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ʋɼʂ 551.49 

 
ɻɯɼʈʆʃʆɻɯʗ, ɻɯɼʈʆʍɯʄɯʗ ɯ ɻɯɼʈʆɽʂʆʃʆɻɯʗ:  
ʅʘʫʢ. ʟʙʽʨʥʠʢ / ɻʦʣ. ʨʝʜʘʢʪʦʨ ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʠʡ. 2018. ˉ 1 (48). 102 ʩ.  
HIDROLOHIIɸ, HIDROKHIMIIɸ I HIDROEKOLOHIIɸ: 
The scientific collection / The editor-in-chief Valentyn Khilchevskyi. 2018. ˉ 1 (48). 102 p. 
  

ʋ ʟʙʽʨʥʠʢʫ ʚʤʽʱʝʥʦ ʩʪʘʪʪʽ, ʚ ʷʢʠʭ ʚʠʢʣʘʜʝʥʦ ʤʝʪʦʜʠʯʥʽ ʨʦʟʨʦʙʢʠ, ʘ ʪʘʢʦʞ 
ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʧʨʠʢʣʘʜʥʠʭ ʛʽʜʨʦʣʦʛʽʯʥʠʭ, ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʽ 
ʛʽʜʨʦʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʚʠʢʦʥʘʥʦ ʚ ʨʽʟʥʠʭ ʫʩʪʘʥʦʚʘʭ ʋʢʨʘʾʥʠ. 

 
Á ʅʘʫʢʦʚʠʡ ʟʙʽʨʥʠʢ ñɻʽʜʨʦʣʦʛʽʷ, ʛʽʜʨʦʭʽʤʽʷ ʽ ʛʽʜʨʦʝʢʦʣʦʛʽʷò ʟʘʩʥʦʚʘʥʦ ʫ ʪʨʘʚʥʽ 
2000 ʨ.  
Á ɿʘʨʝʻʩʪʨʦʚʘʥʦ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʶʩʪʠʮʽʾ ʋʢʨʘʾʥʠ 8 ʞʦʚʪʥʷ 2009 ʨ. (ʥʘʢʘʟ 
ˉ 1806/5).  
Á ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʜʝʨʞʘʚʥʫ ʨʝʻʩʪʨʘʮʽʶ ʜʨʫʢʦʚʘʥʦʛʦ ʟʘʩʦʙʫ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʂɺ 
ˉ 15819-4291ʈ ʚʽʜ 8 ʞʦʚʪʥʷ 2009 ʨ. 
Á ʅʘʢʘʟʦʤ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ˉ 515 ʚʽʜ 16.05.2016 ʨ. ʚʢʣʶʯʝʥʦ 
ʜʦ ʧʝʨʝʣʽʢʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ ʚʠʜʘʥʴ ʋʢʨʘʾʥʠ ʟʘ ʛʘʣʫʟʟ  ʁçɻʝʦʛʨʘʬʽʯʥʽ ʥʘʫʢʠè.  
Á ɿʘʩʥʦʚʥʠʢ: ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ. 
Á ɺʠʭʦʜʠʪʴ ʯʦʪʠʨʠ ʨʘʟʠ ʥʘ ʨʽʢ. 
Á ʅʘʫʢʦʚʠʡ ʟʙʽʨʥʠʢ ʨʝʬʝʨʫʻʪʴʩʷ ʋʈɾ çɼʞʝʨʝʣʦè (ʫʛʦʜʘ ʟ ɯʇʈɯ ʅɸʅ ʋʢʨʘʾʥʠ ï 
ʟʘʩʥʦʚʥʠʢʦʤ ʋʈɾ çɼʞʝʨʝʣʦè, ˉ245/17 ʚʽʜ 6 ʣʠʩʪʦʧʘʜʘ 2017 ʨ.) 

 
ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦ ʜʨʫʢʫ ɺʯʝʥʦʶ ʨʘʜʦʶ  

ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ  
ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

   ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 
(16 ʢʚʽʪʥʷ 2018 ʨ., ʧʨʦʪʦʢʦʣ ˉ 10) 

 
 
 
ɸʜʨʝʩʘ ʚʠʜʘʚʮʷ ʪʘ ʨʝʜʢʦʣʝʛʽʾ:  
ʄCʇ 01601, ʤ. ʂʠʾʚ, , ʚʫʣ. ɺʦʣʦʜʠʤʠʨʩʴʢʘ, 64,  
ʛʝʦʛʨʘʬʽʯʥʠʡ ʬʘʢʫʣʴʪʝʪ ʂʠʾʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ  
ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ,  
ʢʘʬʝʜʨʘ ʛʽʜʨʦʣʦʛʽʾ ʪʘ ʛʽʜʨʦʝʢʦʣʦʛʽʾ,  
ʃʫʢǋʷʥʝʮʴ ʆʣʴʟʽ ɯʚʘʥʽʚʥʽ (ʟ ʧʦʟʥʘʯʢʦʶ ñʅʘʫʢʦʚʠʡ ʟʙʽʨʥʠʢò).  
 
ʊʝʣʝʬʦʥ ʨʝʜʢʦʣʝʛʽʾ: (044) 521-32-29.  
ɽ-mail: hydrozbirnyk-knu@ukr.net 
             luko15_06@ukr.net 
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ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ: 
 

ɻʆʃʆɺʅʀʁ ʈɽɼɸʂʊʆʈ 

ʍʽʣʴʯʝʚʩʴʢʠʡ ɺʘʣʝʥʪʠʥ ʂʠʨʠʣʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 

ɿɸʉʊʋʇʅʀʂ ɻʆʃʆɺʅʆɻʆ ʈɽɼɸʂʊʆʈɸ 

ɻʨʝʙʽʥʴ ɺʘʩʠʣʴ ɺʘʩʠʣʴʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  

 

ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ 

ɻʘʥʜʟʶʨʘ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ, ʜʦʢʪʦʨ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʐʘʢʽʨʟʘʥʦʚʘ ɾʘʥʥʝʪʪʘ ʈʘʰʠʜʦʚʥʘ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 
ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʃʠʥʥʠʢ ʇʝʪʨʦ ʄʠʢʠʪʦʚʠʯ, ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʙʽʦʣʦʛʽʾ ʅɸʅ ʋʢʨʘʾʥʠ 

ʆʙʦʜʦʚʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʆʩʘʜʯʠʡ ɺʦʣʦʜʠʤʠʨ ɯʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ 
ʋʢʨʘʾʥʠ, ʋʢʨʘʾʥʩʴʢʠʡ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʆʩʘʜʯʘ ʅʘʪʘʣʽʷ ʄʠʢʦʣʘʾʚʥʘ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʋʢʨʘʾʥʩʴʢʠʡ 
ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  

ʉʘʤʦʡʣʝʥʢʦ ɺʽʢʪʦʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʉʥʽʞʢʦ ʉʝʨʛʽʡ ɯʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʊʽʤʯʝʥʢʦ ɺʦʣʦʜʠʤʠʨ ʄʠʭʘʡʣʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʙʽʦʣʦʛʽʾ 
ʅɸʅ ʋʢʨʘʾʥʠ 

ʐʠʱʝʥʢʦ ʇʝʪʨʦ ɻʨʠʛʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʇʅ 
ʋʢʨʘʾʥʠ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

ʑʝʨʙʘʢ ɺʦʣʦʜʠʤʠʨ ɯʚʘʥʦʚʠʯ, ʜʦʢʪʦʨ ʙʽʦʣʦʛʽʯʥʠʭ ʥʘʫʢ, ɯʥʩʪʠʪʫʪ ʛʽʜʨʦʙʽʦʣʦʛʽʾ ʅɸʅ 
ʋʢʨʘʾʥʠ 

 

ʄɯɾʅɸʈʆɼʅɸ ʈɽɼɸʂʎɯʁʅɸ ʂʆʃɽɻɯʗ 

ɺʦʚʯʝʢ ʆʣʝʢʩʘʥʜʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ɹʨʝʩʪʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ 
ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʈʝʩʧʫʙʣʽʢʘ ɹʽʣʦʨʫʩʴ) 

ʎʶʧʘ ʊʘʜʝʫʰ, ʜʦʢʪʦʨ ʛʘʙʽʣʽʪʦʚʘʥʠʡ, ɯʥʩʪʠʪʫʪ ʛʝʦʛʨʘʬʽʾ ʋʥʽʚʝʨʩʠʪʝʪʫ ʗʥʘ 
ʂʦʭʘʥʦʚʩʴʢʦʛʦ ʚ ʂʻʣʴʮʘʭ (ʇʦʣʴʱʘ) 

ʄʝʣʴʥʠʯʫʢ ʆʨʝʩʪ ʄʠʢʦʣʘʡʦʚʠʯ, ʜʦʢʪʦʨ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ɯʥʩʪʠʪʫʪ ɽʢʦʣʦʛʽʾ ʪʘ 
ɻʝʦʛʨʘʬʽʾ ɸʢʘʜʝʤʽʾ ʅʘʫʢ ʄʦʣʜʦʚʠ 

 

ɺɯɼʇʆɺɯɼɸʃʔʅʀʁ ʉɽʂʈɽʊɸʈ 

ʃʫʢôʷʥʝʮʴ ʆʣʴʛʘ ɯʚʘʥʽʚʥʘ, ʢʘʥʜʠʜʘʪ ʛʝʦʛʨʘʬʽʯʥʠʭ ʥʘʫʢ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  
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ɿ ʄ ɯ ʉ ʊ 

 

ɿɸɻɸʃʔʅɯ ʄɽʊʆɼʀʏʅɯ ɸʉʇɽʂʊʀ ɼʆʉʃɯɼɾɽʅʔ 

ʍʽʣʴʯʝʚʩʴʢʠʡ ɺ.ʂ., ʂʦʨʯʝʤʣʶʢ ʄ.ɺ., ʂʨʘʚʯʠʥʩʴʢʠʡ ʈ.ʃ., ʉʘʚʯʫʢ ɹ.ɹ. 
ʋʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʛʽʨʩʴʢʦʛʦ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ (ʤʘʩʠʚ ʏʦʨʥʦʛʦʨʘ, 
ʋʢʨʘʾʥʩʴʢʽ ʂʘʨʧʘʪʠ) ééééééééééééééééééééééééééé.é...é..... 

 
 

6 

 

ɻɯɼʈʆʃʆɻɯʗ. ɺʆɼʅɯ ʈɽʉʋʈʉʀ  

ɾʦʚʥʽʨ ɺ.ɺ., ɻʨʝʙʽʥʴ ɺ.ɺ. 
ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʦʩʣʽʜʞʝʥʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚʦʜʠééééééééé.éé..ééé. 
 

 
16 

ʂʦʞʝʤôʷʢʽʥ ɼ.ɺ., ʏʦʨʥʦʤʦʨʝʮʴ ʖ.ʆ. 
ɺʦʜʥʠʡ ʙʘʣʘʥʩ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ɼʥʽʩʪʨʘ ʜʦ ʤʽʩʪʘ ɿʘʣʽʱʠʢʠ.ééé..ééééééé..ééé 

 
24 

 

ɻɯɼʈʆʍɯʄɯʗ. ɻɯɼʈʆɽʂʆʃʆɻɯʗ  

ɼʘʥʠʣʴʯʝʥʢʦ ʆ.ʉ. 
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ʋɼʂ [551.332.54+556.114 ] (292.452) 
 
ʍʽʣʴʯʝʚʩʴʢʠʡ ɺ.ʂ.1, ʂʦʨʯʝʤʣʶʢ ʄ.ɺ.2, ʂʨʘʚʯʠʥʩʴʢʠʡ ʈ.ʃ.2, ʉʘʚʯʫʢ ɹ.ɹ.2 

1ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ  
2ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ, ʤ. ʗʨʝʤʯʝ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ ʦʙʣ. 

 
ʋʄʆɺʀ ʌʆʈʄʋɺɸʅʅʗ ʍɯʄɯʏʅʆɻʆ ʉʂʃɸɼʋ ɺʆɼʀ ɻɯʈʉʔʂʆɻʆ ʆɿɽʈɸ 

ʄɸʈɯʏɽʁʂɸ (ʄɸʉʀɺ ʏʆʈʅʆɻʆʈɸ, ʋʂʈɸɰʅʉʔʂɯ ʂɸʈʇɸʊʀ) 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ : ʢʘʨʦʚʽ (ʣʴʦʜʦʚʠʢʦʚʽ) ʚʦʜʦʡʤʠ, ʂʘʨʧʘʪʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 
ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ (ʂʅʇʇ), ʏʦʨʥʦʛʦʨʘ, ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ, ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ. 

 
ʊʝʨʠʪʦʨʽʷ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ï ʚʽʜ ʪʝʭʥʦʛʝʥʥʦ-ʢʨʠʟʦʚʠʭ ʨʝʛʽʦʥʽʚ ʜʦ ʬʘʢʪʠʯʥʦ ʥʝ 
ʧʦʨʫʰʝʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ [1].ʆʩʪʘʥʥʽ, ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʫ ʂʘʨʧʘʪʩʴʢʽʡ ʛʽʨʩʴʢʽʡ 
ʢʨʘʾʥʽ. ʋ ʩʚʽʪʣʽ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾʛʣʦʙʘʣʴʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʝʨʝʪʚʦʨʝʥʴʚʦʥʠ 
ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʡ ʥʘʫʢʦʚʠʡ ʽ ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ. ɿʦʢʨʝʤʘ, ʮʝ ʩʪʦʩʫʻʪʴʩʷ 
ʛʽʨʩʴʢʠʭ ʦʟʝʨʥʠʭ ʝʢʦʩʠʩʪʝʤ ʏʦʨʥʦʛʦʨʠ (ʥʘʡʚʠʱʦʛʦ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʋʢʨʘʾʥʩʴʢʠʭ 
ʂʘʨʧʘʪ), ʷʢʽ ʟʘʚʜʷʢʠ ʩʚʦʻʨʽʜʥʦʤʫʛʝʥʝʟʠʩʫ, ʛʝʦʛʨʘʬʽʯʥʦʤʫ ʧʦʣʦʞʝʥʥʶ ʽ ʫʤʦʚʘʤ 
ʞʠʚʣʝʥʥʷ ʟʜʘʪʥʽ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʥʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʚʩʽʭ ʨʽʚʥʷʭ ʤʦʥʽʪʦʨʠʥʛʫ 
ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ï ʤʽʩʮʝʚʦʛʦ (ʣʦʢʘʣʴʥʦʛʦ), ʨʝʛʽʦʥʘʣʴʥʦʛʦ, 
ʜʝʨʞʘʚʥʦʛʦ ʽ, ʥʘʚʽʪʴ, ʧʣʘʥʝʪʘʨʥʦʛʦ. 

ɿʛʘʜʢʠ ʧʨʦ ʛʽʨʩʴʢʽ ʦʟʝʨʘ ʂʘʨʧʘʪ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʱʝ ʫ ʧʨʘʮʷʭ ʃ. ɺʘʡˇʝʣʷ (1880), ɻ. 
ɿʘʧʘʣʦʚʠʯʘ (1881), ʂ. ʉʽʛʤʝʪʘ (1932), ʊ. ʇʦʩʝʚʠʯʘ (1893), ʁ. ɹʝʟʜʝʢʘ (1905), ɻ. ʂʦʟʽʷ 
(1932), ʂ. ʂʫʭʘʨʘ (1975). ʅʘ ʥʠʭ ʟʚʝʨʪʘʶʪʴ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʠ ʜʨʝʚʥʴʦʛʦ 
ʟʣʝʜʝʥʽʥʥʷ ʏʦʨʥʦʛʦʨʠ : ɻ. ˆʦʥʩʴʦʨʦʚʩʴʢʠʡ (1906), ʉ. ʇʘʚʣʦʚʩʴʢʠʡ (1915), ʌ. ɺʽʪʘʩʠʢ 
(1923), ɹ. ʉʚʽʜʝʨʩʴʢʠʡ (1932) [2]. 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʚʠʚʯʝʥʥʷ ʛʽʨʩʴʢʠʭ ʢʘʨʧʘʪʩʴʢʠʭ ʚʦʜʦʡʤ ʩʪʦʩʫʻʪʴʩʷ ʯʦʪʠʨʴʦʭ 
ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ï ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʛʦ, ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ, 
ʛʽʜʨʦʙʽʦʣʦʛʽʯʥʦʛʦ, ʪʫʨʠʩʪʠʯʥʦ-ʨʝʢʨʝʘʮʽʡʥʦʛʦ ï ʪʘ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʫʢʦʚʦʶ ʜʽʷʣʴʥʽʩʪʶ 
ʚʯʝʥʠʭ ɯʥʩʪʠʪʫʪʫ ʝʢʦʣʦʛʽʾ ʂʘʨʧʘʪ ʅɸʅ ʋʢʨʘʾʥʠ, ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 
ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ, ʏʝʨʥʽʚʝʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʖʨʽʷ ʌʝʜʴʢʦʚʠʯʘ 
ʪʘ ʬʘʭʽʚʮʽʚ ʂʘʨʧʘʪʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʧʘʨʢʫ (ʂʘʨʧʘʪʩʴʢʦʛʦ ʅʇʇ).ʎʽ 
ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʷʤʦ ʯʠ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ ʪʦʨʢʘʶʪʴʩʷ ʧʨʦʙʣʝʤʘʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ 
ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʪʘ ʷʢʦʩʪʽ ʚʦʜʠ ʛʽʨʩʴʢʠʭ ʦʟʝʨ. 

ʄʘʪʝʨʽʘʣ ʽ ʤʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʴ.ʇʨʦʚʝʜʝʥʽ ʥʘʤʠ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ 
ʧʦʢʘʟʘʣʠ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ ʛʽʨʩʴʢʠʭ ʦʟʝʨ ʂʘʨʧʘʪ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 
ʢʨʫʪʠʟʥʠ ʪʘ ʝʢʩʧʦʟʠʮʽʾ ʩʭʠʣʽʚ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʚʧʣʠʚ ʤʽʢʨʦʢʣʽʤʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ 
ʪʘʢʦʞ ʨʝʛʽʦʥʘʣʴʥʠʭ ʦʨʦʛʨʘʬʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʘʤʦʛʦ ʏʦʨʥʦʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ, ʱʦ 
ʚʠʢʦʥʫʻ ʨʦʣʴ ʢʣʽʤʘʪʠʯʥʦʛʦ ʙʘʨôʻʨʘ [7]. 

ʋʥʽʢʘʣʴʥʽʩʪʴ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʛʽʨʩʴʢʦʛʦ ʦʟʝʨʘ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʚʠʤʘʛʘʻ 
ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ  ʜʦ ʚʠʚʯʝʥʥʷ ʚʦʜʦʡʤ ʥʘ ʦʙôʻʢʪʦʚʦʤʫ ʨʽʚʥʽ. ʄʝʪʘ ʨʦʙʦʪʠ ï 
ʚʠʟʥʘʯʠʪʠ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ ʚʦʜʠ ʛʽʨʩʴʢʠʭ ʦʟʝʨ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʥʘ ʧʨʠʢʣʘʜʽ ʦʢʨʝʤʦʛʦ ʦʟʝʨʘ.. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʛʽʨʩʴʢʝ ʦʟʝʨʦ ʣʴʦʜʦʚʠʢʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ 
ʄʘʨʽʯʝʡʢʘ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ  ʥʘ ʧʽʚʥʽʯʥʦ-ʩʭʽʜʥʦʤʫ ʩʭʠʣʽ ʛ. ʐʫʨʠʥ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ 
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ʏʦʨʥʦʛʦʨʘ (ɺʝʨʭʦʚʠʥʩʴʢʠʡ ʨʘʡʦʥ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ). ʎʝ ʻ ʧʽʚʜʝʥʥʦʶ 
ʯʘʩʪʠʥʦʶ ʪʝʨʠʪʦʨʽʾ ʂʘʨʧʘʪʩʴʢʦʛʦ ʅʇʇ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʦʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʚʦʜʠ 
(ʧʨʦʟʦʨʽʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ, ʛʦʣʦʚʥʽ ʽʦʥʠ ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ, ʙʽʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ ʪʦʱʦ). 

ʄʝʪʦʜʠʢʘ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʧʦʢʣʘʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʜʠʮʽʡʥʠʭ 
ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʠʭ ʬʘʭʽʚʮʷʤʠ ʂʘʨʧʘʪʩʴʢʦʛʦ ʅʇʇʫ 2017 ʨ. ɺʽʜʙʽʨ ʧʨʦʙ ʚʦʜʠ 
ʧʨʦʚʦʜʠʚʩʷ ʫ ʣʽʪʥʽʡ ʪʘ ʦʩʽʥʥʽʡ ʩʝʟʦʥʠï ʧʝʨʽʦʜʠʘʢʪʠʚʽʟʘʮʽʾ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚʧʣʠʚʫ 
ʥʘ ʦʟʝʨʥʽ ʝʢʦʩʠʩʪʝʤʠ ʪʘ ʜʠʥʘʤʽʢʠ ʚʥʫʪʨʽʰʥʴʦʚʦʜʦʡʤʝʥʥʠʭ ʧʨʦʮʝʩʽʚ. ɼʣʷ ʚʠʚʯʝʥʥʷ 
ʧʨʦʩʪʦʨʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ, ʨʅ ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ 
ʧʨʦʙʠ ʚʽʜʙʠʨʘʣʠʩʷ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʧʦ  ʚʩʽʡ ʘʢʚʘʪʦʨʽʾ ʦʟʝʨʘ ʫ ʨʽʟʥʠʭ ʪʦʯʢʘʭ. 
ʍʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʚʦʜʠ ʚʠʢʦʥʘʥʦ ʫ ʚʠʤʽʨʶʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʘʥʘʣʽʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ 
ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʂʘʨʧʘʪʩʴʢʦʛʦ ʅʇʇ (ʤ. ʗʨʝʤʯʝ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ).  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ 
ʜʝʪʘʣʴʥʦʛʦ ʛʝʦʛʨʘʬʽʯʥʦʛʦ ʚʠʚʯʝʥʥʷ ʛʽʨʩʴʢʠʭ ʦʟʝʨ ʂʘʨʧʘʪ ʧʝʨʰʠʤ ʽ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 
ʯʠʥʥʠʢʦʤ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʫʤʦʚʠ ʧʨʷʤʦʛʦ ʚʧʣʠʚʫ ʥʘ ʚʦʜʦʡʤʫ ï ʮʝ 
ʢʦʥʪʘʢʪʫʶʯʝʩʝʨʝʜʦʚʠʱʝ (ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ, ʢʣʽʤʘʪ, ʨʝʣʴʻʬ ʪʘ 
ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ). ʂʦʨʦʪʢʦ ʟʫʧʠʥʠʤʦʩʷ ʥʘ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ, ʱʦ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʤʘʩʠʚ ʏʦʨʥʦʛʦʨʘ ʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪʘʭ, ʥʘ ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʘʥʦ 
ʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʥʝʚʝʣʠʢʠʭ ʢʘʨʦʚʠʭ ʦʟʝʨ, ʷʢʽ ʻ ʧʨʠʢʣʘʜʦʤ ʛʽʨʩʴʢʠʭ ʣʴʦʜʦʚʠʢʦʚʠʭ 
ʚʦʜʦʡʤ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ. 

ʇʨʠʨʦʜʥʽ ʫʤʦʚʠ. ɻʝʦʣʦʛʽʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʛʝʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠʪʝʨʠʪʦʨʽʷ 
ʜʦʩʣʽʜʞʝʥʴ, ʷʢ ʽ ʫʩʽʻʾ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ, ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʫʪʚʦʨʝʥʘ 
ʛʝʦʣʦʛʽʯʥʠʤʠ ʧʦʨʦʜʘʤʠ ʧʽʩʢʦʚʠʢʦʚʦʛʦ ʬʣʽʰʫ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʝʦʣʦʛʽʯʥʦʾ ʢʘʨʪʠ [5] 
ʪʝʨʠʪʦʨʽʷ ʦʟʝʨʘ ʨʦʟʪʘʰʦʚʘʥʘ ʫ ʤʝʞʘʭ ʧʦʰʠʨʝʥʥʷ ʪʦʚʩʪʦʰʘʨʦʚʠʭʧʽʩʢʦʚʠʢʽʚ, 
ʧʝʨʝʰʘʨʦʚʘʥʠʭ ʟ ʘʨʛʽʣʽʪʘʤʠ ʪʘ ʘʣʝʚʨʦʣʽʪʘʤʠ ʚʝʨʭʥʴʦʛʦ ʚʽʜʜʽʣʫ ʢʨʝʡʜʦʚʦʾ ʩʠʩʪʝʤʠ 
(ʩʝʥʦʥʩʴʢʠʡ ʥʘʜʷʨʫʩ, ʩʚʠʜʦʚʝʮʴʢʘ ʩʚʠʪʘ). 

ʂʣʽʤʘʪ. ʋʩʽ ʦʟʝʨʘ ʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʏʦʨʥʦʛʦʨʘ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʧʦʤʽʨʥʦ ʭʦʣʦʜʥʽʡ 
(1250-1500 ʤ ʥ. ʨ. ʤ.) ʪʘ ʭʦʣʦʜʥʽʡ (1500-2000 ʤ ʥ. ʨ. ʤ.) ʢʣʽʤʘʪʠʯʥʠʭ ʟʦʥʘʭ, ʱʦ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʽʥʦʶ ʩʝʨʝʜʥʽʭ ʪʝʤʧʝʨʘʪʫʨ ʣʠʧʥʷ ʚʽʜ +12ęʉ ʜʦ + 9 ęʉ, ʘ ʩʽʯʥʷ ʚʽʜ 
-10 ęʉ ʜʦ-12 ęʉ. ɺʥʘʩʣʽʜʦʢ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʯʝʨʝʟ ʧʨʦʤʝʨʟʘʥʥʷ ʚʦʜʥʦʾ 
ʪʦʚʱʽ ʚʟʠʤʢʫ, ʚ ʦʟʝʨʘʭ ʏʦʨʥʦʛʦʨʠ ʥʝ ʚʦʜʠʪʴʩʷ ʨʠʙʘ. 

ʃʘʥʜʰʘʬʪʠ. ʉʫʯʘʩʥʠʡ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʡ ʤʘʣʶʥʦʢ ʪʝʨʠʪʦʨʽʾ 
ʜʦʩʣʽʜʞʝʥʴ ʩʬʦʨʤʫʚʘʚʩʷ ʫ ʯʝʪʚʝʨʪʠʥʥʠʡ ʧʝʨʽʦʜ ʫ ʨʝʟʫʣʴʪʘʪʽʝʨʦʟʽʡʥʦʾ 
ʜʽʷʣʴʥʦʩʪʽʛʽʨʩʴʢʦʛʦ ʣʴʦʜʦʚʠʢʘ. ʇʝʨʽʦʜ ʪʘʢ ʟʚʘʥʦʛʦ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʟʣʝʜʝʥʽʥʥʷ 
ʘʣʴʧʽʡʩʴʢʦ-ʩʫʙʘʣʴʧʽʡʩʴʢʦʛʦ ʧʦʷʩʫ ʪʘ ʣʽʩʦʚʦʛʦ ʩʝʨʝʜʥʴʦʛʽʨ'ʷ ʂʘʨʧʘʪ ʟʥʘʤʝʥʫʚʘʚʩʷ 
ʫʪʚʦʨʝʥʥʷʤ ʥʠʟʢʠ ʟʘʛʣʠʙʣʝʥʴ ʫ ʨʝʣʴʻʬʽ ʟ ʭʘʨʘʢʪʝʨʥʠʤʠ ʢʘʨʘʤʠ (ʣʴʦʜʦʚʠʢʦʚʠʤʠ 
ʮʠʨʢʘʤʠ) ʨʽʟʥʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʪʘ ʬʦʨʤʘʤʠ. ʆʜʠʥ ʟ ʪʘʢʠʭ ʚʝʣʠʢʠʭ ʮʠʨʢʽʚ ʥʽʚʘʮʽʾ 
ʧʣʦʱʝʶ ʧʦʥʘʜ 1 ʛʘ ʫʪʚʦʨʠʚʩʷ ʥʘ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʠʭ ʩʭʠʣʘʭ ʛ. ʐʫʨʠʥ-ɻʨʦʧʘ 
ʏʦʨʥʦʛʽʨʩʴʢʦʛʦ ʤʘʩʠʚʫ ʥʘ ʚʠʩʦʪʽ ʙʣʠʟʴʢʦ 1510 ʤ.ɿʛʦʜʦʤ ʮʷ ʟʘʛʣʠʙʠʥʘ ʟʘʧʦʚʥʠʣʘʩʴ 
ʪʘʣʠʤʠ ʣʴʦʜʦʚʠʢʦʚʠʤʠ, ʩʥʽʛʦʚʠʤʠ ʽ ʜʦʱʦʚʠʤʠ ʚʦʜʘʤʠ; ʪʘʢʠʤ ʯʠʥʦʤ ʫʪʚʦʨʠʣʦʩʴ 
ʦʟʝʨʦ, ʚʽʜʦʤʝ ʧʽʜ ʥʘʟʚʦʶ ʄʘʨʽʯʝʡʢʘ. 

ɻʽʜʨʦʤʦʨʬʦʣʦʛʽʷ. ʊʠʧʽʟʘʮʽʷ ʦʟʝʨ ʟʘ ʧʣʦʱʝʶ ʜʟʝʨʢʘʣʘ ʟʛʽʜʥʦ ɺʈɼ ɭʉ. ʋ ʟʚôʷʟʢʫ 
ʟ ʧʽʜʧʠʩʘʥʥʷʤ ʫ 2014 ʨ. ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ, ʚ 
ʧʨʘʢʪʠʮʽ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ ʋʢʨʘʾʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ  ʽʤʧʣʝʤʝʥʪʘʮʽʷ 
ʧʦʣʦʞʝʥʴ ʽ ʥʦʨʤʘʪʠʚʽʚ ɺʦʜʥʦʾ ʨʘʤʢʦʚʦʾ ʜʠʨʝʢʪʠʚʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦʶʟʫ [14], ʟʦʢʨʝʤʘ 
ʡ ʪʠʭ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ɿʛʽʜʥʦ ɺʈɼ ɭʉ ʪʠʧʽʟʘʮʽʷ ʦʟʝʨ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʪʘʢʠʤʠ ʜʝʩʢʨʠʧʪʦʨʘʤʠ 
(ʧʦʢʘʟʥʠʢʘʤʠ): ʚʠʩʦʪʘ ʚʦʜʦʟʙʦʨʫ; ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ; ʧʣʦʱʘ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ; 
ʛʝʦʣʦʛʽʯʥʽ ʧʦʨʦʜʠ.  ʇʨʠ ʮʴʦʤʫ ʚʢʘʟʫʻʪʴʩʷ ʤʽʩʮʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʟʝʨʘ ʟʘ ʝʢʦʨʝʛʽʦʥʦʤ 
(ʜʣʷ ʋʢʨʘʾʥʠ ï ʂʘʨʧʘʪʠ, ʋʛʦʨʩʴʢʘ ʥʠʟʦʚʠʥʘ, ʇʦʥʪʽʡʩʴʢʘ  ʧʨʦʚʽʥʮʽʷ, ʉʭʽʜʥʽ ʨʽʚʥʠʥʠ). 
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ʈʦʟʛʣʷʥʝʤʦ ʛʨʘʜʘʮʽʾ ʥʘʟʚʘʥʠʭ ʚʠʱʝ ʜʝʩʢʨʠʧʪʦʨʽʚ ʟʘ ɺʈɼ ɭʉ [14], ʘʜʘʧʪʦʚʘʥʠʭ ʜʦ ʫʤʦʚ 
ʋʢʨʘʾʥʠ, ʧʨʠ ʪʠʧʽʟʘʮʽʾ ʦʟʝʨ. 

ʆʟʝʨʘ ʟʘ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ:ʚʝʣʠʢʽ ï 10-100 ʢʤ2; ʩʝʨʝʜʥʽ ï 1-10 ʢʤ2; ʤʘʣʽ 
ï 0,5-1,0 ʢʤ2; ʜʫʞʝ ʤʘʣʽ ï < 0,5ʢʤ2. 

ʆʟʝʨʘ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʣʠʙʠʥʦʶ: ʛʣʠʙʦʢʽ ï > 15 ʤ; ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ ï 3-15 ʤ; ʤʽʣʢʽï 
< 3 ʤ. 

ɺʠʩʦʪʘ ʚʦʜʦʟʙʦʨʫ ʜʣʷ ʦʟʝʨ: ʩʝʨʝʜʥʴʦʛʽʨôʷ ï > 800 ʤ; ʥʠʟʴʢʦʛʽʨôʷ ï 500-800 ʤ; 
ʚʠʩʦʯʠʥʘ ï 200-500 ʤ; ʥʠʟʦʚʠʥʘ ï < 200 ʤ. 

ɻʝʦʣʦʛʽʯʥʽ ʧʦʨʦʜʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʟʝʨ: ʚʘʧʥʷʢʦʚʽ; ʩʠʣʽʢʘʪʥʽ; 
ʦʨʛʘʥʽʯʥʽ.  

ɼʫʞʝ ʚʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʜʣʷ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ (ʫ ʥʘʰʽʡ 
ʢʨʘʾʥʽ ï ɼʝʨʞʘʚʥʦʛʦ ʘʛʝʥʪʩʪʚʘ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ)ʻ ʧʣʦʱʘ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ 
ʦʟʝʨʘ, ʷʢʘ ʢʦʨʝʣʶʻ ʟ ʦʙôʻʤʦʤ ʦʟʝʨʘ ʽ ʟʘʩʚʽʜʯʫʻ ʟʥʘʯʠʤʽʩʪʴ ʦʟʝʨʘ ʫ ʚʦʜʦʨʝʩʫʨʩʥʦʤʫ 
ʧʣʘʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫ ʩʬʝʨʫ ʽʥʪʝʨʝʩʫ ʚʦʜʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫʧʦʧʘʜʘʶʪʴ ʦʟʝʨʘ ʢʘʪʝʛʦʨʽʡ 
çʚʝʣʠʢʽè, çʩʝʨʝʜʥʽè ʪʘ çʤʘʣʽè (ʪʠʧʽʟʘʮʽʷ ʦʟʝʨ, ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ, ʤʦʥʽʪʦʨʠʥʛ ʪʦʱʦ). ʆʟʝʨʘ 
ʢʘʪʝʛʦʨʽʾ çʜʫʞʝ ʤʘʣʽèʪʠʧʽʟʘʮʽʾ ʥʝ ʧʽʜʣʷʛʘʶʪʴ. 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʦʟʝʨ ʟʘ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ ʟʘ ɺʈɼ ɭʉ ʚʩʽ ʛʽʨʩʴʢʽ 
ʦʟʝʨʘ ʏʦʨʥʦʛʦʨʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ çʜʫʞʝ ʤʘʣʽè (ʧʣʦʱʘ ʜʟʝʨʢʘʣʘ < 0,5 ʢʤ2). 
ʅʘʧʨʠʢʣʘʜ, ʦʜʥʝ ʟ ʥʘʡʙʽʣʴʰʠʭ ï ʦʟʝʨʦ ɹʨʝʙʝʥʝʩʢʫʣ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʝ ʥʘ ʚʠʩʦʪʽ 1793 
ʤ ʥ. ʨ. ʤ., ʤʘʻ ʧʣʦʱʫ ʜʟʝʨʢʘʣʘ ʣʠʰʝ 0,0061 ʢʤ2. 

ʅʘʚʽʪʴ ʉʠʥʝʚʠʨ (ʤʘʩʠʚ ɺʥʫʪʨʽʰʥʽˆʦʨˇʘʥʠ, ʚʠʩʦʪʘ 989 ʤ ʥ. ʨ. ʤ.), ʷʢʝ ʻ ʥʘʡʙʽʣʴʰʠʤ 
ʦʟʝʨʦʤ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ,ʤʘʻ ʧʣʦʱʫ ʜʟʝʨʢʘʣʘ ʚʩʴʦʛʦ 0,04-0,07ʢʤ2. ʊʦʙʪʦ, ʚʩʽ ʦʟʝʨʘ 
ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʟʘʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ çʜʫʞʝ ʤʘʣʽè. 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʦʟʝʨ ʟʘ ʩʝʨʝʜʥʴʦʶ ʛʣʠʙʠʥʦʶ ʟʘ ɺʈɼ ɭʉ ʚʩʽ ʛʽʨʩʴʢʽ ʦʟʝʨʘ 
ʏʦʨʥʦʛʦʨʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ çʤʽʣʢʽè (ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ï < 3 ʤ). ɺ ʋʢʨʘʾʥʩʴʢʠʭ 
ʂʘʨʧʘʪʘʭ ʣʠʰʝ ʉʠʥʝʚʠʨ ʥʘʣʝʞʠʪʴ ʜʦ ʦʟʝʨ ʩʝʨʝʜʥʴʦʛʣʠʙʦʢʠʭ (8-10 ʤ). 

ɿʛʽʜʥʦ ʟ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʟʘ ʚʠʩʦʪʦʶ ʚʦʜʦʟʙʦʨʫ ʟʘ ɺʈɼ ɭʉ ʚʩʽ ʛʽʨʩʴʢʽ ʦʟʝʨʘ 
ʏʦʨʥʦʛʦʨʠ ʥʘʣʝʞʘʪʴ ʜʦ ʢʘʪʝʛʦʨʽʾ ʦʟʝʨ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʩʝʨʝʜʥʴʦʛʽʨôʾ (ʚʠʩʦʪʘ> 800 ʤ).  

ʉʣʽʜ ʢʦʨʦʪʢʦ ʟʫʧʠʥʠʪʠʩʷ ʥʘ ʧʦʥʷʪʪʷʭ çʚʠʩʦʢʦʛʽʨôʷè ʪʘ çʚʠʩʦʢʦʛʽʨʥʽ ʦʟʝʨʘè. ʋ 
ʬʽʟʠʯʥʽʡ ʛʝʦʛʨʘʬʽʾ ʨʝʣʴʻʬ ʚʚʘʞʘʻʪʴʩʷ ʚʠʩʦʢʦʛʽʨʥʠʤ ʥʘ ʚʽʜʤʽʪʢʘʭ ʧʦʥʘʜ 2500-3000 ʤ. 
ʅʘʡʚʠʱʘ ʛʦʨʘ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ɻʦʚʝʨʣʘ ʤʘʻ ʚʠʩʦʪʫ 2061 ʤ. ʊʦʤʫ ʟ ʬʽʟʠʢʦ-
ʛʝʦʛʨʘʬʽʯʥʠʭ ʧʦʟʠʮʽʡ ʤʦʞʥʘ ʢʦʥʩʪʘʪʫʚʘʪʠ, ʱʦ ʚ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪʘʭ ʚʠʩʦʢʦʛʽʨôʷ 
ʥʝʤʘʻ. ʊʦʤʫ ʥʝ ʤʦʞʝ ʙʫʪʠ ʽ ʚʠʩʦʢʦʛʽʨʥʠʭ ʦʟʝʨ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʧʦʥʷʪʪʷ çʚʠʩʦʢʦʛʽʨôʷ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪè ʦʙˇʨʫʥʪʦʚʘʥʦ ʙʦʪʘʥʽʢʘʤʠ 
ʜʣʷ ʛʽʨʩʴʢʠʭ ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘʜ ʧʨʠʨʦʜʥʦʶ 
ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ ʣʽʩʫ (1300ï2061 ʤ ʥ. ʨ. ʤ.). ʊʘʢ ʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʫ ʥʘʫʢʦʚʫ ʣʽʪʝʨʘʪʫʨʫ 
ʧʨʦʥʠʢʥʫʚʪʝʨʤʽʥ çʚʠʩʦʢʦʛʽʨʥʽ ʦʟʝʨʘè ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ, ʷʢʠʤ ʧʦʟʥʘʯʘʶʪʴ ʚʦʜʦʡʤʠ, 
ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ 1300 ʤ (ʥʘʧʨʠʢʣʘʜ, ʥʘ ʤʘʩʠʚʽ ʏʦʨʥʦʛʦʨʘ) [2]. 

ʈʝʟʶʤʫʶʯʠ ʨʦʟʛʣʷʜ ʦʩʥʦʚʥʠʭ ʘʩʧʝʢʪʽʚ ʪʠʧʽʟʘʮʽʾ ʦʟʝʨ ʟʛʽʜʥʦ ɺʈɼ ɭʉ, ʩʣʽʜ 
ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʟʘ ʩʚʦʾʤ ʦʩʥʦʚʥʠʤ ʛʽʜʨʦʤʦʨʬʦʣʦʛʽʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ï ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ 
ʜʟʝʨʢʘʣʘ ï ʦʟʝʨʘ ʋʢʨʘʾʥʩʴʢʠʭ ʂʘʨʧʘʪ ʟʥʘʭʦʜʷʪʴʩʷ ʧʦʟʘ ʤʝʞʘʤʠ ʽʥʪʝʨʝʩʽʚ ʚʦʜʥʦʛʦ 
ʤʝʥʝʜʞʤʝʥʪʫ. ɸʣʝ ʾʭʥʷ ʝʢʦʣʦʛʽʯʥʘ ʨʦʣʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦʶ. 

ʄʦʨʬʦʣʦʛʽʷ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ. ɼʦʩʣʽʜʞʫʚʘʥʝ ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ (ʚʠʩʦʪʘ 1510 ʤ ʥ. 
ʨ. ʤ.) ʟʘ ʧʣʦʱʝʶ ʚʦʜʥʦʛʦ ʜʟʝʨʢʘʣʘ (0,0039 ʢʤ2) ʻ ʜʨʫʛʠʤ ʩʝʨʝʜ ʦʟʝʨ ʏʦʨʥʦʛʦʨʠ. 
ɼʦʚʞʠʥʘ ʦʟʝʨʘ ï 111 ʤ, ʰʠʨʠʥʘ ï 35 ʤ, ʩʝʨʝʜʥʷ ʛʣʠʙʠʥʘ ï 0,8 ʤ, ʫ ʷʤʘʭ ʟ ʜʦʥʥʠʤʠ 
ʜʞʝʨʝʣʘʤʠ ï ʜʦ 1,1 ʤ (ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʚʠʤʽʨʷʥʽ ʥʘʤʠ ʫ 2017 ʨ.). ʉʣʽʜ 
ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʴ ʫ 1888 ʨ. ʊ. ɺʽʰʥʴʦʚʩʴʢʠʡ ʚʢʘʟʫʚʘʚ, ʱʦ 
ʤʘʢʩʠʤʘʣʴʥʘ ʛʣʠʙʠʥʘ ʦʟʝʨʘ ʜʦʩʷʛʘʣʘ 2 ʤʝʪʨʽʚ. ʉʫʯʘʩʥʝ ʦʙʤʽʣʽʥʥʷ ʄʘʨʽʯʝʡʢʠ 
ʧʦʚ'ʷʟʫʶʪʴ ʽʟ ʨʫʡʥʫʚʘʥʥʷʤ ʟʘʛʦʨʦʜʞʫʚʘʣʴʥʦʾ ʤʦʨʝʥʠ ʚʦʜʘʤʠ ʧʦʪʦʢʫ, ʱʦ ʚʠʪʽʢʘʻ ʽʟ 
ʦʟʝʨʘ [10]. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʪʠʧʽʟʘʮʽʻʶ ɺʈɼ ɭʉ ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ ʻ ʜʫʞʝ ʤʘʣʠʤ ʤʽʣʢʠʤ 
ʦʟʝʨʦʤ ʩʝʨʝʜʥʴʦʛʽʨôʷ ʂʘʨʧʘʪ ʥʘ ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʦʜʘʭ. 

ɾʠʚʣʝʥʥʷ ʦʟʝʨʘ. ʆʩʥʦʚʥʦʶ ʩʪʘʙʽʣʴʥʦʶ ʧʨʠʙʫʪʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʚʦʜʥʦʛʦ 
ʙʘʣʘʥʩʫ ʄʘʨʽʯʝʡʢʠ ʻ ʧʽʜʟʝʤʥʝ ʞʠʚʣʝʥʥʷ, ʷʢʝ ʧʨʝʚʘʣʶʻ ʥʘʜ ʘʪʤʦʬʝʨʥʠʤ. ʅʠʟʢʘ 
ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʚʧʘʜʘʻʽʟ ʟʘʭʽʜʥʦʾ, ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʾ ʪʘ ʧʽʚʜʝʥʥʦʾ ʩʪʦʨʦʥʠ 
ʦʟʝʨʘ.ɯʩʥʫʶʪʴʧʨʠʧʫʱʝʥʥʷ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʣʦʞʽ ʚʦʜʦʡʤʠ ʤʽʩʮʴ 
ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʣʘʪʝʥʪʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [10]. ɺʦʜʘ ʚ ʦʟʝʨʽ 
ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʽ ʫʪʨʠʤʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʘʢʨʠʪʦʩʪʽ ʽʟ ʟʦʚʥʽʰʥʴʦʛʦ ʙʦʢʫ (ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ) 
ʩʪʘʜʽʘʣʴʥʦʶ ʤʦʨʝʥʦʶ, ʷʢʘ ʫ ʧʽʚʥʽʯʥʽʡ ʯʘʩʪʠʥʽ ʧʨʦʨʽʟʘʥʘ ʩʪʨʫʤʢʦʤ, ʱʦ ʚʠʪʽʢʘʻ ʟ 
ʚʦʜʦʡʤʠ ʽ ʚʧʘʜʘʻ ʚ ʨ. ʇʦʛʦʨʽʣʝʮʴ (ʙʘʩʝʡʥ ʇʨʫʪʫ). 

ɻʽʜʨʦʭʽʤʽʷ. ʄʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ʚ ʦʟʝʨʽ ʄʘʨʽʯʝʡʢʘ ʫ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʙʫʣʘ 
ʥʘʜʟʚʠʯʘʡʥʦ ʥʠʟʴʢʦʶ ï 23-28 ʤʛ/ʜʤ3, ʘ ʚʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ï 9-18 ʤʛ/ʜʤ3 (ʪʘʙʣ.1), ʱʦ ʟʘ 
ʜʘʥʠʤʠ [12] ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ ʭʽʤʽʯʥʦʤʫ ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ 
ʂʘʨʧʘʪʩʴʢʦʾ ʛʽʨʩʴʢʦʾ ʢʨʘʾʥʠ.ʆʧʨʦʙʫʚʘʥʥʷ ʦʜʥʦʛʦ ʟ ʜʞʝʨʝʣ, ʱʦ ʞʠʚʠʪʴ ʦʟʝʨʦ, 
ʧʦʢʘʟʘʣʦ ʪʝʞ ʥʠʟʴʢʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʡʦʛʦ ʚʦʜʠ - 23 ʤʛ/ʜʤ3. ʊʘʢʘ ʥʠʟʴʢʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ 
ʚʦʜʠ ʧʽʜʟʝʤʥʠʭ ʜʞʝʨʝʣ, ʱʦ ʚʠʢʣʠʥʶʶʪʴʩʷ ʽ ʞʠʚʣʷʪʴ ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ, ʥʘ ʥʘʰʫ 
ʜʫʤʢʫ, ʧʦʚôʷʟʘʥʘ ʟ ʧʨʦʮʝʩʘʤʠ ʬʽʣʴʪʨʘʮʽʾ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ ʰʚʠʜʢʦʛʦ 
ʚʦʜʦʦʙʤʽʥʫ ʚ ʧʦʨʦʜʘʭ ʧʽʩʢʦʚʠʢʦʚʦʛʦ ʬʣʽʰʫ, ʟʙʽʜʥʝʥʠʭ ʥʘ ʭʽʤʽʯʥʽ ʨʝʯʦʚʠʥ. ɺ 
ʨʝʟʫʣʴʪʘʪʽ, ʜʞʝʨʝʣʴʥʘ ʚʦʜʘ ʟʘ ʩʢʣʘʜʦʤ ʤʘʣʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ, 
ʷʢʽ , ʬʘʢʪʠʯʥʦ, ʞʠʚʣʷʪʴ ʾʭ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʛʽʜʨʦʭʽʤʽʯʥʦʾ ʪʠʧʽʟʘʮʽʾ ʙʘʩʝʡʥʫ ʨ. ʇʨʫʪ [11], ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʴ 
ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʤʝʞʘʭ ʚʦʜʦʟʙʦʨʫ ɻʽʨʩʴʢʦʛʦ ʂʘʨʧʘʪʩʴʢʦʛʦ ʪʠʧʫ, ʫ ʷʢʦʤʫ ʨʽʯʢʦʚʽ ʚʦʜʠ 
ʤʘʶʪʴ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʫ ʤʝʞʘʭ 100-300 ʤʛ/ʜʤ3. ɺ ʮʽʣʦʤʫ ʞ, ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ 
ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ ʩʧʽʚʤʽʨʥʽ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʢʘʨʦʚʠʭ 
ʦʟʝʨ ʏʦʨʥʦʛʦʨʠ, ʱʦ ʚʠʢʦʥʫʚʘʣʠʩʷ ʨʘʥʽʰʝ.  
 

ʊʘʙʣʠʮʷ 1. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʦʜʠ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ (ʤʘʩʠʚ ʏʦʨʥʦʛʦʨʘ, ʋʢʨʘʾʥʩʴʢʽ 
ʂʘʨʧʘʪʠ) ʟʘ ʜʘʥʠʤʠ ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʟʡʦʤʦʢ ʫ 2017 ʨ. 
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14.06.2017 >20 1,8 0 0 0,87 9 0 5,6 9,0 0,20 26,0 38,0 23,0 

19.10.2017 >20 1,2 0 0 0,00 18 0 7,4 6,5 0,54 30,0 54,0 28,0 

 
ɺ ʨʦʙʦʪʽ [2] ʥʘʚʝʜʝʥʦ ʤʘʪʝʨʽʘʣʠ ʧʦ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ ʜʝʷʢʠʭ ʦʟʝʨ ʏʦʨʥʦʛʦʨʠ, 

ʦʪʨʠʤʘʥʽ ʘʚʪʦʨʘʤʠ ʚʣʘʩʥʦʨʫʯ (2008 ʨ.), ʘ ʪʘʢʦʞ ʜʘʥʽ ɻ.ʇ. ʄʽʣʣʝʨʘ, ʦʪʨʠʤʘʥʽ ʚ 1961 
ʨ, ʪʘ ʂʦʣʦʜʽʷ ɺ.ɺ. ʽ ɼʝʤʠʜʶʢʘ ʄ.ʉ., ʦʪʨʠʤʘʥʽ ʚ 1986-1987 ʨʨ. ʆʧʨʦʙʫʚʘʥʥʷ, ʚʠʢʦʥʘʥʽ 
ʚ ʨʽʟʥʽ ʨʦʢʠ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʧʦʢʘʟʫʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʽʜʤʽʥʥʽ ʤʽʞ ʩʦʙʦʶ ʟʥʘʯʝʥʥʷ 
ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʦʟʝʨʥʠʭ ʚʦʜ: ɹʨʝʙʝʥʝʩʢʫʣ ï 20 ʤʛ/ʜʤ3 (1961 ʨ.) ʽ 47 ʤʛ/ʜʤ3 (1986 ʨ.); 
ʅʝʩʘʤʦʚʠʪʝ ï 12 ʤʛ/ʜʤ3 (1961 ʨ.), 18 ʤʛ/ʜʤ3(1986 ʨ.) ʽ 98,6 ʤʛ/ʜʤ3(2008 ʨ.); ɺʝʨʭʥʻ 
ʆʟʽʨʥʝ ï 26 ʤʛ/ʜʤ3 (1986 ʨ.) ʽ 106,7 ʤʛ/ʜʤ3 (2008 ʨ.) [2]. ʆʩʥʦʚʥʠʡ ʚʠʩʥʦʚʦʢ, ʷʢʠʡ 
ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʟʘ ʮʠʤʠ ʜʘʥʠʤʠ ï ʟʘ ʧôʷʪʴ ʜʝʩʷʪʠʣʽʪʴ ʚʽʜʙʫʣʦʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ 
ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ ʚ ʜʝʷʢʠʭ ʦʟʝʨʘʭ ʤʘʩʠʚʫ ʏʦʨʥʦʛʦʨʘ (ʥʘʧʨʠʢʣʘʜ, ʫ ʅʝʩʘʤʦʚʠʪʦʤʫ 
ï ʫ 8 ʨʘʟʽʚ). ɸʣʝ, ʷʢ ʚʽʜʦʤʦ, ʜʦʩʪʦʚʽʨʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʣʠʰʝ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, 
ʚʩʪʘʥʦʚʣʝʥʽ ʟʘ ʜʘʥʠʤʠ ʙʘʛʘʪʦʨʽʯʥʠʭ ʨʷʜʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʻʜʠʥʽʡ 
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ʤʝʪʦʜʠʯʥʽʡ ʦʩʥʦʚʽ. ʅʘ ʞʘʣʴ, ʜʦʩʣʽʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ ʥʝ ʚʭʦʜʷʪʴ ʚ ʜʝʨʞʘʚʥʽ 
ʤʦʥʽʪʦʨʠʥʛʦʚʽ ʤʝʨʝʞʽ. ʊʦʤʫ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʪʨʝʙʘ ʙʫʪʠ ʦʙʝʨʝʞʥʠʤʠ ʟ ʚʠʩʥʦʚʢʘʤʠ ʫ 
ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ. 

ʇʨʠʪʽʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʦ ʦʟʝʨʘ ʩʪʚʦʨʶʻ ʧʦʤʽʪʥʠʡ ʚʧʣʠʚ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 
ʨʦʟʧʦʜʽʣʫ ʦʢʨʝʤʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʪʦʚʱʽ ʚʦʜʥʠʭ ʤʘʩ: ʫ 
ʟʘʭʽʜʥʽʡ ʽ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʚʦʜʦʡʤʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷʧʦʥʠʞʝʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ 
ʧʦʢʘʟʥʠʢʠ (ʽʥʢʦʣʠ ʜʦ +3,5Áʉ), ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ ʤʽʥʝʨʘʣʽʟʘʮʽʾ ʚʦʜʠ (ʨʠʩ. 1).  
 

 

ʈʠʩ. 1. ʈʦʟʧʦʜʽʣ ʧʦʢʘʟʥʠʢʽʚ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʚʦʜʥʽʡ ʪʦʚʱʽ ʧʦ ʘʢʚʘʪʦʨʽʾ ʦʟʝʨʘ 
ʄʘʨʽʯʝʡʢʘ (ʤʘʩʠʚ ʏʦʨʥʦʛʦʨʘ, ʋʢʨʘʾʥʩʴʢʽ ʂʘʨʧʘʪʠ): ɸ) ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ,Áʉ; ɹ) 
ʟʥʘʯʝʥʥʷ ʨʅ; ɺ) ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ï ʤʛ/ʜʤ3 (ʟʘ ʜʘʥʠʤʠ ʛʽʜʨʦʭʽʤʽʯʥʦʾ ʟʡʦʤʢʠ 19.10.2017 ʨ.) 

 

ɺʦʜʥʝʚʠʡ ʧʦʢʘʟʥʠʢ (ʨʅ). ʑʦʜʦ ʘʥʘʣʽʟʫ ʚʦʜʥʝʚʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʪʦ ʜʘʥʽ 
ʧʦʧʝʨʝʜʥʽʭ ʨʦʙʽʪʧʦʢʘʟʘʣʠ ʤʽʩʮʝ ʙʽʣʴʰ ʢʠʩʣʦʾ ʨʝʘʢʮʽʾ(ʥʠʟʴʢʠʭ ʟʥʘʯʝʥʴ ʨʅ) ʫ 
ʟʘʨʦʩʪʘʶʯʠʭ ʦʟʝʨʘʭ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʄʘʨʽʯʝʡʢʘ [9]. ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʠʭ 
ʥʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʟʝʨʥʫ ʚʦʜʫ ʷʢ çʩʣʘʙʢʦ ʢʠʩʣʘè(ʨʅ = 5,5-6,0) ʽ 
çʥʝʡʪʨʘʣʴʥʘè (ʨʅ = 6,5); ʟʘ ʦʩʝʨʝʜʥʝʥʫ ʚʝʣʠʯʠʥʫ ʥʘʤʠ ʧʨʠʡʥʷʪʦ ʨʅ = 6,0, ʚʠʤʽʨʷʥʫ 
ʫ ʚʦʜʽ ʩʪʨʫʤʢʘ, ʱʦ ʚʠʪʽʢʘʻ ʟ ʦʟʝʨʘ. 

ʎʽʣʢʦʤ ʽʤʦʚʽʨʥʦ, ʧʝʨʰʦʯʝʨʛʦʚʦʶ ʧʨʠʯʠʥʦʶ ʧʨʦʩʪʦʨʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʚʝʣʠʯʠʥʠ 
ʨʅ ʻ ʥʘʷʚʥʽʩʪʴ ʫ ʤʝʞʘʭ ʦʟʝʨʥʦʛʦ ʚʦʜʦʟʙʦʨʫ ʜʦʙʨʝ ʨʦʟʯʠʥʥʦʛʦ ʢʘʣʴʮʠʪʫ 
(ʢʘʣʴʮʠʪʦʚʠʭ ʜʦʤʽʰʦʢ) [6], ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʦʜʦʡʤʠ ʽʟ ʧʦʚʝʨʭʥʝʚʠʤ ʽ ʧʽʜʟʝʤʥʠʤ 
ʩʪʦʢʦʤ ʽ ʟʤʝʥʰʫʻ ʢʠʩʣʦʪʥʽʩʪʴ ʚʦʜʠ (ʟʙʽʣʴʰʫʶʯʠ ʚʝʣʠʯʠʥʫ ʨʅ). ɺʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ 
ʚʝʣʠʯʠʥʘʤʠ ʨʅ ʚʦʜʠ ʽ ʚʤʽʩʪʦʤ ʉʘʆ, CaCO3 ʜʠʚ. ʫ ʪʘʙʣ. 1. 

ʊʚʝʨʜʽʩʪʴ ʚʦʜʠ. ɿ ʚʤʽʩʪʦʤ ʢʘʣʴʮʽʶ ʪʘ ʢʘʣʴʮʽʻʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʧʦʚôʷʟʘʥʘ ʡ ʽʥʰʘ 
ʚʘʞʣʠʚʘ ʛʽʜʨʦʭʽʤʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ï ʪʚʝʨʜʽʩʪʴ (ʘʙʦ ʞʦʨʩʪʢʽʩʪʴ) ʚʦʜʠ (ʊɺ). 
ʇʨʘʢʪʠʯʥʠʡ ʘʩʧʝʢʪ ʊɺ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʨʦʣʴ ʫ ʚʠʚʯʝʥʥʽ ʜʝʷʢʠʭ 
ʚʥʫʪʨʽʰʥʴʦʚʦʜʦʡʤʝʥʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʦʢʨʝʤʘ ʚʞʝ ʟʛʘʜʘʥʦʛʦ ʷʚʠʱʘ ʜʝʛʨʘʜʘʮʽʾ 
ʚʦʜʦʡʤʠ; ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ɻ.ʇ. ʄʽʣʣʝʨʘ (1959-1961 ʨʨ.) [9] ʧʦʢʘʟʘʣʠ, ʱʦ 
ʪʚʝʨʜʽʩʪʴ ʚʦʜʠ ʥʠʞʯʘ ʫ ʟʘʨʦʩʪʘʶʯʠʭ ʦʟʝʨʘʭ, ʫ ʚʦʜʽ ʷʢʠʭ ʤʝʥʰʝ ʩʦʣʝʡ ʢʘʣʴʮʽʶ, ʘ 
ʤʘʛʥʽʶ ʚʟʘʛʘʣʽ ʥʝ ʚʠʷʚʣʝʥʦ. ɿʘ ʧʦʢʘʟʥʠʢʦʤ ʊɺ (0,20-0,54 ʤʛ-ʝʢʚ/ʜʤ3) ʚʦʜʘ ʄʘʨʽʯʝʡʢʠ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ çʤôʷʢʘè. ʋ ʣʽʪʥʽʡ ʧʝʨʽʦʜ ʧʨʦʮʝʩʠ ʟʘʨʦʩʪʘʥʥʷ ʦʟʝʨʘ 
ʽʥʪʝʥʩʠʬʽʢʫʶʪʴʩʷ ʽ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʻ ʤʝʥʰʦʶ, ʫ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʧʨʦʮʝʩʠ ʟʘʨʦʩʪʘʥʥʷ 
ʫʧʦʚʽʣʴʥʶʶʪʴʩʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʝʣʠʯʠʥʘ ʊɺ ʤʘʻ ʜʝʱʦ ʟʙʽʣʴʰʝʥʽ ʟʥʘʯʝʥʥʷ 
(ʜʠʚ. ʪʘʙʣ. 1). 
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ɹʽʦʛʝʥʥʽ ʨʝʯʦʚʠʥʠ ï ʩʧʦʣʫʢʠ ʘʟʦʪʫ. ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʙʫʣʦ ʟʚʝʨʥʫʪʦ ʥʘ ʚʠʚʯʝʥʥʷ 
ʚʤʽʩʪʫ ʫ ʚʦʜʽ ʦʢʨʝʤʠʭ ʙʽʦʛʝʥʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʘʟʦʪʫ: ʘʤʦʥʽʶ 
ï NH4

+; ʥʽʪʨʠʪʽʚ ï NO2
ī; ʥʽʪʨʘʪʽʚ ï NO3

ī. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʙ, 
ʚʽʜʽʙʨʘʥʠʭ ʫʯʝʨʚʥʽ 2017 ʨ., ʫ ʚʦʜʽ ʦʟ. ʄʘʨʽʯʝʡʢʘ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʽʪʨʘʪʠ (0,87 ʤʛ/ʜʤ3) 
ʧʨʠ ʬʘʢʪʠʯʥʽʡ ʚʽʜʩʫʪʥʦʩʪʽ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʪʘ ʥʽʪʨʠʪʽʚ. ɹʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʠ ʛʽʧʦʪʝʟʠ 
ʤʦʞʣʠʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʽʪʨʘʪʽʚ ʫ ʚʦʜʽ ʦʟ. ʄʘʨʽʯʝʡʢʘ. 

ɻʽʧʦʪʝʟʘ 1. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʛʦ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ NO3
ī ʚʠʭʦʜʠʣʠ 

ʟ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʣʘʩʠʯʥʦʾ 
ʛʽʜʨʦʭʽʤʽʾ [12] ʬʦʨʤʫʚʘʥʥʷ ʥʽʪʨʘʪʽʚ ʫ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʫ 
ʨʝʟʫʣʴʪʘʪʽ ʜʚʦʩʪʘʜʽʡʥʦʾ ʨʝʘʢʮʽʾ ʥʽʪʨʠʬʽʢʘʮʽʾ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ʧʽʜ ʚʧʣʠʚʦʤ ʙʘʢʪʝʨʽʡ-
ʥʽʪʨʠʬʽʢʘʪʦʨʽʚ (ʩʽʤʝʡʩʪʚʦ Bacteria Nitrosomonas) ʚ NO2

ï ʟ ʧʦʜʘʣʴʰʠʤ ʦʢʠʩʥʝʥʥʷʤ ʚ 
ʥʽʪʨʘʪʥʽ ʽʦʥʠ ʧʽʜ ʜʽʻʶ ʙʘʢʪʝʨʽʡ ʨʦʜʫ Nitrobacter Win. ʆʩʢʽʣʴʢʠ NH4

+ ʪʘ NO2
ï, ʷʢ 

ʟʘʟʥʘʯʘʣʦʩʴ ʚʠʱʝ, ʫ ʚʦʜʽ ʦʟʝʨʘ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ (ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʠʞʯʝ ʯʫʪʣʠʚʦʩʪʽ 
ʘʥʘʣʽʟʫ), ʪʦʤʫ ʨʦʟʛʣʷʥʝʤʦ ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ ʛʝʥʝʟʠʩʫ NO3

ī ï ʝʢʟʦʛʝʥʥʝ ʧʦʭʦʜʞʝʥʥʷ. 
ɻʽʧʦʪʝʟʘ 2. ʗʢ ʚʽʜʦʤʦ, ʫ ʞʠʚʣʝʥʥʽ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʥʝ ʣʠʰʝ 

ʚʦʜʥʽ ʜʞʝʨʝʣʘ (ʧʽʜʟʝʤʥʽ ʚʦʜʠ), ʘ ʡ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ (ʜʦʱʦʚʽ ʽ ʩʥʽʛʦʚʽ ʪʘʣʽ ʚʦʜʠ). 
ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʟʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʂʘʨʧʘʪʩʴʢʦʛʦ ʅʇʇ ʦʙôʻʢʪ 
ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʥʠʞʥʽʡ ʤʝʞʽ ʭʦʣʦʜʥʦʛʦ ʢʣʽʤʘʪʠʯʥʦʛʦ ʧʦʷʩʫ, ʜʝ 
ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʡʪʝʧʣʽʰʦʛʦ ʤʽʩʷʮʷ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ +10Áʉ, ʘ ʦʧʘʜʽʚ 
ʚʠʧʘʜʘʻ ʧʦʥʘʜ 1500 ʤʤ/ʨʽʢ [4]. 

ɺ ʛʽʨʩʴʢʽʡ ʟʦʥʽ ʂʘʨʧʘʪ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʦʢʠʩʥʶʚʘʣʴʥʠʭ ʫʤʦʚʘʭ 
(ʨʅ = 5,2). ʋ ʟʘʛʘʣʴʥʦʤʫ ʩʝʨʝʜʥʴʦʨʽʯʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʦʣʦʚʥʠʭ ʽʦʥʽʚ ʫ ʘʪʤʦʩʬʝʨʥʠʭ 
ʦʧʘʜʘʭ ʂʘʨʧʘʪʩʴʢʦʾ ʛʽʨʩʴʢʦʾ ʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʥʽʪʨʘʪʽʚ (1,6 
ʤʛ/ʜʤ3) ʪʘ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ (1,41 ʤʛ/ʜʤ3) [13]. 

ʗʢʱʦ ʨʦʟʛʣʷʥʫʪʠ ʦʢʨʝʤʦ ʨʽʜʢʽ ʽ ʪʚʝʨʜʽ ʦʧʘʜʠ, ʪʦ ʧʨʦʮʝʩ ʪʘʥʝʥʥʷ ʩʥʽʛʦʚʦʛʦ 
ʧʦʢʨʠʚʫ ʻ ʜʦʩʠʪʴ ʪʨʠʚʘʣʠʤ, ʘ ʚ ʦʢʨʝʤʽ ʨʦʢʠ ʥʘ ʧʽʚʥʽʯʥʠʭ ʩʭʠʣʘʭ ʂʘʨʧʘʪʩʴʢʠʭ ʛʽʨ 
ʣʦʢʘʣʴʥʽ ʩʥʽʞʥʠʢʠ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʜʦ ʩʝʨʧʥʷ ʤʽʩʷʮʷ. ʈʘʟʦʤ ʟ ʪʠʤ, ʨʝʟʫʣʴʪʘʪʠ 
ʥʝʱʦʜʘʚʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʬʘʭʽʚʮʽʚ ʃʴʚʽʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʝʟʧʝʢʠ 
ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ [3] ʧʦʢʘʟʘʣʠ, ʱʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘʣʠʭ ʩʥʽʛʦʚʠʭ ʚʦʜ ʏʦʨʥʦʛʦʨʠ 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʚʤʽʩʪʦʤ ʥʽʪʨʘʪʽʚ ï 0,295 ʤʛ/ʜʤ3 ʪʘ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ ï 0,31 
ʤʛ/ʜʤ3. 

ʅʘʤʠ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʧʨʦʙʠ ʩʥʽʛʫ ʙʽʣʷ ʩ. ʐʠʙʝʥʝ ɺʝʨʭʦʚʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ɯʚʘʥʦ-
ʌʨʘʥʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (940 ʤ ʥ.ʨ.ʤ.), ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʩʪʘʥʽ 3,7 ʢʤ ʥʘ ʧʽʚʜʝʥʴ ʚʽʜ 
ʄʘʨʽʯʝʡʢʠ (16.01.2018 ʨ.). ʇʽʩʣʷ ʪʘʥʝʥʥʷ ʩʥʽʛʫ, ʫʪʚʦʨʝʥʘ ʚʦʜʘ ʙʫʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʘ. 
ɺʠʷʚʠʣʦʩʷ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʾ NO3

ï ʪʘ NH4
+ ʫ ʩʥʽʛʦʚʽʡ ʚʦʜʽ ʙʽʣʷ ʩ. ʐʠʙʝʥʝ ʜʝʱʦ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʫ ʨʦʙʦʪʽ [3] ʽ ʩʪʘʥʦʚʣʷʪʴ ʚʽʜʧʦʚʽʜʥʦ 4,7 ʤʛ/ʜʤ3 ʪʘ 0,2 
ʤʛ/ʜʤ3 (ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʷ 2.ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʜʝʷʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʩʥʽʛʫ ʫ ʧʨʦʙʘʭ, 
ʚʽʜʽʙʨʘʥʠʭ 16.01.2018 ʨ. ʙʽʣʷ ʩ. ʐʠʙʝʥʝ ɺʝʨʭʦʚʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʦʾ 
ʦʙʣʘʩʪʽ (940 ʤ ʥ. ʨ. ʤ.) 
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ɿʘ ʜʘʥʠʤʠ ʚʩʝʩʚʽʪʥʴʦʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ (WMO) ʯʝʨʚʝʥʴ 2017 ʨ., 
ʷʢʠʡ ʩʧʽʚʧʘʚ ʟ ʧʝʨʽʦʜʦʤ ʧʨʦʚʝʜʝʥʥʷ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʦʟ. ʄʘʨʽʯʝʡʢʘ, ʚʠʟʥʘʥʦ 
ʥʘʡʞʘʨʢʽʰʠʤ ʤʽʩʷʮʝʤ ʚ ʽʩʪʦʨʽʾ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ɿʝʤʣʽ. ʇʨʦʪʝ, ʮʝ 
ʧʦʤʽʪʥʦ ʥʝ ʚʧʣʠʥʫʣʦ ʥʘ ʟʤʽʥʫ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʄʘʨʽʯʝʡʢʠ. ʊʘʢ, ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʽ ʧʦʚʽʪʨʷ + 16Áʉ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʝʚʝʣʠʢʽ çʦʩʪʨʽʚʢʠè ʩʥʽʛʫ ʫ ʧʽʚʜʝʥʥʦ-
ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʦʟʝʨʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʚʘʞʣʠʚʫ ʨʦʣʴ ʪʘʣʠʭ ʚʦʜ ʫ ʞʠʚʣʝʥʥʽ ʚʦʜʦʡʤʠ 
ʪʘ ʬʦʨʤʫʚʘʥʥʽ ʾʾ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. 

ɺʽʜʩʫʪʥʽʩʪʴ ʫ ʚʦʜʽ NH4
+ ʥʽʚʝʣʶʻ ʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʩʪʦʚʽʜʩʦʪʢʦʚʝ ʥʘʜʭʦʜʞʝʥʥʷ 

ʥʽʪʨʘʪʽʚ ʟ ʪʘʣʠʤʠ ʚʦʜʘʤʠ. ʊʦʤʫ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʨʝʪʽʡ ʚʘʨʽʘʥʪ ʛʝʥʝʟʠʩʫ NO3
ï. 

ɻʽʧʦʪʝʟʘ 3. ɺʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʚʧʣʠʚ ʜʦʱʦʚʠʭ ʦʧʘʜʽʚ, ʷʢ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ 
ʥʽʪʨʘʪʽʚ ʥʘ ʚʦʜʦʟʙʽʨ ʦʟʝʨʘ ʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʛʨʦʟʦʚʦʶ ʘʢʪʠʚʥʽʩʪʶ ʪʝʨʠʪʦʨʽʾ. ɻʽʨʩʴʢʽ ʭʨʝʙʪʠ 
ʧʦʤʽʪʥʦ ʘʢʪʠʚʽʟʫʶʪʴ ʛʨʦʟʦʚʫ ʜʽʷʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʶʪʴ ʚʠʥʠʢʥʝʥʥʶ ʧʦʪʫʞʥʠʭ 
ʚʠʩʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʧʦʚʽʪʨʷ ʽ ʟʘʛʦʩʪʨʝʥʥʶ ʭʦʣʦʜʥʠʭ ʬʨʦʥʪʽʚ. ʗʢʱʦ ʚ ʧʝʨʝʜʛʽʨôʷʭ 
ʂʘʨʧʘʪ ʽ ʚ ɿʘʢʘʨʧʘʪʪʽ ʯʠʩʣʦ ʜʥʽʚ ʟ ʛʨʦʟʦʶ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 35ï40, ʪʦ ʫ ʛʽʨʩʴʢʠʭ 
ʨʘʡʦʥʘʭ, ʜʦ ʷʢʠʭ ʚʽʜʥʦʩʠʪʴʩʷ ʽ ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ ï ʾʭ ʯʠʩʣʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ 45 [8]. 

ʇʝʨʝʚʘʛʘ ʥʽʪʨʘʪʽʚ (NO3
ï) ʩʝʨʝʜ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʘʟʦʪʫ, ʡʤʦʚʽʨʥʦ, 

ʦʙʫʤʦʚʣʝʥʘ ʦʢʠʩʥʝʥʥʷʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʘʟʦʪʫ ʧʨʠ ʝʣʝʢʪʨʦʨʦʟʨʷʜʘʭ ʚ ʘʪʤʦʩʬʝʨʽ ʪʘ 
ʧʽʜ ʚʧʣʠʚʦʤ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ; ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʥʽʪʨʠʪʽʚ (NO2

ï) ʧʦʷʩʥʶʻʪʴʩʷ ʾʭ 
ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ [12]. 

ʑʝ ʫ ʍɯʍ ʩʪʦʨʽʯʯʽ ʚʠʜʘʪʥʠʡ ʥʽʤʝʮʴʢʠʡ ʚʯʝʥʠʡ ʖʩʪʫʩ ʬʦʥ ʃʽʙʽʭ (1827) ʧʦʢʘʟʘʚ, 
ʱʦ ʨʦʟʯʠʥʝʥʽ ʥʽʪʨʘʪʠ Nʆ3

ï ʫ ʜʦʱʦʚʽʡ ʚʦʜʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʚʠʩʦʢʦʪʝʨʤʽʯʥʦʾ 
ʨʝʘʢʮʽʾ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʛʨʦʟʠ ʟ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʫ ʜʦ Nʆ 
ʪʘ ʧʦʜʘʣʴʰʠʤ ʦʢʠʩʥʝʥʥʷʤ NO ʽ ʫʪʚʦʨʝʥʥʷʤ ʘʟʦʪʥʦʾ ʢʠʩʣʦʪʠ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 
ʭʽʤʽʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ [15] : 

 

╝╞ ╞ ᴼ╝╞ ╞ȟ 

╝╞ ╞╗
╜
ᴼ╗╝╞Ȣ 

 

ʋʪʚʦʨʝʥʘ ʪʘʢʠʤ ʯʠʥʦʤ ʥʽʪʨʘʪʥʘ ʢʠʩʣʦʪʘ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʟ ʜʦʱʦʚʠʤʠ 
ʘʪʤʦʩʬʝʨʥʠʤʠ ʦʧʘʜʘʤʠ ʜʦ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ ʫ ʚʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʧʨʘʢʪʠʯʥʦ 
ʧʦʚʥʽʩʪʶ ʜʠʩʦʮʽʶʻ ʥʘ ʽʦʥʠ ʚʦʜʥʶ ʪʘ ʥʽʪʨʘʪʥʽ ʽʦʥʠ : 
 

╗╝╞ᵮ╗ ╝╞ɀ 
 

ʗʢ ʚʽʜʦʤʦ, ʫ ʚʦʜʦʡʤʘʭ ʦʩʥʦʚʥʠʤ ʩʧʦʞʠʚʘʯʝʤ NO3
ī ʻ ʨʦʩʣʠʥʠ [12]. ʊʦʤʫ ʟʤʽʥʘ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʪʨʘʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʙʽʦʣʦʛʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʚ ʦʟʝʨʽ : ʫ 
ʧʨʠʧʦʚʝʨʭʥʝʚʽʡ ʚʦʜʥʽʡ ʪʦʚʱʽ ʄʘʨʽʯʝʡʢʠ ʫ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʥʠʤ ʻ 
ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʽʪʨʘʪʥʠʭ ʽʦʥʽʚ, ʘ ʽʥʦʜʽ ʡ ʧʦʚʥʝ ʟʥʠʢʥʝʥʥʷ, ʱʦ ʽ 
ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʫ ʞʦʚʪʥʽ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʯʘʪʢʦʤ ʣʽʪʘ 2017 ʨ. (ʜʠʚ. ʪʘʙʣ. 1). 

ɼʦʧʦʚʥʶʶʯʠ ʧʠʪʘʥʥʷ ʧʨʦ ʨʦʣʴ ʢʣʽʤʘʪʠʯʥʦʛʦ ʬʘʢʪʦʨʘ ʫ ʬʦʨʤʫʚʘʥʥʽ ʭʽʤʽʯʥʦʛʦ 
ʩʢʣʘʜʫ ʚʦʜʠ ʄʘʨʽʯʝʡʢʠ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ. ɿʘʚʜʷʢʠ ʨʦʟʪʘʰʫʚʘʥʥʶ ʪʝʨʠʪʦʨʽʾ 
ʜʦʩʣʽʜʞʝʥʴ ʫ çʢʦʪʣʽè ʽ çʟʘʢʨʠʪʦʩʪʽè ʨʘʡʦʥʫ ʚʠʩʦʢʠʤʠ ʜʝʨʝʚʥʠʤʠ (ʧʝʨʝʚʘʞʥʦ 
ʩʤʝʨʝʢʦʚʠʤʠ ʽ ʩʦʩʥʦʚʠʤʠ) ʥʘʩʘʜʞʝʥʥʷʤʠ ï ʚʽʪʨʦʚʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʦʜʥʠʭ ʪʦʚʱ, ʱʦ 
ʟʘ ʜʘʥʠʤʠ [10] ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ ʥʠʟʢʠ ʽʥʰʠʭ ʦʟʝʨ ʏʦʨʥʦʛʦʨʠ ï ʪʫʪ ʬʘʢʪʠʯʥʦ 
ʚʽʜʩʫʪʥʻ ʽ ʥʝ ʚʽʜʽʛʨʘʻ ʟʥʘʯʥʦʾ ʨʦʣʽ ʫ ʬʦʨʤʫʚʘʥʥʽ ʷʢʦʩʪʽ ʚʦʜʠ. ʄʫʣʦʚʽ ʜʦʥʥʽ ʚʽʜʢʣʘʜʠ, 
ʪʦʚʱʠʥʘ ʷʢʠʭ ʩʷʛʘʻ ʧʦʜʝʢʫʜʠ 60 ʩʤ, ʘ ʨʘʟʦʤ ʟ ʥʠʤʠ ʤʽʥʝʨʘʣʴʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ ʭʽʤʽʯʥʽ 
ʨʝʯʦʚʠʥ ʟʘʣʷʛʘʶʪʴ ʥʘ ʜʥʽ ʚʦʜʦʡʤʠ. ʊʦʤʫ ʟ ʙʝʨʝʛʘ ʤʘʡʞʝ ʟʘʚʞʜʠ ʽ ʧʦʚʩʶʜʥʦ 
ʧʨʦʛʣʷʜʘʻʪʴʩʷ ʜʥʦ, ʘ ʧʨʦʟʦʨʽʩʪʴ ʚʦʜʠ ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 20 ʩʤ. 

ɺʠʩʥʦʚʢʠ 
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ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. ɼʫʞʝ ʥʠʟʴʢʠʤ (ʬʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽʤ) ʻ ʘʥʪʨʦʧʦʛʝʥʥʝ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʦʜʥʽ ʝʢʦʩʠʩʪʝʤʠ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʚʘʞʘʪʠ ʮʽ ʚʦʜʦʡʤʠ ʪʘʢʠʤʠ, ʱʦ 
ʤʘʶʪʴ ʧʨʠʨʦʜʥʠʡ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ. 

2. ɿʘ ʪʠʧʽʟʘʮʽʻʶ, ʚʠʢʦʥʘʥʦʶ ʟʛʽʜʥʦ ɺʦʜʥʦʾ ʨʘʤʢʦʚʦʾ ʜʠʨʝʢʪʠʚʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 
ʉʦʶʟʫ, ʦʟʝʨʦ ʄʘʨʽʯʝʡʢʘ ʻ ʜʫʞʝ ʤʘʣʠʤ ʤʽʣʢʠʤ ʦʟʝʨʦʤ ʩʝʨʝʜʥʴʦʛʽʨôʷ ʂʘʨʧʘʪ ʥʘ 
ʩʠʣʽʢʘʪʥʠʭ ʧʦʨʦʜʘʭ. 

3. ɿʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʚʦʜʘ ʄʘʨʽʯʝʡʢʠ ʻ ʜʫʞʝ ʩʣʘʙʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʦʶ (23-
28 ʤʛ/ʜʤ3), ʘ ʧʝʨʝʚʘʞʘʶʯʠʤ ʽʦʥʦʤ ʻ SO4

2ï, ʯʘʩʪʢʘ ʷʢʦʛʦ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 50% ʚʽʜ ʩʫʤʠ 
ʫʩʽʭ ʛʦʣʦʚʥʠʭ ʽʦʥʽʚ. ʊʘʢʘ ʤʽʥʝʨʘʣʽʟʘʮʽʷ ʚʦʜʠ ʽ ʚʠʟʥʘʯʘʣʴʥʘ ʨʦʣʴ ʩʫʣʴʬʘʪʽʚ ʻ 
ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʘʣʝ 
ʚʦʥʘ ʡ ʩʧʽʚʤʽʨʥʘ ʟ ʜʘʥʠʤʠ, ʷʢʽ ʨʘʥʽʰʝ ʦʪʨʠʤʘʥʽ ʜʣʷ ʢʘʨʦʚʠʭ ʦʟʝʨ ʏʦʨʥʦʛʦʨʠ. 

4. ʆʩʥʦʚʥʦʶ ʧʨʠʙʫʪʢʦʚʦʶ ʯʘʩʪʠʥʦʶ ʙʘʣʘʥʩʫ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʦʟʝʨʘ ʻ ʧʨʠʪʽʢ 
ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʫ ʚʠʛʣʷʜʽ ʩʪʨʫʤʢʽʚ ʪʘ, ʡʤʦʚʽʨʥʦ, ʩʫʙʤʘʨʠʥʥʠʭ ʨʦʟʚʘʥʪʘʞʝʥʴ. 
ʅʘʡʙʽʣʴʰ ʚʽʜʯʫʪʥʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʶʪʴ ʜʞʝʨʝʣʘ, ʱʦ ʧʽʜʞʠʚʣʶʶʪʴ ʚʦʜʦʡʤʫ ʽʟ 
ʟʘʭʽʜʥʦʾ ʯʘʩʪʠʥʠ, ʷʢʽ ʤʘʶʪʴ ʥʠʟʴʢʽ ʪʝʤʧʝʨʘʪʫʨʠ (+3,2Áʉ), ʧʽʜʚʠʱʝʥʽ ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ 
ʜʫʞʝ ʥʠʟʴʢʫ ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʚʦʜʠ (23 ʤʛ/ʜʤ3). 

5. ʅʘ ʬʦʨʤʫʚʘʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʦʟʝʨʘ ʄʘʨʽʯʝʡʢʘ (ʤʘʩʠʚ ʏʦʨʥʦʛʦʨʘ) 
ʚʧʣʠʚʘʶʪʴ ʷʢ ʟʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʪʘʢ ʽ ʚʥʫʪʨʽʰʥʴʦʚʦʜʦʡʤʝʥʥʽ ʧʨʦʮʝʩʠ. 

6. ɻʦʣʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʚʦʜʦʡʤʠ ʜʝʷʢʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ 
ʘʟʦʪʫ ʻ ʨʽʜʢʽ ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ ʽ ʪʘʣʽ ʩʥʽʛʦʚʽ ʚʦʜʠ. 

7. ʄʽʢʨʦʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʟʘʧʦʙʽʛʘʶʪʴ ʘʢʪʠʚʥʦʤʫ ʚʽʪʨʦʚʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ 
ʚʦʜʥʠʭ ʪʦʚʱ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʧʨʦʟʦʨʽʩʪʴ ʚʦʜʠ ʦʟʝʨʘ ʚ ʫʩʽ ʧʦʨʠ ʨʦʢʫ.  

8. ʋ ʯʘʩʦʚʦʤʫ ʘʩʧʝʢʪʽ ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ ʫʧʦʚʽʣʴʥʝʥʥʷʤ 
ʚʥʫʪʨʽʰʥʴʦʚʦʜʦʡʤʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʷʚʠʱʘ ʟʘʨʦʩʪʘʥʥʷ ʦʟʝʨʘ; ʫ ʮʝʡ ʧʝʨʽʦʜ ʜʝʱʦ 
ʟʙʽʣʴʰʫʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʴ ʚʦʜʠ ʪʘ ʚʝʣʠʯʠʥʘ ʨʅ. 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚ 
ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʦʣʱʝ ʚʦʜʳ ʠ ʚʨʝʤʝʥʥʦʡ ʜʠʥʘʤʠʢʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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(ʂʅʇʇ), ʏʝʨʥʦʛʦʨʘ, ʦʟʝʨʦ ʄʘʨʠʯʝʡʢʘ, ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʦʜʳ. 

 
Conditions for the formation of the chemical composition mountain Lake Maricheika 

(Chernogorsky massif, Ukrainian Carpathians) 
Khilchevskyi V.K, Korchemlyuk M.V., KravchinskiyR.L., Savchuk B.B. 
The mountainous lakes of the Carpathian region, due to the peculiarities of their genesis and 

geographical location, have a unique chemical composition of the water. Very low (actually absent) degree 
of anthropogenic loading on aquatic ecosystems places these reservoirs among the objects of our country 
with natural hydrological regime. 

In the formation of the chemical composition of water of Lake Maricheika involved both external 
factors andinland water processes. 

According to the chemical composition, Maricheika's water is very low mineralized (23-28 mg/dm3), 
and the predominant ion is SO4

2-, which accounts for about 50% of the sum of all major ions. Such 
mineralization of water and the determining role of sulfates is characteristic of the chemical composition of 
precipitation in Ukraine. 

The main profitable part of the balance of chemical substances of the lake is the influx of groundwater 
in the form of streams and, probably, submarine discharges. The most noticeable effect is made by sources 
feeding the reservoir from the western part, which have low temperatures (+3,2Áʉ), increased pH and very 
low mineralization of water (23 mg/dm3). 

The main source of intake of some inorganic compounds of nitrogen in the reservoir is the presence 
of liquid atmospheric precipitation and snow thawing. Microclimatic conditions prevent the active wind 
mixing of water layers, which provides significant lake transparency in all seasons. In the time aspect, the 
autumn period is characterized by significant deceleration of inland water processes and the phenomenon 
of overgrown lakes; During this period the water hardness and pH value increase somewhat. 

Key words: kars (glacial) reservoirs, Carpathian National Nature Park (CNNP), Chornogora, 
Maricheyka Lake, chemical composition of water. 
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ɾʦʚʥʽʨ ɺ.ɺ., ɻʨʝʙʽʥʴ ɺ.ɺ.  
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 
ɸʅɸʃɯʊʀʏʅʀʁ ʆɻʃʗɼ ɼʆʉʃɯɼɾɽʅʔ ʄɯʅɯʄɸʃʔʅʆɻʆ ʉʊʆʂʋ ɺʆɼʀ 

 
ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʩʣʽʜʞʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʚʦʜʠ, ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 
 

ɺʩʪʫʧ. ʄʘʩʰʪʘʙʠ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʥʘʨʘʟʽ ʜʦʩʷʛʣʠ 
ʪʘʢʠʭ ʨʦʟʤʽʨʽʚ, ʱʦ ʝʢʦʣʦʛʽʯʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʦʛʦ 
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ʣʽʤʽʪʫʶʯʠʤ ʯʠʥʥʠʢʦʤ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɿʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʚʦʜʠ 
ʨʘʟʦʤ ʽʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʾʾ ʨʦʟʧʦʜʽʣʦʤ ʧʦ ʪʝʨʠʪʦʨʽʾ ʪʘ ʚ ʯʘʩʽ, ʧʨʘʢʪʠʯʥʦ 
ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʫʤʦʚʣʶʶʪʴ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʽʣʴʰʦʾ 
ʫʚʘʛʠ ʜʦ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʢʫ ʫ ʣʽʤʽʪʫʶʯʠ ʩʝʟʦʥʠ.  

ʏʠʩʝʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʚʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ, 
ʧʝʨʝʢʦʥʣʠʚʦ ʩʚʽʜʯʘʪʴ, ʱʦ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʠʭ ʟʤʽʥ ʚʦʜʥʦʛʦ 
ʨʝʞʠʤʫ ʨʽʯʦʢ. ɺʨʘʭʦʚʫʶʯʠ ʧʦʪʝʧʣʽʥʥʷ, ʱʦ ʚʞʝ ʚʽʜʙʫʣʦʩʷ, ʪʘ ʚʠʩʦʢʫ ʡʤʦʚʽʨʥʽʩʪʴ 
ʧʨʦʜʦʚʞʝʥʥʷ ʮʽʻʾ ʪʝʥʜʝʥʮʽʾ ʥʘ ʥʘʡʙʣʠʞʯʽ ʜʝʩʷʪʠʨʽʯʯʷ, ʥʘ ʧʝʨʰʠʡ ʧʣʘʥ ʚʠʭʦʜʠʪʴ 
ʧʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʟʤʽʥ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ. ʆʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʧʨʠʚʝʨʪʘʶʪʴ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ.  

ʍʘʨʘʢʪʝʨ ʟʤʽʥ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʱʦ ʚʞʝ ʚʽʜʙʫʣʠʩʷ, ʪʘ 
ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ ʾʭ ʧʨʦʜʦʚʞʝʥʥʷ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʟʤʫʰʫʶʪʴ ʧʦ ʥʦʚʦʤʫ ʧʽʜʭʦʜʠʪʠ 
ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʘʚʠʣ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋ 
ʥʝʜʘʣʝʢʦʤʫ ʤʠʥʫʣʦʤʫ ʨʽʰʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʧʦʣʝʛʰʫʚʘʣʦʩʷ ʪʠʤ, ʱʦ ʧʨʠ 
ʛʽʜʨʦʣʦʛʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʘʭʦʜʽʚ ʧʨʠʡʤʘʣʘʩʷ ʛʽʧʦʪʝʟʘ 
ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʩʪʦʢʫ. ʇʨʦʮʝʩʠ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ ʩʪʘʚʣʷʪʴ ʧʽʜ ʩʫʤʥʽʚ 
ʢʦʥʮʝʧʮʽʶ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʙʘʛʘʪʦʨʽʯʥʠʭ ʢʦʣʠʚʘʥʴ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʚʝʣʠʯʠʥ. ɺ 
ʪʘʢʠʭ ʫʤʦʚʘʭ ʨʦʟʨʘʭʫʥʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʥʘ ʬʦʥʽ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ 
ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʩʪʘʶʪʴ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʛʽʜʨʦʣʦʛʽʾ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʰʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʱʦʜʦ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ 
ʨʽʯʦʢ ɭʚʨʦʧʝʡʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ (ʨʘʟʦʤ ʽʟ ʪʝʨʠʪʦʨʽʻʶ ʋʢʨʘʾʥʠ) 
ʟôʷʚʠʣʠʩʷ ʥʘʧʨʠʢʽʥʮʽ 20-ʭ, ʥʘ ʧʦʯʘʪʢʫ 30-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. ɿʦʢʨʝʤʘ, ʂʦʯʝʨʽʥ 
ɼ.ɯ. ʚʩʪʘʥʦʚʠʚ, ʱʦ ʚʝʣʠʯʠʥʘ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʪʝʨʠʪʦʨʽʾ ʫ 
ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʽʟ ʢʣʽʤʘʪʠʯʥʠʤʠ ʧʦʷʩʘʤʠ ʪʘ ʧʽʜʧʦʨʷʜʢʦʚʫʻʪʴʩʷ ʟʘʢʦʥʘʤ ʛʝʦʛʨʘʬʽʯʥʦʾ 
ʟʦʥʘʣʴʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʡʦʤʫ ʧʦʙʫʜʫʚʘʪʠ ʧʝʨʰʫ ʢʘʨʪʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ 
ɭʚʨʦʧʝʡʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ (ɭʊʉ) [1]. ɿʘʟʥʘʯʝʥʘ ʧʫʙʣʽʢʘʮʽʷ ʧʦʢʣʘʣʘ 
ʧʦʯʘʪʦʢ ʚʠʚʯʝʥʥʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʢʨʘʾʥʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʂʦʯʝʨʽʥʘ ɼ.ɯ. ʙʫʣʦ 
ʧʨʦʜʦʚʞʝʥʦ ʉʠʙʽʨʮʝʚʦʶ ʃ.ɸ., ʱʦ ʫ 1937 ʨ. ʥʘʜʘʣʘ ʙʽʣʴʰ ʜʝʪʘʣʴʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ 
ʨʦʟʧʦʜʽʣʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʧʦ ʪʝʨʠʪʦʨʽʾ ɭʊʉ [2]. ʅʝʶ ʚʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʨʽʘʣʠ 280 
ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʥʘʡʤʝʥʰʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʤʽʩʷʯʥʠʭ ʚʠʪʨʘʪʘʭ ʚʦʜʠ ʪʘ 
ʧʨʦʚʝʜʝʥʦ ʾʭ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦ ʦʢʨʝʤʠʭ ʙʘʩʝʡʥʘʭ ʪʘ ʚʠʜʽʣʝʥʠʭ ʥʝʶ ʨʘʡʦʥʘʭ.  

ʅʘʧʨʠʢʽʥʮʽ 1930-ʭ ʨʦʢʽʚ ʫ ʨʦʙʦʪʘʭ ʐʝʚʝʣʴʦʚʘ ʄ.ɽ. ʟʘʧʨʦʧʦʥʦʚʘʥʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʝʣʷʮʽʡʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʽʞ ʤʽʥʽʤʘʣʴʥʦʶ ʚʠʪʨʘʪʦʶ, ʥʦʨʤʦʶ ʩʪʦʢʫ 
ʪʘ ʧʣʦʱʝʶ ʚʦʜʦʟʙʦʨʫ [3]. ʋ 1941 ʨʦʮʽ ʋʨʠʚʘʻʚʠʤ ɺ.ɸ. ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʫ ʽʟʦʣʽʥʽʡ 
ʥʘʡʤʝʥʰʠʭ ʨʽʯʥʠʭ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʟʥʘʯʝʥʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʜʣʷ ʪʝʨʠʪʦʨʽʾ 
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ʉʭʽʜʥʦʻʚʨʦʧʝʡʩʴʢʦʾ ʨʽʚʥʠʥʠ [4]. ʂʘʨʪʫ ʋʨʠʚʘʻʚʘ ɺ.ɸ. ʙʫʣʦ ʜʦʧʦʚʥʝʥʦ ʇʦʣʷʢʦʚʠʤ 
ɹ.ɺ., ʦʜʥʘʢ ʦʙʠʜʚʽ ʢʘʨʪʠ ʥʝ ʚʨʘʭʦʚʫʚʘʣʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʞʠʚʣʝʥʥʷ ʨʽʯʦʢ ʪʘ 
ʦʙôʻʜʥʫʚʘʣʠ ʟʠʤʦʚʽ ʪʘ ʣʽʪʥʽ ʤʘʢʩʠʤʫʤʠ. ɺʠʚʯʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʥʘʧʨʠʢʽʥʮʽ 
30-ʭ ï ʥʘ ʧʦʯʘʪʢʫ 40-ʭ ʨʨ. ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʟʘʡʤʘʣʠʩʷ ʂʘʟʘʥʮʝʚ ɻ.ɺ., ɿʘʡʢʦʚ ɹ.ɼ., 
ʉʦʢʦʣʦʚʩʴʢʠʡ ɼ.ʃ., ɸʥʪʦʥʦʚ ʅ.ɼ. ɺ ʨʦʙʦʪʘʭ ʦʩʪʘʥʥʴʦʛʦ ʨʦʟʛʣʷʥʫʪʦ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, 
ʦɦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʪʘ ʥʘ ʦʩʥʦʚʽ ʬʘʢʪʠʯʥʠʭ ʜʘʥʠʭ 
ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ ʻʚʨʦʧʝʡʩʴʢʽʡ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʨʦʟʨʦʙʣʝʥʦ ʝʤʧʽʨʠʯʥʽ 
ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʤʽʥʽʤʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʤʦʜʫʣʽʚ ʩʪʦʢʫ ʜʣʷ 
ʣʽʪʥʴʦʛʦ ʽ ʟʠʤʦʚʦʛʦ ʩʝʟʦʥʽʚ. ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʐʝʚʝʣʴʦʚ ʄ.ɽ., ʚʽʥ ʟʘʧʨʦʧʦʥʫʚʘʚ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝʧʨʷʤʠʡ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʷʜʽʚ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʧʝʚʥʦʾ 
ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚ ʮʝʡ ʧʝʨʽʦʜ (20 ï 40 ʨʨ. ʍʍ ʩʪʦʨʽʯʯʷ) 
ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʫ ʨʦʟʨʽʟʽ ʚʠʚʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʩʪʦʢʫ. ɼʣʷ 
ʜʦʩʣʽʜʞʝʥʥʷ ʦʩʪʘʥʥʴʦʛʦ ʚʠʥʠʢʘʣʘ ʧʦʪʨʝʙʘ ʨʦʟʛʣʷʜʫ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʨʽʯʦʢ. 
ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʦʜʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ 
ʚʝʣʠʯʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʞʠʚʣʝʥʥʷ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʨʝʞʠʤʫ ʨʽʯʦʢ, ʷʢ 
ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ, ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʦʢʫ, ʷʚʠʱʝ ʧʝʨʝʩʠʭʘʥʥʷ ʨʽʯʦʢ ʪʘ 
ʽʥʰʝ. ʉʘʤʝ ʚ 30-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʩʬʦʨʤʫʚʘʣʦʩʷ ʜʚʘ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʠ 
ʩʪʦʩʦʚʥʦ ʢʽʣʴʢʽʩʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʞʠʚʣʝʥʥʷ ʨʽʯʦʢ: ʛʽʜʨʦʣʦʛʽʯʥʠʡ, ʱʦ 
ʧʦʣʷʛʘʻ ʫ ʚʠʟʥʘʯʝʥʥʽ ʚʝʣʠʯʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʞʠʚʣʝʥʥʷ ʟʘ ʜʘʥʠʤʠ ʧʨʦ ʩʪʽʢ ʨʽʯʦʢ ʙʝʟ 
ʢʽʣʴʢʽʩʥʦʛʦ ʚʨʘʭʫʚʘʥʥʷ ʦʙôʻʤʫ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʜʘʥʦʛʦ ʙʘʩʝʡʥʫ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ, ʱʦ 
ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʽʜʟʝʤʥʦʛʦ ʧʨʠʪʦʢʫ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ 
ʛʽʜʨʦʛʨʘʬʘ ʮʴʦʛʦ ʧʨʠʪʦʢʫ. ʇʨʝʜʩʪʘʚʥʠʢʘʤʠ ʧʝʨʰʦʛʦ ʥʘʧʨʷʤʢʫ ʙʫʣʠ ʚʽʜʦʤʽ ʚʯʝʥʽ ʪʘʢʽ 
ʷʢ ɻʣʫʰʢʦʚ ɺ.ɻ., ʆʛʽʻʚʩʴʢʠʡ ɸ.ɺ., ʇʦʣʷʢʦʚ ɹ.ɺ., ʃʴʚʦʚʠʯ ʄ.ɯ. ʪʘ ʽʥʰʽ. ʈʦʟʚʠʪʦʢ ʜʨʫʛʠʡ 
ʥʘʧʨʷʤʦʢ ʦʪʨʠʤʘʚ ʚ ʨʦʙʦʪʘʭ ɹʦʛʦʣʶʙʦʚʘ ʉ.ʄ. ʪʘ ʉʦʢʦʣʦʚʩʴʢʦʛʦ ɼ.ʃ. [5]. ʇʝʨʰʽ 
ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʞʠʚʣʝʥʥʷ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʚʠʢʦʥʘʥʦ ʥʘʧʨʠʢʽʥʮʽ 1930-ʭ ʨʦʢʽʚ 
ʄʘʢʦʚʠʤ ʂ.ɯ. [6]. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ʜʦʩʣʽʜʞʝʥʴ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ (50 ï 70 ʨʨ. ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ) 
ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʚʠʚʯʝʥʥʷʤ ʛʝʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ 
ʩʪʦʢʫ, ʱʦ ʩʧʨʠʷʣʦ ʟʨʦʩʪʘʥʥʶ ʪʦʯʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʦʜʝʣʝʡ. ʂʦʤʧʣʝʢʩʥʠʡ 
ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ 
ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʦʪʨʠʤʘʚ ʨʦʟʚʠʪʦʢ ʚ ʨʦʙʦʪʘʭ ʅʦʨʚʘʪʦʚʘ ʆ.ʄ. [7], ʱʦ 
ʨʦʟʨʦʙʠʚ ʥʦʚʫ ʩʭʝʤʫ ʨʘʡʦʥʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʤʘʣʠʭ ʨʽʯʦʢ ʥʘ ʦʩʥʦʚʽ ʢʘʨʪʠ 
ʟʘʣʷʛʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʅʠʤ ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʦʜʥʦʨʽʜʥʽ (ʟʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ 
ʫʤʦʚʘʤʠ) ʨʘʡʦʥʠ ʻʚʨʦʧʝʡʩʴʢʦʾ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʫ ʤʝʞʘʭ ʷʢʠʭ ʤʦʜʫʣʴ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʻ ʧʨʦʧʦʨʮʽʡʥʠʤ ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ. ɺ ʩʝʨʝʜʠʥʽ 1950-ʭ ʨʦʢʽʚ ʩʧʨʦʙʫ 
ʛʝʥʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʟʜʽʡʩʥʠʚ ʏʝʙʦʪʘʨʴʦʚ 
ʅ.ʇ. [8]. ɸʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʥʠʤ ʩʭʝʤʘ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʶ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ 
ʚʠʤʘʛʘʣʘ ʚʨʘʭʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʣʽʤʘʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʪʘ ʧʽʜʩʪʠʣʴʥʦʾ 
ʧʦʚʝʨʭʥʽ, ʱʦ ʟʥʠʞʫʚʘʣʦ ʾʾ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ.  

ʅʘʧʨʠʢʽʥʮʽ 60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʇʦʧʦʚʠʤ ʃ.ʅ. ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʢʘʨʪʠ 
ʽʟʦʣʽʥʽʡ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʦʛʦ ʩʪʦʢʫ ʧʦ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʚ 
ʟʠʤʦʚʠʡ ʪʘ ʣʽʪʥʴʦ-ʦʩʽʥʥʽʡ ʧʝʨʽʦʜ [9]. ʎʽ ʢʘʨʪʠ ʜʦʟʚʦʣʷʣʠ ʚʠʟʥʘʯʠʪʠ ʤʽʥʽʤʘʣʴʥʠʡ 
ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʡ ʩʪʽʢ ʨʽʯʦʢ ʟ ʧʣʦʱʘʤʠ ʚʦʜʦʟʙʦʨʫ ʚʽʜ 1000 ʜʦ 75 000 ʢʤ2. 

ɺ 1960-ʭ ï 1970-ʭ ʨʦʢʘʭ ʟʥʘʯʥʠʡ ʚʢʣʘʜ ʫ ʚʠʚʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚʥʽʩ 
ɺʣʘʜʽʤʽʨʦʚ ɸ.ʄ., ʷʢʦʤʫ ʥʘʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ ʚʠʜʽʣʝʥʥʷ ʤʝʞʝʥʥʠʭ ʧʝʨʽʦʜʽʚ ʥʘ 
ʛʽʜʨʦʛʨʘʬʘʭ ʨʽʯʦʢ, ʨʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʟʘ ʫʤʦʚʘʤʠ ʞʠʚʣʝʥʥʷ 
ʨʽʯʦʢ ʫ ʤʝʞʝʥʥʠʡ ʧʝʨʽʦʜ. ɺ ʡʦʛʦ ʨʦʙʦʪʘʭ ʪʘʢʦʞ ʥʘʚʝʜʝʥʦ ʧʦʚʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ 
ʬʦʨʤʫʚʘʥʥʷ ʩʪʦʢʫ ʚ ʤʘʣʦʚʦʜʥʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʢʣʘʩʠʬʽʢʦʚʘʥʽ ʩʪʦʢʦʬʦʨʤʫʶʯʽ 
ʬʘʢʪʦʨʠ, ʥʘʜʘʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʧʦ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʫ ʨʽʯʦʢ ʚ ʤʝʞʝʥʥʠʡ 
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ʧʝʨʽʦʜ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʛʽʜʨʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʧʨʠ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ. 
ɿʦʢʨʝʤʘ ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʧʝʨʝʭʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 
ʚʠʟʥʘʯʠʪʠ ʩʪʽʢ ʧʝʚʥʦʾ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʜʣʷ ʥʝʚʠʚʯʝʥʠʭ ʨʽʯʦʢ [5]. ɺʣʘʜʽʤʽʨʦʚʠʤ ɸ.ʄ. 
ʧʽʜʛʦʪʦʚʣʝʥʦ ʥʠʟʢʫ ʜʦʚʽʜʥʠʢʽʚ ʪʘ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʩʪʦʩʦʚʥʦ ʤʽʥʽʤʘʣʴʥʦʛʦ 
ʩʪʦʢʫ. ʆʩʥʦʚʥʠʤ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʽʥʽʤʘʣʴʥʦʛʦ 
ʩʪʦʢʫ ʨʽʯʦʢ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ ʧʨʠʩʚʷʯʝʥʦ ʤʦʥʦʛʨʘʬʽʶ ʂʫʨʜʦʚʘ ʆ.ɻ., ʱʦ ʚʠʡʰʣʘ ʫ 
1970 ʨʦʮʽ [10]. 

ʋ 70-ʭ ï 80-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʙʫʣʦ ʟʘʢʣʘʜʝʥʦ ʦʩʥʦʚʠ ʪʝʦʨʝʪʠʯʥʠʭ 
ʫʷʚʣʝʥʴ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʚ ʨʽʟʥʽ ʩʝʟʦʥʠ ʪʘ ʚ 
ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜʠ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ 
ʨʽʟʥʦʤʫ ʦʙôʻʤʽ ʪʘ ʜʦʩʪʫʧʥʦʩʪʽ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʎʝ ʟʥʘʡʰʣʦ 
ʚʽʜʦʙʨʘʞʝʥʥʷ ʚ ʨʷʜʽ ʟʘʢʦʥʦʜʘʚʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ (ʙʫʜʽʚʝʣʴʥʽ ʥʦʨʤʠ).  

ɺ ʟʘʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʚʥʘʩʣʽʜʦʢ ʨʽʟʢʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ ʪʘ, 
ʚʽʜʧʦʚʽʜʥʦ, ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʛʦʩʪʨʽʰʦʶ ʩʪʘʻ ʧʨʦʙʣʝʤʘ ʚʠʩʥʘʞʝʥʥʷ ʚʦʜʥʠʭ 
ʨʝʩʫʨʩʽʚ ʪʘ ʥʝʟʘʜʦʚʽʣʴʥʦʾ ʷʢʦʩʪʽ ʚʦʜʠ. ɺ ʧʨʘʮʷʭ ɹ.ɺ. ʌʘʱʝʚʩʴʢʦʛʦ, 
ʅ.ɯ. ʂʦʨʦʥʢʝʚʠʯʘ, ʖ.ʄ. ɭʤʝʣʴʷʥʦʚʘ, ʆ.ɻ. ɻʨʠʥʝʚʠʯʘ ʪʘ ʽʥ. ʟʥʘʯʥʘ ʫʚʘʛʘ 
ʧʨʠʜʽʣʷʻʪʴʩʷ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʪʘ ʨʦʟʨʘʭʫʥʢʫ çʤʽʥʽʤʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʦʢʫè. 
ʋ ʧʨʘʮʷʭ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʮʶ ʚʠʪʨʘʪʫ ʚʦʜʠ ʥʘʟʠʚʘʶʪʴ ʧʦ-ʨʽʟʥʦʤʫ: çʤʽʥʽʤʘʣʴʥʦ 
ʜʦʧʫʩʪʠʤʘè, çʧʨʠʨʦʜʦʦʭʦʨʦʥʥʘè, çʝʢʦʣʦʛʽʯʥʘè, çʣʽʤʽʪʫʶʯʘè, çʝʢʦʣʦʛʽʯʥʦ 
ʜʦʩʪʘʪʥʷè, çʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʘè, ʘʣʝ ʩʫʪʥʽʩʪʴ ʾʾ ʟʘʣʠʰʘʻʪʴʩʷ ʧʦʜʽʙʥʦʶ. ʋ ʚʩʽʭ 
ʚʠʧʘʜʢʘʭ ʨʦʟʫʤʽʶʪʴ ʦʜʥʝ ʽ ʪʝ ʩʘʤʝ ï ʪʫ ʚʠʪʨʘʪʫ ʚʦʜʠ, ʤʝʥʰʝ ʷʢʦʾ ʫ ʚʦʜʦʪʦʮʽ 
ʥʘʩʪʘʶʪʴ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ, ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʨʽʯʢʦʚʦʛʦ ʧʦʪʦʢʫ, ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʩʘʥʽʪʘʨʥʠʭ ʫʤʦʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 
ʜʦ ʝʢʦʥʦʤʽʯʥʠʭ ʚʪʨʘʪ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ [11].  

ʇʨʦʙʣʝʤʠ ʚʠʚʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʽ ʤʝʪʦʜʽʚ ʡʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʦʪʨʠʤʘʣʠ 
ʥʦʚʠʡ ʨʦʟʚʠʪʦʢ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ. ʎʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʯʠʩʣʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 
[12, 13, 14] ʚʠʷʚʣʷʶʪʴ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʚʦʜʥʦʩʪʽ ʨʽʯʦʢ, ʧʝʨʝʚʘʞʥʦ ʚ ʤʘʣʦʚʦʜʥʽ ʩʝʟʦʥʠ, ʽ 
ʧʦʚ'ʷʟʫʶʪʴ ʮʝ ʷʚʠʱʝ ʟ ʧʦʪʝʧʣʽʥʥʷʤ ʢʣʽʤʘʪʫ. ʊʘʢ, ʢʦʣʝʢʪʠʚ ʚʯʝʥʠʭ ɼɻɯ ʧʽʜ 
ʢʝʨʽʚʥʠʮʪʚʦʤ ɯ.ʆ. ʐʠʢʣʦʤʘʥʦʚʘ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʦʮʽʥʦʢ ʜʠʥʘʤʽʢʠ ʨʽʯʥʦʛʦ ʪʘ 
ʩʝʟʦʥʥʦʛʦ ʩʪʦʢʫ ʻʚʨʦʧʝʡʩʴʢʠʭ ʨʽʯʦʢ ʨʦʙʠʪʴ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʤʝʞʝʥʥʦʛʦ, 
ʦʩʦʙʣʠʚʦ ʟʠʤʦʚʦʛʦ, ʩʪʦʢʫ ʻ ʚʠʨʘʞʝʥʦʶ ʨʝʘʢʮʽʻʶ ʚʦʜʦʟʙʦʨʽʚ ʥʘ ʧʦʪʝʧʣʽʥʥʷ ʦʩʪʘʥʥʽʭ 
ʨʦʢʽʚ [12, 13].  

ɺ [13] ʙʫʣʦ ʪʘʢʦʞ ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʤʘʩʰʪʘʙʠ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʻ 
ʥʝʦʨʜʠʥʘʨʥʠʤʠ ʽ ʥʝ ʤʘʶʪʴ ʘʥʘʣʦʛʽʚ ʚ XX ʩʪʦʨʽʯʯʽ. ɸʚʪʦʨʠ ʧʨʠʭʦʜʷʪʴ ʜʦ ʚʠʩʥʦʚʢʫ 
ʱʦʜʦ ʢʣʽʤʘʪʠʯʥʦʾ ʟʫʤʦʚʣʝʥʦʩʪʽ ʮʠʭ ʟʤʽʥ, ʧʦʚ'ʷʟʫʶʯʠ ʟʨʦʩʪʘʥʥʷ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ ʟʽ 
ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʧʘʩʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʝʥʥʷ 
ʧʨʠʟʝʤʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʟʠʤʦʚʠʡ 
ʯʘʩ. 

ʎʽ ʚʠʩʥʦʚʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ɯ.ʉ. ɿʝʢʮʝʨʘ [15], 
ʈ.ɻ. ɼʞʘʤʘʣʦʚʘ, ʅ.ʃ. ʌʨʦʣʦʚʦʾ ʪʘ ʽʥ. [16], ʱʦ ʪʘʢʦʞ ʧʦʚ'ʷʟʫʶʪʴ ʭʘʨʘʢʪʝʨʥʠʡ 
ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʠʡ ʧʝʨʝʨʦʟʧʦʜʽʣ ʩʪʦʢʫ ʽ ʟʙʽʣʴʰʝʥʥʷ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 
ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ ʧʽʜʚʠʱʝʥʥʷʤ ʾʭ ʨʽʚʥʷ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ ʥʘʩʣʽʜʢʦʤ 
ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʽ ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʣʠʛ ʽ ʟʤʝʥʰʝʥʥʷ ʛʣʠʙʠʥʠ ʧʨʦʤʝʨʟʘʥʥʷ ˇʨʫʥʪʽʚ. 
ɿʤʽʥʠ ʨʝʞʠʤʫ ʩʪʦʢʫ ʥʘ ʻʚʨʦʧʝʡʩʴʢʽʡ ʪʝʨʠʪʦʨʽʾ ʈʦʩʽʾ (ɭʊʈ) ɺʦʥʠ ʚʽʜʥʦʩʷʪʴ ʜʦ 1978-
1980 ʨʨ., ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʚʠʩʥʦʚʢʘʤʠ [12, 13].  

ʉʧʨʦʙʘ ʨʦʟʜʽʣʠʪʠ ʢʣʽʤʘʪʠʯʥʠʡ ʽ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ 
ʟʨʦʙʣʝʥʘ ʚ ʨʦʙʦʪʘʭ ʚʯʝʥʠʭ ɯʥʩʪʠʪʫʪʫ ʛʝʦʛʨʘʬʽʾ ʈɸʅ [17]. ʈʝʛʽʦʥʘʣʴʥʠʤ 
ʜʦʩʣʽʜʞʝʥʥʷʤ ʟʤʽʥ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʥʘ ʪʣʽ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ 
ʯʠʤʘʣʦ ʨʦʙʽʪ [17-20]. 

ʄʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʜʣʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʙʫʣʠ ʧʨʝʜʤʝʪʦʤ 
ʽʥʪʝʥʩʠʚʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʯʝʥʠʭ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ. ɺ ʦʩʥʦʚʥʦʤʫ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ 
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ʙʫʣʠ ʩʬʦʢʫʩʦʚʘʥʽ ʥʘ ʟʤʽʥʘʭ ʩʝʨʝʜʥʽʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ 
ʚʦʜʠ. ʁ.ʐʘʘʢ ʽ ʏʘʥʟʝʥ [21] ʚʩʪʘʥʦʚʠʣʠ ʬʘʢʪ ʙʽʣʴʰʦʛʦ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ 
ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ. ɼʦ ʮʴʦʛʦ ʍ.ʃʽʙʭʝʨ [22] ʪʘʢʦʞ 
ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʨʽʟʥʠʡ ʝʬʝʢʪ ʢʣʽʤʘʪʠʯʥʦʾ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʠʷʚʣʷʻʪʴʩʷ ʫ 
ʟʤʽʥʘʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ. ɺʽʥ ʧʨʦʽʣʶʩʪʨʫʚʘʚ ʨʝʛʽʦʥʘʣʴʥʽ ʚʘʨʽʘʮʽʾ 
ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʚ ʨʽʟʥʠʭ ʯʘʩʪʠʥʘʭ ʙʘʩʝʡʥʫ ʈʝʡʥʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
ʜʦʚʛʽ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ. 

ʆ.ʄʘʡʝʨʘʢʦʚʘ ʪʘ ʽʥʰʽ [23] ʚʠʷʚʠʣʠ ʪʨʝʥʜ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʨʽʯʥʦʛʦ 
ʩʪʦʢʫ ʨʽʯʦʢ ʉʣʦʚʘʯʯʠʥʠ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʘʥʽ ʜʣʷ ʨʽʯʦʢ 
ʙʘʩʝʡʥʫ ʄʽʩʩʽʩʽʧʽ, ʇ.ʊʝʣʽʩ [24] ʧʦʢʘʟʘʚ, ʱʦ ʮʠʢʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʨʷʜʽʚ ʩʪʦʢʫ ʚʽʜʧʦʚʽʜʘʻ 
ʮʠʢʣʽʯʥʦʩʪʽ ʚʠʧʘʜʽʥʥʷ ʦʧʘʜʽʚ, ʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʤʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʢʣʽʤʘʪʠʯʥʠʭ ʮʠʢʣʽʚ. 

ʊ.ɺʫʜ [25] ʟʘʧʨʦʧʦʥʫʚʘʚ ʽʥʞʝʥʝʨʘʤ-ʛʽʜʨʦʣʦʛʘʤ ʟʘʣʫʯʘʪʠ ʜʦ ʨʦʟʨʘʭʫʥʢʽʚ 
ʧʘʣʝʦʛʽʜʨʦʣʦʛʽʯʥʽ ʜʘʥʽ, ʱʦʙ ʧʦʣʽʧʰʠʪʠ ʪʦʯʥʽʩʪʴ ʦʮʽʥʢʠ ʩʪʦʢʫ ʤʝʞʝʥʥʦʛʦ ʧʝʨʽʦʜʫ. ɺʽʥ 
ʚʠʷʚʠʚ, ʱʦ ʧʦʛʦʜʘ ʫ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ ʩʪʘʻ ʙʽʣʴʰ ʤʽʥʣʠʚʦʶ ʟ ʪʝʥʜʝʥʮʽʻʶ ʜʦ ʙʽʣʴʰ 
ʧʦʩʫʰʣʠʚʦʛʦ ʣʽʪʘ ʽ ʙʽʣʴʰ ʚʦʣʦʛʦʾ ʦʩʝʥʽ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ. ʇʨʠ ʮʴʦʤʫ ʚʽʥ ʧʽʜʢʨʝʩʣʶʻ, ʱʦ ʮʷ ʪʝʥʜʝʥʮʽʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ 
ʪʽʣʴʢʠ ʚ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ ʽ, ʡʤʦʚʽʨʥʦ, ʻ ʯʘʩʪʠʥʦʶ ʙʘʛʘʪʦʨʽʯʥʦʛʦ ʮʠʢʣʫ 
ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

ʅ.ɸʨʥʝʣʣ [26] ʚʠʚʯʠʚ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚ ʯʘʩʪʦʪʽ ʧʦʷʚʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ 
ʚ ɭʚʨʦʧʽ. ɺʽʥ ʟʘʫʚʘʞʠʚ, ʱʦ ʧʨʦʙʣʝʤʘ ʚʠʷʚʣʝʥʥʷ ʪʘʢʠʭ ʟʤʽʥ ʻ ʜʦʩʠʪʴ ʩʢʣʘʜʥʦʶ, 
ʦʩʢʽʣʴʢʠ ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘʥʘʜʪʦ ʢʦʨʦʪʢʽ. ɿʚ'ʷʟʦʢ ʤʽʞ ʚʠʷʚʣʝʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 
ʢʽʣʴʢʦʩʪʽ ʩʫʭʠʭ ʽ ʪʝʧʣʠʭ ʨʦʢʽʚ ʽ ʟʥʠʞʝʥʥʷʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʥʝ ʻ ʦʜʥʦʟʥʘʯʥʠʤ. 
ʄʘʣʦʚʦʜʜʷ ʙʫʣʦ ʜʫʞʝ ʥʠʟʴʢʠʤ ʚ ɭʚʨʦʧʽ ʚ ʩʝʨʝʜʠʥʽ 70-ʭ, ʽ ʪʽʣʴʢʠ ʤʽʩʮʷʤʠ ʚ ɼʘʥʽʾ ʽ ʥʘ 
ʧʽʚʥʦʯʽ ɹʨʠʪʘʥʽʾ ʜʫʞʝ ʥʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʩʪʦʢʫ ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʚ 1980-ʭ ʨʦʢʘʭ. 
ɿʜʘʻʪʴʩʷ, ʱʦ ʩʧʦʩʪʝʨʝʞʝʥʽ ʟʤʽʥʠ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ ʽ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
ʫʟʛʦʜʞʝʥʽ, ʧʨʦʪʝ ʚ [26] ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʦʜʝʣʴ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʽʩʪʦʨʠʯʥʽ ʜʘʥʽ ʧʨʦ ʩʪʽʢ, ʥʝ ʻ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʶ ʜʣʷ ʦʮʽʥʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʥʘ 
ʤʘʡʙʫʪʥʻ. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʦʮʽʥʢʫ ʧʦʜʽʡ ʟ ʜʦʚʛʦʧʝʨʽʦʜʥʦʶ 
ʮʠʢʣʽʯʥʽʩʪʶ ʻ ʩʢʣʘʜʥʠʤ, ʪʦʤʫ ʱʦ ʪʘʢʽ ʦʮʽʥʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʥʣʠʚʽʩʪʴ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ 
ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ. 

ʈ.ʋʽʣʙʽ [27] ʨʦʟʨʦʙʠʚ ʤʦʜʝʣʴ, ʷʢʘ ʧʦʚ'ʷʟʫʻ ʧʨʦʛʥʦʟʠ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʦʜʝʨʞʘʥʽ 
ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʟʘʛʘʣʴʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʘʪʤʦʩʬʝʨʠ, ʽ ʧʨʦʛʥʦʟʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʤʘʩʰʪʘʙʽ ʚʦʜʦʟʙʦʨʽʚ. ʅʠʤ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʮʽʣʫ ʥʠʟʢʫ ʢʣʽʤʘʪʠʯʥʠʭ 
ʩʮʝʥʘʨʽʾʚ, ʽ ʚʧʣʠʚ ʮʠʭ ʩʮʝʥʘʨʽʾʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ 
ʥʘ ʧʨʠʢʣʘʜʽ ʨʽʯʦʢ ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ. 

ɽ.ʂʫʦʨʥʝʨ ʪʘ ʽʥʰʽ [28] ʚʠʚʯʠʣʠ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʚʥʝʩʦʢ ʽ ʚʥʝʩʦʢ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 
ʚ ʪʨʠʚʘʣʽʩʪʴ ʤʝʞʝʥʽ ʽ ʜʝʬʽʮʠʪ ʩʪʦʢʫ ʚ ʮʝʡ ʧʝʨʽʦʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʠʟʢʫ ʬʽʟʠʢʦ-
ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʽʣʴʢʘ ʢʣʽʤʘʪʠʯʥʠʭ ʩʮʝʥʘʨʽʾʚ 
(ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʥʘ 2 ʽ 4 ʛʨʘʜʫʩʠ ʚ ʧʦʻʜʥʘʥʥʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʘʙʦ 
ʟʤʝʥʰʝʥʥʷʤ ʦʧʘʜʽʚ ʥʘ 10%). ʈʝʟʫʣʴʪʘʪʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʜʣʷ ʢʽʣʴʢʦʭ ʤʘʣʠʭ 
ʚʦʜʦʟʙʦʨʽʚ. ɺʠʷʚʣʝʥʦ, ʱʦ ʷʢ ʪʨʠʚʘʣʽʩʪʴ ʤʘʣʦʚʦʜʥʠʭ ʧʝʨʽʦʜʽʚ, ʪʘʢ ʽ ʦʙʩʷʛ ʜʝʬʽʮʠʪʫ 
ʩʪʦʢʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʥʘ ʙʽʣʴʰʦʩʪʽ ʚʦʜʦʟʙʦʨʽʚ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ. ʅʘ 
ʚʦʜʦʟʙʦʨʘʭ ʽʟ ʧʦʩʫʰʣʠʚʠʤʠ ʫʤʦʚʘʤʠ ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʽʩʪʦʪʥʝ. ɿʙʽʣʴʰʝʥʥʷ ʦʧʘʜʽʚ 
ʤʘʣʦ ʙ ʢʦʤʧʝʥʩʫʚʘʪʠ ʝʬʝʢʪ ʟʨʦʩʪʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ. 

ɺ ʮʽʣʦʤʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʦʯʝʚʠʜʥʫ ʚʘʞʣʠʚʽʩʪʴ ʧʠʪʘʥʥʷ ʟʚ'ʷʟʢʫ ʤʽʥʽʤʘʣʴʥʦʛʦ 
ʩʪʦʢʫ ʟʽ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ, ʜʦʩʣʽʜʞʝʥʴ, ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʩʚʷʯʝʥʠʭ ʮʴʦʤʫ ʧʠʪʘʥʥʶ, 
ʥʝʜʦʩʪʘʪʥʴʦ [29]. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʧʠʪʘʥʥʷʤ ʧʨʦʛʥʦʟʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚ 
ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ ʧʦʚʠʥʥʦ ʧʨʠʜʽʣʷʪʠʩʷ ʙʽʣʴʰʝ ʫʚʘʛʠ. ʇʦʜʘʣʴʰʽ 
ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʨʦʟʚʠʚʘʪʠʩʷ ʚ ʜʚʦʭ ʥʘʧʨʷʤʢʘʭ: ʷʢ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ 
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ʽʩʪʦʨʠʯʥʠʭ ʝʢʩʪʨʝʤʫʤʽʚ, ʪʘʢ ʽ ʰʣʷʭʦʤ ʦʮʽʥʢʠ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʩʪʦʢʫ ʨʝʘʣʽʟʘʮʽʾ ʨʽʟʥʠʭ 
ʩʮʝʥʘʨʽʾʚ ʤʦʞʣʠʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 

ɺ ʜʘʥʠʡ ʯʘʩ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʛʽʜʨʦʣʦʛʽʾ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ 
ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʧʨʠ ʨʽʟʥʦʤʫ ʦʙʩʷʟʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ 
ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ, ʪʘ ʟʨʦʩʪʘʶʯʦʛʦ 
ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʈʽʰʝʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʤʘʻ ʦʙʦʚ'ʷʟʢʦʚʦ ʚʢʣʶʯʘʪʠ 
ʚ ʩʝʙʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʨʷʜʽʚ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʛʝʥʝʪʠʯʥʦʾ ʪʘ 
ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ 
ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʨʷʜʽʚ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʢʨʠʚʠʭ ʨʦʟʧʦʜʽʣʫ ʽ ʚʠʙʽʨ 
ʪʝʦʨʝʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ [30]. 

ʇʝʨʰʽ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʟʜʽʡʩʥʝʥʦ ʚ 
ʩʝʨʝʜʠʥʽ 50-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʚ ʨʦʙʦʪʽ ʏʽʧʧʽʥʛ ɻ.ʆ. ʪʘ ʃʠʩʝʥʢʦ ʂ.ɸ. [31]. 
ɸʚʪʦʨʘʤʠ ʚʠʜʽʣʝʥʦ ʚ ʤʝʞʘʭ ʋʢʨʘʾʥʠ 13 ʨʘʡʦʥʽʚ ʟʘ ʦʜʥʦʨʽʜʥʽʩʪʶ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ 
ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʛʦʣʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ 
ʟʫʤʦʚʣʶʻ ʚʝʣʠʯʠʥʫ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʫ ʤʝʞʘʭ ʦʜʥʦʛʦ ʨʘʡʦʥʫ ʻ ʚʝʨʪʠʢʘʣʴʥʘ 
ʛʽʜʨʦʜʠʥʘʤʽʯʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʪʘ ʚʝʣʠʯʠʥʘ ʝʨʦʟʽʡʥʦʛʦ ʚʨʽʟʘʥʥʷ ʜʦʣʠʥʠ 
ʨʽʯʢʠ. ɺʧʣʠʚ ʽʥʰʠʭ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ (ʨʝʣʴʻʬʫ, 
ʟʘʙʦʣʦʯʝʥʦʩʪʽ, ʟʘʣʽʩʝʥʦʩʪʽ ʪʘ ʽʥ.) ʥʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ ʦʙʫʤʦʚʣʶʻ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 
ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ ʧʦ ʨʘʡʦʥʫ. ʅʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ 
ʨʝʢʦʤʝʥʜʘʮʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ, 
ʷʢʠʤʠ ʤʦʞʥʘ ʢʦʨʠʩʪʫʚʘʪʠʩʷ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ. ʂʘʨʪʦʩʭʝʤʠ 
ʨʦʟʧʦʜʽʣʫ ʤʽʥʽʤʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʤʦʜʫʣʽʚ ʩʪʦʢʫ ʤʘʣʠʭ 
ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʃʠʩʝʥʢʦ ʂ.ɸ. ʚ çɸʪʣʘʩʝ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʝʩʪʝʩʪʚʝʥʥʳʭ 
ʨʝʩʫʨʩʦʚ ʋʢʨʘʠʥʩʢʦʡ ʉʉʈè [32]. ʂʘʨʪʦʩʭʝʤʠ ʧʦʙʫʜʦʚʘʥʦ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, 
ʱʦ ʦʭʦʧʣʶʶʪʴ ʧʝʨʽʦʜ ʟ 1946 ʧʦ 1975 ʨʦʢʠ.  

ɼʝʪʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʥʘʚʝʜʝʥʦ ʫ 
ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʧʫʩʢʘʭ çʈʝʩʫʨʩʽʚ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜè, ʚʠʜʘʥʠʭ ʧʨʦʪʷʛʦʤ 1966-1971 
ʨʦʢʽʚ. ʅʘʞʘʣʴ, ʨʷʜʠ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʟʘ ʷʢʠʤʠ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʻ ʜʦʚʦʣʽ ʢʦʨʦʪʢʠʤʠ (20-25 ʨʦʢʽʚ) ʽ ʦʭʦʧʣʶʶʪʴ, ʧʝʨʝʚʘʞʥʦ, 
ʧʽʩʣʷʚʦʻʥʥʽ ʨʦʢʠ (ʜʦ 1965 ʨʦʢʫ) [33-37]. 

ʈʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʫʤʦʚʘ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ 
ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ ʟʘ ʨʝʜ. ʉʪʨʝʣʴʮʷ ɹ.ɯ. [38]. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ ʧʝʨʽʦʜ 1946-
1975 ʨʨ. ʚʠʜʽʣʝʥʦ 27 ʨʘʡʦʥʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʯʘʩʪʠʥʘ ʟ ʷʢʠʭ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʧʽʜʨʘʡʦʥʠ. ʄʝʞʽ ʨʘʡʦʥʽʚ ʽ 
ʧʽʜʨʘʡʦʥʽʚ ʧʨʦʚʝʜʝʥʦ ʟʘ ʚʦʜʦʜʽʣʘʤʠ ʩʝʨʝʜʥʽʭ ʽ ʤʘʣʠʭ ʨʽʯʦʢ ʟ ʧʦʜʽʙʥʠʤʠ 
ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʞʠʚʣʝʥʥʷ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ. ʎʷ ʩʭʝʤʘ ʨʘʡʦʥʫʚʘʥʥʷ ʻ 
ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʚʘʨʽʘʥʪʦʤ ʪʽʻʾ ʩʭʝʤʠ, ʷʢʘ ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʘʥʽʰʝ ʂ.ɸ. ʃʠʩʝʥʢʦ. 

ʈʘʡʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʟʘ ʫʤʦʚʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʥʘ 
ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʚʽʜ ʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʦ 1980 ʨʽʢ ʥʘʚʝʜʝʥʦ ʫ ʜʦʚʽʜʥʠʢʫ 
çʄʘʣʽ ʨʽʯʢʠ ʋʢʨʘʾʥʠè ʟʘ ʨʝʜ. ʗʮʠʢʘ ɸ.ɺ., ʱʦ ʚʠʡʰʦʚ ʜʨʫʛʦʤ ʫ 1991 ʨʦʮʽ [39]. 
ʅʘʚʝʜʝʥʘ ʩʭʝʤʘ ʨʘʡʦʥʫʚʘʥʥʷ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʘʟʥʘʯʝʥʦʾ ʚʠʱʝ ʷʢ ʟʘ ʢʽʣʴʢʽʩʪʴ 
ʨʘʡʦʥʽʚ (ʾʭ ʚʠʜʽʣʝʥʦ 26) ʪʘ ʧʽʜʨʘʡʦʥʽʚ ʪʘʢ ʽ ʟʘ ʾʭ ʤʝʞʘʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ 
ʨʘʡʦʥʫʚʘʥʥʷ ʘʚʪʦʨʠ ʚʠʭʦʜʠʣʠ ʟ ʪʦʛʦ, ʱʦ ʚ ʤʝʞʘʭ ʦʜʥʦʛʦ ʨʘʡʦʥʫ ʟ ʧʦʜʽʙʥʠʤʠ 
ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʞʠʚʣʝʥʥʷ ʨʽʯʦʢ ʧʽʜʟʝʤʥʠʤʠ ʚʦʜʘʤʠ, ʧʨʠ ʽʥʰʠʭ 
ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ, ʙʫʜʝ ʘʥʘʣʦʛʽʯʥʠʤ ʪʠʤ ʨʽʯʢʘʤ, ʧʦ ʷʢʠʤ ʻ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʷʢʱʦ 
ʾʭ ʜʦʣʠʥʠ ʜʦʩʷʛʘʶʪʴ ʪʠʭ ʞʝ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ. 

ʇʝʚʥʫ ʫʚʘʛʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʢʨʘʾʥʠ ʧʨʠʜʽʣʝʥʦ ʫ 
ʧʨʘʮʷʭ ɺʠʰʥʝʚʩʴʢʦʛʦ ɺ.ɯ. [40] ʪʘ ɺʠʰʥʝʚʩʴʢʦʛʦ ɺ.ɯ., ʂʦʩʦʚʮʷ ʆ.ʆ. [41], ʚʠʜʘʥʠʭ ʥʘ 
ʧʦʯʘʪʢʫ 2000-ʭ ʨʦʢʽʚ. ɿʦʢʨʝʤʘ, ʘʚʪʦʨʠ ʘʥʘʣʽʟʫʶʪʴ ʟʤʽʥʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ 
ʋʢʨʘʾʥʠ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʫ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ ʧʽʜ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʷʪʴʩʷ ʚ ʆʜʝʩʴʢʦʤʫ 
ʜʝʨʞʘʚʥʦʤʫ ʝʢʦʣʦʛʽʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ʅ.ʉ. ʃʦʙʦʜʠ, 
ʟʦʢʨʝʤʘ, ʪʨʝʙʘ ʚʽʜʟʥʘʯʠʪʠ ʪʘʢʽ ʨʦʙʦʪʠ, ʧʨʠʩʚʷʯʝʥʽ ʘʥʘʣʽʟʫ ʟʤʽʥ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ 
ʨʽʯʦʢ ʙʘʩʝʡʥʽʚ ɼʥʽʩʪʨʘ ʪʘ ʇʽʚʜʝʥʥʦʛʦ ɹʫʛʫ ʧʽʜ ʚʧʣʠʚʦʤ ʤʘʡʙʫʪʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ 
[42]. 

ˆʨʫʥʪʦʚʥʠʡ ʘʥʘʣʽʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʋʢʨʘʾʥʠ ʪʘ ʾʭ 
ʧʦʨʽʚʥʷʥʥʷ ʫ ʩʫʯʘʩʥʠʡ ʧʝʨʽʦʜ ʟ ʧʝʨʽʦʜʦʤ ʜʦ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ 
ʥʘʚʝʜʝʥʦ ʫ ʤʦʥʦʛʨʘʬʽʾ ɻʨʝʙʝʥʷ ɺ.ɺ. [43]. ʈʦʟʛʣʷʜʘʶʪʴʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʟʠʤʦʚʦʾ ʪʘ ʦʩʽʥʥʴʦʾ ʤʝʞʝʥʽ ʧʦ ʦʢʨʝʤʠʭ ʣʘʥʜʰʘʬʪʥʦ-
ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʨʦʚʽʥʮʽʷʭ. ɺʽʜʟʥʘʯʝʥʝ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚ 
ʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 20-25 ʨʦʢʽʚ.  

ʆʩʪʘʥʥʽ ˇʨʫʥʪʦʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʋʢʨʘʾʥʠ 
ʪʘ ʾ ʮʠʢʣʽʯʥʠʭ ʢʦʣʠʚʘʥʴ, ʟ ʚʠʜʽʣʝʥʥʷʤ ʦʢʨʝʤʠʭ ʮʠʢʣʽʚ ʪʘ ʬʘʟ ʫ ʙʘʛʘʪʦʨʽʯʥʽʡ ʟʤʽʥʽ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʥʘʚʝʜʝʥʦ ʫ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ɻʦʨʙʘʯʦʚʦʾ ʃ.ʆ. [44], ʜʝ 
ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʽʜ ʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ ʜʦ 2010 ʨʦʢʫ 
ʚʢʣʶʯʥʦ. 

ʋ 2000-ʭ ʨʦʢʘʭ ʚ ʋʢʨʘʾʥʠ ʟôʷʚʠʣʘʩʷ ʥʠʟʢʘ ʧʫʙʣʽʢʘʮʽʡ, ʜʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʪʘ ʯʘʩʦʚʦʛʦ ʨʦʟʧʦʜʽʣʫ ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʭʽʤʽʯʥʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ. ʇʝʨʰʦʶ ʟ ʥʠʭ ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ 
ʜʠʩʝʨʪʘʮʽʡʥʫ ʨʦʙʦʪʫ ʊ.ɺ. ʉʦʣʦʚʝʡ [45], ʧʨʠʩʚʷʯʝʥʫ ʦʮʽʥʮʽ ʚʧʣʠʚʫ ʛʽʜʨʦʣʦʛʽʯʥʠʭ 
ʯʠʥʥʠʢʽʚ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ ʨʽʯʢʠ ʇʨʫʪ. ʈʦʟʛʣʷʥʫʪʦ ʛʦʣʦʚʥʽ ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʫʚʘʥʥʷ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʫ ʽ ʷʢʦʩʪʽ ʚʦʜʠ ʨʽʯʦʢ ʙʘʩʝʡʥʫ 
ʚʝʨʭʥʴʦʛʦ ʇʨʫʪʫ, ʚʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʘʣʝʞʥʦʩʪʽ ʷʢʦʩʪʽ ʚʦʜʠ ʚʽʜ ʤʽʥʣʠʚʦʩʪʽ 
ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ . 

ʋ ʤʦʥʦʛʨʘʬʽʾ ʟʘ ʨʝʜ. ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ [46], ʧʨʠʩʚʷʯʝʥʽʡ ʛʽʜʨʦʣʦʛʦ-
ʛʽʜʨʦʭʽʤʽʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʧʨʘ ʚʠʷʚʣʝʥʦ 
ʟʘʛʘʣʴʥʽ ʪʝʥʜʝʥʮʽʾ ʫ ʬʦʨʤʫʚʘʥʥʽ ʤʽʥʽʤʘʣʴʥʠʭ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʭ ʪʘ 
ʩʝʨʝʜʥʴʦʜʦʙʦʚʠʭ ʚʠʪʨʘʪ ʚʦʜʠ ʨʽʟʥʦʾ ʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʽ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʨʽʯʢʦʚʠʭ ʚʦʜ. 
ɺʽʜʟʥʘʯʝʥʦ ʧʝʚʥʽ ʚʽʜʤʽʥʥʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ, ʦʙʫʤʦʚʣʝʥʽ 
ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʣʝʢʩʫ ʬʽʟʠʢʦ-ʛʝʦʛʨʘʬʽʯʥʠʭ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʭ ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 
ʯʠʥʥʠʢʽʚ. ɿʘ ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʧʨʦʚʝʜʝʥʦ 
ʨʘʡʦʥʫʚʘʥʥʷ ʙʘʩʝʡʥʫ ɼʥʽʧʨʘ ʫ ʤʝʞʘʭ ʋʢʨʘʾʥʠ. 

ʇʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʨʦʟʧʦʜʽʣ ʛʽʜʨʦʣʦʛʦ-ʛʽʜʨʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ 
ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʘʭ ʙʘʩʝʡʥʫ ʨ. ʇʽʚʜʝʥʥʠʡ ɹʫʛ ʥʘʚʝʜʝʥʦ ʫ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ ʟʘ 
ʨʝʜ. ɺ.ʂ. ʍʽʣʴʯʝʚʩʴʢʦʛʦ [47], ʚʠʜʘʥʽʡ ʫ 2009 ʨʦʮʽ. ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʟʘ 1980-
2004 ʨʨ. ʧʦ 14 ʧʫʥʢʪʘʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ʘʚʪʦʨʘʤʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʭ 
ʛʽʜʨʦʭʽʤʽʯʥʠʡ ʨʝʞʠʤ ʇʽʚʜʝʥʥʦʛʦ ɹʫʛʫ ʪʘ ʡʦʛʦ ʧʨʠʪʦʢ ʟʘ ʧʝʨʽʦʜʠ ʟʠʤʦʚʦʾ ʪʘ ʣʽʪʥʴʦ-
ʦʩʽʥʥʴʦʾ ʤʝʞʝʥʽ. 

ɺʠʩʥʦʚʢʠ. ʇʝʨʰʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʱʦʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ ʨʽʯʦʢ 
ʋʢʨʘʾʥʠ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʤʘʡʞʝ ʩʪʦʨʽʯʯʷ ʪʦʤʫ, ʥʘʧʨʠʢʽʥʮʽ 1920-ʭ ʨʦʢʽʚ. ʇʦ ʤʽʨʽ 
ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʘ ʟʨʦʩʪʘʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʨʷʜʽʚ, ʧʨʦʚʦʜʠʣʘʩʴ 
ʦʙʨʦʙʢʘ ʜʘʥʠʭ ʪʘ ʨʦʟʨʘʭʦʚʫʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʥʘʚʝʜʝʥʽ ʫ 
ʚʽʜʧʦʚʽʜʥʠʭ ʧʫʙʣʽʢʘʮʽʷʭ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʧʫʙʣʽʢʘʮʽʡ, ʧʨʠʩʚʷʯʝʥʠʭ, 
ʚʣʘʩʥʝ, ʩʘʤʠʤ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ, ʟʥʘʯʥʦ ʤʝʥʰʝ 
ʫʚʘʛʠ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ ʫʢʨʘʾʥʩʴʢʠʭ ʚʯʝʥʠʭ ʧʨʠʜʽʣʝʥʦ ʦʮʽʥʮʽ ʪʝʥʜʝʥʮʽʡ ʩʫʯʘʩʥʠʭ ʪʘ 
ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʪʘ ʙʫʜʫʪʴ 
ʚʽʜʙʫʚʘʪʠʩʴ ʧʽʜ ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʧʠʪʘʥʥʷ 
ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʟʘʨʫʙʽʞʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʱʦ ʘʥʘʣʽʟʫʶʪʴʩʷ ʫ ʜʘʥʽʡ 
ʩʪʘʪʪʽ. 

ɼʦʚʦʣʽ ʥʝʟʥʘʯʥʦʶ ʻ ʫʚʘʛʘ ʚ ʧʫʙʣʽʢʘʮʽʷʭ ʚʯʝʥʠʭ ʢʨʘʾʥʠ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ 
ʚʦʜʠ ʨʽʯʦʢ ʚ ʤʝʞʝʥʥʠʡ ʧʝʨʽʦʜ. ʆʩʦʙʣʠʚʦ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʽʦʜʫ ʣʽʪʥʴʦ-ʦʩʽʥʥʴʦʾ 
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ʤʝʞʝʥʽ, ʢʦʣʠ ʥʘ ʬʦʥʽ ʤʘʣʦʾ ʚʦʜʥʦʩʪʽ ʨʽʯʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʦʛʽʨʰʝʥʥʷ 
ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʾʭ ʨʫʩʣʘʭ. 

ɿʘʟʥʘʯʝʥʽ ʚʠʱʝ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʧʦʪʨʝʙʫʶʪʴ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʫʚʘʛʠ ʟ 
ʙʦʢʫ ʥʘʫʢʦʚʮʽʚ. 

 
ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 
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ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʫ. ɿʥʘʯʥʦ ʤʝʥʰʝ ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ ʦʮʽʥʮʽ 
ʪʝʥʜʝʥʮʽʡ ʩʫʯʘʩʥʠʭ ʪʘ ʤʘʡʙʫʪʥʽʭ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʦʢʫ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ 
ʚʧʣʠʚʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ. ʅʝʟʥʘʯʥʦʶ ʻ ʫʚʘʛʘ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢʦʩʪʽ ʚʦʜʠ ʨʽʯʦʢ ʚ ʤʝʞʝʥʥʠʡ 
ʧʝʨʽʦʜ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʜʦʩʣʽʜʞʝʥʥʷ, ʤʽʥʽʤʘʣʴʥʠʡ ʩʪʽʢ ʚʦʜʠ, ʟʤʽʥʠ ʢʣʽʤʘʪʫ. 

 
ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʚʦʜʳ 
ɾʦʚʥʠʨ ɺ.ɺ., ɻʨʝʙʝʥʴ ɺ.ɺ. 
ʈʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʢʨʘʠʥʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ ʨʝʢ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ 
ʨʘʩʯʝʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʝʞʝʥʥʦʛʦ ʩʪʦʢʘ. ɿʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʝʥʦ ʦʮʝʥʢʝ 
ʪʝʥʜʝʥʮʠʡ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠʥʠʤʘʣʴʥʦʛʦ ʩʪʦʢʘ, 
ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʢ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʨʝʢ ʚ ʤʝʞʝʥʥʳʡ ʧʝʨʠʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʩʩʣʝʜʦʚʘʥʠʝ, ʤʠʥʠʤʘʣʴʥʳʡ ʩʪʦʢ ʚʦʜʳ, ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. 
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Analytical review of studies of minimal runoff the water 
Zhovnir V., Grebinô V. 
The first generalizations regarding the characteristics of the minimum runoff of the Ukrainian rivers 

were made almost a century ago, in the late 1920s. With the accumulation of observational data and an 
increase in the length of the series, data processing was carried out and the characteristics of the minimum 
runoff were calculated, which are published in the suitable publications. There are a sufficient number of 
publications devoted specifically to the calculation characteristics of a low-water runoff, and in the research 
of scientists much less attention is given to the assessment  of trends in current and future changes in the 
characteristics of the minimum runoff, that that occur and will occur under the influence of climate change. 
The urgency of this issue is confirmed by a large number of foreign publications, which are analyzed in this 
article. 

In the publications of the scientists of the country had given rather insignificant note to the 
characteristics of water quality in rivers in the water-low period. This is especially true for the period of 
summer-autumn water-low period, when in the background of low water levels of rivers there is a significant 
deterioration of the ecological situation in their riverbeds. 

At present, one of the main tasks of hydrology is the development of methods for calculating the 
characteristics of the minimum runoff with varying amounts of source information with taking into account 
the impact of climate change and the increasing man-made load. The decision of such a task must 
necessarily include the study of the statistical structure of the series with the definition of the genetic and 
statistical homogeneity of the source information, the justification of the choice of representativeness of the 
series for the calculate the parameters of the distribution curves and the choice of theoretical distribution 
function. 

The above problematic issues require further analysis and attention from scientists. 
Key words: research, minimal runoff, climate change. 
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ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ 

 
ɺʆɼʅʀʁ ɹɸʃɸʅʉ ɹɸʉɽʁʅɯɺ ʈɯʏʆʂ ɼʅɯʉʊʈɸ 

 ɼʆ ʄɯʉʊɸ ɿɸʃɯʑʀʂʀ   
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʦʜʥʠʡ ʙʘʣʘʥʩ, ʚʘʛʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ, GIS ʧʨʦʛʨʘʤʠ, ʦʧʘʜʠ, ʩʪʽʢ, 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʧʦʩʫʰʣʠʚʽʩʪʴ. 

 
ɸʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʦʜʥʠʡ ʙʘʣʘʥʩ ʷʚʣʷʻʪʴʩʷ ʛʦʣʦʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʦʩʧʨʷʤʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ 
ʥʘʢʦʧʠʯʝʥʥʷ, ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʪʘ ʚʠʪʨʘʯʘʥʥʷ ʚʦʣʦʛʠ ʚ ʤʝʞʘʭ ʨʽʯʢʦʚʦʛʦ ʚʦʜʦʟʙʦʨʫ. 
ɻʦʣʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʦʛʦ ʧʽʜʭʦʜʫ ʧʝʨʝʜ ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ 
ʜʦʩʣʽʜʞʝʥʴ ʻ ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʥʝʩʦʢ ʦʢʨʝʤʠʭ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 
ʷʚʠʱ ʫ ʬʦʨʤʫʚʘʥʥʷ ʨʽʯʢʦʚʦʛʦ ʩʪʦʢʫ. ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʠʭ 
ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʤʦʞʥʘ ʚʠʨʽʰʫʚʘʪʠ ʪʘʢʽ ʟʘʚʜʘʥʥʷ ʷʢ: ʚʠʚʯʝʥʥʷ ʫʤʦʚ ʽ ʚʩʪʘʥʦʚʣʝʥʥʷ 
ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʧʽʜʟʝʤʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʾʭ 
ʩʪʨʫʢʪʫʨʠ, ʨʦʟʨʦʙʣʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʚʦʜʥʠʤ ʨʝʞʠʤʦʤ ʪʝʨʠʪʦʨʽʾ ʽ ʡʦʛʦ 
ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʯʘʩʪʢʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʽʥʪʝʨʝʩʘʭ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙ 
ʥʘʩʝʣʝʥʥʷ ʪʘ ʦʢʨʝʤʠʭ ʛʘʣʫʟʝʡ ʛʦʩʧʦʜʘʨʩʪʚʘ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʦʚʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʩʢʣʘʜʘʥʥʷ 
ʡʦʛʦ ʨʽʚʥʷʥʥʷ ʟʘ ʙʘʛʘʪʦʨʽʯʥʠʡ ʧʝʨʽʦʜ ʜʣʷ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ʚʦʜʦʟʙʦʨʫ ɼʥʽʩʪʨʘ ʜʦ 
ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʧʦʩʪʘ ɿʘʣʽʱʠʢʠ, ʟʘ ʤʽʩʷʮʷʤʠ ʪʘ ʟʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʽʢ, ʘ ʪʘʢʦʞ 
ʦʮʽʥʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʙʘʣʘʥʩʫ. 
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ɸʥʘʣʽʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ  
ɼʥʽʩʪʨʘ ʨʦʟʧʦʯʘʣʠʩʷ ʧʽʩʣʷ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʚʥʦʛʦ ʝʤʧʽʨʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʩʝʨʝʜʠʥʽ 
60-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ ʨʦʙʦʪʘʤʠ ɾʝʣʝʟʥʷʢʘ ɯ. ɸ. ʪʘ ʆʥʫʬʨʽʻʥʢʘ ʃ.ɻ. [1, 2]. 
ʇʽʩʣʷ ʮʴʦʛʦ 1977 ʨ. ʚʠʡʰʣʘ ʩʪʘʪʪʷ ʄ.ɻ. ɻʘʣʫʱʝʥʢʘ [3],  ʚ ʷʢʽʡ ʦʙʯʠʩʣʝʥʦ ʧʦʥʘʜ 120 
ʚʦʜʥʠʭ ʙʘʣʘʥʩʽʚ ʨʽʯʢʦʚʠʭ ʚʦʜʦʟʙʦʨʽʚ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ, ʚʢʣʶʯʘʶʯʠ ʪʘʢʦʞ ʛʠʨʣʦʚʽ 
ʯʘʩʪʠʥʠ ʥʘʡʙʽʣʴʰʠʭ ʧʨʠʪʦʢ. ɼʘʥʘ ʨʦʙʦʪʘ ʽ ʜʦ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ ʟʘʣʠʰʘʻʪʴʩʷ 
ʦʜʥʽʻʶ ʽʟ ʥʘʡʙʽʣʴʰ ˇʨʫʥʪʦʚʥʠʭ ʱʦʜʦ ʧʦʚʥʦʪʠ ʽ ʜʝʪʘʣʴʥʦʩʪʽ ʦʙʯʠʩʣʝʥʠʭ ʩʢʣʘʜʦʚʠʭ 
ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʨʽʯʢʠ ɼʥʽʩʪʝʨ. ɿʘʛʘʣʴʥʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʦʜʥʠʡ ʙʘʣʘʥʩ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 
ʪʝʨʠʪʦʨʽʾ ʥʘʚʦʜʷʪʴʩʷ ʫ ʜʦʚʽʜʥʠʢʘʭ [3-6]. ʆʢʨʝʤʦ, ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʢʥʠʛʫ ʄʠʨʦʩʣʘʚʘ 
ɯʚʘʥʦʚʠʯʘ ʂʠʨʠʣʶʢʘ [7], ʚ ʷʢʽʡ ʘʚʪʦʨʦʤ ʨʦʟʨʦʙʣʝʥʘ ʥʦʚʘ ʤʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʧʣʠʚʫ ʚʠʩʦʪʠ, ʝʢʩʧʦʟʠʮʽʾ, ʢʨʫʪʠʟʥʠ ʽ ʟʘʪʽʥʝʥʥʷ 
ʛʽʨʩʴʢʠʭ ʩʭʠʣʽʚ, ʟʚʦʣʦʞʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ ʭʘʨʘʢʪʝʨʫ ʧʽʜʩʪʠʣʴʥʦʾ ʧʦʚʝʨʭʥʽ, ʘ ʪʘʢʦʞ 
ʥʘʚʝʜʝʥʦ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʽ ʚʦʜʥʽ ʙʘʣʘʥʩʠ, ʧʨʦʪʝ ʣʠʰʝ ʦʢʨʝʤʠʭ ʧʨʠʪʦʢ ɼʥʽʩʪʨʘ. 

ɺʠʭʽʜʥʽ ʜʘʥʽ. ɼʣʷ ʥʘʧʠʩʘʥʥʷ ʨʦʙʦʪʠ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʜʘʥʴ 
ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʱʦʤʽʩʷʯʥʠʢʽʚ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʱʦʨʽʯʥʠʢʽʚ, ʙʘʛʘʪʦʨʽʯʥʠʭ ʜʘʥʠʭ ʧʨʦ 
ʨʝʩʫʨʩʠ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ ʩʫʰʽ, ʘ ʪʘʢʦʞ ʦʧʨʘʮʴʦʚʘʥʘ ʥʘʫʢʦʚʘ ʣʽʪʝʨʘʪʫʨʘ.  ɼʦ 
ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʽ ʜʘʥʽ ʩʧʦʩʪʝʨʝʞʝʥʴ 10 ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʪʘ 17 ʤʝʪʝʦʩʪʘʥʮʽʡ 
ʚ ʤʝʞʘʭ ʚʦʜʦʟʙʦʨʫ ɼʥʽʩʪʨʘ ʜʦ ʤʽʩʪʘ ɿʘʣʽʱʠʢʠ (24600 ʢʤ2) (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ɹʘʩʝʡʥ ʨʽʯʢʠ ɼʥʽʩʪʝʨ ʜʦ ʤʽʩʪʘ ɿʘʣʽʱʠʢʠ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʛʽʜʨʦʣʦʛʽʯʥʠʤʠ 

ʧʦʩʪʘʤʠ ʽ ʤʝʪʝʦʩʪʘʥʮʽʷʤʠ  
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ɼʣʷ ʟʘʟʥʘʯʝʥʠʭ ʧʫʥʢʪʽʚ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʽʙʨʘʥʘ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʘ 
ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʠʡ, ʩʝʨʝʜʥʴʦʨʽʯʥʠʡ ʩʪʽʢ ʚʦʜʠ, ʘʪʤʦʩʬʝʨʥʽ ʦʧʘʜʠ, 
ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʘʙʩʦʣʶʪʥʫ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ. ɺʩʽ ʨʷʜʠ ʧʨʠʚʝʜʝʥʽ ʜʦ ʻʜʠʥʦʛʦ 
ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 1956 ï 2015 ʨʨ. ʯʝʨʝʟ ʚʽʜʥʦʚʣʝʥʥʷ, ʟʘ ʧʦʪʨʝʙʠ, ʦʢʨʝʤʠʭ 
ʤʽʩʷʯʥʠʭ ʘʙʦ ʨʽʯʥʠʭ ʚʝʣʠʯʠʥ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʯʦʢ-ʘʥʘʣʦʛʽʚ. (ʪʘʙʣ. 1, 2)   

 

ʊʘʙʣʠʮʷ 1. ʆʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʽʯʥʦʾ ʩʫʤʠ ʦʧʘʜʽʚ ʚ ʙʘʩʝʡʥʽ 
ɺʝʨʭʥʴʦʛʦ ɼʥʽʩʪʨʘ, ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʻʜʠʥʦʛʦ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 1956-2015ʨʨ. 

 

ʅʘʟʚʘ 
ʤʝʪʝʦʩʪʘʥʮʽʾ 

ɺʠʩʦʪʘ 
ʤʝʪʝʦʩʪʘʥʮʽʾ, 
ʤ ʘʙʩ. 

ʅʦʨʤʘ, 
ʤʤ 

ʉʝʨʝʜʥʻ 
ʢʚʘʜʨʘʪʠʯʥʝ 
ʚʽʜʭʠʣʝʥʥʷ, ʤʤ 

ʂʦʝʬʽʮʽʻʥʪ 
ʚʘʨʽʘʮʽʾ 
(ʉv) 

ʂʦʝʬʽʮʽʻʥʪ 
ʘʩʠʤʝʪʨʽʾ 

(Cs) 

ɹʨʦʜʠ 228 688,1 113,4 0,17 0,52 

ʄʦʩʪʠʩʴʢʘ 234 652,6 121,3 -0,01 0,17 

ʏʝʨʥʽʚʮʽ 246 637,0 134,3 0,21 0,06 

ɼʨʦʛʦʙʠʯ 277 736,9 133,7 0,18 0,45 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ 280 651,3 135,2 0,21 0,52 

ʉʪʨʠʡ 296 742,6 138,7 0,19 -0,02 

ʂʦʣʦʤʠʷ 298 684,7 128,2 0,19 0,49 

ɹʝʨʝʞʘʥʠ 304 628,9 124,8 0,20 0,65 

ʏʦʨʪʢʽʚ 318 646,2 127,8 0,20 0,29 

ʃʴʚʽʚ 323 741,3 118,1 0,16 -0,29 

ʊʝʨʥʦʧʽʣʴ 329 594,7 105,5 0,18 0,01 

ɼʦʣʠʥʘ 468 871,4 166,3 0,19 0,29 

ʗʨʝʤʯʝ 531 949,3 166,1 0,18 0,54 

ʊʫʨʢʘ 592 985,4 272,2 0,28 2,63 

ʉʣʘʚʩʴʢʝ 594 995,3 159,4 0,16 0,77 

ʉʝʣʷʪʠʥ 763 823,3 140,0 0,17 0,25 

ʇʦʞʝʞʝʚʩʴʢʘ 1451 1447,0 251,5 0,17 0,78 

 

ʊʘʙʣʠʮʷ 2. ʆʩʥʦʚʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʨʝʜʥʴʦʨʽʯʥʠʭ ʰʘʨʽʚ ʩʪʦʢʫ 
ʚʦʜʠ ʨʽʯʢʦʚʠʭ ʚʦʜʦʟʙʦʨʽʚ ʚ ʙʘʩʝʡʥʽ ɺʝʨʭʥʴʦʛʦ ɼʥʽʩʪʨʘ, ʧʨʠʚʝʜʝʥʦʾ ʜʦ ʻʜʠʥʦʛʦ 
ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʧʝʨʽʦʜʫ 1956-2015ʨʨ. 

 

ʈʽʯʢʘ  ï  
ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʦʩʪ 

ʉʝʨʝʜʥʷ 
ʚʠʩʦʪʘ ʚʦʜʦ-
ʟʙʦʨʫ, ʤ ʘʙʩ 

ʅʦʨʤʘ 
ʰʘʨʽʚ 
ʩʪʦʢʫ, ʤʤ 

ʉʝʨʝʜʥʻ 
ʢʚʘʜʨʘʪʠʯʥʝ 
ʚʽʜʭʠʣʝʥʥʷ, ʤʤ 

ʂʦʝʬʽʮʽʻʥʪ 
ʚʘʨʽʘʮʽʾ 
(ʉv) 

ʂʦʝʬʽʮʽʻʥʪ 
ʘʩʠʤʝʪʨʽʾ 

(Cs) 

ʨ. ɼʥʽʩʪʝʨ - ʉʘʤʙʽʨ 542 433 158,1 0,37 0,25 

ʨ. ʉʪʨʚʷʞ - ʃʫʢʠ 333 333 134,7 0,41 0,86 

ʨ. ʉʪʨʠʡ - ɺʝʨʭʥʻ 
ʉʠʥʝʚʠʜʥʝ 

773 550 138,1 0,25 0,22 

ʨ. ʉʚʽʯʘ - ɿʘʨʽʯʥʝ 745 617 234,7 0,38 1,64 

ʨ.ʃʽʤʥʠʮʷ - 
ʇʝʨʝʚʦʟʝʮʴ 

800 462 149,9 0,32 0,08 

ʨ.ɹʠʩʪʨʠʮʷ-
ʅʘʜʚʦʨʥ. - ʇʘʩʽʯʥʘ 

1186 693 153,7 0,22 -0,06 

ʨ. ɺʝʨʝʱʠʮʷ - 
ʂʦʤʘʨʥʦ 

- 193 91,6 0,48 1,39 

ʨ. ɻʥʠʣʘ ʃʠʧʘ - 
ɹʽʣʴʰʽʚʮʽ 

- 158 46,7 0,30 1,22 

ʨ. ɿʦʣʦʪʘ ʃʠʧʘ - 
ɿʘʜʘʨʽʚ 

- 198 55,4 0,28 0,88 

ʨ. ʉʪʨʠʧʘ - ɹʫʯʘʯ - 165 56,2 0,34 0,78 
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ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ. ʆʩʢʽʣʴʢʠ ʨʦʟʤʽʱʝʥʥʷ 
ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ ʻ ʥʝʦʜʥʦʨʽʜʥʠʤ ʚ ʤʝʞʘʭ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ, ʪʦʤʫ ʜʣʷ 
ʦʙʯʠʩʣʝʥʥʷ ʟʚʝʜʝʥʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʟʙʦʨʽʚ ʨʽʯʦʢ ʨʽʚʥʠʥʥʦʾ 
ʯʘʩʪʠʥʠ (ɺʝʨʝʱʠʮʷ, ɻʥʠʣʘ ʃʠʧʘ, ɿʦʣʦʪʘ ʃʠʧʘ, ʉʪʨʠʧʘ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ 
ʟʚʘʞʫʚʘʥʥʷ (ʤʝʪʦʜ ʪʨʠʢʫʪʥʠʢʽʚ), ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ ʾʭ ʙʘʩʝʡʥʠ ʙʫʣʠ ʨʦʟʙʠʪʽ 
ʩʠʩʪʝʤʦʶ ʪʨʠʢʫʪʥʠʢʽʚ ʥʘ ʟʦʥʠ ʚʧʣʠʚʫ ʧʝʚʥʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ.  

ʑʦʙ ʧʦʜʽʣʠʪʠ ʙʘʩʝʡʥ ʥʘ ʪʨʠʢʫʪʥʠʢʠ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚʠʟʥʘʯʠʪʠ ʚʧʣʠʚ ʢʦʞʥʦʾ  
ʤʝʪʝʦʩʪʘʥʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʧʨʦʛʨʘʤʘ ArcGIS, ʘ ʩʘʤʝ, ʥʘʙʦʨʠ ʽʥʩʪʨʫʤʝʥʪʽʚ 
Conversion Tools ʽ Spatial Analyst Tools. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʘʛʦʚʽ 
ʢʦʝʬʽʮʽʻʥʪʠ ʦʢʨʝʤʦʾ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʯʝʨʝʟ ʷʢʽ ʦʮʽʥʶʻʪʴʩʷ ʾʾ ʚʥʝʩʦʢ ʫ ʚʝʣʠʯʠʥʠ ʦʧʘʜʽʚ, 
ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʽʯʢʦʚʦʛʦ ʙʘʩʝʡʥʫ (ʨʠʩ 2). 

 

 
ʈʠʩ. 2. ʇʦʜʽʣ ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ ʤʝʪʦʜʦʤ ʪʨʠʢʫʪʥʠʢʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʨʽʚʥʠʥʥʠʭ 

ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ 
 

ɼʣʷ ʛʽʨʩʴʢʠʭ ʨʝʛʽʦʥʽʚ ʭʘʨʘʢʪʝʨʥʘ ʚʝʨʪʠʢʘʣʴʥʘ ʟʦʥʘʣʴʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʽ ʪʦʤʫ ʨʦʟʨʘʭʫʥʦʢ ʦʩʝʨʝʜʥʝʥʠʭ ʧʦ ʙʘʩʝʡʥʫ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ 
ʩʢʣʘʜʦʚʠʭ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ. ɺ ʤʝʞʘʭ ʙʘʩʝʡʥʽʚ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ (ʉʪʨʚʷʞ, ʉʪʨʠʡ, 
ʃʽʤʥʠʮʷ, ʉʚʽʯʘ, ɹʠʩʪʨʠʮʷ) ʚʦʜʦʟʙʦʨʫ ʨ. ɼʥʽʩʪʝʨ ï ʤ. ɿʘʣʽʱʠʢʠ ʚʠʜʽʣʝʥʦ 5 ʚʠʩʦʪʥʠʭ 
ʟʦʥ: 200-400 ʤ; 400-600 ʤ; 600-800 ʤ; 800-1000 ʤ; >1000 ʤ. ɺʧʣʠʚ ʢʦʞʥʦʾ ʚʠʩʦʪʥʦʾ 
ʟʦʥʠ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʚʽʜʩʦʪʢʫ ʾʾ ʧʣʦʱʽ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ ʙʘʩʝʡʥʫ.  

ʆʙʯʠʩʣʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʧʨʦʛʨʘʤʦʶ ArcGIS. ɿʘ 
ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʫ Spatial Analyst Tools ï Estraction ï Extract by Attributes 
ʚʠʢʦʥʫʚʘʚʩʷ ʧʦʜʽʣ ʨʘʩʪʨʦʚʦʛʦ ʬʘʡʣʫ ʬʦʨʤʘʪʫ TIF ʥʘ ʦʢʨʝʤʽ ʜʽʣʷʥʢʠ ʽʟ ʟʘʜʘʥʠʤʠ 
ʚʠʩʦʪʘʤʠ. ʇʽʩʣʷ ʮʴʦʛʦ, ʟʘ ʜʦʧʦʤʦʛʦʶ Conversion Tools ʨʘʩʪʨʠ ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʰʝʡʧ-
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ʧʦʣʽʛʦʥʠ ʽ ʧʽʜʨʘʭʦʚʫʚʘʣʘʩʴ ʾʭʥʷ ʧʣʦʱʘ. ʂʦʞʥʘ ʧʣʦʱʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ 
ʚʠʩʦʪʥʫ ʟʦʥʫ ʽ ʾʭ ʩʫʤʘ ʩʢʣʘʜʘʻ ʧʣʦʱʫ ʚʦʜʦʟʙʦʨʫ ʜʘʥʦʛʦ ʙʘʩʝʡʥʫ (ʨʠʩ. 3). 

 

 
ʈʠʩ.3. ʇʦʜʽʣ ʛʽʨʩʴʢʦʛʦ ʙʘʩʝʡʥʫ ʥʘ ʚʠʩʦʪʥʽ ʟʦʥʠ ʥʘ ʧʨʠʢʣʘʜʽ ʨ. ʃʽʤʥʠʮʷ ï 

ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʦʩʪ ʇʝʨʝʚʦʟʝʮʴ 

 
ʆʧʠʩʘʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ArcGIS ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʩʘʤʦʩʪʽʡʥʦ ʽ ʧʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʚ 
ʽʥʰʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʙʦʪʘʭ ʥʘʤʠ,  ʧʦʢʠ ʱʦ, ʥʝ ʟʫʩʪʨʽʯʘʚʩʷ.  

ɿʘ ʜʘʥʠʤʠ 17 ʤʝʪʝʦʩʪʘʥʮʽʡ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʨʽʯʢʦʚʦʛʦ ʙʘʩʝʡʥʫ, ʟʘʣʫʯʘʶʯʠ 
ʣʠʰʝ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʨʫʯ ʤʝʪʝʦʩʪʘʥʮʽʾ, ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʛʨʘʬʽʢʠ ʟʚóʷʟʢʫ ʦʧʘʜʽʚ, 
ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ  ʚʽʜ ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʩʪʘʥʮʽʾ  ʜʣʷ ʢʦʞʥʦʾ 
ʚʠʩʦʪʥʦʾ ʟʦʥʠ (ʨʠʩ. 4).  

ɼʘʥʘ ʦʧʝʨʘʮʽʷ ʧʨʦʚʦʜʠʣʘʩʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʛʽʨʩʴʢʦʛʦ ʨʽʯʢʦʚʦʛʦ 
ʙʘʩʝʡʥʫ ʦʢʨʝʤʦ ʜʣʷ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ, ʧʽʜ ʯʘʩ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 
ʚʠʢʣʶʯʥʦ ʣʽʥʽʡʥʽ ʨʽʚʥʷʥʥʷ ʟʚóʷʟʢʫ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʤʦ ʟʘʣʝʞʥʦʩʪʽ ʤʽʩʷʮʽʚ  
ʢʦʞʥʦʛʦ ʽʟ ʩʝʟʦʥʽʚ, ʧʦʙʫʜʦʚʘʥʽ ʜʣʷ ʙʘʩʝʡʥʫ ʨ.ʉʪʨʠʡ - ɺʝʨʭʥʻ ʉʠʥʝʚʠʜʥʝ  (ʨʠʩ.4). ʗʢ 
ʤʦʞʥʘ ʙʘʯʠʪʠ ʟ ʨʠʩ. 4, ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ ʜʦʩʠʪʴ ʪʽʩʥʠʤʠ, ʦʜʥʘʢ ʚʦʥʠ ʜʝʱʦ 
ʧʦʛʽʨʰʫʚʘʣʠʩʷ ʫ ʧʝʨʝʭʽʜʥʽ ʩʝʟʦʥʠ. ɼʣʷ ʦʧʘʜʽʚ ʮʝ ʙʫʣʠ, ʧʝʨʝʚʘʞʥʦ, ʪʨʘʚʝʥʴ ʪʘ 
ʯʝʨʚʝʥʴ ʤʽʩʷʮʽ, ʘ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʣʠʩʪʦʧʘʜ ʽ ʛʨʫʜʝʥʴ. ʆʜʥʘʢ, ʽ ʚ ʪʘʢʠʭ 
ʚʠʧʘʜʢʘʭ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʥʝ ʦʧʫʩʢʘʣʘʩʷ ʥʠʞʯʝ 0,5 ʪʘ, 
ʚʽʜʧʦʚʽʜʥʦ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʥʝ ʙʫʚ ʥʠʞʯʠʤ ʟʘ 0,7, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ 
ʟʚóʷʟʢʫ ʤʽʞ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʘ ʚʠʩʦʪʦʶ ʤʽʩʮʝʚʦʩʪʽ ʚ 
ʫʩʽ ʤʽʩʷʮʽ ʽ ʩʝʟʦʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʦʢʫ.  
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ʈʠʩ. 4. ɻʨʘʬʽʢʠ ʟʚóʷʟʢʫ ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʩʪʘʥʮʽʾ ʜʦ ʩʝʨʝʜʥʴʦʾ 

ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ ʟʘ ʧʝʨʽʦʜ 1956-2015 ʨʨ. ʜʣʷ ʙʘʩʝʡʥʫ ʨ. ʉʪʨʠʡ ï ʩ. ɺʝʨʭʥʻ ʉʠʥʝʚʠʜʥʝ 

 
ʆʙʯʠʩʣʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʫʤʘʨʥʦʛʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʫ ʨʦʙʦʪʽ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ ʨʦʟʨʘʭʫʥʢʫ ʟʘ ʜʘʥʠʤʠ ʩʪʘʥʜʘʨʪʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ 
ʤʝʪʝʦʩʪʘʥʮʽʡ, ʷʢʠʡ ʙʫʚ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ɸ.ʈ. ʂʦʥʩʪʘʥʪʽʥʦʚʠʤ ʽ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʝʦʨʽʾ 
ʪʫʨʙʫʣʝʥʪʥʦʾ ʜʠʬʫʟʽʾ. ʉʘʤʝ ʮʝʡ ʤʝʪʦʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʘʢʦʞ ʄ.ɻ. ɻʘʣʫʱʝʥʢʦʤ ʫ 
ʨʦʙʦʪʽ [3] ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʚʦʜʥʠʭ ʙʘʣʘʥʩʽʚ ʫʩʽʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ, ʩʪʘʥʦʤ ʥʘ 
1972 ʨʽʢ ʚʢʣʶʯʥʦ. 

ɼʣʷ ʧʝʚʥʦʛʦ ʨʽʯʢʦʚʦʛʦ ʙʘʩʝʡʥʫ ʟʘ ʢʦʞʝʥ ʦʢʨʝʤʠʡ ʤʽʩʷʮʴ ʙʫʜʫʚʘʣʠʩʷ 
ʟʘʣʝʞʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʪʘ ʡʦʛʦ ʘʙʩʦʣʶʪʥʦʾ ʚʦʣʦʛʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ (ʨʠʩ. 5) 
ʥʘʡʙʣʠʞʯʠʭ ʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʷʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʜʘʥʠʡ 
ʨʽʯʢʦʚʠʡ ʙʘʩʝʡʥ. ɼʘʣʽ, ʟʘ ʜʘʥʠʤʠ ʧʨʦ ʪʝʤʧʝʨʘʪʫʨʫ (ʦ ʉ) ʪʘ ʘʙʩʦʣʶʪʥʫ ʚʦʣʦʛʽʩʪʴ 
ʧʦʚʽʪʨʷ (ʤɹ), ʦʩʝʨʝʜʥʝʥʠʤʠ ʧʦ ʙʘʩʝʡʥʫ, ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʽ ʤʽʩʷʯʥʽ ʟʥʘʯʝʥʥʷ 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʟʘ ʩʧʽʣʴʥʠʡ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ (1956-2015 ʨʨ.). ɼʣʷ ʮʴʦʛʦ, 
ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʝʪʦʜʫ ɸ.ʈ. ʂʦʥʩʪʘʥʪʽʥʦʚʘ, ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ ʪʘʙʣʠʮʷʤʠ ʙʫʣʦ 
ʚʠʟʥʘʯʝʥʦ ʧʦʧʨʘʚʢʠ ʥʘ ʽʥʝʨʮʽʡʥʽʩʪʴ ʽ ʦʪʨʠʤʘʥʦ ʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʚʝʣʠʯʠʥʠ 
ʚʠʧʘʨʦʚʫʚʘʥʥʷ. 

ɿʥʘʯʝʥʥʷ ʨʽʯʥʦʛʦ ʩʪʦʢʫ ʚʦʜʠ ʦʙʯʠʩʣʶʚʘʣʘʩʷ ʟʘ ʜʘʥʠʤʠ 10 ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ 
(ʨʠʩ.6), ʜʣʷ ʷʢʠʭ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʩʝʨʝʜʥʽ ʙʘʛʘʪʦʨʽʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ ʧʦ 
ʤʽʩʷʮʷʭ ʪʘ ʟʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʽʢ. ɺʠʪʨʘʪʠ ʚʦʜʠ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʝʨʝʚʦʜʠʣʠʩʴ ʚ ʰʘʨʠ 
ʩʪʦʢʫ. ʊʘʢʦʞ ʟʘ ʜʘʥʠʤʠ ʚʠʩʦʪʥʠʭ ʟʦʥ ʦʙʨʘʭʦʚʘʥʘ ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʚʠʩʦʪʘ 
ʚʦʜʦʟʙʦʨʫ ʜʣʷ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ ʙʘʩʝʡʥʫ. 
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ʈʠʩ. 5. ɻʨʘʬʽʢʠ ʟʚóʷʟʢʫ ʚʠʩʦʪʠ ʨʦʟʪʘʰʫʚʘʥʥʷ ʤʝʪʝʦʩʪʘʥʮʽʾ ʜʦ ʩʝʨʝʜʥʴʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟʘ ʧʝʨʽʦʜ 1956-2015 ʨʨ. ʜʣʷ ʨ. ʉʚʽʯʘ ï ʩ. ɿʘʨʽʯʥʝ  

 

 

ʈʠʩ. 6. ʈʽʯʢʦʚʽ ʙʘʩʝʡʥʠ, ʜʣʷ ʷʢʠʭ ʧʨʦʚʝʜʝʥʽ ʚʦʜʥʦ-ʙʘʣʘʥʩʦʚʽ ʨʦʟʨʘʭʫʥʢʠ 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɿ ʤʝʪʦʶ ʦʙʯʠʩʣʝʥʥʷ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ 

ɼʥʽʩʪʨʘ ʜʦ ʤʽʩʪʘ ɿʘʣʽʱʠʢʠ ʨʦʟʛʣʷʜʘʣʠʩʷ ʣʠʰʝ ʥʘʡʙʽʣʴʰʽ ʡʦʛʦ ʧʨʠʪʦʢʠ (ʨʠʩ. 6), 
ʦʩʢʽʣʴʢʠ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ, ʧʝʚʥʦʶ ʤʽʨʦʶ, ʟʤʝʥʰʠʪʠ ʚʧʣʠʚ ʤʽʩʮʝʚʠʭ ʬʘʢʪʦʨʽʚ 
ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ. ɺʠʢʣʶʯʝʥʥʷʤ ʩʪʘʣʘ ʣʠʰʝ ʨʽʯʢʘ ɹʠʩʪʨʠʮʷ, ʫ ʚʠʧʘʜʢʫ ʷʢʦʾ 
ʧʦʩʪʠ ʨ. ɹʠʩʪʨʠʮʷ ʅʘʜʚʽʨʥʷʥʩʴʢʘ ï ʩ. ʏʝʨʥʽʾʚ ʪʘ ʨ. ɹʠʩʪʨʠʮʷ ʉʦʣʦʪʚʠʥʩʴʢʘ ï ʤ. 
ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ ʤʘʶʪʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟ ʧʦʯʘʪʢʦʤ 1984 ʨ., ʘ ʧʽʩʣʷ ʾʭ ʟʣʠʪʪʷ 
ʛʽʜʨʦʣʦʛʽʯʥʽ ʧʦʩʪʠ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽ. ɼʣʷ ʚʩʽʭ ʨʝʰʪʠ ʛʽʜʨʦʣʦʛʽʯʥʠʭ ʧʦʩʪʽʚ ʽʟ ʧʣʦʱʘʤʠ 
ʚʦʜʦʟʙʦʨʽʚ, ʙʣʠʟʴʢʠʤʠ ʜʦ 1000 ʢʤ2, ʚʦʜʥʠʡ ʙʘʣʘʥʩ ʦʙʯʠʩʣʝʥʦ ʟʘ ʬʦʨʤʦʶ ʪʘʙʣ. 3. 

ɿʘ ʧʝʨʽʦʜ 1956-2015 ʨʨ. ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʽ ʙʘʛʘʪʦʨʽʯʥʽ ʟʥʘʯʝʥʥʷ ʩʫʤ ʦʧʘʜʽʚ (X, 
ʤʤ) ʧʦ ʤʽʩʷʮʷʭ ʪʘ ʟʘ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʨʽʢ, ʨʦʟʨʘʭʦʚʘʥʦ ʰʘʨʠ ʩʪʦʢʫ (ʋ, ʤʤ) ʜʣʷ ʜʘʥʠʭ 
ʨʽʯʢʦʚʠʭ ʙʘʩʝʡʥʽʚ, ʦʙʨʘʭʦʚʘʥʦ ʚʝʣʠʯʠʥʠ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (Z, ʤʤ) ʪʘ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ 
ʮʴʦʛʦ, ʦʪʨʠʤʘʥʦ ʥʝʚôʷʟʢʠ ʚʦʜʥʠʭ ʙʘʣʘʥʩʽʚ (ɛ, ʤʤ), ʷʢʽ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʪʦʯʥʽʩʪʴ ʾʭ 
ʦʙʯʠʩʣʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʜʣʷ ʧʝʨʽʦʜʫ 1956-
2015 ʨʨ. ʟʚʝʜʝʥʦ  ʚ ʟʘʛʘʣʴʥʫ ʪʘʙʣʠʮʶ 3. 

ʆʮʽʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʚʠʷʚʠʪʠ ʧʝʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫ ʩʪʨʫʢʪʫʨʽ 
ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʙʘʩʝʡʥʽʚ ʨʽʯʦʢ ɼʥʽʩʪʨʘ. ɼʣʷ ʚʩʽʭ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ ʭʘʨʘʢʪʝʨʥʠʤ ʻ 
ʚʠʧʘʜʽʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʙʣʠʟʴʢʦ 1027 ʤʤ ʥʘ ʨʽʢ ʟ ʚʠʩʦʢʠʤʠ 
ʧʦʢʘʟʥʠʢʘʤʠ ʰʘʨʽʚ ʩʪʦʢʫ (516 ʤʤ/ʨʽʢ), ʷʢʽ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʧʝʨʝʚʠʱʫʶʪʴ 
ʚʝʣʠʯʠʥʫ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (ʚ ʩʝʨʝʜʥʴʦʤʫ 492 ʤʤ/ʨʽʢ).  

ʈʽʚʥʠʥʥʽ ʨʽʯʢʠ ʙʘʩʝʡʥʫ ɼʥʽʩʪʨʘ ʜʦ ʤʽʩʪʘ ɿʘʣʽʱʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʝʥʰʠʤʠ 
ʚʦʜʥʠʤʠ ʨʝʩʫʨʩʘʤʠ. ʊʫʪ ʚʠʧʘʜʘʻ ʚ ʩʝʨʝʜʥʴʦʤʫ 637 ʤʤ ʦʧʘʜʽʚ ʥʘ ʨʽʢ, ʱʦ ʥʘ 37% 
ʤʝʥʰʝ ʥʽʞ ʪʘ ʞ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚ ʛʽʨʩʴʢʠʭ ʙʘʩʝʡʥʘʭ. ɺʠʧʘʨʦʚʫʚʘʥʥʷ ʨʽʚʥʠʥʥʠʭ 
ʙʘʩʝʡʥʽʚ ʧʦʤʽʪʥʦ ʚʠʱʝ ʥʽʞ ʜʣʷ ʛʽʨʩʴʢʠʭ ʽ ʩʪʘʥʦʚʠʪʴ 565 ʤʤ/ʨʽʢ (ʥʘ 14% ʚʠʱʝ 
ʛʽʨʩʴʢʠʭ). ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʥʘ ʩʪʽʢ ʚʦʜʠ ʧʨʠʧʘʜʘʻ ʟʥʘʯʥʦ ʤʝʥʰʘ ʯʘʩʪʢʘ ʦʧʘʜʽʚ 
(180 ʤʤ/ʨʽʢ), ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 35% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʩʪʦʢʫ ʚʦʜʠ ʟ ʛʽʨʩʴʢʠʭ 
ʚʦʜʦʟʙʦʨʽʚ. 

ʉʝʨʝʜ ʨʽʯʥʠʭ ʩʫʤ ʦʧʘʜʽʚ ʭʘʨʘʢʪʝʨʥʦ ʚʠʜʽʣʷʻʪʴʩʷ ʙʘʩʝʡʥ ʨ. ɹʠʩʪʨʠʮʷ- 
ʅʘʜʚʦʨʥʷʥʩʴʢʘ, ʜʝ ʚʠʧʘʜʘʻ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ, ʘ ʩʘʤʝ 1258 ʤʤ ʥʘ ʨʽʢ. ʎʝ 
ʥʘ 18% ʚʠʱʝ ʥʽʞ ʩʝʨʝʜʥʷ ʙʘʛʘʪʦʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʘʜʽʚ ʜʣʷ ʨʽʯʦʢ ʛʽʨʩʴʢʦʛʦ ʨʘʡʦʥʫ ʽ 
ʧʦʩ̫ʥʶʻʪʴʩʷ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʝʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʚʦʜʦʟʙʦʨʫ ʪʘ ʡʦʛʦ ʛʽʨʩʴʢʠʤ 
ʨʦʟʪʘʰʫʚʘʥʥʷʤ. ʎʝ ʻʜʠʥʠʡ ʛʽʜʨʦʣʦʛʽʯʥʠʡ ʧʦʩʪ, ʙʘʣʘʥʩ ʷʢʦʛʦ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ 
ʨʦʟʨʘʭʫʥʢʘʤʠ ʄ.ɯ. ʂʠʨʠʣʶʢʘ [7], ʪʦʙʪʦ ʟʘ ʤʠʥʫʣʽ 20 ʨʦʢʽʚ ʦʧʘʜʠ ʟʨʦʩʣʠ ʥʘ 30 ʤʤ, 
ʧʦʤʽʪʥʦ ʟʨʦʩʣʘ ʚʝʣʠʯʠʥʘ ʩʪʦʢʫ ʚʦʜʠ ʥʘ 70 ʤʤ ʪʘ ʟʥʠʟʠʣʦʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʥʘ 100 
ʤʤ. ʇʨʠ ʮʴʦʤʫ, ʨ. ɹʠʩʪʨʠʮʷ ʤʘʻ ʥʘʡʙʽʣʴʰʽ ʚʝʣʠʯʠʥʠ ʩʪʦʢʫ ʚʦʜʠ ʩʝʨʝʜ ʚʩʽʭ ʨʽʯʦʢ (692 
ʤʤ/ʨʽʢ) ʪʘ ʥʘʡʤʝʥʰʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ (435 ʤʤ/ʨʽʢ). ɼʦʚʦʣʽ ʙʣʠʟʴʢʽ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʦʧʘʜʽʚ ʤʘʶʪʴ ʨʽʯʢʠ ʉʪʨʠʡ ʪʘ ʃʽʤʥʠʮʷ ʟ 1125 ʪʘ 1014 ʤʤ ʚʽʜʧʦʚʽʜʥʦ. ʅʘʡʤʝʥʰʠʡ ʩʪʽʢ 
ʚʦʜʠ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʽʯʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚ ʙʘʩʝʡʥʽ ɻʥʠʣʦʾ ʃʠʧʠ ʪʘ ʉʪʨʠʧʠ ï 
ʚʩʴʦʛʦ 165 ʪʘ 166 ʤʤ/ʨʽʢ ʚʽʜʧʦʚʽʜʥʦ ʜʣʷ ʢʦʞʥʦʛʦ.  

ʋ ʚʥʫʪʨʽʰʥʴʦʨʽʯʥʦʤʫ ʨʦʟʧʦʜʽʣʽ ʩʢʣʘʜʦʚʠʭ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʫ ʪʝʞ ʤʦʞʥʘ ʚʠʷʚʠʪʠ 
ʧʝʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ. ɿ ʚʧʝʚʥʝʥʽʩʪʶ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰʽ 
ʧʦʢʘʟʥʠʢʠ ʦʧʘʜʽʚ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʽʯʦʢ ʟʘʬʽʢʩʦʚʘʥʽ ʚ ʪʝʧʣʽ ʤʽʩʷʮʽ ʨʦʢʫ, ʚ 
ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ï ʮʝ ʪʨʘʚʝʥʴ-ʩʝʨʧʝʥʴ. ʊʘʢʦʞ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚ ʮʽ ʤʽʩʷʮʽ 
ʬʽʢʩʫʶʪʴʩʷ ʡ ʥʘʡʙʽʣʴʰʽ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʦʢʫ ʚʦʜʠ ʪʘ ʚʠʧʘʨʦʚʫʚʘʥʥʷ, 
ʽʥʢʦʣʠ ʟʽ ʟʤʽʱʝʥʥʷʤ ʥʘ ʦʜʠʥ ʤʽʩʷʮʴ.  

ʄʘʢʩʠʤʘʣʴʥʝ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʝ ʟʥʘʯʝʥʥʷ ʦʧʘʜʽʚ ʟʘʬʽʢʩʦʚʘʥʝ ʚ ʣʠʧʥʽ ʚ ʙʘʩʝʡʥʽ 
ʨ. ɹʠʩʪʨʠʮʷ-ʅʘʜʚʦʨʥʷʥʩʴʢʘ ï ʧʦʩʪ ʇʘʩʽʯʥʝ. ʊʫʪ ʦʧʘʜʠ ʜʦʩʷʛʘʶʪʴ 163 ʤʤ/ʤʽʩ. 
ʄʘʢʩʠʤʘʣʴʥʠʡ ʰʘʨ ʩʪʦʢʫ ʚʦʜʠ ʟʘʬʽʢʩʦʚʘʥʠʡ ʥʘ ʪʽʡ ʞʝ ʨʽʯʮʽ ʚ ʢʚʽʪʥʽ ʽ ʩʪʘʥʦʚʠʪʴ 107 
ʤʤ/ʤʽʩ. ʅʘʡʙʽʣʴʰʝ ʩʝʨʝʜʥʴʦʤʽʩʷʯʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʽʢʩʫʻʪʴʩʷ ʥʘ ʨʽʚʥʠʥʥʠʭ ʨʽʯʢʘʭ  
ʚ ʯʝʨʚʥʽ ʤʽʩʷʮʽ ʽ ʩʷʛʘʻ 87,5 ʤʤ/ʤʽʩ. 
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