
ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

 
ʍɸʈʂɯɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ɸɺʊʆʄʆɹɯʃʔʅʆ-ɼʆʈʆɾʅɯʁ 

ʋʅɯɺɽʈʉʀʊɽʊ 

 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʬʘʢʫʣʴʪʝʪ 
 

ʅɸʋʂʆɺɯ ʇʈɸʎɯ 
 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ  

 

"ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, 

ʪʨʘʥʩʧʦʨʪ ̔ʪʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ"  
 

27-29 ʞʦʚʪʥʷ 2021 ʨ. 
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ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

 
ʍɸʈʂɯɺʉʔʂʀʁ ʅɸʎɯʆʅɸʃʔʅʀʁ ɸɺʊʆʄʆɹɯʃʔʅʆ-ɼʆʈʆɾʅɯʁ 

ʋʅɯɺɽʈʉʀʊɽʊ 

 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʬʘʢʫʣʴʪʝʪ 
 

ʅɸʋʂʆɺɯ ʇʈɸʎɯ 
 

ʄʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  

ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʶ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤ. ɸ.ɹ. ɻʨʝʜʝʩʢʫʣʘ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ  

 

"ʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, 

ʪʨʘʥʩʧʦʨʪ ̔ʪʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚ"  
27-29 ʞʦʚʪʥʷ 2021 ʨ. 

ʇʦʩʚʽʜʯʝʥʥʷ ʋʢʨɯʅʊɽɯ ʚʽʜ 16 ʛʨʫʜʥʷ 2020 ʨʦʢʫ ˉ 859 
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ʆʈɻɸʅɯɿɸʎɯʁʅʀʁ ʂʆʄɯʊɽʊ 

ʂʆʅʌɽʈɽʅʎɯɰ 

 
 

ʂɽʈɯɺʅʀʂʀ ʆʈɻʂʆʄɯʊɽʊʋ 
 

ɹʦʛʦʤʦʣʦʚ ɺʽʢʪʦʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ï ʨʝʢʪʦʨ ʍʅɸɼʋ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, ʃʘʫʨʝʘʪ 

ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ, 

ʛʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ; 

ɼʤʠʪʨʽʻʚ ɯʣʣʷ ɸʥʜʨʽʮʡʚʠʯ ï ʧʨʦʨʝʢʪʦʨ ʍʅɸɼʋ ʟ ʥʘʫʢʦʚʦʾ 

ʨʦʙʦʪʠ, ʜ.ʝ.ʥ., ʧʨʦʬʝʩʦʨ, ɿʘʩʣʫʞʝʥʠʡ ʜʽʷʯ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʠ, 

ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ, ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ 

ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ; 

ʉʘʨʘʻʚ ʆʣʝʢʩʽʡ ɺʽʢʪʦʨʦʚʠʯ ï ʜʝʢʘʥ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ 

ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʚʽʜʧʦʚʽʜʘʣʴʥʘ ʦʩʦʙʘ ʟʘ ʦʨʛʘʥʽʟʘʮʽʶ ʪʘ ʧʨʦʚʝʜʝʥʥʷ 

ʢʦʥʬʝʨʝʥʮʽʾ 
 

ʏʃɽʅʀ ʆʈɻʂʆʄɯʊɽʊʋ 

 

ʂʣʠʤʝʥʢʦ ɺʘʣʝʨʽʡ ɯʚʘʥʦʚʠʯ - ʟʘʚ. ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ ʍʅɸɼʋ, 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʘʫʨʝʘʪ ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ 

ʪʝʭʥʽʢʠ, ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ; 

ɻʥʘʪʦʚ ɸʥʜʨʽʡ ɺʽʢʪʦʨʦʚʠʯ - ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʍʅɸɼʋ; 

ɹʘʪʠʛʽʥ ʖʨʽʡ ɺʽʢʪʦʨʦʚʠʯ - ʟʘʚ. ʢʘʬʝʜʨʠ ʬʽʟʠʢʠ ʍʅɸɼʋ, 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ; 

ɺʦʣʢʦʚ ɺʦʣʦʜʠʤʠʨ ʇʝʪʨʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ ʪʝʭʥʽʯʥʦ ʾ

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʝʨʚʽʩʫ ʘʚʪʦʤʦʙʽʣʽʚ ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ; 

ʄʘʪʝʡʯʠʢ ɺʘʩʠʣʴ ʇʝʪʨʦʚʠʯ ï ʜʝʢʘʥ ʘʚʪʦʤʝʭʘʥʽʯʥʦʛʦ 

ʬʘʢʫʣʴʪʝʪʫ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʤ. ʂʠʾʚ, ʜ.ʪ.ʥ., 

ʧʨʦʬʝʩʦʨ, ɺʽʜʤʽʥʥʠʢ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ 

ʋʢʨʘʾʥʠ; 

ɺʦʨʦʧʘʡ ʆʣʝʢʩʽʡ ɺʘʣʝʨʽʡʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 
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ʇʦʜʨʠʛʘʣʦ ʄʠʭʘʡʣʦ ɸʙʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ ʪʝʭʥʦʣʦʛʽʾ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʤʘʰʠʥ ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʃʘʫʨʝʘʪ ɼʝʨʞʘʚʥʦʾ ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʘʢʘʜʝʤʽʢ 

ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ; 

ʇʨʦʭʦʨʝʥʢʦ ɸʥʜʨʽʡ ʆʣʝʢʩʽʡʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 

ʉʘʭʥʦ ɺʦʣʦʜʠʤʠʨ ʇʨʦʭʦʨʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ Ăɸʚʪʦʤʦʙʽʣʽò 

ʅʊʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ʊʨʘʥʩʧʦʨʪʥʦʾ ʘʢʘʜʝʤʽʾ ʋʢʨʘʾʥʠ; 

ʉʦʣʦʜʦʚ ɺʘʣʝʨʽʡ ɻʨʠʛʦʨʦʚʠʯ ï ʟʘʚ. ʢʘʬʝʜʨʠ ʪʝʦʨʝʪʠʯʥʦʾ 

ʤʝʭʘʥʽʢʠ ʍʅɸɼʋ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ; 

ɻʝʣʘʰʚʠʣʠ ʆʪʘʨ ɻʝʦʨʛʽʻʚʠʯ ï ʜʝʢʘʥ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʽ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʨʫʟʠʥʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, ɻʨʫʟʽʷ; 

ʂʘʧʩʢʠʡ ɼʝʥʠʩ ɺʘʩʠʣʴʝʚʠʯ ï ʜʝʢʘʥ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ɹʝʣʦʨʫʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜ.ʪ.ʥ., 

ʜʦʮʝʥʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ; 

ʊʦʧʘʣʠʜʠ ɺʘʣʝʨʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʊʘʰʢʝʥʪʩʢʦʛʦ 

ʘʚʪʦʤʦʙʠʣʴʥʦ-ʜʦʨʦʞʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ; 

ɼʠʤʠʪʨʦʚ ɸʥʛʝʣ ï ʧʨʦʬ. ʪʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʘʨʥʘ, 

ɹʦʣʛʘʨʽʷ; 

ʈʦʣʘʥʜ ʃʘʭʤʘʡʝʨ ï ʜʦʢʪʦʨ-ʽʥʞ., ʪʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ, 

ʤ. ɻʘʥʥʦʚʝʨ, ʅʽʤʝʯʯʠʥʘ; 

ɸʣʝʢʩʝʡ ɸʥʪʦʰʢʠʚ ï ʜʦʢʪʦʨ ʬʽʣʦʩʦʬʽʾ, ʜʦʢʪʦʨ-ʽʥʞ., 

ɹʨʘʥʜʝʥʙʫʨʛʩʴʢʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʅʽʤʝʯʯʠʥʘ; 

Aleksander Wroblewski ï Prof. dr. hab. eng., ʇʦʣʴʱʘ; 

Yuliya Gorb ï Associate Professor, Department of Mathematics, 

University of Houston 

Oleg Sergienko ï Associate Professor, Engineering Institute of 

Universidad Autonoma de Baja California 
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ʐʘʥʦʚʥʽ ʫʯʘʩʥʠʢʠ ʽ ʛʦʩʪʽ ʢʦʥʬʝʨʝʥʮʽʾ ! 

 

ɻʘʨʷʯʝ ʽ ʱʠʨʦʩʝʨʜʝʯʥʦ ʚʽʪʘʶ ɺʘʩ ʥʘ IV ʤʽʞʥʘʨʦʜʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ 

ʪʘ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʅʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ, 

ʪʨʘʥʩʧʦʨʪʽ ʪʘ ʧʨʠ ʧʽʜʛʦʪʦʚʮʽ ʬʘʭʽʚʮʽʚè, ʧʨʠʩʚʷʯʝʥʦʾ 90-ʨʽʯʯʫ ʢʘʬʝʜʨʠ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽʤʝʥʽ ɸ. ɹ. ɻʨʝʜʝʩʢʫʣʘ ʽ 60-ʨʽʯʯʶ ʚʽʜ ʜʥʷ ʩʪʚʦʨʝʥʥʷ ʉʇʂɹ ʃʉɸ 

ʍɸɼɯ. ʂʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤʝʥʽ ɸ. ɹ. ɻʨʝʜʝʩʢʫʣ ʽ ʣʘʙʦʨʘʪʦʨʽʷ ʰʚʠʜʢʽʩʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʽʤʝʥʽ ɺ. ʂ. ʅʽʢʽʪʽʥʘ ʩʚʷʪʢʫʶʪʴ ʩʚʦʾ ʶʚʽʣʝʾ, 90 ʨʦʢʽʚ ʽ 60 ʨʦʢʽʚ ʚʽʜ 

ʜʥʷ ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. ʋ ʨʽʟʥʽ ʨʦʢʠ ʢʘʬʝʜʨʫ ʦʯʦʣʶʚʘʣʠ ʪʘʣʘʥʦʚʠʪʽ 

ʧʝʜʘʛʦʛʠ, ʚʠʜʘʪʥʽ ʚʯʝʥʽ, ʟʥʘʚʮʽ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʩʧʨʘʚʠ: ɸʥʘʪʦʣʽʡ ɯʚʘʥʦʚʠʯ 

ɺʦʻʡʢʦʚ, ʄʠʢʦʣʘ ʇʠʤʝʥʦʚʠʯ ɼʝʥʠʩʝʥʢʦ, ɯʣʣʷ ʖʭʠʤʦʚʠʯ ʃʶʙʘʨʩʴʢʠʡ, ɹʦʨʠʩ 

ɺʦʣʦʜʠʤʠʨʦʚʠʯ ʈʝʰʝʪʥʽʢʦʚ, ɸʥʜʨʽʡ ɹʦʨʠʩʦʚʠʯ ɻʨʝʜʝʩʢʫʣ, ʆʣʝʢʩʘʥʜʨ 

ʈʦʜ̔ʦʥʦʚʠʯ ʉʫʭʦʨʫʢʦʚ, ɺʘʣʝʥʪʠʥ ʄʠʢʦʣʘʡʦʚʠʯ ʆʣʝʢʩʽʻʥʢʦ. 

ɺʩʽ ʮʽ ʨʦʢʠ ʢʘʬʝʜʨʦʶ ʘʚʪʦʤʦʙʽʣʽʚ ʢʝʨʫʚʘʣʠ:  

    

1931 ʧʦ 1933 ʨʨ. 

ɸ.ɯ. ɺʦʝʡʢʦʚ 

1933 ʧʦ 1935 ʨʨ. 

ʄ. ʇ. ɼʝʥʠʩʝʥʢʦ 

1935 ʧʦ 1941 ʨʨ. 

ɯ.ʖ. ʃʶʙʘʨʩʴʢʠʡ 

1945 ʧʦ 1956 ʨʨ 

ɹ.ɺ. ʈʝʰʝʪʥʽʢʦʚ. 

    

1956 ʧʦ 1962 ʨʨ 

1964 ʧʦ 1986 ʨʨ 

ɸ.ɹ. ɻʨʝʜʝʩʢʫʣ  

1962 ʧʦ 1964 ʨʨ 

ʆ.ʈ. ʉʫʭʦʨʫʢʦʚ 

1986 ʧʦ 1997 ʨʨ. 

ɺ. ʄ. ɸʣʝʢʩʻʻʥʢʦ. 

ʟ 1997 ʨʦʢʫ, 

ɺ. ɯ. ʂʣʠʤʝʥʢʦ 

ɿ ʛʨʫʜʥʷ 1997 ʨʦʢʫ ʢʘʬʝʜʨʫ ʦʯʦʣʶʻ ʧʨʦʬʝʩʦʨ ɺʘʣʝʨʽʡ ɯʚʘʥʦʚʠʯ 

ʂʣʠʤʝʥʢʦ. ʂʘʬʝʜʨʘ ʘʚʪʦʤʦʙʽʣʽʚ ʽʤʝʥʽ ɸ. ɹ. ɻʨʝʜʝʩʢʫʣʘ ʧʨʦʡʰʣʘ ʜʦʚʛʠʡ ʰʣʷʭ 

ʨʦʟʚʠʪʢʫ ʽ ʩʪʘʣʘ ʦʜʥʽʻʶ ʟ ʥʘʡʩʪʘʨʽʰʠʭ ʽ ʧʨʦʚʽʜʥʠʭ ʢʘʬʝʜʨ ʍʘʨʢʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ ʣʘʙʦʨʘʪʦʨʽʷ 

ʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ ʢʘʬʝʜʨʠ, ʚʽʜʦʤʘ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ 
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ʩʚʦʾʤʠ ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʘʚʪʦʤʦʙʽʣʽʚ  ̔ʾʭ ʨʝʢʦʨʜʘʤʠ. ɿʘ ʯʘʩ ʩʚʦʻʾ 

ʨʦʙʦʪʠ ʢʘʬʝʜʨʘ ʥʘʙʫʣʘ ʚʠʟʥʘʥʥʷ ʽ ʚʠʩʦʢʫ ʦʮʽʥʢʫ ʩʝʨʝʜ ʩʧʦʨʽʜʥʝʥʠʭ ʢʘʬʝʜʨ 

ɺʅɿ ʋʢʨʘʾʥʠ, ʉʅɼ, ʘ ʪʘʢʦʞ ʜʘʣʝʢʦʛʦ ʟʘʨʫʙʽʞʞʷ ʷʢ ʚ ʧʣʘʥʽ ʧʽʜʛʦʪʦʚʢʠ 

ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʬʘʭʽʚʮʽʚ, ʪʘʢ ʽ ʚʠʢʦʥʫʚʘʥʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʟʨʦʙʠʣʠ ʽʩʪʦʪʥʠʡ ʚʥʝʩʦʢ ʫ ʪʝʦʨʽʶ ʘʚʪʦʤʦʙʽʣʽʚ. ʇʦʧʫʣʷʨʥʽʩʪʴ ʽ ʘʚʪʦʨʠʪʝʪ 

ʢʘʬʝʜʨʠ ʩʬʦʨʤʫʚʘʣʠ ʾʾ ʟʘʩʥʦʚʥʠʢʠ ʪʘ ʧʦʩʣʽʜʦʚʥʠʢʠ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʚʥʽʩ ʩʚʽʡ 

ʚʥʝʩʦʢ ʚ ʩʪʘʥʦʚʣʝʥʥʷ ʚʠʩʦʢʦʧʨʦʬʝʩʽʡʥʦʛʦ ʽʤʽʜʞʫ. 

ʉʪʚʦʨʝʥʘ ʜʦʢʪʦʨʦʤ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʦʤ ɻʨʝʜʝʩʢʫʣʦʤ ɸʥʜʨʽʻʤ 

ɹʦʨʠʩʦʚʠʯʝʤ, ʯʠʻ ʽʤ'ʷ ʥʦʩʠʪʴ ʢʘʬʝʜʨʘ, ʥʘʫʢʦʚʘ ʰʢʦʣʘ çɼʠʥʘʤʽʢʘ ʛʘʣʴʤʫʚʘʥʥʷ ʽ 

ʛʘʣʴʤʽʚʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʽʚè ʝʬʝʢʪʠʚʥʦ ʚʝʣʘ ʽ ʚʝʜʝ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ 

ʧʽʜʛʦʪʦʚʢʫ ʢʘʜʨʽʚ ʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. ɺʧʝʨʰʝ ʚ ʽʩʪʦʨʽʾ ʍɸɼɯ-ʍʅɸɼʋ ʚ 1998 

ʨʦʮʽ ʢʘʬʝʜʨʦʶ ʘʚʪʦʤʦʙʽʣʽʚ ʙʫʣʘ ʚʠʩʫʥʫʪʦ ʨʦʙʦʪʫ ʽ ʚʦʥʘ ʫʜʦʩʪʦʻʥʘ ɼʝʨʞʘʚʥʦʾ 

ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʜʝ ʚ ʷʢʦʩʪʽ ʟʘʷʚʣʷʻ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʩʪʫʧʘʚ 

ʥʘʰ ʫʥʽʚʝʨʩʠʪʝʪ. ʇʨʦʬʝʩʦʨʩʴʢʦ-ʚʠʢʣʘʜʘʮʴʢʠʤ ʪʘ ʥʘʚʯʘʣʴʥʦ-ʜʦʧʦʤʽʞʥʠʤ 

ʧʝʨʩʦʥʘʣʦʤ ʢʘʬʝʜʨʠ ʚʝʜʝʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ, ʽ ʱʦʨʽʯʥʦ ʚʠʧʫʩʢʘʶʪʴʩʷ ʤʦʣʦʜʽ 

ʬʘʭʽʚʮʽ ʜʣʷ ʤʘʰʠʥʦʙʫʜʽʚʝʣʥɹʦʾ ʪʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʾ ʛʘʣʫʟʝʡ ʋʢʨʘʾʥʠ. ɿ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ ʤʦʜʝʨʥʽʟʫʶʪʴʩʷ ʥʘʚʯʘʣʴʥʽ ʧʣʘʥʠ ʽ ʟʤʽʩʪ ʥʘʚʯʘʥʥʷ, 

ʚʠʜʘʶʪʴʩʷ ʧʽʜʨʫʯʥʠʢʠ ʽ ʥʘʚʯʘʣʴʥʽ ʧʦʩʽʙʥʠʢʠ, ʤʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ, ʩʧʨʷʤʦʚʘʥʽ 

ʥʘ ʛʣʠʙʦʢʝ ʟʥʘʥʥʷ ʽ ʨʦʟʫʤʽʥʥʷ ʬʽʟʠʯʥʠʭ ʟʘʢʦʥ̔ ʚ, ʟʘʚʜʘʥʴ ʽ ʧʨʦʙʣʝʤ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ɺʯʝʥʠʤʠ ʢʘʬʝʜʨʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʚʠʜʘʶʪʴʩʷ ʤʦʥʦʛʨʘʬʽʾ, ʧʫʙʣʽʢʫʶʪʴʩʷ ʥʘʫʢʦʚʽ ʩʪʘʪʪʽ, ʚʝʜʝʪʴʩʷ ʧʽʜʛʦʪʦʚʢʘ 

ʢʘʥʜʠʜʘʪʽʚ ʽ ʜʦʢʪʦʨʽʚ ʥʘʫʢ, ʙʝʟʧʝʨʝʨʚʥʦ ʫʜʦʩʢʦʥʘʣʶʻʪʴʩʷ ʤʘʪʝʨʽʘʣʴʥʦ-ʪʝʭʥʽʯʥʘ 

ʙʘʟʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʪʝʥʜʝʥʮʽʡ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʽ IT-

ʪʝʭʥʦʣʦʛʽʡ ʚ ʥʘʚʯʘʣʴʥʠʡ ʧʨʦʮʝʩ. 

ɹʘʞʘʶ ʚʩʽʤ ʘʚʪʦʨʘʤ ʽ ʫʯʘʩʥʠʢʘʤ ʢʦʥʬʝʨʝʥʮʽʾ ʪʚʦʨʯʠʭ ʫʩʧʽʭʽʚ, ʥʦʚʠʭ 

ʜʦʩʷʛʥʝʥʴ ʚ ʦʙʨʘʥʠʭ ʥʘʧʨʷʤʢʘʭ ʜʦʩʣʽʜʞʝʥʴ, ʙʣʘʛʦʧʦʣʫʯʯʷ ʽ ʧʨʦʮʚʽʪʘʥʥʷ, ʤʠʨʫ ʽ 

ʜʦʙʨʘ. 

 

ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʘʚʪʦʤʦʙʽʣʽʚ 

ʤ̔. ɸ. ɹ. ɻʨʝʜʝʩʢʫʣʘ, ʣʘʫʨʝʘʪ ɼʝʨʞʘʚʥʦʾ 

ʧʨʝʤʽʾ ʋʢʨʘʾʥʠ ʚ ʛʘʣʫʟʽ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ   ɺʘʣʝʨʽʡ ʂʃʀʄɽʅʂʆ  
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ɿʄɯʉʊ 

 

ʉʝʢʮʽʷ 1. ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʂʆʅʉʊʈʋʂʎɯɰ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɸʣʝʢʩʘʥʜʨʦʚ ɭ.ɭ., ʐʘʧʦʚʘʣʝʥʢʦ ɺ.ʆ., ʄʘʩʣʷʻʚ ʂ.ɺéééé..ééééé.20 

ʇʘʨʘʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ ʩʠʩʪʝʤʠ ʧʽʜʨʝʩʦʨʶʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

 

ɹʘʡʜʘʣʘ ɺ.ʖ . ééééééééé.éééééééééééé.ééééé.21 

ɸʥʘʣʽʟ ʩʪʘʥʫ ʧʠʪʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ ʧʨʠ 

ʨʦʙʦʪʽ ʟ ʧʨʠʯʝʧʘʤʠ 

 

ɹʘʩ ʂ.ʄ., ʃʠʭʦʜʡ̔ ʆ.ʉ., ʍʦʜʦʩ ʆ.ɻ., ɭʨʽʩʦʚ ʄ.ʄééééééé.éé.éé24 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʛʽʙʨʠʜʠʟʘʮʽʾ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ çʉɽʅʉè 

 

ɺʦʡʪʢʽʚ ʉ. ɺ. ..ééééééééééé.ééééééééééééééé.26 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ɯ-ʛʦ ʢʣʘʩʫ ʟʘ 

ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ 

 

ɺʦʡʪʢʽʚ ʉ. ɺ.  ééééééééé.éééééééééééé.ééééé.29 

ʊʠʧʽʟʘʮʽʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ɯ-ʛʦ ʢʣʘʩʫ ʟʘ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʤʽʩʪʠʤʦʩʪʽ 

 

ɿʽʥʴʢʦ ʈ.ɺ., ʇʦʧʦʚʠʯ ɺ.ɺ., ʂʨʫʮʴ ʊ.ɯ. ééééééééééé.ééé..é.32  

ʄʝʪʦʜʠʢʘ ʚʠʙʦʨʫ ʨʫʰʽʷ ʜʣʷ ʤʘʰʠʥ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

 

ʂʦʣʦʤʽʡʮʝʚ ʆ.ɺ., ʇʘʚʣʽʡ ɺ.ʆ.,  ɹʘʣʘʙʫʭʘ ʆ.ʉ., ʂ̔ ʪʦʚɺ.ʉéééééééé34 

ʄʝʪʦʜ ʦʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʦʤʦʩʪʽ ʙʦʡʦʚʠʭ ʤʘʰʠʥ 

ʤʦʙʽʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʟʙʨʦʻʥʥʷ 

 

ʂʦʣʦʤʽʡʮʝʚ ʆ.ɺ., ʉʧʦʨʠʰʝʚ ʂ.ʆ., ʐʫʙʽʥ ʆ.ɭ.ééé..ééééééééé35 

ʈʦʟʨʦʙʢʘ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ api ʜʣʷ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʦʪʠʧʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ ʩʝʨʚʽʩʫ 

ʧʘʨʢʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʻʜʠʥʠʡ ʜʦʜʘʪʦʢ 

 

ʂʦʨʧʘʯ ɸ.ʆ., ʂʦʨʧʘʯ ʆ.ɸééééééééééééééééééééé...37 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʯʽʧʥʦʛʦ ʘʚʪʦʙʫʩʥʦʛʦ ʧʦʾʟʜʘ ʫ brt ʩʠʩʪʝʤʘʭ 

 

ʃʝʦʥʪʴʻʚ ɼ.ʄ., ʂʫʨʽʧʢʘ ʆ. ɺ. ʈʠʞʠʭ ʃ.ʆééééééééééééééé38 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʨʫʭʫ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʽʜ ʯʘʩ 

ʛʘʣʴʤʫʚʘʥʥ ̫

 

ʃʝʦʥʪʴʻʚ ɼ.ʄ., ʌʨʦʣʦʚ ɸ.ɸ., ʌʝʜʦʨʯʝʥʢʦ ɺ.ɯ., ʉʫʭʦʤʣʽʥ ʆ.ɺ. éé..ééé40 

ʆʩʦʙʣʠʚʦʩʪʽ ʛʘʣʴʤʫʚʘʥʥʷ ʙʘʛʘʪʦʚʽʩʥʠʭ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 
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ʃʠʭʦʜʽʡ ʆ.ʉ., ɹʦʛʦʤʦʣʦʚ ɺ.ɺ., ʏʘʙʘʥ ʆ.ʇ. éééééééééééééé43 

ʆʙʛʨʫʥʪʫʚʘʥʥʷ ʚʠʙʦʨʫ ʧʽʜʚʽʩʢʠ ʜʣʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ (4Ĭ4) 

 

ʄʘʨʯʝʥʢʦ ɸ.ʇ., ʄʽʱʝʥʢʦ ʉ.ɻ., ʄʽʱʝʥʢʦ ʄ.ʊ. éééééééééé..éé45 

ʊʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʥʘʧʨʷʤʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ 

 

ʄʠʭʘʣʝʚʠʯ ʄ.ɻ., ʗʨʠʪʘ ʆ.ʆ. ééééééééééééééééééé...48  
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ʈʦʟʨʦʙʢʘ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʝʨʝʚʝʟʝʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʭ 

ʪʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʚ ʩʠʩʪʝʤʘʭ ʘʚʪʦʩʝʨʚʽʩʫ 

 

ʉʝʢʮʽʷ 3. ʊɽʍʅʆʃʆɻɯʗ ɺʀʈʆɹʅʀʎʊɺɸ ɯ ʈɽʄʆʅʊʋ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɸʛ̒ʚ̒ ʄ.ʉ., ʋʩʪʽʥʮʝʚ ʉ.ʄ. ééééééééééééééééé.ééé.147   

ɼʦʩʣʽʜʞʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʠ 

ʨʝʤʦʥʪʽ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ 

 

ʀʚʘʥʦʚ ɺ.ʇ., ʀʚʘʥʦʚ ʀ.ʀ. ééééééééééééééééé.ééé..151 

ʉʧʦʩʦʙ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʨʝʤʦʥʪʫ 

ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ 

 

ʇʝʣʝʚʽʥ ʃ.ɭ., ʊʝʪʝʨʷʪʥʠʢ ʆ.ɸ. éééééééééééééééééé..152 

ɯʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʦʙʦʪʠ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʘ 

 

ʈʦʛʦʟʽʥ ɯ.ɺ. éééééééééééééééééééééééé.ééé.154 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʨʫʭʦʤʦʶ ʤʘʡʩʪʝʨʥʝʶ  

 

ʉʘʢʥʦ ʆ.ʇ., ʄʝʜʚʝʜʻʚ ɭ.ʇ., ʂʦʣʝʩʥʽʢʦʚʘ ʊ.ʄ., ʇʦʣʦʚʦʡ ʇ.ʆé.éééé.157 

ɸʥʘʣʽʟ ʬʘʢʪʦʨʽʚ ʱʦʜʦ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ 

 

ʄʘʯʠʰʠʥ ɻ.ʄ., ʍʦʜʥʝʚʠʯ ʄ.ʄ. éééééééééééééééééé160 

ʆʙʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʠʤʠ ʱʽʪʢʘʤʠ 

 

ʊʘʨʘʥʝʥʢʦ ʄ.ɽ. éééééééé.éééééééééééé.éééé..163 

ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʘʚʪʦʢʫʟʦʚʥʳʭ ʧʘʥʝʣʝʡ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʠʤ (ʵʛ) 

ʫʧʨʘʚʣʷʝʤʳʤ ʥʘʛʨʫʞʝʥʠʝʤ ʧʨʠ ʥʘʛʨʫʞʝʥʠʠ 

 

ʎʠʙʫʣʴʩʴʢʠʡ ɺ.ɸ. ééééééééééééééééééééééééé.ééé166  

ɿʤʽʥʠ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʜʝʪʘʣʝʡ ʧʨʠ ʮʠʢʣʽʯʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʽ ʾʭ ʚʧʣʠʚ ʥʘ 

ʩʧʨʦʪʠʚ ʟʥʦʰʫʚʘʥʥ ʁ

ʉʝʢʮʽʷ 4. ʇɽʈʉʇɽʂʊʀɺʅɯ ɼɺɿ 

 

ɸʙʨʘʤʯʫʢ ʌ.ɯ., ɸʚʨʘʤʝʥʢʦ ɸ.ʄ., ʂʫʟʴʤʝʥʢʦ ɸ.ʇ. éééééééééé.169 

ɼʝʢʘʨʙʦʥʽʟʘʮʽʷ ʘʚʪʦʤʦʙʽʣʽʚ ʰʣʷʭʦʤ ʢʦʥʚʝʨʪʘʮʽʾ ʜʠʟʝʣʽʚ ʽ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ 

ʛʘʟʦʚʽ 

ɹʝʣʦʫʩʦʚ ɽ.ɺ., ʉʘʚʯʫʢ ɺ.ʇ., ʉʘʤʘʨʠʥ ɸ.ɽ., ɹʝʣʦʫʩʦʚʘ ʊ.ʇ.,  

ʈʳʙʘʣʴʯʝʥʢʦ ʅ.ɽééééééééé..ééééééééééééééé171 

ɸʥʘʣʠʟ ʧʦʜʭʦʜʦʚ ʢ ʧʨʦʙʣʝʤʝ ʩʦʟʜʘʥʠʷ ʩʫʜʦʚʳʭ ʤʘʣʦʦʙʦʨʦʪʥʳʭ ʛʘʟʦʜʠʟʝʣʴʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ 
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ɺʽʰʪʘʢ ɯ.ɺ. ééééééééé..éééééééééééééééééé175  

ʇʦʢʨʘʱʝʥʥʷ ʪʫʨʙʦʥʘʜʜʫʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʰʣʷʭʦʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʚʠʭ ʦʧʦʨ 

 

ɺʨʫʙʣʝʚʩʴʢʠʡ ʆ.ʄ., ʂʫʟʴʤʝʥʢʦ ɸ.ʇ. éééééééééééééééé176 

ɼ̔ ʘʛʥʦʩʪʠʢʘ ʜʠʟʝʣʷ ʟ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʫ ʩʢʣʘʜʽ 

ʩ̔ ʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʪʨʘʢʪʦʨʘ 

 

ɼʦʮʝʥʢʦ ʉ.ʄ., ɹʽʣʦʫʩ ɯ.ɺ. éééé..éééééééé..éééééééé180  

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ ʥʘ ʨʦʩʣʠʥʠʭ ʦʣʽʷʭ 

 

ɼʦʮʝʥʢʦ ʉ.ʄ., ʄʠʨʦʥʶʢ ɼ.ɸ. ééé..éééééééé..ééééééé182 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʢʽʣʴʮʷ ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ 6 ʛʯʥ 25/34  

 

ɿʘʭʘʨʯʫʢ ɺ.ɯ., ɻʦʨʣʦʚ ʄ.ʄ., ɻʫʣʴ ɺ.ɯ. ééééééééé..éééééé185 

ʄʝʪʦʜ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

 

ʂʦʨʦʛʦʜʩʴʢʠʡ ɺ.ɸ., ʊʶʪʶʥʥʠʢ ɼ.ɺ., ɸʚʨʘʤʝʥʢʦ ɸ.ʈ. ééé..ééééé188  

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʜʚʦʪʘʢʪʥʦʛʦ 

ʜʚʠʛʫʥʘ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ 

 

ʂʦʣʝʩʥʽʢʦʚʘ ʊ.ʄ., ʉʘʢʥʦ ʆ.ʇ., ɺʦʣʦʰʢʦ ɼ.ʆ., ʂʦʚʘʣʝʥʢʦ ʉ.ɺ. éééé.194 

ʇ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʟ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʛʘʟʦʨʦʟʧʦʜʽʣʫ 

 

ʂʦʨʧʘʯ ɸ.ʆ., ʃʦʙʘʰʦʚ ɼ.ɯééééééééééééééééé..ééé .197 

ɹ̔ʦʛʘʟ ï ʘʣɹʪʝʨʥʘʪʠʚʥʝ ʝʢʦʣʦʛʠʯʥʦ ʯʠʩʪʝ ʧʘʣʠʚʦ ʜʣʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ 

 

ʂʦʨʧʘʯ ɸ.ʆ., ʌʝʜʦʨʯʫʢ ʈ.ʆéééééééééééééééé..ééé .200 

ʈ̔ ʧʘʢʦʚʘ, ʩʦʥʷʰʥʠʢʦʚʘ  ʦʣʽʾ ï ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ ʜʣʷ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 

 

ʂʫʭʘʨʸʥʦʢ ɻ.ʄ., ɹʝʨʝʟʫʥ ɺ.ʀ. é..ééééééééééééééé..éé202  

ʆʙʥʦʚʣʝʥʠʝ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʠʟʝʣʝʡ 

 

ʃʽʥʴʢʦʚ ʆ.ʖ ., ʃʠʢʦʚ ʉ.ɺ., ʇʠʣʴʦʚ ɺ.ʆ. éééé.éééééééééé204  

ɺʨʘʭʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʤʽʮʥʝʥʦʛʦ ʪʘ ʥʝʟʤʽʮʥʝʥʦʛʦ ʚ ʯʘʩʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʨʰʥʷ ɼɺɿ  
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ʄʘʛʘʮ ʄ.ɯ., ɻʦʰʢʦ ɿ.ʆ., ɺʘʛʫʣʘ ʖ.ɯ., ʋʞʚʘ ɸ.ɺééééééééééé.207  

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʜʝʨʥʽʟʦʚʘʥʦʾ ʚʧʫʩʢʥʦʾ ʩʠʩʪʝʤʠ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ 

 

ʄʝʜʣʷʨʩʴʢʠʡ ɯ.ʉ., ʉʤʫʪʦʢ ʆ.ʉé...ééééééééééééééééé210 

 ʈʝʪʨʦʩʧʝʢʪʠʚʥʠʡ ʦʛʣʷʜ ʽ ʘʥʘʣʽʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʨʦʟʚʠʪʢʫ ʧʦʨʰʥʝʚʠʭ ɼɺɿ 

 

ʅʝʩʪʝʨʝʥʢʦ ɺ.ɺ., ɺʽʣʴʭʦʚʝʮʴʢʠʡ ɸ.ʈ. ééééééééééééé.éé..212 

ʅʘʣʽʟ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ 6ʯʥ 26/34 ʜʣʷ ʨʦʙʦʪʠ ʟʘ 

ʛʘʟʦʜʠʟʝʣʴʥʠʤ ʮʠʢʣʦʤ 

 

ʅʽʢʽʪʯʝʥʢʦ ɯ.ʄ., ʊʝʩʣʝʥʢʦ ɽ.ɺ., ʅʘʟʘʨʦʚ ɸ.ʆ., ɹʦʛʜʘʥʦʚ ɸ.ɯéé..ééé.216 

ʇʥʝʚʤʘʪʠʯʥʠʡ ʜʚʠʛʫʥ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ 

 

ʇʦʛʦʨʣʝʮɹ ʢʠʡ ɼ.ʉ., ɻʨʠʮʫʢ ɯ.ɺ., ʍʫʜʢ̫ʦʚ ɯ.ɺ., ɹʽʣʘʡ ɸ.ɺ. ééééé..é219 

ʎʠʢʣ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʜʚʠʛʫʥʦʤ ʧʝʨʝʦʙʣʘʜʥʘʥʠʤ 

ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʦʩʥʘʱʝʥʦʛʦ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘ 

ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 

 

ʇʨʦʭʦʨʝʥʢʦ ɸ.ʆ., ɻʨʠʮʶʢ ʆ.ɺ., ʂʫʟʴʤʝʥʢʦ ɸ.ʇ., ɹʫʙʠʨ ʄ.ɺ. ééééé222 
 

ɺʠʙʽʨ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʨʷʜʫ 

ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ 

 

ʇʨʦʭʦʨʝʥʢʦ ɸ.ʆ., ʈʽʧʢʘ ʄ.ʉ..ééééééééééééééééééé.226 

ɼʦʩʣʜ̔ʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʨʦʩʣʠʥʥʦʛʦ ʧʘʣʠʚʘ ʫ ʮʠʣʽʥʜʨʽ 

ʜʠʟʝʣʷ 

 

ʈʠʯʦʢ ʉ.ʆ. ..ééééééééé..éééééééééééééééé.é.231 

ɺʧʣʠʚ ʩʧʦʩʦʙʫ ʚʽʜʢʣʶʯʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʘ ʟ 

ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ 

 

ʐʚʝʮʴ ɯ.ɸ., ɯʚʘʥʶʢ ʗ.ɺ., ɯʚʘʱʝʥʢʦ ʆ.ɯ. éé.éééééééééééé.231  

ʉʠʩʪʝʤʘ ʜʝʩʢʨʝʪʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʜʣʷ   ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ 

ʚʠʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʜʚʠʛʫʥʘ  

 

 

ʉʝʢʮʽʷ 5. ʄʆɼɽʃʖɺɸʅʅʗ ʈʆɹʆʏʀʍ ʇʈʆʎɽʉɯɺ ɯ ʂʆʅʉʊʈʋʂʎɯʁ 

 

ɸʚʝʨʰʠʥ ɸ.ɻééééééééééééééééééééééééé.é..235 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ      ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʚʪʦʤʦʙʽʣʷ ʧʽʜ ʯʘʩ 

ʦʙʛʦʥʫ 

 



 

 

 

14 

ɸʣʴʦʰʠʥ ɻ.ɺ., ʂʦʣʦʤʽʡʮʝʚ ʆ.ɺ., ʃʠʩʠʮʷ ɸ.ʆ. éééééééééé.é..239 

ɻʦʣʦʚʥʽ ʧʝʨʝʚʘʛʠ ʩʝʧʘʨʘʙʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

ʜʣʷ ʙʘʛʘʪʦʤʽʨʥʠʭ ʟʘʜʘʯ 

 

ɭʨʴʦʤʽʥʘ ʆ.ʌ., ʐʠʥʜʝʨʫʢ ʉ.ʆ., ʏʘʧʣʠʛʽʥ ɭ.ʆ., ɻʘʚʨʠʣʦʚʘ ʊ.ɺ. éé.é..241 

ɺʠʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʘʨʽʘʮʽʾ ʩʭʝʤʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ɹʽʣʦʚʦʣ ʆ.ɺééééééééééééééééééééééééééé.243 

ʅʝʚʨʽʚʥʦʚʘʞʝʥʽ ʧʨʦʮʝʩʠ ʽ ʦʩʥʦʚʥʘ ʥʝʨʽʚʥʽʩʪʴ ʪʝʨʤʦʜʠʥʘʤʽʢʠ 

 

ʉʦʣʦʜʦʚ ɺ.ɻ. éééééééé.éééééééééééééééééé.247 

ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʥʘ ʘʪʤʦʩʬʝʨʥʝ ʧʦʚʽʪʨʷ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʾ 

ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ 

ʂʨʘʩʥʽʢʦʚ ʉ.ɺ., ʅʦʚʽʢʦʚ ʉ.ʆééééééééééééééééé.éé..251  

ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʥʦʚʦʛʦ ʩʫʯʘʩʥʦʛʦ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ʋʢʨʘʾʥʠ  

 

ʂʨʘʩʥʽʢʦʚ ʉ.ɺ., ɼʘʚʠʜʝʥʢʦ ɺ.ɽéééééééééééééééééé..256 

ʇʝʩʧʝʨʢʪʠʚʠ ʟʷʧʮ ʪʘ ʮʩʚʷʪ ʜʣʷ ʩʚʽʪʦʚʦʾ ʩʧʽʣʴʥʦʪʠ ʪʘ ʫʢʨʘʥʾʠ ʥʘ 2022  

 

ʂʨʠʚʦʨʦʪ ɸ.ɯ., ʐʘʧʦʚʘʣ ʄ.ɺ., ɺʽʨʯʝʥʢʦ ɺ.ɺ. éééééééééééé..261  

ɼʦ ʚʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʙʫʩʘ ɹɸɿ ï 2215, ʱʦ ʧʨʘʮʶʻ 

ʥʘ ʛʛʧ ʽ ʙʝʥʟʠʥʽ 

 

ʄʽʱʝʥʢʦ ɯ.ɺ., ʂʫʧʮʦʚʘ ɸ.ɺ. ééééé.ééééééé.ééééééé..264 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

 

ʆʩʝʪʨʦʚ ʆ.ʆ., ʏʫʯʫʤʝʥʢʦ ɹ.ʉ. ééééé.ééééééééééééé..267 

ʄʦʜʝʣʶʚʘʥʥ ̫ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʨʦʮʝʩ ʡʦʛʦ 

ʨʦʟʛʦʥʫ 

ʈʫʙʘʥ ɼ.ʇ., ʂʨʘʡʥʠʢ ʃ.ɺ., ʈʫʙʘʥ ɻ.ʗéé.ééééééééééééé..269 

ʆʮʽʥʢʘ ʨʝʩʫʨʩʫ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ ʟʘʣʝʞʥʦ ʚʽʜ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

 

ʌʠʣʠʧʢʦʚʩʢʠʡ ʉ.ɺéééééééééééééééééééé.éé.é273 

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʚʳʥʫʞʜʝʥʥʭr ʢʦʣʝʙʘʥʠʡ ʢʦʨʧʫʩʘ ʪʚʝʨʜʦʪʦʧʣʠʚʥʦʡ ʨʘʢʝʪʳ 

 

ʉʝʢʮʽʷ 6. ɸɺʊʆʊɽʍʅɯʏʅɸ ɽʂʉʇɽʈʊʀɿɸ ʊɸ ɹɽɿʇɽʂɸ ɼʆʈʆɾʅʔʆɻʆ 

ʈʋʍʋ 

ɺʦʣʢʦʚ ɺ.ʇ., ɺʦʣʢʦʚʘ ʊ.ɺ. ééééééééééééééééééé..é275 

ʉʪʘʥ ʪʘ ʧʝʨʩʧʝʢʪʠʚʠ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ 
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ɺʦʣʦʰʢʦ ʊ.ɸ. . ééééééééééééééééé.ééééééé..é279 

ʇʨʦʙʣʝʤʠ, ʧʦʚôʷʟʘʥʽ ʟ ʦʪʨʠʤʘʥʥʷʤ ʚʠʭʽʜʥʠʭ ʜʘʥʥʠʭ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

 

ɻʦʨʜʽʻʥʢʦ ʄ.ʖ . ééééééééééééééééé.ééééééé..é282 

 ɺʧʣʠʚ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʰʠʥʽ ʥʘ ʢʫʨʩʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʜʠʥʘʤʽʢʫ ʘʚʪʦʤʦʙʽʣʷ 

 

ɻʫʩʪʻʣʻʚ ʆ.ʆ., ʆʩʠʧʦʚ ɺ.ʆ., ʂʫʣʴʙʘʢʦ ɺ.ʇ. éééééééééé..éé..384  

ɼʦ ʧʠʪʘʥʥʷ ʦʙʣʘʰʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʙʝʟʧʝʢʠ ʟʫʧʠʥʦʢ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ 

 

ʂʘʰʢʘʥʦʚ ɸ.ɸ., ʂʘʰʢʘʥʦʚʘ ɸ.ɸ. éé..ééééééééééééééé.287 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʱʦʜʦ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʟʯʝʧʣʝʥʥʷ ʚ 

ʫʤʦʚʘʭ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʽʜ ʯʘʩ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ 

 

ʂʽʨʽʯʝʥʢʦ ɯ.ʉ. éééééééééééééééééééééééééé.291 

ʇʨʦ ʧʨʦʙʣʝʤʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʜʠʤʦʩʪʽ ʥʘ ʥʝʨʝʛʫʣʴʦʚʘʥʦʤʫ ʧʽʰʦʭʽʜʥʦʤʫ 

ʧʝʨʝʭʦʜʽ 

 

ʂʦʙʜʠʢʦʚʘ ʐ.ʄ. ééééééééé..ééééééééééééééé.292  

ʋʩʪʘʥʦʚʣʝʥʠʝ ʭʘʨʘʢʪʝʨʘ ʟʘʜʝʨʞʝʢ ʘʚʪʦʤʦʙʠʣʝʡ ʥʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʧʝʨʝʝʟʜʘʭ 

 

ʂʦʚʪʫʥ ɺ.ɺéééééééééééééééééééééééééé..é.295 

ʇ̔ ʜʚʠʱʝʥʥʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʫ ʟʫʧʠʥʥʦʛʦ ʰʣʷʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ ʥʘ ʤʦʢʨʦʤʫ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʦʤʫ ʧʦʢʨʠʪʪʽ 

 

ʂʨʠʚʦʨʫʯʢʦ ʄ.ʄéééééééééééééééééééééééé..297 

ʆʩʦʙʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥ ̫ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʧʦ ʾʭ ʜʝʬʦʨʤʘʮʽʾ 

 

ʂʫʯʝʨʷʚʝʥʢʦ ʆ.ɹéééééééééééééééééééééééé..300 

ɼʦʩʣʽʜʞʝʥʥʷ ʦʙʩʪʘʚʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ, ʱʦ ʚʽʜʙʫʣʠʩʷ ʫ 

ʞʠʪʣʦʚʠʭ ʟʦʥʘʭ 

 

ʃʠʩʝʥʢʦ ʄ.ʈééééééééééééééééééééééééé.é..302 

ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʽʜʝʦʟʘʧʠʩʽʚ ʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʢʘʤʝʨ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ 

ʧʜ̔ ʯʘʩ ʨʦʟʩʣʽʜʫʚʘʥʥʷ ʜʪʧ 

 

ʃʽʪʚʽʥʦʚ ʉ.ʆ. ééééééééééééééééééééééé.é..é..305 

ɸʢʪʫʘʣʴʥʽ ʧʠʪʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 
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ʄʘʭʣʘʡ ʉ.ʄ. ééééééééééééééééééééééé.é..é...310  

ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʙʝʟʧʝʯʥʝ 

ʢʝʨʫʚʘʥʥʷ 

 

ʄʝʨʢʫʣʦʚ ʂ.ɺ. éééééééééééééééééééééé..é..é..313 

ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʣʽʜʯʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ 

 

ʅʝʩʪʝʨʝʥʢʦ ʉ.ɯ. éééééééééééééééééééééé.é..é..315  

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʣʽʢʫ ʜʦʨʦʞʥʴʦ  ╖  ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ ʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ 

 

ʄʦʨʦʟʦʚʩʴʢʠʡ ɼ.ʖ . éééééééééééééééééé.é..ééé..318 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʚʘʜʨʦʢʦʧʪʝʨʽʚ (ʜʨʦʥʽʚ) ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʛʣʷʜʫ ʤʽʩʮʷ ɼʊʇ 

 

ʈʦʤʘʰʢʦ ʉ.ɺ. . éééééééééééééé.éééééééé.éé....321 

ʈʦʣʴ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʧʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ʢʨʠʤʽʥʘʣʴʥʠʭ ʧʨʘʚʦʧʦʨʫʰʝʥʴ 

ʫ ʩʬʝʨʽ ʪʨʘʥʩʧʦʨʪʫ 

ʉʘʚʯʫʢ ɸ.ɼ. . . éééééééééééééé.éééééééé.é...é..324  

ʉʠʩʪʝʤʘ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʷʢ ʦʜʥʘ ʽʟ ʩʠʩʪʝʤ 

ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ. 
 

ʉʤʠʢ ʆ.ʄéééééééééééééééééééééééééééé327 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʪʦʙʣʦʢʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ 

ʜʦʩʣʽʜʞʝʥʴ ɼʊʇ 

 

ʉʪʘʨʽʢʦʚ ɭ.ʃ., ɼʘʥʝʮʴ ʉ.ɺ. éééééééééééééé.éééééé329 

ɼʝʷʢʽ ʪʝʭʥʽʯʥʽ ʘʩʧʝʢʪʠ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʨʦʚʘʜʞʝʥʥʷ 

ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ʫ ʨʘʟʽ, ʷʢʱʦ ʜʦʨʦʞʥʴʦ_ʪʨʘʥʩʧʦʨʪʥʘ ʧʨʠʛʦʜʘ 

ʚʽʜʙʫʣʘʩʷ ʚ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ ʘʙʦ ʚ ʫʤʦʚʘʭ ʥʝʜʦʩʪʘʪʥʴʦʾ ʚʠʜʠʤʦʩʪʽ 

 

ʌʝʩʝʥʢʦ ɸ.ɺ., ʅʘʛʣʶʢ ɯ.ʉ. éééééééééééééé.éééééé332 

ʂʦʨʠʩʪʫʚʘʥʥʷ ʨʝʤʝʥʝʤ ʙʝʟʧʝʢʠ ʚʦʜʽʷʤʠ ʪʘ ʧʘʩʘʞʠʨʘʤʠ ʤʽʩʪʘ ʭʘʨʢʽʚ 

 

ʐʣʴʦʥʯʘʢ ɯ.ɸ., ʃʫʢô̫ʥʯʝʥʢʦ ʆ.ʖ ., ʍʘʣʷʚʢʘ ɺ.ɺ., ʍʘʨʝʥʢʦ ɺ.ɹ.,  
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ɸɺʊʆʄʆɹɯʃʗ 

 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʨʽʰʝʥʥ ̫ ʟʘʜʘʯʽ ʚʠʙʦʨʫ ʟʥʘʯʝʥʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ - ʢʦʝʬʽʮʽʻʥʪʽʚ ʞʦʨʩʪʢʦʩʪʽ ʨʝʩʦʨ ʽ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʘʤʦʨʪʠʟʘʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʤʬʦʨʪʥʠʡ ʩʪʘʥ 

ʚʦʜʽʷ ʽ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʟʙʝʨʝʞʝʥʥʷ ʚʘʥʪʘʞʽʚ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʶʪʴʩ̫ ʚ 

ʩʢʣʘʜʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ. ɺ ʦʩʥʦʚʫ ʚʠʙʦʨʫ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ ʧʦʢʣʘʜʝʥʦ 

ʘʣʛʦʨʠʪʤʽʯʥʠʡ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ Optimization Toolbox ʽ Minimize ʚ 

ʩʝʨʝʜʦʚʠʱʘʭ MATLAB ʽ MathCAD [1-4]. ɿʘʚʜʘʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ 

ʩʠʩʪʝʤʠ ʧʽʜʨʝʩʦʨʶʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʦʣʷʛʘʻ ʫ ʚʠʙʦʨʽ ʪʘʢʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʢʠ (ʨʝʩʦʨ ʪʘ ʘʤʦʨʪʠʟʘʪʦʨʽʚ), ʱʦʙ ʟʙʫʨʝʥʠʡ ʨʫʭ ʧʽʜʨʝʩʦʨʝʥʦ ʾ

ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʧʨʠ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʚʠʧʘʜʢʦʚʦʾ ʧʦʚʝʨʭʥʽ ʨʫʭʫ ʟ ʟʘʜʘʥʠʤʠ 

ʩʪʦʭʘʩʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟʘʜʦʚʦʣʴʥʷʣʦ ʧʝʚʥʠʤ ʚʠʤʦʛʘʤ, ʘ ʩʘʤʝ, 

ʧʽʜʚʽʩʢʘ ʥʝ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʥʘʜʪʦ çʞʦʨʩʪʢʦèʁ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʧʽʜʚʠʱʝʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʚʦʜʽʷ, ʧʘʩʘʞʠʨʽʚ ʽ ʚʘʥʪʘʞʽ, ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ, ʘ ʪʘʢʦʞ ʥʝ 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʥʘʜʪʦ çʤ'ʷʢʦèʁ, ʱʦʙ ʫʥʠʢʥʫʪʠ çʤʦʨʩʴʢʦʾ ʭʚʦʨʦʙʠè. 

ɺ ʨʦʙʦʪʽ [3] ʚʠʢʣʘʜʝʥʦ ʦʩʥʦʚʠ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʩʠʥʪʝʟʫ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʦʮʝʜʫʨʠ 

Optimization Toolbox ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʘ MATLAB ʘʙʦ ʧʨʦʮʝʜʫʨʠ Minimize 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʘʢʝʪʫ MathCAD. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʽʯʥʦʛʦ ʤʝʪʦʜʫ, ʨʽʰʝʥʥʷ 

ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʤʦʞʝ ʙʫʪʠ ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦ, ʚʢʣʶʯʘʶʯʠ ʚʠʙʽʨ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʜʠʪʠʚʥʦʛʦ 

ʬʫʥʢʮʽʦʥʘʣʫ ʷʢʦʩʪʽ ʜʠʥʘʤ̔ ʯʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʢʦʤʧʣʝʢʩ ʚʠʤʦʛ ʜʦ 

ʜʠʥʘʤʽʯʥʽʡ ʩʠʩʪʝʤʽ. 

ɿʘʜʘʯʘ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʩʠʩʪʝʤʠ ʧʽʜʨʝʩʦʨʶʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʢʣʘʩʫ ʟʘʜʘʯ ʥʝʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ [5], ʚ ʷʢʽʡ ʮʽʣʴʦʚʘ 

ʬʫʥʢʮʽʷ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʥʘʩʪʫʧʥʠʤ ʧʨʘʚʠʣʦʤ. 

ʈʦʟʛʣʷʥʝʤʦ ʚʝʢʪʦʨ ʩʪʘʥʫ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ( )X t  ʚʚʦʜʷʯʠ ʥʦʚʽ 

ʢʦʤʧʦʥʝʥʪʠ: 5( ) ( )x t h t= ; 6( ) ( )x t h t= . 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʽʜʚʽʩʢʠ 

ʘʚʪʦʤʦʙʽʣʷ ʻ ʧʦʙʫʜʦʚʘ ʙʝʟʣʽʯʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ ʚʘʨʽʡʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʽʜʚʽʩʢʠ Ga ʜʣʷ ʯʦʛʦ ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʟʥʘʯʝʥʥʷ maxd  ʪʘ maxC  ʦʙʤʝʞʫʶʪʴ 

ʦʙʣʘʩʪʴ Ga. ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʻ ʚʠʙʽʨ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʜʠʪʠʚʥʦʛʦ 
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ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. ʆʪʨʠʤʘʚʰʠ ʟʥʘʯʝʥʥʷ ʚʘʛʦʚʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʜʠʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ [5-7], ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʪʨʝʪʴʦʛʦ ʝʪʘʧʫ 

ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ - ʚʽʜʰʫʢʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ. ʎʝʡ ʝʪʘʧ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪ̔ʚ Optimization Toolbox ʽ Minimize ʘʥʘʣʦʛʽʯʥʦ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʚʘʪʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ. 

ʌʦʨʤʘʣʽʟʘʮʽʷ ʚʠʤʦʛ, ʱʦ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʜʦ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʠʥʪʝʟʫ ʧʽʜʚʽʩʢʠ ʜʦ ʧʦʷʩʥʝʥʥʷ 

ʤʽʥʽʤʫʤʫ ʘʜʠʪʠʚʥʦʛʦ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ ʟ ʥʝʚʽʜʦʤʠʤʠ 

ʚʘʛʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ, ʷʢʽ ʦʙʯʠʩʣʶʶʪʴ ʟʘ ʨʽʰʝʥʥʷʤ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʦʙʫʨʝʥʦʛʦ ʨʫʭʫ ʧʽʜʨʝʩʦʨʝʥʦʶ ʯʘʩʪʠʥʠ ʢʦʨʧʫʩʫ ʘʚʪʦʤʦʙʽʣʷ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ Optimization 

Toolbox ʘʙʦ Minimize, ʟ ʦʜʥʦʯʘʩʥʦʶ ʦʮʽʥʢʦʶ ʟʥʘʯʝʥʴ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ 

ʤʽʥʽʤʽʟʘʮʽʾ ʘʜʠʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʫ. 
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ʨʽʰʝʥʴ ʧʨʠʜʽʣʷʻʪʴʩʷ ʧʠʪʘʥʥʷʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʫʨʩʦʚʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ. 

ʊʘʢʦʞ ʫʚʘʛʘ ʧʨʠʜʽʣʝʥʘ ʦʮʽʥʮʽ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʶ ʩʪʽʡʢʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʧʨʠ 

ʘʛʨʝʛʘʪʫʚʘʥʥʽ ʟ ʧʨʠʯʽʧʥʠʤʠ ʪʘ ʥʘʚʽʩʥʠʤʠ ʟʥʘʨʷʜʜʷʤʠ, ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʨʠʯʝʧʽʚ ʪʘ 

ʥʘʧʽʚʧʨʠʯʝʧʽʚ. 

ʊʘʢ, ʚ ʨʦʙʦʪʽ [1] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʢʦʣʠʚʘʣʴʥʘ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦ-ʪʨʘʢʪʦʨʥʦʛʦ 

ʘʛʨʝʛʘʪʫ ʜʦ ʩʢʣʘʜʫ ʷʢʦʛʦ ʚʭʦʜʠʪʴ ʢʦʣʽʩʥʠʡ ʪʨʘʢʪʦʨ ʟ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʦʶ 

ʨʘʤʦʶ ʪʘ ʥʘʧʽʚʧʨʠʯʽʧ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʨʘʮʽʦʥʘʣʴʥʦʤʫ ʧʦʻʜʥʘʥʥʽ 

ʧʘʨʘʤʝʪʨʽʚ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʪʘʪʥʦɹ ʚʠʩʦʢʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʣʘʚʥʦʩʪʽ ʨʫʭʫ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʨʘʢʪʦʨʘ ʧʨʠ ʡʦʛʦ ʨʫʩʽ 

ʜʦʨʦʛʘʤʠ ʟ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ. ɸʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [2] ʦʪʨʠʤʘʥʽ ʢʨʠʪʝʨʽʘʣʴʥʽ 

ʚʠʨʘʟʠ ʦʮʽʥʢʠ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʦʾ ʤʘʰʠʥʠ ʚ ʢʦʞʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ ʜʠʥʘʤʽʯʥʠʭ ʟʙʫʨʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʟʥʘʯʠʪʠ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʠʡ 

ʽʤʧʫʣʴʩ ʚʠʤʫʰʝʥʠʭ ʢʦʣʠʚʘʥʴ. ɹʘʛʘʪʦ ʨʦʙʽʪ, ʚ ʪʦʤʫ ʯʠʩʣʽ [3-7], ʧʨʠʩʚʷʯʝʥʦ 

ʨʦʟʨʦʙʮʽ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʪʘ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥ. 

ɸʣʝ, ʥʝ ʟʚʘʞʘʶʯʠ ʥʘ ʟʥʘʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ, ʚ ʜʘʥʠʡ ʯʘʩ ʚʩʝ 

ʱʝ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʽʜʭʦʜʽʚ  ̔ʟʘʩʦʙʽʚ ʷʢ ʜʦ ʦʮʽʥʶʚʘʥʥʷ, ʪʘʢ ʽ 

ʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʠʭ ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ. 

ɺʽʜʦʤʦ, ʱʦ ʥʘʡʤʝʥʰ ʩʪʽʡʢʦ ʁʩʝʢʮʽʻʶ ʪʘʢʠʭ ʤʘʰʠʥ ʻ ʧʝʨʝʜʥʷ, ʷʢʘ ʤʘʻ ʟʥʘʯʥʫ 

ʚʠʩʦʪʫ ʮʝʥʪʨʫ ʤʘʩ ʪʘ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʢʦʣʽʶ. ʇʨʠ ʨʦʙʦʪ̔ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʟʽ 

ʟʥʘʯʥʠʤʠ ʫʭʠʣʘʤʠ ʪʘ ʥʝʨʽʚʥʦʩʪʷʤʠ ʩʘʤʝ ʧʝʨʝʜʥʷ ʩʝʢʮʽʷ ʦʙʫʤʦʚʣʶʻ ʜʠʥʘʤʽʯʥʫ 

ʩʪʽʡʢʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʫʩʽʻʾ ʤʘʰʠʥʠ. ɿʘʜʥʷ ʩʝʢʮʽʷ, ʱʦ ʩʧʦʣʫʯʝʥʘ ʟ ʧʝʨʝʜʥʴʦʶ 

ʰʘʨʥʽʨʦʤ, ʻ ʩʚʦʻʨʽʜʥʦʶ ʩʪʘʙʽʣʽʟʫʶʯʦʶ ʣʘʥʢʦʶ ʫʩʽʻʾ ʩʠʩʪʝʤʠ. 

ʂʦʣʩ̔ʥʽ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʽ ʤʘʰʠʥʠ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ 

ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ. ʇʨʦʪʝ ʜʦʩʷʛʥʫʪʠʡ ʨʽʚʝʥʴ 

ʙʝʟʧʝʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝ ʜʦʟʚʦʣʷʻ ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʥʦʚʠʭ ʘʙʦ 

ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʮʽʻʾ ʩʠʪʫʘʮʽʾ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʩʪʦʩʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʧʦʣʦʞʝʥʥʷ ʢʦʣʽʩʥʠʭ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʠʭ 

ʤʘhʠʥ ʧʨʠ ʨʦʙʦʪʽ ʟ ʧʨʠʯʽʧʥʠʤʠ ʟʥʘʨʷʜʜʷʤʠ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʧʨʠʯʝʧʽʚ, ʷʢʽ, ʚ 

ʩʚʦʁ ʯʝʨʛʫ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʜʦʩʠʪʴ ʩʢʣʘʜʥ ̔ʢʦʥʩʪʨʫʢʮʽʾ. ɼʣʷ ʥʠʭ ʚʠʨʽʰʝʥʥʷ 

ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ ʽ ʟʥʘʯʫʱʠʤ. 

ɺ ʷʢʦʩʪʽ ʥʘʧʨʷʤʢʫ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘʢʠʭ ʤʘʰʠʥ ʤʦʞʣʠʚʝ 

ʟʘʩʪʦʩʫʚʘʥʥ̫ ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʧʨʠʯʝʧʽʚ ʪʘ ʥʘʧʽʚʧʨʠʯʝʧʽʚ, ʷʢʽ ʧʨʠ ʘʛʨʝʛʘʪʫʚʘʥʥʽ 

ʤʦʞʫʪʴ ʧʽʜʚʠʱʠʪʠ ʩʪʽʡʢʽʩʪʴ ʧʦʣʦʞʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ ʥʘʧʽʚʨʘʤ. ʉʭʦʞʠʡ ʧʽʜʭʽʜ ʚʠʢʦʨʠʩʪʘʥʠʡ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [8]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʥʽʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʜʠʥʘʤʯ̔ʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʣʽʩʥʠʭ ʤʘʰʠʥ ʟ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʠʤʠ ʨʘʤʘʤʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʥʝʨʽʚʥʦʩʪʷʤʠ ʟʘ 

ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʚʝʨʪʠʢʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʥʘʧʽʚʨʘʤ ʡ ʫʩʫʥʝʥʥʷ ʫʜʘʨʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ, ʪʠʤ ʩʘʤʠʤ ʧʽʜʚʠʱʠʚʰʠ ʾʭʥʶ ʧʦʧʝʨʝʯʥʫ ʩʪʽʡʢʽʩʪʴ. 

ɸʣʝ ʥʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʧʨʠʯʝʧʠ ʤʘʶʪʴ ʤʘʣʠʡ 

ʟʘʧʘʩ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʤʘʁʪʴ ʚʝʣʠʢʫ ʚʘʛʫ, ʚʠʩʦʢʝ ʨʦʟʪʘʰʫʚʘʥʥ ̫

ʮʝʥʪʨʫ ʤʘʩ ʽ ʟʥʘʯʥ ̔ ʢʨʝʥʠ ʚʘʥʪʘʞʥʦʾ ʧʣʘʪʬʦʨʤʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʘʮʽ ʧʨʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʧʝʨʘʮʽʷʭ ʥʝʦʙʭʽʜʥʦ ʧʦʢʨʘʱʫʚʘʪʠ 
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ʫʤʦʚʠ ʧʨʘʮʽ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʝʟʧʝʢʫ ʚʠʢʦʥʫʚʘʥʠʭ ʦʧʝʨʘʮʽʡ, ʱʦ ʦʟʥʘʯʘ ̒

ʢʦʤʧʣʝʢʩʥʝ ʧʽʜʚʠʝɦʥʥʷ ʟʘʧʘʩʫ ʜʠʥʘʤʽʯʥʦʾ ʧʦʧʝʨʝʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʷʢ ʢʦʣʩ̔ʥʠʭ 

ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʠʭ ʤʘʰʠʥ, ʪʘʢ ʽ ʧʨʠʯʝʧʽʚ.  

ʊʘʢ̔ ʜʽʾ ʚ ʟʥʘʯʥʽʡ ʤ̔ʨʽ ʜʦʟʚʦʣʷʪʴ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʣʽʩʥʠʭ 

ʤʘʰʠʥ. 
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ɿɸɿ çʉɽʅʉè 

 

ʉʧʦʞʠʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽ ʚ ʪʦʤʫ 

ʯʠʩʣʽ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʜʦʨʦʞʯʘʥʥʷ ʥʘʬʪʦʧʨʦʜʫʢʪʽʚ, ʘ ʪʘʢʦʞ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʘʥ ʟʘʛʘʣʴʥʦʾ ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ. ʇʨʠ ʩʫʯʘʩʥʦʤʫ 

ʥʘʩʠʯʝʥʥʽ ʚʝʣʠʢʠʭ ʤʽʩʪ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʧʨʠʜʽʣʷʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥ ʁ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʟʥʠʞʝʥʥ ʁ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ʊʦʤʫ ʧʨʽʦʨʠʪʝʪʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʤʽʩʴʢʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʧʘʣʠʚʥʦ-ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ. 

ɸʥʘʣʽʟ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʢʘʟʫʻ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫ ʚʠʨʽʰʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʧʨʦʙʣʝʤʠ 

ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʘʚʪʦʤʦʙʽʣʷʭ, 

ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʦʣʽʧʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʽ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ.  

ɸʥʘʣʽʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ ʤʦʜʝʣʝʡ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʦʜʘʥʠʭ ʚ 

ʋʢʨʘʾ ʥʽ ʪʘ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʥʘʣʝʞʘʪʴ ʥʘʩʝʣʝʥʥʶ, ʧʦʢʘʟʘʚ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥ ̔ ʣʝʛʢʦʚʽ ʘʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʘʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ɯʜʝʷ 

ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʩʝʨʽʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʟ ʜʚʠʛʫʥʦʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚ 

ʛʽʙʨʠʜʥʠʡ ʻ ʘʢʪʫʘʣʴʥʦʶ ʽ ʟʘʪʨʝʙʫʚʘʥʦʶ [1].  

ɼʣʷ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʫ ʛʽʙʨʠʜʥʠʡ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ 

ʜʦ ʡʦʛʦ ʢʦʥʩʪʨʫʢʮʽʾ ʤʦʪʦʨ-ʢʦʣʝʩʘ, ʢʦʥʪʨʦʣʝʨ, ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʝʣʝʤʝʥʪʠ ʞʠʚʣʝʥʥʷ. ʊʘʢʝ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʽʥʠ 

ʡʦʛʦ ʤʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʥʝ ʥʘ ʧʘʨʘʤʝʪʨʠ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ, 

ʩʪʽʡʢʦʩʪʽ ʪʘ ʢʝʨʦʚʘʥʦʩʪʽ. ʆʪʞʝ, ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʤʝʪʦʜʘ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʠʚ 

ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨʠ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʧʽʜʚʽʩʦʢ ʘʚʪʦʤʦʙʽʣʷ ʟ ʛʽʙʨʠʜʥʦʶ 

ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʻ ʥʝʦʙʭʽʜʥʦʶ ʽ ʚʘʞʣʠʚʦʶ. 

ʈʦʟʨʘʭʫʥʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣ̫ ʚʠʢʦʥʫʶʪɹ ʚʠʭʦʜʷʯʠ ʟ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʥʦʨʤ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ ʟʘ ʫʤʦʚ ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ 

ʢʫʟʦʚʘ. ʇʨʦʪʝ, ʥʦʨʤʠ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ ʪʘʢʦʞ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʙʤʝʞʝʥʥʷ 

mailto:bas.k.m@nmu.one
mailto:lykhodii.oleksandr@pgasa.dp.ua
mailto:khodos.o.h@nmu.one
mailto:erisov.m.m@nmu.one


 

 

 

25 

ʧʦʧʝʨʝʯʥʠʭ ʽ ʧʦʟʜʦʚʞʥʽʭ ʧʨʠʩʢʦʨʝʥʴ. ɿʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʽʜʚʽʩʢʠ 

ʘʚʪʦʤʦʙʽʣʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʩʪʫ ʧʦʧʝʨʝʯʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʢʫʟʦʚʘ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, 

ʜʦ ʟʥʠʞʝʥʥʷ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʚʽʩʢʠ 

ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʥʝ ʣʠʰʝ ʚʝʨʪʠʢʘʣʴʥʽ ʢʦʣʠʚʘʥʥʷ, ʘ ʽ 

ʧʦʧʝʨʝʯʥʦ-ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ [2]. 

ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ ʟʘʜʥʴʦʾ ʧʽʜʚʽʩʢʠ ʘʚʪʦʤʦʙʽʣʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʝʨʪʠʢʘʣʴʥʠʭ ʽ ʧʦʧʝʨʝʯʥʦ ï ʢʫʪʦʚʠʭ ʢʦʣʠʚʘʥʴ ʢʫʟʦʚʘ ʨʦʟʛʣʷʥʫʪʦ 

ʥʘ ʧʨʠʢʣʘʜʽ ʩʝʨʽʡʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ çʉʝʥʩè, ʷʢʠʡ ʙʫʣʦ ʧʝʨʝʦʙʣʘʜʥʘʥʦ ʚ 

ʛʽʙʨʠʜʥʠʡ, ʰʣʷʭʦʤ ʫʩʪʘʥʦʚʢʠ ʤʦʪʦʨ-ʢʦʣʽʩ, ʢʦʥʪʨʦʣʝʨʽʚ ʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ ʟ ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ ʽʟ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ, ʘ ʪʘʢʦʞ ʝʣʝʤʝʥʪʽʚ 

ʞʠʚʣʝʥʥʷ.  

ʆʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʽʜʚʽʩʢʠ ʻ ʧʨʫʞʠʥʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʦʙʭʽʜʥʫ ʚʠʩʦʪʫ ʢʫʟʦʚʘ ʥʘʜ ʜʦʨʦʞʥʽʤ ʧʦʣʦʪʥʦʤ, ʘ ʪʘʢʦʞ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʴ ʽ ʢʝʨʦʚʘʥʽʩʪʴ ʤʘʰʠʥʠ. ɹʘʛʘʪʦ ʬʘʢʪʦʨʽʚ (ʨʦʟʤʽʨʠ, ʬʦʨʤʘ, 

ʢʽʣʴʢʽʩʪʴ ʚʠʪʢʽʚ, ʪʦʱʦ) ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʫʞʥʽʩʪʴ ʧʨʫʞʠʥ.  

ʇʝʨʝʪʚʦʨʝʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ɿɸɿ çʉʝʥʩè ʚ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʟ 

ʛʽʙʨʠʜʥʦʶ ʩʠʣʦʚʦʶ ʫʩʪʘʥʦʚʢʦʶ ʚʧʣʠʥʫʣʦ ʥʘ ʟʤʽʥʫ ʤʘʩʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ 

ʧʽʜʨʝʩʦʨʝʥʠʭ ʪʘʢ ʽ ʥʝʧʽʜʨʝʩʦʨʝʥʠʭ ʡʦʛʦ ʯʘʩʪʠʥ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʘʟʦʚʠʤ 

ʚʘʨʽʘʥʪʦʤ. ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʴ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʨʦʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʢʠ ʟʘʜʥʴʦʾ ʙʘʣʢʠ ʟʤʽʥʝʥʠʤ ʤʘʩʦʚʠʤ 

ʧʘʨʘʤʝʪʨʘʤ ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥ ɹʚʠʙʨʘʥ ̔ʧʨʫʞʠʥʠ ʟ 

ʧʦʩʪʽʡʥʠʤ ʜʽʘʤʝʪʨʦʤ ʧʨʫʪʘ ʪʘ ʟʽ ʟʤʽʥʥʠʤ ʜʽʘʤʝʪʨʦʤ ʧʨʫʪʘ. 

ɺʠʟʥʘʯʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥʠ ʚʠʢʦʥʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ 

ʧʨʝʩʫ, ʧʽʜʣʦʛʦʚʠʭ ʚʘʛ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦ ʾʣʽʥʽʡʢʠ. ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʚʘʛʠ 

ʫʢʣʘʜʘʣʠ ʜʝʨʝʚ'ʷʥʠʡ ʙʨʫʩʦʢ (ʪʦʚʱʠʥʦʶ ʥʝ ʤʝʥʰʝ 12 ʤʤ), ʧʣʦʱʘ ʷʢʦʛʦ ʙʽʣʴʰʝ 

ʧʣʦʱʽ ʪʦʨʮʷ ʧʨʫʞʠʥʠ, ʘ ʟʚʝʨʭʫ ʥʘ ʥʴʦʛʦ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʩʘʤʫ ʧʨʫʞʠʥʫ. ɺʝʨʭʥʽʡ 

ʪʦʨʝʮʴ ʧʨʫʞʠʥʠ ʥʘʢʨʠʚʘʣʠ ʜʨʫʛʠʤ ʜʝʨʝʚôʷʥʠʤ ʙʨʫʩʢʦʤ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʝʩ, 

ʧʨʫʞʠʥʫ ʩʪʠʩʢʘʣʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 40 ʤʤ), ʬʽʢʩʫʶʯʠ 

ʧʦʢʘʟʠ ʚʘʛ, ʪʠʤ ʩʘʤʠʤ ʦʪʨʠʤʘʣʠ ʟʤʦʛʫ ʜʦʩʣʽʜʠʪʠ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʫʞʠʥ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʨʽʚʝʥʴ ʞʦʨʩʪʢʦʩʪʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʩʪʫʚʘʥʴ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʽʜʝʘʣʴʥʝ ʟʫʩʠʣʣʷ ʧʨʫʞʠʥʠ 

ʚʽʜʧʦʚʽʜʘʻ ʚʝʣʠʯʠʥʽ, ʱʦ ʧʦʧʝʨʝʜʞʘʻ ʥʘʜʤʽʨʥʠʡ ʢʨʝʥ ʢʫʟʦʚʘ. ɺ ʨʝʟʫʣʪɹʘʪ̔ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘʡʤʝʥʰʝ ʪʘ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ 

ʞʦʨʩʪʢʦʩʪʽ ʜʣʷ ʧʨʫʞʠʥ ʟ ʧʦʩʪʽʡʥʠʤ ʪʘ ʟʽ ʟʤʽʥʥʠʤ ʜʽʘʤʝʪʨʦʤ ʧʨʫʪʘ. 

ʎ  ̫ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʟʤʽʥʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘʧʽʚʟʘʣʝʞʥʦʾ ʟʘʜʥɹʦʾ ʧʽʜʚʽʩʢʠ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ 

ʧʦʧʝʨʝʯʥʦ-ʢʫʪʦʚʽ ʢʦʣʠʚʘʥʥʷ ʧʽʜʨʝʩʦʨʝʥʦʾ ʪʘ ʥʝʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ʂʃɸʉʀʌɯʂɸʎɯʗ ʇɸʉɸɾʀʈʉʔʂʀʍ  

ʂʆʃɯʉʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɯ-ɻʆ ʂʃɸʉʋ 

ɿɸ ʇɸʉɸɾʀʈʆɺʄɯʉʊʀʄɯʉʊʖ  

 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ ʝʣʝʢʪʨʦʙʫʩʽʚ ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ 

ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ ʧʨʠʟʚʝʣʦ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʽʡ 

ʛʘʙʘʨʠʪʥʽʡ ʜʦʚʞʠʥʽ ʾʭ ʟʘʛʘʣʴʥʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʽ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʢɹʠʭ 

ʩʠʜʽʥʴ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ɿʚʩ̔ʥʦ, ʢʣʘʩʠʬ̔ʢʘʮʽʷ ʮʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘ ʛʘʙʘʨʠʪʥʦʶ ʜʦʚʞʠʥʦʶ ʫʞʝ ʥʝ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʥʘʚʽʪʴ 

ʦʨʽʻʥʪʦʚʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʾʭ ʚʤʩ̔ʪʠʤʽʩʪʴ. ɸʜʞʝ, ʜʣʷ ʧʨʠʢʣʘʜʫ, ʟʘʛʘʣʴʥʘ 

ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʽ ʝʣʝʢʪʨʦʙʫʩʽʚ ʟ ʦʜʥʘʢʦʚʦʶ ʛʘʙʘʨʠʪʥʦʶ 

ʜʦʚʞʠʥʦʶ 12,0 ʤ, ʥʘʚʪ̔ʴ ʧʨʠ ʨʽʟʥʽʡ ʜʦʧʫʩʪʠʤʽʡ ʤʘʩʽ, ʚʽʜʧʦʚʽʜʥʦ, ʫ 18000 ʢʛ ʪʘ 

19500 ʢʛ, ʨʽʟʥʠʪʴʩʷ ʥʘ 25-35 ʯʦʣ. ʊʦʤʫ, ʥʘ ʜʘʥʠʡ ʯʘʩ, ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʦʶ 

ʷʚʣ̫̒ʪʴʩʷ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʚʪʦʙʫʩʽʚ ʽ ʪʨʦʣʝʡʙʫʩʽʚ, ʘ ʪʘʢʦʞ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʽ 

ʝʣʝʢʪʨʦʙʫʩʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʘ ʧʘʨʘʤʝʪʨʘʤʠ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ. 

ʈʽʟʥʽ ʚʘʨʽʘʥʪʠ ʢʣʘʩʠʬʽʢʘʮʽ ʾʘʚʪʦʙʫʩʽʚ ʟʘ ʧʦʚʥʦʶ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤ̔ʩʪʁ 

ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʫ ʢʽʣʴʢʦʭ ʨʦʙʦʪʘʭ. ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [1] ʥʘʚʝʜʝʥʘ 

ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʚʪʦʙʫʩʽʚ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʢʣʘʩ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʟʘ 

ʛʘʙʘʨʠʪʥʦʶ ʜʦʚʞʠʥʦʶ ʢʫʟʦʚʘ, ʧʦʚʥʦʁ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ ʪʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ (ʪʘʙʣ. 1).  

ʊʘʙʣʠʮʷ 1 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʘʚʪʦʙʫʩʽʚ  ʟʘ ʜʦʚʞʠʥʦʶ, ʚʤʽʩʪʠʤʽʩʪʶ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷʤ [1] 

ʂʣʘʩ 

ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ 

ɼʦʚʞʠʥʘ 

ʘʚʪʦʙʫʩʘ, ʤ 

ʇʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ, ʯʦʣ. 

ʢʣʘʩ ʘʚʪʦʙʫʩʘ 

I II (A)  III  (B) 

1 <7 - <25 <20 

2 7...8,5(ɺ) 25...50 25...45 20...35 

3 8,5...10,5 50...70 45...65 35...45 

4 10,5...13,5 70...95 65...80 45...55 

5 13,5...15,5 95...110 80...100 - 

6 >16 110...130 100...120 - 

ʇʨʦʧʦʥʦʚʘʥʽʡ ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʚʪʦʙʫʩʽʚ ʧʨʠʪʘʤʘʥʥʠʡ ʨʷʜ ʥʝʜʦʣʽʢʽʚ, ʩʝʨʝʜ 

ʷʢʠʭ, ʧʦʚôʷʟʘʥʽ ʟ ʤʽʩʴʢʠʤʠ ʘʚʪʦʙʫʩʘʤʠ (ʢʣʘʩ ɯ): 

- ʧʨʠʚôʷʟʢʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʜʦ ʜʦʚʞʠʥʠ ʢʫʟʦʚʽʚ ʘʚʪʦʙʫʩʽʚ 

(ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʙʫʩ ʧʨʦʝʢʪʫ ɸʇʇ-D100.s1 ʜʦʚʞʠʥʦʶ 10,0 ʤ, ʨʦʟʨʦʙʣʝʥʦʛʦ ʚ 

ʅʊʎ "ɸʚʪʦʧʦʣʽʧʨʦʤ", ʤʘʻ ʚʤʽʩʪʠʤʽʩʪʴ 97 ʯʦʣ., ʪʦʙʪʦ ʟʘ ʜʦʚʞʠʥʦʶ ʢʫʟʦʚʘ ʚʥ̔ 

ʧʽʜʧʘʜʘʻ ʧʽʜ ʢʣʘʩ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ "3", ʘ ʟʘ ʚʤʽʩʪʠʤʽʩʪʶ ï ʧʽʜ ʢʣʘʩ "5"); 

mailto:voytkivsv@ukr.net
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- ʤʽʩʴʢʽ ʪʨʠʤʦʩʪʦʚʽ (ʪʨʠʚʽʩʥʽ) ʘʚʪʦʙʫʩʠ ʜʦʚʞʠʥʦʶ 15,0 ʤ ʤʘʶʪʴ 

ʚʤʽʩʪʠʤʽʩʪʴ ʧʦʥʘʜ 135 ʯʦʣ., ʘ ʜʚʦʣʘʥʢʦʚʽ ʘʚʪʦʙʫʩʠ ʜʦʚʞʠʥʦʶ 18,0 ʤ ï ʧʦʥʘʜ 

160 ʯʦʣ., ʪʦʙʪʦ ʚʦʥʠ ʥʝ ʧʽʜʧʘʜʘʶʪʴ ʧʽʜ ʞʦʜʥʠʡ ʢʣʘʩ ʟʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ. 

 ʑʝ ʦʜʠʥ ʚʘʨʽʘʥʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʥʘʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ [2] 

(ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʷ 2 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ ʤʽʩʪʢʦʩʪʽ ʽ ʥʘʷʚʥʦʩʪʽ ʤʽʩʮʴ ʜʣʷ ʩʠʜʽʥʥʷ (ʜʣʷ ʤʽʩʴʢʠʭ ʫʤʦʚ) [2] 

ʂʣʘʩ 

ʘʚʪʦʙʫʩʘ 

ʂʣʘʩ ʘʚʪʦʙʫʩʘ ʧʦ 

ʚʤʽʩʪʠʤʦʩʪʽ 

ʅʦʤʽʥʘʣʴʥʘ 

ʚʤʽʩʪʠʤʽʩʪʴ 

ʘʚʪʦʙʫʩʽʚ, ʧʘʩ. 

ʅʘʷʚʥʽʩʪʴ ʤʽʩʮʴ 

ɯ ʆʩʦʙʣʠʚʦ ʤʘʣʠʡ 9-15 ʪʽʣʴʢʠ ʤʽʩʮʷ ʜʣʷ ʩʠʜʽʥʥʷ 

ɯɯ-ɸ 
ʄʘʣʠʡ 

16-25 

ʪʽʣʴʢʠ ʤʽʩʮʷ ʜʣʷ ʩʠʜʽʥʥʷ 

(ʤʦʞʣʠʚʘ ʥʘʷʚʥʽʩʪʴ ʢʽʣʴʢʦʭ 

ʤʽʩʮʴ ʜʣʷ ʩʪʦʷʯʠʭ ʧʘʩʘʞʠʨʽʚ) 

ɯɯ-ɺ 26-49 
ʤʽʩʮʷ ʜʣʷ ʩʠʜʽʥʥʷ  

ʪʘ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ  

ʫ ʩʪʦʷʯʦʤʫ ʧʦʣʦʞʝʥʥʽ 

ɯɯɯ ʉʝʨʝʜʥʽʡ  50-79 

ɯV ɺʝʣʠʢʠʡ 80-110 

V ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʠʡ ʧʦʥʘʜ 110 

 

ʅʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 2 ʢʣʘʩʠʬʽʢʘʮʽʷ ʪʝʞ ʤʘʻ ʨʷʜ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ, ʟʦʢʨʝʤʘ: 

- ʧʦʟʥʘʯʝʥʥʷ ʢʣʘʩʫ ʘʚʪʦʙʫʩʽʚ ʟʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ ʘʥʘʣʦʛʽʯʥʝ 

ʧʦʟʥʘʯʝʥʥʶ ʾʭ ʢʣʘʩʽʚ ʟʘ ʢʘʪʝʛʦʨʽʻʶ (ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ) ï ʢʣʘʩʠ 

ɯ, ɯɯ ʪʘ ɯɯɯ; 

- ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʘʚʪʦʙʫʩʽʚ ʩʝʨʝʜʥʴʦʛʦ ʽ ʚʝʣʠʢʦʛʦ ʢʣʘʩʽʚ ʨʽʟʥʠʪʴʩʷ. 

ʚʽʜʧʦʚʽʜʥʦ. ʥʘ 29 ʽ 30 ʯʦʣ., ʪʦʙʪʦ ʘʚʪʦʙʫʩʠ ʨʽʟʥʠʭ ʤʦʜʝʣʝʡ ʮʠʭ ʢʣʘʩʽʚ ʤʘʪʠʤʫʪʴ 

ʚʤʩ̔ʪʠʤʽʩʪʴ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʥʘ 37,5 %; 

- ʘʚʪʦʙʫʩʠ ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʧʦ ʚʤʽʩʪʠʤʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʜʠʥʘʨʥʠʤʠ ʪʘ ʜʚʦʣʘʥʢʦʚʠʤʠ (ʟʯʣʝʥʦʚʘʥʠʤʠ), ʚʤʽʩʪʠʤʽʩʪʴ ʷʢʠʭ ʩʷʛʘʻ, 

ʚʽʜʧʦʚʽʜʥʦ, 150 ʪʘ 180 ʯʦʣ. ʆʪʞʝ, ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʪʘʢʠʭ ʘʚʪʦʙʫʩʽʚ ʢʣʘʩʫ V ʥʘʜʪʦ 

ʥʝ ʽʥʬʦʨʤʘʪʠʚʥʘ, ʘʜʞʝ ʾʭ ʚʤʽʩʪʠʤʽʩʪʴ ʨʽʟʥʠʪʴʩʷ ʘʞ ʥʘ ʧʦʥʘʜ 60 %.  

 ʆʩʢʽʣʴʢʠ ʥʘʚʝʜʝʥʠʤ ʚ ʪʘʙʣ. 1 ʽ ʪʘʙʣ. 2 ʢʣʘʩʠʬʽʢʘʮʽʷʤ ʘʚʪʦʙʫʩʽʚ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʤʽʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ, ʧʨʠʪʘʤʘʥʥʽ ʜʦʚʦʣʽ ʩʫʪʪʻʚʽ 

ʥʝʜʦʣʽʢʠ, ʘ ʪʘʢʽ ʧʘʩʘʞʠʨʩʴʢʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʷʢ ʪʨʦʣʝʡʙʫʩʠ. ʛʽʙʨʠʜʥʽ 

ʘʚʪʦʙʫʩʠ ʪʘ ʝʣʝʢʪʨʦʙʫʩʠ ʚʟʘʛʘʣʽ ʚʽʜʩʫʪʥʽ, ʨʦʟʨʦʙʣʝʥʠʡ ʽʥʰʠʡ ʚʘʨʽʘʥʪ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʘ ʥʦʤʽʥʘʣʴʥʦʶ (ʧʦʚʥʦʶ) ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ. ɺʽʥ ʙʘʟʫʻʪɹʩʷ ʥʘ 

ʚʨʘʭʫʚʘʥʥʽ ʥʘʩʪʫʧʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʂʊɿ) ʛʨʦʤʘʜʩʴʢʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ɯ-ʛʦ 

ʢʣʘʩʫ ʟʘ ʇʨʘʚʠʣʘʤʠ ɭɽʂ ʆʆʅ ˉ 107 [3]: 

- ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʘʩʘʞʠʨʩʴʢʽ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʯʦʪʠʨʴʦʭ ʪʠʧʽʚ: ʦʜʠʥʘʨʥʽ ʜʚʦʤʦʩʪʦʚʽ, ʦʜʠʥʘʨʥʽ 

ʪʨʠʤʦʩʪʦʚʽ, ʜʚʦʣʘʥʢʦʚʽ ʪʨʠʤʦʩʪʦʚʽ ʪʘ ʪʨʠʣʘʥʢʦʚʽ ʯʦʪʠʨʠʤʦʩʪʦʚʽ;  
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- ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ ʝʣʝʢʪʨʦʙʫʩʽʚ ʨʽʟʥʠʭ ʪʠʧʽʚ 

[4] ʧʨʠ ʦʜʥʘʢʦʚʽʡ ʜʦʚʞʠʥʽ ʾʭ ʢʫʟʦʚʽʚ ʨʽʟʥʠʪʴʩʷ ʥʘ 15-30 ʯʦʣ. ʘ ʪʦʡ ʙʽʣʴʰʝ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʧʨʠʚôʷʟʢʫ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʨʽʟʥʠʭ ʪʠʧʽʚ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʜʦ ʾʭ 

ʛʘʙʘʨʠʪʥʦʾ ʜʦʚʞʠʥʠ ʧʦ ʢʫʟʦʚʘʭ. 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽʷ ʘʚʪʦʙʫʩʽʚ. ʪʨʦʣʝʡʙʫʩʽʚ, ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʙʫʩʽʚ ʪʘ 

ʝʣʝʢʪʨʦʙʫʩʽʚ ʟʘ ʥʦʤʽʥʘʣʴʥʦʶ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʷ 4 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʟʘ ʥʦʤʽʥʘʣʴʥʦʶ ʚʤʽʩʪʠʤ̔ʩʪ  ʁ

ʂʣʘʩ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ 
ʇʦʟʥʘʯʝʥʥʷ  ʅʦʤʽʥʘʣʴʥʘ 

ʚʤʽʩʪʠʤʽʩʪʴ, ʯʦʣ. ʢʣʘʩʫ ʧʜ̔ʢʣʘʩʫ 

ʆʩʦʙʣʠʚʦ ʤʘʣʦʾ ʚʤʽʩʪʠʤʦʩʪʽ ʆʄɺ - >15-30 

ʄʘʣʦʾ ʚʤʽʩʪʠʤʦʩʪʽ ʄɺ 
ʄɺ-1 >30-50 

ʄɺ-2 >50-70 

ʉʝʨʝʜʥʴʦʾ ʚʤʽʩʪʠʤʦʩʪʽ ʉɺ 
ʉɺ-1 >70-85 

ʉɺ-2 >85-100 

ɺʝʣʠʢʦʾ ʚʤʽʩʪʠʤʦʩʪ̔ ɺɺ 
ɺɺ-1 >100-115 

ɺɺ-2 >115-130 

ʆʩʦʙʣʠʚʦ ʚʝʣʠʢʦʾ ʚʤʽʩʪʠʤʦʩʪʽ ʆɺɺ 

ʆɺɺ-1 >130-150 

ʆɺɺ-2 >150-170 

ʆɺɺ-3 >170-190 

ʅʘʜʚʝʣʠʢʦʾ ʚʤʽʩʪʠʤʦʩʪʽ ʅɺɺ 

ʅɺɺ-1 >190-220 

ʅɺɺ-2 >220-250 

ʅɺɺ-3 >250-280 

ʅɺɺ-4 >280-320 

ʅɺɺ-5 ʧʦʥʘʜ 320 

 

ʇʨʦʧʦʥʦʚʘʥʘ ʢʣʘʩʠʬʽʢʘʮʽ̫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʫʩʽʭ ʪʠʧʽʚ 

ʧʝʨʝʜʙʘʯʘʻ ʰʽʩʪʴ ʢʣʘʩʽʚ ʟʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʶ, ʯʦʪʠʨʠ ʟ ʷʢʠʭ ʤʘʁʪʴ ʧʦ ʜʚʘ 

ʧʽʜʢʣʘʩʠ, ʘ ʢʣʘʩ ʅɺɺ ï ʧôʷʪʴ ʧʽʜʢʣʘʩʽʚ. ʈʽʟʥʠʮʷ ʫ ʥʦʤʽʥʘʣʴʥʽ ʚʤʽʩʪʠʤʦʩʪʽ ʂʊɿ 

ʧʽʜʢʣʘʩʽʚ ʄɺ-1, ʄɺ-2, ʆɺɺ-1. ʆɺɺ-2 ʪʘ ʆɺɺ-3 ʩʪʘʥʦʚʠʪ ɹ20 ʯʦʣ., ʘ ʥʘʡʙʽʣʴʰ 

ʤʘʩʦʚʠʭ ʂʊɿ ʧʽʜʢʣʘʩʽʚ ʉɺ-1, ʉɺ-2, ɺɺ-1  ̔ɺɺ-2 ï 15 ʯʦʣ. ʃʠʰʝ ʜʣʷ ʂʊɿ 

ʧʽʜʢʣʘʩʽʚ 1-4 ʢʣʘʩʫ ʅɺɺ ʚʦʥʘ ʩʪʘʥʦʚʠʪʴ 30 ʯʦʣ. ʪʘ ʜʣʷ ʧʽʜʢʣʘʩʫ ʅɺɺ-5 ï 40 ʯʦʣ.  

ʇʨʠʡʥʷʪʘ ʛʨʘʜʘʮʽʷ ʚʤʽʩʪʠʤʦʩʪʽ ʤʽʩʴʢʠʭ ʂʊɿ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʦ 

ʢʦʨʝʢʪʥʽʰʫ ʦʮʽʥʢʫ ʾʭ ʥʦʤ̔ʥʘʣɹʥʦʾ  ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ  ʟʘ ʢʣʘʩʦʤ/ ʧʽʜʢʣʘʩʦʤ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʂʊɿ ʢʣʘʩʫ ɺɺ ʨʽʟʥʠʮʷ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 12-14 %. 

 

ʃʽʪʝʨʘʪʫʨʘ 
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ʊʀʇɯɿɸʎɯʗ ʇɸʉɸɾʀʈʉʔʂʀʍ  

ʂʆʃɯʉʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɯ-ɻʆ ʂʃɸʉʋ 

ɿɸ ʇɸʈɸʄɽʊʈɸʄʀ ɺʄɯʉʊʀʄʆʉʊɯ 

 

ɼʦ ʢʦʣʽʩʥʠʭ ʧʘʩʘʞʠʨʩʴʢʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʂʊɿ) ɯ-ʢʣʘʩʫ, 

ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʧʝʨʝʚʝʟʝʥʴ ʧʘʩʘʞʠʨʽʚ ʥʘ ʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ, ʚʽʜʥʦʩʷʪʴʩʷ 

ʘʚʪʦʙʫʩʠ, ʦʙʣʘʜʥʘʥʽ ʙʝʥʟʠʥʦʚʠʤʠ (ʨʽʜʢʦ), ʜʠʟʝʣʴʥʠʤʠ ʘʙʦ ʛʘʟʦʚʠʤʠ ɼɺɿ ʘʙʦ 

ʛʙ̔ʨʠʜʥʠʤʠ ʪʷʛʦʚʠʤʠ ʧʨʠʚʦʜʘʤʠ, ʪʨʦʣʝʡʙʫʩʠ ʪʘ ʝʣʝʢʪʨʦʙʫʩʠ. ʆʩʢʽʣʴʢʠ 

ʚʠʤʦʛʘʤʠ ʇʨʘʚʠʣ ɭɽʂ ʆʆʅ ˉ 107 [1] ʨʝʛʣʘʤʝʥʪʦʚʘʥʘ ʣʠʰʝ ʤʽʥʽʤʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʘʣʦʥʘʭ ʂʊɿ ɯ-ʢʣʘʩʫ, ʾʭ ʨʝʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʫ ʤʝʞʘʭ  
min max

ñèä ñèä ñèän n n ,¢ ¢                                                   (1) 

ʜʝ min

ñèän   ʽ  max

ñèän  ï ʚʽʜʧʦʚʽʜʥʦ, ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʤʦʞʣʠʚʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʫ ʂʊɿ ɯ-ʢʣʘʩʫ, ʯʦʣ.; 

   ( )0 9min

ñèä êò ç ê ê âân , k L B S ,² ³ ³ -                                            (2) 

ʜʝ êò çk ï ʢʦʝʬʽʮʽʻʥʪ ʪʠʧʫ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ; êL  ʪʘ êB  ï ʚʽʜʧʦʚʽʜʥʦ, ʜʦʚʞʠʥʘ 

ʪʘ ʰʠʨʠʥʘ ʢʫʟʦʚʘ, ʤ; ââS ï ʧʣʦʱʘ ʚʽʜʜʽʣʝʥʥʷ ʚʦʜʽʷ, ʤ2. 

ɼʣʷ ʤʽʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʠhʨʠʥʦʁ êB = 2,38-2,42 ʤ ʧʣʦʱʘ ʚʽʜʜʽʣʝʥʥʷ 

ʚʦʜʽʷ ʨʽʚʥʘ ââS = 2,4-2,5 ʤ2, ʘ ʧʨʠ êB = 2,5-2,55 ʤ  ï ââS = 2,6-2,7 ʤ2,  ʘ ʢʦʝʬʽʮʽʻʥʪ 

ʪʠʧʫ ʜʣʷ  ʘʚʪʦʙʫʩʽʚ êò çk = 0,93, ʜʣʷ ʪʨʦʣʝʡʙʫʩʽʚ ʪʘ ʝʣʝʢʪʨʦʙʫʩʽʚ êò çk = 1,0.  

ʈʦʟʨʘʭʫʥʢʦʚʘ ʤʽʥʽʤʘʣʴʥʘ ʢʽʣɹʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʚ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʘʣʦʥʘʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ, ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 1.  

ʊʘʙʣʠʮʷ 1 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ 
ɼʦʚʞʠʥʘ ʢʫʟʦʚʘ, êL , ʤ 

6,0 7,0 8,0 9,0 10,0 11,0 12,0 

ʐʠʨʠʥʘ ʢʫʟʦʚʘ, êB , ʤ  2,4 2,55 

ʇʣʦʱʘ ʧʨʦʝʢʮʽʾ ʢʫʟʦʚʘ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ, ʤ2 14,4 16,8 19,2 23,0 25,5 28,1 30,6 
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ʇʣʦʱʘ ʚʽʜʜʽʣʝʥʥʷ ʚʦʜʽʷ, ââS , ʤ2 2,5 2,7 

ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ, min

ñèän , ʩʠʜ.: 

- ʜʣʷ ʘʚʪʦʙʫʩʽʚ 10 12 14 16 19 21 23 

- ʜʣʷ ʪʨʦʣʝʡʙʫʩʽʚ - 
21 23 25 

- ʜʣʷ ʝʣʝʢʪʨʦʙʫʩʽʚ 11 13 15 18 

 

ʇʘʩʘʞʠʨʩʴʢʽ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ ʤʘʪʠʤʫʪʴ, ʟʚʽʩʥʦ, ʥʘʡʙʽʣʴʰʫ ʟʘʛʘʣʴʥʫ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ. ɰʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʮʽʣʴʥʝ ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʽʩʴʢʠʭ ʤʘʨʰʨʫʪʘʭ ʟ ʥʘʡʙʽʣʴʰʦʶ 

ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʥʘ ʤʘʨʰʨʫʪʘʭ ʟ ʤʘʣʦʶ 

ʥ̔ʪʝʥʩʠʚʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʘʩʘʞʠʨʩʴʢʽ ʂʊɿ ɯ-ʛʦ 

ʢʣʘʩʫ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ, ʷʢʫ ʥʘ ʝʪʘʧʽ ʝʩʢʽʟʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʟʥʘʯʘʪʠ ʟʘ ʚʠʨʘʟʦʤ 

                                        êLmax

ñèä ñèä ên k L ,¢ ³                                                 (2) 

 ʜʝ êL

ñèäk  ï ʢʦʝʬʽʮʽʻʥʪ ʤʘʢʩʠʤʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʦʚʞʠʥʠ ʢʫʟʦʚʘ ʘʚʪʦʙʫʩʘ, ʩʠʜ./ʤ, ʷʢʠʡ ʟʘ ʩʪʘʪʠʩʪʠʯʥʠʤ ʘʥʘʣʟ̔ʦʤ 

ʨʽʚʥʠʡ: ʧʨʠ êL = 7,0-9,0 ʤ ʽ êB = 2,4 ʤ êL

ñèäk = 2,7-2,9 ʩʠʜ./ʤ; ʧʨʠ êL = 9,0-12,0 ʤ ʽ 

êB = 2,5-2,55 ʤ êL

ñèäk = 3,1-3,3 ʩʠʜ./ʤ.  

ʄʘʢʩʠʤʘʣɹʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʫ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ 

ʢʣʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʛʘʙʘʨʠʪʥʦʾ ʜʦʚʞʠʥʠ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 2.  

ʊʘʙʣʠʮʷ 2 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʚ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ɼʦʚʞʠʥʘ ʢʫʟʦʚʘ, êL , ʤ 

6,0 7,0 8,0 9,0 10,0 11,0 12,0 

ʐʠʨʠʥʘ ʢʫʟʦʚʘ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ, ʤ 2,4 2,55 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ, 
max

ñèän , ʩʠʜ.: 

- ʧʨʠ êL

ñèäk =2,9 17 20 23 - 

- ʧʨʠ êL

ñèäk =3,3 - 30 33 36 40 

 

ʆʪʞʝ, ʧʘʩʘʞʠʨʩʴʢʽ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʤʦʞʫʪʴ ʤʘʪʠ, ʱʦʥʘʡʤʝʥʰʝ, ʜʚʽ 

ʤʦʜʠʬʽʢʘʮʽʾ ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʪʘ ʟʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ï ʜʣʷ ʤʘʨʰʨʫʪʽʚ ʟ ʨʽʟʥʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ.  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʧʘʩʘʞʠʨʩʴʢʽ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʟ ʢʫʟʦʚʘʤʠ ʦʜʥʘʢʦʚʦʾ ʜʦʚʞʠʥʠ, 

ʘʣʝ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ, ʤʘʪʠʤʫʪʴ ʨʽʟʥʫ ʟʘʛʘʣʴʥʫ 

ʚʤʽʩʪʠʤʽʩʪʴ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʚʠʨʘʟ 

              

ñò

s

ê ê ââ ñèä ñèä ³í ê
ï àñ ñèä

n

L B S n s k L
N n ,

s

³ - - ³ - ³
¢ +                         (3) 
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ʜʝ ñèän ï ʟʘʜʘʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ, ʩʠʜ.; ñèäs ï ʧʣʦʱʘ ʧʽʜʣʦʛʠ 

ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʘʣʦʥʫ, ʷʢʫ ʟʘʡʤʘʻ ʦʜʥʝ ʩʠʜʽʥʥʷ ʟ ʟʦʥʦʶ ʜʣʷ ʥʽʛ ʧʘʩʘʞʠʨʘ, 

ʤ2/ʧʘʩ; s

³ík ï ʢʦʝʬʽʮʽʻʥʪ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʽʥʰʫ ʧʣʦʱʫ ʧʽʜʣʦʛʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʩʘʣʦʥʫ, ʥʘ ʷʢʽʡ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʨʦʟʤʽʱʝʥʽ ʩʪʦʷʯʽ ʧʘʩʘʞʠʨʠ;  
ñòns ï ʧʠʪʦʤʘ ʥʦʨʤʘ 

ʧʣʦʱʽ ʧʽʜʣʦʛʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ ʩʘʣʦʥʫ ʥʘ 1-ʛʦ ʩʪʦʷʯʦʛʦ ʧʘʩʘʞʠʨʘ, ʤ2/ʧʘʩ. 

ɼʣʷ ʧʘʩʘʞʠʨʩʴʢʠʭ ʂʊɿ ɯ-ʛʦ ʢʣʘʩʫ ʇʨʘʚʠʣʘʤʠ ɭɽʂ ʆʆʅ ˉ 107 

ʨʝʛʣʘʤʝʥʪʦʚʘʥʘ ʚʝʣʠʯʠʥʘ 
ñòns = 0,125 ʤ2/ʧʘʩ. ʇʣʦʱʘ ʧʽʜʣʦʛʠ ʧʘʩʘʞʠʨʩʴʢʦʛʦ 

ʩʘʣʦʥʫ, ʷʢʫ ʟʘʡʤʘʻ ʦʜʥʝ ʩʠʜʽʥʥʷ ʟ ʟʦʥʦʶ ʜʣʷ ʥʽʛ ʧʘʩʘʞʠʨʘ ʫ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʘʭ 

ʩʪʘʥʦʚʠʪʴ 
ñòns = 0,37-0,4  ʤ2/ʧʘʩ., ʘ ʢʦʝʬʽʮʽʻʥʪ 

s

³ík = 0,35-0,38. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʧʨʠ  

ñòns = 0,4 ʤ2/ʧʘʩ. ʪʘ s

³ík = 0,37 ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣ. 3. 

ʊʘʙʣʠʮʷ 3 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʦʩʪʽ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʘ 
ɼʦʚʞʠʥʘ ʢʫʟʦʚʘ, êL , ʤ 

9,0 10,0 11,0 12,0 

ʄʽʥʽʤʘʣɹʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ, min

ñèän , ʩʠʜ. 16 19 21 23 

ʇʦʚʥʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ, ï àñN , ʯʦʣ. 100 111 124 137 

ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʧʘʩʘʞʠʨʩʴʢʠʭ 

ʩʠʜʽʥʴ, 
max

ñèän , ʩʠʜ. 30 33 36 40 

ʇʦʚʥʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ, ï àñN , ʯʦʣ. 69 80 91 100 

 

ʇʨʦʧʦʥʦʚʘʥʘ ʪʠʧʽʟʘʮʽʷ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ɯ-ʛʦ ʢʣʘʩʫ ʟʘ ʢʽʣʴʢʽʩʪʶ 

ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʛʣʷʜʽ ʥʘʚʝʜʝʥʘ ʫ ʪʘʙʣ. 4. 

ʊʘʙʣʠʮʷ 4 

ʊʠʧʽʟʘʮʽʷ ʘʚʪʦʙʫʩʽʚ ɯ-ʛʦ ʢʣʘʩʫ  

ʟʘ ʢʽʣʴʢʽʩʪʶ ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ ʪʘ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢ̔ ʚ 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ 

ʇʽʜʢʣʘʩ   

ʘʚʪʦʙʫʩʘ 

ʂʽʣʴʢʽʩʪʴ  

ʧʘʩʘʞʠʨʩʴʢʠʭ ʩʠʜʽʥʴ, ʦʜ. 

ʇʨʠʟʥʘʯʝʥʥʷ 

ʟʘ ʪʠʧʦʤ ʧʝʨʝʚʝʟʝʥʴ 

ʚʝʣʠʢʘ ɯ-ʚʥ 
min

ñèän  ʚʥʫʪʨʽʰʥʴʦʤʽʩʴʢʽ 

ʩʝʨʝʜʥʷ ɯ-ʤ 0,5(
min

ñèän +
max

ñèän ) ʤʽʩʴʢ ̔

ʤʘʣʘ ɯ-ʧʨ 
max

ñèän  ʧʨʠʤʽʩʴʢʽ 

 

ɿʘ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʩ ʩʫʯʘʩʥʠʭ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʧʨʠ ʜʦʧʫʩʪʠʤʽʡ ʧʦʚʥʽʡ 

ʤʘʩ̔ 18000 ʢʛ ʾʭ ʟʘʛʘʣʴʥʘ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʩʪʘʥʦʚʠʪʴ ï àñN = 100-105 ʯʦʣ. 

ʆʪʞʝ, ʘʚʪʦʙʫʩʠ ʟ ʜʦʚʞʠʥʦʶ ʢʫʟʦʚʘ 12,0 ʤ ʤʦʞʫʪʴ ʤʘʪʠ ʪʽʣʴʢʠ ʦʜʥʫ ʤʦʜʝʣɹ ʟ 

ʤʘʢʩʠʤʘʣʴʥʦʶ ʢʽʣʴʢʩ̔ʪʁ ʩʠʜʽʥʴ. ɸʣʝ ʥʘ ʤʘʨʰʨʫʪʘʭ ʟ ʚʝʣʠʢʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ 

ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ ʝʢʦʥʦʤʽʯʥʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʚʠʜʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʷ ʘʚʪʦʙʫʩʽʚ ʟ 

ʜʦʚʞʠʥʦʶ ʢʫʟʦʚʘ êL = 10,0 ʤ, ʘʜʞʝ ʾʭ ʧʘʩʘʞʠʨʦʚʤʽʩʪʠʤʽʩʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 
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ʧʠʪʦʤʦ ʾ ʤʘʩʠ ʢʫʟʦʚʘ ʙʝʟ ʘʛʨʝʛʘʪʽʚ ʪʨʘʥʩʤʽʩʽʾ ʪʘ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ, ʨʽʚʥʦʾ  

250-350 ʢʛ/ʤ [1], ʩʪʘʥʦʚʠʪʴ 107-110 ʯʦʣ., ʪʦʙʪʦ ʥʘ 7-10 ʧʘʩ. ʙʽʣʴʰʘ ʥʽʞ 

ʘʚʪʦʙʫʩʽʚ ʟ ʜʦʚʞʠʥʦʶ ʢʫʟʦʚʘ 12,0 ʤ. ʊʘʢʽ ʘʚʪʦʙʫʩʠ, ʱʦʥʘʡʤʝʥʰʝ, ʤʦʞʫʪʴ ʤʘʪʠ 

ʜʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ï ʧʽʜʢʣʘʩʫ ɯ-ʚʥ ʚʤʽʩʪʠʤʽʩʪʶ 110 ʯʦʣ. ʪʘ ʧʽʜʢʣʘʩʫ ɯ-ʧʨ 

ʚʤʽʩʪʠʤʽʩʪʶ 80 ʯʦʣ. ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʤʘʨʰʨʫʪʘʭ, ʚʽʜʧʦʚʽʜʥʦ, ʟ ʚʝʣʠʢʦʶ ʪʘ 

ʤʘʣʦʶ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʧʘʩʘʞʠʨʦʧʦʪʦʢʽʚ. ʂʨʽʤ ʧʽʜʚʠʱʝʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʜʦʚʞʠʥʠ ʢʫʟʦʚʽʚ ʤʽʩʴʢʠʭ ʘʚʪʦʙʫʩʽʚ ʥʘ 2,0 ʤ ʩʧʨʠʷʪʠʤʝ 

ʤʝʥʦhʤʫ ʩʧʦʚʽʣʴʥʝʥʥʶ ʨʫʭʫ ʧʦ ʤʽʩʴʢʠʭ ʦʜʥʦʩʤʫʛʦʚʠʭ ʽ ʚʫʟʴʢʠʭ ʚʫʣʠʮʷʭ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

 1. ɺʦʡʪʢʽʚ ʉ. ɺ. ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʤʘʩ ʘʚʪʦʙʫʩʽʚ ʥʘ ʝʪʘʧʽ ʝʩʢʽʟʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ / ʉ. ɺ. ɺʦʡʪʢʽʚ // ʊʨʝʪʷ ʚʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ 

ʢʦʥʬʝʨʝʥʮʽʷ "ɸʚʪʦʙʫʩʦʙʫʜʫʚʘʥʥʷ ʪʘ ʧʘʩʘʞʠʨʩʴʢʽ ʧʝʨʝʚʝʟʝʥʥʷ ʚ ʋʢʨʘʾʥʽ": ʪʝʟʠ 

ʜʦʧʦʚʽʜʝʡ. ï  ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʃʴʚʽʚʩʴʢʦʾ ʧʦʣʽʪʝʭʥʽʢʠ, 2018.ï ʉ. 49-51.  
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rzinko@gmail.com 
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ʂʨʫʮʴ ʊʘʨʘʩ ɯʛʦʨʦʚʠʯ, ʽʥʞʝʥʝʨ, ʚʠʢʣʘʜʘʯ, ʃʴʚʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʢʦʣʝʜʞ  

ladk-taras@ukr.net  

 

ʄɽʊʆɼʀʂɸ ɺʀɹʆʈʋ ʈʋʐɯʗ ɼʃʗ ʄɸʐʀʅ ʉʇɽʎɯɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ 

 

ɿʜʘʪʥʽʩʪʴ ʧʝʨʝʩʫʚʘʪʠʩʷ ʧʦ ʨʽʟʥʠʭ ʪʠʧʘʭ ʛʨʫʥʪʽʚ - ʦʜʠʥ ʟ ʦʩʥʦʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʚ ʫʤʦʚʘʭ ʙʝʟʜʦʨʽʞʞʷ.  

ʈʫʭ ʪʘʢʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʚʟʘʻʤʦʜʽʾ ʨʫʰʽʷ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. ʎʷ ʚʟʘʻʤʦʜʽʷ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʚʪʨʘʪʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʦʱʘʜʣʠʚʽʩʪʴ ʤʘʰʠʥʠ, ʾʾ ʪʷʛʦʚʦ-ʟʯʽʧʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʧʨʦʭʽʜʥʽʩʪʴ, ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʾʾ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʽ ʷʢʽʩʪʴ ʨʦʙʦʪʠ [1-3]. ʊʦʤʫ ʽʩʪʦʪʥʽ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽ 

ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʙʽʪ ʟʘʢʣʘʜʝʥʽ ʚ ʟʥʠʞʝʥʥʽ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʨʫʰʽʷ ʟ ʧʦʚʝʨʭʥʝʶ.  

ʂʦʣʽʩʥʠʡ ʽ ʛʫʩʝʥʠʯʥʠʡ ʨʫʰʽʾ ʧʦ-ʨʽʟʥʦʤʫ ʚʟʘʻʤʦʜʽʶʪʴ ʥʘ ʦʧʦʨʥʫ 

ʧʦʚʝʨʭʥʶ, ʧʦ-ʨʽʟʥʦʤʫ ʩʧʨʠʡʤʘʶʪʴ ʥʝʨʽʚʥʦʩʪʽ ʛʨʫʥʪʫ ʽ ʛʘʩʷʪʴ ʢʦʣʠʚʘʥʥʷ 

ʤʘʰʠʥʠ. ɺʠʙʽʨ ʨʫh ʽʷ, ʷʢʠʡ ʙʠ ʚʽʜʧʦʚʽʜʘʚ ʫʤʦʚʘʤ ʚʠʢʦʨʠʩʪʘʥʥʷ - ʚʘʞʣʠʚʝ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʝ ʟʘʚʜʘʥʥʷ, ʷʢʝ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʫʚʘʪʠ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ. 

ʇʨʦʙʣʝʤʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ 

ʙʘʛʘʪʦʧʣʘʥʦʚʘ ʽ ʧʨʠ ʾʾ ʨʽʰʝʥʥʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʪʠʧ ʨʫʰʽʷ, ʦʧʦʨʥʦ-ʟʯʽʧʥʽ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʥʝʩʽʚʥʘ ʟʜʘʪʥʽʩʪʴ ʛʨʫʥʪʫ, ʰʚʠʜʢʽʩʪʴ ʧʝʨʝʩʫʚʘʥʥʷ [4,5]. ʎʽ 
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ʧʘʨʘʤʝʪʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʢʦʣʽʩʥʠʤ ʽ ʛʫʩʝʥʠʯʥʠʤ 

ʨʽʰʽʷʤʠ ʽ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʟʥʘʯʘʪʠʤʫʪʴ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ.  

ɺʠʙʽʨ ʨʫʰʽʷ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʧʨʦʚʦʜʠʤʦ ʥʘ ʦʩʥʦʚʽ 

ʥʘʙʦʨʫ ʢʨʠʪʝʨʽʾʚ (ʪʘʙʣʠʮʷ). ʂʨʠʪʝʨʽʾ ʚʠʟʥʘʯʘʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʩʪʦʩʦʚʥʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɸʢʪʫʘʣʴʥʠʤ ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ ʻ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʽʷ. ʈʝʰʪʘ ʢʨʠʪʝʨʽʾʚ ʩʣʽʜ ʨʦʟʤʩ̔ʪʠʪʠ 

ʚ ʤʽʨʫ ʾʭ ʚʘʞʣʠʚʦʩʪʽ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʤʝʪʦʜʠ ʝʩʧʝʨʪʥʦʾ ʦʮʽʥʢʠ 

ʘʙʦ ʧʦʯʣʝʥʥʦʾ ʜʠʟôʶʥʢʮʽʾ [5].  

ʊʘʙʣʠʮʷ. ɽʢʩʧʣʫʘʪʘʮʽʷ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʧʦ ʜʫʞʝ ʜʝʬʦʨʤʫʤʠʭ ʛʨʫʥʪʘʭ 

 ʇʦʢʘʟʥʠʢʠ ʂʦʣʽʩʥʠʡ ʨʫʰʽʡ ɻʫʩʝʥʠʯʥʠʡ ʨʫʰʽʡ 

1 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʥʰʘ ʙ̔ʣʴʘh 

2 ʇʨʦʭʽʜʥʽʩʪʴ ʤʝʥʰʘ ʚʠʱʘ 

3 ɿʯʝʧʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʽʨʰʽ ʢʨʘʱʽ 

4 ɺʠʪʨʘʪʘ ʧʘʣʠʚʘ ʙ̔ʣʴʰʘ ʤʝʥʰʘ 

5 ʊʠʩʢ ʥʘ ʦʧʦʨʥʫ ʧʦʚʝʨʭʥʶ ʙʽʣʴʰʠʡ ʤʝʥʰʠʡ 

6 ɿʘʪʨʘʪʠ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʤʝʥʰʽ ʙʽʣʴʰʽ 

ɼʘʣʽ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʟʜʘʪʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘʰʠʥ ʜʦʣʘʪʠ 

ʧʨʠʨʦʜʥʽ ʧʝʨʝʰʢʦʜʠ, ʨʫʭʘʪʠʩʷ ʧʦ ʧʝʨʝʩʽʯʝʥʽʡ ʤʽʩʮʝʚʦʩʪʽ ʽ ʥʘ ʛʨʫʥʪʘʭ ʟ ʥʠʟʴʢʦʶ 

ʥʝʩʽʚʥʦʶ ʟʜʘʪʥʽʩʪʶ.  

ʆʪʞʝ, ʟʥʘʶʯʠ ʥʝʩʽʚʥʫ ʟʜʘʪʥʽʩʪʴ (ʜʦʧʫʩʪʠʤʠʡ ʪʠʩʢ) ʛʨʫʥʪʽʚ, ʽ ʚʨʘʭʫʚʘʚʰʠ 

ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ ʢʦʥʢʨʝʪʥʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʤʦʙʽʣʴʥʦ ʾʤʘʰʠʥʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʠʜʫ 

ʛʨʫʥʪʫ, ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʦʡ ʯʠ ̔ʥhʠʡ ʪʠʧ ʨʫʰʽʷ (ʨʠʩ.1). 

 
˾͙ͫͯͤ ͦ͟Φ ˢ͎͙ͦͪͭͣ͡ ͍ ͙͋ͦͪͯ ͙ͭͨͯ ͪͯ΄͜Ύ ͒͡Ύ ˿́˴˥˸ 

ʂʦʣ̔ʩʥʠʡ ʽ ʛʫʩʝʥʠʯʥʠʡ ʨʫʰʽʾ ʧʦ-ʨʽʟʥʦʤʫ ʚʟʘʻʤʦʜʽʶʪʴ ʥʘ ʦʧʦʨʥʫ 

ʧʦʚʝʨʭʥʶ, ʧʦ-ʨʽʟʥʦʤʫ ʩʧʨʠʡʤʘʶʪʴ ʥʝʨʽʚʥʦʩʪʽ ʛʨʫʥʪʫ ʽ ʛʘʩʷʪʴ ʢʦʣʠʚʘʥʥʷ 

ʤʘʰʠʥʠ. ɺʠʙʽʨ ʨʫʰʽʷ ʜʣʷ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʙʽʣʴʥʠʭ ʤʘhʠʥ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʥʘʙʦʨʫ ʢʨʠʪʝʨʽʾʚ. ʂʨʠʪʝʨʽʾ ʚʠʟʥʘʯʘʶʪʴ ʚʘʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ 

ʟʘʚʜʘʥʴ ʩʪʦʩʦʚʥʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ɿʥʘʶʯʠ ʥʝʩʽʚʥʫ ʟʜʘʪʥʽʩʪʴ  

ʛʨʫʥʪʽʚ, ʽ ʚʨʘʭʫʚʘʚʰʠ ʤʦʞʣʠʚʽʩʪʴ ʨʫʭʫ ʢʦʥʢʨʝʪʥʦʾ ʩʧʝʮʽʘʣʴʥʦʾ ʤʦʙʽʣʴʥʦ ʾ
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ʤʘʰʠʥʠ ʟʘʣʝʞʥʦ ʚ̔ ʜ ʚʠʜʫ ʛʨʫʥʪʫ, ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʪʠʧ ʨʫʰʽʷ. 
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ɹʆʁʆɺʀʍ ʄɸʐʀʅ ʄʆɹɯʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉʋ ʆɿɹʈʆɭʅʅʗ 

 

ɺ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʪʘ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤ 

ʦʟʙʨʦʻʥʥʷ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ʩʚʽʪʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʦʟʙʨʦʻʥʥʷ ʻ ʽʥʪʝʛʨʘʮʽʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ, ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ (ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ) ʪʘ ʟʘʩʦʙʽʚ ʫʨʘʞʝʥʥʷ ʚ ʻʜʠʥʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʠʩʪʝʤʫ, ʷʢʘ ʧʦʚʠʥʥʘ ʚʠʷʚʣʷʪʠ ʪʘ ʟʥʠʱʫʚʘʪʠ ʦʙ'ʻʢʪʠ (ʥʘʟʝʤʥʽ ʽ 

ʧʦʚʽʪʨʷʥʽ ʮʽʣʽ) ʧʨʦʪʠʚʥʠʢʘ ʫ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʚʝʜʝʥʥʷ ʙʦʡʦʚʠʭ ʜʽʡ 

(ʣʦʢʘʣʴʥʠʭ ʢʦʥʬʣʽʢʪʽʚ). 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʩʠʩʪʝʤ ʦʟʙʨʦʻʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʙʦʡʦʚʠʭ 

ʤʘʰʠʥ (ɹʄ) ʤʦʙʽʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʦʟʙʨʦʻʥʥʷ (ʄʂʆ), ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ ʱʦʜʦ 

ʬʦʨʤʫʣʶʚʘʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʦʤʦʩʪʽ ɹʄ ʄʂʆ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʜʘʪʥʦʩʪʽ ɹʄ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ 

ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʧʫʩʢʫ ʨʘʢʝʪʠ ʫ ʧʦʟʠʮʽʡʥʦʤʫ ʨʘʡʦʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʫʤʦʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. ʈʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯ̔ ʜʦʟʚʦʣʠʪʴ 

https://doi.org/10.1177%2F0954407018794101
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ʟʤʝʥʰʠʪʠ ʡʤʦʚʽʨʥʽʩʪʴ ʫʨʘʞʝʥʥʷ ɹʄ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʙʦʡʦʚʦʛʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʄʂʆ. 

ɺʽʜʦʤʦ, ʱʦ ʞʠʚʫʯʽʩʪʴ ɹʄ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʾʾ ʨʫʭʦʤʦʩʪʽ, ʷʢʽ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ɹʄ ʚ ʪʦʤʫ, ʘʙʦ ʽʥʰʦʤʫ ʩʪʘʥʽ. ɼʦ ʧʘʨʘʤʝʪʨʽʚ 

ʨʫʭʦʤʦʩʪʽ ɹʄ ʚʽʜʥʦʩʪ̫ʴʩ̫ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤ ̔ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ɹʄ, ʯʘʩ ʥʘ 

ʧʽʜʛʦʪʦʚʢʫ ʽ ʧʨʦʚʝʜʝʥʥʷ ʧʫʩʢʫ ʨʘʢʝʪ, ʯʘʩ ʥʘ ʟʘʣʠʰʝʥʥʷ ɹʄ ʩʪʘʨʪʦʚʦʾ ʧʦʟʠʮʽʾ 

ʧʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʧʫʩʢʽʚ ʨʘʢʝʪ. 

ʇʽʜ ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʭʦʤʦʩʪʽ ɹʄ, ʚ ʜʦʧʦʚʽʜʽ, ʨʦʟʫʤʽʪ̒ʴʩʷ ʰʚʠʜʢʽʩʪʴ ʾʾ 

ʧʝʨʝʩʫʚʘʥʥʷ ʪʘ ʯʘʩʦʚʽ ʧʘʨʘʤʝʪʨʠ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʧʨʦʪʠʜʽʾ ʚʠʢʦʥʘʥʥʶ ʙʦʡʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ɹʄ 

ï ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʪʠʚʥʠʢʦʤ ʨʦʟʚʽʜʫʚʘʣʴʥʦ-ʫʜʘʨʥʦʛʦ ʢʦʤʧʣʝʢʩʫ 

(ʈʋʂ) ʧʝʚʥʦʛʦ ʪʠʧʫ (ʧʦʢʦʣʽʥʥʷ), ʷʢʠʡ ʤʦʞʝ ʟʘʚʜʘʪʠ ʫʜʘʨʫ ʧʦ ɹʄ ʟʘʩʦʙʘʤʠ 

ʚʦʛʥʝʚʦʛʦ ʫʨʘʞʝʥʥʷ (ɿɺʋ). 

ɼʣʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʦʤʦʩʪʽ ɹʄ ʄʂʆ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʠʡ ʨʽʚʝʥʴ ʞʠʚʫʯʦʩʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʪʠʢʦ-

ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʈʋʂ ʧʨʦʪʠʚʥʠʢʘ ʧʦ ʨʦʟʚʽʜʮʽ ʪʘ ʫʨʘʞʝʥʥʶ. ɼʦ ʪʘʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʽʜʥʦʩʷʪʴʩʷ: ʰʠʨʠʥʘ ʩʤʫʛʠ ʦʛʣʷʜʫ (ʨʦʟʚʽʜʢʠ) ʘʧʘʨʘʪʫʨʠ 

ʨʦʟʚʽʜʢʠ, ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ (ʽʜʝʥʪʠʬʽʢʘʮʽʾ) ʚʠʷʚʣʝʥʦʾ ʮʽʣʽ (ʥʘʟʝʤʥʦʾ 

ʘʙʦ ʧʦʚʽʪʨʷʥʦʾ), ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʝʜʝʥʥʷ ʨʦʟʚʽʜʢʠ, ʯʘʩ, ʱʦ ʥʝʦʙʭʽʜʥʠʡ ʜʣʷ 

ʨʦʟʚʽʜʢʠ ʫʩʴʦʛʦ ʨʘʡʦʥʫ ʙʦʡʦʚʠʭ ʜʽʡ, ʯʘʩ, ʱʦ ʧʦʪʨʽʙʥʠʡ ʈʋʂ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ 

ʚʽʜ ʟʘʩʦʙʽʚ ʨʦʟʚʽʜʢʠ ʽ ʚʠʜʘʯʽ ʜʘʥʠʭ ʮʽʣʝʚʢʘʟʽʚʢʠ ɿɺʋ ʈʋʂ, ʢʨʫʛʦʚʝ ʡʤʦʚʽʨʥʝ 

ʚʽʜʭʠʣʝʥʥʷ ʙʦʻʧʨʠʧʘʩʽʚ ʪʘ ʚʝʣʠʯʠʥʠ ʟʦʥʠ ʫʨʘʞʝʥʥʷ ʜʣʷ ʦʜʥʦʛʦ ʙʦʻʧʨʠʧʘʩʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʦʤʦʩʪʽ ɹʄ 

ʄʂʆ, ʚ ʷʢʦʾ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʙʦʡʦʚʦʛʦ ʟʘʚʜʘʥʥʷ ɹʄ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʧʦʢʘʟʥʠʢʘ ʾʾ ʞʠʚʫʯʦʩʪʽ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʦʙʭʽʜʥʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʧʫʩʢʽʚ ʨʘʢʝʪ ʧʦ ʦʙ'ʻʢʪʘʭ (ʥʘʟʝʤʥʠʭ ʘʙʦ ʧʦʚʽʪʨʷʥʠʭ ʮʽʣʷʭ) ʧʨʦʪʠʚʥʠʢʘ. 

 
 

ʂʦʣʦʤʽʡʮʝʚ ʆ.ɺ., ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ɿʘʩʣʫʞʝʥʠʡ ʚʠʥʘʭʜ̔ʥʠʢ ʋʢʨʘʾʥʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪò, ʤ. ʍʘʨʢʽʚ 

ʉʧʦʨʠʰʝʚ ʂ.ʆ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʘ ʘʢʘʜʝʤʽʷ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʚʘʨʜʽʾ 

ʋʢʨʘʾʥʠ,  ʤ. ʍʘʨʢʽʚ 

ʐʫʙʽʥ ʆ.ɭ., ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣ̔ʪʝʭʥ̔ ʯʥʠʡ 

ʽʥʩʪʠʪʫʪò, ʤ. ʍʘʨʢʽʚ 

 

 

ʈʆɿʈʆɹʂɸ ʊɸ ɼʆʉʃɯɼɾɽʅʅʗ API ɼʃʗ ʆɹôɭɼʅɸʅʅʗ 

ʈɯɿʅʆʊʀʇʅʀʍ ʇʈʆɺɸʁɼɽʈɯɺ ʉɽʈɺɯʉʋ ʇɸʈʂʋɺɸʅʅʗ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ʋ ɭɼʀʅʀʁ ɼʆɼɸʊʆʂ 

 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʦʜʥʽʻʶ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʧʨʦʙʣʝʤ ʤʝʛʘʧʦʣʽʩʽʚ ʻ 

ʧʝʨʝʚʘʥʪʘʞʝʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷʤʠ, ʢʽʣʴʢʽʩʪʴ ʢ̫ʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʢʦʞʥʠʤ ʜʥʝʤ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʘʨʢʦʚʦʯʥʦʤʫ ʧʨʦʩʪʦʨ ̔ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) ʚʠʩʫʚʘʻ 

ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʽʰʝʥʥʷ ʫʧʨʘʚʣʽʥʥʷ ʧʘʨʢʦʚʢʘʤʠ ʫ ʤʝʛʘʧʦʣʽʩʽ. 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʻ ʧʦhʫʢ ʥʦʚʠʭ ʨʽʰʝʥʴ, ʱʦ ʤʘʶʪʴ 

ʽʥʚʝʩʪʠʮʽʡʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʪʘ ʥʘʮʽʣʝʥʠʭ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʧʘʨʢʦʚʦʢ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʦʢ ʜʣʷ ʊɿ. 

ɺ ʜʦʧʦʚʽʜʽ ʨʦʟʛʣʷʥʫʪʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʜʣʷ: 

- ʟʘʢʨʠʪʠʭ ʧʘʨʢʦʚʦʢ (ʦʙʤʝʞʝʥʽ ʫ ʧʨʦʩʪʦʨʽ ʦʜʥʦʷʨʫʩʥʽ ʪʘ ʙʘʛʘʪʦʷʨʫʩʥʽ, 

ʟʘʢʨʠʪ ̔ʧʝʨʠʤʝʪʨʘʣʴʥʦ ʪʘ ʫʤʦʚʥʦ, ʦʙʤʝʞʝʥʽ ʢʽʣʴʢʽʩʪʶ ʤʘʰʠʥʦʤʝʩʪ); 

- ʚʽʜʢʨʠʪʠʭ ʧʘʨʢʦʚʦʢ (ʧʘʨʢʦʚʢʠ ʤʘʩʰʪʘʙʽʚ ʦʢʨʫʛʫ ʪʘ ʮʽʣʦʛʦ ʤʽʩʪʘ, 

ʤʝʛʘʧʦʣʽʩʫ). 

ʉʢʣʘʜ ʜʘʥʠʭ ʟʘʩʦʙʽʚ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʟʘ ʩʚʦʤʾ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ. ʂʽʣʴʢʽʩʥʦ ï ʮʝ ʜʫʞʝ ʚʝʣʠʢʠʡ ʧʝʨʝʣʽʢ ʦʙʣʘʜʥʘʥʥʷ: ʨʽʟʥʦʪʠʧʥʽ 

ʧʨʠʩʪʨʦʾ (ʰʣʘʛʙʘʫʤʠ, ʙʘʨ'ʻʨʠ, ʘʚʪʦʤʘʪʠʯʥʽ ʚʦʨʦʪʘ), ʱʦ ʧʝʨʝʛʦʨʦʜʞʫʶʪʴ, 

ʩʠʩʪʝʤʠ ʦʙʛʦʨʦʜʞʫʚʘʥʴ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ (ʷʢ ʚʦʜʽʾʚ, ʪʘʢ ʽ ʊɿ), ʚʽʟʫʘʣʽʟʘʮʽʾ (ʪʘʙʣʦ ʽ 

ʽʥʜʠʢʘʪʦʨʠ), ʥʘʥʝʩʝʥʥʷ ʚʽʜʧʦʚʜ̔ʥʦʾ ʜʦʨʦʞʥʴʦʾ ʨʦʟʤʽʪʢʠ, ʟʙʦʨʫ ʽʥʬʦʨʤʘʮʽʾ ʽ ʾʾ 

ʦʙʨʦʙʢʠ, ʧʣʘʪʠ ʟʘ ʧʘʨʢʦʚʢʫ (ʩʪʽʡʢʽ ʦʧʣʘʪʠ ʽ ʧʨʦʛʨʘʤʥʽ ʧʨʠʩʪʨʦʾ), ʜʦʜʘʪʢʠ ʜʣʷ 

ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ ʽ ʪʦʱʦ. 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤ ʥʘʧʨʷʤʦʤ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪ̔ 

ʊɿ ʤʝʛʘʧʦʣʽʩʽʚ ï ʻ ʩʪʚʦʨʝʥʥʷ ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʦʢ, ʚ ʷʢʠʭ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʡ̔ ʧʨʦʚʽʜʥʦʛʦ ʪʘ (ʘʙʦ) ʙʝʟʧʨʦʚʽʜʥʦʛʦ ʜʦʩʪʫʧʫ, ʚʝʣʠʯʝʟʥʠʡ 

ʧʦʪʽʢ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʧʘʨʢʦʚʢʠ ʊɿ ʤʦʞʝ ʙʫʪʠ ʫʩʧʽʰʥʦ ʦʪʨʠʤʘʥʠʡ ʪʘ ʟʙʝʨʝʞʝʥʠʡ 

ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʙʘʟʘʭ ʜʘʥʠʭ ʩʠʩʪʝʤ ʧʘʨʢʫʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʨʢʫʚʘʣʴʥʽ ʤʽʩʮʷ ʊɿ ʦʙʨʦʙʣʷʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ (ʉʇɿ). ʆʪʞʝ, ʩʠʩʪʝʤʠ 

ʧʘʨʢʫʚʘʥʥʷ ʊɿ ʤʝʛʘʧʦʣʽʩʫ ʽ ʧʘʨʢʦʚʢʠ ʤʦʞʫʪʴ ʜʦʧʦʤʘʛʪʠ ʩʚʦʾʤ ʚʽʜʚʽʜʫʚʘʯʘʤ 

(ʘʚʪʦʚʣʘʩʥʠʢʘʤ) ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʢʽʣʴʢʽʩʪʴ ʚʽʣʴʥʠʭ ʤʽʩʮʴ ʥʘ 

ʥʝʦʙʭʽʜʥʠʭ (ʦʙʨʘʥʠʭ) ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʢʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ: 

- ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ ʥʘ ʧʦʰʫʢ ʚʽʣʴʥʦʛʦ ʤʽʩʮ ̫ʥʘ ʧʘʨʢʦʚʮ̔ ; 

- ʟʤʝʥʰʝʥʥʷ ʧʨʦʙʦʢ; 

- ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʠʜʽʚ CO2; 

- ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥ ̫ʧʨʦʧʫʩʢʥʦʾ ʩʧʨʦʤʦʞʥʦʩʪʽ ʧʘʨʢʦʚʢʠ; 

- ʟʙʽʣʴʰʝʥʥ ̫ʜʦʭʦʜʽʚ ʫ ʢʘʟʥʫ ʤʝʛʘʧʦʣʽʩʫ ʚʽʜ ʧʘʨʢʦʚʦʢ; 

- ʚʠʢʦʨʠʩʪʘʥʥ ̫ʧʘʨʢʦʚʢʠ ʷʢ ʩʝʨʚʽʩʫ (ʢʦʤʬʦʨʪʥʘ ʨʦʟʫʤʥʘ ʧʘʨʢʦʚʢʘ). 

ʆʪʞʝ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʜʤʽʥʽʩʪʨʘʮʽʾ ʙʘʛʘʪʴʦʭ ʤʝʛʘʧʦʣʽʩʽʚ ʫ ʧʘʨʪʥʝʨʩʪʚʽ ʟ 

ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʨʦʟʨʦʙʣʷʣʠ ʽ ʧʨʦʜʦʚʞʫʶʪʴ ʨʦʟʨʦʙʣʷʪʠ ʩʠʩʪʝʤʫ çʈʦʟʫʤʥʝ 

ʤʽʩʪʦè ʟ ʧʽʜʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʨʦʟʫʤʥʠʤʠ ʧʘʨʢʦʚʢʘʤʠ ʊɿ. ɼʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʦʫhʢ ʧʘʨʢʦʚʢʠ ʊɿ ʚ ʤʝʛʘʧʦʣʽʩʘʭ ʙʫʚ ʥʘʙʘʛʘʪʦ ʣʝʛʰʠʡ, ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʥʝ 

ʽʥʪʝʨʬʝʡʩʥʝ API ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʽ ʜʦʜʘʪʢʽʚ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʥʘʧʨʠʢʣʘʜ: 

- ʛʦʣʣʘʥʜʩʴʢʘ ʢʦʤʧʘʥʽʷ Nedap Identification Systems ʨʦʟʨʦʙʠʣʘ ʩʠʩʪʝʤʫ 
ʟ ʩʝʥʩʦʨʦʤ SENSIT (ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʠʡ ʜʘʪʯʠʢ ʧʘʨʢʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʝʟʧʨʦʚ̔ ʜʥʠʭ ʩʝʥʩʦʨʽʚ, ʦʙʣʘʜʥʘʥʥʷ ʤʝʨʝʞʽ ʟʚ'ʷʟʢʫ ʽ ʚʙʫʜʦʚʘʥʦʛʦ ʉʇɿ 

ʫʧʨʘʚʣʽʥʥʷ); 

- ʽʩʧʘʥʩʴʢʘ ʢʦʤʧʘʥʽʷ WORLDSENSING ʨʦʟʨʦʙʠʣʘ ʩʠʩʪʝʤʫ ʟ ʩʝʥʩʦʨʦʤ 

Fastprk (ʜʘʪʯʠʢʠ ʟʘʡʥʷʪʦʩʪʽ ʧʘʨʢʦʚʦʯʥʦʛʦ ʤʽʩʮʷ, ʉʇɿ (ʫʧʨʘʚʣʽʥʥʷ, ʟʚʽʪʠ ʽ 



 

 

 

37 

ʘʥʘʣʽʪʠʢʘ), ʧʨʦʛʨʘʤʥʝ ʽʥʪʝʨʬʝʡʩʥʝ API ʜʣʷ ʽʥʪʝʛʨʘʮʽʾ ʽ ʜʦʜʘʪʢʠ ʜʣʷ ʤʦʙʽʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ). 

ʆʜʥʘʢ, ʨʦʟʛʣʷʥʫʪʽ ʩʠʩʪʝʤʠ ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʦʢ ʊɿ ʤʘʶʪʴ ʨʽʟʥʝ ʉʇɿ, ʱʦ 

ʚʠʩʚʽʪʣʶʻ ʧʨʦʙʣʝʤʘʪʠʢʫ ʩʪʠʢʫʚʘʥʥʷ ʜʦʜʘʪʢʽʚ ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʾʚ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʠʩʪʝʤ ʨʦʟʫʤʥʠʭ ʧʘʨʢʦʚʦʢ ʊɿ 

ʨʦʟʨʦʙʣʝʥʽ  ̔ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʩʪʠ ʥʘ ʤʦʚʽ C# ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʉʇɿ 

ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ API ʪʘ ʦʙôʻʜʥʘʥʥʷ ʨʽʟʥʦʪʠʧʥʠʭ ʧʨʦʚʘʡʜʝʨʽʚ ʩʝʨʚʽʩʫ 

ʧʘʨʢʫʚʘʥʥʷ ʊɿ ʫ ʦʜʥʠʥ ʻʜʠʥʠʡ ʜʦʜʘʪʦʢ. 

 

ʂʦʨʧʘʯ ɸʥʘʪʦʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, akorpach@ukr.net  

ʂʦʨʧʘʯ ʆʣʝʢʩʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ, korpach1988@gmail.com  

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʇʈʀʏɯʇʅʆɻʆ ɸɺʊʆɹʋʉʅʆɻʆ ʇʆɰɿɼɸ ʋ BRT 

ʉʀʉʊɽʄɸʍ 

 

ɺʩʝ ʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʤ ʫ ʩʚʽʪʽ ʩʪʘʻ ʩʠʩʪʝʤʘ ʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʙʫʩʥʠʭ 

ʧʝʨʝʚʝʟʝʥʴ (Bus rapid transit, BRT). ʉʪʘʥʦʤ ʥʘ 2021 ʨʽʢ ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ 

ʚʧʨʦʚʘʜʞʝʥʦ ʫ 179 ʤʽʩʪʘʭ 43 ʢʨʘʾʥ ʩʚʽʪʫ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʝʚʝʟʝʥʥʷ ʙʣʠʟʴʢʦ 

34 ʤʣʥ. ʧʘʩʘʞʠʨʽʚ ʟʘ ʜʝʥʴ. [1] ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ ʥʘʷʚʥʽʩʪʴ ʬʽʟʠʯʥʦ 

ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʩʤʫʛ ʜʣʷ ʨʫʭʫ, ʩʪʘʥʮʽʡ ʪʘ ʪʝʨʤʽʥʘʣʽʚ ʜʣʷ ʰʚʠʜʢʦʾ ʧʦʩʘʜʢʠ ʪʘ 

ʚʠʩʘʜʢʠ ʧʘʩʘʞʠʨʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚʠʩʦʢʦʾ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ. 

ʈʫʭʦʤʠʡ ʩʢʣʘʜ, ʚ ʦʩʥʦʚʥʦʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʚʪʦʙʫʩʘʤʠ ʚʝʣʠʢʦʛʦ ʪʘ 

ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʦʛʦ ʢʣʘʩʫ ʜʦʚʞʠʥʦʶ 15-18,5 ʤ ʪʘ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʶ ʜʦ 200 ʯʦʣ. 

ɺ ʦʩʥʦʚʥʦʤʫ ʮʝ ʜʚʦʣʘʥʢʦʚʽ ʟʯʣʝʥʦʚʘʥʽ ʘʚʪʦʙʫʩʠ, ʷʢʽ ʥʝʨʽʜʢʦ ʩʧʝʮʽʘʣʴʥʦ 

ʧʝʨʝʦʙʣʘʜʥʘʥʽ ʜʣʷ ʨʫʭʫ ʥʘ ʣʽʥʽʾ BRT, ʟʦʢʨʝʤʘ, ʤʘʶʪʴ ʜʚʝʨʽ ʟʙʽʣʴʰʝʥʦʾ ʰʠʨʠʥʠ, 

ʱʦ ʨʦʟʪʘʰʦʚʫʪʁʴʩʷ ʟ ʣʽʚʦʾ ʩʪʦʨʦʥʠ ʢʫʟʦʚʘ. 

ʅʝʨʽʜʢʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʠʣʘʥʢʦʚʠʭ ʟʯʣʝʥʦʚʘʥʠʭ ʘʚʪʦʙʫʩʽʚ ʜʦʚʞʠʥʦʶ 

ʜʦ 30 ʤ ʪʘ ʟʘʛʘʣʴʥʦʶ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʶ ʜʦ 300 ʯʦʣ. ʇʨʦʪʝ, ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʧʝʨʝʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ (ʨʦʟʰʠʨʝʥʥʷ ʜʦʨʽʛ, ʙʫʜʽʚʥʠʮʪʚʘ 

ʩʧʝʮʽʘʣʴʥʠʭ ʝʩʪʘʢʘʜ ʜʣʷ ʨʦʟʚʦʨʦʪʫ) ʚʥʘʩʣʽʜʦʢ ʛʽʨʰʦʾ ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ 

ʨʫʭʫ. 

ɯʥʰʠʤ ʤʦʞʣʠʚʠʤ ʩʧʦʩʦʙʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʘʩʘʞʠʨʦʤʽʩʪʢʦʩʪʽ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ BRT ʩʠʩʪʝʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʯʽʧʥʦʛʦ ʘʚʪʦʙʫʩʥʦʛʦ ʧʦʾʟʜʘ, ʚ ʷʢʦʤʫ 

ʦʢʨʝʤʽ ʦʜʠʥʠʯʥʽ ʘʚʪʦʙʫʩʠ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʯʽʧʮʽ. ʇʦʜʽʙʥʝ ʨʽʝhʥʥʷ ʜʦʟʚʦʣʷʻ 

ʛʥʫʯʢʦ ʟʤʽʥʶʚʘʪʠ ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʩʘʞʠʨʦʧʦʪʦʢʫ. 

ʅʘʧʨʠʢʣʘʜ, ʫ ʛʦʜʠʥʠ-ʧʽʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʨʠ ʦʜʠʥʦʯʥʠʭ ʘʚʪʦʙʫʩʠ ʫ ʟʯʽʧʮʽ, ʘ ʫ 

ʤʽʞʧʽʢʦʚʽ ʛʦʜʠʥʠ ï ʚʽʜôʻʜʥʫʚʘʪʠ ʦʜʠʥ ʘʙʦ ʜʚʘ ʘʚʪʦʙʫʩʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʪʘʢʦʛʦ ʘʚʪʦʙʫʩʥʦʛʦ ʧʦʾʟʜʘ ʧʨʠ ʫʤʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʩʴʢʠʭ 

ʘʚʪʦʙʫʩʽʚ ʩʝʨʝʜʥʴʦʛʦ ʢʣʘʩʫ ʜʦʚʞʠʥʦʶ ʙʣʠʟʴʢʦ 8 ʤ (ʥʘʧʨʠʢʣʘʜ, ʄɸɿ-206) ʤʦʞʝ 

ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʤʝʞʘʭ 72-216 ʯʦʣ. ɸʚʪʦʙʫʩʠ, ʷʢʽ ʙʫʜʫʪʴ ʚʠʚʽʣʴʥʷʪʠʩʷ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʥʘ ʽʥʰʠʭ ʤʘʨʰʨʫʪʘʭ ʘʙʦ ʜʣʷ ʥʘʜʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʦʩʣʫʛ ʟ 
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ʧʝʨʝʚʝʟʝʥʥʷ ʧʘʩʘʞʠʨʽʚ. 

ʇʦʜʽʙʥʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʜʦʮʽʣʴʥʠʡ ʽ ʟ ʝʢʦʥʦʤʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʘʜʞʝ ʚʘʨʪʽʩʪʴ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʘʚʪʦʙʫʩʽʚ ʜʣʷ BRT ʣʽʥʽʡ ʙʫʜʝ ʚʠʱʦʶ ʥʽʞ ʩʝʨʽʡʥʠʭ. ʂʨʽʤ ʪʦʛʦ,  

ʚʥʘʩʣʽʜʦʢ ʥʘʷʚʥʦʩʪʽ ʜʚʠʛʫʥʘ ʫ ʢʦʞʥʽʡ ʟ ʣʘʥʦʢ ʧʨʠʯʽʧʥʦʛʦ ʘʚʪʦʙʫʩʥʦʛʦ ʧʦʾʟʜʘ 

ʤʦʞʥʘ ʨʝʛʫʣʶʚʘʪʠ ʾʭ ʧʦʪʫʞʥʽʩʪʴ ʫ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʪʘ ʚʽʜʢʣʶʯʘʪʠ ʥʝʧʦʪʨʽʙʥʽ 

ʜʚʠʛʫʥʠ ʫ ʜʘʥʠʭ ʫʤʦʚʘʭ ʨʫʭʫ, ʘ ʦʪʞʝ ʧʦʣʽʧʰʫʚʘʪʠ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʘ 

ʟʤʝʥʰʠʪʠ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʨʝʜʦʚʠʱʘ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. Global BRT Data [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ : 

http://brtdata.org/. 
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ɯʄɯʊɸʎɯʁʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ɼʀʅɸʄɯʂʀ ʈʋʍʋ ʂʆʃɯʉʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʅʆɻʆ ɿɸʉʆɹʋ ʇɯɼ ʏɸʉ ɻɸʃʔʄʋɺɸʅʅʗ 

 

 ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʻ ʦʜʥ̔̒ ʶ ʟ ʩʢʣʘʜʥʠʭ ʟʘʜʘʯ ʚ ʪʝʦʨʽʾ ʘʚʪʦʤʦʙʽʣʷ, ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʫʚʘʪʠ ʙʘʛʘʪʦ ʯʠʥʥʠʢʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʨʝʘʣʽʟʘʮʽʶ ʟʯʽʧʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʦʣʽʩ ʧʨʠ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʧʦʚʝʨʭʥʝʶ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ. ʉʫʯʘʩʥʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʟʚʦʣʷ ̒ʧʽʜʚʠʱʠʪʠ 

ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘ ʨʘʭʫʥʦʢ ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ, ʱʦ 

ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪ̔ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʥʘʚʪ̔ɹ ʥʘ ʩʪʘʜʽʾ ʡʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ 

ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ ʻ MatLAB ʟ ʡʦʛʦ ʜʦʜʘʪʢʦʚʠʤʠ ʧʘʢʝʪʘʤʠ (ʥʘʧʨʠʢʣʘʜ 

Simulink). 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ Simulink ʥʝ ʩʢʣʘʜʥʦ ʩʪʚʦʨʠʪʠ ʫʥʽʚʝʨʩʘʣʴʥʫ ʤʦʜʝʣʴ 

ʨʫʭʫ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʫ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ, ʷʢʦɦ ʚ ʾʾ  ʦʩʥʦʚʫ 

ʧʦʢʣʘʩʪʠ ʙʣʦʢ-ʩʭʝʤʫ ʢʦʤʧʦʥʝʥʪʽʚ (ʨʠʩ. 1), ʱʦ ʽʤʽʪʫʶʪʴ ʝʣʝʤʝʥʪʠ ʛʘʣʴʤʦʚʦʾ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʷ [1-3] ʪʘ ʜʠʥʘʤʽʢʫ ʡʦʛʦ ʛʘʣʴʤʫʚʘʥʥʷ. 
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ʈʠʩʫʥʦʢ 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʟʽʤʽʪʫʚʘʪʠ ʨʫʭ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥ̫ 

 

 ʆʪʨʠʤʘʥʽ ʚ ʛʨʘʬʽʯʥʦʤʫ ʚʠʛʣʷʜʽ ʨʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʥʘ ʧʨʠʢʣʘʜʽ ʜʚʦʚʽʩʥʦʛʦ 

ʘʚʪʦʙʫʩʘ ʄɸɿ ï 256200, ʧʦʢʘʟʘʣʠ ʜʦʙʨʫ ʟʙʽʞʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʧʨʦʮʝʩʫ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʙʫʩʘ (ʨʠʩ. 2). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʚ ʫʤʦʚʘʭ: ʩʫʭʝ ʘʩʬʘʣʴʪʦʚʝ 

ʧʦʢʨʠʪʪʷ, ʟʘʚʘʥʪʘʞʝʥʠʡ ʩʪʘʥ ʘʚʪʦʙʫʩʘ, ʧʦʯʘʪʢʦʚʘ ʰʚʠʜʢʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ 

ʘʚʪʦʙʫʩʘ - 16.7 ʤ/ʩ (60 ʢʤ/ʛʦʜ), ʢʦʣʝʩʘ ʘʚʪʦʙʫʩʘ ʨʫʭʘʶʪʴʩʷ ʥʘ ʤʝʞʽ ʟʯʽʧʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʥʝʚʤʘʪʠʯʥʠʭ ʰʠʥ ʟ ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ.  

 

 
ʘ) ʈʝʟʫʣʴʪʘʪʠ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ; ʙ) ʦʩʮʠʣʦʛʨʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [1] 

ʈʠʩʫʥʦʢ 2 ï ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʘʚʘʥʪʘʞʝʥʦʛʦ 

ʘʚʪʦʙʫʩʘ ʄɸɿ-256200 ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ 

 

 ɸʥʘʣʽʟ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʘʚʪʦʙʫʩʘ  

ʄɸɿ ï 256200 ʧʦʢʘʟʘʚ, ʱʦ ʧʦʭʠʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʩʪʘʥʦʚʠʪʴ: ʛʘʣʴʤʦʚʠʡ ʰʣʷʭ 17.6%, ʏʘʩ 

ʛʘʣʴʤʫʚʘʥʥʷ 0%, ʫʧʦʚʽʣʴʥʝʥʥʷ 3.7%. 

 

 

ʘ) ʙ) 
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ʇʝʨʝʣʽʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1 ʃʝʦʥʪʴʝʚ ɼ.ʅ. ʉʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʩʦʟʜʘʥʠʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʪʦʨʤʦʟʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ ʢʘʪʝʛʦʨʠʡ M3 ʠ N3: ʜʠʩ. ... 

ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ: 05.22.02 / ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

2 ʃʝʦʥʪʴʝʚ.ð ʍ., 2011.ð 241 ʩ.ʂʣʠʤʝʥʢʦ ɺ.ɯ. ɺʠʟʥʘʯʝʥʥ̫ ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʠʥʘʨʥʦʾ ʧʥʝʚʤʘʪʠʯʥʦʾ ʰʠʥʠ ʫ ʨʝʞʠʤʽ ʛʘʣʴʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ / ɺ.ɯ. ʂʣʠʤʝʥʢʦ, ɼ.ɺ. ʂʘʧʩʢʠʡ, ɼ.ʄ. ʃʝʦʥʪʴʻʚ, ʆ.ɺ. 

ʂʫʨʽʧʢʘ, ɸ.ɸ. ʌʨʦʣʦʚ // ɸʚʪʦʤʦʙʽʣʴ ʽ ʝʣʝʢʪʨʦʥʽʢʘ. 2021. ˉ19. ʉ. 28ï34. 

3  ʃʝʦʥʪʴʝʚ ɼ.ʄ., ʈʠʞʠʭ ʃ.ʆ., ɹʠʢʘʜʦʨʦʚ ʆ.ɺ. ʄʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʝʬʽʮʽʻʥʪʫ ʟʯʝʧʣʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʨʠ ʢʦʯʝʥʥʽ ʢʦʣʝʩʘ ʚ ʛʘʣʴʤʽʚʥʦʤʫ 

ʨʝʞʠʤʽ / ɼ.ʄ. ʃʝʦʥʪʴʝʚ, ʃ.ʆ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɻɸʃʔʄʋɺɸʅʅʗ ɹɸɻɸʊʆɺɯʉʅʀʍ  

ʂʆʃɯʉʅʀʍ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ 

 

ʇʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥ̫ ʙʘʛʘʪʦʚʽʩʥʠʭ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʧʣʠʚʘʻ 

ʥʘ ʙʝʟʧʝʢʫ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʦʩʢʽʣʴʢʽ ʾʭ ʚʩʝ ʯʘʩʪʽʰʝ ʚʠʢʦʨʫʩʪʦʚʫʶʪʴ ʥʘ ʜʦʨʦʛʘʭ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʾʭ ʛʘʣʴʤʫʚʘʥʥʷ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɸʥʘʣʽʟ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥɹ, ɦʦʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʫʧʦʚʽʣʴʥʝʥʥʷ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʦʢʘʟʘʚ, ʱʦ 

ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘʣʝʞʠʪʴ ʥʝ ʪʽʣʴʢʠ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʤʽʞ ʰʠʥʦʶ (ʧʦʜʚʽʡʥʠʤʠ ʰʠʥʘʤʠ) ʪʘ 

ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ, ʢʦʦʨʜʠʥʘʪ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʝʥʪʨʫ ʪʷʞʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜʥʦʩʥʦ ʡʦʛʦ ʤʦʩʪʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʦʞʝʥʥʷ ʤʦʩʪʽʚ ʚʽʜʥʦʩʥʦ 

ʦʜʠʥ ʦʜʥʦʛʦ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʦʩʥʦʚʦʶ ʘʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʻ 

ʡʦʛʦ ʛʘʣʴʤʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʭʘʨʘʢʪʝʨ ʛʘʣʴʤʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʟʙ̔ ʞʥʦʩʪʽ 

ʨʽʟʥʠʭ ʬʘʢʪʦʨʽʚ, ʪʦʤʫ ʧʨʦʮʝʩ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʯʠʥʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʛʘʣʴʤʫʚʘʥʥʷ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

mailto:frolov.andrey.5120@gmail.com
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ʩʢʣʘʜʥʦʶ ʤʘʪʝʤʘʪʠʯʥʦʶ ʟʘʣʝʞʥʽʩʪʶ, ʨʝʟʫʣʴʪʘʪ ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʟʤʽʥʶʻʪʴʩʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɸ ʩʘʤʝ: 

ï ʚʝʜʝʥʠʡ ʨʝʞʠʤ ʨʫʭʫ 

 

( )0fj g z g fx = Ö = Ö ;     (1) 

 

ï ʛʘʣʴʤʦʚʠʡ ʨʝʞʠʤ (ʟʘ ʫʤʦʚʠ ʢʦʚʟʘʥʥʷ ʢʦʣʽʩ S< 100 %) 

 

( )xfj g z g fx = Ö = Ö ;    (2) 

 

ï ʛʘʣʴʤʦʚʠʡ ʨʝʞʠʤ (ʟʘ ʫʤʦʚʠ ʢʦʚʟʘʥʥʷ ʢʦʣʽʩ S=100 %) 

 

( )ʪʨfj g z g fx = Ö = Ö .    (3) 

 

ɺʽʜʦʤʦ, ʱʦ ʚ ʚʝʜʝʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ ʢʦʝʬʽʮʽʻʥʪ ʛʘʣʴʤʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʧʨʘʢʪʠʯʥʦ ʜʦʨʽʚʥʶʻ ʢʦʝʬʽʮʽʻʥʪʫ ʦʧʦʨʫ ʢʦʯʝʥʥʶ ( )0z f@  

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʢʦʣʽʩ. 

ɺ ʛʘʣʴʤʦʚʦʤʫ ʨʝʞʠʤʽ ʟʘ ʫʤʦʚʠ ʧʦʚʥʦʛʦ ʢʦʚʟʘʥʥʷ ʢʦʣʽʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ( S=100 %), ʢʦʝʬʮ̔ʽʻʥʪ ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟʘ ʚʝʣʠʯʠʥʦʶ 

ʜʦʨʽʚʥʶʻ ʨʝʘʣʽʟʦʚʘʥʦʤʫ ʟʯʝʧʣʝʥʥʶ ʟʘʙʣʦʢʦʚʘʥʦʛʦ ʢʦʣʝʩʘ (ʚ ʨʽʟʥʽʡ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʡʦʛʦ ʱʝ ʥʘʟʠʚʘʶʪʴ ʢʦʝʬʽʮʽʻʥʪ ʟʯʝʧʣʝʥʥʷ ʟʘʙʣʦʢʦʚʘʥʦʛʦ 

ʢʦʣʝʩʘ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʢʦʚʟʘʥʥʷ) ʪʨz f@ . 

ɺ ʛʘʣʴʤʦʚʦʤʫ ʨʝʞʠʤʽ, ʦʩʢʽʣʢɹʠ ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪʴ 

òðz f fi¸ ¸  ʟʘ ʫʤʦʚʠ ʢʦʚʟʘʥʥʷ ʢʦʣʽʩ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ S<100 %,  ʢʦʝʬʮ̔ʽʻʥʪ 

ʛʘʣʴʤʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʘʣʽʟʦʚʘʥʠʤ ʟʯʝʧʣʝʥʥʷʤ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʽʩʝʡ ʢʦʣʽʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽ ʛʝʦʤʝʪʨʠʯʥʠʤ 

ʨʦʟʪʘʰʫʚʘʥʥʷʤ ʡʦʛʦ ʮʝʥʪʨʘ ʪʷʞʽʥʥʷ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʽʜʥʦʩʥʦ 

ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʜ̔ʥʦʩʥʦ ʪʦʯʦʢ ʢʦʥʪʘʢʪʫ ʰʠʥ 

ʘʚʪʦʤʦʙʽʣʥɹʠʭ ʢʦʣʽʩ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ɸʥʘʣʽʟ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʣʽʪʝʨʘʪʫʨʠ [1-9] ʧʦʢʘʟʘʚ, ʱʦ ʢʦʝʬʽʮʽʻʥʪ 

ʛʘʣʴʤʫʚʘʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʦʢʨʝʤʠʤ 

ʟʘʣʝʞʥʦʩʪʷʤ. ɿ ʨʦʙʦʪʠ [9] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʦʝʬʮ̔ʽʥ̒ʪ ʛʘʣʴʤʫʚʘʥʥʷ ʢʦʣʽʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʦʩʝʡ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʥʴʦʤʫ, 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʠʡ ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʥʘ ʦʩʥʦʚʽ ʨʦʟʧʦʜʽʣʫ ʤʘʩʠ 

ʘʚʪʦʤʦʙʽʣʷ ʤʽʞ ʡʦʛʦ ʧʝʨʝʜʥʽʤʠ ʪʘ ʟʘʜʥʽʤʠ ʦʩʷʤʠ ʚ ʩʪʘʪʠʯʥʦʤʫ ʩʪʘʥʽ ʰʣʷʭʦʤ 

ʟʚʘʞʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʦʩʝʡ ʂʊɿ ʥʘ ʚʘʛʦʚʠʤʽʨʶʚʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʽ. 

ɺʝʣʠʯʠʥʘ ʩʠʣʠ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ ʤʽʞ ʰʠʥʘʤʠ ʟʜʚʦʻʥʦʛʦ ʢʦʣʝʩʘ ʪʘ 

ʧʦʚʝʨʭʥʝʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥʠ ʢʫʪʦʚʦʾ 

ʞʦʨʩʪʢʦʩʪʽ ʰʠʥ. ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʨʽʟʥʠʮʽ ʤʽʞ ʚʽʜʩʪʘʥʷʤʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʚʩ̔ʩʁ 
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ʩʠʤʝʪʨʽʾ ʢʦʣʝʩʘ ʪʘ ʚʽʩʩʶ ʩʠʤʝʪʨʽʾ ʚʽʜʧʦʚʽʜʥʦʾ ʰʠʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʢʫʪʦʚʦʾ ʞʦʨʩʪʢʦʩʪʽ ʰʠʥʠ ʧʨʠ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚʘʭ ʾʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʊʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʠʥʘʤʽʢʠ ʛʘʣʴʤʫʚʘʥʥʷ ʙʘʛʘʪʦʚʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʷʢʽ ʦʙʣʘʜʥʫʶʪʴʩʷ ʟʜʚʦʻʥʠʤʠ ʘʚʪʦʤʦʙʣ̔ʥɹʠʤʠ ʢʦʣʝʩʘʤʠ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ 

ʚʝʣʠʯʠʥʫ ʫʧʦʚʽʣʴʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʦʢʨʽʤ ʨʝʘʣʽʟʦʚʘʥʦʛʦ ʟʯʝʧʣʝʥʥʷ, 

ʚʣʠʚʘʻ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ ʨʦʟʧʦʜʽʣʫ ʚʘʛʠ ʤʽʞ ʦʩʷʤʠ ʘʚʪʦʤʦʙʽʣʷ, ʪʦʤʫ ʥʝʭʪʫʚʘʥʥʷ 

ʚʘʛʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʯʘʩ 

ʜʦʩʣʜ̔ʞʝʥʥʷ ʦʙʩʪʘʚʠʥ ʜʦʨʦʞʥʴʦ-ʪʨʘʥʩʧʦʨʪʥʦʾ ʧʦʜʽʾ, ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʧʦʭʠʙʦʢ ʧʨʠ ʩʢʣʘʜʘʥʥʽ ʘʚʪʦʪʝʭʥʽʯʥʠʭ ʝʢʩʧʝʨʪʠʟ. 
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ʆɹɻʈʋʅʊʋɺɸʅʅʗ ɺʀɹʆʈʋ ʇɯɼɺɯʉʂʀ ɼʃʗ ʃɽɻʂʆɺʆɻʆ 

ɸɺʊʆʄʆɹɯʃʗ (4Ĭ4) 

 

ɺʩʪʫʧ. ʇʽʜʚʽʩʢʘ, ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʘ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʜʠʥʘʤ̔ʯʥʠʭ ʚʧʣʠʚʽʚ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ ʚʽʜ ʜʦʨʦʞʥʽʭ ʥʝʨʽʚʥʦʩʪʝʡ ʧʽʜʨʝʩʦʨʝʥʽʡ 

ʤʘʩʽ ʘʚʪʦʤʦʙʽʣʷ, ʚʦʜʽʶ, ʧʘʩʘʞʠʨʘʤ ʪʘ ʚʘʥʪʘʞʫ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʫ ʚ 

ʘʚʪʦʤʦʙʽʣʽ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ, ʜʦʩʪʘʪʥʴʦ ʟʤʝʥʰʠʪʠ ʪʚʝʨʜʽʩʪʴ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʽʜʚʽʩʢʠ, ʽ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʙʫʜʝ ʟʘʙʝʟʧʝʯʝʥʘ, ʧʨʠʥʘʡʤʥʽ, ʥʘ ʨʽʚʥʠʭ ʜʦʨʦʛʘʭ ʟ 

ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ ʽ ʥʝʚʝʣʠʢʠʭ ʰʚʠʜʢʦʩʪʷʭ. ʆʜʥʘʢ ʪʘʢʝ ʨʽʰʝʥʥʷ ʥʝʤʠʥʫʯʝ ʚʝʜʝ 

ʜʦ ʪʦʛʦ, ʱʦ ʢʫʟʦʚ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʧʝʚʥʠʭ ʨʝʞʠʤʘʭ ʡʦʛʦ ʨʫʭʫ (ʨʦʟʛʽʥ, 

ʛʘʣʴʤʫʚʘʥʥʷ, ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʚʦʨʦʪʫ) ʧʦʯʠʥʘʻ ʧʝʨʝʤʽʱʘʪʠʩʷ ʽ ʨʦʟʛʦʡʜʫʚʘʪʠʩʷ 

ʚʽʜʥʦʩʥʦ ʛʦʨʠʟʦʥʪʘʣɹʥʦʾ ʘʙʦ ʚʝʨʪʠʢʘʣɹ ʥʦʾ ʦʩʝʡ ʟʽ ʟʥʘʯʥʦʶ ʘʤʧʣʽʪʫʜʦʶ. ɼʣʷ ʮʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʙʘʞʘʥʦ ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʜʚʽʩʢʠ ʟʙʽʣʴʰʫʚʘʪʠ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʧʽʜʚʽʩʢʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʘʢʪʠʚʥʦʾ, ʪʦʙʪʦ  ʩʘʤʦʩʪʽʡʥʦ ʟʤʽʥʶʚʘʪʠ ʩʚʦʾ 

ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʣʝʞʥʦʩʪ̔  ʚʜ̔ ʜʦʨʦʞʥʽʭ ʫʤʦʚ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ. ɺʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʪʠʧʽʚ ʧʽʜʚʽʩʢʠ, ʪʘ 

ʟʜʽʡʩʥʠʪʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʜʣʷ ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ. ʆʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʪʠʧʫ ʧʽʜʚʽʩʢʠ ʜʣʷ 

ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚʠʢʦʥʘ̒ ʤʦ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʟʤʽʥʠ ʢʦʣʽʾ 

ʢʦʣʽʩ, ʢʫʪʽʚ ʤʽʞ ʧʣʦʱʠʥʦʶ ʦʙʝʨʪʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʢʦʣʝʩʘ ʪʘ ʦʧʦʨʥʦʶ 

ʧʦʚʝʨʭʥʝʶ ʪʘ ʚʽʜʩʪʘʥʽ ʚʽʜ ʮʝʥʪʨʘ ʢʨʝʥʫ ʪʘ ʮʝʥʪʨʘ ʤʘʩ ʘʚʪʦʤʦʙʽʣʷ ʚ ʧʨʦʮʝʩʽ 

ʨʦʙʦʪʠ ʧʽʜʚʽʩʢʠ (ʨʠʩ. 1) [1, 2]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʇʽʜʚʽʩʢʘ ʥʘ ʥʝʩʫʯʠʭ 

ʧʨʫʞʥʠʭ ʩʪʽʡʢʘʭ 

ʈʠʩʫʥʦʢ 2 ï ʇʽʜʚʽʩʢʘ ʥʘ ʧʦʟʜʦʚʞʥʽʭ 

ʚʘʞʝʣʷʭ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ 

ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʋɸɿ-31514 ʟʘ ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʟʫʧʠʥʠʣʠ ʩʚʽʡ 

ʚʠʙʽʨ ʥʘ ʪʨɹʦʭ ʚʘʨʽʘʥʪʘʭ: ʧʽʜʚʽʩʢʘ ʥʘ ʧʦʜʦʚʞʥʽʭ ʚʘʞʝʣʷʭ, ʧʽʜʚʽʩʢʘ ʥʘ ʧʦʜʦʚʞʥʭ̔ 

ʤʘʣʦʣʠʩʪʦʚʠʭ ʨʝʩʦʨʘʭ, ʘ ʪʘʢʦʞ ʧʽʜʚʽʩʢʘ ʥʘ ʥʘʧʨʘʚʣʷʶʯʠʭ ʥʝʩʫʯʠʭ ʧʨʫʞʥʠʭ 

ʩʪʽʡʢʘʭ. 

ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʚʠʙʦʨʫ ʥʘʡʢʨʘʱʦʛʦ ʚʘʨʽʘʥʪʫ ʧʽʜʚʽʩʢʠ ʜʦʜʘʪʢʦʚʦ 

ʚʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʟʥʘʯʝʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ (ʤʘʩʘ 

ʧʽʜʚʽʩʢʠ ʪʘ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʟʘ ʨʝʟʫʣʴʪʘʪʦʤ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʠʧʫ ʧʽʜʚʽʩʢʠ). 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ, ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʚ 

ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʧʽʜʚʽʩʢʠ (ʪʝʨʪʷ), ʘ ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʽ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʨʦʙʽʪ, 

ʧʦʚôʷʟʘʥʠʭ ʽʟ ʨʦʟʙʠʨʘʥʥʷʤ ʪʘ ʩʢʣʘʜʘʥʥʷʤ ʧ̔ ʜʚʩ̔ʢʠ ʚ ʧʨʦʮʝʩʽ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ 

ʦʪʨʠʤʘʣʠ ʥʘʡʙʽʣʴʰʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʜʚʽʩʢʠ ʥʘ 

ʧʦʜʦʚʞʥʽʭ ʚʘʞʝʣʷʭ ʟ ʧʨʫʞʠʥʘʤʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʜʦ 5500 ʛʨʥ, ʱʦ ʥʘʜʘʩʪʴ ʟʤʦʛʫ 

ʦʢʫʧʠʪʠ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʥʷ ʟʘ 0,5 ʨʦʢʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʜʚʦʤʘ ʚʘʨʽʘʥʪʘʤʠ 

ʧʽʜʚʽʩʦʢ. 

ɺʠʩʥʦʚʢʠ. ʆʜʥʠʤ ʽʟ ʚʘʞʣʠʚʠʭ ʝʪʘʧʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʦʛʦ ʘʙʦ 

ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʽʩʥʫʶʯʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʻ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʧʦʧʝʨʝʜʥʽʡ ʚʠʙʽʨ ʪʠʧʫ 

ʘʛʨʝʛʘʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʡʦʛʦ ʯʘʩʪʠʥ. ʅʘ ʧʨʠʢʣʘʜʽ ʚʠʙʦʨʫ ʧʽʜʚʽʩʢʠ ʜʣʷ 

ʧʦʚʥʦʧʨʠʚʽʜʥʦʛʦ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʜʦʚʝʜʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʢʦʤʧʣʝʢʩʥʦʤʫ 

ʧʽʜʭʦʜʽ ʜʦ ʮʴʦʛʦ ʧʨʦʮʝʩʫ, ʘ ʩʘʤʝ ʚʠʟʥʘʯʝʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ ʪʠʧʫ ʧʽʜʚʽʩʢʠ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʧʣʘʚʥʦʩʪʽ ʭʦʜʫ [3], ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ. 
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ʄʘʨʯʝʥʢʦ ɸʥʜʨʽʡ ʇʝʪʨʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦʾ 

ʨʦʙʦʪʠ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪè 

ʄʽʱʝʥʢʦ ʉʚʽʪʣʘʥʘ ɻʨʠʛʦʨʽʚʥʘ, ʢʘʥʜʠʜʘʪ ʧʝʜ. ʥʘʫʢ, ʟʘʩʪ. ʜʠʨʝʢʪʦʨʘ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʤʘʰʠʥʦʙʫʜʽʚʥʠʡ ʢʦʣʝʜʞ  

ʄʽʝɦʥʢʦ ʄʠʢʠʪʘ ʊʠʤʦʬʽʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè 

 

ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʂʆʅʉʊʈʋʂʎɯɰ ɸɺʊʆʄʆɹɯʃɯɺ ɺ ʅɸʇʈʗʄɯ 

ʇɯɼɺʀʑɽʅʅʗ ɽʂʆʃʆɻɯʏʅʆʉʊɯ 

 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʚʽʪʫ ʛʦʣʦʚʥʠʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʷʢ̔ ʬʦʨʤʫʶʪʴ ʪʝʥʜʝʥʮʽʾ ʨʦʟʚʠʪʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʘʚʪʦʤʦʙʽʣʽʚ ʧʦʩʪʘʶʪʴ 

ʝʢʦʥʦʤʽʯʥʽ, ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʧʽʜʚʠʱʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʷʢ ʣʝʛʢʦʚʠʭ, 

ʪʘʢ ʽ ʚʘʥʪʘʞʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʩʦʮʽʘʣʴʥʽ ï ʧʽʜʚʠʱʝʥʥʷ ʢʦʤʬʦʨʪʫ  ̔ʙʝʟʧʝʢʠ. 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʧʦʩʪʘʻ ʦʜʥʽʤ ʽʟ ʩʫʪʪ̒ʚʠʭ ʜʞʝʨʝʣ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʘʢ ʦʢʠʩ ʚʫʛʣʝʮʶ (ʉʆ), ʦʢʠʩʣʠ ʘʟʦʪʫ (Nʆx) ʽ 

ʟ'ʻʜʥʘʥʥʷ ʩʚʠʥʮʶ (Pb) ʻ ʦʩʥʦʚʥʠʤʠ ʟʘʙʨʫʜʥʶʚʘʯʘʤʠ ʚʽʜ ʨʦʙʦʪʠ ʙʝʥʟʠʥʦʚʠʭ 

ʜʚʠʛʫʥʽʚ, ʘ ʚ ʪʦʡ ʞʝ ʯʘʩ ʜʣʷ ʜʠʟʝʣʽʚ ʮʝ ʚʤʽʩʪ ʦʢʠʩʣʽʚ ʘʟʦʪʫ ʡ ʩʘʞʽ (ʉ). ɿʘʟʥʘʯʝʥʽ 

ʬʘʢʪʦʨʠ ʬʦʨʤʫʶʪʴ ʙʝʟʧʝʨʝʨʚʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʘʚʪʦʤʦʙʽʣʷ.  

ʅʘ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʦʩʥʦʚʥʠʤʠ ʚʠʜʘʤʠ ʧʘʣʠʚʘ ʻ 

ʪ̔ , ʱʦ ʥʝ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ, ʛʦʣʦʚʥʠʤ ʟ ʷʢʠʭ ʻ ʥʘʬʪʘ. 

ɺʨʘʭʦʚʫʶʯʠ ʰʚʠʜʢʫ ʚʠʯʝʨʧʥʽʩʪʴ ʾʾ ʟʘʧʘʩ̔ʚ, ʧʦʩʪʽʡʥʝ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ, ʽ ʷʢ 

ʥʘʩʣʽʜʦʢ, ʮʽʥ ʥʘ ʥʝʾ, ʚʠʥʠʢʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʥʘʬʪʠ ʪʘ 

ʧʦʰʫʢʫ ʧʝʨʝʭʦʜʫ ʥʘ ʽʥʰʽ ʚʠʜʠ ʧʘʣʠʚʘ. 

 ɼʦʚʦʣʽ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʛʘʟʽʚ. ɺ ʋʢʨʘʾʥʽ 

ʚʠʷʚʣʝʥʦ ʟʥʘʯʥʽ ʟʘʧʘʩʠ ʤʝʪʘʥʫ, ʷʢʠʭ, ʟʘ ʧʦʧʝʨʝʜʥʽʤʠ ʧʨʦʛʥʦʟʘʤʠ, ʥʘ ʧʽʜʩʪʘʚʘʭ 

ʛʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚʠʩʪʘʯʠʪʴ ʙʽʣʴʰ ʥʽʞ ʥʘ 200 ʨʦʢʽʚ. ʄʘʩʦʚʝ ʞ 

ʚʠʨʦʙʥʠʮʪʚʦ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʥʫ ʤʦʞʝ ʩʪʘʪʠ ʦʜʥʠʤ ʟ ʥʘʧʨʷʤʽʚ ʚʠʨʽʰʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʘʚʪʦ ʧʦʨʽʚʥʷʥʦ ʟ ʙʝʥʟʠʥʦʤ ʪʘ ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ. ʆʩʥʦʚʥʽ 

ʪʝʭʥʽʯʥʽ ʧʝʨʝʚʘʛʠ ʘʚʪʦ ʥʘ ʤʝʪʘʥʽ ʧʦʣʷʛʘʶʪʴ ʧʦ-ʧʝʨʰʝ ʚ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʦʤʫ 

ʦʢʪʘʥʦʚʦʤʫ ʯʠʩʣʽ 110-125, ʧʦ-ʜʨʫʛʝ ʫ ʚʽʜʩʫʪʥʦʩʪʽ ʥʘʛʘʨʫ ʥʘ ʧʦʨʰʥʷʭ, ʢʣʘʧʘʥʘʭ 

ʽ ʩʚʽʯʢʘʭ ʽ ʟʥʠʞʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʽ ʚʫʟʣʠ ʮʠʣʽʥʜʨʦʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ, ʧʦ-ʪʨʝʪʻ ʤʝʪʘʥʦʚʽ ɻɹʆ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʽ ʚ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ, ʘ ʜʚʠʛʫʥ 

ʧʨʘʮʶʻ ʜʦʚʰʝ ʽ ʝʬʝʢʪʠʚʥʽʰʝ, ʟʙʝʨʽʛʘʶʯʠ ʧʦʪʫʞʥʽʩʪʴ. ɯ ʛʦʣʦʚʥʘ ʧʝʨʝʚʘʛʘ ï 

ʤʝʪʘʥ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʫ ɭʚʨʦ 5, ʧʨʠ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʩʷʛ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʩʢʦʨʦʯʫʻʪʴʩʷ ʚ ʢʽʣʴʢʘ ʨʘʟʽʚ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʟ ʙʝʥʟʠʥʦʤ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʘʭ ʤʝʪʘʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʤʽʩʪʠʪʴʩʷ ʚ 2-3 ʨʘʟʠ ʤʝʥʰʝ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ, ʚ 2 ʨʘʟʠ 

ʤʝʥʰʝ ʦʢʠʩʫ ʘʟʦʪʫ, ʟʘʜʠʤʣʝʥʽʩʪʴ ʟʥʠʞʫʻʪʴʩʷ ʚ 9 ʨʘʟʽʚ, ʚ̔ ʜʩʫʪʥʽ ʩʧʦʣʫʢʠ ʩʽʨʢʠ ʽ 

ʩʚʠʥʮʶ [1]. 

ʐʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʦʪʨʠʤʘʣʠ ʘʚʪʦ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʧʨʦʧʘʥ-

ʙʫʪʘʥʦʚʦʤʫ, ʩʢʨʘʧʣʝʥʦʤʫ ʚʫʛʣʝʚʦʜʥʝʚʦʤʫ ʛʘʟʽ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚ ʷʢʦʩʪʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʧʘʣʠʚʘ. ɻʘʟʦʧʦʜʽʙʥʝ ʧʘʣʠʚʦ ʛʦʨʠʪʴ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʙʝʥʟʠʥ, 
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ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʥʠʞʫʶʪʴʩʷ ʜʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʥʘ 5 ï 20%. ʇʨʦʧʘʥ-ʙʫʪʘʥʦʚʫ ʩʫʤʽʰ ʦʪʨʠʤʫʶʪʴ ʥʘ 

ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʟʘʚʦʜʘʭ, ʪʦʙʪʦ ʬʘʢʪʠʯʥʦ ʟʘ ʜʞʝʨʝʣʦʤ ʫʪʚʦʨʝʥʥʷ ʚʦʥʘ ʻ 

ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ, ʪʠʤ ʩʘʤʠʤ ʥʝ ʻ ʝʢʦʣʦʛʽʯʥʠʤ ʧʘʣʴʥʠʤ.  

ɺʽʜʜʘʣʝʥʦʶ, ʘʣʝ ʥʘ ʜʘʥʠʡ ʯʘʩ ʟʘʩʪʦʩʦʚʘʥʦʶ ʧʝʨʩʧʝʢʪʠʚʦʶ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʧʘʣʠʚʘ ʜʣʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʚʦʜʥʶ, ʟʘʧʘʩʠ 

ʷʢʦʛʦ ʧʨʘʢʪʠʯʥʦ ʥʝʦʙʤʝʞʝʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʛʦʨʷʥʥʷ ʚʦʜʥʶ ʫʪʚʦʨʶʻʪʴʩʷ ʚʦʜʘ, 

ʪʦʤʫ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʚʦʜʥʝʚʦʤʫ ʧʘʣʠʚʽ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʧʨʦʙʣʝʤʘ 

ʪʦʢʩʠʯʥʦʩʪ̔ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ. ʂʘʥʘʜʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʚʦʜʥʶ ʪʘ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʦʧʫʙʣʽʢʫʚʘʣʘ ʟʚʽʪ ʧʨʦ ʧʝʨʝʚʘʛʠ ʚʦʜʥʝʚʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 

ʉʝʨʝʜ ʽʥʰʠʭ ʧʫʥʢʪʽʚ ʙʫʣʦ ʩʢʘʟʘʥʦ, ʱʦ ʚʫʛʣʝʮʝʚʠʡ ʩʣʽʜ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ 

ʧʦʨʷʜʦʢ ʥʠʞʯʠʡ, ʥʽʞ ʫ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ: 2,7 ʛ ʉʆ2 ʥʘ ʢʽʣʦʤʝʪʨ, ʧʦʨʽʚʥʷʥʦ ʟ 20,9 ʛ. 

ʆʜʥʘʢ ʥʝ ʚʠʨʽʰʝʥʠʤʠ ʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʦʜʝʨʞʘʥʥʷ ʚʦʜʥʶ ʦʩʢʽʣʴʢʠ ʮʝ 

ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʘʯʥʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʪʘʢʦʞ ʟʙʝʨʽʛʘʥʥʷ ʡ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʦʜʥʶ ʻ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ, ʽ ʥʘʨʝʰʪʽ ʩʘʤʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʘʚʪʦʤʦʙʽʣʷ ʧʦʪʨʝʙʫʻ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ.  

ɽʣʝʢʪʨʦʤʦʙʽʣʽ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʦʜʝʨʞʘʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʦʩʦʙʣʠʚʦ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʤʽʩʪʘ. ɰʭ ʦʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʧʦʩʪʘʶʪʴ 

ʙʝʟʰʫʤʥʽʩʪʴ ʽ ʚʠʩʦʢʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ʆʜʥʘʢ, ʽʩʥʫʶʪʴ ʧʨʦʙʣʝʤʠ 

ʤʘʣʦʾ ʝʨʛʦʥʦʤʽʯʥʦʩʪʽ ʘʢʫʤʫʣʪ̫ʦʨʥʠʭ ʙʘʪʘʨʝʡ, ʾʭ ʛʨʦʤʽʟʜʢʦʩʪʽ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʩʪʚʦʨʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ, 

ʦʩʢʽʣʴʢʠ ʋʢʨʘʾʥʘ ʟʥʘʯʥʦ ʚʽʜʩʪʘʻ ʚʽʜ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥ ʚ ʮʴʦʤʫ ʧʠʪʘʥʥʽ, ʱʦ, 

ʙʝʟʫʤʦʚʥʦ, ʩʪʚʦʨʶʻ ʚʝʣʠʢʫ ʧʦʪʝʥʮʽʡʥʫ ʟʘʛʨʦʟʫ ʜʣʷ ʜʦʚʢʽʣʣʷ. ʉʣ̔ʜ ʚʨʘʭʦʚʫʚʘʪʠ 

ʡ ʽʥʰʽ ʫʤʦʚʠ ʙʝʟʧʝʢʠ, ʘ ʩʘʤʝ: ʫ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʣʽʪʽʻʚʦ-ʽʦʥʥʠʭ 

(Li -ion) ʙʘʪʘʨʝʡ, ʚ ʝʣʝʢʪʨʦʤʦʙʽʣʷʭ, ʽʩʥʫʻ ʟʘʛʨʦʟʘ ʚʠʙʫʭʫ ʚʥʘʩʣʽʜʦʢ ʧʦʜʘʯʽ ʥʘ ʥʝʾ 

ʥʘʜʤʽʨʥʦ ʚʠʩʦʢʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʚʽʜ ʚʠʨʦʙʥʠʯʦʛʦ ʙʨʘʢʫ, ʽ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʘʧʘʣʝʥʥʷ ʩʫʤʽʰʽ ʛʘʟʽʚ ʽ ʩʘʤʦʟʘʡʤʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ [2]. ʆʢʨʽʤ 

ʪʦʛʦ, ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʘ ʞʠʚʠʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʚ ʋʢʨʘʾʥʽ 

ʧʝʨʝʚʘʞʥʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʘʪʦʤʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʘ ʊɽʉ. ʗʢ 

ʩʚʽʜʯʘʪʴ ʧʨʦʛʥʦʟʦʚʘʥʽ ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 2021 ʨʽʢ ʟʘʟʥʘʯʝʥʽ 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʝʥʝʨʛʝʪʠʢʠ ʋʢʨʘʾʥʠ, ʚʠʨʦʙʥʠʮʪʚʦ ɸɽʉ ʟʘʡʤʘʻ ʪʨʘʜʠʮʽʡʥʦ 

ʧʘʥʽʚʥʫ ʯʘʩʪʢʫ ʚ ʆɽʉ ʋʢʨʘʾʥʠ ï 50%; ʊɽʉ ï ʥʘ ʨʽʚʥʽ 27%; ʊɽʎ ʪʘ 

ʢʦʛʝʥʝʨʘʮʽʡʥʽ ʫʩʪʘʥʦʚʢʠ ï ʙʣʠʟʴʢʦ 8%; ɻɽʉ ʪʘ ɻɸɽʉ (ʚʢʣʶʯʥʦ ʟ ɻɽʉ ʟʘ 

"ʟʝʣʝʥʠʤ" ʪʘʨʠʬʦʤ) ï ʙʣʠʟʴʢʦ 5%; ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ (ɺɼɽ) ï ʙʣʠʟʴʢʦ 9%; ʙʣʦʢ-ʩʪʘʥʮʽʾ  ï ʙʣʠʟʴʢʦ 1% ʚʽʜ 

ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ [3]. ʊʘʢʠʤ ʯʠʥʦʤ ʝʢʦʣʦʛʽʯʥʠʡ ʝʣʝʢʪʨʦʤʦʙʽʣʴ ʩʧʦʞʠʚʘʻ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʷʢʘ ʚʠʨʦʙʣʷʻʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʟ ʥʝ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʧʦ ʩʪʚʦʨʝʥʥʶ ʜʚʠʛʫʥʽʚ ʥʦʚʠʭ ʪʠʧʽʚ ï 

ʘʜʽʘʙʘʪʥʠʡ ʢʝʨʘʤʽʯʥʠʡ ʜʚʠʛʫʥ, ʷʢʠʡ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʚʠʩʦʢʠʡ ʪʝʨʤʽʯʥʠʡ 

ʂʂɼ ʟʘʚʜʷʢʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʯʝʨʝʟ ʤʘʣʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʪʝʧʣʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʦʙʪʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʥʠʟʠʪʠ ʪʝʧʣʦʧʝʨʝʜʘʯʫ 

ʯʝʨʝʟ ʩʪʽʥʢʠ ʽ ʛʦʣʦʚʢʠ ʮʠʣʽʥʜʨʽʚ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʥʠʟʴʢʠʤʠ 

ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ (ʢʝʨʘʤʽʢʘ, ʜʚʦʦʢʠʩ ʮʠʨʢʦʥʽʶ, ʦʢʠʩ ʪʠʪʘʥʫ). ʋ 



 

 

 

47 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʮʝʩʠ ʚ ʮʠʣʽʥʜʨʽ ʥʘʙʣʠʞʘʶʪʴʩʷ ʜʦ ʘʜʽʘʙʘʪʥʠʭ. ʊʘʢʠʡ ʜʚʠʛʫʥ 

ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʙʝʟ ʩʧʝʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʜʘʻ ʜʦʜʘʪʢʦʚʠʡ 

ʧʨʠʨʽʩʪ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ 

ʤʘʩʠ ʽ ʛʘʙʘʨʠʪʽʚ ʜʠʟʝʣʷ, ʭʦʯʘ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʽʩʪʦʪʥʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʟʤʘʱʝʥʥʷ 

ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ 

ʘʜʽʘʙʘʪʥʠʭ ʜʠʟʝʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO ʽ ʉmʅn ʪʘ, 

ʭʦʯʘ ʢʽʣʴʢʽʩʪʴ NOx ʜʝʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ. ʅʘ ʮʝʡ ʯʘʩ ʥʝʜʦʣʽʢʦʤ ʘʜʽʘʙʘʪʥʠʭ 

ʜʚʠʛʫʥʽʚ ʻ ʾʭ ʤʘʣʠʡ ʩʪʨʦʢ ʩʣʫʞʙʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʥʝʜʦʩʢʦʥʘʣʽʩʪʶ ʢʝʨʘʤʽʯʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. 

ʅʘʙʠʨʘʻ ʦʙʝʨʪʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʥʘ ʙʘʟʽ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʷʢ ʙʽʣʴʰ ʝʢʦʣʦʛʽʯʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʦʨʽʚʥʷʥʦ ʟ 

ʢʣʘʩʠʯʥʠʤʠ ɼɺʉ. ɻʦʣʦʚʥʠʡ ʧʨʽʦʨʠʪʝʪ ʛʙ̔ʨʠʜʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ï ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ. 

ɽʣʝʢʪʨʦʜʚʠʛʫʥ ʢʦʤʧʝʥʩʫʻ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʪʠ ɼɺʉ ʽ ʥʝʜʦʣʽʢʠ ʤʦʤʝʥʪʫ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʣʘʚʥʽʩʪʴ ʭʦʜʫ ʽ ʝʢʦʥʦʤʽʶ ʧʘʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ 

ʥʘʢʦʧʠʯʫʚʘʯʘ, ʦʪʨʠʤʘʥʦʾ ʧʨʠ ʨʝʢʫʧʝʨʘʪʠʚʥʦʤʫ ʛʘʣʴʤʫʚʘʥʥʽ. 

Plug-in ʛʽʙʨʠʜ ï ʧʦʪʫʞʥʘ ʢʦʤʙʽʥʘʮʽʷ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʪʘ 

ʝʣʝʢʪʨʦʤʦʪʦʨʘ ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʚ ʯʠʩʪʦʤʫ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʨʝʞʠʤʽ ʪʘ ʝʢʦʥʦʤʽʯʥʝ ʽ ʢʦʤʬʦʨʪʥʝ ʚʦʜʽʥʥʷ ʥʘ ʚʝʣʠʢʽ ʚʽʜʩʪʘʥʽ 

ʫ ʛʽʙʨʠʜʥʦʤʫ ʨʝʞʠʤʽ. çʇʦʚʥʘè ʚʝʨʩ̫̔ ʛʽʙʨʠʜʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʝʣʝʢʪʨʦʤʦʙʽʣʷ, ʥʝ 

ʚʠʤʘʛʘʻ ʧʽʜʟʘʨʷʜʢʠ ʚʽʜ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʘʨʷʜʞʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʥʘʜʣʠʰʢʦʚʦʾ ʢʽʥʝʪʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ɿʘʚʜʷʢʠ ʧʦʤʽʨʥʦʤʫ ʩʧʦʞʠʚʘʥʥʶ ʧʘʣʴʥʦʛʦ - ʧʨʠ 

ʧʝʨʝʩʫʚʘʥʥʽ ʤʽʩʪʦʤ ʜʦ 80% ʰʣʷʭʫ ʘʚʪʦ ʜʦʣʘʻ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʝʥʝʨʛʽʾ ʙʝʟ ʫʯʘʩʪʽ 

ɼɺɿ. ʇʽʜ ʯʘʩ ʨʫʭʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʪʷʟʽ ʤʽʩʪʦʤ ʛʽʙʨʠʜʥʝ ʘʚʪʦ ʥʝ ʩʪʚʦʨʶʻ ʰʫʤʫ. 

 ɹʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫʩʽʭ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ 

ʧʨʠʚʦʜʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʫʤʦʚ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʝʢʦʥʦʤʽʯʥʦʩʪʽ, ʚʚʘʞʘʻʤʦ, ʱʦ 

ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ, ʷʢʽ ʦʙôʻʜʥʫʶʪʴ ʧʦʟʠʪʠʚʥʽ ʷʢʦʩʪʽ ɼɺɿ ʪʘ ʪʷʛʦʚʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ ʥʘ ʜʘʥʠʡ ʯʘʩ, ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚ 

ʋʢʨʘʾʥʽ ʻ ʚʠʨʽʰʝʥʥʷʤ ʧʠʪʘʥʴ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʉʇʈʆʑɽʅʅʗ ʇʈʆʎɽʉʋ ɺʀʇʈʆɹʋɺɸʅʅʗ ɸɻʈɽɻɸʊɯɺ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɿɸ ʈɸʍʋʅʆʂ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ʂɯɹɽʈʌɯɿʀʏʅʀʍ ʉʀʉʊɽʄ 

 

ʉʪʚʦʨʝʥʥʷ ʘʛʨʝʛʘʪʽʚ ʪʘ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʢʦʤʧʣʝʢʩ ʧʦʩʣʽʜʦʚʥʠʭ ʣʦʛʽʯʥʠʭ ʜʽʡ, ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʧʦʷʚʠ ʽʜʝʾ ʜʦ ʚʠʧʫʩʢʫ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʆʜʥʠʤ ʽʟ ʟʘʚʝʨʰʘʣʴʥʠʭ ʝʪʘʧʽʚ ʫ ʮʴʦʤʫ ʧʝʨʝʣʽʢʫ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʩʪʫʧʘʻ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ, ʘ ʧʦʪʽʤ ʽ ʩʝʨʽʡʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɺ ʭʦʜʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʩʪʦʩʦʚʥʦ ʦʩʥʦʚʥʠʭ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʛʨʝʛʘʪʫ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʡʦʛʦ ʨʦʙʦʪʠ, ʚʧʣʠʚʫ 

ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʨʝʩʫʨʩ ʪʘ ʽʥʰʝ. ʆʜʥʘʢ ʚʠʧʨʦʙʫʚʘʥʥʷ ʘʛʨʝʛʘʪʽʚ ʪʘ ʩʠʩʪʝʤ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʜʦʩʪʘʪʥʴʦ ʩʢʣʘʜʥʠʤ, ʢʦʰʪʦʚʥʠʤ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʠʤ 

ʧʨʦʮʝʩʦʤ. ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʡʦʛʦ ʩʧʨʦʱʝʥʥʷ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʽʙʝʨʬʽʟʠʯʥʠʭ 

ʩʠʩʪʝʤ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʽʙʝʨʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ ʚʠʧʨʦʙʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟʯʝʧʣʝʥʥʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɿʘʚʜʘʥʥʷʤ ʢʽʙʝʨʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʻ ʧʦʻʜʥʘʥʥʷ ʚʠʢʦʥʘʥʦʛʦ ʥʘ ʬʽʟʠʯʥʦʤʫ ʨʽʚʥʽ 

ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʢʝʨʫʚʘʥʥʷ ʟʯʝʧʣʝʥʥʷʤ ʪʘ ʤʦʜʝʣ ̔ʝʣʝʤʝʥʪʽʚ 

ʪʨʘʥʩʤʽʩʽʾ ʘʚʪʦʤʦʙʽʣʷ (ʨʠʩ. 1). ʎʝ ʜʦʟʚʦʣʠʪʴ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ 

ʢʝʨʫʚʘʥʥʷ ʟʯʝʧʣʝʥʥʷʤ ʚ ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʝ ʙʫʜʝ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʨʝʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, 

ʱʦ ʟʥʘʯʥʦ ʟʜʝʰʝʚʠʪʴ ʪʘ ʧʨʠʩʢʦʨʠʪ ɹʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

ɽɹʂ ɽʄʂ ʇʥʝʚʤʦʮʠʣʽʥʜʨʐʪʦʢ
ɿʯʝʧʣʝʥʥʷ  ʪʘ 

ʘʚʪʦʤʦʙʽʣʴ

ɼʘʪʯʠʢ 

ʂʽʙʝʨʥʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ

ʂʽʙʝʨʥʝʪʠʯʥʠʡ 

ʨʽʚʝʥʴ
ʌʽʟʠʯʥʠʡ ʨʽʚʝʥʴ

ʭʟ u ʭ

a

 
ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʢʽʙʝʨʬʽʟʠʯʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʟʯʝʧʣʝʥʥʷʤ 

 

ʋ ʷʢʦʩʪʽ ʦʙôʻʢʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʦʢʨʝʤʠʤʦ ʝʣʝʢʪʨʦʧʥʝʚʤʘʪʠʯʥʠʡ 

ʧʽʜʩʠʣʶʚʘʯ ʟʯʝʧʣʝʥʥʷ (ɽʇʇɿ), ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʢʣʘʧʘʥ (ɽʄʂ) ï ʧʥʝʚʤʘʪʠʯʥʠʡ ʮʠʣʽʥʜʨ ï ʰʪʦʢ, ʷʢʦʶ ʢʝʨʫʻ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ 

ʢʣʘʧʘʥ [1]. ʃʽʥʽʡʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʰʪʦʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʚʫʟʣʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʧʦʚʦʨʦʪ ʚʘʣʫ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʢʦʞʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥʶ ʰʪʦʢʘ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʝ ʟʥʘʯʝʥʥʷ ʢʫʪʘ, ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʜʘʪʯʠʢʦʤ. 

ʇ̔ ʜ ʢʽʙʝʨʬʽʟʠʯʥʦʶ ʩʠʩʪʝʤʦʶ ʤʘʻʪʴʩʷ ʥʘ ʫʚʘʟʽ ʧʦʻʜʥʘʥʥʷ ʤʦʜʝʣʴʥʦʛʦ 

ʨʽʚʥʷ, ʱʦ ʨʝʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽʆʄ, ʽʟ ʬʽʟʠʯʥʠʤ ʨʽʚʥʝʤ. ʅʘ ʤʦʜʝʣʴʥʦʤʫ 

ʨʽʚʥʽ, ʷʢ ʧʨʘʚʠʣʦ, ʨʝʘʣʽʟʫʶʪʴʩʷ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ ʢʝʨʫʚʘʥʥʷ ʜʣʷ 

ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ, ʱʦ ʨʦʟʨʦʙʣʷʶʪʴʩʷ [2]. 

ʋ ʨʘʟʽ ʜʦʩʷʛʥʝʥʥʷ ʘʣʛʦʨʠʪʤʦʤ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʘ 

ʛʝʥʝʨʘʮʽʷ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʜʣʷ ʮʽʣʴʦʚʦʾ ʧʣʘʪʬʦʨʤʠ. 

ʏʘʩʪʽʰʝ ʟʘ ʚʩʝ ʪʘʢʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʚ ʩʝʨʝʜʦʚʠʱʘʭ LabVIEW 

ʢʦʤʧʘʥʽʾ National Instruments ʽ MATLAB/Simulink ʢʦʤʧʘʥʽʾ Mathworks, ʫ ʷʢʠʭ 

ʧʝʨʝʜʙʘʯʝʥʽ ʢʦʤʫʥʽʢʘʮʽʡʥʽ ʬʫʥʢʮʽʾ. ʈʽʟʥʽ ʜʘʪʯʠʢʠ ʽ ʚʠʢʦʥʘʚʯʽ ʧʨʠʩʪʨʦʾ ʤʦʞʫʪʴ 

ʧʽʜʢʣʶʯʘʪʠʩʷ ʯʝʨʝʟ ʉʆʄ ʧʦʨʪ ʘʙʦ USB. ʎʝ ʜʦʟʚʦʣʷʻ ʧʝʨʝʡʪʠ ʚʽʜ ʽʤʽʪʘʮʽʡʥʠʭ 

ʤʦʜʝʣʝʡ ʜʦ ʛʽʙʨʠʜʥʠʭ, ʚ ʷʢʠʭ ʧʦʻʜʥʫʶʪʴʩʷ ʷʢ ʤʦʜʝʣʽ ʩʢʣʘʜʥʠʭ ʦʙ'ʢ̒ʪ̔ʚ, ʪʘʢ ʽ 

ʨʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʧʨʠʩʪʨʦʾ. ʆʜʥʘʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʬʫʥʢʮʽʡ ʧʨʠ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ ʦʙʤʽʥʫ ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ, ʪʦʤʫ ʜʦ 

ʥʝʜʘʚʥʴʦʛʦ ʯʘʩʫ ʟʫʩʪʨʽʯʘʣʦʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ, ʘʜʞʝ ʚʠʢʦʥʫʚʘʣʦʩʷ ʣʠʰʝ 

ʜʦʩʣʽʜʥʠʢʘʤʠ ʚʠʩʦʢʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. 

ɹʽʣʴʰ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʝʚʥʫ ʧʨʦʤʽʞʥʫ ʣʘʥʢʫ ʤʽʞ ɽʆʄ ʪʘ 

ʘʧʘʨʘʪʫʨʦʶ ʬʽʟʠʯʥʦʛʦ ʩʚʽʪʫ ʩʠʩʪʝʤʠ. ʊʘʢʘ ʧʨʦʤʽʞʥʘ ʣʘʥʢʘ ʻ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʤ 

ʧʨʠʩʪʨʦʻʤ, ʱʦ ʧʨʠʡʤʘʻ ʩʠʛʥʘʣʠ ʚʽʜ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʜʘʪʯʠʢʽʚ, ʧʝʨʝʪʚʦʨʶʻ ʾʭ ʫ 

ʮʠʬʨʦʚʠʡ ʢʦʜ ʪʘ ʧʝʨʝʜʘʻ ʜʦ ɽʆʄ ʜʣʷ ʧʦʜʘʣʴʦh ʾʦʙʨʦʙʢʠ. ʋ ʷʢʦʩʪʽ ʪʘʢʦʛʦ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʫ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

Arduino. 

Arduino ï ʮʝ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʧʨʠʩʪʨʦʾʚ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʣʘʪʠ Arduino, ʪʘʢ ʽ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ɽʆʄ, ʘ ʪʘʢʦʞ ʧʝʨʠʬʝʨʽʡʥʽ ʧʣʘʪʠ, ʷʢʽ ʤʦʞʥʘ ʧʽʜʢʣʶʯʘʪʠ ʜʦ 

ʦʩʥʦʚʥʦʾ ʧʣʘʪʠ Arduino. ʆʩʦʙʣʠʚʽʩʪʶ ʧʣʘʪʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʾ ʾʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʪʦʨʽʚ. 

ʇʨʠ ʚʠʢʦʥʘʥʥ ̔ʨʦʙʦʪʠ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʝʨʝʤʽʱʝʥʥʷʤ ʰʪʦʢʘ ʚ̔ ʨʪʫʘʣʴʥʦʛʦ 

ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʮʠʣʽʥʜʨʘ ʪʘ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʚʘʣʘ ʜʘʪʯʠʢʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʠʛʫʥʘ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ (ɼʇʉ), ʢʫʪ ʧʦʚʦʨʦʪʫ ʷʢʦʛʦ ʚʠʤʽʨʶʻʪʴʩʷ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʠʤ ʜʘʪʯʠʢʦʤ. ɹʝʟʧʦʩʝʨʝʜʥʴʦ ʢʝʨʫʚʘʥʥʷ ɼʇʉ, ʪʘʢ ʩʘʤʦ ʷʢ ʽ 

ʨʝʻʩʪʨʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʨ̔ʫ ʚ̔ ʜ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ, ʟʜʽʡʩʥʶʚʘʪʠʤʝ 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʘ ʧʣʘʪʬʦʨʤʘ Arduino. 

ɿʘʟʚʠʯʘʡ ɼʇʉ ʩʧʦʞʠʚʘʶʪʴ ʩʪʨʫʤ ʙʽʣʴʰʝ ʥʽʞ ʤʦʞʝ ʚʠʜʘʪʠ Arduino. 

ʊʘʢʦʞ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʥʝʙʝʟʧʝʯʥʽ ʚʠʢʠʜʠ ʥʘʧʨʫʛʠ, ʪʦʤʫ ʥʝʦʙʭʽʜʥʦ ʽʟʦʣʶʚʘʪʠ 

ɼʇʉ ʚʽʜ ʧʣʘʪʠ Arduino ʽ ʞʠʚʠʪʠ ʡʦʛʦ ʯʝʨʝʟ ʦʢʨʝʤʠʡ ʙʣʦʢ ʞʠʚʣʝʥʥʷ. ʊʘʢʦʞ 

ʙʝʟʧʝʯʥʦ ʢʝʨʫʚʘʪʠ ɼʇʉ ʟʘ ʜʦʧʦʤʦʛʦʶ ʐɯʄ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʘʥʟʠʩʪʦʨʘ. ɺʽʥ ʧʨʘʮʶʻ ʷʢ ʧʨʦʩʪʠʡ ʧʝʨʝʤʠʢʘʯ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. 

ʅʝʜʦʣʽʢʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʥʟʠʩʪʦʨʘ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ɼʇʉ ʻ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ 

ʥʘʧʨʷʤʢʫ ʡʦʛʦ ʦʙʝʨʪʘʥʥʷ, ʪʦʙʪʦ ʢʝʨʫʚʘʪʠ ʥʘʧʨʷʤʢʦʤ ʦʙʝʨʪʘʥʥʷ ɼʇʉ ʙʝʟ ʟʤʽʥʠ 

ʧʽʜʢʣʶʯʝʥʥʷ ʞʠʚʣʝʥʥʷ ʜʦ ʡʦʛʦ ʚʠʚʦʜʽʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʅ-ʤʽʩʪ. ʅ-ʤʽʩʪ ʻ 

ʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʨʝʣʝʡʥʦʛʦ ʘʙʦ 
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ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʛʦ ʪʠʧʫ ʪʘ ʤʘʻ ʜʚʘ ʩʪʘʥʠ ï ʚʽʜʢʨʠʪʠʡ ʪʘ ʟʘʢʨʠʪʠʡ. ʇʦʧʘʨʥʦʶ 

ʟʤʽʥʦʶ ʩʪʘʥʽʚ ʮʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʨʫʭʫ ʩʪʨʫʤʫ ʘ, ʦʪʞʝ, 

ʥʘʧʨʷʤʦʢ ʦʙʝʨʪʘʥʥʷ ʚʘʣʘ ɼʇʉ. ʅ-ʤʽʩʪ ʤʦʞʥʘ ʟʽʙʨʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ, MOSFET ʪʨʘʥʟʠʩʪʦʨʽʚ, ʦʜʥʘʢ ʥʘ ʨʠʥʢʫ ʽʩʥʫʶʪʴ ʩʧʝʮʘ̔ʣ̔ʟʦʚʘʥʽ 

ʤʽʢʨʦʩʭʝʤʠ H-ʤʦʩʪʽʚ. ɿ ʧʣʠʥʦʤ ʯʘʩʫ ʚʦʥʠ ʩʪʘʶʪʴ ʚʩʝ ʜʝʰʝʚʰʝ ʽ ʙʝʟʧʝʯʥʽʰʝ, ʘ 

ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʙʽʣʴʰʝ ʤʦʞʣʠʚʦʩʪʝʡ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʤʽʢʨʦʩʭʝʤ ʅ-ʤʦʩʪʘ ʻ 

ʤʽʢʨʦʩʭʝʤʘ L298 (ʨʠʩ. 2 ʘ). 

ʇʨʦʛʨʘʤʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ ʨʝʘʣʽʟʦʚʘʥʘ ʫ 

ʧʘʢʝʪ̔ Simulink ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ MATLAB (ʨʠʩ. 2 ʙ). 

 

   
ʘ) ʄʦʜʫʣʴ ʜʣʷ ʢʝʨʫʚʘʥʥʷ                      ʙ) ʇʨʦʛʨʘʤʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ 

ʥʘ ʙʘʟʽ ʤʽʢʨʦʩʭʝʤʠ L298N 

ʈʠʩʫʥʦʢ 2 ï ʈʝʘʣʽʟʘʮʽʷ ʬʽʟʠʯʥʦʛʦ ʪʘ ʢʽʙʝʨʥʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ʩʠʩʪʝʤʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ɽʇʇɿ 

 

ʇʨʦʛʨʘʤʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

ï ʙʣʦʢ çAnalog Inputè ï ʟʘʙʝʟʧʝʯʫʻ ʧʨʠʡʦʤ ʢʦʜʫ ʟ ʘʥʘʣʦʛʦʚʦʛʦ ʚʠʭʦʜʫ A0 

ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʧʣʘʪʬʦʨʤʠ Arduino ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ ʜʦ 0 ʜʦ 1023, ʷʢʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʨʘʡʥʽʤ ʧʦʣʦʞʝʥʥʷʤ ʚʘʣʘ ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ; 

ï ʙʣʦʢ çcode_2_alphaè ï ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝ-ʨʘʭʫʥʦʢ ʢʦʜʫ, ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʧʦʪʝʥʮʽʦʤʝʪʨʠʯʥʦʛʦ ʜʘʪʯʠʢʘ ʚ ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʣʘ ʜʚʠʛʫʥʘ; 

ï ʙʣʦʢ çClutch and Controllerè ï ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ɽʄʂ ï 

ʧʥʝʚʤʘʪʠʯʥʠʡ ʮʠʣʽʥʜʨ ï ʰʪʦʢ, ʨʝʘʣʽʟʦʚʘʥʦʾ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʪʘ ʇ-ʨʝʛʫʣʷʪʦʨ, 

ʦɦ ʟʘʙʝʟʧʝʯʫʻ ʢʝʨʫʚʘʥʥʷ ʢʫʪʦʤ ʧʦʚʦʨʦʪʫ ʚʘʣʘ ɼʇʉ; 

ï ʙʣʦʢ çMotorè ï ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʜʘʯʫ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʥʘ ʮʠʬʨʦʚʽ 

ʚʠʚʦʜʠ 9 ʪʘ 10 Arduino. 

ï ʙʣʦʢ çMotor Speedè ï ʚʩʪʘʥʦʚʣʶʻ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ ɼʇʉ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʐɯʄ-ʩʠʛʥʘʣʫ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʰʚʠʜʢʽʩʪʴ ʟʘʜʘʻʪʴʩʷ ʧʦʩʪ̔ʡʥʦʁ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ 

ʬʽʟʠʯʥʠʡ (ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ) ʨʽʚʝʥʴ ʟ ʨʦʙʦʪʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ. ʇʦ-

ʧʝʨʰʝ ʚʢʘʟʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ, ʧʦ-ʜʨʫʛʝ ï ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ 



 

 

 

51 

ʩʠʩʪʝʤʠ ʚ ʙʽʣʴʰ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʫʤʦʚʘʭ ʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ 

ʬʘʢʪʦʨʽʚ. 

ʇʨʠʚʝʜʝʥʠʡ ʫ ʨʦʙʦʪʽ ʧʽʜʭʽʜ ʪʘ ʦʧʠʩʘʥʘ ʤʘʪʝʨʽʘʣʴʥʘ ʙʘʟʘ ʜʦʟʚʦʣʷʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʪʠ ʙʫʜʴ-ʷʢʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʤʘʶʪʴ ʬʽʟʠʯʥʦ ʚʽʜʪʚʦʨʝʥʽ ʧʨʦʪʦʪʠʧʠ ʘʙʦ ʾʭ 

ʩʢʣʘʜʦʚʽ. 
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ʚʠʜʘʤʠ ʦʧʦʨʫ ʨʫʭʫ ʚʠʟʥʘʯʝʥʽ [1] ʪʽʣʴʢʠ ʜʣʷ ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ Va = 50 

ʢʤ/ʛʦʜ (13,9 ʤ/ʩ), ʢʦʥʢʨʝʪʥʦʾ ʤʦʜʝʣʽ ʤʘʰʠʥʠ ʽ ʤʘʶʪʴ ʦʮʽʥʥʠʡ (ʧʨʠʙʣʠʟʥʠʡ) 

ʭʘʨʘʢʪʝʨ. ɺʢʘʟʘʥʝ ʫʩʢʣʘʜʥʶʻ ʧʨʦʚʝʜʝʥʥʷ ʩʝʨʪʠʬʽʢʘʮʽʡʥʠʭ ʛʘʣʴʤʽʚʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʚʽʜʩʫʪʥʽʩʪʴ ʫ ʚʽʜʦʤʽʡ 

ʣʽʪʝʨʘʪʫʨʽ [1, 2] ʦʧʠʩʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʘʙʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝ ʥʝ ʜʘʻ ʟʤʦʛʠ 

ʧʨʦʚʝʩʪʠ ʪʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʘʚʪʦʤʦʙʽʣʽʚ.  

ʋ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ [3, 4] ʙʫʣʠ ʧʨʦʧʦʟʠʮʽʾ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʥʘʛʨʫʞʝʥʥʦʩʪʽ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʤʝʪʦʜ ʧʦʨʮʽʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ. 

ɺʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʙʘʣʘʥʩʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʦʮʽʥʠʪʠ 

ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠ ʛʘʣʴʤʫʚʘʥʥʽ.  

ʈʽʚʥʷʥʥʷ ʧʘʨʮ̔ʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʤʘʻ ʚʠʛʣʷʜ 
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ɺʠʤʽʨʶʶʯʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʦʨʪʦʚʦʛʦ ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʨʝʻʩʪʨʘʮʽʡʥʦʛʦ 

ʢʦʤʧʣʝʢʩʫ ʍʅɸɼʋ [210] ʟʥʘʯʝʥʥʷ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʥʷ aV
¶

 ʪʘ ʰʚʠʜʢʦʩʪʽ Va ʟ 

ʧʨʦʤʽʞʢʘʤʠ, ʱʦ ʜʦʨʽʚʥʶʶʪʴ ʯʘʩʫ Dt.  

ɼʣ̫  ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʮʽʘʣʴʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 
a

r

m

P
 (ʧʠʪʦʤʦʾ ʛʘʣʴʤʽʚʥʦʾ ʩʠʣʠ), 

ʱʦ ʩʪʚʦʨʶʻʪʴʩʷ ʬʨʠʢʮʽʡʥʠʤʠ ʧʘʨʘʤʠ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʝʦʙʭʽʜʥʦ 

ʚʠʟʥʘʯʠʪʠ ʢʦʝʬʽʮʽʻʥʪ  

10 lxl -= .     (2) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ l1 ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʢʦʚʝ ʚʠʧʨʦʙʫʚʘʥʥʷ ï ʚʠʙʽʛ 

(ʨʫʭ ʥʘʢʘʪʦʤ) ʘʚʪʦʤʦʙʽʣʷ. 

ʈʽʚʥʷʥʥʷ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ ʤʘʻ ʚʠʛʣʷʜ 
2'

3
'
2

'
1 aaa VlVllV Ö-Ö--=" ,   (3) 

ʜʝ '
1l , '

2l , '
3l , ï ʢʦʝʬʽʮʽʻʥʪʠ ʨʝʛʨʝʩʽʾ ʩʪʝʧʝʥʝʚʦʛʦ ʨʷʜʫ ʫ ʨʽʚʥʷʥʥʽ 

ʧʘʨʮʽʘʣʴʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʧʨʠ ʚʠʙʽʛʫ ʘʚʪʦʤʦʙʽʣʷ 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʨʪʷ ʚ ʨʦʟʨʘʭʫʥʢʦʚʽʡ ʪʦʯʮʽ it  ʧʨʦʮʝʩʫ  

i

ii

iʧʠʪ a
aa

V
m

P

m

N
N Ö==

tt
t .    (4) 

ʇʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʩʪʽʡʥʦʶ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ 

ʚʠʤʽʨʶʚʘʥʥʷ DTi. ʇʠʪʦʤʘ ʨʦʙʦʪʘ ʪʝʨʪʷ ʚ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʟ̔ʤʘʭ, ʚʠʢʦʥʘʥʘ ʟʘ 

ʯʘʩ DT, 

TNA
iʧʠʪiʧʠʪ
DÖ=D tt .     (5) 

ʜʝ 
iʧʠʪ

Nt  ï ʧʠʪʦʤʘ ʧʦʪʫʞʥʽʩʪʴ ʪʝʨʪʷ ʚ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʘʭ, ʚʠʢʦʥʘʥʘ 

ʥʘ i-ʦʤʫ ʢʨʦʮʽ ʚʠʤʽʨʶʚʘʥʥʷ DTi. 
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ɿʥʘʶʯʠ ʤʘʩʫ ʘʚʪʦʤʦʙʽʣʷ ma ʪʘ ʧʦʤʥʦʞʫʶʯʠ ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ 
a

r

m

P
, 

iʧʠʪ
Nt , 

ʧʠʪ
At  ʥʘ ʾʾ ʚʝʣʠʯʠʥʫ, ʤʦʞʥʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʝʨʝʡʪʠ ʜʦ ʘʙʩʦʣʶʪʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ. 

ɭ ʮʽʢʘʚʠʤ ʚʠʟʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʾ ʨʦʙʦʪʠ ʪʝʨʪʷ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʬʨʠʢʮʽʡʥʠʤʠ ʧʘʨʘʤʠ ʛʘʣʴʤʽʚʥʠʤʠ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʠʭ (ʮʠʢʣʽʯʥʠʭ) 

ʛʘʣʴʤʫʚʘʥʥʷʭ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʘ ʨʦʙʦʪʘ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʛʘʣʴʤʽʚʥʠʤʠ 

ʤʝʭʘʥʽʟʤʘʤʠ, ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʷʢ 

ä äÖD=
=

D

=
ttS

l

j

TT

i
a ijʧʠʪ

NmTA
1

/

1

,   (6) 

ʜʝ l ï ʯʠʩʣʦ j-ʠʭ ʛʘʣʴʤʫʚʘʥʴ, ɦ ʦ ʩʢʣʘʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʮʠʢʣ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʪʦʯʥʠʡ ʚʠʟʥʘʯʠʪʠ 

ʝʥʝʨʛʦʥʘʚʘʥʪʘʞʝʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʽʜ ʯʘʩ ʜʠʥʘʤʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ  

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 
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ʆʎɯʅʂɸ ʄʆɾʃʀɺʆʉʊɯ ʇɯɼɺʀʑɽʅʅʗ ʂʂɼ ɸɺʊʆʄʆɹɯʃɯɺ ɿ 

ɯʅɽʈʎɯʁʅʀʍ ʈʋʐɯʗʄʀ 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʟ ʽʥʝʨʮʽʡʥʠʤ ʨʫʰʽʻʤ (ʽʥʝʨʮʦʽʜʘ) ʙʫʣʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɺ. ʅ. 

ʊʦʣʯʠʥʠʤ ʚ 1936 ʨʦʮʽ [1ï2]. ʊʚʝʨʜʞʝʥʥʷ ʘʚʪʦʨʘ ʨʦʙʦʪʠ [1] ʧʨʦ ʪʝ, ʱʦ ʩʠʣʠ 

ʽʥʝʨʮʽʾ ʻ ʜʞʝʨʝʣʦʤ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʤʘʰʠʥʠ, ʥʝ ʚʠʪʨʠʤʫʻ ʢʨʠʪʠʢʠ. ʉʠʣʠ 

ʽʥʝʨʮʽʾ ʻ ʬʽʢʪʠʚʥʠʤʠ ʨʝʘʢʪʠʚʥʠʤʠ ʩʠʣʘʤʠ ʡ ʙʫʪʠ ʨʫʰʽʡʥʠʤʠ (ʪʷʛʦʚʠʤʠ) ʥʽʷʢ ʥʝ 

ʤʦʞʫʪʴ. ʎʝ ʪʚʝʨʜʞʝʥʥʷ ʩʫʧʝʨʝʯʠʪʴ ʟʘʢʦʥʘʤ ʢʣʘʩʠʯʥʦʾ ʤʝʭʘʥʽʢʠ. ɸʣʝ ʻ ʧʠʪʘʥʥʷ 

ʱʦ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʪʘʢʠʭ ʤʘʰʠʥ. 
ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʽʥʝʨʮʽʡʥʠʭ ʨʫʰʽʷʤʠ ʥʝʦʙʭʽʜʥʦ ʦʪʨʠʤʘʪʠ 

ʤʘʢʩʠʤʫʤ ʽʤʧʫʣʴʩʫ ʪʷʛʦʚʦʾ ʩʠʣʠ ʟʘ ʦʜʠʥ ʮʠʢʣ (ʦʙʦʨʦʪ ʚʘʣʘ ʧʨʦʚʽʜʥʦʾ ʣʘʥʢʠ). 

ɯʤʧʫʣʴʩ ʪʷʛʦʚʦʾ ʩʠʣʠ 

 
1 2

0

0

,
T

S Pdt=ñ                                                      (1) 

 

ʜʝ 1T  ï ʯʘʩ ʦʜʥʦʛʦ ʮʠʢʣʫ ʢʦʣʠʚʘʥʴ ʚʭʽʜʥʦʾ ʣʘʥʢʠ. 

ʊʷʛʦʚʘ ʩʠʣʘ ʤʘʰʠʥʠ ʟ ʽʥʝʨʮʽʘʣʴʥʠʤ ʨʫʰʽʻʤ 

 

( ) ( )2

0 1 2 2 2 2 2
sin cos ,P m m rw y e y= + Ö -                       (2) 

 

ʜʝ 21;mm  ï ʤʘʩʠ ʛʨʫʟʽʚ ( 21 mm = ); 

r  ï ʨʘʜʽʫʩ ʦʙʝʨʪʘʥʥʷ ʮʝʥʪʨʽʚ ʤʘʩ ʛʨʫʟʽʚ 1m   ̔ 2m ; 

22;ew  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ 2; 

2y  ï ʢʫʪ ʤʽʞ ʥʘʧʨʷʤʢʘʤʠ ʦʩʽ ʚʘʞʝʣʷ 2 ʽ ʥʘʧʨʷʤʦʤ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

 

2 2
dty w=ñ ;                                                            (3) 

 

ʜʝ t  ï ʯʘʩ. 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʤʘʻ ʜʣʷ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʧʘʜʢʫ ʚʠʜ 

 

[ ( ) ñ -Ö+=

2

0

222
2
221

1

)cossin(max

T

dtrmmS yeyw .             (4) 
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 ɿʨʦʙʠʤʦ ʜʦʧʫʱʝʥʥʷ ʪʦʛʦ, ʱʦ ʢʫʪʦʚʘ hʚʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ  

(ʨʠʩ. 1) ʟʤʽʥʶʻʪʴʩʷ ʟʘ ʩʠʥʫʩʦʾʜʘʣʴʥʠʤ ʟʘʢʦʥʦʤ 

   ),sin( 12 2
tɸ ww w=                                                    (5) 

 

ʜʝ 
2w
ɸ  ï ʘʤʧʣʽʪʫʜʘ ʢʦʣʠʚʘʥʥʷ ʢʫʪʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ; 

1w  ï ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʚʭʽʜʥʦʾ ʣʘʥʢʠ. 

 

 
ʈʠʩʫʥʦʢ 1 - ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ 

 

ʂʫʪ ʧʦʚʦʨʦʪʫ ʣʘʥʢʠ 2 

 

( ) ( )
2 22 2 1 1 1

sin cos ,dt A t dt c A t
w w

y w w w w= = = - Öñ ñ                    (6) 

 

ʜʝ ʩ ï ʧʦʩʪʽʡʥʘ ʽʥʪʝʛʨʫʚʘʥʥʷ. 

ʇʨʠ 0=t  02 =y  ʪʘ 

 

1

2

w

wA
c= .                                         (7) 

 

ʊʘʢʠʤ ʯʠʥʦʤ 
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( )[ ].cos1 1
1

2
2 t

A
w

w
y

w
-=                                      (8) 

 

ʂʫʪʦʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ 

 

( )tA
dt

d
11

2
2 cos

2
ww

w
e w ÖÖ== .                                      (9) 

 

ʎʽʣʴʦʚʘ ʬʫʥʢʮʽʷ (4) ʟ ʫʨʘʭʫʚʘʥʥ̫ʤ (5), (9) ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ 
[ ( )

( ) ( )[ ].coscossinsin
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   (11) 

 

ʆʩʢʽʣʴʢʠ ʢʫʪ max2y  ʤʘʻ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ, ʪʦ ʧʨʠʡʤʘʶʯʠ ʜʦʧʫʱʝʥʥʷ 

ʪʦʛʦ, ʱʦ 22sin yy º   ̔ 1cos 2ºy , ʧʝʨʝʪʚʦʨʠʤʦ ʚʠʨʘʟ (11) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (8) ʜʦ ʚʠʜʫ 
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 (12) 

 

ʇʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʚʭʽʜʥʦʛʦ ʣʘʥʢʠ 

 

11 2 wp=T .                                         (13) 

 

ɺʠʨʘʟ (12) ʱʝ ʨʘʟ ʧʝʨʝʪʚʦʨʠʤʦ ʜʦ ʚʠʜʫ 
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( ){ ( )
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w
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            (14) 

 

ɺʠʨʘʟ (14) ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʷʢ 

 

( ){ ,max 2
21 2

CÖÖÖ+= wArmmS                         (15) 

 

ʜʝ C ï ʷʚʣʷʻ ʩʦʙʦʶ ʬʫʥʢʮʽʶ 
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ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʤʝʞ ʽʥʪʝʛʨʫʚʘʥʥʷ ʦʪʨʠʤʘʻʤʦ 

 

.
2

2
1

2

w

wA
=C                                                (17) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (17) ʚ (15) ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʠʡʤʝ ʥʘʩʪʫʧʥʠʡ 

ʚʠʛʣʷʜ 
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é
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22max
w

wA
rmmS .                           (18) 

 

ɿ ʚʠʨʘʟʫ (18) ʚʠʜʥʦ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ 21 mm + , r , 
2
1

3

2

w

wA
 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʦʪʨʠʤʘʥʥʷ ʤʘʢʩʠʤʫʤʫ ʽʤʧʫʣʴʩʫ ʪʷʛʦʚʦʾ ʩʠʣʠ. ɼʣʷ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʙʦʨʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʥʘ ʨʠʩʫʥʢʫ 1 ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
2
1

3

2

w

wA
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ɿ ʚʠʨʘʟʫ (5) ʚʠʟʥʘʯʠʤʦ 
22max Aww = . ʏʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ 2n  ʢʦʨʦʤʠʩʣʘ 2 ʤʦʞʝ ʙʫʪʠ 

ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ (ʦʙʝʨʪʘʥʥʷ) 1n ʢʫʣʘʯʢʘ 1 (ʨʠʩ. 1) ʥʘʩʪʫʧʥʠʤ 

ʚʠʨʘʟʦʤ 

 

22 2 nn Ö= .                                                   (19) 

 

ɺʨʘʭʦʚʫʶʯʠ ʱʦ 

 

1
1

2

w

p
n= .                                                   (20) 

 

ʪʘ 

 

2
2

2

w

p
n = ,                                                   (21) 

ɺʠʟʥʘʯʠʤʦ ʧʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (20) ʽ (21) ʚ (19) 

 

.
2

1
2

w
w =                                                    (22) 

 

ʋʤʦʚʥʦ (ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʨʘʭʫʥʢʫ) ʧʨʠʡʤʘʶʯʠ 

 

2max22 www ɸ=@ ,                                          (23) 

 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (23) ʚ (18), ʦʪʨʠʤʘʻʤʦ 

 

( ) ù
ú

ø
é
ê

è
ÖÖ+=

4
max 1

21

w
rmmS .                                (24) 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʘʥʥʷ maxSS=  ʤʦʞʣʠʚʦ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʥʷʭ 1m ; 

2m ; r ; 1w . 
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TRENDS IN THE CREATION OF MODERN AUTOMATED 

TRANSMISSIONS OF HEAVY CARS 
 

Automatic and automated transmissions are widely used on a number of mobile 

vehicles, in particular, on vehicles equipped with hydromechanical transmissions 

(GMT). GMT is much easier to automate than mechanical transmissions, while this 

type of transmission can significantly improve the traction and speed properties of the 

vehicle, increase its cross-country ability, increase the service life of the transmission, 

as well as increase safety and facilitate the operator's working conditions [1, 2]. The 

technical level and efficiency of using modern heavy-duty vehicles largely depend on 

the type of transmission, the number of gears, the difference in the gear ratios of 

adjacent gears, the number of ranges, the method of gear shifting, reliability and their 

cost. At the same time, such transmissions must provide not only good dynamic 

characteristics of the vehicle movement, but also the performance of a large number 

of technological operations in a wide range of speed and load modes. Therefore, 

when creating new attractors, it is necessary to correctly synthesize the structure of 

the transmission and select its rational design parameters that provide high 

functionality at low costs for manufacturing and operation. 

Modern equipment, which is operated at mining and processing enterprises 

(mining dump trucks, mine land trucks, road construction machines), is equipped 

with electronic on-board diagnostic, monitoring and control systems that allow to 

quickly (in real time) assess the technical condition of the engine, transmission and 

other mechanisms mobile machine.  

Previously, the analysis of the technical condition of complex vehicle 

mechanisms was carried out through scheduled preventive work, which provided for 

periodic disassembly of mechanisms and parts after the vehicle had worked out a 

certain period of operation or passed a given mileage. However, this type of work is 

very expensive, time consuming and often economically unprofitable. 

When creating modern heavy vehicles, they try to provide equal strength 

elements of mechanisms and parts. However, the operating conditions of these 

mobile machines are so diverse, changeable and ambiguous that the values of many 

parameters during operation changed in very wide ranges, often reaching and 

exceeding the maximum permissible values.  

As a result, the system of planned preventive works has outlived its usefulness. 

has become ineffective. It does not allow timely identification of dangerous 

deviations of parameters, detecting failures and hidden defects, preventing the 

occurrence of malfunctions and predicting the residual life of a car, tractor, road 

construction machine, etc. 

In modern market conditions, new innovative approaches to the processes of 

technical diagnostics are needed. Such an innovative approach was developed at the 

Department of Automobiles of  BNTU and tested in relation to the diagnosis of 
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complex mechanical (MT) and hydromechanical transmission (GMT) cars. This 

approach provides for a complex of research and a number of scientific and technical 

stages [3, 4]. 

The innovativeness and novelty of approaches to the automation of control and 

diagnostics of automobile transmissions lies in the fact that here, at the theoretical 

and experimental levels of research, it is assumed that there will be widespread use of 

simulation of the physical properties of elements and the use of forced bench and 

factory tests aimed at obtaining the necessary information, as well as the use of 

information and intelligent technologies, which together will make it possible to 

develop adaptive algorithms for their subsequent implementation in on-board 

automotive electronic control and monitoring systems. 

Analysis of the development of designs for automated transmissions of heavy 

vehicles and other mobile machines, both domestic and leading foreign firms 

(Komatsu, Caterpillar, BelAZ, Clarc, Volvo, Terex, Liebherr) shows that there is an 

active use of intelligent technologies in the production of modern mining equipment. 

In addition, a number of firms have developed an interest in all-electric dump trucks. 

For example, by order of Ciments Vigier SA, two companies ï Kuhn Schweiz AG 

and Lithium Storage GmbH, based on the Japanese Komatsu HD605-7 dump truck, 

developed the E-Dumper dump truck, which runs on an electric engine with a power 

of 590 kW. The use of hydromechanical transmission limits the carrying capacity of 

vehicles, and modern technological processes of open pit mining require dump trucks 

of higher carrying capacity. The electric transmission helps to lift it. Komatsu mining 

dump trucks with electric transmission are identified by the letter E. In this type of 

dump truck, the engine is aggregated with a generator, which generates electricity to 

feed the traction wheel motors mounted in the rear axle hubs.  

As a result of the comprehensive research carried out, the following trends in 

the creation of transmissions have been established. 

1. Symbiosis of the process of hybridization of transmissions and the creation of 

cars with hybrid power plants.  

2. Creation of robotic cars based on new information and intelligent technologies. 

3. Creation of automatic transmissions adapted to unmanned vehicle control. 
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ʉʘʚʯʝʥʢʦ ɭ.ʃ., ʘʩʧʽʨʘʥʪ, ʄʠʭʘʣʝʚʠʯ ʄ.ɻ., ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʃɸɹʆʈɸʊʆʈʅʆɰ ʋʉʊɸʅʆɺʂʀ ɼʃʗ ɼʆʉʃɯɼɾɽʅʅʗ 

ʉʀʉʊɽʄ ʂɽʈʋɺɸʅʅʗ ʇʅɽɺʄɸʊʀʏʅʆʖ ʇɯɼɺɯʉʂʆʖ ʂʆʃɯʉʅʀʍ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ʂɸʊɽɻʆʈɯɰ N3, M3 

 

ʇʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʫʤʦʚʣʝʥʦ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʨʽʚʥʝʤ ʧʽʜʣʦʛʠ ʢʦʣʽʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ (ʂʊɿ) ʟ ʧʥʝʚʤʘʪʠʯʥʦʶ ʧʽʜʚʽʩʢʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʇʨʘʚʠʣ 

ɭʚʨʦʧʝʡʩʴʢʦʾ ʝʢʦʥʦʤʽʯʥʦʾ ʢʦʤʽʩʽʾ ʆʨʛʘʥʽʟʘʮʽʾ ʆʙôʻʜʥʘʥʠʭ ʅʘʮʽʡ (ɭɽʂ ʆʆʅ). 

ɿʦʢʨʝʤʘ, ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥ̔ ʥʦʚʠʭ ʂʊɿ ʢʘʪʝʛʦʨʽʾ ʄ3 ʜʣʷ ʤʽʩʴʢʠʭ ʪʘ ʧʨʠʤʽʩʴʢʠʭ 

ʤʘʨʰʨʫʪʽʚ, ʬʫʥʢʮʽʷ ʢʝʨʫʚʘʥʥʷ ʥʘʭʠʣʦʤ ʢʫʟʦʚʘ ʂʊɿ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ ʧʦʩʘʜʢʠ ʪʘ 

ʚʠʩʘʜʢʠ ʧʘʩʘʞʠʨʽʚ ʥʘ ʟʫʧʠʥʢʘʭ ʻ ʦʙʦʚôʷʟʢʦʚʦʶ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʢʝʨʫʚʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʦʶ ʧʽʜʚʽʩʢʦʶ [1, 2]. 

ʊʝʭʥʽʯʥʘ ʽʜʝʷ, ʧʦʢʣʘʜʝʥʘ ʚ ʦʩʥʦʚʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʥʦʚʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ 

ʫʩʪʘʥʦʚʢʠ ʧʦʣʷʛʘʻ ʚ ʬʽʟʠʯʥʦʤʫ ʨʦʟʜʽʣʝʥʥʽ ʩʠʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ Pʙ ʥʘ ʯʘʩʪʠʥʫ 

ʩʠʩʪʝʤʠ ʧʽʜʨʝʩʦʨʶʚʘʥʥʷ ʂʊɿ, ʱʦ ʤʦʜʝʣʶʻʪʴʩʷ, ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ: ʩʠʣʫ 

ʥʘʚʘʥʪʘʞʝʥʥʷ Pʅ, ʝʢʚʽʚʘʣʝʥʪʥʫ ʩʠʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʤʘʩʠ M ʚ ʩʪʘʣʦʤʫ ʩʪʘʥʽ 

ʩʠʩʪʝʤʠ, ʪʘ ʽʥʝʨʮʽʡʥʫ ʩʢʣʘʜʦʚʫ PJ, ʷʢʘ ʚʠʥʠʢʘʻ ʚ ʧʨʦʮʝʩʽ ʨʫʭʫ ʤʘʩʠ M ʧʨʠ ʾʾ 

ʧʝʨʝʤʽʱʝʥʥʽ ʧʽʜʯʘʩ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʚʠʩʦʪʠ ʅ ï ʨʽʚʥʷ ʢʫʟʦʚʘ ʂʊɿ ʚʽʜʥʦʩʥʦ 

ʦʧʦʨʥʦʾ ʧʦʚʝʨʭʥʽ. ʉʢʣʘʜʦʚʘ PJ ʤʘʻ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʠʣʽ ʥʘʚʘʥʪʘʞʝʥʥʷ Pʅ 

ʚʽʜ ʤʘʩʠ M. 

ʇʽʜʭʽʜ ʜʦ ʨʦʟʜʽʣʝʥʥ̫ ʩʠʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ ʽʣʶʩʪʨʫʻ 

ʢʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʪʝʥʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ, ʥʘʚʝʜʝʥʘ ʥʘ ʈʠʩ. 2. 

 

 
ʈʠʩ. 2. ʂʽʥʝʤʘʪʠʯʥʘ ʩʭʝʤʘ ʩʪʝʥʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ: 1 ï ʚʝʣʠʢʠʡ ʽʥʝʨʮʽʡʥʠʡ 

ʩʪʝʥʜ; 2 ï ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ; 3 ï ʚʠʢʦʥʘʚʯʠʡ ʧʨʠʩʪʨʽʡ; 
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ʇʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽ̫ ʮʽʻʾ ʽʜʝʾ ʜʦʟʚʦʣʠʣʘ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʨʦʟʤʽʱʝʥʥʷ 

ʬʽʟʠʯʥʦʛʦ ʚʘʥʪʘʞʫ, ʷʢʠʡ ʽʤʽʪʫʻ ʯʘʩʪʠʥʫ ʧʽʜʨʝʩʦʨʝʥʦʾ ʤʘʩʠ M ʥʘʜ ʝʣʝʤʝʥʪʘʤʠ 

ʧʽʜʚʽʩʢʠ ʂʊɿ, ʱʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ, ʪʘ ʨʦʟʨʦʙʠʪʠ ʜʦʩʪʘʪʥʴʦ ʢʦʤʧʘʢʪʥʫ 

ʣʘʙʦʨʘʪʦʨʥʫ ʫʩʪʘʥʦʚʢʫ. 

ʄʘʩʫ ʬʽʟʠʯʥʦʛʦ ʚʘʥʪʘʞʫ ʟʘʤʽʥʝʥʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʁʩʠʣʦʶ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʘ 

ʩʪʚʦʨʶʻʪʴʩʷ ʦʢʨʝʤʠʤ ʧʨʠʩʪʨʦʻʤ. ɯʥʝʨʮʽʷ ʬʽʟʠʯʥʦʛʦ ʚʘʥʪʘʞʫ ʽʤʽʪʫʻʪʴʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʽʥʝʨʮʽʻʶ ʤʘʩʠ ʜʝʪʘʣʝʡ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ, ʚʝʣʠʢʦʛʦ ʽʥʝʨʮʽʡʥʦʛʦ 

ʩʪʝʥʜʫ [3] ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʝʣʝʤʝʥʪʽʚ ʛʘʣʴʤʦʚʦʛʦ ʢʝʨʫʚʘʥʥʷ.  

ʉʠʣʘ ʽʥʝʨʮʽʾ PJ, ʷʢʘ ʩʪʚʦʨʶ̒ʪʩɹʷ ʨʫʭʦʤʠʤʠ ʯʘʩʪʠʥʘʤʠ ʚʝʣʠʢʦʛʦ 

ʽʥʝʨʮʽʡʥʦʛʦ ʩʪʝʥʜʫ (1) ʽ ʤʘʻ ʙʫʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʠʣʽ Pʅ, ʯʝʨʝʟ ʚʘʞʽʣʴ (1.3) 

ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʪʦʯʢʫ ʧʨʠʢʣʘʜʝʥʥʷ ʩʠʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ Pʅ ï ʜʦ ʰʘʨʥʽʨʫ (ɸ). 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʟʥʘʯʝʥʥʷ ʩʠʣʠ PJ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʧʝʨʝʤʽʱʝʥʥʷ ʚʩʽʻʾ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ (2) ʚʽʜʥʦʩʥʦ ʚʽʩʽ ʦʙʝʨʪʘʥʥʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʚʝʣʠʢʦʛʦ 

ʽʥʝʨʮʽʡʥʦʛʦ ʩʪʝʥʜʫ (1) ʪʘ ʟʤʽʥʠ ʘʙʩʦʣʶʪʥʦʾ ʚʽʜʩʪʘʥʽ m ʚʽʜ ʚʽʩʽ ʤʘʭʦʚʠʢʘ (1.1) ʜʦ 

ʮʝʥʪʨʫ ʰʘʨʥʽʨʫ (ɸ). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ (2), ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʜʝʾ ʨʦʟʜʽʣʝʥʥʷ ʩʠʣʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʽ ʩʢʣʘʜʦʚʽ, ʚ ʧʦʻʜʥʘʥʥʽ ʟ 

ʽʩʥʫʶʯʠʤ ʚʝʣʠʢʠʤ ʽʥʝʨʮʽʡʥʠʤ ʩʪʝʥʜʦʤ (1), ʫʚʽʡʰʣʘ ʜʦ ʩʢʣʘʜʫ ʥʦʚʦʛʦ 

ʩʪʝʥʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɺʠʩʥʦʚʢʠ 

 

1. ʅʦʚʠʟʥʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʧʦʣʷʛʘʻ ʚ ʨʦʟʜʽʣʝʥʥʽ ʩʪʘʪʠʯʥʦʛʦ ʪʘ 

ʽʥʝʨʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʫʞʥʠʡ ʝʣʝʤʝʥʪ ʂʊɿ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

2. ʉʪʘʪʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʪʠʩʢʦʤ ʚ ʙʘʣʦʥʽ (2.7) ʽ ʤʦʞʝ ʙʫʪʠ 

ʟʤʽʥʝʥʦ ʟʘʚʜʷʢʠ ʟʤʽʥʠ ʮʴʦʛʦ ʪʠʩʢʫ. 

3. ɯʥʝʨʮʽʡʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜʪʚʦʨʶʻʪʴʩʷ ʤʘʭʦʚʦʶ ʤʘʩʦʶ (1.1) ʜʝʪʘʣʝʡ, ʱʦ 

ʦʙʝʨʪʘʶʪʴʩʷ ʽ ʤʦʞʝ ʙʫʪʠ ʫʟʛʦʜʞʝʥʘ ʽʟ ʩʪʘʪʠʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʰʣʷʭʦʤ 

ʢʦʨʝʛʫʚʘʥʥʷ ʜʦʚʞʠʥʠ ʚʘʞʝʣʷ (1.3). 
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ɼʆ ʇʆʈɯɺʅʗʃʔʅʆɰ ʆʎɯʅʂʀ ʄɽʊʈʆɹʋʉɯɺ ʈɯɿʅʀʍ  

ʂʆʄʇʆʅʋɺɸʃʔʅʀʍ ʉʍɽʄ 

 

ɹʝʟʧʝʯʥʽ ʩʠʩʪʝʤʠ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʚʩʝ ʙʽʣʴʰʝ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ 

ʚʘʞʣʠʚʠʡ ʟʘʩʽʙ ʙʝʟʧʝʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ 

ʤʽʩʴʢʠʭ ʨʘʡʦʥʘʭ, ʷʢʽ ʩʪʨʘʞʜʘʶʪʴ ʚʽʜ ʟʨʦʩʪʘʶʯʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʪʦʨʽʚ. ʋ 

ʙʘʛʘʪʴʦʭ ʤʽʩʪʘʭ ʟ ʚʠʩʦʢʠʤʠ ʜʦʭʦʜʘʤʠ ʦʩʦʙʣʠʚʦ ʘʢʮʝʥʪʫʻʪʴʩʷ ʧʦʣʽʪʠʢʘ 

ʩʢʦʨʦʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʩʦʙʠʩʪʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʽʥʚʝʩʪʠʮʽʡ ʚ ʨʦʟʚʠʪʦʢ ʤʝʨʝʞ ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɯʥʚʝʩʪʠʮʽʾ ʚ ʙʝʟʧʝʯʥʠʡ 

ʛʨʦʤʘʜʩʴʢʠʡ ʪʨʘʥʩʧʦʨʪ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʪʘʢʦʞ ʷʢ ʤʝʭʘʥʽʟʤ, ʱʦ ʩʪʠʤʫʣʶʻ 

ʟʨʦʩʪʘʥʥʷ ʬʽʟʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʽ, ʦʪʞʝ, ʩʧʨʠʷʻ ʟʤʽʮʥʝʥʥʶ ʟʜʦʨʦʚ'ʷ ʥʘʩʝʣʝʥʥʷ. 

ʄʝʪʨʦʙʫʩ ʘʙʦ ʥʦʚʘ ʩʠʩʪʝʤʘ ʘʚʪʦʙʫʩʥʦʛʦ ʨʫʭʫ çʐʚʠʜʢʽʩʥʠʡ ʘʚʪʦʙʫʩʥʠʡ 

ʪʨʘʥʩʧʦʨʪè (Bus Rapid Transport, BRT) ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʟʚʠʪʢʫ ʤʝʨʝʞʽ 

ʘʚʪʦʙʫʩʥʦʛʦ ʩʫʩʧʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʪʨʦ ʮʝʡ ʧʨʦʝʢʪ ʤʘʻ ʧʝʚʥʽ 

ʷʚʥ̔ ʧʝʨʝʚʘʛʠ: ʤʝʥʰʘ ʚʘʨʪʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʤʝʨʝʞʽ, ʤʝʥʰʘ ʚʘʨʪʽʩʪʴ ʨʫʭʦʤʦʛʦ 

ʩʢʣʘʜʫ, ʤʦʙʽʣʴʥʽʩʪʴ ʪʘ ʽʥ. 

ɿʨʫʯʥʽʩʪʴ, ʙʝʟʧʝʢʘ ʽ ʧʦʢʨʘʱʝʥʘ ʦʨʛʘʥʽʟʘʮʽʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ï ʮʝ ʜʘʣʝʢʦ 

ʥʝ ʚʩʝ, ʱʦ ʟʤʦʞʝ ʜʘʪʠ ʧʘʩʘʞʠʨʘʤ ʩʠʩʪʝʤʘ ʰʚʠʜʢʽʩʥʦʛʦ ʘʚʪʦʙʫʩʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ. ʋ ʮʽʡ ʩʠʩʪʝʤʽ ʧʘʩʘʞʠʨʩʴʢʽ ʰʚʠʜʢʽʩʥʽ ʘʚʪʦʙʫʩʠ ʧʝʨʝʩʫʚʘʶʪʴʩʷ ʧʦ 

ʩʧʝʮʽʘʣʴʥʦ ʚʠʜʽʣʝʥʠʭ ʩʤʫʛʘʭ. ɺʦʥʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʧʨʦʾʞʜʞʦʾ ʯʘʩʪʠʥʠ ʽ 

ʦʙʣʘʜʥʘʥʽ ʟʘʢʨʠʪʠʤʠ ʧʘʩʘʞʠʨʩʴʢʠʤʠ ʩʪʘʥʮʽʷʤʠ ʟ ʧʣʘʪʬʦʨʤʘʤʠ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ 

ʽ ʧʽʜʟʝʤʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. 

          ʈʫʭʦʤʠʡ ʩʢʣʘʜ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʩʠʩʪʝʤʽ BRT, ʜʚʦʭ ʚʠʜʽʚ: ʧʝʨʰʠʡ - 

ʢʣʘʩʠʯʥʠʡ, ʜʚʦʣʘʥʢʦʚʠʡ ʤʝʪʨʦʙʫʩ ʟ ʜʚʠʛʫʥʦʤ, ʱʦ ʧʨʘʮʶʻ ʷʢ ʥʘ ʜʠʟʝʣʴʥʦʤʫ, 

ʪʘʢ ʽ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ; ʜʨʫʛʠʡ ʚʘʨʽʘʥʪ - ʪʨʠʣʘʥʢʦʚʠʡ ʤʝʪʨʦʙʫʩ ʥʦʚʦʛʦ 

ʧʦʢʦʣʽʥʥʷ ʟ ʛʽʙʨʠʜʥʠʤ ʝʣʝʢʪʨʦ-ʛʘʟʦʚʠʤ ʜʚʠʛʫʥʦʤ. ʎʽ ʜʚʘ ʚʘʨʽʘʥʪʠ ʧʨʠʪʘʤʘʥʥʽ 

ʟʯʣʝʥʦʚʘʥʠʤ ʘʚʪʦʙʫʩʘʤ, 18-ʪʠ ʽ 24-ʭ ʤʝʪʨʦʚʦʾ ʜʦʚʞʠʥʠ. 

ʇʦʨʷʜ ʟ ʥʝʟʘʧʝʨʝʯʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʪʨʠʣʘʥʢʦʚʠʭ ʟʯʣʝʥʦʚʘʥʠʭ ʘʚʪʦʙʫʩʽʚ ʽ 

ʪʨʦʣʝʡʙʫʩʽʚ ʾʤ ʧʨʠʪʘʤʘʥʥʽ ʽ ʥʝʜʦʣʽʢʠ ï ʛʽʨʰʽ ʤʘʥʝʚʨʝʥʽʩʪʴ ʽ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʚʦʣʘʥʢʦʚʠʤʠ. ʂʨʽʤ ʪʦʛʦ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘʢʠʭ ʤʘʰʠʥ 

ʪʽʩʥʦ ʧʦʚôʷʟʘʥʘ ʟ ʧʘʩʘʞʠʨʦʧʦʪʦʢʦʤ, ʷʢʠʡ ʧʨʦʪʷʛʦʤ ʜʥʷ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʚ 

ʨʘʟʠ. ʊʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʦʞʝ ʩʪʘʪʠ ʘʚʪʦʧʦʾʟʜ ʫ ʩʢʣʘʜʽ ʜʚʦʭ (ʘʙʦ ʪʨʴʦʭ) 

ʘʚʪʦʙʫʩʽʚ ʯʠ ʪʨʦʣʝʡʙʫʩʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʟʯʽʧʮʽ, ʧʘʩʘʞʠʨʦʤʽʩʪʢʽʩʪʴ ʷʢʠʭ 

ʘʥʘʣʦʛʽʯʥʘ ʟʯʣʝʥʦʚʘʥʠʤ ʘʚʪʦʙʫʩʘʤ ʽ ʪʨʦʣʝʡʙʫʩʘʤ. ʋ ʛʦʜʠʥʠ ʧʽʢ ʧʨʘʮʶʻ 
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ʘʚʪʦʙʫʩʥʠʡ ʧʦʾʟʜ, ʘ ʫ ʤʽʞʧʽʢʦʚʠʡ ʧʝʨʽʦʜ ï ʢʦʞʥʠʡ ʘʚʪʦʙʫʩ ʦʢʨʝʤʦ (ʤʦʞʣʠʚʘ 

ʩʪʦʷʥʢʘ ʦʜʥʦʛʦ ʘʚʪʦʙʫʩʘ ʥʘ ʚʠʜʽʣʝʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ). 

ʑʝ ʫ 1993 ʨ. ʽʥʩʪʠʪʫʪʦʤ çɼʝʨʞʘʚʪʦʪʨʘʥʩʅɼɯʧʨʦʝʢʪè ʨʘʟʦʤ ʟ ʂʠʾʚʩʴʢʠʤ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʤ ʽʥʩʪʠʪʫʪʦʤ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʘʚʪʦʧʦʾʟʜʘ, 

ʷʢʽʡ ʩʢʣʘʜʘʚʩʷ ʟ ʜʚʦʭ ʘʚʪʦʙʫʩʽʚ ʃɸɿ-695, ʱʦ ʧʨʘʮʶʚʘʣʠ ʚ ʟʯʽʧʮʽ. ɼʦʩʣʽʜʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʷ ʪʘʢʦʛʦ ʘʚʪʦʧʦʾʟʜʘ ʥʘ ʦʜʥʦʤʫ ʟ ʤʘʨʰʨʫʪʽʚ ʤ. ʂʠʻʚʘ ʧʦʢʘʟʘʣʘ ʡʦʛʦ 

ʞʠʪʻʟʜʘʪʥʽʩʪʴ. ʇʨʦʪʝ, ʧʦʷʚʘ ʫ ʤ. ʂʠʻʚʽ ʫ ʮʝʡ ʞʝ ʯʘʩ ʰʘʨʥʽʨʥʦ-ʟʯʣʝʥʦʚʘʥʠʭ 

ʘʚʪʦʙʫʩʽʚ Ikarus-180 ʩʪʘʣʘ ʧʨʠʯʠʥʦʶ ʧʨʠʧʠʥʝʥʥʷ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʜʥʘʢ, ʪʘʢʽ 

ʧʨʠʯʽʧʥʽ ʘʚʪʦʧʦʾʟʜʠ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʩʚʦʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʩʠʩʪʝʤʽ BRT. 

           ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʘʥʝʚʨʝʥʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʧʦʾʟʜʽʚ ʽ ʤʝʪʨʦʙʫʩʽʚ (ʫ ʧʦʜʘʣʴʰʦʤʫ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ - ɸʊɿ), ʻ ʧʘʨʘʣʝʣʴʥʽ ʧʨʦʮʝʩʠ ʾʭ ʢʦʥʩʪʨʫʶʚʘʥʥʷ, 

ʦʧʪʠʤʽʟʘʮʽʾ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʢʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʮʽʣʦʤʫ ʧʨʠ 

ʙʘʛʘʪʦʢʨʠʪʝʨʽʡʥʠʭ ̔ʥʢʦʣʠ ʩʫʧʝʨʝʯʣʠʚʠʭ ʟʘʜʘʯ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʥʝʚʨʝʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ, ʷʢ ʚʽʜʦʤʦ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʢʦʤʙʽʥʘʮʽʻʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ, ʤʘʩʦʚʦ-ʛʝʦʤʝʪʨʠʯʥʠʭ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʫʣʽʚ ɸʊɿ. ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʙʘʞʘʥʽ ʩʧʦʣʫʯʝʥʥʷ ʚʢʘʟʘʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʩʪʽʡʢʦʩʪʽ ʪʘ ʤʘʥʝʚʨʝʥʦʩʪʽ ʥʘʚʽʪʴ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚ ʜʽʘʧʘʟʦʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʚʘʥʪʘʞʝʥɹ  ʽ ʰʚʠʜʢʦʩʪʝʡ 

ʨʫʭʫ ʙʫʚʘʶʪʴ ʨʽʟʥʠʤʠ. ʗʢ, ʥʘʩʣʽʜʦʢ, ʻ ʩʢʣʘʜʥʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ 

ʩʪʚʦʨʝʥʥʷ ɸʊɿ ʪʦʯʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʢʽʣʴʢʽʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟʘ 

ʢʨʠʪʝʨʽʷʤʠ ʤʘʥʝʚʨʝʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ. ʋʩʧʽʭ ʫ ʨʽʰʝʥʥʽ ʧʦʜʽʙʥʠʭ ʟʘʜʘʯ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʥʘʩʢʽʣʴʢʠ ʚʜʘʣʦ ʦʙʨʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʽ ʾʾ ʽʩʪʦʪʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʦʚʦʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʩʠʩʪʝʤʠ ʫ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ 

ʨʫʭʫ. 

ɼʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ʪʨʠʣʘʥʢʦʚʦʛʦ ʤʝʪʨʦʙʫʩʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 

ʜʚʦʚʽʩʥʦʛʦ ʘʚʪʦʙʫʩʘ ʽ ʜʚʦʭ ʧʨʠʯʝʧʽʚ (ʘʙʦ ʥʘʧʽʚʧʨʠʯʝʧʽʚ) ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʥʘ 

ʦʩʥʦʚʽ ʟʘʛʘʣʴʥʠʭ ʪʝʦʨʝʤ ʤʝʭʘʥʽʢʠ ʧʨʦ ʟʤʽʥʫ ʛʦʣʦʚʥʦʛʦ ʚʝʢʪʦʨʘ ʽ ʛʦʣʦʚʥʦʛʦ 

ʤʦʤʝʥʪʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ 

ʪʨʠʣʘʥʢʦʚʦʛʦ ʤʝʪʨʦʙʫʩʘ ʚʠʟʥʘʯʝʥʽ ʧʦʢʘʟʥʠʢʠ ʤʘʥʝʚʨʝʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ. 

ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʘʙʘʨʠʪʥʘ ʩʤʫʛʘ ʨʫʭʫ ʧʨʠ ʨʫʩʽ ʢʦʣʦʚʦʶ ʪʨʘʻʢʪʦʨʽʻʶ 

ʘʚʪʦʧʦʾʟʜʘ ʟ ʢʝʨʦʚʘʥʠʤ ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ ʩʢʣʘʜʘʻ 6,78 ʤ, ʘ ʟ ʥʝʢʝʨʦʚʘʥʠʤ ï 

7,43 ʤ, ʱʦ ʥʘ 7,65% ʽ 5,21% ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʝ, ʯʠʤ ʜʣʷ ʤʝʪʨʦʙʫʩʘ ʥʘ ʞʦʨʩʪʢʠʭ 

ʫ ʙʽʯʥʦʤʫ ʥʘʧʨʷʤʢʫ ʢʦʣʝʩʘʭ. 

ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ ISO ʟʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʽʚ 5 ʤ/ʩ ʷʢ 

ʤʝʪʨʦʙʫʩ ʟ ʥʝʢʝʨʦʚʘʥʠʤ, ʪʘʢ ʽ ʢʝʨʦʚʘʥʠʤ ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ ʚʧʠʩʫʶʪʴʩʷ ʫ 

ʥʦʨʤʦʚʘʥʠʡ ʢʦʨʠʜʦʨ ʨʫʭʫ. ʇʨʠ ʰʚʠʜʢʦʩʪʽ 10 ʤ/ʩ ʫʞʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ 

ʢʦʣʠʚʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʜʨʫʛʦʛʦ ʧʨʠʯʝʧʘ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʤʝʪʨʦʙʫʩʘ, ʷʢʽ 

ʧʝʨʝʚʠʱʫʪʁɹ  ʜʦʧʫʩʪʠʤʽ, ʘ ʧʨʠ ʰʚʠʜʢʦʩʪʽ 15 ʤ/ʩ ʮʝ ʷʚʠʱʝ ʤʘʻ ʤʽʩʮʝ ʽ ʜʣʷ 

ʤʝʪʨʦʙʫʩʘ ʟ ʥʝʢʝʨʦʚʘʥʠʤ ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ. 

ʆʪʨʠʤʘʥʘ ʩʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʜʦʟʚʦʣʷʻ ʜʦʩʣʽʜʞʫʚʘʪʠ ʧʦʚʝʜʽʥʢʫ 

ʪʨʠʣʘʥʢʦʚʦʛʦ (ʜʚʦʣʘʥʢʦʚʦʛʦ) ʤʝʪʨʦʙʫʩʘ ʷʢ ʫ ʩʪʘʮʽʦʥʘʨʥʠʭ, ʪʘʢ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 

ʨʫʭʘʭ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʪʠ ʢʨʠʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ vʢʨ ʘʚʪʦʧʦʾʟʜʘ, ʷʢʘ  ʤʘʻ ʜʚʘ 



 

 

 

65 

ʧʽʜʭʦʜʠ ʜʦ ʩʚʦʻʾ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ: ʧʝʨʰʠʡ, ʟʚ'ʷʟʘʥʠʡ c ʜʦʩʣʽʜʞʝʥʥʷʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʭ ʨʽʚʥʷʥʴ (1-ʡ ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ) ʯʠ ʬʫʥʢʮʽʾ ʃʷʧʫʥʦʚʘ (2-ʡ 

ʤʝʪʦʜ ʃʷʧʫʥʦʚʘ), ʜʨʫʛʠʡ ï ʟ ʚʠʭʦʜʦʤ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʟʘ ʧʨʠʧʫʩʪʠʤʫ ʦʙʣʘʩʪʴ. 

ʂʨʠʪʝʨʽʡ vʢʨ ʟʚ'ʷʟʫʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ ʘʚʪʦʧʦʾʟʜʘ ʪʘ 

ʡʦʛʦ ʰʚʠʜʢʽʩʪʴ ʽ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʾʾ ʚʝʨʭʥʶ ʤʝʞʫ, ʧʝʨʝʚʠʱʝʥʥʷ ʷʢʦʾ ʧʨʠʚʦʜʠʪʴ 

ʜʦ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʫʭʫ. 

ɺʠʟʥʘʯʝʥʘ ʢʨʠʪʠʯʥʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʪʨʠʣʘʥʢʦʚʠʭ ʤʝʪʨʦʙʫʩʽʚ ʟ ʢʝʨʦʚʘʥʠʤ 

ʽ ʥʝʢʝʨʦʚʘʥʠʤ ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ (ʥʘʧʽʚʧʨʠʯʝʧʦʤ) ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʬʘʢʪʦʨʠ, 

ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʾ ʯʠʩʝʣʴʥʝ ʟʥʘʯʝʥʥʷ. ɿʘ ʦʙʨʘʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʢʨʠʪʠʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʜʣʷ ʧʨʠʯʽʧʥʦʾ ʽ ʥʘʧʽʚʧʨʠʯʽʧʥʦʾ ʢʦʤʧʦʥʫʚʘʣʴʥʦʾ ʩʭʝʤʠ 

ʘʚʪʦʧʦʾʟʜʘ ʚʽʜʧʦʚʽʜʥʦ ʩʢʣʘʣʘ 29,83 ʤ/ʩ ʽ 32,44 ʤ/ʩ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʤʝʪʨʦʙʫʩʘ 

ʧʦʟʠʪʠʚʥʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʚʽʜʚʝʜʝʥʥʶ ʢʦʣʽʩ 

ʢʝʨʦʚʘʥʠʭ ʦʩʝʡ ʘʚʪʦʙʫʩʘ ʽ ʜʨʫʛʦʛʦ ʧʨʠʯʝʧʘ (ʥʘʧʨʠʢʣʘʜ, ʟʤʝʥʰʝʥʥʷʤ ʪʠʩʢʫ 

ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ ʢʦʣʽʩ ʮʠʭ ʦʩʝʡ). ɸʥʘʣʦʛ̔ ʯʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʨʠʪʠʯʥʦʾ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʧʨʠʟʚʦʜʠʪʴ ʽ ʧʽʜʚʠʱʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʚʜ̔ʚʝʜʝʥʥʷ ʢʦʣʽʩ 

ʥʝʢʝʨʦʚʘʥʠʭ ʦʩʝʡ ʧʨʠʯʝʧʘ, ʟʤʝʥʰʝʥʥʷ ʚʽʜʩʪʘʥʽ ʤʽʞ ʮʝʥʪʨʦʤ ʤʘʩ ʘʚʪʦʙʫʩʘ ʽ 

ʪʦʯʢʦʶ ʡʦʛʦ ʟʯʽʧʢʠ ʟ ʧʝʨʰʠʤ ʧʨʠʯʝʧʦʤ. ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʘʚʪʦʙʫʩʘ ʽ ʧʝʨʰʦʛʦ 

ʧʨʠʯʝʧʘ ʧʨʠ ʥʝʟʤʽʥʥʽʡ ʟʘʛʘʣʴʥʽʡ ʤʘʩʽ ʤʝʪʨʦʙʫʩʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʘ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʟʙʽʣʴʰʝʥʥʷ ʤʘʩʠ ʦʩʪʘʥʥʴʦʛʦ 

ʧʨʠʯʝʧʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʾ ʟʤʝʥʰʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ 

ʧʦʷʚʠ ʢʦʣʠʚʘʣʴʥʦʾ ʥʝʩʪʽʡʢʦʩʪʽ ʤʝʪʨʦʙʫʩʘ, ʦɦ ʚʽʜʧʦʚʽʜʘʣʘ ʧʦʷʚʽ ʧʝʨʰʦʛʦ 

ʜʦʜʘʪʥʦʛʦ ʢʦʨʝʥʷ ʧʨʠ ʨʦʟʚǋʷʟʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ, ʤʝʥʰʘ ʡʦʛʦ 

ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʮʽʻʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʚʘʛʫ ʩʣʽʜ ʚʽʜʜʘʪʠ 

ʘʚʪʦʧʦʾʟʜʫ ʟ ʥʝʢʝʨʦʚʘʥʠʤ ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ. 

ʇʨʦ ʩʪʽʡʢʽʩʪʴ ʤʝʪʨʦʙʫʩʘ ʫ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʘʭ ʨʫʭʫ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʦ 

ʢʫʪʦʚʽʡ ʰʚʠʜʢʦʩʪʽ ʨʠʩʢʘʥʥʷ ʦʢʨʝʤʠʭ ʣʘʥʦʢ ʤʝʪʨʦʙʫʩʘ ʽ ʚʝʣʠʯʠʥʽ ʙʽʯʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʠʤ ʨʽʟʥʠʭ ʤʘʥʝʚʨʽʚ, ʟʦʢʨʝʤʘ çʨʠʚʦʢ ʨʫʣʴʦʚʦʛʦ 

ʢʦʣʝʩʘè ʽ çʧʝʨʝʩʪʘʚʢʘè. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʜʚʦʣʘʥʢʦʚʦʛʦ ʤʝʪʨʦʙʫʩʘ ʢʫʪʦʚʘ ʰʚʠʜʢʽʩʪʴ ʨʠʩʢʘʥʥʷ ʘʚʪʦʙʫʩʘ ʥʘ 25% ʤʝʥʰʘ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʠʣʘʥʢʦʚʠʤ, ʘ ʧʨʠʯʝʧʘ ï ʟʘʣʠʰʘʻʪʴʩʷ ʤʘʡʞʝ ʥʝʟʤʽʥʥʦʶ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʧʨʠʯʝʧʦʤ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʫ 2,3 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʨʫʛʠʤ 

ʧʨʠʯʝʧʦʤ. ʆʜʥʘʢ, ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ ʪʘʢʦʞ ʤʦʞʥʘ ʩʫʜʠʪʠ ʧʦ ʚʝʣʠʯʠʥʽ ʙʽʯʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ, ʱʦ ʜʽʶʪʴ ʫ ʮʝʥʪʨʽ ʤʘʩ ʦʢʨʝʤʠʭ ʣʘʥʦʢ. ɿʘ ʚʝʣʠʯʠʥʦʶ ʧʨʠʩʢʦʨʝʥ ɹ

ʚʠʟʥʘʯʘʚʩʷ ʨʝʞʠʤ ʨʫʭʫ. ʈʝʞʠʤ ʨʫʭʫ ʚʚʘʞʘʚʩʷ ʩʪʽʡʢʠʤ, ʷʢʱʦ ʧʨʠʩʢʦʨʝʥʥʷ ʙʫʜʴ-

ʢ̫ʦʾ ʣʘʥʢʠ ʤʝʪʨʦʙʫʩʘ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 4,5 ʤ/ʩ2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʰʚʠʜʢʦʩʪʽ 

10 ʤ/ʩ ʙʽʯʥʽ ʧʨʠʩʢʦʨʝʥʥʷ, ʱʦ ʜʽʶʪʴ ʥʘ ʦʢʨʝʤʽ ʣʘʥʢʠ ʤʝʪʨʦʙʫʩʘ ʟ ʥʝʢʝʨʦʚʘʥʠʤ 

ʜʨʫʛʠʤ ʧʨʠʯʝʧʦʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ çʧʦʚʦʨʦʪè, ʤʝʥʰʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʝʨʦʚʘʥʠʤ ʤʝʪʨʦʙʫʩʦʤ ʥʘ 22...29%. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʤʘʥʝʚʨʫ çʨʠʚʦʢ ʨʫʣʴʦʚʦʛʦ 

ʢʦʣʝʩʘè ʟʘ ʰʚʠʜʢʦʩʪʽ 10 ʤ/ʩ ʦʙʠʜʚʘ ʚʘʨʽʘʥʪʠ ʤʝʪʨʦʙʫʩʘ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʩʪʽʡʢʽʩʪʴ ʨʫʭʫ, ʙʦ ʤʘʢʩʠʤʘʣʴʥʽ ʙʽʯʥʽ ʧʨʠʩʢʦʨʝʥʥʷ ʫ ʮʝʥʪʨʽ ʤʘʩ ʜʨʫʛʦʛʦ ʧʨʠʯʝʧʘ 

ʧʝʨʝʚʠʱʫʶʪʴ ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ï 4,5 ʤ/ʩ2. 
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ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʠʷʚʣʝʥʽ ʧʝʨʝʚʘʛʠ ʽ ʥʝʜʦʣʽʢʠ ʤʝʪʨʦʙʫʩʽʚ 

ʨʽʟʥʠʭ ʢʦʤʧʦʥʫʚʘʣʴʥʠʭ ʩʭʝʤ, ʷʢʽ ʤʦʞʫʪʴ ʩʪʘʪʠ ʚ ʥʘʛʦʜʽ ʧʨʠ ʨʦʟʨʦʙʮʽ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘʢʠʭ ʘʚʪʦʧʦʾʟʜʽʚ ʽ ʧʦʜʘʣʴʰʽʡ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ANALYSIS OF SCHEMES OF RETARDER CONTROL SYSTEMS 

PRODUCED BY DOMESTIC AND FOREIGN MANUFACTURERS  

 

The results of the study of retarder control systems of the main manufacturers 

are presented. The principles of their operation and their application features are 

described, advantages and disadvantages are noted. Based on the collected 

information, a conclusion is made about the basic principles of regulating the braking 

torque created by the retarder. 
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ʂʆʅʊʈʆʃʔ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʊʆʈʄʆɾɽʅʀʗ ʆʊɼɽʃʔʅʓʍ 

ɿɺɽʅʔɽɺ ɸɺʊʆʇʆɽɿɼʆɺ 

 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʧʦʝʟʜʘʭ 

ʙʦʨʪʦʚʳʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ (ɹʀʊʉ), ʢʦʪʦʨʳʝ ʨʝʘʣʴʥʦ ʩ 

ʧʦʤʦʱʴʶ ʩʚʦʠʭ ʜʘʪʯʠʢʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʠʩʢʣʶʯʘʶʪ ʘʚʘʨʠʡʥʫʶ ʩʠʪʫʘʮʠʶ, ʚ 

ʢʦʪʦʨʦʡ ʦʢʘʟʘʣʦʩʴ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʦʝ ʩʨʝʜʩʪʚʦ /1/. ʅʦ, ʢʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʥʠ ʦʜʥʘ 

ʠʟ ʩʠʩʪʝʤ ɹʀʊʉ ʥʝ ʦʪʚʝʯʘʝʪ ʥʘ ʚʦʧʨʦʩ ʠʩʧʨʘʚʥʘ ʣʠ ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ 

ʘʚʪʦʧʦʝʟʜʘ ʚ ʮʝʣʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠ ʦʥʘ ʥʦʨʤʘʪʠʚʥʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʪʦʨʤʦʞʝʥʠʷ. ʆʪʜʝʣʴʥʳʝ ʢʦʥʪʨʦʣʴʥʳʝ ʜʘʪʯʠʢʠ ʬʠʢʩʠʨʫʶʪ ʠʩʧʨʘʚʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ɹʀʊʉ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʦʨʦʞʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʣʠʰʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʚʩʝʛʦ ʘʚʪʦʧʦʝʟʜʘ, ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʥʦʩʥʦʛʦ ʧʨʠʙʦʨʘ. ɼʦ ʩʠʭ ʧʦʨ ʩ ʧʦʤʦʱʴʶ 

ʜʦʨʦʞʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʧʨʝʜʝʣʠʪʴ ʢʘʢʦʝ ʟʚʝʥʦ ʘʚʪʦʧʦʝʟʜʘ, ʪʷʛʘʯ, ʧʨʠʮʝʧ ʠʣʠ ʧʦʣʫʧʨʠʮʝʧ ʥʝ ʦʪʚʝʯʘʶʪ 

ʥʦʨʤʘʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ.  

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠʮʝʧʥʦʛʦ ʟʚʝʥʘ, ʚ 

ʩʝʜʝʣʴʥʦʤ ʘʚʪʦʧʦʝʟʜʝ ʧʦʣʫʧʨʠʮʝʧʘ, ʚ ʧʨʠʮʝʧʥʦʤ ʧʨʠʮʝʧʘ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʦʩʦʙ ʟʘʪʦʨʤʘʞʠʚʘʥʠʷ ʧʨʠʮʝʧʘ (ʧʦʣʫʧʨʠʮʝʧʘ) ʩʧʝʮʠʘʣʴʥʳʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʦʨʤʦʟʦʤ ʧʨʠʮʝʧʘ. ɺʦʜʠʪʝʣʠ ʥʘʟʳʚʘʶʪ ʝʛʦ çʧʘʨʘʰʶʪʦʤè. ʆʥ 

ʩʣʫʞʠʪ ʜʣʷ ʨʘʩʪʞ̫ʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʜʢʦ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʠ 

ʛʦʣʦʣʸʜʝ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʨʳʯʘʛʘ ʜʘʥʥʦʛʦ ʪʦʨʤʦʟʘ ʩʨʘʙʘʪʳʚʘʝʪ ʪʦʣʴʢʦ 

ʪʦʨʤʦʟʥʘʷ ʩʠʩʪʝʤʘ ʧʨʠʮʝʧʘ (ʧʦʣʫʧʨʠʮʝʧʘ) ʚ ʩʦʩʪʘʚʝ ʘʚʪʦʧʦʝʟʜʘ. ʇʨʝʜʣʘʛʘʝʤʳʡ 

ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʚ ʮʝʣʦʤ ʠ ʝʛʦ 

ʟʚʝʥʴʝʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʘ) ɼʦʨʦʞʥʳʝ ʠʩʧʳʪʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ 

ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʥʝ ʙʦʣʴʰʦʤ ʨʦʚʥʦʤ ʫʯʘʩʪʢʝ ʜʦʨʦʛʠ ʩ ʥʝʙʦʣʴʰʦʡ ʥʘʯʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʴʶ 25-30 ʢʤ/ʯʘʩ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʤʝʜʣʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʩʪʨʦʝʥʥr ʝ ʢʦʣʝʩʥʳʝ ʜʘʪʯʠʢʠ ɸɹʉ ʠʣʠ ʧʨʦʜʦʣʴʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ. 

ʇʨʠ ʠʩʧʳʪʘʥʠʷʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʝʨʝʥʦʩʥʦʡ ʧʨʠʙʦʨ çʄʝʪʘ ʵʬʬʝʢʪè, 

ʠʟʤʝʨʷʶʱʠʡ ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʘʤʝʜʣʝʥʠʝ, ʚʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʦʣʥʦʝ ʪʦʨʤʦʞʝʥʠʝ ʚʩʝʤʠ ʦʩʷʤʠ ʘʚʪʦʧʦʝʟʜʘ. 

ʙ) ɼʦʨʦʞʥr ʝ ʠʩʧʳʪʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ ʧʨʠʮʝʧʘ 

(ʧʦʣʫʧʨʠʮʝʧʘ) ʧʨʦʚʦʜʷʪʩʷ ʧʦ ʪʦʡ ʞʝ ʤʝʪʦʜʠʢʝ, ʠʟʤʝʨʝʥʠʝ ʪʝʤ ʞʝ ʧʨʠʙʦʨʦʤ, ʥʦ 

ʪʦʨʤʦʞʝʥʠʝ ʚʩʝʛʦ ʘʚʪʦʧʦʝʟʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ 

ʧʨʠʮʝʧʘ (ʧʦʣʫʧʨʠʮʝʧʘ). 

ʚ) ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʩ ʢʘʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʦʭʦʜʠʣʦ ʪʦʨʤʦʞʝʥʠʝ 

ʧʨʠʮʝʧʘ (ʧʦʣʫʧʨʠʮʝʧʘ) ʦʧʨʝʜʝʣʷʣʦʩʴ ʟʘʤʝʜʣʝʥʠʝ ʧʨʠʮʝʧʘ ʠʣʠ ʧʦʣʫʧʨʠʮʝʧʘ 



 

 

 

68 

ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʚ ʇʨʘʚʠʣʘʭ 13 ɽʕʂ ʆʆʅ /2/, 

ʇʨʠʣʦʞʝʥʠʝ 4 ʧ. 1.4.4.3 

         ʛʜʝ 

jn  ï ʟʘʤʝʜʣʝʥʠʝ ʧʨʠʮʝʧʘ  

jan ï ʟʘʤʝʜʣʝʥʠʝ ʘʚʪʦʧʦʝʟʜʘ ʧʫʪʸʤ ʪʦʨʤʦʞʝʥʠʷ ʪʦʣʴʢʦ ʢʦʣʝʩʘʤʠ ʧʨʠʮʝʧʘ   

R ï ʚʝʣʠʯʠʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʢʘʯʝʥʠʷ = 0,01 

Pm ï ʦʙʱʝʝ ʦʙʳʯʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʜʦʨʦʛʠ ʠ ʢʦʣʝʩʘʤʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ, ʙʫʢʩʠʨʫʶʱʝʛʦ ʧʨʠʮʝʧ 

(ʧʦʣʫʧʨʠʮʝʧ) 

Pn ï ʦʙʱʝʝ ʦʙʳʯʥʦʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʜʦʨʦʛʠ ʠ ʢʦʣʝʩʘʤʠ ʧʨʠʮʝʧʘ (ʧʦʣʫʧʨʠʮʝʧʘ). 

ʉ ʮʝʣʴʶ ʘʧʨʦʙʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʨʦʞʥʳʝ 

ʪʦʨʤʦʟʥʳʝ ʠʩʧʳʪʘʥʠʷ 10 ʩʝʜʝʣʴʥʦ-ʧʨʠʮʝʧʥʳʭ ʰʝʩʪʠ ʦʩʥʳʭ ʘʚʪʦʧʦʝʟʜʦʚ ʜʣʷ 

ʧʝʨʝʚʦʟʢʠ ʞʠʜʢʠʭ ʛʨʫʟʦʚ, ʧʦʣʥʘ̫ ʤʘʩʩʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 42,9 ï 43,1 

ʪʦʥʥʳ, ʥʘʛʨʫʟʢʘ ʥʘ 3 ʟʘʜʥʠʝ ʦʩʠ ʧʦʣʫʧʨʠʮʝʧʘ ʚ ʧʨʝʜʝʣʘʭ 24,0 ʪʦʥʥʳ.  

ʇʨʠʙʦʨ ʄɽʊɸ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʪʝʢʣʝ ʧʨʘʚʦʡ ʜʚʝʨʠ ʪʷʛʘʯʘ. ʀʩʧʳʪʘʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ (1 ʟʘʝʟʜ), ʥʘ ʧʝʜʘʣʴ ʪʦʨʤʦʟʘ 

ʫʩʪʘʥʦʚʠʣʠ ʜʘʪʯʠʢ ï ʦʪʤʝʯʠʢ ʥʘʯʘʣʦ ʪʦʨʤʦʞʝʥʠʷ, ʪʦʨʤʦʞʝʥʠʝ ʘʚʪʦʧʦʝʟʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʪʦʨʤʦʟʘʤʠ ʚʩʝʭ ʢʦʣʝʩ ʘʚʪʦʧʦʝʟʜʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ (ʚʪʦʨʦʡ ʟʘʝʟʜ), ʪʦʨʤʦʞʝʥʠʝ ʚʩʝʛʦ ʘʚʪʦʧʦʝʟʜʘ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʪʦʨʤʦʟʦʤ ʧʦʣʫʧʨʠʮʝʧʘ (ʧʘʨʘʰʶʪʦʤ), ʪ.ʝ. 

ʪʦʨʤʦʟʠʣʠʩʴ ʪʦʣʢɹʦ ʦʩʠ ʧʦʣʫʧʨʠʮʝʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʪʯʠʢ-ʦʪʤʝʯʠʢ ʥʘʯʘʣʘ 

ʪʦʨʤʦʞʝʥʠʷ ʚʢʣʶʯʘʣʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʨʝʟʢʠʤ ʧʝʨʝʤʝʱʝʥʠʝʤ ʨʳʯʘʛʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʪʦʨʤʦʟʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʵʢʩʪʨʝʥʥʦʝ ʪʦʨʤʦʞʝʥʠʝ 

ʘʚʪʦʧʦʝʟʜʘ. 

ɺ ʪʘʙʣʠʮʝ ʫʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʦʨʤʦʟʥʳʭ ʠʩʧʳʪʘʥʠʡ ʘʚʪʦʧʦʝʟʜʦʚ, ʘ ʪʘʢʞʝ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʟʘʤʝʜʣʝʥʠʷ ʧʦʣʫʧʨʠʮʝʧʦʚ. ɺʨʝʤʷ ʩʨʘʙʘʪʳʚʘʥʠʝ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ  ʧʨʠʙʦʨ çʄɽʊɸ - ʵʬʬʝʢʪè ʬʠʢʩʠʨʫʝʪ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʤʝʜʣʝʥʠʷ ʘʚʪʦʧʦʝʟʜʘ (Jʤʘʭ). ʊʘʢ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʚ ʪʝʭʥʠʯʝʩʢʦʤ 

ʨʝʛʣʘʤʝʥʪʝ ʈʌ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʣʝʩʥʳʭ ʊʉ, ʧʨʠʣʦʞʝʥʠʷ ˉ7 çʊʨʝʙʦʚʘʥʠʷ ʢ 

ɸʊʉ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠè.  

ʅʦʨʤʘ 0,8 ʩʝʢ. ʫʩʪʘʥʦʚʣʝʥʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 0,75 Jmax, ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ 

ʧʨʘʚʠʣʴʥʦ. ɸʥʘʣʦʛʠʯʥʳʡ ʧʦʜʭʦʜ ʢ ʟʘʤʝʨʫ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʩʨʘʙʘʪʳʚʘʥʠʷ 

ʪʦʨʤʦʟʥʦʛʦ ʧʨʠʚʦʜʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ, ʫʩʪʘʥʦʚʣʝʥ ʚ ʇʨʘʚʠʣʘʭ ˉ13 ɽʕʂʆʆʅ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʟʘʤʝʜʣʝʥʠʷ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʚʩʝʤʠ 

ʢʦʣʝʩʘʤʠ ʘʚʪʦʧʦʝʟʜʘ ʠ ʨʘʩʯʝʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʟʘʤʝʜʣʝʥʠʷ J ʧ/ʧ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʪʦʣʴʢʦ ʫ ʪʨʦʠʭ ʧʦʣʫʧʨʠʮʝʧʦʚ ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ ʠʩʧʨʘʚʥʳ ˉ 5, 9 ʠ 10,   

ʟʘʤʝʜʣʝʥʠʝ ʚʳʰʝ ʥʦʨʤʘʪʠʚʥʦʛʦ ʟʥʘʯʝʥʠʷ (4,5 ʤ/ʩʝʢ2). ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ 

ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʝʩʣʠ ʧʨʠʚʦʜʠʪʴ ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʦʨʤʦʞʝʥʠʷ 

ʘʚʪʦʧʦʝʟʜʦʚ ʜʦʨʦʞʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ, ʟʘʤʝʨʷʷ ʟʘʤʝʜʣʝʥʠʝ ʘʚʪʦʧʦʝʟʜʘ ʧʨʠ 

ʪʦʨʤʦʞʝʥʠʠ ʨʘʙʦʯʝʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʦʡ ʚʩʝʭ ʢʦʣʝʩ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 
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ʥʘ 9 ʘʚʪʦʧʦʝʟʜʘʭ, ʢʨʦʤʝ ʧʝʨʚʦʛʦ, ʪʦʨʤʦʟʥʳʝ ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʶʪ ʥʦʨʤʘʪʠʚʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʤʦʱʥʦʡ ʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳ ʪʷʛʘʯʝʡ 

MAN TGS 26.400, ʛʜʝ ʥʘ ʠʭ ʪʨʝʭ ʦʩʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʜʠʩʢʦʚʝr ʪʦʨʤʦʟʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ.  

 ̄

ʧ/ʧ 
ʊʠʧ ʘʚʪʦʧʦʝʟʜʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʈʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ 

J ʧ/ʧ, ʤ/ʩʝʢ2 

Jʘʧ , ʤ/ʩʝʢ2 

ʪʦʨʤʦʞʝʥʠʝ 

ʚʩʝʤʠ 

ʢʦʣʝʩʘʤʠ 

Jʘʧ , ʤ/ʩʝʢ2 

ʪʦʨʤʦʞʝʥʠʝ 

ʢʦʣʝʩʘʤʠ ʧ/ʧ 

, ʩ 

ʪʦʨʤʦʟʥʦʡ 

ʩʠʩʪʝʤʳ 

ʘʚʪʦʧʦʝʟʜʘ 

1 

MAN TGS 26.400 + 

ʧ/ʧ ʚʩʪʨʦʝʥʥʘʷ 

ʮʠʩʪʝʨʥʘ ʌʨʝʡʭʘʫʬ 

ʛʘʨʘʞ ˉ 118 

4,03 1,6 0,67 2,86 

2 
-- II -- 

ɻʘʨʘʞ ˉ 422 
5,5 1,79 0,74 3,2 

3 
-- II -- 

ɻʘʨʘʞ ˉ 135 
4,6 1,28 0,82 2,29 

4 
-- II -- 

ɻʘʨʘʞ ˉ 146 
5,3 1,08 0,94 1,93 

5 
-- II -- 

ɻʘʨʘʞ ˉ 148 
4,76 2,56 0,76 4,58 

6 

MAN TGS 26.400 + 

ʧ/ʧ ʢʦʥʪʝʡʥʝʨʦʚʦʟ 

WIELTON NS3 P40 c 

2-ʤʷ ʢʦʥʪʝʡʥʝʨʘʤʠ 

ʜʣʷ ʞʠʜʢʠʭ ʛʨʫʟʦʚ 

ʛʘʨʘʞ ˉ 216 

4,8 1,98 0,6 3,55 

7 
-- II -- 

ɻʘʨʘʞ ˉ 521 
5,76 2,11 0,9 3,78 

8 
-- II -- 

ɻʘʨʘʞ ˉ 336 
4,8 2,17 0,52 3,89 

9 
-- II -- 

ɻʘʨʘʞ ˉ 436 
5,46 2,52 0,76 4,52 

10 
-- II -- 

ɻʘʨʘʞ ˉ 461 
5,2 2,61 0,64 4,66 

 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʦʚʝʨʥʦ ʦʮʝʥʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʦʨʤʦʟʦʚ ʦʪʜʝʣʴʥʦ 

ʢʘʞʜʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʚʝʥʘ ʘʚʪʦʧʦʝʟʜʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪɹ, ʯʪʦ ʫ ʩʝʤʠ ʘʚʪʦʧʦʝʟʜʦʚ ʪʦʨʤʦʟʥʳʝ ʤʝʭʘʥʠʟʤʳ ʧʦʣʫʧʨʠʮʝʧʦʚ 

ʪʨʝʙʫʶʪ ʩʨʦʯʥʦʛʦ ʨʝʤʦʥʪʘ. 
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ɸʚʪʦʤʦʙʽʣʽ ʻ ʥʘʡʤʘʩʦʚ̔ʰʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ, ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʤ ʷʢ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ ʩʝʢʪʦʨʽ ʢʨʘʾʥʠ, ʪʘʢ ʽ ʚ ʩʪʨʫʢʪʫʨʥʠʭ 

ʧʽʜʨʦʟʜʽʣʘʭ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ ʚʠʢʦʥʘʚʯʦʾ ʚʣʘʜʠ, ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʩʚʦʶ 

ʜʽʷʣʴʥʽʩʪʴ ʚ ʽʥʪʝʨʝʩʘʭ ʦʙʦʨʦʥʠ ʽ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʢʦʥʥʦʩʪʽ ʽ 

ʧʨʘʚʦʧʦʨ̫ʜʢʫ.  

ɿʥʘʯʥʫ ʯʘʩʪʠʥʫ ʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʚʘʨʜʽʾ 

ʋʢʨʘʾʥʠ ʩʢʣʘʜʘʶʪʴ ʧʦʚʥʦʧʨʠʚʜ̔ʥʽ ʘʚʪʦʤʦʙʣ̔ʽ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ï ʘʚʪʦʤʦʙʽʣʽ 

ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʋ ʧʦʚʩʷʢʜʝʥʥʽʡ ʜʽʷʣʴʥʦʩʪʽ ʚʦʥʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʜʦʨʦʛʘʭ ʫʩʽʭ ʪʠʧʚ̔, ʘ ʪʘʢʦʞ ʽ ʧʦʟʘ ʜʦʨʦʛʘʤʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʩʣʫʞʙʦʚʦ-ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ. ʇʨʠ ʮʴʦʤʫ ʙʘʟʦʚʽ ʤʦʜʝʣʽ ʘʚʪʦʤʦʙʽʣʽ 

ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ 

ʨʽʟʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʪʘ ʧʝʨʝʚʝʟʝʥʥʷ ʜʦ ʤʽʩʮʷ ʧʨʠʟʥʘʯʝʥʥʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ. ɰʭ 

ʤʦʜʠʬ̔ʢʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʽʜ ʤʦʥʪʘʞ ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʦʟʙʨʦʻʥʥʷ, 

ʫʩʪʘʪʢʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʽʥ. ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʩʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʚ ʅʘʮʽʦʥʘʣʴʥʦʾ 

ʛʚʘʨʜʽʾ ʋʢʨʘʾʥʠ ʪʘ ʩʠʣʦʚʠʭ ʚ̔ʜʦʤʩʪʚʘʭ ʙʝʟʧʝʨʝʨʚʥʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʨ̫ʜʦʤ ʩʧʝʮʠʬʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʮʴʦʛʦ ʚʠʜʫ ʪʝʭʥʽʢʠ. 

ɸʚʪʦʤʦʙʽʣʴʥʘ ʪʝʭʥʽʢʘ ʤʝʥʰ ʧʦʚ'ʷʟʘʥʘ ʪʨʘʥʩʧʦʨʪʥʦʶ ʽʥʬʨʘʩʪʨʫʢʪʫʨʦʶ, ʯʠʤ 

ʽʥʰʽ ʚʠʜʠ ʪʨʘʥʩʧʦʨʪʫ, ʤʦʙʽʣʴʥʽʰʘ  ̔ʦʧʝʨʘʪʠʚʥʘ, ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʰʚʠʜʢʝ 

ʧʝʨʝʩʫʚʘʥʥ ̫ʚʽʡʩʴʢʦʚʠʭ ʬʦʨʤʫʚʘʥʴ, ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ  ̔ʚʽʡʩʴʢʦʚʦ ʾʪʝʭʥʽʢʠ 

ʧʦ ʦʙʭʽʜʥʠʭ ʜʦʨʦʛʘʭ  ̔ʢʦʣʦʥʥʠʭ ʰʣʷʭʘʭ.  

ɸʚʪʦʤʦʙʽʣ̔ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʨʫʭʣʠʚʦʩʪʽ ʽ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʜʦ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʟ̔ʥʠʭ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚʘʭ, ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ 

ʙʦʡʦʚʠʭ ʜʽʷʭ, ʟʙʨʦʡʥʠʭ ʢʦʥʬʣʽʢʪʘʭ, ʤʠʨʦʪʚʦʨʯʠʭ ʤʽʩʽʷʭ, ʨʦʟʚʽʜʫʚʘʣʥɹʠʭ 

ʦʧʝʨʘʮʽʷʭ ʪʘ ̔ʥ. ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʚʦʥʠ ʤʘʶʪʴ ʚʠʩʦʢʽ 

ʧʦʢʘʟʥʠʢʠ ʧʨʦʭʽʜʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ, ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʨʫʭʫ, ʧʘʣʠʚʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʽ ʪʘʢ ʜʘʣ.̔ 

ɺ ʜʦʧʦʚʽʜʽ ʟʘʟʥʘʯʘʻʪʴʩʷ, ʱʦ ʦʩʥʦʚʥʠʡ ʧʘʨʘʤʝʪʨ, ʱʦ ʦʙʤʝʞʫʻ ʨʽʚʝʥʴ 

ʨʫʭʣʠʚʦʩʪʽ ʘʚʪʦʤʦʙ̔ʣʽʚ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ï ʦʧʦʨʥʘ ʧʨʦʭʽʜʥʽʩʪʴ, 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʷʢʦʾ ʻ ʪʷʛʦʚʽ ʽ ʰʚʠʜʢʽʩʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʧʦʚʥʦʧʨʠʚʽʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ.  
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ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ ʽ ʧʨʠ ʨʫʩʽ ʧʦ ʦʧʦʨʥʠʭ 

ʧʦʚʝʨʭʥʷʭ, ʱʦ ʜʝʬʦʨʤʫʶʪʴʩʷ, ʦʯʝʚʠʜʥʽ ʧʨʦʙʣʝʤʠ ʟ ʨʽʚʥʝʤ ʦʧʦʨʥʦʾ ʧʨʦʭʽʜʥʦʩʪʽ. 

ʇʨʦʭʽʜʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʟʘʚʞʜʠ ʪʠʤ ʚʠʱʝ, ʯʠʤ ʤʝʥʰʝ ʪʠʩʢ, ʱʦ ʨʦʙʠʪʴʩʷ 

ʢʦʣʝʩʘʤʠ ʥʘ ˇʨʫʥʪ, ʽ ʯʠʤ ʤʝʥʰʝ ʚʥʫʪʨʽʰʥʽʡ ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ ʰʠʥʘʭ. ʆʪʞʝ, ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʭʽʜʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʨʫʩʽ ʩʣʽʜ ʟʥʠʞʫʚʘʪʠ ʪʠʩʢ ʧʦʚʽʪʨʷ ʚ 

ʠhʥʘʭ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʰʪʘʪʥʘ ʩʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ 

ʰʠʥʘʭ, ʢ̫ʘ ʧʽʜʚʠʱʫʻ ʟʜʘʪʥʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ ʜʦ ʨʫʭʫ ʟʘʣʝʞʥʦ ʚʽʜ ʜʦʨʦʞʥʽʭ ʫʤʦʚ, 

ʪʠʧʫ ˇʨʫʥʪʫ ʽ ʧʨʠʨʦʜʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʘʪʝʥʪʥʠʭ ʚʠʥʘʭʦʜʽʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʨʫʙʽʞʥʠʤʠ ʽ ʚʽʪʯʠʟʥʷʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ 

ʚʞʠʚʘʶʪʴʩʷ ʘʢʪʠʚʥʽ ʟʘʭʦʜʠ ʧʦ ʚʜʦʩʢʦʥʘʣʝʥʥʶ ʧʨʦʮʝʩʫ ʨʝʛʫʣʶʚʘʥʥʷ ʪʠʩʢʫ 

ʧʦʚ̔ʪʨʷ ʚ ʰʠʥʘʭ ʽ ʚʠʢʦʨʠʩʪʘʥʥʶ ʡʦʛʦ ʧʦʟʠʪʠʚʥʠʭ ʷʢʦʩʪʝʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʭʽʜʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʽ ʦʧʝʨʘʪʠʚʥʦʾ 

ʘʜʘʧʪʘʮʽʾ ʜʦ ʜʦʨʦʞʥʽʭ ʫʤʦʚ.  

ɺ ʜʦʧʦʚʽʜʽ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʨʦʟʨʘʭʫʥʢʦʚʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʷʤʦʣʽʥʽʡʥʦʛʦ 

ʨʫʭʫ ʙʘʛʘʪʦʚʽʩʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʦʧʦʨʥʽʡ ʧʦʚʝʨʭʥʽ, ʱʦ ʜʝʬʦʨʤʫʻʪʴʩʷ, ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʘ ʦʧʦʨʫ ʨʫʭʫ ʢʦʣʽʩ 

ʘʚʪʦʤʦʙʽʣʷ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʜʦʚʦʜʠʪʴʩʷ ʥʘ ʢʦʣʝʩʘ, ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʚ ʢʦʣʽʩʥʽʡ ʬʦʨʤʫʣʽ ʘʚʪʦʤʦʙʽʣʷ ʽ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ 

ʰʠʥʘʭ. 

ʈʝʟʫʣʴʪʘʪʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʥʽ ʚ ʧʨʦʝʢʪʥʦ-

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ  ̔ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʱʦ ʧʨʦʚʦʜʷʪʴ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʦ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʘ ʨʦʟʨʦʙʮʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʨʘʟʢʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ  ̔ʾʭ ʤʦʜʠʬʽʢʘʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

 

ʐʫʢʣʽʥʦʚ ʉʝʨʛʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, schuklinovsn@gmail.com 

ɸʣʴʦʢʩʘ ʄʠʢʦʣʘʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʣ̔ɹʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

ʋʞʚʘ ɸʥʘʪʦʣʽʡ ɺʽʢʪʦʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ; 

ʃʫʢʘʰʦʚ ɯʚʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʟʘʚʽʜʫʚʘʯ ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦ-ʚʠʧʨʦʙʫʚʘʣʴʥʽʡ ʣʘʙʦʨʘʪʦʨʽʾ 

ʰʚʠʜʢʽʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ. 

 

     ɺʀɿʅɸʏɽʅʅʗ ʄʆɾʃʀɺʆʉʊɯ ɹʋʂʉʋɺɸʅʅʗ ɺɽɼʋʏʀʍ ʂʆʃɯʉ 

ʇɯɼ ʏɸʉ ʈʆɿɻʆʅʋ ɸɺʊʆʄʆɹɯʃʗ  

 

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʪʘ ʭʘʨʘʢʪʝʨ 

ʨʫʭʫ ʚ ʜʘʥʠʭ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ. ɹʝʟʧʝʨʝʨʚʥʠʡ ʨʫʭ ʤʦʞʣʠʚʠʡ ʟʘ ʫʤʦʚʠ [1 ï 3] 

 

ʢ ʚP P Py² + ,                                                      (1) 
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ʜʝ ʈʢ ï ʧʦʚʥʘ ʩʠʣʠ ʪʷʛʠ ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ; 

ʈ , ʈʚ ï ʩʠʣʠ ʦʧʦʨʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦʨʦʛʠ ʪʘ ʧʦʚʽʪʨʷ. 

ʅʝʨʽʚʥʽʩʪʴ (1) ʧʦʚ'ʷʟʫʻ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʬʘʢʪʦʨʠ ʘʚʪʦʤʦʙʽʣʷ ʟ ʬʘʢʪʦʨʘʤʠ, 

ʱʦ ʟʫʤʦʚʣʶʶʪʴ ʦʧʽʨ ʨʫʭʫ. ɺʠʢʦʥʘʥʥʷ ʫʤʦʚʠ (1) ʥʝʦʙʭʽʜʥʦ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʥʝʚʧʠʥʥʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʪʘʢ ʷʢ ʦʩʪʘʥʥʽʡ ʤʦʞʣʠʚʠʡ ʣʠʰʝ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʙʝʟʧʝʨʝʨʚʥʠʡ ʨʫʭ ʤʦʞʣʠʚʦ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ [1 ï 3] 

 

ʢ ʚP P P Pj y² ² +,                                                    (2) 

 

ʜʝ ʈ  ï ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ. 

ʋʤʦʚʘ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʙʝʟ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ [1 ï 3] 

 

ʢ ʚP P P Pj y² = +.                                                    (3) 

 

ʗʢʱʦ ʟʙʽʣʴʰʠʪʠ ʩʠʣʫ Pʢ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʤʦʶ P +Pʚ, ʪʦ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ 

ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʙʫʜʝ ʪʨʠʚʘʪʠ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʪʷʛʦʚʘ 

ʩʠʣʘ ʥʝ ʚʠʷʚʠʪʴʩʷ ʨʽʚʥʦʶ ʩʠʣʽ ʟʯʝʧʣʝʥʥʷ P . ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ Pʢ ʚʠʢʣʠʯʝ 

ʣʠʰʝ ʧʨʠʩʢʦʨʝʥʝ ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ, ʥʝ ʟʤʽʥʶʶʯʠ ʧʘʨʘʤʝʪʨʽʚ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. 

ʗʢʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ 

 

ʢ ʚP P P Pj y>² + ,                                                    (4) 

 

ʘʚʪʦʤʦʙʽʣʴ ʙʫʜʝ ʨʫʭʘʪʠʩʷ ʩ ʧʨʠʩʢʦʨʝʥʥʷʤ ʟ ʙʫʢʩʫʚʘʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ. ɿ̔ 

ʟʨʦʩʪʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʦʧʽʨ ʡʦʛʦ ʨʫʭʫ. ʊʦʤʫ ʧʨʠʩʢʦʨʝʥʥʷ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʙʫʢʩʫʚʘʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʰʚʠʜʢʦʩʪʽ ʧʨʠ ʷʢʦʾ 

ʥʘʩʪʫʧʠʪʴ ʫʤʦʚʘ (5) ʪʘ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʥʘʙʫʜʝ ʩʪʘʣʠʡ ʭʘʨʘʢʪʝʨ. 

 

ʢ ʚP P P Pj y=² + ,                                                   (5) 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ ʫʤʦʚʥʽʩʪʴ, ʷʢʘ ʧʨʠʡʥʷʪʘ ʧʨʠ ʚʠʚʦʜʽ ʨʽʚʥʷʥʥʷ ʨʫʭʫ ï ʩʠʣʘ 

ʥʘ ʚʝʜʫʯʠʭ ʢʦʣʝʩʘʭ Pʢ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʩʪʘʣʦʛʦ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ. ʊʦʤʫ ʧʨʠ ʘʥʘʣʽʟʽ 

ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʫʤʦʚʘ (4) ʥʝ ̒ ʢʦʨʝʢʪʥʦʶ, ʪʦʤʫ ʱʦ ʥʝ ʚʨʘʭʦʚʫ ̒ʚʪʨʘʪʠ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʦʙʝʨʪʦʚʠʭ ʤʘʩ. ɼʣʷ ʫʨʘʭʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʟʤʽʥʫ 

ʝʥʝʨʛʽʾ ʦʙʝʨʪʦʚʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʧʝʨʝʜʘʯʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ ʜʦ ʚʝʜʫʯʠʭ ʢʦʣʽʩ, 

ʚʝʣʠʯʠʥʫ Pʢ ʪʨʝʙʘ ʟʤʝʥʰʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʦ ʢʦʝʬʽʮʽʻʥʪʘ ʦʙʝʨʪʦʚʠʭ ʤʘʩ dʚʨ. 

ʋ ʟʚôʷʟʢʫ ʟʽ ʟʘʟʥʘʯʝʥʠʤ ʫʤʦʚʘ ʤʦʞʣʠʚʦʩʪʽ ʨʫʭʫ ʙʝʟ ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ ʧʨʠ 

ʨʦʟʛʦʥʽ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠʡʤʝ ʚʠʜ 
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² .                                                (6) 

 



 

 

 

73 

ʋʤʦʚʘ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʛʦʥʫ ʘʚʪʦʤʦʙʽʣʷ ʟ ʙʫʢʩʫʚʘʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ 

ʟʘʟʥʘʯʘʻʪʴʩʷ ʥʝʨʽʚʥʽʩʪ  ʁ
 

ʚʨ ʨ

ʚʢ

ʚ

P PP
P

y

j²
+

d
²

d
.                                                (7) 

 

ʈʽʚʥʦʤʽʨʥʠʡ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʟ ʙʫʢʩʫʚʘʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʤʦʞʣʠʚʠʡ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ 

 

ʚʨ ʨ

ʚʢ

ʚ

P PP
P

y

j=
+

d
²

d
.                                              (8) 

 

ɺʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪ̔ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʨʠ ʩʪʘʣʦʤʫ ʨʫʩʽ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ʨʽʟʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʰʚʠʜʢʦʩʪʽ ʚʠʢʦʥʫʶʪʴ ʟʘ ʛʨʘʬʽʢʦʤ ʪʷʛʦʚʦʛʦ 

ʙʘʣʘʥʩʫ (ʨʠʩ. 1) [1 ï 3]. ʍʘʨʘʢʪʝʨ ʨʫʭʫ ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʫʤʦʚʘʤʠ: 

 

ʢP Pj< - ʢʦʣʝʩʘ ʙʫʢʩʫʶʪʴ ;                                  (9) 

ʢP Pj² - ʢʦʣʝʩʘ ʥʝ ʙʫʢʩʫʶʪʴ.                              (10) 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1 ʩʪʘʣʠʡ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʝʟ ʙʫʢʩʫʚʘʥʥʷ 

ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʤʝʥʰʝ ʥʽʞ v1. ɸʣʝ ʥʘ ʜʽʣʷʥʮʽ ʚʽʜ v1 ʧʦ v2 ʩʠʣʘ ʈʢ 

ʧʝʨʝʚʠʱʫʻ ʩʠʣʫ ʈ , ʪʦʤʫ ʧʨʠ ʩʪʘʣʦʤʫ ʨʫʩʽ ʘʚʪʦʤʦʙʽʣʷ ʚʝʜʫʯʠ ʢʦʣʝʩʘ ʙʫʢʩʫʶʪʴ. 

ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʨʘʮʽʦʥʘʣʴʥʦ ʟʥʠʟʠʪʠ ʧʦʜʘʯʫ ʧʘʣʠʚʘ ʪʘʢ, ʱʦʙʠ ʟʤʝʥʰʠʪʠ ʩʠʣʫ ʪʷʛʠ 

ʈʢ ʜʦ ʨʽʚʥʷ ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʈ . 

ɿʽ ʨʠʩʫʥʢʫ 1 ʚʠʜʥʦ ʱʦ, ʧʦʚʥʘ ʩʠʣʘ ʪʷʛʠ ʈʢ ʠ ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʈj1 

ʧʝʨʝʚʠʱʫʶʪʴ ʩʫʤʘʨʥʫ ʩʠʣʫ ʦʧʦʨʫ ʨʫʭʫ ʈy + ʈʚ ʪʦʤʫ ʘʚʪʦʤʦʙʽʣʴ ʙʫʜʝ ʨʫʭʘʪʠʩʷ 

ʩ ʧʨʠʩʢʦʨʝʥʥʷʤ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʙʫʢʩʫʚʘʥʥʷ ʚʝʜʫʯʠʭ 

ʢʦʣʽʩ ʟʘ ʛʨʘʬʽʢʦʤ ʈʢ=f(va) ʻ ʢʦʨʝʢʪʥʠʤ ʪʽʣʴʢʠ ʷʢ ʱʦ ʈj1=ʈy + ʈʚ, ʪʦʙʪʦ ʧʨʠ 

ʩʪʘʣʦʤʫ ʨʫʩ̔ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʧʦʚʽʜʥʦ ʟ ʫʤʦʚʦʶ (5). 

ʇʽʜ ʯʘʩ ʧʨʠʩʢʦʨʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʩʠʣʘ ʪʷʛʠ ʱʦ ʧʽʜʚʝʜʝʥʘ ʜʦ ʚʝʜʫʯʠʭ ʢʦʣʽʩ 

ʟʤʝʥʰʠʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʨʘʪʘʤ ʝʥʝʨʛʽʾ ʥʘ ʧʨʠʩʢʦʨʝʥʥʷ ʦʙʝʨʪʦʚʠʭ ʤʘʩ. ʊʦʤʫ 

ʜʣʷ ʚʨʘʭʫʚʘʥʥʷ ʮʴʦʛʦ ʥʘ ʪʷʛʦʚʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ (ʨʠʩ. 1) ʜʦʜʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

( )
ʚʨ

ʢ
ʘ

P
f v

d
= . ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʫ 1 ʧʨʠ ʨʦʟʛʦʥʽ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʪʦʤ ʞʝ ʟʥʘʯʝʥʥʽ 

ʩʠʣʠ ʟʯʝʧʣʝʥʥʷ ʈj1 ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʩʪʘʣʦʛʦ 

ʨʫʭʫ, ʙʫʢʩʫʚʘʥʥʷ ʢʦʣʽʩ ʥʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʩʴʦʤʫ ʰʚʠʜʢʽʩʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 
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v2v1

Pɣ

Pʢ1

Pʢ ,

Pʚ ,

Pɣ ,

H

vʘ, ʢʤ/ʛʦʜvamax

Pɣ+Pʚ

Pʢ3

Pʢ2

a

Pʢ1
dʚʨ

Pj 1

Pj 2

v3 v4  
 

˾͙ͫΦ 1. ʕ ͙ͤ͊͘ ;͔ͤ ͤΎ ͍͋ͯͫͯ͊ͤͤ͟Ύ ͍͔͒ͯ;͙ͻ ͦͫ͟͜͡ ͍͊ͭͦͣͦ͋͜͡Ύ 

 

ʗʢ ʱʦ ʩʠʣʘ ʟʯʝʧʣʝʥʥʷ ʈ  ʚʝʜʫʯʠʭ ʢʦʣʽʩ ʟ ʦʧʦʨʥʦʶ ʧʦʚʝʨʭʥʝʶ 

ʟʤʝʥʰʠʪʴʩʷ ʜʦ ʈ , ʪʦ ʩʪʘʣʠʡ ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʟ ʙʫʢʩʫʚʘʥʥʷʤ ʚʝʜʫʯʠʭ ʢʦʣʽʩ 

ʚʽʜʙʫʚʘʪʠʤʫʩʷ ʜʦ ʰʚʠʜʢʦʩʪʽ v4, ʘ ʧʨʠʩʢʦʨʝʥʠʡ ʨʫʭ ʜʦ ʰʚʠʜʢʦʩʪʽ v3. 
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ɹʝʟʨʽʜʥʠʡ ɺʦʣʦʜʠʤʠʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʩʪ. ʚʠʢʣʘʜʘʯ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, rostik405220@gmail.com 

ɹʝʟʨʽʜʥʘ ʆʣʝʢʩʘʥʜʨʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʩʪʫʜʝʥʪ 

 

ɺʇʃʀɺ ʇʈʀʉɸɼʆʂ ʅɸ ɿʄɯʅʋ ʆʂʊɸʅʆɺʆɻʆ ʏʀʉʃɸ ɹɽʅɿʀʅʋ 

 

 ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʫ ʪʝʭʥʽʮʽ ʚʽʜʦʤʝ ʜʘʚʥʦ. ʋ ʙʽʣʴʰʦʩʪʽ 

ʚʠʧʘʜʢʚ̔ ʚʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ, ʷʢ ʦʩʥʦʚʥʠʡ ʢʦʤʧʦʥʝʥʪ ʨʝʘʢʪʠʚʥʠʭ ʧʘʣʠʚ. 

ʂʨʘʾʥʠ ʉʅɼ ʽʜʫʪʴ ʧʦ ʰʣʷʭʫ ʩʢʦʨʦʯʝʥʥʷ ʨʘʢʝʪʥʦʛʦ ʦʟʙʨʦʻʥʥʷ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫʪʠʣʽʟʘʮʽʾ ʨʘʢʝʪʥʦʛʦ ʧʘʣʠʚʘ. ɼʝʨʞʢʦʤʽʩʽʷ ʧʦ 

ʚʠʧʨʦʙʫʚʘʥʥʶ ʧʘʣʠʚ, ʤʘʩʝʣ, ʟʤʘʱʝʥʴ ʽ ʩʧʝʮʽʘʣʴʥʠʭ ʨʽʜʠʥ ʧʨʠ ɼʝʨʞʩʪʘʥʜʘʨʪʽ 

ʋʢʨʘʾʥʠ (ʨʽʰʝʥʥʷ 540/1-131 ʚʽʜ 31.07.91ʨ.) ʜʦʟʚʦʣʠʣʘ ʫʪʠʣʽʟʘʮʽʶ 

ʥʝʢʦʥʜʠʮʽʡʥʠʭ ʢʩʽʣʽʜʽʥʘ ʡ ʩʘʤʽʥʘ ʫ ʩʢʣʘʜʽ ʙʝʥʟʠʥʽʚ [1]. 

mailto:rostik405220@gmail.com


 

 

 

75 

 ʂʩʽʣʽʜʽʥ ʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦ 3% ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ 

(ʉʐɸ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʷ ʡ ʽʥʰʽ) ʷʢ ʧʨʠʩʘʜʢʘ ʚ ʘʚ̔ʘʮ̔ʡʥʽ ʙʝʥʟʠʥʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ [2]. 

 ʇʨʠʩʘʜʢʠ ʥʘ ʙʘʟʽ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʪʦʢʩʠʯʥʽ, ʘʣʝ ʤʝʥʰʝ, ʥʽʞ ʩʧʦʣʫʢʠ 

ʩʚʠʥʮʶ. ɺʦʥʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 3 ʢʣʘʩʫ ʥʝʙʝʟʧʝʢʠ ʟʘ ɻʆʉʊ 12.001.7-72, ʘ ʝʪʠʣʦʚʽ 

ʨʽʜʠʥʠ - ʜʦ 1 ʢʣʘʩʫ. ʅʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʦʜʝʨʞʘʣʠ ʧʨʠʩʘʜʢʠ ʥʘ ʦʩʥʦʚʽ N-

ʤʝʪʠʣʘʥʣ̔̔ʥʘ ʽ ʡʦʛʦ ʢʦʤʧʦʟʠʮʽʾ - ʝʢʩʪʨʘʣʥ̔, ɸɼɸ, ɼɸʂʉ, ɸʚʪʦʚʝʤ, ʄɸʌ ʽ 

ʌʝʨʨʘʜʘ. 

 ɸʟʦʪʚʤʽʩʥʽ ʧʨʠʩʘʜʢʠ, ʢʨʽʤ ʪʦʛʦ, ʱʦ ʤʘʶʪʴ ʚʠʩʦʢʽ ʘʥʪʠʜʝʪʦʥʘʮʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʤʘʶʪʴ ʜʦʩʠʪʴ ʚʠʩʦʢʽ ʘʥʪʠʦʢʠʩʥʽ, ʩʪʘʙʽʣʽʟʫʶʯʽ ʡ ʘʥʪʠʢʦʨʦʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ʋ ʟʚ'ʷʟʢʫ ̔ʟ ʮʠʤ ʪʨʠʚʘʻ ʧʦʰʫʢ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʠʭ ʘʟʦʪʚʤʽʩʥʠʭ 

ʧʨʠʩʘʜʦʢ ʷʢ ʫ ʯʠʩʪʦʤʫ ʚʠʜʽ, ʪʘʢ ʡ ʫ ʩʧʦʣʫʯʝʥʥʽ ʟ ʽʥʰʠʤʠ ʘʥʪʠʜʝʪʦʥʘʮʽʡʥʠʤʠ 

ʧʨʠʩʘʜʢʘʤʠ ʡ ʜʦʙʘʚʢʘʤʠ. 

 ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʘʥʪʠʜʝʪʦʥʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʤʽʥʽʚ ʨʽʟʥʠʭ ʢʣʘʩʽʚ, 

ʘʚʪʦʨʠ ʨʦʙʦʪʠ [3] ʨʦʟʪʘʰʫʚʘʣʠ ʾʭ ʫ ʧʦʨʜ̫ʢʫ ʟʨʦʩʪʘʥʥʷ ʘʥʪʠʜʝʪʦʥʘʮʽʡʥʦʾ 

ʝʬʝʢʪʠʚʥʦʩʪʽ: ʮʠʢʣʦʛʝʢʩʘʥʦʚʽ, ʘʣʬ̔ʘʪʠʯʥʽ, ʛʝʪʝʨʦʮʠʢʣʠʯʥʽ, ʧʝʨʚʠʥʥʽ ʡ ʚʪʦʨʠʥʥʽ 

ʘʨʦʤʘʪʠʯʥʽ ʘʤʽʥʠ. ɿ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʢʨʘʱʠʤ 

ʘʥʪʠʜʝʪʦʥʘʪʦʨʦʤ ʟ ʚʠʧʨʦʙʫʚʘʥʠʭ ʘʤʽʥʽʚ ʻ ʚʪʦʨʠʥʥʠʡ ʘʣʢʣ̔ʘʨʦʤʘʪʠʯʥʠʡ ʘʤʽʥ 

(N-ʤʝʪʠʣʘʥʽʣʽʥ). ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ 

ʙʝʥʟʠʥʽʚ ɸ-80 ʨʽʟʥʠʭ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ ʟʘʚʦʜʽʚ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ N-

ʤʝʪʠʣʘʥʽʣʽʥʘ. 

 ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʫ ɸ-80 ʧʦ ʤʦʪʦʨʥʦʤʫ 

ʤʝʪʦʜʫ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʧʨʠ ʦʜʥʘʢʦʚʦʤʫ ʜʦʜʘʚʘʥʥʽ ʧʨʠʩʘʜʢʠ ʚ ʙʝʥʟʠʥʠ 

ʨʽʟʥʠʭ ʚʠʨʦʙʥʠʢʽʚ, ʦʢʪʘʥʦʚʽ ʯʠʩʣʘ ʟʙʽʣʴʰʫʶʪʴʩʷ ʤʘʡʞʝ ʥʘ ʦʜʥʝ ʡ ʪʝʞ ʟʥʘʯʝʥʥʷ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʟʤʽʥʠ ʦʢʪʘʥʦʚʠʭ ʯʠʩʝʣ ʙʝʥʟʠʥʽʚ ɸ-80 ʧʦ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʤʝʪʦʜʽ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʘʯʥʘ ʨʦʟʙʽʞʥʽʩʪʴ ʟʥʘʯʝʥʴ ʦʢʪʘʥʦʚʠʭ ʯʠʩʝʣ. ʊʘʢ, ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ 1% ʧʨʠʩʘʜʢʠ ʚʽʜʤʽʥʥʽʩʪʴ ʩʪʘʥʦʚʠʪʴ 1,5%. 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʢʪʘʥʦʚʠʭ ʯʠʩʝʣ ʧʦ 

ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʤʝʪʦʜʫ ʚʠʩʦʢʦʦʢʪʘʥʦʚʠʭ ʙʝʥʟʠʥʽʚ ʨʽʟʥʠʭ ʥʘʬʪʦʧʝʨʝʨʦʙʥʠʭ 

ʟʘʚʦʜʽʚ. 

ɯʟ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ N-ʤʝʪʽʣʘʥʽʣʽʥʫ ʽ ʢʩʽʣʽʜʽʥʫ ʚ ʙʝʥʟʠʥ ɸ-

92 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʷʤʦʧʨʦʧʦʨʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ. 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1 - ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʽʚ  

ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ N-ʤʝʪʽʣʘʥʽʣʽʥʘ 
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1 - ʙʝʥʟʠʥ ɸ-92 + N-ʤʝʪ̔ʣʘʥ̔ʣ̔ʥ; 2 - ʙʝʥʟʠʥ ɸ-92 + ʢʩʣ̔̔ʜ̔ʥʦʚʘ ʧʨʠʩʘʜʢʘ 

ʈʠʩʫʥʦʢ 2 - ɿʘʣʝʞʥʽʩʪɹ ʟʤʽʥʠ ʦʢʪʘʥʦʚʦʛʦ ʯʠʩʣʘ ʙʝʥʟʠʥʽʚ  

ʧʦ ʜʦʩʣʽʜʥʠʮʴʢʦʤʫ ʤʝʪʦʜʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʨʠʩʘʜʢʠ 
 

 ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ ʬʨʘʢʮʽʡʥʦʾ ʩʧʦʣʫʢʠ  ̔ ʛʫʩʪʠʥʠ ʙʝʥʟʠʥʫ ɸ-92 ʧʨʠ 

ʜʦʜʘʚʘʥʥʽ ʢʩʽʣʽʜʽʥʦʚʦʾ ʧʨʠʩʘʜʢʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ.1. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʥʠʢʽʚ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʡ ʱʽʣʴʥʦʩʪʽ 

ʤʦʞʥʘ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʢʩʽʣʽʜʽʥʦʚʦʾ ʧʨʠʩʘʜʢʠ ʚ ʙʝʥʟʠʥ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʝʛʦʥʢʠ ʙʝʥʟʠʥʫ ʡ ʱʽʣʴʥʦʩʪʽ. ɹʫʣʘ ʧʦʤʽʯʝʥʘ ʟʤʽʥʘ 

ʧʝʨʚʽʩʥʠʭ ʷʩʥʦ-ʞʦʚʪʠʭ ʢʦʣʴʦʨʽʚ ʙʝʥʟʠʥʫ ʚ ʞʦʚʪʠʡ. ʇʝʨʝʚʽʨʢʘ ʥʘʷʚʥʦʩʪʽ 

ʚʦʜʦʨʦʟʯʠʥʥʠʭ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ, ʚʤʽʩʪʫ ʤʝʭʘʥʽʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʚʦʜʠ ʧʦʢʘʟʘʣʘ ʾʭʥʶ 

ʚʜ̔ʩʫʪʥʽʩʪʴ. ɺʩʽ ʧʨʦʙʠ ʚʠʪʨʠʤʘʣʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʤʽʜʥʽʡ ʧʣʘʩʪʠʥʮʽ. 

 ʅʝʜʦʣʽʢʦʤ ʘʨʦʤʘʪʠʯʥʠʭ ʘʤʽʥʽʚ ʻ ʧʽʜʚʠʱʝʥʘ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʩʤʦʣʦʫʪʚʦʨʝʥʥʷ ʡ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʎʇɻ, ʯʝʨʝʟ ʱʦ ʾʭʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʚ ʙʝʥʟʠʥʘʭ ʦʙʤʝʞʫʻʪʴʩʷ 1-1,5%. 

 

ʊʘʙʣʠʮʷ 1 - ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʙʝʥʟʠʥʫ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʢʩʽʣʽʜʽʥʦʚʦʾ 

ʧʨʠʩʘʜʢʠ 
ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʙʝʥʟʠʥʫ ɸ-92 ɸ-92 + 1% ɸ-92 + 2% ɸ-92 + 3% 

1.ʌʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ 

  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʫ ʢʠʧʽʥʥʷ, 0ʉ 

  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʦʥʢʠ 10%,0ʉ 

  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʦʥʢʠ 50%,0ʉ 

  - ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʛʦʥʢʠ 90%,0ʉ 

  - ʪʝʤʧʝʨʘʪʫʨʘ ʢʽʥʮʷ ʢʠʧʽʥʥʷ 

ʙʝʥʟʠʥʫ (96%), 0ʉ 

  - ʟʘʣʠʰʦʢ ʫ ʢʦʣʙʽ, ʤʤ 

  - ʟʘʣʠʰʦʢ ʽ ʚʪʨʘʪʠ, % 

2. ɻʫʩʪʠʥʘ ʧʘʣʠʚʘ ʧʨʠ 200ʉ, ʢʛ/ʤ3 
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 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʙʝʥʟʠʥʫ ʽʟ ʢʩʽʣʽʜʽʥʦʚʦʾ ʧʨʠʩʘʜʢʦʶ (ɸ-92 + 1%) ʥʘ 

ʟʤʽʥʫ ʩʢʣʘʜʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ɼɺɿ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ɺɸɿ-2107. 
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 ʇʨʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʥʘ ʙʝʥʟʠʥʽ ɸ-92 ʡ ɸ-92 

+ 1% ʧʨʠʩʘʜʢʠ ʽʩʪʦʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʤʽʥʫ ʢʦʤʧʦʥʝʥʪʽʚ ʉʆ ʽ CmHn ʥʝ ʙʫʣʦ. 

 ɺʠʧʨʦʙʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʨʦʣʠʢʦʚʦʤʫ ʽʥʝʨʮʽʡʥʦʤʫ ʩʪʝʥʜʽ ʧʨʠ ʟʤʽʥʽ 

ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʚʽʜ 40 ʜʦ 70 ʢʤ/ʛʦʜ ʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʢʦʣʝʩʘʭ ʚʽʜ 6 ʜʦ 7 ʢɺʪ 

ʦʙ'ʻʤʥʘ ʯʘʩʪʢʘ ʢʦʤʧʦʥʝʥʪʽʚ NOx ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʙʝʥʟʠʥʽ 

ɸ-92 ʡ ɸ-92 + 1% ʟʤʽʥʶʚʘʣʘʩʷ ʚ ʤʝʞʘʭ ʧʦʛʨʽʰʥʦʩʪʽ ʧʨʠʣʘʜʫ. ʈʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ 

ʚʩʽʭ ʨʝʞʠʤʘʭ ʚʠʧʨʦʙʫʚʘʥʴ ʙʫʣʘ ʩʪʽʡʢʘ. 

 

ʉʧʠʩʦʢ ʣʽʪʝʨʘʪʫʨʠ 

 

1. ɼʘʥʠʣʦʚ ɸ.ʄ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʩʘʜʦʢ ʚ ʪʦʧʣʠʚʘʭ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ: ʉʧʨʘʚ. ʀʟʜ. 

ï ʄ.: ʍʠʤʠʷ, 2000. - 232 ʩ.  

2. ʇʘʧʦʢ ʂ.ʂ., ʈʘʛʦʟʠʥ ʅ.ɸ. ʉʣʦʚʘʨʴ ʧʦ ʪʦʧʣʠʚʘʤ, ʤʘʩʣʘʤ, ʩʤʘʟʢʘʤ, ʧʨʠʩʘʜʢʘʤ 

ʠ ʩʧʝʮʠʘʣʴʥʳʤ ʞʠʜʢʦʩʪʷʤ (ʭʠʤʤʦʪʦʣʦʛʠʯʝʩʢʠʡ ʩʣʦʚʘʨʴ). ï ʀʟʜ. 4-ʝ ʧʝʨ. ʠ ʜʦʧ. 

ïʄ.: ʍʠʤʠʷ, 1975.  

3. ɹʘʪʨʠʥ ʖ.ɼ., ʉʪʘʨʦʚʦʡʪʦʚ ʄ.ʂ., ʗʢʫʠhʥ ʄ.ʀ. ʀʟʫʯʝʥʠʝ 

ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʘʤʠʥʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʧʨʷʤʦʛʦʥʥʳʤ ʠ ʪʦʚʘʨʥʳʤ ʙʝʥʟʠʥʘʤ ɸ-76 ʠ ɸʀ-92. ɺʳʙʦʨ ʣʫʯʰʝʡ 

ʘʥʪʠʜʝʪʦʥʘʮʠʦʥʥʦʡ ʧʨʠʩʘʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʵʢʦʥʦʤʠʯʥʦʛʦ ʩʧʦʩʦʙʘ ʝʸ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. // ʅʦʚʳʝ ʪʦʧʣʠʚʘ ʩ ʧʨʠʩʘʜʢʘʤʠ. ʉʙʦʨʥʠʢ ʪʨʫʜʦʚ ʢʦʥʬʝʨʝʥʮʠʠ. ï 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ: ïɸʢʘʜʝʤʠʷ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 2000. ï ʉ.61-68. 
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ʄɸʊɽʄɸʊʀʏʅɸ ʄʆɼɽʃʔ ɸɺʊʆʄɸʊʀɿɸʎɯɰ ʇʈʆʎɽʉʋ 

ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ʋʇʈʀʉʂʋɺɸʅʅʗ ʇɸʃʀɺɸ 

ɼɺʀɻʋʅɯɺ çMONO-JETRONICè 

 

ɼʦʩʠʪʴ ʯʘʩʪʦ ʚʦʜʽʻʚʽ ʘʚʪʦʤʦʙʽʣʷ, ʦʩʦʙʣʠʚʦ ʥʝʥʦʚʦʛʦ, ʜʦʚʦʜʠʪʴʩʷ ʩʪʠʢʘ-

ʪʠʩʷ ʟ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʩʠʩʪʝʤʠ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ. 

ʅʝʩʧʨʘʚʥʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟ'ʷʚʣʷʶʪʴʩʷ ʚ ʩʠʣʫ ʨʽʟʥʠʭ 

ʧʨʠʯʠʥ. ʈʘʟʦʤ ʟ ʪʠʤ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥ̔ ʦʩʥʦʚʥ̔ ʧʨʠʯʠʥʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ: 

ʛʨʘʥʠʯʥʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʪʝʭʥʽʯʥʽ ʜʝʬʝʢʪʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʷʢʽʩʥʦʛʦ ʙʝʥʟʠʥʫ, ʟʘʙʨʫʜʥʝʥʥʷ ʚ ʩʠʩʪʝʤʽ ʪʦʱʦ), ʟʦʚʥʽʰʥʽ ʚʧʣʠʚʠ ʥʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ (ʦʢʠʩʣʝʥʥʷ ʢʦʥʪʘʢʪʽʚ, ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ, 

ʧʦʧʘʜʘʥʥʷ ʚʦʣʦʛʠ ʚ ʝʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ ʪʦʱʦ). 

ʅʘʡʙʽʣʴʰ ʥʘʜʽʡʥʠʤ ʩʧʦʩʦʙʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʠʩʪʝʤʠ 

ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʻ ʢʦʤʧ'ʶʪʝʨʥʝ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ. ɼʘʥʠʡ ʚʠʜ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

mailto:bddv@ukr.net
mailto:zelinskiy.slava@gmail.com
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ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʬʽʢʩʫʚʘʥʥʽ ʚʽʜʭʠʣʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʜ 

ʩʪʘʥʜʘʨʪʥʠʭ ʟʥʘʯʝʥʴ (ʨʝʞʠʤ ʩʘʤʦʜʽʘʛʥʦʩʪʫʚʘʥʥʷ).  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʛʦ 

ʚʘʞʣʠʚʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʙʣʦʢʫ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, 

ʷʢʠʤ ʻ ʩʠʩʪʝʤʘ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ çMono-Jetronicè, ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʾʾ ʚʫʟʣʽʚ, ʷʢʘ 

ʧʦʚôʷʟʫʻ ʥʝʩʧʨʘʚʥʦʩʪʽ ʪʘ ʦʟʥʘʢʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʈʽʰʝʥʥʷ ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ 

ʧʦʩʪʘʥʦʚʢʠ ʜʘ̔ʛʥʦʟʫ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʝʡ ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ ʘʚʪʦʤʦʙʽʣʷ ʷʢ 

ʦʙ'ʻʢʪʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʥʘ ʦʜʥʦʤʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʨʽʚʥʽ 

ʚʟʘʻʤʦʟʚ'ʷʟʢʠ ʤʽʞ ʙʝʟʣʽʯʯʶ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʽ ʙʝʟʣʽʯʯʶ ʟʥʘʯʝʥʴ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʤʦʜʝʣʣʁ ʦʙ'̒ʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʷ ʡʦʛʦ ʫ ʚʠʛʣʷʜʽ çʯʦʨʥʦʛʦ ʷʱʠʢʘè, ʚʭʽʜʥʽ ʽ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ 

ʤʘʶʪʴ ʢʽʥʮʝʚʫ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ. ʇʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʚʩʽ ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʦʙ'ʻʢʪʘ 

ʫʪʚʦʨʶʶʪʴ ʢʽʥʮʝʚʫ ʤʥʦʞʠʥʫ ʩʪʘʥʽʚ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʙ'ʻʢʪ ʻ çʯʦʨʥʠʤ 

ʷ ʠɦʢʦʤè ʥʝ ʪʦʤʫ, ʱʦ ʡʦʛʦ ʚʥʫʪʨʽʰʥʷ ʩʪʨʫʢʪʫʨʘ ʽ ʧʘʨʘʤʝʪʨʠ ʧʦʚʥʽʩʪʶ ʥʝʚʽʜʦʤʽ, 

ʘ ʪʦʤʫ, ʱʦ ʥʘʢʣʘʜʘʻʪʴʩʷ ʟʘʙʦʨʦʥʘ ʥʘ ʜʦʩʪʫʧ ʜʦ ʥʠʭ ʽ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʤʦʞʥʘ 

ʚʠʟʥʘʯʘʪʠ, ʪʽʣʴʢʠ ʜʦʩʣʽʜʞʫʶʯʠ ʡʦʛʦ ʚʠʭʽʜʥʽ ʧʘʨʘʤʝʪʨʠ (ʙʝʟ ʨʦʟʙʠʨʘʥʥʷ). 

ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʫ ʚʠʛʣʜ̫ʽ çʯʦʨʥʦʛʦ ʷʱʠʢʘè 

ʥʝʦʙʭʽʜʥʦ ʟʘʜʘʪʠ (ʨʠʩ. 1) [1-6]: ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʚʭʽʜʥʠʭ ʜʽʡ Y ʚʽʜ ʩʪʠʤʫʣʶʶʯʠʭ 

ʧʨʠʩʪʨʦʾʚ ʽ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʚʠʭʽʜʥʠʭ ʦʟʥʘʢ ʥʝʩʧʨʘʚ-

ʥʦʩʪʽ S; ʢʽʣʴʢʽʩʪʴ ʚʩʽʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ X; ʦʧʝʨʘʪʦʨ ɸ, ʷʢʠʡ 

ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʦʩʪʽ X ʪʘ Y ʚ ʢʽʣʴʢʽʩʪʴ S: 

 

{ }., XYAS=                                                      (1) 

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ çʯʦʨʥʦʛʦ ʷʱʠʢʘè 

 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʨʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʽ ʝʣʝʤʝʥʪʠ ʢʽʣʴʢʦʩʪ̔ Y ʩʪʘʙʣ̔ʽʟʫʶʪʴʩʷ 

(ʘʙʦ ʟʤʽʥʶʶʪʴʩʷ ʧʦ ʟʘʜʘʥʦʤʫ ʟʘʢʦʥʫ), ʚʠʨʘʟ (1) ʧʝʨʝʪʚʦʨʠʪʴʩʷ ʫ ʚʠʜ 

 

{}.XAS=                                                        (2) 

 

ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʙʫʜʴ-ʷʢʠʡ ʚʠʭʽʜʥʠʡ ʧʘʨʘʤʝʪʨ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ 

ʬʫʥʢʮʽʻʶ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʨʠ ʜʘʥʦʤʫ ʩʪʘʥʽ ʚʭʦʜʽʚ. 
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ʗʢʱʦ ʥʝʩʧʨʘʚʥʽʩʪʴ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ { Xi} ʚʽʜʥʝʩʪʠ ʜʦ ʚʠʭʽʜʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʪʦ ʜʽʘʛʥʦʩʪʠʯʥʘ ʟʘʜʘʯʘ ʬʦʨʤʫʣʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʦ ʚʽʜʦʤʠʤ ʦʟʥʘʢʘʤ ʥʝʩʧʨʘʚʥʦʩʪʽ {Sj} ʚʠʟʥʘʯʠʪʠ ʥʝʚʽʜʦʤʽ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ { Xi}.  

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʚʠʜ ʦʧʝʨʘʪʦʨʘ 

ɸ, ʽʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʽʜʥʠʡ ʚʠʯʝʨʧʥʠʡ ʦʧʠʩ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʫʩʽʤʘ ʚʠʭʽʜʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʚʩʽʤʘ ʤʦʞʣʠʚʠʤʠ ʩʪʘʥʘʤʠ (ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ) ʦʙ'ʻʢʪʘ. 

ʅʠʞʯʝ ʦʧʠʩʫʻʪʴʩʷ ʨʷʜ ʤʦʜʝʣʝʡ ʦʙ'ʻʢʪʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ (ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ 

ʘʚʪʦʤʦʙʽʣʷ), ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ ʨʽʟʥʠʤʠ ʬʦʨʤʘʤʠ ʦʧʠʩʫ 

ʟʘʟʥʘʯʝʥʠʭ ʟʚ'ʷʟʢʽʚ.  

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘʚʜʘʥʥʷ 

ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʬʦʨʤʫʣʶʻʪʴʩʷ ʪʘʢʠʤ ʯʠʥʦʤ. 

ɿʘ ʜʘʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʝʩʧʨʘʚʥʦʩʪʽ S1, S2, ..., Sn, ʦʪʨʠʤʘʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ, ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ (ʥʝʩʧʨʘʚʥʦʩʪʽ) ʦʙ'ʻʢʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷX1, X2, ..., Xm, ʷʢʱʦ ʚʽʜʦʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʦʞʥʠʤ 

ʜʽʘʛʥʦʩʪʠʯʥʠʤ ʩʠʛʥʘʣʦʤ ʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: 
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ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3) ʻ ʤʘʪʝʤʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ 

ʤʘʻ m ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ n ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ. 

ʆʯʝʚʠʜʥʦʶ ʧʝʨʝʚʘʛʦʶ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʘʣʽʪʠʯʥʦʾ 

ʤʦʜʝʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʢʦʥʢʨʝʪʥʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥ-

ʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙ'ʻʢʪʘ ʥʝ ʪʽʣʴʢʠ ʚ ʤʦʤʝʥʪ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʘʣʝ ʽ, ʥʘʢʦʧʠʯʫʶʯʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʪʨʠʤʘʥʫ ʟʘ ʢʽʣʴʢʘ ʜʘ̔ʛʥʦʩʪʠʯ-

ʥʠʭ ʦʙʩʪʝʞʝʥʴ ʦʙ'ʻʢʪʘ, ʘʥʘʣʽʟʫʚʘʪʠ ʟʤʽʥʫ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. 

ʆʜʥʘʢ ʧʨʘʢʪʠʯʥʝʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʾ ʘʥʘʣʽʪʠʯʥʦʾ ʤʦʜʝʣʽ ʧʦʢʠ ʦʙʤʝʞʝʥʦ 

ʚ ʩʠʣʫ ʥʘʩʪʫʧʥʠʭ ʦʙʩʪʘʚʠʥ:  

- ʚʠʜ ʬʫʥʢʮʽʡ űj ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʘʛʨʝʛʘʪʽʚ ̔ ʚʫʟʣʽʚ ʘʚʪʦʤʦʙʽʣʷ ʧʦʢʠ ʥʝ 

ʚʩʪʘʥʦʚʣʝʥʠʡ; 

- ʷʢʱʦ ʬʫʥʢʮʽʷ űj ʥʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ ʙʝʟʧʝʨʝʨʚʥʦʩʪʽ ʽ ʜʠʬʝʨʝʥ-

ʮʽʶʚʘʥʥʷ ʧʦ ʢʦʞʥʦʤʫ ʟ ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ, ʱʦ ʟʘʟʚʠʯʘʡ ʤʘʻ ʤʽʩʮʝ ʚ ʨʝʘʣʴʥʠʭ 

ʤʦʜʝʣʷʭ, ʪʦ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (3) ʧʦʚôʷʟʘʥʦ ʟ ʚʝʣʠʢʠʤʠ ʤʘʪʝʤʘʪʠʯʥʠʤʠ 

ʪʨʫʜʥʦʱʘʤʠ; 

- ʙʽʣʴʰʽʩʪʴ  ʜʽʘʛʥʦʩʪʠʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ,  ʚ ʧʨʠʥʮʠʧʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʨʘʞʝʥʽ ʫ ʚʠʛʣʷʜʽ ʘʥʘʣʽʪʠʯʥʠʭ ʬʫʥʢʮʽʡ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 
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ʋ ʨʷʜʽ ʨʦʙʽʪ ʟ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ 

ʤʦʞʣʠʚʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʩʪʘʥʘʤʠ (ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ) ʘʛʨʝʛʘʪʽʚ ʽ ʩʠʩʪʝʤ ʘʚʪʦ-

ʤʦʙʽʣʷ ʪʘ ʦʟʥʘʢʘʤʠ ʮʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʪʘʢ ʟʚʘʥʠʭ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʘʪʨʠʮʴ [5, 6]. 

ɿ ʜʦʩʚʽʜʫ ʙʘʛʘʪʦʨʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ Volkswagen Golf II , 

Volkswagen Jetta II , Volkswagen Passat B3, Volkswagen Passat B4, Audi 80 B3, 

Fiat Tipo ʪʘ Fiat Tempra ʚ ʪʘʙʣ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʪʨʠʮʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ çMono-Jetronicè [7]. 

ɺ ʤʘʪʨʠʮʽ (ʜʠʚ. ʪʘʙʣ. 1) ʧʦʟʥʘʯʠʤʦ ʥʘʩʪʫʧʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʠʩʪʝʤʠ 

ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʜʚʠʛʫʥʽʚ çMono-Jetronicè: x1 ï ʥʝʩʧʨʘʚʥʽʩʪɹ ʨʝʛʫʣʷʪʦʨʘ 

ʪʠʩʢʫ; x2 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʙʣʦʢʫ ʫʧʨʘʚʣʽʥʥʷ; x3 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ 

ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ; x4 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʶʯʦʾ 

ʨʽʜʠʥʠ; x5 ï ʧʽʜʩʤʦʢʪʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʚ ʩʠʩʪʝʤʽ; x6 ï ʥʝʩʧʨʘʚʥʦʩʪʽ ʧʘʣʠʚʥʦʾ 

ʩʠʩʪʝʤʠ; x7 ï ʥʝʛʝʨʤʝʪʠʯʥʽʩʪʴ ʮʝʥʪʨʘʣʴʥʦʾ ʬʦʨʩʫʥʢʠ ʫʧʨʠʩʢʫʚʘʥʥʷ; x8 ï ʥʝ-

ʩʧʨʘʚʥʽʩʪʴ ʝʣʝʢʪʨʦʩʝʨʚʦʧʨʠʚʦʜʘ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ; x9 ï ʥʝʩʧʨʘʚʥʽʩʪʴ 

ʢʠʩʥʝʚʦʛʦ ʜʘʪʯʠʢʘ; x10 ï ʥʝʩʧʨʘʚʥʽʩʪʴ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ. 

ʊʘʢʦʞ ʚ ʤʘʪʨʠʮʽ (ʜʠʚ. ʪʘʙʣ. 1) ʚʚʦʜʠʤʦ ʦʟʥʘʢʠ ʚʠʱʝ ʚʢʘʟʘʥʠʭ ʥʝ-

ʩʧʨʘʚʥʦʩʝʡ: S1 ï ʭʦʣʦʜʥʠʡ ʜʚʠʛʫʥ ʥʝ ʟʘʧʫʩʢʘʻʪʴʩʷ ʘʙʦ ʚʘʞʢʦ ʟʘʧʫʩʢʘʻʪʴʩʷ; S2 ï 

ʧʨʦʛʨʽʪʠʡ ʜʚʠʛʫʥ ʥʝ ʟʘʧʫʩʢʘʻʪʴʩʷ ʘʙʦ ʚʘʞʢʦ ʟʘʧʫʩʢʘʻʪʴʩʷ; S3 ï ʜʚʠʛʫʥ ʟʘ-

ʧʫʩʢʘʻʪʴʩʷ ʽ ʛʣʫʭʥʝ; S4 ï ʥʝʩʪʽʡʢʘ ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʥʘ ʭʦʣʦʩʪʦʤʫ ʭʦʜʫ; S5 ï ʜʚʠ-

ʛʫʥ ʧʨʘʮʶʻ ʟ ʧʝʨʝʙʦʷʤʠ ʧʨʠ ʨʦʟʛʦʥʽ; S6 ï ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʟ ʧʝʨʝʙʦʷʤʠ ʧʨʠ ʧʦ-

ʩʪʽʡʥʽʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ; S7 ï ʜʚʠʛʫʥ ʥʝ ʨʦʟʚʠʚʘʻ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ; S8 ï 

ʟʚʦʨʦʪʥʽ ʩʧʘʣʘʭʠ ʚ ʚʠʧʫʩʢʥʦʤʫ ʢʦʣʝʢʪʦʨʽ; S9 ï ʧʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. 

ʗʢ ʚʠʜʥʦ ʟ ʪʘʙʣ. 1, ʢʦʞʥʘ ʥʝʩʧʨʘʚʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʝʚʥʦʁ ʢʦʤʙ̔ʥʘ-

ʮ̔̒ ʶ ʟʥʘʯʝʥʴ ʾʾ ʦʟʥʘʢ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʡʤʘʪʠ ʜʚʘ ʫʤʦʚʥʠʭ ʟʥʘʯʝʥʥʷç0è ʽ ç1è. 

ʅʘ ʧʝʨʝʪʠʥʽ -̔ʛʦ ʨʷʜʢʘ ʽ j-ʛʦ ʩʪʦʚʧʮʷ ʩʪʘʚʠʪʴʩʷ ç1è, ʷʢʱʦ ʧʨʠ ʥʘʷʚʥʦʩʪʽ -̔

ʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʠʭʽʜ j-ʦʾ ʦʟʥʘʢʠ ʟ ʦʙʣʘʩʪʽ ʾʾ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ, ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʘʚʠʪʴʩʷ ç0è. 

ɼʣʷ ʩʠʥʪʝʟʫ ʪʘʢʦʾ ʤʘʪʨʠʮʽ ʥʝʦʙʭʽʜʥʦ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ 

ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʟʘʤʽʥʠʪʠ ʢʽʥʮʝʚʦʶ ʤʥʦʞʠʥʦʶ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ, ʢʦʞʥʝ ʟ ʷʢʠʭ 

ʧʦʚôʷʟʘʥʦ ʟ ʧʝʚʥʦʶ ʥʝʩʧʨʘʚʥʽʩʪʶ (ʘʙʦ ʾʭ ʢʦʤʙʽʥʘʮʽʻʶ) ʘʙʦ ʟ ʧʨʘʮʝʟʜʘʪʥʠʤ 

ʩʪʘʥʦʤ (ʨʠʩ. 2) [3, 4]. 
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ʊʘʙʣʠʮʷ 1 ï ʄʘʪʨʠʮʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʜʚʠʛʫʥʽʚ 

çMono-Jetronicè 

 

ʊʘʢʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ 

{} {},ixʢi xFx =                                                      (4) 

ʜʝ { xi} - ʤʥʦʞʠʥʘ ʦʟʥʘʢ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʢʦʞʥʘ ʟ 

ʷʢʠʭ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ;  

{ xi}ʢ - ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʦʟʥʘʢ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, 

ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʣʠʰʝ ʜʚʘ ʫʤʦʚʥʠʭ ʟʥʘʯʝʥʥʷ ç0è ʽ ç1è, ʷʢʽ ʚʽʜ-

ʧʦʚʽʜʘʶʪʴ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘ ʥʘʷʚʥʦʩʪʽ -̔ʦʾ ʥʝʩʧʨʘʚʥʦʩʪʽ;  

 ̔= 1, 2, ..., m; 

Fx - ʦʧʝʨʘʪʦʨ, ʷʢʠʡ ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʽʩʪʴ {xi} ʚ ʢʽʣʴʢʽʩʪʴ {xi}ʢʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ -̔ʛʦ ʧʘʨʘʤʝʪʨʫ xi ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ç0è, ʷʢʱʦ ʚʝ-

ʣʠʯʠʥʘ ʣʝʞʠʪʴ ʚ ʦʙʣʘʩʪʽ ʜʦʧʫʩʪʠʤʠʭ ʟʥʘʯʝʥʴ, ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ-

ʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ç1è. 

ʇʝʨʝʪʚʦʨʝʥʥʷ ʥʝʩʢʽʥʯʝʥʥʦʾ ʢʽʣʴʢʦʩʪʽ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʚʠʭʽʜʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʢʽʥʮʝʚʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʤʦʞʝ ʙʫʪʠ 

ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ 

{} {},jsʢj sFs =
                                               

(5) 

ʜʝ {sj} - ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʚʠʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʧʨʠʡʤʘʪʠ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʟʥʘʯʝʥʴ ʚ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ; 

{ sj}ʢ - ʢʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʦʟʥʘʢ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʦʞʝ ʧʨʠʡʤʘʪʠ 

ʪʽʣʴʢʠ ʜʚʘ ʫʤʦʚʥʠʭ ʟʥʘʯʝʥʥʷ ç0è ʽ ç1è;  

j = 1, 2 ..., n; 

Fs - ʦʧʝʨʘʪʦʨ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʽʩʪʴ {sj} ʚ ʢʽʣʴʢʽʩʪʴ {sj}ʢ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: ʙʫʜʴ-ʷʢʽʡ j-ʽʡ ʦʟʥʘʮʽ sj ʧʨʠʩʚʦʶʻʪʴʩʷ ʫʤʦʚʥʝ ʟʥʘʯʝʥʥʷ ç0è, ʷʢʱʦ 

ʚʝʣʠʯʠʥʘ ʣʝʞʠʪʴ ʚ ʦʙʣʘʩʪʽ ʟʥʘʯʝʥʴ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʦʙ'ʻʢʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʚ ʧʨʦʪʠʣʝʞʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠʩʚʦʶʻʪʴʩʷ ʟʥʘʯʝʥʥʷ ç1è. 

ʅʝʩʧʨʘʚʥʽʩʪ

 ɹ

ʆʟʥʘʢʘ ʥʝʩʧʨʘʚʥʦʩʪʽ 

S1 S2 S3 S4 S5 S6 S7 S8 S9 

x1 1 1 0 0 0 0 0 1 0 

x2 1 1 0 0 0 0 0 0 0 

x3 1 1 1 0 0 1 1 0 0 

x4 1 1 0 1 1 0 0 0 1 

x5 1 1 0 0 0 0 1 0 0 

x6 1 1 0 0 1 0 1 0 0 

x7 0 1 0 0 1 0 0 0 0 

x8 0 0 1 1 0 0 0 0 0 

x9 0 0 1 0 1 0 1 1 1 

x10 0 0 0 0 0 0 1 0 0 
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ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ ʜʚʘ ʢʽʥʮʝʚʠʭ ʟʥʘʯʝʥʥʷ 

{ xi}ʢ ʽ { sj}ʢ, ʝʣʝʤʝʥʪʠ ʷʢʠʭ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʦʚ'ʷʟʘʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ.  

 

 

 
ʈʠʩʫʥʦʢ 2 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʠʥʪʝʟʫ ʤʘʪʨʠʮʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ: 

X = {xi} - ʥʝʩʢʽʥʯʝʥʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ; 

Xʢ = {xi}ʢ - ʢʽʥʮʝʚʘ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ; 

S = {sj} - ʥʝʩʢʽʥʯʝʥʥʘ ʤʥʦʞʠʥʘ ʦʟʥʘʢ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ; 

Sʢ = {sj}ʢ- ʢʽʥʮʝʚʘ ʤʥʦʞʠʥʘ ʦʟʥʘʢ ʪʝʭʥ̔ ʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ 

Fx - ʦʧʝʨʘʪʦʨ, ʧʝʨʝʪʚʦʨʶʶʯʠʡ ʢʽʣʴʢʽʩʪʴ {xi} ʚ ʢʽʣʴʢʽʩʪʴ {xi}ʢ; 
Fs - ʦʧʝʨʘʪʦʨ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʽʩʪʴ {sj} ʚ ʢʽʣʴʢʽʩʪʴ {sj}ʢ; 

ʌ - ʦʧʝʨʘʪʦʨ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʚ ʢʽʣʴʢʽʩʪʴ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

 

ʋ ʟʘʛʘʣʥɹʦʤʫ ʚʠʛʣʷʜʽ ʮʝʡ ʟʚ'ʷʟʦʢ ʤʦʞʝ ʙʫʪʠ ʚʠʨʘʞʝʥʠʡ ʫ ʚʠʛʣʷʜʽ 

{} {}
ʢiʢj xʌs =
                                                   

(6) 

ʜʝ ʌ - ʦʧʝʨʘʪʦʨ, ʱʦ ʧʝʨʝʪʚʦʨʶʻ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʦʙ'ʻʢʪʘ ʚ 

ʢʽʣʴʢʽʩʪʴ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ.  

ʇʝʨʝʪʚʦʨʝʥʥʷ (6) ʚʜ̔ʦʙʨʘʞʘʻ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙ'ʻʢʪʘ ʷʢ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʢʽʣʴʢʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʢʽʣʴʢʽʩʪʴ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽ ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ ʤʦʜʝʣʽ (1).  

ʇʝʨʝʪʚʦʨʝʥʥʷ (6) ʤʦʞʥʘ ʨʦʟʛʦʨʥʫʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ (3). 

ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ (3) ʧʦʚ'ʟ̫ʫʻ ʢʦʞʥʫ ʦʟʥʘʢʫ ʥʝʩʧʨʘʚʥʦʩʪʽ Sj ʟ ʫʩʽʤʘ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʟʚ'ʷʟʢʠ ʤʽʞ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʩʠʛʥʘʣʘʤʠ. 

ʄʘʪʨʠʮʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʷʢ ʤʦʜʝʣʴ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʧʦʢʘʟʫʻ, ʱʦ 

ʚʦʥʘ ʻ ʧʦ ʩʫʪʽ ʩʧʨʘʚʠ ʪʘʙʣʠʯʥʦʶ ʬʦʨʤʦʶ ʟʘʧʠʩʫ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (1). 

ʇʘʨʘʤʝʪʨ S1 ʚ ʤʘʪʨʠʮʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ 

çMono-Jetronicèʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʜʚʦʟʥʘʯʥʫ ʙʫʣʝʚʫ ʬʫʥʢʮʽʶ, ʷʢʘ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʘʨʛʫʤʝʥʪʽʚ ʭ1, ʭ2, ʭ3, ʭ4, ʭ5, ʭ6. ɹʫʣʝʚʘ ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʘʨʛʫʤʝʥʪʘʭ1, ʷʢʱʦ 

ʤʘʻ ʤʽʩʮʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 
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( ) ( )....,,,1,...,,,...,,,0,...,,, 11211121 miimii xxxxxxxxxx +-+- j̧j  

ʗʢ ʚʠʧʣʠʚʘʻ ʟ ʮʴʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʪʘʙʣ. 1, S1 ʽʩʪʦʪʥʦ ʟʘʣʝʞʠʪʴ ʪʽʣʴʢʠ ʚʽʜ 

ʭ1, ʭ4, ʭ5, ʭ11, ʭ12.  

ɿʘʣʝʞʥʽʩʪʴ S1 = ű1 (ʭ1, ʭ2, ʭ3, ʭ4, ʭ5, ʭ6) ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ 

ʚʠʛʣʷʜʽ ʬʫʥʢʮʽʾ ʣʦʛʽʯʥʦʛʦ ʜʦʜʘʚʘʥʥʷ (ʜʠʟôʶʥʢʮʽʷ): 

S1 = ʭ1 + ʭ2 + ʭ3 + ʭ4 + ʭ5 + ʭ6. 

ɺʽʜʧʦʚʽʜʥʠʡ ʘʥʘʣʽʟ ʽʥʰʠʭ ʦʟʥʘʢ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʜʦʟʚʦʣʷʻ ʟʘʧʠʩʘʪʠ 

ʩʠʩʪʝʤʫ ʨʽʚʥʷʥʴ (3) ʜʣʷ ʜʘʥʦʾ ʤʘʪʨʠʮʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʠʩʢʫʚʘʥʥʷ 

ʧʘʣʠʚʘ çMono-Jetronicèʫ ʚʠʛʣʷʜʽ: 

î
í
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ì

ë
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;

;

;
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xxxS

xxxxxxxS

xxxxxxS

  

;

;

;
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xxS
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;

;

9439
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1096537

xxxS
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xxxxxS

++=

+=

++++=

         

(7) 

ɺʩʽ ʧʦʩʣʽʜʦʚʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʩʠʥʪʝʟʫ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ, ʥʘʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʙʣʦʢ-

ʩʭʝʤʽ (ʜʠʚ. ʨʠʩ. 2). ʋ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʦʜʝʣ ɹ ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ, ʜʽʘʛʥʦʩʪʠʯʥʘ ʟʘʜʘʯʘ ʬʦʨʤʫ-

ʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɿʘ ʜʘʥʠʤʠ ʦʟʥʘʢʘʤʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ S1, S2, é, Sn ʦʪʨʠʤʘʥʠʤʠ ʧʨʠ ʜʽʘʛ-

ʥʦʩʪʠʯʥʦʤʫ ʦʙʩʪʝʞʝʥʥʽ, ʧʦʪʨʽʙʥʦ ʚʠʟʥʘʯʠʪʠ ʥʝʩʧʨʘʚʥʦʩʪʽ x1, x2, é, xm ʚ ʤʦʤʝʥʪ 

ʧʝʨʝʚʽʨʢʠ, ʷʢʱʦ ʚʽʜʦʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʜʽʘʛʥʦʩʪʠʯʥʠʤʠ ʧʘʨʘ-

ʤʝʪʨʘʤʠ ʽ ʚʩʽʤʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʟʘʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ 

ʤʘʪʨʠʮʽ ʘʙʦ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʪʠʧʫ (7). ʂʦʞʝʥ ʩʪʨʫʢʪʫʨʥʠʡ ʧʘʨʘʤʝʪʨ ʽ ʢʦʞʝʥ 

ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʧʘʨʘʤʝʪʨ ʧʨʠʡʤʘʻ ʪʽʣʴʢʠ ʜʚʘ ʟʥʘʯʝʥʥʷ: ç0è ʽ ç1è. 

ʆʯʝʚʠʜʥʦ ʱʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʝ ʟʚʦʨʦʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʢʽʣʴʢʽʩʪʴ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘ-

ʤʝʪʨʽʚ, ʪʦʤʫ ʱʦ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʜʽʘʛʥʦʟʫ ʚʽʜʦʤʠʤʠ ʻ ʩʘʤʝ ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩ-

ʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟʦʤ 
{} {},1

ʢjʢi sʌx -=  

ʘʙʦ ʚ ʨʦʟʛʦʨʥʫʪʦʤʫ ʚʠʛʣʷʜʽ 
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SSSfx

SSSfx
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(8) 

ɺʠʜ ʬʫʥʢʮʽʡ fm ʥʝʚʘʞʢʦ ʚʩʪʘʥʦʚʠʪʠ ʚ ʢʦʞʥʦʤʫ ʢʦʥʢʨʝʪʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘ 

ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʠʭ ʤʽʨʢʫʚʘʥʴ. 

ʋ ʜʽʘʛʥʦʩʪʠʯʥʽʡ ʤʘʪʨʠʮʽ (ʜʠʚ. ʪʘʙʣ. 1) ʨʦʟʛʣʷʥʝʤʦ ʦʢʨʝʤʦ ʦʜʠʥ ʽʟ 

ʩʪʦʚʙʮʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʝʨʰʠʡ. ɿ ʤʘʪʨʠʮʽ ʚʠʜʥʦ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʥʝʩʧʨʘʚʥʦʩʪʽ ʭ1 

ʚʠʢʣʠʢʘʻ ʦʜʥʦʯʘʩʥʦ ʚʠʭʽʜ ʪʨʴʦʭ ʾʾ ʦʟʥʘʢ S1, S2 ʪʘ S8 ʟ ʦʙʣʘʩʪʽ ʾʭ ʜʦʧʫʩʪʠʤʠʭ 

ʟʥʘʯʝʥʴ. ɿʥʘʯʝʥʥʷ ʽʥʰʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʪʽʣʴʢʠ 

ʥʝʩʧʨʘʚʥʦʩʪʽ ʭ1 ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʤʝʞʘʭ ʥʦʨʤʠ. ɿʥʘʯʠʪʴ ʭ1 ʻ ʙʫʣʝʚʦʶ ʬʫʥʢʮʽʻʶ, ʚ 

ʜʘʥʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥ'ʶʥʢʮʽʷ (ʘʙʦ ʬʫʥʢʮʽʻʶ ʣʦʛʽʯʥʦʛʦ ʤʥʦʞʝʥʥʷ):  

ʭ1 = S1S2 S8. 
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ɺʽʜʧʦʚʽʜʥʠʡ ʘʥʘʣʽʟ ʚʩʽʭ ʽʥʰʠʭ ʩʪʦʚʧʮʽʚ ʨʦʟʛʣʷʥʫʪʦʾ ʤʘʪʨʠʮʽ ʜʦʟʚʦʣʷʻ 

ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (3) ʟʘʧʠʩʘʪʠ ʚ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ ʙʫʣʝʚʠʭ ʬʫʥʢʮʽʡ: 
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=
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(9) 

ʗʢ ʚʠʜʥʦ ʟ ʮʴʦʛʦ ʧʨʠʢʣʘʜʫ, ʧʨʦʮʝʩ ʧʦʩʪʘʥʦʚʢʠ ʜʽʘʛʥʦʟʫ ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ 

ʦʙ'ʻʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʚʠʨʘʞʝʥʦʾ ʫ ʚʠʛʣʷʜʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ, ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʥʘʩʪʫʧʥʠʭ ʝʪʘʧʽʚ:  

- ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʽ ʧʝʨʝʪʚʦʨʝʥʴ (5) ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʦʟʥʘʢʠ ʚʩʽʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ S1, S2, é, Sn; 

- ʟʥʘʯʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʽʜʩʪʘʚʣʷʶʪʴʩʷ ʚ ʩʠʩʪʝʤʫ ʙʫʣʝʚʠʭ 

ʬʫʥʢʮʽʡ (8);  

- ʦʙʯʠʩʣʶʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʤʫʣʝʚʠʭ ʬʫʥʢʮʽʡ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʭi (ʽ = 1, 2, 

é, m) ʧʨʠʯʦʤʫ ʷʢʱʦ ʭi = 1, ʪʦ ʚ ʦʙ'ʻʢʪʽ ʻ -̔ʪʘ ʥʝʩʧʨʘʚʥʽʩʪʴ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʦʙôʻʢʪ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʻ ʧʨʘʮʝʟʜʘʪʥʠʤ ʣʠʰʝ ʫ 

ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʚʩʽʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʪʦ ʬʫʥʢʮʽʷ ʡʦʛʦ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ 

ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

.... 10321 xxxxFP ++++=                                            (10) 

ʇʦʚʝʨʪʘʶʯʠʩʴ ʜʦ ʙʣʦʢ-ʩʭʝʤʠ ʩʠʥʪʝʟʫ ʤʘʪʨʠʮʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥ̫   (ʜʠʚ. ʨʠʩ. 

2), ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʫʤʦʚʫ ʟʜʽʡʩʥʝʥʥʷ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʦʩʪʘʪʥʴʦ, 

ʱʦʙ ʟʚʦʨʦʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʟʥʘʢ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʫ ʢʽʣʴʢʽʩʪʴ 

ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʝʩʧʨʘʚʥʦʩʪʝʡ) ʦʙ'ʻʢʪʘ ʙʫʣʦ ʦʜʥʦʟʥʘʯʥʠʤ. 

ʗʢʱʦ ʧʨʠ ʩʠʥʪʝʟʽ ʜʽʘʛʥʦʩʪʠʯʥʦʾ ʤʘʪʨʠʮʽ ʥʝ ʚʠʢʦʥʘʥʘ ʮʷ ʫʤʦʚʘ ʽ ʚ ʩʠʩʪʝʤʽ 

(8) ʻ ʜʚʽ ʘʙʦ ʙʽʣʴʰʝ ʨʽʚʥʠʭ ʬʫʥʢʮʽʡ, ʪʦ ʧʝʨʝʣʽʢ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʥʝʦʙʭʽʜʥʦ ʜʦʧʦʚʥʠʪʠ ʥʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʫʚʽʡʰʦʚ ʙʠ ʚ ʷʢʦʩʪʽ ʜʦʜʘʪʢʦʚʦʛʦ 

ʘʨʛʫʤʝʥʪʫ ʪ̔ ʣʴʢʠ ʚ ʦʜʥʫ ʟ ʨʦʟʛʣʷʥʫʪʠʭ ʨʽʚʥʠʭ ʬʫʥʢʮʽʡ. 

ɺʠʩʥʦʚʦʢ. ʈʦʟʨʦʙʣʝʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʫʧʨʠʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ʜʚʠʛʫʥʽʚ çMono-Jetronicè 

ʜʦʟʚʦʣʠʪʴ ʚʠʷʚʣʷʪʠ ʾʾ  ʥʝʩʧʨʘʚʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʦʟʥʘʢ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʪʴ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʘʣʠʚʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʠʩʪʝʤʠ ʟʘʧʘʣʶʚʘʥʥʷ. 
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ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ʌɯʃʔʊʈɸʎɯɰ ʄɸʉʃɸ ɿɸʉʊʆʉʋɺɸʅʅʗʄ 

ʇʆʈʆɺʀʍ ʄɸʊɽʈɯɸʃɯɺ 

 

ʈʦʟʚʠʪʦʢ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʡ ʥʘʬʪʦʭʽʤʽʾ ʚʠʩʫʚʘʻ ʥʦʚʽ ʚʠʤʦʛʠ ʜʦ 

ʩʫʯʘʩʥʠʭ ʤʘʩʣʦʦʯʠʩʥʠʢʽʚ ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʌʦʨʩʫʚʘʥʥʷ 

ʜʠʟʝʣʽʚ ʧʦ ʥʘʜʜʫʚʫ ʡ ʯʘʩʪʦʪʽ ʦʙʝʨʪʘʥʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʽʜʰʠʧʥʠʢʘʭ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʚʢʣʘʜʠʰʽʚ, ʟʥʠʞʝʥʥʷ ʤʘʩʣʦʦʙʤʥ̔ʫ ʤʘʩʣʘ ʟ ʦʜʥʦʯʘʩʥʠʤ 

ʟʙʣ̔ɹ ʰʝʥʥʷʤ ʩʪʨʦʢʫ ʡʦʛʦ ʩʣʫʞʙʠ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʪʦʨʥʠʭ ʤʘʩʝʣ ʟ ʚʠʩʦʢʠʤʠ 

ʜʠʩʧʝʨʛʫʶʯʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʦʪ ʪʽ ʫʤʦʚʠ, ʫ ʷʢʠʭ ʪʨʝʙʘ ʧʨʘʮʶʚʘʪʠ ʟʘʩʦʙʘʤ 

ʦʯʠʱʝʥʥʷ. 

ɹʽʣʴʰʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʥʘ ʤʦʨʩʴʢʦʤʫ ʬʣʦʪʽ ʰʚʠʜʢʦʭʽʜʥʠʭ ʪʘ 

ʩʨʝʜʥʝʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʽʚ ʤʘʻ ʟʘʩʪʘʨʽʣʽ ʩʠʩʪʝʤʠ ʤʘʩʣʦʦʯʠʩʪʢʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, 

ʙʽʣʴʰ 82 % ʫʩʴʦʛʦ ʧʘʨʢʫ ʜʦʧʦʤʽʞʥʠʭ ʩʫʜʥʦʚʠʭ ʜʠʟʝʣʽʚ ʦʩʥʘʱʝʥ ̔ ʪʽʣʴʢʠ 

ʬʽʣʴʪʨʘʤʠ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ. ʅʘ ʽʥʰʽ ʞ, ʢʨʽʤ ʟʘʟʥʘʯʝʥʠʭ, ʫʩʪʘʥʦʚʣʝʥʽ ʱʝ 

ʬʽʣʴʪʨʠ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟʘʩʪʘʨʽʣʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʊʽʣʴʢʠ ʦʢʨʝʤʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʮʽʣʢʦʤ ʩʫʯʘʩʥʽ ʬʽʣʴʪʨʫʶʯʽ ʫʩʪʘʥʦʚʢʠ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʩʘʤʦʦʯʠʩʪʢʠ ʘʙʦ ʟʽ ʟʤʽʥʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟ ʚʦʣʦʢʥʠʩʪʠʭ 

ʧʦʚʝʨʭʥʝʚʠʭ ʽ ʦʙ'ʻʤʥʠʭ ʬʠʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʦʚʥʦʧʦʪʦʯʥʘ ʩʠʩʪʝʤʘ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʤʘʩʣʘ ʤʘʻ ʥʘʩʪʫʧʥʫ 

ʦʩʦʙʣʠʚʽʩʪʴ: ʯʝʨʝʟ ʬʽʣʴʪʨ, ʚʩʪʘʥʦʚʣʝʥʠʡ ʫ ʥʘʛʥʽʪʘʣʴʥʽʡ ʤʘʛʩ̔ʪʨʘʣʽ ʩʠʩʪʝʤʠ 

ʤʘʱʝʥʥʷ ʧʝʨʝʜ ʤʘʩʣʦʦʭʦʣʦʜʞʫʚʘʯʝʤ, ʧʨʦʭʦʜʠʪʴ ʫʚʝʩʴ ʧʦʪʽʢ ʤʘʩʣʘ, ʱʦ ʡʜʝ ʥʘ 

ʟʤʘʱʝʥʥʷ ʜʝʪʘʣʝʡ ʜʠʟʝʣʷ. ɺʠʭʽʜʥʘ ʪʦʥʢʽʩʪʴ ʚʽʜʩʽʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʟʚʠʯʘʡ ʩʪʘʥʦʚʠʪʴ 15é40 ʤʢʤ. ʎʝ ʟʥʘʯʠʪʴ, ʱʦ ʚ 

ʧʘʨʠ ʪʝʨʪʷ ʯʘʩʪʢʠ, ʟ ʨʦʟʤʽʨʘʤʠ ʚʠʱʝ ʟʘʟʥʘʯʝʥʠʭ, ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʦʧʘʜʘʶʪʴ. ɿʘ 

ʢʦʨʜʦʥʦʤ ʪʘʢʘ ʩʠʩʪʝʤʘ ʦʯʠʱʝʥʥʷ ʦʜʝʨʞʘʣʘ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ï 

ʙʽʣʴʰ 14 ʬʽʨʤ, ʱʦ ʚʠʧʫʩʢʘʶʪʴ ʪʨʦʥʢʦʚʽ ʜʠʟʝʣʽ ʨʽʟʥʦʛʦ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ 

ʩʫʜʥʦʚʦʛʦ, ʧʨʠʟʥʘʯʝʥʥʷ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʚʥʦʧʦʪʦʯʥʽ ʬʽʣʴʪʨʠ ʪʦʥʢʦʛʦ 

ʦʯʠɦ ʝʥʥʷ ʤʘʩʣʘ (ʇʌʊʆ). ʉʧʝʮʘ̔ʣ̔ʟʦʚʘʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʤʝʥʪʽʚ ʪʘʢʠʭ ʬʽʣʴʪʨʽʚ 
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ʦʩʚʦʻʥʦ ʙʘʛʘʪʴʤʘ ʬʽʨʤʘʤʠ, ʫ ʪʦʤʫ ʯʠʩʣ ̔ 6 ʟ ʥʠʭ ʚʠʧʫʩʢʘʻ ʙʽʣʴʰ 2 ʤʣʥ 

ʬʽʣʴʪʨʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʨʽʢ.  

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 1, ʥʘʡʤʝʥʰʝ ʟʥʦʰʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʜʠʟʝʣʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʤʘʩʣʘ. ʅʘʡʙʽʣʴʰʠʡ ʚʧʣʠʚ 

ʜʘʥʠʡ ʤʘʩʣʦʦʯʠʩʥʠʢ ʚʠʷʚʣʷʻ ʥʘ ʩʪʘʥ ʚʢʣʘʜʠʰʽʚ ʤʦʪʠʣʴʦʚʦʛʦ ʧʽʜʰʠʧʥʠʢʘ ʡ 

ʚʽʜʧʦʚʽʜʥʠʭ ʰʠʡʦʢ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʫʟʘʛʘʣʴʥʝʥʽ ʧʦ ʜʝʚ'ʷʪʠ 

ʪʠʧʘʤ ʜʠʟʝʣʽʚ ʟʘ ʧʝʨʽʦʜ ʥʘʨʦʙʽʪʢʫ 6é12 ʪʠʩ. ʤʦʪʦʯʘʩʽʚ [1]. 

ʎʠʨʢʫʣʷʮʽʷ ʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʦʢ ʯʝʨʝʟ ʧʽʜʰʠʧʥʠʢʦʚʽ ʚʫʟʣʠ ʙʽʣʴʰ 

ʽʥʪʝʥʩʠʚʥʘ, ʯʠʤ ʯʝʨʝʟ ʩʧʦʣʫʯʝʥʥʷ çʧʦʨʰʥʝʚʝ ʢʽʣʴʮʝ ï ʮʠʣʽʥʜʨʦʚʘ ʚʪʫʣʢʘè. ʊʘʢ, 

ʰʚʠʜʢʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʚʢʣʘʜʠh ʚ̔ ʽ ʰʠʡʦʢ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʇʌʊʆ ʚ 1,85 ʨʘʟʠ 

ʤʝʥʰʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʫʤʦʚʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʘʩʪʢʦʚʦʧʦʪʦʯʥʦʾ ʩʠʩʪʝʤʠ ʪʦʥʢʦʛʦ 

ʦʯʠʱʝʥʥʷ ʚ ʢʦʤʙʽʥʘʮʽʾ ʟ ʬʽʣʴʪʨʘʤʠ ʛʨʫʙʦʛʦ ʦʯʠʱʝʥʥʷ ʨʽʟʥʦʛʦ ʪʠʧʫ [2]. ʗʢʱʦ ʞ 

ʫ ʜʠʟʝʣʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʪʽʣʴʢʠ ʛʨʫʙʝ ʦʯʠʱʝʥʥʷ, ʪʦ ʨʽʟʥʠʮʷ ʚ ʟʥʦʰʫʚʘʥʥʽ ʙʫʜʝ ʱʝ 

ʧʦʤʽʪʥʽʰʝ ï ʚ 2, 44 ʨʘʟʠ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʥʦʩ ʦʩʥʦʚʥʠʭ ʜʝʪʘʣʝʡ ʜʠʟʝʣʽʚ ʽ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʘʩʣʦʦʯʠʩʥʠʢʽʚ ʧʨʠ ʦʯʠʱʝʥʥʽ ʤʘʩʣʘ ʬʽʣʴʪʨʘʤʠ 

 

ɽʬʝʢʪ ʚʽʜ ʜʽʾ ʧʦʚʥʦʧʦʪʦʯʥʦʛʦ ʬʽʣʴʪʨʘ, ʟʘʬʽʢʩʦʚʘʥʠʡ ʫ ʟʥʠʞʝʥʥʽ 

ʟʥʦʰʫʚʘʥʥʷ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ, ʦʩʦʙʣʠʚʦ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʯʘʩʪʢʦʚʦʧʦʪʦʯʥʦ ʁ

ʩʠʩʪʝʤʦʶ ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ, ʚʠʨʘʞʝʥʠʡ ʥʝ ʪʘʢ ʩʠʣʴʥʦ ï ʟʥʦhʫʚʘʥʥʷ 

ʟʥʠʞʫʻʪʴʩʷ ʚʩʴʦʛʦ ʣʠʰʝ ʚ 1,4 ʨʘʟʠ. ʋ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʛʨʫʙʠʤ ʦʯʠʱʝʥʥʷʤ 

ʜʦʜʘʪʢʦʚʝ ʧʽʜʢʣʶʯʝʥʥʷ ʯʘʩʪʢʦʚʦʧʦʪʦʯʥʠʭ ʬʽʣʴʪʨʽʚ ʟʥʠʞʫʻ ʟʥʦʰʫʚʘʥʥʷ ʮʠʭ 

ʜʝʪʘʣʝʡ ʥʘ 37 %, ʘ ʧʦʚʥʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʤʘʩʣʦʦʯʠʩʪʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʇʌʊʆ ï ʥʘ 55 %. 

ɹʽʣʴʰʽʩʪɹ  ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʽ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʠʟʝʣʽʚ ʧʨʘʮʶʶʪʴ ʽʟ 

ʬʽʣʴʪʨʘʤʠ, ʫ ʷʢʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʝʣʝʤʝʥʪʠ ʜʫʞʝ ʚʝʣʠʢʘ. ʐʚʠʜʢʽʩʪʴ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʚ ʥʠʭ ʩʪʘʥʦʚʠʪʴ 2é4 ʤ3/ʛʦʜ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʨʤʽʥʫ 

ʩʣʫʞʙʠ ʝʣʝʤʝʥʪʽʚ ʚ 2é5 ʨʘʟ ʙʽʣʴʰʝ, ʯʠʤ ʫ ʩʫʜʥʦʚʠʭ ɼɺʉ, ʫ ʷʢʠʭ ʦʩʦʙʣʠʚʠʭ 

ʦʙʤʝʞʝʥʴ ʥʘ ʨʦʟʤʽʨʠ ʬʽʣʴʪʨʽʚ ʥʝʤʘʻ. ɿʘ ʢʦʨʜʦʥʦʤ ʧʦʚʥʦʧʦʪʦʯʥʽ ʬʽʣʴʪʨʠ 

ʪʦʥʢʦʛʦ ʦʯʠʱʝʥʥʷ ʤʘʩʣʘ ʧʨʘʮʶʶʪʴ ʟʽ ʰʚʠʜʢʽʩʪʶ ʬʽʣʴʪʨʘʮʽʾ 1é6 ʤ3/ʛʦʜ.  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʨʦʚʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ 

ʰʚʠʜʢʦʭʽʜʥʠʭ ʪʘ ʩʝʨʝʜʥʴʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʷʭ, ʘʣʝ ʜʦ ʢʦʞʥʦʛʦ ʜʠʟʝʣʷ ʧʦʚʠʥʝʥ 

ʙʫʪʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʚʠʙʦʨʽ ʪʠʧʦʨʦʟʤʽʨʫ ʬʽʣʴʪʨʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʩʫʨʩʫ ʜʚʠʛʫʥʘ, ʨʝʞʠʤʽʚ ʡʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʰʚʠʜʢʦʩʪʽ ʟʘʙʨʫʜʥʝʥʥʷ ʤʘʩʣʘ, 

ʪʠʧʫ ʡ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʟʤʘʱʝʥʥʷ, ʫʤʦʚ ʨʦʙʦʪʠ ʡ ʚʠʤʦʛ ʜʦ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ. 
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ʑʆɼʆ ʇʀʊɸʅʅʗ ʇʆʂʈɸʑɽʅʅʗ ʇʈʆʎɽʉɯɺ ʋʇʈɸɺʃɯʅʅʗ 

ʋʄʆɺɸʄʀ ɽʂʉʇʃʋɸʊɸʎɯɰ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɺ 

ɯʅʌʆʈʄɸʎɯʁʅʆ-ɸʅɸʃɯʊʀʏʅɯʁ ʉʀʉʊɽʄɯ V2I 

 

ɯʥʬʦʨʤʘʮʽʡʥʦ-ʘʥʘʣʽʪʠʯʥʘ ʩʠʩʪʝʤʘ V2I ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ [1] ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʦʨʛʘʥʽʯʥʝ ʧʦʻʜʥʘʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʘ ʘʥʘʣʽʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ ʷʚʣʷʻ ʩʦʙʦʶ ʟ'ʻʜʥʘʥʥʷ ʙʦʨʪʦʚʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʟ ʫʩʽʤʘ ʩʚʦʾʤʠ ʩʢʣʘʜʦʚʠʤʠ ʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʟʘʩʦʙʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟ ʧʨʠʡʤʘʣʴʥʦ-ʧʝʨʝʜʘʚʘʣʴʥʠʤʠ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ, 

ʘʥʘʣʽʪʠʯʥʠʤʠ ʽ ʢʝʨʫʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʩʠʩʪʝʤʘʤʠ. 

ɸʥʘʣʽʪʠʯʥʘ ʯʘʩʪʠʥʘ ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʦʛʨʘʤʥ̔ , ʣʦʛʽʯʥʽ, ʘʧʘʨʘʪʥ̔  ʟʘʩʦʙʠ 

ʙʦʨʪʦʚʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʙʦʚ'ʷʟʢʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʩʠʩʪʝʤʠ ʻ ʨʦʙʦʯʝ ʤʽʩʮʝ ʦʧʝʨʘʪʦʨʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʦʾ ʩʠʩʪʝʤʠ V2I ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ 

[1-3] ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʝʪʘʣʴʥʦ ʩʢʣʘʜʦʚʽ ʩʠʩʪʝʤʠ, ʟʘʛʘʣʴʥʝ ʾʾ ʧʨʠʩʪʨʽʡ, 

ʨʦʙʦʪʘ ʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʚ ʥʽʡ ʦʧʠʩʘʥʽ ʚ [1-4]. 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʽ, ʜʦʨʦʞʥʽ, 

ʪʨʘʥʩʧʦʨʪʥʽ ʫʤʦʚʠ ʽ ʢʫʣʴʪʫʨʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ [1]. 

ɯʥʬʦʨʤʘʮʡ̔ʥʘ ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ V2I ʟʘʙʝʟʧʝʯʫʻ ʽʥʬʦʨʤʘʮʽʻʶ ʾʾ ʚʽʜ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ [1-4]. 

ɸʥʘʣʽʪʠʯʥʘ ʯʘʩʪʠʥʘ V2I ʦʙʨʦʙʣʷʻ ʽʥʬʦʨʤʘʮʽʶ ʽ ʢʝʨʫʻ ʪʨʘʥʩʧʦʨʪʥʠʤ 

ʟʘʩʦʙʦʤ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʜʥʠʤ ʟ ʢʦʤʧʦʥʝʥʪʽʚ ʘʥʘʣʽʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ʻ 

ʘʥʘʣʽʟ ʽʥʬʦʨʤʘʮʽʾ ʚ ʯʘʩʪʠʥʽ ʟʤʽʥʠ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʩʘʤʝ ʘʪʤʦʩʬʝʨʥʦ-

ʢʣʽʤʘʪʠʯʥʠʭ, ʜʦʨʦʞʥʽʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʫʤʦʚ. 
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ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʠʩʪʝʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʟʘʩʦʙʫ ʚ ʦʧʠʩʘʥʽʡ ʩʠʩʪʝʤʽ V2I ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ ʘʜʘʧʪʘʮʽʾ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʤʠ 

ʧʦʪʦʢʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʅʘʡʙʽʣʴʰ ʜʦʙʨʝ ʚʽʥ 

ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ ʜʦʨʦʞʥʽʤʠ ʽ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʫʤʦʚʘʤʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʦʞ ʚʽʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʟʘʩʦʙʘʤʠ ʧʨʠ ʟʤʽʥʽ ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʘ ʢʫʣʴʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿʫʧʠʥʠʤʦʩʷ ʥʘ ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʨʦʮʝʩʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ 

ʫʧʨʘʚʣʽʥʥʷ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʽʡ ʩʠʩʪʝʤʽ V2I ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʊʨʘʥʩʧʦʨʪʥʘ ʩʠʩʪʝʤʘ ʻ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʩʪʦʭʘʩʪʠʯʥʽʩʪʶ, ʘ ʩʘʤʝ: ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʧʠʪʫ, 

ʘʪʤʦʩʬʝʨʥʦ-ʢʣʽʤʘʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʟʤʽʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʫʣʠʯʥʦ-

ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʘʚʘʨʽʡʥʠʤʠ ʩʠʪʫʘʮʽʷʤʠ ʽ ʟʥʦʩʦʤ ʜʦʨʦʞʥʴʦʛʦ ʧʦʢʨʠʪʪʷ [1]. 

ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʘʜʝʢʚʘʪʥʠʤ ʟʘʩʦʙʦʤ ʦʧʠʩʫ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ 

ʟʘʟʥʘʯʝʥʦʛʦ ʦʙ'ʻʢʪʘ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʜʝʣʶʚʘʥʥʷ, ʩʫʪʴ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ 

ʨʝʘʣʴʥʦʛʦ ʦʙ'ʻʢʪʘ ʫʧʨʘʚʣʽʥʥʷ ʡʦʛʦ ʤʦʜʝʣʣʶ. ɺ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ 

ʙʫʜʴ-ʷʢʠʡ ʦʙ'ʻʢʪ, ʟ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʮʽʣʝʡ ʢʦʨʠʩʪʫʚʘʯʘ ʪʦʯʥʽʩʪʶ ʚʽʜʪʚʦʨʶʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʽ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʥʪʝʛʨʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʣʶʜʠʥʠ ʚ ʻʜʠʥʫ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. ʆʜʥʠʤ ʽʟ 

ʢʨʦʢʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʾʭ ʦʧʪʠʤʽʟʘʮʽʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʧʦʣʽʧʰʠʪʠ ʧʨʦʮʝʩʠ 

ʫʧʨʘʚʣʽʥʥʷ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʽʥʬʦʨʤʘʮʽʡʥʦ-

ʘʥʘʣʽʪʠʯʥʽʡ ʩʠʩʪʝʤʽ V2I. ʆʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʮʝ ʚ ʫʤʦʚʘʭ ʘʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʩʠʩʪʝʤ. 

ʊʦʤʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʽʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʫʭʫ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ 

ʦʧʪʠʤʽʟʘʮʽʾ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ʄʦʜʝʣʴ ʚʠʧʨʦʙʫʚʘʥʘ ʥʘ ʜʽʣʷʥʮʽ 

ʪʨʘʥʩʧʦʨʪʥʦʾ ʤʝʨʝʞʽ. ɰʾ ʘʜʝʢʚʘʪʥʽʩʪʴ ʧʽʜʪʚʝʨʜʞʝʥʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʧʪʠʤʽʟʘʮʽʾ ʩʝʨʝʜʥʽʡ ʯʘʩ ʧʨʦʾʟʜʫ ʯʝʨʝʟ ʨʦʟʛʣʷʥʫʪʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ 

ʚʫʟʦʣ ʽ ʢʽʣʴʢʽʩʪʴ ʤʘʰʠʥ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʘʪʦʨʘʭ, ʙʫʣʦ ʟʤʝʥʰʝʥʦ. ʉʪʚʦʨʝʥʽ 

ʽʤʽʪʘʮʽʡʥʽ ʤʦʜʝʣʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʙʫʜʦʚʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʚʫʟʣʘ, ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ ʧʨʠ ʟʤʽʥʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʽ ʾʭ ʧʨʦʛʥʦʟʫʚʘʥʥʽ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ɽʂʉʇʃʋɸʊɸʎɯɰ ʊɸ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ 

ɸɺʊʆʄʆɹɯʃɯɺ ɿ ɻɯɹʈʀɼʅʀʄʀ ʉʀʃʆɺʀʄʀ ʋʉʊɸʅʆɺʂɸʄʀ 

 

ʉʴʦʛʦʜʥʽ, ʢʦʣʠ ʘʚʪʦʤʦʙʽʣʽ ʪʨʘʜʠʮʽʡʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʜʚʠʛʫʥʦʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʪʨʘʥʩʤʽʩʽʻʶ ʟʘʢʽʥʯʫʶʪʴ ʩʚʦʻ ʽʩʥʫʚʘʥʥʷ, ʾʤ ʥʘ ʟʤʽʥʫ 

ʧʨʠʭʦʜʷʪʴ ʙʽʣʴʰ ʜʦʩʢʦʥʘʣʽ ʝʥʝʨʛʝʪʠʯʥʦ ʝʬʝʢʪʠʚʥʽ ʛʽʙʨʠʜʥʽ ʘʚʪʦʤʦʙʽʣʽ. ɺ 

ʦʩʪʘʥʥʽ ʨʦʢʠ ʾʭ ʯʠʩʣʦ ʚ ʥʘʰʽʡ ʢʨʘʾʥʽ ʧʦʤʽʪʥʦ ʟʙʽʣʴʰʠʣʘʩʷ. ʊʝʥʜʝʥʮʽʷ ʜʦ 

ʧʽʜʚʠʱʝʥʥʷ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘʢʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ ʦʙʫʤʦʚʣʝʥʘ 

ʟʨʦʩʪʘʶʯʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʽ ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʧʠʪʫ ʥʘ 

ʘʚʪʦʤʦʙʽʣʽ ʟ ʝʢʦʥʦʤʽʯʥʠʤ ʜʚʠʛʫʥʦʤ. ɺ ɭʚʨʦʩʦʶʟʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʨʦʝʢʪ ʟʘʢʦʥʫ 

ʜʦ 2050 ʨʦʢʫ ʚʚʝʩʪʠ ʟʘʙʦʨʦʥʫ ʥʘ ʧʨʦʜʘʞ ʙʝʥʟʠʥʫ ʽ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʤʦʙʽʣʽʚ ʟ 

ʪʨʘʜʠʮʽʡʥʠʤ ʙʝʥʟʠʥʦʚʠʤ ʘʙʦ ʜʠʟʝʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʚ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ. ʋ 

ʥʘʡʙʣʠʞʯʽ ʨʦʢʠ ʦʯʽʢʫʻʪʴʩʷ ʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʧʦʥʦʚʘʥʠʭ ʩʧʦʞʠʚʘʯʝʚʽ 

ʤʘʨʦʢ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʙʦʢʫ ʻʚʨʦʧʝʡʩʴʢʠʭ, ʢʠʪʘʡʩʴʢʠʭ, ʢʦʨʝʡʩʴʢʠʭ, 

ʷʧʦʥʩʴʢʠʭ, ʘʤʝʨʠʢʘʥʩʴʢʠʭ [1]. 

ʋ ʪʣʫʤʘʯʥʠʭ ʩʣʦʚʥʠʢʘʭ çʛʽʙʨʠʜè ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʦʩʣʠʥ ʽ ʪʚʘʨʠʥ, 

ʦʪʨʠʤʘʥʠʤ ʚ ʨʝʟʫʣʴʪʘʪʽ ʩʭʨʝʱʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʚʠʜʽʚ ʟ ʨʽʟʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɻʽʙʨʠʜ ʦʟʥʘʯʘʻ ʧʦʻʜʥʫʻ ʚ ʩʦʙʽ ʦʟʥʘʢʠ ʨʽʟʥʠʭ ʧʨʝʜʤʝʪʽʚ, ʷʚʠʱ. ɸʥʛʣ. çHybridè 
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ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʝʭʥʮ̔ʽ, ʙʽʦʣʦʛʽʾ, ʤʫʟʠʢʠ, ʜʨʫʢʫ, ʜʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʽʛʦʨ. 

ʅʘʧʨʠʢʣʘʜ: çBiology Hybrid ʦʟʥʘʯʘʻ ʧʦʪʦʤʩʪʚʦ, ʱʦ ʟ'ʷʚʣʷʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʤʝʪʠʟʘʮʽʾè, çElectronics Hybrid ʦʟʥʘʯʘʻ ʢʦʤʧ'ʶʪʝʨ, ʱʦ ʧʦʻʜʥʫʻ ʘʥʘʣʦʛʦʚʽ ʽ 

ʮʠʬʨʦʚʽ ʬʫʥʢʮʽʾè, çVehicles Hybrid ʦʟʥʘʯʘʻ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʙʽʣʴʰ ʥʽʞ ʦʜʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʜʣʷ ʨʫʭʫè. 

ɺ ʽʩʥʫʶʯʠʭ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ ʧʝʨʝʜʘʯʘ ʝʥʝʨʛʽʾ ʚʽʜ ʧʝʨʚʠʥʥʦʛʦ 

ʜʚʠʛʫʥʘ ʥʘ ʧʨʦʚʽʜʥʠʡ ʚʘʣ ʢʦʣʽʩ ʘʚʪʦʤʦʙʽʣʷ ʨʝʘʣʽʟʦʚʘʥʘ ʯʝʨʝʟ ʦʜʥʫ ʟ ʪʘʢʠʭ ʩʭʝʤ: 

ʧʦʩʣʽʜʦʚʥʘ, ʧʘʨʘʣʝʣʴʥʘ ʘʙʦ ʟʤʽʰʘʥʘ. ɼʝʢ̫ʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʧʨʠʡʥʷʪʦ ʨʦʟʜʽʣʷʪʠ 

ʛʽʙʨʠʜʠ ʥʘ çʤ'ʷʢʽè (mild hybrids), ʜʝ ʜʦʧʦʤʽʞʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʚʠʩʪʫʧʘʻ ʪʽʣʴʢʠ 

ʚ ʨʦʣʽ ʘʩʠʩʪʝʥʪʘ, çʧʦʚʥʽè (full hybrids), ʟʜʘʪʥʽ ʜʝʷʢʠʡ ʯʘʩ ʨʫʭʘʪʠʩʷ ʪʽʣʴʢʠ ʥʘ 

ʜʦʧʦʤʽʞʥʦʤʫ ʜʞʝʨʝʣʽ ʝʥʝʨʛʽʾ, ʽ çʧʽʜʟʘʨʷʜʞʘʪʠʩʷè (plug-in hybrids). 

ɹʫʜʴ ʷʢʠʡ ʛʽʙʨʠʜʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʤʽʩʪʠʪʴ ʧʝʨʚʠʥʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, 

ʥʘʡʯʘʩʪʽʰʝ ʮʝ ɼɺɿ ʽ ʚʪʦʨʠʥʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ, ʥʘʧʨʠʢʣʘʜ ʘʢʫʤʫʣʷʪʦʨʥʫ 

ʙʘʪʘʨʝ,ʁ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʽʙʨʠʜʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʥʘʟʠʚʘʶʪʴ çʝʣʝʢʪʨʠʯʥʠʤè 

(hybrid electric vehicle). ɯʩʥʫʶʪʴ ʽ ʽʥʰʽ ʪʠʧʠ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ: 

çʧʥʝʚʤʘʪʠʯʥʠʡè (pneumatic hybrid vehicle), çʤʘʭʦʚʠʢʦʚʽè (flywheel hybrid 

vehicle), çʛʽʜʨʘʚʣʽʯʥʠʡè (hydraulic hybrid vehicle), ʦʜʥʘʢ ʤʘʩʦʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ 

ʩʝʨʝʜ ʢʣʘʩʫ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʚʦʥʠ ʥʝ ʦʪʨʠʤʘʣʠ. 

ʋ ʣʝʛʢʦʚʦʤʫ ʘʚʪʦʧʘʨʢʫ ʢʨʘʥʾʠ ʧʨʠʩʫʪʥʷ ʯʘʩʪʢʘ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʛʽʙʨʠʜʥʠʤʠ 

ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʦʰʫʢʫ ʘʚʪʦʧʘʨʢʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ɻʉʋ ʋʢʨʘʾʥʠ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʩʪʫʧʥʝ: ʾʭ ʢʽʣʴʢʽʩʪʴ 

ʱʦʨʦʢʫ ʟʨʦʩʪʘʻ ʙʽʣʴʰ ʥʽʞ ʥʘ 40%, ʚʝʣʠʢʝ ʯʠʩʣʦ ʚʞʠʚʘʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ɻʉʋ 

ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʚ ʋʢʨʘʾʥʫ ʟ ɭʚʨʦʧʠ ʽ ʉʐɸ. 

ʂʦʥʩʪʨʫʢʮʽʷ ɻʉʋ ʘʚʪʦʤʦʙʽʣʽʚ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ 

ʟ ɼɺʉ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʩʢʣʘʜʥʦʱʽʚ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ: ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʪʠʧʦʤ 

ɻʉʋ ʻ ʟʤʽhʘʥʘ ʩʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʘ ʤʦʜʝʣʴ 

ʘʚʪʦʤʦʙʽʣʷ ʟ ɻʉʋ - Toyota Prius. 

ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʨʝʤʦʥʪ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʤʠ ʛʽʙʨʠʜʥʠʤʠ 

ʩʠʣʦʚʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ (ɻʉʋ) ʻ ʧʨʦʙʣʝʤʦʶ. ɻʉʋ ʚ ʩʫʢʫʧʥʦʩʪʽ ʟ ʙʦʨʪʦʚʠʤ 

ʢʦʤʧ'ʶʪʝʨʦʤ ʘʚʪʦʤʦʙʣ̔ʷ ʽ ʽʥʠhʤʠ ʡʦʛʦ ʚʫʟʣʘʤʠ ʻ ʩʢʣʘʜʥʦʶ ʩʠʩʪʝʤʦʶ, ʱʦ 

ʚʠʤʘʛʘʻ ʩʧʝʮʽʘʣʴʥʠʭ ʧʽʜʭʦʜʽʚ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʝʤʦʥʪʽ. ʉʘʤʝ 

ʪʘʢʘ ʧʨʦʙʣʝʤʘ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʜʽʙʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ. ɿʦʢʨʝʤʘ 

ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ Toyota, Lexus, Honda, Ford ï ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʚ 

ʋʢʨʘʾʥʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ ʚʽʜ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʜʦʨʦʟʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʠʪʴ ʙʝʟʧʝʢʘ ʫʯʘʩʥʠʢʽʚ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ. 

ʋ ʯʠʥʥʦʤʫ ʚ ʋʢʨʘʾʥʽ ʇʦʣʦʞʝʥʥʽ ʟ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ [2] ʚʽʜʩʫʪʥʷ 

ʥʦʨʤʘʪʠʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦ ʘʚʪʦʤʦʙʽʣʷʤ ʟ ɻʉʋ, ʘ ʪʘʢʦʞ ʥʝ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ɼʉʊʋ 3649: 2010 [6] ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʩʠʣʦʚʠʭ ʘʛʨʝʛʘʪʽʚ ʟ 

ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʦʾ ʪʨʘʥʩʤʽʩʽʻʶ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʘʥʮʽʡ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʦʨʛʘʥʽʟʘʮʽʾ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʥʦʨʤʘʪʠʚʥʦ-ʜʦʚʽʜʢʦʚʘ ʣʽʪʝʨʘʪʫʨʘ [2, 3, 4], ʧʨʦʪʝ ʚʽʜʩʫʪʥʷ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʮʶ ʣʽʪʝʨʘʪʫʨʫ ʜʦ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, 

ʤʝʪʦʜʠ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʜʝʱʦ ʽʥʰʽ. 
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ʇʨʦʚʽʜʥʽ ʚʠʨʦʙʥʠʢʠ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʤʘʣʦ 

ʟʘʮʽʢʘʚʣʝʥʽ ʚ ʦʨʛʘʥʽʟʘʮʽʾ ʷʢʽʩʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʥʘʜʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ 

ʫʤʦʚʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʾ ʩʧʨʘʚʥʦʩʪʽ ʽ ʥʦʨʤʘʪʠʚʥʠʤ ʧʘʨʘʤʝʪʨʘʤ ɻʉʋ. 

ʆʙʩʣʫʛʦʚʫʶʯʠʡ ʧʝʨʩʦʥʘʣ ʩʪʘʥʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʨʝʤʦʥʪʫ ʧʦʜʽʙʥʠʭ ʘʚʪʦʤʦʙʽʣʚ̔. 

ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʛʽʨʰʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʣʝʤʝʥʪʽʚ ɻʉʋ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʣʠʢʘʥʦ ʥʦʨʤʘʣʴʥʠʤ ʟʥʦʩʦʤ ʜʝʪʘʣʝʡ, ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʦʛʦ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽʥʰʠʤʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʤʠ ʧʨʠʯʠʥʘʤʠ. ʋ ʪʦʡ ʞʝ 

ʯʘʩ ʥʝʩʧʨʘʚʥʦʩʪʽ ʤʦʞʫʪʴ ʙʫʪʠ ʥʝ ʷʚʥʠʤʠ, ʪʦʙʪʦ ʚʠʥʠʢʘʶʯʠʤʠ ʪʽʣʴʢʠ ʚ ʧʝʚʥʠʭ 

ʫʤʦʚʘʭ, ʥʝ ʟʘʚʞʜʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʘʙʦ ʥʝ ʚʠʟʥʘʯʝʥʠʤʠ ʩʪʘʪʠʯʥʠʤʠ ʚʠʤʽʨʘʤʠ. 

ʉʴʦʛʦʜʥʽ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢ, ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ, ʘʧʨʽʦʨʥʦ 

ʦʮʽʥʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʛʽʙʨʠʜʥʦʛʦ ʜʚʠʛʫʥʘ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʪʘʢʦʞ ʤʝʪʦʜʠ 

ʥʘʚʯʘʥʥʷ ʬʘʭʽʚʮʽʚ ʧʨʠʩʪʨʦʶ ʽ ʧʨʠʥʮʠʧʘʤ ʨʦʙʦʪʠ ʛʽʙʨʠʜʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʠʤʠ ʥʦʨʤʘʪʠʚʥʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʶʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʋʢʨʘʾʥʽ, ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ: 

ï ɿʘʢʦʥ ʋʢʨʘʾʥʠ ʧʨʦ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ 

ï ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪ ʜʦʨʦʞʥʽʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ɿʘʪʚʝʨʜʞʝʥʦ ʥʘʢʘʟʦʤ 

ʄʽʥʪʨʘʥʩʫ ʋʢʨʘʾʥʠ 30.03.98 ˉ 102; 

ï ɼʉʊʋ 3649: 2010 ʂʦʣʽʩʥʽ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ. ɺʠʤʦʛʠ ʙʝʟʧʝʢʠ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʤʝʪʦʜʠ ʢʦʥʪʨʦʣʶ. 

ʋ ʜʘʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʚʽʜʩʫʪʥʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʙʝʟʧʝʯʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ, ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟ ɻʉʋ ʘʙʦ ʟ 

ʚʠʩʦʢʦʚʦʣʴʪʥʠʤ ʝʣʝʢʪʨʦʧʨʠʚʦʜʦʤ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ ʟʘʚʦʜʫ ï ʚʠʨʦʙʥʠʢʘ, 

ʚʠʤʦʛʘʤ ʽʩʥʫʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ ʽ ʙʝʟʧʝʯʥʦʾ ʪʘ ʥʘʜʽʡʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʊɿ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʽʩʥʫʶʯʠʭ ʚ ʋʢʨʘʾʥʽ ʚʠʤʦʛ ʟ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ [4] ʚʝʩʴ 

ʪʝʭʥʽʯʥʠʡ ʧʝʨʩʦʥʘʣ, ʱʦ ʧʨʘʮʶʻ ʟ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʢʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 

ʜʦ 1000 ɺ, ʧʦʚʠʥʝʥ ʤʘʪʠ 3-ʶ ʛʨʫʧʫ ʜʦʧʫʩʢʫ. ɺʠʢʦʥʘʥʥʷ ʮʽʻʾ ʚʠʤʦʛʠ ʤʘʻ ʙʫʪʠ 

ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ. ɺ ʜʘʥʠʡ ʯʘʩ ʨʝʤʦʥʪ ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ 

ʯʘʩʪʠʥʠ ɻʉʋ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ, ʟʘʟʥʘʯʝʥʠʤʠ ʚ ʢʝʨʽʚʥʠʮʪʚʽ ʧʦ 

ʨʝʤʦʥʪʫ ʘʚʪʦʤʦʙʽʣʷ [5]. ʇʦʨʫʰʝʥʥʷ ʜʘʥʠʭ ʚʠʤʦʛ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʥʝʙʝʟʧʝʢʫ ʜʣʷ 

ʞʠʪʪʷ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʧʝʨʩʦʥʘʣʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʧʫʩʢ ʜʦ ʨʝʤʦʥʪʫ 

ʚʠʩʦʢʦʚʦʣʴʪʥʦʾ ʯʘʩʪʠʥʠ ʥʘ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʧʦʚʠʥʝʥ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʽʩʣʷ ʧʝʨʝʚʽʨʢʠ ʟʥʘʥʴ ʱʦʜʦ ʙʝʟʧʝʯʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʽʜ 

ʨʦʟʧʠʩ. ɸ ʚʽʜʧʦʚ̔ ʜʥʦ ʜʦ ʜʽʶʯʠʭ ʧʨʘʚʠʣ ʟ ʝʣʝʢʪʨʦʙʝʟʧʝʢʠ ʨʦʙʦʪʠ ʧʦʚʠʥʥʽ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝ ʤʝʥʰʝ ʥʽʞ ʜʚʦʤʘ ʧʨʘʮʽʚʥʠʢʘʤʠ. ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ 

Toyota Prius ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʝʨʚʽʩʥʦʛʦ ʙʶʣʝʪʝʥ,̫ ʨʦʟʨʦʙʣʝʥʠʤ 

ʢʦʤʧʘʥʽʻʶ Toyota [5]. 

ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʽʚ ɻʉʋ, 

ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʨʝʩʫʨʩʫ ʧʝʨʝʜʙʘʯʝʥʽ ʥʘʩʪʫʧʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟʘʚʦʜʫ: 
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ï ʧʨʠ ʪʨʠʚʘʣʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʘʚʪʦʤʦʙʽʣʷ ʥʝʦʙʭʽʜʥʦ ʟʘʧʫʩʢʘʪʠ ʜʚʠʛʫʥ ʭʦʯʘ - 

ʙ ʦʜʠʥ ʨʘʟ ʥʘ ʤʽʩʷʮʴ ʥʘ 30 ʭʚʠʣʠʥ; 

ï ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʾʟʜʠʪʠ ʥʘ ʘʚʪʦʤʦʙʽʣʽ ʙʝʟ ʙʝʥʟʠʥʫ; 

ï ʥʝ ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʥʘʤʘʛʘʪʠʩʷ ʟʘʨʷʜʞʘʪʠ ɺɺɹ ʩʘʤʦʩʪʽʡʥʦ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʢʦʥʪʨʦʣʴʥʦ-ʜʽʘʛʥʦʩʪʠʯʥʠʭ, ʜʝʬʝʢʪʫʚʘʣʴʥʠʭ, ʨʦʟʙʽʨʥʠʭ, 

ʩʢʣʘʜʘʣʴʥʠʭ, ʩʣʶʩʘʨʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʨʦʙʽʪ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ ʟ ɻʉʋ ʘʚʪʦʤʦʙʽʣʷ 

Prius, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʝʨʽʚʥʠʮʪʚʦ ʧʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ ʘʚʪʦʤʦʙʽʣʴ [5]. 

ʅʘʡʙʽʣʴʰ ʜʦʨʦʛʠʤ ʽ ʚʘʞʢʦ ʜʽʘʛʥʦʩʪʫʶʪʴʩʷ ʝʣʝʤʝʥʪʦʤ ʩʠʣʦʚʦʛʦ 

ʝʣʝʢʪʨʦʧʨʠʚʦʜʫ ʻ ʥʘʢʦʧʠʯʫʚʘʯ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ï ʚʠʩʦʢʦʚʦʣʴʪʥʘ 

ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ (ɺɺɹ) Toyota Prius. ʋ ɻʉʋ ʘʚʪʦʤʦʙʽʣʷ Prius 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʽʢʝʣʴ-ʤʝʪʘʣʦʛʽʜʨʠʜʥʽ ʚʠʩʦʢʦʚʦʣʴʪʥʘ ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ (Ni-

MH ɺɺɹ) ʢʦʤʧʘʥʽʾ ʇʘʥʘʩʦʥʽʢ. ʇʽʜʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʟʘʨʷʜʫ ɺɺɹ, 

ʟʘʭʠʩʪ ʚʽʜ ʧʝʨʝʟʘʨʷʜʫ, ʨʦʟʨʷʜʫ, ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʟʜʽʡʩʥʶʻ ɽɹʋ ɻʉʋ. ʆʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ɺɺɹ ʻ: ʧʦʨʫʰʝʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʧʦ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ, ʧʦʰʢʦʜʞʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʝʤʦʥʪʫ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʩʝʨʚʽʩʥʠʭ ʧʦʩʣʫʛ ʥʘ ʨʠʥʢʫ ʟ'ʷʩʦʚʘʥʦ, ʱʦ 

ʽʩʥʫʶʯʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʝʨʝʞʠʚʘʻ ʥʝʩʪʘʯʫ ʤʦʞʣʠʚʦʩʪʝʡ ʚʠʢʦʥʫʚʘʪʠ ʟʘʚʜʘʥʥʷ 

ʧʽʜʪʨʠʤʢʠ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʧʘʨʢʫ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ɻʉʋ. ʅʘʡʙʽʣʴʰ 

ʟʥʘʯʠʤʽ ʧʨʠʯʠʥʠ ʮʴʦʛʦ ʥʘʩʪʫʧʥʽ: ʚʝʣʠʢʽ ʚʠʪʨʘʪʠ ʥʘ ʧʨʠʜʙʘʥʥʷ ʜʦʨʦʛʦʛʦ 

ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; ʚʽʜʩʫʪʥʽʩʪʴ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʽʥʞʝʥʝʨʽʚ ʟʽ ʟʥʘʥʥʷʤʠ ʚ 

ʦʙʣʘʩʪʽ ɻʉʋ; ʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦʤʫ ʟʘʚʦʜʦʤ ʙʶʣʝʪʝʥʽ ʥʘ ʩʝʨʚʽʩʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʥʝ ʚʨʘʭʦʚʘʥʽ ʚʘʞʯʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʦʚʽ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʩʧʝʮʽʘʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʩʦʥʘʣʫ. ʇʦʯʘʪʢʦʚʽ ʟʥʘʥʥʷ 

ʚ ʦʙʣʘʩʪʽ ʝʣʝʢʪʨʠʬʽʢʦʚʘʥʠʭ ʊɿ ʤʦʞʫʪʴ ʙʫʪʠ ʜʘʥʽ ʚ ʚʫʟʘʭ ʥʘ ʙʘʟʽ ʩʧʝʮʽʘʣʴʥʦʩʪʽ 

çɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪè, ʰʣʷʭʦʤ ʦʥʦʚʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʜʠʩʮʠʧʣʽʥ, 

ʜʦʜʘʚʘʥʥʷ ʢʫʨʩʫ ʣʝʢʮʽʡ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʧʨʠʚʦʜʘʤ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʣʘʙʦʨʘʪʦʨʥʦʾ ʙʘʟʠ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʝʚʥʠʭ ʧʨʦʙʣʝʤ ʽ ʚʠʭʦʜʷʯʠ ʟ ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ ʤʦʞʥʘ 

ʩʬʦʨʤʫʣʶʚʘʪʠ ʟʘʚʜʘʥʥʷ ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʚʠʨʽʰʝʥʥʷ: 

ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʦʮʽʥʢʠ ʪʝʭʥʯ̔ʥʦʛʦ ʩʪʘʥʫ ɻʉʋ ʘʚʪʦʤʦʙʽʣʷ; 

ï ʜʦʩʣʽʜʞʝʥʥʷ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʊʆ ʽ ʈ 

ɻʉʋ ʘʚʪʦʤʦʙʽʣʷ; 

ï ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ɻʉʋ. 

ʇʽʜʩʫʤʫʚʘʚ ʚʠʱʝ ʩʢʘʟʘʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ, ʱʦ 

ʦʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ ʛʽʙʨʠʜʥʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ  ̒ʥʘʩʪʫʧʥʝ: 

1. ɺʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ɻʉʋ ʥʘ ʥʝʨʫʭʦʤʦʤʫ 

ʘʚʪʦʤʦʙʽʣʽ, ʪʦʤʫ ʱʦ ʽʩʥʫʶʪʴ ʤʝʪʦʜʠʢʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʚ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ; 

2. ɺʟʘʻʤʦʚʧʣʠʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʦʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ɻʉʋ ʥʘ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ 

ʽʥʰʠʭ; 

3. ɯʩʥʫʻ ʚʟʘʻʤʦʟʚ'ʷʟʦʢ ʤʽʞ ʢʣʽʤʘʪʠʯʥʠʤʠ ʫʤʦʚʘʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ 

ʚʽʜʤʦʚʘʤʠ ʽ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ, ʚ ʟʚ'ʷʟʢʫ ʟ ʯʠʤ ʥʝʦʙʭʽʜʥʝ ʢʦʨʠʛʫʚʘʥʥʷ 

ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʊʆ; 
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4. ɺʽʜʩʫʪʥʽ ʥʝʦʙʭʽʜʥʽ ʟʥʘʥʥʷ ʫ ʦʙʩʣʫʛʦʚʫʶʯʦʛʦ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥ̔ ʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ, ʘ ʪʘʢʦʞ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʨʝʤʦʥʪʫ ɻʉʋ. 
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ʘʚʪʦʤʦʙʣ̔ʴʥʦ-ʜʦʨʦʞʥʡ̔ ʫʥʚ̔ʝʨʩʠʪʝʪ 

ʃʝʚʯʝʥʢʦ ɼʝʥʠʩ ɺʘʜʠʤʦʚʠʯ, ʘʩʧ̔ʨʘʥʪ, ʍʘʨʢ̔ʚʩɹʢʠʡ ʥʘʮʦ̔ʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʣ̔ʴʥʦ-

ʜʦʨʦʞʥʡ̔ ʫʥʚ̔ʝʨʩʠʪʝʪ 

 

ɺʀɿʅɸʏɽʅʅʗ ʂʈʀʊɽʈɯɰɺ ʆʎɯʅʂʀ ʗʂʆʉʊɯ ʍʆʃʆɼʅʆɻʆ ʇʋʉʂʋ 

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɼʀɿɽʃʗ 

 

ʈʦʟʨʦʙʥʠʢʠ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʦʨʽʻʥʪʫʶʪʴʩʷ ʥʘ ʤʽʥʽʤʽʟʘʮʽʶ ʫʯʘʩʪʽ 

ʚʦʜʽʷ ʚ ʢʦʥʪʨʦʣʽ ʧʨʦʮʝʩʫ ʨʦʙʦʪʠ ʘʛʨʝʛʘʪʽʚ ʽ ʚʫʟʣʽʚ. ɺʠʤʦʛʠ ʧʽʜʚʠʱʝʥʥ ̫

ʧʦʢʘʟʥʠʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʷʢʦʩʪʽ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʜʙʘʯʘʶʪʴ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚʩʽʭ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʛʽʜʥʦ ʧʝʚʥʠʭ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʧʨʦʭʦʜʷʪʴ ʝʪʘʧ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʩʠʩʪʝʤ ʪʘ 

ʜʚʠʛʫʥʘ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʢʚʘʣʽʬʽʢʘʮʽʡʥʽ ʚʠʤʦʛʠ ʜʦ ʚʦʜʽʾʚ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ʆʜʥʠʤ ʽʟ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʜʽʡʥʽʩʪʴ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ 

ʪʘ ʘʚʪʦʤʦʙʽʣʷ ʚ ʮʽʣʦʤʫ ʟʘ ʟʘʛʘʣʴʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʛʦʪʦʚʥʦʩʪʽ 

ʜʦ ʧʦʯʘʪʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʧʫʩʢ. ʍʦʣʦʜʥʠʡ ʧʫʩʢ ʜʠʟʝʣʷ ʥʝʤʦʞʣʠʚʠʡ ʙʝʟ 

ʚʠʢʦʥʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʥʘʣʘʰʪʫʚʘʥʥ ̫ʚʽʜʧʦʚʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʣʠʚʦʧʦʜʘʯʽ, 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʚʥʠʭ ʤʽʥʽʤʘʣʴʥʠʭ ʦʙʝʨʪʽʚ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʂɺ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʢʘʤʝʨʽ ʟʛʦʨʷʥʥʷ ʜʣʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʢʨʘʧʝʣʴ ʧʘʣʠʚʘ ʽ 

ʩʧʘʣʘʭʫ ʧʘʣʠʚʦ-ʧʦʚʽʪʨʷʥʦʾ  ʩʫʤʽʰʽ. ʉʫʯʘʩʥʽ ʪʝʥʜʝʥʮʽʾ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ 
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ʩʪʠʩʥʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʽʚ ʜʦ ʟʥʘʯʝʥʴ 17 ʽ ʥʠʞʯʝ [1,2] ʤʘʁʪʴ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʥʘ ʧʫʩʢʦʚʽ ʷʢʦʩʪʽ ʭʦʣʦʜʥʦʛʦ ʜʚʠʛʫʥʘ. ʇʨʠ ʮʴʦʤʫ ʘʢʪʫʘʣʽʟʫʻʪʴʩʷ ʟʘʜʘʯʘ 

ʟʙʝʨʝʞʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʩʢʫ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ 

ʧʽʜʽʛʨʽʚʫ ʟʘ ʨʘʭʫʥʦʢ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʠʤʦʛ ʜʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ 

ʧʫʩʢʫ, ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʨʝʘʣʽʟʘʮʽ ʾʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ. 

ʈʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʦʤ ʧʫʩʢʫ ʚʠʤʘʛʘʻ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʫʪʚʦʨʠʪʠ ʨʦʟʨʘʭʫʥʢʦʚʫ ʤʦʜʝʣʴ ʫ ʚʠʛʣʷʜʽ ʨʝʛʨʝʩʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ. 

ʉʫʯʘʩʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʧʫʩʢʫ, ʷʢ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ, ʚʠʤʘʛʘʶʪʴ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʾ ʦʮʽʥʢʠ ʱʦʜʦ ʚʘʛʦʤʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʧʣʠʚʫ, ʪʘʢʠʭ ʷʢʠʤʠ ʤʦʞʣʠʚʦ ʢʝʨʫʚʘʪʠ ʘʙʦ ʷʢʽ ʩʣʽʜ ʦʮʽʥʶʚʘʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʧʫʩʢʫ. ɺ ʧʦʪʦʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʢʽʣʴʢʽʩʪʴ ʣʽʥʽʡʥʦ 

ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʽ ʥʘ ʷʢʽʩʪʴ ʧʫʩʢʫ, 

ʩʢʣʘʜʘʻ ʰʽʩʪʴ. ɰʭ ʥʘʡʤʝʥʫʚʘʥʥʷ ʪʘ ʦʧʠʩʘʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʨʦʙʦʪʽ [3]. ʇʨʦʪʝ 

ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʫʩʢʦʚʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʽʥʥʷ ʩʠʩʪʝʤʦʶ ʧʫʩʢʫ ʪʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʟʘʡʤʘʶʪʴ ʢʨʠʪʝʨʽʾ, ʟʘ ʷʢʠʤʠ ʙʫʜʝ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ 

ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺ ʋʢʨʘʾʥʽ ʽ ʜʦʩʽ ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʩʪʘʥʜʘʨʪʫ, ʱʦ ʨʝʛʣʘʤʝʥʪʫʻ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʩʢʫ ɼɺɿ, ʟʦʢʨʝʤʘ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʘʣʦʣʽʪʨʘʞʥʠʭ 

ʚʠʩʦʢʦʦʙʦʨʦʪʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʜʠʟʝʣʽʚ. ɸʣʝ ʚʩʽ ʚʠʤʦʛʠ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤ 

ʧʫʩʢʫ ʥʘʚʝʜʝʥʦ ʫ ʜʞʝʨʝʣʽ [4]. ɿʛʜ̔ʥʦ ʮʠʭ ʚʠʤʦʛ, ʧʫʩʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʮʽʥʶʶʪʴ 

ʟʘ ʜʚʦʤʘ ʧʘʨʘʤʝʪʨʘʤʠ: ʛʨʘʥʠʯʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘʜʽʡʥʦʛʦ ʧʫʩʢʫ ʭʦʣʦʜʥʦʛʦ 

ʜʚʠʛʫʥʘ (tʧʫʩʢ.min) ʪʘ ʯʘʩʦʤ ʧʽʜʛʦʪʫʚʘʥʥʷ ʜʚʠʛʫʥʘ ʜʦ ʩʧʨʠʡʥʷʪʪʷ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʩʫʯʘʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʠʟʝʣʷ ʚʠʤʘʛʘʻ ʦʨʽʻʥʪʫʚʘʪʠʩ̫  ʪʘʢ ʩʘʤʦ 

ʥʘ ʥʘʷʚʥʽ ʚ ʋʢʨʘʾʥʽ ʚʠʤʦʛʠ ʱʦʜʦ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟʛʽʜʥʦ ʥʦʨʤʘʪʠʚʫ 

ɭʚʨʦ-5, ʱʦ ʥʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʧʫʩʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʚʠʛʫʥʘ ʟ ʫʤʦʚʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʜʦʚʽʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʫʩʢʫ ʜʠʟʝʣʷ, ʷʢʽ ʩʧʠʨʘʶʪʴʩʷ 

ʚʠʢʣʶʯʥʦ ʥʘ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽ ʛʘʨʘʥʪʫʶʪʴ ʭʦʣʦʜʥʠʡ 

ʧʫʩʢ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ. 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʷʢʠʡ ʧʨʠʡʥʷʪʦ ʘʚʪʦʨʘʤʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʫʩʢʫ ʜʠʟʝʣʷ ʻ ʯʘʩ, ʱʦ ʚʽʜʚʦʜʠʪʴʩʷ ʜʣʷ ʦʜʥʽʻʾ ʦʢʨʝʤʦʾ 

ʩʧʨʦʙʠ ʧʫʩʢʫ. ɿʘ ʫʤʦʚʠ ʝʣʝʢʪʨʦʩʪʘʨʪʝʨʥʦʛʦ ʧʫʩʢʫ ʪʝʭʥʽʯʥʠʤʠ ʫʤʦʚʘʤʠ 

ʩʪʘʨʪʝʨʘ ʥʦʨʤʫʻʪʴʩʷ 15 ʩ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ (ʂɺ) [4]. ʊʘʢʠʡ ʯʘʩ 

ʦʙʨʘʥʠʡ ʚ ʷʢʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʯʘʩʫ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʂɺ ʝʣʝʢʪʨʦʩʪʘʨʪʝʨʦʤ ʫ 

ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʬʘʢʪʫ ʧʫʩʢʫ ʜʠʟʝʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʚʦʜʠʪʴʩʷ ʜʽʣʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʭʦʣʦʜʥʠʭ ʧʫʩʢʽʚ ʧʨʠ ʨʟ̔ʥʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ ʥʘ ʪʽ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʫʩʢ ʜʠʟʝʣʷ ʽ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ. ʊʽ ʞ 15 ʩ ʦʙʨʘʥʽ ʚʝʨʭʥʴʦʶ ʤʝʞʝʶ 

ʯʘʩʫ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʚ ʘʣʛʦʨʠʪʤʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ. 

ʑʝ ʦʜʥʠʤ ʜʦʧʦʤʽʞʥʠʤ ʢʨʠʪʝʨʽʻʤ ʻ ʦʮʽʥʢʘ ʬʘʢʪʫ ʧʫʩʢʫ ʜʚʠʛʫʥʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ [5] ʢʨʠʪʝʨʽʡ ʥʘʷʚʥʦʩʪʽ 75% ʩʧʘʣʘʭʽʚ ʟʘ 2 ʦʙʝʨʪʠ ʂɺ ʟʥʘʡʰʦʚ 

ʧʨʘʢʪʠʯʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʘʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʪʘʢʦʞ ʧʨʠʡʥʷʪʠʡ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 
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ʜʘʥʠʭ. ʊʘʢ, ʚʨʘʭʦʚʫʶʯʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʠʤʦʛʘʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ ʩʪʚʦʨʝʥʘ ʬʽʟʠʯʥʘ ʤʦʜʝʣʴ ʩʫʯʘʩʥʦʛʦ ʜʠʟʝʣʷ, ʟʛʽʜʥʦ 

ʨʦʟʨʦʙʣʝʥʦʾ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʫʩʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʜʠʟʝʣʷ, ʤʦʞʥʘ ʥʘ 

ʧʨʘʢʪʠʮʽ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʧʫʩʢ ʜʠʟʝʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʫʤʦʚʽ ʧʦʷʚʠ ʪʨʴʦʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʩʧʘʣʘʭʽʚ ʚ ʮʠʣʽʥʜʨʘʭ ʜʠʟʝʣʷ. 

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʤʝʞ ʚʘʨʽʶʚʘʥʥʷ ʟʥʘʯʝʥ ɹ ʥʝʟʘʣʝʞʥʠʭ ʢʝʨʫʶʯʠʭ 

ʬʘʢʪʦʨʽʚ ʫ ʧʣʘʥ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʢʣʘʜʘʣʘʩʴ ʪʘʢʘ ʤʽʥʽʤʘʣʴʥʘ ʯʘʩʪʦʪʘ 

ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʂɺ, ʷʢʘ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʣʘʩʴ ʚʠʢʣʶʯʥʦ ʤʦʞʣʠʚʽʩʪʶ 

ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʚ ʮʠʣʽʥʜʨʘʭ 

ʜʠʟʝʣʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʚʽʪʴ ʤʠʪʪʻʚʝ ʧʨʠʩʢʦʨʝʥʥʷ ʂɺ ʚ ʧʨʦʮʝʩʽ ʩʧʨʦʙʠ ʧʫʩʢʫ 

ʚʚʘʞʘʣʦʩʴ ʧʽʜʩʪʘʚʦʶ ʧʨʦʜʦʚʞʝʥʥʷ ʨʦʙʦʪʠ ʩʪʘʨʪʝʨʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ 15 ʩ ʚʽʜ ʡʦʛʦ 

ʚʢʣʶʯʝʥʥʷ, ʘʙʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʜʣʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʧʨʦʛʥʦʟʫ ʡʤʦʚʽʨʥʦʛʦ ʯʘʩʫ 

ʧʫʩʢʫ ʧʨʠ ʫʤʦʚʽ ʡʦʛʦ ʬʘʢʪʠʯʥʦʾ ʚʽʜʩʫʪʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʧʫʩʢʫ 

ʟʘʧʨʦʧʦʥʦʚʘʥ ̔ ʜʚʘ ʦʩʥʦʚʥʠʭ ʢʦʤʧʣʝʢʩʥʽ ʧʦʢʘʟʥʠʢʘ ʷʢʦʩʪʽ ʧʫʩʢʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʘʤ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʥʘʧʨʷʤʢʠ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʜʽʡʥʦʩʪʽ ʧʫʩʢʫ ɼɺɿ ʪʘ ʤ̔ ʥʽʤʽʟʘʮʽʾ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʮʝʡ ʧʨʦʮʝʩ: 

1. ʄʠʪʪʻʚʝ ʙʝʟʧʝʨʝʨʚʥʝ ʧʨʠʩʢʦʨʝʥʥʷ ʂɺ ʫ ʧʨʦʮʝʩʽ ʩʧʨʦʙʠ ʧʫʩʢʫ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʯʘʩʫ, ʷʢʠʡ ʚʠʪʨʘʯʝʥʦ ʥʘ ʧʫʩʢ ɼɺɿ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʩʠʩʪʝʤʠ ʧʫʩʢʫ, ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʪʘ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʮʴʦʛʦ 

ʧʦʢʘʟʥʠʢʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʧʫʩʢʫ. 

2. ʇʦʢʘʟʥʠʢ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʧʫʩʢʫ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʽʥʪʝʛʨʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʝʢʚʽʚʘʣʝʥʪʫ ʚʠʪʨʘʯʝʥʦʾ ʝʥʝʨʛʽʾ 

ʟʘ ʯʘʩ ʧʨʦʢʨʫʯʫʚʘʥʥʷ ʂɺ ʟʦʚʥʽʰʥʽʤ ʜʞʝʨʝʣʦʤ ʝʥʝʨʛʽʾ ʬʘʢʪʠʯʥʦ ʫ ʚʠʧʘʜʢʫ 

ʧʫʩʢʫ, ʘʙʦ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʧʨʠ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ. 

ʇʝʨʠhʡ ʧʦʢʘʟʥʠʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ ʧʫʩʢʫ ʽ ʢʦʨʝʣʶʻ ʽʟ 

ʰʠʨʦʢʦ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ï ʯʘʩʦʤ, ʚʠʪʨʘʯʝʥʠʤ ʥʘ ʧʫʩʢ ɼɺɿ. 

ʅʝʦʙʭʽʜʥʽʩʪʴ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʚ ʦʜʥʫ ʛʨʫʧʫ 

ʜʦʩʣʽʜʠ ʟ ʨʽʟʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʙʝʟ ʬʘʢʪʫ ʧʫʩʢʫ ʥʘ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ 

ʧʨʦʤʽʞʢʫ ʯʘʩʫ. 

ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʧʫʩʢʫ ʽ ʪʨʘʜʠʮʽʡʥʠʡ 

ʧʦʢʘʟʥʠʢ ʯʘʩʫ, ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʧʫʩʢ, ʻ ʟʘʣʝʞʥʠʤʠ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʱʦʜʦ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʬʘʢʪʦʨʽʚ ʟʛʽʜʥʦ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʜ̔ʞʝʥʴ. ʊʘʢ ʟ [6, 7] 

ʚʠʜʥʦ, ʱʦ ʧʨʠʥʘʡʤʥʽ ʦʜʠʥ ʟ ʚʠʢʦʨʠʩʪʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ ʢʫʪ 

ʚʠʧʝʨʝʜʞʝʥʥʷ ʫʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ ɗɺʋʇ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʜʽʘʧʘʟʦʥʫ ʚʘʨʽʶʚʘʥʥʷ ʬʘʢʪʦʨʫ ʽ ʛʘʨʘʥʪʦʚʘʥʦ ʤʦʞʝ ʙʫʪʠ ʦʧʪʠʤʽʟʦʚʘʥʠʡ. 

ʉʪʦʩʦʚʥʦ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ ʟʘʚʯʘʩʥʦ ʥʝʚʽʜʦʤʦ ʧʨʦ ʾʭ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʥʘ ʬʫʥʢʮʽʶ 

ʚʽʜʛʫʢʫ ʚʩʝʨʝʜʠʥʽ ʧʨʠʡʥʷʪʠʭ ʜʽʘʧʘʟʦʥʽʚ ʚʘʨʽʶʚʘʥʥʷ, ʧʨʦʪʝ ʻ ʧʽʜʩʪʘʚʠ 

ʧʨʠʧʫʩʢʘʪʠ ʥʝʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʬʘʢʪʦʨʫ ʮʠʢʣʦʚʦʾ ʧʦʜʘʯʽ ʧʘʣʠʚʘ 

[6]. 
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ʡʦʛʦ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʽ ʟʘʧʦʙʽʛʘʥʥʷ ʨʦʟʚʠʪʢʫ ʚʽʜʤʦʚ ʫ ʡʦʛʦ 

ʨʦʙʦʪʽ ʽ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʽ ʨʝʤʦʥʪʫ ʊɿ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ [1, 2]. ʆʟʥʘʯʝʥʽ 

ʩʠʩʪʝʤʠ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʢʦʤʧʣʝʢʩ ʙʦʨʪʦʚʠʭ ʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʽ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʚ̔. 

ɯʩʥʫʶʯ ̔ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʊɿ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʨʝʞʠʤʽʚ ʧʨʘʮʽ ʪʘ 

ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʷ (ʈʇɺɺ) ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʧʨʦʮʝʩ ʽ ʤʦʞʣʠʚʽʩʪʴ ʦʧʝʨʘʪʠʚʥʦʛʦ 

ʢʦʥʪʨʦʣʶ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. ʆʩʦʙʣʠʚʽʩʪʶ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʊɿ ʦʩʥʘʱʝʥʦʶ ʪʘʭʦʛʨʘʬʦʤ ʽ ʪʨʝʢʝʨʦʤ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʩʠʩʪʝʤʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ɺʦʣʢʦʚʠʤ ʖ.ɺ. [2], ʘʣʝ ʩʠʩʪʝʤʘ ʟ ʚʩʪʘʥʦʚʣʝʥʠʤ 

ʪʘʭʦʛʨʘʬʦʤ ʽ ʪʨʝʢʝʨʦʤ ʨʦʟʛʣʷʜʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʜʠʩʪʘʥʮʽʡʥʦʾ ʧʝʨʝʚʽʨʢʠ ʈʇɺɺ ʚ 

ʩʫʯʘʩʥʦʤʫ ɯʇʂ ʫ ʧʨʦʮʝʩʽ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ. 

ʆʧʠʩ ʟʘʛʘʣʴʥʦ ʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʩʠʩʪʝʤʠ 

ʤʦʥ̔ʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘʭʦʛʨʘʬʘ ʽ ʪʨʝʢʝʨʘ ʫ ʚʟʘʻʤʦʜʽʾ ʟ ʦʧʠʩʦʤ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʊɿ. 

ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʄʟʘʛ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʨʘʟʦʤ ʟ ʪʘʭʦʛʨʘʬʦʤ ʽ ʪʨʝʢʝʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ 

ʥʘʩʪʫʧʥʦʾ ʤʥʦʞʠʥʠ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʩʢʣʘʜʦʚʠʭ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʩʘʤʝ 

ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ ʜʚʠʛʫʥʘ ʊɿ, ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʪʘʥʫ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʊɿ ʄʊɿ , ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʷ Mtg, ʩʪʘʥʫ ʊɿ ʽ 

ʧʨʠʯʝʧʘ (ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ), ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʊɿ Mtr [3 - 7]. 

ʌʦʨʤʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ: 

 

 , (1) 

ʜʝ  , ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ [2]  

 , (2) 

 

ʜʝ  ï ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʊɿ, ʷʢʽ 

ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʩʘʤʦʩʪʽʡʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʜʣʷ ʙʣʦʢ̔ ʚ ʟʙʠʨʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ: ʧʨʦ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʊɿ, ʧʨʦ ʩʪʘʥ ʊɿ, ʧʨʦ ʯʘʩ ʨʦʙʦʪʠ ʊɿ, ʧʨʦ 

ʰʚʠʜʢʽʩʪʴ ʊɿ, ʧʨʦ ʩʪʘʥ ʧʨʠʯʝʧʘ (ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ) ʊɿ ʬʦʨʤʫʚʘʥʥʷ ʦʧʠʩʫ 

ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘʭʦʛʨʘʬʘ ʚ 

ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 

 ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

 ï ʤʥʦʞʠʥʘ ʚʠʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

  ï ʧʦʚʥʘ ʤʥʦʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

 ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʬʫʥʢʮʽʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ), ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘʭʦʛʨʘʬʘ ʚ 

ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ; 

 ï ʤʥʦʞʠʥʘ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘʭʦʛʨʘʬʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ; 
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 ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʢʽʣʴʢʽʩʪʴ ʽ ʩʢʣʘʜ 

ʧʝʨʩʦʥʘʣʫ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʟ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘʭʦʛʨʘʬʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 ï ʤʥʦʞʠʥʘ ʚʽʜʥʦʩʠʥ (ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ) ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ Mtg ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (2) ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ 

ʪʘʭʦʛʨʘʬʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ. 

 , (3) 

ʜʝ  ï ʤʥʦʞʠʥʘ ʦʙôʻʢʪʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʊɿ, ʷʢʽ 

ʤʦʞʣʠʚʦ ʧʨʝʜʩʪʘʚʠʪʠ ʩʘʤʦʩʪʽʡʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʜʣʷ ʙʣʦʢʽʚ ʟʙʠʨʘʥʥʷ ʽ ʧʝʨʝʜʘʯʽ 

ʽʥʬʦʨʤʘʮʽʾ: ʧʨʦ ʩʪʘʥ ʊɿ ʽ ʧʨʠʯʝʧʘ (ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ), ʧʨʦ ʝʢʦʣʦʛʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʊɿ ʬʦʨʤʫʚʘʥʥʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʢʝʨʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 ï ʤʥʦʞʠʥʘ ʚʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

 ï ʤʥʦʞʠʥʘ ʚʠʭʽʜʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

  ï ʧʦʚʥʘ ʤʥʦʞʠʥʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ;  

 ï ʤʥʦʞʠʥʘ ʬʫʥʢʮʽʡ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʬʫʥʢʮʽʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ), ʱʦ ʚʠʢʦʥʫʶʪʴʩʷ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʢʝʨʘ ʚ 

ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 ï ʤʥʦʞʠʥʘ ʟʘʚʜʘʥʴ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʢʝʨʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 ï ʤʥʦʞʠʥʘ ʢʦʨʠʩʪʫʚʘʯʽʚ (ʢʽʣʴʢʽʩʪʴ ʽ ʩʢʣʘʜ 

ʧʝʨʩʦʥʘʣʫ), ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʟ ʩʠʩʪʝʤʦʶ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʨʝʢʝʨʘ 

ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ;  

 ï ʤʥʦʞʠʥʘ ʚʽʜʥʦʩʠʥ (ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ) ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ Mtr ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ (3) ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ 

ʪʨʝʢʝʨʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ. 

ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʤʘʪʠ ʩʫʤʽʩʥʽ ʙʘʟʠ ʜʘʥʠʭ ʽ ʦʙ'ʻʜʥʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʡʥʽ 

ʩʠʩʪʝʤʠ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʤʦʛ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʽʘʥʪʫ ʟʘʚʜʘʥʥʷ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʚʩʽ ʬʫʥʢʮʽʾ ʚ ʯʘʩʪʠʥʽ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʟʘʚʜʘʥʥʷ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ, ʦʙ'ʻʢʪʽʚ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʝʣʝʤʝʥʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʷʢ 

ʟʤʝʥʰʝʥʽ ʪʘʢ ʽ ʟʙʽʣʴʰʝʥʽ ʟʘ ʦʙʩʷʛʦʤ[4-7]. 

 

ɺʠʩʥʦʚʢʠ. 
 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʬʦʨʤʫʚʘʥʥʷ ʦʧʠʩʫ ʤʦʜʝʣʽ ʙʘʟʠ ʜʘʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʘʭʦʛʨʘʬʘ ʽ ʪʨʝʢʝʨʘ ʚ ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ 

ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʤʥʦʞʠʥʠ ʚʽʜʥʦʩʠʥ (ʚʟʘʻʤʦʟʚôʷʟʢʽʚ) ʤʽʞ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʤʝʞʘʭ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ. 

ʆʪʨʠʤʘʥʦ ʽʥʬʦʨʤʘʮʽʡʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʣʠʡ ʦʜʥʦʟʥʘʯʥʠʡ ʟʚôʷʟʦʢ 

ʦʙôʻʢʪʽʚ ʩʠʩʪʝʤʠ ʟ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʽ ʟ ʦʙôʻʢʪʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ. 
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ʆʊʂʃʖʏɽʅʀʗ ʎʀʃʀʅɼʈʆɺ 

 

ɼʚʠʛʘʪʝʣʠ ʩ ʩʠʩʪʝʤʘʤʠ ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ  ʥʘ ʯʘʩʪʠʯʥʳʭ ʨʝʞʠʤʘʭ 

ʧʦʟʚʦʣʷʶʪ ʵʢʦʥʦʤʠʪʴ ʪʦʧʣʠʚʦ ʜʦ  7% [1] ʠ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ  ʥʘ 10 ʛ/ʢʤ. ɺ 

2012 ʛ. ʢʦʥʮʝʨʥ VOLKSWAGEN ʚʧʝʨʚʳʝ ʟʘʧʫʩʪʠʣ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʜʚʠʛʘʪʝʣʴ  1,4 TSI - EA211 (CPTA)  ʩ ʩʠʩʪʝʤʦʡ ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ɸʉʊ 

(ɸctive ʉylinder ʊechnology) [2]. ʆʪʢʣʶʯʘʶʪʩʷ ʩʨʝʜʥʠʝ ʮʠʣʠʥʜʨʳ, 2-ʡ ʠ 3-ʡ, 

ʧʫʪʸʤ ʟʘʢʨʳʪʠʷ ʚ ʥʠʭ ʚʧʫʩʢʥʳʭ ʠ ʚʳʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ, ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʰʠʡʩʷ ʚ 

ʮʠʣʠʥʜʨʘʭ ʚʦʟʜʫʭ ʩʞʠʤʘʩ̫ɹ-ʨʘʟʞʠʤʘʩ̫,ɹ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʩʚʦʝʛʦ ʨʦʜʘ ʧʨʫʞʠʥʘ ʩ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʩʫʤʤʘʨʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ. ʊʦʧʣʠʚʦ  ʠ ʠʩʢʨʘ ʦʪ 

ʩʠʩʪʝʤʳ ʟʘʞʠʛʘʥʠʷ ʚ ʦʪʢʣʶʯʸʥʥʳʝ ʮʠʣʠʥʜʨʳ ʥʝ ʧʦʜʘʸʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʫʩʣʦʚʠʡ 

ʦʪʢʣʶʯʝʥʠʷ ʟʜʝʩʴ ʧʨʠʥʠʤʘʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʢʨʫʪ̫ ʱʝʤʫ ʤʦʤʝʥʪʫ, ʧʦ 

ʯʘʩʪʦʪʝ ʚʨʘɦʝʥʠʷ ʚʘʣʘ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʘʩʣʘ ʜʚʠʛʘʪʝʣʷ. ʈʘʙʦʯʘʷ ʟʦʥʘ ʩʠʩʪʝʤʳ 

ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ ʧʦ ʢʨʫʪʷʱʝʤʫ ʤʦʤʝʥʪʫ - 32-35% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ, ʧʦ  

ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ - 20é70% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ. ɸʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ ʩ 

ʨʝʞʠʤʘ ʥʘ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʧʫʪʸʤ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʰʘʛʦʚ ʩ ʫʯʸʪʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʧʨʠʚʳʯʥʳʭ ʜʘʪʯʠʢʦʚ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʚʠʛʘʪʝʣʝʤ ʠ ʧʦʜʩʠʩʪʝʤʳ ɸʉʊ. ʂ ʩʠʩʪʝʤʝ ɸʉʊ  ʦʪʥʦʩʷʪʩʷ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʢʣʶʯʝʥʠʷ-ʚʳʢʣʶʯʝʥʠʷ ʚʧʫʩʢʥʳʭ ʠ ʚʳʧʫʩʢʥʳʭ 

ʢʣʘʧʘʥʦʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʦʚ.  ʈʦʣʴ ʜʘʪʯʠʢʦʚ ʢʨʘʡʥʠʭ ʧʦʣʦʞʝʥʠʡ 

ʢʫʣʘʯʢʦʚ ʚʳʧʦʣʥʷʶʪ ʩʘʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ.  ʆʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʶʪʩʷ ʧʝʨʝʭʦʜʥʳʝ ʨʝʞʠʤʳ. ʆʩʦʙʝʥʥʦʩʪʠ  ʜʚʠʛʘʪʝʣʝʡ ʩ 

ʩʠʩʪʝʤʦʡ ɸʉʊ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʚʦʞʜʝʥʠʠ 

ʘʚʪʦʤʦʙʠʣʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʶʪ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ 

ʦʧʦʨʳ ʜʚʠʛʘʪʝʣʷ, ʜʚʫʭʤʘʩʩʦʚʳʡ ʤʘʭʦʚʠʢ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ ʥʘʩʪʨʦʡʢʘʤʠ, 

ʥʘʩʪʨʦʝʥʥʘʷ ʚʳʧʫʩʢʥʘʷ ʩʠʩʪʝʤʘ; ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ ʧʨʠ ʚʦʞʜʝʥʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 

 

1. ʉʠʩʪʝʤʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʧʨʳʩʢʘ ʙʝʥʟʠʥʘ Bosch Motronic MED 7       

[ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʫ:            

dl.khadi.kharkov.ua/mod/resource/view.php?id=21901. ï ʅʘʟʚʘ ʟ ʝʢʨʘʥʫ. 

2. ʉʠʩʪʝʤʘ ʦʪʢʣʶʯʝʥʠʷ ʮʠʣʠʥʜʨʦʚ (ɸʉʊ) ʥʘ ʜʚʠʛʘʪʝʣʝ 1,4 ʣ 103 ʢɺʪ TSI.         

 ʋʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ. ʇʨʦʛʨʘʤʤʘ ʩʘʤʦʦʙʫʯʝʥʠʷ 510.     

[ɽʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʫ:  https://docplayer.com ü 48619127-

Volkswagen-technical Site.    
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ɿʘʡʯʝʥʢʦ ʉʪʝʬʘʥ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ", zstefv@gmail.com 

ɾʫʢʦʚʘ ʅʘʪʘʣʽʷ ɯʚʘʥʽʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

ʉʪʨʘʪʠʣʘ ɹʦʛʜʘʥ ɺʘʣʝʨʽʡʦʚʠʯ, ʤʘʛʽʩʪʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ" 

ʉʦʨʦʯʠʥʩʴʢʠʡ ʗʨʦʩʣʘʚ ɿʘʭʘʨʦʚʠʯ, ʤʘʛʽʩʪʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ "ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ" 

 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʉʀʉʊɽʄʀ ɽʃɽʂʊʈʆʅʅʀʍ ɼɸʊʏʀʂɯɺ ɻɸɿɯɺ ɼʃʗ 

ɼɯɸɻʅʆʉʊʋɺɸʅʅʗ ʉʊɸʅʋ ɸɺʊʆʅʆʄʅʆɻʆ ɻɽʅɽʈɸʊʆʈɸ 

ɽʃɽʂʊʈʀʏʅʆɰ ɽʅɽʈɻɯɰ ʅɸ ɹɸɿɯ ɼɺʀɻʋʅɸ ɺʅʋʊʈɯʐʅʔʆɻʆ 

ɿɻʆʈɸʅʅʗ 

 

 ʉʫʯʘʩʥʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʝʪʠʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʠʨʦʢʠʤ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʪʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ. ʊʘʢʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʘʶʪʴ ʥʘʜʩʢʣʘʜʥʫ 

ʩʪʨʫʢʪʫʨʫ ʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʧʠʪʦʤʫ ʚʘʨʪʽʩʪʴ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʅʘʷʚʥʽʩʪʴ 

ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʷʢ ʦʢʨʝʤʽ, ʘʣʝ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʧʦʚʥʽʩʪʶ ʟʘʣʝʞʘʪʴ ʚʽʜ ʜʦʙʦʚʠʭ ʨʠʪʤʽʚ ʪʘ ʧʦʨʠ ʨʦʢʫ. 

ʎʽ ʦʩʦʙʣʠʚʦʩʪʽ ʽʩʪʦʪʥʦ ʦʙʤʝʞʫʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʷʢ ʥʘʜʽʡʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ. ʅʘʷʚʥʽʩʪʴ ʥʘʜʽʡʥʦʛʦ 

ʨʝʟʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʥʘ ʩʫʯʘʩʥʦʤʫ ʧ̔ ʜʧʨʠʻʤʩʪʚʽ - ʟʘʧʦʨʫʢʘ ʙʝʟʧʝʯʥʦʾ 

ʪʘ ʷʢʽʩʥʦʾ ʨʦʙʦʪʠ. 

ɭʜʠʥʠʤ ʥʘʜʽʡʥʠʤ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʨʽʰʝʥʥʷʤ ʜʣʷ ʨʝʟʝʨʚʥʠʭ 

ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ ʻ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

(ɼɺɿ). ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʪʠʧʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

ʚʽʡʩʴʢʦʚʠʤʠ ʪʘ ʩʫʜʥʦʚʠʤʠ ʝʣʝʢʪʨʦʩʪʘʥʮʽʷʤʠ ʻ ʩʚʽʜʯʝʥʥʷʤ ʡʦʛʦ ʥʘʡʚʠʱʦʾ 

ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ ʩʝʨʝʜ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʥʪʽʚ ʘʚʪʦʥʦʤʥʦʛʦ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. 

ʏʘʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʝʨʚʥʦʛʦ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʜʽʡʥʦʩʪʽ ʦʩʥʦʚʥʦʾ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ ʽ ʤʦʞʝ ʢʦʣʠʚʘʪʠʩʷ ʚʽʜ 

ʦʜʥʦʨʘʟʦʚʠʭ ʟʘʧʫʩʢʽʚ ʥʘ ʨʽʢ ʜʦ ʱʦʜʝʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɻʦʪʦʚʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ ʟʥʘʯʥʦ ʟʥʠʞʫʻʪʴʩʷ, ʷʢ ʫ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʯʝʨʝʟ ʽʥʪʝʥʩʠʚʥʠʡ 

ʨʝʞʠʤ ʨʦʙʦʪʠ, ʪʘʢ ʽ ʫ ʜʨʫʛʦʤʫ ʯʝʨʝʟ ʩʪʘʨʽʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʘ 

ʧʦʛʽʨʰʝʥʥʷ ʧʘʣʠʚʥʦ -ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʢʣʘʜʝʥʴ ʫ 

ʢʘʥʘʣʘʭ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʨʦʟʤʘʛʥʽʯʫʚʘʥʥʷ ʨʦʪʦʨʘ ʪʦʱʦ. ʎʽ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣʘʭ ʞʠʚʣʝʥʥʷ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ, ʚʠʤʘʛʘʶʪʴ ʧʦʩʪʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ, ʱʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʮʝ ʦʙʣʘʜʥʘʥʥʷ ʷʢ ʨʝʟʝʨʚʥʝ ʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ. ɺʠʨʽʰʝʥʥʷʤ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘ 

ʦʩʥʦʚʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. 
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ɺʠʨʽʰʫʶʯʠ ʧʨʦʙʣʝʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʥʦʤʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ, ʜʦʩʣʽʜʥʠʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʩʬʝʨʠ 

ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʤʝʭʘʥʽʯʥʫ (ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ) 

ʘʙʦ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʫ ʯʘʩʪʠʥʫ (ʛʝʥʝʨʘʪʦʨ) ʦʙôʻʢʪʘ [1-5]. ʇʨʠ ʮʴʦʤʫ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʨʽʟʥʽ ʜʘʪʯʠʢʠ ʜʣ ̫ ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʠʯʥʠʭ, ʤʝʭʘʥʽʯʥʠʭ ʽ 

ʤʘʩʦʚʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʦʟʛʣʷʜʘʶʯʠ ʣʠʰʝ ʯʘʩʪʠʥʫ ʦʙôʻʢʪʘ, 

ʚʠʜʽʣʷʶʪʴʩʷ ʤʦʞʣʠʚʽ ʫʤʦʚʠ ʪʘ ʜʽʘʛʥʦʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʟʥʘʯʠʪʠ 

ʩʪʘʥ ʣʠʰʝ ʦʢʨʝʤʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʦʙôʻʢʪʘ 

ʥʝʦʙʭ̔ ʜʥʦ ʚʧʨʦʚʘʜʠʪʠ ʢʦʤʧʣʝʢʩ ʪʝʩʪʽʚ ʜʣʷ ʦʢʨʝʤʠʭ ʟʘ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʯʘʩ ʪʘ ʚʘʨʪʽʩʪʴ ʜʽʘʛʥʦʩʪʠʢʠ. ʉʪʚʦʨʝʥʥʷ 

ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʩʪʘʥʫ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʠʭ ʪʠʧʽʚ 

ʜʘʪʯʠʢʽʚ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ ʽ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ 

ʚʠʟʥʘʯʠʪʠ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙôʻʢʪʘ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ 

ʧʨʦʙʣʝʤʦʶ. ʇʨʠʥʮʠʧʦʚʦ ʥʦʚʠʤʠ ʜʘʪʯʠʢʘʤʠ, ʷʢʽ ʟ ʚʠʩʦʢʦʶ ʥʘʜʽʡʥʽʩʪʶ ʽ 

ʰʚʠʜʢʽʩʪʶ ʚʠʟʥʘʯʘʶʪʴ ʜʽʘʛʥʦʩʪʠʯʥʽ ʦʟʥʘʢʠ ʨʽʟʥʠʭ ʩʢʣʘʜʥʠʭ ʦʙôʻʢʪʽʚ, ʫ ʪʦʤʫ 

ʯʠʩʣʽ, ʪʘʢʠʭ ʷʢ ʣʶʜʠʥʘ, ʻ ʝʣʝʢʪʨʦʥʥ ̔ʘʥʘʣʽʟʘʪʦʨʠ ʛʘʟʽʚ(ʝʣʝʢʪʨʦʥʥʠʡ ʥʽʩ)[6-9]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʘʥʘʣʽʟʘʪʦʨʠ ʛʘʟʽʚ ʜʘʚʥʦ ʩʪʘʣʠ ʥʦʨʤʦʶ ʜʣʷ ʛʽʨʥʠʯʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʞʝʞʥʦʾ ʩʣʫʞʙʠ, ʪʘʤʦʞʥʽ, ʧʨʘʚʦʦʭʦʨʦʥʥʠʭ ʦʨʛʘʥʽʚ. ʐʠʨʦʢʘ 

ʩʬʝʨʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʫʤʦʚʠʣʘ ʧʦʷʚʫ ʮʽʣʦʛʦ ʨʷʜʫ, ʷʢʽ ʨʦʟʜʽʣʷʶʪʴʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ 

ʜʽʾ ʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ, ʢʘʪʘʣʽʪʠʯʥʽ, ʬʦʪʦʽʦʥʽʟʘʮʽʡʥʽ, ʽʥʬʨʘʯʝʨʚʦʥʽ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ, ʫʣʴʪʨʘʟʚʫʢʦʚʽ, ʛʦʣʦʛʨʘʬʽʯʥʽ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʘʠhʥ ʻ ʥʝʜʦʩʢʦʥʘʣʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʝʥʪʨʦʧʽʾ ʩʠʩʪʝʤʠ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟ ʚʠʜʽʣʝʥʥʷʤ 

ʪʝʧʣʦʪʠ. ɺʠʜʽʣʝʥʥʷ ʪʝʧʣʦʪʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʘʛʨʽʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʷʢʽ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʽʥʪʝʥʩʠʚʥʦ ʚʠʜʽʣʷʶʪʴ ʫ ʘʪʤʦʩʬʝʨʫ ʤʦʣʝʢʫʣʠ ʚʝʨʭʥʽʭ ʰʘʨʽʚ 

ʧʦʚʝʨʭʦʥʴ. ɺʠʟʥʘʯʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʛʘʟʦʚʦʛʦ ʦʪʦʯʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ 

ʜʦʟʚʦʣʷʻ ʣʦʢʘʣʽʟʫʚʘʪʠ ʤʽʩʮʝ ʜʝʬʝʢʪʫ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʮʝʧʮʽʾ ʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʘ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʥʥʠʭ ʘʥʘʣʽʟʘʪʦʨʽʚ ʛʘʟʽʚ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʨʽʰʠʪʠ ʥʘʩʪʫʧʥʽ ʟʘʜʘʯʽ: 

- ɺʠʟʥʘʯʠʪʠ ʤʦʞʣʠʚʽ ʩʪʘʥʠ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʙʘʟʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ(ɸɻɽɽ); 

- ɼʣʷ ʢʦʞʥʦʛʦ ʩʪʘʥʫ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ 

ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝʨʥʽ ʛʘʟʦʚʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷ; 

- ʇʽʜʽʙʨʘʪʠ ʢʦʤʧʣʝʢʪ ʜʘʪʯʠʢʽʚ ʷʢʽ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ ʚʠʟʥʘʯʘʪʴ 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʦʚʽʪʨʽ. 

- ʈʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʢʦʤʧʣʝʢʩʫ ʦʙʣʘʜʥʘʥʥʷ ʪʝʭʥʽʯʥʦʛʦ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʥʘ ʦʩʥʽʚʥʽ ʨʦʙʦʪʠ ʧʨʠʥʮʠʧʽʚ ʥʝʡʨʦʥʥʦʾ ʩʠʩʪʝʤʠ ʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʛʘʟʦʚʠʭ ʜʘʪʯʠʢʽʚ; 
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- ʇʝʨʝʚʽʨʠʪʠ ʨʦʟʨʦʙʣʝʥʽʡ ʜʽʘʛʥʦʩʪʠʯʥʠʡ ʢʦʤʧʣʝʢʩ ʝʣʝʢʪʨʦʥʥʠʭ 

ʘʥʘʣʽʟʘʪʦʨʽʚ ʛʘʟʽʚ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ʘʚʪʦʥʦʤʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. 

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ  ʩʪʘʥʫ ʘʚʪʦʥʦʤʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʨʦʙʽʪ ʙʝʟ ʚʠʚʦʜʫ ʦʙʣʘʜʥʘʥʥʷ ʟ ʨʦʙʦʪʠ, 

ʱʦ ʤʽʥʽʤʽʟʫʻ ʚʪʨʘʪʠ ʚʽʜ ʧʨʦʩʪʦʶ. ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʻ 

ʚʠʷʚʠʪʠ ʨʦʟʚʠʪʦʢ ʜʝʬʝʢʪʫ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʽ ʟʥʘʯʥʦ 

ʟʤʝʥʰʫʻ ʚʘʨʪʽʩʪʴ ʨʝʤʦʥʪʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʧʨʠ ʚʠʭʦʜʽ ʟ ʩʧʨʘʚʥʦʛʦ ʩʪʘʥʫ. 
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ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʪʠʧʦʚ.  

ʇʝʨʚʳʡ - ʩʪʝʥʜ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʦʚ ʢʦʣʝʩ, ʚʪʦʨʦʡ - 

ʚʠʙʨʦʩʪʝʥʜ ʠ ʪʨʝʪʠʡ - ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ.  

ʊʘʢʞʝ ʙʳʚʘʶʪ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʩʪʝʥʜʳ, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʦʙʲʝʜʠʥʝʥʥʳʡ 

ʚʠʙʨʦʩʪʝʥʜ ʠ ʩʪʝʥʜ ʧʨʦʚʝʨʢʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ, ʥʦ ʙʳʚʘʶʪ ʠ ʣʠʥʠʠ ʜʣʷ 

ʧʨʦʚʝʨʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʊʘʢʠʝ ʣʠʥʠʠ ʩʦʩʪʦʷʪ ʠʟ ʩʪʝʥʜʦʚ ʧʨʦʚʝʨʢʠ ʪʦʨʤʦʟʥʳʭ ʩʠʩʪʝʤ, ʟʘʪʝʤ 

ʚʠʙʨʦʩʪʝʥʜ, ʘ ʚ ʢʦʥʮʝ ʧʦʜ̡ʝʤʥʠʢ ʯʝʪʳʨʝʭʩʪʦʝʯʥʳʡ ʠʣʠ ʥʦʞʥʠʮʳ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʝʥʜ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʫʛʣʦʚ ʢʦʣʝʩ.  

ʊʘʢʠʝ ʣʠʥʠʠ ʙʳʚʘʶʪ ʝʱʝ ʩ ʜʚʫʤʷ ʠʣʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʦʜʲʝʤʥʠʢʦʚ. ʕʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʪʘʥʮʠʷʭ, ʛʜʝ ʚʳʩʦʢʠʡ ʧʦʪʦʢ ʘʚʪʦʤʦʙʠʣʝʡ, 

ʯʪʦʙr ʫʚʝʣʠʯʠʪʴ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʉʊʆ. 

ɹʘʨʘʙʘʥʥʳʡ ʩʪʝʥʜ. ɼʠʘʛʥʦʩʪʠʢʘ ʪʦʨʤʦʟʦʚ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. ʇʦʜʨʫʯʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ 

ʛʘʨʘʞʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʧʦʣʥʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ ʧʨʦʚʝʨʢʫ ʜʘʥʥʦʡ ʩʠʩʪʝʤr  ʥʝ 

ʧʦʣʫʯʠʪʩʷ ʚ ʩʠʣʫ ʪʝʭʥʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. ʅʦ ʛʨʘʤʦʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʦʨʤʦʟʥʦʛʦ ʩʪʝʥʜʘ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʚʳʷʚʠʪʴ ʦʯʝʚʠʜʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʠ ʧʨʦʚʝʩʪʠ ʨʝʤʦʥʪ ʩ ʟʘʤʝʥʦʡ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ.  

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʜʘʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʚʠʜʝ 

ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʙʘʟʳ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ 

ʦʩʥʦʚʦʡ ʠ ʮʠʬʨʦʚʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʢʦʥʪʨʦʣʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʪʦʡʢʫ ʫʧʨʘʚʣʝʥʠʷ, 

ʩʚʝʪʦʬʦʨ, ʢʦʤʧʣʝʢʩ ʜʘʪʯʠʢʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʝ ʧʦʣʦʞʝʥʠʝ ʰʪʘʪʠʚʳ ʠ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʧʮʠʦʥʘʣʴʥʦʛʦ ʜʦʧʦʣʥʝʥʠʷ ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʧʨʝʜʣʘʛʘʶʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʦʨʤʦʟʥʦʡ ʩʪʝʥʜ ʘʧʧʘʨʘʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʯʝʪʦʚ 

(ʧʝʯʘʪʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ).  

ʇʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ʧʣʦʱʘʜʢʝ ʦʧʝʨʘʪʦʨ ʟʘʧʫʩʢʘʝʪ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ɼʘʣʝʝ ʚ ʧʨʦʮʝʩʩ ʚʢʣʶʯʘʶʪʩʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʥʳʝ ʜʘʪʯʠʢʠ, 

ʢʦʪʦʨʳʝ ʬʠʢʩʠʨʫʶʪ ʧʦʢʘʟʘʪʝʣʠ ʨʝʘʢʪʠʚʥʳʭ ʤʦʤʝʥʪʦʚ ʪʦʨʤʦʞʝʥʠʷ.  

ʈʝʛʠʩʪʨʘʮʠʷ ʫʩʠʣʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʬʦʥʝ ʧʦʩʪʫʧʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʠʛʥʘʣʘ ʚʦʟʥʠʢʘʝʪ ʦʪ ʤʦʪʦʨʘ-ʨʝʜʫʢʪʦʨʘ.  
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ɺ ʭʦʜʝ ʩʢʦʣʴʞʝʥʠʷ ʰʠʥ ʧʦ ʙʘʨʘʙʘʥʘʤ ʫʩʪʘʥʦʚʦʢ ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʶʯʝʥʠʝ 

ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʧʣʘʪʬʦʨʤʳ, ʝʩʣʠ ʤʦʤʝʥʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʢʦʣʝʩʘ ʦʙʝʩʧʝʯʠʪ 

ʥʫʞʥʦʝ ʫʩʠʣʠʝ.  

ɽʩʣʠ ʜʠʩʢʠ ʧʦʢʘʞʫʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʟʥʘʯʝʥʠʷ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ, ʦʙʘ 

ʨʦʣʠʢʘ ʥʘ ʦʩʠ ʦʪʢʣʶʯʘʪʩʷ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʣʝʩʘ ʤʦʛʫʪ ʧʨʦʚʝʨʷʪʴʩʷ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʦʣʠʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʩʚʘʠʚʘʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʦʨʤʘʪʠʚʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʜʠʩʢʠ ʜʦʣʞʥʳ ʜʘʪʴ 

ʦʧʪʠʤʘʣʴʥʦʝ ʪʦʨʤʦʟʥʦʝ ʫʩʠʣʠʝ. ʂʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ 

ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʬʠʢʩʠʨʫʶʪʩʷ ʜʘʪʯʠʢʘʤʠ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʩʪʝʥʜ ʪʦʨʤʦʟʥʦʡ ʤʦʞʝʪ ʟʘʤʝʨʷʪʴ ʫʩʠʣʠʝ ʧʨʠ ʧʨʦʢʨʫʪʢʝ 

ʥʝʟʘʪʦʨʤʦʞʝʥʥʦʤ ʢʦʣʝʩʘ. ɼʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʫʨʦʚʝʥʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʪʨʘʥʩʤʠʩʩʠʠ ʠ ʚʝʣʠʯʠʥʫ ʟʘʟʦʨʦʚ 

ʤʝʞʜʫ ʜʠʩʢʘʤʠ ʠ ʢʦʣʦʜʢʘʤʠ. 

ʆʪʣʠʯʘʁʪʩʷ ʩʪʘʨʳʝ ʠ ʥʦʚʳʝ ʩʪʝʥʜʳ ʪʦʯʥʦʩʪʴʶ ʧʦʢʘʟʘʥʠʡ ʧʨʦʚʝʨʢʠ, ʯʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʦʣʝʝ ʪʦʯʥʳʭ ʜʘʪʯʠʢʦʚ ʠ ʥʦʚʦʤʫ 

ʧʨʦʛʨʘʤʤʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ. ɽʩʣʠ ʥʘ ʩʪʘʨʳʭ ʩʪʝʥʜʘʭ ʙʳʣʠ ʪʦʣʴʢʦ ʘʥʘʣʦʛʦʚʳʝ 

ʧʨʠʙʦʨʳ, ʪʦ ʥʘ ʥʦʚʳʭ - ʚʩʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢʨʘʥʝ ʢʦʤʧʴʪʁʝʨʘ, ʚ ʥʝʢʦʪʦʨʳʭ ʜʘʞʝ 

ʫʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʥʝʠʩʧʨʘʚʥʦʩʪʴ. 

ɺʠʙʨʦʩʪʝʥʜ. ʈʘʟʣʠʯʥʳʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʝʡ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ɸʚʪʦʤʦʙʠʣʴ ʤʦʞʝʪ ʟʘʥʝʩʪʠ ʧʨʠ 

ʚʭʦʞʜʝʥʠʠ ʚ ʧʦʚʦʨʦʪ ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʨʦʚʦʮʠʨʫʝʪ ʩʝʨʴʝʟʥʦʝ ɼʊʇ.  

ʅʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʣʶʙʳʝ ʧʦʣʦʤʢʠ ʚ ʧʦʜʚʝʩʢʝ ʥʝ ʚʦʟʥʠʢʘʶʪ ʩʨʘʟʫ ʞʝ. 

ʕʣʝʤʝʥʪʳ ʧʦʜʚʝʩʢʠ ʠʟʥʘʰʠʚʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ 

ʜʘʜʫʪ ʘʚʪʦʚʣʘʜʝʣʴʮʫ ʟʥʘʪʴ ʦ ʩʝʙʝ.  

ʅʦ ʩʝʛʦʜʥʷ ʠʩʧʦʣʴʟʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʉʝʡʯʘʩ ʠʩʧʦʣʴʟʫʶʪ 

ʚʠʙʨʦʩʪʝʥʜ ʜʣ̫  ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʚʝʩʢʠ, ʥʘ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʶʪ ʧʨʦʚʝʨʢʫ 

ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʘʚʪʦʤʦʙʠʣʝʡ.  

ʕʪʦ ʩʧʝʮʠʘʣʴʥʘʷ ʨʘʩʢʘʯʠʚʘʶʱʘʩ̫ ̫ ʧʣʘʪʬʦʨʤʘ. ʆʥʘ ʦʙʦʨʫʜʦʚʘʥʘ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʪʯʠʢʦʚ ʠ ʧʦʜʢʣʶʯʝʥʘ ʢ ʢʦʤʧʴʶʪʝʨʫ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ.  

ʇʨʦʮʝʩʩ ʢʦʤʧʴʶʪʝʨʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ï ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ 

ʧʨʦʮʝʜʫʨʘ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʘʚʪʦʤʦʙʠʣʴ ʟʘʝʜʝʪ ʥʘ ʧʣʘʪʬʦʨʤʫ, ʚʠʙʨʦʩʪʝʥʜ ʜʣʷ 

ʜʠʘʛʥʦʩʪʠʢʠ ʧʦʜʚʝʩʢʠ ʥʘʯʥʝʪ ʨʘʩʢʘʯʠʚʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʩʦʟʜʘʝʪ 

ʫʩʣʦʚʠʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʝ ʢ ʨʝʘʣʴʥʦʡ ʝʟʜʝ ʧʦ ʜʦʨʦʛʘʤ.  

ʉʪʝʥʜ ʚʠʙʨʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0-25 ɻʮ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʧʦʩʪʝʧʝʥʥʦ 

ʨʘʩʪʝʪ. ɺʦ ʚʨʝʤʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʜʘʪʯʠʢʠ ʧʦʩʪʦʷʥʥʦ ʠʟʤʝʨʷʶʪ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʚʝʩ ʢʘʞʜʦʛʦ ʠʟ ʢʦʣʝʩ ʠ ʩʨʘʚʥʠʚʘʶʪ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ. ʄʝʥʴʰʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʠʣʠ ʩʪʘʪʠʯʝʩʢʠʡ ʚʝʩ, ʩʦʦʙʱʘʝʪ ʦ ʧʦʣʥʦʡ 

ʠʩʧʨʘʚʥʦʩʪʠ ʧʦʜʚʝʩʢʠ ʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ.  

ʊʘʢʞʝ ʚ ʭʦʜʝ ʪʝʩʪʘ ʧʨʦʚʝʨʷʶʪ ʦʪʜʝʣʴʥʦ ʧʝʨʝʜʥʶʶ ʠ ʟʘʜʥʶʶ ʧʦʜʚʝʩʢʫ. 

ʈʘʥʝʝ ʥʘ ʪʘʢʠʭ ʩʪʝʥʜʘʭ ʧʨʦʚʝʨʷʣʠʩʴ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʪʦʡʢʠ ʘʚʪʦʤʦʙʠʣʷ, ʘ 

ʩʝʡʯʘʩ ʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʜʦʨʦʛʠʭ ʩʪʝʥʜʘʭ ʢʨʦʤʝ ʚʠʙʨʘʮʠʡ, ʠʤʠʪʠʨʫʶʪʩʷ 

ʠ ʙʦʢʦʚʳʝ ʢʨʝʥʳ.  
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ʊʘʢ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʩʪʫʧʠʯʥʳʝ ʧʦʜʰʠʧʥʠʢʠ, ʰʘʨʦʚʳʝ ʦʧʦʨʳ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʣʘʜʝʣʝʮ ʫʟʥʘʝʪ ʦʙʦ ʚʩʝʭ ʥʝʠʩʧʨʘʚʥʦʩʪʷʭ ʚ ʭʦʜʦʚʦʡ ʯʘʩʪʠ. 

ʅʦ ʥʝ ʚʩʝ ʩʦʛʣʘʩʥʳ ʩ ʪʦʯʥʦʩʪʴʶ ʧʦʢʘʟʘʥʠʡ ʵʪʠʭ ʩʪʝʥʜʦʚ, ʦʩʦʙʝʥʥʦ ʙʦʣʝʝ 

ʧʨʦʩʪʳʭ, ʢʦʪʦʨʳʤʠ ʦʩʥʘʝɦʥʳ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʘʥʮʠʡ, ʵʪʦ ʪʝ ʧʨʦʚʝʨʷʶʱʠʝ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʘʤʦʨʪʠʟʘʪʦʨʳ ʘʚʪʦʤʦʙʠʣʷ.  

ʉ ʵʪʠʤ ʥʝ ʩʦʛʣʘʩʠʣʘʩʴ ʢʦʤʧʘʥʠʷ Monroe ï ʦʜʠʥ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʘʤʦʨʪʠʟʘʪʦʨʦʚ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʪʦ, ʯʪʦ ʦʜʥʠ ʠ ʪʝ ʞʝ ʩʠʤʧʪʦʤʳ 

ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʧʦʜʚʝʩʢʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ ʠʟʥʦʩʦʤ ʨʘʟʣʠʯʥʳʭ ʝʝ ʫʟʣʦʚ.  

ɼʣʷ ʘʤʦʨʪʠʟʘʪʦʨʘ ʪʘʢʦʡ ʤʝʪʦʜ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʝʥ: ʩʣʠʰʢʦʤ ʩʣʦʞʥʘʷ 

ʧʨʦʮʝʜʫʨʘ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ. ʇʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʥʝ ʚʳʛʦʜʥʦ ʜʝʤʦʥʪʠʨʦʚʘʪʴ 

ʘʤʦʨʪʠʟʘʪʦʨ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʝ.  

ɼʨʫʛʘʷ ʩʪʦʨʦʥʘ ʧʨʦʙʣʝʤʳ: ʥʘ ʧʦʢʘʟʘʥʠʷ ʚʠʙʨʦʩʪʝʥʜʘ ʚʣʠʷʶʪ ʨʘʟʣʠʯʥʳʝ 

ʫʟʣʳ ʘʚʪʦʤʦʙʠʣʷ. ɿʘʤʝʥʘ ʥʝʢʦʪʦʨʳʭ ʠʟʥʦʰʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʜʚʝʩʢʠ ʦʙʳʯʥʦ 

ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ.  

ʀ ʪʨʝʪʠʡ ʚʠʜ ʩʪʝʥʜʘ ï ʵʪʦ ʩʪʝʥʜ ʧʦ ʫʩʪʘʥʦʚʢʝ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʢʦʣʝʩ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʩʪʝʥʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ 

ʩʭʦʞʜʝʥʠʷ ʠ ʨʘʟʚʘʣʘ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʩʯʠʪʘʶʪʩʷ ʫʩʪʘʨʝʚʰʠʤʠ ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʜʢʦ. ɼʨʫʛʠʝ ʧʦʷʚʠʣʠʩʴ ʩʦʚʩʝʤ ʥʝʜʘʚʥʦ ʠ ʪʦʣʴʢʦ ʥʘʙʠʨʘʶʪ 

ʧʦʧʫʣʷʨʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳ ʪʘʢʠʝ ʚʠʜʳ ʵʪʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʆʧʪʠʯʝʩʢʠʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪʦʚʦʡ ʣʫʯ, 

ʢʦʪʦʨʳʡ ʚʳʭʦʜʠʪ ʠʟ ʨʘʟʤʝʱʝʥʥʳʭ ʥʘ ʦʙʦʜʘʭ ʢʦʣʝʩ ʦʧʪʠʯʝʩʢʠʭ ʪʨʫʙʦʢ.  

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʫʛʣʦʚ ʧʫʯʦʢ ʩʚʝʪʘ ʧʨʦʝʮʠʨʫʝʪʩʷ ʥʘ ʵʢʨʘʥ ʩ ʥʘʥʝʩʝʥʥʳʤʠ 

ʰʢʘʣʘʤʠ (ʣʠʥʝʡʥʦʡ, ʫʛʣʦʚʦʡ). ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ ʩʪʝʥʜʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʪʦʣʴʢʦ ʜʣʷ ʧʝʨʝʜʥʝʡ ʦʩʠ.  

ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʷʚʠʣʦʩʴ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʠ ʩʝʡʯʘʩ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ: ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʩ ʝʛʦ ʧʦʤʦʱʴʶ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʩʪʝʥʜʦʚ ʩʝʨʴʝʟʥʦ ʦʛʨʘʥʠʯʝʥʘ, ʦʥʠ ʥʝ 

ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʪʦʯʥʦʩʪʴ ʪʘʢʦʛʦ ʠʟʤʝʨʝʥʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʦʞʝʥʠʝ ʢʦʣʝʩ ʪʦʯʥʦ, ʠ ʚʩʝʛʜʘ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʦʢʘʟʳʚʘʣʠʩʴ 

ʣʠʰʥʠʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʧʪʠʯʝʩʢʠʡ ʩʪʝʥʜ ʨʘʟʚʘʣʘ ʩʭʦʞʜʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʯʠʩʣʠʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʪʦʣʴʢʦ ʦʜʥʦʡ ʢʦʣʝʩʥʦʡ ʧʘʨʳ - ʧʝʨʝʜʥʠʡ ʠʣʠ ʟʘʜʥʠʡ. 

ʊʦ ʝʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʚʩʝ ʢʦʣʝʩʘ ʤʘʰʠʥʳ ʧʦʜ ʦʜʠʥʘʢʦʚʳʤ ʫʛʣʦʤ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʦ. 

ʃʘʟʝʨʥʳʝ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʥʘʣʦʛʠʯʝʥ ʦʧʪʠʯʝʩʢʠʤ ʩʪʝʥʜʘʤ, ʦʜʥʘʢʦ 

ʚʤʝʩʪʦ ʧʫʯʢʘ ʩʚʝʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʣʘʟʝʨʥʳʡ ʣʫʯ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʜʚʝʩʢʠ, ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ, 

ʚ ʮʝʣʦʤ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ʆʜʥʘʢʦ, ʠ ʣʘʟʝʨʥʳʝ ʩʪʝʥʜʳ 

ʧʦʩʪʝʧʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʨʝʞʝ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʥʘ ʨʳʥʢʝ ʧʦʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

ʪʦʯʥʦʝ ʠ ʫʜʦʙʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

ʂʦʤʧʴʶʪʝʨʥʳʝ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʠʟʤʝʨʝʥʠʡ 

ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʛʦʣʦʚʢʘʭ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʘʟʤʝʱʘʷ ʠʭ ʥʘ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʠʣʷ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 
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ʬʘʢʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʣʝʩ. ʌʠʢʩʠʨʫʷ ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, 

ʜʘʪʯʠʢʠ ʧʝʨʝʜʘʶʪ ʵʪʠ ʩʚʝʜʝʥʠʷ ʥʘ ʢʦʤʧʴʶʪʝʨ.  

ɼʘʣʝʝ ʠʥʬʦʨʤʘʮʠʷ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʇʆ ʠ ʚʳʚʦʜʠʪʩʷ 

ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ, ʜʠʘʛʨʘʤʤ, ʦʪʯʝʪʦʚ.  

ɺʩʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʪʝʥʜʳ ʨʘʟʚʘʣ-ʩʭʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʤʧʴʶʪʝʨʥʳʤʠ. 

ʆʥʠ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʩʧʦʩʦʙʦʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʠʩʧʦʣʴʟʫʝʤʦʡ 

ʜʣʷ ʠʟʤʝʨʝʥʠʡ ʵʣʝʢʪʨʦʥʠʢʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʩʪʝʥʜʳ ʤʦʛʫʪ 

ʪʦʞʝ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ. ʂʦʤʧʴʶʪʝʨʥʳʝ ʩʪʝʥʜʳ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ 

ʛʨʫʧʧ.  

ʉʪʝʥʜ r ʩ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʙʣʦʢʘʤʠ. ʅʘ ʢʦʣʝʩʘ ʘʚʪʦʤʦʙʠʣʷ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʢʨʝʧʣʝʥʠʷʭ-ʟʘʭʚʘʪʘʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʙʣʦʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʚ ʩʝʙʝ 

ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʧʝʨʝʜʘʶʪ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʇʂ ʜʣ ̫ʘʥʘʣʠʟʘ.  

ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʇʆ ʚʳʯʠʩʣʷʝʪ ʧʦʣʦʞʝʥʠʝ ʢʦʣʝʩ ʢʘʢ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʠ ʛʦʨʠʟʦʥʪʘʣʠ, ʪʘʢ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʩʚʝʨʷʶʪʩʷ ʩ ʵʪʘʣʦʥʥʳʤʠ, ʭʨʘʥʷʱʠʭʩʷ ʚ ɹɼ ʩʪʝʥʜʘ, ʚʳʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ.  

ɺ ʜʘʥʥʳʭ ʤʦʜʝʣʷʭ ʩʪʝʥʜʦʚ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʣʦʞʥʦʡ ʜʦʨʦʛʦʩʪʦʷʱʝʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʙʣʦʢʘʭ, ʘ ʪʘʢ ʢʘʢ ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

ʙʣʦʢʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦʩʪʦʷʥʥʦ, ʪʦ ʩʣʦʞʥʦ ʫʙʝʨʝʯʴ ʠʭ ʦʪ ʫʜʘʨʦʚ ʠ ʧʦʣʦʤʦʢ. 

ʉʪʝʥʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D ʪʝʭʥʦʣʦʛʠʠ. ʆʩʥʦʚʦʡ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ 

ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʚʠʜʝʦʢʘʤʝʨ ʠ ʧʣʦʩʢʠʭ 

ʤʠʰʝʥʝʡ ʩ ʛʨʘʜʠʝʥʪʥʳʤ ʨʠʩʫʥʢʦʤ. ʎʠʬʨʦʚʳʝ ʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʤʠʰʝʥʝʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʇʆ 

ʩʪʨʦʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʧʦʜʚʝʩʢʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʚʳʯʠʩʣʷʝʪ ʚʩʝ 

ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʩʭʦʜ-ʨʘʟʚʘʣʘ.  

ɼʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ - ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʣʦʞʥʦʡ (ʜʦʨʦʛʦʡ) 

ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʪʦʨʫʶ ʥʫʞʥʦ ʧʝʨʝʤʝʱʘʪʴ - ʥʘ ʢʦʣʝʩʘ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʠʰʝʥʠ, 

ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʝʢʪʨʦʥʠʢʘ. 

ɹʝʩʢʦʥʪʘʢʪʥʳʝ ʩʪʝʥʜʳ - ʪɻʦ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʨʘʟʨʘʙʦʪʢʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʠʭ ʩʪʝʥʜʦʚ ʨʘʟʤʝʱʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 

(ʜʘʪʯʠʢʠ, ʤʠʰʝʥʠ) ʥʘ ʢʦʣʝʩʘʭ ʘʚʪʦʤʦʙʠʣʷ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ. ʀʟʤʝʨʝʥʠʷ ʙʫʜʫʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʜʘʪʯʠʢʦʚ ʠʣʠ ʢʘʤʝʨ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʨʷʜʦʤ ʩ ʘʚʪʦʤʦʙʠʣʝʤ ʠ ʠʟʤʝʨʷʶʪ ʫʛʣʳ ʫʩʪʘʥʦʚʢʠ ʢʦʣʝʩ ʚ 

ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʨʝʞʠʤʝ. 

ɺʳʚʦʜʳ. ʉ ʫʩʣʦʞʥʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʢʦʣʠʯʝʩʪʚʘ ʥʘ ʜʦʨʦʛʘʭ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʨʝʤʦʥʪʝ, ʠ ʚ ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʩʪʦʚ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʩʪʝʥʜʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʦʞʝ ʥʝ 

ʩʪʦʷʪ ʥʘ ʤʝʩʪʝ, ʠʭ ʧʦʩʪʦʷʥʥʦ ʫʥʠʬʠʮʠʨʫʶʪ, ʫʣʫʯʰʘʶʪ, ʠ ʧʦʜʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʙʳ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣ ʢʦʤʧʴʶʪʝʨ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʦʩʪʦʪʘ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʙʦʣʴʰʝ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʩʪʘ. 

ʅʦ ʚʩʝ ʞʝ ʥʝ ʚʩʝ ʥʦʚʝʡʰʝʝ ʠ ʪʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʦʞʝʪ ʟʘʤʝʥʠʪʴ ʦʧʳʪ ʠ 

ʤʘʩʪʝʨʩʪʚʦ ʘʚʪʦʩʣʝʩʘʨʷ, ʯʪʦ ʠʟʣʦʞʝʥʦ ʚʳʰʝ ʚ ʩʪʘʪʴʝ. 
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ʂʦʣʦʜʥʠʮʴʢʘ ʈʫʩʣʘʥʘ ɺʽʪʘʣʽʾʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ruslanakolod2017@gmail.com 

ʂʨʘʚʯʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ɼʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çɾʠʪʦʤʠʨʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè 

 

ʄʆɼɽʃʖɺɸʅʅʗ ɺʀʊʈɸʊʀ ʇɸʃʀɺɸ ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ 

ʊʈɸʅʉʇʆʈʊʋ ʄɽʊʆɼʆʄ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ  

 

ɺʩʪʫʧ 

 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʜʘʻ ʙʽʣʷ ʦʜʥʽʻʾ ʧô̫ ʪʦʾ ʯʘʩʪʠʥʠ ʚʫʛʣʝʢʠʩʣʦʛʦ 

ʛʘʟʫ ʫ ʩʚʽʪʽ [1]. ɺʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ, ʟʤʝʥʰʠʚʰʠ 

ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʝʤ. ɹʽʣʴʰʽʩʪʴ ʤʦʜʝʣʝʡ (ʥʘ ʧʨʠʢʣʘʜ̔ ʤʦʜʝʣ ̔ ʄ.ʗ. 

ɻʦʚʦʨʫʱʝʥʢʘ) ʦʧʠʩʫʶʪʴ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ. ʑʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ 

ʰʢʽʜʣʠʚʽ ʚʠʢʠʜʠ ʽ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʤʽʩʴʢʠʭ 

ʨʘʡʦʥʘʭ, ʩʧʨʠʯʠʥʝʥʠʡ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ ʘʚʪʦʤʦʙʽʣʴʥʠʤ ʪʨʘʥʩʧʦʨʪʦʤ, ʥʝʦʙʭʽʜʥʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ. 

ʇʦʢʨʘʱʝʥʥʷ ʙʘʣʘʥʩʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʦʧʘʣʠʚʘ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʦʥʦ ʫ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʫ ʩʫʤʽʰʽ ʟ ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ 

(ʙʽʦʜʠʟʝʣʴ). ɺ ʟʚôʷʟʢʫ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʚʠʢʠʜʘʤʠ ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʪʘ ʩʘʞʽ, ʱʦ ʜʘʻ 

ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ [2, 3], ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʘʚʪʦʤʦʙʽʣʽ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ 

ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʥʷ ʚ ɭʚʨʦʧʽ. 

ʆʪʞʝ, ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ - ʨʦʟʚʠʥʫʪʠ ʤʦʜʝʣʴ ʚʠʪʨʘʪʠ ʜʠʟʝʣʴʥʦʛʦ 

ʙʽʦʧʘʣʠʚʘ, ʷʢʘ ʙʘʟʫʪ̒ɹʩʷ ʥʘ ʤʠʪʪʻʚʠʭ ʜʘʥʠʭ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

 

ʄʝʪʦʜ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (Neurone Network, NN) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʦʜʠʥ 

ʽʟ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʨʦʙʦʪʽ [1] 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ  ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʨʝʢʫʨʝʥʪʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

ɺʠʙʽʨ ʪʠʧʫ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

 

ʆʩʥʦʚʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ï ʮʝ ʥʝʣʽʥʽʡʥʘ ʘʚʪʦʨʝʛʨʝʩʽʡʥʘ ʤʝʨʝʞʘ ʟ ʝʢʟʦʛʝʥʥʠʤʠ ʚʭʦʜʘʤʠ 

(NARX-RNN) ʪʘ NN ʟ ʜʦʚʛʦʪʝʨʤʽʥʦʚʦ ʁʢʦʨʦʪʢʦʯʘʩʥʦ ʁʧʘʤ'ʷʪ ʁ (Long-Short-

Term-Memory, LSTM). ʆʩʢʽʣʴʢʠ ʚʽʜʧʦʚʽʜʥʘ ʘʨʭʽʪʝʢʪʫʨʘ NN ʥʝ ʚʽʜʦʤʘ, ʚ [1] ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʮʠʭ ʤʝʨʝʞ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʝʞʽ NARX-RNN 

ʇʨʠʭʦʚʘʥʠʡ ʰʘʨ ʚʢʣʶʯʘʚ ʚ ʩʝʙʝ ʬʫʥʢʮʽʶ ʘʢʪʠʚʘʮʽʾ log-sigmoid, ʘ 

ʚʠʭʽʜʥʠʡ ʰʘʨ ʣʽʥʽʡʥʠʡ. ʂʽʣʴʢʽʩʪʴ ʚʽʜʩʪʘʚʘʥʴ (lag) ʢʦʣʠʚʘʣʘʩʷ ʚʽʜ ʦʜʥʦʛʦ ʜʦ 

ʰʝʩʪʠ. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʢʦʞʥʦʤʫ ʰʘʨʽ ʙʫʣʦ ʚ ʜʽʘʧʘʟʦʥʽ 27-62, ʟ ʢʨʦʢʦʤ 
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ʧ'ʷʪʴ. ʄʝʨʝʞʘ NARX-RNN ʥʘʚʯʘʣʘʩʷ ʟʘ ʤʝʪʦʜʦʤ ʃʝʚʝʥʙʝʨʛʘ-ʄʘʨʢʘʨʜʪʘ 

(Levenberg-Marquardt). ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʞʥʘ 

ʢʦʥʬʽʛʫʨʘʮ̔ ʷ ʙʫʣʘ ʥʘʚʯʝʥʘ ʪʨʠʜʮʷʪʴ ʥʝʟʘʣʝʞʥʠʭ ʨʘʟʽʚ. ʂʨʠʪʝʨʽʻʤ ʧʨʠʧʠʥʝʥʥʷ 

ʥʘʚʯʘʥʥʷ ʙʫʣʦ 1000 ʦʮʽʥʦʢ ʬʫʥʢʮʽʡ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʥʝʣʽʥʽʡʥʘ ʘʢʪʠʚʘʮʽʡʥʘ 

ʬʫʥʢʮʽʷ: . 

ɼʣʷ ʤʝʨʝʞʽ NARX-RNN ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʭʠʙʢʠ 

(0,66) ʜʣʷ ʧ'ʷʪʠ ʚʭʦʜʽʚ ʟʘʪʨʠʤʢʠ ʽ 47 ʥʝʡʨʦʥʽʚ ʫ ʢʦʞʥʦʤʫ ʧʨʠʭʦʚʘʥʦʤʫ ʰʘʨʽ. 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʝʞʽ LSTM  

ɼʘʪʯʠʢ ʥʘ ʦʩʥʦʚʽ ʤʝʨʝʞʽ LSTM ʩʢʣʘʜʘʚʩʷ ʟ ʦʜʥʦʛʦ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ, 

ʷʢʠʡ ʡʰʦʚ ʟʘ ʨʝʛʨʝʩʽʡʥʠʤ ʰʘʨʦʤ. ʇʨʦʚʝʜʝʥʦ ʧʘʨʘʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʟʽ 100, 200, 

300, 400, 500 ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ. ʉʪʦʭʘʩʪʠʯʥʠʡ ʤʝʪʦʜ ʩʧʫʩʢʫ ʛʨʘʜʽʻʥʪʘ 

(stochastic gradient descent method, SGD) ʽ ɸʜʘʤ-ʦʧʪʠʤʽʟʘʪʦʨ (ADAM) [1] ʙʫʣʠ 

ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʥʘʚʯʘʥʥʷ LSTM. ʊʨʠʜʮʷʪʴ ʥʝʟʘʣʝʞʥʠʭ ʟʘʧʫʩʢʽʚ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ 

ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɹʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʘʢʘ ʞ 

ʬʫʥʢʮʽ̫  ὪόὩὰ, ʱʦ ʽ ʟ ʤʝʪʦʜʦʤ NARX - RNN. ʂʨʠʪʝʨʽʻʤ ʧʨʠʧʠʥʝʥʥʷ ʥʘʚʯʘʥʥʷ 

ʙʫʣʦ 6000 ʧʨʦʚʝʜʝʥʦ ʽʪʝʨʘʮʽʡ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘʡʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ SGD ʙʫʣʠ ʦʜʝʨʞʘʥʽ ʟ 50 ʧʨʠʭʦʚʘʥʠʤʠ ʰʘʨʘʤʠ, ʪʦʜʽ ʷʢ 

ʦʧʪʠʤʽʟʘʪʦʨ ADAM ʜʘʚʘʚ ʥʘʡʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ ʟ 400 ʽ 500 ʰʘʨʘʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʤʝʪʦʜ NARX-RNN ʧʦʢʘʟʫʻ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ LSTM, ʦʩʢʽʣʴʢʠ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʦʤʠʣʢʠ, ʦʪʨʠʤʘʥʝ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʦʩʪʘʥʥʴʦʛʦ ʤʝʪʦʜʫ ʙʫʣʦ ʤʝʥʰʠʤ (0,97). 

ʗʢ ʚʽʜʦʤʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʮʠʨʢʫʣʷʮʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʜʘʻ ʤʝʥʰʫ 

ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʙʽʦʧʘʣʠʚʘ, ʥʽʞ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ɼʣʷ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʮʴʦʛʦ, ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ 

ʧʣʘʥʫʶʪʴʩʷ ʚ çɾʠʪʦʤʠʨʩʴʢʽʡ ʧʦʣʽʪʝʭʥʽʮʽè ʚ ʨʘʤʢʘʭ ʚʠʢʦʥʘʥʥʷ ʧʨʦʝʢʪʫ 

ɽʨʘʟʤʫʩ ʨʘʟʦʤ ʟ ʜʦʩʣʽʜʥʠʢʘʤʠ ʟ Coventry University. 
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ʂʆʈʈɽʂʊʀʈʆɺɸʅʀɽ ʈɽʉʋʈʉɸ ʀ ʇɽʈʀʆɼʀʏʅʆʉʊʀ 

ʊɽʍʅʀʏɽʉʂʆɻʆ ʆɹʉʃʋɾʀɺɸʅʀʗ ɺ ʇʈʆʎɽʉʉɽ 

ʕʂʉʇʃʋɸʊɸʎʀʀ ɸɺʊʆʄʆɹʀʃɽʁ 

 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʦʩʪʦʷʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟʤʝʥʷʝʪʩʷ: 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟʥʦʩ ʜʝʪʘʣʝʡ, ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʜʝʬʝʢʪʳ, 

ʥʘʨʫʰʘʁ ʪʩʷ ʥʘʩʪʨʦʡʢʠ ʠ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠ.̫ ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʳʧʦʣʥʷʪ ɹʨʘʙʦʪʳ 

ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʫʞʠʚʘʥʠ ʁ(ʊʆ-1 ʠ ʊʆ-2), ʘ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʦʪʢʘʟʦʚ ï 

ʧʨʦʠʟʚʦʜʠʪʴ ʪʝʢʫʱʠʡ ʠʣʠ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ.    

ʋʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʢʘʟʳʚʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ, ʢʘʢ ʥʘ 

ʦʙʲʝʤ ʨʘʙʦʪ, ʪʘʢ ʠ ʥʘ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ. ʉʣʦʞʥʳʝ 

ʫʩʣʦʚʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʘʚʪʦʤʦʙʠʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʚʦʟʨʘʩʪʘʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʘ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʩʣʫʞʠʚʘʪʴ ʪʘʢʦʡ ʘʚʪʦʤʦʙʠʣʴ ʥʝʦʙʭʦʜʠʤʦ ʯʘʱʝ.  

ʂ ʩʦʞʘʣʝʥʠʶ, ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦ ʋʢʨʘʠʥʳ [1] ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʨʝʩʫʨʩʘ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ. ʆʙʲʝʤ 

ʨʘʙʦʪʳ (ʪʨʫʜʦʝʤʢʦʩʪʴ) ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʨʦʢʘ ʩʣʫʞʙʳ ʘʚʪʦʤʦʙʠʣʷ, 

ʥʘʛʨʫʟʦʯʥʦʛʦ ʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ, ʜʦʨʦʞʥʳʭ ʠ ʘʪʤʦʩʬʝʨʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʦʩʥʘʱʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ.  

ʆʧʨʝʜʝʣʷʪʴ ʢʦʛʜʘ ʘʚʪʦʤʦʙʠʣʴ ʜʦʩʪʠʛ ʤʦʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ, ʧʦ ʩʧʠʜʦʤʝʪʨʫ ʥʝ ʜʦʩʪʘʪʦʯʥʦ. 

ʇʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʥʝ ʧʦʢʘʟʳʚʘʝʪ ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʩʷ 

ʘʚʪʦʤʦʙʠʣʴ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ 

ʙʳʣ ʙ rʩʚʷʟʘʥ ʩ ʥʘʛʨʫʟʦʯʥʤr ʠ ʩʢʦʨʦʩʪʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣ.̫          

ɺ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʩʣʫʞʠʚʘʥʠʡ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʩʨʝʜʥʝʡ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠʣʠ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ. ɽʩʣʠ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ ʧʦ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʜʦʨʦʛʠ ʧʨʠʥʷʪʴ ʟʘ ʝʜʠʥʠʮʫ, ʪʦ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʧʷʪʦʡ ʢʘʪʝʛʦʨʠʠ ʜʦʨʦʛ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ʩʦʩʪʘʚʠʪ 0.49, ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ - 1.70, ʧʨʦʙʝʛ ʜʣʷ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ï 0.59. ɺ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʦʙʝʛ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷʤʠ (ʊʆ-1 ʠ ʊʆ-2) ʤʦʞʝʪ 

ʩʦʢʨʘʪʠʪʴʩʷ (ʪʨʫʜʦʝʤʢʦʩʪʴ ʚʦʟʨʘʩʪʠ) ʜʦ 70 %, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ.  

ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʩʨʝʜʩʪʚʘ ʚ ʨʘʙʦʪʝ [2] ʧʨʝʜʣʦʞʝʥʦ ʤʝʭʘʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʲʝʜʠʥʷʶʱʝʝ 

ʩʧʠʜʦʤʝʪʨ ʠ ʩʯʝʪʯʠʢ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚʦ ʚʨʝʤʷ 

ʜʚʠʞʝʥʠʷ ʘʚʪʦʤʦʙʠʣʷ. ɿʥʘʷ ʩʫʤʤʘʨʥʳʡ ʧʨʦʙʝʛ ʠ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʘʚʪʦʤʦʙʠʣʷ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʩʨʝʜʥʶʶ ʪʝʭʥʠʯʝʩʢʫʶ ʩʢʦʨʦʩʪʴ.  
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ʅʘ ʢʦʣʝʩʘʭ ʩʦʚʨʝʤʝʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʛʥʠʪʥʳʝ ʠʣʠ 

ʦʧʪʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ ʦʙʦʨʦʪʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʚʨʝʤʷ ʤʝʞʜʫ ʤʝʪʢʘʤʠ. 

ɿʥʘʷ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʢʦʣʝʩʘ ( n ) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʡʜʝʥʥʳʡ ʧʫʪʴ 

( nRS ÖÖÖ= p2 ) ʠ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ ( dt/dnRV ÖÖÖ= p2 ), ʛʜʝ R - ʨʘʜʠʫʩ 

ʢʦʣʝʩʘ. ɼʘʥʥʳʝ ʩ ʜʘʪʯʠʢʘ ʧʦʩʪʫʧʘʶʪ ʚ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ. ɼʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʦʜʫʣʷʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʥʳʡ ʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʡ ʧʨʦʪʦʢʦʣ SAE J1850.  

ʉʧʝʮʠʘʣʴʥʳʡ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʦʜʫʣʴ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ (PIC ʠʣʠ Atmel), ʤʦʞʝʪ ʧʨʦʩʣʫʰʠʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ 

ʠʟ CAN-bus. ɼʣʷ ʩʚʷʟʠ ʤʦʜʫʣʷ ʩ ʰʠʥʦʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪ ɹʩʭʝʤʫ 

ʧʦʜʢʣʯʁʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨʘ ʠ ʪʨʘʥʩʠʚʝʨʘ, ʢʦʪʦʨʳʝ ʧʦʩʪʨʦʝʥ r ʥʘ ʯʠʧʘʭ 

MCP2515 [3] ʠ TJA1050 [4]. ɼʘʥʥʳʝ ʦʪ ʢʦʥʚʝʨʪʦʨʘ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ 

ʧʦʩʪʫʧʘʶʪ ʧʦ ʧʨʦʪʦʢʦʣʫ ʦʙʤʝʥʘ SPI (Serial Peripheral Interface).  

ɺ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʢʦʥʪʨʦʣʣʝʨʘ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʬʫʥʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦ ʧʨʦʙʝʛʝ ( S) ʠ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ (V ). ɽʩʣʠ 

( 0>V ), ʪʦ ʜʘʥʥʳʝ ʥʘʢʘʧʣʠʚʘʪʁʩ ̫ʚ ʙʫʬʝʨʝ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʡr ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʘʡʤʝʨʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʷʷ ʪʝʭʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ (=V ää Ö iii S/)VS( ). 

ɼʘʣʝʝ ʚ ʧʨʦʛʨʘʤʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʘʚʪʦʤʦʙʠʣʷ: maxV V/V.K Ö= 461 , ʛʜʝ maxV  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʘʚʪʦʤʦʙʠʣʷ 

[2].  

ʇʨʦʛʨʘʤʤʘ ʢʦʨʨʝʢʪʠʨʫʝʪ ʧʨʦʙʝʛ ʘʚʪʦʤʦʙʠʣʷ ʜʦ ʊʆ: VTOTO K/SLL -= , 

ʛʜʝ TOL  - ʦʩʪʘʪʦʯʥʳʡ ʧʨʦʙʝʛ ʜʦ ʦʯʝʨʝʜʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ. ʂʦʛʜʘ 

0=TOL , ʪʦ ʵʪʦ ʙʫʜʝʪ ʦʟʥʘʯʘʪʴ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴ ʥʫʞʜʘʝʪʩʷ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ. 

ʄʦʜʫʣʴ ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʚʦʜʠʪʝʣʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʚʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ 

ʦʙʩʣʫʞʠʚʘʥʠʷʤʠ H
TOTO LL = , ʛʜʝ H

TOL - ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʙʝʛʘ 

ʘʚʪʦʤʦʙʠʣʷ ʤʝʞʜʫ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ.        

ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʤʦʞʝʪ ʚʳʚʦʜʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʢʦʨʦʩʪʠ ʠ ʧʨʦʙʝʛʝ 

ʥʘ ʜʠʩʧʣʝʡ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʧʘʥʝʣʠ ʧʨʠʙʦʨʘ. ʕʪʦ ʧʦʟʚʦʣʠʪ 

ʠʥʬʦʨʤʠʨʦʚʘʪʴ ʚʦʜʠʪʝʣʷ ʦʙ ʦʯʝʨʝʜʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʩʪʠ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ.     
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ɸʃɻʆʈʀʊʄ ʊɸ ʉʍɽʄʀ ʇʈʆɺɽɼɽʅʅʗ ɼʆʉʃɯɼɾɽʅʔ ɿ 

ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ɿɸʉʃɯʇʃɽʅʆʉʊɯ ɺʆɼɯʗ ʅɸ ɼɸʃʔʅɯʉʊʔ 

ɺʀɼʀʄʆʉʊɯ ɼʆʈʆɾʅɯʍ ʆɹôɭʂʊɯɺ ɺ ʊɽʄʅʋ ʇʆʈʋ ɼʆɹʀ 

 

ɿʘʟʥʘʯʠʤʦ, ʱʦ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ  ʙʣʠʟʴʢʦ 70-80% ʯʘʩʫ ʘʚʪʦʤʦʙʽʣʽ 

ʨʫʭʘʶʪʴʩʷ ʫ ʚʽʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʫʭʫ (ʟʘʤʽʩʴʢʽ ʜʦʨʦʛʠ), ʪʦʙʪʦ ʟ ʚʚʽʤʢʥʝʥʠʤ 

ʜʘʣʴʥʽʤ ʩʚʽʪʣʦʤ ʬʘʨ [1]. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ ʙʣʠʟʴʢʦ 50% ʜʦʨʦʞʥʴʦ-

ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʠʛʦʜ (ɼʊʇ) (ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʜʦ 90%) ʩʢʣʘʜʘʶʪʴ ʥʘʾʟʜʠ ʥʘ 

ʧʽʰʦʭʦʜʽʚ, ʷʢʽ ʡ ʙʫʣʠ ʚʠʙʨʘʥʽ ʚ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʦʩʥʦʚʥʠʭ ʦʙôʻʢʪʽʚ ʨʦʟʨʽʟʥʝʥʥʷ ʚ 

ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ [2].  

ʇʨʠ ʨʦʟʩʣʽʜʫʚʘʥʥʽ ɼʊʇ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʪʘʢʠʡ ʤʦʤʝʥʪ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʷʢʦʛʦ ʚʦʜʽʡ ʧʦʚʠʥʝʥ ʙʫʚ  ʧʨʠʡʤʘʪʠ ʤʽʨʠ ʜʣʷ ʾʭ ʧʦʧʝʨʝʜʞʝʥʥʷ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ 

ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʧʦʩʪʘʚʣʝʥʽ ʟʘʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ: ʜʘʣʴʥʽʩʪʴ ʚʠʜʠʤʦʩʪʽ 

ʜʦʨʦʛʠ ʯʠ ʚʽʜʩʪʘʥʴ ʟʘʛʘʣʴʥʦʾ ʚʠʜʠʤʦʩʪʽ, ʜʘʣʴʥʽʩʪʴ ʚʠʜʠʤʦʩʪʽ ʧʝʨʝʰʢʦʜʠ ʯʠ 

ʚʽʜʩʪʘʥʴ ʢʦʥʢʨʝʪʥʦʾ ʚʠʜʠʤʦʩʪʽ. ɼʘʥʽ ʚʝʣʠʯʠʥʠ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʥʘ ʦʩʥʦʚʽ ʩʭʝʤ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʦʨʦʞʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [3-4]. ʅʘʡʪʦʯʥʽʰʽ ʨʝʟʫʣʴʪʘʪʠ 

ʟʘʙʝʟʧʝʯʫʻ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʟʥʘʯʝʥʥʷ ʚʠʜʠʤʦʩʪʽ, ʷʢʠʡ  ʧʨʦʚʦʜʠʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʜʽʣʷʥʮʽ ʜʦʨʦʛʠ, ʜʝ ʩʪʘʣʦʩʷ ɼʊʇ. ʊɿ, ʱʦ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʫ 

ɼʊʇ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ, ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʦʪʨʠʤʫʶʪʴ ʟʥʘʯʥʽ ʫʰʢʦʜʞʝʥʥʷ. ʋ 

ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʊɿ ʥʝʦʙʭʽʜʥʦ ʟʘʤʽʥʠʪʠ ʦʜʥʦʪʠʧʥʠʤʠ, ʱʦ ʤʘʶʪʴ ʘʥʘʣʦʛʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ï ʪʠʧ ʪʘ ʧʦʪʫʞʥʽʩʪʴ ʣʘʤʧ ʚ ʬʘʨʘʭ, ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ 

ʨʦʟʩʽʶʚʘʯʽʚ ʬʘʨ ʽ ʣʦʙʦʚʦʛʦ ʩʢʣʘ. ʗʢʱʦ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʦʙôʻʢʪ, ʚʠʜʠʤʽʩʪʴ ʷʢʦʛʦ ʩʣʽʜ ʚʩʪʘʥʦʚʠʪʠ, ʪʦ ʧʨʠ ʚʠʙʦʨʽ 

ʘʥʘʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʘ ʧʦʪʨʽʙʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʝʣʝʤʝʥʪʠ, 

ʟʜʘʪʥʽ ʚʧʣʠʥʫʪʠ ʥʘ ʡʦʛʦ ʚʠʜʠʤʽʩʪʴ ʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ.  

ʆʩʥʦʚʥʠʤʠ ʟʘʜʘʯʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ: 

       - ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ ʥʘ 

ʜʦʨʦʟʽ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ ʚ ʜʦʨʦʞʥʽʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ 

ʦʙôʻʢʪʽʚ ʥʘ ʜʦʨʦʟʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʪʘʥʽ ʤʽʞ ʟʫʩʪʨʽʯʥʠʤʠ ʘʚʪʦʤʦʙʽʣʷʤʠ; 

       - ʨʦʟʨʘʭʫʥʦʢ ʟʥʘʯʝʥʴ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʨʦʞʥʽʭ 

ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʘʚʯʘʶʯʦʾ ʚʠʙʽʨʢʠ; 

ʆʪʞʝ, ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʟʘʩʣʽʧʣʝʥʦʩʪʽ ʚʦʜʽʷ ʬʘʨʘʤʠ ʟʫʩʪʨʽʯʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʥʘ ʟʤʽʥʫ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʘ ʚ ʪʝʤʥʠʡ ʯʘʩ ʜʦʙʠ ʙʫʚ 

ʧʨʦʚʝʜʝʥʠʡ ʥʘʪʫʨʥʠʡ (ʜʦʨʦʞʥʽʡ) ʝʢʩʧʝʨʠʤʝʥʪ. ʈʦʟʨʦʙʣʝʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʧʦʷʩʥʝʥʥʷʤʠ ʟʦʙʨʘʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʩʪʨʫʢʪʫʨʥʠʭ ʯʘʩʪʠʥ ʪʘ 

ʨʦʟʤʽʨʽʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1.  

https://ww1.microchip.com/downloads/en/DeviceDoc/MCP2515-Stand-Alone-CAN-Controller-with-SPI-20001801J.pdf
https://www.nxp.com/docs/en/data-sheet/TJA1050.pdf
mailto:kuzhel2017@gmail.com
mailto:kuzhel_v@vntu.edu.ua
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ɼʽʣʷʥʢʘ ʜʦʨʦʛʠ ʜʦʚʞʠʥʦʶ 500 ʤ ʙʫʣʘ ʦʛʦʨʦʜʞʝʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʚʽʪʣʦʚʽ 

ʧʨʠʣʘʜʠ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʝ ʤʦʛʣʠ ʚʧʣʠʚʘʪʠ ʥʘ ʚʠʜʠʤʽʩʪʴ. ʋ 

ʜʘʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʙʨʘʣʠ ʫʯʘʩʪʴ 5 ʩʧʦʩʪʝʨʽʛʘʯʽʚ ʟ 

ʛʦʩʪʨʦʪʦʶ ʟʦʨʫ 0,9é1,0. ʉʣʽʜ ʪʘʢʦʞ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʽʣʷʥʢʘ ʜʦʨʦʛʠ ʤʽʞ 

ʘʚʪʦʤʦʙʽʣʷʤʠ ʙʫʣʘ ʨʦʟʙʠʪʘ ʢʨʝʡʜʦʶ ʽ ʬʽʰʢʘʤʠ ʥʘ ʜʽʣʷʥʢʠ ʧʦ 10 ʤ (ʨʠʩ. 2). 
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ɸʣʛʦʨʠʪʤ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ: 

1. ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ (ʦʩʥʦʚʥʠʡ ʘʚʪʦʤʦʙʽʣʴ ʽ ʟʫʩʪʨʽʯʥʠʡ ʘʚʪʦʤʦʙʽʣʴ) ï 

ʫʯʘʩʥʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ï ʙʫʣʠ ʨʦʟʤʽʱʝʥʽ ʚ ʥʘʧʨʷʤʢʫ ʾʭ ʨʫʭʫ ʥʘ ʚʽʜʩʪʘʥʽ 250 ʤ 

ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ.  

2. ʉʧʦʩʪʝʨ̔ʛʘʯʽ ʟ ʤʽʩʮʷ ʚʦʜʽʷ (ʧʦ ʯʝʨʟʽ) ʤʘʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ 

ʚʽʜʩʪʘʥʴ, ʥʘ ʷʢʽʡ ʚʦʥʠ ʨʦʟʨʽʟʥʷʶʪʴ ʝʣʝʤʝʥʪʠ ʜʦʨʦʛʠ (ʯʽʪʢʦ ʨʦʟʨʽʟʥʷʶʪʴ 

ʩʚʽʪʣʦʚʽʜʙʠʚʘʯ), ʜʣʷ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ 5 ʩʧʦʩʪʝʨʽʛʘʯʽʚ. 

3. ɺʠʜʠʤʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʜʦʨʦʛʠ ʚʠʟʥʘʯʘʣʘʩʷ ʥʘʡʙʽʣʴʰʦʶ ʚʽʜʩʪʘʥʥʶ, ʥʘ ʷʢʽʡ 

ʱʝ ʨʦʟʧʽʟʥʘʻʪʴʩʷ ʧʨʘʚʘ ʛʨʘʥʠʮʷ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʡ ʫʟʙʽʯʯʷ. 

4. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʚʠʜʠʤʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʦʨʦʛʠ ʧʦʧʝʨʝʜʫ ʧʦ ʧʨʘʚʦʤʫ 

ʫʟʙʽʯʯʶ ʧʦʩʠʣʘʚʩʷ ʦʜʠʥ ʫʯʘʩʥʠʢ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʝʤ, ʷʢʠʡ 

ʫʯʘʩʥʠʢ ʧʝʨʽʦʜʠʯʥʦ ʧʦʚʝʨʪʘʚ ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʫʙ̔ʢ ʩʧʦʩʪʝʨʽʛʘʯʽʚ.  

5. ʉʧʦʩʪʝʨʽʛʘʯʽ ʟʘ ʚʽʜʙʣʠʩʢʘʤʠ ʩʚʽʪʣʦʚʽʜʙʠʚʘʯʘ ʚʢʘʟʫʚʘʣʠ ʥʘ ʤʽʩʮʝ, ʜʝ 

ʝʣʝʤʝʥʪʠ ʜʦʨʦʛʠ ʱʝ ʨʦʟʧʽʟʥʘʶʪʴʩʷ, ʧʽʩʣʷ ʯʦʛʦ ʚʠʤʽʨʶʚʘʣʘʩʴ ʚʽʜʩʪʘʥʴ ʚʽʜ 

ʧʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʜʦ ʮʴʦʛʦ ʤʽʩʮʷ.  

6. ɺʽʜʩʪʘʥʴ, ʷʢʘ ʙʫʣʘ ʚʢʘʟʘʥʘ ʩʧʦʩʪʝʨʽʛʘʯʘʤʠ, ʽ ʻ ʚʠʜʠʤʽʩʪʶ ʜʦʨʦʛʠ ʚ 

ʥʘʧʨʷʤʢʫ ʨʫʭʫ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ. 

7. ʇʦʪʽʤ ʘʚʪʦʤʦʙʽʣʽ ʟʙʣʠʞʫʚʘʣʠʩʴ (ʟʙʣʠʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʦʚʦʜʠʣʦʩʷ ʚʽʜ 

ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʠʤʠ 250 ʤ ʜʦ 0 ʤ - ʜʦ ʤʦʤʝʥʪʫ ʾʭ ʟʫʩʪʨʽʯʥʦʛʦ ʨʦʟôʾʟʜʫ, ʧʨʠʯʦʤʫ 

ʨʫʭʘʚʩʷ ʣʠʰʝ ʦʜʠʥ ʘʚʪʦʤʦʙʽʣʴ, ʘ ʽʥh ʠʡ ʟʘʣʠʰʘʚʩʷ ʥʝʨʫʭʦʤʠʤ) ʽ ʭʽʜ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦʚʪʦʨʶʚʘʚʩʷ ʟ ʫʯʘʩʪʶ ʧʽʰʦʭʦʜʽʚ, ʷʢ ʦʙôʻʢʪʽʚ ʨʦʟʨʽʟʥʝʥʥʷ. 

ɺʠʩʥʦʚʠʢ. ʅʘʷʚʥʽʩʪʴ ʩʣʽʧʫʯʦʾ ʙʣʠʩʢʫʯʦʩʪʽ ʬʘʨ ʟʫʩʪʨʽʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʚʠʜʠʤʽʩʪʴ ʜʦʨʦʛʠ ʽ ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ (ʤʘʡʞʝ ʥʘ 25%). ɿ 

ʤʦʤʝʥʪʫ ʟʙʣʠʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ ʥʘ ʚʽʜʩʪʘʥʴ 200-250 ʤ ʧʽʜ ʜʽʻʶ ʩʣʽʧʫʯʦʾ 

ʙʣʠʩʢʫʯʦʩʪʽ ʬʘʨ ʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʩʢʦʨʦʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ ʦʙôʻʢʪʽʚ. 

ʅʘ ʜʽʣʷʥʮʽ 0,2 ʢʤ ʚʦʜʽʾ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʚʪʨʘʯʘʶʪʴ ʚʠʜʠʤʽʩʪʴ, ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʽʰʦʭʽʜ ʫ ʩʚʽʪʣʦʤʫ ʦʜʷʟʽ ʤʘʻ ʥʘ 30% ʙ̔ʣʴʰʝ ʰʘʥʩʽʚ ʙʫʪʠ ʨʦʟʧʽʟʥʘʥʠʤ ʚ ʪʝʤʥʫ 

ʧʦʨʫ ʜʦʙʠ, ʘ ʦʪʞʝ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʡʦʛʦ ʚ ɼʊʇ ʟʥʘʯʥʦ ʥʠʞʯʘ, 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʧʽʰʦʭʦʜʘ ʫ ʦʜʷʟʽ ʟʽ ʩʚʽʪʣʦʚʽʜʙʠʚʘʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʱʝ ʚʠʱʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʦʜʷʟʽ 

ʧʽʦhʭʦʜʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ. 

 

ʃʽʪʝʨʘʪʫʨʘ  

 

1.  ʂʫʞʝʣʴ ɺ.ʇ. ʄʝʪʦʜʠʢʘ ʟʤʝʥʰʝʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʘʚʪʦ 

ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ ʧʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ ʜʦʨʦʞʥʽʭ 

ʦʙôʻʢʪʽʚ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ : ʄʦʥʦʛʨʘʬʽʷ / ɺ.ʇ. ʂʫʞʝʣʴ, ɸ.ɸ. ʂʘʰʢʘʥʦʚ, ɺ.ɸ. 

ʂʘʰʢʘʥʦʚ. ɺʅʊʋ, 2010. ï 200 ʩ. 

2.  ɺʦʣʢʦʚ ɺ.ʇ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʘʚʪʦʪʝʭʥʠʯʝʩʢʦʡ ʝʢʩʧʝʨʪʠʟʳ 

ʧʨʠ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʘʚʪʦʪʝʭʥʠʯʝʩʢʦʡ ʝʢʩʧʝʨʪʠʟʳ ʧʨʠ ʜʦʨʦʞʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʠʩʰʝʩʪʚʠʷʭ. 

ʄʦʥʦʛʨʘʬʠʷ / ɺ.ʇ. ɺʦʣʢʦʚ., ɺ.ʅ. ʊʦʨʣʠʥ, ɺ.ʄ. ʄʠʱʝʥʢʦ, ʂʘʰʢʘʥʦʚ ɸ.ɸ. ʠ ʜʨ. 

ʍʘʨʴʢʦʚ.: ʍʅɸɼʋ. 2010. ï 476 ʩ. 



 

 

 

115 

3. ʂʫʞʝʣʴ ɺ.ʇ. ɼʦʩʣʽʜʞʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʧʨʠʡʥʷʪʪʷ ʜʦʨʦʞʥʴʦʾ 

ʦʙʩʪʘʥʦʚʢʠ ʚʦʜʽʻʤ ʚ ʪʝʤʥʫ ʧʦʨʫ ʜʦʙʠ / ɺ.ʇ. ʂʫʞʝʣʴ // ɺʽʩʥʠʢ ɾʠʪʦʤʠʨʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ : ʊʝʭʥ̔ʯʥʽ ʥʘʫʢʠ. ˉ3 (62), ʊʦʤ 

2, 2012. ï ʉ. 94 ï 101. 

4.  ʂʫʞʝʣʴ ɺ. ʇ. ɼʦ ʧʠʪʘʥʥʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʚʠʟʥʘʯʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʚʠʜʠʤʦʩʪʽ 

ʜʦʨʦʞʥʽʭ ʦʙôʻʢʪʽʚ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʚʪʦʪʝʭʥʽʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ ɼʊʇ / ʂʫʞʝʣʴ ɺ. ʇ. 

// ɺʽʩʥʠʢ ɾʠʪʦʤʠʨʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ʉʝʨʽʷ : 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ. ˉ2 (77), 2016. ï ʉ. 136 ï 142.  

 

ʄʘʨʤʫʪ ɯʛʦʨ ɸʨʥʦʣʴʜʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, Mia2005.62@Ukr.Net 

ʉʝʙʢʦ ɼʤʠʪʨʦ ʇʘʚʣʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆɻʃʗɼ ʊɸ ʆʎɯʅʂɸ ɰɿɼʆɺʀʍ ʎʀʂʃɯɺ ɯ ʆɹʃɸɼʅɸʅʅʗ ʇʈʀ 

ɺʀʇʈʆɹʋɺɸʅʅʗʍ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɼʣʷ ɺʠʤʽʨʶʚʘʥʥʷ ɺʠʪʨʘʪʠ ʇʘʣʠʚʘ, ʊʦʢʩʠʯʥʦʩʪʽ ɺʽʜʧʨʘʮʴʦʚʘʥʠʭ ɻʘʟʽʚ 

ɿʚʠʯʘʡʥʠʭ ɯ ɻʽʙʨʠʜʥʠʭ ɸʚʪʦʤʦʙ̔ʣʽʚ, ɸ ʊʘʢʦʞ ɺʠʤʽʨʠ ɺʠʪʨʘʪ ɽʣʝʢʪʨʦʝʥʝʨʛʽʾ ʊʘ 

ɿʘʧʘʩʫ ʍʦʜʫ ʋ ɽʣʝʢʪʨʦʤʦʙʽʣʽʚ ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ɰʟʜʦʚʽ ʎʠʢʣʠ [1, 2]. 

1. ɭʚʨʦʧʝʡʩʴʢʠʡ ɰʟʜʦʚʠʡ ʎʠʢʣ Nedc (New European Driving Cycle) [2]. ʎʝʡ 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ ʇʦʯʘʚ ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ɿ 1-ɻʦ ʉʽʯʥʷ 2000 ʈʦʢʫ. ɺʽʥ 

ʆʧʠʩʫʻ ʈʫʭ ɺ ʄʽʩʪʽ ɯ ʅʘ ʊʨʘʩ̔ . ɺ ʎʽʣʦʤʫ ʎʠʢʣ Nedc ʈʦʟʨʘʭʦʚʘʥʠʡ ʅʘ 

ʇʨʦʭʦʜʞʝʥʥʷ ɼʠʩʪʘʥʮʽʾ ɺ 11 ʂʤ ɿʘ ʏʘʩ ɹʣʠʟʴʢʦ 20 ʍʚʠʣʠʥ. ʉʝʨʝʜʥʷ 

ʐʚʠʜʢʽʩʪʴ ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ ʉʪʘʥʦʚʠʪʴ 33,6 ʂʤ/ɻʦʜ; ʇʨʦʪʷʛʦʤ ʋʩʴʦʛʦ 

ʎʠʢʣʫ ɺʠʢʦʥʫʻʪʴʩʷ 12 ɿʫʧʠʥʦʢ ɯ ʈʦʟʛʦʥʽʚ. 

ʊʘʢ, ɯʤʽʪʘʮʽʷ ʈʫʭʫ ɺ ʄʽʩʪʽ ï Urban Driving Cycle ʄʘʻ ʅʘ ʋʚʘʟʽ ʏʦʪʠʨʽ 

ʆʢʨʝʤʽ ɹʣʦʢʠ: ʂʦʞʝʥ ʊʨʠʚʘʣʽʩʪʶ 195 ʉʝʢʫʥʜ ɯ ɿ ɼʠʩʪʘʥʮʽʻʶ 1,013 ʂʤ. ɺ ʍʦʜʽ 

ʎʠʭ ʊʝʩʪʦʚʠʭ ɹʣʦʢʽʚ ɸʚʪʦʤʦʙʽʣʴ ʈʦʟʛʘʥʷʻʪʴʩʷ ɼʦ ʐʚʠʜʢʦʩʪʽ 18-32-50 ʂʤ/ɻʦʜ, 

ʉʝʨʝʜʥʷ ʐʚʠʜʢʽʩʪʴ ʉʪʘʥʦʚʠʪʴ 18,7 ʂʤ/ɻʦʜ. 

ɿʘʤʽʩʴʢʠʡ ʈʫʭ ɯʤʽʪʫʻʪʴʩʷ ʆʜʥʠʤ ʆʢʨʝʤʠʤ ɹʣʦʢʦʤ ï Extra Urban Driving 

Cycle: ʊʨʠʚʘʣʽʩʪʴ ï 400 ʉʝʢʫʥʜ, ɺʽʜʩʪʘʥʴ ï 6,955 ʂʤ, ʉʝʨʝʜʥʷ ʐʚʠʜʢʽʩʪʴ ʈʫʭʫ 

ï 62,6 ʂʤ/ɻʦʜ; ʄʘʢʩʠʤʘʣʴʥʘ ʐʚʠʜʢʽʩʪʴ ï 120 ʂʤ/ɻʦʜ. 

ʇʦʩʣʘʙʣʝʥʥʷ ʎʠʢʣʫ Nedc. ʇʦ-ʇʝʨʰʝ, ʎʝʡ ʎʠʢʣ ʇʨʦʚʦʜʠʪʴʩʷ ɿ 

ɺʽʜʢʣʶʯʝʥʥʷʤ ʉʧʦʞʠʚʘʯʽʚ ɽʥʝʨʛʽʾ: ɺʠʤʢʥʝʥʽ ʌʘʨʠ, ɼʚʽʨʥʠʢʠ, ɸʫʜʽʦʩʠʩʪʝʤʘ, 

ʂʦʥʜʠʮʽʦʥʝʨ, ʊʦʱʦ. ʇʦ-ɼʨʫʛʝ, ɺʩʽ ʈʦʟʛʦʥʠ ɼʫʞʝ ʄ'ʷʢʽ ɯ ʅʝʢʚʘʧʣʠʚʽ: ʅʘ ʈʦʟʛʽʥ 

0é50 ʂʤ/ɻʦʜ ɺʽʜʚʦʜʠʪʴʩʷ 26 ʉʝʢʫʥʜ; ʅʘ ʈʦʟʛʽʥ 0é70 ʂʤ/ɻʦʜ ɼʘʻʪʴʩʷ 41 

ʉʝʢʫʥʜʘ. ʊʘ ʁ ʄʘʢʩʠʤʘʣʴʥʽ ʊʨʘʩʦʚʽ ʐʚʠʜʢʦʩʪʽ ʅʝ ɼʫʞʝ ɺʞʝ ɺʠʩʦʢʽ. 

2. ʗʧʦʥʩʴʢʠʡ ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ Jc08 [2]. ɿ ʇʦʯʘʪʢʫ 2011 ʈʦʢʫ 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ Jc08 ʉʪʘʚ ɭʜʠʥʠʤ ɼʣʷ ʗʧʦʥʽʾ. ʎʝʡ ʎʠʢʣ ʊʨʠʚʘʻ 1205 

ʉʝʢʫʥʜ, ɿʘ ʎʝʡ ʏʘʩ ɸʚʪʦʤʦʙʽʣʴ ʇʨʦʭʦʜʠʪʴ 8,17 ʂʤ. ʉʝʨʝʜʥʷ ʐʚʠʜʢʽʩʪʴ ʇʽʜ 

ʏʘʩ ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ Jc08 ʉʪʘʥʦʚʠʪʴ 24,4 ʂʤ/ɻʦʜ; ʄʘʢʩʠʤʘʣʴʥʘ 

ʐʚʠʜʢʽʩʪ ɹɼʦʩʷʛʘʻ 81,6 ʂʤ/ɻʦʜ. 

ɼʘʥʠʡ ʎʠʢʣ ʄʘʻ ʈʷʜ ʅʶʘʥʩʽʚ: ʅʘʧʨʠʢʣʘʜ, ʇʨʠʩʢʦʨʝʥʥʷ ʊʫʪ ʏʠ ʅʝ 

mailto:mia2005.62@ukr.net


 

 

 

116 

ʅʘʡʚʠʱʝ ɺ ʇʦʨʽʚʥʷʥʥʽ ɿ ɺʠʤʽʨʶʚʘʣʴʥʠʤʠ ʎʠʢʣʘʤʠ Nedc ɯ ɽʨʘ; ʇʝʨʝʜʙʘʯʝʥʠʡ 

ɿʘʤʽʨ ɺʠʪʨʘʪʠ ʇʘʣʠʚʘ ʇʨʠ çʍʦʣʦʜʥʦʤʫ ʉʪʘʨʪʽè ɯ çɻʘʨʷʯʦʤʫ ʉʪʘʨʪʽè. ʊʘʢʦʞ 

ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ Jc08 ʇʝʨʝʜʙʘʯʘʻ ɿʫʧʠʥʢʠ ɿʘʛʘʣʴʥʦʶ ʊʨʠʚʘʣʽʩʪʶ ʄʘʡʞʝ 

30% ʏʘʩʫ. ʎʝʡ  ʅʶʘʥʩ ɺʢʨʘʡ ɺʘʞʣʠʚʠʡ ɺʠʧʨʦʙʫʚʘʥʴ ɼʣʷ ɽʣʝʢʪʨʦʤʦʙʽʣʽʚ ɯ 

ɻʽʙʨʠʜʽʚ. ʊʦʙʪʦ ɯʟ ɿʘʛʘʣʴʥʦʾ ʊʨʠʚʘʣʦʩʪʽ ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ Jc08 ɹʣʠʟʴʢʦ 

20 ʍʚʠʣʠʥ ɸʚʪʦʤʦʙʽʣʴ ʉʪʦʾʪʴ ʅʘ ʄʽʩʮʽ 6 ʍʚʠʣʠʥ. ɺ ʊʘʢʦʤʫ ɺʠʧʘʜʢʫ 

ɽʣʝʢʪʨʦʤʦʙ̔ʣʴ ʇʨʘʢʪʠʯʥʦ ʅʝ ʉʧʦʞʠʚʘʻ ɽʥʝʨʛʽʶ ï ʆʩʴ ʎʝ ʇʦʷʩʥʷʻ ɺʝʣʠʢʫ 

ɼʠʩʪʘʥʮʽʶ ʇʨʦʙʽʛʫ ɿʛʽʜʥʦ ʎʴʦʛʦ ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ. 

ɺ ʈʝʟʫʣʴʪʘʪʽ ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ Jc08 ɼʦʙʨʝ ʆʧʠʩʫʻ ʈʫʭ ɺ ʑʽʣʴʥʦʤʫ 

ʄʽʩʴʢʦʤʫ ʊʨʘʬʽʢʫ: ɿʫʧʠʥʢʠ, ʇʨʦʙʢʠ, ʉʪʦʷʥʥʷ ʅʘ ʉʚʽʪʣʦʬʦʨʘʭ, ɼʠʥʘʤʽʯʥʠʡ 

ʈʦʟʛʽʥ ʅʘ ʇʝʨʝʭʨʝʩʪʽ. ɸʣʝ ɺʽʥ ɿʘʥʘʜʪʦ ɯʜʝʘʣʽʩʪʠʯʥʠʡ ɯ ʇʨʘʢʪʠʯʥʦ ʅʝ ɺʨʘʭʦʚʫʻ 

ʈʫʭ ʇʦ ʊʨʘʩʽ ɿ ɺʠʩʦʢʦʶ ʐʚʠʜʢʽʩʪʶ. 

3. ɸʤʝʨʠʢʘʥʩʴʢʠʡ ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ ɽpa Ftp-75 (Federal Test Procedure 

75) [2]. ʎʝʡ ɺʠʤʽʨʶʚʘʣʴʥʠʡ ʎʠʢʣ ʑʝ ʄʘʻ ʅʘʟʚʫ ɽʨʘ: ɺʽʜ ʅʘʟʚʠ ʆʨʛʘʥʽʟʘʮʽʾ 

ɽʨʘ (Environmental Protection Agency), ʗʢʘ ʁʦʛʦ ʉʪʚʦʨʠʣʘ. ʎʝʡ ʎʠʢʣ ʄʘʻ ʅʘ 

ʋʚʘʟʽ ɿʘʛʘʣʴʥʠʡ ʏʘʩ ʊʝʩʪʫʚʘʥʥʷ 31 ʍʚʠʣʠʥʫ ɯ ɼʠʩʪʘʥʮʽʶ ʇʨʦʙʽʛʫ 17,8 ʂʤ, ɿʘ 

ʎʝʡ ʏʘʩ ɸʚʪʦʤʦʙʽʣʴ ʈʦʙʠʪʴ 22 ɿʫʧʠʥʢʠ ɿ ʇʦʜʘʣʴʰʠʤ ʈʦʟʛʦʥʦʤ. ʆʜʥʘʢ ʏʘʩ 

ʇʨʦʩʪʦʶ ʊʫʪ ʅʘʡʤʝʥʰʠʡ ï ɹʣʠʟʴʢʦ 20% ɺʽʜ ɿʘʛʘʣʴʥʦʾ ʊʨʠʚʘʣʦʩʪʽ 

ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʐʚʠʜʢʽʩʪʴ ɼʦʩʷʛʘʻ 91,2 ʂʤ/ɻʦʜ; 

ʉʝʨʝʜʥʷ ʐʚʠʜʢʽʩʪʴ ʇʽʜ ʏʘʩ ʎʠʢʣʫ ɽʨʘ ɼʦʩʷʛʘʻ ʄʘʡʞʝ 35 ʂʤ/ɻʦʜ. ʊʘʢʦʞ 

ʇʝʨʝʜʙʘʯʝʥʠʡ ʆʢʨʝʤʠʡ ʎʠʢʣ ɺʠʤʽʨʫ ɺʠʪʨʘʪʠ ʇʘʣʠʚʘ ʇʨʠ ʈʫʩʽ ʇʦ ʊʨʘʩʽ, ɼʝ 

ʉʝʨʝʜʥʷ ʐʚʠʜʢʽʩʪʴ ʉʪʘʥʦʚʠʪʴ ʄʘʡʞʝ 78 ʂʤ/ɻʦʜ. 

ʇʝʨʝʜʙʘʯʝʥʽ ɼʦʜʘʪʢʦʚʽ ɺʠʤʽʨʶʚʘʣʴʥʽ ʎʠʢʣʠ: Us06 ʆʧʠʩʫʻ ʈʽʟʢʽ ʈʦʟʛʦʥʠ 

ʇʨʠ ʉʪʘʨʪʽ ɿʽ ʉʚʽʪʣʦʬʦʨʘ ɺ ʅʘʧʨʫʞʝʥʦʤʫ ʄʽʩʴʢʦʤʫ ʇʦʪʦʮʽ; Sc03 ʇʝʨʝʜʙʘʯʘʻ 

ɺʢʣʶʯʘʪʠ ʂʦʥʜʠʮʽʦʥʝʨ. ʇʝʨʝʚʘʛʠ ɺʠʤʽʨʶʚʘʣʴʥʦʛʦ ʎʠʢʣʫ ɽʨʘ ï ɺ ʁʦʛʦ 

ʈʝʘʣʽʩʪʠʯʥʦʩʪʽ: ʐʚʠʜʢʘ ɰʟʜʘ, ɹʘʛʘʪʦ ɿʫʧʠʥʦʢ, ɼʠʥʘʤʯ̔ʥʠʡ ʈʦʟʛʽʥ, ɺʢʣʶʯʝʥʠʡ 

ʂʦʥʜʠʮʽʦʥʝʨ. ɺʩʝ ʎʝ ʈʝʘʣʴʥʦ ʅʘʚʘʥʪʘʞʫʻ ʅʝ ʊʽʣʴʢʠ ɸʚʪʦʤʦʙʽʣʴ ɿ ɼʚʟ, ɸʣʝ ɯ 

ɽʣʝʢʪʨʦʤʦʙʽʣʴ, ʗʢʦʤʫ ɼʦʚʦʜʠʪʴʩʷ ɺʠʪʨʘʯʘʪʠ ɹʽʣʴʰʝ ɽʥʝʨʛʽʾ. 

4. ʉʚʽʪʦʚʠʡ ʎʠʢʣ Wltc (Worldwide Harmonized Light Vehicles Test Cycle) 

[2]. ɺʚʝʜʝʥʦ ɿ 2017 ʈʦʢʫ ɯ ʌʘʢʪʠʯʥʦ ɭ ɿʘʤʽʥʦʶ ʇʝʨʝʨʘʭʦʚʘʥʠʭ ɺʠʱʝ ʎʠʢʣʽʚ. 

ʎʠʢʣ Wltc ɼʦʩʠʪʴ ɺʝʣʠʢʠʡ: ʁʦʛʦ ʊʨʠʚʘʣʽʩʪʴ ʉʪʘʥʦʚʠʪʴ 30 ʍʚʠʣʠʥ; ʊʝʩʪʦʚʘ 

ɼʠʩʪʘʥʮʽʷ ʇʝʨʝʚʠʱʫʻ 23 ʂʤ; ʈʽʚʝʥʴ ʇʨʠʩʢʦʨʝʥʥʷ (ɼʠʥʘʤʽʢʠ ʈʦʟʛʦʥʫ) ɹʫʜʝ 

ʅʘʡʚʠʱʦʶ ʉʝʨʝʜ ʋʩʽʭ ʆʧʠʩʘʥʠʭ ʎʠʢʣʽʚ ɺʠʤʽʨʫ. Wltc ʉʢʣʘʜʘʻʪʴʩʷ ɿ ʏʦʪʠʨʴʦʭ 

ʏʘʩʪʠʥ: ʇʦ ʇʘʨʽ ɼʣʷ ʆʧʠʩʫ ʄʽʩʴʢʦʾ ɯ ʊʨʘʩʦʚʦʤʫ ɰʟʜʠ. ɺ ʍʦʜʽ ɼʚʦʭ ʏʘʩʪʠʥ 

çʄʽʩʴʢʽ ʇʦʾʟʜʢʠè ɸʚʪʦʤʦʙʽʣʴ ʈʦʟʛʘʥʷʻʪʴʩʷ ɼʦ 56,5 ʂʤ/ɻʦʜ ɯ ɼʦ 76,6 ʂʤ/ɻʦʜ; ɺ 

ʍʦʜʽ ɼʚʦʭ ʏʘʩʪʠʥ çʊʨʘʩʦʚʦʾ ʇʦʾʟʜʢʠè ʄʘʢʩʠʤʘʣʴʥʽ ʐʚʠʜʢʦʩʪʽ ɼʦʩʷʛʘʶʪʴ 97,4 

ʂʤ/ɻʦʜ ɯ ʅʘʚʽʪʴ 131,6 ʂʤ/ɻʦʜ. ʊʦʙʪʦ, ʎʝʡ ʎʠʢʣ ʆʧʠʩʫʻ ɹʽʣʴʰ ʈʝʘʣʴʥʽ ʋʤʦʚʠ 

ɽʢʩʧʣʫʘʪʘʮʽʾ ɸʚʪʦʤʦʙʽʣʷ. ʊʘʢʦʞ ʇʝʨʝʜʙʘʯʝʥʠʡ ʈʦʟʧʦʜʽʣ ɸʚʪʦʤʦʙʽʣʽʚ ɿʘ 

ʂʣʘʩʘʤʠ ɺʠʭʦʜʷʯʠ ɿ ɰʭ ɺʽʜʥʦʰʝʥʥʷ ʇʦʪʫʞʥʦʩʪʽ ɼʦ ʄʘʩʠ. 

ʆʢʨʝʤʦ ʉʣʽʜ ɺʽʜʟʥʘʯʠʪʠ ʋʤʦʚʠ ɺʠʧʨʦʙʫʚʘʥʥʷ ɽʣʝʢʪʨʦʤʦʙʽʣʽʚ ɯ ɻʽʙʨʠʜʽʚ. 

ʅʘʧʨʠʢʣʘʜ, ɼʣʷ ɻʽʙʨʠʜʽʚ ɸʢʫʤʫʣ̫ʪʦʨ ʇʝʨʝʜ ʇʦʯʘʪʢʘʤʠ ʊʝʩʪʽʚ Wltc ʇʦʚʥʽʩʪʶ 

ʈʦʟʨʷʜʞʘʻʪʴʩʷ, ʗʢʱʦ ɺʠʨʦʙʥʠʢ ʅʝ ɼʦʚʝʜʝ, ʑʦ ɺ ʅʦʨʤʘʣʴʥʠʭ ʋʤʦʚʘʭ 

ɽʢʩʧʣʫʘʪʘʮʽʾ ɸʢʙ ɿʘʨʷʜʞʝʥʘ. ʗʢʱʦ ʇʽʜ ʏʘʩ ʊʝʩʪʫ ɿʘʨʷʜ ɸʢʙ ɿʤʽʥʶʻʪʴʩʷ, ʊʦ 

ʈʽʟʥʠʮʶ ɼʦʜʘʶʪʴ ɸʙʦ ɺʽʜʥʽʤʘʶʪʴ ɿ ʇʽʜʩʫʤʢʦʚʦʛʦ ʈʝʟʫʣʴʪʘʪʫ, ʗʢʠʡ 
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ʈʦʟʨʘʭʦʚʫʻʪʴʩʷ ɺ ʂʚʪĿɻʦʜ (ɺʪĿɻʦʜ). ɼʣʷ ɻʽʙʨʠʜʽʚ, ʋ ʗʢʠʭ ɭ ʇʽʜʟʘʨʷʜʢʘ 

ʇʝʨʝʜʙʘʯʝʥʦ ʏʦʪʠʨʠ ʎʠʢʣʠ ɺʠʤʽʨʶʚʘʥʴ: ʆʜʠʥ ɿ ʇʦʚʥʽʩʪʶ ʈʦʟʨʷʜʞʝʥʦʶ ɸʢʙ, 

ɼʚʘ ï ɿ ʏʘʩʪʢʦʚʦ ɿʘʨʷʜʞʝʥʦʶ ɸʢʙ, ɸ ʊʘʢʦʞ ʎʠʢʣ ɰʟʜʠ ɻʽʙʨʠʜʘ ɺ ʈʝʞʠʤʽ 

ɽʣʝʢʪʨʦʤʦʙʽʣʷ (ʊʽʣʴʢʠ ɸʢʙ ɯ ɽʣʝʢʪʨʦʤʦʪʦʨ). 

ɼʣʷ ɽʣʝʢʪʨʦʤʦʙʽʣʷ ʇʝʨʝʜʙʘʯʝʥʝ ʅʘʩʪʫʧʥʝ: ʉʧʦʯʘʪʢʫ ʇʦʚʥʠʡ ʈʦʟʨʷʜ ɸʢʙ 

ɺʽʜʧʦʚʽʜʥʦ ɼʦ ʈʝʢʦʤʝʥʜʘʮʽʡ ɺʠʨʦʙʥʠʢʘ, ʇʦʪʽʤ ʇʦʩʪʘʥʦʚʢʘ ʅʘ 12 ɻʦʜʠʥ ʅʘ 

ʇʦʚʥʠʡ ɿʘʨʷʜ ɯ ɺʠʪʨʠʤʢʘ ɸʢʙ. 

ɺʽʜʪʚʦʨʝʥʥʷ ɺʠʱʝʧʝʨʝʣʽʯʝʥʠʭ ʈʝʞʠʤʽʚ ʄʦʞʣʠʚʦ ʅʘ ʊʷʛʦʚʠʭ ʈʦʣʠʢʦʚʠʭ 

ʉʪʝʥʜʘʭ. ʅʘ ʈʠʥʢʫ ʋʢʨʘʾʥʠ ʇʦʩʪʘʯʘʣʴʥʠʢʦʤ ʊʘʢʠʭ ʉʪʝʥʜʽʚ ɭ ʅʽʤʝʮʴʢʘ ʌʽʨʤʘ 

ʄʘʥʘ [3]. ʎʝ ʅʘʡʜʦʨʦʞʯʝ ɯ ʄʝʪʘʣʦʻʤʥʝ ʆʙʣʘʜʥʘʥʥʷ ʉʪʘʥʮʽʾ ɼʽʘʛʥʦʩʪʠʢʠ. 

ʋ ʍʥʘʜʫ ʅʘ ʂʘʬʝʜʨʽ ʊʝʭʥʽʯʥʦʾ ɽʢʩʧʣʫʘʪʘʮʽʾ ʊʘ ʉʝʨʚʽʩʫ ɸʚʪʦʤʦʙʽʣʽʚ 

ʈʦʟʨʦʙʣʝʥʠʡ ʋʥʽʚʝʨʩʘʣʴʥʠʡ ʊʷʛʦʚʦ-ɻʘʣʴʤʽʚʥʠʡ ʉʪʝʥʜ, ʗʢʠʡ ɼʦʟʚʦʣʷʻ 

ʇʨʦʚʦʜʠʪʠ ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʽ ɺʠʧʨʦʙʫʚʘʥʥʷ ɯ ʄʦʜʝʣʶʚʘʪʠ ʈʽʟʥʽ ʋʤʦʚʠ ʈʫʭʫ 

ɸʚʪʦʤʦʙʽʣʷ, ɸ ʊʘʢʦʞ ɺʠʢʦʥʫʚʘʪʠ ʇʝʨʝʚʽʨʢʫ ʉʪʘʥʫ ɻʘʣʴʤʽʚʥʦʾ ʉʠʩʪʝʤʠ. 

ʄʝʪʘʣʦʻʤʥʽʩʪʴ ʊʷʛʦʚʦʛʦ ʉʪʝʥʜʫ ɺ ɺʝʣʠʢʽʡ ʄʽʨʽ ɺʠʟʥʘʯʘʻʪʴʩʷ ʊʠʧʦʤ 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʇʨʠʚʦʜʥʦʛʦ ʇʨʠʩʪʨʦʶ (ʅʧʧ). ʅʧʧ ʈʦʣʠʢʦʚʦʛʦ ʉʪʝʥʜʘ 

ʇʦʚʠʥʝʥ ɿʘʙʝʟʧʝʯʫʚʘʪʠ ɼʚʘ ʈʝʞʠʤʠ ʈʦʙʦʪʠ: ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʠʡ 

(ɻʝʥʝʨʘʪʦʨʥʠʡ) ɯ ʇʨʠʚʦʜʥʠʡ (ʈʫʭʦʚʠʡ). ʄʝʪʦʜʠʢʘ ʈʦʟʨʘʭʫʥʢʫ ʅʧʧ ɼʣʷ 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ɯ ʈʫʭʦʚʦʛʦ ʈʝʞʠʤʽʚ ɺʠʢʣʘʜʝʥʘ ɺ [4]. 

ʇʦ ʈʦʟʨʘʭʦʚʘʥʽʡ ʇʦʪʫʞʥʦʩʪʽ ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʇʨʠʩʪʨʦʶ ʇʽʜʙʠʨʘʻʪʴʩʷ 

ʁʦʛʦ ʊʠʧ. ʅʧʧ ɹʫʚʘʶʪʴ ɽʣʝʢʪʨʠʯʥʽ, ɻʽʜʨʘʚʣʽʯʥʽ ɯ ʄʝʭʘʥʽʯʥʽ. ʅʘʡʙʽʣʴʰʦʛʦ 

ʇʦʰʠʨʝʥʥʷ ʅʘʙʫʣʠ ɽʣʝʢʪʨʠʯʥʽ ʅʧʧ (ɼʣʷ ʊʷʛʦʚʠʭ, ɻʘʣʴʤʽʚʥʠʭ ɯ ʂʦʤʙʽʥʦʚʘʥʠʭ 

ʉʪʝʥʜʽʚ) ɯ ɻʽʜʨʘʚʣʽʯʥʽ (ɼʣʷ ʊʷʛʦʚʠʭ ʉʪʝʥʜʽʚ). 

ɼʣʷ ʊʷʛʦʚʦ-ɻʘʣʴʤʽʚʥʠʭ ʉʪʝʥʜʽʚ ʅʘʡʙʽʣʴʰ ʇʽʜʭʦʜʷʱʽ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʄʘʁ ʪʴ ʄʘʰʠʥʠ ʇʦʩʪʽʡʥʦʛʦ ɯ ɿʤʽʥʥʦʛʦ ʉʪʨʫʤʫ. ʆʜʥʘʢ ɽʣʝʢʪʨʦʧʨʠʚʦʜ 

ʇʦʩʪʽʡʥʦʛʦ ʉʪʨʫʤʫ ʄʘʻ ɹʽʣʴʰ ʉʪʘʙʽʣʴʥʽ ʇʦʢʘʟʥʠʢʠ. ʎʝ ɺʽʜʥʦʩʠʪʴʩʷ, ʇʝʨʰ ɿʘ 

ɺʩʝ, ɼʦ ʋʧʨʘʚʣʽʥʥʷ ɯ ɼʦ ʉʪʘʙʽʣʴʥʦʩʪʽ ɽʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʍʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɸʣɹʪʝʨʥʘʪʠʚʦʶ ɽʣʝʢʪʨʠʯʥʠʤ ʄʘʰʠʥʘʤ ʄʦʞʫʪʴ ɹʫʪʠ ɻʽʜʨʘʚʣʽʯʥʽ ʅʘʩʦʩ-

ʄʦʪʦʨʠ, ʗʢʽ ɿʘʩʪʦʩʦʚʫʶʪɹʩʷ ʗʢ ɽʣʝʤʝʥʪʠ ɻʽʜʨʦʧʨʠʚʦʜʫ ɺ ɺʝʨʩʪʘʪʦʙʫʜʫʚʘʥʥʽ. 

ʅʘʡʙʽʣʴʰ ʇʨʠʜʘʪʥʠʤʠ ɼʣʷ ʅʧʧ ɼʽʘʛʥʦʩʪʠʯʥʦʛʦ ʉʪʝʥʜʘ ɭ ɸʢʩʽʘʣʴʥʦ-ʇʦʨʰʥʝʚʽ 

ʅʘʩʦʩ-ʄʦʪʦʨʠ ʉʝʨʽʾ ʄʥʘ ɸʙʦ Bosch Rexroth ʉʝʨʽʾ A6vm [5]. ʎʽ ʇʨʠʩʪʨʦʾ 

ʄʦʞʫʪʴ ʇʨʘʮʶʚʘʪʠ ʗʢ ɺ ʅʘʩʦʩʥʦʤʫ ʈʝʞʠʤʽ, ʊʦʙʪʦ ɺ ʗʢʦʩʪʽ ɻʘʣʴʤʽʚʥʦʛʦ 

ʇʨʠʩʪʨʦʶ (ɻʝʥʝʨʘʪʦʨʥʠʡ ʋ ɽʣʝʢʪʨʠʯʥʠʭ ʄʘʰʠʥ), ʊʘʢ ɯ ɺ ʈʝʞʠʤʽ ɻʽʜʨʦʤʦʪʦʨʘ 

(ʈʫʭʦʚʠʡ ʈʝʞʠʤ). ʇʝʨʝʚʘʛʠ ɻʽʜʨʦʧʨʠʚʦʜʫ ï ɺʠʩʦʢʘ ɽʥʝʨʛʦʻʤʥʽʩʪʴ, ʄʘʣʽ 

ɻʘʙʘʨʠʪʠ ɯ ʄʘʩʘ. 

ɺʠʩʥʦʚʢʠ. 1. ʄʦʜʝʣʶʚʘʥʥʷ ɯ ɺʽʜʪʚʦʨʝʥʥʷ ʈʝʘʣʴʥʠʭ ʋʤʦʚ ɽʢʩʧʣʫʘʪʘʮʽʾ 

ɸʚʪʦʤʦʙʽʣʽʚ ʈʽʟʥʠʭ ʊʠʧʽʚ ɿʘ ɰʟʜʦʚʠʤʠ ʎʠʢʣʘʤʠ ʄʦʞʣʠʚʦ ʅʘ ʋʥʽʚʝʨʩʘʣʴʥʠʭ 

ɸʙʦ ʅʘ ʊʷʛʦʚʠʭ ʈʦʣʠʢʦʚʠʭ ʉʪʝʥʜʘʭ. 2. ʅʘ ʄʘʩʫ ɯ ʄʝʪʘʣʦʻʤʥʽʩʪʴ ʈʦʣʠʢʦʚʠʭ 

ʉʪʝʥʜʽʚ ʋ ɿʥʘʯʥʽʡ ʄʽʨʽ ɺʧʣʠʚʘʻ ʊʠʧ ʅʧʧ. 3. ʆʧʪʠʤʘʣʴʥʠʤ ʊʠʧʦʤ 

ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-ʇʨʠʚʦʜʥʦʛʦ ʇʨʠʩʪʨʦʶ ɼʣʷ ʈʦʣʠʢʦʚʦʛʦ ʉʪʝʥʜʘ ɭ ʆʙʦʨʦʪʥʘ 

ɻʽʜʨʘʚʣʽʯʥʘ ʄʘʰʠʥʘ (ʅʘʩʦʩ-ʄʦʪʦʨ ʉʝʨʽʾ ʄʥʘ ɸʙʦ Bosch Rexroth ʉʝʨʽʾ A6vm). 
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ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ʆʍʃʆɾɼɸʖʑʀʍ ɾʀɼʂʆʉʊɽʁ 

ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼɺʀɻɸʊɽʃɽʁ  

 

ɺʳʩʦʢʠʝ ʪʝʤʧr ʨʘʟʚʠʪʠ ̫ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʧʫʩʢʘ 

ʘʚʪʦʤʦʙʠʣʝʡ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʢʘʯʝʩʪʚʘ, ʥʘʜʸʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʪʨʝʙʫʶʪ ʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʣʷ ʚʩʝʩʝʟʦʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ 

ʞʠʜʢʦʩʪʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʧʨʠʤʝʥ̫ ʶʪʩʷ ʘʥʪʠʬʨʠʟ r

ʠ ʪʦʩʦʣʳ. 

ɺʦʜʘ ʚʦ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠʷ  ʦʙʨʘʟʫʝʪ ʥʘʢʠʧʴ, 

ʦʜʠʥ ʤʠʣʣʠʤʝʪʨ ʢʦʪʦʨʦʡ ʥʘ ʩʪʝʥʢʘʭ ʨʫʙʘʰʢʠ ʦʭʣʘʞʜʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʫʭʫʜʰʘʝʪ 

ʪʝʧʣʦʦʙʤʝʥ ʥʘ 25%, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʥʠʞʘʝʪ ʤʦʱʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʥʘ 6%, ʘ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʜʦ 5% [1]. ɸ ʤʠʣʣʠʤʝʪʨ ʥʘʢʠʧʠ ʧʦʷʚʣʷʝʪʩʷ ʫʞʝ ʯʝʨʝʟ ʪʨʠ ï 

ʯʝʪrʨʝ ʤʝʩʷʮʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ, ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʟʘʧʦʣʥʝʥʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʦʡ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʪʦʣʱʠʥʳ 

ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʜʘʪʁ ʪʝʧʣʦ. ʀʟ-ʟʘ ʵʪʦʛʦ 

ʚʦʟʥʠʢʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʝʨʝʧʘʜ rʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ (ʪʝʨʤʦʥʘʧʨʷʞʝʥʠʷ), 

ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʝʪʘʣʝʡ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ.  

ɹʦʣʴʰʠʝ ʥʝʧʨʠʷʪʥʦʩʪʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ 

ʜʝʪʘʣʝʡ ʩʠʩʪʝʤr ʦʭʣʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ (ʩʪʘʣʴ, 

ʯʫʛʫʥ, ʩʠʣʫʤʠʥ, ʤʝʜʴ, ʘʣʶʤʠʥʠʡ ʠ ʜʨ.). ʆʢʘʟʘʚʰʠʩʴ ʚ ʢʦʥʪʘʢʪʝ, ʵʪʠ  ʤʝʪʘʣʣʳ, ʩ 

ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʜʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ, ʦʙʨʘʟʫʶʪ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʧʘʨ,r ʚ 

ʩʣʝʜʩʪʚʠʠ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ. ʋʞʝ ʯʝʨʝʟ 1,5 ï 2 ʛʦʜʘ 

ʢɻʩʧʣʫʘʪʘʮʠʠ ʥʦʚʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʩ ʧʨʠʨʦʜʥʦʡ ʚʦʜʦʡ ʚ ʩʠʩʪʝʤʝ ʦʭʣʘʞʜʝʥʠ ̫ʝʛʦ 

ʜʚʠʛʘʪʝʣʴ ʪʨʝʙʫʝʪ ʧʦʪʦʯʥʦʛʦ, ʘ ʠʥʦʛʜʘ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. 
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ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʬʨʠʟʦʚ ʠ ʪʦʩʦʣʦʚ ʫʩʪʨʘʥ̫ʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ 

ʦʭʣʘʞʜʝʥʠʷ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʚʚʝʜʝʥʠʝʤ ʚ ʩʦʩʪʘʚ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʥʛʠʙʠʪʦʨʦʚ ʠ ʧʨʠʩʘʜʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʘʢʠʧʠ, ʧʦʥʠʞʘʶʪ ʚʩʧʝʥʠʚʘʝʤʦʩʪʴ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʟʘʩʪʳʚʘʥʠʷ, ʧʦʚrh ʘʁʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʝʥʠʷ ʠ ʜʨ.  

ɺʩʝʩʝʟʦʥʥʘʷ ʦʭʣʘʞʜʘʶʱʘʷ ʞʠʜʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʤʥʦʛʦ ʚ ʯʸʤ ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʜʸʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʝʛʦ ʩʠʩʪʝʤ. ʀ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʢ ʣʁʙʦʡ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʘʨʘʤʝʪʨ, ʥʫʞʜʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʝ ʠ 

ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʝʤʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪ ɹʘʥʪʠʬʨʠʟʘ 

ʠʣʠ ʪʦʩʦʣʘ.  

ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ 

(ʪʦʧʣʠʚ, ʤʘʩʝʣ, ʨʘʩʪʚʦʨʦʚ, ʨʘʩʪʚʦʨʦʚ ʧʨʠʩʘʜʦʢ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʦʮʝʥʢʠ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ, ʥʦ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ    

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ  ʫʢʘʟʘʥʥʳʭ ʞʠʜʢʦʩʪʷʭ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʥʘʣʠʯʠʝ ʚ ʵʪʠʭ ʞʠʜʢʦʩʪʷʭ ʩʚʦʙʦʜʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳʭ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ   (ʵʣʝʢʪʨʦʥʦʚ, ʠʦʥʦʚ, 

ʟʘʨʷʞʝʥʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ). ʀʟʤʝʨʝʥʠʝ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ɻʆʉʊ 6581 [2,3,4,5].   

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʝ ʨʘʙʦʪʘʚʰʠʭ ʘʥʪʠʬʨʠʟʦʚ 

ʠ ʪʦʩʦʣʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʋʢʨʘʠʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʣʠʯʥʦʡ 

ʦʩʥʦʚʝ ʠ ʧʘʢʝʪʝ ʧʨʠʩʘʜʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʵʪʠʭ ʞʠʜʢʦʩʪʝʡ.  

ʇʦʩʣʝ ʚʳʷʚʣʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʟʥʘʯʝʥʠʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ 

ʦʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʁ ʱʠʤʠ ʢʘʯʝʩʪʚʦ ʘʥʪʠʬʨʠʟʘ (ʪʦʩʦʣʘ), ʚ 

ʜʘʣʴʥʝʡʰʝʤ, ʟʥʘʷ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʦʞʥʦ ʙʫʜʝʪ 

ʫʪʦʯʥʷʪʴ ʩʨʦʢʠ ʟʘʤʝʥʳ ʦʭʣʘʞʜʘʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʚ ʜʚʠʛʘʪʝʣʝ ʘʚʪʦʤʦʙʠʣ ̫ʠ 

ʨʘʩʧʦʟʥʘʚʘʪʴ ʧʦʜʜʝʣʴʥrʝ ʘʥʪʠʬʨʠʟʳ (ʪʦʩʦʣʳ). 
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ɸʃɻʆʈʀʊʄ ʇʆʐʋʂʋ ʅɽʉʇʈɸɺʅʆʉʊɽʁ ʋ ʉʀʉʊɽʄɸʍ ʇʆʉʊɯʁʅʆɻʆ 

ɺʇʆʈʉʂʋɺɸʅʅʗ ʇɸʃʀɺɸ çBOSCH KE-JETRONICè ʃɽɻʂʆɺʀʍ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ʉʠʩʪʝʤʘ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ çʂE-Jetronicè ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ 

ʧʦʜʽʙʥʘ ʤʝʭʘʥʽʯʥʽʡ ʩʠʩʪʝʤʽ ʧʦʩʪʽʡʥʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ çʂ-Jetronicè, ʘʣʝ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ. ɺ ʩʠʩʪʝʤʽ çʂE-Jetronicè ʨʝʛʫʣʷʪʦʨ ʪʠʩʢʫ 

ʢʝʨʫʚʘʥʥʷ ʟʘʤʽʥʝʥʦ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ [1, 2]. 

ʂʨʽʤ ʮʴʦʛʦ, ʩʠʩʪʝʤʘ ʤʘʻ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʚʘʞʝʣʽ ʚʠʪʨʘʪʦʤʽʨʘ ʧʦʚʽʪʨʷ 

ʧʦʪʝʥʮʽʦʤʝʪʨ (ʨʝʦʩʪʘʪʥʠʡ ʜʘʪʯʠʢ) ʪʘ ʚʠʤʠʢʘʯ ʧʦʣʦʞʝʥʥʷ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ.  

ʉʠʩʪʝʤʘ çʂE-Jetronicè ʻ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʩʠʩʪʝʤʠ çʂ-Jetronicè ʪʘ 

ʜʦʟʚʦʣʷʻ ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʦʟʫʚʘʥʥʷ ʧʘʣʠʚʘ. ʅʘʡʚʠʱʠʤ ʩʪʫʧʝʥʝʤ ʦʧʪʠʤʽʟʘʮʽʾ ʻ 

ʧʘʣʠʚʥʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʥʘʡʥʠʞʯʘ ʪʦʢʩʠʯʥʽʩʪʴ ʚʽʜʧʨʘʮɹ ʦʚʘʥʠʭ ʛʘʟʽʚ ʪʘ 

ʥʘʡʢʨʘʱʘ ʜʠʥʘʤʽʯʥʽʩʪʴ. 

ʋ ʮʽʣʦʤʫ, ʘʣʛʦʨʠʪʤ ʧʦʰʫʢʫ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʪʘʢʠʭ ʩʠʩʪʝʤ ʪʘ ʧʨʠʯʠʥ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʟʘ ʢʦʜʘʤʠ, ʧʦʜʘʥʠʤʠ ʚ ʪʘʙʣ. 1. 

ʇʝʨʝʜ ʧʝʨʝʚʽʨʢʦʶ ʩʠʩʪʝʤʠ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʚʽʨʠʪʠ ʫʩʪʘʥʦʚʢʫ ʤʦʤʝʥʪʘ 

ʟʘʧʘʣʝʥʥʷ, ʩʪʘʥ ʩʚʽʯʦʢ ʟʘʧʘʣʝʥʥʷ ʪʘ ʨʝʛʫʣʷʪʦʨ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ. 

ʊʘʙʣʠʮʷ 1 ï ʄʦʞʣʠʚ ̔ʥʝʩʧʨʘʚʥʦʩʪ ̔ʩʠʩʪʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ çʂE-Jetronicè ʪʘ ʢʦʜʠ 

ʧʨʠʯʠʥ ʾʭ ʚʠʥʠʢʥʝʥʥʷ  

ʅʝʩʧʨʘʚʥʽʩʪʴ ʂʦʜ 

ʍʦʣʦʜʥʠʡ ʜʚʠʛʫʥ ʥʝ ʟʘʧʫʩʢʘʻʪʴʩʷ ʘʙʦ 

ʧʦʛʘʥʦ ʟʘʧʫʩʢʘʻʪʴʩʷ ʪʘ ʛʣʦʭʥʝ 

1, 2, 3, 5, 6, 7, 11 

ʅʝʩʪʽʡʢʘ ʨʦʙʦʪʘ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ 

ʧʨʦʛʨʽʚʘʥʥʷ 

3, 6, 11 

ɼʚʠʛʫʥ ʧʦʛʘʥʦ ʥʘʙʠʨʘʻ ʦʙʝʨʪʠ ʧʽʜ ʯʘʩ 

ʧʨʦʛʨʽʚʘʥʥʷ 

1, 2, 3, 11, 13 

ɻʘʨʷʯʠʡ ʜʚʠʛʫʥ ʥʝ ʟʘʧʫʩʢʘʻʪʴʩʷ ʘʙʦ 

ʟʘʧʫʩʢʘʻʪʴʩʷ ʟ ʪʨʫʜʥʦʱʘʤʠ 

1, 2, 3, 5, 6 

ɻʘʨʷʯʠʡ ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʥʝʩʪʽʡʢʦ ʥʘ 

ʭʦʣʦʩʪʦʤʫ ʭʦʜ ̔

3, 4, 12 

ɻʘʨʷʯʠʡ ʜʚʠʛʫʥ ʥʝ ʤʘʻ ʜʦʩʪʘʪʥʴʦʾ 

ʧʨʠʡʦʤʠʩʪʦʩʪʽ 

1, 2, 9, 10, 11 

ɼʚʠʛʫʥ ʥʝ ʨʦʟʚʠʚʘʻ ʧʦʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ 1,2, 3, 9, 10, 12 

ʅʠʟʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʛʘʣʴʤʫʚʘʥʥʷ 

ʜʚʠʛʫʥʦʤ 

1, 8, 10, 11 

ʇʽʜʚʠʱʝʥʘ ʚʠʪʨʘʪʘ ʧʘʣʴʥʦʛʦ  1, 2, 3, 6, 12 

mailto:hefer64@gmail.com
mailto:kostya.lyashenko9913@gmail.com
mailto:kauakallah@gmail.com
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ɺʩʪʘʥʦʚʣʝʥʦ [3, 4] ʥʝʜʦʣʽʢʠ ʪʘʢʠʭ ʩʠʩʪʝʤ: ʩʫʤʽʩʪʠʪʠ ʚʩ̔ ʪʨʠ ʩʢʣʘʜʦʚʽ ʥʝ 

ʚʜʘ̒ʪʴʩʷ. ʗʢ ʚʘʨʽʘʥʪ ʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ: ʧʨʦ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʪʫʨʙʫʶʪʴʩʷ 

ʚ ʨʘʟʽ ʯʘʩʪʢʦʚʦʛʦ ʟʘʚʘʥʪʘʞʝʥʥʷ ʘʚʪʦʤʦʙʽʣʷ, ʘ ʧʨʠ ʧʦʚʥʽʡ ʤʘʩʽ ï ʧʨʦ ʜʠʥʘʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ. 

ʈʦʟʰʠʬʨʦʚʢʫ ʢʦʜʽʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʠʩʪʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ çʂE-Jetronicè 

ʧʦʜʘʥʦ ʫ ʪʘʙʣ. 2 

 

ʊʘʙʣʠʮʷ 2 ï ʈʦʟʰʠʬʨʦʚʢʘ ʢʦʜʽʚ ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʩʠʩʪʝʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ  

çʂE-Jetronicè 

 

ʂʦʜ ʥʝʩʧʨʘʚʥʦʩʪʽ ʈʦʟʰʠʬʨʦʚʢʘ 

1 ʊʠʩʢ ʫ ʥʠʞʥʽʭ ʢʘʤʝʨʘʭ ʜʦʟʘʪʦʨʘ-ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʥʝ 

ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ 

2 ʊʠʩʢ ʧʘʣʠʚʘ ʫ ʩʠʩʪʝʤʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʥʦʨʤʽ 

3 ʇʦʨʫʰʝʥʦ ʛʝʨʤʝʪʠʯʥʩ̔ʪʴ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 

4 ʅʝʨʽʚʥʦʤʽʨʥʘ ʧʦʜʘʯʘ ʧʘʣʠʚʘ ʬʦʨʩʫʥʢʘʤʠ ʚʧʦʨʩʢʫʚʘʥʥʷ 

5 ʅʝʧʨʘʚʠʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʥʘʧʦʨʥʦʛʦ ʜʠʩʢʘ ʜʦʟʘʪʦʨʘ-

ʨʦʟʧʦʜʽʣʴʥʠʢʘ ʫ ʚʠʭʽʜʥʦʤʫ ʧʦʣʦʞʝʥʥʽ 

6 ʅʝʩʧʨʘʚʥʠʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʠ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ 

7 ʅʝʜʦʩʪʘʪʥʻ ʟʙʘʛʘʯʝʥʥʷ ʩʫʤʽʰʽ ʧʽʩʣʷ ʧʫʩʢʫ ʜʚʠʛʫʥʘ 

8 ʅʝʩʧʨʘʚʥʠʡ ʤʽʢʨʦʧʝʨʝʤʠʢʘʯ ʧʨʠʤʫʩʦʚʦʛʦ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ 

9 ʅʝʩʧʨʘʚʥʠʡ ʚʠʤʠʢʘʯ ʜʨʦʩʝʣʴʥʦʾ ʟʘʩʣʽʥʢʠ 

10 ʅʝ ʧʦʩʪʫʧʘʻ ʩʠʛʥʘʣ ʧʦʯʘʪʢʫ ʚʽʜʣʽʢʫ TD (ɺʄʊ) ʩʠʩʪʝʤʠ 

ʟʘʧʘʣʝʥʥʷ 

11 ʅʝʩʧʨʘʚʥʽʩʪʴ ʨʝʣʝ ʟʘʭʠʩʪʫ ʚʽʜ ʧʝʨʝʥʘʚʘʥʪʘʞʝʥʥʷ  

12 ʇʦʨʫʰʝʥʦ ʨʝʛʫʣʽʨʦʚʢʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʜʚʠʛʫʥʘ 

13 ʅʝʩʧʨʘʚʥʽʩʪʴ ʜʘʪʯʠʢʘ ʧʦʣʦʞʝʥʥʷ ʥʘʧʦʨʥʦʛʦ ʜʠʩʢʘ 

ʜʦʟʘʪʦʨʘ-ʨʦʟʧʦʜʽʣʴʥʠʢʘ 

 

ɺʠʩʥʦʚʢʠ 

ʅʘ ʧʽʜʩʪʘʚʽ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʱʦ ʤʘʶʪʴ ʤʽʩʮʝ ʧʽʜ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʽʟ ʩʠʩʪʝʤʦʶ ʧʦʩʪʽʡʥʦʛʦ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ 

çʂE-Jetronicè, ʘʚʪʦʨʘʤʠ ʚʩʪʘʥʦʚʣʝʥʦ ʘʣʛʦʨʠʪʤ ʾʭ ʧʦʰʫʢʫ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʢʦʜʘʤʠ, ʟʚʝʜʝʥʠʤʠ ʜʦ ʪʘʙʣʠʮ̔, ʱʦ ʟʤʝʥʰʫʻ ʪʨʫʜʦʻʤʥʽʩʪʴ ʾʭ ʚʠʷʚʣʝʥʥʷ ʪʘ 

ʫʩʫʥʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ.  

ʉʇʀʉʆʂ ʃɯʊɽʈɸʊʋʈʀ 

1. ɽʨʦʭʦʚ ɺ.ʀ. ʉʠʩʪʝʤʳ ʚʧʨʳʩʢʘ ʙʝʥʟʠʥʦʚʳʭ ʜʚʠʛʘʪʝʣʝʡ: ʢʦʥʩʪʨʫʢʮʠʷ, 

ʨʘʩʯʝʪ, ʜʠʘʛʥʦʩʪʠʢʘ / ɽʨʦʭʦʚ ɺ.ʀ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2011. ï 552ʩ. 2. 

ɼʘʥʦʚ ɹ.ɸ. ʕʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʥʦʩʪʨʘʥʥʳʭ ʘʚʪʦʤʦʙʠʣʝʡ: 

ʨʫʢʦʚʦʜʩʪʚʦ / ɼʘʥʦʚ ɹ.ɸ. ï 2002. - 224c. 3. ʍʘʨʘʟʦʚ ɸ.ʄ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʊʆ ʠ ʨʝʤʦʥʪʘ ʘʚʪʦʤʦʙʠʣʝʡ / ʍʘʨʘʟʦʚ ɸ.ʄ. - ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ., 

1990.-208 ʩ. 4. ʂʘʨʘʛʦʜʠʥ ɺ.ʀ. ʈʝʤʦʥʪ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʜʚʠʛʘʪʝʣʝʡ / ʂʘʨʘʛʦʜʠʥ 

ɺ.ʀ. ï ʄ.: ʄʘʩʪʝʨʩʪʚʦ, 2001. ï 496ʩ. 
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ʆʨʠʩʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɺʽʢʪʦʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʇʦʣʪʘʚʩʴʢʘ ʧʦʣ̔ʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ʐʘʧʦʚʘʣ ʄʠʢʦʣʘ ɺʽʪʘʣʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè 

ʉʢʦʨʠʢ ʄʘʢʩʠʤ ʆʣʝʢʩʽʡʦʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, maxym.skoryk@gmail.com 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ɺɽʈʊʀʂɸʃʔʅʀʍ ʂʆʃʀɺɸʅʔ ʎɽʅʊʈɸ 

ɺɸɻʀ ʇʈʀʏɯʇʅʆɰ ʃɸʅʂʀ ʅɸ ɸɺʊʆʄʆɹɯʃʔ-ʊʗɻɸʏ ɸɺʊʆʇʆɰɿɼɸ 

ʂɸʊɽɻʆʈɯɰ ʄ1. 

 

ʈʫʭ ʘʚʪʦʧʦʾʟʜʘ ʢʘʪʝʛʦʨʽʾ ʄ1 ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʠʤʠ 

ʟʥʘʢʦʟʤʽʥʥʠʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷʤʠ ʫ ʪʷʛʦʚʦ-ʟʯʽʧʥʦʤʫ ʧʨʠʩʪʨʦʾ, ʷʢʠʡ ʫ ʩʠʩʪʝʤʽ 

çʘʚʪʦʤʦʙʽʣʴ-ʧʨʠʯʽʧè ʷʚʣʷʻʪʴʩʷ ʧʨʫʞʥʦʶ ʣʘʥʢʦʶ [1]. ʇʨʠ ʤʘʪʝʤʘʪʠʯʥʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ ʟʛʽʜʥʦ ʧʨʠʥʮʠʧʫ ɼʘʣʘʤʙʝʨʘ-ʃʘʛʨʘʥʞʘ ʨʫʭ ʩʠʩʪʝʤʠ çʘʚʪʦʤʦʙʽʣʴ-

ʧʨʠʯʽʧè ʟʘʧʠʩʘʥʦ ʫ ʚʠʛʣʷʜʽ ʜʚʦʭ ʩʠʩʪʝʤ ʨʽʚʥʷʥʴ ï ʙʝʟ ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʦʧʦʨʫ ʪʘ ʟ 

ʥʠʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʧʦʢʘʟʘʣʠ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʢʣʘʜʽ 

ʪʷʛʦʚʦ-ʟʯʽʧʥʦʛʦ ʧʨʠʩʪʨʦʶ ʜʠʩʠʧʘʪʠʚʥʦʾ ʣʘʥʢʠ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʫʥʠʢʥʫʪʠ 

ʢʦʣʠʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʜʠʥʘʤʽʯʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʠʭ ʨʝʞʠʤʽʚ ʨʫʭʫ ʘʚʪʦʧʦʾʟʜʘ [1, 2, 3, 4, 5]. 

ʄʝʪʦʶ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʛʦ ʚʧʣʠʚʫ 

ʚʝʨʪʠʢʘʣʴʥʠʭ ʢʦʣʠʚʘʥʴ ʮʝʥʪʨʘ ʚʘʛʠ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ ʥʘ ʘʚʪʦʤʦʙʽʣʴ-ʪʷʛʘʯ 

ʘʚʪʦʧʦʾʟʜʘ ʢʘʪʝʛʦʨʽʾ ʄ1. 

ʋ [6] ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʦ ʧʦʚʝʨʭʥʽ ʽʟ 

ʢʨʠʚʠʟʥʦʶ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʧʨʠʯʝʧʘ 

 

ʊʘʢʦʞ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʜʦʜʘʪʢʦʚʘ ʟʙʫʜʞʫʶʯʘ ʩʠʣʘ ʚʽʜ ʥʝʨʽʚʥʦʩʪʽ ʜʦʨʦʛʠ h, 

ʅ, ɦʦ ʜʽʻ ʫ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʫ. ɺʦʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ ʪʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ 
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ʜʝ h0 ï ʧʦʯʘʪʢʦʚʘ ʟʙʫʜʞʫʶʯʘ ʩʠʣʘ, ʅ. 
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ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʨʠʯʝʧʘ ʟʘ ʜʝʷʢʠʭ 

ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʪʘ ʙʝʟ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʢʦʣʠʚʘʥʥʷ ʤʘʪʠʤʫʪʴ ʟʘʪʫʭʘʶʯʠʡ 

ʭʘʨʘʢʪʝʨ. ʇʽʩʣʷ ʧʦʷʚʠ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʧʨʠʯʝʧʘ ʣʽʥʽʡʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʤʘʪʠʤʫʪʴ ʪʘʢʦʞ ʟʘʪʫʭʘʶʯʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʯʦʤʫ, 

ʨʽʟʥʠʮʽ ʣʽʥʽʡʥʠʭ ʧʝʨʝʤʽʱʝʥʴ (x1(t)-x(t)) ʪʘ ʣʽʥʽʡʥʠʭ ʰʚʠʜʢʦʩʪʝʡ (v1(t)-v(t)) ʥʝ 

ʟʥʘʯʥʽ ʽ ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ ʧʦʭʠʙʢʠ ʦʙʯʠʩʣʝʥʥʷ. 

ɿʘʢʦʥʠ ʧʦʚʥʠʭ ʣʽʥʽʡʥʠʭ ʧʨʠʩʢʦʨʝʥʴ ʘ1(t) ʪʘ ʘ(t) ʨʽʟʥʷʪʴʩʷ ï ʙʝʟ 

ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʢʦʣʠʚʘʥʥʷ ʤʘʪʠʤʫʪʴ ʟʘʪʫʭʘʶʯʠʡ ʭʘʨʘʢʪʝʨ, ʘ ʟ ʧʦʷʚʦʶ 

ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʚʦʥʠ ʤʘʪʠʤʫʪʴ ʧʝʨʽʦʜʠʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ ʯʦʤʫ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʰʝʥʥʷ ʾʭ ʘʙʩʦʣʶʪʥʠʭ ʚʝʣʠʯʠʥ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 3. 

ʅʘ ʚʝʣʠʯʠʥʫ ʩʠʣʠ, ʷʢʘ ʙʫʜʝ ʜʽʷʪʠ ʥʘ ʘʚʪʦʤʦʙʽʣʴ-ʪʷʛʘʯ ʚʽʜ ʧʨʠʯʝʧʘ, ʙʫʜʝ 

ʚʧʣʠʚʘʪʠ ʧʨʠʩʢʦʨʝʥʥʷ ʮʝʥʪʨʘ ʡʦʛʦ ʚʘʛʠ, ʘ ʩʘʤʝ ʡʦʛʦ ʥʦʨʤʘʣʴʥʘ (ʜʦʪʠʯʥʘ) 

ʩʢʣʘʜʦʚʘ ʘn1, ʱʦ ʩʧʨʷʤʦʚʘʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ ʚʝʢʪʦʨʘ ʰʚʠʜʢʦʩʪʽ v [7]. 

ɺʨʘʭʦʚʫʶʯʠ ʞʦʨʩʪʢʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʫ ʪʦʯʮʽ ʢʨʽʧʣʝʥʥʷ ʜʠʰʣʘ ʽ ʧʨʠʯʝʧʘ, ʤʦʞʥʘ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʜʽʷ ʩʠʣʠ ʙʫʜʝ ʥʘʧʨʘʚʣʝʥʘ ʽʟ ʮʝʥʪʨʘ ʚʘʛʠ ʚʟʜʦʚʞ ʜʠʰʣʘ ʧʨʠʯʝʧʘ 

ʜʦ ʪʦʯʢʠ ʡʦʛʦ ʢʨʽʧʣʝʥʥʷ ʽʟ ʘʚʪʦʤʦʙʽʣʝʤ-ʪ̫ ʛʘʯʝʤ. 

ʅʦʨʤʘʣʴʥʘ ʩʠʣʘ Fn, ʅ, ʷʢʘ ʩʪʚʦʨʶʚʘʪʠʤʝ ʚʧʣʠʚ ʚʽʜ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ 

ʘʚʪʦʧʦʾʟʜʘ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ ʘʚʪʦʤʦʙʽʣʴ-ʪʷʛʘʯ ʧʨʠ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʨʫʭʦʚʽ  

,))(()( 2 LtmtF ʧn ÖÖ= w      (2) 

ʜʝ mn ï ʤʘʩʘ ʧʨʠʯʝʧʘ, ʢʛ, 

     L ï ʜʦʚʞʠʥʘ ʜʠʰʣʘ ʧʨʠʯʝʧʘ, ʤ. 

ɺʨʘʭʦʚʫʶʯʠ [6], ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ MathCAD 15.0 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʦʨʤʘʣʴʥ ̔ʩʠʣʠ Fn(t) ʪʘ Fn1(t) ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ 

ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʽ ʩʪʦʨʦʥʠ ʜʦʨʦʛʠ ʪʘ ʽʟ ʾʾ ʚʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʦ. 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ Fn(t) ʪʘ Fn1(t) 

ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʽ ʩʪʦʨʦʥʠ ʜʦʨʦʛʠ ʪʘ ʽʟ ʾʾ 

ʚʨʘʭʫʚʘʥʥʷʤ 
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ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʘʢʦʥ ʟʤʽʥʠ ʥʦʨʤʘʣʴʥʦʾ ʩʠʣʠ Fn, ʷʢʘ 

ʩʪʚʦʨʶʚʘʪʠʤʝ ʚʧʣʠʚ ʚʽʜ ʧʨʠʯʽʧʥʦʾ ʣʘʥʢʠ ʘʚʪʦʧʦʾʟʜʘ ʢʘʪʝʛʦʨʽʾ ʄ1 ʥʘ 

ʘʚʪʦʤʦʙʽʣʴ-ʪʷʛʘʯ ʧʨʠ ʢʨʠʚʦʣʽʥʽʡʥʦʤʫ ʨʫʭʦʚʽ, ʤʘʪʠʤʝ ʚʠʛʣʷʜ ʟʘʪʫʭʘʶʯʠʭ 

ʢʦʣʠʚʘʥʴ ʷʢ ʙʝʟ ʚʨʘʭʫʚʘʥʥʷ ʟʙʫʜʞʫʶʯʦʾ ʩʠʣʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʟʽ ʩʪʦʨʦʥʠ ʜʦʨʦʛʠ, 

ʪʘʢ ʽ ʟ ʾʾ ʚʨʘʭʫʚʘʥʥʷʤ. ʇʨʠ ʯʦʤʫ, ʨʽʟʥʠʮʷ ʥʦʨʤʘʣʴʥʠʭ ʩʠʣ (Fn1(t)-Fn(t)) ʥʝ ʟʥʘʯʥʘ 

ʽ ʣʝʞʘʪʴ ʫ ʤʝʞʘʭ 5%. 

ʈʝʟʫʣʴʪʘʪʠ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʫʪʴ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʫʪʦʯʥʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʠʥʘʤʽʯʥʦʛʦ ʜʠʰʣʘ ʜʣʷ ʦʜʥʦʦʩʥʦʛʦ ʧʨʠʯʝʧʘ BNï20, ʷʢʝ ʻ ʧʨʫʞʥʦ  ʁ

ʣʘʥʢʦ  ʁʪʷʛʦʚʦ-ʟʯʽʧʥʦʛʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʣʝʛʢʦʚʦʛʦ ʘʚʪʦʧʦʾʟʜʘ ʢʘʪʝʛʦʨʽʾ ʄ1. 
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ʇʈʀʂʃɸɼɯ ɸɺʊʆʄʆɹɯʃʗ TOYOTA CAMRY XV40  

 

ʃʝʛʢʠʡ, ʤʽʮʥʠʡ ʽ ʞʦʨʩʪʢʠʡ ʢʫʟʦʚ ʘʚʪʦʤʦʙʽʣʷ TOYOTA CAMRY XV40 

(ʨʠʩ. 1) ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʚʠʩʦʢʦ-ʤʽʮʥʦʾ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ [1]. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʦʾ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ, ʪʘ ʩʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ 

ʤʽʮʥʦʩʪʽ 

ʇʽʜʩʠʣʶʚʘʯ ʩʝʨʝʜʥʴʦʾ ʩʪʽʡʢʠ, ʧʽʜʩʠʣʶʚʘʯ ʜʘʭʫ, ʟʦʚʥʽhʥ̫  ʽ ʚʥʫʪʨʽʰʥʽ 

ʧʘʥʝʣʽ ʧʦʨʦʛʽʚ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʷʢʘ ʚ 1,3 ʨʘʟʠ 

ʤʽʮʥʽʰʝ ʟʚʠʯʘʡʥʦʾ ʤʽʮʥʦʾ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ. ʎʝ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ ʤʘʩʫ 

ʮʠʭ ʜʝʪʘʣʝʡ ʥʘ 25% [2]. 

ɺʠʥʷʪʢʦʚʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʽ ʢʫʨʩʦʚʘ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ, ʜʦʩʷʛʥʫʪʽ, 

ʟʘʚʜʷʢʠ ʚʚʝʜʝʥʥʁ ʚ ʢʦʥʩʪʨʫʢʮʽʶ ʢʫʟʦʚʘ ʚʝʨʭʥʽʡ ʟʦʚʥʽʰʥʽʡ ʧʘʥʝʣʽ ʤʦʪʦʨʥʦʛʦ 

ʚʽʜʩʽʢʫ, ʚʩʪʘʥʦʚʣʝʥʦʾ ʥʘ ʯʘʰʢʠ ʩʪʽʡʦʢ ʧʝʨʝʜʥʴʦʾ ʧʽʜʚʽʩʢʠ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʦʟʧʽʨʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 
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ʋʜʘʨʦʧʦʛʣʠʥʘʶʯʘ ʢʦʥʩʪʨʫʢʮʽʷ ʢʫʟʦʚʘ ʥʦʚʦʾ ʤʦʜʝʣʽ Camry ʟʜʘʪʥʘ 

ʝʬʝʢʪʠʚʥʦ ʟʤʝʥʰʫʚʘʪʠ ʥʘʩʣʽʜʢʠ ʬʨʦʥʪʘʣʴʥʦʛʦ, ʙʦʢʦʚʦʛʦ ʘʙʦ ʟʘʜʥʴʦʛʦ ʫʜʘʨʫ. 

ɺʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʚʦʜʽʷ ʽ ʧʘʩʘʞʠʨʽʚ. 

ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʧʦʛʣʠʥʘʶʪʴ ʝʥʝʨʛʽʶ ʫʜʘʨʫ ʧʨʠ ʟʽʪʢʥʝʥʥʽ: 

- ʫ ʚʠʧʘʜʢʫ ʟʤʽʱʝʥʦʛʦ ʣʦʙʦʚʦʛʦ ʟʽʪʢʥʝʥʥʷ ʢʫʟʦʚ ʨʦʟʩʽʶʻ ʝʥʝʨʛʽʶ ʫʜʘʨʫ; 

- ʙʽʣʴʰ ʧʦʪʫʞʥʽ ʚʥʫʪʨʽʰʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʜʚʝʨʝʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʝʥʰʠʡ 

ʟʘʟʦʨ ʤʽʞ ʜʚʝʨʠʤʘ ʪʘ ʩʪʽʡʢʘʤʠ ʢʫʟʦʚʘ. ʇʨʠ ʮʴʦʤʫ, ʫ ʨʘʟʽ ʟʤʽʱʝʥʦʛʦ ʣʦʙʦʚʦʛʦ 

ʟʽʪʢʥʝʥʥʷ, ʝʥʝʨʛʽʷ ʫʜʘʨʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʝʨʭʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʜʚʝʨʝʡ, ʟʤʝʥʰʫʶʯʠ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʩʪʽʡʢʠ; 

- ʧʽʜʩʠʣʶʚʘʯʽ ʤʽʞ ʧʽʜʣʦʛʦʶ ʽ ʧʝʨʝʜʥʽʤ ʣʦʥʞʝʨʦʥʦʤ ʽ ʚʥʫʪʨʽʰʥʽ 

ʧʽʜʩʠʣʶʚʘʯʽ ʤʽʞ ʧʽʜʣʦʛʦʶ ʽ ʣʦʥʞʝʨʦʥʦʤ ʟʤʝʥʰʫʶʪʴ ʜʝʬʦʨʤʘʮʽʶ ʩʘʣʦʥʫ ʫ ʨʘʟʽ 

ʟʽʪʢʥʝʥʥʷ; 

- ʧʨʠ ʙʽʯʥʦʤʫ ʟʽʪʢʥʝʥʥʽ ʝʥʝʨʛʽʷ ʫʜʘʨʫ, ʩʧʨʷʤʦʚʘʥʘ ʚʩʝʨʝʜʠʥʫ ʩʘʣʦʥʫ, 

ʨʦʟʩʽʶʻʪʴʩʷ ʧʦ ʢʫʟʦʚʫ ʯʝʨʝʟ ʧʽʜʩʠʣʶʚʘʯʽ ʩʪʽʡʦʢ, ʙʽʯʥʽ ʟʘʭʠʩʥʽ ʙʨʫʩʠ ʽ ʧʦʧʝʨʝʯʢʠ 

ʧʽʜʣʦʛʠ; 

- ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʤʽʮʥʽʩʪʴ ʥʘ ʫʜʘʨ, ʩʝʨʝʜʥʽ ʩʪʽʡʢʠ ʧʦʩʠʣʝʥʽ 

ʜʝʪʘʣʷʤʠ ʽʟ ʩʪʘʣʝʚʦʛʦ ʣʠʩʪʘ ʧʽʜʚʠʱʝʥʦʾ ʤʽʮʥʦʩʪʽ, ʙʽʣʴʰ ʪʦʛʦ, ʚʩʝʨʝʜʠʥʽ 

ʩʝʨʝʜʥʽʭ ʩʪʽʡʦʢ ʚʩʪʘʥʦʚʣʝʥʽ ʧʽʜʩʠʣʶʚʘʯʽ ʢʦʨʦʙʯʘʩʪʦʛʦ ʧʝʨʝʪʠʥʫ; 

- ʧʽʜʩʠʣʶʚʘʯʽ ʜʘʭʫ, ʥʘ ʷʢʠʭ ʢʨʽʧʠʪʴʩʷ ʤʝʭʘʥʽʟʤ ʣʶʢʘ, ʚʠʛʦʪʦʚʣʝʥʽ ʟ 

ʚʠʩʦʢʦʤʽʮʥʦʾ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ. ʂʨʽʤ ʪʦʛʦ, ʢʦʥʩʪʨʫʢʮʽʷ ʦʙʦʭ ʣʦʥʞʝʨʦʥʽʚ ʜʘʭʫ 

ʟʜʘʪʥʘ ʚʠʪʨʠʤʫʚʘʪʠ ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʧʨʦʥʠʢʥʝʥʥʷ ʣʦʥʞʝʨʦʥʽʚ ʜʘʭʫ ʚ ʩʘʣʦʥ ʧʨʠ ʙʽʯʥʦʤʫ ʟʽʪʢʥʝʥʥʽ; 

- ʚʩʝʨʝʜʠʥʽ ʟʘʜʥʴʦʾ ʜʚʝʨʽ ʚʩʪʘʥʦʚʣʝʥʘ ʧʫʩʪʦʪʽʣʘ ʙʘʣʢʘ, ʘ ʟʩʝʨʝʜʠʥʠ ʩʘʣʦʥʫ 

ʥʘ ʧʦʧʝʨʝʯʢʫ ʩʝʨʝʜʥʴʦʾ ʯʘʩʪʠʥʠ ʧʽʜʣʦʛʠ ʚʩʪʘʥʦʚʣʝʥʘ ʧʽʜʩʠʣʶʚʘʣʴʥʘ ʢʦʩʠʥʢʘ. 

ʇʨʠ ʙʽʯʥʦʤʫ ʫʜʘʨʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ ʙʘʣʢʫ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʢʦʩʠʥʢʫ, ʧʨʠ 

ʮʴʦʤʫ ʜʝʬʦʨʤʘʮʽʷ ʢʫʟʦʚʘ ʟʤʝʥʰʫʻʪʴʩʷ; 

- ʫ ʢʦʥʩʪʨʫʢʮʽʶ ʢʘʨʢʘʩʘ ʧʝʨʝʜʥʽʭ ʩʠʜʽʥʴ ʚʭʦʜʷʪʴ ʪʨʫʙʢʠ ʽ ʥʘʢʣʘʜʢʠ, ʱʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʧʦʩʠʣʝʥʠʡ ʪʫʥʝʣʴ ʧʽʜʣʦʛʠ ʽ 

ʚʩʝʨʝʜʠʥʽ ʧʝʨʝʜʥʽʭ ʜʚʝʨʝʡ ʻ ʥʘʢʣʘʜʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʝʥʝʨʛʽʷ ʫʜʘʨʫ ʧʝʨʝʜʘʻʪʴʩʷ 

ʚʽʜ ʩʪʽʡʢʠ ʪʘ ʜʚʝʨʽ ʥʘ ʩʠʜʽʥʥʽ, ʥʘ ʪʫʥʝʣʴ ʽ ʥʘ ʧʨʦʪʠʣʝʞʥʝ ʩʠʜʽʥʥʷ, ʟʤʝʥʰʫʶʯʠ 

ʜʝʬʦʨʤʘʮʽʶ ʢʫʟʦʚʘ; 

- ʫ ʢʦʥʩʪʨʫʢʮʽʾ ʢʫʟʦʚʘ ʥʦʚʦʾ ʤʦʜʝʣʽ ʻ ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʛʦʣʦʚʠ ʚʽʜ ʫʜʘʨʽʚ. 

ʗʢʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʽʪʢʥʝʥʥʷ ʛʦʣʦʚʘ ʧʘʩʘʞʠʨʘ ʚʜʘʨʷʻʪʴʩʷ ʦʙ ʣʦʥʞʝʨʦʥ ʜʘʭʫ ʘʙʦ 

ʩʪʽʡʢʫ, ʤʥʫʪʴʩʷ ʚʥʫʪʨʽʰʥʽ ʧʘʥʝʣʽ ʣʦʥʞʝʨʦʥʽʚ, ʜʘʭʫ ʽ ʩʪʽʡʦʢ, ʱʦ ʧʦʤ'ʷʢʰʫʻ ʫʜʘʨ. 

ɿʘʩʦʙʠ ʟʘʭʠʩʪʫ ʚʽʜ ʪʨʘʚʤʫʚʘʥʥʷ ʛʦʣʦʚʠ ʧʽʰʦʭʦʜʘ: 

- ʟ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʢʘʧʦʪʘ ʻ ʢʘʨʢʘʩ ʟ ʧʦʚʟʜʦʚʞʥʽʭ ʜʝʪʘʣʝʡ 

(ʨʠʩ. 3), ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʥʦʤʽʨʥʫ ʞʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʢʘʧʦʪʘ; 

- ʟʘʜʥʷ ʧʝʨʝʛʦʨʦʜʢʘ ʤʦʪʦʨʥʦʛʦ ʚʽʜʩʽʢʫ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʧʨʦʬʽʣʴ, ʪʦʤʫ ʚʦʥʘ 

ʣʝʛʢʦ ʟʤʠʥʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʫ ʫʜʘʨʫ, ʪʘʢʠʤ ʯʠʥʦʤ, ʩʪʚʦʨʝʥʘ ʧʦʚʥʽʩʪʶ ʟʤʠʥʘʻʤʘ 

ʢʦʥʩʪʨʫʢʮʽʷ; 

- ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧʝʨʝʜʥʽʭ ʢʨʠʣ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʝʥʝʨʛʦʧʦʛʣʠʥʘʶʯʽ 

ʢʨʦʥʰʪʝʡʥʠ, ʷʢʽ ʧʨʠ ʫʜʘʨʽ ʛʦʣʦʚʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʚʥʠʡ ʭʽʜ ʥʘ ʜʝʬʦʨʤʘʮʽʶ, ʱʦ 

ʟʤʝʥʰʫʻ ʩʠʣʫ ʫʜʘʨʫ; 
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ʈʠʩʫʥʦʢ 3 ï ɺʥʫʪʨʽʰʥʷ ʩʪʦʨʦʥʘ ʢʘʧʦʪʫ 

 

ʉʪʽʡʢʽʩʪʴ ʜʦ ʢʦʨʦʟʽʾ ʧʽʜʚʠʱʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʣʝʚʠʭ ʣʠʩʪʽʚ ʟ 

ʘʥʪʠʢʦʨʦʟʽʡʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʦʙʨʦʙʢʠ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʤʘʩʪʠʢʦʶ, ʟʘʭʠʩʥʠʭ 

ʧʦʢʨʠʪʪʽʚ ʽ ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʛʨʘʚʽʡʥʦʛʦ ʣʘʢʦʬʘʨʙʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʥʘ ʜʝʪʘʣʽ, 

ʩʭʠʣʴʥʽ ʢʦʨʦʟʽʾ (ʜʚʝʨʽ, ʧʘʥʝʣʽ ʧʦʨʦʛʽʚ) (ʨʠʩ. 4). 

ʄʘʩʪʠʢʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʢʨʘʾ ʢʘʧʦʪʘ, ʥʠʞʥʽ ʯʘʩʪʠʥʠ ʜʚʝʨʝʡ, ʧʝʪʣʽ ʜʚʝʨʝʡ ʽ 

ʧʝʪʣʶ ʣʶʢʘ ʧʘʣʠʚʥʦʛʦ ʙʘʢʘ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʜʦ ʢʦʨʦʟʽʾ. ɻʝʨʤʝʪʠʢ 

ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʚʽʜʙʦʨʪʦʚʘʥʽ ʢʨʦʤʢʠ ʢʘʧʦʪʘ, ʜʚʝʨʥʠʭ ʧʘʥʝʣʝʡ ʽ ʢʨʠʰʢʠ 

ʙʘʛʘʞʥʠʢʘ. 

ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ, ʘʢʨʠʣʦʚʘ ʙʽʪʫʤʥʘ ʤʘʩʪʠʢʘ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʥʠʞʥʶ 

ʯʘʩʪʠʥʫ ʢʫʟʦʚʘ, ʘʨʢʠ ʟʘʜʥʽʭ ʢʦʣʽʩ ʪʘ ʽʥʰʽ ʜʝʪʘʣʽ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʫʜʘʨʠ ʛʨʘʚʽʻʤ. 

ʅʘ ʧʝʨʝʜʥʶ ʯʘʩʪʠʥʫ ʢʘʧʦʪʘ ʽ ʥʘ ʥʠʞʥʽʡ ʢʨʘʡ ʜʚʝʨʝʡ ʥʘʥʦʩʠʪʴʩʷ 

ʧʣʘʩʪʠʯʥʘ ʛʨʫʥʪʦʚʢʘ. ʂʨʽʤ ʪʦʛʦ, ʚ ʩʪʘʥʜʘʨʪʥʫ ʢʦʤʧʣʝʢʪʘʮʽʶ ʚʩʽʭ ʤʦʜʝʣʝʡ 

ʚʭʦʜʷʪʴ ʰʠʨʦʢʽ ʥʘʢʣʘʜʢʠ ʥʘ ʧʦʨʦʛʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʘʭʠʩʪ ʧʦʨʦʛʽʚ ʚʽʜ ʫʜʘʨʽʚ 

ʛʨʘʚʽʶ. 

ɿʘʩʦʙʠ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʚʽʙʨʘʮʽʾ ʽ ʰʫʤʫ ʢʫʟʦʚʘ ʪʘ ʘʝʨʦʜʠʥʘʤʽʢʠ: 

- ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ ʪʘ ʛʘʣʘʩʫ ʨʫʭʫ ʧʦ ʜʦʨʦʟʽ 

ʚʥʫʪʨʽʰʥʽ ʧʦʨʦʞʥʠʥʠ ʩʪʽʡʦʢ ʟʘʧʦʚʥʶʶʪʴʩʷ ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʦʤ, ʮʝʡ ʞʝ ʤʘʪʝʨʽʘʣ 

ʽ ʩʧʽʥʝʥʠʡ ʛʝʨʤʝʪʠʢ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʧʘʥʝʣʴ ʜʘʭʫ; 

- ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʜʚʠʛʫʥʘ, ʰʫʤʫ ʨʫʭʫ ʧʦ ʜʦʨʦʟʽ ʽ ʰʫʤʫ ʚ ʩʘʣʦʥʽ, 

ʰʫʤʦʧʦʛʣʠʥʘʶʯʠʤ ʤʘʪʝʨʘ̔ʣʦʤ, ʧʦʢʨʠʪʘ ʟʩʝʨʝʜʠʥʠ ʽ ʟʦʚʥʽ ʚʝʣʠʢʘ ʧʨʠʣʘʜʦʚʘ 

ʧʘʥʝʣʴ, ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʘʧʦʪʘ, ʬʘʨʪʫʭʠ ʢʨʠʣ ʽ ʪʫʥʝʣʴ ʧʽʜʣʦʛʠ (ʨʠʩ. 4); 

- ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʚʽʜ ʫʜʘʨʽʚ ʛʨʘʚʽʶ, ʩʪʨʫʤʝʥʽʚ ʚʦʜʠ ʽ ʰʫʤʫ ʨʫʭʫ ʧʦ 

ʜʦʨʦʟʽ ʚʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʟʘʜʥʽʭ ʢʦʣʽʩʥʠʭ ʘʨʦʢ ʧʦʢʨʠʪʘ ʥʝ ʪʢʘʥʠʤ ʬʝʪʨʦʤ; 

- ʟʘʤʽʩʪʴ ʣʠʩʪʦʚʦʾ ʙʽʪʫʤʥʦʾ ʤʘʩʪʠʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʾ ʟʘʟʚʠʯʘʡ, ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʨʫʭʫ ʧʦ ʜʦʨʦʟʽ, ʥʘ ʧʽʜʣʦʛʫ ʥʦʚʦʾ ʤʦʜʝʣʽ ʥʘʥʝʩʝʥʦ 

ʚʽʙʨʦʛʘʩʠʣʴʥʠʡ ʩʧʽʥʝʥʠʡ ʤʘʪʝʨʽʘʣ; 

- ʜʣʷ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʽʜʣʦʛʠ ʧʽʜʽʙʨʘʥʘ ʦʧʪʠʤʘʣʴʥʘ ʪʦʚʱʠʥʘ ʩʧʽʥʝʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɿʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʚʜʘʣʦʩʷ ʟʤʝʥʰʠʪʠ ʤʘʩʫ ʧʦʢʨʠʪʪʷ; 

- ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʜʥʽ ʦʙʪʽʯʥʠʢʠ, ʱʦ ʫʩʫʚʘʶʪʴ ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʪʦʢʫ 

ʧʦʚʽʪʨʷ ʥʘʚʢʦʣʦ ʢʦʣʽʩ ʽ ʟʤʝʥʰʫʶʪʴ ʘʝʨʦʜʠʥʘʤʽʯʥʠʡ ʦʧʽʨ ʧʽʜ ʯʘʩ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʷ; 

- ʟʘʭʠʩʪ ʢʘʨʪʝʨʘ ʜʚʠʛʫʥʘ ʤʘʻ ʩʭʽʜʯʘʩʪʫ ʬʦʨʤʫ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ 

ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ ʧʽʜ ʜʥʠʱʝʤ ʘʚʪʦʤʦʙʽʣʷ. ʇʨʠ ʮʴʦʤʫ ʫʪʚʦʨʶʻʪʴʩʷ ʨʦʟʨʽʜʞʝʥʥʷ, 
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ʧʨʦʪʠʜʽʶʯʝ ʧʽʜʡʦʤʥʽʡ ʩʠʣʽ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʚʠʥʷʪʢʦʚʘ ʤʘʥʝʚʨʝʥʽʩʪʴ ʽ 

ʢʫʨʩʦʚʘ ʩʪʽʡʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʷ. 

ɿʘʩʦʙʠ ʜʣʷ ʟʥʠʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʰʫʤʫ: 

- ʟʤʽʥʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʫʱʽʣʴʥʶʚʘʯʘ ʜʚʝʨʝʡ (ʧʝʨʝʜʥʽʡ ʢʨʘʡ); 

- ʪʫʨʙʫʣʝʥʪʥʽʩʪʴ ʧʦʚʽʪʨʷʥʦʛʦ ʧʦʪʦʢʫ ʫʩʫʥʫʪʦ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʛʫʤʦʚʦʛʦ ʫʱʽʣʴʥʶʚʘʯʘ ʢʨʘʾʚ ʢʘʧʦʪʘ; 

- ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʤʽʩʮʷ ʧʝʨʝʭʦʜʫ ʚʽʜ ʢʘʧʦʪʘ ʜʦ ʚʽʪʨʦʚʦʛʦ 

ʩʢʣʘ ʽ ʚʽʜ ʚʽʪʨʦʚʦʛʦ ʩʢʣʘ ʜʦ ʜʘʭʫ ʤʘʶʪʴ ʧʣʘʚʥʽ ʢʦʥʪʫʨʠ; 

- ʱʽʣʠʥʘ ʤʽʞ ʧʝʨʝʜʥʽʤ ʢʨʠʣʦʤ ʽ ʟʦʚʥʽʰʥʽʤ ʢʨʘʻʤ ʣʦʥʞʝʨʦʥʘ, ʯʝʨʝʟ ʷʢʫ 

ʤʦʛʣʦ ʧʨʦʭʦʜʠʪʠ ʧʦʚʽʪʨʷ, ʟʘʧʦʚʥʝʥʠʡ ʩʧʽʥʝʥʠʤ ʧʦʣʽʤʝʨʦʤ; 

- ʜʣʷ ʫʩʫʥʝʥʥʷ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʧʦʪʦʢʫ ʧʦʚʽʪʨʷ, ʦʪʚʦʨʠ ʤʽʞ ʧʝʨʝʜʥʽʤʠ ʽ 

ʟʘʜʥʽʤʠ ʜʚʝʨʠʤʘ ʟʘʢʨʠʪʽ ʫʱʽʣʴʥʶʚʘʯʘʤʠ ʟ ʝʣʘʩʪʠʯʥʦʛʦ ʧʦʣʽʤʝʨʫ. 

 

 
1 ï ʚʥʫʪʨʽʰʥʻ ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʨʠʣʘʜʦʚʦʾ ʧʘʥʝʣʽ; 2 ï ʟʦʚʥʽʰʥʻ 

ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʧʨʠʣʘʜʦʚʦʾ ʧʘʥʝʣʽ; 3 ï ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ 

ʢʘʧʦʪʘ; 4 ï ʰʫʤʦʧʦʛʣʠʥʘʶʯʝ ʧʦʢʨʠʪʪʷ ʬʘʨʪʫʭʽʚ ʢʨʠʣ; 

5 ï ʚʥʫʪʨʽʰʥʻ ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʪʫʥʝʣʶ ʧʽʜʣʦʛʠ; 

6 ï ʰʫʤʦʧʦʛʣʠʥʘʣʴʥʝ ʧʦʢʨʠʪʪʷ ʟʘʜʥʽʭ ʢʨʠʣ 

ʈʠʩʫʥʦʢ 4 ï ʄʽʩʮʷ ʥʘʥʝʩʝʥʥʷ ʰʫʤʦʽʟʦʣʶʶʯʠʭ ʽ ʚʽʙʨʦʛʘʩʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 
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ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇʈʗʄʋ ɽʂʆʃʆɻɯʏʅʆɻʆ 

ɸɺʊʆʄʆɹɯʃɽɹʋɼʋɺɸʅʅʗ 

 

ʉʪʨʘʪʝʛʽʯʥʠʤʠ ʥʘʧʨʷʤʘʤʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʜʦʨʦʞʥʽʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʝʢʦʥʦʤʽʷ ʝʥʝʨʛʦʥʦʩʽʾʚ (ʧʘʣʠʚʘ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, 

ʪʦʱʦ) ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. ʉʪʚʦʨʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʟ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ 

ʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʽ ʧʽʜʚʠʱʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ ʽʜʝ ʧʦ 

ʨʽʟʥʠʤ ʥʘʧʨʷʤʘʤ. ʎʝ ʽ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʠʩʢʫʚʘʥʥʷ ʽ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ 

ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ), ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʽ 

ʥʝʡʪʨʘʣʽʟʘʪʦʨʽʚ, ʮʝ ʽ ʨʦʟʨʦʙʢʘ ʥʦʚʽʪʥʽʭ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʩʠʩʪʝʤ 

ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʮʝ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʜʞʝʨʝʣ ʪʘ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ ʪʘ ʩʠʣʦʚʠʭ ʫʩʪʘʥʦʚʦʢ. 

ɺʜʦʩʢʦʥʘʣʝʥʥʷ ɼɺɿ ʚʝʜʝʪʴʩʷ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ 150 ʨʦʢʽʚ, ʘʣʝ ʂʂɼ ɼɺɿ 

ʫ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʻ ʥʝʚʠʩʦʢʠʤ. ʂʨʽʤ ʪʦʛʦ, ʝʢʩʧʣʫʘʪʘʮʽʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʤʽʩʪʘʭ ʫ ʯʘʩʠ ʧʽʢ ʥʝʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʬʝʢʪʠʚʥʫ 

ʧʦʪʫʞʥʽʩʪʴ ɼɺɿ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʥʝʨʛʽʷ ʧʝʨʝʭʦʜʠʪʴ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚ ʪʝʧʣʦ [1].  

ʅʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʘʚʪʦʤʦʙʽʣʷ ʽ ʨʝʢʫʧʝʨʘʮʽʾ 

ʝʥʝʨʛʽʾ ʥʘʟʨʽʣʘ ʚʞʝ ʜʘʚʥʦ, ʘʣʝ ʙʫʣʘ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʦʙʤʝʞʝʥʘ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, 

ʥ̔ʝʨʪʥʽʩʪʶ ʚʠʨʦʙʥʠʢʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʟ ʽʥʰʦʶ ï ʥʝʜʦʩʪʘʪʥʽʤ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʻʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɼʞʝʨʝʣʦ ʝʥʝʨʛʽʾ 

ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʧʦʚʠʥʥʦ ʤʘʪʠ ʚʠʩʦʢʫ ʧʠʪʦʤʫ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʰʚʠʜʢʦ ʥʘʢʦʧʠʯʫʚʘʪʠ ʪʘ ʚʽʜʜʘʚʘʪʠ ʟʘʧʘʩ ʝʥʝʨʛʽʾ. 

ʊʦʤʫ ʩʪʨʘʪʝʛʽʯʥʠʤ ʥʘʧʨʷʤʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʪʽʣʝʥʥʷ ʛʽʙʨʠʜʥʠʭ ʩʠʣʦʚʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʱʦ ʦʙôʻʜʥʫʶʪʴ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ɼɺɿ ʪʘ ʝʣʝʢʪʨʠʯʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʱʦ ʦʪʨʠʤʫʶʪʴ ʞʠʚʣʝʥʥʷ ʚʽʜ ʝʥʝʨʛʦʻʤʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ.  

ɯʜʝ ̫ʛʽʙʨʠʜʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, 

ʱʦʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʨʫʭʫ ʥʝ ʦʜʠʥ, ʘ ʜʚʘ ʘʙʦ ʜʝʢʽʣʴʢʘ ʜʚʠʛʫʥʽʚ, ʱʦ 

ʩʠʥʝʨʛʝʪʠʯʥʦ ʦʧʪʠʤʽʟʦʚʘʥʽ ʟ ʤʝʪʦʶ ʝʬʝʢʪʠʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼɺɿ ʫ 

ʪʨʘʜʠʮʽʡʥʦʤʫ ʘʚʪʦʤʦʙʽʣʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʦʚʠʥʝʥ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʩʪʘʪʥʶ 

ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʜʠʥʘʤʽʯʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʚʩʪʘʥʦʚʣʝʥʫ ʰʚʠʜʢʽʩʪʴ ʽ ʧʨʠ ʮʴʦʤʫ ʝʢʦʥʦʤʥʦ ʩʧʦʞʠʚʘʪʠ ʧʘʣʠʚʦ. ʊʦʤʫ ʚʝʣʠʢʘ 

ʧʦʪʫʞʥʽʩʪʴ (ʦʙôʻʤ) ɼɺɿ, ʱʦ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʽʥʪʝʥʩʠʚʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʩʪʘʶʪʴ 

ʧʝʨʝʰʢʦʜʦʶ ʥʘ ʪʨʘʩʽ, ʪʦʤʫ ʦɦ ɼɺɿ ʤʝʥʰʦʛʦ ʦʙôʻʤʫ ʪʘ ʧʦʪʫʞʥʦʩʪʽ  ̒ʙʽʣʴʰ 

ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʠʤ ʫ ʟʘʤʽʩʴʢʦʤʫ ʮʠʢʣʽ. ʈʦʟʨʦʙʣʝʥʥʷ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʟʘʜʦʚʦʣʴʥʷʻ ʮʝ ʧʨʦʪʠʨʽʯʯʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʧʨʦʚʽʜʥʠʤʠ ʚʠʨʦʙʥʠʢʘʤʠ 

mailto:vp.khadi@gmail.com
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ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʨʦʟʨʦʙʣʝʥʠʡ ʮʽʣʠʡ ʨʷʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʽ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ: ʧʘʣʠʚʥʽ ʝʣʝʤʝʥʪʠ ʥʘ ʚʦʜʥʶ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʝʥʝʨʛʽʶ ʚʥʘʩʣʽʜʦʢ 

ʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʚʦʜʥʶ ʽ ʢʠʩʥʶ, ʽʥʝʨʮʽʡʥʽ (ʤʘʭʦʚʠʯʥʽ, ʤʝʭʘʪʨʦʥʥʽ) ʥʘʢʦʧʠʯʫʚʘʯʽ 

ʝʥʝʨʛʽʾ, ʚ ʷʢʠʭ ʝʥʝʨʛʽʷ ʟʘʧʘʩʘʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʜʠʩʢʘ ʘʙʦ 

ʮʠʣʽʥʜʨʘ, ʷʢʠʡ ʰʚʠʜʢʦ ʦʙʝʨʪʘʻʪʴʩʷ, ʽʦʥʽʩʪʦʨʠ (ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʠ), 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʝʥʝʨʛʽʾ. ɿʘʛʘʣʴʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʪʘ ʦʩʥʦʚʥʠʤ 

ʥʝʜʦʣʽʢʦʤ ʧʨʘʢʪʠʯʥʦ ʚʩʽʭ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ʦʢʨʽʤ ʚʦʜʥʝʚʠʭ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ) ʻ ʥʠʟʴʢʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ (ʪʘʙʣ. 1) [2].  

 

ʊʘʙʣʠʮʷ 1 ï ʇʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ɼʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʂʂɼ, % 

ʇʠʪʦʤʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ, 

ʢɺʪĿʛʦʜ/ʢʛ  

ʇʠʪʦʤʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʂʂɼ, 

ʢɺʪĿʛʦʜ/ʢʛ   

ɺʦʜʝʥʴ 50...60 38 20...23 

ɹʝʥʟʠʥ 25...30 13...14 3,25...4,2 

ʉʚʠʥʮʝʚʘ-ʢʠʩʣʦʪʥʘ ʊɸɹ 50...60 0,025...0,04 0,0125...0,024 

ʅʽʢʝʣʴ-ʤʝʪʘʣ-ʛʽʜʨʠʜʥʘ 

ʊɸɹ 
70...80 0,06...0,08 0,042...0,064 

ʃʽʪʽʡ-ʽʦʥʘ ʊɸɹ 80...90 0,09...0,15 0,072...0,1425 

ʅʘʪʨʽʡ-ʤʝʪʘʣ-ʭʣʦʨʽʜʥʽ 

ʊɸɹ 
80é90 0,08é0,12 0,064é0,108 

ʄʘʭʦʚʠʢʠ ʨʽʟʥʦʛʦ ʪʠʧʫ 80...95 0,05...4,17 0,04...3,9615 

ɽʣʝʢʪʨʠʯʥʽ ʽʦʥʽʩʪʦʨʠ  90...95 0,003...0,006 0,003...0,006 

 

ɺ ʪʦʡ ʞʝ ʯʘʩ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ, ʥʘʚʽʪʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʙʽʣʴʰ ʥʠʟʴʢʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ ɼɺɿ, ʤʘʡʞʝ ʫ 40 ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʩʫʯʘʩʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʍʦʯʘ ʧʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʧʘʣʠʚʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʦʜʥʶ ʜʦʩʷʛʘʻ 38 ʢɺʪĿʛʦʜ/ʢʛ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʂʂɼ ʚʦʜʥʝʚʠʭ 

ʫʩʪʘʥʦʚʦʢ ʛʫʩʪʠʥʘ ʝʥʝʨʛʽʾ ʚ 5...7 ʨʘʟʽʚ ʢʨʘʱʝ ʥʽʞ ʫ ʫʩʪʘʥʦʚʢʘʭ ʟ ɼɺɿ. ɸʣʝ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʚʦʜʥʝʚʠʭ ʫʩʪʘʥʦʚʦʢ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘʧʨʘʚʥʠʭ 

ʩʪʘʥʮʽʡ ʥʝ ʜʦʟʚʦʣʷʻ ʧʦʢʠ ʨʦʟʚʠʥʫʪʠʩʴ ʮʴʦʤʫ ʥʘʧʨʷʤʫ ʘʚʪʦʙʫʜʫʚʘʥʥʷ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʥʝʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʪʘ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ, ʦʩʥʦʚʥʠʤ ʩʧʦʩʦʙʦʤ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʪʨʘʥʩʧʦʨʪʽ ʻ ʛʽʙʨʠʜʥʽ ʩʠʣʦʚʽ ʫʩʪʘʥʦʚʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ɼɺɿ ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʜʚʠʛʫʥʠ. ʅʘʡʙʽʣʴʰ ʯʘʩʪʽʰʝ ʜʣʷ ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʜʚʠʛʫʥʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʽʢʝʣʴ-ʤʝʪʘʣ-ʛʽʜʨʠʜʥʽ ʘʙʦ ʣʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʥʽ 

ʙʘʪʘʨʝʾ, ʨʽʜʰʝ ʩʚʠʥʮʝʚʦ-ʢʠʩʣʦʪʥʽ. ʇʨʘʢʪʠʯʥʦ ʩʠʩʪʝʤʘ ʛʽʙʨʠʜʥʦʛʦ ʧʨʠʚʦʜʫ 

ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʭ ʩʝʨʽʡʥʠʭ ʛʽʙʨʠʜʥʠʭ ʘʚʪʦʤʦʙʽʣʷʭ 

Toyota Prius, Chevrolet Volt, Honda CR-Z ʪʘ ʽʥ. ɺʘʞʣʠʚʦʶ ʬʫʥʢʮʽʻʶ ʩʫʯʘʩʥʠʭ 

ʛʽʙʨʠʜʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʻ ʟʘʨʷʜ ʚʠʩʦʢʦʚʦʣʴʪʥʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ 

ʙʘʪʘʨʝʡ ʚʽʜ ʩʪʘʮʽʦʥʘʨʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʜʞʝʨʝʣ ʪʘ ʨʫʭ ʫ ʨʝʞʠʤʽ çʪʽʣʴʢʠ 

ʝʣʝʢʪʨʠʢʘè (ʙʝʟ ʧʽʜʢʣʶʯʝʥʥʷ ɼɺɿ) [3].  
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ʇʦʜʘʣʴʰʠʤ ʨʦʟʚʠʪʢʦʤ ʽʜʝʾ ʝʬʝʢʪʠʚʥʦʛʦ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ 

ʨʦʟʨʦʙʢʘ ʘʚʪʦʤʦʙʽʣʽʚ ʥʦʚʦʛʦ ʪʠʧʫ ʟ ɼɺɿ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ ʽ ʧʽʜʚʠʱʝʥʦʾ 

ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʪʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ, 

ʥʘʧʨʠʢʣʘʜ, ʝʥʝʨʛʦʻʤʥʠʭ ʪʘ ʧʦʪʫʞʥʠʭ ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʙʘʪʘʨʝʡ ʘʙʦ ʥʝʜʦʨʦʛʠʭ 

ʧʘʣʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʚʦʜʥʶ, ʤʦʜʝʨʥʽʟʦʚʘʥʠʭ ʤʘʭʦʚʠʯʥʠʭ ʘʙʦ ʢʦʥʜʝʥʩʘʪʦʨʥʠʭ 

ʥʘʢʦʧʠʯʫʚʘʯʽʚ ʝʥʝʨʛʽʾ. 
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ɸʂʊʋɸʃʔʅɯʉʊʔ ʆʎɯʅʂʀ ʉʊʈʆʂʋ ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɺʊʆʄʆɹɯʃʗ 

 

ɺʠʩʦʢʽ ʪʝʤʧʠ ʘʚʪʦʤʦʙʽʣʽʟʘʮʽʾ ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʧʨʠʥʦʩʷʪʴ ʷʢ 

ʥʝʟʘʧʝʨʝʯʥʽ ʝʢʦʥʦʤʽʯʥʽ ʚʠʛʦʜʠ, ʪʘʢ ʽ ʥʝʟʚʦʨʦʪʥʽ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ. ʊʷʞʢʽʩʪʴ 

ʥʝʟʚʦʨʦʪʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʘ ʮʝ ʥʝʚʠʧʨʘʚʜʘʥʦ ʚʠʩʦʢʘ ʢʽʣʴʢʽʩʪʴ ʣʶʜʝʡ, ʱʦ ʛʠʥʫʪʴ 

ʱʦʨʽʯʥʦ ʥʘ ʜʦʨʦʛʘʭ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʫ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʭʘʨʘʢʪʝʨʦʤ ʨʦʟʚʠʪʢʫ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ. ɼʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʙʝʟʧʝʯʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʩʠʩʪʝʤʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʘ ʜʝʨʞʘʚʥʽ 

ʦʨʛʘʥʠ ʚ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʚʠʧʫʩʢʘʶʪʴ ʩʧʝʮʽʘʣʴʥʽ ʥʦʨʤʘʪʠʚʥʽ ʜʦʢʫʤʝʥʪʠ, ʱʦ 

ʨʝʛʣʘʤʝʥʪʫʶʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ: 

- ʚʠʨʦʙʥʠʢʠ ʨʦʟʨʦʙʣʷʶʪʴ ̔ ʚʧʨʦʚʘʜʞʫʶʪʴ ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ ʙʝʟʧʝʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ (ESC) 

ʚʠʚʝʣʦ ʘʥʪʠʙʣʦʢʫʚʘʣʴʥʫ ʩʠʩʪʝʤʫ (ABS) ʥʘ ʥʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ. ɺʽʜʦʤʽ ʜʘʥʽ, ʟʛʽʜʥʦ ʟ ʷʢʠʤʠ 

ʢʽʣʴʢʽʩʪʴ ʩʝʨʡʦʟʥʠʭ ɼʊʇ ʟ ʦʜʥʠʤ ʘʚʪʦʤʦʙʽʣʝʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ESC 

ʟʥʠʞʫʻʪʴʩʷ ʜʦ 60%. ɭʚʨʦʧʝʡʩʴʢʘ ʢʦʤʽʩʽʷ ʧʨʠʡʥʷʣʘ ʧʦʩʪʘʥʦʚʫ ʚʠʟʥʘʯʘʣʴʥʝ, ʱʦ 
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ʚʩʽ ʘʚʪʦʤʦʙʽʣʽ, ʚʠʨʦʙʣʝʥʽ ʟ ʣʠʩʪʦʧʘʜʘ 2014 ʨʦʢʫ ʤʘʶʪʴ ʤʘʪʠ ʩʠʩʪʝʤʫ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʪʨʦʣʶ ʩʪʽʡʢʦʩʪʽ (ESC). ʂʨʽʤ ABS ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ: 

ʩʠʩʪʝʤʘ ʜʠʥʘʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʘʢʪʠʚʥʠʡ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ, ʩʠʩʪʝʤʘ ʝʢʩʪʨʝʥʦʛʦ 

ʛʘʣʴʤʫʚʘʥʥʷ, ʤʦʥʽʪʦʨʠʥʛʫ ʤʝʨʪʚʠʭ ʟʦʥ ʪʘ ʽʥ; 

- ʫ ɻʆʉʊ 27.001-95 ʚʚʝʜʝʥʠʡ ʪʝʨʤʽʥ, ʷʢʠʡ ʪʨʘʢʪʫʻ ʛʨʘʥʠʯʥʠʡ ʩʪʘʥ 

ʚʠʨʦʙʫ, ʷʢ ʬʘʢʪʦʨ ʱʦ ʥʝ ʜʦʧʫʩʢʘʻ ʡʦʛʦ ʧʦʜʘʣʴʰʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʯʝʨʝʟ 

ʝʢʦʣʦʛʽʯʥ ̔ʘʙʦ ʢʦʥʩʪʨʫʢʪʠʚʥ ̔ʥʝʙʝʟʧʝʢʠ; 

- ʧ̔ ʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʘʚʪʦʤʦʙʽʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʦʩʪʽʡʥʦ. ʇʦʯʠʥʘʶʯʠ ʟ 1996 ʨʦʢʫ ʧʦʩʣʽʜʦʚʥʦ ʚʩʪʫʧʠʣʠ ʚ ʩʠʣʫ ʥʦʨʤʘʪʠʚʠ: 

çɭʚʨʦ-2è, ʚ 2000 ʨ - çɭʚʨʦ-3è, ʚ 2005 ʨ - çɭʚʨʦ-4è, ʚ 2009 ʨ - çɭʚʨʦ-5è. ʂʦʞʝʥ 

ʯʝʨʛʦʚʠʡ ʨʝʛʣʘʤʝʥʪ ʚʚʦʜʠʚ ʙʽʣʴʰ ʩʫʚʦʨʽ ʦʙʤʝʞʝʥʥʷ, ʫʩʢʣʘʜʥʶʚʘʣʠʩʷ 

ʨʦʟʨʘʭʫʥʢʠ ʽ ʜʦʜʘʚʘʣʠʩʷ ʥʦʚʽ ʦʙ'ʻʢʪʠ ʤʦʥʽʪʦʨʠʥʛʫ: ʨʽʚʝʥʴ ʜʠʤʥʦʩʪʽ, ʚʤʽʩʪ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʚ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ ʽ ʪ.ʧ. ʏʝʨʛʦʚʝ ʧʦʩʠʣʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʚʠʤʦʛ ʚ ɭʉ ʚʽʜʙʫʣʦʩʷ 01.09.2015 ʨʦʢʫ. ɼʝʨʞʘʚʠ ɭʉ ʧʦʚʠʥʥʽ ʙʫʣʠ ʟʘʢʨʠʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ, ʧʨʦʜʘʞʫ ʪʘ ʨʝʻʩʪʨʘʮʽʶ ʥʘ ʩʚʦʾʭ ʪʝʨʠʪʦʨʽʷʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʱʦ ʥʝ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʥʦʨʤʘʤ ɭʚʨʦ-6. ɺʚʝʜʝʥʥʷ ɭʚʨʦ-6 ʧʣʘʥʫʚʘʣʦʩʷ 31.12.2013 ʨʦʢʫ, 

ʘʣʝ ʧʨʦʚʽʜʥʽ ʘʚʪʦʚʠʨʦʙʥʠʢʠ ʽ ʚʠʨʦʙʥʠʢʠ ʧʘʣʠʚʘ ʚʠʷʚʠʣʠʩʷ ʥʝ ʛʦʪʦʚʽ ʜʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʤʦʛʘʤ ʥʦʚʦʛʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʽ ʜʦʤʦʛʣʠʩʷ 

ʚʽʜʩʪʨʦʯʢʠ. 

ɼʦʜʘʪʢʦʚʠʡ ʯʘʩ ʟʥʘʜʦʙʠʣʦʩʷ ʜʣʷ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʜʚʠʛʫʥʽʚ, ʧʦʣʽʧʰʝʥʥʷ 

ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʽ ʤʦʜʝʨʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ. ɸʚʪʦʤʦʙʽʣʴ, ʙʫʜʫʯʠ ʦʙ'ʻʢʪʦʤ 

ʧʽʜʚʠʱʝʥʦʾ ʥʝʙʝʟʧʝʢʠ, ʥʝ ʜʦʧʫʩʢʘʻ ʧʦʨʫʰʝʥʴ ʨʝʛʣʘʤʝʥʪʽʚ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ 

ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ. ʆʜʥʘʢ, 

ʚʫʟʣʠ, ʘʛʨʝʛʘʪʠ ʪʘ ʩʠʩʪʝʤʠ, ʱʦ ʧʽʜʚʠʱʫʶʪʴ ʙʝʟʧʝʢʫ ʘʚʪʦʤʦʙʽʣʷ, ʫʩʢʣʘʜʥʶʶʪʴ 

ʢʦʥʩʪʨʫʢʮʽʶ ʽ ʧʽʜʚʠʱʫʶʪʴ ʚʘʨʪʽʩʪʴ ʧʽʜʪʨʠʤʢʠ ʡʦʛʦ ʚ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ, ʧʨʠ 

ʮʴʦʤʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʘʨʪʽʩʪʴ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʽ ʢʦʤʧʣʝʢʪʫʶʯʠʭ. 

ʆʙʩʣʫʛʦʚʫʚʘʥʥʷ ʜʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʟʥʠʞʫʻ ʟʥʘʯʝʥʥʷ ʪʘʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʷʢ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ. ʈʘʟʦʤ ʟ ʪʠʤ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʦʪʽʢ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʽʥʰʠʭ ʢʨʘʾʥ. 

ɿʘʚʜʘʥʥʷ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʤʽʨʫ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʽʚ, ʷʢʽ ʧʦʚʠʥʥʽ 

ʙʫʜʫʪʴ ʚʠʚʦʜʠʪʠʩʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʯʝʨʝʟ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʥʘʜʽʡʥʦʩʪʽ, 

ʝʢʦʣʦʛʽʯʥʦʾ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʝʟʧʝʢʠ, ʤʥʦʞʘʪʴʩʷ ʚ ʛʝʦʤʝʪʨʠʯʥʽʡ ʧʨʦʛʨʝʩʽʾ ʽ 

ʚʠʤʘʛʘʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʦʧʨʘʮʶʚʘʥʥʷ. ʄʦʚʘ ʡʜʝ ʥʝ ʧʨʦ 100 ʪʠʩ. 

ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʚʽʢʦʤ 25 ... 30 ʨʦʢʽʚ, ʘ ʧʨʦ ʙʽʣʴʰ ʟʥʘʯʥʽʡ ʮʠʬʨʠ, ʷʢʽ 

ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʚ ʋʢʨʘʾʥʽ ʟ ʚʽʢʦʤ 15 ... 20 ʨʦʢʫ, ʘ ʚ ʥʘʡʙʣʠʞʯʽʡ ʧʝʨʩʧʝʢʪʠʚʽ 7 ... 

12 ʨʦʢʽʚ. 

ʅʘ ʞʘʣʴ, ʽʩʪʦʨʠʯʥʠʡ ʜʦʩʚʽʜ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʷʢʱʦ ʥʝ ʚʜʘʻʪʴʩʷ 

ʧʦʚʥʽʩʪʶ ʧʨʦʨʘʭʫʚʘʪʠ ʚʩʽ ʥʘʩʣʽʜʢʠ ʚʧʣʠʚʫ ʥʘ ʩʦʮʽʘʣʴʥʝ ʽ ʧʨʠʨʦʜʥʝ ʩʝʨʝʜʦʚʠʱʝ 

ʟ ʙʦʢʫ ʜʝʨʞʘʚʠ, ʪʦ ʮʝ ʻ ʥʘʩʣʽʜʢʦʤ ʘʙʦ ʦʙʤʝʞʝʥʦʩʪʽ ʥʘʫʢʦʚʠʭ ʟʥʘʥʴ, ʘʙʦ ʥʝ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ. ɺ ʦʩʥʦʚʽ ʜʽʷʣʴʥʦʩʪʽ ʱʦʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ 

ʧʨʦʙʣʝʤ ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʛʘʣʫʟʽ, ʜʦʩʷʛʥʝʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʾ ʮʽʣʝʡ ʾʾ ʨʦʟʚʠʪʢʫ ʧʦʚʠʥʥʘ 

ʙʫʪʠ ʩʠʩʪʝʤʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʫʧʠʥʠʪʠ ʢʝʨʫʚʘʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʤʠ ʧʨʦʮʝʩʘʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʧʨʦʪʷʛʦʤ ʡʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʪʦʙʪʦ ʜʦʟʚʦʣʷʻ 
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ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʜʦʩʷʛʥʝʥʥʷ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʚ ʧʨʘʢʪʠʮʽ ʛʘʣʫʟʽ ʽ 

ʟʥʠʞʫʚʘʪʠ ʝʬʝʢʪ ʤʽʞ ʦʙʤʝʞʝʥʥʷʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ 

ʧʦʪʨʝʙʘʤʠ ʝʢʦʥʦʤʽʢʠ ʽ ʥʘʩʝʣʝʥʥʷ. ɺ ʮʽʣʦʤʫ ʥʘʢʦʧʠʯʠʣʦʩʷ ʙʘʛʘʪʦ ʧʨʦʪʠʨʽʯ, 

ʦʙʫʤʦʚʣʝʥʠʭ ʪʝʭʥʽʯʥʠʤ ʚʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʘʚʪʦʤʦʙʽʣʷ, ʧʦʩʠʣʝʥʥʷʤ 

ʝʢʦʣʦʛʽʯʥʠʭ ʥʦʨʤʘʪʠʚʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ, ʘʢʪʫʘʣʴʥʠʤʠ ʟʤʽʥʘʤʠ ʚ 

ʩʠʩʪʝʤʽ ʪʝʭʥʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ. ʆʩʴ ʜʝʷʢʽ ʟ ʥʠʭ: 

- ʚ̔ ʜʩʫʪʥʽʩʪʴ ʪʝʭʥʽʯʥʠʭ ʨʝʛʣʘʤʝʥʪʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʦʙ'ʻʢʪʠʚʥʦ 

ʚʠʟʥʘʯʘʪʠ ʪʝʨʤʽʥʠ ʚʠʚʝʜʝʥʥʷ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʚʽʪʯʠʟʥʷʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʣʽʢʚʽʜʫʚʘʪʠ ʨʫʭʦʤʠʡ ʩʢʣʘʜ ʟʘʨʫʙʽʞʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʩʢʣʘʜʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʢʦʥʦʤʽʯʥʦʾ ʥʝʜʦʮʽʣʴʥʦʩʪʽ ʫʪʨʠʤʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʽ ʜʦʨʦʛʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʽ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʽʣʦʛʦ ʨʷʜʫ ʩʠʩʪʝʤ ʽ ʘʛʨʝʛʘʪʽʚ ʚ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ. ɼʦ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʟʦʢʨʝʤʘ, ʚʽʜʥʦʩʷʪʴʩʷ 

ʩʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ, ʘʚʪʦʤʘʪʠʯʥʽ ʪʨʘʥʩʤʽʩʽʾ 

ʪʘ ʽʥ; 

- ʚ̔ ʜʩʫʪʥʽʩʪʴ ʨʦʟʫʤʽʥʥʷ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʩʫʩʧʽʣʴʩʪʚʘ, ʱʦ ʘʚʪʦʤʦʙʽʣʴ ʷʚʣʷʻ 

ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʪʝʭʥʽʯʥʠʡ ʟʘʩʽʙ, ʷʢʠʡ ʩʪʘʨʽʻ ʽ çʤʦʨʘʣʴʥʦè ʽ ʪʝʭʥʽʯʥʦ, ʱʦ ʤʦʞʝ 

ʥʝʩʪʠ ʟʘʛʨʦʟʫ ʩʝʨʝʜʦʚʠʱʫ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʦʤʫ, ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʥ ʧʦʚʠʥʝʥ ʙʫʪʠ 

ʣʽʢʚʽʜʦʚʘʥʠʡ ʘʙʦ ʧʝʨʝʨʦʙʣʝʥʠʡ [2, 3]. 

ɯʩʥʫʶʯʽ ʥʘʫʢʦʚʦ-ʤʝʪʦʜʠʯʥʽ ʦʩʥʦʚʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʽ ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʟ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ ʫʤʦʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʛʨʝʩʫ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʘʜʘʧʪʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʚ 

ʪʝʭʥʽʯʥʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʜʦ ʚʠʤʦʛ ʯʘʩʫ. 

ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʠʚʘʣʽ ʪʝʨʤʽʥʠ, 

ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʫ ʟʘʛʨʦʟʫ ʙʝʟʧʝʮʽ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʘ ʟʤʽʩʪ ʩʪʘʨʠʭ 

ʘʚʪʦʤʦʙʽʣʽʚ ʨʦʙʠʪʴ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʪʘ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʝʢʦʥʦʤʽʢʠ ʪʨʠʤʘʪʠ ʪʘʢ̔ ʤʘʰʠʥʠ ʥʝʚʠʛ̔ʜʥʦ. ɸʣʝ ʙʫʜ-ɹʷʢʽ ʧʨʦʧʦʟʠʮʽʾ ʧʨʦ 

ʦʙʤʝʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʥʝʛʘʪʠʚʥʦ ʩʧʨʠʡʤʘʶʪʴʩʷ 

ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʙʽʟʥʝʩʫ ʚ ʩʬʝʨʽ ʚʘʥʪʘʞʥʠʭ ʽ ʧʘʩʘʞʠʨʩʴʢʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʚʪʦʤʦʙʽʣʽ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʚʦʥʠ ʧʨʠʥʦʩʷʪʴ 

ʧʨʠʙʫʪʦʢ, ʥʘʚʽʪʴ ʚʩʫʧʝʨʝʯ ʙʝʟʧʝʢʠ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʬʦʨʤʫʻʪʴʩʷ 

ʩʝʨʡʦʟʥʘ ʟʘʜʘʯʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ. 

ʅʘʫʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʤʝʪʦʜʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʪʝʭʥʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʫʧʨʘʚʣʽʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʽ ʢʦʥʪʨʦʣʶ ʧʨʦʮʝʩʽʚ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ 

ʜʠʢʪʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʥʝ ʬʦʨʤʘʣʴʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʪʝʨʤʽʥʽʚ ʾʭ ʽʩʥʫʚʘʥʥʷ, ʘ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʝʨʤʽʥʘʤʠ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʇʽʜʭʽʜ ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʧʦʚʠʥʝʥ 

ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʾ ʷʢʦʩʪʽ ʘʚʪʦʤʦʙʽʣʷ ʩʫʯʘʩʥʠʤ 

ʚʠʤʦʛʘʤ ʩʝʨʝʜʦʚʠʱʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦ ʨʷʜʫ ʘʢʪʫʘʣʴʥʠʭ ʢʨʠʪʝʨʽʾʚ: ʥʘʜʽʡʥʽʩʪʴ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʘ, ʝʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ. 
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IMPULSE METHOD OF CONTROL OF THE STATE OF HYDROFICED 

TRANSMISSIONS OF PASSENGER CARS 
 

Violation of control actions in hydraulic transmissions (GT) of passenger cars 

is the cause of slipping of discs in friction packs of clutches or brake bands with 

drums and the appearance of çjoltsè (bumps) when the gears are turned on and off. 

Such malfunctions arise due to incorrect signals from sensors of automatic 

transmissions (AT) or an electronic control unit (ECU) for the engine and 

transmission, failure of the AT ECU, wear of elements of the hydraulic control unit, 

in particular, electromagnetic control valves.  

When slippage occurs, determined by the difference in the speeds of the turbine 

wheel and the automatic transmission output shaft, the ECU increases the pressure 

supplied to the actuators by means of the electromagnetic control valves. If, when the 

pulse frequency or the current to the solenoid valve increases to the maximum 

permissible value, the ECU detects slipping in the AT, then the emergency mode is 

automatically activated and the driver is informed with a message on the instrument 

panel. 

High amplitudes of dynamic loads and jolt when engaging or shifting gears, 

which carry shock loads on the GT elements, are not perceived by the ECU in any 

way. These negative processes damage friction clutches, pistons, friction elements, 

rings, brake bands and planetary mechanisms up to complete destruction, which is the 

cause of partial or complete failure of the automatic transmission. The main cause of 

"jerking" is the wear of the solenoid control valves. If they are repaired or replaced in 

a timely manner, the service life of the gearbox can be extended. To fix the blows, the 

author has developed an impulse method for obtaining information.  

At the moment of impact, perceived in the passenger compartment, there is a 

sharp filling of the sub-piston space with working fluid and an increase in pressure in 

the brakes of the planetary gear set, leading to an abrupt change in the rotational 

speed of the automatic gearbox shafts. 
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It is advisable to use the information obtained by the pulsed method for 

diagnosing GTs to diagnose the technical condition of the automatic gearbox and 

localize faults in the elements of the hydraulic control unit of the automatic gearbox, 

as well as to adjust the pressure supplied to the brake clutches and belts in order to 

reduce the loads on the GT parts, to increase the resource and improving the 

smoothness of the ride.  

In order to improve the accuracy of information on the technical state of the 

electromagnetic control valves obtained by the pulse diagnosis method, an objective 

diagnosis of their hydraulic parameters is carried out. For this, a stand was developed 

[1], consisting of a reservoir with a liquid for automatic transmissions, a pump with a 

reducer, a tested solenoid valve-regulator, an ECU, a power supply with adjustable 

current strength, a heating element, a thermometer, a manometer and an ammeter. A 

liquid heated to a certain temperature under pressure is supplied by a pump to the 

tested regulator valve. The ECU analyzes the received data, compares it with the 

regulatory information in accordance with the technical documentation, giving 

recommendations on the suitability of the solenoid valve and the technical condition 

of the GT as a whole. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʆʇɽʈɸʊʀɺʅʆɻʆ ʂʆʅʊʈʆʃʖ ɺʀʊʈɸʊʀ ʇɸʃʀɺɸ 

ʊɸ ʇɸʈɸʄɽʊʈɯɺ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ɺɸʅʊɸɾʅʀʍ 

ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɺ ɽʂʉʇʃʋɸʊɸʎɯɰ 

 

ʇʨʘʢʪʠʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʘʥʪʘʞʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (ʊɿ) ʚʠʤʘʛʘʻ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʇʨʦʮʝʩʠ ʚʠʟʥʘʯʝʥʥʷ ʽ ʦʪʨʠʤʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʚ ʦʜʥʦʯʘʩʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʟʘ ʫʤʦʚʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ 

ʦʧʝʨʘʪʦʨʽʚ ʪʦʱʦ ʤʦʞʫʪʴ ʙʘʟʫʚʘʪʠʩʴ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ ʟʘʩʦʙʽʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʊɿ. 
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ʇʠʪʘʥʥʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʚʠʪʨʘʪʠ 

ʧʘʣʠʚʘ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʩʚʷʪʠʣʠ ʩʚʦʾ ʨʦʙʦʪʠ ʚʽʪʯʠʟʥʷʥ ̔

ʪʘ ʽʥʦʟʝʤʥ ̔ ʥʘʫʢʦʚʮʽ (ɻʦʚʦʨʫʱʝʥʢʦ ʄ.ʗ., ʉʘʭʥʦ ɺ.ʇ., ɺʦʣʢʦʚ ɺ.ʇ., 

ɻʫʪʘʨʝʚʠʯ ʖ.ʌ., ʄʘʪʝʡʯʠʢ ɺ.ʇ., ʂʨʘʡʥʠʢ ʃ.ɺ., ʐʝʡʥʽʥ ɸ.ʄ., ʅʘʨʙʫʪ ɸ.ʅ., 

ʄʘʥ̫ʰʠʥ ɸ.ɺ., ɺʝʣʽʢʘʥʦʚ ɼ.ʇ., ʂʦʣʦʚ ɼ.ɸ. ʪʘ ʽʥ.). ʆʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʮʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʥʝʜʦʩʪʘʪʥʴʦ ʚʨʘʭʦʚʫʶʪʴ ʚʧʣʠʚ ʩʫʯʘʩʥʠʭ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ, ʢʦʤʫʥʽʢʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʘʥʪʘʞʥʦʛʦ ʊɿ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʫ ʟʥʘʯʥʽʡ ʤʽʨʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʥʘʯʥʦ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʘ 

ʨʝʞʠʤ ʨʦʙʦʪʠ ʚʫʟʣʽʚ, ʜʝʪʘʣʝʡ, ʘʛʨʝʛʘʪʽʚ, ʪʘʢ ʽ ʥʘ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ, ʩʝʨʝʜ ʷʢʠʭ 

ʻ ʽ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ. ʋ ʟʚ'ʷʟʢʫ ʟ ʨʽʟʥʦʤʘʥʽʪʪʷʤ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʫ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʝʤ, ʾʭ ʟʘʟʚʠʯʘʡ ʦʙ'ʻʜʥʫʶʪʴ ʚ ʛʨʫʧʠ ʟʘ 

ʨʽʟʥʠʤʠ ʦʟʥʘʢʘʤʠ. ʇʨʠʡʥʷʪʦ ʨʦʟʜʽʣʷʪʠ ʪʘʢ ʟʚʘʥʽ ʩʫʙ'ʻʢʪʠʚʥʽ (ʨʝʛʫʣʴʦʚʘʥʽ) 

ʬʘʢʪʦʨʠ ʡ ʦʙ'ʻʢʪʠʚʥʽ (ʱʦ ʥʝ ʧʽʜʜʘʶʪʴʩʷ ʨʝʛʫʣʶʚʘʥʥʶ). ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʢʘʟʥʠʢʠ 

ʚʘʥʪʘʞʥʦʛʦ ʊɿ, ʚʠʜʽʣʝʥʦ ʦʩʥʦʚʥʫ ʛʨʫʧʫ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʠʪʨʘʪʫ 

ʧʘʣʠʚʘ ʪʘ ʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʊɿ (ʨʠʩ. 1). 

ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʘʥʪʘʞʥʠʭ ʊɿ ʚ ʫʤʦʚʘʭ ʚʧʣʠʚʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʯʠʥʥʠʢʽʚ ʧʦʢʘʟʫʻ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ, ʛʦʣʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʘʨʽʻʤ ʷʢʠʭ ʻ ʤʝʪʦʜ ʜʠʩʪʘʥʮʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ. ɼʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʚʘʥʪʘʞʥʦʛʦ ʊɿ ʻ ʝʬʝʢʪʠʚʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠʟʥʘʯʝʥʠʤ ʥʝ ʪʽʣʴʢʠ ʜʣʷ ʩʪʝʞʝʥʥʷ ʟʘ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʽ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʪʘʢʦʞ ʟʘ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʾʭ 

ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ɺ ʦʩʥʦʚʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʽ ʢʦʥʪʨʦʣʶ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʟʘʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧ ʚʽʜʩʪʝʞʝʥʥʽ ʧʨʦʩʪʦʨʦʚʠʭ, ʯʘʩʦʚʠʭ ʢʦʦʨʜʠʥʘʪ ʊɿ ʪʘ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ. ɯʩʥʫʻ ʜʚʘ ʤʝʪʦʜʠ ʟʜʽʡʩʥʝʥʥʷ 

ʤʦʥʽʪʦʨʠʥʛʫ: on-line-ʤʦʥʽʪʦʨʠʥʛ ʪʘ off-line-ʤʦʥʽʪʦʨʠʥʛ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʘ ʩʭʝʤʘ ʚʧʣʠʚʫ ʬʘʢʪʦʨʽʚ ʥʘ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʪʘ 

ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʘʥʪʘʞʥʠʭ ʊɿ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʋʟʘʛʘʣʴʥʝʥʫ ʩʪʨʫʢʪʫʨʫ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʪʨʘʥʩʧʦʨʪʫ ʬʦʨʤʫʶʪʴ ʪʨʠ 

ʦʩʥʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʠ: ʤʦʜʫʣʴ ʤʦʥʽʪʦʨʠʥʛʫ, ʩʝʨʚʝʨ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʜʠʩʧʝʪʯʝʨʩʴʢʝ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ (ɸʈʄ). ɼʦ ʬʫʥʢʮʽʡ ʤʦʜʫʣʷ 

ʤʦʥʽʪʦʨʠʥʛʫ ʚʽʜʥʦʩʠʪʴʩʷ ʧʨʠʡʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʽʜ ʰʪʘʪʥʠʭ ʪʘ ʜʦʜʘʪʢʦʚʠʭ (ʫ 

ʨʘʟʽ ʾʭ ʧʽʜʢʣʶʯʝʥʥʷ) ʜʘʪʯʠʢʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʪʘ 

ʪʦʯʥʦʛʦ ʯʘʩʫ ʾʭ ʨʝʻʩʪʨʘʮʽʾ ʟʘ ʜʘʥʠʤʠ ʩʫʧʫʪʥʠʢʽʚ, ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʫ 

ʚʠʛʣʷʜʽ ʧʘʢʝʪʽʚ ʜʘʥʠʭ ʪʘ ʾʭ ʧʝʨʝʜʘʯʘ ʥʘ ʩʝʨʚʝʨ ʯʝʨʝʟ ʤʝʨʝʞʽ ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 

(GPRS, 1G, 2G, 3G, 4G, 5G). ʇʝʨʝʜʘʥʽ ʧʘʢʝʪʠ ʜʘʥʠʭ ʧʨʠʡʤʘʶʪʴʩʷ ʩʝʨʚʝʨʦʤ ʪʘ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʧʽʩʣʷ ʯʦʛʦ ʩʝʨʚʝʨ ʧʝʨʝʜʘʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʙʘʟʠ ʜʘʥʠʭ 

ʦʧʝʨʘʪʦʨʫ ʟʘ ʟʘʧʠʪʦʤ. ʆʧʝʨʘʪʦʨ ʩʠʩʪʝʤʠ (ʜʠʩʧʝʪʯʝʨ) ʟʘ ʜʦʧʦʤʦʛʦʶ ɸʈʄ 

ʦʧʝʨʫʻ ʜʘʥʠʤʠ ʟʛʽʜʥʦ ʟ ʧʦʩʪʘʚʣʝʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ: ʟʜʽʡʩʥʶʻ ʦʙʨʦʙʢʫ ʪʘ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʚʠʚʦʜʠʪʴ ʥʘ ʝʢʨʘʥ ʤʘʧʫ ʟ 

ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷʤ ʊɿ ʚ ʨʝʞʠʤʽ on-line, ʬʦʨʤʫʻ ʟʚʽʪʠ ʪʦʱʦ. 

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʤʦʥʽʪʦʨʠʥʛʫ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʥʝʦʙʭʽʜʥʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʜʘʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʘʙʦ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ 

ʚʧʨʦʜʦʚʞ ʜʝʢʽʣʴʢʘ ʩʝʢʫʥʜ ʫ ʚʠʛʣʷʜʽ ʮʠʬʨʦʚʠʭ, ʪʝʢʩʪʦʚʠʭ ʘʙʦ ʛʨʘʬʽʯʥʠʭ ʜʘʥʠʭ. 

ʂʨʽʤ ʪʦʛʦ ʧʦʜʽʙʥʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʦʧʝʨʘʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ 

ʤʦʜʝʣʶʚʘʥʥʷ  ̔ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʊɿ. 

ɼʠʩʪʘʥʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʘʥʪʘʞʥʠʭ ʊɿ 

ʤʦʞʣʠʚʠʡ ʚ ʩʠʩʪʝʤʘʭ ʤʦʥʽʪʦʨʠʥʛʫ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʪʘʪʥʦʛʦ ʪʘ 

ʜʦʜʘʪʢʦʚʦʛʦ ʙʦʨʪʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ʂʦʞʥʘ ʦʜʠʥʠʮʷ ʪʨʘʥʩʧʦʨʪʫ ʤʦʞʝ 

ʜʦʜʘʪʢʦʚʦ ʦʙʣʘʜʥʫʚʘʪʠʩʷ ʢʦʤʧʣʝʢʩʦʤ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ: ʜʘʪʯʠʢʦʤ-

ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ, ʷʢʠʡ ʚʽʜʩʣʽʜʢʦʚʫʻ ʤʦʤʝʥʪʠ ʫʜʘʨʽʚ ʽ ʟʽʪʢʥʝʥʴ; ʜʘʪʯʠʢʦʤ 

ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ; ʜʘʪʯʠʢʦʤ ʪʝʤʧʝʨʘʪʫʨʠ (ʜʣʷ ʨʝʬʨʠʞʝʨʘʪʦʨʽʚ); ʜʘʪʯʠʢʦʤ 

ʨʽʚʥʷ ʟʘʨʷʜʫ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ; ʤʦʜʫʣʝʤ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʦʧʝʨʘʪʦʨʘ (ʚʦʜʽʷ); 

ʤʦʜʫʣʝʤ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ Wi-Fi ʪʦʱʦ. ʇʝʨʝʭʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ 

ʤʦʞʝ ʚʩʪʘʥʦʚʣʶʚʘʪʠʩʴ ʥʘ ʙʫʜʴ ʷʢʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʫ ʨʽʟʥʠʭ ʚʘʨʽʘʥʪʘʭ ʡʦʛʦ 

ʧʦʻʜʥʘʥʥʷ. 

ʄʦʥʽʪʦʨʠʥʛ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽ ʷʢʦʩʪʽ ʨʫʭʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʣʫʞʙʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʽʡ ʩʣʫʞʙʽ 

ʦʪʨʠʤʫʚʘʪʠ ʦʧʝʨʘʪʠʚʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʢʘʟʥʠʢʠ ʧʘʣʠʚʦʚʠʢʦʨʠʩʪʘʥʥʷ, 

ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʊɿ ʪʘ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʩʚʦʻʯʘʩʥʦ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʦʧʝʨʝʜʞʫʚʘʣʴʥʽ ʪʘ ʢʦʨʠʛʫʶʯʽ ʚʧʣʠʚʠ, ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʜʽʾ. ɼʣʷ ʦʧʝʨʘʪʦʨʽʚ 

ʩʠʩʪʝʤʠ (ʚʦʜʽʾʚ ʪʘ ʜʠʩʧʝʪʯʝʨʽʚ) ʚʠʧʝʨʝʜʞʘʣʴʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʊɿ ʻ ʦʜʥʽʻʶ ʟ 

ʪʝʭʥʦʣʦʛʽʡ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʪʨʘʪ ʯʘʩʫ. 
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ʍʫʜʷʢʦʚ ɯʛʦʨ ɺʘʣʝʥʪʠʥʦʚʠʯ, ʢ.ʪ.ʥ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, igor.khudiakov563@gmail.com 

ɻʨʠʮʫʢ ɯʛʦʨ ɺʘʣʝʨʽʡʦʚʠʯ, ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʝʨʩʦʥʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, gritsuk_iv@ukr.net 

ʏʝʨʥʝʥʢʦ ɺʘʣʝʥʪʠʥʘ ɺʦʣʦʜʠʤʽʨʽʚʥʘ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ,  ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, v.chernenko18@gmail.com 

ʄʘʥʞʝʣʝʡ ɺʽʢʪʦʨ ʉʪʝʬʘʥʦʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ,cevikman@i.ua,  

 

ɼʀʉʊɸʅʎɯʁʅʀʁ ʄʆʅɯʊʆʈʀʅɻ ʉɽʈɽɼʅʔʆɰ ʐɺʀɼʂɯʉʊɯ ʊɸ 

ɺʀʊʈɸʊʀ ʇɸʃʀɺɸ ʊʈɸʅʉʇʆʈʊʅʀʍ ɿɸʉʆɹɯɺ ɺ ʋʄʆɺɸʍ 

ɽʂʉʇʃʋɸʊɸʎɯɰ  

 

ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʊɿ, ʤʘʶʪʴ ʨʦʟʚʠʥʝʥʠʡ ʽʥʪʝʨʬʝʡʩ ʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʤʠ ʡ ʩʢʣʘʜʥʠʤʠ ʤʝʨʝʞʘʤʠ ʟʚôʷʟʢʫ ʽ 

ʚʝʣʠʢʠʤʠ ʦʙôʻʤʘʤʠ ʜʘʥʠʭ [1 - 5].  

ɺ ʯʘʩʪʠʥʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʦʥʪʨʦʣʶ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ ʦʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ 

ʥʘʟʚʘʥʠʭ ʩʠʩʪʝʤ ʽ ʧʨʦʛʨʘʤ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʦʜʥʦʯʘʩʥʦʾ ʦʮʽʥʢʠ ʜʦʪʨʠʤʘʥʥʷ ʨʝʞʠʤʫ 

ʧʨʘʮʽ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʷ (ʈʇɺɺ), ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʽʷ, ʥʝ ʤʦʞʣʠʚʽʩʪʴ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʊɿ, ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʊɿ ʪʘ ʈʇɺɺ, ʦʙʤʝʞʝʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʢʣʘʜʦʚʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʻʶ ʊɿ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʜʦʨʦʞʥʽʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʫʤʦʚ ʚ ʦʧʝʨʘʪʠʚʥʦʤʫ ʨʝʞʠʤʽ [6-7] 

ʪʦʱʦ. 

ʈʦʟʨʦʙʢʘ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ ʽ ʟʘʭʦʜʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ 

ʜʠʩʪʘʥʮʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʈʇɺɺ ʚ ʩʠʩʪʝʤʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʦ ʚʠʢʦʥʘʪʠ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ 

ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʯʘʩʥʠʭ ʚʘʥʪʘʞʥʠʭ ʊɿ ʚ ʋʢʨʘʾʥʽ ʽ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʥʦʾ ʩʭʝʤʠ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʤʦʞʣʠʚʦʛʦ ʦʜʥʦʯʘʩʥʦʛʦ ʫʨʘʭʫʚʘʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʦʩʥʘʱʝʥʥʷ ʊɿ, 

ʨʝʞʠʤʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ, ʈʇɺɺ, ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʚʦʜʽʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʾʭ 

ʩʠʩʪʝʤʥʦʾ ʚʟʘʻʤʦʜʽʾ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʘʥʘʣʽʟʫ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤ ʤʦʥʽʪʦʨʠʥʛʫ ʩʫʯʘʩʥʠʭ 

ʚʘʥʪʘʞʥʠʭ ʊɿ ʚ ʋʢʨʘʾʥʽ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʊɿ ʽ ʈʇɺɺ ʥʘ ʦʩʥʦʚʽ ʊɿ Mersedes-Benz Actros 1841LS, ʨʝʻʩʪʨʘʮʽʡʥʠʡ 

ʥʦʤʝʨ ɸɸ5113ʊɸ, ʧʽʜ ʯʘʩ ʨʝʡʩʫ ʟʘ ʤʘʨʰʨʫʪʦʤ ɸʤʩʪʝʨʜʘʤ (ʅʽʜʝʨʣʘʥʜʠ) ï 

ʅʠʞʥ̒ʧʦʪʘʧʚ̔ (ʋʢʨʘʾʥʘ). ʅʘ ʧʨʦʪʷʟʽ ʨʫʭʫ ʊɿ ʥʘ ʚʽʜʩʪʘʥʽ 3027,66 ʢʤ 

ʧʨʦʚʦʜʠʣʘʩʴ ʬʽʢʩʘʮʽʷ ʦʩʥʦʚʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʊɿ ʪʘ ʈʇɺɺ 

ʽʩʥʫʶʯʠʤʠ ʚ ʋʢʨʘʾʥʘ ʤʝʪʦʜʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  

ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ ʊɿ Mersedes-Benz Actros 1841LS  

ʧʦʢʘʟʘʥʽ ʚ ʪʘʙʣ. 1  ʽ ʥʘ ʨʠʩ. 1.  
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ʈʠʩʫʥʦʢ 1  ɼʦʩʣʽʜʥʠʡ ʤʘʨʰʨʫʪ ɸʤʩʪʝʨʜʘʤ (ʅʽʜʝʨʣʘʥʜʠ) ï 

ʅʠʞʥʻʧʦʪʘʧʽʚ (ʈʦʩʽʷ), ʫ ʚʠʛʣʷʜʽ ʪʨʝʢʽʥʛʫ ʊɿ ʥʘ ʤʘʧʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʽʜ ʯʘʩ 

ʨʝʡʩʫ 

 

ʈʝʻʩʪʨʘʮʽʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʦʜʘʪʢʦʚʠʤʠ ʪʝʭʥʽʯʥʠʤʠ ʟʘʩʦʙʘʤʠ, 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʊɿ. ʂʨʽʤ ʪʦʛʦ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʻʩʪʨʘʮʽʷ ʈʇɺɺ ʚʢʘʟʘʥʦʛʦ ʊɿ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʽ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʘʨʘʤʝʪʨʽʚ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʈʇɺɺ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ ʘʚʪʦʨʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʦʚʝʩʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʷʢʝ ʩʪʘʚʠʪʴ ʟʘ ʤʝʪʫ ʚʩʪʘʥʦʚʣʝʥʥʷ ʽ ʨʦʟʨʦʙʢʫ ʩʠʩʪʝʤʥʠʭ ʤʝʪʦʜʽʚ ʽ 

ʟʘʩʦʙʽʚ, ʜʦʟʚʦʣʷʶʯʠʭ ʧʨʦʚʦʜʠʪʠ ʜʠʩʪʘʥʮʽʡʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʚʘʥʪʘʞʥʦʛʦ ʊɿ  ʽ ʈʇɺɺ ʚʦʜʽʾʚ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʠʩʪʝʤʘ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʦʚʠʥʥʘ ʦʭʦʧʣʶʚʘʪʠ ʦʩʥʦʚʥʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʯʘʩʪʠʥʽ 

ʬʦʨʤʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʈʇɺɺ, ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ, ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ ʽ ʤʦʞʣʠʚʦʩʪʽ ʟʜʽʡʩʥʝʥʥʷ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʟʤʽʥʠ 

ʈʇɺɺ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʘʥʫ ʊɿ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. 



 

 

 

140 

 

 

 

 
 

ʈʠʩʫʥʦʢ 2  ʄʦʥʽʪʦʨʠʥʛ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ 

a)  ʨʝʟʫʣʴʪʘʪʠ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʙʽʛʫ ʊɿ ʧʽʜ ʯʘʩ ʩʧʦʩʪʝʨʝʞʝʥʥʷ, b)  ʩʝʨʝʜʥʷ 

ʰʚʠʜʢʽʩʪʴ, c)  ʩʝʨʝʜʥʷ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, d) ʨʝʟʫʣʴʪʘʪʠ ʨʝʻʩʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʘʮʽ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʷ ʟʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ

a) 

b) 

c) 

d) 
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ʊʘʙʣʠʮʷ 1.  ʄʦʥʽʪʦʨʠʥʛ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʊɿ ʯʘʩ ʨʝʡʩʫ ʟʘ 

ʤʘʨʰʨʫʪʦʤ ɸʤʩʪʝʨʜʘʤ (ʅʽʜʝʨʣʘʥʜʠ) ï ʅʠʞʥʻʧʦʪʘʧʽʚ (ʋʢʨʘʾʥʘ) 
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 ʛʦʜʠʥ ʛʦʜʠʥ ʢʤ ʣʽʪʨ ʣʽʪʨ ʣʽʪʨ ʢʤ/ ʛʦʜ ʣ̔ ʪʨ/ 100 ʢʤ 

10.12.19 0:03:00 23:57:00 0,540 897,00 1150,00 253,00   

11.12.19 11:09:00 12:51:00 721,350    65,01 29,4 

12.12.19 8:10:00 15:50:00 567,880    70,1 29 

13.12.19 3:39:00 20:21:00 255,890    75,48 28 

14.12.19 0:00:00 23:59:59 0,000      

15.12.19 0:00:00 23:59:59 0,000      

16.12.19 0:11:00 23:49:00 4,940      

17.12.19 0:18:00 23:42:00 1,190      

18.12.19 7:55:00 16:05:00 541,560    71,72 28,6 

19.12.19 15:20:00 8:40:00 911,485    59,96 31 

20.12.19 0:10:00 23:50:00 6,105      

21.12.19 0:22:00 23:38:00 4,285      

22.12.19 0:15:00 23:45:00 7,300      

23.12.19 0:21:00 23:39:00 5,135 504,00 1150,00 646,00   

ʈɸɿʆʄ: 47:53:00 288:07:00 3027,660   899,00 66,7 29,9 

 

 

ɺʠʩʥʦʚʢʠ. ɺʠʢʦʥʘʥʠʡ ʘʥʘʣʽʟ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʞʠʤʽʚ ʧʨʘʮʽ ʪʘ ʚʽʜʧʦʯʠʥʢʫ ʚʦʜʽʷ ʚ ʩʠʩʪʝʤʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ ʋʢʨʘʾʥʽ. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ, ʘ ʩʘʤʝ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʰʚʠʜʢʦʩʪʽ 

ʪʘ ʈʇɺɺ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 

ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʊɿ ʽ ʈʇɺɺ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʘʚʪʦʤʦʙʽʣʽʚè 

 

ʄɽʊʆɼʀʂɸ ʅʆʈʄʋɺɸʅʅʗ ɺʀʊʈɸʊʀ ʇɸʃʔʅʆɻʆ ɺɯʁʉʔʂʆɺʆʖ 

ʊɽʍʅɯʂʆʖ ʅɸʎɯʆʅɸʃʔʅʆɰ ɻɺɸʈɼɯɰ ʋʂʈɸɰʅʀ 

 

ʆʩʥʦʚʫ ʧʘʨʢʫ ʅʘʮʽʦʥʘʣʴʥʦʾ ʛʚʘʨʜʽʾ ʋʢʨʘʾʥʠ (ʅɻʋ) ʩʢʣʘʜʘʻ ʚʽʡʩʴʢʦʚʘ 

ʪʝʭʥʽʢʘ (ɺʊ), ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʩʣʫʞʙʦʚʦ-ʙʦʡʦʚʽʡ ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ 

ʧʝʨʝʚʝʟʝʥʥʷ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ, ʦʟʙʨʦʻʥʥʷ, ʙʦʻʧʨʠʧʘʩʽʚ, ʩʧʝʮʽʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʜʦ 

ʤʽʩʮʴ ʚʠʢʦʥʘʥʥʷ ʩʣʫʞʙʦʚʦ-ʙʦʡʦʚʠʭ ʟʘʚʜʘʥʴ (ʉɹɿ). 

ʆʯʝʚʠʜʥʠʤ ʻ ʪʝ, ʱʦ ʩʝʨʝʜ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʘʣʴʥʠʤ ʪʝʭʥʽʢʠ 

ʫ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʻ ʚʘʛʦʤʠʡ ʚʧʣʠʚ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʽʩʪʴ 

ʚʠʢʦʥʘʥʥʷ ʉɹɿ. ɿʦʢʨʝʤʘ, ʩʚʦʻʯʘʩʥʽʩʪʴ ʜʦʩʪʘʚʢʠ ʦʩʦʙʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ 

ʥʝʦʙʭʽʜʥʦʛʦ ʚʘʥʪʘʞʫ ʤʦʞʝ ʙʫʪʠ ʢʨʠʪʠʯʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʫʩʧʽʰʥʦʩʪʽ 

ʚʠʢʦʥʘʥʥʷ ʉɹɿ ʧʽʜʨʦʟʜʽʣʘʤʠ ʅɻʋ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʚ ʫʤʦʚʘʭ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʘ ʧʨʠʨʦʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʤʘʩʦʚʠʭ 

ʟʘʚʦʨʫʰʝʥʴ, ʫʯʘʩʪʽ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʦʧʝʨʘʮʽʷʭ ʽʟ ʧʦʰʫʢʫ ʪʘ ʟʥʝʰʢʦʜʞʝʥʥʷ 
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ʦʟʙʨʦʻʥʠʭ ʟʣʦʯʠʥʮʽʚ, ʣʽʢʚʽʜʘʮʽʾ ʥʝʟʘʢʦʥʥʠʭ ʟʙʨʦʡʥʠʭ ʬʦʨʤʫʚʘʥʴ ʘʙʦ ʧʨʠ 

ʚʠʢʦʥʘʥʥʽ ʟʘʚʜʘʥʴ ʫʯʘʩʪʽ ʫ ʪʝʨʠʪʦʨʽʘʣʴʥʽʡ ʦʙʦʨʦʥʽ. 

ʆʮʽʥʶʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ɺʊ ʧʦʚôʷʟʘʥʝ ʽʟ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʪʠ ʪʝʭʥʽʢʠ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʋɽ). ʆʜʥʘʢ, ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʽʩʥʫʻ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʱʦ ʜʦʟʚʦʣʷʚ ʙʠ ʫʨʘʭʦʚʫʚʘʪʠ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʉɹɿ ʅɻʋ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʧʣʘʥʫʚʘʥʥʽ ʟʘʙʝʟʧʝʯʝʥʥʷʤ 

ʧʘʣʴʥʠʤ ɺʊ.  

ɺʽʜʦʤʦ, ʱʦ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ï ʮʝ ʥʘʙʣʠʞʝʥʠʡ ʦʧʠʩ ʜʦʚʽʣʴʥʦʛʦ ʢʣʘʩʫ 

ʷʚʠʱ ʟʦʚʥʽʰʥʴʦʛʦ ʩʚʽʪʫ, ʧʦʜʘʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʠʤʚʦʣʽʢʠ. 

ʅʘʨʘʟʽ ʤʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʩʪʫʧʘʻ ʷʢ ʤʝʪʦʜ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʠʪʨʘʪʠ 

ʧʘʣʴʥʦʛʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʊ ʅɻʋ. 

ʅʦʨʤʠ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ ʽ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʚʽʡʩʴʢʦʚʠʭ ʯʘʩʪʠʥ 

ʅɻʋ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ ʧʦʪʨʝʙʠ ʫ ʧʘʣʠʚʥʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʽ 

ʢʦʥʪʨʦʣʶ ʟʘ ʾʭ ʚʠʪʨʘʪʘʤʠ, ʚʝʜʝʥʥʷ ʟʚʽʪʥʦʩʪʽ, ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʨʝʞʠʤʫ ʝʢʦʥʦʤʽʾ ʽ 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʨʦʙʣʝʥʥʷ ʧʠʪʦʤʠʭ ʥʦʨʤ. 

ʅʦʨʤʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ - ʮʝ ʚʩʪʘʥʦʚʣʝʥʥʷ ʜʦʧʫʩʪʠʤʦʾ ʤʽʨʠ ʡʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ ʚ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʜʣʷ ʯʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʙʘʟʦʚʽ 

ʣʽʥʽʡʥʽ ʥʦʨʤʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʧʦ ʤʦʜʝʣʷʭ (ʤʦʜʠʬʽʢʘʮʽʷʭ) ʘʚʪʦʤʦʙʽʣʽʚ, ʪʘ ʩʠʩʪʝʤʘ 

ʥʦʨʤʘʪʠʚʽʚ ʽ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʨʘʭʦʚʫʚʘʪʠ ʚʠʢʦʥʘʥʫ ʪʨʘʥʩʧʦʨʪʥʫ 

ʨʦʙʦʪʫ, ʢʣʽʤʘʪʠʯʥʽ, ʜʦʨʦʞʥʽ ʪʘ ʽʥʰʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɹʘʟʦʚʫ ʣʽʥʽʡʥʫ ʥʦʨʤʫ ʜʣʷ ɺʊ ʅɻʋ ʧʨʦʧʦʥʫʻʪʴʩʷ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʘʢʫ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʦʩʥʦʚʥʦ ʾ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʥʘ ʧʨʦʙʽʛ 

ʧʦʨʦʞʥʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʚ ʣ/100 ʢʤ., ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʥʘ 

ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʩʧʦʨʪʥʦʾ ʨʦʙʦʪʠ ʚ ʣ/100 ʪĿʢʤ. 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʙʘʟʦʚʦʾ ʣʽʥʽʡʥʦʾ ʥʦʨʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʤʘʪʝʤʘʪʠʯʥʫ 

ʤʦʜʝʣʴ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʜʣʷ ʫʩʪʘʣʝʥʦʛʦ ʨʝʞʠʤʫ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ ʧʨʠ ʩʝʨʝʜʥʽʭ 

ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʮʠʭ ʦʙʤʝʞʝʥʴ ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʥʦʚʥʦʾ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ: 

( )[ ]2

ao

2

kk

i

o
VɼGCiBiA

1
H Ö+yÖ+Ö+Ö

h
=  ʣ/100 ʢʤ,                                      (1) 

ʜʝ 
o

G  - ʚʘʛʘ ʧʦʨʦʞʥʴʦʛʦ ʘʚʪʦʤʦʙʽʣʷ, ʅ; ɼ - ʧʦʩʪʽʡʥʠʡ ʜʣʷ ʜʘʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʢʦʝʬʽʮʽʻʥʪ (0,077kF). 

ʗʢʱʦ ʚʠʨʘʟʠʪʠ 
k

i  ʽ y ʯʝʨʝʟ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʚʪʦʤʦʙʽʣʷ, ʦʪʨʠʤʘʻʤʦ 

ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ ʥʦʨʤʠ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ: 

2

a2

a

1

o
V

V
H ÖD+

D
=   ʣ/100 ʢʤ                                                                          (2) 

ʜʝ 
1
D ʽ 

2
D  - ʧʦʩʪʽʡʥʽ ʜʣʷ ʜʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʢʦʝʬʽʮʽʻʥʪʠ, ʥʘʧʨʠʢʣʘʜ ʜʣʷ 

ʂʨɸɿ - 6322 1146
1
=D  ʽ 0019,0

2
=D . 

ɼʦʜʘʪʢʦʚʘ ʥʦʨʤʘ ʥʘ ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʥʥʠ ʚʘʥʪʘʞʫ ʥʘ ʚʽʜʩʪʘʥʴ 100 ʢʤ 

ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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yÖ
hÖrÖÖh

=
ʪʨʪʥi

6

ʜ
H

10
ʅ  ʣ/100 ʪĿʢʤ.                                                                (3) 

ʇʨʠʡʤʘʻʤʦ ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʝʥʟʠʥʽ 

( )y= 118...106ʅ
ʜ

, ʜʣʷ ʘʚʪʦʤʦʙʽʣʽʚ ʟ ʜʚʠʛʫʥʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʜʠʟʝʣʴʥʦʤʫ 

ʧʘʣʴʥʦʤʫ ( )y= 65...62ʅ
ʜ

. 

ʇʨʠ ʥʦʨʤʫʚʘʥʥʽ 
i
h ʚʠʟʥʘʯʘʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʦʪʢʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʦʤ ʘʚʪʦʤʦʙʽʣʷ. 

ɼʣʷ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 ʨʦʟʨʘʭʦʚʘʥʦ ʦʩʥʦʚʥʽ ʽ ʜʦʜʘʪʢʦʚʽ ʥʦʨʤʠ 

ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʟʘ ʧʨʦʧʦʥʦʚʘʥʦʶ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʊ ʅɻʋ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʚʝʣʠʯʠʥʠ 
i
h [2]. 

ʆʩʥʦʚʥʘ ʥʦʨʤʘ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʦʙʯʠʩʣʶʚʘʣʘʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

öö
÷

õ
ææ
ç

å
Ö+= 2

a

a

o
V0019,0

V

1146
H  ʣ/100 ʢʤ.                                                              (4) 

ɼʦʜʘʪʢʦʚʘ ʥʦʨʤʘ ʥʘ ʦʜʥʫ ʪʦʥʥʫ ʚʘʥʪʘʞʫ, ʧʝʨʝʚʝʟʝʥʦʛʦ ʥʘ ʩʪʦ ʢʽʣʦʤʝʪʨʽʚ, 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

a

ʜ
V

42
54ʅ =yÖ=  ʣ/100 ʪĿʢʤ.                                                                           (5) 

ʏʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʬʦʨʤʫʣ ʦʩʥʦʚʥʦʾ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʥʦʨʤ 

ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

 

 

 

 

ʊʘʙʣʠʮʷ 1 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʦʾ ʪʘ ʜʦʜʘʪʢʦʚʦʾ ʥʦʨʤ ʚʠʪʨʘʪʠ ʧʘʣʴʥʦʛʦ 

ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 

ɻʨʫʧʘ 

ʜʦʨʽʛ 

ʂʦʝʬʽʮʽʻʥʪ 

ʩʫʤʘʨʥʦʛʦ 

ʦʧʦʨʫ ʜʦʨʦʛʠ, y 

ʉʝʨʝʜʥʷ 

ʪʝʭʥʽʯʥʘ 

ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, 

a
V  

ʆʩʥʦʚʥʘ ʥʦʨʤʘ,  

o
H  ʣ/100 ʢʤ 

ɼʦʜʘʪʢʦʚʘ 

ʥʦʨʤʘ, 

ʜ
ʅ  ʣ/100 ʪĿʢʤ 

I 0,013 60 26,0 0,7 

II  0,017 47 29,0 0,9 

III  0,021 38 33,0 1,1 

IV 0,025 32 38,0 1,4 

V 0,031 26 45,0 1,7 

VI  0,070 20 58,0 3,8 

VII  0,143 14 82,0 7,7 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʜʽʶʯʠʭ ʥʦʨʤ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ 

ʧʦʚʥʽʩʪʶ ʟʘʚʘʥʪʘʞʝʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ ʂʨɸɿ-6322 çʉʦʣʜʘʪè ( )ʪ12G
ʛʨ
=  ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣ. 2. 
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ʊʘʙʣʠʮʷ 2 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʜʽʶʯʠʭ ʥʦʨʤ ʚʠʪʨʘʪ ʧʘʣʠʚʘ 

ɻʨʫʧʘ 

ʜʦʨʽʛ 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʥʦʨʤʠ ɼʽʶʯʽ ʥʦʨʤʠ ɺʜ̔ʭʠʣʝʥʥʷ ʚ ʣʽʪʨʘʭ 

o
H  

ʜ
ʅ  

ɹ
ʅ  

o
H  

ʜ
ʅ  

ɹ
ʅ  

o
H  

ʜ
ʅ  

ɹ
ʅ  

I 26,0 8,4 34,4 27,5 15,6 42,3 -0,7 -7,2 -7,9 

II  29,0 10,8 39,8 27,5 15,6 42,3 +2,3 -4,8 -2,5 

III  33,0 13,2 46,2 32,4 15,6 47,1 +1,5 -2,4 -0,9 

IV 38,0 16,8 54,8 32,4 15,6 47,1 +6,5 +1,2 +7,7 

V 45,0 20,4 65,4 32,4 15,6 47,1 +13,5 +4,8 +18,3 

VI  58,0 45,6 103,6 35,6 15,6 50,3 +23.3 +10,9 +53,3 

VII  82,0 92,4 174,4 35,6 15,6 50,3 +43,7 +76,8 +124,1 

ɼʘʥʽ ʨʦʟʨʘʭʫʥʢʽʚ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʽʶʯʘ ʩʠʩʪʝʤʘ ʥʦʨʤʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʘʣʴʥʦʛʦ 

ʥʝʜʦʩʢʦʥʘʣʘ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʩʧʝʮʠʬʽʯʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʊ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʝʢʦʥʦʤʽʾ ʥʘ I, II ʽ III ʛʨʫʧʘʭ ʜʦʨʽʛ ʽ ʟʥʘʯʥʠʭ ʧʝʨʝʚʠʪʨʘʪ ʥʘ VI, V, VI ʽ VII ʛʨʫʧʘʭ 

ʜʦʨʽʛ.  

ʐʣʷʭ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʥʦʨʤʫʚʘʥʥʷ ʚʠʪʨʘʪ ʧʦʣʷʛʘʻ ʚ ʩʫʚʦʨʦʤʫ 

ʦʙʣʽʢʫ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ɺʊ ʅɻʋ, ʦʩʦʙʣʠʚʦ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʉɹɿ ʚ ʟʦʥʽ 

ʧʨʦʚʝʜʝʥʥʷ ʦʧʝʨʘʮʽʡ ʦʙôʻʜʥʘʥʠʭ ʩʠʣ. 
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ʤʘʥʽʧʫʣʷʮʽʡ ʟ ʚʝʣʠʢʦʚʘʛʦʚʠʤʠ ʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʤʠ ʚʘʥʪʘʞʘʤʠ. ʆʩʦʙʣʠʚʦ ʪʘʢʽ 

ʦʧʝʨʘʮʽʾ ʤʘʶʪʴ ʤʽʩʮʝ ʥʘ ʩʢʣʘʜʩʴʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʘʚʪʦʩʝʨʚʽʩʫ, ʥʘ ʷʢʠʭ ʥʝʤʦʞʣʠʚʦ ʯʠ ʥʝʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʚʘʥʪʘʞʫʚʘʯʽ 

ʘʙʦ ʽʥʫh ʩʢʣʘʜʩʴʢʫ ʪʝʭʥʽʢʫ. ɺʠʭʽʜ ʽʟ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ - ʪʘʢʝʣʘʞʥʽ ʚʽʟʢʠ.  

ʅʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʚʘʞʢʦʾ ʪʝʭʥʽʢʠ ʥʘ ʩʢʣʘʜ ʯʠ 

ʧʨʦʤʠʩʣʦʚʝ ʧʨʠʤʽʱʝʥʥʷ ï ʥʘʩʧʨʘʚʜʽ ʥʝʙʝʟʧʝʯʥʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʟʜʦʨʦʚôʷ ʯʠ, 

ʥʘʚʽʪʴ, ʞʠʪʪʷ ʣʶʜʠʥʠ. ɺʘʥʪʘʞʽ ʚʘʛʦʶ ʚ ʩʦʪʥʽ ʢʽʣʦʛʨʘʤʽʚ ʧʦʚʠʥʥʽ 

ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʩʴ ʷʢʦʤʦʛʘ ʥʘʜʽʡʥʽʰʝ ʽ ʙʝʟʧʝʯʥʽʰʝ. ʏʘʩʪʦ ʮʝ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʪʞ̫ʢʦ, ʘ ʪʦ ʡ ʥʝʙʝʟʧʝʯʥʦ, ʷʢʱʦ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʧʦʚʥʽʩʪʶ ʚʽʜʩʫʪʥʻ ʚʽʜʧʦʚʽʜʥʝ 

ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʝ ʦʙʣʘʜʥʘʥʥʷ. 

ɿ ʤʝʪʦʶ ʟʜʽʡʩʥʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʽ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ 

ʚʘʥʪʘʞʽʚ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʝʣʘʞʥʠʭ ʟʘʩʦʙʽʚ, ʥʘʧʨʠʢʣʘʜ, 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʣʷʪʠ ʩʧʝʮʽʘʣʽʟʦʚʘʥʝ ʦʙʣʘʜʥʘʥʥʷ ʘʜʘʧʪʦʚʘʥʦ ʜʦ ʢʦʥʢʨʝʪʥʠʭ 

ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʨʝʙ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʘʙʦ ʩʢʣʘʜʩʴʢʠʭ ʢʦʤʧʣʝʢʩʽʚ.  

ʊʦʤʫ ʚ ʨʦʙʦʪʽ ʧʦʩʪʘʚʣʝʥʦ ʟʘ ʤʝʪʫ ʨʦʟʨʦʙʠʪʠ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʝ 

ʦʙʣʘʜʥʘʥʥʷ (ʟʦʢʨʝʤʘ ʪʘʢʝʣʘʞʥʠʡ ʚʽʟʦʢ) ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʘ 

ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʘʜʘʧʪʠʚʥʦ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʚʠʨʦʙʥʠʯʦʾ ʙʘʟʠ 

ʧʽʜʧʨʠʻʤʩʪʚʘ. ʉʢʦʥʩʪʨʫʡʦʚʘʥʠʡ ʪʘʢʝʣʘʞʥʠʡ ʚʽʟʦʢ ʥʘʣʝʞʠʪʴ ʜʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʧʝʨʰʦʾ ʛʨʫʧʠ ʪʦʙʪʦ ʜʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

ʽ ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʤʝʪʦʶ 

ʧʽʜʪʨʠʤʢʠ ʨʫʭʦʤʦʛʦ ʩʢʣʘʜʫ ʚ ʪʝʭʥʽʯʥʦ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʘʚʪʦʨʘʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʨʦʙʦʪʠ ʟ ʜʦʧʦʤʦʛʦʶ 

ʉɸD/CAM ʩʠʩʪʝʤʠ Solʽdworks ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ 3-D ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ 

ʪʘʢʝʣʘʞʥʦʛʦ ʚʽʟʢʘ. ʄʦʜʝʣʴ ʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. 

ʗʢ ʚʽʜʦʤʦ ʩʠʣʘ ʪʝʨʪʷ ï ʮʝ ʩʝʨʡʦʟʥʘ ʧʝʨʝʰʢʦʜʘ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʷʢʠʡ 

ʚʘʥʪʘʞ ʧʦʪʨʽʙʥʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠ. ɺʩʽʤ ʚʽʜʦʤʠʡ ʬʘʢʪ: ʯʠʤ ʙʽʣʴʰʫ ʚʘʛʫ ʤʘʻ 

ʦʙôʻʢʪ, ʪʠʤ ʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʽ ʩʠʣʘ ʪʝʨʪʷ. ɿ ʤʝʪʦʶ ʧʦʜʦʣʘʥʥʷ ʩʠʣʠ 

ʪʝʨʪʷ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʽʚ ʚ 

ʢʦʥʩʪʨʫʢʮʽʾ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʟʦʢʨʝʤʘ ʩʧʨʦʻʢʪʦʚʘʥʦʛʦ 

ʪʘʢʝʣʘʞʥʦʛʦ ʚʽʟʢʘ, ʙʫʣʦ ʧʝʨʝʜʙʘʯʝʥʦ ʯʦʪʠʨʠ ʨʦʣʠʢʠ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʨʦʣʠʢʽʚ ʩʠʣʘ ʪʝʨʪʷ ʤʽʞ ʧʨʝʜʤʝʪʦʤ ʽ ʧʦʚʝʨʭʥʝʶ, ʧʦ ʷʢ̔ʡ ʚʽʥ ʨʫʭʘʻʪʴʩʷ, ʟʥʘʯʥʦ 

ʟʥʠʞʫʻʪʴʩʷ.  
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ʈʠʩʫʥʦʢ 1 ï 3-D ʤʦʜʝʣʴ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʪʘʢʝʣʘʞʥʦʛʦ ʚʽʟʢʘ, 

 ʨʦʟʨʦʙʣʝʥʦʛʦ ʟ ʜʦʧʦʤʦʛʦʶ ʉɸD/CAM ʩʠʩʪʝʤʠ Solʽdworks 

 

ʄʘʪʝʨʽʘʣ ʨʦʣʠʢʽʚ ʚʠʙʠʨʘʚʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʚʝʨʭʥʽ, ʧʦ ʷʢʽʡ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʟʚʠʯʘʡ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ɺʨʘʭʦʚʫʶʯʠ ʢʦʥʢʨʝʪʥʽ ʫʤʦʚʠ 

ʚʝʣʠʢʦʚʘʛʦʚʠʭ ʪʘ ʚʝʣʠʢʦʛʘʙʘʨʠʪʥʠʭ ʚʘʥʪʘʞʥʠʭ ʧʝʨʝʚʝʟʝʥʴ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴʩʷ  

ʥʘ ʦʜʥʦʤʫ ʽʟ ʧʽʜʧʨʠʻʤʩʪʚ ʤʽʩʪʘ ʏʝʨʢʘʩʠ, ʜʦʮʽʣʴʥʦ ʟʘ ʤʘʪʝʨʽʘʣ ʨʦʣʠʢʽʚ ʚʠʙʨʘʪʠ 

ʧʦʣʽʘʤʽʜ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʟʜʽʡʩʥʶʚʘʪʠ ʧʝʨʝʚʝʟʝʥʥʷ ʚʘʥʪʘʞʽʚ 

ʯʝʨʝʟ ʧʦʩʪʽʡʥʝ ʧʨʦʙʫʢʩʦʚʫʚʘʥʥʷ ʨʦʣʠʢʽʚ ʥʘ ʯʫʪʣʠʚʠʭ ʧʽʜʣʦʛʘʭ. ʊʘʢʽ ʨʦʣʠʢʠ 

ʤʘʶʪʴ ʙʽʣʴʰ ʥʝʩʫʯʫ ʟʜʘʪʥʽʩʪʴ, ʥʽʞ ʛʫʤʦʚʽ, ʥʘʧʨʠʢʣʘʜ, ʽ ʩʪʽʡʢʽ ʜʦ ʧʘʣʠʚʥʦ-

ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʙʦ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. ʈʦʣʠʢʠ ʽʟ ʧʦʣʽʘʤʽʜʫ 

ʪʘʢʦʞ ʩʪʽʡʢʽ ʜʦ ʨʦʟʨʠʚʽʚ, ʜʦ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʪʘ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʂʨʽʤ 

ʫʩʽʭ ʮʠʭ ʧʝʨʝʚʘʛ, ʚʦʥʠ ʪʘʢʦʞ ʟʤʝʥʰʫʶʪʴ ʨʠʟʠʢ ʧʦʰʢʦʜʞʝʥʥʷ ʧʽʜʣʦʛʠ ʪʦʛʦ ʯʠ 

ʽʥʰʦʛʦ ʨʦʙʦʯʦʛʦ ʤʽʩʮʷ. 

ɺʽʜʧʦʚʽʜʥʽ ʤʽʮʥʽʩʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʩʽʭ ʩʢʣʘʜʦʚʠʭ ʜʝʪʘʣʝʡ ʪʘʢʝʣʘʞʥʦʛʦ ʚʽʟʢʘ, 

ʱʦ ʩʧʨʦʻʢʪʦʚʘʥʦ, ʙʫʜʫʪʴ ʚʠʩʚʽʪʣʝʥʽ ʚ ʥʘʩʪʫʧʥʠʭ ʥʘʫʢʦʚʠʭ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ.  

 

ɸʛ̒ʚ̒ ʄʘʢʩʠʤ ʉʝʨʛʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʢɹʘ 

ʘʢʘʜʝʤʽʷ, maxageev73-73@ukr.net, +380955871309 

ʋʩʪʽʥʮʝʚ ʉʝʨʛʽʡ ʄʠʢʦʣʘʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ 

ʘʢʘʜʝʤʽʷ, sustincev@gmail.com, +380672640762  

 

ɼʆʉʃɯɼɾɽʅʅʗ ʂʆʈʆɿɯʁʅʆɰ ʉʊɯʁʂʆʉʊɯ ɿɸʍʀʉʅʀʍ ʇʆʂʈʀʊʊɯɺ, 

ʑʆ ɿɸʉʊʆʉʆɺʋʖʊʔʉʗ ʇʈʀ ʈɽʄʆʅʊɯ ɿɸʉʆɹɯɺ ʊʈɸʅʉʇʆʈʊʋ 

 

ɼʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʪʘ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʅʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʩʪʫʧʽʥʴ ʾʭ 

ʟʘʭʠʱʝʥʦʩʪʽ ʚʽʜ ʢʦʨʦʟʽʾ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʰʣʷʭʦʤ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʴ, ʩʝʨʝʜ ʷʢʠʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʩʧʦʩʦʙʠ 

ʛʘʟʦʪʝʨʤʽʯʥʦʛʦ ʥʘʧʠʣʝʥʥʷ, ʩʘʤʝ: ʧʣʘʟʤʦʚʠʡ, ʝʣʝʢʪʨʦʜʫʛʦʚʠʡ, 
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ʛʘʟʦʧʦʣʫʤô̫ʥʝʚʠʡ, ʜʝʪʦʥʘʮʽʡʥʠʡ ʪʘ ʾʭ ʢʦʤʙʽʥʘʮʽʾ ʟ ʤʝʪʦʜʘʤʠ ʤʦʜʠʬʽʢʘʮʽʾ 

(ʭʽʤʽʢʦ-ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ, ʧʦʚʝʨʭʥʝʚʦ-ʧʣʘʩʪʠʯʥʠʤ ʜʝʬʦʨʤʫʚʘʥʥʷʤ, 

ʣʘʟʝʨʥʦʶ ʦʙʨʦʙʢʦʶ ʪʦʱʦ.). ʆʜʥʘʢ ʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʢʦʨʦʟʽʾ ʟʥʘʡʰʦʚ ʤʝʪʦʜ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ.  

ʗʢ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʚʠʙʨʘʥʘ ʩʠʩʪʝʤʘ ʧʦʢʨʠʪʪʷ-ʚʽʜʥʦʚʣʶʚʘʥʘ 

ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ ʟʽ ʩʪʘʣʽ 45. ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʣʴ 

40ʍ13 ʽ ʍ18ʅ10ʊ. ʇʦʢʨʠʪʪʷ ʥʘʥʦʩʠʣʠ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ.  

ɺ ʨʦʙʦʪʽ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʨʦʟʛʣʷʥʫʪʘ 

ʢʽʥʝʪʠʢʘ ʟʤʽʥʠ ʧʦʪʝʥʮʽʘʣʫ ʚ ʯʘʩʽ.  

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʫʩʝʨʝʜʥʝʥʠʭ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʽʚ 

ʟʨʘʟʢʽʚ ʟ ʧʦʢʨʠʪʪʷʤʠ, ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ ʧʽʩʣʷ ʧʝʚʥʦʛʦ ʧʝʨʽʦʜʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ. ʂʨʽʤ ʫʩʝʨʝʜʥʝʥʠʭ ʜʘʥʠʭ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʽʚ, 

ʥʘʚʝʜʝʥʽ ʟʥʘʯʝʥʥʷ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʟʨʘʟʢʽʚ (ʨʠʩ.1).  

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʜʦʟʚʦʣʷʶʪʴ ʩʫʜʠʪʠ ʧʨʦ ʙʽʣʴʰ ʚʠʩʦʢʫ ʜʠʩʧʝʨʩʽʶ ʟʥʘʯʝʥʴ 

ʧʦʪʝʥʮʽʘʣʽʚ (ʱʦʜʦ ʩʝʨʝʜʥʴʦʛʦ) ʚ ʤʦʤʝʥʪ ʟʘʥʫʨʝʥʥʷ ʽ ʧʝʨʰʠʡ, ʥʝʚʝʣʠʢʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ. ʅʘ ʥʘʰ ʧʦʛʣʷʜ, ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ 

ʧʦʢʨʠʪʴ. ɺ ʧʝʨʰʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʨʦʟʽʡʥʽ ʧʨʦʮʝʩʠ ʥʘʡʙʽʣʴʰ 

ʥ̔ʪʝʥʩʠʚʥʽ ʽ ʥʘʡʤʝʥʰ ʨʽʚʥʦʟʥʘʯʥʽ, ʱʦ ʧʦʚ'ʷʟʘʥʦ ʟ ʧʦʩʪʽʡʥʦʶ ʟʤʽʥʦʶ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʢʘʪʦʜʥʠʭ ʽ ʘʥʦʜʥʠʭ ʜʽʣʷʥʦʢ ʤʝʪʘʣʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʄʠ 

ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʚ ʧʝʨʰʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ, ʱʦ ʩʢʣʘʜʘʻ ʜʚʘʜʮʷʪʴ ʭʚʠʣʠʥ 

ʥʘʡʙʽʣʴʰʽ ʧʦʨʠ ʧʦʢʨʠʪʪʷ ʟʘʧʦʚʥʶʶʪʴʩʷ ʘʛʨʝʩʠʚʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ ʽ ʢʦʨʦʟʽʡʥʽ 

ʧʨʦʮʝʩʠ ʧʨʦʪʽʢʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʚ ʥʠʭ. ʇʦʪʽʤ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʧʝʚʥʘ ʢʽʣʴʢʽʩʪʴ 

ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʚ ʧʦʨʘʭ, ʽ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʜʝʷʢʘ ʢʦʨʦʟʽʡʥʘ ʨʽʚʥʦʚʘʛʘ, ʱʦ 

ʟʜʘʪʥʘ ʧʦʷʩʥʠʪʠ ʤʝʥʰʝ ʨʦʟʩʽʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʽʥʪʝʨʚʘʣʽ 

ʚʘʨʽʶʚʘʥʥʷ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʝʨʰʠʤ ʧʨʦʤʽʞʢʦʤ ʯʘʩʫ. 

ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʟʘ ʚʠʥʷʪʢʦʤ ʚʠʧʘʜʢʫ ˉ7 ʟʥʘʯʝʥʥʷ 

ʧʦʪʝʥʮʽʘʣʽʚ ʟʤʝʥʰʫʶʪʴʩʷ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ ʟʨʘʟʢʽʚ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ 

ʥʘʩʠʯʝʥʦʛʦ ʭʣʦʨʩʨʽʙʥʦʛʦ ʝʣʝʢʪʨʦʜʫ: 1 ï ʟ ʤʦʤʝʥʪʫ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 1); 2 ï ʯʝʨʝʟ 

ʛʦʜʠʥʫ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 2); 3 ï ʯʝʨʝʟ ʯʦʪʠʨʠ ʛʦʜʠʥʠ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 

3); 4 ï ʯʝʨʝʟ ʜʦʙʫ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 4); 5 ï ʯʝʨʝʟ 4 ʜʦʙʠ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 

5); 6 ï ʯʝʨʝʟ ʪʠʞʜʝʥʴ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 6); 7 ï ʯʝʨʝʟ 2 ʪʠʞʥʽ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ              

(ʨ̫ʜ 7); 8 ï ʯʝʨʝʟ ʤʽʩʷʮʴ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 8) 
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ʎʝʡ ʬʘʢʪ ʧʦʷʩʥʶʻʪʴʩʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʻʶ ʢʦʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʣ ʧʦʢʨʠʪʪʷʤ. ʇʽʜʚʠʱʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚ ʨʘʟʽ ʟʨʘʟʢʽʚ ˉ7 ʤʦʞʝ 

ʙʫʪʠ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʚ ʧʦʨʘʭ ʧʦʢʨʠʪʪʷ, ʱʦ 

ʧʝʨʝʢhʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʥʠʢʥʝʥʥʶ ʩʝʨʝʜʦʚʠʱʘ. ʎʝʡ ʬʘʢʪ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʥʷʪʪʷʤ ʣʽʤʽʪʫʶʯʦʛʦ ʨʘʜʽʫʩʫ ʧʦʨʠ ʚ ʧʦʢʨʠʪʪʽ. ʂʦʨʝʣʷʮʽʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʩʽʭ ʟʨʘʟʢʽʚ ʟ ʩʝʨʝʜʥʽʤ, ʚ ʘʥʘʣʦʛʽʯʥʽ 

ʧʨʦʤʽʞʢʠ ʯʘʩʫ, ʜʣʷ ʽʥʰʠʭ ʧʦʢʨʠʪʪʽʚ ʩʭʦʞʘ ʟ ʧʝʨʰʠʤ.  

ʇʽʩʣʷ ʦʮʽʥʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʽʥʪʝʛʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʣʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 2).  

 

 
ʈʠʩʫʥʦʢ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ: 1 ï ʟ ʤʦʤʝʥʪʫ 

ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 1); 2 ï ʯʝʨʝʟ ʛʦʜʠʥʫ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 2); 3 ï ʯʝʨʝʟ ʯʦʪʠʨʠ 

ʛʦʜʠʥʠ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 3); 4 ï ʯʝʨʝʟ ʜʦʙʫ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 4); 5 ï ʯʝʨʝʟ 

4 ʜʦʙʠ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 5); 6 ï ʯʝʨʝʟ ʪʠʞʜʝʥʴ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 6);                 

7 ï ʯʝʨʝʟ 2 ʪʠʞʥʽ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ (ʨʷʜ 7); 8 ï ʯʝʨʝʟ ʤʽʩʷʮʴ ʧʽʩʣʷ ʟʘʥʫʨʝʥʥʷ            

(ʨʷʜ 8) 

 

ʄʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʯʘʩʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʦʙʤʽʥʫ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɼʣʷ ʚʠʧʘʜʢʫ 1 ʽ 8 ʨʽʟʥʠʮʷ ʩʪʘʥʦʚʠʪʴ 2 ʧʦʨʷʜʢʠ. ʊʦʙʪʦ ʢʽʣʴʢʽʩʪʴ 

ʟʘʨʷʜʞʝʥʠʭ ʽʦʥʽʚ ʚ ʧʦʜʚʽʡʥʦʤʫ ʝʣʝʢʪʨʠʯʥʦʤʫ ʰʘʨʽ ʟʤʝʥʰʫʻʪʴʩʷ. ʄʦʞʝʤʦ 

ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʟ ʥʘʢʦʧʠʯʝʥʥʷʤ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʥʘ ʧʦʚʝʨʭʥʽ 

ʟʨʘʟʢʘ. ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʝ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʯʠʥʝʥʥʶ ʤʘʪʝʨʽʘʣʫ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʚ ʜʝʬʝʢʪʘʭ ʧʦʢʨʠʪʪʷ. ʇʽʩʣʷ ʤʽʩʷʯʥʦʛʦ ʧʝʨʝʙʫʚʘʥʥʷ 

ʟʨʘʟʢʘ ʚ ʩʝʨʝʜʦʚʠʱʽ ʧʽʜ ʧʦʢʨʠʪʪʷʤ ʤʦʞʝ ʫʪʚʦʨʠʪʠʩʷ ʜʦʩʠʪʴ ʪʦʚʩʪʠʡ ʰʘʨ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʦʜʫʢʪʽʚ ʨʦʟʯʠʥʫ ʤʘʪʝʨʽʘʣʫ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ɯʤʦʚʽʨʥʦ 
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ʛʽʜʨʦʢʩʠʜʫ ʟʘʣʽʟʘ (3+). ʎʝʡ ʰʘʨ ʧʝʨʝʰʢʦʜʞʘʻ ʧʦʜʘʣʴʰʦʤʫ ʢʦʥʪʘʢʪʫ ʤʘʪʝʨʽʘʣʫ 

ʟʨʘʟʢʘ ʟ ʘʛʨʝʩʠʚʥʠʤ ʩʝʨʝʜʦʚʠ ʝɦʤ. 

ɺʽʟʫʘʣʴʥʘ ʦʮʽʥʢʘ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʦʮʽʥʶʚʘʣʘʩʷ ʟʘ ʪʨʴʦʤʘ ʢʨʠʪʝʨʽʷʤʠ:  

- ʥʘʷʚʥʽʩʪʴ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʾ ʥʘ ʧʦʚʝʨʭʥʽ ʧʽʩʣʷ ʚʠʩʫʰʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʚʠʧʨʦʙʫʚʘʥʦʛʦ ʟʨʘʟʢʘ;  

- ʧʨʠʙʣʠʟʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʣʦʱ ʟʽ ʩʣʽʜʘʤʠ ʽʨʞʽ ʽ ʙʝʟ ʥʠʭ;  

- ʨʦʟʜʫʪʦʩʪʽ ʧʦʢʨʠʪʪʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ  

ʈʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣ.2. 

 

ʊʘʙʣʠʮʷ 1 - ʈʝʟʫʣʴʪʘʪʠ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʟ 

ʧʦʢʨʠʪʪʷʤʠ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ 

 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ ʟʨʦʙʣʝʥʽ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

ʩʝʥʩʦʨʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʚʠʧʨʦʙʫʚʘʥʴ ʜʦʟʚʦʣʷʻ 

ʧʨʠʧʫʩʢʘʪʠ, ʱʦ ʯʝʨʝʟ ʤʽʩʷʮʴ ʧʽʩʣʷ ʢʦʥʪʘʢʪʫ ʟ ʧʦʢʨʠʪʪʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʟ ʽʨʞʝʶ ʚ ʯʦʪʠʨʠ ʨʘʟʠ ʤʝʥʰʝ ʧʦʚʝʨʭʥʽ ʙʝʟ ʽʨʞʽ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ 

ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʦʟʜʽʣʫ ʧʦʢʨʠʪʪʷ-ʚʽʜʥʦʚʣʶʚʘʥʘ ʧʦʚʝʨʭʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʥʘ ʚ 3-5 ʨʘʟʠ. 
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1 4 4 + + ï ï 4 4 0 0 1/2 1/2 

2 4 4 + + + + 4 4 4 4 1/5,

5 

1/6 

3 4 4 + + ï ï 4 4 0 0 4/1 4/1 

4 4 4 + + ï ï 4 4 0 0 6/1 6/1 

5 4 4 + + ï ï 4 4 0 0 1/1 1/1 

6 4 4 + + + + 4 4 4 4 1/1,

4 

1/1,

4 7 4 4 ï ï ï ï 0 0 0 0 1/1,

4 

1/1,

4 8 4 4 + + ï ï 4 4 0 0 4/1 4/1 
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ʀʚʘʥʦʚ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ, ʜ. ʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, ʇʦʣʦʮʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪ 

ʀʚʘʥʦʚ ʀʚʘʥ ʀʚʘʥʦʚʠʯ, ʢ. ʪ. ʥ., ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ, ʇʦʣʦʮʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, v.dronchenko@psu.by 

 

ʉʇʆʉʆɹ ʋʊʀʃʀɿɸʎʀʀ ʅɽʌʊɽʉʆɼɽʈɾɸʑʀʍ ʆʊʍʆɼʆɺ 

ʇʈɽɼʇʈʀʗʊʀʗ ʇʆ ʈɽʄʆʅʊʋ ɸɺʊʆʄʆɹʀʃʔʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 

 

 ʅʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʤʦʥʪʦʤ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚ 

ʪʝʯʝʥʠʝ ʛʦʜʘ ʦʙʨʘʟʫʝʪʩʷ ʜʦ 20 ʪʳʩ. ʪʦʥʥ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʠʜʝ 

ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʫʯʘʩʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʨʘʟʙʦʨʢʘ ʠ ʦʯʠʩʪʢʘ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʘʥʠʝʤ ʟʘʛʦʪʦʚʦʢ, ʦʙʢʘʪʦʯʥʦ-ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʠ ʜʨ. 

[1]. ɺ ʞʠʜʢʠʭ ʩʪʦʢʘʭ ʩʦʜʝʨʞʘʪʩʷ ʤʦʪʦʨʥʳʝ ʠ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ ʤʘʩʣʘ, 

ʧʣʘʩʪʠʯʥʝr ʩʤʘʟʢʠ, ʪʦʧʣʠʚʥʳʝ ʬʨʘʢʮʠʠ, ʪʝʭʥʠʯʝʩʢʠʝ ʤʦʶʱʠʝ ʩʨʝʜʩʪʚʘ, 

ʩʤʘʟʦʯʥʦ-ʦʭʣʘʞʜʘʶʱʠʝ  ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ  ʩʨʝʜʩʪʚʘ,  ʧʨʦʤʚrʦʯʥʳʝ ʞʠʜʢʦʩʪʠ ʠ 

ʜʨ.  

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʠʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚʳʜʝʣʷʶʪ 

ʫʯʘʩʪʢʠ ʧʦ ʨʘʟʙʦʨʢʝ ʠ ʦʯʠʩʪʢʝ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʜʧʨʠʷʪʠʡ [2]. ʕʪʠ 

ʦʪʭʦʜʳ, ʦʙʨʘʟʫʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʘʰʠʥ, ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʤʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʠ ʚʢʣʶʯʘʶʪ (% ʦʙ.) [2]: ʤʘʩʣʘ ʤʦʪʦʨʥʳʝ 

65é90, ʤʘʩʣʘ ʪʨʘʥʩʤʠʩʩʠʦʥʥʳʝ 6é10; ʪʦʧʣʠʚʥʳʝ ʬʨʘʢʮʠʠ 2é6 ʠ ʧʣʘʩʪʠʯʥʳʝ 

ʩʤʘʟʢʠ 1é2.  

ɼʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʨʝʤʦʥʪʫ ʜʚʠʛʘʪʝʣʝʡ ʠ ʤʘʰʠʥ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʠʣʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, 

ʧʨʠʯʝʤ ʞʝʣʘʪʝʣʴʥʦ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ ʦʯʠʩʪʢʫ ʠ ʧʝʨʝʨʘʙʦʪʢʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʯʘʩʪʠ ʠʩʢʣʶʯʝʥʠʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʟʜʦʨʦʚʴʝ ʨʘʙʦʯʠʭ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ 

ʨʝʤʦʥʪʥʭr ʧʨʝʜʧʨʠʷʪʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʭ ʧʝʨʝʨʘʙʦʪʢʘ ʠ ʫʪʠʣʠʟʘʮʠʷ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʚ 

ʥʝʦʧʘʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʫʪʝʤ ʵʤʫʣʴʛʠʨʦʚʘʥʠʷ ʩ ʫʣʫʯʰʝʥʠʝʤ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʘ 

ʫʪʠʣʠʟʘʮʠʷ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʵʤʫʣʴʩʠʡ, ʚʦ-ʧʝʨʚʳʭ, ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʘʜʛʝʟʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʬʦʨʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʢʠ ʢ ʪʦʧʣʠʚʫ ʢʦʪʝʣʴʥʳʭ 

ʘʛʨʝʛʘʪʦʚ (ʫʩʪʘʥʦʚʦʢ). ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʟʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʤʫʣʴʩʦʣʦʚ ʠ ʩʤʘʟʦʢ, ʘ ʚʪʦʨʦʝ ï 

ʫʤʝʥʴʰʠʪʴ ʦʙʲʝʤ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʩ ʜʳʤʦʚʳʤʠ ʛʘʟʘʤʠ ʚ ʘʪʤʦʩʬʝʨʫ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʛʘʟʦʚ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʣʘʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʀʚʘʥʦʚ, ɺ. ʇ. ʆʭʨʘʥʘ ʪʨʫʜʘ ʨʘʙʦʯʠʭ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ 

ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ : ʥʘʫʯʥʦʝ ʠʟʜʘʥʠʝ / ɺ. ʇ. ʀʚʘʥʦʚ, 
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1992. ï 558 ʩ.  
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ʇʝʣʝʚʽʥ ʃʝʦʥʽʜ ɭʚʛʝʥʦʚʠʯ, ʢ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ; pelevin.lie@knuba.edu.ua 

ʊʝʪʝʨʷʪʥʠʢ ʆʣʝʢʩʘʥʜʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʘʩʠʩʪʝʥʪ, ʂʠʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, teteriatnyk.oa@knuba.edu.ua 

 

ɯʅʊɽʅʉʀʌɯʂɸʎɯʗ ʈʆɹʆʊʀ ɹʋʃʔɼʆɿɽʈʅʆɻʆ ʈʆɹʆʏʆɻʆ ʆʈɻɸʅɸ 

 

ʊʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚʘʥʪʘʞʽʚ, ʧʝʨʝʚʝʟʝʥʥʷ ʣʶʜʝʡ, ʩʝʟʦʥʥʽ ʪʘ ʜʦʙʦʚʽ ʤʽʛʨʘʮʽʾ 

ʥʘʩʝʣʝʥʥʷ ï ʚʩʝ ʮʝ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʙʝʟ ʘʚʪʦʤʦʙʽʣʽʚ. ɸ ʥʘʷʚʥʽʩʪʴ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʪʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʝʤʦʞʣʠʚʦ ʫʷʚʠʪʠ ʙʝʟ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ.  ʪʘ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ. ʈʦʟʙʫʜʦʚʘ ʤʽʩʪ, ʧʨʠʚʘʙʣʠʚʽʩʪʴ 

ʜʣʷ ʞʠʪʪʷ ʧʨʠʤʽʩʴʢʠʭ ʧʦʩʝʣʝʥʴ ʪʘ ʤʽʩʪʝʯʦʢ, ʨʦʟʰʠʨʝʥʥʷ ʤʝʨʝʞ ʩʫʧʝʨʤʘʨʢʝʪʽʚ 

ʪʘ ʥʝʚʝʣʠʢʠʭ ʜʽʩʢʘʫʥʪʝʨʽʚ ï ʚʩʝ ʮʝ ʧʦʪʨʝʙʫʻ ʨʦʟʛʘʣʫʜʞʝʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ, ʷʢʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘʢʦʾ ʩʢʣʘʜʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ. 

ʆʢʨʽʤ ʨʦʟʙʫʜʦʚʠ ʽʩʥʫʶʯʦʾ ʥʘ ʜʘʥʠʡ ʯʘʩ ʩʠʩʪʝʤʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʦʨʽʛ 

(ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʨʦʟʚôʷʟʦʢ, ʟʙʽʣʴʰʝʥʥʷ ʩʤʫʛ ʨʫʭʫ ʪʦʱʦ) ʽʩʥʫʻ ʚʝʣʠʢʘ ʧʦʪʨʝʙʘ ʫ 

ʧʦʙʫʜʦʚʽ ʥʦʚʠʭ ʰʣʷʭʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ. 

ʈʦʙʦʪʠ ʟʽ ʟʚʝʜʝʥʥʷ ʧʦʣʦʪʥʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʦ ʜʦʚʞʠʥʽ ʜʦʨʦʛʠ ʚʝʣʠʢʦʶ 

ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʟʘ ʚʠʜʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʽ ʟʦʩʝʨʝʜʞʝʥʦʩʪʽ ʟʝʤʣʷʥʠʭ 

ʤʘʩ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʽ ʩʧʦʩʦʙʠ ʚʠʢʦʥʘʥʥʷ ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʧʦ ʜʦʚʞʠʥʽ 

ʜʦʨʦʛʠ ʟʤʽʥʶʶʪʴʩʷ ʚ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʭ ʤʝʞʘʭ. 

ɺʩʽ ʨʦʙʦʪʠ ʟʽ ʟʚʝʜʝʥʥʷ ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ ʧʽʜʛʦʪʦʚʯʽ 

ʪʘ ʦʩʥʦʚʥʽ. ɼʦ ʧʽʜʛʦʪʦʚʯʠʭ ʚʽʜʥʦʩʷʪʴʩʷ: ʚʽʜʥʦʚʣʝʥʥʷ ʪʨʘʩʠ, ʨʦʟʙʠʚʢʘ ʟʝʤʣʷʥʠʭ 

ʩʧʦʨʫʜ ʽ ʨʦʟʯʠʱʝʥʥʷ ʩʤʫʛʠ ʚʽʜʚʦʜʫ. ɼʦ ʦʩʥʦʚʥʠʭ ʨʦʙʽʪ ʚʽʜʥʦʩʠʪʴʩʷ ʟʚʝʜʝʥʥʷ 

ʟʝʤʣʷʥʦʛʦ ʧʦʣʦʪʥʘ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʦʧʝʨʘʮ̔ ʡ: ʟʥʷʪʪʷ ʨʦʩʣʠʥʥʦʛʦ ʽ 

ʜʝʨʥʦʚʦʛʦ ʧʦʢʨʠʚʫ, ʧʨʦʬʽʣʶʚʘʥʥʷ ʦʩʥʦʚʠ ʥʘʩʠʧʫ, ʧʦʧʝʨʝʜʥʴʦʛʦ ʫʱʽʣʴʥʝʥʥʷ, 

ʨʦʟʧʫʰʝʥʥʷ ʽ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ ʚ ʨʝʟʝʨʚʽ (ʢʘʨô̒ ʨʽ) ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʡʦʛʦ ʚ 

ʥʘʩʠʧ, ʨʦʟʨʽʚʥʶʚʘʥʥʷ ˇʨʫʥʪʫ ʚ ʥʘʩʠʧʫ ʰʘʨʘʤʠ ʧʝʚʥʦʾ ʪʦʚʱʠʥʠ; ʆʩʥʦʚʥʦʶ 

ʤʘʰʠʥʦʶ, ʱʦ ʧʨʘʮʶ̒  ʟʚʦʣʦʞʝʥʥʷ ʘʙʦ ʧʨʦʩʫʰʫʚʘʥʥʷ ˇʨʫʥʪʫ ʜʦ ʦʧʪʠʤʘʣʴʥʦʾ 

ʚʦʣʦʛʦʩʪʽ, ʫɦ ʽʣʴʥʝʥʥʷ ˇʨʫʥʪʫ ʜʦ ʥʝʦʙʭʽʜʥʦʛʦ ʩʪʫʧʝʥʷ ʱʽʣʴʥʦʩʪʽ. ʄʘʡʞʝ ʚʩʽ 

ʦʧʝʨʘʮʽʾ ʧʦʚʪʦʨʶʶʪʴʩʷ ʢʽʣʴʢʘ ʨʘʟʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʩʦʪʠ ʥʘʩʠʧʫ, ʱʦ 

ʟʚʦʜʠʪʴʩʷ. ʂʨʽʤ ʪʦʛʦ ʟʝʤʣʷʥʽ ʨʦʙʦʪʠ ʜʽʣʷʪʴ ʥʘ ʣʽʥʽʡʥʽ ʽ ʟʦʩʝʨʝʜʞʝʥʽ. ʃʽʥʽʡʥʽ - ʮʝ 

ʦʜʥʦʨʽʜʥʽ ʨʦʙʦʪʠ ʟ ʙʽʣʴʰ-ʤʝʥʰ ʦʜʥʘʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʫ, ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ, ʛʽʜʨʦʣʦʛʽʷ, ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʣʦʪʥʘ, ʦʙʩʷʛ 

ʨʦʙʽʪ), ʱʦ ʯʝʨʛʫʶʪʴʩʷ ʫʟʜʦʚʞ ʪʨʘʩʠ. ɿʦʩʝʨʝʜʞʝʥʽ - ʮʝ ʥʝʦʜʥʦʨʽʜʥʽ ʨʦʙʦʪʠ ʟ 

ʨʽʟʢʦ ʤʽʥʣʠʚʠʤʠ ʫʟʜʦʚʞ ʪʨʘʩʠ ʫʤʦʚʘʤʠ, ʥʘʧʨʠʢʣʘʜ, ʯʝʨʛʫʚʘʥʥʷ ʚʠʩʦʢʠʭ 

ʥʘʩʠʧʽʚ ʽ ʚʠʾʤʦʢ ʘʙʦ ʜʽʣʷʥʦʢ ʜʦʨʽʛ ʚ ʩʢʝʣʴʥʠʭ ˇʨʫʥʪʘʭ ʪʘ ʽʥ. ʇʨʠ ʟʦʩʝʨʝʜʞʝʥʠʭ 

ʨʦʙʦʪʘʭ ʥʘ ʢʦʨʦʪʢʠʭ ʜʽʣʷʥʢʘʭ ʪʨʘʩʠ ʢʦʥʮʝʥʪʨʫʶʪʴʩʷ ʚʝʣʠʢʽ ʦʙʩʷʛʠ ʟʝʤʣʷʥʠʭ 

ʨʦʙʽʪ [1]. 

ɹʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʨʦʙʽʪ ʚʠʢʦʥʫʶʪʴ ʤʘʰʠʥʠ, ʱʦ ʦʩʥʘʱʝʥʦ 

ʚʽʜʚʘʣʴʥʠʤʠ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʙʫʣʴʜʦʟʝʨ ʪʘ ʘʚʪʦʛʨʝʡʜʝʨ. 

ɯ ʷʢʱʦ ʦʩʪʘʥʥʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʯʠʩʪʦʚʦʛʦ ʧʨʦʬʽʣʶʚʘʥʥʷ ʜʦʨʦʞʥʴʦʛʦ 
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ʧʦʣʦʪʥʘ ʪʘ ʟʚʝʜʝʥʥʷ ʜʦʧʦʤʽʞʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʪʦ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʨʦʙʽʪ ʟ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚʝʨʭʥʴʦʛʦ ʰʘʨʫ ˇʨʫʥʪʫ ʙʝʨʝ ʥʘ ʩʝʙʝ ʩʘʤʝ ʙʫʣʴʜʦʟʝʨ. 

ʉʚʽʪʦʚʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʝ ʦʙʽʡʰʣʘ ʩʪʦʨʦʥʦʶ ʽ 

ʜʦʨʦʞʥʻ ʙʫʜʽʚʥʠʮʪʚʦ. ʇʨʦʙʣʝʤʘ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʫ ʥʝ ʻ 

ʯʠʤʦʩʴ ʥʦʚʠʤ ʚ ʛʘʣʫʟʽ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ɺʠʨʽʰʝʥʥʶ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʧʨʦʪʷʛʦʤ 

ʦʩʪʘʥʥʽʭ 30-ʪʠ ʨʦʢʽʚ ʧʨʠʩʚʷʯʝʥʦ ʙʘʛʘʪʦ ʨʦʙʽʪ, ʟʦʢʨʝʤʘ ʽ ʧʨʦʙʣʝʤʽ ʟʥʠʞʝʥʥʷ 

ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʪʘ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ˇʨʫʥʪʫ ʙʫʣʴʜʦʟʝʨʥʠʤ 

ʚʽʜʚʘʣʦʤ. ɺʽʜʦʤʠʤʠ ʚʯʝʥʠʤʠ (ɹʘʣʘʜʽʥʩʴʢʠʡ ɺ,ʃ., ɹʘʣʦʚʥʻʚ ɺ.ɯ., ʍʤʘʨʘ ʃ.ɸ. ʪʘ 

ʙʘʛʘʪʦ ʽʥʰʠʭ) ʪʘ ʥʘʫʢʦʚʠʤʠ ʰʢʦʣʘʤʠ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ, ʱʦʜʦ ʥʦʞʦʚʠʭ ʩʠʩʪʝʤ ʙʫʣʴʜʦʟʝʨʽʚ. ɺʽʜʦʤʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʨʦʟʨʦʙʢʘ 

ʥʘʩʪʫʧʥʠʭ ʥʦʞʦʚʠʭ ʩʠʩʪʝʤ ʙʫʣʴʜʦʟʝʨʘ: ʪʨʘʜʠʮʽʡʥʘ ʟ ʧʨʷʤʦʢʫʪʥʠʤʠ ʥʦʞʘʤʠ ʽ 

ʣʽʥ̔ʡʥʠʤ ʨʽʞʫʯʠʤ ʢʨʘʻʤ; ʟ ʚʠʩʪʫʧʘʶʯʠʤ ʩʝʨʝʜʥʽʤ ʥʦʞʝʤ; ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʚʠʩʪʫʧʘʶʯʠʤʠ ʥʦʞʘʤʠ ʽ ʨʦʟʤʽʱʝʥʥʷʤ ʨʽʞʫʯʠʭ ʢʨʘʾʚ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ; ʟ 

ʚʠʩʪʫʧʘʶʯʠʤ ʩʝʨʝʜʥʽʤ ʥʦʞʝʤ ʽ ʙʽʯʥʠʤʠ ʢʦʩʠʥʢʘʤʠ; ʟ ʜʝʢʽʣʴʢʦʤʘ 

ʚʠʩʪʫʧʘʶʯʠʤʠ ʥʦʞʘʤʠ; ʟ ʚʠʩʪʫʧʘʶʯʠʤʠ ʥʦʞʘʤʠ ʧʨʦʩʪʦʨʦʚʦʾ ʬʦʨʤʠ, ʨʽʞʫʯʽ 

ʢʨʘʾ ʷʢʠʭ ʨʦʟʤʽʱʝʥʽ ʚ ʦʜʥʽʡ ʯʠ ʨʽʟʥʠʭ ʧʣʦʱʠʥʘʭ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʱʦ ʟʘʭʠʱʝʥʦ ʚʽʜʧʦʚʽʜʥʠʤʠ ʧʘʪʝʥʪʘʤʠ [2, 3].  

ʊʦʙʪʦ ʽʥʪʝʥʩʠʬʽʢʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʙʫʣʴʜʦʟʝʨʥʦʛʦ ʚʽʜʚʘʣʫ, ʚ 

ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʟʦʥʽ ʚʽʜʦʢʨʝʤʣʝʥʥʷ ˇʨʫʥʪʫ ʨʽʟʘʣʴʥʦʶ 

ʢʨʦʤʢʦʶ. ɸʣʝ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʨʦʟʨʦʙʣʝʥʠʭ ʩʠʩʪʝʤ ʨʝʘʣʽʟʫʻ ʩʪʘʪʠʯʥʠʡ 

ʨʝʞʠʤ ʨʫʡʥʫʚʘʥʥʷ ˇʨʫʥʪʫ. ʂʨʽʤ ʪʦʛʦ, ʥʝʜʦʩʪʘʪʥʴʦ ʫʚʘʛʠ ʧʨʠʜʽʣʝʥʦ 

ʟʥʦʰʫʚʘʥʥʶ ʝʣʝʤʝʥʪʽʚ ʥʦʞʦʚʠʭ ʩʠʩʪʝʤ, ʷʢʝ ʙʫʜʝ ʟʙʽʣʴʰʫʚʘʪʠʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʟ ˇʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ. ʎʽ ʥʶʘʥʩʠ ʟʥʘʯʥʦ 

ʟʥʠʞʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʽ ʜʦʟʚʦʣʷʶʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʥʘʩʪʫʧʥʝ 

ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ. 

ɼʣʷ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʨʦʟʨʦʙʢʠ ˇʨʫʥʪʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʷʢʦʩʪʽ 

ʚʠʩʪʫʧʘʶʯʦʛʦ ʩʝʨʝʜʥʴʦʛʦ ʥʦʞʘ ʜʠʩʢʦʚʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʫ ʚʠʛʣʷʜʽ ʫʩʽʯʝʥʦʛʦ 

ʢʦʥʫʩʫ, ʱʦ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʙʽʣʴʰʦʶ ʦʩʥʦʚʦʶ ʜʦʥʠʟʫ. ɼʠʩʢʦʚʠʡ ʩʝʨʝʜʥʽʡ ʥʽʞ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟ ʤʦʞʣʠʚʽʩʪʶ ʦʙʝʨʪʘʥʥʷ ʥʘʚʢʦʣʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ. ʆʙʝʨʪʘʥʥʷ 

ʜʠʩʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʢʨʝʤʦʛʦ ʧʨʠʚʦʜʫ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʽʜôʻʜʥʘʥʦ ʙʦ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʩʠʩʪʝʤʠ ʙʘʟʦʚʦʾ ʤʘʰʠʥʠ. 

ɿʘ ʨʘʭʫʥʦʢ ʜʽʘʤʝʪʨʫ ʜʠʩʢʦʚʠʡ ʥʽʞ ʙʫʜʝ ʤʘʪʠ ʣʽʜʠʨʫʶʯʫ ʨʽʟʘʣʴʥʫ ʢʨʦʤʢʫ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʦʩʥʦʚʥʦʾ ʨʽʟʘʣʴʥʦʾ ʢʨʦʤʢʠ ʚʽʜʚʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʟʠʪʠʚʥʽ ʝʬʝʢʪʠ ʘʥʘʣʦʛʽʯʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ 

(ʢʦʥʮʝʥʪʨʘʮʽʷ ʨʫʡʥʫʶʯʦʛʦ ʟʫʩʠʣʣʷ, ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʦʻʤʥʦʩʪʽ). ʆʙʝʨʪʘʥʥʷ ʜʠʩʢʫ 

ʚʽʜʥʦʩʥʦ ʚʝʨʪʠʢʘʣʴʥʦʾ ʚʽʩʽ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʜʠʥʘʤʽʯʥʫ ʩʢʣʘʜʦʚʫ ʚ ʧʨʦʮʝʩʽ 

ʨʽʟʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʩʪʽʡʥʦ ʛʦʩʪʨʫ ʨʽʟʘʣʴʥʫ 

ʢʨʦʤʢʫ ʥʘ ʣʦʙʦʚʽʡ ʧʦʚʝʨʭʥʽ ʚʠʩʪʫʧʘʶʯʦʛʦ ʜʠʩʢʦʚʦʛʦ ʥʦʞʘ. ɼʠʥʘʤʽʢʘ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʤʦʞʝ ʜʦʜʘʪʢʦʚʦ ʬʦʨʤʫʚʘʪʠ ʧʦʟʠʪʠʚʥʽ ʚʪʦʤʥʽ ʷʚʠʱʘ ʚ ˇʨʫʥʪʦʚʦʤʫ 

ʤʘʩʠʚʽ. 
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ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ʇʆʊʆʏʅʆɻʆ ʈɽʄʆʅʊʋ ʊɸ 

ʊɽʍʅɯʏʅʆɻʆ ʆɹʉʃʋɻʆɺʋɺɸʅʅʗ ɿɸʉʆɹɯɺ ʊʈɸʅʉʇʆʈʊʋ 

ʈʋʍʆʄʆʖ ʄɸʁʉʊɽʈʅɽʖ  

 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ, ʘ ʩʘʤʝ 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʧʦʚʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʽʪʴ ʚʽʜ ʜʦʩʢʦʥʘʣʦʩʪʽ ʩʠʩʪʝʤʠ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ (ʜʘʣʽ ʊʆʽʈ). ɿʨʦʟʫʤʽʣʦ, ʱʦ ʷʢʦʶ ʙ 

ʜʦʚʝʨʰʝʥʦʶ ʥʝ ʙʫʣʘ ʢʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʾ ʾʥʘʜʽʡʥʽʩʪʴ ʽ 

ʽʥʰʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʩʪʽʡʥʦ ʟʥʠʞʫʶʪʴʩʷ ʯʝʨʝʟ ʚʧʣʠʚ ʨʽʟʥʠʭ ʯʠʥʥʠʢʽʚ ʪʘ ʤʦʞʣʠʚʝ 

ʚʠʥʠʢʥʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʥʝʩʧʨʘʚʥʦʩʪʝʡ, ʱʦ ʫʩʫʚʘʪ̒ʴʩʷ ʚʯʘʩʥʦ ʧʨʦʚʝʜʝʥʠʤ 

ʊʆʽʈ [1 ï 3]. 

ʆʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʟʜʽʡʩʥʝʥʥʷ ʨʝʤʦʥʪʫ ʚ ʘʚʪʦʥʦʤʥʠʭ ʫʤʦʚʘʭ 

(ʧʽʜ ʯʘʩ ʚʠʾʟʜʫ ʥʘ ʧʦʣʴʦʚʽ ʨʦʙʦʪʠ, ʫʩʫʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʚʝʜʝʥʥʷ 

ʙʦʡʦʚʠʭ ʜʽʡ ʪʦʱʦ). ʏʝʨʝʟ ʽʥʪʝʥʩʠʚʥʫ ʝʢʩʧʣʫʘʪʘʮʽʶ ʪʘ ʯʠʤʘʣʫ ʚʠʪʨʘʪʫ 

ʤʦʪʦʨʝʩʫʨʩʽʚ, ʟʥʘʯʥʘ ʢʽʣɹʢʽʩʪʴ ʘʚʪʦʤʦʙʽʣʽʚ ʤʦʞʝ ʧʦʪʨʝʙʫʚʘʪʠ ʥʝʛʘʡʥʦʛʦ 

ʧʨʦʚʝʜʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʘ ʽʥʰʘ ʯʘʩʪʢʘ ʚʠʡʪʠ ʟ ʣʘʜʫ ʯʝʨʝʟ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʧʦʰʢʦʜʞʝʥʥʷ. ʋ ʪʦʡ ʞʝ ʯʘʩ, ʧʨʘʢʪʠʢʘ ʊʆʽʈ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ 

ʥʘ ʙʘʟʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʩʪʘʥʮʽʡ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘ ʪʘʢʠʤʠ ʫʤʦʚʘʤʠ 

ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʾʭ ʤʦʪʦʨʝʩʫʨʩʫ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʨʦʩʪʦʶ. 

ʋ ʜʦʧʦʚʽʜʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʩʫʯʘʩʥʽ ʥʘʧʨʷʤʢʠ ʟ ʚʠʨʦʙʥʠʮʪʚʘ ʥʦʚʽʪʥʽʭ 

ʟʨʘʟʢʽʚ ʨʫʭʦʤʠʭ ʟʘʩʦʙʽʚ ʊʆʽʈ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʢʘʟʫʻ ʥʘ ʧʦʰʠʨʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʡʩʪʝʨʝʥʴ ʟ ʚʠʩʦʢʠʤ ʩʪʫʧʝʥʝʤ ʾʭ ʫʥʽʬʽʢʘʮʽʾ ʧʦ ʙʘʟʦʚʠʤ 

ʘʚʪʦʤʦʙʽʣʴʥʠʤʠ ʰʘʩʽ ʽ ʢʫʟʦʚʘʤ-ʬʫʨʛʦʥʘʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʥʘ ʙʘʟʦʚʽ 

ʘʚʪʦʤʦʙʽʣʴʥʽ ʰʘʩʽ ʢʫʟʦʚʠ-ʬʫʨʛʦʥʠ ʙʽʣʴʰʦʛʦ ʦʙ'ʻʤʫ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ: 

ï ʨʦʟʰʠʨʶʚʘʪʠ ʚʠʨʦʙʥʠʯʽ ʤʦʞʣʠʚʦʩʪʽ ʤʘʡʩʪʝʨʝʥʴ; 

ï ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʧʘʩʥʠʭ ʯʘʩʪʠʥ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʧʝʨʝʚʦʟʷʪʴʩʷ; 

ï ʧʽʜʚʠʱʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʟ ʙʫʢʩʠʨʫʚʘʥʥʷ ʧʨʠʯʝʧʽʚ ʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʟʘʧʘʩʥʠʤʠ ʯʘʩʪʠʥʘʤʠ [1, 2].  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪ ʩʫʯʘʩʥʦʾ ʨʫʭʦʤʦʾ ʤʘʡʩʪʝʨʥʽ ʊʆʽʈ ʥʘ ʙʘʟʽ 

ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʰʘʩʽ ʪʠʧʫ ʂʨɸɿ (ʨʠʩ. 1), ʱʦ ʤʦʞʝ ʧʨʘʮʶʚʘʪʠ ʘʚʪʦʥʦʤʥʦ, ʫ 

ʰʚʠʜʢʦ ʟʤʽʥʶʶʯʠʭʩʷ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʤʘʻ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ [4]. ʈʫʭʦʤʘ ʤʘʡʩʪʝʨʥ,̫ ʷʢʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ, 
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ʤʽʩʪʠʪʴ ʙʘʟʦʚʝ ʘʚʪʦʤʦʙʽʣʴʥʝ ʰʘʩʽ ʪʠʧʫ ʂʨɸɿ ʪʘ ʩʧʝʮʽʘʣʴʥʠʡ ʢʦʥʪʝʡʥʝʨ 

ʩʪʘʥʜʘʨʪʫ ISO. ɹʘʟʦʚʠʡ ʘʚʪʦʤʦʙʽʣʴ ʤʽʩʪʠʪʴ ʣʝʙʽʜʢʫ, ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʪʠʧʫ "ʤʫʣʴʪʠʣʽʬʪ", ʩʧʝʮʽʘʣʴʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ 

ʙʫʢʩʠʨʫʚʘʥʥʷ ʯʘʩʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʝʩʧʨʘʚʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ, 

ʧʽʜʡʦʤʥʝ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʱʦ ʤʘʻ ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʧʦʻʜʥʘʥʥʷ ʟ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʪʠʧʫ "ʤʫʣʴʪʠʣʽʬʪ", ʞʦʨʩʪʢʠʡ ʙʫʢʩʠʨ.  

ʉʧʝʮʽʘʣʴʥʠʡ ʢʦʥʪʝʡʥʝʨ ʤʘʻ ʢʨʽʧʣʝʥʥʷ ʜʦ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦ-

ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʠʧʫ "ʤʫʣʴʪʠʣʽʬʪ" ʪʘ ʤʽʩʪʠʪʴ ʪʝʭʥʦʣʦʛʽʯʥʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʨʝʤʦʥʪʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ 

(ʘʚʪʦʥʦʤʥʝ ʜʞʝʨʝʣʦ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ, ʩʪʝʣʘʞʽ ʟ ʨʦʙʦʯʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʪʘ 

ʫʩʪʘʪʢʫʚʘʥʥʷʤ, ʚʠʨʦʙʥʠʯʽʡ ʥʘʤʝʪ ʪʦʱʦ). 
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ʈʠʩʫʥʦʢ ï 1. ʈʫʭʦʤʘ ʤʘʡʩʪʝʨʥ ̫ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ 

ʘ), ʚ), ʛ), ʜ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʡʩʪʝʨʥʽ; ʙ) ʟʥʷʪʪʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ 
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ʅʘʜʘʥʘ ʨʫʭʦʤʘ ʤʘʡʩʪʝʨʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʦʣʦʛʽ ʁ

ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʪʘ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ, 

ʟʘʙʝʟʧʝʯʠʚʰʠ ʦʜʥʦʯʘʩʥʝ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʦʧʝʨʘʮʽʡ ʟ ʊʆʽʈ, ʘ 

ʩʘʤʝ: 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʨʫʭʦʤʦʛʦ ʧʫʥʢʪʫ ʊʆʽʈ (ʨʠʩ. 1, ʘ)); 

ï ʨʦʟʛʦʨʪʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʫʥʢʪʫ ʊʆʽʈ 

(ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʫ) (ʨʠʩ. 1, ʙ), ʚ)); 

ï ʙʫʢʩʠʨʫʚʘʥʥʷ ʥʝʩʧʨʘʚʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʯʘʩʪʢʦʚʠʤ 

ʥʘʚʘʥʪʘʞʝʥʥʷʤ (ʨʠʩ. 1, ʛ)) ʘʙʦ ʞʦʨʩʪʢʠʤ ʙʫʢʩʠʨʦʤ; 

ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʠʭ ʨʦʙ̔ʪ (ʨʠʩ. 1, ʜ)). 

ʈʫʭʦʤʘ ʤʘʡʩʪʝʨʥʷ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ, ʧʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʥʘ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʧʫʥʢʪ ̔ ʊʆʽʈ ʢʦʥʪʝʡʥʝʨʥʦʛʦ ʪʠʧʫ, ʟʜʽʡʩʥʶʚʘʪʠ ʝʚʘʢʫʘʮʽʶ 

(ʙʫʢʩʠʨʫʚʘʥʥʷ) ʥʝʩʧʨʘʚʥʠʭ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ ʙʘʟʦʚʠʤ ʘʚʪʦʤʦʙʽʣʝʤ, ʟʦʢʨʝʤʘ 

ʯʘʩʪʢʦʚʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʚʘʥʪʘʞʥʫ ʯʘʩʪʠʥʫ ʨʘʤʠ ʘʙʦ ʚʠʢʦʥʫʚʘʪʠ ʾʤ 

ʧʽʜʡʦʤʥʦ-ʪʨʘʥʩʧʦʨʪʥʽ ʦʧʝʨʘʮʽʾ. 

ʅʘʜʘʥʠʡ ʚʘʨʽʘʥʪ ʨʫʭʦʤʦʾ ʤʘʡʩʪʝʨʥʽ ʚʨʘʭʦʚʫʻ ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʧʨʦʙʣʝʤʠ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʚʽʜʤʦʚʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʪʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʦʣʦʛʽʶ ʊʆʽʈ ʚhʠʜʢʦ ʪʘ ʚʯʘʩʥʦ ʟʜʽʡʩʥʁ ʯʁʠ ʡʦʛʦ ʚ ʘʚʪʦʥʦʤʥʠʭ 

ʫʤʦʚʘʭ.  
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ʂʦʣʝʩʥʽʢʦʚʘ ʊʝʪʷʥʘ ʄʠʢʦʣʘʾʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ ʜʝʨʞʘʚʥʘ 

ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ɼʥʽʧʨʦ  

ʄʦʡʩʷ ɼʤʠʪʨʦ ʃʝʦʥʽʜʦʚʠʯ, ʢ.ʪ.ʥ. 

ʇʦʣʦʚʦʡ ʇʘʚʣʦ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʤʘʛʽʩʪʨ ʜʨʫʛʦʛʦ ʢʫʨʩʫ, ʇʨʠʜʥʽʧʨʦʚʩʴʢʘ 

ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

 

ɸʅɸʃɯɿ ʌɸʂʊʆʈɯɺ ʑʆɼʆ ɿʄɯʅʀ ɺʀʊʈɸʊʀ ʇɸʃʀɺɸ ɺ ʇʈʆʎɽʉɯ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ɸɺʊʆʄʆɹɯʃɯɺ 

 

ɸʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʻ ʦʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʝʜʘʚʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ U.S. EPA 

[1] ʥʘ ʥʴʦʛʦ ʧʨʠʧʘʜʘʻ ʙʣʠʟʴʢʦ 30% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʚʠʢʠʜʽʚ CO2 ʚ 

ʘʪʤʦʩʬʝʨʫ. 

ɿʘ ʜʘʥʠʤʠ ɸʛʝʥʪʩʪʚʘ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʦɹʛʦ ʩʝʨʝʜʦʚʠʱʘ ʉʐɸ (US 

Environmental Protection Agency), ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʩʝʢʪʦʨ ʧʨʠʧʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 

31% ʥʘʮʽʦʥʘʣʴʥʠʭ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ʏʚʝʨʪʴ ʩʚʽʪʦʚʦʛʦ ʚʠʜʦʙʫʪʢʫ 

ʥʘʬʪʠ, ʧʨʠʙʣʠʟʥʦ 22 ʤʣʥ ʙʘʨʝʣʽʚ ʥʘ ʜʝʥ,ɹ ʡʜʝ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ ʩʧʦʞʠʚʯʦʛʦ 

ʧʘʣʠʚʘ [2]. 

ɽʢʦʥʦʤʽʷ ʬʽʥʘʥʩʽʚ ʽ ʟʥʠʞʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʤʦʞʣʠʚʽ ʟʘ ʨʘʭʫʥʦʢ 

ʩʪʘʙʽʣʽʟʘʮʽʾ ʡʦʛʦ ʷʢʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʧʘʣʠʚʘ, ʘ ʪʘʢʦʞ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʦʜʽʥʥʷ. ʄʘʩʰʪʘʙ ʝʢʦʥʦʤʽʾ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʦʛʦ, ʷʢ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ 

ʝʢʩʧʣʫʘʪʫʶʪɹʩʷ, ʚ ʷʢʠʭ ʫʤʦʚʘʭ, ʷʢ ʧʨʦʚʦʜʷʪʴʩʷ ʨʝʛʣʘʤʝʥʪʥʽ ʨʦʙʦʪʠ ʟ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʽ, ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ, ʩʪʘʞʫ ʚʦʜʽʷ ʽ ʩʪʠʣʶ ʚʦʜʽʥʥʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʷ ʤʦʞʥʘ ʟʘʦʱʘʜʠʪʠ ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʙʣʠʟʴʢʦ 15%. ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦ ʬʘʢʪʦʨʠ, ʷʢ̔ ʚʠʟʥʘʯʘʶʪʴ ʮʶ 

ʝʢʦʥʦʤʽʶ (ʨʠʩ. 1). ɺʠʜʽʣʠʪʠ ʟ ʥʠʭ ʛʨʫʧʫ ʥʝʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ, ʮʽʣʝʩʧʨʷʤʦʚʘʥʠʡ 

ʚʧʣʠʚ ʣʶʜʠʥʠ ʥʘ ʟʤʽʥʫ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʝʤʦʞʣʠʚʦ (ʪʠʧ ʜʦʨʦʛʠ, ʧʦʛʦʜʥʦ-

ʢʣʽʤʘʪʠʯʥʽ ʫʤʦʚʠ), ʽ ʛʨʫʧʫ ʟʘʣʝʞʥʠʭ ʬʘʢʪʦʨʽʚ - ʪʽ, ʱʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʣʶʜʩʴʢʦʛʦ 

ʬʘʢʪʦʨʫ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʜʽʷ, ʨʝʤʦʥʪʥʘ ʩʣʫʞʙʘ, ʪʝʭʥʽʯʥʝ ʩʪʘʥ ʘʚʪʦʤʦʙʽʣʷ, 

ʪʠʧ ʘʚʪʦʤʦʙʽʣ)̫. 

ʅʝʜʘʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [3] ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʧʝʚʥʠʭ ʩʠʪʫʘʮʽʷʭ ʩʪʠʣʴ ʚʦʜʽʥʥʷ 

ʚʦʜʽʷ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ (ʽ, ʦʪʞʝ, ʚʠʢʠʜʽʚ CO2) 

ʜʦ 40% ʤʽʞ ʩʧʦʢʽʡʥʠʤ ʚʦʜʽʥʥʷʤ ʽ ʘʛʨʝʩʠʚʥʠʤ. ʊʦʤʫ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʜʽʡ 

ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʧʣʠʚʫ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʻ ʥʘʚʯʘʥʥʷ ʚʦʜʽʾʚ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʠʣʶ ʚʦʜʽʥʥʷ, ʤʘʢʩʠʤʘʣʴʥʦ ʝʢʦʣʦʛʽʯʥʦʛʦ. 

ʍʦʯʘ ʜʦʩʣʽʜʥʽ ʧʨʦʝʢʪʠ ʧʦʩʪʽʡʥʦ ʦʥʦʚʣʶʶʪʴ çʧʨʘʚʠʣʘè ʝʢʦʣʦʛʽʯʥʦʛʦ 

ʚʦʜʽʥʥʷ [4], ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʦʜʽʥʥʷ ʟʘʣʠʰʘʶʪʴʩʷ 

ʥʝʟʤʽʥʥʠʤʠ, ʽ ʾʭ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʚ ʥʘʩʪʫʧʥʠʭ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʢʦʥʮʝʧʮʽʷʭ: 
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ʘ) ʧʦʧʝʨʝʜʞʫʶʯʠʡ ʩʪʠʣʴ ʚʦʜʽʥʥʷ, ʘ ʩʘʤʝ ʫʥʠʢʘʶʯʠ ʥʝʧʦʪʨʽʙʥʠʭ 

ʧʨʠʩʢʦʨʝʥʴ ʽ ʛʘʣʴʤʫʚʘʥʥʷ. ʎʷ ʩʠʪʫʘʮʽʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʙʽʣʴʰʝ ʧʘʣʠʚʘ; 

ʙ) ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʚʠʛʫʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦ. ʆʩʢʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʜʚʠʛʫʥʘ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʜʚʠʛʫʥ, ʘ ʚʥʫʪʨʽʰʥʷ ʚʪʨʘʪʘ ʪʝʨʪʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʜʚʠʛʫʥʘ, ʢʦʤʙʽʥʘʮʽʷ ʚʠʩʦʢʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʥʠʟʴʢʠʭ ʦʙʦʨʦʪʽʚ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʚʠʪʨʘʯʘʪʠ ʤʝʥʰʝ ʧʘʣʠʚʘ ʥʘ 

ʪʫ ʞ ʧʦʪʫʞʥʽʩʪʴ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʻ ʜʚʠʛʫʥ. 

 
ʈʠʩʫʥʦʢ 1 ï ɺʽʜʩʦʪʦʢ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ, ʦʙʫʤʦʚʣʝʥʠʡ ʨʽʟʥʠʤʠ ʥʘʙʦʨʘʤʠ 

ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ, ʷʢʙʠ ʚʩʽ ʚʦʜʽʾ ʚʟʷʣʠ ʩʪʠʣʴ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʦʜʽʥʥʷ, ʜʦʩʷʞʥʽ ʩʢʦʨʦʯʝʥʥʷ ʙʫʣʠ ʙ ʚʠʱʝ ʧʨʠ ʥʠʟʴʢʽʡ ʩʝʨʝʜʥʽʡ 

ʰʚʠʜʢʦʩʪʽ ʤʘʨʰʨʫʪʫ ʽ ʟʤʝʥʰʫʚʘʣʠʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ. 

ɿʦʢʨʝʤʘ, ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʷʞʥʠʡ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʩʢʣʘʜʘʻ ʙʣʠʟʴʢʦ 

30% ʧʨʠ 10 ʢʤ/ʛʦʜ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʤʘʨhʨʫʪʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʙʝʥʟʠʥʽ, ʽ ʙʣʠʟʴʢʦ 22% - ʧʨʠ 40 ʢʤ/ʛʦʜ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ, 

ʦʜʥʘʢ, ʜʦʩʷʞʥʽ ʩʢʦʨʦʯʝʥʥʷ ʥʝ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʙʽʣʴʰ 80-90 ʢʤ/ʛʦʜ 

ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʤʘʨʰʨʫʪʫ, ʜʝ ʚʧʣʠʚ ʚʦʜʽʷ ʥʘ ʩʧʦʞʠʚʘʥʥʷ ʧʘʣʠʚʘ ʚ 

ʘʚʪʦʤʦʙʽʣʽ ʤʘʡʞʝ ʥʝʧʦʤʽʪʥʦ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʮʽʣʦʤʫ ʚʧʣʠʚ ʚʦʜʽʷ ʥʘ ʩʧʦʞʠʚʘʥʥʷ 

ʧʘʣʠʚʘ ʘʚʪʦʤʦʙʽʣʝʤ ʽ ʚʠʢʠʜʠ CO2 ʚʠʱʝ ʧʨʠ ʥʠʟʴʢʽʡ ʩʝʨʝʜʥʽʡ ʰʚʠʜʢʦʩʪʽ 

ʤʘʨʰʨʫʪʫ ʽ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ 

ʧʝʨʝʚʘʛʠ ʝʢʦ-ʚʦʜʽʥʥʷ ʻ ʟʤʽʥʥʠʤʠ, ʚʦʥʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʝʨʝʜʥʴʦʾ ʰʚʠʜʢʦʩʪʽ ʽ ʚʠʱʝ 

ʚ ʩʠʪʫʘʮʽʷʭ (ʷʢ ʧʨʘʚʠʣʦ, ʤʽʩʴʢʽ ʪʘ ʩʝʨʝʜʥʴʦ-ʤʘʣʽ ʩʝʨʝʜʥʴʦʰʚʠʜʢʽʩʥʽ 

ʝʢʩʪʨʝʤʘʣʴʥʽ ʨʘʡʦʥʠ), ʜʝ ʥʘ ʬʦʨʤʫ ʮʠʢʣʽʚ ʚʦʜʽʥʥʷ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʧʦʚʝʜʽʥʢʘ 

ʚʦʜʽʷ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ, ʜʚʠʛʫʥʘ, ʟʯʝʧʣʝʥʥʷ ʽ ʛʘʟʫ). 
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ɿ ʜʦʩʣʽʜʞʝʥʴ [5] ʩʣʽʜ, ʱʦ ʝʢʦʥʦʤʽʷ ʧʘʣʠʚʘ ʥʘ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʟʘʩʦʙʽ ʚ 10% 

ʤʦʞʣʠʚʘ ʟʘʚʜʷʢʠ ʟʤʽʥʝʥʠʤ ʧʦʚʝʜʽʥʢʠ ʚʦʜʽʷ. ʊʘʢʘ ʝʢʦʥʦʤʽʷ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ 

ʰʣʷʭʦʤ ʧʦʤʽʨʥʦ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʧʦʚʝʜʽʥʢʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʩʪʨʝʤʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ çʛʽʧʝʨʤʽʣʽʥʛʘè. ʆʜʥʘ ʪʨʝʪʠʥʘ ʚʩʽʭ ʘʤʝʨʠʢʘʥʩʴʢʠʭ ʚʦʜʽʾʚ, ʷʢʽ 

ʚʧʨʦʚʘʜʞʫʶʪʴ ʪʝʭʥʽʢʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʚʦʜʽʥʥʷ, ʟʤʦʞʝ ʱʦʨʽʯʥʦ ʟʤʝʥʰʫʚʘʪʠ ʥʘ 33 

ʤʽʣʴʡʦʥʠ ʤʝʪʨʠʯʥʠʭ ʪʦʥ ʚʠʢʠʜʠ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (CO2) ʽ ʝʢʦʥʦʤʠʪʠ 7,5-15 

ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ [6]. 

ɼʦʩʣʽʜʞʝʥʥʷ [5] ʧʦʢʘʟʘʣʦ, ʱʦ ʧʨʠʡʥʷʪʪʷ ʝʬʝʢʪʠʚʥʠʭ ʨʝʞʠʤʽʚ ʚʦʜʽʥʥʷ 

ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʙʣʠʟʴʢʦ 20% ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʘʛʨʝʩʠʚʥʦʛʦ ʚʦʜʽʥʥʷ. ʅʘʚʽʪʴ ʧʦʯʠʥʘʶʯʠ ʟ ʙʽʣʴʰ ʧʦʤʽʨʥʠʭ ʩʪʠʣʽʚ ʚʦʜʽʥʥʷ, 

ʝʬʝʢʪʠʚʥʝ ʧʦʚʝʜʽʥʢʘ ʤʦʞʝ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʫ ʧʘʣʠʚʘ ʥʘ 5-10%. ʐʠʨʦʢʝ 

ʧʦʰʠʨʝʥʥʷ ʪʘʢʠʭ ʧʦʣʽʧʰʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʥʘʯʥʦʾ ʩʫʢʫʧʥʦʾ 

ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ. ʇʨʦʪʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʝʭʥʦʣʦʛʽʡ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, 

ʚʙʫʜʦʚʘʥʠʭ ʚ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʢʦʥʦʤʽʾ ʧʘʣʠʚʘ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʧʦʚʝʜʽʥʢʠ ʧʦʪʨʽʙʥʦ, ʱʦʙ ʫ ʚʦʜʽʷ ʙʫʣʘ ʜʦʩʪʘʪʥʷ ʤʦʪʠʚʘʮʽʷ ʜʣʷ ʟʤʽʥʠ 

ʩʧʦʩʦʙʫ ʚʦʜʽʥʥʷ. ɺʘʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʧʦʚʝʜʽʥʢʫ ʚʦʜʽʷ ʥʘʜʘʶʪʴ ʜʽʾ ʦʪʦʯʫʶʯʠʭ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʟʘʛʘʣʴʥʠʡ ʧʦʪʽʢ ʨʫʭʫ, ʟʘʥʝʧʦʢʦʻʥʥʷ ʟ ʧʨʠʚʦʜʫ ʩʧʨʦʙ 

ʰʚʠʜʢʦ ʜʽʩʪʘʪʠʩʷ ʢʫʜʠʩʴ ʽ ʧʦʪʫʞʥʽʩʪʴ/ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʘʚʪʦʤʦʙʽʣʽʚ. 

ʅʦʚʽ ʘʚʪʦʤʦʙʽʣʽ ʚʢʣʶʯʘʶʪʴ ʬʫʥʢʮʽʾ ʙʝʟʧʝʢʠ ʽ ʟʨʫʯʥʦʩʪʽ, ʪʘʢʽ ʷʢ ʜʦʧʦʤʦʛʘ 

ʚ ʫʪʨʠʤʘʥʥʽ ʩʤʫʛʠ ʨʫʭʫ, ʘʜʘʧʪʠʚʥʠʡ ʢʨʫʾʟ-ʢʦʥʪʨʦʣʴ ʽ ʨʘʥʥʻ ʛʘʣʴʤʫʚʘʥʥʷ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʤʠʥʫʯʦʛʦ ʟʽʪʢʥʝʥʥʷ. ʊʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʠʭ ʬʫʥʢʮʽʡ 

ʤʦʞʫʪʴ ʜʦʟʚʦʣʠʪʠ ʝʢʦʥʦʤʠʪʠ ʧʘʣʠʚʦ. ʎʷ ʝʢʦʥʦʤʽ̫ ʤʦʞʝ ʚʘʨʽʶʚʘʪʠʩʷ ʚʽʜ 30% 

ʜʦ 60% ʧʨʦʪʷʛʦʤ ʨʽʟʥʠʭ ʮʠʢʣʽʚ ʾʟʜʠ ʙʝʟ ʟʤʽʥ ʚ ʘʚʪʦʤʦʙʽʣʽ [7].  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʛʣʷʜ ʬʘʢʪʦʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʚ 

ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʧʨʦʮʝʩʽ, ʜʦʟʚʦʣʷʻ ʩʬʦʢʫʩʫʚʘʪʠʩʷ ʥʘ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʢʫʣʴʪʫʨʠ ʚʦʜʽʥʥʷ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʽ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 
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ʆɹʈʆɹʂɸ ʄɸʊɽʈɯɸʃɯɺ ʇʆʃɯʄɽʈʅʆ-ɸɹʈɸɿʀɺʅʀʄʀ ʑɯʊʂɸʄʀ 

 

ʅʘ ʙʫʜʽʚʝʣʥɹʦ-ʤʦʥʪʘʞʥʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʱʦʨʽʯʥʦ ʚʠʢʦʥʫʶʪʴʩʷ ʟʥʘʯʥʽ 

ʦʙ'ʻʤʠ ʨʦʙʽʪ ʧʦ ʦʯʠʱʝʥʥʶ ʤʝʪʘʣʝʚʠʭ ʽ ʥʝʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜ ʬʘʨʙʠ, ʽʨʞʽ, 

ʨʽʟʥʠʭ ʟʘʙʨʫʜʥʝʥʴ. ʆʩʦʙʣʠʚʽ ʪʨʫʜʥʦʱʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʟʘʯʠʱʝʥʥʽ ʤʝʪʘʣʝʚʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʘ ʤʦʥʪʘʞʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ, ʘ ʚʘʨʪʽʩʪʴ ʾʭ ʦʯʠʱʝʥʥʷ 

ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʣʘʢʦʬʘʨʙʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʢʣʘʜʘʻ ʜʦ 75% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʚʘʨʪʦʩʪʽ 

ʨʦʙʽʪ. 

ʐʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʦʯʠʩʥʠʭ ʦʧʝʨʘʮʽʡ ʦʪʨʠʤʘʣʠ ʨʫʯʥʽ 

ʤʘʰʠʥʠ, ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʷʢʠʭ ʻ ʘʙʨʘʟʠʚʥʽ ʢʨʫʛʠ ʪʘ ʤʝʪʘʣʝʚʽ ʱʽʪʢʠ. ʎʽ 

ʽʥʩʪʨʫʤʝʥʪʠ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤʠ, ʧʨʦʪʝ ʚʦʥʠ ʥʝ ʟʘʚʞʜʠ ʟʘʙʝʟʧʝʯʫʪʁʴ 

ʥʝʦʙʭʽʜʥʫ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʘ ʧʨʠ ʦʯʠʱʝʥʽ ʥʠʤʠ ʪʦʥʢʦʣʠʩʪʦʛʦ ʤʝʪʘʣʫ ʦʜʥʦʯʘʩʥʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʽʤʘʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʱʦ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʝʧʨʠʧʫʩʪʠʤʦ. ʇʽʩʣʷ ʦʯʠʱʝʥʥʷ ʤʝʪʘʣʝʚʠʤʠ ʱʽʪʢʘʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʙʦʨʦʟʥʠ, ʷʢʽ 

ʜʦʚʦʜʠʪʴʩʷ ʚʠʜʘʣʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʙʨʦʚʠʭ ʘʙʦ ʧʝʣʶʩʪʢʦʚʠʭ ʜʠʩʢʽʚ. ʄʝʪʘʣʝʚʽ 

ʱʽʪʢʠ ʪʘʢʦʞ ʥʝʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʽ ʧʨʠ ʦʯʠʱʝʥʥʽ ʧʦʚʝʨʭʥʽ ʚʽʜ ʪʚʝʨʜʠʭ 

ʧʦʢʨʠʪʪʽʚ, ʥʘʧʨʠʢʣʘʜ ʩʠʥʪʝʪʠʯʥʠʭ ʝʤʘʣʝʡ, ʪʚʝʨʜʽʩʪʴ ʷʢʠʭ ʘʥʘʣʦʛʽʯʥʘ ʪʚʝʨʜʦʩʪ̔ 

ʜʨʦʪʫ ʱʽʪʦʢ. ʂʨʽʤ ʪʦʛʦ, ʘʙʨʘʟʠʚʥʠʤʠ ʢʨʫʛʘʤʠ ʪʘ ʤʝʪʘʣʝʚʠʤʠ ʱʽʪʢʘʤʠ 

ʫʩʢʣʘʜʥʝʥʦ ʦʯʠʝɦʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ ʽ ʚʘʞʢʦʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ. 

ʆʯʠɦʝʥʥʷ ʮʠʤʠ ʽʥʩʪʨʫʤʝʥʪʘʤʠ ʜʦʩʠʪʴ ʝʥʝʨʛʦʻʤʥʘ, ʘ ʜʣʷ ʾʭ ʧʨʠʚʦʜʫ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʘʪʠ ʨʫʯʥʽ ʤʘʰʠʥʠ ʧʦʨʽʚʥʷʥʦ ʚʝʣʠʢʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. 

ɿ ʤʝʪʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʟ ʦʯʠʱʝʥʥʷ, ʟʦʢʨʝʤʘ 

ʰʘʙʨʫʚʘʥʥʷ ʚʢʣʘʜʠʰʽʚ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʟ ʙʨʦʥʟʠ ʽ ʪ.ʜ., ʨʦʟʨʦʙʣʝʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʚʦʣʦʢʦʥ ʥʘʧʦʚʥʝʥʠʭ ʘʙʨʘʟʠʚʦʤ, ʘ ʥʘ ʾʭ 

ʦʩʥʦʚʽ ʱʽʪʦʢ ʜʠʩʢʦʚʦʾ ʬʦʨʤʠ, ʟʨʘʟʦʢ ʷʢʦʾ ʧʨʠʚʝʜʝʥʠʡ ʥʘ ʨʠʩ 1 [1]. 
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ʈʠʩʫʥʦʢ 1. ʇʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʘ ʱʽʪʢʘ. 

 

ʈʦʟʛʣʷʥʝʤʦ ʦʩʥʦʚʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʨʦʙʦʪʠ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʱʽʪʢʠ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʦʶ ʱʽʪʢʦʶ 

ʥʝʤʦʞʣʠʚʝ ʧʨʠ ʢʦʣʦʚʠʭ ʰʚʠʜʢʦʩʪʷʭ ʤʝʥʰʝ 10é15 ʤ/ʩ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʘʙʨʘʟʠʚʥʠʡ 

ʢʨʫʛ ʥʘ ʪʘʢʠʭ ʰʚʠʜʢʦʩʪʷʭ ʚ ʧʨʠʥʮʠʧʽ ʧʨʘʮʝʟʜʘʪʥʠʡ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʨʦʙʦʪʠ ʮʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ. ʊʘʢ, ʷʢʱʦ ʘʙʨʘʟʠʚʥʠʡ ʢʨʫʛ ʤʦʞʝ ʙʫʪʠ 

ʧʦʨʽʚʥʷʥʥʠʡ ʟ ʜʠʩʢʦʚʦʶ ʬʨʝʟʦʶ, ʨʽʟʮʽ ʷʢʦʾ ʚʠʢʦʥʫʶʪʴ ʤʽʢʨʦʨʽʟʘʥʥʷ, ʪʦ ʨʦʙʦʪʘ 

ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʱʽʪʢʠ ʤʦʞʣʠʚʘ ʪʽʣʴʢʠ ʟ ʨʦʩʪʦʤ ʰʚʠʜʢʦʩʪʽ ʾʾ ʦʙʝʨʪʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ ʟʙʽʣʴʰʫʶʪʴʩʷ ʚʽʜʮʝʥʪʨʦʚʽ ʩʠʣʠ ʱʦ ʥʘʜʘʶʪʴ ʚʦʣʦʢʥʘʤ 

ʜʠʥʘʤʽʯʥʫ ʞʦʨʩʪʢʽʩʪʴ. ʇʨʠ ʟʫʩʪʨʽʯʽ ʟʝʨʥʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʪʦʨʮʽ ʧʦʣʽʤʝʨʥʦʾ 

ʥʠʪʢʠ, ʟ ʦʙʨʦʙʣʶʚʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʜʘʨ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʽʢʨʦʩʢʦʣʶʚʘʥʥʷ ʰʘʨʫ, ʦɦ ʚʠʜʘʣʷʻʪʴʩʷ. ʇʽʩʣʷ ʯʦʛʦ ʚʦʣʦʢʥʦ ʟʛʠʥʘʻʪʴʩʷ ʽ ʚ 

ʨʦʙʦʪʽ ʮʴʦʛʦ ʮʠʢʣʫ ʫʯʘʩʪʽ ʥʝ ʙʝʨʝ. 

ʇʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʘ ʱʽʪʢʘ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʥʝ ʟʥʽʤʘʻ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, 

ʘ ʪʽʣʴʢʠ ʡʦʛʦ ʧʦʣʽʨʫʻ, ʦʩʢʽʣʴʢʠ ʝʥʝʨʛʽʾ ʤʽʢʨʦʫʜʘʨʽʚ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʩʢʦʣʶʚʘʥʥʷ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʚʠʥʠʢʘʻ ʧʨʠ ʫʜʘʨʽ, ʧʝʨʝʜʘʻʪʴʩʷ ʫʟʜʦʚʞ 

ʥʠʪʢʠ, ʘ ʾʾ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʜʦʩʷʛʘʶʪʴʩʷ ʚ ʪʦʯʮʽ ʟʘʢʨʽʧʣʝʥʥʷ ʚʦʣʦʢʥʘ 

ʟʘʪʠʩʢʥʠʤʠ ʬʣʘʥʮʷʤʠ.  

ɺʥʘʩʣʽʜʦʢ ʚʪʦʤʠ ʚʦʣʦʢʥʘ, ʱʦ ʤʘʻ ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ, ʧʨʠ ʧʝʚʥʽʡ 

ʚʝʣʠʯʠʥʽ ʚʽʜʮʝʥʪʨʦʚʠʭ ʩʠʣ ʤʦʞʣʠʚʠʡ ʦʙʨʠʚ ʥʠʪʦʢ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʫʩʫʥʝʥʠʡ 

ʛʦʬʨʫʚʘʥʥʷʤ ʧʦʚʝʨʭʥ.̔ ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʦʣʦʢʥʘ ʟʘʯʽʧʣʷʶʪʴʩʷ ʦʜʥʝ ʟʘ ʦʜʥʝ, ʘ 

ʫʜʘʨʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʤʽʞ ʩʫʩʽʜʥʽʤʠ ʚʦʣʦʢʥʘʤʠ, ʪʦʙʪʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʤʽʩʮʽ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʦʾ ʱ̔ʪʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʝʥʝʨʛʽʾ 

ʤʽʢʨʦʫʜʘʨʽʚ, ʷʢʽ ʤʘʶʪʴ ʙʫʪʠ ʧʦ ʤʦʞʣʠʚʦʩʪʽ ʤʘʢʩʠʤʘʣʴʥʠʤʠ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ, ʘ ʪʘʢʦʞ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʫ ʚʦʣʦʢʥʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʟʝʨʥʘ ʪʘ ʡʦʛʦ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʚ ʥʠʪʮʽ, ʟʘ ʽʥʰʠʭ ʨʽʚʥʠʭ ʫʤʦʚ, ʟʥʠʞʫʻʪʴʩʷ ʤʽʮʥʽʩʪʴ ʚʦʣʦʢʦʥ ʽ 

ʟʨʦʩʪʘʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʾʭ ʦʙʨʠʚʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʙ'ʻʤʥʠʡ ʟʤʽʩʪ ʟʝʨʥʘ ʫ ʚʦʣʦʢʥʽ 

ʥʝ ʧʦʚʠʥʝʥ ʧʝʨʝʚʠʱʫʚʘʪʠ 18é25%, ʘ ʚʽʜʥʦʰʝʥʥʷ ʨʦʟʤʽʨʫ ʟʝʨʥʘ ʜʦ ʜʽʘʤʝʪʨʫ 

ʥʠʪʢʠ 0,2 [2]. 
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ɯʥʰʠʤ ʥʘʧʨʷʤʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʱʽʪʢʠ ʻ ʟʙʽʣʴʰʝʥʥʷ 

ʚhʠʜʢʦʩʪʽ ʾʾ ʦʙʝʨʪʘʥʥʷ, ʷʢʘ ʦʙʤʝʞʫʻʪʴʩʷ ʪʝʧʣʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ, 

ʩʫʧʨʦʚʦʜʞʫʶʯʠʤʠ ʨʦʙʦʪʫ ʱʽʪʢʠ. ʋ ʤʦʤʝʥʪ ʫʜʘʨʫ ʘʙʨʘʟʠʚʥʦʛʦ ʟʝʨʥʘ ʟ 

ʤʘʪʝʨʽʘʣʦʤ ʚʠʥʠʢʘʻ ʤʠʪʪʻʚʝ ʜʞʝʨʝʣʦ ʪʝʧʣʘ. ʅʠʪʢʘ ʥʘʛʨʽʚʘʻʪʴʩʷ, ʘ ʾʾ 

ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʽʟ ʟʘʣʝʞʥʦʩʪʽ. 
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ʜʝ ɟ; ;zf  ï ʮʠʣʽʥʜʨʠʯʥʽ ʢʦʦʨʜʠʥʘʪʠ, ʧʦʯʘʪʦʢ ʷʢʠʭ ʩʧʽʚʧʘʜʘʻ ʟ ʪʦʨʮʝʤ ʚʦʣʦʢʥʘ; 

q  ï ʧʦʪʫʞʥʽʩʪʴ ʤʠʪʪʻʚʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ; t  ï ʯʘʩ; , al  ï ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʠʪʢʠ. 

ʂʽʣʴʢʽʩʪʴ ʪʘʢʠʭ ʜʞʝʨʝʣ ()n  ʚʽʜʧʦʚʽʜʘʻ ʢʽʣʴʢʦʩʪʽ ʟʝʨʝʥ ʚ ʥʠʪʮʽ, ʱʦ 

ʦʜʥʦʯʘʩʥʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʨʦʙʦʪʽ, ʪʦʙʪʦ ʩʫʤʘʨʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʪʢʠ ʨʽʚʥʘ  

.
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                                                       (2). 

ʈʦʟʛʣʷʥʝʤʦ ʱʝ ʨʷʜ ʚʘʞʣʠʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠʩʷ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʱʽʪʢʠ. ʋ ʤʽʨʫ ʟʙʽʣʴʰʝʥʥʷ ʾʾ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ, ʜʠʥʘʤʽʯʥʘ 

ʞʦʨʩʪʢʽʩʪʴ ʥʠʪʦʢ ʟʨʦʩʪʘʻ, ʘ ʜʦʩʷʛʰʠ ʢʨʠʪʠʯʥʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʙʦʪʘ ʱʽʪʢʠ ʤʦʞʝ 

ʙʫʪʠ ʧʦʨʽʚʥʷʥʥʘ ʟ ʨʦʙʦʪʦʶ ʘʙʨʘʟʠʚʥʦʛʦ ʢʨʫʛʘ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ 

ʟʜʽʡʩʥʶʶʪʴ ʥʝ ʣʠʰʝ ʫʜʘʨʠ, ʘʣʝ ʡ ʤʽʢʨʦʨʽʟʘʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʽʥʪʝʥʩʠʚʥʠʤ ʥʘʛʨʽʚʦʤ ʤʦʥʦʚʦʣʦʢʦʥ ʽ ʩʧʨʠʷ ̒ ʾʭ hʚʠʜʢʦʤʫ ʨʫʡʥʫʚʘʥʥʶ. 

ʇʨʠʪʠʩʢʘʥʥʷ ʱʽʪʢʠ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʪʘʢʦʞ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʤʝʭʘʥʽʟʤʫ 

ʾʾ ʨʦʙʦʪʠ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʫʜʘʨʫ ʚʦʣʦʢʥʘ ʥʝ ʤʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʭʠʣʷʪʴʩʷ ʽ 

ʘʙʨʘʟʠʚʥʽ ʟʝʨʥʘ ʟʜʽʡʩʥʶʶʪʴ ʤʽʢʨʦʨʽʟʘʥʥʷ. ʊʝʧʣʦʚʝ ʜʞʝʨʝʣʦ ʩʪʘʻ ʥʝ ʤʠʪʪʻʚʠʤ, ʘ 

ʜʽʻ ʜʝʷʢʠʡ ʯʘʩ, ʨʽʚʥʝ ʯʘʩʫ ʢʦʥʪʘʢʪʫ ʟʝʨʥʘ ʟ ʤʘʪʝʨʽʘʣʦʤ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʽ ʚʦʣʦʢʥʘ ʧʦʚʠʥʥʽ ʪʽʣʴʢʠ ʪʦʨʢʘʪʠʩʷ ʪʦʨʮʷʤʠ ʟ 

ʦʙʨʦʙʣʶʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, ʧʨʠ ʮʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʽ ʚʠʪʨʘʪʠ ʧʨʠ ʦʙʨʦʙʮʽ 

ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʽ, ʘ ʜʣʷ ʧʨʠʚʦʜʫ ʦʜʥʽʻʾ ʱʽʪʢʠ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ  

ʢʫʪʦʚʘ ʰʣʽʬʫʚʘʣʴʥʘ ʤʘʰʠʥʘ, ʧʦʪʫʞʥʽʩʪʴ ʜʚʠʛʫʥʘ ʷʢʦʾ ʥʝ ʧʝʨʝʚʠʱʫʻ 200...300ɺʪ 

[3]. 

ɿʥʦhʝʥʥʷ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʠʭ ʱʽʪʦʢ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʥʘ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ ʥʠʪʦʢ ()1T , ʘ ʚ ʤʽʩʮʽ ʾʭ ʟʘʢʨʽʧʣʝʥʥʷ ()2T . ʇʨʠ 

ʮʴʦʤʫ ʤʝʭʘʥʽʟʤʠ ʚʠʜʽʣʝʥʥʷ ʝʥʝʨʛʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨ, 

ʨʦʟʨʽʟʥʷʶʪʴʩʷ. ʗʢʱʦ ʚ ʤʽʩʮʽ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʥʠʪʦʢ ʧʽʜʚʠʱʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʾʭ ʽʥʪʝʥʩʠʚʥʠʭ ʢʦʣʠʚʘʥʴ, ʪʦ ʚ ʢʦʥʪʘʢʪʥʽʡ ʟʦʥʽ ʚʥʘʩʣʽʜʦʢ ʫʜʘʨʽʚ ʽ 

ʤʽʢʨʦʨʽʟʘʥʥʷ. 

ɺʧʣʠʚ ʚʢʘʟʘʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʟʥʦʰʝʥʥʷ ʧʦʣʽʤʝʨʥʦ-ʘʙʨʘʟʠʚʥʠʭ ʱʽʪʦʢ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʪʘ ʬʦʨʤʠ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʊʘʢ ʧʨʠ ʦʙʨʦʙʮʽ 

ʤʘʩʠʚʥʠʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʨʫʡʥʫʚʘʥʥʷ ʤʦʥʦʥʠʪʦʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʽʩʮʽ ʾʭ 

ʟʘʢʨʽʧʣʝʥʥʷ, ʘ ʧʨʠ ʦʯʠʱʝʥʥʽ ʥʝʤʝʪʘʣʝʚʠʭ ʽ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʚʥʘʩʣʽʜʦʢ ʾʭ ʧʣʘʚʣʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʥʠʪʦʢ ʚ 

ʤʽʩʮʽ ʟʘʢʨʽʧʣʝʥʥʷ ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʨʝʛʫʣʶʚʘʪʠʩʷ ʰʣʷʭʦʤ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʠʭ 
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ʨʝʞʠʤʽʚ ʦʙʨʦʙʢʠ, ʪʦ ʫ ʨʘʟʽ ʧʣʘʚʣʝʥʥʷ ʚʦʣʦʢʦʥ ʨʝʞʠʤʥʘ ʨʝʛʫʣʷʮʽʷ ʟʥʦʰʝʥʥʷ 

ʚʠʷʚʣʷʻʪʴʩʷ ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʦʶ. 
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ʇʆɺʓʐɽʅʀɽ ʂɸʏɽʉʊɺɸ ɸɺʊʆʂʋɿʆɺʅʓʍ ʇɸʅɽʃɽʁ 

ʕʃɽʂʊʈʆɻʀɼʈɸɺʃʀʏɽʉʂʀʄ (ʕɻ) ʋʇʈɸɺʃʗɽʄʓʄ 

ʅɸɻʈʋɾɽʅʀɽʄ ʇʈʀ ʅɸɻʈʋɾɽʅʀʀ 

 

ʀʟʚʝʩʪʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʘʚʪʦʢʫʟʦʚʥʳʭ ʧʘʥʝʣʝʡ ʤʝʪʦʜʦʤ ʠʤʧʫʣʴʩʥʦʡ 

ʣʠʩʪʦʚʦʡ ʰʪʘʤʧʦʚʢʠ. ʕʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʰʪʘʤʧʦʚʢʠ ʥʘ ʕɻ-ʧʨʝʩʩʘʭ ʩ 

ʤʥʦʛʦʵʣʝʢʪʨʦʜʥʳʤʠ ʨʘʟʨʷʜʥʳʤʠ ʙʣʦʢʘʤʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦʞʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʥʘʧʨʘʚʣʷʷ ʠʭ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʦʥʳ 

ʰʪʘʤʧʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʵʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʳʪʥʳʭ ʪʝʭʧʨʦʮʝʩʩʦʚ ʰʪʘʤʧʦʚʢʠ [1]. 

ɽʩʪʴ ʧʨʝʜʧʦʩʳʣʢʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʣʝʢʪʨʦʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ) 

ʥʘʛʨʫʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʢʦʨʦʙʣʝʥʠʝ ʦʪʰʪʘʤʧʦʚʘʥʥʳʭ ʧʘʥʝʣʝʡ, ʪ. ʝ. 

ʫʤʝʥʴʰʘʝʪʩʷ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʘʥʝʣʷʭ. ʅʘ ʨʝʞʠʤʘʭ 

ʥʘʛʨʫʞʝʥʠʷ ʧʨʠ ʕɻ-ʰʪʘʤʧʦʚʢʝ, ʩʥʠʞʘʝʪʩʷ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʠ 

ʧʦʚʳʰʘʝʪʩʷ ʧʣʘʩʪʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʟʘʛʦʪʦʚʢʠ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 

ʟʘʪʦʧʣʝʥʥʳʤʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʩʪʨʫʷʤʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ 

ʤʥʦʛʦʨʘʟʨʷʜʥʦʤ ʚʳʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ, ʠ ʧʦʚʝʜʝʥʠʝ ʟʘʛʦʪʦʚʢʠ ʧʨʠ ʪʘʢʦʤ 

ʥʘʛʨʫʞʝʥʠʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʝʥʠʷ ʵʥʝʨʛʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʪʦʧʣʝʥʥʳʭ ʩʪʨʫʝʡ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʛʦʪʦʚʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ LS-DYNA ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʘ ALE. 

http://dspace.khadi.kharkov.ua/dspace/handle/123456789/1755
http://nbuv.gov.ua/UJRN/vhad_2014_65-66_22
mailto:m.taranenko@khai.edu
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ʌʘʢʪʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʧʨʝʩʩʝ ʇʕɻ-ʍɸʀ-500 ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ ʰʪʘʤʧʦʚʢʠ ʨʘʟʥʦʪʠʧʥʭr ʘʚʪʦʢʫʟʦʚʥʳʭ ʧʘʥʝʣʝʡ. 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʪʝʩʪʦʚʳʭ ʤʦʜʝʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʜʪʚʝʨʜʠʣʠ ʘʜʝʢʚʘʪʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʦʜʝʣʠ ʢʠʥʝʪʠʢʝ ʠ 

ʤʝʭʘʥʠʟʤʫ ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʩ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʩʪʦʨʦʥʳ ʦʪʢʣʦʥʝʥʠʷ 

ʤʦʜʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʥʘʭʦʜʠʣʘʩʴ 

ʚ ʜʠʘʧʘʟʦʥʝ 20é40%. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʦʜʝʣʠ ʠ ʥʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʩʩʘ ʫʧʨʦʯʥʝʥʠʷ. 

ʂʘʢʦʡ-ʪʦ ʚʢʣʘʜ ʚ ʵʪʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ ʚʥʝʩʣʠ ʠ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ 

ʬʠʟʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʘʭ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʩʨʝʜ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ 

ʬʘʢʪʦʨʳ. 

ɺ ʮʝʣʦʤ, ʢʘʨʪʠʥʘ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ (ʨʠʩ. 1). ʇʨʠ ʕɻ-ʨʘʟʨʷʜʝ ʚ 

ʯʘʩʪʠʯʥʦ ʦʛʨʘʥʠʯʝʥʥʦʡ ʈʇ ʦʪ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʢʘʥʘʣʘ ʩʧʣʦʰʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʞʠʜʢʦʩʪʴ ʦʪʭʦʜʠʪ ʧʘʢʝʪ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʘ ʩʘʤ ʢʘʥʘʣ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʧʘʨʦʛʘʟʦʚʳʡ ʧʫʟʳʨʴ (ʇɻʇ). ʋʜʘʨʥʳʝ ʚʦʣʥʳ 

ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʷʩʴ ʦʪ ʞʝʩʪʢʠʭ ʩʪʝʥʦʢ ʈʇ ʦʪʭʦʜʷʪ ʚ ʝʸ ʦʪʢʨʳʪʳʡ ʪʦʨʝʮ, 

ʧʨʦʚʦʮʠʨʫʷ ʨʘʩʰʠʨʝʥʠʝ ʇɻʇ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʪʝʥʢʠ ʇɻʇ ʧʝʨʝʤʝʱʘʷ 

ʚʦʜʫ ʧʝʨʝʜ ʩʦʙʦʡ ʦʙʨʘʟʫʶʪ ʟʘʪʦʧʣʝʥʥʫʶ ʩʪʨʫʶ ʞʠʜʢʦʩʪʠ, ʜʚʠʞʫʱʫʶʩʷ ʚ 

ʩʪʦʨʦʥʫ ʜʝʬʦʨʤʠʨʫʝʤʦʡ ʟʘʛʦʪʦʚʢʠ. ʥʘ ʨʠʩ. 1, ʘ ʧʦʢʘʟʘʥʘ ʬʦʨʤʘ ʇɻʇ (ʪʝʤʥʘʷ 

ʦʙʣʘʩʪʴ) ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʤʦʤʝʥʪ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʟʘʛʦʪʦʚʢʦʡ (ʥʠʞʥʷʷ 

ʛʨʘʥʠʮʘ ʩʚʝʪʣʦ ʩʝʨʦʡ ʦʙʣʘʩʪʠ). 
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ʈʠʩ. 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʟʘʪʦʧʣʝʥʥʳʭ ʩʪʨʫʡ ʞʠʜʢʦʩʪʠ, ʛʝʥʝʨʠʨʫʝʤʳʭ ʕɻ-

ʨʘʟʨʷʜʦʤ ʩ ʟʘʛʦʪʦʚʢʦʡ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʚ ʦʜʥʦʡ (ʘ), ʜʚʫʭ (ʙ) ʠ ʪʨʝʭ (ʚ) 

ʨʘʟʨʷʜʥʳʭ ʧʦʣʦʩʪʷʭ 

 

ʂʘʢ ʚʠʜʥʦ, ʧʝʨʝʜʥʷʷ ʯʘʩʪʴ ʇɻʇ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʝʛʦ ʟʘʜʥʝʡ ʯʘʩʪʴʶ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʤʝʪʨʫ ʚʳʭʦʜʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ ʈʇ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʴ ʵʥʝʨʛʠʠ, ʟʘʧʘʩʝʥʥʦʛʦ ʚ ʇɻʇ ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʚ ʜʚʠʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʘʨʘʣʣʝʣʴʥʦʤ ʟʘʛʦʪʦʚʢʝ). ɸ ʵʪʦ ï 

ʥʝ ʧʨʦʜʫʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʧʘʩʝʥʥʦʡ ʵʥʝʨʛʠʠ. 

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʨʘʟʨʷʜʘʭ ʚ ʜʚʫʭ ʈʇ (ʨʠʩ. 1, ʙ) ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʩʰʠʨʝʥʠʝ ʜʚʫʭ ʇɻʇ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ. ʊ. ʝ. ʚʦʟʤʦʞʥʦ ʧʦʚʦʨʘʯʠʚʘʪʴ ʯʘʩʪʴ 

ʧʦʪʦʢʘ ʵʥʝʨʛʠʠ ʚ ʙʦʢʦʚʫʶ ʩʪʦʨʦʥʫ, ʪ. ʝ. ʫʧʨʘʚʣʷʪʴ ʪʘʢʠʤ ʧʦʪʦʢʦʤ ʧʦ 

ʚʳʙʨʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 
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ʅʘ ʨʠʩ. 1, ʚ ʧʦʢʘʟʘʥ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʸʭ ʟʘʪʦʧʣʝʥʥʳʭ ʩʪʨʫʡ 

ʞʠʜʢʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʮʝʥʪʨʘʣʴʥʘʷ ʩʪʨʫʷ ʦʙʞʠʤʘʝʪʩʷ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ 

ʩʪʨʫʷʤʠ (ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ). ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʩʪʨʫʢʮʠʷ 

ʵʥʝʨʛʠʠ ʥʘʜ ʟʘʜʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʟʘʛʦʪʦʚʢʠ. 

ʄʝʥʷʷ ʛʝʦʤʝʪʨʠʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʇ, ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʳʜʝʣʷʝʤʦʡ ʚ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʚʨʝʤʷ ʥʘʯʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʈʇ, ʧʦʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʣʦʢʘʣʴʥʦʛʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʦ ʛʘʙʘʨʠʪʥʳʭ ʣʠʩʪʦʚʳʭ ʜʝʪʘʣʝʡ. 

ʇʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʧʦʯʪʠ 

ʤʛʥʦʚʝʥʥʦ, ʘ ʟʘʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʧʣʦʩʢʠʝ, ʪ. ʝ. ʧʨʦʮʝʩʩ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ. 

ʈʘʟʥʠʮʘ ʚ ʫʨʦʚʥʷʭ ʥʘʢʦʧʣʝʥʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ï ʥʘ ʚʝʨʭʥʠʭ ʠ 

ʥʠʞʥʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʟʘʛʦʪʦʚʢʠ ʦʧʨʝʜʝʣʷʝʪ ʫʨʦʚʝʥʴ ʦʩʪʘʪʦʯʥʳʭ ʫʧʨʫʛʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʝʧʝʥʴ ʧʦʩʣʝ ʰʪʘʤʧʦʚʦʯʥʦʛʦ ʢʦʨʦʙʣʝʥʠʷ ʜʝʪʘʣʠ. 

ʇʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʜʘʥʥʳʤ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʢʦʨʦʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʨʘʪʴ ʪʘʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʨʘʟʥʠʮʘ ʚ ʫʨʦʚʥʷʭ ʧʣʦʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʟʘʛʦʪʦʚʢʠ ʙʳʣʘ ʙʳ 

ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʧʦ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʛʦʪʦʚʢʠ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʡ ʕɻ-

ʧʨʝʩʩ ʇʕɻ-ʍɸʀ-500 ʨʷʜʘ ʘʚʪʦʢʫʟʦʚʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʘʚʪʦʙʫʩʦʚ 

(ʨʠʩ. 2) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʜʦʙʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

 

  
ʘ ʙ 

ʈʠʩ 2. ʉʧʝʮʠʘʣʴʥʳʡ ʤʠʢʨʦʘʚʪʦʙʫʩ çʉʫʣʘè, ʛ. ʃʫʙʥʳ ʩ ʦʪʰʪʘʤʧʦʚʘʥʥʳʤʠ 

ʥʘ ʧʨʝʩʩʝ ʇʕɻ-ʍɸʀ-500 ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʯʘʩʪʴʶ ʢʨʳʰʠ, ʘʨʢʘʤʠ ʢʦʣʸʩ ʠ 

ʫʛʣʦʚʳʤʠ ʫʯʘʩʪʢʘʤʠ ʙʫʜʘʨʘ (ʘ), ʘʚʪʦʙʫʩ ʤʘʨʢʠ ʕʪʘʣʦʥè ʛ. ɹʦʨʠʩʧʦʣʴ ʩ 

ʫʛʣʦʚʳʤʠ ʧʝʨʝʜʥʠʤʠ ʠ ʟʘʜʥʠʤʠ ʫʯʘʩʪʢʘʤʠ ʢʨʳʰʠ (ʙ) 

 

ɺʩʝ ʦʪʰʪʘʤʧʦʚʘʥʥʳʝ ʧʘʥʝʣʠ ʦʪʣʠʯʘʣʠʩʴ ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʚʦʜʢʦʡ, ʥʝ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʢʘʣʠʙʨʦʚʢʝ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʥʘʩʪʢʝ ʠ ʥʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʩʙʦʨʢʠ. 

1. ʄʝʪʘʣʣʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʘʛʨʫʟʢʠ ʧʨʠ ʕɻ-ʨʘʟʨʷʜʘ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʣʠʩʪʦʚʦʡ ʟʘʛʦʪʦʚʢʠ ʧʦʢʘʟʘʣʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʰʪʘʤʧʦʚʢʦʡ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʣʝʛʘʣʴʥʦʤ ʥʘʛʨʫʞʝʥʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʜʝʪʘʣʝʡ. 
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2. ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʩʠʥʪʝʟʫ ʤʘʪʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʰʪʘʤʧʦʚʢʠ 

ʦʙʫʩʣʦʚʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʮʝʣʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠʟ ʠʭ ʤʥʦʞʝʩʪʚʘ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʘʚʪʦʢʫʟʦʚʥʳʭ ʜʝʪʘʣʝʡ. ʀ ʵʪʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝʤ 

ʦʧʳʪʥʳʭ ʧʘʨʪʠʡ ʜʝʪʘʣʝʡ. 

3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʰʪʘʤʧʦʚʢʠ ʩ ʨʘʟʥʳʤʠ 

ʮʝʧʷʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʰʠʨʦʢʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɿʄɯʅʀ ɺ ʇʆɺɽʈʍʅɽɺʀʍ ʐɸʈɸʍ ɼɽʊɸʃɽʁ 

ʇʈʀ ʎʀʂʃɯʏʅʆʄʋ ɼɽʌʆʈʄʋɺɸʅʅɯ ɯ ɰʍ  

ɺʇʃʀɺ ʅɸ ʉʇʈʆʊʀɺ ɿʅʆʐʋɺɸʅʅʖ 

 

ʉʪʘʥ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʽ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʦʚʦʾ 

ʜʝʪʘʣʽ ʥʘʷʚʥʽʩʪʶ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʛ, ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʥʘʢʣʝʧʫ ʽ ʡʦʛʦ 

ʛʣʠʙʠʥʦʶ. 

ʊʘʢ, ʩʪʨʫʢʪʫʨʘ ʟʥʦʝhʥʠʭ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʟʫʙʮʽʚ ʚʽʜʦʤʦʛʦ ʚʘʣʘ 

ʢʦʨʦʙʢʠ ʧʝʨʝʜʘʯ ʘʚʪʦʤʦʙʽʣʷ ʙʽʣʴʰ ʜʠʩʧʝʨʩʥʘ, ʯʠʤ ʫ ʩʝʨʮʝʚʠʥʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʽʥʪʝʥʩʠʚʥʝ ʧʣʘʩʪʠʯʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʧʦʜʨʽʙʥʝʥʥʷ ʟʝʨʝʥ. ʉʪʨʫʢʪʫʨʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʝʦʜʥʦʨʽʜʥʘ. ʈʘʟʦʤ ʟ ʜʽʣʷʥʢʘʤʠ ʚʽʜʧʫʱʝʥʦʛʦ ʤʘʨʪʝʥʩʠʪʫ 

ʤʘʁʪʴ ʤʽʩʮʝ ʧʦʣʷ ʪʨʦʩʪʠʪʫ ʽ ʬʝʨʠʪʫ. ʊʘʢʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʥʝ ʤʦʞʝ 

ʟʘʙʝʟʧʝʯʠʪʠ ʜʦʩʪʘʪʥʶ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɺ ʪʠʭ ʤʽʩʮʷʭ, ʜʝ ʜʽʣʷʥʢʠ ʪʨʦʩʪʠʪʫ ʽ ʬʝʨʠʪʫ 

ʙʣʠʟʴʢʽ ʜʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʦʩʪʘʥʥʽʡ ʙʫʜʝ ʧʨʦʜʘʚʣʶʚʘʪʠʩʴ, ʽʥʽʮʽʶʶʯʠ 

ʨʦʟʚʠʪʦʢ ʨʫʡʥʽʚʥʠʭ ʧʨʦʮʝʩʽʚ. ɯ, ʚʽʜ ʪʦʛʦ ʥʘʩʢʽʣʴʢʠ ʜʘʣʝʢʦ ʟʘʡʰʣʠ ʮʽ ʟʤʽʥʠ, 

ʟʘʣʝʞʠʪʴ ʩʧʨʦʤʦʞʥʽʩʪʴ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʯʠʥʠʪʠ ʦʧʽʨ ʨʫʡʥʫʚʘʥʥʶ, ʘ ʟʚʽʜʩʠ ʽ 

ʟʘʣʠʰʢʦʚʠʡ ʨʝʩʫʨʩ ʜʝʪʘʣʽ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʰʝʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʠ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ 

ʚʠʥʠʢʘʁʪʴ ʪʨʽʱʠʥʠ ʥʘ ʢʽʥʮʷʭ ʤʘʨʪʝʥʩʠʪʥʠʭ ʛʦʣʦʢ, ʱʦ ʩʪʚʦʨʶʻ ʢʦʥʮʝʥʪʨʘʮʽʶ 

ʥʘʧʨʫʛ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴʩʷ ʘʜʞʝ ʥʘ ʛʣʠʙʠʥʽ 1-2 ʤʤ. 
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ʇʦʚʦʜʞʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʽʚ ʚ ʧʨʦʮʝʩʽ ʜʝʬʦʨʤʫʚʘʥʥʷ ʽ ʚʠʢʣʠʢʘʥʽ ʚ 

ʥʴʦʤʫ ʟʤʽʥʠ ʜʦʩʣʽʜʞʝʥʽ ʚ ʨʦʙʦʪʘʭ ɹ.ɼ. ɻʨʦʟʽʥʘ, ɺ.ʄ. ʂʘʱʻʻʚʘ, ɹ.ɯ. ʂʦʩʪʝʮʴʢʦʛʦ, 

ɯ.ɺ. ʖʞʘʢʦʚʘ ʽ ʽʥ. ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʧʨʠ ʪʝʨʪʽ ʪʘ 

ʟʥʦʰʫʚʘʥʥʽ, ʫʤʦʚʥʦ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʝʪʘʧʠ: ʘ) ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʘʢʪʠʚʘʮʽʷ; ʙ) ʚʠʥʠʢʥʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʩʪʨʫʢʪʫʨ; ʚ) ʨʫʡʥʫʚʘʥʥʷ ʚʪʦʨʠʥʥʠʭ 

ʩʪʨʫʢʪʫʨ ʚ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʛ. 

ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʻ ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʠʤ ʜʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʪʘʢ ʷʢ ʩʪʘʥ 

ʤʘʪʝʨʽʘʣʫ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʡʦʛʦ ʩʪʘʥʫ ʫ ʚʥʫʪʨʽʰʥʽʭ 

ʯʘʩʪʠʥʘʭ ʤʝʪʘʣʝʚʠʭ ʟʝʨʝʥ. ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʘʪʦʤʽʚ ʙʽʣʴʰ ʨʫʭʦʤʠʡ. ɺ 

ʧʦʚʝʨʭʥʝʚʦʤʫ ʘhʨʽ ʜʝʬʦʨʤʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʙʽʣʴʰ ʣʝʛʢʦ. 

ɺʠʥʠʢʥʝʥʥʷ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ ʤʦʞʝ ʙʫʪʠ 

ʧʦʚô̫ ʟʘʥʦ ʽ ʟ ʪʝʭʥʦʣʦʛʽʻʶ ʦʙʨʦʙʢʠ, ʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ [1]. ɺ ʦʙʦʭ ʚʠʧʘʜʢʘʭ 

ʟʘʣʠʰʢʦʚʽ ʥʘʧʨʫʛʠ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʨʫʞʥʴʦ-ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʷʭ ʤʝʪʘʣʫ 

ʚʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. 

ʇʦʚʝʨʭʥʝʚʽ ʰʘʨʠ ʧʽʜ ʜʽʻʶ ʩʠʣ ʪʝʨʪʷ ʥʘʢʣʝʧʫʶʪʴʩʷ. ʄʝʪʘʣ ʩʪʘʻ ʙʽʣʴʰ 

ʪʚʝʨʜʠʤ ʽ ʱʽʣʴʥʠʤ, ʘʣʝ ʤʝʥʰ ʧʣʘʩʪʠʯʥʠʤ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʥʘʢʣʝʧʫ ʚʽʥ ʨʫʡʥʫʻʪʴʩʷ [1].  

ɿʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʰʘʨʫ ʟʙʣ̔ʴʰʫʻʪʴʩʷ ʪʽʣʴʢʠ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʚʝʣʠʯʠʥʘʭ ʟʘʣʠʰʢʦʚʦʾ ʜʝʬʦʨʤʘʮʽʾ, ʚ ʫʩʽʭ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ʚʦʥʘ 

ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʩʪʘʣʽ. ʇʦʟʠʪʠʚʥʠʡ 

ʚʧʣʠʚ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʢʣʝʧʫ ʚ ʟʦʥʽ ʪʝʨʪʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʣʷ çʩʚʽʞʠʭè ʤʘʪʝʨʽʘʣʽʚ, 

ʘʣʝ ʟʙʽʣʴʰʫ̒ ʟʥʦʩ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʚʞʝ ʥʘʢʣʝʧʘʥʠʭ. 

ɿʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʧʨʠ ʪʝʨʪʽ ʤʦʞʝ ʚʽʜʙʫʪʠʩʷ ʥʝ ʪʽʣʴʢʠ 

ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʣʝʧʫ, ʘʣʝ ʽ ʚ ʥʘʩʣʽʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ 

ʥʘ ʜʝʪʘʣʴ ʟʥʘʯʥʠʭ ʟʥʘʢʦʟʤʽʥʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʥʽʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʝ 

ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (Ŭ ï ɔ ï Ŭ). ɺ ʥʝʚʝʣʠʢʠʭ ʦʙʩʷʛʘʭ ʧʽʜ ʜʽʻʶ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʚʠʥʠʢʘʻ ʘʫʩʪʝʥʽʪ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʮʝʡ 

ʘʫʩʪʝʥʽʪ ʧʦʪʽʤ ʨʦʟʧʘʜʘʻʪʴʩʷ ʥʘ ʤʘʨʪʝʥʩʠʪ ʘʙʦ ʪʨʦʩʪʠʪ. ʎʝʡ çʥʦʚʠʡè ʥʝ 

ʚʽʜʧʫʱʝʥʠʡ ʤʘʨʪʝʥʩʠʪ ʜʫʞʝ ʢʨʠʭʢʠʡ ʽ ʚ ʥʦɹʤʫ ʧʨʠ ʧʦʜʘʣʴʰʠʭ ʜʝʬʦʨʤʘʮʽʷʭ 

ʨʦʟʚʠʚʘʶʪʴʩʷ ʤʽʢʨʦʪʨʽʱʠʥʠ, ʧʦ ̫ʢʠʤ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʜʽʣʝʥʥʷ 

ʯʘʩʪʦʢ ʤʝʪʘʣʫ. 

ʉʪʫʧʽʥʴ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʜʣʷ ʨʽʟʥʠʭ ʩʪʘʣʝʡ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʘʥʫ. ʉʧʨʦʪʠʚ ʟʥʦʰʫʚʘʥʥʶ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʤ ʩʪʘʥʦʤ. 

ʇʨʠ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʩʪʘʣʽ ʟʽ ʩʪʘʙʽʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʚ ʦʩʥʦʚʥʦʤʫ, 

ʚʠʥʠʢʘʶʪʴ ʪʨʠ ʧʨʦʮʝʩʠ: ʘ) ʚʠʥʠʢʥʝʥʥʷ ʢʨʠʩʪʘʣʽʪʽʚ, ʷʢʽ ʻ ʧʨʠʯʠʥʦʶ ʟʥʘʯʥʦʛʦ 

ʟʤʽʮʥʝʥʥʷ ʩʧʣʘʚʫ (çʯʠʩʪʠʡ ʥʘʢʣʝʧè); ʙ) ʩʪʘʨʽʥʥʷ, ʷʢʝ ʚʠʢʣʠʢʘʻ ʜʦʜʘʪʢʦʚʝ 

ʟʤʽʮʥʝʥʥʷ ʩʧʣʘʚʫ; ʚ) ʥʘʛʨʽʚ, ʷʢʠʡ ʩʧʨʠʷʻ ʟʤʽʮʥʝʥʥʶ ʽ ʟʥʝʤʽʮʥʝʥʥʶ ʩʧʣʘʚʫ. 

ʇʨʠ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʜʘʻʪʴʩʷ 

ʚʩʪʘʥʦʚʠʪʠ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʤʝʪʘʣʫ ʥʘ ʛʣʠʙʠʥʫ ʜʦ ʢʽʣʴʢʦʭ ʤʽʢʨʦʤʝʪʨʽʚ. ʊʘʢ, ʥʘ 

ʟʥʦʰʝʥʽʡ ʧʦʚʝʨʭʥʽ ʰʘʪʫʥʥʦʾ ʠhʡʢʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ 

ʤʘʪʦʚʽ ʜʽʣʷʥʢʠ, ʷʢʽ ʨʦʟʧʦʚʩʶʜʞʝʥʽ ʚ ʤʽʩʮʷʭ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʦʩʫ ʜʝʪʘʣʽ. ɻʣʠʙʠʥʘ 

ʩʣʘʙʦ ʪʨʘʚʣʝʥʦʛʦ ʰʘʨʫ 15 ʤʢʤ, ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʟʤʽʥʝʥʦʛʦ ʰʘʨʫ 1100 ʢɻʩ/ʤʤ2 
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(å11000 ʄʇʘ) ʧʨʠ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ 240 ʢɻʩ/ʤʤ2 (å 2400 ʄʇʘ). 

ɸʥʘʣʦʛʽʯʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥʠ ʪʚʝʨʜʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʽ ʥʘ ʽʥʰʠʭ ʜʝʪʘʣʷʭ. 

ʇʨʦʪʷʞʥʽʩʪʴ ʧʝʨʽʦʜʫ ʚʽʜ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʜʦ ʪʦʛʦ ʯʘʩʫ, ʢʦʣʠ ʚʽʜʙʫʜʝʪʴʩʷ 

ʚʪʦʤʥʝ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʥʦʩʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʷʜʘ ʬʘʢʪʦʨʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ. ʈʫʡʥʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʧʨʠ ʮʴʦʤʫ ʥʘʩʪʫʧʘʻ ʪʦʜʽ, ʢʦʣʠ ʤʘʪʝʨʽʘʣ ʚ ʣʦʢʘʣʴʥʠʭ 

ʤʽʢʨʦʦʙô̒ ʤʘʭ ʜʦʩʷʛʘʻ ʜʝʷʢʦʾ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʟʤʽʮʥʝʥʥʷ. ʊʘʢʠʡ ʤʦʤʝʥʪ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʫ, ʢʦʣʠ ʚ ʜʘʥʦʤʫ ʤʽʢʨʦʦʙô̒ ʤʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʨʘʥʠʯʥʦʛʦ ʟʤʽʮʥʝʥʥʷ 

ʚʠʯʝʨʧʫʻʪʩɹʷ çʟʘʧʘʩ ʧʣʘʩʪʠʯʥʦʩʪʽè. ʇʦ ʤʽʨʽ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʮʠʢʣʽʚ, 

ʜʦʩʣʽʜʞʫʶʯʠ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʜʝʬʦʨʤʦʚʘʥʠʭ ʤʽʢʨʦʦʙô̒ ʤʽʚ, ʚʠʷʚʣʝʥʦ ʷʚʠʱʘ 

ʟʤʽʮʥʝʥʥʷ, ʟʥʝʤʽʮʥʝʥʥʷ, ʨʦʟʨʠʭʣʝʥʥʷ ʽ ʚ ʢʽʥʮʽ ʢʽʥʮʽʚ ï ʨʽʟʢʝ ʧʘʜʽʥʥʷ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ. ɺʪʦʤʥʠʡ ʭʘʨʘʢʪʝʨ ʟʥʦʩʫ ʧʨʠ ʙʘʛʘʪʦʢʨʘʪʥʽʡ ʚʟʘʻʤʦʜʽʾ 

ʢʦʥʪʘʢʪʫʶʯʠʭ ʧʦʚʝʨʭʦʥʴ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ ʚʩʽʭ ʚʠʜʘʭ ʟʥʦʰʫʚʘʥʥʷ [2].  

ʇʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʟʚô̫ ʟʢʫ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʽ ʚʝʣʠʯʠʥʦ ʁ

ʟʥʦʩʫ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. ʆʩʦʙʣʠʚʦ ʮʝ 

ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʜʝʪʘʣʝʡ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʧʨʠ ʩʢʣʘʜʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ. 

ʈʦʟʨʘʭʫʥʢʠ, ʷʢʽ ʟʘʩʥʦʚʘʥʦ ʪʽʣʴʢʠ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʩʪʘʥʽ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʨʦʟʭʦʜʞʝʥʥʷ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʷʢʽ ʦʪʨʠʤʘʥʦ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʽ ʩʪʨʫʢʪʫʨʠ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ, ʚʠʜʫ ʽ ʧʨʦʪʷʞʥʦʩʪʽ ʜʝʬʦʨʤʫʚʘʥʥʷ. 

ɼʝʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ ʦʩʥʦʚʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʷʢʠʡ ʦʙʫʤʦʚʣʶʻ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʟʦʚʥʽʰʥʴʦʛʦ ʪʝʨʪʷ. ʊʦʤʫ 

ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʘʚʪʦʤʦʙʽʣʽʚ, ʙʫʜʴ-ʷʢʠʭ ʤʘʰʠʥ ʚʟʘʛʘʣʽ, ʥʘ ʾʭ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ, ʚʠʷʚʣʝʥʥʷ ʡʦʛʦ ʢʨʠʪʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʝʡ, ʾʭ ʟʘʣʠʰʢʦʚʦʛʦ 

ʨʝʩʫʨʩʫ, ʘ ʪʘʢʦʞ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʨʝʤʦʥʪʥʠʭ ʨʦʟʤʽʨʽʚ [3]. 

ʋʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʝʨʤʽʥ ʩʣʫʞʙʠ ʘʛʨʝʛʘʪʽʚ ʘʚʪʦʤʦʙʽʣʷ ʥʝ 

ʪʽʣʴʢʠ ʥʘʧʨʷʤʫ, ʧʨʠʩʢʦʨʶʶʯʠ ʘʙʦ ʫʧʦʚʽʣʴʥʶʶʯʠ ʨʫʡʥʫʚʘʥʥʷ, ʘʣʝ ʽ 

ʦʧʦʩʝʨʝʜʢʦʚʘʥʦ, ʚʠʟʥʘʯʘʶʯʠ ʪʫ ʘʙʦ ʽʥʰʫ ʚʝʣʠʯʠʥʫ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʫ, ʧʦ ʜʦʩʷʛʥʝʥʥʽ ʢʦʪʨʦʛʦ ʥʝʤʦʞʣʠʚʝ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʪʘʣʝʡ ʫ ʟʚô̫ ʟʢʫ ʟʽ ʟʥʠʞʝʥʥʷʤ ʩʧʨʦʪʠʚʫ ʨʫʡʥʫʚʘʥʥʶ. ʄʘʙʫʪʴ, 

ʜʣʷ ʘʚʪʦʤʦʙʽʣʷ, ʷʢʠʡ ʧʨʘʮʶʻ ʚ ʪʷʞʢʠʭ ʫʤʦʚʘʭ, ʧʨʦʮʝʥʪ ʪʘʢʠʭ ʜʝʪʘʣʝʡ ʙʫʜʝ 

ʙʽʣʴʰʠʤ, ʥʽʞ ʚ ʣʝʛʢʠʭ ʫʤʦʚʘʭ. ɯʛʥʦʨʫʚʘʥʥʷ ʮʴʦʛʦ ʬʘʢʪʫ ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʚʽʜʨʝʤʦʥʪʦʚʘʥʦʛʦ ʘʚʪʦʤʦʙʽʣʷ. 

ʆʪʞʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʪʘʢʽ ʧʦʧʝʨʝʜʥʽ ʚʠʩʥʦʚʢʠ: 

1. ɺ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʚʘʞʢʠʭ ʫʤʦʚʘʭ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʟʤʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

(ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ) ʙʽʣʴʰʦʩʪʽ ʜʝʪʘʣʝʡ. ʎʝ ʚʠʢʣʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʩʪʘʨʽʥʥʷ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʝʡ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʝʬʦʨʤʘʮʽʡʥʝ ʩʪʘʨʽʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʝʪʘʣʘ, 

ʷʢʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʦʙô̒ ʤʥʦʤʫ ʽ ʧʦʚʝʨʭʥʝʚʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʽ ʥʘʧʨʫʛʘʤʠ ůʜ = 

(0,7-1,1) ů-1, ʚʧʣʠʚʘʻ ʥʘ ʩʧʨʦʪʠʚ ʟʥʦʰʫʚʘʥʥʶ. 
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3. ɺ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʽ 

ʤʽʮʥʽʩʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʟʘʣʠʰʢʦʚʠʡ ʩʪʘʥ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʡʦʛʦ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʊʘʢ, ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʥʘ 15%, ʷʢʝ ʚʠʢʣʠʢʘʥʦ 

ʜʝʬʦʨʤʘʮʽʡʥʠʤ ʩʪʘʨʽʥʥʷʤ, ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʩʧʨʦʪʠʚ ʟʥʦʰʫʚʘʥʥʶ ʥʘ 15-20%.  

ʅʘʚʧʘʢʠ, ʟʥʝʤʽʮʥʝʥʥʷ ʰʘʨʫ ʥʘ 10-16% ʟʥʠʞʫʻ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʯʠʥʠʪʠ ʦʧʽʨ 

ʟʥʦʰʫʚʘʥʥʶ ʚ 1,5-2,0 ʨʘʟʠ. 

4. ʇʽʜʚʠʱʝʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʙʫʜʫʪʴ ʤʘʪʠ ʪʽ ʧʦʚʝʨʭʥʽ, ʚ ʷʢʠʭ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʟʤʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ, ʛʨʘʥʠʮʽ 

ʤʽʮʥʦʩʪʽ, ʪʚʝʨʜʦʩʪʽ (ʥʘ 10-25 %) ʧʨʠ ʥʝʟʥʘʯʥʦʤʫ ʟʥʠʞʝʥʥʽ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɿʥʘʯʥʝ 

ʟʥʠʞʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ (ʜʦ ŭ = 0,5 %) ʧʽʜʚʠʱʫʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʦʢʨʠʭʯʝʥʥʷ ʽ 

ʨʫʡʥʫʚʘʥʥ̫ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ.  
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ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʩʧʦʣʫʢ ʚʫʛʣʝʮʶ CO, CO2, 

ʥʝʟʛʦʨʽʣʠʭ ʚʫʛʣʝʚʦʜʥʽʚ CH ʻ ʢʦʥʚʝʨʪʘʮʽʷ ʜʠʟʝʣʽʚ ʽ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʛʘʟʦʚʽ. 

ɿʘʚʜʷʢʠ ʩʚʦʻʤʫ ʩʢʣʘʜʫ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʟʘʙʝʟʧʝʯʫʻ ʥʫʣʴʦʚʠʡ ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ 

ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ, ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʪʘ ʽʥʰʠʭ ʥʝʤʝʪʘʥʦʚʠʭ ʚʫʛʣʝʚʦʜʥʽʚ. ʅʠʞʥʷ 
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ʤʝʞʘ ʟʘʡʤʘʥʥʷ ʤʝʪʘʥʫ ʟʥʘʯʥʦ ʙʽʣʴʰʝ, ʥʽʞ ʫ ʙʝʥʟʠʥʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ 

ʢʦʥʮʝʧʮʽʶ ñʙʽʜʥʦʛʦ ʟʛʦʨʷʥʥʷò, ʪʦʙʪʦ ʨʦʙʦʪʫ ʜʚʠʛʫʥʘ ʥʘ ʙʽʜʥʠʭ ʩʫʤʽʰʘʭ ʥʘ 

ʙʽʣʴʰʦʩʪʽ ʨʝʞʠʤʽʚ. ʎʝ ʚ ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʜʦʤʦʛʪʠʩʷ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ 

ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ NOx, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʨʝʚʘʛʠ ʷʢʽʩʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ. 

ʅʘʚʝʜʝʥʦ ʜʦʩʚʽʜ ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ (ʍʅɸɼʋ) ʪʘ ɯʥʩʪʠʪʫʪʫ ʧʨʦʙʣʝʤ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʽʤ. ɸ.ʅ. 

ʇʜ̔ʛʦʨʥʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʋʢʨʘʾʥʠ (ɯʇʄʘʰ ʅɸʅ ʋʢʨʘʾʥʠ) 

ʢʦʥʚʝʨʪʘʮʽʾ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʠʟʝʣʽʚ ʽ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʛʘʟʦʚʽ. 

ʋ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʦʥʮʝʧʮʽʷ ʢʦʥʚʝʨʪʘʮʽʾ ʦʢʨʝʤʦ ʜʣʷ ʜʠʟʝʣʴʥʠʭ 

ʜʚʠʛʫʥʽʚ ʽ ʦʢʨʝʤʦ ʜʣʷ ʙʝʥʟʠʥʦʚʠʭ, ʩʬʦʨʤʦʚʘʥʽ ʝʪʘʧʠ. 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ ʽ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʫʪʚʦʨʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʜʚʦʭʟʦʥʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ CO2 ʧʨʠ ʢʦʥʚʝʨʪʘʮʽʾ ʜʠʟʝʣʚ̔ 

ʽ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʚ ʛʘʟʦʚʽ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʩʪʠʩʥʫʪʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʽ 

ʩʫʤʽʰʝʚʠʭ ʧʘʣʠʚʽ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʜʦʩʚʽʜʫ ʍʅɸɼʋ ʽ ɯʇʄʘʰ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʝʪʦʜʠ ʢʦʥʚʝʨʪʘʮʽʾ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʨʽʜʢʠʭ ʥʘʬʪʦʚʠʭ ʧʘʣʠʚʘʭ, ʚ 

ʛʘʟʦʚʽ. 

ɼʣʷ ʜʦʚʝʜʝʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʛʘʟʦʚʠʭ ʜʚʠʛʫʥʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʧʨʦʮʝʩʫ ʜʝʪʦʥʘʮʽʾ ʫʪʦʯʥʝʥʘ ʤʦʜʝʣʴ ʧʨʦʬʝʩʦʨʘ ɯ.ɯ. ɺʽʙʝ ʜʦʧʦʚʥʝʥʘ ʜʚʫʭʟʦʥʥʦʶ 

ʤʦʜʝʣʣʶ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ. 

ɼʣʷ ʚʠʙʦʨʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʨʠʪʝʨʽʡ ʜʝʪʦʥʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʯʝʥʠʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʂʘʣʛʘʨʽ (ʂʘʥʘʜʘ) ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʫ ʜʚʫʭʟʦʥʥʦʾ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ 

ʟʛʦʨʷʥʥʷ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʢʦʥʚʝʨʪʦʚʘʥʠʭ 

ʛʘʟʦʚʠʭ ʜʚʠʛʫʥʽʚ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ. 

ɽʢʩʧʣʫʘʪʘʮʽʷ ʜʚʠʛʫʥʽʚ ʥʘ ʩʪʠʩʥʫʪʦʤʫ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʽ ʚ 1,5 ... 2 ʨʘʟʠ 

ʟʤʝʥʰʫʻ ʚʠʢʠʜʠ ʉʆ2 ʪʘ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʨʽʚʝʥʴ NOx, CO ʽ CH. ʇʨʠʨʦʜʥʠʡ ʛʘʟ ʻ 

ʦʧʪʠʤʘʣʴʥʠʤ ʧʨʦʤʽʞʥʠʤ ʧʘʣʠʚʦʤ ʥʘ ʰʣʷʭʫ ʜʦ ʤʘʩʦʚʦʾ ʩʚʽʪʦʚʦʾ ʚʦʜʥʝʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ. 

ɿʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʚʠʢʠʜʽʚ ʉʆ2 ʪʘ ̔ʥʰʠʭ hʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ NOx, CO ʽ 

CH ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ ʨʦʙʦʪʽ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʽʚ 

ʥʘ ʩʫʤʽʰʝʚʠʭ ʧʘʣʠʚʽ (ʩʪʠʩʥʝʥʠʡ ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʟ ʜʦʜʘʚʘʥʥʷʤ 10% ʚʦʜʥʶ). ʗʢ 

ʧʦʢʘʟʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʧʨʦʚʝʜʝʥ ̔ʥʘ ʪʨʴʦʭ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʘʭ ʚʠʢʠʜʠ 

ʉʆ2 ʟʤʝʥʰʫʶʪʴʩʷ ʚ 1,7 ... 2,5 ʨʘʟʠ. 
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ɹʝʣʦʫʩʦʚ ɽʚʛʝʥʠʡ ɺʠʢʪʦʨʦʚʠʯ, ʜ.ʪ.ʥ., ʜʦʮ., ʍʝʨʩʦʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠʷ 

ʉʘʚʯʫʢ ɺʣʘʜʠʤʠʨ ʇʝʪʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮ., ʍʝʨʩʦʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʦʨʩʢʘʷ 

ʘʢʘʜʝʤʠ̫ 

ʉʘʤʘʨʠʥ ɸʣʝʢʩʘʥʜʨ ɽʚʛʝʥʴʝʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮ., ʍʝʨʩʦʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ 

ʤʦʨʩʢʘʷ ʘʢʘʜʝʤʠ ̫

ɹʝʣʦʫʩʦʚʘ ʊʘʪʴʷʥʘ ʇʝʪʨʦʚʥʘ, ʩʪ. ʧʨʝʧ., ʍʝʨʩʦʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʈʳʙʘʣʴʯʝʥʢʦ ʅʠʢʦʣʘʡ ɽʚʛʝʥʴʝʚʠʯ, ʘʩʧʠʨʘʥʪ, ʍʝʨʩʦʥʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘ̫ 

ʤʦʨʩʢʘ ̫ʘʢʘʜʝʤʠʷ 
 

ɸʅɸʃʀɿ ʇʆɼʍʆɼʆɺ ʂ ʇʈʆɹʃɽʄɽ ʉʆɿɼɸʅʀʗ ʉʋɼʆɺʓʍ  

ʄɸʃʆʆɹʆʈʆʊʅʓʍ ɻɸɿʆɼʀɿɽʃʔʅʓʍ ɼɺʀɻɸʊɽʃɽʁ 
 

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ Lloydôs Marine Intelligence, ʤʠʨʦʚʦʡ ʪʦʨʛʦʚʳʡ ʬʣʦʪ 

ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2018 ʛʦʜ ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ 50 ʪʳʩʷʯ ʩʫʜʦʚ ʦʙʱʝʡ 

ʛʨʫʟʦʧʦʜʝ̡ʤʥʦʩʪɹ  ʁʦʢʦʣʦ 1,4 ʤʣʨʜ. ʪʦʥʥ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 75% ʤʠʨʦʚʭr 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʦʧʝʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʜʦʣʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʦʪ ʩʫʜʦʚʳʭ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʉɽʋ) ʚ ʘʪʤʦʩʬʝʨʫ ʥʝ ʧʨʝʚʳʰʘʝʪ 5...7%. ʅʝʩʤʦʪʨʷ 

ʥʘ ʵʪʦ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʤ̫ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʛʦʜ ʦʪ ʛʦʜʘ 

ʫʞʝʩʪʦʯʘʁ ʪʩʷ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʙʦʣʴʰʠʤʠ ʘʛʨʝʛʘʪʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ 

ʚ ʥʝʢʦʪʦʨʭr ʩʣʫʯʘʷʭ ʧʨʝʚʳʰʘʶʪ 100 ʄɺʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʟʘʛʨʷʟʥʝʥʠ ʁʚʦʟʜʫʰʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʤʝʩʪʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ [1]. 

ʇʨʦʮʝʩʩ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʩʫʜʘʤʠ ʪʦʨʛʦʚʦʛʦ ʬʣʦʪʘ ʙʳʣ ʥʘʯʘʪ ʚ 1973 ʛ. ʩ ʧʨʠʥʷʪʠʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʤʦʨʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ (International Maritime Organization ï IMO) ʂʦʥʚʝʥʮʠʠ 

çʆ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʩʫʜʦʚè, ʢʦʪʦʨʘʷ ʙʳʣʘ ʨʘʪʠʬʠʮʠʨʦʚʘʥʘ ʚ 1978 

ʛ. ʠ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ï MARPOL 73/78. ɺ 1997 ʛ. ʂʦʥʚʝʥʮʠʷ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ 

çʇʨʦʪʦʢʦʣʦʤ 1997è, ʚʢʣʶʯʘʚʰʠʤ ʚ ʩʝʙʷ ʇʨʠʣʦʞʝʥʠʝ ˉ VI çʇʦʨʷʜʦʢ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʩʫʜʘʤʠè, ʚʩʪʫʧʠʚʰʠʤ ʚ ʩʠʣʫ ʚ 2005 ʛ. 

ʂʦʥʚʝʥʮʠʷ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʪʦʧʣʠʚʝ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʩʝʨʳ (SOx), 

ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx), ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ (ʈʄ), ʘ ʪʘʢ ʞʝ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ [2]. 

ʂʨʦʤʝ ʦʙʱʠʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʦʨʤ, IMO ʪʘʢʞʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʦʩʦʙʳʝ 

ʟʦʥʳ ʢʦʥʪʨʦʣʷ (ɽʉɸ ï Emission Control Area). ɺ ʵʪʠʭ ʟʦʥʘʭ ʢ ʚʳʙʨʦʩʘʤ 

ʧʨʝʜʲ̫ ʚʣʷʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʛʨʘʥʠʯʝʥʠʷ 

MARPOL ʩʪʘʥʦʚʷʪʩʷ ʞʝʩʪʯʝ, ʪʘʢ ʝʩʣʠ ʚ 2010 ʛ. ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ ʚ ʪʦʧʣʠʚʝ ʥʝ 

ʜʦʣʞʥʦ ʙʣrʦ ʧʨʝʚʳʰʘʪʴ 1,0% ʚ ʟʦʥʘʭ ɽʉɸ ʠ 4,5 % ʚ ʜʨʫʛʠʭ ʘʢʚʘʪʦʨʠʷʭ, ʪʦ ʢ 

2020 ʛ. ʜʦʧʫʩʪʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʳʣʦ ʦʛʨʘʥʠʯʝʥʦ ʜʦ 0,1 ʠ 0,5 %, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

[3]. 

ʏʪʦ ʙ ʜʦʩʪʠʯʴ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʥʦʨʤr ʜʣʷ ʚʩʝʭ ʪʠʧʦʚ ʩʫʜʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʦʧʣʠʚʘ ʛʦʨʶʯʠʭ ʛʘʟʦʚʳʭ 

ʩʤʝʩʝʡ. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʛʘʟʦʚʳʤʠ ʪʦʧʣʠʚʘʤʠ (ɻʊ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ, ʩʦʩʪʦʷʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʝʪʘʥʘ (ʉʅ4), ʠ ʥʝʬʪʷʥʳʝ ʛʘʟʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 
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ʩʦʙʦʡ ʩʤʝʩʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʦʧʘʥʘ (ʉ3ʅ8) ʠ ʙʫʪʘʥʘ (ʉ4ʅ10).  

ʅʘ ʙʦʨʪʫ ʩʫʜʥʘ ʧʨʠʨʦʜʥʳʡ ʛʘʟ ʤʦʞʝʪ ʭʨʘʥʠʪʴʩʷ ʚ ʩʞʠʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ -160Áʉ (Liquefied Natural Gas (LNG)) ʚ ʩʧʝʮʠʘʣʴʥʭr 

ʢʨʠʦʛʝʥʥʳʭ ʝʤʢʦʩʪʷʭ, ʘ ʧʨʦʧʘʥʦʙʫʪʘʥʦʚʳʝ ʩʤʝʩʠ (Liquefied petroleum gas 

(LPG)) ʤʦʛʫʪ ʭʨʘʥʠʪʴʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʳʰʝ 1,6 ʄʇʘ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠ, ɻʊ ʤʦʛʫʪ ʩʧʝʮʠʘʣʴʥʦ 

ʭʨʘʥʠʪʴʩʷ ʥʘ ʙʦʨʪʫ ʩʫʜʥʘ ʢʘʢ ʦʩʥʦʚʥʦʝ ʪʦʧʣʠʚʦ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʉʕʋ, 

ʪʘʢ ʠ ʷʚʣʷʪʴʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʪʦʧʣʠʚ, ʥʘʧʨʠʤʝʨ ʩʫʜʘʤʠ ʛʘʟʦʚʦʟʘʤʠ ʠʣʠ ʥʝʬʪʝʥʘʣʠʚʥʳʤʠ ʪʘʥʢʝʨʘʤʠ 

[4].  

ʇʨʠʤʝʥʝʥʠʝ ɻʊ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʥʳʭ 

ʚʳʙʨʦʩʦʚ, ʧʦʣʥʦʩʪɹʁ  ʠʩʢʣʶʯʠʪʴ ʚʙrʨʦʩʳ ʩʝʨʳ, ʢʘʨʜʠʥʘʣʴʥʦ (ʥʘ 90 %) ʩʥʠʟʠʪʴ 

ʚʳʙʨʦʩʳ NOʭ ʠ ʩʫʱʝʩʪʚʝʥʥʦ (ʥʘ 30 %) ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʈʄ ʠ CO2.  

ʉʧʝʮʠʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʩʫʜʦʚ ʧʦʪʨʝʙʦʚʘʣʠ 

ʧʦʠʩʢʘ ʥʦʚʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʤʘʣʦʦʙʦʨʦʪʥʳʭ ʜʚʫʭʪʘʢʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ (ʄʆɼ), ʨʘʙʦʪʘʶʱʠʭ ʥʘ ɻʊ. ɼʘʥʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʦʣʞʥʳ ʩʦʭʨʘʥʪ̫ʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʥʦʮʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʞʠʜʢʠʭ ʪʦʧʣʠʚʘʭ (ɾʊ), ʢʦʪʦʨʘʷ 

ʚʦʟʥʠʢʘʝʪ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʩʫʜʥʦ ʜʚʠʞʝʪʩʷ ʚ ʙʘʣʣʘʩʪʝ ʠʣʠ ɻʊ ʥʘ ʙʦʨʪʫ 

ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ɼʣʷ ʛʘʟʦʚʦʟʦʚ ʠ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʪʘʥʢʝʨʦʚ ʩʦʩʪʘʚ ɻʊ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʉʕʋ, ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ 

ʛʨʫʟʘ, ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ ʠ ʚʨʝʤʝʥʠ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʜʦʣʞʥʘ ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʝʛʦ ʨʘʙʦʪʫ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ. ʇʦʵʪʦʤʫ ʚʩʝ ʄʆɼ ʚʳʧʫʩʢʘʶʪʩʷ 

ʜʚʫʭʪʦʧʣʠʚʥʳʤʠ (dual-fuel (DF)), ʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʥʘ ɻʊ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʙʦʣʴʰʦʡ ʧʦʨʮʠʠ ʟʘʧʘʣʴʥʦʛʦ ɾʊ, ʥʘ ɾʊ ʠʣʠ ʥʘ ʦʙʦʠʭ ʪʦʧʣʠʚʘʭ ʩʨʘʟʫ ʚ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʧʦʨʮʠʷʭ.  

ɺ ʜʚʫʭʪʘʢʪʥʳʭ ʄʆɼ ʦʨʛʘʥʠʟʦʚʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʦʝ ʚʥʝʰʥʝʝ 

ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ʇʝʨʝʜ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ ʚʦʟʜʫʭ 

ʟʘʧʦʣʥʷʝʪ ʧʦʜʧʦʨʰʥʝʚʫʶ ʧʦʣʦʩʪʴ, ʠʤʝʶʱʫʶ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʲʝʤ, ʯʪʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʧʘʩʥʦʩʪʴ ʚʟʨʳʚʘ ʠ ʩʝʨʴʝʟʥʦʩʪʴ ʝʛʦ ʧʦʩʣʝʜʩʪʚʠʡ. ʇʦɻ ʪʦʤʫ ʚ ʄʆɼ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʥʫʪʨʝʥʥʝʝ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ɻʊ ʧʦʜʘʝʪʩʷ ʚ 

ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ ʧʦʩʣʝ ʟʘʢʨʳʪʠʷ ʛʘʟʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ.  

ʂ ʚʥʫʪʨʝʥʥʝʤʫ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʶ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ: 

- ɻʊ ʧʦʜʘʝʪʩʷ ʚ ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ ʩʨʘʟʫ ʧʦʩʣʝ ʟʘʢʨrʪʠʷ ʚʧrʫʩʢʥʦʛʦ 

ʢʣʘʧʘʥʘ ʧʦʜ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʩʠʩʪʝʤʳ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ï ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ; 

- ɻʊ ʧʦʜʘʝʪʩʷ ʚ ʢʘʤʝʨʫ ʩʛʦʨʘʥʠʷ ʚʤʝʩʪʝ ʩ ʟʘʧʘʣʴʥʳʤ ʪʦʧʣʠʚʦʤ ʚ ʢʦʥʮʝ 

ʪʘʢʪʘ ʩʞʘʪʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʊʘʢʠʝ ʩʠʩʪʝʤ  r ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ 

ʩʠʩʪʝʤ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ ʧʨʷʤʦʛʦ ʚʧʨʳʩʢʘ ʛʘʟʘ (Direct Injected Gas (GD)) 

[5]. 

ʉʠʩʪʝʤʳ ʧʨʷʤʦʛʦ ʚʧʨʳʩʢʘ ʧʦʟʚʦʣʷʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ 

ʙʣʠʟʢʠʡ ʢ ʨʘʙʦʯʝʤʫ ʧʨʦʮʝʩʩʫ ʥʘ ɾʊ, ʦʜʥʘʢʦ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʪʘʢʠʭ 

ʜʚʠʛʘʪʝʣʝʡ ʟʥʘʯʠʪʝʣɹʥʦ ʫʩʪʫʧʘʶʪ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ ʜʚʠʛʘʪʝʣʝʡ 

ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʀʤʝʥʥʦ ʵʪʠʤ ʦʙʲʷʩʥʷʝʪʩʷ ʬʘʢʪ ʘʢʪʠʚʥʳʭ ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ 
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ʩʦʟʜʘʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ ʬʠʨʤʦʡ MAN Diesel SE, ʢʦʪʦʨʘʷ ʜʦ 

ʵʪʦʛʦ ʙʳʣʘ ʦʩʥʦʚʥʳʤ ʠʜʝʦʣʦʛʦʤ ʪʝʭʥʦʣʦʛʠʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ [6]. 

ʈʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠ ̫ ʥʘ ɻʊ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʘ 

ʚʳʭʦʜʥʦʤ ʬʣʘʥʮʝ ʤʦʱʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 80% ʦʪ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ɾʊ. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʤʦʱʥʦʩʪʝʡ 

ʜʚʠʛʘʪʝʣʴ ʧʝʨʝʚʦʜʠʪʩʷ ʥʘ ɾʊ. ʇʫʩʢ ʠ ʦʩʪʘʥʦʚʢʘ ʜʚʠʛʘʪʝʣʷ ʚ ʮʝʣʷʭ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢ ʞʝ ʦʩʫɦ ʝʩʪʚʣʷʝʪʩʷ ʥʘ ɾʊ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʘʝʤʘʷ 

ʤʦʱʥʦʩʪʴ ʥʘ ɻʊ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʥʦʚʥʦʤʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤʫ ʨʝʞʠʤʫ ʩʫʜʦʚʳʭ 

ʜʚʠʛʘʪʝʣʝʡ.  

ʆʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʤʦʱʥʦʩʪ,ɹ ʷʚʣʷʝʪʩʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʪʦʥʘʮʠʠ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 1). 

ɼʚʫʭʪʦʧʣʠʚʥʦʩʪʴ ʜʚʠʛʘʪʝʣʷ ʩʜʝʣʘʣʘ ʥʝʦʙʭʦʜʠʤʳʤ ʩʦʭʨʘʥʝʥʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʩʞʘʪʠʷ, ʚ ʨʝʟʫʣʪɹʘʪʝ ʯʝʛʦ, ʚ ʨʘʙʦʯʝʤ ʮʠʣʠʥʜʨʝ ʚʦʟʤʦʞʥʦ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʝ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʝ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʜʝʪʦʥʘʮʠʠ, ʧʨʠʭʦʜʠʪʩ̫ ʧʦʜʜʝʨʞʠʚʘʪʴ ʩʦʩʪʘʚ ʦʙʝʜʥʝʥʥʦʡ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ 

ʚ ʜʦʩʪʘʪʦʯʥʦ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʟʘʨʷʜʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʤʝʥʴh ʝʥʠʝ ʧʨʦʠʟʚʦʜʠʤʦʡ ʠʤ ʨʘʙʦʪʳ. 
 

 
 

ʈʠʩʫʥʦʢ 1. ʅʦʨʤʘʣʴʥʦʝ (ʘ) ʠ ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʩʛʦʨʘʥʠʝ ʛʘʟʦ-ʚʦʟʜʫʰʥʦʡ 

ʩʤʝʩʠ (ʙ) ʚ ʨʘʙʦʯʝʤ ʮʠʣʠʥʜʨʝ ʛʘʟʦʜʠʟʝʣʴʥʦʛʦ ʄʆɼ RT-flex50ɺ 
 

ʇʨʠʯʠʥʦʡ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʜʝʪʦʥʘʮʠʠ ʷʚʣʷʝʪʩʷ ʨʷʜ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʭʦʜʝ ʩʞʘʪʠʷ ʥʘ ʬʦʥʝ ʚʦʟʨʘʩʪʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ʉʢʦʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʜʝʪʦʥʘʮʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ. ɼʣʷ ʨʘʙʦʪʳ 

ʜʚʠʛʘʪʝʣʷ ʥʘ ʥʦʤʠʥʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ, ʤʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ɻʊ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʤʝʥʴʰʝ 80, ʧʨʠ ʩʥʠʞʝʥʠʠ ʤʦʱʥʦʩʪʠ, ʤʝʪʘʥʦʚʦʝ ʯʠʩʣʦ ʪʘʢ ʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʩʥʠʞʝʥʦ ʜʦ 80...55 ʝʜʠʥʠʮ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʩʞʘʪʠʝ 

ʛʘʟʦʚʦʟʜʫh ʥʦʡ ʩʤʝʩʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʨʦʩʪʦʤ ʝʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʝʣʘʝʪ 

ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʯʨʝʟʚʳʯʘʡʥʦ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ ʥʘ ʚʭʦʜʝ 

ʚ ʜʚʠʛʘʪʝʣʴ.  

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʠʤʝʝʪ ʠ ʦʙʨʘʪʥʫʁ  

ʩʪʦʨʦʥʫ. ɺ ʟʘʟʦʨʘʭ ʤʝʞʜʫ ʛʦʣʦʚʢʦʡ ʧʦʨʰʥʷ ʠ ʚʪʫʣʢʦʡ ʮʠʣʠʥʜʨʘ ʛʘʟʦ-

ʚʦʟʜʫʰʥʘʷ ʩʤʝʩʴ ʚʳʛʦʨʘʝʪ ʧʣʦʭʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʧʘʜʘʥʠʶ ʤʝʪʘʥʘ ʚ 

ʦʪʨʘʙʦʪʘʚʰʠʝ ʛʘʟʳ. ʅʘ ʩʝʛʦʜʥʷ ʥʝʪ ʜʝʡʩʪʚʫʶʱʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʚʳʙʨʦʩʳ 

ʤʝʪʘʥʘ ʩʫʜʦʚʳʤʠ ɼɺʉ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʧʘʨʥʠʢʦʚʳʡ 
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ʵʬʬʝʢʪ ʦʪ ʤʝʪʘʥʘ ʚ 20é25 ʨʘʟ ʚʳhʝ ʯʝʤ ʦʪ ʉʆ2. ɺ ʮʝʣʦʤ ʚʳʙʨʦʩʳ ʤʝʪʘʥʘ ʚ 

ʘʪʤʦʩʬʝʨʫ ʛʘʟʦʜʠʟʝʣʴʥʳʤʠ ʄʆɼ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,3%, ʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʙʨʘʩʳʚʘʝʤʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʥʘ 20é30% ʥʠʞʝ, ʯʝʤ ʫ ʜʚʠʛʘʪʝʣʝʡ 

ʨʘʙʦʪʘʶɦ ʠʭ ʥʘ ɾʊ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʛʘʟʦʜʠʟʝʣʴʥʳʭ ʄʆɼ ʤʦʞʝʪ ʩʪʘʪʴ 

ʧʝʨʝʭʦʜ ʥʘ ʧʦʜʘʯʫ ɻʊ ʚ ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ ʧʦʜ ʜʘʚʣʝʥʠʷʤʠ 4...6 ʄʇʘ [7]. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʩʦʯʝʪʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʦʚ ʧʦʜʘʯʠ ʧʦʜ ʚʳʩʦʢʠʤ ʠ ʥʠʟʢʠʤ 

ʜʘʚʣʝʥʠʷʤʠ ʠ ʥʠʚʝʣʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʵʪʠʤ ʤʝʪʦʜʘʤ. ʊʘʢ, 

ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʘʚʪʦʨʦʚ, ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ɻʊ ʜʦ 4,13 ʄʇʘ ʧʝʨʝʜ 

ʛʘʟʦʚʳʤ ʢʣʘʧʘʥʦʤ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʩʞʘʪʠʷ ʛʘʟʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, 

ʠʩʢʣʶʯʠʚ ʪʝʤ ʩʘʤʳʤ ʫʩʣʦʚʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʝʪʦʥʘʮʠʦʥʥʦʛʦ 

ʩʛʦʨʘʥʠʷ [7]. ɺʘʨʴʠʨʫʷ ʩʝʯʝʥʠʝʤ ʧʨʦʭʦʜʥʦʛʦ ʢʘʥʘʣʘ ʠ ʝʛʦ ʬʦʨʤʦʡ (ʨʠʩ. 2) 

ʤʦʞʥʦ ʜʦʙʠʪʩɹʷ ʧʝʨʝʥʦʩʘ ʧʨʦʮʝʩʩʘ ʧʦʜʘʯʠ ɻʊ ʥʘ ʫʯʘʩʪʦʢ ʩʞʘʪʠʷ ʦʪ 1,91 ʜʦ 2,10 

ʤ ʧʦ ʭʦʜʫ ʧʦʨʰʥʷ (ʨʠʩ. 3), ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʭʦʞʜʝʥʠʶ ʧʦʨʰʥʝʤ ʢ ʤʦʤʝʥʪʫ 

ʥʘʯʘʣʘ ʧʦʜʘʯʠ 72% ʩʚʦʝʛʦ ʭʦʜʘ ʠ 79% ʢ ʦʢʦʥʯʘʥʠʶ ʧʦʜʘʯʠ ɻʊ.  
 

 

 
ʈʠʩʫʥʦʢ 2. ʉʝʯʝʥʠʷ ʩʦʧʣʦʚʳʭ 

ʢʘʥʘʣʦʚ ʛʘʟʦʧʦʜʘʶʱʝʛʦ ʤʦʜʫʣʷ 

ʜʚʠʛʘʪʝʣʷ X62DF ʬʠʨʤʳ WinGD 

 

ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʨʘʩʭʦʜʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʛʦ ʤʦʜʫʣʷ ʢʘʢ 

ʬʫʥʢʮʠʷ ʭʦʜʘ ʨʘʙʦʯʝʛʦ ʧʦʨʰʥʷ ʥʘ 

ʣʠʥʠʠ ʩʞʘʪʠ:̫ ɸ ï ʟʦʥʘ ʧʦʜʘʯʠ ɻʊ 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠʝ, ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʢʨʘʱʝʥʦ ʚ 1,8 ʨʘʟʘ, ʘ ʩʘʤ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ɻʊ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥ ʢ ɺʄʊ.  

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʬʠʣʷ ʩʦʧʣʦʚʦʛʦ ʢʘʥʘʣʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʨʝʟʝʨʚʦʤ ʩʦʢʨʘʱʝʥʠʷ ʚʨʝʤʝʥʠ ʧʦʜʘʯʠ ɻʊ ʚ ʨʘʙʦʯʠʡ ʮʠʣʠʥʜʨ, ʘ ʚʦʧʨʦʩʳ 

ʦʧʪʠʤʠʟʘʮʠʠ ʪʨʝʙʫʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʇʆʂʈɸʑɽʅʅʗ ʊʋʈɹʆʅɸɼɼʋɺɸʅʅʗ ɼɺʀɻʋʅɯɺ ɺʅʋʊʈɯʐʅʔʆɻʆ 

ɿɻʆʈʗʅʅʗ ʐʃʗʍʆʄ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɸɿʆɺʀʍ ʆʇʆʈ 

 

ʊʫʨʙʦʥʘʜʜʫʚ  ̒ʚʠʜ ʥʘʜʜʫʚʘʥʥʷ, ʟʘ ʷʢʦʛʦ ʧʦʚʽʪʨʷ ʚ ʮʠʣʽʥʜʨʠ ʜʚʠʛʫʥʘ 

ʧʦʜʘʻʪʴʩʷ ʧʽʜ ʪʠʩʢʦʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ. 

ʊʫʨʙʦʥʘʜʜʫʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ ʚ ʙʝʥʟʠʥʦʚʠʭ, ʪʘʢ ʽ ʚ ʜʠʟʝʣʴʥʠʭ 

ʜʚʠʛʫʥʘʭ, ʘʣʝ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʚʚʘʞʘʻʪʴʩʷ ʪʫʨʙʦʥʘʜʜʫʚ ʥʘ ʜʠʟʝʣʷʭ 

ʚʨʘʭʦʚʫʶʯʠ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʩʪʠʩʢʘʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʦʾ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ ʤʦʪʦʨʘ. ɼʣʷ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ ʪʫʨʙʦʥʘʜʜʫʚ ʟʘʛʨʦʞʫʻ ʤʦʞʣʠʚʽʩʪʴ 

ʥʘʩʪʘʥʥʷ ʜʝʪʦʥʘʮʽʾ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʨʽʟʢʠʤ ʟʙ̔ʣɹhʝʥʥʷʤ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʚʠʩʦʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʽ ʚʽʜʧʦʚʽʜʥʠʡ ʥʘʛʨʽʚ 

ʪʫʨʙʦʥʘʛʨʽʚʘʯʘ. 

ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʪʫʨʙʦʥʘʜʜʫʚʘʥʥʷ ʟʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʥʝʨʛʽʾ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ. ɺʽʜʧʨʘʮʴʦʚʘʥʽ ʛʘʟʠ ʦʙʝʨʪʘʶʪʴ ʪʫʨʙʽʥʝ ʢʦʣʝʩʦ, ʷʢʝ ʯʝʨʝʟ 

ʨʦʪʦʨ ʦʙʝʨʪʘʻ ʢʦʤʧʨʝʩʦʨʥʝ ʢʦʣʝʩʦ. ʂʦʤʧʨʝʩʦʨʥʝ ʢʦʣʝʩʦ ʩʪʠʩʢʘʻ ʧʦʚʽʪʨʷ ʽ 

ʥʘʛʥʽʪʘʻ ʡʦʛʦ ʚ ʩʠʩʪʝʤʫ. 

ʊʫʨʙʦʥʘʜʜʫʚ ʥʝ ʤʘʻ ʞʦʨʩʪʢʦʛʦ ʟʚôʷʟʢʫ ʟ ʢʦʣʽʥʯʘʩʪʠʤ ʚʘʣʦʤ ʜʚʠʛʫʥʘ ʽ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʜʚʠʛʫʥʘ. ʏʠʤ ʚʠʱʝ 

ʦʙʦʨʦʪʠ ʤʦʪʦʨʫ, ʪʠʤ ʚʠʱʝ ʝʥʝʨʛʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, ʰʚʠʜʰʝ ʦʙʝʨʪʘʻʪʴʩʷ 

ʪʫʨʙʽʥʘ, ʙʽʣʴʰʝ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʥʘʜʭʦʜʠʪʴ ʚ ʮʠʣʽʥʜʨʠ ʜʚʠʛʫʥʘ. 

ʅʝʜʦʣʽʢ ʩʠʩʪʝʤʠ ʪʫʨʙʦʥʘʜʜʫʚʘʥʥʷ ʮʝ ʯʫʪʣʠʚʽʩʪʴ ʜʦ ʟʥʦʰʝʥʥʷ ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ. ɿʨʦʩʪʘʥʥʷ ʪʠʩʢʫ ʢʘʨʪʝʨʥʠʭ ʛʘʟʽʚ ʩʫʪʪʻʚʦ ʟʥʠʞʘʻ ʨʝʩʫʨʩ ʪʫʨʙʽʥʠ. ɿʘ 

ʪʨʠʚʘʣʦʾ ʨʦʙʦʪ ʚ ʪʘʢʠʭ ʫʤʦʚʘʭ ʥʘʩʪʘʻ çʤʘʩʣʷʥʠʡ ʛʦʣʦʜè ʽ ʧʦʤʠʣʢʘ 

ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʘ. ʇʨʠ ʯʦʤʫ ʧʦʰʢʦʜʞʝʥʥʷ ʮʴʦʛʦ ʚʫʟʣʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ 

ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʚʩʴʦʛʦ ʜʚʠʛʫʥʘ. 
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ʆʜʥʠʤ ʟ ʨʽʰʝʥʴ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʩʠʩʪʝʤʫ 

ʪʫʨʙʦʥʘʜʜʫʚʘʥʥʷ ʛʘʟʦʚʦʾ ʦʧʦʨʠ, ʷʢʘ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʨʫʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ 

ʛʘʟʘʤʠ, ʪʘ ʤʘʻ ʤʘʣʠʡ ʯʘʩ ʟʘʧʫʩʢʫ ʪʘ ʟʫʧʠʥʢʠ. ʋʩʧʽʰʥʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʧʦʨ ʥʘ 

ʛʘʟʦʚʦʤʫ ʤʘʱʝʥʥʽ ʧʦʷʩʥʶʻʪʴʩʷ ʷʢʦʩʪʷʤʠ ʛʘʟʦʚʦʛʦ ʤʘʩʪʠʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʄʽʥʽʤʘʣʴʥʽ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ, ʘ ʪʦʤʫ ʡ ʥʝʟʥʘʯʥʝ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ, ʱʦ ʻ ʥʘʩʣ̔ʜʢʦʤ 

ʤʘʣʦʾ ʚôʷʟʢʦʩʪʽ ʛʘʟʽʚ, ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʯʘʩʪʦʪ ʦʙʝʨʪʘʥʥʷ. ʆʧʦʨʠ 

ʟ ʛʘʟʦʚʠʤ ʤʘʱʝʥʥʷʤ, ʥʝ ʚʪʨʘʯʘʶʯʠ ʩʚʦʾʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʷʢʦʩʪʝʡ, ʤʦʞʫʪʴ 

ʧʨʘʮʶʚʘʪʠ ʚ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʪʠʩʢʽʚ (ʚô̫ ʟʢʽʩʪʴ ʛʘʟʽʚ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ). ʑʝ ʦʜʥʦʶ ʧʝʨʝʚʘʛʦʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ʪʫʨʙʦʥʘʜʜʫʚʘʥʥʷ ʦʧʦʨ ʟ ʛʘʟʦʚʠʤ ʤʘʱʝʥʥʷʤ, ʱʦ 

ʧʨʘʚʠʣʴʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʪʘ ʚʠʛʦʪʦʚʣʝʥʽ, ʻ ʪʝ, ʱʦ ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ. ɻʘʟ, ʱʦ ʚʠʭʦʜʠʪʴ ʧʽʜ ʧʽʜʚʠʱʝʥʠʤ ʪʠʩʢʦʤ ʽʟ ʟʘʟʦʨʽʚ ʦʧʦʨ, 

ʥʝ ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʦʙʝʨʽʛʘʻ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʚʽʜ 

ʧʦʪʨʘʧʣʷʥʥʷ ʥʘ ʥʠʭ ʯʝʨʝʟ ʤʘʩʪʠʣʴʥʠʡ ʰʘʨ ʧʠʣʫ. 

 

ɺʨʫʙʣʝʚʩʴʢʠʡ ʆʣʝʢʩʘʥʜʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ. ʢʘʬʝʜʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʘʥʩʧʦʨʪʫ, ʬʘʢʫʣʴʪʝʪʫ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ɺʘʨʤʠʥʩʴʢʦ-ʄʘʟʫʨʩʢɹʠʡ 

ʫʥ̔ʚʝʨʩʠʪʝʪ (ʤ. ʆʣʴʰʪʠʥ, ʇʦʣʴʱʘ), m.vrublevskyi@zsek.olsztyn.pl 

ʂʫʟʴʤʝʥʢʦ ɸʥʘʪʦʣʽʡ ʇʝʪʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮ. ʢʘʬʝʜʨʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, 

kuzmatolja@gmail.com, (057) 707-37-25 

 

ɼɯɸɻʅʆʉʊʀʂɸ ɼʀɿɽʃʗ ɿ ʄɯʂʈʆʇʈʆʎɽʉʆʈʅʆʖ ʉʀʉʊɽʄʆʖ 

ʂɽʈʋɺɸʅʅʗ ʋ ʉʂʃɸɼɯ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɻʆ ʊʈɸʂʊʆʈɸ 

 

ʅʘ ʩʫʯʘʩʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʘʭ ʚʩʝ ʯʘʩʪ̔h ʝ ʚʩʪʘʥʦʚʣʶʶʪʴ 

ʜʠʟʝʣʽ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʢʝʨʫʚʘʥʥʷʤ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ 

ʩʫʯʘʩʥʽ ʞʦʨʩʪʢʽ ʥʦʨʤʠ ʝʢʦʣʦʛʽʯʥʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʘʪʠ ʟʨʦʩʪʘʶʯʠʤ 

ʚʠʤʦʛʘʤ ʢʣʽʻʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ, ʧʝʨʰ ʟʘ ʚʩʝ, ʧʽʜʚʠʱʝʥʠʡ ʢʦʤʬʦʨʪ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʠ ʤʽʥʽʤʽʟʘʮʽʾ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. ʆʜʥʘʢ ʚʩʝ 

ʚʠʱʝ ʧʝʨʝʣʽʯʝʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʟʙʽʣʴʰʝʥʥʶ ʢʽʣʴʢʦʩʪʽ ʧʦʪʝʥʮʽʡʥʠʭ ʧʦʰʢʦʜʞʝʥʴ [1]. ʆʮʽʥʢʘ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ 

ʧʦʰʢʦʜʞʝʥʴ (ʨʠʩ.1) ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʠʟʝʣʴʥʠʭ 

ʜʚʠʛʫʥʽʚ, ʷʢʽ ʙʫʣʠ ʚʽʜʨʝʤʦʥʪʦʚʘʥʽ ʟʘ ʨʽʢ ʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʤʘʡʩʪʝʨʥʽ. 

 

 
ʈʠʩʫʥʦʢ1. ʇʦʰʢʦʜʞʝʥʥʷ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʟ ʝʣʝʢʪʨʦʥʥʦʶ ʩʠʩʪʝʤʦʶ 

ʫʧʨʘʚʣʽʥʥʷ 
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ɽʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʧʦʚ'ʷʟʘʥʦʾ ʟ ʫʩʫʥʝʥʥʷʤ ʧʦʰʢʦʜʞʝʥʴ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʦʙʨʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʮʠʢʣʫ. ɺ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʦʨʠʛʽʥʘʣʴʥʠʡ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʧʦʰʢʦʜʞʝʥʴ ʥʘ 

ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʢʦʝʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʷʢʽ 

ʬʽʢʩʫʶʪʴʩʷ ʙʣʦʢʦʤ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘ. 

ʆʙʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʪʨʘʢʪʦʨ John Deere 6135B, ʷʢʠʡ ʦʩʥʘʱʝʥʠʡ 

ʜʠʟʝʣʴʥʠʤ ʜʚʠʛʫʥʦʤ ʟ ʧʘʣʠʚʥʦʶ ʩʠʩʪʝʤʦʶ Common Rail ʽ ʪʫʨʙʦʢʦʤʧʨʝʩʦʨʦʤ ʟʽ 

ʟʤʽʥʥʦʶ ʛʝʦʤʝʪʨʽʻʶ [2]. ʆʩʥʦʚʥʽ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʪʨʘʢʪʦʨʘ ʙʫʣʠ ʟʘʧʠʩʘʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʩʢʘʥʝʨʘ Texa Navigator TXTs ʽʟ ʩʧʝʮ̔ʘʣʴʥʦʶ ʚʝʨʩʽʻʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ OFF-HIGHWAY. ʆʢʨʽʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʨʽʟʥʠʭ ʢʘʪʝʛʦʨʽʡ, ʚʢʣʶʯʘʶʯʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ 

ʪʨʘʢʪʦʨʠ, ʧʨʠʩʪʨʽʡ ʪʘʢʦʞ ʜʦʟʚʦʣʷʚ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʟʘʧʠʩʫʚʘʪʠ 

ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʜʚʠʛʫʥ. ʇʨʠʩʪʨʽʡ 

ʧʽʜʪʨʠʤʫʚʘʚ ʪʘʢʽ ʧʨʦʪʦʢʦʣʠ ʟʚ'ʷʟʢʫ: ʬʣʝʰ-ʢʦʜʠ, K, L, ISO9141-2, ISO14230, 

CAN ISO11898-2, ISO11898-3, SAE J1850 PWM, SAE J1850 VPW, SAE J2534-1. 

ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʯʘʩ ʧʨʦʙʥʠʭ ʟʘʾʟʜʽʚ ʟ ʽʤʽʪʘʮʽʻʶ 

ʧʦʰʢʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ. ʇʽʜ ʯʘʩ ʚʠʧʨʦʙʫʚʘʥʴ ʜʣʷ ʦʢʨʝʤʠʭ ʧʦʰʢʦʜʞʝʥʴ ʤʠ 

ʨʝʻʩʪʨʫʚʘʣʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ: ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ, ʧʦʪʫʞʥʽʩʪʴ, ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʪʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʚʠʛʫʥʘ, ʢʦʝʬʽʮʽʻʥʪ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, ʪʠʩʢ ʥʘʜʜʫʚʫ ʪʦʱʦ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʦʛʦ ʜʽʘʛʥʦʟʫ ʥʝʩʧʨʘʚʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʙʫʣʠ ʦʙʨʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʜʝʣʽ ʜʚʠʛʫʥʘ, ʨʦʟʨʦʙʣʝʥʦʾ ʚ AMESim (ʨʠʩ.2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʄʦʜʝʣʴ ʜʚʠʛʫʥʘ ʪʨʘʢʪʦʨʘ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 
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 ʎʝ ʜʦʟʚʦʣʠʣʦ ʤʦʜʝʣʶʚʘʪʠ ʚʠʙʨʘʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʩʠʩʪʝʤʠ ʟʘ ʨʽʟʥʠʭ ʫʤʦʚ 

ʨʦʙʦʪʠ. ʋ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʤʦʜʝʣʽ ʰʣʷʭʦʤ ʟʤ̔ʥʠ ʛʝʦʤʝʪʨʽʾ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ 

ʚʧʫʩʢʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʚʝʣʠʯʠʥʠ ʚʠʪʨʘʪʠ ʬʦʨʩʫʥʢʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʥʝʩʧʨʘʚʥʦʩʪʝʡ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʜʚʠʛʫʥʘ. ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʧʽʜ ʯʘʩ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʮʠʢʣʫ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʚʝʨʠʬʽʢʘʮʽʾ ʤʦʜʝʣʽ (ʨʠʩ. 3).  

ʉʧʦʯʘʪʢʫ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟ ʜʚʠʛʫʥʦʤ ʫ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ, ʘ 

ʧʦʪʽʤ ʤʦʜʝʣʶʚʘʣʠ ʧôʷʪʴ ʜʝʬʝʢʪʽʚ: 1) ʚʠʭʽʜ ʟ ʣʘʜʫ ʬʦʨʩʫʥʢʠ; 2) ʚʠʭʽʜ ʟ ʣʘʜʫ 

ʚʠʪʨʘʪʦʤʽʨʘ ʧʦʚʽʪʨʷ; 3) ʚʠʭʽʜ ʟ ʣʘʜʫ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʆɾ; 4) ʟʤʝʥʰʝʥʥʷ 

ʨʦʟʤ̔ʨʽʚ ʚʧʫʩʢʥʦʛʦ ʦʪʚʦʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʬʽʣʴʪʨʫ; 5) ʨʦʟʛʝʨʤʝʪʠʟʘʮʽʷ ʚʧʫʩʢʥʦʾ 

ʩʠʩʪʝʤʠ.  ɼʝʬʝʢʪʠ ʚʽʜʙʠʨʘʣʠʩ ̫ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʥʘʚʝʜʝʥʠʭ ʥʘ ʨʠʩ. 1, ʱʦʜʦ 

ʜʝʬʝʢʪʽʚ ʜʚʠʛʫʥʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟ ʝʣʝʢʪʨʦʥʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ.  

  

ʈʠʫʥʦʢ 3 ï ʇʦʨ̔ʚʥʷʥʥʷ ʚʠʤ̔ʨʶʚʘʥʴ ʧʦʪʫʞʥʦʩʪ̔ ʜʚʠʛʫʥʘ ʧʨʦʪʷʛʦʤ 

ʜ̔ʘʛʥʦʩʪʠʯʥʦʛʦ ʮʠʢʣʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ ʚʠʭʦʜʦʤ ʟ ʣʘʜʫ ʦʜʥʽʻʾ ʟ ʬʦʨʩʫʥʦʢ ʫ 

ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʘ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ɸʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʠʛʫʥʘ ʜʦʟʚʦʣʷʻ ʥʘʤ ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʚʠʷʚʠʪʠ ʡʤʦʚʽʨʥʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ, ʧʝʨʰ ʥʽʞ 

ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʪʨʘʢʪʦʨʦʤ ʬʦʨʤʫʻ ʢʦʜʠ ʥʝʩʧʨʘʚʥʦʩʪʝʡ. ɼʘʥʽ, ʦʪʨʠʤʘʥʽ ʚʽʜ 

ʢʦʥʪʨʦʣʝʨʘ ʜʦʟʚʦʣʷʶʪʴ ʧʦʨʽʚʥʷʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʩʧʨʘʚʥʦʛʦ ʜʚʠʛʫʥʘ ʟ ʜʚʠʛʫʥʦʤ ʟ 

ʽʤʽʪʦʚʘʥʠʤʠ ʧʦʰʢʦʜʞʝʥʥʷʤʠ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʮʠʭ ʜʘʥʠʭ ʧʨʦʧʦʥʫʻʪʴʩʷ ʤʝʪʦʜ, 

ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ANN) 

(ʨʠʩ. 4) [3]. 

 

.  

ʈʠʩʫʥʦʢ 4. ï  ʉʭʝʤʘ ʪʦʧʦʣʦʛʽʾ ANN 
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ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʚʠʛʫʥʘ ʟ ʽʤʽʪʦʚʘʥʠʤʠ ʥʝʩʧʨʘʚʥʦʩʪʷʤʠ ʟ ʝʬʝʢʪʠʚʥʽʩʪʶ ʜʚʠʛʫʥʘ ʙʝʟ 

ʧʦʰʢʦʜʞʝʥʴ. ʇʨʠʢʣʘʜ ʪʘʢʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 5. 

 

 
ʈʠʩʫʥʦʢ 5 -. ʇʦʨʽʚʥʷʥʥʷ ʂʂɼ ʩʧʨʘʚʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʟ ʥʝʩʧʨʘʚʥʦʶ ʬʦʨʩʫʥʢʦʶ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʫ ʮʽʡ ʨʦʙʦʪʽ ʤʝʪʦʜ ʜʽʘʛʥʦʩʪʠʢʠ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʘʭ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʣʷʛʘʚ ʫ ʟʘʧʠʩʽ ʜʘʥʠʭ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʟʙʦʨʫ ʪʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʽʟ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʧʽʜ 

ʯʘʩ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʟʘʾʟʜʫ. ɿʽʙʨʘʥʘ ʽʥʬʦʨʤʘʮʽʷ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʚʠʛʫʥʘ ʥʘ ʦʩʥʦʚʽ ʢʦʦʬʽʮʽʻʥʪʫ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ, 

ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʢʦʥʪʨʦʣʝʨʦʤ, ʱʦ ʢʝʨʫʻ ʨʦʙʦʪʦʶ ʜʚʠʛʫʥʘ. ʊʘʢʠʡ ʤʝʪʦʜ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʯʘʩʪʢʦʚʦ ʘʙʦ 

ʧʦʚʥʽʩʪʶ ʘʚʪʦʥʦʤʥʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʨʘʢʪʦʨʽʚ, ʜʝ ʥʝʦʙʭʽʜʥʠʡ 

ʩʫʯʘʩʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʥʣʘʡʥ -ʜʽʘʛʥʦʩʪʠʢʠ. 

 

ʃ̔ʪʝʨʘʪʫʨʘ 

 

1. Grytsyuk O.. Vrublevskyi O. (2018). Investigations of diesel engine in the 

road test. Diagnostyka. 19 (2). 89ï94. 

2. ʊʨʘʢʪʦʨ John Deʝre  URL: https://www.deere.ua/uk/ʪʨʘʢʪʦʨʠ/ ʩʝʨʽʷ-

6b/6135b/ (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ: 15.09.2021). 

3. Okut H. (2016). Bayesian Regularized Neural Networks for Small n Big p 

Data. Artificial Neural Networks - Models and Applications. 

 

https://www.deere.ua/uk/трактори/%20серія-6b/6135b/
https://www.deere.ua/uk/трактори/%20серія-6b/6135b/


 

 

 

180 

ɼʦʮʝʥʢʦ ʉʝʨʛʽʡ ʄʠʭʘʡʣʦʚʠʯ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ.  

ɹʽʣʦʫʩ ɯʨʠʥʘ ɺ̔ ʢʪʦʨʽʚʥʘ ʤʘʛʽʩʪʨʘʥʪ ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ.  

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʀʍ ʊɸ ɽʂʆʅʆʄɯʏʅʀʍ 

ʇʆʂɸɿʅʀʂɯɺ ʈʆɹʆʊʀ ɼɺʀɻʋʅɸ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʆɰ 

ʊɽʍʅɯʂʀ ʅɸ ʈʆʉʃʀʅʀʍ ʆʃɯʗʍ 

 

ɼʠʟʝʣʴʥʽ ʜʚʠʛʫʥʠ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʛʦʣʦʚʥʠʭ ʘʛʨʝʛʘʪʽʚ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. ʄʘʶʯʠ ʚʠʩʦʢʫ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ, ʜʠʟʝʣʴʥʽ 

ʜʚʠʛʫʥʠ ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʝʢʦʣʦʛʽʯʥʽ ʥʦʨʤʠ ʜʦ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ. 

ʆʜʥʠʤ ʽʟ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʪʠʧʫ ʜʚʠʛʫʥʽʚ ʻ ʧʝʨʝʚʽʜ ʾʭ ʥʘ 

ʘʣʴʪʝʨʥʘʪʠʚʥʝ ʧʘʣʠʚʦ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ - ʨʦʩʣʠʥʥʽ ʦʣʽʾ (ʩʦʥʷʰʥʠʢʦʚʘ, 

ʢʫʢʫʨʫʜʟʷʥʘ, ʨʽʧʘʢʦʚʘ, ʩʦ̒ ʚʘ ʦʣʽʾ ʪʦʱʦ). ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʦʣʽʾ ʧʝʨʝʜ 

ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ ʻ ʡʦʛʦ ʥʝʚʠʯʝʨʧʥʽʩʪʴ ʪʘ ʝʢʦʣʦʛʽʯʥʽʩʪʴ. ɺʦʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʤʽʩʪʠʪʴ ʩʽʨʢʠ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʚ ʘʪʤʦʩʬʝʨʫ ʧʨʠ 

ʟʛʦʨʘʥʥʽ. 

ɺʽʜʤʽʥʥʽʩʪʴ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʪʘ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ ʤʘʻ ʚʧʣʠʚ ʥʘ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʠʟʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ. ɺ ʧʝʨʰʫ 

ʯʝʨʛʫ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʮʝʩʽʚ ʧʘʣʠʚʦʧʦʜʘʯʽ ʪʘ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ. ʎʽ ʧʨʦʮʝʩʠ 

ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʪʘʢʠʤʠ ʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʘʣʠʚʘ, ʷʢ 

ʛʫʩʪʠʥʘ, ʚôʷʟʢʽʩʪʴ, ʧʦʚʝʨʭʥʝʚʠʡ ʥʘʪʷʛ ʧʘʣʠʚʘ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʇʘʨʘʤʝʪʨʦʤ 

ʷʢʠʡ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʻ ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ[1,2].  

ʊʘʙʣʠʮʷ ˉ1 

ʅʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚ (ɼʇ ʪʘ ʦʩʥʦʚʥʠʭ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ) 

ɺʠʜ ʧʘʣʠʚʘ ʅʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ Qʥ, ʢɼʞ/ʢʛ 

ɼʇ 42500 

ʄɽʈʆ 37400 

ʈʽʧʘʢʦʚʘ ʦʣʽʷ (ʈʆ) 37300 

ʉʦʥʷʰʥʠʢʦʚʘ ʦʣʽʷ 

(ʉʥʆ) 

37000 

ʉʦʻʚʘ ʦʣʽʷ (ʉʆ) 37000 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʢʣʶʯʘʻʪʴʩʷ ʫ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʽ ʪʘ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʟ 

ʚʠʟʥʘʯʝʥʥʷʤ ʚʧʣʠʚʫ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʝʬʝʢʪʠʚʥʽ ʪʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʚʩʽ ʮʽ ʜʘʥʥʽ ʙʫʚ ʚʠʢʦʥʘʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʜʠʟʝʣʴʥʦʛʦ 

ʜʚʠʛʫʥʘ 6ʏʅ13/11,5 (ʧʦʪʫʞʥʽʩʪʶ 120 ʢɺʪ.) ʥʘ ʜʚʦʭ ʚʠʜʘʭ ʧʘʣʠʚʘ.  
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ʆʩʥʦʚʥʠʤʠ ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʚʠʛʫʥʘ ʧʨʠ 

ʨʦʙʦʪʽ ʥʘ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʘʣʠʚʘ ʻ ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʪʘ ʛʦʜʠʥʘ 

ʚʠʪʨʘʪʘ. ɿ ʨʦʟʨʘʭʫʥʢʫ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ: 

ʛʦʜʢɺʪʢʛ
Q

b
ʝʥ

ʝ Ö
Ö

= /,
)(

3600

h
 

 -  ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʛʦʜʢɺʪʢʛbʝ Ö= /237,0 ; 

- ʜʣʷ ʨʘʧʩʦʚʦʾ ʦʣʽʾ ʛʦʜʢɺʪʢʛbʝ Ö= /282,0 ;  ʁ

ɻʦʜʠʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ  B, ʢʛ/ʛʦʜ: 

 

 -  ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ B = 28,44 ʢʛ/ʛʦʜ; 

- ʜʣʷ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ  B = 33,84 ʢʛ/ʛʦʜ; 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʘ ʧʨʠ ʨʦʙʦʪʽ ʥʘ ʨʽʟʥʠʭ 

ʚʠʜʘʭ ʧʘʣʠʚʘ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʮʽʥʫ ʥʘ ʧʘʣʠʚʦ. ɺ ʪʘʙʣʠʮʽ 1 ʧʨʠʚʝʜʝʥʥʽ ʮʽʥʠ 

ʦʩʥʦʚʥʠʭ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ ʥʘ 01.07.2021ʨ. 

ʊʘʙʣʠʮʷ 1  

ʎʽʥʠ ʦʩʥʦʚʥʠʭ ʨʦʩʣʠʥʥʠʭ ʦʣʽʡ 

ʎʽʥʘ 
ʉʦʥʷʰʥ

ʠʢʦʚʘ ʦʣʽʷ 

ʉʦʻ

ʚʘ ʦʣʽʷ 

ʇʘʣʴ

ʤʦʚʘ ʦʣʽʷ 

ʈ̔ʧ

ʘʢʦʚʘ 

ʦʣʽʷ 

ɼʠʟ

ʝʣʴʥʝ 

ʧʘʣʠʚʦ 

ʛʨʠʚʥʽ 

ʟʘ ʪʦʥʫ 
29592 

367

48,61 

2818

0,08 

173

87,22 

341

68,67 

ʛʨʠʚʥʽ 

ʟʘ ʢʽʣʦʛʨʘʤ 
29,59 

36,

75 

28,1

8 

17,

39 

34,1

7 

ʛʨʠʚʥʽ 

ʟʘ ʣʽʪʨ 
32,06 40 

30,6

9 

18,

91 

28,3

6 

 

 ɺʠʟʥʘʯʘʻʤʦ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʥʦʾ ʛʦʜʠʥʠ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʜʣʷ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ. ɼʣʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʉ= ʎ*B = 34,17*28,44 = 971,7 ʛʨʥ/ʛʦʜ 

ɼʣʷ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ  ʉ= ʎ*B = 17,39*33,84  = 588,5 ʛʨʥ/ʛʦʜ. 

 

ɺʠʩʥʦʚʦʢ.  ɺʠʭʦʜʷʯʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ 

ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ ʚʠʩʥʦʚʢʠ: 

  

1. ʆʩʥʦʚʥʠʤ ʧʘʨʘʤʝʪʨʦʤ ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʻ 

ʥʠʞʯʘ ʪʝʧʣʦʪʘ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʪʘ ʮʽʥʘ ʥʘ ʧʘʣʠʚʦ. 

 

2. ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ ʥʘ  ʨʽʧʘʢʦʚʦʾ 

ʦʣʽʾ  ʟʙʽʣʴʰʠʣʘʩʷ ʥʘ 0,045 ʢʛ (23 %).  ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʟʤʝʥʰʝʥʥʷʤ 

ʥʠʞʯʦʾ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʨʽʧʘʢʦʚʦʾ ʦʣʽ ʾʥʘ 13,5 %. ɸʣʝ  ʚ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ 

ʛʫʩʪʠʥʘ  ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʙʽʣʴʰʘ ʥʽʞ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 8-10% ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ 7-

9% [3]. 
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3. ʊʘʢ, ʷʢ ʚôʷʟʢʽʩʪʴ ʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʧʘʣʘʭʥʝʥʥʷ ʫ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʚʠʱʽ 

ʥʽʞ ʫ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʪʦ ʧʦʛʽʨʰʫʶʪʴʩʷ ʨʦʟʧʠʣʶʚʘʥʥʷ, ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʪʘ 

ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʱʦ ʷʚʣʷʻʪʴʩʷ ʧʨʠʯʠʥʦʶ ʧʦʷʚʠ ʚʽʜʢʣʘʜʝʥʴ ʥʘ ʩʪʽʥʢʘʭ ʮʠʣʽʥʜʨʘ 

ʪʘ ʚ ʢʘʥʘʣʘʭ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ [2].  

  

4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʦ, ʦʩʦʙʣʠʚʦ ʜʣ̫ 

ʜʚʠʛʫʥʽʚ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ. 
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ɼʦʮʝʥʢʦ ʉʝʨʛʡ̔ ʄʠʭʘʡʣʦʚʠʯ ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ.  

ʄʠʨʦʥʶʢ ɼʤʠʪʨʦ ɸʥʜʨʽʡʦʚʠʯ ʤʘʛʽʩʪʨʘʥʪ ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ ʅʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ.  

 

ɺɼʆʉʂʆʅɸʃɽʅʅʗ ʂʆʅʉʊʈʋʂʎɯɰ ʂʆʄʇʈɽʉɯʁʅʆɻʆ ʂɯʃʔʎʗ 

ɻɸɿʆɺʆɻʆ ɼɺʀɻʋʅɸ 6 ɻʏʅ 25/34  

 

ʇʦʨʰʥʝʚʽ ʢʦʤʧʨʝʩʽʡʥʽ ʢʽʣʴʮʷ ʚ ʜʚʠʛʫʥʘʭ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ 

ʧʨʠʟʥʘʯʝʥʥʽ ʜʣʷ ʫʱʽʣʴʥʝʥʥʷ ʨʦʙʦʯʦʾ ʧʦʨʦʞʥʠʥʠ ʮʠʣʽʥʜʨʘ, ʧʝʨʝʜʘʯʽ ʪʝʧʣʦʪʠ ʚʽʜ 

ʛʦʣʦʚʢʠ ʧʦʨʰʥʷ ʜʦ ʚʪʫʣʦʢ ʮʠʣʽʥʜʨʘ ʽ ʜʘʣʽ ʚ ʦʭʦʣʦʜʞʫʚʘʣʴʥʫ ʨʽʜʠʥʫ.  

ɺ ʜʠʟʝʣʴʥʦʤʫ ʜʚʠʛʫʥʽ 6 ʏʅ25/34 ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʦʤʧʨʝʩʽʡʥʽ ʢʽʣʴʮʷ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʷʢʽ ʤʘʶʪʴ ʥʝ ʩʢʣʘʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʥʝʚʠʩʦʢʽ ʟʘʪʨʘʪʠ ʥʘ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɼʘʥʠʡ ʚʠʜ ʢʦʤʧʨʝʩʽʡʥʠʭ 

ʢʽʣʝʮʴ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʦʨʰʥʝʚʠʭ ʜʚʠʛʫʥʘʭ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ.  
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ʅʝʜʦʣʽʢʦʤ ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ ʻ ʟʥʘʯʥʠʡ ʧʝʨʽʦʜ 

ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʪʘ ʟʥʘʯʥʽ ʩʠʣʠ ʪʝʨʪʷ ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʩʦʪʠ ʢʽʣʴʮʷ ʪʘ ʷʢʦʩʪʽ 

ʦʙʨʦʙʢʠ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʽʣʴʮʷ ʪʘ ʮʠʣʽʥʜʨʘ. ʊʘʢʦʞ ʚ ʢʦʤʧʨʝʩʽʡʥʠʭ ʢʽʣʴʮʷʭ 

ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ  ʢʦʥʪʘʢʪʫ  ʢʽʣʴʮʷ  ʟ  ʮʠʣʽʥʜʨʦʤ  ʧʽʜ  

ʯʘʩ  ʟʥʦʰʝʥʥʷ  ʢʽʣʴʮʷ ʪʘ ʧʨʦʧʫʩʢ  ʛʘʟʫ  ʢʨʽʟʴ  ʟʘʤʦʢ.  

ʈʠʩ.1  ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʨʰʥʝʚʦʛʦ ʢʽʣʴʮʷ ʜʚʠʛʫʥʘ ʧʨʦʪʦʪʠʧʫ 

ʎ ̔ ʥʝʜʦʣʽʢʠ ʩʪʘʶʪʴ ʙʽʣʴʰ ʚʽʜʯʫʪʥʠʤʠ ʧʽʜ ʯʘʩ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʧʝʨʝʚʦʜʽ ʾʭ ʥʘ ʨʦʙʦʪʫ ʥʘ ʛʘʟʦʧʦʜʽʙʥʦʤʫ 

ʧʘʣʠʚʽ. ʇʝʨʝʜʘʯʘ ʥʘ ʩʪʽʥʢʫ ʮʠʣʽʥʜʨʫ ʟʙʽʣʴʰʝʥʦʾ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʤʦʞʝ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʩʧʨʘʮʶʚʘʥʥʷ ʢʽʣʝʮʴ ʽ ʮʠʣʽʥʜʨʽʚ, ʪʘ ʜʦ ʾʭ ʟʜʠʨʘʥʥʷ.  

ʗʢʱʦ ʢʦʤʧʨʝʩʽʡʥʽ ʢʽʣʴʮʷ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʯʠʥʘʶʪʴ 

ʧʝʨʝʧʨʘʮʴʦʚʫʚʘʪʠʩ ̫ ʚʝʨʭʥʴʦʶ ʯʘʩʪʠʥʦʶ ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʪʦ ʢʽʣʴʮʝ 

ʟʥʽʤʘʻ ʤʘʩʣʦ ʟ ʩʪʽʥʦʢ ʮʠʣʽʥʜʨʘ ʚ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʛʘʨ ʤʘʩʣʘ 

ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘʛʘʨʦʫʪʚʦʨʝʥʥʷ ʽ ʟôʷʚʣʷʻʪʴʩʷ ʚʽʨʦʛʽʜʥʽʩʪʴ 

ʟʘʢʦʢʩʦʚʫʚʘʥʥʷ ʢʦʤʧʨʝʩʽʡʥʠʭ ʢʽʣʝʮʴ[1].  

ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʨʠʧʨʘʮʶʚʘʥʥʷ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ 

ʢʦʤʧʨʝʩʽʡʥʠʭ ʢʽʣʝʮʴ ʾʭ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʚʠʛʦʪʦʚʣʷʶʪʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʚʝʩʴ 

ʨʘʜʽʘʣʴʥʠʡ ʪʠʩʢ ʢʦʥʮʝʥʪʨʫʚʘʚʩʷ ʥʘ ʚʫʟʴʢʦʤʫ ʧʦʷʩʽ, ʯʘʩʪʽʰʝ ʚʩʴʦʛʦ ʥʘ ʥʽʞʥʽʡ 

ʢʨʦʤʮʽ ʢʽʣʴʮʷ. ɼʦ ʢʽʣʝʮʴ ʪʘʢʦʛʦ ʪʠʧʫ ʚʽʜʥʦʩʷʪʴʩʷ ʢʦʥʫʩʥʽ ʢʽʣʴʮʷ. ɺʠʩʦʪʘ 

ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʢʽʣʴʮʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʧʦʨʰʥʷ. ɿʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ 

ʚʝʜʝ ʟʘ ʩʦʙʦʶ ʟʙʽʣʴʰʝʥʥʷ ʧʽʜʡʦʤʥʦʾ ʩʠʣʠ ʧʦʨʰʥʝʚʦʛʦ ʢʽʣʴʮʷ ʪʘ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʽʡʥʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣʠ ʪʝʨʪʷ [3]. 

ɺ ʷʢʦʩʪʽ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʢʽʣʴʮʷ - ʜʣ̫  ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ 6 ɻʏʅ25/34 

ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʫʩʥʝ ʢʽʣʴʮʝ ʟ ʢʫʪʦʤ ʢʦʥʫʩʫ 20. ʧʨʠ ʨʦʙʦʪʽ ʮʴʦʛʦ ʪʠʧʫ ʢʽʣʝʮʴ 

ʚʝʩʴ ʪʠʩʢ ʙʫʜʝ ʢʦʥʮʝʥʪʨʫʚʘʪʠʩʷ ʥʘ ʥʠʞʥʽʡ ʚʫʟʴʢʽʡ ʢʨʦʤʮʽ. ʇʦ ʮʴʦʤʫ ʧʦʷʩʢʫ 

ʜʫʞʝ ʰʚʠʜʢʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠʧʨʘʮʶʚʘʥʥʷ. ʊʘʢʦʞ ʮʽ ʢʽʣʴʮʷ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʠʤʠ 

ʤʘʩʣʦ ʟʥʽʤʥʠʤʠ ʜʽʷʤʠ. 
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ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʢʽʣʴʮʝ ʧʨʘʮʶʻ ʧôʷʪʦʶ ʯʘʩʪʠʥʦʶ ʚʠʩʦʪʠ ʩʠʣʘ ʪʝʨʪʷ 

ʦʜʥʦʛʦ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʢʽʣʴʮʷ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 80% ʘ ʜʣʷ ʪʨʴʦʭ ʢʽʣʝʮʴ ʮʷ 

ʚʝʣʠʯʠʥʘ ʙʫʜʝ 25%. ʊʘʢ ʷʢ 40% ʚʩʽʭ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʧʨʠʧʘʜʘʻ ʥʘ ʧʦʨʰʥʝʚʫ 

ʛʨʫʧʫ ʪʦ ʟʤʝʥʰʝʥʥʷ ʮʠʭ ʚʪʨʘʪ ʚ ʧʦʨʰʥʝʚʽʡ ʛʨʫʧʽ ʧʨʠʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʩʽʭ 

ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʚ ʜʚʠʛʫʥʽ ʧʨʠʙʣʠʟʥʦ ʥʘ 3-5%.[2]. 

ʇʨʦʚʝʜʝʤʦ ʨʦʟʨʘʭʫʥʢʠ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʜʣʷ ʛʘʟʦʚʦʛʦ 

ʜʚʠʛʫʥʘ 6 ɻʏʅ 25/34[4]. 

ʉʝʨʝʜʥʽʡ ʪʠʩʢ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ (ʽʟ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ) 

ʩʢʣʘʜʘʻ ʈʤ = 155,4ʢʇʘ. ʇʨʠ ʟʤʝʥʝhʥʥʽ ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 4% ʮʷ 

ʮʠʬʨʘ ʜʦʨʽʚʥʶʻ ʈʤ = 0,96*155,4 =149 ʢʇʘ.  

ʉʝʨʝʜʥʽʡ ʝʬʝʢʪʠʚʥʠʡ ʪʠʩʢ (ʽʟ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ[4]) ʩʢʣʘʜʘʻ  

 

 

ʄʝʭʘʥʽʯʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʢʣʘʜʘʻ 

 

 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʢʣʘʜʘʻ 

 

 

ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ  

 

ɻʦʜʠʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ  

 

 

ɻʦʜʠʥʘ ʚʠʪʨʘʪʘ ʛʘʟʫ ʚ ʜʚʠʛʫʥʽ ʧʨʦʪʦʪʠʧʽ ɺʛ = 137,35ʤ3/ʛʦʜ.  
 

ʌʘʢʪʠʯʥʘ ʝʢʦʥʦʤʽʷ ʛʘʟʫ ʟʘ ʛʦʜʠʥʫ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 

  

ɽ=ɺʛïɺ=137,53ï136,8=0,73ʤ3/ʛʦʜ. [4]. 
 

ʈʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʢʦʥʫʩʥʦʛʦ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʢʽʣʴʮʷ ʟʘ ʨʘʭʫʥʦʢ ʝʢʦʥʦʤʽʾ ʛʘʟʫ ʩʢʣʘʜʘʪʠʤʝ  
 

.3267085,01,8650073,0 ʛʨʥʂʎtɽɽ ʧʛʛ =³³³=ÖÖÖ=  
  

ɺʠʩʥʦʚʦʢ.  

1. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʤʽʥʠ ʢʦʤʧʨʝʩʽʡʥʠʭ ʢʽʣʝʮʴ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ ʥʘ 

ʢʦʥʫʩʥʽ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʢʽʣʴʮʷ ʟʤʝʥʰʫʻʪʴʩʷ ʚʝʣʠʯʠʥʘ ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʤʝʭʘʥʽʯʥʠʭ 

ʚʪʨʘʪ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 4% (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ[4]). 
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;
mi

me
M

P

P
=h 87,0

155,1

006,1
==Mh

Mie hhh ³= 392,087,0451,0 =Ö=eh

  8,1365002736,0
3

ʛʦʜ
ʤʈʚB ʝʝ =³=³=

ʛʦʜʢʚʪ
ʤʚ

ʚ
m

i
ʝ   

2736,0
87,0

238,0 3

³
===

h



 

 

 

185 

 

2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʢʽʣʴʮʷ, ʛʦʜʠʥʘ ʚʠʪʨʘʪʠ ʛʘʟʫ ʟʤʝʥʰʠʣʘʩʷ ʥʘ 0,73ʤ3 ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʪʨʘʪʦʶ ʛʘʟʫ 

ʜʚʠʛʫʥʘ ʧʨʦʪʦʪʠʧʘ (ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ[4]). 
 

3. ɽʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʨʦʩʪʝ ʚ ʟʚôʷʟʢʫ ʟ ʟʨʦʩʪʘʥʥʷʤ  

ʮʽʥʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ( ʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʠʡʥʷʪʘ ʮʽʥʘ  ʎ ʛ = 8,1 ʛʨʥ/ʥʤ 3). 
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ɿʘʭʘʨʯʫʢ ɺʽʢʪʦʨ ɯʚʘʥʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ɻʦʨʣʦʚ ʄʠʢʦʣʘ ʄʠʢʦʣʘʡʦʚʠʯ, ʤʘʛʽʩʪʨʘʥʪ ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

ɻʫʣʴ ɺʽʢʪʦʨ ɯʚʘʥʦʚʠʯ,  ʤʘʛʽʩʪʨʘʥʪ, ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ 

    

ʄɽʊʆɼ ɺʀɹʆʈʋ ʊɽʍʅʆʃʆɻɯɰ ʄʆɼɽʈʅɯɿɸʎɯɰ ʊʈɸʅʉʇʆʈʊʅʀʍ 

ɿɸʉʆɹɯɺ 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʅʊ) ʥʝʦʙʭʽʜʥʦ ʚʠʙʨʘʪʠ ʪʘʢʫ 

ʪʝʭʥʦʣʦʛʽʶ (ʪʝʭʥʽʯʥʽ ʟʘʭʦʜʠ, ʫʧʨʘʚʣʽʥʩʴʢʽ ʨʽʰʝʥʥʷ), ʱʦ ʻ ʥʘʡʙʽʣʴʰ ʜʽʻʚʠʤʠ, ʟ 

ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʟʘʭʠʩʪʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠɦʘ. ʅʘ ʧʨʘʢʪʠʮʽ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʧʨʠʥʮʠʧʫ, ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ 

ʩʠʪʫʘʮʽʾ, ʚ ʷʢʠʭ ʥʝ ʷʩʥʦ, ʷʢʘ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʷ ʙʫʜʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʥʘʡʚʠʱʠʡ 

ʨʽʚʝʥʴ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʅʉ) ʪʘ ʥʘʡʙʽʣʴʰʠʡ ʝʢʦʥʦʤʽʯʥʠʡ 

ʝʬʝʢʪ (ʨʠʩ. 1).  
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 ʈʠʩʫʥʦʢ 1 - ʉʠʩʪʝʤʥʽ ʬʘʢʪʦʨʠ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʾ  

 

ʊʦʙʪʦ, ʥʝʦʙʭʽʜʥʦʶ  ̒ʨʦʟʨʦʙʢʘ ʥʘʫʢʦʚʦ - ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʤʝʪʦʜʠʯʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʧʝʨʰʠʤ ʝʪʘʧʦʤ ʷʢʦʛʦ ʩʪʘʣʦ ʙ 

ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʪʝʭʥʦʣʦʛʽʾ ʚ ʷʢʦʩʪʽ ʅʊ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦʶ, ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ 

ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ. 

ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɿ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʜʦ ʥʘʡʙʽʣʴʰ ʜ̔̒ ʚʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʢʘʪʘʣʽʪʠʯʥʘ ʥʝʡʪʨʘʣʽʟʘʮʽʷ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʘʞʦʚʠʭ ʬʽʣʴʪʨʽʚ ʚ ʜʠʟʝʣʷʭ, ʧʝʨʝʭʽʜ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʘʣʠʚʘ ʪʘ ʽʥ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʟʘʭʦʜʽʚ ʥʘ  ʢʦʞʥʽʡ ʢʦʥʢʨʝʪʥʽʡ ʤʦʜʝʣʽ ʚʠʤʘʛʘʻ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ, ʧʨʠʯʦʤʫ, ʟʘʭʦʜʠ ʤʘʶʪɹ ʨ̔ʟʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ. 

ʍʘʨʘʢʪʝʨʥʦ, ʱʦ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʪʦʢʩʠʯʥʦʩʪʽ ɺɻ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʧʦʛʽʨʰʝʥʥʷ 

ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʥʝʡʪʨʘʣʽʟʘʪʦʨʽʚ ɺɻ ʤʘʡʞʝ ʟʘʚʞʜʠ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʝʢʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʽʚ. ɿʤʝʥʰʝʥʥʷ 

ʫʪʚʦʨʝʥʥʷ ʚ ʮʠʣʥ̔ʜʨʘʭ ʪʦʢʩʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʥʝʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʤʘʻ 

ʥʘʩʣʽʜʢʦʤ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʘʟʦʪʫ. ɺʠʙʨʘʪʠ ʜʝʢʽʣʴʢʘ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʟʘʭʦʜʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʥʘ, ʥʘʧʨʠʢʣʘʜ, ʤʝʪʦʜʦʤ 

ɽʢʦʥʦʤʽʢʘ 

ʅɼʊ 

ɽʢʦʣʦʛʽ̫ ʊʝʭʥʦʣʦʛʽʷ  

ʝʢʦʥʦʤʽʯʥʦ 

ʦʙˇʨʫʥʪʦʚʘʥʘ 

ʤʽʥʽʤʘʣʴʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʅʉ 

ʧʨʦʤʠʩʣʦʚʦ 

ʨʝʘʣʽʟʦʚʘʥʘ 
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ʘʧʨʽʦʨʥʦʛʦ ʨʘʥʞʫʚʘʥʥʷ. ʄʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʚʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʘʛʘʪʴʤʘ ʯʠʥʥʠʢʘʤʠ. ɺ ʪʘʢʠʭ 

ʫʤʦʚʘʭ ʝʬʝʢʪʠʚʥʦʶ ʤʝʪʦʜʦʣʦʛʽʯʥʦʶ ʦʩʥʦʚʦʶ ʻ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʚʝʩʪʠ ʢʦʤʧʣʝʢʩʥʝ ʟʘʚʜʘʥʥʷ (ʘʙʦ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ) ʚʠʩʦʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ ʜʦ 

ʧʨʦʩʪʽʰʠʭ ʟʘʚʜʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ (ʩʧʦʣʫʯʝʥʠʭ) ʟʘ ʧʝʚʥʠʤʠ ʧʨʘʚʠʣʘʤʠ (ʚ̔ʜʧʦʚʽʜʥʦ 

- ʧʽʜʩʠʩʪʝʤ ʘʙʦ ʙʣʦʢʽʚ). ʇʨʠ ʮʴʦʤʫ, ʚ ʢʦʞʥʽʡ ʟ ʧʽʜʩʠʩʪʝʤ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠʩʷ ʥʝ 

ʚʩ,̔ ʘ ʪʽʣʴʢʠ ʜʝʷʢʽ ʮʽʣʽ (ʢʨʠʪʝʨʽʾ), ʚ ʪʦʡ ʯʘʩ ʷʢ ʽʥʰʽ ï ʚ ʽʥʰʠʭ ʧʽʜʩʠʩʪʝʤʘʭ; ʪʦʜʽ 

ʟʘʛʘʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ʦʪʨʠʤʫʪ̒ʴʩʷ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣɹʪʘʪ̔ʚ ʨʽʰʝʥʥʷ ʩʢʣʘʜʦʚʠʭ 

ʯʘʩʪʢʦʚʠʭ ʟʘʚʜʘʥʴ [1]. 

ʋ ʧʨʦʮʝʩʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ, ʟ ʦʛʣʷʜʫ ʥʘ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʢʨʠʪʝʨʽʾʚ, 

ʜʦʚʦʜʠʪʴʩʷ ʟʥʘʭʦʜʠʪʠ ʢʦʤʧʨʦʤʽʩ ʤʽʞ ʥʘʡʯʘʩʪʽʰʝ ʢʦʥʬʣʽʢʪʫʶʯʠʤʠ ʮʽʣʷʤʠ. ɼʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʨʽʰʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢ̔ʩʪɹ 

ʤʝʪʦʜʽʚ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ. 

ʄʝʪʦʜʦʣʦʛʽʷ ʚʠʙʦʨʫ ʅʊ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚʢʣʶʯʘʻ ʚ 

ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʪʝʨʽʶ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ Ka ʩʠʩʪʝʤʠ çʪʝʭʥʦʣʦʛʽʷ-ʜʚʠʛʫʥ-

ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙè, ʢʨʠʪʝʨʽʶ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ Ke ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

(ʊɿ) ʪʘ ʢʨʠʪʝʨʽʶ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ 
ʝʢʂ . 

ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʙʨʘʥʦ ʪʨʠ ʢʨʠʪʝʨʽʾ ʚʠʙʦʨʫ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʟʘʜʘʯʘ ʟʚʦʜʠʪʴʩʷ ʜʦ 

ʦʜʥʦʢʨʠʪʝʨʽʘʣʴʥʦʾ ʟʘ ʤʝʪʦʜʦʤ ʟʛʦʨʪʘʥʥʷ. ʆʙ`ʻʜʥʘʥʥʷ ʦʢʨʝʤʠʭ ʢʨʠʪʝʨʽʾʚ ʚ 

ʟʘʛʘʣʴʥʠʡ ʢʨʠʪʝʨʽʡ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʜʫ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

                         ,                     (1)                   

ʜʝ  - ʢʦʝʬʽʮʽʻʥʪʠ ʚʘʛʦʤʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʩʠʩʪʝʤʠ, 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ  ʊɿ  ( =1).  

ɼʣʷ ʦʮʽʥʢʠ ʚʘʛʦʤʦʩʪʽ ʦʢʨʝʤʠʭ ʢʨʠʪʝʨʽʾʚ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ. ʅʘʡʙʽʣʴʰʘ ʟʥʘʯʠʤʽʩʪʴ ï ʫ ʢʨʠʪʝʨʽʶ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

(0,4). ɼʝʱʦ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ (0,3), ʤʘʶʪʴ ʢʨʠʪʝʨʽʡ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʪʘ ʢʨʠʪʝʨʽʡ 

ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɼʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʚʠʙʦʨʫ 

ʅʊ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʬʦʨʤʦʚʘʥʘ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ [2].   

 ɿʘ ʟʥʘʯʝʥʥʷʤʠ ʩʫʤʘʨʥʦʾ ʪʦʢʩʠʯʥʦʩʪʽ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʙʝʟʨʦʟʤʽʨʥʘ ʚʝʣʠʯʠʥʘ - ʢʨʠʪʝʨʽʡ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʂʝ: 

ʜ
e

ʥʦʨʤ

Eɹ
K

Eɹ
= ,                                                               (2) 

ʜʝ ʜɽɹ- ʜʽʡʩʥʠʡ ʧʦʢʘʟʥʠʢ  ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ  ʊɿ; 

ʥʦʨʤɽɹ  - ʥʦʨʤʘʪʠʚʥʠʡ ʧʦʢʘʟʥʠʢ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʊɿ. 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʦʢʩʠʯʥʦʩʪʽ ɺɻ ʛʘʟʽʚ ʊɿ ʚʠʟʥʘʯʘʣʠʩʷ ʩʫʤʘʨʥʽ ʧʠʪʦʤʽ 

ʚʠʢʠʜʠ ʥʦʨʤʦʚʘʥʠʭ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ʩʝʨʽʡʥʠʤ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʠʤ 

ʜʚʠʛʫʥʦʤ,  ʧʨʠʚʝʜʝʥʽ  ʜʦ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʉʆ: 
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m n xCO CO C H NO ʊʏG A m B m C m D m= Ö + Ö + Ö + Ö,               (3) 

 

ʜʝ ʊʏCONOHCCO mmmmm
xnm

,,,,
2

 ï ʧʠʪʦʤʽ ʚʠʢʠʜʠ ʚʽʜʧʦʚʽʜʥʦ ʦʢʩʠʜʫ 

ʚʫʛʣʝʮʶ, ʚʫʛʣʝʚʦʜʥʽʚ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ ʽ ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ ʟʘ ʾʟʜʦʚʠʡ ʮʠʢʣ, ʛ/ʢʤ;  

DCBA ,,,  ï ʢʦʝʬʽʮʽʻʥʪʠ ʘʛʨʝʩʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʛʨʝʩʠʚʥʦʩʪʽ ʚ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ  ʧʨʠʡʤʘʶʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤʠ: 1=COA , 16,3=
CmHn

B , 1,41=
xNO

C , 200=ʊʏD . 

 ɺʠʩʥʦʚʢʠ. ʄʦʜʝʣʴʥʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʊɿ ʜʦʟʚʦʣʠʣʠ ʟʚʝʩʪʠ 

ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ ʅʊ ʤʦʜʝʨʥʽʟʘʮʽʾ ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʾʭ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ, ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ çʪʝʭʥʦʣʦʛʽʷ-

ʜʚʠʛʫʥ-ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙè ʟʘ ʢʨʠʪʝʨʽʷʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ 

ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 
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ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ ɼʆʉʃɯɼɾɽʅʔ 

ʇʈʆʎɽʉʋ ɿɻʆʈʗʅʅʗ ɼɺʆʊɸʂʊʅʆɻʆ ɼɺʀɻʋʅɸ ʇʈʀ ʆʈɻɸʅɯɿɸʎɯɰ 

ɿʆɺʅɯʐʅʔʆɻʆ ʊɸ ɺʅʋʊʈɯʐʅʔʆɻʆ ʉʋʄɯʐʆʋʊɺʆʈɽʅʅʗ 

 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʩʫʯʘʩʥʠʭ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʻ 

ʪʦʢʩʠʯʥʽʩʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ (ɺɻ), ʰʢʽʜʣʠʚʽ ʢʦʤʧʦʥʝʥʪʠ ʷʢʠʭ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʪʚʝʨʜʽ ʯʘʩʪʠʥʢʠ ʧʽʩʣʷ ʟʛʦʨʷʥʥʷ ʚʫʛʣʝʚʦʜʥʝʚʦʛʦ ʧʘʣʠʚʘ ʚʠʢʠʜʘʶʪʴʩʷ ʚ 

ʘʪʤʦʩʬʝʨʫ [1] ʪʘ ʫ ˇʨʫʥʪ [2]. ʇʨʠ ʮʴʦʤʫ ʧʨʦʜʫʢʪʠ ʧʦʚʥʦʛʦ ʟʛʦʨʷʥʥʷ: 

ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ (ʉʆ2) ʪʘ ʚʦʜʷʥʘ ʧʘʨʘ (ʅ2ʆ) ʩʧʨʠʷʶʪʴ ʩʪʚʦʨʝʥʥʶ ʰʢʽʜʣʠʚʦʛʦ 

ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ [3], ʨʽʚʝʥʴ ʚʠʢʠʜʽʚ ʷʢʠʭ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ 

ʩʧʘʣʝʥʦʛʦ ʧʘʣʠʚʘ.  

mailto:korohodskiy@ukr.net
mailto:dim4egg007@gmail.com
mailto:andre44950@gmail.com


 

 

 

189 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʚʠʤʦʛ ʱʦʜʦ ʚʠʢʠʜʚ̔ ʰʢʽʜʣʠʚʠʭ 

ʨʝʯʦʚʠʥ ʟ ɺɻ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʦʮʽʣʴʥʦ ʧʝʨʝʚʦʜʠʪʠ ʜʚʠʛʫʥʠ ʟ 

ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ, ʦʩʦʙʣʠʚʦ ʜʚʦʪʘʢʪʥʽ, ʟ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘ ʚʥʫʪʨʽʰʥʻ 

ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʧʦʨʩʢʫʚʘʥʥʷ ʧʘʣʠʚʘ (ɹɺʇ) [4]. 

ʆʨʛʘʥʽʟʘʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʫ ʜʚʠʛʫʥʽ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ 

ʧʨʠ ɹɺʇ ʜʦʟʚʦʣʷʻ ʟʙʽʜʥʠʪʠ ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʠʡ ʟʘʨʷʜ (ʇʇɿ) ʫ ʥʘʜʧʦʨʰʥʝʚʦʤʫ 

ʦʙôʻʤʽ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʠʞʝʥʥʷ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ge ʪʘ 

ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʟ ɺɻ [5]. ʇʨʦʪʝ, ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʟ 

ʚʥʫʪʨʽʰʥʽʤ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷʤ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʥʘ ʯʘʩʪʢʦʚʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʨʦʟʧʦʜʽʣʫ ʧʘʣʠʚʦʧʦʚʽʪʨʷʥʦʾ ʩʫʤʽʰʽ (ʇʇʉ) ʽ ʧʦʚʽʪʨʷ ʰʘʨʘʤʠ ʧʦ ʨʽʟʥʦʤʫ 

ʚʧʣʠʚʘʻ ʥʘ ʨʽʚʝʥʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʪʘ ʚʤʽʩʪ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ɺɻ [6].  

ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʚ̔ ʟʛʦʨʷʥʥʷ ʥʘ ʦʜʥʦʤʫ ʜʚʠʛʫʥʽ 

ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʽ (ʢʘʨʙʶʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ) (ʨʠʩ. 1ʘ) 

ʪʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʽ (ɹɺʇ) ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʇʇɿ 

(ʈʇʇɿ) ʟʽ ʟʙʘʛʘʯʝʥʠʤ ʩʢʣʘʜʦʤ ʇʇʉ ʙʽʣʷ ʝʣʝʢʪʨʦʜʽʚ ʩʚʽʯʢʠ ʟʘʧʘʣʶʚʘʥʥʷ ʚ 

ʢʘʤʝʨʽ ʟʛʦʨ̫ʥʥʷ (ʂɿ) (ʨʠʩ. 1ʙ) ʪʘ ʨʦʟʰʘʨʦʚʘʥʦʛʦ ʟʙʽʜʥʝʥʦʛʦ ʇʇɿ (ʈɿʇʇɿ)  

(ʨʠʩ. 1ʚ) ʧʨʠ ʟʙʽʜʥʝʥʽ ʦʙôʻʤʫ ʇʇʉ, ʘ ʥʘ ʧʝʨʠʬʝʨʽʾ ï ʧʦʚʽʪʨʷ [7] ʻ ʘʢʪʫʘʣʴʥʠʤ.  

ɿʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʢʘʬʝʜʨʽ 

ɼɺɿ ʅʊʋ çʍʇɯè ʥʘ ʜʚʦʪʘʢʪʥʦʤʫ ʜʚʠʛʫʥʽ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ 1ɼ 8,2/8,7 ʟ 

ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ ʪʘ ɹɺʇ ʡ ʦʨʛʘʥʽʟʘʮʽʻʶ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟ 

ʨʦʟʰʘʨʫʚʘʥʥʷʤ ʇʇɿ ʧʨʠ ʟʙʘʛʘʯʝʥʽ ʪʘ ʟʙʽʜʥʝʥʽ ʇʇʉ ʥʘ ʨʝʞʠʤʘʭ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ n = 3000 ʭʚ-1 ʟʨʦʙʣʝʥʘ ʧʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ 

ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʟʛʦʨ̫ʥʥʷ.  

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʣʘʩʷ ʩʭʝʤʘ 

ʦʙʨʦʙʢʠ ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ (ʨʠʩ. 2), ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ.  
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ʈʠʩʫʥʦʢ 1 ï ʆʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ: 

               a ï ʟʦʚʥʽʥhʻ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ (ʢʘʨʙʶʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ); 

ʙ ï ʚʥʫʪʨʽʰʥʻ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʈʇʇɿ (ɹɺʇ); 
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  ʚ ï ʚʥʫʪʨʽʰʥʻ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ ʦʨʛʘʥʽʟʘʮʽʷ ʈɿʇʇɿ (ɹɺʇ). 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʦʙʨʦʙʢʠ ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ 

ʊʘʙʣʠʮʷ ï ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ 

ʇʦʢʘʟʥʠʢʠ 

ʧʨʦʮʝʩʫ 

ʟʛʦʨʷʥʥʷ 

ʊʠʧ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷ 

ɿʦʚʥʽʰʥʻ (ʢʘʨʙʶʨʘʪʦʨ). 

(ʨʠʩ. 1ʘ) 

ɺʥʫʪʨʽʰʥʻ (ɹɺʇ) ʟ ʈʇʇɿ.  

 (ʨʠʩ. 1ʙ) 

ʨʝ, ʄʇʘ 0,37 0,4 0,45 0,21 0,29 0,47 

ʨz, ʄʇʘ 4,1 4,5 4,7 3,09 3,43 3,7 

ʨʩ, ʄʇʘ 1,47 1,47 1,47 1,7 1,7 1,7 

ʨʩ', ʄʇʘ 3,71 3,75 3,85 2,26 2,44 2,64 

ɖi 0,298 0,297 0,280 0,438 0,44 0,351 

Ůʛ / Ůʜ 8,5/6 8,5/6 8,5/6 12/8,4 12/8,4 12/8,4 

űz, ʚʽʜ ɺʄʊ  
ʜʦ Z ʛʨʘʜ. ʧ.ʢ.ʚ. 10 10 10 11 12 13 
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űŪ, ʚʽʜ Ū ʜʦ 
ɺʄʊ, ʛʨʘʜ. 
ʧ.ʢ.ʚ. 

27 27 27 8 10 30 

űb, ʚʽʜ ɺʄʊ ʜʦ  
b ʛʨʘʜ. ʧ.ʢ.ʚ. 102 102 102 102 102 102 

ɚ  2,789 3,061 3,197 1,818 2,018 2,176 

ɟ  1,07 1,07 1,07 1,13 1,15 1,18 

ŭ  5,64 5,64 5,64 7,44 7,28 7,12 

dűz, ʛʨʘʜ. ʧ.ʢ.ʚ. 64 68 70 50 59 68 
dx/dfimax,  
ʛʨ. ʧ.ʢ.ʚ.-1 0,034 0,032 0,031 - - - 

m 1,26 1,22 1,17 1,5 1,5 1,5 

 ɺʥʫʪʨʽʰʥʻ (ɹɺʇ) ʟ ʈɿʇʇɿ. (ʨʠʩ. 1ʚ) 

ʨʝ, ʄʇʘ 0,144 0,192 0,274 0,322 0,428 

ʨz, ʄʇʘ 3,61 3,84 4,25 4,45 4,75 

ʨʩ, ʄʇʘ 2,0 2,0 2,0 2,0 2,0 

ʨʩ', ʄʇʘ 2,6 2,38 2,18 2,21 2,35 

ɖi 0,466 0,498 0,475 0,455 0,418 

Ůʛ / Ůʜ 16,3/11,3 16,3/11,3 16,3/11,3 16,3/11,3 16,3/11,3 
űz, ʚʽʜ ɺʄʊ  
ʜʦ Z ʛʨʘʜ. ʧ.ʢ.ʚ. 6 7 9 9 10 

űŪ, ʚʽʜ Ū ʜʦ 
ɺʄʊ, ʛʨʘʜ. 
ʧ.ʢ.ʚ. 

10 10 10 10 10 

űb, ʚʽʜ ɺʄʊ ʜʦ  
b ʛʨʘʜ. ʧ.ʢ.ʚ. 102 102 102 102 102 

ɚ  1,8 1,92 2,125 2,225 2,358 

ɟ  1,05 1,07 1,12 1,12 1,15 

ŭ  10,72 10,53 10,08 10,08 9,83 

dűz, ʛʨʘʜ. ʧ.ʢ.ʚ. 29 32 34 36 42 
dx/dfimax,  
ʛʨ. ʧ.ʢ.ʚ.-1 0,076 0,069 0,067 0,062 0,052 

m 1,76 2 2,18 2,08 1,58 

 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʜʘʥʦʾ ʩʭʝʤʠ ʪʘ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ 

ʧʘʣʠʚʘ ɯ.ɯ. ɺʽʙʝ [8] ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʫ ʟʛʦʨʷʥʥʷ ʟʘ 

ʦʩʝʨʝʜʥʝʥʠʤʠ ʽʥʜʠʢʘʪʦʨʥʠʤʠ ʜʽʘʛʨʘʤʘʤʠ ʜʚʠʛʫʥʘ ʽʟ ʟʦʚʥʽʰʥʽʤ 

ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷʤ (ʢʘʨʙʶʨʘʪʦʨʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ) ʽ ʚʥʫʪʨʽʰʥʽʤ 

ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʷʤ (ʩʠʩʪʝʤʘ ɹɺʇ) ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈʇʇɿ [9] ʽ ʈɿʇʇɿ [10] ʥʘ 

ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (n = 3000 ʭʚ-1).  

ʈʽʚʝʥʴ ʟʥʘʯʝʥʴ ʪʠʩʢʫ ʨ'ʩ ʫ ʪʦʯʮʽ ʩ' (ʧʦʣʦʞʝʥʥʷ ʧʦʨʰʥʷ ʫ ɺʄʊ) ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʚ 1,5 ʨʘʟʠ ʚʠʱʝ ʫ ʜʚʠʛʫʥʘ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʈʇʇɿ. ʇʨʠ ʮʴʦʤʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʥʘʜ 

ʨʝ = 0,21 ʄʇʘ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʨ'ʩ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈɿʇʇɿ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 10 % 

ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʈʇʇɿ.  
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ɿʥʘʯʝʥʥʷ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ (ɖi) ʧʨʠ ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʽ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʾ ʈɿʇʇɿ ʪʘ ʈʇʇɿ ʙʽʣʴʰʝ ʥʽʞ ʧʨʠ ʟʦʚʥʽʰʥʴʦʤʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥʽ ʥʘ 

ʚʩʽʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʄʘʢʩʠʤʘʣʥɹʝ ʟʥʘʯʝʥʥʷ ɖi ʜʣʷ 

ʈɿʇʇɿ ʩʢʣʘʜʘʻ 0,498 ʧʨʠ ʨʝ = 0,192 ʄʇʘ, ʜʣʷ ʈʇʇɿ ï 0,44 ʧʨʠ ʨʝ = 0,29 ʄʇʘ ʪʘ 

0,3 ʧʨʠ ʨʝ = 0,36 ʄʇʘ ʜʣʷ ʜʚʠʛʫʥʘ ʟ ʢʘʨʙʶʨʘʪʦʨʦʤ.  

ʆʨʛʘʥʽʟʘʮʽʷ ʈɿʇʇɿ ʟʘʙʝʟʧʝʯʠʣʘ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʞʠʚʣʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ (ʜʦ 1,1 %) ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʪʠʩʢʫ ʟʛʦʨʷʥʥʷ ʨz ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʜʦ 11 % ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʨz ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʝ = 0,37 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʨʽʚʝʥʴ ʨz ʫ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ ʟ ɹɺʇ 

ʪʘ ʈʇʇɿ ʥʠʞʯʝ ʥʘ 20ï22 % ʫ ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ ʚʽʜʥʦʩʥʦ 

ʦʨʛʘʥʽʟʘʮʽʾ ʈɿʇʇɿ.  

ʆʪʨʠʤʘʥʦ ʟʥʠʞʝʥʥʷ ʩʪʫʧʝʥʷ ʧʽʜʚʠʱʝʥʥʷ ʪʠʩʢʫ ɚ ʥʘ 26 % ʫ ʜʚʠʛʫʥʽ ʟ 

ʈɿʇʇɿ ʪʘ ʥʘ 31 % ʧʨʠ ʈʇʇɿ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ɹɺʇ ʪʘ ʦʨʛʘʥʽʟʘʮʽʷ ʈʇʇɿ ʩʧʨʠʷʶʪʴ ʧʽʜʚʠʱʝʥʥʶ 

ʟʥʘʯʝʥʴ ʩʪʫʧʝʥʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ɟ ʥʘ 9,2 % (ʨʝ = 0,45 ʄʇʘ) ʚʽʜʥʦʩʥʦ 

ʢʘʨʙʶʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ.  

ʆʨʛʘʥʽʟʘʮʽʷ ʈɿʇʇɿ ʟʘʙʝʟʧʝʯʠʣʘ ʥʘ 2-4 % ʟʥʠʞʝʥʥʷ ʟʥʘʯʝʥʴ ɟ ʚ ʜʽʘʧʘʟʦʥʽ 

ʥʘʚʘʥʪʘʞʝʥʴ ʨʝ = 0,21-0,428 ʄʇʘ ʧʦʨʽʚʥʷʥʦ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʈʇʇɿ.  

ʇʽʜʚʠʱʝʥʥʷ ʩʪʫʧʝʥʷ ʩʪʠʩʥʝʥʥʷ Ů ʥʘ 26,4 % ʪʘ ʟʥʠʞʝʥʥʷ ɟ ʧʨʠ ʦʨʛʘʥʟ̔ʘʮʽʾ 

ʈɿʇʇɿ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʈʇʇɿ ʥʘʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ 

ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ŭ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 30 % ʪʘ ʥʘ 43 % ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ.  

ʅʘ ʜʚʠʛʫʥʽ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈɿʇʇɿ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʭʘʨʘʢʪʝʨʫ ʟʛʦʨʷʥʥʷ 

m ʚʠ ʝɦ ʫ ʩʝʨʝʜʥʴʦʤʫ ʚ 1,4 ʨʘʟʠ, ʥʽʞ ʫ ʜʚʠʛʫʥʘ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʞʠʚʣʝʥʥʷ ʪʘ ʚ 1,45 ʨʘʟʠ ʚʠʱʝ ʚʽʜʥʦʩʥʦ ʦʨʛʘʥʽʟʘʮʽʾ ʈʇʇɿ (ʨʝ = 0,274 ʄʇʘ).  

ɿʤ̔ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ dx/dfi max
 ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ 

ʈɿʇʇɿ ʥʘ ʨʝʞʠʤʘʭ ʧʽʜʚʠʱʝʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚʠ ʝɦ ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 40 %, ʥʽʞ ʫ 

ʜʚʠʛʫʥʽ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ.  

ʊʨʠʚʘʣʽʩʪʴ ʟʛʦʨʷʥʥʷ (ű
z
) ʚʽʜ ɺʄʊ ʜʦ ʪʦʯʢʠ Z ʜʣʷ ʜʚʠʛʫʥʘ ʟ ʢʘʨʙʶʨʘʪʦʨʦʤ 

ʩʢʣʘʜʘʻ 10 ʛʨʘʜ. ʧ.ʢ.ʚ. ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʟʥʘʯʝʥʥʶ ű
z
 ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈɿʇʇɿ 

(ʨʝ = 0,428 ʄʇʘ). ɿʥʘʯʝʥʥʷ űz ʜʣʷ ʜʚʠʛʫʥʘ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʈɿʇʇɿ ʧʨʠ ʟʥʠʞʝʥʥʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʨʝ = 0,428 ʄʇʘ ʜʦ ʨʝ = 0,21 ʄʇʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚʽʜ 10 ʜʦ 7,5 

ʛʨʘʜ. ʧ.ʢ.ʚ., ʱʦ ʥʘ 22-32 % ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈʇʇɿ.  

ʆʨʛʘʥʽʟʘʮʽʷ ʈʇʇɿ ʜʦʟʚʦʣʠʣʘ ʩʢʦʨʦʪʠʪʠ ʟʘʛʘʣʴʥʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʮʝʩʫ 

ʟʛʦʨʷʥʥʷ (dű
z
) ʫ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 5 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʨʙʶʨʘʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ 

ʞʠʚʣʝʥʥʷ. ɼʣʷ ʜʚʠʛʫʥʘ ʟ ʦʨʛʘʥʽʟʘʮʽʻʶ ʈɿʇʇɿ ʟʥʘʯʝʥʥʷ dű
z
 ʥʘ 39 % ʤʝʥʰʝ ʥʽʞ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʘʨʙʶʨʘʪʦʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʥʘ 36 % ʤʝʥʰʝ ʥʽʞ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʈʇʇɿ.  
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ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʏʆʊʀʈʀʊɸʂʊʅʆɻʆ  

ɹɽʅɿʀʅʆɺʆɻʆ ɼɺɿ ʐʃʗʍʆʄ ɿɸʉʊʆʉʋɺɸʅʅʗ  

ɿʆʃʆʊʅʀʂʆɺʆɻʆ ʄɽʍɸʅɯɿʄʋ ɻɸɿʆʈʆɿʇʆɼɯʃʋ 

 

ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ ʘʚʪʦʤʦʙʽʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪ ʩʪʘʻ ʥʘʡʙʽʣʴʰ ʟʥʘʯʥʠʤ 

ʜʞʝʨʝʣʦʤ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʦʩʦʙʣʠʚʦ ʚʝʣʠʢʠʭ ʤʽʩʪ. ʊʨʘʥʩʧʦʨʪʥʘ 

ʤʝʨʝʞʘ ʤʘʛ̔ʩʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʨʦʟʛʘʣʫʞʝʥʦʶ, ʟ ʽʥʪʝʥʩʠʚʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʧʦʪʦʢʘʤʠ. ʎʝ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ ʟʘʙʨʫʜʥʝʥʥʷ ʧʦʚʽʪʨʷ ʚʠʢʠʜʘʤʠ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʚ ʟʦʥʘʭ ʞʠʪʣʦʚʦʾ ʟʘʙʫʜʦʚʠ, ʘ ʦʪʞʝ ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʩʪʘʥ 

ʟʜʦʨʦʚôʷ ʥʘʩʝʣʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʧʦʢʨʘɦʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʩʠʪʫʘʮʽʾ ʫ ʤʽʩʪʽ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʧʘʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʛʘʟʦʨʦʟʧʦʜʽʣʫ (ʄɻ). ʊʦʙʪʦ  ʟʤʽʥʘ ʬʘʟ 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʞʥʦʩʪʽ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 

ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʘ ʩʴʦʛʦʜʥ̔h ʥ̔ ʡ ʜʝʥʴ ʚʧʣʠʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʥʘ 

ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ - ʦʜʥʘ ʟ ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʩʪʽ. 

ʅʝʦʙʭʽʜʥʦ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʘʚʪʦʪʨʘʥʩʧʦʨʪʫ ʽ ʨʦʟʨʦʙʠʪʠ ʟʘʭʦʜʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ. 

ɸʚʪʦʤʦʙʽʣʽ ʟ ʜʚʠʛʫʥʘʤʠ ʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮ̔ʡ ʬʘʢʪʠʯʥʦ ʚʠʯʝʨʧʘʣʠ ʚʩʽ 

ʤʦʞʣʠʚʽ ʚʘʨʽʘʥʪʠ ʧʦʣʽʧʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ [1]. ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ 

ʘʚʪʦʚʠʨʦʙʥʠʢʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʪʯʠʟʥʷʥʽ, ʧʦʯʘʣʠ ʚʠʨʦʙʥʠʮʪʚʦ ʘʚʪʦʤʦʙʽʣʽʚ ʟ 

ʜʚʠʛʫʥʘʤʠ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ [2]. 

ɺʠʨʦʙʥʠʢʠ ɼɺɿ ʰʫʢʘʶʪʴ ʰʣʷʭʠ ʜʦʩʷʛʥʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʚ 

ʥʘʧʨʷʤʢʫ ʟʤʽʥʠ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ (ɻʈʄ), ʭʦʯʘ ʮʝ 

ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ. 

ɺʘʨʽʘʥʪʽʚ ʽ ʧʘʪʝʥʪʽʚ ʜʦʩʠʪʴ ʙʘʛʘʪʦ, ʥʘʧʨʠʢʣʘʜ, ʫʩʪʘʥʦʚʢʘ ʜʝʢʽʣʴʢʘ 

ʚʧʫʩʢʥʠʭ ʢʣʘʧʘʥʽʚ ʥʘ ʮʠʣʽʥʜʨ. ʊʘʢʠʡ ʩʧʦʩʽʙ, ʷʢ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʩʦʪʠ ʧʽʜʡʦʤʫ 

ʢʣʘʧʘʥʘ ʽ ʤʦʤʝʥʪʽʚ ʚʽʜʢʨʠʪʪʷ ʽ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʽʚ. ɸʣʝ ʮʴʦʛʦ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʙʘʞʘʥʦʾ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʚʠʛʫʥʽʚ. 

ɭ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʽʚ ʟʘʤʽʥʠʚʰʠ 

ʢʣʘʧʘʥʥʠʡ ʤʝʭʘʥʽʟʤ ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʥʘ ʟʦʣʦʪʥʠʢʦʚʠʡ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʮʝʩʽʚ 

ʛʘʟʦʦʙʤʽʥʫ. 

ʎʝʡ ʨʝʟʝʨʚ ʧʦ ʧʽʜʚʠʱʝʥʥʶ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʜʚʠʛʫʥʽʚ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʘʮʶʶʯʦʛʦ ɻʈʄ ʟʦʣʦʪʥʠʢʦʚʦʛʦ 

ʪʠʧʫ. 
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ʇʦʩʪʘʥʦʚʘ ʧʨʦʙʣʝʤʠ. ʂʣʘʩʠʯʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʟʛʦʨʷʥʥʷ ʤʘʪʁʴ ʥʘʜʽʡʥʽ ʽ ʚʜʦʩʢʦʥʘʣʝʥʽ ʢʣʘʧʘʥʥʽ ʤʝʭʘʥʽʟʤʠ ʛʘʟʦʨʦʟʧʦʜʽʣʫ. ɸʣʝ 

ʤʘʶʪʴ ʩʫʪʪʻʚʽ ʥʝʜʦʣʽʢʠ. ʋ ʢʣʘʧʘʥʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʛʘʟʦʨʦʟʧʦʜʽʣʫ (ɻʈ) ʥʝʚʝʣʠʢʽ 

ʧʨʦʭʽʜʥʽ ʧʝʨʝʪʠʥʠ, ʷʢʽ ʥʝ ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʷʢʽʩʥʫ ʦʯʠʩʪʢʫ ʮʠʣʽʥʜʨʽʚ ʚʽʜ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʯʝʨʝʟ ʮʝ ʧʦʛʽʨʰʫʻʪʴʩʷ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʜʚʠʛʫʥʘ 

ʩʚʽʞʦʶ ʩʫʤʽʰʰʶ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʝʢʦʥʦʤʽʯʥʠʭ ʽ ʧʦʪʫʞʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ. ʊʘʢ ʩʘʤʦ ʜʚʠʛʫʥʠ ʟ ʢʣʘʧʘʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ɻʈ ʤʘʶʪʴ 

ʧʽʜʚʠʱʝʥʠʡ ʰʫʤ ʧʨʠ ʨʦʙʦʪʽ ʜʚʠʛʫʥʘ, ʚʝʣʠʢʽ ʽʥʝʨʮʽʡʥʽ ʩʠʣʠ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʬʦʨʩʫʚʘʥʥʶ ʜʚʠʛʫʥʘ ʟʘ ʦʙʦʨʦʪʘʤʠ. 

ʆʜʥʠʤ ɯʟ ʥʘʧʨʷʤʢʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʣʘʧʘʥʥʦʛʦ ʄɻ ʻ ʟʤʽʥʘ ʬʘʟ 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ. ʇʨʠ ʮʴʦʤʫ ʦʪʨʠʤʫʻʤʦ ʥʝʦʙʭʽʜʥʫ ʟʘʣʝʞʥʽʩʪʴ ʢʨʫʪʥʦʛʦ ʤʦʤʝʥʪʫ 

ʚʽʜ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ. ʆʜʥʠʤ ʟ ʥʝʜʦʣʽʢʽʚ ʟʤʽʥʠ ʬʘʟ ɻʈʄ - 

ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɺ ʽʩʥʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʚʠʛʫʥʽʚ ʟʽ ʟʤʽʥʥʠʤʠ ʬʘʟʘʤʠ ʛʘʟʦʨʦʟʧʦʜʽʣʫ 

ʦʧʪʠʤʽʟʘʮʽʷ ʛʘʟʦʦʙʤʽʥʫ ʜʚʠʛʫʥʘ ʚ ʜʫʞʝ ʚʫʟʴʢʠʭ ʤʝʞʘʭ. ʊʘʢ ʷʢ ʥʘʷʚʥʽʩʪʴ 

ʨʦʟʧʦʜʽʣʴʥʠʭ ʚʘʣʽʚ ʽ ʢʫʣʘʯʢʽʚ, ʷʢʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʾʭ ʢʽʣʴʢʦʩʪʽ ʽ ʧʨʦʬʽʣʶ, ʥʝ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʚʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʣʘʧʘʥʘʤʠ. ʊʘʢʝ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʻ 

ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʢʝʨʫʚʘʥʥʷ ʢʣʘʧʘʥʘʤʠ. 

ʂʣʘʧʘʥʥʠʡ ʤʝʭʘʥʽʟʤ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʡ. ʊʘʢ ʷʢ ʥʝʦʙʭʽʜʥʦ, ʧʨʠ ʟʨʦʩʪʘʥʥʽ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʚʠʛʫʥʘ ʩʢʦʨʦʪʠʪʠ ʯʘʩ, ʷʢʠʡ ʚʽʜʚʝʜʝʥʦ ʥʘ 

ʚʽʜʢʨʠʪʪʷ ʪʘ ʟʘʢʨʠʪʪʷ ʢʣʘʧʘʥʽʚ. ʑʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʙʽʣʴʰʝʥʥʷ 

ʞʦʨʩʪʢʦʩʪʽ ʧʨʫʞʠʥ ʪʘ ʟʥʠʞʝʥʥʷ ʾʭ ʤʘʩʠ, ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ 

ʢʦʣʠʚʘʥʴ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʢʣʘʧʘʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ɻʈ ʟʦʣʦʪʥʠʢʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʧʦʟʙʘʚʣʝʥʠʡ ʮʠʭ ʥʝʜʦʣʽʢʽʚ, ʪʘʢ ʷʢ ʚʽʜʩʫʪʥʽ ʧʦʩʪʫʧʘʣʴʥʦ ʨʫʭʦʤʽ ʤʘʩʠ, ʟʘʚʜʷʢʠ 

ʯʦʤʫ ʤʦʞʥʘ ʬʦʨʩʫʚʘʪʠ ʜʚʠʛʫʥ ʟʘ ʦʙʦʨʦʪʘʤʠ. ʊʘʢʦʞ ʜʚʠʛʫʥ ʟ ʟʦʣʦʪʥʠʢʦʚʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ɻʈ ʤʘʻ ʚʝʣʠʢʽ ʧʨʦʭʽʜʥʽ ʧʝʨʝʪʠʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʢʨʘʱʝ ʦʯʠʱʝʥʥʷ 

ʮʠʣʽʥʜʨʽʚ ʚʽʜ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʢʨʘʱʝ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʽʚ. 

ɺʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʘʣʴʪʝʨʥʘʪʠʚʠ - ʟʘʤʽʥʽ ʢʣʘʧʘʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ɻʈ ʥʘ 

ʟʦʣʦʪʥʠʢʦʚʠʡ. 

ɿʦʣʦʪʥʠʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ɻʈ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʜʚʦʪʘʢʪʥʠʭ 

ɼɺɿ, ʪʦʤʫ ʽʜʝʷ ʫʩʪʘʥʦʚʢʠ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʥʘ ʯʦʪʠʨʠʪʘʢʪʥʽ ɼɺɿ ʮʽʢʘʚʘ 

ʽ ʘʢʪʫʘʣʴʥʘ. ʊʦʤʫ ʪʘʢʘ ʟʘʜʘʯʘ ʻ ʘʢʪʫʘʣʴʥʦʶ, ʧʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʥʘʜʘʥʥʷ 

ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ɻʈ ʥʦʚʦʛʦ ʪʠʧʫ ʥʘ 

ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ ʯʦʪʠʨʠʪʘʢʪʥʦʤʫ ʜʚʠʛʫʥʽ. 

ʊʝʦʨʝʪʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʤʝʭʘʥʽʟʤ 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʟ ʮʠʣʽʥʜʨʠʯʥʠʤ ʟʦʣʦʪʥʠʢʦʤ. 

ɿʘʚʜʘʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʻ ʚʠʷʚʣʝʥʥ̫ ʚʧʣʠʚʫ 

ʤʝʭʘʥʽʟʤʫ ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʪʠʧʫ ʥʘ ʽʥʜʠʢʘʪʦʨʥʽ ʪʘ ʝʬʝʢʪʠʚʥʽ 

ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʧʨʠ ʡʦʛʦ ʨʦʙʦʪʽ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʨʦʟʨʘʭʫʥʢʫ 

ʯʦʪʠʨʠʪʘʢʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ ʄɻ ɼɺɿ. ʆʯʝʚʠʜʥʦ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ 
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ʧʦʚʠʥʥʦ ʪʦʨʢʥʫʪʠʩʷ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʮʝʩʫ ʥʘʧʦʚʥʝʥʥʷ ʮʠʣʽʥʜʨʘ ʜʚʠʛʫʥʘ ʥʘ 

ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ. 

ɺ ʭʦʜʽ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʜʚʠʛʫʥʘ ʟ ʟʦʣʦʪʥʠʢʦʚʠʤ 

ʤʝʭʘʥʽʟʤʦʤ ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʙʫʣʠ ʦʪʨʠʤʘʥʽ: 

 - ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʛʘʟʦʦʙʤʽʥʫ ʧʨʠ ʨʽʟʥʠʭ 

ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʠʭ ʽ ʰʚʠʜʢʽʩʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ: ʧʘʨʘʤʝʪʨʠ ʩʫʤʽʰʽ ʥʘ 

ʧʦʯʘʪʢʫ ʩʪʠʩʥʝʥʥʷ, ʚʪʨʘʪ ʪʠʩʢʫ ʫ ʚʧʫʩʢʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ, ʪʝʤʧʝʨʘʪʫʨʠ 

ʧʽʜʽʛʨʽʚʫ ʩʚʽʞʦʛʦ ʟʘʨʷʜʫ, ʜʦʟʘʨʷʜʢʠ ʮʠʣʽʥʜʨʘ ʚ ʧʝʨʽʦʜ ʛʘʟʦʦʙʤʽʥʫ; 

- ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʤʽʥʠ ʪʠʩʢʫ ʚ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ ʚ ʧʨʦʮʝʩʽ 

ʚʧʫʩʢʫ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʪʦʯʥʠʭ ʟʥʘʯʝʥʴ ʪʝʤʧʝʨʘʪʫʨʠ ʽ 

ʦʙ'ʻʤʫ ʚ ʜʚʠʛʫʥʽ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ɼʣʷ ʟʦʣʦʪʥʠʢʦʚʦʛʦ ʛʘʟʦʨʦʟʧʦʜʽʣʫ ʧʨʦʚʝʜʝʥʽ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʨʠʚʽʜ 

ʟʦʣʦʪʥʠʢʘ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʥʘ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʽʡ 

ʫʩʪʘʥʦʚʮʽ, ʷʢʘ ʜʦʟʚʦʣʷʣʘ ʟʤʽʥʶʚʘʪʠ ʟʫʩʠʣʣʷ ʤʽʞ ʧʘʨʦʶ ʪʝʨʪʷ ʟʦʣʦʪʥʠʢ-ʙʘʰʤʘʢ 

ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʯʘʩʪʦʪʫ ʦʙʝʨʪʽʚ ʟʦʣʦʪʥʠʢʘ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʦʜʝʨʞʘʥʽ ʜʘʥʽ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ 

ʧʨʠʚʽʜ ʟʦʣʦʪʥʠʢʘ. ʄʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʚ ʜʚʠʛʫʥʽ ʟ ʨʽʟʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ 

ʛʘʟʦʨʦʟʧʦʜʽʣʫ (ʢʣʘʧʘʥʥʠʤ ʽ ʟʦʣʦʪʥʠʢʦʚʠʤ) ʚʠʟʥʘʯʠʣʠʩʷ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ, ʜʝ ʚʨʘʭʦʚʫʁʪʴʩʷ ʚʪʨʘʪʠ ʥʘ ʪʝʨʪʷ. 

ʇʦʨʽʚʥʷʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʽʡ ʤʦʜʝʣʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ 

ʧʦʢʘʟʘʣʠ ʧʝʨʝʚʘʛʠ ʜʚʠʛʫʥʘ ʽʟ ʟʦʣʦʪʥʠʢʦʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʛʘʟʦʨʦʟʧʦʜʽʣʫ 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʣʘʧʘʥʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʥʘ 2é4% ʱʦʜʦ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ. 
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ɹɯʆɻɸɿ ï ɸʃʔʊɽʈʅɸʊʀɺʅɽ ɽʂʆʃʆɻʀʏʅʆ ʏʀʉʊɽ ʇɸʃʀɺʆ ɼʃʗ 

ɼɺʀɻʋʅɯɺ ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ 

   ɿʘʧʘʩʠ ʥʘʬʪʠ ʚ ʥʘʜʨʘʭ ʟʝʤʣʽ ʙʝʟʧʝʨʝʨʚʥʦ ʟʤʝʥʰʫʶʪʴʩʷ, ʘ ʚʠʜʦʙʫʪʦʢ - ʟʨʦʩʪʘʻ. 

ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʬʽʮʠʪʫ ʩʚʽʪʣʠʭ ʧʘʣʠʚ ʥʘʬʪʦʚʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) - ʙʝʥʟʠʥʫ ʪʘ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʁʦʛʦ ʚʘʨʪʽʩʪʴ ʫ 

ʩʚʽʪʽ ʩʪʨʽʤʢʦ ʟʨʦʩʪʘʻ. ɸʥʘʣʽʟ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʟʘʧʘʩʠ ʥʘʬʪʠ ʡ ʛʘʟʫ ʫ ʩʚʽʪʽ 

ʱʦʨʽʯʥʦ ʟʤʝʥʰʫʶʪʴʩʷ, ʾʭ ʟʘʣʠʰʠʣʦʩʴ ʥʘʙʣʠʞʝʥʦ ʥʘ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʦʢʽʚ. 

ɺʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʦʰʫʢʫ ʥʦʚʠʭ, ʥʝ ʪʨʘʜʠʮʽʡʥʠʭ ʧʘʣʠʚ ʧʽʜ ʥʘʟʚʦʶ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ. ʅʘʡʙʽʣʴʰʫ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʽ 

ʧʘʣʠʚʘ, ʦʪʨʠʤʫʚʘʥʽ ʟ ʧʦʥʦʚʣʶʚʘʥʠʭ ʨʝʩʫʨʩʽʚ.  ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ 

ʜʞʝʨʝʣ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʙʽʦʛʘʟ. ʃʶʜʩʪʚʦ ʥʘʚʯʠʣʦʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʦʛʘʟ ʫ 

ʩʚʦʾʭ ʮʽʣʷʭ ʱʝ ʟ ʜʘʚʥʽʭ ʜʘʚʝʥ [1].  

  ɼʞʝʨʝʣʦʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙ̔ ʦʛʘʟʫ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʚʠʜʠ 

ʙʽʦʤʘʩʠ ʨʦʩʣʠʥʥʦʛʦ ʪʘ ʪʚʘʨʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɹʽʦʤʘʩʘ ʪʚʘʨʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ ï ʮʝ ʚʩʝ, ʟ ʯʦʛʦ ʩʢʣʘʜʘʶʪʴʩʷ ʪʘ ʱʦ ʚʠʜʽʣʷʶʪʴ ʫ ʧʨʦʮʝʩʽ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʪʚʘʨʠʥʠ. ɹʽʦʛʘʟ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʟ ʾʭ ʝʢʩʢʨʝʤʝʥʪʽʚ, ʢʨʦʚʽ ʪʘ ʟ 

ʙʫʜʴ-ʷʢʠʭ ʯʘʩʪʠʥ ʪʽʣʘ. ʆʨʛʘʥʽʯʥʘ ʩʢʣʘʜʦʚʘ ʩʪʽʯʥʠʭ ʚʦʜ ʫʩʽʣʷʢʠʭ ʦʯʠʩʥʠʭ 

ʩʧʦʨʫʜ ʤʦʞʝ ʤʘʪʠ ʷʢ ʪʚʘʨʠʥʥʝ, ʪʘʢ ʽ ʨʦʩʣʠʥʥʝ ʧʦʭʦʜʞʝʥʥʷ, ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʛʦ ʾʭ ʜʞʝʨʝʣʘ. ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʦʭʦʚʘʥʘ ʚ ʪʦʚʱʽ ʧʦʣʽʛʦʥʽʚ ʧʦʙʫʪʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʦʨʛʘʥʽʯʥʘ ʙʽʦʤʘʩʘ, ʷʢʘ ʩʣʫʞʠʪʴ ʜʞʝʨʝʣʦʤ ʨʽʟʥʦʚʠʜʫ ʙʽʦʛʘʟʫ ï 

ʟʚʘʣʠʱʥʦʛʦ ʛʘʟʫ. ʅʘʡʙʽʣʴʰ h ʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ 

ʩʠʨʦʚʠʥʫ ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɰʾ  ʟʘʚʝʜʝʥʦ ʨʦʟʜʽʣʷʪʠ ʥʘ ʧʦʢʦʣʽʥʥʷ, ʷʢ ʽ 

ʨʽʟʥʽ ʚʠʜʠ ʧʘʣʠʚʘ, ʷʢʽ ʦʪʨʠʤʫʶʪʴ ʟ ʪʘʢʦʾ ʩʠʨʦʚʠʥʠ. ʉʠʨʦʚʠʥʘ ʨʦʩʣʠʥʥʦʛʦ 

ʧʦʭʦʜʞʝʥʥʷ 1 ʧʦʢʦʣʽʥʥʷ ï ʮʝ ʨʽʟʥʦʤʘʥʽʪʥʽ ʚʠʜʠ ʨʦʩʣʠʥ, ʟ ʷʢʠʭ ʚʠʨʦʙʣ̫ʶʪʴ 

ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ. ʗʢʱʦ ʦʙʤʝʞʠʪʠʩʷ ʨʘʤʢʘʤʠ ʚʠʨʦʙʣʝʥʥʷ ʙʽʦʛʘʟʫ, ʪʦ ʧʝʨʰʽ 

ʤ̔ ʩʮʷ ʪʫʪ ʟʘʩʣʫʞʝʥʦ ʟʘʡʤʘʶʪʴ ʢʫʢʫʨʫʜʟʘ, ʮʫʢʨʦʚʽ ʙʫʨʷʢʠ ʪʘ ʮʫʢʨʦʚʝ ʩʦʨʛʦ. 

ʇʨʠʯʠʥʘ ʮʴʦʛʦ ʢʨʠʻʪʴʩʷ ʚ ʾʭ ʚʠʩʦʢʽʡ ʚʨʦʞʘʡʥʦʩʪʽ, ʚʠʩʦʢʦʤʫ ʧʦʪʝʥʮʽʘʣʽ 

ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʪʘ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʱʫʚʘʥʥʷ, ʟʙʦʨʫ ʽ 

ʟʙʝʨʽʛʘʥʥʷ. ʆʩʥʦʚʥʠʤ ʥʝʛʘʪʠʚʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʭʘʨʯʦʚʠʭ 

ʢʫʣʴʪʫʨ ʷʢ ʩʠʨʦʚʠʥʠ ʙʽʦʛʘʟʦʚʠʭ ʢʦʤʧʣʝʢʩʽʚ ʻ ʚʽʜʧʦʚʽʜʥʝ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʜʣʷ ʣʶʜʝʡ ʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ. 

ʉʘʤʝ, ʚʠʝɦʟʛʘʜʘʥʠʡ ʬʘʢʪʦʨ, ʧʦʩʣʫʞʠʚ ʦʩʥʦʚʥʠʤ ʤʦʪʠʚʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʡ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʟ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ 2 
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ʧʦʢʦʣʽʥʥʷ ï ʚʽʜʭʦʜʽʚ ʽ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʨʦʩʣʠʥʥʠʮʪʚʘ (ʩʦʣʦʤʠ), ʘ ʪʘʢʦʞ ʟ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʦʩʣʠʥ , ʱʦ ʧʨʠʨʦʜʥʦ ʟʨʦʩʪʘʶʪʴ ʘʙʦ ʩʧʝʮʽʘʣʴʥʦ ʚʠʨʦʱʫʶʪʴʩʷ ʥʘ 

ʤʘʣʦʧʨʠʜʘʪʥʠʭ ʟʝʤʣʷʭ. ɰʭ ʘʥʘʝʨʦʙʥʘ ʬʝʨʤʝʥʪʘʮʽʷ ʩʴʦʛʦʜʥʽ ʫʩʧʽʰʥʦ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ ʥʝʯʠʩʣʝʥʥʠʭ ʧʦʢʠ ʙʽʦʛʘʟʦʚʠʭ ʢʦʤʧʣʝʢʩʘʭ ʫ ʂʠʪʘʾ ʪʘ ʜʝʷʢʠʭ 

ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ. ɼʦ ʩʠʨʦʚʠʥʠ 3 ʧʦʢʦʣʽʥʥʷ ʚʽʜʥʦʩʷʪʴ ʯʠʩʣʝʥʥʽ ʨʽʟʥʦʚʠʜʠ 

ʚʦʜʦʨʦʩʪʝʡ. ɰʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ 

ʦʜʥʦʢʣʽʪʠʥʥʠʭ ʽ ʙʘʛʘʪʦʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ. ɺʠʜʦʙʫʪʢʦʤ ʟ ʥʠʭ ʨʽʟʥʠʭ ʚʠʜʽʚ 

ʧʘʣʠʚʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ - ʙʽʦʛʘʟʫ, ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʦʩʠʣʝʥʦ ʟʘʡʤʘʶʪʴʩʷ ʯʠʩʣʝʥʥʽ 

ʫʥʽʚʝʨʩʠʪʝʪʠ ʽ ʥʘʫʢʦʚʽ ʫʩʪʘʥʦʚʠ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥ ʩʚʽʪʫ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʝʨʝʢʦʥʣʠʚʦ ʜʦʚʦʜʷʪʴ ʮʽʣʠʡ ʨʷʜ ʧʝʨʝʚʘʛ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʰʪʫʯʥʦʛʦ ʚʠʨʦʱʫʚʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʦʜʦʨʦʩʪʝʡ ʫ ʩʧʝʮʽʘʣʴʥʠʭ ʩʧʦʨʫʜʘʭ ï 

ʬʦʪʦʙʽʦʨʝʘʢʪʦʨʘʭ. ɹʽʣʴʰ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʫ ʷʢʦʩʪʽ ʢʦ-ʩʫʙʩʪʨʘʪʫ, 

ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʚ ʥʠʭ ʚʫʛʣʝʮʶ, ʜʦʟʚʦʣʷʻ ʬʝʨʤʝʥʪʫʚʘʪʠ ʦʨʛʘʥʽʯʥʽ 

ʨʝʯʦʚʠʥʠ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʤʦʥʽʡʥʦʛʦ ʘʟʦʪʫ (ʢʫʨʷʯʠʡ ʧʦʩʣʽʜ ʽ ʩʚʠʥʷʯʠʡ ʛʥʽʡ). 

ɺʯʝʥʽ ʪʘ ʽʥʚʝʩʪʦʨʠ ʨʷʜʫ ʢʨʘʾʥ ʩʴʦʛʦʜʥʽ ʨʝʪʝʣʴʥʦ ʨʦʟʛʣʷʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʚʥʦʤʘʩʰʪʘʙʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʦʨʦʩʪʝʡ ʜʣʷ ʘʥʘʝʨʦʙʥʦʾ ʬʝʨʤʝʥʪʘʮʽʾ ʽ 

ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ  [2]. 

   ɸʛʨʦʧʨʦʤʠʩʣʦʚʠʡ ʩʝʢʪʦʨ ʋʢʨʘʥʾʠ, ʚʠʨʦʙʣʷʶʯʠ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʦʨʛʘʥʽʯʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʧʦʪʝʥʮʽʡʥʦ ʚʦʣʦʜʽʻ ʨʝʩʫʨʩʘʤʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʛʘʟʫ, ʟʜʘʪʥʠʤʠ 

ʟʘʤ̔ʩʪʠʪʠ 2,6 ʤʣʨʜ. ʤ3 ʇɻ/ʨʽʢ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʪʘ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʨʦʩʣʠʥʥʦ ʾʩʠʨʦʚʠʥʠ (ʩʠʣʦʩ, ʪʨʘʚʠ) ʮʝʡ 

ʧʦʪʝʥʮʽʘʣ ʤʦʞʝ ʙʫʪʠ ʜʦʚʝʜʝʥʠʡ ʟʘ ʨʽʟʥʠʤʠ ʦʮʽʥʢʘʤʠ ʚʽʜ 7,711 ʜʦ 1812 ʤʣʨʜ. 

ʤ3/ʨʽʢ ʫ ʧʝʨʝʨʘʭʫʥʢʫ ʥʘ ʧʨʠʨʦʜʥʠʡ ʛʘʟ. ʋ ʧʝʨʰʦʤʫ ʚʠʧʘʜʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 6% ʦʨʥʠʭ (50% ʚʽʣʴʥʠʭ ʚʽʜ ʧʦʩʽʚʽʚ) ʟʝʤʝʣʴ ʚ ʋʢʨʘʥʾʽ ʧʽʜ 

ʚʠʨʦʱʫʚʘʥʥʷ ʢʫʢʫʨʫʜʟʠ ʥʘ ʙʽʦʛʘʟ ʟ ʢʦʥʩʝʨʚʘʪʠʚʥʦʶ ʚʝʣʠʯʠʥʦʶ ʫʨʦʞʘʡʥʦʩʪʽ 30 

ʪ/ʛʘ. ʇʨʠ ʮʴʦʤʫ ʯʘʩʪʢʘ ʙʽʦʛʘʟʫ ʟ ʩʠʣʦʩʫ ʢʫʢʫʨʫʜʟʠ ʩʢʣʘʜʝ 53,0% ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʟ ʧʦʙʽʯʥʦ ʾʧʨʦʜʫʢʮʽ ʾʪʘ ʚʽʜʭʦʜʽʚ ʨʦʩʣʠʥʥʠʮʪʚʘ - 5,7%, ʟ ʧʦʙʽʯʥʦ ʾ

ʧʨʦʜʫʢʮʽ ʾʪʘ ʚʽʜʭʦʜʽʚ ʭʘʨʯʦʚʦ ʾʧʝʨʝʨʦʙʥʦ ʾʧʨʦʤʠʩʣʦʚʦʩʪʽ - 5,3%, ʟ ʛʥʦʡʦʚʠʭ 

ʚʽʜʭʦʜʽʚ ʪʚʘʨʠʥʥʠʮʪʚʘ - 36%. ɼʨʫʛʠʡ ʚʘʨʽʘʥʪ ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʧʨʦʛʥʦʟʦʤ 

ʧʝʨʝʜʙʘʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ 7,9 ʤʣʥ ʛʘ ʚʽʣʴʥʠʭ ʚʽʜ ʧʦʩʽʚʽʚ ʟʝʤʝʣʴ ʧʽʜ ʚʠʨʦʱʫʚʘʥʥʷ 

ʢʫʢʫʨʫʜʟʠ ʥʘ ʙʽʦʛʘʟ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʽʜʚʠʱʝʥʥʷ ʚʨʦʞʘʡʥʦʩʪʽ. ʆʙʩʷʛ ʙʽʦʛʘʟʦʚʦʛʦ 

ʨʠʥʢʫ ʚ ʋʢʨʘʥʾʽ ʤʦʞʝ ʙʫʪʠ ʦʩʚʦʻʥʠʡ ʧʨʦʪʷʛʦʤ 10 ʨʦʢʽʚ (ʜʦ 2030 ʨʦʢʫ). 

ʅʝʦʙʭʽʜʥʦʶ ʧʝʨʝʜʫʤʦʚʦʶ ʨʝʘʣʽʟʘʮʽ ʾ ʜʘʥʠʭ ʧʨʦʝʢʪʽʚ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʻ 

ʚʚʝʜʝʥʥʷ ʝʢʦʥʦʤʽʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ɿʊ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽ ʾ ʟ ʙʽʦʛʘʟʫ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽ ʾʝʬʝʢʪʠʚʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʽʦʛʘʟʦʚʠʭ ʧʨʦʝʢʪʽʚ ʚʘʞʣʠʚʦ ʩʪʠʤʫʣʶʚʘʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʝʣʝʢʪʨʦʝʥʝʨʛʽ ʾʟ ʙʽʦʛʘʟʫ, ʦʪʨʠʤʘʥʦʛʦ ʥʝ ʪʽʣʴʢʠ ʟ ʚʽʜʭʦʜʽʚ ʙʽʦʤʘʩʠ, 

ʘ ʪʘʢʦʞ ʟʽ ʩʧʝʮʽʘʣʴʥʦ ʚʠʨʦʱʝʥʦ ʾ ʨʦʩʣʠʥʥʦ ʾ ʩʠʨʦʚʠʥʠ. ʇʘʨʘʣʝʣʴʥʦ ʟ 

ʚʠʨʦʙʥʠʮʪʚʦʤ ʝʣʝʢʪʨʦʝʥʝʨʛʽ ʾʚ ʋʢʨʘʥʾʽ ʜʦʮʽʣʴʥʦ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ 

ʙʽʦʤʝʪʘʥʫ ʜʣʷ ʧʨʷʤʦʛʦ ʟʘʤʽʱʝʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʩʪʠʩʥʝʥʦʛʦ ʛʘʟʫ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ɼɺɿ. ʋ ʮʽʣʦʤʫ, ʙʽʦʛʘʟʦʚʠʡ ʨʠʥʦʢ ʚ ʋʢʨʘʥʾʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʷʢ 
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ʧʝʨʩʧʝʢʪʠʚʥʠʡ.   ʆʛʣʷʜ ʧʫʙʣʢ̔ʘʮʽʡ ʩʚʜ̔ʯʠʪʴ ʧʨʦ ʪʝ, ʰʦ ʮʠʤ ʧʦʪʨʽʙʥʦ ʟʘʡʤʘʪʠʩʴ, 

ʮʝ ʧʠʪʘʥʥʷ ʜʘʚʥʦ ʚʽʜʦʤʝ ʟʘ ʢʦʨʜʦʥʦʤ, ʘʣʝ ʽ ʚ ʋʢʨʘʾʥʽ ʚʦʥʦ ʚʠʚʯʘʻʪʴʩʷ ʪʘʢʦʞ 

[3,4]. 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ 

 

     ɺ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʜʣʷ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʛʘʟʫ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʟʘʤʽʥʫ ʥʘʬʪʦʚʠʤ ʚʠʜʘʤ 

ʧʘʣʠʚ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ (ʨʠʩ. 1) ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ ʚ 

ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʋʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʩ ʨʝʟʝʨʚʫʘʨʫ (ʘ), ʜʚʦʭ ʻʤʥʦʩʪʝʡ ʜʣʷ 

ʥʘʢʦʧʠʯʝʥʥʷ ʦʙôʤ̒ʫ ʙʽʦʛʘʟʫ (ʙ) ʪʘ ʢʨʘʥʫ (ʚ), ʱʦ ʩʪʨʠʤʫʻ ʙʽʦʤʝʪʘʥ ʚʽʜ 

ʩʘʤʦʚʽʣʴʥʦʛʦ ʚʠʚʽʣʴʥʝʥʥʷ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʪʘ ʧʘʣʴʥʠʢʘ (ʛ). 

ʆʪʨʠʤʘʥʥʷ ʙ̔ʦʤʝʪʘʥʫ ʚ ʣʘʙʦʨʘʪʦʨʥʽʡ ʫʩʪʘʥʦʚʮʽ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ 

ʩʧʘʣʶʚʘʥʥʷ ʯʝʨʝʟ ʧʘʣʴʥʠʢ (ʛ).   ʈʦʙʦʪʠ ʚ ʥʘʧʨʷʤʢʫ ʟ ʧʦʜʘʣʴhʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʤʦʞʣʠʚʦʾ ʦʯʠʩʪʢʠ ʦʪʨʠʤʘʥʦʛʦ ʙ̔ʦʤʝʪʘʥʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ  ʚ ʩʢʣʘʜ ̔ɼɺɿ ʚ ʧʝʨʩʧʝʢʪʠʚ̔ ʙʫʜʫʪʴ ʧʨʦʜʦʚʞʫʚʘʪʠʩ.ɹ 

ɸʜʞʝ ʙʽʦʛʘʟ - ʮʝ ʥʝ ʪʽʣʴʢʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʚʠʜ ʧʘʣʠʚʘ, ʮʝ ʱʝ ʡ ʝʢʦʣʦʛʽʯʥʦ 

ʯʠʩʪʠʡ ʚʠʜ ʧʘʣʠʚʘ, ʱʦ ʤʘ ̒ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʜʝ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʚʩʽ ʣʶʜʠ ʥʘʰʦʾ ʧʣʘʥʝʪʠ ʤʘʶʪʴ ʧʝʨʝʡʤʘʪʠʩʷ ʧʠʪʘʥʥʷʤ ʝʢʦʣʦʛʽʾ, ʧʠʪʘʥʥʷʤ: çʗʢ 

ʟʙʝʨʝʛʪʠ ʧʣʘʥʝʪʫ ʩʴʦʛʦʜʥʽ, ʱʦʙ ʚʦʥʘ ʟʙʝʨʝʛʣʘ ʥʘʩ ʟʘʚʪʨʘ ?è.             
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ʂʦʨʧʘʯ ɸʥʘʪʦʣʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢ,ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ 

ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, akorpach@ukr.net 
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ʈɯʇɸʂʆɺɸ, ʉʆʅʗʐʅʀʂʆɺɸ  ʆʃɯɰ ï ɸʃʔʊɽʈʅɸʊʀɺʅɽ 

ʇɸʃʀɺʆ ɼʃʗ ɼɺʀɻʋʅɯɺ ɺʅʋʊʈɯʐʅʔʆɻʆ ɿɻʆʈʗʅʅʗ. 

 

ʊʨʠʚaʣʠʡ ʯaʩ ʩʚiʪoʚʠʤ ʧaʣʠʚʥo-ʝʥʝʨʛʝʪʠʯʥʠʤ ʢoʤʧʣʝʢʩoʤ 

ʚʠʢoʨʠʩʪoʚʫʚaʣʠʩʷ ʝʥʝʨʛoʥoʩiʾ ʧʝʨʝʚaʞʥo ʥaʬʪoʚoʛo ʧoʭoʜʞʝʥʥʷ. Oʜʥaʢ, ʚ 

oʩʪaʥʥi ʨoʢʠ ʥaʤiʪʠʣaʩʷ ʪʝʥʜʝʥʮiʷ ʜo ʟʥʠʞʝʥʥʷ ʨoʣi ʥaʬʪʠ i ʥaʬʪoʧʨoʜʫʢʪiʚ 

ʫ ʩʚiʪoʚiʡ ʝʢoʥoʤiʮi, ʱo ʧoʢaʟʫʻ ʩʚiʪoʚa ʜʠʥaʤiʢa ʩʧoʞʠʚaʥʥʷ ʧʝʨʚʠʥʥoʾ 

ʝʥʝʨʛiʾ. ʗʢʱo ʚ 1979 ʨoʮi ʥa ʜoʣʶ ʥaʬʪʠ ʧʨʠʭoʜʠʣoʩʷ ʙʣʠʟʴʢo 50 % ʫʩiʭ 

ʩʧoʞʠʚaʥʠʭ ʝʥʝʨʛoʥoʩiʾʚ, ʪo ʚ ʜaʥʠʡ ʯaʩ ʾʾ ʯaʩʪʢa ʩʢʣaʜa̒  ʣʠʰʝ ʙʣʠʟʴʢo 35 % 

i ʾʾ ʚiʜʥoʩʥʝ ʩʧoʞʠʚaʥʥʷ ʧʨoʜoʚʞʫʻ ʥʝʫʭʠʣʴʥo ʩʢoʨoʯʫʚaʪʠʩʷ. ʎʝ 

ʧoʷʩʥʶʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧiʚ ʨoʩʪʫ ʚʠʜoʙʫʪʢʫ ʥaʬʪʠ, ʚʠʢʣʠʢaʥʠʤ 

ʚʠʨoʙʣʝʥʥʷʤ ʚʝʣʠʢʠʭ ʨoʜoʚʠʱ, ʥʝʟʥaʯʥʠʤ ʚʚʝʜʝʥʥʷʤ ʚ ʝʢʩʧʣʫaʪaʮiʶ ʥoʚʠʭ 

ʨoʜoʚʠʱ, ʧoʤiʪʥʠʤ ʩʢoʨoʯʝʥʥʷʤ iʥʚʝʩʪʠʮiʡ ʫ ʧoʰʫʢoʚo-ʨoʟʚiʜʫʚaʣʴʥi 

ʨoʙoʪʠ. ʇoʨʷʜ ʟi ʟʤʝʥʰʝʥʥʷʤ ʩʚiʪoʚʠʭ ʟaʧaʩiʚ ʥaʬʪʠ ʩʧoʩʪʝʨiʛa̒ ʪʴʩʷ 

ʪʝʥʜʝʥʮiʷ  ʧiʜʚʠʱʝʥʥʷ ʮiʥ ʥa ʥaʬʪʫ i ʥaʬʪoʚi ʧaʣʠʚa. ʋʩʝ ʮʝ ʩʪʚoʨʶʻ 

ʧʝʨʝʜʫʤoʚʠ ʜo ʙiʣʴʰ ʰʠʨoʢoʛo ʚʠʢoʨʠʩʪaʥʥʷ iʥʰʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩiʚ. 

ʊʝʥʜʝʥʮiʷ ʨoʟʚʠʪʢʫ ʩʚiʪoʚoʛo i ʚiʪʯʠʟʥʷʥoʛo aʚʪoʤoʙiʣʴʥoʛo ʧaʨʢʫ 

ʧʨʠʟʚoʜʠʪʴ ʜo ʥʝoʙʭiʜʥoʩʪi ʟʙiʣʴʰʝʥʥʷ ʚʠʨoʙʥʠʮʪʚa ʤoʪoʨʥʠʭ ʧaʣʠʚ. ʊaʢʠʤ 

ʯʠʥoʤ, ʥaʬʪoʧʝʨʝʨoʙʥa ʧʨoʤʠʩʣoʚiʩʪʴ ʨoʟʚʠʚa̒ ʪʴʩʷ ʚ ʥaʧʨʷʤʢʫ ʟʙiʣʴʰʝʥʥʷ 

ʚʠʨoʙʣʝʥʥʷ ʩʚiʪʣʠʭ ʥaʬʪoʧʨoʜʫʢʪiʚ (ʙʝʥʟʠʥiʚ, ʢʝʨoʩʠʥiʚ, ʜʠʟʝʣʴʥʠʭ i 

ʨʝaʢʪʠʚʥʠʭ ʧaʣʠʚ) [1]. 

ɹʝʟʧʝʨʝʙiʡʥʫ i ʤoʙiʣʴʥʫ ʨoʙoʪʫ ɼɺɿ ʚ ʫʤoʚaʭ ʜʝʬiʮʠʪʫ ʪoʛo aʙo iʥohʛo 

ʚʠʜʫ ʧaʣʠʚa ʜoʟʚoʣʷʻ ʟaʙʝʟʧʝʯʠʪʠ ʨoʟʨoʙʢa i ʚʧʨoʚaʜʞʝʥʥʷ, ʪʘʢ ʟʚʘʥʠʭ, 

çʙaʛaʪoʧaʣʠʚʥʠʭè ʜʚʠʛʫʥiʚ, ʱo ʧʨaʮʶʶʪʴ ʥa ʨiʟʥʠʭ ʥaʬʪoʚʠʭ ʧaʣʠʚaʭ, a 

ʪaʢoʞ ʟaʤiʥa ʥaʬʪoʚʠʭ ʧaʣʠʚ aʣʴʪʝʨʥaʪʠʚʥʠʤʠ. ɺʥaʩʣiʜoʢ ʟaʟʥaʯʝʥʠʭ ʚʠʱʝ 

ʬaʢʪoʨiʚ, ʧʝʨʝʭiʜ ʯaʩʪʠʥʠ ʚiʪʯʠʟʥʷʥoʛo aʚʪoʤoʙiʣʴʥoʛo ʧaʨʢʫ ʥa ʧaʣʠʚa, 

oʜʝʨʞʫʚaʥi ʟ aʣʴʪʝʨʥaʪʠʚʥʠʭ ʩʠʨoʚʠʥʥʠʭ ʨʝʩʫʨʩiʚ, ʩʪa̒  ʥʝʤʠʥʫʯʠʤ. 

Oʜʠʥ ʟ ʨaʜʠʢaʣʴʥʠʭ ʰʣʷʭiʚ ʟʥʠʞʝʥʥʷ ʩʧoʞʠʚaʥʥʷ ʨiʜʢoʛo ʧaʣʠʚa 

ʧoʣʷʛa̒  ʚ ʨoʟʰʠʨʝʥʥi ʚʠʢoʨʠʩʪaʥʥʷ ʥʝʪʨaʜʠʮiʡʥʠʭ (aʣʴʪʝʨʥaʪʠʚʥʠʭ) 

ʝʥʝʨʛoʥoʩiʾʚ i ʧaʣʠʚ ʥa ʾʭʥiʡ oʩʥoʚi, ʩʪʚoʨʝʥʥi ʡ ʝʢʩʧʣʫaʪaʮiʾ ʝʥʝʨʛoʩʠʣoʚʠʭ 

ʫʩʪaʥoʚoʢ aʚʪoʪʨaʥʩʧoʨʪʫ, ʧʨʠʟʥaʯʝʥʠʭ ʜʣʷ ʨoʙoʪʠ ʥa ʥʠʭ, ʱo ʙaʛaʪo ʚ ʯoʤʫ 

ʚʠʨiʰʫʻ ʝʢoʣoʛiʯʥʫ ʧʨoʙʣʝʤʫ ʪʨaʥʩʧoʨʪʥoʾ ʝʥʝʨʛʝʪʠʢʠ [2]. 

ɿaʧaʩʠ ʥaʬʪʠ, ʱo ʟʥaʭoʜʷʪʴʩʷ ʥa ʧoʚʝʨʭʥi, ʚʠʯʝʨʧʫʶʪʴʩʷ, a ʙiʣʴʰ 

ʛʣʠʙoʢʠʡ ʚʠʜoʙʫʪoʢ ʥaʬʪʠ ʪʷʛʥʝ ʟa ʩoʙoʶ ʧiʜʚʠʱʝʥʥʷ ʚʠʪʨaʪ ʥa ʾʾ 

ʦʪʨʠʤʘʥʥʷ. ʇiʩʣʷ ʥaʩʪaʥʥʷ ʧiʢʫ ʥaʬʪʠ ʙʫʜʝ ʚʠʜoʙʫʚaʪʠʩʷ ʚʩʝ ʤʝʥʰʝ i ʤʝʥʰʝ, 

aʞ ʧoʢʠ ʚoʥa ʥʝ ʟaʢiʥʯʠʪʴʩʷ ʟoʚʩiʤ, aʙo ʚʠʯʝʨʧaʁ ʪʴʩʷ ʪʝʭʥoʣoʛiʯʥi 

ʤoʞʣʠʚoʩʪi ʣʶʜʩʪʚa ʚʠʜoʙʫʪʠ ʥʝoʙʭiʜʥʫ ʥaʬʪʫ. ʇʨʠʭʠʣʴʥʠʢiʚ ʪʝoʨiʾ 
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ʍaʙʙʝʨʪa ʜoʜaʣoʩʷ, ʢoʣʠ ʚ 1971 ʨoʮi ʚ ʉʐA ʚʠʜoʙʫʪoʢ ʥaʬʪʠ ʜoʩʷʛʥʫʚ ʧiʢʫ i 

ʜiʡʩʥo ʧoʯaʚ ʩʧaʜaʪʠ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʚʠʜʘʤʠ ʨʽʜʢʦʛʦ ʙʽʦʧʘʣʠʚʘ, ʱʦ ʚʞʝ ʟʘʨʘʟ 

ʧʨʠʩʫʪʥʽ ʥʘ ʩʚʽʪʦʚʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʠʥʢʫ,  ̒ ʙʽʦʝʪʘʥʦʣ ʽ ʙʽʦʜʠʟʝʣʴʥʝ 

ʧʘʣʠʚʘ.ɿʘ ʦʙʩʷʛʘʤʠ ʚʠʨʦʙʥʠʮʪʚʘ ʨʧ̔ʘʢʦʚʘ ʦʣʽʷ ʧʦʩʽʜʘʻ ʯʝʪʚʝʨʪʝ ʤʽʩʮʝ ʫ ʩʚʽʪʽ 

(9,7%) ʧʽʩʣʷ ʩʦʻʚʦʾ (29,7%), ʧʘʣʴʤʦʚʦʾ (13,1%) ʪʘ ʩʦʥʷʰʥʠʢʦʚʦʾ (12,3%). 

ʈʽʧʘʢʦʚʝ ʥʘʩʽʥʥʷ ʤʽʩʪʠʪʴ 45-50% ʦʣʽʾ ï ʥʝ ʤʝʥʰʝ, ʥʽʞ ʥʘʩʽʥʥʷ 

ʩʦʥʷʰʥʠʢʘ. ʋ ʜʝʷʢʠʭ ʻʚʨʦʧʝʡʩʴʢʠʭ ʢʨʘʾʥʘʭ ʫʨʦʞʘʡʥʽʩʪʴ ʨʽʧʘʢʫ ʩʷʛʘʻ 40 ʮ/ʛʘ, 

ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʜʝʨʞʫʚʘʪʠ ʜʦ 2 ʪ ʦʣʽʾ ʟ ʛʝʢʪʘʨʘ. ɺʩʝ ʙʽʣʴʰʝ ʫʚʘʛʠ ʥʘʜʘʻʪʴʩʷ 

ʧʝʨʝʨʦʙʮʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʮʽʣʝʡ ʚ ʢʨʘʾʥʘʭ ɿʘʭʽʜʥʦʾ ɭʚʨʦʧʠ, 

ʦʩʦʙʣʠʚʦ ʚ ʅʽʤʝʯʯʠʥʽ, ʌʨʘʥʮʽʾ, ɸʚʩʪʨʽʾ, ɻʦʣʣʘʥʜʽʾ, ʘ ʪʘʢʦʞ ʫ ʉʐɸ, ʂʘʥʘʜʽ, 

ʂʠʪʘʾ.  ɺ̔ ʜʧʦʚʽʜʥʦ ʟʨʦʩʪʘʶʪʴ  ̔ʦʙʩʷʛʠ ʚʠʨʦʱʫʚʘʥʥʷ ʨʽʧʘʢʫ. ʊʘʢ, ʟʘ ʦʩʪʘʥʥʽ 

ʜʚʘʜʮʷʪʴ ʨʦʢʽʚ, ʟʘʛʘʣʦʤ, ʫ ʩʚʽʪʽ ʚʦʥʠ ʟʨʦʩʣʠ ʙʽʣʴʰ ʥʽʞ ʫ ʯʦʪʠʨʠ ʨʘʟʠ, ʽ, 

ʟʦʢʨʝʤʘ, ʚ ɭʚʨʦʧʽ - ʫ ʜʝʩʷʪʴ ʨʘʟʽʚ. ʋ ɭʉ ʟʘʛʘʣʴʥʘ ʧʣʦʱʘ ʧʦʩʽʚʽʚ ʨʽʧʘʢʫ 

ʩʢʣʘʜʘʻ 7 ʤʣʥ ʛʘ (ʩʝʨʝʜʥʷ ʚʨʦʞʘʡʥʽʩʪʴ 25 ʮ/ʛʘ) ʽ ʧʣʘʥʫʻʪʴʩʷ, ʱʦ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ ʚʦʥʘ ʜʦʩʷʛʥʝ 12 ʤʣʥ/ʛʘ. 

ɻʝʢʪʘʨ ʨʽʧʘʢʫ ʧʨʦʜʫʢʫʻ ʪʦʥʥʫ ʙʽʣʢʘ ʧʨʦʪʠ 640 ʢʽʣʦʛʨʘʤʽʚ ʧʨʠ 

ʢʫʣʴʪʠʚʫʚʘʥʥʽ ʩʦʾ  ̔ 220 ʢʛ - ʷʯʤʝʥʶ. ʂʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʨʘʚʥʦʩʪʽ ʨʽʧʘʢʦʚʦro 

ʰʨʦʪʫ ʩʷʛʘʻ 71%, ʪʦʜʽ ʷʢ ʩʦʥʷʰʥʠʢʦʚʦro ï 56 %. ʆʩʪʘʥʥʽʡ ʧʦʩʪʫʧʘʻʪʴʩʷ ʽ ʟʘ 

ʚʤʽʩʪʦʤ ʥʝʟʘʤʽʥʥʠʭ ʘʤʽʥʦʢʥʩʣʦʪ: ʣʽʟʠʥʫ - ʥʘ 33%, ʮʠʩʪʠʥʫ - ʫ 2,1 ʨʘʟʫ. 

ɿʛʦʜʦʚʫʚʘʥʥʷ ʪʦʥʥʠ ʨʽʧʘʢʦʚʦʛʦ ʰʨʦʪʫ ʘʙʦ ʤʘʢʫʭʠ ʘʜʝʢʚʘʪʥʝ 8-10 ʪʦʥʥʘʤ 

ʟʝʨʥʦʬʫʨʘʞʫ. 

ʈʽʧʘʢ ʷʢ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʘ ʢʫʣʴʪʫʨʘ, ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʩʠʨʦʚʠʥʦʶ, ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʙʽʦʣʦʛʽʯʥʦʛʦ ʧʘʣʠʚʘ (ʙʽʦʜʠʟʝʣʷ). ɿ ʢʦʞʥʦʾ ʪʦʥʥʠ ʨʽʧʘʢʫ ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʙʣʠʟʴʢʦ 300 ʢʛ ʦʣʽʾ, ʘ ʟ ʥʝʾ ï 270 ʢʛ ʙʽʦʜʠʟʝʣʷ. 

ʇʦʨʽʚʥʷʥʦ ʟ ʧʘʣʠʚʦʤ ʽʟ ʥʘʬʪʠ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, 

ʙʽʦʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʫʪʪʻʚʠʤʠ 

ʧʝʨʝʚʘʛʘʤʠ, ʦʩʥʦʚʥʽ ʟ ʷʢʠʭ ʥʘʩʪʫʧʥʽ: 

- ʚʦʥʦ ʤʘʡʞʝ ʥʝ ʤʽʩʪʠʪ ɹ ʩʽʨʢʠ, ʪʦʤʫ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʤʝʥʰʫʻ 

ʚʠʢʠʜʠ ʚ 

ʘʪʤʦʩʬʝʨʫ ʩʽʨʯʘʥʦʛʦ ʘʥʛʽʜʨʠʜʫ (ʥʘ 1 ʪʠʩ. ʪ ʫ ʨʘʟʽ ʟʘʤʽʥʠ 250 ʪʠʩ. ʪ 

ʜʠʟʧʘʣʠʚʘ ʟ  ʥʘʬʪʠ ʪʘʢʦʶ ʞ ʢʽʣʴʢʽʩʪʶ ʙʽʦʜʠʟʝʣʶ ʟ ʨʽʧʘʢʫ); 

- ʧʨʠ ʩʧʘʣʶʚʘʥʥʽ ʙʽʦʜʠʟʝʣʷ ʥʝ ʧʽʜʩʠʣʶʻʪʴʩʷ ʧʘʨʥʠʢʦʚʠʡ ʝʬʝʢʪ, 

ʦʩʢʽʣʴʢʠ ʨʽʧʘʢ,   ʷʢ  ̔ʚʩʷ ʙʽʦʤʘʩʘ,  ̒ʉʆ2 - ʥʝʡʪʨʘʣʴʥʠʤ; 

- ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ ʙʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʢʣʘʜʫ ʟʘ ʚʽʜʥʦʩʥʦ ʢʦʨʦʪʢʠʡ ʧʝʨʽʦʜ.        

ɿʛʽʜʥʦ ʟ  ʤʽʞʥʘʨʦʜʥʠʤ ʪʝʩʪʦʤ ʉɽʉ L-33ɸ-93 ʟʘ 21 ʜʝʥʴ ʙʽʦʣʦʛʽʯʥʠʡ 

ʨʦʟʢʣʘʜ ʩʛ̫ʘʻ 90%; 

- ʟʤʝʥʰʫʻʪʴʩʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʛʘʟʘʭ, ʟʦʢʨʝʤʘ,    ʜʠʤʥʽʩʪʴ ʛʘʟʽʚ ʟʤʝʥʰʫʻʪʴʩʷ ʚʜʚʽʯʽ, ʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʉʆ, ʉʅ  ̔ʪʚʝʨʜʠʭ ʯʘʩʪʠʥʦʢ,    ʦʩʦʙʣʠʚʦ ʩʘʞʽ, ʟʥʠʞʫʻʪʴʩʷ ʥʘ 25-50 %; 

- ʢ̫ ʧʨʦʜʫʢʪ ʧʝʨʝʨʦʙʢʠ ʨʦʩʣʠʥʥʦʾ ʩʠʨʦʚʠʥʠ, ʙʽʦʜʠʟʝʣʴ ʥʝ ʤʽʩʪʠʪʴ 

ʢʘʥʮʝʨʦʛʝʥʥʠʭ ʨʝʯʦʚʠʥ, ʪʘʢʠʭ ʷʢ ʧʦʣʽʮʠʢʣʽʯʥʽ ʘʨʦʤʘʪʠʯʥʽ ʚʫʛʣʝʚʦʜʥʽ 

ʪʘ,   ʦʩʦʙʣʠʚʦ, ʙʝʥʟʘʧʽʨʝʥ; 
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- ʨ̔ ʧʘʢʦʚʘ ʦʣʽʷ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʙʽʣʴʰʠʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ, 

ʚʤʽʩʪʦʤ   ʢʠʩʥʶ (11 % ʪʘ 0,4 % ʚʽʜʧʦʚʽʜʥʦ). ʊʦʤʫ, ʜʣʷ ʧʦʚʥʦʛʦ 

ʟʛʦʨʘʥʥʷ 1 ʢʛ ʨʽʧʘʢʦʚʦʾ   ʦʣʽʾ ʧʦʪʨʽʙʥʦ ʤʝʥʰʝ, ʥʞ̔ ʜʣʷ ʜʠʟʝʣʴʥʦʛʦ 

ʧʘʣʠʚʘ, ʧʦʚʽʪʨʷ (12,9 ʪʘ 14,45 ʢʛ   ʚʽʜʧʦʚʽʜʥʦ) [3] . 

ɺ ʋʢʨʘʾʥʽ ʰʠʨʦʢʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʬʝʨʤʝʨʩʴʢʽ ʛʦʩʧʦʜʘʨʩʪʚʘ. ʂʦʞʝʥ ʬʝʨʤʝʨ,ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʝʙʝ ʧʘʣʠʚʦʤ, ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʩʽʚʫ ʽ ʟʙʠʨʘʥʥʷ 

ʫʨʦʞʘʶ, ʤʦʞʝ ʧʨʦʜʫʢʫʚʘʪʠ ʥʘ ʚʽʜʧʦʚʽʜʥʽʡ ʪʝʨʠʪʦʨʽʾ ʦʣʽʡʥʽ ʢʫʣʴʪʫʨʠ,ʪʘʢʽ ʷʢ 

ʩʦʥ̫h ʥʠʢ ʯʠ ʨʽʧʘʢ ʽ ʚʠʭʦʜʷʯʠ ʽʟ ʮʴʦʛʦ ʫ ʧʝʨʩʧʝʢʪʠʚʽ ʧʦʜʘʪʠ ʜʘʥʫ ʢʫʣʴʪʫʨʫ ʥʘ 

ʧʝʨʝʨʦʙʢʫ,ʦʪʨʠʤʘʪʠ ʞʤʠʭ ʜʣʷ ʪʨʘʚʦʾʜʥʠʭ ʪʚʘʨʠʥ ʽ, ʚ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʠ, 

ʦʪʨʠʤʘʪʠ ʧʘʣʠʚʦ ʜʣʷ ʩʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʮʝ 

ʚʠʨʦʙʥʠʮʪʚʦ ʙʝʟʚʽʜʭʦʜʥʠʤ. 

ɺ ʅʘʮʽʦʥʘʣʴʥʦ ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ ʨʽʧʘʢʫ, ʩʦʥʷʰʥʠʢʘ ʥʘ ʨʽʟʥʠʭ 

ʪʠʧʘʭ ʜʚʠʛʫʥʽʚ, ʟʦʢʨʝʤʘ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʪʠʧʫ ɼ-243. ɺ ʭʦʜʽ ʮʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʟʨʦʩʪʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʦʧʪʠʤʽʟʘʮʽʶ ʧʘʨʘʤʝʪʨʽʚ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ, ʧʦʚËʷʟʘʥʠʭ ʽʟ ʟʤʝʥʰʝʥʥʷʤ ʚʤʽʩʪʫ ʦʢʩʠʜʽʚ ʘʟʦʪʫ,ʪʘʢʦʞ ʚʝʣʠʢʦʶ 

ʧʝʨʝʚʘʛʦʶ ʻ ʪʝ,ʱʦ ʟʤʝʥʰʫʻʪʴʩʷ ʜʠʤʥʽʩʪʴ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ. ɺ ʮʽʣʦʤʫ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʦʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ 

ʩʠʪʫʘʮʽʾ ʚ ʩʚʽʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ- ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʧʘʣʠʚʘ ʥʘ ʦʩʥʦʚʽ 

ʨʽʧʘʢʫ, ʩʦʥʷʰʥʠʢʘ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʫ ʜʠʟʝʣʴʥʦʤʫ ʧʘʣʠʚʫ. 
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ʩʪʨʦʠʪʩʷ ʥʘ ʧʦʜʭʦʜʝ ʩʦʟʜʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʶʪʩʷ ʩʘʤʳʝ 

ʩʦʚʨʝʤʝʥʥʳʝ ʥʘ ʤʦʤʝʥʪ ʨʘʟʨʘʙʦʪʢʠ ʜʦʩʪʠʞʝʥʠʷ, ʠ ʜʘʣʴʥʝʡʰʝʡ ʝʛʦ ʜʦʚʦʜʢʝ ʩ 

ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʚʳʨʘʞʘʝʤʳʭ ʚ ʮʝʣʝʚʦʡ ʩʪʦʠʤʦʩʪʠ 

ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʜʨ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʜʚʠʛʘʪʝʣʝʡ 

ʆɸʆ çʋʂʍ çʄʄɿè ʠʟʥʘʯʘʣʴʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʜʣʷ ʪʨʘʢʪʦʨʦʚ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, ʚʳʧʦʣʥʷʶʱʠʭ ʪʠʧʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʧʝʨʘʮʠʠ ʚ ʩʚʦʝʤ ʢʣʘʩʩʝ. ʉ ʫʯʝʪʦʤ ʥʘʢʦʧʣʝʥʥʦʛʦ ʦʧʳʪʘ ʫʜʘʣʦʩʴ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʠ 

ʚʥʝʜʦʨʦʞʥʦʡ ʪʝʭʥʠʢʠ. ʆʜʥʘʢʦ ʩ ʨʦʩʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʵʢʦʣʦʛʠʠ, ʩʧʝʢʪʨʘ 

ʚʳʧʦʣʥʷʝʤʳʭ ʤʘʰʠʥʘʤʠ ʦʧʝʨʘʮʠʡ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʦʚ 

ʥʘʛʨʫʞʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ.  

ʈʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʨʠʤʝʥʝʥʠ ʁ

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ 

ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ ʨʘʙʦʯʠʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʢʦʨʦʙʦʢ ʧʝʨʝʜʘʯ, ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʦʥʮʝʧʮʠʠ ʠʥʪʝʨʥʝʪ-ʚʝʱʝʡ: ʫʤʥʳʡ ʪʨʘʢʪʦʨ, ʫʤʥʳʡ ʢʘʨʴʝʨ ʠ 

ʫʤʥʳʡ ʧʦʛʨʫʟʯʠʢ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʨʝʞʠʤʦʚ 

ʥʘʛʨʫʞʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. ʇʦɻʪʦʤʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʚʳʙʨʦʩʘʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʰʫʤʫ, ʚʠʙʨʘʮʠʠ ʠ ʨʝʩʫʨʩʫ 

ʪʨʝʙʫʝʪʩ ̫ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʜʝʨʥʠʟʘʮʠʷ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʩʪʦʨʦʥʫ ʠʟʤʝʥʝʥʠʷ 

ʙʘʣʘʥʩʘ ʪʝʧʣʦʚʳʭ, ʤʘʩʩʦ-ʠʥʝʨʮʠʦʥʥʳʭ, ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʳʭ ʠ ʞʝʩʪʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʥʳʭ ʜʝʪʘʣʝʡ ʠ ʩʠʩʪʝʤ ɼɺʉ, ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʤʳʝ ʥʘ 

ʤʝʥʴʰʝʡ ʨʘʟʤʝʨʥʦʩʪʠ.  

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʦʙʥʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʟʦʚʳʭ ʧʣʘʪʬʦʨʤ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʨʳʥʢʦʤ ʧʨʦʜʫʢʪʘ ʠ 

ʚʳʩʪʨʘʠʚʘʥʠʝ ʛʠʙʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʩʧʨʦʩʘ ʩ ʮʝʣʴʶ ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘ ʠ ʫʣʫʯʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʦʟʠʮʠʡ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʳʥʢʘʭ ʩʙʳʪʘ.  

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʚ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʜʦʩʪʠʞʝʥʠʡ ʤʠʨʦʚʳʭ ʣʠʜʝʨʦʚ ʦʪʨʘʩʣʠ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʦʜʥʦʟʥʘʯʥʳʡ ʚʳʚʦʜ ʦ 

ʩʦʭʨʘʥʝʥʠʠ ʟʘ ʜʚʠʛʘʪʝʣʝʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʣʠʜʠʨʫʶʱʠʭ ʧʦʟʠʮʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʩʝʛʤʝʥʪʝ ʛʨʫʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, 

ʚʥʝʜʦʨʦʞʥʦʡ ʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʙʣʠʞʘʡʰʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʠ ʫʩʣʦʚʠʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʧʦʩʪʦʷʥʥʦ ʫʞʝʩʪʦʯʘʶʱʠʤʩʷ ʪʨʝʙʦʚʘʥʠʷʤ ʢ 

ʚʳʙʨʦʩʘʤ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʪʦʧʣʠʚʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʚʩʪʨʘʠʚʘʝʤʦʩʪʠ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ 

ʨʘʟʚʠʪʠʷ ʜʚʠʛʘʪʝʣʝʡ: 

- ʧʦʪʝʥʮʠʘʣ ʜʦʩʪʠʞʝʥʠ ̫ʜʝʡʩʪʚʫʶʱʠʭ ʠ ʙʫʜʫʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦ ʚʳʙʨʦʩʘʤ 

ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ, ʚʠʙʨʘʮʠʠ ʠ ʰʫʤʫ; 
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- ʦʙʝʩʧʝʯʝʥʠʝ ʰʠʨʦʢʦʛʦ ʤʦʱʥʦʩʪʥʦʛʦ ʨʷʜʘ ʚ ʧʨʝʜʝʣʘʭ ʥʝʩʢʦʣʴʢʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ; 

- ʚʩʪʨʘʠʚʘʝʤʦʩʪ ɹ ʚ ʢʦʥʮʝʧʮʠʶ ʪʝʭʥʦʣʦʛʠʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ  

ʤʘʰʠʥ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʚʦʜʘ ʦʪʙʦʨʘ 

ʤʦʱʥʦʩʪʠ (100%-ʡ ʦʪʙʦʨ ʤʦʱʥʦʩʪʠ ʩ ʥʦʩʢʘ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ, ʫʚʝʣʠʯʝʥʠʝ 

ʤʦʱʥʦʩʪʠ ʰʝʩʪʝʨʝʥʯʘʪʦʛʦ ʧʨʠʚʦʜʘ, ʦʙʝʩʧʝʯʝʥʠʝ ʪʠʧʦʚʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʤʝʩʪ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʠʚʦʜʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʘʰʠʥ); 

- ʚʩʪʨʘʠʚʘʝʤʦʩʪ ɹ ʚ ʪʠʧʦʚʳʝ ʢʦʤʧʦʥʦʚʦʯʥʳʝ ʨʝʰʝʥʠʷ ʧʦʜʢʘʧʦʪʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʰʠʥ (ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ 

ʜʚʠʛʘʪʝʣʷ ʠ ʧʦʜʢʣʶʯʝʥʠʶ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʚʦʟʜʫʭʦʤ, ʪʦʧʣʠʚʦʤ, ʦʭʣʘʞʜʝʥʠʷ ʠ 

ʩʠʩʪʝʤʳ ʜʦʦʯʠʩʪʢʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʛʘʟʦʚ); 

- ʚʩʪʨʘʠʚʘʝʤʦʩʪ ɹ ʚ ʵʣʝʢʪʨʦʥʥʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥ ʩ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʨʘʟʚʠʪʠʶ ʢʦʥʮʝʧʮʠʡ  

ʙʝʩʧʠʣʦʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 

- ʫʧʨʝʞʜʘʶʱʠʡ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʠ ʫʜʘʣʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ 

ʜʚʠʛʘʪʝʣʷ. 

ʉ ʫʯʸʪʦʤ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʨʘʟʚʠʪʠʷ ʤʠʨʦʚʦʛʦ 

ʜʚʠʛʘʪʝʣʝʩʪʨʦʝʥʠʷ ʥʘ ʆɸʆ çʋʂʍ çʄʄɿè ʧʨʦʚʦʜʠʪʩʷ ʨʘʙʦʪʘ ʧʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʙʘʟʦʚʦʡ ʧʣʘʪʬʦʨʤʳ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʠʟʝʣʝʡ. ɺ 

ʢʦʥʩʪʨʫʢʮʠʁ  ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴ  ʁʚʥʝʩʝʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʙʣʦʢʘ ʠ ʛʦʣʦʚʢʠ ʙʣʦʢʘ ʮʠʣʠʥʜʨʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʣʠʪʨʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʝ ʩʤʝʩʝʦʙʨʘʟʦʚʘʥʠ,̫ ʧʦʟʚʦʣʷʶʱʠʝ ʜʦʩʪʠʯ ɹ

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʨʘʩʰʠʨʠʪʴ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʧʨʠʤʝʥʷʝʤʦʩʪʠ. 

 

ʃʽʥʴʢʦʚ ʆʣʝʛ ʖʨʽʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, oleh.linkov@khpi.edu.ua 

ʃʠʢʦʚ ʉʝʨʛʽʡ ɺʘʣʝʥʪʠʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, serhii.lykov@ieee.khpi.edu.ua 

ʇʠʣʴʦʚ ɺʦʣʦʜʠʤʠʨ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, 

volodymyr.pylov@khpi.edu.ua 

 

ɺʈɸʍʋɺɸʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ɿʄɯʎʅɽʅʆɻʆ ʊɸ ʅɽɿʄɯʎʅɽʅʆɻʆ 

ɺ ʏɸʉɯ ʄɸʊɽʈɯɸʃʋ ʇʈʀ ʇʈʆɽʂʊʋɺɸʅʅɯ ʇʆʈʐʅʗ ɼɺɿ  

 

ʇʨʦʮʝʩ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ (ɼɺɿ) ʧʨʠʟʚʦʜʠʪʴ 

ʦʢʨʽʤ ʽʥʰʦʛʦ ʜʦ ʪʦʛʦ, ʱʦ ʤʘʪʝʨʽʘʣʠ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ ʜʝʪʘʣʝʡ ʬʘʢʪʠʯʥʦ 

ʧʨʘʮʶʶʪʴ ʥʘ ʤʝʞʽ ʤʽʮʥʦʩʪʽ. ʆʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ ʜʝʪʘʣʝʡ ɼɺɿ 

 ̒ʧʦʨʰʝʥʴ. ʇʨʠ ʘʥʘʣʽʟʽ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʦʩʥʦʚʥʽ ʟʦʥʠ 

ʧʦʨʰʥʷ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʪʨʘʪʘ ʬʽʟʠʯʥʦʾ ʘʙʦ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ. ʎʝ ʟʦʥʠ ʢʨʦʤʢʠ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ, ʧʦʨʰʥʝʚʠʭ ʢʽʣʝʮʴ ʪʘ ʶʙʢʠ 

ʧʦʨʰʥʷ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʧʝʨʰʠʭ ʜʚʦʭ ʟʦʥʘʭ ʟʘʟʚʠʯʘʡ 

mailto:oleh.linkov@khpi.edu.ua
mailto:serhii.lykov@ieee.khpi.edu.ua
mailto:volodymyr.pylov@khpi.edu.ua
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ʧʨʦʷʚʣʷʶʪʴʩʷ ʧʽʜ ʯʘʩ ʜʦʚʛʦʩʪʨʦʢʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʚʠʛʫʥʽʚ, ʘ ʚʪʨʘʪʘ ʥʘʜʽʡʥʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚ ʪʨʝʪʽʡ ʟ ʦʟʥʘʯʝʥʠʭ ʟʦʥ ʪʨʘʧʣʷʻʪʴʩʷ ʥʘʚʽʪʴ ʧʽʜ ʯʘʩ ʜʦʚʦʜʢʠ ɼɺɿ. 

ɻʨʘʥʠʯʥʠʡ ʩʪʘʥ ʤʘʪʝʨʽʘʣʫ ʟʘ ʫʤʦʚ ʥʝʽʟʦʪʝʨʤʽʯʥʦʛʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʽ, ʱʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʝʨʰʦʾ ʟʦʥʠ, 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ [1]:  

,                                                    (1) 
 

ʜʝ df ï ʜʦʣʷ ʧʦʰʢʦʜʞʝʥʴ ʫʪʦʤʠ; ds ï ʜʦʣʷ ʧʦʰʢʦʜʞʝʥʴ ʧʦʚʟʫʯʦʩʪʽ.  

ʇʨʠ ʮʴʦʤʫ ʚ ʫʤʦʚʘʭ ʨʦʙʦʪʠ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʚʟʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʦʙʦʚôʷʟʢʦʚʦ. ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʨʠʚʦʾ 

ʧʦʚʟʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʢʨʠʚʦʾ ʧʦʚʟʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʫ: ɯ ï ʩʪʘʜʽʷ 

ʟʤʮ̔ʥʝʥʥʷ; ɯɯ ï ʩʪʘʜʽʷ ʩʪʘʣʦʾ ʧʦʚʟʫʯʦʩʪʽ; ɯɯɯ ï ʩʪʘʜʽʷ ʧʨʠʩʢʦʨʝʥʦʾ ʚʪʨʘʪʠ 

ʤʽʮʥʦʩʪʽ; Ůʧʨ. ï ʧʦʯʘʪʢʦʚʘ ʧʨʫʞʥʘ ʜʝʬʦʨʤʘʮʽʷ  

 

ɿʘʣʝʞʥʽʩʪʴ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʚʟʫʯʦʩʪʽ, ʥʘ ʫʩʽʭ ʪʨʴʦʭ ʩʪʘʜʽʷʭ, ʤʘʻ 

ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ [1]: 

, Ů0=0;                          (2) 

, ɤ(0)=0,                                     (3) 

 

ʜʝ: Ů ï ʜʝʬʦʨʤʘʮʽʷ ʧʦʚʟʫʯʦʩʪʽ; ů ï ʥʘʧʨʫʞʝʥʥʷ; D, Ŭ ï ʢʦʥʩʪʘʥʪʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʜʽʶ ʟʤʽʮʥʝʥʥʷ; A ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫ ̒ ʩʪʘʜʽʶ 

ʩʪʘʣʦʾ ʧʦʚʟʫʯʦʩʪʽ ʪʘ ʻ ʟʘʣʝʞʥʦʶ ʚʽʜ ʜʽʶʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ; n ï ʢʦʥʩʪʘʥʪʘ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫ ̒ʩʪʘʜʽʶ ʩʪʘʣʦʾ ʧʦʚʟʫʯʦʩʪʽ ʪʘ ʤʦʞʝ ʙʫʪʠ ʥʝʟʘʣʝʞʥʦʶ ʚʽʜ ʜʽʶʯʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ; r ï ʢʦʥʩʪʘʥʪʘ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʜʽʶ ʧʨʠʩʢʦʨʝʥʦʾ ʚʪʨʘʪʠ 

ʤʽʮʥʦʩʪʽ; ɤ ï ʧʘʨʘʤʝʪʨ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʫʧʽʥʴ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ (ʥʘ 

ʧʦʯʘʪʢʫ ɤ = 0, ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ɤ = 1). 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʣʷ ʜʨʫʛʦʾ ʽ ʪʨʝʪʴʦʾ ʨʦʟʛʣʷʥʫʪʠʭ ʟʦʥ ʧʦʨʰʥʷ ʧʦʚʟʫʯʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʻ ʥʝʧʨʠʧʫʩʪʠʤʦʶ. ʊʦʤʫ ʜʣʷ ʮʠʭ ʟʦʥ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʢʨʠʪʝʨʽʶ (1) ʥʘʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʡ ʢʨʠʪʝʨʽʡ,  
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,                                                          (4) 

 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʙʝʟ ʥʘʷʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʚʟʫʯʦʩʪʽ. 

ʊʦʙʪʦ ʨʽʚʥʽ ʪʝʤʧʝʨʘʪʫʨ ʽ ʥʘʧʨʫʞʝʥʴ ʚ ʦʟʥʘʯʝʥʠʭ ʟʦʥʘʭ ʥʝ ʧʦʚʠʥʥʽ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʨ̔ʛ ʧʦʚʟʫʯʦʩʪʽ. 

ɿʘʟʚʠʯʘʡ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʚʥʘʩʣʽʜʦʢ 

ʤʘʣʦʩʪʽ ʚ ʯʘʩʽ ʩʪʘʜʽʾ ʟʤʽʮʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʦʨʽʛ ʧʦʚʟʫʯʦʩʪʽ ʚʩʪʘʥʦʚʣʶʶʪʴ ʟʘ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʨʫʛʦʾ ʩʪʘʜʽʾ, ʪʦʙʪʦ ʚʞʝ ʟʤʽʮʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʧʨʠʢʣʘʜ, ʥʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʮʥʝʥʥʷ ʧʦʨʰʥʝʚʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 10 

ï 20 ʛʦʜʠʥ ʪʝʨʤʦʥʘʚʘʥʪʘʞʝʥʥʷ [2]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʨʠ ʧʨʦʬʽʣʶʚʘʥʥʽ ʙʽʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʧʦʨʰʥʷ, ʧʨʠʟʥʘʯʝʥʥʽ ʟʘʟʦʨʫ ʤʽʞ ʧʦʨʰʥʝʤ ʪʘ ʮʠʣʽʥʜʨʦʤ ɼɺɿ, ʘ ʪʘʢʦʞ 

ʤ̔ ʞ ʧʦʨʰʥʝʚʠʤ ʢʽʣʴʮʝʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦʶ ʢʘʥʘʚʢʦʶ ʧʦʨʰʥʷ ʤʦʞʣʠʚʫ ʧʦʚʟʫʯʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ. ʉʘʤʝ ʪʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ 

ʨʦʙʦʪʠ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ ʧʦʨʰʥʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʘʥʽ ʱʦʜʦ ʧʦʨʦʛʫ ʧʦʚʟʫʯʦʩʪʽ 

ʥʝʟʤʽʮʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʇʦʨʽʛ ʧʦʚʟʫʯʦʩʪʽ ʧʝʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ ʨʽʚʥʷʥʴ (2),(3) ʥʘ ʦʩʥʦʚʽ 

ʨʦʟʨʘʭʫʥʢʫ ʨʝʣʘʢʩʘʮʽʾ ʥʘʧʨʫʞʝʥʴ ȹů ʧʨʠ ʜʘʥʦʤʫ ʥʘʯʘʣʴʥʦʤʫ ʥʘʧʨʫʞʝʥʥʽ ů ʚ 

ʫʤʦʚʘʭ ʜʽʾ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʣʷ ʢʽʣʴʢʦʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ Ű [1]. ʅʘʤʠ ʚʠʢʦʥʘʥʦ 

ʚʜ̔ʧʦʚʽʜʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʠ ʚʨʘʭʫʚʘʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʝʟʤʽʮʥʝʥʦʛʦ ʪʘ ʟʤʽʮʥʝʥʦʛʦ ʚʥʘʩʣʽʜʦʢ ʧʦʚʟʫʯʦʩʪʽ ʧʦʨʰʥʝʚʦʛʦ 

ʘʣʶʤʠʥʽʻʚʦʛʦ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ. ɼʣʷ ʥʝʟʤʽʮʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘ 

ʨʦʟʨʘʭʫʥʢʦʚʽ ʽʥʪʝʨʚʘʣʠ ʙʫʣʦ ʦʙʨʘʥʦ 1, 5 ʪʘ 10 ʛʦʜʠʥ. ɼʣʷ ʟʤʽʮʥʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʽʥʪʝʨʚʘʣʠ ʯʘʩʫ ʤʦʞʥʘ ʦʙʨʘʪʠ ʟ ʜʽʘʧʘʟʦʥʫ 50ï1000 ʛʦʜʠʥ. ʂʦʝʬʽʮʽʻʥʪʠ 

ʧʦʚʟʫʯʦʩʪʽ ʨʽʚʥʷʥʴ (2),(3) ʚʠʢʦʨʠʩʪʘʥʦ ʟ ʨʦʙʦʪʠ [1]. ʊʠʧʦʚʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʽʚʥʷ ʜʽʶʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʽ ʥʘ ʨʠʩ. 2. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʊʠʧʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ ʧʦʚʟʫʯʦʩʪʽ ʜʣʷ ʫʤʦʚ 

ʥʝʟʤʽʮʥʝʥʦʛʦ ʪʘ ʟʤʽʮʥʝʥʦʛʦ ʧʦʨʰʥʝʚʦʛʦ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʦ ʧʦʨʦʛʠ ʧʦʚʟʫʯʦʩʪʽ ʟʤʽʮʥʝʥʦʛʦ ʪʘ 

ʥʝʟʤʽʮʥʝʥʦʛʦ ʩʧʣʘʚʫ ɸʂ12ʄ2ʄʛʅ, ʷʢʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʦʨʰʥʽʚ ʬʦʨʩʦʚʘʥʠʭ ʜʚʠʛʫʥʽʚ. ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʨʦʟʰʠʨʝʥʦ 

ʪʝʦʨʝʪʠʯʥʽ ʫʷʚʣʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʧʦʚʟʫʯʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʦʨʰʥʽʚ ʧʨʠ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʾʭ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʛʨʝʩʠʚʥʽʡ ʢʦʥʮʝʧʮʽʾ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʪʝʧʣʦʥʘʧʨʫʞʝʥʠʭ ʜʝʪʘʣʝʡ ɼɺɿ ʥʘ ʤʝʞʽ ʤ̔ʮʥʦʩʪʽ ʟʘ ʫʤʦʚ 

ʜʦʪʨʠʤʘʥʥʷ ʢʦʥʮʝʧʮʽʾ ʛʘʨʘʥʪʦʚʘʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʧʽʜ ʯʘʩ 

ʧʨʦʝʢʪʫʚʘʥʥʷ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʩʣʽʜ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʟʫʯʦʩʪʽ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʝʪʘʣʝʡ ʢʘʤʝʨʠ 

ʟʛʦʨʷʥʥʷ ɼɺɿ.   

ʃʽʪʝʨʘʪʫʨʘ 
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ʄʘʛʘʮ ʄ.ɯ., ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʃʴʚʽʚʩʴʢʠʡ 

ɻʦʰʢʦ ɿ.ʆ., ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʃʴʚʽʚʩʴʢʠʡ 

ɺʘʛʫʣʘ ʖ.ɯ., ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ʋʞʚʘ ɸ.ɺ., ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 
ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʔ ʄʆɼɽʈʅɯɿʆɺɸʅʆɰ ɺʇʋʉʂʅʆɰ ʉʀʉʊɽʄʀ 

ɹɽʅɿʀʅʆɺʆɻʆ ɼɺʀɻʋʅɸ 

 

ɿʘ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʚ ʋʢʨʘʾʥʽ ʨʽʟʢʦ ʚʽʜʯʫʪʥʝ ʟʥʠʞʝʥʥʷ ʪʝʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʦʩʦʙʣʠʚʦ ʫ  ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ. ɺ̔ ʜʧʦʚʽʜʥʦ, ʮʝ 

ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʥʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ 

(ʟʘʪʨʫʜʥʝʥʠʡ ʟʘʧʫʩʢ ʪʘ ʪʨʠʚʘʣʝ ʧʨʦʛʨʽʚʘʥʥʷ) [1-6], ʪʘʢ, ʷʢ ʣʝʚʦʚʘ ʯʘʩʪʢʘ 

ʘʚʪʦʤʦʙʽʣʽʚ ʧʨʠʚʘʪʥʦʛʦ ʩʝʢʪʦʨʫ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʚʽʜʢʨʠʪʠʭ ʤʘʡʜʘʥʯʠʢʘʭ ʽ 

ʧʽʜʜʘʶʪʴʩʷ ʨʽʟʢʠʤ ʪʝʤʧʨʘʪʫʨʥʠʤ ʽ ʚʦʣʦʛʠʤ ʟʤʽʥʘʤ. 

ɯ ʪʦʤʫ, ʜʣʷ ʯʘʩʪʢʦʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ, ʥʘʰʘ ʫʚʘʛʘ ʙʫʣʘ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʦʚʽʪʨʷʥʠʭ ʤʘʛʽʩʪʨʘʣʷʭ ʚʧʫʩʢʥʦʾ ʩʠʩʠʪʝʤʠ ʙʝʥʟʠʥʦʚʦʛʦ 

ʜʚʠʛʫʥʘ.  

ʄʝʪʘ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ: ʧʦʢʨʘʱʝʥʥʷ ʧʫʩʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʨʦʛʨʽʚʘʥʥʷ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʧʦʥʠʞʝʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɼʣʷ ʮʴʦʛʦ, ʥʝʦʙʭʽʜʥʦ: ʤʦʜʝʨʥʽʟʫʚʘʪʠ 

ʚʧʫʩʢʥʫ ʩʠʩʪʝʤʫ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʪʘ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ ʧʨʠʛʦʪʫʚʘʥʥʷ 

ʨʦʙʦʯʦʾ ʩʫʤʽʰʽ, ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʧʨʦʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʘ ʪʘ ʚʠʪʨʘʪ 

ʧʘʣʠʚʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚʧʫʩʢʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʟʘʨʷʜʫ. 

ʅʘʤʠ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ, ʱʦʜʦ ʦʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʜʣʷ ʧʽʜʽʛʨʽʚʫ 

ʧʦʚʽʪʨʷ ʥʘ ʚʧʫʩʢʫ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ. ʎʝ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʫ ʚʧʫʩʢʥʫ ʧʦʚʽʪʨʷʥʫ 
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ʤʘʛʽʩʪʨʘʣʴ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʜʚʠʛʫʥʘ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʝʥʥʷʤ ʨʦʟʞʘʨʶʚʘʣʴʥʦʾ 

ʩʧʽʨʘʣʽ, ʷʢʘ ʙʫʜʝ ʦʪʨʠʤʫʚʘʪʠ ʞʠʚʣʝʥʥʷ ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʥʦʾ ʙʘʪʘʨʝʾ. ʊʘʢʘ 

ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ, ʥʝ ʚʠʤʘʛʘʻ ʚʝʣʠʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʽ ʟʥʘʯʥʠʭ 

ʬʽʥʘʥʩʦʚʠʭ ʢʘʧʽʪʘʣʦʚʢʣʘʜʝʥʴ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʧʪʠʤʘʣʴʥʝ ʨʦʟʽʛʨʽʚʘʥʥʷ ʜʚʠʛʫʥʽʚ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ (ʪʦʙʪʦ ʨʦʟʽʛʨʽʚʘʥʥʷ ʦʭʦʣʦʜʥʦʾ ʨʽʜʠʥʠ ʽ ʦʣʠʚʠ ʚ ʩʠʩʪʝʤʽ ʤʘʱʝʥʥʷ 

ʜʚʠʛʫʥʘ) ʥʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʨʝʞʠʤʫ, ʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʥʘʜʽʡʥʠʡ ʧʫʩʢ. 

ʅʘ ʨʠʩ.1 ʟʦʙʨʘʞʝʥʦ ʩʭʝʤʫ ʧʽʜʢʣʶʯʝʥʥʷ ʧʽʜʽʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ 

ʝʣʝʢʪʨʦʤʝʨʝʞʫ ʘʚʪʦʤʦʙʽʣʷ. 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʧʽʜʢʣʶʯʝʥʥʷ ʧʽʜʽʛʨʽʚʘʣʴʥʦʛʦ ʝʣʝʤʝʥʪʫ ʫ ʚʧʫʩʢʥʽʡ ʤʘʛʽʩʪʨʘʣʽ 

ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ: 1- ʘʢʫʤʫʣʷʪʦʨʥʘ ʙʘʪʘʨʝʷ 6ʉʊ60; 2- ʚʤʠʢʘʯ; 3- ʨʝʣʝ ʚʤʠʢʘʥʥʷ; 

4 ï ʟʘʧʦʙʽʞʥʠʢ; 5 ï ʧʽʜʽʛʨʽʚʘʣʴʥʘ ʩʧʽʨʘʣʴ; 6 ï ʢʦʥʪʨʦʣʴʥʘ ʣʘʤʧʘ; 7 ï 

ʪʝʨʤʦʚʠʤʠʢʘʯ (ʚʠʤʠʢʘʻʪʴʩʷ ʟʘ +90Áʉ). 

ɿʘ ʚʽʜʦʤʦʶ ʤʝʪʦʜʠʢʦʶ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ 

ʤʦʜʝʨʥʽʟʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ, ʦʪʨʠʤʘʥʦ ʥʘʩʪʫʧʥʽ ʜʽʘʛʨʘʤʠ, ʨʠʩ. 2. 

 
ʈʠʩ. 2 ʊʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʜʚʠʛʫʥʘ 

ɿʘ ʜʽʘʛʨʘʤʘʤʠ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʚʩʪʘʥʦʚʠʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʪʘ ʟʘ 

ʭʦʣʦʜʥʦʛʦ ʧʦʚʽʪʨʷ ʩʪʘʥʦʚʠʪʴ 20,2%, ʘ ʟʘ ʧʽʜʽʛʨʽʪʦʛʦ ʟʨʦʩʣʘ ʜʦ 29,9%.  

ɼʘʥʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʝʬʝʢʪʠʚʥʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʦʪʠ ʟʙʽʣʴʰʠʣʘʩʴ ʟʘ 

ʨʘʭʫʥʦʢ ʧʽʜʽʛʨʽʪʦʛʦ ʧʦʚʽʪʨʷ ʫ ʚʧʫʩʢʥʦʤʫ ʢʦʣʝʢʪʦʨʽ. 

ɿʘ ʤʝʪʦʜʠʢʦʶ ʩʪʝʥʜʦʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʟ ʫʜʦʩʢʦʥʘʣʝʥʦʶ 

ʩʠʩʪʝʤʦʶ ʞʠʚʣʝʥʥʷ, ʦʪʨʠʤʘʣʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʝʡ, ʨʠʩ. 3 

 
ʈʠʩ. 3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʥʘ ʧʦʯʘʪʢʫ ʧʫʩʢʫ ʽ ʧʨʦʛʨʽʚʘʥʥʷ 

ʜʚʠʛʫʥʘ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ 

ɯʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʘʚʪʦʤʦʙʽʣʷ ʩʣʽʜ ʧʦʯʠʥʘʪʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʽʜ +40Áʉ. 

ɺʽʜʧʦʚʽʜʥʦ ʟʘ -15Áʉ, ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ ʟʙʽʣʴʰʠʣʘʩʴ ʜʦ 25,5 ʩʤ3, ʧʦʨʽʚʥʷʥʦ ʟʘ 
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ʪʝʤʧʝʨʘʪʫʨʠ +40Áʉ ï 8,5 ʩʤ3 ʥʘ ʧʨʦʪʷʟʽ 60ʩ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʭʦʣʦʜʥʦʛʦ ʜʚʠʛʫʥʘ (ʧʨʦʪʷʛʦʤ 300 ʩ), 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ (ʟ ʙʘʟʦʚʦʶ ʚʧʫʩʢʥʦʶ ʩʠʩʪʝʤʦʶ) ʧʽʜʥʷʣʘʩʷ ʜʦ 

14Üʉ, ʘ ʽʟ ʤʦʜʝʨʥʽʟʦʚʘʥʦʶ - ʙʣʠʟʴʢʦ 42Üʉ (ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ), ʨʠʩ. 4 

ʘ)   ʙ) 

ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧôʶʪʝʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʜʚʠʛʫʥʘ ʫ ʧʨʦʮʝʩʽ ʡʦʛʦ 

ʧʨʦʛʨʽʚʘʥʥʷ: 

ʘ) ʩʢʘʥʦʚʘʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʙʝʟ ʧʽʜʽʛʨʽʚʘʣʴʥʦʛʦ 

ʧʨʠʩʪʨʦʶ; 

ʙ) ʧʦʢʘʟʠ ʟ ʫʚʽʤʢʥʝʥʠʤ ʧʽʜʽʛʨʽʚʘʣʴʥʠʤ ʝʣʝʤʝʥʪʦʤ. 

 

ɺʠʩʥʦʚʢʠ 

 

ɿʘ ʧʦʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʯʘʩʪʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʘʪʨʫʜʥʝʥʽʩʪʴ ʟʘʧʫʩʢʫ ʪʘ ʟʥʘʯʥʦ ʟʨʦʩʪʘʶʪʴ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʙʝʥʟʠʥʦʚʠʭ ʜʚʠʛʫʥʽʚ. 

ʊʦʤʫ, ʣʝʚʦʚʘ ʯʘʩʪʢʘ ʥʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʜʚʠʛʫʥʽʚ ʧʨʠʧʘʜʘʻ ʥʘ ʜʘʥʠʡ 

ʧʨʦʮʝʩ ʨʦʙʦʪʠ. 

ɼʘʥʘ ʤʦʜʝʨʥʽʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʦʚʥʝ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ, ʱʦ 

ʚʽʜʧʦʚʽʜʥʦ ʩʧʨʠʷʻ ʧʦʣʝʛʰʝʥʦʤʫ ʟʘʧʫʩʢʫ ʽ ʟʤʝʥʰʝʥʥʶ ʚʠʪʨʘʪ ʧʘʣʠʚʘ. 

ʇʨʦʚʝʜʝʥʠʡ ʪʝʧʣʦʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʧʨʦʮʝʩʽ 

ʡʦʛʦ ʨʦʙʦʪʠ (ʟʘ ʧʦʥʠʞʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨ), ʝʬʝʢʪʠʚʥʘ ʪʝʧʣʦʪʘ ʟʨʦʩʣʘ ʟ 20,2% ʜʦ 

29,9%. 

ɿʛʽʜʥʦ ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ (- 15Áʉ) ʟʤʝʥʰʫʻʪʴʩʷ ʫ ʜʚʘ ʨʘʟʠ.  
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ʈɽʊʈʆʉʇɽʂʊʀɺʅʀʁ ʆɻʃʗɼ ɯ ɸʅɸʃɯɿ ʄʆɾʃʀɺʀʍ  

ʐʃʗʍɯɺ ʈʆɿɺʀʊʂʋ ʇʆʈʐʅɽɺʀʍ ɼɺɿ 

 

ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ, ʚʠʩʦʢʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʨʦʙʣʷʪʴ ʧʦʨʰʥʝʚʽ ɼɺɿ ʥʝʟʘʤʽʥʥʠʤʠ ʚ ʷʢʦʩʪʽ ʧʨʠʚʦʜʥʠʭ ʤʝʭʘʥʽʟʤʽʚ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʝʜʦʣʽʢʘʤʠ ɼɺɿ ʻ ʦʙʤʝʞʝʥʥʷ 

ʨʦʙʦʯʠʭ ʦʙʝʨʪʽʚ ʯʝʨʝʟ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽ ʾ ʤʘʩ ʜʝʪʘʣʝʡ ʢʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʦʙʤʝʞʝʥʥʷ ʘʛʨʝʛʘʪʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʛʘʟʦʪʫʨʙʽʥʥʠʤʠ ʽ ʧʘʨʦʪʫʨʙʽʥʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ.  

ʅʘʡʚʠʱʽ ʝʬʝʢʪʠʚʥʽ ʧʦʢʘʟʥʠʢʠ ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʪʝʧʣʦʪʠ ʧʘʣʠʚʘ, ʱʦ 

ʩʧʘʣʶʻʪʴʩʷ ʚ ɼɺɿ, ʧʨʠʚʝʣʠ ʜʦ ʪʦʛʦ, ʱʦ ʧʨʠʥʘʡʤʥʽ 90% ʟʝʤʥʦʾ ʤʦʪʦʨʥʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʩʢʣʘʜʘʶʪʴ ʧʦʨʰʥʝʚʽ ʜʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ. ʇʨʦʩʪʦʪʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚ ʨʦʙʦʪʽ, ʚʠʩʦʢʘ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʧʦ ʧʠʪʦʤʽʡ ʚʠʪʨʘʪʽ 

ʧʘʣʠʚʘ, ʚʠʢʣʶʯʥʦ ʚʠʩʦʢʘ ʛʥʫʯʢʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ, ʧʦʩʪʽʡʥʘ ʛʦʪʦʚʥʽʩʪʴ ʜʦ ʜʽʾ 

ʨʦʙʣʷʪʴ ʧʦʨʰʥʝʚʽ ɼɺɿ ʥʝʟʘʤʽʥʥʠʤʠ ʚ ʷʢʦʩʪʽ ʧʨʠʚʦʜʥʠʭ ʘʛʨʝʛʘʪʽʚ ʧʝʨʝʚʘʞʥʦʾ 

ʙʽʣʴʰʦʩʪʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʫʩʪʘʥʦʚʦʢ. 

ʂʨʽʤ ʦʯʝʚʠʜʥʠʭ ʧʝʨʝʚʘʛ, ʧʦʨʰʥʝʚʽ ɼɺʉ ʚʦʣʦʜʽʶʪʴ ʽ ʥʝʜʦʣʽʢʘʤʠ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʦʙʣʘʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɼʦ ʥʠʭ ʥʘʣʝʞʘʪʴ ʪʘʢʽ: 

ʥʘʷʚʥʽʩʪʴ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʽ ʟʚʦʨʦʪʥʦ-ʭʠʪʘʣʴʥʦʛʦ ʨʫʭʫ ʯʘʩʪʠʥ 

ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʱʦ ʻ ʧʨʠʯʠʥʦʶ ʚʠʥʠʢʥʝʥʥʷ ʩʠʣ ʽʥʝʨʮʽʾ, 

ʧʨʦʧʦʨʮʽʡʥʠʭ ʢʚʘʜʨʘʪʫ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʨʦʙʦʯʽ ʯʠʩʣʘ ʦʙʝʨʪʽʚ ʦʙʤʝʞʝʥʽ; 

ʚʝʣʠʢʽ ʧʠʪʦʤʽ ʤʘʩʠ ʜʚʠʛʫʥʽʚ, ʟʙʽʣʴʰʫʶʪʴʩʷ ʚ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʯʠʩʣʘ 

ʦʙʝʨʪʽʚ, ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʚʝʣʠʢʽ ʘʙʩʦʣʶʪʥʽ ʤʘʩʠ ʜʝʪʘʣʝʡ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ; 
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ʦʙʤʝʞʝʥʽ ʧʦʪʫʞʥʦʩʪʽ ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʽʚ ʽ, ʦʪʞʝ, ʘʛʨʝʛʘʪʥʽ ʧʦʪʫʞʥʦʩʪʽ 

ʜʚʠʛʫʥʽʚ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʘʟʦʪʫʨʙʽʥʥʠʤʠ ʽ ʧʘʨʦʪʫʨʙʽʥʥʠʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. 

ʉʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ɼɺɿ ʻ ʦʜʥʠʤʠ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʧʦʚʽʪʨʷ ʪʘ ʛʦʣʦʚʥʠʭ ʜʞʝʨʝʣ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ 

ʰʣʷʭʦʤ ʚʠʢʠʜʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʪʦʢʩʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ (ʦʢʠʩʫ 

ʚʫʛʣʝʮʶ - ʉʆ, ʦʢʩʠʜʽʚ ʘʟʦʪʫ - NOx, ʚʫʛʣʝʚʦʜʥʽʚ - ʉʅ, ʦʢʩʠʜʽʚ ʩʽʨʢʠ - SO, ʩʘʞʽ ʽ 

ʽʥ.), ʘ ʪʘʢʦʞ ʥʘʜʣʠʰʢʦʚʦʾ ʪʝʧʣʦʪʠ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʩʚʦʛʦ ʚʠʨʽʰʝʥʥʷ ʜʣʷ ʧʦʣʽʧʰʝʥʥ ̫

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ɼɺɿ, ʻ ʥʘʩʪʫʧʥʠʤʠ: 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʢʦʨʠʩʥʦ ʚʠʢʦʨʠʩʪʘʥʦʾ ʪʝʧʣʦʪʠ ʽʟ ʟʘʛʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʤʽʩʪʠʪʴʩʷ ʚ ʧʘʣʠʚʽ; 

ʨʦʟʰʠʨʝʥʥʷ ʥʦʤʝʥʢʣʘʪʫʨʠ ʨʽʜʢʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ (ʦʜʝʨʞʫʚʘʥʠʭ ʟ ʥʘʬʪʠ ʽ 

ʩʠʥʪʝʪʠʯʥʠʭ) ʧʘʣʠʚ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʩʫʜʥʦʚʠʭ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʽ 

ʩʪʘʮʽʦʥʘʨʥʠʭ ʤʦʪʦʨʥʠʭ ʫʩʪʘʥʦʚʢʘʭ, ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʧʘʣʠʚ 

ʨʦʩʣʠʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʚʦʜʥʶ ʽ ʚʦʜʥʝʚʦʚʤʽʩʪʥʠʭ ʩʫʤʽʰʝʡ; 

ʨʦʟʰʠʨʝʥʥʷ ʦʙʣʘʩʪʽ ʪʘ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʟʦʧʦʜʽʙʥʠʭ ʧʘʣʠʚ; 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ, ʷʢʫ ʟʜʽʡʩʥʶʶʪʴ ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʟʘ ʧʝʨʽʦʜ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʮʠʢʣʫ; 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʝʥʝʨʛʽʾ ʧʨʠ ʧʝʨʝʪʚʦʨʝʥʥʽ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʧʦʨʰʥʝʚʦʾ 

ʛʨʫʧʠ ʚ ʦʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʟ ʚʽʜʙʦʨʦʤ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʧʦʜʦʣʘʥʥʷ ʚʩʽʭ ʚʠʜʽʚ ʩʠʣ ʪʝʨʪʷ ʚ ʩʢʣʘʜʥʽʡ 

ʪʝʭʥʽʯʥʽʡ ʩʠʩʪʝʤʽ, ʷʢʦʶ ʻ ɼɺɿ; ʚʠʨʦʙʣʝʥʥʷ ʧʘʨʠʪʝʪʫ ʤʽʞ ʨʽʚʥʝʤ ʚʠʪʨʘʪ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʦ ʜʚʠʛʫʥʘ ʽ ʥʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ; 

ʟʥʘʯʥʝ ʩʢʦʨʦʯʝʥʥʷ ʪʝʧʣʦʚʠʭ ʽ ʪʦʢʩʠʯʥʠʭ ʚʠʢʠʜʽʚ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. 

ʇʨʦʙʣʝʤʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʧʦʨʰʥʝʚʠʭ ɼɺʉ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʣʷ 

ʚʯʝʥʠʭ ʽ ʬʘʭʽʚʮʽʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʰʣʷʭʠ ʧʦ 

ʩʪʚʦʨʝʥʥʶ ʨʽʟʥʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʘʛʨʝʛʘʪʽʚ ʪʫʨʙʦʢʦʤʧʘʫʥʜʥʦʛʦ ʪʠʧʫ, ʩʠʩʪʝʤ, ʱʦ 

ʧʨʘʮʶʶʪʴ ʩʧʽʣʴʥʦ ʟ ʙʝʟʤʦʪʦʨʥʠʭ ʢʦʤʧʣʝʢʩʘʤʠ (ʧʘʣʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ, 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ), ʩʠʩʪʝʤ ʘʛʨʝʛʘʪʦʚʘʥʠʭ ʟ ʜʚʠʛʫʥʘʤʠ ʉʪʽʨʣʽʥʛʘ, 

ʟ ʯʘʩʪʢʦʚʦ ʘʙʦ ʧʦʚʥʽʩʪʶ ʟʘʤʢʥʫʪʠʤ ʮʠʢʣʦʤ ʛʘʟʦʦʙʤʽʥʫ ʽ ʽʥʰʽ. ɯ ʮʝ ʜʘʻ ʥʘʜʽʶ ʥʘ 

ʪʝ, ʱʦ ʧʨʦʙʣʝʤʘ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʰʥʝʚʠʭ ɼɺʉ ʟʥʘʡʜʝ ʩʚʦʻ 

ʚʠʨʽʰʝʥʥʷ ʚ ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʥʦʾ ʮʠʚʽʣʽʟʘʮʽʾ. 
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ʅʝʩʪʝʨʝʥʢʦ ɺʽʢʪʦʨʽʷ ɺʘʣʝʥʪʠʥʽʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

ɺʽʣʴʭʦʚʝʮʴʢʠʡ ɸʥʜʨʽʡ ʈʫʩʣʘʥʦʚʠʯ, ʤʘʛʽʩʪʨʘʥʪ, ʇʝʨʚʦʤʘʡʩʴʢʘ ʬʽʣʽʷ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ 

 

ɸʅɸʃɯɿ ɯʅɼʀʂɸʊʆʈʅʀʍ ʊɸ ɽʌɽʂʊʀɺʅʀʍ ʇʆʂɸɿʅʀʂɯɺ ɼɺʀɻʋʅɸ 

6ʏʅ 26/34 ɼʃʗ ʈʆɹʆʊʀ ɿɸ ɻɸɿʆɼʀɿɽʃʔʅʀʄ ʎʀʂʃʆʄ 

 

ʇʨʦʙʣʝʤʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʛʘʟʽʚ ʚ ʷʢʦʩʪʽ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ ʜʚʠʛʫʥʽʚ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʫʩʪʘʥʦʚʦʢ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʙʘʛʘʪʦʛʨʘʥʥʘ. ɺʦʥʘ ʚʠʭʦʜʠʪʴ ʟʘ ʨʘʤʢʠ ʷʢʦʾ-ʥʝʙʫʜʴ ʦʜʥʽʻʾ ʛʘʣʫʟʽ - ʪʨʘʥʩʧʦʨʪʫ, 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʥʘʬʪʦʚʦʾ ʘʙʦ ʛʘʟʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʇʝʨʝʚʽʜ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʽ, ʧʝʨʰ ʟʘ ʚʩʝ, ʜʚʠʛʫʥʽʚ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʘ ʛʘʟ, ʜʦʟʚʦʣʷʻ ʦʜʥʦʯʘʩʥʦ ʚʠʨʽʰʫʚʘʪʠ ʨʷʜ 

ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʟʘʜʘʯ:  

- ʟʥʠʞʝʥʥʷ ʰʢʽʜʣʠʚʦʾ ʜʽʾ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʥʘ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ; 

- ʚʠʚʽʣʴʥʝʥʥʷ ʟʥʘʯʥʦʾ ʯʘʩʪʠʥʠ ʪʨʘʜʠʮʽʡʥʠʭ ʚʠʜʽʚ ʤʦʪʦʨʥʦʛʦ ʧʘʣʠʚʘ ʜʣʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʚ ʪʠʭ ʦʙʣʘʩʪʷʭ, ʜʝ ʾʤ ʥʝʤʘʻ ʘʣʴʪʝʨʥʘʪʠʚʠ; 

- ʟʘʦʱʘʜʞʝʥʥʷ ʚʠʢʦʧʥʠʭ ʽ ʥʝ ʧʦʥʦʚʣʶʚʘʣʴʥʠʭ ʧʨʠʨʦʜʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ.   

ʈʽʰʝʥʥʷ ʮʠʭ ʟʘʜʘʯ ʩʪʘʻ ʜʣʷ ʋʢʨʘʾʥʠ  ̔ʚʩʴʦʛʦ ʩʚʽʪʫ ʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʠʤ. 

ʇʝʨʝʭʽʜ ʜʦ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʯʝʨʝʟ ʨʦʟʰʠʨʝʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʥʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ. ʆʜʥʠʤ ʟ ʛʦʣʦʚʥʠʭ ʨʫʰʽʡʥʠʭ ʤʦʪʠʚʽʚ 

ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʛʦʩʧʦʜʘʨʩʴʢʽʡ ʜʽʷʣʴʥʦʩʪʽ ʣʶʜʠʥʠ ʩʪʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʚʠʜʘʤʠ 

ʚʠʢʦʧʥʦʛʦ ʧʘʣʠʚʘ, ʧʨʠʨʦʜʥʠʡ ʛʘʟ ʤʘʻ ʥʝʟʘʧʝʨʝʯʥʽ ʝʢʦʣʦʛʽʯʥʽ ʧʝʨʝʚʘʛʠ. ʋ 

ʙʽʣʴʰʦʩʪʽ ʟʘʨʫʙʽʞʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʨʦʙʠʪʴʩʷ ʚʠʩʥʦʚʦʢ ʧʨʦ ʪʝ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʚ ʜʚʠʛʫʥʘʭ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʧʘʨʥʠʢʦʚʽ ʚʠʢʠʜʠ ʥʘ 20%. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʧʠʪʘʥʥʷʤ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʛʘʟʫ ʻ ʨʘʮʽʦʥʘʣʴʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʜʚʠʛʫʥʘ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʠʟʝʣʷ, ʱʦ ʨʦʟʨʘʭʦʚʘʥʘ ʥʘ 

ʚʠʩʦʢʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʪʠʩʢʠ, ʤʦʞʝ ʙʫʪʠ ʟ ʫʩʧʽʭʦʤ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʦʛʦ ʛʘʟʦʚʦʛʦ ʜʚʠʛʫʥʘ. ʅʘ ʩʴʦʛʦʜʥʽ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ 

ʦʪʨʠʤʘʣʠ ʜʚʘ ʩʧʦʩʦʙʠ ʧʝʨʝʦʙʣʘʜʥʘʥʥʷ ʜʠʟʝʣʽʚ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ:  

1. ʇʝʨʝʦʙʣʘʜʥʘʥʥʷ ʜʠʟʝʣʽʚ ʚ çʯʠʩʪʦè ʛʘʟʦʚʽ ʜʚʠʛʫʥʠ ʟ ʽʩʢʨʦʚʠʤ 

ʟʘʧʘʣʝʥʥʷʤ. 

2. ʇʝʨʝʦʙʣʘʜʥʘʥʥʷ ʜʠʟʝʣʽʚ ʜʣʷ ʨʦʙʦʪʠ ʧʦ ʛʘʟʦʜʠʟʝʣʴʥʦʤʫ ʮʠʢʣʫ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʘʥʘʣʽʟ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 6ʏʅ26/34 ʜʣʷ ʨʦʙʦʪʠ ʟʘ ʛʘʟʦʜʠʟʝʣʴʥʠʤ ʮʠʢʣʦʤ.  

ɻʘʟʦʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʷʢ ʧʦ ʜʠʟʝʣʴʥʦʤʫ, ʪʘʢ ʽ ʧʦ ʛʘʟʦʜʠʟʝʣʴʥʦʤʫ 

ʮʠʢʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʙʽʡʥʝ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ - ʫ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ 

ʛʘʟʫ ʚʽʥ ʧʨʘʮʶʻ ʟʘ ʜʠʟʝʣʴʥʠʤ ʮʠʢʣʦʤ. ʆʩʦʙʣʠʚʽʩʪʶ ʛʘʟʦʜʠʟʝʣʴʥʦʛʦ ʮʠʢʣʫ ʻ ʪʝ, 

ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ ʛʘʟʫ ʚʠʱʘ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʩʘʤʦʟʘʧʘʣʶʚʘʥʥʷ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ, ʪʦ ʜʣʷ ʾʾ ʥʘʜʽʡʥʦʛʦ ʟʘʧʘʣʶʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʚʧʦʨʩʢʫʚʘʪʠ ʚ 

ʮʠʣʽʥʜʨʠ ʛʘʟʦʜʠʟʝʣʷ ʪʘʢ ʟʚʘʥʫ çʟʘʧʘʣʴʥʫ ʜʦʟʫè ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʉʫʪʪʻʚʠʡ 
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ʚʧʣʠʚ ʥʘ ʝʥʝʨʛʝʪʠʯʥʽ ʡ ʝʢʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʛʘʟʦʜʠʟʝʣʷ ʤʘʻ ʚʝʣʠʯʠʥʘ 

ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ. ɼʣʷ ʚʠʙʦʨʫ ʾʾ ʦʧʪʠʤʘʣʴʥʦʾ ʚʝʣʠʯʠʥʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʝʢʽʣʴʢʘ 

ʨʦʟʨʘʭʫʥʢʽʚ ʜʚʠʛʫʥʘ-ʧʨʦʪʦʪʠʧʫ 6ʏʅ26/34 ʪʘ ʛʘʟʦʜʠʟʝʣʴʥʦʛʦ ʜʚʠʛʫʥʘ 

6ɻɼʏʅ26/34. ɹʫʣʦ ʚʠʢʦʥʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ, 

ʨʦʟʨʘʭʦʚʘʥʽ ʜʽʡʩʥʘ ʪʘ ʪʝʦʨʝʪʠʯʥʘ ʽʥʜʠʢʘʪʦʨʥʽ ʜʽʘʛʨʘʤʠ.  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʢʣʘʩʠʯʥʫ ʤʝʪʦʜʠʢʫ ʪʝʧʣʦʚʦʛʦ 

ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʨʦʟʨʦʙʣʝʥʘ ɺ. ɯ. ɻʨʽʥʝʚʝʮʴʢʠʤ ʽ ʜʘʣʽ ʚʜʦʩʢʦʥʘʣʝʥʘ ɭ. ʂ. 

ʄʘʟʽʥʛʦʤ. ʄʝʪʦʜ ʪʝʧʣʦʚʦʛʦ ʨʦʟʨʘʭʫʥʢʫ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʘʛʘʣʴʥʦ ʚʽʜʦʤʠʭ 

ʧʦʣʦʞʝʥʥʷʭ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʪʘ ʪʝʨʤʦʭʽʤʽʾ, ʜʦʩʠʪʴ ʧʦʚʥʦ ʦʭʦʧʣʶʻ ʩʫʪʥʽʩʪʴ 

ʪʝʧʣʦʚʠʭ ʷʚʠʱ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʨʦʙʦʯʦʤʫ ʮʠʣʽʥʜʨʽ, ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʽʥʞʝʥʝʨʥʝ ʘʥʘʣʽʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʟʘʜʦʚʽʣʴʥʫ ʜʣʷ 

ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ, ʥʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʪʝ, ʱʦ ʮʠʢʣ, ʷʢʠʡ ʧʨʦʭʦʜʠʪʴ ʚ 

ʜʚʠʛʫʥʽ ʦʧʠʩʫʻʪʴʩʷ ʥʘʡʧʨʦʩʪʽʰʠʤʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʽ ʚʚʦʜʠʪʴʩʷ 

ʨʷʜ ʜʦʩʣʽʜʥʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ, ʷʢʽ ʦʮʽʥʶʶʪʴ ʨʝʘʣʴʥʽ ʫʤʦʚʠ ʧʨʦʪʽʢʘʥʥʷ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʜʚʠʛʫʥʽ. 

ɸʥʘʣʽʟ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ ʪʘ 

ʜʚʠʛʫʥʘ-ʧʨʦʪʦʪʠʧʫ ʥʘʚʝʜʝʥʦ ʥʘ ʜʽʘʛʨʘʤʘʭ (ʈʠʩ. 1 ï5). 

ɿʘʣʝʞʥʽʩʪʴ ʽʥʜʠʢʘʪʦʨʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʛʘʟʦʜʠʟʝʣʷ 6ɻɼʏʅ 26/34 ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

0,4467ŭ0,0095ɖ ei +Ö= , 

ʜʝ ɖi ï ʽʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʮʠʢʣʫ; ŭe ï ʟʘʧʘʣʴʥʘ ʜʦʟʘ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ,%. 

 

 
ʈʠʩ. 1 ï ɯʥʜʠʢʘʪʦʨʥʠʡ ʂʂɼ ʮʠʢʣʫ 

 

ɿʘʣʝʞʥʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʛʘʟʦʜʠʟʝʣʷ 6ɻɼʏʅ 26/34 ʤʦʞʝ ʙʫʪʠ 

ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ: 

0,3897ŭ0,008ɖ ee +Ö= , 

ʜʝ ɖe ï ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ ʮʠʢʣʫ; ŭe ï ʟʘʧʘʣʴʥʘ ʜʦʟʘ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ,%. 

 

1,4,7 ς ͒ ͙͔͘͡Έ͙͚ͤ ͍͙͎͒ͯ ͤ
2 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ о-ͻ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
5 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ р-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό  
8 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ мл-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
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ʈʠʩ. 2 ï ɽʬʝʢʪʠʚʥʠʡ ʂʂɼ ʮʠʢʣʫ 

 

ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʽʥʜʠʢʘʪʦʨʥʦʾ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʛʘʟʦʜʠʟʝʣʷ 6ɻɼʏʅ 26/34 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥʷ 
t0,02ŭ

iʪ 8032eq
-

= , 

ʜʝ qiʪ ï ʧʠʪʦʤʘ ʽʥʜʠʢʘʪʦʨʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ; ŭe ï ʟʘʧʘʣʴʥʘ ʜʦʟʘ ʨʽʜʢʦʛʦ 

ʧʘʣʠʚʘ,%. 

 

 
ʈʠʩ. 3 ï ʇʠʪʦʤʘ ʽʥʜʠʢʘʪʦʨʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ 

 

ɿʘʣʝʞʥʽʩʪʴ ʧʠʪʦʤʦʾ ʝʬʝʢʪʠʚʥʦʾ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ ʚʽʜ ʚʝʣʠʯʠʥʠ 

ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʛʘʟʦʜʠʟʝʣʷ 6ɻɼʏʅ 26/34 

ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʨʽʚʥʷʥʥ ̫
t0,021ŭ

eʪ e2319q
-

= , 

ʜʝ qeʪ ï ʧʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ; ŭe ï ʟʘʧʘʣʴʥʘ ʜʦʟʘ ʨʽʜʢʦʛʦ 

ʧʘʣʠʚʘ,%. 

ɸʥʘʣʽʟ ʽʥʜʠʢʘʪʦʨʥʠʭ ʪʘ ʝʬʝʢʪʠʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʛʘʟʦʜʠʟʝʣʷ 

6ɻɼʏʅ26/34 ʪʘ ʜʠʟʝʣʷ-ʧʨʦʪʦʪʠʧʫ 6ʏʅ26/34, ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮʽ ʪʘ ʥʘ 

ʜʽʘʛʨʘʤʘʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʽʥʜʠʢʘʪʦʨʥʠʡ ɖ ̔= 0,479 ʪʘ ʝʬʝʢʪʠʚʥʠʡ ʂʂɼ 

1,4,7 ς ͒ ͙͔͘͡Έ͙͚ͤ ͍͙͎͒ͯͤ 
2 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ о-ͻ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
5 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ р-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό  
8 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ мл-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 

1,4,7 ς ͒ ͙͔͘͡Έ͙͚ͤ ͍͙͎͒ͯͤ 
2 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ о-ͻ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
5 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘  р-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό  
8 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ мл-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
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ʮʠʢʣʫ ʛʘʟʦʜʠʟʝʣʷ ɖe =0,417 ʻ ʤʘʢʩʠʤʘʣʴʥʠʤʠ, ʘ ʧʠʪʦʤʽ ʽʥʜʠʢʘʪʦʨʥʽ qiʪ = 

7501ʢɼʞ/ʢɺʪĿʛʦʜ ʪʘ ʝʬʝʢʪʠʚʥʽ ʚʠʪʨʘʪʠ ʪʝʧʣʦʪʠ qeʪ = 8603ʢɼʞ/ʢɺʪĿʛʦʜ ʻ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʧʨʠ ʟʘʧʘʣʴʥʽʡ ʜʦʟʽ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ ʫ 10%.  

 

 

ʈʠʩ. 4 ï ʇʠʪʦʤʘ ʝʬʝʢʪʠʚʥʘ ʚʠʪʨʘʪʘ ʪʝʧʣʦʪʠ ʚ ʮʠʢʣʽ 

 

ʑʝ ʦʜʥʠʤ ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʤʽʥʠ ʜʠʟʝʣʷ ʥʘ 

ʛʘʟʦʜʠʟʝʣʴ, ʻ ʧʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʧʘʣʴʥʦʛʦ. ɼʣʷ ʛʘʟʦʜʠʟʝʣʷ ʚʦʥʘ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʯʠʥʠ ʟʘʧʘʣʴʥʦʾ ʜʦʟʠ, ʘʣʝ ʚʜʚʽʯʽ ʤʝʥʰʘ ʟʘ ʧʠʪʦʤʫ ʚʘʨʪʽʩʪʴ 

ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʴʥʦʛʦ (ʈʠʩ. 5).  

 
ʈʠʩ. 5 ï ʇʠʪʦʤʘ ʚʘʨʪʽʩʪʴ ʧʘʣʴʥʦʛʦ 

ɺʠʩʥʦʚʦʢ 

ˆʨʫʥʪʫʶʯʠʩʴ ʥʘ ʚʠʢʦʥʘʥʠʭ ʧʦʨʽʚʥʷʣʴʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘ ʧʨʦʚʝʜʝʥʦʤʫ 

ʘʥʘʣʽʟʽ ʾʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚ ʷʢʦʩʪʽ ʢʦʥʚʝʨʪʦʚʘʥʦʛʦ ʜʚʠʛʫʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʨʘʪʠ 

ʛʘʟʦʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ 6ɻɼʏʅ26/34 ʟ 10-ʪʠ ʚʽʜʩʦʪʢʦʚʦʶ ʟʘʧʘʣʴʥʦʶ ʜʦʟʦʶ 

ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ. 

ʃʽʪʝʨʘʪʫʨʘ 
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2. ʄʦʨʛʫʣʽʩ ʖ.ɹ. "ɼʚʠʛʫʥʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ", ʄ: "ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ" 
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3. ɼʠʟʝʣʽ ʪʠʧʘ 6ʏ 12/14 ʽ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʠ, ʄ: "ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ", 1983. ï 

ʩ.463. 

1,4,7 ς ͒ ͙͔͘͡Έ͙͚ͤ ͍͙͎͒ͯͤ 
2 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ о-ͻ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 
5 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ р-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό  
8 ς ͎ ͙͔͊ͦ͒͘͘͡Έ ͘ мл-͙ͭ ҈ ͊ͨ͊͘͡ΈͤͦΌ ͒ͦͦ͘Ό 

1,4,7 ï ʜʠʟʝʣʴʥʠʡ ʜʚʠʛʫʥ 

2 ï ʛʘʟʦʜʠʟʝʣʴ ʟ 3-ʭ % ʟʘʧʘʣʴʥʦʶ ʜʦʟʦʶ 

5 ï ʛʘʟʦʜʠʟʝʣʴ ʟ 5-ʪʠ % ʟʘʧʘʣʴʥʦʶ ʜʦʟʦʶ  

8 ï ʛʘʟʦʜʠʟʝʣʴ ʟ 10-ʪʠ % ʟʘʧʘʣʴʥʦʶ ʜʦʟʦʶ 
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ʅʽʢʽʪʯʝʥʢʦ ɯʛʦʨ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, igor.nikitchenko@gmail.com 

ʊʝʩʣʝʥʢʦ ɽʜʫʘʨʜ ɺʽʢʪʦʨʦʚʠʯ, ʽʥʞʝʥʝʨ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʘʟʘʨʦʚ ɸʨʪʝʤ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ɹʦʛʜʘʥʦʚ ɸʥʜʨʽʡ ɯʚʘʥʦʚʠʯ, ʘʩʧʽʨʘʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 
 

 

ʇʅɽɺʄɸʊʀʏʅʀʁ ɼɺʀɻʋʅ ɯɿ ɿʆɺʅɯʐʅɯʄ ʇɯɼɺʆɼʆʄ ʊɽʇʃʆʊʀ 

 

ɯʩʪʦʪʥʝ ʧʦʢʨʘʱʝʥʥʷ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʢʦʪʨʝ ʙ 

ʚʠʧʨʘʚʜʘʣʦ ʫʩʢʣʘʜʥʝʥʥʷ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʽ ʧʦʜʦʨʦʞʯʘʥʥʷ ʘʚʪʦʤʦʙʽʣʷ ʫ ʨʘʟ̔  

ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʦʾ ʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʠʤ ʣʠʰʝ ʧʨʠ 

ʫʤʦʚʽ, ʱʦ ɼɺɿ ʚ ʾʾ ʩʢʣʘʜʽ ʥʝ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ ʥʘ ʨʝʞʠʤʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ, ʤʘʣʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ ʟ ʥʝʜʦʧʫʩʪʠʤʦ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ a (ʤʦʞʣʠʚʽʩʪʴ ʨʦʙʦʪʠ ʟ ʥʠʟʴʢʠʤʠ a ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʟʘʙʣʦʢʦʚʘʥʘ). ɿʨʫʰʝʥʥʷ ʟ ʤʽʩʮʷ, ʨʦʟʛʽʥ ʜʦ ʧʝʚʥʦʾ (ʦʧʪʠʤʽʟʦʚʘʥʦʾ) ʰʚʠʜʢʦʩʪʽ ʽ 

ʨʫʭ ʘʚʪʦʤʦʙʽʣʷ ʟ ʤʘʣʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ, ʥʘʧʨʠʢʣʘʜ, çʫ ʧʨʦʙʢʘʭè ʧʦʚʠʥʥʽ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʥʝʨʛʽʾ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ (ʟʘ ʚʠʥʷʪʢʦʤ, 

ʙʝʟʫʤʦʚʥʦ, ʪʠʭ ʚʠʧʘʜʢʽʚ, ʢʦʣʠ ʙʘʣʦʥʠ ʟ ʥʠʤ ʧʦʨʦʞʥʽ).  

ʇʽʜʽʛʨʽʚ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʥʘ ʚʧʫʩʢʫ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ  ʤʘʢʩʠʤʘʣʴʥʦ 

ʧʨʠʧʫʩʪʠʤʠʡ ʩʪʫʧʽʥʴ ʨʦʟʰʠʨʝʥʥʷ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʮʠʣʽʥʜʨʽ ʧʥʝʚʤʦʜʚʠʛʫʥʘ, ʱʦ 

ʜʦʜʘʪʢʦʚʦ ʧʽʜʚʠʱʫʻ ʡʦʛʦ ʝʢʦʥʦʤʽʯʥʽʩʪʴ. 

ɸʥʘʣʽʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʘʚ, ʱʦ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʚʠʪʦʢʽʚ 

ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʟʥʠʞʝʥʥʶ ʛʫʩʪʠʥʠ ʧʦʚʽʪʨʷ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʮʠʣʽʥʜʨʘ, ʦʙʫʤʦʚʣʝʥʦʾ ʧʽʜʽʛʨʽʚʦʤ. ʂʦʝʬʽʮʽʻʥʪ ʚʠʪʦʢʽʚ ɖʚʪ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,6 ʟʘ 

ʫʤʦʚʠ n =200 ʭʚ-1 ʜʦ 0,01 ʟʘ ʫʤʦʚʠ n = 1000 ʭʚ-1. 

ʆʩʥʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʜʚʠʛʫʥʽʚ ʟ ʧʽʜʽʛʨʽʚʦʤ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ  ʻ 

ʥʝʜʦʩʪʘʪʥʷ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʪʠ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʚ ʤʝʭʘʥʽʯʥʫ 

ʨʦʙʦʪʫ ʛʘʟʽʚ ʪʘ ʧʽʜʚʠʱʝʥʽ ʚʠʢʠʜʠ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ 

ʩʧʦʣʫʢ, ʦʙʫʤʦʚʣʝʥʠʭ ʧʨʦʮʝʩʦʤ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ. 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʧʨʦʚʦʜʠʪʴʩʷ ʨʦʙʦʪʘ ʟ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʨʦʙʦʪʠ 

ʧʦʨʰʥʝʚʦʛʦ  ʜʚʠʛʫʥʘ ʟ ʨʦʟʜʽʣʝʥʠʤ ʜʚʦʪʘʢʪʥʠʤ ʮʠʢʣʦʤ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʪʘ ʧʽʜʚʝʜʝʥʦʾ ʜʦ ʥʴʦʛʦ 

ʪʝʧʣʦʪʠ  ʚ ʤʝʭʘʥʽʯʥʫ ʨʦʙʦʪʫ ʛʘʟʽʚ ʪʘ ʚʽʜʩʫʪʥʦʩʪʽ ʚʠʢʠʜʽʚ ʟ ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ 

ʛʘʟʘʤʠ ʪʦʢʩʠʯʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʫʩʪʘʥʦʚʢʠ 
 

 

ʉʧʦʩʽʙ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ  ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʦʜʠʥ ʦʙʝʨʪ ʢʦʣʽʥʯʘʩʪʦʛʦ 

ʚʘʣʘ. ʅʘ ʪʘʢʪʽ ʚʧʫʩʢʫ ʚ ʢʦʤʧʨʝʩʦʨʥʦʤʫ ʮʠʣʽʥʜʨʽ 1 ʧʦʚʽʪʨʷ ʟ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʯʝʨʝʟ ʧʦʚʪ̔ʨʷʥʠʡ ʬʽʣʴʪʨ 5, ʢʘʥʘʣ 4 ʪʘ ʚʧʫʩʢʥʠʡ ʢʣʘʧʘʥ 2, 

ʥʘʧʨʠʢʣʘʜ, ʧʣʘʩʪʠʥʯʘʪʠʡ, ʧʦʩʪʫʧʘʻ  ʚ ʥʘʜʧʦʨʰʥʝʚʫ ʧʦʨʦʞʥʠʥʫ ʢʦʤʧʨʝʩʦʨʥʦʛʦ 

ʮʠʣʽʥʜʨʘ 1, ʘ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʨʫʩʽ ʧʦʨʰʥʷ 24 ʚʽʜ ʥʠʞʥʴʦʾ ʤʝʨʪʚʦʾ ʪʦʯʢʠ ʜʦ 

ʚʝʨʭʥʴʦʾ ʟʜʽʡʩʥʶʶʪʴ ʩʪʠʩʢ ʧʦʚʽʪʨʷ. ɺ ʢʽʥʮʽ ʪʘʢʪʫ ʚʠʧʫʩʢʫ ʩʪʠʩʥʝʥʝ ʜʦ 3ï5 ʄʇʘ 

ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʚʠʧʫʩʢʥʠʡ ʢʣʘʧʘʥ 3, ʢʘʥʘʣ 7 ʪʘ ʝʣʝʢʪʨʠʯʥʽ ʥʘʛʨʽʚʘʶʯ ̔ʝʣʝʤʝʥʪʠ 

10, 11 ʧʦʜʘʻʪʴʩʷ ʜʣʷ ʟʥʠʞʝʥʥʷ ʢʦʣʠʚʘʥʴ ʪʠʩʢʫ ʜʦ ʢʘʤʝʨʠ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ 6, 

ʟôʻʜʥʘʥʦ ʁ ʢʘʥʘʣʦʤ 8 ʟ ʢʘʤʝʨʦʶ ʧʽʜʽʛʨʽʚʫ 9, ʩʧʽʣʴʥʦ ʁ ʜʣʷ ʜʚʦʭ ʨʦʙʦʯʠʭ 

ʮʠʣʽʥʜʨʽʚ 16 ʪʘ 17. ʊʝʤʧʝʨʘʪʫʨʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʩʪʫʧʘʻ ʜʦ  ʢʘʤʝʨʠ 

ʧʽʜʽʛʨʽʚʫ  9 ʧʽʜʪʨʠʤʫʶʪʴ ʥʘ ʟʘʜʘʥʦʤʫ ʨʽʚʥ.̔ ɺʽʜʧʨʘʮʴʦʚʘʥʝ ʧʦʚʽʪʨʷ ʯʝʨʝʟ 

ʚʠʧʫʩʢʥʽ ʢʘʥʘʣʠ  20 ʪʘ 21, ʚʠʧʫʩʢʥʽ ʢʣʘʧʘʥʠ 18 ʪʘ 19, ʚʽʜʚʦʜʠʪʴʩʷ ʚ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ. ɺʧʫʩʢʥʽ ʢʣʘʧʘʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʟʘ 5ï10 ʛʨʘʜʫʩʽʚ ʦʙʝʨʪʫ ʩʧʽʣʴʥʦʛʦ ʥʘ 

ʚʩ̔ ʮʠʣʽʥʜʨʠ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 30 ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʨʪʚʦʾ ʪʦʯʢʠ ʧʦʨʰʥʽʚ 25 ʪʘ 26 

ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʽʚ, ʘ ʟʘʢʨʠʚʘʶʪʴ ʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʟʘ 5-40 ʛʨʘʜʫʩʽʚ 
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ʦʙʝʨʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ 30 ʟʘ ʚʝʨʭʥʴʦʶ ʤʝʨʪʚʦʶ ʪʦʯʢʦʶ. ʅʘ ʪʘʢʪʽ ʨʦʟʰʠʨʝʥʥ ̫

ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʚ ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʘʭ ʧʨʠ ʧʦʣʦʞʝʥʥʽ ʧʦʨʰʥʽʚ ʨʦʙʦʯʠʭ 

ʮʠʣʽʥʜʨʽʚ ʟʘ 0ï40 ʛʨʘʜʫʩʽʚ ʦʙʝʨʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʦ ʥʠʞʥʴʦʾ ʤʝʨʪʚʦʾ ʪʦʯʢʠ 

(ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʨʷʜʢʫ ʨʦʙʦʪʠ ʮʠʣʽʥʜʨʽʚ) ʚʠʧʫʩʢʥʽ ʢʣʘʧʘʥʠ ʚʽʜʢʨʠʚʘʶʪʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʫʣʘʯʢʦʚʦʛʦ ʤʝʭʘʥʟ̔ʤʫ. ɺʽʜʧʨʘʮʴʦʚʘʥʝ ʧʦʚʽʪʨʷ ʽʟ ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʽʚ 

ʚʠʜʘʣʷʶʪʴ ʧʨʦʪʷʛʦʤ 80ï120 ʛʨʘʜʫʩʽʚ ʦʙʝʨʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʧʨʠ ʧʝʨʝʤʽʱʝʥʥʽ 

ʧʦʨʰʥʽʚ ʚʽʜ ʥʠʞʥʴʦʾ ʤʝʨʪʚʦʾ ʪʦʯʢʠ ʜʦ ʚʝʨʭʥʴʦʾ. ʇʨʠ ʧʦʣʦʞʝʥʥʽ ʧʦʨʰʥʽʚ ʚ 

ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʘʭ ʟʘ 60ï100 ʛʨʘʜʫʩʽʚ ʦʙʝʨʪʫ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ ʜʦ ʾʭ ʚʝʨʭʥʽʭ 

ʤʝʨʪʚʠʭ ʪʦʯʦʢ ʚʠʧʫʩʢʥʽ ʢʣʘʧʘʥʠ ʟʘʢʨʠʚʘʶʪʴ, ʧʦʚʽʪʨʷ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ ʚ 

ʥʘʜʧʦʨʰʥʝʚʠʭ ʧʦʨʦʞʥʠʥʘʭ ʨʦʙʦʯʠʭ ʮʠʣʽʥʜʨʽʚ ʧʨʦʪʷʛʦʤ 60-100 ʛʨʘʜʫʩʽʚ ʦʙʝʨʪʫ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʩʪʠʩʢʘʁ ʪ.ɹ ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʙʦʯʠʡ ʮʠʢʣ ʟʜʽʡʩʥʶʶʪʴ ʚ ʜʘʥʦʤʫ 

ʚʠʧʘʜʢʫ ʚ ʪʨʴʦʭ ʮʠʣʽʥʜʨʘʭ, ʦʜʠʥ ʟ ̫ʢʠʭ ʢʦʤʧʨʝʩʦʨʥʠʡ, ʟʘ ʦʜʠʥ ʦʙʝʨʪ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ. 

ʅʘ ʨʝʞʠʤʘʭ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʽ ʯʘʩʪʢʦʚʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ̫ʢʽ ̒ 

ʚʠʟʥʘʯʘʣʴʥʠʤʠ ʜʣʷ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʤʽʩʴʢʠʤ ʮʠʢʣʦʤ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʽʚ ʧʽʜʪʨʠʤʫʶʪʴ ʥʝ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘʚʢʦʣʠ ʥhʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ʢʘʤʝʨʫ ʟʛʦʨʷʥʥʷ 8  ̔

ʪʨʠʚʘʣʦʩʪʽ ʚʽʜʢʨʠʪʪʷ ʚʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. 

ɯʩʥʫʶʯʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʧʦʢʘʟʥʠʢʠ ʜʚʠʛʫʥʘ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʡʦʛʦ ʰʣʷʭʦʤ ʢʦʥʚʝʨʪʘʮʽʾ ɼɺɿ. 

ʂʽʥʮʝʚʦʶ ʤʝʪʦʁ ʨʦʟʨʘʭʫʥʢʫ ʻ ʧʦʙʫʜʦʚʘ ʽʥʜʠʢʘʪʦʨʥʦʾ ʜʽʘʛʨʘʤʠ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ 

ʩʦʙʦʶ ʟʤʽʥʫ ʪʠʩʢʫ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʥʘʜʧʦʨʥhʝʚʽʡ ʧʦʨʦʞʥʠʥ ̔ʧʨʦʪʷʛʦʤ ʮʠʢʣʫ. 

ʎʝ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʜʚʠʛʫʥʘ ʟ 

ʟʦʚʥʽʰʥʽʤ ʧʽʜʚʦʜʦʤ ʪʝʧʣʦʪʠ ʽ ʧʦʨʽʚʥʷʪʠ ʾʭ ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʙʘʟʦʚʦʛʦ ɼɺɿ. 
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ʟʘʩʦʙʫ (ʊɿ) ʽʟ ʜʚʠʛʫʥʦʤ, ʧʝʨʝʦʙʣʘʜʥʘʥʠʤ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, ʷʢʠʡ 

ʦʩʥʘʱʝʥʦ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʘ ʨʦʟʨʦʙʣʝʥʦ 

ʮʠʢʣ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʨʠʩ.1) ʚ ʨʝʞʠʤʘʭ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʪʘ ʧʽʩʣʷʧʫʩʢʦʚʦʛʦ 

ʧʨʦʛʨʽʚʫ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ (ʉʊʇ) ʟʘ ʨʦʟʨʦʙʣʝʥʠʤʠ 

ʮʠʢʣʘʤʠ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʊɿ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʨʽʜʢʦʛʦ ʪʘ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʥʘ ʧʨʦʛʨʽʚ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʛʘʟʘʭ. 
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ʈʠʩʫʥʦʢ 1 ï ʈʦʟʨʦʙʣʝʥʠʡ ʮʠʢʣ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʊɿ ʟ ʜʚʠʛʫʥʦʤ, 

ʧʝʨʝʦʙʣʘʜʥʘʥʠʤ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ 

ʆʩʦʙʣʠʚʦʩʪʷʤʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʮʠʢʣʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʉʊʇ ʥʘ ʦʩʥʦʚʽ 

ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ ʻ ʪʝ, ʱʦ ʚ ʪʦʯʮʽ 1 ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʆʉ) ʊʦʩ, ʘ ʚʽʜʧʦʚʽʜʥʦ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ 

ʨʽʜʠʥʠ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦʧʫʩʪʠʤʠʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʮʴʦʛʦ ʤʦʞʫʪʴ ʚʘʨʽʶʚʘʪʠʩʷ ʨʝʞʠʤʠ ʨʦʙʦʪʠ ʪʝʧʣʦʚʦʛʦ ʘʢʫʤʫʣʷʪʦʨʫ 

(ʊɸ) ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʪʝʧʣʦʘʢʫʤʫʣʶʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʊɸʄ) ʪʘ ʘʣʛʦʨʠʪʤʠ 

ʨʦʙʦʪʠ ʉʊʇ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʽʘʥʪʽʚ ʨʝʞʠʤʽʚ ʧʨʦʛʨʽʚʫ ʊɿ [1-5]. 

ʇʽʩʣʷ ʧʫʩʢʫ ʉʊʇ ʚ ʽʥʪʝʨʚʘʣʽ ʪʦʯʦʢ 1é2 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʧʫʩʢʦʚʘ 

ʪʝʧʣʦʚʘ ʧʽʜʛʦʪʦʚʢʘ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ ʚʽʜ ʪʝʧʣʦʚʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ (ʊɸʌʇ). ʊʨʠʚʘʣʽʩʪʴ ʮʴʦʛʦ ʝʪʘʧʫ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʊʦʩ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ.  

ʊʦʯʢʘ 2 ʮʠʢʣʫ ʚʽʜʧʦʚʽʜʘʻ ʪʝʤʧʝʨʘʪʫʨʽ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ +50Áʉ. 

ʉʘʤʝ ʟʘ ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʾ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʫʩʢ 

ʜʚʠʛʫʥʘ ʊɿ ʧʽʩʣʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʉʘʤʝ ʟʘ 

ʮʽʻʾ ʪʝʤʧʝʨʘʪʫʨʠ ʤʦʞʥʘ ʟʘʧʫʩʢʘʪʠ ʜʚʠʛʫʥ, ʧʝʨʝʭʦʜʠʪʠ ʥʘ ʞʠʚʣʝʥʥʷ ʛʘʟʦʚʠʤ 

ʧʘʣʠʚʦʤ ʽ ʧʨʠʡʤʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʦʥʘ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʚʜʘʥʴ  ʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʨʦʙʥʠʢʘ.  

ʇʽʜ ʯʘʩ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʚʽʜ ʊʦʩ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ +50Áʉ ʫ 

ʪʦʯʮʽ 2 ʙʫʜʝ ʚʠʪʨʘʯʝʥʦ ʨʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʢʦʧʠʯʝʥʦʾ ʚ ʊɸʌʇ ʉʊʇ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʨʦʙʦʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʊɸʄ ʙʫʜʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 

ʧʦʯʘʪʢʦʚʦʾ ʟʘʣʝʞʥʦ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʐʚʠʜʢʽʩʪʴ 

ʮʠʨʢʫʣʷʮʽʾ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʤʽʞ 

ʪʦʯʢʘʤʠ 1é2, ʟʚʘʞʘʶʯʠ ʥʘ ʤʦʞʣʠʚʦʩʪʽ ʉʊʇ, ʤʘʻ ʙʫʪʠ ʤʘʢʩʠʤʘʣʴʥʦʶ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʝʡ ʊɸʄ, ʘʣʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʦʩʦʙʣʠʚʦʩʪʝʡ ʊɸ ʡ ʙʫʜʦʚʠ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʦʩʦʙʣʠʚʦʩʪʝʡ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʦʙʨʘʥʠʭ ʨʝʞʠʤʽʚ ʧʨʦʛʨʽʚʫ. 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ +50Áʉ ʫ ʩʠʩʪʝʤʽ ʦʭʦʣʦʜʞʝʥʥʷ (ʪʦʯʢʘ 2) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʫʩʢ ʜʚʠʛʫʥʘ ʊɿ. ɺ ʽʥʪʝʨʚʘʣʽ ʪʦʯʦʢ 2é3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʪʝʧʣʦʚʘ 

ʧʽʜʛʦʪʦʚʢʘ ʜʚʠʛʫʥʘ ʊɿ ʚʽʜ ʊɸʌʇ ʉʊʇ ʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʫ 

ʜʚʠʛʫʥʽ. ʇʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚ ʮʴʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜʧʦʚʽʜʘʻ +50Áʉ ʫ ʪʦʯʮʽ 2, ʘ ʫ ʢʽʥʮʽ ʽʥʪʝʨʚʘʣʫ (ʪʦʯʢʘ 3) ï ʨʦʙʦʯʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʜʚʠʛʫʥʘ ʊɿ (ʥʝ ʤʝʥʰʝ +85Áʉ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ ʚʠʨʦʙʥʠʢʘ.  

ʇʨʦʪʷʛʦʤ ʽʥʪʝʨʚʘʣʫ ʤʽʞ ʪʦʯʢʘʤʠ 2é3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʜʘʣʴʰʝ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʊɸʄ ʊɸʌʇ ʧʨʦʧʦʨʮʽʡʥʦ ʧʦʯʘʪʢʦʚʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʊʦʩ ʟ 

ʧʽʜʪʨʠʤʘʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʮʴʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʣʷ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʊʦʩ.  

ʋ ʪʦʯʮʽ 3 ʪʝʤʧʝʨʘʪʫʨʘ ʦʭʦʣʦʜʞʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ ʧʦʚʠʥʥʘ ʩʪʘʥʦʚʠʪʠ       

+85 Ñ5Áʉ. ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʪʘʢʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʢʣʶʯʘʻʪʴʩʷ ʥʘʩʦʩ ʉʊʇ ʪʘ 

ʜʚʠʛʫʥ ʧʨʘʮʶʻ ʚʽʜ ʰʪʘʪʥʦʛʦ ʥʘʩʦʩʘ. ʊʨʠʚʘʣʽʩʪʴ ʝʪʘʧʽʚ ʧʝʨʝʜʧʫʩʢʦʚʦʾ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʜʚʠʛʫʥʘ ʊɿ ʚʽʜ ʉʊʇ ʥʘ ʦʩʥʦʚʽ ʊɸʌʇ ʫ ʪʦʯʢʘʭ 1é.3 ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʦʙʨʘʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ[1-5]. 
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ɺʠʩʥʦʚʦʢ.  ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʦʩʥʦʚ ʦʨʛʘʥʽʟʘʮʽʾ ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʽ 

ʧʽʩʣʷʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ ʜʚʠʛʫʥʘ ʽ ʊɿ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʧʝʨʝʢʣʶʯʝʥʥʷ ʥʘ ʞʠʚʣʝʥʥʷ ʛʘʟʦʚʠʤ ʧʘʣʠʚʦʤ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʧʫʩʢʫ ʽ ʧʨʠʡʤʘʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʚʠʙʦʨʫ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʉʊʇ ʨʦʟʨʦʙʣʝʥʦ ʮʠʢʣ ʪʝʧʣʦʚʦʾ 

ʧʽʜʛʦʪʦʚʢʠ ʚ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʧʝʨʝʜʧʫʩʢʦʚʦʛʦ ʽ ʧʽʩʣʷʧʫʩʢʦʚʦʛʦ ʧʨʦʛʨʽʚʫ) 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʜʚʠʛʫʥʘ, ʧʝʨʝʦʙʣʘʜʥʘʥʦʛʦ ʜʣʷ ʨʦʙʦʪʠ ʥʘ ʛʘʟʦʚʦʤʫ ʧʘʣʠʚʽ, 

ʦʩʥʘʱʝʥʦʛʦ ʩʠʩʪʝʤʦʶ ʪʝʧʣʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʊɸ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʉʊʇ ʟʘ ʨʦʟʨʦʙʣʝʥʠʤ ʮʠʢʣʦʤ ʜʦʟʚʦʣʠʪʴ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʧʨʦʛʨʽʚʫ 

ʜʚʠʛʫʥʘ ʊɿ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʫ ʨʽʜʢʦʛʦ ʪʘ ʛʘʟʦʚʦʛʦ 

ʧʘʣʠʚʘ ʥʘ ʧʨʦʛʨʽʚ ʽ ʟʤʝʥʰʠʪʠ ʚʠʢʠʜʠ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʫ ɺɻ. 
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ɺʀɹɯʈ ʆʉʅʆɺʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʂʆʅʉʊʈʋʂʎɯɰ ʊɸ ʈʆɹʆʏʀʍ 

ʇʈʆʎɽʉɯɺ ʋʅɯʌɯʂʆɺɸʅʆɻʆ ʈʗɼʋ ʄɸʃʆʃɯʊʈɸɾʅʀʍ ɼʀɿɽʃɯɺ 

 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʛʘʣʫʟʴ ʋʢʨʘʾʥʠ ʫ ʮʽʣʦʤʫ, ʪʘ 

ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʷʢ ʾʾ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ, ʧʝʨʝʙʫʚʘʶʪʴ ʫ ʩʢʣʘʜʥʦʤʫ ʩʪʘʥʦʚʠʱʽ. 

ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʜʦʩʪʘʪʥʴʦʛʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚʢʘʟʘʥʦʾ 

ʛʘʣʫʟʽ, ʱʦ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʧʨʠʟʚʝʣʦ ʜʦ ʜʝʬʽʮʠʪʫ ʚʽʪʯʠʟʥʷʥʠʭ ʜʚʠʛʫʥʽʚ ʢ̫ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʥʘʨʦʜʥʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʪʘ ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʱʝʚʢʘʟʘʥʽ ʪʨʫʜʥʦʱʽ, ʥʘ ʧʨʦʪʷʟʽ 20-ʪʠ ʨʦʢʽʚ XXI 

ʩʪʦʨʽʯʯʷ ʍʘʨʢʽʚʩʴʢʘ ʰʢʦʣʘ ʜʚʠʛʫʥʦʙʫʜʫʚʘʥʥʷ ʧʨʠʜʙʘʣʘ ʙʝʟʮʽʥʥʠʡ ʜʦʩʚʽʜ 

ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʪʘ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ 

ʚʠʩʦʢʦʦʙʝʨʪʦʚʠʭ ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ ʩʝʨʽʡ 4ɼʊʅɸ, ɼɸ10, ʪʘ ʍɸɼɯ-100 ʽ 

ʮʽʣʢʦʤ ʧʽʜʛʦʪʦʚʣʝʥʘ ʜʦ ʩʪʘʨʪʘʧʽʚʩʴʢʦʛʦ ʧʨʦʝʢʪʫ ʬʦʨʤʫʚʘʥʥʷ ʻʜʠʥʦʛʦ 

ʫʥʠʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ ʚʽʪʯʠʟʥʷʥʠʭ ʜʠʟʝʣʽʚ ʧʝʨʰʦʯʝʨʛʦʚʦʾ ʧʦʪʨʝʙʠ 

ʚ ʜʽʘʧʘʟʦʥʽ 25-150 ʢɺʪ ʥʘ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽʡ ʧʣʘʪʬʦʨʤʽ. ʉʘʤʝ ʮʝʡ ʜʦʩʚʽʜ ʪʘ 20-

ʪʠ ʨʽʯʥʽ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʝʟʘʟʥʘʯʝʥʦʾ ʰʢʦʣʠ ʜʦʟʚʦʣʷʶʪʴ ʩʴʦʛʦʜʥʽ ʙʘʟʫʚʘʪʠ ʥʦʚʠʡ 

ʫʥʽʬʽʢʦʚʘʥʠʡ ʨʷʜ ʚʽʪʯʠʟʥʷʥʠʭ ʜʚʠʛʫʥʽʚ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʥʝ ʥʘ ʧʨʦʪʦʪʠʧʘʭ 

ʪʘ ʣʽʮʝʥʟʽʡʥʠʭ ʬʫʥʜʘʤʝʥʪʘʭ, ʘ ʚʟʷʪʠ ʟʘ ʦʩʥʦʚʫ ʚʠʢʣʶʯʥʦ ʚʣʘʩʥ ̔ ʙʘʟʦʚʽ 

ʥʘʧʨʘʮʶʚʘʥʥʷ, ʷʢʽ ʚʞʝ ʫ ʩʚʽʪʦʚʦʤʫ ʧʣʘʥʽ ʧʽʜʪʚʝʨʜʠʣʠ ʩʚʦʶ ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ 

ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ. 

ɺ ʨʦʙʦʪʽ ʚʠʙʨʘʥʦ ʪʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ 

ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʤʘʣʦʣʽʪʨʘʞʥʠʭ 

ʜʠʟʝʣʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʠ ʦʙˇʨʫʥʪʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 

¶ ʪʠʧ ʜʠʟʝʣʷ ï ʯʦʪʠʨʠʪʘʢʪʥʠʡ; 

¶ ʢ̔ ʣʴʢʽʩʪʴ ʮʠʣʽʥʜʨʽʚ ï ʚʽʜ 2-ʭ ʜʦ 6-ʪʠ; 

¶ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʣʽʥʜʨʽʚ ï ʨʷʜʥʝ (R); 

¶ ʣʽʪʨʘʞ ʜʠʟʝʣʷ ï ʨʦʙʦʯʠʡ ʦʙôʻʤ ʦʜʥʦʛʦ ʮʠʣʽʥʜʨʘ 0,5 ʣ. 

¶ ʚʽʜʥʦʰʝʥʥʷ S/D ï ʢʦʨʦʪʢʦʭʽʜʥʠʡ ʟ ʚʽʜʥʦʰʝʥʥʷʤ ʭʦʜʫ ʧʦʨʰʥʷ ʜʦ ʜʘ̔ʤʝʪʨʫ 

ʮʠʣʽʥʜʨʘ 0,93. 

¶ ɼʽʘʤʝʪʨ ʮʠʣʽʥʜʨʫ 88 ʤʤ; 
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¶ ʍʽʜ ʧʦʨʰʥʷ 82 ʤʤ; 

¶ ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 800-4500 ʭʚ-1. 

ɺ ʨʦʙʦʪʽ ʜʦʩʠʪʴ ʚʝʣʠʢʫ ʫʚʘʛʫ ʧʨʠʩʚʷʯʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʶ ʢʦʨʦʪʢʦʭʽʜʥʦʩʪʽ 

ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʜʠʟʝʣʽʚ, ʘʜʞʝ ʮʝʡ ʧʘʨʘʤʝʪʨ ʚʠʟʥʘʯʘʻ ʛʨʘʥʠʯʥʽ 

ʟʥʘʯʝʥʥʷ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʱʦ ʚ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ 

ʢʦʥʩʪʨʫʢʮʽʡ, ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʧʨʦʮʝʩʽʚ, ʤʦʪʦʨʝʩʫʨʩ ʜʚʠʛʫʥʘ ʪʘ, ʫ ʧʽʜʩʫʤʢʫ, 

ʡʦʛʦ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ [1-4].  

ɿʘʜʘʶʯʠʩʴ ʚʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʡʙʫʪʥʽʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʚʩʽʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʠʟʝʣʽʚ. ɼʣʷ ʮʴʦʛʦ ʚʧʝʨʰʝ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʦʻʜʥʘʥʥʷ 

ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʟʘʩʦʙʽʚ, ʘ ʩʘʤʝ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ Simcenter Amesim 

ʚʝʨʩʽʾ 2019 ʨʦʢʫ ʬʽʨʤʠ Siemens [5], Approximation_LSM [6] ʪʘ ʧʨʦʛʨʘʤʠ WP.exe 

[7]. ʈʦʟʨʘʭʫʥʦʢ ʜʦʟʚʦʣʠʚ ʩʬʦʨʤʫʚʘʪʠ ʪʘʙʣʠʮʶ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʤʘʡʙʫʪʥʴʦʛʦ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ. (ʪʘʙʣ. 1)

  

ʊʘʙʣʠʮʷ 1- ʇʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʟʝʣʽʚ 
ˉ 

ʟ\ʧ 

ʅʘʡʤʝʥʫʚʘʥʥʷ 

ʧʦʢʘʟʥʠʢʘ ʪʘ 

ʧʘʨʘʤʝʪʨʫ 

ɼʠʟʝʣ̔  ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ 

1 ʇʦʟʥʘʯʝʥʥʷ ʜʠʟʝʣʷ 2ʏ 8,8/8,2 3ʏ 8,8/8,2 3ʏʅ 8,8/8,2 4ʏ 8,8/8,2 4ʏʅ 8,8/8,2 6ʏʅ8,8/8,2 

2 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʂɺ ʧʨʠ 

ʥʦʤʽʥʘʣʴʥʽʡ 

ʧʦʪʫʞʥʦʩʪʽ, ʭʚ-1 

3000 3600 2200 3000 2200 3000 3600 3000 3600 3000 3600 4400 3000 3600 4400 

3 ʂʽʣʴʢʽʩʪʴ 

ʮʠʣʽʥʜʨʽʚ 
2 2 3 3 3 3 3 4 4 4 4 4 6 6 6 

4 ʅʘʷʚʥʽʩʪʴ ʥʘʜʜʫʚʫ ʙ/ʥ ʙ/ʥ ʙ/ʥ ʙ/ʥ ʥ ʥ ʥ ʙ/ʥ ʙ/ʥ ʥ ʥ ʥ ʥ ʥ ʥ 

5 ʂʽʣʴʢʽʩʪʴ ʢʣʘʧʘʥʽʚ 

ʥʘ ʮʠʣʽʥʜʨ 
2 2 2 2 2 2 2 2 2 2 2 4 2 2 4 

6 ʅʦʤʽʥʘʣʴʥʘ 

ʧʦʪʫʞʥʽʩʪʴ, ʢɺʪ 
17,5 21 20 26,5 37,5 52 63 35 42 70 84 102,5 105 126 154 

7 ʄʘʢʩʠʤʘʣʴʥʠʡ 

ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ, 

ʅĀʤ 

65 65 90 90 190 170 170 135 130 245 250 260 365  380 400 

8 ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʂɺ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ 

ʢʨʫʪʥʦʤʫ ʤʦʤʝʥʪʽ, 

ʭʚ-1 

1800 2000 1500 1800 1500 1800 2000 1800 2000 1800 2000 2000 1800 2000 2000 

 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʪʘʢʦʞ ʨʦʟʛʣ̫ ʥʫʪʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʚʦʭ- ʪʘ 

ʯʦʪʠʨʴʦʭ- ʢʣʘʧʘʥʥʠʭ ʛʦʣʦʚʦʢ ʮʠʣʽʥʜʨʽʚ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʩʭʝʤ ʦʨʛʘʥʽʟʘʮʽʾ ʛʘʟʦʦʙʤʽʥʫ ʥʘ ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʨʝʞʠʤʘʭ ʙʫʣʠ 

ʟʥʘʡʜʝʥʽ ʚʽʜʥʦʰʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʈʝ ʯʦʪʠʨʠʢʣʘʧʘʥʥʦʾ ʪʘ ʜʚʦʢʣʘʧʘʥʥʦʾ ʩʭʝʤ 

ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʥʘʩʪʫʧʥʠʡ ʛʨʘʬʽʢ ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʜʟʥʘʯʠʪʠ ʨʽʟʢʝ ʟʙʽʣʴʰʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʦʪʠʨʠʢʣʘʧʘʥʥʦʾ ʛʦʣʦʚʢʠ ʮʠʣʽʥʜʨʽʚ, ʧʦʯʠʥʘʶʯʠ ʟ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʫ 3600 ʭʚ-1 ʪʘ ʚʠʱʝ. (ʨʠʩ. 1). ɸ ʮʝ ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʪʝ ʱʦ ʙʽʣʴʰ ʩʢʣʘʜʥ̔  ʪʘ ʙʽʣʴʰ ʜʦʨʦʛʽ ɻɹʎ ʟ ʯʦʪʠʨʤʘ ʢʣʘʧʘʥʘʤʠ ʜʦʮʽʣʴʥʦ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘ ʬʦʨʩʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʚ ʷʢʠʭ ʨʦʙʦʯʽ ʜʽʘʧʘʟʦʥʠ ʯʘʩʪʦʪʠ 
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ʦʙʝʨʪʘʥʥʷ ʂɺ ʧʦʩʪʽʡʥʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚʠʱʝ 3600 ʭʚ-1. 

 
ʈʠʩʫʥʦʢ 1 ï ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʯʦʪʠʨʠʢʣʘʧʘʥʥʦʾ ʛʦʣʦʚʢʠ ʮʠʣʽʥʜʨʽʚ ʧʨʠ 

ʨʽʟʥʠʭ ʯʘʩʪʦʪʥʠʭ ʨʝʞʠʤʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʠʟʝʣʷ 

 

ɼʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ ʜʠʟʝʣʽʚ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʦʧʦʜʘʯʽ, ʘ ʪʘʢʦʞ ʚʠʙʽʨ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʟʘ ʤʝʪʦʜʠʢʦʶ ʥʘʚʝʜʝʥʦʶ ʚ [8] . 

ɸ ʩʘʤʝ, ʨʦʟʨʘʭʫʥʢʘʤʠ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʷʚʣʝʥʠʭ ʧʦʪʫʞʥʽʩʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʨʷʜʫ ʜʠʟʝʣʽʚ ʜʽʘʤʝʪʨ ʧʣʫʥʞʝʨʘ ʇʅɺʊ ʤʘʻ ʩʢʣʘʜʘʪʠ ʚʽʜ 5,5 ʜʦ 6,5 

ʤʤ, ʢʽʣʴʢʽʩʪʴ ʨʦʟʧʠʣʶʶʯʠʭ ʦʪʚʦʨʽʚ ʬʦʨʩʫʥʢʠ ï 4é5, ʘ ʾʭ ʜʽʘʤʝʪʨ ï 0,18é0,28 

ʤʤ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʠʟʝʣʽ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʙʣʘʜʥʘʥʽ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʧʘʣʠʚʥʦʾ ʘʧʘʨʘʪʫʨʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʢʣʘʩʫ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʜʘʨʪʫ.   

ʂʨʽʤ ʪʦʛʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʩʭʝʤ ʩʠʩʪʝʤ 

ʥʘʜʜʫʚʫ ʚʠʩʦʢʦʦʙʝʨʪʦʚʠʭ ʜʠʟʝʣʽʚ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ. ʅʘ 

ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʜʽʘʧʘʟʦʥʽʚ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʠʟʝʣʽʚ 

ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʪʥʦʛʦ ʨʷʜʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʥʘʜʜʫʚʫ ʜʦʚʝʜʝʥʦ, ʱʦ 

ʟʘʚʜʷʢʠ ʚʘʨʽʶʚʘʥʥʶ ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʥʘʜʜʫʚʫ ʚ ʤʝʞʘʭ 0,16é0,28 ʄʇʘ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʢʦʨʝʢʮʽʾ ʧʦʪʨʽʙʥʦʾ ʜʣʷ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʟʤʽʥʶʶʯʠ ʽʥʰʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʜʚʠʛʫʥʘ, ʷʢ ʪʦ ï ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ, ʯʠʩʣʘ ʪʘ 

ʨʦʟʤʽʨʫ ʮʠʣʽʥʜʨʽʚ ʪʦʱʦ. 

ʈʦʟʨʦʙʣʝʥʦ ʪʝʦʨʝʪʠʯʥ ̔ ʦʩʥʦʚʠ ʩʪʚʦʨʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʘ 

ʚʠʟʥʘʯʝʥʦ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʫʩʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʤʘʣʦʣʽʪʨʘʞʥʠʭ ʜʠʟʝʣʽʚ ʷʢʽ ʤʘʶʪʴ ʟʘ ʤʝʪʫ ʧʦʜʘʣʴʰʝ ʯʠʩʝʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʧʫʩʢʫ, ʫʪʦʯʥʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʾʾ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ (ʨʘʮʽʦʥʘʣʴʥʘ ʚʦʣʴʪ-ʘʤʧʝʨʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
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ɸʂɹ, ʤʘʢʩʠʤʘʣʴʥʘ ʜʦʚʞʠʥʘ ʪʘ ʤʽʥʽʤʘʣʴʥʠʡ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʪʠʥ ʝʣʝʢʪʨʠʯʥʠʭ 

ʜʨʦʪʽʚ ʞʠʚʣʝʥʥʷ ʩʪʘʨʪʝʨʫ, ʧʘʨʘʤʝʪʨʠ ʩʚʽʯʦʢ ʨʦʟʞʘʨʶʚʘʥʥʷ) ʪʘ ʬʦʨʤʫʚʘʥʥʽ 

ʘʣʛʦʨʠʪʤʽʚ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ. 

ʆʪʞʝ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʘʣʠ ʟʤʦʛʫ ʚʠʢʦʥʘʪʠ ʚʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʙʘʟʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ 

ʨʷʜʫ ʚʠʩʦʢʦʦʙʝʨʪʦʚʦʛʦ ʤʘʣʦʣʽʪʨʘʞʥʦʛʦ ʜʠʟʝʣʷ ʙʘʛʘʪʦʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʧʦʟʠʮʽʷ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʟʝʣʽʚ 

ʫʥ̔ ʬʽʢʦʚʘʥʦʛʦ ʧʦʪʫʞʥʽʩʥʦʛʦ ʨʷʜʫ ʪʘ ʚʠʟʥʘʯʝʥʽ ʪʝʭʥʽʯʥʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ 

ʢʦʤʧʣʝʢʪʘʮʽʾ ʜʠʟʝʣʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʟʘʤʦʚʥʠʢʘ. 
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6. ʉʚʽʜʦʮʪʚʦ ʧʨʦ ʨʝʻʩʪʨʘʮʽʶ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʥʘ ʪʚʽʨ ˉ94461 ʋʢʨʘʾʥʘ.  
ʂʦʤʧôʶʪʝʨʥʘ ʧʨʦʛʨʘʤʘ çApproximation_LSMè / ɼ.ɺ. ʃʝʚʯʝʥʢʦ, ʆ.ɺ. ɻʨʠʮʶʢ,  

ɸ.ʆ. ʇʨʦʭʦʨʝʥʢʦ (ʋʢʨʘʾʥʘ); ʘʚʪʦʨʩʴʢʽ ʤʘʡʥʦʚʽ ʧʨʘʚʘ ʥʘʣʝʞʘʪʴ: ʃʝʚʯʝʥʢʦ ɼ.ɺ., 

ɻʨʠʮʶʢ ʆ.ɺ., ʇʨʦʭʦʨʝʥʢʦ ɸ.ʆ., ʍʅɸɼʋ; ʟʘʷʚʣ. 08.11.2019; ʜʘʪʘ ʨʝʻʩʪʨʘʮʽʾ  

04.12.2019. 

7. ʇʨʦʭʦʨʝʥʢʦ ɸ.ɸ.  ʄʝʪʦʜʠʯʝʩʢʠʝ ʫʢʘʟʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʠʧʣʦʤʥʳʭ 

ʧʨʦʝʢʪʦʚ ʠ ʚʳʧʫʩʢʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʙʘʢʘʣʘʚʨʦʚ çʈʘʩʯʸʪ ʨʘʙʦʯʝʛʦ 

ʧʨʦʮʝʩʩʘ ʯʝʪʳʨʸʭʪʘʢʪʥʦʛʦ ʜʠʟʝʣʷ ʩ ʧʦʤʦʱʴʶ ʕɺʄè / ɸ.ɸ.ʇʨʦʭʦʨʝʥʢʦ. ï 

ʍʘʨʢʽʚ: ʅʊʋ çʍʇɯè, 2002. ï 20 ʩ. 

8. ɻʨʝʭʦʚ ʃ.ɺ., ʀʚʘʱʝʥʢʦ ʅ.ɸ., ʄʘʨʢʦʚ ɺ.ɸ. ʊʦʧʣʠʚʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ 
ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʜʠʟʝʣʝʡ: ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ï ʄ.: ʃʝʛʠʦʥ - ɸʚʪʦʜʘʪʘ, 

2004. ï 344 ʩ. 
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ʇʨʦʭʦʨʝʥʢʦ ɸʥʜʨʽʡ ʆʣʝʢʩʽʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬ., ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʈʽʧʢʘ ʄʠʢʠʪʘ ʉʝʨʛʽʡʦʚʠʯ, ʩʪʫʜʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-

ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ɿɻʆʈʗʅʅʗ 

ʈʆʉʃʀʅʅʆɻʆ ʇɸʃʀɺɸ ʋ ʎʀʃɯʅɼʈɯ ɼʀɿɽʃʗ 

 

          ɾʦʨʩʪʢʽ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʚʠʛʫʥʽʚ, ʘ ʪʘʢʦʞ 

ʚʠʩʥʘʞʝʥʥʷ ʨʦʜʦʚʠʱ ʥʘʬʪʠ ʽ ʟʨʦʩʪʘʥʥʷ ʮʽʥ ʥʘ ʥʘʬʪʦʧʨʦʜʫʢʪʠ ʟʤʫʰʫʶʪʴ ʜʦ 

ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʧʘʣʠʚ ʜʣʷ ɼɺɿ. ɼʦ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʚʽʜʥʦʩʷʪʴ ʧʘʣʠʚʘ, 

ʷʢʽ ʥʝ ʻ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʨʦʙʢʠ ʥʘʬʪʠ ʽ ʪʨʘʜʠʮʽʡʥʽ ʥʘʬʪʦʚʽ ʧʘʣʠʚʘ, 

ʤʦʜʠʬʽʢʦʚʘʥʽ ʨʽʟʥʠʤʠ ʜʦʙʘʚʢʘʤʠ. ɺ ʨʦʙʦʪʽ, ʚ ʷʢʦʩʪʽ ʦʙ'ʻʢʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʚʠʢʦʨʠʩʪʘʥʦ ʧʘʣʠʚʦ, ʱʦ ʤʽʩʪʠʪʴ ʨʽʟʥʠʡ ʚʽʜʩʦʪʦʢ ʨʽʧʘʢʦʚʦʾ ʦʣʽʾ ʚ ʩʫʤʽʰʽ ʟ 

ʜʠʟʝʣʴʥʠʤ ʧʘʣʠʚʦʤ. 

           ɼʣ̫ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʩʪʦʩʦʚʘʥʦ ʝʥʝʨʛʦ-ʝʢʩʝʨʛʝʪʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ 

ʜʦʟʚʦʣʠʚ ʧʨʦʚʝʩʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʜʽʡʩʥʦʤʫ 

ʨʦʙʦʯʦʤʫ ʮʠʢʣʽ ʜʠʟʝʣʷ, ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʧʨʘʮʝʟʜʘʪʥʦʾ ʯʘʩʪʠʥʠ ʧʽʜʚʝʜʝʥʦʾ 

ʪʝʧʣʦʪʠ, ʚʠʷʚʠʪʠ ʨʝʟʝʨʚʠ ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʧʘʣʠʚ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. 

ʎʝʡ (ʝʥʝʨʛʦ-ʝʢʩʝʨʛʝʪʠʯʥʠʡ) ʤʝʪʦʜ ʘʥʘʣʽʟʫ ʤʘʻ ʰʠʨʦʢʝ ʚʠʟʥʘʥʥʷ ï ʚ̔ ʥ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʷʢʽʩʥʠʡ ʘʥʘʣʽʟ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʪʦʢʽʚ ʚ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ, 

ʦʮʽʥʠʪʠ ʨʽʚʝʥʴ ʚʪʨʘʪ ʝʢʩʝʨʛʽʾ ʚ ʧʨʦʮʝʩʽ ʟʛʦʨʷʥʥʷ ʥʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ, ʘ ʟʥʘʯʠʪʴ, ʚʠʷʚʠʪʠ ʨʝʟʝʨʚʠ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʚʠʢʦʨʠʩʪʘʥʥʷ [1ï4]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʚʠʨʽʰʝʥʘ ʟʘʜʘʯʘ ʝʥʝʨʛʦ-ʝʢʩʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʜʽʡʩʥʦʛʦ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ ʜʠʟʝʣʷ ʥʘ ʦʩʥʦʚʽ ʦʙʨʦʙʢʠ ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ, 

ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ, ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʢʩʝʨʛʽʾ ʽ ʘʥʝʨʛʠʠ ʚ  ʪʝʧʣʦʪʽ, ʱʦ ʚʠʜʽʣʠʣʘʩʷ ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ. 

ʄʝʪʦʜʠʢʘ ʝʥʝʨʛʦ-ʝʢʩʝʨʛʽʪʽʯʝʩʢʦʛʦ ʤʝʪʦʜʫ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʘ ʚ ʨʦʙʦʪʽ [5]. 

ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʮʽʻʾ ʤʝʪʦʜʠʢʠ ʪʘʢʽ: 

1.ɺʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ ʝʢʩʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʽ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ 

ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʟʥʠʮʝʶ ʤʽʞ ʚʽʜʥʦʩʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʝʧʣʦʪʠ, ʷʢʘ ʚʠʜʽʣʷʻʪʴʩʷ ʧʨʠ 

ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ ʽ ʚʽʜʥʦʩʥʦʶ ʢʽʣʴʢʽʩʪʶ ʘʥʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʮʠʣʽʥʜʨʽ ʜʚʠʛʫʥʘ 

 

ae xxx -== maxh . 

 

2. ɼʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʚ ʩʠʣʫ ʤʘʣʦʩʪʽ ʚʝʣʠʯʠʥʠ, ʤʦʞʥʘ ʧʨʠʡʥʷʪʠ 

ʝʣʝʤʝʥʪʘʨʥʝ ʧʨʠʨʦʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʥʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚʥʘʩʣʽʜʦʢ ʤʘʩʦʦʙʤʽʥʫ 

MAd = 0. ʇʨʠ ʮʴʦʤʫ ʧʦʭʠʙʢʘ ʦʙʯʠʩʣʝʥʥʷ ʥʝ ʧʝʨʝʚʠʱʫʻ 1,5% ʚʽʜ ʤʝʪʦʜʠʢʠ, ʜʝ  

MAd  Í 0. 

ʈʝʟʫʣʴʪʘʪʠ ʩʪʝʥʜʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʜʚʠʛʫʥʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʥʴʦʤʫ 

ʨʽʟʥʠʭ ʧʘʣʠʚ ʥʘʚʝʜʝʥʽ ʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʡʦʛʦ ʨʦʙʦʪʠ ʥʘ 
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ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʨʝʞʠʤʘʭ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣ. 1. 

ʇʨʠʢʣʘʜ ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʝʥʝʨʛʦ-

ʝʢʩʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʮʝʩʫ ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʜʽʡʩʥʦʤʫ ʮʠʢʣʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 1.  

ʊʘʙʣʠʮʷ 1 - ʆʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʜʚʠʛʫʥʘ 

ɺʠʜ 

ʧʘʣʠʚʘ 

n 

ʭʚ-1 

Ne 

ʢɺʪ 

Gʚ 

ʢʛ/ʛ 

Gʪ 

ʢʛ/ʛ ɖmax 

ɼʇ 

2000 118,3 812,8 26,0 0,81

2 

2000 106,4 761,7 23,0 0,80

4 

2000 88,6 719,9 19,9 0,79

8 

2000 59,3 622,4 14,1 0,78

2 

2000 29,5 566,7 8,3 0,75

2 

75%ɼʇ+25%ʈʆ 2000 106,6 761,7 24,0 
0,80

4 

50%ɼʇ+50%ʈʆ 

2000 113,9 790,5 27,3 
0,81

3 

2000 106,8 758,5 24,9 
0,80

6 

2000 88,8 

724, 

6 20,8 
0,79

4 

2000 60,1 

631, 

7 14,7 
0,77

5 

25%ɼʇ+75%ʈʆ 2000 106,5 766,4 26,6 
0,80

8 

ɽɽʈʆ 

2000 111,0 780,3 29,0 
0,81

1 

2000 106,4 775,7 27,6 
0,80

7 

2000 88,6 715,3 23,5 
0,79

7 

2000 59,3 627,0 16,3 
0,77

7 
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ʈʠʩʫʥʦʢ 1 ï ɯʥʜʠʢʘʪʦʨʥʽ ʜʽʘʛʨʘʤʠ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ n = 2000 ʭʚ-1  

 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʽʥʜʠʢʘʪʦʨʥʠʭ ʜʽʘʛʨʘʤ, ʚʠʢʦʥʘʥʦʾ ʟʘ ʟʘʛʘʣʴʥʦʚʽʜʦʤʦʶ 

ʤʝʪʦʜʠʢʦʶ ʫ ʚʠʛʣʷʜʽ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʟʘʢʦʥʽʚ ʟʛʦʨʷʥʥʷ ʧʘʣʠʚʘ ʧʦʢʘʟʘʥʽ ʥʘ 

ʨʠʩ. 2.  

 

 
ʈʠʩʫʥʦʢ 2 ï ɿʘʢʦʥʠ ʟʛʦʨʷʥʥʷ ʜʠʟʝʣʴʥʦʛʦ ʧʘʣʠʚʘ. ʅʘʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ n = 2000 ʭʚ-1  

 

ʅʠʞʯʝ ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦ-ʝʢʩʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʛʦʨʷʥʥʷ (ʧʽʜʚʝʜʝʥʥʷ ʪʝʧʣʦʪʠ ʚ ʜʽʡʩʥʦʤʫ ʮʠʢʣʽ), ʚʠʢʦʥʘʥʦʛʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʦʧʠʩʘʥʦʾ ʚʠʱʝ ʤʝʪʦʜʠʢʠ.  
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ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʜʚʠʛʫʥ 

ɿʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ɖmax ʜʣʷ ʢʦʞʥʦʛʦ ʨʝʞʠʤʫ 

ʥʘʚʝʜʝʥʝ ʚ ʪʘʙʣ. 1.  

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʤʽʥʘ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ɖmax ʚʽʜ 

ʚʽʜʥʦʩʥʦʾ ʧʦʪʫʞʥʦʩʪʽ œʝ=Ne/Nemax ʜʚʠʛʫʥʘ. ʗʢ ʚʠʜʥʦ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ œʝ ï ɖmax 

ʪʝʞ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʧʨʠʯʦʤʫ, ʟʘʣʝʞʥʽʩʪʴ ʥʦʩʠʪʴ ʣʽʥʽʡʥʠʡ ʭʘʨʘʢʪʝʨ. ʎʝ 

ʧʦʷʩʥʶʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʪʠʩʢʫ, ʘ ʟʥʘʯʠʪʴ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʧʨʦʮʝʩʽ ʧʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʪʠ ʚ ʮʠʣʽʥʜʨʽ. 

 

 
ʈʠʩʫʥʦʢ 3 ï ɿʤʽʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʜʠʟʝʣʷ ʟʘ ʥʘʚʘʥʪʘʞʫʚʘʣʴʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ 

ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʩʢʣʘʜʫ ʧʘʣʠʚʘ 

ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʧʦʢʘʟʘʣʠ, ʱʦ ʟʤʽʥʘ ʯʘʩʪʢʠ ʝʢʩʝʨʛʽʾ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʧʘʣʠʚʘ. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʮʠʢʣʽ, ʘ ʟʥʘʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʨʦʮʝʩʽ ʧʽʜʚʝʜʝʥʥʷ 

ʪʝʧʣʦʪʠ, ʧʨʠ ʧʝʨʝʭʦʜʽ ʥʘ ʧʘʣʠʚʦ ʚʽʜʤʽʥʥʦʛʦ ʚʽʜ ʜʠʟʝʣʴʥʦʛʦ ʩʢʣʘʜʫ ʟʥʘʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ. ʆʪʞʝ, ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʂʂɼ ʮʠʢʣʫ, ʱʦ 

ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʥʘ ʨʠʩ. 4. 

 

 

ʈʠʩʫʥʦʢ 4 ï ɿʘʣʝʞʥʽʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ʚʽʜ ʩʢʣʘʜʫ ʧʘʣʠʚʘ 
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ɺʠʩʥʦʚʢʠ 

 

1. ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ɖmax ʚʠʟʥʘʯʘʻ ʤʝʞʫ ʟʥʘʯʝʥʴ 

ʝʬʝʢʪʠʚʥʦʛʦ ʂʂɼ ɖʝ ʜʚʠʛʫʥʘ. ʆʯʝʚʠʜʥʦ, ʱʦ ʮʷ ʤʝʞʘ, ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ ʡ ʧʽʜʚʠʱʝʥʥʷʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ 

ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʢʦʨʠʩʪʘʥʥʷ. 

2. ʇʨʠ ʟʥʠʞʝʥʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ ʮʠʢʣʫ ɖmax 

ʟʤʝʥʰʫʻʪʴʩʷ. ʎʝ ʟʚ'ʷʟʘʥʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʝʣʠʯʠʥʠ Tmax ʯʝʨʝʟ ʤʝʥʰʫ ʮʠʢʣʦʚʫ 

ʧʦʜʘʯʫ ʧʘʣʠʚʘ, ʘ ʟʥʘʯʠʪʴ ʙʽʣʴʰʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʥʘʜʣʠʰʢʫ ʧʦʚʽʪʨʷ Ŭ. ʆʪʞʝ, 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʝʧʣʦʧʽʜʚʝʜʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʷʢʦʩʪʽ ʨʦʙʦʯʦʾ ʩʫʤʽʰʽ. ʅʝʦʙʭʽʜʥʦ 

ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʨʦʙʦʯʠʡ ʧʨʦʮʝʩ ʽʟ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʽʡ 

ʜʣʷ ʜʘʥʦʛʦ ʜʚʠʛʫʥʘ ʪʝʤʧʝʨʘʪʫʨʽ. 

3. ʅʘ ʨʽʟʥʠʭ ʨʝʞʠʤʘʭ ʨʦʙʦʪʠ ʟʥʘʯʝʥʥʷ ɖmax ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 0,74...0,82. ʎʷ 

ʚʝʣʠʯʠʥʘ ʚʠʟʥʘʯʘʻ ʤʝʞʫ ʟʥʘʯʝʥʴ ʝʬʝʢʪʠʚʥʦʛʦ ʂʂɼ ɖe ʜʚʠʛʫʥʘ. ʎʷ ʤʝʞʘ ʤʦʞʝ 

ʙʫʪʠ ʜʦʩʷʛʥʫʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʢʦʥʩʪʨʫʢʮʽʾ ʜʚʠʛʫʥʘ ʡ ʧʽʜʚʠʱʝʥʥʷʤ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʚʠʢʦʨʠʩʪʘʥʥʷ. 

4. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʘʣʠʚʘ ʨʽʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʟʥʘʯʝʥʥʷ ɖmax ʣʝʞʠʪʴ ʫ ʤʝʞʘʭ 

0,79...0,80. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ, ʱʦ ʚʽʜʥʦʩʥʘ ʢʽʣʴʢʽʩʪʴ ʧʨʘʮʝʟʜʘʪʥʦʾ ʪʝʧʣʦʪʠ, ʱʦ 

ʚʠʜʽʣʠʣʘʩʷ ʧʨʠ ʟʛʦʨʷʥʥʽ ʧʘʣʠʚʘ, ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʘʙʦ 

ʩʫʤʽʰʝʚʦʛʦ ʧʘʣʠʚʘ.  
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ʈʠʯʦʢ ʉʝʨʛʽʡ ʆʣʝʢʩʽʡʦʚʠʯ, ʘʩʧʽʨʘʥʪ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ ɼʇ ñɼʝʨʞʘʚʪʦʪʨʘʥʩʅɼɯʧʨʦʝʢʪò, 

srychok@insta.org.ua 

 

ɺʇʃʀɺ ʉʇʆʉʆɹʋ ɺɯɼʂʃʖʏɽʅʅʗ ʎʀʃɯʅɼʈɯɺ ʅɸ ʇɸʃʀɺʅʋ 

ɽʂʆʅʆʄɯʏʅɯʉʊʔ ɼɺʀɻʋʅɸ ɿ ɯʉʂʈʆɺʀʄ ɿɸʇɸʃʖɺɸʅʅʗʄ ʇʈʀ 

ʂʆʄɹɯʅʆɺɸʅʆʄʋ ʈɽɻʋʃʖɺɸʅʅɯ ʇʆʊʋɾʅʆʉʊɯ 

 

ɺʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʻ ʯʘʩʪʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʰʚʠʜʢʽʩʥʽ ʨʝʞʠʤʠ ʪʘ ʭʦʣʦʩʪʠʡ 

ʭʽʜ. ɺ ʮʠʭ ʨʝʞʠʤʘʭ ʟʥʘʯʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʘʚʪʦʤʦʙʽʣʴʥʠʭ ʜʚʠʛʫʥʽʚ, 

ʟʦʢʨʝʤʘ ʜʚʠʛʫʥʽʚ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ, ʥʝ ʜʫʞʝ ʚʠʩʦʢʽ. ʆʩʥʦʚʥʠʤʠ 

ʧʨʠʯʠʥʘʤʠ ʧʦʛʽʨʰʝʥʥʷ ʧʘʣʠʚʥʦʾ ʝʢʦʥʦʤʯ̔ʥʦʩʪʽ ʻ ʟʙʽʣʴʰʝʥʥʷ ʥʘʩʦʩʥʠʭ ʚʪʨʘʪ ʪʘ  

ʚʽʜʥʦʩʥʦʾ ʜʦʣʽ ʚʪʨʘʪ ʥʘ ʪʝʨʪʷ, ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʮʝʩʫ ʩʫʤʽʰʦʫʪʚʦʨʝʥʥ ̫ʽ ʟʛʦʨʘʥʥʷ. 

ʆʜʥʠʤ ʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʮʠʭ ʧʨʠʯʠʥ ʻ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʤʝʪʦʜ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʩʘʤʝ ʚʽʜʢʣʶʯʝʥʥʷ ʛʨʫʧʠ ʮʠʣʽʥʜʨʽʚ ʚ ʨʝʞʠʤʘʭ 

ʤʘʣʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʟ ʧʦʜʘʣʴʰʠʤʠ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʧʨʘʮʶʶʯʠʭ 

ʮʠʣʽʥʜʨʽʚ ʪʘ ʜʨʦʩʝʣʶʚʘʥʥʷʤ ʚʩ̔ ʭ ʮʠʣʽʥʜʨʽʚ ʚ ʨʝʞʠʤʘʭ ʩʝʨʝʜʥʽʭ ʽ ʧʦʚʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʧʦʩʦʙʫ ʚʽʜʢʣʶʯʝʥʥʷ 

ʛʨʫʧʠ ʮʠʣʽʥʜʨʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʪʁʴ ʫ ʚʽʜʢʣʶʯʝʥʠʭ ʮʠʣʽʥʜʨʘʭ.  

ɺ ʜʦʧʦʚʽʜʽ ʙʫʜʫʪʴ ʚʠʩʚʽʪʣʝʥʽ ʧʠʪʘʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʩʧʦʩʦʙʫ ʚʽʜʢʣʶʯʝʥʥʷ 

ʮʠʣʽʥʜʨʽʚ ʥʘ ʧʘʣʠʚʥʫ ʝʢʦʥʦʤʯ̔ʥʽʩʪʴ ʜʚʠʛʫʥʘ ʟ ʽʩʢʨʦʚʠʤ ʟʘʧʘʣʶʚʘʥʥʷʤ ʧʨʠ 

ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʨʝʛʫʣʶʚʘʥʥʽ ʧʦʪʫʞʥʦʩʪʽ. 

ʐʚʝʮʴ ɯʛʦʨ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ ʢʘʬʝʜʨʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʇʝʨʚʦʤʘʡʩʴʢʦʾ ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤ̔ ʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʇʝʨʚʦʤʘʡʩʴʢ, ʋʢʨʘʾʥʘ, 

ihor.shvets@nuos.edu.ua   

ɯʚʘʥʶʢ ʗʨʦʩʣʘʚ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ 54-ɽʄ-19ʟ ʇʝʨʚʦʤʘʡʩʴʢʦʾ 

ʬʽʣʽʾ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ  

ʤ. ʇʝʨʚʦʤʘʡʩʴʢ, ʋʢʨʘʾʥʘ, yaroslavvladimirovich27@gmail.com  

ɯʚʘʱʝʥʢʦ ʆʣʝʢʩʘʥʜʨ ɯʚʘʥʦʚʠʯ, ʩʪʫʜʝʥʪ ʛʨʫʧʠ 54-ɽʄ-19ʟ ʇʝʨʚʦʤʘʡʩʴʢʦʾ ʬʽʣʽʾ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ  

ʤ. ʇʝʨʚʦʤʘʡʩʴʢ, ʋʢʨʘʾʥʘ, sanj235820@gmail.com  

 

ʉʀʉʊɽʄɸ ɼɽʉʂʈɽʊʅʆɻʆ ɼʆɿʋɺɸʅʅʗ ɻɸɿʆɺʆɻʆ ʇɸʃʀɺɸ ɼʃʗ   

ɸɺʊʆʄʆɹɯʃʔʅʆɻʆ ɺʀʉʆʂʆʆɹɽʈʊʆɺʆɻʆ ɼɺʀɻʋʅɸ  

 

ɺ ʜʘʥʠʡ ʯʘʩ, ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʟ 

ʨʝʛʫʣʶʚʘʥʥʷʤ ʡʦʛʦ ʢʽʣʴʢʦʩʪʽ ʚ ɼɺɿ ʻ ʪʝ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʽʙʥʫ 

ʧʦʜʘʯʫ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʟʘ ʢʦʨʦʪʢʦʯʘʩʥʠʡ ʧʝʨʽʦʜ (ʯʘʩ ʚʽʜʢʨʠʪʪʷ ʽ ʟʘʢʨʠʪʪʷ 

ʢʣʘʧʘʥʘ ʩʪʘʥʦʚʠʪʴ ʤʝʥʰʝ ʦʜʥʽʻʾ ʤʽʣʽʩʝʢʫʥʜʠ) ʚ ʜʦʩʠʪʴ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ, ʟ 

mailto:ihor.shvets@nuos.edu.ua
mailto:yaroslavvladimirovich27@gmail.com
mailto:sanj235820@gmail.com
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʜʦʟʫʚʘʥʥʷ, ʱʦ ʤʘʶʪʴ ʜʦʩʪʘʪʥʴʦ ʤʽʥʽʤʘʣɹʥʫ 

ʽʥʝʨʮʽʡʥʽʩʪʴ ʨʫʭʦʤʠʭ ʤʘʩ ʽ ʣʝʛʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʫ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʧʦʜʘʯʽ, ʱʦ 

ʨʝʘʣʽʟʫʻ ʜʠʩʢʨʝʪʥʠʡ ʩʧʦʩʽʙ ʧʦʜʘʯʽ ʪʘ ʜʦʟʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ. ʉʫʪʴ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʣʷʛʘʻ ʫ ʚʠʪʽʩʥʝʥʥʽ ʛʘʟʫ ʧʽʜ ʪʠʩʢʦʤ ʟ ʧʘʣʠʚʥʦʛʦ 

ʙʘʣʦʥʘ ʧʦ ʧʘʣʠʚʦʧʨʦʚʦʜʫ ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʨʘʢʪ ʯʝʨʝʟ ʚʠʧʘʨʥʠʢ-

ʪʝʧʣʦʦʙʤʽʥʥʠʢ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʛʘʟʫ. ʈʝʛʫʣʶʚʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʘ 

ʟʜʽʡʩʥʶʻ ʘʜʘʧʪʦʚʘʥʝ ʧʦʻʜʥʘʥʥʷ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʬʦʨʩʫʥʦʢ ʥʘ 

ʜʽʣ̫ʥʮʽ ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʧʘʣʠʚʦʧʨʦʚʦʜʫ. ɺʦʥʠ ʟʜʽʡʩʥʶʶʪʴ ʧʦʜʘʯʫ ʧʘʣʠʚʘ ʽʟ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ, ʟʘ ʨʘʭʫʥʦʢ ʨʝʘʣʽʟʘʮʽʾ ʧʨʠʥʮʠʧʫ ʜʠʩʢʨʝʪʥʦʛʦ ʜʦʟʫʚʘʥʥʷ. 

ʂʦʞʥʝ ʦʢʨʝʤʝ ʜʠʩʢʨʝʪʥʝ ʜʦʟʫʚʘʥʥʷ ʧʘʣʠʚʘ ʫʧʨʘʚʣʷʻʪʴʩʷ ʝʣʝʢʪʨʦʥʥʠʤ 

ʨʝʛʫʣʷʪʦʨʦʤ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʜʘʥʠʭ ʥʘ ʥʴʦʛʦ ʩʠʛʥʘʣ̔ ʚ ʜʘʪʯʠʢʘ ʯʘʩʪʦʪʠ 

ʦʙʝʨʪʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʚʩʤʦʢʪʫʶʯʦʤʫ ʪʨʘʢʪʽ ʽ 

ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ ʽ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʭ ʚʠʭʦʜʽ. 

ɿʘʚʜʘʥʥʷ ʷʢʝ ʚʠʨʽʰʫʻʪʴʩʷ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ 

ʧʘʣʠʚʘ, ʻ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ ʽ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ 

ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ɼɺɿ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʾʭ ʦʜʥʦʯʘʩʥʦʾ ʨʦʙʦʪʠ 

ʟ ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʾ ʽʥʝʨʮʽʡʥʽʩʪʶ ʨʫʭʦʤʠʭ ʤʘʩ.  

ɼʘʥʝ ʟʘʚʜʘʥʥʷ ʚʠʨʽʰʫʻʪʴʩʷ ʪʠʤ, ʱʦ ʩʧʦʩʽʙ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʜʘʯʽ 

ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʚ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥɹ ʦʛʦ ʟʛʦʨʷʥʥʷ, ʦʙʫʤʦʚʣʝʥʠʡ 

ʥʘʩʪʫʧʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ: 

- ʨʝʛʫʣʶʚʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʧʘʣʠʚʘ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʨʘʢʪ; 

- ʘʜʘʧʪʦʚʘʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʟ ʙʝʟʣʽʯʽ ʧʘʨʘʣʝʣʴʥʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʜʽʣʷʥʮʽ 

ʨʦʟʛʘʣʫʞʝʥʦʛʦ ʧʘʣʠʚʦʧʨʦʚʦʜʫ ʬʦʨʩʫʥʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʟ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ; 

- ʥʘʷʚʥʽʩʪʶ ʢʦʞʥʦʛʦ ʦʢʨʝʤʦʛʦ ʜʠʩʢʨʝʪʥʦʛʦ ʜʦʟʫʚʘʥʥʷ ʧʘʣʠʚʘ ʟʘʚʜʷʢʠ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʫ, ʷʢʠʡ ʬʦʨʤʫʻ ʢʝʨʫʶʯʠʡ ʩʠʛʥʘʣ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʧʦʜʘʻ ʥʘ ʥʴʦʛʦ ʜʘʪʯʠʢ ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ 

ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ, ʘ ʪʘʢʦʞ ʜʘʪʯʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʫ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʪʨʘʢʪʽ ʽ ʜʘʪʯʠʢ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ ʽ ʜʘʪʯʠʢ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʭ ʚʠʭʦʜʽ.  

ɺʝʣʠʯʠʥʘ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ ʜʠʩʢʨʝʪʥʠʤ ʩʧʦʩʦʙʦʤ ʬʦʨʤʫʻʪʴʩʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʪʨʘʪʠ ʯʝʨʝʟ ʧʝʨʝʨʽʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

ʬʦʨʩʫʥʢʠ. ɼʣʷ ʚʩʽʭ ʬʦʨʩʫʥʦʢ ʚʝʣʠʯʠʥʠ ʧʣʦʱ ʧʨʦʭʽʜʥʦʛʦ ʦʪʚʦʨʫ ʟʤʽʥʶʶʪʴʩʷ 

ʟʛʽʜʥʦ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʨʷʜʫ ʯʠʩʝʣ. ɺʝʣʠʯʠʥʘ ʮʽʻʾ ʧʣʦʱʽ 

ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʘ ʟ ʬʦʨʤʫʣʠ: 

 
ʜʝ f i ï ʧʨʦʭʜ̔ʥʠʡ ʧʝʨʝʪʠʥ ʦʢʨʝʤʦʛʦ ʢʦʰʪʠ ʜʦʟʫʚʘʥʥʷ; 

fʟʘʛ ï ʩʫʤʘʨʥʝ ʟʥʘʯʝʥʥʷ ʚʩʽʭ ʜʠʩʢʨʝʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʫʚʘʥʥʷ; 

ni ï ʢʽʣʴʢʽʩʪʴ ʜʠʩʢʨʝʪʥʠʭ ʟʘʩʦʙʽʚ ʜʦʟʫʚʘʥʥʷ; 

ɣ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʠʨʘʞʘʻ ʨʷʜ ʯʠʩʝʣ, ʩʫʤʘ ʷʢʠʭ ʩʪʘʥʦʚʠʪʴ ʢʽʣʴʢʽʩʪʴ 

ʩʧʦʣʫʯʝʥʴ (ʢʦʤʙʽʥʘʮʽʾ) ʜʠʩʢʨʝʪʥʝ ʟʘʩʦʙʽʚ ʜʦʟʫʚʘʥʥʷ; 
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ʊʘʢʠʤ ʯʠʥʦʤ ʦʢʨʝʤʝ ʜʠʩʢʨʝʪʥʝ ʜʦʟʫʚʘʥʥʷ ʧʘʣʠʚʘ ʜʣʷ ʟʘʜʘʥʦʛʦ ʨʝʞʠʤʫ 

ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ  ʚʠʙʠʨʘʶʪʴ ʟ ʫʤʦʚʠ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʾ ʪʦʯʥʦʩʪʽ ʧʨʦʧʫʩʢʥʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʘʩʦʙʽʚ ʜʦʟʫʚʘʥʥʷ. ɿʘʚʜʷʢʠ ʮʴʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʧʦʜʘʯʽ 

ʧʘʣʠʚʘ ʚ ɼɺɿ, ʟʘʙʝʟʧʝʯʫʻ ʫʤʦʚʠ ʜʣʷ ʧʽʜʚʠʝɦʥʥʷ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥ̫ ʧʘʣʠʚʘ ʽ 

ʡʦʛʦ ʰʚʠʜʢʦʜʽʾ ʯʝʨʝʟ ʟʘʩʦʙʠ ʜʦʟʫʚʘʥʥʷ.  

ɼʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʫʤʦʚʘ ʚʘʨʽʶʚʘʥʥʷ ʩʪʫʧʝʥʷ ʧʣʘʚʥʦʩʪʽ ʟʤʽʥʠ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʯʘʩʪʦʪʠ ʦʙʝʨʪʘʥʥʷ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣ ʜʚʠʛʫʥʘ, ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʦʤʫ ʪʨʘʢʪʽ, ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʥʘ ʚʭʦʜʽ ʬʦʨʩʫʥʢʠ ʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ. ʄʦʞʣʠʚʽʩʪʴ ʚʘʨʽʘʥʪʽʚ ʧʦʻʜʥʘʥʥʷ ʙʝʟʣʽʯʽ ʜʦʟʫʶʯʠʭ 

ʟʘʩʦʙʽʚ, ʩʪʚʦʨʶʻ ʟʨʫʯʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʜʦ ʤʽʥʽʤʘʣʴʥʦʾ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟ ʥʘʧʝʨʝʜ ʟʘʜʘʥʦʶ ʪʦʯʥʽʩʪʶ.  

 
ʈʠʩʫʥʦʢ 1 ï ʇʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʫʚʘʥʥʷ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ. 

 

ʅʘ ʧʨʠʚʝʜʝʥʽʡ ʥʘ ʨʠʩʫʥʢʫ ʩʭʝʤʠ ʧʦʜʘʯʽ ʛʘʟʦʧʦʜʽʙʥʦʛʦ ʧʘʣʠʚʘ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʚ ʜʚʠʛʫʥ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʟʦʙʨʘʞʝʥʦʛʦ ʷʢ ʜʚʠʛʫʥ 1, ʟʽ 

ʚʩʤʦʢʪʫʚʘʣʴʥʦʛʦ ʪʨʘʢʪʫ 2 ʧʦʜʘʻʪʴʩʷ ʛʘʟʦʧʦʜʽʙʥʠʡ ʧʘʣʠʚʦ ʟ ʧʘʣʠʚʥʦʛʦ ʙʘʣʦʥʘ 

3, ʧʨʦʭʦʜʷʯʠ ʯʝʨʝʟ ʚʝʥʪʠʣʴ 4, ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʡ ʢʣʘʧʘʥ 5, ʪʘ ʬʽʣʴʪʨ 6. 

ʇʘʣʠʚʦ ʧʽʩʣʷ ʮʴʦʛʦ ʧʦʪʨʘʧʣʷʻ ʚ ʪʝʧʣʦʦʙʤʽʥʥʠʢ-ʚʠʧʘʨʥʠʢ 7, ʪʘ ʨʝʛʫʣʷʪʦʨ 

ʪʠʩʢʫ 8 ʽ ʜʘʣʽ ʨʫʭʘʻʪʴʩʷ ʧʦ ʨʦʟʛʘʣʫʞʝʥʦʤʫ ʧʘʣʠʚʦʧʨʦʚʦʜʫ. ʅʘ ʢʦʞʥʦʤʫ 

ʚʽʜʛʘʣʫʞʝʥʥʽ ʧʘʣʠʚʦʧʨʦʚʦʜʫ ʚʩʪʘʥʦʚʣʝʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʽ ʢʣʘʧʘʥʠ, ʱʦ 

ʧʦʟʥʘʯʝʥʽ ʥʘ ʩʭʝʤʽ ʧʽʜ ʧʦʟʠʮʽʷʤʠ 9-1, 9-2, 9-3, ʪʘ 9-ʥ ʽʟ ʟʘʛʘʣʴʥʦʶ 

ʯʠʩʝʣʴʥʽʩʪʶ, ʱʦ ʜʦʨʽʚʥʶʻ ʯʠʩʣʫ ʚʽʜʛʘʣʫʞʝʥʴ ʧʘʣʠʚʦʧʨʦʚʦʜʫ.  

ʂʝʨʫʚʘʥʥʷ ʚʠʪʨʘʪʦʶ ʧʘʣʠʚʘ ʟʜʽʡʩʥʶ̒ ʪʴʩʷ ʟʘʚʜʷʢʠ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʨʝʛʫʣʷʪʦʨʫ 10, ʜʦ ʷʢʦʛʦ ʥʘʜʭʦʜʷʪʴ ʝʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʚʽʜ ʜʘʪʯʠʢʘ  ʯʠʩʣʘ 

ʦʙʝʨʪʽʚ ʢʦʣʽʥʯʘʩʪʦʛʦ ʚʘʣʘ ʜʚʠʛʫʥʘ 11, ʜʘʪʯʠʢʘ ʪʠʩʢʫ ʫ ʚʩʤʦʢʪʫʚʘʣʴʥʦʤʫ 

ʪʨʘʢʪʽ 12, ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʟʛʘʜʘʥʦʤʫ ʪʨʘʢʪʽ 13, ʘ ʪʘʢʦʞ ʜʘʪʯʠʢʘ 

ʚʠʭʽʜʥʦʛʦ ʪʠʩʢʫ ʧʘʣʠʚʘ ʟ ʨʝʛʫʣʷʪʦʨʘ 14 ʽ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʚʠʭʦʜʽ ʟ 

ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ 15. ɺʠʭʽʜʥʠʡ ʢʦʤʘʥʜʥʠʡ ʩʠʛʥʘʣ ʟ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ ʟʛʘʜʘʥʠʭ ʜʘʪʯʠʢʽʚ ʥʘʜʭʦʜʷʪʴ ʜʦ 

ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ, ʚʠʢʦʥʘʥʠʭ ʫ ʚʠʛʣ̫ ʜʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ. 
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ɺ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʟʘʟʥʘʯʝʥʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʩʧʦʩʦʙʫ ʧʦʜʘʯʽ ʛʘʟʦʚʦʛʦ ʧʘʣʠʚʘ, ʨʦʟʜʽʣʠʪʠ ʥʦʤʽʥʘʣʴʥʫ ʮʠʢʣʦʚʫ 

ʧʦʨʮʽʶ ʧʘʣʠʚʘ ʥʘ ʧʦʜʘʯʫ ʯʝʨʝʟ ʯʦʪʠʨʠ ʜʦʟʫʶʯʽ ʬʦʨʩʫʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʦʯʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʚʠʛʫʥʘ 

ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʻʜʥʘʥʥʷʤ ʾʭ ʩʧʽʣʴʥʦʾ ʧʦʜʘʯʽ.  

ʂʽʣʴʢʽʩʪʴ ʩʧʦʣʫʯʝʥʴ (ʢʦʤʙʽʥʘʮʽʾ) ʜʦʟʫʶʯʽ ʟʘʩʦʙʫ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟ 

ʨʽʚʥʷʥʥʷ: 

Ni = 2n-1, 

ʜʝ Ni ï ʢʽʣʴʢʽʩʪʴ ʧʦʻʜʥʘʥʴ ʜʦʟʫʯʁʠʭ ʟʘʩʦʙʽʚ,  

n ï ʢʽʣʴʢʽʩʪʴ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ. 

 

ʇʨʠ ʩʫʤʘʨʥʽʡ ʧʣʦʱʽ ʧʨʦʭʽʜʥʦʛʦ ʦʜʥʦʯʘʩʥʦ ʧʨʘʮʶʶʯʠʭ ʜʦʟʫʶʯʠʭ 

ʟʘʩʦʙʽʚ fʟʘʛ. ʟʘʙʝʟʧʝʯʫʻ ʨʝʞʠʤ ʤʘʢʩʠʤʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʜʣʷ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʥʘ ʨʝʞʠʤʽ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʢʦʞʥʝ ʜʠʩʢʨʝʪʥʝ ʜʦʟʫʚʘʥʥʷ 

fʜʽʩʢʨ  ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʪʫ ʢʦʞʥʦʛʦ ʧʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ.   

ʇʨʠ ʨʦʟʛʘʣʫʞʝʥʥʽ ʪʨʫʙʦʧʨʦʚʦʜʫ ʥʘ ʯʦʪʠʨʠ ʧʦʪʦʢʠ ʩʫʤʘ ʤʦʞʣʠʚʠʭ 

ʜʠʩʢʨʝʪʥʠʭ ʩʧʦʣʫʯʝʥʴ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ ʩʢʣʘʜʝ 1 2 4 8 ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʟʘʣʝʞʥʦʩʪʽ 2n-1.  

ɽʣʝʢʪʨʠʯʥʽ ʩʠʛʥʘʣʠ ʜʘʪʯʠʢʽʚ, ʬʦʨʤʫʶʪʴ ʘʣʛʦʨʠʪʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʨʝʛʫʣʷʪʦʨʘ,  ʟ ʥʘʩʪʫʧʥʠʤ ʚʠʨʦʙʣʝʥʥʷ ʢʦʤʘʥʜʥʦʛʦ ʩʠʛʥʘʣʫ, ʱʦ ʚʠʟʥʘʯʘʻ 

ʚʝʣʠʯʠʥʫ ʥʝʦʙʭʽʜʥʦʛʦ ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʬʦʨʩʫʥʢʘʭ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʜʚʠʛʫʥʘ.  

ʇʨʝʜʩʪʘʚʣʝʥʠʡ ʩʧʦʩʽʙ ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ɼɺɿ ʨʝʘʣʽʟʫʻ ʧʨʠʥʮʠʧ 

ʜʨʦʙʣʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʧʦʪʦʢʫ ʧʘʣʠʚʘ ʥʘ ʯʘʩʪʠʥʠ, ʟ ʤʦʞʣʠʚʦ ʤʘʢʩʠʤʘʣʴʥʦʶ 

ʪʦʯʥʽʩʪʶ ʜʦʟʫʚʘʥʥʷ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ ʟ 

ʤʽʥʽʤʘʣʴʥʦʶ ʽʥʝʨʮʽʡʥʽʩʪʶ ʨʫʭʦʤʠʭ ʝʣʝʤʝʥʪʽʚ.  

ʊʘʢʠʡ ʧʨʠʡʦʤ ʚ ʧʨʦʧʦʥʦʚʘʥʦʤʫ ʪʝʭʥʽʯʥʦʤʫ ʨʽʰʝʥʥʽ ʟʫʤʦʚʠʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʙʝʟʧʝʨʝʰʢʦʜʥʦʛʦ 

ʨʝʘʛʫʚʘʥʥʷ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦʟʫʚʘʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʮʝʩʫ ʧʘʣʠʚʦʧʦʜʘʯʽ, 

ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʚ ʤʦʞʣʠʚʽʩʪʴ ʧʦʻʜʥʘʥʥʷ ʚ ʜʦʩʪʘʪʥʽʡ ʢʦʤʙʽʥʘʮʽʾ ʦʜʥʦʯʘʩʥʦʾ 

ʜʽʾ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʢʣʘʧʘʥʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʧʨʠʩʪʨʦʾʚ ʜʦʟʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʩʷʛʥʫʪʘ ʫʤʦʚʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʦʢʨʝʤʦʛʦ 

ʜʦʟʫʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʘ ʪʘʢʦʞ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʧʨʠ ʦʙʤʝʞʝʥʽʡ 

ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʜʘʯʽ ʧʘʣʠʚʘ. ʇʨʦʧʦʥʦʚʘʥʝ ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʟʫʤʦʚʠʣʦ 

ʪʘʢʦʞ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʦʩʥʦʚʥʦʾ ʪʝʥʜʝʥʮʽʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ 

ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʽ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤ ʚ ʨʦʟʰʠʨʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʬʫʥʢʮʽʡ 

ʫʧʨʘʚʣʽʥʥʷ.  

ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʛʫʣʷʪʦʨ ʧʦʨʷʜ ʟ ʬʫʥʢʮʽʻʶ ʚʽʜʩʪʝʞʝʥʥʷ ʯʘʩʪʦʪʠ ʪʘʢʪʫ 

ʧʦʜʘʯʽ ʧʘʣʠʚʘ ʚ ʫʩʤʦʢʪʫʚʘʣʴʥʠʡ ʪʨʘʢʪ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʨʦʙʦʪʠ 

ʜʚʠʛʫʥʘ ʽ ʧʘʨʘʤʝʪʨʽʚ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ ʟʜʽʡʩʥʶʻ ʜʦʜʘʪʢʦʚʫ ʬʫʥʢʮʽʶ, ʘ 

ʩʘʤʝ ʧʦʻʜʥʫʻ ʜʽʾ ʜʦʟʫʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʨʦʭʽʜʥʦʛʦ ʧʝʨʝʪʠʥʫ ʚ ʬʦʨʩʫʥʢʘʭ.  
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ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɸɺʊʆʄʆɹɯʃʗ ʇɯɼ ʏɸʉ ʆɹɻʆʅʋ 

 

ɺʩʪʫʧ 

 

ʅʘʡʚʘʞʣʠʚʽʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʠ ʤʘʥʝʚʨʘʭ ʦʙʛʦʥʫ ʻ ʨʽʟʢʽ ʟʤʽʥʠ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʢʦʝʬʽʮʽʥ̒ʪʽʚ (ʙʽʯʥʦʾ ʩʠʣʠ ʪʘ ʤʦʤʝʥʪʫ ʧʦʭʠʪʫʚʘʥʥʷ), ʦʩʢʽʣʴʢʠ 

ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ ʟʥʘʭʦʜʷʪʴʩʷ ʙʣʠʟʴʢʦ ʦʜʠʥ ʜʦ ʦʜʥʦʛʦ. ʅʘʡʯʘʩʪʽʰʝ ʮʽ 

ʚʽʜʭʠʣʝʥʥʷ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʨʘʧʪʦʚʠʤʠ ʟʤʽʥʘʤʠ ʜʦʨʦʞʥʽʭ ʫʤʦʚ ʪʘ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʚʪʨʘʪʠ ʢʝʨʫʚʘʥʥʷ ʚʦʜʽʻʤ. ɸʝʨʦʜʠʥʘʤʽʯʥʽ ʷʚʠʱʘ, ʧʦʚ'ʷʟʘʥʽ ʟ ʤʘʥʝʚʨʘʤʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʜʽʙʥʠʤʠ ʜʦ ʚ̫ʠʱ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ, ʧʽʜʯʘʩ 

ʧʦʜʦʣʘʥʥʷ ʧʝʨʝʰʢʦʜʠ (ʨʘʧʪʦʚʘ ʟʤʽʥʘ ʰʚʠʜʢʦʩʪʽ ʚʽʪʨʫ), ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚ'ʷʟʘʥʽ 

ʟ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʩʦʙʦʤ ʧʽʜ ʙʦʢʦʚʠʤʠ ʧʦʨʠʚʘʤʠ ʚʽʪʨʫ. 

ʊʦʤʫ ʚʜʦʩʢʦʥʘʣʶʚʘʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ 

ʟʘʩʦʙʽʚ, ʚʽʜʧʨʘʮʴʦʚʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʽ ʚʠʟʥʘʯʘʻ ʥʘʧʨʷʤʦʢ 

ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ 

 

ʏʠʩʝʣʴʥʝ ʤʦʜʝʣʶʚʘʥʥʷ [1,3] ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʪʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʦʙʪʽʢʘʥʥʷ 

ʚʠʢʦʥʘʥʝ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ OpenFOAM [40]. ʈʦʟʨʘʭʫʥʢʦʚʘ 

ʦʙʣʘʩʪʴ ʙʫʜʫʚʘʣʘʩʷ ʟʘ ʧʨʠʥʮʠʧʦʤ ʘʝʨʦʜʠʥʘʤʽʯʥʦʾ ʪʨʫʙʠ. ʊʚʝʨʜʦʪʽʣʴʥʘ ʤʦʜʝʣʴ 

ʟʘʥʫʨʝʥʘ ʚ ʨʦʟʨʘʭʫʥʢʦʚʫ ʦʙʣʘʩʪʴ ʽʟ ʨʦʟʤʽʨʘʤʠ 10 5 5L H W l l l³ ³ = ³ ³ (ʨʠʩ. 1) ʜʝ 

https://patentdb.ru/patent/2464439
https://poleznayamodel.ru/model/4/49128.html
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l - ʜʦʚʞʠʥʘ ʘʚʪʦʤʦʙʽʣʷ. ʈʦʟʨʘʭʫʥʢʦʚʘ ʦʙʣʘʩʪʴ ʦʧʠʩʫʚʘʣʘʩʷ ʪʝʪʨʘʝʜʨʘʣʴʥʦʶ 

ʩʽʪʢʦʶ ʧʦʪʫʞʥʽʩʪʶ ʙʣʠʟɹʢʦ 10 ʤʣʥ. ʚʫʟʣʽʚ ʟʽ ʟʛʫʱʝʥʥʷʤʠ ʧʦʙʣʠʟʫ ʪʚʝʨʜʠʭ 

ʧʦʚʝʨʭʦʥʴ ʜʣʷ ʦʧʠʩʫ ʧʨʠʢʦʨʜʦʥʥʦʛʦ ʰʘʨʫ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʦʙʣʘʩʪʽ ʥʘʚʢʦʣʦ ʘʚʪʦʤʦʙʽʣʽʚ 

 

ɯʥʪʝʛʨʫʚʘʥʥʷ ʧʦʚʥʠʭ ʦʩʝʨʝʜʥʝʥʠʭ ʨʽʚʥʷʥʴ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʟʜʽʡʩʥʶʚʘʣʦʩʷ 

ʨ̔ ʟʥʠʮʝʚʦʶ ʩʭʝʤʦʶ 2-ʛʦ ʧʦʨʷʜʢʫ ʪʦʯʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ TVD ʘʧʨʦʢʩʠʤʘʮʽʾ ʧʨʠ 

ʟʘʤʠʢʘʥʥʽ SST ʤʦʜʝʣʣʶ ʪʫʨʙʫʣʝʥʪʥʦʩʪʽ ʫ ʬʦʨʤʫʣʶʚʘʥʥʽ k-Ů. ɼʣʷ ʦʧʠʩʫ ʚôʷʟʢʠʭ 

ʝʬʝʢʪʽʚ ʫ ʧʨʠʢʦʨʜʦʥʥʦʤʫ ʰʘʨʽ ʥʘ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʘʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʧʨʠʩʪʽʥʥʽ ʬʫʥʢʮʽʾ, ʧʨʠ ʮʴʦʤʫ ʤʽʥʽʤʘʣɹʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʦʾ 

ʧʦʛʨʘʥʩʣʦʶ ʚʠʙʠʨʘʣʦʩʷ ʟʘ ʫʤʦʚʠ 5Y+<. ʇʦʟʘ ʨʦʟʨʘʭʫʥʢʦʚʦʶ ʦʙʣʘʩʪʶ 

ʧʝʨʝʜʙʘʯʘʚʩʷ ʥʝʟʙʫʨʝʥʠʡ ʧʦʪʽʢ.  

ɸʪʤʦʩʬʝʨʥʝ ʩʝʨʝʜʦʚʠʱʝ ʦʧʠʩʫʚʘʣʦʩʷ ʤʦʜʝʣʣʶ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ. ʋ 

ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ, ʱʦ ʥʘʙʽʛʘʻ, ʧʦʚʽʪʨʷ ʥʘʧʨʘʚʣʷʣʘʩ̫ ʫʟʜʦʚʞ ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ 

ʘʚʪʦʤʦʙʽʣʷ, ʩʪʘʥʦʚʠʣʘ 20 ʤ/ʩ ʽ ʟʙʽʛʘʣʘʩʷ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʦʨʦʞʥʴʦʛʦ ʧʦʣʦʪʥʘ; ʥʘ 

ʚʠʜʘʣʝʥʥʽ ʟʘʜʘʚʘʚʩʷ ʪʠʩʢ P¤ ʩʪʘʥʜʘʨʪʥʦʾ ʘʪʤʦʩʬʝʨʠ [4]. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʊʨʠʚʠʤʽʨʥʘ ʤʦʜʝʣʴ 
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ʊʨʘʥʩʧʦʨʪʥʠʡ ʟʘʩʽʙ ʈʠʩ. 2 ʷʚʣʷʻ ʩʦʙʦʶ çʤʽʥʽʚʝʥè ʟ ʟʘʟʥʘʯʝʥʠʤʠ ʥʘ 

ʨʠʩʫʥʢʫ ʚʽʜʥʦʩʥʠʤʠ ʨʦʟʤ̔ʨʘʤʠ.  

ʇʠʪʘʥʥʷ ʦʙʛʦʥʫ ʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽʥʰʠʤ ʚʠʨʽʰʫʚʘʣʦʩʴ ʷʢ 

ʚʽʜʥʦʩʥʠʡ ʨʫʭ ʦʜʥʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜʥʦʩʥʦ ʥʝʨʫʭʦʤʦʛʦ ʽʥʰʦʛʦ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ, ʷʢʽ ʦʙʜʫʚʘʣʠʩʷ ʟʫʩʪʨʽʯʥʠʤ ʧʦʪʦʢʦʤ ʧʦʚ̔ʪʨʷ (ʈʠʩ.3) [5,6]. 

 

 
ʈʠʩʫʥʦʢ 3 ï ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 

 

ɼʦʩʣʽʜʞʝʥʥʷ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽ ʧʽʜ ʯʘʩ 

ʦʙʛʦʥʫ ʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ ʽʥʰʠʤ 

ʈʝʟʫʣʴʪʘʪʠ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʘʭ 4 ï 7. 

 

 

ʈʠʩʫʥʦʢ 4 ʇʦʣʷ ʰʚʠʜʢʦʩʪʝʡ ʥʘʚʢʦʣʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ (0-8ʤ) 

 

ɸʥʘʣʽʟ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʜʘʻ ʥʘʤ ʫʷʚʣʝʥʥʷ ʧʨʦ ʘʝʨʦʜʠʥʘʤʽʯʥʫ 

ʚʟʘʻʤʦʜʽʶ ʜʚʦʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. ɿʘʚʜʷʢʠ ʯʦʤʫ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʚʧʣʠʚ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ, ʱʦ ʜʽʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʽ ʧʽʜ ʯʘʩ ʦʙʛʦʥʫ. ʋʷʚʣʝʥʥʷ 

ʧʨʦ ʮʝʡ ʚʧʣʠʚ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ. 
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ʈʠʩʫʥʦʢ 2.13 ʂʦʝʬʽʮʽʻʥʪ ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʦʧʦʨʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

 

 
ʈʠʩʫʥʦʢ 2.14 ʂʦʝʬʽʮʽʻʥʪ ʙʽʯʥʦʛʦ ʦʧʦʨʫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

 

 
ʈʠʩʫʥʦʢ 2.15 ʂʦʝʬʽʮʽʻʥʪ ʧ̔ ʜʽʡʤʘʣʴʥʦʾ ʩʠʣʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 

 

ɺʠʩʥʦʚʢʠ 

1. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʟʘʜʘʯʫ ʱʦʜʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʯʽʾ ʥʘʚʢʦʣʦ 

ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ; ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʯʠʩʝʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʦ 

ʤʦʜʝʣʶʚʘʥʥʶ ʟʦʚʥʽʰʥʽʭ ʧʦʪʦʢʽʚ ʥʘʚʢʦʣʦ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. 

2. ɼʦʩʣʽʜʞʝʥʥʷ ʦʙʪʽʢʘʥʥ̫ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ ʧʽʜ ʯʘʩ ʦʙʛʦʥʫ ʜʦʟʚʦʣʠʣʦ 

ʦʙʯʠʩʣʠʪʠ ʘʝʨʦʜʠʥʘʤʽʯʥʽ ʩʠʣʠ. 

3. ɺʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʞʥʦʩʪʽ ʘʝʨʦʜʠʥʘʤʽʯʥʠʭ ʩʠʣ ʚʽʜ ʾʭ ʚʟʘʻʤʥʦʛʦ 

ʧʦʣʦʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ 
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ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʫ ʤʘʪʝʤʘʪʠʮʽ ʧʨʠʩʚʷʯʝʥʽ ʯʠʩʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ. 

ɺ ʜʦʧʦʚʽʜʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʽʩʥʫʁʯʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʘʤʠ ʚʠʨʘʟʽʚ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ ʪʘ ʬʫʥʢʮʽʡ ʟʚôʷʟʢʫ: 

- ʤʝʪʦʜʠ ʧʨʷʤʦʛʦ ʧʦʰʫʢʫ ï ʜʠʭʦʪʦʤʽʷ, ʟʘ ʯʠʩʣʘʤʠ ʌʽʙʦʥʘʯʯʽ ʪʘ ʽʥ.; 

-  ʤʝʪʦʜʠ ʣʽʥʽʡʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï ʩʽʤʧʣʝʢʩ-ʤʝʪʦʜ; 

-  ʤʝʪʦʜ ʦʙʝʨʥʝʥʥʷ ʤʘʪʨʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʘ ʽʥ.; 

- ʥʝʣʽʥʽʡʥ̔ ʤʝʪʦʜʠ ï ʦʧʫʢʣʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ; 

- ʛʨʘʜʽʻʥʪʥʽ ʤʝʪʦʜʠ ʧʝʨʰʦʛʦ  ̔ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʽʚ ʽ ʪʦʱʦ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʜʘʥʠʤʠ ʤʝʪʦʜʘʤʠ 

ʫ ʨʝʟʫʣʴʪʘʪʽ ʦʙʨʦʙʢʠ ʩʪʘʪʠʩʪʠʢʠ, ʧʨʠ ʦʪʨʠʤʘʥʥʽ ʣʽʥʽʡ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʾ 

ʨʝʛʨʝʩʽʾ ʥʝʯʽʪʢʦʾ ʚʘʨʪʦʩʪ̔ ʥʘ ʧʘʨʘʤʝʪʨ, ʟʤʽʥʶʶʪʴʩʷ ʬʦʨʤʠ ʬʫʥʢʮʽʡ ʟʚôʷʟʢʫ, ʘ, 

ʟʥʘʯʠʪʴ, ʽ ʤʝʪʦʜʠ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʨʠ ʨʦʟʚôʷʟʘʥʥʽ ʟʘʜʘʯ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ ʻ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ, ʷʢʠʡ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʦʨʤʠ ʬʫʥʢʮʽʡ ʟʚôʷʟʢʫ ʪʘ 
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ʟʘʜʦʚʦʣʴʥʷʻ ʥʘʩʪʫʧʥʠʤ ʚʠʤʦʛʘʤ ʟʘ: 

- ʫʥʚ̔ʝʨʩʘʣʴʥʽʩʪʶ; 

- ʩʧʨʦʱʝʥʥʷʤ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ ʚʝʣʠʢʦʾ ʨʦʟʤʽʨʥʦʩʪʽ; 

- ʧʨʦʩʪʦʪʦʶ ʘʣʛʦʨʠʪʤʫ; 

- ʟʭʦʜʠʤʦʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ (ʤʘʣʠʤ ʯʘʩʦʤ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ); 

- ʢʦʥʪʨʦʣʶʻʤʽʩʪʶ ʨʝʟʫʣʴʪʘʪʽʚ; 

- ʥʘʛʣʷʜʥʽʩʪʶ (ʧʨʦʩʪʦʪʦʶ ʧʝʨʝʚʽʨʢʠ ʦʧʫʢʣʦʩʪʽ (ʦʜʥʦ ʤʦʜʘʣʴʥʦʩʪʽ) ʪʘ ʽʥ. 

ʷʢʦʩʪʝʡ); 

- ʦʮʽʥʢʦʶ ʢʨʠʪʠʯʥʦʩʪʽ (ʟʘʣʝʞʥʦʩʪʽ ʦʧʪʠʤʫʤʫ ʚʽʜ ʩʪʘʣʠʭ ʪʘ ʽʥ. ʬʘʢʪʦʨʽʚ); 

- ʧʨʦʩʪʦʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʨʠʚʠʭ ʦʙʤʽʥʫ ʫ ʘʥʘʣʽʪʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʩʝʧʘʨʘʙʝʣʴʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʣʷ ʙʘʛʘʪʦʤʽʨʥʠʭ 

ʟʘʜʘʯ, , ̫ ʢʠʡ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʩʥʫʶʯʠʤʠ ʤʝʪʦʜʘʤʠ: 

- ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʙʘʛʘʪʦʚʠʤʽʨʥʦʩʪʽ (ʧʨʦʙʣʝʤʘ ʙʘʛʘʪʦʚʠʤʽʨʥʦʩʪʽ 

ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʫ ʧʝʨʰʦʤʫ ʧʦʨʷʜʢʫ); 

- ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʦʧʪʠʤʽʟʘʮʽʾ ʜʣʷ ʜʦʚʽʣʴʥʠʭ ʩʝʧʘʨʘʙʝʣʴʥʠʭ 
ʬʫʥʢʮʽʡ; 

- ʟʭʦʜʠʤʽʩʪʴ ʽʪʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʫ (ʷʢ ʽ ʫ ʛʨʘʜʽʻʥʪʥʦʤʫ ʤʝʪʦʜʽ ʜʨʫʛʦʛʦ 

ʧʦʨʷʜʢʫ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʘʛʫ ʽʪʝʨʘʮʽʾ); 

- ʦʪʨʠʤʘʥʥ ̫ ʨʽʰʝʥʥʷ ʫ ʟʘʛʘʣʴʥʦʤʫ (ʘʥʘʣʽʪʠʯʥʦʤʫ) ʚʠʛʣʷʜʽ (ʜʦʟʚʦʣʷʻ 

ʦʜʨʘʟʫ ʦʪʨʠʤʘʪʠ ʢʨʠʚʽ ʦʙʤʽʥʫ ʽ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʜʫʨʫ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ 

ʨʝʟʫʣʴʪʘʪʽʚ ʦʧʪʠʤʽʟʘʮʽʾ); 

- ʦʪʨʠʤʘʥʥ ̫ʦʧʪʠʤʫʤʫ (ʜʦʟʚʦʣʷʻ ʦʜʨʘʟʫ ʙʘʯʠʪʠ ʪʘ ʧʨʦʛʥʦʟʫʚʘʪʠ, ʷʢʽ 

ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʷʢʦʩʪʽ ʩʠʩʪʝʤ ʧʦʪʨʽʙʥʦ ʨʦʟʚʠʚʘʪʠ); 

- ʨʦʟʚ'ʷʟʘʥʥʷ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʟʘʜʘʯ ʟ ʩʝʧʘʨʘʙʝʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ 
ʮʽʣʽ (ʬʫʥʢʮʽʷʤʠ ʟʚôʷʟʢʫ ʻ ʘʩʽʛʥʫʚʘʥʥʷ ʥʘ ʩʠʩʪʝʤʫ, ʦʩʢʽʣʴʢʠ ʮʽ ʘʩʽʛʥʫʚʘʥʥʷ 

ʟʘʚʞʜʠ ʻ ʛʣʦʙʘʣʴʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ); 

- ʦʪʨʠʤʘʥʥʷ ʨʽhʝʥʥʷ ʩʢʣʘʜʥʠʭ ʟʽʩʪʘʚʥʠʭ ʟʘʜʘʯ ʙʣʦʯʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ 

(ʚʦʥʠ ʟʰʠʚʘʶʪʴʩʷ ʟ ʨʽʰʝʥʴ ʪʘ ʦʧʪʠʤʫʤʽʚ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʩʪʘʥʜʘʨʪʥʠʭ ʟʘʜʘʯ); 

- ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ɽʆʄ ʦʪʨʠʤʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʨʽʰʝʥʴ; 

- ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʨʢʝʪʠʥʛʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ (ʧʽʜʚʠ ʝɦʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʠʩʪʝʤ). 
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ɭʨʴʦʤʽʥʘ ʆʣʝʥʘ ʌʝʜʦʨʽʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ elena.yeryomina@gmail.com  

ʐʠʥʜʝʨʫʢ ʉʚʽʪʣʘʥʘ ʆʣʝʢʩʘʥʜʨʽʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʏʘʧʣʠʛʽʥ ɭʚʛʝʥ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ  

ɻʘʚʨʠʣʦʚʘ ʊʝʪʷʥʘ ɺʦʣʦʜʠʤʠʨʽʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

 

ɺʀʍɯɼʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʈɽɿʆʅɸʅʉʅʆɻʆ ʇɯɼʉʀʃʖɺɸʏɸ 

ʈɽɸʂʊʀɺʅʆɰ ɽʃɽʂʊʈʀʏʅʆɰ ʇʆʊʋɾʅʆʉʊɯ ʇʈʀ ɺɸʈɯɸʎɯɰ 

ʉʍɽʄʅʀʍ ʇɸʈɸʄɽʊʈɯɺ 

 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʡ ʚʠʜʘʣʝʥʥʷ ʚʤ'ʷʪʠʥ ʪʘ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ 

ʣʠʩʪʦʚʠʭ ʤʝʪʘʣʽʚ ʧʽʜ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʢʫʟʦʚʽʚ ʘʚʪʦʤʦʙʽʣʽʚ ʚʩʝ ʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʤʠ ʩʪʘʁ ʪʴ ʤʝʪʦʜʠ ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ. ɺʢʣʶʯʝʥʥʷ 

ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʩʭʝʤʠ 

ʤʘʛʥʽʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʦʧʠʩʘʥʠʭ ʚ [1], ʜʦʟʚʦʣʠʪʴ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʝʢʦʥʦʤʽʶ 

ʤʘʪʝʨʽʘʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʽ, ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʧʨʠʚʝʩʪʠ ʜʦ 

ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʘ ʦʮʽʥʢʘ ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʽʜʩʠʣʶʚʘʯʘ 

ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʘʨʤʦʥʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʨʠ ʚʘʨʽʘʮʽʾ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʠʤʠ ʽ ʚʽʜʭʠʣʝʥʥʽ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ ʚʽʜ 

ʨʝʟʦʥʘʥʩʥʠʭ ʚʝʣʠʯʠʥ. ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ 

ʧʽʜʩʠʣʶʚʘʯʽ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʟ ʜʚʦʭ ʽʥʜʫʢʪʠʚʥʦ ʟʚ'ʷʟʘʥʠʭ 

ʧʦʩʣʽʜʦʚʥʠʭ ʘʢʪʠʚʥʦ-ʨʝʘʢʪʠʚʥʠʭ ʢʦʥʪʫʨʽʚ ʧʨʠ ʤʦʞʣʠʚʽʡ ʚʘʨʽʘʮʽʾ ʨʽʚʥʷ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʠʤʠ ʽ ʧʦʨʫʰʝʥʥʽ ʫʤʦʚ ʨʝʟʦʥʘʥʩʫ ʧʨʦʚʝʜʝʥʦ ʚ 

ʨʦʙʦʪʽ [2]. ɿʘʩʪʦʩʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ, ʚʠʢʦʥʘʻʤʦ ʢʦʥʢʨʝʪʥʽ 

ʯʠʩʝʣʴʥʽ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʤʦʜʝʣʽ ʧʽʜʩʠʣʶʚʘʯʘ 

ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʨʦʟʨʦʙʣʝʥʦʾ ʥʘ ʢʘʬʝʜʨʽ ʬʽʟʠʢʠ 

ʍʘʨʢʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʴʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʧʨʠ 

ʚʘʨʽʘʮʽʾ ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʽ ʚʘʨʽʘʮʽʾ ʨʦʙʦʯʠʭ 

ʯʘʩʪʦʪ ʱʦʜʦ ʨʝʟʦʥʘʥʩʥʠʭ ʚʝʣʠʯʠʥ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ ʧʽʜʩʠʣʶʚʘʯʘ ʤʘʣʘ ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ. 

1. ɼʞʝʨʝʣʦ ʛʘʨʤʦʥʽʡʥʦʾ ʥʘʧʨʫʛʠ: 

ʘʤʧʣʽʪʫʜʘ - mE 1.0= ɺ; ʚʘʨʽʡʦʚʘʥʘ ʯʘʩʪʦʪʘ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ - varw= . 

2. ɺʭʽʜʥʠʡ ʢʦʥʪʫʨ - ʧʝʨʰʠʡ ʢʦʥʪʫʨ: 

ɯʥʜʫʢʪʠʚʥʽʩʪʴ (ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʧʝʨʚʠʥʥʦʾ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʚ'ʷʟʢʫ ʤʽʞ 

ʢʦʥʪʫʨʘʤʠ) 1TL 13.0=  ʤʢɻʥ; ʻʤʥʽʩʪʴ 1C 3.11757=  ʤʢʌ;\ ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʟ 

mailto:elena.yeryomina@gmail.com


 

 

 

242 

ʫʨʘʭʫʚʘʥʥʷʤ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʜʞʝʨʝʣʘ ʥʘʧʨʫʛʠ 1R 0.21=  ʆʤ; ʚʣʘʩʥʘ 

ʯʘʩʪʦʪʘ 1
1T 1

1
f 25000.0

L C
= º

Ö
ɻʮ, 1 12 f 157080w = pÖ =  ɻʮ. 

3. ɺʠʭʽʜʥʠʡ ʢʦʥʪʫʨ - ʜʨʫʛʠʡ ʢʦʥʪʫʨ: 

ɯʥʜʫʢʪʠʚʥʽʩʪʴ ʚʪʦʨʠʥʥʦʾ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʟʚ'ʷʟʢʫ 2TL 13.0=  ʤʢɻʥ; 

ʽʥʜʫʢʪʠʚʥʽʩʪʴ çʚʠʭʽʜʥʦʛʦ ʩʦʣʝʥʦʾʜʘè 2L 172.8=  ʤʢɻʥ; ʩʫʤʘʨʥʘ ʽʥʜʫʢʪʠʚʥʽʩʪʴ 

ʢʦʥʪʫʨʫ ( )S 2T 2L L L 185.8= + =  ʤʢɻʥ; ʻʤʥʽʩʪʴ 2C 0.218=  ʤʢʌ; ʘʢʪʠʚʥʠʡ ʦʧʽʨ 

R2=0,46 ʆʤ; ʚʣʘʩʥʘ ʯʘʩʪʦʪʘ 2
S 2

1
f 25000.0

L C
= º

Ö
 ɻʮ, 2 22 f 157080w = pÖ =  ɻʮ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʢʦʤʝʥʪʘʨʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʠʞʯʝ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʝʥʴ ʚʽʜʥʦʩʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʫ 

ʧʦʩʠʣʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʚʘʨʽʘʮʽʾ ʚʣʘʩʥʠʭ ʯʘʩʪʦʪ ʢʦʥʪʫʨʽʚ 

2

1

var
w
=a=

w
, ʧʨʠ ʩʪʨʦʛʦʤʫ ʟʙʽʛʫ ʯʘʩʪʦʪʠ ʟʙʫʜʞʝʥʥʷ c ʾʾ ʨʝʟʦʥʘʥʩʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʜʣʷ ʧʝʨʰʦʛʦ ʢʦʥʪʫʨʫ ʽ ʧʨʠ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ 

ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ: 1 ï 12k 1.0=   ̔ 122 k 0.16.- =  

 
 

ʈʠʩʫʥʦʢ 1. ï ɺ̔ ʜʥʦʩʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʩʠʣʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ  

1 ï 12k 1.0= ʠ 122 k 0.16.- =  

ɿ ʥʘʚʝʜʝʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʦʯʝʚʠʜʥʠʤ ʻ ʟʨʦʩʪʘʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ 

ʧʽʜʩʠʣʶʚʘʯʘ. ʇʨʘʢʪʠʯʥʦ ʟʥʘʯʫʱʘ ʦʩʦʙʣʠʚʽʩʪʴ ʜʘʥʦʛʦ ʬʘʢʪʫ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʧʨʠ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ ʟʚ'ʷʟʢʫ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʛʦ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʦʛʦʤ ʧʨʠ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʟʚ'ʷʟʢʫ, ʛʝʥʝʨʫʶʪʴʩʷ ʩʪʨʫʤʠ ʟ ʽʩʪʦʪʥʦ ʙʽʣʴʰ ʚʠʩʦʢʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ. 

ɿ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʟʘʟʥʘʯʝʥʘ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʷʩʥʶʻʪʴʩʷ ʨʽʟʥʠʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʽʚ ʝʥʝʨʛʦʦʙʤʽʥʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ ʧʨʠ ʨʽʟʥʦʤʫ 

ʨʽʚʥʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʥʠʤʠ. ʊʘʢ, ʚ ʨʘʟʽ ʥʠʟʴʢʦʛʦ ʨʽʚʥʷ ʟʚ'ʷʟʢʫ 

ʜʦʩʠʪʴ ʤʘʣʘ ʧʦʪʫʞʥʽʩʪʴ ʧʝʨʚʠʥʥʦʛʦ ʢʦʥʪʫʨʫ ʟʙʫʜʞʫʻ ʚʪʦʨʠʥʥʠʡ ʢʦʥʪʫʨ ʧʨʠ 

ʥʝʟʥʘʯʥʦʤʫ ʧʦʚʝʨʥʝʥʥʷ ʡʦʛʦ ʝʥʝʨʛʽʾ ʥʘʟʘʜ ʚ ʧʝʨʚʠʥʥʠʡ ʢʦʥʪʫʨ. ʇʨʠ ʚʠʩʦʢʦʤʫ 

ʨʽʚʥʽ ʟʚ'ʷʟʢʫ ʜʚʦʩʪʦʨʦʥʥʽʡ ʚʟʘʻʤʥʠʡ ʝʥʝʨʛʦʦʙʤʽʥ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʧʨʠʟʚʦʜʠʪʴ, 
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ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʟʥʘʯʥʦʾ ʟʤʽʥʠ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʩʪʨʫʤʽʚ ʽ ʧʦʪʫʞʥʦʩʪʝʡ ʚ 

ʢʦʞʥʦʤʫ ʟ ʥʠʭ, ʱʦ, ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ, ʻ ʧʨʠʯʠʥʦʶ ʟʥʠʞʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʦʾ 

ʚʝʣʠʯʠʥʠ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʚʩʽʻʾ ʩʭʝʤʠ ʚ ʮʽʣʦʤʫ. 

ɿʥʘʯʠʤʽʩʪʴ ʜʘʥʦʛʦ ʬʘʢʪʫ ʜʣʷ ʧʨʘʢʪʠʢʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʽʚʥʷ ʧʦʪʫʞʥʦʩʪʽ, 

ʱʦ ʛʝʥʝʨʫʻʪʴʩʷ ʜʞʝʨʝʣʦʤ ʥʘʧʨʫʛʠ. ʋ ʨʘʟʽ ʜʞʝʨʝʣ ʟ ʥʝʚʝʣʠʢʠʤʠ ʘʤʧʣʽʪʫʜʘʤʠ 

ʟʙʫʜʞʫʶʯʦʛʦ ʩʠʛʥʘʣʫ ʜʦʮʽʣʴʥʠʤ ʻ ʨʝʞʠʤ ʟ ʥʠʟʴʢʠʤ ʨʽʚʥʝʤ ʟʚ'ʷʟʢʫ, ʘ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʛʘʨʤʦʥʽʡʥʦʾ ʥʘʧʨʫʛʠ ʢʨʘʱʠʤ ʻ ʨʝʞʠʤ ʟ 

ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ. 

ɿʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ  ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʨʽʚʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʤʽʞ ʢʦʥʪʫʨʘʤʠ ʧʽʜʩʠʣʶʚʘʯʘ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʨʠ 

ʨʽʟʥʠʭ ʚʝʣʠʯʠʥʘʭ ʚʽʜʭʠʣʝʥʴ ʯʘʩʪʦʪ ʟʙʫʜʞʫʶʯʦʾ ʥʘʧʨʫʛʠ ʱʦʜʦ ʾʭ ʨʝʟʦʥʘʥʩʥʠʭ 

ʯʘʩʪʦʪ. ʊʘʢ, ʫʞʝ ʧʨʠ 12k 0.5²  ʢʦʝʬʽʮʽʻʥʪʠ ʧʦʩʠʣʝʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʧʨʘʛʥʫʪʴ ʜʦ 

ʩʚʦʛʦ ʤʘʢʩʠʤʫʤʫ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʯʘʩʪʦʪʥ ̔ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʨʝʟʦʥʘʥʩʫ, ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʾʭ ʚʧʣʠʚ ʤʘʻ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ. ʊʘʢ, ʜʣʷ 5%° ʚʽʜʭʠʣʝʥʴ 

ʽʥʪʝʛʨʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʩʠʣʝʥʥʷ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʘʜʘʻ ʚ 5 õ 

10 ʨʘʟʽʚ. 

ʃʽʪʝʨʘʪʫʨʘ 
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ɺʚʝʜʝʤʦ ʪʘʢʦʞ ʚʝʣʠʯʠʥʫ, ʷʢʘ ʻ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ 

ʢʦʦʨʜʠʥʘʪ ʫ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʫ ʤʘʪʝʨʽʘʣʴʥʫ ʪʦʯʢʫ, 

 

() ()
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exp ln .v dV
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r r

å õ
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ç ÷
ñ q q

 

 

ɺʽʜʧʦʚʽʜʥʦ, 
()rq

 ʽ 
()rp

 - ʬʫʥʢʮʽʾ ʨʦʟʧʦʜ̔ʣʫ ʫ ʧʨʦʩʪʦʨʽ ʢʦʥʬʽʛʫʨʘʮʽʡ 

ʽ ʧʨʦʩʪʦʨʽ ʽʤʧʫʣʴʩʽʚ. 

ʈʦʟʛʣʷʥʝʤʦ ʟʤʽʥʝʥʥʷ ʜʝʬʽʮʠʪʫ ʝʥʪʨʦʧʽʾ ʜʣʷ ʥʝʨʽʚʥʦʚʘʞʥʠʭ ʧʨʦʮʝʩʽʚ 

 

                               

3
ln ln ,

2 a a

T v
S S S kN kN

T v
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ʜʝ S¡ - ʝʥʪʨʦʧʽʷ ʫ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʤʫ ʩʪʘʥʽ, ʘ aT   ʽ av  - ʚʽʜʧʦʚʽʜʥʽ 

ʟʥʘʯʝʥʥʷ ʫ ʩʪʘʥʽ ʙʣʠʟʴʢʦʤʫ ʜʦ ʨʽʚʥʦʚʘʛʠ. 

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʮʷ ʚʝʣʠʯʠʥʘ ʚʽʜôʻʤʥʘ ʽ ʚ ʧʨʦʮʝʩʽ ʥʘʙʣʠʞʝʥʥʷ ʜʦ ʩʪʘʥʫ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʤʦʥʦʪʦʥʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʜʦ ʥʫʣʷ. ʆʪʞʝ, 

 

                                                    
( ) 0.d SD ²

                                             

 

ɼʣʷ ʽʟʦʣʴʦʚʘʥʠʭ ʩʠʩʪʝʤ aT
 ʻ ʩʪʘʣʦʶ ʚʝʣʠʯʠʥʦʶ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʪʘʢ ʟʚʘʥʝ 

ʜʨʫʛʝ ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʘʙʦ ʟʘʢʦʥ ʟʨʦʩʪʘʥʥʷ ʝʥʪʨʦʧʽʾ ʧʨʠ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ 

ʧʨʦʮʝʩʘʭ: 

 

                                                        0.dS¡²       
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ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʜʣʷ ʩʪʘʥʫ ʙʣʠʟʴʢʦʛʦ ʜʦ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ 

ʨʽʚʥʦʚʘʛʠ, ʢʦʣʠ aT Tº
, ʚʠʢʦʥʫʻʪʴʩʷ ʦʩʥʦʚʥʝ ʨʽʚʥʷʥʥʷ ʽ ʦʩʥʦʚʥʘ ʥʝʨʽʚʥʽʩʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʢʠ, ʷʢʽ ʟʘʧʠʩʫʶʪʴ ʫ ʚʠʛʣʷʜʽ 

 

                                             ,TdS dE PdV¡² +                                        

ʜʝ ʟʥʘʢ ʨʽʚʥʦʩʪʽ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʚʨ̔ ʚʥʦʚʘʞʝʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʥʝʨʽʚʥʦʩʪʽ ï 

ʜʦ ʥʝʚʨʽʚʥʦʚʘʞʝʥʠʭ. 

ɺʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʨʦʟʛʣʷʥʫʪʠ ʩʪʘʮʽʦʥʘʨʥʽ ʽ ʥʝʩʪʘʮʽʦʥʘʨʥʽ 

ʩʪʘʥʠ ʜʘʣʝʢʽ ʚʽʜ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ, ʪʦʙʪʦ ʚʨʽʚʥʦʚʘʞʝʥʽ ʽ 

ʥʝʚʨʽʚʥʦʚʘʞʝʥʽ ʩʪʨʫʢʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ, ʢʦʣʠ ʥʘ ʛʨʘʥʠʮʷʭ ʦʙʣʘʩʪʽ ʧʽʜʪʨʠʤʫʶʪʴʩʷ 

ʩʪʘʣʽ ʪʝʤʧʝʨʘʪʫʨʠ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʪʝʤʧʝʨʘʪʫʨʘ sT
 ʥʝ ʜʦʨʽʚʥʶʻ aT

, ʘ ʻ 

ʧʝʚʥʦʶ ʬʫʥʢʮʽʻʶ ʚʽʜ ʥʝʾ ʘʙʦ, ʚʽʜʧʦʚʽʜʥʦ, ʚʽʜ ʚʥʫʪʨʽʰʥʴʦʾ ʝʥʝʨʛʽʾ, ʪʦʙʪʦ 

( )s s aT T T=
. ɸʥʘʣʦʛʽʯʥʦ, ʦʙôʻʤ ʥʘ ʦʜʥʫ ʤʘʪʝʨʽʘʣʴʥʫ ʪʦʯʢʫ 

( )s s av v v=
. 

ɽʥʪʨʦʧʽʷ ʽʜʝʘʣʴʥʦʛʦ ʛʘʟʫ ʥʘʙʫʚʘʻ ʚʠʛʣʷʜʫ 
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ʘ ʾʾ ʜʠʬʝʨʝʥʮʽʘʣ ʫ ʚʠʧʘʜʢʫ ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʫ 
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ʜʝ ʩʝʨʝʜʥʷ ʛʘʨʤʦʥʽʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʻ ʬʫʥʢʮʽʻʶ ʪʝʤʧʝʨʘʪʫʨ ʩʪʫʧʝʥʽʚ 

ʚʽʣʴʥʦʩʪʽ iT
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ʘ ʩʝʨʝʜʥʽʡ ʛʘʨʤʦʥʽʯʥʠʡ ʦʙôʻʤ ʻ ʬʫʥʢʮʽʻʶ ʦʙôʻʤʽʚ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ ʦʜʥʫ 

ʤʘʪʝʨʽʘʣʴʥʫ ʪʦʯʢʫ iv
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ɺ ʩʚʦʶ ʯʝʨʛʫ, ʜʝʬʽʮʠʪ ʝʥʪʨʦʧʽʾ 
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ʘ ʡʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣ 
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ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ ʽ ʧʠʪʦʤʠʡ ʦʙôʻʤ ʫ ʚʩʽʭ ʪʦʯʢʘʭ 

ʟʨʦʩʪʘʶʪʴ ʘʙʦ ʩʧʘʜʘʶʪʴ, ʜʝʬʽʮʠʪ ʝʥʪʨʦʧʽʾ ʥʝ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʙʪʦ  

 

                                                       0.d SD ²                                               

 

 ʎʝ ʩʪʘʻ ʟʨʦʟʫʤʽʣʠʤ, ʷʢʱʦ ʡʦʛʦ ʜʠʬʝʨʝʥʮʽʘʣ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʽ ʚʨʘʭʫʚʘʪʠ, ʱʦ  
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ɼʣʷ ʝʥʪʨʦʧʽʾ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʝʨʽʚʥʽʩʪʴ 
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ɿʙʽʣʴʰʝʥʥʷ ʜʝʬʽʮʠʪʫ ʝʥʪʨʦʧʽʾ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʧʦʯʘʪʢʦʚʘ ʽʥʬʦʨʤʘʮʽʷ 

ʧʨʦ ʩʠʩʪʝʤʫ ʯʘʩʪʢʦʚʦ ʚʪʨʘʯʘʻʪʴʩʷ. ɸ ʪʘ ʱʦ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʘʻ 

ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʩʪʘʥʫ (ʚʨʽʚʥʦʚʘʞʝʥʽʡ ʩʪʨʫʢʪʫʨʽ) ʘʙʦ ʥʝʩʪʘʮʽʦʥʘʨʥʦʤʫ 

ʜʠʥʘʤʽʯʥʦʤʫ ʩʪʘʥʫ (ʜʠʩʠʧʘʪʠʚʥʽʡ ʩʪʨʫʢʪʫʨʽ), ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʽʡ ʬʦʨʤʽ 

ʤʦʣʝʢʫʣʷʨʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ. ɿʛʘʜʘʻʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ ʜʠʩʠʧʘʪʠʚʥʦʾ ʩʪʨʫʢʪʫʨʠ, 

ʩʝʨʝʜʥʷ ʛʝʦʤʝʪʨʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʬʫʥʢʮʽʻʶ ʪʽʣʴʢʠ ʚʥʫʪʨʽʰʥʦɹʾ 

ʝʥʝʨʛʽʾ ʩʠʩʪʝʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʝʜʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʫʷʚʣʝʥʴ ʧʨʦ ʝʥʪʨʦʧʽʶ ʽ ʢʽʥʝʪʠʯʥʫ 

ʝʥʝʨʛʽʶ ʜʚʦʭ ʚʠʜʽʚ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦʟʚʦʣʠʣʦ ʧʦʰʠʨʠʪʠ ʜʨʫʛʝ 

ʥʘʯʘʣʦ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘ ʥʝʚʨʽʚʥʦʚʘʞʝʥ̔  ʧʨʦʮʝʩʠ ʟʘʤʽʥʠʚʰʠ ʝʥʪʨʦʧʽʶ ʥʘ ʾʾ 

ʜʝʬʽʮʠʪ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʦʧʠʩʫʚʘʪʠ ʝʚʦʣʶʮʽʶ ʽ 

ʢʦʥʢʫʨʝʥʮʽʶ ʜʠʩʠʧʘʪʠʚʥʠʭ ʩʪʨʫʢʪʫʨ.  

ʃʽʪʝʨʘʪʫʨʘ 

1. ʉʫʯʘʩʥʘ ʬʽʟʠʢʘ ʷʢ ʥʦʚʽʪʥʷ ʥʘʪʫʨʘʣʴʥʘ ʬʽʣʦʩʦʬʽʷ/ ʆ.ɺ. ɹʽʣʦʚʦʣ, 

ʍʘʨʢʽʚ: ʌʆʇ ʇʘʥʦʚ ɸ,ʄ., 2019. 116 ʩ.  

 

 

ʉʦʣʦʜʦʚ ɺʘʣʝʨʽʡ ɻʨʠʛʦʨʦʚʠʯ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʍʘʨʢʽʚʩʴʢʠʡ 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ʊʈɸʅʉʇʆʈʊʅʀʍ ʇʆʊʆʂɯɺ ʅɸ ɸʊʄʆʉʌɽʈʅɽ 

ʇʆɺɯʊʈʗ ɺ ʋʄʆɺɸʍ ʑɯʃʔʅʆɰ ʄɯʉʔʂʆɰ ɿɸɹʋɼʆɺʀ 

 

ʂʦʥʮʝʥʪʨʘʮʽʷ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʷʢʽ ʧʦʪʨʘʧʣʷʶʪʴ ʚ ʧʦʚʽʪʨʷ ʟ 

ʚʽʜʧʨʘʮʴʦʚʘʥʠʤʠ ʛʘʟʘʤʠ ʘʚʪʦʤʦʙʽʣʽʚ, ʚ ʟʥʘʯʥʦʤʫ ʩʪʫʧʝʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʫʤʦʚ 

ʨʦʟʧʦʚʩʁʜʞʝʥʥʷ ʧʦʚʽʪʨʷʥʠʭ ʤʘʩ, ʷʢʽ ʟʥʘʯʥʦ ʧʦʛʽʨʰʫʶʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʠʭ 

ʯʘʩʪʠʥʘʭ ʤʽʩʪ ʟ ʱʽʣʴʥʦʶ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʶ ʟʘʙʫʜʦʚʦʶ. ʎʷ ʧʨʦʙʣʝʤʘ 

ʟʘʛʦʩʪʨʶʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʦʙôʻʢʪʠʚʥʦ ʽʩʥʫʶʯʦʾ ʧʝʨʝʚʘʥʪʘʞʝʥʦʩʪʽ ʮʝʥʪʨʽʚ ʤʽʩʪ 

ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʦʙʩʷʛʫ ʰʢʽʜʣʠʚʠʭ 

ʚʠʢʠʜʽʚ ʘʚʪʦʤʦʙʽʣʷʤʠ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʥʠʭ ʧʦʪʦʢʽʚ ʚ ʤʽʩʪʘʭ ʪʘ ʘʜʚʝʢʮʽʡʥʦʛʦ 

ʧʝʨʝʥʦʩʫ ʚʠʢʠʜʽʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʨʝʣʴʻʬʫ ʤʩ̔ʮʝʚʦʩʪʽ ʽ 

ʤʽʩʴʢʦʾ ʟʘʙʫʜʦʚʠ. 
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ɼʣʷ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʨ̔ʚʝʥʴ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ 

ʧʝʨʝʥʦʩʫ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʤʝʞʘʭ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʮʝʥʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ. 

ʅʘ ʮʽʡ ʦʩʥʦʚʽ ʩʪʚʦʨʶʻʪʩɹʷ 3D ʤʦʜʝʣʴ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤʽʩʪʘ, ʽ 

ʨʦʟʚôʷʟʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʦʩʫ ʚ ʦʙʣʘʩʪʽ, ʱʦ ʧʦʢʨʠʚʘʻ ʨʘʡʦʥ ʤʽʩʪʘ. 

ʆʪʨʠʤʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʾ ʦʮʽʥʢʠ ʨʽʚʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, 

ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʫ 

ʧʨʠʟʝʤʥʦʤʫ ʰʘʨʽ ʧʦʚʽʪʨʷ ʤʽʩʪ ʚ ʫʤʦʚʘʭ ʱʽʣʴʥʦʾ ʟʘʙʫʜʦʚʠ ʤʦʞʣʠʚʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʠʭ ʚʠʧʘʜʢʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʦʪʦʢʫ 

ʷʢ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʪʘ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʽʩʪʶ 

ʘʚʪʦʤʦʙʣ̔ʽʚ, ʚʦʜʽʾ ʷʢʠʭ ʙʘʞʘʶʪʴ ʧʨʦʾʭʘʪʠ ʮʝʥʪʨʦʤ ʤʽʩʪʘ ʚ ʜʝʷʢʠʡ ʯʘʩ. 

ʆʩʥʦʚʥʦʶ ʛʽʧʦʪʝʟʦʶ ʚ ʮʴʦʤʫ ʧʨʦʮʝʩʽ ʻ ʩʪʚʝʨʜʞʝʥʥʷ ʧʨʦ ʩʪʘʣʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʩʪʢʦʩʪʽ ʦʢʨʝʤʠʭ ʪʝʨʠʪʦʨʽʡ ʤʽʩʪʘ ʟ ʚʽʜʧʨʘʚʣʝʥʥʷ ʪʘ ʧʨʠʙʫʪʪʷ 

ʘʚʪʦʤʦʙʣ̔ʽʚ, ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʭʘʨʘʢʪʝʨʽ ʨʦʟʧʦʜʽʣʫ ʢʦʨʝʩʧʦʥʜʝʥʮʽʡ ʤʽʞ ʥʠʤʠ. 

ʎʷ ʛʽʧʦʪʝʟʘ ʜʦʧʦʚʥʷʻʪʴʩʷ ʟʘʛʘʣʴʥʦʚʽʜʦʤʠʤʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʷʤʠ ʨʦʟʧʦʜʽʣʫ 

ʜʘʣʴʥʦʩʪʽ ʧʦʾʟʜʦʢ, ʷʢʽ ʤʘʶʪʴ ʩʚʦʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʨʦʙʦʪʘʭ ʘʚʪʦʨʽʚ ʧʨʦʝʢʪʫ ʜʣʷ 

ʛʨʦʤʘʜʩʴʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʤʽʩʪ ʪʘ ʧʦʪʨʝʙʫʶʪʴ ʩʚʦʛʦ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʣʷ ʽʥʜʠʚʜ̔ʫʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. ʅʘ ʦʩʥʦʚʽ ʮʠʭ ʧʦʣʦʞʝʥʴ 

ʤʦʞʣʠʚʝ ʥʘʜʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʦʾ ʦʮʽʥʢʠ ʨʦʟʧʦʜʽʣʫ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʨʫʭʫ 

ʘʚʪʦʤʦʙʽʣʽʚ ʚ ʨʘʤʢʘʭ ʽʥʪʝʨʚʘʣʴʥʦʾ ʢʦʥʮʝʧʮʽʾ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʪʨʝʙ ʫ 

ʧʝʨʝʩʫʚʘʥʥʷʭ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʪʚʝʨʜʞʝʥʥʽ ʧʨʦ ʚʠʧʘʜʢʦʚʠʡ, ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʩʣʽʜʥʠʢʘ, ʚʠʙʽʨ ʫʯʘʩʥʠʢʦʤ ʨʫʭʫ ʡʦʛʦ ʥʘʧʨʷʤʫ. 

ɼʣʷ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ ʧʦʧʠʪʫ ʥʘ ʧʝʨʝʩʫʚʘʥʥʷ ʤʦʞʝ ʙʫʪʠ ʨʦʟʨʘʭʦʚʘʥʠʡ 

ʨ̔ʚʝʥʴ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʘʪʤʦʩʬʝʨʫ ʪʘ ʦʙʯʠʩʣʝʥʘ ʤʦʜʝʣʴ ʧʝʨʝʥʦʩʫ 

ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ ʚ ʤʝʞʘʭ ʧʨʦʾʟʥʦʾ ʯʘʩʪʠʥʠ ʮʝʥʪʨʘʣʴʥʠʭ ʚʫʣʠʮʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʥʘ ʤʽʩʮʝʚʦʩʪʽ 

 

ʅʘ ʦʙʨʘʥʦʤʫ ʤʽʢʨʦʨʘʡʦʥʽ  ʥʘ ʚʫʣʠʮʷʭ ˉˉ 1,3 ʧʨʦʚʝʜʝʥʽ ʩʧʽʚʩʪʘʚʣʝʥʥʷ 

ʜʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʜʘʥʠʭ ʥʘʪʫʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ (ʨʠʩ. 1-4) ʟʘʤʽʨʠ ʧʨʦʚʦʜʠʣʠʩʷ 

ʥʘ ʚʠʩʦʪʽ 1.5ʤ. 
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ʈʠʩ 1 ʂʘʨʪʘ Google Maps ʟ ʤʽʩʮʷʤʠ ʟʘʤʽʨʽʚ ʉʆ ʥʘ ʚʫʣʠʮʽ ˉ1 

 

 

 
 

ʈʠʩ. 2 ʇʦʨʚ̔ʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʚʟʜʦʚʞ ʚʫʣ.ˉ1 

 

 
ʈʠʩ 3. ʂʘʨʪʘ Google Maps ʟ ʤʽʩʮʷʤʠ ʟʘʤʽʨʽʚ ʉʆ ʥʘ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʚʫʣʠʮʽ ˉ3 
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ʈʠʩ. 4 ʇʦʨʽʚʥʷʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʜʘʥʠʭ ʚʟʜʦʚʞ ʚʫʣ.ˉ3 

 

ɺʠʩʥʦʚʢʠ 

 

1. ɺʠʢʦʥʘʥʦ ʯʠʩʝʣʴʥʽ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

2. ʇʨʦʚʝʜʝʥʦ ʦʩʝʨʝʜʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʽ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʉʆ ʥʘ ʤʽʩʮʝʚʦʩʪʽ ʫ ʯʘʩʽ ʟʘ 

ʢʘʨʪʠʥʘʤʠ ʚʽʪʨʦʚʦʛʦ ʦʙʜʫʚʫ ʥʘ ʧʨʦʪʷʟʽ ʤʽʩʷʯʥʦʾ ʥʦʨʤʠ ʚʣʽʪʢʫ 

3. ʇʨʦʚʝʜʝʥʦ ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ 

ʤʽʩʮʝʚʦʩʪʽ 

4. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ ʥʝʤʘʻ ʧʽʢʽʚ ʚʠʜʽʣʝʥʥʷ ʉʆ 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. ʉʦʣʦʜʦʚ ɺ.ɻ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ. ʈʘʩʯʝʪ ʙʦʣʴʰʠʭ 

ʚʠʭʨʝʡ. ʍʘʨʢʽʚ, ʚʠʜ-ʚʦ ʍʅɸɼʋ, 2011. -167ʩ  

2. ʉʦʣʦʜʦʚ ɺ.ɻ. ʅʘʫʯʥʦ-ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ MTFSÈ ʜʣʷ 

ʨʘʩʯʝʪʘ ʪʨʝʭʤʝʨʥʳʭ ʚʷʟʢʠʭ ʪʫʨʙʫʣʝʥʪʥʳʭ ʪʝʯʝʥʠʡ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ 

ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. / ɺ.ɻ.ʉʦʣʦʜʦʚ, ʖ.ɺ.ʉʪʘʨʦʜʫʙʮʝʚ / ʉʝʨʪʠʬʠʢʘʪ 

ʛʦʩ. ʨʝʛʠʩʪʨ. ʘʚʪ. ʧʨʘʚ, ʋɻɸɸʉʇ, ˉ5921, 07.16.2002 
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ʂʨʘʩʥʽʢʦʚ ʉʝʨʛʽʡ ɺʘʩʠʣʴʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʅʦʚʽʢʦʚ ʉʝʨʛʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ, ʩʪʫʜʝʥʪ,  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʇʆɹʋɼʆɺʀ ʅʆɺʆɻʆ ʉʋʏɸʉʅʆɻʆ ʉʍʆɺʀʑɸ 

ɺɯɼʇʈɸʎʔʆɺɸʅʆɻʆ ʗɼɽʈʅʆɻʆ ʇɸʃʀɺɸ ʅɸ ʋʂʈɸɰʅʀ  

 

ɼʦ ʩʚʷʪʘ 30 ʨʽʯʥʠʮʽ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʙʫʣʘ ʧʦʙʫʜʦʚʘʥʘ ʧʝʨʰʘ ʯʝʨʛʘ 

ʎʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʩʭʦʚʠʱʘ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ (ʎʉɺʗʇ, ʨʠʩ. 1). 

ɺʩʪʘʥʦʚʣʝʥʦ ʦʙʣʘʜʥʘʥʥʷ Holtec International ʟ ʷʢʦʶ ʙʫʣʘ ʜʦʤʦʚʣʝʥʽʩʪʴ ʱʝ ʟ 

ʧʦʤʘʨʘʥʯʝʚʦʾ ʨʝʚʦʣʶʮʽʾ ʫ 2005 ʨ. ɿʘ ʜʫʤʢʦʶ ʧʨʝʤʴʝʨ-ʤʠʥʠʩʪʨʘ ɼ. ʐʤʠʛʘʣʴ çʮʝ 

ʢʨʦʢ ʜʦ ʥʘʰʦʾ ʝʥʝʨʛʦʥʝʟʘʣʝʞʥʦʩʪʽ, ʪʦʤʫ ʱʦ ʋʢʨʘʾʥʘ ʙʽʣʴʰʝ ʥʝ ʙʫʜʝ ʚʠʚʦʟʠʪʠ ʫ 

ʈʦʩʽʶ ʚʽʜʧʨʘʮʴʦʚʘʥʝ ʧʘʣʠʚʦ ʟ ʚʽʪʯʠʟʥʷʥʠʭ ɸɽʉè. ʉʪʚʝʨʜʞʫʻʪʴʩʷ, ʱʦ ʚʚʝʜʝʥʥʷ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ʎʉɺʗʇ ʜʦʟʚʦʣʠʪʴ ʟʘʦʱʘʜʠʪʠ ʜʦ 200 ʤʣʥ. ʜʦʣʘʨʽʚ ʫ ʨʽʢ (ʪʘʙʣʠʮʷ 1).  

 

 
ʈʠʩʫʥʦʢ  1 ï ʇʝʨʰʠʡ ʧʫʩʢʦʚʠʡ ʢʦʤʧʣʝʢʩ ʎʉɺʗʇ ʟʙʫʜʦʚʘʥʦ, ʇʨʝʩʮʝʥʪʨ 

ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò 22.12.2020 

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʚʘʨʪʽʩʪʴ ʩʭʦʚʠʱ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʧʘʣʠʚʘ 

ʉʭʦʚʠʱʝ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ  

ɿʘʛʘ

ʣʴʥʘ 

ʚʘʨʪʽʩʪʴ  

ʂʽʣ

ʴʢʽʩʪʴ 

ʟʙʽʨʦʢ  

ɺʘʨʪʽʩ

ʪʴ ʫ 

ʧʝʨʝʨʘʭʫʥʢ

ʫ ʥʘ 1 ʊɺɿ  

ɺʘʨʪʽʩ

ʪʴ ʫ 

ʧʝʨʝʨʘʭʫʥʢʫ 

ʥʘ 1 ʢʛ ɺʗʇ 

ɿɸɽʉ  
85 ʤ

ʣʥ $  

9 

000  

9,5 

ʪʠʩ. $  
13 $  

ʎʉɺʗʇ (ʧʨʦʻʢʪ 

2004) 

151 

ʤʣʥ $  

16 

500  

9,2 

ʪʠʩ. $  
15 $  

ʎʉɺʗʇ (ʧʨʦʻʢʪ 

2015) 

400 

ʤʣʥ $  

16 

500  

24,2 

ʪʠʩ. $  
40 $  

ɿʘʣʽʟʥʦʛʽʨʩʴʢ,ʈʌ  
500 

ʤʣʥ $  

>12 

000  

41,5 

ʪʠʩ. $  
<60 $  

ʎʉɺʗʇ(ʧʽʜʩʫʤʢʦʚʠ

ʡ ʧʨʦʻʢʪ)  

1400

 ʤʣʥ $  

16 

500  

84,7 

ʪʠʩ. $  
140 $  

https://uk.wikipedia.org/wiki/%D0%AF%D0%B4%D0%B5%D1%80%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%AF%D0%B4%D0%B5%D1%80%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%AF%D0%B4%D0%B5%D1%80%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%B8%D0%B4%D1%96%D0%BB%D1%8C%D0%BD%D0%B0_%D0%B7%D0%B1%D1%96%D1%80%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D0%BF%D1%80%D0%B0%D1%86%D1%8C%D0%BE%D0%B2%D0%B0%D0%BD%D0%B5_%D1%8F%D0%B4%D0%B5%D1%80%D0%BD%D0%B5_%D0%BF%D0%B0%D0%BB%D0%B8%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%97%D0%B0%D0%BF%D0%BE%D1%80%D1%96%D0%B7%D1%8C%D0%BA%D0%B0_%D0%90%D0%95%D0%A1
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ɿʛʽʜʥʦ ʜʘʥʠʭ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʟʦʥʘ ʧʦʪʝʥʮʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

ʚ ʨʘʟʽ ʘʚʘʨʽʾ ʦʭʦʧʠʪʴ ʪʝʨʠʪʦʨʽʶ ʨʘʜʽʫʩʦʤ ʜʦ 1 ʢʤ, ʘ ʧʨʦʝʢʪ ʎʉɺʗʇ ʧʨʦʡʰʦʚ 

ʢʦʤʧʣʝʢʩʥʫ ʜʝʨʞʘʚʥʫ ʝʢʩʧʝʨʪʠʟʫ ï ʝʢʦʣʦʛʽʯʥʫ, ʩʘʥʽʪʘʨʥʦ-ʝʧʽʜʝʤʽʦʣʦʛʽʯʥʫ, ʷʜʝʨʥʦʾ ʪʘ 

ʨʘʜʽʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ, ʝʢʩʧʝʨʪʠʟʠ ʤʽʮʥʦʩʪʽ, ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʅʘʡʙʣʠʞʯʽ ʜʦ ʎʉɺʗʇ ʥʘʩʝʣʝʥʽ ʧʫʥʢʪʠ ʚ 13 ʢʤ ʚʽʜ ʥʴʦʛʦ (ʩʤʪ. 

ɯʚʘʥʢʽʚ -40 ʢʤ,  ʂʠʾʚ - 110 ʢʤ, ʏʝʨʥʠʛʽʚ - 90 ʢʤ).  

ɸʥʘʣʽʟ ʮʴʦʛʦ ʧʠʪʘʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 

ʋʢʨʘʾʥʠ. ɺʠʩʣʦʚʣʝʥʥʷ ɼ. ʐʤʠʛʘʣʴ ʧʽʜʪʨʠʤʫʶʪʴ ʦʬʽʮʽʡʥʽ ʦʩʦʙʠ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʽ 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʝʥʝʨʛʝʪʠʢʠ, ʘʣʝ ʚʠʢʣʠʢʘʶʪʴ ʥʝʛʘʪʠʚʥʫ ʨʝʘʢʮʽʶ ʚ ʝʢʦʣʦʛʽʚ ʪʘ ʯʣʝʥʽʚ 

ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷ (ɼʝʨʞʘʚʥʘ ʽʥʩʧʝʢʮʽʷ ʷʜʝʨʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʋʢʨʘʾʥʠ). ʊʘʢ 

ʂʦʰʘʨʥʘ ʆ. ʩʪʚʝʨʜʞʫʻ, ʱʦ ʥʦʚʠʡ ʩʢʣʘʜ ʢʝʨʽʚʥʠʮʪʚʘ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʽ ʄʽʥʽʩʪʝʨʩʪʚʦ 

ʝʥʝʨʛʝʪʠʢʠ ʟ ʧʨʠʭʦʜʦʤ ʩʪʘʚʣʝʥʠʢʽʚ ɸ.ɼʝʨʢʘʯʘ ʡ ʦʩʦʙʣʠʚʦ ɸ. ɻʘʣʫʱʝʥʢʦ ʟʘʡʤʘʻʪʴʩʷ 

ʫʩʧʽʰʥʦʶ ʽʥʬʦʨʤʘʮʽʡʥʦʶ ʚʽʡʥʦʶ ʧʨʠ ʥʝʛʘʪʠʚʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʧʦʢʘʟʥʠʢʘʭ. ʊʘʢ ʥʘ 

ʧʦʯʘʪʦʢ 2021 ʨʦʢʫ  ʟʙʠʪʢʠ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʩʢʣʘʣʠ ʙʣʠʟʴʢʦ 5 ʤʣʨʜ. ʛʨʥ., ʯʦʛʦ ʥʝ 

ʙʫʣʦ ʟʘ ʚʩʶ ʧʦʧʝʨʝʜʥʶ ʽʩʪʦʨʽʶ. ʂʨʽʤ ʮʴʦʛʦ ʩʫʤʘ 200 ʤʣʥ. ʜʦʣʘʨʽʚ ʻ ʚʝʨʭʥʴʦʶ 

ʦʮʽʥʢʦʶ ʧʝʨʩʧʝʢʪʠʚʠ ʚʠʪʨʘʪ ʋʢʨʘʾʥʠ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʚʽʜʭʦʜʽʚ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ ʚ ʈʦʩʽʾ 

ʡ ʨʝʘʣʴʥʦ ʚʠʧʣʘʯʫʚʘʥʽ ʩʫʤʠ ʧʝʨʝʙʫʚʘʣʠ ʫ ʤʝʞʘʭ 40-150 ʤʣʥ. ʜʦʣʘʨʽʚ. ʊʘʢʦʞ ʩʣʽʜ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟ $333 ʤʣʥ. ʚʠʜʽʣʝʥʠʭ ʥʘ ʎʉɺʗʇ: $250 ʤʣʥ. ʮʝ ʙʦʨʛ 2017 ʨʦʢʫ ʚʽʜ 

ʙʘʥʢʫ ʉʐɸ Central Storage Safety Project Trust ʩʪʨʦʢʦʤ ʥʘ 20 ʨʦʢʽʚ ʟʽ ʩʪʘʚʢʦʶ 6,83%, 

ʘ $52,2 ʤʣʥ. ʮʝ ʚʞʝ ʙʦʨʛ 2021 ʨʦʢʫ ʟ ʥʝʟʘʟʥʘʯʝʥʠʤʠ ʫʤʦʚʘʤʠ. ɺʘʨʪʽʩʪʴ ʞʝ 

ʟʘʚʝʨʰʝʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʧʝʨʰʦʾ ʯʝʨʛʠ ʎʉɺʗʇ ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ $72 ʤʣʥ. 

ʉʫʤʥʽʚʠ ʚ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʎʉɺʗʇ ʂʦʰʘʨʥʘ ʆ. ʨʘʟʦʤ ʟ ʽʥʰʠʤʠ 

ʯʣʝʥʘʤʠ ɼʝʨʞʘʪʦʤʨʝʛʫʣʶʚʘʥʥʷ ʚʠʢʣʘʜʘʻ ʚ ʽʩʪʦʨʠʯʥʦʤʫ, ʝʢʦʣʦʛʽʯʥʦʤʫ ʡ 

ʨʝʘʣʽʟʘʮʽʡʥʦʤʫ ʘʩʧʝʢʪʘʭ. 

ʊʘʢ ʥʘ 2021 ʨʽʢ ʪʘʢ ʽ ʥʝ ʙʫʣʦ ʧʦʙʫʜʦʚʘʥʦ ʨʘʥʽʰʝ ʟʘʧʣʘʥʦʚʘʥʽ ʦʙ'ʻʢʪʠ. 

ʈʦʟʧʦʯʘʪʝ ʚ 2012 ʨʦʮʽ ʟʘ ʨʦʟʧʦʨʷʜʞʝʥʥʷʤ ʄ. ɸʟʘʨʦʚʘ ʙʫʜʽʚʥʠʮʪʚʦ ʏɸʆ ñɿʘʚʦʜ 

ʧʦ ʚʠʛʦʪʦʚʣʝʥʥʶ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘò ʚ ʧ. ʉʤʦʣʽʥʦ ʬʘʢʪʠʯʥʦ ʟʥʠʱʝʥʦ. ʅʝ 

ʟʙʫʜʦʚʘʥʦ ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʦʙʮʽ ʚʠʩʦʢʦʘʢʪʠʚʥʠʭ ʚʽʜʭʦʜʽʚ. ʉʧʦʯʘʪʢʫ ʚʽʥ ʙʫʚ 

ʦʮʽʥʝʥʠʡ ʚ 400 ʤʣʥ. ʛʨʥ., ʧʦʪʽʤ ʟ ʧʨʠʭʦʜʦʤ ʥʦʚʦʛʦ ʢʝʨʽʚʥʠʮʪʚʘ ʢʨʘʾʥʠ ʡ ʟʦʢʨʝʤʘ 

ɸ. ʐʠʧʘʡʣʦ - 4 ʤʣʨʜ ʛʨʥ ʧʨʠ ʚʜʚʽʯʽ ʟʤʝʥʰʝʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʧʣʘʥʦʤ. ʋ ɿʦʥʽ 

ʚʜ̔ʯʫʞʝʥʥʷ ʪʘʢʦʞ ʙʫʚ ʧʨʦʝʢʪ ʙʫʜʽʚʥʠʮʪʚʘ ʟʘʚʦʜʫ ʧʦ ʩʤʽʪʪʷʧʝʨʝʨʦʙʮʽ, ʱʦ ʥʝ ʙʫʚ 

ʧʦʙʫʜʦʚʘʥʠʡ, ʧʨʦʪʝ ʧʦʙʫʪʦʚʝ ʩʤʽʪʪʷ ʟ ʂʠʻʚʘ ʪʫʜʠ ʚʞʝ ʟʚʦʟʷʪʴ.  

ɻʘʥʥʘ ʈʘʢ (ʧʨʝʜʩʪʘʚʥʠʢ ɸʩʦʮʽʘʮʽʾ ʟʝʣʝʥʠʭ ʋʢʨʘʾʥʠ ʡ ʯʣʝʥ ʨʦʙʦʯʦʾ ʛʨʫʧʠ ʟ 

ʧʠʪʘʥʴ ʙʝʟʧʝʢʠ ʙʫʜʽʚʥʠʮʪʚʘ ʎʉɺʗʇ) ʽ ɺʦʣʦʜʠʤʠʨ ɹʦʨʝʡʢʦ (ɼʠʨʝʢʪʦʨ ʛʨʦʤʘʜʩʴʢʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ çʂʠʾʚʩʴʢʠʡ ʝʢʦʣʦʛʦ-ʢʫʣʴʪʫʨʥʠʡ ʮʝʥʪʨè) ʩʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʱʝ ʚ 2009 ʨʦʮʽ 

ʙʫʣʘ ʧʦʨʫʰʝʥʘ ɭʚʨʦʧʝʡʩʴʢʘ ɼʠʨʝʢʪʠʚʘ ʧʨʦ ɺʽʜʭʦʜʠ ʫ ʚʠʛʣʷʜʽ ʩʢʘʩʫʚʘʥʥʷ 

ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʨʝʬʝʨʝʥʜʫʤʫ ʧʦ ʎʉɺʗʇ, ʯʠʤ ʧʦʨʫʰʝʥʽ ʧʨʘʚʘ ʤʽʩʮʝʚʠʭ ʞʠʪʝʣ̔ ʚ ʽ 

ʥʘʩʝʣʝʥʥʷ ʋʢʨʘʾʥʠ. ʈʦʟʪʘʰʫʚʘʥʥʷ ʎʉɺʗʇ ʫ ʚʝʨʭʽʚ'ʷʭ ɼʥʽʧʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʠʪʥʦʶ 

ʚʦʜʦʶ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʥʘʩʝʣʝʥʥʷ ʢʨʘʾʥʠ ʽ ʩʪʘʚʠʪʴ ʧʽʜ ʟʘʛʨʦʟʫ ʾʭ ʞʠʪʪʷ. ɿʦʥʘ 

ʚʽʜʯʫʞʝʥʥʷ ʟʘ ʯʘʩ ʥʝʟʘʣʝʞʥʦʩʪʽ ʋʢʨʘʾʥʠ ʩʪʘʣʘ ʪʝʨʠʪʦʨʽʻʶ ʩʫʤʥʽʚʥʦʛʦ ʙʽʟʥʝʩʫ, ʧʨʦ 

ʷʢʠʡ ʚʽʜʩʫʪʥʷ ʙʽʣɹ ʰʘ ʯʘʩʪʠʥʘ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ. ʊʘʢ ʪʽʣʴʢʠ ʟʘ  ʚʠʚʦʟʦʤ 

ʨʘʜʽʦʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʦʙʨʫʭʪʫ ʡ ʪʝʭʥʽʢʠ ʋʢʨʘʾʥʘ ʻ ʣʽʜʝʨʦʤ ʫ ɭʚʨʦʧʽ. ʊʽʣʴʢʠ ʚ 2020 

ʨʦʮʽ ʋʢʨʘʾʥʘ ʧʦʚʽʜʦʤʠʣʘ ʄɸɻɸʊɽ ʧʨʦ 19 ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ ʥʝʟʘʢʦʥʥʦʛʦ 

ʦʙʝʨʪʫ ʨʘʜʽʦʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʂʽʣʴʢʘ ʦʙ'ʻʢʪʚ̔ ʧʦʭʦʚʘʥʥʷ ʧʦʚʥʽʩʪʶ ʧʦʨʦʟʪʷʛʘʥʽ. 
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ʅʘʡʚʽʜʦʤʽʰʠʡ ʚʠʧʘʜʦʢ - ʦʙ'ʻʢʪ çʈʦʩʩʦʭʘè. ɺʩʷ ʪʝʭʥʽʢʘ ʟ 20 ʛʝʢʪʘʨ ʧʣʦʱʽ ʧʦʚʥʽʩʪʶ 

ʟʘʧʫʱʝʥʘ ʚ çʧʦʚʪʦʨʥʠʡ ʛʦʩʧʦʜʘʨʩʴʢʠʡ ʦʙʝʨʪè. ɿʘ ʢʦʣʠʰʥʽʤ ʽ.ʦ. ʛʦʣʦʚʠ ʘʜʤʽʥʽʩʪʨʘʮʽʾ 

ɿʦʥʠ ʚʽʜʯʫʞʝʥʥʷ  ʉʝʨʛʽʻʤ ʂʘʣʘʰʥʠʢʦʤ - ʢʨʠʤʽʥʘʣʴʥʽ ʩʧʨʘʚʠ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʡ ʟʘ 

ʚʠʚʝʟʝʥʠʤ ʤʝʪʘʣʦʤ. ɻʘʥʥʘ ʈʘʢ ʚʠʨʘʞʘʻ ʩʫʤʥʽʚʠ ʚ ʟʘʢʦʥʥʦʩʪʽ ʨʽʰʝʥʴ ʂʄʋ ʚʽʜ 

23.04.2014 (ʜʦʟʚʽʣ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʥʘ ʨʦʟʨʦʙʢʫ ʎʉɺʗʇ), ɺʈʋ ʪʘ ʧʨʝʟʠʜʝʥʪʘ ʚʽʜ 

03.08.2016 (ʧʨʦ ʟʤʥ̔ʠ ʩʪʘʪʫʩʫ ɿʦʥʠ ʚʽʜʯʫʞʝʥʥʷ), ʂʄʋ ʚʽʜ 05.10.2016 (ʧʨʦ ʥʘʜʘʥʥʷ 

ʟʝʤʝʣʴʥʠʭ ʜʽʣʷʥʦʢ ʜʣʷ ʩʧʦʨʫʜʞʝʥʥʷ ʎʉɺʗʇ). 

ʎʉɺʗʇ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʝʢʪʫ, ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʩʫʭʦʛʦ 

ʟʙʝʨʽʛʘʥʥʷ ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ. ɺʦʥʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʘʣʠʚʦ ʪʨʠʤʘʻʪʴʩʷ ʚ 

ʩʧʝʮʽʘʣʴʥʠʭ ʛʝʨʤʝʪʠʯʥʠʭ ʢʦʥʪʝʡʥʝʨʘʭ ʥʘ ʚʽʜʢʨʠʪʠʭ ʧʣʦʱʘʜʢʘʭ. ʌʘʢʪʠʯʥʦ ʟʘʤʽʩʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʛʦ ʚ ʉɺʗʇ-1 ʤʝʪʦʜʫ, ʜʝ ʢʦʥʪʝʡʥʝʨʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʘʩʝʡʥʘʭ 

ʫʩʝʨʝʜʠʥʽ ʛʝʨʤʝʪʠʯʥʠʭ ʧʨʠʤʽʱʝʥʴ ʢʘʧʽʪʘʣʴʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʫ ʎʉɺʗʇ ʜʦ 458 

ʢʦʥʪʝʡʥʝʨʽʚ HI-STORM (ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʙʦʯʢʠ ʟʽ ʩʧʝʮʢʣʘʜʦʤ, ʨʠʩ. 2) ʤʘʶʪʴ ʩʪʦʷʪʠ 

100 ʨʦʢʽʚ ʧʽʜ ʚʽʜʢʨʠʪʠʤ ʥʝʙʦʤ 24 ʛʦʜʠʥʠ ʥʘ ʜʦʙʫ ʥʘ ʙʝʪʦʥʥʦʤʫ ʬʫʥʜʘʤʝʥʪʽ. ʇʝʨʰʽ 94 

ʙʦʯʢʠ HI-STORM ʚʽʜ Holtec International ʢʦʰʪʫʶʪʴ 300 ʤʣʥ. ʜʦʣʘʨʽʚ. 

 

 

 
ʈʠʩʫʥʦʢ  2 ï ʎʉɺʗʇ - ʤʘʡʜʘʥʯʠʢ ʜʣʷ ʟʘʭʦʨʦʥʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ 

ʷʜʝʨʥʦʛʦ ʧʘʣʠʚʘ, ʧʨʝʩʮʝʥʪʨ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò 22.12.2020 

 

ʇʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʚʘʞʘʻʪʴʩʷ ʙʽʣʴʰʝ ʙʝʟʧʝʯʥʦʶ, ʯʠʤ ʪʝʭʥʦʣʦʛʽʷ 

ʤʦʢʨʦʛʦ ʟʙʝʨʽʛʘʥʥʷ (ʫ ʙʘʩʝʡʥʘʭ ʟ ʚʦʜʦʶ) ʽ ʩʴʦʛʦʜʥʽ ʨʝʘʣʽʟʦʚʘʥʘ ʚ ʙʘʛʘʪʴʦʭ 

ʢʨʘʾʥʘʭ, ʟʦʢʨʝʤʘ, ʫ ʉʐɸ, ʂʘʥʘʜʽ, ʅʽʤʝʯʯʠʥʽ, ʐʚʝʡʮʘʨʽʾ, ɯʩʧʘʥʽʾ, ɹʝʣʴʛʽʾ, 

ʐʚʝʮʽʾ, ɺʝʣʠʢʦʙʨʠʪʘʥʽʾ, ʗʧʦʥʽʾ. ʇʨʠ ʮʴʦʤʫ ʅɸɽʂ ñɽʥʝʨʛʦʘʪʦʤò ʥʝ ʧʦʚʽʜʦʤʣʷʻ, 

ʱʦ ʯʘʩʪʠʥʘ ʷʜʝʨʥʠʭ ʚʽʜʭʦʜʽʚ ʮʠʭ ʢʨʘʾʥ ʪʘʢʦʞ ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʈʦʩʽʾ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʜʦʛʦʚʦʨʽʚ ʨʽʟʥʦʾ ʜʘʚʥʠʥʠ.  

ʎʉɺʗʇ ʧʦʚʠʥʥʝ ʧʨʠʡʥʷʪʠ ʥʝ ʪʽʣʴʢʠ ʚʽʜʭʦʜʠ, ʱʦ ʚ ʮʝʡ ʤʦʤʝʥʪ 

ʫʪʚʦʨʶʶʪʴʩʷ ʥʘ ʫʢʨʘʾʥʩʴʢʠʭ ɸɽʉ  (ʟʘ ʚʠʥʷʪʢʦʤ ɿʘʧʦʨʽʟʴʢʦʾ ʩʪʘʥʮʽʾ, ʱʦ ʤʘʻ 

ʚʣʘʩʥʝ ʩʭʦʚʠʱʝ), ʘʣʝ ʡ ʚʩʽ ʥʘʢʦʧʠʯʝʥʽ ʟʘ 30 ʨʦʢʽʚ ʫʢʨʘʾʥʩʴʢʽ ʷʜʝʨʥʽ ʚʽʜʭʦʜʠ ʥʘ 


