
 



 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ  

ɺʉɽʋʂʈɸɰʅʉʔʂɸ ɽʂʆʃʆɻɯʏʅɸ ʃɯɻɸ  
ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʇʆʃʊɸɺʉʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸ 

 ɯʄɽʅɯ ʖʈɯʗ ʂʆʅɼʈɸʊʖʂɸè 

 ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ çʃʔɺɯɺʉʔʂɸ ʇʆʃɯʊɽʍʅɯʂɸè  
AKAKI TSERETELI STATE UNIVERSITY, GEORGIA 

 UNIVERSITY OF LIFE SCIENCES IN LUBLIN, POLAND  

ɸɿɽʈɹɸʁɼɾɸʅʉʔʂʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʅɸʌʊʀ ɯ ʊɽʍʅʆʃʆɻɯʁ 
POZNAN POLYTECHNICAL UNIVERSITY, POLAND  

INSTITUTE OF MATHEMATICAL SCIENCES, FACULTY OF SCIENCE,  

UNIVERSITY OF MALAYA, MALAYSIA  

ISLAMIC AZAD UNIVERSITY SCIENCE AND RESEARCH BRANCH, IRAN ISLAMIA 
CENTRAL UNIVERSITY, NEW DELHI, INDIA  

ɼɽʈɾɸɺʅɸ ɽʂʆʃʆɻɯʏʅɸ ɸʂɸɼɽʄɯʗ ʇɯʉʃʗɼʀʇʃʆʄʅʆɰ ʆʉɺɯʊʀ ʊɸ ʋʇʈɸɺʃɯʅʅʗ 

ʂʈɽʄɽʅʏʋʎʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  
ɯʄɽʅɯ ʄʀʍɸʁʃɸ ʆʉʊʈʆɻʈɸɼʉʔʂʆɻʆ  

ɺɯʅʅʀʎʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

ʆɼɽʉʔʂʀʁ ɼɽʈɾɸɺʅʀʁ ɽʂʆʃʆɻɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  
ʍɸʈʂɯɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ɸɺʊʆʄʆɹɯʃʔʅʆ-ɼʆʈʆɾʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ 

ʍɸʈʂɯɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ɯʄɽʅɯ ɺ.ʅ. ʂɸʈɸɿɯʅɸ  

ɿɸʇʆʈɯɿʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

ʅɸʎɯʆʅɸʃʔʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ ʂʆʈɸɹʃɽɹʋɼʋɺɸʅʅʗ ɯʄɽʅɯ ɸɼʄɯʈɸʃɸ ʄɸʂɸʈʆɺɸ 
ɼɽʇɸʈʊɸʄɽʅʊ ɽʂʆʃʆɻɯɰ ʊɸ ʇʈʀʈʆɼʅʀʍ ʈɽʉʋʈʉɯɺ ʇʆʃʊɸɺʉʔʂʆɰ ʆɼɸ  

ʉʇɯʃʔʅɽ ʇɯɼʇʈʀɭʄʉʊɺʆ çʇʆʃʊɸɺʉʔʂɸ ɻɸɿʆʅɸʌʊʆɺɸ ʂʆʄʇɸʅɯʗè 

 ɽʂʆʃʆɻɯʏʅɸ ʈɸɼɸ ʇʆʃʊɸɺʑʀʅʀ  
 

 

ɯ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ 

çʇʆɼʆʃɸʅʅʗ ɽʂʆʃʆɻɯʏʅʀʍ ʈʀɿʀʂɯɺ ʊɸ ɿɸɻʈʆɿ ɼʃʗ 

ɼʆɺʂɯʃʃʗ ɺ ʋʄʆɺɸʍ ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ ï 2022è 
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ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʠʡ ʢʦʤʽʪʝʪ 

 

 

ʉɯɺɯʎʔʂɸ ʉʚʽʪʣʘʥʘ ï ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ ʪʘ ʤʽʞʥʘʨʦʜʥʦʾ ʨʦʙʦʪʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʝ.ʥ., ʜʦʮʝʥʪ, ʛʦʣʦʚʘ 

ʦʨʛʢʦʤʽʪʝʪʫ. 

ʉʊɽʇʆɺɸ ʆʣʝʥʘ ï ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮ̔ʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʦʨʛʢʦʤʽʪʝʪʫ. 

ɻʆʃɯʂ ʖʨʽʡ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʪʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ, 

ʧʨʦʬʝʩʦʨ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʏɽʈʅɽʈ ʂʨʽʩʪʽʘʥ ï ʧʦʯʝʩʥʠʡ ʜʦʢʪʦʨ, ʇʇ çɻʽʛʘʜʞʦʫʣʴè, ɸʚʩʪʨʽʷ, ɻʨʘʮ-ʉʪʨʠʡ, ʋʢʨʘʾʥʘ. 

KRZYSZTOF J·Ŧwiakowski ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʽʥʞʝʥʝʨʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʛʝʦʜʝʟʽʾ ʋʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʚ ʃʶʙʣʽʥʽ, ʜ-ʨ ʭʘʙʽʣ, ʧʨʦʬʝʩʦʨ. 

TURKADZE Tsitsino ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʭʽʤʽʯʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ɼʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɸʢʘʢʽʷ ʎʝʨʝʪʝʣʽ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ʉɸɺʀʎʔʂɸ ɹʘʨʙʘʨʘ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ ʨʦʩʣʠʥʥʠʮʪʚʘ ʽ ʪʦʚʘʨʦʟʥʘʚʩʪʚʘ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʚ ʃʶʙʣʽʥʽ, ʜ-ʨ ʭʘʙʽʣ, ʧʨʦʬʝʩʦʨ. 

ʂɸɸɹɸʈ ʄʦʭʘʤʤʝʜ ʂ.ɸ. ï ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ɯʥʩʪʠʪʫʪʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʥʘʫʢ 

ʬʘʢʫʣʴʪʝʪʫ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʄʘʣʘʡʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʂʫʘʣʘ-ʃʫʤʧʫʨ, ʄʘʣʘʡʟʽʷ, ʜ-ʨ 

ʬʽʣʦʩ.  

ʄʆɿɸʌʌɸʈɯ ʅʽʣʦʦʬʘʨ ï ʥʘʫʢʦʚʘ ʩʧʽʚʨʦʙʽʪʥʠʮʷ ʢʘʬʝʜʨʠ ʬʽʟʠʢʠ, ʬʘʢʫʣʴʪʝʪʫ 

ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ ʚʽʜʜʽʣʝʥʥʷ ʥʘʫʢʠ ʽ ʜʦʩʣʽʜʞʝʥʴ ɯʩʣʘʤʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ɸʟʘʜ (IAU), 

ʊʝʛʝʨʘʥ, ɯʨʘʥ, ʚʠʥʘʭʽʜʥʠʮʷ ʡ ʟʘʧʨʦʰʝʥʘ ʨʝʜʘʢʪʦʨʢʘ Springer Nature Group, ʤʘʛʽʩʪʨ ʥʘʫʢ. 

ʂʍɸʅ ʅʘʜʽʤ ɸʭʤʘʜ ï ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʢʘʬʝʜʨʠ ʮʠʚʽʣʴʥʦʾ ʽʥʞʝʥʝʨʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʽʩʣʘʤʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʅʴʶ-ɼʝʣʽ, ɯʥʜʽʷ, ʜ-ʨ ʬʽʣʦʩ.  

ʂɸʃʖɾʅʀʁ ɸʥʘʪʦʣʽʷ ï ʚ.ʦ. ʜʠʨʝʢʪʦʨʘ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪʫ ʥʘʬʪʠ ʽ ʛʘʟʫ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ.  

ɺɸʄɹʆʃʔ ɺʽʦʣʘ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ. 

ɯʃʃʗʐ ʆʢʩʘʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ.  

ʉʄʆʃʗʈ ʅʘʪʘʣʽʷ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʙ.ʥ., 

ʜʦʮʝʥʪ. 

ɻɸʅʆʐɽʅʂʆ ʆʣʝʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʪ.ʥ., 

ʜʦʮʝʥʪ. 

ɹʈɽɼʋʅ  ɺʽʢʪʦʨ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʢ.ʪ.ʥ. 

ʏʋʍʃɯɹ ʖʣʽʷ ï ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè. 

ɹɭʃʆʂʆʅʔ ʂʘʨʠʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʧʨʘʮʽ 

ɿʘʧʦʨʽʟʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ɺɸʄɹʆʃʔ ʉʝʨʛʽʡ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ɼʝʨʞʘʚʥʦʛʦ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 



 4 

ɺʅʋʂʆɺɸ ʅʘʪʘʣʽʷ  ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ, ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ʄɸʃʔʆɺɸʅʀʁ ʄʠʨʦʩʣʘʚ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ. 

ʅɽʂʆʉ ɸʣʣʘ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ, ʜ.ʛʝʦʛʨ.ʥ., ʧʨʦʬʝʩʦʨ. 

ɺʘʩʠʣʴ ʇɽʊʈʋʂ ï ʜʠʨʝʢʪʦʨ ʽʥʩʪʠʪʫʪʫ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ 

ɺʽʥʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʩʣʫʞʝʥʠʡ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʝʮʴ ʋʢʨʘʾʥʠ.  

ʊʈʆʍʀʄɽʅʂʆ  ɻʘʥʥʘ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ɸʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʜʦʢʪʦʨ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

ʉɸʌʈɸʅʆɺ ʊʘʤʝʨʣʘʥ ï ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ ʆʜʝʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜʦʢʪʦʨ ʛʝʦʣʦʛʦ-ʤʽʥʝʨʘʣʦʛʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

ʏʋɻɸʁ ɸʥʛʝʣʽʥʘ ï ʜʝʢʘʥ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʆʜʝʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ. 

 ʐʄɸʅɼɯʁ ɺʦʣʦʜʠʤʠʨ ï ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʝʢʦʣʦʛʽʾ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ ʂʨʝʤʝʥʯʫʮʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʦʨ. 
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ɺʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʚʠʧʫʩʢ: ʟʘʚʽʜʫʚʘʯʢʘ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʆʣʝʥʘ ʉʊɽʇʆɺɸ. 

 

 çʇʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʽ ʟʘʛʨʦʟ ʜʣʷ ʜʦʚʢʽʣʣʷ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ï 2022è: ɿʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ɯ ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çʇʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʜʣʷ ʜʦʚʢʽʣʣʷ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ï 

2022è, (26ï27 ʪʨʘʚʥʷ 2022 ʨʦʢʫ, ʇʦʣʪʘʚʘ ï ʃʴʚʽʚ). ʇʦʣʪʘʚʘ : ʅʋʇʇ, 2022. 692 ʩ.  

 

 

ʋʯʘʩʥʠʢʠ ʢʦʥʬʝʨʝʥʮʽʾ ï  ʤʽʞʥʘʨʦʜʥʽ ʝʢʩʧʝʨʪʠ, ʧʦʯʝʩʥʽ ʛʦʩʪʽ, ʥʘʫʢʦʚʮʽ, ʰʢʽʣʴʥʘ ʡ ʩʪʫʜʝʥʪʩʴʢʘ 

ʤʦʣʦʜʴ ʪʘ ʦʩʚʽʪʷʥʠ ï ʨʦʟʛʣʷʜʘʶʪʴ ʧʨʦʙʣʝʤʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ,  

ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʧʦʜʦʣʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʟ ʨʠʟʠʢʽʚ ʪʘ ʟʘʛʨʦʟ ʜʣʷ ʜʦʚʢʽʣʣʷ ʚ 

ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʚʦʻʥʥʠʭ ʜʽʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʄʘʪʝʨʽʘʣʠ ʧʦʜʘʥʦ ʤʦʚʘʤʠ ʦʨʠʛʽʥʘʣʽʚ. ɿʘ ʚʠʢʣʘʜʝʥʥʷ, ʟʤʽʩʪ ʽ ʜʦʩʪʦʚʽʨʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʽʚ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʚʪʦʨʠ.  

ʆʨʛʢʦʤʽʪʝʪ ʢʦʥʬʝʨʝʥʮʽʾ. 

 

 

 

 

 

 

 

 

 

 

É ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, 2022 ʨ.  
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AUTONOMOUS POWER SUPPLY SYSTEM 

BASED ON RENEWABLE ENERGY SOURCES 

 

Introduction.  The  publications using hydrogen technologies aimed at 

attracting renewable energy sources to the infrastructure of energy technology 

complexes, namely, for autonomous power supply of small consumers in remote 

areas is analyzes  [1, 2]. The potential for the use of solar and wind energy in 

Ukraine is high enough for widespread introduction into energy systems. When 

operating autonomous power complexes based on renewable energy sources, 

using solar and wind energy as sources, emergency situations are very likely due 

to the interruption of power supply due to the variability of energy supply or 

emergency failure of individual elements of the power complex. Therefore, in 

order to ensure uninterrupted power supply to an autonomous private consumer, 

it is necessary to provide for additional energy supply equalization systems. The 

use of technology for converting energy from primary sources using an 

electrolysis plant, a metal-hydride hydrogen storage system and a fuel cell will 

not only solve the problem of smoothing the uneven energy supply from 

renewable energy sources, but also reduce the environmental burden of Ukraine. 

Scientific novelty. An alternative scheme of electric power and heat supply 

for a stand-alone house without using imported fuel is proposed. The advantage 

of such a scheme is that it is closed because hydrogen is produced on site to power 

the fuel cell, while the metal-hydride hydrogen storage system is capable of 

performing hydrogen absorption and its release due to the hot and cold water 

resources available in the system. 

Practical significance. The technology for converting the energy of primary 

sources by creating a wind-driven energy technological complex using an 

electrolysis plant and a metal-hydride hydrogen storage system will solve the 

problem of smoothing the irregular electric power supply from renewable sources. 

Development description. During wind-driven generator operation, the 

generated electric power is delivered to the high-pressure electrolyser via the 

control system [2]. The reaction of electrochemical dissociation of the liquid 

alkaline electrolyte yields oxygen and hydrogen that are delivered to the gas 

storage system of cylinders and used subsequently for fuel cell module operation. 

An invertor circuit is used to convert the DC voltage to alternating current. Then 

the converted electric power is delivered to the consumer. During hours when 

wind-driven generator power is excessive, hydrogen is stored in the metal-hydride 

accumulator jointly with the gas cylinder storage system. 
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Hence, wind energy is accumulated to be used subsequently for stand-alone 

power supply to consumers. During peak load hours (morning and evening), as 

well as during an abrupt prolonged wind speed drop, hydrogen and oxygen in the 

storage system are used for generating additional electric power with the help of 

the fuel cell module (Fig. 1). 

 

 
Fig. 1. Schematic diagram for autonomous power supply system 

based on renewable energy sources 

 

The use of hydrogen in fuel cells makes it possible to create efficient systems 

of autonomous power supply for private consumers. The most promising power 

plants for off-grid consumers are 1 kW to 20 kW power plants built around low-

temperature alkaline fuel cells [2, 3]. They are distinguished by high efficiency, 

and are environmentally friendly and noiseless in operation. The analysis of 

publications showed that to provide power to fuel cells, the most compact, safe 

and environmentally friendly way is to use reusable metal-hydride batteries of 

high-purity hydrogen as part of an energy complex that meets the requirements 

for the placement of autonomous power supply systems. 

Results. Based on the study, a technological scheme of an autonomous 

power supply system based on fuel cells has been developed, an approach to the 

creation of a metal-hydride system for accumulating hydrogen and its supply to 

fuel cells has been substantiated. A calculation algorithm has been developed that 

allows you to calculate the annual energy balance of a specific consumer and 

select the necessary equipment to implement the scheme based on the annual 

schedule of heat and electrical load. 

It is shown that, for stand-alone consumers, power supply systems built 

around low-temperature alkaline 20 kW fuel cell are exceptionally interesting. 

The usage of a metal hydride hydrogen storage system in a wind energy 

technological complex meets the requirements to the installation of stand-alone 

power supply systems. Key characteristics of the main types of fuel cells are given 

in Table 1 [1]. 
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Table 1 

Types of fuel cells and their main characteristics 

 

Fuel cell types 

Working 

temperature, 
ʂ 

Power generation 

efficiency, % 

Resource, 

hours 
Fuel type 

Molten-carbonate fuel cells, 

MCFCs 
82-973 50-70 ʜʦ 2ẗ104 Hydrocarbon fuel 

Phosphoricacid fuel cell, 

PAFC 
373-493 35-40 ʜʦ 5ẗ104 Pure hydrogen 

Solid-oxide fuel cells, 

SOFC 
723-1273 45-70 ʜʦ 6ẗ104 Hydrocarbon fuel 

Direct-methanol fuel cells, 

DMFC  
293-363 20-30 ï ʄethanol 

Alkaline fuel cell, 

AFC  
323-473 40-70 ʜʦ 1ẗ104 Pure hydrogen 

Proton-exchange membrane fuel 

cell, PEMFC  
303-373 35-50 

ʜʦ 2ẗ104 

 
Pure hydrogen 

 

The operating modes of the selected fuel cell were studied and the parameters 

of influence on its output characteristics were investigated in order to determine 

the efficiency of the power plant for autonomous power supply systems for 

consumers in remote areas. 

The operation of fuel cells with a metal-hydride hydrogen accumulation 

system was analysed for hydrogen storage accumulators and the schemes of their 

joint operation for a stand-alone cottage. The design chosen was that of a metal-

hydride hydrogen accumulator with a length of L=0.15 m and an inner diameter 

of 0.04 m, and a productivity of up to 0.035 g/s (Fig. 2) [4, 5]. 

 

 
 

Fig. 2. Appearance and temperature field of a metal-hydride hydrogen  

storage system 

 

The fuel cell of choice was DBX5000 with a power of 5.0 kW that provides 

the maximum electric power load of a stand-alone house [3]. 

The modes of operation of the metal-hydride system were optimized and the 

optimal operating conditions for the çmetal-hydride ï fuel cellè were selected. 

Recommendations have been developed for the use of metal-hydride hydrogen 

storage systems in autonomous power plants based on a fuel cell, taking into 

account the aspects of their fire and explosion hazardous operation. 

https://en.wikipedia.org/wiki/Phosphoric_acid_fuel_cell
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Comparative assessment and level of technical training. Thus, as compared 

to present-day standby electric power supply systems based on storage batteries, 

fuel cells enable creating standby electric power supply systems with a 3 to 4 

times longer time of operation in the stand-alone mode. 

Hence, the combined application of advanced technologies for the 

production, storage and usage of hydrogen increases energy conversion 

effectiveness and significantly expands its application areas, especially for stand-

alone power supply systems with a wind-driven power plant and a hydrogen 

energy accumulator. 
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2. Application of highly efficient hydrogen generation and storage systems 

for autonomous energy supply / A.M. Avramenko  [et al.] // Naukovyi Visnyk 

Natsionalnoho Hirnychoho Universytetu. 2021. ˉ.3. ʉ. 69ï74.  

https://doi.org/10.33271/nvngu/2021-3/069 [in English]. 

3. Matsevytyi Y. M., Chorna N. A., Shevchenko A. A. Development of a 
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ANALYSIS OF THE THERMAL STABILITY OF SOLAR CELLS ON A 

FLEXIBLE SUBSTRATE INTENDED FOR BACKUP POWER 

SYSTEMS EMERGENCY PREVENTION  

 
The effect of temperature on the output parameters of the 

ITO/CdS/CdTe/Cu/Au film solar cell on a flexible substrate, intended for use as 

an autonomous power supply for emergency prevention systems, has been 

investigated. It has been shown that a solar cell on a flexible substrate based on 

cadmium telluride with a Cu/Au back contact can be operated without a decrease 

in efficiency up to a temperature of 45ʦʉ. At higher temperatures, deterioration in 

diode characteristics is observed, due to a decrease in the value of the dark 

shunting electrical resistance and an increase in the value of the dark density of 

the diode saturation current. 

The analysis of emergency situations shows that one of the problems of 

localization and elimination of consequences is a power outage due to damage to 

power lines. Therefore, it is necessary to provide emergency power supplies or 

the tools used must work autonomously. Modern security and control systems 

consume only a small part of the total energy consumption of the facility; their 

uninterrupted operation is ensured by the availability of electricity in the network. 

As a rule, such security systems have a backup power source in case of an 

emergency power outage in the network, but, in most cases, its charge lasts no 

more than 24 hours [1]. In this case, the use of solar cells becomes relevant. 

Solar cells have become an ideal alternative to conventional energy sources 

because of their superior mechanical strength and high energy conversion 

efficiency, which can meet human needs for environmentally friendly, 

inexpensive and portable power sources. The rapid development of wearable 

devices, telecommunications, transportation, modern sensors and, accordingly, 

the growing demand for affordable power supplies for modern devices of arbitrary 

shape and stability at elevated temperatures has become a new problem. In this 

regard, it is necessary to develop solar cells on a flexible substrate capable of 

efficiently operating at elevated temperatures. 

In the field of power supply of large areas and clean energy, solar cells are 

widely used [2]. As the conversion efficiency increases and the cost decreases, 

solar cells are finding more and more commercial applications. The concept of 
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flexible solar cells has been around for a long time, since the flexible structure 

greatly facilitates the collection of solar energy [3, 4]. Silicon solar cells have been 

intensively studied since the early 1950s, and more and more photovoltaic 

materials are being researched to improve cell performance. Monocrystalline 

silicon and polycrystalline silicon are sequentially applied to solar cells. Since the 

1970s, amorphous silicon solar cells have been developed [5]. Compared to 

crystalline silicon, amorphous silicon is much lighter and thinner. In recent years, 

many solar cells have been developed: dye sensitized solar cells (DSSC), organic 

solar cells, Cu (In, Ga) Se2 (CIGS) solar cells, perovskite solar cells, etc. [6]. To 

overcome the flexibility problem, great efforts have been made to create various 

flexible component materials [7]. In particular, the transparent electrode is an 

integral part of solar cells, and conductive ITO films are commonly used [8]. 

Despite flexible ITO glasses, flexible solar cells with opaque fiber electrodes have 

been reported [9]. Another important criterion for increasing the demand for the 

use of solar cells is degradation resistance. In [10, 11], an analysis of the 

degradation processes that occurs in SC based on cadmium telluride was carried 

out and a method for restoring their efficiency was proposed. In [12], the radiation 

resistance of solar cells with an efficiency of ~ 10% with an anti-radiation glass 

structure was investigated. The authors found that, in this case, the main CdS / 

CdTe transition is easily destroyed. Thanks to the work of various groups of 

researchers [13], it was possible to increase the efficiency of solar cells based on 

CdTe/CdS by more than 16.5% for devices on a glass substrate coated with 

"transparent conductive oxide" (hereinafter referred to as TCO) [14, 15], while 

the predicted the theoretical maximum is about 30% [16] and more than 7% 

efficiency for devices on flexible metal substrates [17]. The polymer substrate has 

the advantage that the devices can be made in the front and rear configuration, 

while in the case of metal substrates, only the rear configuration is possible. 

Typical experimental dark current-voltage characteristics of an 

ITO/CdS/CdTe/Cu/Au solar cell on a flexible substrate are shown in Figure 1.  

On the dark CVC of the solar cell, two characteristic sections can be 

distinguished, corresponding to different mechanisms of charge transfer. The first 

section is exponential. It is observed when a forward bias is applied from 0 V to 

(0.6-0.7) V. In this section, CVC can be approximated by the theoretical current-

voltage characteristic of a solar cell, for which the presence of a potential barrier 

affects the charge transfer mechanism. In the second section, CVC is linear. This 

indicates that charge transfer is described by Ohm's law, when the decisive role 

in the form of the current-voltage characteristic is played by the sequential 

electrical resistance of the device structure. With an increase in the forward bias, 

the transition from the exponential section of the SC CVC to the ohmic one is 

quite natural. This is due to the fact that when an external forward bias is applied, 

the potential barrier of the p-n junction decreases. When the external electric field 

becomes equal to the internal built-in field, the potential barrier disappears and 

the ohmic section sets in. 
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Fig. 1. Experimental dark CVC of solar cells based on CdS/CdTe at different 

temperatures (ƶ ï 0 ʦʉ, ǅ ï 27 ʦʉ, ƴ ï 76 ʦʉ) 

 

The conductivity of a semiconductor material is determined by the 

concentration of equilibrium charge carriers, which increases with increasing 

temperature due to their thermal generation: 

 

                                    n= n0exp (-Eg/kT)                                                  (1) 

 

where Eg ï semiconductor band gap, k ï Boltzmann constant, T ï 

temperature, n0 ï initial concentration of charge carriers. 

The analysis indicates that with increasing temperature, there is a traditional 

increase in the density of the dark diode saturation current J0 by four orders of 

magnitude in accordance with the traditional relationship: 

 

                                     J0 = J00exp (-Eg/kT)                                              (2) 

 

Correspondingly to the growth of the diode saturation current density Jʦ, the 

diode ideality coefficient A also grows (from 1 to 2.2), the value of which is 

determined by the ratio of the generation and recombination components of the 

charge transfer mechanism. In the absence of recombination, the ideality 

coefficient of the diode is A = 1, and in the case of a pure recombination 

mechanism, A = 2. The contribution of the recombination component naturally 

increases with increasing temperature as the density of the diode saturation current 

increases.  

V, V 

J, mɸ/cm2 
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A significant problem in the operation of solar cells is the performance of 

such instrument structures at elevated temperatures, since they are used in 

conditions of increased solar radiation. An analysis of the obtained dark diode 

characteristics shows that SC based on cadmium telluride with a Cu/Au back 

contact on a flexible polyamide substrate can be operated without a decrease in 

efficiency up to a temperature of 45 ÁC. At higher temperatures, deterioration in 

the diode characteristics of a solar cell is observed: a decrease in the value of the 

dark shunting electrical resistance and an increase in the value of the dark density 

of the diode saturation current. 
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ENVIRONMENTAL AND TECHNOSPHERE THREATS  

IN UKRAINE 

 

Much of the territory of Ukraine is in an environmentally unsatisfactory 

condition due to supersaturation of the environment with various toxic 

compounds. It is constantly growing man-made load, which affects the level of 

environmental safety. The level of environmental safety is largely due to 

extremely high technology ever-increasing genetic load. 

Ukraine's economy is characterized by a high share of resource-intensive and 

energy-intensive technologies, the introduction and expansion of which was 

carried out in the cheapest way without the construction of appropriate treatment 

facilities. There are still no economic incentives in our country introduction of 

environmentally friendly production technologies. The level remains low 

application of innovative, resource-saving and environmental technologies, 

including or technologies of processing, utilization and destruction of waste. 

Accumulation of waste has become one of the most important factors in 

environmental pollution excess natural environment, negative impact on all its 

components [2]. Violate-you ecological balance is quite simple, immeasurably 

harder to restore it. Substances that destroy environment, very stable. However, 

some substances are mixed and neutralized and some remain unchanged and have 

a destructive power of up to 100 years, example of different types of CFCs [3, 

p.137ï142]. Therefore, the expansion of the field related to waste generation, their 

disposal, disposal and environmentally sound disposal and successive their 

accumulation should become one of the most important tasks. 

The main burden on the environment in the industrial sector is borne by 

enterprises chemical, metallurgical, mining and power industries. Also in the 

territories nuclear power plants carry out primary processing and temporary 

storage of radioactive waste. Limiting appropriations to security measures 

increases the level of risk occurrence of accidents with environmental 

consequences. 

Accidents at industrial enterprises and the related problem of environmental 

degradation. The situation is mainly caused by a low level of production safety, 

insufficient training of human resources, outdated technologies or insufficient 

implementation of technological regulations. The stability of an object is 

understood as its ability to produce established types of products (material, 

energy, informational) in the appropriate volumes and nomenclature in situations, 
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and also the adaptability of this object to recovery in the event damage. For objects 

not related to the production of material valuables (for example, a radar station), 

stability determined by their ability to perform their functions under the conditions 

of the situation. 

Increasing the stability of objects and technical systems achieved mainly by 

organizational and technical activities that are always preceded by a study of 

sustainability a specific object, and long before its commissioning. The region of 

the object has a great influence on the stability of the object. Location, which 

determines the level and likelihood of impact natural hazards (volcanoes, seismic 

impact, mudflows, landslides). Very important are meteorological conditions of 

the area (precipitation, direction prevailing winds, the maximum and minimum 

temperatures of the hot and coldest month): the terrain is being studied, the nature 

of the soil, the depth of groundwater, their chemical composition. When it comes 

to the stability of a functioning object, the study of the latter is carried out in two 

stages.  

At the first stage, the stability and vulnerability of individual elements of the 

object in emergency situations, as well as assess the probability of exit failure or 

destruction of these elements or the entire object as a whole. In particular, the 

following are analyzed: the reliability of installations and technological 

complexes; consequences of past accidents of individual production systems; 

most likely directions propagation of a shock wave over the territory of an object 

during explosions vessels, communications, nuclear charges. 

At the second stage of the study, measures are developed to increase 

resilience and prepare the facility for recovery after situation. These activities 

form the basis of the plan-schedule for increasing the stability of the object; it 

indicates the volume and the cost of the planned work, the list of basic materials 

and their quantity, machines and mechanisms, labor force, responsible performers, 

deadlines, funding sources. 

In addition to the factors considered, the stability of the object is affected by 

the nature of the development of the territory (structure, type, density), 

surrounding object of related production, transport routes, as well as natural 

conditions of the surrounding area (for example, forests can be sources of fires, 

and water bodies ï alternative transport communications. 

Of particular importance is an objective assessment of the stability of 

systems production management at the facility. At the same time, the distribution 

of forces is studied and the state of control points and the reliability of 

communication centers; determine sources of replenishment of the labor force, 

analyze the possibilities interchangeability of organisms, their reproductive 

functions, composition and the structure of populations and biogeocenosis as a 

whole. As environmental consequences of pollution in accidents should also be 

considered negative changes in landscapes and disturbance of natural processes, 

occurring in ecosystems. 
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The environmental consequences of accidents and disasters in most cases are 

not limited to environmental pollution and subsequent changes in it for this 

reason. They are also in to a large extent, and sometimes mainly, due to the impact 

thermobaric fields, hydrodynamic waves and flows, others damaging factors 

arising from explosions, fires and other manifestations of technogenic accidents 

and catastrophes. 

With this kind impacts on the environment, environmental consequences can 

expressed in very sharp and large-scale changes in the environment human 

habitat. They are associated with the destruction of life-sustaining structural 

elements of territorial production complexes and other natural and economic 

formations, destructive change landscapes and ecosystems. 

In practical terms, it is important to determine the nature, the extent of the 

environmental consequences of accidents and the ecological state territories. This 

task must be addressed both in the interests of the adoption necessary measures to 

ensure the environmental safety of the population, and carrying out work to 

eliminate the consequences of accidents. Risk assessment - a procedure for 

determining it quantitative characteristics: probability of occurrence adverse 

events and possible damages. Three main risk assessment methods for specific 

processes: 

ï analysis of statistical data on adverse events, that took place in the past; 

ï theoretical analysis of the structure of cause-and-effect relationships 

processes (scenario approach); 

ï expert approach. 

With statistical data on adverse events, it is possible to estimate the 

probability of their occurrence and possible sizes damage from such events. This 

method is suitable for frequent and similar events. 

The environmental consequences of man-made accidents and disasters are 

very varied. First of all, they are manifested in those changes that undergoes the 

environment under the influence of emerging these accidents and catastrophes of 

damaging factors. Environmental pollution during accidents and catastrophes, as 

rule is complex and, depending on the nature accidents and emerging damaging 

factors, may include physical, chemical and, in some cases, biological 

components. 

Physical component (physical pollution) in case of accidents characterized 

by pollutants ï ingredients and physical fields, such as radioactive substances, 

electromagnetic, thermal, sound, ultrasonic fields. Chemical component ï various 

types of simple substances and chemical compounds from among xenobiotics, 

alien to ecosystems and natural landscapes. These include before in total, some 

chemically hazardous materials accidentally thrown into ecosystems substances, 

as well as common nutrients, in certain quantities assimilated by the natural 

environment. The biological component pathogenic microorganisms. 

An analysis of the natural and man-made accidents shows that the pollution 

that occurs during them environment is determined by one or some set of 
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ingredients and physical fields, quantitatively or qualitatively alien to natural 

biogeocenoses. These circumstances are one of the reasons for those adverse 

changes in environmental conditions and living conditions that occur during 

technogenic impacts. 
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MOVEMENT  OF COKE IN THE DRY COKE QUENCHING PLANT 

DURING ITS UNLOADING  

 

The article presents experimental data on the nature of coke movement in the 

DRY COKE QUENCHING PLANT (DCQP) chamber during its unloading. It is 

shown that when the coke is unloaded, zones of accelerated coke descent and 

stagnant zones appear. The number of zones of accelerated descent of the 

quenched coke increases in proportion to the number of structural reinforcing 

beams. The dimensions of these zones are the larger, the smaller the surface of 

the blow head. A larger number of zones of accelerated descent create a condition 

for a more uniform descent of coke throughout the entire volume of the DCQP 

chamber. Also, the manifestation of the action of zones of accelerated descent 

begins the earlier, the smaller the surface of the blow head. This required a 

constructive way to achieve the uniformity of the descent of coke to improve the 

technological characteristics of the work of the DCQP. 

Zones of accelerated coke descent and stagnant zones appear when the coke 

is unloaded. The dimensions of these zones are the larger, the smaller the surface 

of the blow head. The question of the nature of the movement of coke inside the 

DCQP chamber in the domestic coke chemical science is rather poorly covered. 

Only some works [1-3] deal with the issue of coke movement as a bulk material 

in the volume of the DCQP chamber. 

The fact that this area of the process of dry coke quenching has not been 

studied indicates the relevance of this issue and is explained by the impossibility 

of conducting research on a directly operating industrial DCQP. 

Such studies can be performed using either mathematical or laboratory 

modeling. 

The study of the patterns of coke movement in the volume of the fire 

extinguishing chamber included: 

- determination of the coke surface profile during unloading (emptying) 

through the unloading device; 

- determination of the position of the zones of accelerated coke descent and, 

accordingly, stagnant zones during the movement of coke in the DCQP with 
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different design of the coolant supply to the blower head - one or two beam design, 

as well as various forms of the DCQP blower heads. 

- determination of ratios in the speeds of coke movement inside the DCQP 

chamber regarding zones of accelerated descent and stagnant zones of coke. 

The research methodology [4, 5] was carried out according to the following 

scheme: model coke was loaded into a model coke car, simulating the stacking of 

coke when unloading it from the coking chamber. Then the coke from the coke 

car was loaded through the loading funnel into the DCQP model until the level of 

the forechamber was filled with coke. Then, through the unloader, it was unloaded 

in equal portions (approximately 9% of the volume) from the DCQP, after which 

the analysis of these coke surface profiles was carried out after each emptying of 

the DCQP. Fixed breaks in the surface of the unloaded coke were considered to 

be either zones of accelerated descent of coke (pit) or stagnant zones (mountain). 

In a single-beam DCQP, the surface profile was set for the points: 

- above the blast beam along the plane dividing the side sectors in half (solid 

line); 

- along a perpendicular plane dividing in half the sectors simulating the coke 

and boiler sides (dashed line). 

In a two-beam DCQP, surface profiles were recorded in planes dividing the 

sectors in half. Also, the movement of coke was simulated when loading to the 

center of the car (in order to reduce coke segregation in the car), loading coke 

using a divider in the loading area and a loading device of a confuser-diffuser 

type, as well as blow heads of 5 and 2 levels and "flat" (single-level) blow head. 

The numerical terms of the change in the rate of coke descent in the fire 

extinguishing chamber of the DCQP depending on the design of the blower head 

and the difference in the supply of refrigerant is presented. 

Analyzing the obtained values of the maximum change in the speed of coke 

movement, it can be argued that the constructive creation of resistance to the 

movement of coke in the form of a two-beam structure for supplying coolant to 

the blower head creates conditions for a more uniform descent of the coke loaded 

into the quenching chamber of the DCQP, on average reducing the rate of descent 

of coke by 8-3.4=4.6%. The study presents a more detailed analysis of the 

revealed influence of the design of various units of the DCQP on the nature of the 

movement of coke in the quenching chamber of the DCQP during its unloading. 

Comparison of the surface profiles of the considered DCQP indicates an 

earlier and noticeable manifestation of zones of accelerated coke descent with a 

single-level blow head, the reason for which is its smaller cross-sectional area 

than that of a five-level blow head. 

The use of a two-beam DCQP with a single-level and five-level blow head 

is characterized by uniform coke descent in all sectors almost to the level of the 

blow head. Evidence of this is the parallelism of the coke surface profiles almost 

to the level of the blow head during its batch unloading. With a two-beam DCQP, 
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the acceleration of coke removal is observed in all four sectors and begins to 

visually manifest itself at the level of the blow head. 

The movement of coke to the level of the blast head is characterized by the 

constancy of the rate of unloading of coke over the cross section of the quenching 

chamber, which creates optimal conditions for uniform distribution of the coolant 

in the array of quenched coke. Estimation of the number and size of zones of 

accelerated coke descent shows that a single-beam DCQP is characterized by the 

presence of two zones of accelerated descent located in the sectors of the boiler 

and coke sides. 

A larger number of zones of accelerated descent creates a condition for a 

more uniform descent of coke throughout the entire volume of the DCQP 

chamber. 

The manifestation of the action of zones of accelerated descent begins the 

earlier, the smaller the surface of the blow head. 

The transition from a single-beam design of the DCQP to a two-beam one 

postpones the moment of the beginning of the formation of an accelerated descent 

zone, reduces its size and creates conditions for the same behavior of coke in all 

sectors of the quenching chamber. 

Due to the fact that a single-level blower head is 40 mm (1 m in a real DCQP) 

lower than a two-level one and   80 mm lower than a five-level one, we consider 

it preferable to use it in a two-beam DCQP, since it ensures not only uniform 

washing of coke by the coolant, but also the time of contact of coke with the 

coolant on the coke and boiler sides increases at the same productivity of the 

DCQP. 
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BIOTIC CONSEQUENCES OF TECHNOGENIC ENVIRONMENTAL 

POLLUTION AS A GLOBAL ECO -PROBLEM  

 

         The rapid speed of urbanization and industrialization has led to the release 

into the environment of a large number of artificial origin pollutants, 

uncharacteristic of nature. The ability of the biosphere to self-cleanse is not fully 

realized due to the constant anthropogenic pressure on the environment and its 

components. Man-made contaminants accumulate in the abiotic environment ï  

soil, water and air, are absorbed by plant organisms and transmitted through the 

trophic chains of the food pyramid. The consequences of poisoning by man-made 

pollutants are the emergence of various diseases, reduced viability and viability 

of populations, as well as the extinction of species. 

         Acceleration of the rate of biological diversity reduction is the result of a 

number of destructive man-made processes ï water and soil pollution, depletion 

of natural resources, displacement of animals from their natural habitat and others. 

         Among the global environmental problems of today, the danger of acid rain, 

pollution by heavy metals and petroleum products occupies a prominent place. 

The main sources of such substances are the oil refining industry and motor 

transport. Fuel combustion generates a number of chemicals dangerous to human 

and animal life, including heavy metals, aliphatic and aromatic hydrocarbons, acid 

oxides and other xenobiotics [2, 3]. 

         Nitrogen and sulfur oxides, which enter the environment in large quantities, 

combined with atmospheric moisture, form weakly acidic solutions of 

precipitation with an acidity of less than 5.6. When entering rivers, lakes acid 

precipitation causes a change in the homeostasis of the aquatic ecosystem, which 

is manifested in the disappearance of aquatic inhabitants and the destruction of 

trophic chains [4]. Acid rain causes the development and complication of the 

respiratory and cardiovascular systems diseases. Plants respond to acid rain by the 

appearance of necrotic lesions of the spotted type of assimilation organs. 

Acidification of the soil leads to the transition of heavy metals from insoluble to 

mobile form, which intensifies the receipt of ionic forms of heavy metals in plants. 

Thus, acid rain is an environmental problem that causes another problem ï 

pollution of biota by heavy metals. In turn, heavy metals in living organisms cause 

oxidative stress caused by the generation of free radicals in cells. The destruction 

of living systems cells by free radicals is the cause of premature aging and death 

of organisms. Plant organisms have some mechanisms of protection against the 

toxic effects of free radicals, in particular, the ability to bind metals in insoluble 
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complexes with the help of proteins ï phytochelatins. In addition, plant cells have 

special organelles ï vacuoles, lysosomes, which isolate heavy metals from other 

important compartments of the cell ï nuclei, plastids, mitochondria. There are also 

transport obstacles for metals when moving inside the plant organism, but it 

depends on the individual genetic characteristics of the plant. On this basis, plants 

are divided into accumulators, eliminators and indicators. The former are able to 

actively accumulate man-made contaminants in tissues without visible damage, 

while acting as a powerful phytomeliorant of the environment. Eliminator plants 

are able to selectively absorb metals and are the most protected from the toxic 

effects of contaminants. Phytoindicators reflect the real content of specific 

pollutants in the environment, accumulating them in their tissues. These plant 

systems are used in ecological monitoring studies of the urbanized and man-made 

areas environment. 

         The diagnostic sign of damage to plants by heavy metals is the appearance 

of marginal necrotic lesions of leaf blades, inhibition of photoynthetic processes, 

inhibition of metabolism, the predominance of catabolic reactions over anabolic. 

         Petroleum products entering the environment are aromatic hydrocarbons 

and saturated or unsaturated hydrocarbons. Aromatic hydrocarbons pose the 

greatest danger to living systems, as they cause the development of cancer. Plant 

organisms have a natural ability to clean the environment from pollution of 

various origins, including petroleum products. There are known plants that are 

actively used in the practice of phytoremediation of oil-polluted environment. 

Animals and humans are extremely sensitive to all the effects of man-made 

pollution due to their low natural adaptive potential, as only plants have a natural 

ability to protect themselves from contaminants.           

          Along with chemical pollution, technogenesis has led to another type of 

pollution ï physical, which to some extent poses the same danger as chemical. 

Physical pollution is a variety of electromagnetic radiation of varying strength and 

frequency, as well as noise and vibration. The greatest contribution to this type of 

man-made pollution is made by the transport of urban areas, the noise intensity of 

which significantly exceeds the maximum allowable level. Noise pollution affects 

all without exception the system of animal and human bodies, disrupts the 

functioning of the nervous, cardiovascular, respiratory, endocrine systems [1]. In 

birds and reptiles, man-made noise causes behavioral changes and disorientation 

in space, changes habitats, and reduces the range of species that migrate in search 

of a quieter and safer habitat. 

          Electromagnetic pollution, represented by radiation, is the most dangerous 

type of physical impact on living organisms, which is expressed in the 

strengthening of mutational processes in cells that lead to birth defects and cancer. 

The source of such physical impact are mobile power plants, telecommunications 

facilities, household appliances based on electric power, and so on. 

          By mechanical pollution we mean a variety of waste of man-made origin, 

which is removed from use as unusable. The current task of environmentalists is 
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to develop effective methods of solid and liquid waste disposal in order to reduce 

the burden on the environment and optimize production processes. 

          Another aspect of man-made impact is biological pollution, which has two 

forms ï species invasion and biological weapons. Species invasion is the 

accelerated rate of certain species development in an area previously uninhabited 

by these species, which leads to the displacement of indigenous organisms and 

disruption of trophic and energy metabolism of the ecosystem. This phenomenon 

is observed in the purposeful introduction of certain species by humans in order 

to cultivate them for different economic and household needs. Another reason for 

this phenomenon is the involuntary introduction of invasive species to new 

territories by accidentally getting these species together with human things or 

tools. An example of a dominant invasive species is Sosnowski's hogweed, which 

has been the subject of long discussions among environmental scientists. Fighting 

invasive species is very difficult and requires considerable human and time 

resources [5]. 

        As for biological weapons, they include the development of viruses and 

bacteria that are deadly to humans, threatening the destruction of human 

populations or even the death of humanity. 
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INFLUENCE OF RECREATIONAL LOAD ON LIVE  

GROUND COVER 

 
The live ground cover (hereinafter referred to as LGC) is a sensitive indicator 

of the processes taking place in the forest phytocenosis, characterizing both its 

stable and dynamic state. Being a potentially stable component of phytocenosis, 

it is characterized by conditioned and regular dynamism and variability under the 

influence of external and internal environmental factors [1; 2]. 

The purpose of the paper is to study the variability of species diversity and 

the abundance of components of the live ground cover of forest ecosystems in the 

suburbs of Minsk of different recreational loads. 

The object of the study was the pine forests of the Minsk and Sosny 

Forestries. The following associations were identified among them: lingonberry 

and heather, heather and lingonberry, bracken and mossy, blueberry and bracken, 

bracken and blueberry, and hazel and sorrel. Geobotanical research was carried 

out following the guidelines for the study of forest types [3; 4]. Ten trial plots 1 Ĭ 

1 m in size were laid out in all the associations. Contours were distinguished using 

poles and chalk marks on tree trunks. At each, the entire species LGC composition 

was recorded and its abundance was assessed using a score (from 1 to 6), 

characterizing the role of the species in the phytocenosis. 

When comparing the lingonberry and heather pine forest, it has been found 

that Calluna vulgaris (L.) Hill ., the main indicator of the LGC, dominates both in 

the Sosny and in the Minsk Forestries. Vaccinium vitis-idaea L. is the co-

dominant in the LGC. As well as Sosny Forestry is also the leader in its 

abundance. In the lingonberry and heather pine forest of the Sosny Forestry, 

Achillea millefolium L., Campanula rotundifola L., Carex remota L., Chimaphila 

umbellate (L.) W. P. C. Barton., Dechampsia caespiotosa (L.) P.Beauv., Genista 

tinctoria L., Geranium sylvatium L., Hicracium umbellatum L., Koeleria  

glauca (Spreng.) DC., Lycopodium complanatum L., Polygonatum  

odoratum (Miller) Druce, Pteridium aquilinum (L.) Kuhn, Rubus saxatilis L., 

Solidago virgaurea L., Viola canina L. and Centaurea jacea L. have been found 

that are not observed in the Minsk Forestry.  

In the heather and lingonberry pine forest, the ratio of the dominant and co-

dominant is as follows: the Vaccinium vitis-idaea L. possesses 5/4 scores 

(hereinafter, the numerator is the Sosny Forestry, the denominator is the Minsk 

Forestry), and the Calluna vulgaris (L.) Hill  co-dominant possesses 3/4 scores. 

The following species: Chimaphila unbellata (L.) W. Barton, Dianthus arenarium 

L., Hieracium murorum L., Hypericium perforatum L., Koeleria glauca (L.) Pers. 
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and Linaria vulgaris (L.) Mill. have been found in the LGC of the Minsk and 

Sosny Forestries. At the same time, the appearance of alien species has been 

recorded in the Minsk Forestry: Bettonica officiualis L., Geranium sanguinum L., 

Knautia arvensis (L.) Coult. and Dicranum scoparium Hedw. 

Mosses dominate in the live ground cover of the bracken and mossy pine 

forest. Pleurozium Schreberi (Willd. ex Brid.) Mitt. possesses 7/6 scores, 

Dicranum scoparium Hedw. ï 5/4 scores. The codominant of this type of forest 

is Pteridium aquilinum (L.) Kuhn. The abundance of species in both cases is 4 

scores. The following species have been found in the structure of the live ground 

cover in the Sosny Forestry: Anthoxinum officinale L., Carex ericetorum Poll., 

Chimaphila umbellata (L.) W. Barton, Convallaria majalis L., Goodyera  

repens (L.) R. Br., Koeleria glauca (Spreng.) DC., Lycopodium complanatum L. 

and Solidago virgaurea L., which are not present in the Minsk Forestry. It should 

also be noted that the Minsk Forestry included the species that were not typical 

for this type of forest: Antennaria dioica (L.) Gaertn., Achillea milletolium L., 

Melampyrum pratense L.and Polytrichum junipericum Hedw. 

When comparing the floristic diversity of the live ground cover in the 

bracken and blueberry pine forest, it has been found that the Sosny Forestry, as in 

previous cases, dominates in the abundance of Vaccinium myrtillus L. (6 scores) 

and Pteridium aquilinum (L.) Kuhn (5 scores), while the abundance of the LGC 

dominant is 4 scores the Minsk Forestry, and the co-dominant is 3 scores. In the 

live ground cover of the Sosny Forestry, plant species: Antennaria dioica (L.) 

Gaertn., Carex ericetorum Poll., Fragaria vesca L., Galium malugo L., Hieracium 

pilosella L., Nardus stricta L., Polentilla erecta (L.) Raeusch and Dicranum 

scoparium Hedw. have been found that do not grow in the Minsk Forestry. 

However, in the Minsk Forestry live ground cover, a species has been reported 

that is not typical for this type of forest: Knautia arvensis (L.) Coult. 

In the blueberry and bracken pine forest, the abundance of Pteridium 

aquilinum (L.) Kuhn, equals 5/3 scores, while the amount of the Vaccinium 

myrtillus L. co-dominant is the same. The following species have been found in 

the live ground cover of the studied forest areas: Achillea millefolium L., Agrostis 

vulgaris With., Ajuga repens L., Betonica officinalis L., Carex ericetorum Poll., 

Galeobdolon luteum Huds., Genista tinctoria L., Geranium sylvaticum L., 

Ramischia secunda (L.) Garcke, Jasione montana L., Lysimachia vulgavis L., 

Melampyrum silvaticum L., Trifolium alpestre L., Veronica chamaedrys L., 

Veronica officinalis L. and Viccia cracca L. At the same time, in the LGC of the 

Minsk Forestry, the following were found: Melampyrum pretense L., Trientalis 

europaea L., Stellaria holostea L., Driopteris spinulosa (Vill.) H.P. Fuchs, 

Peucedanum oreoselium (L.) Moench, Eqeusetum hiemale L., Asparagus 

officinalis L. and Euphorbia cyparassias L., which have not been found in the 

Sosny Forestry. 

In the hazel and sorrel pine forest of the Minsk and Sosny Forestries, the 

dominant Oxalis has been found in the live ground cover in equal amounts. 
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In general, it should be noted that the maximum difference in the number of 

species is observed for the heather and lingonberry pine forest ï 33/21, and the 

minimum for the bracken and mossy pine forest ï 32/31. 

Comparative characteristics of the LGC by botanical groups has 

demonstrated that the absolute dominant species in the Minsk and Sosny 

Forestries is forbs. 

The number of species in the lingonberry and heather pine forest was 22/12, 

i.e. the number of species in the studied forest areas differed by 45,5% 

(hereinafter, the number of species in the corresponding type of forest in the Sosny 

Forestry was taken as 100%). Sedges are rare in this type of forest. The number 

of cereals in the lingonberry and heather pine forest is 4/3. Their number differs 

by 25%. The number of club mosses and ferns is sporadical; the ferns are found 

only in the Sosny Forestry. 

The number of species of heather and lingonberry pine forest was 29/27, i.e. 

differed by 6,9%. The number of club mosses, sedges and ferns in the live ground 

cover is sporadical. The number of mosses in the heather and lingonberry pine 

forest in Minsk forestry is 33,3% higher. Horsetails have not been observed. 

The number of species in the bracken and mossy pine forest is 21/22. The 

number of herb species is 4,8% higher in the Minsk Forestry. The live ground 

cover sedges, horsetails, club mosses, and ferns have been sporadically found. 

The number of mosses in the Minsk Forestry is 33,3% more. 

The bracken and blueberry pine forest is not characterized by such an 

extensive species diversity. Sedges, ferns, and club mosses have occurred 

sporadically. The number of mosses in the Sosny Forestry is 33,3% higher, and 

the number of herb species is ï 26,6%. 

In the blueberry and bracken pine forest, the number of sedge and club moss 

species in the live ground cover is singular. The amount of cereals was 4/3, i.e. 

differed by 33,3%. The number of fern species in the Minsk Forestry is 50% less, 

and the number of mosses is 66,7% less. 

In the hazel and sorrel pine forest, the number of forb species was 35/30, i.e. 

differed by 14,2%. The number of ferns, mosses and grasses is the same. Sedges 

and club mosses have been noted sporadically. 

When comparing the number of plant species regarding the soil nutrient 

status in the Sosny and Minsk Forestries, it has been found that the Sosny Forestry 

has 10,5% more megatrophic plants and 20,4% more oligomesotrophic plants; the 

Minsk Forestry has 25,6% more megatrophic plants and 40,5% more 

oligomesotrophic plants.  

When analyzing the ratio of plant species regarding the average moisture, it 

has been found that in the Minsk Forestry, the maximum number of hygrophytes 

is 62,1% and the minimum number of xeromesophytes is 14,9% compared to the 

Sosny Forestry. In the Minsk forestry, the number of xerophytes in the live ground 

cover is 32,1% higher. 
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In the LGC structure of the pine forests of the Sosny Forestry, the amount of 

hygroromesophytes is higher by 44,2%, as well as mesophytes ï by 12,6%. The 

number of mesoxerophytes in both forestries is the same and amounts to 6,9%. In 

the Sosny Forestry, groups of oligomesophytes in the amount 5,0% have been 

found, as well as groups of psychomesophytes ï 3,1%, which have not been found 

in the Minsk Forestry. 

Thus, according to the results of the study, it can be noted that the greater 

floristic diversity of plants of the pine forests of the Sosny Forestry is explained 

by the fact that citizens visit the forests less often, which makes it possible for 

natural phytocenoses to develop. The Minsk Forestry shows the opposite pattern: 

firstly, the low value of the projective cover, which is associated with constant 

trampling, and secondly, the presence of a large number of alien plants, which is 

associated with human household activities. 
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CONCIDERING OF EMISSION OF HEAT ENERGY DURING 

CRITERIA -BASED ASSESSMENT OF ECOLOGICAL SAFETY LEVEL 

OF EXPLOITATION PROCESS OF RECIPROCATING ICE OF FIRE 

AND RESCUE VEHICLES 

 

In order to assess the values of indicators of the ecological safety (ES) level 

of the process of accident-free exploitation of power plants (PP) with reciproca-

ting internal combustion engines (RICE), in particular units of fire and rescue 

equipment, it is advisable to use the mathematical apparatus of the complex fuel-

ecological criterion Kfe of Prof. Igor Parsadanov, described in the monograph [1] 

and improved in the monograph [2].  

Also no less important is the fact that RICE is the most common type of heat 

engines and, accordingly, a powerful source of thermal pollution of environmental 

components ï the atmosphere, hydrosphere and lithosphere, as well as the 

biosphere in general and man in particular as superstructures over the listed com-

ponents [2]. 

The mathematical apparatus of the Kfe criterion is described in [1,2]. To solve 

the problem of accounting for thermal energy emissions in the study, it is pro-

posed to supplement the formula for determining the total reduced mass hourly 

emission of pollutants Ɇ(A(k)ĀG(k)) with the component ɸ(Q)ĀG(Q) (see formula 

(1): 
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where Afuel = 38,4 ï ponderabitity of motor fuel consumption; ɸ(PM) = 200 ï 

ponderabitity of particulate matter (PM) emission in exhaust gas (EG) flow; 

ɸ(NOx) = 41,1 ï ponderabitity of nitrogen oxides emission in EG flow; ɸ(CnHm) 

= 3,16 ï ponderabitity of unburned hydrocarbons emission in EG flow; ɸ(CO) = 

1,0 ï ponderabitity of carbon monoxide emission in EG flow; Hu = 42,7 MJ/kg ï 

calorific value of motor diesel fuel; ů = 1,0 ï coefficient that takes into account 

the type of territory on which the exploitation of PP with RICE is carried out; f = 

1,0 ï coefficient that takes into account the conditions of dispersion of EG in the 

atmosphere [1,2]. 
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The ponderability of the thermal pollution of the environment components 

as the ES factor of such an exploitation process in this study is proposed to be 

assessed by formula (2). 

 

A(Q) = Afuel Ā kE = Afuel Ā ERICE / EW,                                   (2) 

 

where Afuel = 38,4 ï ponderabitity of fuel component of the Kfe criterion; 

kE ï energy coefficient; ERICE ï total amount of energy generated by RICE in the 

world energy balance, MJ; EW ï total amount of energy generated by 

anthropogenic PP in the global energy balance, MJ.  

 

In this study, the values of the coefficient kE = 0.75 were used, then the value 

of the dimensionless coefficient A(Q) = 28.8. 

The value of the mass hourly emission of motor fuel Gfuel as an indicator 

(equivalent) of the thermal pollution of environment in this study is proposed to 

be determined by the formula (3). 

 

G(Q) = Gfuel Ā (1 ï ɖe), kg/h.                               (3) 

 

where ɖe ï effective efficiency coefficient of RICE. 

 

The variants of the calculation study in this case are as follows. 

Variant A ï çReferenceè ï without taking into account the emission of 

thermal energy. 

Variant B ï çPessimisticè ï with taking into account the emission of thermal 

energy, and taking into account the fact that all the emitted thermal energy in the 

RICE combustion chamber will eventually turn into thermal energy, and the share 

of RICE in the structure of mechanical and electrical energy sources will reach 

100 % (kE = 1.0). 

Variant C ï çActualè ï with taking into account the emission of thermal 

energy at kE = 0.75. 

 The results of the study on accounting for the emission of thermal energy 

during the exploitation process of the PP with RICE are shown in Fig. 1. 

Graphs of the dependence of the values of the Kfe criterion and the effect ŭKfe 

on the value of the coefficient kE in Fig. 2,b and are described by the method of 

least squares by formulas (4) and (5) (R2 = 1,0). 
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a 

 
b 

Fig. 1. Distribution of the values of the Kfe criterion (a), the average operational 

values of the Kfe criterion and the effect ŭKfe (b) according  

to the regimes of the ESC testing cycle for a 2Ch10.5/12 diesel engine  

at kE = 0.75 for all the studied variants 

 

Thus, the study describes the developed method for determining the value of 

the fuel equivalent of the emission of thermal energy into the components of the 

environment during the exploitation process of units of fire and rescue equipment 

with a RICE. The results of taking into account such emission in a complex 

criteria-based assessment of the ES level of the exploitation process are obtained 

and analyzed. 
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a 

 
b 

Fig. 2. Distribution of the values of G(Q) on the field of exploitation regimes of the 

2Ch10.5/12 autotractor diesel engine at kE = 0.75 (a) and graphs  

of the dependence of the values of the Kfe criterion and the effect ŭKfe  

on the value of the coefficient kE (b) 
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ANALYSIS AND DATA PROCESSING OF WATER STABILITY 

SYSTEMS IN UNCERTAIN OR UNPREDICTABLE CONDITION  

 

Introduction . Existing systems to ensure the stability of the water of the 

reversible system provides mainly manual control of technological parameters of 

processes. There is not a sufficient (for prompt assessment of the situation) 

number of control points and parameters so that the staff does not have a real 

situation and is not able to respond quickly. The equipment used is obsolete and 

does not provide the required control accuracy, which leads to the consequences 

mentioned above. To eliminate this, the following technical solutions are 

proposed for the automation of the technological process of stabilization of 

cooling water: 

- Develop a unit for automated control of circulating water status and 

determination of the level of water stability. 

- The project of automation of the water stabilization system should be 

performed on the basis of the automated unit. 

- ʉontrol of circulating water condition using PC and microprocessor means. 

- Switch to centralized control of the entire technological process of cooling 

water stabilization using 3 levels of automation (controllers, operational and 

administrative levels). 

Automation of the process of controlling the stability of water systems will 

solve the following problems: 

- improve the working conditions of operational staff; 

- implementation of the control system will allow to transfer the jobs of 

operators to the central control panel; 

- increase the efficiency and accuracy of process control; 

- improve the quality of water stabilization; 

- increase the service life of power equipment; 

- increase labor productivity and technological discipline of staff. 

 

Analysis of the existing control scheme of the water stabilization process. 

There are many definitions of stability indices [5]. This polyvariance is primarily 

due to the multicomponent carbonate water system (CARS), the author's 
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imagination, as well as the functional purpose of the index, which describes either 

the equilibrium of scale formation or corrosion activity. In addition, it is important 

to present the index through water quality parameters that are convenient for 

measurement. 

Among the most common stability indices are the following: 

- Langelier index; 

- n̔dex of the driving force of crystallization (IDFC); 

- Snoynka-Jenkins index; 

- Riesner index. 

Designing the structure of an automated measurment complex 

According to our plan, the core of the circulating water stability control 

system, which generates a control signal for the reagent dosing system to 

influence the state of water stability, should be an hardware complex for 

determining the stability of the water system. 

To implement a system of automatic control of the stability of water systems 

according to the structure scheme, shown in Fig. 1, we need the following 

technical means of automation 

 
Fig.1. Structure scheme of the measurment complex: where 1 ï block of measuring 

electrodes, 2 ï reference electrode, 3 ï pH sensor, 4 ï Eh sensor, 5 ï pCa sensor, 6 ï temperature 

sensor, 7 ï mechanical stirrer, 8 ï thermostatic systems, 9 ï pump, 10 ï photoelectric sensor, 

11 ï electrical conductivity sensor, 12 ï pCO2 sensor, 13  ï block of secondary converters 14 ï 

multifunction ADC, 15 ï PC 

 

In the measuring cell of the analyzer of stability of water systems (ɸSWS) it 

is necessary to provide control: 

- temperature of the studied water; 

- concentration of calcium ions; 

- concentration of dissolved CO2; 

- pH value of water; 

- specific electrical conductivity; 

- light transmission of water. 

When determining the level of water stability, it is necessary to dose alkali 

or acid solutions into the measuring cell, or to provide a system of CO2 gas supply. 
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In addition, when determining the effectiveness of stabilizers water hardness, it is 

necessary to ensure a controlled supply of these stabilizers. 

Control of the stability of the water system is done according to the 

maximum value of the calculated stability index and according to the transparency 

of the water system. 

In addition, the DIA includes: 

 1) block of secondary converters, designed to coordinate and generate 

electrical signals and ensure the possibility of its further processing. Represents a 

set of high-resistance repeaters that provide an accuracy of measuring electrical 

potential Ñ 1mV; 

2) conductometric transducer with a conductivity measurement range 

of 99 x 10-9 Cm / cm õ 999 x 10-6 Cm / cm with a relative measurement error of 

0.5%; 

 3) photocolorimetric transducer for measuring light transmission or 

optical density in the spectral range 315 õ 980 nm; measurement ranges for light 

transmission 5 õ 100%, and for optical density 0 õ 1.3. Accuracy of measurement 

of light transmission Ñ 1.0%, and optical density Ñ 0.01; 

4) multi-channel repeater of electric potentials (MREP), which is an eight-

channel measuring device; each MREP channel is a high-impedance repeater 

assembled on the basis of an operational amplifier with an input resistance of 

about 1 GOhm; the absolute error of voltage transmission MREP is; MREP has a 

temperature measurement channel, as well as output sockets for connecting 

secondary measuring instruments [3]; 

 5) data control, processing and registration unit; designed for programmable 

measurements, data conversion into digital form, statistical processing and data 

registration; consists of a multifunction ADC and PC. 

Software implementation 

Using modern software development tools and system methods of 

communication between the device and the computer, developed a software 

package for processing, systematization and classification of data obtained from 

the automated hardware complex of circulating water analysis. 

The designed software allows: 

1) perform periodic data sampling from SDI modules ADC-16/32 (or 

compatible) with a specified frequency, from selected channels in a specified 

sequence, with a specified number of samples, the total number from 0 to 16. 

2) perform arithmetic operations in the process of measuring over the 

obtained values in accordance with the specified program. 

3) store the obtained values in a user-specified data file, the format of which 

is also set by the user. 

4) display trends of parameter changes on diagrams, the display range of 

which can be changed by the user. 
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5) control external devices connected to the communication port of the PC 

in accordance with the specified program with a total of up to 8 discrete controlled 

devices. 

6) perform automatic management of result files. 

As mentioned in paragraph, each iteration of the cycle is started at a given 

time. During one iteration, the program performs: 

1) polling channels in a given order, with the calculation of the 

corresponding expressions of the primary correction 

2) calculates the expressions of the port programmer generates a signal at the 

output of the LPT port in accordance with the calculated values 

3) if the program is in write mode, then appends to the working file the 

current calculated values. 

4) displays the results in the summary table and on the charts of recorders. 

 

 

Conclusion 

The structural-functional scheme for the automated complex of control of 

parameters of circulating waters in water supply system is offered. The presented 

results can be used as independent measuring systems and be integrated into 

existing measuring complexes into the water infrastructure. Developed software 

based shows the improvement of the parameters of processing large amounts of 

data without loss of accuracy and with the ability to work in real time. According 

to simulation results the speedup increases with the rising value. The system can 

be embedded into other systems and applied for processing large amounts of data 

at high speed and accuracy. 
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ENVIRONMENT FRIENDLY AND EFFICIENT BIO BRIQUETTES A 

WAY FORWARD TO SUSTAINABLE ENVIRONMENT  

 

The paucity of clean and economical fuel for domestic cooking and other 

industrial activities is one of the key difficulties confronting most parts of the 

world today, particularly in developing countries. The majority of residents in 

these countries cannot afford to cook with kerosene, liquefied or natural gas, or 

electricity. As a result of the circumstance, trees are being felled and natural 

resources are being destroyed indiscriminately for use as fuel wood or charcoal. 

Renewable energies (cow dung, wood, coal, charcoal, and forest wood) are 

utilized by roughly 2.8 billion people around the world for cooking and heating. 

Fossil fuels, which emit greenhouse gases into the environment when burned, are 

currently the most important source of energy. Biomass can be turned into 

products that effectively replace coal, such as biogas and synthetic gas instead of 

natural gas, and liquid bio-fuels, such as biodiesel, can be produced and Bio-

ethanol , rather than diesel and gasoline (petrol), and solids such as pellets and 

briquettes, rather than coal, have the capacity to enhance impact as a renewable 

energy source. These environmental advantages are in addition to the fact that 

biomass is renewable, making it a climate-friendly briquette component. As 

comparison to the raw feedstock, Torre faction of biomass has been proven to 

reduce particle emissions from burning by 40%. Briquetting is a cost-effective 

densification technique that generates a consistent fuel, boosts energy density, and 

minimizes biomass residual transport and handling costs. People in northern 

Pakistan have always used firewood as a source of residential heating and 

cooking. Because they lacked alternate fuel sources, they collected woods for free 

from the nearest forest and felled trees for daily energy needs. 70-79 percent of 

Pakistani families rely on fuel wood as their primary source of energy. Biomass 

briquettes, as a low-cost energy source, have a significant effect on lower areas 

due to their easy availability, low cost, and long-term sustainability. It is made 

from readily available loose biomass wastes from agriculture and forestry. The 

aim of this study is to produce environmental friendly and efficient bio-briquettes 

by using feedstock and clay material that helps us to meet the goal 7 of sustainable 

development affordable and clean energy. 

Key Words: Bio-Briquettes, Bio-mass, Renewable energy, Sustainable 

power generation, Pakistan, Northern areas. 
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PREDICTION OF THE HEATS OF COMBUSTION  OF PLANT   

RAW MATERIALS BASED ON THE ELEMENTAL ANALYSIS DATA  

 
The heat of combustion of fuel is determined as the amount of thermal energy 

released upon the combustion of a certain amount of this fuel [1, 2]. Heat of 

combustion is an important property of plants, which can reflect the ability to 

absorb solar radiation during photosynthesis. The heat of combustion of 

coniferous wood is higher than that of deciduous wood, and different components 

of wood, such as stump, trunk, top, bark, foliage, and branches also have different 

heats of combustion. 

The heat of combustion of plant raw materials is related to their elemental 

composition, in particular, to carbon, hydrogen, and oxygen contents. Different 

types of plant raw materials are characterized by different elemental 

compositions; therefore, they have different heats of combustion [3]. 

The heat of combustion of plant raw materials also depends on their chemical 

composition, in particular, on the concentrations of cellulose, lignin, 

hemicellulose, and resinous substances in them.  

Within the framework of this study, we analyzed the relationships of the 

proximate (Wt
r, Ad, and Vdaf) and elemental (Cdaf, Hdaf, Ndaf, Sdaf, and Odaf) analysis 

data and C/H, C/N, C/S, and C/O atomic ratios of various types of plant raw 

materials with their gross calorific values (Qs
daf ). 

For the analysis, we used a unique database [4], which contains information 

on the composition and properties of plant raw materials, which can be used for 

the production of biogas, charcoal, and torrefied biomass [5]. A total of 362 

samples were studied, including the following: untreated wood, which included 

fresh wood and waste from parks and sawmills; the samples of hard (deciduous) 

and soft (coniferous) wood species were presented; treated woodïcomposted 

wood, saw cut wood, preservative-treated wood, and chipboard; strawïresidues 

of cereals such as wheat, barley, rice, corn, rapeseed, rye, sorghum, sunflower, 

oats, beans and other unspecified crops; grass and vegetationïvarious (undefined) 

grass mixtures and hemp, jute, kenaf, fruits, vegetables, and flowers; husks, shells, 

and kernelsïhard parts of various nuts (walnuts, almonds, hazelnuts, cocoa, etc.) 

and olive industry waste; seaweedïleaves, stems, roots, and parts of the vascular 

system of marine plants. 

The quality characteristics of plant raw materials were determined according 

to the following regulatory documents: CEN/TS 14774:2004 Methods for the 

Determination of Moisture Content: Oven Dry Method for moisture content (Wrt); 
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CEN/TS 14775:2004 Solid Biofuels: Method for the Determination of Ash 

Content for ash content (Ad); CEN/TS 15148:2005 Solid Biofuels: Determination 

of the Content of Volatile Matter for the yield of volatile matter (Vdaf); CEN/TS 

15104:2005 Solid Biofuels: Determination of Total Content of Carbon, 

Hydrogen, and Nitrogen. Instrumental Methods for the carbon (Cdaf), hydrogen 

(Hdaf), and nitrogen (Ndaf) contents; CEN 15289:2006 Solid Biofuels: 

Determination of Total Content of Sulfur and Chlorine for the sulfur content; and 

CEN/TS 14918:2005 Solid Biofuels: Method for the Determination of Calorific 

Value for the gross calorific value (Qs
daf).  

Although the oxygen content is a calculated value, its role in the formation 

of the calorific value of plant raw materials can be compared only with that of the 

carbon content because its concentration can be 50% or higher.  

The article summarizes the maximum, minimum, and arithmetic mean values 

and the ranges of quality characteristics of plant raw materials. Based on an 

analysis of the data, we can state that they are characterized by rather wide ranges. 

The above changes in the proximate and elemental analysis data were 

reflected in the gross calorific values (Qs
daf) of the test samples: they varied from 

16.25 to 33.82 MJ/kg.  

Paired correlation coefficients between different quality characteristics of 

plant raw materials were calculated for the test samples.  

An analysis of these relationships allowed us to state that they were 

predominantly quadratic in nature. The only exception is a relationship between 

Cdaf and Odaf, which is a linear function (fig.1). 

 
 

Fig.1 Relationship between Cdaf and Odaf 

 

The statistical analysis of the test relationships showed that they were 

generally characterized by satisfactory accuracy, as evidenced by the high values 

of determination coefficients (R2 > 0.849).  
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The only exceptions were mathematical relationships between the C/H ratios 

and Cdaf (R2 = 0.345) or Hdaf (R2 = 0.562). 
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A NEW POWERFUL MATHEMATICAL TOOL FOR MODELING 

SCIENTIFIC PHENOMENA IN ECOLOGICAL AND 

ENVIRONMENTAL SCIENCES  

 

Abstract: Several scientific phenomena in ecological and environmental 

sciences can be modelled mathematical with the help of some mathematical tools. 

While there are many classical mathematical tools exist for modeling various 

scientific scenarios, including but not limited to modeling epidemic diseases, 

oceanographic, ecological, and environmental phenomena with stability analysis, 

researcher have recently started to pay a special attention to a new mathematical 

tool based on the definitions and properties of fractional-order calculus. Fractional 

calculus is basically a generalization of classical calculus, and it has almost the 

same history as the usual calculus, but this field had been previously studied in 

the context of pure mathematics, till recently, researchers have started studying 

this field in the context of applied mathematics, particularly in modeling scientific 

phenomena, due to its important properties such as nonlocality and memory 

effects which are essential for modeling various systems accurately.  

Keywords: Mathematical Modeling, Fractional Calculus, Abu-Shadyï

Kaabar Fractional Derivative, Applied Mathematics. 

 

The history of the idea of fractional calculus goes back to 1695 when two 

well-known mathematicians: L'H¹pital and Leibniz had a mathematical 

discussion concerning the possibility of extending the usual integer order 

derivative to the half-order derivative. Then, after this discussion, the first 

fractional derivative was expressed by other mathematicians as the n-th derivative 

of the power function. At that time, this field was considered as a pure 

mathematics field, and it has not been considered as applied mathematics till 

recently, where researchers have paid more attention to the applied part of this 

field by employing its definitions and properties in various applications of 

physics, engineering, and natural sciences. Two well-known definitions of 

fractional calculus, Caputo and RiemannïLiouville fractional definitions, have 

been extensively employed in many scientific applications. However, these two 

definitions have advantages and disadvantages. This means that the range of their 

applicability in modeling scenarios are limited, and they are not suitable for all 

systems. Therefore, in the field of fractional calculus, there is always a need for 

proposing new generalized fractional definitions to overcome some challenges 

that are associated with these two definitions and other classical fractional 

definitions.  
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One of the challenges associated with these classical fractional definitions is 

the complexity of obtaining analytical solutions for the problems formulated in 

the context of fractional calculus. As we know in mathematical physics, obtaining 

analytical and exact solutions are very important for modeling physical 

phenomena where nonlinear partial differential equations can be encountered in 

these modeling scenarios. By using classical fractional definitions to solve the 

formulated nonlinear partial differential equations, obtaining analytical or exact 

solutions is very complicated and even impossible for some cases. To solve this 

issue, Khalil et al. [1] introduced a new derivative, named conformable derivative, 

to provide a simple way to obtain analytical solutions to fractional differential 

equations that can be encountered while modeling scientific phenomena in the 

context of fractional calculus. Many physical phenomena and theoretical 

investigations have been studied in the sense of conformable derivative such as 

wave equation [2], nonlinear partial differential equations via triple Laplace 

transform decomposition method [3], (3+1)-Dimensional WazwazïBenjaminï

BonaïMahony Equation [4], multivariable calculus [5], and nonlinear fractional 

Schrºdinger equation [6]. In addition, a recent study discussed the fractional-order 

Liouville equation arising from mechanics of water waves and meteorological 

forecasts. Therefore, fractional calculus is a powerful tool in modeling various 

scientific scenarios. However, conformable derivative cannot be employed for 

certain systems in comparison to Caputo derivative [8]. The conformable 

derivative is expressed as follows: 

Definition 1. [1] For a function ὪȡπȟЊ ᴼὙ. Then, the conformable derivative of 

order ‌ is expressed as: 

ὝὪ ὸ ÌÉÍ
ᴼ

,                           (1) 

 ᶅὸ π; π ‌ ρ. If Ὢ is ‌-differentiable in some πȟὥ, ὥ π, and ÌÉÍ
ᴼ
ὝὪ ὸ exists, 

then it is defined as: 

                                 ὝὪ π ÌÉÍ
ᴼ
ὝὪ ὸ.                                                    (2)  

 

As a result, a new generalized fractional derivative (GFD), named Abu-

ShadyïKaabar fractional derivative, is recently proposed and employed to solve 

some various fractional differential equations [9]. While the classical factional 

derivatives such as Caputo and Riemann-Liouville do not satisfy the important 

basic properties of usual derivatives, conformable derivative and Abu-Shadyï

Kaabar fractional derivative satisfy all these properties. However, the results 

using conformable derivative do not coincide with the classical definitions results. 

Therefore, to overcome this issue, Abu-ShadyïKaabar fractional derivative has 

proven to satisfy all classical results, and the obtained solutions are very simple 

to obtain, this newly proposed definition is expressed as follows: 
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Definition 2. [9] Given a function ὪȡπȟЊ ᴼὙ, the Abu-ShadyïKaabar fractional 

derivative of order ȟπ ‌ ρ, of Ὢ at ὸ π is defined as: 

Ὀ Ὢὸ ὰὭά
ᴼ

 ȟ‍ ρȟ‍ᶰὙ. (3) 

If Ὢ is ‌-differentiable in some πȟὥ, ὥ π, and ὰὭά
ᴼ
Ὀ Ὢὸ exists, then it is 

defined as 

Ὀ Ὢπ ÌÉÍ
ᴼ
Ὀ Ὢὸ. (4) 

 

This definition provides a great mathematical tool to model various scientific 

phenomena arising in the field of ecology and environmental sciences because it 

provides researchers with a newly simple and efficient tool to solve analytically 

various classes of fractional differential equations. 
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COKING OF STAMPED COAL BATCH. YIELD OF  

CHEMICAL PRODUCTS  
 

Given that coal may be oxidized and the yield of ammonia and hydrogen 

sulfide cannot be predicted from the volatile matters, mathematical formulas 

describing the yield of the basic coking products as a function of the elemental 

composition of the initial stamped coal batch are derived. It is found that, with 

increase in the content of gas coal (and hence in the volatile matter) in the stamped 

batch, the coke yield declines, but there is a higher yield of tar, benzene, carbon 

dioxide, pyrogenetic moisture, and coke-oven gas. 

The yield and quality of coking products characterize the performance of 

coke plants. Prediction methods for the yield of coke and other coking products 

has been complicated by the significant variation in batch composition, because 

Ukrainian coke plants are making greater use of imported coal.  

Many of these coal concentrates are nonuniform in petrographic composition 

and hence differ from Donetsk coal in terms of their properties, their elemental 

composition, and their behavior on coking. Today, several laboratory methods 

may be used to determine the yield of coke and other products (tars, raw benzene, 

ammonia, hydrogen sulfide, carbon dioxide, pyrogenetic moisture, and coke-oven 

gas) in coking. 

1. Coking of small weighed portions (Ukrainian State Standard                            

DSTU 7689:2015 [1] or Russian State Standard GOST 18635ï73) [2]. 

2. Coking in a 2-kg laboratory furnace (Russian State Standard GOST 9521ï74). 

3. Coking in a two-chamber laboratory furnace (standard PG 401ï548ï72). 

4. Determination of the yield of coke and other coking products in a 5-kg 

laboratory furnace. 

5. Coking on the Karbotest laboratory system. 

We consider method  of Coking of small weighed portions and method of 

Determination of the yield of coke and other coking products in a 5-kg laboratory 

furnace [3]. 

1. COKING OF A WEIGHED SAMPLE 

We select 13 samples of coal concentrates employed at Arcelor Mittal Krivoy 

Rog [4]. 

Their elemental composition confirms the principle that greater metamorphic 

development (decrease in the volatile matters) is accompanied by increase in the 
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carbon content and decrease in the hydrogen and oxygen content. The nitrogen 

and sulfur concentrations remain practically unchanged. 

 

 
 

Fig. 1. Concentrations Cdaf (a), Hdaf (b) and Qd
daf (c) as a function  

of the volatile matters Vdaf 

 

In Figure 1, we plot the content of individual elements against the volatile 

matters (the coal`s metamorphic stage). Note that, in assessing the correlation of 

the elemental content with the coalôs metamorphic stage, we find an aberrant 

point. More detailed analysis indicates a relatively high analytical moisture 

content in that case (2,7%); that may correspond to oxidation of the coal [5]. 

With greater metamorphic development, the coke yield increases, while the 

yield of tars, raw benzene (the sum of benzene and unsaturated compounds), 

pyrogenetic moisture, and coke-oven gas decreases. 

Given that the yield of ammonia and hydrogen sulfide cannot be predicted 

from the volatile matters, we develop equations for calculating the product yield 

from the elemental composition of the initial coal. 

We present the corresponding equations, as well as the determination 

coefficient R2 and standard error SE.  

On the basis of the equations, the product yield may be predicted by 

elemental analysis of the coal. These predictions are more accurate than those 

based on the volatile matters. 
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The equations correspond to elemental analysis of the initial coal in the loose 

state and do not take account of its compaction to ~1,15 t/m3 on stamping. 

Accordingly, we use a 5-kg laboratory furnace for the coking of stamped batch. 

 

2. COKING IN A LABORATORY FURNACE 

In the work present the composition of the coking batches and  summarize 

the properties and elemental composition of the initial coal concentrates and 

batches.  The content of gas-group coals varies (from 30 to 60%) in the coal 

batches. 

Analysis of the characteristics indicates that the batches are similar in ash 

content and total sulfur conreflection coefficient and reflectogram of vitrinite. 

As a result of the coking carried out, data on the yield of the product and its 

characteristics were obtained. 

Product yield depends on the content of gas coal (the volatile matters) in the 

initial batch. With increase in content of gas coal (volatile matters), we note 

decrease in the coke yield and increase in the yield of tars, raw benzene, carbon 

dioxide, pyrogenetic moisture, and coke-oven gas. The yield of ammonia and 

hydrogen sulfide depends primarily on the composition of the coalôs organic 

mass. 

The properties and composition of the experimental coal batches were 

summarized in tables. Note that the selected concentrates are not oxidized. 

Accordingly, the influence of coal oxidation on the product yield may be ruled 

out. Overall, the characteristics of the coal concentrates correspond to their 

expected values.  

Equations are given for predicting the output of products from a stamped 

batch with the corresponding statistical indicators. 

The coke samples have similar ash content and total sulfur content. The 

volatile matters in the coke is 0,5-0,7%. That indicates adequate conditioning. 

Analysis shows that the product yield is closely correlated with the volatile 

matters of the initial batch. With increase in the volatile matters, the coke yield 

declines. We also note increase in the yield of tars, raw benzene, carbon dioxide, 

pyrogenetic moisture, and coke-oven gas. The yield of ammonia and hydrogen 

sulfide mainly depends on the composition of the coalôs organic mass. 

The yield of the basic coking products is found to be additive. Hence, the 

total yield for the enterprise may be calculated, if the characteristics and 

proportions of the stamped and unstamped coal batches are taken into account. 

 

Used information sources: 

1. DSTU (State Standard) 7689:2015. Coal. Determination of the Yield of 

Chemical Products of Coking, Kyiv: Ukr. Naukovo-Doslid. Navch. Tsentr Probl. 

Standart., Sertif. Yakosti, 2016. 

2. GOST (State Standard) 18635-73: Coals. Method for the Determination 

of the Yield of Chemical Coking Products, Moscow: Izd. Standartov, 1973. 



 48 

3. Spravochnik koksokhimika. Tom 1. Ugli dlya koksovoaniya. 

Obogashchenie uglei. Podgotovka uglei k koksovaniyu(A Handbook of Coke 

Chemistry, Vol. 1: Coking Coal, Coal Enrichment, Coal Preparation for Coking), 

Borisov, L.N. and Shapoval, Yu.G., Eds., Kharkov: INZhEK, 2010. 

4. Mukina, N.V., Zhadan, S.P., Chernousova, E.P., et al., Forecast of the 

yield of chemical products of coking according to elemental analysis of initial 

coals, Uglekhim. Zh., 2011, nos. 3ï4, pp. 12ï19. 

5. Desna, N.A. and Miroshnichenko, D.V., Oxidized coal in coking: a review, 

Coke Chem., 2011, vol. 54, no. 5, pp. 139ï146. 

 

 

  



 49 

UDC 504.9 
1Pankiv Natalia, Associate Professor, 2 Chornovil Viacheslav  

1Department of Tourism,  Institute of Sustainable Development, Lviv 
2Polytechnic National University, Lviv, Ukraine 

 

CRIMES AGAINST THE ENVIRONMENT IN THE CONDITIONS OF 

WAR IN UKRAINE 

 
On February 24, 2022, the Russian Federation launched a full-scale, war of 

aggression against Ukraine on land, sea, and airspace. The invasion has already 

resulted in significant civilian casualties and damage to Ukraine's natural heritage. 

Under the First Protocol to the Geneva Conventions of 12 August 1949, relating 

to the Protection of Victims of International Armed Conflicts, adopted in 1977, 

warring states are required to protect the environment from çlarge-scale, long-

term and serious damageè and prohibit methods. or means of warfare that are 

çntended or likely to causeè such harm. Principle 24 of the Rio Declaration on 

Environment and Development declares that war is inherently destructive to 

sustainable development. Therefore, states respect international law, which 

protects the environment during armed conflict [7]. 

During the war, everyone's attention is focused on the main issues for 

survival: financing the army, housing refugees, and providing assistance to the 

wounded. But at the same time, it is necessary to pay attention to other possible 

consequences of the war and study them comprehensively, as environmental 

problems can easily turn into social threats. Armed actions are already causing 

disturbances, destruction of soil, pollution and poisoning of air and water, and 

destruction of flora and fauna. From the point of view of the environment, there 

is no local war, because the consequences of even the slightest hostilities spread 

to the whole world. 

What threatens Ukraine and the world? There are 4 nuclear power plants in 

Ukraine! Additionally, nuclear waste storage facilities are located on the territory 

of the Chornobyl NPP! Conducting any hostilities near nuclear power plants poses 

a direct threat to their possible destruction and spread of radioactive 

contamination, including transboundary! There are 465 tailings and sedimentary 

storage in Ukraine. These are high-risk facilities that store 6 billion tons of waste, 

some of which contain highly toxic substances. In the event of destruction of 

protection, some facilities may become sources of transboundary pollution. Of 

particular concern are chemical phenol plants and high-phenol waste storage 

facilities. Metallurgical facilities are also in danger. Near the Dniester, there are 

waste storage facilities with sulfur ore residues. This is a direct danger not only 

for Ukraine. Damage to public infrastructure and the lack of green corridors 

increase the risk of huge animal waste in livestock enterprises [6]. 

Environmentalists have counted several hundred crimes against the environment 

banned by the Geneva Convention as a result of Russian aggression since the start 
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of a full-scale invasion of Russian troops. From the first days, shelling and 

bombing of industrial and energy facilities were recorded, forests were set on fire, 

oil depots were blown up, and the Black and Azov Seas were polluted. Any war 

poses a huge environmental threat to the population, but hostilities in Ukraine can 

have particularly catastrophic consequences for the environment. 

Eastern Ukraine is an industrial center. This region is the most industrialized. 

Under normal circumstances, risks could be localized quickly, but not under 

shelling and constant bombing. The Russian army often does not allow specialists 

to localize the negative environmental impact. Nuclear power plants, seaports, 

hazardous waste warehouses, and industry, including chemical and metalworking 

plants, are currently in the area of active hostilities. There are fires at oil depots, 

gas stations, and landfills, there are facts of damage to heat and water supply 

facilities. 

The whole world was shocked by the news of the seizure of the Chornobyl 

and Zaporizhzhya nuclear power plants. On March 14, the occupiers blew up part 

of the ammunition on the site of the captured ZNPP. At the Chornobyl nuclear 

power plant, they damaged a high-voltage line that is supposed to supply 

electricity there, including for the cooling of spent nuclear fuel at local storage 

facilities. Due to the lack of electricity, the temperature in the holding pools rose, 

leading to the release of radioactive substances into the environment. In addition 

to the nuclear threat, shelling and occupation increase the risk of toxic waste 

emissions from Ukraine's industrial enterprises. Today, the State Register of 

Potentially Hazardous Facilities contains detailed information on more than 

23,000 facilities, including 2,987 facilities that store highly toxic pesticides. The 

most significant number of them is located in Donetsk, Dnipropetrovsk, 

Zaporizhia, Kharkiv, and Lviv regions. Some of these enterprises found 

themselves in a war zone. Thus, on March 21, ammonia leaked at the 

Sumykhimprom chemical enterprise, which is located near Sumy, as a result of 

enemy shelling. Novoselytsia. 

Most environmental crimes were recorded in Kyiv, Kharkiv, and Mykolayiv 

oblasts. In these areas, the enemy destroyed industrial and energy facilities. As a 

result of enemy shelling, the facts of explosions at thermal power plants, capture 

and damage of Kakhovka HPP, and destruction of gas pipelines and gas 

distribution stations were recorded. In particular, the explosion of a gas pipeline 

in Kharkiv on February 27 led to a powerful explosion and shock wave, which 

damaged buildings in residential areas of the city. According to civil safety 

standards, an accident of this magnitude is a man-made disaster. 

Since 2014, Donbas has been on the verge of an ecological catastrophe, due 

to the occupation of the territory by pro-Russian forces and active hostilities for 8 

years. Due to the lack of access to the entire territory, the final information on 

environmental damage for these years is not known. Water supply facilities were 

affected, leaving hundreds of thousands of civilians without access to water. There 

was damage to the energy infrastructure, which led to disruptions in the pumping 
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system, thus exposing the risk of flooding in mines that store toxic and nuclear 

waste. 

Armed attacks on energy infrastructure have also been reported in recent 

months, leading to the flooding of the Zolote mine, the Grady shelling of the 

Avdiivka Coke Plant, and the bombing of an oil refinery in Luhansk Oblast. And 

on April 2, the Russian military launched a missile strike on the Kremenchuk 

refinery. The infrastructure of the company, which provided a third of the 

Ukrainian fuel market, was destroyed. In addition, oil depots in many regions of 

Ukraine are being destroyed en masse. In particular, on March 13, 2022, the TT-

Nafta oil depot was damaged as a result of shelling in Chernihiv. On March 24, 

after the shelling, an oil depot in the village of Kalynivka, Kyiv region, caught 

fire. An oil depot near Lviv was destroyed after a rocket attack on March 26. On 

March 27, Russia launched a missile strike on an oil depot in Lutsk and others. In 

general, after the destruction of 20 oil depots and the Kremenchuk refinery, the 

country inevitably experienced a shortage of fuel at gas stations during the sowing 

campaign [3].  

Russian troops are not only creating man-made and environmental disasters, 

but they are also destroying natural areas that have provided habitats for rare and 

endangered species and habitats. According to the Ukrainian Conservation Group, 

44% of the most valuable areas of the nature reserve fund are in the war zone, 

under the temporary control of Russian invaders, or are inaccessible to Ukraine. 

Even in the first days of the invasion of Ukraine, Russian troops captured the north 

of the Kyiv region. Ukrainian authorities have completely lost control of the 

Chornobyl Exclusion Zone. This has created significant risks associated with 

radiation contamination. One of which arose in late March. According to the 

European Forest Fire Information System, there were large-scale fires in the 

western part of the Chornobyl zone. 31 fires were recorded, which caused 

increased levels of radioactive air pollution. The total area of the burned area was 

over 7600 hectares. Mostly forests or fallows. More than 6,400 hectares of forests 

were burning near the settlements of Narodychi and Radcha, just west of the 

Chornobyl zone. These data are confirmed by the Ministry of Environmental 

Protection of Ukraine. Forest fires also broke out near the village of Rozvazhiv, 

Ivankiv district, Kyiv region [4]. 

From mid-April, forest fires continued in the Kherson region, in particular, 

near the villages of Heroyske and Ivanivka, which were difficult to extinguish due 

to the temporary occupation of the region. As of May 5, the Ministry of 

Environmental Protection and Natural Resources of Ukraine reported that the fires 

affected 130 hectares of forest in the Kherson region: 70 hectares in Heroyskyi 

and 60 hectares in Ivanivskyi forests. Due to the actions of the occupiers, and dry 

and windy weather, the timely localization of fires became more difficult, as the 

Russians do not allow forest guards to the fires. Thus, the fire destroyed entire 

ecosystems of Ukrainian forests, which will be difficult to restore later [2]. Due 

to the shelling of the Russian occupiers in the Donetsk region, forests were also 
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covered on a large scale. In particular, the forests of the state enterprise "Lyman 

Forestry" suffered from them. As of 05.05.2022, the area of forest fires reached 

935 hectares. Large-scale fires were observed in the Lymansky and Yampilsky 

forestries, which could not be extinguished by fighting and constant shelling of 

forests and forestry infrastructure [1]. 

According to the Ministry of Environmental Protection and Natural 

Resources of Ukraine: çAs a result of Russia's military aggression, there are three 

times more fires in Ukrainian forests today than in the same period of 2021. The 

average area of one fire increased 16 times. Today we have 191 cases of forest 

fires on a total area of 1,754 hectares, çthe ministry said. Fires, in particular, are 

caused by enemy shelling (both from the ground and the sea) and by subversive 

measures in Kyiv, Kherson, Mykolaiv, Dnipropetrovsk, Odesa, Donetsk, and 

Kharkiv regions. Extinguishing forest fires is complicated by fighting, the 

presence of unexploded ordnance, and mining of forest areas. 

The information gathered is only the first step in assessing Russia's crimes 

against the environment. Amid hostilities, it is difficult to see the real scale and 

level of pollution. Even under such conditions, we already have more than a 

hundred recorded crimes in just one month. A real assessment will be made after 

the end of active hostilities, and Ukrainians will feel the consequences for years 

to come. That is why it is important now to record crimes against the environment 

to be able to judge Russia for them as well. Anyone can help gather information 

initiated by the NGO Ekodia by sending information on the environmental 

damage caused by the Russian aggression to ekozlochyn@ecoact.org.ua, which 

will also be sent to the Ministry of Environment. Your messages will be valuable 

evidence in lawsuits to restore the Ukrainian environment [5]. The struggle 

continues. We must save Ukraine! We must preserve a land suitable for life! 
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ELECTRIC CAR AS A MEANS OF EUROPEAN ECOTOURISM  

 

Under the influence of various factors affecting the development of eco-

tourism in recent times, several current trends have emerged. Firstly, eco-tourism 

is becoming more and more diverse, as new forms and manifestations arise. 

Secondly, there is a growing integration of ecotourism with other types of tourism 

and tourism industries. Adherents of the true meaning of ecotourism, which is add 

up to the environmental sense, persons which are perplexed by the negative 

impact of large flows of ecotourists gain the point aimed at prohibition the 

maintenance of any form of tourist activity in specially protected natural 

territories. Despite their position, eco-tourism has already become a part of mass 

destinations. For example, short-term visit to nature reserves, national parks and 

other protected natural areas construed as an excursion component in many 

cultural and educational or beach tours. Of course, the emergence of new trends 

changes the original meaning and significance of ecotourism and, often, dilutes 

the concept of ecotourism. Today, eco-tourism is one of the most promising and 

rapidly developing sectors of the tourism industry, occupies one of the most well-

known positions. According to experts, eco-tourism accounts for more than 10-

20% of the profits of the entire tourist market. In Australia, Germany, Ireland, 

Finland, Great Britain, South African countries, Asian countries, ecological 

tourism has gotten global development. According to experts, goods and services 

produced for the needs of ecotourism for 55 billion dollars. At home of eco-

tourism Costa Rica, income reach 650 million dollars per a year. In Kenya, the 

annual income from the use of national parks makes up $ 450 million. Ecuador 

collect revenue more than $ 180 million annually [1]. 

With the development of infrastructure, the share of foreign tourists in all 

tourist places in Europe has increased, which has led to the development of the 

economy of tourist regions and an increase in the share of tourism in the formation 

of national GDP of countries. In turn, this caused a number of problems, the most 

important of which is environmental friendliness. The conventional top five on 

environmental pollution includes emissions from road transport. More 

specifically, about 40% of all air eutrophication is the share of land motor 

transport [2]. 

Scientists have found that, on average, a car for a year of its work emits into 

the atmosphere 140 kg of carbon monoxide, 30 kg of nitrogen derivatives, 20 kg 

of hazardous carbon and hydrogen compounds, up to 10 kg of benzapyrene, 4 kg 

of sulfur dioxide, 1,5 kg of solid hazardous waste. 
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In the case of using the usual arithmetic data, 500 million cars on the planet 

per a year emit about 700 megatons of carbon monoxide and other dangerous 

substances. In addition to the listed chemical elements, the most dangerous lead 

compounds and other harmful combinations get into the air. If we talk about the 

role of emissions of cars with internal combustion engines, they are huge as on a 

global scale and for every person. An excellent alternative to existing cars in many 

countries around the world is becoming an electric vehicle. It is not just more 

economical to use, but does not harm the environment. 

An electric car is a car driven by one or more electric motors powered by an 

independent source of electricity (batteries, fuel cells, capacitors, etc.) and not by 

an internal combustion engine. Electric cars have low transportation costs. Ford 

Ranger consumes 0.25 kWh per kilometer, Toyota RAV4 EV - 0.19 kWh per 

kilometer. The average annual vehicle mileage in the United States is 19,200 km 

(52 km per day). When the cost of electricity in the United States is from 5 to 20 

cents per kWh, the cost of the annual mileage of the Ford Ranger accounts from 

$ 240 to $ 1,050, RAV-4 ï from $ 180 to $ 970. The most famous commercially 

available models of electric vehicles can be considered: Toyota RAV4 EV, 

ZENN, ZAP Xebra, General Motors EV1, Chevrolet Volt, Volvo C30 BEV, Tesla 

Roadster, Tesla Model S, Modec EV, Reva NXR, Renault Series ZE, Renault 

ZOE, Nissan LEAF, Tazzari ZERO, Lada Ellada (Electric car, 2019). 

According to the IRS Group, as of 01/04/2019, the number of registered 

electric vehicles in Ukraine is 12 119 units, whose average age is 4.9 years. Nissan 

Leaf prevails ï 67% of the total [4]. 

Active work concerning the introduction of electric vehicles and 

infrastructure is done in the European countries. So the German government plans 

to bring 1 million electric vehicles, hybrid cars and full hybrids (PHEV) to the 

country's roads by 2020 [5]. Mass production began in 2011. In 2012, 500 million 

euros was allocated from the budget for these purposes [6]. The government of 

Ireland plans to turn 10% of transport into electricity by 2020 [7]. The Norwegian 

government plans to fully converting all motor vehicles in the country to electric 

vehicles by 2025 [8]. The Swedish government has planned to completely stop 

selling cars with a gasoline engine by 2030 [4]. 

As can be seen from the above, the development of the electric car industry 

is growing very fast. The sphere of service and charging of such machines also is 

growing very fast. Electric cars and charging stations are considered as an 

important element of demand management for electricity [9] (the first tests of the 

transfer of energy from cars to the electrical network (Eng. Vehicle-to-grid (V2G) 

began in January 2009 in Newark, Delaware, USA [10] Charging stations are 

divided into two main types: standard alternating current charging station (they 

are notable for the distinguished by low cost and charging time ~ 10 hours) and 

fast charging station on direct current (fast) and alternating current (standard). 

They are notable for the duration of charging within 1 hour, but it has a high cost. 

A Swedish company ABB, out into Terra High Power DC, the fastest and most 
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powerful charger for electric cars. This device has a maximum output power of 

350 kW, which is three times higher than the power of charging stations Tesla 

Superchargers [6]. In Germany at the end of 2016, the number of charging stations 

was 7407 units [11]. In France, the number of charging stations in 2017 was 2,689 

units [12]. 
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ENERGY GENERATION FACILITIES IN UKRAINE  

 
Introduction. One of the most important features of the development of the 

modern world is the increased attention of the world community to the problems 

of rational and efficient use of energy resources, the introduction of energy saving 

technologies and the search for alternative energy sources. 

Under current economic conditions and political situation, the solution to the 

problem of improving the energy security of Ukraine is considered a high priority 

task and could be solved through the use of alternative fuels. 

Alternative energy sources for Ukraine. Ukraineôs dependence on the 

import of expensive energy resources leads to considerable socio-economic 

problems, as well as weakens its political position and forms inadequate 

interactions with countries-suppliers. Accounting the war conditions, which have 

been taking place in the country for the last 8 years and heightened to real action 

war in 2022, there is an urgent need to improve the energy provision of the 

country.  

Ukraine had declared plans to reach gas self-sufficiency by 2020, which 

implies 35% more output [1]. In combination with increased energy efficiency, 

this would allow Ukraine to become self-sufficient in terms of gas production and 

even export gas in the years to come. Government forecasts indicating rise in gas 

extraction in such a short time looked not very realistic, and under current 

conditions are not achievable.  

While achieving energy self-sufficiency remains unrealistic, this does not 

mean that Ukraine should sit idly by in the face of the economyôs vulnerability to 

oil and gas prices spike. Self-sufficiency could do by developing its shale gas 

reserves, extracting coal bed methane and improving its own existing gas 

production wells, but in the future priority sources must based on renewables. 

Over the last years, Ukraine has significantly improved its position in the 

field of renewable energy development. The production of wind, solar and 

bioenergy has significantly increased and gives hope for the possibility of future 

based on renewables. Increasing the use of renewable energy sources can 

contribute not only to energy security, but also to further reduction of CO2 

emission and reorientation of the labor market. 

The dramatic change in the situation in 2022 makes the prognosis about the 

development of alternative energy sources, made by the Cabinet of Ministers of 

Ukraine in 2017 (çSecurity, Energy Efficiency, Competitivenessè strategy), 

REMAP (çRenewable Energy Prospects for Ukraineè) and National Institute of 

Technical Research in Kiev invalid. This potential is quite significant, technically 
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attractive in the context of significant increase in prices for traditional energy 

resources in Ukraine, but set aside from priority of the governmental agenda for 

the upcoming years.  

Still the need in power supply is in place, but some additional requirements 

have emerged.  

The use of renewable energy sources is a priority way of building sustainable 

energy systems in Ukraine today and with the need to restore and rebuild many 

settlements after the war activities creates unexpected opportunities for the 

implementation of renewable energy technologies in the restoration plans and 

designs. 

However, the natural preconditions of Ukraine donôt give the possibility to 

choose one type of energy source and build our energy independence relying on 

it. Now, it is not only wind, solar, hydro and biomass that have some potential 

attention. The pre-pandemic analysis of renewable energy sources prevalent in 

different regions of Ukraine clearly shows the predominance of solar energy in 

the renewable industry over others. 

The most realistic pathways to replace fossil sources in Ukraine are: 

- increase in nuclear energy to the maximum; 

- capacity building for wind energy; 

- solar Energy Capacity Building; 

- bioenergy use; 

- çenergy mixè from renewable energy sources. 

The most acceptable are the solar and wind energy, but their combined 

potential for substitution is from 19 to 34%, which obviously not enough. As a 

result it is the çenergy mixè, which can provide the full substitution. It has 

advantage of flexibility and adaptability to the local conditions of each 

community, but is hard to plan and manage from the national level.  

However, the new reality of Ukraine raises the need not only for the 

independence of the country energy system, but the independence of communities 

and even housing cooperatives from the centralized network, prone to failures due 

to hostilities and other obstacles imposed by war. Under such conditions the 

distributed power supply by renewable energy facilities is a very important 

perspective. Such microgrids are able to provide the needs of a single cooperative 

even under harsh conditions in the absence of fossil fuels supply and centralized 

power supply.  

The first signs of the rise of microgrids have appeared in times of COVID 

pandemics and after the implementation of çgreen tariffè legislation. Mostly these 

were individual solar panels installed on private house or single apartments. Since 

they proved their efficiency under such conditions, it is worth investing efforts in 

the promotion of this approach among communities and housing cooperatives. It 

is also a good option for urban design solutions in reconstruction plans.  

The successful example of communities, which have already built their 

alternative power supply grids are known in Bolgrad, Izmail and Kiliya  
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communities in Odesa region, which own the best potential of solar energy in the 

Ukraine; Voznesensk, Mykolaiv Oblast, introduced biogas production facility; 

communities of the Arabat Spit have also succeeded in solar energy potential 

development. Many touristic venues of Lviv, Ivano-Frankivska and Zakarpatska 

Oblast have all their power supply from individual wind power installations or 

solar panels, used for either power generation or heating.  

The distributed generation can help support delivery of clean, reliable power 

to additional customers and reduce electricity losses along transmission and 

distribution lines. It can benefit the environment if its use reduces the amount of 

electricity that must be generated at centralized power plants, in turn can 

reduce the environmental impacts of centralized generation. Distributed 

generation can harness energy that might otherwise be wasted, for example, 

through a combined heat and power system. 

However, distributed generation has drawbacks, which must be accounted in 

making decisions before enrolling into such projects. Thus, they take up space 

and raise land-use concerns. Since they are located closer to the end-user, some 

distributed generation systems might be unpleasant to the eye or be the source of 

noise (wind power installation) or electromagnetic pollution, if accumulation 

batteries are included. Some distributed generation technologies, such as waste 

incineration, biomass combustion, and combined heat and power, may require 

water for steam generation or cooling. Finally, distributed generation systems that 

use combustion may be less efficient than centralized power plants due to 

efficiencies of scale. 

In the residential sector, common distributed generation systems include 

solar photovoltaic panels and small wind turbines. In the commercial and 

industrial sectors, distributed generation can include resources such as combined 

heat and power systems, solar photovoltaic panels, wind, small hydropower, 

biomass combustion or cofiring, municipal solid waste incineration.  

The efficient implementation of such independent power supply solution is 

in need for support from the authorities and local and national levels. In particular, 

introduction of administrative conditions for the creation of new energy 

companies and enabling individual users to provide energy to the general network; 

green credits to the housing cooperatives, commercial facilities and small 

business for the purchase and mounting the equipment ; further development of 

çgreen tariffsè system. 
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Abstract:  The therapeutic quality and effectiveness of medicinal plants 

depends on environmental conditions, which also directly affect their growth on 

the cultivation fields. Natural radioactivity levels have a direct effect on 

vegetation and crop production. The aim of this contribution is to inform about 

the results of measuring the radioactivity of flower heads of chamomile, 

peppermint and sage leaves from their large-scale cultivation in a period from 

1998 to 2018. The first two species were newly-bred varieties ï chamomile 

'LIANKA' (high in /-/- Ŭ-bisabolol in essential oil) and mint 'KRISTINKA' (high in 

menthol), which are currently of great interest of pharmaceutical companies, not 

only in Slovakia, but mainly abroad. The measured values of radioactivity were 

compared with the Regulation of the Council of the European Community No. 

733 from 2008 on the conditions governing imports of agricultural products 

originating in the countries following the accident at the Chernobyl nuclear power 

station. 

Key words: Cesium 134 and 137, Chamomile, Peppermint, Radioactivity, 

Sage. 

 

The largest catastrophe in history of civil using of nuclear energy was in 

Chernobyl, Ukraine, in April 26, 1986. The strong radioactivity was influenced 

on 5 million people and 1.25 millions of children have the healthy problems. 70 

% of radioactivity fall affected on Ukraine respectively Byelorussia and Sweden, 

Finland, former Czechoslovakia, Poland, Austria, Germany and formerly 

Yugoslavia was affected heavily [3]. 

Actually, the main environmental concerns of nuclear power are the risk of 

radioactive contamination and fallout after an accident at a power station, 

pollution from uranium mining, leakage from storage of spent nuclear fuel, 

accidents during the transport of nuclear fuel. Reprocessing of spent nuclear fuel 

to separate the plutonium is also an activity with high risk for radioactive 

contamination [2].  

The therapeutic quality and effectiveness of medicinal plants depends on 

environmental conditions, which also directly affect growth at the site of their 

occurrence and cultivation. In regard to herbal market it is very important to 

determine the radioactivity values of herb goods to foreign and domestically 

customers. 
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The aim of this contribution is to inform about the results of measuring the 

radioactivity of flower heads of chamomile, peppermint and sage leaves from 

their large-scale cultivation in a period from 1998 to 2018 

The dried plant parts (drugs) ï flower inflorescences of chamomile, 

peppermint and sage leaves from their large-scale cultivation were used to 

determination of the mass radionuclide activities in a period from 1998 to 2018. 

This plant material was originated from a large-scale cultivation of these special 

crops in various areas of eastern Slovakia (Trebiġov, Preġov and Plavnica).  

The cultivated variety 'LIANKA' is used for chamomile, which as a diploid 

form is characterized by a high content of / - / - Ŭ bisabolol (52-55%) and 

chamazulene (18-19%), a low content of / - / - Ŭ bisaboloxides A and B (less than 

3%) in essential oil. The essential oil content is at the level of 0,65-0,85%.  

The cultivated peppermint variety 'KRISTINKA' is a specific chemotype 

within the type of peppermint. It is characterized by a high content of essential oil 

in the stem (2,6%) and a very high content of menthol in the essential oil (80-85% 

in the leaves).  

Radioactivity is measured as equivalents of disintegrations per second 

(d.p.s.) or per minute (d.p.m.) in Becquerelôs (Bq). Measuring instruments need 

to be calibrated with a known radioactive source (134Cs and 137Cs) in order to give 

accurate results, and background radiation needs to be taken into account. 

Germanium detectors are mostly used for gamma spectroscopy in nuclear 

physics, as well as x-ray spectroscopy. While silicon detectors cannot be thicker 

than a few millimeters, germanium can have a depleted, sensitive thickness of 

centimeters, and therefore can be used as a total absorption detector for gamma 

rays up to few MeV. These detectors are also called high-purity germanium 

detectors (HPGe) or hyperpure germanium detectors [2]. 

The radioactivity of medicinal plants was determined by HPGe detector 

(type PGT IGC25) using cesium isotopes in cooperation with  the Regional Office 

of Public Health based in Bansk§ Bystrica, Department of Health Protection 

against Ionizing Radiation (address: Cesta k nemocnici, 975 56 Banska Bystrica, 

Slovakia). The second workplace implementing similar gamma spectrometric 

determinations with a GeLi detector, which was used for result comparison, is the 

Regional Office of Public Health with its registered office in Koġice (address: 

IpeŎsk§ 1, 040 11 Koġice, Slovakia). 

The regulation on the highest permissible radioactivity in food in the 

European Union is notified by the Council Regulation No. 733 from 2008 on the 

conditions governing imports of agricultural products originating in third 

countries following the accident at the Chernobyl nuclear power station [1]. 

The document states that the accumulated maximum radioactive value with 

respect to 134Cs and 137Cs isotopes f. e. must not exceed 370 Bq.kg-1 for milk, and 

dairy products. The maximum value of 600 Bq.kg-1 must not be exceeded for all 

other relevant food products. 



 62 

Ionising radiation is known to have harmful health effects on people also at 

low levels. The mechanism which damage occurs, and the relationship between 

dose and time and effect, is not entirely understood. Exposure to high 

concentrations of radionuclides over short periods of time courses obvious acute 

toxicity. Exposure to radioactivity in lower doses leads to genetic damage such as 

chromosomal aberrations. If DNA is somatic cells is damaged it may results in 

various cancers.  

The study of the radioactivity levels of plants is very important and provides 

information in the monitoring of environmental radioactivity. The mass activity 

characteristics of radionuclides 134Cs and 137Cs in Bq.kg-1 chamomile, peppermint 

and sage drugs are given in Table 1.  

Table 1 

Determination of mass radionuclide Cs-isotope activities 

 

Medicinal Plants 

Species 

Radioactivity [Bq.kg-1 of herbal drugs] 

Radionuclides 1998 2016 2018 

Chamomile 

Flower heads 

134Cs 
137Cs 

< 5,90 

< 6,20 

< 2,20  

< 1,40  

< 0,67 

< 0,78 

Peppermint 

Leaves 

134Cs 
137Cs 

< 7,80 

< 7,90 

< 4,10   

< 4,30  

< 1,49 

< 1,79 

Sage 

Leaves 

134Cs 
137Cs 

< 3,90 

< 3,90 

   < 1,00 

< 1,10  

< 0,64 

< 0,74 

 

The above results show that the highest measured average activity of 

radionuclides 134Cs and 137Cs was in dry peppermint leaves in 1998, when it 

reached 7,90 Bq.kg-1 drugs. The lower value radioactivity of the raw material from 

this medicinal plant was measured 10 years later, in 2018, 1,79 Bq.kg-1. The 

lowest determined radioactivity was for the dry chamomile flowers in the 

sequence of years: 1998: <5,90, 2016: <2,20 and 2018: <0,78 Bq.kg-1. 

Measurements of the mass activities of Cesium isotopes in herbal drugs have 

not been performed to such an extent. The results are original in this respect. 

Natural radionuclides are transferred and cycles through natural processes and 

between the various environmental compartments by entering into plant habitat.  

This processes involving photosynthesis include the absorption of soluble 

radionuclides in soil-water by root uptake and a plant exposure at the site. 

Icelandic Lichen, Cetraria islandica L.  Ach. is a good example. This thallopatic 

plants is occurred on the rocks in the High and Low Tatras (the Slovak parts of 

Carpathian Mountains). In regard to radioactivity determination of Icelandic 

Lichen thallus were gotten at from 350 to 600 Bq.kg-1 of 134Cs & 137Cs mass 

radionuclide activities [4]. 
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Conclusion 

Natural radioactivity levels of some selected medicinal plants commonly 

used in pharmaceutical industry were investigated using gamma-ray 

spectrometry. 

According to the measured results of chamomile, peppermint and sage drugs, 

the maximum permissible values of radioactivity of 600.00 Bq.kg-1 were not 

exceeded after its determination on the isotopes 134Cs and 137Cs according to the 

EC Council Regulation No. 733/2008. Hence, the medicinal plant samples from 

the large-scale cultivation in the Eastern Slovakia are considered safe in terms of 

the radiological hazard. 
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1. Naridenie  Rady (ES) ļ. 733/2008 o podmienkach, ktorĨmi sa riadi 
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2. Pohrebennik V., Politylo R., Yakovleva V., Salamon I. 2016. 

Radioecological Monitoring of Groundwater Resources  in the Chernobyl 

Exclusion Zone. In: Acta Facultatis Studiorum Humanitatis et Naturae 

Universitatis Presoviensis (Natural Sciences: Biology ï Ecology). Vol. XLIII., No. 

1, p. 136-141, ISBN 978-80-8165-149-6 

3.Salamon I. 2016. Chernobyl Radioactivity Area and its Monitoring by 

Selected Herbs in Slovakia. In: Dģugan, M. [ed.],  Environmental Influence on 

the Food Quality and Human Health, 1.ed., Wydawnictwo Uniwersytetu 

Rzeszowskiego, Rzeszow, Poland, p. 193-198, ISBN 978-83-7996-409-3 
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WASTE MANAGEMENT IN THE GORLICE COUNTY  

 

Abstract. The paper deals with issues related to environmental pollution and 

awareness of the society about the dangers of poor waste management. Hence, the 

aim of the research was to find out the opinion of the community of Gorlice 

County in south-eastern Poland on waste management. The awareness of the 

inhabitants of the Gorlice poviat in terms of waste, its harmfulness and methods 

of its management is growing. Realized inhabitants are guided by respect for 

health, well-being and environmental protection. 

INTRODUCTION  

Waste management covers a number of activities related to the handling of 

waste, from its production to management through the recovery of secondary raw 

materials and its safe disposal for the environment and humans [1,2]. The issue of 

waste management due to their quantity, diversified composition and properties 

is complex and complicated. This is mainly due to two closely related reasons. 

The first relates to the increase in the mass of waste along with the increasing 

number of people, economic development, as well as the increase in the welfare 

of the society. The second one is related to the nuisance and risk of waste, 

especially hazardous to the environment, and thus to humans. Therefore, one 

should strive to establish detailed and precise legal and organizational rules for 

dealing with various types of waste, which should also translate into the 

application of these provisions in practice [3,4]. In waste management processes, 

waste prevention is preferred, and landfilling is the least desirable. However, all 

economic human activity is now inextricably linked with the production of waste. 

The increase in the amount of produced waste has been recorded in the countries 

of Western Europe and the USA since the beginning of the 1950s and reached its 

peak in the second half of the 1980s [4]. According to Krupnik [5], the waste 

management system should be based on the prevention, reduction and 

minimization of their production. Everyone who designs, produces, sells has the 

primary responsibility to prevent or reduce waste [6]. The waste that cannot be 

avoided should be prepared for reuse. If waste does not qualify for reuse, it should 

be recycled or otherwise recovered, such as energy recovery [7]. However, when 

neither of the previous methods is possible, the waste should undergo appropriate 
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treatment processes [8]. Currently, ecological issues are becoming more and more 

popular. This is related to the growing awareness of the society about the risks 

that may result from poor waste management. Hence, the aim of the research was 

to find out the opinion of the South-Eastern Poland  community on the natural 

environment, including waste management. 

MATERIAL AND METHODS  

The work was based on a questionnaire survey and statistical data from the 

Mağopolskie voivodship. The survey was conducted among the inhabitants of the 

communes of Gorlice poviat: Biecz and UŜcie Gorlickie, where there are landfills 

in their area. A questionnaire form was used, containing 25 questions, both open 

and closed. The survey was conducted among a population of 1000 people in 

June-July in 2021. The questions concerned, among others: the distance of their 

place of residence from the landfill, the smell from the landfill, the occurrence of 

diseases related to the presence of the landfill in the immediate of the vicinity, of 

the increase in the population of rodents, insects in the commune due to the 

presence of the landfill and the impact of the landfill on their well-being. Most of 

the people participating in the survey were men (64,7%), aged 30-60 (60,4%), 

34% were respondents aged> 60 and only 5.6% were respondents under 30 years. 

Thus, at least half of the respondents had some life experience. The place of 

residence of the respondents, in relation to the location of the landfill, varied. 

13,7% of the respondents lived within 600 m from the landfill site; 9% of people ï 

within 600-1000 m; 20,8% of respondents ï within 1-2 km, while as many as 

56,6% of respondents lived more than 2 km from the landfill. In the population of 

the respondents, 60,1% had vocational education; 21,3% ï secondary education; 

15,3% ï primary, and the remaining 4,3% ï higher education. The collected data 

was analyzed mainly with the SPSS package and Microsoft Office Excel. 

RESULTS 

Waste management In the opinion of the respondents 

According to the respondents who live more than 2 km from the landfill, the 

presence of landfills in their municipalities does not bother them (67%). Other 

residents, on the other hand, whose farms are located in close or very close 

proximity to the landfill, find this presence very disturbing. 

The respondents felt the nuisance of the landfill in various ways. Among the 

respondents, as many as 61,7% of the respondents stated that they did not feel any 

unpleasant smell, and only 39,3% of respondents felt this smell, especially in the 

summer period, when there is the most waste and high air temperature. 

Most of the respondents (74,7%) stated that they did not feel the impact of 

the landfill on their health, while 26,3% of people noticed that they felt bad only 

in hot weather. 

An increased number of rodents and insects in the vicinity of the landfill was 

noticed by 100% of respondents, with 77,9% of respondents noticing more 

insects, and 22,1% of people noting an increased number of rodents. This proves 

very favorable conditions for the reproduction of insects and rodents in the 
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vicinity of the nearest landfill. The vast majority of respondents (65%) stated that 

the landfill is properly secured (fenced and controlled). 

When asked whether unauthorized persons may enter the municipal waste 

dump, the majority of respondents (57,9%) stated that no one, except employees, 

should have access to the municipal waste dump. Such an answer was given 

mainly by respondents from the UŜcie Gorlickie commune, where the dump is 

secured, well guarded and no one except the employees has access there. 43,1% 

of the respondents answered positively to this question. They were mainly 

respondents from the Biecz commune, where the landfill is not fenced and 

secured. 

Among the respondents, as many as 72,1% of people said that they were not 

interested in the times when companies operating the landfill bring waste. They 

were respondents living on farms far away from the landfill site and therefore 

were not interested in the time of waste collection. Other inhabitants (27,9%) were 

of the opposite opinion, they were respondents whose farms were in the 

immediate vicinity of the landfill. 

The respondents, when asked if they would now consent to the construction 

of a landfill in their commune, responded mostly negatively (71,8%), while 28,2% 

of the inhabitants answered that they did not care.  

Type and quantity of waste subjected to recovery processes 

According to WSO data (2021) it was recovered in the poviat Gorlice 

approx. 0,9 million Mg of waste from groups 01-19. In terms of quantity, the 

greatest amount of waste was recovered from Oil re-refining or another reuse 

(group 9) ï 59,18%. Subsequently, these were waste from group 12 (Exchange of 

waste for any of the processes listed in R 1 to R 11). Recycling or recovery of 

metals and metal compounds (R4). Only slightly more than 28% of waste was 

processed in this way. The first method (use mainly as a fuel or other means of 

generating energy) was only 0,08% (table 1). 

Table 1  

List of hazardous waste recovery methods used in 2021  

in the Gorlice poviat 
Methods Process name Waste weight 

(%) 

R1 Use mainly as a fuel or other means of generating energy 0,08 

R2 Solvent recovery / regeneration 0,01 

R4 Recycling or recovery of metals and metal compounds 2,84 

R9 Oil re-refining or another reuse 59,18 

R12 Exchange of waste for any of the processes listed in R 1 to 

R 11 

37,89 

 Total 100,00 

Source: Anonimous [9] 

Due to the diversity of non-municipal biodegradable waste, various methods 

of preventing the generation of such waste are used (modernization of the 
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technologies used in the production and processing processes is of great 

importance in this respect). 

Conclusions 

1. Ailments related to the presence of waste  in the study area are not frequent, 

but their ailments are more and more often articulated. 

2. The increased number of insects and rodents, and the unpleasant smell 

makes 

3. the inhabitants of communes believe that building a landfill near their farms 

is inadvisable. 

4. The awareness of the inhabitants of the Gorlice poviat in the aspect of 

waste, its harmfulness and methods of its management is increasing. The 

inhabitants are guided by respect for health, well-being and environmental 

protection. 
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BIOREMEDIATION  OF PETROLEUM  CONTAMINATION  

 

The demand for petroleum as a source of energy and as a primary source of 

raw material in many industries like a lubricant and petroleum jelly has been 

increasing. In 2016 world consumes 35,442,913,090 barrels of oil which is 

equivalent to 97,103,871 barrels per day. Global oil consumption per capita is 5 

barrels of oil (199 gallons) per person each year (based on the 2016 world 

population of 7,464,022,049 people) or 0.5 gallons per capita per day. 

The petroleum hydrocarbon is the organic pollutants with complex 

composition, wide distribution and toxicity. The most common petroleum 

hydrocarbon includes branched, aliphatic, cycloaliphatic alkanes, monocyclic and 

polycyclic aromatic hydrocarbon. These includes naphthalene, fluorene and 

anthracene etc. Petroleum does not have defined composition rather itôs a 

combination of different hydrocarbon result in different volatility, toxicity, 

persistence and degradability. 

Presence of oil in water can block oxygen, light and nutrients access to 

aquatic plants and animals. The availability and toxicity of hydrocarbon present 

in petroleum depend on their physical and chemical nature. Lethal effect of 

petroleum hydrocarbon depends on three factors a) duration of susceptibility, 

b) way of susceptibility and c) nature of petroleum fraction. Damage caused by 

the petroleum hydrocarbon may take several months and years. The aromatic 

compounds present in petroleum are environmental pollutants naphthene- 

aromatic, polyaromatic compounds are in heavy fractions. This compound has a 

carcinogenic effect, may lead to tumors, and damages the nervous system. The 

petroleum hydrocarbon contains polar organic compounds which can easily drift 

from the contamination sites into the ground water which ultimately result in the 

increase of petroleum hydrocarbon in the drinking water and make them unsafe 

for human beings and aquatic plants. 

Petroleum is a mixture of thousands of different hydrocarbons of various 

types. There are several ways to treat them with microbes. Microbes added or 

present in the soil can attach themselves to the hydrocarbon and use them as a 

source of carbon and energy. The low solubility of high molecular weight 

hydrocarbon can limit the bioremediation rate which can be improved by the 

addition of biosurfactants. Due to the difference in chemical nature of different 

hydrocarbons present in petroleum, some of them can be readily degraded, some 

resist degradation, and some are non-degradable. The Bioremediation of these 

compounds occurs simultaneously but at a different rate, which results in the 
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removal, of individual components of petroleum over a certain period. Enzymes 

are produced by microorganisms, which are responsible for the bioremediation of 

petroleum. Many pathways and different types of enzymes are involved in this 

process. It may also note that absence of any effective enzymes (that are produced 

by microbes), can act as a barrier or result in incomplete degradation. 

This scientific review is conducted to highlight recent advances in 

bioremediation for the removal of oil pollutants, present an analysis of the 

information in the reviewed sources, as well as identify gaps in this area and 

prospects for future research. In this regard, the search for sources was carried 

out in Scopus, PubMed, ScienceDirect, ResearchGate, Google Scholar on the 

totality of the keywords (bioremediation, petroleum, pollutant, degradation) of 

this study in various combinations. Since the keywords are in English, English-

language sources were studied. After receiving the search results, scientific 

publications were selected containing the following information about: 

- Interaction of microorganisms with hydrocarbons 

- Nutrient requirements 

- Factors affecting the degradation of oil hydrocarbons 

- Mechanisms of oil hydrocarbons degradation 

- Enzymes involved in the degradation of hydrocarbons and bioremediation 

agents available on the market 

- Bioremediation strategies. 

If  there were duplicate publications, they were excluded. This sorting was 

done manually. At this stage, the primary database of publications was formed. 

Then, a search for sources among the references of selected publications was 

carried out, which made it possible to identify additional literary sources. 

The information obtained was analyzed, verified by comparing with 

information (results, conclusions, conclusions) in other sources containing similar 

studies, and structured using synthesis, generalization and deduction. 

Bioremediation can be achieved either by situ or ex-situ treatments. Aim of 

choosing bioremediation strategies is to remove of any limiting factors and 

increase the bioremediation rates. Situ treatment involves the treatment at the 

polluted site only, whereas in ex-situ treatment polluted soil is transported to the 

place, where suitable treatment environment can be established. Four major 

problems that may be occurred during bioremediation of petroleum hydrocarbons 

are 1) limitation of nutrient such as nitrogen and phosphorus due to excess of 

hydrocarbon source, 2) insufficient oxygen during aerobic degradation, 3) low 

availability of hydrocarbon, 4) non-efficient microorganisms with can slow the 

degradation rates Bioaugmentation, biostimulation, and bioventing strategies are 

used in situ treatments for hydrocarbon polluted soils. Bioaugmentation is the 

addition of genetically modified microorganisms to treat the contaminated sites. 

It is effective where native microorganisms do not have the capability to perform 

the degradation. Biostimulation is the process of adding nutrients and optimizing 

environmental condition at the treatment sites to stimulate the bacteria involve in 
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degradation. Bioventing is the process used to enhance the aerobic bioremediation 

by providing air using slotted pipes. Biopiles, and landfarming are the common 

strategies are used in ex-situ treatments for hydrocarbon polluted soils. Biopiles 

is the process of mixing polluted soil with organic materials this improves 

microbial activity by enhancing aeration, moisture, and soil texture. Landfarming 

is the process in which contaminated soil is mixed with some fertilizers and 

rotated occasionally. It increases the degradation rate by enhancing the bacterial 

growth. Organic maters that have anti-oxidant property can increase the bacterial 

tolerance to toxicity of aromatics and the oxidative stress during their degradation. 

Physiochemical process costs are commonly higher than the bioremediation, cost 

depend on the depth of pollution in the contaminated soils and soil type. In 

general, costs per soil volume increase when the site is small, the pollution is deep, 

and the soil particles are small, i.e., clay/silt soil is harder to remediate than sandy 

soils. In addition, the possibility of delivering microorganisms to the 

contaminated area should be taken into account, since contaminated places are not 

always easily accessible. In some cases, the delivery of microorganisms for 

bioremediation of significant contaminants can be achieved using nozzles 

similar to those used in the study. 

In nature aerobic process dominate the hydrocarbon breakdown. The main 

aerobic strategy for hydrocarbon activation is hydroxylation. Successive oxidation 

of alkane produces carboxylic acids that can be ɓ-oxidation pathway. High 

diversity of mono- and dioxygenases for alkane hydroxylation has been reported. 

Aromatic hydrocarbons are oxidized by RHDs, which are less diverse than alkane 

oxygenases. Hydrocarbon degradation pathways expand the microbial metabolic 

versatility and the carbon source range for growth. 

Bioremediation is usually case-specific; however, some general rules can be 

pointed out. Bioremediation is usually simple, and less labour is required. It is the 

most economical method for the treatment of contaminated soil if the soil to be 

treated is more. Rate of bioremediation can be increased by managing 

environmental conditions such as temperature, pH, dissolved oxygen, water 

content, and nutrient availability. The efficacy and safety of using bioremediation 

techniques will  have to be convincingly demonstrated and communicated to the 

public. 

The paper gives the state of art related for tribological behavior of 

Biolubricants with nanoadditives, performance of nanoparticles as an additives 

and mechanism of lubrication of nanoparticles additives. The research conducted 

notified that the nanoparticles as additives in Biolubricants enhance its 

performance. The lubrication mechanism of nanoparticles reported in the paper is 

complex to understand, because there are large number of nanoparticles and each 

nanoparticle work in a different manner for different applications. Nano-particles 

performance parameters, is also reported in the paper and the most important 

performance parameters i.e. Dispersion stability is important to be maintained for 

better performance of the lubricants. It was reported that different dispersion 
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techniques, surface modification techniques and surfactants are used for complete 

dispersion of the nanoparticles in the Biolubricants. Biodegradability is an 

important issue and the global demand of Biolubricant is also reported in the paper 

which focuses on the development of biodegradable bio lubricants as the 

alternative for mineral oils. For the future, researcher must work on the 

development of new nano additives; chemically modified Biolubricants for 

different tribological applications.They should work on new lubrication 

mechanism and performance parameters which affect the tribological properties 

of the Biolubricants. 

It has been found that several factors affecting the bioremediation which 

includes: 

Microbial population-Microorganisms make their availability almost 

everywhere and make themselves active for the pollution to get interact with them. 

Temperature-Temperature has its specific role ln the activity of 

microorganisms, after reaching at high temperature the activity of 

microorganismsô increases. 

Moisture-Water is essential for microorganisms to work as degradants. Low 

water availability reduces the intracellular water potentials resulting in decrease 

of hydration and activity of enzyme. 

pH-pH determines the acidity and basicity of different compounds. In 

general, soil whose pH is 7.5 exhibit greatest and fastest rate of biodegradation. 

Pollutants even in small volume but spread in a large area can also easily 

disturb the balance of ecosystem, substances that are accumulated at a specific 

place for a long period or for a long unused period is considered as pollutant the 

pollutant substrate is calculated by matching the values pf substrate with the 

different parameters considering concentrations, pH, temperature change, acidity 

and alkalinity. 

Enzymes are used to remove the excess nutrients present in form of 

pollutants, which are actual hazards for the ecosystem and also for the human 

beings. Enzymes used as bioremediation are cost-effective, self-reliable, less 

toxic, and handier and also, itôs a cost effective. 

 

Used information sources: 

1. Khan S., Tripathi A.K., Srivastava R., Saleem M.S., Yeremenko S. &  

Sydorenko V., 2022, Bioremediation of Petroleum Contamination: A Short 

Review. Ecological Questions, 33(2). http://dx.doi.org/10.12775/EQ.2022.012. 

  



 72 

UDC 624.012.82:69.059.3 

 

Solovyov V.V., Ph.D., professor, Head of the Department of Chemistry and 

Physics, Usenko D.V., MPhys, Senior lecturerDepartment of Chemistry and 

Physics, Settou Hajar, student of group 202-ɹi, Imhanwa Meereelin 

Esegboriah, student of group 102-ɹi 

National University çYuri Kondratyuk Poltava Polytechnicè, Poltava, 

Ukraine 

 

COMPOSITE MATERIALS USE TO BRICK STRUCTURES 

REINFORCEMENT  

 

One of the most developed and effective modern materials used in repairs, 

restoration and reinforcement today is considered to be the technology of the 

international concern Sika [1]. Traditionally, to reinforce brick walls and piers, 

metal structures (rolled, sheet steel, meshes) with welded or bolted joints are used. 

When comparing the properties of metal and, for example, carbon (more 

commonly used) composite reinforcement elements, the latter have significant 

advantages: a significantly lower ratio of dead weight to strength, almost complete 

corrosion resistance, no length restrictions, simplified, cheaper and faster 

installation, greater fatigue strength [2]. The only disadvantages are tensile work, 

load distribution only along the fibers, the need for thermal protection and the 

high cost of the material. On  figure 1 shows diagrams [3], illustrating, first of all, 

the strength advantages of composite materials over steel ones. In addition, carbon 

composites have greater rigidity.  

 

Fig.1. Diagrams of çstress-strainè in uniaxial tension for different types of composite 

materials and steel (CFRP ï with carbon fibers, AFRP ï  aramid, GFRP ï glass) 
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Fig.2. Examples of applying tapes (a) and reinforcement webs (ʙ), respectively 

 

It should be noted that Sika reinforcement tapes may be prestressed when 

applied. Such a possibility, subject to the calculation justification, can 

significantly increase the effectiveness of the reinforcement, creating an 

additional compression of the masonry, which reduces or neutralizes the 

corresponding tensile forces and increases the adhesion of the masonry elements 

[4]. 

The study of this reinforcement system with composite materials allows us 

to highlight such advantages as a high tensile strength of the reinforcing 

components; corrosion resistance; ease of installation; low weight of the material 

and, as a result, minimal loads on the restored structures; versatility of application 

to any form and, as a result, the preservation of the architectural appearance of 

structures. 

Epoxy or micro-cement adhesive is used for gluing the tapes, which ensures 

that the reinforcement of the material is quickly included in the joint work with 

the structure. The use of epoxy adhesive requires additional safety measures 

during work, since its vapor is dangerous to humans. Work should be carried out 

in ventilated areas and with the use of gloves and special clothing. 

Microcement with the addition of polymer resins, unlike epoxy glue, is safer 

both in terms of work and fire resistance. When reinforcing with meshes, a 

cement-based mortar is also used to fix them on the surface of the reinforced 

structures. 

The strengthening of composite materials also has a number of 

disadvantages: high cost of the material; low fire resistance of epoxy adhesives 

(starting from 50 Á C). 
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A SHARP REDUCTION IN WASTE AND LOSSES OF RAW 

MATERIALS AND MATERIALS AT ALL STAGES OF THEIR 

PROCESSING, STORAGE AND TRANSPORTATION, A MORE 

COMPLETE USE OF SECONDARY RESOURCES AND BY-PRODUCTS 

IN THE PRODUCTION   

 

Wastes of the procedure (process) of production of an industrial enterprise 

are the remains of raw materials, basic and auxiliary materials or semi-finished 

products and fuel that arise in the process of converting initial material and raw 

materials into finished products if they cannot be used for their intended purpose. 

Irrevocable are wastes that have completely lost their consumer properties and 

have no practical value. Recyclable waste is waste that retains fully or partially 

certain consumer quality characteristics, they can be disposed of, usefully used 

for the production process of an enterprise of any finished product and therefore 

retain a sales value, have a price, etc.  In various branches of the procedure 

(process) of production of an industrial enterprise, a scientific and production 

association, a significant amount of waste material and raw materials and by-

products is generated. So, about 10 (ten) million tons of blast-furnace slags are 

taken to dumps per year and about 2 (two) times more slags from the steel-

smelting, ferroalloy production process. Thermal power plants of the country 

accumulate approximately 70 (seventy) million tons of pulverized ash and slag, 

which can be used in the cement production process, used as mineral additives, 

lightweight concrete aggregates and for other needs.  

The struggle to reduce waste and rational use of by-products is of inestimable 

economic importance for the national economic system of the country, helps to 

reduce the material intensity of the production process and increase its economic 

efficiency, and ensures the production of additional finished products without 

increasing material and raw materials. For example, reducing the waste of finished 

rolled ferrous metals in mechanical engineering and metalworking by 1 % allows 
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additional production of about 160 thousand Daewoo Lanos per year, etc.  

In pursuance of the decisions of the ruling government party structures, 

public, economic and other organizations of all forms of ownership, labor 

collectives, the dominant point of view (concept) has been adopted on 

strengthening work to save raw materials, fuel and energy, and other material 

resources. It provides an indication of the need to ensure a sharp reduction in 

waste and losses of raw materials and materials at all stages of their processing, 

storage and transportation, a more complete use in the production process of an 

industrial enterprise and the scientific association of secondary resources and by-

products of finished products, etc.  The introduction of the achievements of 

scientific and technical (innovative) progress is of paramount importance in the 

struggle to reduce waste and rational use of by-products. The more perfect the 

technique and technology, the more rational the design (shape, dimensions) of the 

manufactured finished product, the relatively less waste and losses in the 

production process, and as a result, the lower material intensity of the finished 

product and the higher the utilization rate of material and raw materials. In all 

sectors of the economy of the national economic system of the country, special 

attention is paid to the solution of the task set by the government party structures, 

public, economic and other organizations of all forms of ownership, labor 

collectives to widely introduce resource-saving equipment, low-waste and waste-

free technology, and integrated processing of raw materials and materials. 

Significant reserves in the next cycle of economic development should be used 

through the use of progressive, high-quality raw materials and materials, for 

example, economical rolled profiles, improving product designs, improving 

storage facilities, storage and transportation of material, raw materials and fuel 

and energy resources. It is very important that the used raw materials, materials, 

fuel and the like be well prepared for subsequent processing; fully comply with 

the technology requirements in terms of their quality, shape, sections, dimensions, 

chemical composition and other indicators. In cases where the possibilities of 

waste reduction have been exhausted, it is important to ensure their maximum 

utilization, put them into action, for example, use them for the manufacture of 

secondary, non-core finished products or sell them where they can be useful, used 

for the production procedure of an enterprise in the desired country of finished 

products, etc.  Large reserves can be mobilized through the recovery, reuse or 

reuse of raw materials and material resources, for example, spent foundry sands, 

motor oils, cleaning raw materials and materials, restored parts and assemblies 

that have served their useful life. This allows you to save a lot of material and raw 

materials, reduces labor costs for their production process, reduces transportation 

costs of an industrial enterprise, etc.  Of great importance is the correct choice of 

the most rational, economically productive (effective) ways of waste disposal. It 

is irrational, for example, to use waste generated during logging, woodworking, 

trade, processing of agricultural finished products as fuel. Such wastes can serve 

as valuable raw materials for the production process of useful finished products.  
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ʂʆʅʊʈʆʃʔ ʆʉʅʆɺʅʀʍ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ  

ɺ ʋʇʈɸɺʃɯʅʅɯ ʗʂɯʉʊʖ ʊɸ ɽʂʆʃʆɻɯʏʅʆʖ  

ɹɽɿʇɽʂʆʖ ɼʀɻɽʉʊɸʊʋ  

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʧʝʨʝʨʦʙʢʠ 

ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʟʘʣʠʰʘʶʪʴʩʷ ʙʽʦʛʘʟʦʚʽ ʪʝʭʥʦʣʦʛʽʾ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʪʘʢʠʤ 

ʪʝʭʥʦʣʦʛʽʷʤ ʧʨʦʮʝʩ ʘʥʘʝʨʦʙʥʦʛʦ ʟʙʨʦʜʞʫʚʘʥʥʷ (ɸɿ) ʤʦʞʥʘ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʯʝʨʝʟ ʨʷʜ ʬʘʢʪʦʨʽʚ. ɿʜʽʡʩʥʶʶʯʠ ʢʦʥʪʨʦʣʴ ʦʩʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ ʷʢ: ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʝʯʦʚʠʥ ʫ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʦʤʫ ʩʫʙʩʪʨʘʪʽ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʟʙʨʦʜʞʫʚʘʥʥʷ; ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʙʽʦʤʘʩʠ ʚ ʤʝʪʘʥʪʝʥʢʫ; ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʘ ʦʨʛʘʥʽʯʥʦʶ 

ʨʝʯʦʚʠʥʦʶ; ʨʝʞʠʤ ʟʘʚʘʥʪʘʞʝʥʥʷ; ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʚʤʽʩʪʫ ʤʝʪʘʥʪʝʥʢʘ ï 

ʤʦʞʥʘ ʫʧʨʘʚʣʷʪʠ ʷʢʽʩʪʶ ʧʦʙʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ ʤʝʪʘʥʦʛʝʥʝʟʫ ï ʜʠʛʝʩʪʘʪʦʤ.  

ʉʘʤ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ ʜʠʛʝʩʪʘʪʫ ʟ ʧʦʜʘʣʴʰʦʶ ʧʝʨʝʨʦʙʢʦʶ ʪʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʷʢ ʜʦʙʨʠʚʘ ʚʠʤʘʛʘʻ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʪʘ ʢʦʥʪʨʦʣʶ 

ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʧʨʦʮʝʩʫ ɸɿ. ʋʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʦʢʨʝʤʠʭ ʾʾ 

ʚʠʜʽʚ. ʆʩʥʦʚʥʝ ʧʨʘʚʠʣʦ ʧʨʠ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʷʢʱʦ ʝʬʝʢʪʠʚʥʝ 

ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʥʽ ʰʣʷʭʦʤ 

ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʫ ʘʥʘʝʨʦʙʥʦʛʦ ʙʨʦʜʽʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʠʡ ʤʘʪʝʨʽʘʣ ʥʝ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʩʠʨʦʚʠʥʫ ʥʘ ʙʽʦʛʘʟʦʚʠʭ 

ʫʩʪʘʥʦʚʢʘʭ, ʜʝ ʜʠʛʝʩʪʘʪ ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʜʦʙʨʠʚʦ [1]. 

ʌʘʟʦʚʠʡ ʩʪʘʥ ʜʠʛʝʩʪʘʪʫ, ʪʦʙʪʦ ʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ ʪʚʝʨʜʦʾ ʬʘʟʠ ʜʦ 

ʨʽʜʢʦʾ ʦʜʥʦʯʘʩʥʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʘʨʪʽʩʪʶ ʧʦʜʘʣʴʰʠʭ 

ʦʧʝʨʘʮʽʡ ʱʦʜʦ ʧʝʨʝʨʦʙʢʠ, ʟʙʝʨʽʛʘʥʥʷ ʯʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ, ʘ ʟ ʽʥʰʦʛʦ ï 

ʩʧʦʩʦʙʘʤʠ ʽ ʟʘʩʦʙʘʤʠ ʚʥʝʩʝʥʥʷ ʪʘʢʠʭ ʧʨʦʜʫʢʪʽʚ ʫ ˇʨʫʥʪ. ɼʠʛʝʩʪʘʪ ʥʘʡʢʨʘʱʝ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ, ʢʦʣʠ ʚʽʥ ʥʘʡʢʨʘʱʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʢʫʣʴʪʫʨʘʤʠ. ʅʘʪʦʤʽʩʪʴ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʜʠʛʝʩʪʘʪʫ ï ʮʝ ʙʝʟʧʝʨʝʨʚʥʠʡ ʧʨʦʮʝʩ ʽ ʪʦʤʫ ʥʝʦʙʭʽʜʥʘ ʻʤʥʽʩʪʴ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʽʥ ʙʫʜʝ ʚʥʦʩʠʪʴʩʷ ʧʽʜ ʧʦʩʽʚʠ ʚ ʧʝʨʽʦʜ 

ʚʝʛʝʪʘʮʽʾ. ɼʫʞʝ ʚʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʤʽʩʮʷ ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʜʠʛʝʩʪʘʪʫ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʜʦʱʦʚʦʾ ʚʦʜʠ ʪʘ ʥʘʢʨʠʪʠ ʩʭʦʚʠʱʘ, ʦʩʢʽʣʴʢʠ ʮʝ 

ʟʘʧʦʙʽʛʘʻ ʚʪʨʘʪʘʤ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʽ ʟʘʙʨʫʜʥʝʥʥʶ ʯʝʨʝʟ ʚʠʢʠʜʠ ʘʤʦʥʽʘʢʫ 

ʪʘ ʟʘʣʠʰʢʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʥʫ. 

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʣʝʥʥʷ ʙʽʦʛʘʟʦʚʦʛʦ ʧʨʦʝʢʪʫ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʥʫʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʚʠʛʽʜʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʠʛʝʩʪʘʪʫ. ɺʘʨʪʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʦʙ'ʻʤʫ ʨʽʜʢʦʾ ʬʨʘʢʮʽʾ ʜʠʛʝʩʪʘʪʫ, ʘ ʪʘʢʦʞ ʥʘ ʧʣʘʥʫʚʘʥʥʷ ʮʽʣʴʦʚʦʛʦ ʬʽʟʠʢʦ-
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ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʜʠʛʝʩʪʘʪʫ. ʇʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʤʽʨʥʦʛʦ ʫʪʚʦʨʝʥʥʷ ʨʽʜʢʦʛʦ 

ʜʠʛʝʩʪʘʪʫ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʙʨʦʜʽʥʥʷ (ʩʫʭʠʡ ʪʠʧ ʙʨʦʜʽʥʥʷ 

ʟʘʤʽʩʪʴ ʤʦʢʨʦʛʦ), ʘʣʝ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʠʧʫ ʩʫʙʩʪʨʘʪʫ. ɸʛʨʘʨʥʫ ʩʠʨʦʚʠʥʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʪʨʘʚʣʶʶʪʴ ʰʣʷʭʦʤ 

ʚʦʣʦʛʦʛʦ ʙʨʦʜʽʥʥʷ. ʉʫʭʠʡ ʪʠʧ ʚʘʨʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ ʟ ʥʠʟʴʢʠʤ ʚʤʽʩʪʦʤ ʚʦʜʠ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʪʘʢʘ ʩʠʨʦʚʠʥʘ 

ʤʽʩʪʠʪʴ ʤʝʭʘʥʽʯʥʽ ʚʢʣʶʯʝʥʥʷ (ʭʘʨʯʦʚʽ ʚʽʜʭʦʜʠ, ʛʥʽʡ ʟ ʧʽʜʩʪʠʣʢʦʶ ʪʦʱʦ). 

ʊʝʭʥʦʣʦʛʽʯʥʝ ʨʽʰʝʥʥʷ ʪʘʢʦʞ ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʤʘʢʩʠʤʘʣʴʥʝ 

ʧʝʨʝʨʦʙʣʝʥʥʷ ʨʽʜʢʦʛʦ ʜʠʛʝʩʪʘʪʫ ʚ ʧʨʦʮʝʩʽ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʩʫʙʩʪʨʘʪʽʚ ʟ ʥʠʟʴʢʠʤ ʧʦʯʘʪʢʦʚʠʤ ʚʤʽʩʪʦʤ ʚʦʣʦʛʠ. ʗʢʱʦ ʜʠʛʝʩʪʘʪ ʙʫʜʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʷʢ ʚʠʩʦʢʦʷʢʽʩʥʝ ʦʨʛʘʥʽʯʥʝ ʜʦʙʨʠʚʦ ʟ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤ 

ʩʢʣʘʜʦʤ, ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʝʢʪ ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʧʽʜʙʽʨ ʧʝʚʥʦʾ ʩʫʤʽʰʽ 

ʩʠʨʦʚʠʥʠ, ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʚʘʥʥʷ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʩʠʨʦʚʠʥʠ ʚʢʣʶʯʘʻ ʪʨʠ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʧʦʧʝʨʝʜʥʶ ʩʘʥʽʪʘʨʥʫ ʦʙʨʦʙʢʫ, ʧʦʢʨʘʱʝʥʥʷ ʟʘʩʚʦʶʚʘʥʦʩʪʽ ʪʘ ʨʦʟʜʽʣʝʥʥʷ 

ʨʽʜʠʥʠ ʪʘ ʪʚʝʨʜʦʾ ʨʝʯʦʚʠʥʠ [2]. ʇʦʜʘʣʴʰʫ ʦʙʨʦʙʢʫ ʧʨʦʚʦʜʷʪʴ ʦʢʨʝʤʦ ʜʣʷ 

ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʨʘʢʮʽʡ ʜʠʛʝʩʪʘʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʠʟʢʠ ʤʝʪʦʜʽʚ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʘ ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʢʦʣʠ ʩʠʨʦʚʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʬʽʟʠʯʥʠʭ ʜʦʤʽʰʦʢ, ʪʘʢʠʭ ʷʢ ʥʝʦʙʨʦʙʣʝʥʘ ʩʦʣʦʤʘ, ʣʝʛʢʦ ʧʣʘʚʘʶʯʽ ʘʙʦ 

ʦʩʘʜʞʫʶʯʽ ʤʘʪʝʨʽʘʣʠ. ʗʢʱʦ ʤʦʞʣʠʚʦ, ʤʦʞʥʘ ʧʨʦʜʦʚʞʠʪʠ ʧʨʦʩʪʠʡ ʩʢʨʠʥʽʥʛ. 

ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ, ʢʨʘʱʝ ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʫʙʩʪʨʘʪʫ ʰʣʷʭʦʤ 

ʟʦʚʥʽʰʥʴʦʛʦ ʢʦʥʪʨʦʣʶ ʘʙʦ ʚʠʢʣʶʯʠʪʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ ʙʽʦʛʘʟʦʚʽʡ 

ʫʩʪʘʥʦʚʮʽ. 

ɺʠʙʽʨ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʪʘ ʚʠʢʣʶʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʠʤʠ ʟʘʭʦʜʘʤʠ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ʜʠʛʝʩʪʘʪʫ. ɼʣʷ ʜʝʷʢʠʭ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʽʚ ʩʠʨʦʚʠʥʠ ʤʦʞʝ ʟʥʘʜʦʙʠʪʠʩʷ ʝʪʘʧ 

ʧʦʧʝʨʝʜʥʴʦʾ ʩʘʥʘʮʽʾ ʧʝʨʝʜ ʜʦʜʘʚʘʥʥʷʤ ʫ ʙʽʦʛʘʟʦʚʠʡ ʨʝʘʢʪʦʨ ʽ ʟʤʽʰʫʚʘʥʥʷʤ 

ʟ ʨʝʰʪʦʶ ʙʽʦʤʘʩʠ. ʇʦʧʝʨʝʜʥʷ ʩʘʥʘʮʽʷ ʣʠʰʝ ʟʘʟʥʘʯʝʥʦʾ ʩʠʨʦʚʠʥʠ ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʚʩʽʻʾ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʪʘ ʟʘʦʱʘʜʞʫʻ ʜʦʜʘʪʢʦʚʽ 

ʚʠʪʨʘʪʠ, ʧʦʚôʷʟʘʥʽ ʟ ʧʘʩʪʝʨʠʟʘʮʽʻʶ ʚʩʴʦʛʦ ʦʙôʻʤʫ ʨʝʘʢʪʦʨʘ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ɸɿ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʨʝʛʫʣʶʚʘʥʥʷ ʯʘʩʫ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ ʫ ʨʝʘʢʪʦʨʽ (ʯʘʩ ʫʪʨʠʤʫʚʘʥʥʷ) ʧʨʠ ʧʦʩʪʽʡʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʮʝʩʫ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʜʠʛʝʩʪʘʪʫ. ʋ ʙʽʦʛʘʟʦʚʦʤʫ 

ʨʝʘʢʪʦʨʽ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʪʦʢʫ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦ, ʱʦ ʬʨʘʢʮʽʾ 

ʩʠʨʦʚʠʥʠ (ʽ ʜʦʤʽʰʢʠ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚ ʥʠʭ) ʟʥʘʡʜʫʪʴ ʢʦʨʦʪʢʠʡ ʰʣʷʭ ʯʝʨʝʟ 

ʙʽʦʛʘʟʦʚʠʡ ʨʝʘʢʪʦʨ. ʋʥʠʢʘʶʪʴ ʢʦʨʦʪʢʦʛʦ ʧʝʨʽʦʜʫ ʚ ʙʽʦʛʘʟʦʚʦʤʫ ʨʝʘʢʪʦʨʽ 

ʧʝʨʽʦʜʠʯʥʦʾ ʜʽʾ, ʘ ʪʘʢʦʞ ʪʘʤ, ʜʝ ʩʠʨʦʚʠʥʘ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʧʘʨʪʽʾ ʧʝʨʝʜ 

ʟʚʘʨʶʚʘʥʥʷʤ ʧʨʠ ʥʝʦʙʭʽʜʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ ʥʝʦʙʭʽʜʥʦʛʦ ʯʘʩʫ.   

ʇʨʦʮʝʩ ɸɿ ʤʘʻ ʧʝʨʰ ʟʘ ʚʩʝ ʩʘʥʽʪʘʨʥʠʡ ʝʬʝʢʪ, ʟʘʚʜʷʢʠ ʷʢʦʤʫ ʚʽʥ ʟʜʘʪʥʠʡ 

ʽʥʘʢʪʠʚʫʚʘʪʠ ʙʽʣʴʰʽʩʪʴ ʧʘʪʦʛʝʥʽʚ, ʧʨʠʩʫʪʥʽʭ ʫ ʩʠʨʦʚʠʥʥʽʡ ʩʫʤʽʰʽ ʚʩʝʨʝʜʠʥʽ 

ʤʝʪʘʥʪʝʥʢʫ ʯʠ ʬʝʨʤʝʥʪʘʪʦʨʘ. ɿʥʠʱʝʥʥʷ ʧʘʪʦʛʝʥʽʚ ʻ ʛʦʣʦʚʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʪʝʨʤʦʬʽʣʴʥʠʭ ʘʙʦ 

ʤʝʟʦʬʽʣʴʥʠʭ) ʽ ʯʘʩʫ ʫʪʨʠʤʘʥʥʷ ʩʠʨʦʚʠʥʠ ʫ ʤʝʪʘʥʪʝʥʢʫ. ʏʠʤ ʚʠʱʘ 
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ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʜʦʚʰʠʡ ʯʘʩ ʫʪʨʠʤʫʚʘʥʥʷ, ʪʠʤ ʚʠʱʠʡ ʝʬʝʢʪ 

ʽʥʘʢʪʠʚʘʮʽʾ/ʟʥʠʱʝʥʥʷ ʧʘʪʦʛʝʥʽʚ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 

ʇʦʨʽʚʥʷʥʥʷ ʯʘʩʫ ʟʥʠʱʝʥʥʷ 90% ʧʘʪʦʛʝʥʽʚ ʜʣʷ ʜʝʷʢʠʭ ʧʘʪʦʛʝʥʥʠʭ 

ʙʘʢʪʝʨʽʡ ʫ ʩʠʩʪʝʤʽ ɸɿ ʪʘ ʚ ʩʠʩʪʝʤʽ ʥʝʦʙʨʦʙʣʝʥʦʾ ʩʫʩʧʝʥʟʽʾ 

ɹʘʢʪʝʨʽʾ 

ɸɿ ʩʠʩʪʝʤʘ ʉʠʩʪʝʤʘ ʥʝʦʙʨʦʙʣʝʥʦʾ ʩʫʩʧʝʥʟʽʾ 

53 ÜC 

ʛʦʜʠʥʠ 

35 ÜC 

ʜʥʽ 

18-21 ÜC 

ʪʠʞʥʽ 

6-15 ÜC 

ʪʠʞʥʽ 

Salmonella typhimurium 0.7 2.4 2.0 5.9 

Salmonella dublin 0.6 2.1 - - 

Escherichiacoli 0.4 1.8 2.0 8.8 

Staphylococcus aereus 0.5 0.9 0.9 7.1 

Mycobacterium 

paratuberculosis 
0.7 6.0 - - 

Coliform bacteria - 3.1 2.1 9.3 

Group D Streptococci - 7.1 5.7 21.4 

Streptococcus faecalis 1.0 2.0 - - 

ʍʦʯʘ ʢʦʤʙʽʥʘʮʽʷ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʮʝʩʫ ʪʘ ʯʘʩʫ ʫʪʨʠʤʫʚʘʥʥʷ ʻ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʬʘʢʪʦʨʦʤ ʩʘʥʽʪʘʨʽʾ ʧʘʪʦʛʝʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʽʥʘʢʪʠʚʘʮʽʷ 

ʧʘʪʦʛʝʥʽʚ ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʾʭ ʢʦʤʙʽʥʦʚʘʥʦʛʦ 

ʚʧʣʠʚʫ ʟ ʽʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ, ʪʘʢʠʤʠ ʷʢ pH, ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʽ ʢʦʥʮʝʥʪʨʘʮʽʷ NH3 ʫ ʤʝʪʘʥʪʝʥʢʫ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚʘʞʣʠʚʦ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʡ ʫʚʘʞʥʦ ʩʪʝʞʠʪʠ ʟʘ ʧʨʦʮʝʩʦʤ ɸɿ ʪʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʫ. 

ʂʦʥʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʦʤ ɸɿ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʫʪʚʦʨʝʥʦʛʦ ʜʠʛʝʩʪʘʪʫ. ʅʝʟʙʘʣʘʥʩʦʚʘʥʠʡ ʧʨʦʮʝʩ ɸɿ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʱʠʭ ʢʠʩʣʦʪ ʟ̔ ʧʦʜʘʣʴʰʠʤ ʧʘʜʽʥʥʷʤ pH ʥʠʞʯʝ 6. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʜʠʛʝʩʪʘʪ ʥʝ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʽ ʥʝ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʦʙʨʦʙʣʝʥʠʡ 

ʘʙʦ ʚʥʝʩʝʥʠʡ ʷʢ ʜʦʙʨʠʚʦ. ɹʘʣʘʥʩʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ɸɿ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʢʦʥʪʨʦʣʶ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʪʘ/ʘʙʦ ʜʦʜʘʚʘʥʥʷ ʧʝʚʥʠʭ 

ʜʦʜʘʪʢʦʚʠʭ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ/ʘʙʦ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʧʝʨʝʨʦʙʢʘ ʜʠʛʝʩʪʘʪʫ ʷʢ ʜʦʙʨʠʚʘ ʚʠʤʘʛʘʻ 

ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʪʘ ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʮʠʢʣʫ ɸɿ ʚʽʜ 

ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʦʚʠʥʠ ʜʦ ʦʩʪʘʪʦʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʜʠʛʝʩʪʘʪʫ. ʋʧʨʘʚʣʽʥʥʷ 

ʷʢʽʩʪʶ ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʩʠʨʦʚʠʥʠ, ʧʦʧʝʨʝʜʥʶ 

ʦʙʨʦʙʢʫ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʩʠʨʦʚʠʥʠ, ʨʝʪʝʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ɸɿ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʜʠʛʝʩʪʘʪʫ, ʧʝʨʝʨʦʙʢʫ 

ʜʠʛʝʩʪʘʪʫ, ʜʝʢʣʘʨʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʘʣʴʥʝ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ 

ʜʦʙʨʠʚʘ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 
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ʫ ʤʦʜʝʣʶʚʘʥʥʽ ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ɺʽʩʥʠʢ ʂʨʅʋ ʽʤʝʥʽ 

ʄ. ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ. 2018 (6). ʉ. 86ï94. 

2. Digestate as fertilizer. German Biogas Association. Deutsche Gesellschaft 

f¿r Internationale Zusammenarbeit (GIZ) GmbH. November 2018.  
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ɸʜʘʤʝʥʢʦ ʗ. ʆ., ʜ.ʪ.ʥ., ʏʫʧʘ ɺ. ʄ. 

 ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ, 

ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ʋʢʨʘʾʥʘ 

 
ɼʆʉʃɯɼɾɽʅʅʗ ʈɯɺʅɯɺ ɽʃɽʂʊʈʆʄɸɻʅɯʊʅʆɻʆ ʇʆʃʗ 

ʇʈʆʄʀʉʃʆɺʆɰ ʏɸʉʊʆʊʀ ɺ ɿʆʅɯ ɺʇʃʀɺʋ ʇʈʆʄʀʉʃʆɺʆɻʆ 

ʇɯɼʇʈʀɭʄʉʊɺɸ 

 
ɽʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʽ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟ̔ ʨʦʟʚʠʥʝʥʠʤʠ ʤʝʨʝʞʘʤʠ ʝʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʟʘʩʦʙʽʚ ʙʝʟʜʨʦʪʦʚʦʛʦ ʟʚ'ʷʟʢʫ, ʚʠʩʦʢʦʶ ʱʽʣʴʥʽʩʪʶ ʞʠʪʣʦʚʦʾ ʪʘ ʧʨʦʤʠʩʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ ʩʪʘʻ ʜʝʜʘʣʽ ʚʘʛʦʤʽʰʠʤ ʬʘʢʪʦʨʦʤ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʶʜʝʡ ʪʘ 

ʝʢʦʩʠʩʪʝʤʫ ʚ ʮʽʣʦʤʫ. ʇʨʠ ʮʴʦʤʫ ʧʝʨʩʦʥʘʣ ʧʽʜʧʨʠʻʤʩʪʚ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʘʟʥʘʻ ʜʦʜʘʪʢʦʚʦʛʦ ʚʧʣʠʚʫ ʮʴʦʛʦ 

ʬʽʟʠʯʥʦʛʦ ʬʘʢʪʦʨʫ. 

ʉʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʥʫʪʨʽʰʥʴʦ ʙʫʜʠʥʢʦʚʽ ʤʝʨʝʞʽ 

ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ (ʢʨʽʤ ʩʧʦʨʫʜ, ʧʦʙʫʜʦʚʘʥʠʭ ʟʘ ʦʩʪʘʥʥʽ ʢʽʣʴʢʘ ʨʦʢʽʚ) ʥʝ 

ʧʨʠʩʪʦʩʦʚʘʥʽ ʜʦ ʞʠʚʣʝʥʥʷ ʥʝʣʽʥʽʡʥʠʭ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʯʽʚ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ 

ʻ ʪʝ, ʱʦ ʩʫʯʘʩʥʽ ʽʤʧʫʣʴʩʥʽ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʤʘʣʠʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ, 

ʝʥʝʨʛʦʟʘʦʱʘʜʞʫʚʘʣʴʥʽ ʦʩʚʽʪʣʶʚʘʣʴʥʽ ʧʨʠʣʘʜʠ ʛʝʥʝʨʫʶʪʴ ʫ ʩʠʣʦʚʠʭ 

ʝʥʝʨʛʦʤʝʨʝʞʘʭ ʥʝʢʦʤʧʝʥʩʦʚʘʥʽ ʝʣʝʢʪʨʦʩʪʨʫʤʠ ʯʘʩʪʦʪʦʶ 150 ɻʮ ʽ ʙʽʣʴʰʝ, 

ʢʨʘʪʥʽ ʪʨʴʦʤ (ʛʘʨʤʦʥʽʢʠ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ 50 ɻʮ) ʪʘ ʽʥʪʝʨʛʘʨʤʦʥʽʢʠ (25, 

12,5 ɻʮ), ʷʢʽ ʩʪʚʦʨʶʶʪʴ ʤʘʛʥʽʪʥʽ ʧʦʣʷ ʛʽʛʽʻʥʽʯʥʦ ʟʥʘʯʫʱʠʭ ʨʽʚʥʽʚ. 

ɼʞʝʨʝʣʘʤʠ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʥʝʥʦʨʤʘʪʠʚʥʠʭ ʨʽʚʥʽʚ ʻ 

ʧʦʚʽʪʨʷʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ ʟ ʚʝʣʠʢʠʤʠ ʩʪʨʦʢʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʝʨʝʟ 

ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʥʦʰʝʥʽʩʪʴ ʛʽʨʣʷʥʜ ʽʟʦʣʷʪʦʨʽʚ, ʥʘʜʤʽʨʥʝ ʧʨʦʚʠʩʘʥʥʷ ʜʨʦʪʽʚ, 

ʢʦʨʦʥʫʚʘʥʥʷ ʥʘ ʦʧʦʨʘʭ ʪʦʱʦ. 

ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʚʝʣʠ, ʱʦ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʚʢʽʣʣʷ ʤʦʞʣʠʚʝ ʪʽʣʴʢʠ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʦʩʥʦʚʽ ʟʽ 

ʩʪʚʦʨʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟ ʜʘʥʠʭ [1-3] ʪʘ ʫʨʘʭʫʚʘʥʥʷʤ ʝʢʦʥʦʤʽʯʥʠʭ 

ʯʠʥʥʠʢʽʚ. 

ʅʘʡʙʽʣʴʰ ʜʽʻʚʠʤʠ ʟʘʩʦʙʘʤʠ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʚʧʣʠʚʽʚ ʥʘ 

ʧʨʘʮʶʶʯʠʭ ʻ ʧʝʨʝʭʽʜ ʥʘ ʧʽʜʟʝʤʥʽ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ (ʦʩʦʙʣʠʚʦ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟ ʚʝʣʠʢʠʤʠ ʝʥʝʨʛʦʚʠʪʨʘʪʘʤʠ).  

ʄʝʪʦʶ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʥʘʚʢʦʣʦ ʧʨʦʤʠʩʣʦʚʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʩʝʣʝʥʥʽ ʧʫʥʢʪʠ (ʗʤʥʠʮʷ ʪʘ ʂʣʫʟʽʚ), ʷʢʽ 

ʤʝʞʫʶʪʴ ʟ̔ ʧʨʦʤʠʩʣʦʚʠʤ ʧʽʜʧʨʠʻʤʩʪʚʦʤ (ʇʨɸʊ çɯʚʘʥʦ-

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè). ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʠʟʴʢʦʯʘʩʪʦʪʥʝ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʽʜ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʧʦʙʫʪʦʚʠʭ ʜʞʝʨʝʣ. 
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ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 3D 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʟ ʨʝʻʩʪʨʘʪʦʨʦʤ ʜʘʥʠʭ NFA-400. ʋʩʽ  

ʜʦʩʣʽʜʞʝʥʥʷ  ʙʫʣʠ ʟʜʽʡʩʥʝʥʥʽ  ʚ  ʨʘʤʢʘʭ  ʤʽʞʥʘʨʦʜʥʦʛʦ  ʧʨʦʝʢʪʫ  

HUSKROUA/1702/6.1/0022  çRegional  Center  for Training and Monitoring of 

the Environmental impact of Electrical installations CRIMIGEè [4].   

ʇʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʦʤʠʩʣʦʚʦʾ 

ʯʘʩʪʦʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ 

ʚʠʧʨʦʤʽʥʶʶʪʴ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʝ ʧʦʣʝ, ʪʘʢʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ: ʷʢ ʣʽʥʽʾ 

ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ, ʢʘʙʝʣʴʥʽ ʣʽʥʽʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʧʽʜʩʪʘʥʮʽʾ ʨʽʟʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʦʜʥʘ ʟ ʪʘʢʠʭ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʨɸʊ çɯʚʘʥʦ 

ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè.  

ɼʦʩʣʽʜʠʚʰʠ ʢʘʨʪʫ ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ, ʷʢʽ ʤʦʛʣʠ ʙ ʚʧʣʠʚʘʪʠ ʥʘ 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʙʫʣʦ ʧʨʦʢʣʘʜʝʥʦ ʤʘʨʰʨʫʪ ʟʘ ʷʢʠʤ ʧʨʦʚʦʜʠʣʠʩʷ ʟʘʤʽʨʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʘʨʰʨʫʪʥʦʛʦ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʚʥʽʚ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʧʨʠʣʘʜ NFA-400 ʤʠ ʩʠʥʭʨʦʥʽʟʫʚʘʣʠ ʟ ʩʤʘʨʪʬʦʥʦʤ. ɼʣʷ 

ʮʴʦʛʦ ʥʘ ʩʤʘʨʪʬʦʥ ʥʝʦʙʭʽʜʥʦ ʟʘʚʘʥʪʘʞʠʪʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ: çGPS-

ʪʨʝʢʝʨè.  

ɿʘ ʯʘʩ ʧʦʣʴʦʚʠʭ ʚʠʤʽʨʶʚʘʥʴ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʪʨʠ ʤʘʨʰʨʫʪʠ, ʟʘ ʷʢʠʤʠ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʟʘʤʽʨʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʅʘ ʢʦʞʥʦʤʫ ʟ 

ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʤʽʥʽʤʘʣʴʥʝ, ʤʘʢʩʠʤʘʣʴʥʝ ʽ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ.  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʨʽʚʥʽʚ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʫ ʩ. ʂʣʫʟʽʚ ʙʫʣʦ ʦʜʝʨʞʘʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʦʪʦʶ 50/60 ɻʮ ï 1167, 30 ʥʊʣ, 

ʩʝʨʝʜʥʻ ï 71,70 ʥʊʣ. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʩʪʘʥʦʚʠʪʴ 3287,90 ɺ/ʤ, ʩʝʨʝʜʥʻ ï 73,04 ɺ/ʤ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʩ. ʗʤʥʠʮʷ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʯʘʩʪʦʪʦʶ 50/60 ɻʮ ï 1443,20 ʥʊʣ, ʩʝʨʝʜʥʻ ï 94,97 ʥʊʣ. ʄʘʢʩʠʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʘʥʦʚʠʪʴ 2050,70 ɺ/ʤ, 

ʩʝʨʝʜʥʻ ï 38,58 ɺ/ʤ. ʇʨʠ ʚʠʤʽʨʘʭ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʥʘʚʢʦʣʦ ʇʨɸʊ 

çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʤʘʛʥʽʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʯʘʩʪʦʪʦʶ 50/60 ɻʮ ï 1485,00 ʥʊʣ, ʩʝʨʝʜʥʻ ï 270,77 ʥʊʣ. 

ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʩʪʘʥʦʚʠʪʴ 3580,60 ɺ/ʤ, 

ʩʝʨʝʜʥʻ ï 340,05 ɺ/ʤ.  

ʅʘ ʨʠʩʫʥʢʫ ʧʦʜʘʥʦ ʫʟʘʛʘʣʴʥʝʥʫ ʢʘʨʪʫ ʧʦʰʠʨʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʧʦʣʷ ʧʨʦʤʠʩʣʦʚʦʾ ʯʘʩʪʦʪʠ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. 

ʆʪʞʝ, ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʚ ʥʘ ʪʝʨʠʪʦʨʽʾ  ʩʽʣ ʂʣʫʟʽʚ, 

ʗʤʥʠʮʷ ʪʘ ʧʦʙʣʠʟʫ ʪʝʨʠʪʦʨʽʾ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè ʧʨʦʚʦʜʠʣʠʩʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ 3D ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʘʥʘʣʽʟʘʪʦʨʘ ʟ ʨʝʻʩʪʨʘʪʦʨʦʤ ʜʘʥʠʭ NFA-

400. ʄʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʨʽʚʥʽʚ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ 

ʙʫʣʠ ʟʘʬʽʢʩʦʚʘʥʽ ʧʦʙʣʠʟʫ ʪʝʨʠʪʦʨʽʾ ʇʨɸʊ çɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʮʝʤʝʥʪè. 

ʇʨʦʪʝ ʞʦʜʥʽ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ 
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ʪʝʨʠʪʦʨʽʾ ʟʦʥʠ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʠʭ 

ʨʽʚʥʽʚ ʟʘ ɼʉʘʥʇʽʅ-239 [5].  
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ɸʥʜʨʻʻʚ ʉ. ʄ., ʢ.ʪ.ʥ., ʇʨʠʡʤʘ ɸ. ʉ., ʩʪʫʜʝʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, ʋʢʨʘʾʥʘ 

 
ɺʀʂʆʈʀʉʊɸʅʅʗ ɼɸʅʀʍ ɼɿɿ ɼʃʗ ʇʆɹʋɼʆɺʀ ɽʂʆʃʆɻɯʏʅʀʍ 

ʂɸʈʊʆɻʈɸʌɯʏʅʀʍ ʄʆɼɽʃɽʁ ʇʆɺɯʊʈʗ ʅɸ ʇʈʀʂʃɸɼɯ  

ʄɯʉʊɸ ʄɸʈɯʋʇʆʃʔ 

 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚ ʋʢʨʘʾʥʽ ʥʘʙʣʠʞʘʻʪʴʩʷ 

ʜʦ ʢʨʠʟʦʚʦʾ ï ʢʨʘʾʥʘ ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʦʩʽʜʘʻ ʚʩʝ ʚʠʱʽ ʱʘʙʣʽ ʚ ʩʚʽʪʦʚʠʭ ʘʥʪʠ-

ʨʝʡʪʠʥʛʘʭ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʯʠ ʟʘʛʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ. 

ʑʦʨʦʢʫ ʞʠʪʝʣʽ ʚʝʣʠʢʠʭ ʤʽʩʪ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʽʚ ʧʦʪʝʨʧʘʶʪʴ ʚʽʜ 

ʩʤʦʛʫ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʽʜʩʦʪʦʢ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ 

ʭʚʦʨʦʙ, ʩʧʨʠʯʠʥʝʥʠʭ ʝʢʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʽʚ ʻ ʤ. ʄʘʨʽʫʧʦʣʴ ʚ ɼʦʥʝʮʴʢʽʡ 

ʦʙʣʘʩʪʽ. ʄʽʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʷʢ ʦʜʠʥ ʽʟ ʮʝʥʪʨʽʚ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʋʢʨʘʾʥʠ, ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʤʝʪʘʣʫʨʛʽʾ, ʤʘʰʠʥʦ- ʽ ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʤʘʻ ʩʚʽʡ 

ʤʦʨʩʴʢʠʡ ʪʦʨʛʽʚʝʣʴʥʠʡ ʧʦʨʪ. ɺʥʘʩʣʽʜʦʢ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ ʦʩʪʘʥʥʽ 

ʜʝʩʷʪʠʣʽʪʪʷ ʤʽʩʪʦ ʧʦʩʽʜʘʣʦ ʧʝʨʰʝ ʤʽʩʮʝ ʟʘ ʟʘʙʨʫʜʥʝʥʽʩʪʶ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʚ ʢʨʘʾʥʽ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʨʞʘʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʥʘ ʥʘʣʝʞʥʦʤʫ ʨʽʚʥʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʯʘʩʪʦ ʥʝʭʪʫʶʪʴ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʱʦʜʦ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʽʜʭʦʜʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʢʦʥʪʨʦʣʶ ʟʘ ʚʠʢʠʜʘʤʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ 

ʘʪʤʦʩʬʝʨʫ. 

ɺ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʧʝʨʝʚʘʞʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʦʢʩʠʜʽʚ ʩʽʨʢʠ, ʘʟʦʪʫ ʪʘ ʚʫʛʣʝʮʶ. ʊʘʢʦʞ ʚ ʤʽʩʪʽ ʽʩʥʫʻ ʩʫʪʪʻʚʘ ʧʨʦʙʣʝʤʘ ï 

ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ, ʱʦ ʟʘʚʜʘʻ 

ʥʘʡʙʽʣʴʰʦʾ ʰʢʦʜʠ ʟʜʦʨʦʚôʶ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʩʪʨʽʤʢʠʤʠ ʪʝʤʧʘʤʠ ʨʦʟʚʠʚʘʻʪʴʩʷ ʩʬʝʨʘ ɼɿɿ [1] ï ʜʘʥʽ ʟ 

ʩʫʧʫʪʥʠʢʽʚ ʦʩʥʘʱʝʥʽ ʥʦʚʽʪʥʽʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʥʘʣʝʞʥʦʾ ʷʢʦʩʪʽ ʡ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʨʽʟʥʦʤʘʥʽʪʥʫ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʘʥ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʘʪʤʦʩʬʝʨʠ. ʋ ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ 

ʟʥʘʭʦʜʷʪʴʩʷ ɻɯʉ, ʱʦ ʥʘʜʘʶʪʴ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʟ ʟʘʩʦʙʽʚ ɼɿɿ [2]. 

ʉʫʯʘʩʥʽ ʜʞʝʨʝʣʘ ɼɿɿ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʦʧʝʨʘʪʠʚʥʠʡ ʤʦʥʽʪʦʨʠʥʛ 

ʷʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ʆʪʨʠʤʘʥʫ ʽʥʬʦʨʤʘʮʽʶ ʤʦʞʥʘ ʫ ʢʦʨʦʪʢʽ ʩʪʨʦʢʠ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʜʣʷ ʦʙʨʦʙʢʠ ʛʝʦʧʨʦʩʪʦʨʦʚʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ 

ʤʦʜʝʣʝʡ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʝʢʦʣʦʛʽʯʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣ ̔ [3] 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʢʩʠʜʽʚ ʩʽʨʢʠ, ʚʫʛʣʝʮʶ ʽ ʘʟʦʪʫ, ʘ ʪʘʢʦʞ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʚ ʧʦʚʽʪʨʽ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. ʄʘʨʽʫʧʦʣʴ ʥʘ ʦʩʥʦʚʽ 
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ʜʘʥʠʭ ɼɿɿ ʽ ʽʥʬʦʨʤʘʮʽʾ, ʦʪʨʠʤʘʥʦʾ ʟ ɻɯʉ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʚʽʣʴʥʦʤʫ ʜʦʩʪʫʧʽ. 

ʈʦʙʦʪʫ ʚʠʢʦʥʘʥʦ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ArcGIS Desktop 10.5 

ʩʪʫʜʝʥʪʩʴʢʦʾ ʚʝʨʩʽʾ [4], ʱʦ ʤʽʩʪʠʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ 

ʟʜʽʡʩʥʝʥʥʷ ʛʝʦʧʨʦʩʪʦʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɿʘ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʦʩʥʦʚʫ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ, ʙʫʣʦ ʚʟʷʪʦ 

ʩʫʧʫʪʥʠʢʦʚʽ ʟʥʽʤʢʠ ʟ ʩʫʧʫʪʥʠʢʘ ʤʽʩʽʾ Sentinel 2. ʅʘʤʠ ʧʦʙʫʜʦʚʘʥʦ 

ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ ʟʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ (ʨʠʩ. 1), ʩʧʠʨʘʶʯʠʩʴ ʥʘ 

ʘʪʣʘʩ ʜʝʰʠʬʨʫʚʘʣʴʥʠʭ ʦʟʥʘʢ ʦʙôʻʢʪʽʚ, ʟʦʙʨʘʞʝʥʥʷ ʷʢʠʭ ʦʪʨʠʤʘʥʦ ʽʟ ʟʘʩʦʙʽʚ 

ɼɿɿ. 

 

 
 

ʈʠʩ. 1. ʂʘʨʪʦʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʟʦʥʫʚʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ʤ. ʄʘʨʽʫʧʦʣʴ 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, 

ʱʦ ʩʠʣʘ ʽ ʥʘʧʨʷʤ ʚʽʪʨʫ ʩʧʨʠʯʠʥʷʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʤʘʩ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ 

ʧʦʚʽʪʨʽ. ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʫ ʤʦʜʝʣʴ 

ʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤ. ʄʘʨʽʫʧʦʣʴ ʟʘ ʪʦʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʥʘ ʧʝʨʽʦʜ 

ʷʢʦʛʦ ʙʫʜʝ ʩʪʚʦʨʝʥʦ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ 

ʫ ʧʦʚʽʪʨʽ. 

ʂʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʧʦʚʽʪʨʽ ʦʢʩʠʜʽʚ ʩʽʨʢʠ, ʚʫʛʣʝʮʶ, 

ʘʟʦʪʫ ʘ ʪʘʢʦʞ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʯʘʩʪʠʥʦʢ ʬʨʘʢʮʽʾ ʈʄ 2,5 ʙʫʣʦ ʦʙôʻʜʥʘʥʦ ʚ 

ʦʜʥʫ ʤʦʜʝʣʴ, ʧʽʩʣʷ ʯʦʛʦ ʧʦʻʜʥʘʥʦ ʽʟ ʢʘʨʪʦʶ ʚʽʪʨʷʥʠʭ ʧʦʪʦʢʽʚ. ʈʝʟʫʣʴʪʘʪ 
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ʧʦʙʫʜʦʚʠ ʝʢʦʣʦʛʽʯʥʦʾ ʢʘʨʪʦʛʨʘʬʽʯʥʦʾ ʤʦʜʝʣʽ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʥʘ 

ʧʨʠʢʣʘʜʽ ʤ. ʄʘʨʽʫʧʦʣʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

 
 

ʈʠʩ. 2. ɽʢʦʣʦʛʽʯʥʘ ʢʘʨʪʦʛʨʘʬʽʯʥʘ ʤʦʜʝʣʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ 

 ʥʘ ʧʨʠʢʣʘʜʽ ʤ. ʄʘʨʽʫʧʦʣʴ 

 

ʅʘ ʦʩʥʦʚʽ ʩʪʚʦʨʝʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʟʘʛʘʣʴʥʠʡ ʩʪʘʥ ʷʢʦʩʪʽ 

ʧʦʚʽʪʨʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ ʻ ʢʨʠʪʠʯʥʠʤ ʽ ʩʠʪʫʘʮʽʷ ʧʦʪʨʝʙʫʻ ʱʦʥʘʡʩʢʦʨʽʰʦʛʦ 

ʚʠʨʽʰʝʥʥʷ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʪʚʦʨʝʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʶʶʯʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʥʘʧʨʷʤʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚ ʚʘʞʢʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʷʢʽ ʻ ʦʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʽʜ ʥʘʧʨʷʤʢʫ ʽ ʩʠʣʠ ʚʽʪʨʫ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʤʽʩʪʘ. 

ʇʦʙʫʜʦʚʘʥʘ ʝʢʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʜʦʟʚʦʣʷʻ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ 

ʩʧʨʠʷʻ ʧʽʜʪʨʠʤʮʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʥʘ ʦʩʥʦʚʽ ʚʽʟʫʘʣʽʟʘʮʽʾ ʛʝʦʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ  ʝʢʦʣʦʛʽʯʥʽ ʢʘʨʪʦʛʨʘʬʽʯʥʽ ʤʦʜʝʣʽ 

ʜʣʷ ʨʽʟʥʠʭ ʪʝʨʠʪʦʨʽʡ ʥʘ ʦʩʥʦʚʽ ʟʘʩʦʙʽʚ ɼɿɿ. 
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3ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʨʘʜʽʦʝʣʝʢʪʨʦʥʽʢʠ, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʄɽʊʆɼ ʉʀʅʊɽɿʋ ʉʀʉʊɽʄʀ ɽʂʆʃʆɻɯʏʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ 

ʅɸ ʆʉʅʆɺɯ ɹɸɻɸʊʆʇʆɿʀʎɯʁʅʆɰ ʉɽʅʉʆʈʅʆɰ ʄɽʈɽɾɯ   

 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʾʾ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘ ʫʤʦʚʠ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʨʽʰʝʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʧʦʙʫʜʦʚʠ ʙʘʛʘʪʦʨʽʚʥʝʚʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʦʥʪʨʦʣʶ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʧʨʦʛʨʘʤʠ 

ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʣʦʛʽʾ ʥʘ ʨʝʛʽʦʥʘʣʴʥʦʤʫ, ʜʝʨʞʘʚʥʦʤʫ ʪʘ ʤʽʞʥʘʨʦʜʥʦʤʫ 

ʨʽʚʥʷʭ. ʆʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʟʝʤʥʦʛʦ, ʤʦʨʩʴʢʦʛʦ (ʨʽʯʢʦʚʦʛʦ), ʧʦʚʽʪʨʷʥʦʛʦ, ʢʦʩʤʽʯʥʦʛʦ 

ʙʘʟʫʚʘʥʥʷ. ʂʦʤʧʣʝʢʩʥʘ ʦʮʽʥʢʘ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʤʦʞʣʠʚʘ ʟʘ 

ʨʘʭʫʥʦʢ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ [1].   

ʋ ʨʦʙʦʪʽ [2] ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʤʦʙʽʣʴʥʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʝʨʦʢʦʩʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʧʝʨʝʣʽʢ ʥʝʦʙʭʽʜʥʠʭ ʧʽʜʩʠʩʪʝʤ. ɸʥʘʣʽʟ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʝʚʥʠʭ ʚʠʤʦʛ ʜʦ ʚʽʜʧʦʚʽʜʥʠʭ ʧʽʜʩʠʩʪʝʤ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʤʦʞʣʠʚʠʤʠ ʟʤʽʥʘʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ, ʥʘʧʨʠʢʣʘʜ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜ ʯʘʩ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ. ɼʦ ʪʘʢʠʭ ʚʠʤʦʛ ʚʽʜʥʦʩʷʪʴʩʷ: ʩʚʦʻʯʘʩʥʽʩʪʴ ʟʙʦʨʫ ʪʘ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ 

ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʤʝʞ; ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ 

ʤʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʘʚʪʦʥʦʤʥʦʩʪʽ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ; ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ ï 

ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʱʦʜʦ ʚʠʢʨʠʩʪʘʥʥʷ 

ʧʦʚʽʪʨʷʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟʘʩʦʙʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʽʥ. 

ʆʜʥʠʤʠ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʪʘ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʨʽʟʥʽ ʩʬʝʨʠ ʜʽʷʣʴʥʦʩʪʽ, ʻ ʪʝʭʥʦʣʦʛʽʾ ɯʥʪʝʨʥʝʪʫ ʨʝʯʝʡ (IoT), 

ʤʽʞʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ (ʄ2ʄ). ʆʩʥʦʚʦʶ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʻ ʢʦʤʧʣʢʩʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʝʥʩʦʨʽʚ, ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʝʨʝʜʘʯʽ 

ʜʘʥʠʭ, ʙʝʟʧʽʣʦʪʥʽʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ [3]. ɺʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʘ ʨʫʭʦʤʠʭ ʦʙᾷʻʢʪʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʷʢ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʧʫʪʥʠʢʦʚʠʭ ʥʘʚʽʛʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʪʘʢ ʽ ʤʝʪʦʜʽʚ ʣʦʢʘʣʽʟʘʮʽʾ 

ʦʙᾷʻʢʪʽʚ ʚ ɯʦʊ-ʩʠʩʪʝʤʘʭ [4]. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʢʘʟʘʥʦ, ʱʦ ʘʢʪʫʘʣʴʥʠʤ ʻ 
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ʜʦʩʣʽʜʞʝʥʥʷ ʧʠʪʘʥʥʷ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ 

ʩʠʥʪʝʟʫ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ ʢʦʥʮʝʧʮʽʷʭ ɯʦʊ, ʄ2ʄ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ 

ʢʦʥʮʝʧʮʽʾ ɯʦʊ (ʄ2ʄ). 

ʆʜʥʠʤ ʽʟ ʥʘʧʨʷʤʽʚ ʝʬʝʢʪʠʚʥʦʛʦ ʨʝʘʛʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʘʭ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʻ ʩʚʦʻʯʘʩʥʝ ʚʠʷʚʣʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʦʙʫʤʦʚʣʶʶʪʴ ʾʭ ʚʠʥʠʢʥʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ 

ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʚ ʢʦʥʮʝʧʮʽʾ ɯʦʊ (ʨʠʩ. 1). ʊʘʢ, ʦʜʥʠʤʠ ʟ 

ʦʩʦʙʣʠʚʠʭ ʫʤʦʚ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʻ  ʫʤʦʚʠ ʚʝʜʝʥʥʷ 

ʙʦʡʦʚʠʭ ʜʽʡ. ʋ ʮʠʭ ʫʤʦʚʘʭ ʤʘʻ ʤʽʩʮʝ ʧʦʨʫʰʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʨʝʘʛʫʚʘʥʥʷ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ, ʥʘʧʨʠʢʣʘʜ, ʧʦʨʫʰʝʥʥʷ ʩʠʩʪʝʤʠ 

ʩʪʘʥʮʽʦʥʘʨʥʠʭ ʟʘʩʦʙʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʨʫʰʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʚ 

ʤʝʨʝʞʽ, ʧʦʨʫʰʝʥʥʷ ʩʠʩʪʝʤʠ ʦʧʦʚʽʱʝʥʥʷ, ʪʦʱʦ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ.  

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ, 

ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʬʫʥʢʮʽʡ ʤʦʥʽʪʦʨʠʥʛʫ, ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ ʙʝʟʧʨʦʚʦʜʦʚʦʛʦ ʟʚᾷʷʟʢʫ. ɺʨʘʭʦʚʫʶʯʠ ʟʘʜʘʯʽ, ʚʠʨʽʰʝʥʥʷ 

ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚ ʫʤʦʚʭ ʦʙʤʝʞʝʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʩʥʫʶʯʦʾ 

ʩʠʩʪʝʤʠ, ʘ ʩʘʤʝ: ʦʧʝʨʘʪʠʚʥʽʩʪʴ ʨʦʟʛʦʨʪʘʥʥʷ, ʘʚʪʦʥʦʤʥʽʩʪʴ, ʝʢʦʥʦʤʽʯʥʽʩʪʴ, 

ʜʘʣʴʥʽʩʪʴ ʜʽʾ, ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʟʘʙʫʜʦʚ, ʟʘʩʪʦʩʦʚʘʥʦ ʥʘʩʪʫʧʥʽ 

ʚʠʤʦʛʠ ʜʦ ʩʠʩʪʝʤʠ. 

- ʩʠʩʪʝʤʘ ʜʘʪʯʠʢʽʚ (ʩʝʥʩʦʨʽʚ) ʧʦʚʠʥʥʘ ʚʠʟʥʘʯʘʪʠ ʟʘʜʘʥʽ ʬʽʟʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ ʧʦʚʽʪʨʷ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʠʟʴʢʦʝʥʝʨʛʦʚʠʪʨʘʪʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʪʝʭʥʦʣʦʛʽʡ; 

- ʩʝʥʩʦʨʠ ʦʙᾷʻʜʥʘʥʽ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʤʦʞʝ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʫʤʦʚʘʭ 

ʾʾ ʜʝʛʨʘʜʘʮʽʾ, ʱʦ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ mesh-ʪʝʭʥʦʣʦʛʽʡ; 

- ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʚ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʟʘʙʫʜʦʚ. ʊʘʢʫ 

ʬʫʥʢʮʽʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʝʘʣʽʟʫʚʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʘʣʴʥʴʦʾ ʜʽʾ (Long Range ï LoRa); 

- ʩʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ. 

ʍʘʨʘʢʪʝʨ ʨʝʣʴʻʬʫ ʤʽʩʮʝʚʦʩʪʽ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʠʭ ʧʫʥʢʪʽʚ ʻ ʦʩʥʦʚʶ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʦʧʦʣʦʛʽʾ ʩʝʩʦʨʥʦʾ ʤʝʨʝʞʽ; 

- ʜʘʣʴʥʽʩʪʴ ʜʽʡ ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʚᾷʷʟʢʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ 

ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʘʢʦʞ ʫʤʦʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, ʘ ʩʘʤʝ ʰʪʫʯʥʠʭ ʧʝʨʝʰʢʦʜ: ʙʫʜʽʚʝʣʴ, 

ʜʝʨʝʚ (ʧʦʩʘʜʦʢ, ʣʽʩʽʚ). ɺʨʘʭʫʚʘʥʥʷ ʜʘʥʠʭ ʬʘʢʪʦʨʽʚ ʤʦʞʣʠʚʦ ʟʜʽʡʩʥʶʚʘʪʠ ʥʘ 

ʦʩʥʦʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ. ʆʙʤʝʞʝʥʥʷʤʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʦʯʠʭ ʟʦʥ 

ʙʝʟʧʨʦʚʦʜʦʚʠʭ ʩʠʩʪʝʤ ʟʚᾷʷʟʢʫ ʚ ʫʤʦʚʘʭ ʩʢʣʘʜʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʅʘ ʜʘʥʠʡ 

ʯʘʩ ʮʝʡ ʥʘʧʨʷʤʦʢ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ʈʝʘʣʽʟʘʮʽʷ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʩʝʥʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ 

ʩʢʣʘʜʥʠʭ ʦʙᾷʻʢʪʘʭ, ʪʘʢʠʭ ʷʢ ʘʝʨʦʧʦʨʪʠ, ʧʨʦʤʠʩʣʦʚʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, ʦʙᾷʻʢʪʠ 
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ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʦʱʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʚʝʣʠʢʠʤ ʤʘʩʰʪʘʙʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʦʤʫ ʟ ʤʝʪʦʶ ʟʙʦʨʫ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʢʦʥʢʨʝʪʥʠʭ ʦʙᾷʻʢʪʽʚ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ 

ʤʦʜʝʣʝʡ ʜʦʮʽʣʴʥʦ ʩʫʤʽʩʥʦ ʟ ʩʝʥʩʦʨʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʩʦʙʠ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ. ʅʘ ʚʽʜʢʨʠʪʽʡ ʤʽʩʮʝʚʦʩʪʽ ʜʦ ʪʘʢʠʭ ʟʘʩʦʙʽʚ ʚʽʜʥʦʩʷʪʴʩʷ 

GNSS. ɺ ʫʤʦʚʘʭ ʥʘʷʚʥʦʩʪʽ ʰʪʫʯʥʠʭ ʧʝʨʝʰʢʦʜ ʤʘʻ ʤʽʩʮʝ ʬʘʢʪʦʨ 

ʙʘʛʘʪʦʥʘʧʨʘʚʣʝʥʦʩʪʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʥʠʞʫʻ ʪʦʯʥʽʩʪʴ 

ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʩʝʥʩʦʨʥʦʾ ʤʝʨʝʞʽ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟ̔ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ, ʱʦ ʚʠʩʫʥʫʪʦ ʜʦ ʩʠʩʪʝʤʠ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʾʾ ʧʦʙʫʜʦʚʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʥʘʪʠ ʥʘ ʦʩʥʦʚʽ 

ʩʠʥʪʝʟʫ ʤʝʨʝʞʽ ʨʽʟʥʦʨʽʜʥʠʭ ʩʝʥʩʦʨʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʙʝʟʧʨʦʚʦʜʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʦʙʤʽʥʫ ʜʘʥʠʤʠ, ʢʦʤʧʣʝʢʩʫ ʪʦʧʦʣʦʛʽʡ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʽ. ʅʘ 

ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʦ ʚʘʨʽʘʥʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʘʢ, ʥʘ ʩʭʝʤʽ 1  ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʘʨʽʘʥʪ 

ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʫ ʣʦʢʘʣʴʥʽʡ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ Wi-Fi. ʇʝʨʝʜʘʯʫ 

ʟʜʽʡʩʥʶʶʪʴ ʜʚʘ ʧʨʠʩʪʨʦʾ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʧʦʻʜʥʘʥʥʷ ʜʘʪʯʠʢʘ 

(ʩʝʥʩʦʨʘ) ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ. ʆʜʠʥ ʧʨʠʩʪʨʽʡ ʧʝʨʝʜʘʻ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

CO2, ʘ ʽʥʰʠʡ ʢʦʥʮʝʥʪʨʘʮʽʶ ʯʘʩʪʦʢ ʫ ʧʦʚʽʪʨʽ pm2.5. ɼʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʥʘ 

ʩʝʨʚʝʨ ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʚʠʩʪʫʧʘʻ ʤʽʢʨʦʢʦʤʧ`ʶʪʝʨ Raspberry Pi 4. ʅʘ ʩʭʝʤʽ 2 

ʧʦʢʘʟʘʥʦ ʟʙʽʨ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ LoRa. ɼʘʥʽ ʟʙʠʨʘʶʪʴʩʷ 

ʣʦʢʘʣʴʥʦ ʥʘ ʩʝʨʚʝʨ ʯʝʨʝʟ ʧʨʦʤʽʞʥʠʡ ʚʫʟʦʣ, ʥʘ ʷʢʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ 

ʨʘʜʽʦʤʦʜʫʣʴ SX1278. ʅʘ ʧʨʠʩʪʨʦʷʭ, ʷʢʽ ʟʙʠʨʘʶʪʴ ʜʘʥʽ ʟ ʜʘʪʯʠʢʽʚ CO2 ʪʘ 
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ʯʘʩʪʦʢ, ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʘʜʽʦʤʦʜʫʣʴ SX1278. ʅʘ ʩʭʝʤʽ 3 ʟʦʙʨʘʞʝʥʦ ʚʘʨʽʘʥʪ 

ʟʙʦʨʫ ʜʘʥʠʭ ʟ̔ ʜʘʪʯʠʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ LoRa ʪʘ ʪʨʴʦʭ ʰʣʶʟʽʚ, ʷʢʽ 

ʧʝʨʝʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʜʘʣʽ ʧʦ ʢʘʥʘʣʫ GSM. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʜʘʥʦʛʦ 

ʚʘʨʽʘʥʪʫ ʩʭʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʫʟʣʽʚ LoRa ʚ ʷʢʦʩʪʽ ʟʘʩʦʙʽʚ 

ʧʝʨʝʜʘʯʽ ʪʘ ʨʝʪʨʘʥʩʣʷʮʽʾ ʜʘʥʠʭ, ʘ ʤʦʞʣʠʚʽʩʪʴ ʦʜʥʦʯʘʩʥʦʛʦ ʧʨʠʡʦʤʫ ʜʘʥʠʭ 

ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʰʣʶʟʽʚ ʜʦʟʚʦʣʷʻ ʬʽʢʩʫʚʘʪʠ ʯʘʩ ʧʨʠʙʫʪʪʷ ʩʠʛʥʘʣʫ ʥʘ ʩʝʨʚʝʨʽ ʪʘ 

(ʟʘ ʫʤʦʚʠ ʨʦʟʨʦʙʢʠ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ) ʚʠʟʥʘʯʠʪʠ ʢʦʦʨʜʠʥʘʪʠ ʧʨʠʩʪʨʦʶ. ʊʘʢʦʞ, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ 

ʦʜʥʦʯʘʩʥʦ ʧʨʠʡʤʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʜʝʢʽʣʴʢʦʤʘ ʰʣʶʟʘʤʠ, ʪʦ ʧʦʢʨʘʱʫʻʪʴʩʷ 

ʚʽʜʤʦʚʦʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ ʚ ʧʨʠʡʦʤʽ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʪʯʠʢʽʚ. ʅʘ ʩʭʝʤʽ 4 

ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʘʪʤʦʩʬʝʨʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘʬʽʢʩʦʚʘʥʦ ʧʝʨʝʚʠʱʝʥʥʷ  ʢʽʣʴʢʦʩʪʽ ʯʘʩʪʦʢ 

pm2.5 (70), ʱʦ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʜʘʪʯʠʢʦʤ pms7003. ɼʘʥʽ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʫʪʴ ʙʫʪʠ ʦʜʥʠʤ ʟ̔ ʜʞʝʨʝʣ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʘʨʪʠ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚ ʋʢʨʘʾʥʽ, ʝʣʝʤʝʥʪ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʭʝʤʽ 5 

(https://www.saveecobot.com).  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʽʜʪʚʝʨʜʠʣʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ. ʇʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʧʽʣʦʪʦʚʘʥʦʾ ʪʘ ʙʝʟʧʽʣʦʪʥʦʾ ʘʚʽʘʮʽʾ ʜʣʷ ʟʘʜʘʯ ʤʦʥʽʪʦʨʠʥʛʫ ʤʦʞʣʠʚʽ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʧʦʚʥʝ ʘʙʦ ʯʘʩʪʢʦʚʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʥʘʚʽʛʘʮʽʾ ʪʘ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (CNS/ATM) ʚ ʫʤʦʚʘʭ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ. 

ʊʦʤʫ ʦʢʨʝʤʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʻ ʧʦʰʫʢ ʪʘ ʦʙʛʨʫʥʪʫʚʘʥʥʷ 

ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʫʯʘʩʥʠʭ ʽʥʬʦʢʦʤʫʥʽʢʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ.  
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ɽʃɽʂʊʈʆʈɽʉʋʈʉɯɺ ʊɸ ɿʄɽʅʐɽʅʅʗ ʊɽʇʃʆɺʀʊʈɸʊ 

 
Abstract. Today, the state of the energy market brings to the fore the use of 

economic equipment, the reuse of spent energy. In the ventilation system, the use 

of secondary thermal energy resources can reduce operating costs. The need to 

saveenergy is more relevant than ever, so carrying out the ventilation project, it is 

necessary, first of all, to think about how you can reduce the cost of equipment 

operation. In ventilation, climate and refrigeration equipment, in the world of 

information technology, in heating and household appliances, in the industry of 

industrial automation or cars, in the field of telecommunications ï wherever fan 

or drive technology çworksè, there is also room for saving electricity. 

ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʠʪʨʘʪ ʻ ʦʩʥʦʚʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ. ɿʘʚʜʷʢʠ ʧʨʠʧʣʠʚʥʦ-

ʚʠʪʷʞʥʠʤ ʩʠʩʪʝʤʘʤ ʚʝʥʪʠʣʷʮʽʾ ʤʠ ʦʪʨʠʤʫʻʤʦ ʩʚʽʞʝ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ, 

ʚ ʷʢʠʭ ʧʝʨʝʙʫʚʘʻʤʦ ʚʧʨʦʜʦʚʞ ʜʥʷ. ʇʽʜ ʝʥʝʨʛʦʦʱʘʜʥʽʩʪʶ ʨʦʟʫʤʽʻʪʴʩʷ 

ʢʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʩʧʦʞʠʚʘʥʦʾ ʙʫʜʽʚʣʷʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ ʧʨʠʤʽʱʝʥʥʷʭ, ʟ̔ ʚʽʜʧʦʚʽʜʥʠʤ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʚʧʨʦʚʘʜʞʝʥʠʭ ʟʘʭʦʜʽʚ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟʧʝʢʠ. ʎʽ ʩʠʩʪʝʤʠ 

ʤʘʶʪʴ ʟʥʘʯʥʽ ʝʥʝʨʛʦʟʘʪʨʘʪʠ, ʘʣʝ ʮʝ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʟʘʤʽʥʦʶ ʥʝʦʙʭʽʜʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ. 

ʇʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ï ʮʝ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʧʣʠʚ ʯʠʩʪʦʛʦ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʷ ʽ ʚʽʜʚʝʜʝʥʥʷ ʟ ʥʴʦʛʦ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ ʽ ʚʠʧʘʨʽʚ. ʆʩʥʦʚʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ 

ʧʦʻʜʥʘʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ. ʅʘʡʝʬʝʢʪʠʚʥʽʰʦʶ ʚʚʘʞʘʻʪʴʩʷ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ 

ʚʝʥʪʠʣʷʮʽʷ ʜʣʷ ʙʫʜʽʚʣʽ ʧʣʦʱʝʶ ʚʽʜ 100 ʤ2, ʦʩʢʽʣʴʢʠ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʾʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘʜʽʶʶʪʴʩʷ ʧʦʚʥʽʩʪʶ. ʊʘʢʦʞ ʩʠʩʪʝʤʠ ʮʴʦʛʦ ʪʠʧʫ ʟʘʪʨʝʙʫʚʘʥʽ ʥʘ 

ʦʙôʻʢʪʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ, ʪʦʨʛʦʚʦʛʦ, ʢʦʤʝʨʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʩʬʝʨʠ ʧʦʩʣʫʛ ʽ ʚ ʦʬʽʩʥʠʭ ʙʫʜʽʚʣʷʭ. ʂʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ 

ʧʽʜʙʠʨʘʻʪʴʩʷ ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʣʦʱʽ ʚʩʽʭ ʧʨʠʤʽʱʝʥʴ, ʣʝʛʢʦ ʨʦʟʤʽʱʫʻʪʴʩʷ ʷʢ ʥʘ 

ʝʪʘʧʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢ ʽ ʧʽʩʣʷ ʡʦʛʦ ʟʘʚʝʨʰʝʥʥʷ. 
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ʇʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ ʚʝʥʪʠʣʷʮʽʾ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʪʝʧʣʘ ï 

ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʦʙôʻʢʪʽʚ ʟʘʤʽʩʴʢʦʛʦ ʜʦʤʦʙʫʜʽʚʥʠʮʪʚʘ. ɿʘʚʜʷʢʠ 

ʜʦʜʘʪʢʦʚʠʤ ʢʦʤʧʦʥʝʥʪʘʤ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʭʦʜʽ ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ ʝʥʝʨʛʽʷ 

ʤʦʞʝ ʧʝʨʝʥʘʧʨʘʚʣʷʪʠʩʷ ʥʘ ʦʙʽʛʨʽʚ ʙʫʜʽʚʣʽ. ʉʫʤʘʨʥʘ ʝʢʦʥʦʤʽʷ ʩʪʘʥʦʚʠʪʴ ʜʦ 

90%. ʋʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʪʝʧʣʦʦʙʤʽʥʫ, ʷʢʦʶ ʟʘʙʝʟʧʝʯʝʥʘ ʨʝʢʫʧʝʨʘʮʽʡʥʘ 

ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʘ ʩʠʩʪʝʤʘ, ʟʘʙʝʟʧʝʯʫʻ ʧʽʜʚʠʱʝʥʥʷ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙôʻʢʪʘ, ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʥʘ ʡʦʛʦ ʫʪʨʠʤʘʥʥʷ. 

ʇʝʨʝʚʘʛʘʤʠ ʧʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʦʾ ʩʠʩʪʝʤʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʧʦʚʽʪʨʦʦʙʤʽʥʫ; ʦʯʠʱʝʥʥʷ ʽ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʧʨʠʤʽʱʝʥʥʽ; 

ʜʦʜʘʪʢʦʚʝ ʟʚʦʣʦʞʝʥʥʷ ʯʝʨʝʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʢʦʥʜʝʥʩʘʪʫ; ʨʝʛʫʣʶʚʘʥʥʷ 

ʪʝʧʣʦʦʙʤʽʥʫ, ʟʘʧʦʙʽʛʘʥʥ ̫ʧʦʰʠʨʝʥʥʶ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ, ʧʘʨʘ, ʚʦʣʦʛʠ. 

ʇʨʠʧʣʠʚʥʦ-ʚʠʪʷʞʥʽ ʩʠʩʪʝʤʠ ʟ ʨʝʢʫʧʝʨʘʮʽʻʶ ʧʽʜʽʡʜʫʪʴ ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʣʶʜʝʡ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʥʘ ʘʣʝʨʛʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽ ʦʭʦʯʠʤʠ ʝʢʦʥʦʤʠʪʠ ʥʘ 

ʩʧʦʞʠʚʘʥʥʽ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. ɿʘʚʜʷʢʠ ʨʝʮʠʨʢʫʣʷʮʽʾ (ʥʘʛʨʽʚ ʘʙʦ ʦʭʦʣʦʜʞʝʥʥʷ) 

ʧʜ̔ʛʦʪʦʚʣʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚʟʠʤʢʫ ʤʦʞʥʘ ʦʙʽʡʪʠʩʷ ʙʝʟ ʝʣʝʢʪʨʦʦʙʽʛʨʽʚʘʯʘ, ʘ 

ʚʣʽʪʢʫ ï ʙʝʟ ʢʦʥʜʠʮʽʦʥʝʨʘ.  

ɿʘʤʽʥʘ ʩʪʘʨʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʟ̔ ʘʩʠʥʭʨʦʥʥʠʤ ʜʚʠʛʫʥʦʤ ʥʘ ʩʫʯʘʩʥʽ ʟ 

ʝʣʝʢʪʨʦʢʦʤʫʪʦʚʘʥʠʤ, ʜʦʟʚʦʣʷʻ ʟʝʢʦʥʦʤʠʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. 

ɽʣʝʢʪʨʦʢʦʤʫʪʦʚʘʥʽ ʜʚʠʛʫʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ʜʦ 30% ʚʠʪʨʘʪʠ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʧʦʨʽʚʥʷʥʦ ʟʽ ʟʚʠʯʘʡʥʠʤʠ ʘʩʠʥʭʨʦʥʥʠʤʠ ʜʚʠʛʫʥʘʤʠ, ʷʢʽ 

ʢʦʤʧʣʝʢʪʫʶʪʴʩʷ ʟ ʚʝʥʪʠʣʷʪʦʨʘʤʠ. ʊʘʢʦʞ ʮʝ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʂʂɼ (ʜʦ 

90%) ʪʘ ʟʤʝʥʰʠʪʠ ʪʝʧʣʦʚʪʨʘʪʠ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʝʢʦʥʦʤʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʨʤʫʣʫ: 
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ʜʝ ɖ1 ï ʂʂɼ ʩʪʘʨʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ, ɖ2 ï ʂʂɼ ʥʦʚʦʛʦ ʚʝʥʪʠʣʷʪʦʨʘ; ɖʝ, ɖʩ ï 

ʂʂɼ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʡ ʤʝʨʝʞʽ ʚʽʜʧʦʚʽʜʥʦ; t ï ʯʘʩ ʨʦʙʦʪʠ ʚʝʥʪʠʣʷʪʦʨʘ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʂʂɼ. 

 ʉʧʦʞʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʘʩʠʥʭʨʦʥʥʠʭ ʚʝʥʪʠʣʷʪʦʨʽʚ ʽ 

ʝʣʝʢʪʨʦʢʦʤʫʪʦʚʘʥʠʭ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.  

ʊʘʙʣʠʮʷ 1 

ʉʧʦʞʠʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ ʨʝʛʫʣʶʚʘʥʥʷ 
ɼʚʠʛʫʥ ʆʙôʻʤʥʽ ʚʠʪʨʘʪʠ, 

ʤį/ʩ 

ʇʦʪʫʞʥʽʩʪʴ, ɺʪ 

ɿʚʠʯʘʡʥʠʡ ʘʩʠʥʭʨʦʥʠʡ 11 000 1200 

ʉʫʯʘʩʥʠʡ ʢʦʤʫʪʦʚʘʥʠʡ 11 000 550 

 

ɺʝʥʪʠʣʷʪʦʨ ʟ̔ ʝʣʝʢʪʨʦʢʦʤʫʪʦʚʘʥʠʤ ʜʚʠʛʫʥʦʤ ʩʘʤ ʧʦ ʩʦʙʽ ʤʘʻ ʜʫʞʝ 

ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʙʫʜʴ-ʷʢʽʡ ʰʚʠʜʢʦʩʪʽ. ʇʦ ʜʘʥʠʤ ʪʘʙʣʠʮʽ 1 ʚʠʜʥʦ, ʱʦ 

ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʦʙôʻʤʥʠʭ ʚʠʪʨʘʪʘʭ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʘ ʧʦʪʨʽʙʥʘ ʜʣʷ ʩʪʘʙʽʣʴʥʦʾ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ, ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 118%. ʆʪʞʝ, ʟʘ ʥʦʤʽʥʘʣʴʥʦʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʮʽ ʜʚʠʛʫʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʥʦʤʽʶ ʝʥʝʨʛʽʾ ʙʽʣʴʰʝ ʥʽʞ ʥʘ 10%. ʋ 
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ʚʠʧʘʜʢʫ ʧʣʘʚʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʘʙʩʦʣʶʪʥʘ ʽ ʚʽʜʥʦʩʥʘ 

ʝʢʦʥʦʤʽʷ ʥʘʙʘʛʘʪʦ ʚʠʱʘ. ʋ ʧʦʨʽʚʥʷʥʥʽ, ʟʚʠʯʘʡʥʠʡ ʬʘʟʦʚʠʡ ʘʩʠʥʭʨʦʥʥʠʡ 

ʜʚʠʛʫʥ ʟ ʢʦʥʪʨʦʣʝʤ ʰʚʠʜʢʦʩʪʽ ʧʦʪʨʝʙʫʻ ʚʜʚʽʯʽ ʙʽʣʴʰʝ ʝʥʝʨʛʽʾ. ʊʘʢʦʞ ʮʽ 

ʜʚʠʛʫʥʠ ʤʘʪʠʤʫʪʴ ʽʥʰʽ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ, ʷʢʽ ʚʽʜʦʙʨʘʟʷʪʴʩʷ ʟʘ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ʇʨʠʥʮʠʧʦʚʦʶ ʫʤʦʚʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʩʪʚʦʨʝʥʥʷ 

ʪʘʢʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ  ̔ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʚʠʤʦʛ ʜʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʶʯʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʤʘʰʠʥ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʷʢʘ ʟʨʦʙʠʣʘ ʙ ʥʝʤʦʞʣʠʚʦʶ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʚ ʢʨʘʾʥʽ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʘʰʠʥ ʪʘ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʚʽʪʦʚʦʤʫ ʨʽʚʥʶ. ɿʘ ʨʦʟʨʦʙʢʠ ʪʘʢʦʾ 

ʧʨʘʚʦʚʦʾ ʙʘʟʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʽʩʥʫʶʯʠʡ ʩʪʘʥ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ ʪʘ 

ʚʝʣʠʢʫ ʽʥʝʨʮʽʡʥʽʩʪʴ ʦʥʦʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʦʥʜʽʚ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʟʚʠʪʢʫ ʦʢʨʝʤʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʟʘ 

ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦ ʥʝʝʬʝʢʪʠʚʥʠʭ, ʟʘʩʪʘʨʽʣʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʦʜʘʞ ʥʘʩʝʣʝʥʥʶ ʧʦʙʫʪʦʚʦʾ ʪʝʭʥʽʢʠ ʟ ʥʠʟʴʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɸʢʽʥʰʠʥʘ ʆ. ɺ., ʊʨʝʪʷʢʦʚʘ ʃ. ɯ., ɸʥʪʦʥʝʥʢʦ ʆ. ʄ. ɽʥʝʨʛʦʘʫʜʠʪ ʫ 

ʩʠʩʪʝʤʽ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ // ɺʽʩʥʠʢ ʅʋ çʃʴʚʽʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘè. ʃʦʛʽʩʪʠʢʘ. 2012. ˉ735. ʉ. 4ⱷ11. 

2. ɼʉʊʋ ɹ ɸ.2.2-12:2015 ɽʅɽʈɻɽʊʀʏʅɸ ɽʌɽʂʊʀɺʅɯʉʊʔ ɹʋɼɯɺɽʃʔ. 

ʄʝʪʦʜ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʧʨʠ ʦʧʘʣʝʥʥʽ, ʦʭʦʣʦʜʞʝʥʥʽ, 

ʚʝʥʪʠʣʷʮʽʾ, ʦʩʚʽʪʣʝʥʥʽ ʪʘ ʛʘʨʷʯʦʤʫ ʚʦʜʦʧʦʩʪʘʯʘʥʥʽ. ʂ. : ʄʽʥʨʝʛʽʦʥ ʋʢʨʘʾʥʠ, 

2015. 

3. ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ: ʝʢʦʥʦʤʽʯʥʠʡ, ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ ʝʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪʠ: ʢʦʣʝʢʪʠʚʥʘ ʤʦʥʦʛʨʘʬʽʷ. ʂʦʣ. 

ʘʚʪʦʨʽʚ; ʟʘ ʟʘʛ. ʨʝʜ. ʇ. ʄ. ʄʘʢʘʨʝʥʢʘ, ʆ. ɺ. ʂʘʣʽʥʽʯʝʥʢʘ, ɺ. ɯ. ɸʨʘʥʯʽʡ. 

ʇʦʣʪʘʚʘ : ʇʇ çɸʩʪʨʘʷè. 2019. 603 ʩ. 
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ʋɼʂ 502/504  

 

ɹʝʟʨʦʜʥʦʚʘ ʆ. ɺ., ʢ. ʙ. ʥ., ʅʇʇ çʉʣʦʙʦʞʘʥʩʴʢʠʡè, ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɺ.ʅ. ʂʘʨʘʟʽʥʘ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɿɸɻʈʆɿʀ ɯʉʅʋɺɸʅʅʖ ɹɯʆʊʆʇɯɺ ɿ ʈɽɿʆʃʖʎɯɰ ˉ4 ɹɽʈʅʉʔʂʆɰ 

ʂʆʅɺɽʅʎɯɰ ʅɸ ʊɽʈʀʊʆʈɯɰ ʅʇʇ çʉʃʆɹʆɾɸʅʉʔʂʀʁè 

 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʧʨʠʨʦʜʥʠʡ ʧʘʨʢ çʉʣʦʙʦʞʘʥʩʴʢʠʡè (ʜʘʣʽ ï ʇʘʨʢ) 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ. ʋ ʤʝʞʘʭ ʡʦʛʦ 

ʪʝʨʠʪʦʨʽʾ ʧʝʨʝʚʘʞʘʶʪʴ ʟʘ ʧʣʦʱʝʶ ʙʽʦʪʦʧʠ ʜʝʨʝʚʥʦʛʦ ʪʠʧʫ, ʜʝʨʝʚʦʩʪʘʥʠ 

ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʻ ʰʪʫʯʥʦ ʩʪʚʦʨʝʥʠʤʠ. ʈʘʟʦʤ ʽʟ ʪʠʤ, ʫ ʤʝʞʘʭ ʇʘʨʢʫ ʥʘʷʚʥʽ 

ʙʽʦʪʦʧʠ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʦʟʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ʽ ʧʦʚʠʥʥʽ ʦʭʦʨʦʥʷʪʠʩʷ ʟʛʽʜʥʦ 

ʜʦ ʈʝʟʦʣʶʮʽʾ ˉ4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ: 

1. ʄʦʢʨʽ ʘʙʦ ʚʦʣʦʛʽ ʚʠʩʦʢʦʪʨʘʚʥʽ ʪʘ ʧʘʧʦʨʦʪʝʚʽ ʫʟʣʽʩʩʷ  ̔ʣʫʢʠ (E5.4). 

2. ʇʦʥʪʠʯʥʦ-ʩʘʨʤʘʪʩʴʢʽ ʣʠʩʪʦʧʘʜʥʽ ʯʘʛʘʨʥʠʢʦʚʽ ʟʘʨʦʩʪʽ (F3.247). 

3. ɹʝʨʝʟʦʚʽ ʣʽʩʠ ʟʽ ʩʬʘʛʥʦʚʠʤʠ ʤʦʭʘʤʠ (G1.51). 

4. ʊʝʨʤʦʬʽʣʴʥʽ ʣʠʩʪʦʧʘʜʥʽ ʣʽʩʠ (G1.7). 

5. ʉʘʨʤʘʪʩʴʢʽ ʣʽʩʠ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʟ Pinus sylvestris (G3.4232). 

6. ɿʘʧʣʘʚʥʽ ʧʝʨʽʦʜʠʯʥʦ ʤʦʢʨʽ ʣʽʩʠ ʟ ʜʦʤʽʥʫʚʘʥʥʷʤ Alnus ʘʙʦ Fraxinus 
(G1.21). 

ɼʣʷ ʮʠʭ ʙʽʦʪʦʧʽʚ ʥʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʩʪʫʧʽʥʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʡ 

ʟʙʝʨʝʞʝʥʦʩʪʽ (ʪʘʙʣʠʮʷ). ʗʢ ʟʘʟʥʘʯʝʥʦ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʢʘʪʘʣʦʟʽ ʙʽʦʪʦʧʽʚ 

ʋʢʨʘʾʥʠ [1], ʩʪʫʧʽʥʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʻ ʤʽʨʠʣʦʤ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʧʝʚʥʠʡ 

ʪʠʧ ʙʽʦʪʦʧʫ ʻ ʪʠʧʦʚʠʤ. ʎʝ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʱʦʜʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʠʧʽʚ 

ʙʽʦʪʦʧʽʚ ʟ ʧʝʨʝʣʽʢʫ ʽʟ ʪʠʧʘʤʠ ʙʽʦʪʦʧʽʚ ʈʝʟʦʣʶʮʽʾ ˉ4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʾʭʥʴʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʪʣʫʤʘʯʥʠʭ ʧʦʩʽʙʥʠʢʘʭ, ʷʢʽ ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʝʪʘʣʦʥʦʤ ʪʠʧʦʚʦʩʪʽ. ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʪʨʴʦʤʘ 

ʢʘʪʝʛʦʨʽʷʤʠ; A ï ʥʘʡʚʠʱʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ, B ï ʚʠʩʦʢʘ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ, C ï ʟʥʘʯʥʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ. ʉʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ 

ʚʢʣʶʯʘʻ ʪʨʠ ʩʢʣʘʜʦʚʠʭ ï ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ (ɯ ï ʥʘʡʚʠʱʠʡ, ɯɯ ï 

ʚʠʩʦʢʠʡ, ɯɯɯ ï ʩʝʨʝʜʥʽʡ ʘʙʦ ʯʘʩʪʢʦʚʦ ʜʝʛʨʘʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ), ʩʪʫʧʽʥʴ 

ʟʙʝʨʝʞʝʥʦʩʪʽ ʬʫʥʢʮʽʾ ʘʙʦ ʟʜʘʪʥʽʩʪʴ ʟʙʝʨʽʛʘʪʠ ʩʪʨʫʢʪʫʨʫ ʚ ʤʘʡʙʫʪʥʴʦʤʫ (ɯ ï 

ʥʘʡʢʨʘʱʽ ʧʝʨʩʧʝʢʪʠʚʠ, ɯɯ ï ʭʦʨʦʰʽ ʧʝʨʩʧʝʢʪʠʚʠ, ɯɯɯ ï ʩʝʨʝʜʥʽ ʘʙʦ ʧʦʛʘʥʽ 

ʧʝʨʩʧʝʢʪʠʚʠ) ʽ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ (ɯ ï ʚʜ̔ʥʦʚʠʪʠ ʣʝʛʢʦ, ɯɯ ï ʚʽʜʥʦʚʠʪʠ 

ʤʦʞʣʠʚʦ ʧʦʤʽʨʥʠʤʠ ʟʫʩʠʣʣʷʤʠ, ɯɯɯ ï ʚʽʜʥʦʚʠʪʠ ʚʘʞʢʦ ʘʙʦ ʥʝʤʦʞʣʠʚʦ). 

ʉʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʻ ʽʥʪʝʛʨʘʣʴʥʦʶ ʦʮʽʥʢʦʶ ʮʠʭ ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ: 

ɸ ï ʥʘʡʚʠʱʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ (ʥʘʡʚʠʱʘ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ 

ʩʪʨʫʢʪʫʨʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʽʥʰʠʭ ʜʚʦʭ ʩʢʣʘʜʦʚʠʭ ʘʙʦ 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʽ ʥʘʡʢʨʘʱʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʟʙʝʨʝʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʪʨʝʪʴʦʾ ʩʢʣʘʜʦʚʦʾ); ɺ ï 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ (ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʽ 

ʭʦʨʦʰʽ ʧʝʨʩʧʝʢʪʠʚʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʦʮʽʥʢʠ ʪʨʝʪʴʦʾ ʩʢʣʘʜʦʚʦʾ; ʘʙʦ 
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ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ, ʩʝʨʝʜʥʽ ʘʙʦ ʧʦʛʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ, 

ʣʝʛʢʝ ʘʙʦ ʤʦʞʣʠʚʝ ʧʦʤʽʨʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʚʽʜʥʦʚʣʝʥʥʷ; ʘʙʦ ʩʝʨʝʜʥʷ ʘʙʦ 

ʯʘʩʪʢʦʚʦ ʜʝʛʨʘʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ, ʥʘʡʢʨʘʱʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʣʝʛʢʝ ʘʙʦ ʤʦʞʣʠʚʝ 

ʧʦʤʽʨʥʠʤʠ ʟʫʩʠʣʣʷʤʠ ʚʽʜʥʦʚʣʝʥʥʷ; ʘʙʦ ʩʝʨʝʜʥʷ ʘʙʦ ʯʘʩʪʢʦʚʦ ʜʝʛʨʘʜʦʚʘʥʘ 

ʩʪʨʫʢʪʫʨʘ, ʭʦʨʦʰʽ ʧʝʨʩʧʝʢʪʠʚʠ ʽ ʣʝʛʢʝ ʚʽʜʥʦʚʣʝʥʥʷ), ʉ ï ʩʝʨʝʜʥʽʡ ʘʙʦ 

ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ ʟʙʝʨʝʞʝʥʦʩʪʽ (ʫʩʽ ʽʥʰʽ ʢʦʤʙʽʥʘʮʽʾ). 

ʊʘʙʣʠʮʷ 

ʉʪʫʧʽʥʴ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʽ ʟʙʝʨʝʞʝʥʦʩʪʽ ʙʽʦʪʦʧʽʚ ʟ̔ 

ʈʝʟʦʣʶʮʽʾ ˉ4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʪʘ ʟʘʛʨʦʟʠ ʽʩʥʫʚʘʥʥʶ 

 

ʅʘʟʚʘ ʦʩʝʣʠʱʘ ʈʝʧʨʝʟʝʥ-

ʪʘʪʠʚʥʽʩʪʴ 

ʉʪʫʧʽʥʴ 

ʟʙʝʨʝʞʝʥʦʩʪʽ 

ɿʘʛʨʦʟʠ ʽʩʥʫʚʘʥʥʶ 

ʄʦʢʨʽ ʘʙʦ ʚʦʣʦʛʽ 

ʚʠʩʦʢʦʪʨʘʚʥʽ ʪʘ 

ʧʘʧʦʨʦʪʝʚʽ ʫʟʣʽʩʩʷ ʽ 

ʣʫʢʠ 

ɸ ɺ ʆʩʫʰʫʚʘʣʴʥʘ ʤʝʣʽʦʨʘʮʽʷ, 

ʽʥʚʘʟʽʾ ʯʫʞʦʨʽʜʥʠʭ ʚʠʜʽʚ, 

ʨʦʟʦʨʶʚʘʥʥʷ 

ʇʦʥʪʠʯʥʦ-ʩʘʨʤʘʪʩʴʢʽ 

ʣʠʩʪʦʧʘʜʥʽ 

ʯʘʛʘʨʥʠʢʦʚʽ ʟʘʨʦʩʪʽ 

ɺ ɺ ɯʥʚʘʟʽʾ ʯʫʞʦʨʽʜʥʠʭ ʚʠʜʽʚ, 

ʧʦʞʝʞʽ 

ɹʝʨʝʟʦʚʽ ʣʽʩʠ ʟʽ 

ʩʬʘʛʥʦʚʠʤʠ ʤʦʭʘʤʠ 

ɺ ʉ ɿʤʽʥʘ ʢʣʽʤʘʪʫ ʽ ʚʦʜʥʦʛʦ 

ʨʝʞʠʤʫ ˇʨʫʥʪʫ, ʟʤʽʥʠ 

ʢʣʽʤʘʪʫ, ʝʢʩʧʘʥʩʽʷ 

ʽʥʚʘʟʽʡʥʠʭ ʚʠʜʽʚ ʨʦʩʣʠʥ, 

ʧʦʞʝʞʽ 

ʊʝʨʤʦʬʽʣʴʥʽ 

ʣʠʩʪʦʧʘʜʥʽ ʣʽʩʠ 

ʉ ʉ ʉʪʚʦʨʝʥʥʷ ʢʫʣʴʪʫʨ ʩʦʩʥʠ 

ʧʽʩʣʷ ʨʫʙʦʢ, ʟʤʽʥʠ 

ʨʦʩʣʠʥʥʦʩʪʽ ʧʽʩʣʷ ʩʫʮʽʣʴʥʠʭ 

ʨʫʙʦʢ, ʧʦʞʝʞʽ  

ʉʘʨʤʘʪʩʴʢʽ ʣʽʩʠ 

ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʟ Pinus 

sylvestris 

ɸ ɺ ɺʠʨʫʙʢʘ ʽ ʟʘʣʽʩʥʝʥʥʷ 

ʥʝʘʙʦʨʠʛʝʥʥʠʤʠ ʜʝʨʝʚʥʠʤʠ 

ʧʦʨʦʜʘʤʠ, ʝʢʩʧʘʥʩʽʷ 

ʯʫʞʦʨʽʜʥʠʭ ʚʠʜʽʚ, ʧʦʞʝʞʽ 

ʈʽʚʥʠʥʥʽ 

ʥʝʟʘʙʦʣʦʯʝʥʽ ʣʽʩʠ 

ʚʽʣʴʭʠ ʯʦʨʥʦʾ ʽ ʷʩʝʥʘ 

ɺ ɺ ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ 

ʚʦʜ, ʝʢʩʧʘʥʩʽʷ ʽʥʚʘʟʽʡʥʠʭ 

ʚʠʜʽʚ ʨʦʩʣʠʥ, ʧʦʞʝʞʽ 

 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʤʝʥʰʠʤ ʩʪʫʧʝʥʝʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʽ 

ʟʙʝʨʝʞʝʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʦʪʦʧʠ, ʷʢʽ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʪʠʧʫ 

çʊʝʨʤʦʬʽʣʴʥʽ ʣʠʩʪʦʧʘʜʥʽ ʣʽʩʠè (ʅʘʮʽʦʥʘʣʴʥʠʡ ʢʘʪʘʣʦʛ ʙʽʦʪʦʧʽʚ ʋʢʨʘʾʥʠ: 

ɼ1.4.1  ʉʣʘʙʦʘʮʠʜʦʬʽʣʴʥʽ ʬʣʦʨʠʩʪʠʯʥʦ ʙʘʛʘʪʽ ʜʫʙʦʚʽ ʽ ʩʦʩʥʦʚʦ-ʜʫʙʦʚʽ ʣʽʩʠ). 

ɺʥʘʩʣʽʜʦʢ ʢʦʣʠʰʥʽʭ ʩʫʮʽʣʴʥʠʭ ʨʫʙʦʢ ʚʽʜʙʫʣʠʩʷ ʟʤʽʥʠ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ ʽ 

ʧʨʦʩʪʦʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʝʨʝʚʘʞʥʦʾ ʯʘʩʪʠʥʠ ʪʘʢʠʭ ʙʽʦʪʦʧʽʚ, ʘ ʥʘ ʟʥʘʯʥʽʡ 



 96 

ʧʣʦʱʽ ʚʟʘʛʘʣʽ ʥʘ ʾʭ ʤʽʩʮʽ ʙʫʣʠ ʩʪʚʦʨʝʥʥʷ ʢʫʣʴʪʫʨʠ ʩʦʩʥʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʣʠʰʝ 

ʥʘ ʜʝʷʢʠʭ ʜʽʣʷʥʢʘʭ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʠʩʦʢʝ ʚʠʜʦʚʝ ʨʽʟʥʦʤʘʥʽʪʪʷ. ɺʟʘʛʘʣʽ ʟʘ 

ʚʠʜʦʚʦʶ ʥʘʩʠʯʝʥʽʩʪʶ ʚʠʱʠʭ ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ ʮʝʡ ʪʠʧ ʙʽʦʪʦʧʽʚ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʙʘʛʘʪʰʠʭ ʣʽʩʦʚʠʭ ʙʽʦʪʦʧʽʚ ɭʚʨʦʧʠ (ʯʘʩʪʦ ʙʽʣʴʰʝ 70 ʚʠʜʽʚ ʥʘ ʦʧʠʩ 

ʧʣʦʱʝʶ 400 ʤ2, ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʘ ʫ ʤʝʞʘʭ ʇʘʨʢʫ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ 

50 ʚʠʜʽʚ). 

ɯʟ 9 ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʜʽʚ (Cruciata glabra, ʉarex montana, Potentilla alba, 

Scorzonera humilis, Serratula tinctoria, Trientalis europae Betonica officinalis, 

Frangula alnus, Orthilia secunda, Pulmonaria angustifolia) ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ 

ʪʽʣʴʢʠ ʯʦʪʠʨʠ ʦʩʪʘʥʥʽ (4 ʚʠʜʠ ʻ ʧʦʨʦʛʦʚʠʤ ʟʥʘʯʝʥʥʷʤ). ɯʟ 10 ʨʽʜʢʽʩʥʠʭ ʚʠʜʽʚ, 

ʱʦ ʦʭʦʨʦʥʷʶʪʴʩʷ ʥʘ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʡ ɭʚʨʦʧʝʡʩʢɹʦʤʫ ʨʽʚʥʷʭ ʽ 

ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʚ ʮʴʦʤʫ ʪʠʧʽ ʙʽʦʪʦʧʽʚ, ʫ ʩʢʣʘʜʽ ʪʨʘʚ'ʷʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʇʘʨʢʫ ʤʦʞʥʘ ʟʥʘʡʪʠ ʣʠʰʝ 5: ʟ̔ ʈʝʟʦʣʶʮʽʾ ˉ6 ɹʝʨʥʩʴʢʦʾ 

ʢʦʥʚʝʥʮʽʾ ï Dracocephalum ruyschiana, Iris hungarica (Iris furcata), Pulsatilla 

patens; ʟ̔ ʏʝʨʚʦʥʦʾ ʢʥʠʛʠ ʋʢʨʘʾʥʠ ï Neottia nidus-avis, Platanthera bifolia, 

Pulsatilla patens (ʚʽʜʩʫʪʥʽ Carex umbrosa, Cephalanthera longifolia, Lilium 

martagon, Muscari botryoides, Platanthera chlorantha). 

ʅʘʡʙʽʣʴʰʦʶ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʣʠʰʝ ʜʚʘ ʪʠʧʠ 

ʙʽʦʪʦʧʽʚ ï çʄʦʢʨʽ ʘʙʦ ʚʦʣʦʛʽ ʚʠʩʦʢʦʪʨʘʚʥʽ ʪʘ ʧʘʧʦʨʦʪʝʚʽ ʫʟʣʽʩʩʷ ʽ ʣʫʢʠè; 

çʉʘʨʤʘʪʩʴʢʽ ʣʽʩʠ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʟ Pinus sylvestrisè. ɯʟ 19 ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʜʽʚ 

ʩʫʜʠʥʥʠʭ ʨʦʩʣʠʥ ʫ ʙʽʦʪʦʧʘʭ ʧʝʨʰʦʛʦ ʪʠʧʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʘʨʢʫ ʚʽʜʩʫʪʥʽ 

ʪʽʣʴʢʠ 5. ʎʽ ʙʽʦʪʦʧʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ 

ʟʙʝʨʝʞʝʥʦʩʪʽ, ʘʣʝ ʟʘʡʤʘʶʪʴ ʥʝʟʥʘʯʥʫ ʧʣʦʱʫ. ʅʘʡʙʽʣʴʰʫ ʟʘʛʨʦʟʫ ʜʣʷ ʮʠʭ 

ʙʽʦʪʦʧʽʚ ʥʘ ʟʘʧʣʘʚʽ ʩʪʘʥʦʚʠʪʴ ʨʦʟʦʨʶʚʘʥʥʷ. ɼʣʷ ʙʽʦʪʦʧʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʜʦ 

ʪʠʧʫ ʉʘʨʤʘʪʩʴʢʠʭ ʣʽʩ̔ʚ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʟ Pinus sylvestris, ʥʘʡʙʽʣʴʰʦʶ 

ʟʘʛʨʦʟʦʶ ʫ ʤʠʥʫʣʦʤʫ (ʜʦ ʩʪʚʦʨʝʥʥʷ ʇʘʨʢʫ) ʙʫʣʠ ʚʠʨʫʙʢʘ ʡ ʟʘʣʽʩʥʝʥʥʷ 

ʥʝʘʙʦʨʠʛʝʥʥʠʤʠ ʜʝʨʝʚʥʠʤʠ ʧʦʨʦʜʘʤʠ. ʅʘʨʘʟʽ ʧʦʩʪʽʡʥʦʶ ʟʘʛʨʦʟʦʶ ʻ 

ʝʢʩʧʘʥʩʽʷ ʯʫʞʦʨʽʜʥʠʭ ʚʠʜʽʚ (ʦʩʦʙʣʠʚʦ ʯʘʛʘʨʥʠʢʽʚ Caragana arborescens, 

Amelanchier spicata) ʽ ʧʦʞʝʞʽ. 

ɺʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʡ ʟʙʝʨʝʞʝʥʦʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʦʪʦʧʠ ʪʠʧʫ ʇʦʥʪʠʯʥʦ-ʩʘʨʤʘʪʩʴʢʽ ʣʠʩʪʦʧʘʜʥʽ 

ʯʘʛʘʨʥʠʢʦʚʽ ʟʘʨʦʩʪʽ. ɿ ʯʦʪʠʨʴʦʭ ʭʘʨʘʢʪʝʨʥʠʭ ʚʠʜʽʚ Amygdalus nana, 

Caragana frutex, Chamaecytisus spp., Rosa pimpinellifolia agg., Cerasus 

fruticosʘ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʘʨʢʫ ʥʘʷʚʥʠʡ ʣʠʰʝ ʦʩʪʘʥʥʽʡ (ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ï 1 

ʚʠʜ). ɹʽʦʪʦʧʠ ʮʴʦʛʦ ʪʠʧʫ ʧʦʰʠʨʝʥʽ ʬʨʘʛʤʝʥʪʘʨʥʦ ʽ ʟʘʡʤʘʶʪʴ ʥʝʟʥʘʯʥʽ 

ʧʣʦʱʽ. ʇʝʚʥʦʶ ʟʘʛʨʦʟʦʶ ʜʣʷ ʾʭ ʽʩʥʫʚʘʥʥʷ ʻ ʧʦʞʝʞʽ (ʘʣʝ ʥʘʙʘʛʘʪʦ ʤʝʥʰʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʥʰʠʤʠ ʙʽʦʪʦʧʘʤʠ ʬʘʥʝʨʦʬʽʪʥʦʛʦ ʪʠʧʫ). 

ʇʝʨʝʟʚʦʣʦʞʝʥʽ ʙʽʦʪʦʧʠ ʜʝʨʝʚʥʦʛʦ ʪʠʧʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ çɹʝʨʝʟʦʚʽ ʣʽʩʠ 

ʟʽ ʩʬʘʛʥʦʚʠʤʠ ʤʦʭʘʤʠè ̔  çʈʽʚʥʠʥʥʽ ʥʝʟʘʙʦʣʦʯʝʥʽ ʣʽʩʠ ʚʽʣʴʭʠ ʯʦʨʥʦʾ ʽ ʷʩʝʥʘè. 

ʆʙʠʜʚʘ ʪʠʧʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ, ʘʣʝ 

ʜʣʷ ʙʽʦʪʦʧʽʚ ʧʝʨʰʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʥʦ ʩʝʨʝʜʥʽʡ ʘʙʦ ʥʠʟʴʢʠʡ ʩʪʫʧʽʥʴ 

ʟʙʝʨʝʞʝʥʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʟʤʽʥ ʢʣʽʤʘʪʫ ʽ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʙʽʦʪʦʧʽʚ ʮʴʦʛʦ ʪʠʧʫ ʫ 



 97 

ʤʘʡʙʫʪʥʴʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʟʘʨʦʩʪʘʥʥʷ ʙʦʣʽʪ ʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʾʭ ʥʘ 

ʙʝʨʝʟʥʷʢʠ [2]. 

ʗʢ ʚʽʜʦʤʦ, ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʽʚ, ʟʤʽʥʠ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ, ʧʦʞʝʞʽ, 

ʤʝʭʘʥʽʯʥʝ, ʭʽʤʽʯʥʝ, ʙʽʦʣʦʛʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʽʪʴ ʫ ʤʠʨʥʽ ʯʘʩʠ ʻ ʟʘʛʨʦʟʘʤʠ 

ʽʩʥʫʚʘʥʥʶ ʷʢ ʦʢʨʝʤʠʭ ʙʽʦʪʦʧʽʚ ʽ ʾʭ ʧʝʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʪʘʢ ʽ ʚʝʣʠʢʠʭ ʟʘ 

ʧʣʦʱʝʶ ʧʨʠʨʦʜʥʦ-ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʩʴʦʛʦʜʝʥʥʷ 

ʻ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʰʪʘʙʽʚ ʟʘʛʨʦʟ, ʱʦ ʟʛʘʜʫʚʘʣʠʩʷ ʚʠʱʝ. ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, 

ʱʦ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʙʽʦʪʦʧʽʚ ʇʘʨʢʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʩʦʟʦʣʦʛʽʯʥʫ ʮʽʥʥʽʩʪʴ ʽ 

ʧʦʚʠʥʥʽ ʦʭʦʨʦʥʷʪʠʩʷ ʟʛʽʜʥʦ ʜʦ ʈʝʟʦʣʶʮʽʾ ˉ4 ɹʝʨʥʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ, 

ʥʘʡʙʽʣʴʰʦʶ ʟʘʛʨʦʟʦʶ ʻ ʧʦʞʝʞʽ. ʅʘʞʘʣʴ, ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʦʩʪʘʥʥʽʭ 

ʚʥʘʩʣʽʜʦʢ ʦʙʩʪʨʽʣʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʨʘʟʠ. 

ʅʘʨʘʟʽ ʥʘ ʟʥʘʯʥʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʫʡʥʘʮʽʷ ʘʙʦ ʧʦʚʥʝ 

ʟʥʠʱʝʥʥʷ ʥʝ ʪʽʣʴʢʠ ʦʙôʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʡ 

ʘʛʨʦʝʢʦʩʠʩʪʝʤ, ʥʘʧʽʚʧʨʠʨʦʜʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʊʘʢ ʧʦʰʢʦʜʞʝʥʥʷ 

ʩʠʩʪʝʤ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʻ ʟʘʛʨʦʟʦʶ ʥʝ ʪʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʜʣʷ ʚʦʜʦʡʤ, ʘʣʝ ʡ ʜʣʷ ʙʽʦʪʦʧʽʚ ʾʭ ʜʦʣʠʥ. ɿʥʠʱʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ 

ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʷʢ ʥʘʬʪʦʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʭʚʦʩʪʦʩʭʦʚʠʱʘ, ʰʣʘʤʦʩʭʦʚʠʱʘ, ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʝʭʥʦʛʝʥʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝ ʪʽʣʴʢʠ ʥʘ ʣʦʢʘʣʴʥʦʤʫ, ʘʣʝ ʽ 

ʨʝʛʽʦʥʘʣʴʥʦʤʫ ʨʽʚʥʷʭ.  

ʉʘʤʝ ʪʦʤʫ ʟʛʽʜʥʦ ʟ ʇʨʠʥʮʠʧʦʤ 25 ɼʝʢʣʘʨʘʮʽʾ ʈʽʦ-ʜʝ-ɾʘʥʝʡʨʦ ʱʦʜʦ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʨʦʟʚʠʪʢʫ ï ʤʠʨ, ʨʦʟʚʠʪʦʢ ʽ ʦʭʦʨʦʥʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʻ ʚʟʘʻʤʦʟʘʣʝʞʥʠʤʠ. ʅʘʨʘʟʽ ʚʘʞʣʠʚʠʤʠ 

ʩʢʣʘʜʦʚʠʤʠ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘʣʠʰʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʦ ʷʢʠʭ ʚʽʜʪʝʧʝʨ ʜʦʜʘʻʪʴʩʷ ʬʽʢʩʘʮʽʷ ʥʝʛʘʪʠʚʥʠʭ 

ʥʘʩʣʽʜʢʽʚ ʙʦʡʦʚʠʭ ʜʽʡ, ʦʮʽʥʢʘ ʾʭ ʤʘʩʰʪʘʙʽʚ, ʨʦʟʨʦʙʢʘ ʧʣʘʥʽʚ ʤʝʥʝʜʞʤʝʥʪʫ 

ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʭ ʧʨʠʨʦʜʥʠʭ ʢʦʤʧʣʝʢʩʽʚ.  
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

 

ɺɽɹ-ɯʅʉʊʈʋʄɽʅʊʀ ɯʅʌʆʈʄɸʎɯʁʅʆ-ɸʅɸʃɯʊʀʏʅʆɰ 

ʉʀʉʊɽʄʀ ʄʆʅɯʊʆʈʀʅɻʋ ʗʂʆʉʊɯ ʇʆɺɽʈʍʅɽɺʀʍ ʊɸ 

ʇɯɼɿɽʄʅʀʍ ɺʆɼ ɻɯʈʅʀʏʆ-ʍɯʄɯʏʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ 
 

ɻʽʨʥʠʯʦ-ʭʽʤʽʯʥʘ  ʧʨʦʤʠʩʣʦʚʽʩʪʴ  ʟʘʡʤʘʻ  ʦʜʥʝ  ʟ  ʧʨʦʚʽʜʥʠʭ  ʤʽʩʮʴ  ʚ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʽ ʝʢʦʥʦʤʽʢʠ ʥʘʰʦʾ ʢʨʘʾʥʠ [1]. ɸʣʝ, ʨʘʟʦʤ ʟ̔ ʮʠʤ, ʜʽʷʣʴʥʽʩʪʴ 

ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʠʭ  ʧʽʜʧʨʠʻʤʩʪʚ  ʻ  ʚʠʟʥʘʯʘʣʴʥʠʤ  ʯʠʥʥʠʢʦʤ  ʪʝʭʥʦʛʝʥʝʟʫ,  

ʷʢʠʡ  ʽʩʪʦʪʥʦ  ʫʩʢʣʘʜʥʶʻ  ʝʢʦʣʦʛʽʯʥʫ  ʩʠʪʫʘʮʽʶ  ʥʘ  ʣʦʢʘʣʴʥʠʭ  ʪʝʨʠʪʦʨʽʷʭ  

ʟʽ  ʟʤʽʥʦʶ  ʬʦʨʤ ʨʝʣʴʻʬʫ, ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʪʘ ʙʽʦʛʝʦʭʽʤʽʯʥʦʛʦ ʨʝʞʠʤʽʚ 

ʪʝʨʠʪʦʨʽʡ, ʱʦ ʩʧʨʠʯʠʥʝʥʝ ʥʘʛʨʦʤʘʜʞʝʥʥʷʤ ʥʘ ʟʝʤʥʽʡ ʧʦʚʝʨʭʥʽ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ [2]. ʆʜʥʠʤ ʽʟ ʧʨʦʤʠʩʣʦʚʠʭ ʙʘʩʝʡʥʽʚ, ʱʦ 

ʟʘʟʥʘʣʠ ʽʥʪʝʥʩʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʻ ʇʝʨʝʜʢʘʨʧʘʪʩʴʢʠʡ ʩʽʨʢʦʥʦʩʥʠʡ ʙʘʩʝʡʥ 

[1]. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʝʢʦʣʦʛʽʯʥʘ  ʩʠʪʫʘʮʽʷ  ʚ  ʤʝʞʘʭ  ʈʦʟʜʽʣʴʩʴʢʦʛʦ  

ʜʝʨʞʘʚʥʦʛʦ  ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʦʛʦ  ʧʽʜʧʨʠʻʤʩʪʚʘ  çʉʽʨʢʘè ʻ  ʦʜʥʽʻʶ  ʟ  

ʥʘʡʥʘʧʨʫʞʝʥʽʰʠʭ  ʚ  ʋʢʨʘʾʥʽ [1, 2]. ʇʽʚʩʪʦʣʽʪʥʷ ʽʩʪʦʨʽʷ ʨʦʟʨʦʙʢʠ  ʩʽʨʯʘʥʦʛʦ  

ʨʦʜʦʚʠʱʘ, ʟʙʘʛʘʯʝʥʥʷ  ʩʽʨʯʘʥʠʭ ʨʫʜ, ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʘ 

ʪʘʢʦʞ ʩʢʣʘʜʥʠʡ ʬʽʥʘʥʩʦʚʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʩʪʘʥ  ʧʽʜʧʨʠʻʤʩʪʚʘ  ʚ  ʦʩʪʘʥʥʽ  20  

ʨʦʢʽʚ,  ʩʫʧʨʦʚʦʜʞʫʚʘʣʘʩʴ  ʨʽʟʥʦʤʘʥʽʪʥʠʤʠ ʥʝʛʘʪʠʚʥʠʤʠ  ʝʢʦʣʦʛʽʯʥʠʤʠ  

ʥʘʩʣʽʜʢʘʤʠ:  ʩʪʚʦʨʝʥʥʷʤ  ʛʣʠʙʦʢʠʭ  ʢʘʨ'ʻʨʽʚ, ʥʘʢʦʧʠʯʝʥʥʷʤ ʚʽʜʚʘʣʽʚ  

ʨʦʟʢʨʠʚʥʠʭ ʧʦʨʽʜ,  ʚʽʜʭʦʜʽʚ ʟʙʘʛʘʯʝʥʥʷ, ʟʘʚʝʟʝʥʥʷʤ ʥʝʙʝʟʧʝʯʥʠʭ  

ʧʨʦʤʠʩʣʦʚʠʭ  ʚʽʜʭʦʜʽʚ,  ʦʙʣʘʰʪʫʚʘʥʥʷʤ  ʚʽʜʩʪʽʡʥʠʢʽʚ  ʦʙʦʨʦʪʥʠʭ ʚʦʜ ʪʘ 

ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʥʘ ʙʝʨʝʟʽ ʚʦʜʦʡʤʠ, ʟʘʙʨʫʜʥʝʥʥʷʤ ˇʨʫʥʪʽʚ, ʧʽʜʟʝʤʥʠʭ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ  ʚʦʜ  ʢʠʩʣʠʤʠ  ʩʪʦʢʘʤʠ,  ʘʪʤʦʩʬʝʨʥʦʛʦ  ʧʦʚʽʪʨʷ  ʩʽʨʢʦʚʦʜʥʝʤ 

[2, 3].  ʊʫʪ ʥʘʛʨʦʤʘʜʞʝʥʦ  ʧʝʨʝʚʘʞʥʘ  ʙʽʣʴʰʽʩʪʴ    ʫʩʽʭ  ʪʚʝʨʜʠʭ  ʧʨʦʤʠʩʣʦʚʠʭ  

ʚʽʜʭʦʜʽʚ ʃʴʚʽʚʱʠʥʠ ï ʧʦʥʘʜ 100 ʤʣʥ. ʪ: ʭʚʦʩʪʽʚ ʟʙʘʛʘʯʝʥʥʷ ʩʽʨʯʘʥʦʾ ʨʫʜʠ, 

ʬʦʩʬʦʛʽʧʩʫ, ʫʛʦʨʩʴʢʠʭ ʛʫʜʨʦʥʽʚ, ʢʦʤʦʚʦʾ ʩʽʨʢʠ [4]. 

ʈʦʟʜʽʣʴʩʴʢʝ ɼɻʍʇ çʉʽʨʢʘè ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʩʪʘʜʽʾ ʣʽʢʚʽʜʘʮʽʾ, ʘʣʝ ʚʩʝ ʱʝ 

ʥʝʩʝ  ʟʘʛʨʦʟʫ  ʜʦʚʢʽʣʣʶ.  ʊʦʤʫ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʩʪʚʦʨʝʥʥʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ (ɯɸʉʄ) [4]. ɯɸʉʄ ï ʮʝ ʢʦʤʧ'ʶʪʝʨʥʘ 

ʩʠʩʪʝʤʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʩʪʚʦʨʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʪʘ 

ʟʜʽʡʩʥʠʪʠ ʾʾ ʦʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʷ. ʆʧʨʘʮʶʚʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʷ ï 

ʥʝ ʻʜʠʥʽ ʧʝʨʝʚʘʛʠ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʩʠʪʫʘʮʽʾ [5, 6].  

ʌʫʥʢʮʽʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʚ ʜʦʚʢʽʣʣʽ ʥʘ ʧʽʜʩʪʘʚʽ 

ʜʘʥʠʭ ʧʨʦ ʧʦʪʦʯʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ ʪʝʨʠʪʦʨʽʾ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʄʝʪʦʶ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʻ ʝʬʝʢʪʠʚʥʝ ʟʙʝʨʽʛʘʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʘʥʘʣʽʟʫʚʘʥʥʷ ʜʘʥʠʭ [5]. 

ʆʨʛʘʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘ ʦʙôʻʢʪʘʭ ʛʽʨʥʠʯʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 
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ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʽʚ ʚʧʣʠʚʫ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʜʘʪʠ ʟʘ ʜʞʝʨʝʣʘʤʠ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʧʣʠʚʫ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʝ ʜʞʝʨʝʣʦ ʤʦʞʝ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʚʧʣʠʚʫ ʥʘ 

ʝʣʝʤʝʥʪʠ ʙʽʦʩʬʝʨʠ [5, 7].  ʉʪʚʦʨʝʥʥʷ  ʪʘʢʦʾ  ʩʠʩʪʝʤʠ  ʻ  ʚʘʞʣʠʚʠʤ  ʢʨʦʢʦʤ  

ʜʦ  ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ, ʙʦ ʚʯʘʩʥʦ ʥʘʜʘʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʝʢʦʣʦʛʽʯʥʠʡ ʩʪʘʥ  ʟʘʙʝʟʧʝʯʫʻ  ʚʯʘʩʥʦʛʦ  ʫʩʫʥʝʥʥʷ  ʧʨʦʙʣʝʤʠ  ʟ  

ʤʽʥʽʤʘʣʴʥʠʤʠ  ʨʠʟʠʢʘʤʠ  ʽ ʥʘʩʣʽʜʢʘʤʠ [7, 8]. ɺʘʞʣʠʚʠʤ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʽʡ ʧʽʜʩʠʩʪʝʤʽ ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʻ ʩʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ 

ʙʘʟʠ ï ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʫʪʚʦʨʝʥʥʷ, ʥʘʷʚʥʽʩʪʴ, ʚʠʜʘʣʝʥʥʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʨʦʟʤʽʱʝʥʥʷ ʦʙôʻʢʪʽʚ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʷʢʠʤʠ ʻ 

ʛʽʨʥʠʯʽ ʚʠʨʦʙʢʠ, ʟʦʥʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ  ʚʽʜʭʦʜʽʚ ʪʘ ʟʤʽʥʘ ʾʭ 

ʢʣ̔ʴʢʦʩʪʽ ʪʘ ʨʦʟʤʽʨʽʚ ʫ ʯʘʩʽ [9, 10].  

ʅʘʫʢʦʚʮʷʤʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

ʧʨʦʚʦʜʷʪʴʩʷ  ʜʦʩʣʽʜʞʝʥʥʷ,  ʩʧʨʷʤʦʚʘʥʽ  ʥʘ  ʫʜʦʩʢʦʥʘʣʝʥʥʷ  ʤʝʪʦʜʦʣʦʛʽʾ 

ʦʮʽʥʶʚʘʥʥʷ  ʧʦʢʘʟʥʠʢʽʚ,  ʱʦ  ʚʠʟʥʘʯʘʶʪʴ  ʨʽʚʝʥʴ  ʝʢʦʣʦʛʽʯʥʦʾ  ʥʝʙʝʟʧʝʢʠ  

ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ 

ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʥʝʙʝʟʧʝʢʠ. ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʩʪʚʦʨʶʶʪʴʩʷ ʦʩʥʦʚʠ ɯɸʉʄ ʜʣʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʘʭʦʜʽʚ ʧʦ ʥʘʢʦʧʠʯʝʥʥʶ ʪʘ ʝʬʝʢʪʠʚʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʽʟʥʦʭʘʨʘʢʪʝʨʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʉʪʨʫʢʪʫʨʘ ʮʽʻʾ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʟʙʽʨ 

ʽʥʬʦʨʤʘʮʽʾ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʾ ʧʦʯʘʪʢʦʚʠʭ ʚʠʜʽʚ ʦʮʽʥʢʠ ʩʪʘʥʫ ʦʙôʻʢʪʽʚ ʪʘ 

ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ 

ʬʦʨʤʫʶʪʴʩʷ. ʉʪʚʦʨʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʠʪʴ 

ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʚʜʘʥʥʷ: ʦʧʪʠʤʘʣʴʥʝ ʥʦʨʤʫʚʘʥʥʷ, ʨʘʮʽʦʥʘʣʴʥʝ 

ʧʣʘʥʫʚʘʥʥʷ, ʦʧʝʨʘʪʠʚʥʝ ʪʘ ʜʦʚʛʦʩʪʨʦʢʦʚʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʩʪʘʥʫ 

ʩʠʩʪʝʤʠ ʽ, ʥʘʡʛʦʣʦʚʥʽʰʝ, ʧʦʢʨʘʱʝʥʥʷ ʩʪʘʥʫ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʛʽʨʥʠʯʦ-

ʭʽʤʽʯʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʥʘ ʩʪʘʜʽʾ ʣʽʢʚʽʜʘʮʽʾ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ 

ʩʪʚʦʨʝʥʠʡ ʚʝʙ ʜʦʜʘʪʦʢ ʥʘ ʦʩʥʦʚʽ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʧʫʥʢʪʽʚ ʚʽʜʙʦʨʫ ʧʨʦʙ 

ʚʦʜʠ ʪʘ ʚʽʟʫʘʣʽʟʘʮʽʾ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʛʽʜʨʦʭʽʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʈʦʟʜʽʣʴʩʴʢʠʭ ʦʟʝʨ. ɼʘʥʠʡ ʚʝʙ ʜʦʜʘʪʦʢ ʜʦʩʪʫʧʥʠʡ ʚ ʽʥʪʝʨʥʝʪʽ ʟʘ ʧʦʩʠʣʘʥʥʷʤ 

http://ecotest.infostore.in.ua/. ʇʦʢʘʟ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʥʘʣʘʰʪʦʚʘʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ Leaflet ï JavaScript ʙʽʙʣʽʦʪʝʢʠ 

ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʤʘʧ ʥʘ html-ʩʪʦʨʽʥʢʘʭ (ʨʠʩ. 1). 

ɹʽʙʣʽʦʪʝʢʘ ʨʝʘʣʽʟʫʻ ʧʽʜʪʨʠʤʢʫ ʰʘʨʽʚ ʤʘʧ, ʷʢʽ ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ: 

WMS, GeoJSON, ʘʙʦ ʚʝʢʪʦʨʥʦʛʦ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ. ɺʝʙ-ʜʦʜʘʪʢʠ ʢʘʨʪ 

ʤʦʞʫʪʴ ʙʫʪʠ ʯʫʜʦʚʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ 

ʚʽʟʫʘʣʽʟʘʮʽʾ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʘʙʦʨʽʚ ʛʝʦʣʦʛʽʯʥʠʭ ʜʘʥʠʭ ʟʘʚʜʷʢʠ ʟʨʫʯʥʦʤʫ 

ʜʦʩʪʫʧʫ ʟ ʚʝʙ-ʙʨʘʫʟʝʨʘ, ʽʥʪʝʨʘʢʪʠʚʥʽʡ ʚʽʟʫʘʣʽʟʘʮʽʾ ʪʘ ʧʨʦʩʪʦʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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ʈʠʩ. 1. ʉʢʨʽʥʠ ʚʝʙ-

ʜʦʜʘʪʢʫ 

ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʢʘʨʪʠ 

ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʦʜʠ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ɼɻʍʇ 

çʉʽʨʢʘè 

 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʚʽʜʦʙʨʘʞʝʥʥʷ ʛʨʘʬʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʠʢʦʨʠʩʪʘʥʦ 

Chart.js ï  ʧʦʧʫʣʷʨʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʨʘʬʽʢʽʚ 

ʪʘ ʜʽʘʛʨʘʤ (ʨʠʩ. 2). ɼʘʥʘ ʙʽʙʣʽʦʪʝʢʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʛʨʘʬʽʢʠ ʪʘ ʜʽʘʛʨʘʤʠ 

ʙʫʜʴ-ʷʢʦʛʦ ʪʠʧʫ, ʘ ʪʘʢʦʞ ʚʠʙʫʜʦʚʫʚʘʪʠ ʜʘʥʽ ʥʘ ʜʽʘʧʘʟʦʥʽ ʯʘʩʫ ʪʘ 

ʣʦʛʘʨʠʬʤʽʯʥʽʡ ʰʢʘʣʽ. ʊʘʢʦʞ ʫ ʥʝʾ ʚʙʫʜʦʚʘʥʽ ʟʘʩʦʙʠ ʨʦʙʦʪʠ ʟ ʘʥʽʤʘʮʽʻʶ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʝʬʝʢʪʥʦ ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʛʨʘʬʽʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʥʦʚʠʭ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʪʠ ʟ ʢʦʣʴʦʨʦʤ. 

 

ʈʠʩ. 2. ʉʢʨʽʥ 

ʚʝʙ-ʜʦʜʘʪʢʫ 

ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʥʘʣʽʟʫ ʧʨʦʙ ʚʦʜʠ 

ʥʘ ʪʝʨʠʪʦʨʽʾ 

ɼɻʍʇ çʉʽʨʢʘè 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʢʘ ɯɸʉʄ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʦʣʽʧʰʠʪʠ ʩʪʘʥ 

ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʚʢʽʣʣʷ ʨʝʛʽʦʥʫ, ʧʨʠʩʢʦʨʠʪʴ ʽ ʧʦʢʨʘʱʠʪʴ ʨʦʙʦʪʫ ʧʨʘʮʽʚʥʠʢʽʚ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʮʽʡ, ʘ ʪʘʢʦʞ ʧʦʣʝʛʰʠʪʴ ʚʽʟʫʘʣʽʟʘʮʽ ʁ

ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʨʘʢʪʠʚʥʠʭ ʢʘʨʪ 

ʟʘʙʨʫʜʥʝʥʴ. ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʟʙʽʨ ʧʝʨʚʠʥʥʠʭ ʜʘʥʠʭ ʚʽʜ 

ʩʫʙ'ʻʢʪʽʚ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʙʝʨʝʞʝʥʥʷ, ʦʙʨʦʙʢʫ, ʧʝʨʝʜʘʯʫ ʪʘ ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʨʝʛʽʦʥʽ ʪʘ ʧʨʠʡʥʷʪʪʷ ʥʘʫʢʦʚʦ 

ʦʙʛʨʫʥʪʦʚʘʥʠʭ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʫ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 
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 ɹʣ̒ʦʢʦʥʴ ʂ. ɺ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ, ʟʘʩʪʫʧʥʠʢ ʜʠʨʝʢʪʦʨʘ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ɯʥʞʝʥʝʨʥʠʡ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ ʽʥʩʪʠʪʫʪ ʽʤ. ʖ.ʄ. ʇʦʪʝʙʥʽ,  

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɿʘʧʦʨʽʞʞʷ, ʋʢʨʘʾʥʘ 

 
ʆʎɯʅʂɸ ʈʀɿʀʂʋ ɼʃʗ ɿɼʆʈʆɺôʗ ʅɸʉɽʃɽʅʅʗ ɺɯɼ 

ɿɸɹʈʋɼʅɽʅʅʗ ɸʊʄʆʉʌɽʈʅʆɻʆ ʇʆɺɯʊʈʗ ɿɺɸɾɽʅʀʄʀ 

ʏɸʉʊʂɸʄʀ ʇʀʃʋ 

 

ɹʫʨʭʣʠʚʠʡ ʨʦʟʚʠʪʦʢ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠʟʚʦʜʠʪ ɹ ʜʦ ʧʦʷʚʠ ʧʝʨʝʜ 

ʣʶʜʩʪʚʦʤ ʛʦʩʪʨʦʾ ʧʨʦʙʣʝʤʠ ʟʙʝʨʝʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ. ʆʩʪʘʥʥʽʤʠ 

ʨʦʢʘʤʠ ʝʢʦʣʦʛʽʯʥ̔  ʩʠʩʪʝʤʠ ʧʦʪʝʨʧʘʁ ʪʴ ʚ̔ʜ ʚʧʣʠʚʫ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʬʘʢʪʦʨʽʚ. ʊʦʤʫ ʧʨʦʛʥʦʟ ʟʤ̔ʥʠ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤ ʚ ʥʘʩʣʽʜʦʢ ʚʢʘʟʘʥʠʭ 

ʧʨʠʯʠʥ  ̒ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʤ̫, ʚʠʨʽʰʝʥʥʷ ʢ̫ʦʛʦ ʩʢʣʘʜʘ̒ ʪʩɹ̫ ʟ ʜʚʦʭ ʝʪʘʧʽʚ: 

ʘ) ʜʦʩʣʜ̔ʞʝʥʥʷ ʧʨʦʮʝʩʫ ʟʘʙʨʫʜʥʝʥʥ ̫ʥʘʚʢʦʣʠʥhʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʠʢʠʜʘʤʠ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʜ̔ʧʨʠʻʤʩʪʚ; ʙ) ʦʮʽʥʢʘ ʚʧʣʠʚʫ ʢhʽʜʣʠʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʥʘ 

ʘʪʤʦʩʬʝʨʫ. 

ɺ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ ʩʫʯʘʩʥʠʭ ʤ̔ ʩʪ ʧʨʠʩʫʪʥʽ ʩʦʪʥ̔ ʨ̔ʟʥʠʭ 

ʭ̔ ʤʽʯʥʠʭ ʢʣʘʩ̔ʚ ʦʨʛʘʥʽʯʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʷʢʽ ʧʦʩʪʫʧʘʁ ʪʴ ʟ 

ʯʠʩʝʣʴʥʠʭ ʜʞʝʨʝʣ, ʷʢ ʧʨʘʚʠʣʦ, ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʆʩʥʦʚʥʠʤʠ 

ʜʞʝʨʝʣʘʤʠ ʥʘʜʭʦʜʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʤ̔ ʩʪ  ̒

ʤʝʪʘʣʫʨʛʽʡʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʘ ʥʘʡʙʣ̔ɹ  h

ʨʦʟʧʦʚʩʁ ʜʞʝʥʠʤʠ ʟʘʙʨʫʜʥʁ ʯʁʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ï ʧʠʣ (ʟʚʘʞʝʥ ̔ʨʝʯʦʚʠʥʠ 

ʨʟ̔ʥʦʾ ʧʨʠʨʦʜʠ), ʩʧʦʣʫʢʠ ʩ̔ ʨʢʠ, ʦʢʩʠʜʠ ʘʟʦʪʫ, ʦʢʩʠʜ ʚʫʛʣʝʮ  ʁʪʘ ʚʫʛʣʝʚʦʜʥʽ 

(ʢʽʣʢɹʘ ʩʦʪʝʥʴ ʭʽʤʽʯʥʠʭ ʨʝʯʦʚʠʥ). ʉʘʤʝ ʚʦʥʠ ʚʥʦʩ̫ ʪʴ ʥʘʡʙʣ̔ɹ ʠhʡ ʚʢʣʘʜ ʫ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʟʘʣʝʞʥʠʭ ʟʘʭʚʦʨʶʚʘʥ ɹʪʘ ʩʪʘʥʽʚ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʽʚʥʽ ʨʠʟʠʢʫ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ 

ɿʘʚʦʜʩʴʢʦʛʦ ʪʘ ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʤ. ɿʘʧʦʨʽʞʞʷ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʚʘʞʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ʧʠʣʫ. 

ʇʦʚʥʘ, ʘʙʦ ʙʘʟʦʚʘ, ʩʭʝʤʘ ʦʮʽʥʢʠ ʨʠʟʠʢʫ ʧʝʨʝʜʙʘʯʘʻ ʧʨʦʚʝʜʝʥʥʷ 

ʯʦʪʠʨʴʦʭ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʝʪʘʧʽʚ, ʘ ʩʘʤʝ: ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʥʝʙʝʟʧʝʢʠ, ʦʮʽʥʢʫ 

ʝʢʩʧʦʟʠʮʽʾ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʥʝʙʝʟʧʝʢʠ (ʦʮʽʥʢʫ ʟʘʣʝʞʥʦʩʪʽ çʜʦʟʘ-ʚʽʜʧʦʚʽʜʴè), 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʨʠʟʠʢʫ [1]. 

ʆʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷʥʦʛʦ ʙʘʩʝʡʥʫ ʻ ʧʦʪʫʞʥʠʡ 

ʧʨʦʤʠʩʣʦʚʠʡ ʢʦʤʧʣʝʢʩ ʪʘ ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɺ ʋʢʨʘʾʥʽ 

ʦʜʥʠʤ ʽʟ ʚʝʣʠʢʠʭ ʧʨʦʤʠʩʣʦʚʠʭ ʮʝʥʪʨʽʚ ʻ ɿʘʧʦʨʽʞʞʷ. ʁʦʛʦ ʧʨʦʤʠʩʣʦʚʠʡ 

ʧʨʦʬʽʣʴ ʩʬʦʨʤʦʚʘʥʦ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʯʦʨʥʦʾ ʪʘ ʢʦʣʴʦʨʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. ɿʘ 

ʦʙʩʷʛʘʤʠ ʚʠʢʠʜʽʚ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ɿʘʧʦʨʽʟʴʢʘ 

ʦʙʣʘʩʪʴ ʟʘʡʤʘʻ ʯʝʪʚʝʨʪʝ ʤʽʩʮʝ. ɰɰ ʚʢʣʘʜ ʫ ʟʘʛʘʣʴʥʦʜʝʨʞʘʚʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ 

ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʩʢʣʘʜʘʻ 4,4-6,7%.  

ʗʢ ʦʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʙʨʘʥʦ ɿʘʚʦʜʩʴʢʠʡ ʪʘ ɺʦʟʥʝʩʝʥʽʚʩʴʢʠʡ 

ʨʘʡʦʥʠ. ʆʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ɿʘʚʦʜʩʴʢʦʛʦ 
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ʨʘʡʦʥʫ ʻ: ʟʚʘʞʝʥʽ ʨʝʯʦʚʠʥʠ, ʜʚʦʦʢʠʩ ʘʟʦʪʫ, ʬʝʥʦʣ, ʬʪʦʨʠʩʪʠʡ ʚʦʜʝʥʴ, 

ʩʽʨʢʦʚʦʜʝʥʴ, ʩʽʨʢʦʚʫʛʣʝʮʴ, ʩʽʨʯʘʥʠʡ ʘʥʛʽʜʨʠʜ, ʤʽʜʴ ʪʘ ʾʾ ʩʧʦʣʫʢʠ, ʤʘʨʛʘʥʝʮʴ 

ʪʘ ʡʦʛʦ ʩʧʦʣʫʢʠ, ʘʣʶʤʽʥʽʶ ʦʢʩʠʜ, ʭʣʦʨ ʪʘ ʡʦʛʦ ʩʧʦʣʫʢʠ, ʩʽʨʯʘʥʘ ʢʠʩʣʦʪʘ, 

ʭʨʦʤ ʪʘ ʙʝʥʟ(ʘ)ʧʽʨʝʥ. 

ʋ ɿʘʚʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʨʘʡʦʥʘʤʠ ʤʽʩʪʘ, ʚʠʱʠʡ 

ʨʽʚʝʥʴ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ. ʅʘ ʧʝʨʰʦʤʫ ʤʽʩʮʽ ʩʪʦʷʪʴ ʛʦʩʪʨʽ ʟʘʭʚʦʨʶʚʘʥʥʷ 

ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʨʽʟʥʦʾ ʝʪʽʦʣʦʛʽʾ, ʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʟʘ ʩʣʦʚʘʤʠ ʤʝʜʠʢʽʚ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʭʚʦʨʦʙʠ ʢʨʦʚʽ ʽ ʩʠʩʪʝʤ 

ʢʨʦʚʦʦʙʽʛʫ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ, ʨʫʭʦʚʦʛʦ ʘʧʘʨʘʪʫ, ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. 

ʊʦʤʫ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʫ ʚʠʟʥʘʯʝʥʥʽ ʟʦʥ 

ʥʘʡʙʽʣʴʰʦʛʦ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜʧʨʠʻʤʩʪʚ ʧʽʜʚʠʱʝʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʥʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ [2]. 

ʗʢ ʜʞʝʨʝʣʘ ʟʘʙʨʫʜʥʝʥʥʷ ʦʙʨʘʥʦ ʪʘʢʽ ʦʙ'ʻʢʪʠ: ʇɸʊ çɿʘʧʦʨʽʞʩʪʘʣʴè, 

ʇɸʊ çɼʥʽʧʨʦʩʧʝʮʩʪʘʣʴè, ʇɸʊ çɿʘʧʦʨʽʟʴʢʠʡ ʟʘʚʦʜ ʬʝʨʦʩʧʣʘʚʽʚè, 

ʇɸʊ çʋʢʨʘʾʥʩʴʢʠʡ ʛʨʘʬʽʪè, ʇɸʊ çɿʘʧʦʨʽʞʚʦʛʥʝʪʨʠʚè, ʇʨɸʊ 

çɿʘʧʦʨ̔ʞʢʦʢʩè, ʊʆɺ çɿʘʧʦʨ̔ʟɹʢʠʡ ʪʠʪʘʥʦ-ʤʘʛʥ̔ ʚ̒ʠʡ ʢʦʤʙ̔ ʥʘʪè. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʥʘʧʨʘʚʣʝʥʦʩʪʽ ʜʽʾ ʪʘ ʚʧʣʠʚʫ ʧʠʣʫ ʥʘ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ 

(ʦʨʛʘʥʠ ʪʘ ʩʠʩʪʝʤʠ), ʪʦ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʠʣ ʚʠʢʣʠʢʘʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʧʦʨʫʰʝʥʴ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʽʟʥʽ ʬʦʨʤʠ 

ʧʨʦʷʚʫ ʪʦʢʩʠʯʥʠʭ ʝʬʝʢʪʽʚ, ʷʢʽ ʨʝʻʩʪʨʫʶʪʴʩʷ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤʫ, ʢʣʽʪʠʥʥʦʤʫ, 

ʪʢʘʥʝʚʦʤʫ, ʧʦʧʫʣʷʮʽʡʥʦʤʫ ʨʽʚʥʷʭ. ʇʦʩʪʽʡʥʠʡ ʪʠʩʢ ʟʘʙʨʫʜʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʪʘ ʩʤʝʨʪʥʦʩʪʽ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ ï ʮʝ ʟʙʽʣʴʰʝʥʥʷ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. 

ɿʚʘʞʝʥʽ ʨʝʯʦʚʠʥʠ ʟ ʨʦʟʤʽʨʘʤʠ ʤʝʥʰʝ 10 ʤʢʤ ʥʘʥʦʩʷʪʴ ʟʥʘʯʥʽ 

ʥʝʟʚʦʨʦʪʥʽ ʟʙʠʪʢʠ ʫ ʚʠʛʣʷʜʽ ʩʢʦʨʦʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʟʘ ʨʘʭʫʥʦʢ 

ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ. ɺʧʣʠʚ ʈʄ10 ʟʘ 24 ʛʦʜʠʥʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʜʦʙʦʚʦʾ ʩʤʝʨʪʥʦʩʪʽ ʚʽʜ 0,5 ʜʦ 1,6% ʥʘ ʢʦʞʥʽ 10ʤʢʛ/ʤ3, ʘ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʝʨʝʜʥʴʦʜʦʙʦʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʈʄ10 ʥʘ 10 ʤʢʛ/ʤ
3, ʯʘʩʪʦʪʘ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʠʤʧʪʦʤʽʚ ʟ ʙʦʢʫ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 2,4%. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʦʚʘʥʠʭ ʨʽʚʥʽʚ ʝʢʩʧʦʟʠʮʽʾ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʠʟʠʢʫ ʜʣʷ ɿʘʚʦʜʩʴʢʦʛʦ ʪʘ ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʽʚ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʚʘʞʝʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʦʙʫʤʦʚʣʝʥʽ 

ʚʠʢʠʜʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚ, ʷʢʽ ʚʢʣʶʯʘʣʠ [2-4]: ʥʝʢʘʥʮʝʨʦʛʝʥʥʽ ʨʠʟʠʢʠ 

(ʢʦʝʬʽʮʽʻʥʪʠ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʟʚʘʞʝʥʠʭ ʯʘʩʪʦʢ ʧʠʣʫ (ʅQ); ʯʠʩʣʦ ʜʦʜʘʪʢʦʚʠʭ 

ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ (ɸʄ) ʧʨʠ ʭʨʦʥʽʯʥʽʡ ʽʥʛʘʣʷʮʽʡʥʽʡ ʜʽʾ ʟʚʘʞʝʥʠʭ ʯʘʩʪʠʥʦʢ 

ʜʽʘʤʝʪʨʦʤ < 10 ʤʢʤ (ʈʄ10). 

ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʙʝʟʧʝʢʠ ʫ 2016-2020 ʨʨ. ʧʝʨʝʚʠʱʫʶʪʴ 

ʜʦʧʫʩʪʠʤʠʡ ʨʽʚʝʥʴ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʧʨʠ ʜʦʚʽʯʥʦʤʫ 

ʽʥʛʘʣʷʮʽʡʥʦʤʫ ʚʧʣʠʚʽ ʫ ɿʘʚʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ (HQ = 5,18õ7,6) ʪʘ 

ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ (HQ = 6õ8,53), ʪʘ ʥʘ ʩʝʨʝʜʥʴʦʤʫ ʨʽʚʥʽ ï ʧʨʠ 

ʛʦʩʪʨʦʤʫ ʚʧʣʠʚʽ ʫ ɿʘʚʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ (HQ = 1,29õ1,9) ʪʘ ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʤʫ 

ʨʘʡʦʥʽ (HQ = 1,5õ2,13) (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʉʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʝʙʝʟʧʝʢʠ ʧʨʠ ʦʮʽʥʮʽ ʭʨʦʥʽʯʥʠʭ ʪʘ 

ʛʦʩʪʨʠʭ ʽʥʛʘʣʷʮʽʡʥʠʭ ʚʧʣʠʚʽʚ ʚʠʢʠʜʽʚ ʟʚʘʞʝʥʠʭ ʨʝʯʦʚʠʥ  

ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʘʡʦʥʘʭ ʟʘ ʧʝʨʽʦʜ 2016-2020 ʨʨ. 

 

ʈʦʟʨʘʭʫʥʢʠ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʯʦʢ ʫ 

ɿʘʚʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴ 71 ʚ 2016 ʨʦʮʽ, 

69 ʚ 2017 ʨʦʮʽ , 86 ʚ 2018 ʨʦʮʽ, 87 ʚ 2019 ʨʦʮʽ, 59 ʫ 2020 ʨʦʮʽ ʥʘ ʚʩʝ ʥʘʩʝʣʝʥʥʷ 

ɿʘʚʦʜʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʘʙʦ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 10 000 ʥʘʩʝʣʝʥʥʷ: 14 ʚ 2016 ʨʦʮʽ, 

14 ʚ 2017 ʨʦʮʽ, 16 ʚ 2018 ʨʦʮʽ, 16 ʚ 2019 ʨʦʮʽ, 11 ʚ 2020 ʨʦʮʽ, ʱʦ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʫ 2020 ʨʦʮʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ ʟʘʚʠʩʣʠʭ 

ʯʘʩʪʦʯʦʢ ʈʄ10. 

 

 
ʈʠʩ.2. ʏʠʩʣʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ (ʈʄ10)  

ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʫʣʠʮʷʭ ɿʘʚʦʜʩʴʢʦʛʦ ʨʘʡʦʥʫ ʫ 2016-2020 ʨʨ. 

 

ʈʦʟʨʘʭʫʥʢʠ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʯʦʢ ʫ 

ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʤʫ ʨʘʡʦʥʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴ 128 ʚ 2016 

ʨʦʮʽ, 179 ʚ 2017 ʨʦʮʽ, 152 ʚ 2018 ʪʘ 2019 ʨʦʢʘʭ, 146 ʫ 2020 ʨʦʮʽ ʥʘ ʚʩʝ 

ʥʘʩʝʣʝʥʥʷ ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ, ʘʙʦ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ 10 000 ʥʘʩʝʣʝʥʥʷ: 
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13 ʚ 2016 ʨʦʮʽ, 18 ʚ 2017 ʨʦʮʽ, 15 ʚ 2018 ʪʘ 2019 ʨʦʢʘʭ, 14 ʚ 2020 ʨʦʮʽ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʝʥʰʝʥʥʷ ʫ 2020 ʨʦʮʽ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ 

ʟʘʚʠʩʣʠʭ ʯʘʩʪʦʯʦʢ ʈʄ10. 

 

 
ʈʠʩ.3.  ʏʠʩʣʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʧʘʜʢʽʚ ʩʤʝʨʪʽ ʚʽʜ ʜʽʾ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ (ʈʄ10) ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʚʫʣʠʮʷʭ ɺʦʟʥʝʩʝʥʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ʫ 2016-2020 ʨʨ. 

 

ɸʥʘʣʽʟʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʟʘʭʦʜʽʚ ʥʘ 

ʝʪʘʧʽ ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʦʤ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʄʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ. ʆʮʽʥʢʘ ʨʠʟʠʢʫ ʜʣʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ 
ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ: ʅʘʢʘʟ ʄʆɿ ˉ 184 ʚʽʜ 13.04.2007 ʨ. ʂ., 

2007. 28 ʩ. 

2. ɹʻʣʦʢʦʥʴ ʂ. ɺ., ʄʘʥʽʜʽʥʘ ɭ. ɸ., ʂʫʨʘʥʦʚʘ ʗ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʚʠʢʠʜʽʚ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ 

ʤ. ɿʘʧʦʨʽʞʞʷ. ʄʝʪʘʣʫʨʛʽʷ. 2018. ɺʠʧ. 1 (39). ʉ. 136ï140.  

3. ɹʻʣʦʢʦʥʴ ʂ. ɺ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ 

ʥʘʩʝʣʝʥʥʷ ʚ ʤʽʩʪʽ ɿʘʧʦʨʽʞʞʽ. ʂʨʫʛʣʠʡ ʩʪʽʣ çɼʠʩʢʫʩʽʡʥʽ ʧʠʪʘʥʥʷ ʟ ʪʝʦʨʽʾ 

ʪʘ ʧʨʘʢʪʠʢʠ ʩʫʯʘʩʥʦʾ ʝʢʩʧʝʨʪʠʟʠè (24.11.2020) ɿʘʧʦʨʽʞʞʷ: ɿʅʋ, 2020. C. 

77ï81. 

4. ɹʻʣʦʢʦʥʴ ʂ. ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʠʢʠʜʽʚ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʥʘ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ɿʘʚʦʜʩʴʢʦʤʫ ʨʘʡʦʥʽ ʤ. ɿʘʧʦʨʽʞʞʷ. 

ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

(ʪʝʭʥʽʯʥʽ ʥʘʫʢʠ). 2018. ɺʠʧ. 2 (33). ʉ. 91ï96. 
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ɹʻʣʷʻʚ ɻ. ɺ., ʢ. ʪ. ʥ., ɹʻʣʷʻʚʘ ɯ. ʇ., ʢ. ʪ. ʥ., ɻʘʨʪʚʽʛ ɸ. ʇ., ɾʫʢʦʚ ʂ. ʃ.,  

ʂʨʝʤʥʴʦʚ ɺ. ʆ., ʂʦʨʙʫʪ ʅ. ʉ., ʉʪʝʮʶʢ ɺ. ɻ. 

ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʋʊʀʃɯɿɸʎɯʗ ʊɺɽʈɼʀʍ ɺɯɼʍʆɼɯɺ ɹɯʆʃʆɻɯʏʅʆɻʆ 

ʇʆʍʆɼɾɽʅʅʗ ɺɯɼ ɼɯʗʃʔʅʆʉʊɯ ʖʈʀɼʀʏʅʀʍ ʆʉɯɹ  

ʗʂ ʄʆɾʃʀɺɯʉʊʔ ɿʅɸʏʅʆɻʆ ɿʅʀɾɽʅʅʗ ʅɽɻɸʊʀɺʅʆɻʆ 

ɺʇʃʀɺʋ ɽʂʉʇʃʋɸʊɸʎɯɰ ʇʆʃɯɻʆʅɯɺ (ɿɺɸʃʀʑ) 

 

ɸʥʦʪʘʮʽʷ. ɼʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʥʝʛʘʪʠʚʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʧʨʠ 

ʙʽʦʣʦʛʽʯʥʽʡ ʜʝʛʨʘʜʘʮʽʾ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʦʨʛʘʥʽʟʦʚʘʥʦ 

ʟʜʘʶʪʴʩʷ ʥʘ ʧʦʣʽʛʦʥʠ ʶʨʠʜʠʯʥʠʤʠ ʦʩʦʙʘʤʠ ʽ ʤʦʪʠʚʘʮʽʾ ʦʙôʻʜʥʘʥʠʭ 

ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʱʦʜʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʩʠʨʦʚʠʥʠ ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʧʦʣʽʛʦʥ (ʟʚʘʣʠʱʝ), ʪʚʝʨʜʽ ʚʽʜʭʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʙʽʦʛʝʥʥʽ ʘʤʽʥʠ, ʘʙʣʽʛʘʪʥʘ ʪʘ ʬʘʢʫʣʴʪʘʪʠʚʥʘ ʤʽʢʨʦʬʣʦʨʘ. 

ʅʘ ʦʙʛʦʚʦʨʝʥʥʷ ʚʠʥʦʩʠʪʴʩʷ ʯʝʨʛʦʚʘ (ʪʨʝʪʷ) ʜʦʧʦʚʽʜʴ ʮʠʢʣʫ ʜʦʧʦʚʽʜʝʡ, 

ʧʦʻʜʥʘʥʠʭ ʟʘʛʘʣʴʥʦʶ ʪʝʤʦʶ çʉʠʩʪʝʤʥʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʪʝʧʣʦ- ʡ 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʛʘʪʦʩʪʘʜʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʦʮʽʥʥʠʭ 

ʚʽʜʭʦʜʽʚ ʣʽʩʽʚʥʠʮʪʚʘ, ʘʛʨʦʧʨʦʤʫ, ʪʦʨʛʽʚʣʽ, ʛʨʦʤʘʜʩʴʢʦʛʦ ʭʘʨʯʫʚʘʥʥʷ ʪʘ 

ʩʦʮʽʘʣʴʥʦʾ ʩʬʝʨʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʧʘʣʠʚʘ, ʪʝʧʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʜʦʙʨʠʚ, ʢʦʨʤʽʚ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚè [1, 2]. 

ʋ ʧʦʧʝʨʝʜʥʽʭ ʜʦʧʦʚʽʜʷʭ ʮʠʢʣʫ ʙʫʣʠ ʥʘʚʝʜʝʥʽ: ʧʝʨʝʣʽʢ ʰʠʨʦʢʦ 

ʧʦʰʠʨʝʥʠʭ ʤʽʩʮʝʚʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʱʦʨʽʯʥʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʚʽʜʭʦʜʽʚ 

ʣʽʩʽʚʥʠʮʪʚʘ ʥʘ ʨʦʟʚʠʪʦʢ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ. 

ʎʷ ʜʦʧʦʚʽʜʴ ʧʨʠʩʚʷʯʝʥʘ ʦʯʽʢʫʚʘʥʦʤʫ ʚʧʣʠʚʫ ʥʘ ʩʦʮʽʘʣʴʥʽ ʪʘ ʝʢʦʣʦʛʽʯʥʽ 

ʥʘʩʣʽʜʢʠ ʧʝʨʝʚʝʜʝʥʥʷ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ̔ ʟ ʢʘʪʝʛʦʨʽʾ 

ʚʽʜʭʦʜʽʚ ʫ ʢʘʪʝʛʦʨʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʠʨʦʚʠʥʠ. 

ʊʚʝʨʜʽ ʚʽʜʭʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʱʦʨʽʯʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʦʙôʻʜʥʘʥʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ (ʆʊɻ) ʽ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʩʫʩʧʽʣʴʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ (ʦʢʨʽʤ ʚʽʜʭʦʜʽʚ ʣʽʩʽʚʥʠʮʪʚʘ) ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ 

ʩʧʨʷʤʦʚʫʶʪʴ ʫ ʥʘʩʪʫʧʥʠʭ ʥʘʧʨʷʤʘʭ: 

- ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʧʦʣʽʛʦʥ (ʟʚʘʣʠʱʝ); 

- ʥʘ ʪʝʨʠʪʦʨʽʘʣʴʥʦ ʥʘʙʣʠʞʝʥʠʡ ʩʤʽʪʪʻʩʧʘʣʶʚʘʣʴʥʠʡ ʟʘʚʦʜ; 

- ʥʘ ʩʢʦʪʦʤʦʛʠʣʴʥʠʢ (ʜʣʷ ʚʽʜʭʦʜʽʚ ʤ'ʷʩʦʧʝʨʝʨʦʙʢʠ); 

- ʥʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʟʚʘʣʠʱʘ ʟ ʧʦʨʫʰʝʥʥʷʤ ʚʠʤʦʛ ʟʘʢʦʥʦʜʘʚʩʪʚʘ. 

ʉʧʨʷʤʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʟʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ʨʦʙʦʪʠ, ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʧʦʣʽʛʦʥ ʽ ʟʘ ʧʨʠʡʤʘʥʥʷ ʥʘ ʟʚʘʣʠʱʝ. 
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ʇʦʪʨʘʧʣʷʥʥʷ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʚ ʦʙôʻʤ ʩʤʽʪʪʷ, ʷʢʝ ʟʙʝʨʽʛʘʻʪʴʩʷ ʥʘ ʧʦʣʽʛʦʥʽ 

ʩʧʨʠʯʠʥʷʻ ʧʦʩʪʫʧʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʚʘʣʠʱʘ ʥʘ ʪʝʭʥʦʛʝʥʥʝ ʨʦʜʦʚʠʱʝ 

ʟʚʘʣʠʱʥʦʛʦ ʟʘʡʤʠʩʪʦʛʦ ʛʘʟʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʥʫ ʨʦʙʦʪʫ 

ʬʘʢʫʣʴʪʘʪʠʚʥʦʾ ʪʘ ʘʙʣʽʛʘʪʥʦʾ ʘʥʘʝʨʦʙʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʎʝ ʟʘʟʚʠʯʘʡ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʥʝʙʘʞʘʥʠʤʠ ʛʘʟʦʧʦʜʽʙʥʠʤʠ ʚʠʢʠʜʘʤʠ, ʘ ʪʘʢʦʞ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜ ʽ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʚʢʨʘʡ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ. 

ɺʩʝ ʮʝ ʩʧʨʠʯʠʥʷʻ ʩʦʮʽʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʽ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ 

ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ. 

ʂʨʽʤ ʪʦʛʦ, ʧʦʣʽʛʦʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʚʝʜʝʥʥʷ ʟ ʛʦʩʧʦʜʘʨʯʦʛʦ ʦʙʽʛʫ 

ʟʥʘʯʥʠʭ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʽ ʟʥʝʮʽʥʝʥʥʷ ʪʝʨʠʪʦʨʽʡ, ʥʘʙʣʠʞʝʥʠʭ ʜʦ ʟʚʘʣʠʱ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʟ̔ ʫʪʠʣʽʟʘʮʽʾ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʝ ʚ ʟʤʦʟʽ ʟʦʚʩʽʤ ʫʩʫʥʫʪʠ ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ 

ʩʠʨʦʚʠʥʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʟʘʡʤʠʩʪʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʾʾ ʚʤʽʩʪ ʫ ʩʢʣʘʜʽ ʧʦʙʫʪʦʚʦʛʦ 

ʩʤʽʪʪʷ, ʷʢʝ ʟʥʘʭʦʜʠʪʴʩʷ ʧʦʟʘ ʚʧʣʠʚʦʤ ʥʘʰʦʾ ʫʚʘʛʠ (ʟ ʦʛʣʷʜʫ ʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʫ 

ʘʚʪʦʨʽʚ ʢʦʥʢʨʝʪʥʠʭ ʧʨʦʧʦʟʠʮʽʡ). 

ʋʪʽʤ ʨʝʘʣʽʟʘʮʽʷ ʟʘʭʦʜʽʚ ʟ̔ ʫʪʠʣʽʟʘʮʽʾ, ʷʢʽ ʧʨʦʧʦʥʫʶʪʴʩʷ, ʧʨʠʟʚʝʜʝ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʦʣʽʛʦʥʽʚ ʥʘ ʩʦʮʽʘʣʴʥʝ ʩʪʘʥʦʚʠʱʝ 

ʪʝʨʠʪʦʨʽʾ ʆʊɻ ʽ ʝʢʦʣʦʛʽʶ (ʷʢ ʛʣʦʙʘʣʴʥʫ ʪʘʢ ʽ ʤʽʩʮʝʚʫ). 

ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʫ ʨʷʜʽ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥ ʜʣʷ ʢʦʪʨʠʭ ʭʘʨʘʢʪʝʨʥʝ 

ʩʫʚʦʨʝ ʝʢʦʣʦʛʽʯʥʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ (ʥʘʧʨʠʢʣʘʜ, ʫ ɼʘʥʽʾ ʪʘ ʽʥ.) ʚʟʘʛʘʣʽ 

ʟʘʢʦʥʦʜʘʚʯʦ ʟʘʙʦʨʦʥʝʥʝ ʩʧʨʷʤʫʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʙʽʦʤʘʩʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʾʾ ʛʥʠʣʽʩʥʦʾ ʪʘ ʘʥʘʝʨʦʙʥʦʾ ʤʽʢʨʦʙʥʦʾ ʜʝʛʨʘʜʘʮʽʾ. ʊʘʢʠʡ 

ʞʦʨʩʪʢʠʡ ʧʽʜʭʽʜ ʜʣʷ ʩʫʯʘʩʥʠʭ ʫʤʦʚ ʋʢʨʘʾʥʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʥʝ ʻ 

ʨʝʘʣʽʩʪʠʯʥʠʤ. ʄʠ ʧʨʦʛʥʦʟʫʻʤʦ, ʱʦ ʟʘʭʦʜʠ ʟ ʫʪʠʣʽʟʘʮʽʾ ʨʝʩʫʨʩʦʮʽʥʥʠʭ 

ʚʽʜʭʦʜʽʚ ʙʫʜʫʪʴ ʧʝʨʝʚʘʞʥʦ ʬʽʥʘʥʩʫʚʘʪʠʩʴ ʫ ʬʦʨʤʽ ʜʝʨʞʘʚʥʦ-ʧʨʠʚʘʪʥʦʛʦ 

ʧʘʨʪʥʝʨʩʪʚʘ, ʘ ʨʦʣʴ ʆʊɻ ʧʦʣʷʛʘʻ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʚ ʩʪʚʦʨʝʥʥʽ ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ 

ʫʤʦʚ ʜʣʷ ʢʦʤʝʨʮʽʡʥʦ ʧʨʠʚʘʙʣʠʚʦʛʦ ʙʽʟʥʝʩʫ ʧʦ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. 

ɼʦ ʪʘʢʠʭ ʫʤʦʚ ʥʘʣʝʞʠʪʴ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ, ʩʧʨʠʷʥʥʷ ʩʪʘʣʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʫ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʦʛʦ ʜʝʨʝʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʤʽʩʮʝʚʠʭ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʡʦʛʦ ʤʽʞʩʝʟʦʥʥʦʛʦ ʩʢʣʘʜʫʚʘʥʥʷ, 

ʧʦʩʪʘʯʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦʚʛʦʩʪʨʦʢʦʚʠʤ ʶʨʠʜʠʯʥʦ ʟʦʙʦʚôʷʟʫʶʯʠʤ 

ʜʦʛʦʚʦʨʘʤ ʪʦʱʦ. 

ʄʠ ʚʠʭʦʜʠʤʦ ʟ ʪʦʛʦ, ʱʦ ʚʽʜʭʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ 

ʧʦʪʨʘʧʣʷʶʪʴ ʥʘ ʧʦʣʽʛʦʥʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʟʜʝʙʽʣʴʰʦʛʦ ʪʚʝʨʜʽ ʢʦʣʦʾʜʥʽ 

ʢʘʧʽʣʷʨʥʦ ʧʦʨʠʩʪʽ ʪʽʣʘ ʫ ʧʦʣʽʜʠʩʧʝʨʩʥʦʤʫ ʩʪʘʥʽ. 

ɺʦʣʦʛʽʩʪʴ ʮʠʭ ʚʽʜʭʦʜʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚ ʫ ʤʽʩʮʷʭ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ; ʚʽʜʭʦʜʠ ʦʚʦʯʝʩʭʦʚʠʱ, ʧʽʜʧʨʠʻʤʩʪʚ ʛʨʦʤʘʜʩʴʢʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ ʟʘʟʚʠʯʘʡ ʜʦʩʠʪʴ ʚʦʣʦʛʽ (WÓ50%), ʘ ʚʽʜʭʦʜʠ ʭʣʽʙʦʧʝʢʘʨʩʴʢʦʾ, 

ʢʨʫʧôʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʥʘʙʣʠʞʝʥʽ ʜʦ ʪʘʢ ʟʚʘʥʦʛʦ çʧʦʚʽʪʨʷʥʦ ʩʫʭʦʛʦè 

ʩʪʘʥʫ (WÒ20%). ɺʦʣʦʛʽ ʚʽʜʭʦʜʠ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʦʪʨʘʧʣʷʥʥʷ ʧʦʯʠʥʘʶʪʴ 

ʧʽʜʜʘʚʘʪʠʩʴ ʙʽʦʣʦʛʽʯʥʽʡ ʜʝʛʨʘʜʘʮʽʾ, ʘ ʧʦʚʽʪʨʷʥʦ ʩʫʭʽ  ï ʚ ʤʽʨʫ ʾʭ ʟʚʦʣʦʞʝʥʥʷ 

ʯʝʨʝʟ ʦʧʘʜʠ. 
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ɼʦʩʪʘʪʥʷ ʚʦʣʦʛʽʩʪʴ ʟʘʚʞʜʠ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʜʽʷʣʴʥʦʩʪʽ ʙʫʜʴ-

ʷʢʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʚʽʜʭʦʜʽʚ ʥʘ ʧʦʣʽʛʦʥʽ ʫ ʚʝʨʭʥʽʭ ʰʘʨʘʭ 

ʧʨʠ ʜʦʩʪʘʪʥʴʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ ʢʠʩʥʶ ʧʦʚʽʪʨʷ ʽ ʦʙʤʝʞʝʥʽʡ ʚʦʣʦʛʦʩʪʽ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʛʨʠʙʢʦʚʽ ʢʫʣʴʪʫʨʠ ï ʮʚʽʣʴ (ʙʽʣʘ ʡ ʯʦʨʥʘ), ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʥʝʙʝʟʧʝʯʥʽ ʜʣʷ ʜʦʚʢʽʣʣʷ. 

ʇʨʠ ʜʦʩʪʘʪʥʽʡ ʚʦʣʦʛʦʩʪʽ ʽ ʥʘʜʭʦʜʞʝʥʥʽ ʢʠʩʥʶ ʧʨʦʮʝʩʠ ʙʽʦʣʦʛʽʯʥʦʾ 

ʜʝʛʨʘʜʘʮʽʾ ʽʜʫʪʴ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʜʽʷʣʴʥʦʩʪʽ ʘʝʨʦʙʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʎʝʡ 

ʧʨʦʮʝʩ ï ʪʘʢ ʟʚʘʥʝ çʜʠʭʘʥʥʷè ʟʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʶ ʩʫʪʥʽʩʪʶ ʻ ʧʨʦʮʝʩʦʤ 

ʦʢʠʩʣʝʥʥʷ, ʷʢ ʽ ʛʦʨʽʥʥʷ ʽ ʡʦʛʦ ʢʽʥʮʝʚʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʻ ʉʆ2 ʪʘ ʅ2ʆ ʫ 

ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʠʡ ʨʽʟʥʦʚʠʜ ʙʽʦʣʦʛʽʯʥʦʾ ʜʝʛʨʘʜʘʮʽʾ ʚʽʜʭʦʜʽʚ ʥʘ 

ʧʦʣʽʛʦʥʽ ʻ ʥʝʛʘʪʠʚʥʠʤ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʣʦʛʽʾ ʽ ʤʘʡʞʝ ʪʦʣʝʨʘʥʪʥʠʤ ʱʦʜʦ 

ʣʦʢʘʣʴʥʦʾ (ʤʽʩʮʝʚʦʾ) ʝʢʦʣʦʛʽʾ. 

ɺʽʜʭʦʜʠ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʩʝʨʝʜʥʽʭ ʰʘʨʘʭ, ʜʝ ʻ ʢʠʩʝʥʴ, ʘʣʝ ʫ ʥʝʜʦʩʪʘʪʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʟʫʤʦʚʣʶʻ ʧʝʨʝʚʘʞʥʫ ʜʽʷʣʴʥʽʩʪʴ ʪʘʢ ʟʚʘʥʦʾ ʬʘʢʫʣʴʪʘʪʠʚʥʦʾ 

ʤʽʢʨʦʬʣʦʨʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʥʠʣʽʩʥʦʾ. 

ɼʽʷʣʴʥʽʩʪʴ ʪʘʢʦʾ ʤʽʢʨʦʬʣʦʨʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ 

ʥʝʧʦʚʥʦʛʦ ʨʦʟʧʘʜʫ ʽ ʪʘʢ ʟʚʘʥʠʭ ʙʽʦʛʝʥʥʠʭ ʘʤʽʥʽʚ, ʪʘʢʠʭ ʷʢ ʢʘʜʘʚʝʨʠʥ, 

ʧʫʪʨʽʩʮʠʥ, ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʠʡ ʚʠʢʣʶʯʥʦ ʥʝʧʨʠʻʤʥʠʡ ʟʘʧʘʭ, ʘ ʪʘʢʦʞ ʪʘʢʘ 

ʨʝʯʦʚʠʥʘ, ʷʢ ʤʝʨʢʘʧʪʘʥ. ɺʢʘʟʘʥʽ ʧʨʦʜʫʢʪʠ ʜʽʷʣʴʥʦʩʪʽ ʬʘʢʫʣʴʪʘʪʠʚʥʦʾ 

(ʛʥʠʣʽʩʥʦʾ) ʤʽʢʨʦʬʣʦʨʠ ʻ ʚʠʢʣʶʯʥʦ ʩʪʽʡʢʠʤʠ ʫ ʯʘʩʽ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʪʝʨʤʽʯʥʦʾ ʨʫʡʥʘʮʽʾ ʙʽʦʛʝʥʥʠʭ ʘʤʽʥʽʚ ʥʝʦʙʭʽʜʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ Ó 400ʦʉ. 

ɼʣʷ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʘʢʠʭ ʚʢʨʘʡ ʥʝʧʨʠʻʤʥʠʭ ʟʘʧʘʭʽʚ ʥʘ ʚʝʣʠʢʫ 

ʚʽʜʩʪʘʥʴ ʽ ʟʘʧʦʚʥʝʥʥʷ ʥʠʤʠ ʟʥʘʯʥʠʭ ʧʣʦʱ ʧʦʪʨʽʙʥʘ ʚʝʣʴʤʠ ʥʝʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʮʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷ. ʊʘʢʘ ʢʽʣʴʢʽʩʪʴ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʙʽʦʣʦʛʽʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ, ʘʣʝ ʩʧʨʠʯʠʥʷʻ ʟʥʘʯʫʱʽ ʥʝʛʘʪʠʚʥʽ ʩʦʮʽʘʣʴʥʽ ʥʘʩʣʽʜʢʠ. 

ɿʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʷʢʽʩʪʴ ʞʠʪʪʷ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ ʥʘ ʚʝʣʠʢʽʡ ʧʣʦʱʽ 

ʥʘʚʢʦʣʦ ʟʚʘʣʠʱʘ ʽ ʩʧʨʠʯʠʥʷʻ ʟʘʢʦʥʥʝ ʦʙʫʨʝʥʥʷ ʪʘ ʩʦʮʽʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, 

ʥʝʟʘʜʦʚʦʣʝʥʥʷ ʜʽʷʣʴʥʽʩʪʶ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʾ ʚʣʘʜʠ. 

ɺʽʜʭʦʜʠ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʫ ʥʠʞʥʽʭ ʰʘʨʘʭ ʟʚʘʣʠʱ ʟʘ ʫʤʦʚ ʜʦʩʪʘʪʥʴʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʙʝʟ ʜʦʩʪʫʧʫ ʢʠʩʥʶ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʩʬʝʨʫ ʜʽʷʣʴʥʦʩʪʽ ʘʙʣʽʛʘʪʥʦʾ 

ʘʥʘʝʨʦʙʥʦʾ ʤʽʢʨʦʬʣʦʨʠ. ʎʷ ʤʽʢʨʦʬʣʦʨʘ ʦʜʝʨʞʫʻ ʝʥʝʨʛʽʶ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʟʢʣʘʜʘʥʥʷ ʩʢʣʘʜʥʠʭ ʙʽʦʧʦʣʽʤʝʨʽʚ ʜʦ ʙʽʣʴʰ ʧʨʦʩʪʠʭ. ʎʝʡ ʧʨʦʮʝʩ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷʤ ʟʘʡʤʠʩʪʠʭ ʛʘʟʽʚ, ʥʘʜʭʦʜʞʝʥʥʷ ʷʢʠʭ ʫ ʜʦʚʢʽʣʣʷ 

ʚʚʘʞʘʻʪʴʩʷ ʚʝʣʴʤʠ ʥʝʛʘʪʠʚʥʠʤ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʣʦʛʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʛʦʥʽʚ, ʷʢ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʻ ʦʯʝʚʠʜʥʦ ʥʝʙʘʞʘʥʠʤ ʜʣʷ ʛʣʦʙʘʣʴʥʦʾ, ʣʦʢʘʣʴʥʦʾ 

ʝʢʦʣʦʛʽʾ ʽ ʩʦʮʽʘʣʴʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ʇʨʦʧʦʟʠʮʽʾ ʟ ʫʪʠʣʽʟʘʮʽʾ ʪʘʢʠʭ ʚʽʜʭʦʜʽʚ ʽ ʾʭ ʫʩʫʥʝʥʥʷ ʟ ʧʦʣʽʛʦʥʽʚ ʥʘ 

ʩʴʦʛʦʜʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʣʠʰʝ ʥʘ ʦʨʛʘʥʽʟʦʚʘʥʽ ʬʦʨʤʠ 

ʫʪʚʦʨʝʥʥʷ ʡ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ ʶʨʠʜʠʯʥʠʤʠ ʦʩʦʙʘʤʠ. ʈʝʰʪʘ ʪʘʢʠʭ 

ʨʝʯʦʚʠʥ ʙʫʜʝ ʽ ʜʘʣʽ ʧʦʪʨʘʧʣʷʪʠ ʥʘ ʧʦʣʽʛʦʥʠ ʫ ʩʢʣʘʜʽ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ (ʩʤʽʪʪʷ), ʘʣʝ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʙʫʜʝ ʧʨʠʥʮʠʧʦʚʦ 
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ʟʤʝʥʰʝʥʠʡ. ʋ ʤʘʡʙʫʪʥʴʦʤʫ, ʧʨʠ ʫʤʦʚʽ ʰʠʨʦʢʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʜʽʣʴʥʦʛʦ 

ʟʙʠʨʘʥʥʷ ʧʦʙʫʪʦʚʦʛʦ ʩʤʽʪʪʷ, ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʧʨʠʧʠʥʝʥʠʤ. 

ɺʠʩʥʦʚʢʠ 

1. ʊʚʝʨʜʽ ʚʦʣʦʛʽ ʚʽʜʭʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʻ ʛʦʣʦʚʥʠʤ 

ʬʘʢʪʦʨʦʤ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʟʥʘʯʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʣʽʛʦʥʽʚ (ʟʚʘʣʠʱ) ʥʘ 

ʷʢʽʩʪʴ ʞʠʪʪʷ, ʝʢʦʣʦʛʽʶ ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ ʪʘ ʛʣʦʙʘʣʴʥʫ 

ʝʢʦʣʦʛʽʶ. 

2. ʉʧʨʷʤʫʚʘʥʥʷ ʥʘ ʫʪʠʣʽʟʘʮʽʶ ʨʝʩʫʨʩʦʮʽʥʥʠʭ ʚʽʜʭʦʜʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ ʦʨʛʘʥʽʟʦʚʘʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʛʦʩʧʦʜʘʨʯʽʡ ʜʽʷʣʴʥʦʩʪʽ 

ʶʨʠʜʠʯʥʠʭ ʦʩʽʙ, ʟʘʤʽʩʪʴ ʾʭ ʟʜʘʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥʠ ʟʜʘʪʥʝ ʧʨʠʥʮʠʧʦʚʦ ʟʥʠʟʠʪʠ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʧʦʣʽʛʦʥʽʚ ʥʘ ʜʦʚʢʽʣʣʷ, ʘ ʟʘ ʫʤʦʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʜʽʣʴʥʦʛʦ ʟʙʦʨʫ ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʟʘʙʦʨʦʥʠ ʟʜʘʚʘʥʥʷ ʥʘ ʧʦʣʽʛʦʥ ʚʽʜʭʦʜʽʚ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢ ʮʝ ʨʦʙʠʪʴʩʷ ʫ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ. 

  

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɹʻʣʷʻʚ ɻ. ɺ., ɾʫʢʦʚ ʂ. ʃ., ʂʦʨʙʫʪ ʅ. ʉ., ʂʨʝʤʥʴʦʚ ɺ. ʆ., ʉʪʝʮʶʢ ɺ. ɻ. 

ʐʠʨʦʢʦʨʦʟʧʦʚʩʶʜʞʝʥʽ ʤʽʩʮʝʚʽ ʨʝʩʫʨʩʦʮʽʥʥʽ ʚʽʜʭʦʜʠ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʽ ʾʭ ʫʪʠʣʽʟʘʮʽʷ, ʷʢ ʬʘʢʪʦʨ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ // 

ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI ʩʪʦʣʽʪʪʽ : 

ɼʦʧʦʚʽʜʴ ʥʘ XXIII ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ, 19ï20 

ʪʨʘʚʥʷ 2022 ʨʦʢʫ. 

2. ʂʨʝʤʥʴʦʚ ɺ. ʆ., ɹʻʣʷʻʚ ɻ. ɺ., ɾʫʢʦʚ ʂ.ʃ., ʂʦʨʙʫʪ ʅ. ʉ., ʉʪʝʮʶʢ ɺ. ɻ. 

ɺʧʣʠʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʮʝʚʦʛ ʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ 

ʦʩʥʦʚʽ ʥʝʣʽʢʚʽʜʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʚʽʜʭʦʜʽʚ ʣʽʩʽʚʥʠʮʪʚʘ ʥʘ ʨʦʟʚʠʪʦʢ 

ʦʙôʻʜʥʘʥʠʭ ʪʝʨʠʪʦʨʽʘʣʴʥʠʭ ʛʨʦʤʘʜ // ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʪʘ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʫ XXI ʩʪʦʣʽʪʪʽ : ɼʦʧʦʚʽʜʴ ʥʘ XXIII ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ, 19ï20 ʪʨʘʚʥʷ 2022 ʨʦʢʫ. 
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ʋɼʂ 528.92, 004.9 
1ɹʦʙʨʠʮʴʢʠʡ ɺ. ɺ.,  ʫʯʝʥʴ 9 ʢʣʘʩʫ,  1ɹʫʨʷʢ ʖ. ʃ., ʫʯʠʪʝʣʴ ʛʝʦʛʨʘʬʽʾ  

2ɸʥʜʨʻʻʚ ʉ. ʄ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 
1ʍʘʨʢʽʚʩʴʢʘ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʷ ʰʢʦʣʘ  

ɯ-ɯɯɯ ʩʪʫʧʝʥʽʚ ˉ140 ʍʘʨʢʽʚʩʴʢʦʾ ʤʽʩʴʢʦʾ ʨʘʜʠ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ,  

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ  

  2ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʚ̔ʝʨʩʠʪʝʪ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, 

ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʆʎɯʅʂɸ ʉʊɸʅʋ ʃɯʉʆɺʀʍ ʊɽʈʀʊʆʈɯʁ ʍɸʈʂɯɺʉʔʂʆɰ   

ʊɸ ʏɽʈʅɯɻɯɺʉʔʂʆɰ ʆɹʃɸʉʊɽʁ ɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ  

ɻɯʉ-ʊɽʍʅʆʃʆɻɯʁ  

 
ɸʢʪʫʘʣʴʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʚʠʚʯʝʥʥʷ ʩʪʘʥʫ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ,  

ʱʦ ʟʘʙʝʟʧʝʯʠʪʴ ʥʝʦʙʭʽʜʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʦʩʥʦʚʫ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʘʪʝʛʽʯʥʠʭ ʮʽʣʝʡ ʪʘ ʟʘʚʜʘʥʴ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ ʫ ʩʬʝʨʽ ʣʽʩʦʚʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. ɿʚʠʯʘʡʥʠʭ ʜʘʥʠʭ ʩʪʘʪʠʩʪʠʢʠ ʪʘ ʧʦʣʴʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʢʨʘʡ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʪʘʥʫ ʣʽʩʽʚ. ʉʘʤʝ ʪʦʤʫ ʜʘʥʘ ʨʦʙʦʪʘ 

ʧʨʠʩʚʷʯʝʥʘ ʧʽʜʚʠʱʝʥʥ ʁ ʷʢʦʩʪʽ ʝʢʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʟʘ 

ʨʘʭʫʥʦʢ ʧʦʙʫʜʦʚʠ ʘʢʪʫʘʣʽʟʦʚʘʥʠʭ ʢʘʨʪʦʛʨʘʬʽʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ɻɯʉ-ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʘʥʠʭ ʢʦʩʤʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ɿʝʤʣʽ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʰʚʠʜʢʦ, ʪʦʯʥʦ ʪʘ ʥʘʜʽʡʥʦ ʦʮʽʥʠʪʠ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʣʷʥʦʢ.  

ɸʥʘʣʽʟ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ, ʱʦ 

ʣʽʩʠʩʪʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 12% ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʣʽʩʠʩʪʦʩʪʽ ʜʣʷ ʦʙʣʘʩʪʽ 15%, ʘ 

ʘʥʘʣʽʟ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʧʦʢʘʟʘʚ, ʱʦ ʣʽʩʠʩʪʽʩʪʴ ʦʙʣʘʩʪʽ 

ʩʪʘʥʦʚʠʪʴ 20,9%, ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʣʽʩʠʩʪʦʩʪʽ 23%. ʋ ʨʦʙʦʪʽ ʚʠʟʥʘʯʝʥʦ 

ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ ʥʘ ʩʪʘʥ ʣʽʩʽʚ: ʘ ʩʘʤʝ ʢʣʽʤʘʪʠʯʥʠʡ, ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ 

ʪʘ ʘʥʪʨʦʧʦʛʝʥʥʠʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʟʦʙʨʘʞʝʥʥʷ ʣʽʩʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʏʝʨʥʽʛʽʚʩʴʢʦʾ 

ʪʘ ʍʘʨʢʽʚʩʴʢʦʾ ʦʙʣʘʩʪʝʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʘʣʴʥʠʭ ʟʥʽʤʢʽʚ ʦʪʨʠʤʘʥʠʭ ʽʟ 

ʩʫʧʫʪʥʠʢʘ Sentinel-2 ʪʘ ʜʝʰʠʬʨʫʚʘʥʥʷ ʦʟʥʘʢ ʧʦʨʽʜ ʜʝʨʝʚ ʚʽʟʫʘʣʴʥʠʤ 

ʤʝʪʦʜʦʤ ʥʘ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʥʽʤʢʘʭ ʽʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʽʜ 740 ʥʤ ʜʦ 2500 

ʥʤ, ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʩʭʦʞʽʩʪʴ ʾʭ ʚʠʜʦʚʦʛʦ ʩʢʣʘʜʫ, ʘ ʩʘʤʝ ʜʫʙ, ʷʩʝʥ, ʚʽʣʴʭʫ 

ʪʘ ʩʦʩʥʫ (ʨʠʩ. 1). 

 

 

 

 

 

 

 

ʈʠʩ. 1. ɯʥʬʨʘʯʝʨʚʦʥʽ ʟʥʽʤʢʠ  ʜʦʣʠʥ ʨʽʯʦʢ ɼʝʩʥʠ (ʣʽʚʦʨʫʯ) ʪʘ  

ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ (ʧʨʘʚʦʨʫʯ) 
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ɼʣʷ ʘʥʘʣʽʟʫ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʥʽʤʢʠ, ʚʠʢʦʥʘʥʽ ʫ 

ʽʩʪʠʥʥʦʤʫ ʢʦʣʴʦʨʽ (True Color) ʽʟ ʜʦʚʞʠʥʦʶ ʭʚʠʣʽ ʚʽʜ 380 ʥʤ (ʬʽʦʣʝʪʦʚʠʡ) 

ʜʦ 740 ʥʤ (ʯʝʨʚʦʥʠʡ), ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʨʽʚʥʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ L1C 

(Level 1C ï ʦʨʪʦ-ʪʨʘʥʩʬʦʨʤʦʚʘʥʠʡ ʧʨʦʜʫʢʪ, ʪʦʙʪʦ ʧʨʦʝʢʮʽʷ ʟʦʙʨʘʞʝʥʥʷ 

ʚʠʭʦʜʠʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ DEM ʜʣʷ ʚʠʧʨʘʚʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ 

ʩʧʦʪʚʦʨʝʥʴ, ʚʢʣʶʯʘʻ ʛʝʦʛʨʘʬʽʯʥʽ ʪʘ ʨʘʜʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ 

ʢʘʣʽʙʨʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʨʠʚ'ʷʟʢʫ ʧʦ ʯʘʩʫ ʪʘ ʜʦʜʘʪʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ), ʤʘʶʪʴ 

ʨʦʟʜʽʣʴʥʫ ʟʜʘʪʥʽʩʪʴ 10ʤĮ ʚ 1 ʧʽʢʩʝʣʽ. (ʨʠʩ. 2, ʨʠʩ. 3) 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʃʽʩʠ ʙʽʣʷ ʩ. ʇʨʦʪʦʧʦʧʽʚʢʘ, ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 

(ʣʽʚʦʨʫʯ 2013 ʨʽʢ, ʧʨʘʚʦʨʫʯ 2020 ʨʽʢ) 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ʃʽʩʠ ʙʽʣʷ ʩ. ɺʠʰʝʥʢʠ, ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣ.  

(ʣʽʚʦʨʫʯ 2013 ʨʽʢ, ʧʨʘʚʦʨʫʯ 2020 ʨʽʢ) 

 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ Threshold ʙʫʣʦ ʚʠʜʽʣʝʥʦ ʧʽʢʩʝʣʽ ʣʽʩʦʚʠʭ 

ʤʘʩʠʚʽʚ. ɼʣʷ ʮʴʦʛʦ  ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʥʝʦʙʭʽʜʥʠʡ ʜʽʘʧʘʟʦʥ, ʧʦʙʫʜʫʚʘʥʦ 

ʛʽʩʪʦʛʨʘʤʫ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʙʨʘʥʦ ʥʝʦʙʭʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʷʩʢʨʘʚʦʩʪʽ ʧʽʢʩʝʣʽʚ 

ʫ ʢʘʥʘʣʽ Green (ʨʠʩ. 4) 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʛʽʩʪʦʛʨʘʤʠ ʚ ʢʘʥʘʣʽ Green 

(ʣʽʚʦʨʫʯ ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 2020 ʨʽʢ, ʧʨʘʚʦʨʫʯ ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ 2020 ʨʽʢ)  
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ɸʥʘʣʽʟ ʧʣʦʱʽ ʦʙʨʦʙʣʝʥʠʭ ʧʦʣʽʛʦʥʽʚ ʚ ʩʝʨʝʜʦʚʠʱʽ ENVI ʧʦʢʘʟʘʚ 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʣʽʩʽʚ ʟ 2013 ʧʦ 2020 ʨʦʢʠ: ʚ ʜʦʣʠʥʽ ʨ. ʉʽʚʝʨʩʴʢʠʡ ɼʦʥʝʮʴ 

ʟ 500 ʛʘ ʜʦ 304 ʛʘ, ʫ ʜʦʣʠʥʽ ʨʽʯʢʠ ɼʝʩʥʘ ʟʤʝʥʰʠʣʘʩʴ ʟ 701 ʛʘ ʜʦ 542 ʛʘ, ʱʦ  

ʧʽʜʪʚʝʨʜʞʫʻ ʽ ɼʝʨʞʘʚʥʝ ʘʛʝʥʩʪʚʦ ʣʽʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʋʢʨʘʾʥʠ ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʘʥʪʨʦʧʦʛʝʥʥʽ ʪʘ ʧʨʠʨʦʜʥʽ ʯʠʥʥʠʢʠ ʚʧʣʠʚʫ (ʨʠʩ. 5). 

 

 

 

 

 

ʈʠʩ. 5. ɿʤʝʥʰʝʥʥʷ ʣʽʩʦʚʠʭ ʜʽʣʷʥʦʢ ʟʘ ʧʝʨʽʦʜ ʟ 2013 (ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ) ʧʦ 2020 

(ʩʠʥʽʡ ʢʦʣʽʨ) ʨʦʢʠ (ʣʽʚʦʨʫʯ ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʪʴ, ʧʨʘʚʦʨʫʯ ʍʘʨʢʽʚʩʴʢʘ ʦʙʣʘʩʪʴ)  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɹʫʨʰʪʠʥʩʴʢʘ ʍ. ɺ., ʇʦʣʽʱʫʢ ɹ. ɺ., ʂʦʚʘʣʴʯʫʢ ʆ. ʖ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʣʽʩʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʠʩʦʢʦʛʦ 
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[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] http://eïlib.gasu.ru/eposobia/gis/7.html 

3. ɼʠʩʪʘʥʮʽʡʥʽ ʤʝʪʦʜʠ ʪʘ ɻɯʉ ʫ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʽ. ʆʧʦʨʥʠʡ 

ʢʦʥʩʧʝʢʪ ʣʝʢʮʽʡ ʜʣ̫ ʘʩʧʽʨʘʥʪʽʚ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 103 çʅʘʫʢʠ ʧʨʦ ɿʝʤʣʶè. 
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ʨʝʩʫʨʩ ] https://apps.sentinel-hub.com/eobrowser (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 25.08.2020). 
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ɹʦʥʜʘʨʝʥʢʦ ɸ. ʖ., ʈʘʰʢʝʚʠʯ ʅ .ɺ., PhD,  

ʃʦʙʦʡʯʝʥʢʦ ɺ. ʄ., ʜ. ʪ. ʥ., ʐʝʚʯʝʥʢʦ ʈ.ɯ., ʜ. ʪ. ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ,  

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 
ɯʅʅʆɺɸʎɯʁʅɯ ʇɯɼʍʆɼʀ ɺ ʇʆʇɽʈɽɼɾɽʅʅɯ 

ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ, ʇʆɺôʗɿɸʅʀʍ ɯɿ ɿɸɹʈʋɼʅɽʅʅʗʄ 

ɺʆɼʅʀʍ ʆɹôɭʂʊɯɺ ʅɸʉɽʃɽʅʀʍ ʇʋʅʂʊɯɺ,  

ɼɽ ɺɯɼɹʋɺɸʃʀʉʔ ɹʆʁʆɺɯ ɼɯɰ 

 

ɹʘʛʘʪʦʜʝʥʥʽ ʙʦʡʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʩʧʨʠʯʠʥʝʥʽ ʚʽʡʩʴʢʦʚʦʶ 

ʘʛʨʝʩʽʻʶ ʟ ʙʦʢʫ ʈʦʩʽʾ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʰʪʘʙʥʠʭ ʨʫʡʥʫʚʘʥʴ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʚʝʣʠʯʝʟʥʠʭ ʣʶʜʩʴʢʠʭ ʞʝʨʪʚ ʪʘ ʟʥʘʯʥʦʛʦ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ. ɺ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʘʰʘ ʜʝʨʞʘʚʘ ʚʞʝ ʧʦʪʝʨʧʘʻ ʚʽʜ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʟʘʩʪʘʨʽʣʽʩʪʶ ʪʘ ʟʥʦʰʝʥʽʩʪʶ ʤʘʪʝʨʽʘʣʴʥʦ-

ʪʝʭʥʽʯʥʦʛʦ ʬʦʥʜʫ ʧʽʜʧʨʠʻʤʩʪʚ [1], ʥʝʨʘʮʽʦʥʘʣʴʥʦʶ ʛʦʩʧʦʜʘʨʩʴʢʦʶ 

ʜʽʷʣʴʥʽʩʪʶ [1], ʩʠʩʪʝʤʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʧʨʠ ʧʦʚʦʜʞʝʥʥʽ ʟ ʚʽʜʭʦʜʘʤʠ [3], 

ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʥʘ ɼʦʥʙʘʩʽ, ʱʦ ʪʨʠʚʘʶʪʴ ʽʟ 2014 ʨ. [4] ʯʠʥʥʽ ʧʦʜʽʾ 

ʙʘʛʘʪʦʢʨʘʪʥʦ ʟʙʽʣʴʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʟʘʛʨʦʟʠ ʜʣʷ ʜʦʚʢʽʣʣʷ. ɺ ʮʠʭ ʫʤʦʚʘʭ 

ʦʯʝʚʠʜʥʦʶ ʻ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʪʝʨʤʽʥʦʚʦʛʦ ʧʦʰʫʢʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʟ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʠʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʧʦʜʽʡ ʪʘ ʩʠʪʫʘʮʽʡ, ʱʦ ʩʧʨʠʯʠʥʝʥʽ ʙʦʡʦʚʠʤʠ ʜʽʷʤʠ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ. ɼʣʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʱʦ ʢʦʥʮʝʥʪʨʦʚʘʥʦ ʤʽʩʪʷʪʴ ʦʙôʻʢʪʠ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʤʝʨʝʞʽ, ʩʠʪʫʘʮʽʷ ʤʦʞʝ ʙʫʪʠ 

ʫʩʢʣʘʜʥʝʥʘ ʢʦʤʧʣʝʢʩʥʠʤ ʚʧʣʠʚʦʤ ʥʠʟʢʠ ʥʝʛʘʪʠʚʥʠʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʷʢʽ ʯʘʩʪʦ ʯʠʥʷʪʴ ʩʫʤʘʨʥʠʡ ʝʬʝʢʪ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʱʦ 

ʪʘʢʦʞ ʚʢʘʟʫʻ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʟʙʝʨʝʞʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ çʟʝʣʝʥʦʛʦ ʤʽʩʪʘè [5]. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ ʡ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ 

ʧʘʥʜʝʤʽʾ COVID-19, ʱʦ ʯʠʥʷʪʴ ʜʦʜʘʪʢʦʚʦ ʚʧʣʠʚ ʤʝʜʠʯʥʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʩʪʘʥ 

ʟʘʭʘʨʘʱʝʥʦʩʪʽ ʤʽʩʪ [6], ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʥʘ ʧʦʚʝʨʭʥʝʚʠʡ ʩʪʽʢ. ʄʘʻ ʤʽʩʮʝ ʟʥʘʯʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʣʘʩʪʠʢʦʤ ʪʘ ʤʽʢʨʦʧʣʘʩʪʠʢʦʤ ʚʽʜ ʤʘʩʦʢ, ʨʝʩʧʽʨʘʪʦʨʽʚ, 

ʨʫʢʘʚʠʯʦʢ, ʭʘʣʘʪʽʚ ʪʦʱʦ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʧʘʥʜʝʤʽʾ COVID-19, ʥʝ 

ʧʦʚʥʽʩʪʶ ʟôʷʩʦʚʘʥʦ ʭʽʤʽʯʥʽ ʚʧʣʠʚʠ ʚʽʜ ʮʽʻʾ ʛʨʫʧʠ ʚʽʜʭʦʜʽʚ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ, 

ʽ ʟʦʢʨʝʤʘ, ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʪʘ ʚʠʜʽʣʝʥʥʷ ʯʠʥʥʠʢʽʚ, ʱʦ 

ʡʦʛʦ ʚʠʟʥʘʯʘʶʪʴ [7]. ʅʘʫʢʦʚʮʽ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ 

ʜʦʩʣʽʜʞʝʥʴ. ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ, ʽʟ 

ʟʘʣʫʯʝʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʘʙʦ, ʥʘʚʧʘʢʠ, ʧʦʨʪʘʪʠʚʥʠʭ ʧʨʦʩʪʠʭ 

ʧʨʠʣʘʜʽʚ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ʪʝʥʜʝʥʮʽʡ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʩʪʘʥʫ ʜʦʚʢʽʣʣʷ ʘʙʦ 

ʦʢʨʝʤʠʭ ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʢʦʤʧʣʝʢʩʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ, ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, 
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ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʨʢʝʨʽʚ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ, ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʟ ʧʦʚʥʦʶ ʘʙʦ ʯʘʩʪʢʦʚʦʶ ʘʚʪʦʤʘʪʠʟʘʮʽʻʶ ʧʨʦʮʝʩʽʚ ʚ ʦʥʣʘʡʥ 

ʨʝʞʠʤʽ. ʗʢ ʧʨʠʢʣʘʜʠ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʪʠʭʽʡʥʠʭ ʣʠʭ 

ʪʘ ʨʠʟʠʢʠ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʨʠ ʟʘʙʫʜʦʚʽ ʤʽʩʪ [8], ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

Blue-Green Infrastructure ʜʣʷ ʙʦʨʦʪʴʙʠ ʟ ʧʦʚʝʥʷʤʠ ʚ ʤʽʩʪʘʭ [9], ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘʨʽʶ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚʦʜʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ ʚ 

ʩʠʩʪʝʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʪʝʥʮʽʡʥʠʭ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

[10]. 

ʆʜʥʘʢ, ʚʽʜʟʥʘʯʠʤʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʦʢʨʝʤʠʭ 

ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʦʙʤʝʞʝʥʝ ʚʥʘʩʣʽʜʦʢ ʩʢʣʘʜʥʦʩʪʽ 

ʨʝʘʣʽʟʘʮʽʾ. 

ʅʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʙʦʡʦʚʠʭ ʜʽʡ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʜʦ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ, ʷʢʘ ʩʧʨʠʯʠʥʷʻ ʜʦʜʘʪʢʦʚʠʡ ʟʥʘʯʥʠʡ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ ʪʘʢʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʷʢ ʝʣʝʤʝʥʪ ʧʦʧʝʨʝʜʞʝʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʾʭ ʟʘʙʨʫʜʥʝʥʥʷʤ, ʻ ʥʘ ʩʴʦʛʦʜʥʽ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ ʩʴʦʛʦʜʝʥʥʷ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʟʘʟʥʘʯʝʥʝ, ʚ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʜʦ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʜʝ ʚʽʜʙʫʚʘʣʠʩʴ ʙʦʡʦʚʽ ʜʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʟʜʽʡʩʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʮʠʭ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ.  

ɺʧʣʠʚ ʙʦʡʦʚʠʭ ʜʽʡ ʥʘ ʩʪʘʥ ʜʦʚʢʽʣʣʷ ʪʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ, ʟʦʢʨʝʤʘ, 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʧʫʙʣʽʢʘʮʽʷʭ. ʄʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ ʜʦʧʦʚʽʜʽ UNEP ʪʘ 

OSCE ʚʽʜʥʦʩʥʦ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʉʽʨʽʾ, ɯʨʘʮʽ, ʥʘ ɼʦʥʙʘʩʽ (ʋʢʨʘʾʥʘ) ʟ 

ʧʦʨʫʰʝʥʥʷʤ ʜʦʚʢʽʣʣʷ ʪʘ ʧʦʪʨʘʧʣʷʥʥʷʤ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ ˇʨʫʥʪʠ, 

ʧʦʚʽʪʨʷ, ʚʦʜʫ. ɺ ʥʠʭ ʪʘʢʦʞ ʚʽʜʤʽʯʘʻʪʴʩʷ ʥʘʛʘʣʴʥʘ ʧʦʪʨʝʙʘ ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʥʘ ʩʴʦʛʦʜʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʥʘʫʢʦʚʠʭ 

ʜʘʥʠʭ ʱʦʜʦ ʚʧʣʠʚʫ ʟʙʨʦʡʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʥʘ ʚʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʥʠʤʠ, ʱʦ ʩʧʦʥʫʢʘʻ ʜʦʩʣʽʜʥʠʢʽʚ ʥʘ ʧʦʰʫʢ ʽʥʰʠʭ ʨʽʰʝʥʴ ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʮʴʦʛʦ 

ʧʠʪʘʥʥʷ. ʅʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ 

ʚʝʨʠʬʽʢʦʚʘʥʦʾ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʨʝʙʫ ʧʝʚʥʠʭ 

ʧʨʠʧʫʱʝʥʴ ʚ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʦʜʽʙʥʦʛʦ ʥʘʧʨʷʤʫ 

ʊʘʢ, ʥʘ ʩʴʦʛʦʜʥʽ ʚʽʜʦʤʘ ʥʠʟʢʘ ʨʦʙʽʪ, ʜʝ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʫʶʪʴ ʚʧʣʠʚ 

ʚʠʙʫʭʽʚ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ ʩʢʣʘʜ ʘʭ ʥʘ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɿʦʢʨʝʤʘ, ɯʚʘʥʦʚʠʤ ʟ̔ ʩʧʽʚʘʚʪʦʨʘʤʠ [11] ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʯʠʥʥʠʢʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩʪʦʪʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʥʘ ʩʢʣʘʜʘʭ ʙʦʻʧʨʠʧʘʩʽʚ ʪʘ 

ʦʮʽʥʝʥʦ ʢʽʣʴʢʽʩʪʴ ʨʪʫʪʽ, ʷʢʘ ʧʦʪʨʘʧʠʣʘ ʚ ʜʦʚʢʽʣʣʷ ʧʨʠ ʾʭ ʚʠʙʫʭʘʭ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʤʝʪʦʜʦʤ. ɸʟʘʨʦʚ ʪʘ ʉʠʜʦʨʝʥʢʦ ʚ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ʦʮʽʥʶʶʪʴ ʥʘ 

ʧʨʠʢʣʘʜʽ ʚʠʙʫʭʽʚ ʙʦʻʧʨʠʧʘʩʽʚ ʥʘ ʩʢʣʘʜʽ ʚ ʩ. ʅʦʚʦʙʦʛʜʘʥʽʚʢʘ (ʋʢʨʘʾʥʘ) 

ʧʦʪʝʥʮʽʡʥʠʡ ʨʠʟʠʢ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʱʦ ʤʝʰʢʘʻ ʥʘ ʧʨʠʣʝʛʣʽʡ ʜʦ 

ʘʚʘʨʽʡʥʦʛʦ ʦʙ'ʻʢʪʫ ʪʝʨʠʪʦʨʽʾ, ʨʠʟʠʢʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʦʙʫʤʦʚʣʝʥʝ 

ʭʽʤʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʠʪʥʦʾ ʚʦʜʠ ʘʙʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ. ɿ 
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ʫʨʘʭʫʚʘʥʥʷʤ ʚʤʽʩʪʫ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʚ ʧʨʠʣʝʛʣʽʡ ʨʽʯʮʽ, ʚʠʤʽʨʷʥʠʭ ʧʽʩʣʷ ʮʽʻʾ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʦʪʨʠʤʘʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʩʧʦʣʫʢ ʤʘʨʛʘʥʮʶ ʤʽʜʽ, ʟʘʣʽʟʘ 

ʪʘ ʮʠʥʢʫ ʧʽʜʚʠʱʫʻ ʧʘʨʘʤʝʪʨʠ ʥʝʙʝʟʧʝʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʨʠʡʥʷʪʥʠʤ ʨʽʚʥʝʤ. 

ɭʜʠʥʦʾ ʤʝʪʦʜʦʣʦʛʽʾ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ. 

ʋ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʣʝʤʝʥʪʠ ʘʚʪʦʨʩʴʢʦʛʦ 

ʧʽʜʭʦʜʫ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ 

ʟ ʧʦʪʨʘʧʣʷʥʥʷʤ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʫ ʚʦʜʫ ʪʘ ʛʨʫʥʪ [1, 14], ʘʜʘʧʪʦʚʘʥʽ 

ʜʦ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʜʝ ʚʽʜʙʫʚʘʣʠʩʴ ʙʦʡʦʚʽ ʜʽʾ. ɺ ʤʝʞʘʭ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ 

ʤʝʪʦʜʦʣʦʛʽʾ ʧʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʤʦʥʽʪʦʨʠʥʛ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʫ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ, ʷʢʽ ʱʦ ʧʦʩʪʨʘʞʜʘʣʠ ʚʥʘʩʣʽʜʦʢ ʙʦʡʦʚʠʭ ʜʽʡ ʩʣʽʜ 

ʟʜʽʡʩʥʶʚʘʪʠ ʟʘ ʧôʷʪʴʤʘ ʝʪʘʧʘʤʠ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʚʠʙʽʨ ʧʝʨʽʦʜʠʯʥʦʩʪʽ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʤʽʩʮʴ ʚʽʜʙʦʨʫ ʧʨʦʙ ʚʦʜʠ; ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʙ ʚʦʜʠ ʟʘ 

ʧʘʨʘʤʝʪʨʦʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ; ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʮʠʭ 

ʧʨʦʙ; ʧʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʟ ʨʝʬʝʨʝʥʪʥʠʤʠ 

ʟʥʘʯʝʥʥʷʤʠ (ʷʢʠʤʠ ʻ ʫʩʝʨʝʜʥʝʥʽ ʩʝʟʦʥʥʽ ʟʥʘʯʝʥʥʷ, ʚʠʤʽʨʷʥʽ ʚ ʜʦʚʦʻʥʥʠʡ 

ʧʝʨʽʦʜ); ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʘʥʫ ʚʦʜ. ʂʦʞʝʥ ʽʟ ʝʪʘʧʽʚ 

ʤʦʞʝ ʤʽʩʪʠʪʠ ʩʫʢʫʧʥʽʩʪʴ ʧʨʦʮʝʜʫʨ, ʱʦ ʻ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʜʣʷ ʦʢʨʝʤʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʪʫʘʮʽʡ, ʪʘ ʚʢʣʶʯʘʪʠ ʨʽʰʝʥʥʷ ʥʠʟʢʠ ʟʘʚʜʘʥʴ.  

ɼʘʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ ʘʙʦ ʯʘʩʪʢʦʚʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʶ 

ʪʘ ʻ ʦʩʦʙʣʠʚʦ ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʄʦʞʣʠʚʘ 

ʽʥʪʝʛʨʘʮʽʷ ʜʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚ ʩʠʩʪʝʤʫ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʯʘʩʪʠʥʽ 

ʧʦʧʝʨʝʜʞʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʜʦʧʫʩʪʠʤʠʤ ʻ ʪʘʢʦʞ ʡʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʘʤʦʩʪʽʡʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʩʠʩʪʝʤʽ ʣʦʢʘʣʴʥʦʛʦ ʯʠ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. ɸʢʮʝʥʪʫʻʤʦ ʪʘʢʦʞ ʥʘ  

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ, ʝʢʩʧʨʝʩʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʯʥʦʩʪʽ, ʥʠʟʴʢʽʡ 

ʩʦʙʽʚʘʨʪʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʇʆʈʀʉʊʆɰ ʉʊʈʋʂʊʋʈʀ ɺʋɻʃɽʎɽɺʆɻʆ 

ʄɸʊɽʈɯɸʃʋ ɿ ɺɯɼʍʆɼɯɺ ɹɯʆʉʀʈʆɺʀʅʀ 

 

ɺʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʚʽʜʭʦʜʽʚ ʙʽʦʩʠʨʦʚʠʥʠ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʷʢ ʝʬʝʢʪʠʚʥʽ ʘʜʩʦʨʙʝʥʪʠ, ʥʦʩʽʾ 

ʢʘʪʘʣʽʟʘʪʦʨʽʚ, ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʘʨʷʜʫ ʪʦʱʦ [1, 

2]. ɺʠʨʦʙʥʠʮʪʚʦ ʙʽʦʚʫʛʣʝʮʽʚ ʟ̔ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʙʽʦʤʘʩʠ 

ʥʘʡʯʘʩʪʽʰʝ ʨʝʘʣʽʟʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʭ ʪʝʨʤʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ 

ʫʤʦʚʘʭ ʦʙʤʝʞʝʥʦʛʦ ʜʦʩʪʫʧʫ ʢʠʩʥʶ ʽ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

(ʤʝʥʰʝ 700 ÁC), ʚʢʣʶʯʘʶʯʠ ʧʽʨʦʣʽʟ, ʛʽʜʨʦʪʝʨʤʘʣʴʥʫ ʢʘʨʙʦʥʽʟʘʮʽʶ, 

ʛʘʟʠʬʽʢʘʮʽʶ ʪʦʱʦ. ʆʪʨʠʤʘʥʠʡ ʙʽʦʚʫʛʣʝʮʴ ʟʘʟʚʠʯʘʡ ʤʘʻ ʜʦʙʨʝ ʨʦʟʚʠʥʫʪʫ 

ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʽ ʧʦʚʝʨʭʥʶ, ʷʢʘ ʤʽʩʪʠʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʛʨʫʧʠ ʪʘ ʤʽʥʝʨʘʣʴʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʪʘ ʣʝʪʢʠʭ 

ʨʝʯʦʚʠʥ ʙʽʦʤʘʩʠ ʤʝʪʦʜʦʤ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ [3]. ʊʘʢʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʚʠʩʦʢʦʾ ʨʝʘʢʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʙʽʦʚʫʛʣʝʮʶ, ʡʦʛʦ ʜʦʙʨʠʭ 

ʘʜʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ ʟʜʘʪʥʦʩʪʽ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʟʘʨʷʜʫ. ʅʝʜʦʣʽʢʦʤ ʙʘʛʘʪʴʦʭ ʤʝʪʦʜʽʚ ʘʢʪʠʚʘʮʽʾ ʻ ʚʠʩʦʢʘ ʟʦʣʴʥʽʩʪʴ ʪʘ ʥʠʟʴʢʘ 

ʩʦʨʙʮʽʡʥʘ ʘʢʪʠʚʥʽʩʪʴ ʦʪʨʠʤʫʚʘʥʦʛʦ ʙʽʦʚʫʛʣʝʮʶ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʜʦʜʘʪʢʦʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʚʞʝ ʛʦʪʦʚʠʭ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, 

ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʡʜʝʪʴʩʷ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʚʫʛʽʣʣʷ ʫ ʷʢʦʩʪʽ ʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʽʚ ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʯʠ ʝʬʝʢʪʠʚʥʠʭ ʩʦʨʙʝʥʪʽʚ [4-6]. 

ʆʪʞʝ, ʚʠʚʯʝʥʥʷ ʩʧʦʩʦʙʽʚ ʟʤʽʥʠ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʽ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ 

ʙʽʦʚʫʛʣʝʮʽʚ ʻ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ 

ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʫ [7], ʧʦʢʘʟʘʣʠ, ʱʦ ʫʣʴʪʨʘʟʚʫʢʦʚʘ (ʋɿ) ʦʙʨʦʙʢʘ 

ʫ ʢʘʚʽʪʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʩʧʨʠʯʠʥʶʻ ʜʦʩʠʪʴ ʩʫʪʪʻʚʽ ʟʤʽʥʠ ʘʪʦʤʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʟʨʘʟʢʽʚ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʛʨʘʬʽʪʠʟʘʮʽʾ ʚʫʛʣʝʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇʨʠ ʮʴʦʤʫ ʧʨʦʤʠʩʣʦʚʽ ʚʠʩʦʢʦʧʦʨʠʩʪʽ ʚʠʜʠ ʚʫʛʽʣʣʷ, ʷʢʽ 

ʜʦʩʣʽʜʞʝʥʦ ʫ ʮʽʡ ʨʦʙʦʪʽ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʟʥʘʣʠ ʚʽʜʯʫʪʥʠʭ ʟʤʽʥ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ. ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʋɿ ʚʧʣʠʚ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʦʜʨʽʙʥʝʥʥʷ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʭʦʯʘ ʜʣʷ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʤʽʥʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʮʴʦʤʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʚʦʜʠʣʠʩʷ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʭʽʤʽʯʥʠʭ ʘʢʪʠʚʘʪʦʨʽʚ ʧʨʠ ʩʠʥʪʝʟʽ ʘʢʪʠʚʦʚʘʥʦʛʦ 

ʚʫʛʽʣʣʷ ʜʦʩʠʪʴ ʯʘʩʪʦ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʨʦʟʚʠʪʢʫ ʧʦʨʠʩʪʦʾ 

ʩʪʨʫʢʪʫʨʠ. ʆʩʦʙʣʠʚʦ ʪʘʢʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʨʦʙʠʪʠ ʮʝ ʢʦʥʪʨʦʣʴʦʚʘʥʦ ʧʨʠ 

ʜʚʦʩʪʘʜʽʡʥʦʤʫ ʤʝʪʦʜʽ ʩʠʥʪʝʟʫ ï ʩʧʦʯʘʪʢʫ ʦʪʨʠʤʫʶʪʴ ʢʘʨʙʦʥʽʟʘʪ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 300-400 ʦʉ, ʘ ʧʦʪʽʤ ʧʨʦʚʦʜʷʪʴ ʘʢʪʠʚʘʮʽʶ ʧʨʦʩʦʯʝʥʦʛʦ 
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ʘʢʪʠʚʘʪʦʨʦʤ ʢʘʨʙʦʥʽʟʘʪʫ ʧʨʠ ʚʠʱʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʟʘʟʚʠʯʘʡ 600-1000 Áʉ. 

ʊʘʢʠʡ ʤʝʪʦʜ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʂʆʅ- ʯʠ NaOH-ʘʢʪʠʚʘʮʽʾ [8, 

9]. ʗʢ ʥʘʩʣʽʜʦʢ ʦʪʨʠʤʫʶʪʴ ʚʠʩʦʢʦʧʦʨʠʩʪʝ ʘʢʪʠʚʦʚʘʥʝ ʚʫʛʽʣʣʷ, ʷʢʝ ʻ ʷʢ 

ʝʬʝʢʪʠʚʥʠʤ ʩʦʨʙʝʥʪʦʤ, ʪʘʢ ʽ ʘʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʝʣʝʢʪʨʦʜʽʚ 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʤʝʪʦʜʽʚ ʚʧʣʠʚʫ ʥʘ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʮʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɸʣʝ ʪʘʢ ʽ ʥʝ 

ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ ʭʽʤʽʯʥʦʛʦ ʽ ʋɿ ʚʧʣʠʚʫ. 

ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʧʦʨʽʚʥʷʥʥʷ ʚʧʣʠʚʫ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʫʛʣʝʮʝʚʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʋɿ ʦʙʨʦʙʢʠ ʫ ʢʘʚʽʪʘʮʽʡʥʦʤʫ ʨʝʞʠʤʽ ʽ ʜʦʜʘʪʢʦʚʦʾ ʭʽʤʽʯʥʦʾ 

ʘʢʪʠʚʘʮʽʾ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʂʆʅ. ʗʢ ʚʠʭʽʜʥʠʡ ʟʨʘʟʦʢ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʙʽʦʚʫʛʣʝʮʝʚʠʡ ʤʘʪʝʨʽʘʣ, ʦʜʝʨʞʘʥʠʡ ʽʟ ʛʨʘʥʫʣʴʦʚʘʥʦʾ ʩʦʣʦʤʠ ʧʰʝʥʠʮʽ 

ʰʣʷʭʦʤ ʢʘʨʙʦʥʽʟʘʮʽʾ ʙʝʟ ʘʢʪʠʚʘʪʦʨʽʚ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 400 Üʉ. ʋ ʧʦʜʘʣʴʰʦʤʫ 

ʧʦʟʥʘʯʘʪʠʤʝʤʦ ʚʠʭʽʜʥʠʡ ʙʽʦʚʫʛʣʝʮʴ ɸɺ0. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʋɿ ʦʧʨʦʤʽʥʝʥʥʷ ʚʠʭʽʜʥʝ ʚʫʛʽʣʣʷ 

ʧʦʜʨʽʙʥʶʚʘʣʠ ʤʝʭʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʨʦʩʽʚʘʣʠ ʥʘ ʧʨʦʩʽʚʥʽʡ ʤʘʰʠʥʽ ʪʘ 

ʚʽʜʙʠʨʘʣʠ ʬʨʘʢʮʽʶ ʟ ʨʦʟʤʽʨʦʤ ʯʘʩʪʠʥʦʢ ʤʝʥʰʝ 100 ʤʢʤ. ʇʽʜʛʦʪʦʚʣʝʥʠʡ 

ʪʘʢʠʤ ʯʠʥʦʤ ʙʽʦʚʫʛʣʝʮʴ ʧʦʤʽʱʘʣʠ ʫ ʨʝʟʦʥʘʪʦʨ ʋɿ ʫʩʪʘʥʦʚʢʠ BAKU-9050 ʪʘ 

ʟʘʣʠʚʘʣʠ ʜʝʛʘʟʦʚʘʥʦʶ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʊʨʠʚʘʣʽʩʪʴ ʚʧʣʠʚʫ ʋɿ 

ʩʪʘʥʦʚʠʣʘ 10 ʭʚ ʟʘ ʧʦʪʫʞʥʦʩʪʽ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 30 ɺʪ. ʏʘʩʪʦʪʘ ʋɿ ʚʧʣʠʚʫ 

ʩʪʘʥʦʚʠʣʘ 42 ʢɻʮ. ʆʪʨʠʤʘʥʝ ʪʘʢʠʤ ʯʠʥʦʤ ʚʫʛʽʣʣʷ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ɸɺ-ʋɿ. 

ɼʣʷ ʜʦʜʘʪʢʦʚʦʾ ʘʢʪʠʚʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʫʛʫ ʚʠʢʦʨʠʩʪʘʥʦ ʂʆʅ ʤʘʨʢʠ 

ʭ.ʯ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʠʡ ʙʽʦʚʫʛʣʝʮʴ : ʣʫʛ ʩʪʘʥʦʚʠʣʦ ʟʘ ʤʘʩʦʶ 1 : 3. 

ɹʽʦʚʫʛʣʝʮʴ ʧʨʦʩʦʯʫʚʘʚʩʷ ʨʦʟʯʠʥʦʤ ʣʫʛʫ ʽ ʚʠʪʨʠʤʫʚʘʚʩʷ ʚʧʨʦʜʦʚʞ ʜʦʙʠ. 

ɼʘʣʽ ʟʨʘʟʦʢ ʧʦʤʽʱʘʣʠ ʫ ʧʽʯ ʪʘ ʚʠʩʫʰʫʚʘʣʠ ʜʦ ʩʪʘʣʦʾ ʤʘʩʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

105 ʦʉ. ʇʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʧʨʦʩʦʯʝʥʠʡ ʙʽʦʚʫʛʣʝʮʴ ʧʦʤʽʱʘʣʠ ʫ ʨʝʘʢʪʦʨ ʧʝʯʽ 

ʜʣʷ ʩʠʥʪʝʟʫ ʘʢʪʠʚʦʚʘʥʦʛʦ ʚʫʛʽʣʣʷ. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 700 Üʉ 

ʽ ʚʠʪʨʠʤʮʽ ʧʨʠ ʥʽʡ ʚʧʨʦʜʦʚʞ 90 ʭʚ ʟ ʜʦʜʘʪʢʦʚʦʶ ʧʘʨʦʛʘʟʦʚʦʶ ʘʢʪʠʚʘʮʽʻʶ. 

ɻʘʟʦʧʦʜʽʙʥʽ ʧʨʦʜʫʢʪʠ ʨʝʘʢʮʽʾ ʚʽʜʚʦʜʠʣʠʩʴ ʩʪʨʫʤʝʥʝʤ ʘʨʛʦʥʫ ʯʝʨʝʟ 

ʛʽʜʨʦʟʘʪʚʦʨ. ʆʪʨʠʤʘʥʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʚʫʛʽʣʣʷ ʧʦʟʥʘʯʘʪʠʤʝʤʦ ɸɺ-ʂʆʅ. 

ʈʝʥʪʛʝʥʦʜʠʬʨʘʢʮʽʡʥʽ ʩʧʝʢʪʨʠ ʟʨʘʟʢʽʚ ʦʪʨʠʤʫʚʘʣʠ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʤʫ ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3 ʚ Cu KŬ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ 

(ɚ=1,5418 ¡), ʤʦʥʦʭʨʦʤʘʪʠʟʦʚʘʥʦʤʫ ʚʽʜʙʠʚʘʥʥʷʤ ʚʽʜ ʧʣʦʱʠʥʠ (002) 

ʤʦʥʦʢʨʠʩʪʘʣʘ ʧʽʨʦʛʨʘʬʽʪʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʜʠʬʨʘʛʦʚʘʥʦʤʫ ʧʫʯʢʫ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʟʘʧʠʩʫʚʘʣʠ ʚ ʨʝʞʠʤʽ ʥʝʧʝʨʝʨʚʥʦʛʦ ʧʝʨʝʤʽʱʝʥʥʷ ʜʝʪʝʢʪʦʨʘ 

ʟ ʢʫʪʦʚʦʶ ʰʚʠʜʢʽʩʪʶ 2 ʛʨʘʜ./ʭʚ. 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʙʽʦʚʫʛʣʝʮʽʚ (ʧʠʪʦʤʘ 

ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ, ʟʘʛʘʣʴʥʠʡ ʦʙôʻʤ ʧʦʨ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ) ʦʮʽʥʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʢʠʧʽʥʥʷ (ʊ=77 ʂ). ɼʣʷ ʮʴʦʛʦ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʘʥʘʣʽʟʘʪʦʨ ʧʠʪʦʤʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʦʨʠʩʪʦʩʪʽ Quantachrome 

NOVAtouch LX2. ʇʝʨʝʜ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ ʜʝʛʘʟʫʚʘʣʠ ʫ 

ʚʘʢʫʫʤʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 473 K ʧʨʦʪʷʛʦʤ 16 ʛʦʜʠʥ. 
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ɺʽʜʦʤʦ, ʱʦ ʘʤʦʨʬʥʽ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ ʻ ʥʠʟʴʢʦʨʦʟʤʽʨʥʠʤʠ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʩʪʨʫʢʪʫʨʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʟʨʘʟʢʽʚ ʧʦʣʦʞʝʥʥʷ ʜʠʬʫʟʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʧʦʨʽʚʥʶʚʘʣʠ ʟ 

ʧʦʣʦʞʝʥʥʷʤ ʜʠʬʨʘʢʮʽʡʥʠʭ ʣʽʥʽʡ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ ʛʨʘʬʽʪʫ (002), ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʪʨʠʚʠʤʽʨʥʦʤʫ ʫʧʦʨʷʜʢʫʚʘʥʥʶ ʪʘ (100), (110) ʧʦʚôʷʟʘʥʠʭ ʟ 

ʜʚʦʭʤʽʨʥʦʶ ʜʠʬʨʘʢʮʽʻʶ ʚʽʜ ʦʢʨʝʤʠʭ ʛʨʘʬʝʥʦʚʠʭ ʰʘʨʽʚ. ɿ ʮʽʻʶ ʤʝʪʦʶ 

ʜʠʬʨʘʢʮʽʡʥʽ ʩʧʝʢʪʨʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʫ ʚʠʛʣʷʜʽ ʩʫʧʝʨʧʦʟʠʮʽʾ ʦʢʨʝʤʠʭ 

ʤʘʢʩʠʤʫʤʽʚ, ʧʨʦʬʽʣʴ ʷʢʠʭ ʦʧʠʩʫʚʘʣʠ ʬʫʥʢʮʽʻʶ ʃʦʨʝʥʮʘ. ɿʘ ʢʫʪʦʚʠʤ 

ʧʦʣʦʞʝʥʥʷʤ ʤʘʢʩʠʤʫʤʽʚ ʚʠʟʥʘʯʝʥʦ ʩʝʨʝʜʥʶ ʚʽʜʩʪʘʥʴ ʤʽʞ ʰʘʨʘʤʠ d, ʱʦ 

ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʧʣʦʱʠʥʘʤʠ (002) ʛʨʘʬʽʪʫ (d002=3,35 ¡) ʜʣʷ 

ʫʩʽʭ ʪʨʴʦʭ ʟʨʘʟʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʤʘʢʩʠʤʫʤʠ ʘʤʦʨʬʥʦʾ ʬʘʟʠ, ʣʦʢʘʣʽʟʦʚʘʥʽ ʚ 

ʦʢʦʣʽ ʢʫʪʽʚ ʜʠʬʨʘʢʮʽʾ 2ɗ å 420 ʻ ʟʤʽʱʝʥʠʤʠ ʚʧʨʘʚʦ ʚʽʜʥʦʩʥʦ ʣʽʥʽʾ (100) 

ʛʨʘʬʽʪʦʚʦʾ ʬʘʟʠ. ʊʘʢʘ ʢʘʨʪʠʥʘ ʚʽʜʧʦʚʽʜʘʻ ʜʚʦʭʚʠʤʽʨʥʽʡ ʜʠʬʨʘʢʮʽʾ ʚʽʜ 

ʦʢʨʝʤʠʭ ʛʨʘʬʝʥʦʚʠʭ ʰʘʨʽʚ. ʆʮʽʥʝʥʽ ʟʘ ʧʽʚʰʠʨʠʥʘʤʠ ʤʘʢʩʠʤʫʤʽʚ ʘʤʦʨʬʥʦʾ 

ʬʘʟʠ ʙʣʠʟʴʢʠʭ ʜʦ ʣʽʥʽʡ (002) ʪʘ (100) ʛʨʘʬʽʪʫ ʨʦʟʤʽʨʠ ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʭ 

ʙʣʦʢʽʚ ʚ ʥʘʧʨʷʤʢʘʭ ʚʽʜʧʦʚʽʜʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʪʘ ʧʘʨʘʣʝʣʴʥʦʤʫ 

ʛʨʘʬʝʥʦʚʠʤ ʰʘʨʘʤ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

ʇʘʨʘʤʝʪʨʠ ʤʘʢʩʠʤʫʤʽʚ ʚʫʛʣʝʮʝʚʦʾ ʬʘʟʠ 

 

ɿʨʘʟʦʢ 2ɗ, ʛʨʘʜ (hkl) d, ¡ L(002), ʥʤ L(100), ʥʤ 

ɸɺ0 
23,2 (002) 3,830 

0,8 1,4 
44,4 (100) 2,040 

ɸɺ-ʋɿ 
22,84 (002) 3,893 

0,85 3,35 
43,68 (100) 2,072 

ɸɺ-ʂʆʅ 
24,5 (002) 3,630 

0,9 2,4 
43,0 (100) 2,100 

 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1, ʦʙʨʦʙʢʘ ʋɿ ʩʧʨʠʯʠʥʶʻ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ 

ʛʨʘʬʽʪʠʟʘʮʽʾ ʫ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʟʨʘʟʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʨʦʟʤʽʨʽʚ 

ʛʨʘʬʽʪʦʧʦʜʽʙʥʠʭ ʙʣʦʢʽʚ ʫ ʥʘʧʨʷʤʽ ʧʘʨʘʣʝʣʴʥʦ ʛʨʘʬʝʥʦʚʠʤ ʰʘʨʘʤ, ʱʦ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʻʪʴʩʷ ʽʟ ʚʠʩʥʦʚʢʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʫ ʨʦʙʦʪʽ [7]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʽʟʦʪʝʨʤ ʘʜʩʦʨʙʮʽʾ ʟʜʽʡʩʥʝʥʦ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ 

ʧʦʣʽʤʦʣʝʢʫʣʷʨʥʦʾ ʘʜʩʦʨʙʮʽʾ ɹʨʫʥʘʫʝʨʘ, ɽʤʤʝʪʘ ʽ ʊʝʣʣʝʨʘ (ɹɽʊ). ʇʨʠ ʮʴʦʤʫ 

ʜʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʫ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʧʠʪʦʤʫ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ, ʧʠʪʦʤʠʡ 

ʦʙôʻʤ ʧʦʨ, ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʧʦʨ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʣʷʮʽʾ ʜʣʷ 

ʙʘʛʘʪʦʪʦʯʢʦʚʦʛʦ ʤʝʪʦʜʫ ɹɽʊ. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣ. 2. ʗʢ 

ʚʠʜʥʦ ʟ ʥʝʾ, ʜʣʷ ʩʣʘʙʦʧʦʨʠʩʪʦʛʦ ʚʫʛʽʣʣʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʨʦʟʚʠʪʢʫ ʧʦʨʠʩʪʦʩʪʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʜʘʪʢʦʚʦʾ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ. 

 

  



 120 

ʊʘʙʣʠʮʷ 2 

ʇʘʨʘʤʝʪʨʠ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʙʽʦʚʫʛʣʝʮʽʚ  

ʟʛʽʜʥʦ ʜʘʥʠʭ ʘʜʩʦʨʙʮʽʾ/ʜʝʩʦʨʙʮʽʾ ʘʟʦʪʫ 

 

ɿʨʘʟʦʢ S, m2/g V, cm3/g ὨӶ, nm r, ʚʽʜʥ.ʦʜ. 

ɸɺ0 3,47 1,03 1,2 0,997 

ɸɺ-ʋɿ 4,94 1,42 1,14 0,986 

ɸɺ-ʂʆʅ 532,5 3,11 2,34 0,995 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʜʣʷ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʨʠʩʪʦʾ ʩʪʨʫʢʪʫʨʠ ʙʽʦʚʫʛʣʝʮʽʚ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʭʽʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʋɿ ʚʧʣʠʚʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ 

ʛʨʘʬʽʪʠʟʘʮʽʶ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘʣʝ ʥʝ ʩʧʨʠʯʠʥʶʻ ʩʫʪʪʻʚʦʛʦ ʟʨʦʩʪʘʥʥʷ 

ʧʦʨʠʩʪʦʛʦ ʧʨʦʩʪʦʨʫ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. Yahya M. A., Al-Qodah Z., Ngah C. Z. Agricultural bio-waste materials 

as potential sustainable precursors used for activated carbon production: a 
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ɹʦʨʦʚʠʢ ʇ. ʄ., ʢ. ʝ. ʥ., ʜʦʮʝʥʪ, ʋʜʦʚʝʥʢʦ ɯ. ʆ., ʢ. ʝ. ʥ., ʜʦʮʝʥʪ, 

 ɹʦʨʦʥʘ ʈ. ʆ.  

ʋʤʘʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʘʜʽʚʥʠʮʪʚʘ, ʤ. ʋʤʘʥʴ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɹʃɽʄʀ ɿɽʄʃɽʂʆʈʀʉʊʋɺɸʅʅʗ ʉɽʃʗʅʉʔʂʀʍ 

ɼʆʄʆɻʆʉʇʆɼɸʈʉʊɺ ɺ ʋʂʈɸɰʅɯ 

 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʢʦʥʦʤʽʯʥʠʭ ʨʝʬʦʨʤ ʚ ʋʢʨʘʾʥʽ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʛʨʘʨʥʽ ʫʪʚʦʨʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘʥʽ ʧʦʚʥʦʮʽʥʥʽ ʨʠʥʢʦʚʽ 

ʚʽʜʥʦʩʠʥʠ. ʆʜʥʠʤ ʽʟ ʥʘʩʣʽʜʢʽʚ ʨʝʬʦʨʤʫʚʘʥʥʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʝʢʦʥʦʤʽʢʠ 

ʙʫʣʦ ʩʪʘʥʦʚʣʝʥʥʷ ʦʩʦʙʠʩʪʠʭ ʩʝʣʷʥʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ (ʆʉɻ), ʘʙʦ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʩʽʣʴʩʴʢʦʛʦ ʥʘʩʝʣʝʥʥʷ. ʎʝ ʛʦʩʧʦʜʘʨʩʪʚʘ ʩʽʤʝʡʥʦʛʦ ʪʠʧʫ ʷʢʽ 

ʟʘʡʤʘʶʪʴʩʷ ʚʠʨʦʱʫʚʘʥʥʷʤ ʪʘ ʟʙʫʪʦʤ ʣʠʰʢʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ ʙʝʟ ʩʪʚʦʨʝʥʥʷ ʶʨʠʜʠʯʥʦʾ ʦʩʦʙʠ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɿʘʢʦʥʫ 

ʋʢʨʘʾʥʠ ʚʽʜ 15.05.03 ʨ. ˉ 742-IV çʇʨʦ ʦʩʦʙʠʩʪʝ ʩʝʣʷʥʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦè 

ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʧʨʠʩʘʜʠʙʥʽ ʜʽʣʷʥʢʠ ʫ ʨʦʟʤʽʨʽ ʥʝ ʙʽʣʴʰʝ 2 ʛʘ [1].  

ʇʦʨʷʜ ʽʟ ʮʠʤ, ʫ ʧʨʦʮʝʩʽ ʨʦʟʧʘʶʚʘʥʥʷ ʫʛʽʜʴ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʞʠʪʝʣʽ ʩʽʣ ʦʪʨʠʤʘʣʠ ʧʨʘʚʦ ʥʘ ʚʠʜʽʣʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʯʘʩʪʢʠ 

(ʧʘʶ), ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʨʦʟʤʽʨʠ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ ʆʉɻ ʟʨʦʩʣʠ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, 

ʘʜʞʝ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʫʢʨʘʾʥʩʴʢʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ, ʢʦʞʝʥ ̔ ʟ ʯʣʝʥʽʚ ʩʽʤ`ʾ 

ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʦʪʨʠʤʘʚ ʪʘ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʫʩʧʽʰʥʦ ʨʝʘʣʽʟʫʚʘʚ ʩʚʦʻ ʧʨʘʚʦ ʥʘ ʙʝʟʢʦʰʪʦʚʥʫ 

ʧʨʠʚʘʪʠʟʘʮʽʶ ʟʝʤʝʣʴʥʦʾ ʯʘʩʪʢʠ (ʧʘʶ). ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʦʩʦʙʠʩʪʽ ʩʝʣʷʥʩʴʢʽ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚ ʋʢʨʘʾʥʽ ʚʠʨʦʙʣʷʶʪʴ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ, ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʜʝʨʞʘʚʥʦʛʦ 

ʨʝʛʫʣʶʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʟʘʟʥʘʯʝʥʠʭ ʩʫʙôʻʢʪʽʚ ʘʛʨʘʨʥʠʭ ʚʽʜʥʦʩʠʥ ʻ ʚʘʞʣʠʚʠʤ 

ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʜʝʨʞʘʚʠ. 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚ ʧʦʮʝʩʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʫʛʽʜʴ 

ʩʝʣʷʥʩʴʢʠʤʠ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ ʚʠʥʠʢʣʘ ʥʠʟʢʘ ʧʨʦʙʣʝʤ. ɿʦʢʨʝʤʘ, ʦʜʥʽʻʶ 

ʽʟ ʥʝʜʦʨʝʯʥʦʩʪʝʡ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʝʣʷʥʩʴʢʠʤʠ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʻ ʪʝ, ʱʦ ʯʘʩʪʠʥʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʦʢʨʝʤʠʤ ʆʉɻ, ʥʠʥʽ ʥʝ 

ʦʙʨʦʙʣʷʻʪʴʩʷ ʪʘ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʅʝʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ 

ʧʨʦʪʷʛʦʤ ʢʽʣʴʢʦʭ ʨʦʢʽʚ ʩʧʨʠʯʠʥʷʻ ʟʥʠʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ 

ʨʝʩʫʨʩʽʚ ʘ ʪʘʢʦʞ ʟʘʭʘʨʘʱʝʥʥʷ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ ʙʫʨôʷʥʘʤʠ ʪʘ ʯʘʛʘʨʥʠʢʘʤʠ. 

ɿʘʟʥʘʯʝʥʽ ʟʝʤʝʣʴʥʽ ʫʛʽʜʜʷ, ʚʽʜʥʝʩʝʥʽ ʩʪʘʪʠʩʪʠʯʥʦʶ ʟʚʽʪʥʽʩʪʶ ʜʦ çʧʝʨʝʣʦʛʽʚè 

ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʘʶʪʴ ʨʦʟʩʘʜʥʠʢʘʤʠ ʙʫʨôʷʥʽʚ, ʪʦʙʪʦ ʧʦʨʦʜʞʫʶʪʴ ʥʦʚʽ 

ʧʨʦʙʣʝʤʠ ʜʣʷ ʝʬʝʢʪʠʚʥʠʭ ʟʝʤʣʝʚʣʘʩʥʠʢʽʚ ʽ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʯʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʫʩʽʜʥʽ ʟʝʤʝʣʴʥʽ ʜʽʣʷʥʢʠ. 

ʇʨʦʙʣʝʤʦʶ ʪʘʢʦʞ ʻ ʥʝʜʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʽʩʪʶ ʚʽʪʯʠʟʥʷʥʠʭ ʆʉɻ 
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ʩʽʚʦʟʤʽʥ ʪʘ ʽʥʰʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʠʨʦʱʫʚʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, 

ʧʦʟʘʷʢ ʥʝʟʥʘʯʥʽ ʧʣʦʱʽ ʫʛʽʜʴ ʆʉɻ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʪʠ ʚ ʧʨʦʮʝʩʽ 

ʚʠʨʦʱʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʦʾ ʧʨʦʜʫʢʮʽʾ ʧʦʚʥʦʮʽʥʥʽ ʩʽʚʦʟʤʽʥʠ, ʘ ʥʝʟʥʘʯʥʽ 

ʜʦʭʦʜʠ ʆʉɻ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʾʤ ʥʘʡʥʷʪʠ ʩʧʝʮʽʘʣʽʩʪʘ ʘʛʨʦʥʦʤʽʯʥʦʛʦ ʧʨʦʬʽʣʶ 

ʪʘ ʧʨʦʚʝʩʪʠ ʧʦʚʥʦʮʽʥʥʠʡ ʘʛʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ˇʨʫʥʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʙʽʣʴʰʽʩʪʴ 

ʆʉɻ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʧʨʠʜʙʘʪʠ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʚ ʜʦʩʪʘʪʥʽʡ 

ʢʽʣʴʢʦʩʪʽ, ʘ ʧʦʛʦʣʽʚôʷ ʪʚʘʨʠʥ, ʷʢʠʭ ʚʦʥʠ ʜʦʛʣʷʜʘʶʪʴ, ʥʝ ʚ ʟʤʦʟʽ  ʟʘʙʝʟʧʝʯʠʪʠ 

ʪʘʢʽ ʛʦʩʧʦʜʘʨʩʪʚʘ ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʙʨʠʚʘʤʠ.  

ʈʝʟʫʣʴʪʘʪʦʤ ʚʽʜʤʦʚʠ ʚʽʜ ʦʙʨʦʙʽʪʢʫ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʜʦʪʨʠʤʘʥʥʷ 

ʩʽʚʦʟʤʽʥ ʪʘ ʥʝʚʥʝʩʝʥʥʷ, ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʻ ʟʥʠʞʝʥʥʷ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʽʚ, ʩʢʦʨʦʯʝʥʥʷ ʾʭ ʨʦʜʶʯʦʩʪʽ ʪʘ ʝʨʦʟʽʷ 

ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʂʨʽʤ ʪʦʛʦ, ʥʘʩʣʽʜʢʦʤ ʥʝʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ ʪʘ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʻ ʟʥʠʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʱʝʥʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʇʨʦʙʣʝʤʦʶ ʜʣʷ ʥʝʚʝʣʠʢʠʭ ʨʦʩʣʠʥʥʠʮʴʢʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʨʦʙʽʪ ʪʘ 

ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʫ ʛʦʩʧʦʜʘʨʩʪʚʘʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. 

ʇʝʨʝʣʽʯʝʥʽ ʧʨʦʙʣʝʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʩʽʣʴʩʴʢʠʤʠ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ ʟʫʤʦʚʣʶʶʪʴ ʟʥʠʞʝʥʥʷ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ 

ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ, ʪʘʢ ʽ ʩʽʣʴʛʦʩʧʧʨʦʜʫʢʮʽʾ. ʈʝʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ 

ʦʢʨʝʩʣʝʥʠʭ ʥʘʤʠ ʪʘ ʽʥʰʠʭ ʧʨʦʙʣʝʤ ʷʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʫʛʽʜʴ ʩʝʣʷʥʩʴʢʠʤʠ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ, ʪʘʢ ʽ ʚʟʘʛʘʣʽ ʜʽʷʣʴʥʦʩʪʽ ʆʉɻ, ʷʢ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʨʝʟʫʣʴʪʘʪʠ ʦʢʨʝʤʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʻ ʢʦʦʧʝʨʘʮʽʷ  ʩʝʣʷʥʩʴʢʠʭ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʫ ʤʝʞʘʭ ʦʢʨʝʤʦ ʚʟʷʪʦʛʦ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ [2]. ʃʠʰʝ 

ʦʙôʻʜʥʘʥʥʷ ʆʉɻ ʜʦʟʚʦʣʠʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʣʝʞʥʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʧʽʜʚʠʱʠʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʽʩʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ, ʷʢʘ ʚʠʨʦʱʫʻʪʴʩʷ ʽ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʆʉɻ. ʂʨʽʤ ʪʦʛʦ, ʜʝʨʞʘʚʘ, ʦʩʦʙʣʠʚʦ ʚ ʯʘʩ ʚʽʡʥʠ, ʧʦʚʠʥʥʘ 

ʚʠʚʘʞʝʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʜʘʪʢʦʚʽ ʚʘʞʝʣʽ ʪʘ ʩʪʠʤʫʣʠ ʟ ʤʝʪʦʶ 

ʚʨʝʛʫʣʶʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʥʘʤʠ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʩʝʣʷʥʩʴʢʠʤʠ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤʠ [3, ʩ. 93].  

ʇʽʜʩʫʤʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘʟʥʘʯʠʤʦ, ʱʦ ʣʠʰʝ 

ʢʦʦʧʝʨʘʮʽʷ ʨʦʩʣʠʥʥʠʮʴʢʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʜʦʟʚʦʣʠʪʴ ʚʠʨʽʰʠʪʠ ʙʽʣʴʰʽʩʪʴ 

ʧʨʦʙʣʝʤ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʩʫʙôʻʢʪʽʚ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ. ʇʨʠ 

ʮʴʦʤʫ, ʝʬʝʢʪʠʚʥʠʤ ʚʘʞʝʣʝʤ ʜʝʨʞʘʚʥʦʛʦ ʩʪʠʤʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ 

ʢʦʦʧʝʨʫʚʘʥʥʷ ʨʦʩʣʠʥʥʠʮʴʢʠʭ ʆʉɻ ʤʦʞʝ ʙʫʪʠ ʪʠʤʯʘʩʦʚʝ (ʥʘʧʨʠʢʣʘʜ ï ʥʘ 5 

ʨʦʢʽʚ) ʟʚʽʣʴʥʝʥʥʷ ʚʽʜ ʦʧʦʜʘʪʢʫʚʘʥʥʷ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʢʦʦʧʝʨʘʪʠʚʽʚ 

ʩʝʣʷʥʩʴʢʠʭ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ.  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʇʨʦ ʦʩʦʙʠʩʪʝ ʩʝʣʷʥʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ: ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 

15.05.03 ʨ. ˉ 742-IV. ɹʘʣʘʥʩ ɸʛʨʦ. 2003. ˉ6-2 (54). ʉ. 4-7. 
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2. ʑʫʨʠʢ ʄ. ɺ., ʂʦʪʦʚʘ ʊ. ɺ. ʈʝʛʫʣʶʚʘʥʥʷ ʟʝʤʝʣʴʥʠʭ ʚʽʜʥʦʩʠʥ 

ʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: http//Sturikh_&_Kotova_OSG_Economic_News_ pdffactory.com.ua. 

(ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 14.04.2022). 

3. ɹʦʨʦʚʠʢ ʇ. ʄ. ʇʦʩʠʣʝʥʥʷ ʨʦʣʽ ʧʦʜʘʪʢʦʚʠʭ ʜʞʝʨʝʣ ʫ 

ʬʽʥʘʥʩʫʚʘʥʥʽ ʟʝʤʣʝʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ. ɸʛʨʦɯʥʢʦʤ. 2006. ˉ 9-10. ʉ. 90ï94. 
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ʋɼʂ 628.337 

 

ɹʦʩʶʢ ɸ. ʉ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

ʤ.ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʄʆɾʃʀɺɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ ɿɸʄʂʅʋʊʀʍ ʎʀʂʃɯɺ ʅɸ 

ʄɸʐʀʅʆɹʋɼɯɺʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺɸʍ 

 
ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ï ʦʜʥʘ  ʟ ʛʦʣʦʚʥʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʩʪʽ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ 

ʷʢʦʾ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʥʘʜ ʨʽʚʥʝʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ. ʅʘ ʩʴʦʛʦʜʥʽ, ʚ ʢʨʘʾʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝ ʚʠʨʽʰʝʥʠʤ ʧʠʪʘʥʥʷ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʦʾ ʚʦʜʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʫ ʪ.ʯ. ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ, ʚʽʜ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʜʦʤʽʰʦʢ, ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʋʥʘʩʣʽʜʦʢ ʥʘʜʭʦʜʞʝʥʥʷ ʫ ʚʦʜʦʡʤʠ ʟʽ ʩʪʽʯʥʠʤʠ ʚʦʜʘʤʠ ʰʢʽʜʣʠʚʠʭ 

ʜʦʤʽʰʦʢ ʦʨʛʘʥʽʯʥʦʛʦ ʡ ʥʝʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ. ʉʪʽʯʥʽ ʚʦʜʠ, ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʨʦʟʯʠʥʥʽ ʦʨʛʘʥʽʯʥʽ 

ʨʝʯʦʚʠʥʠ ʘʙʦ ʩʫʩʧʝʥʟʽʾ ʦʨʛʘʥʽʯʥʦʾ ʧʨʠʨʦʜʠ, ʩʧʨʠʷʶʪʴ ʟʥʠʞʝʥʥʶ ʚʤʽʩʪʫ 

ʢʠʩʥʶ ʫ ʚʦʜʽ.  

ɻʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ ʽ ʥʘʧʨʷʤ ʟʘʭʠʩʪʫ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʽʚ ʩʢʠʜʽʚ ʟʘʙʨʫʜʥʝʥʴ ʡ ʧʝʨʝʭʽʜ 

ʧʽʜʧʨʠʻʤʩʪʚ ʜʦ ʨʦʙʦʪʠ ʟʘ ʩʭʝʤʦʶ ʟʘʤʢʥʝʥʦʛʦ ʮʠʢʣʫ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ 

ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʦʯʠʱʝʥʦʾ ʚʦʜʠ.  

ʉʪʽʯʥʽ ʚʦʜʠ ï ʚʦʜʠ, ʷʢʽ ʚʥʘʩʣʽʜʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʥʘ ʧʦʙʫʪʦʚʽ ʘʙʦ ʥʘ 

ʚʠʨʦʙʥʠʯʽ ʧʦʪʨʝʙʠ ʩʫʪʪʻʚʦ ʧʦʛʽʨʰʠʣʠ ʩʚʦʾ ʧʝʨʚʠʥʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʪʘʣʠ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʛʽʜʨʦʩʬʝʨʫ. ɼʦ ʥʠʭ ʪʘʢʦʞ ʥʘʣʝʞʘʪʴ ʚʦʜʠ, ʷʢʽ ʩʪʽʢʘʶʪʴ ʟ ʪʝʨʠʪʦʨʽʡ ʥʘʩʝʣʝʥʠʭ 

ʤʽʩʮʴ, ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʩʽʣʴʩʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʦʣʽʚ ʚʥʘʩʣʽʜʦʢ 

ʚʠʧʘʜʘʥʥʷ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ. 

ʉʪʽʯʥʽ ʚʦʜʠ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʪʨʠ 

ʦʩʥʦʚʥʽ ʢʘʪʝʛʦʨʽʾ: ʚʠʨʦʙʥʠʯʽ ʩʪʽʯʥʽ ʚʦʜʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ 

ʧʨʦʮʝʩʽ; ʧʦʙʫʪʦʚʽ ʩʪʽʯʥʽ ʚʦʜʠ (ʚʽʜ ʩʘʥʽʪʘʨʥʠʭ ʚʫʟʣʽʚ ʚʠʨʦʙʥʠʯʠʭ ʽ 

ʥʝʚʠʨʦʙʥʠʯʠʭ ʧʨʠʤʽʱʝʥʴ, ʚʽʜ ʜʫʰʦʚʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʷʚʥʠʭ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ); ʧʦʚʝʨʭʥʝʚʽ ʩʪʽʯʥʽ ʚʦʜʠ (ʜʦʱʦʚʽ, ʪʘʣʽ ʪʘ 

ʧʦʣʠʚʦʤʠʡʥʽ). 

ʊʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚʽʜʚʝʜʝʥʥʷ ʪʘ ʦʯʠʱʝʥʥʷ ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʝʩʪʠ 

ʦʯʠʩʪʢʫ ʜʦ ʨʽʚʥʷ ʚʠʤʦʛ ʩʢʠʜʫ ʚ ʚʦʜʦʡʤʠʱʘ, ʱʦ ʟʛʫʙʥʦ ʚʧʣʠʚʘʻ ʥʘ ʬʣʦʨʫ ʽ 

ʬʘʫʥʫ, ʰʢʽʜʣʠʚʦ ʜʽʻ ʥʘ ʷʢʽʩʪʴ ʚʦʜʠ, ʚʠʢʣʠʢʘʶʯʠ ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʟʘʤʫʣʝʥʥʷ. 

ɺʠʨʦʙʥʠʯʽ ʪʘ ʧʦʚʝʨʭʥʝʚʽ ʩʪʽʯʥʽ ʚʦʜʠ ʥʝʦʙʭʽʜʥʦ ʧʽʜʜʘʚʘʪʠ ʦʯʠʩʪʮʽ ʥʘ 

ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʝʨʝʜ ʩʢʠʜʘʥʥʷʤ ʫ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʤʝʨʝʞʽ ʘʙʦ ʫ ʚʦʜʥʽ ʦʙ'ʻʢʪʠ. 
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ʂʽʣʴʢʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʟʘʚʦʜʘʭ 

ʢʦʣʠʚʘʻʪʴʩ ̫ʚ ʟʥʘʯʥʠʭ ʤʝʞʘʭ ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ 

ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ. 

ɯʟ ʫʩʽʭ ʚʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʩʪʦʢʠ 

ʛʘʣʴʚʘʥʽʯʥʠʭ ʮʝʭʽʚ ʟʘʙʨʫʜʥʝʥʽ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʦʪʨʫʡʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ, ʧʨʠ ʮʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʜʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘʥʝʩʝʥʥʷ ʛʘʣʴʚʘʥʦʧʦʢʨʠʪʪʷ. 

ɻʘʣʴʚʘʥʽʢʘ ï ʮʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʽ ʭʽʤʽʯʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʥʘ  ʤʘʪʝʨʽʘʣ ʜʣʷ ʥʘʜʘʥʥʷ ʡʦʤʫ ʧʝʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʟʘʭʠʩʥʠʭ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʟʘʭʠʩʥʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ, ʜʝʢʦʨʘʪʠʚʥʠʭ, ʩʧʝʮʽʘʣʴʥʠʭ: 

ʘʥʪʠʬʨʠʢʮʽʡʥʠʭ, ʜʣʷ ʜʦʜʘʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʪʦʱʦ. 

ɺʠʜʠ ʧʦʢʨʠʪʪʷ: ʭʣʦʨʠʩʪʦʘʤʦʥʽʡʥʝ ʢʘʜʤʫʚʘʥʥʷ, ʮʽʘʥʽʩʪʝ ʮʠʥʢʫʚʘʥʥʷ, 

ʮʽʘʥʽʩʪʝ ʤʽʜʥʝʥʥʷ, ʣʫʞʥʝ ʮʠʥʢʫʚʘʥʥʷ, ʣʫʜʽʥʥʷ, ʥʽʢʝʣʶʚʘʥʥʷ ʙʣʠʩʢʫʯʝ 

ʩʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ, ʝʣʝʢʪʨʦʧʦʣʽʨʫʚʘʥʥʷ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ, ʘʥʦʜʫʚʘʥʥʷ 

ʪʚʝʨʜʝ ʩʽʨʯʘʥʦʢʠʩʣʝ, ʘʥʦʜʫʚʘʥʥʷ ʩʽʨʯʘʥʦʢʠʩʣʝ, ʭʽʤʽʯʥʝ ʦʢʩʠʜʫʚʘʥʥʷ ʩʪʘʣʽ, 

ʦʢʩʠʜʥʝ ʬʦʩʬʘʪʫʚʘʥʥʷ, ʢʘʪʦʜʥʝ ʭʨʦʤʘʪʫʚʘʥʥʷ-ʮʽʘʥʽʩʪʝ ʩʨʽʙʣʝʥʥʷ, ʧʦʢʨʠʪʪʷ 

ʩʧʣʘʚʦʤ ʩʚʠʥʝʮʴ-ʽʥʜʽʡ, ʘʥʦʜʫʚʘʥʥʷ ʤʘʛʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʪʚʝʨʜʝ ʭʨʦʤʫʚʘʥʥʷ, 

ʭʽʤʽʯʥʝ ʧʘʩʠʚʫʚʘʥʥʷ ʥʝʨʞʘʚʽʶʯʠʭ ʩʪʘʣʝʡ, ʭʽʤʽʯʥʝ ʧʘʩʠʚʫʚʘʥʥʷ ʤʽʜʥʠʭ 

ʩʧʣʘʚʽʚ, ʘʥʦʜʫʚʘʥʥʷ ʭʨʦʤʦʢʠʩʣʝ, ʟʥʷʪʪʷ ʢʦʨʦʟʽʾ, ʭʽʤʽʯʥʝ ʦʢʩʠʜʫʚʘʥʥʷ 

ʤʘʛʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʭʽʤʽʯʥʝ ʥʽʢʝʣʶʚʘʥʥʷ, ʦʢʩʠʜʫʚʘʥʥʷ ʣʘʪʫʥʽ, ʢʘʜʨʫʚʘʥʥʷ. 

ɼʦ ʥʝʜʦʣʽʢʽʚ ʨʦʙʦʪʠ ʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʛʘʣʴʚʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʣʽʜ 

ʚʽʜʥʝʩʪʠ ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʨʝʘʛʝʥʪʽʚ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʚʠʪʨʘʪʠ ʥʘ ʾʭʥʶ ʟʘʢʫʧʽʚʣʶ, 

ʧʦʪʨʝʙʫ ʚ ʟʥʘʯʥʠʭ ʧʣʦʱʘʭ ʜʣʷ ʨʝʘʛʝʥʪʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʚʪʦʨʠʥʥʝ 

ʟʘʙʨʫʜʥʝʥʥʷ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʥʝ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʛʨʘʥʠʯʥʦʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʠ ʩʢʠʜʽ ʦʯʠʱʝʥʠʭ 

ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʚʦʜʦʡʤʠ ʨʠʙʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʆʩʥʦʚʥʘ ʤʝʪʘ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʦʯʠʩʪʢʠ ï ʟʥʠʞʝʥʥʷ ʚʤʽʩʪʫ ʚʘʞʢʠʭ 

ʤʝʪʘʣʽʚ ʜʦ ʟʥʘʯʝʥʴ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʟʜʽʡʩʥʶʚʘʪʠ ʩʢʠʜ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʚ ʤʽʩʴʢʫ ʢʘʥʘʣʽʟʘʮʽʶ ʘʙʦ ʧʦʚʝʨʥʝʥʥʷ 

ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʫ ʛʘʣʴʚʘʥʽʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. 

ʈʘʮʽʦʥʘʣʴʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʟʘʤʢʥʝʥʽ ʩʠʩʪʝʤʠ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʠ ʷʢʠʭ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʩʢʠʜ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʚʦʜʦʡʤʠ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʧʦʙʽʛʪʠ ʚʪʨʘʪʽ ʮʽʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʘ ʩʧʦʞʠʚʘʥʥʷ ʩʚʽʞʦʾ ʚʦʜʠ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʦʧʦʚʥʝʥʥʷ ʥʝʚʽʜʥʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʪʨʘʪ 

ʚʦʜʠ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʇʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʅʘʚʯʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ. ʏ2 : ʄʝʪʦʜʠ 

ʦʯʠʱʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ / [ʇʝʪʨʫʢ ɺ. ɻ., ʉʝʚʝʨʠʥ ʃ. ɯ., ɺʘʩʠʣʴʢʽʚʩʴʢʠʡ ɯ. ɺ., 

ɹʝʟʚʦʟʶʢ ɯ. ɯ.]. ɺʽʥʥʠʮʷ : ɺʅʊʋ, 2014. 254 ʩ. 
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ɹʨʝʜʫʥ ɺ. ɯ., ʢ. ʪ. ʥ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ 

 

ʄɽʊʆɼʆʃʆɻɯʏʅɯ ʆʉʅʆɺʀ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʈʆɿɺʀʊʂʋ 

ʃʆɻɯʉʊʀʏʅʆɰ ʉʊʈʋʂʊʋʈʀ ʈɽɻɯʆʅɸʃʔʅʀʍ ʉʀʉʊɽʄ 

ʇʆɺʆɼɾɽʅʅʗ ɿ ɺɯɼʍʆɼɸʄʀ  

 

ɼʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʣʦʛʽʩʪʠʯʥʠʭ ʩʭʝʤ ʟʙʦʨʫ ʤʫʥʽʮʠʧʘʣʴʥʠʭ, ʫ ʪ.ʯ. ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʾ, ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. ʆʧʪʠʤʘʣʴʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʣʦʛʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʦʞʣʠʚʦ ʧʨʠ ʨʦʟʫʤʽʥʥʽ ʪʝʥʜʝʥʮʽʡ ʾʾ ʨʦʟʚʠʪʢʫ ʫ 

ʧʨʦʛʥʦʩʪʠʯʥʦʤʫ ʧʝʨʽʦʜʽ, ʦʙʫʤʦʚʣʝʥʠʭ ʩʧʝʮʠʬʽʢʦʶ ʨʝʛʽʦʥʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʅʘ ʜʘʥʠʡ ʧʝʨʽʦʜ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠʢʠ ʨʦʟʨʦʙʢʠ ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ  

ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʟʘ ʚʽʜʦʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ [1]. ʆʜʥʘʢ, ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʫʤʦʚʣʝʥʦʛʦ 

ʚʟʘʻʤʦʜʽʻʶ ʢʦʤʧʣʝʢʩʫ ʩʦʮʽʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ 

ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʛʽʦʥʘʣʴʥʠʭ ʫʤʦʚ. 

ɸʥʘʣʽʟ ʢʦʥʮʝʧʮʽʡ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʛʽʦʥʘʣʴʥʦʾ 

ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ 

ʘʢʪʫʘʣʴʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʟʽ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʨʦʝʢʪʽʚ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʾʭ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʽ ʪʠʧʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʾ ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ  ʧʨʦʮʝʩʫ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ ʨʝʛʽʦʥʽ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʽʯʥʘ ʩʭʝʤʘ ʧʨʦʮʝʩʫ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʨʠʩ. 1). ʆʩʦʙʣʠʚʽʩʪʶ 

ʜʘʥʦʾ ʩʭʝʤʠ ʻ ʚʨʘʭʫʚʘʥʥʷ ʚʩʽʭ ʘʩʧʝʢʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʛʽʦʥʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ  ʙʘʟʫʶʪʴʩʷ ʥʘ: ʜʝʪʘʣʴʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦ-

ʛʝʥʝʪʠʯʥʦʤʫ ʪʘ ʬʘʢʪʦʨʥʦʤʫ ʘʥʘʣʽʟʽ ʢʦʥʮʝʧʮʽʡ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʧʝʨʝʜʙʘʯʝʥʠʭ 

ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʧʣʘʥʘʤʠ; ʚʠʟʥʘʯʝʥʥʽ ʪʠʧʫ ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʦʙʫʤʦʚʣʝʥʦʛʦ ʫʨʙʘʥʽʩʪʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʨʝʛʽʦʥʫ; 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚ ʨʝʛʽʦʥʽ ʪʘ ʚʩʪʘʥʦʚʣʝʥʥʽ ʢʨʠʪʝʨʽʾʚ 

ʚʢʣʶʯʝʥʥʷ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʜʦ ʣʦʛʽʩʪʠʯʥʠʭ ʩʭʝʤ; ʧʨʦʛʥʦʟʽʚ ʦʙʩʷʛʽʚ 

ʧʝʨʝʚʝʟʝʥʴ; ʚʩʪʘʥʦʚʣʝʥʽ ʢʨʠʪʝʨʽʾʚ ʚʠʙʦʨʫ ʪʨʘʥʩʧʦʨʪʫ, ʚʠʟʥʘʯʝʥʥʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʚʠʜʦʚʦʾ ʙʘʟʠ ʩʤʽʪʪʻʚʦʟʽʚ; ʘʥʘʣʽʟʽ ʤʘʨʰʨʫʪʽʚ ʦʩʥʦʚʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ,  ʢʨʠʪʝʨʽʾʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʧʨʦʮʝʩʽʚ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ ʦʙʣʘʩʪʽ ʽ ʧʣʘʥʽʚ ʾʾ ʤʦʜʝʨʥʽʟʘʮʽʾ.  
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ʈʠʩ.1. ʄʝʪʦʜʦʣʦʛʽʷ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʟʚʠʪʢʫ ʣʦʛʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʝʛʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1.  ʅʘʢʘʟ ʄʽʥʽʩʪʝʨʩʪʚʘ ʝʢʦʣʦʛʽʾ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ˉ142 ʚʽʜ 

12.04.2019 ʟʽ ʟʤʽʥʘʤʠ ʚʽʜ 10.09.2021 ʅʘʢʘʟ ˉ586 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʄʝʪʦʜʠʯʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʟ ʨʦʟʨʦʙʣʝʥʥʷ ʨʝʛʽʦʥʘʣʴʥʠʭ ʧʣʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠè. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ð ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://zakon.rada.gov.ua/rada/show/v0142737-19#Text  
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ʋɼʂ 504.656 

 

ɹʨʝʜʫʥ ɺ. ɯ., ʢ. ʪ. ʥ., 

ʄʠʢʦʣʘʡʯʠʢ ʊ. ɯ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ 

 

ɺʇʃʀɺ ɼɽʄʆɻʈɸʌɯʏʅʀʍ ʏʀʅʅʀʂɯɺ ʅɸ 

ʌʆʈʄʋɺɸʅʅʗ ʃʆɻɯʉʊʀʏʅʆɰ ʉʊʈʋʂʊʋʈʀ ʊɸ 

ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ʉʀʉʊɽʄʀ 

ʇʆɺʆɼɾɽʅʅʗ ɿ ɺɯɼʍʆɼɸʄʀ ʋ ʆʇɯʐʅʗʅʉʔʂɯʁ ʊɻ 
 

ɺʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʟ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʥʘ ʨʽʚʥ ̔

ʦʢʨʝʤʦʾ ʛʨʦʤʘʜʠ ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ ʚ ʨʘʤʢʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʚʩʽʻʾ ʩʠʩʪʝʤʠ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʦʙʣʘʩʪʽ. ɼʣʷ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ 

ʚʽʜʭʦʜʘʤʠ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʣʦʛʽʩʪʠʯʥʠʭ ʩʭʝʤ ʟʙʦʨʫ ʤʫʥʽʮʠʧʘʣʴʥʠʭ, ʫ ʪ.ʯ. 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ, ʻ ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʢʦʥʦʤʽʯʥʦʾ, 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ. 

ʉʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ ʽʟ ʥʘʩʝʣʝʥʠʭ ʤʽʩʮʴ ʤʦʞʫʪʴ ʙʫʪʠ 

ʨʝʘʣʽʟʦʚʘʥʽ ʟʘ ʨʽʟʥʠʤʠ ʩʮʝʥʘʨʽʷʤʠ ʟʘʣʝʞʥʦ ʚʽʜ ʤʽʩʮʝʚʠʭ ʫʤʦʚ (ʚʝʣʠʢʦʩʪʽ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʱʽʣʴʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʫ ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʡ, ʢʽʣʴʢʦʩʪʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʠʭ ʩʠʩʪʝʤʦʶ ʞʠʪʝʣʽʚ, ʥʘʷʚʥʦʩʪʽ ʪʘ ʭʘʨʘʢʪʝʨʫ ʤʽʩʮʴ ʢʦʤʧʘʢʪʥʦʾ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʚʽʜʜʘʣʝʥʦʩʪʽ ʦʙ'ʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʱʦʜʦ ʧʦʚʦʜʞʝʥʥʷ 

ʟ ʚʽʜʭʦʜʘʤʠ ʚʽʜ ʤʽʩʮʴ ʾʭ ʫʪʚʦʨʝʥʥʷ, ʥʘʷʚʥʦʩʪʽ ʨʝʟʝʨʚʥʠʭ ʪʝʨʠʪʦʨʽʡ, 

ʝʢʦʥʦʤʽʯʥʠʭ, ʩʦʮʽʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʫʤʦʚ ʪʦʱʦ) ʫ ʚʠʛʣʷʜʽ ʷʢ ʧʨʷʤʦʛʦ, ʪʘʢ ʽ 

ʜʚʦʝʪʘʧʥʦʛʦ ʪʘ ʟʤʽʰʘʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʥʘ ʨʽʚʥʽ ʦʙʣʘʩʪʽ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʝʮʠʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʦʢʨʝʤʠʭ ʛʨʦʤʘʜ. ʆʙôʻʢʪʦʤ 

ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʫ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʚʽʜʭʦʜʘʤʠ ʫ ʆʧʽʰʥʷʥʩʴʢʽʡ ʛʨʦʤʘʜʽ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ.  

ʗʢ ʽ ʙʽʣʴʰʽʩʪʴ ʛʨʦʤʘʜ ʦʙʣʘʩʪʽ, ʆʧʽʰʥʷʥʩʴʢʘ ʛʨʦʤʘʜʘ ʤʘʻ ʩʝʣʠʱʥʦ-

ʩʽʣʴʩʴʢʠʡ ʪʠʧ ʣʦʛʽʩʪʠʯʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ, ʱʦ 

ʩʫʪʪʻʚʠʤ ʯʠʥʦʤ ʚʧʣʠʚʘʻ ʥʘ ʬʘʢʪʦʨʠ ʬʦʨʤʫʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ. ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʻ ʜʝʤʦʛʨʘʬʽʯʥʘ 

ʩʠʪʫʘʮʽʷ ʫ ʛʨʦʤʘʜʽ. ɺʦʥʘ ʧʨʷʤʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʛʥʦʟʥʽ ʦʙôʻʤʠ ʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʝʨʝʚʝʟʝʥʥʷ ʊʇɺ. ɿʛʽʜʥʦ ʜʘʥʠʭ [1] ʢʦʝʬʽʮʽʻʥʪ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʟ 

2022 ʨʦʢʫ ʥʘ 2025 ʪʘ 2030 ʨʦʢʠ, ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 

0,964 ʪʘ 0,921. ʊʘʢʠʤ ʯʠʥʦʤ, ʽʩʥʫʻ ʩʪʽʡʢʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʦʙʣʘʩʪʽ. ɼʘʥʘ ʪʝʥʜʝʥʮʽʷ ʮʽʣʢʦʤ ʚʣʘʩʪʠʚʘ ʽ ʜʣʷ ʆʧʽʰʥʷʥʩʴʢʦʾ 

ʛʨʦʤʘʜʠ. ʗʢ ʥʘʩʣʽʜʦʢ ï ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʤʝʥʰʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ-ʧʨʦʛʥʦʟ ʢʽʣʴʢʦʩʪʽ ʊʇɺ ʥʘ 2025 ʪʘ 2030 ʨʦʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 
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ʜʘʥʽ ʧʨʦʛʥʦʟʦʚʘʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʜʘʻ ʥʘʩʪʫʧʥʽ ʦʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ ʥʘ ʨʽʢ: 2025 ʨʽʢ ï 2437,03 ʪ; 2030 ʨʽʢ ï 2330,02 ʪ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ, ʦʙʫʤʦʚʣʝʥʠʤ ʜʝʤʦʛʨʘʬʽʯʥʠʤʠ 

ʯʠʥʥʠʢʘʤʠ ʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. ʎʝ 

ʟʤʝʥʰʝʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʥʘʩʣʽʜʢʠ ʫʨʙʘʥʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʣʠʩʷ ʥʘ 

ʋʢʨʘʾʥʽ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʨʽʯʯʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʩʪʘʣʦ ʟʤʝʥʰʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦ 

ʥʘʩʝʣʝʥʥʷ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʥʘ ʪʝʨʠʪʦʨʽʾ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʽʩʥʫʻ ʟʥʘʯʥʘ 

ʢʽʣʴʢʽʩʪʴ ʩʽʣ, ʚ ʷʢʠʭ ʤʘʡʞʝ ʥʝ ʟʘʣʠʰʠʣʦʩʴ ʥʘʩʝʣʝʥʥʷ. ʅʘ ʪʝʨʠʪʦʨʽʾ 

ʆʧʽʰʥʷʥʩʴʢʦʾ ʛʨʦʤʘʜʠ ʟʘ ʜʘʥʠʤʠ [2] ʟ 30 ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ 9 ʤʘʶʪʴ 

ʢʽʣʴʢʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʤʝʥʰʝ 10 ʦʩʽʙ (ʩʝʣʘ ɼʽʙʨʦʚʘ, ʗʙʣʫʯʥʝ, ɹʝʟʨʫʢʠ, 

ʍʠʞʥʷʢʽʚʢʘ, ɹʘʙʘʥʩʴʢʝ, ɿʘʾʢʠ, ʂʣʠʤʝʥʢʠ, ʂʦʣʴʯʝʥʢʠ, ʇʨʫʛʣʠ), ʽ ʮʝ 

ʧʝʨʝʚʘʞʥʦ ʣʶʜʠ ʛʣʠʙʦʢʦʛʦ ʧʝʥʩʽʡʥʦʛʦ ʚʽʢʫ. ʎʽ ʩʝʣʘ ʥʝ ʤʘʶʪʴ ʥʽ ʚʠʨʦʙʥʠʯʦʾ 

ʥʽ ʩʦʮʽʘʣʴʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʩʠʩʪʝʤʠ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʥʘ ʨʽʚʥʽ ʛʨʦʤʘʜʠ ʚ ʩʫʯʘʩʥʦʤʫ ʧʝʨʽʦʜʽ ʚʢʣʶʯʝʥʥʷ 

ʜʘʥʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʜʦ ʩʭʝʤ ʩʘʥʽʪʘʨʥʦʾ ʦʯʠʩʪʢʠ ʻ ʝʢʦʥʦʤʽʯʥʦ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ. ʋ ʧʝʨʩʧʝʢʪʠʚʥʦʤʫ ʧʝʨʽʦʜʽ ʧʣʘʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʆʧʽʰʥʷʥʩʴʢʦʾ ʪʝʨʠʪʦʨʽʘʣʴʥʦʾ ʛʨʦʤʘʜʠ ʚ ʨʘʤʢʘʭ 

ʨʝʘʣʽʟʘʮʽʾ ʈʇʋɺ [1]  ʚʠʱʝ ʟʛʘʜʘʥʽ 9 ʩʽʣ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʣʶʯʝʥʽ ʽʟ ʩʭʝʤʠ. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʪʘʢʦʛʦ ʨʽʰʝʥʥʷ ʻ:  

- ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʡʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʦʢʘʟʥʠʢ ʦʙʩʷʛʽʚ 

ʧʝʨʝʚʝʟʝʥʥʷ ʊʇɺ; 

- ʚʨʘʭʦʚʫʶʯʠ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʥʘ 
ʪʝʨʠʪʦʨʽʾ ʛʨʦʤʘʜʠ, ʾʭ ʚʠʢʣʶʯʝʥʥʷ ʽʟ ʣʦʛʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʟʚʝʜʝ ʜʦ 

ʩʫʪʪʻʚʦʛʦ ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʤʘʨʰʨʫʪʽʚ ʩʤʽʪʪʻʟʙʠʨʘʣʴʥʠʭ ʤʘʰʠʥ. 

ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʜʝʤʦʛʨʘʬʽʯʥʠʭ ʪʝʥʜʝʥʮʽʡ ʫ 

ʛʨʦʤʘʜʽ ʚ ʛʨʫʧʫ ʥʠʟʴʢʦʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʪʨʘʧʣʷʶʪʴ ʪʘʢʦʞ ʩʝʣʘ ɼʨʘʥʠ, 

ʃʘʚʨʠʥʮʽ, ʂʠʨʷʢʦʚʝ. 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʧʦʪʝʥʮʽʡʥʦʛʦ ʟʥʠʞʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʠʜʘʣʝʥʥʷ ʊʇɺ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʚʣʘʩʥʦʤʫ 

ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʽ ʫ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ. ɺ ʨʘʤʢʘʭ ʦʙʣʘʩʪʽ, ʟʘ ʜʘʥʠʤʠ [1], 

ʚʘʛʘ ʜʘʥʦʛʦ ʬʘʢʪʦʨʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʜʦ 12,33% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʊʇɺ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʣʠʱʥʦ-ʩʽʣʴʩʴʢʠ ʪʠʧ ʫʨʙʘʥʽʩʪʠʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʛʨʦʤʘʜʠ 

ʪʘ ʾʾ ʜʝʤʦʛʨʘʬʽʯʥ ̔ʧʦʢʘʟʥʠʢʠ ʻ ʦʜʥʠʤ ʟ ʚʘʛʦʤʠʭ ʯʠʥʥʠʢʽʚ ʫ ʬʦʨʤʫʚʘʥʥʽ 

ʩʪʨʫʢʪʫʨʠ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʣʦʛʽʩʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʚʝʨʜʠʤʠ ʧʦʙʫʪʦʚʠʤʠ ʚʽʜʭʦʜʘʤʠ 

ʆʧʽʰʥʷʥʩʴʢʦʾ ʛʨʦʤʘʜʠ, ʦʩʦʙʣʠʚʦ ʫ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʨʝʘʣʽʟʘʮʽʾ ʈʇʋɺ 

ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʜʦ 2030 ʨʦʢʫ.  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʈʝʛʽʦʥʘʣʴʥʠʡ ʧʣʘʥ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ  ʜʦ 

2030 ʨʦʢʫ. ʇʦʣʪʘʚʘ, 2021. 

2. ʆʧʽʰʥʷʥʩʴʢʘ ʛʨʦʤʘʜʘ. ʂʘʨʪʢʘ ʛʨʦʤʘʜʠ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://opishnya.gromada.org.ua /structure 
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ɹʫʜʥʽʢ ʉ. ɺ., ʜ. ʛʝʦʛʨ. ʥ., ʩʪ. ʥ. ʩ., 

ʎʝʥʪʨʘʣʴʥʘ ʛʝʦʬʽʟʠʯʥʘ ʦʙʩʝʨʚʘʪʦʨʽʷ ʽʤ. ɹ. ʉʨʝʟʥʝʚʩʴʢʦʛʦ, ʤ.ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ɿʄɯʅʀ ʂʃɯʄɸʊʋ:  ʅɸʉʃɯɼʂʀ ʊɸ ʇʈʆʊʀɼɯʗ 

  

 ɿʤʽʥʠ ʢʣʽʤʘʪʫ ʥʘ ʟʝʤʥʽʡ ʢʫʣʽ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʚʠʢʣʠʢʘʶʪʴ 

ʧʝʨʝʨʦʟʧʦʜʽʣ ʪʝʧʣʘ ʽ ʚʦʣʦʛʠ ʧʦ ʪʝʨʠʪʦʨʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʤʽʩʮʷʤʠ ʜʦ 

ʥʘʜʤʽʨʥʦʛʦ ʚʠʩʫʰʝʥʥʷ ʟʝʤʝʣʴ, ʘ ʤʽʩʮʷʤʠ ʜʦ ʨʘʧʪʦʚʠʭ ʩʠʣʴʥʠʭ ʧʦʚʝʥʝʡ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʣʽʤʘʪʫ ʫ ʧʨʦʩʪʦʨʽ ʪʘ ʯʘʩʽ ʧʨʦʚʦʜʠʣʦʩʷ ʪʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʪʽʡʥʦ ʽ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʟʝʤʥʦʾ ʢʫʣʽ ʪʘ ʋʢʨʘʾʥʠ ʚ ʪʦʤʫ 

ʯʠʩʣʽ [1, 3, 6, 9, 10]. ʈʝʟʫʣʴʪʘʪʠ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʥʘʭʦʜʷʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʨʽʟʥʠʭ ʤʦʜʝʣʷʭ ʪʘ ʧʨʦʛʥʦʩʪʠʯʥʠʭ ʩʭʝʤʘʭ ʙʘʛʘʪʴʦʭ ʟʚʽʪʽʚ ʪʘ ʧʦʩʽʙʥʠʢʽʚ, ʷʢ 

ʱʦʜʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʩʣʽʜʢʽʚ, ʪʘʢ ʽ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʠʭ ʪʝʨʠʪʦʨʽʡ ʪʘ ʥʘʩʝʣʝʥʥʷ 

ʪʦʱʦ [9, 7 ʪʘ ʽʥ.].  ɿʤʽʥʠ ʢʣʽʤʘʪʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʚʠʷʚʣʷʶʪʴʩʷ ʫ 

ʟʨʦʩʪʘʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʢʽʣʴʢʦʩʪʽ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʪʘ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʷʢ ʟ ʚʦʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʘʢ ʽ ʟ ˇʨʫʥʪʫ [2, 4]. ɿʘʛʘʣʦʤ ʚ ʋʢʨʘʾʥʽ 

ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʦʣʦʛʽʩʥʦʛʦ ʨʝʞʠʤʫ ʤʽʞ 

ʜʝʩʷʪʠʣʽʪʪʷʤʠ ʢʽʥʮʷ ʍʍ ʪʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. [6]. 

 ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ ʟʤʽʥʫ ʷʢ ʩʝʨʝʜʥʽʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʣʽʤʘʪʫ, ʪʘʢ ʽ ʝʢʩʪʨʝʤʘʣʴʥʠʭ (ʤʘʢʩʠʤʘʣʴʥʠʭ ʪʘ ʤʽʥʽʤʘʣʴʥʠʭ ʾʭ ʟʥʘʯʝʥʴ). ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʥʘ ʤʝʪʝʦʩʪʘʥʮʽʾ ʉʘʨʥʠ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʙʽʣʴʰ ʚʠʨʘʟʥʝ, ʪʦʜʽ ʷʢ ʟʤʽʥʘ ʘʙʩʦʣʶʪʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ 

ʟʘ ʨʽʢ ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ ʙʽʣʴʰ ʚʠʨʘʟʥʠʭ ʪʠʤʯʘʩʦʚʠʭ ʮʠʢʣʽʚ ʥʘ ʪʣʽ ʟʨʦʩʪʘʥʥʷ 

ʚ ʯʘʩʽ. ɸʙʩʦʣʶʪʥʽ ʤʘʢʩʠʤʫʤ ʽ ʤʽʥʽʤʫʤ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʟʙʽʣʴʰʫʶʪʴʩʷ, ʘ 

ʨʽʟʥʠʮʷ ʤʽʞ ʥʠʤʠ ʟʤʝʥʰʫʻʪʴʩʷ. ɿʤʝʥʰʫʻʪʴʩʷ ʩʝʨʝʜʥʷ ʪʘ ʤʽʥʽʤʘʣʴʥʘ 

ʚʽʜʥʦʩʥʘ ʚʦʣʦʛʽʩʪʴ ʧʦʚʽʪʨʷ ʟʘ ʨʽʢ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʧʘʜʽʚ 

ʟʘ ʨʽʢ. ʄʘʢʩʠʤʘʣʴʥʘ ʜʦʙʦʚʘ ʢʽʣʴʢʽʩʪʴ ʘʪʤʦʩʬʝʨʥʠʭ ʦʧʘʜʽʚ ʧʦʢʘʟʫʻ ʥʘʷʚʥʽʩʪʴ 

ʜʝʷʢʦʾ ʮʠʢʣʽʯʥʦʩʪʽ ʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʝʚʝʣʠʢʠʡ ʨʽʩʪ ʫ ʯʘʩʽ, ʧʨʠʯʦʤʫ ʫ ʨʘʟʽ 

ʚʠʧʘʜʘʥʥʷ ʜʦʱʫ ʟʘ ʜʦʙʫ ʚʠʧʘʜʘʻ ʦʧʘʜʽʚ ʤʝʥʰʝ 50 ʤʤ ʫ 80% ʚʠʧʘʜʢʽʚ. 

 ʄʘʢʩʠʤʘʣʴʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʧʘʜʽʚ ʤʘʻ ʜʝʷʢʽ ʮʠʢʣʽʯʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʯʘʩʽ. 

ʋ ʩʣʽʜ ʟʘ ʟʤʽʥʦʶ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʟʚʦʣʦʞʝʥʥʷ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘ ʛʽʜʨʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʽʯʦʢ [2,4], ʱʦ 

ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚ ʧʝʨʝʨʦʟʧʦʜʽʣʽ ʩʪʦʢʫ ʨʽʯʦʢʢ ʧʦ ʩʝʟʦʥʘʭ ʨʦʢʫ, ʟʤʝʥʰʝʥʥʽ 

ʤʘʢʩʠʤʫʤʽʚ ʩʪʦʢʫ, ʘ ʦʪʞʝ ʧʦʨʫʰʝʥʥʷ ʨʝʞʠʤʫ ʩʪʦʢʫ ʥʘʥʦʩʽʚ, ʱʦ ʩʢʣʘʚʩʷ. ʅʘ 

ʪʣʽ ʟʘʤʫʣʝʥʥʷ ʨʽʯʦʢ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʤʫʪʥʦʩʪʽ ʚʦʜʠ. 

ɿʤʽʥʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ, ʚʽʜʙʠʚʘʶʪʴʩʷ ʥʘ ʤʽʢʨʦʢʣʽʤʘʪʽ ʷʢ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ ʪʘʢ ʽ ʪʝʨʠʪʦʨʽʡ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ. 

ʈʽʩʪ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʚʽʜʩʪʘʚʘʥʥʷ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʢʦʣʝʢʪʦʨʥʦʾ 

ʤʝʨʝʞʽ ʚ ʥʠʭ, ʧʦʙʫʜʦʚʘʥʦʾ ʦʨʽʻʥʪʫʶʯʠʩʴ ʥʘ ʚʝʣʠʯʠʥʠ ʟʣʠʚ, ʱʦ 

ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ 40-50 ʨʦʢʽʚ ʪʦʤʫ, ʥʘ ʪʣʽ ʢʦʣʠʚʘʥʴ ʢʣʽʤʘʪʫ ʚʠʢʣʠʢʘʶʪʴ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʩʘʤʠʭ ʧʨʠʥʮʠʧʽʚ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʾ, ʷʢ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ, ʪʘʢ ʽ ʪʝʨʠʪʦʨʽʾ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ ʚʟʘʛʘʣʽ [3].  
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ʆʩʥʦʚʥʽ ʧʠʪʘʥʥʷ, ʷʢʽ ʥʘʣʝʞʠʪʴ ʚʠʨʽʰʠʪʠ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʨʠʪʦʨʽʾ 

ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʫ ʟʚ'ʷʟʢʫ ʟ ʥʘʩʣʽʜʢʘʤʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʣʝʞʘʪʴ ʫ ʧʣʦʱʠʥʽ 

ʟʥʠʞʝʥʥʷ ʥʘʩʣʽʜʢʽʚ ʚʽʜ ʥʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʪʘ ʾʭ ʟʘʪʦʧʣʝʥʥʷ ʧʨʠ 

ʽʥʪʝʥʩʠʚʥʠʭ ʟʣʠʚʘʭ. 

ʅʘʛʨʽʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʦʙʨʝ ʟʤʝʥʰʫʻ ʜʝʨʝʚʥʘ ʨʦʩʣʠʥʥʽʩʪʴ, ʱʦ ʜʦʙʨʝ 

ʟʘʨʝʢʦʤʝʥʜʫʚʘʣʘ ʩʝʙʝ ʚ ʮʴʦʤʫ ʟʚ'ʷʟʢʫ ʚ ʨʽʟʥʠʭ ʧʨʠʨʦʜʥʠʭ ʟʦʥʘʭ ʩʚʽʪʫ [7]. 

ʆʜʥʘʢ, ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʛʨʽʚʫ ʧʦʚʝʨʭʦʥʴ ʫ ʤʽʩʪʘʭ ʩʪʚʦʨʶʻ ʪʨʫʜʥʦʱʽ ʚ 

ʽʩʥʫʚʘʥʥʽ ʥʘʩʘʜʞʝʥʴ ʫ ʥʠʭ. ɯ ʪʫʪ ʫ ʥʘʛʦʜʽ ʙʫʜʝ ʜʦʩʚʽʜ ʧʦ ʚʠʨʦʱʫʚʘʥʥʶ 

ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ ʫ ʩʪʝʧʫ, ʱʦ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ɺ. ɼʦʢʫʯʘʻʚʠʤ ʡ ʪʨʠʚʘʣʠʡ 

ʯʘʩ ʧʽʜʪʨʠʤʫʚʘʚʩʷ ʂ. ʖʥʽʮʢʽʤ (ʥʘ ʜʘʥʠʡ ʯʘʩ ʮʝʡ ʦʙôʻʢʪ ʤʘʻ ʥʘʟʚʫ 

ʙʦʪʘʥʽʯʥʠʡ ʟʘʢʘʟʥʠʢ ʽʤ. ʂ. ʖʥʠʮʴʢʦʛʦ), ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʟʘʛʘʪ, ʱʦ ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ʧʦʧʝʨʝʜʞʫʚʘʣʠ ʨʦʟʚʠʪʦʢ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʩʭʠʣʦʚʠʭ 

ʟʝʤʣʷʭ, ʘ ʟ ʽʥʰʦʛʦ ï ʩʪʚʦʨʶʚʘʣʠ ʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʟʚʦʣʦʞʝʥʥʷ 

ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʠʩʪʝʤ ʟʝʤʣʝʨʦʙʩʪʚʘ ʡ 

ʦʨʛʘʥʽʟʘʮʽʡ ʪʝʨʨʠʪʦʨʽʾ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʶʪʴ ʧʦʢʨʘʱʝʥʥʶ 

ʤʽʢʨʦʢʣʽʤʘʪʫ, ʟʙʝʨʝʞʝʥʥʶ ʚʦʣʦʛʠ ʫ ʛʨʫʥʪʽ ʡ ʨʦʜʶʯʦʩʪʽ ʛʨʫʥʪʽʚ [5, 8]. 

ɯʟ ʚʠʨʽʰʝʥʥʷʤ ʧʠʪʘʥʴ ʧʨʦ ʚʽʜʚʝʨʪʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʪʝʨʠʪʦʨʽʡ 

ʩʧʨʘʚʘ  ʡʜʝ ʚʘʞʯʝ. ʇʨʠ  ʚʠʢʦʨʠʩʪʘʥʥʽ  ʧʨʦʪʠʝʨʦʟʽʡʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ  

ʪʝʨʠʪʦʨʽʾ  ʜʣʷ  ʚʽʜʚʝʨʪʘʥʥʷ ʟʘʪʦʧʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʥʝʦʙʭʽʜʥʦ: 

1. ʈʦʟʙʠʪʪʷ  ʥʘʩʝʣʝʥʦʛʦ  ʧʫʥʢʪʫ  ʥʘʝʣʝʤʝʥʪʘʨʥʽ  ʚʦʜʦʟʙʽʨʥʽ  ʜʽʣʷʥʢʠ (ʚ

ʠʟʥʘʯʝʥʥʷ ʚʦʜʦʜʽʣʽʚ  ̔ʥʘʧʨʷʤʽʚ ʩʪʦʢʫ).  

2. ʆʙʯʠʩʣʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ  ʜʦʱʽʚ  ʧʦ  ʥʘʡʙʣʠʞʯʠʭ 

ʤʝʪʝʦʩʪʘʥʮʽʷʭ, ʱʦ  ʦʙʣʘʜʥʘʥʽ ʧʣʶʚʽʦʛʨʘʬʘʤʠ. 

3. ɺʠʟʥʘʯʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ ʚʦʜʦʟʙʦʨʘʭ  ʚʽʜʩʦʪʢʘ  ʧʣʦʱ  ʟ̔ ʨʽʟʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʧʦʚʝʨʭʥʽ (ʜʽʣʷʥʢʠ ʟʝʤʣʽ, ʜʘʭʫ, ʘʩʬʘʣʴʪ ʪʦʱʦ), ʜʦʚʞʠʥʠ 

 ̔ʫʭʠʣʽʚ ʩʭʠʣʽʚ.  

4. ʈʦʟʨʘʭʫʥʦʢ ʧʦʪʝʥʮʽʡʥʦʛʦ ʩʪʦʢʫ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠʭ  ʜʽʣʷʥʢʘʭ  ʧʦ  ʦʜʥʽ

ʡ  ʘʙʦ ʜʝʢʽʣʴʢʦʭ  ʽʩʥʫʶʯʠʭ  ʤʝʪʦʜʠʢʘʭ  ʨʦʟʨʘʭʫʥʢʫ 

ʩʪʦʢʫ  ʟ  ʤʘʣʠʭ  ʚʦʜʦʟʙʦʨʽʚ  [5,8]. ɺʠʟʥʘʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʦʙ'ʻʤʽʚ 

ʟʘʪʨʠʤʘʥʥʷ  ʚʦʜʠ  ʥʘ  ʜʽʣʷʥʢʘʭ.  

5. ʇʽʜʙʽʨ ʢʦʥʩʪʨʫʢʮʽʡ ʩʧʦʨʫʜ ʧʽʜ ʦʙ'ʻʤ ʚʦʜʠ, ʱʦ ʪʨʝʙʘ ʟʘʪʨʠʤʘʪʠ 

ʟ  ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʽʡʢʦʩʪʽ  ʩʭʠʣʽʚ  ʽ  ʩʧʦʨʫʜ  ʥʘ  ʥʠʭ.  

6. ɺʧʠʩʫʚʘʥʥʷ ʚʠʙʨʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʧʣʘʥʠ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ ʜʣʷ ʥʘʩʝʣʝʥʥʷ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʩʧʦʨʫʜ ʡ ʥʝ ʜʦʧʫʱʝʥʥʷ ʧʝʨʝʛʨʽʚʘʥʥʷ  ʧʦʚʝ

ʨʭʦʥʴ ʫ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ, ʩʧʦʨʫʜʠ ʤʘʶʪʴ ʙʫʪʠ ʧʽʜʩʠʣʝʥʽ ʜʝʨʝʚʥʦʶ   ʯʘʛʘ

ʨʥʠʢʦʚʦʶ ʨʦʩʣʠʥʥʽʩʪʶ, ʱʦ ʪʘʢʦʞ ʚʧʠʩʫʻʪʴʩʷ ʚ ʧʣʘʥʫʚʘʥʥʷ  ʥʘʩʝʣʝʥʦʛʦ 

ʧʫʥʢʪʫ. 

ʂʦʤʧʣʝʢʩ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ  ̔ʣʽʩʦʤʝʣʽʦʨʘʪʠʚʥʠʭ ʟʘʭʦʜʽʚ,  ʟʘʩʪʦʩʦʚʘʥʠʡ  

ʫ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ, ʟʘʙʝʟʧʝʯʠʪʴ ʙʝʟʧʝʢʫ ʥʘʩʝʣʝʥʥʷ  ʽ  ʤʘʪʝʨʽʘʣʴʥʠʭ  ʮʽʥʥʦ

ʩʪʝʡ ʚʽʜ ʥʝʩʧʨʠʷʪʣʠʚʦʾ ʜʽʾ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʚ  ʫʤʦʚʘʭ  ʢʦʣʠʚʘʥʴ  

ʢʣʽʤʘʪʫ. 
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ɺʝʣʠʯʢʦ ʉ. ɼ., ʃʝʚʯʝʥʢʦ ʄ. ɸ., ʩʪʫʜ., ɹʫʪʝʥʢʦ ʆ.ʉ., ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ.ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 
ɸʅɸʃɯɿ ʄɽʊʆɼɯɺ ɺʀʈɯʐɽʅʅʗ ʇʈʆɹʃɽʄʀ ɿɸɹʈʋɼʅɽʅʅʗ 

ʅɸɺʂʆʃʆɿɽʄʅʆɻʆ ʇʈʆʉʊʆʈʋ 

 

ɹʝʟʢʨʘʾ ʛʣʠʙʠʥʠ ʢʦʩʤʦʩʫ ʟʘʚʞʜʠ ʚʘʙʠʣʠ ʣʶʜʩʪʚʦ. ɺʯʝʥʽ ʚʩʴʦʛʦ ʩʚʽʪʫ 

ʚʠʚʯʘʶʪʴ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʟʽʨʦʢ, ʧʣʘʥʝʪ, ʛʘʣʘʢʪʠʢ ʪʘ ʧʨʦʚʦʜʷʪʴ 

ʢʦʩʤʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ. ʅʘ ʞʘʣʴ, ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ ʤʘʻ ʚʣʘʩʪʠʚʽʩʪʴ 

ʨʫʡʥʫʚʘʪʠʩʷ. ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ. ʎʝ ʤʦʞʝ 

ʙʫʪʠ ʬʨʘʛʤʝʥʪʠ ʨʫʡʥʫʚʘʥʥʷ ʰʪʫʯʥʠʭ ʢʦʩʤʽʯʥʠʭ ʦʙôʻʢʪʽʚ, ʚʽʜʧʨʘʮʴʦʚʘʥʽ 

ʩʪʫʧʝʥʽ ʨʘʢʝʪ, ʢʦʩʤʽʯʥʽ ʘʧʘʨʘʪʠ, ʱʦ ʧʨʠʧʠʥʠʣʠ ʩʚʦʶ ʨʦʙʦʪʫ, ʥʘʚʽʪʴ 

ʥʘʡʤʝʥʰʠʡ ʛʚʠʥʪʠʢ ʤʦʞʝ ʟʘʚʜʘʪʠ ʬʘʪʘʣʴʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ʊʦʤʫ ʘʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʚʠʙʦʨʽ ʦʧʪʠʤʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ çʢʦʩʤʽʯʥʠʤ ʩʤʽʪʪʷʤè  ʜʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʟʘʛʨʦʟʠ ʨʫʭʫ 

ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʥʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ.  

ɿʘ ʜʘʥʠʤʠ ʋʧʨʘʚʣʽʥʥʷ ʆʆʅ ʟ ʧʠʪʘʥʴ ʢʦʩʤʽʯʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʚ ʜʘʥʠʡ ʯʘʩ 

ʫ ʨʘʡʦʥʽ ʥʠʟʴʢʠʭ ʥʘʚʢʦʣʦʟʝʤʥʠʭ ʦʨʙʽʪ ʘʞ ʜʦ ʚʠʩʦʪ ʙʣʠʟʴʢʦ 2 000 ʢʤ 

ʟʥʘʭʦʜʠʪʴʩʷ, ʙʣʠʟʴʢʦ 300 ʪʠʩ. ʪʝʭʥʦʛʝʥʥʠʭ ʦʙ'ʻʢʪʽʚ ʟʘʛʘʣʴʥʦʶ ʤʘʩʦʶ ʜʦ 

5000 ʪʦʥʥ (ʥʘ ʞʦʚʪʝʥʴ 2009 ), ʘʣʝ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʮʷ ʮʠʬʨʘ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ʊʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʽʞʥʘʨʦʜʥʝ 

ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ ʧʨʦʙʣʝʤʘʪʠʢʠ çʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷè ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘ 

ʪʘʢʠʤʠ ʧʨʽʦʨʠʪʝʪʥʠʤʠ ʥʘʧʨʷʤʘʤʠ, ʷʢ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ çʢʦʩʤʽʯʥʠʤ 

ʩʤʽʪʪʷʤè ʽ ʚʝʜʝʥʥʷ ʢʘʪʘʣʦʛʫ ʦʙ'ʻʢʪʽʚ çʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷè, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ 

ʟʥʘʯʥʽ ʬʽʥʘʥʩʦʚʽ ʚʢʣʘʜʝʥʥʷ ʚ ʮʶ ʩʬʝʨʫ, ʢʦʣʠ ʮʽ ʬʽʥʘʥʩʠ ʤʦʞʣʠʚʦ ʚʠʪʨʘʪʠʪʠ 

ʥʘ ʙʽʣʴʰ ʥʝʦʙʭʽʜʥʽ ʥʘʧʨʷʤʠ. ʊʘʢʦʞ ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʪʘʢʽ 

ʚʠʪʨʘʪʠ ʷʢ ʥʘ çʧʨʦʬʽʣʘʢʪʠʯʥʽ ʨʦʙʦʪʠè [1] 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʨʦʙʽʪ: 

- ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʽ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʚʽʜ ʚʧʣʠʚʫ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʠʭ ʯʘʩʪʠʥʦʢ çʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷè; 

- ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʥʠʞʝʥʥʷ 

ʟʘʩʤʽʯʝʥʦʩʪʽ ʆʂʇ; 

- ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʢʦʩʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʙʽʣʴʰ ʤʽʮʥʠʤʠ 

- ʧʦʩʠʣʝʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʫʜʘʨʽʚ; 

- ʟʨʦʙʠʪʠ ʩʫʧʫʪʥʠʢʠ ʙʽʣʴʰ ʤʘʥʝʚʨʝʥʠʤʠ [2]. 

ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʢʦʩʤʽʯʥʠʤ ʩʤʽʪʪʷʤ: 

- ʉʽʪʢʠ ʪʘ ʛʘʨʧʫʥ. ɹʽʣʴʰ ʚʽʜʦʤʘ ʷʢ Electro Dynamic Debris Eliminator (EDDE), 

ʮʷ ʽʜʝʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʚʽʜʧʨʘʚʠʪʠ ʚ ʢʦʩʤʦʩ ʩʫʧʫʪʥʠʢ, ʦʟʙʨʦʻʥʠʡ 

ʩʽʪʢʘʤʠ ʽ ʛʘʨʧʫʥʦʤ. ɯ ʜʽʡʩʥʦ, ʟʘʭʦʧʣʶʚʘʪʠ ʩʫʧʫʪʥʠʢʠ ʽ ʽʥʰʽ ʦʙ'ʻʢʪʠ, ʱʦ 
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ʟʙʠʣʠʩʷ ʟʽ ʰʣʷʭʫ, ʤʦʞʥʘ ʟʚʠʯʘʡʥʦʶ ʩʽʪʢʦʶ. ʎʝʡ ʧʣʘʥ ʥʝʜʦʨʦʛʦ ʢʦʰʪʫʻ, 

ʟʨʫʯʥʠʡ ʽ ʤʦʞʝ ʙʫʜʴ-ʢʦʣʠ ʚʠʨʫʰʠʪʠ ʟ ʤʽʩʽʻʶ ʥʘ ʥʠʟʴʢʫ ʥʘʚʢʦʣʦʟʝʤʥʫ 

ʦʨʙʽʪʫ. 

- ʇʝʨʝʥʘʧʨʘʚʣʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʘʟʝʨʘ. Laser Orbital Debris Removal, ʘʙʦ 

LODR, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʪʫʞʥʽ ʽʤʧʫʣʴʩʥʽ ʣʘʟʝʨʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʩʪʨʽʣʷʪʠ ʟ ʧʦʚʝʨʭʥʽ ʽ ʩʪʚʦʨʶʚʘʪʠ ʧʣʘʟʤʦʚʽ ʜʞʝʪʠ ʥʘ ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ. ʎʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʪʦʛʦ, ʱʦ ʩʤʽʪʪʷ ʙʫʜʝ ʩʧʦʚʽʣʴʥʶʚʘʪʠʩʷ ʽ ʧʦʚʪʦʨʥʦ ʚʭʦʜʠʪʠ ʚ 

ʘʪʤʦʩʬʝʨʫ, ʧʘʜʘʶʯʠ ʚ ʦʢʝʘʥ. ɿʘ ʧʣʘʥʦʤ ʥʘ ʦʜʠʥ ʦʙ'ʻʢʪ ʙʫʜʝ ʚʠʪʨʘʯʘʪʠʩʷ ʜʦ 

ʤʽʣʴʡʦʥʘ ʜʦʣʘʨʽʚ [2]. 

- ʈʝʘʢʪʠʚʥʠʡ ʙʫʢʩʠʨ. ɼʣʷ ʙʽʣʴʰʠʭ ʦʙ'ʻʢʪʽʚ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʦʢʨʝʤʠʭ ʩʫʾʮʠʜʘʣʴʥʠʭ ʨʦʙʦʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʨʫʭʘʪʠ ʩʫʧʫʪʥʠʢʠ ʜʦ ʧʦʚʪʦʨʥʦʛʦ 

ʚʭʦʜʫ ʚ ʘʪʤʦʩʬʝʨʫ. ʇʨʦʝʢʪ Clean Space One ʚʽʜ EPFL, ʥʘʧʨʠʢʣʘʜ, ʚʢʣʶʯʘʻ 

ʩʫʧʫʪʥʠʢʦʚʠʡ ʢʫʙ, ʷʢʠʡ ʙʫʜʝ ʧʝʨʝʩʣʽʜʫʚʘʪʠ, ʟʘʭʦʧʣʶʚʘʪʠ ʽ ʟʥʠʱʫʚʘʪʠ 

ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ [3]. ʑʦʧʨʘʚʜʘ, ʚʘʨʪʽʩʪʴ ʙʫʜʝ ʥʝʧʦʤʽʨʥʦ ʚʠʩʦʢʦʶ ʙʣʠʟʴʢʦ 

200 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ ʜʣʷ ʢʦʞʥʦʾ ʤʽʩʽʾ. 

- ʉʘʤʦʩʢʠʜ ʩʤʽʪʪʷ ʥʘ ʛʝʦʩʪʘʮʽʦʥʘʨʥʦʤʫ ʮʚʠʥʪʘʨʽ. ɿʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ 

ʟʘʭʦʧʣʶʚʘʪʠ ʦʙ'ʻʢʪʠ ʢʽʛʪʷʤʠ, ʛʘʨʧʫʥʘʤʠ ʽ ʩʽʪʢʘʤʠ, ʤʠ ʤʦʛʣʠ ʙ ʧʝʨʝʤʽʱʘʪʠ 

ʚʝʣʠʢʽ ʦʙ'ʻʢʪʠ, ʥʝ ʪʦʨʢʘʶʯʠʩʴ ʥʠʭ [3]. ɼʣʷ ʮʴʦʛʦ ʩʫʧʫʪʥʠʢʠ-ʧʨʠʙʠʨʘʣʴʥʠʢʠ 

ʧʦʚʠʥʥʽ ʙʫʪʠ ʦʩʥʘʱʝʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʽ ʜʚʠʛʫʥʘʤʠ ʤʘʣʦʾ 

ʪʷʛʠ, ʱʦʙ ʫʥʠʢʘʪʠ ʙʫʜʴ-ʷʢʠʭ ʢʦʥʪʘʢʪʽʚ. 

 ɸʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʢʦʩʤʽʯʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʢʘʟʘʚ 

ʥʘʩʪʫʧʥʝ. ɿʛʽʜʥʦ ʟ ʦʙʨʘʥʠʤʠ ʢʨʽʪʝʨʽʷʤʠ ʦʮʽʥʢʠ (ʦʧʝʨʘʪʠʚʥʽʩʪʴ, ʷʢʽʩʪʴ, 

ʮʽʥʥʽʩʪʴ) ʙʫʣʠ ʦʙʨʘʥʽ ʯʦʪʠʨʠ ʤʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʥʘʚʢʦʣʦʦʨʙʽʪʥʦʛʦ ʧʨʦʩʪʦʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʱʦ ʪʘʢʽ 

ʟʘʩʦʙʠ ʙʦʨʦʪʴʙʠ ʷʢ, ʩʽʪʢʠ ʪʘ ʛʘʨʧʫʥ, LODR, ʨʝʘʢʪʠʚʥʠʡ ʙʫʢʩʠʨ ʪʘ ʩʘʤʦʩʢʠʜ 

ʩʤʽʪʪʷ, ʻ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ. ɼʦʜʘʪʢʦʚʦ ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʪʘ 

ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʠ ʡ ʟʘʩʦʙʠ ʫʚʦʜʫ ʢʦʩʤʽʯʥʠʭ ʘʧʘʨʘʪʽʚ ʟ ʨʦʙʦʯʠʭ ʦʨʙʽʪ 

ʧʦ ʟʘʢʽʥʯʝʥʥʶ ʪʝʨʤʽʥʫ ʘʢʪʠʚʥʦʛʦ ʽʩʥʫʚʘʥʥʷ ʪʘ ʚʽʜʦʤʽ ʩʧʦʩʦʙʠ ʡ ʩʠʩʪʝʤʠ 

ʘʢʪʠʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʬʨʘʛʤʝʥʪʽʚ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ. ɸʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ 

ʢʦʩʤʽʯʥʝ ʩʤʽʪʪʷ ï ʨʝʘʣʴʥʘ ʝʢʦʣʦʛʽʯʥʘ ʟʘʛʨʦʟʘ, ʥʦʚʠʡ ʘʥʪʨʦʧʦʛʝʥʥʠʡ ʯʠʥʥʠʢ, 

ʷʢʠʡ ʥʘʥʦʩʠʪʴ ʰʢʦʜʫ ʝʢʦʣʦʛʽʾ ʧʣʘʥʝʪʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʟʘ ʨʽʚʥʝʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ ʪʘ 

ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʥʠʤ. ɺ ʋʢʨʘʾʥʽ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʚʠʪʢʫ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʽ ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʦʩʤʽʯʥʦʛʦ ʩʤʽʪʪʷ, ʧʨʦʪʝ, ʥʘ ʞʘʣʴ, ʧʦʢʠ ʱʦ ʋʢʨʘʾʥʘ ʥʝ ʜʦʣʫʯʝʥʘ ʜʦ ʧʨʦʝʢʪʽʚ 

ʟ ʦʯʠʱʝʥʥʷ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. 
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ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ 

ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè,  ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
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ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʶʪʴ ʟʘʢʨʠʪʪʶ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʝʢʦʣʦʛʽʾ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ, 

ʷʢʘ ʪʨʠʚʘʣʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʻ ʚ ʟʦʥʽ ʚʽʡʩʴʢʦʚʦʛʦ ʢʦʥʬʣʽʢʪʫ. ɼʽʷʣʴʥʽʩʪʴ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ ʧʨʦʪʷʛʦʤ ʧʦʥʘʜ 250 

ʨʦʢʽʚ ʟʫʤʦʚʠʣʘ ʽʩʪʦʪʥʝ ʪʘ ʙʘʛʘʪʦʧʣʘʥʦʚʝ ʪʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʜʦʚʢʽʣʣʷ. ʇʣʦʱʽ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʟʘʡʤʘʶʪʴ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʪʝʨʠʪʦʨʽʾ 

ʋʢʨʘʾʥʠ ʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʘʨôʻʨʘʤʠ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʙʫʨʦʚʫʛʽʣʴʥʦʛʦ ʙʘʩʝʡʥʫ, 

ʰʘʭʪʘʤʠ ɼʦʥʝʮʴʢʦʛʦ ʪʘ ʃʴʚʽʚʩʴʢʦ-ɺʦʣʠʥʩʴʢʦʛʦ ʙʘʩʝʡʥʽʚ, ʟʘʢʨʠʪʠʤʠ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʪʘ ʇʨʠʢʘʨʧʘʪʩʴʢʦʾ 

ʚʫʛʣʝʥʦʩʥʠʭ ʧʣʦʱ. ʃʽʢʚʽʜʘʮʽʷ ʰʘʭʪ ʽ ʢʘʨôʻʨʽʚ ʫ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘ ʨʦʟʚʠʪʢʫ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʦʚʠʭ ʥʝʛʘʪʠʚʥʠʭ 

ʷʚʠʱ ʽ ʧʨʦʮʝʩʽʚ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

ɺʠʚʯʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʾʭ 

ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʥʘʩʣʽʜʢʽʚ 

ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʥʘ ʣʽʪʦʩʬʝʨʫ, ʛʽʜʨʦʩʬʝʨʫ, ʘʪʤʦʩʬʝʨʫ ʪʘ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ 

ʩʪʘʣʦ ʱʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ ʫ ʟʚôʷʟʢʫ ʟʽ ʩʚʽʪʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʡʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʪʘ ʘʢʪʠʚʥʠʭ ʙʦʡʦʚʠʭ ʜʽʡ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ [1, 4]. 

ʈʦʙʦʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʤʘʪʝʨʽʘʣʘʭ ʜʦʩʣʽʜʞʝʥʴ 2019-2022 ʨʦʢʽʚ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʦʥʘʜ 200 ʧʨʦʙ ʚʫʛʽʣʣʷ, ʩʫʤʽʰʽ ʧʦʨʽʜ ʽ ʛʘʟʫ ʟ ʪʝʨʠʢʦʥʽʚ. 

ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʢʦʤʧʣʝʢʩʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɼʇ 

çʋʢʨʥʘʫʢʘʛʝʦʮʝʥʪʨè ʫ ʤ. ʇʦʣʪʘʚʘ.  

ʋ ʨʘʡʦʥʘʭ ʚʫʛʣʝʚʠʜʦʙʫʪʢʫ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʤʝʪʦʜʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʝʰʠʬʨʫʚʘʥʥʷ ʢʦʩʤʦʟʥʽʤʢʽʚ ʚʠʷʚʣʝʥʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʝʭʥʦʛʝʥʥʠʭ ʜʨʽʙʥʠʭ ʩʪʨʫʢʪʫʨ, ʥʘʟʚʘʥʠʭ çʰʘʛʨʝʥʝʚʦʶ ʰʢʽʨʦʶè [2]. 

ʅʘʡʪʠʧʦʚʽʰʽ ʚʦʥʠ ʜʣʷ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ, ʜʝ ʚʫʛʽʣʴʥʽ ʧʣʘʩʪʠ ʟʘʣʷʛʘʶʪʴ ʧʽʜ 

ʢʫʪʦʤ, ʽ ʯʘʩʪʠʥʫ ʟ ʥʠʭ ʨʦʟʨʦʙʣʷʶʪʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʧʘʜʽʥʥʷ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʚ ʨʘʟʽ ʧʨʦʩʽʜʘʥʥʷ ʧʦʢʨʽʚʣʽ ʬʦʨʤʫʚʘʪʠ çʰʘʛʨʝʥʝʚʫ ʰʢʽʨʫè. ʎʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʣʘʥʜʰʘʬʪʠ ʡ ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʘ ʚ ʫʤʦʚʘʭ 

ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʨʝʛʽʦʥʫ ï ʥʘ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʡ ʙʽʦʮʝʥʦʟʽʚ.  

ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʚʫʛʽʣʴʥʠʭ ʧʣʘʩʪʽʚ ʫ ʤʝʞʘʭ ʤʽʩʪ ʯʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ 

ʤʦʞʥʘ ʧʨʦʩʪʝʞʫʚʘʪʠ ʧʨʦʩʽʜʘʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʤʽʩʴʢʠʭ ʢʦʤʫʥʽʢʘʮʽʡ. ʊʘʢʦʞ 
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ʚʫʛʣʝʚʠʜʦʙʫʪʦʢ ʜʘʻʪʴʩʷ ʚʟʥʘʢʠ ʡ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʦʨʦʛʘʭ ʫ ʤʽʩʪʘʭ ʽ ʟʘ 

ʾʭʥʽʤʠ ʤʝʞʘʤʠ, ʫ ʟʦʥʘʭ ʚʧʣʠʚʫ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ.  

ʈʦʟʚʠʪʦʢ ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ ʚʧʣʠʚʘʻ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʛʘʟʦʚʦʾ ʤʽʛʨʘʮʽʾ ʡ ʬʦʨʤʫʚʘʥʥʷ ʛʘʟʦʚʠʭ ʟʦʥ ʥʘ ʧʦʚʝʨʭʥʽ, ʷʢʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʯʠʥʘʤʠ ʟʘʛʦʨʷʥʥʷ. ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʘ ʤʽʛʨʘʮʽʷ ʛʘʟʫ ʜʦ 

ʧʦʚʝʨʭʥʽ ʚ ʤʽʩʪʘʭ, ʦʩʢʽʣʴʢʠ ʩʢʫʧʯʝʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʫ ʧʽʜʚʘʣʘʭ 

ʙʫʜʽʚʝʣʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʙʫʭʽʚ ʽ ʧʦʞʘʨʽʚ. ɿʘ ʥʘʰʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʤʽʩʪ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʫ ˇʨʫʥʪʽ ʟʨʦʩʪʘʻ ʚʯʝʪʚʝʨʦ, ʧʦʨʽʚʥʶʶʯʠ ʽʟ ʟʦʥʘʤʠ, 

ʥʝʟʘʯʝʧʣʝʥʠʤʠ ʧʽʜʟʝʤʥʠʤʠ ʚʠʨʦʙʢʘʤʠ. ɿʘʨʘʟ ʮʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʶʪʴ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʠ ʚ ʯʘʩʽ [2, 3].  

ʋ ʨʘʟʽ ʟʘʢʨʠʪʪʷ ʰʘʭʪ ʘʙʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʜʽʣʷʥʦʢ ʪʘʢ ʟʚʘʥʦʶ ʤʦʢʨʦʶ 

ʢʦʥʩʝʨʚʘʮʽʻʶ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʽʚʝʥʴ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. ʐʘʭʪʥʽ ʚʦʜʠ ʟʘ ʩʚʦʾʤ 

ʭʽʤʽʯʥʠʤ ʩʪʘʥʦʤ ʟʘʟʚʠʯʘʡ ʘʛʨʝʩʠʚʥʽʰʽ ʡ ʣʝʛʢʦ ʚʩʪʫʧʘʶʪʴ ʫ ʨʝʘʢʮʽʶ ʟ 

ʨʫʜʥʠʢʦʚʦʶ ʘʪʤʦʩʬʝʨʦʶ ʪʘ ʟʘʣʽʟʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ [2]. ʏʝʨʝʟ ʩʪʨʫʢʪʫʨʫ 

ʰʘʭʪʥʠʭ ʧʦʣʽʚ ʩʫʤʽʞʥʽ ʰʘʭʪʠ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʚʦʜ, ʟʙʘʛʘʯʝʥʠʭ ʛʘʟʦʤ ʽ ʥʦʚʦʫʪʚʦʨʝʥʠʤʠ ʭʽʤʽʯʥʠʤʠ 

ʨʦʟʯʠʥʘʤʠ, ʨʽʟʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʚʠʨʦʙʦʢ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜʟʝʤʥʽ 

ʚʦʜʠ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʥʦʩʷʪʴ ʛʘʟ, ʘ ʡ ʚʠʪʽʩʥʷʶʪʴ ʡʦʛʦ ʥʘ ʧʦʚʝʨʭʥʶ. ʋ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʤʫ ʧʨʦʩʪʦʨʽ ʚʥʘʩʣʽʜʦʢ ʛʘʟʦʚʦʾ ʤʽʛʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʛʘʟʦʤ, ʱʦ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʥʘ ʰʘʭʪʽ çʉʚʷʪʦʧʦʢʨʦʚʩʴʢʘè 

(ʜʽʣʷʥʢʘ ʧôʷʪʴ ʨʦʢʽʚ ʟʘʢʨʠʪʘ ʤʦʢʨʦʶ ʢʦʥʩʝʨʚʘʮʽʻʶ). ɿʘʟʥʘʯʠʤʦ, ʱʦ ʢʽʣʴʢʽʩʪʴ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ ʫ ʚʦʜʽ ʟʙʽʣʴʰʫʚʘʣʘʩʷ, ʘ ʚʦʜʦʥʦʩʥʠʡ ʛʦʨʠʟʦʥʪ ʧʦʩʪʫʧʦʚʦ 

ʪʨʘʥʩʬʦʨʤʫʚʘʚʩʷ ʫ ʚʦʜʦ-ʛʘʟʦʥʦʩʥʠʡ. ʇʦʰʠʨʝʥʥʷ ʰʘʭʪʥʠʭ ʚʦʜ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʧʦʨʦʜʠ, ʟ ʷʢʠʤʠ ʚʦʥʠ ʚʩʪʫʧʘʶʪʴ ʫ ʢʦʥʪʘʢʪ, ʧʦʨʫʰʫʶʯʠ 

ʧʨʠʨʦʜʥʠʡ ʙʘʣʘʥʩ. ɼʣʷ ʚʩʽʭ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʙʘʩʝʡʥʽʚ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ 

ʪʝʨʠʢʦʥʽʚ, ʱʦ ʥʝʘʙʠʷʢ ʚʧʣʠʚʘʶʪʴ ʥʘ ˇʨʫʥʪ ʫʥʘʩʣʽʜʦʢ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʽ ʤʽʛʨʘʮʽʾ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʪʝʨʠʢʦʥʽʚ ʫ ˇʨʫʥʪ, ʘ ʪʘʢʦʞ 

ʨʦʟʠhʨʝʥʥʷ ʾʭʥʴʦʾ ʧʽʜʦʰʚʠ. ɸʣʝ ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʩʘʤʠʭ ʪʝʨʠʢʦʥʘʭ 

ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. 

ɼʝʛʘʟʘʮʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʥʘʙʘʛʘʪʦ ʟʤʝʥʰʫʻ ʝʤʽʩʽʶ ʤʝʪʘʥʫ ʽ 

ʉʆ2 ʚ ʘʪʤʦʩʬʝʨʫ. ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʟʘʢʨʠʪʠʭ ʰʘʭʪ ʜʘʻ ʟʤʦʛʫ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʧʨʠʧʣʠʚʠ ʚʦʜʠ, ʘʣʝ ʙʝʟ ʤʦʞʣʠʚʦʩʪʽ ʦʮʽʥʠʪʠ ʾʭʥʽʡ ʭʽʤʽʯʥʠʡ 

ʩʪʘʥ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʟʘʢʨʠʪʠʭ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘ ʞʘʣʴ, ʚʠʚʯʘʪʠ ʧʨʦʮʝʩʠ ʚ ʟʘʢʨʠʪʠʭ ʰʘʭʪʘʭ 

ʥʝʤʦʞʣʠʚʦ, ʘʣʝ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʯʘʩʪʠʥ ʤʦʞʥʘ 

ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʦʛʽʾ ʜʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʙʽʪ ʟʽ ʟʤʝʥʰʝʥʥʷ ʪʝʭʥʦʛʝʥʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʦʣʽʧʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ. 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʧʨʦʮʝʩʠ ʚʦʜʥʦʾ ʪʘ ʛʘʟʦʚʦʾ ʤʽʛʨʘʮʽʾ ʧʽʜ ʯʘʩ ʟʘʢʨʠʪʪʷ 

ʚʠʨʦʙʦʢ (ʰʘʭʪ) ʘʢʪʠʚʽʟʫʶʪʴʩʷ. ʋʥʘʩʣʽʜʦʢ ʫʩʽ ʧʨʦʮʝʩʠ, ʧʝʨʝʜʙʘʯʝʥʽ ʧʽʜ ʯʘʩ 



 138 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʧʣʘʩʪʘ, ʧʦʩʪʫʧʦʚʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ ʤʘʣʦ 

ʜʦʩʣʽʜʞʝʥʠʤʠ ʥʘʧʨʷʤʘʤʠ. ɺʠʚʯʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʧʣʠʚʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʚʠʨʦʙʦʢ ʥʘ ʜʦʚʢʽʣʣʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʯʘʪʢʦʚʠʤ ʝʪʘʧʦʤ, ʱʦ ʥʝ ʜʘʻ ʟʤʦʛʠ 

ʤʘʢʩʠʤʘʣʴʥʦ ʟʥʠʟʠʪʠ ʮʝʡ ʚʧʣʠʚ ʘʥʽ ʚ ʣʽʪʦʩʬʝʨʽ (ʟʤʽʱʝʥʥʷ ʧʦʨʽʜ, ʨʦʟʚʠʪʦʢ 

ʪʨʽʱʠʥʫʚʘʪʦʩʪʽ, ʤʽʛʨʘʮʽʷ ʚʦʜʠ ʡ ʛʘʟʫ), ʘʥʽ ʛʽʜʨʦʩʬʝʨʽ ʯʠ ʘʪʤʦʩʬʝʨʽ. 

ɯʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʥʝʦʙʭʽʜʥʦ ʪʚʝʨʜʦ ʚʠʟʥʘʯʠʪʠʩʷ ʟʽ 

ʩʪʨʘʪʝʛʽʯʥʠʤ ʢʫʨʩʦʤ ʥʘ ʨʦʟʚʠʪʦʢ ʩʦʥʷʯʥʦʾ, ʚʽʪʨʦʚʦʾ, ʘʪʦʤʥʦʾ ʪʘ 

ʙʽʦʝʥʝʨʛʝʪʠʢʠ. ʋ ʢʦʥʪʝʢʩʪʽ ʻʚʨʦʽʥʪʝʛʨʘʮʽʡʥʠʭ ʧʝʨʩʧʝʢʪʠʚ ʋʢʨʘʾʥʽ ʪʘʢʦʞ 

ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʞʦʨʩʪʢʠʤ ʥʦʨʤʘʪʠʚʘʤ ɭʉ ʱʦʜʦ ʦʙʤʝʞʝʥʥʷ 

ʚʠʢʠʜʽʚ ʉʆ2. ʅʘʩʘʤʧʝʨʝʜ ʾʭ ʩʣʽʜ ʜʦʩʷʛʘʪʠ ʧʽʜʚʠʱʝʥʥʷʤ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʡ ʪʽʣʴʢʠ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʽʜʤʦʚʣʷʪʠʩʷ ʚʽʜ ʚʫʛʽʣʣʷ. 

ʋʪʽʤ, ʙʨʘʢ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʘ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʥʝ ʜʦʟʚʦʣʷʻ 

ʧʦʚʥʦʶ ʤʽʨʦʶ ʧʨʦʚʦʜʠʪʠ ʨʦʙʦʪʠ ʘʥʽ ʚ ʥʘʧʨʷʤʽ ʚʠʚʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʘʥʽ ʚ ʥʘʧʨʷʤʢʫ ʾʾ ʧʦʢʨʘʱʝʥʥʷ. 

ʆʪʞʝ, ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʩʫʩʧʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʷʢʦʤʫ ʧʨʠʪʘʤʘʥʥʝ 

ʟʘʛʦʩʪʨʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʘʭ, 

ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʧʨʦʮʝʩ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʜʽʻʚʦʾ ʪʘ 

ʝʬʝʢʪʠʚʥʦʾ ʜʝʨʞʘʚʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ, ʷʢʘ ʙʫʜʝ ʙʘʟʫʚʘʪʠʩʷ ʥʘ 

ʧʨʠʨʦʜʥʦ-ʨʝʩʫʨʩʥʦʤʫ ʧʦʪʝʥʮʽʘʣ ʨʝʛʽʦʥʽʚ.  
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2. ɺʝʨʛʝʣʴʩʢʘʷ ʅ., ɺʝʨʛʝʣʴʩʢʘʷ ɺ., ʄʝʣʴʥʠʢ ɺ. ɺʣʠʷʥʠʝ ʦʪʨʘʙʦʪʘʥʥʳʭ 

ʫʛʦʣʴʥʳʭ ʚʳʨʘʙʦʪʦʢ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ IX 

INTERNATIONAL GEOMECHANICS CONFERENCE, 7-11 ʩʝʥʪʷʙʨʷ 2020, ʛ. 

ɺʘʨʥʘ, ɹʦʣʛʘʨʠʷ, 2020. ʉ. 304ï310.  

3. ɺʝʨʛʝʣʴʩʴʢʘ ʅ. ɺ., ʉʢʦʧʠʯʝʥʢʦ ɭ. ɯ. ʄʦʥʽʪʦʨʠʥʛ ʪʝʨʠʢʦʥʽʚ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɼʦʥʝʮʴʢʦʛʦ ʙʘʩʝʡʥʫ // ɻʽʨʥʠʯʘ ʛʝʦʣʦʛʽʷ ʪʘ 
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ʩʪʘʥʫ ʨʝʘʣʽʟʘʮʽʾ ʨʝʛʽʦʥʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠè [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.menr.gov.ua/docs/activityecopolit/NDR%20regionalna%20politika

%202013.doc.  

  



 139 

ʋɼʂ 504(477.6) 

 
1ɺʝʨʛʝʣʴʩʴʢʘ ʅ. ɺ., ʜ. ʛʝʦʣ. ʥ., 2ʉʽʨʘ ʅ. ɺ., ʢ. ʛʝʦʣ. ʥ.,  

 3,4ʂʨʦʰʢʦ ʖ. ɺ., ʢ. ʛʝʦʣ. ʥ., 4ɻʦʣʦʚʯʝʥʢʦ ɼ. ʄ., 

 5ɺʝʨʛʝʣʴʩʴʢʘ ɺ. ɺ. 

1ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ ʪʘ 

ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ, 
2 ɼʇ çʋʢʨʥʘʫʢʘʛʝʦʮʝʥʪʨè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ, 

3ɯʥʩʪʠʪʫʪ ʛʝʦʣʦʛʽʯʥʠʭ ʥʘʫʢ ʅɸʅ ʋʢʨʘʾʥʠ,  
4ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʅʘʫʢʦʚʠʡ ʮʝʥʪʨ ʛʽʨʥʠʯʦʾ ʛʝʦʣʦʛʽʾ, ʛʝʦʝʢʦʣʦʛʽʾ 

ʪʘ ʨʦʟʚʠʪʢʫ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʅɸʅ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
5ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çɯʥʩʪʠʪʫʪ ʛʝʦʭʽʤʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ʅɸʅ ʋʢʨʘʾʥʠè, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 
 

ʆʉʆɹʃʀɺʆʉʊɯ ʄʆʅɯʊʆʈʀʅɻʋ ʊɽʈʀʂʆʅɯɺ 

ɺʋɻʃɽɺʀɼʆɹʋɺʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ɼʆʅɹɸʉʋ 

 
ʋʢʨʘʾʥʘ ʥʘʣʝʞʠʪʴ ʜʦ ʥʘʡʟʘʙʨʫʜʥʝʥʽʰʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʧʨʦʙʣʝʤʥʠʭ 

ʢʨʘʾʥ, ʟʘ ʦʮʽʥʢʘʤʠ ɯʥʜʝʢʩʫ ʷʢʦʩʪʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

(Environmental Performance Index), ʷʢʽ ʟʜʽʡʩʥʶʻ ʁʝʣʴʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

(ʉʐɸ), ʋʢʨʘʾʥʘ ʟʘʡʤʘʻ 87-ʝ ʤʽʩʮʝ ʩʝʨʝʜ 163 ʢʨʘʾʥ ʩʚʽʪʫ. ʈʽʚʝʥʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʚ ʋʢʨʘʾʥʽ ʚ 4-5 ʨʘʟʽʚ 

ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽʥʰʠʭ ʢʨʘʾʥ. ɺʫʛʣʝʚʠʜʦʙʫʚʥʽ ʨʝʛʽʦʥʠ 

ʋʢʨʘʾʥʠ, ʱʦ ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʩʪʘʥʽ ʛʣʠʙʦʢʠʭ ʪʝʭʥʦʛʝʥʥʠʭ ʟʤʽʥ, ʧʝʨʝʪʚʦʨʝʥʴ ʽ 

ʧʦʰʫʢʽʚ, ʤʘʶʪʴ ʰʘʥʩ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʽʥʪʝʥʩʠʚʥʠʭ ʛʝʦʣʦʛʦ-

ʪʝʭʥʦʛʝʥʥʠʭ ʨʝʘʣʴʥʦʩʪʝʡ ʜʣʷ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʧʦʰʫʢʽʚ ʥʘʫʢʦʚʠʭ ʦʩʥʦʚ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ ʜʦʚʢʽʣʣʷ. 

ʊʝʭʥʦʛʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʩʪʫʧʽʥʴ ʧʨʷʤʦʛʦ ʽ ʦʧʦʩʝʨʝʜʢʦʚʘʥʦʛʦ 

ʚʧʣʠʚʫ ʣʶʜʝʡ, ʛʦʩʧʦʜʘʨʩʪʚʘ ʥʘ ʧʨʠʨʦʜʫ ʚ ʮʽʣʦʤʫ ʪʘ ʦʢʨʝʤʽ ʾʾ ʢʦʤʧʦʥʝʥʪʠ ʽ 

ʝʣʝʤʝʥʪʠ [5]. ɸʥʘʣʽʟ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ï ʮʝ 

ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ, ʦʙʫʤʦʚʣʝʥʠʡ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʬʦʨʤ ʣʶʜʩʴʢʦʛʦ ʚʧʣʠʚʫ ʥʘ 

ʥʴʦʛʦ. ɺʠʚʯʝʥʥʷʤ ʚʧʣʠʚʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʠʨʦʜʥʝ 

ʩʝʨʝʜʦʚʠʱʝ ʟʘʡʤʘʣʠʩʷ ɺ. ɸ. ɹʘʨʘʥʦʚʩʴʢʠʡ, ʖ. ɸ. ʆʣʽʰʝʚʩʴʢʘ, 

ɯ. ʂ. ʅʝʩʪʝʨʯʫʢ ʪʘ ʽʥ. [1, 6, 7]. 

ɯʟ ʧʦʟʠʮʽʾ ʟʤʽʥʠ ʪʝʨʠʢʦʥʽʚ ʚʫʛʽʣʴʥʠʭ ʰʘʭʪ ʪʘ ʾʭ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, 

ʨʦʟʨʦʙʢʘ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʩʫʤʽʞʥʽ ʧʨʠʨʦʜʥʽ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʣʘʥʜʰʘʬʪʠ ʻ ʘʢʪʫʘʣʴʥʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ. 

ɿʘ ʦʩʥʦʚʫ ʚʟʷʪʦ ʧʦʣʴʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʽ ʚ 2019ï2021 ʨʨ., 

ʘʚʪʦʨʘʤʠ ʧʫʙʣʽʢʘʮʽʾ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʪʝʨʠʢʦʥʽʚ ʜʽʶʯʠʭ ʪʘ ʟʘʢʨʠʪʠʭ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʂʨʘʩʥʦʘʨʤʽʡʩʴʢʦʛʦ ʚʫʛʣʝʧʨʦʤʠʩʣʦʚʦʛʦ 

ʨʘʡʦʥʫ. ɺʽʜʽʙʨʘʥʽ ʧʨʦʙʠ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʛʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʚ ʧʦʨʦʜʘʭ ʪʝʨʠʢʦʥʫ 

ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ. ʃʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʪʘ ʛʘʟʦʚʦʛʦ 
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ʩʢʣʘʜʫ ʧʦʨʽʜ ʪʝʨʠʢʦʥʽʚ ʧʨʦʚʦʜʠʣʠʩʷ ʫ ʢʦʤʧʣʝʢʩʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ɼʇ 

çʋʢʨʥʘʫʢʘʛʝʦʮʝʥʪʨè (ʤ. ʇʦʣʪʘʚʘ). 

ɺʫʛʣʝʚʠʜʦʙʫʚʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ (ʟʦʢʨʝʤʘ ʰʘʭʪʠ ʪʘ ʚʫʛʣʝʨʦʟʨʽʟʠ) ʤʘʶʪʴ 

ʷʢ ʟʘʛʘʣʴʥʽ, ʪʘʢ ʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʥʘʩʣʽʜʢʠ ʨʦʟʨʦʙʢʠ ʚʫʛʣʝʧʦʨʦʜʥʠʭ ʤʘʩʠʚʽʚ, 

ʷʢʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʣʠ ʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʽ 

ʢʦʨʝʣʶʶʪʴʩʷ ʟ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ ʨʝʛʽʦʥʫ [2, 3, 4, 8].  

ʄʦʥʽʪʦʨʠʥʛ ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʥʦʚʦʫʪʚʦʨʝʥʴ ʫ 

ʛʝʦʣʦʛʽʯʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʤʘʶʪʴ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʝ ʧʦʭʦʜʞʝʥʥʷ 

ʦʩʦʙʣʠʚʦ ʚ ʨʘʡʦʥʘʭ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʧʦʣʽʛʦʥʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʠʢʠ ʘʥʪʨʦʧʦʛʝʥʦʚʦʛʦ (ʪʝʭʥʦʛʝʥʥʦʛʦ, ʙʽʦʩʬʝʨʥʦʛʦ) 

ʢʘʨʪʫʚʘʥʥʷ ʛʽʨʥʠʯʦʧʨʦʤʠʩʣʦʚʠʭ ʘʛʣʦʤʝʨʘʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ 

ʤʝʪʦʜʠ GIS, ʪʘ ʢʘʨʪʠ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ Google.  

ʉʘʤʝ ʩʫʯʘʩʥʽ ʤʝʪʦʜʠ GIS ʜʦʟʚʦʣʷʶʪʴ ʤʦʥʽʪʦʨʠʥʛ ʧʣʦʱʽ ʪʝʨʠʢʦʥʽʚ, ʾʭ 

ʬʦʨʤʠ ʪʘ ʨʫʡʥʫʚʘʥʥʷ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʫʛʽʜʜʷ 

ʟ ʷʢʠʤʠ ʚʦʥʠ ʤʝʞʫʶʪʴ. 

ɯʟ ʨʦʟʛʣʷʜʫ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʝʨʠʢʦʥʽʚ (ʨʠʩ. 1, 2, 3), ʥʝ ʚʠʥʠʢʘʻ ʩʫʤʥʽʚʽʚ 

ʚ ʘʢʪʫʘʣʴʥʦʩʪʽ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʛʝʦʣʦʛʽʯʥʦʛʦ ʢʘʨʪʫʚʘʥʥʷ ʦʙ`ʻʢʪʽʚ, ʷʢʽ ʻ 

ʥʘʩʣʽʜʢʦʤ ʚʟʘʻʤʦʜʽʾ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ ʩʫʯʘʩʥʦʛʦ 

ʛʝʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʦʮʽʣʴʥʦ ʟʣʫʯʠʪʠ ʢʘʨʪʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟ ʧʦʟʠʮʽʾ 

ʧʦʰʫʢʫ ʽ ʨʦʟʚʽʜʢʠ ʚʪʦʨʠʥʥʠʭ (ʪʝʭʥʦʛʝʥʥʠʭ) ʨʦʜʦʚʠʱ ʚʽʜʚʘʣʽʚ, ʪʝʨʠʢʦʥʽʚ, 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʪʦʱʦ.  

 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʪʝʨʠʢʦʥʫ ʰʘʭʪʠ ʈʦʜʠʥʩʴʢʘ  

(ʟ ʜʽʣʷʥʢʘʤʠ, ʟʤʽʥʝʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʦʶ) 

 

ɺʠʚʝʜʝʥʽ ʪʘ ʧʽʜʥʷʪʽ ʥʘ ʧʦʚʝʨʭʥʶ ʟʥʘʯʥʽ ʤʘʩʠ ʫ ʧʨʠʨʦʜʥʠʡ ʝʥʝʨʛʝʪʠʯʥʦ-

ʨʝʯʦʚʠʥʥʠʡ ʢʨʫʛʦʦʙʽʛ ʨʝʯʦʚʠʥʠ ʪʘ ʝʥʝʨʛʽʾ ʥʘ ʧʦʚʝʨʭʥʽ, ʩʪʘʻ ʧʨʦʮʝʩʦʤ 

ʛʝʦʣʦʛʽʯʥʠʤ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʛʝʦʣʦʛʦ-

ʛʝʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ, ʷʢʽ ʧʨʦʜʦʚʞʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1-3). 
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ʈʠʩ. 2, 3.  ʇʨʦʮʝʩʠ ʨʫʡʥʫʚʘʥʥʷ ʪʝʨʠʢʦʥʫ ʰʘʭʪʠ ʈʦʜʠʥʩʴʢʘ  

(ʨʽʢ ʧʽʩʣʷ ʟʘʢʨʠʪʪʷ) 
 

ɺʘʨʪʦ ʥʝ ʜʦʦʮʽʥʶʚʘʪʠ ʚʧʣʠʚ ʪʝʨʠʢʦʥʽʚ ʽ ʥʘ ʧʦʚʝʨʭʥʝʚʽ ʪʘ ʧʽʜʟʝʤʥʽ ʚʦʜʠ. 

ʇʽʜ ʯʘʩ ʦʧʘʜʽʚ ʽʟ ʪʝʨʠʢʦʥʫ ʭʽʤʽʯʥʦ ʟʘʙʨʫʜʥʝʥʽ ʚʦʜʠ ʧʦʪʨʘʧʣʷʶʪʴ ʫ 

ʧʦʚʝʨʭʥʝʚʽ, ʱʦ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʻ ʾʭ ʷʢʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʩʢʣʘʜʥʦ ʦʮʽʥʠʪʠ ʟʤʽʥʠ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʧʨʠ ʨʦʟʨʦʙʮʽ ʚʫʛʽʣʴʥʠʭ ʚʠʨʦʙʦʢ. 

ʇʜ̔ʟʝʤʥʽ ʚʦʜʠ ʪʨʘʥʩʬʦʨʤʫʶʪʴʩʷ ʫ ʰʘʭʪʥʽ ʚʦʜʠ, ʷʢʽ ʟʘ ʥʘʰʠʤʠ ʧʦʧʝʨʝʜʥʽʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʻ ʘʛʨʝʩʠʚʥʠʤʠ ʪʘ ʛʘʟʦʥʘʩʠʯʝʥʠʤʠ [8]. 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʨʪʦ ʟʚʘʞʘʪʠ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʰʠʨʝʥʥʷ ʛʘʟʫ ʪʘ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʧʦʨʽʜ ʪʝʨʠʢʦʥʽʚ, ʦʩʢʽʣʴʢʠ ʮʝ ʜʦʟʚʦʣʠʪʴ ʟʘʧʦʙʽʛʘʪʠ 

ʥʝʙʝʟʧʝʯʥʽ ʟʤʽʥʠ ʚ ʪʝʨʠʢʦʥʘʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟʘʛʦʨʷʥʥʷ. ʅʘʰʠʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʛʘʟʦʥʦʩʥʦʩʪʽ ʪʝʨʠʢʦʥʽʚ, ʷʢʽ ʚ 

ʦʩʽʥʥʴʦ-ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʧʨʦʷʚʣʷʻʪʴʩʷ ʷʢ ʜʠʤʽʥʥʷ (ʨʠʩ. 2) ʪʝʨʠʢʦʥʽʚ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʾʭ ʪʝʤʧʝʨʘʪʫʨʠ [4]. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝʛʘʪʠʚʥʠʡ ʧʣʠʚ 

ʥʘ ʘʪʤʦʩʬʝʨʫ, ʟ ʧʦʪʨʘʧʣʷʥʥʷʤ ʫ ʧʦʚʽʪʨʷ ʉʆ2.  

ʇʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʚ ʩʘʤʠʭ ʪʝʨʠʢʦʥʘʭ ʚʠʚʯʝʥʽ ʥʝʜʦʩʪʘʪʥʴʦ, ʱʦ ʥʝ 

ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʥʦʶ ʤʽʨʦʶ ʦʮʽʥʠʪʠ ʨʠʟʠʢʠ ʜʣʷ ʣʽʪʦʩʬʝʨʠ, ʘʪʤʦʩʬʝʨʠ ʪʘ 

ʙʽʦʩʬʝʨʠ.  

ʆʪʞʝ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʪʘ ʟʤʽʥʠ ʪʝʨʠʢʦʥʽʚ ʚʘʨʪʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʽ ʙʫʜʫʪʴ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʥʫ ʧʣʦʱʽ ʪʘ ʚʠʩʦʪʠ ʪʝʨʠʢʦʥʽʚ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ GIS; ʚʠʟʥʘʯʘʪʠ ʾʭ ʛʝʦʣʦʛʦ-ʛʝʦʭʽʤʽʯʥʽ ʪʘ 

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʟʤʽʥʠ. 



 142 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʷʪʴ ʚʠʟʥʘʯʘʪʠ ʦʩʥʦʚʥʽ 

ʥʘʧʨʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ ʪʝʨʠʪʦʨʽʡ 

ʚʫʛʣʝʚʠʜʦʙʫʚʥʠʭ ʨʘʡʦʥʽʚ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʟʘʢʨʠʪʠʭ ʰʘʭʪ ʜʦʮʽʣʴʥʦ ʧʨʦʚʦʜʠʪʠ ʧʦʚʥʫ ʨʝʢʫʣʴʪʠʚʘʮʽʶ, 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʝʭʥʦʛʝʥʥʦ ʥʘʚʘʥʪʘʞʝʥʠʭ 

(ʛʽʨʥʠʯʦʜʦʙʫʚʥʠʭ) ʨʝʛʽʦʥʽʚ ʧʝʨʝʚʘʛʫ ʜʦʮʽʣʴʥʦ ʚʽʜʜʘʚʘʪʠ ʢʦʤʧʣʝʢʩʥʠʤ 

ʝʢʦʣʦʛʦ-ʧʨʦʤʠʩʣʦʚʦ-ʪʫʨʠʩʪʠʯʥʠʤ ʧʨʦʝʢʪʘʤ. 
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ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ : ʘʚʪʦʨʝʬ. ʜʠʩ. ʢʘʥʜ. ʛʝʦʛʨ. ʥʘʫʢ : 11.00.11 ʂʠʾʚ, 2005. 

22 ʩ. 

8. ʃʽʚʝʥʮʝʚʘ ɻ. ɸ., ɺʝʨʛʝʣʴʩʴʢʘ ɺ. ɺ., ʄʝʣʴʥʠʢ ɺ. ɺ. ɽʢʦʣʦʛʦ-

ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʚʠʢʣʠʢʠ ʚʫʛʣʝʜʦʙʫʚʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ // ʊʝʢʪʦʥʽʢʘ ʽ 

ʩʪʨʘʪʠʛʨʘʬʽʷ. 2019. ɺʠʧ. 46.  ʉ. 133ï140. 
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ɺʠʥʥʠʢʦʚ ʖ. ʃ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʯʝʥʢʦ ʄ. ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  

ʗʛʦʣʴʥʠʢ ɸ. ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɺʦʣʴʯʝʥʢʦʚʘ ɸ. ɺ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  

ɺʦʚʢ ʄ. ʆ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ɺʦʣʦʰʢʦ ɯ. ɺ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

 ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɻɽʆʊɽʍʅɯʏʅʀʍ ʈɯʐɽʅʔ ɼʃʗ LNG 

ʈɽɿɽʈɺʋɸʈɯɺ ʅɸ ʉʃɸɹʂʀʍ ɻʈʋʅʊɸʍ 

 

ʆʙôʻʢʪʠ ʟʙʝʨʽʛʘʥʥʷ ʟʨʽʜʞʝʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ (LNG) ʚʽʜʥʦʩʷʪʴ ʜʦ 

ʥʘʡʚʠʱʦʾ ʢʘʪʝʛʦʨʽʾ ʩʢʣʘʜʥʦʩʪʽ ʡ ʢʣʘʩʠʬʽʢʫʶʪʴ ʷʢ ʩʧʦʨʫʜʠ ʧʽʜʚʠʱʝʥʦʾ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ. ɼʣʷ ʪʝʨʠʪʦʨʽʡ ʟʽ ʩʢʣʘʜʥʠʤʠ 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘʛʘʣʴʥʘ ʚʘʨʪʽʩʪʴ 

ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʫʩʢʣʘʜʥʷʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʝʢʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ 

ʱʦʜʦ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʘʭ. ʊʦʤʫ ʢʦʤʧʣʝʢʩʥʝ 

ʚʨʘʭʫʚʘʥʥʷ ʮʠʭ ʯʠʥʥʠʢʽʚ ʧʦʪʨʝʙʫʻ ʥʘʜʽʡʥʦʛʦ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʨʽʰʝʥʴ 

ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪʠ ï ʽʥʞʝʥʝʨʥʘ ʩʧʦʨʫʜʘè, ʨʦʟʨʦʙʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʟʚʝʜʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʙʝʟʧʝʯʥʠʭ ʨʝʟʝʨʚʫʘʨʽʚ ʚʫʛʣʝʚʦʜʥʽʚ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʨʦʝʢʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʨʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ʈʦʟʛʣʷʥʝʤʦ ʥʘʦʯʥʠʡ ʧʨʠʢʣʘʜ ʪʘʢʦʛʦ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʘ 

ʦʜʥʦʯʘʩʥʦ ʥʘʜʽʡʥʦʛʦ ʨʽʰʝʥʥʷ ʩʢʣʘʜʫ ʚʫʛʣʝʚʦʜʥʽʚ ʛʘʟʦʥʘʧʦʚʣʶʚʘʣʴʥʦʾ 

ʩʪʘʥʮʽʾ ʚ ʍʘʨʢʽʚʩʴʢʽʡ ʦʙʣʘʩʪʽ. ʄʝʪʘʣʝʚʽ ʝʤʢʦʩʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ, 

ʷʢʽ ʨʦʟʤʽʱʫʶʪʴ ʥʘ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʧʣʠʪʘʭ (ʬʫʥʜʘʤʝʥʪʘʭ) ʧʣʦʱʝʶ 6 ʤ2 (3 ʭ 

2 ʤ), ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1, ʘ. ʇʨʦʤʽʞʥʽ ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʤʽʞ ʻʤʢʦʩʪʷʤʠ ʪʘ 

ʮʠʤʠ ʧʣʠʪʘʤʠ, ʘ ʪʘʢʦʞ ʩʘʤʽ ʦʧʦʨʥʽ ʧʣʠʪʠ ʚʤʽʱʝʥʦ ʥʘ ʨʠʩ. 1, ʙ. 

 

   
 

ʘ                                                                  ʙ 
ʈʠʩ. 1. ʄʝʪʘʣʝʚʽ ʻʤʢʦʩʪʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ (ʘ) ʽ ʧʨʦʤʽʞʥʽ 

ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʝʣʝʤʝʥʪʠ ʤʽʞ ʻʤʢʦʩʪʷʤʠ ʡ ʧʣʠʪʘʤʠ ʪʘ ʩʘʤʽ ʧʣʠʪʠ (ʙ) 

 

ʋ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʤʘʡʜʘʥʯʠʢ ʧʨʠʫʨʦʯʝʥʦ ʜʦ ʩʪʠʢʫ 

ʨʽʯʥʦʾ ʟʘʧʣʘʚʠ ʡ ʪʝʨʘʩʠ. ʊʝʨʠʪʦʨʽʶ ʩʧʣʘʥʦʚʘʥʦ ʥʘʩʠʧʥʠʤʠ ˇʨʫʥʪʘʤʠ. ɼʦ 
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ʛʣʠʙʠʥʠ 12 ʤ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ ʟʘʣʷʛʘʶʪʴ ʚʽʜʢʣʘʜʠ ʩʠʩʪʝʤ: ʢʨʝʡʜʷʥʦʾ 

(ʩʫʛʣʠʥʠʩʪʽ ʙʽʣʽ ʢʨʝʡʜʠ ï ʩʫʛʣʠʥʢʠ ʪʝʢʫʯʽ) ʥʘ ʛʣʠʙʠʥʘʭ ʚʽʜ 4,4 ʤ ʜʦ 10,6 ʤ; 

ʧʘʣʝʦʛʝʥʦʚʦʾ (ʛʣʠʥʠ ʪʫʛʦʧʣʘʩʪʠʯʥʽ, ʧʽʩʢʠ ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ, ʧʽʩʢʠ ʤʽʣʢ ̔

ʜʦ ʧʠʣʫʚʘʪʠʭ) ʥʘ ʚʽʜʢʣʘʜʘʭ ʚʝʨʭʥʴʦʾ ʢʨʝʡʜʠ; ʯʝʪʚʝʨʪʠʥʥʦʾ, ʦɦ ʧʦʜʽʣʝʥʽ ʥʘ 

ʬʘʮʽʾ: ʨʫʩʣʦʚʫ (ʩʫʛʣʠʥʢʠ ʤôʷʢʦʧʣʘʩʪʠʯʥʽ), ʨʦʟʤʠʚʫ (ʧʽʩʢʠ ʤʽʣʢʠ ʪʘ 

ʩʫʛʣʠʥʢʠ) ʡ ʟʘʧʣʘʚʥʫ (ʧʽʩʢʠ ʤʽʣʢʠ, ʩʝʨʝʜʥʴʦʾ ʱʽʣʴʥʦʩʪʽ, ʥʘʩʠʯʝʥʽ ʚʦʜʦʶ). 

ʉʫʯʘʩʥʽ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ ï ʩʫʛʣʠʥʢʠ ʪʝʢʫʯʦʧʣʘʩʪʠʯʥʽ, ʟʘʤʫʣʝʥʽ, ʟ 

ʜʦʤʽʰʢʘʤʠ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ (ɯɻɽ-2) ʪʘ ʪʦʨʬʠ ʤôʷʢʦʧʣʘʩʪʠʯʥʽ (ɯɻɽ-2ʘ). 

ɻʨʫʥʪ ɯɻɽ-2ʘ ʚʽʜʥʦʩʝʥʦ ʜʦ ʩʣʘʙʢʠʭ (ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ɽ < 5 ʄʇʘ). 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʫ ʪʘʢʽ: ʢʫʪ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ j

II = 10A; ʧʠʪʦʤʝ ʟʯʝʧʣʝʥʥʷ c II = 30 ʢʇʘ; ʤʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ɽ = 3 ʄʇʘ; j

I = 9A; c I = 20 ʢʇʘ. ʇʦʪʫʞʥʽʩʪʴ ɯɻɽ-2ʘ ʟʚʠʯʘʡʥʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,6 ʤ, ʤʽʩʮʷʤʠ 

ʜʦ 1 ʤ. ʐʘʨʠ ˇʨʫʥʪʽʚ ʥʝ ʚʠʪʨʠʤʘʥʽ ʟʘ ʛʣʠʙʠʥʦʶ ʪʘ ʧʣʦʱʝʶ. 

ɻʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʫʤʦʚʠ ʟʫʤʦʚʣʝʥʽ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʪʘ ʛʝʦʣʦʛʽʯʥʦʶ ʙʫʜʦʚʦʶ ʤʘʡʜʘʥʯʠʢʫ. ʁʦʛʦ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ 

ʩʫʪʪʻʚʦ ʚʠʟʥʘʯʘʻ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʨʽʯʢʠ. ʈʽʚʝʥʴ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʩʢʣʘʚ 

0,40-1,80 ʤ ʚʽʜ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦʙʪʦ, ʤʘʡʜʘʥʯʠʢ ʧʽʜʪʦʧʣʝʥʠʡ, ʘ ʩʝʟʦʥʥʽ 

ʢʦʣʠʚʘʥʥʷ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ  ʩʢʣʘʜʘʶʪʴ 0,8 ʤ. 

ɿʘ ʪʘʢʠʭ ʫʤʦʚ ʫ ʷʢʦʩʪʽ ʰʪʫʯʥʦʾ ʦʩʥʦʚʠ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ (3 ʭ 

2 ʤ) ʤʝʪʘʣʝʚʠʭ ʝʤʢʦʩʪʝʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʧʨʠʡʥʷʪʘ ʧʽʱʘʥʘ 

ʧʦʜʫʰʢʘ. ʊʦʤʫ ʯʝʪʚʝʨʪʠʥʥʽ ʚʽʜʢʣʘʜʠ (ɯɻɽ-2 ʪʘ ɯɻɽ-2ʘ) ʙʫʣʦ ʧʝʨʝʢʨʠʪʦ 

ʧʽʩʢʘʤʠ ʥʘʩʠʧʥʠʤʠ, ʩʝʨʝʜʥʴʦʾ ʢʨʫʧʥʦʩʪʽ, ʱʦ ʚʽʜʩʠʧʘʥʽ ʧʦʰʘʨʦʚʦ ʡ 

ʫʱʽʣʴʥʝʥʥʽ ʫʢʦʯʫʚʘʥʥʷʤ. ʊʦʚʱʠʥʘ ʧʽʱʘʥʦʾ ʧʦʜʫʰʢʠ 1,0-1,2 ʤ. 

ɻʦʣʦʚʥʠʡ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʠʡ ʯʠʥʥʠʢ, ʱʦ ʚʧʣʠʥʝ ʥʘ ʪʝʨʠʪʦʨʽʶ ʧʨʠ 

ʟʚʝʜʝʥʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ, ï ʮʝ ʟʤʽʥʠ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʎ  ̫

ʽʥʬʦʨʤʘʮʽʷ ʩʪʘʣʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʩʪʽ ʜʦʜʘʪʢʦʚʠʭ ʽʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʬʘʢʪʠʯʥʦʛʦ ʤʘʩʠʚʫ ʤʘʡʜʘʥʯʠʢʫ ʚʝʨʪʠʢʘʣʴʥʠʤ 

ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʰʪʘʤʧʘʤʠ ʧʣʦʱʝʶ 60000 ʩʤ2 ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ɼʉʊʋ ɹ ɺ.2.1-6-2000 çɻʨʫʥʪʠ. ʇʦʣʴʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷè. ɿʘʣʽʟʦʙʝʪʦʥʥʽ 

ʰʪʘʤʧʠ ʧʣʦʱʝʶ 6 ʤ2 ʨʦʟʤʽʱʫʚʘʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʚʠʨʽʚʥʷʥʽʡ ʧʦʚʝʨʭʥʽ 

ʜʽʣʷʥʢʠ. ɼʦ ʰʪʘʤʧʫ ʙʫʣʠ ʧʨʠʻʜʥʘʥʽ ʩʪʨʫʥʠ ʪʨʴʦʭ ʧʨʦʛʠʥʦʤʽʨʽʚ (ʟ ʮʽʥʦʶ 

ʧʦʜʽʣʢʠ 0,01 ʤʤ), ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʨʝʧʝʨʥʠʭ ʩʠʩʪʝʤʘʭ (ʨʠʩ. 2, ʘ), ʷʢʠʤʠ 

ʚʠʤʽʨʶʚʘʣʠ ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʫ. ɼʣʷ ʘʥʘʣʽʟʫ ʧʨʠʡʤʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ. 

ʐʪʘʤʧ (ʧʣʠʪʘ) ʚʘʞʠʚ 45 ʢʅ, ʡʦʛʦ ʟʘʚʘʥʪʘʞʫʚʘʣʠ ʘʥʘʣʦʛʽʯʥʠʤʠ ʧʣʠʪʘʤʠ 

(ʨʠʩ. 2, ʙ ʽ 2, ʚ). ʊʠʩʢ ʧʽʜ ʧʽʜʦʰʚʦʶ ʰʪʘʤʧʫ ʚʽʜ ʚʘʛʠ ʢʦʞʥʦʛʦ ʟ ʪʘʢʠʭ 

ʚʘʥʪʘʞʽʚ ʩʢʣʘʚ 7.5 ʢʇʘ. ʂʦʞʥʘ ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʚʠʯʘʡʥʦ (ʢʨʽʤ 

ʧʝʨʰʠʭ) ʩʢʣʘʜʘʣʘ 2 ʧʣʠʪʠ, ʪʦʙʪʦ ʚʽʜʧʦʚʽʜʥʠʡ ʪʠʩʢ ʩʢʣʘʜʘʚ 15 ʢʇʘ. 

ʂʦʞʥʫ ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʪʨʠʤʫʚʘʣʠ ʜʦ ʫʤʦʚʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ 

ʦʩʽʜʘʥʥʷ ʦʩʥʦʚʠ ʰʪʘʤʧʫ, ʟʘ ʷʢʫ ʧʨʠʡʤʘʣʠ ʾʾ ʧʨʠʨʽʩʪ ʫ 0,1 ʤʤ ʟʘ ʜʚʽ ʛʦʜʠʥʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʫʤʦʚʠ ʜʦ ʰʪʘʤʧʫ ʧʨʠʢʣʘʜʘʣʠ ʥʘʩʪʫʧʥʫ 

ʩʪʫʧʽʥʴ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʽʥʮʝʚʠʡ ʪʠʩʢ ʧʽʜ ʧʽʜʦʰʚʦʶ ʰʪʘʤʧʫ ʩʢʣʘʚ 150 ʢʇʘ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʡʦʛʦ ʨʦʟʚʘʥʪʘʞʫʚʘʣʠ. ʈʝʟʫʣʴʪʘʪʠ ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ 
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ˇʨʫʥʪʽʚ ʪʨʴʦʤʘ ʰʪʘʤʧʘʤʠ ʧʦʜʘʥʦ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʦʩʽʜʘʥʥʷ 

ʦʩʥʦʚʠ ʰʪʘʤʧʫ ʚʽʜ ʪʠʩʢʫ S=f(p) ʧʽʜ ʡʦʛʦ ʧʽʜʦʰʚʦʶ (ʨʠʩ. 3). 

 

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩ. 2. ʈʝʧʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʥʠʭ ʧʨʦʛʠʥʦʤʽʨʠ ʜʣʷ ʚʠʤʽʨʫ ʦʩʽʜʘʥʴ 

ʦʩʥʦʚʠ ʰʪʘʤʧʫ (ʘ) ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʰʪʘʤʧʫ ʧʣʠʪʘʤʠ (ʙ ʽ ʚ) 

 

 
ʈʠʩ. 3. ɻʨʘʬʽʢʠ ʦʩʽʜʘʥʴ ʦʩʥʦʚʠ ʰʪʘʤʧʽʚ ʚʽʜ ʪʠʩʢʫ 
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ʄʦʜʫʣʴ ʜʝʬʦʨʤʘʮʽʾ ʪʘʢʦʾ ʦʩʥʦʚʠ ʚʠʟʥʘʯʝʥʦ ʟ ʚʽʜʦʤʦʛʦ ʚʠʨʘʟʫ 

 
S

p
b)(E
D

D
nw 21-= ,                        (1) 

ʜʝ w ï ʙʝʟʨʦʟʤʽʨʥʠʡ ʢʦʝʬʽʮʽʻʥʪ, ʧʨʠʡʥʷʪʠʡ ʜʣʷ ʢʨʫʛʣʦʛʦ ʞʦʨʩʪʢʦʛʦ 

ʰʪʘʤʧʘ 0,8; n ï ʢʦʝʬʽʮʽʻʥʪ ʙʽʯʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʚʽʜ 0,27 ʜʦ 0,42 ʟʘʣʝʞʥʦ ʚʽʜ 

ʚʠʜʫ ˇʨʫʥʪʫ; b ï ʜʽʘʤʝʪʨ ʰʪʘʤʧʘ, ʩʤ; pD  ï ʧʨʠʨʦʱʝʥʥʷ ʪʠʩʢʫ, ʄʇʘ, 

1ppp n-=D ; SD  ï ʧʨʠʨʦʱʝʥʥʷ ʦʩʽʜʘʥʥʷ ʰʪʘʤʧʘ, ʩʤ, 1SSS n-=D . 

ɯʟ ʘʥʘʣʽʟʫ ʛʨʘʬʽʢʽʚ S=f(p) (ʨʠʩ. 3) ʚʠʜʥʦ, ʱʦ ʜʦ ʪʠʩʢʫ p = 135 ʢʇʘ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʧʨʠʡʥʷʪʘ ʣʽʥʽʡʥʦʶ. ʊʦʜʽ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʥʘʯʝʥʥʷ 

ʤʦʜʫʣʷ ʜʝʬʦʨʤʘʮʽʾ ʜʣʷ ʢʦʞʥʦʛʦ ʟʽ ʰʪʘʤʧʽʚ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʧʨʠ ʚʝʣʠʯʠʥʽ 

ʢʦʝʬʽʮʽʻʥʪʘ ʇʫʘʩʩʦʥʘ n = 0,37: ʜʣʷ ʧʝʨʰʦʛʦ ʰʪʘʤʧʫ ɽ = 11,2 ʄʇʘ; ʜʣʷ 

ʜʨʫʛʦʛʦ ɽ = 11,0 ʄʇʘ; ʜʣʷ ʪʨʝʪʴʦʛʦ ɽ = 9,5 ʄʇʘ. 

ʇʨʠ ʟʘʧʦʚʥʝʥʥʽ ʻʤʢʦʩʪʽ ʚʦʜʦʶ ʪʠʩʢ ʧʽʜ ʧʽʜʦʰʚʦʶ ʰʪʘʤʧʽʚ ʧʣʦʱʝʶ 6 ʤ2 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 60 ʢʇʘ, ʘ ʧʨʠ ʧʨʠ ʾʾ ʟʘʧʦʚʥʝʥʥʽ ʛʘʟʦʤ ʪʠʩʢ ʧʽʜ ʰʪʘʤʧʘʤʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʠʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ˇʨʫʥʪʦʚʦʾ ʟʘʩʠʧʢʠ ʥʘʚʢʦʣʦ ʻʤʢʦʩʪʽ ʥʘ ʚʩʶ 

ʾʾ ʚʠʩʦʪʫ ʥʝ ʧʝʨʝʚʠʱʠʪʴ 105-110 ʢʇʘ. ʆʪʞʝ, ʟʘ ʪʘʢʦʛʦ ʪʠʩʢʫ ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ 

ʽ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʩʥʦʚʠ ʬʫʥʜʘʤʝʥʪʽʚ ʧʣʦʱʝʶ 6 ʤ2 ʤʝʪʘʣʝʚʠʭ ʝʤʢʦʩʪʝʡ 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ. 

ʆʜʥʘʢ ʯʝʨʝʟ ʥʘʷʚʥʩ̔ʪɹ ʫ ʤʝʞʘʭ ʩʪʠʩʣʦʾ ʪʦʚʱʽ ʦʩʥʦʚʠ ʬʫʥʜʘʤʝʥʪʽʚ 

ʧʣʦʱʝʶ 6 ʤ2 ʪʦʨʬʫ (ɯɻɽ-2ʘ) ʻ ʡʤʦʚʽʨʥʽʩʪʴ, ʟʦʢʨʝʤʘ, ʧʨʠ ʟʥʠʞʝʥʥʽ ʨʽʚʥʷ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ, ʨʦʟʚʠʪʢʫ ʜʦʜʘʪʢʦʚʠʭ ʦʩʽʜʘʥʴ ʰʘʨʫ ʪʦʨʬʫ ʚʽʜ ʨʦʟʢʣʘʜʘʥʥʷ 

ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ʊʦʤʫ ʦʩʥʦʚʫ ʬʫʥʜʘʤʝʥʪʽʚ ʩʣʽʜ ʧʦʩʠʣʠʪʠ. ɿʘ ʥʘʡʙʽʣʴʰ 

ʥʘʜʽʡʥ ̔ʚʘʨʽʘʥʪʠ ʧʦʩʠʣʝʥʥʷ ʦʩʥʦʚ ʧʽʜ ʬʫʥʜʘʤʝʥʪʠ ʻʤʢʦʩʪʝʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʚʫʛʣʝʚʦʜʥʽʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ: ʧʽʜʩʠʣʝʥʥʷ ʰʘʨʫ ʪʦʨʬʫ ʚʪʨʘʤʙʦʚʫʚʘʥʥʷʤ ʫ 

ʥʴʦʛʦ ʱʝʙʝʥʶ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʥʘʙʠʚʥʠʭ ʧʘʣʴ ʫ ʧʨʦʙʠʪʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ; 

ʚʝʨʪʠʢʘʣʴʥʝ ʘʨʤʫʚʘʥʥʷ ʪʦʨʬʫ ʛʨʫʥʪʦʮʝʤʝʥʪʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ɹʽʣʴʰ ʜʝʰʝʚʠʡ ʚʘʨʽʘʥʪ ʧʦʩʠʣʝʥʥʷ ʦʩʥʦʚ (ʷʢʠʡ, ʦʜʥʘʢ, ʥʝ ʚʠʢʣʶʯʘʻ 

ʤʦʞʣʠʚʠʭ ʜʦʜʘʪʢʦʚʠʭ ʦʩʽʜʘʥʴ ʦʩʥʦʚʠ ʚʥʘʩʣʽʜʦʢ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ 

ʨʝʯʦʚʠʥ, ʷʢʽ ʤʽʩʪʠʪʴ ʪʦʨʬ) ï ʮʝ ʚʣʘʰʪʫʚʘʥʥʷ ʧʦʜʫʰʢʠ ʟʽ ʱʝʙʝʥʶ ʯʠ ʛʨʘʚʽʶ 

(ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 0,6 ʤ) ʧʦ ʫʢʣʘʜʝʥʽʡ ʛʝʦʩʽʪʮʽ ʥʘ ʚʞʝ ʽʩʥʫʶʯʠʡ ʧʦʰʘʨʦʚʦ 

ʫʱʽʣʴʥʝʥʠʡ ʧʽʩʦʢ ʧʦʜʫʰʢʠ. ɿʘ ʥʴʦʛʦ, ʚ ʨʘʟʽ ʨʦʟʚʠʪʢʫ ʜʦʜʘʪʢʦʚʠʭ 

ʥʝʨʽʚʥʦʤʽʨʥʠʭ ʦʩʽʜʘʥʴ ʦʩʥʦʚʠ ʯʝʨʝʟ ʨʦʟʢʣʘʜʘʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʩʣʽʜ 

ʨʠʭʪʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ ʻʤʢʦʩʪʝʡ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɽʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʟʙʝʨʽʛʘʥʥʷ ʥʘʬʪʠ ʽ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ ʫ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ 

ʫʤʦʚʘʭ: ʄʦʥʦʛʨʘʬʽʷ / ɺ.ʆ. ʆʥʠʱʝʥʢʦ, ʖ.ʃ. ɺʠʥʥʠʢʦʚ, ʄ.ʃ. ɿʦʮʝʥʢʦ, 

ʄ.ʆ. ʍʘʨʯʝʥʢʦ, ɯ.ɯ. ʃʘʨʮʝʚʘ, ɺ.ɯ. ɹʨʝʜʫʥ, ʊ.ʄ. ʅʝʩʪʝʨʝʥʢʦ. ʇʦʣʪʘʚʘ : 

ʇʦʣʪʅʊʋ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, 2019. 246 ʩ. 
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ʋɼʂ 625.731.71 

 

ɺʠʨʦʞʝʤʩʴʢʠʡ ɺ. ʂ., ʢ. ʪ. ʥ., ʍʘʨʠʪʦʥʦʚʘ ʅ. ʄ.,  ʗʨʦʱʫʢ ʆ. ʉ. 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɼʝʨʞʘʚʥʠʡ ʜʦʨʦʞʥʽʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ʄ. ʇ. ʐʫʣʴʛʽʥʘè (ɼʇ çɼʝʨʞʜʦʨʅɼɯè), 

ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɽʃɽʄɽʅʊɯɺ ɿʈʋʁʅʆɺɸʅʀʁ ʂʆʅʉʊʈʋʂʎɯʁ 

ʇʈʀ ɹʋɼɯɺʅʀʎʊɺɯ ɸɺʊʆʄʆɹɯʃʔʅʀʍ ɼʆʈɯɻ 

 
ʇʠʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʜʦʙʫʚʘʶʪʴ ʚʠʨʽʰʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʩʝʨʝʜʦʚʠʱʝ ʽʩʥʫʚʘʥʥʷ 

ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʫ ʟʚ'ʷʟʢʫ ʟ ʨʦʩʪʦʤ ʮʽʥ ʥʘ ʩʠʨʦʚʠʥʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻ 

ʥʝʤʠʥʫʯʝ ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ɹʝʟʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʧʠʪʘʥʥʷ ʫʪʠʣʽʟʘʮʽʾ ʙʫʜʽʚʝʣʴʥʠʭ ʚʽʜʭʦʜʽʚ 

ʚʝʜʝ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ɻʨʘʤʦʪʥʘ ʫʪʠʣʽʟʘʮʽʷ ʮʴʦʛʦ ʚʠʜʫ ʩʤʽʪʪʷ ʜʦʟʚʦʣʷʻ: 

- ʚʯʘʩʥʦ ʨʦʟʚʘʥʪʘʞʫʚʘʪʠ ʙʫʜʽʚʝʣʴʥʠʡ ʤʘʡʜʘʥʯʠʢ, ʱʦ ʥʝ ʜʘʻ ʚʠʥʠʢʥʫʪʠ 
ʟʘʩʪʦʶ ʚ ʨʦʙʦʪʽ, ʮʝ ʩʧʨʦʱʫʻ ʧʝʨʝʩʫʚʘʥʥʷ ʬʘʭʽʚʮʽʚ ʽ ʪʝʭʥʽʢʠ, ʜʦʟʚʦʣʷʻ 

ʫʥʠʢʥʫʪʠ ʧʨʦʙʣʝʤ ʟ ʢʦʥʪʨʦʣʶʶʯʠʤʠ ʦʨʛʘʥʘʤʠ; 

- ʟʙʝʨʽʛʘʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʨʘʟʠ ʤʝʥʰʝ, ʱʦ ʚʠʛʽʜʥʦ ʜʣʷ 

ʢʦʤʧʘʥʽʡ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʙʫʜʽʚʝʣʴʥʠʭ ʪʦʚʘʨʽʚ; 

- ʫʥʠʢʘʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʤʘʩʦʚʝ 

ʧʦʭʦʚʘʥʥʷ ʽ ʨʦʟʧʘʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʩʤʽʪʪʷ, ʷʢʝ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʩʫʪʪʻʚʠʭ 

ʥʘʩʣʽʜʢʽʚ, ʟʙʝʨʝʛʪʠ ʣʽʩʠ ʽ ʧʘʩʦʚʠʱʘ, ʟʘʭʠʩʪʠʪʠ ʚʦʜʥʽ, ʟʝʤʝʣʴʥʽ ʽ ʧʦʚʽʪʨʷʥʽ 

ʨʝʩʫʨʩʠ. 

ɿʛʽʜʥʦ ʟ ɼʝʨʞʘʚʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʋʢʨʘʾʥʠ ɼʂ 005-96 çʂʣʘʩʠʬʽʢʘʪʦʨ 

ʚʽʜʭʦʜʽʚè ʜʦ ʛʨʫʧʠ 45 ʚʢʣʶʯʝʥʦ ʚʽʜʭʦʜʠ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ ʯʘʩ 

ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ, ʟʥʝʩʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʚʽʜʭʦʜʠ, ʷʢʽ 

ʫʪʚʦʨʠʣʠʩʷ ʚʥʘʩʣʽʜʦʢ ʪʝʭʥʦʛʝʥʥʠʭ ʢʘʪʘʩʪʨʦʬ (ʘʚʘʨʽʡ), ʧʨʠʨʦʜʥʠʭ 

ʢʘʪʘʩʪʨʦʬ ʪʘ ʷʚʠʱ. ʎʶ ʜʽʷʣʴʥʽʩʪʴ ʢʣʘʩʠʬʽʢʦʚʘʥʦ ʚ ʨʦʟʜʽʣʽ 45 ʂɺɽɼ. 

ʊʘʢʠʤʠ ʚʽʜʭʦʜʘʤʠ ʻ: ˇʨʫʥʪ, ʟʘʣʠʰʢʠ ʘʩʬʘʣʴʪʫ, ʛʨʘʚʽʡ, ʱʝʙʽʥʴ, ʧʽʩʦʢ, 

ʤʫʢʘ ʜʦʣʦʤʽʪʦʚʘ, ʟʘʧʦʚʥʶʚʘʯʽ, ʛʽʧʩʦʮʝʤʝʥʪʠ, ʤʘʩʪʠʢʘ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʘ, 

ʨʝʯʦʚʠʥʠ ʟʚ'ʷʟʫʚʘʣʴʥʽ ʟʽʧʩʦʚʘʥʽ, ʟʘʙʨʫʜʥʝʥʽ ʘʙʦ ʥʝʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʾʭ 

ʟʘʣʠʰʢʠ, ʤʝʪʘʣʝʚʽ ʜʝʪʘʣʽ, ʜʝʨʝʚʠʥʘ ʥʝʧʨʠʜʘʪʥʘ. 

ʌʘʢʪʠʯʥʦ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʚʽʜʭʦʜʽʚ ʙʫʜʝ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ ʥʝʟʥʘʯʥʽʡ 

ʢʽʣʴʢʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʟʘʛʘʣʴʥʠʤʠ ʦʙʩʷʛʘʤʠ ʚʽʜʭʦʜʽʚ ʙʫʜʽʚʥʠʮʪʚʘ: 

- ʛʨʘʚʽʡ, ʱʝʙʽʥʴ, ʧʽʩʦʢ, ʤʫʢʘ ʜʦʣʦʤʽʪʦʚʘ, ʟʘʧʦʚʥʶʚʘʯʽ, ʛʽʧʩʦʮʝʤʝʥʪʠ, 

ʤʘʩʪʠʢʘ ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʘ, ʨʝʯʦʚʠʥʠ ʟʚôʷʟʫʚʘʣʴʥʽ ʟʽʧʩʦʚʘʥʽ, ʟʘʙʨʫʜʥʝʥʽ ʘʙʦ ʥʝ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʾʭ ʟʘʣʠʰʢʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ;  
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- ʝʤʫʣʴʩʽʾ ʜʦʨʦʞʥʽ ʟʽʧʩʦʚʘʥʽ, ʟʘʙʨʫʜʥʝʥʽ ʘʙʦ ʥʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʾʭ 

ʟʘʣʠʰʢʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘ ʧʨʠʟʥʘʯʝʥʥʷʤ;  

- ʤʘʪʝʨʽʘʣʠ ʟʚôʷʟʫʚʘʣʴʥʽ ʦʨʛʘʥʽʯʥʽ ʟʽʧʩʦʚʘʥʽ, ʟʘʙʨʫʜʥʝʥʽ ʘʙʦ ʥʝ 

ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʾʭ ʟʘʣʠʰʢʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ;  

- ʚʠʨʦʙʠ ʩʪʽʥʦʚʽ ʙʝʪʦʥʥʽ, ʩʪʦʚʧʠ, ʯʝʨʝʧʠʮʷ ʙʝʪʦʥʥʘ ʟʽʧʩʦʚʘʥʽ, 

ʟʘʙʨʫʜʥʝʥʽ ʘʙʦ ʥʝ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ;  

- ʧʨʦʜʫʢʮʽʷ ʙʫʜʽʚʝʣʴʥʘ (ʫ ʪ. ʯ. ʚʽʜ ʨʝʤʦʥʪʫ ʯʠ ʨʦʟʙʦʨʢʠ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ, ʜʦʨʽʛ, ʤʦʩʪʽʚ, ʰʣʷʭʦʧʨʦʚʦʜʽʚ ʪʦʱʦ) ʥʝʢʦʥʜʠʮʽʡʥʘ. 

ʆʩʥʦʚʥʠʡ ʦʙʩʷʛ ʚʽʜʭʦʜʽʚ ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʠʧʘʜʘʻ ʥʘ ʚʠʨʦʙʥʠʯʦ-

ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʽʜʭʦʜʠ (4510.2), ʷʢʽ ʙʫʜʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʜʝʤʦʥʪʘʞʫ ʧʦʰʢʦʜʞʝʥʠʭ ʪʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ, 

ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʽ ʢʦʤʫʥʽʢʘʮʽʡ (ʽʩʥʫʶʯʦʾ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ). 

ʋ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʩʪʘʥʜʘʨʪʘʭ, ʷʢʠʤʠ 

ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʢʘʧʽʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʧʝʨʝʜʙʘʯʝʥʽ ʟʘʭʦʜʠ ʱʦʜʦ ʤʽʥʽʤʽʟʘʮʽʾ 

ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ. 

ʅʘ ʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʫ ʨʦʟʜʽʣʘʭ ʽʟ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʝʦʙʭʽʜʥʦ ʥʘʚʦʜʠʪʠ ʜʘʥʽ ʱʦʜʦ: 

- ʢʦʜʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʂʣʘʩʠʬʽʢʘʪʦʨʦʤ ʚʽʜʭʦʜʽʚ 

ɼʂ 005-96; 

- ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʦʨʽʻʥʪʦʚʥʠʭ ʦʙʩʷʛʽʚ ʫʪʚʦʨʝʥʥʷ ʚʽʜʭʦʜʽʚ ʚʽʜʧʦʚʽʜʥʦ 
ʉʆʋ 42.1-37641918-096:2012 ɺʠʨʦʙʥʠʯʽ ʥʦʨʤʠ ʧʨʠʨʦʜʥʠʭ ʚʪʨʘʪ ʜʦʨʦʞʥʴʦ-

ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʩʧʦʩʦʙʫ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ (ʣʦʢʘʣʽʟʘʮʽʷ, ʪʠʤʯʘʩʦʚʝ ʟʙʝʨʽʛʘʥʥʷ, 
ʧʝʨʝʨʦʙʢʘ ʪʘ ʚʠʚʝʟʝʥʥʷ). 

ʆʩʪʘʪʦʯʥʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʫʪʠʣʽʟʘʮʽʾ (ʟʥʝʰʢʦʜʞʝʥʥʷ) ʚʽʜʭʦʜʽʚ 

ʙʫʜʽʚʥʠʮʪʚʘ ʧʨʠʡʤʘʻʪʴʩʷ ʛʝʥʧʽʜʨʷʜʥʦʶ ʙʫʜʽʚʝʣʴʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ (ʟʘ 

ʫʟʛʦʜʞʝʥʥʷʤ ʟ ʟʘʤʦʚʥʠʢʦʤ ʨʦʙʽʪ) ʫ ʚʩʪʘʥʦʚʣʝʥʦʤʫ ʧʦʨʷʜʢʫ ʥʘ ʝʪʘʧʽ 

ʨʦʟʨʦʙʢʠ ʧʨʦʝʢʪʫ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʙʽʪ (ʇɺʈ). 

ʇʨʦʝʢʪ ʚʠʨʦʙʥʠʮʪʚʘ ʨʦʙʽʪ ʚ ʦʙʦʚôʷʟʢʦʚʦʤʫ ʧʦʨʷʜʢʫ ʧʦʚʠʥʝʥ ʤʽʩʪʠʪʠ: 

ʫʟʛʦʜʞʝʥʫ ʩʭʝʤʫ ʟʙʦʨʫ ʚʽʜʭʦʜʽʚ; ʛʨʘʬʽʢ ʾʭ ʚʠʚʝʟʝʥʥʷ; ʫʛʦʜʠ (ʘʙʦ ʽʥʰʽ 

ʧʽʜʪʚʝʨʜʞʫʚʘʣʴʥʽ ʜʦʢʫʤʝʥʪʠ) ʥʘ ʧʝʨʝʜʘʯʫ ʟʘʧʣʘʥʦʚʘʥʠʭ ʦʙʩʷʛʽʚ ʚʽʜʭʦʜʽʚ 

ʽʥʰʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ (ʧʽʜʧʨʠʻʤʩʪʚʘʤ) ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʫʪʠʣʽʟʘʮʽʾ (ʟʥʝʰʢʦʜʞʝʥʥʷ). 

ʋ ʟʚôʷʟʢʫ ʟʽ ʟʙʨʦʡʥʦʶ ʘʛʨʝʩʽʻʶ ʟʽ ʩʪʦʨʦʥʠ ʨʦʩʽʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʚ ʥʘʰʽʡ 

ʢʨʘʾʥʽ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʞʝ ʙʘʛʘʪʦ ʟʨʫʡʥʦʚʘʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʧʝʨʝʪʚʦʨʝʥʽ ʥʘ 

ʙʫʜʽʚʝʣʴʥʝ ʩʤʽʪʪʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʜʝʤʦʥʪʫʚʘʪʠ ʽ ʧʦ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʚʪʦʨʥʦ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚ ʋʢʨʘʾʥʽ ʟʨʫʡʥʦʚʘʥʦ 23 

ʪʠʩ.ʢʤ ʜʦʨʽʛ ʪʘ 273 ʰʪʫʯʥʽ ʩʧʦʨʫʜʠ. ʇʨʦ ʮʝ ʥʘ ʙʨʠʬʽʥʛʫ ʚ Ukraine Media 

Center ʟʘʷʚʠʚ ʧʝʨʰʠʡ ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʋʢʨʘʚʪʦʜʦʨʫ. 
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ɹʽʡ ʪʘ ʫʣʘʤʢʠ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʙʽʡ ʪʘ ʫʣʘʤʢʠ ʮʝʛʣʠ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʷʢ ʢʨʫʧʥʠʡ ʪʘ ʜʨʽʙʥʠʡ ʟʘʧʦʚʥʶʚʘʯ ʜʣʷ ʮʝʤʝʥʪʦʙʝʪʦʥʽʚ, 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʽʚ ʽ ʷʢ ʤʘʪʝʨʽʘʣ ʜʣʷ ʦʩʥʦʚʠ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ. 

ɹʽʪʫʤʥʽ ʩʫʤʽʰʽ, ʱʦ ʤʽʩʪʷʪʴ ʥʘʬʪʦʚʫ ʩʢʣʘʜʦʚʫ (ʧʦʢʨʽʚʝʣʴʥʽ ʪʘ 

ʛʽʜʨʦʽʟʦʣʷʮʽʡʥʽ ʙʽʪʫʤʥʽ ʙʫʜʽʚʝʣʴʥʽ ʚʠʨʦʙʠ) ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʜʦʤʽʰʢʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʠʭ ʩʫʤʽʰʝʡ, ʯʦʨʥʦʛʦ ʱʝʙʝʥʶ, 

ʽʥʰʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʩʫʤʽʰʝʡ. 

ʄʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʘʟʙʝʩʪ, ʧʽʩʣʷ ʧʦʤʦʣʫ ʜʦ ʩʪʘʥʫ ʪʦʥʢʦʜʠʩʧʝʨʩʥʠʭ 

ʧʦʨʦʰʢʽʚ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʧʦʨʦʰʢʫ ʷʢ ʩʢʣʘʜʦʚʦʾ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ. 

ɹʫʜʽʚʝʣʴʥʽ ʚʠʨʦʙʠ (ʧʨʦʜʫʢʮʽʷ), ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʭʦʜʽʚ 

ʚʽʜ ʨʫʡʥʫʚʘʥʥʷ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ 

ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ (ʧʨʦʜʫʢʮʽʾ), ʟʘʪʚʝʨʜʞʝʥʦʤʫ ʧʦʩʪʘʥʦʚʦʶ ʂʘʙʽʥʝʪʫ 

ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 20 ʛʨʫʜʥʷ 2006 ʨ. ˉ 1764. 

ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʨʫʡʥʦʚʘʥʦʛʦ ʜʦʨʦʞʥʴʦʛʦ 

ʦʜʷʛʫ ʻ ʚʠʢʦʥʘʥʥʷ ʭʦʣʦʜʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ. 

ʍʦʣʦʜʥʠʡ ʨʝʩʘʡʢʣʽʥʛ ï ʧʨʦʮʝʩ ʨʝʤʦʥʪʫ ʽ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ ʰʣʷʭʦʤ ʟʥʷʪʪʷ 

ʧʦʰʢʦʜʞʝʥʠʭ ʯʘʩʪʠʥ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʨʦʙʢʠ ʡʦʛʦ 

ʥʘ ʜʦʨʦʟʽ ʯʠ ʥʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʟʘʚʦʜʽ ʽʟ ʜʦʜʘʚʘʥʥʷʤ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʡʦʛʦ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʚʽʜ 5 ʙʝʨʝʟʥʷ 1998 ʨʦʢʫ ˉ 187/98-ɺʈ ʇʨʦ ʚʽʜʭʦʜʠ. 

ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ʚʽʜ 05.05.1999 ˉ 619-XIV ʇʨʦ ʤʝʪʘʣʦʙʨʫʭʪ. 

2. ɼʝʨʞʘʚʥʠʤ ʢʣʘʩʠʬʽʢʘʪʦʨʦʤ ʋʢʨʘʾʥʠ ɼʂ 005-96 ʂʣʘʩʠʬʽʢʘʪʦʨ 

ʚʽʜʭʦʜʽʚ. 

3. ɼɹʅ ɸ.2.2-1-2003 ʇʨʦʝʢʪʫʚʘʥʥʷ. ʉʢʣʘʜ ʽ ʟʤʽʩʪ ʤʘʪʝʨʽʘʣʽʚ ʦʮʽʥʢʠ 

ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ (ʆɺʅʉ) ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʙʫʜʽʚʥʠʮʪʚʽ 

ʧʽʜʧʨʠʻʤʩʪʚ, ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ. 

4. ɼɹʅ ɺ.2.3-4:2015 ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ. ʏʘʩʪʠʥʘ I. ʇʨʦʝʢʪʫʚʘʥʥʷ. 

ʏʘʩʪʠʥʘ II. ɹʫʜʽʚʥʠʮʪʚʦ. 

5. ɼʉʊʋ 9030:2020 ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ. ʆʮʽʥʢʘ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɺʠʤʦʛʠ ʜʦ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

6. ɼʉʊʋ 9076:2021 ɸʚʪʦʤʦʙʽʣʴʥʽ ʜʦʨʦʛʠ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ. 

7. ɼʉʊʋ 8978:2020 ʅʘʩʪʘʥʦʚʘ ʟ ʫʣʘʰʪʫʚʘʥʥʷ ʰʘʨʽʚ ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ 

ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʭʦʣʦʜʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ. 

8. ɼʉʊʋ-ʅ ɹ ɺ.2.3-39:2016 ʅʘʩʪʘʥʦʚʘ ʟ ʚʣʘʰʪʫʚʘʥʥʷ ʰʘʨʽʚ 

ʜʦʨʦʞʥʴʦʛʦ ʦʜʷʛʫ ʟ ʢʘʤôʷʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

9. ɼʉʊʋ 8976:2020 ʄʘʪʝʨʽʘʣʠ ʜʦʨʦʞʥʽ, ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ 

ʭʦʣʦʜʥʦʛʦ ʨʝʩʘʡʢʣʽʥʛʫ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. 

10. ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 03.08.1998 ʨ. ˉ 1216 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʇʦʨʷʜʢʫ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʤʽʩʮʴ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚè. 

http://zakon3.rada.gov.ua/laws/show/1216-98-%D0%BF
http://zakon3.rada.gov.ua/laws/show/1216-98-%D0%BF
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11. ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 31.08.1998 ʨ. ˉ 1360 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʇʦʨʷʜʢʫ ʚʝʜʝʥʥʷ ʨʝʻʩʪʨʫ ʦʙôʻʢʪʽʚ ʫʪʚʦʨʝʥʥʷ, ʦʙʨʦʙʣʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ 

ʚʽʜʭʦʜʽʚè. 

12. ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 01.11.1999 ʨ. ˉ 2034 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʇʦʨʷʜʢʫ ʚʝʜʝʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʦʙʣʽʢʫ ʪʘ ʧʘʩʧʦʨʪʠʟʘʮʽʾ ʚʽʜʭʦʜʽʚè. 

13. ʇʦʩʪʘʥʦʚʘ ʂʄʋ ʚʽʜ 13 ʣʠʧʥʷ 2000 ʨ. ˉ 1120 çʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ 

ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʢʦʥʪʨʦʣʴ ʟʘ ʪʨʘʥʩʢʦʨʜʦʥʥʠʤʠ ʧʝʨʝʚʝʟʝʥʥʷʤʠ ʥʝʙʝʟʧʝʯʥʠʭ 

ʚʽʜʭʦʜʽʚ ʪʘ ʾʭ ʫʪʠʣʽʟʘʮʽʻʶ/ʚʠʜʘʣʝʥʥʷʤ ʽ ɾʦʚʪʦʛʦ ʪʘ ɿʝʣʝʥʦʛʦ ʧʝʨʝʣʽʢʽʚ 

ʚʽʜʭʦʜʽʚè. 

14. ʇʦʩʪʘʥʦʚʘ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʽʜ 20 ʛʨʫʜʥʷ 2006 ʨ. ˉ 

1764 ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ 

(ʧʨʦʜʫʢʮʽʾ). 

15. ʉʆʋ 42.1-37641918-096:2012 ɺʠʨʦʙʥʠʯʽ ʥʦʨʤʠ ʧʨʠʨʦʜʥʠʭ ʚʪʨʘʪ 

ʜʦʨʦʞʥʴʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 

  

http://zakon3.rada.gov.ua/laws/show/1360-98-%D0%BF
http://zakon3.rada.gov.ua/laws/show/1360-98-%D0%BF
http://zakon3.rada.gov.ua/laws/show/1360-98-%D0%BF
http://zakon5.rada.gov.ua/laws/show/2034-99-%D0%BF
http://zakon5.rada.gov.ua/laws/show/2034-99-%D0%BF
http://zakon2.rada.gov.ua/laws/show/1120-2000-%D0%BF
http://zakon2.rada.gov.ua/laws/show/1120-2000-%D0%BF
http://zakon2.rada.gov.ua/laws/show/1120-2000-%D0%BF
http://zakon2.rada.gov.ua/laws/show/1120-2000-%D0%BF
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ʋɼʂ: 
 
ɺʦʚʢ ɺ. ʖ., ʘʩʧʽʨʘʥʪʢʘ, ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ ʥʘʫʢʦʚʦʾ ʪʝʤʘʪʠʢʠ, 
ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ, ʋʢʨʘʾʥʘ 

 
ʇʈʀʅʎʀʇ ɽʂʆʃʆɻɯʉʊʀʂʀ ʋ ɿɸɹɽɿʇɽʏɽʅʅɯ ɹɽɿɺɯɼʍʆɼʅʆɻʆ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ 

 
ʅʠʥʽ ʧʨʦʙʣʝʤʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʥʘʙʫʚʘʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʉʘʤʝ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʚʽʜʭʦʜʠ ʛʝʥʝʨʫʶʪʴ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʥʠʢʦʚʠʭ 
ʛʘʟʽʚ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʟʥʘʯʥʠʡ ʝʢʦʜʝʩʪʨʫʢʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 
ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ɿʛʽʜʥʦ ʜʘʥʠʭ ʇʨʦʜʦʚʦʣʴʯʦʾ ʪʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 
ʦʨʛʘʥʽʟʘʮʽʾ ʆʆʅ (ʌɸʆ) [1], ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʽ ʪʚʘʨʠʥʥʠʮʪʚʦ ʟʦʢʨʝʤʘ ï 
ʜʨʫʛʠʡ ʟʘ ʤʘʩʰʪʘʙʘʤʠ ʩʝʢʪʦʨ ʚʠʜʽʣʝʥʥʷ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʊʘʢ, ʪʚʘʨʠʥʥʠʮʪʚʦ 
ʧʨʦʜʫʢʫʻ ʙʣʠʟʴʢʦ 18% ʫʩʽʭ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʫ ʩʚʽʪʽ, 
ʟʦʢʨʝʤʘ, ʚʠʢʠʜʠ ʤʝʪʘʥʫ ʚʽʜ ʮʽʻʾ ʛʘʣʫʟʽ ʩʪʘʥʦʚʣʷʪʴ ʙʣʠʟʴʢʦ 16% ʟʘʛʘʣʴʥʠʭ 
ʨʽʯʥʠʭ ʚʠʢʠʜʽʚ ʫ ʩʚʽʪʽ, ʟʘʢʠʩ ʘʟʦʪʫ ï 17% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʨʽʯʥʦʛʦ ʦʙʩʷʛʫ; ʘ 
ʪʘʢʦʞ ʥʠʟʢʘ ʽʥʰʠʭ ʰʢʽʜʣʠʚʠʭ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʨʝʯʦʚʠʥ ʽ 
ʩʧʦʣʫʢ. 

ɿʥʘʯʥʝ ʤʽʩʮʝ ʫ ʧʨʦʮʝʩʘʭ ʝʢʦʜʝʩʪʨʫʢʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 
ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʧʦʩʽʜʘʻ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʦʜʥʠʭ 
ʙʘʩʝʡʥʽʚ ʪʘ ˇʨʫʥʪʽʚ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 
ʚʽʜʭʦʜʽʚ. ɼʣʷ ʋʢʨʘʾʥʠ ʧʠʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʥʷ ʚʽʜ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʢʨʘʡ 
ʘʢʪʫʘʣʴʥʝ, ʟʚʘʞʘʶʯʠ ʥʘ ʨʦʣʴ ɸʇʂ ʚ ʝʢʦʥʦʤʽʮʽ ʢʨʘʾʥʠ. ɿʘ ʜʘʥʠʤʠ ɼʝʨʞʘʚʥʦʾ 
ʩʣʫʞʙʠ ʩʪʘʪʠʩʪʠʢʠ ʋʢʨʘʾʥʠ, ʫ 2020 ʨʦʮʽ ʋʢʨʘʾʥʘ ʝʢʩʧʦʨʪʫʚʘʣʘ ʘʛʨʘʨʥʦʾ 
ʧʨʦʜʫʢʮʽʾ ʥʘ 18,8 ʤʣʨʜ. ʜʦʣ., ʮʝ ʤʘʡʞʝ 40% ʚʩʴʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʝʢʩʧʦʨʪʫ. 
ʉʝʨʝʜ ʧʨʦʜʫʢʮʽʾ ʪʚʘʨʠʥʥʠʮʪʚʘ ʥʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ ʫ ʝʢʩʧʦʨʪʽ ʋʢʨʘʾʥʠ ʟʘʡʤʘʻ 
ʧʨʦʜʫʢʮʽʷ ʧʪʘʭʽʚʥʠʮʪʚʘ. ɿʛʽʜʥʦ ʜʘʥʠʭ ʋʢʨʘʾʥʩʴʢʦʛʦ ʢʣʫʙʫ ʘʛʨʘʨʥʦʛʦ ʙʽʟʥʝʩʫ, 
ʟʘ ʧʝʨʰʝ ʧʽʚʨʽʯʯʷ 2021 ʨʦʢʫ ʙʫʣʦ ʽʤʧʦʨʪʦʚʘʥʦ 51 ʪʠʩ. ʪ ʢʫʨʷʪʠʥʠ, ʱʦ ʥʘ 18% 
ʙʽʣʴʰʝ, ʥʽʞ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ ʤʠʥʫʣʦʛʦ ʨʦʢʫ. ʋ ʚʘʨʪʽʩʥʦʤʫ ʚʠʨʘʟʽ ʽʤʧʦʨʪ 
ʢʫʨʷʪʠʥʠ ʩʪʘʥʦʚʠʪʴ ʤʘʡʞʝ 22 ʤʣʥ. ʜʦʣ. [2, ʩ. 151]. ɺʥʘʩʣʽʜʦʢ ʜʽʷʣʴʥʦʩʪʽ 
ʧʪʘʭʦʬʝʨʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʪʫʞʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʦʜʠ ʪʘ 
ˇʨʫʥʪʫ. ʋ ʧʨʦʮʝʩʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʜʥʽʻʾ ʢʫʨʢʠ ʫʪʚʦʨʶʻʪʴʩʷ 0,2-0,3 ʢʛ 
ʧʦʩʣʽʜʫ, ʟʥʘʯʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʭʦʜʽʚ ʮʽʻʾ ʛʘʣʫʟʽ ʙʝʟ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ 
ʾʭ ʫʪʠʣʽʟʘʮʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
ʜʦʚʢʽʣʣʷ. 

ʅʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʶ ʚʽʜʧʦʚʽʜʜʶ ʥʘ ʩʫʯʘʩʥʽ ʟʘʛʨʦʟʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 
ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʟ ʙʦʢʫ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʻ ʧʝʨʝʭʽʜ ʜʦ ʤʦʜʝʣʽ 
ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. ɼʘʥʘ ʤʦʜʝʣʴ ʻ ʩʠʩʪʝʤʥʠʤ ʨʽʰʝʥʥʷʤ, ʷʢʝ ʩʧʨʷʤʦʚʘʥʝ 
ʥʘ ʧʦʤôʷʢʰʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʧʦʞʠʚʘʥʥʷ ʥʘ 
ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʦʩʦʙʣʠʚʦ ʚ ʢʦʥʪʝʢʩʪʽ ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ 
ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʽ ʚʽʜʭʦʜʽʚ. ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ ʘʢʪʫʘʣʴʥʦʩʪʽ 
ʥʘʙʫʚʘʶʪʴ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʢʠ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʪʘʢʦʾ 
ʝʢʦʣʦʛʽʩʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ 
ʛʘʟʽʚ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʨʝʩʫʨʩʦʝʬʝʢʪʠʚʥʽ ʰʣʷʭʠ ʾʭ ʧʝʨʝʨʦʙʢʠ ʘʙʦ ʫʪʠʣʽʟʘʮʽʾ. 

ɺʜ̔ʜʘʶʯʠ ʥʘʣʝʞʥʝ ʥʘʫʢʦʚʦʤʫ ʜʦʨʦʙʢʫ ʚʯʝʥʠʭ, ʩʴʦʛʦʜʥʽ ʥʝʜʦʩʣʽʜʞʝʥʠʤʠ 
ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʩʫʪʥʦʩʪʽ ʧʦʥʷʪʪʷ çʝʢʦʣʦʛʽʩʪʠʢʘè, ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ 
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ʢʦʥʮʝʧʮʽʾ ʜʘʥʦʾ ʢʘʪʝʛʦʨʽʾ ʷʢ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʧʦʚʦʜʞʝʥʥʷ ʽʟ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʤʠ ʚʽʜʭʦʜʘʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ 
ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʢʨʘʾʥʠ.  

ʅʘʫʢʦʚʠʡ ʥʘʧʨʷʤ çʝʢʦʣʦʛʽʩʪʠʢʠè (ecologistics) ʚʠʥʠʢ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ ʽ 
ʩʪʦʩʫʻʪʴʩʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚ ʩʬʝʨʽ ʣʦʛʽʩʪʠʢʠ ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, 
ʣʦʛʽʩʪʠʢʠ ʨʝʮʠʢʣʽʥʛʫ, ʘ ʪʘʢʦʞ ʫʧʨʘʚʣʽʥʥʷ ʟʚʦʨʦʪʥʠʤʠ ʣʘʥʮʶʛʘʤʠ ʧʦʩʪʘʚʦʢ. ʋ 
ʩʫʯʘʩʥʽʡ ʧʨʘʢʪʠʮʽ ʧʦʥʷʪʪʷ çʝʢʦʣʦʛʽʩʪʠʢʘè ʤʘʻ ʙʘʛʘʪʦ ʨʽʟʥʠʭ ʚʠʟʥʘʯʝʥʴ. ʋ 
ʧʝʨʝʢʣʘʜʽ ʟ ʘʥʛʣʽʡʩʴʢʦʾ çʝʢʦʣʦʛʽʩʪʠʢʘè (ʘʥʛʣ. Reverse logistics) ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ 
ʷʢ çʟʚʦʨʦʪʥʘ ʣʦʛʽʩʪʠʢʘè, ʱʦ ʦʟʥʘʯʘʻ ʟʘʭʦʜʠ, ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʥʘʡʨʘʮʽʦʥʘʣʴʥʽʰʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʟʙʦʨʫ, ʟʙʝʨʽʛʘʥʥʷ, ʫʪʠʣʽʟʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, 
ʘʙʦ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ.  

ɽʢʦʣʦʛʽʩʪʠʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʢʩʪʫʘʣʴʥʦ ʥʝʦʜʥʦʟʥʘʯʥʦ, ʘʣʝ ʟʘ ʟʤʽʩʪʦʤ 
ʧʨʘʢʪʠʯʥʦ ʽʜʝʥʪʠʯʥʦ ï ʷʢ ʣʦʛʽʩʪʠʯʥʘ ʜʽʷʣʴʥʽʩʪʴ, ʟʘʩʥʦʚʘʥʘ ʥʘ ʧʨʠʥʮʠʧʘʭ 
ʨʦʟʚʠʪʢʫ, ʱʦ ʚʨʘʭʦʚʫʻ ʬʘʢʪʦʨʠ ʟʘʙʨʫʜʥʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ, ʙʝʟʧʝʢʠ ʪʦʱʦ. ʇʨʠ 
ʮʴʦʤʫ ʚ ʨʽʟʥʠʭ ʚʠʟʥʘʯʝʥʥʷʭ ʧʽʜʢʨʝʩʣʶʶʪʴʩʷ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʪʘʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. 

ɽʢʦʣʦʛʽʩʪʠʢʘ ʤʽʩʪʠʪʴ ʚʩʽ ʚʠʜʠ ʜʽʷʣʴʥʦʩʪʽ, ʧʦʚôʷʟʘʥʽ ʟ ʝʢʦʣʦʛʽʯʥʦ 
ʝʬʝʢʪʠʚʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ ʧʨʷʤʠʤʠ ʽ ʟʚʦʨʦʪʥʠʤʠ ʧʦʪʦʢʘʤʠ ʧʨʦʜʫʢʪʽʚ ʪʘ 
ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʧʫʥʢʪʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʩʧʦʞʠʚʘʥʥʷ [3, ʩ. 71]. 

ʆʜʥʠʤ ʽʟ ʚʠʜʽʚ ʝʢʦʣʦʛʽʩʪʠʢʠ ʚʠʟʥʘʯʘʶʪʴ ʮʠʨʢʫʣʷʨʥʫ ʝʢʦʥʦʤʽʢʫ, ʷʢʘ 
ʚʢʣʶʯʘʻ ʣʦʛʽʩʪʠʢʫ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ, ʧʝʨʝʨʦʙʢʠ ʪʘ 
ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʫ ʮʠʢʣʽ ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, 
ʱʦ ʟʘʨʫʙʽʞʥʠʤʠ ʪʘ ʚʽʪʯʠʟʥʷʥʠʤʠ ʥʘʫʢʦʚʮʷʤʠ ʚʠʩʣʦʚʣʶʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ 
ʜʦ ʨʦʟʫʤʽʥʥʷ ʩʫʪʥʦʩʪʽ ʧʦʥʷʪʪʷ çʝʢʦʣʦʛʽʩʪʠʢʘè: ʣʦʛʽʩʪʠʢʘ ʧʝʨʝʨʦʙʢʠ ʪʘ 
ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ, ʣʦʛʽʩʪʠʢʘ ʚʪʦʨʠʥʥʠʭ ʨʝʩʫʨʩʽʚ, ʣʦʛʽʩʪʠʢʘ ʨʝʮʠʢʣʽʥʛʫ, 
ʣʦʛʽʩʪʠʢʘ ʟʚʦʨʦʪʥʠʭ ʧʦʪʦʢʽʚ, ʨʝʚʝʨʩʠʚʥʘ ʣʦʛʽʩʪʠʢʘ, çʟʝʣʝʥʘè ʣʦʛʽʩʪʠʢʘ, 
ʣʦʛʽʩʪʠʢʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, ʣʦʛʽʩʪʠʢʘ ʨʝʮʠʢʣʽʥʛʫ, ʪʦʱʦ. ʆʜʥʦʯʘʩʥʦ ʚʩʽ ʮʽ 
ʢʘʪʝʛʦʨʽʾ ʻ ʙʣʠʟʴʢʠʤʠ ʪʘ ʥʝ ʩʫʧʝʨʝʯʣʠʚʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷʤ [4].  

ɽʢʦʣʦʛʽʩʪʠʢʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʘʻ ʥʘ ʤʝʪʽ 
ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʡ ʱʦʜʦ ʟʘʛʦʪʽʚʣʽ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʩʦʨʪʫʚʘʥʥʷ, 
ʩʢʣʘʜʫʚʘʥʥʷ, ʪʠʤʯʘʩʦʚʦʛʦ ʟʙʝʨʽʛʘʥʥʷ, ʚʪʦʨʠʥʥʦʾ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʫ ʤʝʞʘʭ 
ʘʙʦ ʟʘ ʤʝʞʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ʗʢʱʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ 
ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʫ ʤʝʞʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚʽʜʩʫʪʥʷ, 
ʝʢʦʣʦʛʽʩʪʠʢʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠ 
ʬʫʥʢʮʽʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʪʨʝʙ ʥʘʡʙʣʠʞʯʠʭ ʧʦ ʨʦʟʪʘʰʫʚʘʥʥʶ ʧʝʨʝʨʦʙʥʠʭ 
ʧʽʜʧʨʠʻʤʩʪʚ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʩʠʨʦʚʠʥʽ, ʘ ʪʘʢʦʞ ʦʨʛʘʥʽʟʦʚʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 
ʜʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ʩʧʦʩʦʙʦʤ. 

ʅʘ ʞʘʣʴ, ʚʘʨʪʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʠʨʦʙʥʠʯʽ 
ʮʠʢʣʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘʣʝʞʠʪʴ ʜʦ ʨʘʟʦʚʠʭ 
ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʷʢʽ ʥʝ ʢʦʞʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ ʤʦʞʝ ʧʨʦʬʽʥʘʥʩʫʚʘʪʠ ʽʟ 
ʚʣʘʩʥʠʭ ʜʞʝʨʝʣ. ɼʦ ʪʦʛʦ ʞ, ʦʢʫʧʥʦʩʪʽ ʪʘʢʠʭ ʽʥʚʝʩʪʠʮʽʡ ʻ ʜʦʩʠʪʴ 
ʜʦʚʛʦʪʨʠʚʘʣʠʤ ʧʨʦʮʝʩʦʤ ʪʘ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʦʙôʻʢʪʠʚʥʽʡ ʦʮʽʥʮʽ, ʦʩʢʽʣʴʢʠ 
ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʝʤʦʞʣʠʚʦ ʚʠʨʘʟʠʪʠ ʫ ʤʘʪʝʨʽʘʣʴʥʦ-ʛʨʦʰʦʚʽʡ ʬʦʨʤʽ.  

ʉʝʨʝʜ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ 
ʥʘʡʤʘʩʰʪʘʙʥʽʰʝ ʚʧʨʦʚʘʜʞʫʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʠʥʮʠʧʠ ʝʢʦʣʦʛʽʩʪʠʢʠ ʥʘ 
ʟʘʩʘʜʘʭ ʙʝʟʚʽʜʭʥʦʜʥʦʩʪʽ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʘʥʽʷ çʄʠʨʦʥʽʚʩʴʢʠʡ 
ʭʣʽʙʦʧʨʦʜʫʢʪè (ʜʘʣʽ ï ʄʍʇ). ʇʽʜʧʨʠʻʤʩʪʚʦ ʻ ʥʘʡʙʽʣʴʰʠʤ ʚʠʨʦʙʥʠʢʦʤ 
ʧʨʦʜʫʢʮʽʾ ʧʪʘʭʽʚʥʠʮʪʚʘ ʚ ʋʢʨʘʾʥʽ, ʪʘʢʦʞ ʟʘʡʤʘʻʪʴʩʷ ʤôʷʩʦʧʝʨʝʨʦʙʢʦʶ, 
ʚʠʨʦʱʫʚʘʥʥʷʤ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ. ʊʘʢʦʞ ʧʨʽʦʨʠʪʝʪʥʦʶ ʮʽʣʣʶ ʜʽʷʣʴʥʦʩʪʽ 
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ʄʍʇ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ çʟʝʣʝʥʦʾè ʝʥʝʨʛʽʾ (ʟʘʤʽʥʘ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ 
ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʝʥʝʨʛʽʾ), ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ, 
ʦʨʛʘʥʽʯʥʦʛʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʢʝʨʫʶʯʠʩʴ ʢʣʶʯʦʚʠʤʠ ʧʨʠʥʮʠʧʘʤʠ ʩʪʘʣʦʛʦ 
ʨʦʟʚʠʪʢʫ. ʅʘ ʢʦʞʥʦʤʫ ʟ ʧʽʜʧʨʠʻʤʩʪʚ ʄʍʇ ʻ ʰʪʘʪʥʠʡ ʝʢʦʣʦʛ ʘʙʦ ʦʩʦʙʘ, ʷʢʘ, 
ʟʛʽʜʥʦ ʟ ʥʘʢʘʟʦʤ ʢʝʨʽʚʥʠʮʪʚʘ, ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
ʩʝʨʝʜʦʚʠʱʘ. ʌʘʭʽʚʮʽ, ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʟʘ ʦʭʦʨʦʥʫ ʜʦʚʢʽʣʣʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, 
ʟʘʡʤʘʶʪʴʩʷ ʧʠʪʘʥʥʷʤʠ ʜʦʪʨʠʤʘʥʥʷ ʚʠʤʦʛ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʦʛʦ 
ʟʘʢʦʥʦʜʘʚʩʪʚʘ; ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʽʥʰʠʭ ʨʝʩʫʨʩʽʚ, ʟʦʢʨʝʤʘ, ʦʙʩʷʛʽʚ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʠ; ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʧʽʜʧʨʠʻʤʩʪʚ ʭʦʣʜʠʥʛʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 
ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ; ʟʘʧʦʙʽʛʘʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ 
ʘʚʘʨʽʡ, ʱʦ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 
ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [5]. 

ɼʦʩʷʛʥʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʮʽʣʝʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ 
ʙʫʜʽʚʥʠʮʪʚʫ ʜʚʦʭ ʙʽʦʛʘʟʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʣʷ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ. ɹʽʦʛʘʟʦʚʠʡ 
ʢʦʤʧʣʝʢʩ ï ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʦʙôʻʢʪ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ 
ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ (ʙʽʦʤʘʩʠ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʧʦʙʽʯʥʠʭ 
ʧʨʦʜʫʢʪʽʚ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʪʘ ʩʪʽʯʥʠʭ ʚʦʜ) ʫ çʟʝʣʝʥʫè ʝʥʝʨʛʽʶ ʟʘ 
ʥʘʡʚʠʱʠʤʠ ʩʚʽʪʦʚʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ. ʈʝʘʣʽʟʘʮʽʷ ʙʽʦʛʘʟʦʚʠʭ 
ʧʨʦʻʢʪʽʚ ʜʦʟʚʦʣʷʻ ʄʍʇ ʝʬʝʢʪʠʚʥʦ ʫʪʠʣʽʟʫʚʘʪʠ ʚʽʜʭʦʜʠ ʚʠʨʦʙʥʠʮʪʚʘ, 
ʛʝʥʝʨʫʚʘʪʠ ʯʠʩʪʫ ʟʝʣʝʥʫ ʝʥʝʨʛʽʶ, ʩʫʪʪʻʚʦ ʩʢʦʨʦʪʠʪʠ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 
ʪʘ ʚʠʨʦʙʣʷʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʦʨʛʘʥʽʯʥʽ ʜʦʙʨʠʚʘ.  

ʋ 2019 ʨ. ʙʫʣʦ ʚʝʜʝʥʦ ʫ ʜʽʶ ʧʝʨʰʫ ʯʝʨʛʫ ʢʦʤʧʣʝʢʩʫ çɹʽʦʛʘʟ ʃʘʜʠʞʠʥè 
ʝʥʝʨʛʝʪʠʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ 12 ʄɺʪ. ʆʙôʻʢʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʩʝʣʽ ɺʘʩʠʣʽʚʢʘ 
ʊʫʣʴʯʠʥʩʴʢʦʛʦ ʨʘʡʦʥʫ ɺʽʥʥʠʮʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʚʭʦʜʠʪʴ ʜʦ ʢʦʤʧʣʝʢʩʫ 
çɺʽʥʥʠʮʴʢʦʾ ʧʪʘʭʦʬʘʙʨʠʢʠè. ɺʦʜʥʦʯʘʩ, ʫ ʧʨʦʤʠʩʣʦʚʦʤʫ ʤʘʩʰʪʘʙʽ ʮʽʻʾ ʝʥʝʨʛʽʾ 
ʚʠʩʪʘʯʠʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʠʢʦʶ ʙʣʠʟʴʢʦ 40% ʧʦʪʫʞʥʦʩʪʝʡ 
ʘʛʨʦʽʥʜʫʩʪʨʽʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʫ ʄʍʇ. ʂʨʽʤ ʮʴʦʛʦ, ʙʽʦʛʘʟʦʚʠʡ ʢʦʤʧʣʝʢʩ 
ʚʠʨʦʙʣʷʻ ʦʨʛʘʥʽʯʥʽ ʙʽʦʜʦʙʨʠʚʘ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ 
ʨʦʩʣʠʥ ʝʣʝʤʝʥʪʽʚ ʞʠʚʣʝʥʥʷ [5].  

ʅʘʩʣʽʜʢʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʢʦʣʦʛʽʩʪʠʢʠ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ 
ʙʝʟʚʽʜʭʦʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ ʥʘ ʢʦʤʧʣʝʢʩʘʭ ʄʍʇ 
ʤʦʞʥʘ ʧʨʦʩʪʝʞʠʪʠ ʥʘ ʜʠʥʘʤʽʮʽ ʟʤʽʥ ʦʩʥʦʚʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 
ʜʽʷʣʴʥʦʩʪʽ ʄʍʇ ʚ ʋʢʨʘʾʥʽ. ɿʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʙʝʟʚʽʜʭʦʜʥʠʭ ʙʽʦʛʘʟʦʚʠʭ 
ʪʝʭʥʦʣʦʛʽʡ ʄʍʇ ʟʘʙʝʟʧʝʯʫʻ ʧʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʨʝʮʠʢʣʽʥʛ) 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʽʜʭʦʜʽʚ ʚʣʘʩʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʟʤʝʥʰʫʻ ʩʧʦʞʠʚʘʥʥʷ 
ʝʥʝʨʛʽʾ ʟ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, 
ʘ ʪʘʢʦʞ ʩʢʦʨʦʯʫʻ ʚʠʢʠʜʠ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʜʚʦʦʢʠʩʫ ʚʫʛʣʝʮʶ ʚ ʘʪʤʦʩʬʝʨʫ 

ɺʠʭʦʜʷʯʠ ʽʟ ʦʩʥʦʚʥʦʾ ʤʝʪʠ, ʷʢʘ ʧʦʩʪʘʚʣʝʥʘ ʫ ʨʦʟʨʦʙʣʝʥʽʡ ʧʽʜʧʨʠʻʤʩʪʚʦʤ 
ʝʢʦʣʦʛʽʯʥʽʡ ʧʦʣʽʪʠʮʽ, ʄʍʇ ʚʪʽʣʶʻ ʫ ʩʚʦʾʡ ʚʠʨʦʙʥʠʯʽʡ ʜʽʷʣʴʥʦʩʪʽ ʦʩʥʦʚʥʽ 
ʧʨʠʥʮʠʧʠ ʝʢʦʣʦʛʽʩʪʠʢʠ, ʘ ʩʘʤʝ: ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ 
ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ; ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ 
ʚʠʨʦʙʥʠʮʪʚʘ ʷʢ ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 
ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʽʟ ʤʝʪʦʶ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 
ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʝ 
ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ; ʚʠʨʦʙʥʠʮʪʚʦ çʟʝʣʝʥʦʾè ʝʥʝʨʛʽʾ, ʟʤʝʥʰʝʥʥʷ 
ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʢʦʧʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʷʢ ʥʘʩʣʽʜʦʢ ʩʢʦʨʦʯʝʥʥʷ 
ʽʤʧʦʨʪʦʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ 
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ʪʘ ʜʽʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʚ ʘʪʤʦʩʬʝʨʫ. 
ʊʘʢʠʤ ʯʠʥʦʤ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʤʦʞʫʪʴ 

ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʝʢʦʣʦʛʽʩʪʠʢʠ ʚʽʜʭʦʜʽʚ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 
ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʩʘʤʝ: ʟʘʢʫʧʦʚʫʚʘʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʫ ʪʝʭʥʽʢʫ ʜʣʷ 
ʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʦʧʪʠʤʽʟʦʚʫʚʘʪʠ ʤʘʨʰʨʫʪʠ ʧʝʨʝʚʝʟʝʥʥʷ 
ʚʽʜʭʦʜʽʚ ʚʽʜ ʤʽʩʮʴ ʟʙʦʨʫ ʜʦ ʤʽʩʮʴ ʧʝʨʝʨʦʙʢʠ, ʫʪʠʣʽʟʘʮʽʾ ʪʘ/ʘʙʦ ʟʘʭʦʨʦʥʝʥʥʷ 
ʚʽʜʭʦʜʽʚ, ʫʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʪʨʘʪʠ ʥʘ ʧʝʨʝʚʝʟʝʥʥʷ ʚʽʜʭʦʜʽʚ ʾ ʙʫʜʫʪʴ 
ʤʽʥʽʤʽʟʦʚʘʥʽ; ʦʧʪʠʤʘʣʴʥʦ ʫʪʠʣʽʟʦʚʫʚʘʪʠ ʚʽʜʭʦʜʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚʪʦʨʥʦ 
ʚʠʢʦʨʠʩʪʘʥʽ; ʦʧʝʨʘʪʠʚʥʦ ʟʥʝʰʢʦʜʞʫʚʘʪʠ ʪʘ ʟʘʭʦʨʦʥʶʚʘʪʠ ʚʽʜʭʦʜʠ, ʷʢʽ ʥʝ 
ʤʦʞʫʪʴ ʙʫʪʠ ʫʪʠʣʽʟʦʚʘʥʽ. ɿʘ ʫʤʦʚʠ ʧʦʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʩʪʠʢʠ ʫ 
ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ, ʚ ʋʢʨʘʾʥʽ ʘʢʪʠʚʽʟʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʨʦʟʚʠʪʢʫ 
ʮʠʨʢʫʣʷʨʥʦʾ ʝʢʦʥʦʤʽʢʠ. 

ʃʽʜʝʨʦʤ ʥʘ ʪʝʨʝʥʘʭ ɺʽʥʥʠʯʯʠʥʠ ʪʘ ʚʩʽʻʾ ʋʢʨʘʾʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʧʨʠʥʮʠʧʽʚ ʝʢʦʣʦʛʽʩʪʠʢʠ ʫ ʚʧʨʦʚʘʜʞʝʥʥʽ ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 
ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʙʽʦʛʘʟʦʚʠʡ ʢʦʤʧʣʝʢʩ ʄʍʇ, ʚʠʨʦʙʥʠʯʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʛʦ ʱʦʨʦʢʫ 
ʟʨʦʩʪʘʶʪʴ. ʋ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʝʢʦʣʦʛʽʩʪʠʢʠ, ʷʢʽ 
ʟʘʢʣʘʜʝʥʦ ʫ ʜʽʷʣʴʥʽʩʪʴ ʢʦʤʧʘʥʽʾ, ʜʦ ʷʢʠʭ ʥʘʣʝʞʘʪʴ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʨʝʩʫʨʩʽʚ; ʤʘʢʩʠʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʭʦʜʽʚ; ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ 
ʙʝʟʚʽʜʭʦʜʥʠʭ ʪʝʭʥʦʣʦʛʽʡ; ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʝ 
ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʽʜʭʦʜʽʚ; ʚʠʨʦʙʥʠʮʪʚʦ çʟʝʣʝʥʦʾè ʝʥʝʨʛʽʾ. ɿʘʩʪʦʩʫʚʘʥʥʷ 
ʧʨʠʥʮʠʧʽʚ ʝʢʦʣʦʛʽʩʪʠʢʠ ʜʦʧʦʤʦʞʝ ʧʽʜʧʨʠʻʤʩʪʚʫ ʧʝʨʝʪʚʦʨʠʪʠ ʣʦʛʽʩʪʠʯʥʫ 
ʩʠʩʪʝʤʫ, ʧʦʯʠʥʘʶʯʠ ʟ ʜʦʩʪʘʚʢʠ ʩʠʨʦʚʠʥʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʽʥʮʝʚʦʛʦ 
ʧʨʦʜʫʢʪʫ ʽ ʟʘʢʽʥʯʫʶʯʠ ʫʪʠʣʽʟʘʮʽʻʶ ʪʘ/ʘʙʦ ʙʝʟʧʝʯʥʦʶ ʧʝʨʝʨʦʙʢʦʶ ʚʽʜʭʦʜʽʚ, ʚ 
ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ ʧʨʦʮʝʩ. ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʦ ʟʤʦʛʫ ʚʠʦʢʨʝʤʠʪʠ 
ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʝʢʦʣʦʛʽʩʪʠʢʠ ʥʘ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʚʽʜʭʦʜʥʠʭ 
ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʨʦʧʦʥʫʻʤʦ ʧʦʜʽʣʷʪʠ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʽʾ: ʝʢʦʣʦʛʽʯʥʽ, ʝʢʦʥʦʤʽʯʥʽ 
ʪʘ ʩʦʮʽʘʣʴʥʽ ʝʬʝʢʪʠ. 
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ɺʦʣʴʚʘʯ ʆ. ɺ., ʢ.ʛʝʦʛʨ.ʥ., ʜʦʮʝʥʪ 

ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʆʜʝʩʘ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ ɿʄɯʅ ʂʃɯʄɸʊʋ ʅɸ ʇʈʆɼʋʂʊʀɺʅɯʉʊʔ 

ɽʅɽʈɻʆʇʃɸʅʊɸʎɯʁ ʉɺɯʊʏɻʈɸʉʋ  

ɺ ʃɯʉʆʉʊɽʇʆɺʀʍ ʆɹʃɸʉʊʗʍ ʋʂʈɸɰʅʀ 

 
ɼʘʚʥʦ ʚʽʜʦʤʦ, ʱʦ ʥʘʰʘ ʜʝʨʞʘʚʘ ʪʽʩʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʷʢʽ 

ʋʢʨʘʾʥʘ ʫ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʽʤʧʦʨʪʫʻ.  ʆʢʨʽʤ ʪʦʛʦ, ʱʦ ʩʚʽʪʦʚʽ ʧʦʢʣʘʜʠ ʥʘʬʪʠ 

ʪʘ ʛʘʟʫ ʥʝ ʻ ʥʝʩʢʽʥʯʝʥʥʠʤʠ, ʪʨʝʙʘ ʧʘʤôʷʪʘʪʠ, ʱʦ ʟʥʘʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʨʝʯʦʚʠʥ ʫ ʤʠʥʫʣʦʤʫ ʩʪʦʣʽʪʪʽ ʩʧʨʠʯʠʥʠʣʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʚ 

ʘʪʤʦʩʬʝʨʫ ʪʘ ʧʨʠʟʚʝʣʦ ʜʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ. ʊʦʤʫ ʧʨʦʙʣʝʤʘ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʟʘ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʚʞʝ ʥʘʙʫʣʘ ʛʝʦʧʦʣʽʪʠʯʥʦʛʦ 

ʭʘʨʘʢʪʝʨʫ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʝ ʪʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ, ʘ ʫ ʮʽʣʦʤʫ ʩʚʽʪʽ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʜʞʝʨʝʣ, ʦʩʥʦʚʥʠʤ ʟ ʷʢʠʭ ʥʘ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʦʶ 

ʚʚʘʞʘʻʪʴʩʷ ʙʽʦʤʘʩʘ [1].  

ɺ ɭʚʨʦʧʽ ʣʽʜʝʨʦʤ ʟʘ ʧʣʦʱʘʤʠ ʝʥʝʨʛʦʧʣʘʥʪʘʮʽʡ ʚʚʘʞʘʻʪʴʩʷ ɯʪʘʣʽʷ (57 

ʪʠʩ. ʛʘ). ɺ  ʇʦʣʴʱʽ, ʐʚʝʮʽʾ, ʅʽʤʝʯʯʠʥʽ ʪʘ ɼʘʥʽʾ ʧʽʜ ʝʥʝʨʛʦʢʫʣʴʪʫʨʘʤʠ 

ʟʘʡʥʷʪʦ ʙʣʠʟʴʢʦ 11-13 ʪʠʩ. ʛʘ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʚ ʋʢʨʘʾʥʽ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 

ʝʥʝʨʛʦʧʣʘʥʪʘʮʽʡ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʙʣʠʟʴʢʦ 6 ʪʠʩ. ʛʘ [2]. 

ʉʪʘʙʽʣʴʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱ ʝʥʝʨʛʦʧʣʘʥʪʘʮʽʡ ʫ ʩʚʽʪʽ, ʘ ʪʘʢʦʞ ʟʨʦʩʪʘʥʥʷ 

ʽʥʪʝʨʝʩʫ ʜʦ ʚʠʨʦʱʫʚʘʥʥʷ ʝʥʝʨʛʦʢʫʣʴʪʫʨ ʚ ʋʢʨʘʾʥʽ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʮʽ 

ʨʦʩʣʠʥʠ ʥʝ ʚʠʤʦʛʣʠʚʽ ʜʦ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ, ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʙʨʠʚ ʪʘ ʧʝʩʪʠʮʠʜʽʚ, ʟʘʧʦʙʽʛʘʶʪʴ ʝʨʦʟʽʾ ˇʨʫʥʪʫ, ʩʧʨʠʷʶʪʴ 

ʟʙʝʨʝʞʝʥʥʶ ʪʘ ʧʦʢʨʘʱʘʥʥʶ ʘʛʨʦʝʢʦʩʠʩʪʝʤ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʠʟʴʢʫ 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʙʽʦʤʘʩʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʫʣʴʪʠʚʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʨʦʩʣʠʥʠ ʥʘ 

ʥʠʟʴʢʦʨʦʜʶʯʠʭ, ʜʝʛʨʘʜʦʚʘʥʠʭ  ʽ ʟʘʙʨʫʜʥʝʥʠʭ ˇʨʫʥʪʘʭ (ʪʘʢ ʟʚʘʥʠʭ, 

ʤʘʨʛʽʥʘʣʴʥʠʭ), ʱʦ ʜʦʟʚʦʣʷʻ ʾʭ ʚʽʜʥʦʚʣʶʚʘʪʠ [3]. 

ʆʜʥʘ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʪʨʘʚôʷʥʠʩʪʠʭ ʙʘʛʘʪʦʨʽʯʥʠʭ ʝʥʝʨʛʦʢʫʣʴʪʫʨ - 

ʧʨʦʩʦ ʣʦʟʦʚʠʜʥʝ ʘʙʦ ʧʨʫʪʦʧʦʜʽʙʥʝ (Panicum virgatum) ʚʽʜʦʤʝ ʱʝ ʷʢ 

ʩʚʽʪʯʛʨʘʩ.   ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ   ʬʽʪʦʤʘʩʠ   ʩʚʽʪʯʛʨʘʩʫ   ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 

6 ʪ/ʛʘ ʩʫʭʦʾ ʨʝʯʦʚʠʥʠ ʥʘ ˇʨʫʥʪʘʭ ʟ ʥʠʟʴʢʦʶ ʨʦʜʶʯʽʩʪʶ ʜʦ 25 ʪ/ʛʘ ʥʘ ˇʨʫʥʪʘʭ 

ʟ ʚʠʩʦʢʦʶ ʨʦʜʶʯʽʩʪʶ. ɿʘ ʫʤʦʚʠ ʥʘʣʝʞʥʦʛʦ ʜʦʛʣʷʜʫ ʤʦʞʥʘ ʟʙʠʨʘʪʠ ʫʨʦʞʘʡ 

ʧʨʦʪʷʛʦʤ 15 ʨʦʢʽʚ [4]. 

ʆʩʢʽʣʴʢʠ ʟʤʽʥʘ ʢʣʽʤʘʪʫ  ʚʥʘʩʣʽʜʦʢ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʽʥʥʷ  ʚʠʢʣʠʢʘʻ  

ʚʞʝ ʟʘʨʘʟ ʟʥʘʯʥʫ ʟʤʽʥʫ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʨʦʩʪʫ, ʨʦʟʚʠʪʢʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ (ʚ ʪʦʤʫ ʯʠʩʣʽ, ʽ 

ʙʽʦʝʥʝʨʛʝʪʠʯʥʠʭ). ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʥʘ ʤʘʡʙʫʪʥʻ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʨʦʟʨʘʭʦʚʫʶʪʴ ʤʘʡʙʫʪʥʽ 
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ʢʣʽʤʘʪʠʯʥʽ ʨʝʞʠʤʠ ʥʘ ʦʩʥʦʚʽ ʥʠʟʢʠ ʩʮʝʥʘʨʽʾʚ ʟʤʽʥʠ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʋ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʜʣʷ ʢʣʽʤʘʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʠʥ 

ʟ ʥʘʙʦʨʫ ʩʮʝʥʘʨʽʾʚ RPC (Representative Concentration Pathways), ʘ ʩʘʤʝ 

ʩʮʝʥʘʨʽʡ ʩʪʘʙʽʣʽʟʘʮʽʾ  ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ RCP4.5 [5]. 

ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʟʤʽʥ ʢʣʽʤʘʪʫ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʣʘʥʪʘʮʽʡ 

ʩʚʽʪʯʛʨʘʩʫ ʫ ʣʽʩʦʩʪʝʧʦʚʠʭ ʦʙʣʘʩʪʷʭ ʋʢʨʘʾʥʠ ʧʨʦʚʦʜʠʣʦʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʙʘʟʦʚʦʾ ʤʦʜʝʣʽ ʦʮʽʥʢʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʦʚʦʜʠʣʦʩʴ ʧʦʨʽʚʥʷʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʟʘ ʙʘʟʦʚʠʤʠ ʜʘʥʠʤʠ (1986-2005 ʨʨ.) 

ʪʘ ʟʘ ʩʮʝʥʘʨʥʠʤʠ ʜʘʥʠʤʠ ʜʦ 2050 ʨ. ʄʦʜʝʣʴ ʟʘʩʥʦʚʘʥʘ ʥʘ ʢʦʥʮʝʧʮʽʾ 

ʤʘʢʩʠʤʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʩʣʠʥ ʍ. ɻ. ʊʦʦʤʽʥʛʘ (1986), ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʾ ɸ. ʄ. ʇʦʣʴʦʚʠʤ (2004). 

ɿʤʽʥʠ ʘʛʨʦʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʚʠʨʦʱʫʚʘʥʥʷ ʩʚʽʪʯʛʨʘʩʫ ʚ ʟʚôʷʟʢʫ ʟ 

ʦʯʽʢʫʚʘʥʠʤʠ ʟʤʽʥʘʤʠ ʢʣʽʤʘʪʫ ʫ ʃʽʩʦʩʪʝʧʫ  ʟʫʤʦʚʣʷʪʴ  ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʣʘʥʪʘʮʽʡ.  ʗʢ ʥʘʩʣʽʜʦʢ,  ʚʽʜʧʦʚʽʜʥʦ 

ʟʤʽʥʷʪʴʩʷ ʚʝʣʠʯʠʥʠ ʟʘʛʘʣʴʥʦʾ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ʫʨʦʞʘʾʚ ʨʽʟʥʠʭ ʘʛʨʦʝʢʦʣʦʛʽʯʥʠʭ 

ʢʘʪʝʛʦʨʽʡ: ʧʦʪʝʥʮʽʡʥʦʛʦ (ʇʋ), ʤʝʪʝʦʨʦʣʦʛʽʯʥʦ-ʤʦʞʣʠʚʦʛʦ (ʄʄʋ), ʜʽʡʩʥʦ 

ʤʦʞʣʠʚʦʛʦ (ɼʄʋ)   ʪʘ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʫʨʦʞʘʶ. 

ʇʦʪʝʥʮʽʡʥʘ ʫʨʦʞʘʡʥʽʩʪʴ (ʇʋ) ï ʮʝ ʤʘʢʩʠʤʘʣʴʥʘ ʫʨʦʞʘʡʥʽʩʪʴ, ʷʢʫ 

ʤʦʞʥʘ  ʦʜʝʨʞʘʪʠ ʟʘ ʟʘʜʘʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʟʘʩʚʦʻʥʥʷ ʌɸʈ ʧʦʩʽʚʦʤ, ʷʢʱʦ 

ʽʥʰʠʤʠ ʯʠʥʥʠʢʘʤʠ ʞʠʪʪʷ ʧʦʩʽʚʠ ʟʘʙʝʟʧʝʯʝʥʽ ʧʦʚʥʽʩʪʶ. ʉʝʨʝʜ ʦʩʥʦʚʥʠʭ 

ʯʠʥʥʠʢʽʚ ʫʨʦʞʘʡʥʦʩʪʽ ʚ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚʘʭ ʚʦʣʦʛʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ 

ʣʽʤʽʪʫʶʯʠʭ ʚʝʣʠʯʠʥʫ ʫʨʦʞʘʡʥʦʩʪʽ ʬʘʢʪʦʨʦʤ. ʊʦʤʫ ʜʽʡʩʥʦ ʤʦʞʣʠʚʫ 

ʫʨʦʞʘʡʥʽʩʪʴ  (ʄʄʋ) ʩʚʽʪʯʛʨʘʩʫ ʤʠ ʚʠʟʥʘʯʘʣʠ ʩʘʤʝ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʝʣʠʯʠʥʠ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. ɺʝʣʠʯʠʥʘ ɼʄʋ ʦʙʫʤʦʚʣʝʥʘ 

ʧʨʠʨʦʜʥʦʶ ʨʦʜʶʯʽʩʪʶ ˇʨʫʥʪʫ. 

ʇʨʠ ʙʘʟʦʚʠʭ ʫʤʦʚʘʭ ʇʋ ʟʘʛʘʣʴʥʦʾ ʩʫʭʦʾ ʤʘʩʠ ʩʚʽʪʯʛʨʘʩʫ ʩʪʘʥʦʚʠʪʴ ʫ 

ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ 530 ʮ/ʛʘ (ʪʘʙʣ. 1). ʆʩʢʽʣʴʢʠ ʩʫʤʠ ʌɸʈ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʩʮʝʥʘʨʽʶ RCP4.5 ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ  ʟʙʽʣʴʰʷʪʴʩʷ ʚʢʨʘʡ ʥʝʩʫʪʪʻʚʦ, ʪʦ ʇʋ 

ʪʘʢʦʞ ʟʨʦʩʪʝ ʜʫʞʝ ʥʝʩʫʪʪʻʚʦ ʽ ʩʪʘʥʦʚʠʪʠʤʝ 532 ʮ/ʛʘ, ʪʦʙʪʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, 

ʱʦ ʟʘʣʠʰʠʪʴʩʷ ʥʘ ʨʽʚʥʽ ʙʘʟʦʚʦʛʦ.  

ɺ ʫʤʦʚʘʭ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ  ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ɺʽʥʥʠʮʴʢʦʶ, ʙʘʟʦʚʘ ʩʫʤʘ 

ʌɸʈ ʥʘʡʚʠʱʘ, ʪʦʤʫ ʽ   ʙʘʟʦʚʠʡ ʇʋ ʩʫʭʦʾ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ ʪʫʪ ʥʘʡʚʠʱʽʡ ï 

563 ʮ/ʛʘ. ʋ ʮʽʡ ʦʙʣʘʩʪʽ ʦʯʽʢʫʻʪʴʩʷ ʽ ʥʘʡʚʠʱʽʡ ʩʮʝʥʘʨʥʠʡ  ʧʨʠʭʽʜ ʌɸʈ,  

ʚʜ̔ʧʦʚʽʜʥʦ  ʩʮʝʥʘʨʥʠʡ  ʇʋ ʩʫʭʦʾ ʟʘʛʘʣʴʥʦʾ ʙʽʦʤʘʩʠ ʩʪʘʥʦʚʠʪʴ 588 ʮ/ʛʘ ï ʮʝ 

ʥʘʡʙʽʣʴʰʝ ʩʮʝʥʘʨʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʟʘ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʩʮʝʥʘʨʽʶ RCP4.5 ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʝʣʠʯʠʥʘ ʇʋ ʚʩʽʻʾ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ʩʚʽʪʯʛʨʘʩʫ ʦʯʽʢʫʻʪʴʩʷ 

ʜʝʱʦ ʙʽʣʴʰʝ, ʥʽʞ ʟʘ ʙʘʟʦʚʠʭ ʫʤʦʚ, ʪʦʜʽ ʷʢ ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʪʘʢʠʭ ʟʤʽʥ 

ʫʨʦʞʘʶ ʥʝ ʦʯʽʢʫʻʪʴʩʷ. 

ʆʩʢʽʣʴʢʠ ʟʘ ʫʤʦʚ ʩʮʝʥʘʨʽʶ RCP4.5 ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʚʠʨʦʱʫʚʘʥʥʷ 

ʩʚʽʪʯʛʨʘʩʫ ʟʤʽʥʷʪʴʩʷ ʥʝʩʫʪʪʻʚʦ, ʪʦ, ʷʢ ʚʞʝ ʚʽʜʟʥʘʯʘʣʦʩʷ, ʚʝʣʠʯʠʥʠ ʄʄʋ 

ʚʩʽʻʾ ʩʫʭʦʾ ʤʘʩʠ ʙʫʜʫʪʴ ʚʠʟʥʘʯʘʪʠʩʷ ʩʪʫʧʝʥʝʤ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʧʦʩʽʚʽʚ.  
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ʊʘʢ, ʙʘʟʦʚʘ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʽʩʪʴ ʧʦʩʽʚʽʚ   ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ 

ʩʪʘʥʦʚʠʪʴ 82%, ʘ ʄɺʋ ʚʩʽʻʾ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ï 288 ʮ/ʛʘ. ɺʝʣʠʯʠʥʘ 

ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ  ʧʦʩʽʚʽʚ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ ʜʝʱʦ ʤʝʥʰʝ ʽ ʩʪʘʥʦʚʠʪʴ 

ʟʘ ʙʘʟʦʚʠʭ ʫʤʦʚ 74%, ʘ ʚʝʣʠʯʠʥʘ ʄɺʋ ʚʽʜʧʦʚʽʜʥʦ ʩʪʘʥʦʚʠʪʴ 260 ʮ/ʛʘ.  ʇʽʩʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʚʦʣʦʛʦʟʘʙʝʟʧʝʯʝʥʦʩʪʽ ʟʘ ʩʮʝʥʘʨʥʠʭ ʫʤʦʚ ʜʦ 76% ʫ 

ɺʽʥʥʠʮʴʢʽʡ ʽ  63% ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʷʭ, ʦʯʽʢʫʻʪʴʩʷ ʽ ʟʤʝʥʰʝʥʥʷ  ʟʥʘʯʝʥʥʷ    

ʄɺʋ,  ʷʢʠʡ ʩʪʘʥʦʚʠʪʠʤʝ 270 ʪʘ  224 ʮ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʙʪʦ ʤʦʞʥʘ ʩʢʘʟʘʪʠ, 

ʱʦ ʩʮʝʥʘʨʥʝ ʧʦʛʽʨʰʝʥʥʷ ʫʤʦʚ ʟʚʦʣʦʞʝʥʥʷ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ 

ʩʧʨʠʯʠʥʠʪʴ ʚʪʨʘʪʠ ʤʝʪʝʦʨʦʣʦʛʽʯʥʦ-ʤʦʞʣʠʚʠʭ  ʫʨʦʞʘʾʚ ʩʚʽʪʯʛʨʘʩʫ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʪʝʨʠʪʦʨʽʾ ʫ ʤʝʞʘʭ 6-14 %. 

 

            ʊʘʙʣʠʮʷ 1 

ʇʦʢʘʟʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʩʽʚʽʚ  ʩʚʽʪʯʛʨʘʩʫ ʫ ʃʽʩʦʩʪʝʧʫ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʤʦʚʘʤʠ ʟʘ ʩʮʝʥʘʨʽʻʤ  RCP4.5 ʟʤʽʥʠ ʢʣʽʤʘʪʫ 

 

 

 

ɹʘʟʦʚʠʡ ʨʽʚʝʥʴ ɼʄʋ ʟʘʛʘʣʴʥʦʾ ʩʫʭʦʾ ʙʽʦʤʘʩʠ ʩʚʽʪʯʛʨʘʩʫ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʧʨʠʨʦʜʥʦʶ ʨʦʜʶʯʽʩʪʶ ˇʨʫʥʪʫ, ʩʪʘʥʦʚʠʪʴ ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ  199 ʮ/ʛʘ, ʘ ʫ 

ʇʦʣʪʘʚʩʴʢʽʡ ï 161 ʮ/ʛʘ. ɿʘ ʫʤʦʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʟʤʝʥʰʝʥʥʷ 

ʩʮʝʥʘʨʥʠʭ ʚʝʣʠʯʠʥ ɼʄʋ, ʟ ʪʘʙʣ. 1 ʤʦʞʥʘ ʙʘʯʠʪʠ, ʱʦ ʦʯʽʢʫʚʘʥʽ  ʚʝʣʠʯʠʥʠ 

ɼʄʋ ʜʝʱʦ ʤʝʥʰʝ ï ʥʘ 6% ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ (ʪʫʪ ɼʄʋ ʩʪʘʥʦʚʠʪʴ 186 

ʮ/ʛʘ) ʪʘ  ʥʘ 14% ʫ ʇʦʣʪʘʚʩʴʢʽʡ (ʪʫʪ ɼʄʋ ʩʪʘʥʦʚʠʪʴ 139 ʮ/ʛʘ).  

ɺʽʜʦʤʦ, ʱʦ ʫʨʦʞʘʡʥʽʩʪʴ ʙʫʜʴ-ʷʢʦʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʢʫʣʴʪʫʨʠ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ  ʘʛʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʚʝʛʝʪʘʮʽʾ, ʘʣʝ ʡ ʧʦʢʘʟʥʠʢʘʤʠ  ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʾʾ 

ʧʦʩʽʚʽʚ.  ʇʝʨʰ ʟʘ ʚʩʝ ʮʝ ï ʧʣʦʱʘ ʣʠʩʪʦʚʦʾ ʧʦʚʝʨʭʥʽ ʡ ʬʦʪʦʩʠʥʪʝʪʠʯʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʧʦʩʽʚʫ (ʌʇʇ), ʪʦʙʪʦ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʣʠʩʪʷ ʧʦʩʽʚʫ, ʱʦ ʧʨʠʡʤʘʣʘ 

ʫʯʘʩʪʴ ʫ ʬʦʪʦʩʠʥʪʝʟʽ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʚʝʛʝʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ. 

 

ʇʝʨʽʦʜ, 

ʩʮʝʥʘʨʽʡ 

ɿʘʛʘʣʴʥʘ ʩʫʭʘ ʤʘʩʘ, ʮ/ʛʘ ʌʇʇ, ʤ2/ʤ2 

ʟʘ  ʧʝʨʽʦʜ 

ʋʨʦʞʘʡ ʧʨʠ 

20% 

ʚʦʣʦʛʦʩʪʽ, 

ʮ/ʛʘ 

ʇʋ ʄʄʋ ɼʄʋ 

ɺʽʥʥʠʮʴʢʘ ʦʙʣʘʩʪʴ 

ɹʘʟʦʚʠʡ 530 288 199 545 150 

RCP4.5 532  270 186 531 144 

ʈʽʟʥʠʮʷ 2 -18 -13 -14 -6 

ʈʽʟʥʠʮʷ, % 0 6 6 3 4 

ʇʦʣʪʘʚʩʴʢʘ ʦʙʣʘʩʪʴ 

ɹʘʟʦʚʠʡ 563 260 161 464 130 

RCP4.5 588 224 139 445 120 

ʈʽʟʥʠʮʷ 25 -36 -22 -19 -10 

ʈʽʟʥʠʮʷ, % 4 14 14 5 8 
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ɹʘʟʦʚʝ ʟʥʘʯʝʥʥʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʩʽʚʽʚ ʩʪʘʥʦʚʠʪʴ ʫ 

ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ 545 ʤ2/ʤ2, ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʟʘ ʩʮʝʥʘʨʽʻʤ RCP4.5 

ʚʦʥʦ ʜʝʱʦ  ʟʤʝʥʰʠʪʴʩʷ ʜʦ 531 ʤ2/ʤ2, ʪʦʙʪʦ ʥʘ 14 ʤ2/ ʤ2 (ʥʘ 3%).   ɹʘʟʦʚʝ 

ʟʥʘʯʝʥʥʷ ʬʦʪʦʩʠʥʪʝʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʧʦʩʽʚʽʚ ʩʪʘʥʦʚʠʪʴ ʫ ʇʦʣʪʘʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ 464 ʤ2/ʤ2, ʟʘ ʫʤʦʚ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʟʘ ʩʮʝʥʘʨʽʻʤ RCP4.5 ʚʦʥʦ ʪʘʢʦʞ 

ʟʤʝʥʰʠʪʴʩʷ ʜʦ 445 ʤ2/ʤ2, ʪʦʙʪʦ ʥʘ 19 ʤ2/ ʤ2 (ʥʘ 5%).    

ʈʦʟʧʦʜʽʣ ʫʨʦʞʘʡʥʦʩʪʽ ʙʽʦʤʘʩʠ ʩʚʽʪʯʛʨʘʩʫ  ʟʘ ʩʪʘʥʜʘʨʪʥʦʾ 20% ʚʦʣʦʛʦʩʪʽ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ (ʋɺ) ʪʘʢʦʞ ʧʦʜʽʙʥʠʡ ʜʦ ʨʦʟʧʦʜʽʣʫ ʄʄʋ ʽ ɼʄʋ. ʅʘʡʙʽʣʴʰʽ 

ʚʨʦʞʘʾ ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʦʯʽʢʫʶʪʴʩʷ ʫ ʙʘʟʦʚʠʡ ʧʝʨʽʦʜ ï 150 ʮ/ʛʘ ʫ ɺʽʥʥʠʮʴʢʽʡ 

ʦʙʣʘʩʪʽ ʪʘ ʜʝʱʦ ʤʝʥʰʝ ï 130 ʮ/ʛʘ ï  ʫ ʇʦʣʪʘʚʩʴʢʽʡ.  ɿʘ ʩʮʝʥʘʨʥʠʤʠ ʫʤʦʚʘʤʠ 

ʚʦʥʠ ʟʤʝʥʰʷʪʴʩʷ ï ʜʦ 144 ʮ/ʛʘ ʫ ɺʽʥʥʠʮʴʢʽʡ ʦʙʣʘʩʪʽ ʪʘ ʜʦ 120 ʮ/ʛʘ ʫ 

ʇʦʣʪʘʚʩʴʢʽʡ.    

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ  ʩʮʝʥʘʨʽʶ RCP4.5 ʩʣʽʜ ʦʯʽʢʫʚʘʪʠ ʥʝ 

ʜʫʞʝ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʫʨʦʞʘʾʚ. ɸʣʝ, ʦʩʢʽʣʴʢʠ ʩʚʽʪʯʛʨʘʩ 

ʚʠʨʦʱʫʶʪʴ ʥʘ  ʤʘʨʛʽʥʘʣʴʥʠʭ ʟʝʤʣʷʭ (ʥʝ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ) ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ, ʪʦʙʪʦ ʙʣʠʟʴʢʦ 15-20 ʨʦʢʽʚ ʧʦʩʧʽʣʴ, 

ʪʘʢʝ ʥʝʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʫʨʦʞʘʡʥʦʩʪʽ ʥʝ ʚʧʣʠʥʝ ʥʘ ʟʥʘʯʫʱʽʩʪʴ 

ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʣʴʪʫʨʠ.  

ʊʘʢʦʞ ʥʝ ʩʣʽʜ ʟʘʙʫʚʘʪʠ, ʱʦ ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ  

ʙʘʛʘʪʦʨʽʯʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʢʫʣʴʪʫʨ ʻ ʧʨʦʜʫʢʫʚʘʥʥʷ ʟʥʘʯʥʦʛʦ ʦʙʩʷʛʫ 

ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʚʝʛʝʪʘʮʽʾ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʘ ʥʘʷʚʥʦʩʪʽ 

ʚʦʣʦʛʠ ʪʘ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʽʟ ˇʨʫʥʪʦʚʦʶ ʙʽʦʪʦʶ ʩʧʨʠʷʻ  ʥʘʢʦʧʠʯʝʥʥʶ 

ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʫ ˇʨʫʥʪʽ.   
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ɻʘʻʚʩʴʢʠʡ ɺ. ʈ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ,  ʌʠʣʠʧʯʫʢ ɺ. ʃ., ʜ. ʪ. ʥ., ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ  

ʪʘ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʤ. ʈʽʚʥʝ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ʆɹʆʈʆʊʅʀʍ ʉʀʉʊɽʄ 

ʆʍʆʃʆɼɾɽʅʅʗ ʊɽʉ ʅɸ ɺɽʃʀʏʀʅʋ ɺʀʂʀɼɯɺ  

ɼɯʆʂʉʀɼʋ ʉɯʈʂʀ 

 

ɺʽʜʦʤʦ, ʱʦ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʝʥʝʨʛʦʻʤʥʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʻ 

ʝʥʝʨʛʝʪʠʢʘ, ʽ ʪʦʤʫ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʽʥʜʝʢʩʫ ʝʢʦʣʦʛʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

(Environmental Performance Index, EPI), ʟʛʽʜʥʦ ʩʪʨʘʪʝʛʽʾ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ ʜʦ 2030 ʨʦʢʫ [1] ʩʪʦʩʫʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʮʽʻʾ ʛʘʣʫʟʽ. 

ʇʽʜʚʠʱʝʥʥʷ EPI, ʱʦ ʧʦʣʷʛʘʻ, ʧʝʨʰ ʟʘ ʚʩʝ, ʚ ʟʤʝʥʰʝʥʥʽ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ɺɺʇ, 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ, ʽ ʜʦ ʪʦʛʦ 

ʞ ʮʽ ʩʪʘʥʮʽʾ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʧʝʚʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ ʥʦʨʤʘʪʠʚʘʤ [2]. 

ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʊɽʉ ʽ ɸɽʉ ʚ ʋʢʨʘʾʥʽ ʙʣʠʟʴʢʦ 50. ɺ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 1 

ɼʞ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ 2,5 ɼʞ ʝʥʝʨʛʽʾ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʘʪʤʦʩʬʝʨʫ ʫ ʚʠʛʣʷʜʽ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ ʽ ʛʘʟʽʚ ʥʘʜʭʦʜʠʪʴ 

ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʚʠʢʠʜʽʚ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʊɽʉ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʘʨʦʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ (ʜʠʚ. ʨʠʩ.). 

ʆʩʥʦʚʥʠʤʠ ʟ ʥʠʭ ʻ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ (ʟʦʣʘ), ʜʽʦʢʩʠʜ ʘʟʦʪʫ, ʜʽʦʢʩʠʜ ʩʽʨʢʠ, 

ʦʢʩʠʜ ʪʘ ʜʽʦʢʩʠʜ ʚʫʛʣʝʮʶ ʪʘ ʚʠʢʠʜʠ ʪʝʧʣʘ. ɺʦʥʠ, ʨʦʟʧʦʚʩʶʜʞʫʶʯʠʩʴ, 

ʩʫʪʪʻʚʦ ʧʦʨʫʰʫʶʪʴ ʝʢʦʣʦʛʽʯʥʠʡ ʙʘʣʘʥʩ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʘ 2021 ʨʽʢ ʚ ʋʢʨʘʾʥʽ ʚʠʨʦʙʠʣʠ 156,576 ʤʣʥ. ʄɺʪĀʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ 

ʷʢʠʭ 37,225 ʄɺʪĀʛʦʜ ʪʝʧʣʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ [3]. ɼʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʊɽʉ 

ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 1 ʄɺʪĀʛʦʜ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ 150-300 

ʤ3 ʚʦʜʠ. ʊʦʜʽ ʟʛʽʜʥʦ ʚʠʨʦʙʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ 2021 ʨʦʮʽ ʊɽʉ ʋʢʨʘʾʥʠ 

ʚʠʢʦʨʠʩʪʘʣʠ ʤʽʥʽʤʫʤ 5,584 ʤʣʨʜ. ʤ3 ʚʦʜʠ ʟ ʷʢʦʾ ʢʽʣʴʢʽʩʪʴ ʩʚʽʞʦʾ ʚʦʜʠ 

ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 10-20%. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʚʠʢʦʨʠʩʪʘʥʦʾ ʚʦʜʠ ʊɽʉ (ʙʣʠʟʴʢʦ 

90%) ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʦʙʦʨʦʪʥʽ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʆʉʆ), ʱʦ 

ʦʭʦʣʦʜʞʫʶʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʫ ʧʘʨʫ ʚ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʧʘʨʦʚʠʭ ʪʫʨʙʽʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʫ 2021 ʨʦʮʽ ʆʉʆ ʚʠʢʦʨʠʩʪʘʣʠ ʙʣʠʟʴʢʦ 5,026 ʤʣʨʜ ʤ3 ʚʦʜʠ ʽ 

ʱʦʥʘʡʤʝʥʰʝ 0,5-1,0 ʤʣʨʜ. ʤ3 ʩʚʽʞʦʾ ʚʦʜʠ. ʊʦʙʪʦ ʝʬʝʢʪʠʚʥʘ ʽ ʝʢʦʥʦʤʽʯʥʘ 

ʨʦʙʦʪʘ ʆʉʆ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʝʢʦʣʦʛʽʶ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʥʝʜʦʛʨʽʚʫ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʆʉʆ 

ʟʙʽʣʴʰʫʻ ʪʠʩʢ ʚ ʢʦʥʜʝʥʩʘʪʦʨʽ ʪʫʨʙʽʥʠ ʽ ʪʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʷʢ ʢʦʥʜʝʥʩʘʪʦʨʘ ʧʘʨʦʚʦʾ ʪʫʨʙʽʥʠ ʪʘʢ ʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʊɽʉ ʧʨʠʙʣʠʟʥʦ 

ʥʘ ʪʘʢʠʡ ʞʝ ʚʽʜʩʦʪʦʢ, ʟʙʽʣʴʰʫʶʯʠ ʩʧʦʞʠʚʘʥʥʷ ʷʢ ʧʘʣʠʚʘ ʪʘʢ ʽ ʚʦʜʠ. 
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ʗʢ ʟʘʟʥʘʯʘʣʦʩʷ ʚʠʱʝ, ʝʥʝʨʛʝʪʠʢʘ ʚʥʦʩʠʪʴ ʜʫʞʝ ʚʘʛʦʤʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʚʢʣʘʜ ʫ ʪʝʧʣʦʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʦʢʨʝʤʘ ʯʝʨʝʟ  

ʆʉʆ ʚʽʜʚʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ 30% ʝʥʝʨʛʽʾ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʥʝʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʆʉʆ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʷʜʫ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʦʜʥʠʤ 

ʟ ʷʢʠʭ ʻ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʘ ʽ ʧʦʚôʷʟʘʥʝ ʟ ʮʠʤ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʥʘ ʧʨʠʢʣʘʜʽ 

ʊɽʉ ʧʦʪʫʞʥʽʩʪʶ 2500 ʄɺʪ, ʱʦ ʩʧʘʣʶʻ ʟʘ ʨʽʢ 6Ā109 ʢʛ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɸʉʐ ʽ 

ʨʦʟʨʘʭʦʚʘʥʦ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ SO2 ʟʘ ʨʘʭʫʥʦʢ ʥʝʜʦʛʨʽʚʫ ʚʦʜʠ ʆʉʆ ʥʘ 1Üʉ. 

ʄʘʩʦʚʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ SO2 ʚʠʟʥʘʯʘʻʪʴ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ [4]. 

( )( )'''ʨ2

ʪʚ 11SB102M h-Öh-ÖÖÖÖ= - ,    (11) 

ʜʝ B ï ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, (ʦʜ.ʤʘʩʠ)/(ʦʜ.ʯʘʩʫ); Sʨ ï ʚʤʽʩʪ ʩʽʨʢʠ ʫ ʧʘʣʠʚʽ ʥʘ 

ʨʦʙʦʯʫ ʤʘʩʫ, %; ɖ˼ ï ʜʦʣʷ SO2, ʱʦ ʟʚôʷʟʫʻʪʴʩʷ ʣʝʪʢʦʶ ʟʦʣʦʶ ʫ ʢʦʪʣʽ ʽ ʜʣʷ 

ʥʘʰʦʛʦ ʚʠʧʘʜʢʫ, ʟʛʽʜʥʦ [4] ʫ ʨʽʚʥʘ 10-3 (0,1%); ɖǌ ï ʜʦʣʷ SO2, ʱʦ ʚʣʦʚʣʶʻʪʴʩʷ 

ʈʠʩ.1. ʉʭʝʤʘ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʘʨʦʩʠʣʦʚʦʾ ʯʘʩʪʠʥʠ ʊɽʉ. ɼʊ ï ʜʠʤʦʚʘ ʪʨʫʙʘ; 
ɿɺ ï ʩʠʩ-ʪʝʤʘ ʟʦʣʦʫʣʦʚʣʶʚʘʥʥʷ; ʂɸ ï ʢʦʪʣʦʘʛʨʝʛʘʪ; ɾʅ ïʞʠʚʠʣʴʥʠʡ ʥʘʩʦʩ; ʊɸ ï 
ʪʫʨʙʦʘʛʨʝʛʘʪ; ɻ ï ʛʝʥʝʨʘʪʦʨ; ʂʊ ï ʢʦʥʜʝʥʩʘʪʦʨ ʪʫʨʙʽʥʠ; ʆɺ ï ʦʭʦʣʦʜʞʫʶʯʘ ʚʦʜʘ 
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ʫ ʚʦʣʦʛʦʤʫ ʟʦʣʦʚʣʦʚʣʶʚʘʯʽ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʚʝʜʝʥʦʾ ʩʽʨʥʠʩʪʦʩʪʽ ʧʘʣʠʚʘ 

Sʨ/Qʨ (ʜʝ Qʨ ï ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʥʘ ʨʦʙʦʯʫ ʤʘʩʫ, ʄɼʞ/ʢʛ). ɼʣʷ ʥʘʰʦʛʦ 

ʚʠʧʘʜʢʫ Sʨ/Qʨ = 0,08 ʽ ʜʣʷ ʩʝʨʝʜʥʴʦʾ ʣʫʞʥʦʩʪʽ ʚʦʜʠ ʟʨʦʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ (5 

ʤʤʦʣʴ/ʜʤ3) ɖǌ = 2Ā10-2 (2%). ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʽʨʢʦʦʯʠʱʝʥʥʷ ʟʘ 

ʨʽʢ ʤʘʩʦʚʘ ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʩʪʘʥʦʚʠʪʴ 200 ʪʠʩ.ʪʦʥ SO2, ʱʦ ʩʪʘʥʦʚʠʪʴ 3,3% 

ʚʽʜ ʤʘʩʠ ʩʧʘʣʶʚʘʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʊʦʜʽ, ʜʣʷ ʚʫʛʽʣʣʷ ʤʘʨʢʠ ɸʉʐ, ʜʣʷ ʷʢʦʛʦ 

Qʨ = 20,89 ʄɼʞ/ʢʛ ʢʦʥʪʘʤʽʥʘʮʽʡʥʠʡ ʝʢʚʽʚʘʣʝʥʪ ʝʥʝʨʛʽʾ (ʂɽɽ), ʱʦ ʧʦʢʘʟʫʻ 

ʢ̔ ʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ ʥʘ ʦʜʠʥʠʮʶ ʟʘʪʨʘʯʝʥʦʾ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʪʠʤʝ (200Ā106 

ʢʛ)/(6Ā109Ā20,89 ʄɼʞ) ʪʦʙʪʦ 1,60 ʢʛ/ɻɼʞ. ʇʨʠ ʨʦʙʦʪʽ ʩʠʩʪʝʤʠ 

ʩʽʨʢʦʦʯʠʱʝʥʥʷ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ ʟʛʽʜʥʦ [5] ʙʣʠʟʴʢʦ 95%, ʚʘʣʦʚʘ 

ʢʽʣʴʢʽʩʪʴ ʚʠʢʠʜʽʚ SO2 ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ 10 ʪʠʩ.ʪʦʥʥ ʟʘ ʨʽʢ ʽ ʪʦʜʽ ʂɽɽ ʙʫʜʝ 

ʨʽʚʥʠʡ 0,079 ʢʛ/ɻɼʞ. ʇʨʠ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽʡ ʨʦʙʦʪʽ ʆʉʆ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʜʝʥʩʘʪʫ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 30Áʉ ʜʦ 

31Áʉ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʧʘʜʽʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʪʫʨʙʽʥʠ 500 ʄɺʪ (ʚʩʴʦʛʦ ʧʷʪʴ ʥʘ 

ʚʩʶ ʊɽʉ) ʥʘ 1,0 ʄɺʪ ʽ ʟʙʽʣʴʰʠʪʴ ʂɽɽ ʥʘ 0.2%. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʜʦʩʪʘʪʥʴʦ 

ʝʬʝʢʪʠʚʥʘ ʨʦʙʦʪʘ ʆʉʆ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʾ ʧʘʨʠ ʫ ʢʦʥʜʝʥʩʘʪʦʨʽ ʪʫʨʙʽʥʠ ʚʩʴʦʛʦ ʥʘ 1Áʉ ʧʨʠʟʚʝʜʝ ʜʦ 

ʥʘʜʣʠʰʢʦʚʠʭ ʚʠʢʠʜʽʚ SO2 ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʽʨʢʦʚʣʦʚʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʥʘ 

400 ʪʦʥʥ ʫ ʨ̔ʢ, ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʩʽʨʢʦʚʣʦʚʣʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ï ʥʘ 20 ʪʦʥʥ ʫ ʨʽʢ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʢʘʟʘʥʽ ʫ ʪʘʙʣʠʮʽ. 

ʊʘʙʣʠʮʷ 

ʆʩʥʦʚʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʠʢʠʜʽʚ ʜʽʦʢʩʠʜʫ ʩʽʨʢʠ ʜʣʷ ʊɽʉ  

ʧʦʪʫʞʥʽʩʪʶ 2500 ʄɺʪ 

ʋʤʦʚʠ 

ɺʘʣʦʚʽ ʚʠʢʠʜʠ, 

ʪʠʩ.ʪʦʥʥ/ʨʽʢ 

 

ʂɽɽ, 

ʢʛ/ɻɼʞ 
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ʥʘ 1Üʉ, 
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ʋɼʂ 504.61(477.63)-047.44:656.13]"451*10" 

 

ɻʘʣʘʢʪʽʦʥʦʚ ʄ. ʉ., ʘʩʧʽʨʘʥʪ, ɻʘʥʦʰʝʥʢʦ ʆ. ʄ., ʢ. ʪ. ʥ.,  

 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 
 

ɸʅɸʃɯɿ ɯʉʅʋʖʏʀʍ ʊɽʅɼɽʅʎɯʁ ɺʇʃʀɺʋ 

ɸɺʊʆʊʈɸʅʉʇʆʈʊʋ ʅɸ ɸʊʄʆʉʌɽʈʅɽ ʇʆɺɯʊʈʗ ɺ  

ʂʈʀɺʆʄʋ ʈʆɿɯ ʇʈʆʊʗɻʆʄ ʆʉʊɸʅʅʔʆɻʆ ɼɽʉʗʊʀʃɯʊʊʗ 
 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʟʘʙʝʟʧʝʯʫʻ ʥʝ ʪʽʣʴʢʠ ʪʨʘʥʩʧʦʨʪʥʝ 

ʩʧʦʣʫʯʝʥʥʷ ʤʽʩʪʘ, ʘ ʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʢʦʤʧʣʝʢʩʫ ʤʽʩʪʘ, 

ʨʝʛʽʦʥʫ ʪʘ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ. ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʂʨʠʚʦʛʦ ʈʦʛʫ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʘʢʪʠʯʥʦ ʫʩʽʤʘ ʚʠʜʘʤʠ ʥʘʟʝʤʥʦʛʦ, ʧʦʚʽʪʨʷʥʦʛʦ ʪʘ 

ʪʨʫʙʦʧʨʦʚʽʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʈʦʟʚʠʥʝʥʠʤ ʻ ʢʦʤʫʥʘʣʴʥʠʡ ʝʣʝʢʪʨʦ- (ʪʨʘʤʚʘʡ, 

ʪʨʦʣʝʡʙʫʩ, ʤʝʪʨʦʧʦʣʽʪʝʥ) ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʘ ʪʘʢʦʞ ʪʨʘʥʩʧʦʨʪ, 

ʱʦ ʻ ʧʨʠʚʘʪʥʦʶ ʚʣʘʩʥʽʩʪʶ.  

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʫ 

ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ ʪʘ ʧʘʩʘʞʠʨʽʚ. ɿʘ ʦʙʩʷʛʘʤʠ ʧʝʨʝʚʝʟʝʥʴ ʚʘʥʪʘʞʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ ʩʝʨʝʜ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ 

ʦʙʣʘʩʪʴ ʟʘʡʤʘʻ 1 ʤʽʩʮʝ ʧʨʦʪʷʛʦʤ 2014-2017 ʨʨ. ʉʝʨʝʜ ʤʽʩʪ ʽ ʨʘʡʦʥʽʚ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʘ ʮʠʤ ʧʦʢʘʟʥʠʢʦʤ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʻ ʣʽʜʝʨʦʤ [1]. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʂʨʠʚʦʛʦ ʈʦʛʫ ʻ ʧʦʪʫʞʥʠʤ ʜʞʝʨʝʣʦʤ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʫ ʧʦʚʽʪʨʷʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʇʨʠ 

ʮʴʦʤʫ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ 

ʢʽʣʴʢʦʩʪʽ ʚʠʢʠʜʽʚ ʚʽʜ ʧʝʨʝʩʫʚʥʠʭ ʜʞʝʨʝʣ ʫ ʟʘʛʘʣʴʥʠʡ ʬʦʥ ʟʘʙʨʫʜʥʝʥʥʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʤʽʩʪʘ. 

ʆʢʨʽʤ ʧʨʦʙʣʝʤ ʟ̔ ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʦʚʽʪʨʷ, ʥʘʜʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʚʘʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʫ ʤʽʩʪʘʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʧʝʨʝʩʫʚʘʥʥʷ ʤʽʩʪʦʤ ʽ 

ʟʘʪʦʨʽʚ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʯʘʩ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʚʠʛʫʥʘ ʚ 

ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ï ʙʽʣʴʰʠʤ ʚʠʢʠʜʦʤ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ [2]. ʄʘʩʦʚʘ 

ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʷ ʥʘʩʝʣʝʥʥʷ ʩʪʘʻ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʤʦʙʽʣʴʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ. ʈʘʟʦʤ ʟ̔ ʪʠʤ, ʥʝʚʠʩʦʢʠʡ ʟʘʛʘʣʴʥʠʡ 

ʨʽʚʝʥʴ ʷʢʦʩʪʽ ʜʦʨʽʛ ʪʘ ʧʝʨʝʟʘʚʘʥʪʘʞʝʥʽʩʪʴ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʻ ʧʨʠʯʠʥʘʤʠ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʧʨʠʛʦʜ (ɼʊʇ). 

ʊʨʘʥʩʧʦʨʪʥʘ ʤʝʨʝʞʘ ʫʢʨʘʾʥʩʴʢʠʭ ʤʽʩʪ, ʷʢʘ ʩʬʦʨʤʫʚʘʣʘʩʷ ʚ ʫʤʦʚʘʭ 

ʥʘʷʚʥʦʾ ʟʘʙʫʜʦʚʠ ʽ, ʚ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ,  ʥʝ ʙʫʣʘ ʦʧʪʠʤʽʟʦʚʘʥʘ ʦʩʪʘʥʥʽ 

ʨʦʢʠ, ʟʘʨʘʟ ʦʙôʻʢʪʠʚʥʦ ʥʝ ʩʧʨʘʚʣʷʻʪʴʩʷ ʟ ʧʦʩʪʽʡʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʚʫʣʠʮʷʭ ʤʽʩʪʘ, ʫʩʢʣʘʜʥʶʶʯʠ, ʘ ʯʘʩʦʤ ʽ 

ʧʘʨʘʣʽʟʫʶʯʠ ʨʫʭ ʪʨʘʥʩʧʦʨʪʫ. ɿʘ ʜʘʥʠʤʠ ʄɺʉ ʋʢʨʘʾʥʠ ʋʧʨʘʚʣʽʥʥʷ 

ɼʝʨʞʘʚʪʦʽʥʩʧʝʢʮʽʾ ɻʋʄɺʉ ʋʢʨʘʾʥʠ ʚ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʩʪʘʥʦʤ ʥʘ 
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15.09.2008 ʨ.  ʚ ʤʽʩʪʽ ʙʫʣʦ 105901 ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʥʘʣʝʞʘʣʠ 

ʶʨʠʜʠʯʥʠʤ ʦʩʦʙʘʤ ʪʘ ʥʘʩʝʣʝʥʥʶ ʤʽʩʪʘ [3]. 

ɿʛʽʜʥʦ ʣʠʩʪʘ ɻʦʣʦʚʥʦʛʦ ʩʝʨʚʽʩʥʦʛʦ ʮʝʥʪʨʫ ʄɺʉ ʋʢʨʘʾʥʠ ˉ31/10ʟʽ ʚʽʜ 

17.01.2022 ʨ. ʟʘ ʜʘʥʠʤʠ ɭʜʠʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʨʝʻʩʪʨʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʩʪʘʥʦʤ ʥʘ 01 ʩʽʯʥʷ 2022 ʨʦʢʫ ʚ ʤʽʩʪʽ ʂʨʠʚʠʡ ʈʽʛ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 174596 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [4]. 

ʇʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚ ʤʽʩʪʽ 

ʂʨʠʚʠʡ ʈʽʛ ʟʘ 2008 ʪʘ 2022 ʨʦʢʠ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.  

ʊʘʙʣʠʮʷ 1   

ɸʚʪʦʪʨʘʥʩʧʦʨʪ, ʱʦ ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʫ ʤʽʩʪʽ ʂʨʠʚʠʡ ʈʽʛ 

ʊʠʧ ʊɿ 

ʂʽʣʴʢʽʩʪʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʦʜʠʥʠʮʴ 

ʈʽʟʥʠʮʷ 

ʉʪʘʥʦʤ ʥʘ 15.09.2008 ʉʪʘʥʦʤ ʥʘ 01.01.2022 

ɸʚʪʦʤʦʙʽʣʽ, ʚʩʴʦʛʦ  105901 174596 +73668 

ʃʝʛʢʦʚʽ ʘʚʪʦʤʦʙʽʣʽ 88857 133636 +44779 

ɺʘʪʘʞʥʽ ʙʦʨʪʦʚʽ 12534 16513 +3979 

ɸʚʪʦʙʫʩʠ 4510 322 -4188 

ʇʨʠʯʝʧʠ - 10981 +10981 

ɯʥʰʽ - 13144 +13144 

ʗʢ ʙʘʯʠʤʦ, ʢʽʣʴʢʽʩʪʴ ʟʘʨʝʻʩʪʨʦʚʘʥʦʛʦ ʚ ʤ. ʂʨʠʚʠʡ ʈʽʛ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟ 

2008 ʜʦ 2022 ʨʦʢʫ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 73668 ʰʪ, ʽ ʥʘʡʙʽʣʴʰʠʡ ʧʨʠʨʽʩʪ ï ʧʦ 

ʣʝʛʢʦʚʠʤ ʘʚʪʦʤʦʙʽʣʷʤ. 

ɿʤʽʥʘ ʨʦʟʧʦʜʽʣʫ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟʘ ʚʠʜʦʤ ʧʘʣʠʚʘ ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮʷ 2  

 ɻʨʫʧʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʊʠʧ 

ʘʚʪʦʤʦ

ʙʽʣʷ 

ʈʽʢ 

ɺʩʴʦʛʦ

ʦʜʠ-

ʥʠʮʴ 

ʋ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʚʠʜʘʤʠ ʧʘʣʠʚʘ, ʦʜʠʥʠʮʴ 

ʙʝʥʟʠ-

ʥʦʚʽ 

ʜʠʟʝ-

ʣʴʥʽ 

ʥʘ 

ʩʢʨʘʧʣʝʥ

ʦʤʫ ʪʘ ʥʘ 

ʩʪʠʩʥʝʥʦ

ʤʫ ʛʘʟʽ 

ʛʘʟ ʪʘ 

ʙʝʥʟʠʥ 

ʛʘʟ ʪʘ 

ʜʠʟ-

ʧʘʣʠʚʦ 

ʝʣʝʢʪʨʦ

ʤʦʙʽʣʽ 

ɸʚʪʦ-

ʤʦʙʽʣʽ, 

ʚʩʴʦʛʦ  

2008 105901 91609 12263 218 1810 1 - 

% 100,0 86,5 11,6 0,2 1,7 0,0 - 

2022 174596 102522 33075 1768 24888 8 358 

% 100,0 58,7 18,9 1,0 14,3 0,0 0,2 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ, ʷʢʽ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʚʠʢʠʜʫ ʻ ʙʽʣʴʰ ʰʢʽʜʣʠʚʽ, 

ʘʣʝ ʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʽ ʧʦ ʚʠʪʨʘʪʽ ʧʘʣʴʥʦʛʦ ʟʘ ʙʝʥʟʠʥʦʚʽ. 

ʊʘʢʦʞ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘʩʴ ʯʘʩʪʢʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ 

ʩʢʨʘʧʣʝʥʦʤʫ ʪʘ ʩʪʠʩʥʝʥʦʤʫ ʛʘʟʽ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʛʘʟ ʻ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽʰʠʤ ʧʘʣʠʚʦʤ ï ʫ ʚʠʭʣʦʧʥʠʭ ʛʘʟʘʭ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʤʽʩʪʠʪʴʩʷ 

ʤʝʥʰʝ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʥʟʠʥʦʚʠʤʠ ʪʘ ʜʠʟʝʣʴʥʠʤʠ 

ʜʚʠʛʫʥʘʤʠ.  
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ʆʢʨʽʤ ʮʴʦʛʦ ʚ ʤʽʩʪʽ ʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʷ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ. ʈʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʫ ʩʚʽʪʽ ʥʘʙʠʨʘʻ ʚʩʝ ʙʽʣʴʰʦʾ 

ʧʦʧʫʣʷʨʥʦʩʪʽ, ʪʦʞ ʋʢʨʘʾʥʘ, ʚ ʮʽʣʦʤʫ, ʪʘ, ʟʦʢʨʝʤʘ, ʂʨʠʚʠʡ  ʈʽʛ ʥʝ ʩʪʘʣʠ 

ʚʠʥʷʪʢʦʤ. ɺʪʽʤ, ʤʘʩʦʚʽʡ ʧʦʷʚʽ ʪʘʢʠʭ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘʨʘʟ 

ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʨʝʞ ʟʘʨʷʜʥʠʭ 

ʩʪʘʥʮʽʡ. 

ɿʘʨʘʟ ʘʚʪʦʤʦʙʽʣʽ ʚ ʋʢʨʘʾʥʽ, ʱʦ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ, ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʯʘʩʫ, ʘ 

ʩʘʤʝ ʚʽʜ 5 ʨʦʢʽʚ ʪʘ ʙʽʣʴʰʝ, ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʧʦʪʦʯʥʠʤ ʝʢʦʣʦʛʽʯʥʠʤ 

ʩʪʘʥʜʘʨʪʘʤ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʚ ʤʽʩʪʽ.   

Cʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʛʨʫʧʫʶʪʴʩʷ 

ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1. 

 
ʈʠʩ. 1. ɻʨʫʧʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ  

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʇʦʛʽʨʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚ ʤʽʩʪʽ ʪʘʢʦʞ ʩʧʨʠʯʠʥʝʥʦ ʨʷʜʦʤ 

ʬʘʢʪʦʨʽʚ, ʷʢʽ ʟôʷʚʠʣʠʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

ʥʘ ʜʦʨʦʛʘʭ. ɼʦ ʪʘʢʠʭ ʬʘʢʪʦʨʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʟʘʪʦʨʠ ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ 

ʧʝʨʝʭʨʝʩʪʷʭ, ʰʫʤʦʚʽ ʪʘ ʚʽʙʨʘʮʽʡʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʦʨʦʞʥʻ ʧʦʣʦʪʥʦ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ ʜʦ ʘʚʪʦʰʣʷʭʽʚ ʪʘ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʜʣʷ ʤʠʪʪʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ʎʝ ʩʧʨʠʯʠʥʝʥʦ ʥʝʷʢʽʩʥʠʤ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷʤ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʚʽʜʩʫʪʥʽʩʪʶ ʪʝʭʥʽʯʥʦʛʦ ʦʛʣʷʜʫ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʥʘʣʝʞʘʪʴ ʥʘʩʝʣʝʥʥʶ, ʘ 

ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʡʙʽʣʴʰ ʞʚʘʚʠʭ 

ʘʚʪʦʰʣʷʭʘʭ ʪʘ ʚʫʣʠʮʷʭ, ʥʝʜʦʩʪʘʪʥʷ ʢʽʣʴʢʽʩʪʴ ʟʝʣʝʥʠʭ ʥʘʩʘʜʞʝʥʴ çʟʝʣʝʥʠʭ 
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ʝʢʨʘʥʽʚè ʥʘ ʚʫʣʠʮʷʭ ʤʽʩʪʘ, ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʟʘʭʦʜʽʚ ʟ̔ ʦʨʛʘʥʽʟʘʮʽʾ ʨʫʭʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ. 

ʇʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʦʾ ʘʚʪʦʤʦʙʽʣʴʥʠʤ 

ʪʨʘʥʩʧʦʨʪʦʤ, ʭʽʤʽʯʥʽ ʪʘ ʬʽʟʠʯʥʽ ʬʘʢʪʦʨʠ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʠʡ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʪʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ. ɺʠʢʠʜʠ ʟʘʙʨʫʜʥʶʚʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʚ ʧʦʚʽʪʨʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʴ ʚ ʨʦʙʦʪʽ ʜʠʭʘʣʴʥʦʾ, ʩʝʨʮʝʚʦ-

ʩʫʜʠʥʥʦʾ ʪʘ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤ ʣʶʜʠʥʠ. ʐʫʤ ʪʘ ʚʽʙʨʘʮʽʷ, ʩʧʨʠʯʠʥʝʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ, ʚʧʣʠʚʘʻ ʥʘ ʥʝʨʚʦʚʫ ʩʠʩʪʝʤʫ ʽ ʚʝʜʝ ʜʦ ʧʦʛʽʨʰʝʥʥʷ 

ʨʦʙʦʪʠ ʩʝʨʮʷ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʘʭʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ.  

ɼʦ ʟʘʭʦʜʽʚ ʽʟ ʧʦʣʽʧʰʝʥʥʷ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʩʧʨʠʯʠʥʝʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʥʘʣʝʞʘʪʴ: 

- ʦʨʛʘʥʽʟʘʮʽʷ ʪʘ ʫʧʦʨʷʜʢʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ 

ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʾʟʥʠʭ ʰʣʷʭʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʩʤʫʛ ʜʣʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʽʚ, 

ʙʫʜʽʚʥʠʮʪʚʦ ʧʽʜʟʝʤʥʠʭ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʪʘ ʽʥ.; 

- ʨʦʟʚʠʪʦʢ ʪʘ ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ; 

- ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽʩʥʝ 

ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ; 

- ʧʦʣʽʧʰʝʥʥʷ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʪʘ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʪʘ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ; 

- ʫ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ 

ʨʦʙʦʪʠ ʧʦ ʟʥʝʧʠʣʶʚʘʥʥʶ ʜʦʨʽʛ ʟ ʤʝʪʦʶ  ʟʤʝʥʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʠʣʫ;  

- ʦʟʝʣʝʥʝʥʥʷ ʚʫʣʠʮʴ ʤʽʩʪʘ ï ʩʪʚʦʨʝʥʥʷ çʟʝʣʝʥʠʭ ʝʢʨʘʥʽʚè, ʩʧʨʠʷʻ 

ʟʥʠʞʝʥʥʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʰʫʤʫ ʽ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ 

ʧʨʠʜʦʨʦʞʥʽʭ ʪʝʨʠʪʦʨʽʷʭ, ʧʽʜʚʠʱʫʻ ʝʩʪʝʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʤʽʩʪʘ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɸʥʘʣʽʟ ʩʪʘʥʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʨʦʟʚʠʪʢʫ ʜʥʽʧʨʦʧʝʪʨʦʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʪʘ ʾʾ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʦ-

ʪʝʨʠʪʦʨʠʘʣʴʥʠʭ ʦʜʠʥʠʮʴ ʟʘ 2014-2018 ʨʦʢʠ ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ ʦʙʣʘʩʥʘ 

ʜʝʨʞʘʚʥʘ ʘʜʤʽʥʽʩʪʨʘʮʽʷ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï URL: 

https://adm.dp.gov.ua/storage/app/media/uploaded-

files/analizStanuTaviznachennjaTendenciy_2019.pdf 

2. ɺʧʣʠʚ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʝʢʦʣʦʛʽʶ ʤʽʩʪʘ. ɸʥʘʣʽʟ ʪʘ ʩʪʨʘʪʝʛʽʾ ʜʣʷ 
ʋʢʨʘʾʥʠ. ʍʘʨʴʢʽʚ 2016 ʋʢʨʘʾʥʩʴʢʘ ʢʣʽʤʘʪʠʯʥʘ ʤʝʨʝʞʘ [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ]. ï URL: https://ucn.org.ua/wp-content/uploads/2017/02/transport-

ukr4_small.pdf 

3. ʇʨʦʝʢʪ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʧʨʦʛʨʘʤʠ ʧʦ ʚʠʨʽʰʝʥʥʶ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ 
ʂʨʠʚʙʘʩʫ ʪʘ ʧʦʣʽʧʰʝʥʥʶ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

2011-2022 ʨʦʢʠ: ʟʚʽʪ/ ʊʆɺ çʎɽɼɸè. ʂʨʠʚʠʡ ʨʽʛ, 2009 ʨ. 

4. ʃʠʩʪ ʛʦʣʦʚʥʦʛʦ ʩʝʨʚʽʩʥʦʛʦ ʮʝʥʪʨʫ ʄɺʉ ʋʢʨʘʾʥʠˉ31/10ʟʽ ʚʽʜ 

17.01.2022 ʨ. 
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ɻʘʥʥʦʮʴʢʘ  ɼ. ʖ., ʩʪʫʜʝʥʪʢʘ, ʑʝʨʙʠʥʘ ʉ. ɯ., ʚʠʢʣʘʜʘʯ-ʤʝʪʦʜʠʩʪ 

ʏʝʨʢʘʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʙʽʟʥʝʩ-ʢʦʣʝʜʞ, 

ʤ. ʏʝʨʢʘʩʠ, ʋʢʨʘʾʥʘ 

 

ɺʇʃʀɺ ʃɯʉʆɺʀʍ ʇʆɾɽɾ ʅɸ ɿɸɹʈʋɼʅɽʅʅʗ ʇʆɺɯʊʈʗ 

 

ʉʴʦʛʦʜʥʽ ʣʽʩʠ ʟʘʡʤʘʶʪʴ ʧʦʥʘʜ 3 ʤʽʣʴʷʨʜʠ ʛʝʢʪʘʨʽʚ ʧʦʚʝʨʭʥʽ ɿʝʤʣʽ, ʽ 

ʚʧʣʠʚ ʥʘ ʣʶʜʠʥʫ ʻ ʚʝʣʠʯʝʟʥʠʤ. ʅʝʜʘʨʤʘ ʢʘʞʫʪʴ, ʱʦ ʣʽʩʠ ï ʮʝ ʣʝʛʝʥʽ 

ʧʣʘʥʝʪʠ. ɼʝʨʝʚʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʨʦʜʥʝ ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ. ʇʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ ʜʝʩʷʪʠʨʽʯ ʧʨʦʙʣʝʤʠ ʦʭʦʨʦʥʠ ʣʽʩʽʚ ʚʽʜ ʧʦʞʝʞ ʫʩʢʣʘʜʥʶʶʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʠʭ ʤʘʩʠʚʽʚ ʰʪʫʯʥʦ ʥʘʩʘʜʞʝʥʠʭ ʭʚʦʡʥʠʭ ʜʝʨʝʚ, ʘ 

ʚʠʥʠʢʥʝʥʥʷ ʧʦʞʝʞ ʩʪʘʣʦ ʛʣʦʙʘʣʴʥʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʽ ʩʪʦʩʫʶʪʴʩʷ ʚʩʴʦʛʦ ʣʶʜʩʪʚʘ. ʃʽʩʦʚʽ ʧʦʞʝʞʽ ʩʝʨʡʦʟʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʦʣʦʛʽʶ ʣʽʩʫ, ʢʨʫʛʦʦʙʽʛ ʚʫʛʣʝʮʶ, ʪʝʧʣʦʚʠʡ ʩʪʘʥ ˇʨʫʥʪʫ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʪʘ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʟʘʚʜʘʶʪʴ ʚʝʣʠʢʦʾ ʰʢʦʜʠ ʬʣʦʨʽ 

ʡ ʬʘʫʥʽ. 

ʉʝʟʦʥ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʪʨʘʜʠʮʽʡʥʦ ʧʦʯʠʥʘʻʪʴʩʷ ʚ ʩʧʝʢʦʪʥʫ ʩʫʭʫ ʧʦʛʦʜʫ. 

ʃʽʩʦʚʽ ʧʦʞʝʞʽ ï ʮʝ ʣʠʭʦ ʥʝ ʣʠʰʝ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ, ʘ ʡ ʯʠʥʥʠʢ ʣʦʢʘʣʴʥʦʾ, 

ʨʝʛʽʦʥʘʣʴʥʦʾ ʽ ʥʘʚʽʪʴ ʛʣʦʙʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʜʠʥʘʤʽʢʠ. ʎʝ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ, 

ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʢʠʜʘʭ ʚ ʘʪʤʦʩʬʝʨʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ ʪʘ ʘʝʨʦʟʦʣʽʚ, ʧʦʚôʷʟʘʥʠʭ 

ʟ̔ ʧʦʞʝʞʝʶ [1, 2].  

ɿʘ ʜʘʥʠʤʠ [3, 4] ʫ ʩʽʯʥʽ 2020 ʨʦʢʫ ʚ ʋʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 4509 ʧʦʞʝʞ, 

ʱʦ ʥʘ 14,7% ʙʽʣʴʰʝ, ʥʽʞ ʟʘ ʘʥʘʣʦʛʽʯʥʠʡ ʧʝʨʽʦʜ 2019 ʨʦʢʫ. ʉʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʧʦʞʝʞ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʫ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤʘʭ (ʟʙʽʣʴʰʝʥʥʷ ʫ 10,5 

ʨʘʟʠ) ʪʘ ʥʘ ʚʽʜʢʨʠʪʠʭ ʪʝʨʠʪʦʨʽʷʭ (ʟʙʽʣʴʰʝʥʥʷ ʫ 3,8 ʨʘʟʠ). ɿ ʧʦʯʘʪʢʫ 2022 

ʨʦʢʫ ʚ ʣʽʩʦʚʠʭ ʤʘʩʠʚʘʭ ʋʢʨʘʾʥʠ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʞʝʞʽ ʥʘ ʟʘʛʘʣʴʥʽʡ ʧʣʦʱʽ 5,5 

ʪʠʩ. ʛʝʢʪʘʨʽʚ. ʎʝʡ ʧʦʢʘʟʥʠʢ ʧʝʨʝʚʠʱʫʻ ʘʥʘʣʦʛʽʯʥʠʡ ʤʠʥʫʣʦʨʽʯʥʠʡ ʫ 96 

ʨʘʟʽʚ. ɿʘ ʜʘʥʠʤʠ, ʟʘʛʘʣʦʤ ʟ ʧʦʯʘʪʢʫ ʨʦʢʫ ʩʪʘʣʦʩʷ 322 ʣʽʩʦʚʽ ʧʦʞʝʞʽ, ʟ ʥʠʭ 

40 ï ʚʝʣʠʢʽ.  ʋ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʚ ʨʘʡʦʥʽ ʏɸɽʉ ʯʝʨʝʟ ʙʦʡʦʚʽ ʜʽʾ ʛʦʨʽʣʦ ʧʦʥʘʜ 

10 ʪʠʩʷʯ ʛʝʢʪʘʨʽʚ ʣʽʩʽʚ, ʟʘʬʽʢʩʦʚʘʥʦ 31 ʧʦʞʝʞʫ. ʋʧʦʚʥʦʚʘʞʝʥʘ ɺʝʨʭʦʚʥʦʾ 

ʈʘʜʠ ʋʢʨʘʾʥʠ ʟ ʧʨʘʚ ʣʶʜʠʥʠ ʃʶʜʤʠʣʘ ɼʝʥʽʩʦʚʘ ʟʘʷʚʠʣʘ, ʱʦ ʧʦʞʝʞʽ 

ʧʨʠʟʚʝʣʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ, ʱʦ 

ʟʘʛʨʦʞʫʻ ʩʫʩʽʜʥʽʤ ʻʚʨʦʧʝʡʩʴʢʠʤ ʢʨʘʾʥʘʤ. ʂʦʥʪʨʦʣʴ ʽ ʛʘʩʽʥʥʷ ʧʦʞʝʞ 

ʥʝʤʦʞʣʠʚʽ ʯʝʨʝʟ ʟʘʭʦʧʣʝʥʥʷ ʟʦʥʠ ʚʽʜʯʫʞʝʥʥʷ ʨʦʩʽʡʩʴʢʠʤʠ ʚʽʡʩʴʢʘʤʠ. 

ɺʥʘʩʣʽʜʦʢ ʛʦʨʽʥʥʷ ʚ ʘʪʤʦʩʬʝʨʫ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʨʘʜʽʦʥʫʢʣʽʜʠ, ʷʢʽ 

ʧʝʨʝʥʦʩʷʪʴʩʷ ʚʽʪʨʦʤ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ [4]. ʉʪʘʥʦʤ ʥʘ 18.05.2022 ʪʨʠʚʘʣʘ 

ʣʦʢʘʣʽʟʘʮʽʷ ʪʨʴʦʭ ʚʝʣʠʢʠʭ ʧʦʞʝʞ ʫ ʂʠʾʚʩʴʢʽʡ ʦʙʣʘʩʪʽ: 500 ʛʝʢʪʘʨʽʚ ʫ 

ʊʝʪʝʨʽʚʩʴʢʦʤʫ ʣʽʩʛʦʩʧʽ, 196 ʛʝʢʪʘʨʽʚ ʫ ʄʘʢʘʨʽʚʩʴʢʦʤʫ ʣʽʩʛʦʩʧʽ ʪʘ 30 ʛʝʢʪʘʨʽʚ 

ʫ ʇʦʣʽʩʴʢʦʤʫ ʣʽʩʛʦʩʧʽ [3]. 

çʅʘ ʞʘʣʴ, ʚʝʣʠʢʦʶ ʧʨʦʙʣʝʤʦʶ ʽ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʩʧʘʣʶʚʘʥʥʷ 

ʥʘʩʝʣʝʥʥʷʤ ʩʫʭʦʩʪʦʶ ʥʘ ʧʦʣʷʭ ʪʘ ʧʨʠʩʘʜʠʙʥʠʭ ʜʽʣʷʥʢʘʭ. ʋʢʦʪʨʝ ʩʢʘʞʫ, ʮʽ 
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ʜʽʾ ï ʟʣʦʯʠʥ ʧʨʦʪʠ ʟʜʦʨʦʚʦʛʦ ʛʣʫʟʜʫ. ɿʫʧʠʥʽʪʴʩʷ ʽ ʥʝ ʧʘʣʽʪʴ ʩʫʭʫ ʪʨʘʚʫè, ï 

ʥʘʛʦʣʦʩʠʚ ʛʦʣʦʚʘ ɼʝʨʞʣʽʩʘʛʝʥʪʩʪʚʘ ʖʨʽʡ ɹʦʣʦʭʦʚʝʮʴ. 

ʍʘʨʘʢʪʝʨʥʠʤʠ ʻ ʩʝʟʦʥʥʽ ʧʦʞʝʞʽ ʫ ʢʽʣʴʢʦʭ ʨʝʛʽʦʥʘʭ ʧʽʚʜʝʥʥʦ-ʟʘʭʽʜʥʦʛʦ 

ʉʠʙʽʨʫ, ʮʴʦʛʦʨʽʯ ʩʝʟʦʥ ʧʦʞʝʞ ʨʦʟʧʦʯʘʚʩʷ ʜʦʩʠʪʴ ʨʘʥʦ, ʦʩʢʽʣʴʢʠ ʧʦʩʫʭʘ ʪʘ 

ʩʠʣʴʥʽ ʚʽʪʨʠ ʨʦʟʧʘʣʶʶʪʴ ʙʘʛʘʪʽ ʥʘ ʚʫʛʣʝʮʴ ʪʦʨʬôʷʥʽ ʣʽʩʠ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 

ʪʠʞʥʽʚ ʚʦʛʦʥʴ ʫʞʝ ʟʥʠʱʠʚ ʜʝʢʽʣʴʢʘ ʩʽʣ, ʟʘ ʦʩʪʘʥʥʽ ʜʥʽ ʤʽʩʮʝʚʘ ʚʣʘʜʘ 

ʧʦʚʽʜʦʤʠʣʘ ʧʨʦ ʱʦʥʘʡʤʝʥʰʝ 10 ʟʘʛʠʙʣʠʭ. ɿʘ ʩʣʦʚʘʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʛʨʫʧʠ, 

ʩʧʘʣʶʚʘʥʥʷ ʣʽʩʦʚʠʭ ʪʦʨʬʦʚʠʱ ʻ çʢʣʽʤʘʪʠʯʥʦʶ ʙʦʤʙʦʶè.  ɹʘʛʘʪʠʡ ʚʫʛʣʝʮʝʤ 

ʪʦʨʬ ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʢʫ, ʷʢʘ ʟʙʠʨʘʣʘʩʷ ʪʠʩʷʯʽ ʨʦʢʽʚ, ʪʦʤʫ ʚʠʢʠʜʠ ʚʽʜ ʢʦʞʥʦʛʦ 

ʢʚʘʜʨʘʪʥʦʛʦ ʤʝʪʨʘ ʪʦʨʬôʷʥʦʾ ʧʦʞʝʞʽ çʚ ʙʘʛʘʪʦ ʨʘʟʽʚ ʚʠʱʽ, ʥʽʞ ʚʽʜ 

ʥʘʡʧʦʪʫʞʥʽʰʠʭ ʣʽʩʦʚʠʭ ʧʦʞʝʞè. ʊʦʨʬôʷʥʽ ʧʦʞʝʞʽ ʤʦʞʫʪʴ ʪʣʽʪʠ ʤʽʩʷʮʷʤʠ, 

ʚʠʚʽʣʴʥʷʶʯʠ ʚ 10-100 ʨʘʟʽʚ ʙʽʣʴʰʝ ʚʫʛʣʝʮʶ, ʥʽʞ ʧʘʣʘʶʯʝ ʜʝʨʝʚʦ [4]. 

ʅʘ ʟʘʭʠʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʩʪʦʾʪʴ ʣʽʩʦʚʝ ʛʦʩʧʦʜʘʨʩʪʚʦ, 

ʱʦ ʻʧʦʩʝʨʝʜʥʠʢʦʤ ʤʽʞ ʩʫʩʧʽʣʴʩʪʚʦʤ ʪʘ ʧʨʠʨʦʜʥʠʤʠ ʝʢʦʩʠʩʪʝʤʘʤʠ. 

ʩʫʩʧʽʣʴʩʪʚʘ. ɸʜʞʝ ʩʘʤʝ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʘ ʛʘʣʫʟʴ ʟʙʝʨʽʛʘʻ ʪʘ ʚʽʜʪʚʦʨʶʻ ʣʽʩʠ, 

ʘʣʝ ʚʦʜʥʦʯʘʩ ʚʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʻ ʯʫʪʣʠʚʦʶ ʜʦ ʚʩʽʭ ʩʦʮʽʘʣʴʥʦ-

ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʢʨʘʾʥʽ. ʉʚʽʪʦʚʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ, 

ʱʦ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʪʨʷʩʽʥʥʷ ʚ ʩʫʩʧʽʣʴʩʪʚʽ, 

ʨʝʬʦʨʤʠ ʣʽʩʦʚʦʛʦ, ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʘʙʦ ʟʝʤʣʝʢʦʨʠʩʪʫʚʘʥʥʷ 

ʧʨʠʟʚʦʜʠʣʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʛʦʨʽʥʥʷ ʣʽʩʽʚ. ʅʠʥʽ ʥʘ ʚʩʽ ʧʨʦʮʝʩʠ ʥʘʢʣʘʜʘʻʪʴʩʷ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʷʢʠʡ ʚʘʞʢʦ ʧʨʦʛʥʦʟʫʚʘʪʠ. ʊʦʤʫ 

ʜʫʞʝ ʚʘʞʣʠʚʠʤʠ ʻ ʟʚʘʞʝʥʽʩʪʴ, ʧʝʨʝʜʙʘʯʫʚʘʥʽʩʪʴ ʽ ʧʦʩʪʫʧʦʚʽʩʪʴ ʫ ʙʫʜʴ-ʷʢʠʭ 

ʜʽʷʭ, ʱʦ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʣʽʩʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʡʦʛʦ 

ʥʝʚʽʜôʻʤʥʫ ʯʘʩʪʠʥʫ ï ʩʣʫʞʙʫ ʦʭʦʨʦʥʠ ʣʽʩʽʚ ʚʽʜ ʧʦʞʝʞ [5]. 

ʋʢʨʘʾʥʘ ʧʦʩʪʽʡʥʦ ʧʽʜʪʨʠʤʫʻ ʢʦʥʪʘʢʪʠ ʟ ʧʨʦʚʽʜʥʠʤʠ ʬʘʭʽʚʮʷʤʠ ʪʘ 

ʫʩʪʘʥʦʚʘʤʠ ʚ ʛʘʣʫʟʽ ʦʨʛʘʥʽʟʘʮʽʾ  ʦʭʦʨʦʥʠ ʣʽʩʽʚ ʚʽʜ ʧʦʞʝʞ ʽ ʣʽʩʦʧʽʨʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɼʦʩʽ ʥʘʩ ʚʚʘʞʘʣʠ ʚʽʜʥʦʩʥʦ ʙʣʘʛʦʧʦʣʫʯʥʦʶ ʢʨʘʾʥʦʶ ʚ 

ʣʽʩʦʧʦʞʝʞʥʦʤʫ ʩʝʥʩʽ. ɿʘ ʜʘʥʠʤʠ ʌɸʆ, ʨʽʯʥʘ ʧʣʦʱʘ ʧʦʞʝʞ ʚ ʋʢʨʘʾʥʽ, ʚ 

ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʦʜʠʥ ʛʝʢʪʘʨ ʣʽʩʦʚʠʭ ʟʝʤʝʣʴ ï ʩʝʨʝʜ ʥʘʡʥʠʞʯʠʭ ʫ ʉʭʽʜʥʽʡ 

ɭʚʨʦʧʽ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʭʦʨʦʥʠ ʣʽʩʽʚ. 

ʑʦʧʨʘʚʜʘ, ʨʽʯʥʘ ʢʽʣʴʢʽʩʪʴ ʣʽʩʦʧʦʞʝʞ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚ ʢʨʘʾʥʽ ʟʨʦʩʪʘʣʘ, 

ʱʦ ʻ ʟʘʛʘʣʴʥʦʩʚʽʪʦʚʦʶ ʪʝʥʜʝʥʮʽʻʶ ʡ ʚʽʜʦʙʨʘʞʘʻ ʧʦʩʠʣʝʥʥʷ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʣʽʩʠ ʡ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ. ɺʦʜʥʦʯʘʩ, 

ʟʘ ʦʮʽʥʢʘʤʠ ʬʘʭʽʚʮʽʚ ʉʐɸ, ʅʽʤʝʯʯʠʥʠ, ʌʨʘʥʮʽʾ, ʷʢʽ ʟʥʘʡʦʤʠʣʠʩʷ ʽʟ 

ʩʠʩʪʝʤʦʶ ʦʭʦʨʦʥʠ ʣʽʩʽʚ ʚʽʜ ʧʦʞʝʞ ʚ ʋʢʨʘʾʥʽ, ʪʝʭʥʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʘʩʽʥʥʷ 

ʯʘʩʪʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʦʤʫ ʨʽʚʥʶ. ʅʝʜʦʩʪʘʪʥʽʡ ʽ ʨʽʚʝʥʴ ʩʧʽʚʧʨʘʮʽ ʪʘ 

ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʣʽʩʦʚʦʶ ʧʦʞʝʞʥʦʶ ʦʭʦʨʦʥʦʶ ʪʘ  ʨʝʛʽʦʥʘʣʴʥʠʤʠ ʧʽʜʨʦʟʜʽʣʘʤʠ 

ʄʅʉ ʋʢʨʘʾʥʠ. 

ʅʠʥʽ ʧʽʜ ʝʛʽʜʦʶ ʆʆʅ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʩʚʽʪʦʚʘ ʩʠʩʪʝʤʘ ʨʘʥʥʴʦʛʦ 

ʚʠʷʚʣʝʥʥʷ ʧʦʞʝʞ, ʷʢʘ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ, 

ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʪʘ ʤʦʜʝʣʶʚʘʥʥʽ ʣʽʩʦʧʦʞʝʞʥʠʭ ʨʠʟʠʢʽʚ ʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ 

ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ ʦʧʦʚʽʱʝʥʥʷ. ʅʘʫʢʦʚʠʡ ʩʫʧʨʦʚʽʜ ʟʜʽʡʩʥʶʶʪʴ ʚʯʝʥʽ 

ʂʘʥʘʜʠ ʽ ʉʐɸ ʫ ʩʧʽʚʧʨʘʮʽ ʟ ɻʣʦʙʘʣʴʥʠʤ ʮʝʥʪʨʦʤ ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʞʝʞ. 
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ʋʢʨʘʾʥʘ ʪʫʪ ʪʘʢʦʞ ʟʘʜʽʷʥʘ ï ʚ ʯʘʩʪʠʥʽ ʟʘʧʦʙʽʛʘʥʥʷ ʚʝʣʠʢʠʤ ʣʽʩʦʚʠʤ ʧʦʞʝʞʘʤ 

ʫ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ʏɸɽʉ ï ʉʝʨʛʽʡ ɿʽʙʮʝʚ [5]. 

ʆʪʞʝ, ʧʨʦʙʣʝʤʠ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʟʘʣʠʰʘʻʪʴʩʷ ʛʣʦʙʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ 

ʣʶʜʩʪʚʘ, ʝʢʦʣʦʛʠ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʙôʶʪʴ ʥʘ ʩʧʦʣʦʭ ʧʨʦ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ 

ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʥʘ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʧʨʠʨʦʜʥʦʾ ʝʢʦʩʠʩʪʝʤʠ, ʦʩʦʙʣʠʚʦ ʥʘ 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ˇʨʫʥʪʽʚ, ʚʪʨʘʪ 

ʙʽʦʨʽʟʥʦʤʘʥʽʪʪʷ ʽ ʟʤʽʥʠ ʤʽʢʨʦʢʣʽʤʘʪʫ. ɼʣʷ ʪʝʨʠʪʦʨʽʡ ʥʘ ʷʢʠʭ ʽʩʥʫʶʪʴ ʟʘʛʨʦʟʠ 

ʚʠʥʠʢʥʝʥʥʷ ʣʽʩʦʚʠʭ ʧʦʞʝʞ ʻ ʥʘʛʘʣʴʥʠʤ ʧʨʠʡʥʷʪʪʷ ʥʝʦʙʭʽʜʥʠʭ 
ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘ ʤʽʥʽʤʽʟʘʮʽʶ 

ʥʘʩʣʽʜʢʽʚ ʣʽʩʦʚʠʭ ʧʦʞʝʞ. 
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https://ldubgd.edu.ua/sites/default/files/3_nauka/konkurs/lisovi_pozhezhi.pdf
https://www.google.com/amp/s/amp.dw.com/en/wildfires-in-russia-will-war-in-ukraine-limit-firefighting-response/a-61753044
https://www.google.com/amp/s/amp.dw.com/en/wildfires-in-russia-will-war-in-ukraine-limit-firefighting-response/a-61753044
https://lb.ua/society/2022/05/18/517240_zagalna_ploshcha_%20pozhezh_lisah_ukraini.html
https://lb.ua/society/2022/05/18/517240_zagalna_ploshcha_%20pozhezh_lisah_ukraini.html
https://www.epravda.com.ua/news/2022/03/27/684765/
https://ukurier.gov.ua/uk/articles/sergij-zibcev-problema-lisovih-pozhezh-u-sviti-vih/
https://ukurier.gov.ua/uk/articles/sergij-zibcev-problema-lisovih-pozhezh-u-sviti-vih/
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ɻʘʥʦʰʝʥʢʦ ʆ. ʄ., ʢ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

 

ʉʊɸʅ ɿɼʆʈʆɺôʗ ʅɸʉɽʃɽʅʅʗ ʇʆʃʊɸɺʉʔʂʆɰ ʆɹʃɸʉʊɯ  

ʊɸ ɸʅɸʃɯɿ ɼʀʅɸʄɯʂʀ ɿɸʍɺʆʈʖɺɸʅʆʉʊɯ 

 
ʉʪʘʥ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʩʦʮʽʘʣʴʥʠʤ ʽʥʜʠʢʘʪʦʨʦʤ, ʱʦ 

ʚʽʜʦʙʨʘʞʘʻ ʙʣʘʛʦʧʦʣʫʯʯʷ ʥʘʩʝʣʝʥʥʷ, ʡʦʛʦ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʝ, 

ʜʝʤʦʛʨʘʬʽʯʥʝ, ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʝ ʪʘ ʝʢʦʣʦʛʽʯʥʝ ʩʪʘʥʦʚʠʱʝ. 

ʆʜʠʥ ʟ̔ ʬʘʢʪʦʨʽʚ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ 

ʥʘʩʝʣʝʥʥʷ ï ʝʢʦʣʦʛʽʯʥʠʡ, ʘ ʩʘʤʝ ʩʪʘʥ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ, ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʢʣʽʤʘʪʫ. ʊʦʤʫ ʥʘʛʘʣʴʥʠʤ 

ʧʠʪʘʥʥʷʤ ʻ ʟʙʝʨʝʞʝʥʥʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʴʦʛʦ ʬʘʢʪʦʨʽʚ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ɸʥʪʨʦʧʦʛʝʥʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʨʦʩʪʘʥʥʷ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʨʽʟʥʠʤʠ ʭʚʦʨʦʙʘʤʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ʇʦʢʘʟʥʠʢʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʽ 

ʩʤʝʨʪʥʦʩʪʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ ï ʩʦʮʽʘʣʴʥʠʭ, 

ʝʢʦʥʦʤʽʯʥʠʭ ʽ, ʥʝ ʚ ʦʩʪʘʥʥʶ ʯʝʨʛʫ, ʝʢʦʣʦʛʽʯʥʠʭ.  

ʅʘ ʩʪʘʥ ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʚʧʣʠʚʘʶʪʴ ʚʩʽ ʩʢʣʘʜʦʚʽ ʜʦʚʢʽʣʣʷ ï ʧʦʚʽʪʨʷ, 

ʚʦʜʘ, ˇʨʫʥʪʠ ʽ ʙʽʦʪʘ. ʄʘʻʤʦ ʥʝʚʪʽʰʥʫ ʩʪʘʪʠʩʪʠʢʫ ï ʧʦʩʪʽʡʥʝ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʦʙʣʘʩʪʽ (ʨʠʩ. 1), ʪʘʢ ʟʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ ʯʠʩʝʣʴʥʽʩʪʴ 

ʧʦʩʪʽʡʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʟʤʝʥʰʠʣʦʩʷ ʥʘ 112,6 ʪʠʩ. ʦʩʽʙ, 

ʱʦ ʩʪʘʥʦʚʠʪʴ 7,5%.   

ɿʘʛʘʣʴʥʘ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘʩʝʣʝʥʥʷ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʦʰʠʨʝʥʥʷ ʭʚʦʨʦʙ ʪʘ ʧʝʨʚʠʥʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ. ʊʝʥʜʝʥʮʽʷ ʫʧʝʨʰʝ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʇʦʣʪʘʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʥʦʩʠʪʴ ʤʽʥʣʠʚʠʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʟ 2011 ʨ. ʧʦ 2013 ʨ. ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ 

ʧʦʰʠʨʝʥʦʩʪʽ ʭʚʦʨʦʙ ʩʝʨʝʜ ʥʘʩʝʣʝʥʥʷ ʪʘ ʟʥʠʞʝʥʥʷ ʨʽʚʥʽʚ ʧʝʨʚʠʥʥʦʾ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ, ʘ ʜʘʣʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʦʣʠʚʘʥʥʷ ï ʩʧʘʜʠ ʨʽʚʥʷ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʯʝʨʛʫʶʪʴʩʷ ʟ ʡʦʛʦ ʧʽʜʚʠʱʝʥʥʷʤ (ʨʠʩ. 2). ʅʘʡʙʽʣʴʰʫ ʯʘʩʪʢʫ 

ʩʝʨʝʜ ʫʧʝʨʰʝ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʭʚʦʨʦʙ ʩʪʘʥʦʚʣʷʪʴ ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʦʩʦʙʣʠʚʝ ʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʟʜʦʨʦʚôʷ 

ʥʘʩʝʣʝʥʥʷ. ʊʘʢʦʞ ʜʦ ʭʚʦʨʦʙ, ʯʘʩʪʦʪʘ ʚʠʧʘʜʢʽʚ ʷʢʠʭ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʘʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʽ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʟʘʭʚʦʨʶʚʘʥʴ ʩʣʽʜ ʚʽʜʥʝʩʪʠ: ʭʚʦʨʦʙʠ ʩʠʩʪʝʤʠ ʢʨʦʚʦʦʙʽʛʫ, ʩʝʯʦʩʪʘʪʝʚʦʾ 

ʩʠʩʪʝʤʠ, ʰʢʽʨʠ ʪʘ ʧʽʜʰʢʽʨʥʦʾ ʢʣʽʪʢʦʚʠʥʠ ʡ ʪʨʘʚʤʠ, ʦʪʨʫʻʥʥʷ ʪʘ ʜʝʷʢʽ ʽʥʰʽ 

ʥʘʩʣʽʜʢʠ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʧʨʠʯʠʥ [1].  
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ʈʠʩ. 1. ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʯʠʩʝʣʴʥʦʩʪʽ ʧʦʩʪʽʡʥʦʛʦ ʥʘʩʝʣʝʥʥʷ ʇʦʣʪʘʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ 2010-2021 ʨʨ. 

 

 
ʈʠʩ. 2. ɼʠʥʘʤʽʢʘ ʫʧʝʨʰʝ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ ʟʘʭʚʦʨʶʚʘʥʴ ʫ 

ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ 2010-2017 ʨʨ. 
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ʪʨʘʚʤʠ, ʦʪʨʫʻʥʥʷ ʪʘ ʜʝʷʢʽ ʽʥʰʽ ʥʘʩʣʽʜʢʠ ʜʽʾ ʟʦʚʥʽʰʥʽʭ ʧʨʠʯʠʥ

ʫʨʦʜʞʝʥʽ ʘʥʦʤʘʣʽʾ  ʚʘʜʠ ʨʦʟʚʠʪʢʫ), ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʭʨʦʤʦʩʦʤʥʽ ʧʦʨʫʰʝʥʥʷ

ʭʚʦʨʦʙʠ ʩʝʯʦʩʪʘʪʝʚʦʾ ʩʠʩʪʝʤʠ

ʭʚʦʨʦʙʠ ʢʽʩʪʢʦʚʦ-ʤôʷʟʦʚʦʾ ʩʠʩʪʝʤʠ ʽ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ

ʭʚʦʨʦʙʠ ʰʢʽʨʠ ʪʘ ʧʽʜʱʢʽʨʥʦʾ ʢʣʽʪʢʦʚʠʥʠ

ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ

ʭʚʦʨʦʙʠ ʩʠʩʪʝʤʠ ʢʨʦʚʦʦʙʽʛʫ

ʭʚʦʨʦʙʠ ʥʝʨʚʦʚʦʾ ʩʠʩʪʝʤʠ

ʥʦʚʦʫʪʚʦʫʨʝʥʥʷ
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ʈʠʩ. 3. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʠ ʛʦʩʧʽʪʘʣʽʟʘʮʽʡ ʪʘ ʥʘʜʘʥʥʷ ʜʦʧʦʤʦʛʠ ʟʘ ʚʽʜʜʽʣʝʥʥʷʤʠ 

ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ 2017-2019 ʨʨ.  
 

ɻʦʣʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʩʤʝʨʪʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʫ ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʭʚʦʨʦʙʠ ʩʠʩʪʝʤʠ ʢʨʦʚʦʦʙʽʛʫ (70,5% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʦʤʝʨʣʠʭ), ʥʦʚʦʫʪʚʦʨʝʥʥʷ (14,3%) ʪʘ ʟʦʚʥʽʰʥʽ ʧʨʠʯʠʥʠ ʩʤʝʨʪʽ (4,6%) 

(ʨʠʩ.3).  

 
ʈʠʩ. 4. ɼʠʥʘʤʽʢʘ ʢʽʣʴʢʦʩʪʽ ʧʦʤʝʨʣʠʭ ʟʘ ʦʢʨʝʤʠʤʠ ʭʚʦʨʦʙʘʤʠ ʫ ʇʦʣʪʘʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ 2010-2021* ʨʨ.  

*ɼʘʥʥʽ ʟʘ 2021 ʨ. ʚʢʘʟʘʥʽ ʩʪʘʥʦʤ ʥʘ ʢʽʥʝʮʴ ʞʦʚʪʥʷ 2021 ʨ. 

18,51%

14,68%

9,24%

6,76%5,64%
4,93%

4,08%

3,77%

32,39%

ʊʝʨʘʧʝʚʪʠʯʥʝʍʽʨʫʨʛʽʯʥʝʅʝʚʨʦʣʦʛʽʯʥʝʇʝʜʽʘʪʨʠʯʥʝɻʽʥʝʢʦʣʦʛʽʯʥʝ

ɯʥʬʝʢʮʽʡʥʝʆʥʢʦʣʦʛʽʯʥʝʇʦʣʦʛʦʚʝɯʥʰʽ
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ʜʝʷʢʽ ʽʥʬʝʢʮʽʡʥʽ ʪʘ ʧʘʨʘʟʠʪʘʨʥʽ ʭʚʦʨʦʙʠ

ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ

ʭʚʦʨʦʙʠ ʦʨʛʘʥʽʚ ʪʨʘʚʣʝʥʥʷ 
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ʄʽʩʮʷ ʚʠʜʘʣʝʥʥʷ ʚʽʜʭʦʜʽʚ, ʟʚʘʞʘʶʯʠ ʥʘ ʾʭ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʫ 

ʇʦʣʪʘʚʩʴʢʽʡ ʦʙʣʘʩʪʽ, ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʜʞʝʨʝʣ ʧʦʪʨʘʧʣʷʥʥʷ 

ʟʘʙʨʫʜʥʶʶʯʠʭ ʪʘ ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. ɼʦ 

ʩʢʣʘʜʫ ʝʤʽʩʽʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ 

ʚʽʜ ʧʣʦʱʠʥʥʠʭ ʜʞʝʨʝʣ ï ʧʦʣʽʛʦʥʽʚ ʡ ʟʚʘʣʠʱ ʊʇɺ, ʥʘʣʝʞʘʪʴ ʪʘʢʽ 

ʤʽʢʨʦʢʦʤʧʦʥʝʥʪʠ ʷʢ ʧʠʣ, ʩʽʨʯʠʩʪʠʡ ʘʥʛʽʜʨʠʜ, ʬʦʨʤʘʣʴʜʝʛʽʜ, ʦʢʩʠʜʠ 

ʚʫʛʣʝʮʶ, ʘʣʴʜʝʛʽʜʠ ʪʘ ʦʨʛʘʥʽʯʥʽ ʢʠʩʣʦʪʠ, ʷʢʽ ʻ ʜʞʝʨʝʣʘʤʠ ʥʝʧʨʠʻʤʥʠʭ 

ʟʘʧʘʭʽʚ, ʘ ʪʘʢʦʞ ʬʽʢʩʫʶʪʴʩʷ ʩʣʽʜʠ  HF ʽ ʜʽʦʢʩʠʥʽʚ, ʪʦʣʫʦʣ, ʘʤʽʘʢ, ʢʩʠʣʦʣ.  

ɸʣʝ ʥʘʩʴʦʛʦʜʥʽ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʜʦʩʪʘʪʥʽʭ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʩʪʘʥʫ 

ʜʦʚʢʽʣʣʷ ʚ ʨʘʡʦʥʘʭ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʽʛʦʥʽʚ ʡ ʟʚʘʣʠʱ ʊʇɺ, ʤʦʞʥʘ ʣʠʰʝ 

ʢʦʥʩʪʘʪʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʨʠʟʠʢ ʜʣʷ ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʪʘʢʠʭ 

ʧʣʦʱʠʥʥʠʭ ʜʞʝʨʝʣ ʷʢ ʧʦʣʽʛʦʥʠ ʡ ʟʚʘʣʠʱʘ ʊʇɺ ʤʘʻ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʡ ʽ 

ʧʨʦʣʦʥʛʦʚʘʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘ ʧʨʠʯʠʥʠ ʧʦʩʪʽʡʥʠʭ ʝʤʽʩʽʡ ʟʘʙʨʫʜʥʶʶʯʠʭ ʪʘ 

ʥʝʙʝʟʧʝʯʥʠʭ ʨʝʯʦʚʠʥ ʫ ʜʦʚʢʽʣʣʷ (ʚ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʦʚʝ 

ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʚʦʜʥʽ ʦʙôʻʢʪʠ).  

ʗʢ ʟʘʭʽʜ ʽʟ ʤʽʥʽʤʽʟʘʮʽʾ ʪʘʢʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʫʤʦʚʠ ʞʠʪʪʷ ʪʘ 

ʟʜʦʨʦʚôʷ ʣʶʜʝʡ ʤʦʞʥʘ ʽ ʧʦʪʨʽʙʥʦ ʨʦʟʛʣʷʜʘʪʠ ʜʦʪʨʠʤʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ 

ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʋʢʨʘʾʥʠ ʨʦʟʤʽʨʽʚ ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʠʭ ʟʦʥ ʚʽʜ ʞʠʪʣʦʚʦʾ 

ʟʘʙʫʜʦʚʠ ʜʦ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʽʛʦʥʽʚ ʡ ʟʚʘʣʠʱ ʊʇɺ ʪʘ ʦʙôʻʢʪʽʚ 

ʦʙʨʦʙʣʝʥʥʷ/ʧʝʨʝʨʦʙʣʝʥʥʷ ʚʽʜʭʦʜʽʚ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1
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b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-

%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-

%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%b

d%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-

%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%

b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/ 
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http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
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http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
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http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
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http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
http://uoz.gov.ua/%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d1%87%d0%bd%d1%96-%d0%b4%d0%b0%d0%bd%d0%bd%d1%96-%d0%be%d1%85%d0%be%d1%80%d0%be%d0%bd%d0%b8-%d0%b7%d0%b4%d0%be%d1%80%d0%be%d0%b2%d1%8f/7-%d0%b7%d0%b0%d0%b3%d0%b0%d0%bb%d1%8c%d0%bd%d0%b0-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d1%82%d0%b8%d0%ba%d0%b0-%d0%be%d0%b1%d0%bb%d0%b0%d1%81%d0%bd%d0%be%d1%97-%d1%96%d0%bd%d1%84%d0%be%d1%80%d0%bc%d0%b0/7-2-%d0%ba%d0%be%d0%bc%d0%bf%d0%bb%d0%b5%d0%ba%d1%81%d0%bd%d0%b8%d0%b9-%d0%b0%d0%bd%d0%b0%d0%bb%d1%96%d0%b7-%d1%81%d1%82%d1%80%d1%83%d0%ba%d1%82%d1%83%d1%80%d0%b8-%d0%b3%d0%be%d1%81%d0%bf%d1%96%d1%82/
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ʋɼʂ 621.311+662.7+662.75 

 
1ɻʘʧʦʥʠʯ ʃ. ʉ., ʢ. ʪ. ʥ., 1ʊʦʧʘ ʆ. ɯ., ʢ. ʪ. ʥ., 1ɻʦʣʝʥʢʦ ɯ. ʃ., ʢ. ʪ. ʥ., 

1,2ʂʦʙʟʘʨ ʉ. ɻ., ʢ. ʪ. ʥ. 
1ɯʥʩʪʠʪʫʪ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʅɸʅ ʋʢʨʘʾʥʠ,  

ʂʠʾʚ, ʋʢʨʘʾʥʘ 
2ɯʥʩʪʠʪʫʪ ʪʝʭʥʽʯʥʦʾ ʪʝʧʣʦʬʽʟʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɺʀɿʅɸʏɽʅʅʗ ʇʆʊɽʅʎɯɸʃʋ ɺʀʈʆɹʅʀʎʊɺɸ RDF  

ɼʃʗ ɿɸʄɯʑɽʅʅʗ ɺʀʂʆʇʅʀʍ ʇɸʃʀɺ  

ɺ ɽʅɽʈɻɽʊʀʎɯ ʋʂʈɸɰʅʀ 

 

ʉʴʦʛʦʜʥʽ ʚ ʝʥʝʨʛʝʪʠʮʽ ʋʢʨʘʾʥʠ ʛʦʩʪʨʦ ʧʦʚʩʪʘʣʦ ʧʠʪʘʥʥʷ ʟʘʤʽʱʝʥʥʷ 

ʚʠʢʦʧʥʠʭ ʧʘʣʠʚ, ʧʝʨʝʚʘʞʥʦ ʚʫʛʽʣʣʷ ʪʘ ʛʘʟʫ, ʷʢʽ ʻ ʦʙʤʝʞʝʥʠʤʠ ʧʽʜ ʯʘʩ 

ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʽ, ʚʠʜʘʻʪʴʩʷ, ʙʫʜʫʪʴ ʦʙʤʝʞʝʥʠʤʠ ʫ ʧʦʚʦʻʥʥʠʡ ʯʘʩ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʤʠ. ʉʝʨʝʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʩʣʽʜ ʦʢʨʝʤʦ ʚʠʜʽʣʠʪʠ 

ʚʘʞʣʠʚʫ ʛʨʫʧʫ ʪʚʝʨʜʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʷʢʽ ʦʪʨʠʤʫʶʪʴʩʷ ʟ ʪʚʝʨʜʠʭ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ (ʊʇɺ), ʟʦʢʨʝʤʘ ʚʽʜʥʦʚʣʝʥʽ ʧʘʣʠʚʘ RDF [1]. ɺʠʨʦʙʥʠʮʪʚʦ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʧʘʣʠʚʘ ʟ ʊʇɺ ʟʜʘʪʥʝ ʯʘʩʪʢʦʚʦ ʟʘʤʽʥʠʪʠ 

ʜʝʬʽʮʠʪʥʽ ʚ ʋʢʨʘʾʥʽ ʦʨʛʘʥʽʯʥʽ ʧʘʣʠʚʘ [2-4].  

ʆʙʩʷʛʠ ʫʪʚʦʨʝʥʥʷ ʊʇɺ ʚ ʋʢʨʘʾʥʽ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʷʛʘʶʪʴ 11,5-12,5 

ʤʣʥ. ʪ. ʗʢʱʦ ʫ 2000 ʨ. ʚ ʋʢʨʘʾʥʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʫʪʚʦʨʶʚʘʣʦʩʷ 180 ʢʛ ʊʇɺ ʥʘ 

ʦʩʦʙʫ, ʪʦ ʫ 2020 ʨ. ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʝʨʝʚʠʱʠʚ 300 ʢʛ, ʮʝ ʧʨʠ ʪʦʤʫ, ʱʦ ʪʽʣʴʢʠ 

77-78% ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʦʭʦʧʣʝʥʦ ʧʦʩʣʫʛʘʤʠ ʟ ʚʠʚʝʟʝʥʥʷ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ.  

ʋ 2020 ʨ. ʚ ʋʢʨʘʾʥʽ ʙʫʣʦ ʧʝʨʝʨʦʙʣʝʥʦ ʽ ʫʪʠʣʽʟʦʚʘʥʦ ʚʩʴʦʛʦ 5% ʊʇɺ. 

ʄʘʡʞʝ 95% ʟʽʙʨʘʥʠʭ ʽ ʥʝ ʦʙʨʦʙʣʝʥʠʭ ʊʇɺ ʚ ʋʢʨʘʾʥʽ ʚʠʚʦʟʷʪʴ ʪʘ ʩʢʣʘʜʘʶʪʴ 

ʥʘ ʧʦʣʽʛʦʥʘʭ, ʘ ʮʝ 10-11 ʤʣʥ. ʪ ʱʦʨʽʯʥʦ. ʅʘ ʧʦʯʘʪʢʫ 2021 ʨ. ʚ ʋʢʨʘʾʥʽ 

ʥʘʣʽʯʫʚʘʣʦʩʷ 6045 ʧʦʣʽʛʦʥʽʚ, ʟ ʥʠʭ 261 (4,3%) ʚʞʝ ʙʫʣʠ ʧʝʨʝʚʘʥʪʘʞʝʥʽ, ʘ 868 

(14%) ʥʝ ʚʽʜʧʦʚʽʜʘʣʠ ʫʤʦʚʘʤ ʙʝʟʧʝʢʠ. ɿʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʣʽʛʦʥʽʚ ʪʘ ʟʚʘʣʠʱ 

ʩʢʣʘʜʘʣʘ 8761,0 ʛʘ, ʧʣʦʱʘ ʧʦʣʽʛʦʥʽʚ, ʱʦ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʙʝʟʧʝʢʠ ï 

1505,1 ʛʘ. ʂʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ (ʟʚʘʣʠʱ), ʷʢʽ ʥʝ ʜʽʶʪʴ ï 355, ʾʭ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ 

ʩʷʛʘʻ 638,0 ʛʘ. ɿʘ ʜʘʥʠʤʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ ʚʽʜʭʦʜʘʤʠ ʚ 

ʋʢʨʘʾʥʽ ʜʦ 2030 ʨ. ʙʽʣʴʰʝ 99% ʬʫʥʢʮʽʦʥʫʶʯʠʭ ʧʦʣʽʛʦʥʽʚ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʻʚʨʦʧʝʡʩʴʢʠʤ ʚʠʤʦʛʘʤ ï ɼʠʨʝʢʪʠʚʽ ˉ 1999/31/ɭʉ ʧʨʦ ʟʘʭʦʨʦʥʝʥʥʷ 

ʚʽʜʭʦʜʽʚ. ɺʽʜʪʘʢ, çʬʦʨʤʘʣʴʥʦ ʙʝʟʧʝʯʥʠʭ ʧʦʣʽʛʦʥʽʚè ʚ ʋʢʨʘʾʥʽ ʙʣʠʟʴʢʦ 64,2%. 

ʂʨʽʤ ʪʦʛʦ, ʱʦʨʦʢʫ ʫʪʚʦʨʶʻʪʴʩʷ 20 ʪʠʩ. ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʠʭ ʩʤʽʪʪʻʟʚʘʣʠʱ. ɿʘ 

ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʞʠʪʣʦʚʦ-

ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ, ʫ 2020 ʨ. ʫʪʚʦʨʠʣʦʩʷ 22630 ʪʘʢʠʭ 

ʩʤʽʪʪʻʟʚʘʣʠʱ ʟʘʛʘʣʴʥʦʶ ʧʣʦʱʝʶ 557 ʛʘ. ʆʨʽʻʥʪʦʚʥʽ ʦʙʩʷʛʠ ʚʠʚʝʟʝʥʥʷ ʊʇɺ 

ʥʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʽ ʩʤʽʪʪʻʟʚʘʣʠʱʘ ʫ 2020 ʨ. ʜʦʩʷʛʣʠ 74 ʤʣʥ. ʤ3 (15-22 ʤʣʥ ʪ). 

ʊʘʢʝ ʧʦʚʦʜʞʝʥʥʷ ʟ ʊʇɺ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʱʦʨʽʯʥʦʾ ʚʪʨʘʪʠ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʮʽʥʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʤʽʩʪʷʪʴʩʷ ʫ ʚʽʜʭʦʜʘʭ, ʾʭʥʷ 



 174 

ʚʽʜʦʢʨʝʤʣʝʥʘ ʯʘʩʪʠʥʘ, ʱʦ ʤʽʩʪʠʪʴ ʦʨʛʘʥʽʯʥʫ ʩʢʣʘʜʦʚʫ, ʤʘʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʚ 

ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽʡ ʩʧʦʩʽʙ. ɿʛʽʜʥʦ ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʆʩʥʦʚʥʽ ʟʘʩʘʜʠ 

(ʉʪʨʘʪʝʛʽʶ) ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ ʥʘ ʧʝʨʽʦʜ ʜʦ 2030 ʨʦʢʫè ʚʽʜ 

28.03.2019 ʨʦʟʚôʷʟʘʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʢʣʶʯʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʫ ʚʠʨʽʰʝʥʥʽ 

ʧʠʪʘʥʴ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʥʝʟʘʣʝʞʥʦʩʪʽ ʜʝʨʞʘʚʠ. 

ʑʝ ʦʜʥʘ ʟ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʩʢʣʘʜʫʚʘʥʥʷʤ ʊʇɺ ʥʘ ʧʦʣʽʛʦʥʘʭ ï 

ʙʽʦʭʽʤʽʯʥʝ ʨʦʟʢʣʘʜʘʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʟʚʘʣʠʱʥʦʛʦ ʛʘʟʫ, ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ 

ʻ ʧʘʨʥʠʢʦʚʽ ʛʘʟʠ ʉʅ4 ʪʘ ʉʆ2 [4, 5]. ɿʛʽʜʥʦ ʟ ʄʽʞʫʨʷʜʦʚʦʶ ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ 

ʟ ʧʠʪʘʥʴ ʟʤʽʥʠ, ʚʠʢʠʜʠ ʟ ʩʤʽʪʪʻʟʚʘʣʠʱ ʩʪʘʥʦʚʣʷʪʴ 18% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʚʠʢʠʜʽʚ ʤʝʪʘʥʫ ʚ ʘʪʤʦʩʬʝʨʫ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʥʦʚʠʪʴ ʜʦ 70 ʤʣʥ. ʪ 

ʱʦʨʽʯʥʦ. ɺ ʋʢʨʘʾʥʽ ʚʠʢʠʜʠ ʉʅ4 ʟ ʧʦʣʽʛʦʥʽʚ ʊʇɺ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʢʣʘʜʘʶʪʴ 

300=330 ʪʠʩ. ʪ. ʅʘʢʦʧʠʯʝʥʥʷ ʉʅ4 ʫ ʪʦʚʱʽ ʧʦʣʽʛʦʥʫ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʩʘʤʦʟʘʡʤʘʥʥʷ ʊʇɺ. ʅʝʢʝʨʦʚʘʥʝ ʛʦʨʽʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʟʦʢʨʝʤʘ ʜʽʦʢʩʠʥʽʚ.  

ʊʨʝʙʘ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʪʝʨʤʽʯʥʘ ʫʪʠʣʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ, ʷʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʪʘʢʦʞ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʢʨʘʡ ʥʝʙʝʟʧʝʯʥʠʭ ʜʣʷ ʣʶʜʠʥʠ 

ʩʧʦʣʫʢ [1, 6, 7]. ɿʘʣʫʯʝʥʥʷ RDF ʫ ʝʥʝʨʛʝʪʠʢʫ ʤʘʻ ʚʽʜʙʫʚʘʪʠʩʴ ʽʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʾʭ ʪʝʨʤʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʚ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ ʩʧʦʩʽʙ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɼʠʨʝʢʪʠʚʠ ˉ 2010/75/ɭʉ ʧʨʦ ʧʨʦʤʠʩʣʦʚʽ ʚʠʢʠʜʠ, 

ʚʠʢʦʥʘʥʥʷ ʷʢʦʾ ʻ ʦʙʦʚôʷʟʢʦʚʠʤ ʚ ʨʘʤʢʘʭ ʧʽʜʧʠʩʘʥʦʾ ʋʛʦʜʠ ʧʨʦ ʘʩʦʮʽʘʮʽʶ 

ʤʽʞ ʋʢʨʘʾʥʦʶ ʪʘ ɭʚʨʦʧʝʡʩʴʢʠʤ ʉʦʶʟʦʤ [4].  

ʂʨʽʤ ʪʦʛʦ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʟʙʽʣʴʰʠʣʘʩʷ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʩʧʽʣʴʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ RDF ʟ̔ ʽʥʰʠʤʠ 

ʧʘʣʠʚʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʧʨʠʨʦʜʥʠʤ ʛʘʟʦʤ ʪʘ ʚʫʛʽʣʣʷ ʥʘ ʊɽʉ ʪʘ ʊɽʎ [8-9]. 

ʊʘʢʽ ʨʦʙʦʪʠ ʱʦʜʦ ʫʢʨʘʾʥʩʴʢʦʛʦ RDF ʪʘʢʦʞ ʧʦʪʨʝʙʫʶʪʴ ʽʥʬʦʨʤʘʮʽʾ ʟ ʡʦʛʦ 

ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ, ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ. ɺʨʘʭʦʚʫʶʯʠ 

ʚʠʱʝʟʘʟʥʘʯʝʥʝ ʤʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʽʚ, ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ, 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʪʘ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ RDF ʟ̔ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʡʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ.  

ɼʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʪʘ ʤʽʩʪ ʋʢʨʘʾʥʠ ʚʠʟʥʘʯʝʥʦ ʢʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ 

ʯʘʩʪʢʠ ʊʇɺ ʧʨʠʜʘʪʥʠʭ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ RDF ï ʚʽʜʦʢʨʝʤʣʝʥʦʾ 

ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʦʾ ʬʨʘʢʮʽʾ ʧʝʨʝʨʦʙʣʝʥʠʭ ʊʇɺ, ʷʢʘ ʚʢʣʶʯʘʻ ʧʦʣʽʤʝʨʠ, ʧʘʧʽʨ, 

ʢʘʨʪʦʥ, ʜʝʨʝʚʠʥʫ ʪʘ ʪʝʢʩʪʠʣʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʽʣʴʢʽʩʥʠʡ ʧʦʢʘʟʥʠʢ ʪʘʢʠʭ 

ʟʘʣʠʰʢʽʚ ʜʣʷ ʨʽʟʥʠʭ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻ 23-42% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʊʇɺ. ʋ ʩʝʨʝʜʥʴʦʤʫ ʜʣʷ ʋʢʨʘʾʥʠ ʯʘʩʪʢʘ ʩʢʣʘʜʦʚʠʭ ʊʇɺ ʧʨʠʜʘʪʥʠʭ ʜʣʷ RDF 

ʩʢʣʘʜʘʻ 28%. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʋʢʨʘʾʥʽ ʥʘ ʧʫʥʢʪʠ ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʩʤʽʪʪʻʧʝʨʝʨʦʙʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʧʦʪʨʘʧʣʷʻ 3,4-3,7% ʚʽʜ ʟʘʛʘʣʴʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʟʽʙʨʘʥʠʭ ʊʇɺ, ʘ ʟ ʥʠʭ ʙʣʠʟʴʢʦ 80% (ʚ ʩʝʨʝʜʥʴʦʤʫ 2,8% ʚʽʜ 

ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʊʇɺ) ʧʨʠʧʘʜʘʻ ʥʘ ʧʘʧʽʨ, ʢʘʨʪʦʥ, ʜʝʨʝʚʠʥʫ, ʧʦʣʽʤʝʨʠ, ʪʦ 

ʯʘʩʪʢʘ ʩʢʣʘʜʦʚʠʭ ʊʇɺ, ʷʢʫ ʤʦʞʥʘ ʚʠʣʫʯʠʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ RDF ʚ ʋʢʨʘʾʥʽ 

ʩʢʣʘʜʘʻ 25-26%, ʘ ʧʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʮʪʚʘ RDF ʩʢʣʘʜʘʻ 2,9-3,2 ʤʣʥ. ʪ. (ʜʠʚ. 

https://zakon.rada.gov.ua/laws/show/2697-19?fbclid=IwAR0xX2J1lQfDh4Ir-87RI8f_Us_jl4_a7kQGuKVZ4D-sPxDM-AYFa__afOs
https://zakon.rada.gov.ua/laws/show/2697-19?fbclid=IwAR0xX2J1lQfDh4Ir-87RI8f_Us_jl4_a7kQGuKVZ4D-sPxDM-AYFa__afOs
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ʪʘʙʣ. 1). ɺʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʠʡ ʦʩʝʨʝʜʥʝʥʠʡ ʤʦʨʬʦʣʦʛʽʯʥʠʡ ʩʢʣʘʜ RDF 

ʜʣʷ ʋʢʨʘʾʥʠ: ʧʘʧʽʨ, ʢʘʨʪʦʥ ʪʘ ʽʥʰʘ ʤʘʢʫʣʘʪʫʨʘ ï 47,0%; ʧʦʣʽʤʝʨʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʧʣʘʩʪʠʢ, ʧʦʣʽʝʪʠʣʝʥ, ʧʦʣʽʧʨʦʧʽʣʝʥ, ʩʠʥʪʝʪʠʯʥʽ ʚʦʣʦʢʥʘ, ʙʘʛʘʪʦʰʘʨʦʚʘ 

ʫʧʘʢʦʚʢʘ ʪʘ ʪʦʱʦ ï 39,0%; ʰʢʽʨʘ, ʰʢʽʨʦʟʘʤʽʥʥʠʢʠ, ʰʢʽʨʷʥʽ ʪʘ ʛʫʤʦʚʽ 

ʚʠʨʦʙʠ ï 3,5%; ʪʝʢʩʪʠʣʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ï 7,0%; ʜʝʨʝʚʠʥʘ ʪʘ ʧʦʭʽʜʥʽ ʚʽʜ ʥʝʾ ï 

3,5%. 

ʊʘʙʣʠʮʷ 1  

ʇʦʪʝʥʮʽʘʣ ʚʠʨʦʙʥʠʮʪʚʘ RDF ʚ ʋʢʨʘʾʥʽ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ  

ʈʽʢ 

ʆʙʩʷʛʠ 

ʟʙʠʨʘʥʥʷ 

ʇʫʥʢʪʠ 

ʚʪʦʨʠʥʥʦʾ 

ʩʠʨʦʚʠʥʠ 

ʉʤʽʪʪʻʧʝʨʝ-

ʨʦʙʥʽ ʧʽʜʧʨʠ-

ʻʤʩʪʚʘ 

ʏʘʩʪʢʘ 

ʩʢʣʘʜʦʚʠʭ 

ʧʨʠʜʘʪʥʠʭ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ RDF 

ʇʦʪʝʥʮʽʘʣ 

ʚʠʨʦʙʥʠʮʪʚʘ 

RDF 

ʪʠʩ. ʪ % ʪʠʩ. ʪ % ʪʠʩ. ʪ % ʪʠʩ. ʪ % ʪʠʩ. ʪ 

2018 11857,2 1,2 146,5 2,2 260,1 28,0 3320,0 25,3 3000,0 

2019 11459,4 1,1 128,6 2,6 303,3 28,0 3208,6 25,0 2864,9 

2020 12634.9 0,9 118,7 2,6 336,5 28,0 3537,8 25,2 3184,0 

ʋ ʪʘʙʣʠʮʽ 3 ʜʣʷ ʧʨʠʢʣʘʜʫ ʥʘʚʝʜʝʥʦ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʪʘ ʪʝʧʣʦʪʫ 

ʟʛʦʨʘʥʥʷ RDF ʜʣʷ ʨʽʟʥʠʭ ʤʽʩʪ, ʦʙʣʘʩʪʝʡ ʪʘ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ. ɽʣʝʤʝʥʪʥʠʡ 

ʩʢʣʘʜ RDF ʨʦʟʨʘʭʦʚʘʥʦ ʟʘ ʡʦʛʦ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʝʣʝʤʝʥʪʥʠʤ 

ʩʢʣʘʜʦʤ ʢʦʤʧʦʥʝʥʪʽʚ ʊʇɺ [8, 10]. ʅʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʥʘ ʨʦʙʦʯʠʡ ʩʢʣʘʜ 

ʧʘʣʠʚʘ Qi
r, ʄɼʞ/ʢʛ, ʨʦʟʨʘʭʦʚʘʥʘ ʟʘ ʬʦʨʤʫʣʦʶ ʄʝʥʜʝʣʻʻʚʘ [10]. 

ʊʘʙʣʠʮʷ 3  

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʪʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ RDF ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʊʇɺ 

ʨʽʟʥʠʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʾʥʠ ʪʘ ʋʢʨʘʾʥʠ ʚ ʮʽʣʦʤʫ 

ʆʙʣʘʩʪʴ ʋʢʨʘʾʥʠ 
ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʥʘ ʨʦʙʦʯʫ ʤʘʩʫ (r), % Qi

r, 

ʄɼʞ/ʢʛ ʉr ʅr Or Nr Sr Ar Wr 

ʋʢʨʘʾʥʘ 37,6 5,3 34,6 0,4 0,2 10,9 11,0 14,1 

ʆʙʣʘʩʪʽ 

ɺʽʥʥʠʮʴʢʘ 40,4 5,6 30,6 0,7 0,3 10,2 12,2 15,9 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʘ  39,1 5,3 36,4 0,8 0,2 7,0 11,2 14,5 

ɿʘʢʘʨʧʘʪʩʴʢʘ 38,9 5,4 33,2 0,7 0,2 9,9 11,7 14,8 

ʂʠʾʚʩʴʢʘ 39,2 5,5 32,4 0,7 0,3 10,0 11,9 15,1 

ʄʽʩʪʘ 

ɺʽʥʥʠʮʷ 39,3 5,4 35,7 0,4 0,2 7,9 11,1 14,7 

ɼʥʽʧʨʦ 40,0 5,6 31,2 0,5 0,4 10,8 11,5 15,7 

ɾʠʪʦʤʠʨ 35,5 5,0 34,6 0,2 0,2 10,4 14,1 13,1 

ʂʠʾʚ 38,1 5,3 34,4 0,5 0,2 10,1 11,4 14,3 

ʈʽʚʥʦ 36 5,2 34,7 0,4 0,2 12,7 10,8 13,5 

ʍʤʽʣʴʥʠʢ 34,7 5,0 36,5 0,2 0,2 12,9 79,0 12,7 

ʍʤʝʣʴʥʠʮʴʢʠʡ 39,0 5,3 33,5 1,2 0,1 7,9 13,0 14,7 

ɼʽʘʧʘʟʦʥ ʪʝʧʣʦʪʠ ʟʛʦʨʘʥʥʷ RDF, ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʟ ʊʇɺ ʋʢʨʘʾʥʠ, ʩʢʣʘʜʘʻ 

13-16 ʄɼʞ/ʢʛ. ʎʝ ʚʽʜʧʦʚʽʜʘʻ 3 ʪʘ 4 ʢʣʘʩʘʤ SRF ʟʛʽʜʥʦ ʟ ɼʉʊʋ EN 

15359:2018 [1]. ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʧʘʣʠʚʘ ʤʦʞʥʘ 

ʜʦʜʘʚʘʪʠ ʛʦʨʶʯʽ ʬʨʘʢʮʽʾ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʢʦʤʝʨʮʽʡʥʠʭ ʚʽʜʭʦʜʽʚ [3, 7]. 

 ɺʠʩʥʦʚʢʠ. ʅʘʰʽ ʨʦʟʨʘʭʫʥʢʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʻ ʧʦʪʝʥʮʽʘʣ ʜʣʷ 

ʱʦʨʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʣʠʟʴʢʦ 3 ʤʣʥ. ʪ RDF ʟ̔ ʪʝʧʣʦʪʦʶ ʟʛʦʨʷʥʥʷ 13-
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16 ʄɼʞ/ʢʛ. ʇʨʠ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʠʭ ʧʘʣʠʚ ʤʦʞʥʘ ʱʦʨʽʯʥʦ 

ʦʪʨʠʤʫʚʘʪʠ 3000ï3500 ʤʣʥ ʢɺʪĀʛʦʜ. ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. ʇʦʪʝʥʮʽʘʣ ʟʘʤʽʱʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 1 ʤʣʨʜ ʤ3, ʚʫʛʽʣʣʷ ï 2 ʤʣʥ. ʪ. ʂʨʽʤ ʪʦʛʦ, 

ʪʘʢʝ ʧʦʚʦʜʞʝʥʥʷ ʟ ʚʽʜʭʦʜʘʤʠ ʜʦʟʚʦʣʠʪʴ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʦʙʩʷʛʠ ʚʠʜʘʣʝʥʥʷ 

ʊʇɺ ʥʘ ʩʤʽʪʪʻʟʚʘʣʠʱʘ. 
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ʂʅʋɹɸ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 
ʄʆɾʃʀɺʆʉʊɯ ʄɯʅɯʄɯɿɸʎɯɰ ʈʆɿʄɯʈɯɺ ɻɽʃɯʆʉʀʉʊɽʄ 

ɻɸʈʗʏʆɻʆ ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ 

 
ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʪʦʢ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʽ ʤʘʻ ʟʘ ʦʩʥʦʚʥʠʡ ʥʘʧʨʷʤʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʝʧʣʦʪʠ ʜʣʷ 

ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽ ʟʦʢʨʝʤʘ ʩʠʩʪʝʤ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪ [1]. ʉʝʨʝʜ ʽʥʰʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ, ʦʩʦʙʣʠʚʦ ʜʣʷ 

ʧʦʪʨʝʙ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦ ʥʠʟʴʢʦʶ 

ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʦʜʠ ʚ ʮʠʭ ʩʠʩʪʝʤʘʭ [2]. ɸʣʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʝʥʝʨʛʽʾ ʤʘʻ 

ʨʷʜ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʫʩʢʣʘʜʥʶʶʪʴ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɻʦʣʦʚʥʝ ï ʮʝ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʾʾ ʧʨʠʭʦʜʫ ʷʢ ʧʨʦʪʷʛʦʤ ʜʦʙʠ, ʪʘʢ ʽ ʧʨʦʪʷʛʦʤ ʨʦʢʫ. ʇʨʠʯʦʤʫ 

ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʽʥʩʦʣʷʮʽʾ ʧʨʦʪʷʛʦʤ ʜʥʷ ʚʘʞʢʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʯʝʨʝʟ ʟʘʛʘʣʴʥʽ 

ʪʨʫʜʥʦʱʽ ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤ ʧʦʛʦʜʥʠʭ ʫʤʦʚ, ʟʦʢʨʝʤʘ ʤʽʥʣʠʚʦʩʪʽ ʭʤʘʨʥʦʩʪʽ[3]. 

ɼʣʷ ʛʝʣʽʦʩʠʩʪʝʤ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʻ ʦʜʥʘ ʦʩʦʙʣʠʚʽʩʪʴ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʾʭ ʧʨʦʝʢʪʫʚʘʥʥʽ. ʏʝʨʝʟ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʚ ʢʦʤʫʥʘʣʴʥʦʤʫ ʩʝʢʪʦʨʽ ʚ ʪʦʡ ʯʘʩ, ʢʦʣʠ ʽʥʩʦʣʷʮʽʷ 

ʤʘʻ ʥʘʡʙʽʣʴʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʻ ʥʘʡʤʝʥʰʠʤ 

(ʨʠʩ. 1). 

ʈʝʟʫʣʴʪʘʪʦʤ ʮʽʻʾ ʦʙʩʪʘʚʠʥʠ ʻ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʝʧʣʦʪʠ 

ʪʘ ʧʣʦʱʽ ʛʝʣʽʦʧʦʣʷ ʜʣʷ ʮʠʭ ʩʠʩʪʝʤ. ʂʨʽʤ ʪʦʛʦ, ʮʷ ʦʙʩʪʘʚʠʥʘ ʧʽʜʚʠʱʫʻ 

ʥʝʙʝʟʧʝʢʫ ʚʠʥʠʢʥʝʥʥʷ ʪʘʢ ʟʚʘʥʦʾ çʩʪʘʛʥʘʮʽʾè ʛʝʣʽʦʩʠʩʪʝʤʠ, ʷʢʘ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʶ ʩʢʠʧʘʥʥʷ ʚʦʜʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʚ ʩʦʥʷʯʥʠʭ 

ʢʦʣʝʢʪʦʨʘʭ ʧʨʠ ʤʘʣʦʤʫ ʚʽʜʙʦʨʽ ʪʝʧʣʦʪʠ ʚ ʯʘʩ ʥʘʡʙʽʣʴʰʦʾ ʽʥʩʦʣʷʮʽʾ [4]. ɼʣʷ 

ʫʥʠʢʥʝʥʥʷ ʮʽʻʾ ʟʘʛʨʦʟʠ ʜʣʷ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʠʩʪʝʤʠ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʘʣʝ ʚʩʽ ʚʦʥʠ ʟʚʦʜʷʪʴʩʷ ʜʦ ʦʜʥʦʛʦ ʟʘʭʦʜʫ ï ʧʝʨʝʢʨʠʚʘʶʪʴ 

ʥʘʜʭʦʜʞʝʥʥʷ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʜʦ ʛʝʣʽʦʢʦʣʝʢʪʦʨʘ ʚ ʯʘʩ ʥʘʡʙʽʣʴʰʦʾ ʽʥʩʦʣʷʮʽʾ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʫʚʘʪʠ ʧʣʦʱʫ ʛʝʣʽʦʧʦʣʷ ʜʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʮʽʻʾ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ. 

ɸʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʽʥʰʠʡ ʩʧʦʩʽʙ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ï ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚ ʛʝʣʽʦʩʠʩʪʝʤʽ ʥʝ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʚ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ, ʘ ʪʘʢ ʟʚʘʥʠʭ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʪʝʧʣʦʥʦʩʽʾʚ (ɺʆʊ). ʆʩʦʙʣʠʚʽʩʪʴ ʮʠʭ 

ʨʝʯʦʚʠʥ ï ʮʝ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʽʥʥʷ ʧʨʠ ʥʠʟʴʢʦʤʫ ʪʠʩʢʫ ʥʘʩʠʯʝʥʥʷ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʫʩʫʚʘʻʪʴʩʷ ʥʝʙʝʟʧʝʢʘ ʾʭ ʩʢʠʧʘʥʥʷ ʚ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽ ʧʨʠ 

ʥʘʡʙʽʣʴʰʽʡ ʽʥʩʦʣʷʮʽʾ ʦʧʽʚʜʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʞʥʦ ʟʤʝʥʰʠʪʠ ʽ ʧʣʦʱʫ 

ʛʝʣʽʦʧʦʣʷ ʽ ʦʙôʻʤ ʘʢʫʤʫʣʷʪʦʨʘ. ɺʝʣʠʢʽ ʨʦʟʤʽʨʠ ʛʝʣʽʦʧʦʣʷ ʽ ʘʢʫʤʫʣʷʪʦʨʘ 

ʩʪʨʠʤʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʽʦʩʠʩʪʝʤ ʜʣʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ 

ʙʫʜʽʚʝʣʴ, ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ ʪʘ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʟ̔ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ 

ʩʧʦʞʠʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʬʝʨʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 
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ʛʝʣʽʦʩʠʩʪʝʤ ɻɺʇ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ, ʱʦ ʤʘʪʠʤʝ ʷʢ ʧʦʟʠʪʠʚʥʠʡ 

ʝʢʦʣʦʛʽʯʥʠʡ, ʪʘʢ ʽ ʝʢʦʥʦʤʽʯʥʠʡ ʘʩʧʝʢʪ ʯʝʨʝʟ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ 

ʚʫʛʣʝʚʦʜʥʠʭ ʧʘʣʠʚ.  

 

 
ʈʠʩ.1. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʾ ʨʘʜʽʘʮʽʾ ʽ ʩʧʦʞʠʚʘʥʥʷ ɻɺʇ 

 

ɼʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ɺʆʊ ʚ̔ ʛʝʣʽʦʩʠʩʪʝʤʘʭ ɻɺʇ ʥʝʦʙʭʽʜʥʦ 

ʚʠʨʽʰʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ̔ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʮʠʭ ʨʝʯʦʚʠʥ. 

ɻʦʣʦʚʥʘ ʾʭ ʦʩʦʙʣʠʚʽʩʪʴ ï ʮʝ ʚʝʣʠʢʘ ʟʘʣʝʞʥʽʩʪʴ ʜʝʷʢʠʭ ʾʭ ʪʝʧʣʦʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʟʦʢʨʝʤʘ ʛʫʩʪʠʥʠ, ʚôʷʟʢʦʩʪʽ, ʯʠʩʣʘ Pr [5]. ʉʘʤʝ 

ʮʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʴ-ʷʢʠʭ ʪʝʧʣʦʥʦʩʽʾʚ ʩʠʣʴʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʢʦʥʚʝʢʪʠʚʥʠʡ 

ʪʝʧʣʦʦʙʤʽʥ [6]. ɸʣʝ ʚ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʥʦʩʽʷ ʟʤʽʥʶʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʜʥʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ 

ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʢʘʥʘʣʘʭ ʛʝʣʽʦʢʦʣʝʢʪʦʨʘ ʤʘʶʪʴ ʪʘʢʦʞ ʟʤʽʥʶʚʘʪʠʩʴ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʡʦʛʦ ʂʂɼ ʧʨʦʪʷʛʦʤ ʜʥʷ. ʎʷ ʦʙʩʪʘʚʠʥʘ ʫʩʢʣʘʜʥʶʻ 

ʨʦʟʨʘʭʫʥʦʢ ʪʝʧʣʦʦʙʤʽʥʫ ʚ ʥʠʭ ʽ ʯʝʨʝʟ ʮʝ ʧʦʧʝʨʝʜʥʻ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʾʭ ʂʂɼ 

ʧʨʦʪʷʛʦʤ ʜʥʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ʋ ʣʽʪʝʨʘʪʫʨʽ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʆʊ ʚ 

ʛʝʣʽʦʩʠʩʪʝʤʘʭ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʱʦʜʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʧʨʠʪʘʤʘʥʥʠʭ ʜʣʷ ʛʝʣʽʦʩʠʩʪʝʤ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟ ʰʠʨʦʢʠʤ ʜʽʘʧʘʟʦʥʦʤ 

ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʽʜʦʤʘ ʣʽʪʝʨʘʪʫʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʆʊ ʚ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʢʘʭ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ ʾʭ ʨʦʙʦʪʠ ʚ 

ʫʤʦʚʘʭ ʩʪʘʣʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚ ʽʥʰʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ, ʥʘʙʘʛʘʪʦ 

ʚʫʞʯʦʤʫ, ʥʽʞ ʫ ʛʝʣʽʦʩʠʩʪʝʤʘʭ [5,7]. 

ɸʚʪʦʨʠ ʧʨʦʚʝʣʠ ʧʦʧʝʨʝʜʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʪʝʧʣʦʙʤʽʥʫ ʚ ʢʘʥʘʣʘʭ ʛʝʣʽʦʢʦʣʝʢʪʦʨʽʚ ʟ̔ ɺʆʊ. ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʠ 

ʧʨʠʡʥʷʪʽ ʥʘʩʪʫʧʥʽ ʚʠʭʽʜʥʽ ʜʘʥʽ. ɺ ʷʢʦʩʪʽ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠʡʥʷʪʦ ɺʆʊ ʪʠʧʫ 

BPOIexWF0801. ʁʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʢʘʟʘʥʦ ʥʘ ʨʠʩ.2. ɺ ʷʢʦʩʪʽ 

ʛʝʣʽʦʢʦʣʝʢʪʦʨʘ ʚʠʙʨʘʥʦ ʚʘʢʫʫʤʥʠʡ ʢʦʣʝʢʪʦʨ ʪʠʧʫ Vitosol 300-TM 

ʚʠʨʦʙʥʠʮʪʚʘ Viessmann. ɼʽʘʤʝʪʨ ʢʘʥʘʣʫ ʜʣʷ ʪʝʧʣʦʥʦʩʽʷ ʚ ʢʦʣʝʢʪʦʨʽ ʩʢʣʘʜʘʻ 

0,012 ʤ. ʊʝʤʧʝʨʘʪʫʨʠ ɺʆʊ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 20 Üʉ ʜʦ 350 Üʉ. ʆʩʪʘʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʡʥʷʪʘ ʟʛʽʜʥʦ ʨʝʢʦʤʝʥʜʘʮʽʷʤ ʚʠʨʦʙʥʠʢʘ [8]. ʈʝʟʫʣʴʪʘʪʠ 
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ʨʦʟʨʘʭʫʥʢʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. ɿʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʜʥʦ, ʱʦ ʨʝʞʠʤ ʪʝʯʽʾ 

ʪʝʧʣʦʥʦʩʽʷ ʚ ʪʨʫʙʮʽ ʟʤʽʥʶʻʪʴʩʷ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʣʘʤʽʥʘʨʥʦʛʦ ʜʦ 

ʨʦʟʚʠʥʝʥʦʛʦ ʪʫʨʙʫʣʝʥʪʥʦʛʦ. ɺʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 20..94 ɺʪ/ʤ2Āʉ, ʪʦʙʪʦ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʤʘʡʞʝ ʚ 5 
ʨʘʟʽʚ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʙʫʣʠ 

ʧʨʠʡʥʷʪʽ ʩʭʦʞʽ ʟʘʣʝʞʥʦʩʪʽ, ʱʦ ʥʘʚʝʜʝʥʽ ʚ [5,9]. ʈʦʟʨʘʭʫʥʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʣʷ ʨʝʢʦʤʝʥʜʦʚʘʥʦʾ ʚ [8] ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. 

 
ʈʠʩ.2. ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ɺʆʊ ʚʽʜ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʊʘʙʣʠʮʷ 1 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʪʝʧʣʦʦʙʤʽʥʫ ɺʆʊ ʫ ʛʝʣʽʦʩʠʩʪʝʤʽ 
T,Ü C Re Pr Nu Ŭ Pr T,Ü C Re Pr Nu Ŭ 

20 210,00 492,70 1,25 20,64 492,70 200 8842,11 16,60 5,53 78,80 

40 560,00 193,20 1,81 29,45 193,20 220 10243,90 14,80 5,91 82,69 

60 1105,26 101,60 2,35 37,01 101,60 240 11830,99 13,20 6,30 86,56 

80 1909,09 61,40 2,91 45,84 61,40 260 13333,33 12,70 6,79 89,94 

100 2800,00 43,60 3,40 52,63 43,60 280 15000,00 11,10 7,03 93,21 

120 3500,00 36,30 3,74 57,02 36,30 300 16470,59 10,40 7,36 95,66 

140 4941,18 26,60 4,29 64,36 26,60 320 17872,34 9,90 7,68 97,88 

160 6000,00 22,60 4,66 68,72 22,60 340 19534,88 9,40 8,05 100,57 

180 7636,36 18,50 5,17 74,90 18,50 360 21000,00 9,00 8,35 93,97 

ʈʦʟʨʘʭʫʥʢʠ ʧʦ ʦʙʦʭ ʟʘʣʝʞʥʦʩʪʷʭ ʧʦʢʘʟʘʣʠ ʜʫʞʝ ʙʣʠʟʴʢʽ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʜʥʘʢ ʩʘʤʽ ʬʦʨʤʫʣʠ ʚʠʚʦʜʠʣʠʩʷ ʜʣʷ ʽʥʰʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʚʠʭ 

ʧʦʪʦʢʽʚ. ʂʨʽʤ ʪʦʛʦ, ʬʦʨʤʫʣʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ ʪʫʨʙʫʣʝʥʪʥʠʭ ʨʝʞʠʤʽʚ, ʘ 

ʦʪʨʠʤʘʥʽ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʚʝʣʠʯʠʥʠ ʯʠʩʣʘ Re ʧʦʢʘʟʫʶʪʴ, ʱʦ ʫ ʨʘʥʢʦʚʽ ʪʘ 

ʚʝʯʽʨʥʽ ʛʦʜʠʥʠ ʧʨʠ ʧʨʠʡʥʷʪʽʡ ʰʚʠʜʢʦʩʪʽ ʧʦʪʽʢ ʙʫʜʝ ʣʘʤʽʥʘʨʥʠʤ. ʊʦʜʽ 

ʦʪʨʠʤʘʥʽ ʜʣʷ ʮʴʦʛʦ ʯʘʩʫ ʜʦʙʠ ʪʝʧʣʦʦʙʤʽʥ ʙʫʜʝ ʱʝ ʤʝʥʰ ʽʥʪʝʥʩʠʚʥʠʤ, ʥʽʞ 

ʦʪʨʠʤʘʥʦ ʚ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʬʦʨʤʫʣʘʭ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ, ʙʝʟʫʤʦʚʥʦ, ʚʠʤʘʛʘʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ, ʘʣʝ ʟʘʛʘʣʴʥʫ ʢʘʨʪʠʥʫ 

ʟʤʽʥʠ ʪʝʨʤʦʛʽʜʨʘʚʣʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʣʝʢʪʦʨʘʭ ʟ̔ ɺʆʊ ʫ ʧʝʨʰʦʤʫ 

ʥʘʙʣʠʞʝʥʥʽ ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʢʦʣʝʢʪʦʨʽʚ 
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ʟ̔ ɺʆʊ. ɿʥʘʯʥʘ ʟʤʽʥʘ ʚʝʣʠʯʠʥʠ ʯʠʩʣʘ Re ʧʨʦʪʷʛʦʤ ʩʚʽʪʣʦʚʦʛʦ ʜʥʷ ʚʢʘʟʫʻ ʥʘ 

ʧʨʦʛʥʦʟʦʚʘʥʫ ʟʥʘʯʥʫ ʟʤʽʥʫ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ ʢʦʣʝʢʪʦʨʘ, ʱʦ ʚʠʩʫʚʘʻ ʧʝʚʥʽ 

ʚʠʤʦʛʠ ʜʦ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʥʘʩʦʩʽʚ (ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ).  

ʆʪʞʝ, ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽ ʦʨʛʘʥʽʯʥʽ ʪʝʧʣʦʥʦʩʽʷ ʤʦʞʫʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ 

ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʛʝʣʽʦʩʠʩʪʝʤʘʭ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ɰʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ çʩʪʘʛʥʘʮʽʾè 

ʛʝʣʽʦʩʠʩʪʝʤʠ ʽ ʚʦʜʥʦʯʘʩ ʧʨʦʙʣʝʤʫ ʽʟ ʟʘʤʝʨʟʘʥʥʷʤ ʪʝʧʣʦʥʦʩʽʷ ʚʟʠʤʢʫ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʧʣʦʱʽ ʛʝʣʽʦʧʦʣʷ. ʇʨʠ ʮʴʦʤʫ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙ'ʻʤ ʘʢʫʤʫʣʷʪʦʨʘ 

ʪʝʧʣʦʪʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠʩʷ ʟʘ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ 

ʨʦʟʨʦʙʢʠ ʧʨʦʩʪʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʦʙʤʽʥʫ ʚ 

ʛʝʣʽʦʢʦʣʝʢʪʦʨʽʟ ɺʆʊ ʪʘ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʽʥʞʝʥʝʨʽʚ ʟ̔ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʛʝʣʽʦʩʠʩʪʝʤ ʟ̔ ɺʆʊ ʷʢ ʪʝʧʣʦʥʦʩʽʻʤ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʝʧʣʦʦʙʤʽʥʫ ʧʨʠ ʽʩʪʦʪʥʽʡ 

ʟʤʽʥʽ ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʧʣʦʥʦʩʽʷ ʧʨʠ ʟʤʽʥʽ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʠ. 
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ʆʜʝʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʝʢʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʋʢʨʘʾʥʘ  

 

ʉʊɸʅ ɺʆɼʅʀʍ ʆɹôɭʂʊɯɺ ʏɽʈʅɯɻɯɺʉʔʂʆɰ ʆɹʃɸʉʊɯ 

 

ʋ ʟʚôʷʟʢʫ ʽʟ ʚʪʦʨʛʥʝʥʥʷʤ ʈʦʩʽʡʩʴʢʦʾ ʌʝʜʝʨʘʮʽʾ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ 

ʙʫʣʠ ʘʪʘʢʦʚʘʥʽ ʏʝʨʥʽʛʽʚ ʪʘ ʽʥʰʽ ʤʽʩʪʘ. ɺʽʡʩʴʢʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʚʧʣʠʥʫʣʠ ʥʝ ʣʠʰʝ ʥʘ ʞʠʪʪʷ ʮʠʚʽʣʴʥʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʘʣʝ 

ʡ ʥʘ ʩʪʘʥ ʦʙôʻʢʪʽʚ ʢʨʠʪʠʯʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ, ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʥʽ ʦʙôʻʢʪʠ ʽ 

ʮʽʣʢʦʤ ʥʘ ʨʦʟʚʠʪʦʢ ʨʝʛʽʦʥʫ.  

ʅʘʤʠ ʨʘʥʽʰʝ ʧʨʦʚʦʜʠʚʩʷ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʽ ʷʢʦʩʪʽ ʚʦʜ ʨ. ɼʝʩʥʘ (ʚ 

ʤʝʞʘʭ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ), ʘ ʪʘʢʦʞ ʦʮʽʥʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʚʦʜʥʽ ʦʙôʻʢʪʠ ʨʝʛʽʦʥʫ. ʆʮʽʥʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʟʘ ʜʘʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʫ 2011-

2020 ʨʨ. 

ɹʫʣʦ ʦʪʨʠʤʘʥʦ, ʱʦ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʢʣʘʩ ʷʢʦʩʪʽ ʚʦʜ          

ʨ. ɼʝʩʥʘ ʚ ʤʝʞʘʭ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʥʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʤʙʽʥʘʪʦʨʥʦʛʦ ʽʥʜʝʢʩʫ ʟʘʙʨʫʜʥʝʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʢʘʪʝʛʦʨʽʷʤʠ ɯɯɯʘ ï 

ɯɯɯʙ, ʢʘʪʝʛʦʨʽʷ ʷʢʦʩʪʽ ï ʻʜʠʥʦʶ ʢʘʪʝʛʦʨʽʻʶ çʙʨʫʜʥʘè. 

ɼʣʷ ʦʮʽʥʢʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʢʦʤʧʣʝʢʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʂ, ʷʢʠʡ 

ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʦʝʬʽʮʽʻʥʪʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʽ ʚʦʜʦʟʘʙʦʨʫ [1, 2]. 

ɺʦʥʠʚʨʘʭʦʚʫʶʪʴ ʜʘʥʽ ʧʨʦ ʟʘʙʽʨ ʚʦʜʠ, ʚʪʨʘʪʠ ʚʦʜʠ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ, ʩʢʠʜ 

ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʚʦʜʥʽ ʦʙôʻʢʪʠ, ʚ ʪ.ʯ. ʙʝʟ ʦʯʠʱʝʥʥʷ ʽ ʥʦʨʤʘʪʠʚʥʦ-ʯʠʩʪʠʭ 

ʩʪʽʯʥʠʭ ʚʦʜ. ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʟʤʽʥʶʶʪʴʩʷ ʚʽʜ 0 ʜʦ 1, ʚʽʜʧʦʚʽʜʥʦ ʾʭ 

ʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʥʘʙʣʠʞʝʥʽ ʜʦ 1.  
ɹʫʣʦ ʦʪʨʠʤʘʥʦ, ʱʦ ʥʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ ʂ 

(ʨʠʩ. 1) ʚʽʜʟʥʘʯʘʣʠʩʴ ʫ 2015-2016 ʨʨ. (0,79 ʽ 0,75 ʚʽʜʧʦʚʽʜʥʦ), ʥʘʡʛʽʨʰʽ ï ʫ 

2010 ʨ. (0,34). ɿʘʛʘʣʴʥʝ ʧʦʛʽʨʰʝʥʥʷ ʩʠʪʫʘʮʽʾ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʙʫʣʦ 

ʦʙʫʤʦʚʣʝʥʦ ʟʥʠʞʝʥʥʷʤ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ. 

ʋ ʮʽʣʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚʦʜ 

ʨ. ɼʝʩʥʘ ʚ ʨʝʛʽʦʥʽ ʚʽʜʧʦʚʽʜʘʣʘ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʫ ʂ.  

ʊʘʢʦʞ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ ʏʝʨʥʽʛʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ ʚ ʮʽʣʦʤʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʦʢʘʟʥʠʢʽʚ ʚʦʜʦʟʘʙʦʨʫ ʽ ʩʢʠʜʽʚ 

ʩʪʽʯʥʠʭ ʚʦʜ. ɼʣʷ ʪʘʢʦʾ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʧʦʢʘʟʥʠʢ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʧʝʚʥʦʾ ʪʝʨʠʪʦʨʽʾ ʂʢ. 

ʆʪʨʠʤʘʥʦ, ʱʦ ʟʘ ʧʝʨʽʦʜ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 2) ʚʽʜʟʥʘʯʘʣʘʩʴ ʪʝʥʜʝʥʮʽʷ ʜʦ 

ʟʤʝʥʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟ 2014 ʨ. ʤʘʡʞʝ ʚ 2 ʨʘʟʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʧʦʚʽʜʥʝ 

ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʫʤʦʚʣʝʥʽ 

ʩʫʪʪʻʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʽʜʭʦʜʽʚ, ʱʦ ʫʪʚʦʨʶʚʘʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʦʙʣʘʩʪʽ. ʊʘʢʦʞ ʫ 2019-2020 ʨʨ. ʟʤʝʥʰʠʣʠʩʴ ʦʙʩʷʛʠ ʟʘʛʘʣʴʥʦʛʦ ʚʦʜʦʟʘʙʦʨʫ ʽ 

ʩʢʠʜʽʚ ʩʪʽʯʥʠʭ ʚʦʜ ʧʦʨʽʚʥʷʥʦ ʟ 2015-2016 ʨʨ. ɺ ʮʽʣʦʤʫ ʏʝʨʥʽʛʽʚʩʴʢʫ ʦʙʣʘʩʪʴ 
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ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʜʦ ʜʨʫʛʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʨʘʡʦʥʫ ʟ ʧʦʤʽʨʥʠʤ ʨʽʚʥʝʤ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ [3].    

 

 
ʈʠʩ.1. ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʚ ʤʝʞʘʭ  

ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ (2011-2020 ʨʨ.) 

 

 
ʈʠʩ.2.  ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ  

ʥʘ ʜʦʚʢʽʣʣʷ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

 

ʊʘʢʦʞ ʥʘʤʠ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʩʪʘʥʫ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ (ʥʘ ʧʨʠʢʣʘʜʽ ʨ. ɼʝʩʥʘ) ʟ ʧʦʟʠʮʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʙʫʣʘ 

ʚʠʢʦʨʠʩʪʘʥʘ ʤʝʪʨʠʢʘ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ (ʄɺʉʈ) 

[4], ʘ ʩʘʤʝ ʾʾ ʦʢʨʝʤʽ ʽʥʜʠʢʘʪʦʨʠ ʽ ʧʘʨʘʤʝʪʨʠ [5]. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 3), ʱʦ ʩʝʨʝʜ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ 

ʟʘʩʪʦʩʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʮʽʥʢʠ, ʥʘʡʛʽʨʰʽ ʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʽʜʟʥʘʯʘʣʠʩʴ 

ʜʣʷ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ: ʩʢʠʜ ʟʚʦʨʦʪʥʠʭ ʚʦʜ ɯREW, ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʞʦʾ ʚʦʜʠ 

ɯɽF5, ʟʘʙʽʨ ʚʦʜʠ ʟ ʧʨʠʨʦʜʥʠʭ ɯWAV ʽ ʧʽʜʟʝʤʥʠʭ ɯGAV ʜʞʝʨʝʣ. ɿʘʛʘʣʴʥʘ ʦʮʽʥʢʘ 

ʧʦʢʘʟʘʣʘ, ʱʦ ʥʘʡʙʽʣʴʰ ʛʽʨʰʽ ʫʤʦʚʠ ʟ ʧʦʟʠʮʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʚʽʜʟʥʘʯʘʣʠʩʴ 
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ʫ 2011-2013 ʨʨ. ɿ 2014 ʨ. ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʝ ʧʦʢʨʘʱʝʥʥʷ ʫʤʦʚ, ʭʦʯʘ ʫ 

2018 ʨ. ʟʘʬʽʢʩʦʚʘʥʦ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʟʘ ʨʘʭʫʥʦʢ ʤʘʡʞʝ ʚʩʽʭ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʦʮʽʥʢʠ. 

 

 
ʈʠʩ.3. ʆʮʽʥʢʘ ʩʪʘʥʫ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

 ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ 

 

ʋ ʮʽʣʦʤʫ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʪʘʥ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʧʦʢʨʘʱʝʥʥʷʤ ʫʤʦʚ ʟ ʧʦʟʠʮʽʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ.  

ɸʣʝ ʚʩʽ ʦʪʨʠʤʘʥʽ ʦʮʽʥʢʠ ʥʘ ʜʘʥʠʡ ʯʘʩ ʚʪʨʘʪʠʣʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʚʥʘʩʣʽʜʦʢ ʨʫʡʥʫʚʘʥʴ, ʷʢʠʭ ʟʘʟʥʘʣʘ ʏʝʨʥʽʛʽʚʩʴʢʘ ʦʙʣʘʩʪʴ.  

ʊʘʢ, ʚʥʘʩʣʽʜʦʢ ʥʽʯʥʦʛʦ ʫʜʘʨʫ 11.03.2022 ʨ. ʙʫʣʠ ʧʦʰʢʦʜʞʝʥʽ 

ʤʘʛʽʩʪʨʘʣʴʥʽ ʪʨʫʙʠ ʚʦʜʦʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ, ʯʝʨʝʟ ʚʠʪʦʢʠ ʙʫʣʦ ʧʨʠʧʠʥʝʥʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʤʽʩʪʘ [6]. 14.03.2022 ʨ. ʨʦʩʽʡʩʴʢʽ ʚʽʡʩʴʢʘ ʧʦʰʢʦʜʠʣʠ 

ʥʘʩʦʩʥʫ ʩʪʘʥʮʽʶ ʂʇ çʏʝʨʥʽʛʽʚʚʦʜʦʢʘʥʘʣè. ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʢʦʜʞʝʥʥʷ 
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ʤʦʞʣʠʚʝ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʥʝʙʝʟʧʝʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʩʫʪʪʻʚʝ 

ʟʤʝʥʰʝʥʥʷ ʚʦʜʦʟʘʙʦʨʫ ʧʽʜʧʨʠʻʤʩʪʚʘ [6]. ʂʇ çʏʝʨʥʽʛʽʚʚʦʜʦʢʘʥʘʣè ʻ 

ʦʩʥʦʚʥʠʤ ʚʦʜʦʩʧʦʞʠʚʘʯʝʤ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʚ ʨʝʛʽʦʥʽ. ʆʢʫʧʘʥʪʘʤʠ ʟʥʠʱʝʥʦ 

ʯʦʪʠʨʠ ʦʜʠʥʠʮʽ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʪʝʭʥʽʢʠ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ, 

ʥʘʩʦʩʥʫ ʘʚʪʦʤʘʪʠʢʫ ʪʘ ʢʘʥʘʣʽʟʘʮʽʡʥʫ ʥʘʩʦʩʥʫ ʩʪʘʥʮʽʶ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʇʦʰʢʦʜʞʝʥʦ ʨʝʟʝʨʚʫʘʨʠ ʯʠʩʪʦʾ ʚʦʜʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʽʜʙʫʣʘʩʷ ʾʭ 

ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ. ʉʫʤʘ ʟʙʠʪʢʫ, ʥʘʥʝʩʝʥʦʛʦ ʂʇ çʏʝʨʥʽʛʽʚʚʦʜʦʢʘʥʘʣèʟʘ 

ʦʬʽʮʽʡʥʠʤʠ ʜʘʥʠʤʠ ʩʷʛʘʻ 60000000 ʻʚʨʦ. ʇʦʰʢʦʜʞʝʥʽ 3 ʟ 5 ʚʦʜʦʟʘʙʽʨʥʠʭ 

ʩʪʘʥʮʽʡ, ʧʦʩʪʨʘʞʜʘʣʠ ʤʘʛʽʩʪʨʘʣʴʥʽ ʤʝʨʝʞʽ, ʟʛʦʨʽʣʦ ʜʫʞʝ ʙʘʛʘʪʦ ʩʧʝʮʪʝʭʥʽʢʠ 

ɺʦʜʦʢʘʥʘʣʫ (ʙʣʠʟʴʢʦ 10 ʦʜʠʥʠʮʴ), ʱʦ ʧʨʠʙʣʠʟʥʦ ʩʢʣʘʜʘʻ 50 % [7]. 

ɿʘ ʯʘʩ ʦʢʫʧʘʮʽʾ ʏʝʨʥʽʛʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʫ ʏʝʨʥʽʛʦʚʽ ʩʘʧʝʨʠ ʧʨʷʤʦ ʥʘ ʜʥʽ ʨ. 

ɼʝʩʥʘ ʟʥʝʰʢʦʜʠʣʠ ʧʦʪʫʞʥʫ ʘʚʽʘʮʽʡʥʫ ʙʦʤʙʫ. 500-ʢʽʣʦʛʨʘʤʦʚʠʡ ʩʥʘʨʷʜ ʥʝ 

ʟʜʝʪʦʥʫʚʘʚ, ʢʦʣʠ ʨʦʩʽʡʩʴʢʽ ʦʢʫʧʘʥʪʠ ʥʘʤʘʛʘʣʠʩʷ ʘʪʘʢʫʚʘʪʠ ʤʽʩʪ, ʱʦ 

ʩʧʦʣʫʯʘʻ ʏʝʨʥʽʛʽʚ ʽʟ ʂʠʻʚʦʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʦʛʦ ʚʠʙʫʭʫ ʤʦʛʣʦ ʩʪʘʪʠ 

ʧʦʪʨʘʧʣʷʥʥʷ ʜʦ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʉʆ2, ʉ, ʉʆʭ, NxOy, 

SO2 ʪʘ ʽʥ. ʨʝʯʦʚʠʥ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʽʟʠʯʥʠʭ, ʭʽʤʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʥʘʨʷʜʫ [8]. 

ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʛʽʜʨʦʭʽʤʽʯʥʦʾ ʪʘ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʨʝʛʽʦʥʽ, ʪʦ 

ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚ ʫʤʦʚʘʭ ʚʦʻʥʥʦʛʦ ʩʪʘʥʫ ʧʨʦʚʝʜʝʥʥʷ ʚʽʜʙʦʨʽʚ ʧʨʦʙ 

ʪʠʤʯʘʩʦʚʦ ʧʨʠʟʫʧʠʥʝʥʦ [9]. ʊʦʤʫ ʙʫʜʴ-ʷʢʘ ʦʮʽʥʢʘ ʷʢʽʩʥʦʛʦ ʩʪʘʥʫ ʚʦʜʥʠʭ 

ʦʙôʻʢʪʽʚ ʨʝʛʽʦʥʫ, ʘ ʪʘʢʦʞ ʨʽʚʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʘʥʠʡ ʯʘʩ ʻ 

ʫʩʢʣʘʜʥʝʥʦʶ ʟʘʜʘʯʝʶ, ʷʢʘ ʧʦʪʨʝʙʫʻ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʘʥʘʣʽʟʫ ʬʘʢʪʠʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʫʰʢʦʜʞʝʥʴ ʽ ʨʫʡʥʫʚʘʥʴ, ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʭʦʜʞʝʥʥʷ 

ʨʝʯʦʚʠʥ ʫ ʜʦʚʢʽʣʣʷ.   
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ɯʣʣʷʰ ʆ. ɽ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ  

ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ, ʋʢʨʘʾʥʘ 

  

 ʅʆɺɸ ʉʇɽʎɯɸʃɯɿɸʎɯʗ çɺɯɼʅʆɺʃʖɺɸʅɸ 

ʊɽʇʃʆɽʃɽʂʊʈʆɽʅɽʈɻɽʊʀʂɸ ʊɸ ɿɸʍʀʉʊ  

ʅɸɺʂʆʃʀʐʅʔʆɻʆ ʉɽʈɽɼʆɺʀʑɸè 

 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʢʦʥʮʝʧʮʽʾ çɿʝʣʝʥʦʛʦè ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʧʝʨʝʭʦʜʫ 

ʋʢʨʘʾʥʠ ʜʦ 2050 ʨʦʢʫè ʋʢʨʘʾʥʘ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʧʝʨʰʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ, 

ʱʦ ʨʘʪʠʬʽʢʫʚʘʣʠ ʇʘʨʠʞʩʴʢʫ ʫʛʦʜʫ, ʦʜʥʠʤ ʽʟ ʘʨʛʫʤʝʥʪʽʚ ʯʦʛʦ ʩʪʘʣʠ ʧʠʪʘʥʥʷ 

ʩʫʪʪʻʚʠʭ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ 

ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʽ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ, ʧʨʠʨʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʪʘ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ, ʘ ʪʘʢʦʞ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘʮʽʦʥʘʣʴʥʦʾ, ʝʢʦʣʦʛʽʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ. 

ʈʘʥʽʰʝ ʬʦʨʤʫʚʘʥʥʷ ʮʽʻʾ ʢʦʥʮʝʧʮʽʾ ʟʫʤʦʚʣʝʥʦ ʽʩʪʦʪʥʦʶ 

ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʧʽʜʭʦʜʽʚ ʜʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ ʚ ʩʚʽʪʽ ʫ ʢʦʥʪʝʢʩʪʽ ʾʾ 

ʝʢʦʣʦʛʽʟʘʮʽʾ ʪʘ ʜʝʢʘʨʙʦʥʽʟʘʮʽʾ ʟ ʦʩʦʙʣʠʚʦʶ ʫʚʘʛʦʶ ʜʦ ʧʨʦʙʣʝʤ ʙʦʨʦʪʴʙʠ ʟʽ 

ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʛʣʦʙʘʣʴʥʠʭ ʮʽʣʝʡ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʎʝ 

ʦʙʫʤʦʚʠʣʦ ʪʘ ʦʢʨʝʩʣʠʣʦ ʥʦʚʽ ʤʽʞʥʘʨʦʜʥʽ ʟʦʙʦʚôʷʟʘʥʥʷ ʋʢʨʘʾʥʠ ʫ ʥʘʧʨʷʤʽ 

ʦʥʦʚʣʝʥʥʷ ʩʧʽʣʴʥʦʾ ʢʣʽʤʘʪʠʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ. ʎʽ ʟʤʽʥʠ ʤʘʣʠ 

ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʚʧʣʠʚ ʋʢʨʘʾʥʠ ʥʘ ʜʝʨʞʘʚʠïʯʣʝʥʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʉʧʽʚʪʦʚʘʨʠʩʪʚʘ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʦʨʤʫʚʘʥʥʷ ʦʥʦʚʣʝʥʦʾ ʢʣʽʤʘʪʠʯʥʦ-

ʝʥʝʨʛʝʪʠʯʥʦʾ ʧʦʣʽʪʠʢʠ. ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʮʝ ʜʦʟʚʦʣʠʣʦ ʙ ʜʦʩʷʛʪʠ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʝʬʝʢʪʫ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʠʪʴ ʩʪʘʣʠʡ ʨʦʟʚʠʪʦʢ ʪʘ 

ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʽʩʪʴ ʥʘʰʦʾ ʜʝʨʞʘʚʠ. ɸʣʝ ʥʘ ʬʦʥʽ ʧʦʜʽʡ 2022 ʨʦʢʫ, ʱʦ 

ʧʦʚôʷʟʘʥʽ ʟ ʚʽʡʩʴʢʦʚʦʶ ʘʛʨʝʩʽʻʶ ʈʦʩʽʾ ʥʘ ʋʢʨʘʾʥʽ, ʮʽ ʧʠʪʘʥʥʷ ʥʘʙʫʣʠ ʚʩʝ 

ʙʽʣʴʰʦʾ ʚʘʞʣʠʚʦʩʪʽ ʡ ʩʪʘʣʠ ʦʜʥʠʤʠ ʟ ʛʦʣʦʚʥʠʭ ʜʣʷ ʥʘʰʦʾ ʢʨʘʾʥʠ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʷʜ ʽʟ ʦʩʥʦʚʥʠʤʠ  ʥʝʛʘʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʟʤʽʥʠ ʢʣʽʤʘʪʫ 

ʚ ʋʢʨʘʾʥʽ ʻ: ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ, ʧʦʚôʷʟʘʥʠʭ ʧʨʘʢʪʠʯʥʦ 

ʟ ʫʩʽʤʘ ʧʨʦʷʚʘʤʠ ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʯʥʠʭ ʷʚʠʱ; ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʨʦʞʘʾʚ 

ʦʩʥʦʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ; ʟʘʛʦʩʪʨʝʥʥʷ ʧʨʦʙʣʝʤ ʟ̔ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷʤ; ʧʦʩʠʣʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʟʝʤʝʣʴ ʪʘ ʦʧʫʩʪʝʣʶʚʘʥʥʷ; 

ʟʤʝʥʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʣʽʩʽʚ; 

ʧʨʠʰʚʠʜʰʝʥʥʷ ʜʝʛʨʘʜʘʮʽʾ ʝʢʦʩʠʩʪʝʤ, ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡ ʽ ʥʝʩʪʘʙʽʣʴʥʦʛʦ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʪʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʩʪʘʣʠ ʧʠʪʘʥʥʷ ʦʥʦʚʣʝʥʥʷ ʪʘ ʨʦʟʙʫʜʦʚʠ ʟʨʫʡʥʦʚʘʥʦʛʦ ʪʘ 

ʟʥʠʱʝʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʋʢʨʘʾʥʠ ʚ ʫʤʦʚʘʭ ʩʫʪʪʻʚʦʛʦ 

ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʥʝʚʘʞʣʠʚʦʛʦ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  
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 ʋ ʮʠʭ ʫʤʦʚʘʭ ʧʨʽʦʨʠʪʝʪʥʽʩʪʴ ʧʦʩʪʘʚʣʝʥʠʭ ʧʠʪʘʥʴ ʧʝʨʝʜʙʘʯʘʻ ʰʠʨʦʢʝ 

ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʝʭʥʽʢʠ ʽ 

ʪʝʭʥʦʣʦʛʽʡ, ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʦʙʩʷʛʠ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ, 

ʘ ʢʘʧʽʪʘʣʴʥʽ ʚʠʪʨʘʪʠ ʥʘ ʦʜʠʥʠʮʶ çʟʙʝʨʝʞʝʥʦʾè ʝʥʝʨʛʽʾ ʚ 3-4 ʨʘʟʠ ʤʝʥʰʝ, ʥʽʞ 

ʥʘ ʦʜʠʥʠʮʶ ʛʝʥʝʨʦʚʘʥʦʾ. ɺʦʜʥʦʯʘʩ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʧʦʣʽʪʠʢʠ ʢʣʽʤʘʪʠʯʥʦʾ 

ʥʝʡʪʨʘʣʴʥʦʩʪʽ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʠʭ ʮʽʣʝʡ ʫ ʙʦʨʦʪʴʙʽ ʟ ʢʣʽʤʘʪʠʯʥʠʤʠ 

ʟʤʽʥʘʤʠ ʤʘʶʪʴ ʙʫʪʠ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʽ ʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʙʝʟʧʝʢʠ 

ʧʦʩʪʘʯʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʱʦ ʚʠʤʘʛʘʪʠʤʝ ʧʦʜʘʣʴʰʦʛʦ ʧʦʛʣʠʙʣʝʥʥʷ 

ʽʥʪʝʛʨʘʮʽʾ, ʨʦʟʚʠʪʢʫ ʤʽʞʜʝʨʞʘʚʥʠʭ ʤʝʨʝʞ ʪʘ ʜʽʜʞʠʪʘʣʽʟʘʮʽʾ ʝʥʝʨʛʝʪʠʢʠ ʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʧʨʠʥʮʠʧʫ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʥʝʡʪʨʘʣʴʥʦʩʪʽ. 

ʉʫʪʪʻʚʠʤʠ ʪʨʫʜʥʦʱʘʤʠ ʚ ʜʦʩʷʛʥʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ ʚ ʋʢʨʘʾʥʽ 

ʟʘʣʠʰʘʻʪʴʩʷ ʥʘʷʚʥʽʩʪʴ ʧʦʪʨʽʙʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʭʽʚʮʽʚ ʚ ʦʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʡ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʫʤʦʚʘʭ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʉʣʽʜ  ʚʽʜʤʽʪʠʪʠ, ʱʦ 

ʥʘʫʢʦʚʽ ʰʢʦʣʠ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʣʠʰʝ ʧʦʯʘʣʠ ʩʪʚʦʨʶʚʘʪʠʩʷ ʚ ʜʝʢʽʣʴʢʦʭ 

ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʂʠʻʚʘ, ʍʘʨʢʦʚʘ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʘ, ʆʜʝʩʠ. 

ʋ ɿʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ ʚʠʱʫ ʦʩʚʽʪʫè ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʽʜʛʦʪʦʚʢʫ 

ʬʘʭʽʚʮʽʚ ʟʘʢʣʘʜ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚ ʦʩʦʙʣʠʚʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʚʽʜʢʨʠʚʘʪʠ ʚ 

ʤʝʞʘʭ ʚʠʟʥʘʯʝʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʦʢʨʝʤʽ ʩʧʝʮʽʘʣʽʟʘʮʽʾ ʥʘ ʘʢʪʫʘʣʴʥʽ ʚʠʤʦʛʠ 

ʯʘʩʫ ʘʙʦ ʧʦʪʨʝʙʠ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʟʘʤʦʚʣʝʥʥʷ ʫ ʩʬʝʨʽ ʚʠʱʦʾ ʦʩʚʽʪʠ. ʋ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʧʫʥʢʪʫ 20, ʩʪʘʪʪʽ 1 ʩʧʝʮʽʘʣʽʟʘʮʽʷ ï ʩʢʣʘʜʦʚʘ ʩʧʝʮʽʘʣʴʥʦʩʪʽ, 

ʱʦ ʤʦʞʝ ʚʠʟʥʘʯʘʪʠʩʷ ʟʘʢʣʘʜʦʤ ʚʠʱʦʾ ʦʩʚʽʪʠ ʪʘ ʧʝʨʝʜʙʘʯʘʻ ʦʜʥʫ ʘʙʦ 

ʜʝʢʽʣʴʢʘ ʧʨʦʬʽʣʴʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʦʩʚʽʪʥʽʭ ʧʨʦʛʨʘʤ ʚʠʱʦʾ ʘʙʦ 

ʧʽʩʣʷʜʠʧʣʦʤʥʦʾ ʦʩʚʽʪʠ. 

ʋ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ 

ʂʦʥʜʨʘʪʶʢʘè ʨʦʙʦʯʦʶ ʛʨʫʧʦʶ ʟ ʬʘʭʽʚʮʽʚ ʢʘʬʝʜʨ çʇʨʠʢʣʘʜʥʦʾ ʝʢʦʣʦʛʽʾ ʪʘ 

ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷè ʪʘ  çʊʝʧʣʦʛʘʟʦʧʦʩʪʘʯʘʥʥʷ, ʚʝʥʪʠʣʷʮʽʾ ʪʘ 

ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠè, ʟʘ ʫʯʘʩʪʶ ʩʪʝʡʢʭʦʣʜʝʨʽʚ ï ʧʨʝʜʩʪʘʚʥʠʢʘ çʊʆɺ çʅʂʎ-

ʅʔʖʌʆʃʂè, ʛʝʥʝʨʘʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ɿʘʢʨʝʚʩʴʢʦʛʦ ɸ. ɸ., ʨʦʟʨʦʙʣʝʥʦ 

ʦʩʚʽʪʥʴʦ-ʧʨʦʬʝʩʽʡʥʫ ʧʨʦʛʨʘʤʫ çɺʽʜʥʦʚʣʶʚʘʥʘ ʪʝʧʣʦʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʘ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʠʜʠ ʧʘʣʠʚʘ ʪʘ ʟʘʭʠʩʪ ʜʦʚʢʽʣʣʷè ʟʘ ʩʧʝʮʽʘʣʴʥʽʩʪʶ 183 

çʊʝʭʥʦʣʦʛʽʾ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘè.  

ʎ  ̫ ʧʨʦʛʨʘʤʘ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʪʘ ʧʨʦʬʝʩʽʡʥʠʭ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʝʡ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʚʜʘʥʴ ʚ 

ʩʬʝʨʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ, ʽʥʰʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʚ ʝʥʝʨʛʝʪʠʯʥʽʡ ʪʘ ʚʠʨʦʙʥʠʯʠʭ ʩʬʝʨʘʭ 

ʟʘʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʘʚʦ ʧʨʦʜʦʚʞʠʪʠ 

ʥʘʚʯʘʥʥʷ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʚʠʱʠʭ ʦʩʚʽʪʥʽʭ ʨʽʚʥʽʚ ʽ ʥʘʫʢʦʚʠʭ ʩʪʫʧʝʥʽʚ. 

ʇʨʦʛʨʘʤʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ,  ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʫʤʦʚʘʭ ʨʦʟʚʠʪʢʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʪʝʧʣʦʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ ʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʚʠʜʽʚ ʧʘʣʠʚʘ. ʇʨʦʛʨʘʤʘ ʘʢʮʝʥʪʦʚʘʥʘ ʥʘ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ  ʟʘʜʘʯʽ  ʪʝʭʥʽʯʥʦʛʦ  ʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ  ʭʘʨʘʢʪʝʨʫ  ʫ  ʩʬʝʨʽ  ʦʭʦʨʦʥʠ ʜʦʚʢʽʣʣʷ, ʟʙʘʣʘʥʩʦʚʘʥʦʛʦ  
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ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʦʩʥʦʚ  ʽ  

ʤʝʪʦʜʽʚ  ʟʘʭʠʩʪʫ  ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ,  ʪʘ  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ  

ʢʦʤʧʣʝʢʩʥʽʩʪʶ  ʽ  ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʫʤʦʚ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ 

ʧʨʦʛʨʘʤʠ ʻ  ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʨʦʟʚʠʥʝʥʦʶ ʤʽʞʥʘʨʦʜʥʦʶ ʩʧʽʚʧʨʘʮʝʶ ʚ ʥʘʫʢʦʚʽʡ ʽ ʦʩʚʽʪʥʽʡ ʩʬʝʨʘʭ, 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʚ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʚʣʘʩʥʠʭ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʣʘʙʦʨʘʪʦʨʽʡ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʙʘʟ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

 ʊʝʦʨʝʪʠʯʥʠʡ ʬʦʢʫʩ ʇʨʦʛʨʘʤʠ: ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʪʝʦʨʽʾ ʪʘ ʤʝʪʦʜʠ 

ʧʨʠʨʦʜʥʠʯʠʭ ʽ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʠʥʮʠʧʠ ʝʢʦʮʝʥʪʨʠʟʤʫ ʪʘ ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʽʤʧʝʨʘʪʠʚʫ,  ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ ʪʘ ʤʫʣʴʪʠʜʠʩʮʠʧʣʽʥʘʨʥʦʩʪʽ, 

ʢʦʤʧʣʝʢʩʥʦʩʪʽ ʪʘ ʩʠʩʪʝʤʥʦʩʪʽ;  ʝʪʘʧʠ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʧʨʠ ʦʮʽʥʮʽ ʩʪʘʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʥʦʚʥʽ ʧʦʥʷʪʪʷ ʪʘ ʧʨʠʥʮʠʧʠ  ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʩʫʪʥʽʩʪʴ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ, ʧʨʠʥʮʠʧʠ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, 

ʧʨʘʚʠʣʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʠʥʥʦʾ ʟʘʢʦʥʦʜʘʚʯʦʾ ʪʘ ʥʦʨʤʘʪʠʚʥʦʾ ʙʘʟʠ ʚ ʩʬʝʨʽ 

ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ. 

ʇʨʘʢʪʠʯʥʠʡ ʬʦʢʫʩ ʇʨʦʛʨʘʤʠ: ʚʠʙʽʨ ʡ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ; ʚʠʨʽʰʝʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ 

ʟʘʚʜʘʥʴ ʫ ʚʠʨʦʙʥʠʯʽʡ ʩʬʝʨʽ, ʥʘ ʝʪʘʧʘʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʚʠʛʦʪʦʚʣʝʥʥʷ,  

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʨʝʤʦʥʪʫ ʦʙʣʘʜʥʘʥʥʷ  ʩʠʩʪʝʤ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʪʝʧʣʦʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ. 

ʅʘ ʜʫʤʢʫ ʬʘʭʽʚʮʽʚ-ʨʦʟʨʦʙʥʠʢʽʚ ʆʇʇ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʦʾ ʩʧʝʮʽʘʣʽʟʘʮʽʾ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʠʪʴ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʤʦʣʦʜʽ ʜʦ ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʫʤʦʚʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʧʽʩʣʷʚʦʻʥʥʠʡ ʯʘʩ  ʨʦʟʙʫʜʦʚʠ ʜʝʨʞʘʚʠ. 
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ɻʦʨʝʣʠʢ C. ɯ.,  ʢ. ʪ. ʥ., ɹʘʨʘʥʦʚ ʄ. ɺ., ʩʪʫʜʝʥʪ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ 

çʍʘʨʢʽʚʩʴʢʠʡ ʘʚʽʘʮʽʡʥʠʡ ʽʥʩʪʠʪʫʪè, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɺʀɿʅɸʏɽʅʅʗ ʆɹôɭʄʋ ʇʆʐʂʆɼɾɽʅʆɻʆ ɻʈʋʅʊʋ 

ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʋɻɯɼʔ  

ɺɯɼ ɺɯʁʉʔʂʆɺʀʍ ɼɯʁ ɿɸ ɼɸʅʀʄʀ ɼɿɿ 

 

ɺʽʡʩʴʢʦʚʽ ʘʛʨʝʩʽʷ ʨʦʩʩʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʋʢʨʘʾʥʠ. ɺʽʡʴʢʦʚʽ ʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ 

ʪʝʨʝʥʘʭ ʫʢʨʘʾʥʩʴʢʠʭ ʟʝʤʝʣʴ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʚʝʨʭʥʴʦʛʦ 

ʨʦʜʶʯʦʛʦ ʰʘʨʫ ʛʨʫʥʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʨʦʞʘʡʥʽʩʪʴ ʥʘ ʮʠʭ ʪʝʨʠʪʦʨʽʡ ʟʥʘʯʥʦ 

ʟʥʠʞʫʻʪʴʩʷ, ʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʧʨʦʜʫʢʮʽʷ ʤʦʞʝ ʙʫʪʠ ʥʝʙʝʟʧʝʯʥʦʶ ʜʣʷ 

ʚʞʠʚʘʥʥʷ.  

ɺʽʡʩʴʢʦʚʽ ʜʽʾ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʜʷʭ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʷʜʫ ʥʝʛʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ: 

- ʫʪʚʦʨʝʥʥʷ ʚʦʨʦʥʦʢ ʚʽʜ ʚʠʙʫʭʫ ʩʥʘʨʷʜʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʩʢʘʚʘʮʽʾ 
ʨʦʜʶʯʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʪʘ ʤʘʪʝʨʠʥʩʴʢʦʾ ʧʦʨʦʜʠ;  

- ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʽʚ. 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʝʤʝʣʴ ʜʣʷ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʧʦʰʢʦʜʞʝʥʽ ʡ ʟʘʙʨʫʜʥʝʥʽ ʜʽʣʷʥʢʠ ˇʨʫʥʪʫ, ʘ ʪʘʢʦʞ 

ʦʮʽʥʠʪʠ ʦʙôʻʤ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʨʦʙʽʪ.  

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʟʘʩʦʙʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʜʽʣʷʥʦʢ ʧʦʰʢʦʜʞʝʥʠʭ 

ʫʛʽʜʴ ʻ ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ). ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ ʤʦʞʣʠʚʦ 

ʚʠʟʥʘʯʘʪʠ ʧʦʰʢʦʜʞʝʥʽ ʜʽʣʷʥʢʠ ʚʽʜ ʚʠʙʫʭʽʚ ʽ ʚʠʟʥʘʯʘʪʠ ʤʽʩʮʷ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. 

ʈʝʢʫʣʴʪʠʚʘʮʽʡʥʽ ʨʦʙʦʪʠ ʧʦʪʨʝʙʫʶʪʴ ʚʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ˇʨʫʥʪʫ, ʷʢʠʤ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟʘʩʠʧʘʪʠ ʚʦʨʦʥʢʠ ʚʽʜ ʚʠʙʫʭʽʚ ʩʥʘʨʷʜʽʚ. ɺʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ 

ʢʦʞʥʦʾ ʚʦʨʦʥʢʠ ʧʦʣʴʦʚʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʻ ʜʦʩʠʪʴ ʚʠʪʨʘʪʥʠʤ ʟ ʦʛʣʷʜʫ ʥʘ 

ʯʘʩʦʚʽ ʡ ʤʘʪʝʨʽʘʣʴʥʽ ʚʠʪʨʘʪʠ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʣʴʦʚʝ ʦʙʩʪʝʞʝʥʥʷ 

ʪʝʨʠʪʦʨʽʾ ʥʝ ʤʦʞʣʠʚʝ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʟ ʨʦʟʤʽʥʫʚʘʥʥʷ. ʆʮʽʥʠʪʠ ʦʙôʻʤ 

ʚʠʨʚ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʜ ʯʘʩ ʚʠʙʫʭʽʚ, ʤʦʞʣʠʚʦ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ. 

ʆʪʞʝ ʢʦʤʧʣʝʢʩʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʩʪʘʥʮʽʡʥʠʭ ʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ 

ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʣʦʢʘʣʽʟʦʚʫʚʘʪʠ ʚʦʨʦʥʢʠ ʚʽʜ ʚʠʙʫʭʽʚ ʪʘ ʦʮʽʥʶʚʘʪʠ 

ʦʙôʻʤ ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʨʦʙʽʪ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʢʨʽʤ ʤʝʭʘʥʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʜʶʯʦʛʦ ʰʘʨʫ 

ʛʨʫʥʪʫ ʚʽʜʙʫʚʘʪʴʩʷ  ʡʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ. ʍʽʤʽʯʥʽ ʨʝʯʦʚʠʥʠ (ʟʦʢʨʝʤʘ ʝʣʝʤʝʥʪʠ 

ʪʘ ʩʧʦʣʫʢʠ, ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʙʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʢʣʘʜʘʥʥʶ), ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʚʽʡʩʴʢʦʚʠʭ ʙʦʻʧʨʠʧʘʩʘʭ ʽ ʩʘʤʽ ʚʠʙʫʭʦʚʽ ʨʝʯʦʚʠʥʠ 

ʤʦʞʫʪʴ ʟʘʙʨʫʜʥʶʚʘʪʠ ˇʨʫʥʪ ʽ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʠ, ʱʦ ʟʛʦʜʦʤ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʟʛʫʙʥʠʭ ʥʘʩʣʽʜʢʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ ʡ ʝʢʦʩʠʩʪʝʤ. ˆʨʫʥʪʠ ʚ ʤʽʩʮʷʭ 
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ʧʨʦʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʙʨʫʜʥʝʥʽ ʪʷʞʢʠʤʠ ʤʝʪʘʣʘʤʠ: 

ʭʨʦʤʦʤ, ʘʨʩʝʥʦʤ, ʨʪʫʪʪʶ, ʥʽʢʝʣʝʤ, ʮʠʥʢʦʤ, ʢʘʜʤʽʻʤ, ʩʚʠʥʮʝʤ, ʘ ʪʘʢʦʞ 

ʦʨʛʘʥʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ: 2, 4-ʜʠʥʽʪʨʦʪʦʣʫʦʣ (DNT), 2, 4,6-ʪʨʠʥʽʪʨʦʪʦʣʫʦʣ 

(ʊʅʊ), 1, 3, 5-ʪʨʠʥʽʪʨʦ-1, 3, 5-ʪʨʠʘʟʘʮʠʢʣʦʛʝʢʩʘʥ (ɻʝʢʩʘʥ) ʪʘ ʽʥ. [1]. 

ʇʦʪʨʘʧʣʷʥʥʷ ʮʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʰʢʦʜʞʝʥʥʷ ʞʠʪʪʻʚʦ 

ʚʘʞʣʠʚʠʭ ʦʨʛʘʥʽʚ ʪʘʢʠʭ, ʷʢ ʧʝʯʽʥʢʠ, ʥʠʨʦʢ, ʩʝʨʮʷ ʪʘ ʽʥʰʠʭ ʭʚʦʨʦʙ [2]. ʆʪʞʝ 

ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ: ʯʠʤ ʟʘʩʠʧʘʪʠ ʚʦʨʦʥʢʠ ʨʦʟʢʠʜʘʥʠʤ ˇʨʫʥʪʦʤ ʙʽʣʷ ʚʦʨʦʥʦʢ 

ʘʙʦ ʧʨʠʚʝʟʝʥʠʤ? ɺʽʜʧʦʚʽʜʴ ʥʘ ʮʝ ʧʠʪʘʥʥʷ ʤʦʞʥʘ ʜʘʪʠ ʪʽʣʴʢʠ ʧʽʩʣʷ ʚʟʷʪʪʷ 

ʧʨʦʙ ˇʨʫʥʪʫ. ʊʘʢʦʞ ʩʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʨʦʥʢʠ ʛʣʠʙʠʥʦʶ ʙʽʣʴʰʝ 1 ʤʝʪʨʘ 

ʩʣʽʜ ʟʘʩʠʧʘʪʠ ʜʚʦʤʘ ʰʘʨʘʤʠ: ʥʠʞʥʽʡ ï ʤʘʪʝʨʠʥʩʴʢʘ ʧʦʨʦʜʘ, ʷʢ ʧʨʘʚʠʣʦ 

ʣʝʩʦʧʦʜʽʙʥʠʡ ʩʫʛʣʠʥʦʢ [3], ʘ ʚʝʨʭʥʽʡ ï ʙʣʠʟʴʢʦ 1 ʤ ï ʨʦʜʶʯʠʤ ˇʨʫʥʪʦʤ. 

ɺʦʨʦʥʢʠ ʚʽʜ ʚʠʙʫʭʽʚ ʣʝʛʢʦ ʜʝʰʠʬʨʫʻʪʴʩʷ ʥʘ ʘʝʨʦʬʦʪʦ- ʪʘ ʢʦʩʤʽʯʥʠʭ 

ʟʥʽʤʢʘʭ. ʎʽ ʟʥʽʤʢʠ ʦʪʨʠʤʫʪʴ ʟ̔ ʩʫʧʫʪʥʠʢʽʚ, ʣʽʪʘʢʽʚ ʽ ʜʨʦʥʽʚ. ʇʽʜ ʯʘʩ 

ʚʡ̔ʩʴʢʦʚʠʭ ʜʽʡ ʦʧʪʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʽ ʟ ʩʫʧʫʪʥʠʢʽʚ ʫ ʟʚôʷʟʢʫ ʟ 

ʚʝʣʠʢʦʶ ʥʝʙʝʟʧʝʢʦʶ ʧʨʦʚʝʜʝʥʥʷ ʟʡʦʤʢʠ ʤʽʩʮʝʚʦʩʪʽ ʟ ʣʽʪʘʢʽʚ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʽ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʘʪʠ ʛʝʦʜʝʟʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ ʚʦʨʦʥʦʢ ʪʘ ʾʭ ʛʝʦʤʝʪʨʠʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʘʜʽʫʩ (R) ʽ ʧʣʦʱʫ (S). ɻʣʠʙʠʥʫ ʚʦʨʦʥʦʢ ʪʘʢʦʞ ʤʦʞʥʘ 

ʚʠʟʥʘʯʘʪʠ ʧʦ ʟʥʽʤʢʘʤ, ʘʣʝ ʜʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʘʝʨʦʬʦʪʦʟʡʦʤʢʫ ʟ 

ʧʝʨʝʢʨʠʪʪʷʤ ʙʽʣʴʰʝ 60%. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʟ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʚʘʪʠ ʛʣʠʙʠʥʫ ʡ ʦʙôʻʤ ʚʦʨʦʥʦʢ. ʊʘʢ, ʟʛʽʜʥʦ ʜʦʩʣʽʜʞʝʥʴ [4] 

ʚʩʪʘʥʦʚʣʝʥʠʡ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʪʨʦʪʠʣʦʚʠʤ ʝʢʚʽʚʘʣʝʥʪʦʤ ʚʠʙʫʭʫ ʡ 

ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʨʦʥʢʠ. ʋ ʩʚʦʻʤʫ ʧʽʜʭʦʜʽ ʘʚʪʦʨʠ 

ʩʢʦʨʠʩʪʘʣʠʩʷ ʩʪʘʪʠʩʪʠʯʥʦʶ ʦʙʨʦʙʢʦʶ ʜʣʷ ʩʪʝʧʝʥʝʚʠʭ ʣʽʥʽʡ ʪʨʝʥʜʫ ʪʘ 

ʦʪʨʠʤʘʣʠ ʝʤʧʽʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʦʙôʻʤʽʚ (V), ʨʘʜʽʫʩʽʚ (R) ʡ ʛʣʠʙʠʥʠ (H) 

ʚʦʨʦʥʦʢ ʚʽʜ ʪʨʦʪʠʣʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ ʚʠʙʫʭʫ (q) ʟ ʚʽʨʦʛʽʜʥʽʩʪʶ ʚʽʜ 90,7% ʜʦ 

97,9% [4]: 

V = 26,72q0,999 r2 = 0,963; 

R = 3,36q0,366 r2 = 0,979; 

H = 1,78q0,316 r2 = 0,907, 

ʜʝ q ï ʪʨʦʪʠʣʦʚʠʡ ʝʢʚʽʚʘʣʝʥʪ ʚʠʙʫʭʫ, ʢʛ; 

V ï ʦʙôʻʤ ʚʦʨʦʥʢʠ, ʤ3; 

R ï ʨʘʜʽʫʩ ʚʦʨʦʥʢʠ, ʤ; 

ʅ ï ʛʣʠʙʠʥʘ ʚʦʨʦʥʢʠ, ʤ; 

r2  ï ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʫʥʢʮʽʾ. 

ʋ ʷʢʦʩʪʽ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ ʙʫʣʦ ʦʙʨʘʥʝ ʫʛʽʜʜʷ ʧʣʦʱʝʶ 20,21 ʛʘ, ʱʦ 

ʨʘʟʪʘʰʦʚʘʥʝ ʙʽʣʷ ʉʘʚʫʨ-ʄʦʛʠʣʠ ʫ ɼʦʥʝʮʴʢʽʡ ʦʙʣʘʩʪʽ. ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ ʟʘ 

ʣʠʩʪʦʧʘʜ 2014 ʟʘʚʘʥʪʘʞʝʥʠʡ ʟ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Google Earth Pro.  

ʋ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʽ ArcGIS ʧʨʦʚʝʜʝʥʘ ʧʨʠʚôʷʟʢʘ ʢʦʩʤʽʯʥʦʛʦ 

ʟʥʽʤʢʫ ʡ ʚʝʢʪʦʨʠʟʘʮʽʷ ʚʠʨʚ ʚʽʜ ʚʠʙʫʭʽʚ (ʨʠʩ. 1). 
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ʈʠʩ.1. ʂʦʩʤʽʯʥʠʡ ʟʥʽʤʦʢ (ʟʣʽʚʘ)  

ʪʘ ʨʝʟʫʣʴʪʘʪ ʚʝʢʪʦʨʠʟʘʮʽʾ ʚʦʨʦʥʦʢ (ʟʧʨʘʚʘ) 

 

ʅʘ ʪʝʩʪʦʚʽʡ ʜʽʣʷʥʮʽ ʚʠʟʥʘʯʝʥʦ 343 ʚʦʨʦʥʢʠ ʨʦʟʤʽʨʦʤ ʜʦ 48 ʤ. ʈʦʟʧʦʜʽʣ 

ʚʦʨʦʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ ʥʘʚʝʜʝʥʠʡ ʥʘ ʨʠʩ. 2. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʨʚ ʚʽʜ ʚʠʙʫʭʽʚ ʜʦʩʠʪʴ ʥʝʨʽʚʥʦʤʽʨʥʝ ʚʽʜ 0 ʜʦ 47,5 ʰʪ/ʛʘ ʧʨʠ ʩʝʨʝʜʥʽʡ 

ʱʽʣʴʥʦʩʪʽ ʚʦʨʦʥʦʢ 17 ʰʪ./ʛʘ (ʨʠʩ. 3). ʂʘʨʪʫ ʱʽʣʴʥʦʩʪʝʡ ʚʦʨʦʥʦʢ ʤʦʞʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʨʠʙʣʠʟʥʦʾ ʦʮʽʥʢʠ ʤʽʩʮʴ ʟ̔ ʧʽʜʚʠʱʝʥʦʶ ʥʝʙʝʟʧʝʢʦʶ 

ʥʝʨʦʟʽʨʚʘʥʠʭ ʙʦʻʧʨʠʧʘʩʽʚ. ɿʛʽʜʥʦ ʢʘʨʪʠ (ʨʠʩ. 3) ʥʘʡʙʽʣʴʰ ʥʝʙʝʟʧʝʯʥʘ ʟʦʥʘ 

ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʩʭʽʜʥʽʡ ʽ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʜʽʣʷʥʢʠ. ʇʨʠʙʣʠʟʥʠʡ 

ʥʝʦʙʭʽʜʥʠʡ ʦʙôʻʤ ʛʨʫʥʪʫ ʜʣʷ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʩʢʣʘʜʘʻ 278 ʪʠʩ ʤ3, ʧʨʠ ʮʴʦʤʫ 

ʥʘʡʙʽʣʴʰʠʡ ʦʙôʻʤ ʨʦʙʽʪ ʟʥʘʭʦʜʠʴʩʷ ʫ ʟʘʭʽʜʥʽʡ ʯʘʩʪʠʥʽ. ɸʥʘʣʽʟ ʜʚʦʭ ʢʘʨʪ 

ʧʦʢʘʟʫʻ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʚʦʨʦʥʦʢ ʤʘʡʞʝ ʥʝ ʢʦʨʝʣʶʻ ʟ 

ʦʙôʻʤʦʤ ʨʝʢʫʣʴʪʠʚʘʮʽʾ. 

ɺʠʟʥʘʯʝʥʥʷ ʦʙôʻʤʫ ʧʦʰʢʦʜʞʝʥʦʛʦ ʛʨʫʥʪʫ ʡ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʭ ʜʽʷʣʷʥʦʢ ʟʘ ʜʘʥʠʤʠ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ 

ʜʘʶʪʴ ʟʤʦʛʫ ʙʝʟʧʝʯʥʦ ʡ ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʡʤʘʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ 

ʨʝʢʫʣʴʪʠʚʘʮʽʡʥʠʭ ʨʦʙʽʪ.  
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ʈʠʩ.2. ɿʘʣʝʞʥʽʩʪʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʨʠʩʪʠʢ ʚʦʨʦʥʦʢ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ  

ʚ ʤʝʞʘʭ ʪʝʩʪʦʚʦʾ ʜʽʣʷʥʢʠ 

 

 
ʈʠʩ.3. ʂʘʨʪʘ ʱʽʣʴʥʦʩʪʝʡ ʚʦʨʦʥʦʢ (ʟʣʽʚʘ) ʪʘ  

ʨʦʟʧʦʜʽʣʫ ʚʠʨʚ (ʟʧʨʘʚʘ) 
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ʨʘʜʽʫʩ ʚʦʨʦʥʦʢ, ʤ
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ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. Broomandi P., Guney M., Kim J.R, Karaca F. Soil Contamination in 
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(21): 9002. 

2. Lima D., Bezerra M.,  Neves E., Moreira F. Impact of ammunition and 

military explosives on human health band the environment. Rev. Environ. Health 

2011. ˉ 26. P. 101ï110. DOI: 10.1515/reveh.2011.014. 

3. ʅʘʟʘʨʝʥʢʦ ɯ. ɯ., ʇʦʣʴʯʠʥʘ ʉ. ʄ. ʅʽʢʦʨʠʯ ɺ. ɸ. ˆʨʫʥʪʦʟʥʘʚʩʪʚʦ : 

ʇʽʜʨʫʯʥʠʢ. ʏʝʨʥʽʚʮʽ: ʂʥʠʛʠ ï XXI. 2004. 400 ʩ. 

4.  ɸʜʫʰʢʠʥ ɺ. ɺ., ʍʨʠʩʪʦʬʦʨʦʚ ɺ. ɼ. ɺʦʨʦʥʢʠ ʥʘʟʝʤʥʳʭ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʚʟʨʳʚʦʚ. ʌʠʟʠʢʘ ʛʦʨʝʥʠʷ ʠ ʚʳʟʨʳʚʘ. 2016 T. 40. ˉ 6. 
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ʋɼʂ 504.064.4 

 

ɻʦʨʥʦʩʪʘʣʴ ʉ. ɸ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ, ɻʦʨʙʘʥʴ ɼ. ɻ., ʄʦʣʯʘʥ ɸ. ʇ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʍʘʨʢʽʚ 

 
ɿɸʍʆɼʀ ʇʆ ʇʆʂʈɸʑɽʅʅʖ ʗʂʆʉʊɯ ʆʏʀʑɽʅʅʗ  

ʄɯʉʔʂʀʍ ʉʊɯʏʅʀʍ ɺʆɼ 

 
ɿʘʙʨʫʜʥʝʥʥʷ ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʥʝʩʝ ʟ ʩʦʙʦʶ ʥʝʙʝʟʧʝʢʫ ʜʣʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʟʜʦʨʦʚôʷ ʣʶʜʠʥʠ. ʄʽʥʝʨʘʣʴʥʽ ʪʘ ʦʨʛʘʥʽʯʥʽ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʚʦʜʽ ʧʽʩʣʷ ʥʝʜʦʩʪʘʪʥʴʦʛʦ 

ʦʯʠʱʝʥʥʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʢʦʤʫʥʘʣʴʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʧʦʛʽʨʰʫʶʪʴ 

ʝʢʦʣʦʛʽʯʥʫ ʩʠʪʫʘʮʽʶ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʧʘʣʘʭʽʚ ʽʥʬʝʢʮʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ [1]. 

ʇʨʠʯʠʥʘʤʠ ʧʝʨʽʦʜʠʯʥʠʭ ʧʦʨʫʰʝʥʴ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʘʛʘʣʴʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʘʭʦʜʽʚ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʘʪʴ ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʦ ʦʯʠʱʝʥʥʶ ʤʽʩʴʢʠʭ ʩʪʽʯʥʠʭ 

ʚʦʜ. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʩʠʩʪʝʤʘ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʘʝʨʦʪʝʥʢʘ-ʚʠʪʠʩʥʶʚʘʯʘ ʪʘ ʚʪʦʨʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ. ʎʷ 

ʩʠʩʪʝʤʘ ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʡʤʘʥʥʷ ʥʘ ʦʯʠʱʝʥʥʷ ʩʫʤʽʰʽ ʧʦʙʫʪʦʚʠʭ ʪʘ 

ʚʠʨʦʙʥʠʯʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ɼʣʷ ʜʦʪʨʠʤʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʧʝʨʘʪʠʚʥʦ ʢʦʨʝʛʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʙʫʣʦ ʨʦʟʚôʷʟʘʥʦ ʢʽʣʴʢʘ ʟʘʜʘʯ: 

1. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ ʚ ʩʠʩʪʝʤʽ çʘʝʨʦʪʝʥʢ-

ʚʠʪʠʩʥʶʚʘʯ ʚʪʦʨʠʥʥʠʡ ʚʽʜʩʪʽʡʥʠʢè. ɿôʷʩʦʚʘʥʦ, ʱʦ ʥʘ ʧʝʨʝʙʽʛ ʦʯʠʱʝʥʥʷ ʚ 

ʘʝʨʦʪʝʥʢʫ ʚʧʣʠʚʘʻ ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʢʽʣʴʢʽʩʪʴ ʧʦʚʽʪʨʷ, 

ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʽʯʥʦʾ ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʯʠʱʝʥʥʷ.  

2. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ 

ʨʝʛʫʣʶʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ çʩʪʽʯʥʘ ʨʽʜʠʥʘ-ʘʢʪʠʚʥʠʡ ʤʫʣ-ʧʦʚʽʪʨʷè ʰʣʷʭʦʤ 

ʢʦʨʝʛʫʚʘʥʥʷ ʚʠʪʨʘʪʠ ʥʘʩʦʩʽʚ, ʱʦ ʧʝʨʝʢʘʯʫʶʪʴ ʘʢʪʠʚʥʠʡ ʤʫʣ; ʢʦʤʧʨʝʩʦʨʽʚ, 

ʱʦ ʧʝʨʝʢʘʯʫʶʪʴ ʧʦʚʽʪʨʷ, ʩʢʠʜʘʥʥʷʤ ʥʘʜʣʠʰʢʦʚʦʛʦ ʤʫʣʫ ʟ ʩʠʩʪʝʤʠ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

3. ʇʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʷʢʦʛʦ 
ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ ʨʝʛʨʝʩʽʾ [2]. ʎʽ ʨʽʚʥʷʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʷʢ ʟʤʽʥʶʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚ ʨʝʛʝʥʝʨʘʪʦʨʽ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʙʨʫʜʥʝʥʴ ʚ 

ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʽ ʩʧʦʨʫʜ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ 

ʨʽʚʥʷʥʴ, ʤʦʞʥʘ ʘʥʘʣʽʟʫʚʘʪʠ ʧʝʨʝʙʽʛ ʧʨʦʮʝʩʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʥʘ 

ʨʽʟʥʠʭ ʝʪʘʧʘʭ, ʚʠʟʥʘʯʘʪʠ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʥʘ ʥʴʦʛʦ.  

4. ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʽ, ʦʙ'ʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʽ, ʢʦʤʫʥʽʢʘʮʽʡʥʽ 

ʨʽʰʝʥʥʷ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ 
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ʤʦʞʣʠʚʽʩʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʝʞʠʤ ʾʭʥʴʦʾ ʨʦʙʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʭʦʜʠ ʧʦ 

ʟʤʽʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʚ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ (ʨʠʩ. 1).  

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʣʛʦʨʠʪʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʙʣʦʢʽʚ. ʋ ʧʝʨʰʦʤʫ 

ʙʣʦʮʽ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʧʦ ʷʢʦʩʪʽ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ 

ʧʦʩʪʫʧʘʶʪʴ ʧʽʩʣʷ ʤʝʭʘʥʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʘʝʨʘʮʽʾ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʥʫʶʪʴ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʤʽʨʶʶʪʴ ʚʠʪʨʘʪʫ 

ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʝʥʴ ʫ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʦʯʠʱʝʥʥʷ, 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʪʘ ʚʠʪʨʘʪʫ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʝʨʘʮʽʾ.  

 

 
 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʜʽʡ ʜʣʷ ʚʠʙʦʨʫ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ çʘʝʨʦʪʝʥʢ-

ʚʠʪʠʩʥʶʚʘʯ-ʚʪʦʨʠʥʥʠʡ ʚʽʜʩʪʽʡʥʠʢè 

 

ʆʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʘʥʽ ʚʥʦʩʷʪʴ ʚ ʢʦʤʧôʶʪʝʨʥʫ ʧʨʦʛʨʘʤʫ (ʨʠʩ. 2), 

ʷʢʘ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʧʨʦʚʝʩʪʠ ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʽʚ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦ ʚʙʫʜʦʚʘʥʠʡ ʧʘʢʝʪ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʩʦʙʫ Maple. 

ɺʽʥ ʜʦʟʚʦʣʷʻ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʦʪʨʠʤʘʪʠ ʯʠʩʝʣʴʥʝ ʨʦʟʚôʷʟʘʥʥʷ ʨʽʚʥʷʥʴ, ʷʢʝ 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʫ ʘʙʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ.  

ʈʝʟʫʣʴʪʘʪ, ʦʪʨʠʤʘʥʠʡ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ, ʬʽʢʩʫʶʪʴ ʚ ʜʨʫʛʦʤʫ ʙʣʦʮʽ 

ʘʣʛʦʨʠʪʤʫ. ɺʽʥ ʚʢʣʶʯʘʻ ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʥʘ ʚʠʭʦʜʽ ʟ 

ʨʝʛʝʥʝʨʘʪʦʨʘ ʘʝʨʦʪʝʥʢʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʚ 

ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʥʘ ʚʠʭʦʜʽ ʟʽ ʩʧʦʨʫʜ ʦʯʠʱʝʥʥʷ.  
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ʋ ʪʨʝʪʴʦʤʫ ʙʣʦʮʽ ʧʝʨʝʜʙʘʯʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʫ, ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʪʘ ʧʝʨʝʜʙʘʯʝʥʠʤʠ ʨʝʛʣʘʤʝʥʪʦʤ 

ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʦʯʠʱʝʥʥʷ.  

 

 
 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʝʥʴ ʚ ʦʯʠʱʝʥʽʡ ʚʦʜʽ ʥʘ 

ʚʠʭʦʜʽ ʟʽ ʚʪʦʨʠʥʥʦʛʦ ʚʽʜʩʪʽʡʥʠʢʘ 

 

ɿʘʚʝʨʰʘʣʴʥʠʡ ʝʪʘʧ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʯʝʪʚʝʨʪʦʤʫ ʙʣʦʮʽ ʘʣʛʦʨʠʪʤʫ. ʊʫʪ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʜʘʥʽ ʟ ʪʨʝʪʴʦʛʦ ʙʣʦʢʫ ʪʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʩʪʦʩʦʚʥʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʤʽʥʠ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʫʤʦʚ.  

ʇʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʽʡ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦ ʨʝʛʫʣʶʚʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ çʩʪʽʯʥʘ 

ʨʽʜʠʥʘ-ʘʢʪʠʚʥʠʡ ʤʫʣ-ʧʦʚʽʪʨʷè. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʥʘʚʝʮʴ ʤʘʻ ʟʤʦʛʫ ʟʘ 

ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʦʜʠʚʠʪʠʩʷ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʨʦʟʚʠʪʢʫ ʧʦʜʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʦʢʽʚ, ʱʦ ʧʦʩʪʫʧʘʶʪʴ ʥʘ ʦʯʠʱʝʥʥʷ, ʪʘ ʦʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʩʧʦʨʫʜ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʥʘ ʚʠʭʦʜʽ ʟʽ 

ʩʧʦʨʫʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʥʝ ʚʠʱʝ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ ʪʘ ʚʠʢʦʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʟʘʭʦʜʠ ʚ ʚʠʛʣʷʜʽ ʘʣʛʦʨʠʪʤʫ ʜʽʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ: ʧʨʠ ʧʨʦʻʢʪʫʚʘʥʥʽ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʩʧʦʨʫʜ, 

ʜʦ ʩʢʣʘʜʫ ʷʢʠʭ ʚʭʦʜʷʪʴ ʘʝʨʦʪʝʥʢ-ʚʠʪʠʩʥʶʚʘʯ ʪʘ ʚʪʦʨʠʥʥʠʡ ʚʽʜʩʪʽʡʥʠʢ. 
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ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʙʝʟ ʧʨʦʚʝʜʝʥʥʷ ʪʨʠʚʘʣʠʭ ʥʘʪʫʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʩʧʦʨʫʜ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʅʘʮʽʦʥʘʣʴʥʘ ʜʦʧʦʚʽʜʴ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʋʢʨʘʾʥʽ 

ʫ 2020 ʨʦʮʽ. URL: https://mepr.gov.ua/news/38840.html (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 

02.05.2022). 

2. ʄʦʚʯʘʥ ɸ. ʇ., ɻʦʨʙʘʥʴ ɼ. ɻ., ɻʦʨʥʦʩʪʘʣʴ ʉ.ɸ . ɼʦʪʨʠʤʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʚʠʤʦʛ ʧʨʠ ʦʯʠʱʝʥʥʽ ʤʽʩʴʢʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. ʇʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʢʠ 

ʪʘ ʚʝʢʪʦʨʠ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʥʘʫʢʠ : ʤʘʪʝʨʽʘʣʠ II ʄʽʞʥ. ʩʪʫʜ. ʥʘʫʢ. ʢʦʥʬ. 

(ʊ. 2), ɼʨʦʛʦʙʠʯ. ɺʽʥʥʠʮʷ: ɻʆ çɭʚʨʦʧʝʡʩʴʢʘ ʥʘʫʢʦʚʘ ʧʣʘʪʬʦʨʤʘè, 2021. 

ʉ. 30ï33.  



 198 
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ɻʦʶʢ ʆ. ɺ., ʩʪʫʜʝʥʪʢʘ, 

ʏʅʋ ʽʤ. ʖ. ʌʝʜʴʢʦʚʠʯʘ, ʤ. ʏʝʨʥʽʚʮʽ, ʋʢʨʘʾʥʘ  

 

ʇʈʆɽʂʊʋɺɸʅʅʗ ʇʈʀʈʆɼʆʆʍʆʈʆʅʅʀʍ ʉʇʆʈʋɼ ɼʃʗ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆɰ ʉʊɸɹɯʃʔʅʆʉʊɯ ɺ ʋʄʆɺɸʍ 

ʅɸɼɿɺʀʏɸʁʅʆɻʆ ʉʊɸʅʋ 2022 ʈʆʂʋ 

 
ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚ ʋʢʨʘʾʥʽ ʜʦʩʠʪʴ ʩʢʣʘʜʥʘ ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ 

ʦʙʫʤʦʚʣʝʥʘ ʚʽʡʩʴʢʦʚʠʤʠ ʜʽʷʤʠ. ɿʘ ʪʘʢʠʭ ʫʤʦʚ, ʟʨʦʩʪʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʩʧʦʨʫʜ. 

ɯʩʥʫʚʘʥʥʷ ʣʶʜʩʴʢʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʥʝʟʤʽʥʥʦ ʧʦʚôʷʟʘʥʝ ʟ ʚʧʣʠʚʦʤ ʥʘ 

ʜʦʚʢʽʣʣʷ ʷʢ ʩʝʨʝʜʦʚʠʱʘ ʧʨʦʞʠʚʘʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ 

ʞʠʪʪʻʟʘʙʝʟʧʝʯʝʥʥʷ ï ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ, ʩʠʨʦʚʠʥʠ ʡ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʧʦʙʫʪʦʚʠʭ ʧʦʪʨʝʙ ʽ ʚʠʨʦʙʥʠʯʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʨʘʥʩʧʦʨʪʦʤ ʪʘ ʟʘʩʦʙʘʤʠ ʟʚôʷʟʢʫ, ʟʘʜʦʚʦʣʝʥʥʷ ʨʝʢʨʝʘʮʽʡʥʠʭ 

ʧʦʪʨʝʙ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʜʦʚʢʽʣʣʷ ʻ ʩʫʯʘʩʥʦʶ ʬʦʨʤʦʶ ʨʝʘʣʽʟʘʮʽʾ 

ʧʨʦʮʝʩʽʚ ʝʢʦʣʦʛʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʽ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʛʫʣʷʨʥʫ ʦʮʽʥʢʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʩʝʨʝʜʦʚʠʱʘ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʩʫʩʧʽʣʴʩʪʚʘ ʪʘ ʫʤʦʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʝʢʦʩʠʩʪʝʤ ʜʣʷ 

ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʟʙʝʨʝʞʝʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ [1]. 

ɼʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʩʧʦʨʫʜʠ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ 

ʢʦʤʧʣʝʢʩʠ ʟʘʭʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʥʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʧʫʩʪʠʤʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʧʦʣʽʧʰʝʥʥʷ 

ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʚʢʽʣʣʷ [1]. 

ɼʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʥʘʣʝʞʘʪʴ: ʩʘʥʽʪʘʨʥʦ-ʟʘʭʠʩʥʽ ʟʦʥʠ 

ʥʘʚʢʦʣʦ ʧʨʦʤʠʩʣʦʚʠʭ ʘʙʦ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʩʪʚʦʨʶʶʪʴ ʟʘʛʨʦʟʣʠʚʠʡ ʚʧʣʠʚ 

ʪʘ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ; ʜʠʤʦʚʽ ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʽ ʪʨʫʙʠ, ʷʢʽ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʩʽʷʥʥʷ ʚ ʘʪʤʦʩʬʝʨʽ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ; ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ 

ʩʪʽʯʥʠʭ ʪʘ ʽʥʰʠʭ ʟʚʦʨʦʪʥʠʭ ʚʦʜ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʽʦʧʣʘʪʦ; ʧʦʣʷ ʘʩʝʥʽʟʘʮʽʾ, ʧʦʣʷ 

ʟʨʦʱʝʥʥʷ ʪʘ ʧʦʣʷ ʬʽʣʴʪʨʘʮʽʾ; ʜʨʝʥʘʞʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʧʦʥʠʞʫʶʪʴ ʨʽʚʝʥʴ 

ˇʨʫʥʪʦʚʠʭ ʚʦʜ; ʧʨʦʪʠʬʽʣʴʪʨʘʮʽʡʥʽ ʝʢʨʘʥʠ, ʱʦ ʟʘʭʠʱʘʶʪʴ ʧʽʜʟʝʤʥʽ ʚʦʜʠ ʚʽʜ 

ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʧʦʧʝʨʝʜʞʫʶʪʴ ʟʘʙʦʣʦʯʫʚʘʥʥʷ ʧʨʠʣʝʛʣʦʾ ʪʝʨʠʪʦʨʽʾ; 

ʧʨʠʙʝʨʝʞʥʽ ʚʦʜʦʦʭʦʨʦʥʥʽ ʟʦʥʠ ʪʘ ʟʘʭʠʩʥʽ ʩʤʫʛʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʭʦʨʦʥʫ 

ʚʦʜʦʪʦʢʽʚ ʪʘ ʚʦʜʦʡʤ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʪʘ ʟʘʩʤʽʯʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʤ ʩʪʦʢʦʤ ʟ̔ 

ʧʣʦʱʽ ʚʦʜʦʟʙʦʨʫ; ʨʠʙʦʟʘʭʠʩʥʽ ʟʘʭʦʜʠ; ʟʘʭʦʜʠ ʟ ʫʢʨʽʧʣʝʥʥʷ ʙʝʨʝʛʽʚ ʪʘ ʽʥʰʽ. 

ɺʚʘʞʘʻʤʦ, ʱʦ ʚ ʫʤʦʚʘʭ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʩʪʘʥʫ ʚ ʋʢʨʘʾʥʽ ʚʘʨʪʦ ʦʩʦʙʣʠʚʫ 

ʫʚʘʛʫ ʟʚʝʨʥʫʪʠ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʩʧʦʨʫʜ ʪʘ 

ʜʦʪʨʠʤʫʚʘʪʠʩʷ ʟʘʭʦʜʽʚ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1.1. ɺʠʤʦʛʠ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ [2] 

 

ɼʣʷ ʧʨʠʢʣʘʜʫ, ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʧʨʦʻʢʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʧʝʨʝʙʫʜʦʚʠ 

ʤʝʣʽʦʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ. 

ʅʘʙʽʨ ʪʠʧʦʚʠʭ ʩʭʝʤ ʫ ʧʨʦʻʢʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʣʽʤʘʪʠʯʥʠʤʠ, ˇʨʫʥʪʦʚʠʤʠ, 

ʨʝʣʴʻʬʥʠʤʠ ʽ ʛʽʜʨʦʛʝʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ ʦʙôʻʢʪʘ ʤʝʣʽʦʨʘʮʽʾ.  

ʗʢ ʧʨʘʚʠʣʦ, ʯʠʤ ʙʽʣʴʰʘ ʧʣʦʱʘ ʩʠʩʪʝʤʠ, ʪʠʤ ʨʽʟʥʦʩʪʦʨʦʥʥʽʰʠʡ ʥʘʙʽʨ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʟʘʭʦʜʽʚ, ʷʢʽ ʥʘ ʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʦʩʫʰʫʚʘʣʴʥʦ-ʟʨʦʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʟʘʧʣʘʚʥʠʭ ʦʩʫʰʫʚʘʥʠʭ ʟʝʤʣʷʭ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʢʘʥʘʣʽʚ, ʨʝʛʫʣʶʶʯʦʾ ʽ ʧʨʦʚʽʜʥʦʾ 

ʤʝʨʝʞʽ ʧʽʜʟʝʤʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʨʽʯʢʠ-ʚʦʜʦʧʨʠʡʤʘʯʘ ʽ ʨʝʛʫʣʶʶʯʠʭ 

ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ. ɼʦ ʩʠʩʪʝʤʠ ʜʦʜʘʪʢʦʚʦ ʚʭʦʜʷʪʴ ʢʘʩʢʘʜ ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʧʦʩʣʽʜʦʚʥʦ ʥʘ ʨʽʯʮʽ-ʚʦʜʦʧʨʠʡʤʘʯʽ ʽ ʦʙʚʘʣʦʚʘʥʠʭ ʚʠʡʥʷʪʠʤ ʧʨʠ ʚʽʜʨʠʚʘʥʥʽ 

ʢʘʥʘʣʽʚ ˇʨʫʥʪʦʤ, ʷʢʽ ʟôʻʜʥʫʶʪʴ ʟ ʢʘʥʘʣʘʤʠ ʥʠʞʯʝ ʨʦʟʪʘʰʦʚʘʥʦʾ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʦʾ ʪʝʨʠʪʦʨʽʾ ʧʽʜʟʝʤʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ, ʱʦ ʤʘʶʪʴ 

ʚʦʜʦʚʠʧʫʩʢʠ ʽʟ ʩʠʩʪʝʤʦʶ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪ ʚʦʜʠ. 

ʂʦʥʩʪʨʫʢʮʽʷ ʩʠʩʪʝʤʠ ʜʘʻ ʟʤʦʛʫ ʜʦ ʤʽʥʽʤʫʤʫ ʟʚʝʩʪʠ ʥʘʥʝʩʝʥʽ 

ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʟʙʠʪʢʠ ʚʽʜ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ. ʈʦʟʪʘʰʦʚʘʥʽ ʢʘʩʢʘʜʦʤ 

ʧʦ ʨʽʯʮʽ-ʚʦʜʦʧʨʠʡʤʘʯʫ ʯʝʨʝʟ ʢʦʞʥʽ 3-5 ʢʤ ʦʙʚʘʣʦʚʘʥʽ ʚʦʜʦʡʤʠ ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʙʝʨʝʛʪʠ ʾʾ ʝʩʪʝʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ, ʩʪʚʦʨʶʚʘʪʠ ʜʦʙʨʽ ʫʤʦʚʠ 

ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʦʾ ʬʣʦʨʠ ʽ ʬʘʫʥʠ. ʍʦʯʘ ʜʘʥʘ ʩʠʩʪʝʤʘ ʚʥʘʩʣʽʜʦʢ ʚʠʪʨʘʪ 

ʥʘ ʚʽʜʩʠʧʘʥʥʷ ʜʘʤʙ ʜʝʱʦ ʜʦʨʦʞʯʘ ʧʦʨʽʚʥʷʥʦ ʟ ʽʩʥʫʶʯʠʤʠ, ʦʙʚʘʣʦʚʘʥʽ 

ʚʦʜʦʡʤʠ ʤʘʶʪʴ ʟʥʘʯʥʦ ʤʝʥʰʫ ʩʫʤʘʨʥʫ ʧʣʦʱʫ ʩʪʚʦʨʶʶʪʴ ʥʘʣʝʞʥʽ ʫʤʦʚʠ 

ʜʣʷ ʨʦʟʧʦʜʽʣʫ ʟʚʦʣʦʞʫʚʘʣʴʥʦʾ ʚʦʜʠ ʩʘʤʦʧʣʠʚʦʤ ʚ ʧʦʩʫʰʣʠʚʽ ʧʝʨʽʦʜʠ 

ʚʝʛʝʪʘʮʽʾ [3].  

 

ͫ͒͒ͦ͜͡ ͙͍͙ͭͪͣͯ͊ͭͫΈ͍͙͍͔͔͙ͪͦͯͣͤͦ͊͗ͤͦͦͤͦͣͨͪͫ͘͟͜͝͝͝ ͍͔ͭͦͪͤͤͭ͊͜
͔ͫͨͯ͊ͭ͊͟͡ͼ͙ͨͪͪͦ͒ͦͦ͜͝ͻ͙ͦͪͦͤͤͻͫͨͦͪͯ͒.

͎ͤ͊ͣ͊͊Ό;͙ͫΈ͊͘ͻ͙͙͙͍ͫͭͭ͒͊͘͜ ͔͋ͪͯ͒ͤͤͤΎ͍͙͔ͭ͊ͫͤ͊͗ͤͤΎ͙ͦ͒Ύ͙͚ͤͫ͟Έ
͔͍ͦͣͨͦͤͤͭ͒ͦ͟͟͜͡͡ΎΣ͔ͤͫ ͙͙͔͒͒ͦͨͯͫͭͭ͊͋ͪͯ͒ͤͤͤ͘͜͡Ύ͊͋ͦͨͦ ͪͯ΄͔ͤͤΎ
ͤ͜΄͎ͦͦ.

͙ͨͪͪͦ͒ͦͦͻͦͪͦͤͤ͊͘͜ͻ͙ͦ͒ͭ͊ͦ ͋ΩΊ͙ͭ͟Σ΅͔ͦͨͪͦͭͯ͟ΌͭΈͫΎΣͣ͊ΌͭΈ
͍ͨͦͤͫͭ͜Ό͔͔͊͋ͨ͘͘;͙͙ͭ͒ͦͫΎ͎͔ͤͤͤΎ͍͍͔͙ͫͭ͊ͤͦͤ͡ͻ͙͍͍ͤͦͪͣ͊ͭ͜
ͦͻ͙͙͎͔͔͍͙ͦͪͦͤͨͪͪͦ͒ͤͦͦͫͪ͒ͦ΅͊ͭ͊ͪ ͊ͼͦͤ͊͜͡Έ͎͍͙͙ͤͦͦͦͪͫͭ͊ͤͤ͟Ύ
͙͙ͨͪͪͦ͒ͤͻ͔͍ͪͫͯͪͫ͜.

͔͍ͨͪͦͭͯ͊ͤͤ͟Ύ͙ͨͪͪͦ͒ͦͦͻ͙ͦͪͦͤͤͻ͊͘ͻ͍͍͙͚ͦ͒ͨͦͤͤͦ͒ͫͤ͘͜͜Ό͍͙͊ͭͫΎͤ͊
͋͊ͤͦ͘͜ ͍ͭͤ͜͜ͻ͒ͦͫΎ͎͔ͤͤΈ͙͔ͤ͊ͯͭ͟͜ͻ͙͍͎͔ͤ͊ͯͭ͘͜͟͜͡ͻ͎͚ͤͦͦͭ͊͜͡
͔͍ͣ͊ͭͪ͊͜͜͡.

͙ͨͪͪͦ͒ͦͦͻͦͪͦͤͤ͊͘͜ͻ͙ͦ͒Σ΅ͦ ͨ͊ͤͯ͡ΌͭΈͫΎΣ͍͙͔ͨͦͤͤͦͣͨͫͤͦ͜͟͟͡
͍͙ͪ͜΄͍͙͔͙͔͔͔ͯ͊ͭͨͪͦ͋ͣ͋ͪ͗ͤͤ͘͡Ύ͍͜ ͍͔͒ͭͦͪͤͤ͜Ύ͙͎͔͔͍͙ͨͪͪͦ͒ͤͦͦͫͪ͒ͦ΅͊.
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ʈʠʩ. 2. ʉʭʝʤʘ ʦʩʫʰʫʚʘʣʴʥʦ-ʟʨʦʰʫʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʟ ʢʘʩʢʘʜʦʤ ʧʦʩʣʽʜʦʚʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʦʙʚʘʣʦʚʘʥʠʭ ʚʦʜʦʡʤ ʥʘ ʨʽʯʮʽ-ʚʦʜʦʧʨʠʡʤʘʯʽ: 1 ï ʦʙʚʘʣʦʚʘʥʘ ʚʦʜʦʡʤʘ; 

2 ï ʚʦʜʦʟʘʙʽʨʥʘ ʩʧʦʨʫʜʘ; 3 ï ʢʘʥʘʣ ʧʨʦʚʽʜʥʦʾ ʤʝʨʝʞʽ; 4 ï ʧʽʜʟʝʤʥʽ ʪʨʫʙʦʧʨʦʚʦʜʠ; 5 ï 

ʚʦʜʦʚʠʧʫʩʢʠ; 6 ï ʨʝʛʫʣʶʶʯʽ ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ; 7 ï ʟʘʢʨʠʪʘ ʨʝʛʫʣʶʶʯʘ ʦʩʫʰʫʚʘʣʴʥʦ-

ʟʚʦʣʦʞʫʚʘʣʴʥʘ ʤʝʨʝʞʘ; 8 ï ʜʦʱʫʚʘʣʴʥʽ ʤʘʰʠʥʠ; 9 ï ʨʽʯʢʘ-ʚʦʜʦʧʨʠʡʤʘʯ 

 

ʆʪʞʝ, ʜʦ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʦʙôʻʢʪʽʚ ʥʘʣʝʞʘʪʴ ʩʧʦʨʫʜʠ, ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʪʘ ʢʦʤʧʣʝʢʩʠ ʟʘʭʦʜʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦʪʨʠʤʘʥʥʷ 

ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʥʦʨʤʘʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʦʧʫʩʪʠʤʦʛʦ 

ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʘʙʦ ʧʦʣʽʧʰʝʥʥʷ 

ʩʪʘʥʫ ʦʢʨʝʤʠʭ ʩʢʣʘʜʦʚʠʭ ʜʦʚʢʽʣʣʷ. ɼʘʥʽ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʩʧʦʨʫʜʠ 

ʩʪʚʦʨʶʶʪʴ ʫʤʦʚʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʩʦʢʦʦʨʛʘʥʽʟʦʚʘʥʦʛʦ 

ʚʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʶʚʘʥʥʷ ʚʦʜʠ. ɼʦ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʩʧʦʨʫʜ ʽʩʥʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ  ʚʠʤʦʛʠ.  

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʂʨʠʚʦʛʫʟ ɻ. ɯ. ʉʦʮʽʘʣʴʥʘ ʪʘ ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ ʜʽʷʣʴʥʦʩʪʽ : 

ʅʘʚʯ. ʧʦʩʽʙ. ʆʜʝʩʘ : ʆʈɯɼʋ ʅɸɼʋ, 2014.  556 ʩ. 

2. ʇʨʘʚʠʣʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. ɼɹʅ ɼ.1.1-1-2000.  ʂ.: 

ɼʝʨʞʙʫʜ  ʋʢʨʘʾʥʠ, 2000.  203 ʩ. 

3. ʉʢʣʘʜ ʽ ʟʤʽʩʪ ʤʘʪʝʨʽʘʣʽʚ ʦʮʽʥʢʠ ʚʧʣʠʚʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ(ʆɺʅʉ) ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʽ ʙʫʜʽʚʥʠʮʪʚʽ ʧʽʜʧʨʠʻʤʩʪʚ, ʙʫʜʠʥʢʽʚ ʽ 

ʩʧʦʨʫʜ.ɼɹʅ ɸ.2.2-1-2003.  ʂ. : ɼʝʨʞʙʫʜ ʋʢʨʘʾʥʠ, 2004.  21 ʩ. 
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ɻʨʠʛʦʨôʻʚʘ ʃ. ɯ., ʜ. ʙ. ʥ., ʧʨʦʬʝʩʦʨ 

ɼʝʨʞʘʚʥʘ ʫʩʪʘʥʦʚʘ çʏʦʨʥʦʤʦʨʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 ʽʤ. ʇʝʪʨʘ ʄʦʛʠʣʠ ʄʆʅ ʋʢʨʘʾʥʠ, ʤ. ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ 

 

ʈɸɼɯʆɸʂʊʀɺʅɯ ɿɸɻʈʆɿʀ ʅɸɼ ʊɽʈʀʊʆʈɯɭʖ ʋʂʈɸɰʅʀ 

 
ɺʽʡʥʘ ʈʦʩʽʾ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʫ 2022 ʨʦʮʽ ʦʛʦʣʠʣʘ ʨʷʜ ʧʠʪʘʥʴ ʨʘʜʽʘʮʽʡʥʦʾ 

ʙʝʟʧʝʢʠ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʥʘ ʷʢʽʡ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ 15 ʷʜʝʨʥʠʭ ʝʥʝʨʛʦʙʣʦʢʽʚ. 

ʄʠ ʙʫʣʠ ʩʚʽʜʢʘʤʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʩʽʡʩʴʢʦʾ ʘʛʨʝʩʽʾ ʚʽʡʩʴʢʦʚʽ ʨʘʢʝʪʠ ʫ ʙʝʨʝʟʥʽ 

ʬʽʢʩʫʚʘʣʠ ʥʘʜ ʙʣʦʢʘʤʠ ʖʋ ɸɽʉ, ʫ ʢʚʽʪʥʽ ï ʥʘʜ ʝʥʝʨʛʦʙʣʦʢʘʤʠ ɿʘʧʦʨʽʟʴʢʦʾ 

ɸɽʉ. ʊʝ, ʱʦ ʟʨʦʙʠʣʠ ʨʦʩʽʷʥʠ ʫ ʏʦʨʥʦʙʠʣʴʩʴʢʽʡ ʟʦʥʽ ʚʽʜʯʫʞʝʥʥʷ ï ʩʴʦʛʦʜʥʽ 

ʧʦʪʨʝʙʫʻ ʪʨʠʚʘʣʠʭ ʚʠʚʯʝʥʥʷ ʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʟʛʘʜʘʪʠ 

ʧʝʨʝʥʝʩʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ ʭʤʘʨʠ ʟ ʨʫʪʝʥʽʻʤ-106 ʫ ʚʝʨʝʩʥʽ-ʞʦʚʪʥʽ 2017 ʨ. ʟ 

ʪʝʨʠʪʦʨʽʾ ʈʦʩʽʾ. 

ʅʘʧʨʠʢʽʥʮʽ ʚʝʨʝʩʥʷ ʡ ʚʧʨʦʜʦʚʞ ʞʦʚʪʥʷ 2017 ʨ. ʨʽʟʥʽ ʫʩʪʘʥʦʚʠ ʥʘʰʦʾ 

ʜʝʨʞʘʚʠ ʚʠʟʥʘʯʠʣʠ ʫ ʧʦʚʽʪʨʽ ʥʘʜ ʋʢʨʘʾʥʦʶ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʨʫʪʝʥʽʡ-106. ʗʢ 

ʚʽʜʦʤʦ ʽʟ ʟʘʩʦʙʽʚ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʡʙʽʣʴʰʠʡ ʚʤʽʩʪ ʨʫʪʝʥʽʷ-106 ʫ ʧʦʚʽʪʨʽ 

ʟʘʬʽʢʩʦʚʘʥʦ ʥʘʜ ɿʘʧʦʨʽʞʞʷʤ ï 40 ʤɹʢ/ʤ3, ʥʘʜ ʄʠʢʦʣʘʾʚʱʠʥʦʶ, ʧʽʜ ʂʠʻʚʦʤ 

ʬʽʢʩʫʚʘʣʠʩʷ ʨʽʚʥʽ ʙʣʠʟʴʢʦ 30 ʤɹʢ/ʤ3. ʋ ɿʘʧʦʨʽʟʴʢʽʡ ʦʙʣʘʩʪʽ ʦʙôʻʤʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʨʫʪʝʥʽʷ-106 ʫ ʧʦʚʽʪʨʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʢʣʘʜʘʣʘ 8-10  ʤɹʢ/ʤ3.  

ʇʨʠʩʫʪʥʽʩʪʴ ʜʘʥʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʫ ʧʦʚʽʪʨʽ ʚ ʞʦʚʪʥʽ 2017 ʨ. 

ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʥʝ ʪʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ, ʘ ʡ ʫ ʈʦʩʽʾ ʪʘ ʜʝʨʞʘʚʘʭ ɭʉ. ʅʘʷʚʥʽʩʪʴ 

ʨʫʪʝʥʽʶ-106 ʫ ʧʦʚʽʪʨʽ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʝʨʞʘʚʥʦʶ ʩʣʫʞʙʦʶ ʟ 

ʛʽʜʨʦʤʝʪʝʦʨʦʣʦʛʽʾ ʽ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʈʦʩʽʾ 

(ʈʦʩʛʽʜʨʦʤʝʪ). ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ, ʷʢʽ ʧʝʨʝʚʠʱʫʚʘʣʠ ʫ 1000 ʨʘʟʽʚ 

ʬʦʥʦʚʠʡ ʨʽʚʝʥʴ, ʟʘ ʜʘʥʠʤʠ ʈʦʩʛʽʜʨʦʤʝʪʫ, ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ 26.09.2017-

01.10.2017 ʫ ʤʽʩʪʽ ɸʨʛʘʷʰ (ʏʝʣʷʙʽʥʩʴʢʘ ʦʙʣ.), ʧʦʙʣʠʟʫ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚʽʜʦʤʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çʈʦʩʘʪʦʤʫè çʄʘʷʢè, ʥʘ ʷʢʦʤʫ ʧʝʨʝʨʦʙʣʷʻʪʴʩʷ 

ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʷʜʝʨʥʝ ʧʘʣʠʚʦ. ʊʘʢʦʞ 26-28.09.2017 ʨʫʪʝʥʽʡ-106 ʫ ʧʦʚʽʪʨʽ 

ʟʘʨʝʻʩʪʨʫʚʘʣʠ ʚ ʊʘʪʘʨʩʪʘʥʽ, ɺʦʣʛʦʛʨʘʜʽ ʽ ʈʦʩʪʦʚʽ-ʥʘ-ɼʦʥʫ, ʘ ʯʝʨʝʟ 

ʘʥʪʠʮʠʢʣʦʥʠ, ʷʢʽ ʜʽʷʣʠ ʫ ʢʽʥʮʽ ʚʝʨʝʩʥʷ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʧʽʚʜʝʥʥʦʛʦ ʋʨʘʣʫ ʽ 

ʇʨʠʢʘʩʧʽʡʩʴʢʦʾ ʥʠʟʦʚʠʥʠ, ʚʠʥʠʢʣʠ ʫʤʦʚʠ ʧʝʨʝʥʦʩʫ ʨʫʪʝʥʽʶ-106 ʜʦ ʋʢʨʘʾʥʠ 

ʡ ʨʘʡʦʥʽʚ ʉʝʨʝʜʟʝʤʥʦʤʦʨôʷ ʽ ʧʽʚʥʦʯʽ ɭʚʨʦʧʠ. ʏʝʭʽʷ ʟʘʬʽʢʩʫʚʘʣʘ ʧʦʷʚʫ 

ʨʫʪʝʥʽʷ-106 29.09.2017. ʄʘʢʩʠʤʘʣʴʥʘ ʘʢʪʠʚʥʽʩʪʴ ʨʫʪʝʥʽʷ-106 ʫ ʯʝʩʴʢʦʤʫ 

ʧʦʚʽʪʨʽ ʜʦʭʦʜʠʣʘ ʜʦ ʜʝʢʽʣʴʢʦʭ ʜʝʩʷʪʢʽʚ ʤɹʢ/ʤ3. ʇʽʩʣʷ 24.11.2017 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʫʪʝʥʽʷ-106 ʟʥʠʟʠʣʘʩʴ ʜʦ 0,001 ʤɹʢ/ʤ3 [7]. ʇʨʠʩʫʪʥʽʩʪʴ 

ʨʫʪʝʥʽʷ-106 ʫ ʧʦʚʽʪʨʽ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʥʝ ʪʽʣʴʢʠ ʚ ʏʝʭʽʾ, ʘʣʝ ʡ ʫ ʽʥʰʠʭ ʜʝʨʞʘʚʘʭ 

ɭʚʨʦʧʠ: ʐʚʝʡʮʘʨʽʾ, ʇʦʣʴʱʽ, ɯʪʘʣʽʾ, ʅʽʤʝʯʯʠʥʽ, ɸʚʩʪʨʽʾ, ʉʣʦʚʘʯʯʠʥʠ ʪʘ ʽʥ. 

ʅʘʡʚʠʱʠʡ ʨʽʚʝʥʴ ʨʫʪʝʥʽʷ-106 ʫ ʌʨʘʥʮʽʾ ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʅʽʮʮʽ 2-9 ʞʦʚʪʥʷ, ʫ 

ʜʝʷʢʠʭ ʨʘʡʦʥʘʭ ʈʫʤʫʥʽʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʪʝʥʽʶ-106 ʚ ʧʦʚʽʪʨʽ ʙʫʣʠ ʙʽʣʴʰʽ ʟʘ 
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ʨʦʩʽʡʩʴʢʽ ʫ 1,5-2 ʨʘʟʠ ʜʦ 10 ʤɹʢ/ʤ3. ʇʽʩʣʷ 13.10.2017 ʧʨʠʩʫʪʥʽʩʪʴ 

ʨʘʜʽʦʥʫʢʣʽʜʘ ʚ ʧʦʚʽʪʨʽ ʮʠʭ ʜʝʨʞʘʚ ʥʝ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ. 

ʈʫʪʝʥʽʡ ʻ ʝʣʝʤʝʥʪʦʤ ʚʦʩʴʤʦʾ ʛʨʫʧʠ ʧôʷʪʦʛʦ ʧʝʨʽʦʜʫ ʧʝʨʽʦʜʠʯʥʦʾ 

ʩʠʩʪʝʤʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʎʝ ʦʜʠʥ ʟ ʧʣʘʪʠʥʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ 

ʚʠʷʚʣʷʶʪʴʩʷ ʫ ʩʢʣʘʜʽ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʽʥ ʥʘʢʦʧʠʯʫʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʫ 

ʤôʷʟʘʭ. ɿʘ ʩʚʦʾʤʠ ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʥ ʙʣʠʟʴʢʠʡ ʜʦ ʧʣʘʪʠʥʦʚʠʭ 

ʤʝʪʘʣʽʚ (ʽʨʽʜʽʡ, ʦʩʤʽʡ, ʧʘʣʘʜʽʡ, ʨʦʜʽʡ) [6]. ɿʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʤʘʣʠʭ ʘʪʦʤʥʠʭ 

ʛʝʥʝʨʘʪʦʨʘʭ/ʨʘʜʽʦʽʟʦʪʧʥʠʭ ʙʘʪʘʨʝʷʭ ʩʫʧʫʪʥʠʢʽʚ,  

ʈʫʪʝʥʽʡ-106 ʻ ʙʝʪʘ-ʨʘʜʽʦʘʢʪʠʚʥʠʤ. ʎʝ ʽʟʦʪʦʧ ʨʫʪʝʥʽʶ, ʷʢʠʡ 

ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʨʦʙʦʪʽ ʷʜʝʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʽ ʧʨʠ ʷʜʝʨʥʠʭ 

ʚʠʙʫʭʘʭ, ʨʦʟʧʘʜʘʻʪʴʩʷ ʟʘ ʩʭʝʤʦʶ:  

ʈʫʪʝʥʽʡ-106, ʷʢ ʙʫʜʴ-ʷʢʠʡ ʨʘʜʽʦʘʢʪʠʚʥʠʡ ʽʟʦʪʦʧ, ʧʨʝʜʩʪʘʚʣʷʻ ʩʝʨʡʦʟʥʫ 

ʥʝʙʝʟʧʝʢʫ ʜʣʷ ʣʶʜʠʥʠ, ʙʦ ʟʘ ʩʚʦʻʶ ʪʦʢʩʠʯʥʽʩʪʶ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤʫ ʨʷʜʽ 

ʟ ʮʝʟʽʻʤ-137. ʇʨʠ ʥʘʜʭʦʜʞʝʥʥʽ ʜʦ ʘʪʤʦʩʬʝʨʠ, ʚʦʜʥʠʭ ʦʙôʻʢʪʽʚ ʚʽʥ 

ʽʥʛʘʣʷʮʽʡʥʠʤ ʪʘ ʧʝʨʦʨʘʣʴʥʠʤ ʰʣʷʭʘʤʠ ʧʦʪʨʘʧʣʷʻ ʜʦ ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ, ʜʝ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʣʝʛʝʥʷʭ ʽ ʚ ʦʨʛʘʥʘʭ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ. ʎʝ, ʫ 

ʩʚʦʶ ʯʝʨʛʫ, ʩʧʨʠʷʻ ʧʦʛʽʨʰʝʥʥʶ ʩʪʘʥʫ ʥʝʨʚʦʚʦʾ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ ʽ ʪʨʘʚʥʦʾ 

ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʠʟʠʢʫ ʦʥʢʦʣʦʛʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ. ʇʨʠ 

ʮʴʦʤʫ ʥʘʩʣʽʜʢʠ ʡʦʛʦ ʰʢʽʜʣʠʚʦʛʦ ʚʧʣʠʚʫ ʧʨʦʷʚʣʷʶʪʴʩʷ ʥʝ ʦʜʨʘʟʫ, ʘ ʯʝʨʝʟ 

ʜʝʢʽʣʴʢʘ ʤʽʩʷʮʽʚ.  

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʽʥʰʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʨʦʟʧʦʜʽʣ ʨʫʪʝʥʽʶ ʚ ʦʨʛʘʥʽʟʤʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʩʪʘʥʦʤ ʦʨʛʘʥʽʟʤʫ ʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ 

ʚʣʚʩʪʠʚʦʩʪʷʤʠ ʩʧʦʣʫʢ ʨʫʪʝʥʽʶ-106, ʱʦ ʫʩʢʣʘʜʥʶʻ ʦʮʽʥʢʫ ʪʦʢʩʠʯʥʦʾ 

ʥʝʙʝʟʧʝʢʠ ʨʫʪʝʥʽʶ [1]. 

ʋ ʩʪʘʪʪʽ ʥʘʤʠ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʫʨʦʢʽʚ, ʷʢʽ ʤʘʻ ʟʨʦʙʠʪʠ ʋʢʨʘʾʥʘ ʟʘʜʣʷ 

ʫʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʪʘ ʾʾ ʪʝʨʠʪʦʨʽʾ ʚʽʜ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʟʘʛʨʦʟ, ʥʘ ʧʽʜʩʪʘʚʽ 

ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʠʭ ʜʦʟ ʦʧʨʦʤʽʥʝʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʷʢʽ ʙʫʣʦ ʩʬʦʨʤʦʚʘʥʦ ʟʘ ʯʘʩ 

ʧʝʨʝʙʫʚʘʥʥʷ ʨʫʪʝʥʽʶ-106 ʫ ʧʦʚʽʪʨʽ ʥʘʜ ʄʠʢʦʣʘʾʚʱʠʥʦʶ ʚʦʩʝʥʠ 2017 ʨ.  

ʅʘʤʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ  ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʤʽʩʪʫ ʨʫʪʝʥʽʶ-106 ʫ ʧʦʚʽʪʨʽ 

ʦʢʨʝʤʠʭ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʄʠʢʦʣʘʾʚʱʠʥʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʫ 

ʩʠʪʫʘʮʽʶ ʫ ʧʽʚʜʝʥʥʦʤʫ ʨʝʛʽʦʥʽ ʋʢʨʘʾʥʠ ʯʝʨʝʟ ʧʨʦʭʦʜʞʝʥʥʷ ʨʘʜʽʦʘʢʪʠʚʥʦʾ 

ʭʤʘʨʠ ʫ ʚʝʨʝʩʥʽ-ʞʦʚʪʥʽ 2017 ʨ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʮʽʥʢʘ ʨʽʚʥʷ 

ʧʦʠhʨʝʥʦʩʪʽ ʭʤʘʨʠ ʟ ʨʫʪʝʥʽʻʤ-106 ʥʘ ʄʠʢʦʣʘʾʚʱʠʥʽ, ʷʢ ʦʜʥʦʤʫ ʟ ʧʽʚʜʝʥʥʠʭ 

ʨʝʛʽʦʥʽʚ, ʪʘ ʦʨʽʻʥʪʦʚʘʥʘ ʦʮʽʥʢʘ ʜʦʟʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʥʘʩʝʣʝʥʥʷ ʚʽʜ 

ʧʽʜʚʠʱʝʥʠʭ ʨʽʚʥʽʚ ʨʫʪʝʥʽʶ-106 ʫ ʧʦʚʽʪʨʽ. 

ʄʘʪʝʨʽʘʣʘʤʠ ʚʠʩʪʫʧʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʨʘʜʽʦʤʝʪʨʽʾ ʧʨʦʙ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ, ʚʠʢʦʥʘʥʠʭ ʫ ʣʘʙʦʨʘʪʦʨʽʾ ʟʦʚʥʽʰʥʴʦʾ ʜʦʟʠʤʝʪʨʽʾ ɺʇ ʖʋ ɸɽʉ. 

ɺʽʜʙʽʨ ʧʨʦʙ ʟʜʽʡʩʥʝʥʠʡ ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʥʘ ʬʽʣʴʪʨʽ ʌʅʅ-15-1,5 

çʊʢʘʥʠʥʘ ʇʽʪʨʷʥʦʚʘè ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʤʽʨʶʚʘʥʥʷʤ ʥʘ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʽ 

ORTEC GEM60-83-SMP ʟʘʚ. ˉ54-ʈ51294ɸ (ʉʚʽʜʦʮʪʚʦ ˉ11201212403416). 

ʈʫʪʝʥʽʡ-106 (T1/2=368,2 ʜʽʙ)   ʈʦʜʽʡ-106 (T1/2=30 cʝʢ.)      ʇʘʣʘʜʽʡ-106 (ʩʪʘʙ.) 
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ɺʠʢʦʨʠʩʪʘʥʦ ʤʘʪʝʨʽʘʣʠ ʥʘʰʠʭ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʄʠʢʦʣʘʾʚʱʠʥʠ [2-5].  

ʈʝʟʫʣʴʪʘʪʠ. ʇʨʦʪʷʛʦʤ ʢʽʥʮʷ ʚʝʨʝʩʥʷ ʡ ʧʦʯʘʪʢʫ ʞʦʚʪʥʷ 2017 ʨ. ʫ 

ʣʘʙʦʨʘʪʦʨʽʾ ʟʦʚʥʽʰʥʴʦʾ ʜʦʟʠʤʝʪʨʽʾ ɺʇ ʖʋɸɽʉ ʨʝʻʩʪʨʫʚʘʣʠ ʨʫʪʝʥʽʡ-106 ʫ 

ʧʦʚʽʪʨʽ 30-ʠ ʢʤ ʟʦʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʦ ɸɽʉ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʷʚʘ ʨʫʪʝʥʽʷ-106 ʫ ʧʦʚʽʪʨʽ ʚ ʨʘʡʦʥʽ ɸɽʉ 

ʚʽʜʙʫʣʘʩʷ 22-29.09.2017 ʥʘ ʨʽʚʥʽ 0,004 ɹʢ/ʤ3 (ʤ. ʖʞʥʦʫʢʨʘʾʥʩʴʢ). ɿʛʦʜʦʤ (ʟ 

26.09.2017) ʚʤʽʩʪ ʨʘʜʽʦʥʫʢʣʽʜʫ ʫ ʧʦʚʽʪʨʽ ʧʦʯʘʚ ʟʨʦʩʪʘʪʠ ʜʦ 0,014-0,024 ɹʢ/ʤ3, 

ʜʦʩʷʛʥʫʚʰʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 0,029 ɹʢ/ʤ3, ʷʢʝ ʷʢ ʚʠʜʥʦ, ʥʝ 

ʧʝʨʝʚʠʱʠʣʦ ʛʨʘʥʠʯʥʦ-ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ ʟʘ ʅʦʨʤʘʤʠ ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ 

ʋʢʨʘʾʥʠ [7] ï  0,500 ɹʢ/ʤ3. 

23.03-05.10.2017 ʚʤʽʩʪ ʨʫʪʝʥʽʷ-106 ʫ ʧʦʚʽʪʨʽ ʩʪʘʚ ʟʥʠʞʫʚʘʪʠʩʷ (0,0002-

0,0005 ɹʢ/ʤ3) ʽ ʚʞʝ 12.10.2017 ʙʫʚ ʥʘ ʨʽʚʥʽ ʬʦʥʦʚʦʛʦ ʟʥʘʯʝʥʥʷ. ʋʟʘʛʘʣʴʥʝʥʫ 

ʢʘʨʪʠʥʫ ʟʤʽʥʠ ʚʤʽʩʪʫ ʨʫʪʝʥʽʶ-106 ʫ ʧʦʚʽʪʨʽ ʥʘʜ ʄʠʢʦʣʘʾʚʱʠʥʦʶ ʫ ʚʝʨʝʩʥʽ-

ʞʦʚʪʥʽ 2017 ʨʨ. ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. ɺ ʩʝʨʝʜʠʥʽ ʞʦʚʪʥʷ ʨʘʜʽʦʘʢʪʠʚʥʘ ʭʤʘʨʘ 

ʚʞʝ ʚʠʡʰʣʘ ʟʘ ʤʝʞʽ ʋʢʨʘʾʥʠ. ʇʨʠ ʮʴʦʤʫ, ʟʨʦʟʫʤʽʣʦ, ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʨʫʪʝʥʽʶ-106 ʦʩʽʣʘ ʥʘ ʛʨʫʥʪʽ. ɿʘʬʽʢʩʦʚʘʥʽ ʨʘʥʽʰʝ ʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʨʫʪʝʥʽʶ-

106 ʚ ʧʦʚʽʪʨʽ ʟʥʘʭʦʜʠʣʠʩʷ ʥʘ ʬʦʥʦʚʠʭ ʨʽʚʥʷʭ (4,0*10-5 ɹʢ/ʤ3). 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʜʠʥʘʤʽʢʫ ʚʤʽʩʪʫ ʨʫʪʝʥʽʶ-106  ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ 
ʫ ʢʦʞʥʦʤʫ ʟ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʧʨʦʪʷʛʦʤ ʜʚʦʪʠʞʥʝʚʦʛʦ ʧʝʨʽʦʜʫ (ʟ 

22.09.2017 ʜʦ 05-06.10.2017.). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʧʦʙʫʜʦʚʘʥʦ 

ʛʽʩʪʦʛʨʘʤʠ ʪʘ ʚʠʟʥʘʯʝʥʦ ʪʨʝʥʜʠ ʚʤʽʩʪʫ ʨʫʪʝʥʽʶ-106 ʫ ʢʦʞʥʦʤʫ ʥʘʩʝʣʝʥʦʤʫ 

ʧʫʥʢʪʽ ὅ ὅ ὸ3). ʉʫʤʘʨʥʝ ʥʘʜʭʦʜʞʝʥʥʷ ʜʦ ʣʶʜʠʥʠ ʨʫʪʝʥʽʶ-106 

ʟʘ ʮʝʡ ʧʝʨʽʦʜ ὖ  (ɹʢ) ʫ ʢʦʞʥʦʤʫ ʥʘʩʝʣʝʥʦʤʫ ʧʫʥʢʪʽ ʚʠʟʥʘʯʘʣʠ, ʷʢ : 

ὖ ᷿ὅ ὸ ὠ Ὠὸ, 

ʜʝ ὠ ï ʨʝʬʝʨʝʥʪʥʠʡ ʜʦʙʦʚʠʡ ʦʙôʻʤ ʚʜʠʭʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʜʦʨʦʩʣʦʶ 

ʣʶʜʠʥʦʶ, ʣ/ʜʦʙʫ (ʧʨʠʡʥʷʪʦ 22,22 ʣ/ʜʦʙʫ) [7]. 

 ɽʬʝʢʪʠʚʥʫ ʝʢʚʽʚʘʣʝʥʪʥʫ ʜʦʟʫ ʚʽʜ ʽʥʛʘʣʷʮʽʡʥʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʨʫʪʝʥʽʶ-

106 ʜʦ ʣʶʜʠʥʠ Ὄ  (ɿʚ) ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ: 

Ὄ ὖ ᶻˑ ˣ  

ʜʝ  ˑˣ  ï ʜʦʟʦʚʘ ʮʽʥʘ ʨʫʪʝʥʽʶ-106 ʧʨʠ ʽʥʛʘʣʷʮʽʡʥʦʤʫ ʥʘʜʭʦʜʞʝʥʥʽ 

(ʧʨʠʡʥʷʪʦ ρȟςz ρπɿʚ/ɹʢ). 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʝʬʝʢʪʠʚʥʘ ʜʦʟʘ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʧʦʪʨʘʧʣʷʥʥʷ ʨʫʪʝʥʽʶ-106 ʟ ʚʜʠʭʫʚʘʥʠʤ ʧʦʚʽʪʨʷʤ ʩʢʣʘʣʘ 

ʚʝʣʠʯʠʥʫ 0,57Ñ0,12  ʤʢɿʚ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʨʘʜʽʘʮʽʡʥʠʡ ʬʦʥ ʚʽʜ 

ʨʫʪʝʥʽʶ-106 ʥʘ ʮʽʡ ʪʝʨʠʪʦʨʽʾ ʩʫʪʪʻʚʦ ʥʝ ʟʤʽʥʠʚʩʷ. ʆʜʥʘʢ ʯʝʨʝʟ ʟʘʛʨʦʟʫ 

ʚʪʦʨʠʥʥʦʛʦ ʧʽʜʥʷʪʪʷ ʦʩʪʘʥʥʴʦʛʦ ʫ ʨʘʟʽ ʚʽʪʨʦʚʠʭ ʙʫʨʴ, ʚʘʨʪʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʤʦʥʽʪʦʨʠʥʛ ʚʤʽʩʪʫ ʮʴʦʛʦ ʨʘʜʽʦʥʫʢʣʽʜʫ ʫ ʛʨʫʥʪʽ ʪʘ ʫ ʧʦʚʽʪʨʽ ʥʘʜ ʪʝʨʠʪʦʨʽʷʤʠ, 

ʷʢʽ ʧʦʧʘʣʠ ʧʽʜ ʭʤʘʨʫ ʟ ʨʫʪʝʥʽʻʤ-106 ʫ ʚʝʨʝʩʥʽ-ʞʦʚʪʥʽ 2017 ʨ. 
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ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ, ʱʦ ʥʝʤʦʞʥʘ ʧʦʚʥʽʩʪʶ ʚʽʜʩʪʦʨʦʥʠʪʠʩʷ ʚʽʜ 

ʨʘʜʽʘʢʪʠʚʥʠʭ ʽ ʨʘʜʽʦʝʢʦʣʦʛʽʯʥʠʭ ʥʝʙʝʟʧʝʢ. ʇʦʪʨʽʙʥʦ ʙʫʪʠ ʛʦʪʦʚʠʤʠ ʽ ʚʤʽʪʠ 

ʦʧʝʨʘʪʠʚʥʦ ʦʮʽʥʶʚʘʪʠ ʨʘʜʽʘʮʽʡʥʫ ʦʙʩʪʘʥʦʚʢʫ. ɿʦʢʨʝʤʘ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, 

ʧʦʪʨʽʙʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʟʘ 

ʽʥʜʠʢʘʪʠʚʥʠʤʠ ʚʠʤʽʨʶʚʘʥʥʷʤʠ ʥʝ ʣʠʰʝ  ʟʘ ʪʦʢʩʠʯʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, ʘ 

ʪʘʢʦʞ ʽ ʨʘʜʽʘʮʽʡʥʠʤʠ.  
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ʋɼʂ 504.054 

 

ɻʨʠʮʘʥ ʖ. ɯ., ʜ. ʙ. ʥ., ʧʨʦʬ., ʂʦʨʘʙʣʴʦʚʘ ɸ. ɯ., ʢ. ʙ. ʥ., ʩʪ. ʥ. ʩ., 

ʂʘʮʝʚʠʯ ɺ. ɺ., ʢ. ʩ.-ʛ. ʥ. 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʛʨʘʨʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʤ. ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ 

 

ɽʂʆʃʆɻɯʏʅɯ ʅɸʉʃɯɼʂʀ ɺʆɭʅ 

 

ʗʢʠʤʠ ʙ ʟʘʩʦʙʘʤʠ ʥʝ ʚʝʣʠʩʷ ʚʽʡʥʠ, ʾʭ ʤʝʪʦʶ, ʧʝʨʰ ʟʘ ʚʩʝ, ʻ ʧʦʨʫʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʽ ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʙʘʣʘʥʩʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʩʫʧʨʦʪʠʚʥʠʢʘ.  

ʂʨʽʤ ʪʦʛʦ, ʙʫʜʴ-ʷʢʘ ʚʽʡʥʘ (ʚʝʣʠʢʘ ʯʠ ʤʘʣʘ) ʟʘʚʜʘʻ ʥʝ ʣʠʰʝ ʝʢʦʥʦʤʽʯʥʽ 

ʟʙʠʪʢʠ, ʘʣʝ ʡ ʚʧʣʠʚʘʻ ʥʘ ʛʝʥʦʬʦʥʜ ʣʶʜʩʴʢʦʾ ʮʠʚʽʣʽʟʘʮʽʾ, ʙʦ ʫ ʚʩʽ ʯʘʩʠ ʥʘ 

ʚʽʡʥʫ ʡʰʣʠ ʧʩʠʭʽʯʥʦ ʽ ʬʽʟʠʯʥʦ ʟʜʦʨʦʚʽ ʣʶʜʠ, ʘ ʚ ʥʘʰ ʯʘʩ ï ɦ ʝ ʡ ʣʶʜʠ, ʟʜʘʪʥʽ 

ʢʝʨʫʚʘʪʠ ʩʢʣʘʜʥʦʶ ʪʝʭʥʽʢʦʶ (ʜʣʷ ʜʦʚʽʜʢʠ: ɼʨʫʛʘ ʩʚʽʪʦʚʘ ʚʽʡʥʘ ʟʘʙʨʘʣʘ 

ʞʠʪʪʷ 55 ʤʣʥ. ʯʦʣʦʚʽʢ). 

ʆʢʨʽʤ ʣʶʜʩʴʢʠʭ ʚʪʨʘʪ ʥʘ ʨʘʭʫʥʢʫ ʚʦʻʥ ʽ ʚʦʻʥʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʯʠʩʣʷʪʴʩʷ 

ʙʘʛʘʪʦ ʟʙʠʪʢʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʟʘʚʜʘʥʠʭ ʨʘʜʽʦʘʢʪʠʚʥʠʤ ʟʘʨʘʞʝʥʥʷʤ ʪʝʨʠʪʦʨʽʡ 

(ʟʛʘʜʘʻʤʦ ʤʽʩʪʘ ʍʽʨʦʩʽʤʘ ʽ ʅʘʛʘʩʘʢʽ ʟʘ ʯʘʩʠ ɼʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ), 

ʨʫʡʥʫʚʘʥʥʷʤ ʟʘʚʦʜʽʚ, ʰʘʭʪ, ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʟʥʠʱʝʥʥʷʤ ʧʦʩʽʚʽʚ ʪʦʱʦ. 

ʋ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʚʽʡʩʴʢʦʚʽ ʦʧʝʨʘʮʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʝʢʦʪʝʨʦʨʠʩʪʠʯʥʠʤʠ ʽ ʝʢʦʜʽʚʝʨʩʽʡʥʠʤʠ ʜʽʷʤʠ, ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʝʟʚʦʨʦʪʥʠʭ 

(ʘʙʦ ʜʦ ʪʠʭ, ʱʦ ʚʘʞʢʦ ʣʽʢʚʽʜʫʚʘʪʠ) ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ (ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ 

ʚʦʥʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʛʣʦʙʘʣʴʥʠʤʠ).  

ʊʘʢ, ʟʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʟʘʭʠʩʪʫ ʜʦʚʢʽʣʣʷ ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ,  

ʟʘ ʧʦʧʝʨʝʜʥʽʤʠ ʧʽʜʨʘʭʫʥʢʘʤʠ, ʩʪʘʥʦʤ ʥʘ 1 ʙʝʨʝʟʥʷ 2022 ʨ. ʘʛʨʝʩʦʨ ʚʝʜʝ 

ʙʦʡʦʚʽ ʜʽʾ ʥʘ ʪʝʨʠʪʦʨʽʾ 900 ʦʙôʻʢʪʽʚ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ ʬʦʥʜʫ ʧʣʦʱʝʶ 

12406,6 ʢʤ2, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʧʣʦʱʽ ʧʨʠʨʦʜʥʦ-ʟʘʧʦʚʽʜʥʦʛʦ 

ʬʦʥʜʫ ʋʢʨʘʾʥʠ.  

ʇʽʜ ʟʘʛʨʦʟʦʶ ʟʥʠʱʝʥʥʷ ʧʝʨʝʙʫʚʘʶʪʴ ʙʣʠʟʴʢʦ 200 ʪʝʨʠʪʦʨʽʡ 

ʉʤʘʨʘʛʜʦʚʦʾ ʤʝʨʝʞʽ ʧʣʦʱʝʶ 2,9 ʤʣʥ. ʛʘ. ɿʥʠʱʝʥʥʷ ʩʝʨʝʜʦʚʠʱʘ ʽʩʥʫʚʘʥʥʷ 

ʨʽʜʢʽʩʥʠʭ ʽ ʝʥʜʝʤʽʯʥʠʭ ʚʠʜʽʚ ʪʘ ʦʩʝʣʠʱ ʤʦʞʝ ʟʤʽʥʠʪʠ ʧʦʚʝʜʽʥʢʫ ʧʪʘʭʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʤʽʛʨʘʮʽʶ. ʏʝʨʝʟ ʋʢʨʘʾʥʫ ʧʨʦʭʦʜʷʪʴ ʪʨʠ ʦʩʥʦʚʥʽ ʤʽʛʨʘʮʽʡʥʽ 

ʰʣʷʭʠ ʧʪʘʭʽʚ.  

çɹʦʣʶʯʠʤè ʧʨʠʢʣʘʜʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʩʽʻʶ ʫ 2015 ʨ. ʜʣʷ ʚʦʻʥʥʠʭ 

ʮʽʣʝʡ ʚʦʜʥʦ-ʙʦʣʦʪʥʦʛʦ ʫʛʽʜʜʷ çʂʨʠʚʘ ʢʦʩʘè ʥʘ ʘʟʦʚʩʴʢʦʤʫ ʫʟʙʝʨʝʞʞʽ, ʚ 

ʥʘʩʣʽʜʦʢ ʯʦʛʦ ʋʢʨʘʾʥʘ ʚʪʨʘʪʠʣʘ ʤʽʩʮʷ ʛʥʽʟʜʫʚʘʥʥʷ ʧʝʣʽʢʘʥʘ ʢʫʯʝʨʷʚʦʛʦ ʽ 

ʥʘʡʙʽʣʴʰʠʭ ʚ ɭʚʨʦʧʽ ʢʦʣʦʥʽʡ ʯʝʨʚʦʥʦʢʥʠʞʥʦʛʦ ʤʘʨʪʠʥʘ ʢʘʩʧʽʡʩʴʢʦʛʦ (3 

ʪʠʩ. ʧʘʨ) ʪʘ ʢʨʷʯʢʽʚ ʨʷʙʦʜʟʴʦʙʠʭ (ʤʘʡʞʝ 60 ʪʠʩ. ʧʘʨ).    

ɿʘ ʜʘʥʠʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʠ, ʟʘ 20 ʜʥʽʚ ʚʽʡʩʴʢʦʚʦʛʦ ʚʪʦʨʛʥʝʥʥʷ 

ʨʦʩʽʾ ʥʘ ʪʝʨʠʪʦʨʽʶ ʋʢʨʘʾʥʠ ʙʫʣʦ ʟʘʧʫʱʝʥʦ ʙʣʠʟʴʢʦ 900 ʨʘʢʝʪ ʨʽʟʥʦʛʦ ʢʘʣʽʙʨʫ 

ʽ ʪʠʧʫ, ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ ʷʢʠʭ (ʽ ʘʨʪʠʣʝʨʽʡʩʴʢʠʭ ʩʥʘʨʷʜʽʚ) ʫʪʚʦʨʶʻʪʴʩʷ ʥʠʟʢʘ 

ʪʦʢʩʠʯʥʠʭ ʦʢʠʩʥʝʥʠʭ ʩʧʦʣʫʢ ï ʯʘʜʥʠʡ ʛʘʟ (CO), ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (CO2), 
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ʚʦʜʷʥʘ ʧʘʨʘ (H2O), ʙʫʨʠʡ ʛʘʟ (NO), ʟʘʢʠʩ ʘʟʦʪʫ (N2O), ʜʽʦʢʩʠʜ ʘʟʦʪʫ (NO2), 

ʬʦʨʤʘʣʴʜʝʛʽʜ (CH2ʆ), ʧʘʨʠ ʮʽʘʥʠʩʪʦʾ ʢʠʩʣʦʪʠ (HCN), ʘʟʦʪ (N2) ʪʘ ʽʥʰʽ. ɺ 

ʭʦʜʽ ʚʠʙʫʭʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʢʠʩʥʝʥʥʷ ʭʽʤʽʯʥʠʭ ʩʢʣʘʜʦʚʠʭ ˇʨʫʥʪʫ, ʜʝʨʝʚʠʥʠ, 

ʜʝʨʥʠʥʠ ʽ ʤʘʪʝʨʽʘʣʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʟ̔ ʫʪʚʦʨʝʥʥʷʤ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, 

ʱʦ ʧʦʪʨʘʧʣʷʶʪʴ ʜʦ ʥʘʚʢʦʣʦʟʝʤʥʦʛʦ ʰʘʨʫ ʘʪʤʦʩʬʝʨʠ, ʚʧʣʠʚʘʶʯʠ ʥʘ 

ʧʨʠʨʦʜʥʫ ʷʢʽʩʪʴ ʧʦʚʽʪʨʷ ʽ ʽʥʰʽ ʩʢʣʘʜʦʚʽ ʙʽʦʩʬʝʨʠ (ʦʢʩʠʜʠ ʩʽʨʢʠ ʪʘ ʘʟʦʪʫ 

ʩʪʘʶʪʴ çʚʠʥʫʚʘʪʮʷʤʠè ʢʠʩʣʦʪʥʠʭ ʜʦʱʽʚ, ʱʦ ʟʤʽʥʶʶʪʴ ʨʅ ˇʨʫʥʪʫ, 

ʚʠʢʣʠʢʘʶʪʴ ʦʧʽʢʠ ʨʦʩʣʠʥ, ʦʩʦʙʣʠʚʦ ï ʭʚʦʡʥʠʭ, ʨʫʡʥʫʶʪʴ ʩʣʠʟʦʚʽ ʦʙʦʣʦʥʢʠ 

ʦʯʝʡ ʽ ʚʝʨʭʥʽʭ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʽʥʰʠʭ ʩʩʘʚʮʽʚ ʽ ʧʪʘʭʽʚ 

ʪʘ ʽʥ.). 

ʅʘʩʣʽʜʢʦʤ ʘʪʘʢ ʨʦʩʽʡʩʴʢʠʤʠ ʚʽʡʩʴʢʘʤʠ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʧʦʨʪʽʚ ʽ 

ʢʦʨʘʙʣʽʚ ʥʘ ʷʢʽʨʥʠʭ ʩʪʦʷʥʢʘʭ ʚʟʜʦʚʞ ʫʟʙʝʨʝʞʞʷ ʏʦʨʥʦʛʦ ʪʘ ɸʟʦʚʩʴʢʦʛʦ 

ʤʦʨʽʚ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʪʦʢʩʠʯʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʟʥʘʯʥʦʾ ʧʣʦʱʽ ʘʢʚʘʪʦʨʽʾ, ʱʦ 

ʤʘʻ (ʽ ʤʘʪʠʤʝ ʫ ʤʘʡʙʫʪʥʴʦʤʫ) ʚʝʣʠʯʝʟʥʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʤʦʨʩʴʢʠʭ 

ʝʢʦʩʠʩʪʝʤ. ɿʦʢʨʝʤʘ, ʧʣʽʚʢʘ ʫʪʚʦʨʝʥʘ ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʧʦʨʫʰʫʻ ʧʨʦʮʝʩʠ 

ʬʦʪʦʩʠʥʪʝʟʫ ʚʦʜʦʨʦʩʪʝʡ, ʛʘʟʦʚʠʡ, ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʽ ʦʙʤʽʥ ʚʦʜʷʥʦʶ ʧʘʨʦʶ 

ʤʦʨʷ ʪʘ ʘʪʤʦʩʬʝʨʠ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʟʘʛʠʙʝʣʴ ʛʽʜʨʦʙʽʦʥʪʽʚ ʽ 

ʤʦʨʩʴʢʠʭ ʧʪʘʭʽʚ. ɺʫʛʣʝʚʦʜʥʽ ʥʘʬʪʠ ʥʝ ʣʠʰʝ ʜʫʞʝ ʪʦʢʩʠʯʥʽ ʩʘʤʽ ʧʦ ʩʦʙʽ, ʘʣʝ 

ʡ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʩʧʦʣʫʢʠ ʽʟ ʥʝ ʤʝʥʰ ʥʝʙʝʟʧʝʯʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ (ʫ 

ʪʦʤʫ ʯʠʩʣʽ, ʧʝʩʪʠʮʠʜʘʤ, ʚʘʞʢʠʤʠ ʤʝʪʘʣʘʤʠ), ʧʽʜʚʠʱʫʶʯʠ ʪʦʢʩʠʯʥʽʩʪʴ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʚʦʜʠ. 

ɹʦʡʦʚʽ ʜʽʾ ʨʦʩʽʡʩʴʢʦʛʦ ʬʣʦʪʫ ʧʨʦʪʠ ʋʢʨʘʾʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʤʘʩʦʚʦʛʦ 

ʚʠʢʠʜʫ ʜʝʣʴʬʽʥʽʚ ʚ ʘʢʚʘʪʦʨʽʾ ʏʦʨʥʦʛʦ ʤʦʨʷ. ʅʘ ʜʫʤʢʫ ʧʨʦʚʽʜʥʠʭ ʪʫʨʝʮʴʢʠʭ 

ʤʦʨʩʴʢʠʭ ʝʢʦʣʦʛʽʚ, ʦʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ï ʨʦʙʦʪʘ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʛʽʜʨʦʣʦʢʘʪʦʨʽʚ ʚʦʻʥʥʠʭ ʢʦʨʘʙʣʽʚ ʽ ʧʽʜʚʦʜʥʠʭ ʯʦʚʥʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ ʟʙʽʡ 

ʝʭʦʣʦʢʘʮʽʾ ʫ ʜʝʣʴʬʽʥʽʚ, ʷʢʽ ʥʝ ʣʠʰʝ ʥʝ ʤʦʞʫʪʴ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʜʦʙʠʯ ʽ 

ʛʦʣʦʜʫʶʪʴ, ʘʣʝ ʡ ʚʪʨʘʯʘʶʪʴ ʦʨʽʻʥʪʘʮʽʶ ʫ ʧʨʦʩʪʦʨʽ, ʦʧʠʥʷʶʯʠʩʴ ʥʘ ʩʢʝʣʷʭ 

ʯʠ ʥʘ ʙʝʨʝʟʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʩʢʦʨʦʯʝʥʥʷ ʧʦʧʫʣʷʮʽʾ ʜʝʣʴʬʽʥʽʚ ʟʘʛʨʦʞʫʻ 

ʽʩʥʫʚʘʥʥʶ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʥʠʤʠ ʭʘʨʯʦʚʠʤʠ ʣʘʥʮʶʛʘʤʠ ʩʫʙʧʦʧʫʣʷʮʽʡ ʨʠʙ ʽ 

ʽʥʰʠʭ ʛʽʜʨʦʙʽʦʥʪʽʚ. 

ɺʠʱʝ ʥʘʚʝʞʝʥʝ, ʘ ʪʘʢʦʞ ʘʥʘʣʽʟ ʧʨʘʮʴ ʚʽʪʯʠʟʥʷʥʠʭ ʽ ʟʘʨʫʙʽʞʥʠʭ ʚʯʝʥʠʭ 

ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ʥʘʡ ʚʘʞʢʠʤʠ ʝʢʦʣʦʛʽʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʜʣʷ ʙʽʦʩʬʝʨʠ ʪʘ 

ʾʾ ʩʢʣʘʜʦʚʠʭ ʻ ʧʦʨʫʰʝʥʥʷ ʨʝʯʦʚʠʥʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ, ʟʘʚʜʘʥʽ ʚʽʡʥʦʶ 

ʽ ʚʦʻʥʥʦʶ ʘʛʨʝʩʽʻʶ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ ʪʠʤ, ʱʦ ʝʢʦʥʦʤʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʞʥʘ 

ʚʽʜʥʦʚʠʪʠ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʜʦʩʪʘʪʥʴʦʾ ʙʘʟʠ ʛʨʦʰʦʚʠʭ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ, ʘ 

ʧʦʩʪʨʘʞʜʘʣʝ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ ʱʝ ʜʦʚʛʦ (ʜʝʩʷʪʢʠ ʨʦʢʽʚ, ʩʪʦʣʽʪʪʷ ʽ, 

ʥʘʚʽʪʴ ï ʪʠʩʷʯʦʣʽʪʪʷ) ʙʫʜʝ ʟʙʝʨʽʛʘʪʠ ʚʽʜʣʫʥʥʷ ʚʦʻʥʥʠʭ ʜʽʡ (ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʘʪʦʤʥʦʾ, ʙʽʦʣʦʛʽʯʥʦʾ ʽ ʭʽʤʽʯʥʦʾ ʟʙʨʦʾ). 

ɿʘʛʘʣʴʥʠʡ ʚʧʣʠʚ ʚʦʻʥ ʥʘ ʙʽʦʩʬʝʨʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʫʡʥʘʮʽʷʤʠ ʽ 

ʟʘʙʨʫʜʥʝʥʥʷʤ ʩʢʣʘʜʦʚʠʭ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ, ʘ ʩʘʤʝ: 

- ʧʦʨʫʰʝʥʥʷʤ ʮʽʣʽʩʥʦʩʪʽ ʜʝʨʥʫ ʽ ʩʪʨʫʢʪʫʨʠ ʟʝʤʝʣʴ (ʧʽʜ ʯʘʩ ʨʠʪʪʷ ʦʢʦʧʽʚ, 

ʙʫʜʫʚʘʥʥʷ ʫʢʨʽʧʣʝʥʴ, ʧʨʦʩʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʤʘʩʠ ʣʶʜʝʡ, ʟʙʨʦʾ ʽ ʚʽʡʩʴʢʦʚʦʾ 

ʪʝʭʥʽʢʠ), ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʧʦʩʠʣʝʥʥʷ ʚʽʪʨʦʚʦʾ ʽ ʚʦʜʥʦʾ ʝʨʦʟʽʾ ʛʨʫʥʪʫ; 
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- ʚʠʨʫʙʘʥʥʷʤ ʣʽʩʽʚ ʽ ʥʘʚʤʠʩʥʠʤ ʦʪʨʫʻʥʥʷʤ ʚʦʜʥʠʭ ʜʞʝʨʝʣ; 

- ʪʘʢʪʠʢʦʶ ʚʠʧʘʣʝʥʦʾ ʟʝʤʣʽ, ʱʦ ʟʥʠʱʫʻ ʧʦʩʽʚʠ ʽ ʪʨʘʚôʷʥʠʡ ʧʦʢʨʠʚ; 

- ʣʶʜʩʴʢʠʤʠ ʧʦʭʦʚʘʥʥʷʤʠ, ʷʢʽ ʟʘʣʠʰʘʶʪʴʩʷ ʫ ʤʽʩʮʷʭ ʚʽʡʩʴʢʦʚʠʭ ʙʠʪʚ, 

ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʨʠ ʨʦʟʢʣʘʜʘʥʥʽ ʪʨʫʧʽʚ ʜʦ ʛʨʫʥʪʫ, ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ 

ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʦʡʤ ʧʦʪʨʘʧʣʷʶʪʴ ʧʘʪʦʛʝʥʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽ ʪʨʫʧʥʽ 

ʦʪʨʫʪʠ; 

- ʟʘʙʨʫʜʥʝʥʥʷʤ ʟʝʤʝʣʴ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʫʣʘʤʢʽʚ ʤʽʥ, ʛʨʘʥʘʪ ʽ ʙʦʤʙ, ʘ 

ʪʘʢʦʞ ʥʘʙʦʷʤʠ, ʱʦ ʥʝ ʨʦʟʽʨʚʘʣʠʩʷ; 

- ʧʦʨʫʰʝʥʥʷʤ ʛʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʟʥʠʱʝʥʥʷʤ ʪʚʘʨʠʥ, ʣʽʩʦʚʠʤʠ ʽ 

ʩʪʝʧʦʚʠʤʠ ʧʦʞʝʞʘʤʠ, ʧʦʚôʷʟʘʥʠʤʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʽʘʮʽʡʥʠʭ ʙʦʤʙ; 

- ʥʘʬʪʦʚʠʤ ʽ ʤʘʩʪʠʣʴʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʤʦʨʽʚ ʽ ʦʢʝʘʥʽʚ ʧʨʠ ʧʽʜʨʠʚʽ ʪʘʥʢʝʨʽʚ 

ʽ ʚʽʡʩʴʢʦʚʠʭ ʢʦʨʘʙʣʽʚ ʪʦʱʦ. 

ɽʢʦʣʦʛʽʯʥʽ ʥʘʩʣʽʜʢʠ ʚʽʡʩʴʢʦʚʦʾ ʘʛʨʝʩʽʾ ʥʘ ʧʨʠʢʣʘʜʽ ʧʦʩʪʨʘʞʜʘʣʠʭ 

ʪʝʨʠʪʦʨʽʡ ʋʢʨʘʾʥʠ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʩʚʦʻʨʽʜʥʦʶ ʤʦʜʝʣʣʶ ʜʣʷ 

ʽʥʰʠʭ ʨʝʛʽʦʥʽʚ ʩʚʽʪʫ. ɿʦʢʨʝʤʘ, ʥʘ ʦʢʫʧʦʚʘʥʠʭ ʨʦʩʽʻʶ ʪʝʨʠʪʦʨʽʷʭ ɼʦʥʝʮʴʢʦʛʦ 

ʨʝʛʽʦʥʫ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʟʨʦʩʪʘʻ ʝʢʦʣʦʛʽʯʥʘ ʢʘʪʘʩʪʨʦʬʘ ʽ ʟʥʠʱʫʻʪʴʩʷ 

ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʢʦʞʥʠʡ ʝʣʝʤʝʥʪ ʩʚʦʛʦ ʯʘʩʫ ʚʠʢʦʥʫʚʘʚ 

ʧʨʠʨʦʜʦʟʘʭʠʩʥʽ ʬʫʥʢʮʽʾ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʨʫʡʥʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʰʘʭʪ ɼʦʥʙʘʩʫ ʤʘʪʠʤʝ ʨʷʜ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ 

ʽʟ ʟʘʪʦʧʣʝʥʥʷʤ ʰʘʭʪ ʽ ʧʽʜʪʦʧʣʝʥʥʷʤ ʪʝʨʠʪʦʨʽʾ, ʚʠʩʦʢʦ ʤʽʥʝʨʘʣʽʟʦʚʘʥʠʤʠ 

ʰʘʭʪʥʠʤ ʚʦʜʘʤʠ, ʘ ʩʘʤʝ: 

1. ʐʘʭʪʥʽ ʚʦʜʠ ʤʘʶʪʴ ʦʟʥʘʢʠ ʣʫʞʥʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʪʦʤʫ ʧʨʠ ʟʘʪʦʧʣʝʥʥʽ 

ʛʽʨʥʠʯʠʭ ʚʠʨʦʙʦʢ ʚʦʥʠ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʩʪʽʡʢʦʾ ʢʦʨʦʟʽʾ ʰʘʭʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʽ ʟʘʣʽʟʥʦʾ ʘʨʤʘʪʫʨʠ ʧʽʜʟʝʤʥʠʭ ʛʘʣʝʨʝʡ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʩʪʘʥʝ ʣʘʥʮʶʛ 

ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʭ ʥʝʛʘʪʠʚʥʠʭ ʷʚʠʱ: ʟʘʪʦʧʣʝʥʥʷ ʽ ʦʙʨʫʰʝʥʥʷ ʰʘʭʪʥʠʭ 

ʚʠʨʦʙʦʢ Ÿ ʧʨʦʩʽʜʘʥʥʷ ˇʨʫʥʪʫ Ÿ ʨʫʡʥʘʮʽʷ ʬʫʥʜʘʤʝʥʪʽʚ ʽ ʩʧʦʨʫʜ, ʷʢ ʩʘʤʠʭ 

ʰʘʭʪ, ʪʘʢ ʽ ʧʨʠʣʝʛʣʠʭ ʜʦ ʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʧʨʠʚʘʪʥʠʭ ʩʘʜʠʙ ʽ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ (ʧʽʜʡʦʤ ʰʘʭʪʥʠʭ ʚʦʜ ʜʦ ʨʽʚʥʷ ʤʝʥʰʝ 3 ʤ ʚʽʜ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ ʟʝʤʣʽ, 

ʧʨʠʩʢʦʨʶʻ ʾʾ ʧʨʦʩʽʜʘʥʥʷ ʡ ʛʦʨʠʟʦʥʪʘʣʴʥʠʡ ʟʩʫʚ; ʷʢ ʥʘʩʣʽʜʦʢ ï ʥʝʙʝʟʧʝʯʥʘ 

ʜʝʬʦʨʤʘʮʽʷ ʽ ʨʫʡʥʘʮʽʷ ʞʠʪʣʦʚʠʭ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʥʘʬʪʦ- ʽ 

ʛʘʟʦʧʨʦʚʦʜʽʚ, ʟʘʣʽʟʥʠʯʥʠʭ ʜʦʨʽʛ, ʘʚʪʦʰʣʷʭʽʚ, ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, 

ʢʣʘʜʦʚʠʱ, ʩʢʦʪʦʤʦʛʠʣʴʥʠʢʽʚ ʽ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ). 

2. ʇʦʪʨʘʧʣʷʥʥʷ ʰʘʭʪʥʠʭ ʚʦʜ ʜʦ ʧʽʜʟʝʤʥʠʭ ʚʦʜʦʥʦʩʥʠʭ ʛʦʨʠʟʦʥʪʽʚ 

ʚʠʢʣʠʯʝ ʟʘʙʨʫʜʥʝʥʥʷ ʢʦʣʦʜʷʟʥʠʭ, ʜʞʝʨʝʣʴʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ. 

3. ʇʽʜʽʡʤʘʶʯʠʩʴ ʜʦ ʜʝʥʥʦʾ ʧʦʚʝʨʭʥʽ, ʰʘʭʪʥʽ ʚʦʜʠ ʙʫʜʫʪʴ ʨʫʡʥʫʚʘʪʠ 

ʢʦʨʝʥʝʚʫ ʩʠʩʪʝʤʫ ʜʫʙʦʚʠʭ ʽ ʩʦʩʥʦʚʠʭ ʣʽʩʦʚʠʭ ʥʘʩʘʜʞʝʥʴ, ʷʢʽ ʚ ʤʠʥʫʣʽ ʯʘʩʠ 

ʩʪʚʦʨʶʚʘʣʠʩʷ ʟ ʤʝʪʦʶ ʬʦʨʤʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ ʩʪʝʧʦʚʦʾ ʟʦʥʠ ʩʧʨʠʷʪʣʠʚʦʛʦ 

(ʙʽʣʴʰ ʧʨʦʭʦʣʦʜʥʦʛʦ ʽ ʚʦʣʦʛʦʛʦ) ʤʽʢʨʦʢʣʽʤʘʪʫ, ʘ ʪʦʤʫ ʾʭ ʚʪʨʘʪʘ ʥʝʤʠʥʫʯʝ 

ʧʦʛʽʨʰʠʪʴ ʽ ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ ʞʠʪʪʷ. 

4. ʇʽʜʪʦʧʣʝʥʥʷ ʰʘʭʪʥʠʤʠ ʚʦʜʘʤʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʟʝʤʝʣʴ 

ʚʠʢʣʠʯʝ ʾʭ ʩʪʨʽʤʢʝ ʽ ʩʠʣʴʥʝ ʟʘʩʦʣʝʥʥʷ, ʽ, ʷʢ ʥʘʩʣʽʜʦʢ ï ʮʽ ʟʝʤʣʽ ʙʫʜʫʪʴ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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5. ʅʝʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʘʪʦʧʣʝʥʥʷ ʰʘʭʪ ʨʘʟʦʤ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ ʽ ʚʠʙʫʭʦʚʦʾ ʟʙʨʦʾ ʚʠʢʣʠʯʫʪʴ ʰʚʠʜʢʦʧʣʠʥʥʫ ʚʽʪʨʦʚʫ ʽ 

ʚʦʜʥʫ ʝʨʦʟʽʶ ʟʝʤʝʣʴ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʦʥʠ ʚʪʨʘʪʷʪʴ ʨʦʜʶʯʽʩʪʴ.  

6. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʝʷʢʽ ʰʘʭʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʷʢ ʤʽʩʮʷ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʭʦʜʽʚ, ʪʦ ʫ ʚʠʧʘʜʢʫ ʧʽʜʪʦʧʣʝʥʥʷ ʟʝʤʝʣʴ ʨʘʟʦʤ ʽʟ ʰʘʭʪʥʠʤʠ ʚʦʜʘʤʠ ʜʦ 

ʧʽʜʟʝʤʥʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜʥʠʭ ʜʞʝʨʝʣ ʧʦʪʨʘʧʣʷʪʴ ʚʦʜʦʨʦʟʯʠʥʥʽ ʩʢʣʘʜʦʚʽ 

ʮʠʭ ʚʽʜʭʦʜʽʚ. 

ʂʨʽʤ ʮʠʭ ʧʨʦʙʣʝʤ ʚʠʥʠʢʘʶʪʴ ʽ ʽʥʰʽ:  

- ʥʝʙʝʟʧʝʢʘ ʚʠʭʦʜʫ ʤʝʪʘʥʫ ʥʘ ʧʦʚʝʨʭʥʶ ʽʟ ʥʝʧʨʘʮʶʶʯʠʭ ʰʘʭʪ, ʱʦ 

ʩʪʚʦʨʶʚʘʪʠʤʝ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʫ ʩʠʪʫʘʮʽʶ; 

- ʟʘʛʨʦʟʘ ʝʢʦʣʦʛʽʯʥʦʾ ʢʘʪʘʩʪʨʦʬʠ ʧʨʠ ʧʦʰʢʦʜʞʝʥʥʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʯʠ ʜʘʤʙ, 

ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʰʣʘʤʦʚʽʜʩʪʽʡʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚ;  

- ʫ ʚʠʧʘʜʢʫ ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʾ ʻʤʥʦʩʪʝʡ ʽʟ ʭʣʦʨʦʤ ʥʘ ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʩʪʘʥʮʽʷʭ 

ʮʝʡ ʪʦʢʩʠʢʘʥʪ ʟʥʠʱʠʪʴ ʞʠʪʪʷ ʚ ʨʘʜʽʫʩʽ ʜʝʢʽʣʴʢʦʭ ʢʽʣʦʤʝʪʨʽʚ. 
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ɻʨʫʟʜʦʚʘ ɺ. ʆ., ʟʜʦʙʫʚʘʯʢʘ ʚʠʱʦʾ ʦʩʚʽʪʠ (ʤʘʛʽʩʪʨ),  

ʂʦʣʦʰʢʦ ʖ. ɺ., ʚʠʢʣʘʜʘʯʢʘ ʢʘʬʝʜʨʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʪʝʭʥʦʛʝʥʥʦ-

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ 

ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ʉʂʃɸɼʆɺɯ ɻɸʈɸʅʊɯɰ ɽʂʆʃʆɻɯʏʅʆɰ ɹɽɿʇɽʂʀ  

ʋ ʉʋʏɸʉʅʆʄʋ ɸɻʈʆʂʆʄʇʃɽʂʉɯ 

 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ ʥʘʰʦʾ 

ʜʝʨʞʘʚʠ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʾʾ ʪʝʨʠʪʦʨʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʦʛʦ, ʱʦ ʚ ʋʢʨʘʾʥʽ ʚʘʛʦʤʠʡ ʚʥʝʩʦʢ ʚ ʥʘʨʦʜʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʟʜʽʡʩʥʶʻ 

ʘʛʨʦʢʦʤʧʣʝʢʩ, ʧʠʪʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʤʘʻ 

ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ.  

ʑʦʨʽʯʥʦ ʧʦʣʦʚʠʥʫ ʟʘʧʘʩʽʚ ʧʨʦʜʦʚʦʣʴʩʪʚʘ ʚ ʩʚʽʪʽ ʧʦʰʢʦʜʞʫʶʪʴ ʘʙʦ 

ʟʥʠʱʫʶʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʧʝʨʝʚʘʞʥʦ ʧʣʽʩʥʷʚʽ ʤʽʢʨʦʛʨʠʙʠ, ʢʦʤʘʭʠ, 

ʛʨʠʟʫʥʠ, ʧʪʘʭʠ ʪʘ ʽʥʰʽ ʰʢʽʜʥʠʢʠ. ʊʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʫ 

ʝʢʦʥʦʤʽʯʥʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʟʘʧʨʦʚʘʜʞʝʥʦ ʫ ʧʨʘʢʪʠʢʫ ʦʙʨʦʙʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʚʝʜʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʽ ʨʦʩʣʠʥʥʠʮʪʚʘ, ʟʦʢʨʝʤʘ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʷʢ ʥʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʚʘʨʽʘʥʪʽʚ, ʪʘʢ ʽ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʬʦʨʤ ʚʝʜʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʨʽʟʥʠʭ ʬʦʨʤ ʚʝʜʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʟʦʢʨʝʤʘ, ʨʦʩʣʠʥʥʠʮʪʚʘ, ʚ ʯʘʩʪʠʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʠʤʠ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ.  

ʊʘʢ, ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʦʢʨʽʤ ʪʘʢ ʟʚʘʥʠʭ, ʪʨʘʜʠʮʽʡʥʠʭ, ʬʦʨʤ 

ʚʝʜʝʥʥʷ, ʥʘ ʩʴʦʛʦʜʥʽ ʩʬʦʨʤʫʚʘʚʩʷ ʱʝ ʦʜʠʥ ʥʘʧʨʷʤʦʢ ï çʦʨʛʘʥʽʯʥʝ ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦè. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʨʘʜʠʮʽʡʥʝ ʩʽʣʴʩʴʢʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʚ ʤʝʞʘʭ 

ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ ʜʦʩʠʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʨʽʟʥʽ ʘʛʨʦʭʽʤʽʢʘʪʠ 

(ʨʦʩʣʠʥʥʠʮʪʚʦ) ʪʘ ʤʝʜʠʯʥʽ ʧʨʝʧʘʨʘʪʠ (ʪʚʘʨʠʥʥʠʮʪʚʦ), ʱʦ ʟʘ ʩʚʦʻʶ 

ʧʨʠʨʦʜʦʶ ʻ ʭʽʤʽʯʥʠʤʠ ʩʧʦʣʫʢʘʤʠ, ʯʘʩʪʦ ʰʪʫʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʟʨʦʩʪʘʥʥʷ (ʜʦʟʨʽʚʘʥʥʷ) 

ʩʽʣʴʛʦʩʧʪʚʘʨʠʥ ʯʠ ʢʫʣʴʪʫʨ. 

ɽʢʦʣʦʛʽʯʥʽʩʪʴ ʦʨʛʘʥʽʯʥʦʛʦ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, ʟʦʢʨʝʤʘ, 

ʨʦʩʣʠʥʥʠʮʪʚʘ, ʻ ʙʽʣʴʰ ʦʯʝʚʠʜʥʦʶ ï ʩʘʤʽ ʫʤʦʚʠ ʡʦʛʦ ʚʝʜʝʥʥʷ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʚʠʢʣʶʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ, ʧʝʩʪʠʮʠʜʽʚ, ɻʄʆ-ʧʨʦʜʫʢʮʽʾ 

ʪʦʱʦ [1].  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʪʨʘʜʠʮʽʡʥʦʛʦ ʨʦʩʣʠʥʥʠʮʪʚʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʙʝʟʧʝʢʠ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʚʥʘʩʣʽʜʦʢ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʤʽʥʝʨʘʣʴʥʠʭ ʪʘ ʰʪʫʯʥʠʭ ʦʨʛʘʥʽʯʥʠʭ ʜʦʙʨʠʚ, ʛʝʨʙʽʮʠʜʽʚ, ʽʥʩʝʢʪʠʮʠʜʽʚ ʪʘ 

ʽʥʰʠʭ ʧʝʩʪʠʮʠʜʽʚ. 
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ʋ ʨʦʙʦʪʽ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʧʠʪʘʥʥʷ ʧʦʚʦʜʞʝʥʥʷ ʟ 

ʧʝʩʪʠʮʠʜʘʤʠ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʜʦʚʢʽʣʣʷ.  

ʉʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʘ ʩʠʨʦʚʠʥʘ ʽ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʟʘʙʨʫʜʥʶʶʪʴʩʷ 

ʧʝʩʪʠʮʠʜʘʤʠ ʧʨʷʤʠʤ ʽ ʥʝʧʨʷʤʠʤ ʰʣʷʭʘʤʠ. ʇʨʷʤʠʤ ʰʣʷʭʦʤ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ï ʟʝʨʥʘ, 

ʬʫʨʘʞʫ ʪʘ ʽʥʰʠʭ ʧʨʦʜʦʚʦʣʴʯʠʭ ʟʘʧʘʩʽʚ. ɼʦ ʥʝʧʨʷʤʠʭ ʰʣʷʭʽʚ ʟʘʙʨʫʜʥʝʥʥʷ 

ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʩʪʠʮʠʜʘʤʠ ʥʘʣʝʞʘʪʴ: ʤʽʛʨʘʮʽʷ ʾʭ ʫ ʨʦʩʣʠʥʠ ʟ ˇʨʫʥʪʫ, 

ʟʘʙʨʫʜʥʝʥʥʷ ʨʦʩʣʠʥ ʧʽʜ ʯʘʩ ʨʦʟʧʫʰʫʚʘʥʥʷ ˇʨʫʥʪʫ, ʟʘʥʝʩʝʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʫ 

ʧʝʨʽʦʜ ʦʙʨʦʙʣʝʥʥʷ ʩʽʣʴʛʦʩʧʧʦʣʽʚ ʥʘ ʩʫʩʽʜʥʽ ʪʝʨʠʪʦʨʽʾ ʪʘ ʫ ʚʦʜʦʡʤʠ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʙʨʫʜʥʝʥʦʾ ʚʦʜʠ ʧʽʜ ʯʘʩ ʧʦʚʪʦʨʥʦʛʦ ʧʦʣʠʚʫ ʨʦʩʣʠʥ, 

ʦʙʨʦʙʣʝʥʥʷ ʣʽʩʽʚ ʪʘ ʣʽʩʦʥʘʩʘʜʞʝʥʴ ʧʝʩʪʠʮʠʜʘʤʠ [2].  

ʅʘ ʟʤʽʥʫ ʙʽʣʴʰ ʚʽʜʦʤʠʤ ʭʣʦʨʦʨʛʘʥʽʯʥʠʤ ʽ ʬʦʩʬʦʨʦʨʛʘʥʽʯʥʠʤ ʭʽʤʽʯʥʠʤ 

ʟʘʩʦʙʘʤ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʧʨʠʡʰʣʠ ʧʝʩʪʠʮʠʜʠ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʛʨʫʧ 

ʩʫʣʴʬʦʥʽʣʩʝʯʦʚʠʥʠ, ʧʝʨʝʪʨʦʾʜʽʚ, ʪʨʽʘʟʦʣʽʚ ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʨʦʩʣʠʥ ʻ ʤʽʛʨʘʮʽʷ ʧʝʩʪʠʮʠʜʽʚ ʫ ˇʨʫʥʪʽ. ʊʘʢ, 

ʬʦʩʬʦʨʦʨʛʘʥʽʯʥʽ ʧʝʩʪʠʮʠʜʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʥʴʦʤʫ ʚʧʨʦʜʦʚʞ ʜʥʽʚ-ʪʠʞʥʽʚ, 

ʢʘʨʙʘʤʘʪʠ ʽ ʧʦʭʽʜʥʽ ʨʝʯʦʚʠʥʠ ï ʪʠʞʥʽ-ʤʽʩʷʮʽ, ʭʣʦʨʦʨʛʘʥʽʯʥʽ ï ʤʽʩʷʮʽ-ʨʦʢʠ. 

ɿʘʪʨʠʤʫʶʯʠʩʴ ʫ ˇʨʫʥʪʽ ʚʧʨʦʜʦʚʞ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ, ʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ 

ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʢʦʨʝʥʝʧʣʦʜʠ ʪʘ ʙʫʣʴʙʦʧʣʦʜʠ, ʥʘʟʝʤʥʽ ʯʘʩʪʠʥʠ ʨʦʩʣʠʥ, 

ˇʨʫʥʪʦʚʽ ʚʦʜʠ, ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʪʘ ʟʤʠʚʘʶʪʴʩʷ ʜʦʱʦʚʠʤʠ ʽ ʪʘʣʠʤʠ 

ʚʦʜʘʤʠ ʫ ʚʦʜʦʡʤʠ. ˆʨʫʥʪʦʚʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʘʜʘʧʪʫʶʪʴʩʷ ʜʦ ʧʝʩʪʠʮʠʜʽʚ ʪʘ 

ʧʦʯʠʥʘʶʪʴ ʨʫʡʥʫʚʘʪʠ ʾʭ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʘʙʦ ʧʨʠʛʥʽʯʫʶʪʴʩʷ ʡ ʛʠʥʫʪʴ. 

ʅʝʩʧʨʠʷʪʣʠʚʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ ʻ ʟʘʙʨʫʜʥʝʥʥʷ 

ʚʦʜʠ, ˇʨʫʥʪʫ, ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʭʨʦʥʽʯʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʽ ʛʦʩʪʨʽ ʦʪʨʫʻʥʥʷ, 

ʫʨʦʜʞʝʥʥʽ ʘʥʦʤʘʣʽʾ ʨʦʟʚʠʪʢʫ ʞʠʚʠʭ ʽʩʪʦʪ.  

ʈʽʟʥʘ ʭʽʤʽʯʥʘ ʩʪʽʡʢʽʩʪʴ ʧʝʩʪʠʮʠʜʽʚ ʚʠʟʥʘʯʘʻ ʨʽʚʝʥʴ ʾʭʥʽʭ ʟʘʣʠʰʢʦʚʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʫ ʦʙËʻʢʪʘʭ ʙʽʦʩʬʝʨʠ ʽ ʜʠʥʘʤʽʢʫ ʤʽʛʨʘʮʽʾ ʫ ʙʽʦʣʦʛʽʯʥʦʤʫ 

ʭʘʨʯʦʚʦʤʫ ʣʘʥʮʶʟʽ.  

ʊʨʠʚʘʣʘ ʩʪʽʡʢʽʩʪʴ ʧʝʩʪʠʮʠʜʽʚ ʻ ʦʩʥʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʚʪʦʨʠʥʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʢʦʣʠ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ, ʷʢʽ ʥʽʢʦʣʠ ʥʝ ʧʽʜʜʘʚʘʣʠʩʷ ʦʙʨʦʙʣʝʥʥʶ 

ʧʝʩʪʠʮʠʜʘʤʠ, ʾʭ ʤʽʩʪʷʪʴ. ɯʨʠʛʘʮʽʡʥʽ ʚʦʜʠ ʟʨʦʰʫʚʘʣʴʥʠʭ ʩʠʩʪʝʤ ʽʟ ʟʘʣʠʰʢʘʤʠ 

ʧʝʩʪʠʮʠʜʽʚ ʧʽʩʣʷ ʾʭʥʴʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʪʨʘʧʣʷʶʪʴ ʫ ʧʨʠʤʦʨʩʴʢʽ ʣʠʤʘʥʠ, 

ʫ ʚʦʜʽ ʷʢʠʭ ʪʦʢʩʠʢʘʥʪʠ ʚʽʜʩʫʪʥʽ ʘʙʦ ʤʽʩʪʷʪʴʩʷ ʫ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ, 

ʪʠʤʯʘʩʦʤ ʫ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʷʢʽ ʥʘʷʚʥʽ ʫ ʜʦʥʥʦʤʫ ʦʩʘʜʽ, ʚʦʜʦʨʦʩʪʷʭ ʽ 

ʦʢʨʝʤʠʭ ʦʨʛʘʥʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʨʠʙ.  

ʗʢ ʚʠʩʥʦʚʦʢ, ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ, ʧʝʩʪʠʮʠʜʠ ʚʠʩʪʫʧʘʶʪʴ ʚʘʞʣʠʚʠʤ 

ʯʠʥʥʠʢʦʤ ʚʧʣʠʚʫ ʣʶʜʠʥʠ ʥʘ ʜʦʚʢʽʣʣʷ, ʱʦ ʤʘʻ ʧʝʚʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ 

ʞʠʚʠʡ ʦʨʛʘʥʽʟʤ. ɿʥʘʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʝʨʠʪʦʨʽʡ ʻ ʧʝʨʝʭʽʜ ʜʦ ʚʝʜʝʥʥʷ ʦʨʛʘʥʽʯʥʦʛʦ 

ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʟ ʧʦʚʥʦʶ ʚʽʜʤʦʚʦʶ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʦʰʫʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʘʨʽʘʥʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʩʪʠʮʠʜʽʚ, 

ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʝʢʦʣʦʛʽʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ ʟʘʭʠʩʪʫ ʚʽʜ ʰʢʽʜʥʠʢʽʚ, ʭʚʦʨʦʙ ʪʘ 

ʙʫʨôʷʥʽʚ ʪʘ ʚʢʣʶʯʘʶʪʴ ʪʘʢʦʞ ʙʽʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʙʦʨʦʪʴʙʠ.  
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ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ʃʦʙʦʡʯʝʥʢʦ ɺ. ʄ., ɻʨʫʟʜʦʚʘ ɺ. ʆ. ɽʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʨʦʟʚʠʪʢʫ 

ʦʨʛʘʥʽʯʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʚ ʍʘʨʢʽʚʩʴʢʽʡ 

ʦʙʣʘʩʪʽ, ʋʢʨʘʾʥʘ. ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

çɸʛʨʦʝʢʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʧʝʨʝʨʦʙʢʠ ʧʨʦʜʫʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘè, ʄʝʣʽʪʦʧʦʣʴ-ʂʠʨʠʣʽʚʢʘ, 7-8 ʯʝʨʚʥʷ 2018 ʨ. ʉ. 71. 

2. ʇʦʥʦʤʘʨʴʦʚ ʇ. ʍ., ʉʠʨʦʭʤʘʥ ɯ. ɺ. ɹʝʟʧʝʢʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ 

ʪʘ ʧʨʦʜʦʚʦʣʴʯʦʾ ʩʠʨʦʚʠʥʠ : ʥʘʚʯ. ʧʦʩʽʙ. ʂ., ʃʽʙʨʘ, 1999. 
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ɻʫʛʣʠʯ ʉ. ɯ., ʂʽʤ ɸ. ʈ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, 

 ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

  
ɿɸɹɽɿʇɽʏɽʅʅʗ  ʅɸʉɽʃɽʅʅʗ ʅɽʆɹʍɯɼʅʆɰ ʂɯʃʔʂʆʉʊɯ 

ʄɯʂʈʆɽʃɽʄɽʅʊɯɺ ʐʃʗʍʆʄ ʌʆʈʊʀʌɯʂɸʎɯɰ ʊɸ 

ɹɯʆʌʆʈʊʀʌɯʂɸʎɯɰ ʇʈʆɼʋʂʊɯɺ ɸʇʂ 

 
ʇʦʚʥʦʮʽʥʥʝ ʭʘʨʯʫʚʘʥʥʷ ʻ ʧʝʨʝʜʫʤʦʚʦʶ ʟʜʦʨʦʚʦʛʦ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ 

ʣʶʜʠʥʠ ʥʝ ʪʽʣʴʢʠ ʱʦʜʦ ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ, ʘʣʝ ʽ ʷʢʦʩʪʽ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ. ʅʝʜʦʩʪʘʪʥʽʡ ʟʘʧʘʩ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʟ̔ ʘʙʦ ʙʝʟ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʝʥʝʨʛʽʾ ʪʘ ʙʽʣʢʘ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʷʢ çʧʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜè. ʇʨʦʙʣʝʤʘ ʚ ʪʦʤʫ, ʱʦ çʧʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜè ʯʘʩʪʦ ʥʝ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʝʨʝʟ ʧʽʟʥʽʡ ʧʨʦʷʚ ʚʠʜʠʤʠʭ ʢʣʽʥʽʯʥʠʭ ʩʠʤʧʪʦʤʽʚ. ɹʽʜʥʽʩʪʴ ʽ 

ʧʦʛʘʥʘ ʦʩʚʽʪʘ, ʟʦʢʨʝʤʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʥʘʥʴ ʧʨʦ ʘʜʝʢʚʘʪʥʝ ʩʧʦʞʠʚʘʥʥʷ ʾʞʽ ʧʽʜ 

ʯʘʩ ʚʘʛʽʪʥʦʩʪʽ, ʣʘʢʪʘʮʽʾ ʪʘ ʧʝʨʽʦʜʫ ʧʨʠʢʦʨʤʫ, ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ çʧʨʠʭʦʚʘʥʦʛʦ 

ʛʦʣʦʜʫè. ʇʨʠ ʮʴʦʤʫ çʧʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜè ʻ ʧʨʦʙʣʝʤʦʶ ʥʝ ʣʠʰʝ ʢʨʘʾʥ ʟ̔ 

ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʫ, ʘ ʡ ʢʨʘʾʥ ʟ̔ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʭʦʜʫ. ɺ ʦʙʦʭ ʛʨʫʧʘʭ 

ʢʨʘʾʥ ʢʽʣʴʢʽʩʪʴ ʜʽʪʝʡ, ʷʢʽ ʞʠʚʫʪʴ ʚ ʫʤʦʚʘʭ ʙʽʜʥʦʩʪʽ ʪʘ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʥʝʩʪʘʯʽ 

ʧʨʦʜʦʚʦʣʴʩʪʚʘ, ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʯʽʪʢʠʡ 

ʚʧʣʠʚ çʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫè ʥʘ ʤʦʟʦʢ ʪʘ ʧʦʜʘʣʴʰʠʡ ʢʦʛʥʽʪʠʚʥʠʡ ʨʦʟʚʠʪʦʢ 

ʫ ʜʽʪʝʡ. ɼʝʷʢʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʨʦʟʚʠʪʢʫ ʤʦʟʢʫ (ʟʦʢʨʝʤʘ, 

ʟʘʣʽʟʦ, ʤʽʜʴ, ʮʠʥʢ, ʡʦʜ, ʩʝʣʝʥ, ʚʽʪʘʤʽʥʠ ɸ, ɺ ʽ D), ʚʽʜʽʛʨʘʶʪʴ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ 

ʚʩʴʦʤʫ ʩʚʽʪʽ ʪʘʢʦʛʦ ʷʚʠʱʘ, ʷʢ çʧʨʠʭʦʚʘʥʠʡ ʛʦʣʦʜè. ɿʘ ʦʮʽʥʢʘʤʠ  ʝʢʩʧʝʨʪʽʚ 

ʙʣʠʟʴʢʦ 2 ʤʽʣʴʷʨʜʽʚ ʣʶʜʝʡ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʥʝʩʪʘʯʽ ʥʝʦʙʭʽʜʥʠʭ ʚʽʪʘʤʽʥʽʚ ʪʘ 

ʤʽʥʝʨʘʣʽʚ ʜʣʷ ʟʜʦʨʦʚôʷ, ʘ ʮʝ ʧʦʥʘʜ 30% ʥʘʩʝʣʝʥʥʷ ʩʚʽʪʫ [1]. 

ɸʣʝ ʧʦʢʣʘʩʪʠ ʢʨʘʡ çʧʨʠʭʦʚʘʥʦʤʫ ʛʦʣʦʜʫè ʚ ʤʝʞʘʭ ʥʘʰʦʾ ʤʦʞʣʠʚʦʩʪʽ, 

ʷʢʱʦ ʫʨʷʜ, ʛʨʦʤʘʜʷʥʩʴʢʝ ʩʫʩʧʽʣʴʩʪʚʦ ʪʘ ʧʨʠʚʘʪʥʠʡ ʩʝʢʪʦʨ ʩʧʽʣʴʥʦ 

ʧʨʘʮʶʶʪʴ ʥʘʜ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʧʝʨʝʚʽʨʝʥʠʭ ʥʝʜʦʨʦʛʠʭ ʨʽʰʝʥʴ. 

ɿʥʠʟʠʪʠ ʮʶ  ʩʪʘʪʠʩʪʠʢʫ ʤʦʞʝ ʧʨʦʮʝʜʫʨʘ ʬʦʨʪʠʬʽʢʘʮʽʾ (ʟʙʘʛʘʯʝʥʥʷ) 

ʙʦʨʦʰʥʘ ʬʦʣʽʻʚʦʶ ʢʠʩʣʦʪʦʶ, ʟʦʢʨʝʤʘ ʟʘʢʦʥʦʧʨʦʝʢʪ ˉ5657 çʇʨʦ 

ʬʦʨʪʠʬʽʢʘʮʽʶ ʙʦʨʦʰʥʘè, ʷʢʠʡ ʫʞʝ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʫ ʇʘʨʣʘʤʝʥʪʽ, ʧʨʦʧʦʥʫʻ 

ʟʦʙʦʚôʷʟʘʪʠ ʫʢʨʘʾʥʩʴʢʠʭ ʚʠʨʦʙʥʠʢʽʚ ʧʨʦʚʦʜʠʪʠ ʬʦʨʪʠʬʽʢʘʮʽʶ ʧʰʝʥʠʯʥʦʛʦ 

ʙʦʨʦʰʥʘ ʚʠʱʦʛʦ ʪʘ ʧʝʨʰʦʛʦ ʩʦʨʪʽʚ ʬʦʣʽʻʚʦʶ ʢʠʩʣʦʪʦʶ. ʇʨʠʡʥʷʪʪʷ ʮʴʦʛʦ 

ʟʘʢʦʥʦʧʨʦʝʢʪʫ ï ʥʘ ʩʴʦʛʦʜʥʽ ʮʝ ʞʠʪʪʻʚʦ ʥʝʦʙʭʽʜʥʝ, ʘʜʞʝ ʚ ʋʢʨʘʾʥʽ ʜʦ 6% 

ʤʘʣʶʢʽʚ ʟôʷʚʣʷʶʪʴʩʷ ʥʘ ʩʚʽʪ ʟ̔ ʚʨʦʜʞʝʥʠʤʠ ʚʘʜʘʤʠ ʨʦʟʚʠʪʢʫ, ʘ ʩʤʝʨʪʥʽʩʪʴ 

ʩʝʨʝʜ ʥʦʚʦʥʘʨʦʜʞʝʥʠʭ ï ʦʜʥʘ ʟ ʥʘʡʚʠʱʠʭ ʫ ɭʚʨʦʧʽ.  

ɼʦ ʪʦʛʦ ʞ, ʬʦʨʪʠʬʽʢʘʮʽʷ ʙʦʨʦʰʥʘ ʤʘʪʠʤʝ ʡ ʧʦʟʠʪʠʚʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ. ɯʟ ʢʦʞʥʦʾ ʛʨʠʚʥʽ, ʽʥʚʝʩʪʦʚʘʥʦʾ ʫ ʧʨʦʬʽʣʘʢʪʠʢʫ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ ʤʦʞʥʘ ʟʙʝʨʝʛʪʠ ʫ 20 ʨʘʟʽʚ ʙʽʣʴʰʝ ʢʦʰʪʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʤʝʜʠʯʥʠʤʠ ʪʘ ʥʝʤʝʜʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 
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ʦʧʽʢʠ ʥʘʜ ʭʚʦʨʦʶ ʜʠʪʠʥʦʶ. ʊʘʢʦʞ ʬʦʨʪʠʬʽʢʦʚʘʥʝ ʙʦʨʦʰʥʦ ʤʘʻ ʧʦʟʠʪʠʚʥʠʡ 

ʝʬʝʢʪ ʥʝ ʪʽʣʴʢʠ ʥʘ ʞʽʥʦʢ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ, ʘ ʡ ʟʘʛʘʣʦʤ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʟʜʦʨʦʚôʷ ʚʩʴʦʛʦ ʥʘʩʝʣʝʥʥʷ ï ʟʥʠʞʫʻ ʯʘʩʪʦʪʫ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ 

ʧʘʪʦʣʦʛʽʡ, ʘʜʞʝ ʜʝʬʽʮʠʪ ʬʦʣʘʪʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʛʦʤʦʮʠʩʪʝʾʥʫ ʚ ʢʨʦʚʽ, ʷʢʠʡ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʽʥʩʫʣʴʪʘʤʠ/ʽʥʬʘʨʢʪʘʤʠ  ï 

ʦʩʥʦʚʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʩʤʝʨʪʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. 

ɸʥʘʣʽʟ ʭʘʨʯʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ ʚʠʷʚʣʷʻ ʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʬʦʨʤʫʣʠ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʭʘʨʯʫʚʘʥʥʷ  ╖ ʧʽʜʚʠʱʝʥʘ ʝʥʝʨʛʝʪʠʯʥʘ ʮʽʥʥʽʩʪʴ 

ʭʘʨʯʦʚʦʛʦ ʨʘʮʽʦʥʫ ʟʘ ʨʘʭʫʥʦʢ ʪʚʘʨʠʥʥʠʭ ʞʠʨʽʚ  ̔ʚʫʛʣʝʚʦʜʽʚ, ʜʝʬʽʮʠʪ ʙʽʣʢʽʚ, 

ʙʘʛʘʪʴʦʭ ʚʽʪʘʤʽʥʽʚ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ. 

ʆʜʥʽʻ ʁʟ ʧʨʠʯʠʥ ʪʘʢʦʛʦ ʜʠʩʙʘʣʘʥʩʫ  ̒ʚʠʧʫʩʢ ʭʘʨʯʦʚʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ 

ʧʨʦʜʫʢʪʽʚ, ʷʢʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʠʤ ʥʦʨʤʘʤ ʨʘʮʽʦʥʘʣʴʥʦʛʦ 

ʭʘʨʯʫʚʘʥʥʷ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʭʘʨʯʦʚʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ [2]. 

ɯʥʰʠ ʤʝʪʦʜʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʩʝʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʤʠ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ 

 ̒ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʷ.  

 

ʈʠʩ.1. ʉʧʦʩʦʙʠ ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ 

 

      ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʜʘʚʘʣʘʩʷ ʧʝʨʝʚʘʛʘ ʘʛʨʦʥʦʤʽʯʥʽʡ 

ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʾ. ɹʝʟ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʨʠʥʮʠʧʦʚʦ ʥʝʤʦʞʣʠʚʝ ʧʦʚʥʦʮʽʥʥʝ 

ʟʘʩʚʦʻʥʥʷ ʦʩʥʦʚʥʠʭ ʜʦʙʨʠʚ (ʘʟʦʪʫ, ʬʦʩʬʦʨʫ ʽ ʢʘʣʽʶ) ʨʦʩʣʠʥʘʤʠ. ʅʝʩʪʘʯʘ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʧʦʨʫʰʫʻ ʦʙʤʽʥ ʨʝʯʦʚʠʥ ʪʘ ʧʝʨʝʙʽʛ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʨʦʩʣʠʥʽ. ʄʽʢʨʦʝʣʝʤʝʥʪʠ ʩʧʨʠʷʶʪʴ ʩʠʥʪʝʟʫ ʚ ʨʦʩʣʠʥʘʭ ʧʦʚʥʦʛʦ ʩʧʝʢʪʨʫ 

ʬʝʨʤʝʥʪʽʚ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʽʥʪʝʥʩʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʝʨʛʽʶ, ʚʦʜʫ ʪʘ 

ʤʘʢʨʦʝʣʝʤʝʥʪʠ.  
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ɿʥʘʯʥʘ ʯʘʩʪʠʥʘ ˇʨʫʥʪʽʚ ʋʢʨʘʾʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʟʘʙʝʟʧʝʯʝʥʘ ʮʠʥʢʦʤ, 

ʤʽʜʜʶ ʡ ʤʘʨʛʘʥʮʝʤ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʟʫʣʴʪʘʪʽʚ ʍ ʪʫʨʫ ʦʙʩʪʝʞʝʥʥʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ ʋʢʨʘʾʥʠ, ʥʝʜʦʩʪʘʪʥʽʡ ʚʤʽʩʪ ʨʫʭʦʤʦʛʦ ʮʠʥʢʫ 

ʤʘʶʪʴ 90,7% ʧʣʦʱ, ʤʽʜʽ ï 32,5% ʫʛʽʜʴ ʽ ʤʘʨʛʘʥʮʶ ï 12,5% [3]. 

      ɼʦʧʦʩʽʚʥʝ ʚʥʝʩʝʥʥʷ ʚʠʩʦʢʠʭ ʥʦʨʤ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʢʘʨʜʠʥʘʣʴʥʦʛʦ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʚʤʽʩʪʫ ʚ ˇʨʫʥʪʽ ʥʝ ʟʘʚʞʜʠ ʤʦʞʣʠʚʝ ʥʘ ˇʨʫʥʪʘʭ, ʷʢʽ ʤʘʶʪʴ 

ʧʦʪʝʥʮʽʡʥʦ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʟʚôʷʟʫʚʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʚʥʝʩʝʥʥʷ 

ʤʘʨʛʘʥʮʶ, ʤʽʜʽ ʯʠ ʮʠʥʢʫ ʥʘ ʢʘʨʙʦʥʘʪʥʠʭ ˇʨʫʥʪʘʭ ʧʨʠʟʚʦʜʠʪ ɹʜʦ ʾʭ ʰʚʠʜʢʦʾ 

ʜʝʤʦʙʽʣʽʟʘʮʽʾ. ɼʣʷ ʪʘʢʠʭ ˇʨʫʥʪʽʚ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʦʶ ʧʨʘʢʪʠʢʦʶ ʻ 

ʜʨʦʙʦʚʝ ʚʥʝʩʝʥʥʷ ʜʦʙʨʠʚ, ʟʦʢʨʝʤʘ, ʣʦʢʘʣʴʥʝ ʧʽʜ ʯʘʩ ʧʦʩʽʚʫ ʪʘ ʧʦʟʘʢʦʨʝʥʝʚʽ 

ʧʽʜʞʠʚʣʝʥʥʷ. ʇʨʠʯʦʤʫ ʧʨʠʧʦʩʽʚʥʝ ʚʥʝʩʝʥʥʷ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ 

ʧʨʦʬʽʣʘʢʪʠʯʥʝ, ʩʧʨʷʤʦʚʘʥʝ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʙʘʞʘʥʠʤ ʥʘʩʣʽʜʢʘʤ 

ʤʦʞʣʠʚʦʛʦ ʜʝʬʽʮʠʪʫ. 

        ʇʝʨʝʜʧʦʩʽʚʥʘ ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, ʦʩʦʙʣʠʚʦ ʟʝʨʥʦʚʠʭ 

ʢʫʣʴʪʫʨ, ʩʧʨʠʷʻ ʩʪʠʤʫʣʷʮʽʾ ʨʦʩʪʫ ʪʘ ʨʦʟʚʠʪʢʫ ʢʦʨʝʥʝʚʦʾ ʩʠʩʪʝʤʠ, 

ʟʙʽʣʴʰʝʥʥʶ ʾʾ ʤʘʩʠ ʪʘ ʜʦʚʞʠʥʠ ʢʦʨʽʥʮʽʚ, ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʽʶ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ 

ʧʦʣʴʦʚʫ ʩʭʦʞʽʩʪʴ ʧʦʩʽʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʜʧʦʩʽʚʥʘ ʦʙʨʦʙʢʘ ʥʘʩʽʥʥʷ ʪʘʢʦʞ 

ʻ ʜʦʩʠʪʴ ʧʦʰʠʨʝʥʦʶ ʧʨʘʢʪʠʢʦʶ, ʧʨʦʪʝ ʜʦʟʘ ʮʠʥʢʫ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʥʘʥʝʩʝʥʘ 

ʥʘ ʥʘʩʽʥʠʥʫ, ʜʫʞʝ ʦʙʤʝʞʝʥʘ ʽ ʤʦʞʝ ʚʽʜʽʛʨʘʚʘʪʠ ʧʦʤʽʪʥʫ ʨʦʣʴ ʣʠʰʝ ʫ ʜʫʞʝ 

ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ ʧʨʦʨʦʩʪʘʥʥʷ ʪʘ ʩʭʦʜʽʚ. 

        ʇʦʻʜʥʘʥʥʷ ʩʪʘʨʪʦʚʠʭ ʜʦʙʨʠʚ ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʜʣʷ ʚʥʝʩʝʥʥʷ ʟʘ 

ʪʝʭʥʦʣʦʛʽʻʶ ʽʥ-ʬʫʨʦʫ ʤʘʻ ʧʝʨʝʚʘʛʫ ʫ ʩʠʥʝʨʛʽʟʤʽ ʦʙʦʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʎʝ ʜʘʻ 

ʟʤʦʛʫ ʨʦʩʣʠʥʘʤ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʥʝʩʝʥʽ ʟ ʜʦʙʨʠʚʘʤʠ 

ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʪʘ ʩʧʦʞʠʚʘʪʠ ʾʭ ʽʟ ˇʨʫʥʪʦʚʠʭ ʨʝʟʝʨʚʽʚ, ʘ ʤʽʢʨʦʝʣʝʤʝʥʪʠ, ʟʽ 

ʩʚʦʛʦ ʙʦʢʫ, ʧʦʢʨʘʱʫʶʪʴ ʟʜʘʪʥʽʩʪʴ ʨʦʩʣʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʦʙʨʠʚʦ ʪʘ 

ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʞʠʪʪʻʜʽʷʣʴʥʽʩʪʴ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʨʠʟʦʩʬʝʨʽ [4]. 

ʃʠʩʪʢʦʚʝ ʧʽʜʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ ʜʘʻ ʟʤʦʛʫ ʟʘʧʦʙʽʛʪʠ ʥʝʩʪʘʯʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʚ ʢʨʠʪʠʯʥʽ ʧʝʨʽʦʜʠ ʨʦʟʚʠʪʢʫ, ʘ ʪʘʢʦʞ ʟʘ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʜʣʷ 

ʢʦʨʝʥʝʚʦʛʦ ʞʠʚʣʝʥʥʷ ʫʤʦʚ, ʢʦʣʠ ʥʘʜʭʦʜʞʝʥʥʷ  ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽʟ ˇʨʫʥʪʫ 

ʦʙʤʝʞʝʥʝ. ʁʦʛʦ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ çʨʷʪʫʚʘʣʴʥʠʡ ʟʘʭʽʜè, ʢʦʣʠ ʧʦʪʨʽʙʥʦ 

ʰʚʠʜʢʦ ʚʠʧʨʘʚʠʪʠ ʩʠʪʫʘʮʽʶ ʟ ʜʝʬʽʮʠʪʦʤ. ʂʨʽʤ ʪʦʛʦ, ʧʽʟʥʽ ʚʥʝʩʝʥʥʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʤʦʞʫʪʴ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ ʡʦʛʦ ʚʤʽʩʪʫ  ʚ ʟʝʨʥʽ 

(ʙʽʦʬʦʨʪʠʬʽʢʘʮʽʷ). 

ɹʫʣʦ ʫʟʘʛʘʣʴʥʝʥʦ ʡ ʦʧʨʘʮʴʦʚʘʥʦ ʘʥʘʣʽʪʠʯʥʽ ʜʘʥʽ ʧʨʦ ʚʤʽʩʪ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʫ ʧʦʙʽʯʥʽʡ ʧʨʦʜʫʢʮʽʾ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ, ʪʘʢ ʷʢ 

ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʙʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʚʩʽʭ ʢʫʣʴʪʫʨ ʥʘ ʬʦʥʽ ʟʙʝʨʝʞʝʥʥʷ 

ʚʽʜôʻʤʥʦʛʦ ʟʥʘʯʝʥʥʷ ʙʘʣʘʥʩʫ ʝʣʝʤʝʥʪʽʚ ʧʦʢʘʟʥʠʢʠ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʾʭ ʚʠʥʦʩʫ 

ʙʫʣʠ ʙʽʣʴʰʠʤʠ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʧʨʠʚʥʝʩʝʥʦʾ ʢʽʣʴʢʦʩʪʽ ʄɽ ʟ 

ʢʫʢʫʨʫʜʟʦʶ, ʯʘʩʪʢʘ ʷʢʦʾ ʫ ʩʪʨʫʢʪʫʨʽ ʧʦʩʽʚʽʚ ʩʪʘʥʦʚʠʪʴ 40%. ʊʘʢ, ʜʝʬʽʮʠʪ 

ʮʠʥʢʫ ʟʤʝʥʰʠʚʩʷ ʟ 114,1 ʛ/ʛʘ ʜʦ 75,6 ʛ/ʛʘ, ʘʙʦ ʥʘ 34%, ʘ ʤʽʜʽ ʡ ʤʘʨʛʘʥʮʶ ï ʚ 

2,1-2,4 ʨʘʟʫ (ʟ 15,7 ʜʦ 7,61 ʪʘ ʟ 74,2 ʜʦ 31,5 ʛ/ʛʘ ʚʽʜʧʦʚʽʜʥʦ). ʊʘʢʦʞ 

ʟʘʬʽʢʩʦʚʘʥʦ ʩʢʦʨʦʯʝʥʥʷ ʜʝʬʽʮʠʪʫ ʥʽʢʝʣʶ ʽ ʢʦʙʘʣʴʪʫ ʥʘ 76-79%. 



 215 

           ʆʪʞʝ, ʧʦʨʷʜ ʟ̔ ʘʟʦʪʦʤ, ʬʦʩʬʦʨʦʤ, ʢʘʣʽʻʤ ʪʘ ʩʽʨʢʦʶ, ʤʽʢʨʦʝʣʝʤʝʥʪʠ 

ʤʘʁʪʴ ʫʚʽʡʪʠ ʜʦ çʚʝʣʠʢʦʾ ʧôʷʪʽʨʢʠè ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʥʘʛʘʣʴʥʦʾ 

ʫʚʘʛʠ ʚ ʽʥʪʝʥʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʱʫʚʘʥʥʷ ʚʩʽʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ 

ʢʫʣʴʪʫʨ. ɸʜʞʝ ʟʘ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʤʽʢʨʦʝʣʝʤʝʥʪʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʪʘʢʽ ʧʨʦʮʝʩʠ 

ʚ ʨʦʟʚʠʪʢʫ ʨʦʩʣʠʥʠ: ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʩʪʨʝʩʽʚ ʽ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʦʣʦʛʠ, ʘʢʪʠʚʫʶʪʴ ʜʽʶ ʬʝʨʤʝʥʪʽʚ ʪʘ  ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʮʝʩʘʭ ʬʦʪʦʩʠʥʪʝʟʫ, 

ʫʪʚʦʨʝʥʥʷ ʭʣʦʨʦʬʽʣʫ ʪʘ ʩʠʥʪʝʟʽ ʙʽʣʢʘ, ʟʙʽʣʴʰʫʶʪʴ ʮʫʢʨʠʩʪʽʩʪʴ ʧʣʦʜʽʚ ʪʘ 

ʦʚʦʯʽʚ, ʧʨʠʰʚʠʜʰʫʶʪʴ ʨʦʟʚʠʪʦʢ ʨʦʩʣʠʥ ʽ ʾʭ ʧʣʦʜʦʥʦʰʝʥʥʷ. 

 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 
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ʪʨʫʙʢʠ. ʂ., 2006. ʉ. 8ï11. 
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 216 

ʋɼʂ 349.6 

ɻʫʜʦʚʠʯ ʆ. ɼ., ʢ.ʪ.ʥ. ʜʦʮʝʥʪ 

ɯʥʩʪʠʪʫʪ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʮʠʚʽʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ, ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ʅʆʈʄɸʊʀɺʅʆ-ʇʈɸɺʆɺɯ ɸʉʇɽʂʊʀ ʑʆɼʆ ɿɸʂʆʅʆɼɸɺʏʆɻʆ 

ɿɸɹɽɿʇɽʏɽʅʅʗ ʇʆɼʆʃɸʅʅʗ ɽʂʆʃʆɻɯʏʅʀʍ ʈʀɿʀʂɯɺ ʊɸ 

ɿɸɻʈʆɿ ʇʈʀʈʆɼʅʆʄʋ ʉɽʈɽɼʆɺʀʑʋ ɺ ʋʄʆɺɸʍ 

ʅɸɼɿɺʀʏɸʁʅʀʍ ʉʀʊʋɸʎɯʁ 

 

ɿʛʽʜʥʦ ʟ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʦʶ ʜʦʚʽʜʢʦʶ ɼʉʅʉ ʋʢʨʘʾʥʠ ʚʠʩʦʢʠʡ 

ʨʽʚʝʥʴ ʘʥʪʨʦʧʦʪʝʭʥʦʛʝʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʋʢʨʘʾʥʽ ʩʧʨʠʯʠʥʠʚ ʟʘ 10 

ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʜʦ 738 ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ) ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ 

ʪʘ ʜʦ 761 ʧʨʠʨʦʜʥʦʛʦ .ʭʘʨʘʢʪʝʨʫ [1]. ɺʽʜʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʨʽʚʝʥʴ ʨʠʟʠʢʽʚ 

ʚʠʥʠʢʥʝʥʥʷ ʅʉ ʧʨʠʨʦʜʥʦʛʦ ʪʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʨʠʟʠʢʽʚ ʟʙʠʪʢʽʚ 

ʚʽʜ ʥʠʭ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʥʝʟʤʽʥʥʠʤʠ ʪʘ ʜʦʩʠʪʴ ʚʠʩʦʢʠʤʠ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʨʝʛʽʦʥʽʚ ʋʢʨʘʾʥʠ, ɦ ʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʝʢʦʨʜʥʦʶ ʩʫʤʦʶ ʟʘʚʜʘʥʠʭ 

ʅʉ ʟʙʠʪʢʽʚ ʫ 2020 ʨʦʮʽ ï 509,6 ʪʠʩ. ʛʨʥ. 

ʇʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʠʥ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʽʜ ʯʘʩ ʟʜʽʡʩʥʝʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʟʘʭʦʜʽʚ ʧʨʘʚʦʚʦʛʦ ʨʝʞʠʤʫ ʟʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʛʽʜʥʦ ʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾè [2].  ɿʘʢʦʥʦʜʘʚʩʪʚʦ ʧʨʦ ʟʦʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʙʘʟʫʻʪʴʩʷ ʥʘ ʥʦʨʤʘʭ ʂʦʥʩʪʠʪʫʮʽʾ ʋʢʨʘʾʥʠ [3] ʡ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʟʘʢʦʥʽʚ ʋʢʨʘʾʥʠ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘè [4],  

çʇʨʦ ʧʨʘʚʦʚʠʡ ʨʝʞʠʤ ʥʘʜʟʚʠʯʘʡʥʦʛʦ ʩʪʘʥʫè [5], ʮʴʦʛʦ ɿʘʢʦʥʫ ʪʘ ʽʥʰʠʭ 

ʟʘʢʦʥʽʚ, ʘ ʪʘʢʦʞ ʧʨʠʡʥʷʪʠʭ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʥʠʭ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʭ ʘʢʪʽʚ. 

ɿʛʽʜʥʦ ʟʽ ʩʪʘʪʪʝ  ʁ1 ɿʘʢʦʥʫ[2] ʟʦʥʦʶ  ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ 

ʚʚʘʞʘʻʪʴʩʷ ʦʢʨʝʤʘ ʤʽʩʮʝʚʽʩʪʴ ʋʢʨʘʾʥʠ, ʥʘ ʷʢʽʡ ʚʠʥʠʢʣʘ ʥʘʜʟʚʠʯʘʡʥʘ 

ʝʢʦʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ, ʧʨʠ ʷʢʽʡ ʥʘ ʦʢʨʝʤʽʡ ʤʽʩʮʝʚʦʩʪʽ ʩʪʘʣʠʩʷ ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ 

ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʟʘʭʦʜʽʚ ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ.  

ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʦʛʦʣʦʰʝʥʥʷ ʦʢʨʝʤʦʾ ʤʽʩʮʝʚʦʩʪʽ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʪʘʪʪ ̔5 ʻ: 

ʟʥʘʯʥʝ ʧʝʨʝʚʠʱʝʥʥʷ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʭ ʥʦʨʤ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚʠʟʥʘʯʝʥʠʭ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ; 

- ʚʠʥʠʢʥʝʥʥʷ ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ ʞʠʪʪʶ ʪʘ ʟʜʦʨʦʚ'ʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʣʶʜʝʡ ʘʙʦ ʟʘʧʦʜʽʷʥʥʷ ʟʥʘʯʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʰʢʦʜʠ ʶʨʠʜʠʯʥʠʤ, ʬʽʟʠʯʥʠʤ 

ʦʩʦʙʘʤ ʯʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʫ ʚʥʘʩʣʽʜʦʢ ʥʘʜʤʽʨʥʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʫʡʥʽʚʥʦʛʦ ʚʧʣʠʚʫ 

ʩʪʠʭʽʡʥʠʭ ʩʠʣ ʧʨʠʨʦʜʠ ʯʠ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ; 

- ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ, ʱʦ ʩʪʘʣʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ ʥʘ ʟʥʘʯʥʽʡ ʪʝʨʠʪʦʨʽʾ ʽ ʷʢʽ ʥʝʤʦʞʣʠʚʦ ʫʩʫʥʫʪʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʟʘʭʦʜʽʚ ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ; 

https://ips.ligazakon.net/document/view/t001908?ed=2000_07_13
https://ips.ligazakon.net/document/view/t001908?ed=2000_07_13
https://zakon.rada.gov.ua/laws/show/254%D0%BA/96-%D0%B2%D1%80
https://zakon.rada.gov.ua/laws/show/1264-12
https://zakon.rada.gov.ua/laws/show/1550-14
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- ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ, ʱʦ ʩʪʘʣʠʩʷ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʷʢʽ ʩʫʪʪʻʚʦ ʦʙʤʝʞʫʶʪʴ ʘʙʦ ʚʠʢʣʶʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʨʦʞʠʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ ʽ ʧʨʦʚʘʜʞʝʥʥʷ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ 

ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʨʠʪʦʨʽʾ; 

- ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʚʥʘʩʣʽʜʦʢ 

ʥʝʛʘʪʠʚʥʠʭ ʟʤʽʥ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ʆʛʦʣʦʰʝʥʥʷ ʦʢʨʝʤʦʾ ʤʽʩʮʝʚʦʩʪʽ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʟʜʽʡʩʥʶʻʪʴʩʷ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʟʘ ʧʨʦʧʦʟʠʮʽʻʶ ʈʘʜʠ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʙʝʟʧʝʢʠ ʽ ʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ ʘʙʦ ʟʘ ʧʦʜʘʥʥʷʤ ʂʘʙʽʥʝʪʫ ʄʽʥʽʩʪʨʽʚ 

ʋʢʨʘʾʥʠ. ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʟʘʪʚʝʨʜʞʫʻʪʴʩʷ ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ 

ʋʢʨʘʾʥʠ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʜʥʽʚ ʟ̔ ʜʥʷ ʟʚʝʨʥʝʥʥʷ  ʜʦ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ. 

ʂʘʙʽʥʝʪ ʄʽʥʽʩʪʨʽʚ ʋʢʨʘʾʥʠ ʚʥʦʩʠʪʴ ʧʦʜʘʥʥʷ ʧʨʦ ʦʛʦʣʦʰʝʥʥʷ ʦʢʨʝʤʦʾ 

ʤʩ̔ʮʝʚʦʩʪʽ ʟʦʥʦʶ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʦʧʦʟʠʮʽʡ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʦʨʛʘʥʫ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʜʦ ʚʽʜʘʥʥʷ ʷʢʦʛʦ ʚʽʜʥʝʩʝʥʽ ʧʠʪʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʨʛʘʥʽʚ ʤʽʩʮʝʚʦʛʦ ʩʘʤʦʚʨʷʜʫʚʘʥʥʷ ʘʙʦ ʟʘ ʚʣʘʩʥʦʶ 

ʽʥʽʮʽʘʪʠʚʦʶ 

ʋʢʘʟ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ʧʨʦ ʦʛʦʣʦʰʝʥʥʷ ʦʢʨʝʤʦʾ ʤʽʩʮʝʚʦʩʪʽ ʟʦʥʦʶ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʥʝʛʘʡʥʦ ʜʦʚʦʜʠʪʴʩʷ ʜʦ ʚʽʜʦʤʘ ʥʘʩʝʣʝʥʥʷ 

ʯʝʨʝʟ ʟʘʩʦʙʠ ʤʘʩʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʩʠʩʪʝʤʠ ʦʧʦʚʽʱʝʥʥʷ. 

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʤʽʩʪ ʪʝʨʤʽʥʽʚ ʥʘʜʟʚʠʯʘʡʥʦ ʾ ʝʢʦʣʦʛʽʯʥʦ ʾ

ʩʠʪʫʘʮʽʾ ʪʘ ʟʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʤʘʻ ʜʝʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʟ 

ʪʣʫʤʘʯʝʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʤʽʥʽʚ ʅʉ ʽ ʟʦʥʠ ʅʉ, ʥʘʜʘʥʠʭ  ʚ ʂʦʜʝʢʩʽ ʎɿ 

ʋʢʨʘʾʥʠ [6] 

ɸ ʩʘʤʝ: ʟʛʽʜʥʦ ʟ ʩʪʘʪʪʝʶ 2 ʂʦʜʝʢʩʽ ʎɿ ʋʢʨʘʾʥʠ [6] ʪʝʨʤʽʥ ʟʦʥʘ 

ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʦʢʨʝʤʘ ʪʝʨʠʪʦʨʽʷ, ʘʢʚʘʪʦʨʽʷ, ʜʝ 

ʩʪʘʣʘʩʷ ʥʘʜʟʚʠʯʘʡʥʘ ʩʠʪʫʘʮʽʷ, ʘ ʪʝʨʤʽʥ ʅʉ ʻ ʦʙʩʪʘʥʦʚʢʦʶ ʥʘ ʦʢʨʝʤʽʡ 

ʪʝʨʠʪʦʨʽʾ ʯʠ ʦʙôʻʢʪʽ ʛʦʩʧʦʜʘʨʶʚʘʥʥʷ ʘʙʦ ʚʦʜʥʦʤʫ ʦʙôʻʢʪʽ. 

ɼʝʷʢʽ ʨʦʟʙʽʞʥʦʩʪʽ ʚ ʨʦʟʛʣʷʥʫʪʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʘʭ ʧʨʠʟʚʦʜʷʪʴ, ʥʘ 

ʜʫʤʢʫ ʘʚʪʦʨʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʦʙʦʪʽ [7], ʜʦ ʬʘʢʪʠʯʥʦʛʦ ʥʝ ʚʨʘʭʫʚʘʥʥ ̫

ʩʧʝʮʠʬʽʢʠ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʫ ʨʘʟʽ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ. ɸʚʪʦʨʦʤ ʚʠʩʫʚʘʻʪʴʩʷ ʧʨʦʧʦʟʠʮʽʷ ʱʦʜʦ ʦʢʨʝʤʦʛʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʚ ʂʦʜʝʢʩʽ ʎɿ ʋʢʨʘʾʥʠ [6] ʪʝʨʤʽʥʫ ʥʘʜʟʚʠʯʘʡʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ, ʘ ʥʘ ʥʘʰʫ ʜʫʤʢʫ ʧʦʥʦʚʣʝʥʥʷ ʩʪʘʪʪʽ ʚ ʨʦʟʜʽʣʽ ɯV ɦ ʦʜʦ  ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʟʘʭʠʩʪʫ.  

ɹʝʧʦʩʝʨʝʜʥʴʦ ʢʦʦʨʜʠʥʘʮʽʶ ʜʽʷʣʴʥʦʩʪʽ ʮʝʥʪʨʘʣʴʥʠʭ ʽ ʤʽʩʮʝʚʠʭ ʦʨʛʘʥʽʚ 

ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʧʽʜʧʨʠʻʤʩʪʚ, ʫʩʪʘʥʦʚ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡ, ʧʦʚôʷʟʘʥʦʾ ʟ 

ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʦʶ ʙʝʟʧʝʢʦʶ, ʟʘʭʠʩʪʦʤ ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʨʠʪʦʨʽʡ, 

ʟʘʧʦʙʽʛʘʥʥʷʤ ʽ ʨʝʘʛʫʚʘʥʥʷʤ ʥʘ ʥʘʜʟʚʠʯʘʡʥʽ ʩʠʪʫʘʮʽʾ ʟʜʽʡʩʥʶʶʪʴ ʥʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʽʚʥʷʭ ʢʦʤʽʩʽʾ ʟ ʧʠʪʘʥʴ ʪʝʭʥʦʛʝʥʥʦ-ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ.  

ʆʩʥʦʚʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ɼʝʨʞʘʚʥʦ ʾʢʦʤʽʩʽ ʾʻ [8, 9]: 

- ʚʠʟʥʘʯʝʥʥʷʤ ʤʝʞ ʟʦʥʠ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ; 
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- ʟʜʽʡʩʥʝʥʥʷʤ ʧʦʩʪʽʡʥʦʛʦ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʦʥʠ ʤʦʞʣʠʚʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ ʪʘ ʤʘʩʰʪʘʙʽʚ ʤʦʞʣʠʚʠʭ 

ʥʘʩʣʽʜʢʽʚ; 

- ʟʜʽʡʩʥʝʥʥʷʤ ʦʧʦʚʽʱʝʥʥʷ ʦʨʛʘʥʽʚ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʩʠʣ ʮʠʚʽʣʴʥʦʛʦ 
ʟʘʭʠʩʪʫ, ʘ ʪʘʢʦʞ ʥʘʩʝʣʝʥʥʷ ʧʨʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʦʾ ʩʠʪʫʘʮʽʾ 

ʪʘ ʽʥʬʦʨʤʫʚʘʥʥʷ ʡʦʛʦ ʧʨʦ ʜʽʾ ʚ ʫʤʦʚʘʭ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ. 

ʇʨʘʚʦʚʝ ʨʝʛʫʣʶʚʘʥʥʷ ʬʽʥʘʥʩʦʚʦʛʦ ʪʘ ʤʘʪʝʨʽʘʣʴʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟʘʭʦʜʽʚ ʟ ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ ʅʉ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʚ ʟʦʥʽ ʥʘʜʟʚʠʯʘʡʥʦʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʨʷʜʢʫ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʦʧʝʨʝʜʞʝʥʥʷ ʅʉ, ʣʽʢʚʽʜʘʮʽʾ ʥʘʩʣʽʜʢʽʚ  ʅʉ ʟ ɼʝʨʞʘʚʥʦʛʦ 

ʙʶʜʞʝʪʫ, ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʰʢʦʜʠ ʦʩʦʙʘʤ, ʷʢʽ ʧʦʩʪʨʘʞʜʘʣʠ ʚʽʜ ʅʉ ʽ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ ʜʝʨʞʘʚʠ [10-12].  

ʅʘ ʩʭʝʤʽ ʇʦʨʷʜʢʫ ʦʧʨʘʮʶʚʘʥʥʷ ʟʚʝʨʥʝʥʴ ʱʦʜʦ ʚʠʜʽʣʝʥʥʷ ʢʦʰʪʽʚ ʽʟ 

ʈʝʟʝʨʚʥʦʛʦ ʬʦʥʜʫ  ɼʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʥʘʜʘʥʦ ʤʝʭʘʥʽʟʤ ʾʭ ʦʪʨʠʤʘʥʥʷ. 

 

 
 ʈʠʩ. ʉʭʝʤʘ ʧʦʨʷʜʢʫ ʦʧʨʘʮʶʚʘʥʥʷ ʟʚʝʨʥʝʥʴ ʱʦʜʦ ʚʠʜʽʣʝʥʥʷ ʢʦʰʪʽʚ ʟ̔ 

ʈʝʟʝʨʚʥʦʛʦ ʬʦʥʜʫ  ɼʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ 
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ɼʘʚʠʜʶʢ ɻ. ɺ., ʢ. ʩ.-ʛ. ʥ., ʐʢʘʨʽʚʩʴʢʘ ʃ. ɯ., ʢ. ʩ.-ʛ. ʥ.,  

ʂʣʠʤʝʥʢʦ ɯ. ɯ., ʢ. ʩ.-ʛ. ʥ., ɼʦʚʙʘʰ ʅ. ɯ.,  ʢ. ʩ.-ʛ. ʥ. 

ʅʘʮʽʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅè 

(ʩʤʪ ʏʘʙʘʥʠ, ʋʢʨʘʾʥʘ) 

 

ɽʂʆʃʆɻɯʏʅɯ ʈʀɿʀʂʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʆʇɽʃʋ  

ɺ ɸɻʈʆʃɸʅɼʐɸʌʊɸʍ 

 
ɯʟ ʢʦʞʥʠʤ ʨʦʢʦʤ ʫ ʩʚʽʪʽ ʟʨʦʩʪʘʻ ʽʥʪʝʨʝʩ ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʇʨʦʛʨʘʤʠ ʆʆʅ, ʾʭ ʯʘʩʪʢʘ ʚ ʟʘʛʘʣʴʥʦ-ʩʚʽʪʦʚʦʤʫ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʙʘʣʘʥʩʽ ʫ 2050 ʨ. ʤʦʞʝ ʜʦʩʷʛʪʠ 50 %, ʘ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʧʨʦʛʥʦʟʫ ʉʚʽʪʦʚʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʈʘʜʠ, ʥʘ ʢʽʥʝʮʴ ʩʪʦʣʽʪʪʷ ʚʦʥʘ ʩʷʛʥʝ 80ï

90 % [1]. 

ʅʘ ʩʴʦʛʦʜʥʽ ʙʽʦʤʘʩʘ ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚʽʜʥʦʚʣʶʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺʯʝʥʽ ʚʚʘʞʘʶʪʴ, ʱʦ ʟʘʣʫʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʙʽʦʤʘʩʠ ʜʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʝʥʝʨʛʽʾ ʤʦʞʝ ʟʘʜʦʚʦʣʴʥʠʪʠ ʙʣʠʟʴʢʦ 13 % ʾʾ ʧʦʪʨʝʙʠ ʚ ʋʢʨʘʾʥʽ 

ɿʘ ʜʘʥʠʤʠ ɯʥʩʪʠʪʫʪʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅ ʋʢʨʘʾʥʠ ʪʘ ʟ 

ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ ʨʽʯʥʠʡ ʪʝʭʥʽʯʥʦ-ʜʦʩʷʞʥʠʡ ʝʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ ʚ ʋʢʨʘʾʥʽ ʝʢʚʽʚʘʣʝʥʪʥʠʡ 35 ʤʣʥ ʪ ʥʘʬʪʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʫ, ʘ 

ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʧʦʤʦʞʝ ʱʦʨʽʯʥʦ ʟʘʦʱʘʜʞʫʚʘʪʠ ʙʣʠʟʴʢʦ 40 ʤʣʨʜ ʤį 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ [2]. ɿʘ ʽʥʰʠʤʠ ʜʘʥʠʤʠ ʚ ʋʢʨʘʾʥʽ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʙʽʦʤʘʩʠ ʦʮʽʥʶʻʪʴʩʷ ʫ 27 ʤʣʥ ʪ/ʨʽʢ ʽ ʦʩʥʦʚʥʠʤʠ ʩʢʣʘʜʦʚʠʤʠ ʡʦʛʦ 

ʻ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʚʽʜʭʦʜʠ ʪʘ ʝʥʝʨʛʝʪʠʯʥʽ ʢʫʣʴʪʫʨʠ [3]. 

ʆʜʥʠʤ ʟ̔ ʚʘʨʽʘʥʪʽʚ ʟʤʝʥʰʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʛʦ ʙʽʦʧʘʣʠʚʘ. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʚʨʘʭʦʚʫʶʯʠ ʩʠʪʫʘʮʽʶ ʥʘ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʨʦʟʰʠʨʝʥʥʷ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʫ 

ʧʦʙʫʪʽ, ʪʘʢ ʽ ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʪʝʣʴʥʷʭ. ʅʘʡʯʘʩʪʽʰʝ ʮʝ ʜʝʨʝʚʠʥʘ, ʪʦʨʬ, ʪʠʨʩʘ, 

ʪʨʽʩʢʘ, ʩʦʣʦʤʘ ʽʥʰʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʚʽʜʭʦʜʠ, ʛʨʘʥʫʣʠ ʪʘ ʙʨʠʢʝʪʠ, 

ʚʠʨʦʙʣʝʥʽ ʟ ʙʽʦʤʘʩʠ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʽʨʦʣʽʟʫ (ʩʧʘʣʶʚʘʥʥʷ) ʫ ʩʚʽʪʽ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʽʟʥʽ ʩʧʦʩʦʙʠ ʧʦʧʝʨʝʜʥʴʦʾ ʧʝʨʝʨʦʙʢʠ ʙʽʦʤʘʩʠ, 

ʟʦʢʨʝʤʘ, ʽ ʧʝʣʝʪʫʚʘʥʥʷ. ʇʘʣʠʚʥʽ ʛʨʘʥʫʣʠ (ʧʝʣʝʪʠ) ï ʙʦ̔ʧʘʣʠʚʦ, ʷʢʝ 

ʦʪʨʠʤʫʶʪʴ ʟ ʪʦʨʬʫ, ʜʝʨʝʚʥʠʭ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʚʽʜʭʦʜʽʚ: ʢʦʨʠ, ʪʠʨʩʠ, 

ʩʪʨʫʞʢʠ, ʣʫʰʧʠʥʥʷ, ʦʧʘʣʦʛʦ ʣʠʩʪʷ, ʤʘʢʫʭʠ ʪʦʱʦ. ʊʘʢʘ ʧʨʦʜʫʢʮʽʷ ʤʘʻ ʜʦʩʠʪʴ 

ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ, ʘʣʝ, ʚʨʘʭʦʚʫʶʯʠ, ʱʦ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʧʝʣʝʪ ʡʜʝ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʩʠʨʦʚʠʥʘ ʽ, ʟʦʢʨʝʤʘ, ʚʽʜʭʦʜʠ, ʷʢʽ ʪʝʞ ʧʦʪʨʝʙʫʶʪʴ ʫʪʠʣʽʟʘʮʽʾ, 

ʧʝʣʝʪʠ ʤʘʶʪʴ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ ʷʢ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. 

ɺ ʋʢʨʘʾʥʽ ʚʠʨʦʙʣʷʶʪʴ ʧʝʣʝʪʠ ʽʟ ʩʦʣʦʤʠ ʟʣʘʢʦʚʠʭ ʢʫʣʴʪʫʨ ʚ ʦʙʩʷʟʽ 

120 ʪʠʩ. ʪ/ʨʽʢ. ʆʢʨʽʤ ʪʦʛʦ, ʋʢʨʘʾʥʘ ʻ ʣʽʜʝʨʦʤ ʟ ʚʠʨʦʱʫʚʘʥʥʷ ʩʦʥʷʰʥʠʢʫ ʚ 

ʩʚʽʪʽ. ʇʽʩʣʷ ʧʝʨʝʨʦʙʢʠ ʥʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʫ ʫʪʚʦʨʶʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ 

ʣʫʰʧʠʥʥʷ ʪʘ ʩʪʦʨʦʥʥʽʭ ʨʦʩʣʠʥʥʠʭ ʨʝʰʪʦʢ. ʑʦʨʦʢʫ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 
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ʦʣʽʡʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʩʧʘʣʶʻʪʴʩʷ ʙʣʠʟʴʢʦ 500 ʪʠʩ. ʪ ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʫ, 

ʱʝ ʙʽʣʴʰʝ ʥʽʞ 700 ʪʠʩ. ʪ ʛʨʘʥʫʣʶʻʪʴʩʷ ʽ ʪʝʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʧʘʣʠʚʦ [2]. 

ʇʨʦʪʝ, ʚʥʘʩʣʽʜʦʢ ʟʛʦʨʘʥʥʷ ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ ʫʪʚʦʨʶʻʪʴʩʷ ʧʦʧʽʣ, ʱʦ ʻ 

ʧʨʦʜʫʢʪʦʤ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʪʚʝʨʜʦʾ ʙʽʦʤʘʩʠ ʽ ʦʜʥʦʯʘʩʥʦ ʚʽʜʭʦʜʘʤʠ, ʷʢʽ 

ʧʦʪʨʝʙʫʶʪʴ ʫʪʠʣʽʟʘʮʽʾ. ɿʘ ʜʘʥʠʤʠ ʥʘʫʢʦʚʮʽʚ, ʢ̔ ʣʴʢʽʩʪʴ ʧʦʧʝʣʫ ʤʦʞʝ ʟʨʦʩʪʠ 

ʚ 5-8 ʨʘʟʽʚ, ʽ ʫ 2035 ʨ. ʫʪʚʦʨʠʪʴʩʷ ʪʘ ʧʦʪʨʝʙʫʚʘʪʠʤʝ ʫʪʠʣʽʟʘʮʽʾ ʜʦ 550 ʪʠʩ. ʪ 

ʧʦʧʝʣʫ ʟ ʙʽʦʤʘʩʠ [4]. 

ʆʜʥʦʯʘʩʥʦ ʧʦʧʽʣ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʚ 

ʷʢʦʩʪʽ ʜʦʙʨʠʚʘ ʪʘ ʤʝʣʽʦʨʘʥʪʫ ʽ ʻ ʦʜʥʠʤ ʽʟ ʜʦʩʪʫʧʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʫ [5, 6]. ɺʽʥ ʤʽʩʪʠʪʴ ʟʥʘʯʥʽ ʢʽʣʴʢʦʩʪʽ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʤʘʢʨʦ- ʽ 

ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʩʫʤʽʰ ʦʢʩʠʜʽʚ, ʛʽʜʨʦʢʩʠʜʽʚ, ʢʘʨʙʦʥʘʪʽʚ ʽ ʩʠʣʽʢʘʪʽʚ 

[7, 8]. 

ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʧʝʣʫ ʥʘ ʜʦʙʨʠʚʦ ʚʘʞʣʠʚʦ 

ʥʝ ʣʠʰʝ ʫʩʪʘʥʦʚʠʪʠ ʘʛʨʦʭʽʤʽʯʥʫ ʮʽʥʥʽʩʪʴ ʮʠʭ ʩʫʙʩʪʨʘʪʽʚ ʟʘ ʚʤʽʩʪʦʤ ʘʟʦʪʫ, 

ʬʦʩʬʦʨʫ ʽ ʢʘʣʽʶ, ʘ ʡ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʯʥʽʩʪʴ ʾʭ ʫʪʠʣʽʟʘʮʽʾ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʽ. 

ɿʘ ʜʘʥʠʤʠ ɺ. ɻ. ʂʨʘʤʘʨʘ, ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦʧʝʣʫ ʟʥʘʯʥʦ ʨʽʟʥʷʪʴʩʷ ʟʘʣʝʞʥʦ 

ʚʽʜ ʚʠʜʫ ʩʧʘʣʶʚʘʥʦʾ ʩʠʨʦʚʠʥʠ [3]. 

ʋ ʚʽʜʜʽʣʽ ʘʛʨʦʝʢʦʣʦʛʽʾ ʽ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʅʅʎ çɯʥʩʪʠʪʫʪ 

ʟʝʤʣʝʨʦʙʩʪʚʘ ʅɸɸʅè ʧʨʦʚʝʜʝʥʦ ʘʛʨʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʧʝʣʫ, ʦʪʨʠʤʘʥʦʛʦ 

ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʜʝʨʝʚʠʥʠ ʪʘ ʧʝʣʝʪ ʟ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʜʝʨʝʚ, ʩʦʥʷʰʥʠʢʦʚʦʛʦ 

ʣʫʰʧʠʥʥʷ ʽ ʟʝʨʥʦʚʽʜʭʦʜʽʚ ʩʦʣʦʜʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʷʢʠʡ ʧʦʢʘʟʘʚ ʟʥʘʯʥʫ 

ʡʦʛʦ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɸʢʪʠʚʥʘ ʢʠʩʣʦʪʥʽʩʪʴ 

ʧʦʧʝʣʫ ʙʫʣʘ ʚ ʤʝʞʘʭ ʚʽʜ 10,0 ʫ ʩʫʙʩʪʨʘʪʽ ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ ʟʝʨʥʦʚʽʜʭʦʜʽʚ ʜʦ 

12,1 ʦʜʠʥʠʮʴ ʨʅ ʫ ʚʽʜʭʦʜʘʭ ʟ ʧʘʣʝʪ. ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ 1 ʪ ʧʦʧʝʣʫ ʟ ʜʝʨʝʚʠʥʠ 

ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʜʦ ˇʨʫʥʪʫ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʙʣʠʟʴʢʦ 99 ʢʛ ʢʘʣʴʮʽʶ ʽ 2 ʢʛ 

ʤʘʛʥʽʶ, ʚʽʜʧʦʚʽʜʥʦ ʟ ʧʝʣʝʪ ʦʪʨʠʤʘʥʠʭ ʟ̔ ʜʝʨʝʚʠʥʠ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ï 80 ʪʘ 

4 ʢʛ. ʋ ʧʦʧʝʣʽ ʽʟ ʟʝʨʥʦʚʽʜʭʦʜʽʚ ʪʘ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʣʫʰʧʠʥʥʷ ʤʽʩʪʠʣʦʩʴ 

ʚʽʜʧʦʚʽʜʥʦ ʙʣʠʟʴʢʦ 7 ʢʛ ʽ 33 ʢʛ ʢʘʣʴʮʽʶ, 21 ʪʘ 44 ʢʛ ʤʘʛʥʽʶ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʙʩʪʨʘʪʽʚ ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ ʜʣʷ 

ʧʨʦʪʠʜʽʾ ʧʽʜʢʠʩʣʝʥʥʶ ˇʨʫʥʪʽʚ, ʧʨʦʪʝ, ʪʨʘʜʠʮʽʡʥʽ ʤʝʣʽʦʨʘʥʪʠ, ʪʘʢʽ ʷʢ 

ʬʦʩʬʦʛʽʧʩ ʪʘ ʚʘʧʥʷʢ, ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʜʽʶʯʫ ʨʝʯʦʚʠʥʫ ʜʝʰʝʚʰʽ [3]. 

ʋʤʽʩʪ ʟʦʣʠ ʚʘʨʽʶʚʘʚ ʚʽʜ 73,8 % ʫ ʧʦʧʝʣʽ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʜʝʨʝʚʠʥʠ 

ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʜʦ 88,8 % ï ʚʽʜ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʣʫʰʧʠʥʥʷ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʚ ʫʩʽʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʧʨʦʙʘʭ ʧʦʧʝʣʫ ʙʫʣʦ 

ʥʘʡʤʝʥʰʝ ʩʧʦʣʫʢ ʟʘʛʘʣʴʥʦʛʦ ʘʟʦʪʫ. ʁʦʛʦ ʚʤʽʩʪ ʚʘʨʽʶʚʘʚ ʫ ʤʝʞʘʭ ʚʽʜ 0,02 % 

ʫ ʧʦʧʝʣʽ ʟ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʣʫʰʧʠʥʥʷ ʜʦ 0,30 % ʫ ʚʽʜʭʦʜʘʭ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ 

ʟʝʨʥʦʚʽʜʭʦʜʽʚ. 

ʋʤʽʩʪ ʩʧʦʣʫʢ ʬʦʩʬʦʨʫ ʙʽʣʴʰ ʥʽʞ ʥʘ ʧʦʨʷʜʦʢ ʙʫʚ ʚʠʱʠʤ, ʥʽʞ ʫʤʽʩʪ 

ʩʧʦʣʫʢ ʘʟʦʪʫ. ʋ ʧʦʧʝʣʽ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ ʜʝʨʝʚʠʥʠ ʾʭ ʢʽʣʴʢʽʩʪʴ ʙʫʣʘ ʥʘʡʤʝʥʰʘ 

ʽ ʩʪʘʥʦʚʠʣʘ 1,18%, ʪʦʜʽ ʷʢ ʫ ʟʝʨʥʦʚʽʜʭʦʜʘʭ (10,2%), ʱʦ ʤʘʡʞʝ ʚ 9 ʨʘʟʽʚ 

ʙʽʣʴʰʝ. ʋʤʽʩʪ ʩʧʦʣʫʢ ʢʘʣʽʶ ʙʫʚ ʥʘʡʤʝʥʰʠʤ ʫ ʧʝʣʝʪʘʭ ï 3,28%, ʪʦʜʽ ʷʢ ʫ 

ʣʫʰʧʠʥʥʽ ʾʭ ʫʤʽʩʪ ʙʫʚ ʫ ʧʦʥʘʜ 10 ʨʘʟʽʚ ʚʠʱʠʤ ʽ ʩʪʘʥʦʚʠʚ 37,8%. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟ 1 ʪ ʧʦʧʝʣʫ ʟ ʜʝʨʝʚʠʥʠ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʜʦ ˇʨʫʥʪʫ ʤʦʞʝ 
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ʥʘʜʭʦʜʠʪʠ ʙʣʠʟʴʢʦ 42,8 ʢʛ ʢʘʣʽʶ ʪʘ 12 ʢʛ ʬʦʩʬʦʨʫ. ɺʦʜʥʦʯʘʩ, ʟ 1 ʪ ʧʦʧʝʣʫ ʽʟ 

ʟʝʨʥʦʚʽʜʭʦʜʽʚ ʽ ʩʦʥʷʰʥʠʢʦʚʦʛʦ ʣʫʰʧʠʥʥʷ ʥʘ 1 ʛʘ ʨʽʣʣʽ ʚʽʜʧʦʚʽʜʥʦ ʤʦʞʝ 

ʥʘʜʭʦʜʠʪʠ ʜʦ ˇʨʫʥʪʫ ʙʣʠʟʴʢʦ 176 ʪʘ 378 ʢʛ ʢʘʣʽʶ, 106 ʽ 35 ʢʛ ʬʦʩʬʦʨʫ. ʅʘ 

ʜʫʤʢʫ ʜʝʷʢʠʭ ʬʘʭʽʚʮʽʚ 1 ʢʛ ʜʝʨʝʚʥʦʛʦ ʧʦʧʝʣʫ ʤʦʞʝ ʟʘʤʽʥʠʪʠ 220 ʛ 

ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʩʫʧʝʨʬʦʩʬʘʪʫ ʽ 240 ʛ ʭʣʦʨʠʩʪʦʛʦ ʢʘʣʽʶ [3].  

ʇʦʧʽʣ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʽ ʤʽʢʨʦʝʣʝʤʝʥʪʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʛʦ 

ʞʠʚʣʝʥʥʷ ʨʦʩʣʠʥ. ʅʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʙʣʠʟʴʢʦ 44 ʤʛ/ʢʛ 

ʤʽʜʽ, 81 ʮʠʥʢʫ, 37 ʤʛ/ʢʛ ʤʘʨʛʘʥʮʶ ʤʽʩʪʠʚ ʧʦʧʽʣ ʦʪʨʠʤʘʥʠʡ ʚʽʜ ʩʧʘʣʶʚʘʥʥʷ 

ʟʝʨʥʦʚʽʜʭʦʜʽʚ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʫ ˇʨʫʥʪʽ ʬʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʚʘʣʦʚʠʭ 

ʬʦʨʤ ʤʽʜʽ ʩʪʘʥʦʚʠʪʴ 20 ʤʛ/ʢʛ (ɻɼʂ 55 ʤʛ/ʢʛ), ʮʠʥʢʫ ï 50 ʤʛ/ʢʛ (ɻɼʂ 

100 ʤʛ/ʢʛ) ʪʘ ʤʘʨʛʘʥʮʶ ï 850 ʤʛ/ʢʛ (ɻɼʂ 3600 ʤʛ/ʢʛ) [9]. 

ʆʜʥʦʯʘʩʥʦ ʚ ʦʪʨʠʤʘʥʠʭ ʧʽʩʣʷ ʟʛʦʨʘʥʥʷ ʦʨʛʘʥʽʯʥʦʾ ʙʽʦʤʘʩʠ ʩʫʙʩʪʨʘʪʘʭ 

ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. ɿʘ ʜʘʥʠʤʠ ʽʥʦʟʝʤʥʠʭ 

ʚʯʝʥʠʭ, ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʝʚʥʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ, ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʧʽʩʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʨʝʚʥʦʛʦ ʧʦʧʝʣʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʷʢ ʟ̔ ʡʦʛʦ 

ʚʠʩʦʢʦʶ ʣʫʞʥʽʩʪʶ, ʥʠʟʴʢʠʤ ʫʤʽʩʪʦʤ ʘʟʦʪʫ, ʪʘʢ ʽ ʥʘʷʚʥʽʩʪʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʫ ʪ.ʯ. ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʢʘʜʤʽʶ, ʟʘʣʝʞʥʦ ʚʽʜ 

ʷʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʜʝʨʝʚʠʥʠ [8]. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʛʨʦʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʟ ʢʦʞʥʦʾ 1 ʪ 

ʧʦʧʝʣʫ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ: ʟ ʜʝʨʝʚʠʥʠ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ï ʙʣʠʟʴʢʦ 9,3 ʛ ʩʚʠʥʮʶ, 

1,0 ʢʘʜʤʽʶ, 2,9 ʛ ʥʽʢʝʣʶ; ʧʝʣʝʪ ï 8,1 ʛ ʩʚʠʥʮʶ, 1,3 ʢʘʜʤʽʶ, 2,7 ʛ ʥʽʢʝʣʶ; 

ʟʝʨʥʦʚʠʭ ʚʽʜʭʦʜʽʚ ʩʦʣʦʜʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ï 6,0 ʛ ʩʚʠʥʮʶ, 0,6 ʢʘʜʤʽʶ, 7,4 ʛ 

ʥʽʢʝʣʶ; ʣʫʰʧʠʥʥʷ ʩʦʥʷʰʥʠʢʘ ï 13,3 ʛ ʩʚʠʥʮʶ, 1,8 ʢʘʜʤʽʶ, 10,2 ʛ ʥʽʢʝʣʶ. 

ʌʦʥʦʚʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʘʭ ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʻ: ʩʚʠʥʮʶ ï 

10,0 ʤʛ/ʢʛ, ʢʘʜʤʽʶ ï 0,5, ʥʽʢʝʣʶ ï 40,0 ʤʛ/ʢʛ ˇʨʫʥʪʫ. ʇʝʨʝʚʠʱʝʥʥʷ ʚʢʘʟʘʥʦʛʦ 

ʬʦʥʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ. ɻʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʟʘʟʥʘʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫ ˇʨʫʥʪʽ ʩʢʣʘʜʘʻ: ʩʚʠʥʮʶ ï 32,0 ʤʛ/ʢʛ, ʢʘʜʤʽʶ ï 3,0, 

ʥʽʢʝʣʶ ï 85,0 ʤʛ/ʢʛ ˇʨʫʥʪʫ. ɺʠʟʥʘʯʝʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʤʝʪʘʣʽʚ ʫ ʧʦʧʝʣʽ ʟʘ 

ʢʘʜʤʽʻʤ ʽ ʩʚʠʥʮʝʤ ʟʜʝʙʽʣʴʰʦʛʦ ʧʝʨʝʚʠʱʫʚʘʣʘ ʬʦʥʦʚʫ, ʘʣʝ ʥʝ ʙʫʣʘ 

ʢʨʠʪʠʯʥʦʶ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ɻɼʂ. ʋʪʽʤ, ʩʠʩʪʝʤʘʪʠʯʥʝ ʚʥʝʩʝʥʥʷ ʚʠʩʦʢʠʭ ʜʦʟ 

ʧʦʧʝʣʫ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʟʘʙʨʫʜʥʝʥʥʷ ˇʨʫʥʪʫ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ 

ʧʨʦʜʫʢʮʽʾ. ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʤʽʜʴ ʪʘ ʮʠʥʢ, ʷʢʽ ʚʚʘʞʘʶʪʴʩʷ 

ʤʽʢʨʦʝʣʝʤʝʥʪʘʤʠ, ʟʘ ʧʝʨʝʚʠʱʝʥʥʷ ɻɼʂ ʫ ʢʦʤʧʦʥʝʥʪʘʭ ʘʛʨʦʣʘʥʜʰʘʬʪʽʚ, ʷʢ ʽ 

ʽʥʰʽ ʚʘʞʢʽ ʤʝʪʘʣʠ, ʻ ʪʦʢʩʠʯʥʠʤʠ ʜʣʷ ʙʽʦʪʠ. ʊʦʤʫ, ʧʨʠ ʫʪʠʣʽʟʘʮʽʾ ʟʥʘʯʥʠʭ 

ʢʽʣʴʢʦʩʪʝʡ ʧʦʧʝʣʫ ʜʦʟʠ ʚʥʝʩʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʫʟʛʦʜʞʫʚʘʪʠ ʟ ʬʦʥʦʚʦʶ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʮʠʭ ʤʝʪʘʣʽʚ ʫ ˇʨʫʥʪʽ, ʘ ʾʭ ʩʫʤʘʨʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝ ʧʦʚʠʥʥʘ 

ʚʠʭʦʜʠʪʠ ʟʘ ʤʝʞʽ ɻɼʂ.  

ʆʪʞʝ, ʘʛʨʦʭʽʤʽʯʥʘ ʝʢʩʧʝʨʪʠʟʘ ʧʨʦʜʫʢʪʽʚ ʟʛʦʨʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʪʚʝʨʜʦʛʦ 

ʧʘʣʠʚʘ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʝʨʝʚʠʥʠ ʪʘ ʧʝʣʝʪ ʟ ʣʠʩʪʷʥʠʭ ʧʦʨʽʜ ʽ 

ʚʽʜʭʦʜʽʚ ʦʣʽʻ-ʞʠʨʦʚʦʾ, ʩʦʣʦʜʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʝʡ ʧʽʜʪʚʝʨʜʠʣʘ ʤʦʞʣʠʚʽʩʪʴ 

ʫʪʠʣʽʟʘʮʽʾ ʾʭ ʚ ʷʢʦʩʪʽ ʜʦʙʨʠʚ ʫ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ. ʇʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʧʦʧʽʣ ʚʽʜ 

ʩʧʘʣʶʚʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʩʠʨʦʚʠʥʠ ʤʦʞʥʘ ʫʪʠʣʽʟʫʚʘʪʠ, ʷʢ ʜʦʙʨʠʚʦ ʽ 

ʤʝʣʽʦʨʘʥʪ, ʥʘ ʧʦʣʷʭ ʟ ʢʠʩʣʦʶ ʪʘ ʩʣʘʙʦʢʠʩʣʦʶ ʨʝʘʢʮʽʻʶ ˇʨʫʥʪʫ. ʇʦʧʽʣ ʩʣʽʜ 
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ʚʥʦʩʠʪʠ ʚ ʜʦʟʘʭ ʚʽʜ 1 ʜʦ 3 ʪ/ʛʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʽʩʪʫ ʚ ʥʠʭ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ. 

ʇʨʠ ʚʥʝʩʝʥʥʽ ʧʦʧʝʣʫ ʥʘ ʧʦʣʷʭ ʩʽʚʦʟʤʽʥ ʜʦʟʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʽʦʛʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʽ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ ʫ ʥʴʦʤʫ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʚʽʜʭʦʜʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʤʦʞʥʘ ʫʪʠʣʽʟʫʚʘʪʠ 

ʦʜʥʦʯʘʩʥʦ, ʷʢ ʜʦʙʨʠʚʦ ʽ ʤʝʣʽʦʨʘʥʪ ʚ ʘʛʨʦʣʘʥʜʰʘʬʪʘʭ. ʆʜʥʘʢ, ʟʘ ʱʦʨʽʯʥʦʛʦ 

ʚʥʝʩʝʥʥʷ ʪʘʢʠʭ ʩʫʙʩʪʨʘʪʽʚ ʥʝʦʙʭʽʜʥʦ ʦʙʦʚôʷʟʢʦʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ 

ʢʠʩʣʦʪʥʽʩʪʴ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫʤʽʩʪ ʨʫʭʦʤʠʭ ʬʦʨʤ ʩʚʠʥʮʶ, ʢʘʜʤʽʶ, 

ʥʽʢʝʣʶ ʫ ˇʨʫʥʪʽ ʪʘ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʧʨʦʜʫʢʮʽʾ.  
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 ɺʇʃʀɺ ʂɸʃʔʎɯʖ ʆʂʉʀɼʋ ʅɸ ɺʃɸʉʊʀɺʆʉʊɯ ʐʃɸʄʋ 

ɽʃɽʂʊʈʆʂʆɸɻʋʃʗʎɯʁʅʆɰ ʆʏʀʉʊʂʀ  

ʉʊɯʏʅʀʍ ɺʆɼ ʄʆʃʆʂʆɿɸɺʆɼɯɺ 

 

ɺʠʨʦʙʥʠʮʪʚʦ ʤʦʣʦʯʥʦʾ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʻ ʜʞʝʨʝʣʦʤ ʥʝʙʝʟʧʝʯʥʠʭ 

ʩʪʽʯʥʠʭ ʚʦʜ, ʷʢʽ ʧʨʠ ʥʝʨʘʮʽʦʥʘʣʴʥʦʤʫ ʽ ʙʝʟʚʽʜʧʦʚʽʜʘʣʴʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʟʜʘʪʥʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʪʠ ʥʘ ʩʪʘʥ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʽ 

ʧʽʜʟʝʤʥʠʭ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ. ɹʝʟ ʧʦʧʝʨʝʜʥʴʦʾ ʦʯʠʩʪʢʠ ʧʦʪʨʘʧʣʷʥʥʷ ʮʠʭ 

ʚʦʜ ʥʘ ʤʽʩʴʢʽ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʧʦʨʫʰʝʥʥʷ ʫ ʨʦʙʦʪʽ ʩʠʩʪʝʤ 

ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ ʥʘʚʽʪʴ ʩʧʨʠʯʠʥʠʪʠ ʟʘʛʠʙʝʣʴ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ. 

ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʧʝʨʝʜʥʴʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ 

ʤʦʣʦʢʦʟʘʚʦʜʽʚ ʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ, ʘ ʩʘʤʝ, ʝʣʝʢʪʨʦʬʣʦʪʘʮʽʷ, ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʷ 

ʪʘ ʨʽʟʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ, ʚ ʷʢʠʭ ʧʦʻʜʥʫʶʪʴʩʷ ʮʽ ʤʝʪʦʜʠ, ʥʘʧʨʠʢʣʘʜ, 

ʝʣʝʢʪʨʦʬʣʦʪʦʢʦʘʛʫʣʷʮʽʷ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʚʠʜʘʣʝʥʥʷ ʨʦʟʯʠʥʝʥʠʭ, ʝʤʫʣʴʩʦʚʘʥʠʭ ʪʘ ʩʫʩʧʝʥʜʦʚʘʥʠʭ 

ʟʘʙʨʫʜʥʝʥʴ; ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʫʩʪʘʥʦʚʢʠ ʝʢʦʥʦʤʽʯʥʽ, ʢʦʤʧʘʢʪʥʽ ʪʘ ʧʨʦʩʪʽ ʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ [1-4].  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʡʥʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʤʦʣʦʢʦʟʘʚʦʜʽʚ  

ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʘʤ ï ʩʫʤʽʰ ʟʘʚʠʩʣʠʭ ʨʝʯʦʚʠʥ ʪʘ ʢʦʘʛʫʣʷʥʪʫ ʟ 

ʘʜʩʦʨʙʦʚʘʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ, ʷʢʠʡ ʥʝʦʙʭʽʜʥʦ ʫʪʠʣʽʟʫʚʘʪʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʧʨʦʮʝʩʫ ʦʯʠʩʪʢʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʘ ʟ ʢʽʣʴʢʽʩʪʶ, ʤʦʨʬʦʣʦʛʽʻʶ ʽ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʫʪʚʦʨʝʥʦʛʦ ʰʣʘʤʫ. ɿʘʛʘʣʦʤ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʢʦʘʛʫʣʷʮʽʡʥʦʾ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʤʦʣʦʢʦʟʘʚʦʜʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʝʢʽʣʴʢʘ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʠʡʦʤʽʚ: ʨʝʛʫʣʶʚʘʥʥʷ 

ʨʝʛʣʘʤʝʥʪʫ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ, ʨʝʛʫʣʶʚʘʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʩʪʽʯʥʠʭ ʚʦʜ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʫʪʚʦʨʝʥʦʛʦ ʰʣʘʤʫ. 

ʈʝʛʫʣʶʚʘʥʥʷ ʨʅ ʩʝʨʝʜʦʚʠʱʘ ʩʪʽʯʥʠʭ ʚʦʜ ʪʘ ʧʨʦʮʝʩʫ ʬʦʨʤʫʚʘʥʥʷ ʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʰʣʘʤʫ ʟʜʝʙʽʣʴʰʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʥʥʷ 

ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʦʢ. ʅʝ ʜʦ ʢʽʥʮʷ ʟôʷʩʦʚʘʥʦ ʷʢ ʧʨʠʨʦʜʘ ʪʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʚʧʣʠʚʘʪʠʤʝ ʥʘ ʩʪʫʧʽʥʴ ʦʯʠʩʪʢʠ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ 

ʽ ʚʣʘʩʪʠʚʦʩʪʽ ʰʣʘʤʫ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʜʦʙʘʚʦʢ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʨʝʛʫʣʶʚʘʪʠ ʨʅ ʩʪʽʯʥʠʭ ʚʦʜ, ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ 
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ʩʪʽʯʥʠʭ ʚʦʜ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ ʻ 

ʚʘʞʣʠʚʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʶ ʟʘʜʘʯʝʶ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʩʪʽʯʥʽ ʚʦʜʠ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʦʛʦ 

ʧʽʜʧʨʠʻʤʩʪʚʘ ʉʫʤʩʴʢʦʾ ʦʙʣʘʩʪʽ (ʋʢʨʘʾʥʘ): ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʨʦʙʦʯʠʭ ʟʤʽʥ 

ʚʽʜʙʠʨʘʣʠʩʴ ʧʨʦʙʠ ʩʪʽʯʥʠʭ ʚʦʜ ʟ ʜʽʣʷʥʢʠ ʧʨʠʡʤʘʥʥʷ ʤʦʣʦʢʘ, ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʣʘʙʦʨʘʪʦʨʽʾ, ʮʝʭʫ ʚʠʨʦʙʥʠʮʪʚʘ ʩʠʨʫ, ʘʧʘʨʘʪʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ, ʮʝʭʫ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʩʣʘ, ʧʣʘʚʣʝʥʠʭ ʩʠʨʽʚ ʪʘ ʚʽʜʜʽʣʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʥʝʩʢʫ ʫ ʟʘʛʘʣʴʥʠʡ ʩʪʽʢ ʢʦʞʥʦʾ ʜʽʣʷʥʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ ʬʦʨʤʫʚʘʚʩʷ ʟʘʛʘʣʴʥʠʡ 

ʩʪʽʢ ʟ ʫʩʝʨʝʜʥʝʥʠʤ ʩʢʣʘʜʦʤ [1]. ʉʪʽʯʥʽ ʚʦʜʠ ʥʝ ʢʦʥʩʝʨʚʫʚʘʣʠʩʴ ʪʘ ʧʽʜʣʷʛʘʣʠ 

ʜʦʩʣʽʜʞʝʥʥʶ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ɽʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʡʥʘ ʦʙʨʦʙʢʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʚʢʣʶʯʘʻ ʝʣʝʢʪʨʦʣʽʟʝʨ ʟ 

ʦʨʛʘʥʽʯʥʦʛʦ ʩʢʣʘ ʨʦʟʤʽʨʘʤʠ 18 ʩʤ Ĭ 15 ʩʤ Ĭ 4 ʩʤ. ʆʙ'ʻʤ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ 

ʦʙʨʦʙʣʷʚʩʷ, ʩʪʘʥʦʚʠʚ ʙʣʠʟʴʢʦ 1 ʜʤ3. ʇʣʦʱʘ ʘʣʶʤʽʥʽʻʚʠʭ ʝʣʝʢʪʨʦʜʽʚ 

ʩʪʘʥʦʚʠʣʘ ʙʣʠʟʴʢʦ 250 ʩʤ2. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʜʦʙʘʚʢʘ 

ʣʫʛʫ ʢʘʣʴʮʽʶ ʦʢʩʠʜʫ CaO ʫ ʚʠʛʣʷʜʽ ʩʫʭʦʛʦ ʧʦʨʦʰʢʫ, ʷʢʘ ʜʦʜʘʚʘʣʘʩʴ ʜʦ 

ʩʪʽʯʥʦʾ ʚʦʜʠ ʧʽʩʣʷ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʘʨʽʶʚʘʪʠ ʧʦʢʘʟʥʠʢ ʨʅ 

ʚʽʜ 7,0 ʜʦ 9,5.  ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʰʣʘʤʫ ʪʘ ʧʦʢʨʘʱʝʥʥʷ 

ʡʦʛʦ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʬʣʦʢʫʣʷʥʪ ʥʝʽʦʥʥʠʡ 

ʧʦʣʽʘʢʨʠʣʘʤʽʜ (ʇɸɸ) ʫ ʚʠʛʣʷʜʽ 0,05% ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ. ʏʘʩ ʚʽʜʩʪʦʶʚʘʥʥʷ 

ʦʙʨʦʙʣʝʥʦʾ ʚʦʜʠ ʩʪʘʥʦʚʠʚ 1 ʛʦʜʠʥʫ. 

ɺʽʜʦʤʦ, ʱʦ ʧʨʠʨʦʜʘ ʣʫʛʫ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʨʅ ʩʪʽʯʥʦʾ ʚʦʜʠ ʽ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʢʦʘʛʫʣʷʥʪʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʧʨʦʮʝʩʫ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʡʥʦʾ ʦʯʠʩʪʢʠ [4]. ɺʦʯʝʚʠʜʴ 

ʢʦʣʦʾʜʥʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʪʚʦʨʝʥʦʛʦ ʢʦʘʛʫʣʷʥʪʫ ʟʫʤʦʚʣʶʶʪʴ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʢʦʘʛʫʣʶʶʯʦʾ ʜʽʾ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʰʣʘʤʫ. ʆʢʨʽʤ ʧʨʠʨʦʜʠ ʚʝʣʠʢʫ 

ʨʦʣʴ ʚʽʜʽʛʨʘʚʘʪʠʤʝ ʚʤʽʩʪ ʣʫʛʫ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʨʅ ʩʪʽʯʥʦʾ ʚʦʜʠ ʪʘ ʢʽʣʴʢʽʩʪʶ 

ʫʪʚʦʨʝʥʦʛʦ ʰʣʘʤʫ. ʊʦʤʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʤʽʩʪʫ ʉʘʆ ʥʘ 

ʨʅ ʩʪʽʯʥʦʾ ʚʦʜʠ ʪʘ ʦʙôʻʤ ʫʪʚʦʨʝʥʦʛʦ ʰʣʘʤʫ ʧʽʩʣʷ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 1. 

ʗʢ ʚʠʜʥʦ ʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʢʘʣʴʮʽʡ 

ʦʢʩʠʜʫ ʟʤʝʥʰʫʻʪʴʩʷ ʦʙôʻʤ ʫʪʚʦʨʝʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʢʦʘʛʫʣʷʮʽʾ 

ʰʣʘʤʫ. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʢʘʣʴʮʽʡ ʦʢʩʠʜʫ ʜʦʟʚʦʣʷʻ 

ʧʦʢʨʘʱʠʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʫʪʚʦʨʝʥʦʛʦ ʰʣʘʤʫ. ʎʝ, ʦʯʝʚʠʜʥʦ, 

ʧʦʚôʷʟʘʥʦ ʥʝ ʪʽʣʴʢʠ ʟ ʧʨʠʨʦʜʦʶ ʣʫʛʫ, ʘ ʡ ʟ ʘʛʨʝʛʘʪʥʠʤ ʩʪʘʥʦʤ, ʘ ʩʘʤʝ ʟ ʪʠʤ, 

ʱʦ ʪʚʝʨʜʽ ʢʨʠʩʪʘʣʽʯʥʽ ʯʘʩʪʠʥʢʠ ʥʝʨʦʟʯʠʥʝʥʦʛʦ ʢʘʣʴʮʽʡ ʦʢʩʠʜʫ, 

ʘʜʩʦʨʙʫʶʯʠʩʴ ʥʘ ʘʤʦʨʬʥʠʭ ʯʘʩʪʠʥʢʘʭ ʢʦʘʛʫʣʷʥʪʫ, ʟʫʤʦʚʣʶʶʪʴ ʧʽʜʚʠʱʝʥʫ 

ʟʜʘʪʥʽʩʪʴ ʰʣʘʤʫ ʜʦ ʩʝʜʠʤʝʥʪʘʮʽʾ ʪʘ ʫʱʽʣʴʥʝʥʥʷ. ɸʧʨʦʢʩʠʤʘʮʽʷ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʘ ʚʩʪʘʥʦʚʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʚʠʨʘʟʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʟʤʽʥʠ ʨʅ ʪʘ ʦʙôʻʤʫ ʰʣʘʤʫ (Vʰʣ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ 

ʜʦʜʘʥʦʛʦ ʢʘʣʴʮʽʡ ʦʢʩʠʜʫ (x). ʎʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʘʶʪʴ ʧʦʣʽʥʦʤʽʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ (ʨʠʩ. 1). 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɼɸʅʀʍ ɼʀʉʊɸʅʎɯʁʅʆɻʆ ɿʆʅɼʋɺɸʅʅʗ 

ɿɽʄʃɯ ɼʃʗ ʆʎɯʅʖɺɸʅʅʗ ʉʊɸʅʋ ɽʂʆʉʀʉʊɽʄ  

ɺ ʋʄʆɺɸʍ ɺʆɭʅʅʀʍ ɼɯʁ 

 

ʊʨʘʜʠʮʽʡʥʦ ʦʮʽʥʶʚʘʥʥʷ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ 

ʧʨʦʚʝʜʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʪʦʙʪʦ ʟʜʽʡʩʥʝʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʩʪʘʥʦʤ, ʢʦʤʧʦʥʝʥʪʘʤʠ, ʧʨʦʮʝʩʘʤʠ ʡ ʷʚʠʱʘʤʠ ʝʢʦʩʠʩʪʝʤ 

[1]. ʎʝ ʩʪʘʻ ʦʩʥʦʚʦʶ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʽʡ ʟ̔ ʫʧʨʘʚʣʽʥʥʷ ʦʭʦʨʦʥʦʶ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʽ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʽ ʙʝʟ ʬʫʥʢʮʽʡ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʝʢʦʣʦʛʽʯʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ, 

ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ, ʢʦʥʪʨʦʣʶ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʽʥ. [1-2]. 

ʉʪ. 22 ɿʘʢʦʥʫ ʋʢʨʘʾʥʽ çʇʨʦ ʦʭʦʨʦʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘè ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʙʦʨʫ, ʦʙʨʦʙʢʠ, ʟʙʝʨʝʞʝʥʥʷ ʡ ʘʥʘʣʽʟʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʜʦʚʢʽʣʣʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʟʤʽʥ ʽ ʨʦʟʨʦʙʣʝʥʥʷ 

ʥʘʫʢʦʚʦ-ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʝʨʞʘʚʥʦʛʦ 

ʤʦʥ̔ʪʦʨʠʥʛʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [2]. ʎʷ ʩʠʩʪʝʤʘ 

ʟʘʙʝʟʧʝʯʫʻ ʝʬʝʢʪʠʚʥʝ ʦʪʨʠʤʘʥʥʷ ʦʮʽʥʦʢ ʽ ʧʨʦʛʥʦʟʽʚ ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ. ʇʨʠ 

ʮʴʦʤʫ ʤʦʥʽʪʦʨʠʥʛ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʟʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʜʞʝʨʝʣʦʤ 

ʟʘʙʨʫʜʥʝʥʥʷ, ʟʘʙʨʫʜʥʝʥʥʷʤ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʥʘʩʣʽʜʢʘʤʠ ʮʴʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷ [1, 3]. ɸʣʝ ʚ ʫʤʦʚʘʭ ʚʽʡʩʴʢʦʚʦʛʦ ʢʦʥʬʣʽʢʪʫ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʠʪʘʥʴ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʪʝʨʠʪʦʨʽʡ ʪʘ ʥʘʷʚʥʽ 

ʯʘʩʦʚʽ ʪʘ ʬʽʥʘʥʩʦʚʽ ʦʙʤʝʞʝʥʥʷ. ɿʘ ʮʠʭ ʦʙʩʪʘʚʠʥ, ʜʘʥʽ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʟʦʥʜʫʚʘʥʥʷ ɿʝʤʣʽ (ɼɿɿ) ʩʪʘʶʪʴ ʜʞʝʨʝʣʦʤ ʪʦʯʥʦʾ ʽ ʘʢʪʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʴ ʤʦʥʽʪʦʨʠʥʛʫ, ʜʦʧʦʚʥʶʶʯʠ ʢʦʥʪʘʢʪʥʽ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʘʥʫ ʝʢʦʩʠʩʪʝʤ. ʊʦʤʫ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʨʦʟʨʦʙʣʝʥʥʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ 

ʧʽʜʭʦʜʽʚ, ʦʨʽʻʥʪʦʚʘʥʠʭ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʠʭ ɼɿɿ ʫ ʧʨʦʮʝʩʘʭ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ ʜʦ ʩʠʩʪʝʤ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʦ ʦʭʦʨʦʥʫ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʧʨʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʦʮʽʥʶʚʘʥʥʽ 

ʟʘʚʜʘʥʠʭ ʟʙʠʪʢʽʚ ʝʢʦʩʠʩʪʝʤʘʤ, ʱʦ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʙʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʡʥʠʭ ʤʘʩʰʪʘʙʽʚ ʝʢʦʣʦʛʽʯʥʠʭ ʚʧʣʠʚʽʚ. 

ɹʦʡʦʚʽ ʜʽʾ, ʷʢʽ ʨʦʟʛʦʨʥʫʣʠʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʤʘʶʪʴ ʢʘʪʘʩʪʨʦʬʽʯʥʽ 

ʥʘʩʣʽʜʢʠ ʷʢ ʜʣʷ ʤʽʩʮʝʚʦʛʦ ʥʘʩʝʣʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʅʘʡʙʽʣʴʰ ʥʝʛʘʪʠʚʥʽ 

ʪʘ ʨʫʡʥʽʚʥʽ ʝʬʝʢʪʠ ʟʘʚʜʘʶʪʴ ʚʠʙʫʭʠ ʩʥʘʨʷʜʽʚ. ʆʢʨʽʤ, ʣʶʜʩʴʢʠʭ ʞʝʨʪʚ 

ʚʠʙʫʭʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʱʝʥʥʷ ʨʦʜʶʯʠʭ ʰʘʨʽʚ ˇʨʫʥʪʫ, ʦʪʨʫʻʥʥʷ ʙʘʛʘʪʴʤʘ 

ʭʽʤʽʢʘʪʘʤʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʬʨʘʛʤʝʥʪʘʤʠ ʤʝʪʘʣʫ, ʩʧʨʠʷʶʪʴ ʭʽʤʽʯʥʦʤʫ 

ʟʘʙʨʫʜʥʝʥʥʶ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ˇʨʫʥʪʫ. 
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ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʚʠʢʠʜʽʚ ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ ʩʥʘʨʷʜʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʭʽʤʽʯʥʦʶ 

ʧʨʠʨʦʜʦʶ ʚʠʙʫʭʦʚʠʭ ʨʝʯʦʚʠʥ, ʧʦʨʦʭʫ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘʟʚʠʯʘʡ, 

ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ ʫʪʚʦʨʶʶʪʴʩʷ ʦʢʩʠʜʠ ʚʫʛʣʝʮʶ, ʩʘʞʘ, ʘʟʦʪ, ʦʢʩʠʜʠ ʘʟʦʪʫ, 

ʚʦʜʝʥʴ, ʚʦʜʷʥʽ ʧʘʨʠ. ʋ ʥʝʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ ʤʦʞʫʪʴ ʚʠʡʪʠ ʽʥʰʽ ʩʧʦʣʫʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʤʝʪʘʥ, ʘʮʝʪʠʣʝʥ, ʘʤʽʘʢ, ʩʠʥʠʣʴʥʘ ʢʠʩʣʦʪʘ. ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ, ʧʽʜ 

ʯʘʩ ʚʠʙʫʭʫ 1 ʢʛ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫʪʚʦʨʶʻʪʴʩʷ 0,7-0,9 ʤ3 ʛʘʟʽʚ, ʪʦʙʪʦ ʧʨʠ 

ʚʠʙʫʭʫ, 10 ʪ ʪʚʦʨʠʪʴʩʷ ʧʠʣʦʛʘʟʦʚʘ ʭʤʘʨʘ ʦʙʩʷʛʦʤ 7-9 ʪʠʩ. ʤ3, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʦʢʩʠʜʽʚ ʚʫʛʣʝʮʶ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ, ʧʠʣʫ, ʩʘʞʽ ʪʘ ʟ'ʻʜʥʘʥʴ ʤʝʪʘʣʽʚ [4]. ʊʘʢʦʞ, 

ʚʽʜʦʤʦ, ʱʦ ʩʫʯʘʩʥʽ ʬʫʛʘʩʥʽ ʪʘ ʬʫʛʘʩʥʽ ʦʩʢʦʣʢʦʚʽ ʩʥʘʨʷʜʠ ʧʽʜ ʯʘʩ ʚʠʙʫʭʫ 

ʚʠʚʝʨʪʘʶʪʴ ʙʣʠʟʴʢʦ 1,2-1,5 ʤ3 ˇʨʫʥʪʫ ʥʘ 1 ʢʛ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ [4].  

ɼʘʥʽ ɼɿɿ ʥʘʜʘʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʩʪʘʥʫ ʟʝʤʥʦʾ ʧʦʚʝʨʭʥʽ. ʇʽʜ ʯʘʩ 

ʚʠʙʫʭʫ ʩʥʘʨʷʜʽʚ ʫ ʟʝʤʣʽ ʫʪʚʦʨʶʻʪʴʩʷ ʦʪʚʽʨ ï çʚʦʨʦʥʢʘè, ʧʨʠ ʮʴʦʤʫ ʯʘʩʪʠʥʘ 

ˇʨʫʥʪʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʙʽʣʷ ʦʪʚʦʨʫ, ʫʪʚʦʨʶʻ ʚʘʣ ï çʭʨʝʙʝʪè. ʌʦʨʤʫʻʪʴʩʷ 

ʪʘʢ ʟʚʘʥʠʡ çʙʝʣʽʛʝʨʘʪʠʚʥʠʡ ʣʘʥʜʰʘʬʪè ʣʘʥʜʰʘʬʪʥʠʡ ʢʦʤʧʣʝʢʩ ʚʦʻʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʩʪʚʦʨʝʥʥʷ, ʚʽʢʫ ʡ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ [5]. ʋ ʤʽʩʮʷʭ ʟʘʧʝʢʣʠʭ ʙʦʾʚ ʱʽʣʴʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʦʪʚʦʨʽʚ 

ʪʘʢʘ, ʱʦ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʝʜʽʪʠ ʥʘ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʘʭ (ʨʠʩ. 1); ʙʽʣʴʰ ʪʦʛʦ, ʪʘʢʽ 

ʟʦʙʨʘʞʝʥʥʷ ʜʘʶʪʴ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʡ ʘʥʘʣʽʟʫʚʘʪʠ ʧʦʜʽʙʥʦʛʦ ʨʦʜʫ 

ʽʥʬʦʨʤʘʮʽʶ. 

 
ʈʠʩ.1. ʊʝʨʠʪʦʨʽʷ ɼʦʥʝʮʴʢʦʾ ʦʙʣʘʩʪʽ, ʧʦʰʢʦʜʞʝʥʘ ʚʠʙʫʭʘʤʠ 

(ʟʘ ʜʘʥʠʤʠ ʩʝʨʚʽʩʫ Google Earth Pro) 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʟʘʟʚʠʯʘʡ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʣʽʛʝʨʘʪʠʚʥʠʭ ʣʘʥʜʰʘʬʪʽʚ 

ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʢʦʥʪʝʢʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ 

ʋʢʨʘʾʥʠ ʘʙʦ ʨʦʟʚʠʪʢʫ ʪʫʨʠʟʤʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [6] ʥʘʚʝʜʝʥʦ ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʾʭ ʚʠʚʯʝʥʥʷ ʚ ʩʪʨʫʢʪʫʨʽ ʝʪʥʦʢʫʣʴʪʫʨʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʘʙʦ ʚ ʩʪʨʫʢʪʫʨʘʭ 

ʪʫʨʠʩʪʠʯʥʦ-ʨʝʢʨʝʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ. ɿʘ ʩʫʯʘʩʥʠʭ ʦʙʩʪʘʚʠʥ ʜʦʩʣʽʜʞʝʥʥʷ 

ʙʝʣʽʛʝʨʘʪʠʚʥʠʭ ʣʘʥʜʰʘʬʪʽʚ ʜʘʻ ʟʤʦʛʫ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʦʮʽʥʶʚʘʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʚʽʡʩʴʢʦʚʠʭ ʜʽʡ ʥʘ ʝʢʦʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ: ʦʮʽʥʶʚʘʥʥʷ 

ʭʽʤʽʯʥʦʛʦ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʦʙʩʷʛʽʚ 

ʚʪʨʘʯʝʥʠʭ ˇʨʫʥʪʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟʘ ʢʦʩʤʽʯʥʠʤʠ ʟʥʽʤʢʘʤʠ ʻ ʤʦʞʣʠʚʽʩʪʴ 
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ʦʮʽʥʠʪʠ ʢʘʣʽʙʨ ʩʥʘʨʷʜʽʚ, ʱʦ ʧʨʠʟʚʝʣʠ ʜʦ ʚʠʙʫʭʫ (ʨʠʩ. 2), ʪʘ ʾʭ ʢʽʣʴʢʽʩʪʴ. ɿʘ 

ʮʠʤʠ ʜʘʥʠʤʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʢʽʣʴʢʦʩʪʽ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʣʽʙʨʫ ʩʥʘʨʷʜʽʚ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʦʙʩʷʛʠ ʚʠʚʝʨʥʫʪʦʛʦ ˇʨʫʥʪʫ ʪʘ 

ʢʽʣʴʢʦʩʪʽ ʦʪʨʫʡʥʠʭ ʛʘʟʽʚ.  

    
ʘ     ʙ     ʚ 

ʈʠʩ.2. ʇʨʠʢʣʘʜʠ ʢʦʩʤʽʯʥʠʭ ʟʥʽʤʢʽʚ ʚʦʨʦʥʢʠ ʚʽʜ ʩʥʘʨʷʜʽʚ ʨʽʟʥʦʛʦ ʢʘʣʽʙʨʫ:  

ʘ ï ʚʝʣʠʢʦʛʦ ʢʘʣʽʙʨʫ; ʙ ï ʩʝʨʝʜʥʴʦʛʦ ʢʘʣʽʙʨʫ; ʚ ï ʤʘʣʦʛʦ ʢʘʣʽʙʨʫ 

 

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʦʪʨʠʤʘʥʽ ʚʽʜ ʚʽʜʢʨʠʪʦʛʦ ʜʞʝʨʝʣʘ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʨʝʘʢʪʠʚʥʽ ʩʠʩʪʝʤʠ ʟʘʣʧʦʚʦʛʦ ʚʦʛʥʶ [7] ʪʘ ʩʪʚʦʣʴʥʦʾ 

ʘʨʪʠʣʝʨʽʾ [8] ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʢʽʣʴʢʽʩʪʴ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʜʣʷ ʩʫʯʘʩʥʠʭ 

ʩʥʘʨʷʜʽʚ ʢʦʞʥʦʛʦ ʟ ʦʮʽʥʝʥʠʭ ʢʘʣʽʙʨʽʚ ʧʦʤʽʯʝʥʠʭ ʥʘ ʢʦʩʤʽʯʥʦʤʫ ʟʥʽʤʢʫ 

(ʨʠʩ.1). ɼʦ ʢʘʣʽʙʨʽʚ ʤʘʣʦʛʦ ʢʘʣʽʙʨʫ ʚʽʜʥʝʩʝʥʦ ʩʥʘʨʷʜʠ 82 ʪʘ 120 ʤʽʣʽʤʝʪʨʽʚ, 

ʜʦ ʩʝʨʝʜʥʴʦʛʦ ʢʘʣʽʙʨʫ ï 152 ʤʽʣʽʤʝʪʨʘ, ʜʦ ʚʝʣʠʢʦʛʦ ʢʘʣʽʙʨʫ ï 220 ʤʽʣʽʤʝʪʨʽʚ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʚʝʨʥʫʪʦʛʦ ˇʨʫʥʪʫ ʧʨʠʚʝʜʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1  

ʆʙô̒ ʤ ʚʠʚʝʨʥʫʪʦʛʦ ˇʨʫʥʪʫ ʚʽʜ ʨʦʟʨʠʚʽʚ ʩʥʘʨʷʜʽʚ 
 

ʂʘʣʽʙʨ ʩʥʘʨʷʜʫ 
 

ʄʘʩʘ ʚʠʙʫʭʦʚʦʾ ʨʝʯʦʚʠʥʠ ʫʩʽʭ 

ʩʥʘʨʷʜʚ̔ 

ʜʘʥʦʛʦ ʢʘʣʽʙʨʫ, ʢʛ 

ʆʙô̒ ʤ ʚʠʚʝʨʥʫʪʦʛʦ 

ˇʨʫʥʪʫ ʤ3 

82 1736,8 ʚʽʜ 2084,16 ʜʦ 2605,2 

120 13875 ʚʽʜ 16650 ʜʦ 20812,5 

152 58429 ʚʽʜ 70114,8 ʜʦ 87643,5 

220 2132 ʚʽʜ 2558,4 ʜʦ 3298 

ʋʩʴʦʛʦ: 76172,8 ʚʽʜ 91407,36 ʜʦ 114259,2 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ 

çʄʝʪʦʜʦʣʦʛʽʷ ʩʪʚʦʨʝʥʥʷ ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʦʙôʻʢʪʽʚ 

ʜʦʚʢʽʣʣʷè (ɼʈ ˉ 0122U002298). 
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 ɼʠʤʘʥʴ ʅ. ʆ., ʤʘʛʽʩʪʨ ʟ ʝʢʦʣʦʛʽʾ, ʃʘʚʨʦʚ ɺ. ɺ., ʜ-ʨ ʩ.-ʛ. ʥ. 

ɹʽʣʦʮʝʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ,  

ʤ. ɹʽʣʘ ʎʝʨʢʚʘ, ʋʢʨʘʾʥʘ 

 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʅɸʇʈʗʄʀ ʈɽɸʃɯɿɸʎɯɰ ʅɽʌʆʈʄɸʃʔʅʆɰ 

çʂʃɯʄɸʊʀʏʅʆɰ ʆʉɺɯʊʀè ʄʆʃʆɼɯ 

 

ɼʦʩʚʽʜ ʙʘʛʘʪʴʦʭ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥ ʩʚʽʜʯʠʪʴ, ʱʦ ʩʫʪʦ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʞʠʪʪʷ ʥʘʩʝʣʝʥʥʷ. ʊʘʢ 

ʩʘʤʦ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʷʛʥʝʥʴ, ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʘ ʦʩʪʘʪʦʯʥʦ 

ʥʝ ʦʩʷʛʥʫʣʘ ʤʝʭʘʥʽʟʤʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʧʨʠʨʦʜʠ, ʱʦʙ ʨʦʟʫʤʥʦ ʥʠʤʠ 

ʫʧʨʘʚʣʷʪʠ. ʉʚʽʪʦʚʘ ʩʧʽʣʴʥʦʪʘ ʧʨʦʛʦʣʦʩʠʣʘ 21 ʩʪ. ʩʪʦʣʽʪʪʷʤ ʦʩʚʽʪʠ. ʃʽʜʝʨʦʤ 

ʤʦʞʝ ʩʪʘʪʠ ʪʘ ʜʝʨʞʘʚʘ, ʷʢʘ ʩʪʚʦʨʠʪʴ ʥʘʡʝʬʝʢʪʠʚʥʽʰʫ ʩʠʩʪʝʤʫ ʦʩʚʽʪʠ, 

ʟʘʙʝʟʧʝʯʠʪʴ ʛʘʨʤʦʥʽʡʥʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʣʶʜʠʥʠ ʟ ʧʨʠʨʦʜʦʶ, ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʽ ʚʽʜʪʚʦʨʶʚʘʪʠʤʝ ʾʾ ʙʘʛʘʪʩʪʚʘ, ʧʩʠʭʦʣʦʛʽʯʥʦ ʛʦʪʦʚʘ 

ʦʙʝʨʽʛʘʪʠ ʥʘʚʢʦʣʠʰʥʻ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʉʚʽʪʦʚʘ ʩʧʽʣʴʥʦʪʘ ʜʝʜʘʣʽ 

ʙʽʣʴʰʝ ʫʩʚʽʜʦʤʣʶʻ, ʱʦ ʤʝʪʦʶ ʽ ʩʫʪʪʶ ʥʦʚʦʾ ʦʩʚʽʪʠ ʚ ʫʤʦʚʘʭ ʰʚʠʜʢʦ 

ʟʤʽʥʶʚʘʥʦʛʦ ʩʚʽʪʫ ʡ ʛʣʦʙʘʣʽʟʘʮʽʾ ʧʦʚʠʥʥʘ ʩʪʘʪʠ ʦʩʚʽʪʘ ʚ ʛʘʣʫʟʽ ʝʢʦʣʦʛʽʾ ʪʘ 

ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʊʘʢʘ ʦʩʚʽʪʘ ʚʠʩʪʫʧʘʪʠʤʝ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʦʩʣʘʙʣʝʥʥʷ ʥʘʧʨʫʛʠ ʥʝ ʪʽʣʴʢʠ ʤʽʞ ʩʧʽʣʴʥʦʪʦʶ ʣʶʜʝʡ ʽ 

ʥʘʚʢʦʣʠʰʥʽʤ ʧʨʠʨʦʜʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʘ ʡ ʤʽʞ ʥʘʨʦʜʘʤʠ, ʽʥʩʪʨʫʤʝʥʪʦʤ 

ʤʠʨʫ ʽ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ. ʎʝ ʪʘ ʩʬʝʨʘ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʘ, ʜʝ 

ʥʘʡʙʽʣʴʰ ʧʦʚʥʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʻʜʥʽʩʪʴ ʽʥʪʝʨʝʩʽʚ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʚ 

ʩʘʤʦʟʙʝʨʝʞʝʥʥʽ ʩʚʽʪʦʚʦʾ ʮʠʚʽʣʽʟʘʮʽʾ.  

ɺʘʞʣʠʚʘ ʩʢʣʘʜʦʚʘ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʩʴʦʛʦʜʥʽ ï ʦʩʚʽʪʘ ʧʨʦ ʟʤʽʥʫ 

ʢʣʽʤʘʪʫ. ɺʦʥʘ ʧʦʢʣʠʢʘʥʘ ʥʘʚʯʠʪʠ ʣʶʜʠʥʫ ʨʦʟʫʤʽʥʥʶ ʧʨʠʯʠʥ ʪʘ ʥʘʩʣʽʜʢʽʚ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʧʽʜʛʦʪʫʚʘʪʠ ʾʾ ʜʦ ʞʠʪʪʷ ʟ ʮʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʽ ʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʟʜʽʡʩʥʶʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʜʽʾ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʙʽʣʴʰ ʩʪʘʣʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ.  

ʇʠʪʘʥʥʷ ʨʝʘʣʽʟʘʮʽʾ ʥʝʬʦʨʤʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ ʤʦʣʦʜʽ ʚʠʩʚʽʪʣʝʥʦ 

ʚ ʨʦʙʦʪʘʭ ʄ. ɼʫʙʨʦʚʩʴʢʦʾ [1], ʆ. ɼʫʭ ʪʘ ʽʥ. [2], ʃʽʩʦʚʮʷ [3] ʉ. ʃʶʣʝʥʢʦ [4] 

ʪʘ ʽʥʰʠʭ. ʆ. ɯ. ɼʫʭ ʟʽ ʩʧʽʚʘʚʪʦʨʘʤʠ ʥʘʜʘʶʪʴ ʫʚʘʛʫ ʜʽʷʣʴʥʦʩʪʽ ʛʨʦʤʘʜʩʴʢʠʭ 

ʦʨʛʘʥʽʟʘʮʽʡ, ʨʦʟʛʣʷʜʘʶʪʴ ʾʾ ʯʝʨʝʟ ʩʧʽʣʴʥʫ ʧʨʘʢʪʠʢʫ ʟ̔ ʟʘʢʣʘʜʘʤʠ ʦʩʚʽʪʠ ʫ 

ʥʘʧʨʷʤʽ ʝʢʦʣʦʛʽʟʘʮʽʾ ʢʫʣʴʪʫʨʥʦ-ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʩʪʦʨʫ ʤʦʣʦʜʽ, ʦʨʛʘʥʽʟʘʮʽʾ 

ʝʢʦʣʦʛʽʯʥʦʾ ʚʦʣʦʥʪʝʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʨʦʩʚʽʪʥʠʮʪʚʘ ʪʘ 

ʪʫʨʠʟʤʫ. ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʽʚ, ʩʘʤʝ ʪʘʢʘ ʜʽʷʣʴʥʽʩʪʴ ʥʘʜʘʣʽ ʩʧʦʥʫʢʘʪʠʤʝ 

ʤʦʣʦʜʠʭ ʣʶʜʝʡ ʜʦ ʝʢʦʣʦʛʦ-ʦʨʽʻʥʪʦʚʘʥʦʾ ʜʽʷʣʴʥʦʩʪʽ [2]. ʅʘ ʞʘʣʴ, ʧʠʪʘʥʥʷ 

ʨʝʘʣʽʟʘʮʽʾ çʢʣʽʤʘʪʠʯʥʦʾè ʦʩʚʽʪʠ ʽ ʧʨʦʩʚʽʪʥʠʮʪʚʘ ʤʦʣʦʜʽ ʫ ʚʽʪʯʠʟʥʷʥʠʭ 

ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣʘʭ ʚʠʩʚʽʪʣʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ.  

ʄʝʪʘ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ï ʘʥʘʣʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʝʘʣʽʟʘʮʽʾ 

ʥʝʬʦʨʤʘʣʴʥʦʾ çʢʣʽʤʘʪʠʯʥʦʾ ʦʩʚʽʪʠè ʤʦʣʦʜʽ.  
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ʄʦʣʦʜʴ ʨʽʟʥʦʛʦ ʚʽʢʫ ʻ ʚʘʞʣʠʚʦʶ ʽ ʩʧʝʮʠʬʽʯʥʦʶ ʮʽʣʴʦʚʦʶ ʛʨʫʧʦʶ ʜʣʷ 

ʢʣʽʤʘʪʠʯʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʧʝʨʝʙʫʚʘʻ ʚ ʧʨʦʮʝʩʽ ʘʢʪʠʚʥʦʾ 

ʩʦʮʽʘʣʽʟʘʮʽʾ  ʥʘ ʝʪʘʧʽ ʟʘʩʚʦʻʥʥʷ ʞʠʪʪʻʚʠʭ ʮʽʥʥʦʩʪʝʡ ʪʘ ʧʦʚʝʜʽʥʢʦʚʠʭ ʥʦʨʤ, 

ʧʦʚôʷʟʘʥʠʭ ʫ ʪʦʤʫ ʯʠʩʣʽ ʟ ʝʢʦʣʦʛʽʻʶ. ɺ ʋʢʨʘʾʥʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʠʟʴʢʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʢʨʘʾʥʘʤʠ ʟʘʣʫʯʝʥʽʩʪʴ ʤʦʣʦʜʽ ʜʦ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ 

ʟʙʝʨʝʞʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

ʋ ʨʘʤʢʘʭ ʬʦʨʤʘʣʴʥʦʾ ʦʩʚʽʪʠ ʫʯʥʷʤ ʥʝ ʥʘʜʘʶʪʴ ʟʥʘʥʥʷ ʽ ʥʘʚʠʯʢʠ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤʠ ʪʘ ʧʦʪʫʞʥʠʤʠ ʘʛʝʥʪʘʤʠ ʟʤʽʥ. ʉʝʨʝʜ ʤʦʣʦʜʽ 

ʚʽʜʩʫʪʥʽ ʩʚʽʜʦʤʽ çʢʣʽʤʘʪʠʯʥʽè ʣʽʜʝʨʠ, ʷʢʽ ʙʫʣʠ ʙ ʛʦʪʦʚʽ ʙʨʘʪʠ ʥʘ ʩʝʙʝ 

ʽʥʽʮʽʘʪʠʚʫ ʫ ʚʠʨʽʰʝʥʥʽ ʚʘʞʣʠʚʠʭ ʧʨʦʙʣʝʤ ʩʴʦʛʦʜʝʥʥʷ. ɺʽʜʪʘʢ, ʤʠ ʚʪʨʘʯʘʻʤʦ 

ʪʨʘʥʩʬʦʨʤʫʶʯʠʡ ʧʦʪʝʥʮʽʘʣ ʤʦʣʦʜʠʭ ʣʶʜʝʡ 14 18 ʨʦʢʽʚ, ʢʦʪʨʽ ʱʝ 

ʟʜʝʙʽʣʴʰʦʛʦ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʫʪʨʠʤʘʥʥʽ ʙʘʪʴʢʽʚ, ʤʘʶʪʴ ʚʽʣʴʥʠʡ ʯʘʩ ʽ ʤʦʞʫʪʴ 

ʯʠʥʠʪʠ ʚʧʣʠʚ ʥʘ ʩʚʦʾ ʨʦʜʠʥʠ ʪʘ ʩʧʽʣʴʥʦʪʠ. ʉʘʤʝ ʪʦʤʫ ʚʘʞʣʠʚʦ ʧʽʜʥʽʤʘʪʠ 

ʧʨʦʙʣʝʤʫ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʚ ʰʢʦʣʽ, ʢʦʤʫʥʽʢʫʚʘʪʠ ʟ ʰʠʨʦʢʦʶ, ʨʽʟʥʦʧʣʘʥʦʚʦʶ 

ʘʫʜʠʪʦʨʽʻʶ, ʧʨʦʚʦʜʠʪʠ ʧʝʨʝʦʨʽʻʥʪʘʮʽʶ ʢʦʞʥʦʛʦ ʚʠʭʦʚʘʥʮʷ ʥʘ ʩʘʤʦʧʽʟʥʘʥʥʷ 

ʽ ʩʘʤʦʨʦʟʚʠʪʦʢ, ʩʘʤʦʨʝʘʣʽʟʘʮʽʶ ʽ ʩʘʤʦʩʪʽʡʥʽʩʪʴ. ʉʚʽʜʦʤʝ ʡ ʙʝʨʝʞʣʠʚʝ 

ʩʪʘʚʣʝʥʥʷ ʜʦ ʧʨʠʨʦʜʠ ʤʘʻ ʬʦʨʤʫʚʘʪʠʩʴ ʟ ʜʠʪʠʥʩʪʚʘ, ʟʘ ʫʤʦʚʠ ʘʢʪʠʚʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʩʠʩʪʝʤʘʪʠʯʥʠʭ ʟʥʘʥʴ ʫ ʮʽʡ 

ʛʘʣʫʟʽ.  

ʂʨʽʤ ʬʦʨʤʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʦʩʚʽʪʠ, ʷʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘʢʣʘʜʘʤʠ ʦʩʚʽʪʠ, 

ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʬʦʨʤʫʚʘʥʥʽ ʝʢʦʣʦʛʽʯʥʦ ʩʪʘʙʽʣʴʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ ʚʽʜʽʛʨʘʻ 

ʥʝʬʦʨʤʘʣʴʥʘ ʦʩʚʽʪʘ, ʷʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʯʝʨʝʟ ʛʨʦʤʘʜʩʴʢʽ ʝʢʦʣʦʛʽʯʥʽ ʦʙôʻʜʥʘʥʥʷ, 

ʚʦʣʦʥʪʝʨʩʴʢʫ ʜʽʷʣʴʥʽʩʪʴ, ʚʠʢʦʥʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʻʢʪʽʚ, ʟʘʩʦʙʠ ʤʘʩʦʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʦʱʦ.  

ʊʘʢʠʤ, ʱʦ ʟʘʩʣʫʛʦʚʫʻ ʥʘ ʫʚʘʛʫ ʜʣʷ ʧʦʰʠʨʝʥʥʷ ʩʝʨʝʜ ʤʦʣʦʜʽ ʜʦʩʚʽʜ 

ʝʢʦʩʚʽʜʦʤʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʽ ʚʠʨʦʙʣʝʥʥʷ ʧʝʚʥʠʭ ʝʢʦʟʚʠʯʦʢ. ʉʴʦʛʦʜʥʽ 

ʟôʷʚʠʚʩʷ ʪʘʢʠʡ ʪʝʨʤʽʥ ʷʢ çʝʢʦʣʦʛʽʩʪʠè, ʪʦʙʪʦ ʪʽ, ʭʪʦ ʩʘʤʦʩʪʽʡʥʦ 

ʚʧʨʦʚʘʜʞʫʻ ʚ ʧʦʚʩʷʢʜʝʥʥʝ ʞʠʪʪʷ ʝʢʦʣʦʛʦ-ʩʚʽʪʦʛʣʷʜʥʽ ʫʩʪʘʥʦʚʢʠ ʽ 

ʧʨʦʩʚʽʱʘʻ ʫ ʮʽʡ ʩʬʝʨʽ ʽʥʰʠʭ. ʋ ʩʚʽʪʽ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʩʪʚʦʨʝʥʥʷ 

ʝʢʦʧʦʩʝʣʝʥʴ, ʝʢʦʢʦʤʫʥ, ʚ ʷʢʠʭ ʦʙʣʘʰʪʦʚʫʶʪʴ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ, ʟʘʦʱʘʜʣʠʚʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʦʜʫ, ʩʧʦʞʠʚʘʶʪʴ ʣʦʢʘʣʴʥʦ ʚʠʨʦʱʝʥʽ ʧʨʦʜʫʢʪʠ, 

ʨʝʘʣʽʟʦʚʫʶʪʴ ʧʨʦʻʢʪʠ ʩʘʤʦʨʦʟʚʠʪʢʫ. ʅʘʧʨʠʢʣʘʜ, ʥʝʧʦʜʘʣʽʢ ʮʝʥʪʨʘ ʢʘʥʪʦʥʫ 

ʉʘʥʢʪ-ɻʘʣʣʝʥʘ ʚ ʐʚʝʡʮʘʨʽʾ ʽʩʥʫʻ ʝʢʦʧʦʩʝʣʝʥʥʷ, ʚ ʷʢʦʤʫ ʨʝʘʣʽʟʫʶʪʴʩʷ ʟʘʟʥʘʯʝʥʽ 

ʧʨʦʻʢʪʠ [5]. ɺ ʋʢʨʘʾʥʽ ʪʘʢʽ ʧʨʠʢʣʘʜʠ ʪʘʢʦʞ ʥʝʧʦʦʜʠʥʦʢʽ, ʽʩʥʫʻ ʥʘʚʽʪʴ ʫʢʨʘʾʥʩʴʢʝ 

ʚʽʜʜʽʣʝʥʥʷ ɺʩʝʩʚʽʪʥʴʦʾ ʤʝʨʝʞʽ ʝʢʦʧʦʩʝʣʝʥʴ çGlobal Ecovillage Network Ukraineè 

[6]. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʝʢʦʣʦʛʽʯʥʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʢʣʽʤʘʪʠʯʥʘ ʪʝʤʘʪʠʢʘ ʤʦʞʝ ʩʪʘʪʠ 

ʩʦʮʽʦʪʚʽʨʥʠʤ ʧʨʠʥʮʠʧʦʤ, ʷʢʠʡ ʙʫʜʝ ʦʙôʻʜʥʫʚʘʪʠ ʽ ʩʧʨʷʤʦʚʫʚʘʪʠ ʤʦʣʦʜʴ ʫ 

ʥʘʧʨʷʤʽ ʬʦʨʤʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʢʫʣʴʪʫʨʠ.  

ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʽʜʨʠʤʢʠ ʦʩʦʙʣʠʚʦʛʦ ʚʠʜʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʦʟʚʽʣʣʷ, ʷʢʝ ʤʘʻ ʝʢʦʣʦʛʽʯʥʝ ʩʧʨʷʤʫʚʘʥʥʷ. ʉʬʦʨʤʫʚʘʣʦʩʴ 

ʥʘʚʽʪʴ ʧʦʥʷʪʪʷ ecotainment (ʚʽʜ ʘʥʛʣ. ʝntertainment ï ʨʦʟʚʘʛʘ ʪʘ ecology ï 

ʝʢʦʣʦʛʽʷ). ɺʝʣʠʢʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʪʘʢʠʭ ʮʽʣʝʡ ʤʘʻ ʢʣʫʙʥʠʡ ʬʦʨʤʘʪ, ʨʽʟʥʽ 

ʢʦʤôʶʥʽʪʽ-ʤʘʡʜʘʥʯʠʢʠ, ʧʦʧʫʣʷʨʥʽ ʩʝʨʝʜ ʤʦʣʦʜʽ. ʊʘʢʠʡ ʬʦʨʤʘʪ ʧʦʻʜʥʫʻ ʚ 
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ʩʦʙʽ ʢʫʣʫʘʨʥʽʩʪʴ ʪʽʩʥʦʛʦ ʩʧʽʣʢʫʚʘʥʥʷ, ʥʝʚʠʤʫʰʝʥʽʩʪʴ ʟʫʩʪʨʽʯʝʡ ʽ ʛʦʩʪʨʦʪʫ 

ʧʨʦʙʣʝʤʘʪʠʢʠ ʜʣʷ ʦʙʛʦʚʦʨʝʥʥʷ. ʉʘʤʝ ʜʝʤʦʢʨʘʪʠʯʥʽʩʪʴ ʧʦʜʽʙʥʠʭ ʬʦʨʤ 

ʩʧʽʣʢʫʚʘʥʥʷ ʧʨʠʚʘʙʣʠʚʘ ʜʣʷ ʤʦʣʦʜʽ. 

ʇ̔ ʜʪʨʠʤʢʘ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʠʭ ʽʥʽʮʽʘʪʠʚ ʤʦʣʦʜʽ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʩʪʚʦʨʝʥʥʷ ʢʦʤʬʦʨʪʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʢʦʤʫʥʽʢʘʮʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʦʩʚʦʶʶʪʴʩʷ ʤʦʣʦʜʜʶ ʥʘʜʟʚʠʯʘʡʥʦ 

ʰʚʠʜʢʦ, ʦʜʥʘʢ ʚʽʨʪʫʘʣʴʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʡʦʛʦ ʧʨʦʩʪʦʪʦʶ ʽ ʜʦʩʪʫʧʥʽʩʪʶ ʥʝ 

ʤʦʞʝ ʧʦʚʥʦʮʽʥʥʦ ʟʘʜʦʚʦʣʴʥʠʪʠ ʧʦʪʨʝʙʫ ʤʦʣʦʜʽ ʫ ʩʧʽʣʢʫʚʘʥʥʽ ï ʚ ʜʽʾ, ʚ 

ʨʝʘʣʴʥʦʩʪʽ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʙʽʙʣʽʦʪʝʢʠ, ʤʫʟʝʾ ʪʘ ʽʥʰʽ ʧʨʦʩʚʽʪʥʠʮʴʢʽ ʟʘʢʣʘʜʠ. ʇʽʩʣʷ 

ʜʝʷʢʦʛʦ ʧʝʨʝʬʦʨʤʘʪʫʚʘʥʥʷ ʩʚʦʻʾ  ʜʽʷʣʴʥʦʩʪʽ, ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʦʩʪʦʨʫ ʮʽ ʟʘʢʣʘʜʠ 

ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ çʥʦʚʝ ʜʠʭʘʥʥʷè ʽ ʩʪʘʪʠ ʤʘʡʜʘʥʯʠʢʦʤ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʤʦʣʦʜʽ 

ʽ ʩʧʨʠʷʪʠ ʾʾ ʝʢʦʣʦʛʽʯʥʦʤʫ ʧʨʦʩʚʽʪʥʠʮʪʚʫ, ʬʦʨʤʫʚʘʥʥʶ ʥʦʚʠʭ ʮʽʥʥʽʩʥʠʭ 

ʦʨʽʻʥʪʠʨʽʚ. 

ʆʪʞʝ, ʟ ʤʝʪʦʶ ʟʙʝʨʝʞʝʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʩʬʦʨʤʫʶʯʦʛʦ ʧʦʪʝʥʮʽʘʣʫ 

ʤʦʣʦʜʽ ʧʽʜʣʽʪʢʦʚʦʛʦ ʚʽʢʫ ʧʨʦʙʣʝʤʫ ʟʤʽʥʠ ʢʣʽʤʘʪʫ ʥʝʦʙʭʽʜʥʦ ʧʦʯʠʥʘʪʠ 

ʟôʷʩʦʚʫʚʘʪʠ ʽ ʨʦʟʚôʷʟʫʚʘʪʠ ʟ̔ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ ʰʢʦʣʠ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ 

ʥʘʧʨʷʤʘʤʠ ʨʝʘʣʽʟʘʮʽʾ ʥʝʬʦʨʤʘʣʴʥʦʾ çʢʣʽʤʘʪʠʯʥʦʾ ʦʩʚʽʪʠè ʤʦʣʦʜʽ ʻ ʨʫʭ 

çʝʢʦʣʦʛʽʩʪʽʚè, ʩʪʚʦʨʝʥʥʷ ʝʢʦʧʦʩʝʣʝʥʴ, ʝʢʦʢʦʤʫʥ, ʦʨʛʘʥʽʟʘʮʽʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʛʦ ʜʦʟʚʽʣʣʷ ʟ ʝʢʦʣʦʛʽʯʥʠʤ ʩʧʨʷʤʫʚʘʥʥʷʤ ʫ ʤʦʜʝʨʥʽʟʦʚʘʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʧʨʦʩʚʽʪʥʠʮʴʢʠʭ ʟʘʢʣʘʜʽʚ. 
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ʈɽʂʋʃʔʊʀɺɸʎɯɰ ɿɽʄɽʃʔ ʄɯʉʎʔ  

ɺʀɹʋʍɯɺ ɹʆɭʇʈʀʇɸʉɯɺ 

 
ɸʢʪʫʘʣʴʥʽʩʪʴ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʽʚ, 

ʟʘʙʨʫʜʥʝʥʠʭ ʚʠʙʫʭʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ, ʻ ʩʴʦʛʦʜʥʽ ʙʝʟʟʘʧʝʨʝʯʥʠʤ ʜʣʷ 

ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ [1]. ʄʝʪʦʶ ʜʽʷʣʴʥʦʩʪʽ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʽ ʤʘʻ ʩʪʘʪʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʟʝʤʝʣʴ ʤʽʩʮʴ, ʟʘʙʨʫʜʥʝʥʠʭ ʚʥʘʩʣʽʜʦʢ ʚʠʙʫʭʽʚ, ʟʦʢʨʝʤʘ ʤʽʩʮʴ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ. 

ɺʧʣʠʚ ʥʘ ˇʨʫʥʪʠ ʫ ʤʽʩʮʽ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʟʥʠʱʝʥʥʷ 

ʙʦʻʧʨʠʧʘʩʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʠʥʥʠʢʘʤʠ ʚʠʙʫʭʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ 

ʬʽʟʠʯʥʠʭ ʪʘ ʭʽʤʽʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ [2-8]. ʇʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ 

ʘʚʪʦʨʽʚ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʩʫʪʪʻʚʠʭ ʟʘ ʨʽʚʥʝʤ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʴ 

ʧʦʚʽʪʨʷ, ʚʦʜʠ ʪʘ ˇʨʫʥʪʫ ʫ ʤʽʩʮʷʭ, ʜʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚʠʙʫʭʠ ʙʦʻʧʨʠʧʘʩʽʚ [9-15]. 

ɺʘʞʣʠʚʠʤ ʪʘʢʦʞ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʝʬʝʢʪʠ ʚʧʣʠʚʫ ʚʠʙʫʭʽʚ ʥʘ ʜʦʚʢʽʣʣʷ ʻ 

ʧʨʦʣʦʥʛʦʚʘʥʠʤʠ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʫʤʫʣʷʪʠʚʥʠʡ ʝʬʝʢʪ. ɿʦʢʨʝʤʘ, ʫ 

ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʽʥʰʠʭ ʥʘʫʢʦʚʮʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʬʘʢʪʠ 

ʩʫʪʪʻʚʦʛʦ ʧʦʰʠʨʝʥʥʷ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʚʽʜ ʤʽʩʮʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʾʭ ʚʧʣʠʚʫ 

(ʣʦʢʘʣʽʟʦʚʘʥʠʭ ʥʘ ʧʦʚʝʨʭʥʽ) ʜʦ ʛʣʠʙʦʢʠʭ ʨʽʚʥʽʚ ˇʨʫʥʪʫ ʪʘ ˇʨʫʥʪʦʚʠʭ ʚʦʜ 

[1, 16, 17].  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʽʩʥʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ 

ʤʽʩʮʴ ʚʠʙʫʭʽʚ (ʟʦʢʨʝʤʘ, ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ) ʙʦʻʧʨʠʧʘʩʽʚ [2] ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻʜʠʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʧʦʜʽʙʥʠʭ ʦʙôʻʢʪʽʚ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ ʚʠʨʽʰʠʪʠ ʚʩʽ 

ʧʦʩʪʘʣʽ ʟʘʚʜʘʥʥʷ. ʅʝʦʙʭʽʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

ʪʝʭʥʦʣʦʛʽʡ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʤʝʪʦʜʠʢʠ ʾʭ 

ʟʘʩʪʦʩʦʚʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʰʚʠʜʢʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʜʘʣʝʥʥʷ ʟ ˇʨʫʥʪʽʚ ʚʩʽʭ 

ʥʘʷʚʥʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʯʠʥʥʠʢʽʚ ʚʠʙʫʭʦʥʝʙʝʟʧʝʢʠ, 

ʷʢʫ ʤʦʞʫʪʴ ʩʪʘʥʦʚʠʪʠ ʥʝ ʣʠʰʝ ʟʘʣʠʰʢʠ ʙʦʻʧʨʠʧʘʩʽʚ, ʘ ʡ ʩʘʤ ʟʘʙʨʫʜʥʝʥʠʡ 

ʚʠʙʫʭʦʚʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ˇʨʫʥʪ. 

ɽʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ ʫ ʤʽʩʮʷʭ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ 

ʟ̔ ʧʦʚʪʦʨʥʠʤ ʚʽʜʪʚʦʨʝʥʥʷʤ ʫʤʦʚ ʚʠʙʫʭʽʚ, ʱʦ ʚʞʝ ʚʽʜʙʫʣʠʩʷ, ʻ 

ʥʝʧʨʠʧʫʩʪʠʤʠʤ ʟʘ ʚʠʤʦʛʘʤʠ ʙʝʟʧʝʢʠ. ʊʦʤʫ ʜʣʷ ʘʥʘʣʽʟʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʪʘʥʽʚ 

ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʧʽʜ ʯʘʩ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʚʠʱʝʚʢʘʟʘʥʠʭ 

ʦʙôʻʢʪʽʚ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʊʘʢʠʡ 

ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʥʝ ʣʠʰʝ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽ ʘʣʴʪʝʨʥʘʪʠʚʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ, ʘ ʡ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʦʙôʻʢʪʫ ʚ ʮʽʣʦʤʫ. 
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ʎʝʡ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʩʪʽʡʢʫ ʩʪʘʪʠʩʪʠʢʫ ʨʦʟʚʠʪʢʫ 

ʧʦʜʽʡ, ʟʘ ʫʤʦʚʠ ʟʘʤʽʥʠ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʦʜʝʣʣʶ, ʱʦ ʟ ʜʦʩʪʘʪʥʴʦʶ 

ʪʦʯʥʽʩʪʶ ʦʧʠʩʫʻ ʾʾ. ɺ ʦʩʥʦʚʫ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʣʘʜʝʥʦ ʧʽʜʭʽʜ, ʚʠʢʣʘʜʝʥʠʡ ʫ 

ʨʦʙʦʪʽ [18], ʷʢʠʡ, ʚʪʽʤ, ʧʦʪʨʝʙʫʻ ʩʫʪʪʻʚʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ ʚʠʙʫʭʫ ʫ ʤʽʩʮʽ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ 

ʙʦʻʧʨʠʧʘʩʽʚ. 

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ 

ʤʽʩʮʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ʩʢʣʘʜʝʥʘ ʟʘ ʙʣʦʯʥʦ-

ʤʦʜʫʣʴʥʠʤ ʧʨʠʥʮʠʧʦʤ (ʨʠʩ. 1), ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʣʴʥʦ ʢʦʨʝʛʫʚʘʪʠ ʾʾ ʩʪʨʫʢʪʫʨʫ 

ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʥʘʷʚʥʠʭ ʚʠʭʽʜʥʠʭ ʫʤʦʚ. ʌʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʤʽʩʮʷ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ 

ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʥʘ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ ( )10 T,T , ʚʠʟʥʘʯʝʥʦʛʦ 

ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ˇʨʫʥʪʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʽʻʶ ʢʦʤʧʣʝʢʩʫ ʯʠʥʥʠʢʽʚ 

() FÍtFi , n...i 1= . ɼʦ ʨʦʟʛʣʷʜʫ ʜʦʜʘʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ɺɺ
m EÍe , R...m 1= , ʱʦ 

ʚʠʟʥʘʯʘʶʪʴ ʯʠʥʥʠʢʠ ʨʠʟʠʢʫ ʚʠʙʫʭʫ, ʘ ʪʘʢʦʞ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ 
ɼɼ

l EÍe , P...l 1= . 

 
ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʽʤʽʪʘʮʽʡʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʤʽʩʮʷ ʚʠʙʫʭʽʚ ʙʦʻʧʨʠʧʘʩʽʚ 
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ʈʝʟʫʣʴʪʘʪʦʤ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʯʘʩʫ () ()()tY,tKtW =  

ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ()tK  ʪʘ ʢʝʨʫʶʯʦʛʦ ʽʤʧʫʣʴʩʫ ()tY  ʫ 

ʚʠʛʣʷʜʽ ʢʦʤʧʣʝʢʩʫ ʚʧʣʠʚʽʚ ʥʘ ʢʦʞʝʥ ʽʟ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ. ʉʬʦʨʤʦʚʘʥʠʡ ʥʘʙʽʨ ʢʨʠʪʝʨʽʾʚ { } { }ɼlɺ
m

ɼɺ KKKKK 88 ==  ʤʘʻ 

ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʚʠʤʦʛʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʫʤʦʚʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʽʩʮʴ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ, ʟʘ 

ʧʨʠʧʫʩʪʠʤʠʤ ʨʽʚʥʝʤ ʨʠʟʠʢʫ ʚʠʙʫʭʫ ʪʘ ʨʽʚʥʝʤ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʛʥʫʯʢʽʩʪʴ 

ʤʦʜʝʣʶʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʢʣʶʯʠʪʠ ʜʦ ʨʦʟʛʣʷʜʫ ʙʫʜʴ-ʷʢʫ 

ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʚʩʽʤʘ ʪʨʴʦʤʘ ʥʘʧʨʷʤʘʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʽʤʽʪʘʮʽʡʥʫ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ ʤʽʩʮʴ ʚʠʙʫʭʽʚ 

(ʟʦʢʨʝʤʘ, ʧʽʜ ʯʘʩ ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ) ʙʦʻʧʨʠʧʘʩʽʚ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʟʛʣʷʜʘʪʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʙʝʟʧʝʢʠ ʧʘʨʘʤʝʪʨʠ ʤʽʩʮʷ 

ʟʥʝʰʢʦʜʞʝʥʥʷ ʪʘ ʟʥʠʱʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʘʨʘʤʝʪʨʠ ʨʠʟʠʢʫ 

ʚʠʙʫʭʫ, ʪʘ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʜʦʚʢʽʣʣʷ, ʷʢ ʚʽʜʛʫʢʠ ʥʘ ʚʧʣʠʚ ʯʠʥʥʠʢʽʚ 
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1ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ, 
2ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ, ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

 

ʇɽʈʉʇɽʂʊʀɺʀ ʈʆɿɺʀʊʂʋ ɺɯɼʅʆɺʃʖɺɸʃʔʅʆɰ 

ɽʅɽʈɻɽʊʀʂʀ ʅɸ ʊɽʈʀʊʆʈɯʗʍ ʃɯʂɺɯɼʆɺɸʅʀʍ ɻɯʈʅʀʏʆ-

ʇʈʆʄʀʉʃʆɺʀʍ ʂʆʄʇʃɽʂʉɯɺ 

 
ɺ ʋʢʨʘʾʥʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʪʨʽʤʢʝ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ 

ʧʦʢʨʠʪʪʷ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ, ʟʨʦʩʪʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ 

ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʥʘʩʘʤʧʝʨʝʜ ʟʘʚʜʷʢʠ ʛʦʣʦʚʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʩʪʠʤʫʣʶʶʯʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ï ʩʠʩʪʝʤʠ çʟʝʣʝʥʠʭ ʪʘʨʠʬʽʚè, ʷʢʽ  ʟʘʪʚʝʨʜʞʝʥʽ  

ʟ  ʧʨʠʚôʷʟʢʦʶ  ʜʦ  ɭʚʨʦ, ʷʢʽ ʻ   ʛʘʨʘʥʪʦʚʘʥʠʤʠ ʜʝʨʞʘʚʦʶ  ʜʦ  2030  ʨʦʢʫ. 

ʅʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʘʜʘʭ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʧʝʨʩʧʝʢʪʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʠʪʦʨʽʾ ɼʇ çʈʦʟʜʽʣʴʩʴʢʝ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ 

(ɻʍʇ) çʉʽʨʢʘèè ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʽʚ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʉʴʦʛʦʜʥʽ ʜʦ ʪʘʢʠʭ ʟʝʤʝʣʴ ʥʘʣʝʞʘʪʴ ʪʝʨʠʪʦʨʽʾ ʚ ʟʦʥʽ ʚʧʣʠʚʫ ɼʇ çʈʦʟʜʽʣʴʩʴʢʝ 

ɻʍʇ çʉʽʨʢʘè, ʷʢʝ ʙʫʣʦ ʟʘʩʥʦʚʘʥʦ ʫ 1953 ʨʦʮʽ ʫ ʟʚôʷʟʢʫ ʟ ʨʦʟʨʦʙʢʦʶ ʜʦʩʠʪʴ 

ʚʝʣʠʢʦʛʦ ʈʦʟʜʽʣʴʩʴʢʦʛʦ ʩʽʨʯʘʥʦʛʦ ʨʦʜʦʚʠʱʘ [1, 2]. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʥʘ ʪʝʨʠʪʦʨʽʷʭ ʣʽʢʚʽʜʦʚʘʥʠʭ ʛʽʨʥʠʯʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ. 

ʉʧʨʠʷʪʣʠʚʽ ʝʢʦʥʦʤʽʯʥʽ ʫʤʦʚʠ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʩʧʨʠʷʶʪʴ ʧʦʰʫʢʫ ʽʥʚʝʩʪʦʨʘʤʠ ʪʝʨʠʪʦʨʽʡ ʧʨʠʜʘʪʥʠʤ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʙʫʜʽʚʥʠʮʪʚʘ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. ʉʝʨʝʜ ʚʠʤʦʛ ʜʦ ʪʘʢʠʭ ʪʝʨʠʪʦʨʽʡ ʻ 

ʮʽʣʴʦʚʝ ʧʨʠʟʥʘʯʝʥʥʷ ʟʝʤʝʣʴ, ʩʝʨʝʜ ʷʢʠʭ ʧʝʨʝʚʘʛʫ ʤʘʶʪʴ ʪʝʨʝʥʠ ʧʦʟʘ ʤʝʞʘʤʠ 

ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʟʝʤʣʽ ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʽʟ 

ʧʽʜʚʝʜʝʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ï ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ, ʥʘʷʚʥʽʩʪʴ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʦʙôʻʢʪʽʚ 

ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʙ ʤʦʛʣʠ ʧʽʜʪʨʠʤʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʣʘʥʩ ʫ ʚʠʧʘʜʢʫ 

ʥʝʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʽʥ.   

ʊʝʨʠʪʦʨʽʾ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʥʘ ʜʽʣʷʥʢʘʭ ʩʭʠʣʽʚ ʙʦʨʪʽʚ 

ʢʘʨôʻʨʽʚ, ʧʦʰʠʨʝʥʥʷ ʚʽʜʚʘʣʴʥʠʭ ʧʦʨʽʜ (ʟʦʚʥʽʰʥʽ ʚʽʜʚʘʣʠ ʫ ʟʦʥʽ ʚʧʣʠʚʫ 

ʢʦʣʠʰʥʴʦʛʦ ʗʚʦʨʽʚʩʴʢʦʛʦ ɼɻʍʇ çʉʽʨʢʘè) ʪʘ ʥʘʤʠʚʥʠʭ ˇʨʫʥʪʽʚ 

(ʛʽʜʨʦʚʽʜʚʘʣʠ ʪʘ ʭʚʦʩʪʦʩʭʦʚʠʱʘ ʫ ʟʦʥʽ ʚʧʣʠʚʫ ʈʦʟʜʽʣʴʩʴʢʦʛʦ ɼɻʍʇ 

çʉʽʨʢʘè), ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʧʦʟʘ ʤʝʞʘʤʠ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ, ʻ ʟʝʤʣʷʤʠ 

ʥʝʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʽʟ ʧʽʜʚʝʜʝʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ ï ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʽ ʧʽʜʩʪʘʥʮʽʾ ʻ 

ʩʧʨʠʷʪʣʠʚʠʤʠ ʜʣʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʦʙôʻʢʪʽʚ  ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. ɺʞʝ 

ʩʴʦʛʦʜʥʽ ʪʫʪ ʧʨʘʮʶʶʪʴ ʧôʷʪʴ ʜʦʩʠʪʴ ʢʨʫʧʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʷʢʽ 

ʟʘʡʤʘʶʪʴ ʧʣʦʱʽ ʚʽʜ 35 ʜʦ 175 ʛʘ [3-5]. 
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ɼʦʩʚʽʜ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ ʪʘʢʠʭ ʫʤʦʚʘʭ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʦʢʘʟʘʚ ʱʦ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʽʥʰʠʤʠ ʣʦʢʘʮʽʷʤʠ, ʥʘ ʪʝʨʠʪʦʨʽʷʭ 

ʽʟ ʥʝʩʪʽʡʢʠʤʠ ˇʨʫʥʪʘʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʦʷʚʣʝʥʽ ʩʧʝʮʠʬʽʯʥʽ ʝʬʝʢʪʠ 

çʧʘʨʘʩʦʣʽè, ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʟʣʠʚʦʚʠʭ ʦʧʘʜʽʚ, ʘʢʪʠʚʽʟʘʮʽʾ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʟʤʽʥʠ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ˇʨʫʥʪʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʦʥʷʯʥʠʭ 

ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʦʙʫʜʦʚʘʥʠʭ ʫ ʟʦʥʘʭ ʚʧʣʠʚʫ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ɺʘʞʣʠʚʦ ʥʘʛʦʣʦʩʠʪʠ, ʱʦ ʪʘʢʽ ʧʨʦʷʚʠ ʤʦʞʫʪʴ ʙʫʪʠ ʭʘʨʘʢʪʝʨʥʠʤʠ, ʥʝ ʪʽʣʴʢʠ 

ʜʣʷ ʦʧʠʩʘʥʠʭ ʥʘʤʠ ʪʝʨʠʪʦʨʽʡ ʧʦʨʫʰʝʥʠʭ ʟʝʤʝʣʴ ʫ ʟʦʥʘʭ ʚʧʣʠʚʫ ʛʽʨʥʠʯʦ-

ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘʣʝ ʡ ʧʦ ʩʫʪʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʝʨʦʟʽʡʥʦ ʥʝʩʪʽʡʢʠʭ 

ʣʘʥʜʰʘʬʪʽʚ, ʫ ʷʢʠʭ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʙʫʜʫʪʴ ʚʠʩʪʫʧʘʪʠ ʷʢ ʢʦʥʮʝʥʪʨʘʪʦʨʠ 

ʟʣʠʚʦʚʠʭ ʦʧʘʜʽʚ, ʱʦ ʘʢʪʠʚʥʦ ʩʧʨʠʷʶʪʴ  ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʧʨʠʧʦʚʝʨʭʥʝʚʦʾ 

ʣʽʥʽʡʥʦʾ ʝʨʦʟʽʷ, ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʚʨʝʛʫʣʴʦʚʘʥʦʛʦ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʪʘ 

ʥʝʜʦʪʨʠʤʘʥʥʷ ʥʦʨʤ ʧʨʦʪʠʝʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ [6-8].  

ʈʦʟʨʦʙʥʠʢʘʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʩʣʽʜ ʚʨʘʭʫʚʘʪʠ ʝʬʝʢʪʠ, ʷʢʽ ʦʧʠʩʘʥʽ ʚ ʧʨʘʮʽ 

[9]: ʝʬʝʢʪ çʧʘʨʘʩʦʣʽè, ʟʘʪʽʥʝʥʥʷ, ʢʦʥʮʝʥʪʨʫʚʘʥʥʷ ʟʣʠʚʦʚʠʭ ʦʧʘʜʽʚ, 

ʘʢʪʠʚʽʟʘʮʽʾ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʟʤʽʥ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʜʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʦʨʛʘʥʽʟʘʮʽʷʤʠ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ 

ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʤʠ ʚʠʰʫʢʫʚʘʥʥʷʤʠ ʧʽʜ ʦʙôʻʢʪʠ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʦʞ ʧʨʦʻʢʪʘʥʪʘʤ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʧʨʦʪʠʝʨʦʟʽʡʥʦʛʦ 

ʟʘʭʠʩʪʫ. 

ʆʪʞʝ, ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʚʠʜʦʙʫʪʢʫ ʢʦʨʠʩʥʠʭ ʢʦʧʘʣʠʥ ʤʘʶʪʴ ʟʤʽʥʠʪʠʩʷ ʪʘ 

ʩʧʨʠʷʪʠ ʨʦʟʚʠʪʢʫ ʛʨʦʤʘʜ, ʘ ʪʘʢʦʞ ʟʘʭʠʩʪʠʪʠ ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ ʪʘ 

ʝʢʦʩʠʩʪʝʤʠ, ʱʦʙ ʚʦʥʠ ʙʫʣʠ ʝʢʦʣʦʛʽʯʥʦ ʧʨʠʡʥʷʪʥʠʤʠ ʪʘ ʚʽʜʧʦʚʽʜʘʣʠ ʮʽʣʷʤ 

ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ʆʩʢʽʣʴʢʠ ʚ ʋʢʨʘʾʥʽ ʚʩʝ ʱʝ ʟʘʣʠʰʘʻʪʴʩʷ ʛʦʩʪʨʦʶ ʧʨʦʙʣʝʤʘ 

ʥʝʨʝʘʣʽʟʘʮʽʾ ʧʨʦʻʢʪʽʚ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʘ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʝʨʠʪʦʨʽʡ, ʧʦʨʫʰʝʥʠʭ 

ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʦʶ ʜʽʷʣʴʥʽʩʪʶ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʛʦ 

ʨʦʟʚʠʪʢʫ ʪʝʨʠʪʦʨʽʡ ʚʧʣʠʚʫ ʣʽʢʚʽʜʦʚʘʥʠʭ ʛʽʨʥʠʯʦ-ʭʽʤʽʯʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ. 

ʇʨʦʚʝʜʝʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʻ ʧʽʜʩʪʘʚʠ ʨʦʟʛʣʷʜʘʪʠ ʪʝʨʠʪʦʨʽʶ ʣʽʢʚʽʜʦʚʘʥʠʭ 

ʛʽʨʥʠʯʦ-ʧʨʦʤʠʩʣʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʤʽʩʮʷʭ ʟʙʝʨʽʛʘʥʥʷ 

ʚʽʜʭʦʜʽʚ ʪʘ ʧʨʦʜʫʢʪʽʚ ʾʭ ʧʨʠʨʦʜʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ 

ʤʘʡʜʘʥʯʠʢʠ ʜʣʷ ʙʫʜʽʚʥʠʮʪʚʘ ʩʦʥʷʯʥʠʭ ʪʘ ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ. 
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ɼʫʙʽʥʽʥ ɺ. ɸ., ʢ. ʚʦʻʥ. ʥ., ʜʦʮʝʥʪ 

 ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ 

ʄʘʢʘʨʦʚʘ,  ʄʠʢʦʣʘʾʚ, ʋʢʨʘʾʥʘ  

 

ɽʅɽʈɻɽʊʀʂɸ: ɸʅɸʃɯɿ ʈʆɿɺʀʊʂʋ ʋ ʉɺɯʊɯ ʊɸ ʋʂʈɸɰʅɯ 

 
 ɽʥʝʨʛʽʷ ï ʮʝ ʪʝ, ʙʝʟ ʯʦʛʦ ʥʝʤʦʞʣʠʚʝ ʽʩʥʫʚʘʥʥʷ ʥʝ ʪʽʣʴʢʠ ʣʶʜʠʥʠ, ʘʣʝ 

ʡ  ʫʩʴʦʛʦ ʞʠʚʦʛʦ ʥʘ ʟʝʤʣʽ. ʊʦʤʫ ʧʠʪʘʥʥʷ, ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʾʭʥʴʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʩʪʦʷʪʠʤʫʪʴ 

ʧʝʨʝʜ ʣʶʜʩʪʚʦʤ ʟʘʚʞʜʠ. ɯ ʷʢʱʦ ʧʠʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʦʩʪʽ ʪʘʢʠʭ ʜʞʝʨʝʣ ʨʘʥʦ 

ʯʠ ʧʽʟʥʦ ʙʫʜʝ ʚʠʨʽʰʝʥʦ, ʪʦ ʧʨʦʙʣʝʤʠ ʚʧʣʠʚʫ ʥʘ ʝʢʦʣʦʛʽʶ ʧʣʘʥʝʪʠ 

ʩʪʚʦʨʶʚʘʥʠʭ ʣʶʜʴʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʯʠ ʪʦ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ, 

ʘʪʦʤʥʘ ʝʥʝʨʛʝʪʠʢʘ ʯʠ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘʚʨʷʜ ʯʠ ʢʦʣʠ-ʥʝʙʫʜʴ ʚʪʨʘʪʠʪʴ ʩʚʦʶ 

ʘʢʪʫʘʣʴʥʽʩʪʴ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʝʥʝʨʛʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʶʜʩʪʚʦʤ, ʥʘʣʝʞʘʪʴ: 

ʪʝʧʣʦʚʘ, ʭʽʤʽʯʥʘ, ʧʨʦʤʝʥʠʩʪʘ (ʝʥʝʨʛʽʷ ʩʚʽʪʣʘ), ʛʨʘʚʽʪʘʮʽʡʥʘ,  ʢʽʥʝʪʠʯʥʘ,  

ʝʣʝʢʪʨʠʯʥʘ, ʷʜʝʨʥʘ. 

ɿʘʧʘʩʠ ʜʞʝʨʝʣ ʮʽʻʾ ʝʥʝʨʛʽʾ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʥʘ ʦʙʤʝʞʝʥʽ 

(ʥʝʚʽʜʥʦʚʣʶʚʘʥʽ) ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʽ. 

ɼʦ ʦʩʥʦʚʥʠʭ ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘʣʝʞʘʪʴ: ʜʝʨʝʚʠʥʘ, 

ʚʫʛʽʣʣʷ, ʥʘʬʪʘ, ʛʘʟ, ʭʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʻ ʜʞʝʨʝʣʘʤʠ ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. 

ʑʝ ʫ ʍʍ ʩʪʦʣʽʪʪʽ ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʟʘʧʘʩʠ ʥʘʬʪʠ, ʛʘʟʫ ʪʘ ʚʫʛʽʣʣʷ 

ʩʢʦʨʦʯʫʶʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ. ɼʝʷʢʽ ʚʯʝʥʽ ʚʞʝ ʥʘʤʘʛʘʶʪʴʩʷ ʪʦʯʥʦ 

ʨʦʟʨʘʭʫʚʘʪʠ, ʢʦʣʠ ʮʝ ʩʪʘʥʝʪʴʩʷ. ʗʢ ʨʝʘʣʴʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚ ʥʘʡʙʣʠʞʯʦʤʫ 

ʤʘʡʙʫʪʥʴʦʤʫ ʟʘʣʠʰʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʷʜʝʨʥʦʛʦ ʨʦʟʧʘʜʫ, ʱʦ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʽ 

ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʜʝ ʜʞʝʨʝʣʘʤ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʚʠʩʥʘʞʝʥʥʷ ʥʝ 

ʟʘʛʨʦʞʫʻ. ʅʘ ʞʘʣʴ, ʩʫʯʘʩʥʠʡ ʨʽʚʝʥʴ ʜʦʩʷʛʥʝʥʥʷ ʷʜʝʨʥʦʾ ʬʽʟʠʢʠ ʪʘ  ʨʦʟʚʠʪʢʫ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʢʠ ʱʦ ʥʝ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʧʦʚʥʫ ʙʝʟʧʝʢʫ ʧʦʜʽʙʥʠʭ 

ʧʨʦʮʝʩʽʚ. 

ɿʛʽʜʥʦ ʜʘʥʠʭ ʫ 1800 ʨʦʢʫ, ʜʦ ʧʨʦʤʠʩʣʦʚʦʾ ʨʝʚʦʣʶʮʽʾ, ʩʚʽʪʦʚʝ 

ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʩʪʘʥʦʚʠʣʦ 305 ʤʽʣʴʡʦʥ ʪʦʥ ʥʘʬʪʦʚʦʛʦ ʝʢʚʽʚʘʣʝʥʪʘ 

(ʄʪʥʝ), ʪʽʣʴʢʠ ʢʦʤʝʨʮʽʡʥʘ ʝʥʝʨʛʽʷ, 97% ʮʽʻʾ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʣʦ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʤʘʩʠ (ʟʦʢʨʝʤʘ, ʜʝʨʝʚʠʥʠ), 3% ï ʚʫʛʽʣʣʷ, ʙʽʣʴʰʽʩʪʴ ʮʴʦʛʦ 

ʧʘʣʠʚʘ ʩʪʘʣʘ ʧʘʣʠʚʦʤ ʧʦʯʘʪʢʫ XX ʩʪʦʣʽʪʪʷ ʯʝʨʝʟ ʚʝʣʠʯʝʟʥʫ ʧʦʪʨʝʙʫ ʚ 

ʧʘʨʦʚʠʭ ʤʘʰʠʥʘʭ. 

ʋ 2018 ʨʦʮʽ ʢʽʥʮʝʚʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʫ ʩʚʽʪʽ ʩʢʣʘʣʦ 9938 ʄʪʥʝ ʧʨʦʪʠ 

4660 ʄʪʥʝ ʫ 1973 ʨʦʮʽ, ʱʦ ʥʘ 113% ʙʽʣʴʰʝ, ʥʽʞ ʟʘ 45 ʨʦʢʽʚ. 

 ʉʴʦʛʦʜʥʽ ʚʩʽ ʮʠʚʽʣʽʟʦʚʘʥʽ ʢʨʘʾʥʠ ʨʦʟʚʠʚʘʶʪʴ ʩʚʦʶ ʝʢʦʥʦʤʽʢʫ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʷʢʽ ʧʦʩʪʫʧʦʚʦ ʚʠʪʽʩʥʷʶʪʴ 

ʩʪʘʨʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ. 
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 ɯʩʪʦʨʽʷ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 2000-ʭ 

ʨʦʢʽʚ, ʢʦʣʠ ʙʫʣʦ ʜʦʩʠʪʴ ʚʘʞʢʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʩʠʪʫʘʮʽʶ ʜʦʚʢʦʣʘ ʚʽʜʥʦʚʣʶ-

ʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ) ʪʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʢʦʥʢʫʨʫʚʘʪʠ ʟ ʚʠʢʦʧʥʠʤʠ 

ʚʠʜʘʤʠ ʧʘʣʠʚʘ. ʊʦʜʽ çʩʫʯʘʩʥʽè ɺɼɽ (ʚʽʪʝʨ, ʩʦʥʮʝ, ʛʽʜʨʦʝʥʝʨʛʽʶ, 

ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʽʶ, ʙʽʦʧʘʣʠʚʦ) ʥʘʟʠʚʘʣʠ çʘʣʴʪʝʨʥʘʪʠʚʥʦʶ ʝʥʝʨʛʽʻʶè, ʷʢʽ 

ʨʦʟʛʣʷʜʘʣʠʩʷ ʷʢ ʚʫʟʴʢʘ, ʤʘʣʦʧʝʨʩʧʝʢʪʠʚʥʘ ʪʘ ʜʦʨʦʛʘ ʥʽʰʘ. ʆʜʥʘʢ ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʠʭ 10 ʨʦʢʽʚ ʍʍɯ ʩʪ. ʧʦʩʪʫʧʦʚʦ ʧʦʯʘʚ ʧʽʜʚʠʱʫʚʘʪʠʩʷ ʽʥʪʝʨʝʩ ʜʦ 

ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟ ʙʦʢʫ ʫʨʷʜʽʚ, ʽʥʚʝʩʪʦʨʽʚ ʽ 

ʛʨʦʤʘʜʩʴʢʦʩʪʽ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʧʝʨʝʦʨʽʻʥʪʘʮʽʾ ʚʝʢʪʦʨʘ ʝʥʝʨʛʝʪʠʯʥʦʾ 

ʧʦʣʽʪʠʢʠ ʚ ʙʽʣʴʰʦʩʪʽ ʢʨʘʾʥ ʩʚʽʪʫ ʽ ʩʧʨʠʷʣʦ ʟʨʦʩʪʘʥʥʶ ʦʙʩʷʛʽʚ ʽʥʚʝʩʪʠʮʽʡ ʫ 

ʙʫʜʽʚʥʠʮʪʚʦ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʩʪʘʥʮʽʡ (ʉɽʉ), ʚʽʪʨʦʚʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʩʪʘʥʮʽʡ (ɺɽʉ) ʪʘ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʽʦʧʘʣʠʚʽ. ʗʢ ʨʝʟʫʣʴʪʘʪ, 

ʫ 2010 ʨʦʮʽ ʩʚʽʪ ʽʥʚʝʩʪʫʚʘʚ $238 ʤʣʨʜ. ʫ ʥʦʚʽ ʛʝʥʝʨʫʶʯʽ ʧʦʪʫʞʥʦʩʪʽ ɺɼɽ. 

ʆʜʥʘʢ ʥʘ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ. ʽʩʥʫʚʘʣʘ ʚʝʣʠʢʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʩʪʦʩʦʚʥʦ 

ʧʦʜʘʣʴʰʦʾ ʜʦʣʽ ɺɼɽ. 

 ʋ ʛʨʫʜʥʽ 2015 ʨʦʢʫ ʚ ʨʘʤʢʘʭ ʢʣʽʤʘʪʠʯʥʦʛʦ ʩʘʤʽʪʫ ʫ ʇʘʨʠʞʽ 192-ʤʘ 

ʢʨʘʾʥʘʤʠ ʙʫʣʘ ʫʭʚʘʣʝʥʘ ʥʦʚʘ ʛʣʦʙʘʣʴʥʘ ʢʣʽʤʘʪʠʯʥʘ ʫʛʦʜʘ, ʷʢʘ ʟʘʤʽʥʠʣʘ 

ʂʽʦʪʩʴʢʠʡ ʧʨʦʪʦʢʦʣ ʪʘ ʤʝʪʦʶ ʷʢʦʾ ʩʪʘʣʦ ʩʪʨʠʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʛʣʦʙʘʣʴʥʦʛʦ 

ʧʦʪʝʧʣʽʥʥʷ. ʂʨʘʾʥʠ-ʫʯʘʩʥʠʮʽ ʜʦʤʦʚʠʣʠʩʷ ʧʨʦ ʥʝʜʦʧʫʱʝʥʥʷ ʧʽʜʚʠʱʝʥʥʷ 

ʩʝʨʝʜʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʙʽʣʴʰʝ, ʥʽʞ ʥʘ 2 ʛʨʘʜʫʩʠ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ 

ʢʨʘʾʥ ʩʚʽʪʫ ʻ ʩʘʤʝ ʨʦʟʚʠʪʦʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤ ʥʝʚʠʯʝʨʧʥʠʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ. ʋ 2020 ʨʦʮʽ çʟʝʣʝʥʦʾè 

ʝʥʝʨʛʝʪʠʢʠ ʚ ɭʉ ʚʧʝʨʰʝ ʩʪʘʣʦ ʙʽʣʴʰʝ, ʥʽʞ çʚʠʢʦʧʥʦʾè. ʊʘʢʝ ʩʪʨʽʤʢʝ 

ʟʨʦʩʪʘʥʥʷ ʤʦʞʣʠʚʝ ʟʘʚʜʷʢʠ ʜʝʨʞʘʚʥʠʤ ʧʨʦʛʨʘʤʘʤ ʚʽʜʤʦʚʠ ʚʽʜ ʚʠʢʦʧʥʦʛʦ 

ʧʘʣʠʚʘ ʪʘ ʧʽʜʪʨʠʤʢʠ ʟʝʣʝʥʦʾ ʛʝʥʝʨʘʮʽʾ. ɼʦ ʧʨʠʢʣʘʜʫ, ɯʩʧʘʥʽʷ ʧʝʨʝʜʙʘʯʠʣʘ 

215 ʤʽʣʴʡʦʥʽʚ ʜʦʣʘʨʽʚ ʚ ʜʝʨʞʘʚʥʦʤʫ ʙʶʜʞʝʪʽ ʥʘ ʧʨʦʝʢʪʠ ʟ ʚʽʜʥʦʚʣʶʚʘʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ, ʘ ʇʦʨʪʫʛʘʣʽʷ ʚʠʜʽʣʠʣʘ 10 ʤʽʣʴʡʦʥʽʚ ʻʚʨʦ ʥʘ ʩʫʙʩʠʜʽʾ ʬʝʨʤʝʨʘʤ, 

ʱʦ ʭʦʯʫʪʴ ʚʩʪʘʥʦʚʠʪʠ ʉɽʉ. ʄʽʞʥʘʨʦʜʥʝ ʝʥʝʨʛʝʪʠʯʥʝ ʘʛʝʥʪʩʪʚʦ ʟʘʟʥʘʯʘʻ, 

ʱʦ ʫ 2021 ʨʦʮʽ ʚʩʪʘʥʦʚʣʝʥʠʡ ʽʩʪʦʨʠʯʥʠʡ ʨʝʢʦʨʜ ʧʦ ʚʚʝʜʝʥʥʶ ʧʦʪʫʞʥʦʩʪʝʡ 

ɺɼɽ. ɸʛʝʥʪʩʪʚʦ ʧʨʦʛʥʦʟʫʻ, ʱʦ ʧʨʦʪʷʛʦʤ ʥʘʡʙʣʠʞʯʠʭ ʧôʷʪʠ ʨʦʢʽʚ 

ʚʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ʚʠʨʦʩʪʝ ʙʽʣʴʰ ʥʽʞ ʥʘ 60%. 

ɺ ʋʢʨʘʾʥʽ ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ (ɺɼɽ) ʧʽʩʣʷ ʩʪʨʽʤʢʦʛʦ ʟʘʧʫʩʢʫ 

ʚʞʝ ʜʨʫʛʠʡ ʨʽʢ ʧʝʨʝʞʠʚʘʶʪʴ ʢʨʠʟʫ. ʅʘ ʪʣʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘʚʢʦʣʦ ʟʝʣʝʥʦʛʦ 

ʪʘʨʠʬʫ ʪʘ ʥʘʩʣʽʜʢʽʚ ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʢʨʠʟʠ 2021 ʨʽʢ ʥʝ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʚʜʘʣʠʤ 

ʜʣʷ ɺɼɽ ʋʢʨʘʾʥʠ. ʅʦʚʽ ʤʝʭʘʥʽʟʤʠ ʧʽʜʪʨʠʤʢʠ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʽ ʤʘʣʠ 

ʧʨʠʡʪʠ ʥʘ ʟʘʤʽʥʫ ʟʝʣʝʥʦʤʫ ʪʘʨʠʬʫ, ʪʘʢʽ, ʷʢ, ʟʝʣʝʥʽ ʘʫʢʮʽʦʥʠ ʪʘ Net Metering, 

ʜʦʩʽ ʚ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ. ʆʜʥʘʢ, ʧʦʢʠ ʜʝʨʞʘʚʘ ʟʚʦʣʽʢʘʻ, ʝʢʦʥʦʤʽʯʥʽ ʯʠʥʥʠʢʠ 

ʚʥʦʩʷʪʴ ʩʚʦʾ ʢʦʨʝʢʪʠʚʠ. ʊʦʤʫ, ʥʘʚʽʪʴ ʧʦʧʨʠ ʚʽʜʩʫʪʥʽʩʪʴ ʜʝʨʞʘʚʥʦʾ 

ʧʽʜʪʨʠʤʢʠ, ɺɼɽ ʻ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʠʤʠ ʪʘ ʧʨʦʜʦʚʞʫʶʪʴ ʟʨʦʩʪʘʪʠ. 

ʇʦʪʝʥʮʽʘʣ çʟʝʣʝʥʦʛʦè ʬʽʥʘʥʩʫʚʘʥʥʷ ʚ ʋʢʨʘʾʥʽ, ʟʘ ʦʮʽʥʢʘʤʠ IFC, ʤʦʞʝ 

ʩʷʛʥʫʪʠ 70 ʤʣʨʜ. ʻʚʨʦ ʜʦ 2030 ʨʦʢʫ. ʃʠʰʝ ʟʘ ʦʩʪʘʥʥʽ 5 ʨʦʢʽʚ ʟʘʣʫʯʝʥʦ 6,7 

ʤʣʨʜ. ̒ ʚʨʦ ̔ ʥʚʝʩʪʠʮʽʡ ʚ ʫʢʨʘʾʥʩʴʢʠʡ ʨʠʥʦʢ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ çʟʝʣʝʥʠʭè 

ʧʨʦʝʢʪʽʚ. 
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ɺ ʋʢʨʘʾʥʽ ʨʠʥʦʢ ʨʦʩʪʝ ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʟʘ ʨʘʭʫʥʦʢ ʜʦʤʘʰʥʽʭ ʪʘ 

ʢʦʤʝʨʮʽʡʥʠʭ ʩʦʥʷʯʥʠʭ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ (ʉɽʉ) ʧʽʜ ʚʣʘʩʥʝ ʩʧʦʞʠʚʘʥʥʷ. ʅʘʚʽʪʴ 

ʚ ʫʤʦʚʘʭ ʫʢʨʘʾʥʩʴʢʦʛʦ ʢʣʽʤʘʪʫ ʽ ʢʦʨʦʪʢʦʛʦ ʩʚʽʪʣʦʚʦʛʦ ʜʥʷ ʚʟʠʤʢʫ ʥʝʚʝʣʠʢʽ 

ʉɽʉ ʧʦʪʫʞʥʽʩʪʶ 3-5 ʢɺʪ ʟʘʙʝʟʧʝʯʫʶʪʴ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚʘʤ ʚʽʜʯʫʪʥʫ 

ʝʢʦʥʦʤʽʶ. 

ɽʢʦʥʦʤʽʯʥʦ ɺɼɽ ʚʞʝ ʜʘʚʥʦ ʻ ʢʦʥʢʫʨʝʥʪʦʟʜʘʪʥʠʤʠ. ɺʩʝ ʙʽʣʴʰʝ 

ʛʨʦʤʘʜʷʥ ʽ ʙʽʟʥʝʩʽʚ ʥʝ ʧʦʢʣʘʜʘʶʪʴʩʷ ʥʘ ʨʝʛʫʣʴʦʚʘʥʽ ʜʝʨʞʘʚʦʶ ʤʦʥʦʧʦʣʽʾ ʪʘ 

ʟʤʝʥʰʫʶʪʴ ʚʠʪʨʘʪʠ ʟʘʚʜʷʢʠ ʚʣʘʩʥʽʡ ʛʝʥʝʨʘʮʽʾ. ʆʜʥʘʢ ʨʠʥʦʢ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʝ 

ʪʘʢ ʰʚʠʜʢʦ, ʷʢ ʤʽʛ ʙʠ. ʇʨʠʯʠʥʠ ʮʴʦʤʫ ï ʥʝʜʦʩʢʦʥʘʣʝ ʟʘʢʦʥʦʜʘʚʩʪʚʦ, 

ʚʽʜʩʫʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜʪʨʠʤʢʠ ʪʘ ʟʨʫʯʥʠʭ ʧʨʦʛʨʘʤ ʢʨʝʜʠʪʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ 

ʥʝʚʠʢʦʥʘʥʥʷ ʜʝʨʞʘʚʦʶ ʟʦʙʦʚôʷʟʘʥʴ ʧʝʨʝʜ ʚʠʨʦʙʥʠʢʘʤʠ ʫ ʩʝʢʪʦʨʽ ɺɼɽ. 

ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʩʪʨʠʤʫʶʪʴ ʨʽʩʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʻ 

ʧʝʨʝʭʨʝʩʥʝ ʩʫʙʩʠʜʫʚʘʥʥʷ ï ʰʪʫʯʥʝ ʟʘʥʠʞʝʥʥʷ ʮʽʥ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʜʣʷ 

ʥʘʩʝʣʝʥʥʷ. ʊʘʢʘ ʧʦʣʽʪʠʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʧʨʠʨʽʢʘʻ ʡʦʛʦ ʥʘ ʥʘʢʦʧʠʯʝʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʙʦʨʛʽʚ. 

ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦʪʝʥʮʽʘʣ ɺɼɽ ʟʜʘʪʝʥ ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʻ ʪʘ ʥʘʜʽʡʥʝ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʜʦ 2050 ʨʦʢʫ. ʎʝ ʜʦʚʦʜʷʪʴ ʨʝʟʫʣʴʪʘʪʠ 

ʤʦʜʝʣʶʚʘʥʥʷ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʃʘʧʝʥʨʘʥʪʘ (ʌʽʥʣʷʥʜʽʷ). ʊʘʢʘ 

ʧʝʨʩʧʝʢʪʠʚʘ ʩʧʦʥʫʢʘʻ ʜʝʨʞʘʚʥʠʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʽʥʚʝʩʪʦʨʽʚ ʤʦʙʽʣʽʟʫʚʘʪʠ 

ʤʽʣʴʷʨʜʠ ʜʦʣʘʨʽʚ ʥʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ. 

ʆʩʦʙʣʠʚʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷʤ ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʟʙʝʨʽʛʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ, ʪʘʢʠʤ ʷʢ ʟʝʣʝʥʠʡ ʚʦʜʝʥʴ ʪʘ ʩʠʩʪʝʤʠ 

ʥʘʢʦʧʠʯʝʥʥʷ.  

ɿʘ ʜʘʥʠʤʠ ʤʽʞʥʘʨʦʜʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʮʝʥʪʨʫ EMBER, ʫʢʨʘʾʥʩʴʢʘ 

ʪʝʧʣʦʚʘ ʛʝʥʝʨʘʮʽʷ ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʟʘ ʙʽʣʴʰʽʩʪʴ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʫ ʧʦʚʽʪʨʷ ʫ 

ɭʚʨʦʧʽ. ʊʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ, ʪʘʢʽ ʷʢ, ʟʦʣʴʥʠʡ ʧʠʣ, ʜʚʦʦʢʠʩ ʩʽʨʢʠ ʪʘ ʦʢʩʠʜʠ 

ʘʟʦʪʫ ʧʦʚôʷʟʫʶʪʴ ʟ ʪʠʩʷʯʘʤʠ ʩʤʝʨʪʝʡ ʚ ʋʢʨʘʾʥʽ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʤʫ ʉʦʶʟʽ. 

ɺʽʜʥʦʚʣʶʚʘʥʘ ʝʥʝʨʛʝʪʠʢʘ ï ʮʝ ʙʝʟʫʤʦʚʥʠʡ ʩʚʽʪʦʚʠʡ ʪʨʝʥʜ ʥʘʡʙʣʠʞʯʠʭ 

ʜʝʩʷʪʠʣʽʪʴ. ʆʢʨʝʤʠʤ ʩʧʦʞʠʚʘʯʘʤ, ʚʣʘʩʥʠʢʘʤ ʜʦʤʦʛʦʩʧʦʜʘʨʩʪʚ ʪʘ ʙʽʟʥʝʩʽʚ, 

ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʟʜʦʙʫʪʠ ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ ʪʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ 

ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʱʦ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ ʚ ʮʽʥʽ. 
 

ɺʠʢʦʨʠʩʪʘʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʞʝʨʝʣʘ: 

1. ɺʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ / ɿʘ ʟʘʛ. ʨʝʜ. ʉ. ʆ. ʂʫʜʨʽ. ʂʠʾʚ : 

ɯʥʩʪʠʪʫʪ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʅɸʅʋ, 2020. 392 ʩ. 

2. ʈʠʥʦʢ ɺɼɽ. ʇʽʜʩʫʤʢʠ ʨʦʢʫ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ 2022. ʈʝʞʠʤ ʜʦʩʪʫʧʫ - 

https://biz.nv.ua/ukr/markets/vidnovlyuvana-energetika-v-ukrajini-pidsumki-

roku-ta-prognozi-2022-vde-50203541.html 
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ɼʫʰʢʽʥ ʉ. ʉ., ʢ. ʪ. ʥ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ,  

ʍʘʨʢʽʚ, ʋʢʨʘʾʥʘ 

 

ɸʃʔʊɽʈʅɸʊʀɺʅɯ ʄɽʊʆɼʀ ɿʅɽɿɸʈɸɾɽʅʅʗ ʇʀʊʅʆɰ ɺʆɼʀ 

 

ɿʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʚ ʧʨʦʮʝʩʽ ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʠʭ 

ʮʽʣʝʡ ʧʨʦʚʦʜʷʪʴ ʟ̔ ʤʝʪʦʶ ʟʥʠʱʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʘʪʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ ʪʘ 

ʚʽʨʫʩʽʚ ʥʘ ʢʽʥʮʝʚʽʡ ʩʪʘʜʽʾ ʦʙʨʦʙʢʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʩʪʘʥʫ ʩʧʦʨʫʜ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʪʘʧʽ ʦʯʠʱʝʥʥʷ. 

ɺ ʷʢʦʩʪʽ ʟʥʝʟʘʨʘʞʫʚʘʣʴʥʠʭ ʘʛʝʥʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʭʣʦʨ, ʘʙʦ ʡʦʛʦ 

ʩʧʦʣʫʢʠ: ʜʽʦʢʩʠʜ ʭʣʦʨʫ, ʛʽʧʦʭʣʦʨʠʪʠ ʥʘʪʨʽʶ ʽ ʢʘʣʴʮʽʶ ʪʘ ʽʥʰʽ, ʥʝʜʦʣʽʢʦʤ 

ʷʢʠʭ ʻ ʟʥʠʞʝʥʘ ʽʥʘʢʪʠʚʫʶʯʘ ʟʜʘʪʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʩʧʦʨʦʫʪʚʦʨʶʶʯʠʭ 

ʢʠʰʢʦʚʠʭ ʙʘʢʪʝʨʽʡ ʪʘ ʚʽʨʫʩʽʚ, ʟʜʘʪʥʽʩʪʴ ʚʩʪʫʧʘʪʠ ʚ ʨʝʘʢʮʽʶ ʟ ʦʨʛʘʥʽʯʥʠʤʠ 

ʨʝʯʦʚʠʥʘʤʠ ʪʘ ʫʪʚʦʨʶʚʘʪʠ ʧʦʙʽʯʥʽ, ʪʦʢʩʠʯʥʽ ʜʣʷ ʣʶʜʠʥʠ ʨʝʯʦʚʠʥʠ. 

ʅʝʙʝʟʧʝʢʘ ʩʠʪʫʘʮʽʾ ʧʦʩʠʣʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʟʚ'ʷʟʢʫ ʟ ʧʨʘʢʪʠʯʥʦ ʧʦʚʩʶʜʥʠʤ 

ʘʥʪʨʦʧʦʛʝʥʥʠʤ ʟʘʙʨʫʜʥʝʥʥʷʤ ʚʦʜʠ, ʷʢ ʫ ʧʦʚʝʨʭʥʝʚʠʭ, ʪʘʢ ʽ ʚ ʧʽʜʟʝʤʥʠʭ 

ʜʞʝʨʝʣʘʭ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʜʦʩʪʘʪʥʶ ʜʦʟʫ ʭʣʦʨʫ ʧʨʠ ʟʥʝʟʘʨʘʞʝʥʥʽ 

ʜʦʚʦʜʠʪʴʩʷ ʟʙʽʣʴʰʫʚʘʪʠ, ʘ ʮʝ, ʢʨʽʤ ʫʪʚʦʨʝʥʥʷ ʪʦʢʩʠʯʥʠʭ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʧʦʛʽʨʰʫʻ ʩʤʘʢ ʽ ʟʘʧʘʭ ʚʦʜʠ. ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʨʘʭʦʚʫʚʘʪʠ ʪʦʡ ʬʘʢʪ, 

ʱʦ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʟʥʘʯʥʽ ʚʽʜʩʪʘʥʽ ʪʘ ʧʦʩʪʽʡʥʝ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʝʡ 

ʨʽʜʢʦʛʦ ʭʣʦʨʫ ʻ ʜʞʝʨʝʣʦʤ ʝʢʦʣʦʛʽʯʥʦʾ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʧʨʠʣʝʛʣʠʭ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ [1]. 

ʇʦʟʠʪʠʚʥʦʶ ʚʣʘʩʪʠʚʽʩʪʶ ʭʣʦʨʫ ʻ ʡʦʛʦ ʪʨʠʚʘʣʠʡ ʙʘʢʪʝʨʠʮʠʜʥʠʡ ʚʧʣʠʚ 

ʥʘ ʦʯʠʱʝʥʫ ʚʦʜʫ ʫ ʚʦʜʦʚʦʜʘʭ ʪʘ ʨʦʟʧʦʜʽʣʴʯʽʡ ʤʝʨʝʞʽ. 

ʈʽʜʢʠʡ ʭʣʦʨ, ʰʦ ʜʘʻ ʧʨʠʡʥʷʪʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦ ʟʙʝʨʝʞʝʥʥʶ 

ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʾ ʷʢʦʩʪʽ ʧʠʪʥʦʾ ʚʦʜʠ ʧʨʠ ʾʾ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʚʦʜʦʧʨʦʚʽʜʥʠʤʠ 

ʤʝʨʝʞʘʤʠ, ʚ ʪʦʡ ʞʝ ʯʘʩ ʤʘʻ ʩʝʨʡʦʟʥʽ ʥʝʜʦʣʽʢʠ ʷʢ ʟʥʝʟʘʨʘʞʫʚʘʣʴʥʠʡ ʘʛʝʥʪ ʥʘ 

ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɺʽʥ ʥʝʝʬʝʢʪʠʚʥʠʡ ʧʨʦʪʠ ʚiʨʫʩiʚ, ʩʧʦʨʦʫʪʚʦʨʶʶʯʠʭ ʙʘʢʪʝʨiʡ. 

ɻʽʧʦʭʣʦʨʠʪ ʥʘʪʨʽʶ ʤʘʻ ʪʘʢʠʡ ʞʝ ʤʝʭʘʥʽʟʤ ʟʥʝʟʘʨʘʞʝʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ ʟ 

ʦʨʛʘʥʽʢʦʶ ʫ ʚʦʜʥʽʡ ʩʨʝʜʽ, ʷʢ ʽ ʛʘʟʦʧʦʜʽʙʥʠʡ ʭʣʦʨ. ʈʘʟʦʤ ʩ ʪʠʤ ʚʠʨʦʙʥʠʮʪʚʦ 

ʛʽʧʦʭʣʦʨʠʪʫ ʥʘʪʨʽʶ ʥʘ ʤʽʩʮʽ ʩʧʦʞʠʚʘʥʥʷ, ʥʝ ʢʘʞʫʯʠ ʚʞʝ ʧʨʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʦʚʘʨʥʦʛʦ ʨʝʘʛʝʥʪʫ, ʷʢʠʡ ʧʨʠʚʦʟʷʪʴ, ʻ ʥʘʙʘʛʘʪʦ ʥʝʙʝʟʧʝʯʥʽʰʦʶ ʪʝʭʥʦʣʦʛʽʻʶ 

ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʽʜʢʦʛʦ ʭʣʦʨʫ.  

ʅʝʜʦʣʽʢʦʤ ʛʽʧʦʭʣʦʨʠʪʥʦʛʦ ʤʝʪʦʜʫ ʻ ʦʙʤʝʞʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʚʦʜʦʦʯʠʩʥʠʭ ʩʧʦʨʫʜ ʢʽʣʴʢʦʤʘ ʜʝʩʷʪʢʘʤʠ ʪʠʩ. ʢʫʙ. ʤ ʥʘ ʜʦʙʫ ʟ 

ʧʦʟʠʮʽʡ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. 

ɼʽʦʢʩʠʜ ʭʣʦʨʫ (2ClO ) ï ʤʽʩʪʠʪʴ 90-95% ʘʢʪʠʚʥʦʛʦ ʭʣʦʨʫ, ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʜʝʟʽʥʬʽʢʫʶʯʠʤ ʟʘʩʦʙʦʤ, ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʭʣʦʨʦʤ: 

- ʙʽʣʴʰ ʚʠʩʦʢʠʡ ʙʘʢʪʝʨʠʮʠʜʥʠʡ ʪʘ ʚʽʨʫʣʽʮʠʜʥʠʡ ʝʬʝʢʪ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʧʨʦʜʫʢʪʘʭ ʦʙʨʦʙʢʠ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ; 
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- ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʦʢʠʩʣʝʥʥʷ (ʜʦ ʫʪʚʦʨʝʥʥʷ 2CO ); 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʚʝʟʝʥʥʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ, ʦʩʢʽʣʴʢʠ 

ʡʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʥʘ ʤʽʩʮʽ. 

ɼʽʦʢʩʠʜ ʭʣʦʨʫ ʤʘʻ ʙʽʣʴʰ ʪʨʠʚʘʣʫ ʚ ʯʘʩʽ ʙʘʢʪʝʨʠʮʠʜʥʫ ʜʽʶ (9-20 ʜʽʙ) 

ʥʽʞ ʭʣʦʨ, ʥʝʟʘʣʝʞʥʠʡ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʅ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ, ʚʢʣʶʯʘʶʯʠ 

ʛʫʤʽʥʦʚʽ ʨʝʯʦʚʠʥʠ, ʽ ʘʤʦʥʽʡʥʠʡ ʘʟʦʪ ʫ ʚʦʜʽ. 

ʉʫʯʘʩʥʽ ʪʨʘʜʠʮʽʡʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʤʝʪʦʜʠ ʟʥʝʟʘʨʘʞʝʥʥʷ ï  

ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʪʘ ʦʟʦʥʫʚʘʥʥʷ ï ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʙʽʣʴʰ ʚʠʩʦʢʦʶ 

ʝʬʝʢʪʠʚʥʽʩʪʶ ʱʦʜʦ ʽʥʘʢʪʠʚʘʮʽʾ ʩʧʦʨʦʫʪʚʦʨʶʶʯʠʭ ʙʘʢʪʝʨʽʡ ʪʘ 

ʝʥʪʝʨʦʚʽʨʫʩʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʶ ʧʦʙʽʯʥʠʭ ʭʣʦʨʦʨʛʘʥʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʘʣʝ 

ʥʝ ʤʘʶʪʴ ʢʦʥʩʝʨʚʫʶʯʦʛʦ ʝʬʝʢʪʫ ʭʣʦʨʫ. 

ʄʝʪʦʜ ʟʥʝʟʘʨʘʞʝʥʥʷ ʚʦʜʠ ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷʤ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʧʝʨʝʜ 

ʽʥʰʠʤʠ ʤʝʪʦʜʘʤʠ ʟʥʝʟʘʨʘʞʝʥʥʷ: 

- ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʣʝʪʘʣʴʥʝ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʚʦʜʥʠʭ ʙʘʢʪʝʨʠʡ, 
ʚʽʨʫʩʽʚ, ʩʧʦʨ ʪʘ ʧʨʦʪʦʟʦʘ. ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽʥʘʢʪʠʚʫʻ ʥʘʚʽʪʴ ʪʽ 

ʚʠʨʫʩʠ, ʷʢʽ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʜʽʾ ʭʣʦʨʫ.  

- ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʚʦʜʠ. 

- ʏʘʩ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʨʠ ʋʌ ʚʠʧʨʦʤʽʥʶʚʘʥʥʽ ʩʢʣʘʜʘʻ 1-10 ʩʝʢʫʥʜ ʫ 

ʧʨʦʪʦʯʥʦʤʫ ʨʝʞʠʤʽ, ʪʦʤʫ ʚʽʜʩʫʪʥʷ ʥʝʦʭʽʜʥʽʩʪʴ ʫ ʩʪʚʦʨʝʥʥʽ 

ʢʦʥʪʘʢʪʥʠʭ ʤʽʩʪʢʦʩʪʝʡ.  

- ʇʨʦʮʝʩ ʋʌ ʟʥʝʟʘʨʘʞʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ. 

- ʅʝʤʘʻ ʧʨʦʙʣʝʤ ʢʦʨʦʟʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. 

 ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʭʣʦʨʫʚʘʥʥʶ ʤʝʪʦʜ ʟʥʝʟʘʨʘʞʝʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʜʽʾ 

ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʚʦʜʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ. ʊʝʭʥʦʣʦʛʽʷ 

ʟʘʙʝʟʧʝʯʝʥʘ ʚʽʪʯʠʟʥʷʥʠʤʠ ʨʦʟʨʦʙʢʘʤʠ ʽ ʢʦʤʧʣʝʢʪʫʶʯʠʤ ʫʩʪʘʪʢʫʚʘʥʥʷʤ, 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʘ ʽ ʥʝ ʚʠʤʘʛʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʘʛʝʥʪʽʚ.  

ʉʫʪʴ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʦʣʷʛʘʻ ʫ ʾʾ ʜʽʾ ʥʘ 

ʦʙʨʦʙʣʶʚʘʥʫ ʚʦʜʫ ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʨʦʟʨʷʜʦʤ, ʱʦ ʩʧʨʠʯʠʥʷʻ 

ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ (ʙʘʢʪʝʨʽʡ, ʚʽʨʫʩʽʚ) ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘ 

ʨʘʭʫʥʦʢ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʫ ʚʦʜʽ. ɸʧʘʨʘʪʫʨʥʝ ʦʬʦʨʤʣʝʥʥʷ 

ʝʣʝʢʪʨʦʾʤʧʫʣʴʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ, ʚʠʧʨʷʤʣʷʯʘ, 

ʩʪʨʫʤʦʦʙʤʝʞʫʶʯʦʛʦ ʝʣʝʤʝʥʪʫ, ʥʘʢʦʧʠʯʫʚʘʯʘ ʤʽʩʪʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʨʦʟʨʷʜʥʠʢʘ-ʟʘʛʦʩʪʨʶʚʘʯʘ ʽ ʝʣʝʢʪʨʦʜʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʚ ʻʤʥʽʩʪʽ, ʥʘʧʦʚʥʝʥʦʶ 

ʚʦʜʦʶ. 

ʋ ʧʨʘʢʪʠʮʽ ʟʥʝʟʘʨʘʞʝʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ ʧʝʚʥʝ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚ ʤʝʪʦʜ 

ʦʟʦʥʫʚʘʥʥʷ [2].  

ʆʟʦʥʫʚʘʥʥʷ ʚʦʜʠ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʚʦʜʠ ʪʘ ʚʠʨʽʰʠʪʠ 

ʙʝʟʣʽʯ ʧʨʦʙʣʝʤ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʭʣʦʨʫʚʘʥʥʽ. ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ 

ʦʟʦʥʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʦʢʠʩʣʶʚʘʯʘʤʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʚʦʜʦʧʽʜʛʦʪʦʚʢʠ, ʻ: ʦʟʦʥ ʙʽʣʴʰ ʩʠʣʴʥʽʰʠʡ ʦʢʠʩʣʶʚʘʯ, ʥʽʞ ʭʣʦʨ ï ʦʜʥʦʯʘʩʥʦ 

ʽʟ ʟʥʝʟʘʨʘʞʝʥʥʷʤ ʚʠʜʘʣʷʻ ʡ ʽʥʰʽ ʟʘʙʨʫʜʥʝʥʥʷ ʚʦʜʠ (ʟʘʙʘʨʚʣʝʥʽʩʪʴ, ʟʘʧʘʭ, 
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ʧʨʠʩʤʘʢ, ʟʘʣʽʟʦ, ʤʘʨʛʘʥʝʮʴ, ʬʝʥʦʣʠ, ʥʘʬʪʦʧʨʦʜʫʢʪʠ, ʇɸʈ ʪʘ ʽʥ.). ʄʝʪʦʜ 

ʦʟʦʥʫʚʘʥʥʷ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʭʣʦʨʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʦ ʩʢʣʘʜʥʽʰʠʡ ʽ ʜʣʷ ʡʦʛʦ 

ʨʝʘʣʽʟʘʮʽʾ ʥʝʦʙʭʽʜʥʝ ʚʠʢʦʥʘʥʥʷ ʨʷʜʫ ʧʦʩʣʽʜʦʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, 

ʪʘʢʠʭ ʷʢ: ʦʯʠʱʝʥʥʷ ʧʦʚʽʪʨʷ, ʡʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʩʫʰʽʥʥʷ, ʟʤʽʰʫʚʘʥʥʷ 

ʦʟʦʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ ʟ ʚʦʜʦʶ, ʷʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʚʽʜʚʝʜʝʥʥʷ ʪʘ 

ʜʝʩʪʨʫʢʮʽʷ ʟʘʣʠʰʢʦʚʦʾ ʦʟʦʥʦ-ʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ, ʚʠʚʝʜʝʥʥʷ ʾʭ ʫ ʘʪʤʦʩʬʝʨʫ. 

ʋʣʴʪʨʘʟʚʫʢ ʫ ʚʦʜʽ, ʷʢʘ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʟʥʠʱʫʻ ʥʝ ʪʽʣʴʢʠ ʙʘʢʪʝʨʽʾ, ʘ ʡ ʽʥʰʽ 

ʦʨʛʘʥʽʟʤʠ, ʪʘʢʽ ʷʢ: ʣʠʯʠʥʢʠ ʢʦʤʘʭ, ʤʦʣʶʩʢʠ, ʧʣʘʥʢʪʦʥʠ, ʜʨʽʙʥʽ ʨʠʙʠ, ʞʘʙʠ; 

ʘ ʪʘʢʦʞ ʨʫʡʥʫʻ ʨʽʟʥʽ ʢʦʣʦʾʜʥʽ ʪʘ ʩʢʣʘʜʥʽ ʦʨʛʘʥʽʯʥʽ ʨʝʯʦʚʠʥʠ. 

ɼʦ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘʣʝʞʘʪʴ: 

- ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʫʩʪʘʥʦʚʦʢ ʪʘ ʚʝʣʠʢʘ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ; 

- ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʨʦʷʩʥʝʥʥʷ ʚʦʜʠ ʧʝʨʝʜ 
ʦʙʨʦʙʢʦʶ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʘ ʪʘʢʦʞ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʢʦʥʪʨʦʣʶ ʟʘ ʷʢʽʩʪʶ ʟʥʝʟʘʨʘʞʝʥʥʷ. 

ʊʘʢʦʞ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʧʦʣʽʧʰʝʥʥʷ ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʷʩʥʝʥʥʷ 

ʚʦʜʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʩʫʣʴʬʘʪʫ ʘʣʶʤʽʥʽʶ [3]. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʷʢʽʩʪʴ ʦʯʠʱʝʥʥʷ ʚʦʜʠ ʟʘ 

ʙʘʢʪʝʨʽʦʣʦʛʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ 

ʢʦʘʛʫʣʷʥʪʫ ʟʥʘʯʥʦ ʚʠʱʘ, ʥʽʞ ʧʨʠ ʦʙʨʦʙʮʽ ʚʦʜʠ ʟʚʠʯʘʡʥʠʤ ʨʦʟʯʠʥʦʤ 

ʢʦʘʛʫʣʷʥʪʫ, ʪʦʤʫ ʷʢ ʟʥʠʞʝʥʥʷ ʤʽʢʨʦʙʥʦʛʦ ʯʠʩʣʘ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʚʠʯʘʡʥʦʛʦ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ ʩʪʘʥʦʚʠʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 12,1-14,1%; ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʨʦʟʯʠʥʫ ʢʦʘʛʫʣʷʥʪʫ 17,4-18,4%. ɸʥʘʣʦʛʽʯʥʝ 

ʷʚʠʱʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʘʥʘʣʽʟʽ ʧʦʢʘʟʥʠʢʽʚ coli-index: ʟʚʠʯʘʡʥʠʡ ʨʦʟʯʠʥ 

ʢʦʘʛʫʣʷʥʪʫ ï 15,2-16,2%, ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʨʦʟʯʠʥ ʢʦʘʛʫʣʷʥʪʫ ï 20,09-24,3%. 
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ʋɼʂ 335.58   

 

 ɭʣʽʩʻʻʚ ɺ. ʅ., ʢ. ʪ. ʥ., ʜʦʮʝʥʪ, ɼʝʤʢʽʚ ɸ. ʄ., ɺʣʘʩʝʥʢʦ ɭ. ɸ. 

ɯʥʩʪʠʪʫʪ ʜʝʨʞʘʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʮʠʚʽʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ. ʤ. ʂʠʾʚ. ʋʢʨʘʾʥʘ 

 

ɽʂʆʃʆɻɯʏʅɸ ɹɽɿʇɽʂɸ ʊɽʈʀʊʆʈɯʁ: ʆʎɯʅʂɸ ɽʂʆʃʆɻɯʏʅʀʍ 

ʈʀɿʀʂɯɺ ɯɿ ʋʈɸʍʋɺɸʅʅʗʄ ɽʌɽʂʊʋ ʅɸʂʆʇʀʏɽʅʅʗ ɿɹʀʊʂɯɺ  

ʋ ʉʋʏɸʉʅʀʍ ʋʄʆɺɸʍ 

 
ʅʝʦʜʤʽʥʥʦʶ ʫʤʦʚʦʶ ʫʩʧʽʰʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 

ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʨʠʪʦʨʽʡ ʜʝʨʞʘʚʠ ʻ ʧʦʙʫʜʦʚʘ ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʘ ʾʾ ʨʝʘʣʽʟʘʮʽʷ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʛʦʪʦʚʥʦʩʪʽ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ  ʻʜʠʥʦʾ ʜʝʨʞʘʚʥʦʾ 

ʩʠʩʪʝʤʠ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ. 

ʇʠʪʘʥʥʷ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ ʚ ʮʽʣʦʤʫ, ʙʝʟʧʝʢʠ  ʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ 

(ʅʉ) ʟʦʢʨʝʤʘ  ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʮʽʻʶ ʙʝʟʧʝʢʦʶ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʷʢ ʩʪʨʘʪʝʛʽʯʥʝ ʟʘʚʜʘʥʥʷ ʜʝʨʞʘʚʠ. ʋ ʂʦʜʝʢʩʽ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ 

ʚʠʟʥʘʯʝʥʦ [1], ʱʦ ʮʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪ ʻ ʬʫʥʢʮʽʷ ʜʝʨʞʘʚʠ ʱʦʜʦ ʟʘʭʠʩʪʫ 

ʥʘʩʝʣʝʥʥʷ ʽ ʪʝʨʠʪʦʨʽʡ ʚʽʜ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʰʣʷʭʦʤ ʟʘʧʦʙʽʛʘʥʥʷ ʪʘʢʠʤ 

ʩʠʪʫʘʮʽʷʤ, ʣʽʢʚʽʜʘʮʽʾ ʾʭ ʥʘʩʣʽʜʢʽʚ ʫ ʤʠʨʥʠʡ ʯʘʩ ʪʘ ʚ ʦʩʦʙʣʠʚʠʡ ʧʝʨʽʦʜ  ʪʘ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ, ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʟʤʝʥʰʝʥʥʷ ʨʠʟʠʢʫ ʚʠʥʠʢʥʝʥʥʷ ʅʉ. ʇʨʦʙʣʝʤʥʠʤ ʧʠʪʘʥʥʷʤ 

ʻ ʥʘʫʢʦʚʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʫ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʚʠʥʠʢʥʝʥʥʷ ʅʉ. ɺ 

ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʙʦʡʦʚʠʭ ʜʽʡ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ  ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ 

ʥʘʢʦʧʠʯʝʥʥʷ ʟʙʠʪʢʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟʘ ʦʩʪʘʥʥʽʡ ʯʘʩ 

ʟôʷʚʠʣʘʩʷ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʨʠʟʠʢʘʤʠ ʨʽʟʥʠʭ ʩʬʝʨ ʜʽʷʣʴʥʦʩʪʽ. ɿʥʘʯʥʘ ʫʚʘʛʘ ʥʘʜʘʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷʤ ʦʮʽʥʢʠ ʨʠʟʠʢʽʚ ʫ 

ʩʬʝʨʽ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ [3,4,5].   

ʊʘʢ ʫ ʨʦʙʦʪʘʭ [3] ʫʧʨʘʚʣʽʥʥʷ ʨʠʟʠʢʘʤʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʧʨʦʮʝʩ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ  ʽ ʟʜʽʡʩʥʝʥʥʷ ʟʘʭʦʜʽʚ, 

ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʤʦʞʣʠʚʦʛʦ (ʧʨʠʧʫʩʪʠʤʦʛʦ) 

ʨʠʟʠʢʫ ʘʙʦ ʷʢ ʩʫʢʫʧʥʽʩʪʴ ʤʝʪʦʜʽʚ, ʧʨʠʡʦʤʽʚ ʽ ʟʘʭʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʨʦʛʥʦʟʫʚʘʪʠ ʥʘʩʪʘʥʥʷ ʨʠʟʠʢʦʚʠʭ ʧʦʜʽʡ ʽ ʚʞʠʚʘʪʠ ʟʘʭʦʜʽʚ ʜʦ 

ʾʭʥʴʦʛʦ ʟʤʝʥʰʝʥʥʷ [4,5], ʘʣʝ ʧʠʪʘʥʥʷ ʫʨʘʭʫʚʘʥʥʷ ʝʬʝʢʪʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʟʙʠʪʢʽʚ ʥʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ. ɺ ʟʘʢʦʥʽ ʋʢʨʘʾʥʠ çʇʨʦ ʦʩʥʦʚʥʽ ʟʘʩʘʜʠ 

ʜʝʨʞʘʚʥʦʛʦ ʥʘʛʣʷʜʫ  (ʢʦʥʪʨʦʣʶ) ʫ ʩʬʝʨʽ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽè [2] ʨʠʟʠʢ 

ʚʠʟʥʘʯʝʥʦ ʷʢ ʢʽʣʴʢʽʩʥʘ ʤʽʨʘ  ʥʝʙʝʟʧʝʢʠ,  ʱʦ  ʚʨʘʭʦʚʫʻ  ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ  ʥʘʩʣʽʜʢʽʚ  ʚʽʜ  ʟʜʽʡʩʥʝʥʥʷ  ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ 

ʪʘ ʤʦʞʣʠʚʠʡ ʨʦʟʤʽʨ ʚʪʨʘʪ ʚʽʜ ʥʠʭ. ʎʝ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʬʦʨʤʫʣʦʶ: 
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Rʅʉ = ʈʅʉ * Wʅʉ ,                                                      (1) 

 

ʜʝ  Rʅʉ      ï   ʨʠʟʠʢ ʚʠʥʠʢʥʝʥʥʷ ʅʉ; 

      ʈʅʉ    ï  ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʅʉ; 

      W ʅʉ   ï  ʚʪʨʘʪʠ ʚʽʜ ʅʉ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʪʘ ʦʮʽʥʮʽ ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ ʜʦʮʽʣʴʥʦ ʨʦʟʛʣʷʜʘʪʠ ʾʾ ʟ ʪʦʯʢʠ 

ʟʦʨʫ  ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʫ ʧʨʠʨʦʜʥʦ-ʪʝʭʥʦʛʝʥʥʦ-ʩʦʮʽʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. ʇʨʠ 

ʮʴʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʢʦʤʧʣʝʢʩʥʽ ʨʠʟʠʢʠ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ 

ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʘʢʪʦʨʠ, ʱʦ ʜʽʶʪʴ ʫ ʨʽʟʥʠʭ ʯʘʩʦʚʠʭ ʪʘ ʧʨʦʩʪʦʨʦʚʠʭ ʤʘʩʰʪʘʙʘʭ, 

ʧʨʠʯʦʤʫ, ʷʢ ʧʨʘʚʠʣʦ, ʨʠʟʠʢʠ ʤʘʶʪʴ ʝʬʝʢʪ ʥʘʢʦʧʠʯʝʥʥʷ ʟʙʠʪʢʽʚ ʧʽʜ ʚʧʣʠʚʦʤ 

ʜʝʢʽʣʴʢʦʭ ʫʨʘʞʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʎʽ ʨʠʟʠʢʠ ʚ ʢʦʤʧʣʝʢʩʽ ʩʪʚʦʨʶʶʪʴ ʫ ʮʽʣʦʤʫ ʨʠʟʠʢ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ ʫ ʜʝʨʞʘʚʽ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʮʠʭ ʨʠʟʠʢʽʚ ʽ ʥʘ ʾʭ ʦʩʥʦʚʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ ʽʟ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ (ʅʉ), ʟʦʢʨʝʤʘ ʥʘʜʟʚʠʯʘʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ 

(ʅɽʉ), ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʪʘ ʟʙʠʪʢʽʚ ʚʽʜ ʥʠʭ. 

ʊʦʤʫ ʟʘʚʜʘʥʥʷʤ ʮʽʻʾ ʩʪʘʪʪʽ ʤʠ ʩʪʘʚʠʤʦ ʨʦʟʨʦʙʢʫ ʚʘʨʽʘʥʪʫ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʨʦʟʨʘʭʫʥʢʫ ʨʠʟʠʢʽʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʩʠʪʫʘʮʽʾ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʝʬʝʢʪʫ ʥʘʢʦʧʠʯʝʥʥʷ ʟʙʠʪʢʽʚ. 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɿʘʜʘʯʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʨʠʟʠʢʽʚ ʻ ʩʢʣʘʜʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ, ʪʦʙʪʦ ʨʠʟʠʢʠ ʅɽʉ, ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ, ʘ ʪʘʢʦʞ ʧʦʚôʷʟʘʥʽ ʟ ʮʽʻʶ ʅɽʉ ʟʙʠʪʢʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ 

ʩʢʣʘʜʥʦʤʫ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʝʣʝʤʝʥʪʘʤʠ ʪʽʻʾ ʩʢʣʘʜʥʦʾ ʩʠʩʪʝʤʠ, ʜʣʷ ʷʢʦʾ ʚʦʥʠ 

ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ. 

ʅʘ ʮʝʡ ʯʘʩ ʫ ʣʽʪʝʨʘʪʫʨʽ ʷʢ ʙʘʟʦʚʽ ʢʨʠʪʝʨʽʾ ʨʠʟʠʢʽʚ ʧʨʠ ʚʠʥʠʢʥʝʥʥʽ ʅɽʉ 

ʧʨʠʡʤʘʶʪʴʩʷ ʨʠʟʠʢʠ ʟʘʛʠʙʝʣʽ ʣʶʜʝʡ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ, ʘʙʦ ʝʢʦʥʦʤʽʯʥʽ 

ʨʠʟʠʢʠ ï ʝʢʦʥʦʤʽʯʥʽ ʟʙʠʪʢʠ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ (ʷʢ ʧʨʘʚʠʣʦ ʟʘ ʨʽʢ). 

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʤʝʪʦʜʘʤʠ ʪʝʦʨʽʾ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʨʠʡʤʝʤʦ  ʧʦʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ    Pʥʝʩ (t) ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʟʘ ʧʝʨʽʦʜ ʯʘʩʫ t, ʈ ʥ (t) ï ʡʤʦʚʽʨʥʽʩʪʴ ʥʝ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ 

ʟʘ t ʪʘ ʥʦʨʤʫʶʯʫ ʫʤʦʚʫ Pʥʝʩ (t) + ʈʥ (t) = 1).  ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ  ʥʘʧʠʩʘʥʥʷ  ʬʦʨʤʫʣ    ʧʨʠʡʤʝʤʦ   ʩʪʘʮʽʦʥʘʨʥʠʡ    ʨʝʞʠʤ    

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ, ʪʦʙʪʦ   t ­ ¤ ,  ʈʥʝʩ (t)  ­  ʈʥʝʩ. 

ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ  ʨʠʟʠʢʽʚ ʧʦʣʷʛʘʻ 

ʫ ʚʠʟʥʘʯʝʥʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʮʷ ʡʤʦʚʽʨʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʭ ʬʘʢʪʦʨʽʚ ʽ ʟ ʧʦʯʘʪʢʦʤ ʨʫʡʥʽʚʥʠʭ ʧʨʦʮʝʩʽʚ ʮʷ 

ʡʤʦʚʽʨʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʬʘʢʪʦʨʽʚ, ʽʟ ʪʘʢ ʟʚʘʥʠʤ 

ʝʬʝʢʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʙʠʪʢʽʚ. 

ʅʘ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ 

ʅɽʉ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʚʦʭ ʝʢʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ, ʢʦʞʥʠʡ ʟ̔ ʷʢʠʭ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʅɽʉ ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ: 

 

ʈ1
ʥʝʩ =  ʈ

1
ʦ  + ʈ1

ʤ +  ʈ1
ʨ  +  ʈ1

ʜ;                                (2) 
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ʈ2
ʥʝʩ  = ʈ

2
ʦ  + ʈ2

ʤ +  ʈ2
ʨ  +  ʈ2

ʜ, 

 

   ʜʝ ï  ̔ ʥʜʝʢʩʠ ʦ, ʤ, ʨ, ʜ  (ʦ ï ʅɽʉ ʦʙ'ʻʢʪʦʚʦʛʦ ʨʽʚʥʷ, ʤ ï ʅɽʉ ʤʽʩʮʝʚʦʛʦ 

ʨʽʚʥʷ, ʨ ï ʅɽʉ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʽʚʥʷ, ʜ ï ʅɽʉ ʜʝʨʞʘʚʥʦʛʦ ʨʽʚʥʷ).  

ɿʘʧʠʰʝʤʦ ʧʦʚʥʫ ʩʫʤʽʩʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʚʽʜ ʜʚʦʭ 

ʬʘʢʪʦʨʽʚ ʈ(2)
ʥʝʩ ʟ ʝʬʝʢʪʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʟʙʠʪʢʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

ʈ(2)
ʥʝʩ  = 1 - (1 -  ʈ1

ʥʝʩ ) (1 -ʈ2
ʥʝʩ ) = ʈ

1
ʥʝʩ + ʈ

2
ʥʝʩ - ʈ

1
ʥʝʩ ʈ

2
ʥʝʩ                                     (3) 

 

ʅʦʨʤʫʶʯʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʈ1
ʥʝʩ ʪʘ ʈ

2
ʥʝʩ  ̒ : 

 

ʈ1
ʥ  +  ʈ

1
ʦ  + ʈ1

ʤ +  ʈ1
ʨ  +  ʈ1

ʜ  =  1;                             (4) 

ʈ2
ʥ  +  ʈ

2
ʦ  + ʈ2

ʤ +  ʈ2
ʨ  +  ʈ2

ʜ  =  1, 

 

ʜʝ ʈ1
ʥ , ʈ 

2
ʥ   ï ʡʤʦʚʽʨʥʦʩʪʽ ʥʝ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʚʽʜ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ 

ʬʘʢʪʦʨʽʚ. 

ɼʣʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ ʡʤʦʚʽʨʥʦʩʪʝʡ ʟʘʧʦʚʥʠʤʦ ʤʘʪʨʠʮʶ 

ʩʫʤʽʩʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ (ʪʘʙʣ.1). 

ʊʘʙʣʠʮʷ 1  

ʈn
j ʈ1

ʥ ʈ1
ʦ ʈ1

ʤ ʈ1
ʨ ʈ1

ʜ 

ʈ2
ʥ ʈ1

ʥ  ʈ 
2
ʥ ʈ1

ʦ ʈ
2
ʥ ʈ1

ʤ ʈ
2
ʥ ʈ1

ʨ ʈ
2
ʥ ʈ1

ʜ ʈ
2
ʥ 

ʈ2
ʦ ʈ1

ʥ  ʈ 
2
ʦ ʈ1

ʦ ʈ
2
ʦ ʈ1

ʤ ʈ
2
ʦ ʈ1

ʨ ʈ
2
ʦ ʈ1

ʜ ʈ
2
ʦ 

ʈ2
ʤ ʈ1

ʥ  ʈ 
2
ʤ ʈ1

ʦ ʈ
2
ʤ ʈ1

ʤ ʈ
2
ʤ ʈ1

ʨ ʈ
2
ʤ ʈ1

ʜ ʈ
2
ʤ 

ʈ2
ʨ ʈ1

ʥ  ʈ 
2
ʨ ʈ1

ʦ ʈ
2
ʨ ʈ1

ʤ ʈ
2
ʨ ʈ1

ʨ ʈ
2
ʨ ʈ1

ʜ ʈ
2
ʨ 

ʈ2
ʜ ʈ1

ʥ  ʈ 
2
ʜ ʈ1

ʦ ʈ
2
ʜ ʈ1

ʤ ʈ
2
ʜ ʈ1

ʨ ʈ
2
ʜ ʈ1

ʜ ʈ
2
ʜ 

 

ɺʠʟʥʘʯʠʤʦ ʰʫʢʘʥʽ ʚʝʣʠʯʠʥʠ ʡʤʦʚʽʨʥʦʩʪʝʡ ʷʢ ʩʫʤʠ ʧʘʨʥʠʭ ʜʦʙʫʪʢʽʚ 

ʤʘʪʨʠʮʽ ʧʦ ʩʪʨʦʢʘʤ ʪʘ ʢʦʣʦʥʢʘʤ: 

 

ʈ(2)
ʥ  = ʈ1

ʥ   ʈ 
2 ʥ    

ʈ(2)
ʦ  =  ʈ1

ʥ  ʈ 
2
ʦ   +  ʈ1

ʦ ʈ
2
ʥ   + ʈ1

ʦ ʈ
2
ʦ  

ʈ(2)
ʤ  =  ʈ

1
ʤ +  ʈ 

2 ʤ   - ʈ
1
ʤ ( ʈ 

2 ʨ  + ʈ 
2 ʜ ) -  ʈ 

2 ʤ   (  ʈ
1
ʤ +  ʈ

1
ʨ  +  ʈ

1
ʜ)     (5) 

ʈ(2)
ʨ  =  ʈ

1
ʨ  +  ʈ 

2 ʨ  -  ʈ
1
ʨ   ʈ 

2 ʨ  - ʈ
1
ʨ   ʈ 

2 ʜ  - ʈ
1
ʜ   ʈ 

2 ʨ    

ʈ(2)
ʜ  =  ʈ

1
ʜ  +  ʈ 

2 ʜ   -  ʈ
1
ʜ   ʈ 

2 ʜ                

 

ɿʘʧʠʰʝʤʦ ʧʦʚʥʫ ʩʫʤʽʩʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʚʽʜ ʜʚʦʭ 

ʬʘʢʪʦʨʽʚ ʈ(2)
ʥʝʩ 

ʈ(2)
ʥʝʩ  =  ʈ 

(2)
ʦ  + ʈ (2)

ʤ +  ʈ (2)
ʨ  +  ʈ (2)

ʜ                                 (6) 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʮʽ ʟʘʣʝʞʥʦʩʪʽ ʤʝʪʦʜʦʤ ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ 

ʥʘʩʪʫʧʥʦʾ ʧʘʨʠ ʬʘʢʪʦʨʽʚ, ʨʦʟʨʘʭʦʚʫʻʤʦ ʩʫʤʽʩʥʫ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ 

ʅɽʉ ʚʽʜ n ʬʘʢʪʦʨʽʚ.  

 

ʈ(n)
ʥʝʩ  =  ʈ 

(n)
ʦ  + ʈ (n)

ʤ +  ʈ (n)
ʨ  +  ʈ (n)

ʜ                            ( 7 ) 
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ʇʨʠʯʦʤʫ ʧʨʠ ʢʦʞʥʦʤʫ ʥʘʩʪʫʧʥʦʤʫ ʨʦʟʨʘʭʫʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʡʤʦʚʽʨʥʽʩʪʴ ʈ(n)
ʜ , ʡʤʦʚʽʨʥʽʩʪʴ ʥʘʡʛʽʨʰʦʛʦ ʚʠʧʘʜʢʫ ʅɽʉ, 

ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ. ʊʦʙʪʦ ʟʙʠʪʢʠ ʙʫʜʫʪʴ ʥʘʢʦʧʠʯʫʚʘʪʠʩʷ.   

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʥʘʚʝʜʝʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ  ʧʨʦʛʥʦʟʫʚʘʥʥʽ 

ʨʠʟʠʢʽʚ ʅɽʉ, ʨʦʟʨʘʭʫʚʘʚ ʟʘ ʬʦʨʤʫʣʦʶ (7) ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʅɽʉ ʚʽʜ 

n - ʬʘʢʪʦʨʽʚ ʈ(n)
ʅɽʉ  ʪʘ ʚʠʟʥʘʯʠʚʰʠ ʚʪʨʘʪʠ ʚʽʜ ʥʘʩʣʽʜʢʽʚ ʅɽʉ W(n)

ʥʝʩ ,  
ʨʦʟʨʘʭʦʚʫʻʤʦ ʟʥʘʯʝʥʥʷ ʨʠʟʠʢʫ ʅɽʉ.  

   

R ʥʝʩ   =   ʈ(n)
ʥʝʩ  *  W

(n)
ʥʝʩ                                (8) 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʢʽʣʴʢʽʩʥʦ ʩʧʨʦʛʥʦʟʫʚʘʪʠ 

ʦʯʽʢʫʚʘʥʽ ʨʠʟʠʢʠ ʥʘʜʟʚʠʯʘʡʥʠʭ ʝʢʦʣʦʛʽʯʥʠʭ ʩʠʪʫʘʮʽʡ, ʤʘʪʝʨʽʘʣʴʥʽ ʘʙʦ 

ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ ʚʽʜ ʥʠʭ ʪʘ ʩʧʣʘʥʫʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʡʥʽ, ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʽ ʪʘ 

ʩʘʥʽʪʘʨʥʦ ʛʽʛʽʻʥʽʯʥʽ ʟʘʭʦʜʠ ʧʦ ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʥʝʙʝʟʧʝʢʠ. 

ʉʢʣʘʜʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʪʝʭʥʽʢʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʮʽʻʾ ʟʘʜʘʯʽ. ʊʦʤʫ ʧʦʜʘʣʴʰʠʤ ʥʘʧʨʷʤʦʤ 

ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ̔ ʜʘʥʦʾ ʧʨʦʙʣʝʤʘʪʠʢʠ ʚʙʘʯʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ ʨʦʟʨʘʭʫʥʢʫ ʝʢʦʣʦʛʽʯʥʠʭ ʨʠʟʠʢʽʚ.  
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ɾʫʢ ɺ. ʄ., ʜʦʮ., ʄʘʣʴʦʚʘʥʠʡ ʄ. ʉ., ʧʨʦʬ.,  ʊʠʤʯʫʢ ɯ. ʉ., ʜʦʮ.,  

ʄʠʩʘʢ ɯ. ɺ.,  ʄʠʩʘʢ ʇ. ɺ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʘ 

 

ʇʈʆɹʃɽʄʀ ɽʂʉʇʃʋɸʊɸʎɯɰ ɼʆʑʆʇʈʀʁʄɸʏɯɺ ʋ 

ɿɸɻɸʃʔʅʆʉʇʃɸɺʅʀʍ ʉʀʉʊɽʄɸʍ ɺʆɼʆɺɯɼɺɽɼɽʅʅʗ 

   

ɻʣʦʙʘʣʴʥʽ ʢʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʨʘʟʦʤ ʟ ʽʥʪʝʥʩʠʚʥʦʶ ʫʨʙʘʥʽʟʘʮʽʻʶ 

ʪʝʨʠʪʦʨʽʡ ʻ ʦʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʩʧʨʠʯʠʥʷʶʪʴ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʠʩʪʝʤʠ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ, ʚʽʜ ʥʘʜʽʡʥʦʾ ʨʦʙʦʪʠ ʷʢʠʭ 

ʟʘʣʝʞʠʪʴ ʷʢ ʩʘʥʽʪʘʨʥʠʡ ʩʪʘʥ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘʩʝʣʝʥʦʛʦ ʧʫʥʢʪʫ, ʪʘʢ ʽ ʩʪʘʥ  

ʧʨʠʣʝʛʣʠʭ ʪʝʨʠʪʦʨʽʡ, ʫ ʧʝʨʰʫ ʯʝʨʛʫ ï ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʡʤ, ʚ ʷʢʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʩʢʠʜ ʟʚʦʨʦʪʥʠʭ ʚʦʜ [1]. ʋ ʮʝʥʪʨʘʣʴʥʠʭ ʯʘʩʪʠʥʘʭ ʙʽʣʴʰʦʩʪʽ ʚʝʣʠʢʠʭ ʤʽʩʪ 

ʧʝʨʝʚʘʞʘʶʪʴ ʟʘʛʘʣʴʥʦʩʧʣʘʚʥʽ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʤʝʨʝʞʽ ʟ ʚʽʜʚʝʜʝʥʥʷʤ ʧʦ ʥʠʭ 

ʩʫʤʽʰʽ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʦʙʫʪʦʚʠʭ, ʚʠʨʦʙʥʠʯʠʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʨʝʛʫʣʶʚʘʥʥʷ ʩʪʦʢʫ ʪʘ ʟʘʛʦʩʪʨʶʻ ʝʢʦʣʦʛʽʯʥʽ ʨʠʟʠʢʠ ʜʣʷ ʜʦʚʢʽʣʣʷ 

ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʨʦʙʣʝʤ [4]. 

ɺʘʞʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʚʦʜʦʚʽʜʚʝʜʝʥʥʷ ʻ ʜʦʱʦʧʨʠʡʤʘʯʽ, 

ʷʢʽ ʻ ʧʝʨʝʭʽʜʥʦʶ ʣʘʥʢʦʶ ʤʽʞ ʚʽʜʢʨʠʪʠʤʠ ʧʦʪʦʢʘʤʠ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ 

ʫ ʣʦʪʢʘʭ, ʢʶʚʝʪʘʭ ʯʠ ʢʘʥʘʣʘʭ ʪʘ ʧʦʪʦʢʘʤʠ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʟʘʢʨʠʪʦʾ 

ʢʘʥʘʣʽʟʘʮʽʡʥʦʾ ʤʝʨʝʞʽ. ʇʽʜ ʯʘʩ ʩʠʣʴʥʠʭ ʦʧʘʜʽʚ ʚʩʝ ʯʘʩʪʽʰʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʽʜʪʦʧʣʝʥʥʷ ʫʨʙʘʥʽʟʦʚʘʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʷʢ ʧʝʨʝʚʠʱʝʥʥʷʤ 

ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ ʢʦʣʝʢʪʦʨʽʚ, ʪʘʢ ʽ 

ʥʝʜʦʩʪʘʪʥʴʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʱʦʧʨʠʡʤʘʣʴʥʠʭ ʢʦʣʦʜʷʟʽʚ ʥʘ ʧʨʠʣʝʛʣʽʡ 

ʪʝʨʠʪʦʨʽʾ ʘʙʦ ʞ ʤʝʭʘʥʽʯʥʠʤ ʟʘʙʠʪʪʷʤ ʜʦʱʦʧʨʠʡʤʘʣʴʥʠʭ ʨʝʰʽʪʦʢ ʣʠʩʪʷʤ, 

ʛʽʣʣʷʤ ʪʘ ʽʥʰʠʤ ʩʤʽʪʪʷʤ, ʟʘʤʫʣʝʥʥʷʤ ʜʦʱʦʧʨʠʡʤʘʯʽʚ ʪʦʱʦ (ʨʠʩ. 1).  

 

 
 

ʈʠʩ. 1. ɿʘʩʤʽʯʝʥʽ  ʜʦʱʦʧʨʠʡʤʘʯʽ [6] 


