪʘʣʠ ʥʘʟʠʚʘʪʠ ʢʦʣʠʰʥʽ ʚʦʜʦʤʽʨʥʽ) ʧʦʩʪʽʚ 
ʜʦʩʷʛʣʘ 110 ʦʜʠʥʠʮʴ. ʉʢʦʨʦʯʝʥʥʷ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʧʽʜ ʧʨʠʚʦʜʦʤ ʾʾ ʦʧʪʠʤʽʟʘʮʽʾ, ʱʦ 
ʥʝ ʟʘʚʞʜʠ ʙʫʣʘ ʦʙˇʨʫʥʪʦʚʘʥʦʶ) ʥʘʧʨʠʢʽʥʮʽ 80-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ 
(ʙʣʠʟʴʢʦ 20%) ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 30 ʨʦʢʽʚ 
ʽʩʥʫʶʯʘ ʤʝʨʝʞʘ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʤʽʥʶʚʘʣʘʩʷ ʤʘʣʦ. ʅʘ ʩʴʦʛʦʜʥʽ (2022 ʨ.) ʚ ʤʝʞʘʭ 
ʫʢʨʘʾʥʩʴʢʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʬʫʥʢʮʽʦʥʫʻ 67 ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ (ʥʘ 63 ʟ ʥʠʭ 
ʚʠʤʽʨʶʶʪʴʩʷ ʚʠʪʨʘʪʠ ʚʦʜʠ). ʑʝ 27 ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʚ ʜʘʥʠʡ ʯʘʩ ʥʘʣʽʯʫʻʪʴʩʷ ʚ ʤʝʞʘʭ 
ʤʦʣʜʘʚʩʴʢʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ʪʘ 1 ï ʚ ʤʝʞʘʭ ʡʦʛʦ ʥʝʚʝʣʠʢʦʾ ʧʦʣʴʩʴʢʦʾ ʯʘʩʪʢʠ.  

ʉʠʪʫʘʮʽʷ, ʦʧʠʩʘʥʘ ʚʠʱʝ, ʻ ʪʠʧʦʚʦʶ ʽ ʜʣʷ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ 
ʣʽʚʦʙʝʨʝʞʥʦʾ, ʧʦʜʽʣʴʩʴʢʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ. ɺ 
ʨʽʟʥʠʡ ʯʘʩ ʥʘ ʨʽʯʢʘʭ ʨʝʛʽʦʥʫ ʧʨʘʮʶʚʘʣʦ (ʯʘʩʪʢʦʚʦ ʧʨʘʮʶʻ ʟʘʨʘʟ) ʙʣʠʟʴʢʦ 20 ʧʦʩʪʽʚ ï 
ʪʘʙʣ.1. 

                                                                                                                        

ʊʘʙʣʠʮʷ 1 ʇʝʨʝʣʽʢ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʪʘ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʚʥʷʤʠ ʪʘ 
ʚʠʪʨʘʪʘʤʠ ʚʦʜʠ ʥʘ ʥʠʭ 

ˉ 
ʧ/ʧ 

ʈʽʯʢʘ 
ɻʽʜʨʦʣʦʛʽʯʥʠʡ 

ʧʦʩʪ 

ʅʘʷʚʥʽ ʤʘʪʝʨʽʘʣʠ ʩʧʦʩʪʝʨʝʞʝʥʴ (ʨʦʢʠ) ʟʘ: 

ʨʽʚʥʷʤʠ ʚʦʜʠ ʚʠʪʨʘʪʘʤʠ ʚʦʜʠ 

1 ɿʦʣʦʪʘ ʃʠʧʘ ʤ. ɹʝʨʝʞʘʥʠ 1940,1941,1945-2020 1940,1941,1945-2020 

2 ɿʦʣʦʪʘ ʃʠʧʘ ʩ. ɿʘʜʘʨiʚ 
1902-11, 1913, 1914,1925-
29, 1940,1941,1945-2020 

1955-2020 

3 
ʎʠʥʾʾʚʢʘ 
(ɿʦʣʦʪʘ ʃʠʧʘ) 

ʩ. ʇʦʪʫʪʦʨʠ 1940,1945-76 1953-77 

4 ʂʦʨʦʧʝʮʴ ʤ. ʇiʜʛʘʡʮi 1940,1946-2020 1945-2020 

5 ʂʦʨʦʧʝʮʴ ʩʤʪ ʂʦʨʦʧʝʮʴ 1948-2020 1948-2020 

6 ʂʦʨʦʧʝʮʴ ʩ. ɻʘʪʴ 1947-58,1961-69 - 

7 ʂʦʨʦʧʝʮʴ ʩ. ɺʝʣʠʢʘ ɼʦʙʨʘʥʴ 1955-69 - 

8 ʉʪʨʠʧʘ ʭ. ʂʘʧʣʠʥʮi 1945-2020 1945-2020 

9 ʉʪʨʠʧʘ ʤ. ɹʫʯʘʯ 1963-2020 1912,1913,1923-29,1963-2020 

10 ʉʝʨʝʪ 
ʩʤʪ ɺʝʣʠʢʘ 
ɹʝʨʝʟʦʚʠʮʷ 

1897-1900,1902-06,1908-11, 
1913, 1920-22,1924-29, 
1940,1941, 1945-60,1962-
2020 

1961-2020 

11 ʉʝʨʝʪ ʤ. ʏʦʨʪʢiʚ 
1940,1941,  
1944 -2020 

1898-1911, 1913, 1923-
29,1940,1941, 
1944-2020 

12 ʉʝʨʝʪ ʩ. ɻʦʨʦʜʠʱʝ 1945-64 1945-64 

13 ɻʥʽʟʥʘ (ʉʝʨʝʪ) ʩ. ʇʣʝʙʘʥʽʚʢʘ 
1924-29, 1940, 1941,1944-
88 

1954-88 
 

14 ʅiʯʣʘʚʘ ʩ. ʉʪʨiʣʢiʚʮi 1945-2020 1955-2020 

15 ɿʙʨʫʯ ʤ. ɺʦʣʦʯʠʩʴʢ 1944-2020 1957-2020 

16 ɿʙʨʫʯ ʩ. ɿʘʚʘʣʣʷ 1972-2020 1971-2020 

17 ɿʙʨʫʯ ɿʘʚʘʣʣʽʚʩʴʢʘ ɻɽʉ - 1960-71 

18 ɿʙʨʫʯ ʩ. ɺʽʪʢʽʚʮʽ - 1933-43, 1945, 1946,1956-61 

19 ɻʥʠʣʘ (ɿʙʨʫʯ) ʩ. ʃʠʯʢʽʚʮʽ 1946-88 1962-88 
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 ʇʝʨʰʽ ʚʦʜʦʤʽʨʥʽ ʧʦʩʪʠ (ʟ ʚʠʤʽʨʶʚʘʥʥʷʤ ʨʽʚʥʽʚ ʚʦʜʠ) ʥʘ ʣʽʚʦʙʝʨʝʞʥʠʭ ʧʨʠʪʦʢʘʭ 
ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ ʨʝʛʽʦʥʫ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʟʘ ʯʘʩʽʚ ɸʚʩʪʨʦ-ʋʛʦʨʱʠʥʠ ï ʫ 80-90-ʭ ʨʦʢʘʭ ʍɯʍ 
ʩʪʦʨʽʯʯʷ ʥʘ ʨʽʯʢʘʭ ɿʦʣʦʪʘ ʃʠʧʘ, ʂʦʨʦʧʝʮʴ, ʉʪʨʠʧʘ, ʉʝʨʝʪ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʥʘ 
ʦʢʨʝʤʠʭ ʧʦʩʪʘʭ (ʨ. ʉʪʨʠʧʘ ï ʤ. ɹʫʯʘʯ, ʨ. ʉʝʨʝʪ ï ʤ. ʏʦʨʪʢʽʚ) ʨʦʟʧʦʯʘʣʦʩʷ ʚʽʜ ʧʦʯʘʪʢʫ ʍʍ 
ʩʪʦʨʽʯʯʷ. ʗʢʱʦ ʤʘʪʝʨʽʘʣʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʦʢʦʤ ʚʦʜʠ ʧʦ ʟʘʟʥʘʯʝʥʠʭ ʧʦʩʪʘʭ ʻ ʚ 
ʥʘʷʚʥʦʩʪʽ, ʪʦ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʧʦ ʨʽʚʥʷʭ ʚʦʜʠ ʟʘ ʧʝʨʽʦʜ ʜʦ ʇʝʨʰʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʻ 
ʚʪʨʘʯʝʥʦʶ. ɿʙʝʨʝʛʣʠʩʷ ʣʠʰʝ ʜʘʥʽ ʚʠʤʽʨʽʚ ʨʽʚʥʽʚ ʚʦʜʠ ʧʦ ʧʦʩʪʘʭ ʨ. ɿʦʣʦʪʘ ʃʠʧʘ ï ʩ. 
ɿʘʜʘʨʽʚ (ʟ 1902 ʨ.) ʪʘ ʨ. ʉʝʨʝʪ ï ʩʤʪ ɺʝʣʠʢʘ ɹʝʨʝʟʦʚʠʮʷ (ʟ 1897 ʨ.). ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ʜʘʥʠʭ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʤʽʞʚʦʻʥʥʠʡ ʧʝʨʽʦʜ (1920-1939 ʨʨ.), ʢʦʣʠ ʪʝʨʠʪʦʨʽʷ ʜʦʩʣʽʜʞʝʥʴ 
ʧʝʨʝʙʫʚʘʣʘ ʫ ʩʢʣʘʜʽ ʇʦʣʴʩʴʢʦʾ ʨʝʩʧʫʙʣʽʢʠ, ʪʘʢʦʞ ʻ ʚʪʨʘʯʝʥʦʶ. ʆʩʦʙʣʠʚʦ çʧʨʦʚʘʣʴʥʠʤʠè 
ʻ 1930-ʪʽ ʨʦʢʠ, ʜʘʥʽ ʟʘ ʷʢʽ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ. ɺʠʥʷʪʢʦʤ ʻ ʧʦʩʪ ʥʘ ʨ. ɿʙʨʫʯ ï ʩ. ɺʽʪʢʽʚʮʽ, ʧʦ 
ʷʢʦʤʫ ʟʙʝʨʝʛʣʠʩʷ ʜʘʥʽ ʟʘ ʧʝʨʽʦʜ 1933-1943 ʨʨ. ʏʘʩʪʠʥʘ ʧʦʩʪʽʚ ʚʽʜʥʦʚʠʣʘ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 
ʚʽʜ 1940 ʨ., ʘʣʝ ʾʭ ʙʫʣʦ ʧʝʨʝʨʚʘʥʦ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʧʽʜ ʯʘʩ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ. 
ɿʚʽʣʴʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʦʙʣʘʩʪʽ ʚʽʜ ʥʽʤʝʮʴʢʠʭ ʦʢʫʧʘʥʪʽʚ ʩʧʨʠʷʣʦ ʚʽʜʥʦʚʣʝʥʥʶ ʤʝʨʝʞʽ 
ʛʽʜʨʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʚʽʜʢʨʠʪʪʶ ʥʦʚʠʭ ʧʦʩʪʽʚ. ʅʘʧʨʠʢʽʥʮʽ 40-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ 
ʥʘ ʧʨʠʪʦʢʘʭ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ ʦʙʣʘʩʪʽ ʧʨʘʮʶʚʘʣʦ 15 ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ. ʄʘʢʩʠʤʘʣʴʥʦʶ ʾʭ 
ʢʽʣʴʢʽʩʪʴ ʙʫʣʘ ʫ 1960-ʭ ʨʦʢʘʭ ï 18 ʧʦʩʪʽʚ. ɿ ʢʽʥʮʷ 80-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʢʽʣʴʢʽʩʪʴ 
ʧʦʩʪʽʚ ʥʘ ʧʦʜʽʣʴʩʴʢʠʭ ʧʨʠʪʦʢʘʭ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʣʠʰʘʻʪʴʩʷ 
ʥʝʟʤʽʥʥʦʶ ʽ ʩʪʘʥʦʚʠʪʴ 11 ʦʜʠʥʠʮʴ. ʇʦ 2 ʨʦʟʪʘʰʦʚʘʥʦ ʥʘ ʨʽʯʢʘʭ ɿʦʣʦʪʘ ʃʠʧʘ (ʤ. ɹʝʨʝʞʘʥʠ, 
ʩ. ɿʘʜʘʨʽʚ), ʂʦʨʦʧʝʮʴ (ʤ. ʇʽʜʛʘʡʮʽ, ʩʤʪ ʂʦʨʦʧʝʮʴ), ʉʪʨʠʧʘ (ʭ. ʂʘʧʣʠʥʮʽ, ʤ. ɹʫʯʘʯ), ʉʝʨʝʪ 
(ʩʤʪ ɺʝʣʠʢʘ ɹʝʨʝʟʦʚʠʮʷ, ʤ. ʏʦʨʪʢʽʚ), ɿʙʨʫʯ (ʤ. ɺʦʣʦʯʠʩʴʢ, ʩ. ɿʘʚʘʣʣʷ) ʪʘ 1 ʧʦʩʪ ʥʘ ʨ. 
ʅʽʯʣʘʚʘ (ʩ. ʉʪʨʽʣʢʽʚʮʽ) ï ʜʠʚ. ʨʠʩ. 

 

 

ʈʠʩ. ʂʘʨʪʦʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʽʶʯʠʭ (ʥʘ 01.01.2022 ʨ.) ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʪʘ ʧʫʥʢʪʽʚ 
ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ ɼʝʨʞʚʦʜʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ ʥʘ ʧʨʠʪʦʢʘʭ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ 

ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣ. 
 

ɹʽʣʴʰʽʩʪʴ ʧʦʩʪʽʚ ʦʭʦʧʣʶʶʪʴ ʧʣʦʱʫ ʚʦʜʦʟʙʦʨʫ ʜʦ 1 ʪʠʩ. ʢʤ2. ʃʠʰʝ ʚ ʩʪʚʦʨʘʭ 2 ʧʦʩʪʽʚ 
(ʨ. ʉʝʨʝʪ ï ʤ. ʏʦʨʪʢʽʚ ʪʘ ʨ. ɿʙʨʫʯ ï ʩ. ɿʘʚʘʣʣʷ) ʧʣʦʱʘ ʚʦʜʦʟʙʦʨʫ ʧʝʨʝʚʠʱʫʻ 3000 ʢʤ2. 
ɺʽʜʥʦʩʥʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʧʦ ʚʩʽʭ 
ʜʽʶʯʠʭ ʧʦʩʪʘʭ ʻ ʧʝʨʝʨʚʠ ʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʟʘ ʧʝʨʽʦʜ ʜʦ ʜʨʫʛʦʾ ʧʦʣʦʚʠʥʠ 40-ʭ ʨʦʢʽʚ ʍʍ 
ʩʪʦʣʽʪʪʷ (ʪʘʙʣ.1). 

ɼʽʶʯʘ ʥʘ ʩʴʦʛʦʜʥʽ (ʥʘ 01.01.2022 ʨ.) ʥʘ ʨʽʯʢʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣ. ʤʝʨʝʞʘ ʧʫʥʢʪʽʚ 
ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʚʢʣʶʯʘʻ 14 
ʩʪʚʦʨʽʚ ï ʜʠʚ. ʨʠʩ. ʅʘ ʞʘʣʴ, ʙʽʣʴʰʽʩʪʴ ʟ ʥʠʭ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʣʠʰʝ ʟ 2019 ʨ., ʦʩʢʽʣʴʢʠ 
ʇʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ˉ758 ʚʽʜ 19 ʚʝʨʝʩʥʷ 2018 ʨ. ʧʨʠʡʥʷʪʦ ʥʦʚʠʡ 
ʧʦʨʷʜʦʢ ʟʜʽʡʩʥʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʚʦʜ. ɿ ʪʠʭ ʧʫʥʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ ʜʦ ʮʴʦʛʦ 
ʧʨʘʮʶʚʘʣʠ ʥʘ ʨʽʯʢʘʭ ʨʝʛʽʦʥʫ, ʣʠʰʠʣʦʩʷ ʣʠʰʝ 5. ɺʦʥʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʩʪʚʦʨʘʭ ʧʠʪʥʠʭ 
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ʚʦʜʦʟʘʙʦʨʽʚ ʪʘ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʜʦʚʛʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ï ʪʘʙʣ.2. ɺʩʽ ʚʦʥʠ ʦʙʨʘʥʽ 
ʥʘʤʠ ʜʣʷ ʘʥʘʣʽʟʫ. ʂʨʽʤ ʪʦʛʦ, ʟʘʣʫʯʝʥʦ ʽʥʬʦʨʤʘʮʽʶ ʱʝ ʧʦ 4 ʧʫʥʢʪʘʭ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦ 
ʧʨʘʮʶʚʘʣʠ ʜʦ 2019 ʨ., ʘʣʝ ʤʘʶʪʴ ʪʨʠʚʘʣʽ ʪʘ ʙʝʟʧʝʨʝʨʚʥʽ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

 
ʊʘʙʣʠʮʷ 2. ʇʝʨʝʣʽʢ ʩʪʚʦʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʚʦʜʠ ɼʝʨʞʚʦʜʘʛʝʥʪʩʪʚʘ ʋʢʨʘʾʥʠ, 

ʦʙʨʘʥʠʭ ʜʣʷ ʘʥʘʣʽʟʫ, ʪʘ ʧʝʨʽʦʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʥʠʭ 

ˉ 
ʧ/ʧ 

ʈʽʯʢʘ 
ʈʦʟʤʽʱʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʦʚʦʛʦ 

ʩʪʚʦʨʫ 
ʇʨʠʟʥʘʯʝʥʥʷ 
ʚʦʜʦʟʘʙʦʨʫ 

ʇʝʨʽʦʜ 
ʩʧʦʩʪʝʨʝʞʝʥʴ, 

ʨʦʢʠ 
1 ɿʦʣʦʪʘ ʃʠʧʘ ʤ. ɹʝʨʝʞʘʥʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ 1995-2018 

2 ʂʦʨʦʧʝʮʴ 
ʩʤʪ ʂʦʟʽʚʝ,  
ʂʦʟʽʚʩʴʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ 1994-2018 

3 ʉʪʨʠʧʘ ʤ. ɹʫʯʘʯ ʧʠʪʥʠʡ 1999-2020 

4 ʉʝʨʝʪ 
ʩ. ɻʦʨʽʰʥʴʦ-ɯʚʘʯʽʚ, 
ɻʦʨʽʰʥʴʦʽʚʘʯʽʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ  

ʧʠʪʥʠʡ 1995-2020 

5 ʉʝʨʝʪ 
ʤ. ʊʝʨʥʦʧʽʣʴ,  
ʊʝʨʥʦʧʽʣʴʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ 

ʧʠʪʥʠʡ 1993-2020 

6 ʉʝʨʝʪ 
ʩ. ʂʘʩʧʝʨʽʚʮʽ,  
ʂʘʩʧʝʨʽʚʩʴʢʝ ʚʦʜʦʩʭʦʚʠʱʝ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʡ 1994-2018 

7 ʅʽʯʣʘʚʘ ʤ. ɹʦʨʱʽʚ ʧʠʪʥʠʡ 1994-2020 

8 ɿʙʨʫʯ ʤ. ʇʽʜʚʦʣʦʯʠʩʴʢ ʧʠʪʥʠʡ 1993-2020 

9 ɿʙʨʫʯ ʩʤʪ ʉʢʘʣʘ-ʇʦʜʽʣʴʩʴʢʘ ʪʝʭʥʽʯʥʠʡ 1995-2018 

 
ʋʟʘʛʘʣʴʥʶʶʯʽ ʧʨʘʮʽ. ʇʝʨʰʽ ʫʟʘʛʘʣʴʥʶʶʯʽ ʧʨʘʮʽ ʩʪʦʩʦʚʥʦ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʙʘʩʝʡʥʫ, 

ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʤʝʨʝʞʽ, ʟʦʢʨʝʤʘ ʽ ʇʦʜʽʣʴʩʴʢʦʾ ʡʦʛʦ ʯʘʩʪʠʥʠ, ʟôʷʚʣʷʶʪʴʩʷ ʫ ʩʝʨʝʜʠʥʽ ʍɯʍ 
ʩʪʦʨʽʯʯʷ. ʎʝ ʙʫʣʠ ʷʢ ʤʦʥʦʛʨʘʬʽʯʥʽ ʚʠʜʘʥʥʷ, ʪʘʢ ʽ ʧʨʘʮʽ ʝʥʮʠʢʣʦʧʝʜʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [2,62]. 
ʅʘʧʨʠʢʽʥʮʽ ʍɯʍ ʩʪʦʨʽʯʯʷ ʟʥʘʯʥʠʡ ʚʥʝʩʦʢ ʫ ʜʦʩʣʽʜʞʝʥʥʷ ɼʥʽʩʪʨʘ ʚʢʣʘʚ ʚʽʜʦʤʠʡ ʛʽʜʨʦʣʦʛ ʪʘ 
ʛʽʜʨʦʪʝʭʥʽʢ ɺ.ʄ. ʃʦʭʪʽʥ, ʱʦ ʚʧʨʦʜʦʚʞ 1884-1892 ʨʨ. ʢʝʨʫʚʘʚ ʨʦʙʦʪʘʤʠ ʧʦ ʧʦʢʨʘʱʝʥʥʶ 
ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʥʘ ɼʥʽʩʪʨʽ ʟʘ ʨʦʟʨʦʙʣʝʥʦʶ ʥʠʤ ʩʭʝʤʦʶ. ʋ ʚʠʜʘʥʽʡ ʚ 1886 ʨ. ʡʦʛʦ ʧʨʘʮʽ [34] 
ʤʽʩʪʷʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʝʨʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ ɼʥʽʩʪʨʘ ʚʽʜ 
ʩʝʨʝʜʠʥʠ ʍɯʍ ʩʪʦʨʽʯʯʷ, ʥʘʜʘʻʪʴʩʷ ʜʝʪʘʣʴʥʘ ʛʽʜʨʦʛʨʘʬʽʯʥʘ ʩʭʝʤʘ ʙʘʩʝʡʥʫ, ʧʨʦʧʦʥʫʶʪʴʩʷ 
ʟʘʭʦʜʠ ʱʦʜʦ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ ʩʫʜʥʦʧʣʘʚʩʪʚʘ. 

ʇʝʨʝʙʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʚ ʤʝʞʘʭ ʨʽʟʥʠʭ ʢʨʘʾʥ (ɸʚʩʪʨʦ-
ʋʛʦʨʱʠʥʠ, ʈʦʩʽʡʩʴʢʦʾ ʽʤʧʝʨʽʾ, ʈʫʤʫʥʽʾ, ʧʽʟʥʽʰʝ ï ʫ ʩʢʣʘʜʽ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʪʘ ʇʦʣʴʩʴʢʦʾ 
ʨʝʩʧʫʙʣʽʢʠ ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʚʘʣʠ ʧʦʷʚʫ ʧʨʘʮʴ ʫʟʘʛʘʣʴʥʶʶʯʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦ ʪʝʨʠʪʦʨʽʾ 
ʙʘʩʝʡʥʫ. ʇʝʨʰʦʶ ʪʘʢʦʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʟʛʘʜʘʥʫ ʚʠʱʝ ʧʨʘʮʶ ɸ.ʇ. ɼʦʤʘʥʽʮʴʢʦʛʦ, ʚʠʜʘʥʫ 
ʥʘʧʝʨʝʜʦʜʥʽ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ, ʱʦ ʤʽʩʪʠʪʴ ʘʥʘʣʽʟ ʤʝʨʝʞʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʤʝʞʘʭ 
ʙʘʩʝʡʥʫ ʥʘ ʢʽʥʝʮʴ 30-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ, ʜʝʪʘʣʴʥʦ ʦʧʠʩʫʻ ʚʠʚʯʝʥʽʩʪʴ ʡʦʛʦ ʧʨʠʨʦʜʥʠʭ 
ʫʤʦʚ ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ [26]. 

 ʇʨʘʮʽ ʚʯʝʥʠʭ ʢʦʣʠʰʥʴʦʛʦ ʽʥʩʪʠʪʫʪʫ ʛʽʜʨʦʣʦʛʽʾ ʪʘ ʛʽʜʨʦʪʝʭʥʽʢʠ ɸʅ ʋʈʉʈ, ʱʦ ʧʦʩʽʜʘʚ 
ʧʨʦʚʽʜʥʽ ʧʦʟʠʮʽʾ ʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʨʽʯʦʢ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ ʽ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ɼʥʽʩʪʨʘ, ʫ ʧʦʚʦʻʥʥʽ ʨʦʢʠ (ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ 40-ʭ ï ʩʝʨʝʜʠʥʘ 60-ʭ ʨʦʢʽʚ ʍʍ ʩʪʦʨʽʯʯʷ) ʤʽʩʪʷʪʴ 
ʜʝʪʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʱʦʜʦ ʛʽʜʨʦʛʨʘʬʽʯʥʦʾ ʤʝʨʝʞʽ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ï ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ, ʾʭ 
ʦʩʥʦʚʥʠʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʠʩ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ, ʫʟʘʛʘʣʴʥʝʥʥʷ 
ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʘʭ [13,36,55,59].ʊʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ 
ʧʘʨʘʤʝʪʨʠ ʨʽʯʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʙʘʩʝʡʥʫ, ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʾʭ ʩʪʦʢʫ ʟʘ ʩʝʟʦʥʘʤʠ ʽ 
ʤʽʩʷʮʷʤʠ, ʥʘʜʘʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʨʽʚʥʷʤʠ ʚʦʜʠ ʪʘ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ 
ʩʪʦʢʫ. ɺʠʜʘʥʘ ʥʘʧʨʠʢʽʥʮʽ 1960-ʭ ʨʦʢʽʚ ˇʨʫʥʪʦʚʥʘ ʧʨʘʮʷ [49] ʻ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 
ʥʝʧʝʨʝʚʝʨʰʝʥʦʶ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʚ ʦʧʠʩʽ ʢʣʽʤʘʪʠʯʥʠʭ ʪʘ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ ʫʤʦʚ 
ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʨʽʯʦʢ ʙʘʩʝʡʥʫ. ʍʦʯʘ, ʟʚʠʯʘʡʥʦ, ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʫ 
ʚʦʜʦʪʦʢʽʚ ʨʝʛʽʦʥʫ ʻ ʥʝ ʘʢʪʫʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʦʭʦʧʣʶʻ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʣʠʰʝ ʧʦ 1965 ʨ. 

ɯʟ ʨʝʦʨʛʘʥʽʟʘʮʽʻʶ ʽʥʩʪʠʪʫʪʫ ʛʽʜʨʦʣʦʛʽʾ ʪʘ ʛʽʜʨʦʪʝʭʥʽʢʠ ɸʅ ʋʈʉʈ ʙʽʣʴʰʽʩʪʴ ʚʯʝʥʠʭ-
ʛʽʜʨʦʣʦʛʽʚ ʟ ʦʩʪʘʥʥʴʦʛʦ ʧʝʨʝʡʰʣʦ ʜʦ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ. ʊʦʤʫ 
ʥʝ ʜʠʚʥʦ, ʱʦ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʦʚʥʦ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʫ 70-ʭ, 80-ʭ 
ʨʦʢʘʭ ʍʍ ʩʪʦʨʽʯʯʷ ʦʧʫʙʣʽʢʦʚʘʥʦ ʩʘʤʝ ʫ ʟʙʽʨʥʠʢʘʭ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʩʘʤʝ ʮʴʦʛʦ ʽʥʩʪʠʪʫʪʫ. 
ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʨʦʙʦʪʠ ʄ.ɯ. ʂʦʥʦʥʝʥʢʦ, ʄ.ʄ. ʉʫʩʽʜʢʘ, ʄ.ɻ. ɻʘʣʫʱʝʥʢʘ, ɸ.ɯ. ʐʝʨʝʰʝʚʩʴʢʦʛʦ 
ʪʘ ʽʥ. [15,30,31,53,54,60].   
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ʅʘʩʪʫʧʥʽ ʜʦʚʽʜʢʦʚʽ ʚʠʜʘʥʥʷ, ʱʦ ʚʠʭʦʜʠʣʠ ʥʘʧʨʠʢʽʥʮʽ 80-ʭ, ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʍʍ 
ʩʪʦʨʽʯʯʷ [35,56], ʤʽʩʪʠʣʠ ʦʥʦʚʣʝʥʽ ʜʣʷ ʪʨʠʚʘʣʽʰʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ. ʍʦʯʘ ʚ ʦʩʪʘʥʥʴʦʤʫ ʚʠʜʘʥʥʽ ʜʦʩʠʪʴ ʟʥʘʯʥʘ 
ʫʚʘʛʘ ʧʨʠʜʽʣʷʣʘʩʷ ʩʘʤʝ ʤʘʣʠʤ ʨʽʯʢʘʤ ʙʘʩʝʡʥʫ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʶ ʥʘ ʾʭ 
ʚʦʜʦʟʙʦʨʠ. ʆʧʠʩ ʨʽʯʦʢ ʙʘʩʝʡʥʫ, ʜʦʚʞʠʥʦʶ ʧʦʥʘʜ 10 ʢʤ ʤʽʩʪʷʪʴ ʪʦʤʠ çɻʝʦʛʨʘʬʽʯʥʦʾ 
ʝʥʮʠʢʣʦʧʝʜʽʾ ʋʢʨʘʾʥʠè, ʱʦ ʚʠʭʦʜʠʣʠ ʜʨʫʢʦʤ ʚʧʨʦʜʦʚʞ 1989 ï 1993 ʨʨ. [16].  

ʋ ʩʚʦʾʡ ʧʨʘʮʽ çʈʝʛʽʦʥʘʣʴʥʠʡ ʝʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟè, ʱʦ ʚʠʭʦʜʠʪʴ ʜʨʫʢʦʤ 
ʚ 1997 ʨ., ɯ.ʇ. ʂʦʚʘʣʴʯʫʢ ʚʠʢʣʘʜʘʻ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ ʢʦʤʧʣʝʢʩʥʠʭ ʝʢʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ ʨʽʯʢʦʚʠʭ ʩʠʩʪʝʤ ʨʽʚʥʠʥʥʠʭ ʨʝʛʽʦʥʽʚ [28], ʷʢʽ ʩʪʘʶʪʴ ʦʩʥʦʚʦʶ ʥʦʚʦʛʦ ʥʘʫʢʦʚʦʛʦ 
ʥʘʧʨʷʤʢʫ ï ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʮʝʡ ʥʘʧʨʷʤ 
ʦʪʨʠʤʫʻ ʚ ʨʦʙʦʪʘʭ ʫʯʥʽʚ ʂʦʚʘʣʴʯʫʢʘ ï ʃ.ʇ. ʂʫʨʛʘʥʝʚʠʯ, ɸ.ɺ. ʄʽʭʥʦʚʠʯʘ, ʊ.ʉ. ʇʘʚʣʦʚʩʴʢʦʾ, 
ʆ.ɺ. ʇʠʣʠʧʦʚʠʯ ʪʘ ʽʥ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʝʷʢʽ ʨʦʙʦʪʠ ʆ.ɺ. ʇʠʣʠʧʦʚʠʯ ʩʪʦʩʫʶʪʴʩʷ ʨʽʯʦʢ 
ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ [44,45].  

ʆʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʽʥʪʝʨʝʩʫ ʜʦ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ʯʝʨʝʟ ʦʮʽʥʢʫ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʾʭ ʚʦʜʥʠʡ ʨʝʞʠʤ ʪʘ ʚʧʣʠʚʦʤ ʩʫʯʘʩʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ 
ʟʤʽʥ ʥʘ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʇʝʨʰʠʡ ʟ ʮʠʭ ʥʘʧʨʷʤʽʚ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʫ 
ʨʦʙʦʪʘʭ ɺ.ɯ. ɺʠʰʥʝʚʩʴʢʦʛʦ [9,10], ʱʦ ʤʽʩʪʠʣʠ ʘʥʘʣʽʟ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɼʥʽʩʪʨʘ: 
ʚʝʣʠʯʠʥʠ ʩʝʨʝʜʥʴʦʛʦ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʩʪʦʢʫ, ʡʦʛʦ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʦʾ ʜʠʥʘʤʽʢʠ, 
ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʘ ʤʽʥʽʤʘʣʴʥʦʛʦ 
ʩʪʦʢʫ ʨʽʯʢʠ.  ɸʚʪʦʨ ʜʦʩʣʽʜʞʫʻ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʽʯʢʠ ɼʥʽʩʪʝʨ, ʟʦʢʨʝʤʘ ʜʣʷ 
ʧʦʪʨʝʙ ʛʽʜʨʦʝʥʝʨʛʝʪʠʢʠ. ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʩʚʷʯʝʥʦ ʚʧʣʠʚʫ ɼʥʽʩʪʨʦʚʩʴʢʦʛʦ ʛʽʜʨʦʚʫʟʣʘ ʥʘ 
ʝʢʦʩʠʩʪʝʤʫ ʪʘ ʩʪʘʥ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ɼʥʽʩʪʨʘ, ʘ ʩʘʤʝ ʥʘ ʪʝʨʤʽʯʥʠʡ ʨʝʞʠʤ ʨʽʯʢʠ ʪʘ ʩʪʽʢ 
ʥʘʥʦʩʽʚ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʦʜʦʟʙʦʨʽʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʦʢʫ 
ʥʘʥʦʩʽʚ ʨʽʯʦʢ ʨʝʛʽʦʥʫ ʜʦʙʨʝ ʚʠʩʚʽʪʣʝʥʦ ʫ ʟʛʘʜʘʥʽʡ ʚʠʱʝ ʤʦʥʦʛʨʘʬʽʾ ʦʜʝʩʴʢʠʭ ʚʯʝʥʠʭ ʉ.ɺ. 
ʄʝʣʴʥʠʢʘ ʪʘ ʅ.ʉ. ʃʦʙʦʜʠ [38]. ʇʠʪʘʥʥʷ ʨʫʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ ʨʽʯʦʢ ʇʦʜʽʣʣʷ ʪʘ ʾʭ ʨʦʟʚʠʪʢʫ ʥʘ 
ʬʦʥʽ ʘʥʪʨʦʧʦʛʝʥʥʦʾ ʧʝʨʝʪʚʦʨʝʥʦʩʪʽ ʚʦʜʦʟʙʦʨʽʚ, ʟʘʨʝʛʫʣʴʦʚʘʥʦʩʪʽ ʩʪʦʢʫ ʨʦʟʛʣʷʥʫʪʦ ʫ 
ʨʦʙʦʪʘʭ ʆ.ɻ. ʆʙʦʜʦʚʩʴʢʦʛʦ, ɿ.ɺ. ʈʦʟʣʘʯʘ ʪʘ ʽʥ. [42], ʖ.ʉ. ʖʱʝʥʢʘ [61]. ɺʦʜʦʛʦʩʧʦʜʘʨʩʴʢʦ-
ʝʢʦʣʦʛʽʯʥʝ ʨʘʡʦʥʫʚʘʥʥʷ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʟʘ ʨʽʚʥʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 
ʟʜʽʡʩʥʝʥʦ ʫ ʨʦʙʦʪʽ ʄ.ʗ. ɹʘʙʠʯʘ [3]. 

ɺʧʣʠʚ ʩʫʯʘʩʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʚʦʜʥʠʡ ʨʝʞʠʤ ʣʽʚʦʙʝʨʝʞʥʠʭ ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ 
ʚʧʝʨʰʝ ʙʫʣʦ ʦʮʽʥʝʥʦ ʫ ʨʦʙʦʪʽ ɺ.ɺ. ɻʨʝʙʝʥʷ [21], ʱʦ ʚʠʡʰʣʘ ʚ 2005 ʨ. ɸʚʪʦʨʦʤ ʟʜʽʡʩʥʝʥʦ 
ʘʥʘʣʽʟ ʟʤʽʥ ʩʪʦʢʫ ʚʦʜʠ ʽ ʥʘʥʦʩʽʚ ʨʽʯʦʢ ʨʝʛʽʦʥʫ ʟʘ ʜʚʘ ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʽʦʜʠ. ɺʧʣʠʚ ʢʣʽʤʘʪʠʯʥʠʭ 
ʟʤʽʥ ʥʘ ʧʘʨʘʤʝʪʨʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ ʨʝʛʽʦʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ 
ʣʘʥʜʰʘʬʪʥʦ-ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʦʟʙʦʨʽʚ ʘʚʪʦʨʦʤ ʦʮʽʥʝʥʦ ʫ ʚʽʜʦʤʽʡ ʤʦʥʦʛʨʘʬʽʾ 
[22], ʱʦ ʚʠʜʘʥʦ ʫ 2010 ʨ. ʅʠʟʢʫ ʧʫʙʣʽʢʘʮʽʡ ʚʯʝʥʠʭ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʧʨʠʩʚʷʯʝʥʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ, 
ʟʤʽʥʽ ʝʣʝʤʝʥʪʽʚ ʡʦʛʦ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʚ ʫʤʦʚʘʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʧʨʦʛʥʦʟʫʚʘʥʥʶ ʟʤʽʥ ʚʦʜʥʦʛʦ 
ʨʝʞʠʤʫ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʥʘ ʤʘʡʙʫʪʥʻ [8,23,29,40]. 

ʆʩʪʘʥʥʻ ʜʝʩʷʪʠʣʽʪʪʷ ʚʽʜʟʥʘʯʝʥʦ ʥʠʟʢʦʶ ʧʫʙʣʽʢʘʮʽʡ ʚʯʝʥʠʭ ʆʜʝʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 
ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ (ʅ.ʉ. ʃʦʙʦʜʠ, ɺ.ʇ. ɼʦʨʦʬʻʻʚʦʾ, ʉ.ɺ. ʄʝʣʴʥʠʢʘ, ɭ.ɼ. ɻʦʧʯʝʥʢʘ, 
ɺ.ɸ. ʆʚʯʘʨʫʢ ʪʘ ʽʥ.), ʧʨʠʩʚʷʯʝʥʠʭ ʦʮʽʥʶʚʘʥʥʶ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʽʯʦʢ ʙʘʩʝʡʥʫ, 
ʧʘʨʘʤʝʪʨʽʚ ʚʝʩʥʷʥʦʛʦ ʚʦʜʦʧʽʣʣʷ, ʾʭ ʟʤʽʥʘʤ ʧʽʜ ʚʧʣʠʚʦʤ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ 
[32,33,38,41]. 

ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʫʯʘʩʥʽ ʧʨʘʮʽ ʚʯʝʥʠʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ 
ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ ʋʢʨʘʾʥʠ (ɺ.ɸ. ɹʘʣʘʙʫʭ, ʉ.ɺ. ʂʨʘʢʦʚʩʴʢʦʾ, ʃ.ʆ. ɻʦʨʙʘʯʦʚʦʾ ʪʘ ʽʥ.), 
ʚʠʢʦʥʘʥʽ ʚ ʨʘʤʢʘʭ ʦʢʨʝʤʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʧʨʦʝʢʪʽʚ, ʪʘ ʧʨʠʩʚʷʯʝʥʽ ʦʮʽʥʢʘʤ ʩʫʯʘʩʥʠʭ ʪʘ 
ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʚʦʜʥʠʡ ʨʝʞʠʤ ʨʽʯʦʢ [4,5,27]. 

ʇʦʨʷʜ ʟ ʜʦʩʣʽʜʞʝʥʥʷʤ ʢʽʣʴʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʦʩʦʙʣʠʚʘ ʫʚʘʛʘ 
ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʚʯʝʥʥʶ ʷʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʙʘʩʝʡʥʫ. ɺʠʚʯʝʥʥʶ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ ʚʦʜʠ ʨʽʯʢʠ ɼʥʽʩʪʝʨ ʧʨʠʩʚʷʯʝʥʦ ʥʠʟʢʫ ʨʦʙʽʪ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʩʧʦʩʪʝʨʝʞʝʥʴ, ʩʠʩʪʝʤʘʪʠʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʛʽʜʨʦʭʽʤʽʯʥʠʤ ʨʝʞʠʤʦʤ ɼʥʽʩʪʨʘ ʪʘ ʡʦʛʦ 
ʧʨʠʪʦʢ ʧʦʯʘʣʠʩʷ ʟʥʘʯʥʦ ʧʽʟʥʽʰʝ.  

ʇʝʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʟʥʘʡʰʣʠ ʩʚʦʻ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʜʦʚʽʜʥʠʢʘʭ [35,56], ʱʦ ʥʘʜʨʫʢʦʚʘʥʦ ʥʘʧʨʠʢʽʥʮʽ 80-ʭ, ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ 
ʍʍ ʩʪʦʨʽʯʯʷ. ɼʦ ʮʴʦʛʦ ʯʘʩʫ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʧʫʙʣʽʢʘʮʽʷ ʤʦʥʦʛʨʘʬʽʾ ʚʯʝʥʠʭ ɯʥʩʪʠʪʫʪʫ 
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ʛʽʜʨʦʙʽʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ, ʜʝ ʘʥʘʣʽʟʫʻʪʴʩʷ ʚʧʣʠʚ ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ɼʥʽʩʪʨʘ ʥʘ ʡʦʛʦ ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ [18]. 

ɼʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ɼʥʽʩʪʨʘ ʤʽʩʪʠʪʴʩʷ ʫ ʢʦʣʝʢʪʠʚʥʽ ʤʦʥʦʛʨʘʬʽʾ ʚʯʝʥʠʭ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʪʘ ʬʘʭʽʚʮʽʚ ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʟʘ 
ʨʝʜʘʢʮʽʻʶ ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ ʪʘ ɺ.ɸ. ʉʪʘʰʫʢʘ, ʱʦ ʧʽʜʙʠʚʘʻ ʧʝʚʥʠʡ ʧʽʜʩʫʤʦʢ ʛʽʜʨʦʭʽʤʽʯʥʠʤ 
ʜʦʩʣʽʜʞʝʥʥʷʤ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ʫʯʥʷʤʠ ʧʨʦʬ. ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ ï ʉ.ɼ. ɸʢʩʴʦʤʦʤ, ʆ.ʄ. 
ɻʦʥʯʘʨ [1,19]. ɼʦʩʠʪʴ ʽʥʬʦʨʤʘʪʠʚʥʦʶ ʱʦʜʦ ʘʥʘʣʽʟʫ ʩʫʯʘʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʚʦʜʠ ʪʘ 
ʘʥʘʣʽʟʫ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʧʦ ʦʢʨʝʤʠʭ ʬʘʟʘʭ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʦʢʫ ʻ 
ʤʦʥʦʛʨʘʬʽʷ ʘʚʪʦʨʩʴʢʦʛʦ ʢʦʣʝʢʪʠʚʫ ʚʯʝʥʠʭ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 
ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ ʪʘ ʋʢʨʘʾʥʩʴʢʦʛʦ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ 
ʋʢʨʘʾʥʠ çʈʝʛʽʦʥʘʣʴʥʘ ʛʽʜʨʦʭʽʤʽʷ ʋʢʨʘʾʥʠè [58]. ɯʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʷʢʦʩʪʽ ʚʦʜʠ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ʤʽʩʪʠʪʴ ʽ ʚʠʜʘʥʠʡ ʚ ʈʝʩʧʫʙʣʽʮʽ ʄʦʣʜʦʚʘ çɽʢʦʣʦʛʽʯʥʠʡ ʘʪʣʘʩ ʙʘʩʝʡʥʫè [6]. ʑʝ ʫ 2007 ʨ. ʚ 
ʨʘʤʢʘʭ ʇʨʦʛʨʘʤʠ ʜʽʡ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʨʘʥʩʢʦʨʜʦʥʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ ʪʘ ʩʪʽʡʢʦʛʦ 
ʫʧʨʘʚʣʽʥʥʷ ʙʘʩʝʡʥʦʤ ʨʽʯʢʠ ɼʥʽʩʪʝʨ ʟʘ ʧʽʜʪʨʠʤʢʠ ʆʨʛʘʥʽʟʘʮʽʾ ʧʦ ʙʝʟʧʝʮʽ ʪʘ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʫ 
ʚ ɭʚʨʦʧʽ (ʆɹʉɭ) ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʤʽʩʽʾ ʆʆʅ (ɭɽʂ ʆʆʅ) ʙʫʣʦ ʩʪʚʦʨʝʥʦ 
ʂʦʤʽʩʽʶ ʧʦ ʩʪʽʡʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʘ ʦʭʦʨʦʥʽ ʨ. ɼʥʽʩʪʝʨ, ʩʘʡʪ ʷʢʦʾ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʙʘʛʘʪʦ 
ʽʥʬʦʨʤʘʮʽʾ ʩʪʦʩʦʚʥʦ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʽʚ ʨʽʯʦʢ ʙʘʩʝʡʥʫ, 
ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʩʠʪʫʘʮʽʾ, ʧʨʦʛʥʦʟʽʚ ʟʤʽʥ ʢʣʽʤʘʪʫ ʪʘ ʦʙʩʷʛʽʚ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʤʝʞʘʭ 
ʙʘʩʝʡʥʫ [50]. 

ʊʘʢʦʞ ʩʣʽʜ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʪʠʭ ʧʨʘʮʷʭ, ʜʝ ʥʘʡʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʧʨʠʨʦʜʥʽ 
ʫʤʦʚʠ ʚʦʜʦʟʙʦʨʽʚ ʨʽʯʦʢ ʇʦʜʽʣʣʷ ʱʦ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʨʽʯʦʢ. ʉʣʽʜ ʟʛʘʜʘʪʠ ʢʣʘʩʠʯʥʫ ʧʨʘʮʶ ʚʯʝʥʠʭ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 
ɯʚʘʥʘ ʌʨʘʥʢʘ ʟʘ ʨʝʜʘʢʮʽʻʶ ʂ.ɯ. ɻʝʨʝʥʯʫʢʘ, 1979 ʨ. ʚʠʜʘʥʥʷ çʇʨʠʨʦʜʘ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ 
ʦʙʣʘʩʪʽè [47]. ʅʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ ʱʦʜʦ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ ʉʝʨʝʜʥʴʦʛʦ ʇʨʠʜʥʽʩʪʨʦʚôʷ ʪʘ 
ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʇʦʜʽʣʣʷ (ʟʦʢʨʝʤʘ, ʽ ʚʦʜʥʠʭ) ʥʘʣʝʞʠʪʴ ʚʽʜʦʤʦʤʫ ʬʽʟʠʢʦ-
ʛʝʦʛʨʘʬʫ ɻ.ɯ. ɼʝʥʠʩʠʢʫ, ʧʨʝʜʩʪʘʚʥʠʢʫ ɺʽʥʥʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ [24,25,52]. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʚʠʡʰʣʠ ʟ ʜʨʫʢʫ 
ʢʽʣʴʢʘ ˇʨʫʥʪʦʚʥʠʭ ʤʦʥʦʛʨʘʬʽʯʥʠʭ ʚʠʜʘʥʴ ʚʯʝʥʠʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ ʟʘ ʨʝʜʘʢʮʽʻʶ ʄ.ʗ. ʉʠʚʦʛʦ, ʃ.ʇ. 
ʎʘʨʠʢʘ ʪʘ ʽʥ. [17,48,57]. 

ɺʠʩʥʦʚʢʠ. ɸʥʘʣʽʟ ʩʪʘʥʫ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʣʽʚʠʭ ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ, 
ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʤʝʞʘʭ ʊʝʨʥʦʧʽʣʴʩʴʢʦʾ ʦʙʣʘʩʪʽ ʋʢʨʘʾʥʠ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʩʝʨʝʜ ʪʨʴʦʭ 
ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʜʦʩʣʽʜʞʝʥʴ: ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ, ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʪʘ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʦʛʦ 
ʥʘʡʙʽʣʴʰʝ ʫʚʘʛʠ ʫ ʧʨʘʮʷʭ ʚʽʪʯʠʟʥʷʥʠʭ ʚʯʝʥʠʭ ʍɯʍ ï ʧʦʯʘʪʢʫ ʍʍɯ ʩʪʦʨʽʯʯʷ ʧʨʠʜʽʣʝʥʦ ʩʘʤʝ 
ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ ʨʝʛʽʦʥʫ: ʙʘʛʘʪʦʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʾʭ 
ʩʪʦʢʫ, ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʫ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʘʢʩʠʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʧʦʚʝʥʝʡ 
ʪʘ ʜʦʱʦʚʠʭ ʧʘʚʦʜʢʽʚ, ʘʥʘʣʽʟʫ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ, ʜʠʥʘʤʽʮʽ ʨʫʩʣʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʩʪʦʢʫ ʥʘʥʦʩʽʚ 
ʪʘ ʽʥ. ɿʥʘʯʥʦ ʤʝʥʰʫ ʫʚʘʛʫ ʧʨʠʚʝʨʥʫʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʷʢʦʩʪʽ ʚʦʜʠ, 
ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʘ ʩʢʣʘʜʦʚʘ.  

ʉʝʨʝʜ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʮʽʚ, ʱʦ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʽ ʟʜʦʙʫʪʢʠ ʫ ʚʠʚʯʝʥʦʩʪʽ ʨʽʯʢʦʚʦ-
ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʇʦʜʽʣʣʷ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʋʢʨʘʾʥʩʴʢʦʛʦ 
ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ɼʉʅʉ ʋʢʨʘʾʥʠ ʪʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʆʜʝʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, 
ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ɺʽʥʥʠʮʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 
ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʂʦʮʶʙʠʥʩʴʢʦʛʦ, ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 
ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺʦʣʦʜʠʤʠʨʘ ɻʥʘʪʶʢʘ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʫʙʣʽʢʘʮʽʡ, ʦʩʦʙʣʠʚʦ ʟ ʘʥʘʣʽʟʦʤ ʜʘʥʠʭ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ ʊʝʨʥʦʧʽʣʣʷ, ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ ʽʩʥʫʻ ʢʦʤʧʣʝʢʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 
ʩʘʤʝ ʨʽʯʢʦʚʦ-ʙʘʩʝʡʥʦʚʠʭ ʩʠʩʪʝʤ ʨʝʛʽʦʥʫ. ɺʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʤʝʪʦʶ ʥʘʰʦʛʦ 
ʜʦʩʣʽʜʞʝʥʥʷ. 
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Analysis of the State of Study of the Rivers of the Dniester Basin in Ternopil Region 
Kapusta T., Syvyj M., Bytsyra L. 
The purpose of the study is to analyze the study of the river basin systems of the left tributaries of the 

Dniester, located within the Ternopil region of Ukraine. Information is provided regarding previously made 
generalizations regarding the study of the rivers of the basin from the works of the 19th century. to modern 
monographic publications and individual articles. 

The study of the first publications summarizing the regime of the rivers of the basin and their use shows that it 
was the needs of shipping that determined the beginning (in the middle of the 19th century) of regular observations of 
water levels on the Dniester, when the first four water measuring posts were opened. The first water measuring posts 
on the left-bank tributaries of the Dniester within the region were opened during the times of Austria-Hungary - in the 
80s and 90s of the 19th century. Measurement of water consumption at individual stations began at the beginning of 
the 20th century. Since the end of the 80s of the last century, the number of posts on the Podil tributaries of the 
Dniester within Ternopil Oblast has remained unchanged and amounts to 11 units. A significant drawback of 
stationary hydrometric observations within the basin for the period from their beginning to the middle of the 20th 
century. there is an interruption in the series of observations at almost all posts, since a significant part of the 
materials of observations at posts that worked within the boundaries of the former Austro-Hungarian (before the First 
World War), Polish and Romanian parts of the basin in the interwar period (20-30s of the XX century. ) turned out to 
be lost. 

The analysis of the state of study of the rivers of the region and their basins shows that the greatest attention 
in the works of domestic scientists is devoted to the analysis of various aspects of the hydrological regime of the 
rivers of the region. Research on the hydrochemical regime and water quality, the hydroecological component, 
attracted much less attention. Scientists of the Ukrainian Hydrometeorological Institute of the State Emergency 
Service of Ukraine and the National Academy of Sciences of Ukraine, Taras Shevchenko Kyiv National University, 
Odesa State Ecological University, Ivan Franko Lviv National University, Mykhailo Kotsyubynsky Vinnytsia State 

Pedagogical University, Ternopil National Pedagogical Volodymyr Hnatyuk University. 
Keywords:  track record; Dnister; Ternopil region; river-basin systems; vivacity; main publications. 
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ʇɯɼʇʈʀɭʄʉʊɺɸ ɺʆ çʇʈʀɼʅɯʇʈʆɺʉʔʂʀʁ ʍɯʄɯʏʅʀʁ ɿɸɺʆɼè 

 
ʋ ʩʪʘʪʪʽ ʥʘʜʘʥʦ ʘʥʘʣʽʟ ʜʘʥʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ (2005-2021 ʨʨ.) ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ 

ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʦʥʠ ʚʧʣʠʚʫ ʢʦʣʠʰʥʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʟ ʧʝʨʝʨʦʙʢʠ ʫʨʘʥʦʚʠʭ ʨʫʜ (ɺʆ ʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ 
ʭʽʤʽʯʥʠʡ ʟʘʚʦʜ (çʇʍɿè) ʫ ʤ. ʂʘʤôʷʥʩʴʢʝ, ʟʦʢʨʝʤʘ ʜʽʣʷʥʦʢ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʫʪʨʠʤʘʥʥʷ ʟʘʣʠʰʢʽʚ ʧʝʨʝʨʦʙʢʠ 
ʫʨʘʥʦʚʠʭ ʨʫʜ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ (çɿʘʭʽʜʥʝè, çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè ʪʘ ʽʥʰʠʭ). ɺʩʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʥʘ 
ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè ʙʫʣʠ ʟʙʫʜʦʚʘʥʽ ʙʝʟ ʦʙʣʘʰʪʫʚʘʥʥʷ ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʠʭ ʙʘʨôʻʨʽʚ, ʘ ʪʦʤʫ 
ʧʽʜ ʚʧʣʠʚʦʤ ʘʪʤʦʩʬʝʨʥʠʭ ʚʦʜ ʟʘʙʨʫʜʥʝʥʽ ʚʦʜʠ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʽ ʤʘʶʪʴ ʚʠʩʦʢʽ 
ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫʨʘʥʦʚʦʛʦ ʨʷʜʫ, ʘ ʪʘʢʦʞ ʟʘʣʠʰʢʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʤʦʞʫʪʴ ʥʘʜʭʦʜʠʪʠ ʫ ʚʝʨʭʥʽ 
ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʟʘ ʤʝʞʽ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ ʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ. ʂʨʽʤ ʪʦʛʦ, ʚʩʷ ʪʝʨʠʪʦʨʽʷ ʢʦʣʠʰʥʴʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ çʇʍɿè ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ ʢʦʣʠʰʥʽʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʚʽʜʩʪʽʡʥʠʢʽʚ, ʤʘʡʜʘʥʯʠʢʽʚ 
ʫʪʨʠʤʘʥʥʷ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʩʢʣʘʜʽʚ ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʽ ʟʘʣʠʰʢʽʚ ʢʦʣʠʰʥʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʽ ʪʘʢʦʞ 
ʻ ʜʞʝʨʝʣʘʤʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʽ ʚʧʣʠʚʫ ʥʘ ʭʨʦʥʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʊʦʤʫ 
ʧʨʦʛʨʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʪʦʩʭʦʚʠʱ ʚʢʣʶʯʘʣʠ ʥʝ ʪʽʣʴʢʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 
ʧʦʢʘʟʥʠʢʘʤʠ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫʨʘʥ-ʪʦʨʽʻʚʦʛʦ ʨʷʜʫ ʚ ʝʣʝʤʝʥʪʘʭ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʣʝ ʽ ʚʠʚʯʝʥʥʷ 
ʜʠʥʘʤʽʢʠ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ. ɸʥʘʣʽʟ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ 2005 ʧʦ 
2021 ʨʨ. ʚʠʢʦʥʘʥʦ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʜʘʣʴʥʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʟʘ ʤʝʞʽ ʨʦʟʪʘʰʫʚʘʥʥʷ 
ʭʚʦʩʪʦʩʭʦʚʠʱ, ʚʠʷʚʣʝʥʥʷ ʧʨʽʦʨʠʪʝʪʥʠʭ ʤʘʢʨʦʽʦʥʽʚ ʫ ʩʢʣʘʜʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢ ʽʥʜʠʢʘʪʦʨʽʚ ʟ ʦʮʽʥʢʠ 
ʧʦʰʠʨʝʥʥʷ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʟʘ ʤʝʞʽ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 
ʬʦʨʤʫʚʘʥʥʷ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʤʝʞʘʭ ʤʘʡʜʘʥʯʠʢʘ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʭʥʦʛʝʥʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ. 
ʇʦʢʘʟʘʥʦ, ʱʦ ʧʦ ʤʽʨʽ ʚʽʜʜʘʣʝʥʥʷ ʤʽʩʮʷ ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʣʠʩʷ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʾʾ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ɿʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʽ ʜʦʤʽʥʫʶʯʠʡ ʚʤʽʩʪ ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ 
ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʚʽʜʤʽʥʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʧʣʠʚʫ 
ʽʥʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ ʽʟ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʽ ʨʦʟʩʽʷʥʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʤʝʞʘʭ 
ʤʘʡʜʘʥʯʠʢʘ çʇʍɿè ʧʦ ʣʽʥʽʾ ʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʇʦʢʘʟʘʥʦ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʦʮʽʥʢʘʭ 
ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʟʤʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʟʦʥʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʜʣʷ ʨʦʟʚʠʪʢʫ 
ʤʝʨʝʞʽ ʤʦʥʽʪʦʨʠʥʛʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʤʘʡʜʘʥʯʠʢ ʩʧʘʜʱʠʥʠ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʧʽʜʟʝʤʥʽ ʚʦʜʠ, 
ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʽʟʦʪʦʧʠ ʫʨʘʥʫ, ʦʮʽʥʢʘ ʷʢʦʩʪʽ, ʙʘʛʘʪʦʨʽʯʥʽ ʟʤʽʥʠ. 

 
ɺʩʪʫʧ. ɿʘʙʨʫʜʥʝʥʘ ʚʦʜʦʟʙʽʨʥʘ ʪʝʨʠʪʦʨʽʷ ʫ ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ 

ʢʦʣʠʰʥʴʦʛʦ ʚʠʨʦʙʥʠʯʦʛʦ ʦʙôʻʜʥʘʥʥʷ çʇʨʠʜʥʽʧʨʦʚʩʴʢʠʡ ʭʽʤʽʯʥʠʡ ʟʘʚʦʜè (ɺʆ çʇʍɿè) ʟ 
ʧʝʨʝʨʦʙʢʠ ʫʨʘʥʦʚʠʭ ʨʫʜ ʫ ʤ. ʂʘʤôʷʥʩʴʢʝ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʧʽʩʣʷ ʧʨʠʧʠʥʝʥʥʷ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ ʫ 1992 ʨ. ʟʘʣʠʰʘʻʪʴʩʷ ʟʥʘʯʥʦ ʟʘʙʨʫʜʥʝʥʦʶ ʨʘʜʽʦʥʫʢʣʽʜʘʤʠ 
ʫʨʘʥʦʚʦʛʦ ʨʷʜʫ ʫ ʪʝʭʥʦʛʝʥʥʦ-ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʘ ʪʘʢʦʞ ʽʥʰʠʤʠ ʨʝʯʦʚʠʥʘʤʠ 
ʨʫʜʥʦʛʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʟʦʢʨʝʤʘ, ʟʘʣʠʰʢʘʤʠ ʢʠʩʣʦʪʥʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʽʥʰʠʭ 
ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʫ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʍʽʤʽʯʥʽ 
ʩʢʣʘʜʦʚʽ ʪʘʢʠʭ ʨʝʘʛʝʥʪʽʚ, ʦʩʥʦʚʥʠʤʠ ʽʟ ʷʢʠʭ ʻ ʩʫʣʴʬʘʪʥʽ, ʢʘʨʙʦʥʘʪʥʽ, ʥʽʪʨʘʪʥʽ, ʘʤʦʥʽʡʥʽ ʪʘ 
ʽʥʰʽ ʢʦʤʧʣʝʢʩʠ, ʘʩʦʮʽʡʦʚʘʥʽ ʽʟ ʨʫʜʥʠʤʠ ʟʘʣʠʰʢʘʤʠ ʤʘʪʝʨʽʘʣʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʚʦʩʪʽʚ, 
ʥʘʢʦʧʠʯʝʥʠʭ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè, ʟʦʢʨʝʤʘ, ʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ çɿʘʭʽʜʥʝè ʽ çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè, ʘ ʪʘʢʦʞ ʥʘ ʧʨʠʣʝʛʣʽʡ ʪʝʨʠʪʦʨʽʾ 
ʣʽʚʦʙʝʨʝʞʥʦʾ ʟʘʧʣʘʚʠ ʨ. ʂʦʥʦʧʣʷʥʢʘ (ʭʚʦʩʪʦʩʭʦʚʠʱʝ çɼʥʽʧʨʦʚʩʴʢʝè) [1] (ʨʠʩ.1). 

ʍʚʦʩʪʦʩʭʦʚʠʱʘ, ʜʝ ʥʘʢʦʧʯʝʥʦ ʤʽʣʴʡʦʥʠ ʪʦʥ ʨʫʜʥʠʭ ʟʘʣʠʰʢʽʚ ʫʨʘʥʦʚʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ, ʻ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʽ ʭʽʤʽʯʥʠʭ 
ʨʝʯʦʚʠʥ ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʧʽʜ ʚʧʣʠʚʦʤ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ (ʽʥʬʽʣʴʪʨʘʮʽʡʥʝ ʞʠʚʣʝʥʥʷ), 
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ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʝ ʤʘʶʪʴ ʥʘʜʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʠʭ ʙʘʨôʻʨʽʚ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ 
ʟʘʣʝʞʥʦ ʚʽʜ ʩʝʟʦʥʫ ʽ ʚʦʜʥʦʩʪʽ ʨʦʢʫ ʥʠʞʥʽ ʰʘʨʠ ʭʚʦʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʫʪʴ ʙʫʪʠ 
ʧʽʜʪʦʧʣʝʥʦ, ʘ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʬʦʨʤʫʚʘʪʠʩʷ ʣʽʥʟʠ ʪʝʭʥʦʛʝʥʥʦ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ, ʷʢʽ 
ʤʘʶʪʴ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʚʧʣʠʚ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʝʨʭʥʴʦʛʦ ʘʣʶʚʽʘʣʴʥʦʛʦ 
ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ. 

 

 
ʈʠʩ. 1. ʂʘʨʪʦʩʭʝʤʘ ʧʨʦʤʤʘʡʜʘʥʯʠʢʘ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè (ʤ. ʂʘʤôʷʥʩʴʢʝ) ʟ 

ʨʦʟʧʦʜʽʣʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʟʘ ʦʢʨʝʤʠʤʠ ʧʝʨʽʦʜʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʢʣʘʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ 
ʩʚʝʨʜʣʦʚʠʥʘʤ. 

 
ʆʩʢʽʣʴʢʠ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʜʣʷ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʫʨʘʥʫ ʽʟ ʨʦʟʤʝʣʝʥʠʭ 

ʨʫʜʥʠʭ ʤʘʩ ʥʘ çʇʍɿè ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʟʘʧʦʚʥʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱ çɿʘʭʽʜʥʝè ʽ 
çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʩʽʨʯʘʥʫ ʢʠʩʣʦʪʫ (ʫ ʩʫʤʽʰʽ ʽʟ ʘʟʦʪʥʦʶ ʢʠʩʣʦʪʦʶ), ʘ ʪʘʢʦʞ 
ʢʘʨʙʦʥʘʪʥʽ ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʫ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʭʣʦʨʠʜ ʥʘʪʨʽʶ. ɼʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʨʦʟʯʠʥʽʚ ʫ 
ʩʢʣʘʜʽ ʤʘʪʝʨʽʘʣʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʚʦʩʪʽʚ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘ ʧʦʯʘʪʢʫ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʽʪʨʘʪ ʘʤʦʥʽʶ (NHϞNOϝ), ʘ ʪʘʢʦʞ ʩʦʜʦʚʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʢʘʣʴʮʠʥʦʚʘʥʦʾ 
ʩʦʜʠ (Na2CO3). ʊʦʤʫ ʫ ʭʚʦʩʪʦʚʦʤʫ ʤʘʪʝʨʽʘʣʽ ʽ ʛʽʜʨʦʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ 
ʛʦʨʠʟʦʥʪʫ, ʱʦ ʬʦʨʤʫʚʘʣʠʩʷ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʽ ʚʦʜʘʭ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 
ʥʘʡʙʣʠʞʯʦʾ ʟʦʥʠ ʚʧʣʠʚʫ ʚʠʥʝʩʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ, ʤʦʞʥʘ ʩʧʦʩʪʝʨʽʛʘʪʠ ʩʢʣʘʜʥʠʡ 
ʢʦʤʧʣʝʢʩ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ, ʫ ʩʢʣʘʜʽ ʷʢʠʭ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʙʫʜʫʪʴ ʜʦʤʽʥʫʚʘʪʠ 
ʩʫʣʴʬʘʪʥʽ, ʢʘʨʙʦʥʘʪʥʽ, ʭʣʦʨʠʜʥʽ, ʥʽʪʨʘʪʥʽ ʪʘ ʘʤʦʥʽʡʥʽ ʢʦʤʧʣʝʢʩʠ [1]. 

ɺʤʽʩʪ ʜʦʤʽʥʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʘʣʶʚʽʘʣʴʥʦʛʦ 
ʛʦʨʠʟʦʥʪʫ ʚʽʜʦʙʨʘʞʘʻ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽ ʭʽʤʽʟʤ ʚʦʜ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʽ 
ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʟ ʧʦʯʘʪʢʫ ʽ ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʪʷʛʦʤ 
ʦʩʪʘʥʥʽʭ ʤʘʡʞʝ 70 ʨʦʢʽʚ.  

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʝʚʥʽ ʤʘʢʨʦʽʦʥʠ (ʥʘʪʨʽʡ, ʘʤʦʥʽʡ, ʭʣʦʨʠʜʠ, 
ʥʽʪʨʘʪʠ ʪʘ ʤʝʥʰʦʶ ʤʽʨʦʶ ʩʫʣʴʬʘʪʠ), ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦ-ʽʦʥʽʚ (ʩʝʨʝʜ ʷʢʠʭ 
ʨʘʜʽʦʥʫʢʣʽʜʠ ʫʨʘʥʦʚʦʛʦ ʨʷʜʫ), ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʽʟ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ ʧʦ ʥʘʧʨʷʤʢʫ ʾʭ ʪʦʢʫ 
ʙʝʟ ʩʫʪʪʻʚʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʩʦʨʙʮʽʡʥʠʭ ʙʘʨôʻʨʽʚ. ʆʨʝʦʣʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʦʜ 
ʽʟ ʧʽʜʚʠʱʝʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʮʠʭ ʽʦʥʽʚ (ʚʽʜʧʦʚʽʜʥʦ ʽʟ ʧʽʜʚʠʱʝʥʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ) 
ʤʦʞʫʪʴ ʧʦʰʠʨʶʚʘʪʠʩʴ ʥʘ ʙʽʣʴʰʫ ʚʽʜʩʪʘʥʴ ʟ ʯʘʩʦʤ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ. 

ɺʽʜʥʦʰʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʘʣʶʚʽʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʥʘ 
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ʨ̔ ʟʥʽʡ ʚʽʜʩʪʘʥʽ ʧʦ ʣʽʥʽʾ ʪʦʢʫ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʜʦ ʬʦʥʦʚʦʛʦ ʩʢʣʘʜʫ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʽʣʷʥʢʠ ʚʧʣʠʚʫ ʜʞʝʨʝʣ ʧʦʚôʷʟʘʥʠʭ ʟ ʤʠʥʫʣʠʤ ʫʨʘʥʦʚʠʤ 
ʚʠʨʦʙʥʠʮʪʚʦʤ ʪʘ ʜʽʣʷʥʢʠ ʟ ʧʝʨʝʚʘʞʥʦ ʧʨʠʨʦʜʥʠʤ ʚʧʣʠʚʦʤ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʾʭʥʴʦʛʦ ʩʢʣʘʜʫ. 

ɸʥʘʣʽʟ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ, ʚ ʷʢʠʭ ʦʜʥʦʯʘʩʥʦ ʚʠʟʥʘʯʘʚʩʷ ʚʤʽʩʪ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ, ʷʢ 
ʦʩʥʦʚʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʫʨʘʥʦʚʦʾ ʩʧʘʜʱʠʥʠ, ʚ 
ʨʦʙʦʪʘʭ [2], ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ, ʱʦ ʧʨʠʩʫʪʥʽʩʪʴ ʩʫʣʴʬʘʪʽʚ ʽ ʛʽʜʨʦʢʘʨʙʦʥʘʪʽʚ ʫ ʚʦʜʽ ʟʘ 
ʧʝʚʥʠʭ ʛʝʦʭʽʤʽʯʥʠʭ ʫʤʦʚ ʬʦʨʤʫʻ ʢʦʤʧʣʝʢʩʥʽ ʩʧʦʣʫʢʠ ʫʨʘʥʫ ʪʘʢʽ ʷʢ UO2SO4, UO2CO3, 
UO2(CO3)2

2- ʪʘ ʽʥʰʽ, ʱʦ ʟʤʝʥʰʫʻ ʟʜʘʪʥʽʩʪʴ ʫʨʘʥʫ ʜʦ ʩʦʨʙʮʽʾ ʫ ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʽ 
ʩʧʨʠʷʻ ʡʦʛʦ ʧʨʠʩʢʦʨʝʥʥʦʤʫ ʧʦʰʠʨʝʥʥʶ ʟʘ ʤʝʞʽ ʭʚʦʩʪʦʩʭʦʚʠʱ.  

ʅʘʷʚʥʽʩʪʴ ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ, ʱʦ ʫ ʟʦʥʽ ʚʧʣʠʚʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʫ ʜʫʞʝ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʩʫʪʪʻʚʦ ʧʝʨʝʚʠʱʫʶʪʴ 
ʤʦʞʣʠʚʽ ʚʘʨʽʘʮʽʾ ʭʽʤʽʟʤʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʇʽʩʣʷ ʥʘʜʭʦʜʞʝʥʥʷ ʽʟ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʚʦʥʠ, ʧʨʦʪʷʛʦʤ ʜʫʞʝ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ (ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ ʨʦʢʽʚ), ʤʦʞʫʪʴ 
ʧʝʨʝʙʫʚʘʪʠ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʟʦʥʠ ʚʧʣʠʚʫ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʫʨʘʥʦʚʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʧʨʦʛʨʘʤ ʤʦʥʽʪʦʨʠʥʛʫ 
ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ 
çʇʍɿè, ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʤʝʪʦʶ ʢʦʥʪʨʦʣʶ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʽ, ʟʦʢʨʝʤʘ, ʷʢʦʩʪʽ ʚʦʜ. ʉʘʤʝ 
ʪʘʢʽ ʧʠʪʘʥʥʷ ʚʠʚʯʘʣʠʩʷ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʽʤʽʟʤʦʤ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè ʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʜʘʥʽʡ ʩʪʘʪʪʽ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ ʪʘ ʚʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ 
ʪʝʥʜʝʥʮʽʡ ʫ ʬʦʨʤʫʚʘʥʥʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʟʦʥʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʦʨʝʦʣʫ 
ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʟʘʣʠʰʢʽʚ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ çɿʘʭʽʜʥʝè ʽ 
çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʫ ʯʘʩʽ ʟʤʽʥ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ 
ʪʝʨʠʪʦʨʽʾ ʪʘ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 
(2005-2021 ʨʨ.). ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʠʢʦʥʫʚʘʣʠʩʷ ʚ 
ʨʘʤʢʘʭ ʧʨʦʛʨʘʤ ʦʙôʻʢʪʦʚʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʟʦʥʽ ʚʧʣʠʚʫ 
ʤʘʡʜʘʥʯʠʢʘ ʩʧʘʜʱʠʥʠ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ɺʆ çʇʍɿè ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ ʟ 2005 ʨ. ʧʦ 
2017 ʨ. [3, 4]. ʈʘʥʽʰʝ ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʫʨʘʥʦʚʦʛʦ ʨʷʜʫ, ʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʚʤʽʩʪʫ ʭʽʤʽʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ɺʆ çʇʍɿè 
ʚʠʢʦʥʘʥʦ ʫ ʨʦʙʦʪʘʭ [5, 6, 7, 8].  

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʘʣʽʟʫʻʪʴʩʷ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜ ʘʣʶʚʽʘʣʴʥʦʛʦ 
ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ ʤʘʻ ʧʦʰʠʨʝʥʥʷ ʫ ʟʦʥʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʘʡʜʘʥʯʠʢʘ ʢʦʣʠʰʥʴʦʛʦ 
ɺʆ çʇʍɿè.  

ɻ̔ ʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʚ ʨʘʡʦʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ 
ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ: ʘʣʶʚʽʘʣʴʥʦʛʦ ʫ ʯʝʪʚʝʨʪʠʥʥʠʭ ʚʽʜʢʣʘʜʘʭ ʩʢʣʘʜʝʥʠʭ ʧʽʩʢʘʤʠ, 
ʩʫʧʽʩʢʘʤʠ ʪʘ ʩʫʛʣʠʥʢʘʤʠ, ʪʘ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʟʦʥʠ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʜʦʢʝʤʙʨʽʡʩʴʢʠʭ 
ʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʽʜ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʦʩʥʦʚʥʠʤʠ ʣʦʢʘʣʽʟʦʚʘʥʠʤʠ ʜʞʝʨʝʣʘʤʠ 
ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʦʩʥʦʚʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʢʦʣʠʰʥʴʦʛʦ ʫʨʘʥʦʚʦʛʦ 
ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè ʽ çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè, ʷʢʽ 
ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʤʝʞʘʭ ʪʨʘʥʩʝʣʶʚʽʘʣʴʥʦʛʦ ʪʠʧʫ ʣʘʥʜʰʘʬʪʫ ʥʘ ʧʨʘʚʦʙʝʨʝʞʥʦʤʫ ʩʭʠʣʽ 
ʚʝʨʭʥʴʦʾ ʪʝʨʘʩʠ ʜʦʣʠʥʠ ɼʥʽʧʨʘ ʥʘ ʦʢʦʣʠʮʽ ʤ. ʂʘʤôʷʥʩʴʢʝ. ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʚʝʨʭʥʴʦʛʦ 
ʘʣʶʚʽʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʫ ʤʝʞʘʭ ʢʦʣʠʰʥʴʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ 
ʨʫʭʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʟʦʥʠ ʥʠʞʥʴʦʾ ʪʝʨʘʩʠ ʪʨʘʥʩʘʢʚʘʣʴʥʦʛʦ ʣʘʥʜʰʘʬʪʫ ʜʦ ʾʭ 
ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʫ ʟʘʧʣʘʚʽ ʨ. ʂʦʥʦʧʣʷʥʢʘ, ʷʢʘ ʧʨʦʪʽʢʘʻ ʥʘ ʚʽʜʩʪʘʥʽ 800-1000 ʤ ʚʽʜ 
ʭʚʦʩʪʦʩʭʦʚʠʱ. ɺʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʤʝʞʘʭ ʪʝʨʘʩʠ ʽ ʩʭʠʣʽʚ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ 
ʧʨʘʚʦʙʝʨʝʞʞʷ ʨ. ɼʥʽʧʨʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʠʤʠ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ 
ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʚʽʜʥʦʩʥʦ ʰʚʠʜʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʦʨʝʦʣʫ 
ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʧʨʷʤʢʫ ʨ. ʂʦʥʦʧʣʷʥʢʘ (6-10 ʤ/ʨʽʢ) [5, 6].  

ɺʝʣʠʯʠʥʘ ʽʥʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ ʨʘʭʫʥʦʢ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 
ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ˇʨʫʥʪʽʚ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʽ 
ʧʦʚʝʨʭʥʝʚʦʛʦ ʩʪʦʢʫ ʩʪʘʥʦʚʠʪʴ 150-220 ʤʤ/ʨʽʢ (28-40% ʨʽʯʥʦʾ ʩʫʤʠ ʦʧʘʜʽʚ), ʧʨʠ ʥʘʷʚʥʦʩʪʽ 
ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ï 110-150 ʤʤ/ʨʽʢ (20-28% ʨʽʯʥʦʾ ʩʫʤʠ ʦʧʘʜʽʚ) [9].  

ʅʘ ʰʣʷʭʫ ʨʫʭʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʫ ʥʘʧʨʷʤʢʫ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʤʦʞʥʘ 
ʚʠʜʽʣʠʪʠ ʜʚʘ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʬʦʨʤʫʶʪʴ 
ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʽʜʟʝʤʥʦʾ ʚʦʜʠ, ʘ ʩʘʤʝ:  
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- ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʽ ʫ ʤʝʞʘʭ ʦʨʝʦʣʫ 
ʾʭ ʧʦʰʠʨʝʥʥʷ (ʪʠʧʦʚʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜ ʧʦʢʘʟʘʥʦ ʫ ʊʘʙʣʠʮʽ 1), ʷʢʽ ʟ ʬʽʣʴʪʨʘʮʽʡʥʠʤ 
ʧʦʪʦʢʦʤ ʚ ʘʣʶʚʽʘʣʴʥʦʤʫ ʚʦʜʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʨʫʭʘʶʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʾʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ 
ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʥʝʨʘʣʽʟʘʮʽʻʶ ʽʟ ʜʦʤʽʥʫʚʘʥʥʷʤ ʩʫʣʴʬʘʪʥʠʭ, ʭʣʦʨʠʜʥʠʭ ʘʙʦ 
ʥʽʪʨʘʪʥʠʭ ʟʘʣʠʰʢʽʚ ʨʝʘʛʝʥʪʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʱʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʚʠʨʦʙʥʠʮʪʚʘ (ʜʣʷ ʪʘʢʠʭ ʚʦʜ ʭʘʨʘʢʪʝʨʥʠʤ 
ʪʘʢʦʞ ʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʚʤʽʩʪ ʫʨʘʥʫ); 

- ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʟʘ ʤʝʞʘʤʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʦʰʠʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ ʦʨʝʦʣʫ 
ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʩʬʦʨʤʦʚʘʥʦ ʧʨʦʪʷʛʦʤ 
ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ ʾʭ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʨʫʭʫ, ʧʝʨʝʚʘʞʥʦ ʬʘʢʪʦʨʘʤʠ ʧʨʠʨʦʜʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 
(ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ, ʾʭ ʭʽʤʽʟʤʦʤ, ʘ ʪʘʢʦʞ ʚʠʣʫʜʞʫʚʘʥʥʷʤ ʧʨʠʨʦʜʥʠʭ ʤʽʥʝʨʘʣʴʥʠʭ 
ʝʣʝʤʝʥʪʽʚ) ʘʙʦ ʚ ʫʤʦʚʘʭ ʧʝʨʝʚʘʞʥʦʛʦ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʬʦʥʫ 
ʤʘʡʜʘʥʯʠʢʘ, ʷʢʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝ ʚʠʟʥʘʯʝʥʽ.  
ʗʢʱʦ ʧʨʠʡʥʷʪʠ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʟʦʥʽ 

ʬʘʢʪʠʯʥʦʛʦ ʽ ʧʦʪʝʥʮʽʡʥʦʛʦ (ʫ ʤʘʡʙʫʪʥʴʦʤʫ) ʚʧʣʠʚʫ ʚʠʥʦʩʫ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʽʟ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʚʠʥʠʢʘʻ ʧʨʘʢʪʠʯʥʝ ʧʠʪʘʥʥʷ, ʷʢʠʡ ʧʦʢʘʟʥʠʢ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʜʦʮʽʣʴʥʦ 
ʧʨʠʡʤʘʪʠ ʫ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʶ ʚʧʣʠʚʫ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʥʘʢʦʧʠʯʝʥʽ ʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ. ʋ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʚʠʢʦʥʘʥʦ ʨʘʥʽʰʝ ʜʣʷ ʜʘʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ, 
ʦʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʨʠʟʠʢʫ ʜʦʩʷʛʥʝʥʥʷ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 
ʧʨʠʡʤʘʣʠ ʨʽʚʝʥʴ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ ʫ ʚʦʜʽ ʥʘ ʜʽʣʷʥʮʽ ʾʭ 
ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʫ ʨ. ʂʦʥʦʧʣʷʥʢʘ ʥʘ ʨʽʚʥʽ 1 ʽ 10 ɹʢ/ʜʤ3. ʆʩʢʽʣʴʢʠ ʨʽʚʝʥʴ 1 ɹʢ/ʜʤ3 ʻ ʙʣʠʟʴʢʠʤ 
ʜʦ ʬʦʥʦʚʠʭ ʨʽʚʥʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘ ʤʘʡʜʘʥʯʠʢʫ, ʪʦ ʧʦʢʘʟʥʠʢ 10 ɹʢ/ʜʤ3 ʤʦʞʝ ʙʫʪʠ ʦʙʨʘʥʦ 
ʮʽʣʢʦʤ ʦʙˇʨʫʥʪʦʚʘʥʦ ʥʠʞʥʴʦʶ ʤʝʞʝʶ ʦʨʝʦʣʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʤʽʩʪʫ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ ʫ ʚʦʜʽ 
(ʜʦ ʪʦʛʦ ʞ ʮʝ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʅʈɹʋ-97) [10].  

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʨʦʙʦʪʽ [11] ʪʘʢʽ ʨʽʚʥʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ 
ʥʘ ʤʝʞʽ ʾʭ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʫ ʨ. ʂʦʥʦʧʣʷʥʢʘ ʤʦʞʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʥʝ ʨʘʥʽʰʝ ʥʽʞ ʯʝʨʝʟ ʢʽʣʴʢʘ 
ʩʦʪʝʥʴ ʨʦʢʽʚ. ʅʘʪʦʤʽʩʪʴ, ʯʘʩ ʨʫʭʫ ʚʦʜ ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʧʦʪʦʢʫ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱ ʽʟ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʛʽʜʨʘʚʣʽʯʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 6-8 ʤ/ʨʽʢ, ʜʦʟʚʦʣʷʻ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʭʽʤʽʯʥʠʡ 
ʩʢʣʘʜ ʚʦʜʠ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʥʘ ʚʽʜʩʪʘʥʽ 500 ʤ ʽ ʙʽʣʴʰʝ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʙʫʣʦ 
ʩʬʦʨʤʦʚʘʥʦ ʱʝ ʜʦ ʧʝʨʽʦʜʫ ʙʫʜʽʚʥʠʮʪʚʘ ʩʘʤʠʭ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʥʘ ʧʦʯʘʪʢʫ 50 ʨʦʢʽʚ 
ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ. ɸʣʝ ʦʩʥʦʚʥʽ ʤʘʢʨʦʽʦʥʠ ʚʦʜ, ʟʦʢʨʝʤʘ ʩʫʣʴʬʘʪʠ ʘʙʦ ʭʣʦʨʠʜʠ ʫ ʩʢʣʘʜʽ 
ʚʦʜʠ ʤʦʞʫʪʴ ʤʽʛʨʫʚʘʪʠ ʟ ʚʦʜʦʶ ʙʝʟ ʩʫʪʪʻʚʦ ʚʧʣʠʚʫ ʩʦʨʙʮʽʾ, ʽ ʪʦʤʫ ʦʯʽʢʫʚʘʥʽ ʪʝʨʤʽʥʠ 
ʜʦʩʷʞʥʦʩʪʽ ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʚʦʜ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʩʬʦʨʤʦʚʘʥʦ ʧʽʜ ʚʧʣʠʚʦʤ 
ʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʚʠʥʦʩʫ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱ ʻ ʩʫʪʪʻʚʦ ʙʽʣʴʰ ʢʦʨʦʪʢʠʤ. ʋ ʷʢʦʩʪʽ ʢʨʠʪʝʨʽʾ 
ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʘʢʠʭ ʚʦʜ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʥʮʝʥʪʨʘʮʽʾ 
ʩʫʣʴʬʘʪʽʚ ʽ ʭʣʦʨʠʜʽʚ ʫ ʚʦʜʽ ʥʘ ʨʽʚʥʽ ʬʦʥʦʚʠʭ ʢʦʣʠʚʘʥʴ ʚʤʽʩʪʫ ʾʭ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟʘ ʤʝʞʘʤʠ 
ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ (ʜʝʪʘʣʽ ʦʙʛʦʚʦʨʶʶʪʴʩʷ ʜʘʣʽ ʽ ʥʘʚʝʜʝʥʽ ʫ ʊʘʙʣʠʮʽ 2). ʊʘʢʝ 
ʧʨʠʧʫʱʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʦʢʘʟʘʪʠ, ʱʦ ʧʝʨʝʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪʽʚ ʽ ʭʣʦʨʠʜʽʚ ʫ ʧʽʜʟʝʤʥʠʭ 
ʚʦʜʘʭ ʻ ʦʟʥʘʢʦʶ ʪʦʛʦ, ʱʦ ʦʨʝʦʣ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʜʦʩʷʛʥʫʚ 
ʧʝʚʥʦʾ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʾʭ ʬʦʨʤʫʚʘʥʥʷ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʮʽʥʢʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 
ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʟʦʥʠ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʽʟ 
ʦʙôʻʤʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ ʫʨʘʥʫ ʚʠʱʝ 10 ɹʢ/ʜʤ3, ʘ ʪʘʢʦʞ ʰʣʝʡʬʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʠʡ 
ʩʬʦʨʤʦʚʘʥʦ ʤʘʢʨʦʽʦʥʘʤʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʫ ʪʝʭʥʦʛʝʥʥʦ ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, 
ʚʠʦʢʨʝʤʣʶʶʯʠ ʚʧʣʠʚ ʭʚʦʩʪʦʩʭʦʚʠʱ ʽ ʬʘʢʪʦʨʠ ʽʥʰʦʛʦ ʛʝʥʝʟʠʩʫ.  
ɼʣʷ ʪʝʨʠʪʦʨʽʡ ʟʘ ʤʝʞʘʤʠ ʧʝʨʝʤʽʱʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 
ʫʨʘʥʦʤ ʧʦ ʣʽʥʽʾ ʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʘʢʪʫʘʣʴʥʠʤ ʪʘʢʦʞ ʩʪʘʻ ʚʠʢʦʥʫʚʘʪʠ ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʦʜ 
(ʨʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ ʥʘʚʝʜʝʥʦ ʫ ʪʝʢʩʪʽ ʜʘʣʽ ʽ ʪʘʙʣ.. 2).  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʛʦʣʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ ʫ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚʠʢʦʥʘʥʦ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʭʽʤʽʯʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ, ʜʝʪʘʣʴʥʠʡ ʦʧʠʩ ʷʢʠʭ 
ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [12]. ɼʣʷ ʽʥʪʝʛʨʦʚʘʥʦʾ ʦʮʽʥʢʠ ʜʦʤʽʥʫʶʯʠʭ ʤʘʢʨʦʽʦʥʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽʟ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ (ʭʚʦʩʪʦʩʭʦʚʠʱ) 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʛʦʨʥʫʪʫ ʬʦʨʤʫʣʫ ʂʫʨʣʦʚʘ [13]. 

ɼʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽʟ ʩʚʝʨʜʣʦʚʠʥ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʜʽʣʷʥʢʘʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, 
ʜʣʷ ʷʢʠʭ ʨʦʟʛʣʷʜʘʣʠʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, 
ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʥʽ ʽʥʜʝʢʩʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ [14], ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʫ 
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ʂʝʨʽʚʥʠʮʪʚʽ [15] ʟ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ʬʦʥʦʚʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 
ʚʧʣʠʚʫ ʽʟ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ (ʇɿ) ʟʘʙʨʫʜʥʝʥʥʷ.  

ɼʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 
ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʘʟʥʠʢ ʧʠʪʦʤʦʾ ʚʝʣʠʯʠʥʠ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ (ʇʂɯɿ), ʷʢʠʡ 
ʨʘʥʽʰʝ ʚ ʨʦʙʦʪʽ [14] ʙʫʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʘʥʘʣʽʟʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʩʦʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʨʘʡʦʥʘʭ ʚʧʣʠʚʫ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʜʝ ɻɼʂ ʜʣʷ ʧʠʪʥʠʭ ʚʦʜ ʟʘ 
ʦʢʨʝʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠʩʷ ʫ 10-100 ʨʘʟʽʚ.  

ʄʝʪʦʜʠ ʽ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʶʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʇɿ ʽ ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 
ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʟ 
ʦʮʽʥʶʚʘʥʥʷ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʝʚʥʦʛʦ ʨʽʚʥʷ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ 
ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʫ [15] ʪʘʢʦʞ ʻ ʚʠʧʨʘʚʜʘʥʠʤ ʫ 
ʷʢʦʩʪʽ ʦʜʥʦʛʦ ʽʟ ʝʣʝʤʝʥʪʽʚ ʧʨʦʮʝʜʫʨʠ ʦʮʽʥʢʠ ʙʝʟʧʝʢʠ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʧʨʦʤʠʩʣʦʚʦʾ 
ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʧʽʩʣʷ ʧʨʠʚʝʜʝʥʥʷ ʡʦʛʦ ʫ ʙʝʟʧʝʯʥʠʡ ʩʪʘʥ. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ 
ʤʦʞʣʠʚʦʩʪʽ ʦʯʠʱʝʥʥʷ ʪʝʨʠʪʦʨʽʾ ʽ ʢʦʣʠʰʥʽʭ ʽʥʞʝʥʝʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʤʘʡʜʘʥʯʠʢʘʭ ʢʦʣʠʰʥʽʭ 
ʫʨʘʥʦʚʠʭ ʚʠʨʦʙʥʠʮʪʚ, ʟʘʣʠʰʢʠ ʧʝʨʝʨʦʙʢʠ ʫʨʘʥʦʚʠʭ ʨʫʜ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʙʫʜʫʪʴ 
ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʥʠʭ ʜʫʞʝ ʪʨʠʚʘʣʠʡ ʯʘʩ. ɺʽʜʧʦʚʽʜʥʦ, ʥʘʜʭʦʜʞʝʥʥʷ ʪʘ ʨʫʭ ʜʦ ʟʦʥʠ 
ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʚʞʝ ʥʘʜʽʡʰʣʠ ʟ ʬʽʣʴʪʨʘʮʽʡʥʠʤʠ ʧʦʪʦʢʘʤʠ ʫ 
ʧʽʜʟʝʤʥʽ ʚʦʜʦʥʦʩʥʽ ʛʦʨʠʟʦʥʪʠ, ʻ ʜʫʞʝ ʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ (ʩʦʪʥʽ ʨʦʢʽʚ). ʊʦʤʫ ʥʘʚʽʪʴ ʧʽʩʣʷ 
ʤʦʞʣʠʚʦʛʦ ʩʧʦʨʫʜʞʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʙʘʨôʻʨʽʚ, ʟʘʙʨʫʜʥʶʶʯʽ 
ʨʝʯʦʚʠʥʠ, ʱʦ ʚʞʝ ʥʘʜʽʡʰʣʠ ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʙʫʜʫʪʴ ʪʫʪ ʪʘʢʦʞ ʟʘʣʠʰʘʪʠʩʷ ʜʝʩʷʪʢʠ ʽ ʩʦʪʥʽ 
ʨʦʢʽʚ ʧʨʦʪʷʛʦʤ ʯʘʩʫ ʾʭ ʧʦʚʥʦʛʦ ʩʘʤʦʦʯʠʱʝʥʥʷ.  

ʋ ʪʘʢʠʭ ʫʤʦʚʘʭ ʟʛʽʜʥʦ ʽʟ ʤʽʞʥʘʨʦʜʥʦʶ ʧʨʘʢʪʠʢʦʶ ʩʪʨʠʤʫʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ 
ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʚʠʙʽʨ ʦʧʪʠʤʘʣʴʥʠʭ ʦʧʮʽʡ ʧʝʨʝʧʨʦʬʽʣʶʚʘʥʥʷ 
ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʙôʻʢʪʘʭ ʽ ʪʝʨʠʪʦʨʽʾ ʤʘʡʜʘʥʯʠʢʽʚ ʩʧʘʜʱʠʥʠ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʦʞʫʪʴ 
ʩʪʘʪʠ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʛʘʨʘʥʪʽʡ ʙʝʟʧʝʢʠ ʛʽʧʦʪʝʪʠʯʥʦʛʦ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ 
ʟʘʭʦʜʽʚ ʢʦʥʪʨʦʣʶ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ [14,15]. 

ɿʘ ʚʝʣʠʯʠʥʦʶ ʧʦʢʘʟʥʠʢʽʚ ʧʠʪʦʤʦʛʦ ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ (ʇʂɯɿ) ʚʦʜʠ 
ʜʣʷ ʩʚʝʨʜʣʦʚʠʥ ʟʦʥʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʾʭ ʜʦ ʧʝʚʥʦʛʦ 
ʢʣʘʩʫ ʷʢʦʩʪʽ, ʷʢʽ ʟʘ ʘʥʘʣʦʛʽʻʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʂʝʨʽʚʥʠʮʪʚʽ [15] ʜʣʷ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʨʝʟʫʣʴʪʘʪʽʚ 
ʤʦʥʽʪʦʨʠʥʛʫ ʷʢʦʩʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʟʦʥʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 
ʨʝʢʦʤʝʥʜʦʚʘʥʦʛʦ ɻɼʂ ʜʣʷ ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʟʘ ʧʨʠʥʘʣʝʞʥʽʩʪʶ ʜʦ ʧôʷʪʠ 
ʢʣʘʩʽʚ ʷʢʦʩʪʽ ʚʦʜʠ: ɯ ʢʣʘʩ ʩʣʘʙʢʦ ʟʘʙʨʫʜʥʝʥʘ (1), ɯɯ ʢʣʘʩ ʟʘʙʨʫʜʥʝʥʘ (1-2), ɯɯɯ ʢʣʘʩ ʙʨʫʜʥʘ 
(2-4), ɯV ʢʣʘʩ ʜʫʞʝ ʙʨʫʜʥʘ (4-11), V ʢʣʘʩ ʝʢʩʪʨʝʤʘʣʴʥʦ ʙʨʫʜʥʘ (>11) [14, 16]. 

ɼʣʷ ʩʧʨʦʱʝʥʦʾ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʚʦʜʠ ʜʣʷ ʦʙʨʘʥʠʭ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ (n=8) 

ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ (ɯɿ), ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʩʝʨʝʜʥʝʥʫ ʚʝʣʠʯʠʥʫ 
ʧʝʨʝʚʠʱʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʇɿ ʜʣʷ ʦʙʨʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ. 
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ɺ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʽʤʽʟʤʦʤ ʚʦʜ, ʧʦʢʘʟʥʠʢ ɯɿ 
ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʟʘ ʧʝʚʥʠʤʠ 6 ʧʦʢʘʟʥʠʢʘʤʠ, ʜʣʷ ʷʢʠʭ 
ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʚʽʜʧʦʚʽʜʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ. 

ɼʣʷ ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʧʨʦʤʠʩʣʦʚʠʭ ʤʘʡʜʘʥʯʠʢʽʚ ʽʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʟʥʘʯʝʥʠʭ ʚʦʩʴʤʠ ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʟʤʫ ʚʦʜ, ʜʝʱʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ 
ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ɯɿ ʪʘ ʇʂɯɿ ʜʦʟʚʦʣʠʣʠ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʛʨʘʜʘʮʽʶ ʜʽʘʧʘʟʦʥʽʚ 
ʢʦʣʠʚʘʥʴ ɯɿ ʜʣʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʇʍɿ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʘʪʝʛʦʨʽʾ 
ʨʽʚʥʷ ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʥʘʜʘʥʦ ʫ ʪʘʙʣ. 1. 
 

ʊʘʙʣʠʮʷ 1. ʂʣʘʩ ʷʢʦʩʪʽ ʚʦʜ ʟʘ ʚʝʣʠʯʠʥʦʶ ʇʂɯɿ ʽ ɯɿ 

ʂʣʘʩ ɯ  ɯI  ɯɯɯ  ɯV V 

ʨʦʟʨʷʜ   ʘ ʙ a ʙ ʚ ʛ  

ʢʘʪʝʛʦʨʽʷ   1 2 1 2 3 4  

ʇʂɯɿ 1 1-2 2-3 3-4 4-6 6-8 8-10 10-11 Ó 11 

ɯɿ  < 0,5 0,5-1,0 1,0-1,5 1,5-2,5 2,5-3,5 3,5-6,0 6,0-8,5 8,5-11 Ó 11 
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ɼʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʫ ʯʘʩʽ ʽ ʧʨʦʩʪʦʨʽ ʧʦʢʘʟʥʠʢʽʚ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ ʚʽʜʥʦʩʥʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ 
ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʟʘ ʧʦʧʝʨʝʜʥʽ ʨʦʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʦʝʬʽʮʽʻʥʪ ʛʘʣʠʥʥʦʩʪʽ [17].  

ɼʣʷ ʥʘʦʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʘʥʠʭ ʧʨʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʚʠʢʦʨʠʩʪʘʥʦ 
ʜʝʱʦ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤʫʣʠ ʂʫʨʣʦʚʘ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʨʘʞʘʪʠ 
ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ ʫ ʚʠʛʣʷʜʽ ʧʩʝʚʜʦʜʨʦʙʫ, ʜʣʷ ʷʢʦʛʦ ʫ ʯʠʩʝʣʴʥʠʢʫ ʟʣʽʚʘ ʥʘʧʨʘʚʦ 
ʟʘʧʠʩʫʶʪʴ ʘʥʽʦʥʠ ʫ ʧʦʨʷʜʢʫ ʟʤʝʥʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ (ʚ %) ʨʝʯʦʚʠʥʠ, ʘ ʫ ʟʥʘʤʝʥʥʠʢʫ ï ʪʘʢʠʤ 
ʞʝ ʯʠʥʦʤ ʟʘʧʠʩʫʶʪʴʩʷ ʢʘʪʽʦʥʠ. ɿʥʘʯʝʥʥʷ ʫ ʚʽʜʩʦʪʢʘʭ ʱʦʜʦ ʢʘʪʽʦʥʽʚ ʽ ʘʥʽʦʥʽʚ ʦʢʨʫʛʣʷʶʪʴʩʷ 
ʜʦ ʮʽʣʠʭ ʯʠʩʝʣ. ʃʽʚʦʨʫʯ ʚʽʜ ʜʨʦʙʫ ʜʘʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ. ʄʦʜʝʨʥʽʟʦʚʘʥʠʡ 
ʧʽʜʭʽʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʘʥʦ ʫ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʱʦ ʫ ʚʠʛʣʷʜʽ ʧʩʝʚʜʦʜʨʦʙʫ ʥʘʜʘʶʪʴʩʷ ʥʝ 
ʘʙʩʦʣʶʪʥʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʝʥʽ ʫ %, ʘ ʫ ʚʠʛʣʷʜʽ ʧʝʨʝʚʠʱʝʥʥʷ ʬʘʢʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʤʘʢʨʦʽʦʥʽʚ 
ʭʽʤʽʟʤʫ ʚʦʜ ʥʘʜ ʬʦʥʦʚʠʤ ʨʽʚʥʝʤ ʾʭ ʚʤʽʩʪʫ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʘʙʦ ʦʙʨʘʥʠʤʠ 
ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ (ʇɿ), ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʤʠʩʣʦʚʦʛʦ 
ʤʘʡʜʘʥʯʠʢʘ. 

ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʥʘʜʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ ʫʟʘʛʘʣʴʥʶʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʦʩʥʦʚʥʽ 
ʤʘʢʨʦʽʦʥʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴ ʧʦʪʦʯʥʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ, ʟʘ ʘʥʘʣʦʛʽʻʶ ʽʟ ʬʦʨʤʫʣʦʶ 
ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ ʂʫʨʣʦʚʘ, ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʬʦʨʤʫʣʠ ʧʝʨʝʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʦʩʥʦʚʥʠʭ 
ʤʘʢʨʦʽʦʥʽʚ ʫ ʚʦʜʽ ʥʘʜ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʨʦʛʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʜʣʷ ʜʘʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʽ 
ʬʦʥʦʚʠʤʠ ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ (ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ).  

ʋ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʪʘʢʠʡ ʧʽʜʭʽʜ ʨʦʟʢʨʠʪʦ ʫ ʬʦʨʤʫʣʴʥʦʤʫ ʟʘʧʠʩʫ ʛʽʧʦʪʝʪʠʯʥʦʛʦ 
ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʥʠʞʯʝ ʧʦ ʧʦʪʦʢʫ ʚʽʜ ʤʽʩʮʷ ʥʘʜʭʦʜʞʝʥʥʷ 
ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʫ ʚʝʨʭʥʽʡ ʘʣʶʚʽʘʣʴʥʠʡ ʛʦʨʠʟʦʥʪ ʫ ʚʠʧʘʜʢʫ ʦʮʽʥʢʠ ʧʨʦʩʪʦʨʦʚʦʾ 
ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ. 
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ʜʝ KG ï ʢʦʝʬʽʮʽʻʥʪ ʛʘʣʠʥʥʦʩʪʽ, SO4
2- ʩʫʣʴʬʘʪ-ʽʦʥ, Cl- ïʭʣʦʨ-ʽʦʥ, HCO3

- ï ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥ, 
NO3

-ï ʥʽʪʨʘʪ-ʽʦʥ, Na+ï ʥʘʪʨʽʡ-ʽʦʥ, Mg2 ï ʤʘʛʥʽʡ- ʦ̔ʥ, Ca2 ï ʢʘʣʴʮʽʡ-ʽʦʥ, HN4+ï ʽʦʥ ʘʤʦʥʽʶ; 
ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ï ʢʽʣʴʢʽʩʪʴ ʨʘʟʽʚ ʧʝʨʝʚʠʱʝʥʥʷ ʥʘʜ ʚʠʟʥʘʯʝʥʠʤ ʬʦʥʦʚʠʤ ʚʤʽʩʪʦʤ 
ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ ʫ ʚʦʜʽ ʘʙʦ ʧʨʠʡʥʷʪʠʤʠ ʇɿ. 

ʊʠʧʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʤʽʩʪʫ ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ ʫ ʚʦʜʽ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʘ 
ʪʘʢʦʞ ʬʦʨʤʫʣʠ ʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 2 ʽ 3.  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ 
ʤʝʪʦʜʫ ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʦʮʽʥʢʠ ʙʫʣʦ ï ʚʠʟʥʘʯʠʪʠ ʧʝʚʥʽ ʬʦʥʦʚʽ ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʽʟ ʷʢʠʤʠ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʨʽʚʥʶʚʘʪʠ 
ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʽ ʪʝʥʜʝʥʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʫ ʤʝʞʘʭ ʚʧʣʠʚʫ 
ʟʘʣʠʰʢʽʚ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ, ʷʢʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʫ ʷʢʦʩʪʽ ʦʩʥʦʚʥʦʛʦ 
ʜʞʝʨʝʣʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ.  

ʋ ̫ʢʦʩʪʽ ʪʘʢʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʘʥʦ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʩʚʝʨʜʣʦʚʠʥʽ 1-ɿʇ ʜʣʷ 
ʘʣʶʚʽʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ 
ʟʘʙʨʫʜʥʝʥʥʷ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚʠʱʝ ʧʦ ʣʽʥʽʾ ʪʦʢʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʟʘ 
ʤʝʞʘʤʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè (ʪʘʙʣ.. 2).  

ʋ ʪʘʙʣ. 2 ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʚʠʙʽʨʢʠ ʤʽʥʽʤʘʣʴʥʠʭ (10% ʢʚʘʥʪʠʣʴ) ʽ ʚʠʩʦʢʠʭ (90% 
ʢʚʘʥʪʠʣʴ) ʟʥʘʯʝʥʴ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè (ʩʚʝʨʜʣʦʚʠʥʘ 1-3ʇ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦʙʢʠ 
ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʘʢʨʦʽʦʥʽʚ 
(10% ʢʚʘʥʪʠʣʴ) ʙʫʣʦ ʦʙʨʘʥʦ ʫ ʷʢʦʩʪʽ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ ʜʣʷ ʜʘʥʦʛʦ ʤʘʡʜʘʥʯʠʢʘ 
(ʦʙʫʤʦʚʣʝʥʦʛʦ ʜʽʻʶ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ, ʧʨʠʨʦʜʥʠʭ ʬʘʢʪʦʨʽʚ). ɺʝʨʭʥʷ ʤʝʞʘ ʜʘʥʠʭ ʮʽʻʾ 
ʚʠʙʽʨʢʠ (90% ʢʚʘʥʪʠʣʴ) ʜʘʻ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʘʨʽʘʮʽʾ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʦʙʫʤʦʚʣʝʥʦʛʦ ʚʧʣʠʚʦʤ 
ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ (ʟʦʢʨʝʤʘ, ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʽ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚ). ʊʘʢ, ʟʥʘʯʥʦ ʚʠʱʽ ʟʘ ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ NO3

- ʤʦʞʝ ʙʫʪʠ 
ʨʝʟʫʣʴʪʘʪʦʤ ʚʠʧʘʜʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʣʝʛʣʦʾ ʜʦ ʩʧʦʩʪʝʨʝʞʥʠʮʴʢʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 1-3ʇ 
ʚʽʜʩʪʽʡʥʠʢʽʚ ʢʦʣʠʰʥʴʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ɸʄʆʌʆʉ, ʱʦ ʟʘʡʤʘʣʦʩʷ ʚʠʨʦʙʥʠʮʪʚʦʤ ʥʽʪʨʘʪʥʠʭ 
ʜʦʙʨʠʚ [1].  
 



ISSN:2306-5680  ɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʽ ʛʽʜʨʦʝʢʦʣʦʛʽʷ. 2022. ˉ 4 (66) 

 
 87 

ʊʘʙʣʠʮʷ 2. ʆʮʽʥʢʘ ʪʠʧʦʚʦʛʦ ʚʤʽʩʪʫ ʛʦʣʦʚʥʠʭ ʽʦʥʽʚ ʫ ʚʦʜʽ ʘʣʶʚʽʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 
ʛʦʨʠʟʦʥʪʫ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ, ʟʦʥʘʭ ʦʨʝʦʣʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʟʘʙʨʫʜʥʝʥʠʭ 
ʚʦʜ ʽ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ (ʇɿ), ʤʛ/ʜʤ

3
 

ʉʚʝʨʜʣʦʚʠʥʘ 
(ʢʚʘʥʪʠʣʴ ʚʠʙʽʨʢʠ) HCO3

-
 SO4

2-
 Cl

-
 NO3

-
 Ca

2+
 Mg

2+
 Na

+
 NH4

-
 × 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè 

1-ɿʇ (10% ʢʚ)  450 198 43 31 37 87 135 0,2 980 

1-ɿʇ (90% ʢʚ) 680 330 120 975 200 150 270 1,5 2740 

ʇʽʜʟʝʤʥʽ ʚʦʜʠ ʟʦʥʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ çɿʘʭʽʜʥʝè ʽ çʎʝʥʪʨʘʣʴʥʠʡ ʷʨè (90% ʢʚ) 

2-ɿʇ (ɿʍ) 700 1650 51765 80 25 225 34025 200 88670 

3-ɿʇ (ɿʍ) 3175 1721 780 6160 742 486 3040 25 16125 

6495 (ʎʗ) 680 2260 330 41 225 470 320 185 4510 

ʇʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ (ʇɿ) ʚʤʽʩʪʫ ʤʘʢʨʦʽʦʥʽʚ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ɺʆ çʇʍɿè 

ʇɿ 680* 500 350 50 130 80 200 20** 1500 

ʇʨʠʤʽʪʢʠ: * - ʚʝʨʭʥʷ ʤʝʞʘ (90% ʢʚʘʥʪʠʣʴ) ʚʤʽʩʪʫ ʢʘʨʙʦʥʘʪ ʽʦʥʽʚ ʫ ʚʦʜʽ ʟʦʥʠ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʣʠʚʫ ʟʘ 
ʤʝʞʘʤʠ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè, ** - ʨʽʚʝʥʴ ʜʦʧʫʩʪʠʤʦʛʦ ʩʢʠʜʫ ʧʨʦʤʠʩʣʦʚʠʭ ʚʦʜ 

 
ɿʛʽʜʥʦ ʟ ʂʝʨʽʚʥʠʮʪʚʦʤ [15], ʫ ʷʢʦʩʪʽ ʬʦʥʦʚʠʭ ʨʽʚʥʽʚ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʣʠʩʷ ʜʘʥʽ ʟʽ 

ʩʚʝʨʜʣʦʚʠʥ 110 ʽ 36D, ʷʢʽ ʟʥʘʯʥʦ ʚʽʜʜʘʣʝʥʽ ʚʽʜ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʚʠʨʦʙʥʠʯʦʛʦ ʤʘʡʜʘʥʯʠʢʘ, ʘ ʪʘʢʦʞ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɼʥʽʧʨʦʚʩʴʢʝè. ɸʣʝ ʫ 
ʚʦʜʘʭ ʮʠʭ ʩʚʝʨʜʣʦʚʠʥ ʙʫʣʠ ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʥʦ ʚʠʱʽ ʟʘ ʬʦʥʦʚʽ ʨʽʚʥʽ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪ-ʽʦʥʽʚ 
(1100-1500 ʤʛ/ʜʤ3) ʽ ʢʘʣʴʮʽʶ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʷʢʦʛʦ ʤʘʡʞʝ ʚʪʨʠʯʽ ʧʝʨʝʚʠʱʫʚʘʣʘ ʬʦʥʦʚʠʡ 
ʚʤʽʩʪ ʢʘʣʴʮʽʡ-ʽʦʥʫ ʫ ʚʦʜʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ. ʊʘʢʽ ʚʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʮʠʭ 
ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚʝʨʭʥʴʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ, ʚʽʨʦʛʽʜʥʦ, ʻ 
ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʣʠʚʫ ʬʦʩʬʦʛʽʧʩʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɼʥʽʧʨʦʚʩʴʢʝè 
[18]. ʉʢʣʘʜʦʚʦʶ ʤʽʥʝʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ ʬʦʩʬʦʛʽʧʩʫ ʷʢʦʛʦ ʻ ʩʫʣʴʬʘʪ ʢʘʣʴʮʽʶ, ʷʢʠʡ ʧʨʦʪʷʛʦʤ 
ʜʝʩʷʪʠʣʽʪʴ ʧʽʜ ʚʧʣʠʚʦʤ ʚʦʜʥʦʾ ʽ ʚʽʪʨʦʚʦʾ ʝʨʦʟʽʾ ʧʦʰʠʨʶʚʘʚʩʷ ʥʘ ʧʨʠʣʝʛʣʽ ʪʝʨʠʪʦʨʽʾ ʽ ʪʘʢʦʞ 
ʫ ʚʠʛʣʷʜʽ ʧʨʦʜʫʢʪʽʚ ʚʠʣʫʛʦʚʫʚʘʥʥʷ ʫ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. 
ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʽ ʧʽʜʚʠʱʝʥʠʡ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʽʥʰʠʤʠ ʧʫʥʢʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʤʽʩʪ 
ʩʫʣʴʬʘʪʽʚ ʽ ʢʘʣʴʮʽʶ ʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜʘʭ ʚ ʫʩʽʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘʚʢʦʣʦ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɼʥʽʧʨʦʚʩʴʢʝè [7]. ʊʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜ 
ʩʚʝʨʜʣʦʚʠʥ 110 ʽ 36D ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʥʘ ʝʪʘʧʽ ʦʮʽʥʢʠ ʬʦʥʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 
ʪʝʨʠʪʦʨʽʾ ʧʨʦʤʠʩʣʦʚʦʾ ʟʦʥʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʪʝʭʥʦʛʝʥʥʦ-ʧʽʜʚʠʱʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʤʽʩʪʫ 
ʩʫʣʴʬʘʪʽʚ ʽ ʢʘʣʴʮʽʶ.  

ʋ ʪʘʙʣ. 2 ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʦʙʨʘʥʽ ʧʦʨʦʛʦʚʽ ʟʥʘʯʝʥʥʷ (ʟʛʽʜʥʦ ʟ ʂʝʨʽʚʥʠʮʪʚʦʤ [15]) 
ʚʤʽʩʪʫ ʤʘʢʨʦʽʦʥʽʚ ʚʦʜʠ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʫ 
ʦʮʽʥʢʫ ʷʢʦʩʪʽ ʚʦʜ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ (ɯɿ ʽ ʇʂɯɿ). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 
ʧʦʨʦʛʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʢʘʟʥʠʢʠ ɻɼʂ ʜʣʷ ʦʩʥʦʚʥʠʭ 6-ʪʠ 
ʧʦʢʘʟʥʠʢʽʚ ʤʘʢʨʦʽʦʥʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ [19]. ɼʣʷ ʟʦʥ ʧʨʦʤʠʩʣʦʚʦʛʦ ʚʧʣʠʚʫ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʫ 
ʷʢʦʩʪʽ ʧʦʢʘʟʥʠʢʘ ʇɿ ʜʣʷ ʚʤʽʩʪʫ ʢʘʨʙʦʥʘʪʽʚ ʫ ʚʦʜʽ ʧʨʠʡʥʷʪʦ 680 ʤʛ/ʜʤ3, ʱʦ ʻ ʚʝʨʭʥʽʤ ʨʽʚʥʝʤ 
(90% ʢʚʘʥʪʠʣʴ) ʧʨʦʤʠʩʣʦʚʦʛʦ ʬʦʥʫ ʥʘ ʤʘʡʜʘʥʯʠʢʫ ʫ ʩʚʝʨʜʣʦʚʠʥʽ 1-3ʇ, ʘ ʜʣʷ ʚʤʽʩʪʫ ʽʦʥʫ 
ʘʤʦʥʽʶ ʥʘ ʨʽʚʥʽ ʜʦʟʚʦʣʝʥʠʭ ʩʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʜʦʚʢʽʣʣʷ (20 ʤʛ/ʜʤ3). ʊʘʢʠʡ 
ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʚʽʜʥʦʩʥʠʡ ʚʧʣʠʚ ʥʘʜʭʦʜʞʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʚʦʜ ʽʟ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʽ ʚʠʢʦʥʘʪʠ ʦʮʽʥʢʫ ʾʭ ʷʢʦʩʪʽ ʟʘ ʚʩʽʤʘ ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ.  

ʈʝʟʫʣʴʪʘʪʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ (ʧʦʨʦʚʽ ʚʦʜʠ) ʽ 
ʚʦʜʠ ʘʣʶʚʽʘʣʴʥʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 
ʊʘʙʣʠʮʽ 3, ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʪʘʢʽ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʽ ʚʦʜʠ ʤʦʞʫʪʴ ʤʘʪʠ ʨʽʟʥʠʡ ʩʢʣʘʜ 
ʜʦʤʽʥʫʶʯʠʭ ʽʦʥʽʚ ʩʦʣʴʦʚʦʛʦ ʩʢʣʘʜʫ. ɼʘʥʽ ʫ ʪʘʙʣ. 3 ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘʢʦʧʠʯʝʥʽ ʫ ʨʽʟʥʠʭ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘʭ ʟʘʣʠʰʢʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʨʦʟʯʠʥʽʚ, ʷʢʽ ʤʽʩʪʠʣʠʩʷ ʫ ʭʚʦʩʪʘʭ 
ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʛʽʜʨʦʤʝʪʘʣʫʨʛʽʡʥʦʾ ʧʝʨʝʨʦʙʢʠ, ʫ 
ʨʽʟʥʽ ʧʨʦʤʽʞʢʠ ʯʘʩʫ ʾʭ ʟʘʧʦʚʥʝʥʥʷ, ʤʘʶʪʴ ʨʽʟʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʊʘʢ ʫ ʩʦʣʴʦʚʦʤʫ ʩʢʣʘʜʽ 
ʚʦʜ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè (ʩʚʝʨʜʣʦʚʠʥʘ 2-ɿʇ) ʜʦʤʽʥʫʶʪʴ ʽʦʥʠ 
ʭʣʦʨʠʜʫ ʪʘ ʥʘʪʨʽʶ. ʋ ʩʚʝʨʜʣʦʚʠʥʽ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʝʤ (3-ɿʇ) 



 ISSN:2306-5680  Hydrology, Hydrochemistry and Hydroecology. 2022. ˉ 4 (66) 

 
 88  

ʜʦʤʽʥʫʶʪʴ ʥʽʪʨʘʪ-, ʩʫʣʴʬʘʪ- ʽ ʛʽʜʨʦʢʘʨʙʦʥʘʪ-ʽʦʥʠ, ʘ ʫ ʢʘʪʽʦʥʥʦʤʫ ʩʢʣʘʜʽ ʚʦʜ ʽʦʥʠ ʥʘʪʨʽʶ. ʋ 
ʪʝʭʥʦʛʝʥʥʦʤʫ ʛʦʨʠʟʦʥʪʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çʎʝʥʪʨʘʣʴʥʠʡ ʷʨè ʜʦʤʽʥʫʶʪʴ 
ʩʫʣʴʬʘʪ-ʽʦʥʠ ʪʘ ʽʦʥʠ ʤʘʛʥʽʶ. ʊʘʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʩʢʣʘʜʫ ʭʚʦʩʪʦʩʭʦʚʠʱ ʚʧʣʠʚʘʶʪʴ ʥʘ ʭʽʤʽʯʥʠʡ 
ʩʢʣʘʜ ʧʽʜʟʝʤʥʠʭ ʚʦʜ (ʫ ʨʽʟʥʠʭ ʧʨʦʧʦʨʮʽʷʭ) ʫ ʟʦʥʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʨʽʟʥʽʡ ʚʽʜʩʪʘʥʽ ʧʦ ʣʽʥʽʶ ʪʦʢʫ.  

 
ʊʘʙʣʠʮʷ 3. ʆʮʽʥʢʘ ʬʦʨʤʫʣ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ, ʘ ʪʘʢʦʞ ʽʥʜʝʢʩʽʚ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷ ʜʣʷ 

ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ ʽ ʜʣʷ ʟʦʥʠ ʦʨʝʦʣʫ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʬʨʦʥʪʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʱʦ ʩʬʦʨʤʫʚʘʣʠʩʷ 
ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱ ʟʘʣʠʰʢʽʚ ʧʝʨʝʨʦʙʢʠ ʫʨʘʥʦʚʠʭ ʨʫʜ  

ˉ 
ʩʚʝʨʜ 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʆʮʽʥʢʘ ʟʘʙʨʫʜʥʝʥʥʷ  

ʄʌɸ ʌʂ ɯɿ, n=8 ʇʂɯɿ, n=8 

ʇʨʠʨʦʜʥʠʡ ʽ ʧʨʦʤʠʩʣʦʚʠʡ ʬʦʥ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ ʟʘ ʤʝʞʘʤʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 

1-ɿʇ (10% ʢʚ.) ˞ ̂ͅ ȟ
ȟ

 ʄ1,0 
HCO3

- 
56 SO4

2-
30 Cl

-
9 NO3

-
4 

Mg
2+ 

48Na
+ 

36 Ca
2+

16 HN
4+

0,1 
0,6 1,6 

1-ɿʇ (90% ʢʚ.) ˞ ̃ͅ ȟ
ȟ ȟ

 ʄ2,3 
HCO3

-
41SO4

2-
20Cl

-
7NO3

-
32 

Mg
2+

39Ca
2+

34Na
+
28 HN

4+
0,1 

2,4 3,2 

ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʽ ʧʦʢʘʟʥʠʢʠ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ (90% ʢʚ)  

2-ɿʇ ὰ˞ ͺ ȟ ʄ88,7 
Cl

-
96 SO4

2-
2HCO3

-
1 

-
7NO3

-
1 

Na
+ 

98Mg
2+

1Ca
2+

0,1HN
4+

1 
36,4 8,9 

ɿ-ɿʇ ὅ̃ͅ ȟ ʄ15,3 
HCO3

-
25 Cl

-
1 SO4

2-
17NO3

-
47 

Na
+ 

62Mg
2+

19Ca
2+

17,HN
4+

1 
20,5 8,6 

6594 (ʎʗ) Ὓ̂ͅ ȟ ʄ3,9 
SO4

2-
69HCO3

-
16 Cl

-
14 17NO3

-
1 

Mg
2+ 

52Na
+
19Ca

2+
15,HN

4+
14 

3,3 3,9 

ʇʨʠʤʽʪʢʠ: ʄʌɸ - ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ɸʣʴʦʢʽʥʘ, ʌʂ - ʬʦʨʤʫʣʘ ʂʫʨʣʦʚʘ, ɯɿ ï ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ, 
ʇʂɯɿ ï ʧʠʪʦʤʠʡ ʢʦʤʙʽʥʘʪʦʨʥʠʡ ʽʥʜʝʢʩ ʟʘʙʨʫʜʥʝʥʥʷ, n ï ʢʽʣʴʢʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ 

 
ɼʽʘʧʘʟʦʥ ʚʘʨʽʘʮʽʾ ʤʦʞʣʠʚʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʤʘʢʨʦʽʦʥʽʚ ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ ʚʦʜ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʦʨʦʛʦʚʠʭ ʟʥʘʯʝʥʴ (ʇɿ) ʫ ʚʠʛʣʷʜʽ ʧʦʢʘʟʥʠʢʽʚ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʫ 
ʊʘʙʣʠʮʽ 3 ʪʘʢʦʞ ʩʚʽʜʯʘʪʴ, ʱʦ ʫ ʟʦʥʘʭ ʬʦʥʦʚʦʛʦ ʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʤʝʞʘʤʠ 
ʚʠʥʦʩʫ ʭʚʦʩʪʦʩʭʦʚʠʱ ʧʦʢʘʟʥʠʢʠ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ ʬʦʥʦʚʠʭ 
ʘʙʦ ʚʠʱʝ (ʜʦ 2,6 ʨʘʟʽʚ), ʪʦʜʽ ʷʢ ʫ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜʘʭ ʦʩʥʦʚʥʦʛʦ ʦʨʝʦʣʫ ʚʠʥʦʩʫ ʚʦʜ ʽʟ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʦʮʽʥʝʥʦ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦ 20-40 ʨʘʟʽʚ, ʘ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʧʠʪʦʤʠʭ 
ʢʦʤʙʽʥʘʪʦʨʥʠʭ ʽʥʜʝʢʩʽʚ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʨʽʚʥʷ çʝʢʩʪʨʝʤʘʣʴʥʦ-
ʟʘʙʨʫʜʥʝʥʠʭè. 

ʂʦʤʧʣʝʢʩʥʽ ʦʮʽʥʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ʜʦʤʽʥʫʶʯʠʭ ʽʦʥʽʚ ʫ ʚʦʜʽ ʥʘʜ ʬʦʥʦʚʠʤʠ, ʱʦ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʚʧʣʠʚ ʪʘ ʧʦʰʠʨʝʥʥʷ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʥʷ, ʧʦʢʘʟʘʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 
ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ʂʫʨʣʦʚʘ, ʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜ - ʽʟ 
ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʬʦʨʤʫʣʠ ɸʣʴʦʢʽʥʘ (ʊʘʙʣʠʮʷ 4 ʽ 5). ɺ ʮʠʭ ʞʝ ʪʘʙʣʠʮʷʭ 
ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʽʥʜʝʢʩʠ ʽ ʢʣʘʩʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʽ ʚʽʜʥʦʩʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʛʘʣʠʥʥʦʩʪʽ, 
ʱʦ ʩʚʽʜʯʘʪʴ ʧʨʦ ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʟʤʽʥʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ. 

ʋ ʷʢʦʩʪʽ ʩʫʧʫʪʥʴʦʛʦ ʧʘʨʘʤʝʪʨʫ, ʱʦ ʚʠʟʥʘʯʘʻ ʧʦʰʠʨʝʥʥʷ ʦʨʝʦʣʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ 
ʭʚʦʩʪʦʩʭʦʚʠʱ ʟʘʣʠʰʢʽʚ ʫʨʘʥʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʦʙʨʘʥʦ ʨʽʚʝʥʴ 
ʩʫʤʘʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ (238+234U), ʱʦ ʪʘʢʦʞ ʥʘʚʦʜʠʪʴʩʷ ʫ ʪʘʙʣʠʮʷʭ 4 ʽ 5. ɺʤʽʩʪ 
ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ ʫ ʚʦʜʽ ʚʝʨʭʥʴʦʛʦ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʚʠʱʝ ʟʘ ʧʦʪʦʢʦʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 
ʟʦʥʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ çɿʘʭʽʜʥʝè ʽ çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè ʚʠʟʥʘʯʘʻʪʴʩʷ ʫ ʜʽʘʧʘʟʦʥʽ 0,4-0,8 
ɹʢ/ʜʤ3, ʷʢʠʡ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʬʦʥʦʚʠʤ ʜʣʷ ʧʨʦʤʠʩʣʦʚʦʛʦ ʤʘʡʜʘʥʯʠʢʘ ʢʦʣʠʰʥʴʦʛʦ ɺʆ 
çʇʍɿè. 

ʍʚʦʩʪʦʩʭʦʚʠʱʝ çɿʘʭʽʜʥʝè ʽ ʟʦʥʘ ʚʧʣʠʚʫ. ʈʝʟʫʣʴʪʘʪʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 
ʚ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʤʘʢʩʠʤʘʣʴʥʫ ʘʢʪʠʚʥʽʩʪʴ ʽʟʦʪʦʧʽʚ ʫʨʘʥʫ ʚʠʟʥʘʯʝʥʦ ʥʘ ʨʽʚʥʽ 
1290 ɹʢ/ʜʤ3 (ʫ 2005-2009 ʨʨ. ʩʚʝʨʜʣʦʚʠʥʘ 2-3ʇ). (ʪʘʙʣ.. 4) 

ʋ ʦʨʝʦʣʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʽʜ ʪʽʣʘ ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʱʦ ʩʬʦʨʤʫʚʘʚʩʷ ʟʘ ʧʝʨʽʦʜ ʤʘʡʞʝ 
70 ʨʦʢʽʚ ʚʽʜ ʧʦʯʘʪʢʫ ʟʘʧʦʚʥʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ (1951-1954 ʨʨ.), ʚʦʜʠ ʽʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ 
ʨʽʚʥʷʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʽʟʦʪʦʧʘʤʠ ʫʨʘʥʫ ʚ ʧʝʨʽʦʜ ʟ 2005 ʨ. ʧʦ 2009 ʨ. ʧʦʩʪʫʧʦʚʦ ʨʫʭʘʶʪʴʩʷ ʫ 
ʟʦʥʫ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʽ ʟʘ ʦʩʪʘʥʥʽ 15 ʨʦʢʽʚ ʧʝʨʝʤʽʩʪʠʣʠʩʷ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 60 ʤ (ʩʚʝʨʜʣʦʚʠʥʘ 
3-ɿʇ) ʽʟ ʧʦʩʪʫʧʦʚʠʤ ʟʨʦʩʪʘʥʥʷʤ ʘʢʪʠʚʥʦʩʪʽ ʫʨʘʥʫ ʫ ʜʘʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ ʟ 750 ɹʢ/ʜʤ3 ʜʦ 1070 
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ɹʢ/ʜʤ3. ʅʘ ʚʽʜʩʪʘʥʽ 240 ʤ ï ʜʦ 70-80 ɹʢ/ʜʤ3 (2015-2021 ʨʨ., ʩʚʝʨʜʣʦʚʠʥʘ 105). ʅʘ ʚʽʜʩʪʘʥʽ 
520 ʤ ʽ ʜʘʣʽ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʚʤʽʩʪ ʫʨʘʥʫ ʫ ʚʦʜʽ ʚʝʨʭʥʴʦʛʦ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ 
ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ ʬʦʥʦʚʠʭ ʨʽʚʥʽʚ (ʥʘ ʨʽʚʥʽ ʙʽʣʷ 0,40 ɹʢ/ʜʤ3) ʫ 2005-2009 ʨʨ. ʜʦ 1,7 ɹʢ/ʜʤ3 ʫ 
2021 ʨ. ʊʘʢʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʦʨʝʦʣ ʚʠʩʦʢʦʟʘʙʨʫʜʥʝʥʠʭ ʚʦʜ ʫʨʘʥʦʤ ʧʦʢʠ ʱʦ ʥʝ ʜʦʩʷʛʘʻ 
ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʤʽʩʪʫ ʫʨʘʥʫ, ʘ ʧʽʜʚʠʱʝʥʽ ʨʽʚʥʽ ʫʨʘʥʫ ʥʘʜ ʬʦʥʦʚʠʤʠ ʫ 
ʤʝʞʘʭ ʟʘʧʣʘʚʠ ʨ. ʂʦʥʦʧʣʷʥʢʘ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʫʪ ʜʦʩʽ ʥʝ 
ʚʠʷʚʣʝʥʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʫʨʘʥʦʤ ʽ ʩʫʣʴʬʘʪʘʤʠ. ʇʨʦ ʤʦʞʣʠʚʽʩʪʴ 
ʽʩʥʫʚʘʥʥʷ ʫ ʟʘʧʣʘʚʽ ʨ. ʂʦʥʦʧʣʷʥʢʘ ʜʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʥʘʜʭʦʜʞʝʥʥʷ ʫʨʘʥʫ ʽ ʩʫʣʴʬʘʪʽʚ ʫ 
ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [1], ʜʝ ʧʦʢʘʟʘʥʦ, ʱʦ ʜʦ ʩʧʦʨʫʜʞʝʥʥʷ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 
çɿʘʭʽʜʥʝè ʫ 1951 ʨ. ʭʚʦʩʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʫʨʘʥʫ ʫ ʧʝʨʰʽ ʨʦʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ çʇʍɿè ʧʽʩʣʷ 
1947 ʨ. ʩʢʠʜʘʣʠʩʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʟʘʧʣʘʚʥʽ ʦʟʝʨʘ ʨ. ʂʦʥʦʧʣʷʥʢʘ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʘʙʣ. 5 ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʚʠʱʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʨʘʥʫ ʫ 
ʧʽʜʟʝʤʥʽʡ ʚʦʜʽ ʟʦʥʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱ ʫʟʛʦʜʞʫʶʪʴʩʷ ʽʟ ʧʨʦʩʪʦʨʦʚʠʤ ʨʦʟʧʦʜʽʣʦʤ 
ʚʠʩʦʢʠʭ ʽ ʧʽʜʚʠʱʝʥʠʭ ʨʽʚʥʽʚ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜ. 

ʄʘʢʩʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʽ ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 
ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʫ ʪʽʣʽ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè (ʩʚ.2-ɿʇ) ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʪʘʢʦʞ ʫ 
ʧʝʨʽʦʜ ʟ 2005 ʨ. ʧʦ 2009 ʨ. ʽ ʩʢʣʘʜʘʣʠ 87,5Ñ16 ʛ/ʜʤ3 ʽʟ ʜʦʤʽʥʫʶʯʠʤ ʚʤʽʩʪʦʤ ʫ ʩʦʣʴʦʚʦʤʫ 
ʩʢʣʘʜʽ ʭʣʦʨʠʜʽʚ ʥʘʪʨʽʶ, ʷʢʠʡ ʫ ʟʥʘʯʥʠʭ ʦʙôʻʤʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘ ʝʪʘʧʘʭ ʝʢʩʪʨʘʢʮʽʾ ʽ 
ʦʯʠʱʝʥʥʷ ʫʨʘʥʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, ʘ ʧʦʪʽʤ ʨʘʟʦʤ ʽʟ ʭʚʦʩʪʘʤʠ ʫʨʘʥʦʚʠʭ ʨʫʜ ʩʢʠʜʘʣʠ ʫ 
ʭʚʦʩʪʦʩʭʦʚʠʱʝ. ʋ ʷʢʦʩʪʽ ʨʝʘʛʝʥʪʫ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʢʠʩʣʦʪʥʠʭ ʨʦʟʯʠʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 
ʥʽʪʨʘʪʠ ʘʤʦʥʽʶ ʽ ʩʦʜʦʚʽ ʨʦʟʯʠʥʠ. ʎʝ ʪʘʢʦʞ ʧʦʷʩʥʶʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʥʽʪʨʘʪʽʚ ʽ ʢʘʨʙʦʥʘʪʽʚ ʫ 
ʭʚʦʩʪʘʭ ʩʧʽʣʴʥʦ ʽʟ ʭʣʦʨʠʜʘʤʠ ʽ ʩʫʣʴʬʘʪʘʤʠ. ʍʣʦʨʠʜʠ ʫ ʩʢʣʘʜʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦʤʽʥʫʶʪʴ ʫ 
ʚʦʜʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʽ ʧʦʩʪʫʧʦʚʦ ʢʦʥʢʫʨʫʶʪʴ ʽʟ ʩʫʣʴʬʘʪʘʤʠ ʧʦ ʣʽʥʽʾ ʪʦʢʫ ʜʦ 
ʨ. ʂʦʥʦʧʣʷʥʢʘ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜ ʧʦ ʤʽʨʽ ʾʭ ʨʫʭʫ ʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ 10-11 ʛ/ʜʤ3 ʥʘ 
ʚʽʜʩʪʘʥʽ 60 ʤ ʽ 2,9-4,5 ʤʛ/ʜʤ3 ʥʘ ʚʽʜʩʪʘʥʽ 500-820 ʤ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ. ɿʤʝʥʰʝʥʥʷ 
ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʙʽʣʴʰʝ ʥʽʞ ʫ 2 ʨʘʟʠ ʤʘʣʦ ʤʽʩʮʝ ʫ ʚʦʜʘʭ ʪʝʭʥʦʛʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʧʨʦʪʷʛʦʤ 
ʦʩʪʘʥʥʽʭ 10 ʨʦʢʽʚ, ʪʦʜʽ ʷʢ ʫ ʩʚʝʨʜʣʦʚʠʥʘʭ ʟʘ ʤʝʞʘʤʠ ʦʨʝʦʣʫ ʚʦʜ ʟʘʙʨʫʜʥʝʥʠʭ ʫʨʘʥʦʤ, 
ʧʦʢʘʟʥʠʢʠ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʙʫʣʠ ʚʽʜʥʦʩʥʦ ʩʪʘʙʽʣʴʥʽ ʫ ʤʝʞʘʭ 2,9-5,5 ʤʛ/ʜʤ3. 

ʋ ʩʦʣʴʦʚʦʤʫ ʩʢʣʘʜʽ ʚʦʜ ʟʘʙʨʫʜʥʝʥʠʭ ʫʨʘʥʦʤ ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʜʦʤʽʥʫʶʯʠʤʠ ʽʦʥʘʤʠ 
ʙʫʣʠ ʭʣʦʨʠʜʠ ʽ ʩʫʣʴʬʘʪʠ, ʪʦʜʽ ʷʢ ʥʘ ʚʽʜʩʪʘʥʽ 520 ʤ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʽ 
ʚʦʜʠ ʜʦʤʽʥʫʶʯʠʤʠ ʟʘʣʠʰʘʣʠʩʷ ʩʫʣʴʬʘʪʠ ʽ ʢʘʨʙʦʥʘʪʠ. ɿʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʽʜʥʦʩʥʦʛʦ 
ʟʨʦʩʪʘʥʥʷ ʤʘʢʨʦʽʦʥʽʚ ʫ ʚʦʜʽ ʘʣʶʚʽʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʫ ʟʦʥʠ ʚʧʣʠʚʫ ʭʚʦʩʪʦʩʭʦʚʠʱʘ 
çɿʘʭʽʜʥʝè, ʥʘʡʙʽʣʴʰʠʡ ʥʝʩʪʘʙʽʣʴʥʽ ʚʘʨʽʘʮʽʾ ʨʦʩʪʫ ʧʦʨʽʚʥʷʥʦ ʽʟ ʬʦʥʦʚʠʤʠ ʨʽʚʥʷʤʠ ʙʫʣʦ 
ʚʠʟʥʘʯʝʥʦ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʩʧʦʣʫʢ ʥʽʪʨʦʛʝʥʫ (ʽʦʥʽʚ ʘʤʦʥʽʶ ʽ ʥʽʪʨʘʪ-ʽʦʥʽʚ) ʷʢʽ ʚ ʧʨʦʮʝʩʽ 
ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ ʤʦʛʣʠ ʢʦʣʠʚʘʪʠʩʷ 
ʚʽʜ ʜʝʩʷʪʢʽʚ ʜʦ ʪʠʩʷʯ ʨʘʟʽʚ ʚ ʦʜʠʥʠʮʷʭ ʧʝʨʝʚʠʱʝʥʥʷ ʬʦʥʦʚʦʛʦ ʨʽʚʥʷ.  

ʇʦʢʘʟʥʠʢʠ ʽʥʜʝʢʩʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʣʘʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜ ʪʘʢʦʞ ʟʤʝʥʰʫʚʘʣʠʩʷ ʚʽʜ 
ʟʦʥʠ ʚʠʩʦʢʦʾ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʽʟ ʝʢʩʪʨʝʤʘʣʴʥʦ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦ ʢʣʘʩʫ çʜʫʞʝ 
ʟʘʙʨʫʜʥʝʥʽè ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʰʢʘʣʦʶ ʫ ʪʘʙʣ.1. 

ʈʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ ʚʦʜ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘ ʚʩʽʡ ʣʽʥʽ ʪʦʢʫ ʚʽʜ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʜʦ ʟʦʥʠ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʫ ʨ. 
ʂʦʥʦʧʣʷʥʢʘ (ʙʽʣʴʰʝ 840 ʤ) ʧʦʢʘʟʥʠʢʠ ʧʝʨʝʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʦʩʥʦʚʥʠʭ ʤʘʢʨʦʽʦʥʽʚ 
ʧʝʨʝʚʠʱʫʶʪʴ ʬʦʥʦʚʽ (ʧʨʠʨʦʜʥʽ ʽ ʧʨʦʤʠʩʣʦʚʽ). ʅʘʚʽʪʴ ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʫ ʤʝʞʘʭ 
ʟʘʧʣʘʚʠ ʨ. ʂʦʥʦʧʣʷʥʢʘ ʻ ʥʝʚʠʟʥʘʯʝʥʽ ʜʦʜʘʪʢʦʚʽ ʜʞʝʨʝʣʘ ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ 
ʫʨʘʥʦʤ ʽ ʩʫʣʴʬʘʪʘʤʠ, ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ ʩʚʝʨʜʣʦʚʠʥʽ 106 ʥʘ ʚʽʜʩʪʘʥʽ 520 ʤ ʟʨʦʩʪʘʥʥʷ 
ʩʫʣʴʬʘʪʽʚ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ 3-5 ʨʘʟʽʚ ʚʠʱʠʤ, ʢʘʨʙʦʥʘʪʽʚ ʫ 2-9 ʨʘʟʽʚ ʽ ʥʽʪʨʦʛʝʥ-ʽʦʥʽʚ ʜʦ 18 
ʨʘʟʽʚ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʚʘʞʘʪʠ, ʱʦ ʚʧʣʠʚ ʚʠʥʦʩʫ ʚʠʩʦʢʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ 
ʽʟ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè ʟʘ ʨʦʢʠ ʚʽʜ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʥʘ ʧʦʯʘʪʢʫ 
50ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʚʞʝ ʜʦʩʷʛʘʻ ʨ. ʂʦʥʦʧʣʷʥʢʘ, ʧʨʠʥʘʡʤʥʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 
ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʦʛʦ ʚʤʽʩʪʫ ʫ ʚʦʜʽ ʪʘʢʠʭ ʤʘʢʨʦʽʦʥʽʚ ʷʢ ʩʫʣʴʬʘʪʠ, ʢʘʨʙʦʥʘʪʠ ʽ ʥʽʪʨʦʛʝʥʠ 
ʥʘʜ ʾʭ ʬʦʥʦʚʠʤ ʚʤʽʩʪʦʤ ʥʘ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʡʜʘʥʯʠʢʫ. 

ɿʤʝʥʰʝʥʥʷ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʟ ʯʘʩʦʤ ʦʙʫʤʦʚʣʝʥʦ ʟʤʝʥʰʝʥʥʷʤ ʧʨʠʩʫʪʥʦʩʪʽ ʩʧʦʣʫʢ 
ʥʽʪʨʦʛʝʥʫ (ʽʦʥʽʚ ʘʤʦʥʽʶ ʽ ʥʽʪʨʘʪ-ʽʦʥʽʚ). ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʽʪʨʘʪʥʽ ʬʦʨʤʠ ʟʥʘʭʦʜʞʝʥʥʷ 
ʥʽʪʨʦʛʝʥʫ ʧʨʠʪʘʤʘʥʥʽ ʜʣʷ ʙʣʠʞʥʴʦʾ ʟʦʥʠ ʭʚʦʩʪʦʩʭʦʚʠʱʘ çɿʘʭʽʜʥʝè, ʘ ʘʤʦʥʽʡʥʽ ï ʜʣʷ 
ʭʚʦʩʪʦʩʭʦʚʠʱʘ çʎʝʥʪʨʘʣʴʥʠʡ ʗʨè, ʱʦ ʟʫʤʦʚʣʝʥʦ ʧʦʰʠʨʝʥʥʷʤ ʪʫʪ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 
ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʫʤʦʚ.  
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