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ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ (ʋʢʨʘʾʥʘ) 
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ʄɯɾʅɸʈʆɼʅʀʁ ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 

ʜʦʢʪʦʨ ʐʝʬʝʨ ʂʣʘʫʩ (Oerlikon Barmag, ʅʽʤʝʯʯʠʥʘ) 

ʐʪʠʣʴʛʝʨ ʄʘʨʪʽʥ (ThyssenKrupp, ʅʽʤʝʯʯʠʥʘ) 

ʜ.-ʨ. ʥʘʫʢ, ʧʨʦʬ. ɹʘʜʽʜʘ ʄʠʨʦʩʣʘʚ, (ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʂʦʰʠʮʝ, ʉʣʦʚʘʯʯʠʥʘ) 

ʜ.-ʨ. ʥʘʫʢ, ʧʨʦʬ. ɺʘʨʭʦʣʘ ʄʽʭʘʣ, (ʇʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʽʯʥʦʛʦ ʩʧʽʚʪʦʚʘʨʠʩʪʚʘ ʄ. ɹʘʣʫʜʷʥʩʴʢʦʛʦ, ʉʣʦʚʘʯʯʠʥʘ) 

ʢ.ʪ.ʥ., ʧʨʦʬ. ɻʦʣʝʪʽʘʥʽ ʂʝʪʘʚʘʥ (ɹʘʪʫʤʩʴʢʠʡ ʥʘʚʯʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʚʽʛʘʮʽʾ, ɻʨʫʟʽʷ) 

ʜ.-ʨ. ʥʘʫʢ, ʧʨʦʬ. ʂʝʣʝʤʝʥ ʄʽʭʘʣ, (ʊʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʂʦʰʠʮʝ, ʉʣʦʚʘʯʯʠʥʘ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʅʽʢʽʪʝʥʢʦ ʄ.ɯ. (ɹʽʣʦʨʫʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɹʽʣʦʨʫʩʴ) 

ʜ.ʬ.ʥ., ʧʨʦʬ. ʅʦʚʨʫʟʦʚ ʈʘʬʽʢ (ɹʘʢʽʥʩʴʢʠʡ ʩʣʦʚôʷʥʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ɸʟʝʨʙʘʡʜʞʘʥ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʈʘʜʟʝʚʠʯ ʉ.ʇ., (EATON Corp., ʉʐɸ) 

ʧʨʦʬ. ʉʘʥʜʘʣ ʗʥ-ʋʨʙʘʥ (ʈʝʢʪʦʨ ʽʥʩʪʠʪʫʪʫ ʽʤ. ʜ-ʨʘ ʗʥʘ-ʋʨʙʘʥʘ ʉʘʥʜʘʣʘ, ʅʦʨʚʝʛʽʷ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʝʜʦʨʠʥʝʥʢʦ ɼ.ʖ. (Tohoku University, ʗʧʦʥʽʷ) 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʇʈʆɻʈɸʄʅʀʁ ʂʆʄɯʊɽʊ ʂʆʅʌɽʈɽʅʎɯɰ 
ʜ.ʝ.ʥ., ʧʨʦʬ. ʐʢʘʨʣʝʪ ʉ.ʄ. (ʤ. ʏʝʨʥʽʛʽʚ, ʨʝʢʪʦʨ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè)  
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʪʫʧʘ ɺ.ɯ. (ʤ. ʂʠʾʚ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʦʙʠʨ ʄ.ɯ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɸʥʜʨʝʥʢʦ ʇ.ʄ. (ʤ. ʍʘʨʢʽʚ, ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɸʥʪʦʥʶʢ ɺ.ʉ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 

ʜ.ʪ.ʥ., ʩ.ʥ.ʩ. ɹʘʰʠʥʩʴʢʠʡ ɺ.ɻ. (ʤ. ʏʝʨʥʽʛʽʚ, ɼʝʨʞʘʚʥʠʡ ʅɼɯ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 
ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʽʣʠʢ ʉ.ɯ. (ʤ. ʂʠʾʚ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɹʦʣʦʪʦʚ ɻ.ʇ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʘʩʠʣʴʯʝʥʢʦ ʗ.ɺ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʝʩʝʣʦʚʩʴʢʘ ʅ.ʈ. (ʤ. ɺʽʥʥʠʮʷ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʠʥʥʠʢʦʚ ʖ.ʃ. (ʤ. ʇʦʣʪʘʚʘ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ 
ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɺʦʨʦʥʮʦʚ ɹ.ʉ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʜʦʮ. ɻʨʠʙʢʦʚ ɽ.ʇ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɻʨʠʮʘʡ ɯ.ɭ. (ʤ. ʃʴʚʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʘʥʠʣʴʯʝʥʢʦ ʖ.ʄ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʝʥʠʩʦʚ ʖ.ʆ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʢ.ʪ.ʥ., ʩ.ʥ.ʩ. ɼʤʠʪʨʽʻʚ ɺ.ɸ. (ʤ. ʏʝʨʥʽʛʽʚ, ɼʝʨʞʘʚʥʠʡ ʅɼɯ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 
ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʤʠʪʨʽʻʚ ɼ.ʆ. (ʤ. ʍʝʨʩʦʥ, ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʦʣʛʦʚ ʄ.ɸ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʽʮʥʦʩʪʽ ʽʤ. ɻ.ʉ.ʇʠʩʘʨʝʥʢʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʫʙʝʥʝʮʴ ɺ.ɻ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ɼʫʙʨʦʚʩʴʢʠʡ ʄ.ʇ. (ʤ. ʆʜʝʩʘ, ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʦʨʩʴʢʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɿʘʣʦʛʘ ɺ.ʆ. (ʤ. ʉʫʤʠ, ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʛʝʦʣ.ʥ., ʧʨʦʬ. ɯʚʘʥʠʰʠʥ ɺ.ɸ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʢ.ʪ.ʥ., ʧʨʦʬ. ɯʚʘʥʦʚ ʄ.ɯ. (ʤ. ɺʽʥʥʠʮʷ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ɯʩʢʦʚʠʯ-ʃʦʪʦʮʴʢʠʡ ʈ.ɼ. (ʤ. ɺʽʥʥʠʮʷ, ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʟʠʤʠʨ ɺ.ɺ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʣʘʬʘʪʦʚʘ ʃ.ʇ. (ʤ. ʇʦʢʨʦʚʩʴʢ, ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʣʴʯʝʥʢʦ ɺ.ɯ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʘʣʴʯʝʥʢʦ ɺ.ɺ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʚʘʩʥʽʢʦʚ ɺ.ʇ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʠʨʠʯʝʥʢʦ ɸ.ʄ. (ʤ. ʂʨʦʧʠʚʥʠʮʴʢʠʡ, ʎʝʥʪʨʘʣʴʥʦʫʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥ-ʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʣʠʤʝʥʢʦ ɻ.ʇ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʣʠʤʝʥʢʦ ʉ.ɸ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɹʘʢʫʣʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʣʦʯʢʦ ʆ.ʆ. (ʤ. ʍʘʨʢʽʚ, ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʚʘʣʝʚʩʴʢʠʡ ʉ.ɺ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʚʘʣʴʦʚ ɺ.ɼ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʟʣʦʚʩʴʢʠʡ ɺ.ɺ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʣʦʩʦʚ ʆ.ɭ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʧʠʣʦʚ ɺ.ɯ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
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ʢ.ʪ.ʥ., ʧʨʦʬ. ʂʦʨʥʽʻʥʢʦ ʄ.ɺ. (ʤ. ʂʠʾʚ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʦʨʯʝʥʢʦ ʆ.ɻ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʨʠʚʦʨʫʯʢʦ ʆ.ɺ. (ʤ. ʂʠʾʚ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʂʫʟʥʻʮʦʚ ʖ.ʄ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʃʝʙʝʜʻʚ ɺ. ʆ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʃʫʨʴʻ ɿ.ʗ. (ʤ. ʍʘʨʢʽʚ, ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʃʫʮʽʚ ɯ.ɺ. (ʤ. ʊʝʨʥʦʧʽʣʴ, ʊʝʨʥʦʧʣ̔ʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯ. ʇʫʣʶʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʄʘʡʙʦʨʦʜʘ ɺ.ʉ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʄʘʨʢʦʚ ʆ.ɭ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʜʦʮ. ʄʘʯʫʛʘ ʆ.ʉ. (ʤ. ʃʴʚʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʄʠʨʦʥʝʥʢʦ ɭ.ɺ. (ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʅʦʚʦʤʣʠʥʝʮʴ ʆ.ʆ. (ʤ. ʏʝʨʥʽʛʽʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʆʛʽʥʩʴʢʠʡ ʁ.ʂ. (ʤ. ɿʘʧʦʨʽʞʞʷ, ɿʘʧʦʨʽʟʴʢʘ ʜʝʨʞʘʚʥʘ ʽʥʞʝʥʝʨʥʘ ʘʢʘʜʝʤʽʷ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʆʨʣʦʚʩʴʢʠʡ ɹ.ɺ. (ʤ. ʂʠʾʚ, ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ) 

ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʘʚʣʝʥʢʦ ʇ.ʄ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʘʣʴʯʝʚʩʴʢʠʡ ɹ.ʆ. (ʤ. ʃʫʮʴʢ, ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʘʥʯʫʢ ɺ.ɻ. (ʤ. ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢ, ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʘʩʽʯʥʠʢ ɺ.ɸ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʝʨʤʷʢʦʚ ʆ.ɸ. (ʤ. ʍʘʨʢʽʚ, ʅʊʋ çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʝʪʨʘʢʦʚ ʖ.ɺ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
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ʩʧʣʘʚʫ CrFeCoNiCu ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

28 

ɺʘʩʠʣʴʻʚ ɭ.ɸ.
1
, ɺʦʚʯʝʥʢʦ ɺ.ʇ.

2
 ʅʘʥʝʩʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ  

1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ 

2
ʇʦʣʪʘʚʩʴʢʠʡ ʢʦʣʝʜʞ ʥʘʬʪʠ ʽ ʛʘʟʫ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ çʇʦʣʪʘʚʩʴʢʘ 

ʧʦʣʽʪʝʭʥʽʢʘ ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘè, ʤ. ʇʦʣʪʘʚʘ 

29 

ʃʝʙʝʜʻʚ ɺ.ʆ.
1
, ɼʨʘʛʘʥ ʉ.ɺ.

2
, ʉʽʤʫʪʻʥʢʦʚ ɯ.ɺ.

3
 ʂʦʤʙʽʥʦʚʘʥʝ ʢʝʨʫʚʘʥʥʷ 

ʬʦʨʤʫʚʘʥʥʷʤ ʰʚʘ ʧʨʠ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʚ ʟʘʭʠʩʥʠʭ ʛʘʟʘʭ 
1 
ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ɭ.ʆ. ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ 

3 
ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʩʫʜʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ çʆʢʝʘʥè, ʤ. ʄʠʢʦʣʘʾʚ 

31 
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6 

ʂʘʣʽʥʽʯʝʥʢʦ ʉ.ɺ.
1
, ɹʫʨʷ ʆ.ɯ., ʊʦʤʽʥʘ ɸ.-ʄ.ɺ.

1
, ʅʘʯʦʚʥʠʡ ɯ.ɯ.

2
 ɺʧʣʠʚ 

ʧʦʣʽʩʫʣʴʬʦʥʘʤʽʜʥʦʛʦ ʚʦʣʦʢʥʘ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ 
1
ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ  

2 
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɼʥʽʧʨʦ 

33 

ʊʦʤʽʥʘ ɸ.-ʄ.ɺ., ɹʫʨʷ ʆ.ɯ., ʃʠʪʚʠʥʦʚʘ ɭ.ɽ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʪʠʪʘʥʦ ï 

ʪʘʥʪʘʣʦ ï ʚʦʣʴʬʨʘʤʦ - ʢʦʙʘʣʴʪʦʚʦʛʦ ʪʚʝʨʜʦʛʦ ʩʧʣʘʚʫ ʥʘ ʘʙʨʘʟʠʚʥʫ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ 

ʬʝʥʽʣʦʥʫ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ 

35 

ʃʫʢôʷʥʯʝʥʢʦ ɭ.ʇ., ɯʣʶʰʝʥʢʦ ɺ.ʄ., ɹʦʥʜʘʨʝʥʢʦ ɸ.ʄ. ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ATIG-ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ ʪʘ ʾʾ ʩʧʣʘʚʽʚ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

36 

ʉʘʚʝʥʢʦ ɺ.ɯ., ɺʠʩʦʮʴʢʘ ʃ.ʄ., ʇʘʣʴʯʠʢ ʇ.ʇ., ʂʣʶʻʚʘ ɺ.ɺ. ɯʥʥʦʚʘʮʽʾ ʚ 

ʜʽʘʛʥʦʩʪʠʮʽ ʪʘ ʟʘʭʠʩʪʽ ʤʝʪʘʣʦʤʽʩʪʢʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʜʣʷ ʯʠʩʪʦʪʠ ʜʦʚʢʽʣʣʷ ʪʘ 

ʝʢʦʥʦʤʽʢʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ  

37 

ʄʽʣʴʤʘʥ ʖ.ɺ.
1
, ɿʘʭʘʨʦʚʘ ʅ.ʇ.

1
, ɭʬʽʤʦʚ ʄ.ʆ.

1
, ʌʘʣʴʯʝʥʢʦ ʖ.ɺ.

2
, 

ʇʦʢʣʷʮʴʢʠʡ ɸ.ɻ.
2
, ʌʝʜʦʨʯʫʢ ɺ.ɭ.

2
, ʂʠʩʣʘ ɻ.ʇ

3
. ʆʩʦʙʣʠʚʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ ʩʧʣʘʚʽʚ 

ʩʠʩʪʝʤʠ Al ï Cr ï Fe ï Ti, ʱʦ ʤʽʩʪʷʪʴ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʫ ʬʘʟʫ 
1 
ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

2 
ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ  

3 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

39 

ʃʝʙʝʜʝʚ ɺ. ɸ.
1
, ʍʘʣʠʤʦʚʩʢʠʡ ɸ. ʄ.

2
, ʃʦʡ ʉ. ɸ.

3
 ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʠʩʪʝʤʳ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʝʸ ʧʘʨʘʤʝʪʨʦʚ  
1 
ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ  

2 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀ ʠʤ. ʀ.ʉʠʢʦʨʩʢʦʛʦè, ʛ. ʂʠʝʚ 

3 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʩʪʨʦʝʥʠʷ ʠʤ. ʘʜʤʠʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʛ. ʅʠʢʦʣʘʝʚ 

41 

ʃʝʙʝʜʝʚ ɺ.ɸ.
1
, ʅʦʚʠʢʦʚ ʉ. ɺ.

1
, ʍʘʣʠʤʦʚʩʢʠʡ ɸ.ʄ.

2
 ɺʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ 

ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʥʘ ʯʘʩʪʦʪʫ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ 
1 
ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ  

2 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀ ʠʤ. ʀ.ʉʠʢʦʨʩʢʦʛʦè, ʛ. ʂʠʝʚ 

43 

ʈʫʜʝʥʢʦ ʄ.ʄ., ʆʣʝʢʩʽʻʥʢʦ ʉ.ɺ., ʖʱʝʥʢʦ ʉ.ʄ., ɻʨʝʯʢʘ ɺ.ʄ. ʇʨʦʝʢʪʫʚʘʥʥʷ, 

ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʤʦʥʪʘʞ ʙʫʥʢʝʨʘ ʟ ʧʣʦʩʢʠʤʠ ʩʪʽʥʢʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ñʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘò, ʤ. ʏʝʨʥʽʛʽʚ 

45 

ɹʽʣʦʙʦʨʦʜʯʝʥʢʦ ɺ. ɯ., ɼʟʶʙʠʢ ɸ.ʈ., ɼʟʶʙʠʢ ʃ.ɺ., ʍʦʤʠʯ ɯ.ɹ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʟôʻʜʥʘʥʴ ʽʟ ʩʧʣʘʚʫ ʆʊ4 ʟʘ ʨʽʟʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟʚʘʨʶʚʘʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ  

46 

ʂʫʣʠʢʦʚʩʴʢʠʡ ʈ.ɸ., ʄʦʣʦʯʢʦʚ ɼ.ɭ., ʂʨʘʩʥʦʩʝʣʴʩʴʢʠʡ ʂ.ɺ., ʉʘʚʦʥʦʚ ʖ.ʄ. 

ʌʦʨʤʫʚʘʥʥʷ ʟʘʜʘʯ ʜʣʷ ʩʪʚʦʨʝʥʥʷ cam/cae ʧʽʜʧʨʦʛʨʘʤ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ 

ʦʩʥʦʚʽ ʜʫʛʦʚʠʭ ʟʚʘʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ.ɿʘʧʦʨʽʞʞʷ  

47 

ʏʠʛʘʨʴʦʚ ɺ.ɺ.
1
, ɻʦʣʫʙ ɼ.ʄ.

2
 ʇʝʨʩʧʝʢʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʧʦʨʦʰʢʦʚʠʭ ʜʨʦʪʽʚ 
1 
ɼɺʅɿ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ʄʘʨʽʫʧʦʣʴ  

2 
ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

49 

ɸʢʨʠʪʦʚʘ ʊ.ʆ., ɸʥʜʨʫʱʝʥʢʦ ʄ.ɯ., ʂʘʧʫʩʪʷʥ ʆ.ɭ., ʂʫʣʠʢʦʚʩʴʢʠʡ ʈ.ɸ., 

ʆʩʽʧʦʚ ʄ.ʖ. ɺ̔ ʜʥʦʚʣʝʥʥʷ ʮʝʤʝʥʪʦʚʘʥʠʭ ʰʪʘʤʧʽʚ ʧʨʝʩʩ-ʬʦʨʤ ʥʘʧʣʘʚʣʝʥʥʷʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ.ɿʘʧʦʨʽʞʞʷ  

50 
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7 

ʂʦʚʘʣʴʦʚ ʄ.ʌ.
1
, ɻʦʣʦʚʘʱʫʢ ʄ.ɺ.

1
, ʀʚʯʝʥʢʦ ʊ.ɯ.

2
, ɼʫʜʘʥ ʆ.ɺ.

3
 ɺʧʣʠʚ 

ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʦʥʴ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʦʢʨʠʪʪʽʚ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ,  

2 
ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, ʤ. ʍʝʨʩʦʥ  

3 
ʇʦʣʦʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʅʦʚʦʧʦʣʦʮʴʢ, ɹʽʣʦʨʫʩʴ 

52 

ɻʘʥʯʫʢ ɸ.ɺ., ʄʘʡʜʘʥʯʫʢ ʊ.ɹ., ɯʣʶʰʝʥʢʦ ɺ.ʄ. ʇ̔ ʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʟʘʭʠʩʪʦʤ 
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91 

ɸʥʪʦʰʢʽʥ ʆ.ɸ., ʇʝʪʨʝʥʢʦ ɼ.ʄ. ʆʮʽʥʢʘ ʜʦʮʽʣʴʥʦʩʪʽ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ 

ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʜʣʷ ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʠʤʽʱʝʥʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ 

93 

ʉʝʨʢʽʟ ʆ. ʈ., ɹʦʡʢʦ ʄ. ɺ., ɼʟʽʥʜʟʶʨʘ ɺ. ʇ. ʇʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʙʫʜʽʚʝʣʴʥʦʛʦ 

ʰʧʘʪʝʣʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʬʦʨʤʠ ʨʦʙʦʯʦʛʦ ʧʦʣʦʪʥʘ ʚ ʟʦʥʽ ʥʘʧʣʘʚʫ ʧʦʣʽʤʝʨʥʦʾ ʨʫʯʢʠ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè ʤ. ʃʴʚʚ̔ 
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9 

ɹʽʣʠʢ ɸ.ʉ., ʎʶʧʠʥ ɭ.ɯ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʤʽʥ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ ʢʦʣʦʥ 

ʥʘ ʩʪʽʡʢʽʩʪʴ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ  

96 

ɹʽʣʠʢ ʉ.ɯ., ʅʫʞʥʠʡ ɺ.ɺ. ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʩʦʣʴʥʠʭ ʩʪʝʨʞʥʽʚ ʥʘ ʜʠʥʘʤʽʯʥʫ ʜʽʶ ʽʟ 

ʟʦʩʝʨʝʜʞʝʥʦʶ ʤʘʩʦʶ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ  

97 

ʉʘʚʯʝʥʢʦ ʆ.ɺ., ʂʦʨʟʘʯʝʥʢʦ ʄ.ʄ., ʇʘʚʣʝʥʢʦ ɺ.ɺ. ɺʧʣʠʚ ʙʽʦʥʽʢʠ ʥʘ ʘʨʭʽʪʝʢʪʫʨʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʏʝʨʥʽʛʽʚ 

98 

ɹʘʨʙʘʰ ʄ.ɯ. ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʢʣʘʩʠʯʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʬʦʨʤ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉɸʇʈ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʏʝʨʥʽʛʽʚ 

100 

ʇʠʣʠʧʝʥʢʦ ɺ.ʄ., ʇʝʜʦʨʠʯ ɸ.ɺ., ʈʷʙʯʝʥʢʦ ɺ.ɻ., ɻʦʥʯʘʨ ɺ.ɺ., ʉʦʨʦʢʦʧʫʜ ɺ.ɹ., 

ʊʢʘʯʝʥʢʦ ɯ.ɺ. ɺʧʣʠʚ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ 

ɸʢʘʜʝʤʽʷ ʜʝʨʞʘʚʥʦʾ ʧʝʥʽʪʝʥʮʽʘʨʥʦʾ ʩʣʫʞʙʠ, ʤ. ʏʝʨʥʽʛʽʚ 

101 

ʉɽʂʎɯʗ 7  

çʈɸʎɯʆʅɸʃʔʅɽ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ. ɽʅɽʈɻɽʊʀʂɸ, 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ʊɸ ʈɽʉʋʈʉʆɿɹɽʈɽɾɽʅʅʗè 
 

ɯʛʥʘʪʠʰʠʥ ɺ.ɺ., ɺʝʨʙʠʮʴʢʠʡ ʉ.ʊ., ɯʛʥʘʪʠʰʠʥ ɸ.ɺ., ɯʛʥʘʪʠʰʠʥ ʄ.ɹ. 

ɽʢʦʣʦʛʽʯʥʠʡ ʘʩʧʝʢʪ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʚʽʜʜʽʣ ʩʝʡʩʤʽʯʥʦʩʪʽ 

ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ, ʤ.ʃʴʚʽʚ 

102 

ɯʚʘʥʝʥʢʦ ʆ.ɯ., ʆʚʝʨʯʝʥʢʦ ʊ.ɸ., ɯʛʥʘʪʴʻʚʘ ʄ. ʆʮʽʥʢʘ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ, 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʥʘ ʦʢʠʩʣʝʥʥʷ ʪʝʨʤʦʘʥʪʨʘʮʠʪʥʦʛʦ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

104 

ɻʨʠʛʦʨôʻʚʘ ʅ.ʉ., ɻʫʤʝʥʶʢ ʃ.ʆ., ʐʘʙʘʡʢʦʚʠʯ ɺ.ɸ. ʆʜʝʨʞʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ 

ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ  

106 

ʉʥʽʪʠʥʩʴʢʠʡ ɺ.ɺ.
1
, ʍʽʨʽʚʩʴʢʠʡ ʇ.ʈ.

1
, ɻʥʘʪʽʚ ɯ.ʈ.

1
, ʗʭʥʦ ʆ.ʄ.

2
, ɻʥʘʪʽʚ ʈ.ʄ.

3
 

ʊʝʭʥʦʛʝʥʥʽ ʜʞʝʨʝʣʘ ʥʘʜʭʦʜʞʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʧʨʠʨʦʜʥʽ ʚʦʜʠ ʨʽʯʦʢ ʢʘʨʧʘʪʩʴʢʦʛʦ 

ʨʝʛʽʦʥʫ 
1
ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʴʚʽʚ 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

3
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

108 

ʄʘʯʫʛʘ ʆ. ʉ., ʋʤʘʥʮʝʚ ʅ. ʖ. ʄʝʪʦʜ ʤʝʭʘʥʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

110 

ɺʘʢʘʣ ɺ. ʉ.
1
, ɺʘʢʘʣ ʉ. ɺ.

1
, ʎʘʧʢʦ ʖ. ʃ.

2
 ʈʦʟʨʦʙʢʘ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʢʦʣʦʛʽʯʥʦ 

ʜʦʮʽʣʴʥʠʭ ʜʦʙʨʠʚ 
1
ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʽ ʧʽʛʤʝʥʪʽʚ ʉʫʤʩʴʢʦʛʦ 

ʜʝʨʞʘʚʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ʉʫʤʠ 
2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ʽ ʘʛʨʦʭʽʤʽʾ 

ʽʤ. ʆ. ʅ. ʉʦʢʦʣʦʚʩʴʢʦʛʦè, ʤ. ʍʘʨʢʽʚ 

112 

ɿʘʢʣʘʜʥʠʡ ʆ.ʆ. ʂʦʥʮʝʧʮʽʷ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

113 
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10 

ʇʦʣʫʢʘʨʦʚ ʖ.ʆ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʬʝʩʽʡʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʟʚʘʨʥʠʢʽʚ ʥʘ ʦʩʥʦʚʽ 

ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

115 

ʉʪʘʜʥʽʢ ʄ. ɯ., ʐʪʫʮʴ ɸ. ɸ., ʏʤʠʭ ʂ. ɺ. ɺʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʛʨʘʬʽʢʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʬʝʨʤʠ ʧʨʠ ʘʚʪʦʥʦʤʥʦʤʫ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʽ  

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺ̔ ʥʥʠʮʷ  

116 

ʏʦʙʦʪʴʢʦ ɯ.ɯ.
1
, ʊʠʥʠʥʘ ʉ.ɺ.

2
 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʧʣʠʚʫ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʢʠʩʥʶ 

ʥʘ ʚʥʫʪʨʽʰʥʽ ʧʨʦʮʝʩʠ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɼʥʽʧʨʦʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ɼʥʽʧʨʦ  

2 
ɯʥʩʪʠʪʫʪ ʛʝʦʪʝʭʥʽʯʥʦʾ ʤʝʭʘʥʽʢʠ ʽʤ. ʄ.ʉ. ʇʦʣʷʢʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ɼʥʽʧʨʦ  

118 

ʊʨʫʩ ɯ.ʄ., ʈʘʜʦʚʝʥʯʠʢ ʗ.ɺ., ɻʘʣʠʰ ɺ.ɺ., ɻʦʤʝʣʷ ʄ.ɼ., ʄʽʛʨʘʥʦʚʘ ɺ.ʆ. ʆʮʽʥʢʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

120 

ʈʘʜʦʚʝʥʯʠʢ ʗ.ɺ., ʊʨʫʩ ɯ.ʄ., ɻʘʣʠʰ ɺ.ɺ., ɹʻʣʦʚ ɯ.ɺ., ʈʘʜʦʚʝʥʯʠʢ ɺ.ʄ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʝʚʦʜʥʝʥʥʷ ʩʢʦʧʫ ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

124 

ʐʫʣʴʛʘ ʖ. ɯ. ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʢʘʤʝʨ ʩʫʰʽʥʥʷ 

ʟʝʨʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 
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2
 ʇʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʣʽʟʥʠʯʥʦʾ 

ʘʚʪʦʤʘʪʠʢʠ 
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, 

ʍʝʨʩʦʥʩʴʢʘ ʬʽʣʽʷ, ʤ. ʍʝʨʩʦʥ 
2
ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʢʦʣʝʜʞ ʪʨʘʥʩʧʦʨʪʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʤʝʥʽ ʘʢʘʜʝʤʽʢʘ ɺ. ʃʘʟʘʨʷʥʘ, ʤ. ʄʠʢʦʣʘʾʚ 

178 

ɾʠʨʦʚʘ ʊ.ʆ., ʂʦʪʝʥʢʦ ʅ.ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʪʝʩʪʫʚʘʥʥʷ 

ʙʝʟʧʝʢʠ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʦʨʛʦʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ  

180 

ʂʨʘʚʯʝʥʢʦ ɺ.ɯ., ɻʨʠʙʢʦʚ ɽ.ʇ., ʉʪʫʢʘʣʦʚʘ ʖ.ɸ., ʂʨʘʚʮʽʚ ɺ.ɺ. ɸʣʛʦʨʠʪʤ 

ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʠʤʝʪʨʠʯʥʦʛʦ ʧʨʦʢʘʪʫʚʘʥʥʷ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

182 

ɹʝʟʚʝʩʽʣʴʥʘ ʆ.ʄ.
1
, ɯʣʴʯʝʥʢʦ ʄ.ɺ.

2
 ʅʘʣʘʰʪʫʚʘʥʥʷ ʧʣʘʚʥʦʩʪʽ ʥʘʚʝʜʝʥʥʷ 

ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʦʟʙʨʦʻʥʥʷ  
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

2 
ʇɸʊ çʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʦʙôʻʜʥʘʥʥʷ çʂʠʾʚʩʴʢʠʡ ʟʘʚʦʜ ʘʚʪʦʤʘʪʠʢʠè, ʤ. ʂʠʾʚ  

184 

ʂʦʢʫʥ ʆ.ɺ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʧʨʦʜʘʞ ʽʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʫ ʥʘ ʦʩʥʦʚʽ ʪʝʦʨʽʾ ʯʘʩʦʚʠʭ 

ʨʷʜʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

185 

ʂʫʯʝʨʝʥʢʦ ɺ.ʃ.
1
, ʍʽʨʩ ɯ.ɯ.

2
 ʇʨʦʙʣʝʤʠ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʪʝʭʥʽʯʥʠʤ 

ʩʪʘʥʦʤ ʙʽʦʤʝʜʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ  

2 
ʇɸʊ çʋʢʨʪʝʣʝʢʦʤè, ʤ. ʂʠʾʚ  

187 

ʂʣʠʤ ɺ.ʖ., ɸʥʪʦʥʠʢ ʄ.ɺ. ɸʥʘʣʠʟ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 

ʪʘʤʦʞʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʋʥʠʚʝʨʩʠʪʝʪ ʪʘʤʦʞʝʥʥʦʛʦ ʜʝʣʘ ʠ ʬʠʥʘʥʩʦʚ, ʛ. ɼʥʝʧʨ 

188 
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13 

ʂʣʠʤɺ.ʖ., ɯʩʘʻʚʘ ʆ.ɺ. ʂ̔ ʙʝʨʥʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʙʘʟʘʤʠ ʜʘʥʠʭ 

ʋʥʽʚʝʨʩʠʪʝʪ ʤʠʪʥʦʾ ʩʧʨʘʚʠ ʪʘ ʬʽʥʘʥʩʽʚ, ʤ. ɼʥʽʧʨʦ 

189 

ʂʣʠʤʝʥʢʦ ʆ.ʄ., ʂʨʘʚʮʦʚ M.ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʮʽʣʴʦʚʦʾ ʨʝʢʣʘʤʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

190 

ɹʝʟʚʝʨʰʥʶʢ ʂ.ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʦʮʽʥʶʚʘʥʥʷ ʧʩʠʭʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʦʨʛʘʥʽʟʤʫ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ  ʫʥʽʚʝʨʩʠʪʝʪ, ʤ.ʂʠʾʚ 

191 

ɯʣʴʯʫʢ ʆ.ʉ., ʊʶʣʶʢʽʥʘ ɺ.ʂ. ɯʥʬʦʨʤʘʮʽʡʥʘ ʙʝʟʧʝʢʘ ʧʽʜʧʨʠʻʤʩʪʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

192 

ɿʘʛʦʨʦʜʥʷ ɸ.ʉ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʩʦʙʽʚ PLM ʧʨʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʂʨʠʚʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʨʠʚʠʡ ʨʽʛ  

194 

ɹʘʙʶʢ ɭ. ʄ., ʄʝʣʝʰʢʦ ʆ. ʆ. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʨʦʣʴʥʠʭ 

ʤʝʥʝʜʞʝʨʽʚ, ʘ ʪʘʢʦʞ ʩʠʩʪʝʤ ʦʙʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʧʘʨʦʣʽʚ ʚʽʜ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʜʦʩʪʫʧʫ ʜʦ ʥʠʭ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

196 

ʃʘʭʥʦ ɺ.ɸ., ʇʦʨʦʭʥʷ ɯ.ʄ. ʄʝʪʦʜʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʽʟʫ 

ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ ʚ ʩʤʘʨʪ-ʩʽʪʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ.ʂʠʾʚ  

198 

ʂʫʟʴʤʠʯ ʃ.ɺ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
 ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ 
1 
ɯʥʩʪʠʪʫʪ ʚʦʜʥʠʭ ʧʨʦʙʣʝʤ ʽ ʤʝʣʽʦʨʘʮʽʾ ʅɸɸʅ, ʤ. ʈʽʚʥʝ 

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʏʝʨʥʽʛʽʚ 

199 

ʆʢʩʽʶʢ ʆ.ɻ., ʐʝʩʪʘʢ ʗ.ɺ., ʆʛʙʫ ɼ.ʆ. ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʭʠʩʪʫ ʮʝʥʪʨʫ ʦʙʨʦʙʢʠ 

ʜʘʥʠʭ ʧʨʦʤʠʩʣʦʚʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʚ ʫʤʦʚʘʭ ʢʽʙʝʨʘʪʘʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʘ, ʤ. ʂʠʾʚ 

201 

ʆʨʥʘʪʩʴʢʠʡ ɼ.ʇ., ɺʽʪʨʫʢ ʖ.ɺ., ɼʦʙʨʞʘʥʩʴʢʘ ɹ.ɺ. ʈʦʟʨʘʭʫʥʦʢ ʧʦʭʠʙʦʢ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʜʣʷ ʧʣʘʪʠʥʦʚʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʦʧʦʨʫ  

ʅʘʮ̔ʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

203 

ɹʘʨʜʽʥ ʆ.ʆ., ʍʦʣʦʜʥʠʡ ʈ.ɺ. ʋʥʽʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʦʙʨʦʙʢʠ ʪʘ ʚʽʜʦʙʨʘʞʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʜʘʥʦʾ ʨʝʘʣʴʥʦʩʪʽ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʤ.ʏʝʨʥʽʛʽʚ 

204 

ʂʦʨʥʽʻʥʢʦ ɯ.ɺ.
1
, ʂʘʤʘʢ ɼ.ʆ.

2
, ʈʫʜʝʥʢʦ ʆ.ɺ.

2
, ʄʦʩʢʘʣʝʮʴ ʉ.ɺ.

2
 ɸʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʽʜʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʚʠʧʨʦʙʫʚʘʥʴ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʏʝʨʥʽʛʽʚ 

2
ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʤ. ʏʝʨʥʽʛʽʚ 

206 

ʂʦʨʥʽʻʥʢʦ ʉ.ʇ.
1
, ɼʤʠʪʨʽʻʚ ɺ.ɸ.

2
, ʇʘʚʣʝʥʢʦ ɸ.ɻ.

2
, ʂʘʟʥʘʯʝʡ ʉ.ʄ.

2 
ɿʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʦʮʽʥʦʢ ʚʠʧʨʦʙʫʚʘʥʴ  
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʏʝʨʥʽʛʽʚ 

2
ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ ʦʟʙʨʦʻʥʥʷ ʪʘ 

ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʤ. ʏʝʨʥʽʛʽʚ 

207 
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ʊʨʝʪʷʢ ʆ.ɺ., ʉʪʝʣʴʤʘʭ ʅ.ɺ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʥʷ ʨʦʙʦʪʠʟʦʚʘʥʦʾ 

ʧʣʘʪʬʦʨʤʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ 
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THE INFLUENCE OF PLA SMA THERMOCYCLING NI TRIDING TREATMENT  

OF 18HGT STEEL ON THE MICROHARDNESS  

The use of external fields for the processing of new materials and coating has seen renewed 

interest in recent years. Enhancement techniques to improve surface properties and bulk features 

of materials by energy field treatment have attracted increasing attention [1, 2]. Many scholars 

have done researches on the improvement of material properties by magnetic, electric, and 

ultrasonic fields, and remarkable results have obtained. Pulsed fields are favoured for 

minimizing energy consumption [3]. 

The surface hardening of steels and alloys using plasma nitriding is an efficient and reliable 

technique that can be used in the manufacturing and machining industries primarily to treat 

engine components, machine tools as well gears [3, 4]. 

In this study, the effect of plasma nitriding treatment with thermal cycling on the 

microhardness of 18HGT steel (0.2C, 0.27Si, 1.0Mn, 0.06Ti, 1.3Cr) was analyzed and studied. 

Each cycle induces high temperatures in a short time in the vacuum chamber, followed by an 

also fast cooling down. 

Plasma nitriding of steel samples has been carried out using pulse DC glow discharge. Plasma 

nitriding was performed in an atmosphere of a 25% N2 and 75% Ar mixture. The gas flow rate 

was controlled by a mass flow meter. After nitriding for the required time, the specimens were 

cooled to the room temperature in the vacuum chamber. The plasma nitrided samples showed 

significant surface property improvements: the dissolved nitrogen and the volume expansion of 

nitrides precipitation cause compressive residual stress in the diffusion layer.  

The study deals with modeling microhardness in plasma nitriding treatment. The central 

composite rotatable design of the second-order was found to be the most efficient tool to 

establish the mathematical relation of the response surface using the smallest possible number of 

experiments. Due to a wide range of factors, it was decided to use three factors, five levels, and 

the central composite design matrix to develop a mathematical model. According to our previous 

experiences, the predominant factors, which have a significant influence on microhardness, were 

identified. They are chamber pressure, temperature, and duration of the nitriding process. 

The chamber pressure (p) was regulated in between 50 and 100 Pa. The temperature (T) was 

kept between 450 and 550C. The duration of the nitriding process (t) was varied from 3 to 9 h. 

Microhardness results were obtained using a Vickers microhardness tester. Microhardness was 

measured with the load of 100 g. 

Microhardness (H ɛ) was assessed as the second-order polynomial function of input process 

parameters. The obtained regression equation for microhardness is given below:  

222 84955,4031601,012357,047500,058333,0

89830,26772525,3416762,1978189,8970

tTptTtp

tTpH
 

Fig. 1 shows a three-dimensional plot of the response surface of the mentioned mathematical 

model. 
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Fig. 1 ï Surface plot of the microhardness on the input parameters of the plasma nitriding 

treatment (the constant is the duration of the nitriding process: t = 6 h) 

With the mathematical model generated, it is possible to calculate or predict the 

microhardness for 18HGT steel. The obtained mathematical model contributes to the 

understanding of the effect of nitriding treatment parameters on the microhardness. Also, it has 

been shown that for the development of the model, it was necessary to take into account all the 

plasma nitriding treatment parameters. 
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ɼʀʌʋɿɯʁʅɽ ɿɺɸʈʖɺɸʅʅʗ ʋ ɺɸʂʋʋʄɯ ʊʆʅʂʆʃʀʉʊʆɺʀʍ ʃɸʄɯʅɸʊɯɺ Al/Ti 

ʇʨʠ ʨʦʟʨʦʙʮʽ ʟʨʘʟʢʽʚ ʥʦʚʦʾ ʪʝʭʥʽʢʠ ʟʘʢʣʘʜʘʶʪʴʩʷ ʚʩʝ ʙʽʣʴʰʽ ʚʠʤʦʛʠ ʜʦ ʾʾ ʚʘʛʠ ʪʘ 

ʯʠʥʥʠʢʽʚ ʤʽʮʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʙ 

ʟʘʜʦʚʦʣʴʥʷʣʠ ʮʠʤ ʧʦʪʨʝʙʘʤ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʘʣʶʤʽʥʽʡ ʽ ʪʠʪʘʥ ʻ ʦʜʥʠʤʠ ʟ 

ʥʘʡʣʝʛʰʠʭ ʤʝʪʘʣʽʚ ʽ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʣʠʩʪʦʚʠʭ ʣʘʤʽʥʘʪʽʚ Al/Ti ʻ ʧʝʨʩʧʝʢʪʠʚʥʦʶ.  

ɿ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʰʘʨʫʚʘʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʬʦʣʴʛʠ Al ʽ Ti ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʠʬʫʟʽʡʥʝ ʟʚʘʨʶʚʘʥʥʷ ʚ 

ʚʘʢʫʫʤʽ. ɿʘ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʨʠʡʥʷʪʥʦʶ ʩʭʝʤʦʶ ʟʚʘʨʶʚʘʥʥʷ ʪʦʥʢʦʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʽʣʴʥʦʤʫ ʩʪʘʥʽ. 

ʇʨʦʚʦʜʠʣʠ ʟʚʘʨʶʚʘʥʥʷ ʬʦʣʴʛʠ ʘʣʶʤʽʥʽʶ (ʩʧʣʘʚ ɸɼ1, ʪʦʚʱʠʥʦʶ 150 ʤʢʤ) ʪʘ ʬʦʣʴʛʠ 

ʪʠʪʘʥʫ (ʩʧʣʘʚ ɺʊ1, ʪʦʚʱʠʥʦʶ 30 ʤʢʤ). ɼʣʷ ʟʚʘʨʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʘʩʠʚʥʽ 

ʰʣʽʬʦʚʘʥʽ ʬʣʘʥʮʽ ʟʽ ʩʪʘʣʽ ʉʪ40ʍ. ʆʜʥʘʢ, ʷʢ ʧʦʢʘʟʘʣʠ ʜʦʩʣʽʜʞʝʥʥʷ, ʜʘʥʠʡ ʧʨʦʮʝʩ ʥʘʚʽʪʴ 

ʧʨʠ ʧʨʠʢʣʘʜʘʥʥʽ ʟʥʘʯʥʦʛʦ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʪʠʩʢʫ (20 ʄʇʘ ʽ ʙʽʣʴʰʝ) ʥʝ ʟʘʙʝʟʧʝʯʫʻ 

ʨʽʚʥʦʤʽʨʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʟʜʦʚʞ ʚʩʽʻ ʾʧʦʚʝʨʭʥʽ ʬʦʣʴʛʠ, ʱʦ ʟôʻʜʥʫʶʪʴʩʷ, ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʾ ʾʾ 

ʧʣʘʩʪʠʯʥʦʩʪʽ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʽʚ ʟʚʘʨʶʚʘʥʥʷ (ʧʽʜʚʠʱʝʥʠʭ 

ʟʥʘʯʝʥʴ ʪʠʩʢʫ) ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʦʩʥʘʱʝʥʥʷ ʽ ʰʚʠʜʢʦʛʦ ʚʠʭʦʜʫ ʡʦʛʦ 

ʟ ʣʘʜʫ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʬʦʣʴʛʠ ʧʦʨʫʯ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ 

ʪʠʩʢʫ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʝʚʦʾ ʩʽʪʢʠ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʘ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʜʦʟʚʦʣʷʻ ʚʠʨʽʚʥʷʪʠ ʟʚʘʨʶʚʘʣʴʥʠʡ ʪʠʩʢ ʧʦ ʧʦʚʝʨʭʥʽ ʘʣʶʤʽʥʽʻʚʦʾ 

ʬʦʣʴʛʠ ʪʘ ʣʦʢʘʣʽʟʫʚʘʪʠ ʧʣʘʩʪʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ (ʚ ʤʽʩʮʷʭ ʢʦʥʪʘʢʪʫ ʬʦʣʴʛʠ ʟ̔ ʩʽʪʢʦʶ) ʽ 

ʘʢʪʠʚʫʚʘʪʠ ʜʝʬʦʨʤʘʮʽʶ ʩʘʤʝ ʚ ʮʠʭ ʟʦʥʘʭ. ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʯʝʨʝʟ ʩʽʪʢʫ ʥʘʚʝʜʝʥʘ 

ʥʘ ʨʠʩ. 1ʘ. ɼʣʷ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʨʠʭʚʘʪʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʩʽʪʢʠ ʜʦ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ 

ʟʚʘʨʶʪʁʴʩʷ, ʧʨʦʚʦʜʠʣʠ ʾʾ ʧʦʧʝʨʝʜʥ ̒ʚʽʜʧʘʣʶʚʘʥʥʷ ʥʘ ʧʦʚʽʪʨʽ. 

 
 

ʘ ʙ 

ʈʠʩ. 1 ï ʉʭʝʤʘʪʠʯʥʝ ʟʦʙʨʘʞʝʥʥʷ ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʬʦʣʴʛʠ ʧʦ ʩʭʝʤʽ ʚʽʣʴʥʦʛʦ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʯʝʨʝʟ ʩʽʪʢʫ (ʘ) ʽ ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʙʽʤʝʪʘʣʝʚʠʭ ʟôʻʜʥʘʥʴ Al+Ti: 1, 2 ï ʚʝʨʭʥʽʡ 

ʪʘ ʥʠʞʥʽʡ ʬʣʘʥʮʽ; 3 ï ʧʘʢʝʪ ʟ ʬʦʣʴʛʠ, ʱʦ ʧʽʜʣʷʛʘʻ ʟʚʘʨʶʚʘʥʥʶ; 4 ï ʩʪʘʣʴʥʘ ʩʽʪʢʘ 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʘʣʴʥʦʾ ʩʽʪʢʠ ʚ ʷʢʦʩʪʽ ʘʢʪʠʚʘʪʦʨʘ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʧʘʨʠ Al+Ti 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʙʝʟʜʝʬʝʢʪʥʽ ʟôʻʜʥʘʥʥʷ ʟʽ ʱʽʣʴʥʠʤ ʢʦʥʪʘʢʪʦʤ ʤʽʞ ʪʠʪʘʥʦʤ ʪʘ ʘʣʶʤʽʥʽʻʤ 

(ʨʠʩ. 2, ʙ). 

 

Al  Ti 

mailto:petrushynets@paton.kiev.ua
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ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʬʠʟʠʢʠ ʠʤ. ɻ. ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʠʥʳ, vmazanko@imp.kiev.ua 

ɺʆɿɼɽʁʉʊɺʀɽ ʄɽʍɸʅʀʏɽʉʂʆʁ ʋɼɸʈʅʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ 

ʄɽʍɸʅʀʏɽʉʂʀɽ ʀ ʕʃɽʂʊʈʆʌʀɿʀʏɽʉʂʀɽ ʉɺʆʁʉɺɸ ɸʃʖʄʀʅʀʁ-

ʃʀʊʀɽɺʓʍ ʉʇʃɸɺʆɺ 

ɸʣʶʤʠʥʠʡ-ʣʠʪʠʝʚʳʝ ʩʧʣʘʚʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʠʨʦʚʦʤ ʘʚʠʘʩʪʨʦʝʥʠʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʵʢʩʧʨʝʩʥʳʭ ʠ ʵʥʝʨʛʦʵʢʦʥʦʤʥʳʭ ʤʝʪʦʜʦʚ 

ʦʙʨʘʙʦʪʢʠ (ʦʜʠʥʘʨʥʳʭ ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ; ʤʝʭʘʥʠʯʝʩʢʠʭ, ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʭ, 

ʧʣʘʟʤʝʥʥʳʭ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠ ʪ.ʜ.) ʧʦʟʚʦʣʷʶʱʠʭ ʫʣʫʯʰʠʪʴ ʭʠʤʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ Al-Li ʩʧʣʘʚʦʚ (ʢʦʨʨʦʟʠʦʥʥʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, 

ʧʣʘʩʪʠʯʥʦʩʪʴ) ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ. 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʚ ʵʪʦʤ ʧʣʘʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʝ, ʩʚʘʨʠʚʘʝʤʳʝ 

ʩʧʣʘʚʳ ʩʠʩʪʝʤʳ Al-Cu-Li, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʛʨʘʞʜʘʥʩʢʦʡ ʠ ʚʦʝʥʥʦʡ 

ʘʚʠʘʮʠʠ ʙʣʘʛʦʜʘʨʷ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʎʝʣʴʶ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ 

Al-Li 2099 (T-83). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʷʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ʠʤʧʫʣʴʩʥʦʛʦ-ʩʢʦʨʦʩʪʥʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ʉʪʝʧʝʥʴ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʦʩʪʘʚʣʷʣʘ 5%, 10%, 18%, ʘ ʪʘʢʞʝ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚʩʝʩʪʦʨʦʥʥʷʷ ʜʝʬʦʨʤʘʮʠʷ (ɺɼ) 

ʦʙʨʘʟʮʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 18% ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 9,2% ʦʪ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʄʝʭʘʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʩʧʣʘʚʝ Al-Li 

2099 (ʊ-83) ʧʨʦʚʦʜʠʣʠʩʴ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʩʪʘʚʢʠ, ʪʘʢ ʠ ʧʦʩʣʝ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʇʨʝʜʝʣʳ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʙʳʣʠ ʠʟʤʝʨʷʥʳ ʥʘ ʫʩʪʘʥʦʚʢʝ Instron 

8802. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ ʜʦ 18% ʧʨʠ ʜʘʥʥʦʤ ʪʠʧʝ ʦʙʨʘʙʦʪʢʠ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ, ʢʦʪʦʨʳʡ ʜʦʩʪʠʛʘʝʪ 560,3 ʄʇʘ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 

+21,75% ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ 10% ʩʦʩʪʘʚʣʷʝʪ 582.2 ʄʇʘ, ʘ ʧʨʠ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ 18% ʦʥ ʨʘʚʝʥ 

576,9 ʄʇʘ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ +10.88% ʦʪ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʩʤ. ʊʘʙʣʠʮʘ 1). ʕʪʦ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʦ 10% ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ʨʘʩʪʝʪ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ, ʥʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʥʘʯʠʥʘʶʪʩʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʊʘʢʞʝ ʙʳʣ 

ʚʳʧʦʣʥʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʩʝʩʪʦʨʦʥʥʝʡ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ (ʩʤ. ʪʘʙʣʠʮʘ 1). 

ʉʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʦʪ ʦʜʥʦʦʩʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (10% 

ʠ 18%) ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʥʦʛʦʢʨʘʪʥʘʷ ʫʜʘʨʥʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ ʠ ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʩʧʣʘʚʝ Al-Li 

2099 (ʊ-83) ʠ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʜʠʩʣʦʢʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ, ʧʨʝʜʝʣ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ. 
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20 

ʊʘʙʣʠʮʘ 1 ï ʀʟʤʝʥʝʥʠʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʦʪ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʩʧʣʘʚʘ Al-Li 2099 ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʆʙʨʘʟ

ʝʮ  ̄

ʉʪʝʧʝʥʴ 

ʜʝʬʦʨʤʘʮʠʠ, 

% 

ʇʨʝʜʝʣ 

ʪʝʢʫʯʝʩʪʠ, 

ʄʇʘ 

ʀʟʤʝʥʝʥʠʝ 

ʧʨʝʜʝʣʘ 

ʪʝʢʫʯʝʩʪʠ, % 

ʇʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ, 

ʄʇʘ 

ʀʟʤʝʥʝʥʠʝ 

ʧʨʝʜʝʣʘ 

ʧʨʦʯʥʦʩʪʠ, % 

1 ʠʩʭʦʜʥʳʡ 460,2 - 520,3 - 

2 =5% 537,5 16,8% 560,8 7,78% 

3 =10% 557,7 21,187% 582,2 11,9% 

4 =18% 560,3 21,75% 576,9 10,88% 

5 =ɺɼ 554,6 20,51% 576,6 10,82% 

ʇʨʦʮʝʩʩʳ ʜʝʬʦʨʤʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ. ʕʪʦ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʤʝʪʘʣʣʘʭ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝ ʠʟʫʯʘʣʦʩʴ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʦʪʝʥʮʠʘʣʘ. ʆʜʥʘʢʦ ʚ [1-4] ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʦ ʚʨʝʤʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʜʝʬʦʨʤʘʮʠʠ (ɏ>1 ʩ
-1
) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʚʦʟʥʠʢʘʝʪ ʨʘʟʥʠʮʘ 

ʧʦʪʝʥʮʠʘʣʦʚ. ɺʝʣʠʯʠʥʘ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʕɼʉ ʟʘʚʠʩʠʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʚʦ ʚʨʝʤʷ 

ʫʜʘʨʥʦʡ ʜʝʬʦʨʤʘʮʠʠ Al-Li ʩʧʣʘʚʘ. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʕɼʉ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 1 ʤɺ. ʕʪʦ ʷʚʣʝʥʠʝ ʜʘʝʪ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʠʟʫʯʘʪʴ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʫʶ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʧʨʦʯʥʷʪʴ Al-Li 2099 (ʊ-83) ʩʧʣʘʚ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʜʘʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɸɻʅɯʊʅʆɻʆ ʂʆɽʈʎʀʊʀʄɽʊʈʀʏʅʆɻʆ ʄɽʊʆɼʋ ɼʃʗ 

ʂʆʅʊʈʆʃʖ ʉʊʈɯʃʀ ɺɸʅʊɸɾʆʇɯɼʁʆʄʅʆɻʆ ʂʈɸʅʋ  

ɺʩʪʫʧ. ɺ ʽʩʥʫʶʯʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ 80% ʦʙʣʘʜʥʘʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʧʦʪʨʝʙʫʻ 

ʦʥʦʚʣʝʥʥʷ [1, 2] ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʧʦʪʨʽʙʥʦ ʝʢʩʧʨʝʩ ʤʝʪʦʜ ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ ʢʦʥʪʨʦʣʴ. ʇʨʦʙʣʝʤʘ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʝʚʠʭ 

ʚʠʨʦʙʽʚ ʚ ʧʨʦʮʝʩʽ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʣʘ ʽ ʙʫʜʝ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʤʝʪʘʣʫʨʛʽʡʥʠʭ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʄʘʛʥʽʪʥʠʡ ʢʦʝʨʮʠʪʠʤʝʪʨʠʯʥʠʡ ʤʝʪʦʜ ʜʦʙʨʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʢʦʥʪʨʦʣʽ 

ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʜʝ ʯʽʪʢʦ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʟʘʣʝʞʥʽʩʪʴ ʚʧʣʠʚʫ ʤʘʛʥʽʪʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʚʽʜ ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʩʪʘʣʝʡ [3-5]. 

https://doi.org/10.4028/www.scientific.net/ddf.363.173
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ʎʽʣʴ ʨʘʙʦʪʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʽʣʠ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ ʢʨʘʥʘ ʤʘʛʥʽʪʥʠʤ 

ʢʦʝʨʮʠʪʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʢʦʥʪʨʦʣʶ. 

ʄʘʪʝʨʽʘʣʠ ʽ ʤʝʪʦʜʠ. ʂʦʥʪʨʦʣʴ ʧʨʦʚʦʜʠʚʩʷ ʤʘʛʥʽʪʥʠʤ ʩʪʨʫʢʪʫʨʦʩʢʦʧʦʤ ʂʈʄ-ʎ-2ʄ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʙʨʘʥʘ ʩʪʘʣʴ 09ɻ2ʉ. 

ɺ ʦʩʥʦʚʫ ʤʘʛʥʽʪʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʽ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʤʝʭʘʥʽʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʝʪʣʽ ʤʘʛʥʽʪʥʦʛʦ 

ʛʽʩʪʝʨʝʟʠʩʫ - ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʅʩ. 

 
ʈʠʩ. 1 ï ʉʪʨʽʣʘ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ ʢʨʘʥʘ ʱʦ ʧʽʜʣʷʛʘʻ ʢʦʥʪʨʦʣʶ 

ʅʘ ʽʩʥʫʶʯʠʡ ʩʪʨʽʣʽ ʻ ʜʝʬʦʨʤʦʚʘʥʽ ʧʦʧʝʨʝʯʥʽ ʧʦʩʠʣʝʥʥʷ ʞʦʨʩʪʦʢʦʩʪʽ. ʅʘ ʚʝʨʭʥʽʡ ʽ 

ʥʠʞʥʽʡ ʢʦʥʩʦʣʽ ʩʪʨʽʣʠ ʧʨʦʚʝʜʝʥʦ ʤʘʛʥʽʪʥʠʡ ʢʦʝʨʮʠʪʠʤʝʪʨʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʩʪʨʽʣʠ ʧʦ ʚʩʽʡ 

ʜʦʚʞʠʥʽ ʩʪʨʽʣʠ. ɺʽʜʦʤʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʤʽʥʷʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʅʩ. 

 
ʈʠʩ.2 ï ɻʨʘʬʽʢ ʨʦʟʧʦʜʽʣʫ ʚʝʣʠʯʠʥʠ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʅʩ ʧʦ ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʢʦʥʩʦʣʽ 

ʩʪʨʽʣʠ 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʦʝʨʮʠʪʠʚʥʦʾ ʩʠʣʠ ʅʩ 

ʤʝʪʘʣ ʷʢ ʚʝʨʭʥʴʦ,ʾ ʪʘʢ ʽ ʥʠʞʥʴʦʾ ʢʦʥʩʦʣʽ ʜʦʩʷʛ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ. 
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ɼʣʷ ʩʪʘʣʽ 09ɻ2ʉ ʚʝʣʠʯʠʥʘ ʅʩ ʩʢʣʘʜʘʻ ʅʩ 6,9 ɸ / ʩʤ, ʧʦʜʘʣʴʰʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʩʪʨʽʣʠ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʟʘʙʦʨʦʥʝʥʘ. 

ɺʠʩʥʦʚʢʠ. ʄʘʛʥʽʪʥʠʡ ʤʝʪʦʜ ʢʦʥʪʨʦʣʶ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʝʢʩʧʨʝʩ ʜʽʘʛʥʦʩʪʠʢʫ 

ʽʩʥʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʤʽʥʽʤʘʣʴʥʠʤʠ ʚʠʨʦʙʥʠʯʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʥʘʚʯʘʥʥʷ 

ʧʝʨʩʦʥʘʣʫ. ʇʨʘʢʪʠʢʘ ʢʦʝʨʮʠʪʠʤʝʪʨʠʯʥʦʛʦ ʚʪʦʤʥʦʛʦ ʢʦʥʪʨʦʣʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʘʛʥʽʪʥʦʛʦ ʢʦʥʪʨʦʣʶ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 
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ɽʃɽʂʊʈʆɼʅʀʁ ʄɸʊɽʈɯɸʃ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ ɿʅʆʉʆʉʊɯʁʂʆʉʊɯ ʇʈʀ 

ʇʃɸɿʄʆɺʆʄʋ ʅɸʇʃɸɺʃɽʅʅɯ 

ɿʥʦʩ ʧʨʠ ʪʝʨʪʽ ʤʝʪʘʣʫ ʦʙ ʤʝʪʘʣ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ 

ʧʽʜʰʠʧʥʠʢʘʭ ʢʦʚʟʘʥʥʷ (ʢʦʣʽʥʯʘʪʽ ʚʘʣʠ, ʦʩʽ, ʧʘʣʴʮʽ ʢʦʚʰʦʚʠʭ ʣʘʥʮʶʛʽʚ), ʘ ʪʘʢʦʞ ʧʨʠ ʪʝʨʪʽ-

ʢʦʯʝʥʥʽ (ʢʨʘʥʦʚʽ ʢʦʣʝʩʘ, ʜʝʪʘʣʽ ʭʦʜʦʚʦʾ ʯʘʩʪʠʥʠ ʛʫʩʝʥʠʯʥʠʭ ʤʘʰʠʥ, ʩʢʘʪʠ ʚʘʛʦʥʝʪʦʢ ʽ ʪ.ʧ.). 

ʋ ʚʫʟʣʽ ʪʝʨʪʷ ʟʘʟʚʠʯʘʡ ʧʨʠʩʫʪʥʽ ʘʙʨʘʟʠʚʥʽ ʯʘʩʪʠʥʢʠ: ʦʢʘʣʠʥʘ, ʧʽʩʦʢ, ʨʫʜʘ, ʯʘʩʪʢʠ 

ʥʘʢʣʝʧʘʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʽʥ. ʅʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʘʨʠ, ʱʦ ʪʨʝʪʴʩʷ ʚʧʣʠʚʘʻ ʙʘʛʘʪʦ ʬʘʢʪʦʨʽʚ: 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ, ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʽ ʪʚʝʨʜʽʩʪʴ ʘʙʨʘʟʠʚʫ, 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ. 

ɼʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʮʠʭ ʫʤʦʚʘʭ, ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʠʟʴʢʦʣʝʛʦʚʘʥʽ ʩʪʘʣʽ ʪʠʧʽʚ ɸ ʽ ɺ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ʄɯʉ (15ɻ2ʍ, 30ʍɻʉɸ, 20ʍ2ɻ2ʄ, 

50ʍ5ʌʊ, 3ʍ5ɻ2ʄ), ʘ ʚ ʪʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʨʦʙʦʯʽ ʧʦʚʝʨʭʥʽ ʩʭʠʣʴʥʽ ʜʦ ʚʝʣʠʢʠʭ ʢʦʥʪʘʢʪʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ï ʩʘʤʦʟʤʽʮʥʝʥʽ ʩʪʘʣʽ ʟ ʥʝʩʪʘʙʽʣʴʥʠʤ ʘʫʩʪʝʥʽʪʦʤ ʽ ʽʥ. ɼʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʷʢʦʩʪʽ ʩʧʦʩʦʙʫ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʽ ʟʤʽʮʥʝʥʥʷ ʜʝʪʘʣʝʡ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ 

ʪʘʢʠʭ ʫʤʦʚʘʭ, ʧʨʦʮʝʩ ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟ ʘʢʩʽʘʣʴʥʦʶ ʧʦʜʘʯʝʶ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ, 

ʷʢ ʥʘʡʙʽʣʴʰ ʝʢʦʥʦʤʽʯʥʦ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ, ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʤʝʪʦʜʘʤʠ ʥʘʧʣʘʚʣʝʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʦʨʦʰʢʦʚʠʡ ʜʨʽʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʧʣʘʟʤʘ-

ʄɯɻ ʥʘʧʣʘʚʣʝʥʥʷ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʦʚʽʣʴʥʽ ʪʝʭʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ: ʚʠʩʦʢʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʥʘʧʣʘʚʣʝʥʥʷ (26,2...27,1 ʛ/ɸĀʛʦʜ); ʥʠʟʴʢʽ ʚʪʨʘʪʠ ʥʘ ʫʛʘʨ ʽ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ 

(5,4...6,2%); ʥʝʚʝʣʠʢʫ ʛʣʠʙʠʥʫ ʧʨʦʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ (1,6...1,8 ʤʤ), ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʝʢʦʥʦʤʽʯʥʦʾ ʜʦʮʽʣʴʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʠʜʫ ʧʨʦʮʝʩʫ ʜʣʷ ʟʤʽʮʥʝʥʥʷ ʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ. 

ʆʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʠʩʦʢʫ ʩʪʽʡʢʽʩʪʴ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ, ʥʘʩʪʫʧʥʠʡ, ʤʘʩ. %: ʬʝʨʦʤʘʨʛʘʥʝʮʴ 12...14; ʘʣʶʤʽʥʽʡ 5...7; ʟʘʣʽʟʥʠʡ 
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ʧʦʨʦʰʦʢ 63,8...65,8; ʪʠʪʘʥ 1,2...2,2; ʢʨʽʦʣʽʪ 4...7; ʙʦʨʥʠʡ ʘʥʛʽʜʨʠʜ 4...6; ʚʘʥʘʜʘʪ ʩʪʨʦʥʮʽʶ 

3...5. ɿʘʙʝʟʧʝʯʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʜʨʦʪʫ 32% ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʩʪʨʽʯʢʠ ʤʘʨʢʠ 

08ʢʧ ʧʝʨʝʪʠʥʦʤ 0,5ʭ15 ʤʤ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʙʘʛʘʪʦʰʘʨʦʚʝ ʧʣʘʟʤʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʟ ʘʢʩʽʘʣʴʥʦʶ ʧʦʜʘʯʝʶ 

ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʧʨʠ ʟʚʦʨʦʪʥʽʡ ʧʦʣʷʨʥʦʩʪʽ ʦʙʦʭ ʜʫʛ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʨʝʞʠʤʽ: ʩʪʨʫʤ 

ʧʣʘʟʤʦʚʦʾ ʜʫʛʠ - 105 ɸ; ʥʘʧʨʫʛʘ ʧʣʘʟʤʦʚʦʾ ʜʫʛʠ - 48 ɺ; ʩʪʨʫʤ ʥʘ ʝʣʝʢʪʨʦʜʽ - 340 ɸ; ʥʘʧʨʫʛʘ 

ʜʫʛʠ ʥʘ ʝʣʝʢʪʨʦʜʽ - 26 ɺ; ʚʠʪʨʘʪʘ ʘʨʛʦʥʫ (ʧʣʘʟʤʦʫʪʚʦʨʶʶʯʦʛʦ - 5,4 ʣ/ʭʚ; ʟʘʭʠʩʥʦʛʦ ï 

15 ʣ/ʭʚ); ʰʚʠʜʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ï 48 ʤ/ʛʦʜ. 

 

ʋɼʂ 621.791.923.6 

ʂʦʩʪʽʥ ʆ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʄʘʨʪʠʥʝʥʢʦ ɺ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ 

chuvakovich@gmail.com 

ʄɽʍɸʅɯɿʄ ɺʇʃʀɺʋ ɻɸʌʅɯʖ ʅɸ ɺʀʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʋ ʉʆʃʔʆɺʋ 

ʂʆʈʆɿɯʖ ɾɸʈʆʄɯʎʅʀʍ ʅɯʂɽʃɽɺʀʍ ʉʇʃɸɺɯɺ 

ɼʦʩʣʽʜʞʫʚʘʣʠ ʩʪʽʡʢʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʩʧʣʘʚʽʚ ʉʄ104 ʪʘ ʉʄ104+1,4%ʤʘʩ.Hf ʧʨʦʪʠ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʦʣʴʦʚʦʾ ʢʦʨʦʟʽʾ ʚʠʪʨʠʤʢʦʶ ʚ ʨʦʟʧʣʘʚʽ ʩʦʣʝʡ 75% Na2SO4 + 

25% NaCl ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 900Üʉ ʧʨʦʪʷʛʦʤ 20 ʛʦʜʠʥ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʧʨʦʙʫʚʘʥʴ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʦʤʝʪʨʽʷ ʚʩʽʭ ʟʨʘʟʢʽʚ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʣʘʩʴ. ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʜʫʢʪʽʚ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʪʝʤʥʦ-

ʟʝʣʝʥʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʽ ʱʽʣʴʥʦ ʪʨʠʤʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ. ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ 

ʟʨʘʟʢʽʚ ʽʟ ʩʧʣʘʚʫ ʉʄ104Hf ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʫ 1. ɸʥʘʣʽʟ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ, ʪʘ ʨʦʟʧʦʜʽʣʫ 

ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟʘ ʟʦʥʘʤʠ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ( ʪʘʙʣ. 1), ʜʘʻ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ ʧʨʦ 

ʤʝʭʘʥʽʟʤ ʨʫʡʥʫʚʘʥʥʷ. 

 

ʈʠʩ. 1 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʧʣʘʚʫ ʉʄ104Hf ʧʽʩʣʷ ʢʦʨʦʟʽʡʥʠʭ 

ʚʠʧʨʦʙʫʚʘʥʴ, Ĭ 400 

ʅʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘʭʠʩʥʠʡ ʰʘʨ (ʟʦʥʘ 3) ʚ ʷʢʦʤʫ ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʽʢʝʣʶ ʪʘ ʢʦʙʘʣʴʪʫ, ʟʘ ʨʘʭʫʥʦʢ ʾʭ ʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟ ʘʢʪʠʚʥʠʤ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʭʨʦʤʫ (ʜʦ 70 % ʤʘʩ.), 

ʷʢʠʡ ʚʽʜʽʛʨʘʻ ʦʩʥʦʚʥʫ ʨʦʣʴ ʚ ʩʪʨʠʤʫʚʘʥʥʽ ʢʦʨʦʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ. ʆʜʥʦʯʘʩʥʦ, 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʪʠʪʘʥʫ ʪʘ ʛʘʬʥʽʶ. ʉʫʤʘʨʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʮʠʭ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʩʷʛʘʻ ʙʣʠʟʴʢʦ 85 %, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ 

ʧʽʜʚʠʱʫʻ ʩʪʽʡʢʽʩʪʴ ʩʧʣʘʚʫ ʧʨʦʪʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʦʣʴʦʚʦʾ ʢʦʨʦʟʽʾ. ɺ 

ʧʨʠʧʦʚʝʨʭʥʝʚʦʤʫ, ʧʝʨʝʭʽʜʥʦʤʫ ʰʘʨʽ (ʟʦʥʘ 2), ʥʘʚʧʘʢʠ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝʟʥʘʯʥʝ 

ɿʦʥʘ 1 

ɿʦʥʘ 2 

ɿʦʥʘ 3 

mailto:chuvakovich@gmail.com
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ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʽʢʝʣʶ ʪʘ ʢʦʙʘʣʴʪʫ ʧʦʨʽʚʥʷʥʦ ʟ ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ (ʟʦʥʘ 1), ʟʘ 

ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʧʦʚʝʨʭʥʶ. 

ʊʘʙʣʠʮʷ 1 ï ʈʦʟʧʦʜʽʣ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʩʧʣʘʚʽ ʉʄ104Hf ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʠʩʫʥʢʫ 1 

ɿʦʥʘ 
ʉʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʣʝʛʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ, % ʤʘʩ. 

Al  Si Ti Cr Fe Co Ni Nb Mo W Hf 

1  2,15  0.00  4,52 19,35  3,25 10.53 52,81  1,69  0,24  1,62  3,83 

2  2,03  0,43  2,03 14,28  4,92 11,67 58,54  1,02  1,99  1,41  1,66 

3  1,64  0,96 10,95 70,70  1,19  2,71  6,37  1,85  1,05  0,32  2,27 

ɺʠʤʽʨʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʩʦʣʴʦʚʦʾ ʢʦʨʦʟʽʾ ʜʦʩʣʽʜʥʠʭ ʩʧʣʘʚʽʚ 

ʧʽʜʪʚʝʨʜʠʣʠ, ʱʦ ʜʦʜʘʪʢʦʚʝ ʣʝʛʫʚʘʥʥʷ ʛʘʬʥʽʻʤ ʧʽʜʚʠʱʫʻ ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ ʩʧʣʘʚʫ 

ʉʄ104. ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʢʦʨʦʟʽʾ ʩʧʣʘʚʫ ʉʄ104 ʩʢʣʘʜʘʻ Vʢ=0,21 ʤʛ/ʩʤ
2
Āʛʦʜ, ʘ ʜʣʷ ʩʧʣʘʚʫ 

ʉʄ104Hf ʮʽʡ ʧʦʢʘʟʥʠʢ ʟʥʘʯʥʦ ʥʠʞʯʠʡ - Vʢ=0,12 ʤʛ/ʩʤ
2
Āʛʦʜ. ɿʘʛʘʣʴʥʘ ʩʝʨʝʜʥʷ ʚʪʨʘʪʘ ʤʘʩʠ 

ʜʦʩʣʽʜʥʦʛʦ ʩʧʣʘʚʫ ʉʄ104 ʜʦʨʽʚʥʶʻ 0,19%, ʘ ʩʧʣʘʚʫ ʉʄ104Hf ï 0,12%. 

 

ʋɼʂ 621.793 

ʂʘʟʠʤʠʨʝʥʢʦ ʖ. ʆ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʃʝʙʝʜʻʚʘ ʅ. ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤ. ɸʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, ʤ. ʄʠʢʦʣʘʾʚ, 

u.a.kazimirenko@gmail.com 

ɺʇʃʀɺ ʇʃɸɿʄʆɺʆɻʆ ʇʆʂʈʀʊʊʗ ɿ ʅɯʂɽʃɯɼʋ ʊʀʊɸʅʋ ʅɸ 

ɼɽʄʇʌɯʈʋɺɸʃʔʅʋ ɿɼɸʊʅɯʉʊʔ ʊʀʊɸʅʆɺʆɻʆ ʉʇʃɸɺʋ 

ʇʦʰʠʨʝʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʥʽʢʝʣʽʜʫ ʪʠʪʘʥʫ ʦʙʫʤʦʚʣʝʥʦ ʾʭ ʢʦʨʦʟʽʡʥʦʶ ʪʘ 

ʭʽʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʟʦʢʨʝʤʘ ʫ ʤʦʨʩʴʢʽʡ ʚʦʜʽ ʪʘ ʣʫʞʥʠʭ ʨʦʟʯʠʥʘʭ, ʚʠʩʦʢʦʶ ʞʘʨʦʩʪʽʡʢʽʩʪʶ, 

ʪʨʠʙʦʪʝʭʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʱʦ ʫ ʧʦʻʜʥʘʥʥʽ ʟ ʝʬʝʢʪʦʤ ʧʘʤôʷʪʽ ʬʦʨʤʠ ʨʦʙʠʪʴ ʾʭ 

ʥʝʟʘʤʽʥʥʠʤʠ ʜʣʷ ʩʫʜʥʦʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʉʫʯʘʩʥʠʡ ʜʦʩʚʽʜ ʟʘʭʠʩʪʫ ʢʦʥʩʪʨʫʢʮʽʡ [1] 

ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʠʣʘ ʚʠʩʦʢʫ ʪʚʝʨʜʽʩʪʴ ʽ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʧʦʢʨʠʪʪʽʚ. ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʧʣʘʟʤʦʚʽ ʧʦʢʨʠʪʪʷ ʟ ʤʝʭʘʥʦʘʢʪʠʚʦʚʘʥʦʛʦ 

ʧʦʨʦʰʢʫ ʇʅ55ʊ45, ʥʘʥʝʩʝʥʽ ʥʘ ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʩʪʘʣʽ ʤʘʨʦʢ 45, 40ʍ, 30ʍɻʉɸ, 12ʍ18ʅ9ʊ. 

ʏʝʨʝʟ ʩʢʣʘʜʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʨʩʴʢʠʭ ʜʚʠʛʫʥʽʚ ʥʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʛʘ ʜʝʪʘʣʷʤ ʟ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, ʧʽʜʚʠʩʠʪʠ ʜʝʤʧʬʽʨʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʷʢʠʭ ʤʦʞʣʠʚʦ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ 

ʧʣʘʟʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʫ ʥʽʢʝʣʽʜʫ ʪʠʪʘʥʫ, ʱʦ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʶ 

ʟʘʜʘʯʝʶ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʚʠʷʚʣʝʥʥʽ ʝʬʝʢʪʫ ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʽʨʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʧʣʘʟʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʫ ʥʽʢʝʣʽʜʫ ʪʠʪʘʥʫ.  

ʇʦʩʪʘʥʦʚʢʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʽʪ ʚʢʣʶʯʘʣʘ ʫ ʩʝʙʝ ʦʜʝʨʞʘʥʥʷ ʟʨʘʟʢʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʾʭ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʽ ʚʩʪʘʥʦʚʣʝʥʥʷʤ ʚʧʣʠʚʫ ʥʘ ʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨ 

ʧʦʢʨʠʪʪʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʦ ʥʘ ʟʨʘʟʢʘʭ ʟ ɺʊ 14 (ɻʆʉʊ 26492-85), ʥʘ ʷʢʽ ʟʘ 

ʨʝʞʠʤʘʤʠ, ʦʙˇʨʫʥʪʦʚʘʥʠʤʠ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ [2] ʥʘʥʝʩʝʥʦ ʧʣʘʟʤʦʚʽ ʧʦʢʨʠʪʪʷ (ŭ = 0,5 ʤʤ) ʟ 

ʧʦʨʦʰʢʫ ʤʘʨʢʠ ʇʅ55ʊ45 (ɻʆʉʊ 28844-90). ʇʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʟʨʘʟʢʠ ʟʘʛʘʨʪʦʚʘʥʦ ʟʘʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʤʘʨʪʝʥʩʠʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 820 Áʉ ʧʨʦʪʷʛʦʤ 1 ʛʦʜ ʟ 

ʦʭʦʣʦʜʞʝʥʥʷʤ ʫ ʚʦʜʽ. ɿʘ ʢʨʠʪʝʨʽʡ ʜʝʤʧʬʽʨʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠʡʥʷʪʦ ʢʦʝʬʽʮʽʻʥʪ 

ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʠʪʘʥʦʚʠʭ ʧʣʘʩʪʠʥ ʟ ʧʦʢʨʠʪʪʷʤ ʪʘ ʙʝʟ ʧʦʢʨʠʪʪʷ. ɼʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʦʚʘʥʦ ʘʚʪʦʨʩʴʢʠʡ ʟʨʘʟʦʢ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ, ʚ 

ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʷʢʦʾ ʧʦʢʣʘʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʽʣʴʥʠʭ ʧʦʧʝʨʝʯʥʠʭ ʟʘʪʫʭʘʶʯʠʭ ʢʦʣʠʚʘʥʴ 

ʢʦʥʩʦʣʴʥʦ ʟʘʢʨʽʧʣʝʥʠʭ ʟʨʘʟʢʽʚ [3]. ɺʠʧʨʦʙʫʚʘʥʥʷ ʧʨʦʚʝʜʝʥʦ ʧʨʠ ʯʘʩʪʦʪʽ ʢʦʣʠʚʘʥʴ 40 ɻʮ. 

ʉʪʨʫʢʪʫʨʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʥʘʧʠʣʝʥʠʭ ʧʦʢʨʠʪʪʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʜʦʩʣʽʜʞʝʥʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʦʧʪʠʯʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ ʪʘ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ, ʜʣʷ ʯʦʛʦ 
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ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʘʣʦʛʨʘʬʽʯʥʠʡ ʤʽʢʨʦʩʢʦʧ ʄʄʈ-2ʈ ʟ ʫʩʪʘʪʢʫʚʘʥʥʷʤ ʜʣʷ ʮʠʬʨʦʚʦʾ 

ʤʽʢʨʦʟʡʦʤʢʠ ʪʘ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-3.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʩʫʪʪʻʚʝ ʟʨʦʩʪʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʩʽʶʚʘʥʥʷ 

ʝʥʝʨʛʽʾ ʧʣʘʩʪʠʥ ʧʽʩʣʷ ʥʘʥʝʩʝʥʥʷ ʥʘ ʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʥʘʩʪʫʧʥʦʶ ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ. ɼʣʷ 

ʚʠʭʽʜʥʠʭ ʧʣʘʩʪʠʥ ɺʊ 14 ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ɣ ʩʢʣʘʜʘʪʠʤʝ 1,82 %, ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʪʦʚʱʠʥʦʶ 0,5 ʤʤ ʮʝ ʟʥʘʯʝʥʥʷ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ ɣ = 5,6%. ɺʠʟʥʘʯʝʥʠʡ ʝʬʝʢʪ ʤʦʞʥʘ 

ʧʦʷʩʥʠʪʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʣʘʟʤʦʚʠʭ ʧʦʢʨʠʪʪʽʚ.  

ʅʘʧʠʣʝʥʠʡ ʰʘʨ ʻ ʦʜʥʦʨʽʜʥʠʤ ʟʘ ʧʦʚʝʨʭʥʝʶ: ʙʝʟ ʩʢʦʣʽʚ ʪʘ ʪʨʽʱʠʥ; ʤʘʻ ʣʘʤʝʣʷʨʥʫ 

ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1, ʘ) ʟ ʪʦʚʱʠʥʦʶ ʣʘʤʝʣʝʡ 20é30 ʤʢʤ, ʷʢʘ ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ ʥʘ ʤʘʨʪʝʥʩʠʪ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʱʽʣʴʥʫ ʜʨʽʙʥʦʟʝʨʥʽʩʪʫ (ʨʠʩ. 1, ʙ) ʟ ʚʠʩʦʢʦʶ ʪʚʝʨʜʽʩʪʶ (ʅɛ200 = 

8334 ʄʇʘ).  

  

ʘ ʙ 

ʈʠʩ. 1. ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ (Ĭ400) ʥʘʧʠʣʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʫ ʇʅ55ʊ45:  

ʘ ï ʧʽʩʣʷ ʥʘʧʠʣʝʥʥʷ; ʙ ï ʧʽʩʣʷ ʛʘʨʪʫʚʘʥʥʷ (t = 820 Áʉ, Ű = 1 ʛʦʜ) 

ɺ ʩʪʨʫʢʪʫʨʽ ʧʦʢʨʠʪʪʽʚ ʧʦʨʷʜ ʟ ʬʘʟʘʤʠ Ti, Ti2Ni, ʷʢʽ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʧʦʨʦʰʢʫ 

ʇʅ55ʊ45, ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʬʘʟ: Ni3Ti, Ti3Ni4, Ti. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʧʦʢʨʠʪʪʽʚ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ɽʬʝʢʪ ʧʽʜʚʠʱʝʥʥʷ ʜʝʤʧʬʽʨʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʧʨʠ ʥʘʥʝʩʝʥʥʽ ʧʦʢʨʠʪʪʽʚ ʧʦʷʩʥʶʻʪʴʩʷ 

ʩʘʤʝ ʥʘʷʚʥʽʩʪʶ ʙʽʣʴʰʦʩʪʽ ʥʽʢʝʣʽʜʫ ʪʠʪʘʥʫ, ʚʠʩʦʢʽ ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢʦʛʦ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ ʜʣʷ 

ʜʝʪʘʣʝʡ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʪʨʠʚʘʣʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʫʤʦʚʘʭ ʮʠʢʣʽʯʥʠʭ ʽ ʫʜʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, 

ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ, ʢʦʨʦʟʽʡʥʠʭ ʩʝʨʝʜʦʚʠʱ.  

ʆʜʝʨʞʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʜʝʪʘʣʝʡ ʘʚʽʘʮʽʡʥʠʭ ʪʘ ʢʦʨʘʙʝʣʴʥʠʭ ʜʚʠʛʫʥʽʚ ʚ ʫʤʦʚʘʭ 

ʚʽʙʨʘʮʽʡ. ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚôʷʟʘʥʦ ʟ ʘʧʨʦʙʘʮʽʻʶ ʦʜʝʨʞʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʥʘ ʤʘʩʰʪʘʙʥʦʤʫ ʬʘʢʪʦʨʽ.  

ɺʠʩʥʦʚʦʢ. ʊʝʦʨʝʪʠʯʥʦ ʦʙˇʨʫʥʪʦʚʘʥʦ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʧʣʠʚ 

ʧʣʘʟʤʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʟ ʧʦʨʦʰʢʫ ʇʅ55ʊ45 ʥʘ ʜʝʤʧʬʽʨʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʠʪʘʥʦʚʠʭ ʧʣʘʩʪʠʥ 

ʤʘʨʢʠ ɺʊ14. ɿʨʦʩʪʘʥʥʷ ʙʽʣʴʰ ʥʽʞ ʫ 4 ʨʘʟʠ ʢʦʝʬʽʮʽʻʥʪʫ ʨʦʟʩʽʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʣʘʩʪʠʥ 

ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʨʪʝʥʩʠʪʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʟʘʛʘʨʪʦʚʘʥʦʛʦ ʧʦʢʨʠʪʪʷ ʪʘ ʥʘʷʚʥʽʩʪʶ ʬʘʟ NiTi .  
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ʉʚʽʪʦʚʽ ʪʝʥʜʝʥʮʽʾ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʟʚʘʨʶʚʘʥʥʷ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʤʧʫʣʴʩʥʠʭ 

ʜʽʡ ʪʘ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʦʛʦ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʥʘ ʧʨʦʮʝʩʘʭ ʽʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ, ʪʘ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟ ʜʫʛʦʚʠʤ, ʥʘʧʨʠʢʣʘʜ, ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ. 

ʇʨʦʚʝʜʝʥʠʡ ʥʘʤʠ ʢʦʤʧʣʝʢʩ ʜʦʩʣʽʜʞʝʥʴ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʽ 

ʦʩʥʦʚʥʽ ʚʠʩʥʦʚʢʠ. 

ʐʠʨʦʢʽ ʧʝʨʩʧʝʢʪʠʚʠ ʚʽʜʢʨʠʚʘʻ ʜʦʪʨʠʤʘʥʥʷ ʧʨʠʥʮʠʧʫ ʧʦʜʽʣʫ ʽʤʧʫʣʴʩʥʦʾ ʪʝʧʣʦʚʦʾ ʽ 

ʽʤʧʫʣʴʩʥʦʾ ʩʠʣʦʚʦʾ ʜʽʾ ʥʘ ʜʫʛʦʚʠʡ ʟʚʘʨʶʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʚ ʟʘʭʠʩʥʠʭ 

ʛʘʟʘʭ, ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʟʘʩʪʦʩʫʶʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʡ ʙʘʛʘʪʦʨʽʚʥʝʚʠʡ ʽʤʧʫʣʴʩ. ʇʨʠ 

ʮʴʦʤʫ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʤʝʪʘʣʫ ʢʨʘʧʣʽ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘ. 

ɿʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ 

ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʨʫʰʝʥʥʷ ʛʘʟʦʚʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ 

ʚʠʥʠʢʥʝʥʥʷʤ ʫʜʘʨʥʠʭ ʭʚʠʣʴ. ɺʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʫʜʘʨʥʠʭ ʭʚʠʣʴ 

ʜʦʟʚʦʣʷʶʪʴ ʜʘʚʘʪʠ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʚʠʙʦʨʫ ʬʨʦʥʪʽʚ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

ʉʭʝʤʦʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʨʝʘʣʽʟʫʶʪʴ ʧʨʦʮʝʩ ʽʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʚʦʥʦ ʟʘʙʝʟʧʝʯʫʻ ʨʽʚʝʥʴ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʚʠʱʝ ʦʪʨʠʤʘʥʠʭ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʉʭʝʤʦʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ, ʚ ʷʢʠʭ ʤʦʞʣʠʚʝ ʚʠʥʠʢʥʝʥʥʷ ʘʚʪʦʢʦʣʠʚʘʥʴ ʟʘʚʜʷʢʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʙʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʣʦʚʠʭ ʝʣʝʢʪʨʦʥʥʠʭ ʢʣʶʯʽʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʽʤʧʫʣʴʩʥʠʭ ʜʫʛʦʚʠʭ ʽ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʅʘʡʙʽʣʴʰʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʫ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʣʘʟʝʨʥʦ-ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʤʧʫʣʴʩʥʦʾ ʜʫʛʠ, ʷʢʘ ʞʠʚʠʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ 

ʙʘʛʘʪʦʨʽʚʥʝʚʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʟ ʯʘʩʪʦʪʦʶ ʧʨʦʭʦʜʞʝʥʥʷ ʙʣʠʟʴʢʦʶ ʘʙʦ ʢʨʘʪʥʦʶ ʯʘʩʪʦʪʽ 

ʽʤʧʫʣʴʩʽʚ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ.  

ʂʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʝʨʝʥʦʩʫ ʤʝʪʘʣʫ ʰʣʷʭʦʤ ʦʜʥʦʯʘʩʥʦʾ ʽʤʧʫʣʴʩʥʦʾ ʧʦʜʘʯʽ ʚ 

ʟʦʥʫ ʟʚʘʨʶʚʘʥʥʷ ʨʽʟʥʠʭ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʽ ʟʤʽʥʠ ʧʨʠ ʮʴʦʤʫ ʨʦʜʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ, 

ʜʦʟʚʦʣʷʻ ʚʧʣʠʚʘʪʠ ʥʘ ʧʘʨʘʤʝʪʨʠ ʟʚʘʨʥʠʭ ʰʚʽʚ ʪʘ ʾʭ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ 

ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʩʪʘʣʝʡ. 

ʂʦʤʧʣʝʢʪ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʧʽʜʚʠʱʝʥʦʾ ʯʘʩʪʦʪʠ 

ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ʽ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʦʾ ʩʫʤʽʰʽ, ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʡʦʛʦ 

ʜʽʘʧʘʟʦʥ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʦʧʝʨʘʮʽʡ ʛʘʟʦʧʦʣʫʤ'ʷʥʦʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ. 

ɼʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʛʦ ʪʠʧʫ ʟ ʽʤʧʫʣʴʩʥʦʶ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʟʚʘʨʶʚʘʣʴʥʦʾ 

ʜʫʛʠ ʛʝʥʝʨʫʶʪʴ ʫ ʤʝʨʝʞʫ ʤʽʥʽʤʫʤ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʻʚʨʦʧʝʡʩʴʢʠʤ 

ʩʪʘʥʜʘʨʪʘʤ. ʈʽʚʝʥʴ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʩʪʘʣʝʡ, ʦʪʨʠʤʘʥʠʭ ʥʘ ʟʤʽʥʥʦʤʫ 

ʩʪʨʫʤʽ, ʥʝ ʧʦʩʪʫʧʘʻʪʴʩʷ ʨʽʚʥʶ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʧʨʠʥʮʠʧʽʚ ʽʤʧʫʣʴʩʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʜʫʛʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʰʣʷʭʦʤ ʾʭ ʦʧʪʠʤʽʟʘʮʽʾ. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʰʣʷʭ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ 

ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ.  

ʉʪʚʦʨʝʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʟʥʘʡʰʣʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ 

ʨʘʢʝʪʦʙʫʜʫʚʘʥʥʽ ʪʘ ʥʘ ʢʦʨʘʙʣʝʙʫʜʽʚʥʠʭ ʟʘʚʦʜʘʭ. ɺʦʥʦ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʠʤ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ ʚ ʪʨʫʙʦʧʨʦʚʽʜʥʦʤʫ ʪʨʘʥʩʧʦʨʪʽ, ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʦʙʦʨʦʥʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. 
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ɼʀʌʋɿɯʁʅɽ ɿɺɸʈʖɺɸʅʅʗ ɺʋɻʃɽʎɽɺʀʍ ʊɸ ʃɽɻʆɺɸʅʀʍ ʉʊɸʃɽʁ ʋ 

ʊʃɯʖʏʆʄʋ ʈʆɿʈʗɼɯ 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʚʽʜ ʜʠʬʫʟʽʡʥʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ ʚ ʚʘʢʫʫʤʽ ï ʥʘʷʚʥʽʩʪʴ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʚ ʷʢʦʤʫ ʛʦʨʠʪʴ 

ʪʣʽʶʯʠʡ ʨʦʟʨʷʜ ʧʨʠ ʪʠʩʢʘʭ ʥʠʞʯʝ ʘʪʤʦʩʬʝʨʥʦʛʦ. ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʭʦʜʫ ʥʘ ʨʝʞʠʤ 

ʟʚʘʨʶʚʘʥʥʷ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʥʘʩʪʫʧʥʘ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʚ ʨʦʙʦʯʽʡ ʢʘʤʝʨʽ ʥʝʦʙʭʽʜʥʦʾ 

ʘʪʤʦʩʬʝʨʠ ʧʨʠ ʪʠʩʢʘʭ 10
2
 ... 10

3
 ʇʘ ʤʽʞ ʘʥʦʜʦʤ ʽ ʚʠʨʦʙʦʤ-ʢʘʪʦʜʦʤ ʟʙʫʜʞʫʻʪʴʩʷ ʪʣʽʶʯʠʡ 

ʨʦʟʨʷʜ ʧʨʠ ʥʘʧʨʫʟʽ ʥʘ ʝʣʝʢʪʨʦʜʘʭ  400 ... 800 ɺ. ʇʽʩʣʷ ʟʘʧʘʣʶʚʘʥʥʷ ʨʦʟʨʷʜʫ ʪʠʩʢ ʛʘʟʫ ʚ 

ʢʘʤʝʨʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʜʦ 5 ... 15 ʢʇʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʽ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʛʨʽʚʘʥʥʷ ʚʠʨʦʙʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʘʨʶʚʘʥʥʷ. 

ɺʧʣʠʚ ʩʢʣʘʜʫ ʘʪʤʦʩʬʝʨʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʥʘ ʧʨʠʢʣʘʜʽ 

ʟ'ʻʜʥʘʥʥʷ ʩʪʘʣʽ 45. ɿʚʘʨʶʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʚ ʦʢʠʩʣʶʚʘʣʴʥʦʤʫ, ʥʝʡʪʨʘʣʴʥʦʤʫ ʪʘ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʤʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʆʢʠʩʣʶʚʘʣʴʥʘ ʘʪʤʦʩʬʝʨʘ ʩʪʚʦʨʶʚʘʣʘʩʷ ʚʚʝʜʝʥʥʷʤ 

ʚ ʢʘʤʝʨʫ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ, ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ - ʚʧʨʠʩʢʫʚʘʥʥʷʤ ʘʮʝʪʦʥʫ (ʘʪʤʦʩʬʝʨʘ 

ʚʫʛʣʝʚʦʜʥʽʚ, ʫʪʚʦʨʝʥʘ ʧʘʨʘʤʠ ʘʮʝʪʦʥʫ), ʥʝʡʪʨʘʣʴʥʘ ʘʪʤʦʩʬʝʨʘ ʩʪʚʦʨʶʚʘʣʘʩʷ ʪʠʩʢʦʤ ʘʨʛʦʥʫ.  

ʂʨʘʱʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʶʪʴ ʟ'ʻʜʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ 

ʘʙʦ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʥʝʡʪʨʘʣʴʥʽʡ ʘʪʤʦʩʬʝʨʽ ʨʫʡʥʫʚʘʥʥʷ 

ʟ'ʻʜʥʘʥʥʷ ʟʘʟʚʠʯʘʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʫ. ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʟʨʘʟʢʽʚ ʩʢʣʘʜʘʻ 6 

... 10%. ʇʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʦʢʠʩʣʶʚʘʣʴʥʽʡ ʘʪʤʦʩʬʝʨʽ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ ʜʝʱʦ ʥʠʞʯʝ, ʧʨʦʪʝ ʧʨʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʨʫʡʥʫʚʘʥʥʷ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʟʦʥʽ ʩʪʠʢʫ ʟ ʚʠʨʠʚʘʤʠ 

ʟ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ. ʅʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʫ ʩʪʠʢʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʬʝʨʠʪʥʘ ʩʤʫʞʢʘ. ɺ ʦʢʨʝʤʠʭ 

ʤʽʩʮʷʭ ʩʪʠʢʫ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʦʢʠʩʥʽ ʧʣʽʚʢʠ, ʘʣʝ ʚʦʥʠ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʦʩʠʪʴ ʨʽʜʢʦ. 

ʗʢʱʦ ʚʫʛʣʝʮʝʚʽ ʩʪʘʣʽ ʤʦʞʣʠʚʦ ʷʢʽʩʥʦ ʟʚʘʨʶʚʘʪʠ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ, ʱʦ ʛʦʨʠʪʴ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʥʝʡʪʨʘʣʴʥʠʭ ʘʙʦ ʽʥʝʨʪʥʠʭ ʛʘʟʽʚ (ʘʨʛʦʥ, ʘʟʦʪ, ʛʝʣʽʡ ʪʦʱʦ), ʪʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʨʽʚʥʦʤʽʮʥʠʭ ʟ'ʻʜʥʘʥʴ ʚʠʨʦʙʽʚ ʟ ʚʠʩʦʢʦʣʝʛʦʚʘʥʠʭ, ʞʘʨʦʤʽʮʥʠʭ ʽ ʪʫʛʦʧʣʘʚʢʠʭ ʩʧʣʘʚʽʚ 

ʥʝʦʙʭʽʜʥʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʘʪʤʦʩʬʝʨʘ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʫʪʚʦʨʝʥʥʶ ʦʢʠʩʥʠʭ ʧʣʽʚʦʢ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʟʚʘʨʶʚʘʥʥʷ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʩʪʦʩʦʚʥʦ 

ʩʪʘʣʽ 45. ʇʨʠ ʪʠʩʢʘʭ ʜʦ 5 ʄʇʘ ʜʝʬʦʨʤʘʮʽʷ ʟʨʘʟʢʽʚ ʥʝ ʧʝʨʝʚʠʱʫʻ 1%, ʘʣʝ ʨʫʡʥʫʚʘʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦ ʩʪʠʢʫ. ɿʨʘʟʢʠ, ʟʚʘʨʝʥʽ ʧʨʠ ʪʠʩʢʘʭ 12é15 ʄʇʘ, ʤʘʣʠ ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʶ ʜʦ 4% ʽ ʧʨʠ ʚʠʧʨʦʙʫʚʘʥʥʷʭ ʨʫʡʥʫʚʘʣʠʩʷ ʧʦ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʫ ʧʦʙʣʠʟʫ ʟʦʥʠ 

ʩʪʠʢʫ ʘʙʦ ʥʘ ʜʝʷʢʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʥʝʾ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʩʪʠʩʥʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʷ ʟʨʘʟʢʽʚ ʟʨʦʩʪʘʻ, ʦʜʥʘʢ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ. 

ʇʨʠ ʥʘʷʚʥʦʩʪʽ ʱʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ ʯʠʩʪʠʤʠ ʧʦʚʝʨʭʥʷʤʠ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʩʪʠʢʫ, ʟʦʢʨʝʤʘ, ʚʽʜ ʧʨʦʮʝʩʽʚ 

ʜʠʬʫʟʽʾ. ʉʪʫʧʽʥʴ ʧʦʚʥʦʪʠ ʧʨʦʪʽʢʘʥʥʷ ʮʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʾʭ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʪʘ 

ʪʨʠʚʘʣʦʩʪʽ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʟʚʘʨʶʚʘʥʥʷ ʜʦ 6 ʭʚ. ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ ʧʦʤʽʪʥʦ ʟʨʦʩʪʘʻ, 

ʧʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʟʚʘʨʶʚʘʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʤ ʟʨʦʩʪʘʥʥʷʤ 

ʤʽʮʥʦʩʪʽ. ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʜʠʬʫʟʽʡʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʨʦʪʷʛʦʤ 6 ... 10 ʭʚ., 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʪʨʠʤʘʥʥʷ ʤʦʥʦʣʽʪʥʦʛʦ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʨʽʚʥʦʤʽʮʥʦʛʦ ʦʩʥʦʚʥʦʤʫ ʤʝʪʘʣʫ. 

ʇʦʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʣʽ 45 ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʟ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ, ʧʦʢʘʟʫʻ, ʱʦ ʭʘʨʘʢʪʝʨ ʚʧʣʠʚʫ ʨʝʞʠʤʽʚ 

ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʴ ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʘʥʘʣʦʛʽʯʥʠʡ, ʘ ʟʚʘʨʥʽ ʟ'ʻʜʥʘʥʥʷ, ʦʪʨʠʤʘʥʽ 

ʟʚʘʨʶʚʘʥʥʷʤ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʚʦʣʦʜʽʶʪʴ ʚʩʽʤʘ ʧʝʨʝʚʘʛʘʤʠ ʟ'ʻʜʥʘʥʴ, ʦʪʨʠʤʘʥʠʭ 

ʜʠʬʫʟʽʡʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ ʫ ʚʘʢʫʫʤʽ. 
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ʋ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʥʷʭ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ ʟ ʣʝʛʦʚʘʥʠʤʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʟʚʘʨʶʚʘʥʥʷ 

ʚʫʛʣʝʮʴ ʘʢʪʠʚʥʦ ʜʠʬʫʥʜʫʻ ʚ ʣʝʛʦʚʘʥʫ ʩʪʘʣʴ, ʚʽʜʥʦʚʣʶʶʯʠ ʦʢʠʩʣʠ, ʫʪʚʦʨʶʶʯʠ ʢʘʨʙʽʜʠ 

ʪʠʪʘʥʫ ʽ ʭʨʦʤʫ, ʩʧʨʠʷʶʯʠ ʧʨʦʮʝʩʘʤ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ. ʇʨʦʪʝ, ʫʪʚʦʨʝʥʥʷ 

ʢʘʨʙʽʜʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʽ ʢʨʠʭʢʦʩʪʽ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʱʦ ʧʦʛʽʨʰʫʻ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʨʦʙʫ. ʅʘ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʩʪʘʣʽ 45 ʟʽ 

ʩʪʘʣʣʶ 12ʍ18ʅ9ʊ ʨʦʟʨʽʟʥʷʶʪʴʩʷ ʟʥʝʚʫʛʣʝʮʴʦʚʘʥʘ ʟʦʥʘ ʚ ʩʪʘʣʽ 45 ʽ ʟʦʥʘ, ʥʘʩʠʯʝʥʘ 

ʢʘʨʙʽʜʥʦʶ ʬʘʟʦʶ, ʚ ʩʪʘʣʽ 12ʍ18ʅ9ʊ. ɰʭ ʨʦʟʜʽʣʷʻ ʧʨʦʰʘʨʦʢ ʟ ʧʝʨʝʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ 

ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ 4 ... 5 ɻʇʘ . ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʘʛʨʽʚʫ ʚ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʢʨʠʭʢʽʩʪʴ ʪʘʢʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʷʢʱʦ ʚʠʢʦʥʫʚʘʪʠ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʦʜʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʧʨʦʛʨʽʚʘʥʥʷʤ 

ʟʚʘʨʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʟʥʝʚʫʛʣʝʮʴʦʚʘʥʦʛʦ ʰʘʨʫ ʥʘ ʩʪʘʣʽ 45 ʟʘ ʨʘʭʫʥʦʢ 

ʫʪʚʦʨʝʥʥʷ ʚʫʛʣʝʚʦʜʥʽʚ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʦʢʩʠʜʽʚ ʪʠʪʘʥʫ ʽ ʭʨʦʤʫ ʥʘ ʩʪʘʣʽ 12ʍ18ʅ9ʊ.  

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʥʝʙʘʞʘʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʩʢʣʘʜʦʚʠʭ ʚ ʟʦʥʽ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ 

ʽ ʧʽʜʚʠʱʝʥʥʷ ʡʦʛʦ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʦʤʽʞʥʽ ʤʝʪʘʣʝʚʽ ʧʨʦʰʘʨʢʠ. ʅʘʧʨʠʢʣʘʜ, 

ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʨʽʟʥʦʨʽʜʥʦʾ ʧʘʨʠ 12ʍ18ʅ9ʊ+ɺʊ-6, ʱʦ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʭʽʤʽʯʥʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ, ʤʦʞʣʠʚʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʢʨʠʭʢʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʩʧʦʥʫʢʘʻ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʧʨʦʤʽʞʥʽ ʧʨʦʰʘʨʢʠ ʟ ʚʘʥʘʜʽʶ ʪʘ ʤʽʜʽ. ɺʘʥʘʜʽʡ ʟʘʙʝʟʧʝʯʫʻ ʟʘʜʦʚʽʣʴʥʫ ʷʢʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ ʤʽʜʽ 

ʽʟ ʪʠʪʘʥʦʤ ʪʘ ʙʣʦʢʫʻ ʾʭ ʚʟʘʻʤʦʜʽʶ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʤʽʜʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʜʦʙʨʫ ʷʢʽʩʪʴ 

ʟ'ʻʜʥʘʥʥʷ ʽʟ ʚʘʥʘʜʽʻʤ ʪʘ ʥʝʨʞʘʚʽʶʯʦʶ ʩʪʘʣʣʶ, ʚʠʟʥʘʯʘʻ ʧʣʘʩʪʠʯʥʽʩʪʴ ʟʚʘʨʥʦʾ ʟʦʥʠ. 

ʈʫʡʥʫʚʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ ʫ ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʚ ʛʝʣʽʾ ʧʨʦʪʷʛʦʤ 600 ʩ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1273 ʂ ʽ ʟʫʩʠʣʣʽ ʩʪʠʩʢʘʥʥʷ 6 ʄʇʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ ʤʽʜʽ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

408é432 ʄʇʘ, ʪʦʙʪʦ ʤʽʮʥʽʩʪʴ ʟ'ʻʜʥʘʥʥʷ ʧʝʨʝʚʠʱʫʻ ʤʽʮʥʽʩʪʴ ʤʽʜʽ. 

ʇʨʠ ʟ'ʻʜʥʘʥʥʽ ʟʘʣʽʟʦ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʩʧʣʘʚʫ ɽʇ-207 (ʧʝʨʤʝʥʜʶʨ), ʟ ʷʢʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ 

ʤʘʛʥʽʪʦʩʪʨʠʢʮʽʡʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʫʩʪʘʥʦʚʦʢ, ʽʟ 

ʭʚʠʣʴʦʚʦʜʦʤ ʟ ʢʦʥʩʪʨʫʢʮʽʡʥʦʾ ʩʪʘʣʽ 45 ʧʨʦʤʽʞʥʽ ʧʨʦʰʘʨʢʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʥʠʞʝʥʥʷ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟʚʘʨʶʚʘʥʥʷ. ʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ ʪʘʢʦʛʦ ʧʨʦʰʘʨʢʫ ʪʝʤʧʝʨʘʪʫʨʘ ʫʪʚʦʨʝʥʥʷ 

ʷʢʽʩʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʩʢʣʘʜʘʻ ʙʽʣʷ 1273 ʂ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʪʦʯʢʘ ʂʶʨʽ, ʧʨʠ ʷʢʽʡ ʧʝʨʤʝʥʜʶʨ 

ʚʪʨʘʯʘʻ ʩʚʦʾ ʤʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʩʢʣʘʜʘʻ 1173 ʂ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ ʤʽʜʥʦʛʦ 

ʧʨʦʰʘʨʢʫ ʪʦʚʱʠʥʦʶ 0,1é0,2 ʤʤ ʧʨʠ ʟʫʩʠʣʣʽ ʩʪʠʩʢʘʥʥʷ  9é11 ʄʇʘ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ 

ʪʝʤʧʝʨʘʪʫʨʫ ʟʚʘʨʶʚʘʥʥʷ ʜʦ 1123 ʂ, ʧʨʠ ʮʴʦʤʫ ʨʫʡʥʫʚʘʥʥʷ ʟ'ʻʜʥʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦ 

ʧʝʨʤʝʥʜʶʨʫ, ʷʢ ʤʝʥʰ ʤʽʮʥʦʤʫ ʤʘʪʝʨʽʘʣʫ, ʥʘ ʚʽʜʩʪʘʥʽ 1é2 ʤʤ ʚʽʜ ʩʪʠʢʘ. 

ʈʝʟʫʣʴʪʘʪʠ ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʣʝʡ ʟ ʽʦʥʥʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʫ ʚʫʛʣʝʚʦʜʥʷʭ ʪʘ ʽʥʰʠʭ ʛʘʟʦʚʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ (ʘʟʦʪʽ, ʘʨʛʦʥʽ, ʛʝʣʽʾ) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʥʠʭ ʟ'ʻʜʥʘʥʴ ʘʥʘʣʦʛʽʯʥʽ 

ʦʪʨʠʤʘʥʠʤ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʫ ʚʠʩʦʢʦʤʫ ʚʘʢʫʫʤʽ ʟ ʽʥʜʫʢʮʽʡʥʠʤ ʽ ʨʘʜʽʘʮʽʡʥʠʤ ʥʘʛʨʽʚʦʤ. 

ʆʧʪʠʤʘʣʴʥʽ ʨʝʞʠʤʠ (ʪʝʤʧʝʨʘʪʫʨʘ, ʟʫʩʠʣʣʷ ʩʪʠʩʥʝʥʥʷ, ʪʨʠʚʘʣʽʩʪʴ) ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ 

ʪʣʽʶʯʦʤʫ ʨʦʟʨʷʜʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʪʠʭ ʞʝ ʤʝʞʘʭ, ʱʦ ʽ ʜʣʷ ʟʘʟʥʘʯʝʥʠʭ ʩʧʦʩʦʙʽʚ. 
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ʌʆʈʄʋɺɸʅʅʗ ʊʆʅʂʀʍ ʌʆʃʔɻ ɺʀʉʆʂʆɽʅʊʈʆʇɯʁʅʆɻʆ ʉʇʃɸɺʋ 

CrFeCoNiCu ʄɽʊʆɼʆʄ ɽʃɽʂʊʈʆʅʅʆ-ʇʈʆʄɽʅɽɺʆɻʆ ʆʉɸɼɾɽʅʅʗ ʋ 

ɺɸʂʋʋʄɯ 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʦʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʩʧʽʣʴʥʦʪʠ ʚʠʢʣʠʢʘʶʪʴ 

ʚʠʩʦʢʦʝʥʪʨʦʧʽʡʥʽ ʩʧʣʘʚʠ (ɺɽʉ), ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʮʥʽʩʪʶ, ʪʝʨʤʽʯʥʦʶ 

ʩʪʽʡʢʽʩʪʶ, ʚʠʩʦʢʠʤʠ ʟʥʦʩʦ- ʪʘ ʢʦʨʦʟʽʡʥʦʶ ʩʪʽʡʢʽʩʪʶ [1]. ɿʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʪʘʢʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ɺɽʉ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʧʝʨʩʧʝʢʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʢʨʠʪʪʽʚ ʚ ʘʚʽʘʙʫʜʚ̔ʥʽʡ ʛʘʣʫʟʽ ʘʙʦ ʘʚʪʦʤʦʙʽʣʝʙʫʜʫʚʘʥʥʽ. ʆʩʦʙʣʠʚʠʡ 

ʽʥʪʝʨʝʩ ʧʨʠʜʽʣʷʻʪʴʩʷ ʚʠʛʦʪʦʚʣʝʥʥʶ ɺɽʉ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʬʦʣʴʛ ʷʢ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 
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ʩʪʚʦʨʝʥʥʷ ʣʝʛʢʠʭ ʚʠʩʦʢʦʤʽʮʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʪʘ ʢʘʨʢʘʩʥʦʛʦ ʪʠʧʫ ʟ ʥʠʟʴʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ ʜʣʷ, ʪʘʢ ʟʚʘʥʠʭ, ʩʠʩʪʝʤ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ. ʈʘʥʽʰʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʤʝʪʦʜ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʥʷ 

ʬʦʣʴʛ ʽ ʧʦʢʨʠʪʪʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʭʽʤʯ̔ʥʠʤ ʪʘ ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʽ ʙʘʞʘʥʠʤ ʨʽʚʥʝʤ 

ʚʣʘʩʪʠʚʦʩʪʝʡ [2-4].  

ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʚ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʬʦʣʴʛ ɺɽʉ ʩʠʩʪʝʤʠ Cr-

Fe-Co-Ni-Cu ʤʝʪʦʜʦʤ ʦʜʥʦʪʠʛʝʣʴʥʦʛʦ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ (ʜʦ 100 ʥʤ/ʩ) ʝʣʝʢʪʨʦʥʥʦ 

ʧʨʦʤʝʥʝʚʦʛʦ ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ. ɺʩʪʘʥʦʚʣʝʥʦ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʦʪʨʠʤʘʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ ʪʦʥʢʠʭ ʬʦʣʴʛ (ʜʦ 100 ʤʢʤ) ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʭʽʤʽʯʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʧʦ ʪʦʚʱʠʥʽ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʤʘʢʨʦ- ʽ ʤʽʢʨʦʜʝʬʝʢʪʽʚ ʚ ʩʪʨʫʢʪʫʨʽ. ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ 

ʪʝʤʧʝʨʘʪʫʨʠ ʦʩʘʜʞʝʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʬʦʣʴʛ. ʇʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʽʣʴʥʠʢʦʚʦʾ ʧʘʥʝʣʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ 

ʬʦʣʴʛʠ CrFeCoNiCu, ʤʝʪʦʜʘʤʠ ʟʚʘʨʶʚʘʥʥʷ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟôʻʜʥʘʥʥʷ ʚʠʪʨʠʤʫʻ ʮʠʢʣʽʯʥʫ 

ʪʝʨʤʦʦʙʨʦʙʢʫ ʥʘ ʧʦʚʽʪʨʽ (ʥʘʛʨʽʚʘʥʥʷ ʜʦ 1200
Á
ʉ ï ʦʭʦʣʦʜʞʝʥʥʷ) ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ. 
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ʅɸʅɽʉɽʅʅʗ ɸʅʊʀʂʆʈʆɿɯʁʅʀʍ ʇʆʂʈʀʊʊɯɺ 

ʇʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʣʝʛʢʦʚʠʭ ʘʚʪʦʤʦʙʽʣʽʚ, ʦʩʦʙʣʠʚʦ ʫ ʟʠʤʦʚʠʡ ʧʝʨʽʦʜ ʨʦʢʫ, ʢʦʣʠ 

ʜʦʨʦʞʥʻ ʧʦʢʨʠʪʪʷ ʦʙʨʦʙʣʷʻʪʴʩʷ ʧʨʦʪʠʦʞʝʣʝʜʥʠʤʠ ʩʫʤʽʰʘʤʠ ʪʘ ʧʽʩʢʦʤ, ʟʘʭʠʩʥʠʡ 

ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʡ ʰʘʨ ʘʚʪʦʤʦʙʽʣʷ ʨʫʡʥʫʻʪʴʩʷ ʽ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ ʢʦʨʦʟʽʡʥʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʅʘʥʝʩʝʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʫʻ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ. 

ɺʽʜʦʤʘ ʢʦʥʩʪʨʫʢʮʽ ̫ʧʨʠʩʪʨʦʶ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ [1]. ʈʝʟʝʨʚʫʘʨ 

ʫʩʪʘʥʦʚʢʠ ʟʘʧʦʚʥʶʻʪʴʩʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʶ ʩʫʤʽʰʰʶ. ɼʦ ʨʝʟʝʨʚʫʘʨʘ ʧʽʜʚʦʜʷʪʴ ʩʪʠʩʥʝʥʝ 

ʧʦʚʽʪʨʷ, ʷʢʠʤ ʟʘʧʦʚʥʶʶʪʴ ʧʨʦʩʪʽʨ ʥʘʜ ʩʫʤʽʰʰʶ ʚ ʨʝʟʝʨʚʫʘʨʽ. ʇʽʜ ʪʠʩʢʦʤ ʧʦʚʽʪʨʷ ʨʽʜʠʥʘ 

ʥʘʜʭʦʜʠʪʴ ʫ ʧʨʠʡʤʘʣʴʥʫ ʪʨʫʙʢʫ, ʜʝ ʟʤʽʰʫʻʪʴʩʷ ʚ ʥʝʦʙʭʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟʽ 

ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ. ɼʘʣʽ ʧʽʜʛʦʪʦʚʣʝʥʘ ʩʫʤʽʰ ʧʨʦʭʦʜʠʪʴ ʰʣʘʥʛʦʤ ʽ ʨʦʟʧʦʨʦʰʫʻʪʴʩʷ ʯʝʨʝʟ 

ʩʦʧʣʦ ʧʽʩʪʦʣʝʪʘ. 

ɸʣʝ ʚʢʘʟʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʨʠʩʪʨʦʶ ʤʘʻ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʨʝʟʝʨʚʫʘʨ, ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʦʢʨʝʤʦ ʚʽʜ ʧʽʩʪʦʣʝʪʘ ʽ, ʢʨʽʤ ʪʦʛʦ, ʧʨʘʮʶʻ ʧʽʜ ʪʠʩʢʦʤ. ʋʢʘʟʘʥʽ ʧʨʠʯʠʥʠ ʥʝ ʜʦʟʚʦʣʷʶʪʴ 

ʟʨʦʙʠʪʠ ʫʩʪʘʥʦʚʢʫ ʢʦʤʧʘʢʪʥʦʶ ʽ ʣʝʛʢʦʶ, ʘ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʨʫʯʥʠʤ. 
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ʇʨʦʚʦʜʠʪʠ ʦʙʨʦʙʢʫ ʤʦʞʣʠʚʦ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʧʽʩʪʦʣʝʪʘ ʜʣʷ 

ʨʦʟʧʠʣʝʥʥʷ ʨʽʜʠʥ INTERTOOL PT-0704 [2]. ɺʽʥ ʜʦʩʠʪʴ ʨʦʟʧʦʚʩʶʜʞʝʥʠʡ ʯʝʨʝʟ ʥʝʚʝʣʠʢʫ 

ʚʘʨʪʽʩʪʴ ï ʙʣʠʟʴʢʦ 170 ʛʨʥ., ʢʦʤʧʘʢʪʥʠʡ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ. ʁʦʛʦ ʨʦʙʦʪʘ ʧʦʙʫʜʦʚʘʥʘ ʟʘ 

ʧʨʠʥʮʠʧʦʤ ʚʘʢʫʫʤʥʦʛʦ ʟʘʩʤʦʢʪʫʚʘʥʥʷ ʨʽʜʠʥʠ ʽʟ ʟʘʣʠʚʥʦʛʦ ʙʘʯʢʘ, ʪʦʤʫ ʙʘʯʦʢ ʧʨʘʮʶʻ ʙʝʟ 

ʪʠʩʢʫ ʽ ʤʘʻ ʥʝʟʥʘʯʥʫ ʤʝʪʘʣʦʻʤʥʽʩʪʴ ʽ ʜʦʩʪʘʪʥʶ ʢʦʤʧʘʢʪʥʽʩʪʴ. 

ɺʠʱʝʚʢʘʟʘʥʽ ʥʝʜʦʣʽʢʠ ʤʦʞʣʠʚʦ ʫʩʫʥʫʪʠ ʟʘʚʜʷʢʠ ʚʩʪʘʥʦʚʣʝʥʥʶ ʜʦʜʘʪʢʦʚʦʾ 

ʧʥʝʚʤʘʪʠʯʥʦʾ ʪʨʫʙʢʠ 5 (ʨʠʩ. 1), ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʥʘʜ ʨʫʢʦʷʪʪʶ 1 ʧʥʝʚʤʦʧʽʩʪʦʣʝʪʘ. ʊʨʫʙʢʘ 

5 ʧʦʩʪʘʯʘʻ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʚ ʤʽʩʪʢʽʩʪʴ 2 ʜʣʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʾ ʩʫʤʽʰʽ. ɺ ʤʽʩʪʢʦʩʪʽ 2 

ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʝʟʥʘʯʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʧʦʨʽʚʥʷʥʦ ʟ ʘʪʤʦʩʬʝʨʥʠʤ, ʢʦʪʨʠʡ ʧʦʢʨʘʱʫʻ 

ʧʦʪʨʘʧʣʷʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʾ ʩʫʤʽʰʽ ʫ ʪʨʫʙʢʫ 8 ʧʦʩʪʘʯʘʥʥʷ ʩʫʤʽʰʽ ʜʦ ʩʦʧʣʘ 4 

ʧʥʝʚʤʦʧʽʩʪʦʣʝʪʘ. 

 
ʈʠʩ. 1 ï ʂʦʥʩʪʨʫʢʮʽʷ ʧʥʝʚʤʦʧʽʩʪʦʣʝʪʘ 

ʇʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʾ ʩʫʤʽʰʽ ʥʘ ʦʙʨʦʙʣʶʚʘʣʴʥʫ ʧʦʚʝʨʭʥʶ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʉʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʛʥʫʯʢʠʡ ʰʣʘʥʛ ʧʦʪʨʘʧʣʷʻ ʜʦ ʨʫʢʦʷʪʽ 1 

ʧʥʝʚʤʦʧʽʩʪʦʣʝʪʘ, ʜʝ ʨʦʟʪʘʰʦʚʘʥʠʡ ʢʫʨʦʢ 3 ʧʝʨʝʢʨʠʪʪʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ. ʇʨʠ ʡʦʛʦ 

ʥʘʪʠʩʢʘʥʥʽ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ ʧʦʪʨʘʧʣʷʻ ʜʦ ʩʦʧʣʘ 4. ʉʦʧʣʦ 4 ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʧʦʙʫʜʦʚʘʥʦ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʨʫʭ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʫʪʚʦʨʶʻ ʚʘʢʫʫʤʥʝ ʨʦʟʨʽʜʞʝʥʥʷ ʫ ʪʨʫʙʮʽ 8, ʯʝʨʝʟ 

ʷʢʫ ʧʦʩʪʘʯʘʻʪʴʩʷ ʩʫʤʽʰ ʜʦ ʬʦʨʩʫʥʢʠ. ʋ ʩʦʧʣʽ 4 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʭʦʧʣʝʥʥʷ ʽ ʨʦʟʜʨʽʙʥʝʥʥʷ 

ʧʨʦʪʠʢʦʨʦʟʽʡʥʦʾ ʩʫʤʽʰʽ ʩʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ, ʢʦʪʨʝ ʩʧʨʷʤʦʚʫʻ ʨʦʟʧʦʨʦʰʝʥʫ ʩʫʤʽʰ ʥʘ 

ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ.  

ɺʝʣʠʯʠʥʘ ʚʘʢʫʫʤʥʦʛʦ ʨʦʟʨʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʚʩʤʦʢʪʫʚʘʪʠ ʧʨʦʪʠʢʦʨʦʟʽʡʥʫ ʩʫʤʽʰ ʟ 

ʧʽʜʚʠʱʝʥʠʤ ʟʥʘʯʝʥʥʷʤ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʪʘʢʫ, ʷʢ çʤʦʚʽʣʴè. ʋ ʨʘʟʽ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʤʘʶʪʴ ʟʤʝʥʰʝʥʝ ʟʥʘʯʝʥʥʷ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʚʘʢʫʫʤʥʦʛʦ ʨʦʟʨʽʜʞʝʥʥʷ ʥʝʜʦʩʪʘʪʥʴʦ ʜʣʷ ʚʩʤʦʢʪʫʚʘʥʥʷ ʩʫʤʽʰʽ ʜʦ 

ʩʦʧʣʘ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʝʦʙʭʽʜʥʦ ʩʫʤʽʰ ʨʦʟʨʽʜʞʫʚʘʪʠ ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚôʷʟʢʦʩʪʽ 

ʨʦʟʯʠʥʥʠʢʘʤʠ.  

ʑʦʙ ʙʫʣʦ ʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʦʪʠʢʦʨʦʟʽʡʥʽ ʩʫʤʽʰʽ, ʷʢʽ ʤʘʶʪʴ ʟʤʝʥʰʝʥʝ 

ʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ ʚôʷʟʢʦʩʪʽ, ʚ ʤʽʩʪʢʦʩʪʽ 2 ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʟʥʘʯʥʠʡ ʥʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ 

ʰʣʷʭʦʤ ʧʨʠʻʜʥʘʥʥʷ ʤʽʩʪʢʦʩʪʽ 2 ʜʦ ʜʞʝʨʝʣʘ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ ʯʝʨʝʟ ʪʨʫʙʢʫ 5. ʊʨʫʙʢʘ 5 

ʯʝʨʝʟ ʰʪʫʮʝʨ 6 ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʧʨʠʻʜʥʘʥʘ ʜʦ ʢʘʥʘʣʫ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ 

ʧʽʩʣʷ ʢʫʨʢʘ 3 ʧʝʨʝʢʨʠʪʪʷ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʘ ʟ ʽʥʰʦʛʦ ï ʜʦ ʤʽʩʪʢʦʩʪʽ 2. ɼʣʷ ʟʘʭʠʩʪʫ 

ʤʽʩʪʢʦʩʪʽ 2 ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʢʨʠʰʮʽ ʤʽʩʪʢʦʩʪʽ 2 ʚʠʢʦʥʘʥʠʡ ʦʪʚʽʨ 7. ɼʽʘʤʝʪʨ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

31 

ʦʪʚʦʨʫ 7 ʤʘʻ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʧʦʨʽʚʥʷʥʦ ʟ ʜʽʘʤʝʪʨʦʤ ʪʨʫʙʢʠ 5 ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʥʝʟʥʘʯʥʦʛʦ 

ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ ʚ ʤʽʩʪʢʦʩʪʽ 2. ɿʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʦʪʚʽʨ 7 ʨʦʟʪʘʰʦʚʘʥʠʡ ʪʘʢ, ʱʦʙ ʡʦʛʦ 

ʙʫʣʦ ʜʫʞʝ ʟʨʫʯʥʦ ʧʝʨʝʢʨʠʚʘʪʠ ʚʝʣʠʢʠʤ ʧʘʣʴʮʝʤ ʦʧʝʨʘʪʦʨʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʧʥʝʚʤʦʧʽʩʪʦʣʝʪ. ʏʘʩʪʢʦʚʝ ʧʝʨʝʢʨʠʪʪʷ ʦʪʚʦʨʫ 7 ʦʧʝʨʘʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʙʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʩʫʤʽʰʽ, ʘʙʦ ʜʣʷ ʧʨʦʯʠʱʝʥʥʷ ʩʦʧʣʘ 4. ʂʨʽʤ ʪʦʛʦ, ʫ ʢʨʠʰʮʽ 

ʤʽʩʪʢʦʩʪʽ 2 ʧʝʨʝʜʙʘʯʝʥʠʡ ʦʪʚʽʨ 9, ʷʢʠʡ ʟʘʭʠʱʘʻ ʤʽʩʪʢʽʩʪʴ 2 ʚʽʜ ʥʘʜʣʠʰʢʦʚʦʛʦ ʪʠʩʢʫ. 

ʅʘʜʣʠʰʢʦʚʠʡ ʪʠʩʢ ʤʦʞʝ ʩʧʨʠʯʠʥʠʪʠ ʾʾ ʨʫʡʥʫʚʘʥʥʷ ʧʨʠ ʚʠʧʘʜʢʦʚʦʤʫ ʧʦʚʥʦʤʫ ʟʘʢʨʠʪʪʽ 

ʦʪʚʦʨʫ 7. 

ʈʦʟʛʣʷʥʫʚʰʠ ʧʝʨʝʚʘʛʠ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʧʥʝʚʤʦʧʽʩʪʦʣʝʪʘ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʘ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʨʝʙʽʡʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʠʢʦʨʦʟʽʡʥʠʭ ʩʫʤʽʰʝʡ, ʷʢʽ ʤʘʶʪʴ ʟʤʝʥʰʝʥʝ ʟʥʘʯʝʥʥʷ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʚôʷʟʢʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʙʽʪʫʤʥʽ ʤʘʩʪʠʢʠ ʪʘ ʽʥ. ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʽʜʞʫʚʘʪʠ ʩʫʤʽʰ 

ʜʦ ʥʝʦʙʭʽʜʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʦʟʯʠʥʥʠʢʘʤʠ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʰʘʨʽʚ ʥʘʢʣʘʜʘʥʥʷ ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʱʦ ʧʨʠʩʢʦʨʶʻ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ.  
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ʉʽʤʫʪʻʥʢʦʚ ɯ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʄʠʢʦʣʘʾʚʩʴʢʠʡ ʩʫʜʥʦʙʫʜʽʚʥʠʡ ʟʘʚʦʜ çʆʢʝʘʥè, ʤ. ʄʠʢʦʣʘʾʚ, simutenkovivan@gmail.com 

ʂʆʄɹɯʅʆɺɸʅɽ ʂɽʈʋɺɸʅʅʗ ʌʆʈʄʋɺɸʅʅʗʄ ʐɺɸ ʇʈʀ ʄɽʍɸʅɯɿʆɺɸʅʆʄʋ 

ɿɺɸʈʖɺɸʅʅɯ ʊɸ ʅɸʇʃɸɺʃɽʅʅɯ ɺ ɿɸʍʀʉʅʀʍ ɻɸɿɸʍ 

ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʛʝʦʤʝʪʨʽʻʶ ʰʚʽʚ, ʚʣʘʩʪʠʚʽʩʪʶ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʾʭ ʨʝʘʣʽʟʘʮʽʾ. ʉʝʨʝʜ ʥʠʭ ʦʩʦʙʣʠʚʫ ʛʨʫʧʫ 

ʩʢʣʘʜʘʶʪʴ ʩʧʦʩʦʙʠ ʽʤʧʫʣʴʩʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʚʘʨʶʚʘʣʴʥʠʡ ʜʨʽʪ ʽ ʤʝʪʘʣ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ, 

ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʷʢ ʩʘʤʦʩʪʽʡʥʽ, ʪʘʢ ʽ ʚ ʨʽʟʥʠʭ ʢʦʤʙʽʥʘʮʽʷʭ [1]. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʙʫʚ 

ʨʦʟʚʠʪʢʫ ʦʜʠʥ ʽʟ ʽʥʥʦʚʘʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʧʨʠ ʤʝʭʘʥʽʟʦʚʘʥʦʤʫ 

ʟʚʘʨʶʚʘʥʥʽ ʚ ʟʘʭʠʩʥʠʭ ʛʘʟʘʭ ï ʚʥʫʪʨʽʰʥʴʦʩʦʧʣʦʚʘ ʚʽʙʨʘʮʽʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ ʪʘ 

ʤʝʭʘʥʽʯʥʝ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʨʦʟʧʣʘʚʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʽʜ ʯʘʩ ʡʦʛʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ [2, 3, 4]. 

ɿ ʤʝʪʦʶ ʨʝʘʣʽʟʘʮʽʾ ʚʢʘʟʘʥʠʭ ʩʧʦʩʦʙʽʚ ʨʦʟʨʦʙʣʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʩʪʨʦʾ, ʷʢʽ, ʫ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ, ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʫ ʤʦʜʝʨʥʽʟʦʚʘʥʠʡ ʟʚʘʨʶʚʘʣʴʥʠʡ ʧʘʣʴʥʠʢ (ʨʠʩ. 1, ʘ) ʘʙʦ 

ʟʘʢʨʽʧʣʶʶʪʴʩʷ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʧʘʣʴʥʠʢʫ (ʨʠʩ. 1, ʙ). ɺʽʙʨʘʮʽʷ ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʚʽʙʨʘʪʦʨʘ, ʘ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʟʚʘʨʶʚʘʣʴʥʦʾ 

ʚʘʥʥʠ - ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʭʘʥʽʯʥʦʛʦ ʢʦʣʠʚʘʪʝʣʷ ʩʧʝʮʽʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʧʦʩʦʙʽʚ ʰʣʷʭʦʤ ʟʚʘʨʶʚʘʥʥʷ ʩʪʠʢʦʚʠʭ 

ʟô̒ ʜʥʘʥʴ ʫ ʥʠʞʥʴʦʤʫ ʧʦʣʦʞʝʥʥʽ ʧʦʢʘʟʘʣʘ ʚʠʩʦʢʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 2, ʘ) 

ʪʘ ʟʘʜʦʚʽʣʴʥʝ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ (ʨʠʩ. 2, ʙ). ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʚʘʣʠʢʽʚ ʩʘʤʦʟʘʭʠʩʥʠʤ 

ʧʦʨʦʰʢʦʚʠʤ ʜʨʦʪʦʤ ʪʠʧʫ ʇʇɸʅ ʚʩʪʘʥʦʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʘ ʟʤʽʥʘ (ʧʦʜʨʽʙʥʝʥʥʷ) ʩʪʨʫʢʪʫʨʠ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʥʘʧʣʘʚʣʝʥʥʷʤ ʟʘ ʪʨʘʜʠʮʽʡʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ (ʨʠʩ. 3). 

https://prom.ua/p746925552-pnevmopistolet-dlya-raspyleniya.html
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     ʘ)        ʙ) 

ʈʠʩ. 1 ï ʄʦʜʝʨʥʽʟʦʚʘʥʠʡ ʧʘʣʴʥʠʢ  ʟ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʚʽʙʨʘʪʦʨʦʤ (ʚʠʜʽʣʝʥʦ ʧʫʥʢʪʠʨʦʤ) 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (ʘ) ʪʘ ʩʭʝʤʘ ʚʚʝʜʝʥʥʷ ʫ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʤʝʭʘʥʽʯʥʠʭ ʢʦʣʠʚʘʥʴ 

ʨʦʟʧʣʘʚʫ (ʙ): 1 ï ʧʘʣʴʥʠʢ; 2 ï ʟʚʘʨʶʚʘʣʴʥʘ ʚʘʥʥʘ; 3 ï ʢʦʣʠʚʘʪʝʣʴ; ɯ ï ɯɯɯ ï ʥʘʧʨʷʤʢʠ ʨʫʭʫ 

ʽʥʩʪʨʫʤʝʥʪʫ ʢʦʣʠʚʘʪʝʣʷ 

 
ʘ)       ʙ) 

ʈʠʩ. 2 ï ʆʩʮʠʣʦʛʨʘʤʠ ʧʨʦʮʝʩʫ (ʘ) ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʰʚʘ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʟ ʢʦʣʠʚʘʥʥʷʤʠ 

ʝʣʝʢʪʨʦʜʥʦʛʦ ʜʨʦʪʫ (ʙ): 1 ï ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʰʚʘ; 2 ï ʧʦʧʝʨʝʯʥʠʡ ʰʣʽʬ 

    
  ʘ)       ʙ) 

ʈʠʩ. 3 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʘ ʤʝʪʘʣʫ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ: ʘ) ï ʙʝʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʝʪʘʣʫ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ; ʙ) ï ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, 200; (ʨʝʞʠʤ ʥʘʧʣʘʚʣʝʥʥʷ: Iʥ = 210é240 ɸ, 

Uʜ = 26 ɺ) 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʨʠʤʝʥʝʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʧʣʘʚʷʱʠʤʩʷ ʵʣʝʢʪʨʦʜʦʤ ʚ ʩʨʝʜʝ 

ʟʘʱʠʪʥʳʭ ʛʘʟʦʚ (ʆʙʟʦʨ) [ʊʝʢʩʪ ] / [ʃʝʙʝʜʝʚ ɺ. ɸ., ɼʨʘʛʘʥ ʉ. ɺ., ɾʫʢ ɻ. ɺ., ʅʦʚʠʢʦʚ ʉ. ɺ., 

ʉʠʤʫʪʝʥʢʦʚ ʀ. ɺ.] // ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʚʘʨʢʘ, 2019. ï ˉ 8. ï ʉ. 30 - 39. 
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ɺʇʃʀɺ ʇʆʃɯʉʋʃʔʌʆʅɸʄɯɼʅʆɻʆ ɺʆʃʆʂʅɸ ʅɸ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ 

ʇʆʃɯʊɽʊʈɸʌʊʆʈɽʊʀʃɽʅʋ 

ʇʦʣ̔ʤʝʨʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʄ) ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ, ʻ ʥʝʚʽʜôʻʤʥʦʶ ʩʢʣʘʜʦʚʦʶ ʩʫʯʘʩʥʦʾ 

ʪʝʭʥʽʢʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʇʄ ʫ ʚʫʟʣʘʭ ʪʝʨʪʷ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ, ʤʘʰʠʥʦʙʫʜʽʚʥʦʾ ʪʘ 

ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʝʭʥʽʢʠ, ʥʘʪʦʤʽʩʪʴ ʩʝʨʽʡʥʠʤ ʤʘʪʝʨʽʘʣʘʤ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʜʝʪʘʣʽ 

(ʰʝʩʪʝʨʥʽ, ʧʽʜʰʠʧʥʠʢʠ ʢʦʚʟʘʥʥʷ ʪʦʱʦ) ʟ ʧʦʩʪʽʡʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʝʢʦʣʦʛʽʯʥʽʩʪʶ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʭʽʤʽʯʥʦʶ ʪʘ ʪʝʨʤʽʯʥʦʶ ʩʪʽʡʢʽʩʪʶ, ʣʝʛʢʽʩʪʶ, ʥʠʟʴʢʠʤ 

ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʪʘ ʪʝʨʤʽʯʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ [1]. 

ɺʘʞʣʠʚʝ ʤʽʩʮʝ, ʩʝʨʝʜ ʇʄ ʪʨʠʙʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟʘʡʤʘʻ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥ 

(ʇʊʌɽ), ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʫʥʽʢʘʣʴʥʠʭ ʷʢ ʜʣʷ ʧʦʣʽʤʝʨʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʚʠʩʦʢʦʾ 

ʪʝʨʤʦʩʪʘʙʽʣʴʥʦʩʪʽ, ʽʥʝʨʪʥʦʩʪʽ ʜʦ ʙʘʛʘʪʴʦʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʇʨʦʪʝ, ʽʩʥʫʻ ʨʷʜ 

ʥʝʜʦʣʽʢʽʚ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʡʦʛʦ ʰʠʨʦʢʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʶ ʫ ʚʘʞʢʦʥʘʚʘʥʪʘʞʝʥʠʭ ʚʫʟʣʘʭ 

ʪʝʨʪʷ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ, ʛʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʷʢʠʭ ʻ ʥʝʜʦʩʪʘʪʥʷ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ (ʮʝ 

ʜʦʚʝʜʝʥʦ ʦʪʨʠʤʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ). ɼʣʷ ʟʙʽʣʴʰʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʚ 

ʧʦʣʽʤʝʨʥʫ ʤʘʪʨʠʮʶ ʇʊʌɽ ʚʚʦʜʷʪʴ ʨʽʟʥʽ ʥʘʧʦʚʥʶʚʘʯʽ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʭʽʤʽʯʥʽ ʚʦʣʦʢʥʘ [2]. 

ʗʢ ʥʘʧʦʚʥʶʚʘʯ ʜʣʷ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ ʙʫʣʦ ʦʙʨʘʥʝ ʧʦʣʽʩʫʣʴʬʦʥʘʤʽʜʥʝ ʚʦʣʦʢʥʦ 

ʤʘʨʢʠ ʊʘʥʣʦʥ ʊ700. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʙʫʣʠ ʚʠʛʦʪʦʚʣʝʥʽ 

ʟʨʘʟʢʠ ʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʨʠʛʦʪʫʚʘʥʥʷ ʦʨʛʘʥʦʧʣʘʩʪʠʢʽʚ (ʆʇ) ʥʘ 

ʦʩʥʦʚʽ ʇʊʌɽ ʥʘʧʦʚʥʝʥʦʛʦ ʚʦʣʦʢʥʦʤ ʊʘʥʣʦʥ, ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʚ 

ʦʙʝʨʪʘʣʴʥʦʤʫ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ (0,12 ʊʣ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ, ʷʢʽ ʟ 

ʧʨʠʛʦʪʦʚʣʝʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚʠʣʫʯʘʣʠʩʴ ʤʝʪʦʜʦʤ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ. ɼʘʣʽ ʛʦʪʦʚʽ ʩʫʤʽʰʽ 

ʧʝʨʝʨʦʙʣʷʣʠ ʫ ʚʠʨʦʙʠ ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ [3]. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʨʦʙʣʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʧʨʦʚʦʜʠʣʠ ʚ ʨʝʞʠʤʽ 

ʪʝʨʪʷ ʙʝʟ ʟʤʘʱʫʚʘʥʥʷ ʥʘ ʤʘʰʠʥʽ ʟʽ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʤ ʨʫʭʦʤ ʧʨʠ ʥʘʚʘʥʪʘʞʝʥʥʽ 

19,1 ʄʇʘ, ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 0,5 ʤ/ʩ. ʐʣʷʭ ʪʝʨʪʷ ʪʘ ʯʘʩ ʜʦʩʣʽʜʫ ʩʪʘʥʦʚʠʣʠ 1000 ʤ ʪʘ 

3600 ʩ ʚʽʜʧʦʚʽʜʥʦ. ɿʨʘʟʢʠ ʟ ʢʦʤʧʦʟʠʮʽʡ ʚʠʛʦʪʦʚʣʷʣʠ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ Ï=10, h=15 ʤʤ, 

ʷʢ ʢʦʥʪʨʪʽʣʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʣʴ 38ʍ2ʄʖɸ (45-48 HRC, Ra=0,16-0,32 ʤʢʤ). ʆʪʨʠʤʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʣʶʚʘʣʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ ʤʘʪʝʤʘʪʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ. 

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ (ʜʠʚ. ʨʠʩ. 1), ʚʠʜʥʦ, ʱʦ ʘʨʤʫʚʘʥʥʷ 

ʇʊʌɽ ʧʦʣʽʩʫʣʴʬʦʥʘʤʽʜʥʠʤ ʚʦʣʦʢʥʦʤ ʫ ʢʽʣʴʢʦʩʪʽ 5-15 ʤʘʩ.%, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ 

ʟʥʠʞʝʥʥʷ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʚ 486-1215 ʨʘʟʽʚ, ʩʷʛʘʶʯʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʚʤʽʩʪʽ 

ʥʘʧʦʚʥʶʚʘʯʘ 15 ʤʘʩ.%. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʟʜʘʪʥʽʩʪʴ ʆʇ ʯʠʥʠʪʠ ʦʧʽʨ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʚ ʧʨʦʮʝʩʽ ʪʨʠʙʦʚʟʘʻʤʦʜʽʾ (ʨʠʩ. 2). 
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ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʥʘʧʦʚʥʶʚʘʯʘ ʜʦ 35 ʤʘʩ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʥʦʰʫʚʘʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʝʤʽʮʥʝʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ, 

ʷʢʝ ʡʤʦʚʽʨʥʦ ʦʙʫʤʦʚʣʝʥʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷʤ ʪʨʽʱʠʥ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ çʚôʷʞʫʯʝ-ʚʦʣʦʢʥʦè, ʽ 

ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʠʚʘʥʥʷ ʚʦʣʦʢʥʘ ʟ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ [4]. 

 
ʈʠʩ. 1  ɺʧʣʠʚ ʦʨʛʘʥʽʯʥʦʛʦ ʚʦʣʦʢʥʘ ʊʘʥʣʦʥ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʥʦʰʫʚʘʥʥʷ 

ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ 

 

  
ʘ ʙ 

ʈʠʩ. 2  ʇʨʦʜʫʢʪʠ ʟʥʦʰʫʚʘʥʥʷ ʯʠʩʪʦʛʦ ʧʦʣʽʪʝʪʨʘʬʪʦʨʝʪʠʣʝʥʫ (ʘ) ʪʘ ʦʨʛʘʥʦʧʣʘʩʪʠʢʫ 

(ʙ), ʱʦ ʤʽʩʪʠʪʴ 15 ʤʘʩ.% ʚʦʣʦʢʥʘ ʊʘʥʣʦʥ 

ʆʨʛʘʥʦʧʣʘʩʪʠʢ ʽʟ ʝʬʝʢʪʠʚʥʠʤ ʚʤʽʩʪʦʤ ʥʘʧʦʚʥʶʚʘʯʘ (15 ʤʘʩ.%) ʙʫʚ ʨʝʢʦʤʝʥʜʦʚʘʥʠʡ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʽʜʰʠʧʥʠʢʽʚ ʢʦʚʟʘʥʥʷ ʚʫʟʣʽʚ ʪʝʨʪʷ ʚ ʷʢʦʩʪʽ ʧʦʢʨʠʪʪʷ ʨʦʣʠʢʽʚ ʨʦʣʴʛʘʥʛʫ ʣʽʥʽʾ 

ʝʢʩʪʨʫʟʽʾ ʘʣʶʤʽʥʽʻʚʦʛʦ ʧʨʦʬʽʣʶ. 
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ʊʦʤʽʥʘ ɸ.-ʄ.ɺ., ʘʩʠʩʪʝʥʪ 

ɹʫʨʷ ʆ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʃʠʪʚʠʥʦʚʘ ɭ.ɽ. ʤʘʛʽʩʪʨ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ an.mtomina@gmail.com 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʊʀʊɸʅʆ ï ʊɸʅʊɸʃʆ ï ɺʆʃʔʌʈɸʄʆ - 

ʂʆɹɸʃʔʊʆɺʆɻʆ ʊɺɽʈɼʆɻʆ ʉʇʃɸɺʋ ʅɸ ɸɹʈɸɿʀɺʅʋ ɿʅʆʉʆʉʊɯʁʂɯʉʊʔ 

ʌɽʅɯʃʆʅʋ 

ʋ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʟʘʜʘʯʘ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʟôʻʜʥʘʥʴ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ, ʤʝʪʘʣʫʨʛʽʡʥʦʾ ʪʘ ʪʝʢʩʪʠʣʴʥʦʾ ʪʝʭʥʽʢʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʫ ʚʘʞʢʠʭ 

ʫʤʦʚʘʭ (ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʜʽʾ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ) ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ ʘʢʪʫʘʣʴʥʦʶ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʟʘʜʘʯʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʥʘ ʦʩʥʦʚʽ ʧʦʣʽʘʤʽʜʽʚ [1]. ʋ ʟʚôʷʟʢʫ ʟ ʯʠʤ ʚ ʷʢʦʩʪʽ 

ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ ʪʨʠʙʦʪʝʭʥʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʙʫʚ ʦʙʨʘʥʠʡ 

ʘʨʦʤʘʪʠʯʥʠʡ ʧʦʣʽʘʤʽʜ ʬʝʥʽʣʦʥ ʤʘʨʢʠ ʉ-2 (ʊʋ 6-05-221-226-72), ʦʩʢʽʣʴʢʠ [2], ʘʨʦʤʘʪʠʯʥʽ 

ʧʦʣʽʘʤʽʜʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɼʣʷ 

ʧʦʢʨʘʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʝʥʽʣʦʥʫ ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʠʩʧʝʨʩʥʠʡ ʪʠʪʘʥʦ-

ʪʘʥʪʘʣʦ-ʚʦʣʴʬʨʘʤʦ-ʢʦʙʘʣʴʪʦʚʠʡ ʪʚʝʨʜʠʡ (ʊʊʂ) ʩʧʣʘʚ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʠʭ ʬʘʟ: 

ʢʘʨʙʽʜʫ ʚʦʣʴʬʨʘʤʫ (WC=83 ʤʘʩ.%), ʪʠʪʘʥʫ (TiC=5 ʤʘʩ.%) ʪʘ ʪʘʥʪʘʣʫ (TaC=3 ʤʘʩ.%) ʽ 

ʢʦʙʘʣʴʪʦʚʦʾ ʟʚôʷʟʢʠ (ʉo=9 ʤʘʩ.%). 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡ ʬʝʥʽʣʦʥʫ ʉ-2, ʱʦ ʤʽʩʪʷʪʴ 0,5-5 ʤʘʩ.% ʪʠʪʘʥʦ-ʪʘʥʪʘʣʦ-

ʚʦʣʴʬʨʘʤʦ-ʢʦʙʘʣʴʪʦʚʦʛʦ ʩʧʣʘʚʫ, ʟʜʽʡʩʥʶʚʘʣʠ ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʟʤʽʰʫʚʘʥʥʷ ʚ ʘʧʘʨʘʪʽ ʟ 

ʦʙʝʨʪʘʣʴʥʠʤ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ (0,12 ʊʣ) ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ 

(l=10-30 ʤʤ), ʷʢʽ ʟ ʧʨʠʛʦʪʦʚʣʝʥʦʾ ʢʦʤʧʦʟʠʮʽʾ ʚʠʣʫʯʘʣʠ ʤʝʪʦʜʦʤ ʤʘʛʥʽʪʥʦʾ ʩʝʧʘʨʘʮʽʾ. 

ʇʨʠʛʦʪʦʚʣʝʥʽ ʪʘʢʠʤ ʯʠʥʦʤ ʩʫʤʽʰʽ ʬʦʨʤʫʚʘʣʠ ʫ ʚʠʨʦʙʠ ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ 

ʧʨʝʩʫʚʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʥʝʨʫʭʦʤʦ ʟʘʢʨʽʧʣʝʥʠʤʠ 

ʘʙʨʘʟʠʚʥʠʤʠ ʯʘʩʪʢʘʤʠ (ʜʠʩʧʝʨʩʥʽʩʪʴ ʰʢʫʨʢʠ 40ï60 ʤʢʤ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʦʩʣʽʜʥʽʡ ʤʘʰʠʥʽ 

Heckert. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚʠʭʽʜʥʦʛʦ ʧʦʣʽʤʝʨʫ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ ʚʠʟʥʘʯʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʚʝʨʜʦʤʽʨʫ ʇʄʊ-3ʄ. 

ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ 

ʚʦʣʦʢʥʘ ʚ ʢʽʣʴʢʦʩʪʽ 0,5-3,0 ʤʘʩ.% ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ 10-

20  % (ʪʘʙʣ. 1) ʧʦʨʽʚʥʷʥʦ ʟ ʥʝʥʘʧʦʚʥʝʥʠʤ ʬʝʥʽʣʦʥʦʤ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʽʜʚʠʱʝʥʥʷʤ 

ʪʚʝʨʜʦʩʪʽ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʥʘ 25 %. ʇʦʚʝʨʭʥʷ ʪʝʨʪʷ ʢʦʤʧʦʟʠʪʽʚ ʜʝʤʦʥʩʪʨʫʻ ʙʽʣʴʰʠʡ 

ʦʧʽʨ ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʪʚʝʨʜʠʤ ʯʘʩʪʢʘʤ ʘʙʨʘʟʠʚʫ ʩʪʘʻ ʚʘʞʢʦ 

ʜʝʬʦʨʤʫʚʘʪʠ ʾʭ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ. 

ʊʘʙʣʠʮʷ 1  ɽʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʝʥʽʣʦʥʫ ʪʘ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ 

ʇʦʢʘʟʥʠʢ 
ɺʤʽʩʪ ʥʘʧʦʚʥʶʚʘʯʘ ʉ, ʤʘʩ.% 

0 0,5 1 3 5 

ɸʙʨʘʟʠʚʥʦʛʦ ʩʪʠʨʘʥʥʷ, , ʤʤ
3
/ʤ 1,8 1,6 1,5 1,4 1,44 

ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ, HV, ʄʇʘ 260 278 285 336 291 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ɿɸʉʊʆʉʋɺɸʅʅʗ ATIG -ʇʈʆʎɽʉʋ ɿɺɸʈʖɺɸʅʅʗ ʄɯɼɯ ʊɸ ɰɰ 

ʉʇʃɸɺɯɺ 

ɼʣʷ ʤʽʜʽ ʪʘ ʾʾ ʩʧʣʘʚʽʚ, ʷʢ ʽ ʜʣʷ ʽʥʰʠʭ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʦʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʧʨʦʮʝʩʦʤ ʻ ʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ. ɼʣʷ ʤʝʪʘʣʫ ʤʘʣʠʭ ʪʘ ʩʝʨʝʜʥʽʭ 

ʪʦʚʱʠʥ (ʜʦ 10ʤʤ) ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ï TIG-ʧʨʦʮʝʩ. 

ɼʦ ʥʦʚʠʭ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʟʚʘʨʶʚʘʥʥʷ ʥʝʧʣʘʚʢʠʤ (ʚʦʣʴʬʨʘʤʦʚʠʤ) ʝʣʝʢʪʨʦʜʦʤ 

ʚʽʜʥʦʩʠʪʴʩʷ ATIG-ʧʨʦʮʝʩ, ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʦʛʦ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʫʶʯʠʭ ʬʣʶʩʽʚ-ʧʘʩʪ ʟ 

ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʧʣʘʚʣʷʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʜʫʛʠ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʘʣʫʨʛʽʡʥʦʾ 

ʷʢʦʩʪʽ ʟʚʘʨʥʠʭ ʰʚʽʚ. 

ʉʠʩʪʝʤʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ATIG-ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ ʪʘ ʾʾ ʩʧʣʘʚʽʚ 

ʧʨʦʚʦʜʠʣʠʩʴ ʫ ʚʽʜʜʽʣʽ ʧʨʦʙʣʝʤ ʪʝʭʥʽʢʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ɯʥʩʪʠʪʫʪʫ 

ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ.ʇʘʪʦʥʘ [1]. ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʘ ʜʫʛʠ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ 

ʟʚʘʨʶʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʽ ʩʧʝʮʽʘʣʴʥʽ ʬʣʶʩʠ-ʧʘʩʪʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʘʣʶʤʽʥʽʶ, ʤʘʛʥʽʶ, 

ʢʘʣʴʮʽʶ ʪʘ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʜʠʚ. ʪʘʙʣʠʮʶ 1). 

ʊʘʙʣʠʮʷ 1 ï ʉʧʝʮʽʘʣʴʥʽ ʬʣʶʩʠ-ʧʘʩʪʠ 

ʄʘʨʢʘ ʬʣʶʩʫ ʌʣʶʩʦʚʘ ʩʠʩʪʝʤʘ ɿʘʩʪʦʩʫʚʘʥʥʷ 

ɸʅ-ʄ15ɸ MgF2 ï B  ɿʚʘʨʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʤʘʨʦʢ ʤʽʜʽ 

ɸʅ-ʄ-17ɸ MgF2 ï Na3AlF6 ï ɺ(ʈ) ɿʚʘʨʶʚʘʥʥʷ ʙʨʦʥʟ 

ɸʅ-ʄ19ɸ AlF3 ï MgF2 ʄʽʢʨʦʧʣʘʟʤʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ 

ɸʅ-ʄ21ɸ AlF3 ï CaF2 ï MgF2 ɸʟʦʪʥʦʜʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ 

ɸʅ-ʄ23ɸ AlF3 ï CaF2 ï MgF2 ï B ɿʚʘʨʶʚʘʥʥʷ ʤʽʜʥʦ-ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ 

ʇʨʠʤʽʪʢʘ: ʜʘʥʽ ʬʣʶʩʠ ʨʦʟʨʦʙʣʷʣʠʩʴ ʜʣʷ ʢʦʥʢʨʝʪʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʜʘʯ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ATIG-ʟʚʘʨʶʚʘʥʥʽ ʤʽʜʽ ʥʘʨʷʜʫ ʟ ʩʫʪʪʻʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʨʦʧʣʘʚʣʷʶʯʦʾ ʟʜʘʪʥʦʩʪʽ ʜʫʛʠ (ʫ 2,5-4 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟʽ ʟʚʘʨʶʚʘʥʥʷ ʙʝʟ ʬʣʶʩʘ-ʧʘʩʪʠ) 

ʪʘʢʦʞ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʰʠʨʠʥʘ ʰʚʘ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʠʪʘʥʫ ʽ ʩʪʘʣʽ). ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʷʢ 

ʪʝʧʣʦʬʽʟʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʤʽʜʽ (ʾʾ ʚʠʩʦʢʦʶ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ), ʪʘʢ ʽ ʤʝʥʰʠʤ 

ʢʦʥʪʨʘʛʫʚʘʥʥʷʤ ʜʫʛʠ. ɿʘʚʜʷʢʠ ʧʽʜʚʠʱʝʥʦʤʫ ʪʝʨʤʽʯʥʦʤʫ ʂʇɼ ʧʨʦʧʣʘʚʣʝʥʥʷ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʣʶʩʽʚ-ʧʘʩʪ ʤʦʞʫʪʴ ʙʫʪʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʘʨʛʦʥʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ï ʟʙʽʣʴʰʝʥʠʡ ʜʽʘʧʘʟʦʥ ʪʦʚʱʠʥ, ʟʚʘʨʶʚʘʥʠʭ ʟʘ ʦʜʠʥ ʧʨʦʭʽʜ ʙʝʟ 

ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ, ʧʽʜʚʠʱʝʥʘ ʰʚʠʜʢʽʩʪʴ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʽʥ. ATIG-ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ ʧʦ 

ʰʘʨʫ ʬʣʶʩʘ-ʧʘʩʪʠ ʚ ʘʨʛʦʥʽ ʤʦʞʝ ʙʫʪʠ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʛʝʣʽʻʚʦʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. 

ɼʦ ʧʝʨʝʚʘʛ ATIG-ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ ʥʝʦʙʭʽʜʥʦ ʚʽʜʥʝʩʪʠ ʪʘʢʦʞ ʤʦʞʣʠʚʽʩʪʴ 

ʤʝʪʘʣʫʨʛʽʡʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʟʚʘʨʶʚʘʣʴʥʫ ʚʘʥʥʫ ʟ ʤʝʪʦʶ ʧʦʧʝʨʝʜʞʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʰʚʽʚ. 

ɺʚʝʜʝʥʥʷ ʫ ʩʢʣʘʜ ʬʣʶʩʽʚ-ʧʘʩʪ ʜʦʙʘʚʦʢ ʘʢʪʠʚʥʠʭ ʨʦʟʢʠʩʣʶʚʘʯʽʚ (B, Zr ʪʘ ʽʥ.) ʟʘʙʝʟʧʝʯʫʻ 

ʦʪʨʠʤʘʥʥʷ ʱʽʣʴʥʠʭ ʰʚʽʚ ʧʨʠ ʾʭ ʤʽʥʽʤʘʣʴʥʦʤʫ ʣʝʛʫʚʘʥʥʽ ʝʣʝʤʝʥʪʘʤʠ ï ʨʦʟʢʠʩʣʶʚʘʯʘʤʠ. 

ʊʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʝʪʘʣʫ ʰʚʽʚ ʧʨʠ ʮʴʦʤʫ ʙʣʠʟʴʢʽ ʜʦ ʪʘʢʠʭ ʜʣʷ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, 

ʱʦ ʚʝʣʴʤʠ ʚʘʞʣʠʚʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚʘʨʥʠʭ 

ʟôʻʜʥʘʥʴ. 
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ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʤ ATIG-ʧʨʦʮʝʩ ʷʚʣʷʻʪʴʩʷ ʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ 

ʬʪʦʨʠʜʥʽ ʬʣʶʩʠ ʚʚʦʜʷʪʴʩʷ ʚ ʟʦʥʫ ʜʫʛʠ ʟ ʧʨʠʩʘʜʢʦʚʠʤ ʤʝʪʘʣʦʧʦʨʦʰʢʦʚʠʤ ʜʨʦʪʦʤ. ɺ ʜʘʥʠʡ 

ʯʘʩ ʧʨʦʚʦʜʷʪʴʩʷ ʨʦʙʦʪʠ ʧʦ ʦʧʪʠʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʪʘʢʠʭ ʜʨʦʪʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʨʝʞʠʤʽʚ 

ʟʚʘʨʶʚʘʥʥʷ. 

ʈʦʟʨʦʙʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ATIG-ʟʚʘʨʶʚʘʥʥʷ ʤʽʜʽ ʪʘ ʾʾ ʩʧʣʘʚʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʬʣʶʩʽʚ-

ʧʘʩʪ ʫʩʧʽʰʥʦ ʦʩʚʦʻʥʘ ʨʷʜʦʤ ʟʘʚʦʜʽʚ ʧʦ ʦʙʨʦʙʮʽ ʢʦʣʴʦʨʦʚʠʭ ʤʝʪʘʣʽʚ, ʘ ʪʘʢʦʞ ʧʝʨʩʧʝʢʪʠʚʥʘ 

ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʦʾ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʨʽʟʥʠʭ ʰʠʥʦʧʨʦʚʦʜʽʚ ʪʘ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ, ʜʝ ʧʨʝʜ'ʷʚʣʷʶʪʴʩʷ ʧʜ̔ʚʠʱʝʥʽ ʚʠʤʦʛʠ ʜʦ 

ʝʣʝʢʪʨʦ- ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʚʘʨʢʘ ʠ ʥʘʧʣʘʚʢʘ ʤʝʜʠ ʠ ʩʧʣʘʚʦʚ ʥʘ ʝʸ ʦʩʥʦʚʝ [ʊʝʢʩʪ]/ ʉʦʩʪʘʚʠʪʝʣʠ: ɺ.ʄ.ʀʣʶʰʝʥʢʦ, 

ɽ.ʇ.ʃʫʢʴʷʥʯʝʥʢʦ ï ʂʠʝʚ: ʄɸʉ, 1992. ï 396 ʩ. 
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ʉʘʚʝʥʢʦ ɺ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɺʠʩʦʮʴʢʘ ʃ.ʄ. 

ʇʘʣʴʯʠʢ ʇ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʣʶʻʚʘ ɺ.ɺ., ʘʩʠʩʪʝʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, savenkoknuba@gmail.com 

ɯʅʅʆɺɸʎɯɰ ɺ ɼɯɸɻʅʆʉʊʀʎɯ ʊɸ ɿɸʍʀʉʊɯ ʄɽʊɸʃʆʄɯʉʊʂʀʍ ʂʆʅʉʊʈʋʂʎɯʁ 

ɼʃʗ ʏʀʉʊʆʊʀ ɼʆɺʂɯʃʃʗ ʊɸ ɽʂʆʅʆʄɯʂʀ 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʝʣʠʯʝʟʥʽ ʟʘʪʨʘʪʠ ʥʘ ʟʘʤʽʥʫ ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ ʚʨʘʞʝʥʠʭ ʢʦʨʦʟʽʻʶ 

ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥ, ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʽ ʚʠʨʦʙʽʚ 

ʰʠʨʦʢʦʛʦ ʚʞʠʪʢʫ ʩʧʦʥʫʢʘʶʪʴ ʣʶʜʩʪʚʦ ʜʦ ʧʦʰʫʢʽʚ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʜʦʩʚʽʜ ʙʘʛʘʪʦʨʽʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʧʦʢʘʟʫʶʪʴ, ʱʦ 

ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʤʦʤʝʥʪʦʤ ʫ ʟʘʭʠʩʪʽ ʽ ʟʘʧʦʙʽʛʘʥʥʽ ʢʦʨʦʟʽʾ ʻ ʥʘʜʽʡʥʘ ʽ ʧʨʘʚʠʣʴʥʘ ʧʽʜʛʦʪʦʚʢʘ 

ʧʦʚʝʨʭʦʥʴ ʤʝʪʘʣʽʚ ʜʦ ʬʘʨʙʫʚʘʥʥʷ. ʃʝʛʰʝ ʽ ʥʘʜʽʡʥʽʰʝ ʟʘʧʦʙʽʛʪʠ ʧʨʦʮʝʩʫ ʢʦʨʦʟʽʾ, ʥʽʞ 

ʟʫʧʠʥʠʪʠ ʽ ʚʽʜʥʦʚʠʪʠ ʚʨʘʞʝʥʽ ʜʝʪʘʣʽ ʽ ʚʠʨʦʙʠ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ:  

1) ʚʠʩʚʽʪʣʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʚʯʝʥʥʷ ʚʠʜʽʚ ʢʦʨʦʟʽʾ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʠ 

ʧʦʯʘʪʢʫ ʽ ʚ ʭʦʜʽ ʢʦʨʦʜʫʚʘʥʥʷ ʤʝʪʘʣʽʚ, ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʥʘʜʽʡʥʠʭ ʨʝʘʛʝʥʪʽʚ ʧʦʛʘʰʝʥʥʷ 

ʤʽʢʨʦʜʞʝʨʝʣ ʢʦʨʦʟʽʾ ʽ ʩʪʚʦʨʝʥʥʷ ʥʘʜʽʡʥʦʾ ʧʣʽʚʢʠ (ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʥʘ ʧʦʚʝʨʭʥʽ ʜʦ 

ʬʘʨʙʫʚʘʥʥʷ, ʧʽʜ ʷʢʦʶ ʥʝʤʦʞʣʠʚʠʡ ʧʦʯʘʪʦʢ ʢʦʨʦʟʽʾ ʧʽʜ ʟʘʭʠʩʥʠʤ ʰʘʨʦʤ; 

2) ʧʦʧʫʣʷʨʠʟʘʮʽʷ ʤʦʞʣʠʚʦʩʪʝʡ ʽ ʜʦʩʚʽʜʫ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʥʦʚʠʭ 

ʧ̔ ʜʭʦʜʽʚ ʜʦ ʤʝʪʦʜʽʚ ʙʦʨʦʪʴʙʠ ʟ ʢʦʨʦʟʽʻʶ ï ʩʫʪʪʻʚʠʤ ʟʘʙʨʫʜʥʶʶʯʠʤ ʬʘʢʪʦʨʦʤ ʜʦʚʢʽʣʣʷ ʪʘ 

ʧʨʠʯʠʥʦʶ ʨʫʡʥʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʚʠʨʦʙʽʚ. 

3) ʧʦʧʝʨʝʜʞʝʥʥʷ  ̔ʟʘʧʦʙʽʛʘʥʥʷ ʤʦʞʣʠʚʠʭ ʘʚʘʨʽʡ ʽ ʢʘʪʘʩʪʨʦʬ ʥʘ ʩʪʘʨʠʭ ʙʫʜʽʚʣʷʭ. 

ɺ ʋʢʨʘʾʥʽ ʧʨʦʙʣʝʤʠ ʟ ʢʦʨʦʟʽʻʶ ʟʥʘʯʥʦ ʙʽʣʴʰʽ ʚʥʘʩʣʽʜʦʢ ʨʷʜʫ ʧʨʠʯʠʥ. ɹʽʣʴʰʽʩʪʴ ʩʧʦʨʫʜ, 

ʷʢʽ ʚʩʝ ʱʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʷʢʨʘʟ ʜʦʩʷʛʣʠ ʢʨʠʪʠʯʥʦʛʦ ʚʽʢʫ 40-60 ʨʦʢʽʚ. ʉʘʤʝ ʟ 

ʧʨʠʯʠʥʠ ʢʦʨʦʟʽʾ ʥʘ ʨʽʢ ʚʪʨʘʯʘʻʪʴʩʷ 1,5 - 2% ʟ 100 ʤʣʥ. ʪʦʥʥ ʢʦʥʩʪʨʫʢʮʽʡ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʟʙʠʪʢʽʚ, ʚʠʥʠʢʥʝʥʥʷ ʥʘʜʟʚʠʯʘʡʥʠʭ 

ʩʠʪʫʘʮʽʡ, ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʢʦʨʦʟʽʾ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ, ʤʽʥʽʤʽʟʘʮʽʾ ʰʢʦʜʠ ʥʘʚʢʦʣʠʰʥʴʦʤʫ 

ʩʝʨʝʜʦʚʠʱʫ, ʟʜʦʨʦʚ'ʶ ʣʶʜʠʥʠ ʪʘ ʩʪʘʥʫ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʟʤʝʥʰʝʥʥʶ ʪʨʫʜʦʚʠʪʨʘʪ, 

ʩʪʨʦʢʽʚ ʨʝʤʦʥʪʫ ʪʘ ʙʫʜʽʚʥʠʮʪʚʘ ʦʙôʻʢʪʽʚ, ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ 

ʚʠʥʘʡʜʝʥʠʡ ʧʝʨʝʪʚʦʨʶʚʘʯ ʽʨʞʽ. ʇʝʨʝʪʚʦʨʶʚʘʯ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʫʙʠʣʴʥʦʛʦ ʝʢʩʪʨʘʢʪʫ, 

ʭʘʨʯʦʚʦʾ ʢʠʩʣʦʪʠ ʽ ʚʦʜʠ, ʱʦ ʤʽʩʪʠʪʴ ʩʨʽʙʣʦ ʫ ʩʢʣʘʜʽ ʤʘʩ.%: ʜʫʙʠʣʴʥʠʡ ʝʢʩʪʨʘʢʪ 15,0 ī 

45,0, ʭʘʨʯʦʚʘ ʢʠʩʣʦʪʘ 3,0 ī 2,0, ʨʝʰʪʘ ī ʚʦʜʘ ʟ ʚʤʽʩʪʦʤ ʩʨʽʙʣʘ 0,001ī0,05 ʤʛ/ʜʤ
3
. ʗʢʱʦ 
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ʪʦʚʱʠʥʘ ʽʨʞʽ ʧʝʨʝʚʠʱʫʻ 300 ʤʢʤ, ʢʨʘʱʝ ʱʦʙ ʧʝʨʝʪʚʦʨʶʚʘʯ ʤʽʩʪʠʚ 0,001ī0,005 ʤʘʩ.% 

ʛʝʧʪʘʛʝʨʤʘʥʘʪʘ ʥʘʪʨʽʶ (Na6GE2O7), ʚʽʥ ʩʧʨʠʷʻ ʢʨʘʱʦʤʫ ʧʨʦʥʠʢʥʝʥʥʶ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʚ 

ʨʘʢʦʚʠʥʠ ʤʝʪʘʣʫ ʽ ʩʣʫʞʠʪʴ ʜʣʷ ʟʥʠʱʝʥʥʷ ʮʝʥʪʨʽʚ ʢʦʨʦʟʽʾ [4] (ɸʟʝʨʙʘʡʜʞʘʥ, ʇʘʪʝʥʪ 

ˉIXTIRA I 2007 0104, ʘʚʪʦʨ ɺʠʩʦʮʴʢʘ ʃ.ʄ.). 

ɸʥʪʠʢʦʨʦʟʽʡʥʘ ʟʘʭʠʩʥʘ ʧʣʽʚʢʘ-ʛʨʫʥʪ, ʱʦ ʫʪʚʦʨʠʣʘʩʷ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʪʝʢʫʯʽʩʪʴ 

ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʰʚʘ, ʥʝ ʫʪʚʦʨʶʶʯʠ ʧʦʨ (ʚʠʩʥʦʚʦʢ ʅɼɯ ʽʤ. ʇʘʪʦʥʘ, ʤ. ʂʠʾʚ), ʻ ʥʝʟʘʤʽʥʥʘ 

ʧʨʠ ʨʝʩʪʘʚʨʘʮʽʾ, ʤʦʜʝʨʥʽʟʘʮʽʾ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ ʚʽʜʥʦʚʣʝʥʥʽ ʜʦʚʛʦʙʫʜʽʚ. ʇʝʨʝʪʚʦʨʶʚʘʯ ʽʨʞʽ 

çʂʆʅʊʈɸʉʊè ʜʦʟʚʦʣʷʻ ʫʥʠʢʥʫʪʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚ ʧʦʭʦʚʘʥʥʽ ʚʽʜʭʦʜʽʚ, ʱʦ ʦʪʨʠʤʫʶʪʴʩʷ ʚ 

ʭʦʜʽ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʪʨʫʡʥʠʤʠ ʃʌʄ, ʫʪʚʦʨʶʶʪʴ ʛʽʜʨʦʽʟʦʣʷʮʽʶ ʽ ʫʣʘʰʪʫʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʰʚʽʚ ʤʦʩʪʽʚ, ʝʩʪʘʢʘʜ. ɿʘʭʠʩʪ ʧʦʨʪʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ, ʙʝʨʝʛʦʚʠʭ 

ʦʩʥʦʚ ʽ ˇʨʫʥʪʽʚ, ʧʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʽʩʢʦʩʪʨʫʡʥʦʾ ʦʙʨʦʙʢʠ ʪʘ 

ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʾ ʦʙʨʦʙʢʠ. ʏʠʩʣʝʥʥʽ ʧʝʨʝʚʽʨʢʠ ʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʨʦʚʝʜʝʥʽ ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʋʢʨʘʾʥʠ, 

ʄʽʥʽʩʪʝʨʩʪʚʦʤ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʷʜʝʨʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ, ʅɸʅ 

ʋʢʨʘʾʥʠ. ɯʥʩʪʠʪʫʪʦʤ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ.ʇʘʪʦʥʘ, ʌʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʽʥʩʪʠʪʫʪʦʤ ʽʤ. 

ɻ.ɺ.ʂʘʨʧʝʥʢʘ, ʄʽʥʦʙʦʨʦʥʠ ʋʢʨʘʾʥʠ, ʄʽʥʘʛʨʦʧʦʣʽʪʠʢʠ ʋʢʨʘʾʥʠ, ʪʘ ʽʥʰ., ʧʽʜʪʚʝʨʜʠʣʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʥʘʧʨʷʤʢʫ ʙʦʨʦʪʴʙʠ ʟ ʢʦʨʦʟʽʻʶ. ɺʠʟʥʘʯʝʥʥʷ ʩʪʫʧʝʥʷ ʢʦʨʦʟʽʾ 

ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ, ʘ ʪʠʤ ʙʽʣʴʰʝ ʘʨʤʘʪʫʨʠ ʚ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʚʠʨʦʙʘʭ ʥʝʧʨʦʩʪʝ ʟʘʚʜʘʥʥʷ. 

ʇʨʦʪʝ ʟʚʘʞʘʶʯʠ ʥʘ ʪʦʡ ʬʘʢʪ, ʱʦ ʢʦʨʦʟʽʷ ʘʨʤʘʪʫʨʠ ʚ ʙʝʪʦʥʽ ʮʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʧʨʦʮʝʩ, ʚ 

ʷʢʦʤʫ ʢʦʨʦʟʽʷ ʥʘʚʢʦʣʦ ʘʨʤʘʪʫʨʠ ʩʪʚʦʨʶʻ ʝʣʝʢʪʨʠʯʥʫ ʥʘʧʨʫʛʫ ï ʩʚʦʻʨʽʜʥʫ ʙʘʪʘʨʝʶ. 

ɺʠʤʽʨʶʶʯʠ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʚʽʜ ʧʦʚʝʨʭʥʽ ʙʝʪʦʥʫ ʜʦ ʘʨʤʘʪʫʨʥʦʛʦ ʩʪʝʨʞʥʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʜʘʥʠʤʠ ʧʨʦ ʥʘʧʨʫʛʫ, ʚʠʢʣʠʢʘʥʫ ʢʦʨʦʟʽʻʶ ʘʨʤʘʪʫʨʠ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʩʪʫʧʽʥʴ ʢʦʨʦʟʽʾ 

ʘʨʤʘʪʫʨʠ. ʅʘ ʮʴʦʤʫ ʧʨʠʥʮʠʧʽ ʧʦʙʫʜʦʚʘʥʘ ʨʦʙʦʪʘ ʣʦʢʘʪʦʨʘ ʘʨʤʘʪʫʨʠ ʽ ʜʝʪʝʢʪʦʨʘ ʢʦʨʦʟʽʾ GX 

50 ɺ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʦʞʥʘ ʧʨʦʚʦʜʠʪʠ ʜʽʘʛʥʦʩʪʠʢʫ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʧʨʦʚʦʜʠʪʠ ʝʬʝʢʪʠʚʥʽ 

ʧʨʦʬʽʣʘʢʪʠʯʥʽ ʟʘʭʦʜʠ, ʥʝ ʜʦʚʦʜʷʯʠ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʢʨʠʪʠʯʥʦʛʦ, ʘʚʘʨʽʡʥʦʛʦ ʩʪʘʥʫ.  

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ ʽ ʤʘʪʝʨʽʘʣʽʚ ʧʦʣʷʛʘʻ ʚ ʧʽʜʚʠʱʝʥʥʽ 

ʪʝʨʤʽʥʽʚ ʩʣʫʞʙʠ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʽ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʦʟʽʾ ʪʘ ʟʤʝʥʰʝʥʥʽ 

ʚʠʪʨʘʪ ʥʘ ʟʘʧʦʙʽʛʘʥʥʷ ʽ ʙʦʨʦʪʴʙʫ ʟʽ ʱʽʣʠʥʥʦʶ ʢʦʨʦʟʽʻʶ (ʥʘʡʙʽʣʴʰ ʨʫʡʥʽʚʥʠʤ ʚʠʜʦʤ 

ʢʦʨʦʟʽʾ) ʽ ʤʦʞʣʠʚʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ ʣʶʜʠʥʠ ʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ), ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʚʘʨʪʽʩʪʴ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʦʥʴ ʜʣʷ 

ʥʘʥʝʩʝʥʥʷ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʧʦʢʨʠʪʪʽʚ. 

ɺʠʩʥʦʚʢʠ. 

1. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ çContrrustè ʪʘ 

ʧʦʢʨʠʪʪʷ ʥʘ ʦʩʥʦʚʽ ʙʽʪʫʤʥʦ-ʣʘʪʝʢʩʥʠʭ ʝʤʫʣʴʩʽʡ ʪʘ ʽʥʰʠʭ ʧʦʢʨʠʪʪʽʚ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʢʣʘʜʫ 

ʧʦʚʝʨʭʥʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʨʝʪʝʣʴʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ (ʩʪʫʧʽʥʴ D). 

2. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʠʭ ʧʨʠʣʘʜʽʚ ʽ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʚʦʻʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʽ ʫʩʫʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

3. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʦʚʝʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʜʦʚʛʦʪʨʠʚʘʣʦʛʦ ʘʥʪʠʢʦʨʦʟʽʡʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘʬʪʦʛʘʟʦʧʨʦʚʦʜʽʚ, ʤʘʰʠʥ ʪʘ ʽʥʰʠʭ 

ʤʝʪʘʣʦʚʠʨʦʙʽʚ ʤʦʜʠʬʽʢʘʪʦʨʦʤ  ̔ʤʦʞʫʪʴ ʤʘʪʠ ʚʝʣʠʢʽ ʧʝʨʩʧʝʢʪʠʚʠ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʜʣʷ 

ʨʝʤʦʥʪʫ ʚʞʝ ʽʩʥʫʶʯʠʭ ʦʙôʻʢʪʽʚ. 

4. ɿʘʛʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ ʧʦʥʘʜ 62 ʤʣʥ. ʛʨʥ. ʫ 

ʪʦʤʫ ʯʠʩʣʽ: ʤ. ʂʠʾʚ, ʚʫʣ. ʉʦʣʦʤôʷʥʩʴʢʘ 2ʘ, ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ï 30,0 ʤʣʥ.ʛʨʥ.; ʇɸʊ çʇɺɯ-

ɿɯʊ ʅʘʬʪʦʛʘʟʽʟʦʣʷʮʽʷè (ɻʨʫʟʽʷ) ï 10,2 ʤʣʥ. ʛʨʥ.,., ɹʨʝʩʪ (ɹʽʣʦʨʫʩʽʷ) ï 0,739 ʤʣʥ.ʛʨʥ; 

ʂʘʤʧʘʥʽʷ çʃʫʢʦʡʣè ï çʂʘʨʧʘʪʥʘʬʪʦʭʽʤè ï 6,41 ʤʣʥ.ʛʨʥ; ʍʘʨʢʽʚ, ʉʫʤʩʴʢʠʡ ʨʠʥʦʢï 5,8 

ʤʣʥ.ʛʨʥ; ʍʨʘʤ, ʤ.ʂʠʾʚ, ʚʫʣ.ʄʽʯʫʨʽʥʘ 64 ï 981 ʪʠʩ.ʛʨʥ ʪʘ ʽʥ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɿʘʙʝʟʧʝʯʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʪʘ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʝʪʘʣʦʤʽʩʪʢʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽ ʢʨʠʪʠʯʥʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʥʦʚʘʮʽʡʥʠʭ ʥʘʫʢʦʚʦʤʽʩʪʢʠʭ ʝʢʦʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ / 
[ʉʘʚʝʥʢʦ ɺ.ɯ. ɺʳʩʦʮʴʢʘ ʃ.ʄ., ʇʣʫʛʽʥ ɸ.ɸ., ʇʘʣʴʯʠʢ ʇ.ʇ.ʪʘ ʽʥ.] ï ʂʠʾʚ, ʎʝʥʪʨ ʫʯ.ʣʽʪ. 2019 ï 306ʩ.  
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2. ʊʋʋ 14333082/001 98 "ʇʝʨʝʪʚʦʨʶʚʘʯ ʽʨʞʽ "ʂʆʅʊʈɸʉʊ" ï ʂ., 1998  

3. ɼʉʊʋ 4372:2005. ʇʝʨʝʪʚʦʨʶʚʘʯ ʽʨʞʽ ʥʘ ʦʩʥʦʚʽ ʜʝʨʝʚʠʥʥʦʾ ʨʝʯʦʚʠʥʠ. ʊʝʭʥʽʯʥʽ ʫʤʦʚʠ. 

ʏʠʥʥʠʡ ʚʽʜ 2005-02-28 ï ʂ.: ɼʝʨʞʩʧʦʞʠʚʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ 2005. ï ɯV, 10 ʩ. 

4. ʇʘʪʝʥʪ ʥʘ ʚʠʥʘʭʽʜ ˉ 61544 ʋʢʨʘʾʥʘ ʄʇʂ(2006) C09D 5/12 C09D 5/08 ʇʝʨʝʪʚʦʨʶʚʘʯ ʽʨʞʽ 

[ʊʝʢʩʪ] / ɺʠʩʦʮʴʢʘ ʃ. ʄ. ; ɿʘʷʚʥʠʢ ʽ ʚʣʘʩʥʠʢ ʇʨʠʚʘʪʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ "ʈʫʩʣʘʥ ʽ ʃʶʜʤʠʣʘ" ï 

u2003021672; ʟʘʷʚʣ. 25.02.2003 ; ʦʧʫʙʣ. 15.08.2006, ɹʶʣ. ˉ8 ï 2ʩ. 

 

ʋɼʂ 669.018.28  

ʄʽʣʴʤʘʥ ʖ.ɺ. ʜʦʢʪ. ʬʽʟ-ʤʘʪ. ʥʘʫʢ, ʯʣʝʥ.-ʢʦʨ. ʅɸʅ ʋʢʨʘʾʥʠ 

ɿʘʭʘʨʦʚʘ ʅ.ʇ. ʢʘʥʜ. ʬʽʟ-ʤʘʪ. ʥʘʫʢ 

ɭʬʽʤʦʚ ʄ.ʆ. ʢʘʥʜ. ʬʽʟ-ʤʘʪ. ʥʘʫʢ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʘ ʽʤ. ɯ.ʄ. ʌʨʘʥʮʝʚʠʯʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ 

yefimov@ipms.kiev.ua 

ʌʘʣʴʯʝʥʢʦ ʖ.ɺ. ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ 

ʇʦʢʣʷʮʴʢʠʡ ɸ.ɻ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʌʝʜʦʨʯʫʢ ɺ.ɭ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 
ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, falchenko@paton.kiev.ua 

ʂʠʩʣʘ ɻ.ʇ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʂʠʾʚ 

ʆʉʆɹʃʀɺʆʉʊɯ ɿɺɸʈʖɺɸʅʅʗ ʉʇʃɸɺɯɺ ʉʀʉʊɽʄʀ Al ï Cr ï Fe ï Ti, ʑʆ 

ʄɯʉʊʗʊʔ ʂɺɸɿɯʂʈʀʉʊɸʃɯʏʅʋ ʌɸɿʋ 

ʆʜʥʠʤ ʽʟ ʥʦʚʠʭ ʽ ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʩʪʚʦʨʝʥʥʷ ʞʘʨʦʤʽʮʥʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʱʦ 

ʜʝʬʦʨʤʫʶʪʴʩʷ, ʻ ʾʭ ʟʤʽʮʥʝʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʯʘʩʪʢʘʤʠ [1]. ʏʝʨʝʟ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ ʩʠʩʪʝʤʠ Al ï Cr ï Fe ï Ti, ʚʢʘʟʘʥʽ ʩʧʣʘʚʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʦʪʨʠʤʘʥʽ ʪʽʣʴʢʠ ʤʝʪʦʜʘʤʠ ʰʚʠʜʢʦʾ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʨʦʟʧʣʘʚʫ [2]. ʄʽʮʥʽʩʪʴ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʩʦʢʽʡ ʪʚʝʨʜʦʩʪʽ ʪʘ ʤʦʜʫʣʶ ʧʨʫʞʥʦʩʪʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʚ, 

ʦʙôʻʤʥʘ ʜʦʣʷ ʷʢʠʭ ʜʦʩʷʛʘʻ 40%, ʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ï ʦʩʦʙʣʠʚʠʤ ʤʝʭʘʥʽʟʤʦʤ ʜʝʬʦʨʤʘʮʽʾ 

ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʯʘʩʪʦʢ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʽʡ ʦʙʨʦʙʮʽ ʪʘʢʠʭ ʩʧʣʘʚʽʚ. 

ʇʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʜʝʪʘʣʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʮʠʭ ʩʧʣʘʚʽʚ ʯʘʩʪʦ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʚʘʨʶʚʘʥʥʷ. ʆʜʥʘʢ ʤʝʪʘʩʪʘʙʽʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʮʥʶʶʯʠʭ ʯʘʩʪʦʢ 

ʥʘʢʣʘʜʘʻ ʧʝʚʥʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʦʙʤʝʞʝʥʥʷ ʥʘ ʤʝʪʦʜʠ ʟʚʘʨʶʚʘʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ. ɿʚʘʞʘʶʯʠ ʥʘ ʮʝ, ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʤʝʪʦʜʦʤ 

ʟóʻʜʥʘʥʥʷ ʪʘʢʠʭ ʩʧʣʘʚʽʚ ʻ ʟʚʘʨʶʚʘʥʥʷ ʪʝʨʪʷʤ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʧʨʠ ʷʢʦʤʫ ʟʚʘʨʥʝ 

ʟóʻʜʥʘʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʙʝʟ ʨʦʟʧʣʘʚʣʝʥʥʷ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʌʦʨʤʫʚʘʥʥʷ 

ʰʚʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʥʘʛʨʽʚʘʥʥʶ ʜʦ ʧʣʘʩʪʠʯʥʦʛʦ 

ʩʪʘʥʫ ʪʘ ʽʥʪʝʥʩʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʧʝʚʥʦʛʦ ʦʙóʻʤʫ ʤʝʪʘʣʫ ʟʘ ʨʘʭʫʥʦʢ ʪʝʨʪʷ ʨʦʙʦʯʦʛʦ 

ʥ̔ʩʪʨʫʤʝʥʪʫ [3, 4]. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʝʨʪʷʤ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʚ ʩʤʫʟʽ ʝʢʩʪʨʫʜʦʚʘʥʦʛʦ ʩʧʣʘʚʫ 

Al 94Fe2.5Cr2.5Ti1 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʚʦʣʦʢʥʠʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʟʤʽʮʥʶʶʯʽ ʯʘʩʪʢʠ ʨʦʟʤʽʱʫʶʪʴʩʷ 

ʤʽʞ ʚʦʣʦʢʥʘʤʠ ʤʘʪʨʠʮʽ, ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʝʢʩʪʨʫʟʽʾ. ʉʪʨʫʢʪʫʨʘ ʩʤʫʛʠ ʷʚʣʷʻ ʩʦʙʦʶ 

ʤʘʪʨʠʮʶ ʘʣʶʤʽʥʽʶ, ʟʤʽʮʥʝʥʫ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤʠ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʤʠ ʯʘʩʪʢʘʤʠ, ʧʨʠ 

ʮʴʦʤʫ ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʤʽʮʥʶʶʯʠʭ ʯʘʩʪʦʢ ʜʦʨʽʚʥʶʻ 200 - 400 ʥʤ, ʘ 

ʨʦʟʤʽʨ ʟʝʨʥʘ ʘʣʶʤʽʥʽʻʚʦ ʾʤʘʪʨʠʮʽ: 300 - 400 ʥʤ.  

ʗʢ ʩʚʽʜʯʘʪʴ ʨʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʪʝʨʪʷ ʟ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ, ʚ ʟʦʥʽ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʚʜʘʻʪʴʩʷ ʟʙʝʨʝʛʪʠ ʤʝʪʘʩʪʘʙʽʣʴʥʽ 

ʥʘʥʦʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʽ ʟʤʽʮʥʶʶʯʽ ʯʘʩʪʢʠ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʽ ʧʨʠ ʇɭʄ 

ʜʦʩʣʽʜʞʝʥʥʽ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ ʤʝʪʦʜʦʤ ʉɽʄ, ʧʦʢʘʟʫʻ ʦʩʦʙʣʠʚʠʡ ʭʘʨʘʢʪʝʨ 

ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ, ʱʦ ʬʦʨʤʫʻʪʴʩʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʨʪʷ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. ɺ ʮʴʦʤʫ 
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ʚʠʧʘʜʢʫ ʤʘʻ ʤʽʩʮʝ ʧʝʨʝʦʨʽʻʥʪʫʚʘʥʥʷ ʥʘʧʨʷʤʢʫ ʚʦʣʦʢʦʥ ʩʤʫʛʠ - ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ʚʦʥʠ 

ʥʘʧʨʘʚʣʝʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʫʷʚʥʦʾ ʣʽʥʽʾ ʟôʻʜʥʘʥʥʷ. ɺ ʮʽʣʦʤʫ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ 

ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ ʥʽʞ ʫ ʩʤʫʟʽ ʩʤʫʛʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʪʝʨʪʷ 

ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʥʝ ʪʽʣʴʢʠ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʚ ʟʦʥʽ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ 

ʢʦʥʪʘʢʪʫ ʽʥʩʪʨʫʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʚʘʨʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʽ ʫ 

ʧʨʠʣʝʛʣʠʭ ʜʦ ʰʚʫ ʰʘʨʘʭ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʩʤʫʛ ʩʧʣʘʚʫ Al94 Fe2.5Cr2.5Ti1 ʪʘ ʾʭ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1, 2. 

ʊʘʙʣʠʮʷ 1 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʤʫʛ ʩʧʣʘʚʫ Al94 Fe2.5Cr2.5Ti1 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʧʨʦʙʫʚʘʥʥʷ, Áʉ 

20 300 

0,2, MPa ʚ, MPa , % 0,2, MPa ʚ, MPa , % 

430,5 524,5 5,55 263 282 4,78 

ʊʘʙʣʠʮʷ 2 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʦʪʨʠʤʘʥʦʛʦ ʤʝʪʦʜʦʤ ʪʝʨʪʷ ʟ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʚʠʧʨʦʙʫʚʘʥʥʷ, Áʉ 

20 300 

0,2, MPa ʚ, MPa , % 0,2, MPa ʚ, MPa , % 

ï 370 1,6 ï 167 0,6 

 

1. ʇʦʢʘʟʘʥʦ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʽʚ ʟʚʘʨʶʚʘʥʥʷ ʧʣʘʚʣʝʥʥʷʤ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ 

ʥʝʨʦʟôʻʤʥʠʭ ʟôʻʜʥʘʥʴ ʫ ʪʚʝʨʜʽʡ ʬʘʟʽ ʪʝʨʪʷʤ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʟʽ ʩʧʣʘʚʽʚ ʘʣʶʤʽʥʽʶ, ʷʢʽ ʟʤʽʮʥʝʥʽ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ 

ʤʝʪʘʩʪʘʙʽʣʴʥʠʤʠ ʢʚʘʟʽʢʨʠʩʪʘʣʘʤʠ, ʦʩʢʽʣʴʢʠ ʜʦʟʚʦʣʷʻ ʟʙʝʨʝʛʪʠ ʫ ʰʚʽ ʢʚʘʟʽʢʨʠʩʪʘʣʽʯʥʫ 

ʩʪʨʫʢʪʫʨʫ ʟʤʽʮʥʶʶʯʠʭ ʯʘʩʪʦʢ. 

2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʙʽʣʴʰ ʨʽʚʥʦʤʽʨʥʘ ʩʪʨʫʢʪʫʨʘ, ʥʽʞ ʚ 

ʦʩʥʦʚʥʦʤʫ ʤʘʪʝʨʽʘʣʽ. ʊʘʢ, ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʤʘʻ ʚʦʣʦʢʥʠʩʪʠʡ ʭʘʨʘʢʪʝʨ ï 

ʯʘʩʪʢʠ ʧʨʠ ʝʢʩʪʨʫʟʽʾ ʧʝʨʝʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʚʠʪʷʛʫʚʘʥʥʶ ʢʦʞʥʦʾ ʧʦʨʦʰʠʥʢʠ 

ʚʟʜʦʚʞ ʥʘʧʨʷʤʢʫ ʝʢʩʪʨʫʟʽʾ ʽ ʤʘʶʪʴ ʚʠʛʣʷʜ ʚʠʜʦʚʞʝʥʠʭ ʩʤʫʛ, ʚ ʧʝʨʝʭʽʜʥʽʡ ʟʦʥʽ ʚʦʥʠ 

ʥʘʧʨʘʚʣʝʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʫʷʚʥʦʾ ʣʽʥʽʾ ʟôʻʜʥʘʥʥʷ, ʘ ʚ ʟʦʥʽ ʰʚʘ ʤʘʻ ʤʽʩʮʝ ʨʽʚʥʦʤʽʨʥʘ ʩʫʤʽʰ 

ʟʝʨʝʥ ʤʘʪʨʠʮʽ ʪʘ ʟʤʽʮʥʶʶʯʠʭ ʯʘʩʪʦʢ.  

3. ɺʠʟʥʘʯʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ, ʦʪʨʠʤʘʥʦʛʦ ʪʝʨʪʷʤ ʟ ʧʝʨʝʤʽʰʫʚʘʥʥʷʤ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʩʪʘʥʦʚʠʪʴ 370 ʄʇʘ ʧʨʠ ʚʽʜʥʦʩʥʦʤʫ ʧʦʜʦʚʞʝʥʥʽ 1,6%. ʇʨʠ 

300
0
ʉ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʜʦʩʷʛʘʻ 170ʄʇʘ. ʄʽʢʨʦʪʚʝʨʜʽʩʪʴ ʚ ʟʦʥʽ ʰʚʘ ʪʘ 

ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʩʤʫʛʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʽ ʩʪʘʥʦʚʣʷʪʴ 1800ʄʇʘ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʋʉʊʆʁʏʀɺʆʉʊʀ ʉʀʉʊɽʄʓ ʀʄʇʋʃʔʉʅʆʁ ʇʆɼɸʏʀ 

ʕʃɽʂʊʈʆɼʅʆʁ ʇʈʆɺʆʃʆʂʀ ʇʈʀ ʀɿʄɽʅɽʅʀʀ ɽɪ ʇɸʈɸʄɽʊʈʆɺ 

ʋʯʠʪʳʚʘʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʫʛʦʚʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʚʘʨʢʠ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʵʪʦʪ ʜʫʛʦʚʦʡ ʩʧʦʩʦʙ ʩʚʘʨʢʠ ʩʦʭʨʘʥʠʪ ʪʝʥʜʝʥʮʠʠ ʚ ʧʨʠʤʝʥʝʥʠʠ. [1] ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʠ ʧʣʘʚʷʱʠʤʩʷ ʣɻʝʢʪʨʦʜʦʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʩʚʘʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʈʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʘʣʛʦʨʠʪʤʦʚ 

ʚ ʩʚʘʨʦʯʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʩʚʘʨʥʳʭ ʰʚʦʚ ʠ ʥʘʧʣʘʚʣʝʥʥr ʭ 

ʚʘʣʠʢʦʚ ʟʘ ʩʯʝʪ ʫʧʨʘʚʣʝʥʠʷ ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʧʫʣʴʩʥʳʭ 

ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʧʠʪʘʥʠʷ ʜʫʛʠ ʠ 

ʩʠʩʪʝʤ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʩʪʨʦʡʩʪʚ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ.  

ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʘʢ ʨʘʟʦʤʢʥʫʪʳʤʠ, ʪʘʢ ʠ ʟʘʤʢʥʫʪʳʤʠ ʩʠʩʪʝʤʘʤʠ. ɺ ʢʣʘʩʩʝ ʟʘʤʢʥʫʪʳʭ 

ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝʣʠʥʝʡʥʳʝ 

ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʘʣʠʟʘʮʠʶ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʚʘʨʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʚ 

ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1 ï ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ɤ ï ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʧʦʜʘʯʠ, ɡ ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ, ɯ ï ʩʚʘʨʦʯʥʳʡ ʪʦʢ) 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʚ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʤ 

ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʟʘʜʘʥʥʫʶ ʯʘʩʪʦʪʫ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ 

ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʩʠʩʪʝʤʳ. ɺ ʢʘʯʝʩʪʚʝ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʠʩʪʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʝʣʝʡʥʳʡ ʵʣʝʤʝʥʪ ʩ 

ʛʠʩʪʝʨʝʟʠʩʦʤ. ʇʦʜʘʯʘ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʚ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʝʥʪʠʣʴʥʳʤ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ [2]. 

ʉ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʥʘʣʠʯʠʝ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʚ 

ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʧʨʦʠʩʭʦʜʠʪ 

ʮʠʢʣʠʯʝʩʢʘʷ (ʠʤʧʫʣʴʩʥʘʷ) ʧʦʜʘʯʘ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʩ ʧʦʜʘʯʝʡ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ ʚ 

ʧʨʝʜʝʣʘʭ Lʠʤʧ å 0,002 ʪ. ʇʦʣʫʯʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʟʘ ʠʤʧʫʣʴʩ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ (ʨʠʩ. 2). 

ɼʚʠʛʘʪʝʣʴ ɼʫʛʦʚʦʡ ʧʨʦʮʝʩʩ 
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ʈʠʩ. 2 ï ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ,L mʧʨʠ 

ʟʘʜʘʥʠʠ ʪʦʢʘ 0ɯʟ  

ʄʝʪʦʜʦʤ ʃ.ʉ. ɻʦʣʴʜʬʘʨʙʘ [3, 4] ʧʨʠ ʣʠʥʝʘʨʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʘʤʧʣʠʪʫʜʘ ʠ ʯʘʩʪʦʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʜʣʷ ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ. 

ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ, ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʘʚʪʦʢʦʣʝʙʘʥʠʡ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʨʠ 

ʣʠʥʝʘʨʠʟʘʮʠʠ, ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 5% 

ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ ʧʝʨʝʢʣʶʯʝʥʠʷ 

ʨʝʣʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ ʨʘʚʥʘ ʥʫʣʶ), ʩ ʫʯʝʪʦʤ ʚʝʣʠʯʠʥʳ ʟʘʜʘʥʠʷ ɯʟ Í 0 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʦʢʫ 

ʟʘʜʘʥʠʷ ʨʘʚʥʦʤʫ 125 ɸ, ʯʘʩʪʦʪʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 
509 /w rad sek. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ, ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ 

ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʣʠʥʝʘʨʠʟʘʮʠʠ, ʩʦʩʪʘʚʣʷʝʪ 14,4%. ɸʤʧʣʠʪʫʜʘ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʢʦʨʦʩʪʠ 

ʠʤʧʫʣʴʩʥʦʡ ʧʦʜʘʯʠ ʚʝʥʪʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʠ ʪʦʢʘ ʩʚʘʨʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ. ɺʝʣʠʯʠʥʘ ʧʦʜʘʯʠ ʧʨʦʚʦʣʦʢʠ ʟʘ ʦʜʠʥ ʠʤʧʫʣʴʩ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʣʘʩʴ 

ʜʦ ʟʥʘʯʝʥʠʷ Lʠʤʧ å 0,003 ʪ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʩʚʘʨʢʠ ʧʦʢʘʟʘʣ ʫʩʪʦʡʯʠʚʦʩʪʴ ʝʸ ʨʘʙʦʪʳ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 

ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʣʠʥʝʘʨʠʟʘʮʠʠ ʟʥʘʯʝʥʠʷ 

ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʥʝʣʠʥʝʡʥʦʛʦ ʵʣʝʤʝʥʪʘ 

ʧʝʨʝʢʣʶʯʝʥʠʷ ʪʠʧʘ ʛʠʩʪʝʨʝʟʠʩ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ ʩ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʦʡ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʧʨʠ ʝʸ ʤʦʜʝʣʠʨʦʚʘʥʠʠ. ɿʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥr ʭ ʧʘʨʘʤʝʪʨʦʚ 

ʘʚʪʦʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʧʘʨʘʤʝʪʨʳ ʥʝʣʠʥʝʡʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʚʘʨʦʯʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʜʦʟʠʨʦʚʘʥʥʦʡ 

ʧʦʜʘʯʝʡ ʵʣʝʢʪʨʦʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 
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ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʠʥʳ, novykov76@ukr.net 

ʍʘʣʠʤʦʚʩʢʠʡ ɸ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀ ʠʤ. ʀ.ʉʠʢʦʨʩʢʦʛʦè 

ɺʃʀʗʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ʂʆʃɽɹɸʅʀʁ ʉɺɸʈʆʏʅʆʁ ɺɸʅʅʓ ʅɸ ʏɸʉʊʆʊʋ 

ʇɽʈɽʅʆʉɸ ʕʃɽʂʊʈʆɼʅʆɻʆ ʄɽʊɸʃʃɸ 

ʇʦʠʩʢ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʥʘʧʣʘʚʣʝʥʥʳʭ ʩʣʦʸʚ ʤʝʪʘʣʣʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʜʫʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʫʧʨʦʯʥʷʶʱʠʭ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʟʳʩʢʘʥʠʝ ʥʦʚʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʟʘʜʘʯ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʩʸ 

ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʠʤʧʫʣʴʩʥʳʝ ʠ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʨʝʜʠ ʥʠʭ - ʩʠʩʪʝʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʧʨʘʚʣʷʝʤʳʝ 

ʢʦʣʝʙʘʥʠʷ ʚʘʥʥʳ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʜʫʛʦʡ ʤʝʪʘʣʣʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʧʦʧʝʨʸʢ ʦʩʠ 

ʥʘʧʣʘʚʢʠ ʯʘʩʪʦʪʦʡ ʜʦ 5 ɻʮ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʢʘʢ ʟʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʘʢ ʠ ʟʘ ʪʝʧʣʦ-ʤʘʩʩʦ ʧʝʨʝʥʦʩʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ. ʈʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʘ ʥʘʧʣʘʚʢʠ ʙʝʟ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʠ 

ʧʨʠ ʝʸ ʢʦʣʝʙʘʥʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʥʘʧʣʘʚʢʠ (1 ï ʙʝʟ ʢʦʣʝʙʘʥʠʡ, 2 ï ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ) 

ʋʧʨʘʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷʤʠ ʠʟʜʝʣʠʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʚʝʜʸʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʘ ʩ ʢʦʨʦʪʢʠʤʠ ʟʘʤʳʢʘʥʠʷʤʠ ʜʫʛʦʚʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʩʣʦʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʘʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʩʧʣʦʰʥʳʭ 

ʵʣʝʢʪʨʦʜʥʳʭ ʧʨʦʚʦʣʦʢ ʚ ʩʨʝʜʝ ʉʆ2 ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʤʝʭʘʥʠʟʤʦʤ 

ʢʦʣʝʙʘʥʠʡ ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʨʝʞʠʤʝ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʦʩʮʠʣʣʦʛʨʘʤʤ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʥʘʧʣʘʚʢʠ (Iʅ =125 ɸ; Vʅ =14 ʤ/ʯ; Uʜ =24õ26 ɺ) 

ʯʘʩʪʦʪʘ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʙʳʣʘ ʧʨʠʤʝʨʥʦ 28 ɻʮ ʙʝʟ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ.  

ʅʘ ʨʠʩ. 2, ʨʠʩ. 3, ʨʠʩ. 4 ʠ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ ʜʫʛʦʚʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʘʧʣʘʚʢʝ. 

ʆʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʯʘʩʪʦʪʝ 3 ɻʮ ʠ ʘʤʧʣʠʪʫʜʘʭ 3 ʤʤ ʠ 7 ʤʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ 

ʧʝʨʝʥʦʩʘ ʩʥʠʞʘʣʦʩʴ ʜʦ 18 ɻʮ (ʨʠʩ. 2, 3).  
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ʈʠʩ. 2. ï ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ (ʢʨʘʩʥʳʡ) ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ʩʠʥʠʡ) ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʩ ʯʘʩʪʦʪʦʡ 

3 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 3 ʤʤ 

ʈʠʩ. 3. ï ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ (ʢʨʘʩʥʳʡ) ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ʩʠʥʠʡ) ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʩ ʯʘʩʪʦʪʦʡ 

3 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 7 ʤʤ 

ʇʨʠ ʯʘʩʪʦʪʝ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ 4,5 ɻʮ ʠ ʘʤʧʣʠʪʫʜʝ 3 ʤʤ ʟʥʘʯʝʥʠʝ ʯʘʩʪʦʪʳ ʩʥʠʟʠʣʦʩʴ 

ʜʦ 12,5 ɻʮ (ʨʠʩ. 4), ʘ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 7 ʤʤ ʠ ʵʪʦʡ ʞʝ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ï ʜʦ 8 ɻʮ (ʨʠʩ. 5). 

  

ʈʠʩ. 4. ï ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ (ʢʨʘʩʥʳʡ) ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ʩʠʥʠʡ) ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʩ ʯʘʩʪʦʪʦʡ 

4,5 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 3 ʤʤ 

ʈʠʩ. 5. ï ʆʩʮʠʣʣʦʛʨʘʤʤʘ ʪʦʢʘ (ʢʨʘʩʥʳʡ) ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ʩʠʥʠʡ) ʧʨʠ ʥʘʧʣʘʚʢʝ ʧʨʠ 

ʢʦʣʝʙʘʥʠʷʭ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʩ ʯʘʩʪʦʪʦʡ 

4,5 ɻʮ ʠ ʘʤʧʣʠʪʫʜʦʡ 7 ʤʤ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʯʘʩʪʦʪʘ ʧʝʨʝʥʦʩʘ 

ʢʘʧʝʣʴ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ ʚ ʦʩʥʦʚʥʦʡ ʤʝʪʘʣʣ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ ʠ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ 

ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ. ɺʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʥʘ ʯʘʩʪʦʪʫ ʧʝʨʝʥʦʩʘ 
ʢʘʧʣʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʚʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʥʘ ʯʘʩʪʦʪʫ ʧʝʨʝʥʦʩʘ ʢʘʧʣʠ ʚʦʟʨʘʩʪʘʝʪ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʪʝʧʝʥʴ ʨʘʟʙʨʳʟʛʠʚʘʥʠʷ ʵʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ 

ʧʨʠ ʯʘʩʪʦʪʝ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ 3 ɻʮ ʠ ʘʤʧʣʠʪʫʜʝ 7 ʤʤ, ʘ ʥʘʠʙʦʣʴʰʝʡ ï ʧʨʠ 3 ɻʮ 

ʠ 3 ʤʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʜʢʦʡ ʧʝʨʝʤʳʯʢʠ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʥʝʰʥʠʭ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʡ ʚʘʥʥʳ ʚ 1,8 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʥʘʧʣʘʚʢʝ 

ʙʝʟ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ɻʨʝʯʢʘ ɺ.ʄ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, sv.oleks@ukr.net 

ʇʈʆɽʂʊʋɺɸʅʅʗ, ɺʀʈʆɹʅʀʎʊɺʆ ʊɸ ʄʆʅʊɸɾ ɹʋʅʂɽʈɸ ɿ ʇʃʆʉʂʀʄʀ 

ʉʊɯʅʂɸʄʀ 

ɹʫʥʢʝʨʠ ʟ ʧʣʦʩʢʠʤʠ ʩʪʽʥʢʘʤʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʽ ʟʘʚʘʥʪʘʞʝʥʥʷ ʩʠʧʫʯʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ɭʤʥʽʩʪʴ ʙʫʥʢʝʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʫʤʦʚʘʤʠ. ɹʫʥʢʝʨʠ 

ʧʨʦʝʢʪʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʦʢʨʝʤʦʾ ʩʧʦʨʫʜʠ ʯʠ ʚʙʫʜʦʚʘʥʠʤʠ ʚ ʧʨʦʤʠʩʣʦʚʫ ʩʧʦʨʫʜʫ [1-3]. 

ʊʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʙʫʥʢʝʨʘ ʟ ʧʣʦʩʢʠʤʠ ʩʪʽʥʢʘʤʠ ʥʘ ʦʙôʻʢʪʽ 

ñɿʝʨʥʦʩʫʰʠʣʴʥʠʡ ʢʦʤʧʣʝʢʩò ʚ ʩʤʪ. ʄʘʣʘ ɼʽʚʠʮʷ  ʇʨʠʣʫʮʴʢʦʛʦ ʨʘʡʦʥʫ ʏʝʨʥʽʛʽʚʩʴʢʦʾ 

ʦʙʣʘʩʪʽ: ʚʠʩʦʪʘ ʧʨʠʟʤʘʪʠʯʥʦʾ ʯʘʩʪʠʥʠ ï 2,75 ʤ, ʜʦʚʞʠʥʘ ï 12 ʤ, ʰʠʨʠʥʘ ï 4,5 ʤ, ʚʠʩʦʪʘ 

ʚʦʨʦʥʢʠ ï 2,4 ʤ, ʚʠʧʫʩʢʥʠʡ ʦʪʚʽʨ ï 0,3Ĭ0,3 ʤ, ʚʠʩʦʪʘ ʫʩʽʯʝʥʦʛʦ ʧʽʨʘʤʽʜʘʣʴʥʦʛʦ ʜʘʭʫ 1,1 ʤ, 

ʻʤʥʽʩʪʴ ï 180 ʤ
3
; ʤʘʨʢʘ ʩʪʘʣʽ ï ɺʉʪ3ʩʧ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ [1] ʙʫʥʢʝʨʠ ʟ ʧʣʦʩʢʠʤʠ ʩʪʽʥʢʘʤʠ ʨʦʟʨʘʭʦʚʫʶʪʴ ʥʘ ʜʽʶ ʥʘʚʘʥʪʘʞʝʥʴ: ʚʽʜ 

ʚʘʛʠ ʢʦʥʩʪʨʫʢʮʽʾ ï 1-1,2 ʢʅ/ʤ
2
, ʩʥʽʛʦʚʦʛʦ ʪʘ ʚʽʪʨʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʴ, ʪʠʤʯʘʩʦʚʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʥʘ ʧʝʨʝʢʨʠʪʪʷ ʜʦ 4 ʢʅ/ʤ
2
, ʘ ʪʘʢʦʞ ʪʠʩʢʫ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɺʣʘʩʥʫ ʚʘʛʫ 

ʙʫʥʢʝʨʘ ʧʨʠʡʤʘʶʪʴ ʥʘ ʦʩʥʦʚʽ ʜʦʩʚʽʜʫ ʧʨʦʝʢʪʫʚʘʥʥʷ 100-120 ʢʛ ʩʪʘʣʽ ʥʘ 1 ʤ
3
 ʻʤʥʦʩʪʽ 

ʙʫʥʢʝʨʘ, ʪʘʢʦʞ ʟʘʜʘʶʯʠʩʴ ʪʦʚʱʠʥʦʶ ʩʪʽʥʢʠ ʦʙʰʠʚʢʠ 8 ʤʤ [3]. ʊʘʢʽ ʨʽʰʝʥʥʷ, ʚʦʯʝʚʠʜʴ, ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʩʫʪʪʻʚʦ ʝʢʦʥʦʤʠʪʠ ʤʘʪʝʨʽʘʣ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʙʫʥʢʝʨʘ ʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʘʜʤʽʨʥʠʭ ʬʽʥʘʥʩʦʚʠʭ ʚʪʨʘʪ.  

ʈʦʟʨʘʭʫʥʦʢ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʥʢʝʨʘ ʟʘ ʚʠʢʣʘʜʝʥʠʤʠ ʚ [1-3] ʤʝʪʦʜʠʢʘʤʠ, ʧʨʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʪʘ ʨʦʟʤʽʨʽʚ ʩʢʣʘʜʦʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʡʦʛʦ ʤʘʩʘ ʩʢʣʘʜʘʻ 

ʟʥʘʯʝʥʥʷ ʧʦʨʷʜʢʫ 18 ʪ. 

ʊʦʤʫ ʧʦʰʫʢ ʥʘʡʢʨʘʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʬʦʨʤ, ʙʽʣʴʰ ʪʦʯʥʠʡ ʦʙʣʽʢ ʭʘʨʘʢʪʝʨʫ ʽ ʟʥʘʯʝʥʴ 

ʜʽʶʯʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʪʦʯʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʨʘʭʫʥʢʫ ʜʦʟʚʦʣʷʪʴ 

ʟʝʢʦʥʦʤʠʪʠ ʤʝʪʘʣ, ʫʩʫʚʘʶʯʠ ʟʘʣʠʰʢʦʚʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʟʤʝʥʰʫʶʯʠ ʤʘʩʫ ʤʝʪʘʣʫ, ʱʦ 

ʩʣʘʙʦ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʨʦʙʦʪʽ. 

ɿ ʤʝʪʦʶ ʟʥʠʞʝʥʥʷ ʤʝʪʘʣʦʻʤʥʦʩʪʽ ʙʫʥʢʝʨʘ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʢʩ Autodesk 

Robot Structural Analysis. ɺ ʭʦʜʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʚʠʟʥʘʯʝʥʦ ʨʦʟʤʽʨʠ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʧʨʦʬʽʣʴʥʠʭ ʪʨʫʙ ʜʣʷ 

ʦʬʦʨʤʣʝʥʥʷ ʦʨʝʙʨʝʥʥʷ ʪʘ ʚʩʪʘʥʦʚʣʝʥʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʙʫʥʢʝʨʘ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʣʠʩʪʘ ʜʣʷ ʦʙʰʠʚʘʥʥʷ ʚʽʜ 4 ʤʤ ʫ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʙʫʥʢʝʨʘ ʜʦ 2 ʤʤ ʫ ʡʦʛʦ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʠʪʦʤʘ ʦʙôʻʤʥʘ ʚʘʛʘ ʩʢʣʘʜʘʻ ʟʥʘʯʝʥʥʷ 72 ʢʛ ʩʪʘʣʽ ʥʘ 1 ʤ
3
 ̒ ʤʥʦʩʪʽ ʙʫʥʢʝʨʘ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʯʘʩʪʠʥʠ ʙʫʥʢʝʨʫ ʽʟ 

ʧʣʦʩʢʠʭ ʩʝʢʮʽʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʣʠʩʪʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʠʚʘʨʝʥʠʭ ʥʘ ʥʠʭ ʨʝʙʝʨ 

ʞʦʨʩʪʢʦʩʪʽ ʽʟ ʧʨʦʬʽʣʴʥʠʭ ʪʨʫʙ. ʈʦʟʤʽʨʠ ʚʽʜʧʨʘʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʨʠʟʥʘʯʝʥʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʛʘʙʘʨʠʪʽʚ ʘʚʪʦʤʦʙʽʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʨʦʟʨʦʙʣʝʥʦʤʫ ʧʨʦʝʢʪʽ ʨʽʰʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʚ ʫʤʦʚʘʭ 

ʤʦʥʪʘʞʫ ʰʚʠʜʢʝ ʩʢʣʘʜʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʢʫʚʘʥʥʷ ʩʝʢʮʽʡ ʧʦ ʨʝʙʨʘʤ ʞʦʨʩʪʢʦʩʪʽ, 

ʚʠʢʦʥʘʥʠʭ ʟ ʧʨʦʬʽʣʴʥʦʾ ʪʨʫʙʠ ʧʨʷʤʦʢʫʪʥʦʛʦ ʧʝʨʝʨʽʟʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʊɸʊʀʏʅʆɰ ʄɯʎʅʆʉʊɯ ɿôɭɼʅɸʅʔ ɯɿ ʉʇʃɸɺʋ ʆʊ4 ɿɸ ʈɯɿʅʆɰ 

ʊɽʍʅʆʃʆɻɯɰ ɿɺɸʈʖɺɸʅʅʗ 

ʊʠʪʘʥ ʪʘ ʡʦʛʦ ʩʧʣʘʚʠ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʫ ʚʠʨʦʙʘʭ ʘʝʨʦʢʦʩʤʽʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʟʘʚʜʷʢʠ ʡʦʛʦ ʦʩʦʙʣʠʚʠʤ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. ʊʝʭʥʦʣʦʛʽʯʥʘ ʟʚʘʨʥʽʩʪʴ ʤʘʪʝ-

ʨʽʘʣʫ ʟʘʪʨʫʜʞʝʥʘ ʯʝʨʝʟ ʡʦʛʦ ʚʠʩʦʢʫ ʘʢʪʠʚʥʽʩʪʴ ʜʦ ʛʘʟʽʚ ʚ ʧʨʦʮʝʩʽ ʪʝʨʤʦʜʝʬʦʨʤʘʮʽʡʥʦʛʦ 

ʦʙʨʦʙʣʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʢʨʠʭʯʝʥʥʷ ʟôʻʜʥʘʥʴ ʧʨʠ ʟʚʘʨʶʚʘʥʥʷ ʘʙʦ ʝʢʩʧʣʫʘʪʘʮʽʾ [1]. 

ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʚʧʣʠʚʫ ʫʩʪʘʥʦʚʯʠʭ ʪʘ ʧʣʠʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʾ ʟʚʘʨʶʚʘʥʥʷ 

ʩʧʣʘʚʫ ʆʊ4 ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ ʧʨʠʡʥʷʪʘ ʩʭʝʤʘ ʬʦʨʩʦʚʘʥʠʭ 

ʚʠʧʨʦʙʦʚʫʚʘʥʴ ʟʨʘʟʢʽʚ ï ʪʝʤʧʣʝʪʽʚ ʟ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʝʜʝʥʠʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʟʘ ʪʨʴʦʭ ʪʦʯ-

ʢʦʚʠʤ ʚʠʛʠʥʦʤ ʟʽ ʰʚʠʜʢʽʩʪʶ ʥʘʚʘʥʪʘʞʝʥʥʷ 1ʤʤ/ʭʚ. ʋ ʚʝʨʭʽʚʮʽ ʰʪʫʯʥʦ ʥʘʚʝʜʝʥʦʾ ʪʨʽʱʠʥʠ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʜʚʦʚʽʩʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ. ʋʧʦʚʽʣʴʥʝʥʝ ʨʫʡʥʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫ-

ʥʦʢ ʧʽʜʨʦʩʪʘʥʥʷ ʪʨʽʱʠʥʠ ʪʘ ʨʫʡʥʘʮʽʾ ʤʝʪʘʣʫ ʟ ʽʤʦʚʽʨʥʠʤ ʫʪʚʦʨʝʥʥʷʤ ʜʨʽʙʥʠʭ ʜʝʬʝʢʪʽʚ. 

ʊʫʪ ʪʨʽʱʠʥʘ ʚʠʢʦʥʫʻ ʨʦʣʴ ʩʪʨʦʛʦʛʦ ʛʦʩʪʨʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʽ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʚʠʟʥʘ-

ʯʘʻʪʴʩʷ, ʟʘ ʨʝʰʪʦʶ ʨʽʚʥʠʭ ʫʤʦʚ, ʣʠʰʝ ʩʪʨʫʢʪʫʨʦʶ ʤʝʪʘʣʫ ʪʘ ʡʤʦʚʽʨʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ ʪʦʚʱʠʥʦʶ 2 ʤʤ ʟ ʥʦʨʤʦʚʘʥʦʶ ʰʠʨʠʥʦʶ ʚʘʣʠʢʘ 2,5
+ 0,5
ʤʤ ʙʫʣʦ 

ʩʪʚʦʨʝʥʦ ʩʪʝʥʜ ʜʣʷ ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʙʘʟʽ ʚʘʢʫʫʤʥʦʾ ʢʘʤʝʨʠ ʪʠʧʫ ɺʂʉ-2. ɿʚʘʨʶʚʘʥʥʷ ʫ 

ʟʘʭʠʩʥʦʤʫ ʛʘʟʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʥʝʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ ʩʭʝʤʘʤʠ: ʘ) ʥʝʧʝ-

ʨʝʨʚʥʝ ʫ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʘʪʤʦʩʬʝʨʽ; ʙ) ʥʝʧʝʨʝʨʚʥʝ ʫ ʣʦʢʘʣʴʥʦʤʫ ʩʪʨʫʤʝʥʝʚʦʤʫ ʟʘʭʠʩʪʽ; ʚ) 

ʽʤʧʫʣʴʩʥʝ ʥʝʧʝʨʝʨʚʥʝ ʫ ʣʦʢʘʣʴʥʦʤʫ ʩʪʨʫʤʝʥʝʚʦʤʫ ʟʘʭʠʩʪʽ (ʢʦʝʬʽʮʽʻʥʪ ʞʦʨʩʪʢʦʩʪʽ 

in ttG /  ʚ ʤʝʞʘʭ 1é3). ɺʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ 18é22 ʣ/ʛʦʜ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʩʫʪʪʻʚʝ ʟʤʝʥʰʝʥʥʷ ʛʘʟʦʥʘʩʠʯʝʥʥʷ ʰʚʽʚ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʽʤʧʫʣʴʩʥʦʤʫ 
ʬʦʨʤʫʚʘʥʥʽ ʰʚʘ, ʟʘʚʜʷʢʠ ʘʢʪʠʚʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʚʘʥʥʠ ʧʨʠ ʟʥʘʯʥʠʭ ʬʨʦʥʪʘʭ 

ʥʘʨʦʩʪʘʥʥʷ ʩʪʨʫʤʫ ʽʤʧʫʣʴʩʫ ʪʘ ʨʝʛʫʣʶʚʘʥʥʽ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ. ɾʦʨʩʪʢʽʩʪʴ ʨʝʞʠʤʫ G
ʪʘʢʦʞ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʰʚʘ: ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʯʘʩʫ 

ʧʘʫʟʠ 
nt  ʟʙʽʣʴʰʫʻʪʴʩʷ ʰʠʨʠʥʘ ʰʚʘ ʟ ʦʜʥʦʯʘʩʥʠʤ ʧʦʛʽʨʰʝʥʥʷʤ ʡʦʛʦ ʛʣʘʜʢʦʩʪʽ. 

ɽʢʩʧʣʫʘʪʘʮʽʡʥʦ ʧʨʠʡʥʷʪʥʠʤʠ ʚʠʟʥʘʥʽ ʰʚʠ ʚʠʢʦʥʘʥʽ ʧʨʠ ʧʦʢʘʟʥʠʢʘʭ ʞʦʨʩʪʢʦʩʪʽ ʥʝ ʚʠʱʝ 

1é2; ʧʨʠ G > 2 ʪʘ ʥʝʟʤʽʥʥʦʩʪʽ ʯʘʩʫ ʧʘʫʟʠ ʟʘʜʘʥʘ ʛʣʠʙʠʥʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʚʠʤʘʛʘʻ ʟʥʘʯʥʠʭ 
ʽʤʧʫʣʴʩʽʚ ʩʪʨʫʤʫ (180ɸ) ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʧʦʛʦʥʥʦʾ ʝʥʝʨʛʽʾ ʟʚʘʨʶʚʘʥʥʷ ʥʘ 15é20%. ʇʨʠ 
ʟʨʦʩʪʘʥʥʽ ʯʘʩʫ ʧʘʫʟʠ ʚʽʜ 0,2ʩ ʜʦ 0,36ʩ ʪʘ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʯʘʩʫ ʽʤʧʫʣʴʩʫ ʚʽʜ 0,2ʩ ʜʦ 
0,12ʩ ʚʽʜʤʽʯʝʥʝ ʟʥʘʯʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ (ʥʘ 40%) ʰʚʘ. ʆʩʪʘʥʥʻ ʧʦʷʩʥʶʻʪʴʩʷ 
ʦʜʥʦʯʘʩʥʦʶ ʟʤʽʥʦʶ ʪʝʨʤʽʯʥʦʛʦ ʮʠʢʣʫ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʤ ʚʧʣʠʚʦʤ 
ʤʦʜʫʣʴʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ ʩʪʨʫʤʫ. ʅʘʜʤʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʨʝʞʠʤʫ ʟʥʘʯʥʦ 
ʟʙʽʣʴʰʫʻ ʛʨʫʙʯʘʪʽʩʪʴ ʧʦʚʝʨʭʥʽ ʰʚʘ, ʱʦ ʚʠʤʘʛʘʻ, ʫ ʚʠʧʘʜʢʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʤʦʛ ʜʦ 
ʛʣʘʜʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʜʝʪʘʣʝʡ, ʜʦʜʘʪʢʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 
ɺʠʢʦʥʘʥʦ ʚʠʧʨʦʙʦʚʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʥʘ ʫʧʦʚʽʣʴʥʝʥʝ ʢʨʠʭʢʝ ʨʫʡʥʫʚʘʥʥʷ, ʟʘ ʚʠʱʝ 

ʥʘʚʝʜʝʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʟʚʘʨʶʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʄʝʪʘʣʣʫʨʛʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʩʚʘʨʢʠ ʪʠʪʘʥʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ : [ʤʦʥʦʛʨʘʬʠʷ] / [ʉ.ʄ. ɻʫʨʝʚʠʯ, ɺ.ʅ. 

ɿʘʤʢʦʚ, ʗ.ʖ. ʂʦʤʧʘʥ ʠ ʜʨ.] ; ʧʦʜ ʨʝʜ. ʉ.ʄ. ɻʫʨʝʚʠʯʘ. ʂ. : ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1979. ï 300 ʩ. 
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ʂʫʣʠʢʦʚʩʴʢʠʡ ʈ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʄʦʣʦʯʢʦʚ ɼ.ɭ., ʩʪʫʜʝʥʪ 

ʂʨʘʩʥʦʩʝʣʴʩʴʢʠʡ ʂ.ɺ., ʽʥʞʝʥʝʨ 

ʉʘʚʦʥʦʚ ʖ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çɿʘʧʦʨʽʟʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, r.kulikovski@ukr.net 

ʌʆʈʄʋɺɸʅʅʗ ɿɸɼɸʏ ɼʃʗ ʉʊɺʆʈɽʅʅʗ CAM/CAE ʇɯɼʇʈʆɻʈɸʄ 

ɸɼʀʊʀɺʅʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ ʅɸ ʆʉʅʆɺɯ ɼʋɻʆɺʀʍ ɿɺɸʈʖɺɸʃʔʅʀʍ 

ʇʈʆʎɽʉɯɺ 

ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʦʜʥʦʯʘʩʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʜʚʘ ʝʪʘʧʠ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʨʦʙʽʚ: ʮʠʬʨʦʚʠʡ ʪʘ ʬʽʟʠʯʥʠʡ. 

ʎʠʬʨʦʚʠʡ ʝʪʘʧ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ CAD/CAM/CAE-ʩʠʩʪʝʤ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ 

ʚʠʨʦʙʥʠʢʘʤ ʧʦʣʽʧʰʠʪʠ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ ʧʽʜʚʠʱʠʪʠ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚ. ʅʘʨʘʟʽ, ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʪʝʭʥʦʣʦʛʽʾ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ, ʟ ʨʽʟʥʠʤ ʫʩʧʽʭʦʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʦʧʦʤʽʞʥʽ ʢʦʤʧôʶʪʝʨʥʽ ʧʨʦʛʨʘʤʠ. ɼʣʷ ʜʝʷʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʞʝ ʧʨʘʢʪʠʯʥʦ 

ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʦʚʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʮʠʢʣʫ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʮʠʬʨʽ ʟ 

ʥʘʩʪʫʧʥʦʶ ʬʽʟʠʯʥʦʶ ʨʝʘʣʽʟʘʮʽʻʶ ʧʨʦʮʝʩʫ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʙʝʟ ʫʯʘʩʪʽ ʣʶʜʠʥʠ. 

ʇʨʦʪʝ, ʜʣʷ ʜʝʷʢʠʭ, ʟʦʢʨʝʤʘ ʪʝʭʥʦʣʦʛʽʡ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʘʨʶʚʘʣʴʥʠʭ ʜʫʛʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʜʦʩʽ ʥʝʦʙʭʽʜʥʝ ʧʦʩʪʽʡʥʝ ʚʪʨʫʯʘʥʥʷ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʩʪʘʥʫ 

ʪʘ ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ CAD/CAM/CAE-ʩʠʩʪʝʤ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʮʝʡ ʯʘʩ, ʥʘ ʨʠʥʢʫ 

ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʻ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʧʨʦʝʢʪʫʚʘʪʠ ʟʘʢʽʥʯʝʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʜʣʷ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʜʫʛʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʅʘʡʙʽʣʴʰ ʧʦʪʫʞʥʽ ʧʨʦʛʨʘʤʥʽ ʢʦʤʧʣʝʢʩʠ ʜʦʧʦʤʘʛʘʶʪʴ ʚʠʨʽʰʫʚʘʪʠ 

ʣʠʰʝ ʪʨʘʻʢʪʦʨʥʽ ʟʘʜʘʯʽ ʨʫʭʫ ʽʥʩʪʨʫʤʝʥʪʫ, ʥʘʪʦʤʽʩʪʴ ʽʥʰʽ ʧʠʪʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʧʘʨʘʤʝʪʨʘʤʠ 

ʧʣʘʚʣʝʥʥʷ ʧʨʠʩʘʜʢʦʚʦʛʦ ʤʝʪʘʣʫ, ʬʦʨʤʫʚʘʥʥʷ ʩʪʽʥʢʠ ʚʠʨʦʙʫ ʪʦʱʦ, ʧʦʢʣʘʜʝʥʽ ʥʘ ʦʧʝʨʘʪʦʨʘ 

ʪʘ ʚʠʤʘʛʘʶʪʴ ʡʦʛʦ ʥʘʡʚʠʱʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʜʦʜʘʪʢʦʚʠʭ CAM/CAE 

ʧʽʜʧʨʦʛʨʘʤ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʝʢʪʫʚʘʪʠ ʧʦʚʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʥʘ ʦʩʥʦʚʽ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

ʆʪʨʠʤʘʥʦ ʧʨʘʢʪʠʯʥʠʡ ʜʦʩʚʽʜ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

CAD/CAM/CAE-ʩʠʩʪʝʤ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʦʩʦʙʘʤʠ ʜʫʛʦʚʦʛʦ 

ʟʚʘʨʶʚʘʥʥʷ ʥʘ ʨʦʙʦʪʠʟʦʚʘʥʦʤʫ ʢʦʤʧʣʝʢʩʽ Yaskawa ʚ ʫʤʦʚʘʭ ʧʽʜʧʨʠʻʤʩʪʚʘ ʊʆɺ çʊʨʽʘʜʘ 

ʃʊɼ ʂʦè. 

 
ʈʠʩ. 1  ɺʠʨʦʙʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʘʜʠʪʠʚʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʩʧʦʩʦʙʘʤʠ CMT ʪʘ 

MIG ʟʚʘʨʶʚʘʥʥʷ 

ɺʠʷʚʣʝʥʦ ʨʷʜ ʥʝʜʦʣʽʢʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ: 

mailto:r.kulikovski@ukr.net
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- ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʦʧʝʨʘʪʦʨ ʨʦʙʦʪʠʟʦʚʘʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʦʚʠʥʝʥ ʧʦʩʪʽʡʥʦ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʟʘ ʧʨʦʮʝʩʦʤ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʢʨʠʪʠʯʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ, ʘʙʦ 

ʩʚʽʜʦʤʦ ʧʨʦʛʨʘʤʫʚʘʪʠ ʚʝʣʠʢʠʡ ʯʘʩ ʦʯʽʢʫʚʘʥʥʷ ʥʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʽʩʣʷ ʢʦʞʥʦʛʦ ʰʘʨʫ; 

- ʚ ʥʘʧʣʘʚʣʝʥʦʤʫ ʤʝʪʘʣʽ ʤʦʞʣʠʚʘ ʧʦʷʚʘ ʧʦʨ ʪʘ ʰʣʘʢʦʚʠʭ ʚʢʣʶʯʝʥʴ; 

- ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʫʯʥʦʛʦ 

ʢʦʨʝʛʫʚʘʥʥʷ ʨʝʞʠʤʽʚ ʥʘʧʣʘʚʣʝʥʥʷ; 

- ʥʝ ʟʘʚʞʜʠ ʚʜʘʻʪʴʩʷ ʚʠʪʨʠʤʫʚʘʪʠ ʨʽʚʥʦʤʽʨʥʝ ʟ ʟʘʧʣʘʥʦʚʘʥʠʤ ʧʨʠʧʫʩʢʦʤ ʬʦʨʤʫʚʘʥʥʷ 

ʨʝʣʴʻʬʫ ʩʪʽʥʦʢ ʚʠʨʦʙʫ; 

- ʛʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʚʠʨʦʙʫ ʜʦ ʤʝʭʘʥʦʦʙʨʦʙʢʠ ʧʦʪʨʝʙʫʶʪʴ ʟʥʘʯʥʠʭ ʜʦʧʫʩʢʽʚ; 

- ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʚʘʣʽʬʽʢʘʮʽʾ ʦʧʝʨʘʪʦʨʘ ʪʘ ʡʦʛʦ 

ʦʧʝʨʘʪʠʚʥʠʭ ʜʽʡ ʧʽʜ ʯʘʩ ʬʽʟʠʯʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʾ ʷʢʦʩʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʠʨʦʙʽʚ ʟʘ ʜʘʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʪʘ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʜʦʟʚʦʣʠʪʴ 

ʽʩʪʦʪʥʦ ʧʦʣʽʧʰʠʪʠ ʪʘ ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʧʽʜʛʦʪʦʚʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʜʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ, ʩʣʽʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʝ: 

- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ ʚʘʣʠʢʽʚ ʪʘ ʧʨʦʧʣʘʚʣʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ 

ʩʬʦʨʤʦʚʘʥʠʭ ʰʘʨʽʚ ʚʠʨʦʙʫ; 

- ʚʧʣʠʚ ʩʪʨʘʪʝʛʽʾ ʪʘ ʧʦʨʷʜʢʫ ʥʘʢʣʘʜʝʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʥʘ ʷʢʽʩʪʴ ʾʭ ʬʦʨʤʫʚʘʥʥʷ; 

- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʟʤʠ ʟʚʘʨʶʚʘʣʴʥʦʾ ʜʫʛʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ 

ʩʢʣʘʜʫ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʪʘ ʩʫʤʽʰʝʡ; 

- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʪʘ ʭʘʨʘʢʪʝʨʫ ʧʝʨʝʥʦʩʫ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʘʭʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʟʘʩʪʦʩʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ, ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ, 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʠʩʘʜʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʽʞʰʘʨʦʚʠʭ ʜʝʬʝʢʪʥʠʭ ʟʦʥ ʚʠʨʦʙʫ ʪʘ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ ʾʭ 

ʚʠʥʠʢʥʝʥʥʷ; 

- ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʤʝʪʘʣʫ ʦʪʨʠʤʘʥʦʛʦ ʘʜʠʪʠʚʥʠʤ ʧʦʰʘʨʦʚʠʤ ʬʦʨʤʫʚʘʥʥʷʤ; 

- ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʣʴʻʬʫ ʩʪʽʥʢʠ ʚʠʨʦʙʫ; 

- ʨʦʟʤʽʨʠ ʟʘʣʠʰʢʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʧʦʚʠʥʥʽ ʩʪʘʪʠ 

ʙʘʟʦʶ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ: 

- ʨʦʟʨʘʭʫʥʦʢ ʨʦʟʤʽʨʽʚ ʷʢ ʦʢʨʝʤʦʛʦ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʪʘʢ ʡ ʚʩʴʦʛʦ ʚʠʨʦʙʫ ʧʨʠ ʧʝʚʥʠʭ 

ʧʘʨʘʤʝʪʨʘʭ ʨʝʞʠʤʫ, ʩʢʣʘʜʫ ʟʘʭʠʩʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ, ʤʘʪʝʨʽʘʣʫ 

ʪʘ ʨʦʟʤʽʨʫ ʧʨʠʩʘʜʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʧʦʙʫʜʦʚʘ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ ʧʨʦʮʝʩʫ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʞʠʤʫ ʥʘʧʣʘʚʣʝʥʥʷ, ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʥʦʾ ʩʪʨʘʪʝʛʽʾ ʥʘʥʝʩʝʥʥʷ ʰʘʨʽʚ ʪʘ ʟʦʚʥʽʰʥʽʭ 

ʬʘʢʪʦʨʽʚ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʠʡ ʯʘʩ ʪʘ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ; 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʪʚʦʨʶʚʘʥʠʭ ʚʠʨʦʙʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʦʙʨʘʥʦʾ ʩʪʨʘʪʝʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʥʘʥʝʩʝʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʪʘ ʧʘʨʘʤʝʪʨʽʚ 

ʨʝʞʠʤʫ ʥʘʧʣʘʚʣʝʥʥʷ; 

- ʚʠʟʥʘʯʝʥʥʷ ʛʦʣʦʚʥʠʭ ʫʤʦʚ ʬʦʨʤʫʚʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ; 

- ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʥʘʥʝʩʝʥʥʷ ʥʘʧʣʘʚʣʝʥʠʭ ʰʘʨʽʚ ʟʘ ʾʭ 

ʟʘʜʘʥʠʤʠ ʨʦʟʤʽʨʘʤʠ; 

- ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʘʣʫ ʚʠʨʦʙʫ; 

- ʤʦʜʝʣʽ ʪʘ ʘʣʛʦʨʠʪʤʠ ʧʦʙʫʜʦʚʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʘʜʠʪʠʚʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʚʠʨʦʙʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʪʝʦʨʝʪʠʯʥʠʭ ʨʦʟʨʦʙʦʢ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʤʘʪʝʤʘʪʠʯʥʝ, ʘʣʛʦʨʠʪʤʽʯʥʝ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ 

ʘʜʠʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʩʪʚʦʨʝʥʥʷ ʚʠʨʦʙʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʩʧʦʩʦʙʘʤʠ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. 
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ʏʠʛʘʨʴʦʚ ɺ.ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɼʝʨʞʘʚʥʠʡ ʚʠʱʠʡ ʥʘʚʯʘʣʴʥʠʡ ʟʘʢʣʘʜ çʇʨʠʘʟʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè 

ɻʦʣʫʙ ɼ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ, goldenmih@ukr.net 

ʇɽʈʉʇɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ɺʀɻʆʊʆɺʃɽʅʅʗ ʇʆʈʆʐʂʆɺʀʍ 

ɼʈʆʊɯɺ 

ɺʽʜʦʤʦ, ʱʦ ʥʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʩʫʪʪʻʚʠʡ ʚʧʣʠʚ ʥʘʜʘʶʪʴ 

ʨʝʞʠʤ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʜʨʦʪʫ. ʆʜʥʠʤ ʟ ʚʘʨʽʘʥʪʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʧʣʘʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ ʻ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʧʦʩʦʙʫ ʡʦʛʦ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʦʚʦʛʦ 

ʽʥʩʪʨʫʤʝʥʪʫ [1-3]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʩʧʦʩʽʙ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʜʨʦʪʫ (ʨʠʩ. 1), ʱʦ 

ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʟ ʨʦʟʤʦʪʯʠʢʘ 1 ʤʝʪʘʣʝʚʘ ʩʪʨʽʯʢʘ 2 ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʨʷʤʥʠʭ ʨʦʣʠʢʽʚ 

3 ʧʦʜʘʻʪʴʩʷ ʫ ʬʦʨʤʫʶʯʽ ʨʦʣʠʢʠ 4, ʷʢʽ ʬʦʨʤʫʶʪʴ U-ʧʦʜʽʙʥʠʡ ʞʦʣʦʙ 5, ʚ ʷʢʠʡ ʟ ʜʦʟʘʪʦʨʘ 6 

ʟʘʩʠʧʘʶʪʴ ʰʠʭʪʫ. ɿʘʛʦʪʦʚʢʫ, ʟʘʧʦʚʥʝʥʫ ʰʠʭʪʦʶ, ʧʦʜʘʶʪʴ ʚ ʬʦʨʤʫʶʯʫ ʬʽʣʴʻʨʫ 7 ʪʘ 

ʟʘʬʦʨʤʦʚʫʶʪʴ ʫ ʪʨʫʙʢʫ. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʦʪʫ 

ʊʨʫʙʯʘʩʪʫ ʟʘʛʦʪʦʚʢʫ ʜʨʦʪʫ ʧʨʦʧʫʩʢʘʶʪʴ ʯʝʨʝʟ ʢʦʥʽʯʥʠʡ ʽʥʜʫʢʪʦʨ 8, ʧʦʻʜʥʘʥʠʡ ʟ 

ʚʘʢʫʫʤʥʦ ʁʪʨʫʙʢʦʶ. ʇʨʠ ʮʴʦʤʫ ʟʘʛʦʪʦʚʢʫ ʜʨʦʪʫ ʧʽʜʜʘʶʪʴ ʜʽʾ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʘʢʩʽʘʣʴʥʦ-

ʩʠʤʝʪʨʠʯʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʟ ʽʥʜʫʢʮʽʻʶ 0,9-1,1 ʊʣ, ʧʝʨʽʦʜʦʤ ʧʫʣʴʩʘʮʽʡ 

0,1-1 ʩ ʽʟ ʨʝʛʣʘʤʝʥʪʦʚʘʥʦʶ ʬʦʨʤʦʶ ʽʤʧʫʣʴʩʽʚ, ʥʘʧʨʫʞʝʥʽʩʪʴ ʷʢʦʛʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ 

ʥʘʧʨʷʤʢʫ ʚʦʣʦʯʽʥʥʷ. ʆʜʥʦʯʘʩʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʢʘʯʫʚʘʥʥʷ ʧʦʚʽʪʨʷ ʟ ʚʥʫʪʨʽʰʥʴʦʾ 

ʧʦʨʦʞʥʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʢʫʫʤʥʦʾ ʪʨʫʙʢʠ. ʎʝ ʩʧʨʠʷʻ ʫʱʽʣʴʥʝʥʥʶ ʰʠʭʪʠ. ʇʽʩʣʷ ʮʴʦʛʦ 

ʜʨʽʪ ʧʨʦʧʫʩʢʘʶʪʴ ʯʝʨʝʟ ʦʙʪʠʩʥʫ ʬʽʣʴʻʨʫ 9. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʘʣʽʙʨʫʶʯʠʭ ʬ̔ʣʴ̒ʨ 10 ʜʨʽʪ 

ʧʝʨʝʪʷʛʫʶʪʴ ʜʦ ʜʽʘʤʝʪʨʘ 3,0 ʤʤ. ɻʦʪʦʚʠʡ ʜʨʽʪ 11 ʥʘʤʦʪʫʶʪʴ ʚ ʙʫʭʪʫ ʥʘ ʥʘʤʦʪʫʚʘʣʴʥʦʤʫ 

ʧʨʠʩʪʨʦʾ 12. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ ʩʧʦʩʦʙʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʟʚʘʨʶʚʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʦʪʫ ʚ ʰʠʨʦʢʠʭ ʜʽʘʧʘʟʦʥʘʭ ʨʝʞʠʤʽʚ ʟʚʘʨʶʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʧʦʣʽʧʰʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ. 
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ɺɯɼʅʆɺʃɽʅʅʗ ʎɽʄɽʅʊʆɺɸʅʀʍ ʐʊɸʄʇɯɺ ʇʈɽʉʉ-ʌʆʈʄ ʅɸʇʃɸɺʃɽʅʅʗʄ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʚʦʛʥʝʪʨʠʚʢʦʤʫ ʪʘ ʙʫʜʽʚʝʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʦʩʠʣʠʣʠʩʴ ʚʠʤʦʛʠ ʜʦ 

ʷʢʦʩʪʽ ʬʦʨʤʦʚʘʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʟʫʤʦʚʠʣʦ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʧʨʝʩʫʚʘʥʥʷ, ʤʽʮʥʦʩʪʽ ʽ 

ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʟʝʨʝʥ ʘʙʨʘʟʠʚʥʦʾ ʤʘʩʠ. ʎʝ ʧʨʠʟʚʝʣʦ ʜʦ ʟʥʘʯʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʧʨʝʩ-ʬʦʨʤ, ʦʩʦʙʣʠʚʦ ʰʪʘʤʧʽʚ. ʐʪʘʤʧʠ ʜʣʷ ʧʨʝʩʫʚʘʥʥʷ ʚʦʛʥʝʪʨʠʚʢʠʭ 

ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ ʯʘʩʪʽʰ ʟʘ ʚʩʝ ʚʠʛʦʪʦʚʣʷʶʪʴ ʽʟ ʩʪʘʣʽ 20ʍ ʟ ʥʘʩʪʫʧʥʦʶ ʮʝʤʝʥʪʘʮʽʻʶ 

ʥʘ ʤʘʨʪʝʥʩʠʪʥʫ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʽʩʪ ʁ62é65 HRC [1]. ʇʨʠʯʠʥʘʤʠ ʚʠʭʦʜʫ ʽʟ ʣʘʜʫ ʰʪʘʤʧʽʚ ʻ 

ʟʥʦʰʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʢʨʦʤʢʠ ʪʘ ʰʘʨʞʫʚʘʥʥʷ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʘʙʨʘʟʠʚʥʦʶ ʤʘʩʦʶ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʘ ʨʦʟʨʦʙʢʘ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʨʦʙʦʯʦʾ ʢʨʦʤʢʠ ʰʪʘʤʧʽʚ ʥʘʧʣʘʚʣʝʥʥʷʤ, ʧʨʠ 

ʟʙʝʨʝʞʝʥʥʽ ʥʘ ʟʘʜʦʚʽʣʴʥʦʤʫ ʨʽʚʥʽ ʦʧʦʨʫ ʰʘʨʞʫʚʘʥʥʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ. ʎʷ ʟʘʜʘʯʘ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʧʨʠʩʫʪʥʽʩʪʶ ʥʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʮʝʤʝʥʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ ʜʦ 1 % 

ʚʫʛʣʝʮʶ.  

ɺ ʧʨʦʮʝʩʽ ʨʫʯʥʦʛʦ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʝʣʝʢʪʨʦʜʘʤʠ (Ï 4,0 ʤʤ, ɯ = 180é200 ɸ) ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʫ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʽʜʧʫʩʢ ʮʝʤʝʥʪʦʚʘʥʦʛʦ ʰʘʨʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʰʘʨʞʫʚʘʥʥʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ 

ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʟʦʥʽ, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʤʽʪʥʝ ʟʥʠʞʝʥʥʷ ʦʧʽʨʥʦʩʪʽ 

ʰʘʨʞʫʚʘʥʥʶ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʚ ʧʨʦʮʝʩʽ ʥʘʧʣʘʚʣʝʥʥʷ ʜʦʩʷʛʘʻ 510é700Á ʉ (ʪʘʙʣ. 1). 

ʆʭʦʣʦʜʞʝʥʥʷ ʧʨʠ ʮʴʦʤʫ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʝ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʥʝʙʘʞʘʥʽ ʩʪʨʫʢʪʫʨʥʽ ʟʤʽʥʠ ʚ 

ʮʝʤʝʥʪʦʚʘʥʦʤʫ ʰʘʨʽ, ʷʢʽ ʧʨʠʟʚʦʜʪ̫ʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʜʦ 20é25 HRC.  

ʊʘʙʣʠʮʷ 1 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʚʝʨʜʦʩʪʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 

ʢʨʦʤʢʠ ʰʪʘʤʧʫ, ʥʘʧʣʘʚʣʝʥʦʾ ʙʝʟ ʧʨʠʤʫʩʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʢʨʦʤʢʠ ʰʪʘʤʧʫ, ʤʤ 5 10 20 30 56 

ʊʝʤʧʝʨʘʪʫʨʘ, ʊÁʉ 700 630 510 400 170 

ʊʚʝʨʜʽʩʪʴ, HRC 20 32 55 62 65 

ɿʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʜʫʛʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʜʽʚ ʤʝʥʰʠʭ ʜʽʘʤʝʪʨʽʚ ʧʨʠ 

ʥʝʚʝʣʠʢʽʡ ʩʠʣʽ ʩʪʨʫʤʫ 90é120 ɸ ʥʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʙʘʞʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. ʏʝʨʝʟ ʥʠʟʴʢʫ 

ʧʦʪʫʞʥʽʩʪʴ ʜʫʛʠ, ʟʦʥʘ ʩʧʣʘʚʣʝʥʥʷ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʟ ʦʩʥʦʚʥʠʤ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʚ 

ʤʝʞʘʭ ʮʝʤʝʥʪʦʚʘʥʦʛʦ ʰʘʨʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʚʫʛʣʝʮʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʢʦʣʶʚʘʥʥʷ 

ʬʨʘʛʤʝʥʪʽʚ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʰʪʘʤʧʽʚ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʥʘʯʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ 

ʧʦʚʝʨʭʥʽ ʚ ʟʦʥʽ, ʷʢʘ ʧʨʠʤʠʢʘʻ ʜʦ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ, ʧʦʪʨʽʙʥʦ ʩʫʪʪʻʚʦ ʟʙʽʣʴʰʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʦʭʦʣʦʜʞʝʥʥʷ ʤʝʪʘʣʫ. ɯʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʜʚʦʜʫ ʪʝʧʣʘ 

(ʦʙʜʫʚʘʥʥʷ ʜʝʪʘʣʽ ʚ ʟʦʥʽ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʚʽʪʨʷʤ, ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʠ ʯʘʩʪʢʦʚʦʤʫ ʟʘʥʫʨʝʥʥʽ 

ʜʝʪʘʣʽ ʫ ʚʦʜʫ ʪʘ ʽʥ.) ʦʧʪʠʤʘʣʴʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʜʥʠʭ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʠʭ 

ʢʨʠʩʪʘʣʽʟʘʪʦʨʽʚ (ʨʠʩ. 1, ʘ).  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʢʦʥʩʪʨʫʢʮʽʷ, ʟʘ ʷʢʦʶ ʢʨʠʩʪʘʣʽʟʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʤʽʜʥʦʾ 

ʧʣʘʩʪʠʥʠ 1 ʧʨʠʪʠʩʥʫʪʦʾ, ʯʝʨʝʟ ʛʫʤʦʚʠʡ ʫʱʽʣʴʥʶʚʘʯ, ʜʦ ʩʪʘʣʴʥʦʾ ʧʣʠʪʠ 2. ɺ ʧʣʠʪʽ 

ʚʠʢʦʥʘʥʦ ʟʘʛʣʠʙʣʝʥʥʷ (ʧʦʨʦʞʥʠʥʘ) ʜʣʷ ʧʨʦʪʦʯʥʦʾ ʚʦʜʠ, ʷʢʘ ʧʦʜʘʻʪʴʩʷ ʽ ʚʽʜʚʦʜʠʪʴʩʷ ʯʝʨʝʟ 

ʰʪʫʮʝʨʠ 3. ɺ ʟʘʛʣʠʙʣʝʥʽ ʧʣʠʪʠ ʥʘ ʨʽʚʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʰʪʫʮʝʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʧʝʨʝʛʦʨʦʜʢʘ 

(ʨʝʙʨʦ), ʤʽʞ ʢʨʘʷʤʠ ʷʢʦʾ ʽ ʩʪʽʥʢʘʤʠ ʧʦʨʦʞʥʠʥʠ ʽʩʥʫʶʪʴ ʟʘʟʦʨʠ (3..5 ʤʤ) ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʤʠʚʘʥʥʷ ʚʦʜʦʶ ʤʽʜʥʦʾ ʧʣʘʩʪʠʥʠ. 
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ʘ)        ʙ) 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʧʨʠʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʰʪʘʤʧʽʚ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʭʦʣʦʜʞʝʥʥʷ 

(ʘ) ʪʘ ʛʝʦʤʝʪʨʠʯʥʘ ʬʦʨʤʘ ʥʘʧʣʘʚʣʝʥʠʭ ʢʨʦʤʦʢ ʜʦ ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ (ʙ) 

ʆʩʦʙʣʠʚʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʤʽʜʥʦʾ ʧʣʘʩʪʠʥʠ ʻ ʪʝ, ʱʦ ʧʦʚʝʨʭʥʷ ʜʦ ʷʢʦʾ ʧʨʠʪʠʩʢʘʻʪʴʩʷ 

ʰʪʘʤʧ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʢʨʦʤʢʠ ʚʠʢʦʥʘʥʘ ʚ ʜʚʦʭ ʧʣʦʱʠʥʘʭ. ʊʘ ʟ̔ ʥʠʭ, ʜʦ ʷʢʦʾ 

ʧʨʠʪʠʩʢʘʻʪʴʩʷ ʦʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʫ ʧʽʜʥʦʩʠʪʴʩʷ ʥʘʜ ʧʣʦʱʠʥʦʶ ʚ 

ʟʦʥʽ ʥʘʧʣʘʚʣʝʥʥʷ ʢʨʦʤʢʠ ʥʘ 1,0é1,5 ʤʤ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʢʨʦʤʢʠ 

ʙʝʟ ʪʘʢʦʛʦ ʧʝʨʝʧʘʜʫ ʧʣʦʱʠʥ ʢʨʠʩʪʘʣʽʟʘʪʦʨʘ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʰʣʘʢʫ ʟ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ, 

ʡʦʛʦ ʯʘʩʪʠʥʘ, ʷʢʘ ʧʨʠʤʠʢʘʻ ʜʦ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʙʫʜʝ ʥʠʞʯʘ ʨʽʚʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʟʘʜʘʥʦʾ ʛʝʦʤʝʪʨʽʾ ʢʨʦʤʢʠ. ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʢʨʦʤʢʠ ʥʘ ʤʽʜʥʦʤʫ ʬʦʨʤʫʚʘʯʽ ʟ 

ʧʝʨʝʧʘʜʦʤ ʡʦʛʦ ʧʦʚʝʨʭʦʥʴ ʮʝʡ ʥʝʜʦʣʽʢ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ (ʨʠʩ. 1 ʙ).  

ʇʨʠ ʥʘʧʣʘʚʣʝʥʥʽ ʥʘ ʩʪʨʫʤʘʭ ʜʦ 200 ɸ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʰʪʘʤʧʫ ʥʘ ʚʽʜʩʪʘʥʽ 

5é10 ʤʤ ʚʽʜ ʧʝʨʝʭʽʜʥʦʾ ʟʦʥʠ ʜʦʩʷʛʘʻ 470Ü ʉ. ɸʣʝ ʟʘʚʜʷʢʠ ʰʚʠʜʢʦʤʫ ʦʭʦʣʦʜʞʝʥʥʶ ʮʝ ʥʝ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʩʪʦʪʥʦʛʦ ʟʥʠʞʝʥʥʷ ʪʚʝʨʜʦʩʪʽ (ʪʘʙʣ. 2) ʽ ʦʧʦʨʫ ʰʘʨʞʫʚʘʥʥʶ. ɹʽʣʴʰʘ 

ʯʘʩʪʠʥʘ ʟʦʥʠ ʩʧʣʘʚʣʝʥʥʷ ʬʦʨʤʫʻʪʴʩʷ ʟʘ ʫʯʘʩʪʶ ʧʦʨʽʚʥʷʥʦ ʧʣʘʩʪʠʯʥʦʾ ʤʘʣʦʚʫʛʣʝʮʝʚʦʾ 

ʬʝʨʠʪʦ-ʧʝʨʣʽʪʥʦʾ ʩʝʨʮʝʚʠʥʠ ʮʝʤʝʥʪʦʚʘʥʦʾ ʜʝʪʘʣʽ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʶ ʥʘʜʽʡʥʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʥʦʚʣʝʥʠʭ ʰʪʘʤʧʽʚ. ɺʠʧʨʦʙʫʚʘʥʥʷ ʨʷʜʫ ʝʣʝʢʪʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʘʟʘʣʠ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤ ʩʧʦʣʫʯʝʥʥʷʤ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦ ʾʥʘʜʽʡʥʦʩʪʽ ʚʦʣʦʜʽʻ ʤʝʪʘʣ, ʥʘʧʣʘʚʣʝʥʠʡ ʝʣʝʢʪʨʦʜʘʤʠ ʆʄɻ-ʅ  

ʊʘʙʣʠʮʷ 2 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʪʚʝʨʜʦʩʪʽ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʨʽʟʥʠʭ ʚʽʜʩʪʘʥʷʭ ʚʽʜ 

ʢʨʦʤʢʠ ʰʪʘʤʧʫ, ʥʘʧʣʘʚʣʝʥʦʾ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʨʦʙʦʯʠʭ ʢʨʦʤʦʢ ʮʝʤʝʥʪʦʚʘʥʠʭ ʰʪʘʤʧʽʚ ʥʝʦʙʭʽʜʥʦ 

ʧʨʦʚʦʜʠʪʠ ʥʘʧʣʘʚʣʝʥʥʷʤ ʟ ʧʨʠʤʫʩʦʚʠʤ ʦʭʦʣʦʜʞʝʥʥʷʤ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ ʝʣʝʢʪʨʦʜʘʤʠ 

ʆʄɻ-ʅ ʧʦʨʽʚʥʷʥʦ ʧʦʪʫʞʥʦʶ ʜʫʛʦʶ (ʩʪʨʫʤ ʜʦ 200 ɸ), ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʠʙʠʥʫ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʚ 2é3 ʨʘʟʠ ʚʠʱʝ, ʥʽʞ ʛʣʠʙʠʥʘ ʥʘʩʠʯʝʥʦʛʦ ʚʫʛʣʝʮʝʤ ʰʘʨʫ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʩʨʦʢʘ ʩʣʫʞʙʳ ʜʝʪʘʣʝʡ ʤʘʰʠʥ: ʫʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ / ʧʦʜ ʨʝʜ. ɺ. ʉ. ʇʦʧʦʚʘ. ɿʘʧʦʨʦʞʴʝ : ʆɸʆ çʄʦʪʦʨ ʉʠʯè, 2000. ï 394 ʩ. 

ʋɼʂ 621.793.620.172 

ʂʦʚʘʣʴʦʚ ʄ.ʌ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɺʽʜʩʪʘʥʴ ʚʽʜ ʢʨʦʤʢʠ ʰʪʘʤʧʫ, ʤʤ 5 10 20 30 56 

ʊʝʤʧʝʨʘʪʫʨʘ, ʊÁʉ 580 470 330 220 ï 

ʊʚʝʨʜʽʩʪʴ, HRC 46 57 63 64 65 
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ɻʦʣʦʚʘʱʫʢ ʄ.ɺ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, mineralisimys@ukr.net  

ʀʚʯʝʥʢʦ ʊ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
ʍʝʨʩʦʥʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʦʨʩʴʢʘ ʘʢʘʜʝʤʽʷ, ivchenko_tata@i.ua 

ɼʫʜʘʥ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʦʣʦʮʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʅʦʚʦʧʦʣʦʮʴʢ, ɹʽʣʦʨʫʩʴ 

ɺʇʃʀɺ ʇʆʇɽʈɽɼʅʔʆɰ ʇɯɼɻʆʊʆɺʂʀ ʇʆɺɽʈʍʆʅʔ ʇʈʀ ɺɯɼʅʆɺʃɽʅʅɯ 

ɼɽʊɸʃɽʁ ʅɸ ɺʃɸʉʊʀɺʆʉʊɯ ʇʆʂʈʀʊʊɯɺ 

ɺʽʜʥʦʚʣʶʚʘʥ̔ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʝʡ ʟʘʩʦʙʽʚ ʪʨʘʥʩʧʦʨʪʫ (ɿʊ) ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʦʢʨʠʪʪʽʚ 

ʝʣʝʢʪʨʦʜʫʛʦʚʠʤ ʥʘʧʠʣʝʥʥʷʤ (ɽɼʅ) ʥʝʦʙʭʽʜʥʦ ʧʽʜʛʦʪʫʚʘʪʠ, ʦʩʢʽʣʴʢʠ ʟʯʝʧʣʝʥʥʷ ʰʘʨʫ 

ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʽ ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʾʭ ʯʠʩʪʦʪʠ ʽ ʰʦʨʩʪʢʦʩʪʽ [1, 2]. ʄʽʮʥʽʩʪʴ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʧʦʚʝʨʭʥʝʶ, ʱʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʤʘʪʝʨʽʘʣʫ 

ʩʠʩʪʝʤʠ "ʧʦʢʨʠʪʪʷ-ʚʽʜʥʦʚʣʶʻʤʘ ʧʦʚʝʨʭʥʷ ʜʝʪʘʣʽ" ʽ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʾʭ ʤʝʭʘʥʽʯʥʠʤʠ ʽ 

ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [3]. ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʚʽʜʥʦʚʣʶʚʘʻʤʦʾ ʧʦʚʝʨʭʥʽ 

ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʢʦʥʪʘʢʪ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ, ʱʦ ʨʦʟʧʠʣʶʻʪʴʩʷ, ʟ ʤʘʪʝʨʽʘʣʦʤ ʜʝʪʘʣʽ 

ʰʣʷʭʦʤ ʘʢʪʠʚʘʮʽʾ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʦʩʥʦʚʠ ʽ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. ʊʘʢʘ ʧʽʜʛʦʪʦʚʢʘ 

ʧʦʚʝʨʭʥʽ ʥʝ ʪʽʣʴʢʠ ʦʯʠʱʘʻ ʾ,ʾ ʘ ʽ ʚʠʚʦʜʠʪʴ ʽʟ ʩʪʘʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦʾ ʨʽʚʥʦʚʘʛʠ ʟ 

ʩʝʨʝʜʦʚʠʱʝʤ, ʟʚʽʣʴʥʷʶʯʠ ʤʽʞʘʪʦʤʥʽ ʟʚ'ʷʟʢʠ ʧʦʚʝʨʭʥʝʚʠʭ ʘʪʦʤʽʚ, ʪʦʙʪʦ ʭʽʤʽʯʥʦ ʘʢʪʠʚʫʻ 

ʮʶ ʧʦʚʝʨʭʥʶ. ɸʢʪʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʱʦ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʟʥʠʞʫʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʦʢʠʩʣʝʥʥʷ ʽ 

ʭʽʤʽʯʥʦ ʾʘʜʩʦʨʙʮʽʾ ʛʘʟʽʚ ʟ̔ ʘʪʤʦʩʬʝʨʠ. ʊʦʤʫ ʥʝʦʙʭʽʜʥʦ ʤʘʢʩʠʤʘʣʴʥʦ ʩʢʦʨʦʯʫʚʘʪʠ ʯʘʩ ʤʽʞ 

ʧʽʜʛʦʪʦʚʢʦʶ ʧʦʚʝʨʭʥʽ ʽ ʥʘʧʠʣʝʥʥʷʤ.  

ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʥʘʥʝʩʝʥʥʷʤ ʧʦʢʨʠʪʪʷ ʚʠʢʦʥʫʻʪʴʩʷ ʨʽʟʥʠʤʠ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʤʝʪʦʜʘʤʠ [1, 2]. ʅʘ ʧʝʨʰʽʡ ʩʪʘʜʽʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʨʦʚʦʜʠʪʴʩʷ 

ʟʥʝʞʠʨʝʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʟʘʙʨʫʜʥʝʥʴ. ɼʘʣʽ ʧʨʦʚʦʜʷʪʴ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ (ʄʆ) ʧʦʚʝʨʭʥʽ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ: 

ʥʘʥʝʩʝʥʥʷ "ʨʚʘʥʦʛʦ ʨʽʟʴʙʣʝʥʥʷ", ʦʙʨʦʙʢʘ ʤʝʪʦʜʦʤ ʧʦʚʝʨʭʥʝʚʦʾ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

(ʇʇɼ), ʥʘʥʝʩʝʥʥʷ ʢʘʥʘʚʦʢ ʘʙʦ "ʨʚʘʥʦʛʦ ʨʽʟʴʙʣʝʥʥʷ" ʟ ʥʘʢʦʯʝʥʥʷʤ ʨʦʣʠʢʦʤ, ʩʪʨʫʤʝʥʝʚʦ-

ʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ (ʉɸʆ), ʽʥʰʽ ʤʝʪʦʜʠ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ. ʄʝʪʦʜ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʧʦʢʨʠʪʪʷ ʽ ʡʦʛʦ ʪʦʚʱʠʥʠ, ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ, 

ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʨʦʟʤʽʨʽʚ ʧʦʚʝʨʭʥʽ, ʦɦ, ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʩʧʦʩʦʙʫ ʦʙʨʦʙʢʠ ʧʦʢʨʠʪʪʷ. ʇʨʠ 

ʧʽʜʛʦʪʦʚʮʽ ʧʦʚʝʨʭʥʽ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ: 

ʘ) ʩʧʦʩʽʙ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʠʥʝʥ ʩʪʚʦʨʶʚʘʪʠ ʰʦʨʩʪʢʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʝ 

ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ; 

ʙ) ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʝʪʘʣʽ ʧʦʚʠʥʥʽ ʟʥʘʭʦʜʠʪʠʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʦʩʢʽʣʴʢʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʥʠʞʯʝ 0
0
ʉ ʥʘ ʾʭ ʧʦʚʝʨʭʥʷʭ ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ ʢʦʥʜʝʥʩʘʪʫ, ʷʢʠʡ ʟʥʠʞʫʻ 

ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ; 

ʚ) ʢʨʘʾ ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʦʙʨʦʙʣʷʪʠ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ, ʧʦʚʠʥʥʽ ʟʘʭʦʜʠʪʠ 

ʥʘ 20 ʤʤ ʟʘ ʢʨʘʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʥʘʧʠʣʶʻʪʴʩʷ; 

ʛ) ʧʽʜʛʦʪʦʚʢʫ ʧʦʚʝʨʭʥʽ ʩʣʽʜ ʟʜʽʡʩʥʶʚʘʪʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ, ʱʦ ʤʦʞʫʪʴ ʾʾ 

ʦʭʦʣʦʜʞʫʚʘʪʠ; 

ʜ) ʧʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʶ ʥʝ ʩʣʽʜ ʯʽʧʘʪʠ ʨʫʢʘʤʠ. ʇʨʠ ʧʝʨʝʚʝʨʪʘʥʥʽ ʜʝʪʘʣʽ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʢʠ ʘʙʦ ʥʘʧʠʣʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʯʠʩʪʠʡ ʟʥʝʞʠʨʝʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʘʙʦ 

ʨʫʢʘʚʠʮʽ; 

ʝ) ʥʘʧʠʣʶʚʘʪʠ ʜʝʪʘʣʴ ʧʽʩʣʷ ʦʙʨʦʙʢʠ ʪʨʝʙʘ ʦʙʦʚ'ʷʟʢʦʚʦ ʪʦʛʦ ʞ ʜʥʷ, ʪʦʙʪʦ ʦʙʨʦʙʣʷʪʠ 

ʧʦʚʝʨʭʥʶ ʤʦʞʥʘ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʟʘ ʦʙʨʦʙʢʦʶ ʧʦʩʣʽʜʫʻ ʥʘʧʠʣʝʥʥʷ;  

ʞ) ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʧʽʜʛʦʪʦʚʣʝʥʫ ʜʝʪʘʣʴ ʥʝʦʙʭʽʜʥʦ ʫʧʘʢʫʚʘʪʠ ʚ ʧʘʧʽʨ ʱʦʙ 

ʫʥʠʢʥʫʪʠ ʟʘʙʨʫʜʥʝʥʥʷ. 

ʉʝʨʝʜ ʤʝʪʦʜʽʚ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʧʝʨʝʜ ʥʘʧʠʣʝʥʥʷʤ ʥʘʡʙʽʣʴʰʝ ʧʦʰʠʨʝʥʥʷ ʤʘʻ 

ʩʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ (ʉɸʆ). ʇʨʦʩʪʦʪʘ ʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʫʤʦʚʠʣʠ 
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ʡʦʛʦ ʰʠʨʦʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ (ʊʇ) ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 

ʈʝʢʦʤʝʥʜʫʻʪʴʩʷ ʦʩʥʘʱʫʚʘʪʠ ʜʽʣʴʥʠʮʽ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ (ɽɼʅ) ʫʩʪʘʪʢʫʚʘʥʥʷʤ 

ʜʣʷ ʉɸʆ. ʉʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʘ ʦʙʨʦʙʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʠʭ 

ʘʧʘʨʘʪʽʚ ʘʙʦ ʘʥʘʣʦʛʽʯʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ. 

ʆʙʨʦʙʢʘ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʥʝ ʥʠʞʯʝ +10Áʉ 

ʧʨʠ ʚʽʜʥʦʩʥʽʡ ʚʦʣʦʛʦʩʪʽ ʥʝ ʚʠʱʝ 70 %. ʊʠʩʢ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠ ʉɸʆ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ, ʪʦʚʱʠʥʽ ʾʾ ʩʪʽʥʦʢ ʽ ʩʢʣʘʜʘʻ 

0,10é0,60 ʄʇʘ. ʅʘʷʚʥʽʩʪʴ ʚ ʩʪʠʩʥʫʪʦʤʫ ʧʦʚʽʪʨʽ ʚʦʜʠ ʽ ʦʣʠʚʠ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ. ɼʣʷ 

ʢʦʥʪʨʦʣʶ ʤʽʨʠ ʦʯʠʱʝʥʥʷ ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, ʥʘ ʦʙʨʦʙʣʷʻʤʫ ʧʦʚʝʨʭʥʶ ʥʝʦʙʭʽʜʥʦ ʥʘʥʝʩʪʠ 

ʢʨʘʧʣʶ ʰʚʠʜʢʦʚʠʩʠʭʘʶʯʦʛʦ ʨʦʟʯʠʥʥʠʢʘ. ʗʢʱʦ ʧʽʩʣʷ ʡʦʛʦ ʚʠʩʠʭʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝʤʥʘ 

ʧʣʷʤʘ, ʪʦ ʮʝ ʚʢʘʟʫʻ ʥʘ ʧʨʠʩʫʪʥʽʩʪʴ ʦʣʠʚʠ ʚ ʧʦʚʽʪʨʽ. ʇʦʚʝʨʭʥʽ, ʱʦ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʦʙʨʦʙʮʽ, 

ʤʘʶʪʴ ʙʫʪʠ ʟʘʭʠʱʝʥʽ ʚʽʜ ʜʽʾ ʘʙʨʘʟʠʚʫ ʝʢʨʘʥʘʤʠ. ɿʦʥʘ ʦʙʨʦʙʢʠ ʤʘʻ ʙʫʪʠ ʥʘ 15...20 ʤʤ 

ʙʽʣʴʰʝ ʟʦʥʠ ʥʘʧʠʣʝʥʥʷ.  

ɺ ʷʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʉɸʆ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ: 1) ʝʣʝʢʪʨʦʢʦʨʫʥʜ ʤʘʨʢʠ I3A ʘʙʦ I5A; 2) 

ʢʘʨʙʽʜ ʢʨʝʤʥʽʶ ʟʝʨʥʠʩʪʽʩʪʶ 80...150; 3) ʧʦʜʨʽʙʥʝʥʘ ʩʪʘʣʝʚʘ ʢʨʠʭʪʘ (ʇʉʂ); 4) ʯʘʚʫʥʥʠʡ 

ʢʦʣʝʥʠʡ ʜʨʽʙ (ʏʂɼ) ʟ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʢ 0,8é1,6 ʤʤ. ɸʙʨʘʟʠʚʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝ ʧʦʚʠʥʥʽ 

ʤʽʩʪʠʪʠ ʦʣʠʚʠ, ʟʘʙʨʫʜʥʝʥʥʷ ʽ ʽʨʞʫ. ɼʨʽʙ ʟ ̔ʩʬʝʨʠʯʥʠʤʠ ʯʘʩʪʢʘʤʠ ʥʝ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʦʾ 

ʰʦʨʩʪʢʦʩʪʽ ʽ ʪʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʪʽʣʴʢʠ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʦʯʠʱʝʥʥʷ ʜʝʪʘʣʝʡ 

ʚʽʜ ʦʢʘʣʠʥʠ [1, 2]. ʇʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʟ ʪʦʥʢʠʤʠ ʩʪʽʥʢʘʤʠ (<0,5 ʤʤ) ʥʝʦʙʭʽʜʥʦ ʧʨʠʡʤʘʪʠ 

ʟʘʭʦʜʠ ʦʙʝʨʝʞʥʦʩʪʽ ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʠʢʨʠʚʣʝʥʥʷ. ɺʽʜʩʪʘʥʴ ʚʽʜ ʟʨʽʟʫ ʩʦʧʣʘ 

ʜʨʦʙʦʩʪʨʫʤʝʥʝʚʦʛʦ ʘʧʘʨʘʪʫ ʜʦ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ 60é150 ʤʤ. ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʢʦʨʠʩʪʫʻʤʦʛʦ ʤʝʪʦʜʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʧʦʣʫʤ'ʷ ʽ 

ʧʦʚʝʨʭʥʝʶ ʜʝʪʘʣʽ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ ʤʝʞʘʭ 65é90
0
ʉ

 
. ʂʦʣʠ ʜʦʩʪʫʧ ʜʦ ʧʦʚʝʨʭʥʽ ʧʨʠ ʉɸʆ 

ʫʩʢʣʘʜʥʝʥʠʡ ʽ ʦʙʨʦʙʢʘ ʟʜʽʡʥʶʻʪʴʩʷ ʧʽʜ ʛʦʩʪʨʠʤ ʢʫʪʦʤ ʜʦ ʧʦʚʝʨʭʥʽ, ʪʦ ɽɼʅ ʧʦʚʠʥʥʦ 

ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʧʽʜ ʪʠʤ ʞʝ ʢʫʪʦʤ. ʇʽʩʣʷ ʉɸʆ ʜʝʪʘʣʴ ʦʙʜʫʚʘʶʪʴ ʩʪʠʩʥʫʪʠʤ ʧʦʚʽʪʨʷʤ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʯʘʩʪʦʢ ʘʙʨʘʟʠʚʫ ʟ ʧʦʚʝʨʭʥʽ. ʆʙʨʦʙʣʝʥʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʙʫʪʠ ʤʘʪʦʚʦʶ, ʩʽʨʦʛʦ 

ʢʦʣʴʦʨʫ, ʙʝʟ ʙʣʠʩʢʫʯʠʭ ʜʽʣʷʥʦʢ. ʊʨʠʚʘʣʽʩʪʴ ʦʙʜʫʚʘʥʥʷ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʯʘʩ, ʧʽʩʣʷ 

ʷʢʦʛʦ ʚʞʝ ʥʝ ʥʘʩʪʘʻ ʟʤʽʥʘ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʧʦʚʝʨʭʥʽ. ɿʘʚʜʷʢʠ ʝʬʝʢʪʫ ʥʘʢʣʝʧʫ, ʉɸʆ 

ʧʽʜʚʠʱʫʻ ʚʪʦʤʥʫ ʤʽʮʥʽʩʪʴ ʜʝʪʘʣʝʡ. ʇʘʨʘʤʝʪʨ ʰʦʨʩʪʢʦʩʪʽ ʧʽʩʣʷ ʉɸʆ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠ 

Rz = 10é150 ʤʢʤ ʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ʧʦʢʨʠʪʪʷ ʽ ʜʝʪʘʣʽ ʪʘ ʪʦʚʱʠʥʠ 

ʧʦʢʨʠʪʪʷ [4]. ʇʣʦʱʘ ʘʢʪʠʚʥʦʾ ʨʦʟʚʠʥʝʥʦʾ ʧʦʚʝʨʭʥʽ, ʱʦ ʦʪʨʠʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʉɸʆ 

ʜʽʣʷʥʢʠ ʜʝʪʘʣʽ, ʚ ʪʨʠ ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ ʧʣʦʱʫ ʧʦʚʝʨʭʥʽ ʜʦ ʦʙʨʦʙʢʠ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 

ʢʦʥʪʨʦʣʶʶʪʴ ʧʨʦʬʣ̔ʦʤʝʪʨʘʤʠ ʘʙʦ ʧʨʦʬʽʣʦʛʨʘʬʘʤʠ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʽʜʛʦʪʦʚʢʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʧʦʚʝʨʭʦʥʴ ʜʦ ɽɼʅ ʧʦʢʨʠʪʪʽʚ 

ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʩʪʨʫʤʝʥʥʦ-ʘʙʨʘʟʠʚʥʦ ʾʦʙʨʦʙʢʠ ʋʉɸʆ-1300ʇʚ 

(ʨʠʩ. 1). ʋʩʪʘʥʦʚʢʘ ʋʉɸʆ-1300ʇʦ ʟʘʚʜʷʢʠ ʧʽʩʪʦʣʝʪʫ ʽʥʞʝʢʪʦʨʥʦʛʦ ʪʠʧʫ ʜʦʟʚʦʣʷʻ 

ʨʝʛʫʣʶʚʘʪʠ ʪʘʢʽ ʧʘʨʘʤʝʪʨʠ, ʷʢ ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʚʠʪʦʢʫ ʽʟ ʩʦʧʣʘ, 

ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʢʫʪ ʘʪʘʢʠ ʪʘ ʦʙʨʦʙʣʷʪʠ ʨʽʟʥʽ ʤʘʪʝʨʽʘʣʠ 

(ʪʚʝʨʜʽ, ʤôʷʢʽ, ʢʨʠʭʢʽ, ʪʦʥʢʦʩʪʽʥʥʽ ʪʘ ʽʥʰʽ). ʂʦʥʩʪʨʫʢʮʽʷ ʢʘʤʝʨʠ ʟ ʧʽʜʢʣʶʯʝʥʦʶ ʚʠʪʷʞʥʦʶ 

ʚʝʥʪʠʣʷʮʽʻʶ ʟʘʭʠʱʘʻ ʚʽʜ ʧʨʦʥʠʢʥʝʥʥʷ ʟʦʚʥʽ ʧʠʣʫ ʽ ʘʙʨʘʟʠʚʫ.  

ʉɸʆ ʟʘʙʝʟʧʝʯʫʻ ʘʢʪʠʚʘʮʽʶ ʧʦʚʝʨʭʥʽ ʽ ʥʘʜʘʻ ʾʡ ʥʝʦʙʭʽʜʥʫ ʰʦʨʩʪʢʽʩʪʴ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʜʦʩʪʘʪʥʴʦʶ ʤʽʮʥʽʩʪʶ ʟʯʝʧʣʝʥʥʷ ʟ ʦʩʥʦʚʦʶ. ʇʘʨʘʤʝʪʨʠ ʊʇ ʉɸʆ ʧʦʚʝʨʭʥʽ 

ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʙʨʘʟʠʚʫ, ʪʠʩʢ ʩʪʠʩʥʝʥʦʛʦ ʧʦʚʽʪʨʷ, 

ʰʚʠʜʢʽʩʪʴ ʡʦʛʦ ʚʠʪʦʢʫ ʽʟ ʩʦʧʣʘ, ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʦʧʣʘ ʜʦ ʦʙʨʦʙʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ, ʢʫʪ ʘʪʘʢʠ. 

ʇʨʠ ʉɸʆ ʧʦʪʽʢ ʜʨʦʙʫ (ʩʪʘʣʝʚʦʛʦ ʘʙʦ ʯʘʚʫʥʥʦʛʦ) ʜʽʘʤʝʪʨʦʤ 0,6é1,2 ʤʤ ʩʧʨʷʤʦʚʫʻʪʴʩʷ 

ʥʘ ʦʙʨʦʙʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ ʟ ʰʚʠʜʢʽʩʪʶ ʜʦ 100 ʤ/ʩ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ 

ʧʽʜʣʷʛʘʻ ʥʘʢʣʝʧʫ. ʐʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʜʦʩʷʛʘʻ ʟʥʘʯʝʥʴ Rz = 20é40 ʤʢʤ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʤʝʭʘʥʽʯʥʝ ʟʯʝʧʣʝʥʥʷ ʥʘʧʠʣʶʻʤʠʭ ʯʘʩʪʦʢ ʟ ʤʽʢʨʦʥʝʨʽʚʥʦʩʪʷʤʠ ʧʦʚʝʨʭʥʽ. ʉɸʆ ʜʨʦʙʦʤ 

ʧʝʨʝʜ ɽɼʅ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʘʜʛʝʟʽʶ (ʪʘʙʣ. 1) ʧʨʠ ʧʽʜʚʠʱʝʥʽ ʤʝʞʽ ʚʠʪʨʠʚʘʣʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʜʝʪʘʣʽ. 
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ʈʠʩ. 1 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʩʪʨʫʤʝʥʝʚʦ-ʘʙʨʘʟʠʚʥʦʾ ʦʙʨʦʙʢʠ ʋʉɸʆ-1300ʇʦ 

ʊʘʙʣʠʮʷ 1 ï ɺʧʣʠʚ ʩʧʦʩʦʙʫ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ɽɼʅ-ʧʦʢʨʠʪʪʽʚ 

ʽ ʝʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʥʷ 

ʉʧʦʩʽʙ ʧʽʜʛʦʪʦʚʢʠ 

ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ 

ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʟ ʦʩʥʦʚʦʶ, ʄʇʘ 

ɽʬʝʢʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʘʧʨʫʞʝʥʥʷ  

ʆʙʨʦʙʢʘ ʜʨʦʙʦʤ 25 0,78 

ʆʙʜʫʚʘʥʥʷ ʧʽʩʢʦʤ 20 0,91 

ʅʘʥʝʩʝʥʥʷ ʨʽʟʴʙʣʝʥʥʷ 23 1,3 

ʅʘʥʝʩʝʥʥʷ ʥʘʩʽʯʦʢ 22 1,29 

ɽʣʝʢʪʨʦʽʩʢʨʦʚʘ ʦʙʨʦʙʢʘ 23 1,08 

ʉʧʦʩʽʙ ʥʘʜʘʥʥʷ ʰʦʨʩʪʢʦʩʪʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʝʦʙʭʽʜʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʥʘʧʨʫʞʝʥʴ ʚ 

ʥʴʦʤʫ, ʢʦʥʬʽʛʫʨʘʮʽʾ ʽ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʧʦʚʝʨʭʥʽ ʪʘ ʥʘʩʪʫʧʥʦʾ ʦʙʨʦʙʢʠ ɽɼʅ-ʧʦʢʨʠʪʪʷ. 

ʉɸʆ ʨʦʙʠʪʴ ʚʽʜʥʦʚʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʽ ʧʝʨʝʜ ɽɼʅ ʧʦʢʨʠʪʪʷ ʰʦʨʩʪʢʦʶ, ʱʦ ʟʙʽʣʴʰʫʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʦʥʪʘʢʪʽ ʧʽʜ ʥʘʧʠʣʝʥʠʤʠ ʯʘʩʪʢʘʤʠ ʥʘ ʚʠʩʪʫʧʘʭ ʰʦʨʩʪʢʦʩʪʝʡ ʽ ʧʽʜʚʠʱʫʻ 

ʩʫʤʘʨʥʫ ʧʣʦʱʫ ʜʽʣʷʥʦʢ ʧʨʠʚʘʨʶʚʘʥʥʷ. ʐʦʨʩʪʢʘ ʧʦʚʝʨʭʥʷ ʤʘʻ ʚʝʣʠʢʫ ʧʣʦʱʫ ʜʽʣʷʥʦʢ 

ʧʨʠʚʘʨʶʚʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʣʘʜʢʦʶ, ʱʦ ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ. 

ʅʝʜʦʩʪʘʪʥʷ ʰʦʨʩʪʢʽʩʪʴ ʧʨʠ ʚʝʣʠʢʽʡ ʪʦʚʱʠʥʽ ʧʦʢʨʠʪʪʷ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʡʦʛʦ 

ʚʽʜʰʘʨʫʚʘʥʥʷ, ʘ ʛʨʫʙʘ ʧʦʚʝʨʭʥʷ ʧʨʠ ʪʦʥʢʦʤʫ ʧʦʢʨʠʪʪʽ ʤʦʞʝ ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʢʦʨʦʟʽʾ. 

ɺʧʣʠʚ ʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ [4] ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.  

ɿʙʽʣʴʰʝʥʥʷ Rz ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ ʟʯʝʧʣʝʥʥʷ (ůʟʯ) ʧʦʢʨʠʪʪʷ ʟ 

ʦʩʥʦʚʥʠʤ ʤʝʪʘʣʦʤ (ʨʠʩ. 2). ʎʝ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʽ ʚʠʙʦʨʽ ʤʝʪʦʜʽʚ ʧʦʧʝʨʝʜʥʴʦʾ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ [4]. 

 
ʈʠʩ. 2 ï ɺʧʣʠʚ ʰʦʨʩʪʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ ʥʘ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ɽɼʅ-ʧʦʢʨʠʪʪʷʤ: 

1, 3 ï ʜʠʩʪʘʥʮʽʷ ʥʘʧʠʣʝʥʥʷ Lʥ=100 ʤʤ; 2 ï ʜʠʩʪʘʥʮʽʷ ʥʘʧʠʣʝʥʥʷ Lʥ = 50 ʤʤ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ʀʟʜ-ʚʦ ɺɻʊʋ. ɺʦʨʦʥʝʞ, 2005. ï ʉ. 132-134. 

8. ʈʳʞʦʚ ʕ.ɺ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʝʪʘʣʝʡ ʩ ʧʦʢʨʳʪʠʷʤʠ. / ʈʳʞʦʚ ʕ.ɺ., 

ʂʣʠʤʝʥʢʦ ʉ.ɸ., ɻʫʮʘʣʝʥʢʦ ʆ.ɻ. ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1994. ï 181 ʩ. 
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ɻʘʥʯʫʢ ɸ.ɺ. ʟʘʚ̔ʜʫʚʘʯ ʛʨʫʧʠ 

ʄʘʡʜʘʥʯʫʢ ʊ.ɹ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɯʣʶʰʝʥʢʦ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ. ʆ. ʇʘʪʦʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ , pwi_37@ukr.net 

ʇɯɼɺʀʑɽʅʅʗ ʉʊɸɹɯʃʔʅʆʉʊɯ ʇʈʆʎɽʉʋ ɼʋɻʆɺʆɻʆ ɿɺɸʈʖɺɸʅʅʗ ɿ 

ʂʆʄɹɯʅʆɺɸʅʀʄ ɿɸʍʀʉʊʆʄ 

ɼʫʛʦʚʝ ʟʚʘʨʶʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʘʡʞʝ ʫ ʚʩʽʭ ʛʘʣʫʟʷʭ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. ʆʜʥʘʢ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ ʬʽʢʩʫʻʪʴʩʷ ʥʝʚʠʩʦʢʘ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ (ʦʩʦʙʣʠʚʦ ʧʨʠ ʥʘʧʣʘʚʣʝʥʥʽ), ʧʨʠʩʫʪʥʻ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦ ʚʪʨʘʪ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʜʨʦʪʫ ʘ ʡ ʧʦʛʽʨʰʫʻ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʚʠʨʦʙʫ 

ʧʽʩʣʷ ʟʚʘʨʶʚʘʥʥʷ. 

ɿ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʜʫʛʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʩʪʘʣʝʡ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ 

ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ ʥʘ ʩʪʘʣʴ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʣʶʩʽʚ ɸʅ-60ʉʄ, ɸʅ-348, ʆʉʎ-45 ʪʘ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʉʆ2, MIX ʽ ʘʨʛʦʥʫ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʨʦʪʠ ʜʽʘʤʝʪʨʦʤ 1,2é1,6 ʤʤ ʤʘʨʦʢ ʉʚ08ɻ2ʉ ʪʘ ɹʨ.ʂʄʮ3-1. ʈʝʻʩʪʨʘʮʽʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʨʝʞʠʤʽʚ ʥʘʧʣʘʚʣʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʦʜʫʣʷ ADA 

1406/U/DAC. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʪʨʠʤʘʪʠ ʦʧʪʠʤʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʪʘ 

ʥʘʧʣʘʚʣʝʥʥʽ ʟ ʢʦʤʙʽʥʦʚʘʥʠʤ ʟʘʭʠʩʪʦʤ ʤʦʞʣʠʚʦ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʨʝʞʠʤʽʚ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʤʘʨʢʠ ʬʣʶʩʫ. ʂʨʠʪʠʯʥʠʤʠ ʻ ʚʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ, ʪʦʚʱʠʥʘ ʰʘʨʫ ʽ ʨʦʟʤʽʨ ʬʨʘʢʮʽʡ 

ʬʣʶʩʫ. ʇʨʠ ʟʥʘʯʥʠʭ ʚʠʪʨʘʪʘʭ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʥʘ ʚʠʭʦʜʽ ʟ ʩʦʧʣʘ ʡʦʛʦ ʪʠʩʢ ʤʦʞʝ ʟʜʫʚʘʪʠ 

ʬʣʶʩ, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʰʘʨʫ ʽ ʧʦʛʽʨʰʝʥʥʷ ʟʘʭʠʩʪʫ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʨʘʥʠʯʥʽ ʚʠʪʨʘʪʠ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ʥʝ ʧʦʚʠʥʥʽ ʧʝʨʝʚʠʱʫʚʘʪʠ 15 ʣ/ʭʚ. 

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʜʣʷ ʤʝʭʘʥʽʟʦʚʘʥʦʾ ʧʦʜʘʯʽ ʬʣʶʩʫ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʣʶʩʫ ʟ ʬʨʘʢʮʽʻʶ 1,0é3,0 ʤʤ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝ ʪʽʣʴʢʠ 

ʩʪʘʙʽʣʴʥʽʩʪʴ ʡʦʛʦ ʧʦʜʘʯʽ ʚ ʟʦʥʫ ʛʦʨʽʥʥʷ ʜʫʛʠ, ʘ ʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʚʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ. 

mailto:pwi_37@ukr.net


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

56 

ʆʜʝʨʞʘʥʽ ʜʘʥʽ ʱʦʜʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʢʨʘʱʽ 

ʨʝʟʫʣʴʪʘʪʠ ʷʢ ʧʦ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʨʦʮʝʩʫ, ʪʘʢ ʽ ʧʦ ʷʢʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʚʘʣʠʢʽʚ ʪʘ ʾʭ 

ʟʦʚʥʽʰʥʴʦʤʫ ʚʠʛʣʷʜʫ ʦʪʨʠʤʘʥʽ ʧʨʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʟʘʭʠʩʪʽ ʟ ʚʠʩʦʪʦʶ ʬʣʶʩʫ 6,0 ʤʤ. ʇʨʠ 

ʮʴʦʤʫ ʜʫʛʘ ʥʘʧʽʚʚʽʜʢʨʠʪʘ, ʪʦʥʢʘ ʧʣʽʚʢʘ ʰʣʘʢʫ ʧʦʢʨʠʚʘʻ ʚʩʶ ʧʦʚʝʨʭʥʶ ʚʘʣʠʢʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʥ ʤʘʻ ʥʝ ʦʢʠʩʣʝʥʠʡ çʙʣʠʩʢʫʯʠʡè ʚʠʛʣʷʜ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʩʠʧʥʦʾ ʤʘʩʠ ʬʣʶʩʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʩʦʪʠ ʥʘʧʣʘʚʣʝʥʦʛʦ ʚʘʣʠʢʘ ʪʘ ʡʦʛʦ 

ʟʚʫʞʝʥʥʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʚʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʽ ʚʠʪʨʘʪʠ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ, 

ʬʣʶʩʫ ʪʘ ʡʦʛʦ ʬʨʘʢʮʽʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʟʚʘʨʶʚʘʣʴʥʦʾ ʚʘʥʥʠ ʧʨʠ 

ʟʚʘʨʶʚʘʥʥʽ ʩʪʘʣʝʡ ʪʘ ʥʘʧʣʘʚʣʝʥʥʽ ʤʽʜʥʠʭ ʩʧʣʘʚʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʟʘʭʠʩʪʫ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʨʦʩʪʦʨʦʚʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ, 

ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʨʦʟʙʨʠʟʢʫʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʟʚʘʨʥʠʭ 

ʰʚʽʚ. 
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ʇʘʩʪʝʨʥʘʢ ɺ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɯʣʴʯʫʢ ʅ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʉʘʤʯʫʢ ʃ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻʫʣʽʻʚʘ ʅ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, shyberko@ukr.net 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʉʊʈʋʂʊʋʈʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʄɸʊɽʈɯɸʃɯɺ ʅɸʊʋʈʅʀʍ 

ɿɸʉʀʇʆʂ  

ʈʽʚʝʥʴ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʜʦʟʚʦʣʷʻ ʦʧʨʘʮʴʦʚʫʚʘʪʠ ʟʥʘʯʥʽ ʦʙʩʷʛʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʩʧʨʠʷʻ 

ʧʦʷʚʽ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʘʥʘʣʽʟʫ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʟ ʪʘʢʠʭ ʥʘʧʨʷʤʢʽʚ ʻ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʪʨʫʢʪʫʨʠ ʩʪʨʫʢʪʫʨʥʦ-

ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʙʘʟʽ ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ [1]. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʮʝʡ ʥʘʧʨʷʤʦʢ 

ʜʦʟʚʦʣʷʻ ʚʠʷʚʣʷʪʠ ʢʦʥʢʨʝʪʥʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʢʦʥʩʪʘʪʘʮʽʶ ʬʘʢʪʽʚ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʽʚ ʪʘ ʧʨʦʮʝʩʽʚ [2]. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʤʦʜʝʣʴʥʽ ʬʦʨʤʠ ʯʘʩʪʦʯʦʢ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠ 

ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ. 

 
ʘ)                                            ʙ)                                               ʚ) 

ʈʠʩ. 1 ï ʄʦʜʝʣʴʥʽ ʬʦʨʤʠ ʯʘʩʪʦʯʦʢ ʉʅʄ ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ, 

ʜʝ: ʘ) ʯʘʩʪʦʯʢʠ ʘʣʶʤʽʥʽʶ; ʙ) ʯʘʩʪʦʯʢʠ ʤʽʜʽ, ʚ) ʯʘʩʪʦʯʢʠ ʩʘʧʦʥʽʪʫ 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʝʷʢʽ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʚ ʪʽʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʨʷʜʫ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʜʦ ʦʩʥʦʚʥʠʭ ʟ ʷʢʠʭ ʚʽʜʥʦʩʷʪʴ: 

ʬʦʨʤʫ ʯʘʩʪʠʥʦʢ, ʬʘʢʪʦʨ ʬʦʨʤʠ ʟʘʩʠʧʢʠ, ʨʦʟʤʽʨʠ ʽ ʨʦʟʧʦʜʽʣ ʯʘʩʪʠʥʦʢ ʟʘ ʨʦʟʤʽʨʘʤʠ 

(ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ), ʱʽʣʴʥʽʩʪʴ ʬʦʨʤʦʚʘʥʦʾ ʟʘʛʦʪʦʚʢʠ, ʷʢʽʩʪʴ ʢʦʥʪʘʢʪʽʚ, 

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ ʫʧʘʢʦʚʢʠ, ʧʦʨʠʩʪʽʩʪʴ ʪʘ ʾʾ ʨʦʟʧʦʜʽʣ ʧʦ ʦʙôʻʤʫ. ɸ ʪʘʢʦʞ, 

ʢʦʥʩʦʣʽʜʦʚʘʥʽʩʪʴ (ʬʦʨʤʫʚʘʥʥʷ) ʯʘʩʪʦʢ ʧʦʨʦʰʢʫ ʽʟ ʬʘʢʪʦʨʦʤ ʬʦʨʤʠ ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ. 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʨʦʟʧʦʜʽʣ ʧʦʨʠʩʪʦʩʪʽ ʟʤʽʥʶʚʘʚʩʷ ʚ ʤʝʞʘʭ ʚʽʜ 12 % ʜʦ 20 %. ʆʙôʻʤʥʫ 

mailto:shyberko@ukr.net
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ʧʦʨʠʩʪʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʚʘʛʦʚʠʤ ʤʝʪʦʜʦʤ ʟʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʨʽʘʣʽʚ. ʋ 

ʪʘʙʣʠʮʽ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʯʘʩʪʦʯʦʢ ʧʦʨʦʰʢʫ 

ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ. 

ʊʘʙʣʠʮʷ ï 1 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʬʦʨʤʠ ʪʘ ʨʦʟʤʽʨʽʚ ʯʘʩʪʦʯʦʢ ʧʦʨʦʰʢʫ 

 ̄ ʇʦʨʦʰʦʢ ʌʦʨʤʘ ʯʘʩʪʦʯʦʢ    

1 ʘʣʶʤʽʥʽʡ ʩʬʝʨʠʯʥʘ 0,65 0,64 0,7 

2 ʤʽʜʴ ʝʣʽʧʩʦʧʦʜʽʙʥʘ 0,55 0,62 0,5 

3 ʩʘʧʦʥʽʪ ʪʨʠʢʫʪʥʘ 0,5 0,64 0,5 

ɯʟ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʤʦʜʝʣʴʥʠʭ ʬʦʨʤ ʯʘʩʪʦʯʦʢ ʥʘʪʫʨʥʠʭ ʟʘʩʠʧʦʢ ʪʘ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ ʬʽʟʠʢʦ-ʩʪʨʫʢʪʫʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘʣʝʞʘʪʴ ʚʽʜ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ, ʪʦʤʫ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʚʽʜʭʠʣʝʥʥʷ ʬʦʨʤʠ ʯʘʩʪʦʯʦʢ ʚʽʜ ʩʬʝʨʠʯʥʦʾ. ɯ 

ʪʦʤʫ, ʥʘʡʙʽʣʴʰ ʧʦʚʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʬʘʢʪʦʨʘ ʬʦʨʤʠ ʯʘʩʪʠʥʦʢ ʨʦʟʨʘʭʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ Smart-eye. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 2. 

ʊʘʙʣʠʮʷ ï 2 ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʰʢʽʚ 

ʂʦʝʬʽʮʽʻʥʪ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʘʩʪʦʯʦʢ ʘʣʶʤʽʥʽʶ 0,54 ʤʢʤ  ʧʽʢʩʝʣʴ 

ʏʘʩʪʠʥʢʘ ʇʝʨʠʤʝʪʨ ʇʣʦʱʘ FF  

 

 

12 % 

1 26,65 10,37 0,7 

2 52,59 27,26 0,71 

3 47,45 50,90 0,72 

4 66,86 80,06 0,72 

5 76,67 95,54 0,71 

ʂʦʝʬʽʮʽʻʥʪ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʘʩʪʦʯʦʢ ʤʽʜʽ 0,49 ʤʢʤ  ʧʽʢʩʝʣʴ 

ʏʘʩʪʠʥʢʘ ʇʝʨʠʤʝʪʨ ʇʣʦʱʘ FF  

 

 

15 % 

1 163,11 356,90 0,6 

2 162,26 354,35 0,5 

3 168,95 346,31 0,51 

4 170, 25 356,78 0,52 

5 183,52 362,73 0,53 

ʂʦʝʬʽʮʽʻʥʪ ʢʘʣʽʙʨʫʚʘʥʥʷ ʯʘʩʪʦʯʦʢ ʩʘʧʦʥʽʪʫ 0,51 ʤʢʤ  ʧʽʢʩʝʣʴ 

ʏʘʩʪʠʥʢʘ ʇʝʨʠʤʝʪʨ ʇʣʦʱʘ FF  

 

 

20 % 

1 60,67 55,54 0,48 

2 62,23 60,28 0,46 

3 66,86 80,06 0,5 

4 85,52 87,50 0,51 

5 89,59 95,28 0,53 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʜʥʦ, ʱʦ ʫ ʨʝʘʣʴʥʠʭ ʧʦʨʦʰʢʘʭ ʯʘʩʪʠʥʢʠ 

ʤʘʶʪʴ ʬʦʨʤʫ, ʷʢʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʬʝʨʠʯʥʦʾ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʘʨʘʤʝʪʨʠ ʥʘʪʫʨʥʦʾ 

ʟʘʩʠʧʢʠ ʉʅʄ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʨʽʰʠʪʠ ʜʘʥʫ ʧʨʦʙʣʝʤʫ ʥʝʦʙʭʽʜʥʦ ʚʚʝʩʪʠ ʜʦʜʘʪʢʦʚʠʡ 

ʧʘʨʘʤʝʪʨ ï ʢʦʝʬʽʮʽʻʥʪ ʩʬʝʨʠʯʥʦʩʪʽ, ʷʢʠʡ ʧʦʢʘʟʫʻ, ʥʘʩʢʽʣʴʢʠ ʬʦʨʤʘ ʥʝʩʬʝʨʠʯʥʠʭ ʯʘʩʪʠʥʦʢ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʬʝʨʠʯʥʦʾ. ʎʝ ʚʩʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʷʢʽʩʥʦʤʫ ʨʽʚʥʽ. 
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ɺʀʂʆʈʀʉʊɸʅʅʗ ʂʆʅʎɽʅʊʈʆɺɸʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ ʇʈʀ 

ɺʀɻʆʊʆɺʃɽʅʅɯ ɽʅɼʆʇʈʆʊɽɿɯɺ 

ɽʥʜʦʧʨʦʪʝʟʫʚʘʥʥʷ - ʛʘʣʫʟʴ ʫ ʤʝʜʠʮʠʥʽ, ʱʦ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰʠʤ 

ʧʦʧʠʪʦʤ ʢʦʨʠʩʪʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʝʥʜʦʧʨʦʪʝʟʫ: ʚ ʩʪʝʛʥʦʚʫ ʢʽʩʪʢʫ ʧʘʮʽʻʥʪʘ 

ʚʞʠʚʣʶʻʪʴʩʷ ʤʝʪʘʣʝʚʘ ʥʽʞʢʘ, ʜʦ ʷʢʦʾ ʢʨʽʧʠʪʴʩʷ ʩʬʝʨʠʯʥʘ ʛʦʣʽʚʢʘ ʯʝʨʝʟ ʟ'ʻʜʥʘʥʥʷ 

ʧʦʩʘʜʢʦʶ ʥʘ ʢʦʥʫʩ [1]. ɺ ʪʘʟʦʚʫ ʢʽʩʪʢʫ, ʥʘ ʤʽʩʮʽ ʢʫʣʴʰʦʚʦʾ ʟʘʧʘʜʠʥʠ, ʚʞʠʚʣʶʻʪʴʩʷ 

ʘʮʝʪʘʙʫʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ, ʜʦ ʷʢʦʛʦ ʢʨʽʧʠʪʴʩʷ 

ʚʢʣʘʜʠʰ ʟʽ ʩʬʝʨʠʯʥʦʶ ʧʦʨʦʞʥʠʥʦʶ ʧʽʜ ʛʦʣʽʚʢʫ. 

ʄʘʪʝʨʽʘʣʠ ʚʢʣʘʜʠʰʫ ʪʘ ʛʦʣʽʚʢʠ ʤʘʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʥʠʟʴʢʦʬʨʠʢʮʽʡʥʫ ʧʘʨʫ ʪʝʨʪʷ, ʤʘʪʠ ʚʠʩʦʢʫ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʚʩʽ ʤʘʪʝʨʽʘʣʠ ʝʥʜʦʧʨʦʪʝʟʫ ʤʘʶʪʴ ʙʫʪʠ 

ʙʽʦʽʥʝʨʪʥʠʤʠ ʽ ʪʘʢʠʤ ʚʠʤʦʛʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʽʟʥʽ 

ʢʝʨʘʤʽʢʠ. ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʽʥʰʠʭ ʯʘʩʪʠʥ ʧʨʦʪʝʟʫ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʠʪʘʥʦʚʽ ʩʧʣʘʚʠ. ʊʠʧʦʚʫ 

ʩʭʝʤʫ ʙʫʜʦʚʠ ʪʦʪʘʣʴʥʦʛʦ ʝʥʜʦʧʨʦʪʝʟʫ ʢʫʣʴʰʦʚʦʛʦ 

ʩʫʛʣʦʙʫ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɺʦʥʘ ʥʝ ʧʦʟʙʘʚʣʝʥʘ 

ʥʝʜʦʣʽʢʽʚ, ʩʝʨʝʜ ʷʢʠʭ, ʥʘʧʨʠʢʣʘʜ, ʥʠʟʴʢʘ ʩʪʽʡʢʽʩʪʴ 

ʢʝʨʘʤʽʯʥʦʾ ʛʦʣʽʚʢʠ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʫ ʜʦ 

ʚʠʢʨʠʰʫʚʘʥʥʷ ʚ ʤʽʩʮʽ ʟ'ʻʜʥʘʥʥʷ ʟ ʪʠʪʘʥʦʚʦʶ ʥʽʞʢʦʶ 

(ʨʠʩ. 2). 

ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʧʦʜʦʣʘʥʥʷ ʪʘʢʦʛʦ ʥʝʜʦʣʽʢʫ 

ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʙʨʠʜʥʠʭ 

ʝʥʜʦʧʨʦʪʝʟʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʾ ʦʩʥʦʚʠ ʪʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʟ ʦʢʩʠʜʥʦʾ ʢʝʨʘʤʽʢʠ. ʊʘʢ, 

ʥʘʧʨʠʢʣʘʜ, ʚ ʋʢʨʘʾʥʽ ʙʫʣʘ ʟʘʧʘʪʝʥʪʦʚʘʥʘ ʽʜʝʷ 

ʜʚʦʰʘʨʦʚʦʛʦ ʝʥʜʦʧʨʦʪʝʟʫ [2]. ʁʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʪʦʚʩʪʦʛʦ ʰʘʨʫ ʟ ʢʝʨʘʤʽʢʠ ʥʘ ʤʝʪʘʣʝʚʫ ʦʩʥʦʚʫ. ʊʘʢʽ ʥʝʜʦʣʽʢʠ 

ʚʽʜʩʫʪʥʽ ʫ ʪʨʠʰʘʨʦʚʽʡ ʛʦʣʽʚʮʽ, ʷʢʘ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʜʚʦʰʘʨʦʚʦʾ, ʤʘʻ ʫ ʢʝʨʘʤʽʯʥʽʡ ʩʬʝʨʽ 

ʧʦʨʦʞʥʠʥʫ, ʱʦ ʟʘʧʦʚʥʶʻʪʴʩʷ ʯʝʨʝʟ ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʧʨʦʰʘʨʦʢ ʨʽʜʢʦʶ ʤʝʪʘʣʝʚʦʶ 

ʦʩʥʦʚʦʶ, ʚ ʷʢʽʡ ʻ ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʥʽʯʥʠʡ ʦʪʚʽʨ ʜʣʷ ʬʽʢʩʘʮʽʾ ʛʦʣʽʚʢʠ (ʨʠʩ. 3). ɿʘʧʨʦʧʦʥʦʚʘʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ (ʨʠʩ. 4, ʙ.) ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʰʘʨʽʚ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʰʘʨʢʫ. 

ɿʦʚʥʽʰʥʽʡ ʰʘʨ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ, ʘʙʦ ʰʪʫʯʥʦʛʦ ʩʘʧʬʽʨʫ, ʘ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʥʘʥʝʩʝʥʦ ʤʽʢʨʦʨʝʣʴʻʬ ʜʣʷ ʢʨʘʱʦʛʦ ʢʦʥʪʘʢʪʫ ʟ ʪʝʧʣʦʧʨʦʚʽʜʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ 

ʰʘʨʦʤ. ɺʥʫʪʨʽʰʥʽʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʣʝʚʦʛʦ ʩʧʣʘʚʫ, ʱʦ ʚ ʨʽʜʢʽʡ ʬʘʟʽ ʜʦʩʪʘʚʣʷʻʪʴʩʷ ʚ 

ʧʦʨʦʞʥʠʥʫ ʤʘʡʙʫʪʥʴʦʾ ʛʦʣʽʚʢʠ ʽ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʰʘʨʦʢ, ʟʘʚʜʘʥʥʷʤ ʷʢʦʛʦ 

ʻ ʝʬʝʢʪʠʚʥʝ ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʘ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʨʫʡʥʫʚʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʢʝʨʘʤʽʯʥʦʛʦ ʰʘʨʫ 

ʚʥʘʩʣʽʜʦʢ ʚʠʩʦʢʠʭ ʪʝʨʤʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʉʘʤ ʞʝ ʪʝʧʣʦʧʨʦʚʽʜʥʠʡ ʰʘʨ ʤʫʩʠʪʴ ʙʫʪʠ 

ʫʪʚʦʨʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ, ʥʘʧʨʠʢʣʘʜ, ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʶʚʘʥʥʷ. 

 
ʈʠʩ. 1 ï ɹʫʜʦʚʘ ʝʥʜʦʧʨʦʪʝʟʘ 

ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ:  

A  ʘʮʝʪʘʙʫʣʷʨʥʠʡ ʢʦʤʧʦʥʝʥʪ;  

B  ʩʬʝʨʠʯʥʘ ʛʦʣʦʚʢʘ ʪʘ 

ʚʢʣʘʜʠʰ; ʉ  ʥʽʞʢʘ 

ʝʥʜʦʧʨʦʪʝʟʘ). 

mailto:akozyrev@ukr.net
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ʆʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʩʧʦʩʦʙʽʚ ʟʘʧʦʚʥʝʥʥʷ ʩʝʨʮʝʚʠʥʠ ʛʦʣʽʚʢʠ ʤʝʪʘʣʦʤ ʻ ʛʘʟʦʧʦʨʦʰʢʦʚʝ 

ʣʘʟʝʨʥʝ ʥʘʧʣʘʚʣʝʥʥʷ. ɺʦʥʦ ʥʘʣʝʞʠʪʴ ʜʦ ʤʝʪʦʜʽʚ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ, ʧʨʠ ʷʢʦʤʫ ʥʘ ʧʦʚʝʨʭʥʽ 

ʚʠʨʦʙʫ, ʟʘʚʜʷʢʠ ʧʣʘʚʣʝʥʥʶ ʪʘ ʦʜʥʦʯʘʩʥʦʤʫ ʥʘʥʝʩʝʥʥʶ ʧʨʠʩʘʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʧʦʨʦʰʢʫ), 

ʫʪʚʦʨʶʻʪʴʩʷ ʰʘʨ ʟ ʽʥʰʠʤʠ, ʥʝʦʙʭʽʜʥʠʤʠ, ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʞʝʨʝʣʦʤ ʥʘʛʨʽʚʫ ʚʠʩʪʫʧʘʻ 

ʣʘʟʝʨʥʠʡ ʧʨʦʤʽʥʴ. 

ʎʝʡ ʤʝʪʦʜ ʟʜʘʪʝʥ ʟʘʜʦʚʦʣʴʥʠʪʠ ʦʩʥʦʚʥʽ 

ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʣʽʚʢʠ 

ʝʥʜʦʧʨʦʪʝʟʫ, ʦʩʢʽʣʴʢʠ ʤʘʻ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ: 

ʣʦʢʘʣʴʥʝ ʽ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʟʘ ʛʣʠʙʠʥʦʶ 

ʧʨʦʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʽʜʢʣʘʜʢʠ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʽ 

ʥʝʤʦʞʣʠʚʽʩʪʴ ʨʦʟʰʘʨʫʚʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʠʭ ʰʘʨʽʚ; ʤʘʣʽ ʜʝʬʦʨʤʘʮʽʾ 

ʧʽʜʢʣʘʜʢʠ ʥʝ ʧʨʠʟʚʝʜʫʪʴ ʜʦ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʰʘʨʫ ʚʽʜ ʢʝʨʘʤʽʢʠ; 

ʤʦʞʣʠʚʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘ ʚʘʞʢʦʜʦʩʪʫʧʥʽ 

ʧʦʚʝʨʭʥʽ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʦʜʫ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʦ ʜʝʢʽʣʴʢʦʭ ʨʦʙʦʯʠʭ ʤʽʩʮʴ 

ʨʦʟʰʠʨʶʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʩʭʝʤ 

ʦʙʨʦʙʢʠ ʪʘ ʰʚʠʜʢʦʾ ʾʭ ʟʤʽʥʠ; ʤʽʥʽʤʘʣʴʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʤʽʞ ʰʘʨʘʤʠ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʥʘʧʣʘʚʣʷʻʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʪʦʯʥʦ ʟʤʽʥʶʚʘʪʠ 

ʭ̔ ʤʽʯʥʠʡ ʩʢʣʘʜ ʰʘʨʽʚ ʚ ʧʨʦʮʝʩʽ ʦʙʨʦʙʢʠ; 

ʦʪʨʠʤʘʥʽ ʧʦʢʨʠʪʪʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʩʪʽʡʢʽʩʪʶ ʜʦ ʢʦʨʦʟʽʾ ʪʘ ʝʨʦʟʽʾ, ʜʦ ʪʦʛʦ ʞ 

ʽʩʥʫʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʦʨʠʩʪʽ ʧʦʚʝʨʭʥʽ ʜʣʷ ʢʨʘʱʦʛʦ ʧʨʠʞʠʚʣʷʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ 

ʪʢʘʥʠʥ ʜʦ ʽʤʧʣʘʥʪʫ [3].  
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ʄɽʊʆɼ ʃɸɿɽʈʅʆɻʆ ʅɸʅɽʉɽʅʅʗ ʂʆɼʋ UDI ʅɸ ʄɽɼʀʏʅɯ ɯʅʉʊʈʋʄɽʅʊʀ 

ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʤʝʜʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʜʦʧʦʤʘʛʘʻ ʧʽʜʚʠʱʠʪʠ ʙʝʟʧʝʢʫ ʚ ʤʝʜʠʯʥʽʡ ʩʬʝʨʽ, ʚ 

ʪʦʡ ʞʝ ʯʘʩ, ʟʘʚʜʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤʠ, ʘ ʛʘʣʫʟʝʚʽ ʥʦʨʤʠ ʩʪʘʶʪʴ 

ʩʫʚʦʨʽʰʠʤʠ. ʋ ʛʨʫʜʥʽ 2013 ʨʦʢʫ ʄʽʞʥʘʨʦʜʥʠʡ ʬʦʨʫʤ ʨʝʛʫʣʷʪʦʨʽʚ ʤʝʜʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ 

(IMDRF) ʩʪʚʦʨʠʚ ʂʝʨʽʚʥʠʡ ʜʦʢʫʤʝʥʪ UDI, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʛʣʦʙʘʣʴʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ 

ʧʨʠʡʥʷʪʪʽ ʩʠʩʪʝʤʠ UDI (Unique Device Identification - ʋʥʽʢʘʣʴʥʘ ʩʠʩʪʝʤʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ 

ʧʨʠʩʪʨʦʾʚ). ʄʘʨʢʫʚʘʥʥʷ UDI ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ: ʧʝʨʰʫ ʯʘʩʪʠʥʫ ʟʯʠʪʫʻ ʩʪʘʥʦʢ, ʘ 

ʜʨʫʛʫ ʣʶʜʠʥʘ. ʏʘʩʪʠʥʘ, ʷʢʫ ʟʯʠʪʫʻ ʩʪʘʥʦʢ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡʥʦʛʦ ʰʪʨʠʭ-ʢʦʜʫ 

ʘʙʦ ʜʚʦʚʠʤʽʨʥʦʛʦ ʤʘʪʨʠʯʥʦʛʦ ʰʪʨʠʭʢʦʜʫ (Data Matrix Code). ʏʘʩʪʠʥʘ, ʷʢʫ ʟʯʠʪʫʻ ʣʶʜʠʥʘ, 

ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʬʦʨʤʽ ʮʠʬʨ ʽ ʣʽʪʝʨ (ʨʠʩ. 1). 

ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ ʥʘʥʝʩʝʥʥʷ UDI 

ʪʘʢʽ ʷʢ: ʧʦʣʽʛʨʘʬʽʷ, ʛʨʘʚʽʨʫʚʘʥʥʷ, 

ʤʘʨʢʫʚʘʥʥʷ [1]. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʦʣʽʛʨʘʬʽʷ 

ʻ ʙʽʣʴʰ ʧʨʦʩʪʠʤ ʽ ʜʝʰʝʚʠʤ ʤʝʪʦʜʦʤ, ʘʣʝ 

ʥʝ ʧʽʜʭʦʜʠʪʴ ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʽʜʝ ʤʦʚʘ 

ʧʨʦ ʩʪʘʣʝʚʽ ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʝʥʜʦʩʢʦʧʠ. 

ʇʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʽʩʣʷ ʤʠʪʪʷ ʽ 

ʩʪʝʨʠʣʽʟʘʮʽʾ ʻ ʟʚʠʯʘʡʥʠʤ ʷʚʠʱʝʤ, ʪʦʤʫ 

ʝʪʠʢʝʪʢʠ ʟ ʧʘʧʝʨʫ ʘʙʦ ʧʣʽʚʢʠ ʩʪʘʶʪʴ 

ʧʨʦʙʣʝʤʦʶ ʯʝʨʝʟ ʥʝʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʥʝʧʨʠʧʫʩʪʠʤʽ ʨʠʟʠʢʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʤʝʜʠʯʥʦʾ ʧʨʘʢʪʠʢʠ. ʎʽ ʧʨʦʙʣʝʤʠ ʧʨʠʟʚʝʣʠ 

ʜʦ ʥʝʦʙʭʽʜʥʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʤʝʪʦʜ ʧʨʷʤʦʛʦ ʤʘʨʢʫʚʘʥʥʷ. 

ʆʩʢʽʣʴʢʠ ʧʨʷʤʝ ʤʘʨʢʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

ʜʦʩʠʪʴ ʚʠʤʦʛʣʠʚʝ, ʣʘʟʝʨʥʝ 

ʤʘʨʢʫʚʘʥʥʷ ʫʷʚʣʷʻʪʴʩʷ 

ʻʜʠʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ, 

ʟʜʘʪʥʦʶ ʚʠʪʨʠʤʫʚʘʪʠ 

ʧʨʦʮʝʩʠ ʧʘʩʠʚʘʮʽʾ, 

ʛʘʨʘʥʪʫʶʯʠ ʧʨʠ ʮʴʦʤʫ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʥʘʧʠʩʫ, ʷʢʠʡ 

ʤʦʞʝ ʧʨʦʪʠʩʪʦʷʪʠ 

ʚʠʩʦʢʦʤʫ ʟʥʦʩʫ ʽ 

ʩʪʠʨʘʥʥʶ ʪʘ ʯʘʩʪʠʤ 

ʮʠʢʣʘʤ ʩʪʝʨʠʣʽʟʘʮʽʾ. 

ʆʩʢʽʣʴʢʠ ʤʘʨʢʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʢʽʥʮʽ ʨʦʙʦʯʦʛʦ ʮʠʢʣʫ, ʙʨʘʢ ʧʦʚʠʥʝʥ ʙʫʪʠ ʟʚʝʜʝʥʠʡ 

ʜʦ ʤʽʥʽʤʫʤʫ, ʘ ʧʦʚʪʦʨʶʚʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʻ ʦʙʦʚ'ʷʟʢʦʚʠʤʠ. ʃʘʟʝʨʥʝ 

ʤʘʨʢʫʚʘʥʥʷ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʪʘʢʠʡ ʨʦʟʤʽʨ ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʷʤʦʛʦ ʤʘʨʢʫʚʘʥʥʷ ʥʘ ʤʝʜʠʯʥʠʭ 

ʽʥʩʪʨʫʤʝʥʪʘʭ: ʤʽʥʽʤʘʣʴʥʠʡ-0.1 ʤʤ, ʦʧʪʠʤʘʣʴʥʠʡ-0.2 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʠʡ-0.3 ʤʤ [3]. 

ʈʦʟʛʣʷʥʝʤʦ ʪʨʠ ʤʝʪʦʜʠ ʣʘʟʝʨʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ.  

 
ʈʠʩ. 1 ï ʇʨʠʢʣʘʜ ʥʘʥʝʩʝʥʥʷ UDI ʥʘ 

ʭʽʨʫʨʛʽʯʥʠʡ ʩʢʘʣʴʧʝʣʴ, TRUMPF [2] 

   
ʘ) ʯʦʨʥʝ-ʚʽʜʧʘʣʝʥʝ 

ʤʘʨʢʫʚʘʥʥʷ 

ʙ) ʯʦʨʥʝ 

ʤʘʨʢʫʚʘʥʥʷ 

ʚ) ʛʨʘʚʽʨʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʤʘʨʢʫʚʘʥʥʷ 

ʈʠʩ. 2 ï ʇʦʨʽʚʥʷʥʥʷ ʟʨʘʟʢʽʚ ʣʘʟʝʨʥʦʛʦ ʤʘʨʢʫʚʘʥʥʷ [4] 

mailto:akozyrev@ukr.net
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ʏʦʨʥʝ-ʚʽʜʧʘʣʝʥʝ ʤʘʨʢʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʜʣʷ 

ʬʘʨʙʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʤʽʰʝʥʽ ʚ ʯʦʨʥʠʡ ʢʦʣʽʨ. ɼʫʞʝ ʢʦʨʦʪʢʽ ʣʘʟʝʨʥʽ ʽʤʧʫʣʴʩʠ ʩʪʚʦʨʶʶʪʴ ʥʘ 

ʧʦʚʝʨʭʥʽ ʥʘʥʦʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʩʽʶʚʘʥʥʷ ʩʚʽʪʣʘ ʽ ʜʦ ʧʦʩʪʽʡʥʦʛʦ 

ʛʣʠʙʦʢʦʛʦ ʽ ʩʪʽʡʢʦʛʦ ʤʘʨʢʫʚʘʥʥʷ. ʏʦʨʥʝ ʤʘʨʢʫʚʘʥʥʷ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʘʨʙʫʚʘʥʥʷ 

ʧʦʚʝʨʭʥʽ ʤʽʰʝʥʽ ʚ ʯʦʨʥʠʡ ʢʦʣʽʨ ʙʝʟ ʚʠʜʘʣʝʥʥʷ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ. ʎʝʡ ʤʝʪʦʜ ʧʦʚʪʦʨʶʻ 

ʯʦʨʥʝ-ʚʽʜʧʘʣʝʥʝ ʤʘʨʢʫʚʘʥʥʷ, ʘʣʝ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʽʢʦʩʝʢʫʥʜʥʠʭ ʣʘʟʝʨʽʚ. ɻʨʘʚʽʨʫʚʘʥʥʷ 

ʥʘ ʦʩʥʦʚʽ ʤʘʨʢʫʚʘʥʥʷ - ʮʝʡ ʤʝʪʦʜ ʚʢʣʶʯʘʻ ʟʙʽʣʴʰʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʣʘʟʝʨʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʤʽʰʝʥʽ. 

ʏʦʨʥʝ ʤʘʨʢʫʚʘʥʥʷ 

ʧʦʨʽʚʥʷʥʦ ʟ ʛʨʘʚʽʨʫʚʘʥʥʷʤ 

ʥʘ ʦʩʥʦʚʽ ʤʘʨʢʫʚʘʥʥʷ ʥʝ 

ʟʤʽʥʶʻ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, ʘ 

ʣʠʰʝ ʩʪʨʫʢʪʫʨʫ, ʘ ʩʘʤ 

ʤʘʪʝʨʽʘʣ ʥʝ ʚʠʜʘʣʷʻʪʴʩʷ, ʘ 

ʧʦʨʽʚʥʷʥʦ ʟ ʯʦʨʥʠʤ-

ʚʽʜʧʘʣʝʥʠʤ ʤʘʨʢʫʚʘʥʥʷʤ ʻ 

ʙʽʣʴʰ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʤ. 

ʆʩʢʽʣʴʢʠ, ʜʣʷ ʧʦʜʽʙʥʦʛʦ ʥʘʧʠʩʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʣʘʟʝʨʠ ʟ ʧʽʢʦʩʝʢʫʥʜʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ, 

ʢʦʣʽʨʥʠʡ ʧʝʨʝʭʽʜ ʚ ʧʝʚʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘʣʠʰʘʻʪʴʩʷ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʤ, ʪʦʤʫ ʱʦ 

ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ ʟʦʥʘ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʜʫʞʝ ʤʘʣʘ ʽ ʥʘ 

ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʠʪʴ ʚʽʣʴʥʦʛʦ ʭʨʦʤʫ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʩʘʤʦʚʽʜʥʦʚʣʶʚʘʣʴʥʦʛʦ 

ʦʢʩʠʜʥʦʛʦ ʰʘʨʫ. 

  
ʘ) ʯʦʨʥʝ-ʚʽʜʧʘʣʝʥʝ ʤʘʨʢʫʚʘʥʥʷ ʙ) ʯʦʨʥʝ ʤʘʨʢʫʚʘʥʥʷ 

ʈʠʩ. 4 ï ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʙʨʠʟʢʘʤʠ ʩʦʣʦʥʦʾ ʚʦʜʠ. [6] 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Mielke, Michael & Budnicki, Aleksander & Kahmann, Max & Sutter, Dirk. (2015). High power 
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& Electro-Optics. 10.2351/1.5063171. 

2. UDI-compliant marking | TRUMPF. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 
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3. Laser Marking for UDI. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.keyence.com.my/ss/products/marking/lasermarker/application/udi.jsp?suzNoRefer=1 
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Magazine. Manufacturing process. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.metalworkingworldmagazine.com/a-unique-laser-method-for-stainless-steel-marking/ 

5. Laser marking of reusable surgical instruments mastering multi-process requirements. ALLTEC 

GMBH | FOBA Laser Marking & Engraving Solutions. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.fobalaser.com/industry-solutions/medical-technology/ 

6. Benayad-Cherif Faycal. FAQ on UDI, Part 2: How to Mark UDI Compliant Codes Reliably. 

ALLTEC GMBH | FOBA Laser Marking & Engraving Solutions. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://www.fobalaser.com/blog/faq-on-udi-part-2-how-to-mark-udi-compliant-codes-reliably. 

 

 

 
 

ʘ) ʯʦʨʥʝ-ʚʽʜʧʘʣʝʥʝ ʤʘʨʢʫʚʘʥʥʷ ʙ) ʯʦʨʥʝ ʤʘʨʢʫʚʘʥʥʷ 

ʈʠʩ. 3 ï ʇʦʨʽʚʥʷʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʽʩʣʷ ʤʘʨʢʫʚʘʥʥʷ [5] 

https://www.fobalaser.com/blog/faq-on-udi-part-2-how-to-mark-udi-compliant-codes-reliably
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ɻʦʥʯʘʨ ɯ. ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ, v.stepanyshyn@gmail.com 

ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ʊɽʈʄʆɼʀʅɸʄɯʏʅʀʍ ʏʀʅʅʀʂɯɺ ʅɸ ʇʈʆʎɽʉ 

ʌʆʈʄʋɺɸʅʅʗ ɯʅʊɽʈʄɽʊɸʃɯɼʅʀʍ ʇʆʂʈʀʊʊɯɺ ʅɸ ʇʆɺɽʈʍʅɯ ʄɽʊɸʃɽɺʀʍ 

ɺʀʈʆɹɯɺ 

ʅʘʜʽʡʥʽʩʪʴ ʪʘ ʚʠʩʦʢʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʣʴʰʦʩʪʽ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʴ ʚʽʜ ʩʪʘʥʫ ʾʭ ʧʦʚʝʨʭʥʽ ʪʘ ʾʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɽʬʝʢʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ 

ʦʜʥʦʯʘʩʥʦʾ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʽ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ ʻ ʜʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʾʭ 

ʧʦʚʝʨʭʥʽ ʝʣʝʤʝʥʪʘʤʠ, ʱʦ ʟʜʘʪʥʽ ʫʪʚʦʨʶʚʘʪʠ ʟʘʭʠʩʥʽ ʧʦʚʝʨʭʥʝʚʽ ʰʘʨʠ. 

ɯʥʪʝʨʤʝʪʘʣʽʜʥʽ ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ ʽ ʘʣʶʤʽʥʽʶ ʚʦʣʦʜʽʶʪʴ ʚʠʩʦʢʦʶ ʢʦʨʦʟʽʡʥʦʶ 

ʩʪʽʡʢʽʩʪʶ ʚ ʨʦʟʧʣʘʚʘʭ ʨʽʜʢʠʭ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʷʢʦʩʪʽ 

ʟʘʭʠʩʥʦʛʦ ʧʦʢʨʠʪʪʷ ʜʣʷ ʩʪʘʣʴʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʢʦʥʪʘʢʪʽ ʟ ʨʦʟʧʣʘʚʘʤʠ 

ʣʝʛʢʦʧʣʘʚʢʠʭ ʤʝʪʘʣʽʚ. 

ʋʤʦʚʦʶ ʫʪʚʦʨʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʜʚʦʭ ʽʜʝʘʣʴʥʠʭ ʨʦʟʯʠʥʽʚ (ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ 

const., ʚʽʜʩʫʪʥʽ ʪʨʝʪʽ ʢʦʤʧʦʥʝʥʪʠ) ʙʫʜʝ:  

 

ɿʛʽʜʥʦ ʮʽʻʾ ʫʤʦʚʠ ʜʣʷ ʧʝʨʝʥʦʩʫ ʜʠʬʫʟʘʥʪʘ ʟ ʬʘʟʠ 1 ʫ ʬʘʟʫ 2 ʥʝʦʙʭʽʜʥʠʡ ʛʨʘʜʽʻʥʪ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʽ ʜʦʜʘʪʥʝ ʟʥʘʯʝʥʥʷ ȹG. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʤʦʚʦʶ, ʥʝʦʙʭʽʜʥʦʶ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʧʦʢʨʠʪʪʽʚ ʻ ʨʽʟʥʠʮʷ ʫ ʚʽʣʴʥʠʭ ʝʥʝʨʛʽʷʭ ʾʭ ʫʪʚʦʨʝʥʥʷ. ʏʠʤ ʙʽʣʴʰʘ ʮʷ ʨʽʟʥʠʮʷ, ʪʠʤ 

ʟʥʘʯʥʽʰʠʤ ʙʫʜʝ ʝʬʝʢʪ ʫ ʨʦʟʜʽʣʝʥʥʽ ʜʠʬʫʟʘʥʪʘ ʤʽʞ ʬʘʟʘʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ ʚʩʝ ʚʠʱʝ ʚʠʢʣʘʜʝʥʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʢʨʠʪʪʽʚ ʨʽʜʢʦʬʘʟʥʠʤ ʩʧʦʩʦʙʦʤ ʙʫʣʦ 

ʚʠʙʨʘʥʦ ʩʠʩʪʝʤʠ ʥʘʪʨʽʡ-ʘʣʶʤ̔ʥʽʡ ʽ ʣʽʪʽʡ-ʥʽʢʝʣʴ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʣʽʪʠʨʫʚʘʥʥʷ ʩʬʦʨʤʫʚʘʣʦʩʷ ʧʦʢʨʠʪʪʷ, ʩʫʮʽʣʴʥʝ ʧʦ ʚʩʽʡ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʽʚ 

ʪʦʚʱʠʥʦʶ 150é200 ʤʢʤ ʽ ʧʦʨʠʩʪʝ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ. ʄʝʪʘʣʦʛʨʘʬʽʯʥʠʤ ʘʥʘʣʽʟʦʤ 

ʚʠʷʚʣʝʥʦ ʱʦʥʘʡʤʝʥʰʝ 4 ʩʪʨʫʢʪʫʨʥʽ ʰʘʨʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʪʨʘʚʣʝʥʥʷ. ɿʘ ʜʘʥʠʤʠ 

ʬʘʟʦʚʦʛʦ ʽ ʜʶʨʦʤʝʪʨʠʯʥʦʛʦ ʘʥʘʣʽʟʽʚ ʘʣʶʤʽʥʽʡ ʚ ʧʦʢʨʠʪʪʽ ʟʥʘʭʦʜʠʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʜʽ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ Ni2AL5, NiAl , NiAl 3,  FeAl, FeAl3, Fe2Al 5, FeAl2. ʂʨʽʤ ʮʴʦʛʦ ʚʠʷʚʣʝʥʦ ʢʘʨʙʽʜʠ 

ʪʠʧʫ ʄe23ʉ6. ɸʣʶʤʽʥʽʜʠ ʭʨʦʤʫ ʚ ʧʦʢʨʠʪʪʽ ʥʝ ʚʠʷʚʣʝʥʽ. ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ 

ʧʦʢʨʠʪʪʷ ʩʪʘʥʦʚʠʪʴ  6 ɻʇʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʘʙʣʠʯʥʠʤ ʟʥʘʯʝʥʥʷʤ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʩʧʦʣʫʢ 

FeAl ʽ NiAl3, ʪʦʙʪʦ ʚʢʘʟʘʥʽ ʬʘʟʠ ʻ ʜʦʤʽʥʫʶʯʠʤʠ. 

ɼʠʬʫʟʽʡʥʝ ʥʘʩʠʯʝʥʥʷ ʟʨʘʟʢʽʚ ʥʽʢʝʣʝʤ ʧʨʦʚʦʜʠʣʠ ʚ ʨʦʟʧʣʘʚʽ Li ï 10 ʤʘʩ.% Nʽ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʚʘʣʠ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ  60 ʤʢʤ, ʨʽʚʥʦʤʽʨʥʝ ʽ ʩʫʮʽʣʴʥʝ ʧʦ ʚʩʽʡ 

ʧʦʚʝʨʭʥʽ. ʇʽʩʣʷ ʪʦʛʦ, ʟʨʘʟʢʠ ʜʠʬʫʟʽʡʥʦ ʥʘʩʠʯʫʚʘʣʠ ʟʽ ʩʧʣʘʚʫ Nʘ-5 ʤʘʩ.% ɸL. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʦʪʨʠʤʫʚʘʣʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʝ ʧʦʢʨʠʪʪʷ ʪʦʚʱʠʥʦʶ  70 ʤʢʤ ʨʽʚʥʦʤʽʨʥʝ ʽ ʩʫʮʽʣʴʥʝ ʧʦ 

ʚʩʽʡ ʧʦʚʝʨʭʥʽ. 

ɿ ʜʦʧʦʤʦʛʦʶ ʤʝʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʜʶʨʦʤʝʪʨʠʯʥʦʛʦ ʽ ʤʽʢʨʦʨʝʥʪʛʝʥʦ-ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʘʥʘʣʽʟʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʢʨʠʪʪʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʩʪʨʫʢʪʫʨʥʠʭ ʰʘʨʽʚ ʟ ʨʽʟʥʠʤ 

ʬʘʟʦʚʠʤ ʩʢʣʘʜʦʤ ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ. ʐʘʨ ʧʦʢʨʠʪʪʷ ʥʘ ʛʨʘʥʠʮʽ ʟ ʤʘʪʨʠʮʝʶ ʪʦʚʱʠʥʦʶ ʜʦ 15 

ʤʢʤ ʟ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ 7,5é8 ɻʇʘ ʚʽʜʧʦʚʽʜʘʻ ʬʘʟʦʚʦʤʫ ʩʢʣʘʜʫ NiAL3, NiAl, FeAl. ʎʝʡ ʰʘʨ 

ʩʢʣʘʜʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʽʟ ʩʪʦʚʙʯʘʩʪʠʭ ʟʝʨʝʥ ʦʨʽʻʥʪʦʚʘʥʠʭ ʫ ʥʘʧʨʷʤʢʫ ʤʘʪʨʠʮʷ-ʧʦʚʝʨʭʥʷ. 

ʅʘʩʪʫʧʥʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ 20-25 ʤʢʤ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʽʣʴʰ ʢʨʫʧʥʠʭ ʟʝʨʝʥ ʥʝʧʨʘʚʠʣʴʥʦʾ 

ʬʦʨʤʠ ʟ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ 9,5é11 ɻʇʘ. ɺ ʥʴʦʤʫ ʧʨʠʩʫʪʥʽ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʟ 

ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʘʣʶʤʽʥʽʶ: FeAl3, Fe2Al 5, FeAl2, Ni2AL5, Ni2Al 3. 

ʄʘʢʩʠʤʘʣʴʥʘ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ (ʜʦ 13 ɻʇʘ) ʥʘʩʪʫʧʥʦʛʦ ʪʦʥʢʦʛʦ (10é15 ʤʢʤ) ʰʘʨʫ 
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ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʧʦʢʨʠʪʪʽ ʬʘʟ ʚʪʽʣʝʥʥʷ: ʢʘʨʙʽʜʽʚ ʽ ʥʽʪʨʠʜʽʚ, ʟʦʢʨʝʤʘ, ʥʽʪʨʠʜʽʚ 

ʘʣʶʤʽʥʽʶ. ʇʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʧʦʢʨʠʪʪʷ ʤʘʻ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ  8,5 ɻʇʘ. ʉʪʨʫʢʪʫʨʘ ʮʴʦʛʦ 

ʰʘʨʫ ʩʬʦʨʤʫʚʘʣʘʩʴ ʚʥʘʩʣʽʜʦʢ ʜʠʬʫʟʽʡʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʥʽʢʝʣʝʚʦʛʦ ʧʦʢʨʠʪʪʷ ʘʣʶʤʽʥʽʻʤ ʽ 

ʩʢʣʘʜʘʻʪʴʩʷ, ʚ ʦʩʥʦʚʥʦʤʫ, ʟ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʥʽʢʝʣʶ ʽ ʟʘʣʽʟʘ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʘʣʶʤʽʥʽʶ. 

ɺʤʽʩʪ ʥʽʢʝʣʶ ʚ ʥʘʧʨʷʤʢʫ ʚʽʜ ʛʨʘʥʠʮʽ ʨʦʟʜʽʣʫ ʤʘʪʨʠʮʷ-ʧʦʢʨʠʪʪʷ ʜʦ ʧʦʚʝʨʭʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʜʦʩʷʛʘʶʯʠ ʤʘʢʩʠʤʫʤʫ ( 50 ʤʘʩ.%) ʥʘ ʚʽʜʜʘʣʽ  30 ʤʢʤ ʚʽʜ ʧʦʚʝʨʭʥʽ. ʊʘʢʠʡ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʥʽʢʝʣʶ ʚ ʧʦʢʨʠʪʪʽ ʦʙʫʤʦʚʣʝʥʠʡ ʧʦʝʪʘʧʥʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʦʩʪʘʥʥʴʦʛʦ. ʇʨʠ 

ʜʠʬʫʟʽʡʥʦʤʫ ʥʘʩʠʯʝʥʥʽ ʥʽʢʝʣʴʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʘʣʶʤʽʥʽʻʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʪʽʩʥʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ ʤʘʢʩʠʤʫʤʫ ʥʽʢʝʣʶ ʚ ʛʣʠʙʠʥʫ ʧʦʢʨʠʪʪʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʟ ʧʦʢʨʠʪʪʷʤʠ ʧʨʦʚʦʜʠʣʠ ʚ ʨʽʜʢʦʤʫ ʣʽʪʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 700
0
ʉ, 

ʤʘʢʩʠʤʘʣʴʥʠʡ ʯʘʩ ʚʠʪʨʠʤʢʠ 100 ʛʦʜʠʥ.  

ʂʦʨʦʟʽʡʥʘ ʩʪʽʡʢʽʩʪʴ ʘʣʶʤʽʥʽʜʥʦʛʦ ʧʦʢʨʠʪʪʷ ʥʠʟʴʢʘ. ɸʣʶʤʽʥʽʡ ʧʨʘʢʪʠʯʥʦ ʧʦʚʥʽʩʪʶ 

ʨʦʟʯʠʥʷʻʪʴʩʷ. ɿʘʣʠʰʢʦʚʠʡ ʪʦʥʢʠʡ ʰʘʨ ʪʦʚʱʠʥʦʶ ʥʝ ʙʽʣʴʰʝ 20 ʤʢʤ ʻ ʥʝʩʫʮʽʣʴʥʠʤ, 

ʬʨʘʛʤʝʥʪʘʨʥʠʤ ʽ ʧʦʨʠʩʪʠʤ ʟ ʤʽʢʨʦʪʚʝʨʜʽʩʪʶ ʧʦʨʷʜʢʫ 1 ɻʇʘ, ʱʦ ʚʠʢʣʠʢʘʥʦ ʽʥʪʝʥʩʠʚʥʠʤ 

ʨʦʟʯʠʥʝʥʥʷʤ ʘʣʶʤʽʥʽʶ ʚ ʣʽʪʽʾ ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʚʽʣʴʥʠʭ ʝʥʝʨʛʽʡ. 

ʌʘʟʦʚʠʡ ʽ ʤʽʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʠʡ ʘʥʘʣʽʟʠ ʟʨʘʟʢʽʚ ʟ ʥʽʢʝʣʴ-ʘʣʶʤʽʜʥʠʤ ʧʦʢʨʠʪʪʷʤ 

ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʠʪʨʠʤʢʠ ʟʨʘʟʢʽʚ ʚ ʣʽʪʽʾ ʧʨʦʭʦʜʠʪʴ ʣʠʰʝ ʯʘʩʪʢʦʚʝ 

ʨʦʟʯʠʥʝʥʥʷ ʘʣʶʤʽʥʽʶ ʟ ʧʦʢʨʠʪʪʷ. ʉʢʣʘʜ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʚ ʧʦʢʨʠʪʪʽ ʧʽʩʣʷ ʚʠʪʨʠʤʢʠ 

ʧʨʘʢʪʠʯʥʦ ʘʥʘʣʦʛʽʯʥʠʡ ʜʦ ʚʠʭʽʜʥʦʛʦ. ɯʥʪʝʨʤʝʪʘʣʽʜʥʝ ʧʦʢʨʠʪʪʷ ʪʘʢʠʤ ʯʠʥʦʤ ʩʫʪʪʻʚʦ 

ʧʦʥʠʞʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʚ ʣʽʪʽʾ ʥʽʢʝʣʶ ʡ ʽʥʰʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʪʘʣʽ, ʧʽʜʚʠʱʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʾʾ 

ʢʦʨʦʟʽʡʥʫ ʩʪʽʡʢʽʩʪʴ.  
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ʂʦʧʳʣʦʚ ɺ. ʀ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè, 

kopviacheslav@gmail.com 

ʂʫʟʠʥ ʆ. ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʴʚʦʚʩʢʘʷ ʧʦʣʠʪʝʭʥʠʢʘè, kuzin.oleg.an@gmail.com 
ʂʫʟʠʥ ʅ. ʆ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʴʚʦʚʩʢʠʡ ʬʠʣʠʘʣ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, kuzin.nick81@gmail.com 

ʃʶʰʝʥʢʦ ɽ. ʆ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ çʂʇʀ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè 

ʉʊʈʋʂʊʋʈɸ ɻʈɸʅʀʎ ɿɽʈɽʅ ʀ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʔ ʄɸʊɽʈʀɸʃʆɺ ʇʆʉʃɽ 

ʇʃɸɿʄɽʅʅʆʁ ʆɹʈɸɹʆʊʂʀ 

ʉʤʝʥʥʳʝ ʦʙʦʜʳ ʢʦʣʝʩ (ʙʘʥʜʘʞʠ) ʣʦʢʦʤʦʪʠʚʦʚ ʨʘʙʦʪʘʶʪ ʚ ʪʷʞʝʣʳʭ ʫʩʣʦʚʠʷʭ. ʆʥʠ 

ʠʟʥʘʰʠʚʘʶʪʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʨʝʣʴʩʘʤʠ, ʨʘʙʦʪʘʶʪ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ ʥʘ 

ʩʪʳʢʘʭ ʠ ʥʘʛʨʝʚʘʶʪʩʷ ʚʦ ʚʨʝʤʷ ʪʦʨʤʦʞʝʥʠʷ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʦʩʥʦʚʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ 

ʩʪʘʣʠ ʙʘʥʜʘʞʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ [1]. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʢʦʣʝʩʥʳʭ ʧʘʨ ʠʩʧʦʣʴʟʫʶʪ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʫʧʨʦʯʥʝʥʠʝ 

ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʥʘʛʨʝʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʝʡ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʩʨʦʢ ʨʘʙʦʪʳ ʠʟʜʝʣʠʡ, ʫʣʫʯʰʠʪʴ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʥʳʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʩʣʦʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʛʨʘʜʠʝʥʪʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʜʝʣʠʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ  
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ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʘʥʜʘʞʝʡ ʛʨʫʟʦʚʳʭ 

ʣʦʢʦʤʦʪʠʚʦʚ ʠʩʧʦʣʴʟʫʶʪ ʫʛʣʝʨʦʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʩʪʘʣʠ ʤʘʨʢʠ 3 (ɼʉʊʋ ɻʆʉʊ 

10791:2006) ʩʣʝʜʫʶʱʝʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ - ʫʛʣʝʨʦʜ 0,58.0,67%, ʤʘʨʛʘʥʝʮ 0,50.0,90%, 

ʢʨʝʤʥʠʡ 0,22.0,45%, ʚʘʥʘʜʠʡ 0,08.0,15%, ʩʝʨʘ ʢ 0,02%, ʬʦʩʬʦʨ ʢ 0,03%. ʇʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʛʦʪʦʚʦʢ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʝʥʠʡ ʥʝ ʤʝʥʴʰʝ, 

ʯʝʤ ůʚ ï 930 ʄʇʘ, ŭ ï 10%, ɣ ï 12%, ʅɺ ï 262. 

ʀʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʵʥʝʨʛʠʠ ʛʨʘʥʠʮ ʟʝʨʝʥ, ʢʦʪʦʨʘʷ 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʟʤʝʨʝʥʠʠ ʫʛʣʦʚ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʟʝʨʝʥ. ɽʩʣʠ ʠʟʚʝʩʪʥʘ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮʳ 

ʟʝʨʥʘ ʚ ʪʨʦʡʥʦʤ ʩʪʳʢʝ ʚ ʬʘʟʝ ʠʣʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʪʦ ʜʣʷ ʛʨʘʥʠʮ ʝʝ ʩʯʠʪʘʶʪ 

ʧʦ ʬʦʨʤʫʣʝ ʍʝʨʠʥʛʘ-ʗʥʛʘ [2, 3]: 
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1 2 3sin sin sin
,     (1) 

ʛʜʝ ů1, ů2, ů3 ï ʵʥʝʨʛʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ,  

ɚ1, ɚ2, ɚ3 ï ʫʛʣʳ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘʧʨʦʪʠʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʨʘʥʠʮ. 

ʄʠʢʨʦʪʚʸʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3, ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʠ ʚ ʫʩʣʦʚʠʷʭ ʩʫʭʦʛʦ 

ʪʨʝʥʠʷ ʥʘ ʤʘʰʠʥʝ ʉʄʎ-2 ʧʦ ʩʭʝʤʝ ʦʙʨʘʟʝʮ-ʢʦʥʪʨʪʝʣʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʧʦʪʝʨʠ ʤʘʩʩʳ 

ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʣʘʟʤʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ (ʦʙʦʜʘ ʠ 

ʛʨʝʙʥʷ) ʧʦʚʳʰʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʟʘʨʦʞʜʝʥʠʶ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʫʩʪʘʣʦʩʪʥʦʡ ʪʨʝʱʠʥʳ, 

ʧʦʚʳʰʘʝʪ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ ʢʦʣʝʩ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʧʨʦʯʥʝʥʠʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʥʜʘʞʘ ʧʦʣʫʯʘʶʪ ʜʦʨʦʞʢʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʰʠʨʠʥʦʡ 12...40 ʤʤ ʠ 

ʛʣʫʙʠʥʦʡ 1é2,5 ʤʤ ʩ ʪʚʝʨʜʦʩʪʴʶ ʅɺ 350é550, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʠ ʚʳʰʝ. 

ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʦʨʤʠʨʫʝʪʩʷ ʛʨʘʜʠʝʥʪʥʘʷ ʩʪʨʫʢʪʫʨʘ. ʊʦʣʱʠʥʘ ʩʣʦʷ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 2,6 ʤʤ. ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʩʪʨʫʢʪʫʨʳ 

ʫʧʨʦʯʥʝʥʥʳʡ ʩʣʦʡ ʧʦ ʪʦʣʱʠʥʝ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʟʦʥʳ. ʅʘ ʛʣʫʙʠʥʝ ʫʧʨʦʯʥʝʥʥʦʛʦ 

ʩʣʦʷ ʜʦ 0,45 ʤʤ ʦʙʨʘʟʫʝʪʩʷ ʨʘʟʥʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ɺ ʵʪʦʡ ʟʦʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʟʝʨʥʘ 

ʨʘʟʤʝʨʦʤ ʦʪ 6 ʜʦ 20 ʤʢʤ. ʅʘ ʛʣʫʙʠʥʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ ʦʪ 0,45 ʤʤ ʜʦ 1,4 ʤʤ ʧʦʣʫʯʘʝʪʩʷ 

ʟʦʥʘ ʦʜʥʦʨʦʜʥʳʭ ʟʝʨʝʥ. ɿʘ ʵʪʦʡ ʟʦʥʦʡ ʢ ʥʝʫʧʨʦʯʥʝʥʥʦʤʫ ʩʣʦʶ ʤʘʪʝʨʠʘʣʘ ʙʘʥʜʘʞʘ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʦʥʘ ʰʠʨʠʥʦʡ 0,87 ʤʤ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʥʘ ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ 7 ʤʢʤ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʟʝʨʝʥ ʨʘʟʥʳʭ ʟʦʥ ʩʣʦʷ 

ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʩʢʠʭ ʫʛʣʦʚ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ 

ʟʝʨʝʥ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ ʙʘʥʜʘʞʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʢʦʣʝʩʘ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ: ʘ - 0,45 ʤʤ, ʙ - 1,4 ʤʤ, ʚ - 2,6 ʤʤ 
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ʅʘ ʛʣʫʙʠʥʝ 0,45 ʤʤ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʚ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʨʘʥʠʮʳ, ʫʛʣʳ 

ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 61Á ʜʦ 180Á. ʊʦ ʝʩʪʴ ʠʤʝʶʪʩʷ 

ʙʦʣʴʰʝʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ ʧʦ ʵʥʝʨʛʠʷʤ. ɺ ʟʦʥʝ, ʛʜʝ 

ʬʦʨʤʠʨʫʝʪʩʷ ʦʜʥʦʨʦʜʥʘʷ ʟʝʨʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʥʘ ʛʣʫʙʠʥʝ 1,4 ʤʤ), ʫʛʣʳ ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ 

ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʟʝʨʝʥ ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 81Áé160Á, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʦ ʵʥʝʨʛʠʷʤ. ɺ ʟʦʥʝ ʤʝʣʢʦ-

ʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʛʣʫʙʠʥʝ 2,6 ʤʤ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʪʝʪ ʯʠʩʣʦ ʛʨʘʥʠʮ ʟʝʨʝʥ ʩ 

ʦʜʠʥʘʢʦʚʳʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʠʠ, ʫʛʦʣ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

120Á [4]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʦʩʪʠ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʣʦʷ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ 

ʪʚʝʨʜʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʥʜʘʞʘ, ʘ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘ ʛʣʫʙʠʥʝ 5 ʤʤ. 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 3700 ʄʇʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʙʘʥʜʘʞʘ ʜʦ 2580 ʄʇʘ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʥʝʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘ ʛʣʫʙʠʥʝ 4,5 ʤʤ. 

ɺ ʨʘʟʥʳʭ ʟʦʥʘʭ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ ʟʥʘʯʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʪʁʩʷ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʫʧʨʦʯʥʝʥʥʦʛʦ ʩʣʦʷ ʥʘ ʛʣʫʙʠʥʝ 1,5 ʤʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ 

ʜʦʩʪʠʛʘʝʪ ʥʘʠʚʳʩʰʝʛʦ ʟʥʘʯʝʥʠʷ (ʨʘʩʪʝʪ ʚ ʯʝʪʳʨʝ ʨʘʟʘ). ʅʘ ʙʦʣʴʰʝʡ ʛʣʫʙʠʥʝ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʩʣʦʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʤʠʥʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ 

4,5 ʤʤ, ʯʪʦ ʦʪʚʝʯʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʥʝʫʧʨʦʯʥʝʥʥʦʛʦ ʤʝʪʘʣʣʘ. 

ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʥʘʰʠʚʘʥʠʷ ʩʚʷʟʘʥʦ ʩ ʛʨʘʜʠʝʥʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, 

ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʪʣʠʯʠʡ ʚ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʛʨʝʚʘ ʧʦ ʛʣʫʙʠʥʝ ʚʦ ʚʨʝʤʷ 

ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʙʘʥʜʘʞʘ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʟʦʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʛʣʫʙʠʥʝ 1,5 ʤʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʜʠʥʘʢʦʚʳʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ, ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 15,0 ʤʢʤ. ʇʨʠ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʫʛʣʦʚ ʚ ʪʨʦʡʥʳʭ ʩʪʳʢʘʭ ʟʝʨʝʥ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 81Áé160Á, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʦʚʳʰʝʥʠʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʦʣʴʰʝʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʟʝʨʝʥ ʧʦ ʵʥʝʨʛʠʷʤ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʟʦʥʘʤʠ. ɺ ʫʩʣʦʚʠʷʭ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʥʘʛʨʫʟʦʢ ʚʦ ʚʨʝʤʷ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʨʳ ʪʨʝʥʠʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʙʦʣʴʰʝʫʛʣʦʚʳʝ ʛʨʘʥʠʮ r ʟʝʨʝʥ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʝʨʥʦʛʨʘʥʠʯʥʦʡ ʵʥʝʨʛʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʘʩʩʝʷʥʥʳʭ 

ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʟʘʨʦʞʜʝʥʠ ʁʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʨʝʱʠʥ. ʇʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʙʘʥʜʘʞʘ 

ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 0,5 ʤʤ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ.  

ʊʘʙʣʠʮʘ 1 ï ʊʚʝʨʜʦʩʪʴ, ʤʠʢʨʦʪʚʝʨʜʦʩʪʴ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʟʦʥʳ ʧʣʘʟʤʝʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ 

ʤʘʪʝʨʠʘʣʘ ʙʘʥʜʘʞʘ ʢʦʣʝʩʘ ʣʦʢʦʤʦʪʠʚʘ ʥʘ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʥʪʘʢʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʛʣʫʙʴ ʦʩʥʦʚʳ (ʢʦʣʝʩʘ), 10
-3

 ʤ 

ʊʚʝʨʜʦʩʪʴ, 

HRC 

ʄʠʢʨʦʪʚʝʨʜʦʩʪʴ 

Hɛ, ʄʇʘ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʥʘʰʠʚʘʥʠʷ,  

ImĀ10
-8

 

0,5 31 3700 2,0 

1,0 30 3550 1,0 

1,5 29 3600 0,5 

2,5 28 3150 1,4 

3,0 27 3150 1,6 

3,5 27 2800 2,4 

4,0 27 2600 3,0 

4,5 26 2580 3,2 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʨʘʟʥʳʭ ʟʦʥ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʣʦʷ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʪʚʝʨʜʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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ʣʦʢʘʣʴʥʳʭ ʦʙʲʝʤʦʚ ʟʝʨʝʥ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʵʪʘʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʘʩʩʝʷʥʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʧʨʠ ʢʦʥʪʘʢʪʥʳʭ ʥʘʛʨʫʟʢʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʙʘʥʜʘʞʝʡ ʢʦʣʝʩ 

ʣʦʢʦʤʦʪʠʚʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠʭ ʥʘʜʝʞʥʦʩʪʠ. 
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ɺʇʃʀɺ ɸʃʖʄʆʉʀʃɯʂɸʊʅʀʍ ʇʆʈʆɾʅʀʉʊʀʍ ʄɯʂʈʆʉʌɽʈ ʅɸ ʇɸʈɸʄɽʊʈʀ 

ʌɸɿʆɺʆɰ ʄʆʈʌʆʃʆɻɯɰ ɽʃɸʉʊʆʄɽʈʅʀʍ ʂʆʄʇʆɿʀʎɯʁ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʝʣʘʩʪʦʤʝʨʥʘ ʢʦʤʧʦʟʠʮʽʷ ʟ ʘʣʶʤʦʩʠʣʽʢʘʪʥʠʤʠ ʧʦʨʦʞʥʠʩʪʠʤʠ 

ʤʽʢʨʦʩʬʝʨʘʤʠ (ɸʉʇʄ) ï ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ. ɸʣʶʤʦʩʠʣʽʢʘʪʥ ̔ʧʦʨʦʞʥʠʩʪ ̔

ʤʽʢʨʦʩʬʝʨʠ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʘʢʝʣʴʥʦʤʫ ʟʛʦʨʷʥʥʽ ʢʘʤôʷʥʦʛʦ 

ʚʫʛʽʣʣʷ [1]. 

ɻʫʤʦʚʽ ʩʫʤʽʰʽ ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ ʟʘʛʘʣʴʥʦ ʧʨʠʡʥʷʪʦʶ ʤʝʪʦʜʠʢʦʶ [2], ʦʧʪʠʤʘʣʴʥʠʡ ʪʝʨʤʽʥ 

ʚʫʣʢʘʥʽʟʘʮʽʾ 25 ʭʚʠʣʠʥ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 153Áʉ. ɺʠʚʯʝʥʦ ʚʧʣʠʚ ɸʉʇʄ ʥʘ ʨʽʚʝʥʴ ʬʽʟʠʯʥʠʭ 

ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʩ̔ʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʪʝʢʪʦʨʥʠʭ ʛʫʤ, ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʢʠ 

ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʘʟʦʚʦʾ ʤʦʨʬʦʣʦʛʽʾ ʟʘ ʜʘʥʠʤʠ ʚʽʙʨʦʨʝʦʤʝʪʨʽʾ ʟ ʤʝʪʦʶ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʽʚʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ (ʨʠʩ. 1). 

                      
     L=16   L=8 

                      
      L=4   L=2 

ʈʠʩ. 1 ï ʇʨʠʢʣʘʜʠ ʧʝʨʢʦʣʷʮʽʡʥʠʭ ʢʦʥʬʽʛʫʨʘʮʽʡ ʥʘ ʢʚʘʜʨʘʪʥʽʡ ʨʝʰʽʪʮʽ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʨʦʟʤʽʨʥʦʩʪʽ ʨʝʰʽʪʢʠ L (P=0.2 ï ʜʦʣʷ ʟʘʡʥʷʪʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʨʝʰʽʪʮʽ) 

ɺʠʷʚʣʝʥʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʘ ʟʘʣʝʞʥʽʩʪʴ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʻ 

ʧʝʨʢʦʣʷʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ï ʧʨʠ ʪʦʤʫ, ʱʦ ɸʉʇʄ ʪʚʝʨʜʠʡ ʩʢʣʦʧʦʜʽʙʥʠʡ ʧʨʦʜʫʢʪ, ʨʽʚʝʥʴ 
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ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʨʦʩʪʘʻ ï ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʧʣʘʩʪʠʯʥʦʩʪʽ ʪʘ 

ʟʤʝʥʰʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʚôʷʟʢʦʩʪʽ, ʘ ʧʨʠ ʚʽʜʩʫʪʥʦʩʪʽ ʩʪʨʫʢʪʫʨʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʧʨʠ 

ʚʚʝʜʝʥʥʽ ʥʘʧʦʚʥʶʚʘʯʘ ʚ ʛʫʤʦʚʫ ʩʫʤʽʰ, ʨʽʚʝʥʴ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʥʠʞʫʻʪʴʩʷ. 

ɺʠʷʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʝʨʢʦʣʷʮʽʡʥʠʤʠ ʝʬʝʢʪʘʤʠ 

(ʨʠʩ.1, L=16) ï ʚʥʘʩʣʽʜʦʢ ʟʤʝʥʰʝʥʥʷ ʯʘʩʪʦʢ ʛʝʪʝʨʦʬʘʟʠ ʧʦʣʽʤʝʨʥʦʛʦ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʷʚʣʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʦʾ ʤʘʪʨʠʮʽ ʟʨʦʩʪʘʻ, ʽ ʷʢ 

ʥʘʩʣʽʜʦʢ, ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ʆʪʞʝ, ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʝʪʦʜʦʤ ʧʝʨʢʦʣʷʮʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʙʨʝ 

ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 
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ʊɽʆʈɽʊʀʏʅʀʁ ɸʅɸʃɯɿ ɺʀʂʆʈʀʉʊɸʅʅʗ ʃɸɿɽʈʅʆɰ ʅɸʇʃɸɺʂʀ ʇʈʀ 

ɺʀɻʆʊʆɺʃɽʅʅɯ ɽʅɼʆʇʈʆʊɽɿɯɺ 

ɽʥʜʦʧʨʦʪʝʟʠ ʩʫʛʣʦʙʽʚ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʨʝʘʢʮʽʾ 

ʚʽʜʪʦʨʛʥʝʥʥʷ ʫ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ ʪʘ ʤʘʶʪʴ ʩʪʽʡʢʽʩʪʴ ʜʦ ʙʽʦʣʦʛʽʯʥʦʛʦ ʚʧʣʠʚʫ ʦʨʛʘʥʽʟʤʫ ʥʘ 

ʧʨʦʮʝʩʠ ʩʪʘʨʽʥʥʷ, ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ ʪʘ ʧʦʛʽʨʰʝʥʥʷ ʪʨʠʙʦʪʝʭʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɿʘ 

ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʘʙʫʣʠ ʧʦʧʫʣʷʨʥʦʩʪʽ ʧʘʨʠ ʪʝʨʪʷ ʢʝʨʘʤʽʢʘ-ʢʝʨʘʤʽʢʘ, ʤʝʪʘʣ-ʤʝʪʘʣ, ʤʝʪʘʣ-

ʧʦʣʽʝʪʠʣʝʥ ʪʦʱʦ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʝʥʜʦʧʨʦʪʝʟʫʚʘʥʥʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʢʝʨʘʤʽʯʥʽ ʛʦʣʦʚʢʠ ʟ ʩʘʧʬʽʨʘ Al2O3 ʪʘ ʜʽʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ ZrO2 (ʬʽʘʥʽʪ). ʂʝʨʘʤʽʢʘ ʥʘ ʦʩʥʦʚʽ 

ZrO2 ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʽʜʚʠʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʠʩʦʢʦʶ 

ʯʠʩʪʦʪʦʶ, ʛʦʤʦʛʝʥʥʽʩʪʶ ʭʽʤʽʯʥʦʛʦ ʪʘ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʪʘ ʤʘʣʠʤ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ [1].  

ʅʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʝʥʜʦʧʨʦʪʝʟʽʚ ʻ ʜʚʦʰʘʨʦʚʽ ʪʘ ʙʘʛʘʪʦʰʘʨʦʚʽ 

[2, 3]. ʇʨʠ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʩʥʫʻ ʨʷʜ ʩʫʪʦ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʟ ʩʘʤʦʶ ʢʦʥʩʪʨʫʢʮʽʻʶ, ʢʦʣʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʰʘʨʽʚ ʨʽʟʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʢʝʨʘʤʽʢʘ, 

ʤʝʪʘʣʠ, ʤʝʪʘʣʝʚʽ ʩʧʣʘʚʠ) ʤʘʶʪʴ ʙʫʪʠ ʧʦʩʣʽʜʦʚʥʦ ʥʘʥʝʩʝʥʽ ʥʘ ʩʢʣʘʜʥʫ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ. 

ɿʦʢʨʝʤʘ, ʚ ʪʨʠʰʘʨʦʚʽʡ ʢʦʥʩʪʨʫʢʮʽʾ [3] ʥʘ ʚʥʫʪʨʽʰʥʶ ʧʦʚʝʨʭʥʶ ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʟ 

ʩʘʧʬʽʨʫ ʘʙʦ ʬʽʘʥʽʪʫ ʧʦʪʨʽʙʥʦ ʥʘʥʝʩʪʠ 

ʪʦʥʢʠʡ ʰʘʨ ʤʝʪʘʣʫ ʟ ʚʠʩʦʢʦʶ 

ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʶ (ʤʽʜʴ, ʩʨʽʙʣʦ), ʥʘ 

ʷʢʠʡ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʪʨʽʙʥʦ ʥʘʧʣʘʚʠʪʠ 

ʤʘʪʝʨʽʘʣ ʦʩʥʦʚʠ ʟ ʪʠʪʘʥʫ ɺʊ-1-0. 

ʏʘʩʪʢʦʚʠʤ ʚʠʨʽʰʝʥʥʷʤ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤ ʻ ʩʧʽʢʘʥʥʷ ʰʘʨʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ 

ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ: ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ 

ʪʘ ʣʘʟʝʨʥʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ [4].  

ɺʧʣʠʚ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʤʘʻ 

ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʝʨʜʝʯʥʠʢʘ ʜʦ ʚʝʣʠʯʠʥ ʜʝʱʦ ʚʠʱʝ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ɺʊ-1-0 (1668 
0
ʉ). 

ʈʠʩ. 1 ï ʊʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʨʠ ʣʘʟʝʨʥʽʡ 

ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʪʨʠʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ 
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ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʣʘʟʝʨʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʦʙʣʘʩʪʽ ʡʦʛʦ ʜʽʾ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ 

ʚʠʥʠʢʘʶʪʴ ʧʦʤʽʪʥʽ ʛʨʘʜʽʻʥʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ, ʦʜʥʦʯʘʩʥʦ ʟ ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤ ʽʥʪʝʥʩʠʚʥʠʤ 

ʪʝʨʤʽʯʥʠʤ ʚʧʣʠʚʦʤ, ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʷʚʠ ʟʥʘʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʄʝʭʘʥʽʟʤ 

ʚʠʥʠʢʥʝʥʥʷ ʪʘʢʠʭ ʥʘʧʨʫʞʝʥʴ ʤʦʞʝ ʙʫʪʠ ʥʘʩʪʫʧʥʠʤ: ʧʽʜ ʜʽʻʶ ʧʦʪʫʞʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʧʨʦʤʝʥʷ ʟʘ ʢʦʨʦʪʢʠʡ ʯʘʩ ʧʝʨʝʛʨʽʚʘʻʪʴʩʷ ʣʦʢʘʣʴʥʘ ʟʦʥʘ ʢʣʠʥʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ, ʥʘ ʛʨʘʥʠʮʽ 

ʷʢʦʾ ʤʘʻ ʤʽʩʮʝ ʩʪʨʠʙʢʦʧʦʜʽʙʥʘ ʟʤʽʥʘ ʟʥʘʢʫ ʥʘʧʨʫʞʝʥʴ, ʚʦʥʠ ʩʪʘʶʪʴ ʨʦʟʪʷʛʫʶʯʠʤʠ [5]. ɿ 

ʪʨʴʦʭ ʩʢʣʘʜʦʚʠʭ ʪʝʥʟʦʨʘ ʥʘʧʨʫʛʠ ʥʘʡʙʽʣʴʰʠʤʠ ʦʯʽʢʫʶʪʴʩʷ ʘʟʠʤʫʪʘʣʴʥʽ: 

   (1) 

ʜʝ , , 

) , Ū4= ( + )/( + ) ,  

ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ,  

T ï ʤʘʢʩʠʤʘʣʴʥʘ ʪʝʤʧʝʨʘʪʫʨʘ,  

Em ï ʤʦʜʫʣʴ ʖʥʛʘ, 

ʢʦʝʬʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ,  

b ʪʘ l ï ʨʦʟʤʽʨʠ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ ʚʽʜʧʦʚʽʜʥʦ ʟʘ ʢʦʦʨʜʠʥʘʪʘʤʠ Y ʪʘ X.  

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʝʨʘʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʄʘʪʝʨʽʘʣ , 1/ʂ Em, ɻʇʘ  , ʄʇʘ 

ʉʘʧʬʽʨ Al2O3  400 0.29 2000 

ʌʽʘʥʽʪ ZrO2  200 0.31 1050 

ʜʝ  ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ.  

ɿʨʦʟʫʤʽʣʦ, ʱʦ ʦʙʦʚóʷʟʢʦʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʨʫʡʥʫʚʘʥʥʷ ʘʙʦ ʜʝʬʦʨʤʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ ʝʥʜʦʧʨʦʪʝʟʫ. 

ʄʘʢʩʠʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʙʫʜʫʪʴ ʤʘʪʠ ʤʽʩʮʝ ʟʘ ʫʤʦʚ  ʪʘ , ʪʦʜʽ: 

  (2) 

ʊʘʙʣʠʮʷ 2 ï ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʧʨʫʞʝʥʴ 

ʄʘʪʝʨʽʘʣ 
ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʦʚʥʽʰʥʴʦʛʦ ʰʘʨʫ 
b l 

ʈʦʟʨʘʭʦʚʘʥʝ ʟʥʘʯʝʥʥʷ 

, ɻʇʘ 
, ɻʇʘ 

ʉʘʧʬʽʨ 

Al 2O3 

200 5 5 0,7148 2 

200 5 15 0,9075 2 

200 5 25 0,9497 2 

500 5 5 1,7869 2 

500 5 15 2,2687 2 

500 5 25 2,3743 2 

1800 5 5 6,4328 2 

1800 5 15 8,1672 2 

1800 5 25 8,5477 2 

ʌʽʘʥʽʪ 

ZrO2 

200 5 5 0,429 1,05 

200 5 15 0,5447 1,05 

200 5 25 0,5701 1,05 

500 5 5 1,0726 1,05 

500 5 15 1,3617 1,05 

500 5 25 1,4252 1,05 

1800 5 5 3,8613 1,05 

1800 5 15 4,9023 1,05 

1800 5 25 5,1307 1,05 
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ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʘʨʽʶʚʘʪʠ ʪʽʣʴʢʠ ʜʦʚʞʠʥʦʶ ʜʞʝʨʝʣʘ ʪʝʧʣʦʪʠ, ʘ ʪʘʢʦʞ 

ʪʦʚʱʠʥʦʶ ʩʝʨʝʜʥʴʦʛʦ ʪʝʨʤʦʨʝʣʘʢʩʽʡʥʦʛʦ ʰʘʨʫ. ɿʘ ʡʦʛʦ ʚʽʜʩʫʪʥʦʩʪʽ ʪʝʤʧʝʨʘʪʫʨʘ 

ʢʝʨʘʤʽʯʥʦʾ ʦʙʦʣʦʥʢʠ ʜʦʨʽʚʥʶʚʘʣʘ ʙʠ ʪʝʤʧʝʨʘʪʫʨʽ ʬʘʟʠ ɺʊ-1-0 (1800 
0
ʉ), ʱʦ ʧʨʠʟʚʝʣʦ ʙʠ 

ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʥʘʧʨʫʛ ʙʽʣʴʰʠʭ ʟʘ . ʅʘʧʨʫʞʝʥʥʷ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ 500 
0
ʉ (ʩʝʨʝʜʥʽʡ 

ʰʘʨ ï ʤʽʜʴ 0,8 ʤʤ) ʤʘʡʞʝ ʩʢʨʽʟʴ ʪʝʞ ʚʠʱʽ ʟʘ . ʊʽʣʴʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʨʤʦʨʝʣʘʢʩʽʡʥʦʛʦ 

ʰʘʨʫ ʪʦʚʱʠʥʦʶ 1.2 é 1.5 ʤʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʢʝʨʘʤʽʢʠ ʜʦ 200-250 
0
ʉ, ʱʦ, ʟʘ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʤʘʻ ʟʘʙʝʟʧʝʯʠʪʠ ʥʝʫʰʢʦʜʞʝʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʇɸʗʅʅʗ ʉʇʃɸɺʋ ɸʄɻ6 ʐʃʗʍʆʄ ʃʆʂɸʃʔʅʆɻʆ ʈʆɿɯɻʈɯɺʋ ɿʆʅʀ 

ɿôɭɼʅɸʅʅʗ ɿɸ ɼʆʇʆʄʆɻʆʖ ʈɽɸʂʎɯʁʅʀʍ ɹɸɻɸʊʆʐɸʈʆɺʀʍ ʌʆʃʔɻ 

ɸʣʶʤʽʥʽʻʚʽ ʩʧʣʘʚʠ ʣʝʛʦʚʘʥʽ ʤʘʛʥʽʻʤ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʣʝʛʢʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʦʙʦʣʦʥʢʦʚʦʛʦ ʪʠʧʫ ʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ʜʣʷ ʘʝʨʦʢʦʩʤʽʯʥʦʾ, ʩʫʜʥʦʙʫʜʽʚʥʦʾ, 

ʘʚʪʦʤʦʙʽʣʴʥʦʾ, ʭʽʤʽʯʥʦʾ ʪʘ ʽʥ. ʛʘʣʫʟʝʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [1, 2]. ʆʩʢʽʣʴʢʠ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʦʣʦʥʦʢ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʰʢʦʜʞʝʥʽ, ʘʢʪʫʘʣʴʥʠʤ ʻ ʚʽʜʥʦʚʣʝʥʥʷ ʾʭʥʴʦʾ 

ʮʽʣʽʩʥʦʩʪʽ ʡ ʛʝʨʤʝʪʠʯʥʦʩʪʽ. ɿʥʘʯʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʧʨʦʚʝʜʝʥʽ ʪʘʢʠʭ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ 

ʚʠʥʠʢʘʶʪʴ ʚ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʽʥʪʝʥʩʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, 

ʥʝʚʘʛʦʤʦʩʪʽ ʪʘ ʽʥ. ʊʨʘʜʠʮʽʡʥʦ ʥʝʨʦʟôʻʤʥʽ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʦʪʨʠʤʫʶʪʴ 

ʤʝʪʦʜʘʤʠ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʧʘʷʥʥʷ. ʇʨʦʪʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʟôʻʜʥʘʥʥʷ 

ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʚ ʫʤʦʚʘʭ ʚʽʜʩʫʪʥʦʩʪʽ ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʦʙʤʝʞʝʥʴ ʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʮʝʥʪʨʦʚʘʥʠʭ ʜʞʝʨʝʣ ʪʝʧʣʘ ʻ ʫʪʨʫʜʥʝʥʠʤ. ʎʝ ʚʠʤʘʛʘʻ ʧʦʰʫʢʫ ʥʦʚʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ. 

ɺ ʨʦʙʦʪʽ ʚ ʷʢʦʩʪʽ ʪʘʢʦʛʦ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʢʝʪʫ 

ʨʝʘʢʮʽʡʥʠʭ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʬʦʣʴʛ, ʚʠʛʦʪʦʚʣʝʥʥʠʭ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʠʤ ʤʝʪʦʜʦʤ 

ʦʩʘʜʞʝʥʥʷ ʫ ʚʘʢʫʫʤʽ [3]. ʅʘ ʧʨʠʢʣʘʜʽ ʟôʻʜʥʘʥʥʷ ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ ʩʧʣʘʚʫ ɸʄʛ6 

ʰʣʷʭʦʤ ʧʘʷʥʥʷ ʯʝʨʝʟ ʧʨʦʰʘʨʦʢ ʧʨʠʧʦʶ ʟ ʙʘʛʘʪʦʰʘʨʦʚʦʶ ʩʪʨʫʢʪʫʨʦʶ Al/Si ʝʚʪʝʢʪʠʯʥʦʛʦ 

ʩʢʣʘʜʫ ʧʦʢʘʟʘʥʘ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʝʨʦʟôʻʤʥʠʭ ʟôʻʜʥʘʥʴ ʥʘ ʤʝʞʽ ʨʽʚʥʷ ʤʽʮʥʦʩʪʽ 

ʧʨʠʧʦʶ ʰʣʷʭʦʤ ʣʦʢʘʣʴʥʦʛʦ ʥʘʛʨʽʚʘʥʥʷ ʟʦʥʠ ʟôʻʜʥʘʥʥʷ ʪʘʢʠʤ ʧʣʦʩʢʠʤ ʥʘʛʨʽʚʘʯʝʤ, ʷʢʠʡ 

ʤʘʻ ʪʝʧʣʦʚʠʡ ʢʦʥʪʘʢʪ ʟ ʦʜʥʽʻʶ ʟ ʧʣʘʩʪʠʥ [4]. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʧʦʣʽʚ ʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽʡ ʩʠʩʪʝʤʽ ʚ 

ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʫʤʦʚʘʭ ʾʾ ʥʘʛʨʽʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʜʞʝʨʝʣʘ ʪʝʧʣʘ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʪʝʧʣʦʚʦʤʫ ʢʦʥʪʘʢʪʽ ʟ ʦʜʥʠʤ ʟ ʝʣʝʤʝʥʪʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʽ 
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ʨʽʚʥʷʥʥʷ ʧʦʰʠʨʝʥʥʷ ʪʝʧʣʘ ʤʽʞ ʢʽʥʮʝʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ ʫ ʚʠʛʣʷʜʽ ʢʽʥʮʝʚʠʭ ʨʽʟʥʠʮʴ. 

ʅʘ ʦʩʥʦʚʽ ʪʘʢʦʾ ʩʭʝʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʭʝʤʫ ʧʨʦʚʝʜʝʥʥʷ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʙʦʣʦʥʢʦʚʦʛʦ ʪʠʧʫ ʥʘ ʦʩʥʦʚʽ ʩʧʣʘʚʫ ɸʄʛ6 ʰʣʷʭʦʤ ʧʨʠʻʜʥʘʥʥʷ ʥʘʢʣʘʜʢʠ ʜʦ ʦʙʦʣʦʥʢʠ 

ʯʝʨʝʟ ʧʨʦʰʘʨʦʢ ʧʨʠʧʦʶ ʧʨʠ ʣʦʢʘʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ ʟʦʥʠ ʾʭ ʟôʻʜʥʘʥʥʷ ʥʘʛʨʽʚʘʯʝʤ, ʱʦ 

ʢʦʥʪʘʢʪʫʻ ʟ ʧʣʘʩʪʠʥʦʶ-ʥʘʢʣʘʜʢʦʶ.  
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ʇɯɼɺʀʑɽʅʅʗ ʄɽʍɸʅɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʉʪ3 ʌʆʈʄʋɺɸʅʅʗʄ 

ʅɸʅʆʈʆɿʄɯʈʅʆɰ ʉʋɹʉʊʈʋʂʊʋʈʀ ʇɽʈɽɼʈɽʂʈʀʉʊɸʃɯɿɸʎɯʁʅʆʖ 

ʊɽʈʄɯʏʅʆʖ ʆɹʈʆɹʂʆʖ 

ʅʘʥʦʩʪʨʫʢʪʫʨʫʚʘʥʥʷ ʩʪʘʣʝʡ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʝʨʝʜʨʝʢʨʠʩʪʘʣʽʟʘʮʽʡʥʦʾ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ 

(ʇʊʆ) ʟʘʙʝʟʧʝʯʫʻ ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʘʭʫʥʦʢ 

ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦʨʦʟʤʽʨʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ, ʘʣʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʦʙʨʦʙʢʘ [1] ʤʘʻ ʥʝʜʦʣʽʢ ï 

ʢʦʨʦʪʢʦʯʘʩʥʫ ʚʠʪʨʠʤʢʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʜʦ 5 ʭʚ (ʜʣʷ ʢʝʨʘʤʽʢʠ ï 15 ʭʚ), ʱʦ 

ʦʙʤʝʞʫʻ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ï ʪʽʣʴʢʠ ʜʣʷ ʜʝʪʘʣʝʡ ʤʘʣʦʛʦ ʨʦʟʤʽʨʫ. ɺ ʨʦʙʦʪʽ [1] ʚʩʪʘʥʦʚʣʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʚ ʧʨʦʮʝʩʽ ʇʊʆ ʪʝʭʥʽʯʥʦ 

ʯʠʩʪʠʭ ʟʘʣʽʟʘ (ʤʘʨʢʠ ʕ12) ʽ ʥʽʢʝʣʶ ʚʧʨʦʜʦʚʞ 20é70 ʭʚ. ʽ 10é60 ʭʚ. ʚʽʜʧʦʚʽʜʥʦ, ʷʢʘ 

ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʭʦʣʦʜʥʦʾ ʜʠʥʘʤʽʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 30% ʪʘ ʥʘʩʪʫʧʥʦʾ ʩʪʘʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʥʘ 30% ʡ ʇʊʆ. ɿôʷʩʦʚʘʥʦ, ʱʦ ʧʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʩʪʘʣʝʡ 20 ʽ 45 ʤʦʞʣʠʚʝ ʢʦʤʙʽʥʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʦʾ ʡ 

ʩʪʘʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʩʫʤʘʨʥʦ ʥʘ 60% ʽ ʥʘʩʪʫʧʥʦʶ ʇʊʆ ʜʦ 60 ʭʚ., ʧʨʠ ʮʴʦʤʫ ʪʚʝʨʜʽʩʪʴ 

ʜʝʱʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘʣʝ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʱʦʶ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʪʘʥʦʤ ʧʽʩʣʷ ʜʝʬʦʨʤʘʮʽʾ ʥʘ 14 ʽ 

27% ʚʽʜʧʦʚʽʜʥʦ. 

ʆʩʢʽʣʴʢʠ ʩʪʘʣʴ ʉʪ3 ʻ ʦʜʥʠʤ ʽʟ ʥʘʡʧʦʰʠʨʝʥʽʰʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʩʫʯʠʭ ʟʚʘʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʪʦʤʫ ʥʘʫʢʦʚʠʡ ʽ 

ʧʨʘʢʪʠʯʥʠʡ ʽʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʻ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʩʫʙʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʙʽʥʦʚʘʥʦ ʜʝʬʦʨʤʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʟʽ ʩʪʘʣʽ ʉʪ3. 

ɿʨʘʟʢʠ ʨʦʟʤʽʨʦʤ 3Ĭ5Ĭ5 ʤʤ ʧʽʜʜʘʚʘʣʠ ʢʦʤʙʽʥʦʚʘʥʦʤʫ ʜʝʬʦʨʤʫʚʘʥʥʶ (30 % ʜʠʥʘʤʽʯʥʦʾ 

ʪʘ 30 % ʩʪʘʪʠʯʥʦʾ) ʟ ʥʘʩʪʫʧʥʦʶ ʇʊʆ t = 500 Áʉ. ʊʚʝʨʜʽʩʪʴ ʧʽʩʣʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʢʘʣʘ 1,92 

ɻʇʘ. ʆʪʨʠʤʘʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘʣʝʞʥʦʩʪʽ ʪʚʝʨʜʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ ʧʨʠ 

ʪʝʨʤʦʦʙʨʦʙʮʽ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

ɿ ʨʠʩ. 1 ʚʠʜʥʦ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʠʪʨʠʤʢʠ ʇʊʆ ʥʦʩʠʪʴ 

ʝʢʩʪʨʝʤʘʣʴʥʽʡ ʭʘʨʘʢʪʝʨ, ʧʨʠ ʮʴʦʤʫ ʧʨʠʨʽʩʪ ʪʚʝʨʜʦʩʪʽ ʧʽʩʣʷ ʇʊʆ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʫʤ 

ʪʚʝʨʜʦʩʪʽ, ʚʽʜʥʦʩʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʢʣʘʜʘʻ 22 %, ʘ ʧʽʩʣʷ ʇʊʆ ʧʨʠ ʚʠʪʨʠʤʮʽ 60 ʭʚ ï 

17 %.  

mailto:tmakruha@gmail.com
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ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ 

ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʷ, 

ʚʽʜʥʦʩʥʦʛʦ ʟʚʫʞʝʥʥʷ ʪʘ ʚʽʜʥʦʩʥʦʛʦ 

ʧʦʜʦʚʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʪʷʛ (ɻʆʉʊ 

1497-84), ʨʝʟʫʣʴʪʘʪʠ ʦʙʯʠʩʣʶʚʘʥʥʷ 

ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 1. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʘʚʪʦʝʤʽʩʽʡʥʦʛʦ ʨʘʩʪʨʦʚʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

SUPRA55VP ʦʪʨʠʤʘʥʽ ʬʦʪʦʛʨʘʬʽʾ 

ʩʫʙʩʪʨʫʢʪʫʨʠ ʟʨʘʟʢʽʚ, ʷʢʽ ʥʘʚʝʜʝʥʦ 

ʥʘ ʨʠʩ. 2. ɿ ʨʠʩ. 2 ʚʠʜʥʦ, ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʜʨʽʙʥʝʥʥʷ 

ʩʫʙʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʽʩʣʷ ʇʊʆ ʚʽʜʥʦʩʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʜʘʥʽ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʦʙʣʘʩʪʝʡ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ (ʆʂʈ) ʟ ʬʘʢʪʦʨʦʤ 

ʬʦʨʤʠ ~0,42 ʪʘ ʚʽʜʥʦʩʥʫ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʡ ʩʫʙʟʝʨʝʥ (ʪʘʙʣ. 1), ʷʢʽ ʦʪʨʠʤʘʣʠ 

ʤʝʪʦʜʦʤ ʢʦʤʧôʶʪʝʨʥʦʾ ʤʝʪʘʣʦʛʨʘʬʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ImageProPlus. ʉʝʨʝʜʥʽʡ ʜʽʘʤʝʪʨ ʩʫʙʟʝʨʥʘ ʚʠʤʽʨʷʥʽ ʟ ʽʥʪʝʨʚʘʣʦʤ 2 ʛʨʘʜʫʩʠ ʽ ʧʨʦʭʦʜʷʪʴ 

ʯʝʨʝʟ ʮʝʥʪʨʦʾʜ ʦʙ'ʻʢʪʘ. 

   
ʘ) ʙ) ʚ) 

ʈʠʩ. 2 ï ʄʽʢʨʦʩʪʨʫʢʪʫʨʠ ʩʪʘʣʽ ʉʪ3: ʘ) ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʝʬʦʨʤʘʮʽʾ; ʙ) ʧʽʩʣʷ 

ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ʪʚʝʨʜʦʩʪʽ; ʚ) ʧʽʩʣʷ ʢʦʤʙʽʥʦʚʘʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʪʝʨʤʽʯʥʫ 

ʩʪʘʙʽʣʽʟʘʮʽʶ ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ 

ʊʘʙʣʠʮʷ 1 ï ɿʥʘʯʝʥʥʷ ʪʠʤʯʘʩʦʚʦʛʦ ʦʧʦʨʫ ʨʫʡʥʫʚʘʥʥʷ, ʧʦʢʘʟʥʠʢʽʚ ʧʣʘʩʪʠʯʥʦʩʪʽ, 

ʩʝʨʝʜʥʴʦʛʦ ʨʦʟʤʽʨʫ ʩʫʙʟʝʨʥʘ ʪʘ ʢʽʣʴʢʦʩʪʽ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʪʘʣʽ ʉʪ3 ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʠʜʫ ʜʝʬʦʨʤʘʮʽʾ ʪʘ ʪʝʨʤʦʦʙʨʦʙʢʠ 

ɺʠʜ ʦʙʨʦʙʢʠ 
ůʚ, 

ʄʇʘ 
ŭ,% Ɋ,% 

ʉʝʨʝʜʥʽʡ 

ʨʦʟʤʽʨ 

ʩʫʙʟʝʨʥʘ, ʥʤ 

ʂʽʣʴʢʽʩʪʴ 

ʥʘʥʦʨʦʟʤʽʨʥʠʭ 

ʩʫʙʟʝʨʝʥ, % 

ʂʦʤʙʽʥʦʚʘʥʘ ʜʝʬʦʨʤʘʮʽʷ 310 1,05 74 94 55 

ʂʦʤʙʽʥʦʚʘʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟ 

ʥʘʩʪʫʧʥʦʶ ʇʊʆ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ 

ʤʘʢʩʠʤʫʤ ʪʚʝʨʜʦʩʪʽ 

586 5,26 75 89 66 

ʂʦʤʙʽʥʦʚʘʥʘ ʜʝʬʦʨʤʘʮʽʷ ʟ 

ʥʘʩʪʫʧʥʦʶ ʇʊʆ ʧʨʦʪʷʛʦʤ 60 ʭʚ 
402 7,5 59 92 62 

ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚ ʪʘʙʣ.1 ʚʠʧʣʠʚʘʻ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʝʣʠʯʠʥʠ ʩʫʙʟʝʨʝʥ 

ʧʽʩʣʷ ʇʊʆ ʚʽʜʥʦʩʥʦ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ.  

ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʪʚʝʨʜʦʩʪʽ ʩʪʘʣʽ ʉʪ3 ʚʽʜ 

ʯʘʩʫ ʚʠʪʨʠʤʢʠ ʇʊʆ 
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ʊʘʢʠʤ ʯʠʥʦʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʩʫʙʟʝʨʝʥ (66 %) ʟ ʜʽʘʤʝʪʨʦʤ 

Ò100 ʥʤ ʫ ʩʪʘʣʽ 3 ʤʦʞʥʘ ʜʦʩʷʛʪʠ, ʟʘʩʪʦʩʦʚʫʶʯʠ ʢʦʤʙʽʥʫʚʘʥʥʷ ʜʠʥʘʤʽʯʥʦʾ ʥʘ 30 % ʪʘ 

ʩʪʘʪʠʯʥʦʾ ʥʘ 30 % ʜʝʬʦʨʤʘʮʽʡ ʟ ʥʘʩʪʫʧʥʦʶ ʇʊʆ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 500 Áʉ ʟ ʚʠʪʨʠʤʢʦʶ 2 

ʭʚʠʣʠʥʠ. ɺʠʪʨʠʤʢʘ 60 ʭʚʠʣʠʥ ʜʝʱʦ ʟʥʠʞʫʻ ʢʽʣʴʢʽʩʪʴ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʩʫʙʟʝʨʝʥ (ʥʘ 4 %), 

ʘʣʝ ʾʭ ʢʽʣʴʢʽʩʪʴ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʘʪ. 95378 ʋʢʨʘʾʥʘ ʄʇʂ (2009) ʉ21D8/00, C22F 1/00. ʉʧʦʩʽʙ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʘ ʩʧʣʘʚʽʚ / ʆ. ʄ. ɼʫʙʦʚʠʡ, ʊ. ɸ. ʗʥʢʦʚʝʮʴ, ʅ. ʖ. ʃʝʙʝʜʻʚʘ, ʖ. ʆ. ʂʘʟʠʤʠʨʝʥʢʦ, 

ʆ. ʆ. ɾʜʘʥʦʚ, ʄ. ʄ. ɹʦʙʨʦʚ; ʟʘʷʚʥʠʢ ʠ ʧʘʪʝʥʪʦʚʣʘʩʥʠʢ ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ. ï ˉ a 201120102248, ʟʘʷʚʣ. 01.03.2010; ʦʧʫʙʣ. 

25.07.2011, ʙʶʣ. ˉ 14. ï 6 ʩ.  

2. ɼʫʙʦʚʠʡ, ʆ. ʄ. ɺʧʣʠʚ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʘ ʪʝʨʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ 

ʧʦʣʽʛʦʥʽʟʘʮʽʡʥʦʾ ʩʫʙʩʪʨʫʢʪʫʨʠ ʟʘʣʽʟʘ, ʥʽʢʝʣʶ ʡ ʩʪʘʣʝʡ 20; 45 / ʆ. ʄ. ɼʫʙʦʚʠʡ, ʃʶ ʐʝʥ, 

ʊ. ʆ. ʄʘʢʨʫʭʘ // ɿʙ. ʥʘʫʢ.ʧʨʘʮʴ ʅʋʂ. ï ʄʠʢʦʣʘʾʚ: ʅʋʂ, 2017. - ˉ 1. ï ʉ. 39-47. 
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ʉɽʂʎɯʗ 6  

çʉʋʏɸʉʅɯ ɽʌɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʋ ɹʋɼɯɺʅʀʎʊɺɯ, 

ɸʈʍɯʊɽʂʊʋʈɯ ʊɸ ɼʀɿɸʁʅɯ. ɻɽʆɼɽɿɯʗ ʊɸ ɿɽʄʃɽʋʉʊʈɯʁè 
 

ʋɼʂ 624.15.04 (075.8)1:621.835 

ʇʦʧʦʚ ʉ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʘʩʠʣʴʻʚ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʇʦʣʪʘʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘè, psv26@i.ua 

ɹɽʊʆʅʅʀʁ ʌʋʅɼɸʄɽʅʊ ɼʃʗ ʋɼɸʈʅʆ-ɯʄʇʋʃʔʉʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ 

ʄɸʐʀʅʆɹʋɼɯɺʅʀʍ ʎɽʍɯɺ 

ʋ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫʜʘʨʥʦ-ʽʤʧʫʣʴʩʥʝ ʮʝʭʦʚʝ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ ʣʠʩʪʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ [1, 2]. ʆʙʣʘʜʥʘʥʥʷ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ 

ʙʝʪʦʥʥʠʡ ʬʫʥʜʘʤʝʥʪ. ʆʩʪʘʥʥʽʡ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʧʨʝʩʫ ʥʘ 

ʙʫʜʽʚʣʶ, ʘ ʪʘʢʦʞ ʨʝʘʣʽʟʘʮʽʾ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʌʫʥʜʘʤʝʥʪ ʧʦʚʠʥʝʥ ʤʘʪʠ 

ʜʦʩʪʘʪʥʶ ʞʦʨʩʪʢʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚʽʜ ʜʽʾ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʙʫʪʠ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʤ ʫ ʚʠʛʦʪʦʚʣʝʥʥʽ [3]. 

ɺ ʽʩʥʫʶʯʽʡ ʣʽʪʝʨʘʪʫʨʽ ʟʘ ʧʨʦʬʽʣʴʥʦʶ ʧʨʦʙʣʝʤʘʪʠʢʦʶ ʥʘʚʝʜʝʥʦ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ 

ʢʦʣʠʚʘʥʴ ʬʫʥʜʘʤʝʥʪʽʚ ʷʢ ʜʠʥʘʤʽʯʥʦʛʦ, ʪʘʢ ʽ ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʆʜʥʘʢ, ʥʝʜʦʩʪʘʪʥʷ 

ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʚʠʧʨʦʙʫʚʘʥʥʶ ʙʝʪʦʥʫ ʚʽʜ ʜʽʾ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʽʤʧʫʣʴʩʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʠʭ ʝʥʝʨʛʽʡ. ɺʽʜʦʤʦ ʣʠʰʝ, ʱʦ ʙʝʪʦʥ ʧʨʠ ʜʽʾ ʙʘʛʘʪʦʢʨʘʪʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ 

ʩʭʠʣʴʥʠʡ ʜʦ ʚʪʦʤʠ [4, 5]. ʆʪʞʝ, ʤʝʪʘ ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʞʝʥʥʷ ʘʨʤʦʚʘʥʠʭ ʪʘ ʥʝʘʨʤʦʚʘʥʠʭ 

ʙʝʪʦʥʽʚ ʥʘ ʪʨʠʚʘʣʫ ʤʽʮʥʽʩʪʴ ʚʽʜ ʙʘʛʘʪʦʢʨʘʪʥʦʛʦ ʽʤʧʫʣʴʩʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʚʠʟʥʘʯʝʥʥʽ ʦʧʪʠʤʘʣʴʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ ʘʨʤʫʚʘʥʥʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʱʦ ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʥʘ ʣʘʙʦʨʘʪʦʨʥʽʡ ʛʘʟʦʜʝʪʦʥʘʮʽʡʥʽʡ 

ʫʩʪʘʥʦʚʮʽ ʟʘʩʚʽʜʯʠʣʠ ʥʘʩʪʫʧʥʝ: 

- ʫ ʢʦʥʩʪʨʫʢʮʽʷʭ, ʱʦ ʟʘʟʥʘʶʪʴ ʙʘʛʘʪʦʢʨʘʪʥʦʾ ʜʽʾ ʽʤʧʫʣʴʩʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʠʭ 

ʝʥʝʨʛʽʡ, ʥʝʦʙʭʽʜʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʘʨʤʦʚʘʥʠʡ ʙʝʪʦʥ ʽʟ ʘʨʤʘʪʫʨʦʶ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʬʽʣʶ, 

ʱʦ ʧʝʨʽʦʜʠʯʥʦ ʟʘʢʣʘʜʘʻʪʴʩʷ ʫ ʥʘʧʨʷʤʢʦʚʽ ʧʦʰʠʨʝʥʥʷ ʫʜʘʨʥʠʭ ʭʚʠʣʴ; 

- ʧʦʚʝʨʭʥʽ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʙʦʢʫ ʜʽʾ ʽʤʧʫʣʴʩʽʚ ʧʦʪʨʽʙʥʦ ʢʦʥʩʝʨʚʫʚʘʪʠ ʟʘʭʠʩʥʠʤʠ 

ʩʪʘʣʝʚʠʤʠ ʣʠʩʪʘʤʠ, ʱʦ ʧʨʠʚʘʨʝʥʽ ʜʦ ʧʦʟʜʦʚʞʥʴʦʾ ʘʨʤʘʪʫʨʠ, ʫʪʚʦʨʶʶʯʠ ʽʟ ʥʝʶ ʻʜʠʥʝ ʮʽʣʝ; 

- ʤʘʨʢʘ ʙʝʪʦʥʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʥʝ ʥʠʞʯʝ ʄ-300; 

- ʜʦʮʽʣʴʥʦ ʤʦʥʦʣʽʪʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʟʘʤʽʥʶʚʘʪʠ ʙʣʦʯʥʠʤʠ. ʇʣʦʱʠʥʠ ʧʦʜʽʣʫ ʤʦʥʦʣʽʪʫ ʥʘ 

ʙʣʦʢʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʤʠ ʜʦ ʥʘʧʨʷʤʢʫ ʧʦʰʠʨʝʥʥʷ ʫʜʘʨʥʠʭ ʭʚʠʣʴ; 

- ʫ ʙʣʦʯʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʩʪʘʪʥʴʦ ʢʦʥʩʝʨʚʫʚʘʪʠ ʣʠʰʝ ʧʝʨʰʠʡ ʙʣʦʢ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʽʟ 

ʙʦʢʫ ʜʽʶʯʦʛʦ ʽʤʧʫʣʴʩʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʠʚʯʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʚʽʜʤʽʯʝʥʦ, ʱʦ ʤʦʞʣʠʚʝ ʧʦʜʘʣʴʰʝ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʎʝ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʯʘʩʪʢʦʚʦʛʦ ʢʦʥʩʝʨʚʫʚʘʥʥʷ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʧʦʙʣʠʟʫ ʚʝʨʭʥʴʦʛʦ ʪʦʨʮʷ. ɺʠʚʯʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʪʘʢʠʭ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 
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ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɿʈɸʍʋʅʂʋ ʉʊɯʁʂʆʉʊɯ ɸʅɯɿʆʊʈʆʇʅʀʍ ʆʉʅʆɺ 

ɻɯɼʈʆʊɽʍʅɯʏʅʀʍ ʉʇʆʈʋɼ ʇʈʀ ɯʄʆɺɯʈʅɯʉʅɯʁ ɯʅʊɽʈʇʈɽʊɸʎɯɰ ɿʉʋɺʅʀʍ 

ʇʆʂɸɿʅʀʂɯɺ ɻʈʋʅʊɯɺ 

ɿʘʜʘʯʽ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ ʦʩʥʦʚ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʜʣʷ ˇʨʫʥʪʦʚʠʭ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ʩʝʨʝʜʦʚʠʱ ʟ ʽʤʦʚʽʨʥʽʩʥʦʶ ʽʥʪʝʨʧʨʝʪʘʮʽʻʶ ʟʩʫʚʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʧʦʰʠʨʶʶʪʴʩʷ ʥʘ 

ʛʽʜʨʦʪʝʭʥʽʯʥʽ ʩʧʦʨʫʜʠ, ʱʦ ʩʧʨʠʡʤʘʶʪʴ ʟʥʘʯʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋ ʮʠʭ 

ʚʠʧʘʜʢʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʨʘʭʫʚʘʥʥʷ ʘʥʽʟʦʪʨʦʧʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ ʽ ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ, ʚ ʩʠʣʫ ʾʭ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʧʽʜʩʫʤʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʨʦʟʨʘʭʫʥʢʫ [1]. 

ɸʥʽʟʦʪʨʦʧʽʷ ʟʩʫʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ˇʨʫʥʪʫ ʚ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ  ( , x, y), ʱʦ ʜʠʢʪʫʻ ʡʦʛʦ ʦʧʽʨ ʧʦ ʝʣʝʤʝʥʪʘʨʥʽʡ ʧʣʦʱʘʜʮʽ, 

ʦʨʽʻʥʪʦʚʘʥʦʾ ʧʽʜ ʢʫʪʦʤ  ʚ ʜʦʚʽʣʴʥʽʡ ʪʦʯʮʽ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ, y, ʷʢʘ ʥʘʣʝʞʠʪʴ ˇʨʫʥʪʦʚʽʡ 

ʧʽʚʧʣʦʱʠʥʽ. ɼʝʱʦ ʙʽʣʴʰ ʟʨʫʯʥʦʶ ʬʦʨʤʦʶ ʧʦʜʘʥʥʷ  ( , x, y) ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʚʜʘʥʴ ʻ ʪʘʢ ʟʚʘʥʽ ʛʦʜʦʛʨʘʬʠ ʟʤʽʥʠ ʢʫʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʪʝʨʪʷ   ( , x, y), ʧʠʪʦʤʦʛʦ 

ʟʯʝʧʣʝʥʥʷ ʩ ( , x, y) ʽ ʪʠʩʢʫ ʟʚ'ʷʟʥʦʩʪʽ ʩ ( , x, y) [2]. ɼʣʷ ʮʴʦʛʦ ʧʦ ʚʩʽʡ ʦʜʥʦʨʽʜʥʽʡ 

ʘʥʽʟʦʪʨʦʧʥʽʡ ʧʽʚʧʣʦʱʠʥʽ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʪʘʢʽ ʫʤʦʚʠ: 

 ( , x, y) =  ( ), 

c ( , x, y) = c ( ).                                                         (1) 

ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʜʣʷ ʨʝʘʣʴʥʠʭ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ, ʧʨʘʢʪʠʯʥʦ ʟʘʚʞʜʠ ʚʠʢʦʥʫʶʪʴʩʷ ʫʤʦʚʠ 

ʥʘʩʪʫʧʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ: 

 ( ) =  (  + ), 

                                          ʩ ( ) = ʩ (  + ).                                                          (2) 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʠʢʪʫʻ, ʱʦ ʦʧʠʩ ʘʥʽʟʦʪʨʦʧʽʾ ʧʦ ʦʧʦʨʫ 

ˇʨʫʥʪʽʚ ʟʨʫʰʝʥʥʶ ʤʘʻ ʚʽʜʧʦʚʽʜʘʪʠ ʧʘʨʘʤʝʪʨʘʤ  ( ) ʠ ʩ ( ), ʷʢʽ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʻ 

ʚʠʧʘʜʢʦʚʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʯʠʩʝʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟ ʪʘʢʠʤʠ ʬʫʥʢʮʽʷʤʠ, 

ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʫ ʩʚʦʻʤʫ ʨʦʟʧʦʨʷʜʞʝʥʥʽ ʾʭ ʤʘʪʝʤʘʪʠʯʥʽ ʦʯʽʢʫʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ  D  ( )  ʽ  Dc 

( ), ʘ ʪʘʢʦʞ ʢʦʨʝʣʷʮʽʡʥʽ ʟʘʣʝʞʥʦʩʪʽ k  ( 1 , 2), kc ( 1 , 2). ɺʠʟʥʘʯʝʥʥʷ ʮʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʝʨʝʜʙʘʯʘʻ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʨʝʘʣʽʟʘʮʽʡ ʛʦʜʦʛʨʘʬʽʚ [3]. 

ʈʽʰʝʥʥʷ ʟʘʜʘʯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʽʾ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʘʥʽʟʦʪʨʦʧʥʠʭ 

ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʤʦʞʣʠʚʦ ʧʨʠ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʧʝʨʝʜʫʤʦʚʘʭ: 

- ʙʘʛʘʪʦʰʘʨʦʚʝ ˇʨʫʥʪʦʚʝ ʩʝʨʝʜʦʚʠʱʝ ʟʘʜʦʚʦʣʴʥʷʻ ʫʤʦʚʘʤ (1) ʽ (2); 

- ʩʪʦʭʘʩʪʠʯʥʘ ʤʽʥʣʠʚʽʩʪʴ ˇʨʫʥʪʦʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʧʦʚʽʜʘʻ ʛʽʧʦʪʝʟʘʤ ʜʦʩʢʦʥʘʣʦʾ ʽ 

ʥʝʜʦʩʢʦʥʘʣʦʾ ʩʪʘʪʠʯʥʦʾ ʦʜʥʦʨʽʜʥʦʩʪʽ; 

- ʧʦʢʘʟʥʠʢʠ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʪʨʘʢʪʫʶʪʴʩʷ ʷʢ ʚʠʧʘʜʢʦʚʽ ʧʘʨʘʤʝʪʨʠ, ʦʙʫʤʦʚʣʝʥʽ 

mailto:pafedorov@gmail.com
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ʡʤʦʚʽʨʥʽʩʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ; 

- ʽʤʦʚʽʨʥʽʩʥʽ ʟʘʣʝʞʥʦʩʪʽ ʽ ʩʪʘʪʠʩʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʥʠʢʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʽʧʦʪʝʟʘʤ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ ʽ 

ʘʜʝʢʚʘʪʥʦʩʪʽ; 

- ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʧʘʜʢʦʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ 

ʟʘʜʘʥʠʤʠ ʽʤʦʚʽʨʥʽʩʥʠʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ ʽ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʛʽʧʦʪʝʟʽ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʛʨʘʥʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢ ʫ ʩʪʘʪʠʩʪʠʯʥʽʡ, ʪʘʢ ʽ ʫ ʬʽʟʠʯʥʽʡ ʧʦʩʪʘʥʦʚʮʽ. 

ʇʨʠ ʮʴʦʤʫ ʽʤʦʚʽʨʥʽʩʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʤʦʜʝʣʴ ʪʝʦʨʽʾ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʤʘʻ 

ʜʝʪʝʨʤʽʥʦʚʘʥʽ ʫʤʦʚʠ ʽ ʧʝʨʝʜʙʘʯʘʻ ʥʘʩʪʫʧʥʽ ʜʚʽ ʨʝʘʣʽʟʘʮʽʾ: 

1) ʽʤʦʚʽʨʥʽʩʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʟʘʜʦʚʦʣʝʥʥʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʫʤʦʚ ʛʨʘʥʠʯʥʦʛʦ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ; 

2) ʽʤʦʚʽʨʥʽʩʥʝ ʪʨʘʢʪʫʚʘʥʥʷ ʯʠʩʝʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ˇʨʫʥʪʦʚʦʾ ʤʦʜʝʣʽ ʧʨʠ ʯʽʪʢʦʤʫ 

ʟʘʜʦʚʦʣʝʥʥʽ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ ʨʽʚʥʦʚʘʛʠ ʽ ʫʤʦʚ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

ʈʘʥʽʰʝ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ ʧʦʩʪʘʥʦʚʢʘ ʘʥʘʣʦʛʽʯʥʦʛʦ ʟʘʚʜʘʥʥʷ ʽ ʦʪʨʠʤʘʥʦ ʚʽʜʧʦʚʽʜʥʠʡ 

ʪʘʙʣʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʜʘʥʠʭ, ʚʠʭʦʜʷʯʠ ʟ ʦʩʪʘʥʥʴʦʾ ʚ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʨʝʘʣʽʟʘʮʽʷʭ [4]. 

ɯʤʦʚʽʨʥʽʩʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʩʪʦʭʘʩʪʠʯʥʦʾ ʤʽʥʣʠʚʦʩʪʽ ʟʩʫʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʘʥʽʟʦʪʨʦʧʥʠʭ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʚʠʢʦʥʫʚʘʣʦʩʷ ʤʝʪʦʜʦʤ ʄʦʥʪʝ-ʂʘʨʣʦ ʜʣʷ ʨʽʰʝʥʴ ʟʘʚʜʘʥʴ ʧʦ 

ʩʪʽʡʢʦʩʪʽ ʫ ʚʠʛʣʷʜʽ ʧʨʦʛʨʘʤʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [5]. ʇʨʠ ʮʴʦʤʫ ʫʤʦʚʘ ʛʨʘʥʠʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ˇʨʫʥʪʫ ʙʘʟʫʚʘʣʘʩʷ ʥʘ ʚʠʨʘʟʽ: 

                                              )(sin)( 2121 ,                                             (3) 

ʽ ʨʝʘʣʽʟʦʚʘʥʘ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʰʝʥʥʷ ʟʘʜʘʯ ʈʝʥʢʽʥʘ ʽ ʇʨʘʥʜʪʣʷ ʦʪʨʠʤʘʥʦ ʜʣʷ ʫʤʦʚʠ ʡʤʦʚʽʨʥʽʩʥʦʾ 

ʧʦʩʪʘʥʦʚʢʠ ʤʽʥʣʠʚʦʩʪʽ ʟʩʫʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ [6]. 

ɺʠʩʥʦʚʦʢ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦʟʚʦʣʷʻ ʦʙ'ʻʢʪʠʚʥʦ 

ʟʙʽʣʴʰʠʪʠ ʥʘʜʽʡʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʘ ʩʪʫʧʽʥʴ ʪʦʯʥʦʩʪʽ 

ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʧʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʠʤ ʩʪʘʪʠʩʪʠʯʥʠʤ ʨʷʜʦʤ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ. ʋ ʧʝʨʩʧʝʢʪʠʚʽ 

ʧʦʜʘʣʴʰʝ ʢʦʨʝʢʪʫʚʘʥʥʷ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟʩʫʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʩʪʽʡʢʦʩʪʽ ʛʽʜʨʦʪʝʭʥʽʯʥʠʭ ʩʧʦʨʫʜ ʜʦʮʽʣʴʥʦ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʚ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʤʫ 

ʚʠʛʣʷʜʽ, ʱʦ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʮʽʣʢʦʤ ʥʘʜʽʡʥʠʤ ʽ ʚʠʧʨʘʚʜʘʥʠʤ. 
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ʆʇʊʀʄɸʃʔʅɸ ɿɸɹʋɼʆɺɸ ʆɹʄɽɾɽʅʆɰ ɼɯʃʗʅʂʀ ɺ ʋʄʆɺɸʍ ʑɯʃʔʅʆɰ 

ʄɯʉʔʂʆɰ ɯʅʌʈɸʉʊʈʋʂʊʋʈʀ ɯ ʉʂʃɸɼʅʆɻʆ ʈɽʃʔɭʌʋ 

ʇʨʠ ʟʘʙʫʜʦʚʽ  ʤ. ʆʜʝʩʠ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʛʝʦʪʝʭʥiʯʥi ʦʩʦʙʣʠʚʦʩʪʽ: 

1) ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ: ʘ) ʧʦʨʽʟʘʥʽʩʪʴ ʧʦʚʝʨʭʥʽ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʾʾ ʯʘʩʪʠʥʽ ʷʢ 

ʥʘʩʣʽʜʦʢ ʛʝʥʝʟʠʩʫ ʷʨʫʞʥʦ-ʙʘʣʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, ʥʘʧʨʠʢʣʘʜ: ɺʦʜʷʥʘ ʙʘʣʢʘ / ʚʫʣ. ɹʘʣʢʽʚʩʴʢʘ, 

ʂʘʨʘʥʪʠʥʥʘ ʙʘʣʢʘ / ʫʟʚʦʟʠ ʜʦ ʧʦʨʪʫ ״ ʇʦʣʴʩʴʢʠʡ ʽ ʂʘʨʘʥʪʠʥʥʠʡ, ʪʘʣʴʚʝʛʦʤ ʷʢʠʭ  ̒

ɼʝʚʦʣʘʥʦʚʩʢɹʠʡ ʫʟʚʽʟ; ʙ) ʽʩʪʦʪʥʠʡ ʧʝʨʝʧʘʜ ʧʦʟʥʘʯʦʢ ʨʝʣʴʻʬʫ ʤʽʩʴʢʦʾ ʪʝʨʠʪʦʨiµ, ʷʢʽ 

ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʤʦʞʣʠʚʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʩʫʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʦʙʣʠʚʦ ʙʽʣʷ 

ʫʟʙʝʨʝʞʞʷ; 

2) ʘʨʭʽʪʝʢʪʫʨʥʽ ʪʨʘʜʠʮʽʾ ʽ ʩʫʯʘʩʥʽ ʪʨʝʥʜʠ: ʘ) ʱʽʣʴʥʘ ʩʫʮʽʣʴʥʘ ʟʘʙʫʜʦʚʘ ʢʚʘʨʪʘʣʽʚ 

ʮʝʥʪʨʘʣʴʥʦʾ ʽʩʪʦʨʠʯʥʦʾ ʯʘʩʪʠʥʠ ʤʽʩʪʘ ʟ ʘʨʢʦʚʠʤʠ ʟʘʾʟʜʘʤʠ ʚ ʪʽʩʥʽ ʚʥʫʪʨʽʰʥʽ ʜʚʦʨʠʢʠ; ʙ) 

ʟʘʛʘʣʴʥʘ ʪʝʥʜʝʥʮʽʷ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʧʦʚʝʨʭʦʚʦʩʪʽ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ; ʚ) ʟʥʘʯʥʝ 

ʟʙʽʣʴʰʝʥʥʷ ʽʥʪʝʛʨʘʣʴʥʠʭ ʟʦʚʥʽʰʥʽʭ ʩʠʣʦʚʠʭ ʚʧʣʠʚʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʚʠʱʝʥʥʷ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ˇʨʫʥʪʦʚʠʭ ʦʩʥʦʚ ʽ ʜʦʜʘʪʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʨʝʞ ʧʽʜʟʝʤʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ;  

3) ˇʨʫʥʪʦʚʽ ʫʤʦʚʠ: ʘ) ʩʪʦʭʘʩʪʠʯʥʝ ʧʦʰʠʨʝʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ ʟ ʥʘʷʚʥʽʩʪʶ ʧʽʜʟʝʤʥʠʭ 

ʚʠʨʦʙʦʢ-ʢʘʪʘʢʦʤʙ, ʤʽʩʮʷʤʠ ʯʽʪʢʦ ʥʝ ʚʠʷʚʣʝʥʠʭ ʽ ʩʪʨʦʛʦ ʥʝ ʟʘʬʽʢʩʦʚʘʥʠʭ ʥʽ ʚ ʧʣʘʥʽ, ʥʽ ʟʘ 

ʛʣʠʙʠʥʦʶ ʪʘ ʦʙ'ʤ̒ʦʤ; ʙ) ʥʘʷʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʟ ʥʝʨʝʘʣʽʟʦʚʘʥʠʤʠ ʧʨʦʩiʜʘʶʯʠʤʠ ʧʨʦʮʝʩʘʤʠ; ʚ) 

ʥʝʨʽʚʥʦʤʽʨʥʽ ʚ ʧʣʘʥʽ ʨʽʚʥʽ ʟʘʣʷʛʘʥʥʷ ʧʦʟʥʘʯʦʢ ʧʽʜʟʝʤʥʠʭ ʚʦʜ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʬʦʨʤʫʚʘʥʥʷ 

ʣʦʢʘʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʟʘʤʦʯʝʥʽ ʧʨʦʩʘʜʥʽ ʛʨʫʥʪʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʥʝʩʝʥʽ 

ʜʦ ʩʣʘʙʢʠʭ ʦʩʥʦʚ; ʛ) ʩʝʡʩʤʽʯʥʘ ʘʢʪʠʚʥʽʩʪʴ ʨʽʟʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ˇʨʫʥʪʦʚʠʭ 

ʫʤʦʚ ʽ ʧʝʨʝʧʘʜiʚ ʨʝʣʴʝʬʫ ʪʘ ʛʣʠʙʠʥ ʨʽʚʥʽʚ ʧʽʜʟʝʤʥʠʭ ʚʦʜ, ʱʦ ʧʦʩʠʣʶʻ ʽ ʫʩʢʣʘʜʥʶʻ 

ʧʝʨʝʨʘʭʦʚʘʥʽ ʚʠʱʝ ʥʝʛʘʪʠʚʥʽ ʛʝʦʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ [1]. 

ɿʛʽʜʥʦ ʟ ʧʣʘʥʦʤ ʨʝʢʦʥʩʪʨʫʶʚʘʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʤ. ʆʜʝʩʠ, ʥʘ ʟʚ̔ ʣʴʥʝʥʽʡ 

ʚʥʘʩʣʽʜʦʢ ʟʥʦʩʫ ʩʪʘʨʠʭ ʙʫʜʽʚʝʣʴ ʜʽʣʷʥʮʽ, ʥʘ ʣʽʚʦʤʫ ʩʭʠʣʽ ʂʘʨʘʥʪʠʥʥʦʾ ʙʘʣʢʠ ʟʘʙʫʜʦʚʥʠʢ 

ʧʨʝʜʩʪʘʚʠʚ ʩʚʦʻ ʙʘʯʝʥʥʷ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ɺʠʚʽʣʴʥʝʥʘ ʜʽʣʷʥʢʘ ʦʙʤʝʞʝʥʘ ʇʦʣʴʩʴʢʠʤ ʽ 

ɼʝʚʦʣʘʥʦʚʩʴʢʠʤ ʫʟʚʦʟʘʤʠ (ʧʝʨʝʧʘʜ ʧʦʟʥʘʯʦʢ ʧʦʚʝʨʭʥʽ ʙʣʠʟʴʢʦ 10 ʤ) ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ, ʚ 

ʜʨʫʛʦʤʫ - ʉʪʨʦʛʘʥʦʚʩʴʢʠʤ ʤʦʩʪʦʤ (ʚʫʣ. ɻʨʝʮʴʢʦʶ) ʪʘ 4-ʧʦʚʝʨʭʦʚʠʤ ʚʠʨʦʙʥʠʯʠʤ ʢʦʨʧʫʩʦʤ 

ʢʦʣʠʰʥʴʦʛʦ ʟʘʚʦʜʫ ʆʧʦʨʽʚ ʪʘ 3-ʧʦʚʝʨʭʦʚʦʶ ʙʫʜʽʚʣʝʶ "ʙʦʫʣʥ̔ʛʫ". ʅʘ ʪʘʢiʡ ʩʪʠʩʣʽʡ ʪʘ 

ʩʢʣʘʜʥʽʡ ʚ ʫʩʽʭ ʚʽʜʥʦʰʝʥʥʷʭ ʜʽʣʷʥʮʽ ʟʘʧʨʦʝʢʪʦʚʘʥʦ ʙʫʜʽʚʥʠʮʪʚʦ 10-ʧʦʚʝʨʭʦʚʦʾ ʦʬʽʩʥʦ-

ʜʽʣʦʚʦʾ ʙʫʜʽʚʣʽ ʄʦʨʩʴʢʦʛʦ ʙiʟʥʝʩ-ʮʝʥʪʨʫ iʟ 3-ʷʨʫʩʥʠʤ ʥʘʧiʚʧiʜʟʝʤʥʠʤ ʧʘʨʢʽʥʛʦʤ [2].  

ʋ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʜʽʣʷʥʢʘ ʙʫʜʽʚʥʠʮʪʚʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʟʩʫʚʥʦʾ ʟʦʥʠ ʽ 

ʨʦʟʪʘʰʦʚʘʥʘ ʥʘ ʣʽʚʦʤʫ ʩʭʠʣʽ ʂʘʨʘʥʪʠʥʥʦʾ ʙʘʣʢʠ. ʈʝʣʴʻʬ ʤʘʡʜʘʥʯʠʢʫ ʩʢʣʘʜʥʠʡ, 

ʪʝʨʘʩʦʚʘʥʠʡ ʧʨʠ ʟʘʛʘʣʴʥʦʤʫ ʫʭʠʣʽ ʚ ʙʽʢ ʪʘʣʴʚʝʛʫ ʟʽ ʟʥʘʯʥʠʤ ʧʝʨʝʧʘʜʦʤ ʘʙʩʦʣʶʪʥʠʭ 

ʧʦʟʥʘʯʦʢ ʧʦʚʝʨʭʥʽ 26,0 ... 15,0 ʤ. 

ɻʝʦʣʦʛʽʯʥʘ ʙʫʜʦʚʘ, ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʚʠʢʦʥʘʥʠʭ ʂʇ "ʇʨʦʭʽʜʥʠʢ", ʜʫʞʝ 

ʩʪʨʦʢʘʪʘ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʪʚʝʨʪʠʥʥʠʤʠ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʫ ʚʠʛʣʷʜʽ ʥʝʟʛʦʜʥʠʭ ʟ 

ʚʠʢʣʠʥʶʚʘʥʥʷʤ ʰʘʨʽʚ ʜʝʣʶʚʽʘʣʴʥʠʭ ʞʦʚʪʦ-ʙʫʨʠʭ ʽ ʯʝʨʚʦʥʦ-ʙʫʨʠʭ ʩʫʛʣʠʥʢʽʚ ʟ 

ʚʢʣʶʯʝʥʥʷʤʠ ʱʝʙʝʥʶ, ʜʨʝʩʚʠ, ʚʘʧʥʷʢʫ, ʪʝʤʥʦ-ʩʽʨʦʛʦ ʤʫʣʠʩʪʦʛʦ ʩʫʛʣʠʥʢʫ, ʱʦ 

ʧʽʜʩʪʠʣʘʶʪʴʩʷ ʥʝʦʛʝʥʦʚʠʤʠ ʩʽʨʦ-ʟʝʣʝʥʠʤʠ ʛʣʠʥʘʤʠ. 

ʆʩʥʦʚʥʽ ʧʨʦʝʢʪʥʽ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʽ ʧʨʠʡʦʤʠ ʟ ʚʣʘʰʪʫʚʘʥʥʷ 

ʢʦʪʣʦʚʘʥʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʙʫʜʽʚʥʠʮʪʚʘ ʥʫʣʴʦʚʦʛʦ ʮʠʢʣʫ ʚʽʜʢʦʨʠʛʦʚʘʥʽ, ʘʜʘʧʪʦʚʘʥʽ ʽ ʧʨʠʡʥʷʪʽ 
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ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʘʧʨʦʙʦʚʘʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ ʨʝʢʦʤʝʥʜʘʮʽʡ [3, 4]. ʇʨʠ ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʨʘʭʦʚʘʥʽ ʨʝʛʽʦʥʘʣʴʥʽ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʽ ʪʘ ʛʝʦʪʝʭʥʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʤ. ʆʜʝʩʠ, ʚ ʪʦʤʫ 

ʯʠʩʣʽ, ʱʽʣʴʥʘ ʟʘʙʫʜʦʚʘ ʥʘʚʢʦʣʦ ʜʽʣʷʥʢʠ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽ ʩʬʦʨʤʦʚʘʥʘ ʜʽʶʯʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʤʽʩʴʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ [5]. ʂʦʥʩʪʨʫʢʪʠʚʥʘ ʩʭʝʤʘ ʙʫʜʽʚʣʽ ʧʨʠʡʥʷʪʘ ʫ ʚʠʛʣʷʜʽ 

ʻʜʠʥʦʛʦ ʥʝʨʦʟʨʽʟʥʦʛʦ ʤʦʥʦʣʽʪʥʦʛʦ ʟʘʣʽʟʦʙʝʪʦʥʥʦʛʦ ʢʘʨʢʘʩʫ. ʉʽʪʢʘ ʢʦʣʦʥ 6,0 Ĭ 6,0 ʤ, 

ʧʝʨʝʪʠʥ ʢʦʣʦʥ 3-ʧʦʚʝʨʭʦʚʦʛʦ ʥʘʧʽʚʧʽʜʟʝʤʥʦʛʦ ʧʘʨʢʽʥʛʫ 600 Ĭ 600 ʤʤ, ʧʝʨʰʦʛʦ ʥʘʜʟʝʤʥʦʛʦ 

ʧʦʚʝʨʭʫ 500 ״ Ĭ 500 ʤʤ, ʽ ʚʠʱʝ 400 ״ Ĭ 400 ʤʤ. 

ʇʝʨʝʨʘʭʦʚʘʥʽ ʩʠʪʫʘʮʽʡʥʽ, ʨʝʣʴʻʬʥʽ ʽ ˇʨʫʥʪʦʚʽ ʦʩʦʙʣʠʚʦʩʪʽ ʟʘʞʘʜʘʣʠ ʨʦʟʨʦʙʣʝʥʥʷ 

"ʢʦʤʙʽʥʦʚʘʥʦʛʦ" ʨʽʟʥʦʧʣʘʥʦʚʦʛʦ ʟʘʭʠʩʪʫ ʢʦʪʣʦʚʘʥʫ ʟʤʽʥʥʦʾ ʛʣʠʙʠʥʠ. ʇʽʜʧʦʨʥʘ ʩʪʽʥʢʘ 

ʚʠʩʦʪʦʶ ʙʣʠʟʴʢʦ 10 ʤ ʙʽʣʷ ʇʦʣʴʩʴʢʦʛʦ ʫʟʚʦʟʫ ʚʠʢʦʥʘʥʘ ʟ ʦʜʥʦʨʷʜʦʚʠʭ ʙʫʨʦʚʠʭ ʧʘʣʴ 

ʜʽʘʤʝʪʨʦʤ 600 ʤʤ ʽ ʜʦʚʞʠʥʦʶ 24 ʤ ʽʟ ʟʘʛʣʠʙʣʝʥʥʷʤ ʚ ʧʽʜʦʰʚʫ ʢʦʪʣʦʚʘʥʫ ʜʦ 14 - 15 ʤ, ʧʨʠ 

ʮʴʦʤʫ ʛʣʠʙʠʥʘ ʢʦʪʣʦʚʘʥʫ ʙʽʣʷ ɼʝʚʦʣʘʥʦʚʩʴʢʦʛʦ ʫʟʚʦʟʫ ʙʫʣʘ ʤʽʥʽʤʽʟʦʚʘʥʘ ʜʦ 0,8 ʤ. ʋ 

ʉʪʨʦʛʘʥʽʚʩʴʢʦʛʦ ʤʦʩʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʦʛʦ ʢʦʣʝʢʪʦʨʘ ʟʘʭʠʩʥʘ ʩʪʽʥʢʘ ʚʠʢʦʥʘʥʘ ʟ 

ʟʘʜʘʚʣʝʥʠʭ ʧʦ ʣʽʜʝʨʥʠʭ ʩʚʝʨʜʣʦʚʠʥʘʭ ʧʦʩʠʣʝʥʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʧʘʣʴ ʧʝʨʝʪʠʥʦʤ 0,35 Ĭ 

0,35 ʤ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ, ʱʦ ʜʠʢʪʫʻʪʴʩʷ ʢʫʪʦʤ ʩʭʠʣʫ. ɿ ʙʦʢʫ ʚʠʨʦʙʥʠʯʦʾ ʙʫʜʽʚʣʽ ʢʦʣʠʰʥʴʦʛʦ 

ʟʘʚʦʜʫ ʆʧʦʨʽʚ ʽ "ʙʦʫʣʽʥʛʫ" ʚʣʘʰʪʫʚʘʥʥʷ ʦʩʥʦʚʥʦʾ ʩʪʽʥʢʠ ʟ ʙʫʨʦʚʠʭ ʧʘʣʴ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ, ʙʫʣʦ ʚʣʘʰʪʦʚʘʥʦ ʟ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʭʠʩʥʦʛʦ 

ʨʷʜʫ ʟ ʧʘʣʴ ʜʽʘʤʝʪʨʦʤ 250 ʤʤ. ʅʝʦʜʥʦʟʥʘʯʥʽʩʪʴ ʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʛʝʦʣʦʛʽʯʥʦʾ ʧʦʙʫʜʦʚʠ 

ʤʘʡʜʘʥʯʠʢʘ ʚʠʤʘʛʘʣʠ ʚʜʘʚʣʶʚʘʥʥʷ ʪʨʴʦʭ ʧʨʦʙʥʠʭ ʧʘʣʴ (ʧʦ ʷʢʠʤ ʧʨʠʡʥʷʪʽ ʧʘʣʽ ʧʝʨʝʨʽʟʦʤ 

0,35 Ĭ 0,35 ʤ ʜʦʚʞʠʥʦʶ 11 ʤ ʟʘʤʽʩʪʴ 12 ʤ ʟʘ ʧʝʨʚʠʥʥʠʤ ʧʨʦʝʢʪʦʤ) ʽ ʩʝʤʠ ʢʦʥʪʨʦʣʴʥʠʭ 

ʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʦʙʦʯʠʭ ʧʨʠʟʤʘʪʠʯʥʠʭ ʧʘʣʴ, ʨʝʟʫʣʴʪʘʪʠ ʷʢʠʭ ʧʦʚʥʽʩʪʶ 

ʧʽʜʪʚʝʨʜʠʣʠ ʥʘʜʽʡʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʧʦ ʧʘʣʴʦʚʠʤ ʬʫʥʜʘʤʝʥʪʘʤ. 

ɺʠʩʥʦʚʢʠ. ʇʨʠʡʥʷʪʠʡ ʢʦʤʧʣʝʢʩ ʦʩʥʦʚʥʠʭ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ 

ʨʽʰʝʥʴ ʥʫʣʴʦʚʦʛʦ ʮʠʢʣʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ, ʚ ʪʦʤʫ ʯʠʩʣʽ, ʩʢʣʘʜʥʦʛʦ ʨʝʣʴʻʬʫ, ʜʦʟʚʦʣʠʚ: 

ʘ) ʦʨʛʘʥʽʯʥʦ ʚʙʫʜʫʚʘʪʠ ʚ ʩʭʠʣ ʙʘʣʢʠ 10-ʧʦʚʝʨʭʦʚʫ ʙʫʜʽʚʣʶ ʟ 3- ʨ̫ʫʩʥʠʤ ʥʘʧʽʚʧʽʜʟʝʤʥʠʤ 

ʧʘʨʢʽʥʛʦʤ; 

ʙ) ʤʽʥʽʤʽʟʫʚʘʪʠ ʩʫʤʘʨʥʽ ʨʝʩʫʨʩʦ- ʽ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʧʦ ʨʦʙʦʪʘʤ ʥʫʣʴʦʚʦʛʦ ʮʠʢʣʫ; 

ʚ) ʦʧʪʠʤʘʣʴʥʦ ʦʩʚʦʾʪʠ ʦʙʤʝʞʝʥʫ ʜʽʣʷʥʢʫ, ʢʦʝʬʽʮʽʻʥʪ ʟʘʙʫʜʦʚʠ ʷʢʦʾ ʩʢʣʘʚ 0,85; 

ʛ) ʧʨʦʮʝʩ ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʚʠʢʣʠʢʘʚ ʞʦʜʥʠʭ ʦʙʤʝʞʝʥʴ ʷʢ ʧʦ ʪʨʘʥʩʧʦʨʪʥʠʤ ʨʦʟʚ'ʷʟʢʘʤ, 

ʪʘʢ ʽ ʧʦ ʤʽʩʴʢʠʤ ʢʦʤʫʥʽʢʘʮʽʷʤ; 

ʜ) ʽʩʪʦʪʥʦ ʟʥʠʟʠʪʠ ʘʚʪʦʩʪʦʷʥʦʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʮʝʥʪʨʽ ʤʽʩʪʘ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʋʨʘʭʫʚʘʥʥʷ ʛʝʦʪʝʭʥʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʷʢ ʬʘʢʪʦʨ ʦʧʪʠʤʽʟʘʮʽʾ ʨʝʩʫʨʩʽʚ ʽ ʤʽʥʽʤʽʟʘʮʽʾ 

ʝʢʦʣʦʛʽʯʥʠʭ ʜʽʡ ʧʨʠ ʙʫʜʽʚʥʠʮʪʚʽ ʚ ʆʜʝʩʽ/ [ʄʘʨʯʝʥʢʦ ʄ.ɺ., ʄʦʩʽʯʝʚʘ ɯ.ɯ., ʏʘʣʘʢ ʗ.ɯ., ʂʘʣʴʯʝʚ ɯ.ʂ., 

ʃʠʭʚʘ ʄ.ɺ., ʉʘʩʽ ʆ.ɺ.] // ʄʘʪʝʨʽʘʣʠ ɯɯɯ ʤiʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɸʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʝʥʝʨʛʦ-ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʢʦʣʦʛʽʾè. ï ʆʜʝʩʘ, 2019. ï ʉ. 65-68. 

2. ʄʘʨʯʝʥʢʦ ʄ.ɺ. ɺʣʘʰʪʫʚʘʥʥʷ ʢʦʪʣʦʚʘʥʫ ʥʘ ʜʽʣʷʥʮʽ ʟʽ ʩʢʣʘʜʥʠʤ ʨʝʣʴʻʬʦʤ / ʄʘʨʯʝʥʢʦ ʄ.ɺ., 

ʄʦʩʽʯʝʚʘ ɯ.ɯ., ʏʘʣʘʢ ʗ.ɯ., ʉʘʩʽ ʆ.ɺ. // ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ III  ʄʽʞʥʘʨʦʜʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çɽʢʩʧʣʫʘʪʘʮʽʷ ʪʘ 

ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜè. ï ʆʜʝʩʘ, 2019. ï ʉ. 100. 

3. ʆʪʨʘʞʝʥʠʝ ʚ ʥʦʚʳʭ ʥʦʨʤʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʪʨʦʡʩʪʚʘ ʦʩʥʦʚʘʥʠʡ, ʬʫʥʜʘʤʝʥʪʦʚ ʠ 

ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ (ʥʘ 

ʦʩʥʦʚʝ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʛ. ʄʦʩʢʚʳ) / [ʀʣʴʠʯʝʚ ɺ.ɸ., 

ʄʘʨʠʫʧʦʣʴʩʢʠʡ ʃ.ɻ., ʄʠʭʝʝʚ ɺ.ɺ., ʊʨʦʬʠʤʝʥʢʦʚ ʖ.ɻ., ʀʛʥʘʪʦʚʘ ʆ.ʀ.] // ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʛʦʨʦʜʦʚ ʠ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ï 2003. ï ˉ 5. ï ʉ. 21-28. 

4. ʆʧʠʩʘʥʠʝ ʝʚʨʦʧʝʡʩʢʠʭ ʧʨʘʚʠʣ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ: ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʠ 

ʢʦʤʤʝʥʪʘʨʠʠ / ʀʣʴʠʯʝʚ ɺ.ɸ., ʌʘʜʝʝʚ ɸ.ɺ. // ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʛʦʨʦʜʦʚ ʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ï 2003. ˉ 5. ï ʉ. 5ï20. 

5. ʄʠʪʠʥʩʴʢʠʡ ɺ. ʄ. ʂʦʤʧʣʝʢʩ ʟʘʭʦʜʽʚ ʧʨʠ ʟʚʝʜʝʥʥʽ ʥʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚ ʽʩʪʦʨʠʯʥʦ ʩʬʦʨʤʦʚʘʥʦʤʫ 

ʤʩ̔ʴʢʦʤʫ ʩʝʨʝʜʦʚʠʱʽ / ʄʠʪʠʥʩʴʢʠʡ ɺ. ʄ., ʄʘʨʯʝʥʢʦ ʄ. ɺ., ʄʦʩʽʯʝʚʘ ɯ. ɯ., ʉʘʩʽ ʆ. ɺ. // Dynamics of 

the development of world science. Abstracts of the 4th International scientific and practical conference. 

Perfect publishing. Vancouver, Canada. 2019. ï Pp. 863-872. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

78 

ʋɼʂ 621.91 

ɼʝʰʢʦ ɺ.ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʽʣʦʫʩ ɯ.ʖ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ɹʽʨʶʢʦʚ ɼ.ɺ., ʘʩʧʽʨʘʥʪ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

biloys_inna@ukr.net 

ʋʇʈɸɺʃɯʅʅʗ ʈɽɾʀʄɸʄʀ ɽʌɽʂʊʀɺʅʆɻʆ ʊɽʇʃʆɿɸɹɽɿʇɽʏɽʅʅʗ 

ɹʋɼɯɺɽʃʔ ʅɸ ʆʉʅʆɺɯ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ 

ɹʫʜʽʚʣʷ ʻ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʩʧʦʞʠʚʘʯʽʚ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʚ ʋʢʨʘʾʥʽ ʪʘ ʨʷʜʽ ʽʥʰʠʭ 

ʥʝʧʨʦʤʠʩʣʦʚʠʭ ʘʙʦ ʟ ʤʘʣʦʨʦʟʚʠʥʝʥʦʶ ʧʨʦʤʠʩʣʦʚʽʩʪʶ ʢʨʘʾʥ. ʂʦʞʥʦʛʦ ʨʦʢʫ ʩʪʘʥʜʘʨʪʠ 

ʱʦʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʥʘʙʫʚʘʶʪʴ ʞʦʨʩʪʢʽʰʠʭ ʚʠʤʦʛ. ʇʨʠʥʮʠʧ çʪʨʴʦʭ ʥʫʣʽʚè 

(Triple Zero) ï ʥʫʣʴ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʥʫʣʴ ʰʢʽʜʣʠʚʠʭ ʚʠʢʠʜʽʚ, ʥʫʣʴ ʚʽʜʭʦʜʽʚ ï ʟ 2021 

ʨʦʢʫ ʩʪʘʥʝ ʚ ɭʚʨʦʧʽ ʦʙʦʚ'ʷʟʢʦʚʠʤ ʜʣʷ ʚʩʽʭ ʙʫʜʽʚʝʣʴʥʠʭ ʧʨʦʝʢʪʽʚ. ʎʴʦʛʦ, ʟʦʢʨʝʤʘ, ʚʠʤʘʛʘʻ 

ʜʠʨʝʢʪʠʚʘ ɭʉ ʟ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ɼʣʷ ʫʤʦʚ ʋʢʨʘʾʥʠ ʭʘʨʘʢʪʝʨʥʠʤ ʻ ʚʞʝ 

ʽʩʥʫʶʯʽ ʙʫʜʽʚʣʽ ʤʘʩʦʚʦʾ ʟʘʙʫʜʦʚʠ. ʇʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘʢʠʭ ʙʫʜʽʚʝʣʴ 

ʜʦ ʤʘʡʞʝ ʥʫʣʴ ʝʥʝʨʛʽʾ ʚʠʤʘʛʘʻ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʭʦʜʽʚ ʟ ʪʝʨʤʦʩʘʥʘʮʽʾ 

ʙʫʜʽʚʝʣʴ, ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʨʝʞʠʤʽʚ 

ʦʧʘʣʝʥʥʷ [1]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʽʤʽʪʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʝʣʴ ʟ ʚʨʘʭʫʚʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʜʞʝʨʝʣ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ, ʨʝʞʠʤʽʚ 

ʦʧʘʣʝʥʥʷ ʧʨʠʤʽʱʝʥʴ ʚ ʫʤʦʚʘʭ ʤʽʥʣʠʚʦʩʪʽ ʟʦʚʥʽʰʥʽʭ ʢʣʽʤʘʪʠʯʥʠʭ ʫʤʦʚ. ɺ ʩʚʽʪʦʚʽʡ 

ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʮʽ ʤʦʜʝʣʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʽ ʚʫʟʣʦʚʠʭ ʩʭʝʤ, ʷʢʠʡ ʧʦʢʣʘʜʝʥʠʡ 

ʚ ʦʩʥʦʚʫ ʥʘʡʙʽʣʴʰ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ eQuest, EnergyPlus, TRNSYS, 

ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʩʪʘʥʜʘʨʪʽʚ ASHRAE, DOE2, ʜʝ ʻ ʨʷʜ ʝʤʧʽʨʠʯʥʠʭ ʬʦʨʤʫʣ [2]. ɼʘʥʽ 

ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʫʤʦʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʙʦ ʧʨʠ ʧʦʚʥʽʡ 

ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ ʪʘ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ HVAC (Heating, Ventilation, & Air 

Conditioning). ɹʽʣʴʰ ̔ ʥʜʠʚʽʜʫʘʣʽʟʦʚʘʥʠʡ ʧʽʜʭʽʜ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʧʨʦʛʨʘʤʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ MATLAB, ʽ ʩʪʚʦʨʝʥʥʽ ʩʧʝʮʽʘʣʴʥʠʭ ʤʦʜʝʣʝʡ, 

ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʠʬʝʨʝʥʮʽʡʥʽ ʨʽʚʥʷʥʥʷ, ʱʦ ʦʧʠʩʫʶʪʴ ʪʝʧʣʦ-ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ 

ʪʝʧʣʦʤʘʩʦʧʝʨʝʥʦʩʫ ʚ ʙʫʜʽʚʣʷʭ ʷʢ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘʢ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʨʦʙʦʪʽ ʩʪʚʦʨʝʥʦ ʪʘ ʨʦʟʛʣʷʥʫʪʦ ʽʤʽʪʘʮʽʡʥʫ ʤʦʜʝʣʴ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ [3]. ɺ ʤʦʜʝʣʽ 

ʟʘʜʘʥʽ ʪʝʧʣʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ, ʧʨʦʚʝʜʝʥʦ 

ʟʦʥʫʚʘʥʥʷ, ʚʩʪʘʥʦʚʣʝʥʽ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʠ ʥʘ ʧʨʠʣʘʜʠ ʦʧʘʣʝʥʥʷ. ɹʫʜʠʥʦʢ ʦʙʤʽʥʶʻʪʴʩʷ 

ʪʝʧʣʦʤ ʯʝʨʝʟ ʡʦʛʦ ʩʪʽʥʠ, ʚʽʢʥʘ ʪʘ ʜʘʭ ʟ ʥʘʚʢʦʣʠʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʧʘʨʘʤʝʪʨʠ ʷʢʦʛʦ 

ʟʤʽʥʶʶʪʴʩʷ ʫ ʯʘʩʽ. ʂʦʞʥʘ ʟ ʪʨʘʥʩʤʽʩʽʡʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʝʧʣʦʦʙʤʽʥʫ ʽʤʽʪʫʻʪʴʩʷ ʷʢ ʧʦʻʜʥʘʥʥʷ 

ʪʝʧʣʦʧʝʨʝʜʘʯʽ ʪʘ ʪʝʧʣʦʚʦʾ ʤʘʩʠʚʥʦʩʪʽ. ʇʨʠʣʘʜ ʦʧʘʣʝʥʥʷ ʧʨʘʮʶʻ ʚ ʟʘʜʘʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʟʤʽʥʠ ʚʥʫʪʨʽʰʥʴʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ, ʱʦ ʧʨʦʛʨʘʤʫʻʪʴʩʷ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ. ʄʦʜʝʣʴ 

ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ ʜʣʷ ʜʝʩʷʪʠ ʭʚʠʣʠʥʥʠʭ 

ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʨʘʭʫʥʢʫ ʧʨʦʪʷʛʦʤ ʦʧʘʣʶʚʘʣʴʥʦʛʦ ʧʝʨʽʦʜʫ, ʪʦʙʪʦ ʘʥʘʣʽʟʫʚʘʪʠ ʝʬʝʢʪʠʚʥʝ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷʤ ʟʽ ʟʙʝʨʝʞʝʥʥʷʤ ʫʤʦʚ ʢʦʤʬʦʨʪʫ.  
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FEATURES OF OBTAININ G DECORATIVE CONCRET E WITH  INCREASED 

DURABILITY  

An important place in the formation of modern architectural environment belongs to 

decorative concrete, due to the possibility of its application in various conditions with the 

required level of reliability, sufficient raw material base, comparatively simplicity of technology, 

relatively low cost, high architectural expressiveness and harmonious environment. Products 

based on decorative concrete perform both structural and cladding functions. Such products 

make demands not only on durability, frost resistance, and also storage of decorative properties 

for a long time of application. The most promising technology for the production of decorative 

concrete products is vibropressure, which allowing to solve the problems of their durability 

while preventing the efflorescenceôs formation, which not only degrades the appearance of the 

product, but also destroys it. 

One of the ways to increase the durability and prevent the efflorescenceôs formation is to 

create the most dense structure of vibrating pressed decorative concrete with a limited content of 

capillary pores due to the use of the filler of the optimal particle size composition (granite 

crushed stone and quartz sand) and microfiller (ground quartz sand) together with a complex 

additive based on lignosulfonates and iron oxide pigments in the amount of 2 ... 4%. For the 

manufacture of products in these studies used a concrete mixture of rigidity V3 of the following 

base composition: Portland cement: Quartz sand: Granite screening sand: Granite crushed stone 

= 1: 1,9: 2,45: 1,1 at W/C = 0.34. The composition of the fillers was optimized using the 

V.B.Fuller equation. 

It has been shown that partial replacement of granite screening sand  (up to 15%) with ground 

quartz sand contributes to the increase of the density and uniformity of the material structure, 

which is also accompanied by an increase in strength (up to 30%). To improve the properties of 

decorative concrete used multifunctional complex additive, which has a plasticizing effect, 

reduces the formation of capillary pores and provides greater saturation and uniform color of the 

face surface of the products. Vibropressed concrete using ground quartz sand instead of granite 

screenings, depending on the amount of cement, is  characterized by  strength of 22   to 48 MPa; 

the open porosity of such concrete meets the normative for wall materials ï less than 6%. To 

protect decorative concrete from the efflorescenceôs formation, it can be effective to use bulk 

hydrophobization by introducing it into the concrete mixture sodium methylsilonate 

(ʦrganosilicon liquid) in the amount of 0.2é 0.4% by weight of cement. 

Obtained on the basis of such mixtures vibropressed wall concrete products are characterized 

by a class of strength greater than B35, frost resistance of 50 cycles and more, water absorption 

(open porosity) of less than 5%, as well as uniform tone of the face surface of concrete.  
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ʆʉʋʐɽʅʀɽ ʆʉʅʆɺɸʅʀʗ ʇʃʆʑɸɼʂʀ, ʉʃʆɾɽʅʅʆʁ ɻʃʀʅʀʉʊʓʄʀ 

ɻʈʋʅʊɸʄʀ  

ʂʦʛʜʘ ʧʨʦʝʢʪʠʨʦʚʘʣʩʷ ʠ ʩʪʨʦʠʣʩʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ (70-ʝ ʛʦʜʘ XX ʚʝʢʘ), 

ʨʘʩʢʦʥʩʝʨʚʘʮʠʶ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʢʦʪʦʨʦʛʦ ʩʣʝʜʦʚʘʣʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʧʝʨʝʜ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʴʶ ʪʘʢ ʦʩʪʨʦ ʥʝ ʩʪʦʷʣʠ ʚʦʧʨʦʩʳ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʟʘʱʠʪʳ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʦʪ ʟʘʛʨʷʟʥʝʥʠʷ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʠ ʚʦʧʨʦʩʳ ʠʤʝʶʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʇʨʠ ʚʦʟʦʙʥʦʚʣʝʥʠʠ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ ʚʦʟʥʠʢ ʩʣʦʞʥʳʡ ʦʧʨʦʩ ʟʘʱʠʪʳ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʷ ʦʪʭʦʜʘʤʠ ʠ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ ʩʙʦʨ ʵʪʠʭ ʦʪʭʦʜʦʚ. ʈʝʰʝʥʠʝʤ ʩʪʘʣʦ ʩʧʣʦʰʥʦʝ 

ʙʝʪʦʥʠʨʦʚʘʥʠʝ ʧʣʦʱʘʜʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʮʝʣʝʡ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʚʳʛʫʣʘ ʞʠʚʦʪʥʳʭ, 

ʦʜʥʘʢʦ ʵʪʠ ʧʣʦʱʘʜʢʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʦʟʚʝʩʪʠ ʥʘ ʟʘʪʦʧʣʝʥʥʳʭ ʩʠʣʴʥʦʧʫʯʠʥʠʩʪʳʭ 

ʛʨʫʥʪʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʳʩʢʘʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 1, ʘ), ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʣʦʚʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʝ, ʧʨʠʣʝʛʘʶʱʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʘʣʦʨʘʟʤʝʨʥʳʭ ʚʦʜʦʝʤʦʚ ʠ ʩʝʪʠ ʢʘʥʘʣʦʚ, ʯʪʦ 

ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ ʚʳʩʦʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʛʣʫʙʠʥʘʭ 0,2-1,2 ʤʝʪʨʘ, 

ʧʨʠ ʵʪʦʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʣʝʛʘʶʪ ʬʠʣʴʪʨʫʶʱʠʝ ʪʝʭʥʦʛʝʥʥʳʝ (ʠʩʢʫʩʩʪʚʝʥʥʳʝ) 

ʦʙʨʘʟʦʚʘʥʠʷ (thIV), ʤʦʱʥʦʩʪʴʶ 0,4-1,2 ʤ, ʚ ʚʠʜʝ ʧʝʩʢʦʚ ʨʘʟʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʝ ʟʘʣʝʛʘʶʪ ʥʘ ʤʦʨʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʚʦʜʦʫʧʦʨʥʳʭ ʦʪʣʦʞʝʥʠʷʭ (gIIsz). 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʙʝʪʦʥʥʳʭ ʧʣʦʱʘʜʦʢ ʥʘ ʟʘʪʦʧʣʝʥʥʳʭ ʛʨʫʥʪʘʭ ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʥʠʭ, ʣʠʙʦ ʞʝ, ʧʨʠ ʠʭ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʘʨʤʠʨʦʚʘʥʠʠ ʠ ʪʦʣʱʠʥʝ ï ʢ 

ʢʦʨʦʪʢʦʤʫ ʩʨʦʢʫ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʣʠʙʦ ʞʝ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʜʨʝʥʘʞʘ. 
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ʈʠʩ. 1  ʉʚʝʜʝʥʠʷ ʦ ʧʣʦʱʘʜʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘ) ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʷʪʥʘ 

ʟʘʩʪʨʦʡʢʠ ʙ) ʫʩʪʨʦʡʩʪʚʦ ʜʨʝʥʘʞʘ 

ɸʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʢʠʭ ʫʩʣʦʚʠʡ ʧʦʟʚʦʣʠʣ ʧʨʝʜʣʦʞʠʪʴ ʩʘʤʦʝ ʵʢʦʥʦʤʠʯʥʦʝ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʰʝʥʠʝ: ʫʩʪʨʦʠʪʴ ʬʠʣʴʪʨʫʶɦ ʫʁ  ʧʝʩʯʘʥʫʶ ʥʘʩʳʧʴ ʥʘʜ 

ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʥʘʩʳʧʥʳʤʠ ʛʨʫʥʪʘʤ, ʘ ʚ ʪʝʣʝ ʤʦʨʝʥʥʳʭ ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ, ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ [1], ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʫ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʩʪʦʚʦʛʦ ʜʨʝʥʘʞʘ, ʟʘʜʘʯʘ 

ʢʦʪʦʨʦʛʦ - ʩʦʙʠʨʘʪʴ ʥʘʧʦʨʥʳʝ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʚʦʜʳ ʩʧʦʨʘʜʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʩ ʢʨʦʚʣʠ 
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ʛʣʠʥʠʩʪʳʭ ʛʨʫʥʪʦʚ ʠ ʦʪʚʦʜʠʪʴ ʠʭ ʟʘ ʧʨʝʜʝʣʳ ʧʷʪʥʘ ʟʘʩʪʨʦʡʢʠ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʡ 

ʚʦʜʦʝʤ. 

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. ʉʣʦʞʥʳʝ ʦʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳ: ʩʧʨʘʚʦʯʥʠʢ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ / ʧʦʜ. ʨʝʜ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʖ. ɻ. ʊʨʦʬʠʤʠʥʢʦʚʘ  ï ʄ.: ʉʪʨʦʡʠʟʜʘʪ, 1969 ï 272 ʩ.  
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ɻʦʥʯʘʨ ʆ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʥʦʧʢʦ ɼ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, oagon@ukr.net 

ʆʉʆɹʃʀɺʆʉʊɯ ʊɽʍʅʆʃʆɻɯɰ ʆʊʈʀʄɸʅʅʗ ʐɺʀɼʂʆʊɺɽʈɼʅʋʏʀʍ 

ʂʆʄʇʆɿʀʎɯʁʅʀʍ ɺ'ʗɾʋʏʀʍ ʈɽʏʆɺʀʅ  

ʆʩʦʙʣʠʚʝ ʤʽʩʮʝ ʩʝʨʝʜ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʚ'ʷʞʫʯʠʭ ʟʘʡʤʘʶʪʴ ʩʢʣʘʜʠ ʥʘ ʦʩʥʦʚʽ ʩʠʩʪʝʤʠ 

çʛʣʠʥʦʟʝʤʥʠʡ ʮʝʤʝʥʪ (ɻʎ) - ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ (ʇʎ)è. ʅʘ ʦʩʥʦʚʽ ʮʽʻʾ ʩʠʩʪʝʤʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʦʪʨʠʤʘʥʽ ʙʝʟʫʩʘʜʦʯʥʽ ʚ'ʷʞʫʯʽ ʢʦʤʧʦʟʠʮʽʾ, ʱʦ ʰʚʠʜʢʦ ʪʚʝʨʜʽʶʪʴ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʰʚʠʜʢʠʤ ʥʘʙʦʨʦʤ ʨʘʥʥʴʦʾ ʤʽʮʥʦʩʪʽ [1, 2]. ʇʨʦʪʝ ʩʢʣʘʜʥʽʩʪ ɹʩʪʘʙʽʣʽʟʘʮʽʾ ʾʭʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʽ ʩʭʠʣʴʥʽʩʪ ɹʜʦ ʟʥʠʞʝʥʥʷ ʤʽʮʥʦʩʪʽ, ʱʦ ʦʙʫʤʦʚʣʝʥʽ ʧʨʦʮʝʩʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ ʧʨʦʜʫʢʪʽʚ 

ʛʽʜʨʘʪʘʮʽʾ, ʦʙʤʝʞʫʶʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʚ'ʷʞʫʯʠʭ ʩʠʩʪʝʤ [3, 4]. 

ɺʠʨʽʰʠʪʠ ʮʽ ʧʨʦʙʣʝʤʠ ʤʦʞʥʘ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʚôʷʞʫʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʦʙʘʚʢʘʤʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʽ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥ ̔ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥ ̔ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʽʚ ʪʫʞʘʚʣʝʥʥʷ ʚ ʜʘʥʽʡ 

ʩʠʩʪʝʤʽ ʜʘʣʦ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʪʠ ʚ'ʷʞʫʯʽ ʨʝʯʦʚʠʥʠ ʟʽ ʩʪʘʙʽʣʴʥʠʤʠ ʪʝʨʤʽʥʘʤʠ 

ʪʫʞʘʚʣʝʥʥʷ, ʦʜʥʘʢ ʟʘʣʠʰʠʣʠʩʴ ʥʝʚʠʨʽʰʝʥʠʤʠ ʧʠʪʘʥʥʷ ʧʨʦ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʽ 

ʩʭʠʣʴʥʽʩʪʴ ʜʦ ʧʝʨʝʢʨʠʩʪʘʣʽʟʘʮʽʾ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʝʛʫʣʶʚʘʥʥʷ ʮʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʻ ʜʦʜʘʪʢʦʚʝ ʚʚʝʜʝʥʥʷ ʚ ʩʠʩʪʝʤʫ ʩʫʣʴʬʘʪʚʤʽʱʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʫ ʬʦʨʤʽ 

ʩʫʣʴʬʘʪʫ ʢʘʣʴʮʽʶ . 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʩʫʣʴʬʘʪʥʦʾ ʜʦʙʘʚʢʠ ʥʘ ʪʝʢʫʯʽʩʪʴ ʪʘ ʢʽʥʝʪʠʢʫ 

ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʰʪʫʯʥʦʛʦ ʢʘʤʝʥʶ ʥʘ ʦʩʥʦʚʽ ʚ'ʷʞʫʯʠʭ ʢʦʤʧʦʟʠʮʽʡ ʩʢʣʘʜʫ çɻʎ-ʇʎè. 

ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʟʚʦʣʷʻ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʚʚʝʜʝʥʥʷ ʚ ʢʦʤʧʦʟʠʮʽʡʥʫ 

ʚ'ʷʞʫʯʫ ʩʠʩʪʝʤʫ çɻʎ-ʇʎè ʩʫʣʴʬʘʪʦʚʤʽʱʫʶʯʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ 

ʚʠʩʦʢʦʤʽʮʥʠʤ ʙʫʜʽʚʝʣʴʥʠʤ ʛʽʧʩʦʤ, ʜʦʟʚʦʣʷʻ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʨʝʛʫʣʶʚʘʪʠ ʪʝʢʫʯʽʩʪʴ 

ʨʦʟʯʠʥʥʦʾ ʩʫʤʽʰʽ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘʙʦʨʫ ʤʽʮʥʦʩʪʽ ʨʦʟʯʠʥʫ ʥʘ ʾʾ ʦʩʥʦʚʽ. ɺʠʙʨʘʥʘ ʤʦʜʠʬʽʢʫʶʯʘ 

ʜʦʙʘʚʢʘ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʝʬʝʢʪ ʩʧʘʜʫ ʤʽʮʥʦʩʪʽ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʽ ʦʪʨʠʤʘʪʠ 

ʰʪʫʯʥʠʡ ʢʘʤʽʥʴ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʤʽʮʥʦʩʪʽ ʚ ʯʘʩʽ. ʈʦʟʨʦʙʣʝʥʽ 

ʚ'ʷʞʫʯʽ ʢʦʤʧʦʟʠʮʽʾ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 

ʰʚʠʜʢʦʪʚʝʨʜʽʯʁʠʭ ʨʦʟʯʠʥʽʚ ʽ ʙʝʪʦʥʽʚ, ʱʦ ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ 

ʙʫʜʽʚʝʣʴʥʠʭ, ʨʝʤʦʥʪʥʠʭ ʪʘ ʨʝʩʪʘʚʨʘʮʽʡʥʠʭ ʨʦʙʽʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʩʫʭʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʩʫʤʽʰʝʡ ʜʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʧʽʜʣʦʛ. 
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ɼʞʠʛʽʣʴ ʖ.ɭ., ʢʘʥʜ. ʘʨʭ., ʜʦʮʝʥʪ 

ɹʦʨʦʚʝʮʴ ʅ.ɺ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, yuriydzhyhil@gmail.com 

ɼɽʗʂɯ ʐʃʗʍʀ ɺʀʂʆʈʀʉʊɸʅʅʗ ʉʋʏɸʉʅʀʍ ɽʌɽʂʊʀɺʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ʋ 

ɾʀʊʃʆɺʆʄʋ ɹʋɼɯɺʅʀʎʊɺɯ ʋʂʈɸɰʅʀ 

ʇʦʯʘʪʦʢ ʍʍɯ ʩʪ. ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʘʢʪʠʚʥʠʤ ʨʦʟʚʠʪʢʦʤ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʫ ʚʩʽ ʩʬʝʨʠ ʣʶʜʩʴʢʦʛʦ ʙʫʪʪʷ, ʫ ʪʦʤʫ ʯʠʩʣʽ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʙʫʜʽʚʥʠʮʪʚʦʤ. ʎʝ 

ʜʘʻ ʥʦʚʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚ ʩʝʥʩʽ ʩʧʨʦʱʝʥʥʷ 

ʨʫʪʠʥʥʦʾ ʨʫʯʥʦʾ ʧʨʘʮʽ ʧʨʦʻʢʪʘʥʪʽʚ, ʚʠʚʽʣʴʥʷʶʯʠ ʧʨʠ ʮʴʦʤʫ ʚʩʝ ʙʽʣʴʰʝ ʯʘʩʫ ʟʦʜʯʠʭ ʜʣʷ 

ʪʚʦʨʯʦʩʪʽ. 

ɾʠʪʪʷ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʜʦʩʷʛʥʝʥʥʷʤʠ, ʷʢʽ ʚʩʝ 

ʙʽʣʴʰʝ ʚʭʦʜʷʪʴ ʚ ʾʾ ʧʦʙʫʪ, ʧʨʝʜʤʝʪʥʝ ʥʘʧʦʚʥʝʥʥʷ ʪʘ ʽʥʞʝʥʝʨʥʝ ʦʙʣʘʜʥʘʥʥʷ ʧʦʤʝʰʢʘʥʴ. 

ʊʘʢ ʩʘʤʦ ʽ ʟʘ ʤʝʞʘʤʠ ʧʦʤʝʰʢʘʥʴ - ʚ ʤʽʩʮʷʭ ʩʧʽʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ, ʛʨʦʤʘʜʩʴʢʠʭ ʟʘʢʣʘʜʘʭ 

ʽ ʫʩʪʘʥʦʚʘʭ, ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʪʦʱʦ. ɸʨʭʽʪʝʢʪʦʨʠ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʮʽ ʨʝʘʣʽʾ ʚ ʩʚʦʾʭ 

ʧʨʦʻʢʪʘʭ ʪʘʢ ʩʘʤʦ, ʷʢ ʽ ʥʦʚʽʪʥʽ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʚʧʨʦʚʘʜʞʫʶʪʴʩʷ ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɯʥʪʝʛʨʘʣʴʥʘ ʩʢʣʘʜʦʚʘ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʽʥʥʦʚʘʮʽʡ ʚʭʦʜʠʪʴ ʚ ʧʦʢʘʟʥʠʢ ʷʢʦʩʪʽ ʞʠʪʪʷ 

ʣʶʜʠʥʠ, ʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʽʥʥʦʚʘʮʽʡ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʘʨʭʽʪʝʢʪʫʨʥʽʡ ʽ ʩʧʦʞʠʚʯʽʡ ʷʢʦʩʪʽ 

ʙʫʜʽʚʝʣʴ. ɿʦʢʨʝʤʘ, ʚ ʞʠʪʣʽ - ʚ ʪʝʭʥʦʛʝʥʥʽʡ ʽ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ ʤʝʰʢʘʥʮʽʚ, ʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʤʫ, ʛʽʛʽʻʥʽʯʥʦʤʫ ʽ ʧʩʠʭʦʣʦʛʽʯʥʦʤʫ ʢʦʤʬʦʨʪʽ. ɸ ʱʝ - ʚ ʢʘʧʽʪʘʣʽʟʘʮʽʾ 

ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʚ ʮʽʣʦʤʫ, ʽ ʧʦʤʝʰʢʘʥʴ, ʟʦʢʨʝʤʘ, ʫ ʟʤʝʥʰʝʥʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʽ 

ʨʝʩʫʨʩʥʠʭ ʚʠʪʨʘʪ ʥʘ ʾʭ ʫʪʨʠʤʘʥʥʷ.  

ʅʠʥʽ ʥʘʤ ʜʦʩʪʫʧʥʘ ʥʠʟʢʘ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, 

ʦʟʜʦʙʣʝʥʥʷ ʬʘʩʘʜʽʚ, ʦʧʦʨʷʜʞʝʥʥʷ ʧʨʠʤʽʱʝʥʴ, ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʧʨʠʣʘʜʽʚ ʦʙʣʽʢʫ, 

ʩʧʦʩʦʙʽʚ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʚʥʫʪʨʽʰʥʽʭ ʽ ʟʦʚʥʽʰʥʽʭ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ ʪʦʱʦ. ɸ ʪʘʢʦʞ ʚʩʴʦʛʦ 

ʪʦʛʦ, ʱʦ ʩʪʚʦʨʶʻ ʙʽʣʴʰ ʢʦʤʬʦʨʪʥʠʡ ʽ ʙʝʟʧʝʯʥʠʡ ʧʨʦʩʪʽʨ ʚ ʧʦʤʝʰʢʘʥʥʷʭ. ɯ, ʱʦ 

ʩʫʧʨʦʚʦʜʞʫʻ ʞʠʪʪʷ ʩʫʯʘʩʥʦʾ ʣʶʜʠʥʠ (ʨʦʜʠʥʠ) - ʤʝʙʣʽ, ˇʘʜʞʝʪʠ, ʽʥʞʝʥʝʨʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʪʦʱʦ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʧʦʜʽʣ ʧʨʠʤʽʱʝʥʴ ʚ 

ʧʦʤʝʰʢʘʥʥʷʭ, ʘ ʨʽʟʥʽ ʬʦʨʤʠ ʚʣʘʩʥʦʩʪʽ ʥʘ ʞʠʪʣʦ ʜʦʟʚʦʣʷʶʪʴ ʧʝʨʝʛʣʷʥʫʪʠ ʟʤʽʩʪ ʧʦʥʷʪʪʷ 

ʧʨʦ ʬʦʨʤʫʣʠ ʟʘʩʝʣʝʥʥʷ ʢʚʘʨʪʠʨ. ɿʤʽʥʠʣʠʩʴ ʤʽʩʮʷ ʩʧʽʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ï ʧʦʟʘ 

ʢʚʘʨʪʠʨʥʽ ʢʦʤʫʥʽʢʘʮʽʾ, ʚʙʫʜʦʚʘʥʦ-ʧʨʠʙʫʜʦʚʘʥʽ ʫʩʪʘʥʦʚʠ ʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʤʝʰʢʘʥʮʽʚ, ʘ ʪʘʢʦʞ ʘʚʪʦ ʧʘʨʢʽʥʛʠ. 

ʇʨʦʽʣʶʩʪʨʫʻʤʦ ʚʠʱʝ ʩʢʘʟʘʥʝ ʥʘ ʥʘʩʪʫʧʥʦʤʫ ʧʨʠʢʣʘʜʽ. ɺ ʥʘʰ ʯʘʩ ʚʩʝ ʙʽʣʴʰʦʾ 

ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʶʪʴ ʘʚʪʦʥʦʤʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʚ ʞʠʪʣʽ, ʷʢʽ ʥʝʟʘʣʝʞʥʽ ʚʽʜ ʩʠʩʪʝʤ 

ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʆʧʘʣʝʥʥʷ ʙʫʜʠʥʢʽʚ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʜʞʝʨʝʣ ʥʝ 

ʧʦʧʫʣʷʨʥʝ ʫ ʥʘʩʝʣʝʥʥʷ ʽ ʚʚʘʞʘʻʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʠʤ ʯʝʨʝʟ ʪʝ, ʱʦ ʪʝʧʣʦʪʨʘʩʠ ʤʘʣʦ ʢʦʣʠ 

ʦʥʦʚʣʶʶʪʴʩʷ, ʯʘʩʪʦ ʘʚʘʨʽʡʥʽ ʪʘ ʥʝʜʦʩʪʘʪʥʴʦ ʽʟʦʣʴʦʚʘʥʽ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ 

ʪʝʧʣʦʚʪʨʘʪ, ʷʢʽ ʟʛʦʜʦʤ ʦʧʣʘʯʫʶʪʴʩʷ ʩʧʦʞʠʚʘʯʘʤʠ. ʆʪʞʝ, ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ï 

ʥʝʨʘʮʽʦʥʘʣʴʥʦ ʜʦʨʦʛʽ. ɺʦʥʠ ʤʘʶʪʴ ʱʝ ʦʜʠʥ ʥʝʜʦʣʽʢ ï ʪʘʢʽ ʩʠʩʪʝʤʠ ʥʝ ʟʘʚʞʜʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʪʝʧʣʦʤ, ʢʦʣʠ ʮʝ ʥʝʦʙʭʽʜʥʦ. ʆʧʘʣʝʥʥʷ ʚʤʠʢʘʻʪʴʩʷ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʧʨʦʪʷʛʦʤ 

ʪʨʴʦʭ ʜʥʽʚ ʩʝʨʝʜʥʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʥʘ ʚʫʣʠʮʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 8 ʛʨʘʜʫʩʽʚ ʪʝʧʣʘ. ɼʦ ʮʴʦʛʦ 

ʯʘʩʫ ʧʨʠʤʽʱʝʥʥʷ ʥʝ ʦʧʘʣʶʻʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʽʪʨʷ ʚ 

ʢʽʤʥʘʪʘʭ. ʉʘʤʝ ʪʦʤʫ ʙʘʛʘʪʦ ʤʝʰʢʘʥʮʽʚ ʩʭʠʣʷʶʪʴʩʷ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ. [1]  
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ʅʠʥʽ ʩʧʦʞʠʚʘʯʽ ʧʨʘʛʥʫʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʨʦʜʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ - ʩʦʥʷʯʥʝ ʪʝʧʣʦ, ʚʽʪʝʨ, ʛʝʦʪʝʨʤʘʣʴʥʽ ʚʦʜʠ ʪʦʱʦ. 

ʎʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʧʨʦʚʘʜʞʫʚʘʪʠ ʧʨʠʥʮʠʧʠ "ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ" ʽ ʟʙʝʨʽʛʘʪʠ 

ʧʨʠʨʦʜʥʽ ʨʝʩʫʨʩʠ (ʚʫʛʽʣʣʷ, ʛʘʟ ʪʦʱʦ). ʈʦʟʛʣʷʥʝʤʦ ʜʣʷ ʧʨʠʢʣʘʜʫ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ. ʉʦʥʷʯʥʘ 

ʝʥʝʨʛʝʪʠʢʘ ʫ ʩʚʽʪʽ ʧʨʦʜʦʚʞʫʻ ʙʫʨʭʣʠʚʦ ʨʦʟʚʠʚʘʪʠʩʷ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ, ʷʢʠʡ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʧʦʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ, ʚ ʨʘʟʠ ʧʝʨʝʚʝʨʰʫʻ ʧʦʪʨʝʙʠ ʚʩʽʻʾ ʩʚʽʪʦʚʦʾ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʚ ʝʥʝʨʛʽʾ. ɺʦʥʠ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʥʦʰʫʶʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʤʽʩʪʷʪʴ ʨʫʭʦʤʠʭ 

ʯʘʩʪʠʥ ʽ ʚʢʨʘʡ ʨʽʜʢʦ ʚʠʭʦʜʷʪʴ ʟ ʣʘʜʫ, ʤʘʶʪʴ ʪʨʠʚʘʣʠʡ ʪʝʨʤʽʥ ʩʣʫʞʙʠ. ʆʜʥʽʻʶ ʟ ʧʝʨʝʚʘʛ 

ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʻ ʤʦʜʫʣʴʥʽʩʪʴ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ/ʘʙʦ 

ʬʽʥʘʥʩʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʜʦʤʦʚʣʘʩʥʠʢ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʚ ʷʢʦʩʪʽ 

ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʤʦʞʝ ʟʙʽʣʴʰʫʚʘʪʠ ʧʦʪʫʞʥʽʩʪʴ ʩʠʩʪʝʤʠ ʟʘ ʨʘʭʫʥʦʢ ʜʦʣʫʯʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʬʦʪʦʝʣʝʢʪʨʠʯʥʠʭ ʤʦʜʫʣʽʚ. [2] 

ɿʘ ʦʩʪʘʥʥʽ ʜʚʘ ʜʝʩʷʪʠʣʽʪʪʷ ʥʠʟʢʘ ʙʫʜʽʚʝʣʴʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʋʢʨʘʾʥʠ ʦʩʚʦʾʣʠ ʥʦʚʽ 

ʪʝʭʥʦʣʦʛʽʾ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʞʠʪʣʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. ʊʘʢ, ʤʦʥʦʣʽʪʥʦ-

ʢʘʨʢʘʩʥʽ ʙʫʜʠʥʢʠ, ʚʥʫʪʨʽʰʥʽ ʩʪʽʥʠ ʽ ʢʦʣʦʥʠ ʷʢʠʭ ʟʚʦʜʷʪʴʩʷ ʽʟ ʟʘʣʽʟʦʙʝʪʦʥʫ, ʘ ʟʦʚʥʽʰʥʽ - ʟ 

ʦʙʣʠʯʢʦʚʘʥʠʭ ʮʝʛʣʦʶ ʣʝʛʢʠʭ ʛʽʧʩʦʙʝʪʦʥʥʠʭ ʙʣʦʢʽʚ, ʟʛʽʜʥʦ ʟ ʧʽʜʨʘʭʫʥʢʘʤʠ ʬʘʭʽʚʮʽʚ, ʜʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʮʝʛʣʠ, ʷʢʘ ʩʫʪʪʻʚʦ ʧʦʜʦʨʦʞʯʘʣʘ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ. ʂʨʽʤ ʪʦʛʦ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʦʾ ʩʘʥʪʝʭʥʽʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʘʨʤʘʪʫʨʠ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʪʝʨʤʽʥ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʽʚʝʣʴ. [3] 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʽʥʪʝʨʥʝʪ ʟʨʦʙʠʚ ʞʠʪʪʷ ʥʘʙʘʛʘʪʦ ʟʨʫʯʥʽʰʠʤ - ʚʽʜ 

ʽʥʪʝʨʥʝʪ-ʙʘʥʢʽʥʛʫ ʜʦ ʦʥʣʘʡʥ-ʤʘʛʘʟʠʥʽʚ. ɿʘʨʘʟ ʧʦʜʽʙʥʘ ʪʝʭʥʦʣʦʛʽʯʥʘ ʨʝʚʦʣʶʮʽʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʜʦʤʘʰʥʽʭ ʫʤʦʚʘʭ. ʉʫʯʘʩʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʟʜʘʪʥʽ ʧʦʣʝʛʰʫʚʘʪʠ 

ʞʠʪʪʷ ʪʘ ʛʘʨʘʥʪʫʚʘʪʠ ʙʝʟʧʝʢʫ. ʎʝ, ʟʦʢʨʝʤʘ: ʢʣʽʤʘʪʠʯʥʽ ʩʠʩʪʝʤʠ, ʷʢʽ ʨʝʛʫʣʶʶʪʴ ʪʘ 

ʧʽʜʪʨʠʤʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʫ; ʝʣʝʢʪʨʦʣʘʤʧʠ, ʷʢʠʤʠ ʤʦʞʥʘ ʢʝʨʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʤʘʨʪʬʦʥʘ; ʪʝʣʝʚʽʟʦʨ, ʢʦʪʨʠʡ ʟʥʘʻ ʫʧʦʜʦʙʘʥʥʷ ʩʚʦʛʦ ʚʣʘʩʥʠʢʘ. ʈʘʟʦʤ ʚʩʝ ʮʝ - 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʘ ʩʠʩʪʝʤʘ ʧʽʜ ʥʘʟʚʦʶ çʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè, ʷʢʘ ʟʜʘʪʥʘ ʦʙôʻʜʥʘʪʠ ʚʩʽ 

ʢʦʤʫʥʽʢʘʮʽʾ ʚʘʰʦʛʦ ʜʦʤʫ, ʽ ʢʝʨʫʚʘʪʠ ʥʠʤʠ ʦʜʥʠʤ ʥʘʪʠʩʢʘʥʥʷʤ ʢʥʦʧʢʠ. çʈʦʟʫʤʥʽè ʚʠʨʦʙʠ 

ʥʝ ʬʦʢʫʩʫʶʪʴʩʷ ʥʘ ʯʦʤʫʩʴ ʦʜʥʦʤʫ ï ʚʦʥʠ ʚʞʝ ʻ ʫ ʢʦʞʥʦʤʫ ʩʝʛʤʝʥʪʽ ʣʶʜʩʴʢʦʾ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. ʉʝʨʝʜ ʥʠʭ ʙʘʛʘʪʦ ʜʦʚʦʣʽ ʦʨʠʛʽʥʘʣʴʥʠʭ ʪʘ ʜʫʞʝ ʢʦʨʠʩʥʠʭ ʧʨʦʝʢʪʽʚ, ʪʘʢʠʭ 

ʷʢ: smart-ʦʭʦʨʦʥʘ ʚʝʣʦʩʠʧʝʜʽʚ; ʘʚʪʦʤʘʪʠʯʥʽ ʛʦʜʫʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʪʚʘʨʠʥ, ʟ ʬʫʥʢʮʽʻʶ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ ʾʭ ʤʦʨʜ; çʨʦʟʫʤʥʠʡè ʛʘʤʘʥʝʮʴ ʽ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. çʈʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè ʩʪʘʻ 

ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʫʯʘʩʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ.[4] 

ʑʝ ʦʜʥʠʤ ʽʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ʻ çʨʦʟʫʤʥʝ ʤʽʩʪʦè. 

ʇʨʦʩʪʠʤʠ ʩʣʦʚʘʤʠ ð ʮʝ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʤʽʩʪʦʤ ʪʘ ʡʦʛʦ ʞʠʪʝʣʷʤʠ ʥʘ ʦʩʥʦʚʽ ʥʘʡʩʫʯʘʩʥʽʰʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ɺ ʦʩʥʦʚʽ ʣʝʞʠʪʴ çʽʥʪʝʨʥʝʪ ʨʝʯʝʡè - ʪʝʭʥʦʣʦʛʽʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʜʝʷʢʠʤ ʨʝʯʘʤ ʯʠ 

ʩʠʩʪʝʤʘʤ çʩʧʽʣʢʫʚʘʪʠʩʷè ʤʽʞ ʩʦʙʦʶ. ʅʘʧʨʠʢʣʘʜ, ʫ ɹʘʨʩʝʣʦʥʽ ʩʧʝʮʽʘʣʴʥʽ ʩʝʥʩʦʨʠ 

ʧʦʢʘʟʫʶʪʴ ʚʽʣʴʥʽ ʤʽʩʮʷ ʜʣʷ ʧʘʨʢʫʚʘʥʥʷ, ʱʦ ʩʧʨʠʷʻ ʨʦʟʚʘʥʪʘʞʝʥʥʶ ʪʨʘʬʽʢʫ. ɸ ʚ 

ɸʤʩʪʝʨʜʘʤʽ ʜʘʪʯʠʢʠ ʥʘ ʩʤʽʪʪʻʚʠʭ ʙʘʢʘʭ ʩʠʛʥʘʣʽʟʫʶʪʴ ʧʨʦ ʾʭʥʻ ʥʘʧʦʚʥʝʥʥʷ. ɭ ʨʦʟʫʤʥʽ 

ʤʽʩʪʘ, ʜʝ ʛʦʣʦʚʥʝ ʟʘʚʜʘʥʥʷ - ʮʝ ʙʝʟʧʝʢʘ, ʷʢ ʥʘ ʜʦʨʦʛʘʭ, ʪʘʢ ʽ ʚ ʫʩʽʭ ʽʥʰʠʭ ʧʨʦʷʚʘʭ ʞʠʪʪʷ ʚ 

ʤʽʩʪʽ. [5] 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʆʧʘʣʝʥʥʷ ʚ ʢʚʘʨʪʠʨʽ: 4 ʩʧʦʩʦʙʫ ʦʙʽʛʨʽʚʫ ʞʠʪʣʘ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://alterair.ua/uk/solutions/4-varianta-otopleniya-kvartiryi/ 

2. ʇʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://studfile.net/preview/5465457/ 

3. "ʂʠʾʚʤʽʩʴʢʙʫʜ" ʦʩʚʦʶʻ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://lopata.kiev.ua/adv-1717/ 

4. ʂʊʉ ʮʽʢʘʚʝ: ʑʦ ʪʘʢʝ çʨʦʟʫʤʥʠʡ ʙʫʜʠʥʦʢè ʽ ʥʘʩʢʽʣʴʢʠ ʤʠ smart. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://ktc.ua/blog/kts-cikave-shcho-take-rozumniy-budinok-i-naskilki-mi-smart.html 

5. ʈʦʟʫʤʥʝ ʤʽʩʪʦ. ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. - ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://hromadske.ua/posts/liho-z-

rozumu-rozpovidayemo-sho-take-smart-city-ta-chim-vono-nebezpechne 
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ɿʘʚʘʮʴʢʠʡ ʉ.ɺ., ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, kaf.prom.byd@gmail.com 

ʈɽʂʆʅʉʊʈʋʂʎɯʗ ʎʀʊɸɼɽʃɯ ɹɸʊʋʈʀʅʉʔʂʆɰ ʌʆʈʊɽʎɯ 

ɺ ʧʦʧʝʨʝʜʥʽʡ ʧʫʙʣʽʢʘʮʽʾ [1] ʙʫʣʦ ʚʠʩʚʽʪʣʝʥʦ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʨʝʩʪʘʚʨʘʮʽʡʥʦ-ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʱʦʜʦ ʚʽʜʨʦʜʞʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʠʭ ʧʘʤôʷʪʦʢ 

ɹʘʪʫʨʠʥʩʴʢʦʛʦ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʟʘʧʦʚʽʜʥʠʢʘ çɻʝʪʴʤʘʥʩʴʢʘ ʩʪʦʣʠʮʷè. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʦʚʽʜʦʤʣʷʻʪʴʩʷ ʧʨʦ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʦʜʥʦʛʦ ʟ ʚʠʟʥʘʯʥʠʭ ʦʙôʻʢʪʽʚ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʽʩʪʦʨʠʢʦ-ʢʫʣʴʪʫʨʥʦʾ ʧʘʤôʷʪʽ ï ʮʠʪʘʜʝʣʽ ɹʘʪʫʨʠʥʩʴʢʦʾ ʬʦʨʪʝʮʽ. 

ɹʘʪʫʨʠʥʩʴʢʘ ʮʠʪʘʜʝʣʴ, ʟʘ ʷʢʦʶ ʟʘʢʨʽʧʠʣʘʩʷ ʽʩʪʦʨʠʯʥʘ ʥʘʟʚʘ çʃʠʪʦʚʩʴʢʠʡ ʟʘʤʦʢè, 

ʧʦʭʦʜʠʪʴ ʟ 1620-ʭ ʨʨ., ʢʦʣʠ ʮʽ ʟʝʤʣʽ ʙʫʣʠ ʟʘʭʦʧʣʝʥʽ ʇʦʣʴʩʴʢʦ-ʃʠʪʦʚʩʴʢʦʶ ʈʽʯʯʶ 

ʇʦʩʧʦʣʠʪʦʶ [2]. ʃʠʪʦʚʩʴʢʠʡ ʟʘʤʦʢ ʧʣʦʱʝʶ 1,3 ʛʘ ʽ ʨʦʟʤʽʨʘʤʠ 100Ĭ130 ʤ ʽ ʙʫʚ ʽʩʪʦʨʠʯʥʠʤ 

ʮʝʥʪʨʦʤ ɹʘʪʫʨʠʥʩʴʢʦʾ ʬʦʨʪʝʮʽ (ʨʠʩ. 1). 

 

ʈʠʩ. 1 ï ɹʘʪʫʨʠʥ ʯʘʩʽʚ ɯ. ʄʘʟʝʧʠ. 

ʇʣʘʥ-ʨʝʢʦʥʩʪʨʫʢʮʽʷ: 

1 ï ʃʠʪʦʚʩʴʢʠʡ ʟʘʤʦʢ 

(ʮʠʪʘʜʝʣʴ); 2 ï ʬʦʨʪʝʮʷ; 3 ï 

ʙʫʜʠʥʦʢ ʂʦʯʫʙʝʷ ʥʘ ʏʦʨʥʽʡ ʨʽʯʮʽ; 

4 ï ʟʘʤʦʢ ɯ. ʄʘʟʝʧʠ ʥʘ ɻʦʥʯʘʨʽʚʮʽ; 

5 ï ʤʫʨʦʚʘʥʠʡ ʧʘʣʘʮ ɯ. ʄʘʟʝʧʠ 

ʚ ʟʘʤʢʫ ʥʘ ɻʦʥʯʘʨʽʚʮ ̔

ʇʽʜ ʯʘʩ ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 1996ï2006 ʨʨ. ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʝʰʪʢʠ ʨʦʚʽʚ ʪʘ ʚʘʣʫ, 

ʱʦ ʭʨʦʥʦʣʦʛʽʯʥʦ ʧʦʚʪʦʨʶʶʪʴ ʧʝʨʽʦʜʠ ʟʘʙʫʜʦʚʠ ɹʘʪʫʨʽʥʘ [2]. ʆʩʥʦʚʫ ʪʽʣʘ ʚʘʣʫ ʩʢʣʘʜʘʣʠ 3-

4 ʣʽʥʽʾ ʚʟʘʻʤʥʦ ʫʚôʷʟʘʥʠʭ ʜʫʙʦʚʠʭ ʟʨʫʙʽʚ, ʪʘʢ ʟʚʘʥʠʭ çʢʣʽʪʝʡè, ʨʦʟʤʽʨʘʤʠ ʚʽʜ 2,4Ĭ2,4 ʤ ʜʦ 

2,8Ĭ3 ʤ. ʇʨʠ ʮʴʦʤʫ ʪʨʠ ʟʦʚʥʽʰʥʽʭ ʨʷʜʠ ʢʣʽʪʝʡ ʙʫʣʠ ʟʘʩʠʧʘʥʽ ˇʨʫʥʪʘʤʠ, ʘ ʯʝʪʚʝʨʪʠʡ 

ʚʥʫʪʨʽʰʥʽʡ ʨʷʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʧʨʠʧʘʩʽʚ ʽ ʧʝʨʝʙʫʚʘʥʥʷ ʩʪʦʨʦʞʽ. ʇʝʨʝʜ 

ʚôʾʟʥʦʶ ʙʨʘʤʦʶ ʽ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʦʶ ʩʪʦʨʦʥʦʶ ʮʠʪʘʜʝʣʽ ʩʧʦʨʫʜʞʝʥʽ ʜʦʜʘʪʢʦʚʽ ʣʝʛʢʽ 

ʫʢʨʽʧʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʯʘʩʪʦʢʦʣʫ. ɹʫʣʠ ʪʘʢʦʞ ʚʠʷʚʣʝʥʽ ʟʘʣʠʰʢʠ ʜʝʨʝʚôʷʥʠʭ ʦʧʦʨ ʧʽʜ 

ʤʦʩʪʦʚʠʡ ʧʝʨʝʭʽʜ ʯʝʨʝʟ ʨʽʚ ʥʘ ʚôʾʟʜʽ ʜʦ ʛʦʣʦʚʥʦʾ ʙʨʘʤʠ ʮʠʪʘʜʝʣʽ. ɺʦʥʠ ʚʢʘʟʘʣʠ ʥʘ ʪʦʯʥʝ 

ʤʽʩʮʝ ʨʦʟʤʽʱʝʥʥʷ ʮʝʥʪʨʘʣʴʥʦʾ ʚôʾʟʥʦʾ ʙʨʘʤʠ ʮʠʪʘʜʝʣʽ. ʉʘʤʘ ʮʠʪʘʜʝʣʴ ʙʫʣʘ ʦʪʦʯʝʥʘ ʨʦʚʦʤ 

ʜʦ 7 ʤ ʚ ʛʣʠʙʠʥʫ ʪʘ 20 ʤ ʚ ʰʠʨʠʥʫ, ʷʢʠʡ ʟʘʧʦʚʥʶʚʘʚʩʷ ʚʦʜʦʶ. ɿʘ ʨʦʚʦʤ ʡʰʦʚ ʥʘʩʠʧʥʠʡ 

ʟʝʤʣʷʥʠʡ ʚʘʣ, ʥʘ ʷʢʦʤʫ ʟʥʘʭʦʜʠʣʠʩʴ ʜʝʨʝʚôʷʥʽ ʫʢʨʽʧʣʝʥʽ ʢʣʽʪʽ. 

ʋ ʤʝʞʘʭ ʬʦʨʪʝʮʽ ʩʬʦʨʤʫʚʘʣʘʩʷ ʨʝʛʫʣʷʨʥʘ ʩʠʩʪʝʤʘ ʨʦʟʧʣʘʥʫʚʘʥʥʷ ʟ ʛʦʣʦʚʥʦʶ 

ʧʦʜʦʚʞʥʴʦʶ ʚʫʣʠʮʝʶ, ʷʢʘ ʚʝʣʘ ʚʽʜ ɿʘʤʢʦʚʦʾ ʙʨʘʤʠ ʜʦ ʅʦʚʦʤʣʠʥʩʴʢʦʾ (ʉʦʩʥʠʮʴʢʦʾ ʙʨʘʤʠ) 

ʬʦʨʪʝʮʽ. ʇʘʨʘʣʝʣʴʥʦ ʱʝ ʧʨʦʭʦʜʠʣʠ ʱʦʥʘʡʤʝʥʰʝ ʜʚʽ ʚʫʣʠʮʽ, ʷʢʽ ʧʝʨʝʪʠʥʘʣʠʩʷ ʯʦʪʠʨʤʘ 

ʧʦʧʝʨʝʯʥʠʤʠ [3]. 

ʋʥʘʩʣʽʜʦʢ ʪʘʢʦʛʦ ʨʦʟʧʣʘʥʫʚʘʥʥʷ ʫʪʚʦʨʠʣʠʩʷ ʯʦʪʠʨʠʢʫʪʥʽ ʢʚʘʨʪʘʣʠ ʟ ʜʫʞʝ ʱʽʣʴʥʦ 

ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʩʘʜʠʙʘʤʠ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʽʚ ï ʚʽʜ 500 ʤ
2
 ʥʘ ʧʝʨʠʬʝʨʽʾ ʬʦʨʪʝʮʽ ʜʦ 900 ʤ

2
 

ʧʦʙʣʠʟʫ ʃʠʪʦʚʩʴʢʦʛʦ ʟʘʤʢʫ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʩʘʜʠʙ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʴʢʦʾ ʬʦʨʪʝʮʽ 

ʩʪʘʥʦʚʠʣʘ 200-250 ʽ ʪʫʪ ʤʦʛʣʦ ʤʝʰʢʘʪʠ ʜʦ 1500 ʦʩʽʙ. 

ʅʘ ʪʝʨʠʪʦʨʽʾ ʮʠʪʘʜʝʣʽ ʚʽʜʥʘʡʜʝʥʦ ʪʘʢʦʞ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʧʦʭʦʚʘʥʴ 1708 ʨ., ʱʦ 

ʟʘʩʚʽʜʯʫʚʘʣʠ ʪʨʘʛʽʯʥʽ ʧʦʜʽʾ ʪʦʛʦ ʧʝʨʽʦʜʫ. ɹʫʣʠ ʟʥʘʡʜʝʥʽ ʽ ʨʦʟʢʦʧʘʥʽ ʬʫʥʜʘʤʝʥʪʠ 

ʩʝʤʠʙʘʥʥʦʛʦ ʭʨʘʤʫ ʉʚʷʪʦʾ ɾʠʚʦʥʘʯʘʣʴʥʦʾ ʊʨʽʡʮʽ ʽʟ ʜʟʚʽʥʠʮʝʶ, ʦʩʪʘʥʥʽʤ ʤʽʩʮʝʤ 

mailto:kaf.prom.byd@gmail.com
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ʧʝʨʝʭʦʚʫʚʘʥʥʷ ʞʠʪʝʣʽʚ ɹʘʪʫʨʠʥʘ, ʷʢʘ ʙʫʣʘ ʟʥʠʱʝʥʘ ʨʘʟʦʤ ʟ ʥʠʤʠ ʚʽʡʩʴʢʦʚʠʤʠ ʆ. 

ʄʝʥʰʠʢʦʚʘ. ʎʝʡ ʭʨʘʤ ʙʫʚ ʛʦʣʦʚʥʠʤ ʢʦʤʧʦʟʠʮʽʡʥʠʤ ʷʜʨʦʤ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʘʥʩʘʤʙʣʶ 

ʮʝʥʪʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ɻʝʪʴʤʘʥʩʴʢʦʛʦ ɹʘʪʫʨʠʥʘ [3]. 

ɿʥʘʡʜʝʥʽ ʤʘʩʦʚʽ ʣʶʜʩʴʢʽ ʧʦʭʦʚʘʥʥʷ ʡ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʨʪʝʬʘʢʪʠ ʩʧʦʥʫʢʘʣʠ ʚʞʠʪʠ ʟʘʭʦʜʽʚ 

ʟ ʚʰʘʥʫʚʘʥʥʷ ʟʘʛʠʙʣʠʭ ʙʘʪʫʨʠʥʮʽʚ. ʊʘʢ, 10 ʢʚʽʪʥʷ 2004 ʨ. ʚ ʧʝʨʝʜʜʝʥʴ ɺʝʣʠʢʦʜʥʷ, ʟʘ 

ʽʥʽʮʽʘʪʠʚʠ ʽ ʢʦʰʪʦʤ ʤʘʡʙʫʪʥʴʦʛʦ ʧʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ɺʽʢʪʦʨʘ ʖʱʝʥʢʘ, ʚ ʧʘʤôʷʪʴ ʧʨʦ 

ʟʘʛʠʙʣʠʭ ʙʘʪʫʨʠʥʮʽʚ ʥʘ ʪʝʨʠʪʦʨʽʾ ʮʠʪʘʜʝʣʽ, ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʤʦʨʽʘʣʴʥʠʡ ʭʨʝʩʪ (ʨʠʩ. 2) 

(ʘʚʪʦʨʠ ʧʨʦʝʢʪʫ ï ʥʘʨʦʜʥʠʡ ʭʫʜʦʞʥʠʢ ʋʢʨʘʾʥʠ ɸ. ɻʘʡʜʘʤʘʢʘ ʽ ʩʢʫʣʴʧʪʦʨ ʄ. ʆʙʝʟʶʢ). 

       

ʘ)                                                                    ʙ) 

ʈʠʩ 2 ï ʄʝʤʦʨʘ̔ʣʴʥʠʡ ʭʨʝʩʪ ʚ ʯʝʩʪʴ ʧʘʤô̫ ʪʽ ʟʘʛʠʙʣʠʭ ʙʘʪʫʨʠʥʮʽʚ: ʘ ï ʬʘʩʘʜ; ʙ ï ʟʚʦʨʦʪʥʠʡ 

ʙʽʢ 

ɻʨʘʥʽʪʥʠʡ ʭʨʝʩʪ (ʨʠʩ. 2, ʘ) ʤʘʻ ʚʠʩʦʪʫ 11 ʤʝʪʨʽʚ, 53 ʪʦʥʠ ʚʘʛʦʶ, ʟ ʙʨʦʥʟʦʚʠʤ 

ʩʢʫʣʴʧʪʫʨʥʠʤ ʨʦʟʧôʷʪʪʷʤ ʚʘʛʦʶ 3 ʪʦʥʠ ʥʘ ʬʘʩʘʜʽ ʭʨʝʩʪʘ, ʘ ʥʘ ʟʚʦʨʦʪʥʦʤʫ ʙʦʮʽ ï ʽʢʦʥʘ 

(ʨʠʩ. 2, ʙ) ʷʢ ʩʠʤʚʦʣ ʪʽʻʾ, ʱʦ ʙʫʣʘ ʚ ʨʫʢʘʭ ʞʽʥʢʠ, ʦʩʪʘʥʢʠ ʷʢʦʾ ʙʫʣʠ ʟʥʘʡʜʝʥʽ ʫ ʭʦʜʽ 

ʘʨʭʝʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɯʢʦʥʘ ʩʪʘʻ ʩʠʤʚʦʣʦʤ ɹʘʪʫʨʠʥʩʴʢʦʾ ʪʨʘʛʝʜʽʾ. ɾʽʥʢʘ, ʷʢʘ ʨʫʢʦʶ ʧʨʠʢʨʠʚʘʣʘ ʥʝʤʦʚʣʷ, ʘ 

ʽʥʰʦʶ ʪʨʠʤʘʣʘ ʽʢʦʥʫ, ʥʝʤʦʚʙʠ ʟʘʢʨʠʚʘʶʯʠʩʴ ʥʝʶ. ʎʷ ʽʢʦʥʘ ï ʤʘʡʩʪʨʽʚ ʂʠʻʚʦ-ʇʝʯʝʨʩʴʢʦʾ 

ʣʘʚʨʠ XVII ʩʪ. 

ʅʘ ʥʘʨʘʜʽ ʫ ʇʨʝʟʠʜʝʥʪʘ ʋʢʨʘʾʥʠ ɺ. ɸ. ʖʱʝʥʢʘ, ʚ ʢʽʥʮʽ ʣʠʩʪʦʧʘʜʘ 2007 ʨ., ʧʽʩʣʷ 

ʦʙʛʦʚʦʨʝʥʥʷ ʢʦʥʮʝʧʮʽʡ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʮʠʪʘʜʝʣʽ ʽ ʬʦʨʤʫʚʘʥʥʷ ʤʘʡʜʘʥʫ ɻʝʪʴʤʘʥʩʴʢʦʾ ʩʣʘʚʠ, 

ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʨʽʟʥʠʤʠ ʘʚʪʦʨʘʤʠ, ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʚʘʨʽʘʥʪ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʘʨʭʽʪʝʢʪʦʨʦʤ 

ɺ. ʇʘʚʣʝʥʢʦ (ʨʠʩ. 3). 

 

ʈʠʩ. 3 ï ɿʘʛʘʣʴʥʘ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʧʣʘʥʫʚʘʣʴʥʘ 

ʢʦʥʮʝʧʮʽʷ ʚʽʜʪʚʦʨʝʥʥʷ 

ʮʠʪʘʜʝʣʽ ʽ ʬʦʨʤʫʚʘʥʥʷ 

ʤʘʡʜʘʥʫ ɻʝʪʴʤʘʥʩʴʢʦʾ ʩʣʘʚʠ 

(ʘʚʪ. ʘʨʭʽʪʝʢʪʦʨ ɺ.ʇʘʚʣʝʥʢʦ) 
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ʅʘʧʨʠʢʽʥʮʽ 2007 ʨʦʢʫ ʇʨʝʟʠʜʝʥʪ ʖʱʝʥʢʦ ɺ.ɸ. ʚʠʜʘʻ ʋʢʘʟ ʟʘ ˉ 1131/2007, ʟʛʽʜʥʦ ʷʢʦʛʦ 

ʜʦʨʫʯʘʣʦʩʴ ʟʘʤʽʩʪʴ ʢʦʥʩʝʨʚʘʮʽʾ ʦʙôʻʢʪʽʚ ʮʠʪʘʜʝʣʽ (ʩʧʦʯʘʪʢʫ ʧʝʨʝʜʙʘʯʘʣʦʩʴ ʚʠʢʦʥʘʪʠ 

ʪʨʘʩʫʚʘʥʥʷ ʢʦʥʪʫʨʽʚ ʟʘʣʠʰʢʽʚ ʬʫʥʜʘʤʝʥʪʽʚ ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʽ ʚʩʪʘʥʦʚʠʪʠ ʜʝʢʽʣʴʢʘ 

ʤʝʤʦʨʽʘʣʴʥʠʭ ʭʨʝʩʪʽʚ ʥʘ ʤʽʩʮʽ ʪʨʘʛʽʯʥʠʭ ʧʦʜʽʡ 1708 ʨ.) ʧʨʦʚʝʩʪʠ ʫ 2007-2008 ʨʨ. ʫʢʨʽʧʣʝʥʥʷ 

ʩʭʠʣʽʚ ʮʠʪʘʜʝʣʽ ɹʘʪʫʨʠʥʩʴʢʦʾ ʬʦʨʪʝʮʽ, ʚʽʜʙʫʜʫʚʘʪʠ ɻʝʪʴʤʘʥʩʴʢʠʡ ʧʘʣʘʮ (ʨʠʩ. 4, ʘ), 

ɻʝʪʴʤʘʥʩʴʢʫ ʩʢʘʨʙʥʠʮʶ ʪʘ ʜʝʨʝʚôʷʥʫ ʮʝʨʢʚʫ ɺʦʩʢʨʝʩʽʥʥʷ ɻʦʩʧʦʜʥʴʦʛʦ (ʨʠʩ. 4, ʙ), 

ʨʝʢʦʥʩʪʨʫʶʚʘʪʠ ʬʨʘʛʤʝʥʪʠ ʦʙʦʨʦʥʥʠʭ ʩʪʽʥ ʽʟ ʚʝʞʘʤʠ ʚʠʾʟʥʠʭ ʙʨʘʤ (ʨʠʩ. 4, ʚ, ʛ), ʘ ʫʧʨʦʜʦʚʞ 

2009-2010 ʨʨ. ʚʽʜʥʦʚʠʪʠ ʮʝʨʢʚʫ ʉʚʷʪʦʾ ɾʠʚʦʥʘʯʘʣʴʥʦʾ ʊʨʽʡʮʽ ʽʟ ʜʟʚʽʥʠʮʝʶ. ʉʧʦʨʫʜʞʝʥʥʷ 

ʤʝʤʦʨʽʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʘʤôʷʪʽ ʞʝʨʪʚ ɹʘʪʫʨʠʥʩʴʢʦʾ ʪʨʘʛʝʜʽʾ ʧʣʘʥʫʚʘʣʦʩʷ ʟʜʽʡʩʥʠʪʠ ʫ 

2008 ʨ. 

  
ʘ) ʙ) 

  
ʚ) ʛ) 

ʈʠʩ. 4 ï ɺʽʜʙʫʜʦʚʘʥʽ ʽʩʪʦʨʠʯʥʽ ʦʙôʻʢʪʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ʮʠʪʘʜʝʣʽ: 

ʘ ï ɻʝʪʴʤʘʥʩʴʢʠʡ ʙʫʜʠʥʦʢ; ʙ ï ʮʝʨʢʚʘ ɺʦʩʢʨʝʩʽʥʥʷ ɻʦʩʧʦʜʥʴʦʛʦ; ʚ ï ʦʙʦʨʦʥʥʽ ʩʪʽʥʠ 

ʬʦʨʪʝʮʽ ʽʟ ʚʝʞʘʤʠ ʚʠʾʟʥʠʭ ʙʨʘʤ; ʛ ï  ʟʘʭʠʩʥʠʡ ʨʽʚ 

ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʽʩʪʦʨʠʯʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʙʣʘʛʦʫʩʪʨʽʡ ʪʝʨʠʪʦʨʽʾ ʮʠʪʘʜʝʣʽ ʧʨʦʚʦʜʠʚʩʷ ʟʘ 

ʦʢʨʝʤʠʤ ʧʨʦʝʢʪʦʤ, ʟʘʪʚʝʨʜʞʝʥʠʤ ʏʝʨʥʽʛʽʚʩʴʢʦʶ ʆɼɸ ʚʽʜ 18.12.2008 ʨ. ˉ 440 ʫ ʩʫʤʽ 

70242, 814 ʪʠʩ. ʛʨʥ. (ʚ ʪ.ʯ. ɹʄʈ-33455, 3 ʪʠʩ. ʛʨʥ. ʥʘ ʧʽʜʩʪʘʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʚʠʩʥʦʚʢʫ ʚʽʜ 

26.06.2008ʨ. ˉ161, ɼʇ çʋʢʨʜʝʨʞʙʫʜʝʢʩʧʝʨʪʠʟʘè). ʌʽʥʘʥʩʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ ʙʫʣʦ 

ʟʜʽʡʩʥʝʥʦ ʙʣʘʛʦʜʽʡʥʠʤ ʬʦʥʜʦʤ çʏʝʨʥʽʛʽʚʱʠʥʘè, ʷʢʠʡ ʦʧʣʘʪʠʚ ʩʦʩʥʦʚʠʡ ʣʽʩ ʢʨʫʛʣʷʢ ʚ 

ʢʽʣʴʢʦʩʪʽ 738,655 ʤ3, ʫ ʩʫʤʽ 456,2 ʪʠʩ. ʛʨʥ. ʽ ʜʫʙʦʚʠʡ ï ʚ ʢʽʣʴʢʦʩʪʽ 2092,815 ʤ3, ʫ ʩʫʤʽ 

1301,1 ʪʠʩ. ʛʨʥ., ʱʦ ʙʫʚ ʟʘʛʦʪʦʚʣʝʥʠʡ ʣʽʩʦʚʠʤʠ ʛʦʩʧʦʜʘʨʩʪʚʘʤʠ ʋʢʨʘʾʥʠ. ɿʛʽʜʥʦ ʘʢʪʽʚ 

ʧʨʠʡʦʤʫ-ʧʝʨʝʜʘʯʽ ʚʽʜ 29.12.2008 ʨʦʢʫ ʚʢʘʟʘʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʠ ʙʝʟʦʧʣʘʪʥʦ ʧʝʨʝʜʘʥʽ 

ʢʦʨʧʦʨʘʮʽʾ çʋʢʨʨʝʩʪʘʚʨʘʮʽʷè ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ ʧʦ ʟʚʝʜʝʥʥʶ ʦʙʦʨʦʥʥʠʭ ʩʪʽʥ, ʚʝʞ ʽ 

ʙʣʘʛʦʫʩʪʨʦʶ ʪʝʨʠʪʦʨʽʡ ʮʠʪʘʜʝʣʽ. 
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ʅʘ ʙʣʘʛʦʫʩʪʨʽʡ ʪʝʨʠʪʦʨʽʾ ʮʠʪʘʜʝʣʽ ɹʘʪʫʨʠʥʩʴʢʦʛʦ ʟʘʤʢʫ, ʚʽʜʪʚʦʨʝʥʥʷ ʙʫʜʽʚʝʣʴ, 

ʩʧʦʨʫʜʞʝʥʥʷ ʄʝʤʦʨʽʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʘ ʫʢʨʽʧʣʝʥʥʷ ʩʭʠʣʽʚ ʮʠʪʘʜʝʣʽ ʙʫʣʦ ʚʠʪʨʘʯʝʥʦ 48 

ʤʣʥ. ʛʨʥ., ʚ ʪʦʤʫ ʯʠʩʣʽ 44,8 ʤʣʥ. ʢʦʰʪʽʚ ʜʝʨʞʘʚʥʦʛʦ ʙʶʜʞʝʪʫ ʽ ʙʽʣʷ 3,2 ʤʣʥ. ʢʦʰʪʽʚ 

ʙʣʘʛʦʜʽʡʥʦʛʦ ʬʦʥʜʫ çʏʝʨʥʽʛʽʚʱʠʥʘè. 

ɺʽʜʪʚʦʨʝʥʽ ʧʘʤôʷʪʢʠ ʥʝ ʧʨʝʪʝʥʜʫʶʪʴ ʥʘ ʘʚʪʝʥʪʠʯʥʽʩʪʴ, ʦʜʥʘʢ ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ 

ʫʟʘʛʘʣʴʥʝʥʠʡ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʭʫʜʦʞʥʽʡ ʦʙʨʘʟ ɹʘʪʫʨʠʥʩʴʢʦʛʦ ʟʘʤʢʫ ʧʦʯʘʪʢʫ XVIII ʩʪ. ʽ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʷʢ ʤʫʟʝʡʥʦ-ʪʫʨʠʩʪʠʯʥʽ ʦʙôʻʢʪʠ. 
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1. ʇʘʚʣʝʥʢʦ ɺ.ɺ, ɿʘʚʘʮʴʢʠʡ ʉ.ɺ. ɺʽʜʨʦʜʞʝʥʥʷ ʧʘʣʘʮʦʚʦʛʦ ʢʦʤʧʣʝʢʩʫ ʂ.ɻ. ʈʦʟʫʤʦʚʩʴʢʦʛʦ ʚ 

ɹʘʪʫʨʠʥʽ ʷʢ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʦʾ ʩʧʘʜʱʠʥʠ ʋʢʨʘʾʥʠ // ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ 
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ʉʘʭʥʦ ɭ.ʖ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʊʝʨʝʱʫʢ ʆ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʂʦʚʘʣʝʥʢʦ ʉ.ɺ., ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, evsakhno@ukr.net 

ʈʆɿʈʆɹʂɸ ɿɸʍʆɼɯɺ ɿ ʊɽʈʄʆʄʆɼɽʈʅɯɿɸʎɯɰ ʆɻʆʈʆɼɾʋɺɸʃʔʅʀʍ 

ʂʆʅʉʊʈʋʂʎɯʁ ɹʋɼɯɺɽʃʔ ʊɸ ʉʇʆʈʋɼ 

ɺʽʜʦʤʦ, ʱʦ ʬʘʩʘʜʥʽ ʩʠʩʪʝʤʠ ʫʪʝʧʣʝʥʥʷ ʙʫʜʽʚʝʣʴ ʻ ʦʜʥʠʤ ʟ ʥʘʡʢʨʘʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʟʙʽʣʴʰʝʥʥʷ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʛʦʨʦʜʞʫʶʯʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʘʩʘʜʥʠʭ ʩʠʩʪʝʤ ʫʪʝʧʣʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʚʠʩʦʢʠʡ ʧʦʢʘʟʥʠʢ 

ʦʧʦʨʫ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ, ʘʣʝ ʽ ʥʦʨʤʘʣʴʥʠʡ ʚʦʣʦʛʦʩʪʽʡʢʠʡ ʨʝʞʠʤ ʢʦʥʩʪʨʫʢʮʽʡ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʟʚʽʜʩʠ ï ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʜʣʷ ʧʨʦʞʠʚʘʥʥʷ ʣʶʜʝʡ [1-3]. 

ʄʝʪʦʶ ʜʘʥʦʾ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʥʘ ʦʩʥʦʚʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʦʙôʻʤʥʦ-ʧʣʘʥʫʚʘʣʴʥʠʭ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʧʣʘʥʫʚʘʥʥʷ, ʦʨʛʘʥʽʟʘʮʽʾ ʽ 

ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʦʘʫʜʠʪʫ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʟ ʨʦʟʨʦʙʢʦʶ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʠʭ ʦʙôʻʢʪʽʚ. 

ɿʘʛʘʣʴʥʦʚʽʜʦʤʦ, ʱʦ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ ʟʘʡʤʘʶʪʴ 

ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ, ʪʦʤʫ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʚʪʨʘʪʠ ʪʝʧʣʦʪʠ ʙʫʜʽʚʣʝʶ ʻ ʦʩʥʦʚʥʠʤʠ. ɼʣʷ 

ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢ ʧʨʘʚʠʣʦ, ʟʘʩʪʦʩʦʚʫʶʪʴ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ. ɺ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ 

ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʷʢ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ [2, 3].  

ʊʝʧʣʦʽʟʦʣʷʮʽʡʥʠʡ ʰʘʨ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʪʘ ʛʫʩʪʠʥʠ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʠʨʦʙʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠʩʴ:  

- ʦʜʥʦʰʘʨʦʚʠʤ ï ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʠʨʦʙʽʚ ʦʜʥʦʛʦ ʪʠʧʫ ʪʘ ʛʫʩʪʠʥʠ;  

- ʙʘʛʘʪʦʰʘʨʦʚʠʤ ï ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʘʙʦ ʙʽʣʴʰʝ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʠʨʦʙʽʚ ʨʽʟʥʦʾ ʛʫʩʪʠʥʠ 

ʪʘ ʪʠʧʫ;  

- ʢʦʤʙʽʥʦʚʘʥʠʤ ï ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʠʭ ʚʠʨʦʙʽʚ ʦʜʥʦʛʦ ʪʠʧʫ 

ʚʠʢʦʥʘʥʠʭ ʟ ʰʘʨʽʚ ʨʽʟʥʦʾ ʛʫʩʪʠʥʠ, ʱʦ ʩʧʦʣʫʯʝʥʽ ʤʽʞ ʩʦʙʦʶ ʟʘ ʨʘʭʫʥʦʢ, ʷʢ ʭʽʤʽʯʥʠʭ, ʪʘʢ ʽ 

ʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɺʠʙʽʨ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʜʽʡʩʥʶʶʪʴ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʪʠʧʽʚ ʥʝʧʨʦʟʦʨʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʣʽ:  
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- ʟʘʛʣʠʙʣʝʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʣʽ, ʮʦʢʦʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ;  

- ʧʽʜʣʦʛʠ ʧʦ ˇʨʫʥʪʫ;  

- ʟʦʚʥʽʰʥʽ ʩʪʽʥʠ;  

- ʧʝʨʝʢʨʠʪʪʷ (ʮʦʢʦʣʴʥʽ, ʤʽʞʧʦʚʝʨʭʦʚʽ, ʛʦʨʠʱʥʽ);  

- ʧʦʢʨʠʪʪʷ.  

ʇʨʠ ʮʴʦʤʫ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʻ ʢʦʤʧʣʝʢʩʦʤ ʨʦʙʽʪ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ, 

ʧʦʢʘʟʥʠʢʽʚ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ ʥʘ ʨʽʚʥʽ ʥʝ ʥʠʞʯʦʤʫ, ʥʽʞ ʚʩʪʘʥʦʚʣʝʥʦ ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʚʠʤʦʛʘʤʠ ʱʦʜʦ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʱʦ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʽʪ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ, ʢʘʧʽʪʘʣʴʥʦʛʦ ʯʠ ʧʦʪʦʯʥʦʛʦ ʨʝʤʦʥʪʫ ʙʫʜʽʚʝʣʴ ʘʙʦ ʨʦʙʽʪ, ʷʢʽ ʥʝ 

ʧʦʪʨʝʙʫʶʪʴ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʜʘʶʪʴ ʧʨʘʚʦ ʥʘ ʾʭ ʚʠʢʦʥʘʥʥʷ [1].  

ʊʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʙʫʜʽʚʝʣʴ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʝʟ ʨʦʟʨʦʙʣʝʥʥʷ ʧʨʦʝʢʪʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, 

ʦʪʨʠʤʘʥʥʷ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʜʘʶʪʴ ʧʨʘʚʦ ʥʘ ʚʠʢʦʥʘʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ ʨʦʙʽʪ, ʪʘ ʧʨʠʡʥʷʪʪʷ 

ʪʘʢʦʛʦ ʦʙôʻʢʪʘ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʣʠʰʝ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʨʦʙʽʪ ʽʟ:  

1. ɯʩʥʫʶʯʠʤʠ ʟʘʧʦʚʥʝʥʥʷʤʠ ʚʽʢʦʥʥʠʭ, ʙʘʣʢʦʥʥʠʭ ʪʘ ʜʚʝʨʥʠʭ ʙʣʦʢʽʚ ʘʙʦ ʽʥʞʝʥʝʨʥʠʤʠ 

ʩʠʩʪʝʤʘʤʠ (ʢʨʽʤ ʨʦʙʽʪ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʘʙʦ ʢʘʧʽʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʫ ʽʥʞʝʥʝʨʥʠʭ ʩʠʩʪʝʤ).  

2. ʆʛʦʨʦʜʞʫʚʘʣʴʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ ʦʙôʻʢʪʽʚ ʽʟ ʥʝʟʥʘʯʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ.  

3. ɿʘʤʽʥʠ ʧʦʢʨʠʪʪʷ ʧʦʢʨʽʚʝʣʴ ʙʫʜʽʚʝʣʴ, ʷʢʽ ʥʝ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʪʨʫʯʘʥʥʷ ʚ 

ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʪʘ ʥʝʩʫʯʦ-ʦʛʦʨʦʜʞʫʚʘʣʴʥʽ ʢʦʥʩʪʨʫʢʮʽʾ.  

4. ʇʨʠʻʜʥʘʥʥʷ ʪʘ ʧʽʜʢʣʶʯʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ (ʩʘʜʠʙʥʠʭ) ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ, ʩʘʜʦʚʠʭ, 

ʜʘʯʥʠʭ ʙʫʜʠʥʢʽʚ ʜʦ ʽʥʞʝʥʝʨʥʠʭ ʤʝʨʝʞ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʣʽ ʥʝʦʙʭʽʜʥʦ ʟʜʽʡʩʥʠʪʠ ʨʷʜ ʽʥʞʝʥʝʨʥʦ-

ʪʝʭʥʽʯʥʠʭ ʟʘʭʦʜʽʚ, ʘ ʩʘʤʝ:  

1. ʇʽʜʚʠʱʝʥʥʷ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʽʚʝʣʴ;  

2. ʄʦʜʝʨʥʽʟʘʮʽʶ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʤʝʨʝʞ ʩʠʩʪʝʤ ʪʝʧʣʦ- ʪʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ;  

3. ʄʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤ ʚʝʥʪʠʣʷʮʽʾ;  

4. ʆʙʣʽʢ ʽ ʨʝʛʫʣʶʚʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʚʦʜʠ;  

5. ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʩʚʽʪʣʝʥʥʷ.  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʜʽʡʩʥʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʟʘʭʦʜʽʚ ʽʥʞʝʥʝʨ-ʝʥʝʨʛʦʘʫʜʠʪʦʨ ʧʦʚʠʥʝʥ 

ʟʜʽʡʩʥʶʚʘʪʠ ʥʘʩʪʫʧʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ: 

-  ʨʦʟʨʦʙʣʷʪʠ ʽ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʟʘʭʦʜʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ 

ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ 

ʜʦʩʷʛʥʝʥʴ; 

-  ʽʥʪʝʛʨʫʚʘʪʠ ʟʥʘʥʥʷ ʟ ʨʽʟʥʠʭ ʩʬʝʨ ʽʥʞʝʥʝʨʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ; 

-  ʨʦʟʨʦʙʣʷʪʠ ʽ ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʽ, ʝʥʝʨʛʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ 

ʪʝʭʥʦʣʦʛʽʾ; 

-  ʚʠʢʦʥʫʚʘʪʠ ʪʝʭʥʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʟʘ ʧʨʦʝʢʪʘʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʽ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʚʘʨʪʽʩʥʦʛʦ ʘʥʘʣʽʟʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʧʘʨʘʤʝʪʨʽʚ 

ʽ ʚʠʙʦʨʫ ʩʝʨʽʡʥʦʛʦ ʪʘ ʨʦʟʨʦʙʢʠ ʥʦʚʦʛʦ ʪʝʧʣʦʝʥʝʨʛʝʪʠʯʥʦʛʦ, ʪʝʧʣʦʪʝʭʥʽʯʥʦʛʦ ʪʘ 

ʪʝʧʣʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ; 

-  ʧʨʠʡʤʘʪʠ ʧʨʦʝʢʪʥʽ ʨʽʰʝʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʠʩʪʝʤ ʪʝʧʣʦ - ʪʘ 

ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʦʙʠʨʘʪʠ ʪʠʧ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʫʩʪʘʥʦʚʦʢ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʥʝʪʨʘʜʠʮʽʡʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ; 

- ʦʮʽʥʶʚʘʪʠ ʚʘʨʪʽʩʪʴ ʪʘ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʜ̔ʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ. 
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ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʢʦʞʥʘ ʙʫʜʽʚʣʷ ʫʥʽʢʘʣʴʥʘ, ʪʦʤʫ ʢʦʞʥʠʡ ʧʨʦʝʢʪ 

ʧʦʚʠʥʝʥ ʨʦʟʛʣʷʜʘʪʠʩʴ ʽʥʜʠʚʽʜʫʘʣʴʥʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʩʧʝʮʠʬʽʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ.  
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ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɽʆɯʅʌʆʈʄɸʎɯʁʅʀʍ ʊɽʍʅʆʃʆɻɯʁ ɼʃʗ ʇɯɼɺʀʑɽʅʅʗ 

ʈɯɺʅʗ ɹʃɸɻʆʋʉʊʈʆʖ ʄ.ʏɽʈʅɯɻʆɺɸ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʘʭ ʋʢʨʘʾʥʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʘʛʦʩʪʨʝʥʥʷ ʧʨʦʙʣʝʤʠ 

ʝʥʝʨʛʦʦʱʘʜʣʠʚʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʤʽʩʪʘ. ɿ ʦʜʥʦʛʦ ʙʦʢʫ ʮʝ ʧʦʚôʷʟʘʥʦ ʟ ʨʦʟʚʠʪʢʦʤ 

ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʽ ʙʣʘʛʦʫʩʪʨʦʶ, ʟʘʛʘʣʴʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʽʚʥʷ ʦʩʚʽʪʣʝʥʦʩʪʽ, ʱʦ ʩʪʘʣʦ 

ʤʦʞʣʠʚʠʤ ʧʨʠ ʟʨʦʩʪʘʥʥʽ ʤʽʩʮʝʚʠʭ ʙʶʜʞʝʪʽʚ ʚʥʘʩʣʽʜʦʢ ʨʝʬʦʨʤʠ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ. ɿ ʽʥʰʦʛʦ 

ʙʦʢʫ ʚʘʨʪʽʩʪʴ ʝʥʝʨʛʦʥʦʩʽʾʚ ʚʠʤʘʛʘʻ ʚʞʠʚʘʥʥʷ ʟʘʭʦʜʽʚ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʤʝʨʝʞ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ (ʄɿʆ) ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ [1, 2], ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʦʦʱʘʜʣʠʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʨʝʪʝʣʴʥʦʛʦ ʦʙʣʽʢʫ ʨʝʩʫʨʩʽʚ ʪʘ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʷʚʣʝʥʥʷ 

ʜʽʣʷʥʦʢ ʧʦʥʘʜʥʦʨʤʦʚʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʜʽʣʷʥʦʢ çʩʚʽʪʣʦʚʦʛʦ 

ʟʘʙʨʫʜʥʝʥʥʷè. ɺʠʢʦʥʘʥʥʷ ʮʴʦʛʦ ʧʦʪʨʝʙʫʻ ʚʠʢʣʶʯʥʦ ʧʦʚʥʦʾ ʪʘ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ 

ʽʩʥʫʶʯʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʧʘʨʘʤʝʪʨʠ ʄɿʆ ʤ. ʏʝʨʥʽʛʦʚʘ. 

ʄɿʆ ʤ. ʏʝʨʥʽʛʦʚʘ ʟʘʙʝʟʧʝʯʫʻ ʦʩʚʽʪʣʝʥʥʷ ʚʫʣʠʯʥʦ-ʜʦʨʦʞʥʴʦʾ ʤʝʨʝʞʽ, ʞʠʪʣʦʚʠʭ 

ʢʚʘʨʪʘʣʽʚ ʪʘ ʤʘʩʠʚʽʚ, ʧʘʨʢʽʚ, ʘʙʦ ʪʝʨʠʪʦʨʽʡ ʙʫʜʴ-ʷʢʠʭ ʽʥʰʠʭ ʦʙ'ʻʢʪʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʰʪʫʯʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʩʚʽʪʣʦʚʫ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʦʙʣʽʢ ʦʙôʻʢʪʽʚ ʄɿʆ, ʢʦʥʬʽʛʫʨʘʮʽʷ ʤʝʨʝʞ ʄɿʆ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʊʇ ʪʘ 

ʾʭ ʧʨʦʩʪʦʨʦʚʘ ʧʨʠʚôʷʟʢʘ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʘʨʽʣʠʭ ʧʘʧʝʨʦʚʠʭ ʧʦ-ʦʧʦʨʥʠʭ 

ʩʭʝʤ ʄɿʆ ʚʽʜ ʊʇ, ʢʥʠʛʠ ʦʙʣʽʢʫ ʦʙôʻʢʪʽʚ ʄɿʆ ʟ ʧʦ-ʚʫʣʠʯʥʠʤ ʦʙʣʽʢʦʤ ʢʽʣʴʢʦʩʪʽ 

ʩʚʽʪʣʦʪʦʯʦʢ, ʪʠʧʦʤ ʣʘʤʧ, ʦʧʦʨ ʪʘ ʜʦʚʞʠʥʘʤʠ ʣʽʥʽʡ ʝʣʝʢʪʨʠʯʥʠʭ ʢʘʙʝʣʽʚ. ɯʥʬʦʨʤʘʮʽʷ, ʱʦ 

ʤʽʩʪʠʪʴʩʷ ʚ ʥʘʚʝʜʝʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʻ ʟʘʩʪʘʨʽʣʦʶ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʬʘʢʪʠʯʥʦʤʫ ʩʪʘʥʫ. 

ʂʦʨʠʩʪʫʚʘʥʥʷ, ʘ ʦʩʦʙʣʠʚʦ, ʦʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʧʽʜʪʨʠʤʢʘ ʦʙʣʽʢʫ ʦʙʢʘʪʽʚ ʄɿʆ ʫ 

ʘʢʪʫʘʣʴʥʦʤʫ ʩʪʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʩʭʝʤ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ. ʋ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ 

ʨʝʩʫʨʩʽ GOOGLE-Map ʥʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʤʽʩʮʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʠʭ 

ʧʽʜʩʪʘʥʮʽʡ, ʯʘʩʪʢʦʚʦ ʥʘʚʝʜʝʥʽ ʾʭ ʘʜʨʝʩʠ, ʯʘʩʪʢʦʚʦ ʥʘʚʝʜʝʥʽ ʚʫʣʠʮʽ, ʷʢʽ ʦʩʚʽʪʣʶʶʪʴʩʷ ʚʽʜ 

ʊʇ, ʧʽʜʚʘʥʪʘʞʫʶʪʴʩʷ ʩʢʘʥʦʚʘʥʽ ʧʦʦʧʦʨʥʽ ʩʭʝʤʠ. ʊʘʢʦʞ ʥʘʚʦʜʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ 

ʟʘʷʚʦʢ ʥʘ ʫʩʫʥʝʥʥʷ ʘʚʘʨʽʡ ʪʘ ʥʝʧʦʣʘʜʦʢ ʥʘ ʦʙôʻʢʪʘʭ ʄɿʆ. 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʦʙʣʽʢʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʄɿʆ ʤʽʩʪʘ ʏʝʨʥʽʛʦʚʘ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʽʜʚʠʱʠʪʴ ʨʽʚʝʥʴ ʙʣʘʛʦʫʩʪʨʦʶ ʤʽʩʪʘ, ʧʦʪʨʽʙʥʦ ʙʫʣʦ ʧʨʦʚʝʩʪʠ 

ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ, ʚʩʪʘʥʦʚʠʪʠ ʨʦʟʙʽʞʥʦʩʪ ̔

ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʥʘʷʚʥʦʾ ʪʝʭʥʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʚʩʪʘʥʦʚʠʪʠ ʜʽʡʩʥʫ ʢʦʥʬʽʛʫʨʘʮʽ ʁʪʘ 

ʧʘʨʘʤʝʪʨʠ ʄɿʆ, ʨʦʟʨʦʙʠʪʠ ʢʘʨʪʦʛʨʘʬʽʯʥʠʡ ʤʘʪʝʨʽʘʣ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʟ 

http://www.minregion.gov.ua/uncategorized/informatsiyniy-posibnik-noviy-osvitniy-prostir-energoefektivnist-stanom-na-1-bereznya-2019-roku/
http://www.minregion.gov.ua/uncategorized/informatsiyniy-posibnik-noviy-osvitniy-prostir-energoefektivnist-stanom-na-1-bereznya-2019-roku/
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ʥʘʥʝʩʝʥʥʷʤ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʫ ʧʨʠʡʥʷʪʠʭ 

ʫʤʦʚʥʠʭ ʧʦʟʥʘʯʝʥʥʷʭ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʴ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʩʥʫʶʯʠʭ ʟʘʢʦʥʦʜʘʚʯʠʭ ʘʢʪʽʚ, ʥʦʨʤʘʪʠʚʥʠʭ 

ʜʦʢʫʤʝʥʪʽʚ ʪʘ ʩʪʘʥʜʘʨʪʽʚ ʟ ʦʨʛʘʥʽʟʘʮʽʾ ʙʣʘʛʦʫʩʪʨʦʶ ʥʘʩʝʣʝʥʠʭ ʧʫʥʢʪʽʚ ʋʢʨʘʾʥʠ. ʈʦʙʦʪʠ ʟ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʄɿʆ, ʚʘʞʣʠʚʠʭ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʚʠʢʦʥʫʚʘʣʠʩʴ ʰʣʷʭʦʤ ʥʘʪʫʨʥʦʛʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʤʝʨʝʞ ʟʦʚʥʽʰʥʴʦʛʦ 

ʦʩʚʽʪʣʝʥʥʷ ʽ ʧʦʨʽʚʥʷʥʥʷ ʾʭ ʟ ʽʩʥʫʶʯʠʤʠ ʧʦʦʧʦʨʥʠʤʠ ʩʭʝʤʘʤʠ. ʇʨʦʚʝʜʝʥʘ ʽʥʚʝʥʪʘʨʠʟʘʮʽʷ 

ʄɿʆ ʧʦ ʝʣʝʤʝʥʪʘʭ: ʪʠʧ ʣʘʤʧʠ ʪʘ ʾʾ ʧʘʨʘʤʝʪʨʠ, ʥʘʣʝʞʥʽʩʪʴ ʦʧʦʨʠ ʪʘ ʾʾ ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ, 

ʩʪʨʫʢʪʫʨʘ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ. ɺʩʪʘʥʦʚʣʝʥʽ ʨʦʟʙʽʞʥʦʩʪʽ ʜʘʥʠʭ ʥʘʷʚʥʦʾ ʦʙʣʽʢʦʚʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ʬʘʢʪʠʯʥʦʛʦ ʩʪʘʥʫ ʤʝʨʝʞʽ. ɼʦʜʘʥʽ ʥʦʚʽ ʦʙôʻʢʪʠ ʪʘ ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ. 

ʈʦʙʦʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟ 01.07 ʧʦ 30.08 2019 ʨʦʢʫ. ɿ 1.09 2019 ʨʦʢʫ ʧʦ 15.10.2019 ʨʦʢʫ 

ʧʨʦʚʦʜʠʣʘʩʴ ʧʝʨʝʚʽʨʢʘ ʪʘ ʧʦʪʦʯʥʝ ʫʪʦʯʥʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʧʘʨʘʤʝʪʨʽʚ ʄɿʆ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʽʜʢʣʶʯʝʥʥʷ ʚʝʯʽʨʥʴʦʛʦ ʨʝʞʠʤʫ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʚʢʣʶʯʝʥʥʷ ʣʘʤʧ ʚʝʯʽʨʥʴʦʛʦ ʨʝʞʠʤʫ 

ʫ ʜʝʥʥʠʡ ʯʘʩ. ʋʟʘʛʘʣʴʥʝʥʽ ʦʙʣʽʢʦʚʽ ʜʘʥʽ ʄɿʆ ʤʽʩʪʘ ʏʝʨʥʽʛʦʚʘ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʨʝʞʽ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʤ. ʏʝʨʥʽʛʦʚʘ 

ʇʘʨʘʤʝʪʨ ɿʥʘʯʝʥʥʷ 

ʂʽʣʴʢʽʩʪʴ ʊʇ 139 

ʂʽʣʴʢʽʩʪʴ ʣʘʤʧ 16336 

ʂʽʣʴʢʽʩʪʴ ʦʧʦʨ 16117 

ɿʘʛʘʣʴʥʘ ʜʦʚʞʠʥʘ ʤʝʨʝʞʽ, ʢʤ 520,3 

ʂʽʣʴʢʽʩʪʴ ʬʦʥʘʨʽʚ 16535 

ʂʽʣʴʢʽʩʪʴ ʣʘʤʧ ʧʽʜʩʚʽʯʫʚʘʥʥʷ ʧʽʰʦʭʽʜʥʠʭ ʧʝʨʝʭʦʜʽʚ ʟ 

ʧʽʜʩʚʽʯʫʚʘʥʠʤ ʜʦʨʦʞʥʽʤ ʟʥʘʢʦʤ 
112 

ʇʨʦʞʝʢʪʦʨʽʚ ʨʽʟʥʦʛʦ ʪʠʧʫ  58 

ʆʜʝʨʞʘʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʣʠ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʝ 

ʤʦʜʝʣʶʚʘʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʩʪʨʫʢʪʫʨʠ ʧʽʜʤʝʨʝʞ ʪʘ ʄɿʆ ʚ ʮʽʣʦʤʫ, 

ʩʪʚʦʨʠʪʠ ʧʦʦʧʦʨʥʽ ʩʭʝʤʠ ʧʽʜʤʝʨʝʞ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʧʦ ʨʽʟʥʠʭ ʊʇ ʟ ʧʨʦʩʪʦʨʦʚʦʶ 

ʧʨʠʚôʷʟʢʦʶ ʜʦ ʜʘʥʠʭ ʨʝʩʫʨʩʫ OpenStreetMap. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʘ ʦʧʦʨʥʘ ʩʭʝʤʘ ʊʇ ʥʘʜʘʥʘ 

çʄʽʩʢʴʩʚʽʪʣʦè ʽ ʩʪʚʦʨʝʥʘ ʧʽʩʣʷ ʽʥʚʝʥʪʘʨʠʟʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʨʝʩʫʨʩʫ 

OpenStreetMap. 

  

ʈʠʩ. 1 ï ʇʨʠʢʣʘʜ ʧʦʦʧʦʨʥʦʾ ʩʭʝʤʠ ʚ ʧʘʧʝʨʦʚʦʤʫ ʚʘʨʽʘʥʪʽ ʪʘ ʚ ʨʝʩʫʨʩʽ OpenStreetMap 
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ʉʪʚʦʨʝʥʘ ʛʝʦʽʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʄɿʆ ʤ. ʏʝʨʥʽʛʦʚʘ ʜʘʻ ʟʤʦʛʫ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʚʩʽʻʾ ʩʠʩʪʝʤʠ ʄɿʆ ʚ ʮʽʣʦʤʫ ʪʘ ʧʽʜʚʠʱʠʪʠ ʝʥʝʨʛʦʦʱʘʜʣʠʚʽʩʪʴ ʤʝʨʝʞʽ, 

ʘ ʦʪʞʝ ʽ ʟʜʝʰʝʚʠʪʠ ʦʜʝʨʞʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʜʦʟʚʦʣʠʪʴ 

ʧʽʜʚʠʱʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʣʘʛʦʫʩʪʨʦʶ ʤ. ʏʝʨʥʽʛʦʚʘ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʨʘʚʠʣʘ ʫʣʘʰʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ. ɿʘʪʚʝʨʜʞʝʥʽ ʅʘʢʘʟʦʤ ʄʽʥʝʥʝʨʛʦʚʫʛʽʣʣʷ ʋʢʨʘʾʥʠ 

ʚʽʜ 21.07.2017 ˉ 476. 

2. ʇʨʦ ʟʘʪʚʝʨʜʞʝʥʥʷ ʊʝʭʥʽʯʥʠʭ ʧʨʘʚʠʣ ʫʪʨʠʤʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ ʥʘʩʝʣʝʥʠʭ 

ʧʫʥʢʪʽʚ ʄʽʥʞʠʪʣʦʢʦʤʫʥʛʦʩʧ.  ʅʘʢʘʟ ʚʽʜ 09.11.2007 ˉ 178. 

 

ʋɼʂ 628.11 

ɯʚʘʥʠʰʠʥ ɺ.ɸ., ʜʦʢʪ. ʛʝʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ivanishin2015@gmail.com 

ʏʦʨʥʠʡ ɭ.ɯ., ʚ.ʦ. ʜʠʨʝʢʪʦʨʘ 
ɼʦʯʽʨʥ ̒ʧʽʜʧʨʠʻʤʩʪʚʦ çɺʦʜʟʝʤʧʨʦʝʢʪè, ʤ. ʏʝʨʥʽʛʽʚ, dp. Vodzemproekt@gmail.com 

ɻɯɼʈʆɼʀʅɸʄɯʏʅɯ ɯ ʈɽɾʀʄʅɯ ɼʆʉʃɯɼɾɽʅʅʗ ɺ ʉɺɽʈɼʃʆɺʀʅɸʍ 

ɺʆɼʆɿɸɹʆʈʋ ʏɽʈʅɯɻɯɺʉʔʂʆɻʆ ɺɯɼɼɯʃɽʅʅʗ ʇɸʊ çʉɸʅ ɯʅɹɽɺ ʋʂʈɸɰʅɸè 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ʚ ʩʚʝʨʜʣʦʚʠʥʘʭ 1 (ʈ2bļ), 2 (ʂ2s+K1) ʽ 3 (K2s+ʂ1) ʚʦʜʦʟʘʙʦʨʫ 

ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʇɸʊ çʉɸʅ ɯʥɹʝʚ ʋʢʨʘʾʥʘè ʥʘʚʝʜʝʥʦ ʥʘ ʧʽʜʩʪʘʚʽ çɻʝʦʣʦʛʦ-

ʝʢʦʥʦʤʽʯʥʦʾ ʦʮʽʥʢʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʟʘʧʘʩʽʚ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʨʦʜʦʚʠʱʘ ʧʠʪʥʠʭ ʧʽʜʟʝʤʥʠʭ 

ʚʦʜ ʜʣʷ ʛʦʩʧʦʜʘʨʩʴʢʦ-ʧʠʪʥʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʇɸʊ çʉʘʥ ɯʥɹʝʚ 

ʋʢʨʘʾʥʘè ʫ ʤ. ʏʝʨʥʽʛʦʚʽè, ʚʠʢʦʥʘʥʦʾ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʝʦʣʦʛʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʠʭ ʨʦʙʽʪ 2009-

2011 ʨ.ʨ.  

ɼʦʩʣʽʜʥʽ ʚʽʜʢʘʯʢʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥ 1, 2, 3 ʨʦʜʦʚʠʱʘ ʧʨʦʚʦʜʠʣʠʩʷ ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʥʦ-

ʧʨʦʤʠʩʣʦʚʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʦʩʣʽʜʥʦ-ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʨʦʙʽʪ ʙʫʣʦ ʧʨʦʚʝʜʝʥʥʷ 

ʚʽʜʢʘʯʦʢ ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʜʝʙʽʪʘʭ ʩʚʝʨʜʣʦʚʠʥ, ʪʦʤʫ ʱʦ ʧʨʠ ʜʦʩʣʽʜʥʦ-ʧʨʦʤʠʩʣʦʚʽʡ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʦʥʠ ʟʘʟʥʘʚʘʣʠ ʟʥʘʯʥʠʭ ʟʤʽʥ. 

ʉʚʝʨʜʣʦʚʠʥʘ 1(ʈ2bļ) 

ɺ ʩʚʝʨʜʣʦʚʠʥʽ 1 ʜʦʩʣʽʜʥʘ ʚʽʜʢʘʯʢʘ ʧʨʦʚʦʜʠʣʘʩʴ ʟ 8-ʦʾ ʛʦʜʠʥʠ ʨʘʥʢʫ 14.05.2010ʨ. ʜʦ 8-

ʦʾ ʛʦʜʠʥʠ ʨʘʥʢʫ 23.05.2010ʨ. ʥʘʩʦʩʦʤ ɽʎɺ 8-16-140, ʟʘʥʫʨʝʥʠʤ ʥʘ ʛʣʠʙʠʥʫ 90 ʤ. ʇʨʠ 

ʟʘʛʘʣʴʥʦʤʫ ʜʝʙʽʪʽ ʚʽʜʢʘʯʢʠ 720 ʤ
3
/ʜʦʙʫ ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʥʘ ʛʣʠʙʠʥʽ 44,5 ʤ 

ʚʽʜʙʫʣʘʩʷ ʦ 18 ʛʦʜʠʥʽ 17.05.2010 ʨ. ʆ 8 ʛʦʜʠʥʽ 15 ʭʚʠʣʠʥ 19.05.2010 ʨ. ʚʽʜʢʘʯʢʘ ʟʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʙʫʣʘ ʟʫʧʠʥʝʥʘ. ɺ ʧʝʨʰʫ ʛʦʜʠʥʫ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 

ʚʽʜʙʫʚʘʣʦʩʷ ʽʥʪʝʥʩʠʚʥʝ ʧʽʜʥʷʪʪʷ ʨʽʚʥʷ ʚʦʜʠ, ʷʢʠʡ ʚʽʜʥʦʚʠʚʩʷ ʥʘ 85%, ʘ ʯʝʨʝʟ ʟ 8 ʛʦʜʠʥ ï

ʥʘ 97%. 

ɺʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ ʚʽʜʙʫʚʘʣʦʩʷ ʟ 8 ʛʦʜʠʥʠ 15 ʭʚʠʣʠʥ 19.05.2010ʨ. 

ʜʦ 13 ʛʦʜʠʥʠ 15 ʭʚʠʣʠʥ 20.05.2010ʨ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ ʚʦʜʠ ʩʪʘʣʘʩʷ ʯʝʨʝʟ 25 ʛʦʜʠʥ ʧʽʩʣʷ 

ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ. 

ɼʘʥʽ ʜʦʩʣʽʜʥʦʾ ʚʽʜʢʘʯʢʠ ʤʘʶʪʴ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ - 37,0 ʤ. 

2. ɼʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ - 44,5ʤ. 

3. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ - 7,5 ʤ. 

4. ɼʝʙʽʪ - 8,33 ʜʤ
3
/ʩ; 

ï 30,0 ʤ
3
/ʛʦʜ;  

ï 720 ʤ
3
/ʜʦʙʫ. 

5. ʇʠʪʦʤʠʡ ʜʝʙʽʪ -1,1 ʜʤ
3
/ʩ. 

ʈʽʚʝʥʴ ʜʦʩʷʛ ʩʚʦʛʦ ʩʪʘʪʠʯʥʦʶ ʧʦʣʦʞʝʥʥʷ. 

mailto:ivanishin2015@gmail.com
mailto:dp.%20Vodzemproekt@gmail.com
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ʉʚʝʨʜʣʦʚʠʥʘ 2 (ʂ2s+ʂ1) ð ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ, ʩʚʝʨʜʣʦʚʠʥʘ 3 ʩʧʦʩʪʝʨʝʞʥʘ. ɼʦʩʣʽʜʥʘ 

ʚʽʜʢʘʯʢʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 2 ʟ ʜʝʙʽʪʦʤ 130 ʤ
3
/ʛʦʜ ʧʨʦʚʦʜʠʣʘʩʷ ʟ 14-ʦʾ ʛʦʜʠʥʠ 14.06.2010 ʨ. 

ʜʦ 8-ʦʾ ʛʦʜʠʥʠ 17.06.2010ʨ. ʥʘʩʦʩʦʤ 8 SDS 150/10, ʟʘʥʫʨʝʥʠʤ ʥʘ ʛʣʠʙʠʥʫ 127 ʤ. 

ʉʪʘʙʽʣʴʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟ 14-ʦʾ ʛʦʜʠʥʠ 14.06.2010ʨ 

ʜʦ 8-ʦʾ ʛʦʜʠʥʠ 17.06.2010ʨ. ɺ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʨʽʚʝʥʴ ʚʦʜʠ ʧʨʠ ʜʝʙʽʪʽ 

ʩʚʝʨʜʣʦʚʠʥʠ 2 130ʤ
3
/ʛʦʜ ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ ʥʘ ʛʣʠʙʠʥʽ 62,87 ʤ. ʆ 8 ʛʦʜʠʥʽ 17.06.2010 ʨ 

ʚʽʜʢʘʯʢʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 2 ʙʫʣʘ ʟʫʧʠʥʝʥʘ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʽʜʥʷʪʪʷʤ ʨʽʚʥʷ ʚʦʜʠ ʚ 

ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʨʦʟʧʦʯʘʣʦʩʷ ʦ 8 ʛʦʜʠʥʽ 17.06.2010 ʨ. ɺ ʧʝʨʰʫ ʛʦʜʠʥʫ ʧʽʩʣʷ 

ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ ʟ ʩʚ.2 ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʨʽʚʝʥʴ ʚʦʜʠ ʚʽʜʥʦʚʠʚʩʷ ʥʘ 58%, 

ʯʝʨʝʟ 8 ïʛʦʜʠʥ ʥʘ 97%. ɺʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʚʽʜʙʫʚʘʣʦʩʷ ʟ 8-ʦʾ ʛʦʜʠʥʠ 

17.06.2010ʨ. ʜʦ 21-ʦʾ ʛʦʜʠʥʠ 17.06.2010ʨ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ 3 ʩʪʘʣʘʩʷ ʯʝʨʝʟ 19 ʛʦʜʠʥ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 2. 

ɼʘʥʽ ʜʦʩʣʽʜʥʦʾ ʚʽʜʢʘʯʢʠ ʪʘʢʽ: 

ʎʝʥʪʨʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ 2. 

1. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ - 60,82 ʤ. 

2. ɼʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ - 113,82 ʤ 

3. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ - 53,0 ʤ. 

4. ɼʝʙʽʪ-36,1 ʜʤ
3
/ʩ 

ï 130,0 ʤ
3
/ʛʦʜ; 

ï 3120 ʤ
3
/ʜʦʙʫ. 

5. ʇʠʪʦʤʠʡ ʜʝʙʽʪ - 0,68 ʜʤ
3
/ʩ 

6. ʈʽʚʝʥʴ ʜʦʩʷʛ ʩʚʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ʉʧʦʩʪʝʨʝʞʥʘ ʩʚʝʨʜʣʦʚʠʥʘ 3 

1. ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 2- 324 ʤ. 

2. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ - 61,84 ʤ.  

3. ʈʽʚʝʥʴ ʚʽʜ ʚʧʣʠʚʫ ʩʚ.2 ï 62,87 ʤ 

4. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ - 1,03 ʤ 

5. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ  ʚʽʜʙʫʣʘʩʷ ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʯʝʨʝʟ 19 ʛʦʜʠʥ.  

6. ʈʽʚʝʥʴ ʜʦʩʷʛ ʩʚʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ʉʚʝʨʜʣʦʚʠʥʘ 3(ʂ2s+ʂ1) - ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ, ʩʚʝʨʜʣʦʚʠʥʘ 2 - ʩʧʦʩʪʝʨʝʞʥʘ. 

ɼʦʩʣʽʜʥʘ ʚʽʜʢʘʯʢʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 3 ʟ ʜʝʙʽʪʦʤ 100 ʤ
3
/ʛʦʜ. ʧʨʦʚʦʜʠʣʘʩʷ ʟ 8-ʦʾ ʛʦʜʠʥʠ 

28.02.2010 ʨ. ʜʦ 15-ʦʾ ʛʦʜʠʥʠ 02.03.2010 ʨ. ʥʘʩʦʩʦʤ 8 SDS100/10, ʟʘʥʫʨʝʥʠʤ ʥʘ ʛʣʠʙʠʥʫ 

117 ʤ. ʉʪʘʙʽʣʴʥʠʡ ʜʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 3 ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʟ 8-ʦʾ ʛʦʜʠʥʠ 

01.03.2010 ʨ. ʜʦ 10 ʛʦʜ. 40 ʭʚ. 02.03.2010 ʨ. ɺ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʨʽʚʝʥʴ ʚʦʜʠ ʧʨʠ 

ʜʝʙʽʪʽ ʩʚʝʨʜʣʦʚʠʥʠ 3100ʤ
3
/ʛʦʜ. ʩʪʘʙʽʣʽʟʫʚʘʚʩʷ ʥʘ ʛʣʠʙʠʥʽ 62,54 ʤ. ʆ 10 ʛʦʜ. 40 ʭʚ. 

02.03.2010ʨ. ʚʽʜʢʘʯʢʘ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 3 ʙʫʣʘ ʟʫʧʠʥʝʥʘ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʽʜʥʷʪʪʷʤ ʨʽʚʥʷ 

ʚʦʜʠ ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʨʦʟʧʦʯʘʣʦʩʷ ʦ 10 ʛʦʜ. 40 ʭʚ. 02.03.2010 ʨ. ɺ ʧʝʨʰʫ 

ʛʦʜʠʥʫ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 3 ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʨʽʚʝʥʴ 

ʚʦʜʠ, ʚʽʜʥʦʚʠʚʩʷ ʥʘ 81%. ɺʽʜʥʦʚʣʝʥʥʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʚʽʜʙʫʚʘʣʦʩʷ ʟ 10 ʛʦʜ. 40 

ʭʚ. 02.03.2010 ʨ. ʜʦ 15 ʛʦʜʠʥʠ 02.03.2010 ʨ. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ ʚʦʜʠ ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ 

ʩʚʝʨʜʣʦʚʠʥʽ 2 ʩʪʘʣʦʩʷ ʯʝʨʝʟ 3 ʛʦʜʠʥ ʧʽʩʣʷ ʟʫʧʠʥʢʠ ʚʽʜʢʘʯʢʠ ʟʽ ʩʚʝʨʜʣʦʚʠʥʠ 3. 

ɼʘʥʽ ʜʦʩʣʽʜʥʦʾ ʚʽʜʢʘʯʢʠ ʪʘʢʽ: 

ʎʝʥʪʨʘʣʴʥʘ ʩʚʝʨʜʣʦʚʠʥʘ 3. 

1. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ - 62,82 ʤ. 

2. ɼʠʥʘʤʽʯʥʠʡ ʨʽʚʝʥʴ - 104,82 ʤ. 

3. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ - 42,0 ʤ. 

4. ɼʝʙʽʪ - 27,8 ʜʤ
3
/ʩ 

ï 100,0 ʤ
3
/ʛʦʜ.; 

ï 2400 ʤ
3
/ʜʦʙʫ. 

5. ʇʠʪʦʤʠʡ ʜʝʙʽʪ - 0,66 ʜʤ
3
/ʩ. 
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6. ʈʽʚʝʥʴ ʜʦʩʷʛ ʩʚʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

ʉʧʦʩʪʝʨʝʞʥʘ ʩʚʝʨʜʣʦʚʠʥʘ 2 

1. ɺʽʜʩʪʘʥʴ ʚʽʜ ʮʝʥʪʨʘʣʴʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ 3 - 324 ʤ. 

2. ʉʪʘʪʠʯʥʠʡ ʨʽʚʝʥʴ -61,80ʤ. 

3. ʈʽʚʝʥʴ ʚʽʜ ʚʧʣʠʚʫ ʩʚ. 2 - 62,54 ʤ 

4. ɿʥʠʞʝʥʥʷ ʨʽʚʥʷ - 0,74 ʤ. 

5. ʉʪʘʙʽʣʽʟʘʮʽʷ ʨʽʚʥʷ - ʚʽʜʙʫʣʘʩʷ ʚ ʩʧʦʩʪʝʨʝʞʥʽʡ ʩʚʝʨʜʣʦʚʠʥʽ 2 ʯʝʨʝʟ 3 ʛʦʜʠʥʠ. 

6. ʈʽʚʝʥʴ ʜʦʩʷʛ ʩʚʦʛʦ ʩʪʘʪʠʯʥʦʛʦ ʧʦʣʦʞʝʥʥʷ. 

 

ʋɼʂ 331.453 

ɸʥʪʦʰʢʽʥ ʆ.ɸ., ʚʠʢʣʘʜʘʯ 

ʇʝʪʨʝʥʢʦ ɼ.ʄ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, antoshkin@nuczu.edu.ua  

ʆʎɯʅʂɸ ɼʆʎɯʃʔʅʆʉʊɯ ʅɽʈɽɻʋʃʗʈʅʆɻʆ ʈʆɿʄɯʑɽʅʅʗ ʇʆɾɽɾʅʀʍ 

ʉʇʆɺɯʑʋɺɸʏɯɺ ɼʃʗ ʇʈʗʄʆʂʋʊʅʀʍ ʇʈʀʄɯʑɽʅʔ 

ʅʘ ʝʪʘʧʽ ʦʙʣʘʜʥʘʥʥʷ ʦʙô̒ ʢʪʽʚ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʟʘʭʠʩʪʫ 

ʘʢʪʫʘʣʴʥʠʤ ʩʪʘʻ ʧʠʪʘʥʥʷ ʨʦʟʤʽʨʽʚ ʚʠʪʨʘʪ ʚʣʘʩʥʠʢʘ ʥʘ ʪʘʢʝ ʦʙʣʘʜʥʘʥʥʷ. ʉʫʪʪʻʚʠʤ ʚʘʞʝʣʝʤ 

ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʘʭʦʚʠʤʠ ʢʦʤʧʘʥʽʷʤʠ ʨʦʟʤʽʨʫ ʩʪʨʘʭʦʚʠʭ ʚʥʝʩʢʽʚ, ʷʢʠʡ 

ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʤʝʥʰʠʤ ʫ ʨʘʟʽ, ʢʦʣʠ ʨʦʟʤʽʨ ʟʙʠʪʢʽʚ ʧʨʠ ʥʘʩʪʘʥʥʽ ʩʪʨʘʭʦʚʦʛʦ ʚʠʧʘʜʢʫ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʘʚʜʷʢʠ ʚʠʷʚʣʝʥʥʶ ʧʦʞʝʞʽ ʥʘ ʨʘʥʥʴʦʤʫ ʝʪʘʧʽ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʨʝʟʫʣʴʪʘʪʦʤ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘ ʦʙô̒ ʢʪʽ ʩʠʩʪʝʤ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ. 

ʆʩʥʦʚʥʘ ʩʢʣʘʜʦʚʘ ʙʶʜʞʝʪʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʧʦʞʝʞʥʦʾ ʩʠʛʥʘʣʽʟʘʮʽʾ (ʉʇʉ) 

ʦʙôʻʢʪʫ ï ʢʦʤʧʣʝʢʪʫʚʘʥʥʷ ʧʝʨʝʣʽʢʫ ʥʝʦʙʭʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. ɺʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʢʦʥʘʥʥʷ 

ʮʴʦʛʦ ʝʪʘʧʫ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʽ ʨʦʟʤʽʨ ʽʥʚʝʩʪʠʮʽʡ ʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ ʩʪʘʥʫ 

ʦʙôʻʢʪʽʚ. ʆʜʠʥ ʟʽ ʰʣʷʭʽʚ ʤʽʥʽʤʽʟʘʮʽʾ ʩʢʣʘʜʫ ʉʇʉ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʫʢʦʚʦ-ʦʙʛʨʫʥʪʦʚʘʥʠʭ 

ʤʝʪʦʜʽʚ ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʟ ʦʧʪʠʤʽʟʘʮʽʻʶ ʾʭ ʢʽʣʴʢʦʩʪʽ. 

ɸʣʝ ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ, ʩʫʪʴ ʷʢʦʾ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʧʨʠʤʽʱʝʥʴ ʥʝʧʨʘʚʠʣʴʥʦʾ ʬʦʨʤʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʨʝʛʫʣʷʨʥʠʭ ʨʦʟʤʽʱʝʥʴ [1] ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʘʻ ʢʨʘʱʠʡ ʨʝʟʫʣʴʪʘʪ. ɸ 

ʜʣʷ ʟʘʭʠʩʪʫ ʧʨʠʤʽʱʝʥʴ, ʷʢ ʧʨʘʚʠʣʦ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʦʨʤʘʪʠʚʥʽ ʤʝʪʦʜʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ, ʷʢʽ ʦʧʠʩʘʥʽ ʫ [2]. ʇʦʨʽʚʥʷʥʥʷ ʞʝ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʨʤʘʪʠʚʥʠʭ 

(ʨʝʛʫʣʷʨʥʠʭ) ʪʘ ʥʝʨʝʛʫʣʷʨʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʤʽʱʝʥʥʷ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʜʣʷ 

ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʠʤʽʱʝʥʴ ʥʝ ʚʠʢʦʥʫʚʘʣʘʩʴ. 

ʅʘʡʣʝʛʰʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʨʝʛʫʣʷʨʥʠʭ ʨʦʟʤʽʱʝʥʴ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʻ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʠʣʘʜʽʚ ʜʣʷ 

ʦʜʥʘʢʦʚʦʛʦ ʧʨʠʤʽʱʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʟʛʽʜʥʦ ʟ [2] ʽ ʤʝʪʦʜʘ 

ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ [1, 3, 4] 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʢʘʟʘʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʩʝʨʽʶ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʚ ʷʢʠʭ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʜʣʷ 

ʦʜʥʘʢʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ ʧʨʠʤʽʱʝʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʦʾ (ɼɹʅ) ʪʘ ʥʝʨʝʛʫʣʷʨʥʦʾ 

(ʅʈ) ʩʭʝʤʠ. 

ʇʨʠʢʣʘʜʠ ʨʦʟʚô̫ ʟʘʥʥʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟʽ 

ʩʬʦʨʤʫʣʴʦʚʘʥʠʤʠ ʫʤʦʚʘʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1 (ʨʝʛʫʣʷʨʥʠʡ (ɼɹʅ) ʤʝʪʦʜ) ʪʘ ʨʠʩ. 2 

(ʥʝʨʝʛʫʣʷʨʥʠʡ ʤʝʪʦʜ (ʅʈ)). 

ɺ ʷʢʦʩʪʽ ʩʪʘʨʪʦʚʦʛʦ ʚʘʨʽʘʥʪʫ ʙʫʣʦ ʚʟʷʪʦ ʪʝʩʪʦʚʝ ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʦʟʤʽʨʘʤʠ 75ʭ35 ʤ. ʋ 

ʧʦʜʘʣʴʰʦʤʫ ʨʦʟʤʽʨʠ ʧʨʠʤʽʱʝʥʥʷ ʧʦʢʨʦʢʦʚʦ ʟʙʽʣʴʰʫʚʘʣʠʩʷ ʥʘ 5 ʤ ʟʘ ʢʦʞʥʠʤ ʚʠʤʽʨʦʤ ʜʦ 

90 ʤ ʪʘ 50 ʤ ʧʦ ʜʦʚʞʠʥʽ ʪʘ ʰʠʨʠʥʽ ʚʽʜʧʦʚʽʜʥʦ. ɼʣʷ ʢʦʞʥʦʛʦ ʟ ʨʦʟʤʽʨʽʚ ʙʫʣʦ ʚʠʢʦʥʘʥʦ 

ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʢʦʩʪʽ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʨʤʘʪʠʚʥʦʛʦ ʤʝʪʦʜʫ ʪʘ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧʣʝʢʩʫ çɺʝʩʪʘè, ʩʪʨʫʢʪʫʨʘ ʪʘ ʦʧʠʩ ʨʦʙʦʪʠ ʷʢʦʛʦ ʥʘʚʝʜʝʥʦ ʫ [5]. 

mailto:antoshkin@nuczu.edu.
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʇʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʦʟʤʽʨʘʤʠ 75ʭ35 ʤ 

 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʧʣʦʚʠʭ ʇʉ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʽʚ ʥʝʨʝʛʫʣʷʨʥʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʜʣʷ ʧʨʠʤʽʱʝʥʥʷ ʟ ʨʦʟʤʽʨʘʤʠ 75ʭ35 ʤ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʜʣʷ ʦʜʥʘʢʦʚʠʭ ʧʨʷʤʦʢʫʪʥʠʭ 

ʧʨʠʤʽʱʝʥʴ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʤʝʪʦʜʫ 

ʥʝʨʝʛʫʣʷʨʥʦʛʦ ʨʦʟʤʽʱʝʥʥʷ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʨʠʤʽʱʝʥʴ ʜʘʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʜʦ 25 %. ʊʦʙʪʦ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ 

ʟʘʤʦʚʥʠʢʘ ʧʽʜ ʯʘʩ ʦʙʣʘʜʥʘʥʥʷ ʦʙôʻʢʪʘ ʩʠʩʪʝʤʘʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʪʠʧʦʞʝʞʥʦʛʦ 

ʟʘʭʠʩʪʫ.  
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ɼʟʽʥʜʟʶʨʘ ɺ. ʇ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, orros@i.ua 

ʇɯɼɺʀʑɽʅʅʗ ʗʂʆʉʊɯ ɹʋɼɯɺɽʃʔʅʆɻʆ ʐʇɸʊɽʃʗ ɿɸ ʈɸʍʋʅʆʂ ɿʄɯʅʀ 

ʌʆʈʄʀ ʈʆɹʆʏʆɻʆ ʇʆʃʆʊʅɸ ɺ ɿʆʅɯ ʅɸʇʃɸɺʋ ʇʆʃɯʄɽʈʅʆɰ ʈʋʏʂʀ 

ɹʫʜʽʚʝʣʴʥʠʡ ʰʧʘʪʝʣʴ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʥʘʥʝʩʝʥʥʷ ʙʫʜʽʚʝʣʴʥʠʭ 

ʚʠʢʽʥʯʫʶʯʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʽ ʪʠʧʠ ʧʦʚʝʨʭʦʥʴ ʟ ʤʝʪʦʶ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʚʠʨʽʚʥʶʚʘʥʥʷ. ʗʢ 

ʧʨʘʚʠʣʦ, ʜʦ 85% ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʴʦʛʦʜʥʽ ʫ ʙʫʜʽʚʥʠʮʪʚʽ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʡʯʘʩʪʽʰʝ ʜʚʦʭʢʦʧʦʥʝʥʪʥʫ ʢʦʥʪʩʪʨʫʢʮʽʶ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʤʝʪʘʣʝʚʦʛʦ ʧʦʣʦʪʥʘ ʪʘ ʧʦʣʽʤʝʨʥʦʾ ʨʫʯʢʠ ʦʪʨʠʤʘʥʦʾ ʰʣʷʭʦʤ ʥʘʧʣʘʚʫ ʥʘ ʤʝʪʘʣʝʚʝ ʧʦʣʦʪʥʦ 

ʧʝʚʥʦʛʦ ʧʦʣʽʤʝʨʘ ʫ ʬʦʨʤʽ ʧʨʝʩʘʚʪʦʤʘʪʘ. 

ɿʘʟʚʠʯʘʡ ʫ ʤʝʪʘʣʝʚʦʤʫ ʧʦʣʦʪʥʽ, ʱʦ ʧʦʧʘʜʘʻ ʚ ʟʦʥʫ ʥʘʧʣʘʚʫ ʚʠʢʦʥʫʶʪʴ 2-3 ʦʪʚʦʨʠ ʚ 

ʢʦʪʨʽ ʧʦʧʘʜʘʻ ʧʦʣʽʤʝʨ ʽ ʪʠʤ ʩʘʤʠʤ ʩʣʫʛʫʶʪʴ ʜʣʷ ʬʽʢʩʘʮʽʾ ʨʫʯʢʠ. ʆʜʥʘʢ, ʧʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ 

ʨʫʯʢʠ ʽʟ ʧʦʣʽʤʝʨʫ ʥʘ ʪʝʨʤʦʧʣʘʩʪʘʚʪʦʤʘʪʽ, ʽ ʧʦʜʘʣʴʰʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ 

ʚʠʡʥʷʪʪʽ ʟ ʧʨʝʩʬʦʨʤʠ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʬʦʨʤʘʮʽʷ ʧʦʣʦʪʥʘ ʟʘ ʨʘʭʫʥʦʢ ʩʠʣ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʚ 

ʧʣʘʩʪʤʘʩʽ ʧʨʠ ʾʾ ʦʭʦʣʦʜʞʝʥʥʽ. ɿʘʣʝʞʥʦ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʝʥʥʷ ʨʫʯʢʠ ʧʦʣʦʪʥʦ 

ʰʧʘʪʝʣʷ ʧʦʯʥʝ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʽ ʧʨʠʡʤʘʻ ʥʝʣʽʥʽʡʥʫ ʬʦʨʤʫ ʫ ʚʠʛʣʷʜʽ 

ʜʫʛʦʧʦʜʽʙʥʦʾ ʧʣʦʱʠʥʠ, ʱʦ ʻ ʥʝʩʧʨʠʷʪʣʠʚʦʶ ʜʣʷ ʜʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ. 

ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʴ ʘʚʪʦʨʠ ʧʦʩʪʘʚʠʣʠ ʟʘʚʜʘʥʥʷ ʩʪʚʦʨʠʪʠ ʙʫʜʽʚʝʣʴʥʠʡ ʰʧʘʪʝʣʴ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʛʘʨʘʥʪʫʚʘʣʦ ʙ ʧʽʜ ʯʘʩ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ, 

ʱʦ ʦʙʨʦʙʣʷʻʪʴʩʷ, ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʧʣʦʱʠʥʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʦʣʦʪʥʘ ʪʘ 

ʧʽʜʚʠʱʫʚʘʣʦ ʷʢʽʩʪʴ ʪʘ ʩʪʽʡʢʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʫ ʚ ʥʘʧʨʷʤʢʫ ʨʦʙʦʯʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʙʽʣʴʰ 

ʥʘʜʽʡʥʦ ʬʽʢʩʫʚʘʣʦ ʨʫʯʢʫ ʚʮʽʣʦʤʫ. 

 
 

1 ï ʨʦʙʦʯʝ ʧʦʣʦʪʥʦ, 2 ï ʨʫʯʢʘ, 3 ï ʛʦʬʨʦʚʘʥʘ ʜʽʣʷʥʢʘ 

ʈʠʩ.1 ï ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʙʫʜʽʚʝʣʴʥʦʛʦ ʰʧʘʪʝʣʷ 

ʌʦʨʤʫʚʘʥʥʷ ʨʫʯʢʠ 2 ʪʘ ʟôʻʜʥʘʥʥʷ ʟ ʨʦʙʦʯʠʤ ʧʦʣʦʪʥʦʤ 1 ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʨʦʟôʻʤʥʽʡ 

ʬʦʨʤʽ ʧʨʝʩ-ʘʚʪʦʤʘʪʘ ʰʣʷʭʦʤ ʥʘʧʣʘʚʫ ʧʣʘʩʪʤʘʩʠ ʥʘ ʛʦʬʨʦʚʘʥʫ ʧʦʚʝʨʭʥʶ ʧʦʣʦʪʥʘ 1. ʇʽʜ 

ʯʘʩ ʦʩʪʠʛʘʥʥʷ ʚʠʨʦʙʫ, ʧʽʩʣʷ ʟʥʷʪʪʷ ʡʦʛʦ ʟ ʧʨʝʩ-ʘʚʪʦʤʘʪʘ, ʟʨʦʙʣʝʥʽ ʥʘ ʧʦʣʦʪʥʽ 1 ʨʝʙʨʘ 

ʞʦʨʩʪʢʦʩʪʽ 3, ʥʝ ʜʦʟʚʦʣʷʶʪʴ ʧʣʘʩʪʤʘʩʽ ʧʨʠ ʦʭʦʣʦʜʞʝʥʥʽ ʜʝʬʦʨʤʫʚʘʪʠ ʧʦʣʦʪʥʦ 1 ʽ ʪʠʤ 

ʩʘʤʠʤ ʚʠʢʨʠʚʣʷʪʠ ʡʦʛʦ ʧʨʷʤʦʣʽʥʽʡʥʠʡ ʧʨʦʬʽʣʴ ʚ ʨʦʙʦʯʽʡ ʧʣʦʱʠʥʽ. ɸʚʪʦʨʘʤʠ ʦʪʨʠʤʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʛʝʦʤʝʪʨʽʾ ʬʦʨʤʠ ʧʦʣʦʪʥʘ ʚʽʜ ʡʦʛʦ ʨʦʟʤʽʨʽʚ, ʢʽʣʴʢʦʩʪʽ ʛʦʬʨ, ʪʦʚʱʠʥʠ ʪʘ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʦʛʦ ʥʘʧʣʘʚʫ.  
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ʄʆɼɽʃʖɺɸʅʅʗ ɿʄɯʅ ɻʈɸʅʀʏʅʀʍ ʋʄʆɺ ʇʈʀ ʈʆɿʈɸʍʋʅʂʋ ʂʆʃʆʅ ʅɸ 

ʉʊɯʁʂɯʉʊʔ 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʧʨʦʙʣʝʤʘ ʨʦʟʨʘʭʫʥʢʫ ʢʦʥʩʪʨʫʢʮʽʡ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʛʨʝʩʫʶʯʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʽ ʧʨʦʙʣʝʤʘ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʽ ʤʦʜʝʣʝʡ ʟ ʦʜʠʥʠʯʥʦʶ 

ʞʠʚʫʯʽʩʪʶ ʜʣʷ ʥʦʚʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ, ʪʘʢ ʽ ʜʣʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʧʽʜ ʯʘʩ ʨʝʢʦʥʩʪʨʫʢʮʽʾ 

ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʦʶ, ʪʘʢ ʷʢ ʧʦʚôʷʟʘʥʘ ʥʝ ʪʽʣʴʢʠ ʟ 

ʦʧʪʠʤʽʟʘʮʽʻ ʁʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʘʣʝ ʽʟ ʚʠʨʽʰʝʥʥʷʤ ʢʦʤʧʣʝʢʩʫ ʟʘʜʘʯ ʟ ʚʠʷʚʣʝʥʥʷʤ 

ʟʘʧʘʩʽʚ ʤʽʮʥʦʩʪʽ ʽ ʩʪʽʡʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʢʘʨʢʘʩʽʚ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ [1]. ʆʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ 

ʮʝʥʪʨʘʣʴʥʠʭ ʟʘʜʘʯ ʧʦʚôʷʟʘʥʠʭ ʟ ʧʨʦʛʥʦʟʫʚʘʥʥʷʤ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥ ʢʘʨʢʘʩʫ ʙʫʜʽʚʣʽ ʻ ʟʤʽʥʘ 

ʢʨʘʡʦʚʠʭ ʫʤʦʚ ʦʙʧʠʨʘʥʥʷ ʢʦʣʦʥ ʚ ʢʘʨʢʘʩʽ ʫ ʯʘʩʽ ʧʨʠ ʟʤʽʥʽ ʟʘʛʘʣʴʥʦʾ ʩʪʘʪʠʯʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʩʠʩʪʝʤʠ ʧʨʠ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʽʚ ʟʤʽʥʠ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʦʙʧʠʨʘʥʥʷ ʢʦʣʦʥ, 

ʘʙʦ ʧʨʠ ʟʤʽʥʽ ʟʘʱʝʤʣʝʥʥʷ ʢʦʣʦʥ ʚ ʢʘʨʢʘʩʘʭ ʙʫʜʽʚʣʽ. ʈʦʟʛʣʷʥʫʪʦ ʢʽʣʴʢʘ ʚʠʧʘʜʢʽʚ ʟʤʽʥʠ 

ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ ʫ ʯʘʩʽ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʟʤʽʥʫ ʢʦʝʬʽʮʽʻʥʪʘ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʜʦʚʞʠʥʠ. 

ɺʠʧʘʜʦʢ 1. ʈʦʟʛʣʷʥʫʪʘ ʩʪʽʡʢʽʩʪʴ ʢʦʣʦʥʠ ʧʦʩʪʽʡʥʦʾ ʞʦʨʩʪʢʦʩʪʽ ʟ ʞʦʨʩʪʢʠʤ ʟʘʱʝʤʣʝʥʥʷʤ 

ʥʘ ʬʫʥʜʘʤʝʥʪʽ ʽ ʧʨʫʞʥʠʤ ʰʘʨʥʽʨʥʠʤ ʦʙʧʠʨʘʥʥʷʤ ʦʛʦʣʦʚʢʘ. ʗʢ ʚʽʜʦʤʦ ʢʨʠʪʝʨʽʡ ʩʪʽʡʢʦʩʪʽ 

ʪʘʢʦʾ ʢʦʣʦʥʠ [2] ʙʫʜʝ: 

 

3

x

v

EI
tg l l

k
,  

ʜʝ EIx ï ʞʦʨʩʪʢʽʩʪʴ ʢʦʣʦʥʠ,  

xEIP /0

2
,  

kv ï ʞʦʨʩʪʢʽʩʪʴ ʧʨʫʞʥʦʾ ʦʧʦʨʠ ʦʛʦʣʦʚʢʘ ʢʦʣʦʥʠ-ʚʽʜʛʫʢ ʢʘʨʢʘʩʫ ʧʨʠ ʟʤʽʥʽ ʩʠʣʦʚʠʭ 

ʬʘʢʪʦʨʽʚ.  

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʘʨʘʤʝʪʨ kv ʚʠʟʥʘʯʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ:  
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,  

ʜʝ kvm ï ʞʦʨʩʪʢʽʩʪʴ ʦʧʦʨʠ ʟʘ ʧʨʦʝʢʪʥʠʤ ʨʽʰʝʥʥʷʤ ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ; 

f0, fi, ï ʚʽʜʧʦʚʽʜʥʦ ʥʦʨʤʘʪʠʚʥʽ ʽ ʧʦʪʦʯʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʦʛʦʣʦʚʢʘ ʟʘ ʩʪʘʪʠʯʥʠʤ 

ʨʦʟʨʘʭʫʥʢʦʤ ʧʨʠ ʚʽʜʦʤʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠ ʧʨʦʛʨʝʩʫʶʯʦʤʫ ʨʫʡʥʫʚʘʥʥʽ, 

0;calT T  ï ʚʽʜʧʦʚʽʜʥʦ ʥʦʨʤʘʪʠʚʥʠʡ ʪʘ ʧʦʪʦʯʥʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ. 

ɺʠʧʘʜʦʢ 2. ʈʦʟʛʣʷʥʫʪʦ ʚ ʫʟʘʛʘʣʴʥʝʥʦʤʫ ʚʠʧʘʜʢʫ ʩʪʽʡʢʽʩʪʴ ʢʦʣʦʥʠ ʘʙʦ ʩʧʦʨʫʜʠ ʥʘ 

ʧʨʫʞʥʠʭ ʦʧʦʨʘʭ. ʂʨʠʪʝʨʽʻʤ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥʠ ʟʘ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [2] ʻ ʪʨʘʥʩʮʝʥʜʝʥʪʥʝ 

ʨʽʚʥʷʥʥʷ: /v xtg l k EI . ɺʠʩʦʪʥʘ ʩʧʦʨʫʜʘ ʥʘ ʧʨʫʞʥʽʡ ʦʩʥʦʚʽ ʟ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʠʤ 

ʩʪʦʚʙʫʨʦʤ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ql) ʧʦ ʜʦʚʞʠʥʽ 

ʩʪʨʠʞʥʷ, ʷʢʝ ʙʫʜʝ ʚʠʟʥʘʯʘʪʠʩʷ ʯʝʨʝʟ ʚʽʜʥʦʰʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦ ʜʦʚʞʠʥʠ: 

 l

ka
ql vF

, 

ʜʝ aF ï ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʚʝʜʝʥʥʷ ʢʨʠʪʠʯʥʦʾ ʩʠʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʡʥʷʪʠ ʬʫʥʢʮʽʶ (

0 0

0 0

0 0, ,
fT

f fi T

f Ti T

v vm i ik k e f f T T) ʚ ʷʢʦʩʪʽ 
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ʬʫʥʢʮʽʾ ʟʤʽʥʠ ʞʦʨʩʪʢʦʩʪʽ ʦʩʥʦʚʠ ʬʫʥʜʘʤʝʥʪʫ ʧʨʠ FT  ï ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʢʦʝʬʽʮʽʻʥʪʽ 

ʩʠʣʦʚʦʛʦ ʚʧʣʠʚʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʦʟʨʦʙʣʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʠʡ ʤʝʪʦʜʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʱʦʜʦ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥ 

ʧʨʠ ʧʨʫʞʥʦʤʫ ʦʙʧʠʨʘʥʥʽ ʪʘ ʧʨʠ ʟʤʽʥʽ ʞʦʨʩʪʢʦʩʪʽ ʦʧʦʨ ʫ ʯʘʩʽ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʠʪʠ 

ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʪʽʡʢʦʩʪʽ ʢʦʣʦʥ ʧʨʠ ʧʨʦʛʨʝʩʫʶʯʦʤʫ ʨʫʡʥʫʚʘʥʥʽ. 
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ʈʆɿʈɸʍʋʅʆʂ ʂʆʅʉʆʃʔʅʀʍ ʉʊɽʈɾʅɯɺ ʅɸ ɼʀʅɸʄɯʏʅʋ ɼɯʖ ɯɿ 

ɿʆʉɽʈɽɼɾɽʅʆʖ ʄɸʉʆʖ 

ɼʠʥʘʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʨʫʜ ʤʘʩʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʚʠʛʣʷʜʽ ʚʝʞ, ʱʦʛʣ, ʙʽʛ-ʙʦʨʜʽʚ, 

ʩʪʝʣ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʟ ʧʦʟʠʮʽʡ ʥʘʜʽʡʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʫʤʦʚ 

ʟʘʢʨʽʧʣʝʥʥʷ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʤʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʧʦʨʫʜʠ, ʘʙʦ 

ʟʘʢʨʽʧʣʝʥʥʷ ʥʘ ʧʦʢʨʠʪʪʽ ʙʫʜʽʚʣʽ ʷʢʝ ʤʘʻ ʦʙʤʝʞʝʥʫ ʞʦʨʩʪʢʽʩʪʴ[1-3]. ʆʢʨʽʤ ʮʴʦʛʦ ʚ ʩʫʯʘʩʥʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤʘʭ ʋʢʨʘʾʥʠ ʪʘ ʚʣʘʩʥʝ ʽ ɭʚʨʦʢʦʜ [4 5] ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ 

ʚʧʣʠʚ ʘ ʜʠʥʘʤʽʯʥʦʾ ʩʢʣʘʜʦʚʦʾ ʚʽʪʨʫ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 

ʚʽʪʨʦʚʠʡ ʨʝʟʦʥʘʥʩ. ɿʦʢʨʝʤʘ ʨʦʟʨʘʭʫʥʦʢ ʟʛʽʜʥʦ [4] ʟʘ ʢʚʘʟʠʩʪʘʪʠʯʥʦʶ ʤʦʜʝʣʣʶ ʩʪʝʨʞʥʽʚ ʽʟ 

ʟʦʩʝʨʝʜʞʝʥʦʶ ʤʘʩʦʶ ʜʘʻ ʨʝʟʫʣʴʪʘʪ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 1.5 ʨʘʟʠ ʥʠʞʯʠʡ, ʥʽʞ ʧʨʠ ʨʦʟʨʘʭʫʥʢʫ 

ʟʛʽʜʥʦ [6] ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ. ʈʦʟʨʘʭʫʥʢʠ ʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʝʜʝʥʽ ʥʘ ʙʘʟʽ ʽʩʥʫʶʯʦʾ 48 ʤ ʩʪʘʣʝʚʦʾ ʚʝʞʽ ʬʣʘʛʰʪʦʢʘ 1967 ʨ ʧʦʙʫʜʦʚʠ ʫ ʤ. ʂʠʻʚʽ. ɺ 

ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʡ ʪʘʢʦʞ ʬʘʢʪʦʨ ʟʤʽʥʥʦʩʪʽ ʧʝʨʝʨʽʟʫ ʧʦ ʚʠʩʦʪʽ ʽ ʡʦʛʦ ʚʧʣʠʚ ʥʘ ʚʣʘʩʥʫ 

ʯʘʩʪʦʪʫ ʢʦʣʠʚʘʥʴ ʩʠʩʪʝʤʠ. ɿʦʢʨʝʤʘ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʧʦʨʫʜ ʻ 

ʘʤʧʣʽʪʫʜʘ ʧʝʨʝʤʽʱʝʥʴ ʚʽʣʴʥʦʛʦ ʚʝʨʭʥʴʦʛʦ ʢʽʥʮʷ ʩʪʝʨʞʥʷ, ʷʢʫ ʤʦʞʥʘ ʝʬʝʢʪʠʚʥʦ 

ʨʝʛʫʣʶʚʘʪʠ ʟʤʽʥʥʦʶ ʧʦ ʜʦʚʞʠʥʽ ʞʦʨʩʪʢʽʩʪʶ. ɺʠʩʥʦʚʢʦʤ ʤʦʞʝ ʙʫʪʠ ʪʝ, ʱʦ ʜʣʷ ʩʠʩʪʝʤ ʚ 

ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʤʘʩ ʧʦ ʚʠʩʦʪʽ, ʥʝʦʙʭʽʜʥʦ ʚʽʜʭʦʜʠʪʠ ʚʽʜ 

ʢʚʘʟʠʩʪʘʪʠʯʥʦʾ ʩʭʝʤʠ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʢʦʥʫʚʘʪʠ ʜʠʥʘʤʽʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʟʛʽʜʥʦ 

ʨʝʢʦʤʝʥʜʘʮʽʡ [6].  
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ɺʇʃʀɺ ɹɯʆʅɯʂʀ ʅɸ ɸʈʍɯʊɽʂʊʋʈʋ 

ɹʽʦʥʽʢʘ ï ʥʘʫʢʘ, ʱʦ ʚʠʚʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ ʜʽʾ ʞʠʚʠʭ ʩʠʩʪʝʤ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʟʘʚʜʘʥʴ. ʋʧʝʨʰʝ ʪʝʨʤʽʥ çʙʽʦʥʽʢʘè ʫ 1958 

ʨʦʮʽ ʟʘʧʨʦʧʦʥʫʚʘʚ ʘʤʝʨʠʢʘʥʩʴʢʠʡ ʚʯʝʥʠʡ ɼʞ. ʉʪʽʣ, ʘ ʚʞʝ 13 ʚʝʨʝʩʥʷ 1960 ʮʝʡ ʪʝʨʤʽʥ ʙʫʚ 

ʦʬʽʮʽʡʥʦ ʧʨʠʡʥʷʪʠʡ ʥʘ 1-ʤʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʩʠʤʧʦʟʽʫʤʽ ʟ ʙʽʦʥʽʢʠ (ʤ. ɼʘʡʪʦʥ, ʉʐɸ) [1].  

ɸʜʘʧʪʘʮʽʷ ʬʦʨʤ ʽ ʷʚʠʱ ʧʨʠʨʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʽʥʞʝʥʝʨʥʠʭ ʦʙ'ʻʢʪʽʚ ʥʝ ʻ ʥʝʜʘʚʥʽʤ 

ʷʚʠʱʝʤ. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʨʠʨʦʜʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ʙʫʣʦ ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʽʥʥʦʚʘʮʽʡ 

ʱʝ ʟ ʜʦʽʩʪʦʨʠʯʥʠʭ ʚʽʢʽʚ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʬʦʨʤ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʫ ʙʫʜʽʚʥʠʮʪʚʽ ʚʠʚʯʘʚ ʨʠʤʩʴʢʠʡ 

ʘʨʭʽʪʝʢʪʦʨ ɺʽʪʨʫʚʽʡ [2]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʥʘʥʴ ʧʨʦ ʞʠʚʫ ʧʨʠʨʦʜʫ ʚ ʽʥʞʝʥʝʨʥʠʭ ʨʦʙʦʪʘʭ 

ʥʘʣʝʞʠʪʴ ʃʝʦʥʘʨʜʦ ʜʘ ɺʽʥʯʽ ï ʚ ʡʦʛʦ ʢʨʝʩʣʝʥʥʷʭ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʨʦʟʨʘʭʫʥʢʠ ʢʨʠʣʘ ʧʪʘʭʘ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ (ʨʠʩ. 1, ʘ). ˆʘʣʽʣʝʦ ˆʘʣʽʣʝʡ ʫ ʧʨʘʮʽ çDiscorsi e 

dimostrazioni mathematiche intorno a due nuove scienze attenenti alla Meccanica&Movimenti 

Localiè ("ɼʠʩʢʫʩʽʾ ʽ ʤʘʪʝʤʘʪʠʯʥʽ ʜʦʚʝʜʝʥʥʷ ʩʪʦʩʦʚʥʦ ʜʚʦʭ ʥʦʚʠʭ ʥʘʫʢ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʤʝʭʘʥʽʢʠ ʽ ʤʽʩʮʝʚʦʛʦ ʨʫʭʫ", 1638) ʚʠʚʯʘʚ ʧʠʪʘʥʥʷ ʧʨʦ ʦʧʽʨ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʧʨʠʢʣʘʜʠ ʟ ʧʨʠʨʦʜʠ.  

ɸʨʭʽʪʝʢʪʫʨʥʘ ʙʽʦʥʽʢʘ ʚʠʚʯʘʻ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʢʦʥʽʚ ʽ ʬʦʨʤ ʞʠʚʦʾ ʧʨʠʨʦʜʠ ʫ 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʽ ʽ ʪʝʭʥʽʯʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʽ ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʩʧʦʨʫʜ, ʘ ʪʘʢʦʞ ʜʣʷ 

ʜʦʩʷʛʥʝʥʥʷ ʢʨʘʩʠ ʽ ʛʘʨʤʦʥʽʾ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʜʠʟʘʡʥʝʨʩʴʢʠʭ ʨʽʰʝʥʴ. ɿʦʢʨʝʤʘ, ʚʽʜʦʤʠʡ 

ʘʨʭʽʪʝʢʪʦʨ ɸʥʪʦʥʽʦ ɻʘʫʜʽ ʚʠʩʣʦʚʠʚʩʷ ʪʘʢ: çɹʘʞʘʻʪʝ ʜʽʟʥʘʪʠʩʴ, ʱʦ ʧʦʩʣʫʛʫʚʘʣʦ ʟʨʘʟʢʦʤ 

ʜʣʷ ʙʘʛʘʪʴʦʭ ʤʦʾʭ ʪʚʦʨʽʥʴ? ɼʝʨʝʚʦ, ʱʦ ʩʪʦʾʪʴ ʨʽʚʥʦ, ʧʨʦʩʪʷʛʘʶʯʠ ʩʚʦʾ ʛʽʣʢʠ ʟ 

ʨʦʟʧʨʦʩʪʝʨʪʠʤʠ ʥʘ ʥʠʭ ʛʽʣʢʘʤʠ ʤʝʥʰʦʛʦ ʨʦʟʤʽʨʫ, ʥʘ ʷʢʠʭ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʤʽʩʪʠʪʴʩʷ ʣʠʩʪʷ. 

ɯ ʢʦʞʝʥ ʟ ʮʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʛʣʷʜʘʻ ʛʘʨʤʦʥʽʡʥʦ ʽ ʚʝʣʠʯʘʚʦ ʟ ʪʠʭ ʯʘʩʽʚ, ʷʢ ʾʭ ʩʪʚʦʨʠʚ ɺʝʣʠʢʠʡ 

ʊʚʦʨʝʮʴè [3] (ʨʠʩ. 1, ʙ).  

     
                         ʘ)                                                                            ʙ) 

ʈʠʩ. 1  ɿʦʙʨʘʞʝʥʥʷ ʢʨʠʣʘ ʦʨʥʽʪʦʧʪʝʨʘ, ʃʝʦʥʘʨʜʦ ʜʘ ɺʽʥʯʽ ʘ) ʪʘ ʝʣʝʤʝʥʪʠ ʭʨʘʤʫ 

ʉʚʷʪʦʛʦ ʉʽʤʝʡʩʪʚʘ, ɸ. ɻʘʫʜʽ ʙ)  

ʇʨʠʨʦʜʥʽ ʤʦʪʠʚʠ ʤʦʞʥʘ ʟʫʩʪʨʽʪʠ ʚ ʦʟʜʦʙʣʝʥʥʽ ʜʘʚʥʴʦʛʨʝʮʴʢʠʭ ʽ ʜʘʚʥʴʦʨʠʤʩʴʢʠʭ 

ʭʨʘʤʽʚ (ʢʘʧʽʪʝʣʽ ʢʦʨʠʥʬʩʴʢʦʛʦ ʦʨʜʝʨʫ), ʛʦʪʠʯʥʠʭ ʭʨʘʤʽʚ, ʭʨʘʤʽʚ ʜʘʚʥʴʦʾ ɺʽʟʘʥʪʽʾ ʪʘ ʈʫʩʽ 

(ʨʠʩ. 2).  

ʉʝʨʝʜ ʩʫʯʘʩʥʠʭ ʩʧʦʨʫʜ, ʩʪʚʦʨʝʥʠʭ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤʠ ʙʽʦʥʽʯʥʠʭ ʽʜʝʡ, ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ɽʡʬʝʣʝʚʫ ʚʝʞʫ ʚ ʇʘʨʠʞʽ (ʧʦʚʪʦʨʶʻ ʬʦʨʤʫ ʛʦʤʽʣʢʦʚʦʾ ʢʽʩʪʢʠ); ʩʪʘʜʽʦʥ çʃʘʩʪʽʚʯʠʥʝ ʛʥʽʟʜʦè 

ʫ ʇʝʢʽʥʽ (ʟʦʚʥʽʰʥʷ ʤʝʪʘʣʝʚʘ ʢʦʥʩʪʨʫʢʮʽʷ ʧʦʚʪʦʨʶʻ ʬʦʨʤʫ ʧʪʘʰʠʥʦʛʦ ʛʥʽʟʜʘ); ʭʤʘʨʦʯʦʩ 

ɸʢʚʘ ʫ ʏʠʢʘʛʦ (ʟʦʚʥʽ ʥʘʛʘʜʫʻ ʧʦʪʽʢ ʧʘʜʘʶʯʦʾ ʚʦʜʠ, ʪʘʢʦʞ ʬʦʨʤʘ ʙʫʜʽʚʣʽ ʥʘʛʘʜʫʻ ʩʢʣʘʜʯʘʩʪʫ 

ʩʪʨʫʢʪʫʨʫ ʚʘʧʥʷʥʠʭ ʚʽʜʢʣʘʜʝʥʴ ʧʦ ʙʝʨʝʛʘʭ ɺʝʣʠʢʠʭ ʆʟʝʨ); ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ çʅʘʫʪʽʣʫʩè 

ʘʙʦ çʄʫʰʣʷè ʚ ʅʘʫʢʘʣʴʧʘʥʽ (ʡʦʛʦ ʜʠʟʘʡʥ ʚʟʷʪʦ ʟ ʧʨʠʨʦʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ï ʤʫʰʣʽ ʤʦʣʶʩʢʘ); 

mailto:spsidor@gmail.com
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ʍʨʘʤ ʃʦʪʦʩʘ ʫ ʅʴʶ-ɼʝʣʽ (ʥʘʛʘʜʫʻ ʢʚʽʪʢʫ ʣʦʪʦʩʘ); ʧʣʘʚʘʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʚ ʇʝʢʽʥʽ 

(ʢʦʥʩʪʨʫʢʮʽʷ ʬʘʩʘʜʫ ʩʢʣʘʜʘʻʪʴʩʷ ʟ çʙʫʣʴʙʘʰʦʢ ʚʦʜʠè, ʥʘʛʘʜʫʻ ʢʨʠʩʪʘʣʽʯʥʫ ʨʝʰʽʪʢʫ ʪʘ 

ʜʦʟʚʦʣʷʻ ʘʢʫʤʫʣʶʚʘʪʠ ʩʦʥʷʯʥʫ ʝʥʝʨʛʽʶ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ); 

ʥʘʮʽʦʥʘʣʴʥʠʡ ʦʧʝʨʥʠʡ ʪʝʘʪʨ ʚ ʇʝʢʽʥʽ (ʽʤʽʪʫʻ ʢʨʘʧʣʶ ʚʦʜʠ) ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. 

        
ʈʠʩ. 2  ɹʽʦʥʽʯʥʽ ʤʦʪʠʚʠ ʚ ʦʟʜʦʙʣʝʥʥʽ ʜʘʚʥʽʭ ʭʨʘʤʽʚ 

ʋ 1979 ʨʦʮʽ ʽʩʧʘʥʩʴʢʽ ʘʨʭʽʪʝʢʪʦʨʠ ʍʘʚ'ʻʨ ʇʽʦʟ, ʈʦʟʘ ʉʝʨʚʝʨ, ɭʣʦʡ ʉʝʣʘʡʷ ʨʦʟʨʦʙʠʣʠ 

ʧʨʦʝʢʪ Bionic Tower (ʚʝʨʪʠʢʘʣʴʥʝ ʤʽʩʪʦ) ï ʚʝʞʫ, ʚʠʩʦʪʦʶ 1228 ʤ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʦʪʝʭʥʦʣʦʛʽʡ. 

ɿʘʨʘʟ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʥʦʛʦ ʜʠʟʘʡʥʫ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʦʚʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. ɿʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʘʭ ʘʨʭʽʪʝʢʪʦʨʘ 

ʉʘʥʪʴʷʛʦ ʂʘʣʘʪʨʘʚʠ ʧʝʨʰʝ, ʱʦ ʚʧʘʜʘʻ ʚ ʦʢʦ ʣʶʜʷʤ, ʟʥʘʡʦʤʠʤ ʟ ʡʦʛʦ ʪʚʦʨʘʤʠ, ʻ 

ʙʽʦʤʦʨʬʥʘ ʬʦʨʤʘ [4]. ʁʦʛʦ ʘʨʭʽʪʝʢʪʫʨʥʽ ʬʦʨʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʥʘʣʦʛʽʾ ʩʢʝʣʝʪʘ ʣʶʜʠʥʠ 

ʘʙʦ ʪʚʘʨʠʥ, ʜʝʤʦʥʩʪʨʫʶʯʠ ʝʩʪʝʪʠʯʥʫ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ʙʫʜʽʚʝʣʴʥʦʾ ʪʘ ʩʪʨʫʢʪʫʨʥʦʾ ʙʽʦʥʽʢʠ 

(ʨʠʩ. 3). 

 
                                       ʘ)                                                                                  ʙ) 

ʈʠʩ. 3  ɹʫʜʽʚʣʽ ʉʘʥʪʴʷʛʦ ʂʘʣʘʪʨʘʚʠ: ʘ) ʭʤʘʨʦʯʦʩ ʫ ʄʘʣʴʤʝ; ʙ) ʧʣʘʥʝʪʘʨʽʫʤ ʚ ɯʩʧʘʥʽʾ [4]  

ɸʢʪʫʘʣʴʥʠʤ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʫ ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʪʝʦʨʝʪʠʯʥʦʛʦ ʦʩʤʠʩʣʝʥʥʷ 

ʧʨʠʨʦʜʥʠʭ ʬʦʨʤ ʽ ʩʪʨʫʢʪʫʨʠ ʞʠʚʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʙʽʦʜʠʟʘʡʥʫ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʙʽʦʥʽʢʠ ʟ ʤʝʪʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʘʨʭʽʪʝʢʪʫʨʥʽʡ ʽ ʜʠʟʘʡʥʝʨʩʴʢʽʡ ʪʚʦʨʯʦʩʪʽ, ʟʚ'ʷʟʦʢ ʟ ʥʘʧʨʷʤʦʤ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ [5]. 

ʇʨʦʪʝ, ʥʝʦʙʭʽʜʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʙʘʥʘʣʴʥʝ ʢʦʧʽʶʚʘʥʥʷ ʧʨʠʨʦʜʥʠʭ ʤʦʜʝʣʝʡ ʯʘʩʦʤ 

ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʠʭ ʟʘʪʨʘʪ. ʅʝʦʙʭʽʜʥʦ ʰʫʢʘʪʠ ʦʧʪʠʤʘʣʴʥʝ ʨʽʰʝʥʥʷ ï çʟʦʣʦʪʫ ʩʝʨʝʜʠʥʫè ʤʽʞ 

ʢʨʘʩʦʶ ʧʨʠʨʦʜʠ ʽ ʝʢʦʥʦʤʥʽʩʪʶ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ.  
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ʋɼʂ 515.2 

ɹʘʨʙʘʰ ʄ.ɯ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʏʝʨʥʽʛʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, m_barbash@ukr.net 

ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ ʂʃɸʉʀʏʅʀʍ 

ɸʈʍɯʊɽʂʊʋʈʅʀʍ ʌʆʈʄ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉɸʇʈ 

ɸʨʭʽʪʝʢʪʦʥʽʢʘ ʚʠʷʚʣʷʻ ʪʦʯʢʠ ʜʦʪʠʢʫ ʤʽʞ ʣʦʛʽʢʦʶ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ, ʱʦ 

ʦʭʦʧʣʶʻ ʩʬʝʨʫ ʩʢʣʘʜʥʠʭ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ (ʣʦʛʽʯʥʦʛʦ ʤʠʩʣʝʥʥʷ) ʪʘ ʽʥʪʫʾʮʽʾ 

(ʦʙʨʘʟʥʦʛʦ ʤʠʩʣʝʥʥʷ) ʪʘ ʘʥʘʣʽʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʘʙʩʪʨʘʢʪʥʦʤʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ [1]. ʅʘʜʘʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʤ ʤʦʜʝʣʷʤ ʟʘʜʘʥʠʭ ʬʽʟʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʟ ʤʝʪʦʶ ʾʭ ʜʦʩʣʽʜʞʝʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʘʞʣʠʚʝ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʚ ʩʬʝʨʽ ʧʨʦʤʠʩʣʦʚʦʛʦ ʜʠʟʘʡʥʫ. ʇʨʦʝʢʪʥʽ ʟʘʜʘʯʽ (ʨʠʩ. 1), ʱʦ ʧʽʜʜʘʶʪʴʩʷ 

ʬʦʨʤʘʣʽʟʘʮʽʾ ʪʘ ʘʣʛʦʨʠʪʤʽʟʘʮʽʾ, ʚʠʨʽʰʫʶʪʴʩʷ ʦʙôʻʜʥʘʥʥʷʤ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

(ʩʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʽ, ʚʽʟʫʘʣʽʟʘʮʽʷ, ʚʠʢʦʥʘʥʥʷ ʢʨʝʩʣʷʨʩʴʢʦ-ʛʨʘʬʽʯʥʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʢʣʘʜ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ Revit, ArchiCAD) ʟ ʬʽʟʠʯʥʠʤ 

ʤʦʜʝʣʶʚʘʥʥʷʤ ʯʝʨʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽʥʞʝʥʝʨʥʠʭ ʧʨʦʛʨʘʤ 

ʉɸɽ -ANSYS, Autodesk Revit Structure, Autodesk Inventor, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʤʦʜʝʣʶʚʘʪʠ ʪʘ 

ʚʽʟʫʘʣʽʟʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ.  

 

    
ʈʠʩ.1 ï ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʘʨʭʽʪʝʢʪʫʨʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ  

ɸʥʘʣʽʟ ʥʘʧʨʫʞʝʥʴ ʚ ʤʘʪʝʨʽʘʣʽ ʘʨʭʽʪʨʘʚʥʠʭ ʙʘʣʦʢ ʚʠʷʚʣʷʻ ʟʦʥʠ ʤʘʢʩʠʤʘʣʴʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ï ʮʝ ʜʽʣʷʥʢʠ ʢʘʧʽʪʝʣʝʡ ʪʘ ʧôʻʜʝʩʪʘʣʫ ʢʦʣʦʥ. ʏʝʨʝʟ ʥʝʩʠʤʝʪʨʠʯʥʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʘʨʭʽʪʨʘʚʽʚ, ʚʦʥʠ ʟʤʫʰʝʥʽ ʧʨʘʮʶʚʘʪʠ ʷʢ ʢʦʥʪʨʬʦʨʩʠ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʛʦʨʠʪʤʠ ʧʦʰʫʢʫ 

ʦʧʪʠʤʘʣʴʥʦʾ ʬʦʨʤʠ, ʟʦʢʨʝʤʘ, ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ çʚʽʜʩʽʢʘʪʠè ʚʽʜ 

ʬʦʨʤʠ ʤʽʥʽʤʘʣʴʥʦ ʥʘʚʘʥʪʘʞʝʥʽ ʜʽʣʷʥʢʠ [2]. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʦʙ'ʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʠʡ ʘʥʘʣʽʟ ʬʦʨʤʠ ʨʝʘʣʴʥʦ ʽʩʥʫʶʯʦʛʦ ʦʙ'ʻʢʪʫ, ʨʦʟʨʦʙʣʷʪʠ ʘʨʭʽʪʝʢʪʫʨʥʽ 

ʧʨʦʝʢʪʠ ʟʛʽʜʥʦ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ, ʝʩʪʝʪʠʯʥʠʤʠ, ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ, 

ʨʦʟʚʠʚʘʪʠ ʚʠʩʫʥʫʪʫ ʘʨʭʽʪʝʢʪʫʨʥʫ ʽʜʝʶ ʟʘʩʦʙʘʤʠ ʢʦʤʧʦʟʠʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ʋɼʂ 666.974 

ʇʠʣʠʧʝʥʢʦ ɺ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʝʜʦʨʠʯ ɸ.ɺ., ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 
ʈʷʙʯʝʥʢʦ ɺ.ɻ., ʢʘʥʜ. ʧʝʜ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɻʦʥʯʘʨ ɺ.ɺ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʉʦʨʦʢʦʧʫʜ ɺ.ɹ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʊʢʘʯʝʥʢʦ ɯ.ɺ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ  
ɸʢʘʜʝʤʽʷ ʜʝʨʞʘʚʥʦʾ ʧʝʥʽʪʝʥʮʽʘʨʥʦʾ ʩʣʫʞʙʠ, ʤ. ʏʝʨʥʽʛʽʚ, vpilip@ukr.net 

ɺʇʃʀɺ ʉʇʆʉʆɹʋ ʌʆʈʄʋɺɸʅʅʗ ɹɽʊʆʅʅʀʍ ʂʆʅʉʊʈʋʂʎɯʁ ʅɸ 

ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʄɯʎʅʆʉʊɯ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʘʥʘʣʽʟʫ ʩʪʫʧʝʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʨʦʟʨʦʙʣʶʚʘʥʦʛʦ ʙʝʪʦʥʫ ʚʩʪʘʥʦʚʣʝʥʘ ʜʦʮʽʣʴʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʝʪʦʥʫ ʩʫʭʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʟ ʚʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʙʝʪʦʥʥʦʾ ʩʫʤʽʰʽ 

ʜʝʤʧʬʝʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ.  

ʅʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʧʣʠʚʫ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʙʝʪʦʥʫ ʽ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɺʠʟʥʘʯʝʥʦ ʰʣʷʭʠ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʙʝʪʦʥʫ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʪʨʽʱʠʥʦʩʪʽʡʢʦʩʪʽ ʽ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʄʝʭʘʥʽʟʤ ʛʘʣʴʤʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʠʩʫʪʥʽʩʪʶ ʚ ʥʴʦʤʫ çʩʣʘʙʢʠʭè ʧʨʫʞʥʦ-ʚ'ʷʟʢʠʭ ʽ ʰʘʨʫʚʘʪʠʭ ʚʢʣʶʯʝʥʴ, ʱʦ ʟʥʠʞʫʶʪʴ 

ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʛʠ ʽ ʛʘʩʷʪʴ ʝʥʝʨʛʽʶ ʟʨʦʩʪʫ ʪʨʽʱʠʥ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʥʠʞʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʟʘʧʦʚʥʶʚʘʯʘ ʤʘʻ ʧʝʨʝʙʫʚʘʪʠ ʚ ʨʘʤʢʘʭ 

ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʮʝʤʝʥʪʥʦʾ ʤʘʪʨʠʮʽ, ʪʘʢ ʷʢ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʞʦʨʩʪʢʦʩʪʽ ʟʘʧʦʚʥʶʚʘʯʘ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʮʝʤʝʥʪʥʦʾ ʩʢʣʘʜʦʚʦʾ ʽ ʚʪʨʘʪʠ ʤʽʮʥʦʩʪʽ ʥʘ ʩʪʠʩʢ ʙʝʪʦʥʫ.  

ɺʠʢʦʥʘʥʽ ʨʦʟʨʘʭʫʥʢʠ ʫʩʘʜʢʦʚʠʭ ʥʘʧʨʫʛ ʚ ʧʨʦʮʝʩʽ ʪʚʝʨʜʽʥʥʷ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʤʫ ʨʦʟʯʠʥʽ 

ʧʨʠ ʯʘʩʪʢʦʚʽʡ ʟʘʤʽʥʽ ʢʚʘʨʮʦʚʦʛʦ ʧʽʩʢʫ ʢʝʨʘʤʟʠʪʦʚʠʤ, ʷʢʽ ʤʘʶʪʴ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ʙʣʠʟʴʢʦ 

15000 ʄʇʘ, ʧʦʢʘʟʘʣʠ, ʱʦ ʨʘʜʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʥʝʥʥʷ ʽ ʪʘʥʛʝʥʮʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʨʦʟʪʷʛʫ ʟʥʠʞʫʶʪʴʩʷ ʚ 2 ... 2,5 ʨʘʟʠ, ʨʘʜʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ (ʚʽʜʨʠʚʫ) ʚ 5 ...  7 ʨʘʟʽʚ.  

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʘʚʢʠ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʩʪʫʧʝʥʷ 

ʛʽʜʨʘʚʣʽʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʦʧʪʠʤʽʟʫʶʪʴ ʜʝʬʦʨʤʘʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʝʥʶ ʽ 

ʙʝʪʦʥʫ ʧʨʠ ʧʨʘʢʪʠʯʥʦ ʧʦʩʪʽʡʥʽʡ ʤʽʮʥʦʩʪʽ ʧʨʠ ʩʪʠʩʥʝʥʥʽ.  

ʊʘʢʦʞ ʢʝʨʫʶʯʠ ʩʧʦʩʦʙʘʤʠ ʬʦʨʤʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ 

ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʟʘʜʘʥʠʤʠ ʥʝʦʙʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʻ 

ʜʫʞʝ ʘʢʪʫʘʣʴʥʦ. 
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ʉɽʂʎɯʗ 7  

çʈɸʎɯʆʅɸʃʔʅɽ ʇʈʀʈʆɼʆʂʆʈʀʉʊʋɺɸʅʅʗ. ɽʅɽʈɻɽʊʀʂɸ, 

ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯʉʊʔ ʊɸ ʈɽʉʋʈʉʆɿɹɽʈɽɾɽʅʅʗè 

 
ʋɼʂ 550.394.4 

ɯʛʥʘʪʠʰʠʥ ɺ.ɺ., ʢʘʥʜ. ʬʽʟ.-ʤʘʪ.ʥʘʫʢ, ʩʪʘʨʰʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ʜʦʮʝʥʪ, ɿʘʢʘʨʧʘʪʩʴʢʠʡ ʫʛʦʨʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ʌʝʨʝʥʮʘ ʈʘʢʦʮʽ ɯɯ 

ɺʝʨʙʠʮʴʢʠʡ ʉ.ʊ., ʧʨʦʚʽʜʥʠʡ ʥʘʫʢʦʚʠʡ ʩʧʽʚʨʦʙʽʪʥʠʢ 

ɯʛʥʘʪʠʰʠʥ ɸ.ɺ., ʽʥʞʝʥʝʨ 

ɯʛʥʘʪʠʰʠʥ ʄ.ɹ., ʧʨʦʚʽʜʥʠʡ ʽʥʞʝʥʝʨ 

ɯʥʩʪʠʪʫʪ ʛʝʦʬʽʟʠʢʠ ʽʤ. ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʚʽʜʜʽʣ ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ 

rgstrs1962@i.ua 

ɽʂʆʃʆɻɯʏʅʀʁ ɸʉʇɽʂʊ ɻɽʆɼʀʅɸʄɯʏʅʆɻʆ ʉʊɸʅʋ ɿɸʂɸʈʇɸʊʉʔʂʆɻʆ 

ɺʅʋʊʈɯʐʅʔʆɻʆ ʇʈʆɻʀʅʋ 

ɼʝʬʦʨʤʦʛʨʘʬʽʯʥʽ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʛʝʦʣʦʛʽʯʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ɿʘʢʘʨʧʘʪʪʷ ʧʨʦʚʦʜʷʪʴʩʷ ʟ 

1980-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʚʧʝʨʰʝ ʚ ʰʪʦʣʴʥʷʭ ʥʘ ʛʦʨʽ ʧʦʙʣʠʟʫ ʩ. ʄʫʞʽʻʚʝ, ɹʝʨʝʛʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ 

ʙʫʣʠ ʟʤʦʥʪʦʚʘʥʽ 2 ʢʚʘʨʮʦʚʽ ʜʝʬʦʨʤʦʛʨʘʬʠ ʙʘʟʘʤʠ 11 ʤ ʪʘ 24 ʤ ʚʽʜʧʦʚʽʜʥʦ ɯʥʩʪʠʪʫʪʦʤ 

ʛʝʦʬʽʟʠʢʠ ʽʤ..ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ. ɺ 1989 ʨʦʮʽ ʥʘ ʨʝʞʠʤʥʽʡ ʛʝʦʬʽʟʠʯʥʽʡ ʩʪʘʥʮʽʾ 

,,ɹʝʨʝʛʦʚʝò ʂʘʨʧʘʪʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ..ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ  ʅɸʅ ʋʢʨʘʾʥʠ, 

ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʤ. ɹʝʨʝʛʦʚʝ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʙʫʣʦ ʟʤʦʥʪʦʚʘʥʦ ʜʚʘ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʜʝʬʦʨʤʦʤʝʪʨʘ ʙʘʟʘʤʠ 6 ʤ ʪʘ 24.5 ʤ ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʘʞʣʠʚʽ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʛʝʦʜʠʥʘʤʽʢʫ ɹʝʨʝʛʽʚʩʴʢʦʛʦ ʛʦʨʙʦʛʽʨʷ. ɺ 1999 ʨʦʮʽ ʧʦʯʘʣʘ ʬʫʥʢʮʽʦʥʫʚʘʪʠ 

ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʘ ʩʪʘʥʮʽʷ ʥʘ ʧʫʥʢʪʽ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʝò 

ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ..ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʙʘʟʦʶ 24.5 ʤ ʪʘ ʘʟʠʤʫʪʦʤ 80Ü. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘ ʇɼʉ ,,ʂʦʨʦʣʝʚʝò ʦʪʨʠʤʘʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ 

ʟʘʛʘʣʴʥʽ ʩʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʪʘ 

ʜʦʩʣʽʜʞʝʥʦ ʟʚôʷʟʢʠ ʽʟ ʛʝʦʬʽʟʠʯʥʠʤʠ ʧʦʣʷʤʠ ʚ ʨʝʛʽʦʥʽ, ʟʦʢʨʝʤʘ ʽʟ ʩʝʡʩʤʽʯʥʠʤ ʩʪʘʥʦʤ 

ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ[1-2]. ʇʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʨʫʭʽʚ ʢʦʨʠ ʟʘ ʧʝʨʽʦʜ ʟ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʦʾ ʩʪʘʥʮʽʾ ʇɼʉ ,,ʂʦʨʦʣʝʚʝò ʟ 1999  

ʨʦʢʫ. ɸʥʘʣʽʟʫʶʯʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʱʝʥʥʷ ʪʦʯʢʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ ʧʫʥʢʪʽ 

ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʟʘ ʪʨʠʚʘʣʠʡ ʧʝʨʽʦʜ ʟ 1999 ʨʦʢʫ ʧʦ 2019 ʨʽʢ ʩʣʽʜ 

ʚʽʜʤʽʪʠʪʠ ʟʘʛʘʣʴʥʝ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ. ʅʘ ʧʦʯʘʪʢʫ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʨʫʭʽʚ ʢʦʨʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʝʨʽʦʜ ʚʽʜʥʦʩʥʦ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʝʡ ʟʤʽʱʝʥʴ ʪʦʯʦʢ 

ʩʧʦʩʪʝʨʝʞʝʥʴ ʪʨʠʚʘʣʽʩʪʶ 3,5 ʨʦʢʽʚ, ʧʦʪʽʤ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʪʨʠʚʘʣʽʩʪʶ 7,4 

ʨʦʢʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʠʤ ʧʽʜʚʠʱʝʥʥʷʤ ʤʽʩʮʝʚʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʨʽʻʶ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʚʽʜʯʫʪʥʠʭ, ʤʘʛʥʽʪʫʜʦʶ ʄ>3.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʨʦʮʝʩʫ ʩʪʘʥʦʚʠʪʴ 9,7 ʨʦʢʽʚ. ɿ ʮʴʦʛʦ ʤʦʤʝʥʪʫ 

ʧʨʦʪʷʛʦʤ 8 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʢʦʣʠʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʟʤʽʱʝʥʥʷ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. 

ʎʝʡ ʧʝʨʽʦʜ ʤʦʞʣʠʚʠʡ ʷʢ ʝʪʘʧ ʟʤʽʥʠ ʟʥʘʢʫ ʨʫʭʽʚ ʢʦʨʠ ʥʘ ʧʨʦʪʠʣʝʞʥʠʡ, ʘʣʝ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʤʠʥʫʣʠʤ ʽʥʪʝʨʚʘʣʦʤ ʥʠʟʴʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʽʚ ʢʦʨʠ ʥʘ ʧʦʯʘʪʢʫ ʩʧʦʩʪʝʨʝʞʝʥʴ 

ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʨʝʛʽʦʥʫ, ʜʘʥʠʡ ʝʪʘʧ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ  

ʜʦʚʰʠʡ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʧʝʨʽʦʜʠ ʣʦʢʘʣʴʥʠʭ ʩʪʠʩʥʝʥʴ ʟʝʤʥʦʾ ʢʦʨʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʧʨʠ ʚʠʚʯʝʥʥʽ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ 

ʩʪʘʥʫ ʨʝʛʽʦʥʫ ʚ ʨʽʯʥʦʤʫ ʪʘ ʩʝʟʦʥʥʦʤʫ ʜʽʘʧʘʟʦʥʘʭ. ɿʘ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʫʯʘʩʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʩʧʦʩʪʝʨʽʛʘʣʠ ʨʫʭʠ ʢʦʨʠ 

ʨʽʟʥʦʛʦ ʟʥʘʢʫ ʪʘ ʨʽʟʥʠʭ ʚʝʣʠʯʠʥ, ʧʝʨʝʚʘʞʘʻ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ ʚʝʣʠʯʠʥʦʶ: +326,8 ʤʢʤ, 
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(ʨʠʩʫʥʦʢ 1). 

ɸʥʘʣʽʟʫʶʯʠ ʩʝʡʩʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ (1999-2019 ʨʦʢʠ) ʚʽʜʤʽʯʝʥʦ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʯʘʩʪʦʪʠ ʧʨʦʷʚʫ ʤʽʩʮʝʚʦʾ 

ʩʝʡʩʤʽʯʥʦʩʪʽ. ʂʽʣʴʢʽʩʪʴ ʟʝʤʣʝʪʨʫʩʽʚ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚ ʧʝʨʽʦʜ ʽʥʪʝʥʩʠʚʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ 

ʧʦʨʽʜ, ʷʢʠʡ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʩʣʷ ʟʘʪʠʰʰʷ ʚ ʨʫʭʘʭ ʟʝʤʥʦʾ ʢʦʨʠ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʟʤʽʥʥʠʤ ʚʽʜ ʜʦʤʽʥʫʶʯʦʛʦ ʪʠʧʫ ʨʫʭʫ ʥʘʧʨʷʤʢʦʤ ʪʘ ʚʝʣʠʯʠʥʘʤʠ ʰʚʠʜʢʦʩʪʝʡ ʨʫʭʽʚ: 

ʚʽʜ'ʻʤʥʠʤʠ ʨʫʭʘʤʠ ʪʘ ʚʽʢʦʚʠʤʠ ʭʦʜʘʤʠ ʙʣʠʟʴʢʠʤʠ ʜʦ ʥʫʣʷ. ʆʩʢʽʣʴʢʠ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʪʘʢʠʡ ʧʝʨʽʦʜ ʚʜʨʫʛʝ ʟʘ ʚʝʩʴ ʯʘʩ ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʪʦ ʤʦʞʝʤʦ ʧʨʠʧʫʩʪʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʩʝʡʩʤʽʯʥʦʩʪʽ ʨʝʛʽʦʥʫ. ʄʽʩʮʝʚʘ ʩʝʡʩʤʽʯʥʽʩʪʴ ʭʘʨʘʢʪʝʨʥʘ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʧʨʠ 

ʷʢʽʡ ʚ ʽʥʪʝʨʚʘʣʘʭ 4-6 ʨʦʢʽʚ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʚʽʜʯʫʪʥʽ ʤʽʩʮʝʚʽ ʟʝʤʣʝʪʨʫʩʠ, ʱʦ ʻ 

ʽʥʜʠʢʘʪʦʨʘʤʠ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʩʝʡʩʤʦʥʝʙʝʟʧʝʯʥʠʭ ʨʝʛʽʦʥʘʭ ɿʝʤʣʽ.   

 
ʈʠʩ. 1 ï ʉʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʟʘ ʧʝʨʽʦʜ 

ʟ 1999 ʨʦʢʫ ʧʦ 2019 ʨʽʢ 

ɻʝʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʚ ʨʝʛʽʦʥʽ ʧʦʚôʷʟʘʥʽ ʽʟ ʛʝʦʜʠʥʘʤʽʢʦʶ ʨʝʛʽʦʥʫ, ʟʦʢʨʝʤʘ ʽʟ ʚʝʣʠʯʠʥʘʤʠ 

ʚʽʢʦʚʠʭ ʭʦʜʽʚ ʨʫʭʽʚ ʢʦʨʠ. ɸʢʪʫʘʣʴʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʨʝʛʽʦʥʫ ʚʠʢʣʠʢʘʥʘ 

ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʨʝʻʩʪʨʦʚʘʥʠʭ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʜʯʫʪʥʠʭ. 

ʆʩʪʘʥʥʽ ʚʽʜʯʫʪʥʽ ʧʦʰʪʦʚʭʠ ʥʘ ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʪʷ ʙʫʣʠ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʚ ʣʠʧʥʽ-ʩʝʨʧʥʽ 

2015 ʨʦʢʫ ʥʘ ʪʝʨʠʪʦʨʽʾ ʊʷʯʽʚʩʴʢʦʛʦ ʨʘʡʦʥʫ ɿʘʢʘʨʧʘʪʩʴʢʦʾ ʦʙʣʘʩʪʽ, ʢʦʣʠ ʩʝʡʩʤʽʯʥʠʤʠ 

ʩʪʘʥʮʽʷʤʠ ʙʫʣʦ ʟʘʧʠʩʘʥʦ ʩʦʪʥʽ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʟ ʙʣʠʟʴʢʠʤʠ ʝʧʽʮʝʥʪʨʘʣʴʥʠʤʠ 

ʚʽʜʩʪʘʥʷʤʠ ʚʽʜ ʨʝʞʠʤʥʦʾ ʛʝʦʬʽʟʠʯʥʦʾ ʩʪʘʥʮʽʾ ,,ʊʨʦʩʥʠʢò. ɺʽʜʩʫʪʥʽʩʪʴ ʟʝʤʣʝʪʨʫʩʽʚ 

ʧʽʜʚʠʱʝʥʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʟʙʽʣʴʰʫʻ ʨʠʟʠʢ ʧʨʦʷʚʫ ʙʽʣʴʰ ʧʦʪʫʞʥʽʰʠʭ ʧʽʜʟʝʤʥʠʭ ʧʦʰʪʦʚʭʽʚ 

ʚ ʨʝʛʽʦʥʽ, ʦʩʢʽʣʴʢʠ ʛʝʦʤʝʭʘʥʽʯʥʽ ʧʨʦʮʝʩʠ ʧʨʦʜʦʚʞʫʶʪʴʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʨʫʭʘʤʠ 

ʟʝʤʥʦʾ ʢʦʨʠ, ʟʦʢʨʝʤʘ ʚʠʤʽʨʷʥʠʤʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʚʽʜʯʫʪʥʽ ʧʦʰʪʦʚʭʠ ʥʝ ʨʝʻʩʪʨʫʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ 

ʙʣʠʟʴʢʦ 4,5 ʨʦʢʽʚ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʟʚôʷʟʢʫ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʩʝʡʩʤʽʯʥʽʩʪʶ ʨʝʛʽʦʥʫ 

ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʭʘʨʘʢʪʝʨ ʨʫʭʽʚ ʚ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ɿʘʢʘʨʧʘʪʪʷ, ʱʦʙ 

ʚʠʟʥʘʯʠʪʠ ʤʽʩʷʮʷ ʤʦʞʣʠʚʦʾ ʘʢʫʤʫʣʷʮʽʾ ʛʝʦʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʾʾ ʚʠʚʽʣʴʥʝʥʥʷ. ʇʫʥʢʪ 

ʜʝʬʦʨʤʦʛʨʘʬʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʝò ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʣʽʚʦʤʫ ʙʝʨʝʟʽ ʨʽʯʢʠ ʊʠʩʠ 

(ɿʘʢʘʨʧʘʪʩʴʢʘ ʦʙʣʘʩʪʴ, ɺʠʥʦʛʨʘʜʽʚʩʴʢʠʡ ʨʘʡʦʥ, ʩʤʪ ʂʦʨʦʣʝʚʝ, ʚʫʣ. ʃʫʥʘʯʘʨʩʴʢʦʛʦ, ʙ/ʥ). 

ʉʝʨʝʜʥʷ ʰʚʠʜʢʽʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʮʝʥʪʨʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ɿʘʢʘʨʧʘʪʪʷ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ 

ʩʧʦʩʪʝʨʝʞʝʥʴ 1999-2019 ʨʨ. ʩʪʘʥʦʚʠʪʴ +6.35 ʭ10
-7

 . ʎʷ ʚʝʣʠʯʠʥʘ ʤʘʻ ʫʩʧʘʜʢʦʚʘʥʠʡ 

ʭʘʨʘʢʪʝʨ, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʢʦʨʠ -30:+10 ʭ10
-7
 , ʱʦ ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʂʘʨʧʘʪʦ-ɹʘʣʢʘʥʩʴʢʦʛʦ ʨʝʛʽʦʥʫ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɯʛʥʘʪʠʰʠʥ ɺ.ɺ. ʉʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʟʝʤʥʦʾ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ 

ʨʦʟʣʦʤʫ ʪʘ ʩʝʡʩʤʽʯʥʽʩʪʴ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ. ʄʘʪʝʨʽʘʣʠ ʚʦʩʴʤʦʾ ʤʽʞʥʘʨʦʜʥʦʾ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ,,ʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʩʠʩʪʝʤ,, 10-12- ʪʨʘʚʥʷ 2018 ʨʦʢʫ. ʤ.ʏʝʨʥʽʛʽʚ.: ʫ 2-ʭ ʪ. /ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 
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ʫʥʽʚʝʨʩʠʪʝʪ [ʪʘ ʽʥ.] ; ʚʽʜʧ. ɿʘ ʚʠʧʫʩʢ. : ɭʨʦʰʝʥʢʦ ɸʥʜʨʽʡ  ʄʠʭʘʡʣʦʚʠʯ [ʪʘ ʽʥ.].- ʏʝʨʥʽʛʽʚ : ʏʅʊʋ : 

2018. - ʪ.2. - ʉ.116-118. 

2. ɯʛʥʘʪʠʰʠʥ ɺ.ɺ., ɯʛʥʘʪʠʰʠʥ ʄ.ɹ., ɯʛʥʘʪʠʰʠʥ ɸ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʚôʷʟʢʽʚ ʢʽʥʝʤʘʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʟ ʛʝʦʜʠʥʘʤʽʯʥʠʤ ʪʘ ʩʝʡʩʤʽʯʥʠʤʠ ʩʪʘʥʘʤʠ ɿʘʢʘʨʧʘʪʪʷ.  ʄʘʪʝʨʽʘʣʠ 

ʥʘʫʢʦʚʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʧʨʠʩʚʷʯʝʥʦʾ 100 ï ʨʽʯʥʠʤ ʚʁʽʣʝʷʤ ʅʘʮʽʦʥʘʣʴʥʦʾ ʘʢʘʜʝʤʽʾ ʥʘʫʢ ʪʘ ɻʝʦʣʦʛʽʯʥʦʾ 

ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ,,ɻʝʦʣʦʛʽʷ ʽ ʢʦʨʠʩʥʽ ʢʦʧʘʣʠʥʠ ʋʢʨʘʾʥʠ,, ʂʠʾʚ 2-4 ʞʦʚʪʥʷ 2018 ʨʦʢʫ. /ʅɸʅ ʋʢʨʘʾʥʠ, 

ɯʥ-ʪ ʛʝʦʭʽʤʽʾ,ʤʽʥʝʨʘʣʦʛʽʾ ʪʘ ʨʫʜʦʫʪʚʦʨʝʥʥʷ ʽʤ.ʄ.ʇ. ʉʝʤʝʥʝʥʢʘ, - ʂʠʾʚ .ʉ. 74-76.  

 

ʋɼʂ 628.52 

ɯʚʘʥʝʥʢʦ ʆ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʆʚʝʨʯʝʥʢʦ ʊ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ɯʛʥʘʪʴʻʚʘ ʄ., ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, 

overchenko.tanya@gmail.com  

ʆʎɯʅʂɸ ɺʇʃʀɺʋ ʊɽʄʇɽʈɸʊʋʈʀ, ʂʆʅʎɽʅʊʈɸʎɯɰ ʂʀʉʅʖ ʅɸ ʆʂʀʉʃɽʅʅʗ 

ʊɽʈʄʆɸʅʊʈɸʎʀʊʅʆɻʆ ɺʋɻʃɽʎɽɺʆɻʆ ʄɸʊɽʈɯɸʃʋ 

ʇʨʦʙʣʝʤʘ ʟʘʭʠʩʪʫ ʥʘʩʝʣʝʥʥʷ ʚʽʜ ʦʪʨʫʻʥʥʷ ʯʘʜʥʠʤ ʛʘʟʦʤ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʫʞʝ ʟ 50-ʭ ʨʦʢʽʚ 

ʤʠʥʫʣʦʛʦ ʩʪʦʨʽʯʯʷ. ʅʝ ʤʝʥʰ ʛʦʩʪʨʦ ʩʪʦʾʪʴ ʧʨʦʙʣʝʤʘ ʽ ʚʠʢʠʜʫ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚ. ɸʣʝ 

ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʥʝ ʟʤʝʥʰʝʥʥʷ, ʘ ʟʙʽʣʴʰʝʥʥʷ ʚʠʢʠʜʽʚ ʦʢʩʠʜʽʚ ʢʘʨʙʦʥʫ ʚ 

ʘʪʤʦʩʬʝʨʫ ʯʝʨʝʟ ʩʫʪʪʻʚʝ ʩʢʦʨʦʯʝʥʥʷ ʦʙôʻʤʽʚ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʫ ʪʘ ʟʨʦʩʪʘʥʥʷ 

ʦʙôʻʤʽʚ ʩʧʘʣʶʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʧʘʣʠʚʘ. ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʠʤ ʻ ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʠ 

ʤʦʥʦʦʢʩʠʜʦʤ ʢʘʨʙʦʥʫ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʝʣʝʢʪʨʦʜʥʦʾ ʧʨʦʜʫʢʮʽʾ ʰʣʷʭʦʤ ʛʨʘʬʽʪʘʮʽʾ [1, 2]. 

ɺ ʷʢʦʩʪʽ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʪʝʨʤʦʘʥʪʨʘʮʠʪʥʫ ʧʝʨʝʩʠʧʢʫ ʢʨʫʧʥʽʩʪʶ 2,8ï6,0 ʤʤ. 

ɼʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʪʝʨʤʦʦʙʨʦʙʮʽ ʤʘʪʝʨʽʘʣʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʣʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ, ʩʭʝʤʘ ʷʢʦʾ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʾ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ ʛʘʟʦʚʠʜʽʣʝʥʥʷ ʧʨʠ 

ʪʝʨʤʦʦʙʨʦʙʮʽ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ: 1 ï ʛʘʟʦʘʥʘʣʽʟʘʪʦʨ VARIO PLUS industrial analyzer 

MRU air fair; 2 ï ʛʘʟʦʚʽʜʙʽʨʥʠʢ ʛʘʟʦʘʥʘʣʽʟʘʪʦʨʘ; 3 ï ʪʨʫʙʘ ʜʣʷ ʚʽʜʚʝʜʝʥʥʷ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ; 

4 ï ʪʝʨʤʦʢʘʤʝʨʘ; 5 ï ʪʝʨʤʦʧʘʨʠ; 6 ï ʢʝʨʘʤʽʯʥʘ ʪʨʫʙʢʘ; 7 ï ʩʪʘʢʘʥ ʽʟ ʩʽʪʢʠ ʟ ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ; 8 ï ʥʘʛʨʽʚʘʣʴʥʠʡ ʝʣʝʤʝʥʪ; 9 ï ʨʝʣʝ ʪʝʤʧʝʨʘʪʫʨʠ TENSE PC-96; 10 ï ʨʦʪʘʤʝʪʨʠ ʩʝʨʽʾ 

ʈʌ-ʈʌʄ ʃɻʌʀ.407142.002 ʕʌ; 11 ï ʢʦʤʧʨʝʩʦʨ; 12 ï ʨʝʜʫʢʪʦʨ; 13 ï ʙʘʣʦʥ ʽʟ ʚʫʛʣʝʢʠʩʣʠʤ 

ʛʘʟʦʤ; 14 ï ʢʦʣʙʘ, ʟʘʧʦʚʥʝʥʘ ʚʦʜʦʶ; 15 ï ʢʨʘʥ 

mailto:overchenko.tanya@gmail.com
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ɿʛʽʜʥʦ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʚʫʛʣʝʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʽʟ ʯʘʩʦʤ ʥʘʛʨʽʚʘʥʥʷ (ʪʘʙʣ.1), ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʨʤʦʢʘʤʝʨʽ ʟʘ 7 ʛʦʜʠʥ ʟʨʦʩʪʘʻ ʽʟ 18,6ï21,0 Áʉ 

ʜʦ 790ï860 Áʉ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʨʽʟʥʠʭ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʥʶ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʽʚ ʚ 

ʥʝʟʥʘʯʥʽʡ ʤʽʨʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ, ʷʢʱʦ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʚʦʭ ʛʦʜʠʥ ʧʨʠʨʽʩʪ 

ʪʝʤʧʝʨʘʪʫʨ ʥʦʩʠʪʴ ʚʠʧʘʜʢʦʚʠʡ ʭʘʨʘʢʪʝʨ, ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʧôʷʪʠ ʛʦʜʠʥ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʨʦʩʪʘʻ ʰʚʠʜʰʝ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ. ʄʦʞʣʠʚʦ ʮʝ 

ʧʦʚôʷʟʘʥʦ ʽʟ ʧʽʜʚʠʱʝʥʥʷʤ ʪʝʧʣʦʚʠʜʽʣʝʥʥʷ ʧʨʠ ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʦʢʠʩʣʝʥʥʷ ʚʫʛʣʝʮʶ.  

ʊʘʙʣʠʮʷ 1 ï ɿʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ (ʊ) ʚ ʪʝʨʤʦʢʘʤʝʨʽ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʉʆ (ʉʉʆ) ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʫʪʚʦʨʝʥʦʛʦ ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ (QCO) ʟ ʯʘʩʦʤ ʥʘʛʨʽʚʘʥʥʷ (t)*  

t, 

ʛʦʜ 

ʊ, Áʉ ʉʉʆĀ10
2
 , %/QCO, ʤʛ/(ʛĀʛʦʜ) 

1 2 3 4 1 2 3 4 

0 21 20 20 18,6 0/0 0/0 0/0 0/0 

1 265 270 258 219 0,54/0,05 0/0 0/0 0/0 

2 339 335 320 335 1,61/0,16 1,07/0,10 0,54/0,05 0,54/0,06 

3 394 393 396 421 2,15/0,21 1,61/0,15 2,15/0,19 4,29/0,46 

4 490 476 513 541 9,66/0,95 3,76/0,36 2,69/0,23 40,25/4,35 

5 644 634 653 665 43,99/4,33 25,75/2,44 45,60/3,98 35,41/3,83 

6 795 785 731 847 61,71/6,07 138,43/13,09 96,05/8,38 54,73/5,91 

7 850 850 850 860 41,85/4,12 112,67/10,66 84,77/7,39 63,31/6,85 

Ɇ QCO, ʤʛ/(ʛĀʛʦʜ) 15,9 26,8 20,2 21,5 

ʇʨʠʤʽʪʢʘ: * ï ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ, %: 14,06 (1), 

15,50 (2), 17,50 (3), 20,95 (4) ʧʨʠ ʚʠʪʨʘʪʽ ʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʜʤ
3
/ʛʦʜ: 376 (1); 350 (2); 323 (3); 

350 (4) 

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʤʽʥʘ ʢʦʥʮʝʥʪʨʘʮʽʾ ʫʪʚʦʨʝʥʦʛʦ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʙʫʣʘ ʥʝ ʥʘʩʪʽʣʴʢʠ 

ʦʜʥʦʟʥʘʯʥʦʶ. ʅʘʩʘʤʧʝʨʝʜ ʩʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʦʥʦʦʢʩʠʜʫ ʢʘʨʙʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʠʟʴʢʠʭ ʜʦ 500 Áʉ ʪʘ ʩʫʪʪʻʚʦ 

ʢʦʥʮʝʥʪʨʘʮʽʷ ʉʆ ʟʨʦʩʪʘʻ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 650ï800 Áʉ. ʅʘʡʥʠʞʯʽ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʫ ʛʘʟʦʚʠʭ ʩʫʤʽʰʘʭ ʚʽʜʤʽʯʝʥʽ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ 14 %. ʇʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʜʦ 15,5 % ʚʽʜʤʽʯʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʉʆ (ʥʘ ʨʽʚʥʽ 

13125ï16125 ʤʛ/ʤ
3
). ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʨʦʩʪʘʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ ʚ ʛʘʟʦʚʽʡ ʩʫʤʽʰʽ ʚʤʽʩʪ 

ʦʢʩʠʜʫ ʢʘʨʙʦʥʫ ʚ ʛʘʟʘʭ ʥʘ ʚʠʭʦʜʽ ʟ ʪʝʨʤʦʢʘʤʝʨʠ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ. ʊʘʢ ʩʘʤʦ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʢʠʩʥʶ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʟʤʽʥʶʻʪʴʩʷ ʧʠʪʦʤʘ ʢʽʣʴʢʽʩʪʴ ʫʪʚʦʨʝʥʦʛʦ 

ʤʦʥʦʦʢʩʠʜʫ ʚʫʛʣʝʮʶ. ʄʘʢʩʠʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜʫ ʚʫʛʣʝʮʶ ʥʘ 1 ʛ ʚʫʛʣʝʮʝʚʦʛʦ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʠʩʥʶ 15,5 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 785ï850 Áʉ. 
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ʆɼɽʈɾɸʅʅʗ ɽʃɽʂʊʈʆɽʅɽʈɻɯɰ ɿ ɺʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿʋ 

ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʘʪʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ 

ʟ ʚʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʫ (ʉʆ2). ɺʽʜʥʦʚʣʶʚʘʣʴʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ ʟ ʉʆ2 ʜʦʜʘʪʢʦʚʦ ʜʦ ʦʩʥʦʚʥʦʛʦ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʟʚʽʣʴʥʷʻ ʩʧʦʞʠʚʘʯʘ ʚʽʜ ʛʦʩʪʨʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʝʨʝʞʘʭ. ʇʠʪʘʥʥʷ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʉʆ2 ʪʘʢʦʞ ʪʦʨʢʘʻʪʴʩʷ ʧʠʪʘʥʴ 

ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ, ʦʩʢʽʣʴʢʠ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʥʝʙʝʟʧʝʯʥʦʛʦ ʛʘʟʫ ʚ ʘʪʤʦʩʬʝʨʽ. 

ɺ ʋʢʨʘʾʥʽ ʧʨʦʙʣʝʤʘʤʠ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʦ ʤʽʨʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘʡʤʘʶʪʴʩʷ 

ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʦʨʛʘʥʽʟʘʮʽʡ. ʈʦʟʧʦʨʦʰʝʥʥʷ ʬʽʥʘʥʩʫʚʘʥʥʷ ʥʝ ʩʧʨʠʷʻ ʦʜʝʨʞʘʥʥʶ ʫʩʧʽʭʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʡ ʧʦʪʝʥʮʽʘʣ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ 

ʥʘʙʣʠʞʝʥʦ ʩʪʘʥʦʚʠʪʴ 454,4 ʤʣʨʜ ʢɺʪ ʛʦʜ. ʉʪʘʥʦʤ ʥʘ 2012 ʨʽʢ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ 

ʝʥʝʨʛʽʾ ʤʘʣʠ ʣʠʰʝ 2% ʚʽʜ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʋʢʨʘʾʥʘ ʧʨʠʻʜʥʘʣʘʩʴ ʜʦ ɭʚʨʦʧʝʡʩʴʢʦʛʦ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʽ ʚʟʷʣʘ ʥʝʦʙˇʨʫʥʪʦʚʘʥʝ ʟʦʙʦʚôʷʟʘʥʥʷ ʜʦ 2020 ʨʦʢʫ ʚʠʨʦʙʣʷʪʠ 11% 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʽ ʚʽʜ 2009 ʨʦʢʫ ʧʨʘʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʝʣʝʥʠʡ 

ʪʘʨʠʬ. ʋ ʩʚʽʪʽ ʚ 2013 ʨʦʮʽ ʯʘʩʪʢʘ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʚ ɭʉ ʩʪʘʥʦʚʠʣʘ 15%, ʘʣʝ ʜʦ 2020 

ʨʦʢʫ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʾʾ ʟʙʽʣʴʰʝʥʥʷ ʜʦ 20%. ɺ ɼʘʥʽʾ, ʐʚʝʮʽʾ, ʃʠʪʚʽ ʪʘ ʽʥʰʠʭ ʢʨʘʾʥʘʭ ʮʷ 

ʯʘʩʪʢʘ ʚʞʝ ʩʢʣʘʜʘʻ 42% ʽ ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ʉʆ2, ʱʦ ʧʦʧʘʜʘʻ ʚ ʘʪʤʦʩʬʝʨʫ, ʷʢ ʧʨʦʜʫʢʪ 

ʩʧʘʣʶʚʘʥʥʷ ʧʘʣʠʚʘ, ʧʦʚʠʥʝʥ ʧʨʠʥʦʩʠʪʠ ʢʦʨʠʩʪʴ. ʊʘʢʽ ʧʨʦʝʢʪʠ ʙʽʣʴʰ ʯʠ ʤʝʥʰ ʚʜʘʣʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʧʨʠʩʪʨʦʾʚ ʚʽʜʦʤʽ ʜʘʚʥʦ, ʘʣʝ ʚʦʥʠ ʩʚʽʜʯʘʪʴ ʣʠʰʝ ʧʨʦ ʧʦʯʘʪʦʢ ʩʝʨʡʦʟʥʠʭ 

ʨʦʟʨʦʙʦʢ. ʎʝ ʣʠʰʝ ʧʝʨʰʽ ʢʨʦʢʠ, ʷʢʽ ʩʣʽʜ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ. 

ʄʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʝʢʦʥʦʤʽʯʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʥʘʭʦʜʠʪʴʩʷ 

ʚ ʤʝʞʘʭ ʚʠʪʨʘʪ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ʉʆ2 ʚ ʢʦʨʠʩʥʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʽ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ 200 $ [1, 

2]. ɺʽʜʦʤʽ ʽʥʥʦʚʘʮʽʡʥʽ ʩʧʦʩʦʙʠ ʦʜʝʨʞʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʜʝʰʝʚʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ 

ʯʠʩʪʦʛʦ ʚʦʜʥʶ ʽʟ ʚʦʜʠ, ʨʦʟʯʠʥʝʥʦʛʦ ʚ ʥʽʡ ʉʆ2. ʊʘʢʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʜʚʽʡʥʝ, ʦʩʢʽʣʴʢʠ 

ʟʝʤʥʘ ʘʪʤʦʩʬʝʨʘ ʦʜʥʦʯʘʩʥʦ ʦʯʠʩʪʠʪʴʩʷ ʟʘ ʪʽ ʞ ʚʠʪʨʘʪʠ, ʱʦ ʚʞʝ ʩʘʤʦ ʧʦ ʩʦʙʽ ʤʘʻ ʚʝʣʠʯʝʟʥʝ 

ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʟʛʽʜʥʦ ʩʪʘʪʠʩʪʠʯʥʠʤ ʜʘʥʠʤ ʢʦʞʥʫ ʭʚʠʣʠʥʫ ʚ ʘʪʤʦʩʬʝʨʫ ʚʠʢʠʜʘʻʪʴʩʷ 

32 ʪʠʩ ʪʦʥ ʉʆ2. ʇʨʘʢʪʠʯʥʦ ʟʘʧʘʩʠ ʉʆ2 ʥʝʚʠʯʝʨʧʥʽ. ʉʪʨʘʪʝʛʽʯʥʠʡ ʦʙôʻʤ ʨʠʥʢʫ 

ʫʣʦʚʣʶʚʘʥʥʷ, ʧʝʨʝʨʦʙʢʠ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʝʢʩʧʝʨʪʠ ʦʮʽʥʶʶʪʴ ʚ 22,5 ʤʣʨʜ ʻʚʨʦ ʚ ʨʽʢ. ʊʘʢʝ 

ʩʫʤʽʱʝʥʥʷ ʽʥʥʦʚʘʮʽʡ ʥʘʜʟʚʠʯʘʡʥʦ ʢʦʨʠʩʥʝ. ɿʘ ʜʘʥʠʤʠ ʄʽʞʥʘʨʦʜʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʧʣʘʥʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʥʝʨʛʽʾ ʟʘ ʧôʷʪʴ ʨʦʢʽʚ ʜʦ 2019 ʨʦʢʫ ʫ ʩʚʽʪʽ 

ʥʘ 40%. ʇʨʠ ʮʴʦʤʫ ʧʦʧʝʨʝʜʞʘʻʪʴʩʷ ʧʨʦ ʩʢʣʘʜʥʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʮʴʦʛʦ ʥʘʧʨʷʤʢʫ. 

ɸʥʘʣʽʟʫʶʯʠ ʮʶ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʟ ʧʝʚʥʽʩʪʶ ʤʦʞʥʘ 

ʩʧʨʦʛʥʦʟʫʚʘʪʠ, ʱʦ ʥʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʙʫʜʝ ʦʜʝʨʞʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʢʦʩʤʦʩʫ, ʘʣʝ ʜʦ 

ʮʴʦʛʦ ʧʦʢʠ ʱʦ ʥʘʫʢʘ ʪʘ ʪʝʭʥʽʢʘ ʪʽʣʴʢʠ ʛʦʪʫʶʪʴʩʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʜʫʤʦʚ ʨʦʟʚʠʪʢʫ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʟ 

ʉʆ2, ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʩʬʝʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʧʦʩʦʙʽʚ ʦʜʝʨʞʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2, ʷʢ ʩʫʯʘʩʥʠʭ ʽ 

ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʧʨʦʮʝʩʽʚ ʽ ʦʩʥʘʱʝʥʥʷ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʉʆ2 , ʚʩʪʘʥʦʚʠʪʠ ʚʩʽ 

ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʧʨʦʮʝʩʽʚ ʽ ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʽʞ ʥʠʤʠ, ʥʘʚʝʩʪʠ 

ʧʨʠʢʣʘʜʠ ʥʘʡʙʽʣʴʰ ʩʫʯʘʩʥʠʭ ʝʬʝʢʪʠʚʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʜʝʨʞʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2. 

ɺʽʜʦʤʦ ʪʨʠ ʦʩʥʦʚʥʽ ʩʭʝʤʠ ʫʣʦʚʣʶʚʘʥʥʷ ʉʆ2 [2]: ʚʠʜʘʣʝʥʥʷ ʉʆ2 ʧʽʩʣʷ ʩʧʘʣʶʚʘʥʥʷ 

ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ, ʜʦ ʩʧʘʣʶʚʘʥʥʷ ʪʘ ʢʠʩʥʝʚʦ-ʧʘʣʠʚʥʦʛʦ ʩʧʘʣʶʚʘʥʥʷ. ɺ ʧʝʨʰʽʡ ʩʭʝʤʽ 

mailto:vik_shabajkin@ukr.net


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

107 

ʫʣʦʚʣʶʚʘʥʥʷ ʛʘʟʫ ʧʦʣʷʛʘʻ ʫ ʚʽʜʜʽʣʝʥʥʽ ʉʆ2 ʚʽʜ ʜʠʤʦʚʠʭ ʛʘʟʽʚ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʘʙʩʦʨʙʮʽʾ. ɸʙʩʦʨʙʝʥʪʦʤ ʚʠʩʪʫʧʘʻ ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʤʦʥʦʝʪʘʥʦʣʘʤʽʥʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʻʪʴʩʷ ʩʫʤʽʰ ʟʚôʷʟʘʥʦʛʦ ʉʆ2, ʷʢʘ ʧʦʩʪʫʧʘʻ ʫ ʨʝʛʝʥʝʨʘʪʦʨ, 

ʥʘʛʨʽʚʘʻʪʴʩʷ, ʨʝʛʝʥʝʨʫʻʪʴʩʷ ʘʙʩʦʨʙʝʥʪ ʽ ʚʠʜʽʣʷʻʪʴʩʷ ʯʠʩʪʠʡ ʢʦʥʮʝʥʪʨʦʚʘʥʠʡ ʜʦ 99,9% ʉʆ2. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʫʣʦʚʣʶʚʘʥʥʷ ʛʘʟʫ ʜʦ 95%, ʥʝʜʦʣʽʢʠ ï ʟʥʘʯʥʽ ʟʘʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ 

ʚʽʜʥʦʚʣʝʥʥʷ ʘʙʩʦʨʙʝʥʪʫ ʪʘ ʩʪʠʩʥʝʥʥʷ ʉʆ2 ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ. ʋ ʜʨʫʛʽʡ ʩʭʝʤʽ ʧʝʨʚʠʥʥʝ 

ʧʘʣʠʚʦ ʧʽʜʜʘʻʪʴʩʷ ʦʙʨʦʙʮʽ ʚ ʨʝʘʢʪʦʨʽ ʟ ʦʜʝʨʞʘʥʥʷʤ ʩʫʤʽʰʽ ʟ ʦʢʩʠʜʫ ʪʘ ʜʽʦʢʩʠʥʫ ʚʫʛʣʝʮʶ 

ʪʘ ʚʦʜʥʶ, ʟ ʷʢʦʛʦ ʦʪʨʠʤʫʻʪʴʩʷ ʉʆ2 ʽ ʩʫʤʽʰ ʅ2 ʽ ʉʆ2, ʷʢʽ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʧʘʣʠʚʦ ʜʣʷ 

ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʂʠʩʥʝʚʦ-ʧʘʣʠʚʥʝ ʩʧʘʣʶʚʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʽ 

ʦʢʠʩʥʶʚʘʯʘ, ʟʙʘʛʘʯʝʥʦʛʦ ʢʠʩʥʝʤ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ʟ ʚʠʜʽʣʝʥʥʷʤ ʟ ʥʴʦʛʦ ʘʟʦʪʫ. ʇʽʩʣʷ 

ʩʧʘʣʶʚʘʥʥʷ ʦʜʝʨʞʫʶʪʴʩʷ ʜʠʤʦʚʽ ʛʘʟʠ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʉʆ2, ʱʦ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʾʭ ʫʣʦʚʣʶʚʘʥʥʷ.  
ɼʦ ʥʝʜʦʣʽʢʽʚ ʨʦʟʨʦʙʦʢ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʥʝʜʦʩʪʘʪʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʪʚʦʨʝʥʥʷ ʝʥʝʨʛʽʾ 

ʜʠʤʦʚʠʭ ʛʘʟʽʚ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ, ʥʠʟʴʢʫ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʪʦʱʦ. ʎʽ ʥʝʜʦʣʽʢʠ ʙʫʣʠ ʫʩʫʥʫʪʽ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʻʤʥʦʩʪʽ ʟ ʉʆ2, ʨʝʘʢʪʦʨʘ ʟ ʧʨʠʩʪʦʩʫʚʘʥʥʷʤ ʜʣʷ ʚʧʣʠʚʫ 

ʥʘ ʛʘʟ, ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʽʤʧʫʣʴʩʥʦʾ ʘʢʪʠʚʘʮʽʾ ʛʘʟʦʚʦʛʦ ʨʝʘʛʝʥʪʫ, 

ʨʝʛʫʣʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʚʠʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 
ʇʝʨʝʚʘʛʠ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʦʜʝʨʞʘʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2 

ʧʦʣʷʛʘʶʪʴ ʚ ʢʦʤʧʣʝʢʩʥʦʤʫ ʨʦʟʢʨʠʪʪʽ ʧʨʦʙʣʝʤʠ ʫʣʦʚʣʶʚʘʥʥʷ ʉʆ2 ʟ ʧʦʚʽʪʨʷ ʯʠ ʚʦʜʠ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʫʛʣʝʢʠʩʣʦʛʦ ʧʘʣʠʚʘ, ʡʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʪʘ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʚ ʤʽʩʮʝ 

ʩʧʦʞʠʚʘʥʥʷ. ɺʽʜʦʤʽ ʧʫʙʣʽʢʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʨʦʟʢʨʠʚʘʶʪʴ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʪʝʭʥʦʣʦʛʽʡ 

ʚʽʜʥʦʚʣʝʥʥʷ, ʚʽʜʦʤʦʛʦ ʥʝʜʦʩʢʦʥʘʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʦʩʥʘʱʝʥʥʷ. ʆʩʢʽʣʴʢʠ ʪʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʣʠʰʝ ʟʘʧʦʯʘʪʢʦʚʫʶʪʴ ʢʦʤʧʣʝʢʩʥʽ, ʪʦ ʧʦʢʠ ʱʦ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʟʥʘʭʦʜʷʪʴʩʷ ʥʘ ʧʦʯʘʪʢʦʚʦʤʫ ʨʽʚʥʽ, ʻ ʬʨʘʛʤʝʥʪʘʨʥʠʤʠ, ʘ ʚʝʩʴ ʢʦʤʧʣʝʢʩ ʨʘʟʦʤ ʚʠʤʘʛʘʻ 

ʟʥʘʯʥʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ. ʇʦʢʠ ʱʦ ʚ 

ʦʩʥʦʚʫ ʾʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʟʘʢʣʘʜʝʥʽ ʩʪʘʨʽ ʬʽʟʠʯʥʽ ʪʘ ʭʽʤʽʯʥʽ ʧʨʠʥʮʠʧʠ, ʱʦ ʚʠʤʘʛʘʶʪʴ 

ʜʦʜʘʪʢʦʚʦ ʾʭ ʟʤʽʥʠ, ʩʪʠʢʫʚʘʥʥʷ. ɻʦʣʦʚʥʽ ʾʭ ʥʝʜʦʣʽʢʠ ï ʮʝ ʥʝʚʠʩʦʢʽ ʪʝʭʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʽ 

ʟʥʘʯʥʽ ʚʠʪʨʘʪʠ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʮʽʣʴʥʦʾ ʪʘ ʝʬʝʢʪʠʚʥʦʾ ʪʝʦʨʽʾ ʪʘ ʧʨʘʢʪʠʢʠ 

ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2.  

ɺʠʩʥʦʚʢʠ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʦʢ ʩʣʽʜ ʚʠʜʽʣʠʪʠ, ʷʢ ʪʠʧʦʚʽ, ʥʘʡʢʨʘʱʽ 

ʚʟʽʨʮʽ ʪʝʭʥʦʣʦʛʽʾ ʦʜʝʨʞʘʥʥʷ ʚʫʛʣʝʮʝʚʦʛʦ ʧʘʣʠʚʘ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟ 

ʥʘʩʪʫʧʥʦʶ ʾʭ ʫʥʽʬʽʢʘʮʽʻʶ, ʱʦ ʤʦʞʥʘ ʥʘʡʢʨʘʱʝ ʟʘʙʝʟʧʝʯʠʪʠ ʪʽʣʴʢʠ ʽʥʥʦʚʘʮʽʡʥʠʤʠ 

ʨʽʰʝʥʥʷʤʠ ʚʫʟʴʢʠʭ ʩʧʝʮʽʘʣʽʩʪʽʚ ʚ ʛʘʣʫʟʽ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2. ʆʜʝʨʞʘʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ ʢʦʤʧʦʥʦʚʦʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʦʩʥʘʱʝʥʥʷ ʜʣʷ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟ ʉʆ2 ʧʝʨʝʜʙʘʯʘʻ ʩʧʦʯʘʪʢʫ ʨʦʟʨʦʙʢʫ 

ʪʝʭʥʦʣʦʛʽʾ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʚʠʙʽʨ ʥʘʡʢʨʘʱʠʭ ʚʟʽʨʮʽʚ, ʧʦʰʫʢ ʽʥʥʦʚʘʮʽʡʥʦʛʦ 

ʨʽʰʝʥʥʷ ʪʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʦʧʝʨʘʮʽʡ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʫʶʯʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʪʨʘʜʠʮʽʡʥʦʾ ʧʘʣʠʚʥʦʾ ʙʘʟʠ ʥʘ ʪʨʘʥʩʧʦʨʪʽ, ʚ ʝʢʦʥʦʤʽʮ ̔ ʚʟʘʛʘʣʽ. ʉʫʪʪʻʚʽ 

ʧʦʢʨʘʱʝʥʥʷ ʨʦʟʨʦʙʦʢ ʟʘʙʝʟʧʝʯʫʶʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʠʟʘʮʽʾ, ʢʦʣʠ ʤʦʞʥʘ 

ʰʚʠʜʢʦ ʽ ʟ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʚʥʝʩʪʠ ʥʝʦʙʭʽʜʥʽ ʧʦʢʨʘʱʫʶʯʽ ʟʤʽʥʠ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʤʦʜʫʣʴʥʽʡ ʢʦʥʮʝʧʮʽʾ ʪʘ ʚʽʨʪʫʘʣʴʥʽʡ ʨʦʟʨʦʙʮʽ. ʅʝʛʘʪʠʚʥʦʶ ʩʪʦʨʦʥʦʶ ʚʢʘʟʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ 

ʧʦʚʥʘ ʥʝʧʽʜʛʦʪʦʚʣʝʥʽʩʪʴ ʽ ʤʦʞʣʠʚʦ ʥʝʨʦʟʫʤʽʥʥʷ ʚʘʞʣʠʚʦʩʪʽ ʾʾ ʨʝʘʣʽʟʘʮʽʾ, ʦʩʢʽʣʴʢʠ ʪʝʧʝʨ 

ʜʦʤʽʥʫʶʪʴ ʟʦʚʩʽʤ ʽʥʰʽ ʟʘʚʜʘʥʥʷ, ʯʘʩʪʽʰʝ ʧʦʣʽʪʠʯʥʽ, ʘ ʟʘʛʘʣʴʥʘ ʩʠʪʫʘʮʽʷ ʪʘʢʦʞ 

ʥʝʩʧʨʠʷʪʣʠʚʘ. ɿʘ ʟʤʽʥʠ ʩʠʪʫʘʮʽʾ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʥʘ ʢʨʘʱʝ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ, ʱʦ ʪʘʢʽ 

ʨʦʙʦʪʠ ʙʫʜʫʪʴ ʟʘʪʨʝʙʫʚʘʥʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Scientists have discovered a way to obtain energy from carbon dioxid Researchers develop efficient 

way to make H2, electricity from CO2 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // Yonhap News Agency. ï 2019. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://en.yna.co.kr/view/AEN20190604006700320. 
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2. Janssen R. Renewable energy into the mainstream / R. Janssen. ï Sittard, Netherlands, 2002. ï 

54 ʩ. ï (IEA Renewable Energy Working Party). 
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ʊɽʍʅʆɻɽʅʅɯ ɼɾɽʈɽʃɸ ʅɸɼʍʆɼɾɽʅʅʗ ʂʆʄʇʆʅɽʅʊɯɺ ʋ ʇʈʀʈʆɼʅɯ ɺʆɼʀ 

ʈɯʏʆʂ ʂɸʈʇɸʊʉʔʂʆɻʆ ʈɽɻɯʆʅʋ 

ʅʘ ʷʚʠʱʝ ʟʤʽʥʠ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʚʦʜʠ ʚʧʣʠʚʘʶʪʴ ʟʘʙʨʫʜʥʶʶʯʽ ʨʝʯʦʚʠʥʠ ʷʢ ʧʨʠʨʦʜʥʦʛʦ 

ʪʘʢ ʽ ʪʝʭʥʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʎʝ ʩʢʠʜʠ ʥʝʦʯʠʱʝʥʠʭ ʩʪʦʢʽʚ, ʟʘʩʦʙʠ ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ ʪʘ 

ʤʽʥʝʨʘʣʴʥʽ ʜʦʙʨʠʚʘ ʟʤʠʪʽ ʽʟ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʫʛʽʜʴ, ʟʚʘʣʠʱʘ ʪʚʝʨʜʠʭ ʚʽʜʭʦʜʽʚ (ʨʠʩ.1, ʘ), 

ʘ ʪʘʢʦʞ ʧʦʰʫʢʦʚʦ-ʨʦʟʚʽʜʫʚʘʣʴʥʝ ʙʫʨʽʥʥʷ ʽ ʚʠʜʦʙʫʪʦʢ ʚʫʛʣʝʚʦʜʥʽʚ (ʨʠʩ. 1, ʙ). ɿʘʛʨʦʟʣʠʚʦʶ 

ʻ ʘʢʪʠʚʽʟʘʮʽʷ ʝʨʦʟʽʡʥʠʭ ʛʝʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʜʽʣʷʥʢʘʭ ʣʽʩʦʨʦʟʨʦʙʦʢ ʪʘ ʥʝʜʦʩʪʘʪʥʷ 

ʨʝʢʫʣʴʪʠʚʘʮʽ ̫ʨʦʟʦʨʝʥʠʭ ʟʝʤʝʣʴ (ʨʠʩ. 1, ʚ, ʨʠʩ. 1, ʛ) [1].  

   
                                         ʘ)                     ʙ) 

  
                                       ʚ)                    ʛ) 

ʈʠʩ. 1 ï ʇʨʠʢʣʘʜʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʧʣʠʚʫ: ʘ) ʩʤʽʪʪʻʟʚʘʣʠʱʝ ʩ. ɻʨʠʙʦʚʠʯʽ; ʙ) ʚʠʪʦʢʠ 

ʥʘʬʪʠ ʙʽʣʷ ʣʽʢʚʽʜʦʚʘʥʦʾ ʩʚʝʨʜʣʦʚʠʥʠ;  ʚ) ʟʥʠʱʝʥʥʷ ˇʨʫʥʪʦʚʦ-ʨʦʩʣʠʥʥʦʛʦ ʧʦʢʨʠʚʫ ʥʘ 

ʜʽʣʷʥʮʽ ʩʫʮʽʣʴʥʦʾ ʚʠʨʫʙʢʠ ʣʽʩʫ; ʛ)ʨʦʟʦʨʶʚʘʥʥʷ ˇʨʫʥʪʽʚ ʫ ʛʽʨʩʴʢʽʡ ʯʘʩʪʠʥʽ ʙʘʩʝʡʥʫ ʨ. ʉʪʨʠʡ 

ʪʘ ʘʢʪʠʚʽʟʘʮʽʷ ʝʨʦʟʽʡʥʠʭ ʧʨʦʮʝʩʽʚ  
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ɿʘʙʨʫʜʥʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ ʚ ʇʨʠʢʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʩʧʨʠʯʠʥʷʶʪʴ ʣʽʢʚʽʜʦʚʘʥʽ 

ʩʚʝʨʜʣʦʚʠʥʠ ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʩʦʯʫʚʘʥʥʷ ʥʘʬʪʠ ʪʘ ʧʣʘʩʪʦʚʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʧʦʙʣʠʟʫ 

ʥʠʭ ʟʥʘʭʦʜʷʪʴʩʷ ʥʝʣʽʢʚʽʜʦʚʘʥʽ ʚʽʜʭʦʜʠ ʙʫʨʽʥʥʷ. ʇʦʪʝʥʮʽʡʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʟʘʙʨʫʜʥʝʥʥʷ 

ʥʘʬʪʦʧʨʦʜʫʢʪʘʤʠ ʻ ʤʘʛʽʩʪʨʘʣʴʥʠʡ ʥʘʬʪʦʧʨʦʚʽʜ ñɼʨʫʞʙʘò, ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʙʘʩʝʡʥʽ 

ʨ. ʉʪʨʠʡ ʪʘ ʚʠʪʦʢʠ ʯʝʨʝʟ ʘʚʘʨʽʾ ʥʘ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʫʶʯʠʭ ʥʘʬʪʦʧʨʦʚʦʜʘʭ. 

ɼʣʷ ʃʴʚʽʚʩʴʢʦʾ ʦʙʣʘʩʪʽ ʘʢʪʫʘʣʴʥʦʶ ʻ ʫʪʠʣʽʟʘʮʽʷ ʟʥʘʯʥʠʭ ʦʙôʻʤʽʚ ʚʠʨʦʙʥʠʯʠʭ ʽ 

ʧʦʙʫʪʦʚʠʭ ʚʽʜʭʦʜʽʚ. ɹʫʜʴ-ʷʢʝ ʩʤʽʪʪʻʟʚʘʣʠʱʝ ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʣʶʜʠʥʠ ʝʢʦʣʦʛʽʯʥʠʤ 

ʦʙôʻʢʪʦʤ. ɺ ʡʦʛʦ ʤʝʞʘʭ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ ʚʩʽ ʤʦʞʣʠʚʽ ʚʠʜʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ, ʘ ʩʘʤʝ: 

ʟʘʙʨʫʜʥʝʥʥʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʧʦʚʽʪʨʷ, ˇʨʫʥʪʽʚ, ʧʠʪʥʠʭ ʚʦʜ ʪʘ ʨʦʩʣʠʥ, ʱʦ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ. [2]. 

ʑʝ ʙʽʣʴʰʝ ʫʩʢʣʘʜʥʶʻ ʧʨʦʙʣʝʤʫ ʫʪʠʣʽʟʘʮʽʾ ʚʽʜʭʦʜʽʚ ʚʠʥʠʢʥʝʥʥʷ ʥʝʧʽʜʛʦʪʦʚʣʝʥʠʭ 

ʟʚʘʣʠʱ ʚ ʤʝʞʘʭ ʢʘʨôʻʨʽʚ. ʇʨʠʯʠʥʦʶ ʩʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʩʭʦʚʠʱ ʻ ʧʦʤʠʣʢʦʚʘ ʜʫʤʢʘ ʧʨʦ ʪʝ, 

ʱʦ ʟʚʠʯʘʡʥʽ ʢʘʨôʻʨʥʽ ʚʠʾʤʢʠ ʩʧʨʠʷʶʪʴ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʽʭ ʪʝʨʠʪʦʨʽʡ. 

ʇʨʦʪʝ ʥʘʚʽʪʴ ʛʣʠʥʷʥʽ ʢʘʨôʻʨʠ ʥʝ ʟʘʚʞʜʠ ʤʦʞʫʪʴ ʛʘʨʘʥʪʫʚʘʪʠ ʝʢʦʣʦʛʽʯʥʫ ʙʝʟʧʝʢʫ ʮʠʭ 

ʩʤʽʪʪʻʟʚʘʣʠʱ. 

 ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʟ ʦʭʦʨʦʥʠ ʟʝʤʝʣʴʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʧʝʨʝʜʛʽʨʩʴʢʠʭ ʨʘʡʦʥʘʭ ʻ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʘʭ, ʾʭ ʚʦʜʥʘ ʝʨʦʟʽʷ ʽ ʥʝʜʦʩʪʘʪʥʷ ʫʚʘʛʘ ʜʦ 

ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʟʝʤʝʣʴ. ʆʩʦʙʣʠʚʽʩʪʶ ʨʽʣʴʥʠʮʪʚʘ ʚ ʂʘʨʧʘʪʩʴʢʦʤʫ ʨʝʛʽʦʥʽ ʻ ʪʝ, ʱʦ ʚʦʥʦ 

ʧʨʦʚʦʜʠʪʴʩʷ ʟʘ ʟʥʘʯʥʠʭ ʩʭʠʣʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʣʠʰʝ ʟʘ ʦʩʽʥʥʴʦ-ʚʝʩʥʷʥʠʡ 

ʧʝʨʽʦʜ ʽʟ ʨʦʟʦʨʘʥʦʛʦ ʧʦʣʷ ʟʤʠʚʘʻʪʴʩʷ ʜʦ 200 ʤ
3
 ˇʨʫʥʪʫ ʟ 1 ʛʘ [3]. 

ʈʦʟʧʦʯʘʪʝ ʫ XYIII ʩʪ. ʤʘʩʦʚʝ ʚʠʨʫʙʫʚʘʥʥʷ ʣʽʩʽʚ ʚ ʜʦʩʣʽʜʞʫʚʘʥʦʤʫ ʨʝʛʽʦʥʽ ʧʨʦʚʦʜʠʣʦʩʴ 

ʥʘ ʚʝʣʠʯʝʟʥʠʭ ʧʣʦʱʘʭ, ʱʦ ʧʨʦʩʪʷʛʘʣʠʩʷ ʚʽʜ ʨʽʯʢʦʚʠʭ ʜʦʣʠʥ ʜʦ ʚʝʨʭʥʴʦʾ ʤʝʞʽ ʣʽʩʫ. ʎʝ 

ʩʧʨʠʯʠʥʠʣʦ ʘʢʪʠʚʽʟʘʮʽʶ ʰʢʽʜʣʠʚʠʭ ʛʝʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʘ ʩʘʤʝ ʧʣʦʱʠʥʥʦʾ ʪʘ 

ʣʽʥʽʡʥʦʾ ʝʨʦʟʽʾ ʛʽʨʩʴʢʠʭ ˇʨʫʥʪʽʚ, ʩʝʣʝʚʠʭ ʧʦʪʦʢʽʚ ʽ ʢʘʪʘʩʪʨʦʬʽʯʥʠʭ ʧʦʚʝʥʝʡ [4]. 

ʅʘ ʩʪʘʥ ʨʽʯʦʢ ʪʘ ʨʦʟʚʠʪʦʢ ʥʝʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʧʨʦʮʝʩʽʚ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʤʘʶʪʴ 

ʛʨʘʚʽʡʥʦ-ʛʘʣʴʢʦʚʽ ʢʘʨôʻʨʠ ʚ ʨʫʩʣʘʭ ʨʽʯʦʢ, ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʟ ʷʢʠʭ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʝ 

ʩʘʥʢʮʽʦʥʦʚʘʥʦ. ɺʠʜʦʙʫʪʦʢ ʛʨʘʚʽʡʥʦ-ʛʘʣʴʢʦʚʠʭ ʚʽʜʢʣʘʜʽʚ, ʷʢʠʡ ʜʫʞʝ ʯʘʩʪʦ ʟʜʽʡʩʥʶʻʪʴʩʷ 

ʧʽʜ ʧʨʠʚʦʜʦʤ ʨʦʟʯʠʱʝʥʥʷ ʨʫʩʝʣ, ʣʽʢʚʽʜʘʮʽʾ ʥʘʥʦʩʽʚ ʪʘ ʦʩʪʨʽʚʮʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʧʨʦʭʦʜʞʝʥʥʷ ʧʘʚʦʜʢʽʚ, ʜʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʟ 

ʝʢʦʣʦʛʽʯʥʦʛʦ ʧʦʛʣʷʜʫ. ʅʘ ʧʨʘʢʪʠʮʽ ʪʘʢʘ ʜʽʷʣʴʥʽʩʪʴ ʥʝ ʪʽʣʴʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʥʠʞʝʥʥʷ 

ʤʽʩʮʝʚʦʛʦ ʙʘʟʠʩʫ ʝʨʦʟʽʾ, ʨʫʡʥʫʚʘʥʥʷ ʙʝʨʝʛʽʚ ʽ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ, ʘʣʝ ʡ ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʥʝʨʝʩʪʦʚʫ ʤʽʛʨʘʮʽʶ ʪʘ ʥʝʨʝʩʪ ʨʠʙ ʫ ʙʘʩʝʡʥʽ ʛʽʨʩʴʢʠʭ ʨʽʯʦʢ [1]. 

ʆʩʥʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ, ʷʢʘ ʧʦʚôʷʟʘʥʘ ʽʟ ʙʘʩʝʡʥʦʚʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʱʦ ʬʫʥʢʮʽʦʥʫʶʪʴ ʫ 

ʤʝʞʘʭ ʧʨʦʤʠʩʣʦʚʠʭ ʪʝʨʠʪʦʨʽʡ ʻ ʢʘʨôʻʨʠ, ʷʢʽ ʻ ʟʘʛʨʦʟʦʶ ʜʣʷ ʞʠʪʣʦʚʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ, 

ʽʥʞʝʥʝʨʥʠʭ ʽ ʤʘʛʽʩʪʨʘʣʴʥʠʭ ʢʦʤʫʥʽʢʘʮʽʡ, ʘ ʪʘʢʦʞ ʧʨʦʤʠʩʣʦʚʽ ʪʦʢʩʠʯʥʽ ʚʽʜʭʦʜʠ, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʚ ˇʨʫʥʪʦʚʽ ʪʘ ʨʽʯʢʦʚʽ ʚʦʜʠ. ʎʝ ʷʚʠʱʝ ʻ ʧʦʰʠʨʝʥʠʤ, ʦʩʢʽʣʴʢʠ ʣʠʰʝ ʥʘ 

ʃʴʚʽʚʱʠʥʽ ʟʥʘʭʦʜʠʪʴʩʷ ʙʣʠʟʴʢʦ 250 ʚʝʣʠʢʠʭ ʪʘ ʩʝʨʝʜʥʽʭ ʢʘʨôʻʨʽʚ, ʚ ʷʢʠʭ ʨʦʟʨʦʙʣʷʶʪʴ ʯʠ 

ʨʘʥʽʰʝ ʨʦʟʨʦʙʣʷʣʠ ʨʽʟʥʽ ʤʽʥʝʨʘʣʴʥʽ ʨʝʩʫʨʩʠ. ʇʝʨʝʚʘʞʥʦ ʮʝ ʢʘʨôʻʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʩʠʨʦʚʠʥʠ: 

ʧʽʩʢʫ, ʛʣʠʥʠ, ʙʫʜʽʚʝʣʴʥʦʛʦ ʢʘʤʝʥʶ, ʧʽʱʘʥʦ-ʛʨʘʚʽʡʥʦʾ ʩʫʤʽʰʽ ʪʦʱʦ. ʆʜʥʘʢ ʥʘʡʙʽʣʴʰʽ 

ʢʘʨôʻʨʠ ʨʝʛʽʦʥʫ ʚʩʝ ʞ ʧʦʚôʷʟʘʥʽ ʽʟ ʚʠʜʦʙʫʪʢʦʤ ʩʘʤʦʨʦʜʥʦʾ ʩʽʨʢʠ. [2]. 
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ʄɽʊʆɼ ʄɽʍɸʅɯʏʅʆɰ ʇʆɼɯɹʅʆʉʊɯ ɺ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʀʍ 

ɼʆʉʃɯɼɾɽʅʅʗʍ ʂʆʃɯɭʋʊɺʆʈɽʅʅʗ  

ʋʥʘʩʣʽʜʦʢ ʥʝʦʜʥʦʨʘʟʦʚʦʛʦ ʧʨʦʾʟʜʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʧʦ ʥʝʦʙʨʦʙʣʝʥʽʡ 

ˇʨʫʥʪʦʚʽʡ ʧʦʚʝʨʭʥʽ, ʚ ʥʽʡ ʬʦʨʤʫʻʪʴʩʷ ʢʦʣʽʷ. ʎʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʰʠʥ ʽ ʤʝʭʘʥʽʟʤʽʚ 

ʣʽʩʦʟʘʛʦʪʽʚʣʽ, ʜʦʨʦʞʥʴʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. ɯʥʪʝʥʩʠʚʥʽʩʪʴ 

ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʝʞʠʤʽʚ ʨʫʭʫ ʤʘʰʠʥʠ: ʰʚʠʜʢʦʩʪʽ, ʚʘʥʪʘʞʥʦʩʪʽ, ʢʦʥʪʘʢʪʥʦʛʦ 

ʪʠʩʢʫ ʥʘ ˇʨʫʥʪ ʪʦʱʦ. ʂʨʽʤ ʪʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʣʽʾ ʟʫʤʦʚʣʶʻʪʴʩʷ ʡ ʧʨʠʨʦʜʥʠʤʠ ʯʠʥʥʠʢʘʤʠ: 

ʭʘʨʘʢʪʝʨʦʤ, ʩʪʨʫʢʪʫʨʦʶ, ʚʦʣʦʛʽʩʪʶ ʪʘ ʱʽʣʴʥʽʩʪʶ ˇʨʫʥʪʫ, ʤʝʭʘʥʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʷʢʦʛʦ 

ʤʦʞʣʠʚʦ ʦʢʨʝʩʣʠʪʠ ʷʢ ʚôʷʟʢʝ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʝ ʩʝʨʝʜʦʚʠʱʝ ʟ ʦʟʥʘʢʘʤʠ ʧʦʚʟʫʯʦʩʪʽ ʪʘ 

ʟʜʘʪʥʽʩʪʶ ʜʦ ʜʝʩʪʨʫʢʮʽʾ ʡ ʟʥʦʩʫ. ʉʢʣʘʜʥʽʩʪʴ ʘʜʝʢʚʘʪʥʦʾ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʽ ʢʦʥʪʘʢʪʫ ʨʫʰʽʷ 

ʤʘʰʠʥʠ ʪʘ ˇʨʫʥʪʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫʪʨʫʜʥʶʻ ʦʪʨʠʤʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʷʢʽ 

ʤʦʛʣʠ ʙ ʝʬʝʢʪʠʚʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʠʭ 

ʨʝʞʠʤʽʚ ʨʫʭʫ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʟ ʦʛʣʷʜʫ ʤʽʥʽʤʽʟʘʮʽʾ ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ ʪʘ 

ʧʦʚôʷʟʘʥʠʤ ʽʟ ʮʠʤ ʟʤʝʥʰʝʥʥʷʤ ʚʠʪʨʘʪʠ ʧʘʣʠʚʘ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʟʤʝʥʰʝʥʥʷʤ ʧʠʪʦʤʠʭ ʚʠʪʨʘʪ 

ʥʘ ʦʜʠʥʠʮʶ ʢʽʥʮʝʚʦʛʦ ʧʨʦʜʫʢʪʫ ʪʘ ʟʥʠʞʝʥʥʷʤ ʩʪʫʧʝʥʶ ʧʦʰʢʦʜʞʝʥʦʩʪʽ ʦʪʦʯʫʶʯʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

ɼʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʧʽʜʭʽʜ ʜʦ ʚʠʚʯʝʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ 

ʚ ʨʝʘʣʴʥʠʭ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ ʧʦʚôʷʟʫʻʪʴʩʷ ʟʽ ʟʥʘʯʥʠʤʠ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʚʠʪʨʘʪʘʤʠ, ʷʢʽ 

ʦʭʦʧʣʶʶʪʴ ʚʘʨʪʽʩʪʴ ʧʘʣʠʚʦ-ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʘʨʪʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʤʘʰʠʥʠ, ʝʢʩʧʝʜʠʮʽʡʥʽ ʚʠʪʨʘʪʠ, ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ ʟ ʨʝʢʫʣʴʪʠʚʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ 

ʧʦʣʽʛʦʥʽʚ [1]. ʂʨʽʤ ʪʦʛʦ, ʦʙʤʝʞʝʥʥʷ ʩʧʝʢʪʨʫ ʥʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʝ ʥʘʜʘʻ ʟʤʦʛʫ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʢʦʣʽʾ ʜʣʷ ʰʠʨʦʢʦʛʦ ʟʘʛʘʣʫ ʤʘʰʠʥ ʽ ˇʨʫʥʪʦʚʠʭ ʧʦʚʝʨʭʦʥʴ ʨʫʭʫ.  

ɿ ʤʝʪʦʶ ʧʦʜʦʣʘʥʥʷ ʦʢʨʝʩʣʝʥʠʭ ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʪʨʫʜʥʦʱʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʧʨʦʮʝʩʫ ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʤʝʪʦʜ ʤʝʭʘʥʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ. ʇʝʨʝʚʘʛʠ ʪʘʢʦʛʦ 

ʧʽʜʭʦʜʫ ʧʦʣʷʛʘʶʪʴ ʫ ʤʦʞʣʠʚʦʩʪʽ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʢʦʣʽʻʫʪʚʦʨʝʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʝʢʪʨʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʘ ʧʨʠʨʦʜʥʠʭ ʯʠʥʥʠʢʽʚ, 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʠʭ ʚʠʱʝ. ʈʝʘʣʽʟʘʮʽʷ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʜʦʩʣʽʜʥʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ 

ʚʠʟʥʘʯʝʥʥʽ ʛʣʠʙʠʥʠ ʢʦʣʽʾ, ʷʢʫ ʟʘʣʠʰʘʻ ʤʦʜʝʣʴʥʠʡ ʟʨʘʟʦʢ [2] ʥʘ ʧʝʚʥʠʤ ʯʠʥʦʤ ʧʽʜʽʙʨʘʥʽʡ 

ʧʦʚʝʨʭʥʽ: ˇʨʫʥʪʦʩʫʤʽʰʽ, ʧʽʩʢʫ ʪʦʱʦ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʦʾʟʜʽʚ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ ʩʪʦʩʦʚʥʦ ʥʘʪʫʨʥʦʛʦ ʟʨʘʟʢʘ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʠʭ ʫʤʦʚʘʭ, ʟʘʩʦʙʘʤʠ 

ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʦʾ ʧʦʜʽʙʥʦʩʪʽ [3] ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ ʯʠ 

ʽʥʘʢʰʝ ï ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ.  

ʊʝʦʨʝʪʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʤʘʩʰʪʘʙʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʦʩʣʽʜʦʚʥʦʤʫ 

ʟʘʧʨʦʚʘʜʞʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʧʦʥʷʪʴ: ʛʝʦʤʝʪʨʠʯʥʘ ʧʦʜʽʙʥʽʩʪʴ, ʤʘʪʝʨʽʘʣʴʥʘ ʧʦʜʽʙʥʽʩʪʴ, 

ʢʽʥʝʤʘʪʠʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ. ʄʝʭʘʥʽʯʥʘ ʧʦʜʽʙʥʽʩʪʴ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ, ʷʢ 

ʩʢʣʘʜʥʠʢʠ, ʽʥʰʽ ʚʠʜʠ ʧʦʜʽʙʥʦʩʪʽ ï ʪʝʦʨʝʤʘ ʅʴʶʪʦʥʘ. ɺ ʤʝʭʘʥʽʯʥʦ ʧʦʜʽʙʥʠʭ ʩʠʩʪʝʤʘʭ ʽʩʥʫʻ 

ʻʜʠʥʠʡ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʢʦʝʬʽʮʽʻʥʪ ʧʦʜʽʙʥʦʩʪʽ (ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ) ʜʣʷ ʚʝʣʠʯʠʥʠ 

ʜʽʶʯʠʭ ʩʠʣ. ʎʝʡ ʢʦʝʬʽʮʽʻʥʪ ʥʘʟʠʚʘʻʪʴʩʷ ʯʠʩʣʦʤ ʅʴʶʪʦʥʘ Ne: 

i i
H MNe F F const i , 

ʜʝ ,i i
H MF F  ï ʚʽʜʧʦʚʽʜʥʽ ʩʠʣʠ, ʱʦ ʜʽʶʪʴ ʥʘ ʥʘʪʫʨʥʠʡ ʽ ʤʦʜʝʣʴʥʠʡ ʟʨʘʟʢʠ,  ̔ï ʽʥʜʝʢʩ ʜʽʶʯʦʾ 

ʩʠʣʠ. ɯʥʰʽ ʤʝʭʘʥʽʯʥʽ ʚʝʣʠʯʠʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʢʨʝʤʠʤʠ ʤʘʩʰʪʘʙʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. 
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ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʽʚ ʚʠʢʦʨʠʩʪʘʥʦ ʜʽʶʯʫ ʤʦʜʝʣʴ ʬʦʨʚʘʜʝʨʘ [2], ʱʦ ʽʤʽʪʫʻ ʬʦʨʚʘʜʝʨ 

ɸʄʂʆɼʆʈ 2682-01. ɺʘʛʘ ʤʦʜʝʣʽ ʟ ʚʘʥʪʘʞʝʤ mM = 4,6 ʢʛ, ʘ ʚʘʛʘ ʥʘʪʫʨʥʦʛʦ ʟʨʘʟʢʘ mʅ = 

35600 ʢʛ. ʆʪʞʝ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘ ʤʘʩʦʶ Ŭm = 7739. 

ɼʣʷ ʤʦʞʣʠʚʦʩʪʽ ʢʦʤʧʣʝʢʩʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʢʦʣʽʾ, ʟʦʢʨʝʤʘ ʚ ʫʤʦʚʘʭ 

ʘʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʦʞ ʽ ʚʘʥʪʘʞʥʽʩʪʴ ʥʘ ʩʪʨʽʣʽ 

ʬʦʨʚʘʜʝʨʘ. ɼʣʷ ʥʘʪʫʨʥʦʛʦ ʟʨʘʟʢʘ ʚʘʥʪʘʞʥʽʩʪʴ (ʨʘʟʦʤ ʽʟ ʚʘʛʦʶ ʧʨʦʮʝʩʦʨʥʦʾ ʛʦʣʦʚʢʠ) 

ʩʢʣʘʜʘʻ 1158 ʢʛ. ʊʦʤʫ ʜʣʷ ʜʦʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʽ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʘʥʪʘʞ 0,15 ʢʛ 

(ʜʠʚ. ʩʭʝʤʫ ʥʘ ʨʠʩ.1, ʘ). 

 
 

ʘ ʙ 

,M MP G  ï ʚʘʛʘ ʟʘʚʘʥʪʘʞʝʥʦʾ ʤʦʜʝʣʽ ʪʘ ʚʘʛʘ ʚʘʥʪʘʞʫ ʥʘ ʩʪʨʽʣʽ; L= 0,4 ʤ ï ʚʠʣʽʪ ʩʪʨʽʣʠ 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʽ ʬʦʨʚʘʜʝʨʘ (ʘ) ʪʘ ʟʘʣʝʞʥʽʩʪʴ ʛʣʠʙʠʥʠ ʢʦʣʽʾ ʚʽʜ 

ʢʽʣʴʢʦʩʪʽ ʧʨʦʾʟʜʽʚ ʫ ʜʦʩʣʽʜʘʭ ʥʘ ʤʦʜʝʣʽ 

ʄʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘ ʜʦʚʞʠʥʦʶ ʚʠʣʴʦʪʫ ʩʪʨʽʣʠ 8,2 0,4 20,5L , ʘ ʤʘʩʰʪʘʙʥʠʡ 

ʢʦʝʬʽʮʽʻʥʪ ʟʘ ʜʽʶʯʠʤʠ ʩʠʣʘʤʠ F H H M Mm g m g , ʜʝ gH=9,8 ʤ/ʩ
2
 ï ʧʨʠʰʚʠʜʰʝʥʥʷ 

ʚʽʣʴʥʦʛʦ ʧʘʜʽʥʥʷ ʜʣʷ ʥʘʪʫʨʥʦʛʦ ʟʨʘʟʢʘ, ʘ gʄ = gʅ/ŬL = 0,478 ʤ/ʩ
2
 ï ʧʨʠʰʚʠʜʰʝʥʥʷ ʚʽʣʴʥʦʛʦ 

ʧʘʜʽʥʥʷ ʥʘʪʫʨʥʦʛʦ ʟʨʘʟʢʘ. ʊʦʜʽ 51,53 10F . 

ʈʦʟʛʣʷʜʘʻʪʴʩʷ ʫʩʝʨʝʜʥʝʥʠʡ ʪʠʩʢ ʨʫʰʽʷ ʥʘ ˇʨʫʥʪ,H H H M M Mp F S p F S , ʜʝ ,H MS S  

ï ʧʣʦʱʘ ʧʣʷʤʠ ʢʦʥʪʘʢʪʫ, ,H MF F  ï ʩʠʣʘ ʨʝʘʢʮʽʾ ʥʘ ʦʜʥʝ ʢʦʣʝʩʦ ʥʘʪʫʨʥʦʛʦ ʽ ʤʦʜʝʣʴʥʦʛʦ 

ʟʨʘʟʢʽʚ ʚʽʜʧʦʚʽʜʥʦ. ʊʦʜʽ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʟʘ ʪʠʩʢʦʤ 379p . 

ɿʤʽʩʪ ʮʴʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʚ ʪʦʤʫ, ʱʦ ʤʦʜʝʣʴ ʬʦʨʤʫʻ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʚ 379 ʨʘʟʽʚ ʤʝʥʰʠʡ, 

ʘʥʽʞ ʫ ʥʘʪʫʨʥʦʤʫ ʚʠʧʘʜʢʫ. ʆʪʞʝ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦʩʪʽ ʤʽʞ ʛʣʠʙʠʥʦʶ ʢʦʣʽʾ ʚ 

ʥʘʪʫʨʥʦʤʫ ʽ ʤʦʜʝʣʴʥʦʤʫ ʚʠʧʘʜʢʘʭ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʪʝ, ʱʦ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ˇʨʫʥʪʫ ʚ 

ʤʦʜʝʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚ 379 ʨʘʟʽʚ ʤʝʥʰʠʡ, ʘʥʽʞ ʫ ʥʘʪʫʨʥʦʤʫ ʚʠʧʘʜʢʫ (ʣʠʰʝ 

ʜʣʷ ʜʘʥʦʾ ʧʘʨʠ çʤʦʜʝʣʴ ï ʥʘʪʫʨʘè). ɺʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ ʮʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʧʽʜ ʯʘʩ 

ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʏʘʩʪʠʥe ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʛʣʠʙʠʥʠ ʢʦʣʽʾ, ʱʦ ʛʝʥʝʨʫʻ 

ʨʦʟʛʣʷʜʫʚʘʥʘ ʤʦʜʝʣʴ, ʧʦʜʘʥʦ ʥʘ ʨʠʩʫʥʢʫ (ʙ). ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʥʘʙʣʠʞʝʥʽ ʜʦ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʦʪʨʠʤʘʥʠʭ ʚ ʥʘʪʫʨʥʠʭ ʫʤʦʚʘʭ [1], ʤʘʩʰʪʘʙʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʦʚʞʠʥʠ 18,5L . 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɹʠʙʣʶʢ, ʅ. ɯ. ʐʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʣʽʩʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʥʘ ʜʦʚʢʽʣʣʷ ʪʘ ʰʣʷʭʠ ʡʦʛʦ 

ʤʽʥʽʤʽʟʘʮʽʾ / ʅ. ɯ. ɹʠʙʣʶʢ, ʆ. ɸ. ʉʪʠʨʘʥʽʚʩʴʢʠʡ, ʄ. ʄ. ɹʦʡʢʦ, ʑʫʧʘʢ ɸ. ʃ. // ʅʘʫʢʦʚʠʡ ʚʽʩʥʠʢ 

ʅʃʊʋ ʋʢʨʘʾʥʠ, 2008. ï ʚʠʧ. 18.3. ï ʉ. 13 ï 22.  

2. ʋʤʘʥʮʝʚ, ʅ. ʖ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʝʤʦʥʩʪʨʘʮʽʡʥʠʭ ʤʦʜʝʣʝʡ ʛʽʜʨʦʧʨʠʚʦʜʫ ʝʢʩʢʘʚʘʪʦʨʘ ʪʘ 

ʬʦʨʚʘʜʝʨʘ / ʅ. ʖ. ʋʤʘʥʮʝʚ, ʆ. ʉ. ʄʘʯʫʛʘ // ʄʘʪʝʨʽʘʣʠ 67-ʦʾ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ ʅʃʊʋ ʋʢʨʘʾʥʠ. ï ʃʴʚʽʚ: ɺʠʜʘʚʥʠʮʪʚʦ ʅʃʊʋ ʋʢʨʘʾʥʠ, 2015. ï ʉ. 142 ï 143.  

3. ʉʝʜʦʚ, ʃ. ʀ. ʄʝʪʦʜʳ ʧʦʜʦʙʠʷ ʠ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʤʝʭʘʥʠʢʝ / ʃ. ʀ. ʉʝʜʦʚ. ï ʄʦʩʢʚʘ: ʅʘʫʢʘ, 

1987. ï 432 ʩ. 

 

 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

112 

ʋɼʂ 661.152.4 

ɺʘʢʘʣ ɺ. ʉ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɺʘʢʘʣ ʉ. ɺ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 

ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʽ ʧʽʛʤʝʥʪʽʚ ʉʫʤʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ, ʤ. ʉʫʤʠ, vsvakal@gmail.com 

ʎʘʧʢʦ ʖ. ʃ., ʜʦʢʪ. ʙ̔ ʦʣ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʥʘʫʢʦʚʠʡ ʮʝʥʪʨ çɯʥʩʪʠʪʫʪ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ʽ ʘʛʨʦʭʽʤʽʾ 

ʽʤ. ʆ. ʅ. ʉʦʢʦʣʦʚʩʴʢʦʛʦè, ʤ.ʍʘʨʢʽʚ, tsapkoul@i.ua 

ʈʆɿʈʆɹʂɸ ɯ ɿɸʉʊʆʉʋɺɸʅʅʗ ɽʂʆʃʆɻɯʏʅʆ ɼʆʎɯʃʔʅʀʍ ɼʆɹʈʀɺ 

ʈʦʟʛʣʷʜ ʩʪʨʫʢʪʫʨʠ ʚʠʨʦʙʥʠʮʪʚʘ ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʚ ʋʢʨʘʾʥʽ ʧʦʢʘʟʫʻ, ʱʦ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʝʙʠ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʚʠʨʦʙʥʠʢʘ ʚ ʘʟʦʪʥʠʭ ʜʦʙʨʠʚʘʭ ʜʦʩʪʘʪʥʴʦ 

ʚʽʪʯʠʟʥʷʥʠʭ ʧʦʪʫʞʥʦʩʪʝʡ. ɸʣʝ ʥʘʨʘʟʽ ʚʠʨʦʙʥʠʮʪʚʘ ʬʦʩʬʦʨʥʠʭ ʽ ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ ʥʝ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʧʦʪʨʝʙʫ ʢʨʘʾʥʠ ʚ ʜʦʙʨʠʚʘʭ ʫ ʟʚôʷʟʢʫ ʟ ʥʝʩʪʘʯʝʶ ʧʝʨʝʨʦʙʥʠʭ 

ʧʦʪʫʞʥʦʩʪʝʡ ʪʘ ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʟʚʠʥʝʥʦʾ ʬʦʩʬʘʪʥʦʾ ʽ ʢʘʣʽʡʥʦʾ ʩʠʨʦʚʠʥʥʦʾ ʙʘʟʠ. ʇʨʦʙʣʝʤʘ 

ʧʽʜʪʨʠʤʢʠ ʨʦʜʶʯʦʩʪʽ ˇʨʫʥʪʽʚ ʧʦʩʠʣʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʫ ʧʦʚʥʦʤʫ 

ʦʙʩʷʟʽ ʘʛʨʘʨʥʦʛʦ ʩʝʢʪʦʨʫ ʪʘʢʦʞ ʦʨʛʘʥʽʯʥʠʤʠ ʜʦʙʨʠʚʘʤʠ. 

ʋ ʜʘʥʠʡ ʯʘʩ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʬʦʩʬʘʪʦʚʤʽʩʥʠʭ ʜʦʙʨʠʚ ʚʽʪʯʠʟʥʷʥʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ 

ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʬʦʩʬʦʨʠʪʠ ɹʣʠʟʴʢʦʛʦ ʉʭʦʜʫ ʪʘ ʇʽʚʥʽʯʥʦʾ ɸʬʨʠʢʠ ʟ ʧʝʚʥʠʤʠ 

ʝʢʦʣʦʛʽʯʥʠʤʠ ʦʙʤʝʞʝʥʥʷʤʠ ʟʘ ʚʤʽʩʪʦʤ ʚʘʞʢʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʨʘʜʽʦʘʢʪʠʚʥʽʩʪʶ [1]. 

ɼʦʮʽʣʴʥʽʩʪʴ ʚʠʜʦʙʫʪʢʫ ʘʧʘʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʜʣʷ ʦʜʝʨʞʘʥʥʷ ʬʦʩʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʽ 

ʜʦʙʨʠʚ ʥʘ ʾʾ ʦʩʥʦʚʽ ʚ ʋʢʨʘʾʥʽ ʤʦʞʣʠʚʘ ʣʠʰʝ ʧʨʠ ʩʫʤʽʩʥʦʤʫ ʟʙʘʛʘʯʝʥʥʽ ʽʣʴʤʝʥʽʪʦʚʦʛʦ ʽ 

ʘʧʘʪʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʽʚ. ɺʦʜʥʦʯʘʩ ʽʩʥʫʻ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʜʦʚʠʱ 

ʬʦʩʬʦʨʠʪʦʚʦʛʦ ʽ ʬʦʩʬʘʪ-ʛʣʘʫʢʦʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ, ʷʢʽ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʬʦʩʬʦʨʫ ʚ 

ʟʘʩʚʦʶʚʘʥʽʡ ʬʦʨʤʽ. ʉʧʽʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʅʅʎ çɯʥʩʪʠʪʫʪ ˇʨʫʥʪʦʟʥʘʚʩʪʚʘ ʽ ʘʛʨʦʭʽʤʽʾ 

ʽʤ. ʆ. ʅ. ʉʦʢʦʣʦʚʩʢʦʛʦè ʪʘ ʅɼɯ ʄɯʅɼɯʇ ʉʫʤɼʋ ʟ ʦʮʽʥʢʠ ʘʛʨʦʭʽʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʨʦʟʨʦʙʣʝʥʠʭ ʩʢʣʘʜʽʚ ʘʟʦʪʥʦ-ʬʦʩʬʦʨʥʦ-ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʷʢ ʬʦʩʬʘʪʥʦʾ 

ʩʢʣʘʜʦʚʦʾ ʬʦʩʬʦʨʠʪʦʚʦʛʦ ʪʘ ʬʦʩʬʘʪ-ʛʣʘʫʢʦʥʽʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʫ ʧʦʢʘʟʘʣʠ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʥʘʧʨʷʤʢʫ. ʌʦʨʤʫʚʘʥʥʷ ʜʦʙʨʠʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ 

ʬʦʩʬʦʨʠʪʦʚʦʛʦ ʙʦʨʦʰʥʘ ʥʘ ʛʨʘʥʫʣʠ ʘʟʦʪʥʦʛʦ ʜʦʙʨʠʚʘ (ʧʝʨʝʚʘʞʥʦ ʩʝʯʦʚʠʥʠ) ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ. ʊʘʢʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʠʡʦʤ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ 

ʩʢʣʘʜʥʝ ʬʦʩʬʘʪʦʚʤʽʩʥʝ ʜʦʙʨʠʚʦ ʙʝʟʢʠʩʣʦʪʥʠʤ ʩʧʦʩʦʙʦʤ. ʇʣʘʩʪʠʬʽʢʘʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʽ ʜʦʩʣʽʜʞʝʥʽ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʽ ʤʽʢʨʦʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ ʨʦʟʯʠʥʠ ʘʟʦʪʥʠʭ ʽ ʢʘʣʽʡʥʠʭ ʜʦʙʨʠʚ, 

ʛʫʤʘʪʠ ʣʫʞʥʠʭ ʤʝʪʘʣʽʚ ʪʦʱʦ [2]. 

ɼʦʩʣʽʜʞʝʥʘ ʛʥʫʯʢʘ ʪʝʭʥʦʣʦʛʽʷ ʦʜʝʨʞʘʥʥʷ ʩʢʣʘʜʥʦʛʦ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʦʛʦ ʜʦʙʨʠʚʘ 

ʧʨʦʣʦʥʛʦʚʘʥʦʾ ʜʽʾ ʙʝʟʢʠʩʣʦʪʥʠʤ ʩʧʦʩʦʙʦʤ ʜʦʟʚʦʣʷʻ ʦʜʝʨʞʫʚʘʪʠ ʜʦʙʨʠʚʘ ʰʠʨʦʢʦʛʦ 

ʤʘʨʦʯʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʪʝʭʥʦʣʦʛʽʡ 

ʩʫʣʴʬʘʪʦʢʠʩʣʦʪʥʦʛʦ ʽ ʙʝʟʢʠʩʣʦʪʥʦʛʦ ʩʧʦʩʦʙʫ ʦʜʝʨʞʘʥʥʷ ʩʢʣʘʜʥʠʭ ʜʦʙʨʠʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ, ʱʦ ʙʝʟʢʠʩʣʦʪʥʘ ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʧʝʨʝʚʘʛʠ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʚʦʣʦʛʽʩʪʴ ʰʠʭʪʠ, ʷʢʘ 

ʤʝʥʰʝ ʫ 3,5 ʨʘʟʠ, ʘ, ʚʽʜʧʦʚʽʜʥʦ, ʤʘʻ ʤʘʡʞʝ ʫ 4 ʨʘʟʠ ʤʝʥʰʽ ʚʠʢʠʜʠ ʛʘʟʽʚ ʩʠʩʪʝʤʠ ʘʙʩʦʨʙʮʽʾ. 

ʆʪʞʝ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʢʘʧʩʫʣʴʦʚʘʥʠʭ ʦʨʛʘʥʦ-ʤʽʥʝʨʘʣʴʥʠʭ ʜʦʙʨʠʚ ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʟ ʪʝʭʥʦʣʦʛʽʯʥʦʾ, ʝʢʦʥʦʤʽʯʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ. 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ: 
1. ɺʠʨʦʙʥʠʮʪʚʦ ʬʦʩʬʦʨʦʚʤʽʩʥʠʭ ʜʦʙʨʠʚ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ ʋʢʨʘʾʥʠ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 

ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ. / [ɿʘʨʝʯʝʥʠʡ ɺ. ɻ. ʪʘ ʽʥ.] ï ʉʫʤʠ : ʋʥʽʚʝʨʩʠʪʝʪʩʴʢʘ ʢʥʠʛʘ, 2004. ï 189 ʩ. 

2. ɻʫʨʝʮʴ ʃ. ʃ. ʆʮʝʥʢʘ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʘʟʦʪʥʳʭ 

ʫʜʦʙʨʝʥʠʡ. / ɻʫʨʝʮʴ ʃ. ʃ., ɺʘʢʘʣ ɺ. ʉ., ʎʘʧʢʦ ʖ. ʃ., ɺʘʢʘʣ ʉ. ɺ. // ɽʢʦʣʦʛʽʯʥʘ ʙʝʟʧʝʢʘ. ʉʝʨʽʷ: 

ʈʦʟʨʦʙʢʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʧʨʦʮʝʩʽʚ ʽ ʫʩʪʘʪʢʫʚʘʥʥʷ. 2018. ï ˉ 1/2018 (25). ï ʩ. 61ï
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ɿʘʢʣʘʜʥʠʡ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, 

zakladniy@gmail.com 

ʂʆʅʎɽʇʎɯʗ ɽʅɽʈɻʆʄɽʅɽɼɾʄɽʅʊʋ ɽʃɽʂʊʈʆʄɽʍɸʅɯʏʅʀʍ ʉʀʉʊɽʄ  

ɺ ʛʣʦʙʘʣʴʥʽʡ ʝʢʦʥʦʤʽʮʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʢʘʨʜʠʥʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ - ʟʘʤʽʩʪʴ ʚʦʣʦʜʽʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʝʩʫʨʩʘʤʠ, ʧʨʦʚʽʜʥʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʽʥʥʦʚʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʥʝʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɿʤʽʥʠʣʘʩʴ ʤʦʜʝʣʴ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ï 

ʚʽʜ ʩʧʦʞʠʚʘʥʥʷ ʜʦ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ. ɺ ʮʠʭ ʦʙʩʪʘʚʠʥʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ ʚʘʛʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ʷʢ ʦʩʥʦʚʥʦʛʦ ʟʘʩʦʙʫ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʛʦ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʋ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ISO 50001:2011 ʚʩʪʘʥʦʚʣʝʥʦ ʧʨʘʚʠʣʦ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ - 

ʮʠʢʣ ʐʫʭʘʨʪʘ-ɼʝʤʽʥʛʘ - çPlan-Do-Check-Actè (çʧʣʘʥʫʚʘʥʥʷ, ʜʽʷ, ʧʝʨʝʚʽʨʢʘ, 

ʢʦʨʠʛʫʚʘʥʥʷè), ʱʦ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʠ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʥʘ ʢʦʤʧʣʝʢʩʥʠʭ 

ʟʘʩʘʜʘʭ ʪʘ ʧʦʩʪʽʡʥʦ ʧʦʢʨʘʱʫʚʘʪʠ ʨʦʙʦʪʫ ʟ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʤʝʪʦʜʽʚ ʪʘ ʟʘʩʦʙʽʚ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʜʦʟʚʦʣʠʪʴ ʚʧʨʦʚʘʜʠʪʠ ʩʫʯʘʩʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʽ smart-ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʠʩʪʝʤʫ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ 

ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʩʢʣʘʜʦʚʠʭ ʩʪʘʥʜʘʨʪʫ ISO 50001:2011, ʷʢ ʚʠʟʥʘʯʝʥʥʷ 

ʙʘʟʦʚʦʾ ʣʽʥʽʾ, ʧʦʢʘʟʥʠʢʽʚ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʜʽʡʩʥʝʥʥʷ ʤʦʥʽʪʦʨʠʥʛʫ, 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʪʘ ʥʝʦʙʭʽʜʥʠʭ ʚʠʤʽʨʶʚʘʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʨʽʚʥʷ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ, ʧʨʦʚʝʜʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʣʘʥʫʚʘʥʥʷ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʪʦʢʦʣʽʚ ʟʚʽʪʽʚ ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰʫ ʚʘʛʫ ʚ ʝʢʦʥʦʤʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʦʨʛʘʥʽʟʘʮʽʻʶ ʤʘʻ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʦʾ ʩʠʩʪʝʤʠ (ɽʄʉ) ʷʢ ʛʦʣʦʚʥʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʋ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʧʽʜ ʯʘʩ ʚʠʙʦʨʫ ɽʄʉ ʟʘʟʚʠʯʘʡ ʥʝ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʠ 

ʾʾ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʄʫʩʷʪʴ ʨʦʟʛʣʷʜʘʪʠʩʷ ʥʝ ʧʨʦʩʪʦ 

ʨʝʞʠʤʠ ʨʦʙʦʪʠ ɽʄʉ, ʽ ʥʝ ʪʽʣʴʢʠ ʾʾ ʨʦʙʦʯʽ ʧʘʨʘʤʝʪʨʠ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʜʘʥʠʡ 

ʤʦʤʝʥʪ - ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʟʘ ʚʝʩʴ ʞʠʪʪʻʚʠʡ ʮʠʢʣ.  

ɽʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ɽʄʉ ʥʘ ʩʴʦʛʦʜʥʽ ʦʮʽʥʶʻʪʴʩʷ ʥʝʨʝʛʫʣʷʨʥʦ, ʥʘʧʨʠʢʣʘʜ, ʧʨʦʪʷʛʦʤ 

ʟʜʽʡʩʥʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʙʝʟʧʝʨʝʨʚʥʠʡ 

ʧʦʩʪʽʡʥʠʡ ʢʦʥʪʨʦʣʴ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ɽʄʉ ʷʢ ʩʢʣʘʜʦʚʘ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʶ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ISO 50001:2011 

[1, 2]. 

ɼʦʪʝʧʝʨ ʚ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʤʝʥʝʜʞʤʝʥʪʽ ʜʝʪʘʣʽʟʦʚʘʥʝ ʫʧʨʘʚʣʽʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʥʝʨʛʽʾ 

ʥʝ ʨʦʟʧʦʚʩʶʜʞʫʚʘʣʦʩʴ ʥʘ ʦʢʨʝʤʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʡʦʛʦ ʨʝʞʠʤʠ ʨʦʙʦʪʠ. ɺ 

ʧʝʨʰʫ ʯʝʨʛʫ ʨʦʟʛʣʷʜʘʣʦʩʴ ʧʽʜʧʨʠʻʤʩʪʚʦ ʚ ʮʽʣʦʤʫ ʘʙʦ ʦʢʨʝʤʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ, ʮʝʭ. 

ʂʦʥʪʨʦʣʴ ʢʦʥʢʨʝʪʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ɽʄʉ, ʥʝ ʙʫʚ ʨʝʛʫʣʷʨʥʠʤ ʽ ʙʝʟʧʝʨʝʨʚʥʠʤ 

ʪʘ ʟʜʽʡʩʥʶʚʘʚʩʷ ʚʞʝ ʟʘ ʬʘʢʪʦʤ, ʘ ʥʝ ʚ on-line, ʢʦʣʠ ʥʝʝʬʝʢʪʠʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ 

ʝʥʝʨʛʽʾ ʤʘʣʦ ʤʽʩʮʝ ʟʥʘʯʫʱʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʤʝʥʪ ʥʘʙʫʚ ʥʦʚʽʪʥʽʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʩʘʤʝ, - ʚʽʥ 

ʩʪʘʚ ʨʦʟʧʦʚʩʶʜʞʫʚʘʪʠʩʷ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʯʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʎʝ ʻ ʥʦʚʠʤ 

ʧʨʠʥʮʠʧʦʤ ʫ ʤʝʪʦʜʦʣʦʛʽʾ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ - ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚʠʩʦʢʠʡ ʩʪʫʧʽʥʴ 

ʜʝʪʘʣʽʟʘʮʽʾ, ʢʦʥʪʨʦʣʴ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ɽʄʉ ʽ, ʚʽʜʧʦʚʽʜʥʦ, - ʰʚʠʜʢʘ ʨʝʘʢʮʽʷ ʥʘ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʎʽ ʟʤʽʥʠ ʧʦʚôʷʟʘʥʽ ʟ ʧʦʩʪʽʡʥʠʤ 

ʧʦʜʦʨʦʞʯʘʥʥʷʤ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʢʦʣʠ ʦʩʥʦʚʥʘ ʩʢʣʘʜʦʚʘ ʚʘʨʪʦʩʪʽ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ 

ɽʄʉ ï ʚʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ ï ʩʪʘʥʦʚʣʷʪʴ ʚ ʩʝʨʝʜʥʴʦʤʫ 85 % ʚʽʜ ʫʩʽʭ ʚʠʪʨʘʪ ʟʘ 

ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʘʛʘʪʴʦʭ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʷʢ ʨʦʙʦʪʘ ɽʄʉ ʟ ʥʝʜʦʚʘʥʪʘʞʝʥʥʷʤ, 

ʥʝʷʢʽʩʥʘ ʤʝʨʝʞʘ ʞʠʚʣʝʥʥʷ, ʥʝʜʦʩʪʘʪʥʻ ʪʝʭʥʽʯʥʝ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʢʝʨʫʚʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʚʧʣʠʚʫ ʚʠʧʘʜʢʦʚʠʭ ʬʘʢʪʦʨʽʚ ï ʨʝʘʣʴʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ 
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ʟʘʚʞʜʠ ʚʽʜʨʽʟʥʷʪʠʤʝʪʴʩʷ ʚʽʜ ʽʜʝʘʣʴʥʦʛʦ. ʂʦʥʪʨʦʣʴ ʪʘ ʦʮʽʥʢʘ ʚʢʘʟʘʥʠʭ ʨʦʟʭʦʜʞʝʥʴ ʤʽʞ 

ʽʜʝʘʣʴʥʠʤ ʪʘ ʬʘʢʪʠʯʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʝʥʝʨʛʽʾ ʽ ʻ ʛʦʣʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʫ ɽʄʉ [3]. ʉʘʤ ʩʦʙʦʶ ʢʦʥʪʨʦʣʴ ʥʝ ʟʝʢʦʥʦʤʠʪʴ ʝʥʝʨʛʽʶ, ʘʣʝ ʟ ʡʦʛʦ ʜʦʧʦʤʦʛʦʶ 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʤʝʥʝʜʞʝʨ ʤʦʞʝ ʚʠʟʥʘʯʠʪʠ, ʜʝ ʽ ʢʦʣʠ ʩʣʽʜ ʚʞʠʪʠ ʢʦʨʠʛʫʶʯʠʭ ʜʽʡ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʥʝʝʬʝʢʪʠʚʥʦʛʦ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʷʻ ʦʮʽʥʶʚʘʪʠ ʩʪʘʥ ɽʄʉ ʥʘ 

ʚʩʽʭ ʝʪʘʧʘʭ ʾʾ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʚʽʜ ʚʚʝʜʝʥʥʷ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʜʦ ʩʧʠʩʘʥʥʷ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʩʚʽʪʦʚʠʭ ʩʪʘʥʜʘʨʪʽʚ, ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʘʢʪʽʚ ʪʘ ʜʦʚʽʜʢʦʚʦʾ 

ʣʽʪʝʨʘʪʫʨʠ ʩʪʦʩʦʚʥʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʚʽʜʦʤʝ ʧʨʘʚʠʣʦ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ï çʅʝ ʚʤʽʻʰ ʚʠʤʽʨʶʚʘʪʠ ï ʥʝ ʟʤʦʞʝʰ ʫʧʨʘʚʣʷʪʠè ʦʟʥʘʯʘʻ, ʱʦ 

ʦʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʻ ʬʫʥʜʘʤʝʥʪʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʧʽʜʭʦʜʠ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʪʨʦʣʴ ʦʙʣʘʩʪʽ ʚʠʩʦʢʦʾ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʩʧʦʞʠʚʘʯʽʚ ʟʘ ʨʘʭʫʥʦʢ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʻ ʥʝʦʙʭʽʜʥʦʶ ʩʢʣʘʜʦʚʦʶ 

ʤʦʜʝʨʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʥʝʜʞʤʝʥʪʫ. ʊʘʢʽ ʟʘʩʦʙʠ, ʨʦʟʨʦʙʣʝʥʽ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʧʨʠʥʮʠʧʽʚ ʩʫʯʘʩʥʠʭ ʨʦʟʫʤʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʜʦʟʚʦʣʷʪʴ ʚʧʨʦʚʘʜʠʪʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʩʠʩʪʝʤʫ 

ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʤʽʞʥʘʨʦʜʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ISO 50001:2011. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɽʄʉ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʝʥʝʨʛʝʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ - 

ʝʥʝʨʛʽʷ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ ʟ ʤʝʨʝʞʽ ʟʘ ʮʠʢʣ ʨʦʙʦʪʠ, ʧʠʪʦʤʽ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ ʥʘ ʦʜʠʥʠʮʶ 

ʧʨʦʜʫʢʮʽʾ, ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ. ɺ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʢʨʠʪʝʨʽʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʂɼ, ʦʧʪʠʤʘʣʴʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʪʦʱʦ. ʆʜʥʘʢ ʥʝ ʽʩʥʫʻ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʥʦʛʦ ʢʨʠʪʝʨʽʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʨʦʙʦʪʠ ɽʄʉ [2]. 

ʆʮʽʥʶʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ɽʄʉ ʻ ʢʦʤʧʣʝʢʩʥʠʤ ʟʘʚʜʘʥʥʷʤ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʽ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʘ ʥʴʦʛʦ ʚʧʣʠʚʘʶʪʴ (ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽʩʪʴ ʞʠʚʠʣʴʥʦʾ 

ʥʘʧʨʫʛʠ, ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʪʦʱʦ). ʆʩʥʦʚʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʚ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʘʩʧʝʢʪʽ ʚʚʘʞʘʻʪʴʩʷ ʂʂɼ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. ʆʜʥʘʢ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʾ ʦʮʽʥʢʠ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚʘʞʣʠʚʽ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪ ʧʦʪʫʞʥʦʩʪʽ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ, ʷʢʘ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ ʽ ʟʥʘʯʝʥʥʷ ʩʢʣʘʜʦʚʠʭ ʚʪʨʘʪ. 

ʇʨʦʮʝʩ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʝʨʝʪʚʦʨʝʥʥʷ) ʝʥʝʨʛʽʾ ɽʄʉ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʚʦʤʘ 

ʙʘʟʦʚʠʤʠ ʩʢʣʘʜʥʠʢʘʤʠ: ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʪʘ ʝʥʝʨʛʦʚʠʢʦʨʠʩʪʘʥʥʷ (ʧʝʨʝʪʚʦʨʝʥʥʷ) 

ʩʧʦʞʠʪʦʾ ʝʥʝʨʛʽʾ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʧʨʠʥʮʠʧʽʘʣʴʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʥʶ ʧʘʨʘʤʝʪʨʫ çʨʽʚʝʥʴ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽè ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʪʘʥʜʘʨʪʽ ISO 50001:2011. 

ɸʚʪʦʨʦʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʾʚ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ - ʂʂɼ ʪʘ 

ʢʦʝʬʽʮʽʻʥʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʽ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʽʚ ɽʄʉ ʫ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʆʮʽʥʶʚʘʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʪʘʥʫ ɽʄʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷʤ ʬʘʢʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʾʭ 

ʝʪʘʣʦʥʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ, ʪʦʙʪʦ ʰʣʷʭʦʤ ʘʥʘʣʽʟʫʚʘʥʥʷ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟ ʝʥʝʨʛʝʪʠʯʥʦʶ ʙʘʟʦʚʦʶ ʣʽʥʽʻʶ. ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ISO 

50001:2011 ʮʝʡ ʧʨʦʮʝʩ ʻ ʯʘʩʪʠʥʦʶ ʝʥʝʨʛʦʘʥʘʣʽʟʫ ï ʦʮʽʥʶʚʘʥʥʷ ʨʽʚʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʥʘ ʦʩʥʦʚʽ ʚʠʤʽʨʷʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʜʦʚʽʜʢʦʚʦʾ (ʧʘʩʧʦʨʪʥʦʾ) ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʠʪʴ 

ʚʠʟʥʘʯʠʪʠ ʟʘʭʦʜʠ ʜʣʷ ʡʦʛʦ ʧʦʢʨʘʱʝʥʥʷ. ʄʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʶ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʧʦʚʥʽʩʪʶ ʚʽʜʧʦʚʽʜʘʻ ʧʨʦʮʝʜʫʨʽ ʝʥʝʨʛʦʘʥʘʣʽʟʫ, ʷʢʘ ʨʝʛʣʘʤʝʥʪʦʚʘʥʘ ʩʪʘʥʜʘʨʪʦʤ ISO 

50001:2011. 
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ʩʠʩʪʝʤ: ʄʦʥʦʛʨʘʬʽʷ / ʆ.ʆ. ɿʘʢʣʘʜʥʠʡ. ï ʂ.: ɺʠʜʘʚʥʠʮʪʚʦ çʃʽʙʨʘè, 2013. ï 195 ʩ. 

3. ʇʨʘʭʦʚʥʠʢ ɸ.ɺ. ɼʽʘʛʥʦʩʪʫʚʘʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʩʠʩʪʝʤ ʷʢ 

ʽʥʩʪʨʫʤʝʥʪ ʝʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʫ / ɸ.ɺ. ʇʨʘʭʦʚʥʠʢ, ʆ.ʄ. ɿʘʢʣʘʜʥʠʡ, ʆ.ʆ. ɿʘʢʣʘʜʥʠʡ // ɺɯʉʅʀʂ 

ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè. ʉʝʨʽʷ 

çɻʽʨʥʠʮʪʚʦè: ɿʙʽʨʥʠʢ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ. ï ʂʠʾʚ, ï 2011, ï ɺʠʧ. 21. ï ʉ. 121-128. 
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ʇʦʣʫʢʘʨʦʚ ʖ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, polukarov@ukr.net 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ʇʈʆʌɽʉɯʁʅʆɰ ɿɸʍɺʆʈʖɺɸʅʆʉʊɯ ɿɺɸʈʅʀʂɯɺ ʅɸ 

ʆʉʅʆɺɯ ʇʀʃʆɺʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʟʘʧʦʙʽʛʘʥʥʷ ʚʧʣʠʚʫ ʥʘ ʣʶʜʠʥʫ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʧʠʣʫ ʻ ʜʫʞʝ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ, ʦʩʢʽʣʴʢʠ ʯʠʩʣʝʥʥʠʤʠ ʤʝʜʠʯʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʜʦʚʝʜʝʥʦ, ʱʦ ʤʽʞ 

ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʧʥʝʚʤʦʢʦʥʽʦʟʦʤ, ʧʠʣʦʚʠʤ ʙʨʦʥʭʽʪʦʤ ʽ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʧʠʣʫ ʫ 

ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʽʩʥʫʻ ʪʽʩʥʠʡ ʢʦʨʝʣʷʮʽʡʥʠʡ ʟʚôʷʟʦʢ. 

ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʘʚʪʦʨʽʚ [1] ʨʦʟʨʘʭʫʚʘʪʠ ʚʧʣʠʚ ʯʠʥʥʠʢʽʚ ʚʠʨʦʙʥʠʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʥʘ 

ʨʦʟʚʠʪʦʢ ʢʦʥʢʨʝʪʥʦʾ ʧʘʪʦʣʦʛʽʾ ʤʦʞʣʠʚʦ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʜʘʥʽ ʱʦʜʦ ʩʝʨʝʜʥʴʦʛʦ ʩʪʘʞʫ 

ʨʦʙʦʪʠ ʟʚʘʨʥʠʢʘ, ʧʨʠ ʷʢʦʤʫ ʟʘʬʽʢʩʦʚʘʥʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʚʝʨʭʥʽʭ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ, 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʰʢʽʜʣʠʚʦʾ ʨʝʯʦʚʠʥʠ ʪʘ ʾʾ ʛʨʘʥʠʯʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ. ʆʜʥʘʢ, ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʤʘʻ ʧʝʚʥʽ ʥʝʜʦʣʽʢʠ. ɼʘʥʘ ʤʝʪʦʜʠʢʘ ʥʝ ʚʨʘʭʦʚʫʻ ʨʷʜ ʚʘʞʣʠʚʠʭ ʯʠʥʥʠʢʽʚ, ʟʦʢʨʝʤʘ, ʚʽʢ 

ʧʨʘʮʶʶʯʦʛʦ, ʦʙôʻʤ ʣʝʛʝʥʝʚʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʧʠʣʦʚʫ ʝʢʩʧʦʟʠʮʽʡʥʫ ʜʦʟʫ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ 

ʨʠʟʠʢ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʠʣʦʚʦʾ ʝʪʽʦʣʦʛʽʾ, ʭʘʨʘʢʪʝʨʥʦʾ ʜʣʷ ʟʚʘʨʥʠʢʽʚ. 

ʇʠʣʦʚʠʤ ʝʢʩʧʦʟʠʮʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʥʘ ʦʨʛʘʥʽʟʤ ʣʶʜʠʥʠ ʧʨʠʡʥʷʪʦ ʚʚʘʞʘʪʠ ʤʘʩʫ 

ʯʘʩʪʠʥʦʢ ʧʠʣʫ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʫ ʟʚʘʞʝʥʦʤʫ ʩʪʘʥʽ ʪʘ ʧʦʪʨʘʧʣʷʶʪʴ 

ʜʦ ʦʨʛʘʥʽʚ ʜʠʭʘʥʥʷ ʨʘʟʦʤ ʟ ʧʦʚʽʪʨʷʤ ʫ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ. ʆʪʞʝ ʥʘ ʨʽʚʝʥʴ ʧʠʣʦʚʦʛʦ 

ʝʢʩʧʦʟʠʮʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʟʛʽʜʥʦ [2] ʚʧʣʠʚʘʻ ʢʦʥʮʝʥʪʨʘʮʽ ̫ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦ ʾ

ʟʦʥʠ, ʧʦʢʘʟʥʠʢ ʦʙôʻʤʫ ʣʝʛʝʥʝʚʦʾ ʚʝʥʪʠʣʷʮʽʾ ʧʨʘʮʽʚʥʠʢʘ ʫ ʟʘʧʠʣʝʥʽʡ ʟʦʥʽ, ʘ ʪʘʢʦʞ 

ʪʨʠʚʘʣʩ̔ʪɹ ʧʠʣʦʚʦʾ ʜʽʾ. ɿʘʟʚʠʯʘʡ, ʜʣ ̫ ʦʮʽʥʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʧʠʣʦʚʠʭ ʝʢʩʧʦʟʠʮʽʡʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʢʦʨʠʩʪʫʶʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘʧʠʣʝʥʦʛʦ ʧʦʚʽʪʨʷ, ʘ ʪʘʢʦʞ ʜʘʥʠʤʠ 

ʱʦʜʦ ʩʝʨʝʜʥʴʦʟʤʽʥʥʦ ʾ ʢʦʥʮʝʥʪʨʘʮʽ ʾ ʫ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ ʧʠʣʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʫ 

ʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʧʦʢʘʟʥʠʢʘʭ (ʤʛ/ʤ
3
) ʟʘ ʟʘʛʘʣʴʥʦ  ʁʤʘʩʦ  ʁʧʠʣʫ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʩʢʘʟʘʥʝ, ʦʙôʻʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʟʤʽʥʥʦʛʦ ʝʢʩʧʦʟʠʮʽʡʥʦʛʦ 

ʧʠʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʽʟʤ ʧʨʘʮʽʚʥʠʢʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

  ZTLCZTLCFW ʉɿʉɿʉɿ )(   

ʜʝ WCɿ ï ʩʝʨʝʜʥʴʦʟʤʽʥʥʝ ʧʠʣʦʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʽʟʤ ʧʨʘʮʽʚʥʠʢʘ, ʤʛ; 

CCɿ ï ʩʝʨʝʜʥʴʦʟʤʽʥʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʧʠʣʫ ʚ ʧʦʚʽʪʨʽ ʨʦʙʦʯʦʾ ʟʦʥʠ (ʟʦʥʘ ʜʠʭʘʥʥʷ), ʤʛ/ʤ
3
,  

L ï ʩʝʨʝʜʥʴʦʟʤʽʥʥʠʡ ʦʙôʻʤ ʣʝʛʝʥʝʚʦʾ ʚʝʥʪʠʣʷʮʽʾ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʘʪʝʛʦʨʽʾ ʚʘʞʢʦʩʪʽ 

ʧʨʘʮʽ - ʩʝʨʝʜʥʴʦʟʚʘʞʝʥʘ ʚʝʣʠʯʠʥʘ ʟʘ ʘʥʘʣʽʟʦʚʘʥʠʡ ʧʝʨʽʦʜ ʜʽʾ ʧʠʣʫ, ʤ
3
/ʭʚ; 

ʊ ï ʯʘʩ (ʧʨʦʪʷʛʦʤ ʟʤʽʥʠ) ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʢʦʥʪʘʢʪʫ ʧʨʘʮʽʚʥʠʢʘ ʟ ʧʠʣʦʤ, ʭʚ; 

Z ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʩʦʙʽʚ ʟʘʭʠʩʪʫ, ʙʘʣʠ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ ʝʢʩʧʦʟʠʮʽʡʥʦʛʦ ʧʠʣʦʚʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʦʨʛʘʥʽʟʤ ʧʨʘʮʽʚʥʠʢʘ ʚ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. ʉʧʠʨʘʶʯʠʩʴ ʥʘ 

ʦʪʨʠʤʘʥʽ ʜʘʥʽ, ʙʫʜʝ ʤʦʞʣʠʚʦ ʦʮʽʥʠʪʠ ʨʠʟʠʢ ʧʨʦʬʝʩʽʡʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʧʠʣʦʚʦʾ ʝʪʽʦʣʦʛʽʾ 

ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʟʘʭʦʜʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʟʘʭʠʩʪ ʟʜʦʨʦʚôʷ ʟʚʘʨʥʠʢʽʚ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʀʣʴʥʠʮʢʘʷ, ɸ.ɺ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʘ ʧʨʦʬʟʘʙʦʣʝʚʘʥʠʡ ʧʨʠ 

ʧʣʘʟʤʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ [ʊʝʢʩʪ] / ɸ. ɺ. ʀʣʴʥʠʮʢʘʷ, ʖ. ʇ. ʉʳʨʦʤʷʪʥʠʢʦʚ // ʉʚʘʨʦʯʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ. ï 1994. ï ˉ 8. ï ʉ. 15 ï17. 

2. ɼʝʥʢʘʣʠʩ, ʉ.ʉ. ɸʥʪʨʘʢʦʟ [ʊʝʢʩʪ] / ʉ. ʉ. ɼʝʥʢʘʣʠʩ, ʌ. ʕ. ʐʢʫʪʠʥ: ɸʣʤʘ-ɸʪʘ, 1986. ï 256 ʩ. 
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ʉʪʘʜʥʽʢ ʄ. ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʐʪʫʮʴ ɸ. ɸ., ʘʩʠʩʪʝʥʪ 

ʏʤʠʭ ʂ. ɺ., ʩʪʫʜʝʥʪʢʘ 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, catherina099@gmail.com 

ɺɯɼʉʃɯɼʂʆɺʋɺɸʅʅʗ ɻʈɸʌɯʂʋ ʅɸɺɸʅʊɸɾɽʅʅʗ ʊɺɸʈʀʅʅʀʎʔʂʆɰ ʌɽʈʄʀ 

ʇʈʀ ɸɺʊʆʅʆʄʅʆʄʋ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅɯ 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʪʦʜ ʚʽʜʩʪʝʞʝʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ 

ʬʝʨʤʠ, ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʚʠʟʥʘʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʛʝʥʝʨʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʬʘʢʪʠʯʥʦʛʦ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ 

ʢʝʨʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʠʤʠ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʤʠ ʥʘ ʙʘʟʽ ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʯʘʩ 

ʤʦʞʣʠʚʦʛʦ ʟʤʽʱʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ.  

ʗʢ ʧʨʘʚʠʣʦ ʛʝʥʝʨʘʪʦʨ ʙʽʦʛʘʟʦʚʦʾ ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʦʜʠʪʴʩʷ ʚ ʦʙʝʨʪʘʥʥʷ, ʛʘʟʦʚʠʤ ʜʚʠʛʫʥʦʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ ʰʚʠʜʢʽʩʪʴ ʦʙʝʨʪʘʥʥʷ, ʷʢʦʛʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ, ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʾ ʯʘʩʪʦʪʠ ʥʘ ʚʠʭʦʜʽ ʛʝʥʝʨʘʪʦʨʘ [3]. ɼʣʷ ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ 

ʛʝʥʝʨʫʚʘʥʥʷ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʥʝʨʘʪʦʨʥʠʭ ʫʩʪʘʥʦʚʦʢ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʨʫʧʫ ʛʝʥʝʨʘʪʦʨʽʚ, ʷʢʽ ʧʘʨʘʣʝʣʴʥʦ ʧʨʘʮʶʶʪʴ ʥʘ ʩʧʽʣʴʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɺ 

ʽʜʝʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʧʨʘʮʶʶʯʠʭ ʚ ʥʦʤʽʥʘʣʴʥʦʤʫ, ʘʙʦ ʙʣʠʟʴʢʦʤʫ ʜʦ 

ʥʦʤʽʥʘʣʴʥʦʛʦ ʨʝʞʠʤʽ ʛʝʥʝʨʘʪʦʨʽʚ ʧʦʚʠʥʥʘ ʩʧʽʚʧʘʜʘʪʠ ʽʟ ʧʦʪʫʞʥʽʩʪʶ, ʷʢʘ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʝʣʝʢʪʨʠʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʬʝʨʤʝʨʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ. 

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʈ1, ʈ2, ʈ3, ʈ4 ʪʘ ʛʨʘʬʽʢ ʧʦʢʨʠʪʪʷ ʈ` ʟʘ 

ʫʤʦʚʠ ʥʘʷʚʥʦʩʪʽ ʛʨʫʧʠ ʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʽʚʥʽ ʧʦʪʫʞʥʦʩʪʽ N1, N2, N3, ʪʘ N4. 
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ʈʠʩ. 1 ï ɼʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʧʨʠ ʨʝʟʝʨʚʫʚʘʥʥʷ ʯʘʩʫ 

ʉʫʤʘʨʥʽ ʜʦʜʘʪʢʦʚʽ ʚʪʨʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʷʢʽ ʟʫʤʦʚʣʝʥʽ ʟʘʧʘʩʘʤʠ ʯʘʩʫ ʚʚʽʤʢʥʝʥʥʷ ʪʘ 

ʚʠʤʢʥʝʥʥʷ ʜʣʷ ʢʦʞʥʦʾ ʦʧʝʨʘʮʽʾ ʤʦʞʥʘ ʟʥʘʡʪʠ ʽʟ ʚʠʨʘʟʫ 

 ,)()( ..
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jj

ʚʟ

i

k
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ii tPPtPPtpw  (1) 

ʜʝ k ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʥʘʨʦʱʝʥʥʷ 

ʧʦʪʫʞʥʦʩʪʽ); 
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s ï ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʚʠʤʠʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʩʢʠʜ 

ʧʦʪʫʞʥʦʩʪʽ);  

P  ï ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʘʪʦʨʥʦʾ ʛʨʫʧʠ, ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʪʦʤʫ ʯʠ ʽʥʰʦʤʫ ʯʘʩʦʚʦʤʫ 

ʜʽʘʧʘʟʦʥʫ; 

t
ʟ.ʚ.

 ï ʯʘʩ ʟʘʧʘʩʫ ʚʤʠʢʘʥʥʷ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽʾ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

t
ʟ.ʚʠʤ.

 ï ʯʘʩ ʟʘʧʘʩʫ ʚʠʤʠʢʘʥʥʷ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʧʝʚʥʦʾ ʦʧʝʨʘʮʽʾ. 

ʗʢʱʦ ʚʚʘʞʘʪʠ, ʱʦ ʪʚʘʨʠʥʥʠʮʴʢʘ ʬʝʨʤʘ ʦʙʣʘʜʥʘʥʘ ʛʝʥʝʨʘʪʦʨʥʠʤʠ ʙʽʦʛʘʟʦʚʠʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ ʦʜʥʘʢʦʚʦʾ ʥʦʤʽʥʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ Nn ʢʽʣʴʢʽʩʪʶ m, ʪʦʜʽ ʘʣʛʦʨʠʪʤ ʚʠʙʦʨʫ 

ʩʢʣʘʜʫ ʛʝʥʝʨʘʪʦʨʥʦʾ ʛʨʫʧʠ, ʱʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʙʣʦʢʦʤ 4, ʤʦʞʥʘ ʨʦʟʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ 

ʨʽʚʥʷʥʴ: 

 

.,.]1...3,2,1[,;

.;.]1...3,2,1[,;

ʛʝʥʝʨnʚʚʽʤʢmn
N

PP
nPPʷʢʱʦ

ʛʝʥʝʨnʚʠʤʢmn
N

PP
nPPʷʢʱʦ

ʛʛ

n

ʛʨʦʟʨ

ʛʨʦʟʨʛ

ʛʛ

n

ʨʦʟʨʛ

ʛʨʦʟʨʛ

 (2) 

ʜʝ ʈʛɆ ï ʟʘʛʘʣʴʥʘ ʧʦʪʦʯʥʘ ʧʦʪʫʞʥʽʩʪʴ ʛʝʥʝʨʫʚʘʥʥʷ; 

ʈʨʦʟʨ ï ʨʦʟʨʘʭʫʥʢʦʚʘ ʧʦʪʫʞʥʽʩʪʴ ʥʘʚʘʥʪʘʞʝʥʥʷ; 

nʛ ï ʢʽʣʴʢʽʩʪʴ ʛʝʥʝʨʘʪʦʨʽʚ, ʷʢʽ ʚʤʠʢʘʶʪʴʩʷ, ʘʙʦ ʚʠʤʠʢʘʶʪʴʩʷ ʧʨʠ ʟʤʽʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʘ ʤʘʣʽʡ ʬʝʨʤʽ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ (ɺʈʍ). 

ʇʦʛʦʣʽʚôʷ ʬʝʨʤʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 60 ʜʽʡʥʠʭ ʢʦʨʽʚ, 11 - ʪʠ ʩʫʭʦʩʪʽʡʥʠʭ ʪʘ  29 ʛʦʣʽʚ ʤʦʣʦʜʥʷʢʘ, 

ʪʦʙʪʦ ʥʝʪʝʣʝʡ ʽ ʪʝʣʷʪ. ʋʪʨʠʤʘʥʥʷ ʚ ʟʠʤʦʚʦ-ʩʪʽʡʣʦʚʠʡ ʧʝʨʽʦʜ. 

ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʬʝʨʤʠ ʟʛʽʜʥʦ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 2 ʟ 

ʷʢʦʛʦ ʚʠʜʥʦ, ʱʦ ʻ ʜʚʘ ʧʝʨʽʦʜʠ ʧʽʢʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʨʘʥʢʦʚʠʡ: ʟ 6-00 ʜʦ 8-30 ʪʘ 

ʦʙʽʜʥʽʡ: ʟ 14-00 ʜʦ 16-00. ɺ ʮʽ ʧʝʨʽʦʜʠ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʝʚʠʱʫʻ ʚʽʜʤʽʪʢʫ 30ʢɺʪ. 
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ʈʠʩ. 2 ï ɻʨʘʬʽʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ ʬʝʨʤʠ 
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ʈʠʩ. 3 ï ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʽ ʧʽʜʭʦʜʠ ʱʦʜʦ ʚʽʜʩʪʝʞʝʥʥʷ ʛʨʘʬʽʢʘ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʚʘʨʠʥʥʠʮʴʢʦʾ 

ʬʝʨʤʠ ʜʦʟʚʦʣʷʶʪʴ ʟʜʽʡʩʥʶʚʘʪʠ ʢʝʨʫʚʘʥʥʷ ʙʽʦʛʘʟʦʚʠʤʠ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʘʤʠ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʟʤʽʥ ʚʝʣʠʯʠʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʙʝʟ ʨʝʟʝʨʚʫʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʥʘ ʯʘʩ ʤʦʞʣʠʚʦʛʦ ʟʤʽʱʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʝ ʜʣʷ 

ʘʚʪʦʥʦʤʥʠʭ ʩʠʩʪʝʤ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ʇʨʦʚʝʜʝʥʽ ʨʦʟʨʘʭʫʥʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ 

ʤʝʪʦʜʫ ʜʣʷ ʬʝʨʤʠ ɺʈʍ ʟʘʩʚʽʜʯʫʶʪʴ ʡʦʛʦ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʟʦʢʨʝʤʘ ʜʣʷ ʤʘʣʦʾ ʬʝʨʤʽ ɺʈʍ ʟ 

ʧʦʛʦʣʽʚôʷʤ 60 ʜʽʡʥʠʭ ʢʦʨʽʚ, 11 ʩʫʭʦʩʪʽʡʥʠʭ ʪʘ  29 ʛʦʣʽʚ ʤʦʣʦʜʥʷʢʘ, ʱʦ ʫʪʨʠʤʫʶʪʴʩʷ ʚ 

ʟʠʤʦʚʦ-ʩʪʽʡʣʦʚʦʤʫ ʧʝʨʽʦʜʽ, ʩʫʤʘʨʥʘ ʝʢʦʥʦʤʽʷ ʩʢʣʘʜʘʻ 82,8 ʢɺʪ. Āʛʦʜ ʥʘ ʜʦʙʫ. 
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ʊʠʥʠʥʘ ʉ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʥʘʫʢ. ʩʧʽʚʨʦʙʽʪʥʠʢ 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɺʇʃʀɺʋ ɼʀʌʋɿɯʁʅʆɻʆ ʇʆʊʆʂʋ ʂʀʉʅʖ ʅɸ 

ɺʅʋʊʈɯʐʅɯ ʇʈʆʎɽʉʀ ʇʆʈʆɼʅʀʍ ɺɯɼɺɸʃɯɺ 

ɺʫʛʽʣʣʷ ʽ ʚʫʛʣʠʩʪʽ ʧʦʨʦʜʠ, ʷʢʽ ʻ ʫ ʩʢʣʘʜʽ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʟʘʡʤʘʥʥʷ. 

ɯʥʪʝʥʩʠʚʥʽʩʪʴ ʘʙʦ ʩʪʫʧʽʥʴ ʩʘʤʦʟʘʡʤʘʥʥʷ ʨʽʟʥʘ ʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʫʧʝʥʽ ʤʝʪʘʤʦʨʬʽʟʤʫ, ʘ 

ʪʘʢʦʞ ʬʨʘʢʮʽʡʥʦʛʦ ʩʢʣʘʜʫ ʧʦʨʽʜ [1]. 

ʍʘʨʘʢʪʝʨ ʨʦʟʚʠʪʢʫ ʧʨʦʮʝʩʫ ʩʘʤʦʥʘʛʨʽʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʛʝʥʝʨʘʮʽʾ ʽ 

ʨʦʟʩʽʶʚʘʥʥʷ ʪʝʧʣʦʪʠ ʫ ʚʫʛʽʣʴʥʠʭ ʧʦʨʦʜʘʭ, ʷʢʽ ʻ ʫ ʧʦʨʦʜʥʦʤʫ ʚʽʜʚʘʣʽ ʡ ʩʪʘʥʦʚʣʷʪʴ 46-55% 

ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ. ʇʨʦʮʝʩ ʩʘʤʦʟʘʡʤʘʥʥʷ ʚʫʛʽʣʴʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʧʦʨʽʜ ʥʘ ʧʦʨʦʜʥʦʤʫ 

ʚʽʜʚʘʣʽ ʤʘʻ ʤʽʩʮʝ ʣʘʪʝʥʪʥʦʛʦ (ʽʥʢʫʙʘʮʽʡʥʦʛʦ) ʧʝʨʽʦʜ ʨʦʟʚʠʪʢʫ. ɺʽʜʦʤʦ, ʱʦ ʚ ʧʦʯʘʪʢʦʚʽʡ 

ʩʪʘʜʽʾ ʦʢʠʩʣʝʥʥʷ ʚʫʛʽʣʣʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʧʦʛʣʠʥʘʥʥʷ ʢʠʩʥʶ ʽ ʤʘʡʞʝ ʥʝ ʚʠʜʽʣʷʻʪʴʩʷ 

ʥʽʷʢʠʭ ʣʝʛʢʠʭ ʧʨʦʜʫʢʪʽʚ ʛʦʨʽʥʥʷ [2]. 

ʅʘʜʭʦʜʞʝʥʥʷ ʢʠʩʥʶ ʫʩʝʨʝʜʠʥʫ ʚʽʜʚʘʣʫ ʦʙʫʤʦʚʣʝʥʦ ʙʘʛʘʪʴʤʘ ʬʘʢʪʦʨʘʤʠ: ʩʪʨʫʢʪʫʨʦʶ 

ʚʽʜʚʘʣʫ, ʱʽʣʴʥʽʩʪʶ, ʚʠʩʦʪʦʶ ʚʽʜʚʘʣʫ, ʥʘʧʨʷʤʢʦʤ ʚʽʪʨʽʚ, ʩʝʟʦʥʥʠʤʠ ʢʦʣʠʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɸʚʪʦʤʘʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʧʦʣʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʠʩʥʶ ʚ ʰʘʨʽ ʩʣʦʾʚ ʚʽʜʚʘʣʫ ʘʙʦ ʧʨʝʩʦʚʘʥʠʭ ʧʦʨʽʜ ʽ ʜʠʥʘʤʽʢʠ 

ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʢʠʩʥʶ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʚ ʜʘʥʽ ʤʘʪʝʨʽʘʣʠ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʚ ʷʢʦʤʫ ʢʦʝʬʽʮʽʻʥʪ 

ʝʬʝʢʪʠʚʥʦcʩʪʽ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʟʤʽʥʶʚʘʚʩʷ ʚʽʜ 9
-8

 ʜʦ 12
-5

 ʤ
2
/ʩ, ʘ ʚʽʜʥʦʰʝʥʥʷ 

ʧʦʯʘʪʢʦʚʦʾ ʰʚʠʜʢʦʩʪʽ ʩʦʨʙʮʽʾ ʢʠʩʥʶ ʚʫʛʽʣʴʥʠʤ ʩʢʫʧʯʝʥʥʷʤ ʥʘ ʚʽʜʚʘʣʽ ʘʙʦ ʧʨʝʩʦʚʘʥʠʭ 

ʚʽʜʭʦʜʽʚ ʜʦ ʢʦʥʩʪʘʥʪʠ ɻʝʥʨʽ ʚʽʜ 12
-5

 ʜʦ 6ẗ10
-3

 ʤ/ ʩ [3, 4]. 

ɻʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ ʢʠʩʥʶ ʚ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʚʽʜʚʘʣʫ ʘʙʦ ʧʨʝʩʦʚʘʥʠʭ ʚʽʜʭʦʜʽʚ 

ʩʪʘʥʦʚʠʪʴ ʧʦʥʘʜ 25-75 ʩʤ (ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʦʨʙʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʠʬʫʟʽʡʥʦʛʦ ʦʧʦʨʫ 

ʧʦʨʠʩʪʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʧʨʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʽʡ ʧʣʦʱʽ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ 

ʩʢʫʧʯʝʥʥʷ ʧʦʨʽʜ [5, 6]. 

ɼʠʬʫʟʥʠʡ ʧʦʪʽʢ ʢʠʩʥʶ, ʱʦ ʧʨʦʥʠʢʘʻ ʚ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʧʦʨʽʜ ʚʽʜʚʘʣʫ ʘʙʦ ʧʨʝʩʦʚʘʥʠʭ 

ʚʽʜʭʦʜʽʚ, ʧʨʘʛʥʝ ʜʦ ʜʝʷʢʦʛʦ ʧʦʩʪʽʡʥʦʛʦ ʟʥʘʯʝʥʥʷ, ʷʢʝ ʜʦʩʷʛʘʻʪʴʩʷ ʯʝʨʝʟ ʜʦʩʠʪʴ ʚʝʣʠʢʠʡ 

ʯʘʩ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʧʠʪʦʤʦʛʦ ʜʠʬʫʟʽʡʥʦʛʦ ʧʦʪʦʢʫ ʢʦʨʠʩʪʫʶʪʴʩʷ ʬʦʨʤʫʣʦʶ (1): 

  (1) 

ʜʝ: jk ï ʩʪʘʮʽʦʥʘʨʥʠʡ ʜʠʬʫʟʽʡʥʠʡ ʧʦʪʽʢ ʢʠʩʥʶ ʫ ʤʽʞʰʤʘʪʢʦʚʦʤʫ ʧʨʦʩʪʦʨʽ ʚʽʜʚʘʣʫ;  

ʩʢ (ʚ) ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʠʩʥʶ ʚ ʘʪʤʦʩʬʝʨʥʦʤʫ ʧʦʚʽʪʨʽ;  

Dʢ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʬʫʟʽʾ ʢʠʩʥʶ ʫ ʚʫʛʽʣʣʽ;  

ʭ=0 ï ʧʨʦʩʪʦʨʦʚʘ ʢʦʦʨʜʠʥʘʪʘ, ʩʧʨʷʤʦʚʘʥʘ ʚʩʝʨʝʜʠʥʫ ʚʫʛʽʣʴʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʧʦʨʽʜ, ʟ 

ʧʦʯʘʪʢʦʤ ʚʽʜʣʽʢʫ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚʫʛʽʣʴʥʦʛʦ ʩʢʫʧʯʝʥʥʷ ʧʦʨʦʜʠ 

[7, 8]. 
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ʅʘ (ʨʠʩ.1) ʟʦʙʨʘʞʝʥʦ ʛʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʠʤʽʨʫ ʧʦʨʦʜʥʦʛʦ ʚʽʜʚʘʣʫ, ʟʘʤʽʨʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʷ ʧʦʩʣʽʜʦʚʥʦ ʚʽʜ ʧʽʜʦʰʚʠ ʚʽʜʚʘʣʫ ʜʦ ʚʝʨʭʥʴʦʾ ʪʦʯʢʠ ʢʦʥʫʩʫ. ʊʘʢ ʪʝʤʧʝʨʘʪʫʨʘ 

ʫ ʧʽʜʦʰʚʠ ʚʽʜʚʘʣʫ ʩʢʣʘʜʘʣʘ ʚʽʜ 25 ʜʦ 35
0
ʉ; ʩʝʨʝʜʠʥʘ ʚʽʜʚʘʣʫ ʚʽʜ 55 ʜʦ 65

0
ʉ; ʢʦʥʫʩʥʘ 

ʚʝʨʭʽʚʢʘ (ʥʘʡʚʠʱʘ ʪʦʯʢʘ) ʚʽʜ 55 ʜʦ 75
0
ʉ ʡ ʚʠʱʝ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʨʦʩʪʘʻ 

ʧʦʩʪʫʧʦʚʦ, ʮʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʩʝʨʝʜʢʘ ʛʦʨʽʥʥʷ, ʥʘʡʙʽʣʴʰʠʡ ʪʝʤʧʝʨʘʪʫʨʥʠʡ 

ʧʨʠʨʽʩʪ ʩʪʘʥʦʚʠʪʴ ʩʘʤʝ ʢʦʥʫʩ ʧʦʨʦʜʥʦʛʦ ʚʽʜʚʘʣʫ, ʪʘʢ ʷʢ ʚʽʥ ʥʘʡʙʽʣʴʰ ʩʭʠʣʴʥʠʡ ʜʦ 

ʧʨʦʥʠʢʥʝʥʥʷ ʪʘ ʜʠʬʫʟʽʾ ʢʠʩʥʝʚʦʛʦ ʧʦʪʦʢʫ. ʆʩʥʦʚʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʟʘʧʫʩʢʫ ʛʦʨʽʥʥʷ ʡ 

ʫʪʚʦʨʝʥʥʷ ʦʩʝʨʝʜʢʽʚ ʻ ʚʽʪʨʦʚʘ ʜʠʬʫʟʽʷ, ʷʢʘ ʧʨʦʥʠʢʘʻ ʫ ʤʽʞʰʤʘʪʢʦʚʠʡ ʧʨʦʩʪʽʨ ʚʽʜʚʘʣʫ ʟ 

ʧʦʜʘʣʴʰʠʤ ʟʘʧʫʩʢʦʤ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʦʢʠʩʣʝʥʥʷ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ. 

 

ʈʠʩ. 1 ï ɻʨʘʬʽʢ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʘʤʽʨʫ ʧʦʨʦʜʥʦʛʦ ʚʽʜʚʘʣʫ: 1 ï ʢʦʥʫʩ (ʚʝʨʭʽʚʢʘ); 2 ï 

ʩʝʨʝʜʠʥʘ; 3 ï ʧʽʜʦʰʚʘ ʚʽʜʚʘʣʫ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʦʜʷʯʠ ʚʠʩʥʦʚʦʢ ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʧʨʦʚʦʜʷʯʠ ʝʢʩʧʝʨʠʤʝʥʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʟʘʤʽʨʫ ʪʘ ʢʦʥʪʨʦʣʶ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ ʤʦʞʥʘ 

ʧʨʦʛʥʦʟʫʚʘʪʠ ʪʝʧʣʦʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ ʧʦ ʬʘʢʪʦʨʫ ʚʠʥʠʢʥʝʥʥʷ ʝʥʜʦʛʝʥʥʠʭ ʧʦʞʝʞ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʦʪʨʽʙʥʦ ʟʚʝʨʪʘʪʠ ʥʘ ʢʦʥʪʨʦʣʴ ʪʝʧʣʦʚʦʛʦ ʩʪʘʥʫ ʧʦʨʦʜʥʠʭ ʚʽʜʚʘʣʽʚ, 

ʦʩʢʽʣʴʢʠ ʯʘʩʪʽ ʜʦʱʦʚʽ ʦʧʘʜʠ ʧʨʦʚʦʢʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʪʝʨʤʽʯʥʠʭ ʟʩʫʚʽʚ ʨʫʡʥʫʚʘʥʥʷ ʙʦʨʪʽʚ 

ʚʽʜʚʘʣʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʢʠʜʦʤ ʰʤʘʪʢʽʚ ʧʦʨʦʜʠ ʥʘ ʚʽʜʩʪʘʥʴ ʜʦ 20 ʤ. ʊʘʢʦʞ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ ʰʚʠʜʢʽʩʪʴ ʚʽʪʨʽʚ ʪʘ ʾʭʥʽʡ ʚʧʣʠʚ ʥʘ ʨʦʟʨʦʩʪʘʥʥʷ ʦʩʝʨʝʜʢʽʚ ʛʦʨʽʥʥʷ ʚʩʝʨʝʜʠʥʽ 

ʚʽʜʚʘʣʽʚ ʟʘ ʨʘʭʫʥʦʢ ʜʠʬʫʟʽʾ ʫ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʧʦʨʽʜ ʚʽʜʚʘʣʫ. 
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ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʅɸʅʆʌɯʃʔʊʈɸʎɯʁʅʆɻʆ ɿʅɽʉʆʃɽʅʅʗ ɺʆɼʀ  

ʅʘʨʘʟʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ ʚʦʜʠ ʚ ʧʨʠʨʦʜʥʠʭ ʜʞʝʨʝʣʘʭ, ʢʨʽʤ ʪʦʛʦ 

ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʙʽʣʴʰ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʷʢʦʩʪʽ ʚʦʜʠ. ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʽ 

ʤʝʤʙʨʘʥʠ ʤʘʶʪʴ ʚʝʣʠʯʝʟʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʾʭ ʫ ʩʠʩʪʝʤʘʭ ʦʯʠʱʝʥʥʷ ʚʦʜʠ 

[1ī3]. ɼʣʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʤʙʨʘʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʝʦʙʭʽʜʥʦ 

ʩʧʨʦʱʝʥʥʷ ʽ ʟʜʝʰʝʚʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʥʘʜʽʡʥʦʩʪʽ ʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪʽ. ɹʘʨʦʤʝʤʙʨʘʥʥʽ ʤʝʪʦʜʠ ʦʯʠʩʪʢʠ ʚʦʜʠ ʤʘʶʪʴ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: ʚʠʩʦʢʘ ʥʘʜʽʡʥʽʩʪʴ 

ʙʘʨôʻʨʥʦʾ ʬʽʣʴʪʨʘʮʽʾ: ʥʘʜʽʡʥʽʩʪʴ ʽ ʢʦʤʧʘʢʪʥʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ; ʤʦʞʣʠʚʽʩʪʴ ʧʦʚʥʦʾ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ; ʤʽʥʽʤʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʘʛʝʥʪʽʚ, ʥʠʟʴʢʝ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, 

ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʷʢʽʩʥʦʛʦ ʧʝʨʤʽʘʪʫ ʟʘ ʦʜʠʥ ʢʨʦʢ ʦʙʨʦʙʢʠ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʭʽʤʽʯʥʠʭ 

ʨʝʘʛʝʥʪʽʚ ʣʠʰʝ ʜʣʷ ʨʝʛʝʥʝʨʘʮʽʾ ʤʝʤʙʨʘʥ [4ī6]. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʟʥʝʩʦʣʝʥʥʷ ʚʦʜʠ ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʩʪʫʧʝʥʶ ʚʽʜʙʦʨʫ 

ʧʝʨʤʽʘʪʫ ʪʘ ʟʨʦʩʪʘʻ ʧʨʠ ʧʽʜʚʠʱʝʥʥʽ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʚ ʤʝʞʘʭ ʚʽʜ 0,3 ʜʦ 0,4 ʄʇʘ. ʇʨʠ 

ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʧʨʠ ʨʦʙʦʯʦʤʫ ʪʠʩʢʫ 0,4 ʄʇʘ ʯʝʨʝʟ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʫ 

ʤʝʤʙʨʘʥʫ ʆʇʄʅīʇ ʚʽʜʙʫʣʦʩʴ ʟʥʠʞʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʽʜ 8,17 ʜʦ 6,80 ʜʤ
3
/ʤ
2Ā
ʛʦʜ, ʪʦʙʪʦ 

ʥʘ 5,87 ʜʤ
3
/ʤ
2Ā
ʛʦʜ. ʇʨʠ ʪʠʩʢʫ 0,3 ʄʇʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʩʪʫʧʝʥʶ ʚʽʜʙʦʨʫ ʧʝʨʤʽʘʪʫ ʚʽʜ 10 ʜʦ 

70 % ʮʷ ʨʽʟʥʠʮʷ ʙʫʣʘ ʟʥʘʯʥʦ ʤʝʥʰʘ ʽ ʩʪʘʥʦʚʠʣʘ 3,77 ʜʤ
3
/ʤ
2Ā
ʛʦʜ. ʆʯʝʚʠʜʥʦ, ʱʦ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʠʩʢʫ ʚʽʜ 0,3 ʜʦ 0,4 ʄʇʘ, ʧʽʜʚʠʱʝʥʥʽ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʪʘ ʟʙʽʣʴʰʝʥʥʽ 

ʚ ʥʴʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʦʣʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʦ ʙʽʣʴʰʝ ʫʱʽʣʴʥʝʥʥʷ ʤʝʤʙʨʘʥʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1 ī ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʾ ʤʝʤʙʨʘʥʠ ʆʇʄʅīʇ ʚʽʜ 

ʩʪʫʧʝʥʶ ʚʽʜʙʦʨʫ ʧʝʨʤʽʘʪʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ 

Z, % 
J, ʜʤ

3
/ʤ
2Ā
ʛʦʜ 

0,30 0,35 0,40 

10 4,58 5,59 8,17 

20 4,42 5,36 7,58 

30 4,35 5,26 7,27 

40 4,21 5,15 7,17 

50 4,15 4,96 6,89 

60 4,11 4,87 7,08 

70 4,08 4,78 6,80 

ʇʨʠ ʦʯʠʱʝʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʚʠʩʦʢʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʩʦʣʝʡ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʽ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʚʽʜ ʩʪʫʧʝʥʶ ʚʽʜʙʦʨʫ ʧʝʨʤʽʘʪʫ. ʆʪʞʝ, 

ʟʨʦʩʪʘʥʥʷ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʨʦʟʯʠʥʫ ʚʽʜʽʛʨʘʻ ʙʽʣʴʰ ʟʥʘʯʥʫ ʨʦʣʴ. ɿʥʠʞʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʝʤʙʨʘʥʠ ʟ ʯʘʩʦʤ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʧʨʠ ʪʠʩʢʫ 0,30, 0,35 ʪʘ 0,40 ʄʇʘ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜʧʦʚʽʜʥʦ 0,50, 0,81 ʪʘ 1,37 ʜʤ
3
/ʤ

2
Āʛʦʜ. 

ʇʨʠ ʟʥʝʩʦʣʝʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘʥʦʬʽʣʴʪʨʫʚʘʥʥʷʤ, ʢʦʥʮʝʥʪʨʘʮʽʷ ʩʫʣʴʬʘʪʽʚ 

ʩʪʘʥʦʚʠʣʘ 13,0 ʤʛ-ʝʢʚ/ʜʤ
3
 ʽ ʙʫʣʘ ʚʠʱʝ ʝʢʚʽʚʘʣʝʥʪʥʦʛʦ ʚʤʽʩʪʫ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ, ʷʢʽ 

ʩʪʘʥʦʚʠʣʠ ʩʪʘʥʦʚʠʣʘ 9,5 ʤʛ-ʝʢʚ/ʜʤ
3
. ʇʨʠ ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʣʫʯʝʥʥʷ ʽʦʥʽʚ ʞʦʨʩʪʢʦʩʪʽ 

ʟʥʘʯʥʦ ʙʽʣʴʰʝ (ʨʠʩ. 1).  

mailto:inna.trus.m@gmail.com
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ʈʦʙʦʯʠʡ ʪʠʩʢ 0,40 ʄʇʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʤʽʘʪʫ: ʉ(SO4
2-
) (1); ʉ(ʉl

-
)(2); ɾ(3); ʃ (4) 

ʈʠʩ. 1 ī ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʤʽʘʪʫ ʚʽʜ ʩʪʫʧʝʥʶ ʡʦʛʦ ʚʽʜʙʦʨʫ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ ʆʇʄʅīʇ ʟʘ ʨʽʟʥʠʭ ʨʦʙʦʯʠʭ ʪʠʩʢʽʚ 
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ɾʦʨʩʪʢʽʩʪʴ ʨʦʟʯʠʥʫ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʟʥʠʟʠʣʘʩʴ ʟ 9,5 ʤʛ-ʝʢʚ/ʜʤ
3
 ʜʦ ~ 1,5 ʤʛ-ʝʢʚ/ʜʤ

3
 

ʧʨʠ ʨʦʙʦʯʠʭ ʪʠʩʢʘʭ 0,30, 0,35 ʪʘ 0,40 ʄʇʘ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʢʦʚʠʡ ʚʤʽʩʪ ʩʫʣʴʬʘʪʽʚ ʪʘʢʦʞ 

ʟʥʠʟʠʚʩʷ ʟ 13,0 ʤʛ-ʝʢʚ/ʜʤ
3
 ʜʦ ~ 1,3 ʤʛ-ʝʢʚ/ʜʤ

3
.  

ɼʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʠʣʠ ʧʽʜʪʚʝʨʜʠʪʠ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ ʧʨʠ 

ʥʘʥʦʬʽʣʴʪʨʘʮʽʾ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʦʙʫʤʦʚʣʝʥʘ ʚʤʽʩʪʦʤ ʩʫʣʴʬʘʪʽʚ ʫ ʚʦʜʽ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʾʭ 

ʚʠʣʫʯʝʥʥʷ. 

ʃʫʞʥʽʩʪʴ ʬʽʣʴʪʨʘʪʫ ʙʫʣʘ ʚ ʤʝʞʘʭ 4,4 ī 4,5 ʤʛ-ʝʢʚ/ʜʤ
3
, ʪʦʙʪʦ ʷʢ ʽ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʨʦʟʯʠʥʽ. 

ʊʦʙʪʦ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʠ ʧʦ ʛʽʜʨʦʢʘʨʙʦʥʘʪ ʽʦʥʘʭ ʙʫʣʘ ʙʣʠʟʴʢʘ ʜʦ 0.  

ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʘ ʤʝʤʙʨʘʥʘ ʆʇʄʅ-ʇ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʪʨʠʤʫʚʘʣʘ 

ʭʣʦʨʠʜʠ, ʽ ʾʾ ʩʝʣʝʢʪʠʚʥʽʩʪʴ ʧʦ ʜʘʥʠʭ ʘʥʽʦʥʘʭ ʙʫʣʘ ʨʽʚʥʘ ʥʫʣʶ. 

ʉʝʣʝʢʪʠʚʥʽʩʪʴ ʤʝʤʙʨʘʥʠ ʧʦ ʩʫʣʴʬʘʪʘʭ ʧʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʙʫʣʘ ʚ 

ʤʝʞʘʭ 92 ī 93 %, ʧʦ ʽʦʥʘʭ ʞʦʨʩʪʢʦʩʪʽ 85 ī 90 % (ʪʘʙʣ. 2, ʪʘʙʣ. 3). 

ʊʘʙʣʠʮʷ 2 ī ɿʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʤʝʤʙʨʘʥʠ ʆʇʄʅīʇ ʧʦ ʩʫʣʴʬʘʪʘʭ ʚʽʜ ʩʪʫʧʝʥʶ 

ʚʽʜʙʦʨʫ ʧʝʨʤʽʘʪʫ  

Z, % 

R, % 

ʈ, ʄʇʘ 

0,30 0,35 0,40 

10 91,7 92,5 92,8 

20 91,1 91,7 92,3 

30 91,0 91,6 92,1 

40 91,2 91,6 92,0 

50 91,6 91,9 92,2 

60 91,8 92,1 92,4 

70 92,8 93,1 93,3 

 

ʊʘʙʣʠʮʷ 3 ī ɿʘʣʝʞʥʽʩʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʽ ʤʝʤʙʨʘʥʠ ʆʇʄʅīʇ ʧʦ ʽʦʥʘʭ ʞʦʨʩʪʢʦʩʪʽ ʚʽʜ 

ʩʪʫʧʝʥʶ ʚʽʜʙʦʨʫ ʧʝʨʤʽʘʪʫ  

Z, % 

R, % 

ʈ, ʄʇʘ 

0,30 0,35 0,40 

10 85,1 85,6 86,2 

20 84,4 84,9 85,4 

30 84,6 85,1 85,7 

40 85,6 85,9 86,3 

50 86,6 87,0 87,7 

60 87,7 88,3 89,0 

70 88,5 89,5 90,5 

ʆʪʞʝ, ʧʨʠ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʤʫ ʦʯʠʱʝʥʥʽ ʩʣʘʙʦʤʽʥʝʨʘʣʽʟʦʚʘʥʠʭ ʚʦʜ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ 

ʦʧʨʽʩʥʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʚʠʣʫʯʝʥʥʷ ʩʫʣʴʬʘʪʽʚ (ʜʦ 93 %) ʪʘ ʯʘʩʪʢʦʚʦʛʦ ʧʦʤôʷʢʰʝʥʥʷ ʚʦʜʠ (ʜʦ 

89 %). ʍʣʦʨʠʜʠ ʪʘ ʛʽʜʨʦʢʘʨʙʦʥʘʪʠ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʶ ʤʝʤʙʨʘʥʦʶ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʪʨʠʤʫʶʪʴʩʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʷʢ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʦʣʶ ʩʢʣʘʜʫ ʧʝʨʤʽʘʪʽʚ ʪʘʢ ʽ ʩʢʣʘʜ 

ʦʪʨʠʤʘʥʠʭ ʢʦʥʮʝʥʪʨʘʪʽʚ (ʪʘʙʣ. 4). 

ʇʨʠ ʦʧʨʽʩʥʝʥʥʽ ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʤʽʯʝʥʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʩʫʣʴʬʘʪʽʚ ʚ 

ʢʦʥʮʝʥʪʨʘʪʽ ʜʦ 30,2ï32,9 ʤʛ-ʝʢʚ/ʜʤ
3
 ʧʨʠ ʞʦʨʩʪʢʦʩʪʽ 25,5ï27,4 ʤʛ-ʝʢʚ/ʜʤ

3
. ʃʫʞʥʽʩʪʴ ʥʝ 

ʧʝʨʝʚʠʱʫʚʘʣʘ 4,5 ʤʛ-ʝʢʚ/ʜʤ
3
, ʚʤʽʩʪ ʭʣʦʨʠʜʽʚ ʫ ʧʝʨʤʽʘʪʽ, ʷʢ ʽ ʫ ʚʠʭʽʜʥʦʤʫ ʨʦʟʯʠʥʽ ʩʢʣʘʜʘʚ 

3 ʤʛ-ʝʢʚ/ʜʤ
3
. 
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ʊʘʙʣʠʮʷ 4 ī ɿʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʮʝʥʪʨʘʪʽʚ ʥʘʥʦʬʽʣʴʪʨʘʮʽʡʥʦʛʦ ʦʯʠʱʝʥʥʷ ʪʘ 

ʤʦʜʝʣʴʥʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʤʝʤʙʨʘʥʽ ʆʇʄʅīʇ ʚʽʜ ʨʦʙʦʯʦʛʦ ʪʠʩʢʫ ʧʨʠ ʩʪʫʧʝʥʽ ʚʽʜʙʦʨʫ 

ʧʝʨʤʽʘʪʫ 70 %. 

ʈ, 

ʄʇʘ 

ʉ(SO4
2-

), 

ʤʛ-ʝʢʚ/ʜʤ
3
 

ʉ(ʉl
-
),  

ʤʛ-ʝʢʚ/ʜʤ
3
 

ʃ, 

ʤʛ-ʝʢʚ/ʜʤ
3
 

ɾ, 

ʤʛ-ʝʢʚ/ʜʤ
3
 

ʨʅ 

0,30 1,11 0,57 3,90 4,9 8,1 

0,35 1,15 0,57 4,25 5,0 8,2 

0,40 1,25 0,57 4,35 5,2 8,0 

ʆʯʝʚʠʜʥʦ, ʱʦ ʜʘʥʽ ʢʦʥʮʝʥʪʨʘʪʠ ʜʦʮʽʣʴʥʦ ʦʯʠʱʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʘʜʞʝʥʥʷ ʩʫʣʴʬʘʪʽʚ ʪʘ 

ʧʦʤôʷʢʰʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʘʛʝʥʪʥʠʭ ʤʝʪʦʜʽʚ [7ī12]. ʇʨʠ ʪʘʢʽʡ ʦʙʨʦʙʮʽ ʢʦʥʮʝʥʪʨʘʪʽʚ 

ʤʦʞʥʘ ʟʥʠʟʠʪʠ ʚʤʽʩʪ ʩʫʣʴʬʘʪʽʚ, ʤʽʥʝʨʘʣʽʟʘʮʽʶ ʨʦʟʯʠʥʫ ʜʦ ʨʽʚʥʽʚ, ʜʦʧʫʩʪʠʤʠʭ ʥʘ ʩʢʠʜ ʚ 

ʢʘʥʘʣʽʟʘʮʽʶ ʘʙʦ ʧʦʚʝʨʭʥʝʚʽ ʚʦʜʦʡʤʠ. 
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ʋɼʂ 628.334 

ʈʘʜʦʚʝʥʯʠʢ ʗ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʊʨʫʩ ɯ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ɻʘʣʠʰ ɺ.ɺ., ʢʘʥʜ. ʭʽʤ. ʥʘʫʢ 

ɹʻʣʦʚ ɯ.ɺ., ʩʪʫʜʝʥʪ 

ʈʘʜʦʚʝʥʯʠʢ ɺ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, r.yar@ukr.net 

ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʆʎɽʉɯɺ ɿʅɽɺʆɼʅɽʅʅʗ ʉʂʆʇʋ ʎɽʃʖʃʆɿʅʆ-

ʇɸʇɽʈʆɺʆɻʆ ɺʀʈʆɹʅʀʎʊɺɸ  

ʉʫʯʘʩʥʽ ʘʧʘʨʘʪʠ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʬʘʟʠ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʥʘʨʘʭʦʚʫʶʪʴ ʚʝʣʠʯʝʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʽ ʚʢʣʶʯʘʶʪʴ ʘʧʘʨʘʪʠ ʨʽʟʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʠʩʢʫ ʯʠ ʚʘʢʫʫʤʫ, ʧʝʨʽʦʜʠʯʥʦʾ ʯʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ. ɺʩʽ ʚʦʥʠ ʧʦʪʨʝʙʫʶʪʴ 

ʟʥʘʯʥʦʾ ʚʠʪʨʘʪʠ ʝʥʝʨʛʽʾ, ʩʢʣʘʜʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʢʚʘʣʽʬʽʢʦʚʘʥʦʛʦ ʧʝʨʩʦʥʘʣʫ. ɹʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʷʢʦʩʪʽ ʬʽʣʴʪʨʫʶʯʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʤʘʪʝʨʽʘʣʫ ʟ ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [1, 2]. ɺʽʜʧʦʚʽʜʥʠʡ ʙʘʣʘʥʩ ʩʠʣ 

ʟʝʤʥʦʛʦ ʪʷʞʽʥʥʷ ʪʘ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʚ ʢʘʧʽʣʷʨʘʭ ʚʘʢʫʫʤ, ʧʽʜ 

ʜʽʻʶ ʢʦʪʨʦʛʦ ʚʦʣʦʛʘ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦ ʚʠʜʘʣʷʪʠʤʝʪʴʩʷ ʽʟ ʪʚʝʨʜʦʾ ʬʘʟʠ.  

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʚʯʘʣʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʥʝʚʦʜʥʝʥʥʷ ʩʢʦʧʫ ʰʣʷʭʦʤ 

ʬʽʣʴʪʨʫʚʘʥʥʷ ʟ ʢʦʨʠʛʫʚʘʥʥʷʤ ʨʅ. ʗʢ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ (ʨʠʩ. 1), ʩʢʦʧ ʧʨʠ ʨʽʟʥʠʭ ʨʅ ʜʦʩʠʪʴ 

ʜʦʙʨʝ ʫʪʨʠʤʫʻ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʚʦʣʦʛʠ. ɿʘ 60 ʭʚ ʫ ʚʠʛʣʷʜʽ ʨʽʜʢʦʾ ʬʘʟʠ ʚʽʜʜʽʣʷʻʪʴʩʷ ʙʣʠʟʴʢʦ 

60 % ʧʦʯʘʪʢʦʚʦʛʦ ʦʙ'ʻʤʫ ʩʫʩʧʝʥʟʽʾ.  

 
1 ï ʨʅ 2,5; 2 ï ʨʅ 4; 3 ï ʨʅ 7; 4 ï ʨʅ 9; 5 ï ʨʅ 11,5 

ʈʠʩ. 1 ī ʂʨʠʚʽ ʟʥʝʚʦʜʥʝʥʥʷ ʩʫʩʧʝʥʟʽʾ ʩʢʦʧʫ ʬʽʣʴʪʨʫʚʘʥʥʷʤ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʚʽʜʜʽʣʝʥʥʷ ʚʦʣʦʛʠ ʟʘ ʨʘʭʫʥʦʢ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠʧʠʥʷʻʪʴʩʷ. ɿʘʣʠʰʢʦʚʘ 

ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʩʪʘʥʦʚʠʪʴ 97,4 %. ʅʘʡʤʝʥʰʘ ʟʘʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʦʪʨʠʤʫʻʪʴʩʷ ʧʨʠ 

ʨʅ 6,8 ï 97,1 %. ʈʘʟʦʤ ʟ ʪʠʤ, ʚ ʥʝʡʪʨʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ ʤʘʡʞʝ ʚ 2 ʨʘʟʠ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʪʨʠʚʘʣʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʇɸɸ ʚ ʥʝʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʧʨʠ 

ʨʽʟʥʠʭ ʨʅ ʪʘʢʦʞ ʥʝ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʪʠ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ ʚʦʣʦʛʠ (ʨʠʩ. 2). 

ʗʢ ʚʠʜʥʦ, ʧʨʦʮʝʩ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʬʘʟʠ ʩʫʪʪʻʚʦ ʧʦʜʦʚʞʫʻʪʴʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʧʝʨʝʜʥʽʤ 

ʚʠʧʘʜʢʦʤ ʽ ʧʨʠʧʠʥʷʻʪʴʩʷ ʣʠʰʝ ʧʨʠʙʣʠʟʥʦ ʯʝʨʝʟ ʜʚʽ ʛʦʜʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʟʘʣʠʰʢʦʚʘ 

ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 96,8 % ʧʨʠ ʨʅ 4,0 ʜʦ 97,4 % ʧʨʠ ʨʅ 2,5. ʊʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʇɸɸ ʚ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʚʠʜʘʻʪʴʩʷ ʥʝʜʦʮʽʣʴʥʠʤ.  

ɿʥʘʯʥʦ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʣʦʢʫʣʷʥʪʫ Magnafloc 156. ʗʢ 

ʚʠʜʥʦ ʟ ʨʠʩ. 3, ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʚʽʪʴ ʨʅ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʽʜʜʽʣʝʥʥʷ 

ʨʽʜʢʦʾ ʬʘʟʠ. 
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1 ï ʨʅ 2,5; 2 ï ʨʅ 4; 3 ï ʨʅ 7; 4 ï ʨʅ 9; 5 ï ʨʅ 11,5 

ʈʠʩ. 2 ī ʂʨʠʚʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʧʨʠ ʜʦʟʽ ʇɸɸ 5 ʤʛ/ʜʤ
3
  

ʇʨʠ ʬʽʣʴʪʨʫʚʘʥʥʽ ʥʘʡʤʝʥʰʫ ʟʘʣʠʰʢʦʚʫ ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʟʘʙʝʟʧʝʯʫʻ ʧʦʢʘʟʥʠʢ ʨʅ 

ʥʘ ʨʽʚʥʽ 4,0 ï 88,6 %. ʅʘʚʽʪʴ ʙʝʟ ʢʦʨʠʛʫʚʘʥʥʷ ʨʅ Magnafloc 156 ʟʘʙʝʟʧʝʯʫʻ ʟʘʣʠʰʢʦʚʫ 

ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʥʘ ʨʽʚʥʽ 94,3 %. ʇʨʠʯʦʤʫ, ʦʩʥʦʚʥʘ ʤʘʩʘ ʨʽʜʢʦʾ ʬʘʟʠ ʚʽʜʜʽʣʷʻʪʴʩʷ 

ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ 40 ï 60 ʭʚ, ʢʦʣʠ ʜʣʷ ʇɸɸ ʮʝʡ ʧʝʨʽʦʜ ʪʨʠʚʘʻ ʚ 2 ï 3 ʨʘʟʠ ʜʦʚʰʝ. 

ʇʨʘʢʪʠʯʥʦ ʞʦʜʝʥ ʽʟ ʜʦʩʣʽʜʞʝʥʠʭ ʬʣʦʢʫʣʷʥʪʽʚ ʥʝ ʟʘʙʝʟʧʝʯʫʚʘʚ ʟʘʣʠʰʢʦʚʦʛʦ ʚʤʽʩʪʫ ʪʚʝʨʜʦʾ 

ʬʘʟʠ ʥʘ ʨʽʚʥʽ ʤʝʥʰʝ 350 ï 450 ʤʛ/ʜʤ
3
. ʑʝ ʛʽʨʰʽ, ʥʘʚʽʪʴ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʬʽʣʴʪʨʫʚʘʥʥʷʤ 

ʥʝʦʙʨʦʙʣʝʥʦʛʦ ʩʢʦʧʫ, ʨʝʟʫʣʴʪʘʪʠ ʦʪʨʠʤʘʥʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʣʦʢʫʣʷʥʪʫ Zetag 7648 (ʨʠʩ. 

4). ɿʘʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ ʧʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 97,4 ï 

97,9 %.  

 
1 ï ʨʅ 2,5; 2 ï ʨʅ 4; 3 ï ʨʅ 6,8; 4 ï ʨʅ 9; 5 ï ʨʅ 11,5 

ʈʠʩ. 3 ī ʂʨʠʚʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʪʘ ʜʦʟʽ Magnafloc 156 ī 5 ʤʛ/ʜʤ
3   
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1 ï ʨʅ 2,5; 2 ï ʨʅ 4; 3 ï ʨʅ 7; 4 ï ʨʅ 9; 5 ï ʨʅ 11,5 

ʈʠʩ. 4 ī ʂʨʠʚʽ ʬʽʣʴʪʨʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʨʅ ʧʨʠ ʜʦʟʽ Zetag 7648 - 5 ʤʛ/ʜʤ
3 

ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ ʟʥʝʚʦʜʥʝʥʥʷ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [3, 4]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʥʝʚʦʜʥʝʥʥʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʠʚʯʘʣʠ ʥʘ ʫʩʪʘʥʦʚʮʽ, ʟʦʙʨʘʞʝʥʽʡ 

ʥʘ ʨʠʩ. 5.  

 
1 ï ʧʣʘʩʪʠʢʦʚʘ ʻʤʥʽʩʪʴ; 2 ï ʢʘʧʽʣʷʨʥʠʡ ʬʽʣʴʪʨ ʽʟ ʚʽʜʧʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 3ï ʧʘʪʨʫʙʦʢ 

ʜʣʷ ʚʽʜʙʦʨʫ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʈʠʩ. 5 ī ʃʘʙʦʨʘʪʦʨʥʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʦʩʘʜʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ (ʨʠʩ. 6) ʧʦʢʘʟʘʣʠ, ʱʦ ʨʦʟʜʽʣʝʥʥʷ ʨʽʜʢʦʾ ʪʘ ʪʚʝʨʜʦʾ ʬʘʟ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʽʥʪʝʥʩʠʚʥʦ. ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʧʨʠ ʮʴʦʤʫ ʻ ʪʦʡ ʬʘʢʪ, ʱʦ ʚʤʽʩʪ 

ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ ʫ ʚʽʜʬʽʣʴʪʨʦʚʘʥʽʡ ʨʽʜʠʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 15 ʤʛ/ʜʤ
3
, ʱʦ ʻ ʥʘʡʢʨʘʱʠʤ 
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ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʚʠʧʘʜʢʽʚ. ɿʘʣʠʰʢʦʚʘ ʚʦʣʦʛʽʩʪʴ ʪʚʝʨʜʦʾ ʬʘʟʠ 

ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 96,0 ï 97,3 %. ʗʢʱʦ ʟʚʘʞʠʪʠ ʥʘ ʧʨʦʩʪʦʪʫ ʫʩʪʘʥʦʚʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʩʧʝʥʟʽʾ ʚ ʥʝʦʙʨʦʙʣʝʥʦʤʫ ʩʪʘʥʽ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʤʦʞʝ ʙʫʪʠ ʜʦʩʠʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤ. 

 
1 ï 1 ʩʤ; 2 ï 2 ʩʤ; 3 ï 3 ʩʤ; 4 ï 4 ʩʤ 

ʈʠʩ. 6 ī ʂʨʠʚʽ ʟʥʝʚʦʜʥʝʥʥʷ ʩʢʦʧʫ ʢʘʧʽʣʷʨʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʨʽʟʥʠʮʷʭ ʨʽʚʥʷ ȹh 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʮʝʩʘʭ 

ʟʥʝʚʦʜʥʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʧʨʦʚʦʜʠʪʠ 

ʨʦʟʜʽʣʝʥʥʷ ʪʚʝʨʜʦʾ ʪʘ ʨʽʜʢʦʾ ʬʘʟ. ʄʝʪʦʜ ʟʥʝʚʦʜʥʝʥʥʷ ʩʢʦʧʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʢʘʧʽʣʷʨʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʩʪʦʪʦʶ, ʥʝ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʢʦʰʪʽʚ ʜʣʷ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʅʘ ʡʦʛʦ ʙʘʟʽ ʤʦʞʣʠʚʝ ʩʪʚʦʨʝʥʥʷ ʤʦʙʽʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʘʙʦ 

ʘʚʪʦʥʦʤʥʠʭ ʫʩʪʘʥʦʚʦʢ ʚ ʤʽʩʮʷʭ ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ.   

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ʗ. ɺ. ʈʘʜʦʚʝʥʯʠʢ, ʄ. ɼ. ɻʦʤʝʣʷ // ʍʽʤʽʯʥʘ ʽʥʞʝʥʝʨʽʷ, ʝʢʦʣʦʛʽʷ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. ï 2009. ï 

ˉ2. ï ʉ. 37 ï 39. 
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ʐʫʣʴʛʘ ʖ. ɯ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè shulgayurij@gmail.com 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɯʅʅʗ ɺɽʅʊʀʃʗʎɯʁʅʀʄ ʂʆʄʇʃɽʂʉʆʄ ʂɸʄɽʈ 

ʉʋʐɯʅʅʗ ɿɽʈʅɸ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ɺɯɼʅʆɺʃʖɺɸʅʀʍ ɼɾɽʈɽʃ ɽʅɽʈɻɯɰ 

ʅʘ ʜʘʥʠʡ ʯʘʩ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʪʝʧʣʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʦʟʚʦʣʷʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʚʽʜʥʦʚʣʶʚʘʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʚ ʩʠʩʪʝʤʘʭ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʪʘ ʦʧʘʣʝʥʥʷ ʞʠʪʣʦʚʠʭ, 

ʛʦʪʝʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʙʫʜʠʥʢʽʚ. ɺ ʨʦʙʦʪʽ [1] ʧʨʦʧʦʥʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ ʩʫʰʽʥʥʷ ʚʦʣʦʛʦʛʦ 

ʟʝʨʥʘ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʦʥʷʯʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʪʘ 

ʚʽʪʨʦʚʠʭ ʛʝʥʝʨʘʪʦʨʽʚ. 

ɺʠʢʦʨʠʩʪʘʚʰʠ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʚʝʥʪʠʣʷʮʽʡʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʟ ʨʦʟʛʘʣʫʞʝʥʦʶ 

ʘʝʨʦʤʝʨʝʞʝʶ [2] ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʫ ʩʫʰʽʥʥʷ ʚʦʣʦʛʦʛʦ ʟʝʨʥʘ, 

ʙʣʦʢ-ʩʭʝʤʘ ʷʢʦʾ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ.1 . 

ʊʘʢʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʜʘʻ ʟʤʦʛʫ ʩʪʚʦʨʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ 

ʢʘʤʝʨʽ ʩʫʰʽʥʥʷ ʟʝʨʥʘ (ʂʉɿ) ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʪʝʧʣʦ-, ʛʘʟʦ- ʽ ʚʦʣʦʛʦ- ʥʘʜʣʠʰʢʽʚ, ʧʠʣʫ ʽ 

ʜʦʜʘʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʚʽʪʨʷ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʢʘʤʝʨʽ 

ʩʫʰʽʥʥʷ (ʢʦʥʪʨʦʣʴ ʧʘʨʘʤʝʪʨʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ ɼ1, ɼ2, ɼ3). 

 
ʈʠʩ. 1 ï ɹʣʦʢ-ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʢʦʤʧʣʝʢʩʦʤ ʩʫʰʽʥʥʷ ʚʦʣʦʛʦʛʦ ʟʝʨʥʘ 

ʅʘ ʨʠʩ. 1 ʥʘʚʝʜʝʥʦ ʥʘʩʪʫʧʥʽ ʧʦʟʥʘʯʝʥʥʷ: ʉʋ ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ (ʙʣʦʢ ʨʝʛʨʝʩʽʡʥʦʾ 

ʤʦʜʝʣʽ ʪʘ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ); ʇʏ ï ʧʝʨʝʪʚʦʨʶʚʘʯ ʯʘʩʪʦʪʠ; ɸɼ ï ʘʩʠʥʭʨʦʥʥʠʡ ʜʚʠʛʫʥ; ɺ ï 

ʚʝʥʪʠʣʷʪʦʨ ʟ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʧʨʠʩʪʨʦʻʤ ʨʝʛʫʣʶʚʘʥʥʷ; ʊɸʄ ï ʪʨʫʙʦʧʨʦʚʽʜʥʘ ʘʝʨʦʤʝʨʝʞʘ; 

ɿ ï ʟʘʩʫʚʢʘ; ʂʉɿ ï ʢʘʤʝʨʘ ʩʫʰʽʥʥʷ ʟʝʨʥʘ; ɼ1, ɼ2, ɼ3 ï ʜʘʪʯʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʧʦʚʽʪʨʷʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʚ ʂʉɿ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʐʫʣʴʛʘ ʖ. ɯ. ʉʫʰʽʥʥʷ ʟʝʨʥʘ ʟʘ ʨʘʭʫʥʦʢ ʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ / ʖ. ɯ. ʐʫʣʴʛʘ/ 

ʅʘʫʢʦʚʝ ʚʠʜʘʥʥʷ. IX ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʂʦʤʧʣʝʢʩʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʩʠʩʪʝʤè ï ʏ:ʏʅʊʋ, 2019 ï ʉ. 170-171. 

2. ʉʫʢʘʯ ʉ.ɺ. ʄʝʪʦʜ ʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʷʢʦʩʪʽ ʧʦʚʽʪʨʷʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ 

ʧʨʠʤʽʱʝʥʥʷʭ / ʉ.ɺ. ʉʫʢʘʯ, ʖ. ɯ. ʐʫʣʴʛʘ. ï ʂʨʝʤʝʥʯʫʢ: ɺʠʜʘʚʝʮʴ ʇʇ ʑʝʨʙʘʪʠʭ ʆ.ɺ., 2013. ï 

192 ʩ. 

ɺʽʪʨʷʢ ʉʦʥʷʯʥʠʡ 

ʢʦʣʝʢʪʦʨ 

ʇʏ ɸɼ1 

ʉʋ 

ʊɸʄ1

1 

ɸɼ2 

ɺ 

3 

ʊɸʄ2 ʂʉɿ 

ɼ1 ɼ

2 

ɼ3 

mailto:shulgayurij@gmail.com


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

129 

ʋɼʂ 65.014:620.98 
ɹʘʙʘʻʚ ɺ.ʄ., ʜʦʢʪ. ʜʝʨʞ. ʫʧʨ., ʧʨʦʬʝʩʦʨ, ʨʝʢʪʦʨ 

ɻʦʚʦʨʦʚ ʇ.ʇ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʂʽʥʜʽʥʦʚʘ ɸ.ʂ., ʤʘʛʽʩʪʨ 

ɸʙʜʝʣʨʭʽʤ ʆ., ʘʩʧʽʨʘʥʪ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʤʽʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. ʆ.ʄ. ɹʝʢʝʪʦʚʘ, 

philip.govorov@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʆɹ'ɭʂʊɯɺ ʉʆʎɯɸʃʔʅʆ-

ʂʋʃʔʊʋʈʅʆɻʆ ʊɸ ʇʆɹʋʊʆɺʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ ʅɸ ʆʉʅʆɺɯ 

ɽʅɽʈɻʆʈɽʅʆɺɸʎɯɰ ʉʀʉʊɽʄ ɰʍ ʆʉɺɯʊʃɽʅʅʗ 

ʗʢ ʚʽʜʦʤʦ[1], ʦʩʥʦʚʥʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʝʥʝʨʛʽʾ ʚ ʋʢʨʘʾʥʽ, ʷʢ ʽ ʚ ʙʽʣʴʰʦʩʪʽ ʻʚʨʦʧʝʡʩʴʢʠʭ 

ʢʨʘʾʥ, ʻ ʞʠʪʣʦʚʽ ʙʫʜʠʥʢʠ ʪʘ ʦʙ'ʻʢʪʠ ʩʦʮʽʘʣʴʥʦ-ʢʫʣʴʪʫʨʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ. ʅʠʤʠ ʩʧʦʞʠʚʘʻʪʴʩʷ 

ʧʦʥʘʜ 30% ʢʽʥʮʝʚʦʾ ʝʥʝʨʛʽʾ. ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʮʽʻʾ ʝʥʝʨʛʽʾ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʝʝʬʝʢʪʠʚʥʦ [2]. ʇʨʠ 

ʮʴʦʤʫ ʥʠʟʴʢʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʻʚʨʦʧʝʡʩʴʢʠʤʠ ʮʽʥʠ ʥʘ ʧʘʣʠʚʦ ʚ ʋʢʨʘʾʥʽ ʩʪʨʠʤʫʶʪʴ ʧʨʦʮʝʩ 

ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ. ʆʜʥʘʢ ʧʦʩʪʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʚʘʨʪʦʩʪʽ ʝʥʝʨʛʦʥʦʩʽʾʚ 

ʚʩʝ ʙʽʣʴʰʝ ʽ ʙʽʣʴʰʝ ʧʽʜʚʠʱʫʻ ʽʥʪʝʨʝʩ ʜʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

ʇʨʘʢʪʠʯʥʦ 90% ʙʫʜʽʚʝʣʴ ʚ ʋʢʨʘʾʥʽ ʚ ʜʘʥʠʡ ʯʘʩ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʩʫʯʘʩʥʠʤ ʚʠʤʦʛʘʤ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʚʝʣʠʯʝʟʥʠʡ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʟʘʢʣʘʜʝʥʠʡ ʫ 

ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʪʝʭʥʽʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʦʩʚʽʪʣʝʥʥʷ. ʊʦʤʫ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʙʫʜʽʚʣʷʭ ʻ ʤʦʜʝʨʥʽʟʘʮʽʷ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʟ ʤʝʪʦʶ 

ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʜʦʚʝʜʝʥʥʷ ʜʦ ʜʽʶʯʠʭ ʚ ʩʚʽʪʽ ʥʦʨʤ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ 

ʟʥʠʞʝʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʚ 10 ʨʘʟ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʘʤʧʘʤʠ ʨʦʟʞʘʨʶʚʘʥʥʷ, ʽ ʚ 1,5-2 

ʨʘʟʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʟʨʷʜʥʠʤʠ (ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ) ʣʘʤʧʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ 

ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʣʘʤʧ ʚ 50 ʨʘʟ ʚʠʱʝ ʣʘʤʧ ʨʦʟʞʘʨʶʚʘʥʥʷ ʽ ʚ 5 ʨʘʟ - ʣʶʤʽʥʝʩʮʝʥʪʥʠʭ, ʯʠʤ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ. ʆʢʨʽʤ ʮʴʦʛʦ, ʨʽʟʥʦʤʘʥʽʪʪʷ 

ʢʦʣʴʦʨʽʚ ʽ ʧʨʦʩʪʦʪʘ ʫʧʨʘʚʣʽʥʥʷ ʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʘʚʪʦʤʘʪʠʯʥʝ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ ʥʝ ʪʽʣʴʢʠ 

ʧʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʘʣʝ ʽ ʧʦ ʩʧʝʢʪʨʫ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʙʣʠʞʘʶʯʠ ʡʦʛʦ ʜʦ ʩʦʥʷʯʥʦʛʦ, ʽ 

ʟʙʝʨʽʛʘʶʯʠ ʧʦʟʠʪʠʚʥʝ ʪʝʨʘʧʝʚʪʠʯʥʫ ʜʽʶ ʩʚʽʪʣʘ. ʉʶʜʠ ʩʣʽʜ ʜʦʜʘʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʰʫʤʽʚ ʽ 

ʚʽʙʨʘʮʽʾ ʇʈɸ, ʧʫʣʴʩʘʮʽʾ ʽ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʦʩʚʽʪʣʝʥʦʩʪʽ. ɿ ʮʴʦʛʦ ʦʯʝʚʠʜʥʠʤ ʩʪʘʻ ʱʝ ʽ 

ʚʝʣʠʯʝʟʥʠʡ ʩʦʮʽʘʣʴʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʣʦʜʽʦʜʥʠʭ ʜʞʝʨʝʣ ʩʚʽʪʣʘ. 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʫʧʨʘʚʣʽʥʥʷ 

ʦʩʚʽʪʣʝʥʥʷʤ ʟʘʙʝʟʧʝʯʫʻ ʟʥʠʞʝʥʥʷ 

ʚʠʪʨʘʪ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʥʘ 40-

50% ʟʘ ʨʘʭʫʥʦʢ ʚʤʠʢʘʥʥʷ ʪʽʣʴʢʠ 

ʥʝʦʙʭʽʜʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʦʩʚʽʪʣʝʥʥʷ ʽ 

ʚ ʩʪʨʦʛʦ ʟʘʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ. 

ʈʝʘʣʽʟʘʮʽʷ ʟʘʟʥʘʯʝʥʦʾ ʬʫʥʢʮʽʾ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʧʨʘʚʣʽʥʥʷ ʦʩʚʽʪʣʝʥʥʷʤ ʟʘ 

ʦʩʚʽʪʣʝʥʽʩʪʶ, ʯʘʩʫ ʽ ʧʨʠʩʫʪʥʽʩʪʶ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʦʚʘʮʽʾ ʩʠʩʪʝʤ 

ʦʩʚʽʪʣʝʥʥʷ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʽʭ ʰʢʽʣ ʤ. 

ʍʘʨʢʦʚʘ. ʗʢ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ 

ʦʙʨʘʥʦ ʩʝʨʝʜʥʶ ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʶ 

ʰʢʦʣʫ ʥʘ 30 ʢʣʘʩʽʚ ʽ 900 ʫʯʥʽʚ, ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʤʽʱʝʥʴ 

(ʨʠʩ. 1): ʢʣʘʩʥʽ ʢʽʤʥʘʪʠ (1), ʢʘʙʽʥʝʪʠ 

ʽʥʬʦʨʤʘʪʠʢʠ ʪʘ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ 

ʈʠʩ. 1 ï ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʣʝʢʪʨʦʩʧʦ-ʞʠʚʘʥʥʷ 

ʟʘʛʘʣʴʥʦʦʩʚʽʪʥʴʦʾ ʰʢʦʣʠ ʧʦ ʢʽʤʥʘʪʘʭ ʜʦ ʽ ʧʽʩʣʷ 

ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʽ: 1 ï ̔ ʩʥʫʶʯʘ ʥʝʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʦʩʚʽʪʣʝʥʥʷ; 2 ï ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ ʟ 

ʣʘʤʧʘʤʠ ʨʦʟʞʘʨʶʚʘʥʥʷ; 3 ï ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ 

ʦʩʚʽʪʣʝʥʥʷ ʣʶʤʽʥʝʩʮʝʥʪʥʠʤʠ ʣʘʤʧʘʤʠ; 4 ï 

ʘʚʪʦʤʘʪʠʯʥʘ ʩʠʩʪʝʤʘ ʦʩʚʽʪʣʝʥʥʷ ʟʽ ʩʚʽʪʣʦʜʽʦʜʘʤʠ 
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ʪʝʭʥʽʢʠ (2), ʣʘʙʦʨʘʪʦʨʥʽ ʢʽʤʥʘʪʠ (3), ʩʧʦʨʪʠʚʥʠʡ ʟʘʣ (4), ʘʢʪʦʚʠʡ ʟʘʣ (5), ʢʘʙʽʥʝʪʠ ʽ ʢʽʤʥʘʪʠ 

ʚʠʢʣʘʜʘʯʽʚ (6), ʙʽʙʣʽʦʪʝʢʘ (7). ʈʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ 

ʝʬʝʢʪʫ ʩʢʣʘʣʦ 1526,00 ʛʨʥ. ʊʝʨʤʽʥ 

ʦʢʫʧʥʦʩʪʽ - 1,4 ʨʦʢʽʚ. 

ʈʝʟʫʣʴʪʘʪ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʾ 

ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʜʠʪʷʯʦʛʦ ʩʘʜʢʘ. 

ʗʢ ʦʙ'ʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ 

ʜʠʪʷʯʠʡ ʩʘʜ ʥʘ 280 ʤʽʩʮʴ 

ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ 

ʥʘʩʪʫʧʥʠʤʠ ʪʠʧʘʤʠ ʧʨʠʤʽʱʝʥʴ (ʨʠʩ. 

2): ʧʨʠʡʦʤʥʽ (1), ʨʦʟʜʷʛʘʣʴʥʽ (2), 

ʛʨʫʧʦʚʽ, ʽʛʨʦʚʽ, ʩʪʦʣʦʚʽ ʢʽʤʥʘʪʠ 

ʤʫʟʠʯʥʠʭ ʽ ʛʽʤʥʘʩʪʠʯʥʠʭ ʟʘʥʷʪʴ (3), 

ʩʧʘʣʴʥʽ (4), ʽʟʦʣʷʪʦʨʠ, ʜʣʷ ʭʚʦʨʠʭ 

ʜʽʪʝʡ (5). ʈʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʾ 

ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 2. ɿʘʛʘʣʴʥʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ - 699, 60 ʛʨʥ. 

ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ - 1,6 ʨʦʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʾ - 15,4 ʪʠʩ. ʛʨʥ. ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ - 2,5 

ʨʦʢʽʚ.  
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ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻʆɽʌɽʂʊʀɺʅʆʉʊɯ ʆɹ'ɭʂʊɯɺ ʉʆʎɯɸʃʔʅʆɻʆ 

ʇʈʀɿʅɸʏɽʅʅʗ ʅɸ ʆʉʅʆɺɯ ʊɽʈʄʆʄʆɼɽʈʅɯɿɸʎɯɰ 

ɾʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʝ ʛʦʩʧʦʜʘʨʩʪʚʦ ʋʢʨʘʾʥʠ ʩʧʦʞʠʚʘʻ ʩʴʦʛʦʜʥʽ ʙʣʠʟʴʢʦ ʪʨʝʪʠʥʠ ʚʩʽʭ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʢʨʘʾʥʠ. ɿʘ ʝʬʝʢʪʠʚʥʽʩʪʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, 

ʷʢʘ ʦʮʽʥʶʻʪʴʩʷ ʧʠʪʦʤʠʤ ʧʦʢʘʟʥʠʢʦʤ ʾʾ ʩʧʦʞʠʚʘʥʥʷ ʚ ʨʦʟʨʘʭʫʥʢʫ ʥʘ 1 ʤ
2
 ʦʧʘʣʶʚʘʣʴʥʦʾ 

ʧʣʦʱʽ, ʋʢʨʘʾʥʘ ʧʝʨʝʚʠʱʫʻ ʚ 4-6 ʨʘʟʠ ʘʥʘʣʦʛʽʯʥʠʡ ʧʦʢʘʟʥʠʢ ʚ ʢʨʘʾʥʘʭ ʟ ʩʭʦʞʠʤ ʢʣʽʤʘʪʦʤ 

(ʥʘʧʨʠʢʣʘʜ, ʐʚʝʮʽʾ ʪʘ ʌʽʥʣʷʥʜʽʾ). 

ʈʠʩ. 2 ï ʇʦʨʽʚʥʷʣʴʥʘ ʦʮʽʥʢʘ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʜʦ ʽ 

ʧʽʩʣʷ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʾ ʩʠʩʪʝʤ ʦʩʚʽʪʣʝʥʥʷ ʜʠʪʷʯʦʛʦ 

ʩʘʜʢʘ: 1-4 ʘʥʘʣʦʛʽʯʥʦ ʨʠʩ.1. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

131 

ɺʝʣʠʢʘ ʯʘʩʪʠʥʘ ʚʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʧʨʠʧʘʜʘʻ ʥʘ ʩʪʘʜʽʶ ʩʧʦʞʠʚʘʥʥʷ. ɿʘ ʽʩʥʫʶʯʠʤʠ 

ʦʮʽʥʢʘʤʠ ʚʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʩʢʣʘʜʘʶʪʴ ʚ ʋʢʨʘʾʥʽ 30-50%, ʟ 

ʷʢʠʭ 60-70% ʩʢʣʘʜʘʶʪʴ ʩʪʘʪʠʯʥʽ ʚʪʨʘʪʠ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ, ʧʦʚ'ʷʟʘʥʽ ʟ ʝʢʩʧʣʫʘʪʘʮʽʻʶ 

ʙʫʜʽʚʝʣʴ. ʉʪʨʫʢʪʫʨʘ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʽʥʞʝʥʝʨʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʫʜʽʚʝʣʴ 

ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.1, ʘ ʨʦʟʧʦʜʽʣ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ - ʥʘ ʨʠʩ.2. ʗʢ ʚʠʜʥʦ, ʟ ʨʠʩʫʥʢʽʚ 

ʦʩʥʦʚʥʝ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦʚ'ʷʟʘʥʝ ʟ ʢʦʤʧʝʥʩʘʮʽʻʶ ʪʝʧʣʦʚʠʭ ʚʪʨʘʪ ʯʝʨʝʟ ʚʽʢʥʘ ʽ ʩʪʽʥʠ. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʧʨʠʤʽʱʝʥʥʷ ʧʦʚʠʥʥʽ 

ʚʽʜʧʦʚʽʜʘʪʠ ʥʘʩʪʫʧʥʠʤ ʧʘʨʘʤʝʪʨʘʤ: 1) ʩʝʨʝʜʥʽʡ ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʩʪʽʥ - 

0,66 ɺʪ/(ʂ); 2) ʥʦʨʤʘ ʦʙʤʽʥʫ ʧʦʚʽʪʨʷ - 0,8 ʨʘʟʽʚ/ʛʦʜ; 3) ʨʽʯʥʘ ʧʦʪʨʝʙʘ ʪʝʧʣʘ - 26 200 ʢɺʪʛ; 

4) ʨʽʯʥʝ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʘ ʥʘ 1ʤ
2
 - 140 ʢɺʪʛ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʽ ʪʝʧʣʦʟʘʭʠʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʠʞʝʥʥʷ ʨʽʯʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʜʦ ʨʽʚʥʷ 30 ʢɺʪĀʨʽʢ/ʤ
2
. 

  
ʈʠʩ. 1 ï ʊʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʚʠʪʨʘʪ ʪʝʧʣʦʝʥʝʨʛʽʾ 

ʙʫʜʽʚʣʷʤʠ ʽ ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 
ʈʠʩ. 2 ï ʈʦʟʧʦʜʽʣ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʨʝʩʫʨʩʫ ʙʫʜʽʚʝʣʴ 

ʊʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʦʙ'ʻʢʪʽʚ 

ʈʦʟʨʦʙʮʽ ʧʝʨʝʜʫʚʘʚ ʝʥʝʨʛʦʘʫʜʠʪ ʦʙ'ʻʢʪʽʚ ʟ ʤʝʪʦʶ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʘʣʠʚʥʦ-ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʚ ʥʠʭ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʨʦʟʨʦʙʣʝʥʦ ʩʢʣʘʜ ʽ 

ʨʘʥʞʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ (ʪʘʙʣʠʮʷ 1). 

ʊʘʙʣʠʮʷ 1 ï ɿʘʭʦʜʠ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ 

 ̄

ʟ/ʧ 
ʅʘʡʤʝʥʫʚʘʥʥʷ ʟʘʭʦʜʫ 

ɽʢʦʥʦʤʽʷ ʝʥʝʨʛʽʾ, 

% 

ʊʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ, 

ʨʦʢʽʚ 

ɿʘʭʦʜʠ ʧʦ ʝʢʦʥʦʤʽʾ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

1 ʋʪʝʧʣʝʥʥʷ ʙʫʜʽʚʣʽ 25-30  5-8 

2 ɿʘʤʽʥʘ ʚʽʢʦʥ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 8-10  5-8 

3 ʋʩʪʘʥʦʚʢʘ ʪʝʧʣʦʚʽʜʙʠʚʘʶʯʠʭ ʝʢʨʘʥʽʚ 2-4  1-2 

4 ʄʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 10-20  3-6 

ɿʘʭʦʜʠ ʧʦ ʝʢʦʥʦʤʽʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ 

5 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 
5-6 1-3 

6 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʟʦʚʥʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ʆʮʽʥʢʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʣʽʢʘʨʥʽ: ʆʧʘʣʶʚʘʣʴʥʘ ʧʣʦʱʘ ʙʫʜʽʚʣʽ - 10 300 ʤ
2
. 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʜʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ - 1 700 000 ʢɺʪʛ/ʨʽʢ. ʈʦʟʨʦʙʣʝʥʦ 2 

ʚʘʨʽʘʥʪʠ ʧʨʦʝʢʪʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʙʫʜʽʚʣʽ ʣʽʢʘʨʥʽ. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʤʦʞʥʘ 

ʟʙʽʣʴʰʠʪʠ: 

- ʥʘ 10-20% - ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʟ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ ʜʦ 3 ʨʦʢʽʚ. 

- ʥʘ 50% ʽ ʙʽʣʴʰʝ - ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʭʦʜʽʚ ʟ ʪʝʨʤʽʥʦʤ ʦʢʫʧʥʦʩʪʽ ʜʦ 7-8 ʨʦʢʽʚ. 
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ʊʘʙʣʠʮʷ 2 ï ʃʽʢʘʨʥʷ, ʚʘʨʽʘʥʪ ˉ1 (ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ 3 ʨʦʢʠ) 

ˉ 

ʟ/ʧ 
ʅʘʡʤʝʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ 

ɽʢʦʥʦʤʽʷ 

ʝʥʝʨʛʽʾ, % 

ʆʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ, 

ʪʠʩ. ʛʨʥ. 

1 ʋʩʪʘʥʦʚʢʘ ʪʝʧʣʦʚʽʜʙʠʚʘʶʯʠʭ ʝʢʨʘʥʽʚ 

20 780 000 
2 ʏʘʩʪʢʦʚʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

3 ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ 

4 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʧʽʩʣʷ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʽ - 1 360 000 ʢɺʪʛ/ʨʽʢ 

ʊʘʙʣʠʮʷ 3 ï ʃʽʢʘʨʥʷ, ʚʘʨʽʘʥʪ ˉ2 (ʪʝʨʤʽʥ ʦʢʫʧʥʦʩʪʽ 8 ʨʦʢʽʚ) 

ˉ 

ʟ/ʧ 
ʅʘʡʤʝʥʫʚʘʥʥʷ ʟʘʭʦʜʽʚ 

ɽʢʦʥʦʤʽʷ 

ʝʥʝʨʛʽʾ, % 

ʆʙʩʷʛ ʽʥʚʝʩʪʠʮʽʡ, 

ʪʠʩ. ʛʨʥ. 

1 ʋʩʪʘʥʦʚʢʘ ʪʝʧʣʦʚʽʜʙʠʚʘʶʯʠʭ ʝʢʨʘʥʽʚ 

55 5 800 000 

2 ɻʣʠʙʦʢʘ ʤʦʜʝʨʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ 

3 ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙʣʽʢʫ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ 

4 ʈʝʢʦʥʩʪʨʫʢʮʽʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʩʚʽʪʣʝʥʥʷ 

5 ʋʪʝʧʣʝʥʥʷ ʙʫʜʽʚʣʽ 

6 ɿʘʤʽʥʘ ʚʽʢʦʥ ʥʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽ 

ɽʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʽʚʣʽ ʧʽʩʣʷ ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʽ - 765 000 ʢɺʪʛ/ʨʽʢ 

ɽʥʝʨʛʦʨʝʥʦʚʘʮʽʷ ʙʫʜʽʚʝʣʴ ʻ ʚʘʞʣʠʚʠʤ ʥʘʧʨʷʤʢʦʤ ʧʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ 

ʦʙ'ʻʢʪʽʚ ʩʦʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʦʜʥʘʢ ʮʝ ʪʨʠʚʘʣʠʡ ʽ ʜʦʨʦʛʠʡ ʧʨʦʮʝʩ, ʱʦ ʚʠʤʘʛʘʻ 

ʧʦʩʪʽʡʥʦʾ ʫʚʘʛʠ. ʗʢ ʩʚʽʜʯʠʪʴ ʟʘʨʫʙʽʞʥʠʡ ʜʦʩʚʽʜ, ʝʥʝʨʛʦʨʝʥʦʚʘʮʽʷ ʙʫʜʽʚʝʣʴ ʤʘʻ ʟʥʘʯʥʽ 

ʨʝʟʝʨʚʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʪʦʤʫ ʮʝʡ ʥʘʧʨʷʤʦʢ ʥʝʦʙʭʽʜʥʦ ʨʦʟʚʠʚʘʪʠ ʚ ʤʘʡʙʫʪʥʴʦʤʫ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɹʘʙʘʝʚ ɺ.ʅ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʠʭ ʊʝʨʤʦʤʦʜʝʨʥʠʟʘʮʠʠ / 

ɺ.ʅ. ɹʘʙʘʝʚ, ʌ.ʇ. ɻʦʚʦʨʦʚ, ʊ.ɺ. ʈʘʧʠʥʘ, ʂ.ɸ. ʈʘʧʠʥʘ // ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʠ ʩʪʨʦʠʪʝʣʴ-ʩʪʚʝ ï ç ʕʥʝʨʛʦʠʥʪʝʛʨʘʮʠʷ-2012è: ʤʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨ. 

ʥʘʫʯ.-ʧʨʘʢʪ. ʢʦʥʬ. ïʂʠʝʚ: 2012 ï 330 ʩ. 

2. ʈʝʡʪʠʥʛ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʋʢʨʘʾʥʠ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.energy-index.com.ua. 
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ʄʽʪʶʢ ʃ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɺʦʨʦʙʡʦʚ ɺ.ɭ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, 

luda2010703@gmail.com 

ʄɯɾʅɸʈʆɼʅɸ ʂʆʅʂʋʈɽʅʊʆʉʇʈʆʄʆɾʅɯʉʊʔ ɺɯʊʈʆɽʅɽʈɻɽʊʀʂʀ 

ʋʂʈɸɰʅʀ 

ɺʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ï ʛʘʣʫʟʴ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ, ʷʢʘ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ 

ʧʝʨʝʪʚʦʨʝʥʥʽ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚʽʪʨʫ ʚ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʪʘʢʽ ʪʝʤʠ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʪʘ ʩʠʩʪʝʤʠ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʩʪʘʶʪʴ ʚ ʋʢʨʘʾʥʽ ʜʝʜʘʣʽ ʘʢʪʫʘʣʴʥʽʰʠʤʠ ʟ ʢʦʞʥʠʤ ʜʥʝʤ. ɺ ʫʤʦʚʘʭ 

ʧʦʩʪʽʡʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚ ʋʢʨʘʾʥʽ ʮʽʥ ʥʘ ʛʘʟ, ʜʠʟʝʣʴʥʝ ʧʘʣʠʚʦ, ʥʘʬʪʫ ʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘʢʝ 

ʦʙʣʘʜʥʘʥʥʷ, ʷʢ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʠ ʘʙʦ ʚʽʪʨʷʢʠ, ʚʽʪʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʾ ʻ ʚʠʨʽʰʝʥʥʷʤ ʧʨʦʙʣʝʤʠ, 

ʦʩʢʽʣʴʢʠ ʜʘʻ ʟʤʦʛʫ ʝʢʦʥʦʤʠʪʠ ʟʥʘʯʥʽ ʬʽʥʘʥʩʦʚʽ ʢʦʰʪʠ ʽ ʚʦʜʥʦʯʘʩ ʦʪʨʠʤʫʚʘʪʠ ʧʦʚʥʫ 

ʝʥʝʨʛʝʪʠʯʥʫ ʥʝʟʘʣʝʞʥʽʩʪʴ. 

ɺʘʞʣʠʚʫ ʨʦʣʴ ʫ ʚʠʢʦʨʠʩʪʦʚʘʥʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʟʘʤʽʩʪʴ ʪʨʘʜʠʮʽʡʥʦʾ ʛʨʘʻ 

ʛʝʦʛʨʘʬʽʯʥʝ ʧʦʣʦʞʝʥʥʷ ʋʢʨʘʾʥʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥ ɭʚʨʦʧʠ ʚʞʝ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʝʥʝʨʛʽʶ ʚʽʪʨʫ, ʩʦʥʮʷ, ʛʝʦʪʝʨʤʘʣʴʥʫ ʝʥʝʨʛʽʶ ʥʘ ʦʜʥʦʤʫ ʨʽʚʥʽ ʟ ʝʥʝʨʛʽʻʶ, ʷʢʫ 

http://www.energy-index.com.ua/
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ʚʠʨʦʙʣʷʶʪʴ ʘʪʦʤʥʽ ʪʘ ʪʝʧʣʦʚʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ʋʢʨʘʾʥʘ ʤʘʻ ʯʠʤʘʣʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ, ʦʩʢʽʣʴʢʠ ʤʠ ʤʘʻʤʦ ʩʪʝʧʦʚʽ ʨʘʡʦʥʠ (ʧʝʨʝʚʘʞʥʦ ʩʭʽʜʥʘ ʪʘ ʧʽʚʜʝʥʥʘ 

ʯʘʩʪʠʥʠ ʋʢʨʘʾʥʠ) ʪʘ ʛʽʨʩʴʢʽ (ʂʘʨʧʘʪʠ) ʟ ʭʦʨʦʰʠʤ ʚʽʪʨʦʚʠʤ ʧʦʪʝʥʮʽʘʣʦʤ. ʎʝ ʨʘʡʦʥʠ 

ʆʜʝʩʴʢʦʾ, ʄʠʢʦʣʘʾʚʩʴʢʦʾ, ɿʘʧʦʨʽʟʴʢʦʾ, ʍʝʨʩʦʥʩʴʢʦʾ, ɼʦʥʝʮʴʢʦʾ ʪʘ ʃʫʛʘʥʩʴʢʦʾ ʦʙʣʘʩʪʝʡ, ʘ 

ʪʘʢʦʞ ʂʘʨʧʘʪʠ [1]. 

ɺʽʪʨʦʚʽ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʠ ʥʘʡʙʽʣʴʰ ʚʠʛʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʤʽʩʮʷʭ, ʜʝ ʥʝʤʦʞʣʠʚʦ 

ʧʨʦʚʝʩʪʠ ʟʘʛʘʣʴʥʫ ʝʣʝʢʪʨʦʤʝʨʝʞʫ, ʘʙʦ ʧʽʜʢʣʶʯʝʥʥʷ ʻ ʜʫʞʝ ʚʠʪʨʘʪʥʠʤ, ʘ ʪʘʢʦʞ - ʫ ʤʽʩʮʷʭ 

ʟ ʯʘʩʪʠʤʠ ʚʽʜʢʣʶʯʝʥʥʷʤʠ ʝʣʝʢʪʨʠʢʠ. ʊʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʩʝʨʝʜʥʴʦʨʽʯʥʫ ʰʚʠʜʢʽʩʪʴ 

ʚʽʪʨʫ ʪʘ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʪʘʤ ʜʝ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʝʨʝʚʠʱʫʻ 3 ʤ/ʩ. 

ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʤʽʩʮʷʤʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʪʨʦʛʝʥʝʨʘʪʦʨʽʚ ʻ ʜʽʣʷʥʢʠ ʙʽʣʷ 

ʚʦʜʦʡʤ (ʩʪʘʚʢʽʚ, ʦʟʝʨ, ʨʽʯʦʢ) ʘʙʦ ʚʠʩʦʯʠʥʠ ʷʢʽ ʟʜʽʡʤʘʶʪʴʩʷ ʥʘʜ ʦʩʥʦʚʥʠʤ ʨʝʣʴʻʬʦʤ. ʊʘʢʽ 

ʜʽʣʷʥʢʠ ʻ ʧʦ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, ʘʣʝ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʚʽʪʝʨ ʮʝ ʥʝ ʩʪʘʙʽʣʴʥʘ 

ʚʝʣʠʯʠʥʘ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʧʨʦʪʷʛʦʤ ʨʦʢʫ ʪʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʛʦʜʥʠʭ ʫʤʦʚ ʽ ʧʦʨʠ ʨʦʢʫ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʤʽʞʥʘʨʦʜʥʦʾ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ (ʪʘʙʣʠʮʷ 1.) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʜʝʷʢʽ ʚʠʩʥʦʚʢʠ [2].  

ʊʘʙʣʠʮʷ 1 ï ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʨʦʟʚʠʪʢʫ ʚʽʪʨʦʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʚ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

ʇʦʢʘʟʥʠʢ ʈʦʢʠ ʉʚʽʪ ʫ 

ʮʽʣʦʤʫ 

ʂʨʘʾʥʠ ʩʚʽʪʫ 

ʋʢʨʘʾʥʘ ʂʠʪʘʡ ʉʐɸ 

ʅʽʤʝʯ-
ʯʠʥʘ ɯʥʜʽʷ ɯʩʧʘʥʽʷ 

ɺʝʣʠʢʦ 

ʙʨʠʪʘʥʽʷ ʌʨʘʥʮʽʷ 

1. ʆʙʩʷʛʠ 

ʚʠʨʦʙʥʠʮʪʚʘ, 

ʪʝʨʘʚʘʪ-ʛʦʜ 

2015 831,8 1,1 185,8 192,6 80,6 32,7 49,3 40,3 21,2 

2016 959,5 1 237,1 229,3 79,9 43,5 48,9 37,4 21,4 

2017 1122,7 1 286,1 256,8 106,6 52,6 49,1 49,6 24,3 

2. ʆʙʩʷʛʠ 

ʩʧʦʞʠʚʘʥʥʷ, ʤʣʥ 

ʪʦʥʥ ʥʘʬʪʦʚʦʛʦ 

ʝʢʚʽʚʘʣʝʥʪʫ 

2015 188,2 0,2 42 43,6 18,2 7,4 11,2 9,1 4,8 

2016 217,1 0,2 53,6 51,9 18,1 9,8 11,1 8,5 4,8 

2017 254 0,2 64,7 58,1 24,1 11,9 11,1 11,2 5,5 

3. ʏʘʩʪʢʘ ʚʽʪʨʦʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʫ 

ʟʘʛʘʣʴʥʠʭ ʦʙʩʷʛʘʭ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, % 

2015 3,4 0,7 3,2 4,4 12,5 2,5 17,6 11,9 3,7 

2016 3,8 0,6 3,9 5,3 12,3 3,1 17,8 11 3,8 

2017 4,4     0,6 4,4 6 16,3 3,5 17,8 14,8 4,4 

4. ʏʘʩʪʢʘ ʚʽʪʨʦʚʦʾ 

ʝʥʝʨʛʝʪʠʢʠ ʫ 

ʟʘʛʘʣʴʥʠʭ ʦʙʩʷʛʘʭ 

ʩʧʦʞʠʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, % 

2015 1,4 0,3 1,4 2 5,6 1,1 8,2 4,7 2 

2016 1,6 0,3 1,8 2,3 5,5 1,4 8,1 4,4 2 

2017 1,9 0,3 2,1 2,6 7,2 1,6 8 5,9 2,3 

5. ʊʝʤʧʠ ʟʨʦʩʪʘʥʥʷ 

ʛʘʣʫʟʽ (ʦʙʩʷʛʽʚ 

ʚʠʨʦʙʥʠʮʪʚʘ), % 

2015 116,8 100,0 119,0 105,0 137,8 97,6 94,8 125,9 123,3 

2016 115,4 90,9 127,6 119,1 99,1 133,0 99,2 92,8 100,9 

2017 117,0 100,0 120,7 112,0 133,4 120,9 100,4 132,6 113,6 

6. ʊʝʤʧʠ ʟʨʦʩʪʘʥʥʷ 

ʛʘʣʫʟʽ (ʦʙʩʷʛʽʚ 

ʩʧʦʞʠʚʘʥʥʷ), % 

2015 116,7 66,7 119,0 105,1 137,9 97,4 94,9 126,4 123,1 

2016 115,4 100,0 127,6 119,0 99,5 132,4 99,1 93,4 100,0 

2017 117,0 100,0 120,7 111,9 133,1 121,4 100,0 131,8 114,6 

ɺʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ʤʘʻ ʩʪʨʽʤʢʽ ʪʝʤʧʠ ʜʦ ʟʨʦʩʪʘʥʥʷ ʫ ʩʚʽʪʽ ʚ ʮʽʣʦʤʫ, ʘ ʪʘʢʦʞ ʫ ʨʦʟʚʠʥʫʪʠʭ 

ʢʨʘʾʥʘʭ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʋʢʨʘʾʥʠ, ʚʦʥʘ ʤʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦ ʨʦʟʚʠʥʝʥʥʷ ʜʘʥʦʾ ʛʘʣʫʟʽ, ʘʣʝ ʷʢ 

ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʫʞʝ ʧʦʚʽʣʴʥʦ, ʘ ʪʦʤʫ ʤʘʻ ʟʥʘʯʥʠʡ ʚʽʜʨʠʚ ʚʽʜ ʽʥʰʠʭ 

ʢʨʘʾʥ ʧʦ ʧʦʢʘʟʥʠʢʘʤ, ʱʦ ʧʨʠʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ. 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʪʨʠ ʢʨʘʾʥʠ-ʣʽʜʝʨʠ ʪʘ ʋʢʨʘʾʥʫ, ʙʘʯʠʤʦ, ʱʦ ʂʠʪʘʡ ʟʘʡʤʘʻ ʧʝʨʰʝ ʤʽʩʮʝ 

ʫ ʧʦʨʽʚʥʷʣʴʥʽʡ ʨʝʡʪʠʥʛʦʚʽʡ ʦʮʽʥʮʽ ʢʨʘʾʥ, ʘ ʪʘʢʦʞ ʻ ʣʽʜʝʨʦʤ ʩʝʨʝʜ ʪʘʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ 

ʦʙʩʷʛʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʚʽʪʨʦʝʥʝʨʛʝʪʠʯʥʽ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʢʽʣʴʢʽʩʪʴ ʧʘʪʝʥʪʽʚ. ʑʦʜʦ ʋʢʨʘʾʥʠ, ʪʦ 

ʾʾ ʨʝʡʪʠʥʛ ʥʝʟʘʜʦʚʽʣʴʥʠʡ. 
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ʆʪʞʝ, ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʘ ʚ ʋʢʨʘʾʥʽ ʧʦʨʽʚʥʷʥʦ ʟʽ ʩʚʽʪʦʚʠʤʠ ʣʽʜʝʨʘʤʠ ʤʘʻ ʜʫʞʝ ʩʣʘʙʢʠʡ 

ʨʦʟʚʠʪʦʢ, ʘʣʝ ʥʝʧʦʛʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ ʥʘ ʤʘʡʙʫʪʥʻ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʟʚʠʪʦʢ 

ʚʽʪʨʦʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ, ʧʦʪʨʽʙʥʦ ʚ ʧʝʨʰʫ ʯʝʨʛʫ ʟʘʣʫʯʠʪʠ ʽʥʦʟʝʤʥʽ ʽʥʚʝʩʪʠʮʽʾ ʪʘ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʨʝʩʫʨʩʠ, ʘ ʪʘʢʦʞ ʭʦʯʘ ʙ ʟʘʜʫʤʘʪʠʩʷ ʥʘʜ ʧʝʨʝʭʦʜʦʤ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʜʦ çʟʝʣʝʥʠʭè, ʱʦ ʜʦʧʦʤʦʞʫʪʴ ʨʦʟʚʠʚʘʪʠ ʝʢʦʥʦʤʽʢʫ ʋʢʨʘʾʥʠ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ ʢʦʤʧʘʥʽʾ British Petroleum [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://www.bp.com 

2.ʆʬʽʮʽʡʥʠʡ ʩʘʡʪ Yahoo Finance [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://finance.yahoo.com 
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ʇʘʪʝʥʪʥʠʡ ʧʦʚʽʨʝʥʠʡ ʋʢʨʘʾʥʠ, ʤ. ʃʫʮʴʢ, ʋʢʨʘʾʥʘ, volpatent@gmail.com 

ʉʀʉʊɽʄɸ çʃʖɼʀʅɸ ï ʇʈʀʈʆɼɸè: ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅʀʁ ɸʉʇɽʂʊ 

ɹʝʟʧʝʨʝʯʥʠʤ ʬʘʢʪʦʤ ʚʧʣʠʚʫ ʣʶʜʠʥʠ ʥʘ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʻ ʩʘʤʝ ʚʠʞʠʚʘʥʥʷ 

ʣʶʜʩʪʚʘ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʧʦʢʣʘʜʝʥʽ ʛʣʠʙʦʢʽ ʩʣʽʜʠ ʥʘ ʬʣʦʨʫ ʽ ʬʘʫʥʫ, ˇʨʫʥʪ, ʧʦʚʽʪʨʷ ʪʘ 

ʚʦʜʫ. ʋ ʮʴʦʤʫ ʩʝʥʩʽ ʥʘʰʘ ʢʨʘʾʥʘ ʥʝ ʻ ʚʠʢʣʶʯʝʥʥʷʤ.  

ʉʧʦʞʠʚʘʮʴʢʠʡ ʪʠʧ ʨʦʟʚʠʪʢʫ ʩʚʽʪʦʚʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ʦʙʫʤʦʚʠʚ ʩʪʨʽʤʢʝ, ʙʫʨʭʣʠʚʝ ʧʦʩʠʣʝʥʥʷ 

ʜʝʛʨʘʜʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʝʢʦʩʠʩʪʝʤ. 

ʏʝʨʝʟ ʚʣʘʩʥʫ ʘʥʪʨʦʧʦʣʦʛʽʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʝʡ ʫ ʩʴʦʛʦʜʝʥʥʽ, ʩʚʽʪʦʚʘ ʮʠʚʽʣʽʟʘʮʽʷ 

ʟʽʪʢʥʫʣʘʩʷ ʟ ʢʽʣʴʢʦʤʘ ʧʨʦʙʣʝʤʘʤʠ, ʜʚʽ ʟ ʷʢʠʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʩʝʨʡʦʟʥʠʤʠ, ʘ ʩʘʤʝ:  

1. ʟʨʦʩʪʘʥʥʷ ʚʠʢʠʜʽʚ ʰʢʽʜʣʠʚʠʭ ʨʝʯʦʚʠʥ, ʫʪʚʦʨʝʥʥʷ ʪʘ ʥʘʩʪʫʧʥʠʡ ʚʠʢʠʜ ʧʘʨʥʠʢʦʚʠʭ 

ʛʘʟʽʚ, ʡʤʦʚʽʨʥʽʩʪʴ ʛʣʦʙʘʣʴʥʠʭ ʟʤʽʥ ʢʣʽʤʘʪʫ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʝʢʦʢʘʪʘʩʪʨʦʬ. 

2. ʚʠʯʝʨʧʥʽʩʪʴ ʚʩʽʭ ʚʠʜʽʚ ʧʨʠʨʦʜʥʦʛʦ ʦʨʛʘʥʽʯʥʦʛʦ ʧʘʣʠʚʘ (ʥʘʬʪʠ, ʛʘʟʫ, ʚʫʛʽʣʣʷ), ʷʢʽ 
ʩʴʦʛʦʜʥʽ ʩʢʣʘʜʘʶʪʴ ʦʩʥʦʚʫ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʪʘ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ. 

ʆʙʠʜʚʽ ʛʣʦʙʘʣʴʥʽ ʧʨʦʙʣʝʤʠ ʫ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʤʘʶʪʴ ʩʧʽʣʴʥʝ ʨʽʰʝʥʥʷ: 

- ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ ʟʘʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʦʱʘʜʥʠʭ ʟʘʭʦʜʽʚ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ 
ʣʶʜʩʪʚʘ ʽ ʪʠʤ ʩʘʤʠʤ ʟʤʝʥʰʝʥʥʷ ʧʦʪʨʝʙʠ ʫ ʧʘʣʠʚʽ. 

- ʚʧʨʦʚʘʜʞʝʥʥʷ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ 

ɿʘ ʪʚʝʨʜʞʝʥʥʷʤ ʧʨʦʚʽʜʥʠʭ ʬʘʭʽʚʮʽʚ ʟ ʝʢʦʥʦʤʽʢʠ, ʩʣʽʜ ʚʠʟʥʘʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʝʢʦʧʨʦʙʣʝʤʠ 

ʙʽʣʴʰʦʶ ʯʘʩʪʠʥʦʶ ʧʦʨʦʜʠʣʠʩʷ ʯʝʨʝʟ ʚʽʜʩʪʘʚʘʥʥʷ ʝʢʦʥʦʤʽʯʥʦʾ ʜʫʤʢʠ ʟ ʮʴʦʛʦ ʧʨʠʚʦʜʫ [1, 

155-160]. 

ɺʽʜʦʤʦ, ʱʦ ʘʥʽ ʚʝʣʠʢʽ ʢʣʘʩʠʢʠ ʝʢʦʥʦʤʽʯʥʦʾ ʥʘʫʢʠ (ɸ. ʉʤʽʪ ʪʘ ɼ. ʈʽʢʘʨʜʦ), ʘʥʽ ʥʘʩʪʫʧʥʽ 

ʝʢʦʥʦʤʽʯʥʽ ʰʢʦʣʠ ʪʘ ʚʯʝʥʽ (ʂ. ʄʘʨʢʩ, ɸ. ʄʘʨʰʘʣʣ) ʥʝ ʥʘʜʘʚʘʣʠ ʦʩʦʙʣʠʚʦʛʦ ʟʥʘʯʝʥʥʷ 

ʝʢʦʣʦʛʽʯʥʠʤ ʦʙʤʝʞʝʥʥʷʤ ʚ ʝʢʦʥʦʤʽʯʥʦʤʫ ʨʦʟʚʠʪʢʫ ʢʨʘʾʥ. ʃʠʰʝ ʫ 70-ʪʽ ʨʦʢʠ ʤʠʥʫʣʦʛʦ 

ʩʪʦʣʽʪʪʷ, ʢʦʣʠ ʨʽʟʢʦ ʟʘʛʦʩʪʨʠʣʘʩʷ ʝʢʦʣʦʛʽʷ ʩʚʽʪʫ, ʚ ʝʢʦʥʦʤʽʯʥʽʡ ʥʘʫʮʽ ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʧʨʦ 

ʧʦʪʨʝʙʫ ʫʩʚʽʜʦʤʣʝʥʥʷ ʪʝʥʜʝʥʮʽʡ ʝʢʦʣʦʛʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʮʠʚʽʣʽʟʘʮʽʾ ʪʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʢʦʥʮʝʧʮʽʡ [2, 62-70].  

ʊʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʻ ʦʜʥʽʻʶ ʟʽ ʩʢʣʘʜʦʚʠʭ ʯʘʩʪʠʥ ʟʘʛʘʣʴʥʦʛʦ 

ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʝʛʫʣʶʚʘʥʥʷ ʚʽʜʥʦʩʠʥ ʫ ʩʠʩʪʝʤʽ çʣʶʜʠʥʘ-ʧʨʠʨʦʜʘè. 

ɽʢʦʥʦʤʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʤʽʩʪʠʪʴ ʪʘʢʽ 

ʝʣʝʤʝʥʪʠ: ʧʣʘʥʫʚʘʥʥʷ ʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʟ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʧʣʘʪʘ 

ʟʘ ʝʤʽʩʽʾ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ; ʧʣʘʪʘ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʧʨʠʨʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ; ʝʢʦʥʦʤʽʯʥʝ ʩʪʠʤʫʣʶʚʘʥʥʷ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʨʠʥʢʦʚʠʡ 

ʤʝʭʘʥʽʟʤ ʪʘ ʪʦʨʛʽʚʣʷ ʢʚʦʪʘʤʠ ʥʘ ʝʤʽʩʽʾ ʫ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝʚʢʘʟʘʥʠʡ ʧʝʨʝʣʽʢ ʟ ʧʦʛʣʷʜʫ ʘʚʪʦʨʘ, ʧʦʚʠʥʥʽ ʙʫʪʠ ʚʨʘʭʦʚʘʥʽ ʪʝʭʥʽʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʧʨʘʚʦʚʠʡ ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʧʦʚʠʥʥʽ ʚʢʣʶʯʘʪʠ ʥʝʫʭʠʣʴʥʝ 
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ʚʠʢʦʥʘʥʥʷ ʟʘʢʦʥʽʚ ʟ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ ʝʢʦʣʦʛʽʯʥʦʾ ʧʦʣʽʪʠʢʠ ʜʝʨʞʘʚʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ ʪʘ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʠʤʠ ʘʢʪʘʤʠ.  

ɺʠʭʽʜ ʩʚʽʪʦʚʦʾ ʮʠʚʽʣʽʟʘʮʽʾ ʥʘ ʨʽʚʝʥʴ çʟʝʣʝʥʦʾè ʝʢʦʥʦʤʽʢʠ ʧʝʨʝʜʙʘʯʘʻ ʨʝʘʣʽʟʘʮʽʶ 

ʢʦʥʮʝʧʮʽʾ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ, ʱʦ ʨʦʟʛʣʷʜʘʣʘʩʷ ʱʝ ʥʘ ʧʦʯʘʪʢʫ 90-ʭ ʨʦʢʽʚ ʚ ʆʆʅ. ʊʦʤʫ ʚ 

ʤʝʞʘʭ ʟʘʟʥʘʯʝʥʦʾ ʢʦʥʮʝʧʮʽʾ ʽ ʧʦʚʠʥʥʘ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʝʬʦʨʤʘ ʚʩʽʭ ʩʝʢʪʦʨʽʚ ʝʢʦʥʦʤʽʢʠ ʽ 

ʥʘʮʽʦʥʘʣʴʥʦʾ ʧʦʣʽʪʠʢʠ. ʊʦʙʪʦ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʨʘʾʥʠ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠʩʷ 

ʽʥʚʝʩʪʠʮʽʷʤʠ ʫ ʧʨʠʨʦʜʦʦʭʦʨʦʥʥʽ ʧʨʦʝʢʪʠ, ʚ ʛʘʣʫʟʽ, ʧʦʚôʷʟʘʥʽ ʟ ʝʥʝʨʛʦʙʝʟʧʝʢʦʶ, 

ʟʙʝʨʝʞʝʥʥʷʤ ʝʢʦʩʝʨʝʜʦʚʠʱʘ ʪʘ ʧʨʽʦʨʠʪʝʪʥʠʡ ʨʦʟʚʠʪʦʢ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ 

ʟʘʟʥʘʯʝʥʽ ʮʽʣʽ. 

ʗʢ ʢʨʘʾʥʘ, ʱʦ ʧʨʘʛʥʝ ʜʦ ʩʚʽʪʦʚʦʛʦ ʚʠʟʥʘʥʥʷ, ʋʢʨʘʾʥʘ ʥʝ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʷ ʥʘ ʫʟʙʽʯʯʽ 

ʝʢʦʧʨʦʮʝʩʽʚ, ʘ ʪʦʤʫ ʫ ʣʶʪʦʤʫ ʤʠʥʫʣʦʛʦ ʨʦʢʫ ɺʝʨʭʦʚʥʦʶ ʈʘʜʦʶ ʙʫʚ ʩʭʚʘʣʝʥʠʡ ɿʘʢʦʥ 

çʇʨʦ ʧʨʠʥʮʠʧʠ ʤʦʥʽʪʦʨʠʥʛʫ, ʟʚʽʪʥʦʩʪʽ ʪʘ ʚʝʨʠʬʽʢʘʮʽʾ ʚʠʢʠʜʽʚ ʧʘʨʥʠʢʦʚʠʭ ʛʘʟʽʚè. 

ʊʚʦʨʯʦʶ ʪʝʭʥʽʯʥʦʶ ʝʣʽʪʦʶ ʢʨʘʾʥʠ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ çʟʝʣʝʥʠʭè ʪʝʭʥʦʣʦʛʽʡ ʘʙʦ 

ʪʝʭʥʦʣʦʛʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʝʢʦ-ʙʝʟʧʝʢʫ, ʟʦʢʨʝʤʘ ʥʘ ʟʘʤʽʥʫ ʧʣʘʩʪʠʢʦʚʦʾ ʪʘʨʠ ʥʘ ʪʘʨʫ ʟ ʝʢʦ-

ʤʘʪʝʨʽʘʣʽʚ.  

ʆʪʞʝ, ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʦʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ ʤʦʞʝ ʙʫʪʠ ʜʦʩʷʛʥʫʪʝ ʰʣʷʭʦʤ ʚʪʽʣʝʥʥʷ ʫ 

ʨʝʘʣʴʥʠʡ ʩʝʢʪʦʨ ʝʢʦʥʦʤʽʢʠ ʜʽʻʚʦʛʦ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʦʭʦʨʦʥʠ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʜʦʤʽʥʘʥʪʦʶ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʽʯʥʠʭ 

ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʪʘ ʦʭʦʨʦʥʠ ʝʢʦʩʝʨʝʜʦʚʠʱʘ. 
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ɽʅɽʈɻʆɽʌɽʂʊʀɺʅɯ ʉʇʆʉʆɹʀ ʈɽɻʋʃʖɺɸʅʅʗ ɺ ʉʀʉʊɽʄɸʍ ɻɸʈʗʏʆɻʆ 

ɺʆɼʆʇʆʉʊɸʏɸʅʅʗ 

ɺʩʪʫʧʥʘ ʯʘʩʪʠʥʘ. ɺ ʽʩʥʫʶʯʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʥʝʨʝʘʣʽʟʦʚʘʥʠʡ 

ʧʦʪʝʥʮʽʘʣ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ʆʜʥʠʤ ʟ ʥʘʧʨʷʤʢʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʚ ʩʠʩʪʝʤʽ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʩʘʤʝ ʚ ʩʠʩʪʝʤʘʭ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʦʚʠʥʥʦ ʩʪʘʪʠ ʘʚʪʦʤʘʪʠʯʥʝ 

ʨʝʛʫʣʶʚʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ ʷʢʘ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʮʠʨʢʫʣʷʮʽʶ. 

ʇʨʠʻʜʥʘʥʥʷ ʫʩʪʘʥʦʚʦʢ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʨʦʟʜʽʣʷʶʪʴ 

ʥʘ ʚʽʜʢʨʠʪʽ ʽ ʟʘʢʨʠʪʽ. 

ʋ ʟʘʢʨʠʪʠʭ ʚʦʜʷʥʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʚʦʜʫ ʟ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʽʣʴʢʠ ʷʢ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʥʘʛʨʽʚʘʥʥʷ ʚ ʧʽʜʽʛʨʽʚʥʠʢʘʭ ʧʦʚʝʨʭʥʝʚʦʛʦ ʪʠʧʫ ʚʦʜʦʧʨʦʚʽʜʥʦʾ 

ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʧʦʪʽʤ ʫ ʤʽʩʮʝʚʫ ʩʠʩʪʝʤʫ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. ʋ ʚʽʜʢʨʠʪʠʭ 

ʚʦʜʷʥʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʛʘʨʷʯʘ ʚʦʜʘ ʜʦ ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʤʽʩʮʝʚʦʾ 

ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʥʘʜʭʦʜʠʪʴ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ. 

ʋ ʚʝʣʠʢʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʟ ʥʝʨʽʚʥʦʤʽʨʥʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʛʘʨʷʯʦʾ ʚʦʜʠ ʧʨʠ 

ʪʨʠʚʘʣʦʤʫ ʧʨʠʧʠʥʝʥʥʷ ʚʦʜʦʨʦʟʙʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʩʪʠʛʘʥʥʷ ʚʦʜʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʾʾ ʟʣʠʚʫ. ʆʩʪʠʛʘʥʥʷ ʚʦʜʠ ʚ ʨʦʟʚʦʜʷʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʦʧʝʨʝʜʞʘʻʪʴʩʷ 

ʙʝʟʧʝʨʝʨʚʥʦʶ ʘʙʦ ʢʦʨʦʪʢʦʯʘʩʥʦʶ ʧʨʠʨʦʜʥʦʶ ʘʙʦ ʧʨʠʤʫʩʦʚʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʤʽʩʮʝʚʽʡ ʩʠʩʪʝʤʽ. ʇʨʠʨʦʜʥʘ ʮʠʨʢʫʣʷʮʽʷ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʘ ʚ ʩʠʩʪʝʤʘʭ ʟ ʚʝʨʭʥʽʤ 

mailto:оndi2008@ukr.net


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

136 

ʨʦʟʚʝʜʝʥʥʷʤ, ʪʦʤʫ ʱʦ ʽʟ ʧʨʠʩʪʨʦʻʤ ʟʘʤʢʥʫʪʦʛʦ ʢʦʥʪʫʨʫ ʙʝʟʧʝʨʝʨʚʥʦ ʜʽʶʯʘ ʮʠʨʢʫʣʷʮʽʷ 

ʚʠʥʠʢʘʻ ʧʨʠʨʦʜʥʠʤ ʰʣʷʭʦʤ. ʇʨʠʨʦʜʥʠʡ ʨʫʭ ʚʦʜʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʽʟʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʛʘʨʷʯʦʾ ʽ ʦʩʪʠʛʣʦʾ ʚʦʜʠ. 

ʋ ʙʫʜʠʥʢʘʭ ʟ ʜʦʚʞʠʥʦʶ ʨʦʟʚʦʜʷʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʱʦ ʧʝʨʝʚʠʱʫʻ ʧʨʠʧʫʩʪʠʤʽ ʤʝʞʽ, 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠʤʫʩʦʚʘ ʮʠʨʢʫʣʷʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʦʩʽʚ. ɺʦʥʘ ʜʦʧʫʩʢʘʻʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʟ ʥʠʞʥʽʤ ʨʦʟʚʝʜʝʥʥʷʤ ʪʨʫʙʦʧʨʦʚʦʜʽʚ (ʨʠʩ. 1) [1]. 

ʉʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʙʝʟʧʝʨʝʨʚʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ ʧʨʘʮʶʶʪʴ ʽʟ ʧʦʩʪʽʡʥʠʤ 

ʧʽʜʽʛʨʽʚʦʤ ʚʦʜʠ, ʱʦ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʰʦʢ ʜʣʷ ʨʫʰʥʠʢʽʚ. ʊʦʤʫ ʚ 

ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʽ ʙʫʜʠʥʢʘʭ, ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʦʚʠʥʥʝ ʧʨʦʝʢʪʫʚʘʪʠʩʷ ʽʟ 

ʮʠʨʢʫʣʷʮʽʻʶ. ʉʫʰʢʠ ʜʣʷ ʨʫʰʥʠʢʽʚ ʨʦʟʤʽʱʘʶʪʴʩʷ ʫ ʚʘʥʥʠʭ ʢʽʤʥʘʪʘʭ ʽ ʜʫʰʦʚʠʭ 

ʧʨʠʤʽʱʝʥʥʷʭ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʫ ʷʢʠʭ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʩʪʽʡʥʝ ʧʨʦʪʽʢʘʥʥʷ ʛʘʨʷʯʦʾ ʚʦʜʠ [1]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʱʦ ʧʦʜʘʻʪʴʩʷ 

ʩʧʦʞʠʚʘʯʘʤ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʨʝʞʠʤʫ ʾʾ ʩʧʦʞʠʚʘʥʥʷ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʮʠʨʢʫʣʷʮʽʷ ʯʘʩʪʠʥʠ 

ʛʘʨʷʯʦʾ ʚʦʜʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʘ ʨʠʩ. 1. ʧʦʢʘʟʘʥʦ ʪʨʘʜʠʮʽʡʥʫ ʩʭʝʤʫ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ ʧʽʜʽʛʨʽʚʥʠʢʦʤ, ʧʦ ʷʢʦʤʫ ʚʦʜʦʧʨʦʚʽʜʥʫ ʚʦʜʫ ʽʟ ʪʨʫʙʦʧʨʦʚʦʜʫ ʭʦʣʦʜʥʦʾ 

ʚʦʜʠ ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʧʽʜʽʛʨʽʚʥʠʢ, ʫ ʷʢʦʤʫ ʥʘʛʨʽʚʘʶʪʴ ʤʝʨʝʞʥʦʶ ʚʦʜʦʶ ʟ ʪʝʧʣʦʤʝʨʝʞʽ ʜʦ 

ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʫʩʪʘʥʦʚʣʶʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ. ɻʘʨʷʯʫ 

ʚʦʜʫ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʪʨʫʙʦʧʨʦʚʽʜ ʛʘʨʷʯʦʾ ʚʦʜʠ ʽ ʜʘʣʽ ʜʦ 

ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʩʧʦʞʠʚʘʯʽʚ. ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʢʦʤʧʝʥʩʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʧʦʩʪʽʡʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʯʘʩʪʠʥʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʧʦ ʮʠʨʢʫʣʷʮʽʡʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ. 

ʇʽʜʽʛʨʽʚʥʠʢʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʟʘʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʦʙʭʦʜʷʪʴʩʷ ʟʥʘʯʥʦ ʜʦʨʦʞʯʝ ʟʤʽʰʫʚʘʯʽʚ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʚʽʜʢʨʠʪʠʭ ʩʠʩʪʝʤʘʭ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ɸʣʝ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʚʝʣʠʢʦʤʫ ʚʦʜʦʨʦʟʙʦʨʽ ʟ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ 

ʚʠʪʨʘʪʠ ʥʘ ʧʽʜʛʦʪʦʚʢʫ ʞʠʚʠʣʴʥʦʾ ʚʦʜʠ ʥʘ ʪʝʧʣʦʚʽʡ ʩʪʘʥʮʽʾ ʽ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʷ ʚ 

ʤʝʨʝʞʘʭ ʽʥʦʜʽ ʧʝʨʝʚʠʱʫʻ ʝʢʦʥʦʤʽʶ, ʦʜʝʨʞʫʚʘʥʫ ʚʽʜ ʟʘʤʽʥʠ ʧʽʜʽʛʨʽʚʥʠʢʽʚ ʫ ʪʝʧʣʦʚʠʭ 

ʧʫʥʢʪʘʭ ʟʤʽʰʫʚʘʣʴʥʠʤʠ ʧʨʠʣʘʜʘʤʠ [1, 2]. 

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʪʨʘʜʠʮʽʡʥʽ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʘʮʶʶʪʴ ʥʝʟʘʜʦʚʽʣʴʥʦ, 

ʦʩʥʦʚʥʠʡ ʥʝʜʦʣʽʢ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ (ɻɺʇ) ʮʝ ʦʩʪʠʛʘʥʥʷ ʚʦʜʠ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʠ ʧʝʨʝʨʚʘʭ ʫ ʚʦʜʦʨʦʟʙʦʨʽ. ɺʽʜʢʨʠʚʘʶʯʠ ʢʨʘʥ ʧʽʩʣʷ ʧʝʨʝʨʚʠ ʫ 

ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ, ʩʧʦʞʠʚʘʯ ʦʜʝʨʞʫʻ ʚʦʜʫ ʟʽ ʟʥʠʞʝʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʽ ʧʦʯʠʥʘʻ ʟʣʠʚʘʪʠ ʮʶ 

ʚʦʜʫ ʚ ʢʘʥʘʣʽʟʘʮʽʶ ʜʦ ʧʦʷʚʠ ʚʦʜʠ ʟ ʧʦʪʨʽʙʥʦʾ ʡʦʤʫ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʎʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ 

ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʮʠʨʢʫʣʶʶʯʦʾ ʚʦʜʠ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʥʝʨʘʮʽʦʥʘʣʴʥʦʾ ʚʠʪʨʘʪʠ ʚʦʜʠ ʽ 

ʽʩʪʦʪʥʦ ʧʽʜʚʠʱʫʻ ʧʣʘʪʫ ʟʘ ʚʦʜʫ. 

ʊʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ɻɺʇ ʧʨʠ ʧʦʩʪʽʡʥʽʡ ʟʘʚʠʱʝʥʽʡ ʚʠʪʨʘʪʽ 

ʮʠʨʢʫʣʶʶʯʦʾ ʚʦʜʠ, ʧʨʠ ʷʢʦʤʫ ʟʨʦʩʪʘʶʪʴ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʾʾ ʮʠʨʢʫʣʷʮʽʶ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʪʨʘʜʠʮʽʡʥʦʾ ʩʭʝʤʠ ʧʨʦʧʦʥʫʶʪʴʩʷ ʥʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ 

ʩʠʩʪʝʤʠ ɻɺʇ ʜʣʷ ʚʽʜʢʨʠʪʦʾ ʽ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʧʽʜʪʨʠʤʢʫ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʚʩʽʭ ʩʧʦʞʠʚʘʯʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦ 

ʥʝʦʙʭʽʜʥʽʡ ʚʠʪʨʘʪʽ ʮʠʨʢʫʣʶʶʯʦʾ ʛʘʨʷʯʦʾ ʚʦʜʠ. 

ʉʫʪʴ ʥʦʚʦʛʦ ʩʧʦʩʦʙʫ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ɻɺʇ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ: ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʙʦʨʽ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟ ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʪʨʘʪʘ ʮʠʨʢʫʣʶʶʯʦʾ ʚʦʜʠ 

ʟʥʠʞʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʽ ʜʘʪʯʠʢʘ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʥʠʞʫʶʪʴʩʷ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʽ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦʤʫ ʨʦʟʙʦʨʽ 

ʛʘʨʷʯʦʾ ʚʦʜʠ ʩʧʦʞʠʚʘʯʘʤʠ ʚʠʪʨʘʪʘ ʮʠʨʢʫʣʶʶʯʦʾ ʚ ʮʠʨʢʫʣʷʮʽʡʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʚʦʜʠ 

ʟʙʽʣʴʰʫʶʪʴ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʘʭ 

ʩʧʦʞʠʚʘʯʽʚ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜʪʨʠʤʢʘ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʚʩʽʭ 

ʩʧʦʞʠʚʘʯʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽʡ ʚʠʪʨʘʪʽ ʮʠʨʢʫʣʶʶʯʦʾ ʛʘʨʷʯʦʾ ʚʦʜʠ. 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʟ 

ʧʽʜʽʛʨʽʚʥʠʢʦʤ ʽ ʧʨʠʤʫʩʦʚʦʶ ʮʠʨʢʫʣʷʮʽʻʶ 

ʈʠʩ. 2 ï ʉʭʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ 

ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʜʣʷ ʟʘʢʨʠʪʦʾ 

ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʭʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ 

ʜʣʷ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ɺʦʜʦʧʨʦʚʽʜʥʫ ʚʦʜʫ ʽʟ ʪʨʫʙʦʧʨʦʚʦʜʫ ʭʦʣʦʜʥʦʾ ʚʦʜʠ 5 ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʧʽʜʽʛʨʽʚʥʠʢ 6, ʫ 

ʷʢʦʤʫ ʥʘʛʨʽʚʘʶʪʴ ʤʝʨʝʞʥʦʶ ʚʦʜʦʶ ʟ, ʱʦ ʧʦʜʘʻ 1 ʪʨʫʙʦʧʨʦʚʦʜʫ ʪʝʧʣʦʤʝʨʝʞʽ, ʱʦ 

ʥʘʜʭʦʜʠʪʴ ʧʦ  ʪʨʫʙʦʧʨʦʚʦʜʽ, ʱʦ ʧʽʜʚʦʜʠʪʴ, ʧʨʷʤʦʾ ʤʝʨʝʞʥʦʾ ʚʦʜʠ 3, ʜʦ ʥʦʨʤʘʪʠʚʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʫʩʪʘʥʦʚʣʶʚʘʥʦʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 8 ʽ ʜʘʪʯʠʢʘ 9. 

ʆʭʦʣʦʜʞʝʥʫ ʚ ʧʽʜʽʛʨʽʚʥʠʢʫ 6 ʤʝʨʝʞʥʫ ʚʦʜʫ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʦʭʦʣʦʜʞʝʥʦʾ ʤʝʨʝʞʥʦʾ ʚʦʜʠ 

4 ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʟʚʦʨʦʪʥʠʡ ʪʨʫʙʦʧʨʦʚʽʜ 2 ʪʝʧʣʦʤʝʨʝʞʽ. ɻʘʨʷʯʫ ʚʦʜʫ ʥʝʦʙʭʽʜʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʟ ʧʽʜʽʛʨʽʚʥʠʢʘ 6 ʥʘʧʨʘʚʣʷʶʪʴ ʫ ʪʨʫʙʦʧʨʦʚʽʜ, ʱʦ ʧʦʜʘʻ, ʛʘʨʷʯʦʾ ʚʦʜʠ 7, ʽ ʜʘʣʽ 

ʜʦ ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ 10 ʩʧʦʞʠʚʘʯʽʚ. ʊʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʢʦʤʧʝʥʩʫʶʪʴ ʟʘ ʨʘʭʫʥʦʢ ʮʠʨʢʫʣʷʮʽʾ ʛʘʨʷʯʦʾ ʚʦʜʠ ʧʦ ʮʠʨʢʫʣʷʮʽʡʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʽ 11, ʮʠʨʢʫʣʷʮʽʶ ʟʜʽʡʩʥʶʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʘ 12. ɿʘ 

ʽʤʧʫʣʴʩʦʤ ʚʽʜ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ 14 ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʛʫʣʷʪʦʨʘ ʪʝʤʧʝʨʘʪʫʨʠ 

13 ʨʦʙʣʷʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʚʠʪʨʘʪʠ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʥʘ ʮʠʨʢʫʣʷʮʽʶ. 

ʅʦʚʠʡ ʩʧʦʩʽʙ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʚ ʟʘʢʨʠʪʽʡ ʩʠʩʪʝʤʽ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ, 

ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʩʧʦʞʠʚʘʯʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽʡ ʜʣʷ ʮʴʦʛʦ 

ʚʠʪʨʘʪʽ ʚʦʜʠ ʥʘ ʮʠʨʢʫʣʷʮʽʶ. 

ʇʨʠ ʦʮʽʥʮʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ 

ɻɺʇ ʨʦʟʛʣʷʥʝʤʦ 14-ʪʠ ʧʦʚʝʨʭʦʚʠʡ ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ ʟ ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʤʠ ʧʨʠʤʽʱʝʥʥʷʤʠ 

ʥʘ ʧʝʨʰʦʤʫ ʧʦʚʝʨʩʽ. ʇʨʠʻʜʥʘʥʥʷ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ ʞʠʪʣʦʚʦʛʦ 

ʙʫʜʠʥʢʫ ʜʦ ʟʦʚʥʽʰʥʽʭ ʪʝʧʣʦʚʠʭ ʤʝʨʝʞ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʽʩʥʫʶʯʦʾ ʢʦʪʝʣʴʥʽ. 

ʉʠʩʪʝʤʘ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʝʢʪʦʚʘʥʦʛʦ 14-ʠ ʧʦʚʝʨʭʦʚʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ 

ʧʨʠʻʜʥʘʥʘ ʜʦ ʟʘʢʨʠʪʦʾ ʩʠʩʪʝʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ʛʘʨʷʯʦʛʦ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʊ3=60 ÁC. ɼʣʷ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʧʨʠʡʥʷʪʽ ʜʚʘ ʧʘʨʘʣʝʣʴʥʦ 

ʚʢʣʶʯʝʥʠʭ ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘ ʚ ʢʦʞʥʦʤʫ ʨʽʚʥʽ ʧʽʜʽʛʨʽʚʫ. ʇʽʩʣʷ ʪʝʧʣʦʦʙʤʽʥʥʠʢʽʚ ʩʠʩʪʝʤʘ 

ɻɺʇ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʛʽʜʨʘʚʣʽʯʥʽ ʟʦʥʠ: 1 ʟʦʥʘ - ʟ 1 ʧʦ 7 ʧʦʚʝʨʭʠ, 2 ʟʦʥʘ - ʟ 8 ʧʦ 14 ʧʦʚʝʨʭʠ. 

ɼʣʷ ʮʠʨʢʫʣʷʮʽʾ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ ɻɺʇ ʥʘ ʟʚʦʨʦʪʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʽ ʧʝʨʝʜ 

ʧʦʚʽʪʨʦʧʽʜʽʛʨʽʚʘʯʘʤʠ ɻɺʇ ʫʩʪʘʥʦʚʣʝʥʽ ʮʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ (1ʦʩʥ.+1ʨʝʟʝʨʚ.) ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʾ ʮʠʨʢʫʣʷʮʽʾ ʯʝʨʝʟ ʩʫʰʢʠ ʜʣʷ ʨʫʰʥʠʢʽʚ. 

ʎʠʨʢʫʣʷʮʽʡʥʽ ʥʘʩʦʩʠ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʮʠʨʢʫʣʷʮʽʾ ʯʘʩʪʠʥʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʧʦ 

ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʩʪʦʷʢʘʭ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʚʩʽʭ 

ʩʧʦʞʠʚʘʯʽʚ. ʅʘʩʦʩʠ ʥʘʣʝʞʘʪʴ ʜʦ ʩʽʤʝʡʩʪʚʘ ɽ-ʥʘʩʦʩʦʚ. ɺʽʜʤʽʥʥʦʶ ʨʠʩʦʶ ʮʴʦʛʦ ʪʠʧʫ 

ʥʘʩʦʩʽʚ ʻ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʽʟ ʯʘʩʪʦʪʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʰʚʠʜʢʦʩʪʽ ʦʙʝʨʪʘʥʥʷ. 
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ʈʦʟʨʘʭʫʻʤʦ ʧʦʪʫʞʥʽʩʪʴ ʥʘʩʦʩʘ ʧʨʠ ʨʽʟʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʮʠʨʢʫʣʷʮʽʶ, ʘ ʩʘʤʝ ʚ ʨʦʟʤʽʨʽ 

10%, 20%, 30%, 40%, 50%, 75% ʡ 100% ʚʽʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʛʦʜʠʥʥʦʾ ʚʠʪʨʘʪʠ ʛʘʨʷʯʦʾ ʚʦʜʠ. 

ʈʦʟʨʘʭʫʻʤʦ ʛʦʜʠʥʥʽ ʚʠʪʨʘʪʠ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʜʣʷ ʞʠʪʣʦʚʦʾ ʯʘʩʪʠʥʠ ʙʫʜʠʥʢʫ, ʜʣʷ 1-ʦʾ ʽ 2-

ʠʡ ʟʦʥʠ ɻɺʇ. 

ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʜʠʥʥʠʭ ʚʠʪʨʘʪ ʛʘʨʷʯʦʾ ʚʦʜʠ 1 ʟʦʥʠ: ʧʨʠ  ʚʦʜʦʩʧʦʞʠʚʘʥʥʽ, 

ʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʚʠʪʨʘʪʘ ʛʘʨʷʯʦʾ ʚʦʜʠ ʚʠʟʥʘʯʘʻʤʦ ʧʦ ʬʦʨʤʫʣʽ: 

   (1) 

ʜʝ  ï ʥʦʨʤʘ ʚʠʪʨʘʪʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʚ ʛʦʜʠʥʫ ʥʘʡʙʽʣʴʰʦʛʦ ʚʦʜʦʩʧʦʞʠʚʘʥʥʷ, ʣ/ʛ; 

U, ʯʦʣ. ð ʟʘʛʘʣʴʥʝ ʯʠʩʣʦ ʩʧʦʞʠʚʘʯʽʚ ʛʘʨʷʯʦʾ ʚʦʜʠ 

     (2) 

ɺʠʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʠʭ ʛʦʜʠʥʥʠʭ ʚʠʪʨʘʪ ʛʘʨʷʯʦʾ ʚʦʜʠ 2 ʟʦʥʠ: 

 

ʎʠʨʢʫʣʷʮʽʡʥʘ ʚʠʪʨʘʪʘ ʩʢʣʘʜʝ: 

      (3) 

ʜʝ b ï ʜʦʣʷ ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʚʠʪʨʘʪʠ;  

 ï ʤʘʢʩʠʤʘʣʴʥʘ ʛʦʜʠʥʥʘ ʚʠʪʨʘʪʘ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʤ
3
/ʛ.  

ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʮʠʨʢʫʣʷʮʽʡʥʠʭ ʚʠʪʨʘʪ ʟʚʝʜʝʤʦ ʚ ʪʘʙʣʠʮʶ 1. 

ʊʘʙʣʠʮʷ 1 ï ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʩʠʩʪʝʤʠ ɻɺʇ 
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ʠ
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ʽ
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ʠ
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ʽ
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ʠ
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ʽ
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ʦ
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ʜ
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ʦ
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ʨ
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ʟ
ʘ
 
ʨ
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ʢ
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ʛ
ʨ
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100% 7,14 0,259 6,23 2272,52 5,607 2045,27 

80% 5,36 0,189 4,53 1653,49 4,077 1488,14 

60% 3,57 0,136 3,27 1193,07 2,943 1073,76 

40% 2,86 0,119 2,86 1042,69 2,574 938,42 

30% 2,14 0,109 2,61 953,57 2,349 858,21 

20% 1,43 0,094 2,24 819,25 2,016 737,33 

10% 0,71 0,086 2,05 749,30 1,845 674,37 

ʇʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʥʘʩʦʩʘ ʚʠʟʥʘʯʘʻʤʦ ʟʘ ʬʦʨʤʫʣʦ :ʁ 

      (4) 

ʜʝ k ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ; 

ɔï ʧʠʪʦʤʘ ʚʘʛʘ ʧʝʨʝʢʘʯʫʚʘʣʴʥʦʾ ʨʽʜʠʥʠ; 

Q ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘʩʦʩʘ, ʤ
3
/ʛ 

H ï ʥʘʧ̔ʨ ʥʘʩʦʩʘ, ʤ; 

ɖʥ ïʂʂɼ ʥʘʩʦʩʘ; 

ɖʨ  ï ʂʂɼ ʧʝʨʝʜʘʯʽ. 
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ɿ ʪʘʙʣʠʮʽ 1 ʚʠʜʥʦ, ʱʦ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʮʠʨʢʫʣʷʮʽʶ, ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʘʥʘ ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʘ ʚ ʥʘʩʣʽʜʢʫ ʟʤʝʥʰʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʜʦʙʫ ʽ ʟʘ ʨʽʢ. ɼʣʷ ʥʘʦʯʥʦʩʪʽ ʟʘ ʦʪʨʠʤʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʧʦʙʫʜʫʻʤʦ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʧʦʪʫʞʥʦʩʪʽ ʥʘʩʦʩʘ ʚʽʜ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʫ ʚʠʪʨʘʪʫ ʥʘ 

ʮʠʨʢʫʣʷʮʽʶ (ʨʠʩ. 3). 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ɻɺʇ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ 

ʝʥʝʨʛʦʚʠʪʨʘʪʠ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ɻɺʇ ʰʣʷʭʦʤ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʩʪʽʡʥʦʾ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʜʦ 

ʚʦʜʦʨʦʟʙʽʨʥʠʭ ʧʨʠʣʘʜʽʚ ʩʧʦʞʠʚʘʯʽʚ ʧʨʠ ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʦʤʫ ʜʣʷ ʮʴʦʛʦ ʚʠʪʨʘʪʽ ʚʦʜʠ 

ʥʘ ʮʠʨʢʫʣʷʮʽʶ. ʇʨʠ ʟʥʠʞʝʥʥʷʤ ʚʠʪʨʘʪʠ ʚʦʜʠ ʥʘ ʮʠʨʢʫʣʷʮʽʶ, ʟʤʝʥʰʫʻʪʴʩʷ ʩʧʦʞʠʚʘʥʘ 

ʮʠʨʢʫʣʷʮʽʡʥʠʤ ʥʘʩʦʩʦʤ ʝʣʝʢʪʨʠʯʥʘ ʧʦʪʫʞʥʽʩʪʴ. 

 
ʈʠʩ. 3 ï ɻʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ ʩʧʦʞʠʚʘʥʦʾ ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʘʩʦʩʘ ʚʽʜ 

ʚʽʜʥʦʩʥʦʾ ʚʠʪʨʘʪʠ ʥʘ ʮʠʨʢʫʣʷʮʽʶ 

ɺʠʩʥʦʚʦʢ. ɯʩʥʫʶʯʽ ʩʠʩʪʝʤʠ ʛʘʨʷʯʦʛʦ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʯʝʨʝʟ ʥʝʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ 

ʮʠʨʢʫʣʶʶʯʦʾ ʚʦʜʠ ʜʫʞʝ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʛʘʨʷʯʦʾ ʚʦʜʠ ʚ ʩʧʦʞʠʚʘʯʽʚ 

ʥʠʞʯʝ ʥʦʨʤʘʪʠʚʥʦʾ, ʘʙʦ, ʥʘʚʧʘʢʠ - ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʚʦʜʠ 

ʟʤʫʰʝʥʽ ʧʨʘʮʶʚʘʪʠ ʟ ʧʦʩʪʽʡʥʦʶ ʟʘʚʠʱʝʥʦʶ ʚʠʪʨʘʪʦʶ ʮʠʨʢʫʣʶʶʯʦʾ ʚʦʜʠ, ʧʨʠ ʷʢʦʤʫ 

ʟʨʦʩʪʘʶʪʴ ʝʥʝʨʛʦʚʠʪʨʘʪʠ ʥʘ ʮʠʨʢʫʣʷʮʽʶ ʮʽʻʾ ʚʦʜʠ, ʱʦ ʟʥʠʞʫʻ ʷʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʦʚʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʘʭ ɻɺʇ 

ʟʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʠʡ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʡ ʝʬʝʢʪ. ʅʦʚʠʡ ʩʧʦʩʽʙ ʨʝʛʫʣʶʚʘʥʥʷ ʩʠʩʪʝʤ 

ɻɺʇ ʟʘʙʝʟʧʝʯʠʪʴ ʧʽʜʪʨʠʤʢʫ ʥʦʨʤʘʪʠʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʛʘʨʷʯʦʾ ʚʦʜʠ ʫ ʚʩʽʭ ʩʧʦʞʠʚʘʯʽʚ ʧʨʠ 

ʤʽʥʽʤʘʣʴʥʦ ʥʝʦʙʭʽʜʥʽʡ ʚʠʪʨʘʪʽ ʮʠʨʢʫʣʶʶʯʦʾ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟʘ ʨʘʭʫʥʦʢ ʟʥʠʞʝʥʥʷ 

ʮʠʨʢʫʣʷʮʽʡʥʦʾ ʚʠʪʨʘʪʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʦʟʙʦʨʽ ʛʘʨʷʯʦʾ ʚʦʜʠ ʟ ʚʦʜʦʨʦʟʙʽʨʥʠʭ 

ʧʨʠʣʘʜʽʚ, ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʥʠʞʫʶʪʴʩʷ ʝʥʝʨʛʦʚʠʪʨʘʪʠ, ʧʽʜʚʠʱʫʻʪʴʩʷ ʷʢʽʩʪʴ ʽ ʝʢʦʥʦʤʽʯʥʽʩʪʴ 

ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ɻɺʇ. 
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ʇʈʆɹʃɽʄʀ ʇʆʂʈɸʑɸʅʅʗ ʗʂʆʉʊɯ ʇʈʆʎɽʉɯɺ ʋʇʈɸɺʃɯʅʅʗ ʋ ʉʀʉʊɽʄɸʍ 

ʊɽʇʃʆʇʆʉʊɸʏɸʅʅʗ 

ʗʢʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʟ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʽʚʥʷ ʫʧʨʘʚʣʽʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʤʠ 
ʩʠʩʪʝʤʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ (ʉʊ) ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʾʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ 
ʧʦʢʘʟʥʠʢʠ ʪʘ ʥʘʜʽʡʥʽʩʪʴ [1]. ɺʢʘʟʘʥʽ ʟʘʜʘʯʽ ʚʠʤʘʛʘʶʪʴ ʨʝʪʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʟʥʘʯʥʦʾ ʙʘʟʠ 
ʜʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʦʙʤʽʥʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ. 
ʉʠʩʪʝʤʽ ʫʧʨʘʚʣʽʥʥʷ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷʤ ʚʣʘʩʪʠʚʽ ʚʩʽ ʦʩʥʦʚʥʽ ʦʟʥʘʢʠ ʩʢʣʘʜʥʠʭ 

ʢʽʙʝʨʥʝʪʠʯʥʠʭ ʩʠʩʪʝʤ: ʥʘʷʚʥʽʩʪʴ ʤʝʪʠ ʫʧʨʘʚʣʽʥʥʷ ʽ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʫʤʦʚ 
ʦʧʪʠʤʘʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ; ʚʟʘʻʤʦʜʽʷ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʽʟ ʟʦʚʥʽʰʥʽʤ ʩʝʨʝʜʦʚʠʱʝʤ, 
ʷʢʘ ʻ ʜʞʝʨʝʣʦʤ ʚʠʧʘʜʢʦʚʠʭ ʟʙʫʨʝʥʴ; ʨʝʛʫʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʥʘ ʦʩʥʦʚʽ ʧʨʠʥʮʠʧʫ 
ʟʚʦʨʦʪʥʦʛʦ ʟʚôʷʟʢʫ; ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ ʥʘ ʦʩʥʦʚʽ ʧʝʨʝʜʘʯʽ, ʧʨʠʡʥʷʪʪʷ ʪʘ ʥʘʩʪʫʧʥʦʾ 
ʦʙʨʦʙʢʠ ʽʥʬʦʨʤʘʮʽʾ. ʂʦʞʥʠʡ ʝʣʝʤʝʥʪ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʧʣʠʚʫ ʥʘ 
ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʽ ʩʘʤʝ ʪʦʤʫ ʟʤʽʥʘ ʚ ʙʫʜʴ ʷʢʦʤʫ ʝʣʝʤʝʥʪʽ ʩʠʩʪʝʤʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 
ʟʤʽʥʠ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 
ʉʫʯʘʩʥʽ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ (ʉɸʋ) ʧʨʦʮʝʩʘʤʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ 

ʬʫʥʢʮʽʦʥʫʶʪʴ ʚ ʫʤʦʚʘʭ ʥʝʯʽʪʢʦʾ ʪʘ ʥʝʧʦʚʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ 
ʨʽʟʥʦʛʦ ʨʦʜʫ ʨʠʟʠʢʽʚ ʟ ʪʦʯʢʠ ʟʦʨʫ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʙʨʘʥʦʾ ʮʽʣʴʦʚʦʾ ʬʫʥʢʮʽʾ, ʦʙʨʘʥʦʛʦ 
ʘʣʛʦʨʠʪʤʫ ʪʘ ʤʝʪʦʜʽʚ ʦʮʽʥʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. ʂʨʽʤ ʪʦʛʦ, ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʤʘʻ ʤʽʩʮʝ 
ʦʧʝʨʫʚʘʥʥʷ ʦʧʦʩʝʨʝʜʢʦʚʘʥʠʤʠ ʜʘʥʠʤʠ, ʧʨʦʮʝʩʠ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 
ʧʦʤʽʪʥʠʤ ʪʨʘʥʩʧʦʨʪʥʠʤ ʟʘʧʽʟʥʝʥʥʷʤ ʪʘ ʽʥʝʨʮʽʡʥʽʩʪʶ, ʤʦʜʝʣʽ ʧʨʦʮʝʩʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʻ 
ʥʘʙʣʠʞʝʥʠʤʠ, ʘ ʩʘʤʽ ʦʙôʻʢʪʠ ï ʨʦʟʧʦʜʽʣʝʥʽ ʫ ʧʨʦʩʪʦʨʽ, ʱʦ ʩʪʚʦʨʶʻ ʥʠʟʢʫ ʧʨʦʙʣʝʤ ʷʢ ʟ 
ʪʦʯʢʠ ʟʦʨʫ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ, ʪʘʢ ʽ ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. ʋ 
ʧʦʜʽʙʥʠʭ ʚʠʧʘʜʢʘʭ ʯʘʩʪʦ ʟʚʝʨʪʘʶʪʴʩʷ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʩʢʦʨʝʥʠʭ ʤʦʜʝʣʝʡ ʦʙôʻʢʪʫ ʄ, 
ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʛʥʦʟʫʚʘʪʠ ʤʘʡʙʫʪʥʶ ʨʝʘʢʮʽʶ ʩʠʩʪʝʤʠ ʥʘ ʟʙʫʨʝʥʥʷ F(ʟʙʫʨ) ʪʘ ʚʭʽʜʥʽ 
ʩʠʛʥʘʣʠ F(ʚʭʦʜ) ʽ ʧʨʠʡʤʘʪʠ ʟʚʘʞʝʥʽ ʫʧʨʘʚʣʽʥʩʴʢʽ ʜʽʾ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʪʨʽʙʥʦʛʦ 
ʨʽʚʥʷ ʷʢʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ. ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʻ ʧʣʽʜʥʠʤ ʣʠʰʝ ʟʘ ʫʤʦʚ, ʱʦ ʤʦʜʝʣʴ ʦʙôʻʢʪʫ 
ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʫʻ ʧʦʚʝʜʽʥʢʫ ʨʝʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙôʻʢʪʫ ʫ ʧʨʠʧʫʩʪʠʤʠʭ ʤʝʞʘʭ 
ʟʤʽʥ. ʊʘ ʙʫʜʴ-ʷʢʘ ʝʤʧʽʨʠʯʥʘ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʫʻ ʪʦʡ ʯʠ ʽʥʰʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ 
ʦʙôʻʢʪ ʣʠʰʝ ʫ ʜʦʩʠʪʴ ʚʫʟʴʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʟʤʽʥ ʚʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʙʫʨʝʥʴ, ʫ ʧʝʚʥʠʭ 
ʤʝʞʘʭ ʨʝʘʣʴʥʠʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ ʪʘ ʾʾ ʟʚôʷʟʢʽʚ. ɿʘ ʮʠʤʠ ʤʝʞʘʤʠ ʤʦʜʝʣʴ ʤʦʞʝ ʚʠʷʚʠʪʠʩʷ 
ʥʝʘʜʝʢʚʘʪʥʦʶ ʽ, ʟʘʤʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʝʛʫʣʶʚʘʥʥʷ, ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʟʚʦʨʦʪʥʦʛʦ 
ʝʬʝʢʪʫ. ʊʦʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʤʥʦʞʠʥʫ ʤʦʜʝʣʝʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʟʘ ʧʝʚʥʠʭ ʫʤʦʚ 
(ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʞʘʭ) ʤʦʞʝ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʪʠ ʨʝʘʣʴʥʫ ʩʠʪʫʘʮʽʶ, ʭʦʯʘ ʦʙôʻʢʪʠʚʥʦ 
ʦʙʨʘʪʠ ʪʫ ʯʠ ʽʥʰʫ ʤʦʜʝʣʴ ʟʘʟʜʘʣʝʛʽʜʴ ʥʝ ʻ ʤʦʞʣʠʚʠʤ. ɯʜʝʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ 
ʧʦʣʷʛʘʻ ʫ ʥʘʩʪʫʧʥʦʤʫ (ʨʠʩ. 1). ʋʩʽ ʤʦʜʝʣʽ ʟʽʥʽʮʽʶʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʽ ʛʝʥʝʨʫʶʪʴ ʥʘ ʚʠʭʦʜʽ 
ʩʠʛʥʘʣʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ, ʥʘʧʨʠʢʣʘʜ, ʨʝʘʢʮʽʾ ʥʘ ʦʜʠʥʠʯʥʠʡ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ. ʊʘʢʠʡ ʞʝ 
ʽʤʧʫʣʴʩ ʧʦʜʘʻʪʴʩʷ ʽ ʥʘ ʚʭʽʜ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʽ ʥʘ ʾʾ ʚʠʭʦʜʽ ʛʝʥʝʨʫʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʘ ʨʝʘʢʮʽʷ 
ʫ ʚʠʛʣʷʜʽ yʬ(t). ɺʠʭʽʜʥʽ ʩʠʛʥʘʣʽ ʚʽʜ ʫʩʽʭ ʤʦʜʝʣʝʡ ʪʘ ʚʽʜ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʥʘʜʭʦʜʷʪʴ ʥʘ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2020è 
 

141 

ʙʣʦʢ, ʱʦ ʦʙʯʠʩʣʶʻ ʝʚʢʣʽʜʦʚʽ ʤʽʨʠ (ʚʽʜʩʪʘʥʽ) ʤʽʞ ʩʠʛʥʘʣʦʤ ʥʘ ʚʠʭʦʜʽ ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʪʘ 
ʩʠʛʥʘʣʘʤʠ ʥʘ ʚʠʭʦʜʽ ʢʦʞʥʦʾ ʟ k ʤʦʜʝʣʝʡ: 

dj[f
(ʬ)

, f
(j)

] = d
(k)

= {[(n-1)
-1

] 
I

=i 1

{[x(ʬi) - x(ki)]
2
}

1/2
},  

ʜʝ k ï ʢʽʣʴʢʽʩʪʴ ʦʙʨʘʥʠʭ ʤʦʜʝʣʝʡ,  
n ï ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ, ʚ ʷʢʠʭ ʚʠʤʽʨʶʚʘʣʠʩʷ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʠʭ ʩʠʛʥʘʣʽʚ ʤʦʜʝʣʝʡ ʪʘ 

ʨʝʘʣʴʥʦʛʦ ʦʙôʻʢʪʫ (ʪʦʯʦʢ ʢʚʘʥʪʫʚʘʥʥʷ),  

x(ʬi) ʪʘ x(ki) ï ʚʽʜʧʦʚʽʜʥʦ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʭ(ʬ) ʪʘ ʭ(k) ʫ ʽ-ʭ ʪʦʯʢʘʭ (ʽ = ]1[ l, ), ʜʝ l ï 

ʢʽʣʴʢʽʩʪʴ ʪʦʯʦʢ ʢʚʘʥʪʫʚʘʥʥʷ. 

ɺʠʙʽʨ ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ Mopt ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʽ: 

Mopt = M (min {d
1
 E, d

II
E, d

III
E})

 
. 

ʇʽʜʭʽʜ, ʱʦ ʧʨʦʧʦʥʫʻʪʴʩʷ, ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʫʚʘʪʠ ʷʢʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʧʨʦʮʝʩʘʤʠ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʚ ʫʤʦʚʘʭ ʨʝʘʣʴʥʠʭ ʟʤʽʥ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʷʢ ʩʘʤʠʭ ʦʙôʻʢʪʽʚ, ʪʘʢ ʽ ʫʤʦʚ 

ʦʪʦʯʫʶʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʉɸʋ 

ʉʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʟ ʧʠʪʘʥʴ ʧʦʢʨʘʱʘʥʥʷ ʷʢʦʩʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ 

ʉʊ ʜʦʟʚʦʣʷʻ: 
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- ʚ ʧʦʪʦʯʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ ʚʠʟʥʘʯʠʪʠ ʬʘʢʪʠʯʥʠʡ ʩʪʘʥ ʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʩʥʦʚʥʦʛʦ 
ʦʙʣʘʜʥʘʥʥʷ; 

- ʧʨʦʚʦʜʠʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ 

ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ; 

- ʦʪʨʠʤʫʚʘʪʠ ʷʢʽʩʥʫ/ʜʦʩʪʦʚʽʨʥʫ ʽʥʬʦʨʤʘʮʽʶ ʟ ʦʩʥʦʚʥʠʭ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʩʠʩʪʝʤʠ. 
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bcbactn@ukr.net 

ɼɽʗʂɯ ʇʀʊɸʅʅʗ ɺɯɼʅʆʉʅʆ ʄɯʉʎʔ ɿɸɻɸʃʔʅʆɻʆ ʂʆʈʀʉʊʋɺɸʅʅʗ 

ɿʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʧʠʪʘʥʴ, ʥʝʧʦʨʦʟʫʤʽʥʴ ʪʘ ʥʘʨʽʢʘʥʴ ʚʠʥʠʢʘʶʪʴ ʟ ʦʧʣʘʪʦʶ ʟʘ ʤʽʩʮʷ 

ʟʘʛʘʣʴʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ (ʄɿʂ) ʚ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʘʭ. ʆʩʥʦʚʥʽ ʥʝʛʘʨʘʟʜʠ ʥʘʤʠ 

ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ ʧôʷʪʠʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ 1900 ʨʦʢʫ 

ʧʦʙʫʜʦʚʠ ʽʟ ʟʘʛʘʣʴʥʠʤ ʪʝʧʣʦʧʫʥʢʪʦʤ ʚ ʥʦʚʦʙʫʜʦʚʽ ʧʦʨʫʯ. ɿʘ ʟʚʠʯʘʡ ʦʧʣʘʪʘ ʟʘ ʧʦʩʣʫʛʠ 

çʂʠʾʚʪʝʧʣʦʝʥʝʨʛʦè ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʩʧʦʞʠʚʘʥʝ ʪʝʧʣʦ ʟʘ ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʠʤ 

ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʦʤ, ʷʢʠʡ ʚʨʘʭʦʚʫʻ ʚʠʨʦʙʣʝʥʫ ʛʘʨʷʯʫ ʚʦʜʫ ʥʘ ʮʝʥʪʨʘʣʽʟʦʚʘʥʝ ʦʧʘʣʝʥʥʷ 

(ʎʆ) ʪʘ ʩʫʤʽʱʝʥʝ ʛʘʨʷʯʝ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ, ʘ ʜʘʣʽ ʩʢʠʜʘʻʪʴʩʷ ʨʦʟʧʦʜʽʣ ʦʧʣʘʪʠ ʟʘ ʄɿʂ ʥʘ 

ʤʝʰʢʘʥʮʽʚ. ʅʦʚʽ ʙʫʜʠʥʢʠ ʦʩʥʘʱʝʥʽ ʧʦʢʚʘʨʪʠʨʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ, ʢʨʽʤ ʦʧʣʘʪʠ ʟʘ ʎʆ 

ʢʚʘʨʪʠʨʠ ʟʘ ʄɿʂ ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʢʦʚʦ ʧʣʘʪʠʪʠ ʽ ʟ ʮʠʤ ʧʦʯʠʥʘʶʪʴʩʷ ʥʝʨʦʟʫʤʽʥʥʷ ʪʘ 

ʧʠʪʘʥʥʷ:  

1. ʑʦ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʄɿʂ? ʊʝʨʤʽʥ ʄɿʂ ʚʠʟʥʘʯʝʥʦ ʚ çʇʦʣʦʞʝʥʥʽ ʧʨʦ ʩʠʩʪʝʤʫ 

ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʽʚ ʚ ʤʽʩʪʘʭ ʽ 

ʩʝʣʠʱʘʭ ʋʢʨʘʾʥʠè [1], ʚ ʟʘʛʘʣʴʥʠʭ ʫʤʦʚʘʭ çʇʨʦ ʦʙ`ʻʜʥʘʥʥʷ ʩʧʽʚʚʣʘʩʥʠʢʽʚ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫè [2] ʤʘʶʪʴ ʥʘʟʚʫ çʜʦʧʦʤʽʞʥʽ ʧʨʠʤʽʱʝʥʥʷ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚè. ɭ ʜʦʧʦʚʥʝʥʥʷ, ʚʽʜʥʦʩʥʦ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʫ ʜʦʜʘʪʢʫ ɹ ʜʦ  [3] ʚ ʷʢʦʤʫ ʜʦ ʄɿʂ 

ʚʽʜʥʦʩʷʪʴ: çʇʨʠʤʽʱʝʥʥʷ ʪʝʭʥʽʯʥʽ - ʧʨʠʤʽʱʝʥʥʷ ʜʣʷ ʨʦʟʤʽʱʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʝʧʣʦʚʠʭ 

ʚʫʟʣʽʚ, ʙʦʡʣʝʨʥʠʭ, ʝʣʝʢʪʨʦʱʠʪʦʚʠʭ, ʚʝʥʪʠʣʷʮʽʡʥʠʭ ʢʘʤʝʨ, ʢʦʤʫʪʘʪʦʨʽʚ, ʨʘʜʽʦʚʫʟʣʽʚ, 

ʤʘʰʠʥʥʠʭ ʚʽʜʜʽʣʝʥʴ ʣʽʬʪʽʚ, ʭʦʣʦʜʠʣʴʥʠʭ ʫʩʪʘʥʦʚʦʢ ʪʦʱʦ. ʊʘ ʪʝʭʥʽʯʥʝ ʦʩʥʘʱʝʥʥʷ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʪʣʦʚʦʛʦ ʙʫʜʠʥʢʫ - ʽʥʞʝʥʝʨʥʽ ʢʦʤʫʥʽʢʘʮʽʾ ʪʘ ʪʝʭʥʽʯʥʽ ʧʨʠʩʪʨʦʾ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʘʥʽʪʘʨʥʦ-ʛʽʛʽʻʥʽʯʥʠʭ ʫʤʦʚ ʽ ʙʝʟʧʝʯʥʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʚʘʨʪʠʨ 

(ʟʘʛʘʣʴʥʦʙʫʜʠʥʢʦʚʽ ʤʝʨʝʞʽ ʪʝʧʣʦ-, ʚʦʜʦ-, ʛʘʟʦ-, ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ, ʙʦʡʣʝʨʥʽ, ʦʙʣʘʜʥʘʥʥʷ 

ʧʦʞʝʞʥʦʾ ʙʝʟʧʝʢʠ, é, ʝʣʝʚʘʪʦʨʥʠʭ ʚʫʟʣʽʚ, ʘ ʪʘʢʦʞ ʝʣʝʤʝʥʪʠ ʙʣʘʛʦʫʩʪʨʦʶ ʪʝʨʠʪʦʨʽʾ)è. ɺ 

ʄʝʪʦʜʠʮʽ ʄʽʥʨʝʛʽʦʥʫ, ʅʘʢʘʟ ʚʽʜ 2018 ʨ.  ˉ 315 [4] ʚʞʠʚʘʶʪʴʩʷ ʨʷʜ ʪʝʨʤʽʥʽʚ ʫ ʪʘʢʦʤʫ 

ʟʥʘʯʝʥʥʽ: çʄɿʂ - ʤʽʩʮʷ, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʙʫʜʠʥʢʫ ʪʘ ʧʦʙʫʪʦʚʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʡʦʛʦ ʤʝʰʢʘʥʮʽʚ, ʢʨʽʤ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʴ; ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚʪʨʘʪʠ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʫ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʪʘ ʚ ʦʙʣʘʜʥʘʥʥʽ ʚʥʫʪʨʽʰʥʴʦʙʫʜʠʥʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʦʧʘʣʝʥʥʷ ʧʦʟʘ ʤʝʞʘʤʠ ʦʧʘʣʶʚʘʥʠʭ ʧʨʠʤʽʱʝʥʴ, ʦʧʘʣʶʚʘʥʠʭ ʄɿʂ ʪʘ ʜʦʧʦʤʽʞʥʠʭ 

ʧʨʠʤʽʱʝʥʴ, éʚʽʜ ʪʨʘʥʟʠʪʥʠʭ ʜʽʣʷʥʦʢ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʮʽʻʾ ʩʠʩʪʝʤʠéè 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʄɿʂ ʚʽʜʥʦʩʠʪʴʩʷ ʚʩʝ ʱʦ ʚ ʙʫʜʠʥʢʫ ʪʘ ʤʘʻ ʚʽʜʥʦʰʝʥʥʷ ʜʦ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʝʧʣʦʥʦʩʽʾʚ - ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʙʫʜʠʥʢʦʚʦʛʦ ʣʽʯʠʣʴʥʠʢʘ (ʘ ʚʽʥ ʤʦʞʝ 

ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʩʫʩʽʜʥʴʦʤʫ ʙʫʜʠʥʢʫ, ʚ ʙʦʡʣʝʨʥʽʡ ʟʘ 100 ʤ) ʜʦ ʢʚʘʨʪʠʨʠ ʩʧʦʞʠʚʘʯʘ. ʇʝʨʝʣʽʢ 

ʩʢʣʘʜʦʚʠʭ ʄɿʂ ʻ ʥʝʧʦʚʥʠʤ ʙʦ ʜʦʙʘʚʣʷʻʪʴʩʷ çʪʦʱʦè, ʘ ʥʝ ʪʽʣʴʢʠ ʦʧʘʣʝʥʥʷ ʩʭʦʜʦʚʦʾ 
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ʢʣʽʪʠʥʢʠ, ʷʢ ʫʷʚʣʷʻ ʙʽʣʴʰʽʩʪʴ ʤʝʰʢʘʥʮʽʚ, ʽ ʥʝʚʘʞʣʠʚʦ ʯʠ ʤʘʶʪʴ ʤʝʰʢʘʥʮʽ ʜʦʩʪʫʧ ʜʦ ʮʠʭ 

ʧʨʠʤʽʱʝʥʴ  ʯʠ ʥʽ, ʘʣʝ ʧʣʘʪʠʪʠ ʟʘ ʚʩʝ ʮʝ ʾʤ.  

2. ʗʢʽ ʤʦʞʣʠʚʽ ʜʦʧʫʩʪʠʤʽ ʚʠʪʨʘʪʠ ʥʘ ʄɿʂ ʚ ʧʦʨʽʚʥʷʥʽ ʟ ʦʧʣʘʪʦʶ ʟʘ ʦʧʘʣʝʥʥʷ ʪʘ ʛʘʨʷʯʝ 

ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ? ʇʦʨʷʜʦʢ ʚʠʟʥʘʯʝʥʥʷ ʚʠʪʨʘʪ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʄɿʂ ʫ 

ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʞʠʪʣʦʚʠʭ ʙʫʜʠʥʢʘʭ ʚʩʪʘʥʦʚʣʝʥʦ çʄʝʪʦʜʠʢʦʶ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ 

ʪʝʧʣʦʪʠ, ʩʧʦʞʠʪʦʾ ʥʘ ʦʧʘʣʝʥʥʷ ʄɿʂ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʪʠ ʟʘ ʾʭ 

ʦʧʘʣʝʥʥʷè 2006 ʨ. [5]. ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʨʦʟʨʘʭʫʥʢʫ ʪʘ ʚʠʟʥʘʯʝʥʽ ʧʘʨʘʤʝʪʨʠ ʟʦʚʥʽʰʥʴʦʛʦ 

ʪʘ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ ʟʛʽʜʥʦ ʽʟ ʧʦʧʝʨʝʜʥʽʤʠ ʽʥʩʪʨʫʢʮʽʷʤʠ ʪʘ ʥʦʨʤʘʪʠʚʘʤʠ ʂʊʄ 204. ɿʘ 

ʷʢʠʤʠ ʧʝʨʝʜʙʘʯʝʥʦ ʜʦ ʩʧʣʘʪʠ ʟʘ ʄɿʂ ʪʘ ʚʪʨʘʪʠ ʚ ʨʦʟʧʦʜʽʣʴʯʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 7,3% ʽʟ 

ʟʘʛʘʣʴʥʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʫ. ʑʝ ʦʜʠʥ ʧʨʠʢʣʘʜ ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ çʄʝʪʦʜʠʢʠè 2018 ʨ. 

[6]. ɺ ʨʦʟʜʽʣʽ III çɺʠʟʥʘʯʝʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣ ʦʙʩʷʛʫ ʩʧʦʞʠʪʦʾ ʫ ʙʫʜʽʚʣʽ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ 

ʦʧʘʣʝʥʥʷ ʄɿʂ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʴè ʟʘʟʥʘʯʝʥʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʩʷʛʫ ʩʧʦʞʠʪʦʾ 

ʙʫʜʽʚʣʝʶ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʄɿʂ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʴ: çʋ ʨʘʟʽ ʚʽʜʩʫʪʥʦʩʪʽ 

ʚʫʟʣʽʚ ʨʦʟʧʦʜʽʣʴʥʦʛʦ ʦʙʣʽʢʫ ʫ ʄɿʂ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʥʷʭ ʙʫʜʽʚʣʽ ʦʙʩʷʛ ʪʝʧʣʦʚʦʾ 

ʝʥʝʨʛʽʾ, ʚʠʪʨʘʯʝʥʠʡ ʥʘ ʦʧʘʣʝʥʥʷ ʄɿʂ ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʧʨʠʤʽʱʝʥʴ ʙʫʜʽʚʣʽ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʯʘʩʪʢʘ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ ʩʧʦʞʠʚʘʥʥʷ ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ ʥʘ ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ (Qʦʧ.ʙʫʜ): 

ʦʜʥʦʧʦʚʝʨʭʦʚʘ ʙʫʜʽʚʣʷ - 20%; ʪʨʠʧʦʚʝʨʭʦʚʘ - 16%; ʯʦʪʠʨʠʧʦʚʝʨʭʦʚʘ - 14 %; 

ʧ'ʷʪʠʧʦʚʝʨʭʦʚʘ - 12 %; ʰʝʩʪʠʧʦʚʝʨʭʦʚʘ ʪʘ ʚʠʱʝ - 10 %. 

ɿʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʧʨʦʝʢʪʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʅɼʽʧʨʦʝʢʪʨʝʢʦʥʩʪʨʫʢʮʽʷ, ʤ. ʂʠʾʚ, ʷʢʘ 

ʨʝʢʦʥʩʪʨʫʶʚʘʣʘ ʧôʷʪʠʧʦʚʝʨʭʽʚʢʫ, ʥʘ ʦʧʘʣʝʥʥʷ ʧʽʜôʾʟʜʫ ʟʘ ʤʽʥʽʤʘʣʴʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ ʥʘ 

ʚʫʣʠʮʽ -22ʦ ʚʠʪʨʘʯʘʻʪʴʩʷ 6,3% ʟ ʎʆ. 

ɺ ʜʽʡʩʥʦʩʪʽ ʟʘ ʜʘʥʠʤʠ ʪʝʧʣʦʩʧʦʞʠʚʘʥʥʷ ʙʫʜʠʥʢʫ ʩʧʣʘʪʘ ʟʘ ʄɿʂ ʧôʷʪʠʧʦʚʝʨʭʽʚʢʠ 

ʩʢʣʘʣʘ ʚ ʩʝʨʝʜʥʴʦʤʫ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʚ ʧʝʨʽʦʜ 35%  ʚʽʜ ʚʘʨʪʦʩʪʽ ʟʘ ʎʆ ʪʘ ɻɺʇ, ʘ ʚ ʛʨʫʜʥʽ 

2018, ʢʦʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʘ -15ʦ, ʚʦʥʘ ʜʽʡʰʣʘ ʜʦ 63,8% , ʪʦʙʪʦ ʚ 1,76 ʨʘʟʠ ʧʝʨʝʚʠʱʠʣʘ 

ʦʧʣʘʪʫ ʟʘ ʦʧʘʣʝʥʥʷ ʢʚʘʨʪʠʨ ʙʫʜʠʥʢʫ. ɿʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ 2019-2020 ʨʦʢʫ ʮʽ ʟʘʪʨʘʪʠ 

ʟʤʝʥʰʠʣʠʩʴ ʜʦ 20%, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʪʝʧʣʦʾ ʟʠʤʠ ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʝʣʝʢʪʨʠʯʥʝ ɻɺʇ. ɺʠʥʠʢʘʻ 

ʥʘʩʪʫʧʥʝ ʧʠʪʘʥʥʷ: 

3. ʑʦ ʩʘʤʝ ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ ʚʠʪʨʘʪ ʟʘ ʄɿʂ? ʎʝ ʚʪʨʘʪʠ ʚ ʤʝʨʝʞʽ ʧʽʜ ʯʘʩ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ 

ʪʝʧʣʦʥʦʩʽʷ. ʄʽʩʮʷ ʨʦʟʪʘʰʫʚʘʥʥʷ ʪʝʧʣʦʣʽʯʠʣʴʥʠʢʽʚ ʨʦʟʛʣʷʥʫʪʦ ʟʨʫʯʥʦ ʚʽʜʥʦʩʥʦ 

ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʝʧʣʦʤʝʨʝʞʽ ʪʘ ʚʽʜʧʦʚʽʜʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ (ʙʦʡʣʝʨʽʚ, ʥʘʩʦʩʽʚ ʪʦʱʦ, 

ʚʞʝ ʚʩʪʘʥʦʚʣʝʥʠʭ ʚ ʧʨʠʤʽʱʝʥʥʷʭ ʦʨʛʘʥʽʟʘʮʽʾ ʧʦʩʪʘʯʘʣʴʥʠʢʘ). ʇʦʩʪʘʯʘʣʴʥʠʢ ʚʽʜʜʘʚ ʮʽ 

ʚʠʪʨʘʪʠ ʩʘʤʝ ʤʝʰʢʘʥʮʷʤ ʙʫʜʠʥʢʫ, ʨʦʟʪʘʰʫʚʘʚʰʠ ʣʽʯʠʣʴʥʠʢ ʥʝ ʚ ʙʫʜʠʥʢʫ, ʘ ʟʘ ʡʦʛʦ 

ʤʝʞʘʤʠ. ʊʘʢʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʝ ʻ ʦʩʥʦʚʥʠʤ, ʘʣʝ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʜʫʞʝ ʯʘʩʪʦ. ʊʘʢ ʷʢ ʚ ʥʘʰʦʤʫ 

ʚʠʧʘʜʢʫ, ʢʦʣʠ ʤʝʨʝʞʘ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʩʫʩʽʜʥʽʡ ʙʫʜʠʥʦʢ ʟ 

ʥʝʦʧʘʣʶʚʘʣʴʥʠʤ ʧʽʜʚʘʣʦʤ ʪʘ ʚʽʜʢʨʠʪʠʤ ʧʘʨʢʽʥʛʦʤ, ʘ ʽʥʢʦʣʠ ʪʨʘʥʩʧʦʨʪʫʻʪʴʩʷ ʧʦ ʚʫʣʠʮʽ ʯʠ 

ʧʦ ʧʽʜʟʝʤʥʽʡ ʢʦʤʫʥʽʢʘʮʽʾ. ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʮʝ ʛʽʣʢʘ ʟ ʧʦʩʪʽʡʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ, ʷʢʘ ʤʘʻ 

ʚʪʨʘʪʠ ʟʘ ʨʘʭʫʥʦʢ ʥʝʜʦʩʢʦʥʘʣʦʩʪʽ ʪʝʧʣʦʚʦʾ ʽʟʦʣʷʮʽʾ, ʚ ʷʢʽʡ ʧʦʩʪʘʯʘʣʴʥʠʢ ʥʝ ʤʦʞʝ, ʘʙʦ ʥʝ 

ʙʘʞʘʻ ʰʚʠʜʢʦ ʟʤʽʥʶʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʪʘ ʚʠʪʨʘʪʫ ʚ ʧʝʨʽʦʜ ʧʦʪʝʧʣʽʥʥʷ.  

ʉʬʝʨʘ ʧʦʩʣʫʛ çʂʠʾʚʪʝʧʣʦʝʥʝʨʛʦè ʩʧʨʷʤʦʚʘʥʘ ʥʝ ʥʘ ʟʘʜʦʚʦʣʝʥʥʷ ʩʧʦʞʠʚʘʯʽʚ ʷʢʽʩʪʶ, ʘ 

ʦʪʨʠʤʘʥʥʷ ʧʨʠʙʫʪʢʫ, ʥʘʚʽʪʴ ʟ ʚʞʝ ʚʠʯʝʨʧʘʥʠʤ ʨʝʩʫʨʩʦʤ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷʤ ʪʘ ʪʝʧʣʦʚʠʭ 

ʢʦʤʫʥʽʢʘʮʽʡ ʽ ʥʝʚʠʙʘʛʣʠʚʠʤ ʩʝʨʚʽʩʦʤ ʟ ʤʠʥʫʣʠʭ ʯʘʩʽʚ. ʅʝ ʤʝʥʰ ʮʽʢʘʚʽ ʨʽʰʝʥʥʷ ʪʘ ʥʦʚʠʡ 

ʨʽʚʝʥʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʦʞʣʠʚʠʡ ʟ ʧʨʠʚʦʜʫ ʮʠʭ ʧʠʪʘʥʴ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʇʦʣʦʞʝʥʥʷ ʧʨʦ ʩʠʩʪʝʤʫ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʨʝʤʦʥʪʫ ʪʘ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʞʠʪʣʦʚʠʭ 

ʙʫʜʠʥʢʽʚ ʚ ʤʽʩʪʘʭ ʽ ʩʝʣʠʱʘʭ ʋʢʨʘʾʥʠ. ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘʢʘʟʦʤ  ɼʝʨʞʞʠʪʣʦʢʦʤʫʥʛʦʩʧʫ ʋʢʨʘʾʥʠ ʚʽʜ 

31.12.1991 ʨʦʢʫ ˉ 135 ʪʘ ʂɼʇ -204. ʂɼʇ-204/12 ʋʢʨʘʾʥʘ 193-91. 

2. ɿʋ çʇʨʦ ʦʙ`ʻʜʥʘʥʥʷ ʩʧʽʚʚʣʘʩʥʠʢʽʚ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʦʛʦ ʙʫʜʠʥʢʫè ʚʽʜ 29.11.2001 ˉ 2866-III.  

3. ɾʠʪʣʦʚʽ ʙʫʜʠʥʢʠ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ: ɼɹʅ ɺ.2.2-15-2005 ï[ʯʠʥʥʠʡ ʚʽʜ 01.01.2006] ï ʂ.: 

ʄʽʥʨʝʛʽʦʥ, 2008 ï 45 ʩ.ï (ɼʝʨʞʘʚʥʠʡ ʩʪʘʥʜʘʨʪ ʋʢʨʘʾʥʠ). 
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4. ʄʝʪʦʜʠʢʘ ʄʽʥʽʩʪʝʨʩʪʚʘ ʨʝʛʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ, ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʞʠʪʣʦʚʦ-ʢʦʤʫʥʘʣʴʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʋʢʨʘʾʥʠ ʥʘʢʘʟ ʚʽʜ 22.11.2018  ˉ 315. 

5. ʄʝʪʦʜʠʢʘ ʨʦʟʨʘʭʫʥʢʫ ʢʽʣʴʢʦʩʪʽ ʪʝʧʣʦʪʠ, ʩʧʦʞʠʪʦʾ ʥʘ ʦʧʘʣʝʥʥʷ ʤʽʩʮʴ ʟʘʛʘʣʴʥʦʛʦ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʙʘʛʘʪʦʢʚʘʨʪʠʨʥʠʭ ʙʫʜʠʥʢʽʚ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʣʘʪʠ ʟʘ ʾʭ ʦʧʘʣʝʥʥʷ // ʟʘʪʚʝʨʜʞʝʥʘ 

ʥʘʢʘʟʦʤ ʄʽʥʙʫʜʫ ʋʢʨʘʾʥʠ N 359 ʚʽʜ 31.10.2006 ʨ.  
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ʋʇʈɸɺʃɯʅʅʗ ʈɽɸʂʊʀɺʅʆʖ ʇʆʊʋɾʅʆʉʊʖ ɿ ɺʈɸʍʋɺɸʅʅʗʄ 

ʉʊɸʊʀʉʊʀʏʅʀʍ ɿɺôʗɿʂɯɺ ʄɯɾ ʇɸʈɸʄɽʊʈɸʄʀ ʈɽɾʀʄɯɺ ʈʆɹʆʊʀ 

ɼɯʖʏʀʍ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ 

ɯʩʥʫʶʯʽ ʧʨʠʥʮʠʧʠ, ʟʘ ʷʢʠʤʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʦʙʘʤʠ ʰʪʫʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʟʤʽʥʫ ʚ ʯʘʩʽ ʫʩʪʘʣʝʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʜʽʶʯʠʭ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ (ɼɽʄ), ʧʘʨʘʤʝʪʨʠ ʷʢʠʭ ʟʤʽʥʶʶʪʴʩʷ ʜʠʥʘʤʽʯʥʦ ʚ ʯʘʩʽ ʽ ʻ 

ʥʝʜʝʪʝʨʤʽʥʦʚʘʥʠʤʠ ʪʘ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚôʷʟʢʘʭ ʤʽʞ ʩʦʙʦʶ, 

ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʝʨʝʢʦʤʧʝʥʩʘʮʽʾ ʘʙʦ ʥʝʜʦʢʦʤʧʝʥʩʘʮʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʚʠʪʨʘʪ ʥʘ 

ʝʢʩʧʣʫʘʪʘʮʽʶ ɼɽʄ [1]. ʊʘʢʦʞ ʝʣʝʢʪʨʠʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ɼɽʄ ʻ ʚʠʧʘʜʢʦʚʦʶ ʚʝʣʠʯʠʥʦʶ, 

ʪʦʙʪʦ ʧʨʠʡʤʘʻ ʷʢʝʩʴ ʟʥʘʯʝʥʥʷ ʟ ʧʝʚʥʦʶ ʯʘʩʪʢʦʶ ʡʤʦʚʽʨʥʦʩʪʽ ʽ ʥʝ ʟʘʚʞʜʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ 

ʘʢʪʠʚʥʽʡ P(t) ʪʘ ʨʝʘʢʪʠʚʥʽʡ Q(t) ʧʦʪʫʞʥʦʩʪʷʤ ʟʤʽʥʶʶʪʴʩʷ ʤʦʥʦʪʦʥʥʦ, ʱʦ ʧʨʦʪʠʨʽʯʠʪʴ 

ʨʦʟʧʦʚʩʶʜʞʝʥʦʤʫ ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʦʙʘʤʠ ʰʪʫʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʟʤʽʥʥʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷʤ ʢʦʝʬʽʮʽʻʥʪʽʚ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʘʙʦ 

ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ [2]. ɺʠʭʽʜʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʪʘʣʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɼɽʄ ʻ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦ ʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ P(t), ʨʝʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ Q(t), ʥʘʧʨʫʛʘ ʙʘʟʠʩʥʦʛʦ 

ʚʫʟʣʘ U(t), ʘ ʟʘʣʝʞʥʠʤʠ ï ʚʪʨʘʪʠ ʘʢʪʠʚʥʦʾ æʈ(t) ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ æQ(t), ʧʘʜʽʥʥʷ 

ʥʘʧʨʫʛʠ æU(t) ʚ ʝʣʝʢʪʨʦʫʩʪʘʥʦʚʮʽ ɼɽʄ. 

ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʘʢʪʠʯʥʦʾ ʟʘʜʘʯʽ ʫʧʨʘʚʣʽʥʥʷ ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷʤ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʟʥʘʪʠ ʚʩʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʾʤ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘʧʝʨʝʜ, 

ʜʦʩʪʘʪʥʴʦ ʟʥʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ï ʯʠʩʣʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ, 

ʷʢʽ ʜʘʶʪʴ ʜʦʩʪʘʪʥʶ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʠʧʘʜʢʦʚʫ ʚʝʣʠʯʠʥʫ [3]. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʨʝʣʷʮʽʡʥʠʡ ʽ ʨʝʛʨʝʩʽʡʥʠʡ ʘʥʘʣʽʟ [4]. ʊʘʢ ʷʢ ʟʘ ʦʙôʻʤʦʤ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ 

ʱʦʜʦ ʦʮʽʥʶʚʘʥʠʭ ʚʝʣʠʯʠʥ ʻ ʤʘʣʠʤʠ ʚʠʙʽʨʢʘʤʠ, ʪʦ ʚ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʣʷ ʧʨʠʩʢʦʨʝʥʦʛʦ ʡ 

ʙʽʣʴʰ ʢʦʨʝʢʪʥʦʛʦ ʦʙʯʠʩʣʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʂr  ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʬʦʨʤʫʣʦʶ: 
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   (1) 

ʜʝ n ï ʦʙôʻʤ ʚʠʙʽʨʦʢ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʭ̔, yi, ʚ ʷʢʦʩʪʽ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʘʨʠ ʚʠʭʽʜʥʠʭ ʪʘ 

(ʘʙʦ) ʟʘʣʝʞʥʠʭ ʧʘʨʘʤʝʪʨʽʚ  ʩʪʘʣʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ɼɽʄ. 

ʊʦʯʢʦʚʘ ʦʮʽʥʢʘ ʚʠʙʽʨʢʦʚʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʝʣʷʮʽʾ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʥʘ ʟʥʘʯʠʤʽʩʪʴ (ʯʠ 

ʜʦʩʪʘʪʥʷ ʡʦʛʦ ʚʝʣʠʯʠʥʘ ʜʣʷ ʦʙˇʨʫʥʪʦʚʘʥʦʛʦ ʚʠʩʥʦʚʢʫ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʢʦʨʝʣʷʮʽʡʥʦʛʦ 

ʟʚôʷʟʢʫ). ʇʦ ʟʥʘʯʠʤʦʤʫ ʚʠʙʽʨʢʦʚʦʤʫ ʂr ʤʦʞʥʘ ʧʦʙʫʜʫʚʘʪʠ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ ʦʜʥʽʻʾ 

ʚʠʧʘʜʢʦʚʦʾ  ʚʝʣʠʯʠʥʠ ʥʘ ʽʥʰʫ. ʊʘʢ ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ ʨʝʛʨʝʩʽʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʫ ʥʘ ʭ ʚ 

ʟʘʛʘʣʴʥʦʤʫ ʚʠʜʽ ʻ: 

mailto:spsidor@gmail.com
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y x
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x

K x x
y x y

     (2) 

ʜʝ ,  ï ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ ʫ ʪʘ ʭ ʚʽʜʧʦʚʽʜʥʦ; 

ůy, ůx ï ʚʠʙʽʨʢʦʚʽ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʫ ʪʘ ʭ ʚʽʜʧʦʚʽʜʥʦ. 

ʇʝʨʝʚʘʛʦʶ ʨʽʚʥʷʥʥʷ ʣʽʥʽʡʥʦʾ ʨʝʛʨʝʩʽʾ ʻ ʧʨʦʩʪʦʪʘ ʽ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʾ ʥʘ ʥʝʟʘʣʝʞʥʫ (ʚʽʜ ʭ) 

ʪʘ ʟʘʣʝʞʥʫ (ʚʽʜ ʭ) ʯʘʩʪʠʥʠ, ʱʦ ʩʧʨʦʱʫʻ ʪʘ ʧʨʠʩʢʦʨʶʻ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ 

ʫʧʨʘʚʣʽʥʩʴʢʠʭ ʜʽʡ ʱʦʜʦ  ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ʄʘʶʯʠ ʬʫʥʢʮʽʾ ʨʝʛʨʝʩʽʾ æP(Q(t)), æQ(Q(t)), æU(æQ(t)) ʤʦʞʥʘ ʩʬʦʨʤʫʚʘʪʠ ʟʘʢʦʥʠ 

ʮʽʣʴʦʚʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʟʘʩʦʙʘʤʠ ʰʪʫʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʥʘʧʨʘʚʣʝʥʽ ʥʘ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʯʠ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʘʣʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ɼɽʄ ʧʦ ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʧʨʠʚʝʜʝʥʦʛʦ 

ʧʨʠʥʮʠʧʫ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʩʥʫʻ ʩʢʣʘʜʥʽʩʪʴ ʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʯʘʪʢʦʚʦʾ ʩʪʘʪʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʪʘ ʫʤʦʚ ʦʥʦʚʣʝʥʥʷ ʾʾ ʚ ʯʘʩʽ. ʆʙ'ʻʤ 

ʩʪʘʪʠʩʪʠʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʠʥʘʤʽʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʚʠʟʥʘʯʝʥʦʛʦ ʚʫʟʣʘ ɼɽʄ ʪʘ 

ʚʧʣʠʚʘʻ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʬʫʥʢʮʽʡ ʨʝʛʨʝʩʽʾ, ʘ ʦʪʞʝ ʽ ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ 

ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʊʦʤʫ ʩʪʦʾʪʴ ʟʘʜʘʯʘ ʨʦʟʨʦʙʢʠ ʧʨʠʥʮʠʧʽʚ ʬʦʨʤʫʚʘʥʥʷ ʧʦʯʘʪʢʦʚʦʾ 

ʩʪʘʪʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʪʘ ʫʤʦʚ ʦʥʦʚʣʝʥʥʷ ʾʾ ʚ ʯʘʩʽ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʨʝʘʢʪʠʚʥʦʶ 

ʧʦʪʫʞʥʽʩʪʶ ɼɽʄ. 
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ʌʆʉʌɸʊɯɺ 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚ ʩʪʽʯʥʠʭ ʚʦʜʘʭ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʥʘ ʦʯʠʩʥʽ ʩʧʦʨʫʜʠ ʤʽʩʪʘ ʂʠʻʚʘ 

ɹʦʨʪʥʠʮʴʢʫ ʩʪʘʥʮʽʶ ʘʝʨʘʮʽʾ (ɹʉɸ), ʟʥʘʯʥʦ ʟʨʦʩʣʘ ʢʽʣʴʢʽʩʪʴ ʬʦʩʬʘʪʽʚ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ 

ʜʝʥʴ ʚʦʥʘ ʩʷʛʘʻ ʤʘʡʞʝ 30 ʤʛ/ʣ, ʧʨʠ ʥʦʨʤʘʪʠʚʽ ʩʢʠʜʫ ʚ ʤʽʩʴʢʫ ʢʘʥʘʣʽʟʘʮʽʡʥʫ ʤʝʨʝʞʫ 8.0 

ʤʛ/ʣ. ʇʨʠ ʪʘʢʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪʽʚ ʫ ʚʭʽʜʥʠʭ ʚʦʜʘʭ ʟʘʩʪʘʨʽʣʽ ʪʝʭʥʦʣʦʛʽʾ ʦʯʠʱʝʥʥʷ ʥʝ 

ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʷʛʪʠ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʦʨʤ ʜʣʷ ʩʢʠʜʥʠʭ ʚʦʜ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚʠʥʠʢʘʻ 

ʝʚʪʨʦʬʽʢʘʮʽʷ ʚʦʜʦʡʤ ʽ ʟʘʛʠʙʝʣʴ ʛʽʜʨʦ ʙʽʦʥʪʽʚ [1]. ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʦ ʚʤʽʩʪ ʬʦʩʬʘʪʽʚ ʫ ʚʦʜʽ 

ʩʢʠʜʥʦʛʦ ʢʘʥʘʣʫ, ʱʦ ʩʪʘʥʦʚʠʚ 3,5-4 ʤʛ/ʣ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʜʣʷ ʟʙʝʨʝʞʝʥʥʷ ʚʦʜʥʠʭ 

ʝʢʦʩʠʩʪʝʤ ʥʝʦʙʭʽʜʥʦ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʥʦʨʤ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʠʭ ʚʦʜ, ʷʢʽ ʧʦ 


