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ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʠʣʠʧʝʥʢʦ ʆ.ɯ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʇʦʭʤʫʨʩʴʢʘ ɻ.ɺ. (ʤ. ʃʴʚʽʚ, ʅʋ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʈʘʚʩʴʢʘ ʅ.ʉ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʈʘʜʟʝʚʠʯ ʉ.ʇ., (RICARDO, Inc., ʉʐɸ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʣʝʥʢʦ ʆ.ʌ., (ʤ. ʂʨʝʤʝʥʯʫʢ, ʂʅʋ ʽʤ. ʄʠʭʘʡʣʘ ʆʩʪʨʦʛʨʘʜʩʴʢʦʛʦ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʘʭʥʦ ɭ.ʖ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʠʟʘ ʆ.ɯ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʉʪʨʫʪʠʥʩʴʢʠʡ ɺ.ɹ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʊʽʭʝʥʢʦ ɺ.ʄ. (ʤ. ʆʜʝʩʘ, ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʘʣʴʯʝʥʢʦ ʖ.ɺ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʝʜʦʨʠʥʝʥʢʦ ɼ.ʖ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʌʽʣʦʥʝʥʢʦ ʉ.ʌ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʍʘʨʯʝʥʢʦ ɻ.ʂ. (ʤ. ʂʠʾʚ, ɯʥʩʪʠʪʫʪ ʝʣʝʢʪʨʦʟʚʘʨʶʚʘʥʥʷ ʽʤ. ɭ.ʆ. ʇʘʪʦʥʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʎʠʙʫʣʷ ʉ.ɼ. (ʤ. ʏʝʨʥʽʛʽʚ, ʏʅʊʋ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʐʘʭʙʘʟʦʚ ʗ.ʆ. (ʤ. ʃʴʚʽʚ, ʋʢʨʘʾʥʩʴʢʘ ʘʢʘʜʝʤʽʷ ʜʨʫʢʘʨʩʪʚʘ) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʐʠʥʢʘʨʝʥʢʦ ɺ.ʌ. (ʤ. ʂʠʾʚ, ʅʊʋʋ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè) 
ʜ.ʪ.ʥ., ʧʨʦʬ. ʖʜʽʥ ʆ.ʂ. (ʤ. ʂʠʾʚ, ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ) 
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4 

ɿʄɯʉʊ 

ʉɽʂʎɯʗ 4  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʍɯʄɯʏʅʆɰ, ʃɽɻʂʆɰ, 

ʇɽʈɽʈʆɹʅʆɰ ʊɸ ʍɸʈʏʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯè 

ɹʫʜʘʰ ʖ. ʆ., ʇʣʘʚʘʥ ɺ. ʇ., ʉʪʫʧʘ ɺ. ɯ. ɺʧʣʠʚ ʫʤʦʚ ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ ʚʦʣʦʢʦʥ ʥʘ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ.ʂʠʾʚ 

14 

ʂʦʨʥʽʻʥʢʦ ʗ. ʄ., ʃʶʙʝʢʘ ɸ. ʄ. ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ 

ʧʨʠ ʛʨʘʥʫʣʷʮʽʾ ʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ 

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

16 

ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ɻʘʡʜʘʡ ʉ.ʉ., ʉʘʯʦʢ ʈ.ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʛʦ 

ʨʝʞʠʤʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦ ʟʨʽʜʞʝʥʥʷ 

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

18 

ʂʦʣʦʩʦʚ ʆ. ɭ. ʄʦʜʠʬʽʢʘʮʽʷ ʷʢ ʙʘʟʦʚʠʡ ʥʘʧʨʷʤʦʢ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʜʠʮʽʡʥʠʭ ʽ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʨʽʜʢʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ ʟʤʽʮʥʝʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

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

20 

ɼʦʙʨʦʣʶʙʦʚʘ ʄ. ɺ, ʂʣʻʚʮʦʚʘ ʄ. ʆ. ʆʮʽʥʶʚʘʥʥʷ ʩʪʘʙʽʣʴʥʦʩʪʽ 

ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʧʨʠ ʢʦʨʝʣʷʮʽʾ ʡʦʛʦ ʧʦʢʘʟʥʠʢʽʚ 

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

21 

ɻʫʤʝʥʶʢ ʆ. ʃ., ʂʩʝʥʶʢ ʄ. ʇ., ʂʦʟʣʦʚ ʄ. ɺ. ʈʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟ ʜʦʙʘʚʢʦʶ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʭʣʽʙʘ ʙʽʣʦʛʦ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

23 

ʆʨʣʦʚʩʴʢʠʡ ɹ. ɺ., ʇʦʣʝʚʠʡ ʈ. ɯ. ʂʦʤʧôʶʪʝʨʥʘ ʢʽʥʝʤʘʪʠʢʘ 2D-ʤʝʭʘʥʽʟʤʫ 

ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʚʽʜʙʦʨʫ ʛʦʣʢʦʚʦʜʽʚ ʟ ʛʦʣʢʘʤʠ ʚʠʰʠʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʫ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

25 

ɼʚʦʨʞʘʢ ɺ.ʄ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʟ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, 

ʜʣʷ ʧʨʠʚʦʜʫ ʚʫʰʢʦʚʠʭ ʛʦʣʦʢ ʦʩʥʦʚʦʚô̫ ʟʘʣʴʥʠʭ ʤʘʰʠʥ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

27 

ɹʝʨʝʟʽʥ ʃ. ʄ. ɼʦ ʨʦʟʨʘʭʫʥʢʽʚ ʜʝʪʘʣʝʡ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ.ʂʠʾʚ 

29 

ɼʝʥʠʩʦʚʘ ʅ. ʄ., ʂʫʟʴʤʝʥʢʦ ʃ. ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʢʪʫʣʦʟʠ ʚ 

ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʜʽʘʙʝʪʠʯʥʠʭ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

31 

ʊʦʧʦʨʦʚ ɸ.ɸ., ʊʨʝʪʴʷʢʦʚ ʇ.ɺ. ʆʙʦʙʱʝʥʥʳʝ ʢʨʠʪʝʨʠʠ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʦʢʨʦʚʩʢ 

33 

ʉʘʤʦʭʚʘʣʦʚʘ ʆ.ɺ., ʆʣʽʡʥʠʢ ʉ.ɻ., ʃʘʧʠʮʴʢʘ ʅ.ɺ., ʉʪʝʧʘʥʴʢʦʚʘ ɻ.ɺ. ʑʦʜʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʚ ʪʝʭʥʦʣʦʛʽʾ ʞʠʪʥʴʦ-

ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ ʧʽʜʚʠʱʝʥʦʾ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ 

ʍʘʨʢʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ, ʤ. ʍʘʨʢʽʚ 

35 

ʉʢʨʠʧʥʠʢ ʉ.ʇ., ʐʫʤʥʠʡ ʖ.ɼ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʪʨʫʙ ʜʣʷ ʤʝʣʽʦʨʘʮʽʾ ʪʘ ʚʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ 
1
 ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

2 
ʇɸʊ çʍʽʤʪʝʢʩʪʠʣʴʤʘʰè, ʤ. ʏʝʨʥʽʛʽʚ 

37 
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5 

ɻʫʣʽʻʥʢʦ ʉ.ɺ., ʃʝʱʝʥʢʦ ʆ.ɸ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʦʩʤʦʩʽ 

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

41 

ʂʘʡʜʘʰ ʄ.ɼ. ɺʠʟʥʘʯʝʥʥʷ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʜʣʷ ʟʘʚʜʘʥʦʾ ʛʫʩʪʠʥʠ 

ʪʝʢʩʪʠʣʴʥʠʭ ʧʘʢʦʚʦʢ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

43 

ɻʦʨʦʜʠʩʴʢʘ ʆ. ɺ.
1
, ɻʨʝʚʮʝʚʘ ʅ.ɺ.
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 ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʜʫʛʦʚʦʡ 

ʩʚʘʨʢʝ 
1 
ɻɺʋɿ çʇʨʠʘʟʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʄʘʨʠʫʧʦʣʴ 

2 
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

81 

ɹʦʣʦʪʦʚ ɻ. ʇ., ɹʦʣʦʪʦʚ ʄ. ɻ., ʇʫʩʪʦʚʦʡʪ ʍ. ʄ. ɺʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʽʭ 

ʟʙʫʨʝʥʴ ʥʘ ʩʪʘʙʽʣʴʥʝ ʽʩʥʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʚ ʫʤʦʚʘʭ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʥʘʛʨʽʚʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

82 

ɹʦʣʦʪʦʚ ɻ. ʇ., ɹʦʣʦʪʦʚ ʄ. ɻ., ʇʨʠʙʠʪʴʢʦ ɯ. ʆ., ɹʘʜʘʡ ʄ. ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʛʘʟʦʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʠ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʚ ʧʨʦʮʝʩʘʭ ʦʪʨʠʤʘʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʠʭ 

ʤʝʪʘʣʦʧʦʢʨʠʪʪʽʚ  

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

84 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

7 

ɻʦʣʫʙ ɼ. ʄ. ʕʬʬʝʢʪʠʚʥʳʝ ʵʣʝʢʪʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʥʘʧʣʘʚʢʠ ʨʝʞʫʱʝʛʦ ʠ 
ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

85 

ɻʘʥʻʻʚ ʊ. ʈ., ʇʨʠʙʠʪʴʢʦ ɯ. ʆ., ɹʘʜʘʡ ʄ. ɺ. ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʾ ʥʘʧʣʘʚʣʝʥʥʷ 
ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʜʚʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

86 

ɻʝʨʮʨʠʢʝʥ ɼ.ʉ.
1
, ɹʦʛʜʘʥʦʚ ʉ.ɽ.

1
, ʄʘʟʘʥʢʦ ʌ.ɺ.

1
, ʄʠʨʦʥʦʚ ɼ.ɺ.

2
 ʀʟʫʯʝʥʠʝ 

ʥʘʢʦʧʣʝʥʠʷ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʷʭ ʘʣʶʤʠʥʠʷ 
1 
ʀʥʩʪʠʪʫʪ ʤʝʪʘʣʣʦʬʠʟʠʢʠ ʠʤ. ɻ.ɺ.ʂʫʨʜʶʤʦʚʘ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʂʠʝʚ 

2 
ʉʘʤʘʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʉʘʤʘʨʘ  

88 

ʆʣʝʢʩʽʻʥʢʦ ʉ. ɺ.
1
, ʈʫʜʝʥʢʦ ʄ. ʄ.

1
, ʖʱʝʥʢʦ ʉ. ʄ.

1
, ʅʘʡʜʴʦʥ ʄ. ʖ.

1
, 

ʄʘʨʪʠʥʝʥʢʦ ɺ. ʆ.
2
 ɽʣʝʢʪʨʦʜʫʛʦʚʝ ʥʘʧʣʘʚʣʝʥʥʷ ʤʦʣʽʙʜʝʥʫ ʥʘ ʛʨʘʬʽʪ  

1 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

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

90 

ʉʻʣʽʚʝʨʩʪʦʚ ɯ. ɸ. ɺʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʢʨʠʪʪʽʚ ʤʝʪʦʜʦʤ 
ʩʢʣʝʨʦʤʝʪʨʽʾ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʝʨʩʦʥ 

91 
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çʉʋʏɸʉʅɯ ɽʌɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʄɽʊʆɼʀ ʈʆɿʈɸʍʋʅʂɯɺ 

ʋ ɹʋɼɯɺʅʀʎʊɺɯ. ʊɽʍʅʆɻɽʅʅɸ ɹɽɿʇɽʂɸè 
 
ʊʝʨʝʱʫʢ ʆ.ɯ., ʉʘʭʥʦ ɭ.ʖ., ɹʫʨʝʥʽʥ ʆ.ɯ. ʇʨʦʚʝʜʝʥʥʷ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ 
ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

93 

ʅʠʢʠʪʝʥʢʦ ʄ. ʀ.
1
, ɼʫʙʘʪʦʚʢʘ ʀ.ʇ.

2
 ʆʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʧʦʣʥʝʥʠʷ 

ʠʥʲʝʢʮʠʦʥʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʦʚ ʚ ʦʩʥʦʚʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʦʚ ʧʦʣʠʤʝʨʥʳʤʠ 
ʩʤʝʩʷʤʠ ʥʘ ʦʙʲʝʢʪʘʭ ʈʝʩʧʫʙʣʠʢʠ ɹʝʣʘʨʫʩʴ 
1 
ɹʝʣʦʨʫʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ 

2 
ʏʇʋʇ çʄʦʥʦʨʘʢʫʨʩè, ʛ. ʄʠʥʩʢ 

95 

ɿʘʭʘʨʯʝʥʢʦ ʇ.ɺ., ʆʥʦʧʨʽʻʥʢʦ ɺ.ɺ. ʉʫʯʘʩʥʽ ʝʬʝʢʪʠʚʥʽ ʩʪʽʥʦʚʽ ʤʘʪʝʨʽʘʣʠ-
ʪʦʚʘʨʦʟʘʤʽʥʥʠʢʠ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

97 

ɭʨʴʦʤʽʥ ɸ.ɺ. ʇʽʜʚʠʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʽʪʯʠʟʥʷʥʠʭ ʙʫʜʽʚʝʣʴ ʽ 
ʩʧʦʨʫʜ ʰʣʷʭʦʤ ʟʜʽʡʩʥʝʥʥʷ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ.ʂʠʾʚ 

99 

ʂʦʯʝʚʠʭ ʄ. ʆ. ɺʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʦʪʨʠʤʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʱʝʙʝʥʶ ʜʣʷ 
ʣʘʥʜʰʘʬʪʥʦʛʦ ʜʠʟʘʡʥʫ ʟ ʧʨʦʜʫʢʪʫ ʨʝʮʠʢʣʽʥʛʫ ʙʝʪʦʥʫ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

100 

ʉʘʚʝʥʢʦ ɺ.ɯ.
1
, ɼʦʮʝʥʢʦ ʉ.ɯ.

2
, ʂʣʶʻʚʘ ɺ.ɺ.

1
, ʇʘʣʴʯʠʢ ʉ.ʇ.

1
 ɻʝʥʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʜʦ 

ʜʽʣʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ ʪʘ ʽʟʦʤʦʨʬʽʟʤ ʩʪʨʫʢʪʫʨʠ ʙʫʜʽʚʝʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ 
1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

2
ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʤ. ʍʘʨʢʽʚ 

101 

ɼʨʘʧʘʣʶʢ ʄ.ɺ.
1
, ʇʠʣʠʧʝʥʢʦ ɺ.ʄ.

2 
ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʠʯʠʥ ʨʫʡʥʫʚʘʥʥʷ ʙʝʪʦʥʥʠʭ 

ʚʠʨʦʙʽʚ ʫ ʙʽʦʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ 
1
ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʙʫʜʽʚʥʠʮʪʚʘ ʠ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʆʜʝʩʘ 

2
ɸʢʘʜʝʤʽʷ ɼʝʨʞʘʚʥʦʾ ʧʝʥʽʪʝʥʮʽʘʨʥʦʾ ʩʣʫʞʙʠ, ʤ. ʏʝʨʥʽʛʽʚ 
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8 

ɼʝʰʢʦ ɺ. ɯ., ɹʽʣʦʫʩ ɯ. ʖ., ɻʦʣʫʙʝʥʢʦ ʆ. ʆ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ ʫ 

ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʧʦʰʠʨʝʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫʪʝʧʣʝʥʥʷ 

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

105 

ɻʨʘʙʦʚʩʴʢʠʡ ɸ.ʇ., ɹʦʥʜʘʨʝʮʴ ʆ.ɸ. ʄʽʢʨʦʤʝʭʘʥʽʢʘ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʜʝʪʘʣʝʡ ʪʘ ʩʧʦʨʫʜ 

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

107 

ɺʘʩʠʣʴʻʚ ɭ. ɸ., ʇʘʚʝʣʴʻʚʘ ɸ. ʂ. ʇʽʜʙʽʨ ʧʘʨʘʤʝʪʨʽʚ ʤʝʤʙʨʘʥʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʝʣʠʯʠʥʠ ʪʠʩʢʫ ʚ ʪʨʫʙʦʧʨʦʚʦʜʽ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ 

109 

ɹʫʣʘʚʢʘ ʆ. ɯ., ʉʦʢʦʣʝʥʢʦ ʉ. ɺ. ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʚʠʨʦʙʥʠʯʦʛʦ 

ʪʨʘʚʤʘʪʠʟʤʫ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ 

ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ ʊʘʣʴʥʽʚʩʴʢʠʡ ʙʫʜʽʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ 

ʢʦʣʝʜʞ ʋʤʘʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʘʜʽʚʥʠʮʪʚʘ, ʤ. ʊʘʣʴʥʝ 

110 

ʃʠʪʚʠʥʷʢ ʆ.ʗ. ʈʦʟʨʘʭʫʥʦʢ ʰʘʨʫʚʘʪʦ-ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʠʭ ʧʣʠʪ ʧʝʨʝʢʨʠʪʪʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

111 

ʉʪʦʨʦʞʫʢ ɺ.ʄ., ʌʝʨʝʥʮ ʆ.ɹ., ʂʦʧʠʥʝʮʴ ɿ.ʇ. ʇʨʦʙʣʝʤʠ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ 

ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

112 

ʄʽʢʫʣʽʯ ʆ.ɸ., ʐʚʘʙôʶʢ ɺ.ɯ. ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟʘ ʥʝʩʪʘʮʽʦʥʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

114 

ɯʛʥʘʪʠʰʠʥ ɺ.ɺ. Cʫʯʘʩʥʽ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʨʫʭʠ ʟʝʤʥʦʾ ʢʦʨʠ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ 

ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʪʘ ʩʝʡʩʤʽʯʥʽʩʪʴ ʟʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ 

ɺʽʜʜʽʣ ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ.ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ 

ʅɸʅ ʋʢʨʘʾʥʠ 

116 

ʂʦʨʥʽʻʥʢʦ ʄ.ɺ., ʐʝʧʝʪʶʢ ɻ.ʆ., ʂʦʨʟʘʯʝʥʢʦ ʄ.ʄ., ʄʦʚʯʘʥ ɺ.ʆ. ʂʦʥʩʪʨʫʢʪʠʚʥʽ 

ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʦʙô̒ ʢʪʽʚ ʢʫʣʴʪʫʨʥʦʾ ʩʧʘʜʱʠʥʠ ʤ. ʂʠʻʚʘ ʪʘ ʾʭ 

ʢʣʘʩʠʬʽʢʘʮʽʡʥʽ ʦʟʥʘʢʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

118 

ɿʦʮʝʥʢʦ ʄ.ʃ., ɺʠʥʥʠʢʦʚ ʖ.ʃ. ʉʫʯʘʩʥʘ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʟʚʝʜʝʥʥʷ 

ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ, ʷʢʽ ʩʧʦʨʫʜʞʫʶʪʴ ʙʝʟ ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʤ. ʇʦʣʪʘʚʘ 

119 

ʂʦʨʥʽʻʥʢʦ ʄ.ɺ.
1
, ɾʫʢ ɺ.ɺ.

1
, ʂʦʨʟʘʯʝʥʢʦ ʄ.ʄ.

2
 ʆʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʫ ʤʘʣʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ 
1 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

121 

ʐʫʣʴʛʘ ʖ. ɯ. ʈʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʦʙôʻʢʪʽʚ ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

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

123 

ʂʦʨʥʽʻʥʢʦ ʄ. ɺ., ʅʜʽʥʛʘ ʄ. ʈ. ɻʝʦʪʝʭʥʽʯʥʽ ʨʦʟʨʘʭʫʥʢʠ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʩʥʦʚ ʽ 

ʬʫʥʜʘʤʝʥʪʽʚ  ʙʫʜʽʚʝʣʴ ʚ ʝʢʚʘʪʦʨʽʘʣʴʥʽʡ ʯʘʩʪʠʥʽ ʘʬʨʠʢʠ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʂʠʾʚ 

124 

ɹʘʨʙʘʰ ʄ.ɯ. ʂ̔ ʥʝʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʚʠʭ 

ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

125 
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9 

ɼʝʰʢʦ ɺ.ɯ., ɹʫʷʢ ʅ.ɸ., ɹʝʩʩʘʣʴʥʦʚʘ ʆ.ʈ. ʆʮʽʥʶʚʘʥʥʷ ʟʤʽʥʠ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ ʧʨʠ ʫʪʝʧʣʝʥʥʽ ʰʢʽʣʴʥʦʾ ʙʫʜʽʚʣʽ 

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

127 

ɿʘʚʘʮʴʢʠʡ ʉ.ɺ., ʇʘʚʣʝʥʢʦ ɺ.ɺ. ɻʨʘʜ ʏʝʨʥʽʛʽʚ: ʽʩʪʦʨʽʷ ʤʽʩʪʦʙʫʜʽʚʥʦʛʦ ʨʦʟʚʠʪʢʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

128 

ɼʫʙʝʥʝʮʴ ɺ. ɻ., ʉʘʚʯʝʥʢʦ ʆ. ɺ., ɼʝʨʢʘʯ ʆ. ʃ. ʅʝʩʪʘʮʽʦʥʘʨʥʽ ʜʝʤʧʬʽʨʫʚʘʥʽ 

ʢʦʣʠʚʘʥʥʷ ʩʧʦʨʫʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʦʶ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

131 
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Taras Shevcenko National University of Kyiv 
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Cherkassy State Technological University, Cherkassy 
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Chernihiv National University of Technology, Chernihiv  
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Kryshneu Y.
1
, Prystupa A.

2
 Transboundary hydro-meteorological and environmental 

monitoring system of dnipro river (theorems-dnipro) 
1 
Educational Institution "Sukhoi State Technical University of Gomel", Gomel 

2 
Chernihiv National University of Technology, Chernihiv 

142 

ʂʦʣʦʩʦʚʘ ʆ. ʇ. ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʶʯʠʭ ʟʘʩʦʙʽʚ 

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

143 

ɯʛʥʘʪʝʥʢʦ ʇ. ʃ.
1
, ʇʝʪʨʦʚ ʖ. ɯ.

2
 ʆʩʥʦʚʥʽ ʚʠʜʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʝʘʢʮʽʾ 
1 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

2 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

144 

ʂʨʷʯʦʢ ʉ.ɼ., ʄʘʤʦʥʪʦʚʘ ʃ.ʉ. ʃ̔ ʜʘʨʥʝ ʟʥʽʤʘʥʥʷ ʣʘʥʜʰʘʬʪʫ ʪʘ ʧʝʨʝʰʢʦʜ ʚ 

ʨʘʡʦʥʘʭ ʘʝʨʦʧʦʨʪʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

145 

ʉʠʪʥʠʢʦʚ ʆ.ʇ. ʂʝʨʦʚʘʥʘ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ ʬʘʟʦʚʘ ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʘ 

ʜʠʬʨʘʢʮʽʡʥʘ ˇʨʘʪʢʘ ʷʢ ʝʣʝʤʝʥʪ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

147 

ɯʩʘʯʝʥʢʦ ɸ.ʆ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
 ʉʪʨʫʢʪʫʨʘ ʢʦʤʧôʶʪʝʨʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʢʫʪʦʚʠʭ 

ʪʘ ʣʽʥʽʡʥʠʭ ʧʦʣʦʞʝʥʴ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

149 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

10 

ʐʝʣʫʭʘ ʆ.ʆ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
 ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

151 

ɹʦʛʜʘʥ ʄ. ʇ., ʂʨʘʚʯʝʥʢʦ ɺ. ʀ. ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʦʜʜʝʨʞʢʠ 
ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʢʦʥʪʘʢʪ - ʮʝʥʪʨʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

152 

ʂʨʘʚʯʝʥʢʦ ɺ.ʀ., ɾʘʨʪʦʚʩʢʠʡ ɸ.ɺ., ʂʘʨʷʛʠʥ ɾ.ɻ., ʃʘʨʠʯʢʠʥ ɸ.ɺ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʷʭ 
ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ 

154 

ɼʦʙʨʦʚʦʣʴʩʴʢʘ ʃ.ʅ., ʉʦʙʯʫʢ ɼ. ʉ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ- ʟʘʧʦʨʫʢʘ 
ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʜʝʨʞʘʚʠ 
ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

155 

ɸʥʽʩʽʤʦʚ ɺ. ɺ., ɻʘʨʤʘʰ ʆ. ɯ., ʄʠʪʨʦʭʽʥ ʆ. ɸ., ʂʣʠʤʝʥʢʦ ɸ. ɺ. ʈʦʟʨʦʙʢʘ 
ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ 
ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦ 

157 

ʄʠʪʨʦʭʽʥ ʆ. ɸ., ɸʥʽʩʽʤʦʚ ɺ. ɺ., ʋʜʦʚʝʥʢʦ ʄ.ʖ., ʄʘʣʘʻʚ ʄ. ɺ., ʂʣʠʤʝʥʢʦ ɸ. ɺ. 
ʇʦʨʽʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʚʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ Solidworks Simulation ʪʘ ʢʣʘʩʠʯʥʦʛʦ 
ʧʽʜʭʦʜʫ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ 
ɼɺʅɿ çʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪè, ʤ. ɼʥʽʧʨʦ 

159 

ɹʝʟʚʝʩʽʣʴʥʘ ʆ.ʄ., ʎʽʨʫʢ ɺ.ɻ. Cʫʯʘʩʥʽ ʩʪʘʙʽʣʽʟʘʪʦʨʠ ʦʟʙʨʦʻʥʥʷ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

160 

ʂʫʣʠʢ ɹ.ɯ. ʈʦʟʤʽʱʝʥʥʷ ʟʘʩʦʙʽʚ ʰʪʫʯʥʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠ 
ʤʦʜʝʣʶʚʘʥʥʽ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 0,4-10 ʂɺ 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

162 

ɺʦʣʦʪ ʆ. ɯ. ɯT-ʨʽʰʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ: ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʣʽʢʫ ʪʘ 
ʫʧʨʘʚʣʽʥʥʷ 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

164 

ʂʘʪʘʥ ɺ. ɸ., ʂʣʠʤ ɺ. ʖ. ʆʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʚʥʘʩʣʽʜʦʢ ʫʜʘʨʫ 
ʨʫʭʫ ʧʣʘʩʪʠʥʢʠ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʨʽʜʠʥʠ  
ɼʥʽʧʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ʤ. ɼʥʽʧʨʦ 

165 

ʍʘʨʝʚʠʯ ɸ. ʉ., ʉʦʨʦʢʘ ʉ. ʆ. ɺʠʟʥʘʯʝʥʥʷ ʛʣʠʙʠʥʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʣʘʟʝʨʥʦʛʦ 
ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚ ʘʥʽʟʦʪʨʦʧʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʽʥʴʦʚʠʤ ʤʝʪʦʜʦʤ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

167 

ɺʘʣʝʮʴʢʠʡ ɹ.ʇ. ʈʦʙʦʪʠʟʦʚʘʥʽ ʩʢʣʘʜʠ 
ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

169 

ʄʦʥʯʝʥʢʦ ʆ.ɺ., ʄʘʟʫʨʝʥʢʦ ɭ.ɯ. ɸʢʫʩʪʠʯʥʘ ʩʠʩʪʝʤʘ ʚʠʷʚʣʝʥʥʷ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ ʚ 
ʪʨʫʙʦʧʨʦʚʦʜʘʭ  
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

171 

ɼʫʜʥʽʢ ɸ.ʉ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪ ʥʘ ʦʩʥʦʚʽ ʜʘʣʴʥʦʩʪʽ ʩʠʛʥʘʣʫ ʪʘ 
ʦʙʯʠʩʣʝʥʥʷ ʧʦʟʠʮʽʾ ʨʦʟʪʘʰʫʚʘʥʥʷ ʫ ʧʨʠʩʪʨʦʷʭ ʩʝʥʩʦʨʥʠʭ ʤʝʨʝʞ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʊ. ʐʝʚʯʝʥʢʘ, ʤ. ʂʠʾʚ 

173 

ɼʘʥʠʣʝʥʢʦ ɼ.ɸ. ʉʠʩʪʝʤʘ ʙʝʟʧʝʯʥʠʭ ʭʤʘʨʥʠʭ ʦʙʯʠʩʣʝʥʴ ʤʝʪʦʜʘʤʠ ʛʦʤʦʤʦʨʬʥʦʛʦ 
ʰʠʬʨʫʚʘʥʥʷ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʊ. ʐʝʚʯʝʥʢʘ, ʤ. ʂʠʾʚ 

174 

ʇʝʨʝʧʘʜʷ ʆ. ɺ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʧʝʨʝʯʥʠʭ ʘʙʝʨʘʮʽʡ ʚ ʨʝʡʪʨʝʡʩʠʥʛʦʚʽʡ ʘʙʝʨʦʤʝʪʨʽʾ 
ʦʢʘ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

175 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

11 

ʃʘʧʽʥʘ ʆ. ɺ. ɺʜʦʩʢʦʥʘʣʝʥʥʷ ʦʙʨʦʙʢʠ ʪʘ ʢʦʥʪʨʦʣʶ ʽʥʬʦʨʤʘʮʽʾ ʜʘʪʯʠʢʽʚ ʢʫʪʦʚʦʾ 

ʰʚʠʜʢʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʢʝʨʫʚʘʥʥʷ ʨʫʭʦʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ 

ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ, ʤ. ʆʜʝʩʘ 

176 

ʂʫʟʴʤʠʯ ʃ. ɺ. ʅʝʧʘʨʘʤʝʪʨʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʚʽʨʦʛʽʜʥʦʩʪʽ ʚ 

ʩʢʣʘʜʥʽʡ ʧʦʩʪʽʡʥʦ ʟʤʽʥʥʽʡ ʟʘʚʘʜʦʚʽʡ ʦʙʩʪʘʥʦʚʮʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

178 

ʆʙʦʨʩʢʠʡ ɻ. ɸ., ʇʨʦʢʦʧʦʚʠʯ ʀ. ɺ., ʄʦʨʛʫʥ ɹ. ɸ., ʄʦʨʛʫʥ ʖ. ɹ. ʆʮʝʥʢʘ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʥʘʤʠʢʠ ʚʝʪʨʦʜʚʠʛʘʪʝʣʷ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʜʝʩʩʘ 

179 

ɸʥʪʦʰʢʽʥ ʆ.ɸ. ʉʪʨʘʪʝʛʽʷ ʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʨʦʟʤʽʱʝʥʥʷ ʧʦʞʝʞʥʠʭ ʩʧʦʚʽʱʫʚʘʯʽʚ ʷʢ 

ʟʘʜʘʯʽ ʩʝʥʩʦʨʥʦʛʦ ʧʦʢʨʠʪʪʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʋʢʨʘʾʥʠ, ʤ. ʍʘʨʢʽʚ 

181 

ʂʣʠʤʝʥʢʦ ʊ.ɭ., ʊʘʣʽʤʦʥʦʚʘ ʅ.ʃ. ɺ̔ ʟʫʘʣʽʟʘʮʽʷ ʦʧʪʠʯʥʠʭ ʟʘʭʠʩʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʦʣʽʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

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

182 

ʍʦʤʝʥʢʦ ɸ.ʉ., ʂʦʩʤʘʯ ʆ.ʇ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʫ ʚʠʧʘʜʢʫ ʩʢʣʘʜʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

183 

ʂʦʚʘʣʴ ɸ. ʆ. ɸʥʘʣʽʟ ʚʧʣʠʚʫ ʥʝʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ 

ʤʝʪʨʦʣʦʛʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʚʪʦʤʦʙʽʣʴʥʦ-ʜʦʨʦʞʥʽʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʘʨʢʽʚ 

185 

ʌʝʰʘʥʠʯ ʃ. ɯ. ʄʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʟʦʥ ʚʪʨʘʪʠ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚôʷʟʢʽʚ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʷʚʠʱʘ ʧʦʤʧʘʞʫ 

ɯʚʘʥʦ-ʌʨʘʥʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʥʘʬʪʠ ʽ ʛʘʟʫ 

187 

ʄʝʥʞʠʥʩʴʢʘ ʊ.ɺ. ʉʠʩʪʝʤʘ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʘʩʪʥʦʛʦ ʤʝʪʦʜʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʤʽʞ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʄʝʥʞʠʥʩʴʢʘ ʊ.ɺ. ɼʦʩʣʽʜʞʝʥʥʷ ʨʦʙʘʩʪʥʦʛʦ S-ʤʝʪʦʜʫ ʜʦ ʧʦʧʝʨʝʜʥʴʦ ʦʙʨʦʙʣʝʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʤʽʨʶʚʘʥʴ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʉʽʥʴʢʦ ɯ. ʉ., ɼ̔ ʙʨʦʚ ɺ.ɻ., ʄʝʜʚʝʜʻʚ ɸ.ɸ. ɸʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʘʢʫʩʪʠʯʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʆʜʝʩʘ 
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ʉʽʥʴʢʦ ɯ.ʉ., ɹʘʣʘʥ ɺ.ʆ., ʈʘʙʯʫʢ ʆ.ɸ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟʘʩʦʙʫ ʧʝʨʝʩʫʚʘʥʥʷ ʫ 

ʛʽʧʝʨʤʘʨʢʝʪʘʭ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʆʜʝʩʘ 

193 

ʉʽʥʴʢʦ ɯ.ʉ., ɿʘʤʷʪʽʥ ʄ.ɯ., ʃʘʥʦʚʘ ɼ.ɼ., ʇʘʥʯʝʥʢʦ ɸ.ʆ. ʂʦʤʧʦʟʠʮʽʡʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʦʜʝʣʽ ʶʚʽʣʝʡʥʦʾ ʤʝʜʘʣʽ ʪʘ ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʩʪʘʥʢʫ ʟ ʏʇʋ 

ʆʜʝʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʆʜʝʩʘ 
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ʂʦʧʝʡ ɺ. ɹ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʯʘʩʪʦʪʠ ʚʽʜʤʦʚ ʢʦʣʦʥ ʥʘʩʦʩʥʠʭ ʰʪʘʥʛ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʥʩʘʤʙʣʽʚ ʜʝʨʝʚ ʨʽʰʝʥʴ 
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ʇʘʚʣʝʥʢʦ ʇ. ʄ.
1
, ɹʘʣʫʰʦʢ ʂ. ɹ.

2
, ɿʘʭʘʨʯʫʢ ʊ. ʄ.

1
, ʊʝʤʥʽʢʦʚ ɸ. ɺ.

1 
ʄʝʪʦʜʠ ʪʘ 

ʪʝʭʥʦʣʦʛʽʷ ʽʥʪʝʛʨʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʜʘʥʠʭ
 

1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ,  

2 
ʇɸʊ ʄʦʪʦʨ ʉʽʯ, ʤ. ɿʘʧʦʨʽʞʞʷ 
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ɺʦʟʥʶʢ ɸ.ɺ., ʇʘʚʣʝʥʢʦ ʇ.ʄ. ʊʝʭʥʦʣʦʛʽʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʛʨʘʬʦʚʠʭ 

ʤʦʜʝʣʷʭ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

201 

ɿʘʢʣʘʜʥʠʡ ʆ.ʆ. ɸʧʨʦʢʩʠʤʘʮʽʷ ʘʚʪʦʢʦʨʝʣʷʮʽʡʥʠʭ ʬʫʥʢʮʽʡ ʧʨʦʮʝʩʫ 

ʝʣʝʢʪʨʦʩʧʦʞʠʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ʇʘʩʪʝʨʥʘʢ ɺ.ɺ. ɸʥʘʣʽʟ ʩʪʨʫʢʪʫʨʥʦ-ʥʝʦʜʥʦʨʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ 3d 

ʤʦʜʝʣʶʚʘʥʥʷ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 
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ʂʝʟʣʷ ʇ.ɸ.
1
, ɿʘʭʘʨʯʝʥʢʦ ʉ.ʉ.

2
 ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʚ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʳ 
1 
Digital Engineering and Magic 

2 
ʇɸʊ "ʏʝʨʥʠʛʦʚʦʙʣʵʥʝʨʛʦ", ʛ. ʏʝʨʥʠʛʦʚ  

206 

ɼʦʩʪʘʚʘʣʦʚ ɺ.ɺ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ. ʃ.

2
 ɺʧʨʦʚʘʜʞʝʥʥʷ ʜʠʨʠʞʘʙʣʽʚ ʫ ʩʠʩʪʝʤʠ ʟʘʭʠʩʪʫ 

ʧʝʨʠʤʝʪʨʫ ʪʘ ʩʠʩʪʝʤ ʚʠʟʥʘʯʝʥʥʷ ʣʘʥʜʰʘʬʪʫ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 
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ɻʨʘʬ ʄ.ʉ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
, ʄʦʜʝʨʥʽʟʘʮʽʷ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʙʝʟʧʽʣʦʪʥʦʛʦ ʧʦʚʽʪʨʷʥʦʛʦ ʩʫʜʥʘ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2 ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 
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ʐʘʪʦʭʽʥʘ ʖ.ɺ.
1
, ʂʣʽʥʮʦʚ ʃ.ʄ.

2
, ʂʦʚʘʣʝʚ ɸ. ɺ.

3
 ʄʦʜʝʣʶʚʘʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʧʘʨ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʦʩʬʘʪʽʚ ʫ ʩʪʽʯʥʠʭ ʪʘ ʦʯʠʱʝʥʠʭ ʚʦʜʘʭ 
1 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʽʥʩʪʠʪʫʪ ʽʥʬʦʨʤʘʮʽʾ, ʙʽʟʥʝʩʫ ʽ ʧʨʘʚʘ, ʤ. ʏʝʨʥʽʛʽʚ 

3 
ʂʇ "ʉʣʘʚʫʪʠʯ ʚʦʜʦʢʘʥʘʣ", ʤ.ʉʣʘʚʫʪʠʯ 

212 

ʏʝʡʧʝʰ ɺ.ɺ., ʇʘʚʣʦʚʩʴʢʠʡ ʆ.ʄ. ʉʪʚʦʨʝʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʦʾ ʩʠʩʪʝʤʠ ʜʣʷ 

ʧʨʠʛʥʽʯʝʥʥʷ ʪʨʝʤʦʨʫ ʚʝʨʭʥʴʦʾ ʢʽʥʮʽʚʢʠ ʣʶʜʠʥʠ 

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

214 

ʅʝʩʪʝʨʝʥʢʦ ɸ.ʆ., ɺʠʩʣʦʫʭ ʉ.ʇ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʥʠʯʠʭ 

ʩʠʩʪʝʤ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ɹʘʟʽʚ ʆ. ɯ. ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʦʯʠʱʝʥʥʷ 

ʚʫʛʣʝʚʦʜʥʝʚʠʭ ʛʘʟʽʚ 
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ʐʘʤ ʆ.ʄ., ʊʝʪʝʨʽʥ ɯ.ɼ. ʉʪʨʫʢʪʫʨʘ ʘʚʪʦʥʦʤʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ 

ʙʘʟʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

ɯʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʽʤ. ɻ.ɽ.ʇʫʭʦʚʘ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

218 

ʇʦʣʽʥʢʝʚʠʯ ʈ.ʄ., ʏʝʪʚʝʨʞʫʢ ʊ.ɯ. ʇʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʽʜʨʦʩʪʘʪʠʯʥʠʭ ʧʽʜʰʠʧʥʠʢʽʚ ʽʟ ʜʝʬʦʨʤʦʚʘʥʠʤʠ ʧʝʨʝʤʠʯʢʘʤʠ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 
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ʐʝʚʯʝʥʢʦ ʉ.ɸ. ʄʦʜʝʣʶʚʘʥʥʷ ʚʧʣʠʚʫ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʤʘʰʠʥ ʨʦʩʣʠʥʥʠʮʪʚʘ ʟʘ 

ʩʪʘʥʦʤ ʧʝʨʝʜ ʪʝʭʥʦʣʦʛʽʯʥʦʶ ʦʧʝʨʘʮʽʻʶ ʥʘ ʚʪʨʘʪʠ ʚʨʦʞʘʶ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤ. 

ʇ.ɺʘʩʠʣʝʥʢʘ, ʤ. ʍʘʨʢʽʚ 
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ʉʪʘʭʦʚʘ ɸ.ʇ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
 ʄʦʜʝʣʶʚʘʥʥʷ ʩʠʩʪʝʤʠ ʜʽʘʛʥʦʩʪʠʢʠ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʽʤʧʝʜʘʥʩʥʦʛʦ ʤʝʪʦʜʫ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 
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Cʘʪʶʢʦʚ ɸ.ɯ., ʇʨʠʩʪʫʧʘ ɸ.ʃ., ʃʝʥʴʢʦ ʖ.ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʧʦʩʣʘʙʣʝʥʥʷ ʅɺʏ 

ʩʠʛʥʘʣʽʚ ʟʚʦʣʦʞʝʥʠʤʠ ʜʝʨʝʚ'ʷʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 
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ʉʘʪʶʢʦʚ ɸ. ɯ, ɾʫʨʢʦ ɺ. ʇ., ɹʠʚʘʣʴʢʝʚʠʯ ʄ. ʆ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʦʩʣʘʙʣʝʥʥʷ ʅɺʏ-

ʩʠʛʥʘʣʽʚ ʙʫʜʽʚʝʣʴʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʨʽʟʥʦʾ ʚʦʣʦʛʦʩʪʽ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

229 

ɼʝʰʢʦ ɺ.ɯ., ʂʘʨʧʝʥʢʦ ɼ.ʉ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʨʠʥʢʫ 

ʪʝʧʣʦʚʦʾ ʝʥʝʨʛʽʾ 

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

231 

ɹʦʜʫʥʦʚ ɺ.ʄ., ʂʫʣʴʢʦ ʊ.ɺ. ʇʘʨʝʪʦ-ʦʧʪʠʤʽʟʘʮʽʷ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʜʘʯʘʭ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

232 

ʅʘʫʤʯʠʢ ʇ. ɯ., ʅʦʚʠʢ ʂ. ʉ. ɿʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʩʫʤʽʰʽ ʘʨʛʦʥʫ ʽ 

ʧʦʚʽʪʨʷ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʚʽʪʨʷ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

233 

ʆʨʥʘʪʩʴʢʠʡ ɼ.ʇ., ɼʦʙʨʞʘʥʩʴʢʘ ɹ.ɺ. Cʠʩʪʝʤʘ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʪʝʭʥʽʢʦ-

ʝʢʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʜʣʷ ʧʝʨʝʜʘʯʽ ʘʥʘʣʦʛʦʚʠʭ ʩʠʛʥʘʣʽʚ ʯʝʨʝʟ ʪʝʣʝʬʦʥʥʽ 

ʤʝʨʝʞʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 
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ɸʱʝʧʢʦʚʘ ʅ. ʉ., ɹʦʛʜʘʥʦʚ ɺ. ʆ. ʉʠʩʪʝʤʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʜʝʬʝʢʪʦʩʢʦʧʽʾ ʽ 

ʢʦʥʪʨʦʣʶ ʷʢʦʩʪʽ 

ɼʥʽʧʨʦʧʝʪʨʦʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʆ. ɻʦʥʯʘʨʘ, ʤ. ɼʥʽʧʨʦ 

236 

ʃʽʩʦʚʠʡ ʆ. ʇ. ʄʝʪʦʜʠ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʥʴ 

ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʝʣʠʯʠʥ ʮʠʣʽʥʜʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 
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ʊɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄè 

ʇʨʦʢʫʜʽʥ ɻ.ʉ., ʈʝʤʝʭ ɯ.ʆ., ʄʘʡʜʘʥʠʢ ʂ.ʆ., ʈʝʜʽʯ ʖ.ɸ. ʆʧʪʠʤʽʟʘʮʽʷ ʩʭʝʤ 

ʜʦʩʪʘʚʢʠ ʚʘʥʪʘʞʫ ʫ ʤʽʞʥʘʨʦʜʥʦʤʫ ʩʧʦʣʫʯʝʥʥʽ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʨʘʥʩʧʦʨʪʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 
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ʅʘʫʤʝʥʢʦ ʆ.ɸ., ʅʘʫʤʝʥʢʦ ɸ.ʆ. ɸʥʘʣʽʟ ʧʦʧʠʪʫ ʥʘ ʟʘʧʘʩʥʽ ʯʘʩʪʠʥʠ ʜʣʷ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʪʝʭʥʽʢʠ  

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ 

ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ 
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ʂʨʫʮʷʢ ʄ. ʆ. ʆʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʝʢʪʽʚ ʟʝʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 
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ɯʛʥʘʪʝʥʢʦʚ ʆ.ʃ., ʖʱʝʥʢʦ ʅ.ʃ. ʇʨʦ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʢʪʠʚʽʚ ʛʘʣʫʟʽ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʾʥʽ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

245 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

14 

ʉɽʂʎɯʗ 4  

çʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʍɯʄɯʏʅʆɰ, ʃɽɻʂʆɰ, 

ʇɽʈɽʈʆɹʅʆɰ ʊɸ ʍɸʈʏʆɺʆɰ ʇʈʆʄʀʉʃʆɺʆʉʊɯè 

 
ʋɼʂ 677.494.7 

ɹʫʜʘʰ ʖ.ʆ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʣʘʚʘʥ ɺ.ʇ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʉʪʫʧʘ ɺ.ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, budash.yo@knutd.edu.ua 

ɺʇʃʀɺ ʋʄʆɺ ɺʀʉʆʂʆʐɺʀɼʂɯʉʅʆɻʆ ʌʆʈʄʋɺɸʅʅʗ ʇʆʃɯʇʈʆʇɯʃɽʅʆɺʀʍ 

ɺʆʃʆʂʆʅ ʅɸ ɰʍ ʌɯɿʀʂʆ-ʄɽʍɸʅɯʏʅɯ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ  

ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʚʠʜʽʚ ʚʦʣʦʢʥʠʩʪʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ʥʝʪʢʘʥʽ ʤʘʪʝʨʽʘʣʠ, ʱʦ ʦʪʨʠʤʫʶʪʴ 

ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ çSpunbondè. ɺʝʣʠʢʠʡ ʜʽʘʧʘʟʦʥ ʧʦʚʝʨʭʥʝʚʦʾ 

ʱʽʣʴʥʦʩʪʽ ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʾʭ ʩʧʦʞʠʚʘʥʥʷ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʧʽʜʚʠʱʝʥʥʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʧʨʦʧʽʣʝʥʦʚʠʭ 

(ʇʇ) ʚʦʣʦʢʦʥ ʟʘ ʨʘʭʫʥʦʢ ʨʝʛʫʣʶʚʘʥʥʷ ʦʢʨʝʤʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʾʭ ʬʦʨʤʫʚʘʥʥʷ ʪʘ 

ʢʨʘʪʥʦʩʪʽ ʬʽʣʴʻʨʥʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ (ʂʌɺ). ʆʩʥʦʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ, ʙʫʣʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʫʧʝʥʷ ʦʨʽʻʥʪʘʮʽʾ ʚʦʣʦʢʦʥ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ, ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, 

ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺʠʭʦʜʷʯʠ ʟ ʤʝʪʠ ʨʦʙʦʪʠ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʚʧʣʠʚ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʇʇ ʚʦʣʦʢʦʥ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʦʨʽʚ: 

Å ʢʦʥʩʪʨʫʢʮʽʾ ʰʘʭʪʠ, ʪʘ ʫʤʦʚʠ ʦʭʦʣʦʜʞʝʥʥʷ ʚʦʣʦʢʦʥ ʧʨʠ ʬʽʣʴʻʨʥʦʤʫ ʚʠʪʷʛʫʚʘʥʥʽ; 

Å ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʤʝʨʫ ʝʞʝʢʪʦʨʘ; 

Å ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʧʨʦʮʝʩʫ ʝʢʩʪʨʫʟʽʾ; 

Å ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʴʤʽʚʥʠʭ ʝʣʝʤʝʥʪʽʚ; 

Å ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʚʦʨʽʚ ʬʽʣʴʻʨʠ. 

ɺ ʷʢʦʩʪʽ ʚʦʣʦʢʥʦʫʪʚʦʨʶʶʯʦʛʦ ʧʦʣʽʤʝʨʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ iʟʦʪʘʢʪʠʯʥʠʡ ʧʦʣʽʧʨʦʧʽʣʝʥ 

çʊʦʣʝʥè ʤʘʨʢʠ 21270ɼ-16ʂ ʟ ʇʊʈ (230
ʦ
ʉ, 21,17 ʅ) 27 ʛ/10 ʭʚ (ʇʇ). ɿʨʘʟʢʠ ʇʇ ʚʦʣʦʢʦʥ  

ʦʪʨʠʤʫʚʘʣʠʩʴ ʥʘ ʧʨʦʤʠʩʣʦʚʽʡ ʝʢʩʪʨʫʜʝʨʥʽʡ ʣʽʥʽʾ çRhone Poulenc Fibersè ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʥʝʪʢʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʩʧʦʩʦʙʦʤ (ʤʫʣʴʪʠʝʞʝʢʪʦʨʥʘ ʩʠʩʪʝʤʘ çDocanè). 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʰʘʭʪ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʝ ʟʥʘʯʝʥʥʷ ʚʽʜʥʦʩʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʘʡʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʨʦʟʨʠʚʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʘʭʪʠ ʫ ʚʠʛʣʷʜʽ ʧʦʜʚʽʡʥʦʛʦ ʮʠʣʽʥʜʨʘ ʟ ʧʝʨʝʭʽʜʥʠʤʠ ʦʪʚʦʨʘʤʠ ʪʘ 

ʥʘʧʨʘʚʣʷʶʯʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʽʜʥʦʩʥʘ ʤʽʮʥʽʩʪʴ ʩʬʦʨʤʦʚʘʥʠʭ ʇʇ ʚʦʣʦʢʦʥ 

ʧʨʠʙʣʠʟʥʦ ʥʘ 28% ʙʽʣʴʰʘ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʪʘʥʜʘʨʪʥʦʾ ʰʘʭʪʠ. 

ɿʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʧʦʚʽʪʨʷ ʧʨʠʙʣʠʟʥʦ ʚ 2 ʨʘʟʠ, ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ 

ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʪʴ ʚʦʣʦʢʦʥ. ʇʨʠ ʟʥʠʞʝʥʥʽ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʨʦʟʧʣʘʚʫ ʥʘ 40% ʚʽʜ 

ʥʦʤʽʥʘʣʴʥʦʾ, ʜʽʘʤʝʪʨ ʬʽʣʘʤʝʥʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠʙʣʠʟʥʦ ʥʘ 20%. ʇʨʠ ʮʴʦʤʫ ʘʙʩʦʣʶʪʥʘ 

ʤʽʮʥʽʩʪʴ ʬʽʣʘʤʝʥʪʽʚ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʧʦʜʦʚʞʝʥʥʷ ʨʦʩʪʝ. ɿʥʠʞʝʥʥʷ ʘʙʩʦʣʶʪʥʦʾ 

ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʦʙôʻʤʥʦʾ ʚʠʪʨʘʪʠ ʨʦʟʧʣʘʚʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʝʥʰʽʡ ʤʽʨʽ ʥʽʞ 

ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʛʫʩʪʠʥʠ ʬʽʣʘʤʝʥʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ, ʚʽʜʥʦʩʥʘ ʤʽʮʥʽʩʪʴ ʚʦʣʦʢʦʥ ʧʨʠ 

ʟʤʝʥʰʝʥʽʡ ʦʙôʻʤʥʽʡ ʚʠʪʨʘʪʽ ʨʦʟʧʣʘʚʫ ʚʠʱʝ, ʥʽʞ ʧʨʠ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʬʦʨʤʫʚʘʥʥʷ. 

ʇʦʟʜʦʚʞʥʷ ʜʝʬʦʨʤʘʮʽʷ ʩʪʨʫʤʝʥʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ, ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʘʝʨʦʜʠʥʘʤʽʯʥʦʛʦ ʝʞʝʢʪʦʨʘ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʟʘʜʘʥʽʡ ʚʽʜʩʪʘʥʽ ʚʽʜ ʰʘʭʪʠ ʦʭʦʣʦʜʞʝʥʥʷ (ʧʦ 

ʦʜʥʦʤʫ ʝʞʝʢʪʦʨʫ ʥʘ ʢʦʞʥʝ ʨʦʙʦʯʝ ʤʽʩʮʝ). ʉʪʠʩʥʝʥʠʤ ʧʦʚʽʪʨʷʤ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʢʘʤʝʨʫ 

ʝʞʝʢʪʦʨʘ, ʩʪʚʦʨʶʻʪʴʩʷ ʥʘ ʚʭʦʜʽ ʚ ʩʦʧʣʦ ʜʦʩʪʘʪʥʻ ʨʦʟʨʽʜʞʝʥʥʷ ʜʣʷ ʚʩʤʦʢʪʫʚʘʥʥʷ ʚʦʣʦʢʦʥ ʽ 

ʜʝʷʢʦʾ ʢʽʣʴʢʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʧʦʚʽʪʨʷ (ʝʬʝʢʪ ɺʝʥʪʫʨʽ). ʉʫʤʽʰ ʩʪʠʩʥʝʥʦʛʦ ʽ ʚʩʤʦʢʪʫʚʘʥʦʛʦ 

ʧʦʚʽʪʨʷ ʥʘʛʥʽʪʘʻʪʴʩʷ ʚ ʪʨʫʙʫ ʧʝʨʝʤʽʱʝʥʥʷ ʜʦ ʜʝʬʣʝʢʪʦʨʘ. ʆʪʞʝ, ʝʞʝʢʪʦʨ ʻ ʦʜʥʦʯʘʩʥʦ 
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ʦʩʥʦʚʥʠʤ çʨʫʰʽʡʥʠʤè ʚʫʟʣʦʤ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʪʘʜʽʾ ʬʽʣʴʻʨʥʦʛʦ ʚʠʪʷʛʫʚʘʥʥʷ ʽ ʧʝʨʰʠʤ 

ʤʽʩʮʝʤ, ʜʝ ʦʢʨʝʤʽ ʬʽʣʘʤʝʥʪʠ, ʱʦ ʚʠʭʦʜʷʪʴ ʟ ʬʽʣʴʻʨʠ, ʫʪʚʦʨʶʶʪʴ ʧʫʯʦʢ. 

ɹʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʠʩʢʫ ʧʦʚʽʪʨʷ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʝʞʝʢʪʦʨ (Pm) ʥʘ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʇʇ ʚʦʣʦʢʦʥ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʰʘʭʪʠ ʟ ʨʘʜʽʘʣʴʥʦʶ ʦʙʜʫʚʢʦʶ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʠ ʪʘʢʦʤʫ ʩʧʦʩʦʙʽ ʦʭʦʣʦʜʞʝʥʥʷ, ʟʙʽʣʴʰʝʥʥʷ Pm ʟ 2,5 ʜʦ 4 ʢʛʩ/ʩʤ
2
 

ʧʨʠʟʚʦʜʠʪʴ ʧʨʘʢʪʠʯʥʦ ʜʦ ʣʽʥʽʡʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʚʽʜʥʦʩʥʦʾ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʦʥ ʽ ʜʦ ʩʣʘʙʢʦʾ 

ʟʤʽʥʠ ʨʦʟʨʠʚʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ (ʨʠʩ.1 ). 

  
ʇʦʪʨʽʙʥʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʪʘʢʝ ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘʚʜʷʢʠ ʟʤʝʥʰʝʥʥʶ 

ʜʽʘʤʝʪʨʫ ʬʽʣʘʤʝʥʪʘ, ʧʨʠ ʮʴʦʤʫ ʡʦʛʦ ʘʙʩʦʣʶʪʥʘ ʤʽʮʥʽʩʪʴ ʟʤʽʥʶʻʪʴʩʷ ʥʝʩʫʪʪʻʚʦ. ʇʦʜʘʣʴʰʝ 

ʟʙʽʣʴʰʝʥʥʷ Pm ʟ 4 ʜʦ 4,5 ʢʛʩ/ʩʤ
2
 ʥʝ ʯʠʥʠʪʴ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʽʘʤʝʪʨ ʬʽʣʘʤʝʥʪʘ, ʘ ʡʦʛʦ 

ʘʙʩʦʣʶʪʥʘ ʤʽʮʥʽʩʪʴ ʜʝʱʦ ʟʥʠʞʫʻʪʴʩʷ. ɺʽʜʥʦʩʥʝ ʧʦʜʦʚʞʝʥʥʷ ʧʨʠ ʨʦʟʨʠʚʽ ʪʘʢʦʞ 

ʟʥʠʞʫʻʪʴʩʷ ʪʘ ʤʘʻ ʤʽʥʽʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠ Pm = 5 ʢʛʩ/ʩʤ
2
. ʗʢ ʥʘʩʣʽʜʦʢ, ʚʽʜʥʦʩʥʘ ʤʽʮʥʽʩʪʴ 

ʬʽʣʘʤʝʥʪʘ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʟ 4 ʜʦ 5,5 ʢʛʩ/ʩʤ
2
 ʟʤʝʥʰʫʻʪʴʩʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʮʽʦʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʚ ʝʞʝʢʪʦʨʽ, ʷʢʝ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʚʦʣʦʢʥʘ ʟ ʥʘʡʢʨʘʱʠʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʘʥʦʚʠʪʴ ~ 4 ʢʛʩ/ʩʤ
2
. 

ɺʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚ ʝʢʩʪʨʫʟʽʾ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʣʦʢʦʥ ʥʝ ʻ ʦʜʥʦʙʽʯʥʠʤ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʥʘ ʬʦʨʤʫʚʘʥʥʷ, ʟʤʝʥʰʫʻ ʥʝʛʘʪʠʚʥʠʡ 

ʚʧʣʠʚ ʪʝʨʤʽʯʥʦʾ ʜʝʩʪʨʫʢʮʽʾ ʧʨʠ ʝʢʩʪʨʫʟʽʾ ʡ ʩʧʨʠʷʻ ʬʽʢʩʘʮʽʾ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʬʽʣʴʻʨʥʽʡ ʚʠʪʷʞʮʽ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʧʣʘʚʫ, ʟʤʝʥʰʫʻ ʥʘʧʨʫʛʠ, 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʟʪʷʛʫʚʘʥʥʷ ʩʪʨʫʤʝʥʷ ʡ ʪʝʦʨʝʪʠʯʥʦ ʤʘʻ ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ ʂʌɺ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʧʨʦʙʫʚʘʥʴ ʇʇ ʚʦʣʦʢʦʥ, ʦʪʨʠʤʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʫʤʦʚʘʭ 

ʩʚʽʜʯʘʪʴ ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʝʢʩʪʨʫʟʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʤʽʪʥʦʛʦ ʟʤʝʥʰʝʥʥʷ (~ ʥʘ 

25%) ʣʽʥʽʡʥʦʾ ʛʫʩʪʠʥʠ ʬʽʣʘʤʝʥʪʽʚ, ʱʦ ʬʦʨʤʫʶʪʴʩʷ. ʇʨʠ ʮʴʦʤʫ, ʾʭ ʘʙʩʦʣʶʪʥʘ ʤʽʮʥʽʩʪʴ ʽ 

ʨʦʟʨʠʚʥʝ ʧʦʜʦʚʞʝʥʥʷ ʟʨʦʩʪʘʶʪʴ (ʥʘ 10 ʪʘ 13% ʚʽʜʧʦʚʽʜʥʦ). ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʝʥʰʝʥʥʷ ʣʽʥʽʡʥʦʾ ʛʫʩʪʠʥʠ ʬʽʣʘʤʝʥʪʽʚ, ʾʭ ʚʽʜʥʦʩʥʘ ʤʽʮʥʽʩʪʴ ʩʫʪʪʻʚʦ (~ ʥʘ 48%) 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ɿʤʽʥʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʪʚʦʨʽʚ ʬʽʣʴʻʨʠ ʩʪʘʚʠʣʦ ʟʘ ʤʝʪʫ ʟʙʽʣʴʰʝʥʥʷ 

ʂʌɺ ʚʦʣʦʢʦʥ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʪʽʢʘʥʥʷ ʨʦʟʧʣʘʚʫ, ʘ ʪʘʢʦʞ ʧʽʜʚʠʱʝʥʥʷ 

ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʪʦʢʫ ʡ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʩʪʨʫʤʝʥʽʚ ʚʭʽʜʥʠʭ ʝʬʝʢʪʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʦʪʚʦʨʽʚ ʬʽʣʴʻʨʠ ʧʨʠʚʦʜʠʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʷʢ 

ʘʙʩʦʣʶʪʥʦʾ, ʪʘʢ ʽ ʚʽʜʥʦʩʥʦʾ ʤʽʮʥʦʩʪʽ ʚʦʣʦʢʦʥ ʧʨʠʙʣʠʟʥʦ ʫ 1,3-1,6 ʨʘʟʠ.  

ʈʠʩ. 1 ï ɿʘʣʝʞʥʽʩʪʴ ʚʽʜʥʦʩʥʦʾ ʤʽʮʥʦʩʪʽ ʪʘ ʨʦʟʨʠʚʥʦʛʦ ʧʦʜʦʚʞʝʥʥʷ ʇʇ ʚʦʣʦʢʦʥ ʚʽʜ 

ʪʠʩʢʫ ʧʦʚʽʪʨʷ ʱʦ ʧʦʜʘʻʪʴʩʷ ʚ ʝʞʝʢʪʦʨ (ʨʘʜʽʘʣʴʥʘ ʦʙʜʫʚʢʘ) 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʦʢʨʝʤʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ 

ʚʠʩʦʢʦʰʚʠʜʢʽʩʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʇʇ ʚʦʣʦʢʦʥ ʘʝʨʦʜʠʥʘʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʥʘ ʾʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ ʨʘʮʽʦʥʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. 

 

ʋɼʂ 66.096.5 

ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʃʶʙʝʢʘ ɸ.ʄ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, andrelyubeka@gmail.com 

ʆʉʆɹʃʀɺʆʉʊɯ ʈʆɹʆʊʀ ʄɽʍɸʅɯʏʅʆɻʆ ɼʀʉʇɽʈɻɸʊʆʈɸ ʇʈʀ ɻʈɸʅʋʃʗʎɯɰ 

ʋ ʇʉɽɺɼʆɿʈɯɼɾɽʅʆʄʋ ʐɸʈɯ 

ʉʪʚʦʨʝʥʥʷ ʧʦʰʘʨʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʛʨʘʥʫʣʴʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʟʘʜʘʥʠʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʤʦʞʣʠʚʦ ʨʝʘʣʽʟʫʚʘʪʠ ʚ ʘʧʘʨʘʪʽ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʠʤ ʰʘʨʦʤ [1]. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʛʦ 

ʧʨʦʮʝʩʫ ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʫʤʦʚʠ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʟʤʦʯʝʥʥʷ ʪʘ ʢʨʠʩʪʘʣʽʟʘʮʽʾʾ ʨʦʟʯʠʥʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣʠ. ʉʪʽʡʢʽʩʪʴ ʧʨʦʮʝʩʫ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʚʽʜ ʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ, ʪʘ 

ʨʦʟʤʽʨʫ ʢʨʘʧʣʠʥ ʨʦʙʦʯʦʛʦ ʨʦʟʯʠʥʫ ʚ ʦʙôʻʤʽ ʘʧʘʨʘʪʫ. ɼʣʷ ʟʥʝʚʦʜʥʝʥʥʷ ʩʢʣʘʜʥʠʭ 

ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʚ ʘʧʘʨʘʪʽ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʠʤ ʰʘʨʦʤ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ 

ʤʝʭʘʥʽʯʥʠʡ ʜʠʩʧʝʨʛʘʪʦʨ ʢʦʥʽʯʥʦʛʦ ʪʠʧʫ (ʨʠʩ. 1), ʷʢʠʡ ʨʦʟʪʘʰʦʚʘʥʠʡ ʚ ʩʝʨʝʜʠʥʽ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʦʛʦ ʰʘʨʫ. 

 
ʈʠʩ. 1 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʨʦʙʦʪʠ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ: Q ï ʧʦʜʘʯʘ ʨʽʜʢʦʾ ʬʘʟʠ,  

q1, q2, q3é ï ʯʘʩʪʢʘ ʨʽʜʢʦʾ ʬʘʟʠ ʚ ʟʦʚʥʽʰʥʴʦʤʫ ʢʦʥʪʫʨʽ 

ʈʽʜʢʘ ʬʘʟʘ ʯʝʨʝʟ ʪʨʫʙʢʫ 4 ʧʦʜʘʻʪʴʩʷ ʫ ʚʥʫʪʨʽʰʥʶ ʯʘʩʪʠʥʫ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ 1, 

ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʟ̔ ʟʘʜʘʥʦʶ ʯʘʩʪʦʪʦʶ. ɿʘ ʨʘʭʫʥʦʢ ʧʦʚʝʨʭʥʝʚʦʛʦ ʥʘʪʷʛʫ ʪʘ ʚʽʜʮʝʥʪʨʦʚʦʾ 

ʩʠʣʠ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʫʪʚʦʨʶʻʪʴʩʷ ʧʣʽʚʢʘ ʷʢʘ ʨʫʭʘʻʪʴʩʷ ʚ ʟʦʥʫ ʙʽʣʴʰʦʛʦ ʜʽʘʤʝʪʨʫ. 

ʆʪʚʦʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʜʠʩʧʝʨʛʘʪʦʨʘ ʜʦʟʚʦʣʷʶʪʴ ʯʘʩʪʢʦʚʦ ʚʽʜʚʦʜʠʪʠ ʨʽʜʢʫ ʬʘʟʫ ʜʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʦʥʠ ʟʨʦʰʝʥʥʷ ʽʟ ʟʦʚʥʽ ʜʠʩʧʝʨʛʘʪʦʨʘ. 

ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʜʠʩʧʝʨʛʘʪʦʨʘ ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʟ ʣʽʥʽʡʥʦ ʁʰʚʠʜʢʽʩʪʶ ʢʨʘʡʢʠ 

ʜʠʩʧʝʨʛʘʪʦʨʘ w1 = 9 ʤ/ʩ, ʪʨʘʻʢʪʦʨʽʷ ʨʫʭʫ ʛʨʘʥʫʣ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 2. 

mailto:andrelyubeka@gmail.com
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ʈʠʩ. 2 ï ʌʦʪʦʬʽʢʩʘʮʽʷ ʨʫʭʫ ʛʨʘʥʫʣ ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʜʠʩʧʝʨʛʘʪʦʨʘ 

ɺ ʫʤʦʚʘʭ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ʧʨʠ ʟʥʝʚʦʜʥʝʥʥʽ ʨʽʜʢʠʭ ʩʠʩʪʝʤ ʫ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʤʫ ʰʘʨʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʥʠʞʥʶ ʯʘʩʪʠʥʫ, ʚʩʝʨʝʜʠʥʫ ʜʠʩʧʝʨʛʘʪʦʨʘ 

ʥʘʜʭʦʜʠʪʴ ʧʦʪʽʢ ʛʨʘʥʫʣ. ʇʝʨʰʠʡ ʰʘʨ, ʱʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʚʥʫʪʨʽʰʥʴʦʶ 

ʧʦʚʝʨʭʥʝʶ ʜʠʩʧʝʨʛʘʪʦʨʘ ʽʥʪʝʥʩʠʚʥʦ ʟʤʽʱʫʻʪʴʩʷ ʪʘ ʧʦʪʽʤ ʚʠʢʠʜʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ 

ʚʽʜʮʝʥʪʨʦʚʦʾ ʩʠʣʠ ʫ ʚʝʨʭʥʶ ʧʣʦʱʠʥʫ (ʨʠʩ. 3). 

ʅʘʷʚʥʽʩʪʴ ʙʣʠʟʴʢʦ ʨʦʟʪʘʰʦʚʘʥʠʭ ʩʪʽʥʦʢ ʘʧʘʨʘʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʥʘʰʘʨʦʚʘʥʠʭ 

ʘʛʣʦʤʝʨʘʮʽʡ ʥʘ ʩʪʽʥʮʽ ʘʧʘʨʘʪʘ. 

 
ʘ) 

 

 

 

 

 

 

 
 

ʙ)  

 

ʈʠʩ. 2 ï ʌʽʟʠʯʥʘ ʤʦʜʝʣʴ ʟʤʦʯʫʚʘʥʥʷ ʛʨʘʥʫʣ ʫ ʚʥʫʪʨʽʰʥʽʡ ʯʘʩʪʠʥʽ ʤʝʭʘʥʽʯʥʦʛʦ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʘ) ʪʘ ʬʨʦʥʪʘʣʴʥʠʡ ʭʨʝʙʝʪ ʙ) 

ʆʪʞʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʽʥʪʝʥʩʠʚʥʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʮʠʨʢʫʣʷʮʽʶ ʟʚʦʣʦʞʝʥʠʭ ʛʨʘʥʫʣ ʽ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʟʦʥʠ ʚ ʢʘʤʝʨʽ ʛʨʘʥʫʣʷʪʦʨʘ ʪʘ ʜʦʟʚʦʣʷʻ ʟʘʩʪʦʩʫʚʘʪʠ ʮʝʡ ʪʠʧ 

ʜʠʩʧʝʨʛʘʪʦʨʘ ʜʣʷ ʚʚʝʜʝʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʩʠʩʪʝʤ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʛʨʘʥʫʣʷʮʽʾ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʦʨʥʽʻʥʢʦ ʗ.ʄ. ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʚ ʘʧʘʨʘʪʽ ʟ ʱʽʣʠʥʥʠʤ 

ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ / ʗ. ʄ. ʂʦʨʥʽʻʥʢʦ, ɸ. ʄ. ʃʶʙʝʢʘ // ñʀʥʥʦʚʘʮʠʦʥʥʳʝ 

ʵʥʝʨʛʦʪʝʭʥʦʣʦʛʠʠè ï ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ, 2014. ï ʩ. 7 ï 10. 
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ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɻʘʡʜʘʡ ʉ.ʉ., ʘʩʠʩʪʝʥʪ 

ʉʘʯʦʢ ʈ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, che@kpi.ua 

ʄʆɼɽʃʖɺɸʅʅʗ ɸɺʊʆʂʆʃʀɺɸʃʔʅʆɻʆ ʈɽɾʀʄʋ ʅɽʆɼʅʆʈɯɼʅʆɻʆ 

ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ 

ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʋʢʨʘʾʥʘ ʟʥʘʯʥʦ ʟʙʽʣʴʰʠʣʘ ʧʣʦʱʽ ʧʽʜ ʝʬʽʨʥʦ-ʦʣʽʡʥʽ ʢʫʣʴʪʫʨʠ, ʘ ʧʦ 

ʚʠʨʦʙʥʠʮʪʚʫ ʦʣʽʾ ʚʚʽʡʰʣʘ ʚ ʛʨʫʧʫ ʣʽʜʝʨʽʚ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʚʠʩʥʘʞʝʥʥʷ ˇʨʫʥʪʽʚ ʪʘ 

ʟʥʠʞʝʥʥʷ ʾʭ ʨʦʜʶʯʦʩʪʽ. ʊʦʤʫ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʛʨʘʥʫʣʴʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ 

ʜʦʙʨʠʚ ʻ ʦʜʥʽʻʶ ʟ ʚʘʞʣʠʚʠʭ ʩʪʨʘʪʝʛʽʯʥʠʭ ʟʘʜʘʯ ʢʨʘʾʥʠ ʚ ʨʦʟʨʽʟʽ ʟʙʝʨʝʞʝʥʥʷ ʛʫʤʽʥʦʚʦʛʦ 

ʰʘʨʫ ˇʨʫʥʪʽʚ ʪʘ ʟʘʧʦʙʽʛʘʥʥʷ ʾʭ ʚʠʩʥʘʞʝʥʥʶ. 

ɸʚʪʦʨʘʤʠ [1] ʨʦʟʨʦʙʣʝʥʦ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ ʤʽʥʝʨʘʣʴʥʦ-ʛʫʤʽʥʦʚʠʭ ʜʦʙʨʠʚ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʽ ʢʦʤʧʦʟʠʪʠ 

ʩʬʝʨʦʧʦʜʽʙʥʦʾ ʬʦʨʤʠ ʟ ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʝʥʥʷʤ ʤʽʥʝʨʘʣʴʥʠʭ, ʧʦʞʠʚʥʠʭ ʪʘ 

ʨʦʟʢʠʩʣʶʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ʉʪʽʡʢʘ ʢʽʥʝʪʠʢʘ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ʚ ʘʧʘʨʘʪʽ ʟ ʧʩʝʚʜʦʟʨʽʜʞʝʥʠʤ ʰʘʨʦʤ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʟʘʻʤʦʜʽʻʶ ʛʘʟʦʚʦʛʦ ʪʝʧʣʦʥʦʩʽʷ ï ʟʨʽʜʞʫʚʘʣʴʥʦʛʦ ʘʛʝʥʪʫ ʽʟ ʰʘʨʦʤ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ[2, 3] ʧʨʠ ʚʚʝʜʝʥʥʽ ʨʽʜʢʦʾ ʬʘʟʠ ʚʩʝʨʝʜʠʥʫ ʰʘʨʫ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʧʨʦʮʝʩʽʚ ʪʘʢʦʛʦ ʪʠʧʫ ʦʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʛʽʜʨʦʜʠʥʘʤʽʢʠ ʻ ʽʥʪʝʥʩʠʚʥʝ 

ʦʙôʻʤʥʝ ʧʝʨʝʤʽʱʝʥʥʷ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʚʥʠʤ ʟʘʣʫʯʝʥʥʷʤ ʚʩʽʻʾ 

ʧʦʚʝʨʭʥʽ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʘʧʘʨʘʪʽ, ʜʦ ʧʨʦʮʝʩʽʚ ʧʝʨʝʥʝʩʝʥʥʷ. 

ɸʚʪʦʨʘʤʠ [3, 4] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʨʠʛʽʥʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ [2], ʷʢʘ ʫ ʧʦʻʜʥʘʥʥʽ 

ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ ʟʤʽʥʘʤʠ ʢʘʤʝʨʠ ʘʧʘʨʘʪʘ ʟʘʙʝʟʧʝʯʫʻ ʨʝʘʣʽʟʘʮʽʶ ʩʪʨʫʤʝʥʝʚʦ-

ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ, ʱʦ ʧʨʠ ʧʝʚʥʠʭ ʫʤʦʚʘʭ ʤʦʞʝ 

ʧʝʨʝʡʪʠ ʫ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ [3,4], ʱʦ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ ʥʝʦʜʥʦʨʽʜʥʦʛʦ 

ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘ ʚʦʣʦʛʦʶ ʱʦʥʘʡʤʝʥʰʝ ʚ 1,63 ʨʘʟʠ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʙʘʨʙʦʪʘʞʥʠʤ 

ʨʝʞʠʤʦʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ.  

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʥʝʚʦʜʥʝʥʥʷ ʪʘ ʛʨʘʥʫʣʶʚʘʥʥʷ ʨʽʜʢʠʭ ʛʝʪʝʨʦʛʝʥʥʠʭ ʩʠʩʪʝʤ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʽʢʠ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʰʘʨʫ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʢʽʥʝʪʠʢʦʶ ʧʨʦʮʝʩʫ ʡ ʦʙʫʤʦʚʣʶʻ ʤʽʥʽʤʘʣʴʥʫ ʚʠʩʦʪʫ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʅ0 ʚ 

ʘʧʘʨʘʪʽ. ʇʨʠ ʮʴʦʤʫ ʚʽʜʥʦʰʝʥʥʷ ʚʠʩʦʪʠ ʧʨʦʙʦʶ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʫ yf ʜʦ ʅ0 ï yf/ʅ0<0,5 ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ ʙʫʣʴʙʘʰʢʦʚʠʡ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ [5]. ʊʦʙʪʦ, ʜʨʽʙʥʽ ʛʘʟʦʚʽ 

ʙʫʣʴʙʘʰʢʠ ʭʘʦʪʠʯʥʦ ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʰʘʨ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʦʤʠʥʘʶʯʠ ʟʘʩʪʽʡʥʽ ʟʦʥʠ, 

ʱʦ ʫʪʚʦʨʠʣʠʩʴ ʥʘ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʥʷʭ ʛʘʟʦʨʦʟʧʦʜʽʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʦʧʣʘʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʪʝʧʣʦʥʦʩʽʷ. ʇʨʠ ʮʴʦʤʫ ʥʝ 

ʚʩʷ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʪʝʧʣʦ- ʤʘʩʦʦʙʤʽʥʽ, ʪʦʤʫ 

ʚʠʥʠʢʥʝʥʥʷ ʟʦʥ ʧʝʨʝʟʚʦʣʦʞʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʘʛʣʦʤʝʨʘʪʽʚ 

ʥʝʧʨʦʛʥʦʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʷʚʠʱ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʽʚ ʪʝʧʣʦ- ʤʘʩʦʦʙʤʽʥʫ 

ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʥʩʠʚʥʝ ʣʦʢʘʣʴʥʝ ʚʚʝʜʝʥʥʷ ʟʨʽʜʞʫʶʯʦʛʦ ʘʛʝʥʪʘ ʚ ʰʘʨ 

ʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʈʽʚʥʷʥʥʷ ʟʙʝʨʝʞʝʥʥʷ ʽʤʧʫʣʴʩʫ ʜʣʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʦʛʦ ʰʘʨʫ ʙʝʟ 

ʚʨʘʭʫʚʘʥʥʷ ʡʦʛʦ ʩʪʠʩʥʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʟʘʧʠʩʘʥʝ ʫ ʚʠʛʣʷʜʽ [6]:  
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ʜʝ ʅ ï ʚʠʩʦʪʘ ʰʘʨʫ,  

( )PtD  ï ʩʢʣʘʜʥʘ ʬʫʥʢʮʽʷ ʰʚʠʜʢʦʩʪʽ ʛʘʟʫ, ʡʦʛʦ ʚʠʩʦʪʠ ʡ ʧʦʨʦʟʥʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʦʾ ʪʘ ʛʘʟʦʚʦʾ ʬʘʟ:  

( ) ( ) ( ) ( )impulse friction hydrostaticP P P Pt t t tD =D +D +D
  (2)

 

ʈʽʚʥʷʥʥʷ ʙʫʣʦ ʨʦʟʚôʷʟʘʥʦ ʯʠʩʣʦʚʠʤʠ ʤʝʪʦʜʘʤʠ ʜʣʷ ʧʨʦʤʽʞʢʫ ʯʘʩʫ ȹŰ=0,04 ʩ. ʆʪʨʠʤʘʥʽ 

ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ ʨʽʟʥʠʭ ʯʠʩʝʣ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʜʘʣʠ ʟʙʽʞʥʽʩʪʴ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʚʽʜʧʦʚʽʜʥʦ ʟ ʧʦʭʠʙʢʦʶ 0,9887 ʪʘ 0,9866, ʨʠʩ. 1. 

 
 a) Kw=1,25; ů=0,9887 ʙ) Kw=1,43; ů=0,9866 

ʈʠʩ. 1 ï ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʚʠʩʦʪʠ ʰʘʨʫ ï ʅh =f(Ű), ʅ0=0,32 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʫʻ ʩʪʨʫʤʝʥʝʚʦ-

ʧʫʣʴʩʘʮʽʡʥʠʡ ʨʝʞʠʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʪʘ ʜʘʻ ʟʤʦʛʫ ʚʠʟʥʘʯʠʪʠ ʫʤʦʚʠ ʧʝʨʝʭʦʜʫ ʚ 
ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʡ ʨʝʞʠʤ. 
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ʄʆɼʀʌɯʂɸʎɯʗ ʗʂ ɹɸɿʆɺʀʁ ʅɸʇʈʗʄʆʂ ʋɼʆʉʂʆʅɸʃɽʅʅʗ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʊɸ ɽʂʉʇʃʋɸʊɸʎɯʁʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ 

ʊʈɸɼʀʎɯʁʅʀʍ ɯ ʅɸʅʆʄʆɼʀʌɯʂʆɺɸʅʀʍ ʈɯɼʂʀʍ ʇʆʃɯʄɽʈʅʀʍ 

ʉɽʈɽɼʆɺʀʑ ʊɸ ɿʄɯʎʅɽʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʊɯɺ 

ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʪʨʦɹʭ ʜʝʩʷʪʠʣʽʪʴ ʥʘʥʦʪʝʭʥʦʣʦʛʽʾ ʘʢʪʠʚʥʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ. ʑʦ ʩʪʦʩʫʻʪʴʩʷ ʪʨʘʜʠʮʽʡʥʠʭ  ̔ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ (ʅʄ) ʧʦʣʽʤʝʨʽʚ ʪʘ ʧʦʩʠʣʝʥʠʭ 

ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʾʭ ʦʩʥʦʚʽ, ʪʦ ʤʝʪʦʜʠ ʤʦʜʠʬʽʢʘʮʽʾ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʩʥʦʚʥʠʡ 

ʥʘʧʨʷʤ ʧʦʣʽʧʰʝʥʥʷ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʊʦʙʪʦ 

ʤʦʜʠʬʽʢʘʮʽʷ (ʬʽʟʠʯʥʘ, ʟʦʢʨʝʤʘ, ʫʣʴʪʨʘʟʚʫʢʦʚʘ ï ʋɿ, ʭʽʤʽʯʥʘ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʘ) ʻ ʦʩʥʦʚʥʠʤ 

ʥʘʧʨʷʤʦʤ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʨʘʜʠʮʽʡʥʠʭ 

ʪʘ ʅʄ ʝʣʘʩʪʦʤʝʨʽʚ, ʘ ʪʘʢʦʞ ʟʤʽʮʥʝʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ) ʥʘ ʾʭ 

ʦʩʥʦʚʽ. ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʨʘʜʠʮʽʡʥʠʭ ʇʂʄ ʪʘ ʅʄ ʇʂʄ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʋɿ-

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʻ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʪʘ ʧʽʜʚʠʱʝʥʥʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʇʂʄ, ʱʦ ʤʽʩʪʠʪʴ ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʤʘʪʝʨʽʘʣʠ (ɺʅʄ), ʟʦʢʨʝʤʘ, ʚʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ 

(ɺʅʊ), ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ ʟ ʢʽʥʮʷ 90-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʮʽ ʤʘʪʝʨʽʘʣʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʠʤʠ ʫ ʚʽʜʥʦʩʥʦ 

ʚʝʣʠʢʠʭ ʢʽʣʴʢʦʩʪʷʭ. ʊʘʢʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʙʘʛʘʪʦ ʨʽʜʰʝ, ʥʽʞ ʪʽ, ʱʦ ʧʨʠʩʚʷʯʝʥʽ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʬʫʣʝʨʝʥʫ. ʇʨʦʪʝ ʚʞʝ ʦʪʨʠʤʘʥʽ ʜʦʚʦʣʽ ʮʽʢʘʚʽ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ. ɹʘʛʘʪʦ 

ʧʨʦʮʝʩʽʚ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʣʘʩʪʦʤʝʨʽʚ ʪʘ ʨʽʜʢʠʭ ʧʦʣʽʤʝʨʽʚ ʤʦʞʫʪʴ ʙʫʪʠ 

ʟʥʘʯʥʦ (ʽʥʦʜʽ ʫ ʢʽʣʴʢʘ ʨʘʟʽʚ)  ʟʙʽʣʴʰʝʥʽ ʰʣʷʭʦʤ ʤʦʜʠʬʽʢʘʮʽʾ ʾʭ ʥʝʚʝʣʠʢʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ 

ʥʘʥʦʯʘʩʪʠʥʦʢ, ʥʘʧʨʠʢʣʘʜ, ʬʫʣʝʨʝʥʽʚ, ʥʘʥʦʪʨʫʙʦʢ, ʥʘʥʦʧʨʦʚʦʜʽʚ, ʥʝʦʨʛʘʥʽʯʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʽ ʪ. ʜ. ɼʣʷ ʮʴʦʛʦ ʧʦʪʨʽʙʥʽ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʝʟʘʛʨʝʟʘʮʽʾ (ʨʦʟʩʽʶʚʘʥʥʷ) ɺʅʊ 

ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʨʽʜʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. 

ʈʷʜ ʨʦʙʽʪ ʙʫʣʦ ʧʨʠʩʚʷʯʝʥʦ ʧʽʜʛʦʪʦʚʮʽ, ʧʽʜʚʠʱʝʥʥʶ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʚʠʢʦʨʠʩʪʘʥʥʶ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ  ʅʄʇʂʄ. ɿʦʢʨʝʤʘ, ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʝʨʩʧʝʢʪʠʚʠ 

ʨʦʟʚʠʪʢʫ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʪʝʭʥʦʣʦʛʽʡ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʄʇʂʄ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʜʦʩʷʛʥʝʥʴ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ.  

ʇʨʦʘʥʘʣʽʟʦʚʘʥʽ ʝʬʝʢʪʠʚʥʽ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ (ʤʝʪʦʜʠ ʪʘ ʧʨʠʩʪʨʦʾ), ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ 

ʦʜʝʨʞʘʥʥʷ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʅʄʇʂʄ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʽʜʚʠʱʝʥʫ ʤʽʮʥʽʩʪʴ ʽ ʪʨʠʚʘʣʽʩʪʴ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɼʦʩʣʽʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ ʜʠʩʧʝʨʛʫʚʘʥʥʷ ɺʅʊ 

ʚ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʪʘ ʨʽʜʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʘ ʧʨʦʙʣʝʤʠ 

ʚʠʨʦʙʥʠʮʪʚʘ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʅʄʇʂʄ ʙʫʣʠ ʨʦʟʛʣʷʥʫʪʽ  ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʦʜʠʬʽʢʘʮʽʾ ʝʧʦʢʩʠʜʥʠʭ ʦʣʽʛʦʤʝʨʽʚ  ɺʅʊ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʦʛʦ ʅʄʇʂʄ 

ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʷʢ ʧʨʠʢʣʘʜʠ ʩʪʨʫʢʪʫʨʥʽ ʚʫʛʣʝʮʝʚʽ ʧʨʝʧʨʝʛʠ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʻ ʧʝʨʝʜʫʤʦʚʘʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʤʦʜʠʬʽʢʘʮʽʾ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ ʅʄ ʨʽʜʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱ ʪʘ 

ʟʤʽʮʥʝʥʠʭ ʇʂʄ ʥʘ ʾʭ ʦʩʥʦʚʽ. ɺʠʱʝʟʘʟʥʘʯʝʥʽ ʘʩʧʝʢʪʠ ʢʦʨʦʪʢʦ ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʨʦʙʦʪʽ [1].  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Kolosov A. E., Kolosova E. P. Functional Materials for Construction Application Based on 

Classical and Nano Composites: Production and Properties. In:  Recent Developments in the Field of 

Carbon Fibers. Eds.: Rita Khanna, Romina Cayumil. InTechOpen, 2018. ISBN: 978-953-51-6055-7 (Web 

of Science). 
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ʆʎɯʅʖɺɸʅʅʗ ʉʊɸɹɯʃʔʅʆʉʊɯ ɹɸɻɸʊʆʇɸʈɸʄɽʊʈʀʏʅʆɻʆ 

ʊɽʍʅʆʃʆɻɯʏʅʆɻʆ ʇʈʆʎɽʉʋ ʇʈʀ ʂʆʈɽʃʗʎɯɰ ʁʆɻʆ ʇʆʂɸɿʅʀʂɯɺ 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ ʪʦʯʥʦʩʪʽ ʽ ʩʪʘʙʽʣʴʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʧʝʨʝʜʙʘʯʘʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʫ ʟʘ ʦʜʥʠʤ ʧʦʢʘʟʥʠʢʦʤ ʷʢʦʩʪʽ 

ʧʨʦʜʫʢʮʽʾ. ʅʘʡʙʽʣʴʰ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʡʰʣʠ ʢʘʨʪʠ ʐʫʭʘʨʪʘ [1]. ʋ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʽʣʴʢʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ 

ʢʦʨʝʣʴʦʚʘʥʽ. ʇʨʠ ʮʴʦʤʫ ʥʝʟʘʣʝʞʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʦʢʨʝʤʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ 

ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʨʦʟʣʘʜʫ (ʘʙʦ ʥʘʚʧʘʢʠ) ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʢʣʠʢʘʻ ʽʥʪʝʨʝʩ ʢʨʠʪʝʨʽʡ ʍʦʪʝʣʣʽʥʛʘ, ʷʢʠʡ ʨʘʥʽʰʝ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ 

ʜʣʷ ʮʽʣʝʡ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʽ ʛʨʦʤʽʟʜʢʽʩʪʴ ʦʙʯʠʩʣʝʥʴ ʧʨʠ 

ʚʠʟʥʘʯʝʥʥʽ ʡʦʛʦ ʟʥʘʯʝʥʴ. 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʙʘʛʘʪʦʚʠʤʽʨʥʦʾ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʟʘ ʚʠʙʽʨʢʦʶ ʦʙʩʷʛʦʤ n ʽ ʟʘ ʚʽʜʦʤʦʾ 

ʜʠʩʧʝʨʩʽʾ ʛʝʥʝʨʘʣʴʥʦʾ ʩʫʢʫʧʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʘʪʠʩʪʠʢʘ 
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ɺʠʨʘʟ (2) ʻ ʫʟʘʛʘʣʴʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʍʦʪʝʣʣʽʥʛʘ (2

HT  ï ʩʪʘʪʠʩʪʠʢʘ ʍʦʪʝʣʣʽʥʛʘ), 

ʷʢʫ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʷʢʦʩʪʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʘ 

ʥʘʷʚʥʦʩʪʽ ʢʦʨʝʣʷʮʽʾ ʡʦʛʦ ʧʦʢʘʟʥʠʢʽʚ [2]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʢʘʨʪ ʍʦʪʝʣʣʽʥʛʘ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʩʪʠʢʠ (2) ʜʣʷ 

ʢʦʞʥʦʾ t -ʾ ʤʠʪʪʻʚʦʾ ʚʠʙʽʨʢʠ (m,,1t 2= ). ɿʘ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʙʽʛʫ ʧʨʦʮʝʩʫ ʤʘʻ 

ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ 22

t TT kp< , ʜʝ 2Tkp
 ï ʛʨʘʥʠʮʷ ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ. ʗʢʱʦ ʢʦʚʘʨʽʘʮʽʡʥʘ 

ʤʘʪʨʠʮʷ Ɇ ʚʽʜʦʤʘ, ʪʦ ʩʪʘʪʠʩʪʠʢʘ ʍʦʪʝʣʣʽʥʛʘ ʤʘʻ 2c - ʨʦʟʧʦʜʽʣ, ʽ ʛʨʘʥʠʯʥʦʤʫ ʟʥʘʯʝʥʥʶ 

ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʚʽʜʧʦʚʽʜʘʻ ( )
2

ʨ,1

2

kpT a-c= . 

ɿʘ ʚʽʜʦʤʦʾ ʢʦʚʘʨʽʘʮʽʡʥʦʾ ʤʘʪʨʠʮʽ ʤʘʪʠʤʝ ʤʽʩʮʝ ʥʝʮʝʥʪʨʘʣʴʥʠʡ F-ʨʦʟʧʦʜʽʣ ʌʽʰʝʨʘ, ʽ 

ʛʨʘʥʠʮʽ ʢʨʠʪʠʯʥʦʾ ʦʙʣʘʩʪʽ ʚʠʟʥʘʯʘʪʠʤʫʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ:  

( )( )
( )( )1pnmn,1

2

kp F
1pmmn

1n1mʨ
ʊ +--a-

+--

--
= . 

ɺ ʦʜʥʦʚʠʤʽʨʥʦʤʫ ʚʠʧʘʜʢʫ ( )1ʨ=  ʨʦʟʧʦʜʽʣ ʍʦʪʝʣʣʽʥʛʘ ʟʙʽʛʘʻʪʴʩʷ ʟ ʨʦʟʧʦʜʽʣʦʤ 

ʉʪʴʶʜʝʥʪʘ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʩʘʤ ʧʦ ʩʦʙʽ ʢʨʠʪʝʨʽʡ ʍʦʪʝʣʣʽʥʛʘ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʩʪʘʥ ʧʨʦʮʝʩʫ ʚ 

ʮʽʣʦʤʫ, ʥʝ ʚʠʜʽʣʷʶʯʠ ʧʨʠʯʠʥʫ ʡʦʛʦ ʨʦʟʣʘʜʫ. ʂʘʨʪʘ ʍʦʪʝʣʣʽʥʛʘ ʥʝ ʧʦʢʘʟʫʻ, ʟ ʷʢʠʤ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʢʘʟʥʠʢʦʤ (ʘʙʦ ʩʧʽʣʴʥʠʤ ʚʧʣʠʚʦʤ ʧʦʢʘʟʥʠʢʽʚ) ʧʦʚ'ʷʟʘʥʝ ʧʦʨʫʰʝʥʥʷ 

ʧʨʦʮʝʩʫ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʪʨʦʣʶ. ɼʣʷ 

mailto:m.dobroliubova@kpi.ua
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ʧʝʨʝʚʽʨʢʠ ʛʽʧʦʪʝʟʠ, ʱʦ çʚʽʜʧʦʚʽʜʘʣʴʥʠʤè ʟʘ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʻ j -ʡ ʧʦʢʘʟʥʠʢ ( )22

t TT kp>

, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʯʘʩʪʠʥʥʠʡ ʢʨʠʪʝʨʽʡ ʍʦʪʝʣʣʽʥʛʘ [3]. 

ɸʥʘʣʦʛʽʯʥʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʛʽʧʦʪʝʟʠ ʽ ʜʣʷ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʗʢʱʦ ʚʩʽ ʨ ʛʽʧʦʪʝʟ 

ʚʽʜʢʠʜʘʶʪʴ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ ʚʠʢʣʠʢʘʥʦ ʩʧʽʣʴʥʦʶ ʜʽʻʶ ʢʽʣʴʢʦʭ 

ʧʦʢʘʟʥʠʢʽʚ. 

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʘʨʪ ʐʫʭʘʨʪʘ ʽ ʍʦʪʝʣʣʽʥʛʘ ʽ ʥʘ 

ʢʦʥʢʨʝʪʥʠʭ ʯʠʩʣʦʚʠʭ ʧʨʠʢʣʘʜʘʭ ʧʦʢʘʟʘʥʦ, ʱʦ ʢʘʨʪʠ ʐʫʭʘʨʪʘ ʥʝ çʫʣʦʚʣʶʶʪʴè ʞʦʜʥʦʛʦ ʟ 

ʧʦʨʫʰʝʥʴ ʧʨʦʮʝʩʫ, ʚʽʜʦʙʨʘʞʝʥʠʭ ʢʘʨʪʦʶ ʍʦʪʝʣʣʽʥʛʘ. 

ʌʘʢʪʠʯʥʽ ʛʨʘʥʠʮʽ ʢʘʨʪʠ ʍʦʪʝʣʣʽʥʛʘ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ʝʣʽʧʩʘ, ʷʢʝ ʤʘʻ ʚʠʛʣʷʜ: 
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ɿʥʘʭʦʜʞʝʥʥʷ ʪʦʯʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʽʭ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʽʜʛʨʫʧʘʭ, ʚ 

ʛʨʘʥʠʮʷʭ ʮʴʦʛʦ ʝʣʽʧʩʘ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʪʘʪʠʩʪʠʯʥʫ ʢʝʨʦʚʘʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʦʙʪʦ ʨʦʟʩʽʶʚʘʥʥʷ ʟʥʘʯʝʥʴ ʦʙʫʤʦʚʣʝʥʦ ʚʧʣʠʚʦʤ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ. ʊʦʯʢʠ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʧʽʜʛʨʫʧʘʤ 3 ʽ 8 (ʚʠʙʽʨʢʘʤ ʟ 5n=  ʩʧʦʩʪʝʨʝʞʝʥʴ), ʟʥʘʭʦʜʷʪʴʩʷ 

ʟʘ ʛʨʘʥʠʮʷʤʠ ʝʣʽʧʩʘ (ʨʠʩ. 1), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʣʘʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ʐʪʨʠʭʦʚʦʶ 

ʣʽʥʽʻʶ ʧʦʢʘʟʘʥʠʡ ʧʨʷʤʦʢʫʪʥʠʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʛʨʘʥʠʮʷʤ ʢʘʨʪ ʐʫʭʘʨʪʘ. ʆʙʠʜʚʘ ʚʠʙʽʨʢʦʚʠʭ 

ʩʝʨʝʜʥʽʭ ʦʧʠʥʷʶʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʢʦʥʪʨʦʣʴʥʠʭ ʛʨʘʥʠʮʴ ʢʘʨʪ ʐʫʭʘʨʪʘ. 

 
ʈʠʩ.1 ï ʈʦʟʩʽʶʚʘʥʥʷ ʚʠʙʽʨʢʦʚʠʭ ʩʝʨʝʜʥʽʭ 

ix  ʧʽʜʛʨʫʧ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘ ʚʽʜʦʤʠʭ (ʟʘʜʘʥʠʭ) ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʠʭ ʚʽʜʭʠʣʝʥʥʷʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʤʦʞʥʘ, ʦʙʯʠʩʣʶʶʯʠ ʩʪʘʪʠʩʪʠʢʫ ʍʦʪʝʣʣʽʥʛʘ 2

HiT , ʚʠʷʚʣʷʪʠ 

ʨʦʟʣʘʜ ʧʨʦʮʝʩʫ ʚ ʨʝʘʣʴʥʦʤʫ ʤʘʩʰʪʘʙʽ ʯʘʩʫ. 

ʋ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯʘʭ ʜʠʩʧʝʨʩʽʾ ʽ ʢʦʚʘʨʽʘʮʽʾ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʚʽʜʦʤʽ ʽ ʤʘʶʪʴ ʙʫʪʠ 

ʦʮʽʥʝʥʽ ʟʘ ʚʠʙʽʨʢʦʶ. ʇʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʜʣʷ ʚʠʧʘʜʢʫ ʥʝʚʽʜʦʤʦʛʦ ʉʂɺ, ʪʦʜʽ 

ʩʪʘʪʠʩʪʠʯʥʘ ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʦʤ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʝʨʝʜ ʙʝʟʣʽʯʽ ʙʘʛʘʪʦʧʘʨʘʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ 

ʍʦʪʝʣʣʽʥʛʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʭʽʜ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʷʢ ʧʦʝʪʘʧʥʦ, ʪʘʢ ʽ ʚ ʮʽʣʦʤʫ, 

ʚʠʷʚʠʪʠ ʧʦʢʘʟʥʠʢ ʘʙʦ ʧʦʻʜʥʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ, ʷʢʽ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʫ 

ʢʝʨʦʚʘʥʽʩʪʴ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. 

ʇʨʠ ʥʝʚʝʣʠʢʠʭ ʢʦʨʝʣʷʮʽʷʭ, ʢʦʣʠ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʧʨʘʢʪʠʯʥʦ ʥʝʢʦʨʝʣʴʦʚʘʥʽ, ʚʠʷʚʣʝʥʥʷ 

ʧʦʢʘʟʥʠʢʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʫ, ʤʦʞʣʠʚʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʘʨʪ 

ʐʫʭʘʨʪʘ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Montgomery D. C. (2009) Introduction to Statistical Quality Control, 6th Ed. ï John Wiley & 

Sons. ï 734 P. 

2. ʂʣʷʯʢʠʥ ɺ.ʅ. ʄʥʦʛʦʤʝʨʥʳʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. / 

ɺ.ʅ. ʂʣʷʯʢʠʥ. ï M: ʌʠʥʘʥʩʳ ʠ ʩʪʘʪʠʩʪʠʢʘ, 2003. ï 192ʩ. 

3. ʉʤʠʨʥʦʚ ʅ.ʀ. ʂʫʨʩ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʠʣʦʞʝʥʠʡ. / ʉʤʠʨʥʦʚ ʅ.ʀ., ɼʫʥʠʥ-ɹʘʨʢʦʚʩʢʠʡ ʀ.ɺ.ï M.: ʅʘʫʢʘ, 1969. ï 512 ʩ. 

8

3

x
2

x
1



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

23 

ʋɼʂ 664.663 

ɻʫʤʝʥʶʢ ʆ. ʃ., ʢʘʥʜ. ʭʽʤ. ʥʘʫʢ 
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ʂʦʟʣʦʚ ʄ. ɺ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, gum_ok@ukr.net 

ʈɽʆʃʆɻɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʅɸʇɯɺʌɸɹʈʀʂɸʊɯɺ ɿ ɼʆɹɸɺʂʆʖ 

ʂʆʅʆʇʃʗʅʆɻʆ ʐʈʆʊʋ ɼʃʗ ʇʈʀɻʆʊʋɺɸʅʅʗ ʍʃɯɹɸ ɹɯʃʆɻʆ 

ʉʝʨʝʜ ʪʝʥʜʝʥʮʽʡ, ʱʦ ʧʝʨʝʚʘʞʘʶʪʴ ʫ ʚʽʪʯʠʟʥʷʥʠʭ ʨʦʟʨʦʙʢʘʭ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʭʘʨʯʦʚʦʶ ʮʽʥʥʽʩʪʶ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚ 

ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʢʫʣʴʪʫʨʥʠʭ ʨʦʩʣʠʥ [1, 2]. ʉʝʨʝʜ ʪʘʢʠʭ ʨʦʩʣʠʥ ʦʜʥʽʻʶ ʟ 

ʥʘʡʜʘʚʥʽʰʠʭ ʝʢʦʥʦʤʽʯʥʦ ʚʘʞʣʠʚʠʭ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʢʫʣʴʪʫʨ ʋʢʨʘʾʥʠ ʻ ʢʦʥʦʧʣʷ. ɺ 

ʷʢʦʩʪʽ ʭʘʨʯʦʚʦʾ ʜʦʙʘʚʢʠ ʚʞʝ ʜʘʚʥʦ ʽ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʦʧʣʷʥʠʡ ʰʨʦʪ, 

ʦʜʝʨʞʘʥʠʡ ʧʽʩʣʷ ʝʢʩʪʨʘʢʮʽʾ ʦʣʽʾ ʟ ʥʘʩʽʥʥʷ. ɿʘ ʩʚʦʾʤ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʥʘʩʽʥʥʷ ʢʦʥʦʧʣʽ ʻ 

ʚʘʞʣʠʚʠʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʽʥʛʨʝʜʽʻʥʪʦʤ, ʪʘʢ ʷʢ ʤʽʩʪʠʪʴ ʦʤʝʛʘ-6 ʪʘ ʦʤʝʛʘ-3 ʞʠʨʥʽ ʢʠʩʣʦʪʠ, 

ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʧʨʦʪʝʾʥ, ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ ʽ ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ [3]. 

ʇʨʦʪʝ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʦʚʠʭ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ, ʾʭ ʚʧʣʠʚ ʥʘ ʨʝʦʣʦʛʽʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ, ʘ ʦʪʞʝ ʽ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʩʧʦʞʠʚʯʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʙʦʨʦʰʥʷʥʠʭ ʚʠʨʦʙʽʚ ʟ ʥʴʦʛʦ ʟʦʚʩʽʤ ʥʝ ʚʠʚʯʝʥʽ. ʊʦʤʫ ʤʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʽ 

ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʩʪʘ ʟ ʙʦʨʦʰʥʘ ʚʠʱʦʛʦ 

ˇʘʪʫʥʢʫ ʜʣʷ ʧʨʠʛʦʪʫʚʘʥʥʷ ʭʣʽʙʘ ʙʽʣʦʛʦ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʪʝʢʩʪʫʨʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʥʘʧʽʚʬʘʙʨʠʢʘʪʘʭ ʟ ʙʦʨʦʰʥʘ 

ʚʠʱʦʛʦ ˇʘʪʫʥʢʫ, ʚʠʛʦʪʦʚʣʝʥʠʭ ʟʘ ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʨʝʮʝʧʪʫʨʘʤʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʙʘʚʢʠ 

ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʥʘ ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʽʩʪʘ ʚʠʟʥʘʯʘʣʠ ʪʘʢʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʷʢ ʚʦʣʦʛʽʩʪʴ, ʢʠʩʣʦʪʥʽʩʪʴ, ʛʘʟʦʫʪʨʠʤʫʚʘʣʴʥʫ ʟʜʘʪʥʽʩʪʴ ʪʽʩʪʘ ʪʘ ʽʥ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫ 

ʚʠʧʘʜʢʫ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʢʠ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʚʦʣʦʛʽʩʪʴ ʪʽʩʪʘ ʟʤʝʥʰʫʻʪʴʩʷ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ (ʨʠʩ. 1). ɿʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʚʦʣʦʛʦʩʪʽ ʪʽʩʪʘ ʧʦʚôʷʟʘʥʝ 

ʟ ʚʠʩʦʢʦʶ ʚʦʜʦʧʦʛʣʠʥʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ 163,0Ñ0,4%. 

ʆʜʝʨʞʘʥʽ ʟʥʘʯʝʥʥʷ ʢʠʩʣʦʪʥʦʩʪʽ ʪʽʩʪʘ ʩʚʽʜʯʘʪʴ ʧʨʦ ʾʾ ʟʨʦʩʪʘʥʥʷ ʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʦʙʘʚʢʠ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ, ʘ ʪʘʢʦʞ ʾʾ ʧʽʜʚʠʱʝʥʥʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʦʙʘʚʢʠ (ʨʠʩ. 1). 

 
ʈʠʩ. 1 ï ɿʤʽʥʘ ʚʦʣʦʛʦʩʪʽ(ʘ) ʪʘ ʢʠʩʣʦʪʥʦʩʪʽ (ʙ) ʪʽʩʪʘ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʢʠ 

ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ: ʢʦʥʪʨʦʣʴ ï ʙʝʟ ʜʦʙʘʚʢʠ; ˉ 1 ï 2% ʜʦʙʘʚʢʠ; 

 ̄2 ï 4% ʜʦʙʘʚʢʠ; ˉ 3 ï 6% ʜʦʙʘʚʢʠ 
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ʆʪʞʝ, ʜʦʜʘʚʘʥʥʷ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʩʪʠʤʫʣʶʻ ʫʪʚʦʨʝʥʥʷ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʢʠʩʣʦʪ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ ʩʧʨʠʷʻ ʧʦʢʨʘʱʘʥʥʶ ʥʘʙʫʭʘʥʥʷ ʪʘ ʧʝʧʪʠʟʘʮʽʾ ʙʽʣʢʽʚ ʢʣʝʡʢʦʚʠʥʠ ʽ ʧʨʠʩʢʦʨʶʻ 

ʬʝʨʤʝʥʪʘʪʠʚʥʽ ʧʨʦʮʝʩʠ. 

ɼʠʥʘʤʽʢʘ ʟʤʽʥʠ ʦʙôʻʤʫ ʟʨʘʟʢʽʚ ʪʽʩʪʘ ʙʝʟ ʜʦʙʘʚʢʠ ʰʨʦʪʫ ʪʘ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʮʽʻʾ 

ʜʦʙʘʚʢʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʯʠʤ ʙʽʣʴʰʠʤ ʻ ʜʦʟʫʚʘʥʥʷ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʚ ʪʽʩʪʽ, ʪʠʤ ʛʽʨʰʝ ʚʦʥʦ 

ʧʽʜʭʦʜʠʪʴ. ʊʘʢ, ʫ ʚʠʧʘʜʢʫ ʜʦʟʫʚʘʥʥʷ 4% ʰʨʦʪʫ ʜʦ ʤʘʩʠ ʙʦʨʦʰʥʘ ʦʙôʻʤ ʪʽʩʪʘ ʯʝʨʝʟ 3 ʛʦʜ 

ʬʝʨʤʝʥʪʘʮʽʾ ʙʫʚ ʤʝʥʰʠʡ, ʥʽʞ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʥʘ 12,9%; ʘ ʟʘ ʢʽʣʴʢʦʩʪʽ ʰʨʦʪʫ 6% ï ʥʘ 

19,3% (ʨʠʩ. 2). 

ɿʥʘʯʝʥʥʷ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʪʽʩʪʘ ʟ ʜʦʙʘʚʢʘʤʠ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ (ʨʠʩ. 3) ʟʨʦʩʪʘʻ ʚ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ ʪʽʣʴʢʠ ʫ ʚʠʧʘʜʢʫ ʟʨʘʟʢʘ ˉ 1, ʟʙʽʣʴʰʝʥʥʷ ʞ ʢʽʣʴʢʦʩʪʽ 

ʜʦʙʘʚʢʠ ʚ ʪʽʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʦʙôʻʤʫ ʪʽʩʪʘ, ʘ ʦʪʞʝ ʽ ʜʦ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ 

ʛʘʟʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ. 

 

ʈʠʩ. 2 ï ɿʤʽʥʘ ʦʙôʻʤʫ ʪʽʩʪʦʚʠʭ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʧʽʜ ʯʘʩ ʙʨʦʜʽʥʥʷ: 

ʘ ï ʧʦʯʘʪʦʢ ʝʢʩʧʝʨʠʤʝʥʪʫ (0 ʭʚ); ʙ ï 45 ʭʚ ʝʢʩʧʝʨʠʤʝʥʪʫ; ʚ ï ʟʘʢʽʥʯʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

(180 ʭʚ) 

 

ʈʠʩ. 3 ï ɿʤʽʥʘ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʪʽʩʪʘ ʚ ʢʽʥʮʽ ʙʨʦʜʽʥʥʷ ʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʙʘʚʢʠ 

ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ. 

ɿʥʠʞʝʥʥʷ ʛʘʟʦʫʪʨʠʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʽʩʪʘ ʟʨʘʟʢʽʚ ˉ2 ʽ ˉ 3 ʧʦʚôʷʟʘʥʘ ʟ ʚʠʩʦʢʦʶ 

ʚʦʜʦʧʦʛʣʠʥʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʥʝʢʨʦʭʤʘʣʴʥʠʭ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ, ʱʦ ʚ 

ʩʚʦʶ ʯʝʨʛʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷʤ ʛʽʜʨʘʪʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʢʣʝʡʢʦʚʠʥʠ (ʫ ʚʠʧʘʜʢʫ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

25 

ʚʥʝʩʝʥʥʷ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʚ ʢʽʣʴʢʦʩʪʽ 4% ʽ 6%), ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʟʥʠʞʫʻʪʴʩʷ 

ʨʦʟʪʷʞʥʽʩʪʴ ʢʣʝʡʢʦʚʠʥʠ ʪʘ ʧʦʛʽʨʰʫʻʪʴʩʷ ʾʾ ʝʣʘʩʪʠʯʥʽʩʪʴ. ʂʘʨʢʘʩ ʪʘʢʦʾ ʢʣʝʡʢʦʚʠʥʠ ʛʽʨʰʝ 

ʫʪʨʠʤʫʻ ʛʘʟʠ, ʱʦ ʥʝʦʜʤʽʥʥʦ ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʪʘ ʧʦʨʠʩʪʦʩʪʽ 

ʾʭ ʤôʷʢʫʰʢʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʜʦʙʘʚʢʘ ʢʦʥʦʧʣʷʥʦʛʦ ʰʨʦʪʫ ʚ ʢʽʣʴʢʦʩʪʽ ʙʽʣʴʰʽʡ 2% ʜʦ ʤʘʩʠ ʙʦʨʦʰʥʘ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ, ʪʦʤʫ ʫ ʚʠʧʘʜʢʫ ʾʾ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʫʚʘʥʥʷ ʤʘʻ ʙʫʪʠ Ò2%. 
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ʂʆʄʇôʖʊɽʈʅɸ ʂɯʅɽʄɸʊʀʂɸ 2D-ʄɽʍɸʅɯɿʄʋ ʇʈʆɻʈɸʄʆɺɸʅʆɻʆ ɺɯɼɹʆʈʋ 

ɻʆʃʂʆɺʆɼɯɺ ɿ ɻʆʃʂɸʄʀ ɺʀʐʀɺɸʃʔʅʆɻʆ ɸɺʊʆʄɸʊʋ 

ɺʠʰʠʚʘʣʴʥʽ ʤʘʰʠʥʘ-ʘʚʪʦʤʘʪʠ, ʷʢʽ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ CNC-ʤʘʰʠʥ (ʉomputer Numerical 

Control) ï ʤʘʰʠʥ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ 

ʜʠʟʘʡʥʫ ʦʜʷʛʫ, ʚʟʫʪʪʷ ʪʘ ʛʦʣʦʚʥʠʭ ʫʙʦʨʽʚ [1]. ʊʘʢʽ ʤʘʰʠʥʠ-ʘʚʪʦʤʘʪʠ ʤʘʶʪʴ ʢʦʨʧʫʩ, 

ʛʦʣʦʚʥʠʡ ʚʘʣ, ʟʤʦʥʪʦʚʘʥʠʡ ʚ ʢʦʨʧʫʩʽ, ʜʘʪʯʠʢ ʢʫʪʘ ʧʦʚʦʨʦʪʫ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʛʦʣʦʚʥʦʤʫ 

ʚʘʣʫ, ʢʘʨʝʪʢʫ ʟ ʧʨʠʚʦʜʦʤ, ʤʝʭʘʥʽʟʤ ʟʤʽʥʠ ʢʦʣʴʦʨʦʚʠʭ ʥʠʪʦʢ ʟ ʛʦʣʢʦʚʦʜʘʤʠ ʪʘ ʛʦʣʢʘʤʠ, 

ʛʦʣʢʦʚʦʜʠ ʟʤʦʥʪʦʚʘʥʽ ʚ ʢʘʨʝʪʮʽ, ʤʝʭʘʥʽʟʤ ʜʚʦʢʦʨʜʠʥʘʪʥʠʭ ʧʝʨʝʤʽʱʝʥʴ ʤʘʪʝʨʽʘʣʫ, ʯʦʚʥʠʢ 

ʪʘ ʩʠʩʪʝʤʫ ʢʝʨʫʚʘʥʥʷ ʟ ʢʦʥʪʨʦʣʝʨʦʤ.  

ʂʅʋʊɼ ʨʦʟʨʦʙʣʝʥʠʡ 2D-ʤʝʭʘʥʽʟʤʫ ʧʨʦʛʨʘʤʦʚʘʥʦʛʦ ʚʽʜʙʦʨʫ ʛʦʣʢʦʚʦʜʽʚ ʟ ʛʦʣʢʘʤʠ ʜʣʷ 

ʟʤʽʥʠ ʢʦʣʴʦʨʦʚʠʭ ʥʠʪʦʢ (ʪʘʙʣʠʮʷ 1). ʄʝʭʘʥʽʟʤ ʤʘʻ ʧʣʦʩʢʠʡ ʢʫʣʘʯʦʢ 18 ʟ ʢʦʧʽʨʥʠʤ ʧʘʟʦʤ 
19.1, ʟʘʢʨʽʧʣʝʥʠʤ ʥʘ ʢʦʨʧʫʩʽ, ʥʘʧʨʘʚʣʷʶʯʠʡ ʨʦʣʠʢ 20, ʜʚʘ ʰʘʪʫʥʘ 21 ʪʘ 22 ʽ ʪʨʠ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʘ 23, 24, 25 ʟʽ ʰʪʦʢʘʤʠ 26, 27, 28 ʪʘ ʧʥʝʚʤʘʪʠʯʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʠ 5/2, 

ʢʦʞʝʥ ʟ ʷʢʠʭ ʤʽʩʪʠʪʴ ʧʦ ʜʚʘ ʝʣʝʢʪʨʦʤʘʛʥʽʪʘ ʥʘ ʢʦʞʝʥ ʧʥʝʚʤʦʮʠʣʽʥʜʨ, ʧʨʠ ʮʴʦʤʫ 

ʧʥʝʚʤʦʮʠʣʽʥʜʨʠ ʢʽʥʝʤʘʪʠʯʥʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʽ ʫʪʚʦʨʶʶʪʴ ʪʨʠʢʫʪʥʠʢ, ʜʦʚʞʠʥʘ ʩʪʦʨʽʥ 

ʷʢʦʛʦ ʧʨʦʛʨʘʤʥʦ ʟʤʽʥʶʻʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʚʟʫʥ 46, ʷʢʠʡ ʢʽʥʝʤʘʪʠʯʥʦ ʟôʻʜʥʘʥʠʡ ʟ 

ʢʘʨʝʪʢʦʶ ʛʦʣʢʦʚʦʜʽʚ, ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʥʘʧʨʷʤʥʽʡ 19.2. ɺʽʜʙʫʚʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʝ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʛʦʣʢʦʚʦʜʫ ʟ ʛʦʣʢʦʶ, ʷʢʘ ʧʦʧʝʨʝʜʥʴʦ ʟʘʧʨʘʚʣʝʥʘ ʥʠʪʢʦʶ ʜʣʷ ʧʦʪʨʽʙʥʦʛʦ 

ʢʦʣʴʦʨʫ ʬʨʘʛʤʝʥʪʘ ʚʠʰʠʚʢʠ, ʘ ʩʘʤʝ ʟʫʧʠʥʢʘ ʛʦʣʢʦʚʦʜʫ ʟ ʛʦʣʢʦʶ ʧʨʦʪʠ ʥʦʩʠʢʘ ʯʦʚʥʠʢʘ 

ʜʣʷ ʧʦʯʘʪʢʫ ʮʠʢʣʫ ʚʠʰʠʚʢʠ ʦʙʨʘʥʦʾ ʢʦʣʴʦʨʦʚʦʶ ʥʠʪʢʦʶ. ɼʣʷ ʧʨʦʜʦʚʞʝʥʥʷ ʮʠʢʣʫ 

ʚʠʰʠʚʢʠ ʛʦʣʢʦʶ ʟ ʥʠʪʢʦʶ ʽʥʰʦʛʦ ʢʦʣʴʦʨʫ ʧʨʦʛʨʘʤʥʦ ʟʤʽʥʶʻʪʴʩʷ ʜʦʚʞʠʥʘ ʩʪʦʨʽʥ 

ʪʨʠʢʫʪʥʠʢʘ, ʫʪʚʦʨʝʥʥʦʛʦ ʧʥʝʚʤʦʮʠʣʽʥʜʨʘʤʠ 23, 24, 25. ɺ ʥʘʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ 1 ʟʚʝʜʝʥʽ 

ʥʦʤʝʨʠ ʛʦʣʢʦʚʦʜʽʚ ʟ ʛʦʣʢʘʤʠ, ʧʦʣʦʞʝʥʥʷ ʨʫʭʦʤʠʭ ʣʘʥʦʢ 2D-ʤʝʭʘʥʽʟʤʫ, ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʛʨʘʬʠ ʪʘ ʨʽʚʥʷʥʥʷ ʧʨʠʯʠʥʥʦ-ʥʘʩʣʽʜʢʦʚʠʭ ʟʚô̫ ʟʢʽʚ, ʷʢʽ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʧʨʦʛʨʘʤʠ 

ʢʝʨʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʝʨʘ Festo FC-30 (ʅʽʤʝʯʯʠʥʘ). 
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ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʆʨʣʦʚʩʢʠʡ ɹ.ɺ. ʅʘʫʯʥʳʝ ʦʩʥʦʚʳ ʨʘʙʦʪʳ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʰʚʝʡʥʳʭ ʤʘʰʠʥ ʠ ʧʦʣʫʘʚʪʦʤʘʪʦʚ 

ʩ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ / ɹ.ɺ. ʆʨʣʦʚʩʢʠʡ. ï ʂ.: ɺʳʱʘ ʰʢʦʣʘ, 1989.ï 87 c 
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ɼʚʦʨʞʘʢ ɺ. ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, v_dvorjak@ukr.net 

ɿɸʉʊʆʉʋɺɸʅʅʗ ʄɽʍɸʅɯɿʄɯɺ ɿ ʂɯʅɽʄɸʊʀʏʅʆʖ ʇɸʈʆʖ, ʑʆ 

ɿʄɯʅʖɭʊʔʉʗ, ɼʃʗ ʇʈʀɺʆɼʋ ɺʋʐʂʆɺʀʍ ɻʆʃʆʂ ʆʉʅʆɺʆɺôʗɿɸʃʔʅʀʍ 

ʄɸʐʀʅ 

ʋ ʰʚʠʜʢʦʭʽʜʥʠʭ ʦʩʥʦʚʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥʘʭ (ʆɺ-ʤʘʰʠʥʘʭ) ʜʣʷ ʧʨʠʚʦʜʫ ʧʝʪʣʝʪʚʽʨʥʠʭ 

ʦʨʛʘʥʽʚ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʙʘʛʘʪʦʣʘʥʢʦʚʽ ʰʘʨʥʽʨʥʦ-ʚʘʞʽʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʜʨʫʛʦʛʦ ʽ 

ʚʠʱʝ ʢʣʘʩʽʚ ʟʘ ʢʣʘʩʠʬʽʢʘʮʽʻʶ ɸʩʩʫʨʘ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʽʜʪʚʦʨʝʥʥʷ ʨʦʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ 

ʩʢʣʘʜʥʠʭ ʟʘʢʦʥʽʚ ʨʫʭʫ ʽʟ ʟʫʧʠʥʢʦʶ ʫʧʨʦʜʦʚʞ ʮʠʢʣʫ ʧʝʪʣʝʪʚʦʨʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʢʽʣʴʢʽʩʪʴ 

ʣʘʥʦʢ ʚ ʤʝʭʘʥʽʟʤʽ, ʧʨʠ ʷʢʽʡ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʫʧʠʥʢʘ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʧʦʪʨʽʙʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, 

ʧʦʚʠʥʥʘ ʙʫʪʠ ʙʽʣʴʰʘ ʰʝʩʪʠ [1]. ʄʦʞʣʠʚʦʩʪʽ ʰʘʨʥʽʨʥʦ-ʚʘʞʽʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʟ 

çʞʦʨʩʪʢʠʤʠè ʣʘʥʢʘʤʠ, ʷʢʽ ʫʪʚʦʨʶʶʪʴʩʷ ʩʪʘʣʠʤʠ ʩʭʝʤʘʤʠ, ʫ ʧʝʚʥʦʤʫ ʩʝʥʩʽ ʻ ʚʠʯʝʨʧʘʥʠʤʠ 

[2]. ʊʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʩʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘ ʦʩʥʦʚʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʥʦʢ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ 

ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʚ ʤʝʭʘʥʽʟʤʽ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ 

ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʧʝʨʩʧʝʢʪʠʚʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [2]. ʋ ʮʠʭ 

ʤʝʭʘʥʽʟʤʘʭ ʟʘ ʮʠʢʣ ʫʪʚʦʨʝʥʥʷ ʧʝʪʣʽ ʩʘʤʦʩʪʽʡʥʦ ʧʦʪʨʽʙʥʠʤ ʯʠʥʦʤ ʟʤʽʥʶʻʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʘ 

ʩʭʝʤʘ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʜʦʚʞʠʥʠ ʣʘʥʦʢ, ʬʦʨʤʠ ʣʘʥʦʢ, ʚʠʜʫ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ, ʩʪʫʧʝʥʷ 

ʨʫʭʦʤʦʩʪʽ ʤʝʭʘʥʽʟʤʫ. 

ɺ ʷʢʦʩʪʽ ʙʘʟʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʚ ʫʟʷʪʠʡ 8-ʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚʫʰʢʦʚʠʭ ʛʦʣʦʢ, ʫ ʷʢʦʤʫ ʚʫʰʢʦʚʘ ʛʨʝʙʽʥʢʘ ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-

ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʟʘ ʟʘʢʦʥʦʤ çʢʦʣʠʚʘʥʥʷ ʚʧʝʨʝʜ ï ʟʩʫʚ ʧʝʨʝʜ ʢʨʶʯʢʘʤʠ ʛʦʣʦʢ ï ʢʦʣʠʚʘʥʥʷ 

ʥʘʟʘʜ ï ʟʩʫʚ ʟʘ ʩʧʠʥʢʘʤʠ ʛʦʣʦʢè. ɿʩʫʚ ʟʘ ʩʧʠʥʢʘʤʠ ʛʦʣʦʢ ʚ ʆɺ-ʤʘʰʠʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 

ʟʫʧʠʥʮʽ ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ, ʪʨʠʚʘʣʽʩʪʴ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ ӎ ʮʠʢʣʫ ʧʝʪʣʝʪʚʦʨʝʥʥʷ. 

ɺ ʨʦʙʦʪʽ [3] ʜʦʩʣʽʜʞʫʻʪʴʩʷ 4-ʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟʤʽʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʟ ʧʨʫʞʥʠʤ 

ʢʦʨʦʤʠʩʣʦʤ ʟʤʽʥʥʦʾ ʜʦʚʞʠʥʠ ʪʘ ʬʦʨʤʠ, ʷʢʠʡ ʥʘ ʬʘʟʦʚʠʭ ʢʫʪʘʭ ʢʦʣʠʚʘʥʥʷ ʚʫʰʢʦʚʦʾ 

ʛʨʝʙʽʥʢʠ ʧʨʘʮʶʻ ʷʢ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʠʡ ʤʝʭʘʥʽʟʤ, ʘ ʥʘ ʬʘʟʦʚʠʭ ʢʫʪʘʭ ʟʫʧʠʥʢʠ 

ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʢʦʨʦʤʠʩʣʦ çʣʘʤʘʻʪʴʩʷè, ʦʜʥʘ ʡʦʛʦ ʯʘʩʪʠʥʘ (ʪʘ, ʷʢʘ ʟôʻʜʥʫʻʪʴʩʷ ʟ 

ʚʫʰʢʦʚʠʤʠ ʛʨʝʙʽʥʢʘʤʠ) ʟʫʧʠʥʷʻʪʴʩʷ ʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʩʪʦʷʢ ʟʘʚʜʷʢʠ ʚʟʘʻʤʦʜʽʾ ʟ 

ʫʧʦʨʦʤ, ʽʥʰʘ ʧʨʘʮʶʻ ʷʢ ʢʦʨʦʤʠʩʣʦ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ. ɺʠʢʦʥʘʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʤʝʭʘʥʽʟʤʫ ʪʘ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʜʣʷ ʧʨʠʚʦʜʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʝʪʣʝʪʚʦʨʝʥʥʷ ʆɺ-ʤʘʰʠʥ. 

ʎʽʢʘʚʠʤ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ʧʝʪʣʝʪʚʦʨʝʥʥʷ 

ʆɺ-ʤʘʰʠʥ ʻ ʦʧʠʩʘʥʠʡ ʚ ʨʦʙʦʪʽ [2] 4-ʣʘʥʢʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟʽ ʟʤʽʥʥʠʤ ʚʠʜʦʤ ʢʽʥʝʤʘʪʠʯʥʦʾ 

ʧʘʨʠ, ʚ ʷʢʦʤʫ ʥʘ ʧʝʚʥʠʭ ʬʘʟʦʚʠʭ ʢʫʪʘʭ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʟʤʽʥʶʻʪʴʩʷ ʩʪʨʫʢʪʫʨʘ, ʪʦʙʪʦ ʧʨʠ 

ʧʨʦʢʣʘʜʘʥʥʽ ʥʠʪʦʢ ʦʩʥʦʚʠ ʤʝʭʘʥʽʟʤ ʻ ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʠʤ, ʘ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʽʥʰʠʭ 

ʝʪʘʧʽʚ ʧʨʦʮʝʩʫ ʧʝʪʣʝʪʚʦʨʝʥʥʷ ï ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʠʤ. 

ʉʠʥʪʝʟʦʚʘʥʘ ʜʣʷ ʤʝʭʘʥʽʟʤʫ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚʫʰʢʦʚʠʭ ʛʦʣʦʢ ʆɺ-ʤʘʰʠʥʠ ʩʪʨʫʢʪʫʨʥʘ 

ʩʭʝʤʘ ʥʘ ʨʠʩ. 1 ʤʽʩʪʠʪʴ ʟʘʢʨʽʧʣʝʥʫ ʥʘ ʛʦʣʦʚʥʦʤʫ ʚʘʣʫ 1 ʚʝʜʫʯʫ ʣʘʥʢʫ ï ʝʢʩʮʝʥʪʨʠʢ 2, 

ʰʘʪʫʥ 3 ʪʘ ʣʘʥʢʫ 4, ʷʢʘ ʥʘ ʧʝʚʥʠʭ ʬʘʟʦʚʠʭ ʢʫʪʘʭ ʛʦʣʦʚʥʦʛʦ ʚʘʣʘ ʨʫʭʘʻʪʴʩʷ ʷʢ ʧʦʚʟʫʥ ʘʙʦ 

ʷʢ ʢʦʨʦʤʠʩʣʦ. ʃʘʥʢʘ 4 ʧʦʚʟʫʥʥʦʶ ʯʘʩʪʠʥʦʶ 5 ʫʪʚʦʨʶʻ ʧʦʩʪʫʧʘʣʴʥʫ ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ ʟ 

ʥʝʨʫʭʦʤʦʶ ʥʘʧʨʷʤʥʦʶ 6, ʷʢʘ ʚʠʢʦʥʫʻʪʴʩʷ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʛʦʣʦʚʢʦʶ. ʃʘʥʢʘ 4 ʥʘʧʨʷʤʥʦʶ 

ʯʘʩʪʠʥʦʶ 10 ʪʘ ʨʦʣʠʢʦʤ 9 ʤʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟôʻʜʥʫʚʘʪʠʩʷ ʟ ʚʘʣʦʤ ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ 7. ʅʘ 

ʚʘʣʫ 7 ʟʘʢʨʽʧʣʶʻʪʴʩʷ ʪʨʠʤʘʯ 8 ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ 9. ʇʨʠ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʫ ʥʘ ʧʝʚʥʠʭ 
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ʬʘʟʦʚʠʭ ʢʫʪʘʭ ʚʝʜʫʯʦʾ ʣʘʥʢʠ 1 ʣʘʥʢʘ 4 ʚʟʘʻʤʦʜʽʻ ʟ ʫʧʦʨʦʤ 12. ʅʘ ʨʠʩ. 1 ʥʝ ʧʦʢʘʟʘʥʠʡ 

ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ. 

ʇʨʠ ʨʦʙʦʪʽ ʤʝʭʘʥʽʟʤʫ ʚʽʜ ʥʫʣʴʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ, ʟʘ ʷʢʝ ʧʨʠʡʤʘʻʪʴʩʷ ʧʦʯʘʪʦʢ ʢʦʣʠʚʘʥʥʷ 

ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ ʚʧʝʨʝʜ, ʣʘʥʢʘ 4 ʧʦʚʟʫʥʥʦʶ ʯʘʩʪʠʥʦʶ 5 ʫʪʚʦʨʶʻ ʦʙʝʨʪʘʣʴʥʫ 

ʢʽʥʝʤʘʪʠʯʥʫ ʧʘʨʫ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʛʦʣʦʚʢʦʶ ʥʝʨʫʭʦʤʦʾ ʥʘʧʨʷʤʥʦʾ 6. ʄʝʭʘʥʽʟʤ ʧʨʘʮʶʻ ʷʢ 

ʢʨʠʚʦʰʠʧʥʦ-ʢʦʨʦʤʠʩʣʦʚʠʡ.  ʂʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʚʧʝʨʝʜ ʪʘ ʥʘʟʘʜ ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʘʣ 7 ʟ 

ʚʫʰʢʦʚʠʤʠ ʛʨʝʙʽʥʢʘʤʠ 9. ʇʨʠ ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʢʣʘʜʘʥʥʷ ʥʠʪʦʢ ʦʩʥʦʚʠ. 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʤʝʭʘʥʽʟʤʫ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚʫʰʢʦʚʠʭ ʛʦʣʦʢ ʟ 

ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ, ʱʦ ʟʤʽʥʶʻʪʴʩʷ, ʦʩʥʦʚʦʚô̫ ʟʘʣʴʥʦʾ ʤʘʰʠʥʠ 

ʇʽʜ ʯʘʩ ʚʟʘʻʤʦʜʽʾ ʫʧʦʨʘ 12 ʟ ʣʘʥʢʦʶ 4, ʦʩʪʘʥʥʷ ʟʫʧʠʥʷʻ ʩʚʽʡ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ. ʇʨʠ 

ʧʦʜʘʣʴʰʦʤʫ ʨʫʩʽ ʚʝʜʫʯʦʾ ʣʘʥʢʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʥʘ ʢʽʥʝʤʘʪʠʯʥʦʾ ʩʭʝʤʠ ʟʘʚʜʷʢʠ ʟʤʽʥʽ ʚʠʜʫ 

ʢʽʥʝʤʘʪʠʯʥʦʾ ʧʘʨʠ: ʧʦʚʟʫʥʥʘ ʯʘʩʪʠʥʘ 5 ʣʘʥʢʠ 4 ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʥʝʨʫʭʦʤʽʡ ʥʘʧʨʷʤʥʽʡ 6 ʽ 

ʤʝʭʘʥʽʟʤ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʢʨʠʚʦʰʠʧʥʦ-ʧʦʚʟʫʥʥʠʡ. ʇʽʜ ʯʘʩ ʟʫʧʠʥʢʠ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ 

ʣʘʥʢʠ 4 ʽ ʨʘʟʦʤ ʟ ʥʝʶ ʚʫʰʢʦʚʠʭ ʛʨʝʙʽʥʦʢ 9 ʤʝʭʘʥʽʟʤ ʟʩʫʚʫ ʟʜʽʡʩʥʶʻ ʟʩʫʚ ʚʫʰʢʦʚʠʭ 

ʛʨʝʙʽʥʦʢ ʚʟʜʦʚʞ ʬʨʦʥʪʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʆɺ-ʤʘʰʠʥʠ. 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʤʝʪʨʠʯʥʠʡ ʩʠʥʪʝʟ 4-ʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʚʫʰʢʦʚʠʭ ʛʦʣʦʢ ʟʽ ʟʤʽʥʥʦʶ ʢʽʥʝʤʘʪʠʯʥʦʶ ʧʘʨʦʶ ʆɺ-ʤʘʰʠʥ. 
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ɼʆ ʈʆɿʈɸʍʋʅʂɯɺ ɼɽʊɸʃɽʁ ʅɸ ʄɯʎʅɯʉʊʔ ʊɸ ʅɸɼɯʁʅɯʉʊʔ 

ɺ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʜʞʝʨʝʣʘʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʥʘʧʨʘʮʶʚʘʥʴ ʟ ʪʝʦʨʽʾ ʪʘ 

ʧʨʘʢʪʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʜʝʪʘʣʝʡ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ 

ʢʦʤʧʣʝʢʩʥʝ ʚʠʩʚʽʪʣʝʥʥʷ ʧʨʦʙʣʝʤʠ, ʽʩʥʫʻ ʧʨʦʛʘʣʠʥʘ ʚ ʩʪʨʘʪʝʛʽʾ ʚʠʙʦʨʫ ʢʦʥʢʨʝʪʥʦʛʦ ʤʝʪʦʜʫ 

ʨʦʟʨʘʭʫʥʢʫ, ʷʢʠʡ ʧʝʨʝʚʘʞʥʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʢʚʘʣʽʬʽʢʘʮʽʾ ʪʘ ʽʥʪʫʾʮʽʾ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʘ 

ʩʪʦʩʦʚʥʦ ʢʦʞʥʦʾ ʜʝʪʘʣʽ ʦʢʨʝʤʦ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʽʜʭʽʜ ʧʦʜʽʣʫ ʜʝʪʘʣʝʡ ʥʘ ʦʢʨʝʤʽ ʛʨʫʧʠ, ʜʣʷ ʷʢʠʭ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʜʧʦʚʽʜʥʽ ʘʣʛʦʨʠʪʤʠ ʚ ʨʦʟʨʘʭʫʥʢʘʭ ʥʘ ʤʽʮʥʽʩʪʴ, ʘ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ, ʥʘ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. 

ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʧʦʣʷʛʘʶʪʴ ʚ ʪʦʤʫ, ʱʦ ʯʘʩʪʠʥʘ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʪʘ ʫʥʽʬʽʢʦʚʘʥʠʭ ʜʝʪʘʣʝʡ (ʧʝʨʰʘ ʛʨʫʧʘ) ʻ ʥʘʧʝʨʝʜ ʥʘʜʽʡʥʠʤʠ, ʤʘʶʪʴ 

ʩʝʨʝʜʥʽʡ ʨʝʩʫʨʩ, ʷʢʠʡ ʧʝʨʝʚʠʱʫʻ ʪʨʠʚʘʣʽʩʪʴ ʤʽʞʨʝʤʦʥʪʥʦʛʦ ʮʠʢʣʫ. ɼʣʷ ʪʘʢʠʭ ʜʝʪʘʣʝʡ 

ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʥʝʜʦʮʽʣʴʥʽ. 

ɯʩʥʫʻ ʥʦʤʝʥʢʣʘʪʫʨʘ ʜʝʪʘʣʝʡ (ʚʽʜʥʦʩʠʤʦ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ), ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʠʡ 

ʥʘʜʣʠʰʢʦʚʠʡ ʟʘʧʘʩ ʤʽʮʥʦʩʪʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʛʘʙʘʨʠʪʽʚ, ʤʘʩʠ ʪʘ 

ʚʽʜʧʦʚʽʜʥʦ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ. ʇʨʠ ʢʦʨʝʛʫʚʘʥʥʽ ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʪʨʘʜʠʮʽʡʥʽ ʽʥʞʝʥʝʨʥʽ ʨʦʟʨʘʭʫʥʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʪʘ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘ ʤʽʮʥʽʩʪʴ: ʟʘ 

ʥʦʨʤʦʚʘʥʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ []nn²  ʘʙʦ ʟʘ ʜʦʧʫʩʪʠʤʠʤ ʥʘʧʨʫʞʝʥʥʷʤ []ss¢ . 

ʆʮʽʥʢʫ ʤʽʮʥʦʩʪʽ ʟʘ ʜʦʧʫʩʪʠʤʠʤ ʥʘʧʨʫʞʝʥʥʷʤ ʚʠʢʦʥʫʶʪʴ ʧʝʨʝʚʘʞʥʦ ʚ ʥʘʙʣʠʞʝʥʠʭ, 

ʧʦʧʝʨʝʜʥʽʭ ʨʦʟʨʘʭʫʥʢʘʭ ʦʜʥʦʪʠʧʥʠʭ ʜʝʪʘʣʝʡ ʧʨʠ ʜʝʪʝʨʤʽʥʦʚʘʥʠʭ ʫʤʦʚʘʭ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʫʩʪʘʣʝʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʨʦʟʨʦʙʣʝʥʽʡ ʩʠʩʪʝʤʽ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ.  

ɸʥʘʣʦʛʽʯʥʫ ʧʝʨʝʚʽʨʢʫ ʥʘ ʤʽʮʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʚʠʢʦʥʫʚʘʪʠ ʜʣʷ ʜʝʪʘʣʝʡ ʪʨʝʪʴʦʾ ʛʨʫʧʠ, 

ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ ʷʢʠʭ ʦʙʤʝʞʫʻʪʴʩʷ ʞʦʨʩʪʢʽʩʪʶ ʘʙʦ ʩʪʽʡʢʽʩʪʶ, ʘ ʤʽʮʥʽʩʪʴ - ʾʭ ʨʦʟʤʽʨʘʤʠ, 

ʱʦ ʟʫʤʦʚʣʝʥʽ ʚʠʤʦʛʘʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ.  

ʏʝʪʚʝʨʪʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʜʝʪʘʣʽ ʤʘʰʠʥ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ ʷʢʠʭ 

ʰʠʨʦʢʦ ʚʠʩʚʽʪʣʝʥʽ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʣʽʪʝʨʘʪʫʨʽ ʪʘ ʜʦʩʪʘʪʥʴʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʥʦʨʤʘʪʠʚʥʠʭ 

ʤʘʪʝʨʽʘʣʘʭ. ɼʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʢʨʽʧʠʣʴʥʽ ʨʽʟʴʙʦʚʽ, ʟʫʙʯʘʩʪʽ, ʧʘʩʦʚʽ, ʧʽʜʰʠʧʥʠʢʠ, ʚʘʣʠ ʪʦʱʦ. 

ʆʩʥʦʚʥʘ ʚʽʜʤʽʥʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʜʣʷ ʧʽʜʰʠʧʥʠʢʽʚ ï ʾʭ ʚʝʜʫʪʴ ʥʝ ʟʘ ʥʘʧʨʫʞʝʥʥʷʤ, ʘ ʟʘ 

ʜʠʥʘʤʽʯʥʦʶ ʚʘʥʪʘʞʦʧʽʜʡʦʤʥʽʩʪʶ. 

ɼʦ ʧ'ʷʪʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʠʤʦ ʩʠʣʦʚʽ ʜʝʪʘʣʽ, ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʠʢʦʥʫʚʘʪʠ ʚ ʽʤʦʚʽʨʥʽʩʥʦʤʫ ʘʩʧʝʢʪʽ ʟʘ ʢʨʠʪʝʨʽʻʤ ʚʪʦʤʣʝʥʦʩʪʽ. ɼʝʪʘʣʽ ʤʘʶʪʴ ʚʠʧʘʜʢʦʚʽʩʪʴ 

ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʣʠʭ, 

ʘʣʝ ʜʦʩʪʘʪʥʽʭ ʟʘʧʘʩʽʚ ʤʽʮʥʦʩʪʽ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʤʦʚʦʶ )(bʢʨʧʧ²  - ʢʨʠʪʝʨʽʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʟ ʜʦʚʽʨʯʦʶ ʽʤʦʚʽʨʥʽʩʪʶ ɓ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʦʤ ʜʦʚʽʨʯʠʭ 

ʽʥʪʝʨʚʘʣʽʚ,  

ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ ʫʤʦʚʠ ʤʽʮʥʦʩʪʽ )(bʢʨnn¢
, ʥʝʦʙʭʽʜʥʘ ʧʝʨʝʚʽʨʢʘ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ 

ʦʙʯʠʩʣʝʥʥʽ ʢʦʝʬʽʮʽʻʥʪʫ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ 
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ʋ ʚʠʧʘʜʢʘʭ ʢʦʤʙʽʥʘʮʽʡ ʽʥʰʠʭ ʚʽʜʦʤʠʭ ʟʘʢʦʥʽʚ ʨʦʟʧʦʜʽʣʽʚ (ɺʝʡʙʫʣʘ, ʣʦʛʘʨʠʬʤʽʯʥʦ 

ʥʦʨʤʘʣʴʥʦʛʦ, ʛʘʤʘ-ʨʦʟʧʦʜʽʣ ʪʦʱʦ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʽʮʥʦʩʪʽ ʪʘ ʥʘʚʘʥʪʘʞʝʥʦʩʪʽ, ʡʤʦʚʽʨʥʽʩʥʽ 

ʨʦʟʨʘʭʫʥʢʠ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʪʦʯʢʦʚʠʭ ʦʮʽʥʦʢ ʧʦʢʘʟʥʠʢʽʚ ʥʘʜʽʡʥʦʩʪʽ ʚ ʢʽʥʮʝʚʽʡ ʬʦʨʤʽ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʥʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʘʤʠ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ [1]. 

ʅʘʡʙʽʣʴʰ ʟʘʛʘʣʴʥʠʤ ʻ ʚʠʧʘʜʦʢ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʥʝ 

ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʢʣʘʩʠʯʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ. ʈʦʟʚ'ʷʟʦʢ ʚ ʮʽʡ ʧʦʩʪʘʥʦʚʮʽ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ [2] ʥʘ ʧʨʠʢʣʘʜʽ ʘʜʘʧʪʦʚʘʥʦʾ ʜʦ ʚôʷʟʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʰʢʘʨʧʝʪʢʦʚʠʭ 

ʘʚʪʦʤʘʪʽʚ ʜʠʥʘʤʽʯʥʦʾ ʤʦʜʝʣʽ ʚ ʧʦʣʽʥʦʤʽʘʣʴʥʽʡ ʬʦʨʤʽ ʚʠʧʘʜʢʦʚʠʭ ʟʥʘʯʝʥʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʫʜʘʨʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ F ʛʦʣʢʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʠʣʫ ʦʧʦʨʫ Fo ʾʾ ʨʫʭʫ ʷʢ ʬʫʥʢʮʽʾ 

ʚʠʧʘʜʢʦʚʦʛʦ ʘʨʛʫʤʝʥʪʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ ʨʦʟʧʦʜʽʣʫ ʡʤʦʚʽʨʥʦʩʪʝʡ ʥʝʧʝʨʝʨʚʥʦʾ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ F ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʨʘʟ [ ] )()()( FqFqfFf ¡Ö= , ʜʝ )(Fq , )(Fq¡  ï 

ʬʫʥʢʮʽʷ, ʷʢʘ ʦʙʝʨʥʝʥʘ ʬʫʥʢʮʽʾ 
)( oFfF =
 ʪʘ ʾʾ ʧʦʭʽʜʥʘ. ʆʩʢʽʣʴʢʠ ʩʢʣʘʜʝʥʽ ʟʘʣʝʞʥʦʩʪʽ ʻ 

ʥʝʟʨʫʯʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʩʧʨʦʱʝʥʠʡ ʧʽʜʭʽʜ  ʜʦ  

ʩʢʣʘʜʘʥʥʷ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʚ ʟʘʤʽʥʽ ʡʦʛʦ ʩʝʨʝʜʥʻ ʟʚʘʞʝʥʦʶ 

ʩʫʤʦʶ ʜʝʢʽʣʴʢʦʭ ʥʦʨʤʘʣʴʥʠʭ ʟʘʢʦʥʽʚ.  

ʐʦʩʪʫ ʛʨʫʧʫ ʩʢʣʘʜʘʶʪʴ ʜʝʪʘʣʽ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ (ʚ ʚôʷʟʘʣʴʥʦʤʫ ʤʝʭʘʥʽʟʤʽ ʧʘʥʯʽʰʥʠʭ 

ʘʚʪʦʤʘʪʽʚ - ʛʦʣʢʠ ʪʘ ʩʝʣʝʢʪʦʨʠ ʨʽʟʥʠʭ ʧʦʟʠʮʽʡ), ʷʢʽ ʢʨʠʪʝʨʽʘʣʴʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ [8]. ɰʭ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʟ ʚʝʣʠʢʠʤ ʟʘʧʘʩʦʤ ʤʽʮʥʦʩʪʽ ʫʥʝʤʦʞʣʠʚʣʝʥʦ ʯʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʥʝʙʝʟʧʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʢʣʘʩʫ ʘʚʪʦʤʘʪʫ. ɼʣʷ ʥʠʭ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʘʭʫʥʢʠ ʥʘ ʚʪʦʤʣʝʥʽʩʥʫ ʤʽʮʥʽʩʪʴ ʧʦ ʦʙʤʝʞʝʥʽʡ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʽʡ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʧʦʧʝʨʝʜʥʴʦ ʙʫʜʫʚʘʪʠ ʟʘ ʜʘʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʢʨʠʚʫ 

ʚʪʦʤʣʝʥʦʩʪʽ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʨʦʙʽʪʢʠ ʜʝʪʘʣʝʡ ʥʘ ʚʽʜʤʦʚʫ, ʘ ʜʘʣʽ ʦʙʨʘʭʦʚʫʚʘʪʠ ʾʭ 

ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʘʙʦ ʨʦʟʚ'ʷʟʫʚʘʪʠ ʦʙʝʨʥʝʥʫ ʟʘʜʘʯʫ - ʟʘ 

ʟʘʜʘʥʠʤ ʨʽʚʥʝʤ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʤʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʪʘ ʰʚʠʜʢʽʩʥʠʡ ʨʝʞʠʤ ʘʚʪʦʤʘʪʫ. ʇʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʟʘʤʢʦʚʠʭ ʩʠʩʪʝʤ ʟ 

ʩʧʘʜʢʦʚʽʩʪʶ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʦʧʦʥʫʻʪʴʩʷ ʩʧʨʦʱʝʥʠʡ ʨʦʟʨʘʭʫʥʦʢ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʽʚʥʷʥʥʽ 

ɺʝʣʝʨʘ - ʟʘʣʝʞʥʦʩʪʽ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʥʝʙʝʟʧʝʯʥʦʤʫ ʧʝʨʝʨʽʟʽ ʛʦʣʦʢ ʽ ʩʝʣʝʢʪʦʨʽʚ 

ʚʽʜ ʚʽʜʧʦʚʽʜʥʠʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʯʠʩʝʣ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ.  

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʚʪʦʤʣʝʥʽʩʥʫ ʤʽʮʥʽʩʪʴ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ, 

ʨʦʟʨʦʙʣʝʥʦ ʦʩʥʦʚʠ ʽʤʦʚʽʨʥʽʩʥʦʛʦ ʨʦʟʨʘʭʫʥʢʫ ʚʪʦʤʣʝʥʽʩʥʦʾ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʉɽ ʘʚʪʦʤʘʪʽʚ ʥʘ 

ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʧʘʨʘʤʝʪʨʠ ʚʪʦʤʣʝʥʽʩʥʦʾ ʤʽʮʥʦʩʪʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʾʭ  

ʨʦʟʩʽʷʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʦʟʨʘʭʫʥʢʽʚ ʻ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʉɽ ʟʘ ʚʪʦʤʣʝʥʽʩʥʦʶ 

ʤʽʮʥʽʩʪʶ ʧʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʢʦʝʬʽʮʽʻʥʪʘ ʚʘʨʽʘʮʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɜa=0,1; 0,15; 0,2) - 

ʟʘʣʝʞʥʦʩʪʝʡ ʢʚʘʥʪʠʣʶ ipu
 ʚ ʨʽʚʥʦʤʽʨʥʦʤʫ ʤʘʩʰʪʘʙʽ ʪʘ ʚʽʜʧʦʚʽʜʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ 

ʨʫʡʥʫʚʘʥʥʷ Pi ʚ ʤʘʩʰʪʘʙʽ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʚʽʜ ʣʦʛʘʨʠʬʤʫ ʚʪʦʤʣʝʥʽʩʥʦʾ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ iʩʫʤlgN
 ʚ ʯʠʩʣʘʭ ʮʠʢʣʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ.  

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʥʘ ʤʽʮʥʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ 

ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʩʧʦʩʦʙʽʚ, ʘ ʥʘ ʟʘʢʣʶʯʥʽʡ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʧʦ 

ʤʦʞʣʠʚʦʩʪʽ, ʚʠʢʦʥʫʚʘʪʠ ʚʠʟʥʘʯʘʣʴʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ.  
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ɺʀʈʆɹʅʀʎʊɺɸ ɼɯɸɹɽʊʀʏʅʀʍ ʍʃɯɹʆɹʋʃʆʏʅʀʍ ɺʀʈʆɹɯɺ 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʠʥʠʢʣʘ ʧʨʦʙʣʝʤʘ, ʱʦ ʧʦʚôʷʟʘʥʘ ʟ ʷʢʽʩʥʠʤʠ ʽ ʢʽʣʴʢʽʩʥʠʤʠ ʟʤʽʥʘʤʠ 

ʨʘʮʽʦʥʫ ʭʘʨʯʫʚʘʥʥʷ ʥʘʩʝʣʝʥʥʷ, ʪʘ ʚʠʥʠʢʣʘ ʚʥʘʩʣʽʜʦʢ ʩʧʦʞʠʚʘʥʥʷ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʘʬʽʥʦʚʘʥʠʭ ʪʘ ʚʠʩʦʢʦʢʘʣʦʨʽʡʥʠʭ ʧʨʦʜʫʢʪʽʚ, ʙʽʜʥʠʭ ʥʘ ʨʦʩʣʠʥʥʽ ʙʽʣʢʠ, ʧʦʣʽ ʥʝʥʘʩʠʯʝʥʽ 

ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʭʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʤʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ ʥʘʡʙʽʣʴʰ 

ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ ʧʨʦʜʫʢʪʘʤʠ ʭʘʨʯʫʚʘʥʥʷ ʻ ʭʣʽʙʦʙʫʣʦʯʥʽ ʚʠʨʦʙʠ, ʚ ʨʝʮʝʧʪʫʨʽ ʷʢʠʭ ʻ 

ʮʫʢʦʨ. ʊʦʤʫ ʘʢʪʫʘʣʴʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʟʘʤʽʥʘ ʩʘʭʘʨʦʟʠ ʚ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʘʭ ʥʘ 

ʮʫʢʨʦʟʘʤʽʥʥʠʢʠ ʟ ʧʦʣʽʧʰʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʞʠʚʥʦʩʪʽ [1].  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʚʠʚʯʝʥʥʷ ʚʧʣʠʚʫ ʣʘʢʪʫʣʦʟʠ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʽ ʷʢʽʩʪʴ 

ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʢʘʬʝʜʨʽ 

ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʧʣʠʚʫ ʜʦʙʘʚʢʠ ʣʘʢʪʫʣʦʟʠ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʷʢʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʨʦʙʽʚ ʟ ʜʨʽʞʜʞʦʚʦʛʦ ʪʽʩʪʘ, ʾʭ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʨʦʟʨʘʭʦʚʘʥʠʤʠ ʨʝʮʝʧʪʫʨʘʤʠ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʙʘʚʢʠ ʩʠʨʦʧʫ ʣʘʢʪʫʣʦʟʠ. 

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʦʨʦʰʥʦ ʚʠʱʦʛʦ ʩʦʨʪʫ 

ʚʦʣʦʛʽʩʪʶ ï 14,5%. ɺʦʣʦʛʽʩʪʴ ʣʘʢʪʫʣʦʟʠ ï 41% . ʇʽʜ ʯʘʩ ʟʘʤʽʩʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʽʩʪʘ 

ʜʦʜʘʚʘʣʠ ʩʠʨʦʧ ʣʘʢʪʫʣʦʟʠ ʫ ʢʽʣʴʢʦʩʪʽ ï 2, 4, 6% ʜʦ ʤʘʩʠ ʙʦʨʦʰʥʘ. ɺ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʟʨʘʟʢʫ ʦʙʨʘʥʦ ʚʠʨʦʙʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʨʝʮʝʧʪʫʨʦʶ ʙʝʟ ʚʥʝʩʝʥʥʷ ʣʘʢʪʫʣʦʟʠ. ʗʢʽʩʪʴ ʚʠʨʦʙʽʚ 

ʦʮʽʥʶʚʘʣʠ ʯʝʨʝʟ 4 ʛʦʜʠʥʠ ʧʽʩʣʷ ʚʠʧʽʢʘʥʥʷ. ʂʦʥʪʨʦʣʶʚʘʣʠ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʘ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï  ɿʚʝʜʝʥʽ ʜʘʥʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʪʽʩʪʘ 

ʅʘʡʤʝʥʫʚʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ʂʦʥʪʨʦʣʴ ɿʨʘʟʦʢ ˉ1 ɿʨʘʟʦʢ ˉ2 ɿʨʘʟʦʢ ˉ3 

ɼʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ, % - 2% 4% 6% 

ɺʦʣʦʛʽʩʪʴ ʪʽʩʪʘ, % 43,0 42,2 40,0 38,8 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʯʘʪʢʦʚʘ, 
0
ʉ  38 33 38 36 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʽʥʮʝʚʘ, 
0
ʉ 32 30 34 34 

ʂʠʩʣʦʪʥʽʩʪʴ ʧʦʯʘʪʢʦʚʘ, ʛʨʘʜ 1,1 0,9 1,1 1,3 

ʂʠʩʣʦʪʥʽʩʪʴ ʢʽʥʮʝʚʘ, ʛʨʘʜ 2,0 2,2 2,3 2,6 

ʇʽʜʡʦʤʥʘ ʩʠʣʘ ʪʽʩʪʘ, ʩ 25 26 30 90 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: 

ʢʦʣʽʨ 

ʩʚʽʪʣʠʡ ʩʚʽʪʣʦ  ʩʚʽʪʣʠʡ ʩʚʽʪʣʠʡ 

ʩʤʘʢ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʧʨʠʩʤʘʢ 

ʜʦʙʘʚʢʠ ʥʝ 

ʚʽʜʯʫʪʥʠʡ 

ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʡ 

ʩʤʘʢ 

ʪʨʦʭʠ 

ʩʦʣʦʜʢʫʚʘʪʠʡ 

ʧʨʠʩʤʘʢ 

ʟʘʧʘʭ 

ʙʝʟ 

ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʟ ʥʝʟʥʘʯʥʠʤ 

ʟʘʧʘʭʦʤ 

ʜʦʙʘʚʢʠ 

ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʡ 

ʟʘʧʘʭ ʜʦʙʘʚʢʠ 

ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʡ 

ʟʘʧʘʭ ʜʦʙʘʚʢʠ 

ʢʦʥʩʠʩʪʝʥʮʽʷ 
ʦʜʥʦʨʽʜʥʘ, 

ʝʣʘʩʪʠʯʥʘ 

ʦʜʥʦʨʽʜʥʘ, 

ʝʣʘʩʪʠʯʥʘ 

ʦʜʥʦʨʽʜʥʘ, 

ʝʣʘʩʪʠʯʥʘ 

ʦʜʥʦʨʽʜʥʘ, 

ʝʣʘʩʪʠʯʥʘ 
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ʊʽʩʪʦ ʟ ʣʘʢʪʫʣʦʟʦʶ ʙʫʣʦ ʙʽʣʴʰ ʝʣʘʩʪʠʯʥʠʤ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ɺʽʜʟʥʘʯʝʥʦ, ʱʦ ʫ 

ʨʘʟʽ ʚʥʝʩʝʥʥʷ ʣʘʢʪʫʣʦʟʠ ʢʦʥʩʠʩʪʝʥʮʽʷ ʪʽʩʪʘ ʧʦʩʣʘʙʣʶʻʪʴʩʷ ʽ ʪʠʤ ʙʽʣʴʰʝ, ʯʠʤ ʙʽʣʴʰʝ ʾʾ 

ʚʥʝʩʝʥʦ ʫ ʪʽʩʪʦ. ʇʨʠ ʮʴʦʤʫ ʫ ʟʨʘʟʢʫ ʪʽʩʪʘ ʟ ʚʥʝʩʝʥʥʷʤ 6% ʜʦ ʤʘʩʠ ʙʦʨʦʰʥʘ ʣʘʢʪʫʣʦʟʠ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʽʨʰʝʥʥʷ ʘʜʛʝʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʽʩʪʘ. 

ʊʨʠʚʘʣʽʩʪʴ ʚʠʩʪʦʶʚʘʥʥʷ ʪʽʩʪʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʟ ʣʘʢʪʫʣʦʟʦʶ ʧʦʜʦʚʞʫʻʪʴʩʷ ʥʘ 3-14 ʭʚ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ, ʪʘ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʟʫʚʘʥʥʷ.  

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ ʚʦʣʦʛʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ, ʢʠʩʣʦʪʥʽʩʪʴ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ, ʫʧʽʢʘʥʥʷ ʪʘ ʫʩʠʭʘʥʥʷ ʚʠʨʦʙʽʚ, ʢʽʣʴʢʽʩʪʴ ʪʘ ʷʢʽʩʪʴ ʩʠʨʦʾ ʢʣʝʡʢʦʚʠʥʠ ʪʘ ʷʢʽʩʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʟʘ ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ [2], ʨʝʟʫʣʴʪʘʪʠ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 2.  

ʊʘʙʣʠʮʷ 2 ï ʗʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ  

ʇʦʢʘʟʥʠʢ ʂʦʥʪʨʦʣʴ ɿʨʘʟʦʢ ˉ1 ɿʨʘʟʦʢ ˉ2 ɿʨʘʟʦʢ ˉ3 

ʇʨʦʮʝʥʪ ʜʦʟʫʚʘʥʥʷ 

ʜʦʙʘʚʢʠ,% 
- 2% 4% 6% 

ʋʧʽʢʘʥʥʷ, % 2,35 2,78 2,80 2,82 

ʋʩʠʭʘʥʥʷ, % 0,96 1,07 1,25 0,5 

ɺʠʭʽʜ, % 137,0 135,4 126,3 123,9 

ɺʦʣʦʛʽʩʪʴ ʤôʷʢʫʰʢʠ, % 43,8 43,9 44,0 43,9 

ʂʠʩʣʦʪʥʽʩʪʴ ʤôʷʢʫʰʢʠ, ʛʨʘʜ 1,7 2,1 2,0 2,0 

ʇʦʨʠʩʪʽʩʪʴ ʤôʷʢʫʰʢʠ, % 66,3 67,9 68,4 68,6 

ʇʦʢʘʟʥʠʢ ʢʨʠʰʢʫʚʘʪʦʩʪʽ 

ʭʣʽʙʘ, % 
11,0 13,9 12,0 13,2 

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʫ 

ʧʦʛʣʠʥʘʻ ʤôʷʢʫʰʢʘ ʭʣʽʙʘ, % 
263,9 243,6 245,6 244,0 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: 

 ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 
ʬʦʨʤʦʚʠʡ ʬʦʨʤʦʚʠʡ ʬʦʨʤʦʚʠʡ ʬʦʨʤʦʚʠʡ 

ʢʦʣʽʨ ʽ ʩʪʘʥ ʧʦʚʝʨʭʥʽ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʞʦʚʪʘ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʘ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʘ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʘ  

ʢʦʣʽʨ ʽ ʩʪʘʥ ʤôʷʢʫʰʢʠ 
ʩʚʽʪʣʘ, 

ʧʦʨʠʩʪʘ 

ʩʚʽʪʣʘ, 

ʧʦʨʠʩʪʘ 

ʩʚʽʪʣʘ, 

ʧʦʨʠʩʪʘ 

ʩʚʽʪʣʘ, 

ʧʦʨʠʩʪʘ 

ʩʤʘʢ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʟʘʧʘʭ 

ʙʝʟ 

ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʙʝʟ 

ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʙʝʟ 

ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʙʝʟ 

ʩʪʦʨʦʥʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʝʤʦ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʣʘʢʪʫʣʦʟʠ ʫ ʢʽʣʴʢʦʩʪʽ 4% ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʽʜʚʠʱʝʥʥʷ ʛʘʟʦʫʪʚʦʨʶʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʽʩʪʘ, 

ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʦʢʘʟʥʠʢ ʧʦʨʠʩʪʦʩʪʽ ʭʣʽʙʘ. ʊʘʢʦʞ ʟʥʠʞʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, 

ʷʢʫ ʧʦʛʣʠʥʘʻ ʤôʷʢʫʰʢʘ ʭʣʽʙʘ. ʇʨʠ ʮʴʦʤʫ ʭʣʽʙ ʜʦʚʰʝ ʟʘʣʠʰʘʻʪʴʩʷ ʩʚʽʞʠʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʦʙʘʚʢʘ ʣʘʢʪʫʣʦʟʠ ʫ ʨʽʟʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʥʝ ʧʦʛʽʨʰʫʻ ʥʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ, ʥʽ 

ʩʤʘʢʦʚʠʭ ʷʢʦʩʪʝʡ ʭʣʽʙʘ, ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ 

ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ, ʧʦʪʨʝʙʫʻ ʧʝʨʝʨʘʭʫʥʢʫ ʨʝʮʝʧʪʫʨ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʠʪʠ 

ʛʣʽʢʝʤʽʯʥʠʡ ʽʥʜʝʢʩ ʚʠʨʦʙʽʚ ʪʘ ʟʙʽʣʴʰʠʪʠ ʾʭ  ʧʦʞʠʚʥʫ ʮʽʥʥʽʩʪʴ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʘʣʘʢʫʨʘ ʄ. ʎʫʢʨʦʟʘʤʽʥʥʠʢʠ ʪʘ ʧʽʜʩʦʣʦʜʞʫʚʘʯʽ ʫ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʘʭ/ ʄ. ʂʘʣʘʢʫʨʘ, 

ɺ. ɼʦʨʦʰʦʚʠʯ // ʍʣʽʙʦʧʝʢʘʨʩʴʢʘ ʽ ʢʦʥʜʠʪʝʨʩʴʢʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʋʢʨʘʾʥʠ. ï 2007. ï ˉ 4. ï ʩ. 12-13 
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ʊʦʧʦʨʦʚ ɸ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʨʝʪʴʷʢʦʚ ʇ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʦʢʨʦʚʩʢ, andrii.toporov@donntu.edu.ua 

ʆɹʆɹʑɽʅʅʓɽ ʂʈʀʊɽʈʀʀ ʆʎɽʅʂʀ ʅɸɼɽɾʅʆʉʊʀ ʕʃɽʄɽʅʊʆɺ 

ʍʀʄʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ  

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʘʢʪʫʘʣʴʥʦʡ ʦʩʪʘʝʪʩʷ ʟʘʜʘʯʘ ʦʮʝʥʢʠ 

ʧʘʨʘʤʝʪʨʦʚ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʚʝʣʠʯʠʥʳ ʚʝʨʦʷʪʥʦʩʪʥʳʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʝ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʨʷʜʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʪʠʩʪʠʢ. 

ɺʘʞʥʳʤ ʵʪʘʧʦʤ ʦʮʝʥʢʠ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠ 

ʦʙʦʩʥʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʫʩʣʦʚʠʷ ʝʛʦ ʦʪʢʘʟʘ. ɼʣʷ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʪʘʢʠʭ ʢʨʠʪʝʨʠʝʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ. ɺ ʦʙʱʝʤ 

ʚʠʜʝ ʢʨʠʪʝʨʠʡ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʠ ʜʦʧʫʩʢʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʩʣʫʯʘʷ. ɺ ʧʝʨʚʦʤ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ x 

ʜʦʣʞʥʦ ʙʦʣʴʰʝ (ʤʝʥʴʰʝ) ʜʦʧʫʩʢʘʝʤʦʛʦ X (1), ʚʦ ʚʪʦʨʦʤ ï ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ x ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ [ ]maxmin; XX  (2). 

 ʋʩʣʦʚʠʝ 1: xX > . ʋʩʣʦʚʠʝ 2: [ ]maxmin ; XXxÍ . (1) 

ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʩʣʦʚʠʷ 1: ʜʝʡʩʪʚʫʶʱʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʳʭ; ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ; ʣʠʥʝʡʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʤʝʥʴʰʝ ʜʦʧʫʩʢʘʝʤʦʡ; ʜʣʷ ʫʩʣʦʚʠʷ 2: ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʚ ʨʝʘʢʪʦʨʝ ʜʦʣʞʥʘ 

ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ; ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʡ ʩʨʝʜʳ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ ʠ ʪ.ʧ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ [1], ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 1, ʠʤʝʝʪ ʚʠʜ: 

 ( ) ( )0>-=>= xXPxXPR . (2) 

ʊʦʛʜʘ, ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʟʘʢʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ 

X ʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ x ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ MŮ ʠ ʩʨʝʜʥʝʝ 

ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ŭŮ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ : 

 
xX MMM -=e ; 

22

xX ddde -= . (3) 

ʘ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʯʝʨʝʟ , ʢʘʢ: 

 ( ) ññ
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. (4) 

ʛʜʝ z - ʥʦʨʤʠʨʦʚʘʥʥʘ ̫ʩʣʫʯʘʡʥʘ ̫ʚʝʣʠʯʠʥʘ ( ) ee de Mz -= . 

ɺʝʨʦ̫ʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʥʘʡʪʠ ʧʨʠ ʧʦʤʦʱʠ ʬʫʥʢʮʠʠ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʥʦʨʤʘʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ū(z) [2]. ʊʦʛʜʘ ʬʦʨʤʫʣʘ (4) ʧʨʠʥʠʤʘʝʪ ʚʠʜ: 

 . ( )( ) ()zMMR xXxX F-=+--F-= 11 22 dd . (5) 

ʛʜʝ ū(z) - ʬʫʥʢʮʠʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ, ʪ.ʝ. ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ 2, ʠʤʝʝʪ ʚʠʜ: 
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 ( )maxmin XxXPR ¢¢= . (6) 

ʀʟʚʝʩʪʥʦ [2], ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʩʣʫʯʘʡʥʦʡ 

ʚʝʣʠʯʠʥʳ x ʚ ʟʘʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ [ ]maxmin ; XX  ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 ( ) ö
ö
÷

õ
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÷
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æ
æ
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å -
F=¢¢=
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. (7) 

ʛʜʝ ū0(x) - ʬʫʥʢʮʠʷ ʃʘʧʣʘʩʘ: () ñ
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ɼʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ X ʠ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ x ʧʣʦʪʥʦʩʪʠ ʠʭ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʤʝʶʪ ʚʠʜ: 
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ʛʜʝ ŭx, ŭX, Mx, MX - ʩʨʝʜʥʝʝ ʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ŭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʛʦ x ʠ ʜʦʧʫʩʢʘʝʤʦʛʦ X; ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʣʷ ʫʩʣʦʚʠʷ 1 ʥʘ ʨʠʩʫʥʢʝ 1 ʘ ʦʙʣʘʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ ʦʜʠʥʘʨʥʦʡ 

ʰʪʨʠʭʦʚʢʦʡ, ʘ ʦʙʣʘʩʪʴ ʦʪʢʘʟʘ ï ʜʚʦʡʥʦʡ ʰʪʨʠʭʦʚʢʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʣʦʱʘʜʠ 

ʫʢʘʟʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʶʪʩʷ ʚʝʨʦʷʪʥʦʩʪʷʤʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠ ʦʪʢʘʟʘ. ɼʣʷ ʫʩʣʦʚʠʷ 2 

ʥʘ ʨʠʩʫʥʢʝ 1 ʙ ʦʙʣʘʩʪʴ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʘ ʦʜʠʥʘʨʥʦʡ ʰʪʨʠʭʦʚʢʦʡ, ʘ ʧʣʦʱʘʜʴ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴʶ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

 
ʈʠʩ. 1 - ɻʨʘʬʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʪʢʘʟʘ ʠ ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ. 

ʇʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʥʘʜʝʞʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʘʷʩʷ 

ʪʝʤ, ʯʪʦ ʫʯʠʪʳʚʘʝʪ ʠʭ ʚʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ ʦʮʝʥʢʘ 

ʥʘʜʝʞʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʝʡʩʪʚʫʶʱʝʛʦ ʠ ʜʦʧʫʩʢʘʝʤʦʛʦ 

ʢʨʠʪʝʨʠʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʜʚʫʭ ʩʣʫʯʘʝʚ: ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ (ʤʝʥʴʰʝ) ʜʦʧʫʩʢʘʝʤʦʛʦ, ʠ ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ 

ʜʝʡʩʪʚʫʶʱʝʛʦ ʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʦʣʞʥʦ ʥʘʭʦʜʠʪʴʩʷ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. ʂʘʧʫʨ ʂ. ʅʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ [ʊʝʢʩʪ]/ ʂ. ʂʘʧʫʨ, ʃ. ʃʘʤʙʝʨʩʦʥ  ï ʄ.: 

ʀʟʜʘʪʝʣʴʩʪʚʦ "ʄʠʨ", ʧʝʨ. ʩ ʘʥʛʣ. ʧʦʜ ʨʝʜ. ʋʰʘʢʦʚʘ ʀ.ɸ., 1980, ï 605 ʩ. 
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2. ʂʦʨʦʣʶʢ ɺ.ʉ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ [ʊʝʢʩʪ]/ 

ɺ.ʉ. ʂʦʨʦʣʶʢ, ʅ.ʀ. ʇʦʨʪʝʥʢʦ, ɸ.ɺ. ʉʢʦʨʦʭʦʜ ʠ ʜʨ. ï ʄ.: ʅʘʫʢʘ, 1985. ï 640 ʩ. 
 

ʉʘʤʦʭʚʘʣʦʚʘ ʆ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʆʣʽʡʥʠʢ ʉ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʃʘʧʠʮʴʢʘ ʅ.ɺ., ʘʩʧʽʨʘʥʪ 

ʉʪʝʧʘʥʴʢʦʚʘ ɻ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʚʠʢʣʘʜʘʯ 

ʍʘʨʢʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ, nadegda.lapitskaja@gmail.com 

ʑʆɼʆ ʇɽʈʉʇɽʂʊʀɺʅʆʉʊɯ ɺʀʂʆʈʀʉʊɸʅʅʗ ʐʈʆʊʋ ɿɸʈʆɼʂɯɺ ʇʐɽʅʀʎɯ ɺ 

ʊɽʍʅʆʃʆɻɯɰ ɾʀʊʅʔʆ-ʇʐɽʅʀʏʅʆɻʆ ʍʃɯɹɸ ʇɯɼɺʀʑɽʅʆɰ ʍɸʈʏʆɺʆɰ 

ʎɯʅʅʆʉʊɯ 

ɺʽʜʦʤʦ, ʱʦ ʦʩʪʘʥʥʽʤʠ ʨʦʢʘʤʠ ʚ ʋʢʨʘʾʥʽ ʩʪʨʽʤʢʦ ʨʦʟʧʦʚʩʶʜʞʫʶʪʴʩʷ ʭʚʦʨʦʙʠ 

ʘʣʽʤʝʥʪʘʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ, ʚʠʢʣʠʢʘʥʽ ʥʝʧʦʚʥʦʮʽʥʥʽʩʪʶ ʭʘʨʯʦʚʦʛʦ ʨʘʮʽʦʥʫ ʥʘʩʝʣʝʥʥʷ [1-2]. 

ʆʜʥʠʤ ʽʟ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʜʘʥʦʾ ʧʨʦʙʣʝʤʠ ʻ ʩʪʚʦʨʝʥʥʷ ʧʨʦʜʫʢʪʽʚ ʦʟʜʦʨʦʚʯʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʠʤ ʚʤʽʩʪʦʤ ʦʩʥʦʚʥʠʭ ʬʽʟʽʦʣʦʛʽʯʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʽʥʛʨʝʜʽʻʥʪʽʚ. 

ʊʨʘʜʠʮʽʡʥʦ ʦʜʥʫ ʽʟ ʣʽʜʠʨʫʶʯʠʭ ʧʦʟʠʮʽʡ ʚ ʨʘʮʽʦʥʘʭ ʭʘʨʯʫʚʘʥʥʷ ʚʩʽʭ ʚʝʨʩʪʚ ʥʘʩʝʣʝʥʥʷ 

ʥʘʰʦʾ ʢʨʘʾʥʠ ʧʦʩʽʜʘʶʪʴ ʭʣʽʙʦʙʫʣʦʯʥʽ ʚʠʨʦʙʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʽ ʩʦʨʪʠ ʭʣʽʙʘ. 

ʊʘʢ, ʟʛʽʜʥʦ ʟ ʜʘʥʠʤʠ ʘʥʘʣʽʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʾʭ ʯʘʩʪʢʘ ʚ ʘʩʦʨʪʠʤʝʥʪʽ ʭʣʽʙʥʠʭ ʚʠʨʦʙʽʚ 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 30% ʚ ʧʽʚʜʝʥʥʦ-ʩʭʽʜʥʠʭ ʦʙʣʘʩʪʷʭ ʜʦ 50% ʚ ʧʽʚʥʽʯʥʦ-ʟʘʭʽʜʥʠʭ ʦʙʣʘʩʪʷʭ [2]. 

ɸʩʦʨʪʠʤʝʥʪ ʞʠʪʥʽʭ ʪʘ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʠʭ ʩʦʨʪʽʚ ʭʣʽʙʘ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʝʣʠʢʦʶ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ, ʧʨʦʪʝ ʨʘʟʦʤ ʟ ʪʠʤ ʚʽʜʦʤʦ, ʱʦ ʾʭ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ ʻ ʥʝ ʟʙʘʣʘʥʩʦʚʘʥʠʤ ʟʘ 

ʚʤʽʩʪʦʤ ʙʽʣʢʽʚ, ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ ʪʘ 

ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ. ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ ʚ ʘʩʦʨʪʠʤʝʥʪʽ ʞʠʪʥʽʭ ʪʘ 

ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʠʭ ʩʦʨʪʽʚ ʭʣʽʙʘ ʩʝʛʤʝʥʪʫ ʚʠʨʦʙʽʚ ʦʟʜʦʨʦʚʯʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʟ ʧʽʜʚʠʱʝʥʠʤ 

ʚʤʽʩʪʦʤ ʝʩʩʝʥʮʽʘʣʴʥʠʭ ʨʝʯʦʚʠʥ.  

ʅʘʫʢʦʚʦ ʦʙˇʨʫʥʪʦʚʘʥʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʮʽʥʥʦʩʪʽ ʭʣʽʙʘ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʡʦʛʦ ʪʝʭʥʦʣʦʛʽʷʭ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʧʝʨʝʨʦʙʢʠ ʟʝʨʥʦʚʠʭ ʢʫʣʴʪʫʨ, ʷʢʽ ʻ 

ʧʨʠʨʦʜʥʠʤ ʜʞʝʨʝʣʦʤ ʙʽʦʣʦʛʽʯʥʦ ʮʽʥʥʠʭ ʙʽʣʢʽʚ, ʥʝʧʝʨʝʪʨʘʚʣʶʚʘʥʠʭ ʧʦʣʽʩʘʭʘʨʠʜʽʚ ʪʘ 

ʽʥʰʠʭ ʢʦʨʠʩʥʠʭ ʨʝʯʦʚʠʥ. ʋ ʮʴʦʤʫ ʟʚôʷʟʢʫ ʥʘʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʭʘʨʯʦʚʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ 

ʮʽʥʥʦʩʪʽ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʥʝʞʠʨʝʥʠʡ ʰʨʦʪ 

ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ, ʱʦ ʻ ʚʪʦʨʠʥʥʠʤ ʧʨʦʜʫʢʪʦʤ ʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ 

ʟʘʨʦʜʢʦʚʦʾ ʦʣʽʾ. ɺʽʥ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʙʽʦʣʦʛʽʯʥʦ ʮʽʥʥʦʛʦ ʙʽʣʢʫ, ʭʘʨʯʦʚʠʭ 

ʚʦʣʦʢʦʥ, ʚʽʪʘʤʽʥʽʚ ɺ1, ɽ ʪʘ ʈʈ, ʘ ʪʘʢʦʞ ʪʘʢʠʭ ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ ʷʢ ʢʘʣʽʡ, ʢʘʣʴʮʽʡ, 

ʤʘʨʛʘʥʝʮʴ, ʟʘʣʽʟʦ, ʭʨʦʤ [3].  

ʅʘ ʢʘʬʝʜʨʽ ʪʝʭʥʦʣʦʛʽʾ ʭʣʽʙʘ, ʢʦʥʜʠʪʝʨʩʴʢʠʭ, ʤʘʢʘʨʦʥʥʠʭ ʚʠʨʦʙʽʚ ʪʘ ʭʘʨʯʦʢʦʥʮʝʥʪʨʘʪʽʚ 

ʍɼʋʍʊ ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʧʨʦʚʦʜʷʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʰʨʦʪʫ 

ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʫ ʪʝʭʥʦʣʦʛʽʾ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʽ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ ʽʟ ʧʰʝʥʠʯʥʦʛʦ 

ʙʦʨʦʰʥʘ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʨʷʜ ʟ ʧʦʢʨʘʱʝʥʥʷʤ ʭʘʨʯʦʚʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ ʚʠʨʦʙʽʚ, 

ʫ ʪʽʩʪʽ ʟʘ ʡʦʛʦ ʜʦʜʘʚʘʥʥʷ ʽʥʪʝʥʩʠʬʽʢʫʶʪʴʩʷ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʽ, ʙʽʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʪʘ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚôʷʟʢʽʩʪʴ [4, 5]. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʫ ʪʝʭʥʦʣʦʛʽʾ ʭʣʽʙʘ ʟ ʩʫʤʽʰʽ ʞʠʪʥʴʦʛʦ ʪʘ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʫʟʘʛʘʣʴʥʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʚʧʣʠʚʫ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ 

ʧʰʝʥʠʮʽ ʥʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʽ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ, 

ʘ ʪʘʢʦʞ ʾʭ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ.  

ʂʦʥʪʨʦʣʴʥʠʡ ʟʨʘʟʦʢ ʪʽʩʪʘ ʛʦʪʫʚʘʣʠ ʧʨʠʩʢʦʨʝʥʠʤ ʩʧʦʩʦʙʦʤ ʽʟ ʩʫʤʽʰʽ ʞʠʪʥʴʦʛʦ ʽ 

ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ ʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 1:1 ʟ ʜʦʜʘʚʘʥʥʷʤ 2,5% ʩʫʭʦʾ ʟʘʢʚʘʩʢʠ çPuratos 

Othello Normaè (ɹʝʣʴʛʽʷ), 2% ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʭ ʧʨʝʩʦʚʘʥʠʭ ʜʨʽʞʜʞʽʚ, 1,5% ʢʫʭʦʥʥʦʾ ʩʦʣʽ. 

ʇʽʜ ʯʘʩ ʧʨʠʛʦʪʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʭʣʽʙʘ ʰʨʦʪ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʫ ʢʽʣʴʢʦʩʪʽ 

10é20% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʙʦʨʦʰʥʘ ʚʥʦʩʠʣʠ ʫ ʩʫʭʦʤʫ ʚʠʛʣʷʜʽ ʥʘ ʩʪʘʜʽʾ ʟʘʤʽʰʫʚʘʥʥʷ 
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ʪʽʩʪʘ. ɺʦʣʦʛʽʩʪʴ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʪʽʩʪʘ ʩʢʣʘʜʘʣʘ 47,0. ʆʩʢʽʣʴʢʠ ʚʦʜʦʧʦʛʣʠʥʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʚʠʱʘ, ʥʽʞ ʫ ʙʦʨʦʰʥʘ, ʚʦʣʦʛʽʩʪʴ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʽʩʪʘ 

ʧʽʜʚʠʱʫʚʘʣʠ ʥʘ 0,5é1,0%. ʊʨʠʚʘʣʽʩʪʴ ʜʦʟʨʽʚʘʥʥʷ ʢʦʥʪʨʦʣʴʥʠʭ ʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ 

ʩʪʘʥʦʚʠʣʘ 90 ʭʚ. ɺʠʙʨʦʜʞʝʥʝ ʪʽʩʪʦ ʧʽʜʜʘʚʘʣʠ ʬʦʨʤʫʚʘʥʥʶ, ʘ ʩʬʦʨʤʦʚʘʥʽ ʪʽʩʪʦʚʽ ʟʘʛʦʪʦʚʢʠ 

- ʚʠʩʪʦʶʚʘʥʥʶ ʪʘ ʚʠʧʽʢʘʥʥʶ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʚʥʝʩʝʥʥʷ ʜʦʙʘʚʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʟʘʟʥʘʶʪʴ ʟʤʽʥ. 

ʊʘʢ, ʚʦʣʦʛʽʩʪʴ ʤôʷʢʫʰʢʠ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʭʣʽʙʘ ʩʪʘʥʦʚʠʪʴ 46,4%, ʘ ʫ ʟʨʘʟʢʽʚ ʟ ʰʨʦʪʦʤ 

ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʚʦʥʘ ʚʠʱʘ ʽ ʩʢʣʘʜʘʻ 46,5é47,6%. ʎʝ ʧʦʚôʷʟʘʥʦ ʷʢ ʽʟ ʙʽʣʴʰʦʶ ʚʦʣʦʛʽʩʪʶ 

ʪʩ̔ʪʘ ʟ ʜʦʙʘʚʢʦʶ, ʪʘʢ ʽ ʟ ʤʝʥʰʠʤʠ ʚʪʨʘʪʘʤʠ ʚʦʣʦʛʠ ʧʽʜ ʯʘʩ ʚʠʧʽʢʘʥʥʷ ʪʘ ʦʩʪʠʛʘʥʥʷ 

ʜʦʩʣʽʜʥʠʭ ʚʠʨʦʙʽʚ. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʟʨʦʩʪʘʻ ʽ ʪʠʪʨʦʚʘʥʘ ʢʠʩʣʦʪʥʽʩʪʴ 

ʭʣʽʙʘ, ʷʢʘ ʩʢʣʘʜʘʻ 6,5é7,3 ʛʨʘʜ, ʱʦ ʚʠʱʝ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʥʘ 0,5é1,3 ʛʨʘʜ. ʊʘʢʽ 

ʟʤʥ̔ʠ, ʥʘ ʥʘʰ ʧʦʛʣʷʜ, ʚʠʢʣʠʢʘʥʽ ʘʢʪʠʚʘʮʽʻʶ ʤʦʣʦʯʥʦʢʠʩʣʦʛʦ ʙʨʦʜʽʥʥʷ ʫ ʪʽʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʥʝʩʝʥʥʷ ʨʘʟʦʤ ʽʟ ʜʦʙʘʚʢʦʶ ʚʽʪʘʤʽʥʽʚ, ʤʽʥʝʨʘʣʴʥʠʭ ʨʝʯʦʚʠʥ, ʘʤʽʥʦʢʠʩʣʦʪ, ʱʦ ʻ 

ʧʦʞʠʚʥʠʤʠ ʜʣʷ ʤʦʣʦʯʥʦʢʠʩʣʠʭ ʙʘʢʪʝʨʽʡ. ʇʦʢʘʟʥʠʢʠ ʧʦʨʠʩʪʦʩʪʽ ʪʘ ʧʠʪʦʤʦʛʦ ʦʙôʻʤʫ ʭʣʽʙʘ 

ʟʘ ʚʥʝʩʝʥʥʷ 10% ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʶʪʴʩʷ, ʪʦʜʽ ʷʢ ʟʘ ʚʥʝʩʝʥʥʷ 

15% ʜʦʙʘʚʢʠ ʚʦʥʠ ʩʢʣʘʜʘʶʪʴ 58% ʪʘ 1,9 ʩʤ
3
/ʛ, ʱʦ ʥʘ 7,5 ʽ 10% ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʝ, 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʮʠʤʠ ʜʘʥʠʤʠ ʫ ʢʦʥʪʨʦʣʴʥʠʭ ʚʠʨʦʙʽʚ. ʅʘʡʙʽʣʴʰ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʮʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʧʦʤʽʪʥʝ ʫ ʨʘʟʽ ʜʦʜʘʚʘʥʥʷ 20,0% ʜʦʙʘʚʢʠ. ʋ ʮʴʦʤʫ ʟʨʘʟʢʫ ʭʣʽʙʘ ʧʦʨʠʩʪʽʩʪʴ ʪʘ 

ʧʠʪʦʤʠʡ ʦʙôʻʤ ʩʢʣʘʜʘʶʪʴ 55% ʪʘ 1,7 ʩʤ
3
/ʛ, ʱʦ ʥʘ 12,0 ʪʘ 15,0% ʤʝʥʰʝ ʢʦʥʪʨʦʣʴʥʦʛʦ 

ʟʨʘʟʢʘ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʯʠʥʝʥʦ ʧʽʜʚʠʱʝʥʦʶ ʘʤʽʣʦʣʽʪʠʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ 

ʧʰʝʥʠʮʽ [4].  

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʢʦʥʪʨʦʣʴʥʦʛʦ ʪʘ ʜʦʩʣʽʜʥʠʭ 

ʟʨʘʟʢʽʚ ʭʣʽʙʘ ʧʦʢʘʟʘʣʠ, ʱʦ ʚʩʽ ʚʠʨʦʙʠ ʤʘʣʠ ʧʨʘʚʠʣʴʥʫ ʬʦʨʤʫ ʙʝʟ ʧʽʜʨʠʚʽʚ ʪʘ ʪʨʽʱʠʥ, 

ʛʣʘʜʢʫ ʧʦʚʝʨʭʥʶ. ɺʠʨʦʙʠ ʟ ʜʦʙʘʚʢʦʶ ʤʘʣʠ ʩʦʣʦʜʢʫʚʘʪʠʡ ʧʨʠʩʤʘʢ, ʷʢʠʡ ʧʦʩʠʣʶʚʘʣʠʩʷ ʟʘ 

ʤʽʨʦʶ ʟʙʽʣʴʰʝʥʥʷ ʜʦʙʘʚʢʠ. ʄôʷʢʫʰʢʘ ʪʘ ʩʢʦʨʠʥʢʘ ʜʦʩʣʽʜʥʠʭ ʚʠʨʦʙʽʚ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ 

ʙʽʣʴʰ ʪʝʤʥʠʤ ʢʦʣʴʦʨʦʤ. ɿʘ ʜʦʜʘʚʘʥʥʷ 10% ʜʦʙʘʚʢʠ ʤôʷʢʫʰʢʘ ʭʣʽʙʘ ʙʫʣʘ ʜʦʙʨʝ 

ʧʨʦʧʝʯʝʥʦʶ, ʝʣʘʩʪʠʯʥʦʶ, ʙʝʟ ʫʱʽʣʴʥʝʥʴ, ʟ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ. ʋ ʨʘʟʽ 

ʟʙʽʣʴʰʝʥʥʽ ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ ʜʦ 15% ʤôʷʢʫʰʢʘ ʚʠʨʦʙʽʚ ʜʝʱʦ ʚʪʨʘʯʘʣʘ ʝʣʘʩʪʠʯʥʽʩʪʴ, 

ʧʦʨʠʩʪʽʩʪʴ ʩʪʘʚʘʣʘ ʤʝʥʰ ʨʦʟʚʠʥʝʥʦʶ, ʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʜʦʟʫʚʘʥʥʽ ʜʦʙʘʚʢʠ (20%) ï 

ʙʫʣʘ ʥʝʝʣʘʩʪʠʯʥʦʶ ʟ ʧʦʛʘʥʦ ʨʦʟʚʠʥʝʥʦʶ ʧʦʨʠʩʪʽʩʪʶ.  

ʆʪʞʝ, ʫʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ 

ʷʢʦʩʪʽ ʜʦʩʣʽʜʥʠʭ ʪʘ ʢʦʥʪʨʦʣʴʥʠʭ ʟʨʘʟʢʽʚ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ, ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʙʽʣʴʰʝ 15% ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʜʦʙʘʚʢʠ ʫ ʮʽʡ ʢʽʣʴʢʦʩʪʽ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʭʘʨʯʦʚʦʾ 

ʮʽʥʥʦʩʪʽ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʜʘʥʽ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ɺʤʽʩʪ ʧʦʞʠʚʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ 100 ʛ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ 

ʭʣʽʙʘ 

ʉʢʣʘʜʦʚʽ ɺʤʽʩʪ ʧʦʞʠʚʥʠʭ ʽ ʙʽʦʣʦʛʽʯʥʦ ʘʢʪʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ʟʨʘʟʢʘʭ ʭʣʽʙʘ 

ʙʝʟ ʜʦʙʘʚʢʠ (ʢʦʥʪʨʦʣʴ) ʟ ʜʦʜʘʚʘʥʥʷʤ 15% ʰʨʦʪʫ 

ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ  

ɹʽʣʢʠ, ʛ 6,3 10,3 

ɾʠʨʠ, ʛ 1,50 1,25 

ɺʫʛʣʝʚʦʜʠ, ʛ 45,8 39,0 

ʍʘʨʯʦʚʽ ʚʦʣʦʢʥʘ, ʛ 5,2 6,9 

ɺʽʪʘʤʽʥʠ, ʤʛ: 

ɺ1 

 

0,15 

 

0,29 

ɺ6 0,13 0,18 

ɽ 1,0 1,37 

ʄʽʥʝʨʘʣʴʥʽ ʨʝʯʦʚʠʥʠ, ʤʛ:   
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37 

ʂʘʣʴʮʽʡ  20,0 22,0 

ʄʘʛʥʽʡ  36,00 55,9 

ɿʘʣʽʟʦ  2,0 4,0 

ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʪʘʙʣʠʮʽ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚʤʽʩʪ ʙʽʣʢʽʚ ʟʘ ʜʦʜʘʚʘʥʥʷ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ 

ʧʰʝʥʠʮʽ ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 63,4%, ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ - ʥʘ 32,0%. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʫ ʚʠʨʦʙʘʭ 

ʟʥʠʞʫʻʪʴʩʷ ʚʤʽʩʪ ʞʠʨʫ ʥʘ 16,7% ʪʘ ʚʫʛʣʝʚʦʜʽʚ ï ʥʘ 15,0%. ʆʯʝʚʠʜʥʦ, ʮʝ ʧʦʚôʷʟʘʥʦ ʽʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʞʠʨʽʚ ʫ ʰʨʦʪʽ ʪʘ ʩʢʣʘʜʦʤ ʡʦʛʦ ʚʫʛʣʝʚʦʜʽʚ, ʷʢʽ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʽ ʤʦʥʦ- 

ʽ ʜʠʩʘʭʘʨʠʜʘʤʠ ʪʘ ʤʽʩʪʷʪʴ ʣʠʰʝ ʩʣʽʜʠ ʢʨʦʭʤʘʣʶ [4]. ɿʙʽʣʴʰʫʻʪʴʩʷ ʪʘʢʦʞ ʚʽʪʘʤʽʥʥʘ 

ʮʽʥʥʽʩʪʴ ʭʣʽʙʘ, ʘ ʩʘʤʝ ʚʤʽʩʪ  ʚʽʪʘʤʽʥʽʚ ɺ1 ʧʽʜʚʠʱʫʻʪʴʩʷ ʥʘ 52,6%, ɽ ï ʥʘ 30,4%, ɺ6 ï 38,5%. 

ɿʘ ʜʦʜʘʚʘʥʥʷ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʫ ʚʠʨʦʙʘʭ ʟʙʽʣʴʰʫʻʪʴʩʷ  ʚʤʽʩʪ ʤʘʛʥʽʶ ʪʘ ʟʘʣʽʟʘ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʭ, ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʘ 

ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʭʣʽʙʘ ʟ ʜʦʜʘʚʘʥʥʷʤ ʰʨʦʪʫ ʟʘʨʦʜʢʽʚ ʧʰʝʥʠʮʽ ʜʦʚʝʣʠ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ 

ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʪʝʭʥʦʣʦʛʽʾ ʞʠʪʥʴʦ-ʧʰʝʥʠʯʥʦʛʦ ʭʣʽʙʘ ʧʽʜʚʠʱʝʥʦʾ ʭʘʨʯʦʚʦʾ ʪʘ 

ʙʽʦʣʦʛʽʯʥʦʾ ʮʽʥʥʦʩʪʽ. 
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ʇɸʊ çʍʽʤʪʝʢʩʪʠʣʴʤʘʰè, ʤ. ʏʝʨʥʽʛʽʚ 

ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʊʆʈʀʅʅʆɻʆ ʇɺʍ ʋ ɺʀʈʆɹʅʀʎʊɺɯ ʊʈʋɹ ɼʃʗ 

ʄɽʃɯʆʈɸʎɯɰ ʊɸ ɺʆɼʅʆɻʆ ɻʆʉʇʆɼɸʈʉʊɺɸ 

ɺ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ ʧʨʦ ʚʠʩʫʰʫʚʘʥʥʽ ʙʦʣʦʪ ʘʙʦ ʟʨʦʰʝʥʥʽ ʟʝʤʣʽ 

ʽʥʪʝʥʩʠʚʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʪʨʠʤʘʣʠ ʜʨʝʥʘʞʥʽ ʪʨʫʙʠ ʟ ʇɺʍ [1,2]. ɺʦʥʠ ʻ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʟʘ ʨʘʭʫʥʦʢ ʚʠʩʦʢʦʾ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʥʝʚʝʣʠʢʦʾ ʤʘʩʠ, ʤʘʣʦʛʦ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʦʧʦʨʫ, ʧʨʦʩʪʦʪʠ ʟôʻʜʥʘʥʥʷ ʤʽʞ ʩʦʙʦʶ ʪʘ ʤʦʥʪʘʞʫ [3]. ɺ ʥʘʰ ʯʘʩ ʙʽʣʴʰʽʩʪʴ 

ʚʠʨʦʙʥʠʢʽʚ ʯʝʨʝʟ ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʜʦʨʦʛʦʚʠʟʥʫ ʪʘ ʜʝʬʽʮʠʪ ʩʠʨʦʚʠʥʠ ʧʨʠʧʠʥʠʣʠ ʚʠʧʫʩʢ 

ʜʨʝʥʘʞʥʠʭ ʪʨʫʙ ʟ ʧʝʨʚʠʥʥʦʛʦ ʇɺʍ. ɼʣʷ ʜʘʥʦʛʦ ʚʠʜʫ ʧʨʦʜʫʢʮʽʾ ʤʘʻ ʟʤʽʩʪ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ 

ʧʦ ʚʠʢʦʨʠʩʪʘʥʥʶ ʚ ʷʢʦʩʪʽ ʩʠʨʦʚʠʥʠ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ.  

ʆʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʚʽʜʭʦʜʽʚ ʟ ʇɺʍ ʻ ʾʭ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ. ʈʽʟʥʽ 

ʚʠʨʦʙʠ, ʱʦ ʙʫʣʠ ʫ ʚʞʠʪʢʫ, ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ. ʇɺʍ ʤʦʞʝ 

ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʜʦʤʽʰʦʢ, ʷʢʽ ʥʘʜʘʶʪʴ ʧʝʨʚʠʥʥʽʡ ʧʦʣʽʤʝʨʥʽʡ ʢʦʤʧʦʟʠʮʽʾ 
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ʟʘʜʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʚʪʦʨʠʥʥʫ ʧʝʨʝʨʦʙʢʫ ʤʘʪʝʨʽʘʣʫ. 

ɹʘʛʘʪʦʨʘʟʦʚʘ ʧʝʨʝʨʦʙʢʘ ʧʦʣʽʤʝʨʫ ʚʧʣʠʚʘʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʫʚʘʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʇɺʍ ʜʦʩʪʘʪʥʴʦ ʣʝʛʢʦ ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʥʘʧʨʫʛʘʤ ʟʩʫʚʫ, ʦʢʠʩʣʝʥʥʶ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʡʦʛʦ ʩʪʨʫʢʪʫʨʠ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɺ 

ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʝʨʝʨʦʙʮʽ, ʧʦʛʽʨʰʫʻʪʴʩʷ ʡʦʛʦ ʟʜʘʪʥʽʩʪʴ ʜʦ 

ʧʝʨʝʨʦʙʢʠ [4]. ʇʨʠ ʦʪʨʠʤʘʥʥʽ ʢʦʤʧʦʟʠʮʽʾ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʧʝʨʚʠʥʥʦʛʦ ʪʘ ʚʪʦʨʠʥʥʦʛʦ 

ʇɺʍ, ʽʩʥʫʻ ʚʠʩʦʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʦʪʨʠʤʘʪʠ ʙʨʘʢʦʚʘʥʠʡ ʚʠʨʽʙ.  

ʄʘʶʯʠ ʥʘ ʫʚʘʟʽ ʚʠʱʝʟʛʘʜʘʥʝ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʥʫʯʢʦʾ ʚʠʪʦʾ ʜʨʝʥʘʞʥʦʾ ʪʨʫʙʠ (ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʪʨʫʙʠ), ʥʘʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʘ ʜʦʩʣʽʜʞʝʥʘ ʢʦʤʧʦʟʠʮʽʡʥʘ ʩʫʤʽʰ, ʱʦ ʤʽʩʪʠʪʴ 

ʧʝʨʚʠʥʥʠʡ ʪʘ ʚʪʦʨʠʥʥʠʡ ʇɺʍ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʜʦʤʽʰʢʘʤʠ. 

ʈʦʙʦʪʘ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʪʘ ʦʙʣʘʜʥʘʥʥʽ ʇɸʊ çʍʽʤʪʝʢʩʪʠʣʴʤʘʰè. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʪʨʫʙʠ, ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʩʢʣʘʜ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʫʤʽʰʽ 

(ʪʘʙʣ. 1), ʷʢʘ ʙ ʚ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝ ʧʽʜʜʘʚʘʣʘʩʴ ʜʝʩʪʨʫʢʮʽʾ. ʆʩʢʽʣʴʢʠ ʫ 

ʚʪʦʨʠʥʥʦʤʫ ʇɺʍ ʚʞʝ ʤʽʩʪʠʣʠʩʷ ʜʦʤʽʰʢʠ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ, ʪʦ ʧʽʜʙʽʨ 

ʜʦʤʽʰʦʢ ʟʜʽʡʩʥʶʚʘʚʩʷ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʥʘʥʥʷ ʥʠʤʠ ʬʫʥʢʮʽʾ, ʘ ʪʘʢʦʞ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʠʥʥʦ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʚʠʛʽʜʥʠʤ ʪʘ ʪʝʭʥʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʨʫʙʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ: 

- ʇʝʨʚʠʥʥʠʡ ʇɺʍ ʩʫʩʧʝʥʟʽʡʥʠʡ ʤʘʨʢʠ ʉ-6358 ʄ ɼʉʊʋ 7576:2014. ʗʚʣʷʻ ʩʦʙʦʶ ʙʽʣʠʡ 

ʧʦʨʦʰʦʢ, ʨʦʟʤʽʨʦʤ ʟʝʨʝʥ 0,03-0,1 ʤʤ, ʱʽʣʴʥʽʩʪʶ 1200-1400 ʢʛ/ʤ
3
, ʥʘʩʠʧʥʘ ʱʽʣʴʥʽʩʪʴ 400-

600 ʢʛ/ʤ
3
, ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʣʘʚʣʝʥʥʷ 86-95

 ʦ
ʉ ʪʘ ʪʝʤʧʝʨʘʪʫʨʦ  ʁʨʦʟʢʣʘʜʫ 140

 ʦ
ʉ. 

- ɺʪʦʨʠʥʥʠʡ ʇɺʍ ʫʷʚʣʷʻ ʩʦʙʦʶ ʧʦʜʨʽʙʥʝʥʫ ʤʘʩʫ ʚʽʜ ʩʚʽʪʣʦ ʞʦʚʪʦʛʦ ʜʦ ʙʫʨʦʛʦ ʢʦʣʴʦʨʫ 

ʟʘ ʨʦʟʤʽʨʘʤʠ ʯʘʩʪʦʯʦʢ 5ʭ5ʭ2,5Ñ1,0 ʤʤ, ʥʘʩʠʧʥʦʾ ʱʽʣʴʥʦʩʪʽ 500-700 ʢʛ/ʤ
3
, ʪʝʤʧʝʨʘʪʫʨʦʶ 

ʧʣʘʚʣʝʥʥʷ 95-100
 ʦ
ʉ. 

- ʈʽʜʢʠʡ ʧʣʘʩʪʬʽʢʘʪʦʨ ï ʜʠʙʫʪʠʣʬʪʘʣʘʪ ʪʝʭʥʽʯʥʠʡ ï ʜʣʷ ʥʘʜʘʥʥʷ ʚʠʨʦʙʫ ʥʝʦʙʭʽʜʥʦʾ 

ʛʥʫʯʢʦʩʪʽ ʪʘ ʝʣʘʩʪʠʯʥʦʩʪʽ. 

- ʉʪʘʙʽʣʽʟʘʪʦʨ ï ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʩʪʝʘʨʘʪ ʢʘʣʴʮʽʶ ʪʘ ʢʨʝʤʥʝʢʠʩʣʠʡ ʩʚʠʥʝʮʴ - ʜʣʷ 

ʘʜʩʦʨʙʮʽʾ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʥʶ ʜʣʷ ʟʥʠʞʝʥʥʷ ʨʦʟʢʣʘʜʫ ʇɺʍ. 

ʑʦʙ ʟʘ ʢʦʣʴʦʨʦʤ ʪʨʫʙʠ ʤʦʞʥʘ ʙʫʣʦ ʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʪʫʧʽʥʴ ʩʪʘʙʽʣʽʟʘʮʽʾ ʇɺʍ 

ʢʦʤʧʦʟʠʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʽʛʤʝʥʪ ʦʨʛʘʥʽʯʥʠʭ ʩʚʽʪʣʠʭ ʚʽʜʪʽʥʢʽʚ.  

ʊʘʙʣʠʮʷ 1 ï ʉʢʣʘʜ ʇɺʍ ʢʦʤʧʦʟʠʮʽʾ 

ˉ  ʅʘʡʤʝʥʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʉʢʣʘʜ ʩʫʤʽʰʽ, % 

1 2 3 4 5 

1 ʇʝʨʚʠʥʥʠʡ ʇɺʍ 91,7 82,21 63,93 54,44 45,15 

2 ɺʪʦʨʠʥʥʠʡ ʇɺʍ 0 10 30 40 50 

3 ɼʠʙʫʪʠʣʬʪʘʣʘʪ 4,5 4,1 3,2 2,9 2,4 

4 ʉʪʝʘʨʘʪ ʢʘʣʴʮʽʶ 2,5 2,3 1,9 1,8 1,7 

5 ʂʨʝʤʥʝʢʠʩʣʠʡ ʩʚʠʥʝʮ ɹ 1,2 1,1 0,9 0,8 0,7 

6 ʇʽʛʤʝʥʪ 0,1 0,09 0,07 0,06 0,05 

ʂʽʣʴʢʽʩʪʴ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʪʘ ʧʣʘʩʪʠʬʽʢʘʪʦʨʽʚ ʚʩʪʘʥʦʚʣʶʚʘʣʦʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʜʩʦʪʢʦʚʦʛʦ 

ʚʽʜʥʦʰʝʥʥʷ ʚʚʝʜʝʥʦʛʦ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ ʪʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʣʝʪʶʯʦʩʪʽ ʡʦʛʦ ʜʦʤʽʰʦʢ [5].  

ʊʝʭʥʦʣʦʛʽʯʥʘ ʩʭʝʤʘ (ʨʠʩ.1) ʦʪʨʠʤʘʥʥʷ ʪʨʫʙʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʧʝʨʘʮʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʢʦʤʧʦʟʠʮʽʾ ʪʘ ʦʪʨʠʤʘʥʥʷ ʪʨʫʙʠ. ʇʽʜʛʦʪʦʚʢʘ 

ʚʪʦʨʠʥʥʦʾ ʩʠʨʦʚʠʥʠ ʧʦ ʪʝʭʥʦʣʦʛʽʾ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʜʨʽʙʥʝʥʥʷ, ʩʝʧʘʨʘʮʽʷ, ʩʫʰʢʘ, 

ʟʚʘʞʫʚʘʥʥʷ. ɼʘʣʽ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʝʮʝʧʪʫʨʠ (ʜʠʚ. ʪʘʙʣ.1) ʧʨʦʚʦʜʠʪʴʩʷ ʟʚʘʞʫʚʘʥʥʷ ʪʘ 

ʧʦʜʘʯʘ ʩʫʭʠʭ ʧʦʨʦʰʢʦʚʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʟʤʽʰʫʚʘʯ. ɼʠʙʫʪʠʣʬʪʘʣʘʪ ʜʦʜʘʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ 

ʟʤʽʰʫʚʘʥʥʷ. ʊʘʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 110-115 
ʦ
ʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ.  

ɺʪʦʨʠʥʥʠʡ ʧʦʜʨʽʙʥʝʥʠʡ ʇɺʍ ʜʦʜʘʻʪʴʩʷ ʚ ʛʦʪʦʚʫ ʩʫʤʽʰ.  



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

39 

ʆʪʨʠʤʘʥʘ ʢʦʤʧʦʟʠʮʽʷ ʚ ʟʤʽʰʫʚʘʯʽ ʚʽʜʛʨʫʞʘʻʪʴʩʷ ʜʦ ʻʤʥʦʩʪʽ, ʱʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʚʦʜʦʶ, 

ʜʝ ʚʠʪʨʠʤʫʻʪʴʩʷ ʜʣʷ ʧʨʠʨʦʜʥʴʦʾ ʧʣʘʩʪʠʬʽʢʘʮʽʾ ʧʨʦʪʷʛʦʤ 2-3 ʛʦʜʠʥ, ʧʽʩʣʷ ʯʦʛʦ ʩʫʤʽʰ 

ʧʨʦʩʽʶʻʪʴʩʷ ʪʘ ʛʦʪʦʚʘ ʜʣʷ ʥʘʩʪʫʧʥʦʾ ʦʧʝʨʘʮʽʾ ï ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʫʙʠ.  

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʫʙʠ ʚʢʣʶʯʘʻ ʥʘʩʪʫʧʥʽ ʦʧʝʨʘʮʽʾ:  

- ʨʦʟʧʣʘʚʣʝʥʥʷ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʫʤʽʰʽ; 

- ʬʦʨʤʫʚʘʥʥʷ ʧʦʛʦʥʘʞʥʦʛʦ ʧʨʦʬʽʣʶ ʪʨʫʙʠ ʫ ʬʦʨʤʦʚʘʣʴʥʽʡ ʬʽʣʴôʻʨʽ; 

- ʧʨʠʡʦʤ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʣʦʩʠ ʧʦʣʫʬʘʙʨʠʢʘʪʘ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘʚʠʚʘʥʥʷ; 

- ʬʦʨʤʫʚʘʥʥʷ ʪʨʫʙʠ; 

- ʧʨʠʡʦʤ ʪʘ ʚʽʜʩʽʢʘʥʥʷ ʬʦʨʤʦʚʘʥʦʾ ʪʨʫʙʠ. 

 
ʈʠʩ. 1 ï ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʥʫʯʢʠʭ ʚʠʪʠʭ ʪʨʫʙ: 1 ï ʝʢʩʪʨʫʜʝʨ, 2 ï ʙʫʥʢʝʨ, 3 ï 

ʨʝʜʫʢʪʦʨ, 4 ï ʜʚʠʛʫʥ, 5 ï ʬʦʨʤʦʚʘʣʴʥʘ ʬʽʣʴôʻʨʘ, 6 ï ʦʭʦʣʦʜʞʫʶʯʠʡ ʧʨʠʩʪʨʽʡ, 7 ï 

ʥʘʚʠʚʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 8 ï ʧʨʠʡʤʘʣʴʥʠʡ ʧʨʠʩʪʨʽʡ, 9 ï ʝʣʝʢʪʨʦʫʩʪʘʪʢʫʚʘʥʥʷ. 

ʊʘʙʣʠʮʷ 2 ï ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʪʨʠʚʘʣʽʩʪʴ ʧʝʨʝʤʽʰʫʚʘʥʥʷ 

 ̄ ʅʘʡʤʝʥʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʫ ʩʫʤʽʰʽ ʊʨʠʚʘʣʽʩʪʴ ʟʤʽʰʫʚʘʥʥʷ 

1 ʇʝʨʚʠʥʥʠʡ ʇɺʍ 5 

2 ʉʪʝʘʨʘʪ ʢʘʣʴʮʽʶ 10-15 

3 ʂʨʝʤʥʝʢʠʩʣʠʡ ʩʚʠʥʝʮ 10-15 

4 ɼʠʙʫʪʠʣʬʪʘʣʘʪ ʪʘ ʧʽʛʤʝʥʪ 45 

5 ɺʪʦʨʠʥʥʠʡ ʇɺʍ (ʧʦʜʨʽʙʥʝʥʠʡ) 10 

ʆʩʥʦʚʫ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʨʫʙʠ ʻ ʦʜʥʦʯʝʨʚôʷʯʥʠʡ ʝʢʩʪʨʫʜʝʨ ʤʘʨʢʠ  ʕʏ 45-ɻ, 

ʜʦʚʞʠʥʦʶ 900 ʤʤ, ʟ ʪʨʴʦʤʘ ʟʦʥʘʤʠ ʥʘʛʨʽʚʫ. ʅʘ ʢʽʥʮʽ ʝʢʩʪʨʫʜʝʨʘ ʚʩʪʘʥʦʚʣʝʥʦ ʬʽʣʴôʻʨʫ, ʱʦ 

ʦʙʽʛʨʽʚʘʻʪʴʩʷ.  

ʉʫʤʽʰ ʟ ʙʫʥʢʝʨʘ ʧʦʧʘʜʘʻ ʜʦ ʝʢʩʪʨʫʜʝʨʘ, ʜʝ ʧʨʦʭʦʜʠʪʴ ʾʾ ʨʦʟʤôʷʢʰʝʥʥʷ, ʨʦʟʧʣʘʚʣʝʥʥʷ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʬʽʣʶ ʪʨʫʙʠ ʚ ʬʦʨʤʫʚʘʣʴʥʽʡ ʬʽʣʴôʻʨʽ. ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦ ʟʦʥʘʭ 

ʥʘʛʨʽʚʫ ʚ ʝʢʩʪʨʫʜʝʨʽ ʪʘ ʚ ʬʽʣʴôʻʨʽ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3. 

ʊʘʙʣʠʮʷ 3 ï ʊʝʤʧʝʨʘʪʫʨʥʠʡ ʨʝʞʠʤ ʧʦ ʟʦʥʘʭ ʥʘʛʨʽʚʫ ʚ ʝʢʩʪʨʫʜʝʨʽ ʪʘ ʚ ʬʽʣʴôʻʨʽ 

 ̄ ʊʝʤʧʝʨʘʪʫʨʘ ʟʦʥ ʥʘʛʨʽʚʫ, 
ʦ
ʉ ɺʤʽʩʪ ʚʪʦʨʠʥʥʦʛʦ 

ʇɺʍ, % 

ʏʘʩʪʦʪʘ ʦʙʝʨʪʘʥʥʷ 

ʰʥʝʢʘ, ʦʙ/ʭʚ 

ʇʨʦʜʫʢʪʠʚ-

ʥʽʩʪʴ, ʢʛ/ʛʦʜ 1 2 3 ʬʽʣʴôʻʨʘ 

1 120 160 180 155 0 40 9,1 

2 140 170 180 160 10 40 9,1 

3 150 180 180 165 30 40 9,1 

4 160 200 200 180 40 40 9,1 

ʇʨʠ ʧʝʨʝʨʦʙʮʽ ʩʫʤʽʰʽ ʽʟ ʚʤʽʩʪʦʤ 40% ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ ʧʨʦʪʽʢʘʻ ʤʠʤʦʚʽʣʴʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʝʢʩʪʨʫʜʝʨʽ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʪʝʧʣʘ ʚʠʜʽʣʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʪʝʧʣʦʚʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʨʦʙʢʠ ʧʦʜʨʽʙʥʝʥʠʭ ʯʘʩʪʦʯʦʢ 
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ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ. ʄʘʪʝʨʽʘʣ ʧʨʦʬʽʣʶ ʪʨʫʙʠ ʧʨʠ ʮʴʦʤʫ ʨʝʞʠʤʽ ʤʘʚ ʩʣʽʜʠ ʨʦʟʢʣʘʜʫ ʪʘ ʙʫʚ ʥʝ 

ʧʨʠʜʘʪʥʠʡ ʜʦ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʊʝʧʣʦʚʠʡ ʨʝʞʠʤ ʝʢʩʪʨʫʜʝʨʘ ʚʠʭʦʜʠʚ ʥʘ ʘʚʪʦʛʝʥʥʠʡ ʨʝʞʠʤ  ʚʞʝ ʧʨʠ ʧʝʨʝʨʦʙʮʽ ʩʫʤʽʰʽ ʟ 

ʚʤʽʩʪʦʤ 30 % ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ, ʧʨʠ ʮʴʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʨʦʟʧʣʘʚʫ ʥʝ ʜʦʩʷʛʘʣʘ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʢʣʘʜʫ ʽ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʙʫʣʠ ʧʨʠʜʘʪʥʽ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʽʩʣʷ ʝʢʩʪʨʫʜʝʨʘ 

ʨʦʟʤôʷʢʰʝʥʠʡ ʤʘʪʝʨʽʘʣ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʨʦʬʽʣʴ ʬʦʨʤʦʚʘʣʴʥʦʾ ʬʽʣʴôʻʨʠ ʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ 

155-165 
ʦ
ʉ ʧʦʧʘʜʘʻ ʥʘ ʧʨʠʡʤʘʣʴʥʫ ʧʣʘʥʢʫ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʧʨʠʩʪʨʦʶ, ʜʝ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʦʜʷʥʦʛʦ ʪʘ ʧʦʚʽʪʨʷʥʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʠʡʤʘʻ ʥʝʦʙʭʽʜʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʜʣʷ ʥʘʚʠʚʢʠ ʪʨʫʙʠ. 

ʇʽʩʣʷ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʧʨʠʡʤʘʣʴʥʽʡ ʧʣʘʥʮʽ ʧʦʣʦʩʘ ʱʝ ʜʦʩʪʘʪʥʴʦ ʝʣʘʩʪʠʯʥʘ (t= 75-80
 ʦ
ʉ) ʪʘ 

ʣʝʛʢʦ ʧʨʠʡʤʘʻ ʙʫʜʴ-ʷʢʫ ʬʦʨʤʫ.  

ʌʦʨʤʫʚʘʥʥʷ ʪʨʫʙʠ ʧʨʦʭʦʜʠʪʴ ʥʘ ʙʘʨʘʙʘʥʽ ʥʘʚʠʚʘʣʴʥʦʛʦ ʧʨʠʩʪʨʦʶ. ɺ ʧʨʦʮʝʩʽ 

ʬʦʨʤʦʚʘʥʥʷ ʧʦʣʦʩʘ-ʧʦʣʫʬʘʙʨʠʢʘʪ ʚʠʛʠʥʘʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨʠʯʥʫ ʩʧʽʨʘʣʴ ʟ ʢʨʦʢʦʤ 16 ʤʤ, ʟʘ 

ʨʘʭʫʥʦʢ ʚʟʘʻʤʦʟʯʝʧʣʝʥʥʷ ʩʫʤʽʞʥʠʭ ʚʠʪʢʽʚ ʩʧʽʨʘʣʽ ʽ ʫʪʚʦʨʶʻ ʟʘʤʦʢ. ʐʣʷʭʦʤ ʦʭʦʣʦʜʞʝʥʥʷ 

ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʢʣʫʚʘʥʥʷ ʇɺʍ ʬʽʢʩʫʻʪʴʩʷ ʪʘ ʥʘʙʫʚʘʻ ʬʦʨʤʦʩʪʽʡʢʦʛʦ ʩʪʘʥʫ. ʅʘ 

ʧʨʠʡʤʘʣʴʥʦʤʫ ʧʨʠʩʪʨʦʾ  ʧʨʦʭʦʜʠʪʴ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʬʦʨʤʦʚʘʥʦʾ ʪʨʫʙʠ.  

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʛʥʫʯʢʦʾ ʥʘʚʠʪʦʾ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 100ʤʤ ï 12 

ʤ/ʛʦʜ. ʄʘʩʘ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ ʤʝʪʨʫ ʪʨʫʙʠ ʜʽʘʤʝʪʨʦʤ 100ʤʤ ï1,2 ʢʛ.  

ɿʘ ʨʘʭʫʥʦʢ ʬʽʢʩʘʮʽʾ ʟʘʟʦʨʽʚ ʤʽʞ ʚʝʨʪʠʢʘʣʴʥʠʤʠ ʨʝʙʨʘʤʠ ʚ ʟʘʤʢʫ ʪʨʫʙʘ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʩʦʢʫ ʧʨʦʧʫʩʢʥʫ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʛʥʫʯʢʦʩʪʽ.  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʨʫʙʠ (ʨʠʩ.2) ʥʘ ʜʝʬʦʨʤʘʮʽʶ ʧʽʜ ʚʧʣʠʚʦʤ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʨʽʚʥʦʤʫ 0,15 ʄʇʘ , ʱʦ ʜʦʨʽʚʥʶʻ ʛʣʠʙʠʥʽ ʟʘʢʣʘʜʝʥʥʷ ʪʨʫʙʠ ʜʦ 4 ʤ, ʩʢʦʨʦʯʝʥʥʷ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʜʽʘʤʝʪʨʘ ʩʢʣʘʜʘʣʦ ʥʝ ʙʽʣʴʰʝ 10 %. 

 
ʈʠʩ. 2 ï ɼʨʝʥʘʞʥʘ ʪʨʫʙʘ ʜʽʘʤʝʪʨʦʤ 100 ʤʤ. 

ɺ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʨʫʙʠ, ʷʢʽ ʦʪʨʠʤʘʥʽ ʟ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʩʫʤʽʰʽ, ʱʦ 

ʤʽʩʪʠʪʴ 30 % ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ, ʟʘ ʟʦʚʥʽʰʥʽʤ ʚʠʛʣʷʜʦʤ ʪʘ ʩʪʘʥʦʤ ʧʦʚʝʨʭʥʽ, ʚʥʫʪʨʽʰʥʽʤ 

ʜʽʘʤʝʪʨʦʤ ʪʨʫʙʠ, ʥʘʷʚʥʦʩʪʽ ʟʫʙʮʽʚ ʥʘ ʚʝʨʭʥʽʭ ʨʝʙʨʘʭ ʧʦʣʦʩʠ, ʤʘʩʦʶ ʦʜʥʦʛʦ ʧʦʛʦʥʥʦʛʦ 

ʤʝʪʨʫ ʚ ʨʦʟʪʷʛʥʫʪʦʤʫ ʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʜʝʬʦʨʤʫʚʘʥʥʷʤ  ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʧʦʢʘʟʥʠʢʘʤ ʪʨʫʙʽ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʘ ʙʝʟ ʜʦʜʘʚʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ.  

ɺʩʝ ʚʠʱʝʚʠʢʣʘʜʝʥʝ ʧʦʢʘʟʫʻ ʧʨʠʥʮʠʧʦʚʫ ʤʦʞʣʠʚʽʩʪʴ ʯʘʩʪʢʦʚʦʾ ʘʙʦ ʥʘʚʽʪʴ ʧʦʚʥʦʾ ʟʘʤʽʥʠ 

ʯʠʩʪʦʛʦ ʇɺʍ ʥʘ ʡʦʛʦ ʚʽʜʭʦʜʠ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʥʫʯʢʠʭ ʚʠʪʠʭ ʜʨʝʥʘʞʥʠʭ ʪʨʫʙ. ɼʣʷ 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʚʪʦʨʠʥʥʦʛʦ ʇɺʍ ʚ ʢʦʤʧʦʟʠʮʽʡʥʽʡ ʩʫʤʽʰʽ ʥʝʦʙʭʽʜʥʦ ʚ ʢʦʥʩʪʨʫʢʮʽʶ 

ʝʢʩʪʨʫʜʝʨʘ ʜʦʜʘʪʢʦʚʦ ʚʚʦʜʠʪʠ ʦʭʦʣʦʜʞʝʥʥʷ ʢʦʨʧʫʩʫ ʰʥʝʢʘ ʘʙʦ ʟʤʽʥʶʚʘʪʠ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʡʥʽ ʧʘʨʘʤʝʪʨʠ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʦʚôʷʟʘʥʦ ʟ ʜʦʜʘʪʢʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʈʽʰʝʥʥʷ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʧʦʚʠʥʥʦ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʜʦʮʽʣʴʥʠʤ. 
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɺʀɿʅɸʏɽʅʅʗ ʆʇʆʈʋ ʐɸʈʋ ʂʆʅʎɽʅʊʈɸʎɯʁʅʆɰ 

ʇʆʃʗʈʀɿɸʎɯɰ ʇʈʀ ɿɺʆʈʆʊʅʆʄʋ ʆʉʄʆʉɯ  

ɼʦ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʤʝʤʙʨʘʥʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘʣʝʞʠʪʴ ʟʚʦʨʦʪʥʠʡ ʦʩʤʦʩ ʷʢʠʡ ʰʠʨʦʢʦ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʦʧʨʽʩʥʝʥʥʷ ʧʨʠʨʦʜʥʠʭ ʚʦʜ (ʫ ʪʦʤʫ ʯʠʩʣʽ ʽ ʤʦʨʩʴʢʠʭ), ʘ ʪʘʢʦʞ ʜʣʷ 

ʦʯʠʱʝʥʥʷ ʪʘ ʦʧʨʽʩʥʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʩʪʽʯʥʠʭ ʚʦʜ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʩʚʽʪʦʚʘ ʜʠʥʘʤʽʢʘ 

ʟʨʦʩʪʘʥʥʷ ʟʘ ʦʩʪʘʥʥʽ 30 ʨʦʢʽʚ ʧʨʦʜʘʞʫ ʟʚʦʨʦʪʥʦ ʦʩʤʦʪʠʯʥʠʭ ʤʝʤʙʨʘʥ, ʚʠʧʫʩʢʫ ʫʩʪʘʥʦʚʦʢ ʪʘ 

ʦʙôʻʤʽʚ ʚʦʜʠ, ʱʦ ʦʧʨʽʩʥʶʻʪʴʩʷ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ ʦʩʤʦʩʫ. ʅʘʡʙʽʣʴʰʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʚʦʜʠ, 

ʦʧʨʽʩʥʝʥʦʾ ʤʝʪʦʜʦʤ ʟʚʦʨʦʪʥʦʛʦ ʦʩʤʦʩʫ, ʻ ʢʨʘʾʥʠ ʙʣʠʟʴʢʦʛʦ ʪʘ ʩʝʨʝʜʥʴʦʛʦ ʩʭʦʜʫ (ʉʘʫʜʽʚʩʴʢʘ 

ɸʨʘʚʽʷ, ʂʫʚʝʡʪ, ʆʙôʻʜʥʘʥʽ ɸʨʘʙʩʴʢʽ ɽʤʽʨʘʪʠ) ï 60-70% ʽ ʇʽʚʥʽʯʥʘ ɸʤʝʨʠʢʘ ï 20-17% [1].  

ʆʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʦʙʤʝʞʝʥʴ ʚ ʨʦʙʦʪʽ ʤʝʤʙʨʘʥʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʻ ʷʚʠʱʘ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʫʪʚʦʨʝʥʥʷ ʦʩʘʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ. ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ 

ʧʦʣʷʨʠʟʘʮʽʷ ʮʝ ʷʚʠʱʝ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʧʽʜʚʠʱʝʥʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʦʟʯʠʥʽʚ ʙʽʣʷ ʧʦʚʝʨʭʥʽ 

ʤʝʤʙʨʘʥʠ. ʂʦʥʮʝʥʪʨʘʮʽʡʥʘ ʧʦʣʷʨʠʟʘʮʽʷ ʚʠʥʠʢʘʻ ʯʝʨʝʟ ʨʽʟʥʠʮʶ ʧʨʦʥʠʢʥʦʩʪʽ ʤʽʞ 

ʨʦʟʯʠʥʥʠʢʦʤ ʽ ʨʦʟʯʠʥʝʥʦʶ ʨʝʯʦʚʠʥʦʶ [1ï2].  

ʎʽ ʷʚʠʱʘ ʥʝ ʣʠʰʝ ʧʦʛʽʨʰʫʶʪʴ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʮʝʩʽʚ ʤʝʤʙʨʘʥʥʦʛʦ 

ʨʦʟʜʽʣʝʥʥʷ, ʘʣʝ ʡ ʫʩʢʣʘʜʥʶʶʪʴ ʦʧʠʩ ʽ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ.  
ʆʧʽʨ ʤʝʤʙʨʘʥʠ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʾʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʘʪʝʨʽʘʣʫ ʽ ʤʦʞʝ ʙʫʪʠ ʣʝʛʢʦ 

ʚʠʤʽʨʷʥʠʤ. ɺ ʪʦʡ ʞʝ ʯʘʩ, ʷʢ ʟʘʟʥʘʯʘʻʪʴʩʷ ʚ [2], ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʝʢʩʪʝʥʩʠʚʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʤʝʭʘʥʽʟʤʠ ʪʘ ʧʨʦʮʝʩʠ, ʱʦ ʚʢʣʶʯʝʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʦʩʘʜʽʚ ʥʘ ʧʦʚʝʨʭʥʽ ʤʝʤʙʨʘʥʠ ʧʦʚʥʽʩʪʶ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʚʠʟʥʘʯʝʥʠʤʠ.  

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ ʙʫʣʠ ʨʦʟʚʠʥʝʥʽ ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ ʦʩʘʜʫ, ʪʦʜʽ ʷʢ ʥʘʜʽʡʥʠʭ 

ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚ ʜʞʝʨʝʣʘʭ ʥʝ ʙʫʣʦ ʚʠʷʚʣʝʥʦ 

[2]. ʊʦʤʫ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʚʽʜ ʨʦʙʦʯʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʻ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʝʣʠʯʠʥʠ 

ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ.  

ʇʨʠ ʨʦʟʨʦʙʮʽ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʤʦʜʝʣʴ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ, ʟʛʽʜʥʦ ʷʢʦʾ ʧʦʪʽʢ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 

ʩʪʘʥʦʚʠʪʠʤʝ, ʤ
2
/(ʤ

2
Āʩ) [2-3]: 

 

T
R

p
J

·m

pD-D
=  (1) 

ʜʝ ȹp ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʠʡ ʪʠʩʢ, ʇʘ; 

ȹ ́ï ʪʨʘʥʩʤʝʤʙʨʘʥʥʘ ʨʽʟʥʠʮʷ ʦʩʤʦʪʠʯʥʠʭ ʪʠʩʢʽʚ, ʇʘ; 

ɛ ï ʢʦʝʬʽʮʽʻʥʪ ʜʠʥʘʤʽʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʨʦʟʜʽʣʶʚʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʇʘĀʩ; 

RT ï ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʧʝʨʝʥʝʩʝʥʥʶ ʨʝʯʦʚʠʥʠ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʤ
2
/ʤ

3
. 

ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʧʝʨʝʥʝʩʝʥʥʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʪʘʢʠʭ [2]: 
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pccpmT

RRRRR +++=  (2) 

ʜʝ Rm ï ʦʧʽʨ ʤʝʤʙʨʘʥʠ ʤ
2
/ʤ

3
; 

Rcp ï ʦʧʽʨ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʤ
2
/ʤ

3
; 

Rc ï ʦʧʽʨ ʰʘʨʫ ʦʩʘʜʫ, ʤ
2
/ʤ

3
; 

Rp ï ʦʧʽʨ ʟʘʙʣʦʢʦʚʘʥʠʭ ʧʦʨ ʤ
2
/ʤ

3
. 

ʄʝʪʦʜʠʢʘ ʚʠʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʧʦʣʷʛʘʣʘ ʚ ʪʘʢʦʤʫ:  

1) ɼʣʷ ʥʦʚʦʾ ʤʝʤʙʨʘʥʠ ʧʨʦʚʦʜʠʣʠʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʯʠʩʪʠʤ 

ʨʦʟʯʠʥʥʠʢʦʤ (ʚʦʜʦʶ ʟ ʟʘʛʘʣʴʥʠʤ ʩʦʣʝʚʤʽʩʪʦʤ). ʆʩʢʽʣʴʢʠ ʤʝʤʙʨʘʥʘ ʥʦʚʘ, ʪʦ ʦʧʦʨʠ ʰʘʨʫ 

ʦʩʘʜʫ ʽ ʟʘʙʣʦʢʦʚʘʥʠʭ ʧʦʨ ʚʽʜʩʫʪʥʽ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʨʦʟʯʠʥʝʥʦʾ ʨʝʯʦʚʠʥʠ ʦʙʫʤʦʚʣʶʻ 

ʚʽʜʩʫʪʥʽʩʪʴ ʦʧʦʨʫ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ 

ʧʝʨʝʥʝʩʝʥʥʶ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ Rm, ʘ ʚʝʣʠʯʠʥʘ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ ʙʫʜʝ ʧʨʷʤʫʚʘʪʠ ʜʦ 

ʥʫʣʷ. ʆʪʞʝ ʦʧʽʨ ʤʝʤʙʨʘʥʠ ʤʦʞʥʘ ʣʝʛʢʦ ʚʠʟʥʘʯʠʪʠ ʟ ʨʽʚʥʷʥʥʷ (1). 

2) ʊʘʢʠʤ ʞʝ ʩʘʤʠʤ ʯʠʥʦʤ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʫʤʘʨʥʠʡ ʦʧʽʨ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʜʣʷ ʨʦʟʯʠʥʫ ʟ ʚʽʜʦʤʦʶ ʢʦʥʮʝʥʪʨʘʮʽʻʶ, ʘ ʦʪʞʝ ʽ ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ ʦʩʤʦʪʠʯʥʦʛʦ ʪʠʩʢʫ. 

ʉʫʤʘʨʥʠʡ ʦʧʽʨ ʧʝʨʝʥʝʩʝʥʥʶ, ʷʢʠʡ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ ʩʫʤʽ ʦʧʦʨʽʚ ʤʝʤʙʨʘʥʠ ʪʘ ʰʘʨʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ ʟʘ ʫʤʦʚ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ. 

3) ʈ̔ ʟʥʠʮʷ ʚʠʤʽʨʷʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʦʧʦʨʽʚ ʽ ʙʫʜʝ ʦʧʦʨʦʤ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ 

ʧʦʣʷʨʠʟʘʮʽʾ. 

ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ 

ʟ ʤʝʤʙʨʘʥʥʠʤʠ ʤʦʜʫʣʷʤʠ ʤʘʨʢʠ DOW Filmtec TW30-1812-50. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ 

ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʥʝʩʦʣʝʥʦʾ ʚʦʜʠ ʪʘ ʨʦʟʯʠʥʽʚ ʭʣʦʨʠʜʫ ʥʘʪʨʽʶ ʟ 

ʢʦʥʮʝʥʪʨʘʮʽʷʤʠ 100, 200, 400 ʪʘ 600 ʤʛ/ʣ. ʆʩʤʦʪʠʯʥʠʡ ʪʠʩʢ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʜʦʚʽʜʢʦʚʠʤʠ 

ʜʘʥʠʤʠ ʥʘʚʝʜʝʥʠʤʠ ʚ [4]. 

 
ʈʠʩ. 1 - ɿʘʛʘʣʴʥʠʡ ʦʧʽʨ ʤʝʤʙʨʘʥʠ DOW Filmtec 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʫʤʘʨʥʠʡ ʦʧʽʨ 

ʟʙʽʣʴʰʫʻʪʴʩʷ, ʦʪʞʝ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʦʧʽʨ ʰʘʨʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ. ʂʨʽʤ ʪʦʛʦ, 

ʟʤʽʥʘ ʩʫʤʘʨʥʦʛʦ ʦʧʦʨʫ ʟ ʪʠʩʢʦʤ ʥʝ ʟʥʘʯʥʘ. ʊʘʢʽ ʨʝʟʫʣʴʪʘʪʠ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʽʜʦʤʠʤ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʦʣʦʞʝʥʥʷʤ [3], ʦʪʞʝ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʧʨʠʜʘʪʥʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʚʧʣʠʚʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 

7
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8
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9
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0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6

л ͎ͣκм͡лл ͎ͣκ͡нлл ͎ͣκ͡плл ͎ͣκ͡слл ͎ͣκ͡
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ɺʀɿʅɸʏɽʅʅʗ ʈʆɿʇʆɼɯʃʋ ʄɯɾʐɸʈʆɺʆɻʆ ʊʀʉʂʋ ɼʃʗ ɿɸɺɼɸʅʆɰ 

ɻʋʉʊʀʅʀ ʊɽʂʉʊʀʃʔʅʀʍ ʇɸʂʆɺʆʂ 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʪʝʢʩʪʠʣʴʥʠʭ ʧʘʢʦʚʦʢ ʻ ʚʝʣʠʯʠʥʘ ʾʭ 

ʛʫʩʪʠʥʠ, ʷʢʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʫʟʘʛʘʣʴʥʝʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʽʣʘ 

ʥʘʤʦʪʢʠ. ɻʫʩʪʠʥʘ ʥʘʤʦʪʢʠ ʚ ʧʝʚʥʽʡ ʤʽʨʽ ʚʽʜʦʙʨʘʞʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʤʦʪʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʫʤʦʚʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʧʨʠʟʥʘʯʝʥʥʷ ʪʽʣʘ ʥʘʤʦʪʢʠ ʘ ʪʘʢʦʞ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʽʩʥʦʤʫ ʟʚôʷʟʢʫ ʟ 

ʥʘʪʷʞʽʥʥʷʤ ʚ ʚʠʪʢʘʭ ʥʘʤʦʪʢʠ ʪʘ ʪʠʩʢʦʤ ʤʽʞ ʥʠʤʠ [1]. 

ɻʫʩʪʠʥʘ ʧʘʢʦʚʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ, ʱʦ ʻ ʥʦʨʤʘʪʠʚʥʠʤ ʫ 

ʚʠʨʦʙʥʠʮʪʚʽ ʪʝʢʩʪʠʣʴʥʠʭ ʧʘʢʦʚʦʢ ʽ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʽʩʥʫʶʯʠʭ 

ʩʪʘʥʜʘʨʪʽʚ. ɺʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʧʘʢʦʚʢʠ, ʻ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨ 

ʨʦʟʧʦʜʽʣʫ ʛʫʩʪʠʥʠ ʚ ʨʘʜʽʘʣʴʥʦʤʫ ʥʘʧʨʷʤʫ, ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʪʠʩʢʫ ʧʦ ʪʦʚʱʠʥʽ 

ʧʘʢʦʚʢʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʬʦʨʤʫʚʘʥʥʷ ʪʽʣ ʥʘʤʦʪʢʠ ʻ ʪʝ, ʱʦ ʟʘʚʜʘʥʝ ʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ 

ʛʫʩʪʠʥʠ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʦ ʧʨʠ ʨʽʟʥʠʭ ʟʘʢʦʥʘʭ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʚ ʪʽʣʽ 

ʥʘʤʦʪʢʠ ʰʣʷʭʦʤ ʚʽʜʧʦʚʽʜʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʥʘʤʦʪʦʯʥʠʤ ʥʘʪʷʞʽʥʥʷʤ ʥʠʪʢʠ. ɺʠʟʥʘʯʝʥʥʷ 

ʧʝʚʥʦʛʦ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʟʘ ʟʘʚʜʘʥʠʤ ʟʥʘʯʝʥʥʷʤ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ 

ʧʦʪʨʝʙʫʻ ʨʦʟʚôʷʟʢʫ ʩʢʣʘʜʥʦʾ ʟʘʜʘʯʽ ï ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʪʽʣʘ ʥʘʤʦʪʢʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʚ ʪʝʢʩʪʠʣʴʥʽʡ 

ʧʘʢʦʚʮʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʥʘʢʦʚʠʡ ʨʽʚʝʥʴ ʾʾ ʩʝʨʝʜʥʴʦʾ ʛʫʩʪʠʥʠ. ʈʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʾ: 

ʣʽʥʽʡʥʫ, ʢʚʘʜʨʘʪʠʯʥʫ ʪʘ ʧʦʣʽʥʦʤ ʯʝʪʚʝʨʪʦʛʦ ʩʪʫʧʝʥʷ.  

ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʧʨʠ ʨʦʟʚô̫ ʟʢʫ ʟʘʜʘʯʽ ʧʨʠʡʥʷʪʦ ʙʝʟʨʦʟʤʽʨʥʽ ʧʘʨʘʤʝʪʨʠ:  

ə ï ʢʦʝʬʽʮʽʻʥʪ ʟʘʧʦʚʥʝʥʥʷ ʥʠʪʢʦʶ ʦʙô̒ ʤʘ ʪʽʣʘ ʥʘʤʦʪʢʠ:  

 ə = ȹʊ/ ȹʅ,   

ʜʝ ȹʊ  ï ʛʫʩʪʠʥʘ ʪʽʣʘ ʥʘʤʦʪʢʠ,  

ȹʅ  ï ʛʫʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʥʠʪʢʠ, ʱʦ ʥʘʤʦʪʫʻʪʴʩʷ ʚ ʧʘʢʦʚʢʫ; 

ɟ ï ʚʽʜʥʦʩʥʠʡ ʨʘʜʽʫʩ ʧʘʢʦʚʢʠ: 

 ɟ = R/RB 

ʜʝ R ï ʧʦʪʦʯʥʠʡ ʨʘʜʽʫʩ ʧʘʢʦʚʢʠ,  

RB ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʥʠʪʢʦʥʦʩʽʷ. 

ɿʘʣʝʞʥʽʩʪʴ ʬʫʥʢʮʽʾ ə(ɟ) ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ [2]: 

)(
1)(

rs
rk

rl

d

+
+= ,      (1) 

ʜʝ d, l ï ʢʦʥʩʪʘʥʪʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʠ ʩʪʠʩʢʫ ʧʘʢʝʪʫ ʥʠʪʦʢ ʟ ʪʽʣʘ 

ʥʘʤʦʪʢʠ;  

ůr(ɟ) ï ʬʫʥʢʮʽʷ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʚ ʪʽʣʽ ʥʘʤʦʪʢʠ. 
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ʉʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ Ck  ʢʦʝʬʽʮʽʻʥʪʘ k ʚʠʟʥʘʯʘʣʦʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 
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HR  ï ʟʦʚʥʽʰʥʽʡ ʨʘʜʽʫʩ ʧʘʢʦʚʢʠ. 

ʃʽʥʽʡʥʠʡ ʟʘʢʦʥ ʟʤʽʥʠ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʪʦʛʦ, ʱʦ ʥʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʧʝʨʠʤʝʪʨʽ ʧʘʢʦʚʢʠ ʧʨʠ 
Hrr=  ʪʠʩʢ ʚʽʜʩʫʪʥʽʡ: 
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ʜʝ b ï ʢʦʻʬʽʮʽʝʥʪ, ʱʦ ʧʽʜʣʷʛʘʻ ʚʠʟʥʘʯʝʥʥʶ, .0àb  

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ (1) ʽ (3) ʜʦ (2) ʪʘ ʧʨʦʩʪʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʦʪʨʠʤʘʥʦ ʨʽʚʥʷʥʥʷ 
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ʇʨʠ ʨʦʟʚô̫ʟʢʫ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ ʨʽʚʥʷʥʥʷ (4) ʚʽʜʥʦʩʥʦ ʢʦʝʬʽʮʽʻʥʪʘ b ʙʫʣʦ ʧʨʠʡʥʷʪʦ 

ʥʘʩʪʫʧʥʽ ʧʘʨʘʤʝʪʨʠ: 82,0=Ck ; d = 1,36 ʄʇʘ; l = - 2,57 ʄʇʘ; RB = 2,55 ʩʤ; RH = 5,36 ʩʤ. 

ʇʽʩʣʷ ʦʙʯʠʩʣʝʥʴ ʦʪʨʠʤʘʥʦ: b = - 27,07 ʄʇʘ. 

ʆʩʪʘʪʦʯʥʦ ʣʽʥʽʡʥʫ ʬʫʥʢʮʽʶ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  
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ʂʚʘʜʨʘʪʠʯʥʫ ʬʫʥʢʮʽʶ ʚʠʙʨʘʥʦ ʫ ʚʠʛʣʷʜʽ 

,)( 2 car +Ö= rrs        (6) 

ʜʝ aʽ ʩ ï ʧʘʨʘʤʝʪʨʠ, ʱʦ ʧʽʜʣʷʛʘʶʪʴ ʚʠʟʥʘʯʝʥʥʶ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʩʪʘʥʦʚʢʠ (1) ʽ (6) ʜʦ (2) ʪʘ ʨʦʟʚô̫ ʟʢʫ ʚʽʜʧʦʚʽʜʥʦʛʦ ʪʨʘʥʩʮʝʥʜʝʥʪʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʟ ʧʘʨʘʤʝʪʨʘʤʠ,Ck d, l, RB, RH , ʱʦ ʙʫʣʠ ʧʨʠʡʥʷʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʣʽʥʽʡʥʦʾ ʬʫʥʢʮʽʾ, 

ʦʪʨʠʤʘʥʦ: 

.1,1414,13432)( 2 -Ö+Ö-= rrrsr     (7) 

ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʣʽʥʽʡʥʠʤ ʪʘ ʧʘʨʘʙʦʣʽʯʥʠʤ ʟʘʢʦʥʘʤʠ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ ʪʠʩʢʫ 

ʨʦʟʛʣʷʥʫʪʦ ʬʫʥʢʮʽʶ )(rsr ʫ ʚʠʛʣʷʜʽ ʧʦʣʽʥʦʤʘ ʯʝʪʚʝʨʪʦʛʦ ʩʪʫʧʝʥʷ, ʱʦ ʟʘ ʬʦʨʤʫʣʦʶ (2) 

ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʝʥʪʘ Ck = 0,82: 

.5,1178,2193,1696,6023,8)( 234 -Ö+Ö-Ö+Ö-= rrrrrsr    (8) 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ.1) ʧʦʢʘʟʫʶʪʴ, ʱʦ ʥʘʡʙʽʣʴʰʘ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʤʽʞʰʘʨʦʚʦʛʦ 

ʪʠʩʢʫ ʤʘʻ ʤʽʩʮʝ ʜʣʷ ʢʚʘʜʨʘʪʠʯʥʦʾ ʬʫʥʢʮʽʾ. ɹʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʻ 

ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ ʪʘ ʧʦʣʽʥʦʤ ʯʝʪʚʝʨʪʦʛʦ ʩʪʫʧʝʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʪʝʢʩʪʠʣʴʥʠʭ ʧʘʢʦʚʦʢ. 
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ʈʠʩ. 1. ï ɻʨʘʬʽʢʠ ʨʦʟʧʦʜʽʣʫ ʤʽʞʰʘʨʦʚʦʛʦ 

ʪʠʩʢʫ ʜʣʷ ʪʝʢʩʪʠʣʴʥʦʾ ʧʘʢʦʚʢʠ ʟ əʩ = 0,82: 

1 ï ʣʽʥʽʡʥʘ ʬʫʥʢʮʽʷ; 2 ï ʧʦʣʽʥʦʤ 

ʯʝʪʚʝʨʪʦʛʦ ʩʪʫʧʝʥʷ; 3 ï ʢʚʘʜʨʘʪʠʯʥʘ 

ʬʫʥʢʮʽʷ 
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ɻʦʨʦʜʠʩʴʢʘ ʆ. ɺ., ʘʩʧʽʨʘʥʪ 

ɻʨʝʚʮʝʚʘ ʅ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
ʍʘʨʢʽʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʫʚʘʥʥʷ ʪʘ ʪʦʨʛʽʚʣʽ, gorelena84@gmail.com 

ɹʫʰʪʨʫʢ ɯ.ɺ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, bushtrukihor@gmail.com 

ɼʆʉʃɯɼɾɽʅʅʗ ʈɽʆʃʆɻɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʂʆʅɼʀʊɽʈʉʔʂʆɰ ɻʃɸɿʋʈɯ 

ɿ ɼʆɼɸɺɸʅʅʗʄ ʇʆʈʆʐʂɯɺ ɿ ɺʀʅʆɻʈɸɼʅʀʍ ʂɯʉʊʆʏʆʂ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʫ ʪʝʭʥʦʣʦʛʽʾ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʨʦʰʢʫ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʫ ʷʢʦʩʪʽ ʯʘʩʪʢʦʚʦʾ ʟʘʤʽʥʠ ʚʠʩʦʢʦʚʘʨʪʽʩʥʦʛʦ 

ʢʘʢʘʦ-ʧʦʨʦʰʢʫ ʟʘʢʦʨʜʦʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ɺʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʭʦʞʠʤʠ 

ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʦʜʽʙʥʦ  ʁ ʩʪʨʫʢʪʫʨʦʶ. 

ɺʠʥʦʛʨʘʜʥʠʡ ʧʦʨʦʰʦʢ ʻ ʜʦʩʠʪʴ ʜʝʰʝʚʦʶ ʚʪʦʨʠʥʥʦʶ ʩʠʨʦʚʠʥʦʶ, ʙʘʛʘʪʦʶ ʥʘ ʧʦʞʠʚʥʽ 

ʨʝʯʦʚʠʥʠ, ʱʦ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʭʘʨʯʦʚʫ ʮʽʥʥʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʪʘ 

ʝʢʦʥʦʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʨʦʙʦʪʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. ɺʽʥ ʤʘʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʱʦ 

ʜʦʙʨʝ ʧʦʛʣʠʥʘʶʪʴ ʚʦʣʦʛʫ. ʊʦʤʫ ʟʘ ʡʦʛʦ ʜʦʜʘʚʘʥʥ̫ ʤʦʞʝ ʟʙʽʣʴʰʠʪʠʩʷ ʚôʷʟʢʽʩʪʴ ʛʣʘʟʫʨʽ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʥʘ 

ʨʝʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʚʠʛʦʪʦʚʣʝʥʦ ʢʦʥʪʨʦʣʴʥʽ ʟʨʘʟʢʠ ʛʣʘʟʫʨʽ ʟʘ ʨʝʮʝʧʪʫʨʦʶ ç509-

ɸɺʂè ʥʘ ʦʩʥʦʚʽ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʞʠʨʽʚ ʘʣʴʪʝʨʥʘʪʽʚ ʢʘʢʘʦ-ʤʘʩʣʘ ʣʘʫʨʠʥʦʚʦʛʦ ʪʘ 

ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʪʠʧʫ. ɺ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʘʭ ʯʘʩʪʠʥʫ ʢʘʢʘʦ-ʧʦʨʦʰʢʫ ʟʘʤʽʥʶʚʘʣʠ ʧʦʨʦʰʢʘʤʠ 

ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʚ ʢʽʣʴʢʦʩʪʽ 3,0 % ʪʘ 5,0 % ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ ʛʣʘʟʫʨʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʚʘ ʚʠʜʠ ʧʦʨʦʰʢʽʚ, ʦʜʠʥ ʟ ʷʢʠʭ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʧʦʜʨʽʙʥʝʥʥʷ 

ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ, ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʽʟ ʚʠʥʦʛʨʘʜʥʠʭ ʚʠʯʘʚʢʽʚ (ʇɺʂ), ʜʨʫʛʠʡ ï ʽʟ ʤʘʢʫʭʠ 

ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ, ʷʢʘ ʫʪʚʦʨʠʣʘʩʷ ʧʽʩʣʷ ʚʽʜʞʠʤʘʥʥʷ ʚʠʥʦʛʨʘʜʥʦʾ ʦʣʽʾ (ʇʄɺʂ). ɼʘʥʽ 

ʧʦʨʦʰʢʠ ʚʠʨʦʙʣʝʥʽ ʟʘ ʱʘʜʥʠʭ ʫʤʦʚ ʽʟ ʚʪʦʨʠʥʥʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʥʦʨʦʙʩʪʚʘ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ 

çʆʨʽʦʥè (ʤ. ʆʜʝʩʘ) ʧʽʜ ʪʦʨʛʦʚʦʶ ʤʘʨʢʦʶ çʆʣʝʦ ɺʽʪʘè.  

ʂʦʥʪʨʦʣʴ ʧʦʢʘʟʥʠʢʽʚ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ ʚʦʣʦʛʠ ʽ ʞʠʨʫ ʚ ʛʣʘʟʫʨʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ 

ʩʪʘʥʜʘʨʪʥʠʤʠ ʤʝʪʦʜʠʢʘʤʠ. ʉʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʚʠʟʥʘʯʘʣʠ ʚ ʢʽʥʮʽ 

ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʮʠʬʨʦʚʦʛʦ ʤʽʢʨʦʤʝʪʨʘ. ɺôʷʟʢʽʩʪʴ ʛʣʘʟʫʨʽ ʚʠʟʥʘʯʘʣʠ ʥʘ 
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ʚʽʩʢʦʟʠʤʝʪʨʽ çBrookfield DV-IIIè. ɺʠʤʽʨʠ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʛʣʘʟʫʨʽ ʚʽʜ 

50Áʉ ʜʦ 40Áʉ. ɿʘ ʦʩʥʦʚʥʠʡ ʧʦʢʘʟʥʠʢ ʙʨʘʣʠ ʚôʷʟʢʽʩʪʴ ʛʣʘʟʫʨʽ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40Áʉ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʩʧʦʞʠʚʘʥʥʷ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʛʣʘʟʫʨʽ ʽ ʨʦʟʤʽʨ ʾʾ 

ʯʘʩʪʦʢ. ɻʨʘʥʠʮʷ ʯʫʪʣʠʚʦʩʪʽ ʷʟʠʢʘ ʣʶʜʠʥʠ ʩʪʘʥʦʚʠʪʴ 25-35 ʤʢʤ. ʅʘʷʚʥʽʩʪʴ ʚʢʣʶʯʝʥʴ 

ʨʦʟʤʽʨʦʤ ʙʽʣʴʰʝ 35 ʤʢʤ ʧʨʠ ʚʞʠʚʘʥʥʽ ʚ ʾʞʫ ʤʦʞʝ ʙʫʪʠ ʩʧʨʠʡʥʷʪʦ ʷʢ ʟʝʨʥʠʩʪʽʩʪʴ, ʚʽʜʯʫʪʪʷ 

ʷʢʦʾ ʩʪʚʦʨʶʻ ʧʨʠʩʫʪʥʽʩʪʴ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʚʝʣʠʢʠʭ ʯʘʩʪʠʥʦʢ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʩʪʫʧʽʥʴ ʧʦʜʨʽʙʥʝʥʥʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʟʨʘʟʢʘ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʞʠʨʦʚʦʾ ʛʣʘʟʫʨʽ ʽ ʟʨʘʟʢʘ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʤʘʡʞʝ ʦʜʥʘʢʦʚʘ, ʽ ʩʪʘʥʦʚʠʪʴ 19-25 ʤʢʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʷʚʥʽʩʪʴ ʇɺʂ ʪʘ ʇʄɺʂ ʚ ʨʝʮʝʧʪʫʨʥʦʤʫ ʩʢʣʘʜʽ ʛʣʘʟʫʨʽ ʥʝ ʚʧʣʠʚʘʻ ʥʘ 

ʩʪʫʧʽʥʴ ʾʾ ʧʦʜʨʽʙʥʝʥʥʷ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʠʟʥʘʯʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʽ 

ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ ʟ ʜʦʜʘʚʘʥʥʷʤ ʦʙʦʭ ʟʨʘʟʢʽʚ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ.1ï2: ʚʝʨʭʥʷ ʢʨʠʚʘ ʧʦʢʘʟʫʻ ʟʤʽʥʫ ʪʝʤʧʝʨʘʪʫʨʠ ʛʣʘʟʫʨʽ ʟʘ ʧʝʚʥʠʡ 

ʧʨʦʤʽʞʦʢ ʯʘʩʫ; ʥʠʞʥʷ ï ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʤʽʥʫ ʚôʷʟʢʦʩʪʽ ʛʣʘʟʫʨʽ ʟʘʣʝʞʥʦ ʚʽʜ ʾʾ ʪʝʤʧʝʨʘʪʫʨʠ.  

ɿ ʥʘʚʝʜʝʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʜʦʜʘʚʘʥʥʷ ʇɺʂ ʪʘ ʇʄɺʂ ʜʦ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʢʣʘʜʫ 

ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʾʾ ʚôʷʟʢʦʩʪʽ ʚ ʩʝʨʝʜʥʴʦʤʫ ʚ 2 ʨʘʟʠ. 

ʎʝ, ʡʤʦʚʽʨʥʦ, ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʧʦʨʦʰʢʠ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʧʦʨʽʚʥʷʥʦ ʟ ʢʘʢʘʦ-

ʧʦʨʦʰʢʦʤ ʤʽʩʪʷʪʴ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʤʘʶʪʴ ʙʽʣʴʰ ʧʦʨʠʩʪʫ ʩʪʨʫʢʪʫʨʫ ʽ 

ʪʦʤʫ ʚʦʣʦʜʽʶʪʴ ʚʠʱʦʶ ʚʦʣʦʛʦ- ʪʘ ʞʠʨʦʟʚôʷʟʫʚʘʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʛʣʘʟʫʨʽ. 

 
 

ʘ)       ʙ) 

ʈʠʩ. 1 ï ɺôʷʟʢʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ ʟ 

ʜʦʜʘʚʘʥʥʷʤ 3% ʘ) ʇɺʂ ʪʘ ʙ) ʇʄɺʂ 

  
ʘ)       ʙ) 

ʈʠʩ. 2 ï ɺôʷʟʢʽʩʪʴ ʟʨʘʟʢʽʚ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʥʘ ʦʩʥʦʚʽ ʥʝʣʘʫʨʠʥʦʚʦʛʦ ʞʠʨʫ ʟ 

ʜʦʜʘʚʘʥʥʷʤ 3% ʘ) ʇɺʂ ʪʘ ʙ) ʇʄɺʂ 

ʋ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʟʤʽʥʘ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʥʝʙʘʞʘʥʘ, ʙʦ ʮʝ 

ʚʠʤʘʛʘʻ ʧʝʨʝʥʘʣʘʰʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʽ ʫʩʢʣʘʜʥʶʻ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ. ʇʽʜ ʯʘʩ 

ʛʣʘʟʫʨʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʙʽʣʴʰ ʚôʷʟʢʘ ʢʦʥʜʠʪʝʨʩʴʢʘ ʛʣʘʟʫʨ ʥʘʥʦʩʠʪʴʩʷ ʪʦʚʩʪʠʤ ʰʘʨʦʤ, ʱʦ 

ʧʦʨʫʰʫʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʩʠ ʢʦʨʧʫʩʫ ʪʘ ʧʦʢʨʠʪʪʷ ʚʠʨʦʙʫ ʽ ʥʝ ʚʽʜʧʦʚʽʜʘʻ ʚʠʤʦʛʘʤ 

ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ.  
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ɼʣʷ ʟʥʠʞʝʥʥʷ ʚôʷʟʢʦʩʪʽ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʟ ʜʦʜʘʚʘʥʥʷʤ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ 

ʢʽʩʪʦʯʦʢ ʜʦ ʧʦʪʨʽʙʥʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʦʻʚʠʡ ʣʝʮʠʪʠʥ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʡʦʛʦ 

ʚʥʝʩʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ 0,2...0,4% ʜʦ ʤʘʩʠ ʛʣʘʟʫʨʽ ʧʣʘʩʪʠʯʥʘ ʚôʷʟʢʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 40...41 ʉ̄ (ʦʧʪʠʤʘʣʴʥʽʡ ʜʣʷ ʛʣʘʟʫʨʫʚʘʥʥʷ) ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ ʥʦʨʤʠ ʽ 

ʩʢʣʘʜʘʻ 9,0...11,0 ʇʘȚʩ. ʋ ʨʘʟʽ ʜʦʟʫʚʘʥʥʷ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʣʝʮʠʪʠʥʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʚʦʨʦʪʥʽʡ ʝʬʝʢʪ ʽ ʚôʷʟʢʽʩʪʴ ʛʣʘʟʫʨʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. 

ɺʠʩʥʦʚʢʠ. ɼʦʜʘʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʟ ʚʠʥʦʛʨʘʜʥʠʭ ʢʽʩʪʦʯʦʢ ʜʦ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʢʣʘʜʫ 

ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʞʠʨʦʚʦʾ ʛʣʘʟʫʨʽ ʧʽʜʚʠʱʫʻ ʧʦʢʘʟʥʠʢ ʾʾ ʚôʷʟʢʦʩʪʽ ʽ ʮʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʝʛʘʪʠʚʥʦ 

ʚʧʣʠʚʘʻ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʠʨʦʙʥʠʮʪʚʘ. ʇʨʠʚʝʜʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚôʷʟʢʦʩʪʽ ʛʣʘʟʫʨʽ 

ʜʦ ʥʦʨʤʘʪʠʚʥʠʭ ʟʥʘʯʝʥʴ ʤʦʞʥʘ ʟʜʽʡʩʥʠʪʠ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʧʦʚʝʨʭʥʝʚʦ-ʘʢʪʠʚʥʠʭ 

ʨʝʯʦʚʠʥ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʘʥʠʡ ʚʠʜ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʣʘʟʫʨʽ ʜʣʷ ʛʣʘʟʫʨʫʚʘʥʥʷ 

ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ. 

ʋɼʂ 631.363:636.085/087 

ɿʽʥʴʢʦ ʈ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʊʦʜʘʚʯʠʯ ʉ.ɯ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, rzinko@gmail.com 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʈɽɿʆʅɸʅʉʅʀʍ ʈɽɾʀʄɯɺ ɺ ɼʆɿʋɺɸʃʔʅʆʄʋ 

ʆɹʃɸɼʅɸʅʅɯ 

ʇʨʦʮʝʩʠ ʜʦʟʫʚʘʥʥʷ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʭʽʤʽʯʥʽʡ, ʭʘʨʯʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚ ʙʫʜʽʚʥʠʮʪʚʽ. 

ɺ ʣʝʛʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʜʣʷ ʢʘʣʘʥʜʨʽʚ ʽ ʣʠʚʘʨʥʠʭ ʤʘʰʠʥ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʧʽʜʦʰʚ ʚʟʫʪʪʷ 

ʧʨʦʚʦʜʷʪʴ ʜʦʟʫʚʘʥʥʷ ʛʨʘʥʫʣʷʪʘ, ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʨʝʯʦʚʠʥ ʽ ʚʦʣʦʢʦʥ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ 

ʧʨʦʮʝʩʫ ʧʽʢʝʣʶʚʘʥʥʷ ʧʨʠ ʦʙʨʦʙʮʽ ʰʢʽʨ ʪʚʘʨʠʥ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʜʦʟʫʚʘʥʥʷ ʢʠʩʣʦʪ ʚ 

ʧʽʢʝʣʶʚʘʣʴʥʠʡ ʨʦʟʯʠʥ. ɺʽʜ ʪʦʯʥʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʷʢʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʽ 

ʨʘʮʽʦʥʘʣʴʥʘ ʚʠʪʨʘʪʘ ʤʘʪʝʨʽʘʣʫ. 

ʍʘʨʘʢʪʝʨ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ ʥʘʩʘʤʧʝʨʝʜ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʜʦʟʦʚʘʥʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ, ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʜʦʟʘʪʦʨʘ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʧʣʠʚʽʚ. ʇʨʦʮʝʩ 

ʜʦʟʫʚʘʥʥʷ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʦʛʦ ʦʩʥʦʚʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʽ ʪʦʯʥʽʩʪʶ 

ʜʦʟʫʚʘʥʥʷ.  

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʩʘʤʦʛʦ ʜʦʟʘʪʦʨʘ. 

ʊʝʦʨʝʪʠʯʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦʟʘʪʦʨʘ ʚʠʟʥʘʯʘʻ ʩʫʤʘʨʥʠʡ ʯʘʩ ʮʠʢʣʫ. ʎʠʢʣ ʜʦʟʫʚʘʥʥʷ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ: 

1. ʅʘʧʦʚʥʝʥʥʷ ʤʽʨʥʦʛʦ ʦʙʩʷʛʫ. 

2. ʇʝʨʝʥʝʩʝʥʥʷ ʤʽʨʥʦʛʦ ʦʙʩʷʛʫ ʥʘ ʧʦʟʠʮʽʶ ʬʘʩʫʚʘʥʥʷ. 

3. ɺʠʧʦʨʦʞʥʝʥʥʷ ʤʽʨʥʦʛʦ ʦʙʩʷʛʫ ʽ ʟʘʧʦʚʥʝʥʥʷ ʪʘʨʠ. 

4. ʇʝʨʝʥʝʩʝʥʥʷ ʤʽʨʥʦʛʦ ʦʙʩʷʛʫ ʥʘ ʚʠʭʽʜʥʫ ʧʦʟʠʮʽʶ. 

5. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʪʝʭʥʽʯʥʘ ʽʜʝʦʣʦʛʽʷ ʧʦʙʫʜʦʚʠ ʬʘʩʫʚʘʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʤʦʞʝ 

ʟʤʝʥʰʠʪʠ ʮʶ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʘʙʦ ʚ ʢʨʘʱʦʤʫ ʚʠʧʘʜʢʫ - ʾʾ ʟʙʝʨʝʛʪʠ. 

6. ɺʠʙʽʨ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤ ʜʦʟʫʚʘʥʥʷ. 

ʅʘ ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʚʧʣʠʚʘʶʪʴ ʯʠʥʥʠʢʠ: ʩʪʫʧʽʥʴ ʟʘʧʦʚʥʝʥʥʷ ʙʫʥʢʝʨʘ, ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ ʚ ʜʦʟʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ, ʭʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʤʘʪʝʨʽʘʣʫ ʟ ʤʝʭʘʥʽʟʤʘʤʠ ʩʘʤʦʛʦ 

ʜʦʟʘʪʦʨʘ, ʟʤʽʥʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ ʜʦʟʫʚʘʥʥʷ ʧʽʜ ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ.  

mailto:rzinko@gmail.com
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ʈʠʩ. 1. - ʂʣʘʩʠʬʽʢʘʮʽʷ ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʜʦʟʫʚʘʥʥʷ 

ʇʝʨʝʣʽʯʝʥʽ ʯʠʥʥʠʢʠ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʽ ʧʦʨʫʰʫʶʪʴ ʨʽʚʥʦʤʽʨʥʽʩʪʴ 

ʥʘʧʦʚʥʝʥʥʷ (ʨʠʩ. 1). ʇʨʠ ʮʴʦʤʫ ʷʢʽʩʥʽ ʜʦʟʘʪʦʨʠ ʥʝʧʝʨʝʜʙʘʯʫʚʘʥʦ ʟʤʽʥʶʶʪʴ ʪʦʯʥʽʩʪʴ ʜʦʟ, 

ʥʘʚʽʪʴ ʟ ʚʠʭʦʜʦʤ ʟʘ ʤʝʞʽ, ʟʘʟʥʘʯʝʥʽ ʚ ʪʝʭʥʽʯʥʽʡ ʭʘʨʘʢʪʝʨʠʩʪʠʮʽ ʤʘʰʠʥʠ.  

ʆʩʥʦʚʥʽ ʧʦʭʠʙʢʠ ʜʦʟʫʚʘʥʥʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʦʥʩʪʨʫʢʮʽʾ 

ʞʠʚʠʣʴʥʠʢʽʚ ʽ ʙʫʥʢʝʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʦʪʦʢʫ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɹʘʛʘʪʦ 

ʤʘʪʝʨʽʘʣʽʚ ʩʭʠʣʴʥʽ ʫʪʚʦʨʶʚʘʪʠ ʘʨʢʠ (ʩʢʣʝʧʽʥʥʷ), ʪʦʙʪʦ ʟʘʚʠʩʘʪʠ ʥʘʜ ʚʠʧʫʩʢʥʠʤ ʦʪʚʦʨʦʤ 

ʧʨʠ ʚʠʪʽʢʘʥʥʽ ʟ ʙʫʥʢʝʨʘ, ʣʽʡʦʢ ʪʦʱʦ (ʨʠʩ. 2). 

ʋʪʚʦʨʝʥʥʷ ʟʘʪʦʨʫ ʟʤʽʥʶʻ ʧʦʜʘʣʴʰʝ ʚʠʪʽʢʘʥʥʷ ʩʠʧʫʯʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʥʘʚʽʪʴ ʧʨʠʧʠʥʷʻ 

ʡʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʚʠʧʫʩʢʥʠʡ ʦʪʚʽʨ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʩʢʣʝʧʽʥʥʷ [1, 2].  

ɼʣʷ ʫʩʫʥʝʥʥʷ ʥʝʨʽʚʥʦʤʽʨʥʦʛʦ ʩʭʦʜʫ ʤʘʪʝʨʽʘʣʫ ʟ ʞʠʚʠʣʴʥʠʢʘ, ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʽ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʜʦʟʘʪʦʨʘ, ʷʢ ʩʪʘʙʽʣʽʟʘʪʦʨ ʧʦʪʦʢʫ ʯʘʩʪʠʥʦʢ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʝʭʘʥʽʯʥʫ 

ʝʥʝʨʛʽʶ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ (ʨʠʩ. 3). 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʚʽʙʨʘʮʽʾ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ ʧʨʠ ʜʦʟʫʚʘʥʥʽ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʦʟʚʦʣʠʪʴ ʪʘʢʦʞ ʟʥʠʟʠʪʠ ʝʥʝʨʛʝʪʠʯʥʽ ʟʘʪʨʘʪʠ ʥʘ ʨʦʙʦʪʫ ʜʦʟʘʪʦʨʘ. 

ʄʝʪʦʶ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʯʠʥʥʠʢʽʚ ʥʘ 

ʷʢʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʨʦʟʨʦʙʢʘ ʚʜʦʩʢʦʥʘʣʝʥʴ ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʘʪʦʨʘ. 

ɿʘʚʜʘʥʥʷʤ ʙʫʣʦ: ʘʥʘʣʽʟ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʯʠʥʥʠʢʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ, ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʜʦʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ. ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʨʦʪʽʢʘʥʥʷ ʧʨʦʮʝʩʫ ʜʦʟʫʚʘʥʥʷ 

ʩʠʧʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʦʩʥʦʚʥʽ ʯʠʥʥʠʢʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʧʨʦʮʝʩʫ 

ʜʦʟʫʚʘʥʥʷ. ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʜʘʚ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ 

ʜʦʟʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʟʦʢʨʝʤʘ ʜʣʷ ʫʩʫʥʝʥʥʷ ʧʦʷʚʠ ʘʨʢʠ ʧʨʦʜʫʢʪʫ ʚ ʞʠʚʠʣʴʥʠʢʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʽʙʨʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ ʚ ʨʝʟʦʥʘʥʩʥʦʤʫ ʨʝʞʠʤʽ. 
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ʈʠʩ. 2. - ʇʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʘʨʢʠ ʧʨʠ 

ʜʦʟʫʚʘʥʥʽ 

ʈʠʩ. 3. - ʉʭʝʤʘ ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʙʨʘʮʽʡʥʦʛʦ 

ʜʦʟʘʪʦʨʘ 
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ʊɽʈʊʗ ʊɸ ɿʅʆʐʋɺɸʅʅʗ ʂʆʇʆʃɯʄɽʈʋ ɹʉʇ-7, ɸʈʄʆɺɸʅʆɻʆ 

ʊɽʈʄʆʉʊɯʁʂʀʄ ʍɯʄɯʏʅʀʄ ɺʆʃʆʂʅʆʄ 

ʉʪʚʦʨʝʥʥʷ ʧʨʠʣʘʜʽʚ ʽ ʤʘʰʠʥ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʟ ʚʠʩʦʢʠʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʥʘʜʽʡʥʽʩʪʶ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʝ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʥʦʚʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʦʩʦʙʣʠʚʦ ʧʦʣʽʤʝʨʥʠʭ. ʇʦʣʽʤʝʨʠ ʪʘ 

ʧʦʣʽʤʝʨʥʽ ʢʦʤʧʦʟʠʮʽʡʥʽ ʤʘʪʝʨʽʘʣʠ (ʇʂʄ) ʛʨʘʶʪʴ ʧʨʦʛʨʝʩʠʚʥʫ ʨʦʣʴ ʚ ʨʦʟʚʠʪʢʫ 

ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʷ ʪʘ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ, ʷʢʘ ʧʦʣʷʛʘʻ ʚ ʤʦʞʣʠʚʦʩʪʽ ʟʘʤʽʥʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥ 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʤʝʪʘʣʽʚ ʽ ʩʧʣʘʚʽʚ, ʟʦʢʨʝʤʘ ʜʝʪʘʣʝʡ ʚʫʟʣʽʚ ʪʝʨʪʷ. ɽʣʝʤʝʥʪʠ ʢʦʥʩʪʨʫʢʮʽʡ 

ʤʘʰʠʥ ʽʟ ʇʂʄ ʤʘʶʪʴ ʤʝʥʰʫ ʤʘʩʫ, ʭʦʨʦʰʫ ʜʝʤʧʬʫʶʯʫ ʟʜʘʪʥʽʩʪʴ ʪʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ 

ʥʝ ʚʠʤʘʛʘʶʪʴ ʟʤʘʱʫʚʘʥʥʷ. ɼʝʪʘʣʽ ʟ ʇʂʄ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʫ ʚʘʢʫʫʤʽ, ʚ ʭʽʤʽʯʥʦ 

ʘʢʪʠʚʥʦʤʫ ʽ ʧʘʩʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʘʭ, ʧʨʠ ʢʨʽʦʛʝʥʥʠʭ ʽ ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʫ ʚʫʟʣʘʭ 

ʪʝʨʪʷ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʰʚʠʜʢʦʩʪʝʡ ʢʦʚʟʘʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʠʭ ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ 

ʟ ʇʂʄ ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʥʠʟʠʪʠ ʪʨʫʜʦʻʤʥʽʩʪʴ. 

ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʽʩʪʦʪʥʦ ʟʨʦʩʪʘʻ ʨʦʣʴ ʨʦʟʨʦʙʦʢ ʪʘ ʤʘʪʝʨʽʘʣʦʟʥʘʚʯʠʭ ʜʦʩʣʽʜʞʝʥʴ ʥʦʚʠʭ 

ʇʂʄ, ʦʩʢʽʣʴʢʠ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʽ ʪʝʭʥʦʣʦʛʽʚ ʮʽʢʘʚʣʷʪʴ, ʧʝʨʰ ʟʘ ʚʩʝ, ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ 
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(ʤʽʮʥʽʩʪʴ, ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ) ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʽ (ʨʝʞʠʤ ʧʝʨʝʨʦʙʢʠ, ʨʦʙʦʯʠʡ 

ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʽʥ.) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʠʭ ʤʘʪʝʨʽʘʣʽʚ [1]. 

ɿ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʇʂʄ ʟ ʚʠʩʦʢʦʶ ʟʥʦʩʦʩʪʽʡʢʽʩʪʶ ʽ ʥʠʟʴʢʠʤ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʨʪʷ ʚ 

ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ 

ʢʦʧʦʣʽʤʝʨʫ ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 [2], ʘʨʤʦʚʘʥʦʛʦ ʪʝʨʤʦʩʪʽʡʢʠʤ ʭʽʤʽʯʥʠʤ ʚʦʣʦʢʥʦʤ ʪʝʨʣʦʥ, 

ʚʤʽʩʪ ʷʢʦʛʦ ʩʢʣʘʜʘʚ 5õ40 ʤʘʩʩ. %. ɺʠʙʽʨ ʟʚô̫ ʟʫʶʯʦʛʦ ʦʙʫʤʦʚʣʝʥʠʡ ʪʠʤ, ʱʦ ʟʘ ʩʚʦʾʤʠ 

ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʦʧʦʣʽʤʝʨ ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʪʘʢʽ 

ʚʽʜʦʤʽ ʧʦʣʽʤʝʨʠ ʷʢ ʧʦʣʽʝʪʠʣʝʥ, ʢʘʧʨʦʣʦʥ, ʧʦʣʽʘʤʽʜ-12 (ʪʘʙʣ. 1) [3]. 

ʊʘʙʣʠʮʷ 1 ï ɺʣʘʩʪʠʚʦʩʪʽ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʅʘʡʤʝʥʫ-

ʚʘʥʥ ̫

ʆʩʥʦʚʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ 

ʋʜʘʨʥʘ 

ʚôʷʟʢʽʩʪʴ, 

ʢɼʞ/ʤ
2
  

ʈʫʡʥʽʚʥʝ 

ʥʘʧʨʫʞʝʥʥʷ ʧʨʠ 

ʨʦʟʪʷʛʫʚʘʥʥʽ, 

ʄʇʘ 

ɺʽʜʥʦʩʥʝ 

ʚʠʜʦʚʞʝʥʥʷ 

ʧʨʠ ʨʦʟʨʠʚʽ, % 

ʈʦʙʦʯʠʡ 

ʽʥʪʝʨʚʘʣ 

ʪʝʤʧʝʨʘʪʫʨ, ʂ 

ʊʚʝʨʜʽʩʪʴ ʟʘ 

ɹʨʽʥʝʣʣʝʤ, 

ʄʇʘ 

ʇʦʣʽʝʪʠʣʝʥ 

ʇɭʅɼ  
ï 20õ30 500õ600 193õ373 45 

ʂʘʧʨʦʣʦʥ 

ɺ 
100õ150 90õ95 6õ20 233õ343 130 

ʇʦʣʽʘʤʽʜ-

12ʃ  
80õ90 40õ55 200õ280 213õ353 75 

ʂʦʧʦʣʽʤʝʨ 

ɹʉʇ-7 
40õ70 70õ80 5õ10 213õ473 136 

ʇʨʦʮʝʩ ʟʤʽʰʫʚʘʥʥʷ ʧʦʣʽʤʝʨʫ ʟ ʚʦʣʦʢʥʦʤ ʚʽʜʙʫʚʘʚʩʷ ʟʘ ʤʝʪʦʜʠʢʦʶ [4] ʚ ʦʙʝʨʪʦʚʦʤʫ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ ʫ ʧʨʠʩʫʪʥʦʩʪʽ ʬʝʨʦʤʘʛʥʽʪʥʠʭ ʯʘʩʪʦʢ ʟ ʧʦʜʘʣʴʰʠʤ ʚʠʜʘʣʝʥʥʷʤ 

ʧʨʦʜʫʢʪʽʚ ʾʭ ʟʥʦʩʫ ʤʘʛʥʽʪʥʦʶ ʩʝʧʘʨʘʮʽʻʶ. ʇʝʨʝʨʦʙʢʘ ʢʦʤʧʦʟʠʮʽʡ ʫ ʚʠʨʦʙʠ ʟʜʽʡʩʥʶʚʘʣʘʩʴ 

ʤʝʪʦʜʦʤ ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʦ ʥʘʩʪʫʧʥʽʡ ʪʝʭʥʦʣʦʛʽʾ: 

- ʪʘʙʣʝʪʫʚʘʥʥʷ ʟʘʛʦʪʽʚʦʢ ʧʽʜ ʪʠʩʢʦʤ 6 ʄʇʘ; 

- ʩʫʰʢʘ ʥʘ ʧʨʦʪʷʟʽ 90 ʭʚʠʣʠʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʊ=293õ303 ʂ; 

- ʬʦʨʤʫʚʘʥʥʷ ʟʘʛʦʪʽʚʦʢ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ: ʟʘʛʨʫʟʢʘ ʧʨʠ ʊ=443 ʂ, ʚʠʪʨʠʤʢʘ ʙʝʟ ʪʠʩʢʫ 

ʧʨʠ ʊ=548 ʂ ʥʘ ʧʨʦʪʷʟʽ 5 ʭʚʠʣʠʥ ʪʘ ʚʠʪʨʠʤʢʘ ʧʽʜ ʪʠʩʢʦʤ 8 ʄʇʘ ʧʨʠ ʊ=548 ʂ ʥʘ ʧʨʦʪʷʟʽ 5 

ʭʚʠʣʠʥ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʠʙʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʇʂʄ ʧʨʦʚʦʜʠʣʠʩ̫ ʚ ʫʤʦʚʘʭ ʪʝʨʪʷ ʙʝʟ 

ʟʤʘʱʫʚʘʥʥʷ ʧʨʠ ʧʠʪʦʤʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 0,6 ʄʇʘ
 
ʪʘ ʰʚʠʜʢʦʩʪʽ ʢʦʚʟʘʥʥʷ 1 ʤ/ʩ, ʰʣʷʭ ʪʝʨʪʷ 

1000 ʤ ʧʦ ʩʪʘʣʽ 45, ʪʚʝʨʜʽʩʪʴ 45õ48 HRC, ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ 0,32 ʤʢʤ, ʨʦʟʤʽʨ ʟʨʘʟʢʽʚ 

ʜʽʘʤʝʪʨ 10 ʤʤ, ʚʠʩʦʪʘ 9 ʤʤ.  

ʈʝʟʫʣʴʪʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ (ʪʘʙʣ. 2) ʩʚʽʜʯʘʪʴ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʇʂʄ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: ʢʦʧʦʣʽʤʝʨ ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ï 70 ʤʘʩʩ. %, ʪʝʨʣʦʥ ï 30 ʤʘʩʩ. %. 

ʊʘʙʣʠʮʷ 2 ï ɺʣʘʩʪʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʠʭ ʂʄ 

ʇʦʢʘʟʥʠʢʠ 

ʉʢʣʘʜ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʚ % 

ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ï 95 

ʪʝʨʣʦʥ ï 5 

ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ï 70 

ʪʝʨʣʦʥ ï 30 

ʩʫʣʴʬʘʨʠʣ ɹʉʇ-7 ï 60 

ʪʝʨʣʦʥ ï 40 

ɿʥʦʩ, ʤʛ/ʢʤ 5,8 0,6 0,7 

ʂʦʝʬʽʮʽʻʥʪ 

ʪʝʨʪʷ 
0,35 0,27 0,21 
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ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ɺʀɺʏɽʅʅʗ ɺʃɸʉʊʀɺʆʉʊɽʁ ʍʃɯɹʆɹʋʃʆʏʅʀʍ 

ɺʀʈʆɹɯɺ ɯɿ ɿɸʉʊʆʉʋɺɸʅʅʗʄ ʃʃʗʅʆɻʆ ɹʆʈʆʐʅɸ 

ɺʠʨʦʙʥʠʮʪʚʦ ʭʣʽʙʘ ʪʘ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ - ʦʜʥʘ ʟ ʥʘʡʙʽʣʴʰ ʨʦʟʚʠʥʫʪʠʭ ʛʘʣʫʟʝʡ 

ʭʘʨʯʦʚʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʋʢʨʘʾʥʠ. ʇʨʦʪʝ ʚʠʨʦʙʽʚ ʜʽʻʪʠʯʥʦʛʦ, ʣʽʢʫʚʘʣʴʥʦ-ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜ ʥʠʭ ʥʝʙʘʛʘʪʦ. ʍʣʽʙ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʧʨʦʜʫʢʪʦʤ ʜʣʷ 

ʟʙʘʛʘʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʽʥʛʨʝʜʽʻʥʪʘʤʠ, ʪʦʤʫ ʱʦ ʚʽʥ ʻ ʧʨʦʜʫʢʪʦʤ ʤʘʩʦʚʦʛʦ 

ʩʧʦʞʠʚʘʥʥʷ, ʷʢʠʡ ʢʦʨʠʩʪʫʶʪʴʩʷ ʧʦʧʠʪʦʤ ʫ ʚʩʽʭ ʛʨʫʧ ʥʘʩʝʣʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʽʩʥʫʻ ʧʨʦʙʣʝʤʘ ʪʘʢ ʟʚʘʥʦʛʦ çʧʨʠʭʦʚʘʥʦʛʦ ʛʦʣʦʜʫè[1]. 

ʎʽʥʥʽʩʪʴ ʥʘʩʽʥʥʷ ʣʴʦʥʫ ʪʘ ʧʨʦʜʫʢʪʽʚ ʡʦʛʦ ʧʝʨʝʨʦʙʢʠ ʦʙʫʤʦʚʣʝʥʘ ʥʘʷʚʥʽʩʪʶ ʚ ʡʦʛʦ 

ʩʢʣʘʜʽ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʣʽʛʥʘʥʽʚ, ʭʘʨʯʦʚʠʭ ʚʦʣʦʢʦʥ, ʙʽʣʢʽʚ ʟ ʧʦʚʥʦʮʽʥʥʠʤ 

ʘʤʽʥʦʢʠʩʣʦʪʥʠʤ ʩʢʣʘʜʦʤ, ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʝʣʝʤʝʥʪʽʚ ʽ ʚʽʪʘʤʽʥʽʚ [2]. ʄʝʪʦʶ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʷʢʦʩʪʽ ʭʣʽʙʘ ʫ ʨʘʟʽ ʟʘʤʽʥʠ ʯʘʩʪʠʥʠ ʧʰʝʥʠʯʥʦʛʦ ʙʦʨʦʰʥʘ 

ʧʨʦʜʫʢʪʦʤ ʧʝʨʝʨʦʙʢʠ ʣʴʦʥʫ. 

ɹʦʨʦʰʥʦ ʣʴʦʥʫ ʤʽʩʪʠʪʴ ʞʠʨʫ 10-12% ʥʘ ʉʈ, ʦʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʢʦʛʦ ʻ 

ʧʦʣʽʥʝʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʟ ʧʝʨʝʚʘʞʘʶʯʠʤ ʚʤʽʩʪʦʤ Ŭ-ʣʽʥʦʣʝʚʦʚʦʾ. ɺ ʦʨʛʘʥʽʟʤʽ Ŭ-

ʣʽʥʦʣʝʥʦʚʘ ʢʠʩʣʦʪʘ ʚʠʢʦʥʫʻ ʨʷʜ ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʡ: ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ 

ʪʨʠʛʣʽʮʝʨʠʜʽʚ, ʦʯʠʱʝʥʥʷ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʝʣʘʩʪʠʯʥʦʩʪʽ ʩʫʜʠʥ, ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ 

ʪʨʦʤʙʽʚ, ʥʦʨʤʘʣʽʟʘʮʽʷ ʘʨʪʝʨʽʘʣʴʥʦʛʦ ʪʠʩʢʫ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʽʥ. [3]. 

ɹʫʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʙʥʘ ʣʘʙʦʨʘʪʦʨʥʘ ʚʠʧʽʯʢʘ. ʊʽʩʪʦ ʛʦʪʫʚʘʣʠ ʽʟ ʙʦʨʦʰʥʘ ʧʰʝʥʠʯʥʦʛʦ 

ʚʠʱʦʛʦ ˇʘʪʫʥʢʫ, ʣʣʷʥʦʛʦ ʙʦʨʦʰʥʘ, ʮʫʢʨʫ, ʩʦʣʽ ʪʘ ʚʦʜʠ ʧʠʪʥʦʾ, ʜʨʽʞʜʞʽʚ ʧʨʝʩʦʚʘʥʠʭ 

ʭʣʽʙʦʧʝʢʘʨʩʴʢʠʭ ʙʝʟʦʧʘʨʥʠʤ ʩʧʦʩʦʙʦʤ ʟʛʽʜʥʦ ʟ ʜʘʥʠʤ ɻʆʉʊ 27669-88. 

ʊʽʩʪʦ ʛʦʪʫʚʘʣʠ ʥʘ ʚʝʣʠʢʽʡ ʛʫʩʪʽʡ ʦʧʘʨʽ. ɼʘʥʠʡ ʩʧʦʩʽʙ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʽ  ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʦʧʝʨʘʮʽʾ ï ʧʨʠʛʦʪʫʚʘʥʥʷ ʦʧʘʨʠ ʪʘ  ʦʧʝʨʘʮʽʾ ʧʨʠʛʦʪʫʚʘʥʥʷ ʪʽʩʪʘ. 

ʇʦʧʝʨʝʜʥʴʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʦʙʥʝ ʚʠʧʽʢʘʥʥʷ ʜʣʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʦʮʽʥʢʠ ʛʦʪʦʚʦʛʦ 

ʚʠʨʦʙʫ ʪʘ ʽʥʰʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʦʨʦʰʥʦ 

ʧʰʝʥʠʯʥʝ ʚ/ʩ ʟ ʚʦʣʦʛʽʩʪʶ - 14,5%, ɺʦʣʦʛʽʩʪʴ ʣʣʷʥʦʛʦ ʙʦʨʦʰʥʘ ï 8,7. ʇʽʜ ʯʘʩ ʟʘʤʽʩʫ 

ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʽʩʪʘ ʜʦʜʘʚʘʣʠ ʣʣʷʥʝ ʙʦʨʦʰʥʦ ʚ ʢʽʣʴʢʦʩʪʽ ï 3,6,9% ʚʽʜ ʤʘʩʠ ʙʦʨʦʰʥʘ. 

ʗʢ ʢʦʥʪʨʦʣʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʨʘʟʦʢ ʪʽʩʪʘ ʙʝʟ ʜʦʙʘʚʦʢ.  

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʜʠʚʠʩʴ ʪʘʙʣʠʮʶ 1. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

 ʂʦʥʪʨʦʣʴ ɿʨʘʟʦʢ ˉ1 ɿʨʘʟʦʢ ˉ2 ɿʨʘʟʦʢ ˉ3 

ʇʨʦʮʝʥʪ ʜʦʟʫʚʘʥʥʷ ʜʦʙʘʚʢʠ, % - 3% 6% 9% 

ʄʘʩʘ ʛʘʨʷʯʦʛʦ ʭʣʽʙʘ, ʛ 830 945 960 887 

ʄʘʩʘ ʭʣʽʙʘ ʯʝʨʝʟ ʛʦʜʠʥʫ 

ʚʠʧʽʢʘʥʥʷ, ʛ 
822 900 927 880 

mailto:a4461461@online.ua
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ʋʧʽʢʘʥʥʷ, % 2,35 2,78 2,80 6,82 

ʋʩʠʭʘʥʥʷ, % 0,96 1,07 1,25 0,5 

ɺʠʭʽʜ, % 137,0 135,4 126,3 123,9 

ɺʦʣʦʛʽʩʪʴ ʤôʷʢʫʰʢʠ, % 44,1 42,6 46,2 44,6 

ʂʠʩʣʦʪʥʽʩʪʴ ʤôʷʢʫʰʢʠ, ʛʨʘʜ 1,8 2,1 2,1 2,7 

ʇʦʨʠʩʪʽʩʪʴ ʤôʷʢʫʰʢʠ, % 69,7 74,7 61,6 66,2 

ʇʦʢʘʟʥʠʢ ʢʨʠʰʢʫʚʘʪʦʩʪʽ ʭʣʽʙʘ, % 5,0 10,08 9,57 12,05 

ʂʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʫ ʧʦʛʣʠʥʘʻ 

ʤôʷʢʫʰʢʘ ʭʣʽʙʘ, % 
265,3 345,24 273,41 283,05 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ 
    

ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʬʦʨʤʦʚʠʡ ʬʦʨʤʦʚʠʡ ʬʦʨʤʦʚʠʡ ʧʦʜʦʚʠʡ 

ʢʦʣʽʨ ʽ ʩʪʘʥ ʧʦʚʝʨʭʥʽ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʞʦʚʪʘ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʘ 

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-ʞʦʚʪʘ 

ʤʘʪʦʚʘ  

ʛʣʘʜʝʥʴʢʘ, 

ʩʚʽʪʣʦ-

ʢʦʨʠʯʥʝʚʘ 

ʢʦʣʽʨ ʽ ʩʪʘʥ ʤôʷʢʫʰʢʠ 
ʩʚʽʪʣʘ, 

ʧʦʨʠʩʪʘ 

ʽʟ ʩʽʨʫʚʘʪʠʤ 

ʚʽʜʪʽʥʢʦʤ, 

ʧʦʨʠʩʪʘ 

ʩʽʨʘ, 

ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʦʨʠʩʪʘ 

ʩʽʨʘ, 

ʥʝʜʦʩʪʘʪʥʴʦ 

ʧʦʨʠʩʪʘ 

ʩʤʘʢ 

ʚʣʘʩʪʠʚʠʡ 

ʜʘʥʦʤʫ 

ʚʠʨʦʙʫ 

ʚʽʜʯʫʚʘʻʪʴʩʷ 

ʩʤʘʢ ʣʣʷʥʦʛʦ 

ʙʦʨʦʰʥʘ 

ʙʽʣʴʰ 

ʚʠʨʘʞʝʥʠʤ 

ʩʤʘʢ ʣʣʷʥʦʛʦ 

ʙʦʨʦʰʥʘ 

ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʡ 

ʩʤʘʢ ʣʣʷʥʦʛʦ 

ʙʦʨʦʰʥʘ 

ʟʘʧʘʭ 

ʙʝʟ 

ʩʪʦʨʦʥ-

ʥʴʦʛʦ 

ʟʘʧʘʭʫ 

ʚʠʨʘʞʝʥʠʡ 

ʟʘʧʘʭ 

ʜʦʙʘʚʢʠ 

ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʡ 

ʟʘʧʘʭ 

ʜʦʙʘʚʢʠ 

ʜʦʙʨʝ 

ʚʠʨʘʞʝʥʠʡ 

ʟʘʧʘʭ ʜʦʙʘʚʢʠ 

ɿʘ ʢʦʤʧʣʝʢʩʥʦʶ ʦʮʽʥʢʦʶ ʚʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʜʦʤʽʰʢʠ ʣʴʥʷʥʦʛʦ ʙʦʨʦʰʥʘ ï 

3%, ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʣʴʥʷʥʦʛʦ ʙʦʨʦʰʥʘ ʫ ʜʘʥʽʡ ʚʽʜʩʦʪʢʦʚʽʡ ʢʽʣʴʢʦʩʪʽ, ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʟʙʽʣʴʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʤôʷʢʫʰʢʠ, ʛʘʟʦʫʪʚʦʨʶʚʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʚʦʣʦʛʽʩʪʴ 

ʪʽʩʪʘ ʟʤʝʥʰʫʻʪʴʩʷ, ʧʦʯʘʪʢʦʚʘ ʪʘ ʢʽʥʮʝʚʘ ʢʠʩʣʦʪʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ ʜʘʥʦʾ 

ʜʦʙʘʚʢʠ, ʢʽʣʴʢʽʩʪʴ ʚʦʜʠ, ʷʢʫ ʧʦʛʣʠʥʘʻ ʤôʷʢʫʰʢʘ ʭʣʽʙʘ, ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʜʦʜʘʚʘʥʥʽ 

ʣʴʥʷʥʦʛʦ ʙʦʨʦʰʥʘ, ʧʨʠ ʮʴʦʤʫ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʭʣʽʙʘ ʙʽʣʦʛʦ ʥʝ ʧʦʛʽʨʰʫʶʪʴʩʷ, ʘ ʬʟ̔ʠʢʦ-

ʭʽʤʽʯʥʽ ʽ ʩʤʘʢʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʘʱʫʶʪʴʩʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʫʣʪʘʝʚʘ, ʃ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʩʝʤʷʥ ʣʴʥʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: [ɺʝʙ-ʩʘʡʪ] /ʃ. ʅ. ʉʫʣʪʘʝʚʘ, ʉ. 

ʇʝʨʤʠʥʦʚʘ // ʀʥʪʝʨʥʝʪ-ʞʫʨʥʘʣ çʅɸʋʂʆɺɽɼɽʅʀɽè. ð 2015. ï ʊ. 7, ˉ 1. ï ʉ. 1ð15. ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: \www/ URL:http://www.naukovedenie.ru/PDF/145TVN115.pdf 

2. ɼʨʝʤʫʯʝʚ, ɻ.ʌ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʭʣʝʙʘ ʩ ʜʦʙʘʚʢʦʡ ʣʴʥʷʥʦʛʦ ʩʝʤʝʥʠ / ɼʨʝʤʫʯʝʚ, ɻ.ʌ. 

ʇʦʣʘʥʜʦʚʘ, ʈ.ɼ. ɹʝʩʩʦʥʦʚʘ, ʅ.ɻ. // ɼʦʢʣʘʜ ʧʝʨʚʦʛʦ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʅʦʚʠʝ ʠ 

ʥʝʪʨʘʜʠʮʠʦʥʥʠʝ ʨʘʩʪʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷè.- ʇʫʠɦʥʦ.-2005.- ʉ. 

634-644. 

3.ʐʘʡʜʝʨʤʝʥʦʚʘ, ɼ. ɸ. ʎʝʥʥʦʩʪʴ ʣʴʥʘ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ / ɼ. ɸ. ʐʘʡʜʝʤʝʥʦʚʘ, ɹ. ɸ. 

ʉʘʢʝʥʦʚʘ // ɸʛʨʦ ɼʦʤ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.agrodom.kz/68-tstnnost-lna-kak-syre-dlya-

pererabotki.html. 
 

ʋɼʂ 664.61 

ʄʦʨʦʟʦʚʘ ʅ. ɺ., ʤʘʛʽʩʪʨʘʥʪ 
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ʂʦʨʦʣʴʦʚ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, a4461461@online.ua 

ʇʆʂʈɸʑɽʅʅʗ ʆʈɻɸʅʆʃɽʇʊʀʏʅʀʍ ʊɸ ʌɯɿʀʂʆ-ʍɯʄɯʏʅʀʍ ʇʆʂɸɿʅʀʂɯɺ 

ɹʆʈʆʐʅʗʅʀʍ ʂʆʅɼʀʊɽʈʉʔʂʀʍ ɺʀʈʆɹɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʉʆʈɹɯʊʋ 

ʎʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʥʘʣʝʞʠʪʴ ʜʦ ʯʠʩʣʘ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʣʶʜʠʥʠ. ʋ 

ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʢʽʣʴʢʽʩʪʴ ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʩʢʣʘʜʘʻ 4-7 % ʟʘʛʘʣʴʥʦʾ 

ʧʦʧʫʣʷʮʽʾ. ɿ ʚʽʢʦʤ ʟʘʭʚʦʨʶʚʘʥʽʩʪʴ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ ʧʽʩʣʷ 65 ʨʦʢʽʚ 

ʜʦʩʷʛʘʻ 10-15 %. ɿʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʴ ʨʦʢʽʚ ʧʦʰʠʨʝʥʽʩʪʴ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ ʚ ʋʢʨʘʾʥʽ 

ʟʙʽʣʴʰʠʣʘʩʷ ʫ ʧʽʚʪʦʨʘ ʨʘʟʠ, ʽ ʩʪʘʥʦʤ ʥʘ 1 ʩʽʯʥʷ 2015 ʨʦʢʫ ʚ ʢʨʘʾʥʽ ʟʘʨʝʻʩʪʨʦʚʘʥʦ 1 ʤʣʥ 

198,5 ʪʠʩ. ʭʚʦʨʠʭ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʙʣʠʟʴʢʦ 2,9 % ʚʽʜ ʫʩʴʦʛʦ ʥʘʩʝʣʝʥʥʷ [1]. 

ʋ ʢʦʥʜʠʪʝʨʩʴʢʽʡ ʛʘʣʫʟʽ, ʷʢ ʽ ʫ ʚʩʽʭ ʽʥʰʠʭ, ʽʩʥʫʶʪʴ ʪʘʢʽ ʧʨʦʙʣʝʤʥʽ ʧʠʪʘʥʥʷ, ʷʢ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʪʘ ʩʧʦʞʠʚʯʦʾ ʮʽʥʥʦʩʪʽ ʚʠʨʦʙʽʚ, ʨʦʟʰʠʨʝʥʥʷ ʾʭ ʘʩʦʨʪʠʤʝʥʪʫ, 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʦʱʦ. ɼʦʩʣʽʜʞʝʥʥʶ ʧʨʦʙʣʝʤ ʢʦʥʜʠʪʝʨʩʴʢʦʾ ʛʘʣʫʟʽ 

ʧʨʠʩʚʷʯʝʥʘ ʥʠʟʢʘ ʨʦʙʽʪ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʟʘʢʦʨʜʦʥʥʠʭ ʬʘʭʽʚʮʽʚ ʷʢ ɺ. ɺ. ɼʦʨʦʭʦʚʠʯ, ɸ. ʅ. 

ɼʦʨʦʭʦʚʠʯ, ʆ. ʄ. ʗʨʝʤʝʥʢʦ, ɯ. ʖ. ʈʝʟʥʽʯʝʥʢʦ, ʅ. ʅ. ɿʦʨʢʽʥʦʾ, ɽ. ʖ. ɭʛʦʨʦʚʦʾ, ʅ. ʇ. 

ʃʘʟʦʨʝʥʢʦ, ɸ. ʅ. ʂʫʨʘʢʽʥʦʾ, ɯ. ɹ. ʂʨʘʩʽʥʦʾ, ʅ. ɸ. ʊʘʨʘʩʝʥʢʦ, ɭ. ɺ. ʌʽʣʽʧʦʚʦʾ ʪʘ ʽʥ [2,3,4,5]. 

ʄʝʪʘ ʨʦʙʦʪʠ. ʄʝʪʦʶ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ ʮʫʢʨʦʟʘʤʽʥʥʠʢʘ 

ʩʦʨʙʽʪʦʣʫ ʥʘ ʚʣʘʩʪʠʚʦʩʪʽ ʙʽʩʢʚʽʪʥʦʛʦ ʪʽʩʪʘ ʽ ʷʢʽʩʪʴ ʛʦʪʦʚʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ. ɺʩʝ ʙʽʣʴʰʦʛʦ ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʚʘʶʪʴ ʭʘʨʯʦʚʽ ʧʨʦʜʫʢʪʠ ʜʽʻʪʠʯʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʽʻʪʠʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʫʢʨʦʟʘʤʽʥʥʠʢʽʚ. ʆʜʥʠʤ ʽʟ ʦʧʪʠʤʘʣʴʥʠʭ ʮʫʢʨʦʟʘʤʽʥʥʠʢʽʚ ʻ ʩʦʨʙʽʪ. ɺʽʜʦʤʦ, 

ʱʦ ʩʦʨʙʽʪ ʤʽʩʪʠʪʴʩʷ ʫ ʨʦʩʣʠʥʥʽʡ ʩʠʨʦʚʠʥʽ, ʦʪʞʝ ʻ ʥʘʪʫʨʘʣʴʥʠʤ ʮʫʨʦʟʘʤʽʥʥʠʢʦʤ. ɺʽʥ ʤʘʻ 

ʚʣʘʩʪʠʚʦʩʪʽ ʚʦʣʦʛʦʫʪʨʠʤʫʚʘʯʘ ʪʘ ʢʦʥʩʝʨʚʘʥʪʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʜʦʚʞʠʪʠ ʪʝʨʤʽʥ ʟʙʝʨʽʛʘʥʥʷ 

ʛʦʪʦʚʠʭ ʙʦʨʦʰʥʷʥʠʭ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʦʨʙʽʪʫ ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ 

ʢʦʥʜʠʪʝʨʩʴʢʽ ʚʠʨʦʙʠ ʜʦʩʪʫʧʥʠʤʠ ʜʣʷ ʦʩʽʙ, ʭʚʦʨʠʭ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʗʢʽʩʪʴ ʦʪʨʠʤʘʥʦʛʦ ʙʽʩʢʚʽʪʥʦʛʦ ʥʘʧʽʚʬʘʙʨʠʢʘʪʫ ʦʮʽʥʶʚʘʣʠ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʧʽʯʢʠ ʪʽʩʪʘ, ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʟ ʙʦʨʦʰʥʘ ʧʰʝʥʠʯʥʦʛʦ ʚʠʱʦʛʦ 

ˇʘʪʫʥʢʫ, ʷʻʮʴ ʢʫʨʷʯʠʭ, ʮʫʢʨʫ ʙʽʣʦʛʦ ʪʘ ʩʦʨʙʽʪʫ ʟʘ ʤʝʪʦʜʠʢʘʤʠ ʟʛʽʜʥʦ ʟ ɻʆʉʊ 5904-82 

çɺʠʨʦʙʠ ʢʦʥʜʠʪʝʨʩʴʢʽ. ʇʨʘʚʠʣʘ ʧʨʠʡʦʤʫ, ʤʝʪʦʜʠ ʚʽʜʙʦʨʫ ʽ ʧʽʜʛʦʪʦʚʢʠ ʧʨʦʙè; ɻʆʉʊ 5900-

73 çɺʠʨʦʙʠ ʢʦʥʜʠʪʝʨʩʴʢʽ. ʄʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʚʦʣʦʛʠ ʽ ʩʫʭʠʭ ʨʝʯʦʚʠʥè; ʆʉʊ 10-060-95 

çʊʦʨʪʠ ʽ ʪʽʩʪʝʯʢʘè. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʥʘ ʢʘʬʝʜʨʽ 

ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʾ ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʊʝʭʥʦʣʦʛʽʯʥʦʛʦ ʋʥʽʚʝʨʩʠʪʝʪʫ. 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ. ʇʦʧʝʨʝʜʥʴʦ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʧʨʦʙʥʝ ʣʘʙʦʨʘʪʦʨʥʝ ʚʠʧʽʢʘʥʥʷ 

ʜʣʷ ʦʨʛʘʥʦʣʝʧʪʠʯʥʦʾ ʪʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʦʮʽʥʢʠ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʙʦʨʦʰʥʦ ʧʰʝʥʠʯʥʝ ʚʠʱʦʛʦ ʩʦʨʪʫ ʚʦʣʦʛʽʩʪʶ 14,5 %, ʢʠʩʣʦʪʥʽʩʪʶ - 3,0 

ʛʨʘʜ, ʟʦʣʴʥʽʩʪʶ ï 0,52 %, ʪʘ ʚʤʽʩʪʦʤ ʩʠʨʦʾ ʢʣʝʡʢʦʚʠʥʠ 26,4%. ɺʦʣʦʛʽʩʪʴ ʷʻʮʴ ʢʫʨʷʯʠʭ ï 73 

%. ɺʦʣʦʛʽʩʪʴ ʮʫʢʨʦʟʘʤʽʥʥʠʢʘ ʩʦʨʙʽʪʫ ï 0,2 %. 

ʇʽʜ ʯʘʩ ʟʘʤʽʩʫ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʟʘʤʽʥʫ ʮʫʢʨʫ ʩʦʨʙʽʪʦʤ ʥʘ 50%, ʪʘʢʦʞ 

ʧʦʚʥʫ ʟʘʤʽʥʫ ʥʘ 100% ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʦʨʙʽʪʫ, ʙʽʣʴʰʫ ʟʘ ʢʽʣʴʢʽʩʪʴ ʮʫʢʨʫ ʫ 1,5 ʨʘʟʠ. ʗʢ 

ʢʦʥʪʨʦʣʴ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʟʨʘʟʦʢ ʪʽʩʪʘ ʪʦʛʦ ʞ ʨʝʮʝʧʪʫʨʥʦʛʦ ʩʢʣʘʜʫ ʟ ʮʫʢʨʦʤ. 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 ï ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

 ʂʦʥʪʨʦʣʴ ɿʨʘʟʦʢ ˉ2 

ʇʨʦʮʝʥʪ ʜʦʟʫʚʘʥʥʷ 

ʮʫʢʨʦʟʘʤʽʥʥʠʢʘ, % 
0 100 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʥʘʧʽʚʬʘʙʨʠʢʘʪʽʚ 

ʇʽʥʦʫʪʚʦʨʝʥʥʷ, % 333 325 
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54 

ʇʽʥʦʩʪʽʡʢʽʩʪʴ, % 85,5 98,5 

ʇʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʄʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ, % 25,9 26,7 

ʂʨʠʭʢʽʩʪʴ, % 9,1 19,7 

ʅʘʤʦʢʘʥʥʷ, % 267,5 311,3 

ʆʨʛʘʥʦʣʝʧʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ:   

             ʢʦʣʽʨ ʽ ʩʪʘʥ ʧʦʚʝʨʭʥʽ ɻʣʘʜʢʘ, ʙʝʟ ʧʽʜʨʠʚʽʚ ɻʣʘʜʢʘ, ʙʝʟ ʧʽʜʨʠʚʽʚ 

ʢʦʣʽʨ ʽ ʩʪʘʥ 

ʤôʷʢʫʰʢʠ  

ʉʚʽʪʣʠʡ, ʜʨʽʙʥʦʧʦʨʠʩʪʘ ʉʚʽʪʣʠʡ, ʟ ʨʦʟʚʠʥʝʥʦʶ 

ʪʦʥʢʦʩʪʽʥʥʦʶ ʧʦʨʠʩʪʽʩʪʶ 

             ʩʤʘʢ ɺʣʘʩʪʠʚʠʡ ʜʘʥʦʤʫ ʚʠʨʦʙʫ ɺʣʘʩʪʠʚʠʡ ʜʘʥʦʤʫ ʚʠʨʦʙʫ 

             ʟʘʧʘʭ ʇʨʠʻʤʥʠʡ, ʙʝʟ ʩʪʦʨʦʥʥʽʭ 

ʟʘʧʘʭʽʚ 

ʇʨʠʻʤʥʠʡ, ʙʝʟ ʩʪʦʨʦʥʥʽʭ 

ʟʘʧʘʭʽʚ 

ɺʠʩʥʦʚʢʠ. ʋ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʧʪʠʤʘʣʴʥʦʶ ʻ ʧʦʚʥʘ 

ʟʘʤʽʥʘ ʮʫʢʨʫ ʩʦʨʙʽʪʦʤ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʦʟʫʚʘʥʥʷ ʩʦʨʙʽʪʫ 100% ʜʦ ʤʘʩʠ ʮʫʢʨʫ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʙʽʩʢʚʽʪʥʽ ʚʠʨʦʙʠ ʽʟ ʭʦʨʦʰʠʤʠ ʦʨʛʘʥʦʣʝʧʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

(ʢʦʣʽʨ ʽ ʩʪʘʥ ʤôʷʢʫʰʢʠ, ʩʤʘʢ ʪʘ ʟʘʧʘʭ), ʧʦʢʨʘʱʝʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, 

ʪʘʢʠʤʠ ʷʢ ʢʨʠʭʢʽʩʪʴ, ʥʘʤʦʢʘʥʥʷ ʪʘ ʤʘʩʦʚʘ ʯʘʩʪʢʘ ʚʦʣʦʛʠ. ɿʙʽʣʴʰʝʥʥʷ ʤʘʩʦʚʦʾ ʯʘʩʪʢʠ 

ʚʦʣʦʛʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʨʙʽʪʫ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ, ʩʚʽʜʯʠʪʴ ʧʨʦ ʢʨʘʱʝ 

ʫʪʨʠʤʘʥʥʷ ʚʦʣʦʛʠ ʚʠʧʝʯʝʥʠʤʠ ʥʘʧʽʚʬʘʙʨʠʢʘʪʪʘʤʠ, ʱʦ ʧʦʜʦʚʞʫʻ ʪʝʨʤʽʥ ʾʭ ʟʙʝʨʽʛʘʥʥʷ. 

ʊʘʢʦʞ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʰʚʠʜʢʽʩʪʶ ʤʽʢʨʦʙʽʦʣʦʛʽʯʥʦʛʦ ʧʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ, 

ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʪʝʨʤʽʥʫ ʟʙʝʨʽʛʘʥʥʷ ʟʨʘʟʢʘ ˉ2 ʥʘ 72 ʛʦʜ, ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ (ʧʦʷʚʘ ʧʝʨʰʠʭ ʦʟʥʘʢ ʧʦʷʚʠ ʧʣʽʩʥʷʚʠʭ ʛʨʠʙʽʚ: ʢʦʥʪʨʦʣʴ ï ʯʝʨʝʟ 96 

ʛʦʜ, ʟʨʘʟʦʢ ˉ2 ï ʯʝʨʝʟ 168 ʛʦʜʠʥ). 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʋʢʨʘʾʥʩʴʢʽ ʥʘʮʽʦʥʘʣʴʥʽ ʥʦʚʠʥʠ. ɯʥʬʦʨʤʘʮʽʡʥʝ ʘʛʝʥʪʩʪʚʦ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] : [ɺʝʙ-ʩʘʡʪ]. ï 

ɽʣʝʢʪʨʦʥʥʽ ʜʘʥʽ. ï ʂʠʾʚ, ʋʅʅ, 2015. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.unn.com.ua/uk/news/1527230-

mayzhe-3-ukrayintsiv-khvori-na-tsukroviy-diabet-doktor-medichnikh-nauk (ʜʘʪʘ ʟʚʝʨʥʝʥʥʷ 16.12.2017). 

ï ʄʘʡʞʝ 3% ʫʢʨʘʾʥʮʽʚ ʭʚʦʨʽ ʥʘ ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ï ʜʦʢʪʦʨ ʤʝʜʠʯʥʠʭ ʥʘʫʢ. 

2. ɼʦʨʦʭʦʚʠʯ, ɺ. ɺ. ʉʦʣʦʜʢʽ ʨʝʯʦʚʠʥʠ-ʮʫʢʨʦʟʘʤʽʥʥʠʢʠ: ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʜʦʮʽʣʴʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʙʦʨʦʰʥʷʥʠʭ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʚʠʨʦʙʽʚ / ɺ.ɺ. ɼʦʨʦʭʦʚʠʯ, 

ʄ. ʇ. ɻʫʣʽʯ // ʂʠʾʚ: ʂʅʊɽʋ. ï 9ʩ. 

3. ʄʽʩʝʯʢʦ ʅ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʩʦʨʙʽʪʫ ʥʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʘ ʷʢʽʩʪʴ ʛʦʪʦʚʠʭ 

ʚʠʨʦʙʽʚ. / ʅ. ʆ. ʄʽʩʝʯʢʦ, ʖ. ɺ. ɹʦʥʜʘʨʝʥʢʦ ʪʘ ʅ. ʄ. ʉʪʨʝʣʴʯʝʥʢʦ. ï ʂʠʾʚ: ʅʋʍʊ, 2011. ï 2 ʩ. 

4. ʇʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟ ʙʽʩʢʚʽʪʥʦʛʦ ʪʽʩʪʘ. ɿʚʽʪ ʧʨʦ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʨʦʙʦʪʫ / 

ʍʘʮʢʝʚʠʯ ʖ. ʄ., ʉʝʣʶʪʽʥʘ ɻ. ɸ., ʏʝʨʝʚʠʯʥʘ ʅ. ɯ., ʆʣʴʭʦʚʩʴʢʘ ɺ. ʉ., ʑʝʨʙʘʢʦʚʘ ʊ. ɺ., ʆʚʯʠʥʥʽʢʦʚʘ ɯ. 

ʌ., ʊʦʤʘʰʝʚʩʴʢʘ ʈ. ʗ., ʇʦʧʦʚʘ ʊ. ʄ., ɹʽʣʦʫʩ ɺ. ɯ., ɻʘʧʦʥʮʝʚʘ ʆ. ɺ. // ʍʘʨʢʽʚ: ʍɼʋʍʊ, 2012. ï 83ʩ. 

5. ʊʝʭʥʦʣʦʛʽʷ ʢʦʥʜʠʪʝʨʩʴʢʠʭ ʽ ʭʣʽʙʦʙʫʣʦʯʥʠʭ ʚʠʨʦʙʽʚ: ʅʘʚʯ. ʧʦʩʽʙʥʠʢ / ɻ.ʄ. ʃʠʩʶʢ, ʆ.ɺ. 

ʉʘʤʦʭʚʘʣʦʚʘ, ɿ.ɯ. ʂʫʯʝʨʫʢ, ʆ.ʄ. ʇʦʩʪʥʦʚʘ, ʉ.ɻ. ʆʣʽʡʥʠʢ, ʄ.ɺ. ɸʨʪʘʤʦʥʦʚʘ, ʆ.ɺ. ʅʻʤʽʨʽʯ, ʆ.ʊ. 

ʉʪʘʨʯʘʻʥʢʦ; ʇʽʜ ʨʝʜ. ɻ.ʄ. ʃʠʩʶʢ. ï ʍʘʨʢʽʚ : ʍɼʋʍʊ, 2007. ï 412ʩ. 
 

ʋɼʂ 678.027.3:621.3.084.2 

ʉʽʚʝʮʴʢʠʡ ɺ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʂʫʨʠʣʝʥʢʦ ɺ.ʄ., ʘʩʧʽʨʘʥʪ 

ʇʦʣʽʱʫʢ ʆ.ɺ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, v.kurylenko@kpi.ua 

ɽʂʉʊʈʋɿɯʁʅʆ-ɯʅɾɽʂʎɯʁʅʀʁ ʉʇʆʉɯɹ ʌʆʈʄʋɺɸʅʅʗ ʇʆɻʆʅɸɾʅʀʍ 

ɺʀʈʆɹɯɺ ɿ ɺɺɽɼɽʅʅʗʄ ɯʅʊɽʃɽʂʊʋɸʃʔʅʀʍ ɼɸʊʏʀʂɯɺ 

http://www.unn.com.ua/uk/news/1527230-mayzhe-3-ukrayintsiv-khvori-na-tsukroviy-diabet-doktor-medichnikh-nauk
http://www.unn.com.ua/uk/news/1527230-mayzhe-3-ukrayintsiv-khvori-na-tsukroviy-diabet-doktor-medichnikh-nauk
mailto:v.kurylenko@kpi.ua


çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

55 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʩʪʠʤʫʣʶʚʘʣʠ ʨʦʟʨʦʙʢʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ (ɯʇʄ). 

ɯʇʄ ʪʘ ʚʠʨʦʙʠ ʟ ʥʠʭ ʟʜʘʪʥʽ ʜʦ ʩʘʤʦʜʽʘʛʥʦʩʪʠʢʠ ʘʙʦ ʧʨʦʪʠʜʽʾ ʟʦʚʥʽʰʥʽʤ ʬʘʢʪʦʨʘʤ ʽ 

ʘʜʘʧʪʫʚʘʥʥʶ ʜʦ ʥʠʭ ʧʽʩʣʷ ʦʮʽʥʢʠ ʭʘʨʘʢʪʝʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʚʧʣʠʚʫ ʽ ʚʣʘʩʥʦʛʦ ʩʪʘʥʫ [1].  

ɺ ʜʘʥʠʡ ʯʘʩ ʧʦʣʽʤʝʨʥʽ ʚʠʨʦʙʠ ʟ ʨʦʟʪʘʰʦʚʘʥʠʤʠ ʚʩʝʨʝʜʠʥʽ ʥʠʭ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ 

ʜʘʪʯʠʢʽʚ ʻ ʥʦʚʠʥʢʦʶ ʥʘ ʩʫʯʘʩʥʦʤʫ ʨʠʥʢʫ ʧʦʣʽʤʝʨʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʱʦ ʚʟʘʛʘʣʽ ʻ ʥʦʫ-ʭʘʫ ʾʭ 

ʨʦʟʨʦʙʥʠʢʽʚ. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʘʥʠʭ ʮʽʣʝʡ ʥʝʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʝ ʪʘ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʝʢʨʝʯʝʥʝ ʚʠʨʦʙʥʠʢʘʤʠ.  

ʇʨʦʮʝʩ ʚʚʝʜʝʥʥʷ ʩʫʤʽʰʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʟ ʙʘʟʦʚʠʤ ʧʦʣʽʤʝʨʦʤ ʧʨʠ ʝʢʩʪʨʫʟʽʡʥʦʤʫ 

ʬʦʨʤʫʚʘʥʥʽ ʧʦʛʦʥʘʞʥʠʭ ʚʠʨʦʙʽʚ ʙʫʚ ʜʦʩʣʽʜʞʝʥʠʡ ʥʘ ʯʝʨʚôʷʯʥʦʤʫ ʝʢʩʪʨʫʟʽʡʥʦʤʫ ʘʛʨʝʛʘʪʽ, 

ʛʦʣʦʚʢʘ ʷʢʦʛʦ ʦʩʥʘʱʝʥʘ ʜʦʜʘʪʢʦʚʠʤ ʽʥʞʝʢʮʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ, ʨʠʩ. 1. 

 
ʈʠʩ.1 ï ɽʢʩʪʨʫʟʽʡʥʘ ʛʦʣʦʚʢʘ ʟ ʽʥʞʝʢʮʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ 

ʂʦʨʧʫʩ ʛʦʣʦʚʢʠ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʧʝʨʝʭʽʜʥʠʡ ʢʦʥʽʯʥʠʡ ʢʘʥʘʣ 1 ʪʘ ʬʦʨʤʫʶʯʠʡ 

ʮʠʣʽʥʜʨʠʯʥʠʡ ʢʘʥʘʣ 2 ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʟʨʘʟʢʽʚ ʪʠʧʫ ʩʪʨʝʥʛʘ. ɻʦʣʦʚʢʘ ʤʘʻ 

ʧʨʷʤʦʪʦʯʥʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʆʙʽʛʨʽʚ ʛʦʣʦʚʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʝʤ ʦʧʦʨʫ 3. 

ɯʥʞʝʢʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ 4 ʜʣʷ ʜʦʟʦʚʘʥʦʛʦ ʚʚʝʜʝʥʥʷ ʧʦʣʽʤʝʨʫ ʽʟ ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʘʨʚʥʠʢʘ ʘʙʦ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʜʘʪʯʠʢʘʤʠ (ɯɼ) ʨʦʟʤʽʱʫʻʪʴʩʷ ʥʘ ʮʠʣʽʥʜʨʠʯʥʦʤʫ ʢʦʨʧʫʩʽ ʛʦʣʦʚʢʠ ʧʽʜ 

ʢʫʪʦʤ 30 ̄ʜʦ ʚʽʩʽ ʬʦʨʤʫʶʯʦʛʦ ʢʘʥʘʣʫ. ɯʥʞʝʢʮʽʡʥʠʡ ʧʨʠʩʪʨʽʡ 4 ʦʙʣʘʜʥʘʥʠʡ ʞʠʚʠʣʴʥʦʶ 

ʛʦʨʣʦʚʠʥʦʶ 5 ʚ ʷʢʫ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ ʩʫʤʽʰ ʧʦʣʽʤʝʨʫ ʽʟ ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʘʨʚʥʠʢʘ ʘʙʦ ɯɼ. ʇʽʜ 

ʯʘʩ ʜʦʟʫʚʘʥʥʷ ʩʫʤʽʰ ʧʨʦʰʪʦʚʭʫʻʪʴʩʷ ʚ ʽʥʞʝʢʮʽʡʥʫ ʢʘʤʝʨʫ 6 ʧʣʫʥʞʝʨʦʤ 7, ʜʝ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʨʦʛʨʽʚ ʧʦʣʽʤʝʨʫ ʜʦ ʟʘʜʘʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʆʙʽʛʨʽʚ ʽʥʞʝʢʮʽʡʥʦʾ ʢʘʤʝʨʠ 6 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʝʣʝʢʪʨʦʥʘʛʨʽʚʘʯʝʤ ʦʧʦʨʫ 8. ʇʣʫʥʞʝʨ 7 ʦʩʥʘʱʝʥʦ ʤʝʭʘʥʽʟʤʦʤ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ 9, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧʨʠʚʦʜʫ 10, ʧʘʨʠ ʛʚʠʥʪ-ʛʘʡʢʘ 11, ʪʷʛ 12 ʽ 

ʪʨʘʚʝʨʩʠ 13 ʥʘ ʷʢʽʡ ʢʨʽʧʠʪʴʩʷ ʧʣʫʥʞʝʨ 7. ɿʘ ʨʘʭʫʥʦʢ ʜʽʾ ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʦ-

ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʤʽʱʝʥʥʷ ʧʣʫʥʞʝʨʘ 7 ʚ ʥʘʧʨʷʤʢʫ ʬʦʨʤʫʶʯʦʛʦ 

ʢʘʥʘʣʫ 2 ʽ ʩʫʤʽʰ ʧʦʣʽʤʝʨʫ ʽʟ ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʘʨʚʥʠʢʘ ʘʙʦ ɯɼ ʥʘʛʥʽʪʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ 

ʬʦʨʤʫʶʯʠʡ ʢʘʥʘʣ 2 ʛʦʣʦʚʢʠ ʽʟ ʟʘʜʘʥʠʤʠ ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʪʘ ʪʠʩʢʦʤ ʽʥʞʝʢʮʽʾ. ʊʠʩʢ ʽʥʞʝʢʮʽʾ 

ʨʝʛʫʣʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʚʦʜʫ 10 ʽ ʤʦʞʝ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʚʘʪʠ ʪʠʩʢ ʚ ʬʦʨʤʫʶʯʦʤʫ 

ʢʘʥʘʣʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʘʥʫʨʶʚʘʪʠ ʽʥʞʝʢʪʦʚʘʥʫ ʩʫʤʽʰ ʥʘ ʟʘʜʘʥʫ ʛʣʠʙʠʥʫ. ɼʣʷ ʧʦʛʘʰʝʥʥʷ 

ʟʙʫʨʶʶʯʠʭ ʢʦʣʠʚʘʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʬʦʨʤʫʶʯʦʤʫ ʢʘʥʘʣʽ 2 ʧʽʜ ʯʘʩ ʽʥʞʝʢʮʽʾ, ʚʽʥ ʤʦʞʝ 

ʙʫʪʠ ʜʦʦʙʣʘʜʥʘʥʠʡ ʜʦʜʘʪʢʦʚʦʶ ʜʽʣʷʥʢʦʶ 14, ʷʢʘ ʤʘʻ ʩʚʽʡ ʦʢʨʝʤʠʡ ʦʙʽʛʨʽʚ ʚʽʜ ʥʘʛʨʽʚʘʯʘ 15 

[2]. ɿʤʽʥʘ ʜʦʚʞʠʥʠ ʬʦʨʤʫʶʯʦʛʦ ʢʘʥʘʣʫ ʟʘʙʝʟʧʝʯʫʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ʫʪʚʦʨʝʥʥʷ ʜʝʬʝʢʪʽʚ ʧʦʚʝʨʭʥʽ ʥʘ ʝʢʩʪʨʫʜʦʚʘʥʠʭ ʩʪʨʝʥʛʦʚʠʭ ʚʠʨʦʙʘʭ. 
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ɿ ʚʠʭʦʜʦʤ ʥʘ ʨʦʙʦʯʠʡ ʨʝʞʠʤ, ʽʥʞʝʢʮʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʽʟ ʚʢʘʟʘʥʠʤ ʽʥʪʝʨʚʘʣʦʤ ʪʘ ʢʨʦʢʦʤ, 

ʟʘ ʜʦʣʽ ʩʝʢʫʥʜʠ, ʽʥʞʝʢʪʫʻ ʩʫʤʽʰ ɯɼ ʟ ʜʦʩʣʽʜʞʫʚʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ ʦʩʥʦʚʥʠʡ ʧʦʪʽʢ 

ʬʦʨʤʫʶʯʦʛʦ ʢʘʥʘʣʫ 2. 

ʇʨʦʡʰʦʚʰʠ ʚʘʥʥʫ ʦʭʦʣʦʜʞʝʥʥʷ ʚʽʜʬʦʨʤʦʚʘʥʘ ʧʦʣʽʤʝʨʥʘ ʩʪʨʝʥʛʘ ʚʽʜʩʽʢʘʻʪʴʩʷ ʥʘ 

ʚʽʜʨʽʟʢʠ ʚ ʷʢʠʭ ʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʚʚʝʜʝʥʽ ʽʥʞʝʢʪʦʚʘʥʽ ʧʦʨʮʽʾ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʫ, ʨʠʩ. 2, 

ʢʦʥʮʝʥʪʨʘʪʫ ʙʘʨʚʥʠʢʘ ʟ ɯɼ (ʘ) ʘʙʦ ʙʘʨʚʥʠʢʦʤ (ʙ). ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʫʻʤʦ ʟʨʘʟʢʠ 

ʧʦʣʽʤʝʨʥʠʭ ʩʪʨʝʥʛ ʟ ʨʽʟʥʦʶ ʛʣʠʙʠʥʦʶ ʚʚʝʜʝʥʥʷ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʫ ʟ ʜʘʪʯʠʢʘʤʠ ʧʨʠ ʟʤʽʥʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʪʠʩʢʽʚ ʽʥʞʝʢʮʽʾ ʪʘ ʝʢʩʪʨʫʟʽʾ. 

ʇʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʛʣʠʙʠʥʠ ʚʚʝʜʝʥʥʷ ʢʦʨʝʣʶʶʪʴ 

ʟ ʜʘʥʠʤʠ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ [3]. 

 
ʘ) ï ʟ ɯɼ ʙ) ï ʟ ʙʘʨʚʥʠʢʦʤ    

ʇʦʧʝʨʝʯʥʽ ʧʝʨʝʨʽʟʠ     ʇʦʟʜʦʚʞʥʽʡ ʨʦʟʨʽʟ 

ʈʠʩ. 2 ï ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʧʦʣʽʤʝʨʥʦʾ ʩʪʨʝʥʛʠ 

ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʜʘʥʦʾ ʫʩʪʘʥʦʚʢʠ ʟôʷʚʠʣʘʩʷ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʦʣʽʤʝʨʥʠʡ 

ʚʠʨʽʙ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ ʽʟ ʦʜʥʦʯʘʩʥʦʶ ʽʥʞʝʢʮʽʻʶ ʜʦʜʘʪʢʦʚʦʾ ʩʫʤʽʰʽ ʧʦʣʽʤʝʨʫ ʟ 

ʢʦʥʮʝʥʪʨʘʪʦʤ ʙʘʨʚʥʠʢʘ ʘʙʦ ɯɼ ʚ ʦʪʨʠʤʘʥʽ ʚʠʨʦʙʠ ʟ ʟʘʜʘʥʠʤ ʢʨʦʢʦʤ ʽ ʛʣʠʙʠʥʦʶ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʩʧʦʩʽʙ ʚʚʝʜʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʜʘʪʯʠʢʽʚ ʫ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ 

ʧʦʣʽʤʝʨʥʦʛʦ ʚʠʨʦʙʫ ʜʦʟʚʦʣʷʻ ʫ ʧʦʜʘʣʴʰʦʤʫ ʚ on-line ʨʝʞʠʤʽ ʦʪʨʠʤʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʚʠʨʦʙʽʚ, ʪʦʱʦ. 
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çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

57 

ʇʽʜ ʯʘʩ ʪʝʢʩʪʠʣʴʥʦʾ ʧʝʨʝʨʦʙʮʽ ʭʽʤʽʯʥʠʭ ʚʦʣʦʢʦʥ ʧʨʠ ʧʝʨʝʤʦʪʫʚʘʥʥʽ ʚʝʣʠʢʠʡ ʚʧʣʠʚ ʥʘ 

ʷʢʩ̔ʪʴ ʧʘʢʫʚʘʥʴ ʤʘʻ ʩʠʣʘ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʜʦ ʙʦʙʽʥʦʨʠʤʘʯʘ. ʈʦʟʨʘʭʫʥʦʢ 

ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʧʨʦʪʽʢʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɺ ʥʘʫʢʦʚʽʡ ʣʽʪʝʨʘʪʫʨʽ ʮʴʦʤʫ ʧʠʪʘʥʥʶ ʥʝ ʥʘʜʘʥʦ ʟʥʘʯʥʦʾ ʫʚʘʛʠ. 

ʇʝʨʝʤʦʪʫʚʘʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʤʝʭʘʥʽʟʤʽʚ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʧʫ (ʨʠʩ.1). 
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ʈʠʩ. 1 ï ʉʭʝʤʘ ʥʘʤʦʪʫʚʘʣʴʥʦʛʦ ʤʝʭʘʥʽʟʤʫ  

ʇʨʠ ʢʽʥʝʤʘʪʠʯʥʦʤʫ ʘʥʘʣʽʟʽ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʠʪʠ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʪʦʚʱʠʥʦʶ ʪʽʣʘ 

ʥʘʤʦʪʫʚʘʥʥʷ (ʤʘʩʦʶ ʧʘʢʫʚʘʥʥʷ) ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ 

ʧʦʣʦʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʚ ʧʨʦʮʝʩʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʧʘʢʫʚʘʥʥʷ (ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʞʝʣʷ, ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʦʩʽ ʚʘʞʝʣʷ ʜʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ, ʱʦ ʟôʻʜʥʫʻ ʮʝʥʪʨʠ ʦʙʝʨʪʘʥʥʷ ʙʦʙʽʥʦʪʨʠʤʘʯʘ ʪʘ 

ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ) ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʛʨʘʚʽʪʘʮʽʡʥʽ ʤʦʤʝʥʪʠ ʚʽʜ ʚʘʞʝʣʷ ʟ ʨʦʣʠʢʦʤ ʪʘ 

ʢʦʤʧʝʥʩʫʶʯʦʶ ʚʘʛʦʶ. ɺ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ ʚʠʙʨʘʥʘ ʪʦʚʱʠʥʘ ʪʽʣʘ ʥʘʤʦʪʫʚʘʥʥʷ. 

ɿʽ ʩʭʝʤʠ (ʨʠʩ. 1) ,ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʦʨʝʤʠ ʢʦʩʠʥʫʩʽʚ, ʢʫʪ ʧʦʚʦʨʦʪʫ ʚʘʞʝʣʷ ű ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʤʝʭʘʥʽʟʤʫ ʪʘ ʥʘʧʨʘʮʴʦʚʘʥʦʛʦ ʧʘʢʫʚʘʥʥʷ ʚʠʟʥʘʯʠʪʴʩʷ ʟ ʚʠʨʘʟʫ: 
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ʜʝ Lb ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ ʚʘʞʝʣʷ ʜʦ ʦʩʽ ʙʦʙʽʥʦʪʨʠʤʘʯʘ; 

Dr ï ʜʽʘʤʝʪʨ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ; 

űʪ ï ʢʫʪ ʤʽʞ ʚʘʞʝʣʝʤ ʽ ʣʽʥʽʻʶ ʆʆb ʫ ʙʫʜʴ-ʷʢʠʡ ʤʦʤʝʥʪ ʯʘʩʫ; 

Lp ï ʜʦʚʞʠʥʘ ʚʘʞʝʣʷ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ. 

ɿʽ ʩʭʝʤʠ ʫʩʪʘʥʦʚʠʤʦ ʥʘʩʪʫʧʥʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ʽ ʧʦʪʦʯʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʩʽ 

ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ: 

 )cos( ej +Ö=
mp
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X ,   )sin( ej +Ö=
mp
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Y , (2) 

ʜʝ Ů ï ʢʫʪ ʤʽʞ ʚʽʩʩʶ ʍ ʽ ʣʽʥʽʻʶ ʆʆb. 

ʈʽʚʥʷʥʥʷ ʣʽʥʽʾ ʟ'ʻʜʥʫʶʯʦʾ ʪʦʯʢʠ ʆr ʽ ʆb ʤʘʻ ʚʠʛʣʷʜ: 
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ʇʣʝʯʝ ʩʠʣʠ ʨʝʘʢʮʽʾ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ht ʚʠʟʥʘʯʠʤʦ ʷʢ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʩʽ O (O, O) ʜʦ 

ʧʨʷʤʦʾ  ʆrʆb (ʧʦʣʷʨʥʘ ʚʽʜʩʪʘʥʴ): 
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ʈʝʟʫʣʴʪʫʶʯʘ ʩʠʣʘ ʧʨʠʪʠʩʢʫʚʘʥʥʷ Rt ʚʠʟʥʘʯʠʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

 ( )( )ab+ÖÖ+Ö= cos
81,9

: eGXtMr
ht

Rt ,  (5) 

ʜʝ Mr ï ʤʘʩʘ ʚʘʞʝʣʷ; 

G ï ʤʘʩʘ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʚʘʛʠ; 

Ç ï ʢʫʪ ʧʦʣʦʞʝʥʥʷ ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʚʘʛʠ. 

ʅʘ ʨʠʩ. 2 ʥʘʚʝʜʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʧʨʠ ʦʧʪʠʤʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʘʭ 

ʨʝʛʫʣʶʚʘʣʴʥʦʾ ʚʘʛʠ ʪʘ ʾʾ ʧʦʣʦʞʝʥʥʷ. 

 

ʈʠʩ. 2 ï ɿʘʣʝʞʥʽʩʪʴ ʧʣʝʯʘ ʩʠʣʠ ʨʝʘʢʮʽʾ ʫʢʦʯʫʶʯʦʛʦ ʨʦʣʠʢʘ ʪʘ ʩʠʣʠ ʧʨʠʪʠʩʢʫʚʘʥʥʷ ʚʽʜ 

ʪʦʚʱʠʥʠ ʪʽʣʘ ʥʘʤʦʪʫʚʘʥʥʷ 

ʈʦʟʨʦʙʣʝʥʘ ʤʝʪʦʜʠʢʘ ʜʦʟʚʦʣʷʻ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʨʦʟʨʘʭʫʚʘʪʠ ʨʝʛʫʣʶʚʘʣʴʥʫ ʤʘʩʫ 

ʪʘ ʾʾ ʧʦʣʦʞʝʥʥʷ. 

ʋɼʂ 664.8.03 

ʇʝʪʨʫʰʘ ʆ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʐʫʣʽʢʘ ɸ.ʆ., ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤ. ʂʠʾʚ, shulika.alina.97@gmail.com 

ʇʆʇɽʈɽɼɾɽʅʅʗ ɺʀʅʀʂʅɽʅʅʗ ʅɽɹɽɿʇɽʏʅʀʍ ʌɸʂʊʆʈɯɺ ʇʈʀ 

ɺʀʈʆɹʅʀʎʊɺɯ ɻʆʈʆʐʂʋ ɿɽʃɽʅʆɻʆ ʂʆʅʉɽʈɺʆɺɸʅʆɻʆ 

ɺʠʥʠʢʥʝʥʥʷ ʥʝʙʝʟʧʝʯʥʠʭ ʬʘʢʪʦʨʽʚ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʛʦʨʦʰʢʫ ʟʝʣʝʥʦʛʦ ʢʦʥʩʝʨʚʦʚʘʥʦʛʦ 

ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʧʨʦʮʝʩʦʤ, ʘʜʞʝ ʚʦʥʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ ʽ ʙʝʟʧʝʯʥʽʩʪʴ ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʫ.  

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ ʥʝʙʝʟʧʝʯʥʽ ʬʘʢʪʦʨʠ ʢʦʞʥʦʛʦ ʝʪʘʧʫ ʚʠʨʦʙʥʠʮʪʚʘ ʛʦʨʦʰʢʫ 

ʟʝʣʝʥʦʛʦ ʢʦʥʩʝʨʚʦʚʘʥʦʛʦ, ʥʝʦʙʭʽʜʥʦ ʜʦʩʣʽʜʠʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʦʞʝʥ ʥʝʙʝʟʧʝʯʥʠʡ 

ʬʘʢʪʦʨ, ʱʦ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʚ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ ʝʪʘʧʫ. ʈʦʟʛʣʷʜʘʶʪʴ ʫʩʽ ʤʦʞʣʠʚʽ 

ʯʠʥʥʠʢʠ: ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ, ʙʽʦʣʦʛʽʯʥʽ.  

ɼʣʷ ʧʨʠʢʣʘʜʫ ʨʦʟʛʣʷʥʝʤʦ ʝʪʘʧ ʩʪʝʨʠʣʽʟʘʮʽʾ ʢʦʥʩʝʨʚʽʚ ʟʝʣʝʥʦʛʦ ʛʦʨʦʰʢʫ.  

ʅʝʙʝʟʧʝʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʘʥʦʛʦ ʝʪʘʧʫ ʻ ʙʽʦʣʦʛʽʯʥʠʡ ʬʘʢʪʦʨ ï ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ, ʱʦ 

ʚʠʷʚʣʝʥʽ ʚ ʢʦʥʩʝʨʚʘʭ: ʩʧʦʨʦʫʪʚʦʨʶʯʽ ʤʝʟʦʬʽʣʴʥʽ ʘʝʨʦʙʥʽ ʽ ʬʘʢʫʣʴʪʘʪʠʚʥʦ-ʘʥʘʝʨʦʙʥʽ 
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ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʛʨʫʧʠ B. Subtilis; ʩʧʦʨʦʫʪʚʦʨʶʯʽ ʤʝʟʦʬʽʣʴʥʽ ʘʝʨʦʙʥʽ ʽ ʬʘʢʫʣʴʪʘʪʠʚʥʦ-

ʘʥʘʝʨʦʙʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʛʨʫʧʠ B. Cereus, B. Polymyxa; ʤʝʟʦʬʽʣʴʥʽ ʢʣʦʩʪʨʠʜʽʾ; ʥʝ ʩʧʦʨʦ 

ʫʪʚʦʨʶʶʯʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ ʽ ʧʣʽʩʥʷʚʽ ʛʨʠʙʠ, ʜʨʽʞʜʞʽ; ʩʧʦʨʦ ʫʪʚʦʨʶʶʯʽ ʪʝʨʤʦʬʽʣʴʥʽ 

ʘʥʘʝʨʦʙʥʽ, ʘʝʨʦʙʥʽ ʽ ʬʘʢʫʣʴʪʘʪʠʚʥʦ-ʘʥʘʝʨʦʙʥʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʠ.  

ʇʦʧʝʨʝʜʞʫʶʯʠʤʠ ʜʽʷʤʠ ʱʦʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʘʥʦʛʦ ʬʘʢʪʦʨʫ ʥʝʙʝʟʧʝʢʠ ʻ ʢʘʣʽʙʨʫʚʘʥʥʷ ʪʘ 

ʧʦʚʽʨʢʘ ʚʩʽʭ ʟʘʩʦʙʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʥʝ ʨʽʜʰʝ 1 ʨʘʟʫ ʥʘ ʨʽʢ. ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤ 

ʪʝʨʤʦʛʨʘʤ ʥʝ ʨʽʜʰʝ 1 ʨʘʟʫ ʟʘ ʜʦʙʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʠʣʘʜʫ ï ʤʽʩʪ ʦʧʦʨʫ ʈ ï 4833. ʇʨʠ ʟʘʤʽʥʽ 

ʪʝʨʤʦʛʨʘʤ, ʦʙʦʚôʷʟʢʦʚʦ ʧʨʦʚʦʜʠʪʠ ʢʘʣʽʙʨʫʚʘʥʥʷ ʧʨʠʣʘʜʽʚ ʫʩʪʘʥʦʚʢʦʶ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʫ ʪʦʯʢʫ ʥʝ ʨʽʜʰʝ 1 ʨʘʟʫ ʟʘ ʟʤʽʥʫ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʩʝʟʦʥʫ ʧʨʦʚʝʩʪʠ ʦʯʠʱʝʥʥʷ ʛʽʣʴʟ 

ʥʘ ʘʚʪʦʢʣʘʚʘʭ ʧʽʜ ʪʝʨʤʦʤʝʪʨʦʤ, ʟʘʣʠʪʠ ʧʨʦʢʠʧôʷʯʝʥʠʤ ʚʝʨʝʪʠ ʥʦʚʠʤ ʤʘʩʣʦʤ. 

ɸʣʝ ʷʢʱʦ ʧʨʦʮʝʩ ʩʪʝʨʠʣʽʟʘʮʽʾ ʧʨʦʭʦʜʠʪʴ ʥʝʷʢʽʩʥʦ ʪʘ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʥʝʙʝʟʧʝʯʥʦʾ ʧʨʦʜʫʢʮʽʾ, ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʢʦʨʝʢʮʽʾ ʪʘ ʢʦʨʝʛʫʶʯʠ ʜʽʾ ʫ ʚʠʧʘʜʢʫ ʚʽʜʭʠʣʝʥʥʷ 

ʢʨʠʪʠʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ.  

ʂʦʨʝʢʮʽʾ: ʦʧʝʨʘʪʦʨ ʩʪʝʨʠʣʽʟʘʮʽʾ ʢʦʨʝʛʫʻ ʧʦ ʪʝʨʤʦʛʨʘʤʘʭ ʯʘʩ, ʪʝʤʧʝʨʘʪʫʨʫ ʽ ʪʠʩʢ ʚ ʤʝʞʘʭ 

ʢʨʠʪʠʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ. ɿʘ ʫʤʦʚʠ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʢʨʠʪʠʯʥʠʭ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʴ, 

ʦʧʝʨʘʪʦʨ ʤʘʻ ʟʨʦʙʠʪʠ ʚʽʜʧʦʚʽʜʥʠʡ ʟʘʧʠʩ ʚ ʞʫʨʥʘʣʽ ʢʦʥʪʨʦʣʶ ʩʪʝʨʠʣʽʟʘʮʽʾ ʪʘ ʧʦʚʽʜʦʤʠʪʠ 

ʧʨʦ ʮʝ ʟʤʽʥʥʦʤʫ ʤʘʡʩʪʨʫ. 

ɿʘʧʦʙʽʞʥʽ ʜʽʾ: ʟʘ ʫʤʦʚʠ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʝʨʠʣʽʟʘʮʽʾ ʟʘ ʤʝʞʽ ʢʨʠʪʠʯʥʠʭ 

ʟʥʘʯʝʥʴ, ʯʝʨʝʟ ʧʘʜʽʥʥʷ ʪʠʩʢʫ ʧʘʨʠ, ʦʧʝʨʘʪʦʨ ʤʘʻ ʟʙʽʣʴʰʠʪʠ ʯʘʩ ʩʪʝʨʠʣʽʟʘʮʽʾ ʚ ʤʝʞʘʭ 

ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ, ʥʘ ʯʘʩ ʟʥʠʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʝʨʠʣʽʟʘʮʽʾ. 

ʆʧʝʨʘʪʦʨ ʤʘʻ ʩʧʦʚʽʩʪʠʪʠ ʧʨʦ ʮʝ ʟʤʽʥʥʦʤʫ ʤʘʡʩʪʨʫ, ʥʘʯʘʣʴʥʠʢʫ ʮʝʭʫ, ʟʨʦʙʠʪʠ ʟʘʧʠʩ ʚ 

ʞʫʨʥʘʣʽ ʩʪʝʨʠʣʽʟʘʮʽʾ, ʚʢʘʟʘʪʠ ʧʨʠʯʠʥʠ ʧʘʜʽʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʥʝʩʧʨʘʚʥʦʩʪʽ ʘʚʪʦʢʣʘʚʫ ʧʽʜ 

ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʩʪʝʨʠʣʽʟʘʮʽʾ, ʟʫʧʠʥʠ ʧʨʦʮʝʩ, ʦʭʦʣʦʜʠʪʠ ʘʚʪʦʢʣʘʚ, ʧʝʨʝ ʟʘʛʨʫʟʠʪʠ 

ʧʨʦʜʫʢʮʽʶ ʽ ʩʧʨʘʚʥʠʡ ʘʚʪʦʢʣʘʚ ʽ ʧʦʯʘʪʠ ʧʨʦʮʝʩ ʩʪʝʨʠʣʽʟʘʮʽʾ ʟʥʦʚʫ. ʇʦʚʽʜʦʤʠʪʠ ʧʨʦ ʮʝ 

ʟʤʽʥʥʦʤʫ ʤʘʡʩʪʨʫ ʘʙʦ ʥʘʯʘʣʴʥʠʢʫ ʮʝʭʫ. 

ʆʪʞʝ, ʱʦʙ ʚʠʧʫʩʢʘʪʠ ʷʢʽʩʥʫ ʪʘ ʙʝʟʧʝʯʥʫ ʧʨʦʜʫʢʮʽʶ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʘʪʠ ʥʝʙʝʟʧʝʯʥʽ 

ʬʘʢʪʦʨʠ ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʟʘʧʦʙʽʞʥʽ ʜʽʾ. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʭʘʨʯʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, petrushaoo@ukr.net 

ɺʇʈʆɺɸɼɾɽʅʅʗ ʄɯɾʅɸʈʆɼʅʆɻʆ ʉʊɸʅɼɸʈʊʋ IFS ʅɸ 

ʄʆʃʆʂʆʇɽʈɽʈʆɹʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺɸʍ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʤʽʞʥʘʨʦʜʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʚʽʜʧʦʚʽʜʘʻ ʪʽʣʴʢʠ 30% ʫʢʨʘʾʥʩʴʢʦʛʦ 

ʤʦʣʦʢʘ, ʱʦ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʧʣʠʚʘʻ ʥʘ ʝʢʩʧʦʨʪ ʚʽʪʯʠʟʥʷʥʦʾ ʤʦʣʦʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ɭʉ. 

ʋʢʨʘʾʥʘ ʦʙʨʘʣʘ ʜʣʷ ʩʝʙʝ ʻʚʨʦʧʝʡʩʴʢʠʡ ʚʝʢʪʦʨ ʨʦʟʚʠʪʢʫ, ʪʘʢ 1 ʚʝʨʝʩʥʷ ʚʩʪʫʧʠʣʘ ʫ ʩʠʣʫ 

ʘʩʦʮʽʘʮʽʷ ʋʢʨʘʾʥʠ ʟ ɭʉ. ɸʩʦʮʽʘʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʚʽʣʴʥʠʡ ʝʢʩʧʦʨʪ ʫʢʨʘʾʥʩʴʢʠʭ ʪʦʚʘʨʽʚ ʥʘ 

ʻʚʨʦʧʝʡʩʴʢʠʡ ʨʠʥʦʢ, ʪʦʤʫ ʫʢʨʘʾʥʩʴʢʠʤ ʚʠʨʦʙʥʠʢʘʤ ʥʝʦʙʭʽʜʥʦ ʫʩʫʥʫʪʠ ʚʽʜʤʽʥʥʦʩʪʽ ʚ 

ʨʝʛʣʘʤʝʥʪʫʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢʦʩʪʽ ʪʘ ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ [1]. 

ɼʣʷ ʫʢʨʘʾʥʩʴʢʠʭ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʢʦʤʧʘʥʽʡ ʮʷ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʪʦʤʫ ʱʦ ʫ ʩʫʯʘʩʥʠʭ 

ʫʤʦʚʘʭ ʢʨʠʪʝʨʽʻʤ ʚʠʭʦʜʫ ʥʘ ʥʦʚʽ ʨʠʥʢʠ ʻ ʘʙʩʦʣʶʪʥʘ ʭʘʨʯʦʚʘ ʙʝʟʧʝʢʘ ʧʨʦʜʫʢʪʫ ʽ ʡʦʛʦ 

ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʽʩʪʴ. 
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ʋ ʤʽʞʥʘʨʦʜʥʽʡ ʧʨʘʢʪʠʮʽ ʥʘʡʙʽʣʴʰ ʚʠʟʥʘʥʠʤ ʜʦʢʫʤʝʥʪʦʤ ʚ ʦʙʣʘʩʪʽ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʻ ISO 22000:2005 çʉʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ. ɺʠʤʦʛʠ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʦʨʛʘʥʽʟʘʮʽʡ ʭʘʨʯʦʚʦʛʦ ʣʘʥʮʶʛʘè, ʷʢʠʡ ʦʙ'ʻʜʥʘʚ ʫ ʩʦʙʽ 7 

ʧʨʠʥʮʠʧʽʚ ʅɸʉʉʈ ʽ ʧʨʠʢʣʘʜʥʽ ʝʪʘʧʠ, ʨʦʟʨʦʙʣʝʥʽ ʂʦʤʽʩʽʻʶ ʂʦʜʝʢʩ ɸʣʽʤʝʥʪʘʨʽʫʩ. ʁʦʛʦ 

ʤʝʪʘ - ʛʣʦʙʘʣʴʥʘ ʛʘʨʤʦʥʽʟʘʮʽʷ ʩʧʦʩʦʙʽʚ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʢʦʶ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ ʱʦ ISO 22000:2005 ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʄʽʞʥʘʨʦʜʥʦʶ ʦʨʛʘʥʽʟʘʮʽʻʶ ʟʽ 

ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ, ʚʽʥ ʩʧʦʯʘʪʢʫ ʥʝ ʙʫʚ ʚʠʟʥʘʥʠʡ ɻʣʦʙʘʣʴʥʦʶ ʽʥʽʮʽʘʪʠʚʦʶ ʟ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ (Global Food Safety Initiative - GFSI), ʪʘʢ ʷʢ ʚ ʧ. 7.2 çʇʨʦʛʨʘʤʠ-ʧʝʨʝʜʫʤʦʚʠ 

(ʇʇ)è ʚʽʜʩʫʪʥʽ ʢʦʥʢʨʝʪʥʽ ʚʠʤʦʛʠ, ʷʢʽ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʤʦʞʫʪʴ ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ɻʣʦʙʘʣʴʥʘ ʽʥʽʮʽʘʪʠʚʘ ʟ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ (GFSI) - ʥʝʧʨʠʙʫʪʢʦʚʘ ʤʽʞʥʘʨʦʜʥʘ 

ʦʨʛʘʥʽʟʘʮʽʷ, ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʚ 2000 ʨ. ʜʣʷ ʛʘʨʤʦʥʽʟʘʮʽʾ ʩʪʘʥʜʘʨʪʽʚ ʫ ʛʘʣʫʟʽ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʧʦʩʪʽʡʥʦʛʦ ʧʦʣʽʧʰʝʥʥʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʙʝʟʧʝʯʥʽʩʪʶ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʽ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʧʝʚʥʝʥʦʩʪʽ ʚ ʙʝʟʧʝʯʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʘʭ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʫ ʚʩʴʦʤʫ ʩʚʽʪʽ.  

ɺʽʜʧʦʚʽʜʥʽʩʪʴ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʜʦʩʷʛʘʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʽ ʩʝʨʪʠʬʽʢʘʮʽʻʶ ʜʽʷʣʴʥʦʩʪʽ 

ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʫʩʽʤ ʩʪʘʥʜʘʨʪʘʤ. ɺʝʣʠʢʽ ʪʦʨʛʦʚʽ ʤʝʨʝʞʽ ʪʘ 

ʚʠʨʦʙʥʠʢʠ ʚʠʤʘʛʘʶʪʴ ʚʽʜ ʩʚʦʾʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʧʨʦʡʪʠ ʪʘʢʫ ʩʝʨʪʠʬʽʢʘʮʽʶ. ʅʘʡʙʽʣʴʰ 

ʚʽʜʦʤʠʤʠ ʽ ʧʦʰʠʨʝʥʠʤʠ ʩʪʘʥʜʘʨʪʘʤʠ, ʚʠʟʥʘʥʠʤʠ GFSI ʻ: BRC Global Standety, 

International Food Standard (IFS), GlOBAL G.A.P. ʽ FSSC 22000 (Food Safety Certification 

22000). ʋ ʾʭ ʦʩʥʦʚʽ ʣʝʞʘʪʴ ʧʨʠʥʮʠʧʠ HACCP. ʄʽʞʥʘʨʦʜʥʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʭʘʨʯʦʚʦʶ 

ʙʝʟʧʝʢʦʶ ʜʦʧʦʤʘʛʘʶʪʴ ʦʧʪʠʤʽʟʫʚʘʪʠ ʫʧʨʘʚʣʽʥʥʷ, ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʘʞʽ, ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ, 

ʧʦʣʽʧʰʠʪʠ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʟʙʝʨʝʛʪʠ ʩʚʦʾʭ ʧʦʢʫʧʮʽʚ ʽ ʥʘʚʽʪʴ ʟʙʽʣʴʰʠʪʠ ʯʘʩʪʢʫ ʨʠʥʢʫ, ʥʝ 

ʟʥʠʞʫʶʯʠ ʷʢʦʩʪʽ ʽ ʧʨʦʧʦʥʫʶʯʠ ʙʝʟʧʝʯʥʫ ʧʨʦʜʫʢʮʽʶ [2].  

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʚʘʻ ʩʪʘʥʜʘʨʪ IFS Food, ʷʢʠʡ ʟʘʩʥʦʚʘʥʠʡ 

ʥʘ ʧʨʠʥʮʠʧʘʭ ISO 9001 ʪʘ ʅɸʉʉʈ, ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʭʘʨʯʦʚʦʾ 

ʧʨʦʜʫʢʮʽʾ ʪʘ ʫʧʘʢʦʚʢʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʨʠ ʚʠʨʦʙʥʠʮʪʚʽ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʽ 

ʧʝʨʝʜʙʘʯʘʻ ʪʨʠ ʤʦʞʣʠʚʠʭ ʨʽʚʥʽ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

ʉʫʪʴ ʜʘʥʦʛʦ ʩʪʘʥʜʘʨʪʫ ʧʦʣʷʛʘʻ ʚ ʽʥʪʝʛʨʦʚʘʥʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʧʠʪʘʥʴ ʟ ʷʢʦʩʪʽ ʪʘ 

ʙʝʟʧʝʯʥʦʩʪʽ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. ʅʘʧʨʠʢʣʘʜ, ʥʘ ʚʥʫʪʨʽʰʥʴʦʤʫ ʨʠʥʢʫ ʋʢʨʘʾʥʠ ʚʞʝ ʧʨʠʩʫʪʥʽ 

ʚʠʨʦʙʥʠʢʠ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʽʥʰʠʭ ʢʨʘʾʥ, ʩʧʽʚʨʦʙʽʪʥʠʮʪʚʦ ʟ ʷʢʠʤʠ ʜʫʞʝ ʟʥʘʯʠʤʦ ʟ 

ʢʦʤʝʨʮʽʡʥʦʾ ʪʦʯʢʠ ʟʦʨʫ, ʷʢʽ ʧʨʝʜ'ʷʚʣʷʶʪʴ ʜʦ ʩʚʦʾʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʜʦʜʘʪʢʦʚʽ ʚʠʤʦʛʠ, ʷʢ ʟʘ 

ʷʢʽʩʪʶ, ʪʘʢ ʽ ʱʦʜʦ ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʜʫʢʮʽʾ. ɸʣʝ ʥʘʡʯʘʩʪʽʰʝ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʨʽʟʥʠʭ ʢʨʘʾʥ 

ʱʦʜʦ ʦʜʥʽʻʾ ʽ ʪʽʻʾ ʞ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʤʦʞʫʪʴ ʨʦʟʭʦʜʠʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʷʢʠʡ-ʥʝʙʫʜʴ 

ʧʦʢʘʟʥʠʢ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʧʨʦʜʫʢʪʫ ʚ ʨʝʛʣʘʤʝʥʪʫʶʯʠʭ ʜʦʢʫʤʝʥʪʘʭ ʦʜʥʽʻʾ ʢʨʘʾʥʠ ʤʦʞʝ 

ʥʝ ʣʽʤʽʪʫʚʘʪʠ ʚ ʨʝʛʣʘʤʝʥʪʫʶʯʠʭ ʜʦʢʫʤʝʥʪʘʭ ʽʥʰʦʾ ʢʨʘʾʥʠ. ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʪʘʢʠʭ 

ʨʦʟʙʽʞʥʦʩʪʝʡ ʽ ʧʨʠʟʥʘʯʝʥʽ ʤʽʞʥʘʨʦʜʥʽ ʩʪʘʥʜʘʨʪʠ ʪʘʢʽ, ʷʢ IFS. 

ʉʪʠʣʴ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘ ʩʪʘʥʜʘʨʪʦʤ IFS ï ʦʙʦʚôʷʟʢʦʚʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʭʚʦʨʦʙʠ ʪʘ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʭʫʜʦʙʠ, ʧʝʨʽʦʜʠʯʥʠʡ ʢʦʥʪʨʦʣʴ ʷʢʦʩʪʽ ʤʦʣʦʢʘ, ʧʝʨʝʚʽʨʢʘ, ʦʭʦʣʦʜʞʝʥʥʷ  ʪʘ 

ʰʚʠʜʢʘ ʧʝʨʚʠʥʥʘ ʧʝʨʝʨʦʙʢʘ. ɿʘ ʩʪʘʥʜʘʨʪʦʤ ʜʦʟʚʦʣʝʥʦ ʝʢʩʧʦʨʪʫʚʘʪʠ ʣʠʰʝ ʤʦʣʦʢʦ ʢʣʘʩʫ 

ʝʢʩʪʨʘ. ʉʪʘʥʜʘʨʪ IFS ʥʘ ʤʦʣʦʯʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ ʦʭʦʧʣʶʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʚʭʽʜʥʠʡ 

ʢʦʥʪʨʦʣʴ (ʦʙʦʚôʷʟʢʦʚʘ ʧʝʨʝʚʽʨʢʘ ʩʫʧʨʦʚʽʜʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; ʤʘʨʢʫʚʘʥʥʷ; ʮʽʣʽʩʥʦʩʪʽ 

ʫʧʘʢʦʚʢʠ; ʢʦʥʪʨʦʣʴ ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʤʦʣʦʢʘ-ʩʠʨʦʚʠʥʠ; ʢʦʥʪʨʦʣʴ 

ʥʦʨʤʦʚʘʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦʧʦʤʽʞʥʦʾ ʩʠʨʦʚʠʥʠ (ʟʘʢʚʘʩʦʢ, ʩʠʯʫʞʥʠʭ ʬʝʨʤʝʥʪʽʚ, ʤʦʣʦʯʥʦʾ 

ʩʠʨʦʚʠʥʠ) ʪʘ ʤʘʪʝʨʽʘʣʽʚ), ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʢʦʥʪʨʦʣʴ, ʚʠʭʽʜʥʠʡ ʢʦʥʪʨʦʣʴ. 

ʉʪʘʥʜʘʨʪ IFS ʟʘʙʝʟʧʝʯʫʻ: ʢʦʤʧʣʝʢʩʥʽ ʚʠʤʦʛʠ ʧʦ ʦʨʛʘʥʽʟʘʮʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʭʘʨʯʦʚʠʭ 

ʧʨʦʜʫʢʪʽʚ, ʛʽʛʽʻʥʠ, ʟʜʽʡʩʥʝʥʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʧʝʨʩʦʥʘʣʫ; ʻʜʠʥʽ 

ʢʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʨʦʙʥʠʢʽʚ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʚʠʨʦʙʣʷʪʠ ʽ ʧʦʩʪʘʚʣʷʪʠ 

ʙʝʟʧʝʯʥʽ ʧʨʦʜʫʢʪʠ ʫ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟ ʾʭ ʩʧʝʮʠʬʽʢʘʮʽʻʶ ʽ ʟʘʢʦʥʦʜʘʚʯʠʤʠ ʚʠʤʦʛʘʤʠ; 

ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʚʠʨʦʙʥʠʢʘ ʥʘ ʧʨʦʮʝʜʫʨʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʭʘʨʯʦʚʦʾ ʧʨʦʜʫʢʮʽʾ 

ʧʨʠ ʧʦʩʪʘʚʢʘʭ. 
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ʉʝʨʪʠʬʽʢʘʮʽʷ IFS ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʨʷʜ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʜʣʷ ʢʦʤʧʘʥʽʡ, ʱʦ 

ʧʨʘʛʥʫʪʴ ʜʦ ʜʦʩʢʦʥʘʣʦʩʪʽ ʚ ʷʢʦʩʪʽ ʽ ʟʘʜʦʚʦʣʝʥʦʩʪʽ ʢʣʽʻʥʪʽʚ, ʽ ʧʦʰʫʢʫ ʢʦʥʢʫʨʝʥʪʥʠʭ ʧʝʨʝʚʘʛ 

ʥʘ ʨʠʥʢʫ [3]. 

ʇʝʨʝʚʘʛʠ ʨʝʘʣʽʟʘʮʽʾ IFS ʥʘ ʤʦʣʦʢʦʧʝʨʝʨʦʙʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʽ: ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʽʨʠ ʜʦ 

ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʽ ʧʨʦʜʫʢʪʽʚ; ʩʢʦʨʦʯʝʥʥʷ ʯʘʩʫ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʚʽʨʢʫ 

ʧʦʩʪʘʯʘʣʴʥʠʢʘ; ʤʝʥʰʝ ʯʘʩʫ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʧʝʨʝʨʦʙʢʫ ʘʙʦ ʧʦʚʝʨʥʝʥʥʷ ʧʨʦʜʫʢʪʫ; ʟʘʭʠʩʪ 

ʧʨʠ ʨʝʪʝʣʴʥʠʭ ʧʝʨʝʚʽʨʢʘʭ; ʩʚʽʜʦʮʪʚʘ ʝʢʩʧʝʨʪʽʚ; ʤʦʞʣʠʚʽʩʪʴ ʩʢʦʨʦʯʝʥʥʷ ʦʢʨʝʤʠʭ ʚʠʪʨʘʪ ʥʘ 

ʧʝʨʝʚʽʨʢʠ ʰʣʷʭʦʤ ʾʭ ʦʙ'ʻʜʥʘʥʥʷ. 

ɺʠʨʦʙʥʠʯʽ ʧʝʨʝʚʘʛʠ IFS: ʧʦʣʽʧʰʝʥʥʷ ʚʟʘʻʤʦʨʦʟʫʤʽʥʥʷ ʤʽʞ ʢʝʨʽʚʥʠʮʪʚʦʤ ʽ 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ, ʱʦʜʦ ʩʪʘʥʜʘʨʪʽʚ ʽ ʧʨʦʮʝʜʫʨ; ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʩʫʨʩʽʚ; 

ʩʢʦʨʦʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʧʝʨʝʚʽʨʢʘʭ ʟʘʤʦʚʥʠʢʘ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʟ ʙʦʢʫ ʪʦʨʛʦʚʠʭ ʤʝʨʝʞ; ʟʘʭʠʩʪ 

ʧʨʠ ʨʝʪʝʣʴʥʠʭ ʧʝʨʝʚʽʨʢʘʭ; ʩʚʽʜʦʮʪʚʘ ʝʢʩʧʝʨʪʽʚ. 

ʄʘʨʢʝʪʠʥʛʦʚʽ ʧʝʨʝʚʘʛʠ: ʧʦʣʽʧʰʝʥʥʷ ʜʽʣʦʚʦʾ ʨʝʧʫʪʘʮʽʾ ʧʦʩʪʘʯʘʣʴʥʠʢʘ ʚʠʩʦʢʦʷʢʽʩʥʦʾ 

ʧʨʦʜʫʢʮʽʾ; ʤʦʞʣʠʚʽʩʪʴ ʪʦʨʛʽʚʣʽ ʟ ʢʣʽʻʥʪʘʤʠ, ʷʢʽ ʥʘʧʦʣʷʛʘʶʪʴ ʥʘ ʥʝʟʘʣʝʞʥʽʡ ʧʝʨʝʚʽʨʮʽ; 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʛʦʪʠʧʫ IFS ʽ ʩʝʨʪʠʬʽʢʘʪʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʽʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʚʠʩʦʢʠʤ 

ʩʪʘʥʜʘʨʪʘʤ. 

IFS ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʦ ʚʩʴʦʤʫ ʩʚʽʪʫ ʚ ʷʢʦʩʪʽ ʩʠʩʪʝʤʠ ʥʦʨʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʨʦʟʜʨʽʙʥʦʾ ʪʦʨʛʽʚʣʽ ʩʧʨʠʷʪʠ ʚʠʨʦʙʥʠʮʪʚʫ ʙʝʟʧʝʯʥʠʭ ʭʘʨʯʦʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ 

ʚʽʜʙʦʨʫ ʥʘʜʽʡʥʠʭ ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ [3]. 

ʆʪʞʝ, ʨʠʥʦʢ ʤʦʣʦʯʥʦʾ ʧʨʦʜʫʢʮʽʾ ʋʢʨʘʾʥʠ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ, ʯʝʨʝʟ ʧʦʪʝʥʮʽʘʣ ʟʙʽʣʴʰʝʥʥʷ 

ʩʧʦʞʠʚʘʥʥʷ ʽ ʤʦʞʣʠʚʦʩʪʽ ʚʠʭʦʜʫ ʥʘ ʤʽʞʥʘʨʦʜʥʽ ʨʠʥʢʠ. ʍʘʨʯʦʚʘ ʙʝʟʧʝʢʘ ʜʦʟʚʦʣʷʻ 

ʧʽʜʧʨʠʻʤʩʪʚʫ ʧʽʜʚʠʱʠʪʠ ʧʨʦʜʘʞʽ, ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʽ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʠʟʠʢʠ. ʋ ʩʚʦʶ ʯʝʨʛʫ, 

ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʜʘʨʪʫ IFS ʥʘ ʤʦʣʦʯʥʦʤʫ ʧʽʜʧʨʠʻʤʩʪʚʽ - ʮʝ ʧʝʨʰ ʟʘ ʚʩʝ, 

ʷʢʽʩʥʘ ʪʘ ʙʝʟʧʝʯʥʘ ʛʦʪʦʚʘ ʧʨʦʜʫʢʮʽʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʘʚʠʣʴʥʦ ʽʥʚʝʩʪʫʚʘʚʰʠ ʚ ʩʠʩʪʝʤʥʫ 

ʙʝʟʧʝʢʫ, ʧʽʜʧʨʠʻʤʩʪʚʫ ʙʽʣʴʰʝ ʥʝ ʧʦʪʨʽʙʥʦ ʙʫʜʝ ʚʠʙʠʨʘʪʠ ʤʽʞ ʧʨʠʙʫʪʢʦʤ ʽ ʪʫʨʙʦʪʦʶ ʧʨʦ 

ʩʧʦʞʠʚʘʯʘ. 
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ɹʘʢʘʣʦʚ ɺ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʽʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, bakalow1972@ukr.net 

ɸʅɸʃɯɿ ʌɸʂʊʆʈɯɺ, ʗʂɯ ɺʇʃʀɺɸʖʊʔ ʅɸ ɼʀʅɸʄɯʏʅɯ ʊɸ ʄɽʍɸʅɯʏʅɯ 

ɺʃɸʉʊʀɺʆʉʊɯ ʂʆʄʇʆɿʀʊɸ ɿ ɺʋɻʃɽʎɽɺʀʄʀ ʅɸʅʆʊʈʋɹʂɸʄʀ ʅɸ ʆʉʅʆɺɯ 

ɽʇʆʂʉʀɼʅʆɰ ʄɸʊʈʀʎɯ 

ɺʫʛʣʝʮʝʚʽ ʥʘʥʦʪʨʫʙʢʠ ʜʦʩʠʪʴ ʥʦʚʠʡ ʤʘʪʝʨʽʘʣ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ, 

ʝʣʝʢʪʨʠʯʥʠʤʠ ʽ ʪʝʨʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʦʜʘʚʘʥʥʷ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʫʛʣʝʮʝʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʚ ʝʧʦʢʩʠʜʥʫ ʤʘʪʨʠʮʶ ʟʙʽʣʴʰʫʻ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʚ ʨʘʟʠ. ʎʝ 

ʜʦʟʚʦʣʷʻ ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʚʞʠʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ, ʥʘʧʨʠʢʣʘʜ ʚ ʘʚʽʘʙʫʜʫʚʘʥʥʽ. 

ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʝʧʦʢʩʠʜ/ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʢʦʤʧʦʟʠʪʫ ʧʦʚʥʽʩʪʶ ʜʦ ʮʠʭ ʧʽʨ ʥʝ 

ʜʦʩʣʽʜʞʝʥʦ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʟʦʢʨʝʤʘ ʧʦʚʟʫʯʦʩʪʽ, ʻ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʚ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʥʦʢʦʤʧʦʟʠʪʫ ʝʧʦʢʩʠʜ/ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ. 
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ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʢʦʤʧʦʟʠʪʫ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʾ ʤʘʪʨʠʮʽ 

ʧʝʨʝʜ ʨʦʟʨʦʙʥʠʢʘʤʠ ʚʠʥʠʢʘʻ ʜʝʢʽʣʴʢʘ ʚʘʞʢʠʭ ʟʘʚʜʘʥʴ ʚʽʜ ʨʽʰʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʘʪʴ 

ʜʠʥʘʤʽʯʥʽ ʽ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʢʦʤʧʦʟʠʪʫ, ʘ ʩʘʤʝ:  

- ʷʢʫ ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ ʦʙʨʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʟʨʘʟʢʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ɯʩʥʫʻ ʙʽʣʴʰʝ ʜʝʩʷʪʢʘ ʨʽʟʥʠʭ ʤʘʨʦʢ ʝʧʦʢʩʠʜʥʠʭ 

ʩʤʦʣ. ɼʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʧʦʢʩʠʜʥʽ-ʜʽʘʥʦʚʽ 

ʩʤʦʣʠ ʚʽʪʯʠʟʥʷʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʤʘʨʢʠ ɽɼ-8, ɽɼ-10, ɽɼ-16. ɽʧʦʢʩʠʜʥʽ ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʩʤʦʣʠ ʤʘʨʢʠ ʂɼɸ. ɽʧʦʢʩʠʜʥʽ ʩʤʦʣʠ ʦʩʦʙʣʠʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʤʘʨʢʠ ʋʇ-637. ɯʤʧʦʨʪʥʽ 

ʝʧʦʢʩʠʜʥʽ ʩʤʦʣʠ ʤʘʨʢʠ DER 671 [1]; 

- ʷʢʝ ʦʙʨʘʪʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ ʪʘ ʦʪʚʝʨʜʞʫʚʘʯʝʤ. ɯʟ ʣʽʪʝʨʘʪʫʨʥʠʭ 

ʜʞʝʨʝʣ ʚʽʜʦʤʦ, ʱʦ ʜʦʣʷ ʦʪʚʝʨʜʞʫʚʘʯʘ ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʚʽʜ 15% ʜʦ 30%; 

- ʷʢʽ ʥʘʥʦʪʨʫʙʢʠ ʦʙʨʘʪʠ. ɯʩʥʫʶʪʴ ʦʜʥʦʰʘʨʦʚʽ ʘʙʦ ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʘʥʦʪʨʫʙʢʠ. ʂʽʥʮʽ 

ʥʘʥʦʪʨʫʙʦʢ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʢʨʠʪʠ (çʟʘʧʘʷʥʽè). ɺʠʙʽʨ ʥʘʥʦʪʨʫʙʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʧʨʠʟʥʘʯʝʥʥʷ ʢʦʤʧʦʟʠʪʫ; 

- ʷʢʫ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʘʥʦʪʨʫʙʦʢ ʦʙʨʘʪʠ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʢʦʤʧʦʟʠʪʫ. ɺʽʜʦʤʦ, ʱʦ ʢʦʥʮʝʥʪʨʘʮʽʷ ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ (ʂʅʊ) ʟʥʘʭʦʜʠʪʴʩʷ ʫ 

ʤʝʞʘʭ 0,05-1%; 

- ʷʢʫ ʦʙʨʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʟʤʽʰʫʚʘʯʘ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ. 

ɯʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʽ ʤʝʪʦʜʠ ʟʤʽʰʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʫʣʴʪʨʘʟʚʫʢʦʚʽ ʟʤʽʰʫʚʘʯʽ, 

ʢʘʣʘʥʜʨʦʚʠʡ ʟʤʽʰʫʚʘʯ, ʙʘʨʘʙʘʥ ʟʽ ʩʪʘʣʝʚʠʤʠ ʢʫʣʷʤʠ, ʝʢʩʪʨʫʟʠʚʥʠʡ ʟʤʽʰʫʚʘʯ, ʪʘʢ 

ʟʚʘʥʠʡ ʟʤʽʰʫʚʘʯ ʟ z-ʦʙʨʘʟʥʠʤʠ ʣʦʧʘʪʷʤʠ, ʟʤʽʰʫʚʘʯʽ ʜʠʩʦʣʴʚʝʨʠ, ʟʤʽʰʫʚʘʥʥʷ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʧʦʭʠʣʽʡ ʪʘʨʽʣʮʽ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ ʪʠʧʘ ʮʝʥʪʨʠʬʫʛʠ; 

- ʦʙʨʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʚʝʜʝʥʥʷ ʧʨʦʮʝʩʫ ʟʤʽʰʫʚʘʥʥʷ, ʘ ʩʘʤʝ, ʰʚʠʜʢʦʩʪʝʡ 

ʟʤʽʰʫʶʯʠʭ ʦʨʛʘʥʽʚ ʪʘ ʯʘʩʫ ʧʝʨʝʤʽʰʫʚʘʥʥʷ; 

- ʦʙʨʘʥʥʷ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʤʽʰʫʚʘʥʥʷ. ʇʨʦʚʝʩʪʠ ʟʤʽʰʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʟ ʂʅʊ, ʘ 

ʧʦʪʽʤ ʚʚʝʩʪʠ ʦʪʚʝʨʜʞʫʚʘʯ, ʘʙʦ ʥʘʚʧʘʢʠ ʟʤʽʰʘʪʠ ʝʧʦʢʩʠʜʥʫ ʩʤʦʣʫ ʟ ʦʪʚʝʨʜʞʫʚʘʯʝʤ ʽ 

ʪʽʣʴʢʠ ʧʦʪʽʤ ʚʚʝʩʪʠ ʂʅʊ. ʄʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʟʤʽʰʫʚʘʥʥʷ ʂʅʊ ʟ ʥʝʚʝʣʠʢʦʶ ʜʦʣʝʶ 

ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ, ʘ ʧʦʪʽʤ ʜʦʜʘʚʘʪʠ ʟʘʣʠʰʢʦʚʫ ʯʘʩʪʠʥʫ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ; 

- ʨʦʟʨʦʙʠʪʠ ʤʝʪʦʜʠʢʫ ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʦʪʨʠʤʘʥʦʾ ʩʫʤʽʰʽ (ʂʅʊ ï ʝʧʦʢʩʠʜʥʘ ʩʤʦʣʘ);  

- ʦʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʝʛʘʟʘʮʽʾ ʦʪʨʠʤʘʥʦʾ ʩʫʤʽʰʽ. ʉʣʽʜ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʽʟ-ʟʘ 

ʟʥʘʯʥʦʾ ʚôʷʟʢʦʩʪʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʙʫʣʴʙʘʰʢʠ ʧʦʚʽʪʨʷ ʧʦʧʘʜʘʶʪʴ ʫ 

ʩʫʤʽʰ ʽ ʮʝ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʙʨʘʢʫ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʦʪʨʽʙʥʦ 

ʚʠʟʥʘʯʠʪʠʩʴ ʟʽ ʟʥʘʯʝʥʥʷʤ ʚʘʢʫʫʤʫ ʽ ʯʘʩʫ ʜʝʛʘʟʘʮʽʾ. ɺʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ 

ʤʘʨʢʠ ʩʤʦʣʠ, ʜʦʣʽ ʦʪʚʝʨʜʞʫʚʘʯʘ ʪʘ ʂʅʊ; 

- ʦʙʨʘʪʠ ʧʨʠʩʪʨʦʾ ʠ ʨʝʞʠʤʠ ʾʭ ʨʦʙʦʪʠ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʟʘʪʚʝʨʜʽʥʥʷ ʟʨʘʟʢʽʚ (ʥʘʧʨʠʢʣʘʜ 

ʟʚʠʯʘʡʥʘ ʤʫʬʝʣʴʥʘ ʧʽʯ ʘʙʦ ʧʽʯ ʉɺʏ); 

- ʦʙʨʘʪʠ ʧʦʢʨʠʪʪʷ ʟʨʘʟʢʘ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʡʦʛʦ ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʠʭ 

ʧʨʦʤʽʥʽʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʽ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʨʦʙʠʣʠʩʴ ʽʟ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʤʘʨʢʠ ɽɼ-

16 ʽ ʢʽʣʴʢʽʩʪʶ ʦʪʚʝʨʜʞʫʚʘʯʘ 15% ʽ 27%. ʇʨʦʮʝʥʪʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʜʥʦʰʘʨʦʚʠʭ ʂʅʊ 

(Tuball nanomodifier of materials single wall carbon nanjtubes 75%) ʙʫʣʦ 0,1% ʽ 0,5% ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ. ʉʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʧʦʧʝʨʝʜʥʴʦ ʧʨʦʚʦʜʠʣʦʩʴ 

ʟʤʽʰʫʚʘʥʥʷ ʂʅʊ ʟ ʝʧʦʢʩʠʜʥʦʶ ʩʤʦʣʦʶ, ʘ ʧʦʪʽʤ ʜʦʜʘʚʘʚʩʷ ʟʘʪʚʝʨʜʞʫʚʘʯ. ɿʤʽʰʫʚʘʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʴ ʫ ʜʠʩʦʣʴʚʝʨʽ ʟ ʯʘʩʪʦʪʦʶ ʦʙʝʨʪʘʥʥʷ ʬʨʝʟʠ 3000 ʦʙ/ʭʚ. ʥʘ ʧʨʦʪʷʟʽ 20 ʭʚʠʣʠʥ. 

ʇʽʩʣʷ ʟʤʽʰʫʚʘʥʥʷ ʜʦʜʘʚʘʚʩʷ ʦʪʚʝʨʜʞʫʚʘʯ̔  ̔ ʟʤʽʰʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʦʞ ʥʘ ʧʨʦʪʷʟʽ 20 

ʭʚʠʣʠʥ. ɯʟ ʦʪʨʠʤʘʥʦʾ ʢʦʤʧʦʟʠʪʥʦʾ ʩʫʤʽʰʽ ʚʽʜʙʠʨʘʣʠʩʷ ʟʨʘʟʢʠ ʽ ʬʦʪʦʛʨʘʬʫʚʘʣʠʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʷʢʦʩʪʽ ʨʦʟʧʦʜʽʣʝʥʥʷ ʂʅʊ ʧʦ ʤʘʪʨʠʮʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ.  

ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥʽ ʬʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ ʽʟ ʨʽʟʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʂʅʊ.   
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ʘ)    ʙ)  

ʘ) ʦʪʚʝʨʜʞʫʚʘʯʘ 15% ʽ ʂʅʊ ï  0,1%;      ʙ) ʦʪʚʝʨʜʞʫʚʘʯʘ 15% ʽ ʂʅʊ ï 0,5% 
ʈʠʩ. 1 ï ʌʦʪʦʛʨʘʬʽʾ ʟʨʘʟʢʽʚ ʢʦʤʧʦʟʠʪʫ ʟ ʚʫʛʣʝʮʝʚʠʤʠ ʥʘʥʦʪʨʫʙʢʘʤʠ ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʾ 

ʤʘʪʨʠʮʽ 

ɯʟ ʬʦʪʦʛʨʘʬʽʡ ʚʠʜʥʦ, ʱʦ ʜʠʩʦʣʴʚʝʨ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʷʢʽʩʥʝ ʨʦʟʤʽʰʫʚʘʥʥʷ ʢʘʨʙʦʥʦʚʠʭ 

ʥʘʥʦʪʨʫʙʦʢ ʫ ʝʧʦʢʩʠʜʥʽʡ ʩʤʦʣʽ.  

ɿ ʥʘʰʦʾ ʪʦʯʢʠ ʟʦʨʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʟʤʽʰʫʚʘʥʥʷ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ʪʘ 

ʂʅʊ ʟʤʽʰʫʚʘʯʘ ʩ ʧʦʭʠʣʠʤʠ ʪʘʨʽʣʢʘʤʠ ʪʠʧʘ ʮʝʥʪʨʠʬʫʛʠ (ʨʠʩ. 2). ɺ ʪʘʢʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʟʤʽʰʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʪʦʥʢʦʤʫ ʰʘʨʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ. 

 
1 ï ʚʝʨʭʥʽʡ ʨʦʪʦʨ; 2 ï ʥʠʞʥʽʡ ʨʦʪʦʨ; 3 ï ʟʘʛʨʫʟʦʯʥʘ ʪʘʨʽʣʢʘ; 4 ï ʢʦʨʧʫʩ; 5 ï ʢʦʥʽʯʥʽ ʪʘʨʽʣʢʠ  

ʈʠʩ.2 ï ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʟʤʽʰʫʚʘʯʘ 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʢʦʤʧʦʟʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ [ʊʝʢʩʪ]/ ɼʞ. ʃʶʙʠʥʘ. ʇʝʨ. ʩ ʘʥʛ. ɸ.ɹ.ɻʝʣʣʝʨʘ ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1988. ï ʪ.1 -448 ʩ, ʪ.2 ï 584 ʩ. 

ʋɼʂ 621.21 

ʂʦʨʥʽʻʥʢʦ ʗ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɼʝʥʠʩʝʥʢʦ ɺ.ʈ., ʤʘʛʽʩʪʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, denisen.kpi@gmail.com 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʇʈʆʎɽʉʋ ɻʈɸʅʋʃʗʎɯɰ ɿɸ ʈɸʍʋʅʆʂ 

ɺɺɽɼɽʅʅʗ ɺ ɸɺʊʆʂʆʃʀɺɸʃʔʅʀʁ ʈɽɾʀʄ ʇʉɽɺɼʆɿʈɯɼɾɽʅʅʗ 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʦʜʥʦʨʽʜʥʦʛʦ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʩʪʽʡʢʽʩʪʴ ʢʽʥʝʪʠʢʠ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʢʦʤʧʦʟʠʪʽʚ ʟ ʧʦʰʘʨʦʚʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʨʠ ʘʢʪʠʚʥʦʤʫ ʦʥʦʚʣʝʥʥʽ ʧʦʚʝʨʭʥʽ ʪʘ ʧʽʜʚʠʱʝʥʥʽ ʝʬʝʢʪʠʚʥʦʩʪʽ ʜʠʬʫʟʽʡʥʦ-

ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʨʫʰʽʡʥʘ ʩʠʣʘ ʧʦ 

denisen.kpi@gmail.com
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ʤʘʩʦʦʙʤʽʥʫ, ʦʥʦʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʬʘʟ, ʚʠʜʘʣʝʥʥʷ ʚʦʣʦʛʠ ʟ ʧʦʚʝʨʭʥʽ ʛʨʘʥʫʣ ʪʘ 

ʚʠʚʝʜʝʥʥʷ ʾʾ ʟ ʩʠʩʪʝʤʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʜʣʷ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʤ ʜʽʘʤʝʪʨʦʤ 

de = 2,5 ʤʤ ʽ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ ů = 1440 / , ʟʘʚʜʷʢʠ ʪʨʠʚʠʤʽʨʥʦʤʫ ʧʝʨʝʤʽʰʫʚʘʥʥʶ ʚ 

ʘʧʘʨʘʪʽ, ʜʦʩʷʛʘʻʪʴʩʷ ʧʠʪʦʤʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʦʚʝʨʭʥʽ ʟʝʨʥʠʩʪʦʛʦ ʰʘʨʫ ʟʘ ʚʦʣʦʛʦʶ Ŭf = 0,8-

0,9 ʢʛ ʚʦʣʦʛʠ/ ʛʦʜ, ʘ ʢʦʝʬʽʮʽʻʥʪ ʛʨʘʥʫʣʦʫʪʚʦʨʝʥʥʷ ɣ Ó 90 %[1]. 

ɼʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʧʘʨʘʪʘ ʟ ʘʚʪʦʢʦʣʠʚʘʣʴʥʠʤ ʨʝʞʠʤʦʤ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘ ʚʠʭʽʜʥʠʤ ʧʨʦʜʫʢʪʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ ʡʦʛʦ ʦʩʥʦʚʥʽ 

ʧʦʢʘʟʥʠʢʠ: ʧʦʯʘʪʢʦʚʫ ʚʠʩʦʪʫ ʰʘʨʫ, ʪʘ ʜʦʚʞʠʥʫ ʧʨʦʙʦʶ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʘ ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ. ʎʝ ʜʦʧʦʤʦʞʝ ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʶ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʽʜʚʝʩʪʠ, ʱʦʙ ʟʨʫʰʠʪʠ ʰʘʨ ʪʘ ʩʪʘʙʽʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ. 

ɺʠʩʦʪʘ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ ʚ ʘʧʘʨʘʪʽ, ʚʠʟʥʘʯʝʥʘ ʟʘ ʫʤʦʚ ʤʘʩʦʦʙʤʽʥʫ ʧʨʠ ʩʪʽʡʢʽʡ 

ʢʽʥʝʪʠʮʽ ʧʨʦʮʝʩʫ ʛʨʘʥʫʣʷʮʽʾ ʟʘ ʚʠʨʘʟʦʤ, ʤ: 

  (1) 

ʜʝ: d ï ʜʽʘʤʝʪʨ ʯʘʩʪʠʥʦʢ, ʤ; 

F ï ʧʣʦʱʘ ʘʧʘʨʘʪʫ, ; 

Ů ï ʧʦʨʦʟʥʽʩʪʴ ʥʝʨʫʭʦʤʦʛʦ ʰʘʨʫ ʤʘʪʝʨʽʘʣʫ. 

ï ʟʘʛʘʣʴʥʘ ʧʦʚʝʨʭʥʷ ʯʘʩʪʠʥʦʢ ʚ ʰʘʨʽ , ʷʢʘ ʚʠʨʘʞʘʻʪʴʩʷ ʟ ʨʽʚʥʷʥʥʷ ʧʝʨʝʥʝʩʝʥʥʷ 

ʤʘʩʠ: 

  (2) 

  (3) 

ʜʝ, ȹP ï ʨʫʰʽʡʥʘ ʩʠʣʘ ʧʦ ʤʘʩʦʦʙʤʽʥʫ, ʇʘ; 

ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʛʘʟʦʚʦʤʫ ʘʛʝʥʪʽ ʧʨʠ ʨʽʚʥʦʚʘʟʽ ʡʦʛʦ ʟ ʨʽʜʠʥʦʶ, ʇʘ; 

P ï ʧʘʨʮʽʘʣʴʥʠʡ ʪʠʩʢ ʚʦʜʷʥʦʾ ʧʘʨʠ ʚ ʛʘʟʽ, ʇʘ;  

ʅʝʦʜʥʦʨʽʜʥʝ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʚ ʘʚʪʦʢʦʣʠʚʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʩʪʚʦʨʶʻʪʴʩʷ ʟʘʚʜʷʢʠ 

ʦʙôʻʜʥʘʥʥʶ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʽ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʛʘʟʦʚʠʭ ʩʪʨʫʤʝʥʽʚ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ, ʱʦ ʩʧʨʠʷʻ 

ʩʪʚʦʨʝʥʥʶ ʛʘʟʦʚʦʾ ʙʫʣʴʙʘʰʢʠ, ʷʢʘ ʟʘʡʤʘʻ ʜʦ 1/3 ʦʙôʻʤʫ ʘʧʘʨʘʪʫ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʪʦʛʦ, ʱʦ ʰʚʠʜʢʽʩʪʴ ʧʽʜʚʝʜʝʥʥʷ ʛʘʟʦʚʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʪʦʯʢʫ ʦʙôʻʜʥʘʥʥʷ 

ʩʪʨʫʤʝʥʽʚ ʧʝʨʝʚʠʱʫʻ ʰʚʠʜʢʽʩʪʴ ʬʽʣʴʪʨʘʮʽʾ, ʥʘ ʚʠʩʦʪʽ  ʟʨʦʩʪʘʻ ʛʘʟʦʚʘ ʙʫʣʴʙʘʰʢʘ ʟʘ ʫʤʦʚʠ: 

  0,5 (4) 

ʜʝ: - ʚʠʩʦʪʘ ʧʨʦʙʦʶ ʛʘʟʦʚʦʛʦ ʬʘʢʝʣʘ. 

ʇʨʠ ʥʝʚʠʢʦʥʘʥʥʽ ʮʽʻʾ ʫʤʦʚʠ ʚʪʦʨʠʥʥʘ ʙʫʣʴʙʘʰʢʘ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ ʪʘ ʨʝʘʣʽʟʫʻʪʴʩʷ 

ʟʚʠʯʘʡʥʠʡ ʨʝʞʠʤ ʬʦʥʪʘʥʫʚʘʥʥʷ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʂʦʨʥʽʻʥʢʦ ʗ.ʄ. ɻʽʜʨʦʜʠʥʘʤʽʢʘ ʩʪʨʫʤʝʥʝʚʦ-ʧʫʣʴʩʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʧʩʝʚʜʦʟʨʽʜʞʝʥʥʷ ʟ 

ʥʘʧʨʘʚʣʝʥʦʶ ʮʠʨʢʫʣʷʮʽʻʶ / ʗ. ʄ. ʂʦʨʥʽʻʥʢʦ, ʉ. ʉ. ɻʘʡʜʘʡ, ɸ. ʄ. ʃʶʙʝʢʘ // ʅʘʫʢʦʚʠʡ ʞʫʨʥʘʣ 

çʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè. ï ˉ5 ï 2016. ï ʩ. 101-106. 
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ɹ̔ʣʝʡ-ʈʫʙʘʥ ʅ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʽʣʝʡ ɺ.ɯ., ʩʪʫʜʝʥʪ 
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ʆʉʆɹʃʀɺʆʉʊɯ ɿɸɹɽɿʇɽʏɽʅʅʗ ʌʋʅʂʎɯʆʅɸʃʔʅʆʉʊɯ  ʇɸʃʔʊʆɺʆɻʆ 

ɸʉʆʈʊʀʄɽʅʊʋ ʆɼʗɻʋ ɿ ɺʈɸʍʋɺɸʅʅʗʄ ʊɽʍʅʆʃʆɻɯʏʅʀʍ 

ɺʃɸʉʊʀɺʆʉʊɽʁ ʆʉʅʆɺʅʀʍ ʄɸʊɽʈɯɸʃɯɺ  

ʇʨʦʮʝʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʜʷʛʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʚʠʤʦʛ ʪʘ ʧʦʪʨʝʙ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʩʧʦʞʠʚʘʯʘ, ʷʢʦʤʫ ʩʫʯʘʩʥʝ ʰʚʝʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʦʧʦʥʫʻ ʨʦʟʤʘʾʪʪʷ ʬʘʩʦʥʽʚ, 

ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʦʜʝʣʷʤʠ, ʚʠʢʦʨʠʩʪʘʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, ʢʦʣʦʨʠʩʪʠʢʦʶ, ʜʝʢʦʨʫʚʘʥʥʷʤ 

ʪʦʱʦ. ɼʦ ʚʝʨʭʥʴʦʛʦ ʦʜʷʛʫ ʧʦʨʷʜ ʟ ʚʠʤʦʛʘʤʠ ʧʨʠʟʥʘʯʝʥʥʷ, ʩʪʘʚʣʷʪʴʩʷ ʽ ʩʧʝʮʠʬʽʯʥʽ ʚʠʤʦʛʠ, 

ʟʦʢʨʝʤʘ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʩʪʽ, ʟʙʝʨʝʞʝʥʥʷ ʥʘʜʘʥʦʾ ʝʩʪʝʪʠʢʠ ʧʨʦʪʷʛʦʤ ʩʝʟʦʥʽʚ ʥʦʩʽʥʥʷ, 

ʥʘʜʽʡʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʦʜʷʛʫ ʟʘ ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ.  

ʆʩʦʙʣʠʚʽʩʪʶ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʫʯʘʩʥʠʭ ʧʘʣʴʪʦ ʞʽʥʦʯʠʭ ʚ ʪʦʤʫ, ʱʦ 

ʜʘʥʠʡ ʘʩʦʨʪʠʤʝʥʪ ʚʝʩʴ ʯʘʩ ʧʦʧʦʚʥʶʻʪʴʩʷ ʥʦʚʠʤʠ ʚʠʨʦʙʘʤʠ ʢʨʘʱʦʾ ʷʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨ, ʭʫʜʦʞʥʴʦ-ʢʦʣʦʨʠʩʪʠʯʥʠʭ ʚʠʨʽʰʝʥʴ, 

ʘ ʪʘʢʦʞ ʟʘ ʨʘʭʫʥʦʢ ʧʨʠʚʥʝʩʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʥʦʚʠʥʦʢ ʫ ʰʚʝʡʥʫ ʧʨʦʤʠʩʣʦʚʽʩʪʴ. ʊʘʢʦʞ, ʜʣʷ 

ʫʨʽʟʥʦʤʘʥʽʪʥʝʥʥʷ ʤʦʜʝʣʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʯʠʤʘʣʦ ʚʠʜʽʚ ʤʘʪʝʨʽʘʣʽʚ ʥʝ ʪʝʢʩʪʠʣʴʥʦʾ 

ʧʨʠʨʦʜʠ ʷʢ ʪʦ ʭʫʪʨʦ, ʰʢʽʨʘ, ʘ ʪʘʢʦʞ ʜʝʢʦʨʫʶʪʴ ʚʠʰʠʚʢʦʶ, ʘʧʣʽʢʘʮʽʶ, ʱʦ ʨʦʙʠʪʴ 

ʥʝʧʦʚʪʦʨʥʦʶ ʢʦʞʥʫ ʤʦʜʝʣʴ [1].  

ɯ ʩʘʤʝ ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʥʦʚʠʟʥʠ ʤʦʜʝʣʝʡ ʟʘ ʨʘʭʫʥʦʢ ʢʦʤʧʦʟʠʮʽʡʥʦʾ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʽ 

ʜʝʢʦʨʫ ʧʦʪʨʝʙʫʻ ʚʽʜ ʢʦʥʩʪʨʫʢʪʦʨʘ-ʪʝʭʥʦʣʦʛʘ ʜʦʩʚʽʜʫ ʨʦʙʦʪʠ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚ 

ʧʽʜʙʦʨʽ ʤʘʪʝʨʽʘʣʫ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʷʢʦʩʪʽ, ʷʢʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʚʠʤʦʛʘʤʠ ʩʧʦʞʠʚʘʯʘ ʪʘ 

ʦʩʥʦʚʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʩʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʧʦʢʘʟʥʠʢʠ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʷʢ ʨʦʟʪʷʞʥʽʩʪʴ, ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʾʭ ʟʘ ʪʦʚʱʠʥʦʶ ʽ ʩʧʽʚʚʽʜʥʦʩʥʽʩʪʴ ʟ ʜʝʢʦʨʘʪʠʚʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘʤ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʘʩʪʦʩʦʚʫʚʘʥʠʭ ʫ ʚʠʨʦʙʽ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʪʞʝ, ʤʝʪʦʶ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʝʢʩʪʠʣʴʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʮʽʣʣʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʧʦʚʫʟʣʦʚʦʾ ʦʙʨʦʙʢʠ.  

ɸʩʦʨʪʠʤʝʥʪ ʩʫʯʘʩʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʧʘʣʴʪʦ ʞʽʥʦʯʠʭ ʚʢʣʶʯʘʻ ʚʦʚʥʷʥʽ ʪʘ ʥʘʧʽʚʚʦʚʥʷʥʽ 

ʪʢʘʥʠʥʠ, ʪʨʠʢʦʪʘʞʥʽ ʧʦʣʦʪʥʘ, ʢʦʤʧʣʝʢʩʥʽ ʤʘʪʝʨʽʘʣʠ, ʥʘʪʫʨʘʣʴʥʽ ʭʫʪʨʦ ʽ ʰʢʽʨʫ, ʰʪʫʯʥʽ 

ʭʫʪʨʦ ʽ ʰʢʽʨʫ, ʥʝʪʢʘʥʽ ʤʘʪʝʨʽʘʣʠ. 

ʊʦʥʢʦʩʫʢʦʥʥʽ ʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ, ʜʨʘʧʠ ʩʪʘʥʦʚʣʷʪʴ ʦʩʥʦʚʥʫ ʛʨʫʧʫ ʪʢʘʥʠʥ ʜʣʷ ʞʽʥʦʯʠʭ 

ʧʘʣʴʪʦ. ɺ ʮʽʡ ʛʨʫʧʽ ʚʠʜʽʣʷʶʪʴʩʷ ʚʦʨʩʦʚʽ ʪʢʘʥʠʥʠ ʟ ʧʨʷʞʽ ʧʽʜʚʠʱʝʥʦʾ ʪʦʚʱʠʥʠ, ʪʢʘʥʠʥʠ, 

ʚʠʨʦʙʣʝʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʩʦʥʥʦʾ ʦʜʥʦʢʦʣʽʨʥʦʾ ʘʙʦ ʤʝʣʘʥʞʝʚʦʾ ʧʨʷʞʽ, ʷʢʘ ʥʘʜʘʻ ʾʤ 

ʷʩʢʨʘʚʦ ʚʠʨʘʞʝʥʦʾ ʨʝʣʴʻʬʥʦʾ ʧʦʚʝʨʭʥʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʜʣʷ ʧʘʣʴʪʦ ʻ ʚʦʚʥʷʥʽ ʪʢʘʥʠʥʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʙʣʶʞʦʾ 

ʚʦʚʥʠ, ʚʦʚʥʠ ʣʘʤʠ, ʘʥʛʦʨʩʴʢʠʭ ʪʘ ʢʘʰʤʽʨʩʴʢʠʭ ʢʽʟ. ʊʢʘʥʠʥʠ ʚʠʨʦʙʣʷʶʪʴ ʚ 

ʛʣʘʜʢʦʬʘʨʙʦʚʘʥʦʤʫ ʘʙʦ ʤʝʣʘʥʞʝʚʦʤʫ ʦʬʦʨʤʣʝʥʥʽ, ʟ ʨʽʟʥʦʶ ʚʠʩʦʪʦʶ ʚʦʨʩʫ, ʽʟ 

ʟʤʝʥʰʝʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʧʦʚʝʨʭʥʝʚʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘ ʟʘʧʦʚʥʝʥʦʩʪʽ, ʘ ʩʘʤʝ ʟʽ ʟʥʠʞʝʥʦʶ 

ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʶ. 

ʇʨʦʝʢʪʫʶʯʠ ʧʘʣʴʪʦ ʞʽʥʦʯʝ ʟ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʩʣʽʜ ʧʨʦʛʥʦʟʫʚʘʪʠ ʨʽʚʝʥʴ ʷʢʦʩʪʽ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʥʘʜʽʡʥʦʩʪʽ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʙʝʟʚʽʜʤʦʚʥʽʩʪʴ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʪʘ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʚʠʨʦʙʫ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʽʡʢʽʩʪʶ ʚʠʨʦʙʫ ʜʦ 

ʩʪʠʨʘʥʥʷ, ʢʘʰʣʘʪʘʥʥʷ, ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʪʷʛʫʚʘʥʥʷ, ʪʝʨʪʷ, ʟʛʠʥʘʥʥʷ, ʜʦ ʜʽʾ ʩʚʽʪʦʧʦʛʦʜʠ ʪʘ 

ʭʽʤʯʠʩʪʢʠ. ʂʨʽʤ ʮʴʦʛʦ, ʚʘʞʣʠʚʦʶ ʻ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘ ʝʨʛʦʥʦʤʽʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʝʧʽʥʴ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʚʠʨʦʙʫ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤ ʜʘʥʠʤ ʣʶʜʠʥʠ ʚ 

ʩʪʘʪʠʮʽ ʽ ʜʠʥʘʤʽʮʽ, ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʤʦʞʣʠʚʦʩʪʷʤ, ʱʦ ʬʦʨʤʫʻ ʨʽʚʝʥʴ 

ʟʨʫʯʥʦʩʪʽ ʥʦʩʽʥʥʷ, ʦʜʷʛʘʥʥʷ ʽ ʟʥʽʤʘʥʥʷ ʦʜʷʛʫ, ʢʦʤʬʦʨʪʥʽ ʫʤʦʚʠ ʤʽʢʨʦʢʣʽʤʘʪʫ ʚ 

ʧʽʜʦʜʝʞʥʦʤʫ ʰʘʨʽ. ʊʘʢʦʞ ʜʦ ʛʨʫʧʠ ʝʨʛʦʥʦʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʦʞ ʛʽʛʽʻʥʽʯʥʽ, 

ʷʢʽ ʢʨʽʤ ʟʘʭʠʩʪʫ ʪʽʣʘ ʣʶʜʠʥʠ ʚʽʜ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʬʘʢʪʦʨʽʚ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, 

ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʫ.  
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ɺ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʘʣʴʪʦʚʠʭ ʚʠʨʦʙʽʚ ʟ ʪʢʘʥʠʥ ʟ ʜʦʚʛʠʤ ʚʦʨʩʦʤ ʥʝʦʙʭʽʜʥʠʡ 

ʨʝʪʝʣʴʥʠʡ ʢʦʥʪʨʦʣʴ ʾʭ ʷʢʦʩʪʽ ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʩʪʽʡʢʦʩʪʽ ʚʦʨʩʫ ʜʦ ʚʘʣʷʥʥʷ, ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʩʪʠʨʘʥʥʷ ʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ çʤôʷʢʦʛʦè ʨʝʞʠʤʫ ʾʭ ʚʦʣʦʛʦ-ʪʝʧʣʦʚʦʾ ʦʙʨʦʙʢʠ. 

ʊʘʢʦʞ ʚʠʥʠʢʘʶʪʴ ʪʨʫʜʥʦʱʽ ʽ ʥʘ ʪʘʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʝʪʘʧʘʭ ʷʢ ʜʫʙʣʶʚʘʥʥʷ ʟ ʤʝʪʦʶ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʬʦʨʤʦʩʪʽʡʢʦʩʪʽ, ʦʩʢʽʣʴʢʠ ʜʦʚʦʣʽ ʯʘʩʪʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʩʽʜʘʥʥʷ, 

ʧʝʨʝʢʽʩ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʥʘʜʘʥʥʷ ʚʠʨʦʙʫ ʢʽʥʮʝʚʦʛʦ ʪʦʚʘʨʥʦʛʦ ʚʠʛʣʷʜʫ. 

ʆʪʞʝ, ʚʠʤʦʛʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ, 

ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʚʠʙʦʨʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʝʞʠʤʽʚ 

ʦʙʨʦʙʢʠ, ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʦʮʽʣʴʥʦʛʦ ʤʝʭʘʥʽʟʦʚʘʥʦʛʦ ʪʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ.  

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʚʠʟʥʘʯʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʱʦ ʬʦʨʤʫʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.  

 

 

 

  

 

 

 

 

 

 

 

 

ʈʠʩ.1 ï ɺʠʟʥʘʯʘʣʴʥʽ ʧʦʢʘʟʥʠʢʠ ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ, ʱʦ ʬʦʨʤʫʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ 

ʧʘʣʴʪʦʚʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ 

ɺ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘʢʦʞ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʩʫʯʘʩʥʠʭ ʞʽʥʦʯʠʭ ʧʘʣʴʪ 

ʽ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʟʜʦʙʣʝʥʥʷ ʪʘʢʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʷʢ ʢʠʰʝʥʽ, 

ʢʦʤʽʨ, ʤʘʥʞʝʪʠ ʭʫʪʨʦʤ ʪʘ ʰʢʽʨʦʶ ʥʝʦʙʭʽʜʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛʦʤʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʩʧʽʚʚʽʜʥʦʩʥʽʩʪʴ ʟ ʜʝʢʦʨʘʪʠʚʥʠʤʠ.  

ʅʘʨʘʟʽ, ʥʘʙʫʣʠ ʥʝʘʙʠʷʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʚʝʣʠʢʽ ʥʘʢʣʘʜʥʽ ʢʠʰʝʥʽ ʘʙʦ ʢʣʘʧʘʥʠ, ʦʟʜʦʙʣʝʥʥʷ 

ʨʽʟʥʠʤʠ ʚʠʜʘʤʠ ʰʢʽʨʠ ʽ ʚʠʢʦʥʘʥʽ ʚ ʩʪʠʣʽ ʢʣʘʧʪʠʢʦʚʦʛʦ ʰʠʪʪʷ ï ʧʝʯʚʦʨʢ (ʽ ʪʢʘʥʠʥʦʶ, ʽ 

ʭʫʪʨʷʥʠʤʠ ʚʩʪʘʚʢʘʤʠ). ʑʦ ʞ ʩʪʦʩʫʻʪʴʩʷ ʩʘʤʦʛʦ ʭʫʪʨʘ, ʪʦ ʚʠʙʠʨʘʶʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʥʘʪʫʨʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ. ʇʨʦʪʝ ʨʦʣʴ ʰʪʫʯʥʦʾ ʩʠʨʦʚʠʥʠ ʪʝʞ ʟʥʘʯʥʘ. ʑʦʜʦ ʢʦʣʴʦʨʦʚʦʾ ʛʘʤʠ, 

ʪʦ ʚ ʤʦʜʽ ʷʢ ʢʦʥʪʨʘʩʪʥʽ ʢʦʣʴʦʨʠ, ʪʘʢ ʽ ʦʜʥʦʪʦʥʥʽ ʚʘʨʽʘʥʪʠ. 

ʆʪʞʝ, ʜʘʥʘ ʨʦʙʦʪʘ ʜʘʻ ʟʤʦʛʫ ʚʨʘʭʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʩʥʦʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʧʘʣʴʪʦ ʞʽʥʦʯʦʛʦ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʧʦʞʠʚʯʽ ʷʢʦʩʪʽ, ʪʘ ʬʦʨʤʫʚʘʪʠ ʥʘʡʙʽʣʴʰ 

ʦʧʪʠʤʘʣʴʥʠʡ ʟʘ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʨʽʰʝʥʥʷʤ ʚʠʨʽʙ ʟ ʧʨʦʛʨʝʩʠʚʥʦʶ 

ʪʝʭʥʦʣʦʛʽʻʶ ʡʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ. 
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ʊɽʍʅʆʃʆɻɯʏʅɯ ʇʈʀʁʆʄʀ ʊʈɸʅʉʌʆʈʄɸʎɯɰ ɼɽʌɽʂʊɯɺ ʊʈʀʂʆʊɸɾʅʀʍ 

ʇʆʃʆʊɽʅ ɺ çɽʌɽʂʊʀè ɼɽʂʆʈʋɺɸʅʅʗ ɺʀʈʆɹɯɺ 

ʊʨʠʢʦʪʘʞʥʠʡ ʦʜʷʛ ʤʘʻ ʨʷʜ ʧʝʨʝʚʘʛ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʦʜʷʛʦʤ ʟ ʪʢʘʥʠʥ: ʤ'ʷʢʽʩʪʴ ʥʘ ʜʦʪʠʢ; 

ʧʽʜʚʠʱʝʥʘ ʧʨʦʧʫʩʢʥʘ ʟʜʘʪʥʽʩʪʴ ʧʦʚʽʪʨʷ, ʧʘʨʠ; ʤʽʮʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʚʠʨʦʙʽʚ ʟʘ ʨʘʭʫʥʦʢ 

ʚʠʩʦʢʦʾ ʝʣʘʩʪʠʯʥʦʩʪʽ ʪʘ ʨʫʭʦʤʦʩʪʽ ʩʪʨʫʢʪʫʨʠ; ʣʝʛʢʽʩʪʴ ʫ ʜʦʛʣʷʜʽ; ʚʠʩʦʢʘ ʜʠʥʘʤʽʯʥʘ 

ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʘʥʪʨʦʧʦʤʝʪʨʠʯʥʠʤ ʜʘʥʠʤ ʩʧʦʞʠʚʘʯʘ ʽ ʪ. ʜ. ʊʘʢʦʞ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ 

ʟʘʣʠʰʘʻʪʴʩʷ ʽ ʤʽʥʣʠʚʽʩʪʴ ʜʦ ʤʦʜʥʠʭ ʪʝʥʜʝʥʮʽʡ ʪʨʠʢʦʪʘʞʥʦʛʦ ʦʜʷʛʫ ʪʘ ʡʦʛʦ ʘʜʘʧʪʠʚʥʽʩʪʴ 

ʜʦ ʚʠʙʘʛʣʠʚʦʩʪʽ ʩʤʘʢʽʚ ʧʦʪʝʥʮʽʡʥʦʛʦ ʩʧʦʞʠʚʯʦʛʦ ʨʠʥʢʫ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʚʠʨʦʙʥʠʯʽ ʟʘʜʘʯʽ ʤʘʪʝʨʽʘʣʦ- ʪʘ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ, 

ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʮʽʣʢʦʤ ʚʠʧʨʘʚʜʘʥʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʩʽʭ ʧʨʦʮʝʩʽʚ çʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫè ʧʨʦʜʫʢʮʽʾ. ɺ ʩʠʣʫ ʪʦʛʦ, ʱʦ ʪʨʠʢʦʪʘʞʫ 

ʧʨʠʪʘʤʘʥʥʽ ʥʝ ʪʽʣʴʢʠ ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʚʠʨʦʙʽʚ, ʽʥʢʦʣʠ ʩʘʤʝ ʮʽ 

ʧʦʟʠʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ (ʝʣʘʩʪʠʯʥʽʩʪʴ, ʨʫʭʣʠʚʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, ʤôʷʢʽʩʪʴ ʪʦʱʦ) ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʜʝʬʝʢʪʥʦʩʪʽ. 

ʊʦʤʫ, ʚʨʘʭʦʚʫʶʯʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʤʦʜʥʽ ʪʝʥʜʝʥʮʽʾ ʚ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʚʠʜʽʚ ʦʟʜʦʙʣʝʥʥʷ, ʘ ʟ 

ʽʥʰʦʛʦ ʤʘʶʯʠ ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʠʢʦʪʘʞʫ, ʷʢʽ ʟʜʘʪʥʽ ʧʽʜʩʠʣʠʪʠ ʧʨʦʷʚ ʪʠʭ ʯʠ ʽʥʰʠʭ 

ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ (ʜʝʬʝʢʪʽʚ), ʨʦʙʦʪʘ ʟ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʝʬʝʢʪʽʚ ʪʨʠʢʦʪʘʞʫ ʚ çʝʬʝʢʪʠè 

ʚʠʨʦʙʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʽ ʮʽʣʢʦʤ ʣʦʛʽʯʥʠʤ ʥʘʫʢʦʚʠʤ ʥʘʧʨʷʤʢʦʤ. 

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʚʣʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʘʪʠʢʠ 

ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʥʦʚʠʭ ʤʦʜʝʣʝʡ ʪʨʠʢʦʪʘʞʥʦʛʦ ʞʽʥʦʯʦʛʦ ʦʜʷʛʫ ʥʘ ʩʪʘʜʽʾ 

ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ çʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʝʡè ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʰʫʢʦʚʦ-ʘʥʘʣʽʪʠʯʥʦʾ, ʧʨʦʝʢʪʥʦʾ ʨʦʙʦʪʠ ʽʥʞʝʥʝʨʘʤʠ-ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʪʘ 

ʪʝʭʥʦʣʦʛʘʤʠ ʰʚʝʡʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ.  

ʈʦʙʦʪʘʤ ʟ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʷʢ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʚʠʨʦʙʽʚ ʽ ʥʝʜʦʧʫʱʝʥʥʷ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʷʢʦʩʪʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠʩʚʷʯʝʥʽ ʧʨʘʮʽ ʥʘʫʢʦʚʮʽʚ ʚʽʪʯʠʟʥʷʥʠʭ ʰʢʽʣ [1, 2, 3]. ɿʦʢʨʝʤʘ 

ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ ʚʧʣʠʚʫ ʦʩʥʦʚʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʬʘʢʪʦʨʽʚ ʥʘ ʷʢʽʩʪʴ ʚʠʨʦʙʽʚ, ʫʟʛʦʜʞʫʻʪʴʩʷ 

ʧʝʨʝʣʽʢ ʚʠʨʦʙʥʠʯʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ ʟʽ ʩʧʦʞʠʚʯʠʤʠ, ʚʠʟʥʘʯʘʶʪʴʩʷ 

ʯʠʥʥʠʢʠ, ʷʢʽ ʦʙʫʤʦʚʣʝʥʽ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʩʠʨʦʚʠʥʠ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʽ ʾʭ ʚʧʣʠʚ ʥʘ ʪʝʭʥʦʣʦʛʽʶ 

ʦʙʨʦʙʢʠ ʰʚʝʡʥʠʭ ʚʠʨʦʙʽʚ. 

ʊʦʤʫ, ʜʦʚʦʣʽ ʚʘʛʦʤʠʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʚʟʘʻʤʦʚʧʣʠʚʫ ʨʽʚʥʷ ʷʢʦʩʪ̔ ʪʝʢʩʪʠʣʴʥʦ ʾ

ʩʠʨʦʚʠʥʠ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʧʝʨʝʙʽʛʫ ʚʩʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʩʫʯʘʩʥʦʛʦ ʪʨʠʢʦʪʘʞʥʦ-ʰʚʝʡʥʦʛʦ  ʚʠʨʦʙʥʠʮʪʚʘ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʘʚʪʦʨʘʤʠ ʥʘ ʧʨʠʢʣʘʜʽ ʪʨʠʢʦʪʘʞʥʦʛʦ ʘʩʦʨʪʠʤʝʥʪʫ  ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʽ ʷʢ 

ʦʩʥʦʚʥ̔  ʚʣʘʩʪʠʚʦʩʪʽ ʪʨʠʢʦʪʘʞʫ, ʷʢʽ ʟʜʘʪʥʽ ʧʽʜʩʠʣʠʪʠ ʧʨʦʷʚ ʧʝʚʥʠʭ ʥʝʚʽʜʧʦʚʽʜʥʦʩʪʝʡ ʫ 

ʛʦʪʦʚʠʭ ʚʠʨʦʙʘʭ, ʪʘʢ ʽ ʬʘʢʪʦʨʠ, ʷʢʽ ʩʧʨʠʯʠʥʶʶʪʴ ʜʝʬʝʢʪ, ʷʢ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘ ʨʽʚʥʝʤ 

ʷʢʦʩʪʽ ʛʦʪʦʚʦʛʦ ʦʜʛ̫ʫ. ʊʘʢʦʞ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽ ʧʦʢʘʟʘʥʦ ʦʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʜʝʬʝʢʪʽʚ ʚ ʷʢʦʩʪʽ ʨʦʟʰʠʨʝʥʥʷ ʤʦʞʣʠʚʦʩʪʝʡ ʦʟʜʦʙʣʝʥʥʷ  ʩʫʯʘʩʥʠʭ ʪʨʠʢʦʪʘʞʥʠʭ ʚʠʨʦʙʽʚ.  

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʚʽʟʫʘʣʽʟʦʚʘʥʦ ʚ ʪʘʙʣʠʯʥʽʡ ʬʦʨʤʽ (ʪʘʙʣ.1), ʚ ʷʢʽʡ ʧʨʝʜʩʪʘʚʣʝʥʽ ʣʠʰʝ 

ʜʝʷʢʽ ʥʘʡʭʘʨʘʢʪʝʨʥʽʰ ̔ ʜʝʬʝʢʪʠ ʪʨʠʢʦʪʘʞʥʠʭ ʧʦʣʦʪʝʥ 2-ʦʾ, 3-ʦʾ ʛʨʫʧ ʨʦʟʪʷʛʫ ʪʘ ʾʭ 

ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚ çʝʬʝʢʪʠè ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʨʦʙʽʚ ʚʝʨʭʥʴʦʛʦ ʪʨʠʢʦʪʘʞʫ ʪʘ ʙʣʫʟ ʞʽʥʦʯʠʭ ʫ 

ʚʟʘʻʤʦʟʚôʷʟʢʫ ʟ ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʨʠʢʦʪʘʞʫ, ʷʢʽ ʧʽʜʩʠʣʶʶʪʴ ʜʝʬʝʢʪ.  

ʊʘʙʣʠʮʷ 1 ï ɼʝʬʝʢʪʠ ʪʘ ʾʭ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʚ çʝʬʝʢʪʠè  ʪʨʠʢʦʪʘʞʥʦʛʦ ʦʜʷʛʫ 
ʌʘʢʪʦʨʠ , ʱʦ 

ʩʧʨʠʯʠʥʶʶʪʴ ʜʝʬʝʢʪ 
ʫ ʛʦʪʦʚʦʤʫ ʚʠʨʦʙʽ  

ɺʠʜ  ʜʝʬʝʢʪʫ ɿʦʙʨʘʞʝʥʥʷ  
çʝʬʝʢʪʫè ʫ ʚʠʨʦʙʽ 

ʆʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ  
çʝʬʝʢʪʥʦʾè ʦʙʨʦʙʢʠ ʫ 
ʛʦʪʦʚʦʤʫ  ʚʠʨʦʙʽ 

ɺʣʘʩʪʠʚʽʩʪʴ ʪʨʠʢʦʪʘʞʫ, ʷʢʘ ʧʽʜʩʠʣʶʻ ʜʝʬʝʢʪ -  ʈʆɿʇʋʉʂɸʅʅʗ 
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ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʤʘʪʝʨʽʘʣ, 

ʥʝʩʧʨʘʚʥʽʩʪʴ 

ʦʙʣʘʜʥʘʥʥʷ 

-ʦʙʨʠʚ ʥʠʪʦʢ ʧʨʠ 

ʚ'ʷʟʘʥʥʽ; 

-ʧʦʪʦʚʱʝʥʽ ʽ 

ʧʦʪʦʥʰʝʥʽ 

ʜʽʣʷʥʢʠ 

ʪʨʠʢʦʪʘʞʫ

 

 
 

-ʧʨʦʡʤʘ ʪʘ ʚʝʨʭʥʷ 

ʯʘʩʪʠʥʘ ʨʫʢʘʚʽʚ; 

-ʛʦʨʣʦʚʠʥʘ ʧʝʨʝʜʫ 

(ʩʧʠʥʢʠ); 

-ʙʦʢʦʚʽ ʜʽʣʷʥʢʠ 

ʩʫʢʥʽ,ʩʧʽʜʥʠʮʽ, ʰʪʘʥʽʚ 

 

 
ɺʣʘʩʪʠʚʽʩʪʴ ʪʨʠʢʦʪʘʞʫ, ʷʢʘ ʧʽʜʩʠʣʶʻ ʜʝʬʝʢʪ  -  ɿɸʂʈʋʏʋɺɸʅɯʉʊʔ 

ʥʘʧʨʷʤ ʢʨʫʪʢʠ ʥʠʪʦʢ 

(ʧʨʷʞʽ), ʚʦʣʦʢʥʠʩʪʠʡ 

ʩʢʣʘʜ, ʚʠʜ 

ʧʝʨʝʧʣʝʪʝʥʥʷ 

-ʟʘʢʨʫʯʫʚʘʥʥʷ 

ʢʨʘʶ ʜʝʪʘʣʝʡ 

-ʧʝʨʝʢʽʩ 

ʜʝʪʘʣʝʡ 

-ʫʢʦʨʦʯʝʥʥʷ 

ʜʦʚʞʠʥʠ 

ʚʠʨʦʙʫ  

 

-ʥʠʟ ʨʫʢʘʚʽʚ ʪʘ ʚʠʨʦʙʫ;  

-ʦʟʜʦʙʣʶʶʯʽ 

(ʦʢʘʥʪʫʚʘʣʴʥʽ)  ʪʘʩʴʤʠ 

(ʩʪʨʽʯʢʠ) ʥʘ ʨʝʣʴʻʬʘʭ, 

ʛʦʨʣʦʚʠʥʽ ʧʝʨʝʜʫ ʪʘ 

ʩʧʠʥʢʠ,  

-ʢʨʘʾ ʥʘʢʣʘʜʥʠʭ ʢʠʰʝʥʴ, 

ʙʦʨʪʽʚ ʟʘʩʪʽʙʢʠ  

ɺʣʘʩʪʠʚʽʩʪʴ ʪʨʠʢʦʪʘʞʫ, ʷʢʘ ʧʽʜʩʠʣʶʻ ʜʝʬʝʢʪ  -  ʈʆɿʊʗɾʅɯʉʊʔ 

ʚʦʣʦʢʥʠʩʪʠʡ ʩʢʣʘʜ,  

ʚʠʜ ʧʝʨʝʧʣʝʪʝʥʥʷ 

-ʧʝʨʝʢʽʩ 

ʜʝʪʘʣʝʡ 

-ʟʩʽʜʘʥʥʷ  

 

 

 

-ʦʟʜʦʙʣʶʶʯʽ 

(ʦʢʘʥʪʫʚʘʣʴʥʽ)  ʪʘʩʴʤʠ 

(ʩʪʨʽʯʢʠ) ʧʦ ʛʦʨʣʦʚʠʥʽ 

ʧʝʨʝʜʫ ʪʘ ʩʧʠʥʢʠ; 

- ʥʠʟ ʨʫʢʘʚʽʚ; 

- ʧʣʘʥʢʠ ʮʝʥʪʨʘʣʴʥʦʾ  

ʟʘʩʪʽʙʢʠ ʚʠʨʦʙʫ 

ʆʪʞʝ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʘʨʽʘʥʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʜʝʬʝʢʪʽʚ ʚ çʝʬʝʢʪʠè ʩʧʨʠʷʪʠʤʫʪʴ ʨʦʩʪʫ 

ʪʘʢʠʭ ʚʠʨʦʙʥʠʯʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢ ʨʝʩʫʨʩʦ- ʪʘ ʤʘʪʝʨʽʘʣʦʟʙʝʨʝʞʝʥʥʷ. ʊʘʢʦʞ ʩʧʝʮʠʬʽʢʘ 

ʟʘʩʪʦʩʫʚʘʥʥʷ çʝʬʝʢʪʥʦʛʦè ʨʽʟʥʦʤʘʾʪʪʷ ʚ ʦʟʜʦʙʣʝʥʥʽ ʪʨʠʢʦʪʘʞʥʦʛʦ ʦʜʷʛʫ ʨʦʟʰʠʨʶʻ 

ʤʦʞʣʠʚʦʩʪʽ ʚ ʩʪʚʦʨʝʥʥʽ ʮʽʢʘʚʠʭ, ʦʨʠʛʽʥʘʣʴʥʠʭ ʨʝʯʝʡ ʜʣʷ ʧʽʜʢʨʝʩʣʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʩʪʽ 

ʧʦʪʝʥʮʽʡʥʦʛʦ ʩʧʦʞʠʚʘʯʘ. ʂʨʽʤ ʮʴʦʛʦ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʜʝʬʝʢʪʽʚ ʚ çʝʬʝʢʪʠè 

ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʥʠʯʥʠʢʘʤ ʤʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʬʘʢʪʦʨʠ, ʱʦ ʩʧʨʠʯʠʥʶʶʪʴ ʜʝʬʝʢʪ ʫ 

ʛʦʪʦʚʦʤʫ ʚʠʨʦʙʽ ʪʘ ʧʝʨʝʜʙʘʯʠʪʠ ʧʝʚʥʽ ʦʟʜʦʙʣʝʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʨʽʟʥʠʭ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ ʪʨʠʢʦʪʘʞʥʠʭ ʚʠʨʦʙʽʚ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʉʊɯʁʂʆʉʊɯ ɯ ɼʆɺɻʆɺɯʏʅʆʉʊɯ ɺɯɼɹʀʊʂɯɺ ɿ ʄɽʊɸʃʋ 
ɺʀɻʆʊʆɺʃɽʅʀʍ ʊɽʈʄʆʉʋɹʃɯʄɸʎɯʁʅʀʄ ɼʈʋʂʆʄ  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʪʘ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʤʝʪʘʣʽ ʧʨʦʚʦʜʠʣʦʩʴ:  
1. ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ (ʟʨʘʟʢʠ ʧʽʜʜʘʚʘʣʠʩʷ ʜʽʾ ʧʨʷʤʦʛʦ ʩʦʥʷʯʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ). 
2. ʄʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ (ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʪʦʜ ʥʘʥʝʩʝʥʥʷ ʩʽʪʢʠ ʧʦʜʨʷʧʠʥ, ʱʦ 

ʧʦʣʷʛʘʻ ʚ ʥʘʥʝʩʝʥʥʽ ʨʷʜʫ ʛʣʠʙʦʢʠʭ ʧʦʜʨʷʧʠʥ, ʫ ʚʠʛʣʷʜʽ ʣʽʥʽʡ, ʷʢʽ ʧʝʨʝʪʠʥʘʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʛʦʩʪʨʦʛʦ ʪʚʝʨʜʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ (ʨʠʩ. 1). ʄʽʩʮʷ ʧʝʨʝʪʠʥʫ ʧʦʜʨʷʧʠʥ ʨʦʟʛʣʷʜʘʶʪʴ 
ʧʽʜ ʣʫʧʦʶ. ɿʘʟʚʠʯʘʡ ʥʘʥʦʩʷʪʴ ʧ'ʷʪʴ-ʰʽʩʪʴ ʧʘʨʘʣʝʣʴʥʠʭ ʧʦʜʨʷʧʠʥ ʥʘ ʚʽʜʩʪʘʥʽ 2 ...3 ʤʤ ʦʜʠʥ ʚʽʜ 
ʦʜʥʦʛʦ ʽ ʧ'ʷʪʴ-ʰʽʩʪʴ ʧʦʜʨʷʧʠʥ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʠʭ ʧʝʨʰʠʤ, ʪʠʤ ʩʘʤʠʤ ʦʪʨʠʤʫʶʯʠ ʩʽʪʢʫ. 
ʇʦʢʨʠʪʪʷ ʚʚʘʞʘʻʪʴʩʷ ʷʢʽʩʥʠʤ, ʷʢʱʦ ʧʨʠ ʮʴʦʤʫ ʥʝ ʙʫʜʝ ʩʧʦʩʪʝʨʽʛʘʪʠʩʷ ʚʽʜʰʘʨʦʚʫʚʘʥʥʷ). 

    

 ʈʠʩ. 1 - ʉʭʝʤʘ ʥʘʥʝʩʝʥʥʷ ʩʽʪʢʠ ʧʦʜʨʷʧʠʥ  
3. ɿʘ ʥʠʟʴʢʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. 
4. ɺʧʣʠʚ ʚʦʣʦʛʦʩʪʽ (ʟʨʘʟʢʠ ʚʠʪʨʠʤʫʶʪʴʩʷ ʫ ʻʤʥʦʩʪʽ ʟ ʚʦʜʦʶ). 
ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʽʜʙʠʪʢʽʚ ʪʘ 

ʚʠʩʪʘʚʣʝʥʦ ʦʮʽʥʢʠ ʫ ʪʘʙʣ. 1. ʆʮʽʥʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʦʩʷ ʟʘ 4-ʙʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ: 1 - 

ʟʦʙʨʘʞʝʥʥʷ ʧʦʚʥʽʩʪʶ ʟʥʠʢʣʦ/ʧʦʰʢʦʜʞʝʥʝ; 2 - ʥʘʷʚʥʽ ʧʦʰʢʦʜʞʝʥʥʷ; 3 - ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʤʘʻ 

ʢʨʠʪʠʯʥʠʭ ʟʤʽʥ; 4 - ʟʦʙʨʘʞʝʥʥʷ ʥʝ ʟʤʽʥʠʣʦʩʷ. 

ʊʘʙʣʠʮʷ 1 - ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʚʽʜʙʠʪʢʽʚ 

ˉ 

ʜʦʩʣ. 

                                       ɽʢʩʧʝʨʪ 

ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1 2 3 4 5 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 

1 ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 2 3 2 2 2 2,2 

2 ɼʽʷ ʚʦʣʦʛʠ 2 3 3 4 3 3 

3 ɼʽʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 4 4 4 4 4 4 

4 ʇʦʜʨʷʧʠʥʠ 1 2 1 1 2 1,4 

ʇʽʩʣʷ ʣʘʢʫʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʧʦʚʪʦʨʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ, ʛʨʫʧʦʶ ʝʢʩʧʝʨʪʽʚ ʙʫʣʦ 

ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʽʜʙʠʪʢʽʚ ʪʘ ʚʠʩʪʘʚʣʝʥʦ ʦʮʽʥʢʠ ʫ ʪʘʙʣ. 2. 

ʊʘʙʣʠʮʷ 2 - ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʚʽʜʙʠʪʢʽʚ 

ˉ 

ʜʦʩʣ. 

                                    ɽʢʩʧʝʨʪ 

ʆʧʠʩ ʝʢʩʧʝʨʠʤʝʥʪʫ 
1 2 3 4 5 

ʉʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ 

1 ɼʽʷ ʚʦʣʦʛʠ 3 1 3 4 3 2,8 

2 ɼʽʷ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 4 3 4 4 4 3,8 

3 ʇʦʜʨʷʧʠʥʠ 2 2 1 1 2 1,6 

ɿʛʽʜʥʦ ʟ ʝʢʩʧʝʨʪʥʦʶ ʦʮʽʥʢʦʶ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʘʛʨʝʩʠʚʥʫ ʜʽʶ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʤʝʭʘʥʽʯʥʽ ʧʦʰʢʦʜʞʝʥʥʷ ʪʘ ʋʌ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ʇʦʧʝʨʝʜʥʻ ʣʘʢʫʚʘʥʥʷ 

ʥʝ ʥʘʜʘʻ ʚʽʜʙʠʪʢʫ ʟʘʭʠʩʪʫ. ɼʽʷ ʚʦʣʦʛʠ ʧʦʛʽʨʰʫʻ ʷʩʢʨʘʚʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʘʢʪʠʯʥʦ ʥʝ 

ʚʧʣʠʚʘʻ ʥʘ ʟʦʙʨʘʞʝʥʥʷ ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ. 
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KMKH AND KMKHS ALLOYING WEAR -RESISTANT MATERIALS TEMPERAURE 

INTERVAL  

The high-resistant nickel alloys of ChS88U-VI  type have been strengthened by disperse 

releases of ɔǋ-phase Ni3(Al, ʊʽ).They are used for the ship turbine blades production. This phase 

has the tendency to the coagulation at the process of the contact interaction at the high 

temperatures ,and it activates the processes of the surface layer oxidation, and it activates of its 

rupture. In this connection, the protection of the gas turbine engine blades contact surfaces from 

the high-temperature wear is the actual task of shipbuilding. 

The well-known wear-resistant alloying materials for ship gas turbines can be classified in 

accordance with the melting temperature: up to and more than 1220Ñ10Üʉ (the temperature of 

the base metal irreversible softening). The most difficult problem is the development of the 

alloys with the melting temperature which is up to 1220Ñ10Üʉ.It provides the possibility of their 

laying on the work surfaces in the liquid state. Their high adhesive activity is required. 

The main task of the adhesive active wear-resistant and high-resistant composite alloying 

materials development is the support of the necessary level of their wear resistance at work 

temperatures (up to 900Üʉ), the ability to stand the short-term thermal loads in the oxidizing 

medium at temperatures up to 1150 Üʉ and at resistance to the high-temperature salt corrosion, 

and the possibility of their application like melt on the working contact surfaces which have been 

heated at temperature which is not more than 1220
Ñ10 
Üʉ. 

KMKh and KMKhS new wear-resistant materials have been developed at Admiral Makarov 

National University of Shipbuilding together with Zorya-Mashproekt Gas Turbine Research and 

Development Complex which meet the specified requirements. The chemical composition of 

these materials is shown at table 1. 

Table 1 - KMKh and KMKhS alloys properties [1, 2] 

Alloy 

brand 

Chemical composition, % mass. Temperature 

of melting, Üʉ Co Cr Mo Si B Ni Cr3C2 

KMKh base 17-18 27-28 2,8-3,2 0,8-1,2 1185 ״ ״
+5

 

KMKhS base 17-18 27-28 2,8-3,2 0,8-1,2 2,8-3,2 1,9-2,1 1165
+5

 

The optimization of the melting temperature and the temperature interval of the alloying 

materials crystallization have been executed with the use of the high-temperature differential 

thermal analysis method. The characteristic thermograms of melting and crystallization of 

KMKh and KMKhS alloys are shown at pic. 1. 

The specified data of the thermal analysis at pic. 1. testify that KMKh and KMKhS alloys at 

the optimal relation of Si and B in these alloys, KMKh and KMKhS alloys have only one 

thermal effect on the thermal curves of heat and cooling. The specified effect identifies the 

solidus temperature for KMKh alloy which is equal to 1185
+5

 ÜC and for KMKhS alloy it is 

equal to 1165
+5

 ÜC. At the deviation from the recommended relation , the stability of the phase 

composition is breaking. 
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a) ʙ) 

Fig. 1 - The differential scanning calorimetry of KMKh (a) and KMKhS (b) alloys . 

The possibility of the phases reaction with the formation of the nonequilibrium phases is 

appeared. As a result the additional effects are appeared on the thermal curves. It leads to the 

decrease or the increase of these alloys melting temperature. 

The executed researches have shown that KMKh and KMKhS alloys are in accordance with 

the specified requirements concerning their melting temperature and the duration of 

crystallization temperature interval. 
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2. Kostin A., Martunenko V., Maluy O., Butenko A. Zharomʽtsniy znosostʽykiy kompozitsʽyniy splav 

na osnovʽ kobaltu [High-temperature composite wear-resistant alloy based on cobalt] Patent UA, no. u 

2016 02906, 2016. 
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ɿʄɯʅʖɺɸʅɯʉʊʔ ʐʀʈʀʅʀ ʐɺɸ ʇʈʀ ɿɺɸʈʖɺɸʅʅɯ ʋ ʉʋʄɯʐɯ ɿɸʍʀʉʅʀʍ 

ɻɸɿɯɺ 

ɿʤʽʥʶʚʘʥʽʩʪʴ ʚʣʘʩʪʠʚʘ ʜʣʷ ʚʩʽʭ ʢʦʥʪʨʦʣʴʦʚʘʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʘʨʥʠʭ ʰʚʽʚ. 

ɺʨʘʭʫʚʘʥʥʷ ʟʤʽʥʶʚʘʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʨʦʙʽʚ ʻ ʦʜʥʽʻʶ ʟ ʚʠʤʦʛ ʩʫʯʘʩʥʠʭ ʤʽʞʥʘʨʦʜʥʠʭ 

ʩʪʘʥʜʘʨʪʽʚ ʟ ʫʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ ʫ ʟʚʘʨʶʚʘʣʴʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ. ɼʣʷ ʚʨʘʭʫʚʘʥʥʷ 

ʟʤʽʥʶʚʘʥʦʩʪʽ ʧʨʠ ʧʨʠʡʥʷʪʪʽ ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʨʽʰʝʥʴ ʚ ʫʤʦʚʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʟʘʩʪʦʩʦʚʫʶʪʴ 
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ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ. ʆʜʥʘʢ, ʜʣʷ ʚʠʙʦʨʫ ʘʜʝʢʚʘʪʥʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʟʤʽʥʶʚʘʥʦʩʪʽ 

ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʚʘʨʥʦʛʦ ʰʚʘ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʪʠ ʩʪʘʪʠʩʪʠʯʥʠʡ ʨʦʟʧʦʜʽʣ, 

ʷʢʠʤ ʦʧʠʩʫʻʪʴʩʷ ʾʾ ʟʤʽʥʶʚʘʥʽʩʪʴ. ʈʦʙʦʪʘʤʠ ɺʦʣʯʝʥʢʦ ɺ.ʅ., ʊʘʨʘʨʠʯʢʽʥʘ ɯ.ɸ. ʪʘ ʽʥʰʠʭ 

ʜʦʩʣʽʜʥʠʢʽʚ ʟʘʢʣʘʜʝʥʽ ʦʩʥʦʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʫ ʟʚʘʨʶʚʘʣʴʥʦʤʫ 

ʚʠʨʦʙʥʠʮʪʚʽ. ʇʦʪʨʝʙʫʻ ʜʦʩʣʽʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʟʘʢʦʥʽʚ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʟʚʘʨʥʠʭ ʰʚʽʚ [1, 2]. 

ʅʘʤʠ ʜʦʩʣʽʜʞʝʥʘ ʟʤʽʥʶʚʘʥʽʩʪʴ ʰʠʨʠʥʠ ʩʪʠʢʦʚʠʭ ʰʚʽʚ, ʥʘ ʧʣʘʩʪʠʥʘʭ ʽʟ ʩʪʘʣʽ ɺʉʪ3ʩʧ 

ʪʦʚʱʠʥʦʶ 3 ʤʤ, ʚʠʢʦʥʘʥʠʭ ʜʫʛʦʚʠʤ ʟʚʘʨʶʚʘʥʥʷʤ ʧʣʘʚʢʠʤ ʝʣʝʢʪʨʦʜʦʤ ʉʚ-08ɻ2ʉ 

ʜʽʘʤʝʪʨʦʤ 1,2 ʤʤ ʫ ʩʝʨʝʜʦʚʠʱʽ ʩʫʤʽʰʽ ʟʘʭʠʩʥʠʭ ʛʘʟʽʚ ɸr + ʉʆ2(18%). ʉʧʣʘʥʦʚʘʥʠʡ ʪʘ 

ʧʨʦʚʝʜʝʥʠʡ ʧʦʚʥʦ ʬʘʢʪʦʨʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʚʧʣʠʚʫ ʩʠʣʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ 

ʩʪʨʫʤʫ ʫ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 150 ɸ ʜʦ 190 ɸ ʥʘ ʟʤʽʥʶʚʘʥʽʩʪʴ ʰʠʨʠʥʠ ʟʚʘʨʥʦʛʦ ʰʚʘ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʠʙʽʨʦʢ ʧʨʝʜʩʪʘʚʥʠʮʴʢʦʛʦ ʦʙôʻʤʫ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʣʘʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫ ʢʦʞʥʽʡ ʟ ʪʨʴʦʭ ʪʦʯʦʢ ʧʣʘʥʫ ʟʘ ʥʝʟʤʽʥʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʨʝʞʠʤʫ ʟʚʘʨʶʚʘʥʥʷ 

ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʦ 25 ʦʜʠʥʠʯʥʠʭ ʜʽʣʷʥʦʢ ʟʚʘʨʥʦʛʦ ʰʚʘ ʥʘ ʢʦʞʥʽʡ ʟ ʷʢʠʭ ʚʠʢʦʥʘʥʦ ʧʦ 5 

ʟʘʤʽʨʽʚ ʰʠʨʠʥʠ ʟʚʘʨʥʦʛʦ ʰʚʘ. ɿʘ ʨʝʟʫʣʴʪʘʪʠ ʟʘʤʽʨʽʚ ʧʨʦʚʝʜʝʥʝ ʦʮʽʥʶʚʘʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʟʤʽʥʶʚʘʥʦʩʪʽ ʰʠʨʠʥʠ ʰʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ, ʚʠʟʥʘʯʝʥʘ ʩʪʘʪʠʩʪʠʯʥʘ 

ʢʝʨʦʚʘʥʽʩʪʴ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ. ɿʘ ʢʨʠʪʝʨʽʷʤʠ ʂʦʣʤʦʛʦʨʦʚʘ, ʐʘʧʽʨʦ-ʋʽʣʢʘ, ʦʤʝʛʘ 

ʢʚʘʜʨʘʪ ʜʦʢʘʟʘʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʜʦ ʟʤʽʥʶʚʘʥʦʩʪʽ 

ʰʠʨʠʥʠ ʰʚʘ, ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʩʠʣʠ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ (ʪʘʙʣ. 1)  

ʊʘʙʣʠʮʷ 1 - ʇʝʨʝʚʽʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ 

ʢʨʠʪʝʨʽʡ 

ʋʤʦʚʘ 

ʢʨʠʪʝʨʽʶ 

ʉʪʘʪʠʩʪʠʢʘ 

ʢʨʠʪʝʨʽʶ 
150é155 ɸ 170é175 ɸ 185é190 ɸ 

ʂʨʠʪʝʨʽʡ 

ʂʦʣʤʦʛʦʨʦʚʘ 
D
ʨʦʟ

 <D
ʪʘʙʣ

 Dʪʘʙʣ 0,909 0,909 0,909 

Dʨʦʟ 0,815 0,7833 0,509 

ʂʨʠʪʝʨʽʡ 

ʐʘʧʽʨʘ-ʋʽʣʢʘ 
W
ʨʦʟ

 >W
ʪʘʙʣ

 Wʪʘʙʣ 0,916 0,885 0,885 

Wʨʦʟ 0,993 0,7672 0,968 

ʂʨʠʪʝʨʽʡ ʦʤʝʛʘ 

ʢʚʘʜʨʘʪ 
ɤ

2

ʨʦʟ
 <ɤ

2

ʪʘʙʣ
 
ɤ

2

ʪʘʙ(Ŭ=0,05)
 0,126 0,126 0,126 

ɤ
2

ʨʦʟ
 0,113 0,118 0,028 

ɺʩʴʦʛʦ (ʧʽʜʪʚʝʨʜʞʝʥʦ/ʟʘʩʪʦʩʦʚʘʥʦ ʢʨʠʪʝʨʽʾʚ)  3/3 2/3 3/3 
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ɸʅɸʃɯɿ ɺʇʃʀɺʋ ʂɯʃʔʂʆʉʊɯ ʅɸʇʃɸɺʃɽʅʔ ʅɸ ʊɺɽʈɼɯʉʊʔ ʇʆɺɽʈʍʆʅʔ 

ɺɯɼʅʆɺʃɽʅʀʍ ɼɽʊɸʃɽʁ 

ʆʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʧʨʦʮʝʩʦʤ ʰʣʘʤʦʚʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʻ ʧʝʨʝʢʘʯʫʚʘʥʥʷ ʧʫʣʴʧʠ 

ʥʘʩʦʩʘʤʠ. ɼʦ ˇʨʫʥʪʦʚʠʭ ʥʘʩʦʩʽʚ, ʱʦ ʻ ʦʩʥʦʚʥʠʤ ʘʛʨʝʛʘʪʦʤ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ 

ʧʝʨʝʢʘʯʫʚʘʥʥʷ, ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʚʠʤʦʛʠ ʟ ʧʽʜʚʠʱʝʥʦʾ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ, ʷʢʽ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʧʫʣʴʧʦʶ. ʉʢʣʘʜʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʝʪʘʣʽ ʥʘʩʦʩʫ ʧʦʚʠʥʥʽ ʚ ʨʽʚʥʽʡ ʤʽʨʽ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

73 

ʧʨʦʪʠʜʽʷʪʠ ʷʢ ʘʙʨʘʟʠʚʥʦʤʫ ʟʥʦʰʫʚʘʥʥʶ, ʪʘʢ ʽ ʫʜʘʨʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʚʝʣʠʢʦʦʩʢʦʣʦʯʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʧʫʣʴʧʠ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʚʠʩʦʢʦʘʙʨʘʟʠʚʥʠʭ ʯʘʩʪʠʥʦʢ 

ʧʨʠʚʦʜʠʪʴ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʟʥʦʩʫ ʨʦʙʦʯʠʭ ʜʝʪʘʣʝʡ ʥʘʩʦʩʽʚ. ɺʘʣ ʷʚʣʷʻʪʴʩʷ ʙʘʟʦʚʦʶ 

ʜʝʪʘʣʣʶ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʡʙʽʣʴʰ ʥʘʚʘʥʪʘʞʝʥʠʭ ʜʝʪʘʣʝʡ. ʅʘ ʚʘʣ ʜʽʶʪʴ 

ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʽ ʩʪʚʦʨʶʶʪʴʩʷ ʤʘʩʦʶ ʨʦʙʦʯʦʛʦ ʢʦʣʝʩʘ, ʛʽʜʨʘʚʣʽʯʥʠʤʠ ʩʠʣʘʤʠ ʽ ʩʠʣʘʤʠ 

ʜʠʥʘʤʽʯʥʦʾ ʥʝʚʨʽʚʥʦʚʘʞʝʥʦʩʪʽ [1].  

ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʨʠ ʨʝʤʦʥʪʽ ʜʦ ʚʘʣʽʚ ʰʣʘʤʦʚʠʭ ʥʘʩʦʩʽʚ ʧʨʝʜôʷʚʣʷʶʪʴʩʷ ʚʠʩʦʢʽ ʚʠʤʦʛʠ, 

ʷʢ ʧʦ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʥʦʰʝʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʪʘʢ ʽ ʧʦ ʪʦʯʥʦʩʪʽ ʽ ʯʠʩʪʦʪʽ ʾʭ ʦʙʨʦʙʢʠ [2]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʟʨʘʟʢʠ: ʧʝʨʰʠʡ ʟ ʧʨʦʢʘʪʫ; 

ʜʨʫʛʠʡ ʟ ʚʘʣʫ ˇʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ, ʷʢʠʡ ʚʠʨʦʙʠʚ ʩʚʽʡ ʨʝʩʫʨʩ ʨʦʙʦʪʠ. ʄʘʪʝʨʽʘʣ ʟʨʘʟʢʽʚ ʩʪʘʣʴ 

45 ɻʆʉʊ 1050-88 (ʨʠʩ.1). ʅʘʧʣʘʚʣʝʥʠʡ ʰʘʨ ʩʢʣʘʜʘʚ  5é6.ʤʤ, ʢʽʣʴʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʴ ʜʦ 

ʩʝʤʠ. 

 

 

 

ʈʠʩ. 1 ï ɿʨʘʟʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʪʚʝʨʜʦʩʪʽ ʽ ʚʠʚʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ 

ʈʠʩ. 2 ï ʊʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʘ 

ʟʨʘʟʢʘʭ 

ɺ ʷʢʦʩʪʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʙʨʘʣʠ ʪʚʝʨʜʽʩʪʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ 

ʧʨʦʚʦʜʠʣʠ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʨʪʘʪʠʚʥʦʛʦ ʪʚʝʨʜʦʤʽʨʘ ʊɼʄ-1. 

ʊʚʝʨʜʽʩʪʴ ʚʠʤʽʨʶʚʘʣʠ ʥʘ ʟʨʘʟʢʘʭ ʦʙʦʭ ʚʠʜʽʚ  ʟʘ ʩʭʝʤʦʶ ʚʽʜ ʮʝʥʪʨʫ ʜʦ ʧʝʨʠʬʝʨʽʾ (ʨʠʩ.2), 

ʪʦʙʪʦ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ, ʟʦʥʠ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʝʪʘʣʫ ʚʽʜʥʦʚʣʝʥʦʛʦ ʚʘʣʫ 

ˇʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ ʚʠʟʥʘʯʝʥʦ ʨʦʟʧʦʜʽʣ ʪʚʝʨʜʦʩʪʽ ʚʽʜ ʥʘʧʣʘʚʣʝʥʦʾ ʟʦʥʠ ʜʦ ʦʩʥʦʚʥʦʛʦ 

ʤʝʪʘʣʫ. 

ɿ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʚʘʣʫ ʥʘ ʟʨʘʟʢʘʭ ʙʝʟ ʚʧʣʠʚʫ ʚʪʦʤʥʦʾ 

ʤʽʮʥʦʩʪʽ  (ʟʨʘʟʢʠ 1) (ʨʠʩ.3) ʚʠʜʥʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ 1-ʛʦ ʥʘʧʣʘʚʣʝʥʥʷ 

ʟʙʽʣʴʰʠʣʘʩʷ ʜʦ HRC 40, ʟ 2-ʛʦ ʜʦ 6-ʛʦ ʥʘʧʣʘʚʣʝʥʴ ʪʨʠʤʘʻʪʴʩʷ ʚ ʤʝʞʽ HRC 25é22, ʽ ʧʽʩʣʷ 

7-ʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʟʤʝʥʰʠʣʘʩʷ ʜʦ HRC 20. 

ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʚʘʣʫ ʥʘ ʟʨʘʟʢʘʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ ʨʝʩʫʨʩ 

(ʟʨʘʟʢʠ 2) (ʨʠʩ.4), ʚʠʜʥʦ, ʱʦ ʪʚʝʨʜʽʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʽʩʪʦʪʥʦ ʟʥʠʟʠʣʘʩʷ ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ 

ʟʨʘʟʢʘʤʠ, ʱʦ ʥʝ ʤʘʶʪʴ ʚʧʣʠʚʫ ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ, ʘ ʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʚʽʜ 1-ʛʦ 

ʜʦ 6-ʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ HRC 22é.21 (ʚʠʢʣʶʯʝʥʥʷ ʩʪʘʥʦʚʠʪʴ 2- ʛʝ 

ʥʘʧʣʘʚʣʝʥʥʷ ʜʝ HRC 18), ʽʩʪʦʪʥʦ ʟʤʝʥʰʠʣʘʩʷ ʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʧʽʩʣʷ 7-ʛʦ 

ʥʘʧʣʘʚʣʝʥʥʷ HRC 16. 

ɺʠʩʥʦʚʦʢ: ɺʠʢʦʥʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʪʚʝʨʜʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʰʘʨʫ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʥʘʧʣʘʚʣʝʥʴ ʚʘʣʫ ˇʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ. 

ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʚʽʜʥʦʚʣʝʥʴ ʪʚʝʨʜʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ 

ʰʘʨʫ ʟʤʝʥʰʫʻʪʴʩʷ, ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʽʜʥʦʚʣʝʥʠʭ ʧʦʚʝʨʭʦʥʴ/ 

ɼʣʷ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʦʙʦʭ ʚʠʜʽʚ ʟʨʘʟʢʽʚ ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʚʠʛʦʪʦʚʠʪʠ 

ʤʽʢʨʦʰʣʽʬʠ ʪʘ ʚʠʢʦʥʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʥʘʧʣʘʚʣʝʥʦʛʦ 
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ʰʘʨʫ ʤʝʪʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʢʦʥʘʥʠʭ ʥʘʧʣʘʚʣʝʥʴ ʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʪʦʤʠ 

ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʚʘʣʫ ˇʨʫʥʪʦʚʦʛʦ ʥʘʩʦʩʘ. 

 

ʈʠʩ. 3 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʚʘʣʫ ʥʘ ʟʨʘʟʢʘʭ ʙʝʟ ʚʧʣʠʚʫ 

ʚʪʦʤʥʦʾ ʤʽʮʥʦʩʪʽ 1,2,3,4,5 - ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʘ ʟʨʘʟʢʘʭ 

 

ʈʠʩ.4 ï ɼʽʘʛʨʘʤʘ ʨʦʟʧʦʜʽʣʫ ʪʚʝʨʜʦʩʪʽ ʧʦ ʧʝʨʝʪʠʥʫ ʚʘʣʫ ʥʘ ʟʨʘʟʢʘʭ ʚʽʜʧʨʘʮʴʦʚʘʥʠʭ 

ʨʝʩʫʨʩ 1,2,3,4,5 - ʪʦʯʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʘ ʟʨʘʟʢʘʭ 
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PROCESS OF BRAZING IN CONDITIONS OF LOCA L HEATING OF THE JOI NT 

ZONE 

Brazing is the process of permanent joining of parts by heating a joint zone to the temperature 

where filler melts. The brazing process could have stationary and non-stationary conditions. 

Brazing process considered as stationary when heat energy supplied steadily and constantly to 

the whole assembly being joined. Process is considered as non-stationary when the joint zone of 

parts being brazed is heated up by contact with hot solid body used as heat source. Propagation 

of heat flow from the heating zone across parts imposes certain restrictions on the possibility of 

implementing this process, especially in the case of brazing materials with high thermal 

conductivity. Fast local heating of joint zone could be achieved, for instance, using heat source 

that can generate intense heat flux from exothermic reactions of high temperature synthesis 

(gaseless burning). Alumothermic-based reactions in powder compounds are considered as 

appropriate materials for such heat source [1]. 

However, when choosing parameters for the heat source one should take into account not only 

the size of parts being brazed, but also properties of parts material and properties of filler braze 

being used. This restricts the choice of parameters of the heat source as it, on the one hand, 

should ensure melting of the filler , and on the other ï it should prevent heating of the core 

material to the temperature of its melting. 

This work considers a model of brazing for flat plates combined into one system with a heat 

source by mechanical compression. The redistribution of heat in such system are presented in the 

form of finite difference equations, taking into account the thermal resistance at the borders 

between components: the heat source and the plate, the plate and the braze. 

Based on this computational model, the software which provides possibility to study the effects 

of the system parameters on the conditions of braze meting and process duration was created. The 

possibility to determine the parameters of heat source necessary to melt the braze, for a given 

system parameters is demonstrated. Using self-consistent calculation based on experimental data 

on temperature changes in specific points of the system, which consists of limited size aluminum 

plates, during its local heating, thermal parameters of the system could be defined [2]. 

The effects of porosity were studied using alumothermic heaters compacted at different 

pressure to ensure different levels of porosity. The calculation of temperature fields for the 

assembly during heating and brazing was made and thermal parameters including heat source 

thermal conductivity were determined. A technological scheme of practical implementation for 

brazing in non-stationary conditions during the joint zone heating is proposed. 

List of References 
1. Merzhanov A.G. Self-propagating high-temperature synthesis of refractory inorganic compounds / 

A. G. Merzhanov, I. P. Borovinskaya // Dokl. Akad. Nauk. SSSR .ï 1972. ï Vol. 204. ï P. 366 ï 369. 

2. Calculation-experimental Investigation of Thermal Fields in the Process of Nonstationary 

Soldering / [Kulinich M.V., Bezpalchuk V.N., Kosintsev S.G., Gusak A.M., Zaporozhets T.V. and. 

Ustinov A.I.] // The Paton Welding Journal. ï 2018. ï No. 1. ï P. 14ï19. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

76 

ʋɼʂ 669.017:620.178.16 

ɸʥʜʨʫʱʝʥʢʦ ʄ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʂʘʧʫʩʪʷʥ ʆ.ɭ. ʩʪ. ʚʠʢʣʘʜʘʯ 

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

ʂʫʣʠʢʦʚʩʢɹʠʡ ʈ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɸʢʨʠʪʦʚʘ ʊ.ʆ., ʩʪ. ʣʘʙʦʨʘʥʪ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, aek@zntu.edu.ua 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ, ʉʊɸʅɼɸʈʊʅʀʍ ɯ ʉʇɽʎɯɸʃʔʅʀʍ ɺʀʇʈʆɹʋɺɸʅʔ 

ʄɸʊɽʈɯɸʃɯɺ, ʅɸ ʆʇɯʈ ɹɽɿʋɼɸʈʅʆʄʋ ɸɹʈɸɿʀɺʅʆʄʋ ɿʅʆʐʋɺɸʅʅʖ 

ʆʜʥʽʻʶ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʩʢʣʘʜʦʚʠʭ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʻ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ɺʽʜʦʤʦ ʙʘʛʘʪʦ ʩʧʦʩʦʙʽʚ ʽ ʩʭʝʤ ʚʠʧʨʦʙʫʚʘʥʴ, ʷʢ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ, ʪʘʢ ʽ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ. 

ʅʘ ʧʝʨʰʠʡ ʧʦʛʣʷʜ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʧʽʜʚʠʱʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ 

ʜʝʪʘʣʝʡ, ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʠʤʠ ʽ ʥʘʜʽʡʥʠʤʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʝʪʘʣʝʡ 

(ʤʘʪʝʨʽʘʣʽʚ) ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘ ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ʆʜʥʘʢ, ʧʦ-ʧʝʨʰʝ, ʜʫʞʝ ʯʘʩʪʦ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʧʨʦʚʝʩʪʠ ʚʠʧʨʦʙʫʚʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ ʧʦ ʨʷʜʫ ʧʨʠʯʠʥ. ʆʩʦʙʣʠʚʦ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʥʝ ʧʨʦ ʧʦʦʜʠʥʦʢʽ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʽ ʤʘʪʝʨʽʘʣʽʚ, ʘ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʟʥʦʰʫʚʘʥʥʷ ʛʨʫʧʠ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʪʘʥʽ. 

ʇʦ-ʜʨʫʛʝ, ʚ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʪʨʠʚʘʣʽ ʚʠʧʨʦʙʫʚʘʥʥʷ, ʥʝʤʠʥʫʯʽ 

ʢʦʣʠʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʫʤʦʚ ʟʥʦʰʫʚʘʥʥʷ (ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ 

ʘʙʨʘʟʠʚʥʠʭ ʤʘʩ ʽ ʽʥ.). ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʧʨʦʙʫʚʘʥʴ. 

ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʚʠʧʨʦʙʦʚʫʶʪʴʩʷ ʥʝʚʝʣʠʢʽ ʜʝʪʘʣʽ ʟ ʥʠʟʴʢʠʤ ʪʝʨʤʽʥʦʤ ʩʣʫʞʙʠ, 

ʧʨʦʤʠʩʣʦʚʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʮʽʣʢʦʤ ʝʬʝʢʪʠʚʥʠʤʠ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 

ʧʨʝʩʫʚʘʥʥʽ ʢʘʨʙʽʜʢʨʝʤʥʽʡʦʚʠʭ ʥʘʛʨʽʚʘʯʽʚ ʤʝʪʦʜʦʤ ʝʢʩʪʨʫʟʽʾ, ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʪʠ ʜʝʪʘʣʝʡ 

ʦʩʥʘʩʪʢʠ ʩʢʣʘʜʘʻ ʚʩʴʦʛʦ ʢʽʣʴʢʘ ʛʦʜʠʥ. 

ʋ ʪʝʭʥʽʮʽ ʜʫʞʝ ʙʘʛʘʪʦ ʧʨʠʢʣʘʜʽʚ ʧʨʦʙʣʝʤ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ (ʜʝʷʢʽ 

ʚʠʜʠ ʙʠʣ ʤʦʣʦʪʢʦʚʠʭ ʜʨʦʙʘʨʦʢ, ʨʽʟʮʽ ʘʩʬʘʣʴʪʥʦ-ʨʽʟʘʣʴʥʠʭ ʤʘʰʠʥ ʪʘ ʽʥʰʽ.). ʊʦʤʫ ʜʦ 

ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ, ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʥʝʚʝʣʠʢʽ ʜʝʪʘʣʽ, ʙʘʛʘʪʦ ʜʦʩʣʽʜʥʠʢʽʚ ʧʨʦʚʦʜʷʪʴ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʥʘ ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. 

ɺʠʨʦʙʥʠʯʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʩʧʨʦʱʝʥʽ ʰʣʷʭʦʤ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʨʘʟʢʽʚ, ʚʩʪʘʚʣʝʥʠʭ ʚ ʥʘʪʫʨʥʽ ʜʝʪʘʣʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʜʽʶʯʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ɿʦʢʨʝʤʘ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʚʩʪʘʚʥʠʭ ʟʨʘʟʢʽʚ, ʧʨʦʚʝʜʝʥʠʭ ʚ ɿʅʊʋ, ʟʘʢʨʽʧʣʝʥʠʭ ʚ ʟʦʥʽ ʥʘʡʙʽʣʴʰʦʛʦ ʟʥʦʩʫ 

ʦʙʣʠʮʶʚʘʣʴʥʠʭ ʧʣʘʩʪʠʥ ʜʣʷ ʧʨʝʩʫʚʘʥʥʷ ʙʫʜʽʚʝʣʴʥʦʾ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ, ʜʦʟʚʦʣʠʣʠ ʟʥʘʯʥʦ 

ʧʨʠʩʢʦʨʠʪʠ ʦʪʨʠʤʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦ ʤʝʭʘʥʽʟʤ, ʭʘʨʘʢʪʝʨ ʟʥʦʰʫʚʘʥʥʷ ʽ 

ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ. ʆʜʥʘʢ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʥʝ ʚʠʢʣʶʯʝʥʠʡ ʧʦʤʽʪʥʠʡ ʨʦʟʢʠʜ ʨʝʟʫʣʴʪʘʪʽʚ 

ʚʠʧʨʦʙʫʚʘʥʴ, ʦʩʢʽʣʴʢʠ ʥʝʤʠʥʫʯʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ "ʪʽʥʴʦʚʦʛʦ ʝʬʝʢʪʫ", ʥʘʷʚʥʽʩʪʴ ʟʘʟʦʨʽʚ 

ʤʽʞ ʟʨʘʟʢʘʤʠ, ʪʘʢʦʞ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʤʘʩʰʪʘʙʥʠʡ ʬʘʢʪʦʨ. ʊʦʤʫ ʦʩʥʦʚʥʠʡ ʦʙʩʷʛ 

ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʚʠʢʦʥʫʻʪʴʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ. 

ʈʽʟʥʦʤʘʥʽʪʪʷ ʩʭʝʤ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʘʙʨʘʟʠʚʥʝ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʥʘ ʫʤʦʚʥʦ ʨʦʟʙʠʪʠ ʥʘ 

ʥʘʩʪʫʧʥʽ ʛʨʫʧʠ: 

- ʟʘʢʨʽʧʣʝʥʠʤ ʘʙʨʘʟʠʚʦʤ; 

- ʥʘʧʽʚʟʘʢʨʽʧʣʝʥʠʤʠ ʘʙʨʘʟʠʚʥʠʤʠ ʟʝʨʥʘʤʠ; 

- ʚ ʥʝʟʘʢʨʽʧʣʝʥʽʡ ʘʙʨʘʟʠʚʥʽʡ ʤʘʩʽ. 

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʽ ʚ ʤʝʞʘʭ ʢʦʞʥʦʾ ʟ ʥʘʚʝʜʝʥʠʭ ʛʨʫʧ, ʧʘʨʘʤʝʪʨʠ ʫʤʦʚ ʟʥʦʰʫʚʘʥʥʷ ʤʦʞʫʪʴ 

ʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʪʠʩʷ. 

ʊʦʤʫ ʥʘʡʯʘʩʪʽʰʝ ʜʦʩʣʽʜʥʠʢʠ ʟʤʫʰʝʥʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʚʦʾʭ, ʟʘʚʜʘʥʴ ʢʨʽʤ ʽʩʥʫʶʯʠʭ 

ʩʪʘʥʜʘʨʪʥʠʭ, ʧʨʦʝʢʪʫʚʘʪʠ ʩʧʝʮʽʘʣʴʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʫʩʪʘʥʦʚʢʠ. 

ʆʜʥʠʤ ʽʟ ʟʘʛʘʣʴʥʠʭ ʥʝʜʦʣʽʢʽʚ, ʙʘʛʘʪʴʦʭ ʚʽʜʦʤʠʭ ʩʭʝʤ ʚʠʧʨʦʙʫʚʘʥʴ, ʻ ʥʝʟʥʘʯʥʽ ʨʦʟʤʽʨʠ 
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ʟʨʘʟʢʽʚ. ʎʝ ʟʙʽʣʴʰʫʻ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ ʨʽʚʝʥʴ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʨʝʟʫʣʴʪʘʪʽʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʨʽʚʥʶ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʥʘʪʫʨʥʠʭ ʜʝʪʘʣʝʡ. ʊʦʤʫ ʚ 

ɿʅʊʋ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʩʪʝʥʜ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʟʥʦʰʫʚʘʥʥʷ ʜʝʪʘʣʝʡ ʦʩʥʘʩʪʢʠ ʧʨʝʩ-

ʬʦʨʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʦʛʥʝʪʨʠʚʢʠʭ ʪʘ ʙʫʜʽʚʝʣʴʥʠʭ ʚʠʨʦʙʽʚ (ʨʠʩ. 1), ʥʘ ʷʢʦʤʫ 

ʚʠʧʨʦʙʦʚʫʶʪʴʩʷ ʟʨʘʟʢʠ ʨʦʟʤʽʨʘʤʠ 90 ʤʤ Ĭ 30 ʤʤ Ĭ 10 ʤʤ. ɺʦʥʠ ʟʘ ʪʦʚʱʠʥʦʶ ʧʨʘʢʪʠʯʥʦ 

ʪʘʢʽ ʞ, ʷʢ ʽ ʧʣʘʩʪʠʥʠ ʧʨʝʩ-ʬʦʨʤ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ ʧʦʣʷʛʘʻ ʚ ʥʘʩʪʫʧʥʦʤʫ. ɿʥʦʰʫʚʘʥʥʷ ʟʨʘʟʢʘ 2, 

ʷʢʠʡ ʟʜʽʡʩʥʶʻ ʟʚʦʨʦʪʥʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ, ʚʠʢʦʥʫʻʪʴʩʷ ʩʪʦʚʧʦʤ ʩʪʠʩʥʫʪʦʾ ʧʫʘʥʩʦʥʦʤ 6 

ʘʙʨʘʟʠʚʥʦʾ ʤʘʩʠ 5, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʥʝʨʫʭʦʤʽʡ ʦʙʦʡʤʽ 8. ɿʫʩʠʣʣʷ ʥʘ ʧʫʘʥʩʦʥ ʚʽʜ ʚʘʥʪʘʞʫ 

10 ʧʝʨʝʜʘʻʪʴʩʷ ʯʝʨʝʟ ʚʘʞʽʣʴʥʫ ʩʠʩʪʝʤʫ 9. ɿ ʢʦʞʥʠʤ ʭʦʜʦʤ ʟʨʘʟʢʘ ʰʘʨ ʘʙʨʘʟʠʚʫ, ʱʦ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʻ ʟ ʧʦʚʝʨʭʥʝʶ ʪʝʨʪʷ, ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʜʘʣʷʻʪʴʩʷ ʟ ʦʙʦʡʤʠ ʯʝʨʝʟ 

ʧʨʦʤʽʞʦʢ ʤʽʞ ʾʾ ʪʦʨʮʝʤ ʽ ʟʨʘʟʢʦʤ. 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ ʦʩʥʦʚʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʦʪʽʢʘʶʪʴ 

ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽ ʥʘʪʫʨʥʠʭ ʜʝʪʘʣʝʡ ʻ: 

- ʭʘʨʘʢʪʝʨ ʤʽʢʨʦʨʝʣʴʻʬʫ ʟʥʦʰʝʥʦʾ ʧʦʚʝʨʭʥʽ; 

- ʧʦʚʥʦʪʘ ʬʘʟʦʚʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʚ ʧʦʚʝʨʭʥʝʚʦʤʫ ʰʘʨʽ; 

- ʩʪʫʧʽʥʴ ʩʘʤʦʟʤʽʮʥʝʥʥʷ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚ ʧʨʦʮʝʩʽ ʟʥʦʰʫʚʘʥʥʷ; 

- ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʨʽʚʥʽʚ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʟʨʘʟʢʽʚ ʽ ʥʘʪʫʨʥʠʭ ʜʝʪʘʣʝʡ. 

 
1 ï ʥʠʞʥʽʡ ʢʣʠʥ; 2 ï ʟʨʘʟʦʢ; 3 ï ʨʫʭʦʤʠʡ ʫʧʦʨ; 4 ï ʥʝʨʫʭʦʤʠʡ ʫʧʦʨ; 5 ï ʘʙʨʘʟʠʚʥʘ ʤʘʩʘ; 

6 ï ʧʫʘʥʩʦʥ; 7 ï ʚʝʨʭʥʽʡ ʢʣʠʥ; 8 ï ʦʙʦʡʤʘ; 9 ï ʚʘʞʽʣʴʥʘ ʩʠʩʪʝʤʘ; 10 ï ʚʘʥʪʘʞ; 

11 ï ʙʘʨʘʙʘʥ; 12 ï ʙʣʦʢ ʰʝʩʪʝʨʝʥʴ; 13 ï ʨʝʜʫʢʪʦʨ 

ʈʠʩ. 1 ï ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʫ 

ʆʩʥʦʚʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʞʠʤʫ ʚʠʧʨʦʙʫʚʘʥʴ ʻ: 

- ʪʠʧ, ʬʦʨʤʘ, ʬʨʘʢʮʽʡʥʠʡ ʩʢʣʘʜ ʽ ʤʽʢʨʦʪʚʝʨʜʽʩʪʴ ʘʙʨʘʟʠʚʫ; 

- ʯʠʩʣʦ ʭʦʜʽʚ ʟʨʘʟʢʘ ʥʘ ʦʜʥʫ ʟʘʩʠʧʢʫ ʘʙʨʘʟʠʚʥʦʾ ʤʘʩʠ; 

- ʩʪʫʧʽʥʴ ʦʥʦʚʣʝʥʦʩʪʽ ʪʘ ʚʠʩʦʪʘ ʩʪʦʚʧʘ ʩʪʠʩʥʫʪʦʾ ʘʙʨʘʟʠʚʥʦʾ ʤʘʩʠ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʪʝʨʪʷ; 

- ʰʚʠʜʢʽʩʪʴ ʪʝʨʪʷ; 

- ʪʠʩʢ. 

ʉʪʚʦʨʝʥʠʡ ʩʪʝʥʜ ʜʦʟʚʦʣʷʻ ʟʤʽʥʶʚʘʪʠ ʙʽʣʴʰʽʩʪʴ ʽʟ ʮʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʰʠʨʦʢʠʭ ʤʝʞʘʭ ʪʘ 

ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʾʭ ʚʧʣʠʚʫ ʥʘ ʟʥʦʩʦʩʪʽʡʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʧʨʠʢʣʘʜ 

ʚʠʧʨʦʙʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ ʚʽʜ 13 ɻʇʘ (ʰʘʤʦʪ) ʜʦ 32 ɻʇʘ 

(ʢʘʨʙʦʨʫʥʜ) ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʟʥʦʰʫʚʘʥʥʷ ʩʪʘʣʽ 140ʍ12 ʚ ʧʝʨʝʚʘʞʥʦ ʘʫʩʪʝʥʽʪʥʦʤʫ ʩʪʘʥʽ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʙʽʣʴʰʝ ʯʠʤ ʚ 100 ʨʘʟʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʙʘʛʘʪʴʦʭ ʤʘʪʝʨʽʘʣʽʚ ʚ ʨʽʟʥʦʤʫ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʪʘʥʽ ʜʦʟʚʦʣʠʣʠ ʚʩʪʘʥʦʚʠʪʠ, ʪʘʢʦʞ, ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʟʤʽʥʠ ʦʧʽʨʥʦʩʪʽ 

ʟʥʦʰʫʚʘʥʥʶ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ, ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʽʥʰʠʭ ʧʘʨʘʤʝʪʨʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʥʘ ʜʘʥʦʤʫ ʩʪʝʥʜʽ ʤʦʞʥʘ ʤʦʜʝʣʶʚʘʪʠ ʫʤʦʚʠ ʟʥʦʰʫʚʘʥʥʷ ʚʝʣʠʢʦʛʦ ʨʷʜʫ 
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ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʧʨʝʩʦʚʦʾ ʦʩʥʘʩʪʢʠ, ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʯʠ ʚʠʙʠʨʘʪʠ ʜʣʷ ʥʠʭ 

ʤʘʪʝʨʽʘʣʠ ʪʘ ʩʪʨʫʢʪʫʨʥʠʡ ʩʪʘʥ. 
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ɹʝʨʝʟʽʥ ʃ.ʗ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʫʜʝʥʢʦ ʄ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, berezinl@ukr.net 

ɺʇʃʀɺ ʍɯʄɯʏʅʆɻʆ ʆʏʀʑɽʅʅʗ ɼɯɽʃɽʂʊʈʀʂɸ ʅɸ ʇʈʆʎɽʉ ɿɺɸʈʖɺɸʅʅʗ 

ɺ ɽʃɽʂʊʈʀʏʅʆʄʋ ʇʆʃɯ ɺʀʉʆʂʆɰ ʅɸʇʈʋɻʀ 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʝʮʠʟʽʡʥʠʭ ʧʨʠʣʘʜʽʚ, ʥʘʧʨʠʢʣʘʜ ʣʘʟʝʨʥʠʭ ʛʽʨʦʩʢʦʧʽʚ, ʥʝʦʙʭʽʜʥʦ ʜʦ 

ʤʦʥʦʙʣʦʢʫ ʟ ʩʠʪʘʣʫ ʉʆ-115ʄ ʛʝʨʤʝʪʠʯʥʦ ʧʨʠʚʘʨʠʪʠ ʢʘʪʦʜ ʟ ʘʣʶʤʽʥʽʶ ɸ999. ʊʘʢʽ 

ʧʨʠʣʘʜʠ ʯʘʩʪʦ ʧʨʘʮʶʶʪʴ ʚ ʚʘʞʢʠʭ ʫʤʦʚʘʭ (ʚʽʙʨʘʮʽʾ, ʫʜʘʨʠ, ʧʝʨʝʧʘʜʠ ʪʝʤʧʝʨʘʪʫʨ ʪʦʱʦ), 

ʪʦʤʫ ʜʦ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʚ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʩʪʘʚʣʷʪʴ ʞʦʨʩʪʢʽ ʪʝʭʥʽʯʥʽ ʚʠʤʦʛʠ ʧʨʠ ʾʭ 

ʚʠʛʦʪʦʚʣʝʥʥʽ. 

ɺ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ [1, 2] ʚʩʪʘʥʦʚʣʝʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʫʪʚʦʨʝʥʥʷ ʟʚʘʨʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ (ɿɽʇ). ɹʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ 

ʦʜʥʠʤ ʟ ʝʪʘʧʽʚ ʫʪʚʦʨʝʥʥʷ ʷʢʽʩʥʦʛʦ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʻ ʦʙôʻʤʥʘ ʚʟʘʻʤʦʜʽʷ ʤʽʞ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ. ʈʝʘʣʽʟʫʶʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʢʦʤʧʣʝʢʩʥʠʭ ʩʧʦʣʫʢ ʟ ʦʢʩʠʜʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʜʽʝʣʝʢʪʨʠʢʘ, ʪʘ Al2O3, ʱʦ 

ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʘʣʶʤʽʥʽʶ. ʊʘʢ ʧʨʠ ɿɽʇ ʘʣʶʤʽʥʽʶ ʟʽ ʩʠʪʘʣʦʤ ʉʆ-115ʄ ʤʽʞ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʝʨʝʭʽʜʥʘ ʟʦʥʘ ʥʦʚʦʾ ʨʝʯʦʚʠʥʠ, ʷʢʘ ʫʷʚʣʷʻ 

ʩʦʙʦʶ ʰʘʨ ʥʦʚʠʭ ʩʢʣʘʜʥʠʭ ʦʢʩʠʜʽʚ: Li2O Ț Al2O3, Al2O3 Ț 2SiO2  ʽ  Li2O Ț 2Al2O3 Ț 2SiO2.  

Al2O3 ï ʘʤʬʦʪʝʨʥʠʡ ʦʢʩʠʜ ʽ ʨʝʘʢʮʽʾ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴʩʷ, ʙʫʜʫʪʴ ʨʝʘʣʽʟʫʚʘʪʠʩʷ, ʪʠʤ 

ʘʢʪʠʚʥʽʰʝ, ʯʠʤ ʙʽʣʴʰ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʫʜʝ ʤʘʪʠ ʧʦʚʝʨʭʥʷ ʩʠʪʘʣʫ. ɺ ʪʦʡ ʞʝ ʯʘʩ 

ʷʢʽʩʪʴ ʧʨʝʮʠʟʽʡʥʠʭ ʟôʻʜʥʘʥʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽ ʷʢʽʩʪʶ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʦʥʴ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ. ɺ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʘ ʧʦʩʪʘʚʣʝʥʘ ʤʝʪʘ ʟʥʘʡʪʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʦʯʠʱʝʥʥʷ 

ʩʠʪʘʣʫ ʉʆ-115ʄ, ʷʢʠʡ ʙʠ ʜʦʟʚʦʣʷʚ ʦʢʨʽʤ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ ʦʪʨʠʤʘʪʠ ʢʠʩʣʦʪʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʠʪʘʣʫ ʧʽʜ ʟʚʘʨʶʚʘʥʥʷ ʽ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʠʪʘʥʥʷ ʧʨʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʩʠʪʘʣʫ ʧʽʜ 

ʟʚʘʨʶʚʘʥʥʷ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 16 ʚʘʨʽʘʥʪʽʚ ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʦʜʥʦʢʨʘʪʥʦʛʦ ʦʯʠʱʝʥʥʷ ʽ 20 

ʩʭʝʤ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʦʯʠʱʝʥʥʷ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ ʧʦʚʝʨʭʥʽ ʩʠʪʘʣʫ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜʠ: ʨʦʟʨʠʚʫ ʚʦʜʥʦʾ ʧʣʽʚʢʠ; ʣʝʞʘʯʦʾ ʢʨʘʧʣʽ (ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʻʚʦʛʦ 

ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ); ʟʤʽʥʠ ʤʘʩʠ ʟʨʘʟʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ; ʚʠʷʚʣʝʥʥʷ ʥʘʷʚʥʦʩʪʽ 

ʟʘʙʨʫʜʥʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ ʟʘ ʤʝʪʦʜʦʤ ʧʨʦʬʽʣʦʛʨʘʬʫʚʘʥʥʷ; ʚʽʟʫʘʣʴʥʠʡ ʦʛʣʷʜ ʥʝʦʟʙʨʦʻʥʠʤ 

ʦʢʦʤ, ʘ ʪʘʢʦʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ ʄɹʉ-9 (ʭ16).  

ɺʽʜʦʤʦ ʟ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ [3], ʱʦ ʥʘ ʤʽʮʥʽʩʪʴ ʟôʻʜʥʘʥʥʷ ʟʥʘʯʥʦ ʚʧʣʠʚʘʻ ʽ 

ʚʝʣʠʯʠʥʘ ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʽʝʣʝʢʪʨʠʢʘ, ʱʦ ʙʫʜʝ ʟʚʘʨʶʚʘʪʠʩʷ. ʇʦʪʨʽʙʥʘ ʤʽʮʥʽʩʪʴ 

ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ Ra Ò 0.02 ʤʢʤ. ʊʦʤʫ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʷʢʦʩʪʽ ʦʯʠʱʝʥʥʷ, 

ʚʠʤʽʨʶʚʘʣʘʩʷ ʟʤʽʥʘ ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʠʪʘʣʫ ʜʦ ʪʘ ʧʽʩʣʷ ʦʯʠʱʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʤʦʞʣʠʚʦ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʪʨʘʚʣʝʥʥʷ ʧʦʚʝʨʭʥʽ). ɼʣʷ 

ʚʠʤʽʨʶʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʤʽʢʨʦʰʦʨʩʪʢʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʧʨʦʬʽʣʦʛʨʘʬ-ʧʨʦʬʽʣʦʤʝʪʨ 

ʪʠʧʫ ɸ1 ʤʦʜʝʣʽ 252. 

ʗʢʽʩʪʴ ʟʚʘʨʥʠʭ ʟôʻʜʥʘʥʴ ʚʠʟʥʘʯʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʘ ʚʽʜʨʠʚ ʥʘ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʽʡ ʨʦʟʨʠʚʥʽʡ ʤʘʰʠʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʣʦʚʠʤʽʨʶʚʘʯʘ ï ʜʠʥʘʤʦʤʝʪʨʠʯʥʦʾ 

ʩʢʦʙʠ ɼʉ-02 ʟ ʽʥʜʠʢʘʪʦʨʦʤ ʛʦʜʠʥʥʠʢʦʚʦʛʦ ʪʠʧʫ ʀʏ-10. 

ɼʣʷ ʢʨʘʱʠʭ ʚʘʨʽʘʥʪʽʚ ʦʯʠʱʝʥʥʷ ʤʝʪʦʜʦʤ ʣʝʞʘʯʦʾ ʢʨʘʧʣʽ ʦʮʽʥʶʚʘʣʘʩʷ ʩʪʫʧʝʥʴ 

ʢʠʩʣʦʪʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʩʠʪʘʣʫ ʧʽʩʣʷ ʭʽʤʽʯʥʦʾ ʦʙʨʦʙʢʠ ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʢʠʩʣʠʭ (ʦʩʥʦʚʥʠʭ) 

ʨʽʜʠʥ ʥʘ ʧʦʚʝʨʭʥʶ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʦʩʴ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ. ʂʨʘʱʠʤ ʨʘʭʫʚʘʚʩʷ ʚʘʨʽʘʥʪ, ʢʦʣʠ ʧʨʠ ʥʘʥʝʩʝʥʥʽ 
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ʨʽʜʠʥʠ ʟ ʦʩʥʦʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʨʘʻʚʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʙʫʚ ʥʘʡʤʝʥʰʠʤ, ʪʦʙʪʦ ʧʝʨʝʜ 

ʟʚʘʨʶʚʘʥʥʷʤ ʧʦʚʝʨʭʥʷ ʟʨʘʟʢʘ ʧʽʜ ʟʚʘʨʶʚʘʥʥʷ ʤʘʣʘ ʙʽʣʴʰʫ ʢʠʩʣʦʪʥʽʩʪʴ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ ʧʦʪʨʽʙʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʢʦʤʙʽʥʦʚʘʥʝ ʦʯʠʱʝʥʥʷ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʡʙʽʣʴʰʦʾ ʤʽʮʥʦʩʪʽ ʟʚʘʨʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ, ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ ʟʘ ʚʠʙʨʘʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʻ ʥʘʩʪʫʧʥʽ 

ʚʘʨʽʘʥʪʠ ʦʯʠʱʝʥʥʷ ([ ] ï ʟʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʨʦʟʯʠʥʘʭ, ʛĀʣ
-1
): ʦʨʛʘʥʽʯʥʠʡ ʨʦʟʯʠʥ 

(ʪʝʭʥʽʯʥʠʡ ʘʮʝʪʦʥ) ï ʣʫʞʥʽʡ ʨʦʟʯʠʥ (Na3PO4Ā12H2O[50] + KOH[10] + Na2CO3[20]+ʨʽʜʢʝ 

ʩʢʣʦ) ï ʭʨʦʤʦʚʘ ʩʫʤʽʰ (K2Cr2O7[99]+H2SO4); ʦʨʛʘʥʽʯʥʠʡ ʨʦʟʯʠʥ (ʪʝʭʥʽʯʥʠʡ ʘʮʝʪʦʥ) ï 

ʤʠʶʯʠʡ ʟʘʩʽʙ ñʃʦʪʦʩ ʄò [35] ï ʭʨʦʤʦʚʘ ʩʫʤʽʰ (K2Cr2O7[99]+H2SO4) + ʜʠʩʪ. ʅ2ʆ ï HF; 

ʦʨʛʘʥʽʯʥʠʡ ʨʦʟʯʠʥ (ʪʝʭʥʽʯʥʠʡ ʘʮʝʪʦʥ) - ʤʠʶʯʠʡ ʟʘʩʽʙ ñʃʦʪʦʩ ʄò [70]. 

ʄʘʢʩʠʤʘʣʴʥʘ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʤʘʣʘ ʤʽʩʮʝ, ʢʦʣʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ 

ʭʽʤʽʯʥʦʛʦ ʦʯʠʱʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʷ ʩʫʤʽʰ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʪʘ ʜʠʭʨʦʤʘʪʫ ʢʘʣʽʶ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʤʘʣʠ ʥʘʡʤʝʥʰʠʡ ʢʫʪ ʟʤʦʯʫʚʘʥʥʷ ʧʨʠ ʦʮʽʥʮʽ ʩʪʫʧʝʥʷ ʢʠʩʣʦʪʥʦʩʪʽ, ʪʦʙʪʦ 

ʥʘʡʙʽʣʴʰ ʢʠʩʣʦʪʥʫ ʧʦʚʝʨʭʥʶ.  

ʇʨʠʩʫʪʥʽʩʪʴ ʩʽʨʯʘʥʦʾ ʢʠʩʣʦʪʠ ʧʨʠ ʦʯʠʱʝʥʥʽ ʩʠʪʘʣʽʚ ʪʘ ʩʢʣʘ, ʷʢʽ ʤʽʩʪʷʪʴ ʣʫʞʥʽ ʤʝʪʘʣʠ, 

ʟʘʙʝʟʧʝʯʫʻ ʦʪʨʠʤʘʥʥʷ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʟ ʧʽʜʚʠʱʝʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʦʧʦʨʦʤ ʟʘ 

ʨʘʭʫʥʦʢ ʚʽʜʙʠʨʘʥʥʷ ʚʦʜʠ [4]. ʊʘʢʘ ʚʠʩʦʢʦʦʤʥʘ ʧʣʽʚʢʘ ʩʣʫʞʠʪʴ ʦʩʥʦʚʥʠʤ ʜʽʝʣʝʢʪʨʠʢʦʤ ʧʨʠ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽʡ ʚʟʘʻʤʦʜʽʾ ʜʽʝʣʝʢʪʨʠʢ-ʘʣʶʤʽʥʽʡ, ʥʘ ʷʢʠʡ ʧʝʨʝʢʣʶʯʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ 

ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʧʨʠ ʨʦʟʚʠʪʢʫ ʽʦʥʽʟʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʦʚʽʪʨʷʥʦʤʫ 

ʧʨʦʩʪʦʨʽ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʚʟʘʻʤʦʜʽʶʪʴ [5]. ʂʨʽʤ ʪʦʛʦ, ʮʝ ʚʝʜʝ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʠʯʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʦʾ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʟʤʝʥʰʝʥʥʷ ʧʦʚʝʨʭʥʝʚʠʭ ʩʪʨʫʤʽʚ. ʎʝ ʧʦʩʠʣʶʻ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʟôʻʜʥʫʶʪʴʩʷ, ʽ ʻ ʱʝ ʦʜʥʠʤ ʧʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ 

ʝʣʝʢʪʨʠʯʥʘ ʘʢʪʠʚʘʮʽʷ ʧʨʠ ɿɽʇ ʻ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽʡ 

ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ ʟʚʘʨʶʚʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʽʜʪʚʝʨʜʠʣʠ ʛʽʧʦʪʝʟʫ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʟʚʘʨʥʦʛʦ 

ʟôʻʜʥʘʥʥʷ ʜʽʝʣʝʢʪʨʠʢʽʚ ʟ ʤʝʪʘʣʘʤʠ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʚ ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ, ʘ 

ʩʘʤʝ, ʱʦ ʦʜʥʠʤ ʟ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ  ʫʪʚʦʨʝʥʥʷ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ ʻ 

ʦʢʠʩʣʶʚʘʣʴʥʦ-ʚʽʜʥʦʚʣʶʚʘʣʴʥʘ ʨʝʘʢʮʽʷ ʤʽʞ ʤʘʪʝʨʽʘʣʘʤʠ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ, ʽ ʝʣʝʢʪʨʠʯʥʘ 

ʘʢʪʠʚʘʮʽʷ ʻ ʦʩʥʦʚʥʠʤ ʚʠʜʦʤ ʧʨʠ ʟʘʛʘʣʴʥʽʡ ʪʝʨʤʦʝʣʝʢʪʨʠʯʥʽʡ ʘʢʪʠʚʘʮʽʾ ʧʨʦʮʝʩʫ.  

ɺʠʟʥʘʯʝʥʦ ʦʧʪʠʤʘʣʴʥʠʡ ʚʘʨʽʘʥʪ ʦʯʠʱʝʥʥʷ ʩʠʪʘʣʫ ʧʝʨʝʜ ʟʚʘʨʶʚʘʥʥʷʤ, ʷʢʠʡ, ʦʢʨʽʤ 

ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ, ʟʘʙʝʟʧʝʯʫʻ ʢʠʩʣʦʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʜʽʝʣʝʢʪʨʠʢʘ ʧʝʨʝʜ 

ʥʘʩʪʫʧʥʠʤ ʟʚʘʨʶʚʘʥʥʷʤ, ʟʤʝʥʰʫʻ ʝʣʝʢʪʨʠʯʥʽ ʚʪʨʘʪʠ ʚ ʟʦʥʽ ʟʚʘʨʶʚʘʥʥʷ, ʦʧʪʠʤʽʟʫʻ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ ʟôʻʜʥʫʶʪʴʩʷ ʽ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʥʝʦʙʭʽʜʥʫ ʤʽʮʥʽʩʪʴ ʟʚʘʨʥʦʛʦ ʟôʻʜʥʘʥʥʷ. 
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ɺʀɻʆʊʆɺʃɽʅʅʗ ʊʈʀʐɸʈʆɺʀʍ ʉʊɯʃʔʅʀʂʆɺʀʍ ʇɸʅɽʃɽʁ ɿ 

ɸʃʖʄɯʅɯɭɺʀʍ ʉʇʃɸɺɯɺ 

ɺ ʣʽʪʘʢʦʙʫʜʫʚʘʥʥʽ, ʩʫʜʥʦʙʫʜʫʚʘʥʥʽ, ʙʫʜʽʚʥʠʮʪʚʽ ʪʘ ʽʥʰʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʨʠʰʘʨʦʚʽ ʩʪʽʣʴʥʠʢʦʚʽ ʧʘʥʝʣʽ. ʇʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʽʡ ʤʘʩʽ ʮʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʶʪʴ ʚʠʩʦʢʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ, ʭʦʨʦʰʽ ʚʽʙʨʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʟʚʫʢʦ- ʽ ʪʝʧʣʦʽʟʦʣʷʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʪʨʠʰʘʨʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʦʙʭʽʜʥʦ ʜʦ ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʧʨʠʚʘʨʠʪʠ ʚʝʨʭʥʶ ʪʘ ʥʠʞʥʶ ʢʨʠʰʢʠ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʟʥʘʯʥʠʡ 

ʚʧʣʠʚ ʥʘ ʷʢʽʩʪʴ ʟôʻʜʥʘʥʴ ʤʘʻ ʧʣʦʩʢʦ-ʧʘʨʘʣʝʣʴʥʽʩʪʴ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʧʽʜʣʷʛʘʶʪʴ ʟʚʘʨʶʚʘʥʥʶ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʥʘʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʰʦʨʩʪʢʦʩʪʽ ʢʦʥʪʘʢʪʥʠʭ ʧʦʚʝʨʭʦʥʴ ʧʨʠ 

ʜʠʬʫʟʽʡʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʪʦʥʢʦʣʠʩʪʦʚʠʭ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʪʘʢʽ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʮʝʩʫ, ʷʢ ʪʠʩʢ ʪʘ ʯʘʩ ʟʚʘʨʶʚʘʥʥʷ.  

ɺ ʨʦʙʦʪʽ ʧʨʦʚʦʜʠʣʠ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʨʦʟʨʦʙʢʠ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʨʠʰʘʨʦʚʠʭ 

ʩʪʽʣʴʥʠʢʦʚʠʭ ʧʘʥʝʣʝʡ ʟ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ ʨʦʟʤʽʨʦʤ 150 ʭ 150 ʤʤ. ʊʦʚʱʠʥʘ ʢʨʠʰʦʢ ʟʽ 

ʩʧʣʘʚʫ ɸʄʛ6 ʩʪʘʥʦʚʠʣʘ 1 ʤʤ, ʩʪʽʣʴʥʠʢʦʚʠʡ ʟʘʧʦʚʥʶʚʘʯ ʚʠʛʦʪʦʚʣʷʣʠ ʟ ʬʦʣʴʛʠ ʩʧʣʘʚʫ  

ɸɼ1 ʪʦʚʱʠʥʦʶ 0,15 ʤʤ, ʨʦʟʤʽʨ ʢʦʤʽʨʦʢ ʩʪʘʥʦʚʠʚ 10 ʭ 10 ʤʤ ʚʠʩʦʪʦʶ 12 ʤʤ. 

ʉʪʽʣʴʥʠʢʦʚʠʡ ʟʘʧʦʚʥʶʚʘʯ ʙʫʚ ʦʪʨʠʤʘʥʠʡ ʰʣʷʭʦʤ ʟôʻʜʥʘʥʥʷ ʛʦʬʨʦʚʘʥʠʭ ʩʤʫʛ ʚ ʙʣʦʢʠ 

ʟʘʜʘʥʠʭ ʨʦʟʤʽʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʦʯʢʦʚʦʛʦ ʟʚʘʨʶʚʘʥʥʷ. ʊʘʢ ʷʢ ʧʨʦʮʝʩ ʟʚʘʨʶʚʘʥʥʷ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʝʬʦʨʤʫʚʘʥʥʷʤ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʪʦ ʚ ʧʦʜʘʣʴʰʦʤʫ ʚʠʥʠʢʘʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ  ʡʦʛʦ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. ɼʣʷ ʧʨʠʜʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʞʦʨʩʪʢʦʩʪʽ ʢʦʤʽʨʢʠ 

ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʟʘʧʦʚʥʶʚʘʣʠ ʧʦʣʽʤʝʨʦʤ ʧʽʩʣʷ ʯʦʛʦ ʧʨʦʚʦʜʠʣʠ ʰʣʽʬʫʚʘʥʥʷ  

ʪʦʨʮʝʚʠʭ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 1ʘ).  

  

ʘ)  ʙ) 

ʈʠʩ.1 ï ɺʠʛʣʷʜ  ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʧʽʩʣʷ ʰʣʽʬʫʚʘʥʥʷ ʘ) ʪʘ ʟʚʘʨʥʦʾ ʪʨʠʰʘʨʦʚʦʾ 

ʧʘʥʝʣʽ ʙ) 

ɼʣʷ ʟôʻʜʥʘʥʥʷ ʩʪʽʣʴʥʠʢʦʚʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʟ ʦʙʰʠʚʢʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʠʬʫʟʽʡʥʝ 

ʟʚʘʨʶʚʘʥʥʷ ʚ ʚʘʢʫʫʤʽ. ɿʚʘʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʧʝʮʽʘʣʴʥʦ ʩʢʦʥʩʪʨʫʡʦʚʘʥʦʤʫ ʽ 

ʚʠʛʦʪʦʚʣʝʥʦʤʫ ʧʨʠʩʪʦʩʫʚʘʥʥʽ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʠʞʥʴʦʛʦ, ʚʝʨʭʥʴʦʛʦ ʬʣʘʥʮʽʚ ʽ ʚʪʫʣʢʠ. 

ʌʣʘʥʮʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚ ʧʨʦʮʝʩʽ ʟʚʘʨʶʚʘʥʥʷ ʧʨʠʪʠʩʥʝʥʥʷ ʦʙʰʠʚʦʢ ʜʦ ʩʪʽʣʴʥʠʢʦʚʦʛʦ 

ʟʘʧʦʚʥʶʚʘʯʘ ʧʦ ʚʩʽʡ ʧʣʦʱʽ ʢʦʥʪʘʢʪʫ, ʘ ʚʪʫʣʢʘ ʜʦʟʚʦʣʷʻ ʚʠʨʽʚʥʷʪʠ ʪʝʤʧʝʨʘʪʫʨʥʝ ʧʦʣʝ ʧʦ 

ʧʦʚʝʨʭʥʷʤ, ʱʦ ʟʚʘʨʶʶʪʴʩʷ. 
 

mailto:falchenko@paton.kiev.ua
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ɻʘʻʚʩʴʢʠʡ ɺ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 
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ʈʆɿʈɸʍʋʅʆʂ ʏɸʉʋ ʇʆɼʆɺɾɽʅʅʗ ɺʀʈʆɹʅʀʏʆɻʆ ʎʀʂʃʋ ɿɺɸʈʖɺɸʅʅʗ 

ɺʅɸʉʃɯɼʆʂ ɺʀʅʀʂʅɽʅʅʗ ɼɽʌɽʂʊʋ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʯʫ ʧʨʘʢʪʠʢʫ ʧʨʠʥʮʠʧʽʚ Lean production ï ɹʝʨʝʞʣʠʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʟʥʘʭʦʜʷʪʴʩʷ 

ʫ ʚʠʨʦʙʥʠʮʪʚʽ ʪʘ ʥʝʦʙʭʽʜʥʠʡ ʯʘʩ ʦʙʨʦʙʣʝʥʥʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʝʢʦʥʦʤʠʪʠ ʟʥʘʯʥʽ ʨʝʩʫʨʩʠ ʥʘ 

ʚʠʨʦʙʥʠʮʪʚʽ, ʰʚʠʜʢʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʧʦʧʠʪ, ʷʢʠʡ ʟʤʽʥʶʻʪʴʩʷ, ʟʤʝʥʰʫʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ 

ʟʘʤʦʚʣʝʥʥʷ [1]. ʆʙʦʚôʷʟʢʦʚʦʶ ʫʤʦʚʦʶ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠʥʮʠʧʽʚ ɹʝʨʝʞʣʠʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ  ̒ʟʚʝʜʝʥʥʷ ʜʦ ʤʽʥʽʤʫʤʫ ʦʧʝʨʘʮʽʡʥʠʭ ʟʘʧʘʩʽʚ ʪʘ ʢʦʥʪʨʦʣʴ ʯʘʩʫ ʚʠʨʦʙʥʠʯʦʛʦ 

ʮʠʢʣʫ [2]. ʉʧʝʮʠʬʽʢʦʶ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʻ ʚʽʜʥʦʩʥʦ ʚʠʩʦʢʽ ʨʽʚʥʽ ʜʝʬʝʢʪʥʦʩʪʽ ʽ, 

ʷʢ ʥʘʩʣʽʜʦʢ, ʟʥʘʯʥʽ ʜʦʜʘʪʢʦʚʽ ʚʠʪʨʘʪʠ ʯʘʩʫ ʥʘ ʟʘʭʦʜʠ ʧʦ ʫʧʨʘʚʣʽʥʥʶ ʥʝʚʽʜʧʦʚʽʜʥʦʶ 

ʧʨʦʜʫʢʮʽʻʶ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʦʜʦʚʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ ʟʚʘʨʶʚʘʥʥʷ. ʅʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʨʦʟʨʘʭʫʥʢʦʚʘ ʬʦʨʤʫʣʘ ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ 

ʟʚʘʨʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʫ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʮʽʣʴʦʚʽ ʨʽʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ 

ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʫ ʟʚʘʨʶʚʘʥʥʷ [3] ʪʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʡʦʛʦ 

ʚʠʧʨʘʚʣʝʥʥʷ. ʏʘʩ ʧʦʜʦʚʞʝʥʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʮʠʢʣʫ:  

 )(0

/ ȹttNPT ʩʝʨʚʥʚʠʧʨ °**=  (1) 

ʜʝ 0/ʚʥP , ï ʮʽʣʴʦʚʠʡ ʨʽʚʝʥʴ ʡʤʦʚʽʨʥʦʩʪʽ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʫ; 

N ï ʢʽʣʴʢʽʩʪʴ ʦʜʠʥʠʯʥʠʭ ʜʽʣʷʥʦʢ ʟʚʘʨʥʦʛʦ ʰʚʘ, ʷʢʽ ʢʦʥʪʨʦʣʶʶʪʴʩʷ ʫ ʚʠʨʦʙʥʠʯʦʤʫ 

ʮʠʢʣʽ; 

ʩʝʨt , ȹt ï ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʦʚʽʨʯʠʡ ʽʥʪʝʨʚʘʣ ʯʘʩʫ ʚʠʧʨʘʚʣʝʥʥʷ ʜʝʬʝʢʪʫ. 

ɺʨʘʭʫʚʘʥʥʷ ʯʘʩʫ ʧʦʜʦʚʞʝʥʥʷ ʚʠʨʦʙʥʠʯʠʭ ʮʠʢʣʽʚ ʜʦʟʚʦʣʷʻ: 

- ʟʘʙʝʟʧʝʯʠʪʠ ʨʠʪʤʽʯʥʝ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʠʭ ʦʧʝʨʘʮʽʡ; 

- ʟʚʝʩʪʠ ʜʦ ʤʽʥʽʤʫʤʫ ʥʝʦʙʭʽʜʥʽ ʟʘʧʘʩʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʫ ʪʘ ʟʚʘʨʶʚʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ; 

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʯʘʩ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ ʥʘ ʧʦʯʘʪʦʢ ʚʠʢʦʥʘʥʥʷ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʨʦʙʽʪ ʧʦ ʢʦʞʥʦʤʫ ʦʢʨʝʤʦʤʫ ʟʘʤʦʚʣʝʥʥʶ; 

- ʨʝʘʣʽʩʪʠʯʥʦ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʟʘʤʦʚʣʝʥʴ ʜʣʷ ʩʢʣʘʜʘʣʴʥʦ-ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʦʧʝʨʘʮʽʡ; 

- ʦʧʪʠʤʽʟʫʚʘʪʠ ʦʙôʻʤ ʚʠʨʦʙʥʠʯʠʭ ʧʘʨʪʽʡ ʜʣʷ ʧʝʨʝʜʘʚʘʥʥʷ ʧʨʦʜʫʢʮʽʾ ʤʽʞ ʦʧʝʨʘʮʽʷʤʠ 

ʩʢʣʘʜʘʥʥʷ ʪʘ ʟʚʘʨʶʚʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʽʚ Lean production ʜʦ ʧʨʦʮʝʩʽʚ ʟʚʘʨʶʚʘʥʥʷ ʩʧʨʠʷʻ ʨʝʘʣʽʟʘʮʽʾ 

ʩʫʯʘʩʥʠʭ ʢʦʤʧʣʝʢʩʥʠʭ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʰʣʷʭʦʤ ʢʦʦʨʜʠʥʘʮʽʾ ʟʚʘʨʶʚʘʣʴʥʠʭ 

ʨʦʙʽʪ [4]. 
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ʄɽʊʆɼʀʂɸ ʈɸʉʏɽʊʅʆ-ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ ʆʇʈɽɼɽʃɽʅʀʗ 

ʄɸɻʅʀʊʅʆʁ ʇʈʆʅʀʎɸɽʄʆʉʊʀ ʄɸʊɽʈʀɸʃʆɺ, ʇʈʀʄɽʅʗɽʄʓʍ ʇʈʀ 

ɼʋɻʆɺʆʁ ʉɺɸʈʂɽ  

ɺ ʨʘʙʦʪʝ [1, 2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʜʫʛʦʚʦʡ ʩʚʘʨʢʝ ʠ ʥʘʧʣʘʚʢʝ ʧʨʦʚʦʣʦʢʦʡ ʧʦʜ ʬʣʶʩʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʜʦʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ (ʇʈʄʇ) ʠʣʠ ʧʦʧʝʨʝʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

(ʇʆʄʇ) ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʨʦʚʦʣʦʢʠ 

ʠ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ).  

ɺ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʕʪʘ ʤʝʪʦʜʠʢʘ 

ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. ʀʤʝʶʪʩʷ ʧʨʝʜʧʦʩʳʣʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʦʩʪʠʪʴ 

ʤʝʪʦʜʠʢʫ ʜʣʷ ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ɛ) 

ʩʚʘʨʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ, ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʨʘʟʝʮ ʠʟ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʪʦʨʘ, ʢʘʢ ʠ ʚ ʨʘʙʦʪʝ [1]. ʅʘ ʪʦʨʝ ʨʘʟʤʝʱʝʥʘ ʦʜʥʘ ʦʙʤʦʪʢʘ ʠ 

ʠʤʝʝʪʩʷ ʦʜʠʥ ʘʤʧʝʨʤʝʪʨ ʚ ʮʝʧʠ ʵʪʦʡ ʦʙʤʦʪʢʠ. ɺ ʦʙʤʦʪʢʝ ʧʨʦʧʫʩʢʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ʘ 

ʚ ʧʨʦʨʝʟʠ ʪʦʨʘ ʠʟʤʝʨʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ ʦ 

ʮʠʨʢʫʣʷʮʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʫʯʝʥʦ ʨʘʩʯʝʪʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ.  
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ʛʜʝ ɛ0 ï ʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ; ɛ0 = 4ˊĀ10
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ɻʥ/ʤ; 

dʩʨ ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʪʦʨʘ, ʤ; 

b ï ʰʠʨʠʥʦʡ ʧʨʦʨʝʟʠ ʚ ʪʦʨʝ, ʤ; 

ɺ ï ʠʥʜʫʢʮʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʦʙʨʘʟʮʝ, ʊʣ; 

ɯ ï ʧʦʩʪʦʷʥʥʳʡ ʪʦʢ, ɸ; 

W ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʦʙʤʦʪʢʠ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ, ʘ ʚ ʨʘʩʯʝʪʘʭ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʦʪʝʨʠ ʥʘ ʛʠʩʪʝʨʝʟʠʩ ʠ ʪʦʢʠ ʌʫʢʦ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʝʡ ɺʄʉʪ3ʩʧ ʠ 09ɻ2ʉ ʟʥʘʯʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ. ʄʝʪʦʜʠʢʘ 

ʨʘʩʯʝʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʚʘʨʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʦʚʝʨʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʢ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥ ɹ

1. ʈʘʟʤʳʰʣʷʝʚ, ɸ.ɼ. ʄʘʛʥʠʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʘʣʠʢʦʚ ʠ ʰʚʦʚ ʧʨʠ 

ʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʝ ʠ ʩʚʘʨʢʝ: ʄʦʥʦʛʨʘʬʠʷ [ʊʝʢʩʪ] / ɸ.ɼ. ʈʘʟʤʳʰʣʷʝʚ, ʄ.ɺ. ʄʠʨʦʥʦʚʘ. ï 

ʄʘʨʠʫʧʦʣʴ: ʀʟʜ-ʚʦ ʇɻʊʋ, 2009. ï 242 ʩ. 

2. ʈʘʟʤʳʰʣʷʝʚ ɸ.ɼ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʩʚʘʨʢʘ ʧʦʜ ʬʣʶʩʦʤ ʩ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʄʦʥʦʛʨʘʬʠʷ / ɸ.ɼ. ʈʘʟʤʳʰʣʷʝʚ, ʇ.ɸ. ɺʳʜʤʳʰ, 

ʄ.ɺ. ɸʛʝʝʚʘ. ï ʄʘʨʠʫʧʦʣʴ: ʀʟʜ-ʚʦ ʇɻʊʋ, 2017. ï 209 ʩ. 
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ʋɼʂ 621.791.3 
ɹʦʣʦʪʦʚ ɻ.ʇ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʦʣʦʪʦʚ ʄ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʫʩʪʦʚʦʡʪ ʍ.ʄ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ bolotovmg@gmail.com 

 ɺʀɿʅɸʏɽʅʅʗ ɺʇʃʀɺʋ ɿʆɺʅɯʐʅɯʍ ɿɹʋʈɽʅʔ ʅɸ ʉʊɸɹɯʃʔʅɽ ɯʉʅʋɺɸʅʅʗ 

ʊʃɯʖʏʆɻʆ ʈʆɿʈʗɼʋ ɺ ʋʄʆɺɸʍ ɿɺɸʈʖɺɸʃʔʅʆɻʆ ʅɸɻʈɯɺʋ  

ʉʪʘʙʽʣʴʥʽ ʧʘʨʘʤʝʪʨʠ, ʚʠʩʦʢʘ ʱʽʣʴʥʽʩʪʴ ʪʦʢʫ, ʧʣʘʚʥʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʣʦʢʘʣʴʥʽʩʪʴ 

ʥʘʛʨʽʚʫ, ʧʨʦʩʪʦʪʘ ʪʝʭʥʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʣʷʪʴ ʪʣʽʶʯʠʡ ʨʦʟʨʷʜ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʡʦʛʦ ʷʢ ʜʞʝʨʝʣʘ ʥʘʛʨʽʚʫ ʚ ʧʨʦʮʝʩʘʭ ʧʨʝʮʠʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʧʘʷʥʥʷ. 

ʆʜʥʘʢ ʩʝʨʝʜ ʫʩʽʭ ʧʝʨʝʚʘʛ ʜʘʥʦʛʦ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʚʽʥ ʚʦʣʦʜʽʻ ʨʷʜʦʤ ʥʝʜʦʣʽʢʽʚ, ʛʦʣʦʚʥʠʤ 

ʯʠʥʦʤ ʧʦʚôʷʟʘʥʠʭ ʽʟ ʯʘʩʪʢʦʚʦʶ ʘʙʦ ʧʦʚʥʦʶ ʚʪʨʘʪʦʶ ʩʪʽʡʢʦʩʪʽ ʚ ʥʘʩʣʽʜʦʢ ʜʽʾ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʘʙʦ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʙʫʨʝʥʴ ʽ ʧʝʨʝʭʦʜʫ ʡʦʛʦ ʚ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʬʦʨʤʫ ʛʘʟʦʚʦʛʦ ʨʦʟʨʷʜʫ ï 

ʝʣʝʢʪʨʠʯʥʫ ʜʫʛʫ. ʇʦʷʚʘ ʦʩʪʘʥʥʴʦʾ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʘʚʠʥʦʧʦʜʽʙʥʠʤ ʟʨʦʩʪʘʥʥʷʤ ʩʪʨʫʤʫ ʚ 

ʢʦʣʽ ʨʦʟʨʷʜʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʥʠʞʝʥʥʷʤ ʡʦʛʦ ʦʧʦʨʫ. ʅʘʛʨʽʚʘʥʥʷ ʧʨʠ ʮʴʦʤʫ ʟ ʨʦʟʧʦʜʽʣʝʥʦʛʦ 

ʩʪʘʻ ʢʦʥʮʝʥʪʨʦʚʘʥʠʤ, ʱʦ ʚʠʢʣʠʢʘʻ ʣʦʢʘʣʴʥʽ ʧʨʦʧʘʣʠ ʽ ʦʧʣʘʚʣʝʥʥʷ ʧʦʚʝʨʭʦʥʴ ʜʝʪʘʣʝʡ, ʱʦ 

ʟʚʘʨʶʶʪʴʩʷ [1].   

ɼʣʷ ʦʙʤʝʞʝʥʥʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʧʣʠʚʫ ʮʴʦʛʦ ʝʬʝʢʪʫ ʞʠʚʣʝʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ 

ʟʜʽʡʩʥʶʶʪʴ ʚʽʜ ʜʞʝʨʝʣʘ ʟ ʧʘʜʘʶʯʦʶ ʘʙʦ ʢʨʫʪʦ ʧʘʜʘʶʯʦʶ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, 

ʫʪʚʦʨʝʥʦʶ ʧʘʜʽʥʥʷʤ ʥʘʧʨʫʛʠ ʜʞʝʨʝʣʘ ʥʘ ʘʢʪʠʚʥʦʤʫ (ʙʘʣʘʩʪʥʦʤʫ) ʦʧʦʨʽ, ʚʚʽʤʢʥʝʥʦʤʫ 

ʧʦʩʣʽʜʦʚʥʦ ʚ ʨʦʟʨʷʜʥʝ ʢʦʣʦ. ʆʜʥʘʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʤʘʨʥʠʭ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʥʘ ʮʴʦʤʫ ʦʧʦʨʽ (ʜʦ 30é60%) ʽ ʟʥʠʞʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʜʞʝʨʝʣʘ ʽ ʧʨʦʮʝʩʫ ʚ ʮʽʣʦʤʫ [2]. ʋ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʜʦʮʽʣʴʥʠʤ ʻ ʧʦʜʘʣʴʰʝ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʜʞʝʨʝʣ ʥʘʛʨʽʚʫ ʜʣʷ ʧʨʝʮʠʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʪʘ ʧʘʷʥʥʷ ʥʘ ʧʽʜʩʪʘʚʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʨʦʟʧʦʜʽʣʝʥʦʾ ʛʘʟʦʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʠ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʫʻʪʴʩʷ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʦʨʦʞʥʠʩʪʠʤ 

ʢʘʪʦʜʦʤ ʚ ʫʤʦʚʘʭ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʥʘʛʨʽʚʫ. ʆʩʢʽʣʴʢʠ ʩʪʽʡʢʽʩʪʴ ʩʠʩʪʝʤʠ çʜʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ 

- ʨʦʟʨʷʜè ʚ ʟʥʘʯʥʽʡ ʤʽʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʣʝʞʥʦʶ ʫʟʛʦʜʞʝʥʽʩʪʶ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʷʜʫ ʪʘ ʟʦʚʥʽʰʥʴʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʞʝʨʝʣʘ [3], ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʜʦʩʣʽʜʥʠʤ ʰʣʷʭʦʤ ʚʠʟʥʘʯʠʣʠ ʚʠʛʣʷʜ ʩʪʘʪʠʯʥʦʾ ʚʦʣʴʪ-ʘʤʧʝʨʥʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ɺɸʍ) 

ʨʦʟʨʷʜʫ. ʉʪʘʪʠʯʥʽ ɺɸʍ ʨʦʟʨʷʜʫ ʦʪʨʠʤʫʚʘʣʠ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʷʢ ʟʤʽʥʦʶ 

ʥʘʧʨʫʛʠ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʜʞʝʨʝʣʘ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʨʛʦʥʫ, ʘʟʦʪʫ ʪʘ ʚ 

ʘʪʤʦʩʬʝʨʽ ʟʘʣʠʰʢʦʚʠʭ ʛʘʟʽʚ ʚʘʢʫʫʤʫ (ʘʟʦʪ, ʢʠʩʝʥʴ, ʚʦʜʝʥʴ) ʧʨʠ ʪʠʩʢʘʭ ʛʘʟʫ 6,65 ʇʘ ʪʘ 9,31 

ʇʘ ʥʘ ʢʘʪʦʜʘʭ ʜʽʘʤʝʪʨʦʤ 40é60 ʤʤ. ʄʽʞ - ʝʣʝʢʪʨʦʜʥʘ ʚʽʜʩʪʘʥʴ ʩʢʣʘʜʘʣʘ 20 ʤʤ. ʅʘʧʨʫʛʘ 

ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʜʞʝʨʝʣʘ ʚʘʨʽʶʚʘʣʘʩʴ ʚ ʤʝʞʘʭ 600é1200 ɺ. 

 
ʘ)                                                                                    ʙ) 

ʈʠʩ.1. ï ɺʦʣʴʪ-ʘʤʧʝʨʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ ʜʣʷ 

ʨʽʟʥʠʭ ʛʘʟʦʚʠʭ ʩʝʨʝʜʦʚʠʱ ʧʨʠ ʪʠʩʢʘʭ ʛʘʟʫ: ʘ) 9,31 ʇʘ; ʙ) 6,65 ʇʘ. 
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ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩ. 1, ʩʚʽʜʯʘʪʴ, ʱʦ ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 

ʨʝʞʠʤʽʚ ʪʣʽʶʯʠʡ ʨʦʟʨʷʜ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ ʤʘʻ ʟʨʦʩʪʘʶʯʫ ɺɸʍ ʽʟ ʜʦʜʘʪʥʠʤ ʥʘʭʠʣʦʤ 

ʚ ʤʝʞʘʭ 3é5 ɺ/ʤɸ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʩʪʘʪʠʯʥʠʭ ɺɸʍ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʦʧʦʨʫ ʚ ʢʦʣʽ ʨʦʟʨʷʜʫ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʢʘʪʦʜʘʭ ʜʽʘʤʝʪʨʦʤ 40é60ʤʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʘʟʦʪʫ ʪʘ ʟʘʣʠʰʢʦʚʦʾ ʘʪʤʦʩʬʝʨʠ  

ʧʦʚʽʪʨʷ ʧʨʠ ʪʠʩʢʘʭ ʛʘʟʫ 10,64 ʇʘ, 19,95 ʇʘ ʪʘ 26 ʇʘ. ʆʧʽʨ ʟʤʽʥʶʚʘʣʠ ʚ ʤʝʞʘʭ ʚʽʜ 0 ʜʦ 1 

ʢʆʤ. ʄʽʞʝʣʝʢʪʨʦʜʥʘ ʚʽʜʩʪʘʥʴ ʪʘʢʦʞ ʩʢʣʘʜʘʣʘ 20ʤʤ. ʅʘʧʨʫʛʘ ʭʦʣʦʩʪʦʛʦ ʭʦʜʫ ʜʞʝʨʝʣʘ 

ʧʽʜʪʨʠʤʫʚʘʣʘʩʴ ʧʦʩʪʽʡʥʦʶ ʥʘ ʨʽʚʥʽ 800 ɺ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ (ʨʠʩ. 2) ʩʚʽʜʯʘʪʴ, ʱʦ ʽ ʚ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʷʜʫ ʻ ʟʨʦʩʪʘʶʯʠʤʠ ʽʟ ʜʦʜʘʪʥʠʤ ʥʘʭʠʣʦʤ 2é4 ɺ/ʤɸ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʧʝʨʝʚʽʨʢʫ ʩʪʽʡʢʦʩʪʽ ʛʦʨʽʥʥʷ ʨʦʟʨʷʜʫ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʡʦʛʦ ʨʝʘʢʮʽʾ 

ʥʘ ʩʪʫʧʽʥʯʘʪʝ ʟʙʫʨʝʥʥʷ ʟʘ ʦʧʦʨʦʤ ʚ ʨʦʟʨʷʜʥʦʤʫ ʢʦʣʽ. ɼʣʷ ʮʴʦʛʦ ʚ ʢʦʣʦ ʨʦʟʨʷʜʫ 

ʚʠʟʥʘʯʘʣʴʥʦ ʚʤʠʢʘʣʠ ʘʢʪʠʚʥʠʡ ʨʝʟʠʩʪʦʨ ʦʧʦʨʦʤ 4 ʢʆʤ ʘʙʦ 20 ʢʆʤ. ɿʙʫʨʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʘ ʽʤʽʪʫʚʘʣʠ ʨʘʧʪʦʚʠʤ ʰʫʥʪʫʚʘʥʥʷʤ ʦʧʦʨʫ ʢʦʥʪʘʢʪʘʤʠ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʨʝʣʝ ʄʂʋï48, ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʷʢʦʛʦ ʥʝ ʧʝʨʝʚʠʱʫʻ 50 ʤʩ. 

ʆʩʮʠʣʦʛʨʘʤʠ (ʨʠʩ. 2) ʩʚʽʜʯʘʪʴ, ʱʦ ʨʘʧʪʦʚʝ ʰʫʥʪʫʚʘʥʥʷ ʫʚʽʤʢʥʝʥʦʛʦ ʚ ʨʦʟʨʷʜʥʝ ʢʦʣʦ 

ʟʦʚʥʽʰʥʴʦʛʦ ʦʧʦʨʫ 20 ʢʆʤ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʧʝʨʝʚʠʱʫʻ ʚʥʫʪʨʽʰʥʽʡ ʦʧʽʨ ʩʘʤʦʛʦ ʨʦʟʨʷʜʫ 

ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷʤ ʩʪʨʫʤʫ ʚ ʢʦʣʽ ʤʘʡʞʝ ʚʪʨʠʯʽ ʙʝʟ ʩʧʦʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʾ ʬʦʨʤʠ 

ʢʨʠʚʠʭ ʩʪʨʫʤʫ ʪʘ ʥʘʧʨʫʛʠ ʽ ʙʫʜʴï̫ ʢʠʭ ʚʠʢʠʜʽʚ ʘʙʦ ʧʽʢʽʚ. 

ʘ)        ʙ) 

ʈʠʩ. 2. ï ʆʩʮʠʣʦʛʨʘʤʠ ʩʪʨʫʤʫ (ʘ), ʪʘ ʥʘʧʨʫʛʠ (ʙ) ʥʘ ʨʦʟʨʷʜʽ  ʧʨʠ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʤʫ 

ʟʥʠʞʝʥʥʽ  ʦʧʦʨʫ ʚ ʡʦʛʦ ʢʦʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʩʪʨʫʤʽʚ 

20é300 ʤɸ ʪʣʽʶʯʠʡ ʨʦʟʨʷʜ ʟ ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ ʜʽʘʤʝʪʨʦʤ 40é60 ʤʤ ʤʘʻ ʟʨʦʩʪʘʶʯʫ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʟ ʜʦʜʘʪʥʽʤ ʥʘʭʠʣʦʤ 2é5 ɺ/ʤɸ. ʊʝʦʨʝʪʠʯʥʦ ʧʦʢʘʟʘʥʘ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʦʨʦʞʥʠʩʪʠʤ 

ʢʘʪʦʜʦʤ ʚ ʫʤʦʚʘʭ ʡʦʛʦ ʞʠʚʣʝʥʥʷ ʚʽʜ ʜʞʝʨʝʣʘ ʞʠʚʣʝʥʥʷ ʟ ʞʦʨʩʪʢʦʶ ʘʙʦ ʧʦʚʽʣʴʥʦ 

ʧʘʜʘʶʯʦʶ ʟʦʚʥʽʰʥʴʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ. 
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ɿɸʉʊʆʉʋɺɸʅʅʗ ɻɸɿʆʈʆɿʈʗɼʅʆɰ ʇʃɸɿʄʀ ʊʃɯʖʏʆɻʆ ʈʆɿʈʗɼʋ ɺ 

ʇʈʆʎɽʉɸʍ ʆʊʈʀʄɸʅʅʗ ʊʆʅʂʆʇʃɯɺʂʆɺʀʍ ʄɽʊɸʃʆʇʆʂʈʀʊʊɯɺ 

ʊʦʥʢʽ ʤʝʪʘʣʝʚʽ ʧʣʽʚʢʠ ʟʥʘʭʦʜʷʪʴ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʩʫʯʘʩʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘʡʙʽʣʴʰʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʝʣʝʤʝʥʪʠ ʦʪʨʠʤʘʣʠ, 

ʥʘʩʘʤʧʝʨʝʜ, ʚ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʘʭ ʝʣʝʢʪʨʦʥʽʢʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ, ʥʘʧʨʠʢʣʘʜ, 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʭ ʧʨʠʣʘʜʽʚ, ʚ ʣʘʟʝʨʥʽʡ ʪʘ ʥʝʣʽʥʽʡʥʽʡ ʦʧʪʠʮʽ ʜʣʷ ʥʘʜʘʥʥʷ 

ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ, ʧʨʦʩʚʽʪʣʶʶʯʠʭ ʘʙʦ ʞ ʜʟʝʨʢʘʣʴʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʧʪʠʯʥʠʤ ʝʣʝʤʝʥʪʘʤ, ʚ 

ʤʝʭʘʥʽʮʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʘʥʪʠʢʦʨʦʟʽʡʥʠʭ, ʟʥʦʩʦʩʪʽʡʢʠʭ ʧʦʢʨʠʪʪʽʚ, ʪʦʱʦ. 

ʇʨʦʙʣʝʤʘ ʦʪʨʠʤʘʥʥʷ ʩʪʨʫʢʪʫʨ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʻ ʯʠ ʥʝ 

ʥʘʡʘʢʪʫʘʣʴʥʽʰʦʶ ʚ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʭʝʤ. 

ɺʽʜʦʤʽ ʜʚʽ ʦʩʥʦʚʥʽ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʦʩʘʜʞʝʥʥʷ ʪʦʥʢʠʭ ʤʝʪʘʣʦʧʣʽʚʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ: 

ʭʽʤʽʯʥʝ ʦʩʘʜʞʝʥʥʷ ʽʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (CVD) ʽ ʬʽʟʠʯʥʝ ʦʩʘʜʞʝʥʥʷ ʽʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (ʈVD) ʷʢʽ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʤʽʞ ʩʦʙʦʶ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʧʣʽʚʢʦʫʪʚʦʨʶʶʯʦʛʦ ʧʦʪʦʢʫ ʘʪʦʤʽʚ, ʽʦʥʽʚ 

ʘʙʦ ʤʦʣʝʢʫʣ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʚʽʜʥʦʩʷʪʴʩʷ ʤʝʪʦʜʠ ʚ ʷʢʠʭ ʤʝʪʘʣʝʚʽ ʧʨʦʰʘʨʢʠ ʧʦʢʨʠʪʪʷ 

ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʚ ʧʣʘʟʤʽ  (ʷʢʽʡ ʧʣʘʟʤʽ). 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʝʣʠʢʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʩʘʤʝ ʈVD ʤʝʪʦʜʘʤ ʚ ʷʢʠʭ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʩʠʥʪʝʟʫ ʧʦʢʨʠʪʪʽʚ ʘʪʦʤʠ ʪʘ ʤʦʣʝʢʫʣʠ ʤʝʪʘʣʫ ʦʪʨʠʤʫʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʮʝʩʽʚ, 

ʧʦʚôʷʟʘʥʠʭ ʟ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ ʤʽʰʝʥʽ, ʚʠʛʦʪʦʚʣʝʥʦʾ ʟ ʧʝʚʥʦʛʦ ʤʝʪʘʣʫ ʘʙʦ ʞ ʾʾ ʨʦʟʧʠʣʝʥʥʷʤ. 

ʆʩʥʦʚʥʠʤʠ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʮʽʻʾ ʛʨʫʧʠ ʤʝʪʦʜʽʚ ʻ ʨʦʟʧʠʣʝʥʥʷ ʢʘʪʦʜʥʠʤʠ ʧʣʷʤʘʤʠ 

ʚʘʢʫʫʤʥʦ-ʜʫʛʦʚʦʛʦ ʨʦʟʨʷʜʫ, ʝʣʝʢʪʨʦʥʥʠʤ ʪʘ ʽʦʥʥʠʤ ʧʫʯʢʘʤʠ, ʪʝʨʤʽʯʥʝ ʚʘʢʫʫʤʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʤʘʛʥʝʪʨʦʥʥʝ ʨʦʟʧʠʣʝʥʥʷ, ʪʦʱʦ. ɼʦʩʚʽʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʚ 

ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʧʦʨʷʜ ʽʟ ʧʝʨʝʚʘʛʘʤʠ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʽ ʦʩʥʦʚʥʽ ʾʭ ʥʝʜʦʣʽʢʠ, 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʧʦʚôʷʟʘʥʠʤʠ ʟ ʥʠʟʴʢʦʶ ʰʚʠʜʢʽʩʪʶ ʦʩʘʜʞʝʥʥʷ, ʧʦʛʘʥʦʶ ʦʜʥʦʨʽʜʥʽʩʪʶ 

ʧʦʢʨʠʪʪʷ, ʥʝʟʘʜʦʚʽʣʴʥʦʶ ʘʜʛʝʟʽʻʶ ʟ ʧʦʚʝʨʭʥʝʶ ʦʩʥʦʚʠ, ʦʙʤʝʞʝʥʽʩʪʶ ʦʙʨʦʙʣʶʚʘʣʴʥʠʭ 

ʧʦʚʝʨʭʦʥʴ, ʪʦʱʦ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʜʣʷ ʛʝʥʝʨʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʧʦʪʦʢʽʚ ʘʪʦʤʽʚ ʽ ʤʦʣʝʢʫʣ ʟ ʤʝʪʦʶ 

ʦʪʨʠʤʘʥʥʷ ʤʝʪʘʣʦʧʣʽʚʢʦʚʠʭ ʧʨʦʰʘʨʢʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʙʫʣʘ ʛʘʟʦʨʦʟʨʷʜʥʘ ʧʣʘʟʤʘ 

ʘʥʦʤʘʣʴʥʦʛʦ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʽʟ ʭʦʣʦʜʥʠʤ ʢʘʪʦʜʦʤ ʚ ʩʭʨʝʱʝʥʠʭ ʝʣʝʢʪʨʠʯʥʦʤʫ ʽ 

ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʷʭ ʧʨʠ ʪʠʩʢʘʭ ʥʠʞʯʝ 1 ʇʘ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʘʟʦʨʦʟʨʷʜʥʦʾ ʧʣʘʟʤʠ ʥʠʟʴʢʦʛʦ ʪʠʩʢʫ ʽʥʽʮʽʡʦʚʘʥʦʾ ʚ ʤʘʛʥʽʪʥʦʤʫ ʧʦʣʽ 

ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʝʪʘʣʦʧʦʢʨʠʪʪʷ ʟʘ ʪʦʚʱʠʥʦʶ ʙʣʠʟʴʢʠʭ ʜʦ ʦʜʥʦʨʽʜʥʦʛʦ ʥʘ 

ʩʫʙʩʪʨʘʪʘʭ ʟ ʚʝʣʠʢʦʶ ʧʣʦʱʝʶ ʧʦʚʝʨʭʥʽ. ɺʠʩʦʢʘ ʰʚʠʜʢʽʩʪʴ ʨʦʟʧʠʣʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ 

ʧʝʨʝʛʨʽʚʫ ʧʦʚʝʨʭʥʽ ʦʩʥʦʚʠ, ʚʽʜʥʦʩʥʦ ʤʘʣʘ ʩʪʫʧʽʥʴ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʧʣʽʚʦʢ ʨʦʙʠʪʴ ʮʝʡ ʩʧʦʩʽʙ 

ʚʝʣʴʤʠ ʝʬʝʢʪʠʚʥʠʤ ʜʞʝʨʝʣʦʤ ʩʧʨʷʤʦʚʘʥʠʭ ʘʪʦʤʽʚ ʽ ʽʦʥʽʚ ʤʝʪʘʣʫ ʧʨʠʜʘʪʥʠʭ ʜʣʷ  

ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ.   

ɺ ʪʦʡ ʞʝ ʯʘʩ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʜʘʥʥʽ, ʩʪʦʩʦʚʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ 

ʨʦʟʧʠʣʶʚʘʥʠʭ ʯʘʩʪʦʢ ʜʣʷ ʚʠʨʦʱʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ ʥʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʧʽʜʣʦʞʢʘʭ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʽʦʥʽʟʦʚʘʥʦʾ ʧʣʘʟʤʠ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʽʟ ʧʦʨʦʞʥʠʩʪʠʤ ʢʘʪʦʜʦʤ ʙʝʟ 

ʧʨʠʢʣʘʜʝʥʦʛʦ ʧʝʨʠʬʝʨʽʡʥʦʛʦ ʤʘʛʥʽʪʥʦʛʦ ʧʦʣʷ ʧʨʠ ʪʨʘʜʠʮʽʡʥʠʭ ʜʣʷ ʥʴʦʛʦ ʪʠʩʢʘʭ 1 ï 100 

ʇʘ. ʇʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʽʾ, ʚʝʣʠʢʠʡ ʪʝʨʤʽʥ ʨʦʙʦʪʠ ʤʽʰʝʥʽ (ʢʘʪʦʜʫ) ʤʽʞ ʟʘʤʽʥʘʤʠ, ʥʠʟʴʢʘ 

ʚʘʨʪʽʩʪʴ ʦʙʣʘʜʥʘʥʥʷ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʤʘʛʥʝʪʨʦʥʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʫʤʦʚʠʣʦ ʝʢʦʥʦʤʽʯʥʫ 

ʜʦʮʽʣʴʥʽʩʪʴ ʪʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʣʽʶʯʦʛʦ ʨʦʟʨʷʜʫ ʟ ʧʦʨʦʞʥʠʩʪʠʤ 

ʢʘʪʦʜʦʤ ʜʣʷ ʦʩʘʜʞʝʥʥʷ ʪʦʥʢʠʭ ʤʝʪʘʣʝʚʠʭ ʧʣʽʚʦʢ. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

86 

ʋɼʂ 621.791 

ɻʦʣʫʙ ɼ.ʄ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, goldenmih@ukr.net 

ʕʌʌɽʂʊʀɺʅʓɽ ʕʃɽʂʊʈʆɼʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʅɸʇʃɸɺʂʀ ʈɽɾʋʑɽɻʆ 

ʀ ʐʊɸʄʇʆɺʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʝʞʫʱʝʛʦ ʠ ʰʪʘʤʧʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʨʦʛʠʝ ʠ ʜʝʬʠʮʠʪʥʳʝ ʵʣʝʤʝʥʪʳ ï ʚʦʣʴʬʨʘʤ, 

ʚʘʥʘʜʠʡ, ʤʦʣʠʙʜʝʥ ʠ ʜʨ. ʇʦʵʪʦʤʫ ʪʘʢʦʡ ʠʥʩʪʨʫʤʝʥʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟʛʦʪʘʚʣʠʚʘʪʴ 

ʩʦʩʪʘʚʥʳʤ, ʪ.ʝ. ʨʘʙʦʯʫ  ʁ ʯʘʩʪʴ ï ʠʟ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʩʪʘʣʠ, ʘ ʥʝʨʘʙʦʯʫ  ʁ ð ʠʟ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ. 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʰʪʘʤʧʦʚʦʛʦ ʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʦʢʘʪʥʳʭ ʚʘʣʢʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʥʘʧʣʘʚʢʠ - ʵʣʝʢʪʨʦʜʫʛʦʚʫ ,ʁ 

ʛʘʟʦʚʫ ,ʁ ʵʣʝʢʪʨʦʰʣʘʢʦʚʫ ,ʁ ʠʥʜʫʢʮʠʦʥʥʫ ,ʁ ʧʣʘʟʤʝʥʥʫ,ʁ ʠʤʧʫʣʴʩʥʦ-ʜʫʛʦʚʫ ,ʁ 

ʚʠʙʨʦʜʫʛʦʚʫ,ʁ ʧʦʨʦʰʢʦʚʫ .ʁ ʅʘʧʣʘʚʢʘ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʜʝʪʘʣʠ ʠ ʧʨʠʜʘʪʴ ʥʘʧʣʘʚʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʦʚʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ ʜʫʛʦʚʘʷ ʥʘʧʣʘʚʢʘ. 

ʇʨʠ ʥʘʧʣʘʚʢʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ: ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʧʨʦʧʣʘʚʣʝʥʠʶ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ; ʩʥʠʞʘʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʩ 

ʦʩʥʦʚʥʳʤ; ʩʪʨʝʤʠʪʴʩʷ ʢ ʤʠʥʠʤʘʣʴʥʳʤ ʦʩʪʘʪʦʯʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʠ ʜʝʬʦʨʤʘʮʠʷʤ ʚ 

ʥʘʧʣʘʚʣʝʥʥʦʡ ʜʝʪʘʣʠ; ʩʥʠʞʘʪʴ ʧʨʠʧʫʩʢ ʥʘ ʧʦʩʣʝʜʫʶʱʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. 

ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʟʘʛʦʪʦʚʦʢ ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʣʫʞʠʪ ʫʛʣʝʨʦʜʠʩʪʘʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʩʪʘʣʴ ʤʘʨʦʢ 40 ʠʣʠ 50. ɼʣʷ ʤʥʦʛʦʣʝʟʚʠʡʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢ ʢʦʨʧʫʩʫ 

ʢʦʪʦʨʳʭ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʶʪ ʣʝʛʠʨʦʚʘʥʥʫʶ ʩʪʘʣʴ ʤʘʨʦʢ 

35ʍ ʠʣʠ 40ʍ.  

ʅʘʧʣʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ (ʧʦʢʨʳʪʳʝ ʵʣʝʢʪʨʦʜʳ, 

ʧʨʠʩʘʜʦʯʥʳʝ ʧʨʫʪʢʠ, ʧʦʨʦʰʢʦʚʘʷ ʠʣʠ ʩʧʣʦʰʥʘʷ ʧʨʦʚʦʣʦʢʘ, ʧʦʨʦʰʢʦʚʳʝ ʩʤʝʩʠ). ɼʣʷ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʧʦʢʨʳʪʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʨʠʩʘʜʦʯʥʳʝ 

ʧʨʫʪʢʠ ʠʣʠ ʧʨʦʚʦʣʦʢʫ. 

ʈʫʯʥʫʶ ʥʘʧʣʘʚʢʫ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ (ʨʝʟʮʦʚ, ʜʠʩʢʦʚʳʭ ʠ ʯʝʨʚʷʯʥʳʭ ʬʨʝʟ ʠ ʜʨ.), 

ʨʝʞʫʱʠʝ ʢʨʦʤʢʠ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʤʘʣʫʶ ʧʣʦʱʘʜʴ ʥʘʧʣʘʚʢʠ, ʧʨʦʠʟʚʦʜʷʪ ʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʚ ʤʝʜʥʳʭ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘʭ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʳʭ ʨʘʟʤʝʨʦʚ 

ʥʘʧʣʘʚʣʷʝʤʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ɿʘʛʦʪʦʚʢʠ ʜʣʷ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘʧʣʘʚʣʷʶʪ ʵʣʝʢʪʨʦʜʘʤʠ ʤʘʨʢʠ ʎʀ-1ʄ, ʎʀ-1ʃ, 

ʎʀ-1ʋ; ʀ-1, ʀ-2 ʠ ʜʨ., ʘ ʪʘʢʞʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʥʘʧʣʘʚʢʦʡ ʧʦʜ 

ʬʣʶʩʦʤ. 

ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʥʘʧʣʘʚʢʘ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʣʝʛʠʨʦʚʘʥʥʦʡ 

ʧʨʦʚʦʣʦʢʦʡ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ, ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʣʝʛʠʨʫʶʱʠʭ 

ʥʘʧʣʘʚʣʝʥʥʳʭ (ʢʝʨʘʤʠʯʝʩʢʠʭ) ʬʣʶʩʦʚ ʠʣʠ ʧʘʩʪ, ʘ ʪʘʢʞʝ ʣʝʛʠʨʫʶʱʝʡ ʠ ʧʦʨʦʰʢʦʚʦʡ 

ʧʨʦʚʦʣʦʢʦʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʥʘʧʣʘʚʢʝ ʟʘʛʦʪʦʚʦʢ ʧʨʫʪʢʘʤʠ ʠʟ ʙʳʩʪʨʦʨʝʞʫʱʝʡ ʩʪʘʣʠ ʤʘʨʦʢ 

ʈ18 ʠʣʠ ʈʕ ʠʩʧʦʣʴʟʫʝʪʩʷ ʬʣʶʩ ʤʘʨʢʠ ɸʅ-348. 

ʇʨʠ ʥʘʧʣʘʚʢʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʝʪ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʨʦʰʢʦʚʳʭ ʧʨʦʚʦʣʦʢ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ (ʇʇ-ʈ9 ʠʣʠ ʇʇ-ʈ18) ʧʦʜ ʥʝʡʪʨʘʣʴʥʳʤ ʬʣʶʩʦʤ 

ʤʘʨʢʠ ɸʅ-30 ʠʣʠ ʩʘʤʦʟʘʱʠʪʥʳʭ ʧʨʦʚʦʣʦʢ (ʇʇ-8ʍ4ɻʉɺ4ʌʊ ʠ ʜʨ.). ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʧʦʣʫʯʝʥʠʝ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʨʘʚʥʦʮʝʥʥʦʛʦ ʠʣʠ ʧʨʝʚʳʰʘʶʱʝʛʦ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʠ 

ʈ9, ʈ18 ʠ ʜʨ. 

ɼʝʪʘʣʠ ʠʟ ʥʠʟʢʦʫʛʣʝʨʦʜʠʩʪʳʭ ʠ ʥʠʟʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʥʘʧʣʘʚʣʷʶʪ ʯʘʱʝ ʚʩʝʛʦ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʛʨʝʚʘ, ʦʜʥʘʢʦ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʱʠʥ ʠ ʩʥʷʪʠʷ 

ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʝʥ ʧʦʜʦʛʨʝʚ ʟʘʛʦʪʦʚʦʢ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 300ÁC ʠ ʚʳʰʝ. 
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ɻʘʥʻʻʚ ʊ.ʈ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʇʨʠʙʠʪʴʢʦ ɯ.ʆ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʘʜʘʡ ʄ.ɺ., ʩʪʫʜʝʥʪʢʘ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, gatavltim@ukr.net 

ʈʆɿʈʆɹʂɸ ʊɽʍʅʆʃʆɻɯɰ ʅɸʇʃɸɺʃɽʅʅʗ ʂʈʀɺʆʃɯʅɯʁʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ʇʆɼɺɯʁʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ 

ʇʨʦʙʣʝʤʘʪʠʢʦʶ ʚʠʨʦʙʥʠʮʪʚʘ ʙʨʦʥʴʦʚʠʭ ʧʣʘʩʪʠʥ ʻ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʙʨʦʥʴʦʚʦʛʦ ʟʘʭʠʩʪʫ. ʇʨʦʚʽʚʰʠ ʣʽʪʝʨʘʪʫʨʥʠʡ ʧʦʰʫʢ, ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʰʪʘʤʧʽʚ ʭʦʣʦʜʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʪʘ ʙʨʦʥʝʧʣʘʩʪʠʥ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʪʘʣʽ 

ʩʭʦʞʽ ʟʘ ʭʽʤʽʯʥʠʤ ʩʢʣʘʜʦʤ ʪʘ ʩʠʩʪʝʤʘʤʠ ʣʝʛʫʚʘʥʥʷ. ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ ʥʘʚʝʜʝʥʦ ʚ 

ʪʘʙʣʠʮʽ 1; ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 2 [1, 2]. 

ʊʘʙʣʠʮʷ 1 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʩʪʘʣʝʡ 

ʉʪʘʣʽ 
ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ 

C, % Si, % Mn, % Cr, % Ni, % Mo (W), % 

ʈʘʤʦʨ 500 0,35 0,70 1,50 1,00 2,00 0,70 

ɸʨʤʦʢʩ 500ʪ 0,32 0,40 1,20 1,00 1,80 0,70 

4ʍ5ʄʌʉ 0,36 1,05 0,35 5,00 0,40 1,35 

5ʍʅʉɺ 0,50 0,95 0,30 1,05 0,35 2,05 (W%) 

ʊʘʙʣʠʮʷ 2 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʣʝʡ 

ʉʪʘʣʽ 
ʇʘʨʘʤʝʪʨʠ 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ, ʄʇʘ ʄʝʞʘ ʤʽʮʥʦʩʪʽ, ʄʇʘ ʊʚʝʨʜʽʩʪʴ, ʅɺ 

ʈʘʤʦʨ 500 1450 1700 560 

ɸʨʤʦʢʩ 500ʪ 1250 1750 540 

4ʍ5ʄʌʉ 1570 1750 241 

5ʍʅʉɺ 1470 1470 255 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ɻʆʉʊʫ 10051-75 ʤʦʞʥʘ ʦʙʨʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʝʣʝʢʪʨʦʜ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ ʰʪʘʤʧʽʚ ʭʦʣʦʜʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ. ʆʪʞʝ, ʪʝʦʨʝʪʠʯʥʦ, 

ʤʝʪʦʜʠʢʫ ʚʽʜʥʦʚʣʝʥʥʷ ʰʪʘʤʧʦʚʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʙʨʦʥʴʦʚʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʘʥʦʾ ʪʝʦʨʽʾ ʙʫʣʦ ʧʽʜʽʙʨʘʥʦ 

5 ʝʣʝʢʪʨʦʜʽʚ, ʷʢʠʤʠ ʙʫʣʦ ʚʠʢʦʥʘʥʦ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ. ʍʽʤʽʯʥʠʡ 

ʩʢʣʘʜ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3 [3]. 

ʊʘʙʣʠʮʷ 3 ï ʍʽʤʽʯʥʠʡ ʩʢʣʘʜ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

 ̄ ɽʣʝʢʪʨʦʜʠ 
ʍʽʤʽʯʥʽ ʝʣʝʤʝʥʪʠ 

C, % Si, % Mn, % Cr, % Ni (Mo, B), % 

1 ʕ-08ʍ20ʅ9ɻ2ɹ-ʎʃ-11-3,0-ɺɼ  

ɽ-2005-ɹ20 
0,12 1,10 1,75 20,0 9,25 (Ni %) 

2 ʕ-08ʍ17ʅ8ʉ6ɻ-ʎʅ-6ʃ-4,0-ʅɼ  

ɽ-300/33-2-ɹ40 
0,07 5,50 1,30 16,8 8,30 (Ni %) 

3 ʕ-09ʍ1ʄʌ-ʎʃ-39-2,5-ʊɻ        

ɽ-27-ɹ20 
0,10 0,30 0,80 1,10 0,60 (Mo%) 

4 ʕ-320ʍ25ʉ2ɻʈ-ʊ-590-4,0-ʅɻ  

ɽ-750/58-1-ʇ40 
3,20 2,25 1,25 28,5 1,00 

5 ʕ-70ʍ3ʉʄʊ-ʕʅ-60ʄ-4,0-ʅɼ  

ɽ-650/57-(1,2)-ɹ40 
0,80 1,00 0,90 2,70 0,60 (Mo%) 
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ʊʦʧʦʣʦʛʽ ʁ ʧʦʚʝʨʭʥʽ ʟʣʘʤʫ ʟʨʘʟʢʘ ʕ-08ʍ17ʅ8ʉ6ɻ-ʎʅ-6ʃ-4,0-ʅɼ ɽ-300/33-2-ɹ40 ʟ 

ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 1.  

 

ʈʠʩ. 1 ï ʊʦʧʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ʟʣʘʤʫ ʟʨʘʟʢʘ ʕ-08ʍ17ʅ8ʉ6ɻ-ʎʅ-6ʃ-4,0-ʅɼ ɽ-300/33-2-ɹ40 ʟ 

ʪʝʨʤʽʯʥʦʶ ʦʙʨʦʙʢʦʶ ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 

ɿʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ ʜʣʷ ʜʝʷʢʠʭ ʟʨʘʟʢʽʚ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4. 

ʊʘʙʣʠʮʷ 4 ï ʄʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘʧʣʘʚʣʝʥʦʛʦ ʤʝʪʘʣʫ 

 ̄ ʅʘʧʣʘʚʣʝʥʽ ʟʨʘʟʢʠ 

ʇʘʨʘʤʝʪʨʠ 

ʄʝʞʘ ʪʝʢʫʯʦʩʪʽ, 

ʄʇʘ 

ʄʝʞʘ ʤʽʮʥʦʩʪʽ, 

ʄʇʘ 

ʊʚʝʨʜʽʩʪʴ, 

ʅɺ 

1 
ʕ-08ʍ17ʅ8ʉ6ɻ-ʎʅ-6ʃ-4,0-ʅɼ  

ɽ-300/33-2-ɹ40 
405 512 341 

2 

ʕ-08ʍ17ʅ8ʉ6ɻ-ʎʅ-6ʃ-4,0-ʅɼ  

ɽ-300/33-2-ɹ40 ʟ ʪʝʨʤʽʯʥʦʶ 

ʦʙʨʦʙʢʦʶ ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 

542 605 653 

3 
ʕ-70ʍ3ʉʄʊ-ʕʅ-60ʄ-4,0-ʅɼ  

ɽ-650/57-(1,2)-ɹ40 
377 438 388 

4 

ʕ-70ʍ3ʉʄʊ-ʕʅ-60ʄ-4,0-ʅɼ  

ɽ-650/57-(1,2)-ɹ40 ʟ ʪʝʨʤʽʯʥʦʶ 

ʦʙʨʦʙʢʦʶ ʧʽʩʣʷ ʥʘʧʣʘʚʣʝʥʥʷ 

442 465 321 

ɸʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4 ʧʨʠʭʦʜʠʤʦ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ 

ʧʝʨʩʧʝʢʪʠʚʥʠʡ ʝʣʝʢʪʨʦʜ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʙʨʦʥʝʧʣʘʩʪʠʥ ʮʝ ʝʣʝʢʪʨʦʜ ˉ2. 

ʆʜʥʘʢ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʤʽʮʥʦʩʪʽ ʧʨʠ ʜʦʩʪʘʪʥʽʡ ʪʚʝʨʜʦʩʪʽ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʙʘʣʽʩʪʠʯʥʦʤʫ 

ʚʠʧʨʦʙʦʚʫʚʘʥʥʽ ʥʘʪʫʨʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʤʦʞʝ ʙʫʪʠ ʥʝʜʦʧʫʩʪʠʤʠʤ, ʪʦʤʫ ʜʦ ʧʨʦʚʝʜʝʥʥʷ 

ʙʘʣʽʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʝʞʠʤʽʚ ʪʝʨʤʽʯʥʦʾ 

ʦʙʨʦʙʢʠ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɹʨʦʥʝʧʣʘʩʪʠʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://sherif.ua/tovary/broneplastiny. 

2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʰʪʘʤʧʦʚ ʧʦ ʤʝʪʘʣʣʫ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

http://www.rezec.in.ua/izgotovlenie-stampov-po-metallu. 

3. ʕʣʝʢʪʨʦʜʳ ʜʣʷ ʩʚʘʨʢʠ ʚʳʩʦʢʦʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ ʠ ʩʧʣʘʚʦʚ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: http://ecomplus.com.ua/taxonomy/vocabulary/6. 

 

 

 

 

 

http://sherif.ua/tovary/broneplastiny
http://www.rezec.in.ua/izgotovlenie-stampov-po-metallu
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ʀɿʋʏɽʅʀɽ ʅɸʂʆʇʃɽʅʀʗ ʀʅɽʈʊʅʓʍ ɻɸɿʆɺ ɺ ʇʈʀʇʆɺɽʈʍʅʆʉʊʅʓʍ 

ʉʃʆʗʍ ɸʃʖʄʀʅʀʗ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʥʝʨʘʟʲʝʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʫʜʘʨʥʦʡ ʩʚʘʨʢʝ ʚ 

ʚʘʢʫʫʤʝ ʘʣʶʤʠʥʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʧʨʝʧʷʪʩʪʚʫʶʪ ʦʢʠʩʥʳʝ ʩʣʦʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ [1]. 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ ʧʝʨʝʜ ʩʚʘʨʢʦʡ ʜʝʪʘʣʠ ʥʘʩʳʱʘʣʠ ʘʨʛʦʥʦʤ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, 

ʧʦʤʝʱʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʩʪʘʥʦʚʢʫ ʠ ʥʘʛʨʝʚʘʣʠ ʚ ʚʘʢʫʫʤʝ ʚ ʪʝʯʝʥʠʝ 1-2 ʤʠʥʫʪ ʧʨʠ 

773ʂ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ ʚʦʟʥʠʢʘʣʠ, ʨʦʩʣʠ ʠ ʚʩʢʨʳʚʘʣʠʩʴ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʝ ʧʦʨʳ, ʧʦʩʣʝ 

ʯʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʘʣʶʤʠʥʠʷ ʦʢʘʟʳʚʘʣʘʩʴ ʦʯʠʱʝʥʥʦʡ ʦʪ ʩʧʣʦʰʥʦʛʦ ʩʣʦʷ ʦʢʩʠʜʘ [2].  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʚ ʘʣʶʤʠʥʠʠ, ʧʨʦʠʩʭʦʜʷʱʠʭ 

ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʠʦʥʘʤʠ ʘʨʛʦʥʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʪʘʢʞʝ ʠ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ ʠ 

ʠʥʝʨʪʥʳʝ ʛʘʟʳ (He, Kr, Xe)/ 

ɺ ʧʨʦʮʝʩʩʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ ʩ ʵʥʝʨʛʠʷʤʠ ʚ ʥʝʩʢʦʣʴʢʦ ʢʵɺ ʚ ʧʣʘʟʤʝ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʧʳʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʧʨʝʨʳʚʥʦ ʚʦʟʦʙʥʦʚʣʷʝʤʦʝ 

ʥʘʢʦʧʣʝʥʠʝ ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʠʦʥʦʚ ʚ ʩʣʦʝ, ʩʦʠʟʤʝʨʠʤʦʤ ʩ ʠʭ ʩʚʦʙʦʜʥʳʤ ʧʨʦʙʝʛʦʤ, ʠ ʠʭ 

ʤʠʛʨʘʮʠʷ ʚ ʛʣʫʙʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʝʪʘʣʣʘ. ʇʨʠ ʵʪʦʤ ʛʣʫʙʠʥʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ, ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʤʝʪʘʣʣ ʚ ʪʣʝʶʱʝʤ ʨʘʟʨʷʜʝ ʩ ʵʥʝʨʛʠʝʡ W~ 1 ʢʵʚ, 

ʧʨʝʚʳʰʘʝʪ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʤʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʠʦʥʦʚ ʩ W~ 1 ʤʵɺ ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʨʘʟʤʝʨʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʦʤʙʘʨʜʠʨʫʶʱʠʭ ʠʦʥʦʚ [1]. 

ʀʥʝʨʪʥʳʡ ʛʘʟ ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʯʘʩʪʢʘʭ, ʦʙʨʘʟʫʷ ʩ ʘʣʶʤʠʥʠʝʤ ʚ 

ʪʦʥʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʤʝʪʘʩʪʘʙʠʣʴʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʤʝʪʘʣʣ-ʠʥʝʨʪʥʳʡ ʛʘʟ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʵʪʦʛʦ ʩʣʦʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʤʝʩʪʦ ʚʩʣʝʜʩʪʚʠʝ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʝʨʝʩʳʱʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʨʘʜʠʘʮʠʦʥʥʳʤʠ 

ʚʘʢʘʥʩʠʷʤʠ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʚʙʠʚʘʝʤʳʤʠ ʚ ʘʣʶʤʠʥʠʡ ʘʪʦʤʘʤʠ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ. 

ʋʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʢʨʠʧʪʦʥʘ, ʢʦʪʦʨʦʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʝʜʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʠʭ ʦʙʣʘʩʪʝʡ ʠ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʢʨʠʧʪʦʥʘ ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʛʦ ʢʦʣʴʮʘ (ʧʦʣʫʢʦʣʴʮʘ, ʧʨʷʤʦ- ʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ ʣʶʙʦʡ 

ʬʦʨʤʳ) ʚʙʣʠʟʠ ʥʘʨʫʞʥʦʡ, ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʛʘʟ, ʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʵʢʩʧʦʟʠʮʠʠ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʤʝʩʷʮʘ ʥʘ ʧʣʝʥʢʘʭ ʧʦʷʚʠʣʦʩʴ ʩʣʘʙʦʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʯʝʨʥʝʥʠʝ, ʜʣʷ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʜʣʷ ʪʘʢʦʛʦ ʧʦʯʝʨʥʝʥʠʷ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ.  

 

ʈʠʩ. 1 - ʄʘʢʨʦʘʚʪʦʨʘʜʠʦʛʨʘʤʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʩʳʱʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, 1 ʢʵɺ, 473 ʂ. 

mailto:deciatinka@gmail.com
mailto:AlexStown007@gmail.com
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90 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʥʘʩʳʱʝʥʠʷ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʧʝʨʚʳʝ ʩʝʢʫʥʜʳ ʦʙʨʘʙʦʪʢʠ (ʨʠʩ. 2 ʘ). ʇʦʩʣʝ ~ 10 ʤʠʥ. ʦʙʨʘʙʦʪʢʠ ʚʜʦʣʴ ʢʨʘʷ 

ʦʙʨʘʟʮʘ ʥʘ ʪʦʨʮʝ (ʨʠʩ. 4.2 ʙ) ʠ ʥʘ ʦʙʨʘʟʫʶʱʝʡ ʧʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʚ ʚʠʜʝ ʢʦʣʝʮ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʠʥʝʨʪʥʳʡ ʛʘʟ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʙʦʤʙʘʨʜʠʨʦʚʢʠ 

ʠʦʥʘʤʠ ʢʨʠʧʪʦʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ 

ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʢʨʫʛʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ ʠ ʝʛʦ ʩʣʝʜʘʤʠ (ʨʠʩ. 2 ʚ, ʛ). 

 

ʈʠʩ. 2 - ɸʚʪʦʨʘʜʠʦʛʨʘʤʤʳ ʪʦʨʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʘʣʶʤʠʥʠʷ Å 1 cʤ ʧʦʩʣʝ 

ʠʦʥʥʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʠ: ʘ ï 30 ʩ, ʙ ï 15 ʤʠʥ., ʚ ï 90 ʤʠʥ., ʛ ï 5 ʯʘʩ., 
85

Kr. 

ʇʦʜʦʙʥʘʷ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʧʨʠ ʙʦʣʴʰʠʭ ʚʨʝʤʝʥʘʭ ʦʙʨʘʙʦʪʢʠ ʩʚʦʡʩʪʚʝʥʥʘ ʪʘʢʞʝ 

ʜʨʫʛʠʤ ʤʝʪʘʣʣʘʤ ʠ ʙʦʤʙʘʨʜʠʨʫʶʱʠʤ ʠʦʥʘʤ ʠʥʝʨʪʥʳʭ ʛʘʟʦʚ (ʨʠʩ. 3). ɹʦʣʝʝ ʪʦʛʦ, 

ʦʙʝʜʥʝʥʥʘʷ ʦʙʣʘʩʪʴ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 1 ʤʤ ʜʠʘʤʝʪʨʦʤ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʜʘʞʝ ʚ ʩʝʨʝʜʠʥʝ ʪʦʨʮʘ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʮʝʥʪʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʠʥʝʨʪʥʳʡ ʛʘʟ. 

 

ʈʠʩ. 3 - ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʩʝʥʦʥʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʜʦʣʴ ʜʠʘʤʝʪʨʘ ʥʠʢʝʣʝʚʦʛʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʧʦʩʣʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ Xe ʩ ʵʥʝʨʛʠʝʡ 1 ʢʵɺ ʚ ʪʝʯʝʥʠʝ 72 

ʯ, ʆʞʝ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʦʙʝʜʥʝʥʠʝ ʢʨʘʝʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʙʦʣʝʝ ʩʠʣʴʥʳʤ ʨʘʩʧʳʣʝʥʠʝʤ, ʪʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʢʨʫʛʦʚ ʠʣʠ ʧʦʜʦʙʥʳʭ ʧʨʷʤʦ- ʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʯʝʚʠʜʥʦ, ʠʤʝʝʪ ʜʨʫʛʫʶ ʧʨʠʯʠʥʫ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ 

ʢʘʢʠʤʠ-ʪʦ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ.  
ʀʟ ʩʨʘʚʥʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘʢʦʧʣʝʥʠʷ ʛʘʟʘ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʩʣʦʝʤ ʠ 

ʦʙʲʝʤʦʤ ʤʝʪʘʣʣʘ ʚʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ 

ʢʨʠʧʪʦʥʘ, ʦʜʥʘʢʦ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʝʡʩʪʚʠʷ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʥʠʢʰʝʛʦ ʚ 

ʤʝʪʘʣʣ ʛʘʟʘ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɻʝʨʮʨʠʢʝʥ, ɼ.ʉ. ʊʣʝʶʱʠʡ ʨʘʟʨʷʜ ʠ ʠʥʝʨʪʥʳʝ ʛʘʟʳ ʚ ʤʝʪʘʣʣʘʭ [ʊʝʢʩʪ] / ɼ.ʉ.ɻʝʨʮʨʠʢʝʥ, 

ɺ.ʄ.ʊʳʰʢʝʚʠʯ ï ʂʠʝʚ: ɸʢʘʜʝʤʧʝʨʠʦʜʠʢʘ, 2007. ï 272 ʩ. 

2. ɻʝʨʮʨʠʢʝʥ, ɼ.ʉ. ʉʧʦʩʦʙ ʩʚʘʨʢʠ ʜʘʚʣʝʥʠʝʤ ʩ ʧʦʜʦʛʨʝʚʦʤ / ɼ.ʉ.ɻʝʨʮʨʠʢʝʥ, ɸ.ʀ.ʀʛʥʘʪʝʥʢʦ, 

ɺ.ʄ.ʊʳʰʢʝʚʠʯ, ɺ.ʄ.ʌʘʣʴʯʝʥʢʦ - ɸ.ʩ.ʉʉʉʈ ˉ 1481008, ɹʀ ˉ19, 23.05.1989. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

91 

ʋɼʂ 621.791.92 

ʆʣʝʢʩʽʻʥʢʦ ʉ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʈʫʜʝʥʢʦ ʄ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʖʱʝʥʢʦ ʉ.ʄ., ʘʩʠʩʪʝʥʪ 

ʅʘʡʜʴʦʥ ʄ.ʖ., ʤʘʛʽʩʪʨʘʥʪ 
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, sv.oleks@ukr.net 

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

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʢʦʨʘʙʣʝʙʫʜʫʚʘʥʥʷ ʽʤʝʥʽ ʘʜʤʽʨʘʣʘ ʄʘʢʘʨʦʚʘ, 
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ɽʃɽʂʊʈʆɼʋɻʆɺɽ ʅɸʇʃɸɺʃɽʅʅʗ ʄʆʃɯɹɼɽʅʋ ʅɸ ɻʈɸʌɯʊ 

ɻʨʘʬʽʪ ʟʘʚʜʷʢʠ ʧʦʻʜʥʘʥʥʶ ʪʘʢʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʷʢ ʩʘʤʦʟʤʘʱʫʚʘʥʥ,̫ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʪ̒ʴʩʷ ʚ ʷʜʝʨʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, ʘʝʨʦʢʦʩʤʽʯʥʽʡ, 

ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɿʦʢʨʝʤʘ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʚʫʟʣʽʚ ʷʜʝʨʥʠʭ ʨʝʘʢʪʦʨʽʚ ʜʣʷ 

ʧʽʜʩʠʣʝʥʥʷ ʪʝʧʣʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟôʻʜʥʘʥʥʷ ʛʨʘʬʽʪʫ ʟ ʤʽʜʜʶ.  

ʆʜʥʘʢ ʩʫʪʪʻʚʘ ʚʽʜʤʽʥʥʽʩʪʴ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʨʘʬʽʪʫ ʪʘ ʤʽʜʽ ʟʥʘʯʥʦ 

ʫʩʢʣʘʜʥʶʻ ʧʨʦʮʝʩ ʜʠʬʫʟʽʡʥʦʛʦ ʟʚʘʨʶʚʘʥʥʷ ʫ ʚʘʢʫʫʤʽ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʪʨʽʩʢʫʚʘʥʥʷ  ʛʨʘʬʽʪʫ ʧʨʠ ʧʦʧʝʨʝʯʥʽʡ ʫʩʘʜʮʽ ʤʽʜʽ [1]. 

ɺʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʽʜʥʦ-ʛʨʘʬʽʪʦʚʠʭ ʚʫʟʣʽʚ ʧʨʠ ʟʚʘʨʶʚʘʥʥʽ ʜʘʥʦʾ ʧʘʨʠ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʠʤ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʤʽʞʥʦʛʦ 

ʧʨʦʰʘʨʢʫ ʟ ʤʦʣʽʙʜʝʥʫ. ʄʦʣʽʙʜʝʥ ʤʘʻ ʙʣʠʟʴʢʽ ʜʦ ʛʨʘʬʽʪʫ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʨʤʽʯʥʦʛʦ 

ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʪʝʧʣʦʧʨʦʚʽʜʥʦʩʪʽ ʽ ʧʨʠ ʝʚʪʝʢʪʠʯʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʚʦʣʦʜʽʻ ʚʟʘʻʤʥʦʶ 

ʨʦʟʯʠʥʥʽʩʪʶ ʟ ʥʠʤ ʥʘ ʨʽʚʥʽ 1,1 % (ʘʪ.) [2]. ʇʨʠ ʮʴʦʤʫ ʪʦʚʱʠʥʘ ʧʨʦʰʘʨʢʫ ʤʦʣʽʙʜʝʥʫ, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ ʟʥʠʟʠʪʠ ʚʝʣʠʯʠʥʫ ʨʦʟʪʷʛʫʶʯʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʛʨʘʬʽʪʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ 

ʚʫʟʣʘ ʉ-ʄʦ-ʉu, ʧʦʚʠʥʥʘ ʩʢʣʘʜʘʪʠ ʟʥʘʯʝʥʥʷ ʫ ʢʽʣʴʢʦʩʪʽ ʜʝʢʽʣʴʢʦʭ ʤʽʣʽʤʝʪʨʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʨʦʟʤʽʨʫ ʚʫʟʣʘ [3]. 

ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʦʙʭʽʜʥʦʾ ʪʦʚʱʠʥʠ ʰʘʨʫ ʤʦʣʽʙʜʝʥʫ ʥʘ ʧʦʚʝʨʭʥʽ ʛʨʘʬʽʪʫ ʜʣʷ ʡʦʛʦ 

ʥʘʥʝʩʝʥʥʷ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʩʧʦʩʦʙʠ ʜʫʛʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ.  

ʋ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʫʛʠ, ʱʦ ʛʦʨʠʪʴ ʤʽʞ ʚʦʣʴʬʨʘʤʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʪʘ 

ʛʨʘʬʽʪʦʤ ʚ ʩʝʨʝʜʦʚʠʱʽ ʟʘʭʠʩʥʦʛʦ ʛʘʟʫ ʘʨʛʦʥʫ. ʄʘʪʝʨʽʘʣ ʜʣʷ ʥʘʧʣʘʚʣʝʥʥʷ ï ʜʨʽʪ ʤʦʣʽʙʜʝʥʫ 

ʤʘʨʢʠ ʄʏ ʜʽʘʤʝʪʨʦʤ 1,5 ʤʤ. ʇʨʦʮʝʩ ʥʘʧʣʘʚʣʝʥʥʷ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʨʝʞʠʤʽ: ʜʽʘʤʝʪʨ 

ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʝʣʝʢʪʨʦʜʫ ï 3,2 ʤʤ, ʩʠʣʘ ʟʚʘʨʶʚʘʣʴʥʦʛʦ ʩʪʨʫʤʫ ï 65 ɸ, ʧʨʦʜʫʚʢʘ ï 20 ʩ, 

ʜʽʘʤʝʪʨ ʟʨʘʟʢʽʚ ʛʨʘʬʽʪʫ ï 6 ʤʤ, ʚʠʩʦʪʘ ï 15 ʤʤ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʥʘʧʣʘʚʣʝʥʥʷ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʦʩʫʚʘʥʥʷ, ʷʢʝ ʟʘʙʝʟʧʝʯʫʻ ʦʙôʻʤʥʝ ʽʥʝʨʪʥʝ ʩʝʨʝʜʦʚʠʱʝ.  

ʇʝʨʰʽ ʩʧʨʦʙʠ ʥʘʧʣʘʚʣʝʥʥʷ ʪʘ ʟʽʰʣʽʬʦʚʫʚʘʥʥʷ ʰʘʨʫ ʤʦʣʽʙʜʝʥʫ ʧʦʢʘʟʘʣʠ ʥʘʷʚʥʽʩʪʴ ʫ 

ʤʦʣʽʙʜʝʥʽ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʧʦʨ. ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʨʝʟʫʣʴʪʘʪʫ, ʥʘ ʥʘʰʫ ʜʫʤʢʫ, ʻ ʚʝʣʠʢʘ 

ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʚʫʛʣʝʮʶ (ʛʨʘʬʽʪʫ) ʜʦ ʢʠʩʥʶ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ ʡʦʛʦ ʽʥʪʝʥʩʠʚʥʝ 

ʚʠʧʘʨʦʚʫʚʘʥʥʷ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʬʦʨʤʫʚʘʥʥʶ ʷʢʽʩʥʦʛʦ ʤʦʣʽʙʜʝʥʦʚʦʛʦ ʧʦʢʨʠʪʪʷ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʜʝʬʝʢʪʫ ʟ ʤʝʪʦʶ ʜʝʛʘʟʘʮʽʾ ʛʨʘʬʽʪʫ ʥʘʤʠ ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʘ ʷʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʥʷ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʧʽʜʽʛʨʽʚʫ 

ʛʨʘʬʽʪʦʚʦʾ ʜʝʪʘʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʢʨʘʡʦʚʦʛʦ ʢʫʪʘ ʟʤʦʯʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 

ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʧʦʢʘʟʘʣʠ ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʚʝʣʠʯʠʥʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʯʘʩʫ ʧʽʜʽʛʨʽʚʫ ʚʽʜ 

10 ʜʦ 20 ʩ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʥʘʧʣʘʚʣʝʥʦʛʦ ʰʘʨʫ ʤʦʣʽʙʜʝʥʫ. 
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ɺʀɿʅɸʏɽʅʅʗ ʄɽʍɸʅɯʏʅʀʍ ɺʃɸʉʊʀɺʆʉʊɽʁ ʇʆʂʈʀʊʊɯɺ ʄɽʊʆɼʆʄ 

ʉʂʃɽʈʆʄɽʊʈɯɰ 

ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʡ ʧʨʦʛʨʝʩ, ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʥʘʨʦʜʥʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʨʽʚʥʝʤ ʨʦʟʚʠʪʢʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʇʨʦʛʨʝʩʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʽ ʧʦʢʨʠʪʪʷ ʟ ʧʽʜʚʠʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʦʟʚʦʣʷʶʪʴ ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʥʘʜʽʡʥʽʩʪʴ ʤʘʰʠʥ. 

ɼʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʚ ʦʙʩʷʟʽ ʨʦʟʨʦʙʣʝʥʽ ʽ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʽ ʝʬʝʢʪʠʚʥʽ ʤʝʪʦʜʠ 

ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: ʧʨʦʚʦʜʷʪʴʩʷ ʚʠʧʨʦʙʫʚʘʥʥʷ ʥʘ ʨʦʟʨʠʚ, ʚʪʦʤʥʘ, 

ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʽ ʪ.ʜ, ʦʮʽʥʢʘ ʘʥʘʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʟʘ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʥʝ 

ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʪʦʤʫ, ʱʦ ʧʦʚʝʨʭʥʷ ʤʘʻ ʥʝ ʪʨʠ ʚʠʤʽʨʠ ʦʙʻʤʫ, ʘ 

ʪʣ̔ʴʢʠ ʜʚʘ - ʧʦʚʝʨʭʥʷ ʷʢ ʦʙ'ʻʢʪ ʚʠʧʨʦʙʫʚʘʥʴ, ʤʘʻ ʥʫʣʴʦʚʫ ʘʙʦ ʤʘʡʞʝ ʥʫʣʴʦʚʫ ʪʦʚʱʠʥʫ - 

ʪʨʝʪʶ ʢʦʦʨʜʠʥʘʪʫ. ʗʢʱʦ ʥʘʚʽʪʴ ʟʘʜʘʪʠʩʷ ʜʝʷʢʦʶ ʤʘʣʦʶ ʪʦʚʱʠʥʦʶ ʧʨʠʧʦʚʝʨʭʥʝʚʦʛʦ 

ʰʘʨʫ, ʪʦ ʧʦʨʷʜʦʢ ʾʾ ʧʦʚʠʥʝʥ ʙʫʪʠ ʚʽʜ ʯʘʩʪʦʢ ʜʦ ʦʜʠʥʠʮʴ ʤʽʢʨʦʥʘ. ɺʝʣʠʢʘ ʪʦʚʱʠʥʘ ʚʞʝ 

ʚʽʜʥʦʩʠʪʴʩʷ ʥʝ ʜʦ ʧʦʚʝʨʭʥʽ, ʘ ʜʦ ʦʙʻʤʫ. 

ɯʩʥʫʶʪʴ ʜʚʘ ʩʧʦʩʦʙʠ ʘʙʦ ʚʠʤʽʨʫ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ: 1) ʚʜʘʚʣʝʥʥʷ ʟ 

ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦ ʥʦʨʤʘʣʽ ʜʦ ʧʦʚʝʨʭʥʽ; ʚʜʘʚʣʝʥʥʷ ʟ ʧʝʨʝʤʽʱʝʥʥʷʤ ʧʦ ʜʦʪʠʯʥʽʡ ʜʦ 

ʧʦʚʝʨʭʥʽ - ʜʨʷʧʘʥʥʷ. 

ɼʨʫʛʠʡ ʤʝʪʦʜ ʥʘʟʚʘʥʠʡ ʩʢʣʝʨʦʤʝʪʨʽʻʶ, ʱʦ ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʟ ʣʘʪʠʥʩʴʢʦʾ ʤʦʚʠ ʷʢ ʤʝʪʦʜ 

ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ. ɯ ʮʝ ʚʽʜʧʦʚʽʜʘʻ ʡʦʛʦ ʧʨʠʟʥʘʯʝʥʥʶ - ʩʢʣʝʨʦʤʝʪʨʽʷ - ʮʝ ʦʜʠʥ ʟ 

ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʪʚʝʨʜʦʩʪʽ [1]. 

ɸʣʝ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʨʷʧʘʥʥʷ - ʩʧʦʩʽʙ ʨʫʡʥʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ, ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʧʨʫʞʥʠʤʠ ʽ ʧʣʘʩʪʠʯʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ʽ ʪʦʤʫ ʚʽʥ ʙʣʠʞʯʝ ʚʩʴʦʛʦ ʜʦ ʟʘʜʘʯʽ ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɼʨʷʧʘʥʥʷ ʚʠʢʦʥʫʚʘʣʦʩʷ ʨʝʙʨʦʤ ʚʧʝʨʝʜ ʘʣʤʘʟʥʦʾ ʧʽʨʘʤʽʜʦʶ ɺʽʢʢʝʨʩʘ ʟ ʢʫʪʦʤ ʤʽʞ 

ʤʝʞʝʶ ʽ ʚʝʨʪʠʢʘʣʣʶ 136 Á. ʆʧʽʨ ʜʨʷʧʘʥʥʶ ʚʠʟʥʘʯʘʚʩʷ ʷʢ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʠʣʠ ʥʘ ʫʤʦʚʥʫ 

ʧʣʦʱʫ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʜʨʷʧʠʥʠ. 

ɺʠʧʨʦʙʫʚʘʥʥʷʤʠ ʥʘ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚ ʨʽʟʥʠʭ ʩʪʫʧʝʥʷʭ ʚʩʪʘʥʦʚʣʝʥʦ: ʦʧʽʨ ʜʦʷʧʘʥʥʷ ʻ 

ʩʪʽʡʢʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ, ʩʣʘʙʢʦ ʟʘʣʝʞʥʦʾ ʚʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʦʨʷʜʦʢ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʚʠʧʨʦʙʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʦʧʦʨʫ ʧʦʜʨʷʧʠʥ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʪʘʰʫʚʘʥʥʷ ʮʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʦ ʤʽʢʨʦʪʚʝʨʜʦʩʪʽ, ʱʦ ʛʦʚʦʨʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʤʽʞ ʪʚʝʨʜʽʩʪʶ ʽ ʦʧʦʨʦʤ ʧʦʜʨʷʧʠʥ ʥʝʤʘʻ 

ʦʜʥʦʟʥʘʯʥʦʛʦ ʟʚ'ʷʟʢʫ. ʋ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʯʠʤ ʚʠʱʝ ʪʚʝʨʜʽʩʪʴ, ʪʠʤ ʙʽʣʴʰʝ ʦʧʽʨ ʧʦʜʨʷʧʠʥ. 

ʆʜʥʘʢ ʻ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʟʙʽʣʴʰʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʩʠʣ ʦʧʦʨʫ. 

ʄʝʪʦʜ ʩʢʣʝʨʦʤʝʪʨʽʾ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʪʘ ʘʜʛʝʟʽʾ ʧʦʢʨʠʪʪʷ [2, 

3]. ʇʨʠ ʦʜʥʦʯʘʩʥʦʤʫ ʧʝʨʝʤʽʱʝʥʥ ̔ʩʪʫʧʽʥʯʘʩʪʦ ʘʙʦ ʙʝʟʧʝʨʝʨʚʥʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʦʨʤʘʣʴʥʝ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʜʝʥʪʦʨ. ʅʘʚʘʥʪʘʞʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʧʦʢʨʠʪʪʷ ʥʦʩʠʪʴ 

ʥʘʟʚʫ ʢʨʠʪʠʯʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʨʽʟʥʷʶʪʴ ʪʨʠ ʝʪʘʧʠ:  

1) ʧʦʯʘʪʦʢ ʘʜʛʝʟʽʡʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ - ʬʽʢʩʫʻʪʴʩʷ ʧʦ ʧʦʷʚ ̔ʧʝʨʰʠʭ ʪʨʽʱʠʥ;  

2) ʥʝʩʫʯʘ ʟʜʘʪʥʽʩʪʴ - ʤʦʤʝʥʪ ʧʦʯʘʪʢʫ ʚʽʜʰʘʨʫʚʘʥʥʷ;  

3) ʧʦʚʥʝ ʨʫʡʥʫʚʘʥʥʷ - ʧʦʚʥʝ ʚʠʜʘʣʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʤʝʪʦʜʫ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦ ʧʽʜʚʠʱʝʥʘ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʠʣ 

ʪʝʨʪʷ. ʅʘ ʪʦʯʥʽʩʪʴ ʤʝʪʦʜʫ ʚʧʣʠʚʘʶʪʴ:  

1) ʪʚʝʨʜʽʩʪʴ;  

2) ʪʦʚʱʠʥʘ ʧʦʢʨʠʪʪʷ;  

mailto:sia04041972@gmail.com
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3) ʰʦʨʩʪʢʽʩʪʴ ʧʦʚʝʨʭʥʽ;  

4) ʰʚʠʜʢʽʩʪʴ ʧʨʠʢʣʘʜʝʥʘ ʥʘʚʘʥʪʘʞʝʥʥʷ;  

5) ʨʘʜʽʫʩ ʦʢʨʫʛʣʝʥʥʷ ʚʝʨʰʠʥʠ ʽʥʜʝʥʪʦʨʘ;  

6) ʢʦʝʬʽʮʽʻʥʪ ʪʝʨʪʷ ʤʽʞ ʽʥʜʝʥʪʦʨʦʤ ʽ ʧʦʢʨʠʪʪʷʤ. 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʤʝʪʦʜ ʢʽʥʝʪʠʯʥʦʾ 

ʪʚʝʨʜʦʩʪʽ [3, 4]. ʎʝʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʨʠ ʚʜʘʚʣʶʚʘʥʥʽ ʤʽʢʨʦʽʥʜʝʥʪʦʨʘ ʟʘʧʠʩʫʻʪʴʩʷ 

ʜʽʘʛʨʘʤʘ "ʟʫʩʠʣʣʷ - ʧʝʨʝʤʽʱʝʥʥʷ". ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ: 

1) ʚʠʷʚʣʷʪʠ ʩʪʨʫʢʪʫʨʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʤʽʢʨʦʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ; 

2) ʦʮʽʥʶʚʘʪʠ ʨʝʣʘʢʩʘʮʽʡʥʽ ʽ ʧʨʫʞʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ʩʪʨʫʢʪʫʨʠ; 

3) ʦʮʽʥʶʚʘʪʠ ʘʥʽʟʦʪʨʦʧʽʶ; 

4) ʚʠʟʥʘʯʘʪʠ ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʧʦʚʟʫʯʽʩʪʴ, ʛʽʩʪʝʨʝʟʠʩʥʽ ʚʪʨʘʪʠ, ʝʬʝʢʪʠʚʥʫ ʧʦʚʝʨʭʥʝʚʫ 

ʝʥʝʨʛʽʶ; 

5) ʦʮʽʥʶʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

6) ʨʦʟʜʽʣʷʪʠ ʽ ʚʠʟʥʘʯʘʪʠ ʚʽʜʥʦʚʣʝʥʫ ʽ ʥʝʚʽʜʥʦʚʣʶʚʘʥʫ ʪʚʝʨʜʽʩʪʴ; 

7) ʚʠʟʥʘʯʘʪʠ ʝʬʝʢʪʠʚʥʫ ʧʦʚʝʨʭʥʝʚʫ ʝʥʝʨʛʽʶ ʘʙʦ ʚ'ʷʟʢʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ. 

ʅʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤ ʚ ʤʝʪʦʜʽ ʢʽʥʝʤʘʪʠʯʥʦʾ ʪʚʝʨʜʦʩʪʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʘʪʠ ʘʜʛʝʟʽʡʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʥʢʠʭ ʧʦʢʨʠʪʪʽʚ ʚʽʜ 1 ʤʢʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʝʥʦ ʥʘʩʪʫʧʥʝ: 

 - ʢʽʣʴʢʽʩʥʦ ʦʧʠʩʘʥʘ ʢʦʥʪʘʢʪʥʘ ʤʝʭʘʥʽʢʘ ʚʜʘʚʣʝʥʥʷ ʽ ʜʨʷʧʘʥʥʷ ʧʽʨʘʤʽʜʦʶ ʧʦʚʝʨʭʥʽ ʽ 

ʧʦʚʝʨʭʥʽ ʟ ʪʦʥʢʠʤ ʪʚʝʨʜʠʤ ʧʦʢʨʠʪʪʷʤ ʥʘ ʧʣʘʩʪʠʯʥʽʡ ʦʩʥʦʚʽ, ʷʢ ʦʩʥʦʚʘ ʩʢʨʝʯ-ʤʝʪʦʜʫ; 

- ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʽʮʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʝʨʪʷ ʚʚʝʜʝʥʘ ʥʦʚʘ ʚʝʣʠʯʠʥʘ - ʤʝʞʘ ʤʽʮʥʦʩʪʽ 

ʧʨʠ ʢʦʥʪʘʢʪʥʦʤʫ ʩʪʠʩʥʝʥʥʽ; 

- ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʜʥʦʨʽʜʥʦʩʪʽ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʧʦʚʝʨʭʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʝʬʽʮʽʻʥʪ ʚʘʨʽʘʮʽʾ ʤʝʞʽ ʤʽʮʥʦʩʪʽ ʧʦʚʝʨʭʥʽ ʧʨʠ ʜʨʷʧʘʥʥʷ; 

- ʚʩʪʘʥʦʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʨʦʮʝʩʫ ʚ ʤʦʤʝʥʪ ʟʩʫʚʫ ʠʥʜʝʥʪʦʨʘ ʧʨʠ ʜʨʷʧʘʥʥ;̔ 

- ʚʩʪʘʥʦʚʣʝʥʘ ʢʦʨʝʣʷʮʽʷ ʤʽʞ ʩʪʨʫʢʪʫʨʥʦʶ ʥʝʦʜʥʦʨʽʜʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ ʧʦʚʝʨʭʥʽ ʽ ʟʤʽʥʘʤʠ 

ʩʠʣ ʪʝʨʪʷ ʧʨʠ ʜʨʷʧʘʥʥʽ; 
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ʉɽʂʎɯʗ 6  

çʉʋʏɸʉʅɯ ɽʌɽʂʊʀɺʅɯ ʊɽʍʅʆʃʆɻɯɰ ʊɸ ʄɽʊʆɼʀ ʈʆɿʈɸʍʋʅʂɯɺ 

ʋ ɹʋɼɯɺʅʀʎʊɺɯ. ʊɽʍʅʆɻɽʅʅɸ ɹɽɿʇɽʂɸè 
 

ʋɼʂ 697.1 

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

ʉʘʭʥʦ ɭ. ʖ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɹʫʨʝʥʽʥ ʆ. ɯ., ʩʪʫʜʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, evsakhno@ukr.net 

ʇʈʆɺɽɼɽʅʅʗ ʊɽʇʃʆɺɯɿɯʁʅʆɻʆ ʄʆʅɯʊʆʈʀʅɻʋ ʄɸʃʆʇʆɺɽʈʍʆɺʀʍ 

ɹʋɼɯɺɽʃʔ ʊɸ ʉʇʆʈʋɼ 

ʇʨʦʙʣʝʤʘ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʦʶ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ 

ʨʦʟʚʠʪʢʫ ʋʢʨʘʾʥʠ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʟʘʜʘʯʘ, ʷʢʫ ʨʦʟʚôʷʟʫʶʪʴ ʘʚʪʦʨʠ ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʜʦʧʦʚʽʜʽ, 

ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʢʦʤʧʣʝʢʩʥʦ ʚ ʨʘʤʢʘʭ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʩʪʦʨʫ, ʱʦ ʧʦʻʜʥʫʻ 

ʚ ʩʦʙʽ ʧʨʦʮʝʩʠ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ, ʦʮʽʥʢʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʟ 

ʚʨʘʭʫʚʘʥʥʷʤ ʜʝʨʞʘʚʥʠʭ ʪʘ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ ʪʘ ʧʨʦʮʝʩʽʚ ʧʨʠʡʥʷʪʪʷ ʫʧʨʘʚʣʽʥʩʴʢʠʭ 

ʨʽʰʝʥʴ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʦʙôʻʢʪʫ ʰʣʷʭʦʤ ʨʦʟʨʦʙʢʠ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʽʥʚʝʩʪʠʮʽʡʥʦʛʦ ʧʨʦʝʢʪʫ 

ʝʥʝʨʛʦʟʘʭʠʩʪʫ. ʊʦʤʫ ʧʨʦʮʝʩʠ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥ ̫ ʤʦʥʽʪʦʨʠʥʛʫ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ 

ʙʫʜʽʚʝʣʴ ʩʣʽʜ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʻʜʠʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ ʪʘ ʝʢʦʥʦʤʽʾ ʬʽʥʘʥʩʦʚʠʭ ʨʝʩʫʨʩʽʚ ʥʘ ʦʧʘʣʝʥʥʷ [1,2]. 

ʅʦʚʠʟʥʘ ʥʘʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʣʷʛʘʻ ʫ ʧʨʦʚʝʜʝʥʥʽ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʪʚʦʨʝʥʥʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʧʨʠʥʮʠʧʘʭ ʥʝʯʽʪʢʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʷʢʫ 

ʨʝʢʦʤʝʥʜʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʪʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʡʦʛʦ 

ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʷʚʣʷʻ ʩʦʙʦʶ ʢʦʤʧʣʝʢʩ ʩʢʣʘʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʬʘʢʪʦʨʽʚ, ʱʦ ʽʩʪʦʪʥʦ 

ʚʧʣʠʚʘʶʪʴ ʦʜʠʥ ʥʘ ʦʜʥʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʢʣʶʯʦʚʠʤ ʟʘʩʦʙʦʤ ʘʥʘʣʽʟʫ ʨʝʟʫʣʴʪʘʪʽʚ 

ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ ʤʦʥʽʪʦʨʠʥʛʫ ʙʫʜʽʚʝʣʴ ʪʘ ʩʧʦʨʫʜ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʬʘʢʪʦʨʽʚ ʥʘ ʦʙôʻʢʪ ʫʧʨʘʚʣʽʥʥʷ ʜʣʷ ʧʝʨʝʚʦʜʫ ʩʠʩʪʝʤʠ ʟ ʧʦʯʘʪʢʦʚʦʛʦ ʩʪʘʥʫ ʚ ʢʽʥʮʝʚʠʡ. 

ʊʘʢʦʞ ʚ ʨʦʙʦʪʽ ʨʦʟʨʦʙʣʝʥʦ ʯʦʪʠʨʴʦʭʨʽʚʥʝʚʫ ʤʦʜʝʣʴ ʚʽʟʫʘʣʴʥʦ ï ʦʙôʻʢʪʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʧʦʚôʷʟʫʻ ʨʽʚʝʥʴ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ 

ʙʫʜʽʚʝʣʴ ʟ ʨʽʚʥʝʤ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʦʚʠʪʨʘʪ [3]. 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʘʥʽʡ ʥʘʫʢʦʚʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʦʙʨʘʥʦ ʪʨʴʦʭʧʦʚʝʨʭʦʚʠʡ ʢʦʨʧʫʩ 

 ̄22 ʏʝʨʥʽʛʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ 

ʚʫʣʠʮʝʶ ɹ̒ʣʦʚʘ,4 ʤ. ʏʝʨʥʽʛʦʚʘ. ɺ ʜʦʩʣʽʜʘʭ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʧʨʝʜʩʪʘʚʥʠʢʠ ʧʽʜʧʨʠʻʤʩʪʚʘ 

çʊʝʧʣʦʧʘʨ+è ʪʘ ʩʪʫʜʝʥʪʠ 3-ʛʦ ʢʫʨʩʫ ʛʨ. ɺʈ-151, ʩʧʝʮʽʘʣʴʥʦʩʪʽ 192 çɹʫʜʽʚʥʠʮʪʚʦ ʪʘ 

ʮʠʚʽʣʴʥʘ ʽʥʞʝʥʝʨʽʷè, ʩʧʝʮʽʘʣʽʟʘʮʽʷ çɻʽʜʨʦʪʝʭʥʽʢʘ (ʚʦʜʥʽ ʨʝʩʫʨʩʠ)è ʥʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʦʛʦ 

ʽʥʩʪʠʪʫʪʫ ʙʫʜʽʚʥʠʮʪʚʘ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 120 ʟʘʤʽʨʽʚ ʚʪʨʘʪ ʪʝʧʣʘ, ʷʢ ʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ 

ʙʫʜʽʚʣʽ ʪʘʢ ʽ ʚʩʝʨʝʜʠʥʽ ʧʨʠʤʽʱʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʧʣʦʚʽʟʦʨʘ Testo 875-1,̔ ʩʝʨʽʡʥʠʡ 

ʥʦʤʝʨ 60470428. ʇʽʩʣʷ ʦʙʨʦʙʢʠ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

çTesto Softwareè ʙʫʣʦ ʚʠʷʚʣʝʥʦ çʪʦʯʢʠ ʭʦʣʦʜʫè ʚ ʙʫʜʽʚʣʽ (ʨʠʩ 1), ʷʢʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʦʩʥʦʚʥʽ 

ʚʪʨʘʪʠ ʪʝʧʣʘ ʧʨʠʧʘʜʘʶʪʴ ʥʘ ʩʪʠʢʠ ʧʘʥʝʣʝʡ ʧʝʨʝʢʨʠʪʪʷ ʟ ʬʘʩʘʜʘʤʠ ʙʫʜʽʚʣʽ, ʚʽʢʥʘ ʪʘ 

ʦʧʘʣʶʚʘʣʴʥʽ ʙʘʪʘʨʝʾ, ʷʢʽ ʩʚʽʪʷʪʴʩʷ ʷʩʢʨʘʚʦ ʯʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʥʘ ʬʘʩʘʜʽ ʩʧʦʨʫʜʠ [4,5]. 

ɺ ʜʦʧʦʚʽʜʽ ʪʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʽʟʽʡʥʦʛʦ 

ʤʦʥʽʪʦʨʠʥʛʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʽʚ ʥʝʯʽʪʢʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʤʘʶʪʴ: ʧʨʦʛʨʘʤʥʠʡ ʤʦʜʫʣʴ çʊʝʨʤʦʛʨʘʬʽʷè ʜʣʷ ʦʮʽʥʢʠ 

ʩʪʘʥʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ, ʤʦʜʫʣʴ çʈʘʥʛè, ʱʦ ʚʠʟʥʘʯʘʻ ʚʧʣʠʚ ʬʘʢʪʦʨʽʚ ʥʘ ʦʙôʻʢʪ 

ʫʧʨʘʚʣʽʥʥʷ, ʘ ʪʘʢʦʞ ʤʦʜʫʣʴ çʄʦʥʽʪʦʨʠʥʛ ʝʥʝʨʛʦʦʱʘʜʥʦʩʪʽ ʫ ʤʽʩʴʢʠʭ ʙʫʜʽʚʣʷʭè, ʷʢʠʡ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʧʨʠʡʥʷʪʠ ʫʧʨʘʚʣʽʥʩʴʢʝ ʨʽʰʝʥʥʷ ʱʦʜʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʙʫʜʽʚʝʣʴʥʦʛʦ ʦʙôʻʢʪʫ.  
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ʋ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʷʚʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʠ ʦʮʽʥʮʽ ʽ ʤʦʜʝʣʶʚʘʥʥʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʦʙôʻʢʪʽʚ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘ ʮʝʡ ʯʘʩ ʧʠʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʥʷ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ ʰʚʠʜʢʽʩʪʴ ʪʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ, ʜʦʩʣʽʜʞʝʥʦ 

ʥʝʜʦʩʪʘʪʥʴʦ [6]. 

 
ʘ)        ʙ) 

 
ʚ) 

ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʠ ʪʝʧʣʦʚʽʟʽʡʥʦʾ ʟʡʦʤʢʠ ʙʫʜʽʚʣʽ: ʘ) ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʢʦʨʧʫʩʫ ˉ22 ʏʅʊʋ; 

ʙ) ʚʪʨʘʪʠ ʪʝʧʣʘ ʚ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ; ʚ) ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʫʟʜʦʚʞ ʣʽʥʽʾ 

ʧʨʦʬʽʣʶ ʟʘ ʨʠʩ. ʙ) 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʮʝʩ ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʜʙʘʯʘʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʟ̔ʥʦʨʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʧʨʠ ʨʦʟʨʦʙʣʝʥʥʽ ʽʥʪʝʛʨʦʚʘʥʦʾ 

ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʟʽ ʩʪʚʦʨʝʥʥʷ ʻʜʠʥʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʩʪʦʨʫ ʟ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʘʥʘʣʽʟʫ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ 

ʝʥʝʨʛʦʦʱʘʜʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʨʝʢʦʥʩʪʨʫʢʮʽʾ. ʊʘʢʦʞ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʘʥʘʣʽʟʫ ʢʨʠʪʝʨʽʾʚ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʦʥʽʪʦʨʠʥʛʫ ʚʠʷʚʣʝʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʚʨʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʨʘʭʫʚʘʪʠ ʷʢʽʩʥʽ ʦʮʽʥʢʠ ʝʢʩʧʝʨʪʽʚ, ʘ ʥʘʡʙʽʣʴʰ ʚʧʣʠʚʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ 

ʧʦʙʫʜʦʚʽ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʻ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʦʙôʻʤ 

ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʠʩʪʨʦʾʚ. 
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ʆʇʓʊ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʀ ɺʓʇʆʃʅɽʅʀʗ ʀʅʒɽʂʎʀʆʅʅʆɻʆ 

ʋʇʈʆʏʅɽʅʀʗ ɻʈʋʅʊʆɺ ɺ ʆʉʅʆɺɸʅʀʗʍ ʌʋʅɼɸʄɽʅʊʆɺ ʇʆʃʀʄɽʈʅʓʄʀ 

ʉʄɽʉʗʄʀ ʅɸ ʆɹʒɽʂʊɸʍ ʈɽʉʇʋɹʃʀʂʀ ɹɽʃɸʈʋʉʔ 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʩʞʠʤʘʝʤʦʩʪʴʶ ʠ ʤʘʣʦʡ ʧʨʦʯʥʦʩʪʴʶ ʚ ʦʩʥʦʚʘʥʠʷʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʳʝ 

ʩʧʦʩʦʙʳ. ʀʟ ʥʠʭ ʚ ɹʝʣʘʨʫʩʠ ʚʩʝ ʙʦʣʴʰʝ ʧʨʠʤʝʥʷʶʪ ʩʧʦʩʦʙʳ ʮʝʤʝʥʪʘʮʠʦʥʥʦʛʦ 

ʫʧʨʦʯʥʝʥʠʷ [1-6], ʢʦʪʦʨʳʝ ʙʘʟʠʨʫʪʁʩʷ ʥʘ ʦʧʨʝʩʩʦʚʢʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʛʨʫʥʪʦʚ 

ʟʘʢʘʯʠʚʘʝʤʳʤʠ ʚ ʥʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘʤʠ ʩ ʚʦʜʦʮʝʤʝʥʪʥʳʤ ʦʪʥʦʰʝʥʠʝʤ (ɺ/ʎ) 

ʙʦʣʝʝ 0,4. ʇʨʠ ʥʠʟʢʦʥʘʧʦʨʥʦʡ ʠʥʲʝʢʮʠʠ ʜʘʚʣʝʥʠʝ ʩʦʟʜʘʶʪ 0,5 ʜʦ 1,0 ʄʇʘ, ʘ ʩʚʳʰʝ 40 

ʄʇʘ ï ʧʨʠ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʠʣʠ ʩʪʨʫʡʥʦʡ (jet-grouting) [5, 6].  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʨʫʥʪ ʦʧʨʝʩʩʦʚʳʚʘʪʁ ʙʝʟ ʧʨʦʧʠʪʢʠ ʨʘʩʪʚʦʨʦʤ [1-5], ʘ ʝʛʦ ʩʚʦʡʩʪʚʘ 

ʫʣʫʯʰʘʶʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʧʦʨʠʩʪʦʩʪʠ ʠ ʘʨʤʠʨʦʚʘʥʠʷ ʮʝʤʝʥʪʥʦ-ʢʘʤʝʥʥʳʤʠ ʪʝʣʘʤʠ. 

ʀʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʚʦʜʦʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʜʨʝʥʠʨʦʚʘʪʴ ʚʦʜʫ ʠʟ ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʦʪ ʟʥʘʯʝʥʠʡ ʝʛʦ ɺ/ʎ. ʇʝʩʢʠ ʚʦʜʫ ʧʦʛʣʦʱʘʶʪ, 

ʫʩʢʦʨʷʷ ʥʘʙʦʨ ʧʨʦʯʥʦʩʪʠ ʢʘʤʥʝʤ, ʘ ʛʣʠʥʠʩʪʳʝ ʠʟʙʳʪʦʯʥʦ ʫʚʣʘʞʥʷʶʪʩʷ, ʩʠʣʴʥʦ ʟʘʤʝʜʣʷʷ 

ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʳʤ ʨʘʩʪʚʦʨʦʤ ʙʦʣʝʝ ʤʝʩʷʮʘ [3, 4], ʘ ʤʝʨʳ 

ʜʨʝʥʠʨʦʚʘʥʠ ̫ʠʟʙʳʪʦʯʥʦʡ ʚʦʜʳ ʠʟ ʥʝʛʦ ʠ ʛʨʫʥʪʘ ʯʨʝʟʤʝʨʥʦ ʩʣʦʞʥʳ.  

ʅʠʟʢʦʥʘʧʦʨʥʘʷ ʠʥʲʝʢʮʠʷ ʦʪʣʠʯʘʝʪʩʷ ʧʨʠʝʤʘʤʠ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥ ʠ ʟʘʢʘʯʢʠ ʨʘʩʪʚʦʨʘ, 

ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʳʭ ʜʝʪʘʣʴʥʦ ʦʪʨʘʞʝʥʳ ʚ [1-5]. ʏʘʱʝ ʚʩʝʛʦ ʨʘʩʪʚʦʨ ʟʘʢʘʯʠʚʘʶʪ ʚ ʛʨʫʥʪ 

ʯʝʨʝʟ ʙʫʨʠʣʴʥʳʝ ʦʙʩʘʜʥʳʝ ʪʨʫʙʳ ʧʦ ʩʠʩʪʝʤʝ ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ çɹʘʫʵʨè [2] ʠʣʠ 

ʟʘʪʘʤʧʦʥʠʨʦʚʘʥʥʳʝ ʚ ʩʢʚʘʞʠʥʝ ʠʥʲʝʢʪʦʨʳ, ʥʦ ʧʨʠ ʥʝʫʧʨʘʚʣʷʝʤʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʩʭʦʜʷʪ 

ʫʪʝʯʢʠ ʨʘʩʪʚʦʨʘ ʚʥʝ ʟʦʥʳ ʫʧʨʦʯʥʝʥʠʷ ʧʦ ʩʣʘʙʳʤ ʧʨʦʩʣʦʡʢʘʤ ʠ ʢʦʥʪʘʢʪʘʤ ʩʣʦʝʚ ʩ 

ʪʨʫʙʘʤʠ. ʕʬʬʝʢʪʠʚʥʝʝ ʫʧʨʘʚʣʷʝʤʘʷ ʧʦʷʨʫʩʥʘʷ ʠʥʲʝʢʮʠʷ ʯʝʨʝʟ ʠʥʚʝʥʪʘʨʥʳʡ ʠʥʲʝʢʪʦʨ ʩ 

ʦʙʪʶʨʘʪʦʨʦʤ  ʚ ʤʘʥʞʝʪʥʦʡ ʪʨʫʙʢʝ [2] ʧʦ ʩʠʩʪʝʤʝ ʬʨʘʥʮʫʟʩʢʦʡ ʬʠʨʤʳ çʉʦʣʝʪʘʥʰè.  

ʇʨʠ ʚʳʩʦʢʦʥʘʧʦʨʥʦʡ ʠʥʲʝʢʮʠʠ [5, 6] ʛʨʫʥʪ ʨʘʟʤʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨʦʤ ʠ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ 

ʥʠʤ, ʧʨʠʯʝʤ ʚ ʧʝʩʢʘʭ ʩʤʝʩʴ ʙʳʩʪʨʦ ʜʨʝʥʠʨʫʝʪ ʠ ʥʘʙʠʨʘʝʪ ʧʨʦʯʥʦʩʪʴ, ʥʦ ʚ ʛʣʠʥʠʩʪʦʤ 

ʛʨʫʥʪʝ ʙʝʟ ʤʝʨ ʧʦ ʜʨʝʥʠʨʦʚʘʥʠ ʁʦʩʪʘʝʪʩʷ ʚ ʢʘʰʝʦʙʨʘʟʥʦʤ ʚʠʜʝ ʜʦ ʧʦʣʫʛʦʜʘ.   

ʅʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʫʩʪʨʘʥʷʝʪ ʪʝʭʥʦʣʦʛʠʷ Uretek ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʦʚ 

ʧʦʣʠʤʝʨʥʳʤʠ ʩʤʝʩʷʤʠ [7]. ʇʨʠ ʟʘʢʘʯʢʝ ʚ ʛʨʫʥʪ ʠ ʩʤʝʰʠʚʘʥʠʠ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʯʝʨʝʟ 10-

20 ʩʝʢʫʥʜ  ʩʤʝʩʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʙʲʝʤʝ ʩʚʦʙʦʜʥʦ ʜʦ 20 ʨʘʟ (ʨʠʩ. 1), ʚ ʛʨʫʥʪʝ ʜʦ 10 ʨʘʟ ʠ 

ʯʝʨʝʟ 15-20 ʤʠʥʫʪ ʥʘʙʠʨʘʝʪ  ʧʨʦʯʥʦʩʪʴ, ʘ ʦʪ ʨʘʩʧʦʨʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʠ 

ʧʨʦʥʠʢʘʝʪ ʚ ʧʦʨʳ.  

ɺ ʪʝʭʥʦʣʦʛʠʠ Uretek ʜʣʷ ʟʘʢʘʯʢʠ  ʩʤʝʩʠ ʩʢʚʘʞʠʥʳ ʤʘʣʦʛʦ ʜʠʘʤʝʪʨʘ ʜʦ ʛʣʫʙʠʥ 7 ʤ ʙʫʨʷʪ 

ʧʝʨʬʦʨʘʪʦʨʦʤ HILTI 70-ATC ʤʦʱʥʦʩʪʴʶ 1500 ɺʪ ʩ ʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʨʦʚʦʡ ʛʦʣʦʚʢʠ ʚ 

ʛʨʫʥʪʘʭ, ʘ ʜʣʷ ʩʚʝʨʣʝʥʠʷ ʯʝʨʝʟ ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ, ʦʪʤʦʩʪʢʫ, ʧʦʣʳ ʠʣʠ ʢʣʘʜʢʫ ʬʫʥʜʘʤʝʥʪʘ 

- ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʜʦʣʦʪʘ, ʘʣʤʘʟʥʦʡ ʢʦʨʦʥʢʠ ʠʣʠ ʰʘʨʦʰʢʠ ʩ Ï 12 - 32 ʤʤ (ʨʠʩ.2ʘ). ʀʭ 

ʠʟʚʣʝʢʘʶʪ ʠʟ ʩʢʚʘʞʠʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʛʠʜʨʦʮʠʣʠʥʜʨʦʚ (ʨʠʩ. 2ʚ). ʊʘʢʘʷ ʠʥʲʝʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʫʧʨʘʚʣʷʝʤʦʡ ʙʝʟ ʫʪʝʯʝʢ ʩʤʝʩʠ ʚʥʝ ʟʦʥʳ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʘ, ʘ ʜʣʷ   ʟʘʢʘʯʢʠ ʩʤʝʩʠ ʚ 

ʩʢʚʘʞʠʥʳ ʥʘ ʢʘʞʜʳʡ ʠʟ ʷʨʫʩʦʚ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʦ ʦʜʥʦʡ ʪʨʫʙʢʝ Ï12ʭ1.0 ʤʤ.  

ɺ ʄʠʥʩʢʝ ʆʆʆ çɻʝʦʧʦʣʠʤʝʨè [7] ʦʙʣʘʜʘʝʪ ʪʝʭʥʦʣʦʛʠʝʡ Uretek, ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʜʣʷ 

ʥʝʝ, ʣʘʟʝʨʥʳʤ ʥʠʚʝʣʠʨʦʤ ʜʣʷ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʧʦʣʦʞʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʚʦʡʩʪʚʘ ʛʨʫʥʪʦʚ ʜʦ ʠ ʧʦʩʣʝ ʫʧʨʦʯʥʝʥʠʷ ʦʮʝʥʠʚʘʶʪ ʜʠʥʘʤʠʯʝʩʢʠʤ ʟʦʥʜʠʨʦʚʘʥʠʝʤ (ʨʠʩ. 

2ʙ), ʚʳʷʚʣʷʪʁ ʦʙʲʝʤʳ ʪʨʝʙʫʝʤʳ ʤʝʨ ʠ ʠʭ ʢʘʯʝʩʪʚʦ, ʘ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʧʨʦʩʯʝʪʦʚ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʠʭ ʫʩʪʨʘʥʷʪʁ. 
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ɼʣʷ ʫʧʨʦʯʥʝʥʠ ̫ʛʨʫʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ DEEP INJECTIONS. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʙʳʣʠ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʳ ʥʝʨʘʚʥʦʤʝʨʥʳʝ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʦʚ ʤʥʦʛʠʭ ʜʦʤʦʚ ʠ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʟʜʘʥʠʡ, ʩʠʣʦʚʳʭ ʧʦʣʦʚ ʚ ʩʢʣʘʜʩʢʠʭ ʧʦʤʝʱʝʥʠʷʭ ʥʘ ʨʷʜʝ ʦʙʲʝʢʪʦʚ ɹʝʣʘʨʫʩʠ [7]. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʥʦʝ ʆʆʆ çɻʝʦʧʦʣʠʤʝʨè ʢʦʥʪʨʦʣʴʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʚʥʫʪʨʠ ʠ 

ʩʥʘʨʫʞʠ ʟʜʘʥʠʷ ʛʘʟʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ʉʆʆ çʂʦʥʪʝ ʉʧʘè ʚ ʛ. ɻʨʦʜʥʦ ʧʦʟʚʦʣʠʣʦ ʫʪʦʯʥʠʪʴ 

ʦʙʲʝʤʳ ʠ ʨʘʟʤʝʨʳ ʨʘʟʫʧʨʦʯʥʝʥʥʳʭ ʟʦʥ ʚ ʦʩʥʦʚʘʥʠʠ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʫʜʘʣʦʩʴ  ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʟʘʢʘʯʢʠ ʩʤʝʩʝʡ Uretek ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʛʨʫʥʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʇʏʋʇ çʄʦʥʦʨʧʘʢʫʨʩè ʧʨʦʝʢʪʦʤ ʥʘ ʙʘʟʝ ʚʳʧʦʣʥʝʥʥʳʭ 

ʟʜʝʩʴ ʏʇ çʉʤʘʨʪɻʝʦè ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ ʠ ʟʘʢʣʶʯʝʥʠʷ ʆʆʆ 

çʊʝʭʕʢʩʧʝʨʪʈʝʢʦʥʩʪʨʫʢʮʠʷè.  
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ʈʠʩ. 1 ï ʋʚʝʣʠʯʝʥʥʳʡ 

ʦʙʲʝʤ ʟʘʪʚʝʨʜʝʚʰʝʡ 

ʧʦʣʠʤʝʨʥʦʡ ʩʤʝʩʠ ʧʨʠ ʝʝ 

ʟʘʢʘʯʢʝ ʚ ʤʝʰʦʢ ʧʨʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʚʦʙʦʜʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ 

ʈʠʩ. 2 ï ʇʨʦʭʦʜʢʘ ʩʢʚʘʞʠʥʳ ʚʥʫʪʨʠ ʢʦʪʝʣʴʥʦʡ ʉʆʆ çʂʦʥʪʝ ʉʧʘè ʯʝʨʝʟ 

ʚʳʩʚʝʨʣʝʥʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚ ʙʝʪʦʥʥʦʤ ʧʦʣʫ (ʘ), ʠʟʚʣʝʯʝʥʠʝ ʰʪʘʥʛ ʙʫʨʘ 

ʠʣʠ ʟʦʥʜʘ ʠʟ ʩʢʚʘʞʠʥʳ (ʙ) ʠ ʜʠʥʘʤʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʛʨʫʥʪʘ ʚ 

ʩʢʚʘʞʠʥʝ (ʚ) 
 

ʇʦʜʲʝʤ ʩ ʚʳʨʘʚʥʠʚʘʥʠʝʤ ʠ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʦʩʘʜʦʢ ʬʫʥʜʘʤʝʥʪʦʚ ʠ ʧʣʠʪ  ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʝʭʥʦʣʦʛʠʷ SLAB LIFTING ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʜʘʚʣʝʥʠʠ ʦʪ ʨʘʩʰʠʨʝʥʠʷ ʩʤʝʩʠ. ʇʨʠʤʝʨʘʤʠ 

ʩʣʫʞʘʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʩʝʚʰʠʭ ʧʣʠʪ ʚʟʣʝʪʥʦʛʦ ʧʦʣʷ ʚ ʘʵʨʦʧʦʨʪʫ (ʨʠʩ. 3) ʠ 

ʜʦʨʦʞʥʦʛʦ ʧʦʣʦʪʥʘ ʥʘ ʄʂɸɼ (ʨʠʩ. 4). ʇʨʠ ʵʪʦʤ ʥʘ ʄʂɸɼ ʧʦʜʲʝʤ ʧʣʠʪ ʜʦʩʪʠʛ 60 ʤʤ, ʘ ʠʭ 

ʦʙʱʘʷ ʧʣʦʱʘʜʴ ʩʦʩʪʘʚʠʣʘ  300 ʤ
2, ʧʨʠʯʝʤ ʨʝʤʦʥʪʥʳʝ ʨʘʙʦʪʳ ʟʘʥʷʣʠ ʚʩʝʛʦ 3 ʜʥʷ [7].   

 

 
ʈʠʩ. 3 ï ʈʘʙʦʪʳ ʧʦ ʚʳʨʘʚʥʠʚʘʥʠʶ 

ʧʣʠʪʳ ʨʫʣʝʞʥʦʡ ʜʦʨʦʞʢʠ ʚ 

ʘʵʨʦʧʦʨʪʫ  

 
ʈʠʩ. 4 ï ʈʘʙʦʪʳ ʧʦ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʧʣʠʪ ʜʦʨʦʞʥʦʛʦ 

ʧʦʣʦʪʥʘ ʥʘ ʫʯʘʩʪʢʝ 2-ʡ ʄʂɸɼ 
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ʉʋʏɸʉʅɯ ɽʌɽʂʊʀɺʅɯ ʉʊɯʅʆɺɯ ʄɸʊɽʈɯɸʃʀ-ʊʆɺɸʈʆɿɸʄɯʅʅʀʂʀ 

ɺ ʫʤʦʚʘʭ ʝʢʦʥʦʤʽʯʥʦʾ ʢʨʠʟʠ ʙʫʜʽʚʝʣʴʥʠʡ ʢʦʤʧʣʝʢʩ ʋʢʨʘʾʥʠ ʥʘʜʟʚʠʯʘʡʥʦ ʧʦʪʨʝʙʫʻ 

ʥʝʜʦʨʦʛʠʭ ʚʠʩʦʢʦʷʢʽʩʥʠʭ ʩʪʽʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʆʜʥʠʤ ʟ ʝʬʝʢʪʠʚʥʠʭ ʪʦʚʘʨʦʟʘʤʽʥʥʠʢʽʚ 

ʣʠʮʴʦʚʦʾ ʢʝʨʘʤʽʯʥʦʾ ʮʝʛʣʠ ʻ ʢʦʣʴʦʨʦʚʘ ʩʠʣʽʢʘʪʥʘ ʮʝʛʣʘ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʚʧʣʠʚ ʢʦʣʴʦʨʦʚʠʭ ʙʘʨʚʥʠʢʽʚ (ʧʽʛʤʝʥʪʽʚ), ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ 

ʢʦʣʴʦʨʦʚʦʾ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ, ʥʘ ʾʾ ʷʢʽʩʪʴ. ʇʽʛʤʝʥʪʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʜʣʷ ʦʙôʻʤʥʦʛʦ ʪʘ 

ʧʦʚʝʨʭʥʝʚʦʛʦ ʬʘʨʙʫʚʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ.  

ɺ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʰʽʩʪʴ ʚʠʜʽʚ ʧʽʛʤʝʥʪʽʚ: ʟʘʣʽʟʥʠʡ ʩʫʨʠʢ ʪʘ ʦʭʨʘ, ʱʦ ʙʫʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʟʘʣʽʟʦʦʢʠʩʥʠʤʠ (ʦʢʩʠʛʽʜʨʦʦʢʩʠʜ ʟʘʣʽʟʘ) 313 ʽ 248; ʤʽʥʝʨʘʣʴʥʽ ʧʽʛʤʝʥʪʠ 

ʥʽʤʝʮʴʢʦʾ ʬʽʨʤʠ Caparol 16 oxid braun ʪʘ Caparol 01 oxid gelb; ʪʘ ʘʣʢʽʜʥʽ ʬʘʨʙʠ ʬʽʨʤʠ 

Zebra ʞʦʚʪʦʛʦ (855) ʪʘ ʯʝʨʚʦʥʦʛʦ (875) ʢʦʣʴʨʽʚ.  

ʗʢʽʩʪʴ ʢʦʣʴʦʨʦʚʦʾ ʮʝʛʣʠ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ ʪʘʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʩʚʽʪʣʦʩʪʽʡʢʽʩʪʴ; 

- ʣʫʛʦʩʪʽʡʢʽʩʪʴ; 

- ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ. 

ʂʦʣʽʨ ʧʽʛʤʝʥʪʽʚ ʚʠʟʥʘʯʘʚʩʷ ʟʘ ʪʨʴʦʤʘ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ: 

- ʢʦʣʴʦʨʦʚʠʡ ʪʦʥ; 

- ʷʨʢʽʩʪʴ; 

- ʥʘʩʠʯʝʥʽʩʪʴ. 

ʎʽ ʧʦʢʘʟʥʠʢʠ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʣʦʨʠʤʝʪʨʽʚ ʪʘ ʢʦʣʴʦʨʦʚʠʭ ʰʢʘʣ. 

ʃʫʞʥʫ ʩʪʽʡʢʽʩʪʴ ʧʽʛʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʽʛʤʝʥʪ ʟʤʽʰʫʚʘʣʠ ʟ ʚʘʧʥʷʥʠʤ 

ʤʦʣʦʢʦʤ (ʚ ʧʝʚʥʠʭ ʧʨʦʧʦʨʮʽʷʭ) ʪʘ ʚʠʪʨʠʤʫʚʘʣʠ ʫ ʩʢʣʷʥʦʤʫ ʧʦʩʫʜʽ ʜʚʽ ʜʦʙʠ. ʇʽʩʣʷ ʯʦʛʦ 

ʚʽʜʙʠʨʘʣʠ ʧʨʦʙʫ, ʷʢʫ ʧʦʨʽʚʥʶʚʘʣʠ ʟ ʢʦʥʪʨʦʣʴʥʠʤ ʟʨʘʟʢʦʤ (ʧʽʛʤʝʥʪ, ʱʦ ʟʙʝʨʽʛʘʚʩʷ ʜʚʽ ʜʦʙʠ 

ʫ ʚʦʜʽ). ʗʢʱʦ ʢʦʣʽʨ ʨʦʟʯʠʥʫ ʟ ʧʽʛʤʝʥʪʦʤ ʩʧʽʚʧʘʜʘʚ ʟ ʢʦʥʪʨʦʣʴʥʠʤ, ʚʚʘʞʘʣʠ, ʱʦ ʧʽʛʤʝʥʪ 

ʩʪʽʡʢʠʡ ʜʦ ʜʽʾ ʚʘʧʥʘ. 

ʂʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ ʧʽʛʤʝʥʪʘ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʟʤʽʰʫʚʘʥʥʷ ʟ 5-ʧʨʦʮʝʥʪʥʠʤ ʨʦʟʯʠʥʦʤ 

ʩʦʣʷʥʦʾ ʢʠʩʣʦʪʠ. ʗʢʱʦ ʧʽʛʤʝʥʪ ʤʘʻ ʜʦʩʪʘʪʥʶ ʢʠʩʣʦʪʦʩʪʽʡʢʽʩʪʴ, ʪʦ ʢʦʣʴʦʨʥʠʡ ʪʦʥ ʩʫʤʽʰʽ 

ʥʝ ʟʤʽʥʶʻʪʴʩʷ ʽ ʩʧʽʚʧʘʜʘʻ ʟ ʢʦʣʴʦʨʦʤ ʢʦʥʪʨʦʣʴʥʦʾ ʩʫʤʽʰʽ. 

ʉʚʽʪʣʦʩʪʽʡʢʽʩʪʴ ʧʽʛʤʝʥʪʽʚ ʚʠʟʥʘʯʘʣʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʯʘʩʪʠʥ ʧʦʬʘʨʙʦʚʘʥʦʛʦ ʟʨʘʟʢʘ 

(ʜʝʨʝʚʥʦʚʦʣʦʢʥʠʩʪʫ ʧʣʠʪʫ ʧʦʢʨʠʚʘʣʠ ʩʫʤʽʰʰʶ ʚʘʧʥʷʥʦʛʦ ʤʦʣʦʢʘ ʟ ʧʽʛʤʝʥʪʦʤ, ʧʦʪʽʤ 

ʜʽʣʠʣʠ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ, ʦʜʥʫ ʟ ʷʢʠʭ ʟʙʝʨʽʛʘʣʠ ʫ ʪʝʤʥʦʤʫ ʤʽʩʮʽ, ʘ ʽʥʰʫ ï ʧʽʜ ʩʢʣʦʤ 

ʚʠʪʨʠʤʫʚʘʣʠ ʧʽʚʨʦʢʫ ʧʽʜ ʜʽʻʶ ʩʦʥʷʯʥʠʭ ʧʨʦʤʝʥʽʚ. ʇʽʩʣʷ ʯʦʛʦ ʧʦʨʽʚʥʶʚʘʣʠ ʢʦʣʴʦʨʦʚʠʡ 

ʪʦʥ ʟʨʘʟʢʽʚ. 

ʏʦʪʠʨʠ ʟʨʘʟʢʠ ʤʽʥʝʨʘʣʴʥʠʭ ʧʽʛʤʝʥʪʽʚ ʫʩʧʽʰʥʦ ʧʨʦʡʰʣʠ ʚʩʽ ʚʠʧʨʦʙʫʚʘʥʥʷ. ɼʝʷʢʫ ʚʪʨʘʪʫ 

ʥʘʩʠʯʝʥʦʩʪʽ ʢʦʣʴʦʨʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʘʣʢʽʜʥʽ ʬʘʨʙʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ 
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ʟʘʪʨʘʪʥʠʤ ʻ ʚʠʨʦʙʥʠʮʪʚʦ ʢʦʣʴʦʨʦʚʦʾ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʟʘ ʩʧʦʩʦʙʦʤ ʦʙôʻʤʥʦʛʦ ʬʘʨʙʫʚʘʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ: ʪʦʯʥʽʩʪʴ ʜʦʟʫʚʘʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ; ʨʝʪʝʣʴʥʝ 

ʧʝʨʝʤʽʰʫʚʘʥʥʷ ʩʠʨʦʚʠʥʥʦʾ ʩʫʤʽʰʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʢʣʘʜʫ ʪʘ ʙʘʞʘʥʦʛʦ 

ʢʦʣʴʦʨʫ; ʚʠʩʦʢʽ ʚʠʤʦʛʠ ʜʦ ʛʝʦʤʝʪʨʠʯʥʠʭ ʨʦʟʤʽʨʽʚ ʽ ʤʽʮʥʦʩʪʽ ʛʦʪʦʚʦʾ ʮʝʛʣʠ; ʚʽʜʩʫʪʥʽʩʪʴ ʘʙʦ 

ʥʝʚʝʣʠʢʠʡ ʚʤʽʩʪ ʛʽʜʨʦʢʩʠʜʫ ʚʘʧʥʘ ʫ ʛʦʪʦʚʠʭ ʚʠʨʦʙʘʭ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʦʜʥʦʢʦʣʽʨʥʽʩʪʴ ʮʝʛʣʠ 

ʚ ʧʘʨʪʽʷʭ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʉʪʽʡʢʠʡ ʷʩʢʨʘʚʠʡ ʢʦʣʽʨ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʦ ʚʤʽʩʪʽ ʤʽʥʝʨʘʣʴʥʦʛʦ 

ʧʽʛʤʝʥʪʫ ʙʽʣʴʰʝ 5% ʚʽʜ ʤʘʩʠ ʩʫʭʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ʇʦʚʝʨʭʥʝʚʝ ʬʘʨʙʫʚʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ 

ʘʣʢʽʜʥʠʤʠ ʬʘʨʙʘʤʠ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʥʝ ʜʘʣʦ. ʇʨʠ ʦʜʥʘʢʦʚʽʡ ʚʠʪʨʘʪʽ ʧʽʛʤʝʥʪʽʚ 

ʢʦʣʽʨ ʮʝʛʣʠ ʚ ʨʽʟʥʠʭ ʧʘʨʪʽʷʭ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʚʩʷ. ʄʽʮʥʽʩʪʴ ʟʯʝʧʣʝʥʥʷ ʰʘʨʫ ʬʘʨʙʠ ʟ 

ʤʘʪʝʨʽʘʣʦʤ ʦʩʥʦʚʠ ʙʫʣʘ ʥʝʜʦʩʪʘʪʥʴʦʶ. ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʮʝʛʣʠ ʟ ʢʦʤʙʽʥʘʪʫ ʥʘ 

ʙʫʜʽʚʝʣʴʥʠʡ ʦʙôʻʢʪ ʥʘ ʣʠʮʴʦʚʽʡ ʧʦʚʝʨʭʥʽ ʮʝʛʣʠ ʚʠʥʠʢʘʣʠ ʩʢʦʣʠ ʪʘ ʧʦʪʝʨʪʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ 

ʟʥʠʞʫʚʘʣʦ ʝʩʪʝʪʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʽʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɿʥʘʯʥʦ ʜʝʰʝʚʰʠʤ ʻ ʧʦʚʝʨʭʥʝʚʝ ʬʘʨʙʫʚʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʤʽʥʝʨʘʣʴʥʠʤʠ 

ʧʽʛʤʝʥʪʘʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʷʩʢʨʘʚʦʛʦ ʢʦʣʴʦʨʦʚʦʛʦ ʪʦʥʫ ʮʝʛʣʠ ʧʨʠ ʧʦʚʝʨʭʥʝʚʦʤʫ 

ʬʘʨʙʫʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦ 1%-ʛʦ ʚʤʽʩʪʫ ʧʽʛʤʝʥʪʫ ʚʽʜ ʤʘʩʠ ʚʦʜʠ ʚ ʩʫʩʧʝʥʟʽʾ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ 

ʩʫʩʧʝʥʟʽʶ ʚʘʣʠʢʦʤ ʥʘʥʦʩʠʣʠ ʥʘ ʧʦʚʝʨʭʥʶ ʮʝʛʣʠ-ʩʠʨʮʷ.  

ʉʠʣʽʢʘʪʥʫ ʮʝʛʣʫ ʟʘʧʘʨʶʚʘʣʠ ʟʘ ʟʘʚʦʜʩʴʢʠʤ ʨʝʞʠʤʦʤ: ʧʽʜôʡʦʤ ʪʝʤʧʝʨʘʪʫʨʠ ï 1 ʛʦʜʠʥʘ, 

ʽʟʦʪʝʨʤʽʯʥʘ ʚʠʪʨʠʤʢʘ ʧʨʠ t = 170Áʉ ʪʘ ʪʠʩʢʫ 10 ʘʪʤ. ï 58 ʛʦʜʠʥ, ʚʠʧʫʩʢ ʧʘʨʠ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ï 1 ʛʦʜ. ɼʣʷ ʬʘʨʙʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʮʝʛʣʠ ʙʫʣʠ ʧʨʠʛʦʪʦʚʣʝʥʽ  ʪʨʠ ʩʢʣʘʜʠ 

ʩʫʩʧʝʥʟʽʾ ʟ ʚʤʽʩʪʦʤ ʧʽʛʤʝʥʪʫ ʫ ʚʦʜʽ 0,5, 1  ʪʘ 1,5 % ʚʽʜ ʤʘʩʠ ʚʦʜʠ. 

ʈʝʟʫʣʴʪʘʪʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʢʦʣʴʦʨʦʚʦʾ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʧʦʢʘʟʘʣʠ:  

1) ʦʙôʻʤʥʝ ʬʘʨʙʫʚʘʥʥʷ ʧʽʛʤʝʥʪʘʤʠ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ 313 ʪʘ 248 (5% ʚʽʜ ʤʘʩʠ 

ʩʫʭʠʭ ʢʦʤʧʦʥʝʥʪʽʚ) ʜʘʻ ʷʩʢʨʘʚʠʡ ʥʘʩʠʯʝʥʠʡ ʪʦʥ, ʘʣʝ ʥʘ 17-23% ʟʥʠʞʫʶʪʴ ʤʽʮʥʽʩʪʴ 

ʮʝʛʣʠ; 

2) ʧʦʚʝʨʭʥʝʚʝ ʬʘʨʙʫʚʘʥʥʷ ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʘʣʢʽʜʥʠʤʠ ʬʘʨʙʘʤʠ ʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʥʝ ʜʘʣʦ; 

3) ʥʘʥʝʩʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʶ ʮʝʛʣʠ-ʩʠʨʮʶ ʩʫʩʧʝʥʟʽʾ ʧʽʛʤʝʥʪʫ (Caparol 16 oxid braun ʪʘ 

Caparol 01 oxid gelb) ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʤʽʮʥʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʛʦʪʦʚʦʾ ʮʝʛʣʠ. ʂʦʣʴʦʨʦʚʠʡ 

ʪʦʥ ʮʝʛʣʠ ʧʽʩʣʷ ʟʘʧʘʨʶʚʘʥʥʷ ʚʽʜʧʦʚʽʜʘʚ ʢʦʣʴʦʨʫ ʮʝʛʣʠ-ʝʪʘʣʦʥʫ. ʊʨʘʥʩʧʦʨʪʥʽ 

ʦʧʝʨʘʮʽʾ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ ʷʢʽʩʪʴ ʧʦʚʝʨʭʥʽ ʢʦʣʴʦʨʦʚʦʾ ʮʝʛʣʠ. ɻʣʠʙʠʥʘ ʧʨʦʥʠʢʥʝʥʥʷ 

ʩʫʩʧʝʥʟʽʾ ʧʽʛʤʝʥʪʫ ʚ ʧʦʚʝʨʭʥʶ ʮʝʛʣʠ ʙʫʣʘ ʜʦʩʪʘʪʥʴʦʶ ʜʣʷ ʧʨʠʭʦʚʫʚʘʥʥʷ 

ʧʦʪʝʨʪʦʩʪʝʡ ʪʘ ʩʢʦʣʽʚ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʧʦʚʝʨʭʥʝʚʦʾ ʦʙʨʦʙʢʠ 

ʩʠʣʽʢʘʪʥʦʾ ʮʝʛʣʠ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ ʧʽʛʤʝʥʪʽʚ ʬʽʨʤʠ Caparol 16 oxidbraun ʪʘ Caparol 01 

oxidgelb ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʠʪʠ ʧʦʩʪʘʚʣʝʥʫ ʟʘʜʘʯʫ ʦʪʨʠʤʘʥʥʷ ʥʝʜʦʨʦʛʦʾ ʢʦʣʴʦʨʦʚʦʾ ʩʠʣʽʢʘʪʥʦʾ 

ʮʝʛʣʠ ʟ ʚʠʩʦʢʠʤʠ ʬʽʟʠʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ, ʱʦ ʟʘ ʚʘʨʪʽʩʪʶ 

ʥʘ 40-65% ʜʝʰʝʚʰʘ ʟʘ ʢʦʣʴʦʨʦʚʫ ʩʠʣʽʢʘʪʥʫ ʮʝʛʣʫ, ʦʪʨʠʤʘʥʫ ʩʧʦʩʦʙʦʤ ʦʙôʻʤʥʦʛʦ 

ʬʘʨʙʫʚʘʥʥʷ, ʘʙʦ ʣʠʮʴʦʚʫ ʢʝʨʘʤʽʯʥʫ ʮʝʛʣʫ. 
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ʇɯɼɺʀʑɽʅʅʗ ɽʅɽʈɻɽʊʀʏʅʆɰ ɽʌɽʂʊʀɺʅʆʉʊɯ ɺɯʊʏʀɿʅʗʅʀʍ ɹʋɼɯɺɽʃʔ ɯ 

ʉʇʆʈʋɼ ʐʃʗʍʆʄ ɿɼɯʁʉʅɽʅʅʗ ʊɽʈʄʆʄʆɼɽʈʅɯɿɸʎɯɰ 

ʉʫʪʥʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ (ʪʝʨʤʦʩʘʥʘʮʽʾ) ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʦʾ ʘʙʦ ʧʨʠʚʘʪʥʦʾ 

ʤʘʣʦʧʦʚʝʨʭʦʚʦʾ ʙʫʜʽʚʣʽ ʧʦʣʷʛʘʻ ʚ ʨʦʟʨʦʙʮʽ ʪʘ ʧʦʜʘʣʴʰʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʩʧʦʩʦʙʽʚ ʽ ʧʨʠʩʪʨʦʾʚ), ʷʢʽ ʧʨʠʚʦʜʷʪʴ ʜʦ ʟʥʘʯʥʦʛʦ 

ʩʢʦʨʦʯʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, ʢʦʤʧʣʝʢʩʥʫ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʶ ʨʝʘʣʽʟʫʶʪʴ 

ʰʣʷʭʦʤ ʜʦʜʘʪʢʦʚʦʛʦ ʫʪʝʧʣʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʦʙʦʚ'ʷʟʢʦʚʦʶ ʤʦʜʝʨʥʽʟʘʮʽʻʶ ʾʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ. 

ʋʪʝʧʣʝʥʥʷ ʙʫʜʠʥʢʫ ʙʝʟ ʤʦʜʝʨʥʽʟʘʮʽʾ ʩʠʩʪʝʤʠ ʦʧʘʣʝʥʥʷ ʯʘʩʪʦ ʥʝ ʜʘʻ ʧʦʟʠʪʠʚʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʫ ʟ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʽʾ ʽ ʥʝʨʽʜʢʦ ʧʨʠʟʚʦʜʠʪʴ ʥʘʚʽʪʴ ʜʦ ʥʝʛʘʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ï 

ʪʦʙʪʦ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʟʘ ʦʧʪʠʤʽʩʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʨʠ ʥʝʤʠʥʫʯʦʤʫ ʧʽʜʚʠʱʝʥʥʽ ʚʘʨʪʦʩʪʽ 

ʝʥʝʨʛʦʥʦʩʽʾʚ ʦʧʣʘʪʘ ʟʘ ʢʦʤʫʥʘʣʴʥʽ ʧʦʩʣʫʛʠ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʷʢʽʩʪʴ ʾʭ ʥʘʜʘʥʥʷ ʧʦʣʽʧʰʫʻʪʴʩʷ. 

ʊʦʙʪʦ ʜʦʩʣʽʜʞʫʚʘʥʘ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʩʫʯʘʩʥʘ ʧʝʨʝʜʦʚʘ ʪʝʭʥʦʣʦʛʽʷ 

ʫ ʙʫʜʽʚʥʠʮʪʚʽ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʯʠʩʣʦʚʠʭ  ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʥʘʚʦʜʠʪʴʩʷ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʭʥʽʯʥʠʭ ʨʽʰʝʥʴ  ʟ ʧʽʜʚʠʱʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʦʧʠʩʫʶʪʴʩʷ ʝʬʝʢʪʠʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʧʘʨʘʤʝʪʨʠ ʡ ʤʘʪʝʨʽʘʣ 

ʚʠʢʦʥʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ 

ʩʧʦʨʫʜ, ʷʢʽ ʧʦʯʘʣʠ ʝʢʩʧʣʫʘʪʫʚʘʪʠʩʷ ʜʦ 90-ʭ ʨʦʢʽʚ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ.   

ɸʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʷʜ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʝʢʪʥʠʭ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʨʽʰʝʥʴ ʟ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʾ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʦʜʥʦʯʘʩʥʫ 

ʤʦʜʝʨʥʽʟʘʮʽʶ ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ ʪʘ  ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ. 

ɼʦʩʣʽʜʞʝʥʦ ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʚʩʝʨʝʜʠʥʽ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʧʦʚʝʨʭʥʽ ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʧʨʠ ʚʘʨʽʶʚʘʥʥʽ ʾʾ ʪʦʚʱʠʥʠ  ʟʘ ʨʽʟʥʠʭ  

ʬʦʨʤ ʚʠʢʦʥʘʥʥʷ ʥʦʚʠʭ ʰʪʨʦʙ, ʫ ʷʢʠʭ ʨʦʟʪʘʰʦʚʫʶʪʴʩʷ ʥʦʚʽ ʪʨʫʙʦʧʨʦʚʦʜʠ ʜʚʦʪʨʫʙʥʦʾ 

ʩʠʩʪʝʤʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʜʷʥʦʛʦ ʦʧʘʣʝʥʥʷ.  

ɿʦʢʨʝʤʘ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʘʢʝ ʨʦʟʤʽʱʝʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʜʦʟʚʦʣʷʻ ʩʫʪʪʻʚʦ (ʜʦ 74%) 

ʟʥʠʟʠʪʠ ʪʝʧʣʦʚʽ ʚʪʨʘʪʠ ʚʽʜ ʮʠʭ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʾʭ ʨʦʟʤʽʱʝʥʥʷʤ ʫ ʰʘʨʽ  

ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʟ ʙʦʢʫ ʩʪʽʥʠ. ɼʦʩʣʽʜʞʝʥʦ  ʟʘʣʝʞʥʽʩʪʴ ʯʘʩʫ ʦʭʦʣʦʜʞʝʥʥʷ ʪʝʧʣʦʥʦʩʽʷ   

ʧʨʠ ʧʦʚʥʦʤʫ ʧʨʠʧʠʥʝʥʥʽ ʡʦʛʦ ʨʫʭʫ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʭ  ʚʽʜ ʾʭ ʜʽʘʤʝʪʨʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʠʟʥʘʯʝʥʦ ʤʽʥʽʤʘʣʴʥʫ ʪʦʚʱʠʥʫ ʰʘʨʫ ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ  ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʽ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʛʝʦʤʝʪʨʽʾ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʽ  ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ.  

ʆʪʨʠʤʘʥʘ ʦʧʪʠʤʘʣʴʥʘ ʚʝʣʠʯʠʥʘ ʰʘʨʫ  ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ 100%-

ʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʤʝʨʟʘʥʥʷ ʪʨʫʙʦʧʨʦʚʦʜʽʚ ʥʘʚʽʪʴ ʧʨʠ ʧʦʚʥʽʡ ʟʫʧʠʥʮʽ ʨʫʭʫ ʪʝʧʣʦʥʦʩʽʷ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʪʦʚʱʠʥʠ ʬʘʩʘʜʥʦʾ ʪʝʧʣʦʽʟʦʣʷʮʽʾ ʩʧʨʠʷʻ ʜʦʜʘʪʢʦʚʦʤʫ 

ʦʩʫʰʝʥʥʶ ʙʫʜʽʚʝʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʣʽʧʰʝʥʥʷ ʪʝʧʣʦʪʝʭʥʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʤʦʤʦʜʝʨʥʽʟʫʻʤʦʾ ʙʫʜʽʚʣʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʨʦʟʨʦʙʣʝʥʽ ʽʥʥʦʚʘʮʽʡʥʽ ʧʨʦʝʢʪʥʽ 

ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʽʰʝʥʥʷ ʧʨʠʚʦʜʷʪʴ ʜʦ ʩʫʪʪʻʚʦʛʦ ʟʤʝʥʰʝʥʥʷ  

ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ ʽʩʥʫʶʯʠʭ ʙʫʜʽʚʝʣʴ ʽ ʩʧʦʨʫʜ ʞʠʪʣʦʚʦʛʦ ʬʦʥʜʫ, ʱʦ ʝʢʩʧʣʫʘʪʫʻʪʴʩʷ 

ʧʦʥʘʜ 30 ʨʦʢʽʚ,  ʽ ʩʧʨʠʷʶʪʴ ʧʽʜʪʨʠʤʘʥʥʶ ʢʦʤʬʦʨʪʥʠʭ ʫʤʦʚ ʜʣʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ɺʀɺʏɽʅʅʗ ʄʆɾʃʀɺʆʉʊɯ  ʆʊʈʀʄɸʅʅʗ ɼɽʂʆʈɸʊʀɺʅʆɻʆ ʑɽɹɽʅʖ ɼʃʗ 

ʃɸʅɼʐɸʌʊʅʆɻʆ ɼʀɿɸʁʅʋ ɿ ʇʈʆɼʋʂʊʋ ʈɽʎʀʂʃɯʅɻʋ ɹɽʊʆʅʋ  

ɼʝʢʦʨʫʚʘʥʥʷ ʣʘʥʜʰʘʬʪʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʥʝʚʽʜôʻʤʥʦʶ ʯʘʩʪʠʥʦʶ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʦʛʦ 

ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʤʽʩʪʽ ʪʘ ʟʘ ʡʦʛʦ ʤʝʞʘʤʠ. ʆʜʥʠʤ ʽʟ ʩʫʯʘʩʥʠʭ ʨʽʰʝʥʴ 

ʜʠʟʘʡʥʝʨʩʴʢʦʛʦ ʧʨʦʝʢʪʫ ʣʘʥʜʰʘʬʪʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʱʝʙʝʥʶ ʫ ʩʠʧʢʦʤʫ 

ʚʠʛʣʷʜʽ ʜʣʷ ʦʟʜʦʙʣʝʥʥʷ ʤʘʡʜʘʥʯʠʢʽʚ, ʢʣʫʤʙ, ʨʫʩʣʘ ʩʫʭʠʭ ʩʪʨʫʤʢʽʚ, ʘʣʴʧʽʡʩʴʢʠʭ ʛʽʨʦʢ 

ʪʦʱʦ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʧʨʠʨʦʜʥʠʡ ʱʝʙʽʥʴ ʟ ʢʦʣʴʦʨʦʚʠʭ ʚʠʚʝʨʞʝʥʠʭ 

(ʛʨʘʥʽʪ, ʜʽʘʙʘʟ), ʦʩʘʜʦʚʠʭ (ʧʽʩʢʦʚʠʢ, ʚʘʧʥʷʢ, ʜʦʣʦʤʽʪ), ʤʝʪʘʤʦʨʬʽʯʥʠʭ (ʤʘʨʤʫʨ, ʢʚʘʨʮʠʪ) 

ʧʦʨʽʜ, ʱʦ ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʨʦʙʽʪ. ʊʦʤʫ ʫʚʘʛʠ ʟʘʩʣʫʛʦʚʫʻ ʚʠʚʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ 

ʦʪʨʠʤʘʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʱʝʙʝʥʶ ʟ ʚʪʦʨʠʥʥʦʛʦ (ʨʝʮʠʢʣʽʥʛʦʚʦʛʦ) ʤʘʪʝʨʽʘʣʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʨʽʰʠʪʠ ʝʢʦʣʦʛʽʯʥʽ ʧʠʪʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʟʘʚʜʘʥʥʷ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ. ɺʪʦʨʠʥʥʠʡ 

ʱʝʙʽʥʴ ʦʪʨʠʤʫʶʪʴ ʫ ʧʨʦʮʝʩʽ ʧʝʨʝʨʦʙʢʠ (ʧʦʜʨʽʙʥʝʥʥʷ ʪʘ ʨʦʟʩʽʚʫ) ʮʝʛʣʷʥʦʛʦ ʙʦʶ, 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʫ, ʘʣʝ ʥʘ ʮʝʡ ʯʘʩ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʶ 

ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʙʝʪʦʥʫ [1]. ɼʦ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʱʝʙʝʥʶ ʜʣʷ ʣʘʥʜʰʘʬʪʽʚ ʚʠʩʫʚʘʶʪʴ ʚʠʤʦʛʠ 

ʱʦʜʦ ʤʽʮʥʦʩʪʽ (ʤʘʨʢʠ ʟʘ ʜʨʦʙʠʤʽʩʪʶ ʥʝ ʤʝʥʰʝ 300é600, ʚʪʨʘʪʠ ʤʘʩʠ 15é28%); 

ʤʦʨʦʟʦʩʪʽʡʢʽʩʪʴ ï 15é30 ʮʠʢʣʽʚ, ʣʝʱʘʜʥʽʩʪʴ ʜʦ 25%, ʩʫʤʘʨʥʘ ʧʠʪʦʤʘ ʘʢʪʠʚʥʽʩʪʴ 

ʧʨʠʨʦʜʥʠʭ ʨʘʜʽʦʥʫʢʣʽʜʽʚ ʥʝ ʙʽʣʴʰʝ 370 ɹʢ/ʢʛ (1 ʢʣʘʩ).  

ɺʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʦʜʫʢʪʠ ʜʨʦʙʣʝʥʥʷ ʚʽʜʧʨʘʮʴʦʚʘʥʦʛʦ ʙʝʪʦʥʫ (ʥʘ ʦʩʥʦʚʽ ʛʨʘʥʽʪʥʦʛʦ 

ʱʝʙʝʥʶ) ʢʣʘʩʽʚ ɺ12, 5 ʪʘ ɺ20 ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʝʨʝʚʘʞʥʦ ʥʘʩʪʫʧʥʠʤʠ ʬʨʘʢʮʽʷʤʠ: 5é40 ʤʤ ï 

ʚ ʢʽʣʴʢʦʩʪʽ 75é80%; 0,16é5 ʤʤ ï 13é19%,  ʤʝʥʰʝ 0,16 ʤʤ ï 4é6% ʚʽʜʧʦʚʽʜʥʦ. ʇʨʠʯʦʤʫ 

ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʢʣʘʩʫ ʚʠʭʽʜʥʦʛʦ ʙʝʪʦʥʫ ʢʽʣʴʢʽʩʪʴ ʟʝʨʝʥ ʙʽʣʴʰʝ 40 ʤʤ ʟʨʦʩʪʘʻ ʧʨʠʙʣʠʟʥʦ ʥʘ 

15%, ʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻʪʴʩʷ ʚʤʽʩʪ ʣʝʱʘʜʥʠʭ ʟʝʨʝʥ ʜʦ 25%, ʱʦ ʜʦʟʚʦʣʷʻ ʚʽʜʥʝʩʪʠ ʱʝʙʽʥʴ ʟʘ 

ʬʦʨʤʦʶ ʟʝʨʝʥ ʜʦ ʟʚʠʯʘʡʥʦʛʦ. ʄʘʨʢʠ ʟʘ ʤʽʮʥʽʩʪʶ ʟʝʨʝʥ ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʝʥʶ, ʦʪʨʠʤʘʥʦʛʦ ʟ 

ʙʝʪʦʥʫ ʢʣʘʩʫ ɺ20 ʟʤʽʥʶʻʪʴʩʷ ʚ ʤʝʞʘʭ 300é600 ( ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʱʝʙʝʥʶ ʟ ʦʩʘʜʦʚʠʭ 

ʤʘʣʦʤʽʮʥʠʭ ʧʦʨʽʜ), ʟʨʦʩʪʘʶʯʠ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʦʟʤʽʨʫ ʟʝʨʝʥ ʟ 5 ʜʦ 40 ʤʤ. ʄʦʨʦʟʦʩʪʽʡʢʽʩʪʴ 

ʪʘʢʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʩʪʘʥʦʚʠʪʴ ʙʽʣʴʰʝ 25 ʮʠʢʣʽʚ. ʅʘʚʝʜʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʜʣʷ ʜʝʢʦʨʫʚʘʥʥʷ ʣʘʥʜʰʘʬʪʽʚ, ʧʨʠ ʮʴʦʤʫ ʩʣʽʜ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʟʝʨʥʘ ʚʪʦʨʠʥʥʦʛʦ ʱʝʙʝʥʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʰʦʨʩʪʢʦʶ ʧʦʚʝʨʭʥʝʶ 

ʚʥʘʩʣʽʜʦʢ ʟʘʣʠʰʢʽʚ ʥʘ ʥʝʾ ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʟʫʤʦʚʣʶʻ ʪʴʤʷʥʠʡ ʙʣʠʩʢ  

ʧʦʚʝʨʭʥʽ ʪʘʢʦʾ ʟʘʩʠʧʢʠ ʟ ʢʦʣʠʚʘʥʥʷʤ ʚʽʜʪʽʥʢʽʚ ʘʭʨʦʤʘʪʠʯʥʦʛʦ ʩʽʨʦʛʦ ʢʦʣʴʦʨʫ. ʌʘʨʙʫʚʘʥʥʷ 

ʚʠʩʫʰʝʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ, ʯʘʩʪʢʦʚʦ ʚʠʚʽʣʴʥʝʥʦʛʦ ʚʽʜ ʨʦʟʯʠʥʫ, ʘʢʨʠʣʦʚʠʤʠ ʝʤʫʣʴʩʽʷʤʠ ʘʙʦ 

ʘʝʨʦʟʦʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʥʘʜʘʻ ʧʝʚʥʠʡ ʜʝʢʦʨʘʪʠʚʥʠʡ ʝʬʝʢʪ, ʘʣʝ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʛʣʷʥʩʦʚʝ 

ʧʦʢʨʠʪʪʷ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʽ ʥʝ ʥʘʜʘʻ ʧʦʚʥʦʛʦ ʟʘʭʠʩʪʫ ʧʦʚʝʨʭʥʽ ʚʽʜ ʜʽʾ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. ɯʩʥʫʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʣʘʩʫ ʱʝʙʝʥʶ ʟʘ ʩʪʠʨʘʥʽʩʪʶ ʟʘ 

ʨʘʭʫʥʦʢ  ʥʝʪʨʠʚʘʣʦʛʦ ʦʙʝʨʪʘʥʥʷ ʚʪʦʨʠʥʥʦʛʦ ʟʘʧʦʚʥʶʚʘʯʘ ʫ ʟʤʽʰʫʚʘʯʽ ʜʣʷ ʚʽʜʜʽʣʝʥʥʷ 

ʮʝʤʝʥʪʥʦ-ʧʽʱʘʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʘʙʦ ʦʙʨʦʙʢʠ ʧʦʚʝʨʭʥʽ ʧʦʣʽʚʽʥʽʣʘʮʝʪʘʪʥʦʶ 

ʜʠʩʧʝʨʩʽʻʶ, ʱʦ ʤʦʞʝ ʥʘʜʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʟʘʧʦʚʥʶʚʘʯʘ  [2]. 

ɺʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʜʨʽʙʥʝʥʠʡ ʚʪʦʨʠʥʥʠʡ ʱʝʙʽʥʴ ʜʦʮʽʣʴʥʦ ʧʽʩʣʷ ʨʦʟʩʽʶʚʘʥʥʷ ʽ ʨʦʟʜʽʣʝʥʥʷ 

ʬʨʘʢʮʽʡ ʧʨʠ ʜʝʢʦʨʫʚʘʥʥʽ ʧʨʦʩʪʦʨʫ, ʚ ʷʢʦʤʫ ʚʽʜʩʫʪʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ˇʨʫʥʪʦʚʠʭ 

ʧʘʥʥʦ, ʢʣʫʤʙ, ʚʽʜʩʠʧʦʢ ʙʝʩʽʜʦʢ ʪʦʱʦ.  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. R. Sorato Recycled Aggregate Concrete; an overview [ʊʝʢʩʪ] /Helsinki Metropolia University of 

Applied Sciences Bachelor /ECE Bachelorôs Thesis, 2016 - 42 ʨ. 

2. ʂʫʨʦʯʢʘ ʇ. ʅ. ʉʚʦʡʩʪʚʘ ʱʝʙʥʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʜʨʦʙʣʝʥʠʷ ʚʪʦʨʠʯʥʦʛʦ ʙʝʪʦʥʘ, ʢʘʢ ʠʥʝʨʪʥʦʛʦ 

ʟʘʧʦʣʥʠʪʝʣʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ [ʊʝʢʩʪ]/ ʇ. ʅ. ʂʫʨʦʯʢʘ, ʈ. ʈ. ʄʠʨʟʘʣʠʝʚ // ʀʥʞʝʥʝʨʥʳʡ ʚʝʩʪʥʠʢ 

ɼʦʥʘ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. ï 2012. ï ˉ4. ï 286ʩ. 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

102 

ʉʘʚʝʥʢʦ ɺ.ɯ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʢʪʦʨ ʙʫʜʽʚʥʠʮʪʚʘ, ʜʦʮʝʥʪ  

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

ɼʦʮʝʥʢʦ ʉ.ɯ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʘʢʘʜʝʤʽʢ ɸɹʋ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʟʘʣʽʟʥʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ, ʤ. ʍʘʨʢʽʚ, sirius_2k2@mail.ru 

ʂʣʶʻʚʘ ɺ.ɺ., ʘʩʠʩʪʝʥʪ 

ʇʘʣʴʯʠʢ ʉ.ʇ., ʘʩʧʽʨʘʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʽ ʘʨʭʽʪʝʢʪʫʨʠ, orfav@ukr.net 

ɻɽʅɽʊʀʏʅʀʁ ʇɯɼʍɯɼ ɼʆ ɼɯʃʆɺʆɰ ɼʆʉʂʆʅɸʃʆʉʊɯ ʊɸ ɯɿʆʄʆʈʌɯɿʄ 

ʉʊʈʋʂʊʋʈʀ ɹʋɼɯɺɽʃʔʅʆɰ ʆʈɻɸʅɯɿɸʎɯɰɰ 

ʊʝʦʨʝʪʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʽʟʦʤʦʨʬʽʟʤʫ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʽʜʧʨʠʻʤʩʪʚʘ, 

ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʘ ʚʟʘʻʤʦʜʽʾ, ʚʟʘʻʤʥʦʾ ʦʙʫʤʦʚʣʝʥʦʩʪʽ ʩʫʙ`ʻʢʪʠʚʥʠʭ ʮʽʣʝʡ ʽ 

ʦʙôʻʢʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ, ʛʝʥʝʪʠʯʥʘ ʧʨʠʨʦʜʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʜʽʙʥʦʩʪʝʡ ʽʥʜʠʚʽʜʫʫʤʽʚ 

(ʦʩʦʙʠʩʪʦʩʪʝʡ) ï ʛʦʣʦʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʦʮʽʘʣʴʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʩʠʩʪʝʤ, ʚʠʷʚʣʝʥʥʷ ʧʨʦʪʠʨʽʯ 

(ʘʥʪʠʥʦʤʽʾ) ʽ ʷʢ ʾʭ ʨʦʟʚôʷʟʘʪʠ, ʷʢ ʟʙʣʠʟʠʪʠ, ʯʠ ʦʪʦʪʦʞʥʠʪʠ ʚ ʽʜʝʘʣʽ ʚʽʜʩʪʘʥʴ ʤʽʞ 

ʧʦʩʪʘʚʣʝʥʦʶ ʤʝʪʦʶ ʽ ʦʪʨʠʤʘʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ (ʥʘʩʣʽʜʢʦʤ ʜʽʾ) ʥʘ ʥʘʰ ʧʦʛʣʷʜ  ̒ʦʩʥʦʚʥʠʤʠ 

ʧʠʪʘʥʥʷʤʠ, ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ, ʜʘʻ ʢʣʶʯʽ ʜʦ ʝʬʝʢʪʠʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʽʟʘʮʽʾ. 

ɺ. ʇʘʨʝʪʦ, ʜʦʩʣʽʜʞʫʶʯʠ ʷʚʠʱʝ, ʢʦʣʠ ʮʽʣʴ ʽ ʨʝʟʫʣʴʪʘʪ ʥʝ ʪʦʪʦʞʥʽ ʚ ʪʝʦʨʽʦʣʦʛʽʯʥʠʭ ʽ 

ʥʝʣʦʛʽʯʥʠʭ ʜʽʷʭ ʚʽʜʟʥʘʯʠʚ: çɯʩʥʫʶʪʴ ʜʽʾ, ʢʦʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʘʩʦʙʠ, ʚʽʜʧʦʚʽʜʥʽ ʮʽʣʷʤ, 

ʷʢ̔ ʣʦʛʽʯʥʦ ʧʦʻʜʥʫʶʪʴ ʟʘʩʦʙʠ ʽ ʮʽʣʽ. ɸʣʝ ʽʩʥʫʶʪʴ ʪʘʢʦʞ ʜʽʾ (ʬʫʥʢʮʽʾ), ʚ ʷʢʠʭ ʮʽ ʨʠʩʠ 

ʚʽʜʩʫʪʥʽè. 

ʋʩʽ ʣʶʜʩʴʢʽ ʜʽʾ (ʬʫʥʢʮʽʾ) ʟ ʩʫʙôʻʢʪʠʚʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʣʶʜʝʡ ʻ ʣʦʛʽʯʥʠʤʠ ʡ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʣʦʛʽʯʥʦʛʦ ʢʣʘʩʫ. ʉʫʙ`ʻʢʪʠʚʥʘ ʮʽʣʴ ʪʘ ʦʙôʻʢʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʩʧʽʚʧʘʜʘʶʪʴ ʚ ʣʦʛʽʯʥʠʭ ʜʽʷʭ ʽ 

ʥʘʚʧʘʢʠ, ʚ ʥʝʣʦʛʽʯʥʠʭ ʜʽʷʭ ʩʫʙôʻʢʪʠʚʥʘ ʮʽʣʴ ʽ ʦʙôʻʢʪʠʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʩʧʽʚʧʘʜʘʶʪʴ. 

ʈʦʟʛʣʷʥʫʪʦ ʢʽʣʴʢʘ ʪʠʧʽʚ ʚʟʘʻʤʦʜʽʾ: 

1) ʜʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʝʩʚʽʜʦʤʦ; 

2) ʜʽʾ ʬʦʨʤʘʣʴʥʦ ʧʦʷʩʥʶʶʪʴʩʷ ʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʥʝʨʝʘʣʴʥʽʡ ʦʩʥʦʚʽ; 

3) ʦʧʦʨʦʶ ʻ ʜʦʩʚʽʜ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʨʝʟʫʣʴʪʘʪ, ʭʦʯʘ ʟʚô̫ ʟʦʢ ʨʝʟʫʣʴʪʘʪʫ ʪʘ 

ʜʽʾ ʥʝ ʫʩʚʽʜʦʤʣʶʻʪʴʩʷ ʽ ʥʝʚʠʟʥʘʯʝʥʠʡ; 

4) ʜʽʷ ʚʠʢʦʥʫʻʪʴʩʷ ʤʝʭʘʥʽʯʥʦ, ʷʢ ʥʘʢʘʟ, ʷʢʠʡ ʥʝ ʦʙʛʦʚʦʨʶʻʪʴʩʷ ʽ ʥʝ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ 

(ʭʦʯʘ ʱʝ ʥʝʚʽʜʦʤʦ ʥʘʩʢʽʣʴʢʠ ʨʝʟʫʣʴʪʘʪ ʩʧʽʚʧʘʜʘʻ ʟ ʦʯʽʢʫʚʘʥʥʷʤ ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ). ʊʦʙʪʦ 

ʤʝʪʘ ʚʠʢʦʥʘʚʮʶ ʜʽʾ ʥʝʚʽʜʦʤʘ, ʘʙʦ ʥʘʚʽʪʴ ʷʢʱʦ ʽ ʚʽʜʦʤʘ, ʪʦ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʝ ʥʠʤ. 

ʅʝʧʝʨʝʜʙʘʯʫʚʘʥʽ ʥʘʩʣʽʜʢʠ ï ʮʝ ʨʝʟʫʣʴʪʘʪ ʥʝʣʦʛʽʯʥʠʭ ʜʽʡ, ʷʢʽ ʚʝʜʫʪʴ ʜʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ 

ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ.  

ʆʩʢʽʣʴʢʠ ʧʝʨʝʜʙʘʯʠʪʠ ʘʙʩʦʣʶʪʥʦ ʚʩʽ ʥʘʩʣʽʜʢʠ ʫ ʬʦʨʤʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʘʭ ʽ ʜʽʷʭ 

ʥʝʤʦʞʣʠʚʦ, ʪʦ ʚ ʫʤʦʚʘʭ ʦʨʛʘʥʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʝ ʧʣʘʥʫʚʘʥʥʷ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʙʤʝʞʝʥʽ. 

ʇʦʙʫʜʦʚʘ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʝʣʽ ʥʝʤʠʥʫʯʝ ʘʙʩʪʨʘʛʫʻʪʴʩʷ ʚʽʜ ʷʢʠʭʦʩʴ ʥʝʩʫʪʪʻʚʠʭ ʥʘ ʜʘʥʠʡ ʯʘʩ ʽ 

ʧʦʛʣʷʜ ʦʙʩʪʘʚʠʥ ʽ ʬʘʢʪʽʚ. ɸʣʝ ʦʨʛʘʥʽʟʘʮʽʷ ʙʘʛʘʪʦʟʥʘʯʥʘ ʽ ʩʢʣʘʜʥʘ ʧʦ ʩʫʪʽ ʩʚʦʻʾ ʜʽʷʣʴʥʦʩʪʽ 

ʪʘ ʮʽʣʷʭ, ʽʥʪʝʨʝʩʘʭ ʽ ʫʤʦʚʘʭ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʢʨʝʤʠʭ ʝʣʝʤʝʥʪʽʚ. 

ʆʙʤʝʞʝʥʽʩʪʴ ʬʦʨʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʦʨʛʘʥʽʟʘʮʽʾ ʟʚʫʞʫʻ ʤʦʞʣʠʚʦʩʪʽ ʧʣʘʥʫʚʘʥʥʷ 

ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ. ʅʝʩʢʽʥʯʝʥʥʽʩʪʴ ʧʽʟʥʘʥʥʷ ʚʩʪʫʧʘʻ ʫ ʧʨʦʪʠʨʽʯʯʷ ʟ ʧʨʘʛʥʝʥʥʷʤ ʦʙʤʝʞʝʥʦʩʪʽ 

ʬʦʨʤʘʣʽʟʘʮʽʾ, ʷʢʘ ʪʝʞ ʤʦʞʝ ʟʤʽʥʶʚʘʪʠʩʴ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʪʝʭʥʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ. 

ɺʠʥʠʢʘʻ ʧʠʪʘʥʥʷ ʧʨʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʽ ʚʧʣʠʚ ʥʝʬʦʨʤʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʨʝʘʣʴʥʦʩʪʽ, ʷʢʘ 

ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʨʘʤʢʘʤʠ ʬʦʨʤʠ. 

ʂʨʠʪʝʨʽʾ ʽ ʜʞʝʨʝʣʦ ʦʨʛʘʥʽʟʦʚʘʥʦʩʪʽ: 

1) ʬʦʨʤʘʣʴʥʘ ʦʨʛʩʪʨʫʢʪʫʨʘ ʟ̔ ʟʘʧʣʘʥʦʚʘʥʠʤʠ ʮʽʣʷʤʠ, ʟʚô̫ ʟʢʘʤʠ, ʬʫʥʢʮʽʷʤʠ ʽ 

ʦʢʨʝʩʣʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʚ ʷʢʽʡ ʦʙʦʚ`ʷʟʢʦʚʦ ʻ ʩʫʙôʻʢʪ - ʦʨʛʘʥʽʟʘʪʦʨ, (ʢʝʨʽʚʥʠʢ, ʩʠʩʪʝʤʘ 

ʢʝʨʽʚʥʠʮʪʚʘ), ʷʢʠʡ ʩʚʽʜʦʤʦ ʥʘʧʨʘʚʣʷʻ ʫʩʽ ʜʽʾ ʦʨʛʩʪʨʫʢʪʫʨʠ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘʧʣʘʥʦʚʘʥʦʾ 

ʤʝʪʠ (ʮʽʣʽ); 
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2) ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ, ʷʢ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʩʦʮʽʘʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ, ʷʢʘ ʟʥʘʭʦʜʠʪʴʩʷ ʷʢ ʙʠ ʟʘ 
ʤʝʞʘʤʠ ʬʦʨʤʘʣʴʥʦʾ ʧʨʦʛʨʘʤʠ ʽ ʚ ʪʦʡ ʞʝ ʯʘʩ, ʙʫʜʫʯʠ ʚ ʧʨʦʪʠʩʪʦʷʥʥʽ ʬʦʨʤʘʣʴʥʽʡ 
ʦʨʛʩʪʨʫʢʪʫʨʽ, ʦʙô̒ ʜʥʫʻ ʾʾ ʚ ʻʜʠʥʝ ʮʽʣʝ;  

3) ʩʧʦʥʪʘʥʥʘ ʦʨʛʘʥʽʟʦʚʘʥʽʩʪʴ ʷʢʘ ʚʠʥʠʢʘʻ ʟʘ ʨʘʭʫʥʦʢ ʚʥʫʪʨʽʰʥʽʭ ʩʦʮʽʘʣʴʥʠʭ 
ʥʝʬʦʨʤʘʣʴʥʠʭ ʬʘʢʪʦʨʽʚ: ʦʩʦʙʠʩʪʠʭ ʷʢʦʩʪʝʡ ʽʥʜʠʚʽʜʽʚ, ʩʦʮʽʘʣʴʥʦ-ʧʩʠʭʦʣʦʛʽʯʥʠʭ ʷʢʦʩʪʝʡ 
ʚʥʫʪʨʽʰʥʴʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʢʦʣʝʢʪʠʚʫ, ʨʝʬʣʝʢʩʠʚʥʠʭ ʟʚ`ʷʟʢʽʚ ʪʘ ʥʝʬʦʨʤʘʣʴʥʠʭ ʤʽʩʮʴ, ʜʝ ʥʝ ʜʽʻ 
ʬʦʨʤʘʣʴʥʘ ʦʨʛʩʪʨʫʢʪʫʨʘ. 
ʌʦʨʤʘʣʴʥʘ ʽ ʥʝʬʦʨʤʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʚʟʘʻʤʦʜʽʶʪʴ ʽ ʚʟʘʻʤʦʜʽʶʯʠ ʤʦʞʫʪʴ ʧʽʜʩʠʣʶʚʘʪʠ ʘʙʦ 

ʧʦʩʣʘʙʣʶʚʘʪʠ ʦʨʛʘʥʽʟʘʮʽʶ ʷʢ ʩʠʩʪʝʤʫ. ɺʦʥʠ ʽʩʥʫʶʪʴ ʷʢ ʦʜʥʝ ʮʽʣʝ. 
ɼʦʩʢʦʥʘʣʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʡʥʦʾ ʩʪʨʫʢʪʫʨʠ ʙʝʟʫʤʦʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʦʨʛʘʥʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʟ ʧʨʘʢʪʠʯʥʦʛʦ ʜʦʩʚʽʜʫ ʚʽʜʦʤʘ ʦʙʤʝʞʝʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʝʡ 
ʦʨʛʩʪʨʫʢʪʫʨʠ ʽ ʬʫʥʢʮʽʡ. ʋʤʦʚʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʧʣʠʚʘʶʪʴ ʷʢ ʥʘ ʦʨʛʩʪʨʫʢʪʫʨʫ 
ʪʘʢ ʽ ʥʘ ʾʾ ʬʫʥʢʮʽʾ. 
ʎʝ ʤʦʞʫʪʴ ʙʫʪʠ ʫʩʢʣʘʜʥʝʥʥʷ ʚʠʢʣʠʢʘʥʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʯʠʥʥʠʢʘʤʠ ʦʨʛʘʥʽʟʘʮʽʾ: ʟʤʽʥʘ 

ʪʝʭʥʦʣʦʛʽʾ ʙʝʟ ʚʽʜʧʦʚʽʜʥʦʾ ʟʤʽʥʠ ʚ ʦʨʛʩʪʨʫʢʪʫʨʽ, ʧʨʦʪʠʨʽʯʯʷ ʽ ʢʦʥʬʣʽʢʪʠ ʤʽʞ ʧʽʜʨʦʟʜʽʣʘʤʠ, 
ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ ʧʦʚʥʦʚʘʞʝʥʴ ʽ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ, ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʽ ʥʝʚʽʜʧʦʚʽʜʥʽʩʪʴ 
ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʡ ʨʝʘʣʴʥʦ ʚʠʢʦʥʫʚʘʥʠʤ ʬʫʥʢʮʽʷʤ ʽ ʫʤʦʚʘʤ ʨʦʙʦʪʠ ʪʦʱʦ. 
ʂʨʽʤ ʪʦʛʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʶʪʴ ʟʦʚʥʽʰʥʽ ʯʠʥʥʠʢʠ, ʷʢʽ ʩʪʘʚʣʷʪʴ ʦʨʛʘʥʽʟʘʮʽʶ ʚ ʩʢʣʘʜʥʫ 

ʩʠʪʫʘʮʽʶ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ: ʥʝʟʜʘʪʥʦʩʪʽ ʧʨʠʡʤʘʪʠ ʧʨʘʚʠʣʴʥʽ ʨʽʰʝʥʥʷ (ʉʪʘʛʥʘʮʽʷ) ʧʽʜ 
ʪʠʩʢʦʤ ʟʘʢʦʥʥʠʭ, ʘ ʜʫʞʝ ʯʘʩʪʦ ʽ ʥʝʟʘʢʦʥʥʠʭ ʜʦʤʘʛʘʥʥʷʭ (ʚʩʷʢʦʛʦ ʨʦʜʫ ʽʥʩʧʝʢʮʽʾ, ʧʝʨʝʚʽʨʦʢ, 
ʨʝʡʜʝʨʩʴʢʠʭ ʜʽʡ, ʟʫʧʠʥʢʠ ʚʠʨʦʙʥʠʮʪʚʘ, ʢʨʘʜʽʞʢʠ ʽ ʧʦʰʢʦʜʞʝʥʥʷ ʤʘʡʥʘ, ʧʽʜʙʫʨʶʚʘʥʥʷ 
ʥʘʩʝʣʝʥʥʷ, ʧʨʦʧʣʘʯʝʥʽ ʙʣʦʢʫʚʘʥʥʷ ʽ ʪʠʩʢ ʥʘ ʧʨʘʮʽʚʥʠʢʽʚ, ʨʽʟʥʦʛʦ ʨʦʜʫ ʦʭʣʦʢʨʘʪʠʯʥʽ ʜʽʾ, 
ʥʝʚʜʦʚʦʣʝʥʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʟʘʨʧʣʘʪʦʶ, ʫʤʦʚʘʤʠ ʧʨʘʮʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʽʥʰʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ 
ʧʝʨʝʰʢʦʜʠ ʢʦʥʢʫʨʝʥʪʽʚ,ʢʦʥʬʣʽʢʪ ʤʽʞ ʨʦʣʷʤʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ ʚ ʦʨʛʩʪʨʫʢʪʫʨʽ ʪʘ ʧʦʟʘ 
ʩʪʨʫʢʪʫʨʥʠʤʠ (ʜʚʽʨʥʠʢ ʥʘ ʧʦʩʘʜʽ ʜʠʨʝʢʪʦʨʘ, ʛʝʥʝʨʘʣ ʥʘ ʧʦʩʘʜʽ ʙʝʪʦʥʷʨʘ) ʽ ʪ.ʜ. 
ʉʚʦʻʯʘʩʥʠʡ ʘʥʘʣʽʟ ʩʠʪʫʘʮʽʾ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʨʠʛʫʚʘʣʴʥʠʭ ʯʠ ʟʘʧʦʙʽʞʥʠʭ ʟʘʭʦʜʽʚ ʤʘʻ 

ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ 
ʚʜʘʻʪʴʩʷ ʪʠʤ ʦʨʛʘʥʽʟʘʮʽʷʤ, ʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʩʪʽʡʥʦ ʚʝʜʝʪʴʩʷ ʤʦʥʽʪʦʨʠʥʛ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 
ʫʩʽʭ ʩʠʩʪʝʤ ʪʘ ʧʨʦʮʝʩʽʚ ʽ ʚʞʠʚʘʶʪʴʩʷ ʢʦʤʧʝʥʩʘʮʽʡʥʽ ʟʘʭʦʜʠ ʚ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ ʪʘ ʜʝ 
ʩʪʚʦʨʝʥʦ ʛʝʥʦʤ ʜʽʣʦʚʦʾ ʢʫʣʴʪʫʨʠ ʽ ʜʦʩʢʦʥʘʣʦʩʪʽ. 

ɺʠʩʥʦʚʢʠ 
1. ʅʝʬʦʨʤʘʣʴʥʘ ʩʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʤʦʞʝ ʜʦʧʦʤʘʛʘʪʠ ʽ ʢʦʤʧʝʥʩʫʚʘʪʠ ʥʝʜʦʣʽʢʠ 

ʦʨʛʩʪʨʫʢʪʫʨʠ (ʪʠʤʯʘʩʦʚʽ) ʚ ʨʘʟʽ ʟʘʩʚʦʻʥʥʷ ʽ ʩʧʨʠʡʥʷʪʪʷ ʢʦʣʝʢʪʠʚʦʤ ʧʨʘʮʽʚʥʠʢʽʚ 
ʧʦʩʪʘʚʣʝʥʠʭ ʮʽʣʝʡ, ʛʘʨʤʦʥʽʟʘʮʽʾ ʚʽʜʥʦʰʝʥʴ ʢʝʨʫʶʯʦʾ ʽ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤʠ, ʢʦʣʠ 
ʪʨʘʜʠʮʽʡʥʠʤʠ ʩʪʘʶʪʴ ʧʦʨʷʜʥʽʩʪʴ, ʚʠʩʦʢʘ ʢʫʣʴʪʫʨʘ ʽ ʜʽʣʦʚʘ ʜʦʩʢʦʥʘʣʽʩʪʴ ʦʨʛʘʥʽʟʘʮʽʾ, ʪʦʙʪʦ 
ʢʦʣʠ ʩʪʚʦʨʝʥʦ ʛʝʥʦʤ ʜʽʣʦʚʦʾ ʜʦʩʢʦʥʘʣʦʩʪʽ. 

2. ʏʽʪʢʠʡ ʨʦʟʧʦʜʽʣ ʬʫʥʢʮʽʡ ʚ ʽʥʪʝʨʝʩʘʭ ʜʦʩʷʛʥʝʥʥʷ ʮʽʣʝʡ (ʤʦʞʝ ʚʽʜʨʽʟʥʷʪʠʩʷ ʚʽʜ 
ʧʨʦʧʠʩʘʥʠʭ ʚ ʧʦʩʘʜʦʚʠʭ ʽʥʩʪʨʫʢʮʽʷʭ). ʅʘʧʨʠʢʣʘʜ, ʟʘʭʚʦʨʽʣʦʛʦ ʤʦʥʪʘʞʥʠʢʘ, ʱʦʙ ʥʝ ʟʽʨʚʘʪʠ 
ʨʦʙʦʯʫ ʟʤʽʥʠ ʥʘ ʤʦʥʪʘʞʽ ʙʫʜʠʥʢʫ, ʤʦʞʝ ʧʽʜʤʽʥʠʪʠ ʪʠʤʯʘʩʦʚʦ ʤʘʡʩʪʝʨ, ʯʠ ʯʝʨʛʦʚʠʡ 
ʝʣʝʢʪʨʠʢ, ʷʢʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʫ ʢʚʘʣʽʬʽʢʘʮʽʶ ʽ ʤʦʪʠʚʘʮʽʶ. ʎʝ ʧʨʘʢʪʠʢʫʻʪʴʩʷ ʚ ʢʦʤʧʣʝʢʩʥʠʭ 
ʙʨʠʛʘʜʘʭ, ʜʝ ʯʣʝʥʠ ʙʨʠʛʘʜʠ ʤʘʶʪʴ ʧʦ ʢʽʣʴʢʘ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ ʽ ʤʦʪʠʚʦʚʘʥʽ ʟʘ ʩʫʤʽʱʝʥʥʷ 
ʧʨʦʬʝʩʽʡ ʪʘ ʜʦʩʷʛʥʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʤʝʪʠ ʚ ʫʩʪʘʥʦʚʣʝʥʽ ʩʪʠʩʣʽ ʪʝʨʤʽʥʠ. 

3. ʆʨʛʘʥʽʟʦʚʘʥʘ ʢʦʣʝʢʪʠʚʥʘ ʜʽʷ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʘ, ʥʽʞ ʨʦʟʨʽʟʥʝʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʜʽʾ 
ʦʢʨʝʤʠʭ ʧʨʘʮʽʚʥʠʢʽʚ. ʉʠʣʘ ʩʧʽʣʴʥʦʾ ʧʨʘʮʽ ʬʦʨʤʫʻ ʩʧʽʣʴʥʽ ʽʥʪʝʨʝʩʠ. ʅʘ ʞʘʣʴ ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ 
ʨʦʟʧʦʜʽʣ ʨʝʟʫʣʴʪʘʪʽʚ ʩʧʽʣʴʥʦʾ ʧʨʘʮʽ ʢʦʣʝʢʪʠʚʫ, ʢʝʨʫʶʯʦʾ ʽ ʢʝʨʦʚʘʥʦʾ ʩʠʩʪʝʤ ʤʘʻ ʜʦʩʠʪʴ 
ʥʝʧʨʦʟʦʨʠʡ ʽ ʩʧʦʪʚʦʨʝʥʠʡ ʩʠʣʦʚʠʡ ʽʻʨʘʨʭʽʯʥʠʡ ʭʘʨʘʢʪʝʨ, ʱʦ ʩʪʚʦʨʶʻ ʧʝʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ 
ʦʨʛʘʥʽʟʘʮʽʷʭ ʽ ʥʝ ʩʧʨʠʷʻ ʩʪʚʦʨʝʥʥʶ ʩʠʥʝʨʛʽʯʥʦʛʦ ʝʬʝʢʪʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʇʈʀʏʀʅ ʈʋʁʅʋɺɸʅʅʗ ɹɽʊʆʅʅʀʍ ɺʀʈʆɹɯɺ ʋ 

ɹɯʆɸɻʈɽʉʀɺʅʀʍ ʉɽʈɽɼʆɺʀʑɸʍ 

ɹʝʪʦʥ ʝʢʩʧʣʫʘʪʦʚʘʥʠʭ ʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ (ʟʦʢʨʝʤʘ, ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ) 

ʧʽʜʜʘʻʪʴʩʷ ʚʧʣʠʚʫ ʨʽʟʥʠʭ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱ. ʋ ʥʘʡʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʫʤʦʚʘʭ ʚʠʷʚʣʷʻʪʴʩʷ ʙʝʪʦʥ ʫ ʟʦʥʽ ʟʤʽʥʥʦʛʦ ʨʽʚʥʷ ʩʪʦʢʽʚ. ʊʫʪ ʧʦʚʝʨʭʥʷ ʙʝʪʦʥʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʧʝʨʽʦʜʠʯʥʦ ʟʚʦʣʦʞʫʻʪʴʩʷ ʽ ʚʠʩʫʰʫʻʪʴʩʷ, ʥʘ ʥʽʡ ʦʩʝʣʷʶʪʴʩʷ ʢʦʣʦʥʽʾ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ɰʭ 

ʢʦʤʧʣʝʢʩʥʠʡ ʙʽʦʣʦʛʽʯʥʠʡ ʽ ʚʦʜʥʠʡ ʚʧʣʠʚ ʥʘ ʙʝʪʦʥ ʯʘʩʪʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʛʦ 

ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʤʝʥʪʽʚ ʢʦʣʝʢʪʦʨʽʚ.  

ʆʪʞʝ ʙʝʪʦʥ ʜʣʷ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʧʦʚʠʥʝʥ ʤʘʪʠ ʥʝʦʙʭʽʜʥʫ ʙʽʦʣʦʛʽʯʥʫ ʩʪʽʡʢʽʩʪʴ 

ʩʪʨʫʢʪʫʨʠ. ʇʝʚʥʘ ʙʽʦʚʦʜʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʚ ʟʦʥʽ ʧʦʟʤʽʥʥʦʛʦ 

ʟʚʦʣʦʞʝʥʥʷ ʽ ʚʠʩʠʭʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʧʦʚʠʥʥʽ ʚʠʢʦʥʫʚʘʪʠʩʷ ʷʢ ʤʽʥʽʤʫʤ ʜʚʽ ʫʤʦʚʠ: ʧʦʚʝʨʭʥʝʚʘ 

ʪʨʽʱʠʥʦʩʪʽʡʢʽʩʪʴ ʽ ʙʽʦʣʦʛʽʯʥʠʡ ʦʧʽʨ ʤʘʪʝʨʽʘʣʫ. ɯʜʝʘʣʴʥʠʤ ʥʘʣʝʞʘʣʦ ʙ ʚʠʟʥʘʪʠ ʘʙʩʦʣʶʪʥʦ 

ʪʨʽʱʠʥʦʩʪʽʡʢʠʡ ʙʝʪʦʥ ʟ ʙʘʢʪʝʨʠʮʠʜʥʦ-ʘʢʪʠʚʥʦʶ ʧʦʚʝʨʭʥʝʶ ʜʦ ʚʦʜʥʦʾ ʙʽʦʬʣʦʨʠ. ʋ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʩʫʮʽʣʴʥʽʩʪʴ ʙʝʪʦʥʫ ʧʦʚʠʥʥʘ ʟʙʝʨʽʛʘʪʠʩʷ ʟʘʜʘʥʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʪʝʨʤʽʥ, ʘ ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʫ ʮʝʡ ʧʝʨʽʦʜ ʧʦʚʠʥʥʘ ʙʫʪʠ ʚʽʜʩʫʪʥʷ ʙʽʦʬʣʦʨʘ.  

ʋ ʪʦʡ ʞʝ ʯʘʩ ʟʘʭʠʩʪ ʚʽʜ ʙʽʦʧʦʰʢʦʜʞʝʥʴ, ʙʫʜʫʯʠ ʥʘʡʜʘʚʥʽʰʦʶ ʥʘʫʢʦʚʦʶ ʽ ʧʨʘʢʪʠʯʥʦʶ 

ʧʨʦʙʣʝʤʦʶ, ʜʦ ʪʝʧʝʨʽʰʥʴʦʛʦ ʯʘʩʫ ʥʝ ʚʠʨʽʰʝʥʘ, ʭʦʯʘ ʻ ʽʩʪʦʪʥʠʤ ʛʦʩʧʦʜʘʨʩʴʢʠʤ ʚʘʞʣʠʚʠʤ 

ʬʘʢʪʦʨʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʻ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʩʫʯʘʩʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʗʢ ʧʦʢʘʟʘʣʠ ʧʨʦʚʝʜʝʥʽ ʣʘʙʦʨʘʪʦʨʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʤʦʞʝ ʙʫʪʠ 

ʟʜʽʡʩʥʝʥʦ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʠʭ ʜʦʙʘʚʦʢ ʜʦ ʙʝʪʦʥʫ. ʆʯʝʚʠʜʥʦ, ʱʦ ʪʘʢʽ 

ʜʦʙʘʚʢʠ ʧʦʚʠʥʥʽ ʚʦʣʦʜʽʪʠ ʧʦʣʽʬʫʥʢʮʽʦʥʘʣʴʥʦʶ ʜʽʻʶ ʥʘ ʙʝʪʦʥʥʫ ʩʫʤʽʰ ʪʘ ʙʝʪʦʥ.  
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ʇʨʦʚʝʜʝʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʦʥʘʜ 50 % ʟʘʛʘʣʴʥʦʛʦ ʦʙʩʷʛʫ 

ʙʽʦʧʦʰʢʦʜʞʝʥʴ ʙʝʪʦʥʫ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʧʦʚôʷʟʘʥʦ ʟ ʜʽʷʣʴʥʽʩʪʶ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ 

(ʙʘʢʪʝʨʽʡ). ɹʘʢʪʝʨʽʦʜʝʩʪʨʫʢʮʽʽ ʚʠʢʣʠʢʘʶʪʴʩʷ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʤʘʡʞʝ ʚʩʽʭ ʛʨʫʧ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ. ʍʘʨʘʢʪʝʨ ʧʦʰʢʦʜʞʝʥʴ, ʱʦ ʥʠʤ ʚʠʢʣʠʢʘʻʪʴʩʷ, ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ ʫʤʦʚʘʤʠ, ʚ ʷʢʠʭ ʦʧʠʥʷʻʪʴʩʷ ʙʝʪʦʥ.  

ʉʧʝʮʠʬʽʯʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴ ʦʨʛʘʥʦʛʝʥʥʫ ʢʦʨʦʟʽʶ, ʻ ʫʯʘʩʪʴ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʫ ʢʦʨʦʟʽʡʥʦʤʫ ʧʨʦʮʝʩʽ ʽ ʤʝʪʘʤʦʨʬʦʟʠ ʙʝʪʦʥʫ, ʱʦ ʧʽʜʜʘʶʪʴʩʷ ʢʦʨʦʟʽʾ.  

ʆʪʞʝ, ʙʽʦʩʪʽʡʢʽʩʪʴ ʙʝʪʦʥʫ ʤʦʞʝ ʙʫʪʠ ʟʘʙʝʟʧʝʯʝʥʘ ʜʚʦʤʘ ʢʦʤʧʣʝʢʩʥʦ ʜʽʶʯʠʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʟʘʧʦʙʽʛʘʥʥʷʤ ʧʦʚʝʨʭʥʝʚʦʤʫ ʪʨʽʱʠʥʦʫʪʚʦʨʝʥʥʶ ʪʘ ʩʪʚʦʨʝʥʥʷʤ ʙʽʦʽʤʫʥʽʪʝʪʫ 

ʙʝʪʦʥʫ ʜʦ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  

ʊʨʠʚʘʣʽʩʪʴ ʙʝʪʦʥʫ ʪʨʫʙ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʬʘʢʪʦʨʽʚ, ʦʩʥʦʚʥʠʤʠ ʟ ʷʢʠʭ ʻ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʚʠʜ ʪʘ ʩʢʣʘʜ ʙʝʪʦʥʫ, ʘ ʪʘʢʦʞ ʩʪʫʧʽʥʴ 

ʘʛʨʝʩʠʚʥʦʩʪʽ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ʋ ʪʦʡ ʞʝ ʯʘʩ ʢʘʥʘʣʽʟʘʮʽʡʥʽ ʢʦʣʝʢʪʦʨʠ, ʷʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʩʢʣʘʜʥʫ ʪʝʭʥʽʯʥʫ 

ʩʠʩʪʝʤʫ, ʝʣʝʤʝʥʪʠ ʷʢʦʾ ʚʠʢʦʥʫʶʪʴ ʟʘʜʘʥʫ ʬʫʥʢʮʽʶ ʟ ʧʝʚʥʠʤ ʟʘʧʘʩʦʤ ʢʦʨʦʟʽʡʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʇʨʠ ʮʴʦʤʫ ʥʝ ʪʽʣʴʢʠ ʦʢʨʝʤʽ ʝʣʝʤʝʥʪʠ ʦʙôʻʢʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʽʟʥʦʶ ʪʨʠʚʘʣʽʩʪʶ, ʘʣʝ ʡ 

ʾʭ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ. ɿ ʮʠʭ ʧʨʠʯʠʥ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʨʽʟʥʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʣʝʢʪʦʨʽʚ 

ʪʘʢʦʞ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘ ʾʭ ʧʦʣʦʤʢʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʧʨʘʚʠʣʦʤ ʩʣʘʙʢʦʾ ʣʘʥʢʠ.  

ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘʪʠʟʘʮʽʾ ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʧôʷʪʴ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ 

ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʙʝʪʦʥʫ ʪʨʫʙ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʢʦʣʝʢʪʦʨʽʚ: ʦʜʠʥʦʯʥʽ ʪʨʽʱʠʥʠ ʪʘʪʽ, ʱʦ 

ʨʦʟʛʘʣʫʞʫʶʪʴʩʷ; ʨʦʟʚʠʥʝʥʽ ʧʝʨʝʩʽʯʥʽ ʪʨʽʱʠʥʠ; ʯʠʩʣʝʥʥʽ ʨʦʟʚʠʥʝʥʽ ʩʽʪʯʘʩʪʽ ʪʨʽʱʠʥʠ; 

ʨʫʡʥʫʚʘʥʥʷ ʽ ʚʠʢʨʠʰʫʚʘʥʥʷ ʙʝʪʦʥʫ; ʦʛʦʣʝʥʥʷ ʘʨʤʘʪʫʨʠ ʟ ʨʫʡʥʫʚʘʥʥʷʤ ʙʝʪʦʥʫ.  

ʆʪʞʝ, ʷʢ ʚʠʧʣʠʚʘʻ ʟ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʪʨʠʚʘʣʽʩʪʴ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʧʦʨʫʜ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʨʷʜʫ ʬʘʢʪʦʨʽʚ, ʭʘʨʘʢʪʝʨ ʷʢʠʭ ʦʙʫʤʦʚʣʝʥʠʡ ʟʚʠʯʘʡʥʠʤ ʘʙʦ ʧʝʨʝʜʯʘʩʥʠʤ ʟʥʦʰʝʥʥʷʤ, ʘ 

ʪʘʢʦʞ ʟʥʠʞʝʥʥʷʤ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʩʧʦʨʫʜʠ, ʧʦʚôʷʟʘʥʠʭ ʟ ʧʦʨʫʰʝʥʥʷʤʠ ʫʤʦʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʧʨʦʷʚʘʤʠ ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʚʧʣʠʚʽʚ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʜʽʾ ʽ ʚʟʘʻʤʦʚʧʣʠʚʫ ʮʠʭ 

ʬʘʢʪʦʨʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʜʘʧʪʘʮʽʷ ʩʧʦʨʫʜʠ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʟʘ ʨʘʭʫʥʦʢ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʮʽʣʽʩʥʦʾ 

ʞʦʨʩʪʢʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʜʠʩʢʨʝʪʥʫ, ʤʝʥʰ ʞʦʨʩʪʢʫ. ʊʘʢʘ ʪʨʘʥʩʬʦʨʤʘʮʽʷ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʨʫʡʥʫʚʘʥʥʷ ʟʘʛʘʣʴʥʠʭ ʩʠʩʪʝʤʦʫʪʚʦʨʶʶʯʠʭ ʟʚôʷʟʢʽʚ ʽ ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʞ ʚʥʘʩʣʽʜʦʢ 

ʧʦʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʦʩʥʦʚʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ.  

ʆʩʥʦʚʥʠʤ ʟʘʭʦʜʦʤ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʢʘʥʘʣʽʟʘʮʽʡʥʠʭ ʩʧʦʨʫʜ ʻ ʜʨʝʥʘʞ, ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʜʦʩʷʛʘʻʪʴʩʷ ʫʩʫʥʝʥʥʷ ʘʙʦ ʦʙʤʝʞʝʥʥʷ ʬʽʣʴʪʨʘʮʽʡʥʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

ʟʥʠʞʫʶʪʴʩʷ ʚʦʣʦʛʽʩʪʴ ˇʨʫʥʪʫ ʽ ʛʨʘʜʽʻʥʪʠ ʥʘʧʦʨʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ʉʢʣʘʜʠ ʮʝʤʝʥʪʘʮʽʡʥʠʭ ʨʦʟʯʠʥʽʚ, ʚʠʜ ʽ ʢʽʣʴʢʽʩʪʴ ʜʦʙʘʚʦʢ ʧʨʠʟʥʘʯʘʶʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʢʦʥʢʨʝʪʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ, ʮʽʣʴʦʚʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʮʝʤʝʥʪʘʮʽʡʥʠʭ ʨʦʙʽʪ, 

ʪʠʧʫ ʩʧʦʨʫʜʠ ʪʘ ʧʨʠʨʦʜʥʠʭ ʫʤʦʚ. ɿʘ ʚʝʣʠʢʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ˇʨʫʥʪʽʚ, ʪʨʽʱʠʥ ʽ ʧʦʨ ʫ ʙʝʪʦʥʥʠʭ 

ʝʣʝʤʝʥʪʘʭ ʮʝʤʝʥʪʘʮʽʷ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʫʚʝʜʝʥʥʷʤ ʜʦ ʩʢʣʘʜʫ ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʠʭ 

ʥʘʧʦʚʥʶʚʘʯʽʚ ʽ ʭʽʤʽʯʥʠʭ ʜʦʙʘʚʦʢ.  
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ɼʀʅɸʄɯʏʅɯ ʄɽʊʆɼʀ ʈʆɿʈɸʍʋʅʂʋ ʋ ɹʋɼɯɺʅʀʎʊɺɯ ʊɸ ʇʆʐʀʈɽʅɯ 

ʊɽʍʅʆʃʆɻɯɰ ʋʊɽʇʃɽʅʅʗ 

ɿʘ ʩʪʘʪʠʩʪʠʢʦʶ ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʽ ʨʝʩʫʨʩʠ ʤʦʞʥʘ ʧʦʜʽʣʠʪʠ ʥʘ ʪʨʠ ʚʝʣʠʢʽ ʛʨʫʧʠ: 

ʧʨʦʤʠʩʣʦʚʽʩʪʴ (ʜʦ 28%), ʪʨʘʥʩʧʦʨʪ (ʜʦ 32%) ʪʘ ʞʠʪʣʦʚʠʡ ʩʝʢʪʦʨ (ʧʦʥʘʜ 40%) [1]. ɺ 

ʝʥʝʨʛʦʙʘʣʘʥʩʽ ʙʫʜʽʚʣʽ ʪʝʧʣʦʚʘ ʝʥʝʨʛʽʷ ʩʪʘʥʦʚʠʪʴ 60-80%, ʣʝʚʦʚʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʚʠʪʨʘʯʘʻʪʴʩʷ 

ʥʘ ʦʧʘʣʝʥʥʷ. ɺ ʨʘʤʢʘʭ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʜʝʨʞʘʚʥʠʭ ʽʥʚʝʩʪʠʮʽʡʥʠʭ ʧʨʦʛʨʘʤ ʧʦʯʘʣʠ ʘʢʪʠʚʥʦ 

ʚʧʨʦʚʘʜʞʫʚʘʪʠʩʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʟʘʭʦʜʠ, ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʽ ʩʝʨʝʜ ʥʠʭ - ʟʘʤʽʥʘ ʚʽʢʦʥ ʪʘ 

ʫʪʝʧʣʝʥʥʷʤ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ.  
ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʯ, ʱʦ ʚʠʨʽʰʫʶʪʴʩʷ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ 

ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʭʦʜʽʚ: ʩʪʘʮʽʦʥʘʨʥʽ, ʢʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʪʘ ʜʠʥʘʤʽʯʥʽ. ʉʪʘʮʽʦʥʘʨʥʽ 

ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ, ʱʦ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ, 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʚʦʜʠʪʠ ʨʦʟʨʘʭʫʥʦʢ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʜʣʷ ʦʧʘʣʝʥʽ ʚ 

ʨʽʯʥʦʤʫ ʨʦʟʨʽʟʽ ʪʘ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʽʥʝʨʮʽʡʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʙʫʜʽʚʣʽ. ʂʚʘʟʽʩʪʘʮʽʦʥʘʨʥʽ ʤʝʪʦʜʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʪʝʧʣʦʚʠʭ ʙʘʣʘʥʩʽʚ ʜʣʷ ʜʦʩʠʪʴ ʪʨʠʚʘʣʦʛʦ ʽʥʪʝʨʚʘʣʫ ʯʘʩʫ 

(ʟʘʟʚʠʯʘʡ ʦʜʠʥ ʤʽʩʷʮʴ ʯʠ ʮʽʣʠʡ ʩʝʟʦʥ). ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʘʥʘʣʽʟʫ ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʥʘʤʽʯʥʽ ʤʦʜʝʣʽ ʨʦʟʨʘʭʫʥʢʫ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ 

ʦʧʘʣʝʥʥʷ. ɼʠʥʘʤʽʯʥʽ ʤʝʪʦʜʠ, ʟʘ ʷʢʠʤʠ ʪʝʧʣʦʚʠʡ ʙʘʣʘʥʩ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ 

ʢʦʨʦʪʢʦʪʨʠʚʘʣʠʤʠ ʯʘʩʦʚʠʤʠ ʽʥʪʝʨʚʘʣʘʤʠ (ʟʘʟʚʠʯʘʡ ʦʜʥʘ ʛʦʜʠʥʘ), ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʦʙʩʷʛ 

ʪʝʧʣʘ, ʱʦ ʘʢʫʤʫʣʶʻʪʴʩʷ ʚ, ʘʙʦ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʚʽʜ ʤʘʩʠʚʫ ʙʫʜʠʥʢʫ [2]. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʨʦʙʽʪ ʧʨʠʩʚʷʯʝʥʘ ʟʘʩʪʦʩʫʚʘʥʥʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʝʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʶ ʪʝʧʣʦʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʙʫʜʽʚʝʣʴ [3-5]. ʇʽʜʭʽʜ ʻʚʨʦʧʝʡʩʴʢʦʛʦ ʩʪʘʥʜʘʨʪʫ [3], 

ʱʦ ʧʨʠʡʥʷʪʦʤʫ ʚ ʋʢʨʘʾʥʽ, ʙʘʟʫʻʪʴʩʷ ʥʘ ʩʧʨʦʱʝʥʦʤʫ ʧʦʛʦʜʠʥʥʦʤʫ ʤʝʪʦʜʽ ʨʦʟʨʘʭʫʥʢʫ 

ʝʥʝʨʛʦʧʦʪʨʝʙʠ. ɺ ʩʪʘʥʜʘʨʪʽ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ï ʧ'ʷʪʴ ʦʧʦʨʽʚ, ʦʜʥʘ ʻʤʥʽʩʪʴ (5R1C). 

ʇʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟʘ ʤʝʪʦʜʠʢʦʶ [6] ʧʦʪʨʝʙʫʻ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʤʦʞʝ 

ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʝ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ MathLab ʪʘ Mathcad. 

ɸʣʴʪʝʨʥʘʪʠʚʥʠʤ ʚʘʨʽʘʥʪʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʞʝ ʽʩʥʫʶʯʠʭ ʧʨʦʛʨʘʤ. ʇʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ 

EnergyPlus [7] ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʧʦʚʥʠʭ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʛʨʘʤ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʫʜʽʚʣʽ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʨʘʱʽ 

ʧʽʜʭʦʜʠ ʜʚʦʭ ʚʽʜʦʤʠʭ ʧʨʦʛʨʘʤ DOE-2 ʪʘ BLAST, ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚ ʷʢʠʭ ʥʘʙʣʠʞʝʥʽ 

ʜʦ ʻʚʨʦʧʝʡʩʴʢʠʭ ʩʪʘʥʜʘʨʪʽʚ [7]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʜʫ [6] ʜʘʥʠʡ ʤʝʪʦʜ ʚʨʘʭʦʚʫʻ ʦʢʨʝʤʦ 

ʪʝʧʣʦʻʤʥʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ. 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʫʪʦʯʥʝʥʥʷ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʫʪʝʧʣʶʚʘʯʽʚ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʜʠʥʘʤʽʯʥʠʭ ʤʦʜʝʣʝʡ. 
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ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʦʙʨʘʥʦ ʥʘʚʯʘʣʴʥʠʡ ʢʦʨʧʫʩʫ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʩʴʢʦʛʦ ʟʙʫʜʦʚʘʥʠʡ 

ʚ 1974 ʨʦʮʽ. ʆʩʥʦʚʥʠʡ ʤʘʪʝʨʽʘʣ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ ʯʝʨʚʦʥʘ ʧʫʩʪʦʪʽʣʘ ʮʝʛʣʘ ʥʘ ʮʝʤʝʥʪʥʦ-

ʧʽʱʘʥʦʤʫ ʨʦʟʯʠʥʽ. ɺʽʢʥʘ ʜʚʦʢʘʤʝʨʥʽ ʚ ʜʝʨʝʚ'ʷʥʠʭ ʧʣʝʪʽʥʥʷʭ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʩʢʣʝʥʥʷ 40%. 

ʇʦʚʽʪʨʦʦʙʤʽʥ ʟʘʜʘʚʘʚʩʷ ʯʝʨʝʟ ʥʦʨʤʘʪʠʚʥʫ ʢʨʘʪʥʽʩʪʴ ʧʦʚʽʪʨʦʦʙʤʽʥʫ 1 ʛʦʜ
-1

. 

ʈʝʧʨʝʟʝʥʪʘʪʠʚʥʝ ʧʨʠʤʽʱʝʥʥʷ ʦʨʽʻʥʪʦʚʘʥʝ ʥʘ ʇʥ ʪʘ ʇʜ. ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʦʧʦʪʨʝʙʠ ʜʣʷ 

ʦʧʘʣʝʥʥʷ ʙʫʜʽʚʣʽ ʚ ʜʠʥʘʤʽʯʥʦʤʫ ʨʝʞʠʤʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʧʨʦʜʫʢʪʽ EnergyPlus ʚʠʢʦʥʘʥʦ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʣʽʤʘʪʠʯʥʠʭ ʧʦʛʦʜʠʥʥʠʭ ʜʘʥʠʭ ʪʠʧʦʚʦʛʦ ʨʦʢʫ IWEC ʜʣʷ ʤ. ʂʠʻʚʘ [8]. ɺ 

ʨʦʙʦʪʽ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʴʦʭ ʪʠʧʽʚ ʫʪʝʧʣʶʚʘʯʽʚ ʪʦʚʱʠʥʦʶ 10 

ʩʤ: 1) ʤʽʥʝʨʘʣʴʥʘ ʚʘʪʘ; 2) ʙʘʟʘʣʴʪʦʚʘ ʚʘʪʘ; 3) ʝʢʩʪʨʫʜʦʚʘʥʠʡ ʧʽʥʦʧʦʣʽʩʪʝʨʦʣ. ʇʝʨʝʨʘʭʦʚʘʥʽ 

ʫʪʝʧʣʶʚʘʯʽ ʨʦʟʛʣʷʜʘʣʠʩʴ ʜʣʷ ʚʘʨʽʘʥʪʽʚ ʪʠʧʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʩʪʽʥ: 1) ʚ ʦʜʥʫ ʮʝʛʣʫ (25 ʩʤ); 

2) ʚ ʜʚʽ ʮʝʛʣʠ (50 ʩʤ). 

ʅʘ ʨʠʩʫʥʢʫ 1 ʥʘʚʝʜʝʥʥʦ ʨʽʯʥʫ ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʜʣʷ ʦʧʘʣʝʥʥʷ ʜʣʷ ʨʽʟʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʥʝʧʨʦʟʦʨʠʭ ʟʦʚʥʽʰʥʽʭ ʦʛʦʨʦʜʞʝʥʴ. 

 

ʈʠʩ. 1 - ʈʽʯʥʘ ʝʥʝʨʛʦʧʦʪʨʝʙʘ ʜʣʷ ʦʧʘʣʝʥʥʷ ʢʽʤʥʘʪʠ ʦʨʽʻʥʪʦʚʘʥʦʾ ʥʘ ʇʜ ʪʘ ʇʥ ʙʝʟ 

ʫʪʝʧʣʝʥʥʷ ʪʘ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʫʪʝʧʣʝʥʥʷ 10 ʩʤ 

ɿ ʨʠʩ.1 ʚʠʜʥʦ, ʱʦ ʤʘʩʠʚʥʽʩʪʴ ʩʪʽʥʠ ʟ 25 ʩʤ ʥʘ 50 ʩʤ ʙʝʟ ʫʪʝʧʣʶʚʘʯʘ ʟʤʝʥʰʫʻ 

ʝʥʝʨʛʦʧʦʪʨʝʙʫ ʜʣʷ ʦʧʘʣʝʥʥʷ ʥʘ 7% ʧʦ ʚʩʽʭ ʦʨʽʻʥʪʘʮʽʷʭ. ɿʘ ʥʘʷʚʥʦʩʪʽ ʫʪʝʧʣʶʚʘʯʘ (ʙʫʜʴ-

ʷʢʦʛʦ ʟ ʨʦʟʛʣʷʥʫʪʠʭ) ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʝʥʨʛʦʧʦʪʨʝʙʠ ʙʫʜʽʚʣʽ ʜʣʷ ʦʧʘʣʝʥʥʷ ʚʞʝ 

ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʧʦʯʘʪʢʦʚʘ ʤʘʩʠʚʥʽʩʪʴ ʩʪʽʥʠ ʚ ʦʜʥʫ ʘʙʦ ʜʚʽ ʮʝʛʣʠ ʜʣʷ ʇʥ ʪʘ ʇʜ 

ʦʨʽʻʥʪʘʮʽʡ. ʊʨʠ ʥʘʡʙʽʣʴʰ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʫʪʝʧʣʶʚʘʯʘ ʤʘʡʞʝ ʦʜʥʘʢʦʚʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʪʨʝʙʫ ʙʫʜʽʚʣʽ ʜʣʷ ʦʧʘʣʝʥʥʷ. ʆʩʦʙʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ 

ʫʪʝʧʣʶʚʘʯʘ ʧʦʚ'ʷʟʘʥʘ ʟ ʚʘʨʪʽʩʪʶ ʪʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ (ʝʪʘʞʥʽʩʪʴ, ʧʨʠʟʥʘʯʝʥʥʷ 

ʙʫʜʽʚʣʽ, ʪʦʱʦ). ɺ ʧʦʜʘʣʴʰʦʤʫ ʟʘʧʣʘʥʦʚʘʥʦ ʚʠʚʯʠʪʠ ʚʧʣʠʚ ʫʪʝʧʣʝʥʥʷ ʧʨʠ ʧʝʨʝʨʠʚʯʘʩʪʦʤʫ 

ʦʧʘʣʝʥʥʽ. 
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ɻʨʘʙʦʚʩʴʢʠʡ ɸ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʦʥʜʘʨʝʮʴ ʆ.ɸ., ʤʦʣ. ʥʘʫʢ. ʩʧʚ̔ʨʦʙʪ̔ʥʠʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, bondarets.o@gmail.com 

ʄɯʂʈʆʄɽʍɸʅɯʂɸ ʈʋʁʅʋɺɸʅʅʗ ʂʆʅʉʊʈʋʂʊʀɺʅʀʍ ɼɽʊɸʃɽʁ ʊɸ ʉʇʆʈʋɼ 

ʅʘʜʽʡʥʝ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʨʝʩʫʨʩʫ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʫʟʣʽʚ ʦʙôʻʢʪʽʚ ʥʘ ʩʪʘʜʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ, 

ʦʮʽʥʢʘ ʚʠʨʦʙʣʝʥʦʛʦ ʽ ʧʨʦʛʥʦʟ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʥʘ ʩʪʘʜʽʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʝʤʦʞʣʠʚʽ ʙʝʟ 

ʨʦʟʨʦʙʢʠ ʘʜʝʢʚʘʪʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʨʫʡʥʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ 

ʦʩʥʦʚʽ ʢʦʥʪʠʥʫʘʣʴʥʦʾ ʤʝʭʘʥʽʢʠ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʜʣʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʢʦʥʢʨʝʪʥʠʭ ʦʙôʻʢʪʽʚ. ʅʘ ʩʪʘʜʽʷʭ ʥʘʢʦʧʠʯʝʥʥʷ ʨʦʟʩʽʷʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚ ʢʦʥʩʪʨʫʢʮʽʡʥʦʤʫ 

ʤʘʪʝʨʽʘʣʽ ʪʘʢʽ ʤʦʜʝʣʽ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʚ ʨʘʤʢʘʭ ʤʝʭʘʥʽʢʠ ʧʦʰʢʦʜʞʝʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ 

ʦʙôʻʜʥʫʻ ʝʚʦʣʶʮʽʡʥʽ ʨʽʚʥʷʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ ʽ ʧʨʦʮʝʩʽʚ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʽ ʫʪʨʠʤʫʶʯʽʡ ʽʥʪʝʛʨʘʣʴʥʽ ʧʘʨʘʤʝʪʨʠ ʩʪʘʥʫ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʨʦʮʝʩʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʫ ʥʘ ʤʝʟʦʨʽʚʥʽ, ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʘʛʽʩʪʨʘʣʴʥʦʾ ʪʨʽʱʠʥʠ ʚ ʥʴʦʤʫ. 

ɸʚʪʦʨʘʤʠ [1-4] ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʩʥʦʚʥʠʤʠ ʜʦʤʽʥʫʶʯʠʤʠ 

ʧʨʦʮʝʩʘʤʠ ʚʠʯʝʨʧʘʥʥʷ ʨʝʩʫʨʩʫ ʤʘʪʝʨʽʘʣʫ ʷʚʣʷʶʪʴʩʷ ʧʨʦʮʝʩʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ, 

ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʧʫʰʝʥʥʷʤ ʤʘʪʝʨʽʘʣʫ , ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʜʝʛʨʘʜʘʮʽʾ ʡʦʛʦ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʣʷ ʜʚʦʭ ʚʠʜʽʚ ʨʫʡʥʫʚʘʥʴ, ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʥʘ ʚʽʜʨʠʚ ɽ ʪʘ ʟʨʽʟ G. ʆʜʥʠʤ ʟ 

ʧʘʨʘʤʝʪʨʽʚ ʜʝʛʨʘʜʘʮʽʾ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʽʜ ʜʽʻʶ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʟʤʽʥʘ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ɽ ʪʘ G ʧʨʠ ʥʘʧʨʘʮʶʚʘʥʥʽ ʢʦʥʢʨʝʪʥʠʭ 

ʦʙôʻʢʪʽʚ. ʇʘʨʘʤʝʪʨʦʤ ʜʝʛʨʘʜʘʮʽʾ ʷʚʣʷʻʪʴʩʷ ʧʦʰʢʦʜʞʫʚʘʥʽʩʪʴ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʦʩʴʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ Dů ʪʘ ʧʨʠ ʟʩʫʚʽ DŰ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʦʮʝʩ ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʜʽʾ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ů ʪʘ ʜʦʪʠʯʥʠʭ Ű, ʦʮʽʥʶʶʪʴʩʷ ʚʽʜʥʦʰʝʥʥʷʤ: 

0

1 iE
D

E
s= - ;   

0

1 iG
D

G
t= -       (1) 

ʜʝ E0, G0 ï ʧʝʨʰʦʧʦʯʘʪʢʦʚʝ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ; 

iE , iG  ï ʧʦʪʦʯʥʽ ʟʥʘʯʝʥʥʷ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ. 

 
ʈʠʩ. 1 ï ʂʽʥʝʪʠʢʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʚ ʚʽʜʥʦʩʥʠʭ ʚʝʣʠʯʠʥʘʭ 

( ) ( )/ / ; / / ;i o i R i o i RE E f G G fe e g g= =   
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ɸʚʪʦʨʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʟʤʽʥʘ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʨʫʞʥʦ-

ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. ʅʘ ʨʠʩ.1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʚʽʜʥʦʩʥʦʾ ʟʤʽʥʠ 

ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʚʽʜ ʟʤʽʥʠ ʧʨʫʞʥʦʧʣʘʩʪʠʯʥʠʭ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʧʨʠ ʦʩʴʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʧʨʠ ʟʩʫʚʽ, ʜʝ e̔, g̔ ï ʧʦʪʦʯʥʽ ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʭ ʪʘ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, 

eR, gR. ï ʚʝʣʠʯʠʥʠ ʣʽʥʽʡʥʠʭ ʪʘ ʢʫʪʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʤʦʤʝʥʪ ʨʫʡʥʫʚʘʥʥʷ. 

ɸʚʪʦʨʘʤʠ ʦʪʨʠʤʘʥʽ ʚʽʜʥʦʰʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʢʽʥʝʪʠʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ: 

1 1 i

R

D

a

s s
e

j
e

å õ
= - -æ ö

ç ÷
; 1 1 i

R

D

b

t t
g

j
g

å õ
= - -æ ö

ç ÷
    (2) 

ʜʝ 0 0

0 0

,R RE E G G

E G
s tj j

- -
= =  ï ʛʣʠʙʠʥʠ ʟʤʽʥʠ ʤʦʜʫʣʽʚ ʧʨʫʞʥʦʩʪʽ ʧʨʠ ʦʩʴʦʚʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʪʘ ʟʩʫʚʽ. 

ɺ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʧʦʢʘʟʥʠʢʠ ʩʪʝʧʝʥʽʚ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʣʽʥʽʡʥʠʭ Ŭ ʪʘ ʢʫʪʦʚʠʭ ɓ 

ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʨʠʚʽ ʚʠʟʥʘʯʝʥʥʷ 

ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʽʚ Ŭ ʪʘ ɓ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ŭ(%). 

 

ʈʠʩ. 2 ï ʂʨʠʚʽ ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʢʘʟʥʠʢʽʚ ʩʪʝʧʝʥʽʚ Ŭ ʪʘ ɓ ʟʘʣʝʞʥʦ ʚʽʜ ʧʣʘʩʪʠʯʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʽʚ ï ŭ(%) 

ɯʟ ʘʥʘʣʽʟʫ ʨʠʩ. 2 ʦʪʨʠʤʘʥʽ ʘʥʘʣʽʪʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ Ŭ ʪʘ ɓ ʚʽʜ 

ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ:  

2 4 215,7 10 6 10a d d- -= Ö - Ö ;      
2 4 210 14 10b d d- -= - Ö ;   (3) 

ʂʨʽʤ ʪʦʛʦ, ʚ ʨʦʙʦʪʽ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʢʨʠʪʠʯʥʠʭ ʟʥʘʯʝʥʴ ʧʦʰʢʦʜʞʝʥʴ RDs  ʪʘ RDt  

ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʣʘʩʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (%)d . 

2 31,45 2,24 3,74RDs d d d= - + ;  20,65 0,93RDt d d= -    (4) 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Lemaitre J. A. Course on Damage Mechanics, second ed. / J. A. Lemaitre. ï Springer ï Berlin 

Heidelberg, 1996. ï 228 p. 

2. ʃʝʤʝʪʨ ɾ. ʂʦʥʪʠʥʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʧʦʚʨʝʞʜʝʥʠʷ [ʊʝʢʩʪ] / ʃʝʤʝʪʨ ɾ. // ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ, 

ʪ. 108. ï ˉ 1. ï 1985. ï ʩ. 90-98. 
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ʋɼʂ 69.002 

ɺʘʩʠʣʴʻʚ ɭ.ɸ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ  

ʇʘʚʝʣʴʻʚʘ ɸ. ʂ., ʢʘʥʜ. ʬʽʣʦʣ. ʥʘʫʢ 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, vas.eugene@gmail.com 

ʇɯɼɹɯʈ ʇɸʈɸʄɽʊʈɯɺ ʄɽʄɹʈɸʅʀ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ɺɽʃʀʏʀʅʀ ʊʀʉʂʋ ɺ 

ʊʈʋɹʆʇʈʆɺʆɼɯ 

ɼʣʷ ʙʽʣʴʰ ʜʦʢʣʘʜʥʦʛʦ ʚʠʚʯʝʥʥʷ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʨʦʙʦʯʠʭ ʢʘʤʝʨʘʭ 

ʨʦʟʯʠʥʦʥʘʩʦʩʘ ʪʘ ʫ ʥʘʧʽʨʥʽʡ ʽ ʚʩʤʦʢʪʫʚʘʣʴʥʽʡ ʤʘʛʽʩʪʨʘʣʷʭ, ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ 

ʤʝʪʦʜʠʢʘ ʟʘʧʠʩʫ ʜʽʘʛʨʘʤ ʟʤʽʥʠ ʪʠʩʢʫ ʧʦʜʘʯʽ ʟʘʣʝʞʥʦ ʚʽʜ ʯʘʩʫ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ.  

ɼʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʚʠʙʦʨʫ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥ ʩʧʦʯʘʪʢʫ, ʟʥʘʶʯʠ ʨʦʙʦʯʠʡ ʪʠʩʢ ʥʘ ʢʦʞʥʽʡ 

ʜʽʣʷʥʮʽ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ, ʽʟ ʨʽʚʥʷʥʥʷ (1) [1, 2, 3] ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʣʠʯʠʥʘ 

ʨʘʜʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʝʤʙʨʘʥʠ H  ʧʨʠ ʚʽʜʦʤʠʭ ʪʦʚʱʠʥʽ, ʜʽʘʤʝʪʨʽ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʤʘʪʝʨʽʘʣʫ, ʟ ʷʢʦʛʦ ʚʦʥʠ ʚʠʛʦʪʦʚʣʷʣʠʩʷ. 

 ( ) ( )
4 34/ 2 / ( ) 3,58 / 5,86 ( / ) 0,p D E H Hd d dÖ Ö - Ö - Ö = (1) 

ʜʝ p ï ʪʠʩʢ ʫ ʢʘʤʝʨʽ, ʇʘ; 

D ï ʜʽʘʤʝʪʨ ʜʽʘʬʨʘʛʤʠ, ʤ;  

E ï ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ, ʇʘ; 

ŭ ï ʪʦʚʱʠʥʘ ʤʝʤʙʨʘʥʠ, ʤ.  

ɿʘ ʚʝʣʠʯʠʥʦʶ ʚʠʟʥʘʯʝʥʦʾ ʨʘʜʽʘʣʴʥʦʾ ʜʝʬʦʨʤʘʮʽʾ H, ʟʘ ʬʦʨʤʫʣʦʶ (2) ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʪʝʥʟʦʜʘʪʯʠʢʽʚ e, %, ʽ ʦʙʠʨʘʻʪʴʩʷ ʪʘʢʠʡ ʚʘʨʽʘʥʪ ʪʦʚʱʠʥʠ ʤʝʤʙʨʘʥʠ, 

ʧʨʠ ʷʢʦʤʫ ʚʽʜʥʦʩʥʘ ʜʝʬʦʨʤʘʮʽʷ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʘ ʧʘʩʧʦʨʪʥʦʛʦ ʧʨʠʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 

ʪʝʥʟʦʤʝʪʨʠʯʥʠʭ ʜʘʪʯʠʢʽʚ ʪʠʩʢʫ ï 0,3% (ʤʘʪʝʨʽʘʣ ʤʝʤʙʨʘʥʠ ʧʨʘʮʶʻ ʚ ʤʝʞʘʭ ʧʨʫʞʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ, ʚʽʜʥʦʚʣʶʶʯʠ ʩʚʦʾ ʨʦʟʤʽʨʠ ʧʽʩʣʷ ʟʥʷʪʪʷ ʜʝʬʦʨʤʫʶʯʦʛʦ ʟʫʩʠʣʣʷ).  

 

( )

2 2

2 2
2 2

2 2

100 400 400
100% ,

44
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4

L D D H D H

D HL D H
D H

D H

e
- Ö + Ö Ö Ö

= Ö = -
Ö Ö+ Ö å õ

+ Ö Ö æ ö
+ Öç ÷

 (2) 

ʜʝ L  ï ʜʦʚʞʠʥʘ ʜʫʛʠ ʧʦʚʝʨʭʥʽ ʜʽʘʤʝʪʨʘʣʴʥʦʛʦ ʧʝʨʝʨʽʟʫ ʜʝʬʦʨʤʦʚʘʥʦʾ ʤʝʤʙʨʘʥʠ, ʤ; 

D ï ʜʽʘʤʝʪʨ ʥʝʜʝʬʦʨʤʦʚʘʥʦʾ ʤʝʤʙʨʘʥʠ, ʤ;  

H  ï ʨʘʜʽʘʣʴʥʘ ʜʝʬʦʨʤʘʮʽʷ ʤʝʤʙʨʘʥʠ, ʤ. 

 
ʈʠʩ. 1 ï ɻʝʦʤʝʪʨʠʯʥʽ ʨʦʟʤʽʨʠ ʜʽʘʬʨʘʛʤʠ 

ʗʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʘʢʽ ʚʠʭʽʜʥʽ ʜʘʥʽ: ʪʠʩʢ p=2ʄʇʘ ʜʽʘʤʝʪʨ ʤʝʤʙʨʘʥʠ D=0,06ʤ, 

ʪʦʚʱʠʥʘ ʤʝʤʙʨʘʥʠ ŭ=0,0005 ʤ, ʤʦʜʫʣʴ ʧʨʫʞʥʦʩʪʽ ɽ=2,1Ā10
5
 ʇʘ, ʪʦ ʤʠ ʦʪʨʠʤʘʻʤʦ ʟʥʘʯʝʥʥʷ 

ʚʽʜʥʦʩʥʦʾ ʜʝʬʦʨʤʘʮʽʾ Ů=0,18%, ʱʦ ʥʝ ʧʝʨʝʚʠʱʫʻ ʛʨʘʥʠʯʥʦʾ ʚʝʣʠʯʠʥʠ 0,3%. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɺʦʣʴʤʠʨ ɸ.ʉ. ɻʠʙʢʠʝ ʧʣʘʩʪʠʥʢʠ ʠ ʦʙʦʣʦʯʢʠ / ɺʦʣʴʤʠʨ ɸ.ʉ. ï ʄ.: ɻʦʩʪʝʭʠʟʜʘʪ, 1956. ï 419 ʩ. 
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2. ʇʦʥʦʤʘʨʝʚ ʉ.ɼ. ʈʘʩʯʝʪ ʫʧʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ / ʉ.ɼ. ʇʦʥʦʤʘʨʝʚ, 

ʃ.ɽ. ɸʥʜʨʝʝʚʘ ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1980. ï 326 ʩ. 

3. ʇʨʦʯʥʦʩʪʴ. ʋʩʪʦʡʯʠʚʦʩʪʴ. ʂʦʣʝʙʘʥʠʷ. ʉʧʨʘʚʦʯʥʠʢ. ï ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1968. ʊ. 1. ï

 1968. ï 831 ʩ. 

 

ɹʫʣʘʚʢʘ ʆ.ɯ., ʚʠʢʣʘʜʘʯ  

ʉʦʢʦʣʝʥʢʦ ʉ.ɺ., ʚʠʢʣʘʜʘʯ  

ɺʽʜʦʢʨʝʤʣʝʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʧʽʜʨʦʟʜʽʣ ʊʘʣʴʥʽʚʩʴʢʠʡ ʙʫʜʽʚʝʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʠʡ ʢʦʣʝʜʞ 

ʋʤʘʥʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʩʘʜʽʚʥʠʮʪʚʘ, ʤ. ʊʘʣʴʥʝ, bulavka1984@gmail.com  

ʉʊɸʊʀʉʊʀʏʅɯ ʄɽʊʆɼʀ ɸʅɸʃɯɿʋ ɺʀʈʆɹʅʀʏʆɻʆ ʊʈɸɺʄɸʊʀɿʄʋ ʋ 

ɹʋɼɯɺɽʃʔʅɯʁɻɸʃʋɿɯ 

ɿʘ ʜʘʥʠʤʠɼʝʨʞʘʚʥʦʾ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʧʨʘʮʽ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʟʥʘʯʥʦ ʟʨʦʩʣʘ 

ʢʽʣɹʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʫ ʙʫʜʽʚʝʣʴʥʽʡ ʛʘʣʫʟʽ ʋʢʨʘʾʥʠ. ʊʘʢ, ʢʽʣʴʢʽʩʪʴ ʣʝʪʘʣʴʥʠʭ 

ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʫ ʧʝʨʽʦʜ 2015ï 2017 ʨʦʢʽʚ ʟʨʦʩʣʘ ʥʘ 54,3%, ʟ 35 ʦʩʽʙʜʦ 54ʦʩʽʙʚ ʨ̔ ʢ [1]. 

ʎʝ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ, ʚʠʷʚʣʝʥʥʷ ʧʨʠʯʠʥ ʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ. ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʜʦʧʦʤʦʛʪʠ ʚ ʮʽʡ ʨʦʙʦʪʽ ʤʦʞʝ ʧʨʘʚʠʣʴʥʦ ʧʽʜʽʙʨʘʥʠʡ, ʧʽʜ 

ʦʩʦʙʣʠʚʽʩʪʴ ʙʫʜʽʚʝʣʴʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚ, ʘʥʘʣʽʟ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ. 

ʂʦʨʠʩʪʫʶʯʠʩʴ ʢʣʘʩʠʬʽʢʘʮʽʻʶʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʪʨʘʚʤʘʪʠʟʤʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʶ 

ɺ. ʆ. ɸʯʠʥʦʤ [2], ʤʠ ʜʽʡʰʣʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʩʣʫʞʙʘʤ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʧʽʜʧʨʠʻʤʩʪʚ ʛʘʣʫʟʽ 

ʧʝʨʰʦʯʝʨʛʦʚʦ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʘʥʘʣʽʟʫ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʛʨʫʧʠ 

ʽʤʦʚʽʨʥʽʩʥʦ-ʩʪʘʪʠʩʪʠʯʥʠʭ ʤʝʪʦʜʽʚ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʤʝʪʦʜʠ ʧʦʣʷʛʘʶʪʴʫ ʚʠʚʯʝʥʥʽ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʟʘ ʜʦʢʫʤʝʥʪʘʤʠ. 

ʅʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʤʽʩʪʠʪʴʩʷ ʚ ʨʽʯʥʠʭ ʟʚʽʪʘʭ7-ʪʥʚ, ʘʢʪʘʭ ʬʦʨʤʠ ʅ-ɯ, ʞʫʨʥʘʣʘʭ 

ʨʝʻʩʪʨʘʮʽʾ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚʪʦʱʦ. ɼʘʥʠʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ 

ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʡʦʛʦ ʪʷʞʢʽʩʪʴ ʥʘ ʦʢʨʝʤʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʦʙôʻʢʪʘʭ, ʜʽʣʴʥʠʮʷʭ, ʧʽʜʧʨʠʻʤʩʪʚʽ ʚ 

ʮʽʣʦʤʫ, ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʟ ʽʥʰʠʤʠ ʙʫʜʽʚʝʣʴʥʠʤʠʧʽʜʧʨʠʻʤʩʪʚʘʤʠ. ɼʣʷ ʦʮʽʥʢʠ 

ʨʽʚʥʷ ʪʨʘʚʤʘʪʠʟʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʽʜʥʦʩʥʽ ʩʪʘʪʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ: 

 (1) 

 (2) 

 (3) 

ʜʝ ʂʯ, ʂʪ ï ʢʦʝʬʽʮʽʻʥʪʠ ʯʘʩʪʦʪʠ ʪʘ ʪʷʞʢʦʩʪʽ ʪʨʘʚʤʘʪʠʟʤʫ; 

n ï ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʪʨʘʚʤʘʪʠʟʤʫ ʟʘ ʟʚʽʪʥʠʡ ʧʝʨʽʦʜ; 

ʨ ï ʯʠʩʝʣʴʥʽʩʪʴ ʧʨʘʮʽʚʥʠʢʽʚ ʟʘ ʮʝʡ ʞʝ ʧʝʨʽʦʜ. 

ɼ ï ʢʽʣʴʢʽʩʪʴ ʜʥʽʚ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʫ ʧʦʪʝʨʧʽʣʠʭ (ʫ ʨʦʙʦʯʠʭ ʜʥʷʭ). 

ʂʦʝʬʽʮʽʻʥʪ ʯʘʩʪʦʪʠ ʪʨʘʚʤʘʪʠʟʤʫ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʚʠʧʘʜʢʽʚ ʪʨʘʚʤʘʪʠʟʤʫ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ 

ʧʝʨʽʦʜ, ʱʦ ʧʨʠʧʘʜʘʻ ʥʘ 1000 ʧʨʘʮʽʚʥʠʢʽʚ, ʱʦ ʧʨʘʮʶʚʘʣʠ ʟʘ ʮʝʡ ʧʝʨʽʦʜ. 

ʂʦʝʬʽʮʽʻʥʪ ʪʷʞʢʦʩʪʽ ʪʨʘʚʤʘʪʠʟʤʫ ʚʢʘʟʫʻ ʩʢʽʣʴʢʠ ʜʥʽʚ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʧʨʠʧʘʜʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʦʜʠʥ ʚʠʧʘʜʦʢ ʪʨʘʚʤʘʪʠʟʤʫ ʟʘ ʚʽʜʧʦʚʽʜʥʠʡ ʧʝʨʽʦʜ. 

ɯʥʪʝʛʨʦʚʘʥʫ ʦʮʽʥʢʫ ʨʽʚʥʷ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʧʨʦʚʦʜʷʪʴ ʟʘ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʟʘʛʘʣʴʥʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʜʦʧʦʚʥʠʪʠ ʜʝʪʝʨʤʽʥʽʩʪʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘʭʦʜʠ ʱʦʜʦ ʧʨʦʬʽʣʘʢʪʠʢʠ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1.ɼʝʨʞʘʚʥʘ ʩʣʫʞʙʠ ʋʢʨʘʾʥʠ ʟ ʧʠʪʘʥʴ ʧʨʘʮʽ[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://dsp.gov.ua/category/diyalnist 

2. ɾʠʜʝʮʴʢʠʡ ɺ.ʎ. ʆʩʥʦʚʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽ / ɺ.ʎ. ɾʠʜʝʮʴʢʠʡ. ï ʃʴʚʽʚ: ɸʬʽʰʘ, 2002. ï 360ʩ. 

mailto:bulavka1984@gmail.com
http://dsp.gov.ua/category/diyalnist
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ʋɼʂ 691.328.34: 692.522.3 

ʃʠʪʚʠʥʷʢ ʆ.ʗ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, oksana_lytvynyak@ukr.net 

ʈʆɿʈɸʍʋʅʆʂ ʐɸʈʋɺɸʊʆ-ɿɸʃɯɿʆɹɽʊʆʅʅʆ-ʇɯʅʆɹɽʊʆʅʅʀʍ ʇʃʀʊ 

ʇɽʈɽʂʈʀʊʊʗ 

ʐʘʨʫʚʘʪʦ-ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʘ ʧʣʠʪʘ ʧʝʨʝʢʨʠʪʪʷ (ʐɿʇʇ) ï ʮʝ ʢʦʤʧʣʝʢʩʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʧʝʨʝʢʨʠʪʪʷ, ʷʢʘ ʫʪʚʦʨʝʥʘ ʽʟ ʜʚʦʭ ʰʘʨʽʚ ʙʝʪʦʥʽʚ: ʚʘʞʢʦʛʦ ʙʝʪʦʥʫ ʪʘ 

ʧʽʥʦʙʝʪʦʥʫ, ʱʦ ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʧʨʦʩʪʦʨʦʚʠʤ ʘʨʤʘʪʫʨʥʠʤ ʢʘʨʢʘʩʦʤ (ʨʠʩ. 1). ʉʘʤʝ ʪʘʢʝ 

ʧʦʻʜʥʘʥʥʷ ʫ ʐɿʇʇ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢ ʟʘ ʩʢʣʘʜʦʤ, ʪʘʢ ʽ ʟʘ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʢʦʥʘʥʥʷ ʩʫʯʘʩʥʠʭ ʚʠʩʦʢʠʭ ʚʠʤʦʛ ʱʦʜʦ ʾʾ 

ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ, ʝʢʦʣʦʛʽʯʥʦʩʪʽ, ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʦʩʪʽ [1]. 

 
ʈʠʩ. 1 - ʇʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʰʘʨʫʚʘʪʦ-ʟʘʣʽʟʦʙʝʪʦʥʥʦ-ʧʽʥʦʙʝʪʦʥʥʦʾ ʧʣʠʪʠ ʧʝʨʝʢʨʠʪʪʷ 

ʋ ʜʽʶʯʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ ʋʢʨʘʾʥʠ ʪʘ ɭʚʨʦʧʠ [2, 3, 4] ʥʘʚʝʜʝʥʽ ʜʝʪʘʣʴʥʽ 

ʤʝʪʦʜʠʢʠ ʪʘ ʨʝʢʦʤʝʥʜʘʮʽʾ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʽʣʴʢʠ ʚʘʞʢʠʡ ʙʝʪʦʥ ʽ ʩʪʝʨʞʥʝʚʘ ʘʨʤʘʪʫʨʘ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʥʦʚʠʭ 

ʙʫʜʽʚʝʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʩʫʪʪʻʚʦ ʨʽʟʥʠʤʠ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʦʪʨʝʙʫʻ ʟʜʽʡʩʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʷʢʽ ʜʦʟʚʦʣʠʣʠ ʙ ʟʜʽʡʩʥʠʪʠ 

ʦʙˇʨʫʥʪʦʚʘʥʠʡ ʚʠʙʽʨ ʾʭ ʧʘʨʘʤʝʪʨʽʚ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʛʣʘʤʝʥʪʦʚʘʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ. ɼʣʷ 

ʐɿʇʇ ʧʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʤʝʪʦʜʠʢʠ, ʷʢʽ ʘʜʝʢʚʘʪʥʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʾʾ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʝʨʝʨʽʟʽʚ ʧʽʜ ʯʘʩ ʥʘʚʘʥʪʘʞʝʥʥʽ ʧʨʠ ʟʛʠʥʽ. ʇʨʦʪʝ, 

ʚʽʜʦʙʨʘʞʝʥʽ ʚ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʘʭ [2, 3, 4] ʧʦʣʦʞʝʥʥʷ ʪʘ ʧʨʘʚʠʣʘ ʧʨʦʝʢʪʫʚʘʥʥʷ 

ʦʢʨʝʩʣʶʶʪʴ ʥʘʧʨʷʤʢʠ ʜʦʩʣʽʜʞʝʥʴ ʟʛʽʜʥʦ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʚʽʜʧʦʚʽʜʥʽ ʤʝʪʦʜʠʢʠ 

ʨʦʟʨʘʭʫʥʢʫ ʜʣʷ ʐɿʇʇ.  

ɺ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʶʚʘʥʦʾ ʤʝʪʦʜʠʢʠ ʦʮʽʥʶʚʘʥʥʷ ʦʧʦʨʫ ʐɿʇʇ ʟʦʚʥʽʰʥʴʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʧʦʢʣʘʜʝʥʘ ʥʝʣʽʥʽʡʥʘ ʜʝʬʦʨʤʘʮʽʡʥʘ ʤʦʜʝʣʴ, ʷʢʘ ʙʫʜʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʝʧʶʨ 

ʨʦʟʧʦʜʽʣʫ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʝʧʶʨ ʨʦʟʧʦʜʽʣʫ ʚʥʫʪʨʽʰʥʽʭ ʥʘʧʨʫʞʝʥʴ ʚ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʧʦʧʝʨʝʯʥʠʭ ʧʝʨʝʨʽʟʘʭ ʧʨʠ ʟʛʠʥʽ [1]. ɼʦ ʫʚʘʛʠ ʙʝʨʫʪʴʩʷ ʨʝʘʣʴʥʽ ʜʽʘʛʨʘʤʠ 

ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʭʘʨʘʢʪʝʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʪʘ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʤʽʥʠ ʚʽʜʥʦʩʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʫ ʚʩʴʦʤʫ ʧʨʷʤʦʢʫʪʥʦʤʫ ʧʦʧʝʨʝʯʥʦʤʫ 

ʧʝʨʝʪʠʥʽ ʐɿʇʇ, ʱʦ ʩʧʨʠʯʠʥʶʶʪʴʩʷ ʤʦʥʦʪʦʥʥʦʶ ʟʤʽʥʦʶ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʂʦʤʧʣʝʢʩʥʝ ʧʦʻʜʥʘʥʥʷ ʥʘʚʝʜʝʥʠʭ ʧʦʣʦʞʝʥʴ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʜʦʩʪʘʪʥʴʦ ʪʦʯʥʝ 

ʦʮʽʥʶʚʘʥʥʷ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʐɿʇʇ, ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʘʪʠ ʧʦʚʥʫ ʢʘʨʪʠʥʫ 

ʧʦʩʣʽʜʦʚʥʦʛʦ ʨʦʟʚʠʪʢʫ ʥʘʧʨʫʞʝʥʴ ʽ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʟʜʽʡʩʥʠʪʠ ʦʮʽʥʶʚʘʥʥʷ ʾʾ ʥʝʩʫʯʦʾ 

ʟʜʘʪʥʦʩʪʽ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʜʝʬʦʨʤʫʚʘʥʥʷ ʧʨʠ ʟʛʠʥʽ. 
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ʇʈʆɹʃɽʄʀ ʉʀʉʊɽʄʀ ʇɯɼɻʆʊʆɺʂʀ ɯʅɾɽʅɽʈʅʆ-ʊɽʍʅɯʏʅʀʍ 

ʇʈɸʎɯɺʅʀʂɯɺ ɿ ʇʀʊɸʅʔ ɹɽɿʇɽʏʅʆʉʊɯ ʇʈʆʄʀʉʃʆɺʀʍ ʇɯɼʇʈʀɭʄʉʊɺ  

ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʣʽʟʘʮʽʾ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, 

ʟʫʤʦʚʣʝʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʩʠʨʦʚʠʥʠ, ʤʘʪʝʨʽʘʣʽʚ, ʚʠʨʦʙʥʠʯʠʭ ʧʦʪʫʞʥʦʩʪʝʡ, ʝʥʝʨʛʝʪʠʯʥʠʭ 

ʨʝʩʫʨʩʽʚ, ʦʙʣʘʜʥʘʥʥʷ, ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʽʚ. ʇʨʦʪʝ ʙʫʜʴ-ʷʢʠʡ ʚʠʨʦʙʥʠʯʠʡ ʧʨʦʮʝʩ ʤʘʻ 

ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʙʝʟʧʝʢʠ ʧʨʘʮʽ ʧʽʜ ʯʘʩ ʡʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʚ ʫʤʦʚʘʭ, ʫʩʪʘʥʦʚʣʝʥʠʭ 

ʥʦʨʤʘʪʠʚʥʦʶ ʜʦʢʫʤʝʥʪʘʮʽʻʶ. 

ɹʝʟʧʝʯʥʽʩʪʴ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʝʨʝʜʫʩʽʤ ʝʬʝʢʪʠʚʥʦʶ ʨʦʙʦʪʦʶ ʟ 

ʦʭʦʨʦʥʠ ʧʨʘʮʽ, ʚʠʢʦʥʫʚʘʥʦʶ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʤʠ ʧʨʘʮʽʚʥʠʢʘʤʠ (ɯʊʇ) ï ʧʦʩʘʜʦʚʠʤʠ 

ʦʩʦʙʘʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘ. 

ʉʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ ʌʦʥʜʫ ʩʦʮʽʘʣʴʥʦʛʦ ʩʪʨʘʭʫʚʘʥʥʷ ʋʢʨʘʾʥʠ [1] ʩʚʽʜʯʘʪʴ ʧʨʦ ʥʝʟʘʜʦʚʽʣʴʥʫ 

ʨʦʙʦʪʫ ʱʦʜʦ ʧʨʦʬʽʣʘʢʪʠʢʠ ʚʠʨʦʙʥʠʯʦʛʦ ʪʨʘʚʤʘʪʠʟʤʫ ʪʘ ʧʨʦʬʝʩʽʡʥʦʾ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ. ʊʘʢ, 

ʫ 2017 ʨʦʮʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 2016 ʨʦʢʦʤ ʢʽʣʴʢʽʩʪʴ ʩʪʨʘʭʦʚʠʭ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʟʙʽʣʴʰʠʣʘʩʴ 

ʥʘ 4,2% (ʟ 4766 ʜʦ 4965), ʢʽʣʴʢʽʩʪʴ ʧʨʦʬʝʩʽʡʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʟʙʽʣʴʰʠʣʘʩʴ ʥʘ 21,7% (ʟ 1603 

ʜʦ 1951). 

ʉʝʨʝʜ ʧʨʠʯʠʥ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ ʧʝʨʝʚʘʞʘʶʪʴ ʩʘʤʝ ʦʨʛʘʥʽʟʘʮʽʡʥʽ (65,5%), ʷʢʽ, ʷʢ 

ʧʨʘʚʠʣʦ, ʻ ʥʘʩʣʽʜʢʘʤʠ ʥʝʜʦʩʪʘʪʥʴʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʦʩʘʜʦʚʠʭ ʦʩʽʙ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʦʛʦ ʨʽʚʥʷ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ʅʘʡʧʦʰʠʨʝʥʽʰʠʤʠ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʩʪʘʣʠ: 

- ʥʝʚʠʢʦʥʘʥʥʷ ʚʠʤʦʛ ʽʥʩʪʨʫʢʮʽʡ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ï 35,1% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʪʨʘʚʤʦʚʘʥʠʭ ʦʩʽʙ ʧʦ ʋʢʨʘʾʥʽ; 

- ʥʝʚʠʢʦʥʘʥʥʷ ʧʦʩʘʜʦʚʠʭ ʦʙʦʚôʷʟʢʽʚ ï 8,7%; 

- ʧʦʨʫʰʝʥʥʷ ʧʨʘʚʠʣ ʙʝʟʧʝʢʠ ʨʫʭʫ ï 7,0%; 

- ʧʦʨʫʰʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ï 2,7%; 

- ʧʦʨʫʰʝʥʥʷ ʚʠʤʦʛ ʙʝʟʧʝʢʠ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʘʰʠʥ, 

ʤʝʭʘʥʽʟʤʽʚ ʪʦʱʦ ï 2,4%. 

ɿʘ 2017 ʨʽʢ ʢʽʣʴʢʽʩʪʴ ʥʝʱʘʩʥʠʭ ʚʠʧʘʜʢʽʚ, ʜʦ ʷʢʠʭ ʧʨʠʟʚʝʣʘ ʝʢʩʧʣʫʘʪʘʮʽʷ ʦʙʣʘʜʥʘʥʥʷ, 

ʫʩʪʘʪʢʫʚʘʥʥʷ, ʤʘʰʠʥ ʪʘ ʤʝʭʘʥʽʟʤʽʚ ʩʪʘʥʦʚʠʪʴ 1484 ʚʠʧʘʜʢʠ, ʚ ʪ.ʯ. 168 ï ʩʤʝʨʪʝʣʴʥʠʭ, ʱʦ 

ʩʢʣʘʜʘʻ 29,9% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʚʤʦʚʘʥʠʭ ʧʦ ʋʢʨʘʾʥʽ [1]. 

ɺʠʱʝ ʥʘʚʝʜʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʘʛʘʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʻ ʥʘʷʚʥʫ ʪʝʥʜʝʥʮʽʶ ʽ ʧʽʜʪʚʝʨʜʞʫʻ 

ʥʝʟʘʜʦʚʽʣʴʥʠʡ ʩʪʘʥ ʨʦʙʦʪʠ ʟ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ.  

ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʨʠʯʠʥ ʪʘʢʦʾ ʩʠʪʫʘʮʽʾ ʻ ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʙʘʟʦʚʦʾ ʧʽʜʛʦʪʦʚʢʠ ʟ 

ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʠʡ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ (ɺʅɿ). 
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ɼʘʣʝʢʦ ʥʝ ʟʘʚʞʜʠ ʩʪʫʜʝʥʪʠ ɺʅɿ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʽ ʪʝʭʥʽʯʥʠʭ ʩʧʝʮʽʘʣʴʥʦʩʪʝʡ, ʤʘʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʩʣʫʭʘʪʠ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ ʢʫʨʩʠ ʜʠʩʮʠʧʣʽʥ ʮʠʢʣʫ ʙʝʟʧʝʢʠ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ï 

çɹʝʟʧʝʢʘ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽè (ɹɾɼ), çʆʩʥʦʚʠ ʦʭʦʨʦʥʠ ʧʨʘʮʽè (ʆʆʇ), çʆʭʦʨʦʥʘ ʧʨʘʮʽ ʚ 

ʛʘʣʫʟʽè (ʆʇʚɻ), çʎʠʚʽʣʴʥʠʡ ʟʘʭʠʩʪè (ʎɿ), ʷʢʽ ʬʦʨʤʫʶʪʴ ʢʦʤʧʝʪʝʥʮʽʾ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ, ʧʦʞʝʞʥʦʾ ʽ ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ, ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ, ʱʦ ʥʝʦʙʭʽʜʥʽ ʩʪʫʜʝʥʪʘʤ ʫ 

ʤʘʡʙʫʪʥʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ. 

ʊʘʢ, ʫ ʙʘʛʘʪʴʦʭ ɺʅɿ ʥʘʷʚʥʽ ʚʠʧʘʜʢʠ ʩʢʦʨʦʯʝʥʥʷ ʦʙʩʷʛʫ ʥʘʚʯʘʣʴʥʠʭ ʛʦʜʠʥ, ʷʢʽ 

ʚʽʜʚʦʜʷʪʴʩʷ ʥʘ ʜʠʩʮʠʧʣʽʥʠ ʮʠʢʣʫ ɹɾɼ, ʥʝʜʦʮʽʣʴʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʜʠʩʮʠʧʣʽʥ 

(ʷʢ ʤʽʞ ʩʦʙʦʶ, ʪʘʢ ʽ ʟ ʽʥʰʠʤʠ ʜʠʩʮʠʧʣʽʥʘʤʠ), ʧʝʨʝʥʝʩʝʥʥʷ ʾʭ ʟ ʥʦʨʤʘʪʠʚʥʠʭ 

(ʦʙʦʚôʷʟʢʦʚʠʭ) ʫ ʨʦʟʨʷʜ ʚʠʙʽʨʢʦʚʠʭ, ʜʦʚʽʣʴʥʝ ʾʭ ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ ʯʠ ʩʢʘʩʫʚʘʥʥʷ ʜʠʩʮʠʧʣʽʥ 

ʚʟʘʛʘʣʽ.  

ʑʝ ʛʽʨʰʦʶ ʻ ʩʠʪʫʘʮʽʷ ʟʽ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʨʦʟʜʽʣʘʤʠ ʟ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʙʝʟʧʝʢʠ 

ʚ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʷʭ ʫ ʚʠʧʫʩʢʦʚʠʭ (ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ) ʨʦʙʦʪʘʭ ʙʘʢʘʣʘʚʨʽʚ ʪʘ ʤʘʛʽʩʪʨʽʚ. 

ʅʝʨʽʜʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʽ ʨʦʟʜʽʣʠ ʚʽʜʩʫʪʥʽ ʟʦʚʩʽʤ, ʯʘʩʪʦ ï ʨʦʟʜʽʣʠ ʥʦʩʷʪʴ ʬʦʨʤʘʣʴʥʠʡ 

ʭʘʨʘʢʪʝʨ ʽ ʚʠʢʦʥʫʶʪʴʩʷ ʙʝʟ ʢʦʥʩʫʣʴʪʘʮʽʡ ʟʽ ʩʪʦʨʦʥʠ ʬʘʭʽʚʮʽʚ (ʚʠʢʣʘʜʘʯʽʚ ʦʭʦʨʦʥʠ ʧʨʘʮʽ), ʘ 

ʨʦʙʦʪʘ ɼʝʨʞʘʚʥʠʭ ʝʢʟʘʤʝʥʘʮʽʡʥʠʭ ʢʦʤʽʩʽʡ ʽʟ ʟʘʭʠʩʪʫ ʢʚʘʣʽʬʽʢʘʮʽʡʥʠʭ ʨʦʙʽʪ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʙʝʟ ʫʯʘʩʪʽ ʚʠʢʣʘʜʘʯʽʚ ʦʭʦʨʦʥʠ ʧʨʘʮʽ. 

ɺʩʝ ʮʝ ʥʝ ʩʧʨʠʷʻ ʥʘʣʝʞʥʽʡ ʧʽʜʛʦʪʦʚʮʽ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʷʢʠʭ 

ʧʦʪʨʝʙʫʶʪʴ ʛʘʣʫʟʽ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʅʝʛʘʪʠʚʥʽ ʪʝʥʜʝʥʮʽʾ ʧʦʛʽʨʰʝʥʥʷ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʟ 

ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʫ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʧʦʩʠʣʶʶʪʴʩʷ ʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʾ 

ʧʦʚʥʦʛʦ ʟʨʫʡʥʫʚʘʥʥʷ.  

ɼʣʷ ʟʫʧʠʥʝʥʥʷ ʜʘʥʠʭ ʪʝʥʜʝʥʮʽʡ ʧʦʧʨʠ ʘʚʪʦʥʦʤʽʶ ɺʅɿ ʩʣʽʜ, ʧʝʨʰ ʟʘ ʚʩʝ, ʟʘʙʝʟʧʝʯʠʪʠ 

ʜʦʪʨʠʤʘʥʥʷ ʯʠʥʥʠʭ ʥʦʨʤʘʪʠʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ [2-3], ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʚʯʝʥʥʷ ʧʠʪʘʥʴ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ, ʧʦʞʝʞʥʦʾ ʽ ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ ʪʘ ʮʠʚʽʣʴʥʦʛʦ ʟʘʭʠʩʪʫ ʚ ʦʙʩʷʛʘʭ, ʧʝʨʝʜʙʘʯʝʥʠʤ 

ʊʠʧʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ ʥʦʨʤʘʪʠʚʥʠʭ ʜʠʩʮʠʧʣʽʥ ɹɾɼ, ʆʆʇ, ʆʇʚɻ ʪʘ ʎɿ [4-6]. 

ʅʘ ʧʦʨʽ, ʫ ʩʧʽʚʧʨʘʮʽ ʚʠʨʦʙʥʠʯʥʠʢʽʚ, ʚʠʱʦʾ ʰʢʦʣʠ, ʜʝʨʞʘʚʠ ʪʘ ʛʨʦʤʘʜʩʴʢʦʩʪʽ, 

ʚʠʨʦʙʣʝʥʥʷ ʩʫʯʘʩʥʦʾ ʦʧʪʠʤʘʣʴʥʦʾ ʤʦʜʝʣʽ ʩʠʩʪʝʤʠ ʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʟ ʧʠʪʘʥʴ ʙʝʟʧʝʯʥʦʩʪʽ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ (ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʽ ʧʨʦʤʠʩʣʦʚʦʾ 

ʙʝʟʧʝʢʠ, ʚʠʨʦʙʥʠʯʦʾ ʩʘʥʽʪʘʨʽʾ ʪʘ ʛʽʛʽʻʥʠ ʧʨʘʮʽ, ʧʦʞʝʞʥʦʾ ʽ ʪʝʭʥʦʛʝʥʥʦʾ ʙʝʟʧʝʢʠ, ʮʠʚʽʣʴʥʦʛʦ 

ʟʘʭʠʩʪʫ ʪʘ ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ) ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʫ ʚʠʱʠʭ 

ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʘʭ ʪʘ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ. 
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ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, shypra@ukr.net 

ʄɽʊʆɼ ɼʆʉʃɯɼɾɽʅʅʗ ʅɸʇʈʋɾɽʅʆɻʆ ʉʊɸʅʋ ʅɽʆɼʅʆʈɯɼʅʀʍ 

ʉɽʈɽɼʆɺʀʑ ɿɸ ʅɽʉʊɸʎɯʆʅɸʈʅʆɻʆ ʅɸɺɸʅʊɸɾɽʅʅʗ  

ʋ ʩʫʯʘʩʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʨʝʤʦʥʪʫ ʙʫʜʠʥʢʽʚ ʽ ʩʧʦʨʫʜ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʦʨʠʩʪʽ ʧʽʥʦʤʘʪʝʨʽʘʣʠ. ʇʝʨʝʚʘʛʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ 

ʩʧʨʠʷʪʣʠʚʝ ʧʦʻʜʥʘʥʥʷ ʬʽʟʠʯʥʠʭ ʽ ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʷʢ ʚʠʩʦʢʘ ʞʦʨʩʪʢʽʩʪʴ ʫ 

ʧʦʻʜʥʘʥʥʽ ʟ ʜʫʞʝ ʥʠʟʴʢʦʶ ʛʫʩʪʠʥʦʶ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ 

ʧʦʨʠʩʪʽ ʧʽʥʦʤʘʪʝʨʽʘʣʠ ʚʦʣʦʜʽʶʪʴ ʟʜʘʪʥʽʩʪʶ ʧʦʛʣʠʥʘʪʠ ʝʥʝʨʛʽʶ ʫʜʘʨʫ ʪʘ ʚʽʙʨʘʮʽʶ, ʘ ʪʘʢʦʞ 

ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʩʪʫʧʥ̔ɹ ʟʚʫʢʦʧʦʛʣʠʥʘʥʥʷ. ʆʢʨʽʤ ʪʦʛʦ, ʾʭ ʚʠʩʦʢʘ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʴ ʜʦʧʫʩʢʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʷʪʠ ʟ ʧʽʥʦʤʘʪʝʨʽʘʣʽʚ ʦʙ'ʻʤʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʢʪʠʯʥʦ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ.  

ɼʝʬʦʨʤʘʮʽʾ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʧʦʨʠʩʪʠʭ ʧʽʥʦʤʘʪʝʨʽʘʣʘʭ ʟʘ ʜʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʥʝ ʤʦʞʥʘ ʢʦʨʝʢʪʥʦ ʦʧʠʩʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʘʧʘʨʘʪ ʢʣʘʩʠʯʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. ʎʝ 

ʧʦʚôʷʟʘʥʦ ʟ ʪʠʤ, ʱʦ ʫ ʢʣʘʩʠʯʥʽʡ ʤʝʭʘʥʽʮʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʣʠʞʝʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ 

ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʜʝʬʦʨʤʘʮʽʾ, ʩʧʨʠʯʠʥʝʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʥʝʧʝʨʝʨʚʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ ʧʦ 

ʚʩʴʦʤʫ ʪʽʣʫ. ʎʷ ʪʝʦʨʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʩʪʘʪʥʴʦ ʜʦʙʨʝ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʧʦʚʝʜʽʥʢʠ 

ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʘʢʨʦʤʘʩʰʪʘʙʽ, ʜʝ ʤʦʞʥʘ ʥʝʭʪʫʚʘʪʠ ʨʦʟʤʽʨʦʤ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ.  

ʆʜʥʘʢ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʭʘʥʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʤʘʪʝʨʽʘʣʽʚ ʫ ʤʘʣʠʭ ʤʘʩʰʪʘʙʘʭ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʾʭ ʧʦʚʝʜʽʥʢʠ ʥʘ ʤʘʢʨʦʨʽʚʥʽ. ɹʫʜʴ-ʷʢʘ ʩʧʨʦʙʘ ʚʽʜʤʦʚʠʪʠʩʷ ʚʽʜ ʧʨʠʧʫʱʝʥʥʷ 

ʧʨʦ ʥʝʧʝʨʝʨʚʥʽʩʪʴ ʫ ʤʦʜʠʬʽʢʦʚʘʥʽʡ ʪʝʦʨʽʾ ʦʙʦʚ'ʷʟʢʦʚʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʩʢʣʘʜʥʝʥʥʷ ʘʥʘʣʽʟʫ 

ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʥʘʧʨʫʞʝʥʴ.  

ʊʦʤʫ ʜʣʷ ʧʦʨʠʩʪʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʤʽʨʥʦ-ʟʘʣʝʞʥʫ ʤʝʭʘʥʽʢʫ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʤʽʢʨʦʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʝʨʝʜʦʚʠʱʽ. ʎʷ ʪʝʦʨʽʷ 

ʧʦʚʠʥʥʘ ʥʝ ʪʽʣʴʢʠ ʚʨʘʭʦʚʫʚʘʪʠ ʚʧʣʠʚ ʨʦʟʤʽʨʥʠʭ ʝʬʝʢʪʽʚ, ʘʣʝ ʽ, ʟʚʠʯʘʡʥʦ, ʧʨʠ ʟʤʝʥʰʝʥʥʽ ʾʭ 

ʚʧʣʠʚʫ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʪʠʤʫʪʴ ʢʣʘʩʠʯʥʽʡ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ. 

ʋ ʨʦʙʦʪʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʧʽʥʠʩʪʠʭ ʩʝʨʝʜʦʚʠʱ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʧʘʨʘʪ ʤʦʤʝʥʪʥʦʾ ʪʝʦʨʽʾ ʧʨʫʞʥʦʩʪʽ ʟʽ ʩʪʠʩʥʝʥʠʤ ʦʙʝʨʪʘʥʥʷʤ ï 

ʧʩʝʚʜʦʢʦʥʪʠʥʫʫʤ ʂʦʩʩʝʨʘ [1]. ʋ ʨʘʤʢʘʭ ʮʽʻʾ ʪʝʦʨʽʾ ʥʘ ʨʦʟʧʦʜʽʣ ʜʝʬʦʨʤʘʮʽʡ ʫ ʩʝʨʝʜʦʚʠʱʽ 

ʚʧʣʠʚʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʝʨʝʤʽʱʝʥʥʷ ʯʘʩʪʠʥʦʢ ʤʘʪʝʨʽʘʣʫ, ʘ ʽ ʤʦʞʣʠʚʽ ʾʭ ʤʽʢʨʦʧʦʚʦʨʦʪʠ. ʇʨʠ 

ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʝʢʪʦʨʠ ʤʽʢʨʦ- ʪʘ ʤʘʢʨʦʧʦʚʦʨʦʪʠ ʩʧʽʚʧʘʜʘʶʪʴ.  

ʈʽʚʥʷʥʥʷ ʨʫʭʫ ʪʽʣʘ ʫ ʧʩʝʚʜʦʢʦʥʪʠʥʫʫʤʽ ʂʦʩʩʝʨʘ ʟʘʧʠʩʫʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ [2]: 
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µç ÷

u
u u u , (1) 

ʜʝ ȹ ï ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ; 

{ }( , ) ( , ) , 1,2jt u t j= =u x x  ï ʚʝʢʪʦʨ ʧʝʨʝʤʽʱʝʥʴ, ( )1 2,x x=x ; 

r ï ʛʫʩʪʠʥʘ; 

m, l ï ʩʪʘʣʽ ʃʷʤʝ; 

ɺ ï ʩʪʘʣʘ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʤʽʢʨʦʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ. 
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ɼʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʫʤʽʩʥʦʤʫ 

ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ ʟʘ ʯʘʩʦʤ, ʟʚʘʞʝʥʦ-ʟʘʣʠʰʢʦʚʦʛʦ ʧʽʜʭʦʜʫ ʪʘ 

ʤʦʜʠʬʽʢʘʮʽʾ ʤʝʪʦʜʫ ʛʨʘʥʠʯʥʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʜʣʷ ʧʩʝʚʜʦʢʦʥʪʠʥʫʫʤʫ ʂʦʩʩʝʨʘ.  

ɻʨʘʥʠʯʥʽ ʫʤʦʚʠ ʟʘʜʘʯʽ ʫ ʦʙʣʘʩʪʽ ʌʫʨôʻ-ʟʦʙʨʘʞʝʥʴ ʟʘʧʠʩʫʚʘʣʠʩʷ ʫ ʚʠʛʣʷʜ:̔ 

 
* *Ĕ Ĕ Ĕ Ĕ( , ), ( , ),n n sn snL L

s s w t t w= =x x  (2) 

ʜʝ * *Ĕ Ĕ( , ), ( , )n snt ts tx x  ï ʌʫʨôʻ-ʟʦʙʨʘʞʝʥʥʷ ʚʽʜʦʤʠʭ ʥʘ ʛʨʘʥʠʮʽ ʬʫʥʢʮʽʡ. 

ɿʘʩʪʦʩʦʚʫʶʯʠ ʟʚʘʞʝʥʦ-ʟʘʣʠʰʢʦʚʠʡ ʧʽʜʭʽʜ ʜʦ ʨʽʚʥʷʥʥʷ (1) ʧʦʪʝʥʮʽʘʣʴʥʝ ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʴ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʤʘʩʦʚʠʭ ʩʠʣ ʫ ʚʠʧʘʜʢʫ ʧʝʨʰʦʾ ʦʩʥʦʚʥʦʾ ʟʘʜʘʯʽ ʧʦʙʫʜʦʚʘʥʦ ʫ 

ʚʠʛʣʷʜʽ: 

 
0 * 0 0Ĕ( , ) ( , ) ( , , ) ( ),k j jk

L

u p U dLw w w= Öñx x x x x  (3) 

ʜʝ 0( , )jp wx  ï ʥʝʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, ( )0 0 0

1 2;x x=x ; 

*

jkU ï ʟʦʙʨʘʞʝʥʥʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʜʣʷ ʧʝʨʝʤʽʱʝʥʴ, ʱʦ ʧʦʙʫʜʦʚʘʥʽ ʫ [3], k=1, 

2. 

ɿʘʜʦʚʦʣʴʥʷʶʯʠ ʫ ʦʙʣʘʩʪʽ ʌʫʨôʻ-ʟʦʙʨʘʞʝʥʴ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (2) ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʧʦʪʝʥʮʽʘʣʴʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (3), ʽʥʪʝʛʨʘʣʴʥʽ ʨʽʚʥʷʥʥʷ ʟʘʜʘʯʽ ʟʘʧʠʰʫʪʴʩʷ ʫ ʚʠʛʣʷʜʽ: 
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vʨ ʭ x ʭ x
 (4) 

ʜʝ 1 2,pds iqd p p ipz=- = + ï ʥʝʚʽʜʦʤʘ ʬʫʥʢʮʽ,̫ 0 0

1 2x ixz= + ; 

/ct m r=  ï ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʴ ʟʩʫʚʫ; 

( )
2

1 1 /l ctJ w= - Ö  ï ʩʪʘʣʘ; 

( ) / (4 )l g e m= + ï ʨʦʟʤʽʨʥʠʡ ʬʘʢʪʦʨ; 

( ) ( )0 0, , ,j jf gx x x x  ï ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ [3]. 

ʉʠʩʪʝʤʘ ʽʥʪʝʛʨʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (4) ʨʦʟʚôʷʟʫʚʘʣʘʩʷ ʯʠʩʝʣʴʥʦ ʥʘ ʦʩʥʦʚʽ ʧʽʜʭʦʜʫ, 

ʨʦʟʚʠʥʫʪʦʛʦ ʫ [4], ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʤʝʭʘʥʽʯʥʠʭ ʢʚʘʜʨʘʪʫʨ. ʇʨʠ 

ʮʴʦʤʫ ʜʣʷ ʽʥʪʝʛʨʘʣʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʦʩʦʙʣʠʚʦʩʪʽ ʪʠʧʫ ʂʦʰʽ, ʚʠʢʦʨʠʩʪʘʥʦ ʢʚʘʜʨʘʪʫʨʥʽ 

ʬʦʨʤʫʣʠ ʧʽʜʚʠʱʝʥʦʾ ʪʦʯʥʦʩʪʽ.  

ʇʽʩʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʬʫʥʢʮʽʡ ʟ ʩʠʩʪʝʤʠ (4), ʨʦʟʨʘʭʫʥʦʢ ʢʽʣʴʮʝʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ 

ʛʨʘʥʠʮʽ ʧʦʨʦʞʥʠʥʠ ʧʨʦʚʦʜʠʚʩʷ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʫʣ:  

 ( ) ( )( )0 0 *

2 1 2
Ĕ ĔRe / 2  . . , , ,

L

q h qd h qdq qs J z z s= + + +ñv p x x x x  (5) 

ʜʝ ( )
2

2 1 ( / )lc ctJ= -  ï ʩʪʘʣʘ; 

( 2 ) /lc l m r= +  ï ʰʚʠʜʢʽʩʪʴ ʭʚʠʣʴ ʨʦʟʰʠʨʝʥʥʷ; 

( )0,jh x x  ï ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ [3]; 

*Ĕ
qs  ï ʚʽʜʦʤʽ ʬʫʥʢʮʽʾ, ɦ ʦ ʚʠʟʥʘʯʘʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʟʘʜʘʥʦʛʦ ʥʘ ʛʨʘʥʠʮʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʨʠʛʽʥʘʣʽʚ ʢʽʣʴʮʝʚʠʭ ʥʘʧʨʫʞʝʥʴ (5) ʚʠʢʦʨʠʩʪʘʥʦ ʦʙʝʨʥʝʥʝ ʜʠʩʢʨʝʪʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʱʦ ʟʘ ʯʠʩʣʦʚʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʨʝʘʣʽʟʦʚʫʚʘʣʦʩʷ ʥʘ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ 

ʂʫʣʽ-ʊʴʶʢʽ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʫ ʨʦʙʦʪʽ ʜʦʩʣʽʜʞʝʥʦ ʜʠʥʘʤʽʯʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ  

ʧʽʥʦʧʦʣʽʫʨʝʪʘʥʽʚ ʪʘ  ʩʧʽʥʝʥʠʭ ʧʦʣʽʢʨʠʣʘʤʽʜʽʚ.  
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ʚʝʨʭʥʽʭ ʰʘʨʽʚ ʟʝʤʥʦʾ ʢʦʨʠ ʚʠʢʣʠʢʘʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ ʚʠʚʯʝʥʥʷ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ʨʝʛʽʦʥʽ, ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʦʚʠ ʟʝʤʥʦʾ ʢʦʨʠ, ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʪʘ 

ʾʭ ʟʚ'ʷʟʦʢ ʽʟ ʩʝʡʩʤʽʯʥʠʤ ʪʘ ʝʢʦʣʦʛʽʯʥʠʤ ʩʪʘʥʘʤʠ ʨʝʛʽʦʥʫ. ʏʝʨʝʟ ʪʝʨʠʪʦʨʽʶ  ɿʘʢʘʨʧʘʪʪʷ 

ʧʨʦʣʷʛʘʶʪʴ ʧʨʦʜʫʢʪʦʧʨʦʚʦʜʠ, ʥʘʬʪʦʧʨʦʚʦʜʠ, ʛʘʟʦʧʨʦʚʦʜʠ, ʣʽʥʽʾ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʚʝʜʫʪʴʩʷ 

ʙʫʜʽʚʝʣʴʥʽ ʨʦʙʦʪʠ, ʪʦʤʫ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʘʞʣʠʚʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ 

ʧʨʦʙʣʝʤ  ʨʝʛʽʦʥʫ.  

ʅʘ ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʪʷ ʧʨʦʚʦʜʠʪʴʩʷ ʛʝʦʬʽʟʠʯʥʠʡ ʤʦʥʽʪʦʨʠʥʛ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ ʥʘ ʨʝʞʠʤʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʩʪʘʥʮʽʷʭ, ʩʝʡʩʤʽʯʥʠʭ ʩʪʘʥʮʽʷʭ ʪʘ ʧʫʥʢʪʘʭ 

ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ɺʽʜʜʽʣʫ ʩʝʡʩʤʽʯʥʦʩʪʽ  ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ʪʘ 

ʂʘʨʧʘʪʩʴʢʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ..ʉ.ɯ ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʚʽʜʤʽʯʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ 

ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ, ʱʦ ʧʨʦʣʠʚʘʶʪʴ ʩʚʽʪʣʦ ʥʘ ʭʘʨʘʢʪʝʨ ʚʘʨʽʘʮʽʡ 

ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʜʠʥʘʤʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʾʭ ʟʚ'ʷʟʦʢ ʽʟ ʝʢʦʣʦʛʽʯʥʦ ʥʝʙʝʟʧʝʯʥʠʤʠ ʛʝʦʣʦʛʽʯʥʠʤʠ 

ʧʨʦʮʝʩʘʤʠ[1-10].  

ɿʘ ʧʝʨʽʦʜ ʟ 01.01.2017 ʨʦʢʫ ʧʦ 25.12.2017 ʨʦʢʫ ʩʝʡʩʤʽʯʥʠʤʠ ʩʪʘʥʮʽʷʤʠ  ʨʦʟʪʘʰʦʚʘʥʠʤʠ  

ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ʟʘʨʝʻʩʪʨʦʚʘʥʦ  181 ʤʽʩʮʝʚʠʡ ʟʝʤʣʝʪʨʫʩ, ʷʢ ʽ ʚ 

ʤʠʥʫʣʦʤʫ 2016 ʨʦʮʽ  ʚ ʨʝʛʽʦʥʽ ʥʝ ʚʽʜʙʫʣʦʩʷ ʚʽʜʯʫʪʥʠʭ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ, ʷʢ ʮʝ 

ʚʽʜʤʽʯʝʥʦ, ʥʘʧʨʠʢʣʘʜ, ʚ ʧʝʨʽʦʜ 2006-2015 ʨʨ. ʉʝʡʩʤʦʪʝʢʪʦʥʽʯʥʽ ʧʨʦʮʝʩʠ ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ 

ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʽʦʜʠʯʥʽʩʪʶ. ɺ 2017 ʨʦʮʽ ʜʝʬʦʨʤʦʛʨʘʬʽʯʥʦʶ 

ʩʪʘʥʮʽʻʶ ,,ʂʦʨʦʣʝʚʦ,, ʚʽʜʜʽʣʫ ʩʝʡʩʤʽʯʥʦʩʪʽ ʂʘʨʧʘʪʩʴʢʦʛʦ ʨʝʛʽʦʥʫ ɯʥʩʪʠʪʫʪʫ ʛʝʦʬʽʟʠʢʠ ʽʤ. 

ʉ.ɯ. ʉʫʙʙʦʪʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ ʟʘʨʝʻʩʪʨʦʚʘʥʦ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ ʚʝʣʠʯʠʥʦʶ - 36.4 ʤʢʤ, 

ʜʝʬʦʨʤʘʮʽʷ ʚʝʣʠʯʠʥʦʶ-1486 ʥʩʪʨ(-14.86ʭ10
-7
). ɿʘʛʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʩʫʯʘʩʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ 

ʧʨʦʛʠʥʫ ʻ ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ, ʟʦʢʨʝʤʘ: 1999-2011 ʨʨ. - ʨʦʟʰʠʨʝʥʥʷ ʧʦʨʽʜ, 2012 ʨʽʢ-

ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ, 2013 ʨʽʢ-ʨʦʟʠhʨʝʥʥʷ ʧʦʨʽʜ, 2014 ʨʽʢ-ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʨʫʭʫ ʥʝʤʘ, 2015 ʨʽʢ-

https://www.sciencedirect.com/science/article/pii/S0020768311001727?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0020768311001727?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S0020768311001727?via%3Dihub#!
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-7
. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʨʠʚʝʣʠ ʜʦ ʚʠʩʥʦʚʢʽʚ: ʘ) ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʥʘʢʦʟʤʽʥʥʠʡ ʧʨʦʮʝʩ, 

ʭʘʨʘʢʪʝʨʥʠʡ  ʧʝʨʽʦʜʠʯʥʽʩʪʶ ʟʥʘʢʽʚ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ; ʙ) ʧʨʦʮʝʩ ʟʤʽʥʠ ʟʥʘʢʫ 

ʧʦʯʘʚʩʷ, ʪʦʙʪʦ, ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʩʪʠʩʥʝʥʥʷ ʧʦʨʽʜ, ʷʢʝ ʭʘʨʘʢʪʝʨʥʝ ʜʣʷ ʚʩʴʦʛʦ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ. ʆʯʝʚʠʜʥʦ, ʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʛʝʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ, ʧʦʚʠʥʥʽ 

ʩʫʧʨʦʚʦʜʞʫʚʘʪʠʩʷ ʧʝʨʽʦʜʘʤʠ ʧʽʜʚʠʱʝʥʦʾ ʩʝʡʩʤʽʯʥʦʩʪʽ ʨʝʛʽʦʥʫ. ʇʝʨʽʦʜ 2011-2015 ʨʦʢʽʚ, 

ʟʥʘʢʦʟʤʽʥʥʠʡ ʧʝʨʽʦʜ ʭʘʨʘʢʪʝʨʥʠʡ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʦʶ ʘʢʪʠʚʥʽʩʪʶ, ʱʦ ʚʠʨʘʞʝʥʘ ʯʝʨʝʟ ʩʝʨʽʾ 

ʚʽʜʯʫʪʥʠʭ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ: 2006 ʨʽʢ-ʟʘʨʝʻʩʪʨʦʚʘʥʦ 2 ʚʽʜʯʫʪʥʽ ʟʝʤʣʝʪʨʫʩʠ; 2011 ʨʽʢ: 

ʚʽʜʤʽʯʝʥʦ 2 ʚʽʜʯʫʪʥʽ ʤʽʩʮʝʚʽ ʟʝʤʣʝʪʨʫʩʠ; 2012 ʨʽʢ: ʚʽʜʙʫʣʠʩʷ 2 ʚʽʜʯʫʪʥʽ ʤʽʩʮʝʚʽ 

ʟʝʤʣʝʪʨʫʩʠ; 2013 ʨʽʢ: ʚʽʜʤʽʯʝʥʦ 2 ʚʽʜʯʫʪʥʽ ʤʽʩʮʝʚʽ ʟʝʤʣʝʪʨʫʩʠ; 2014 ʨʽʢ: ʚʽʜʙʫʣʦʩʷ 6 

ʚʽʜʯʫʪʥʠʭ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʚ ʣʠʩʪʦʧʘʜʽ 2014 ʨʦʢʫ, ɺʠʥʦʛʨʘʜʽʚʩʴʢʠʡ ʨʘʡʦʥ; 2015 ʨʽʢ: 6 

ʚʽʜʯʫʪʥʠʭ ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ ʣʠʧʝʥʴ 2015 ʨʦʢʫ;  2016 ʨʽʢ: ʥʝ ʚʽʜʤʽʯʝʥʦ ʚʽʜʯʫʪʥʠʭ 

ʤʽʩʮʝʚʠʭ ʟʝʤʣʝʪʨʫʩʽʚ; 2017 ʨʽʢ: ʩʪʘʥʦʤ ʥʘ 31.12.2017 ʨʦʢʫ ʥʝ ʚʽʜʤʽʯʝʥʦ ʞʦʜʥʦʛʦ 

ʚʽʜʯʫʪʥʦʛʦ ʤʽʩʮʝʚʦʛʦ ʟʝʤʣʝʪʨʫʩʫ. ɿʘʛʘʣʴʥʽ ʨʫʭʠ ʟʘ ʚʝʩʴ ʧʝʨʽʦʜ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʥʘ ʇʫʥʢʪʽ 

ʜʝʬʦʨʤʦʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ,,ʂʦʨʦʣʝʚʦ,, (1999-2017 ʨʨ.) ʭʘʨʘʢʪʝʨʥʽ ʨʦʟʰʠʨʝʥʥʷʤ 

ʧʦʨʽʜ ʚʝʣʠʯʠʥʦʶ: +619 ʥʩʪʨ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʦʟʨʘʭʫʥʢʫ ʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʨʝʛʽʦʥʽ( ʟʦʥʘ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ) ʚʽʜʤʽʯʝʥʦ: 

- ʰʚʠʜʢʽʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʥʘʧʨʷʤʢʫ ʩʭʽʜ-ʟʘʭʽʜ ʩʪʘʥʦʚʠʪʴ: -0,048ʤʢʤ/ʜʦʙʫ; 

-ʧʨʠʩʢʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ 

ʩʪʘʥʦʚʠʪʴ:-0,093ʤʢʤ/ʜʦʙʫ
2
; 

ɺʩʪʘʥʦʚʣʝʥʦ ʟʚ'ʷʟʦʢ  ʘʥʦʤʘʣʽʡ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʽʟ ʧʨʦʷʚʘʤʠ 

ʩʝʡʩʤʽʯʥʦʩʪʽ ʚ ʨʝʛʽʦʥʽ. ʇʘʨʘʤʝʪʨʠ ʛʝʦʬʽʟʠʯʥʠʭ ʧʦʣʽʚ ʪʘ ʾʭ ʜʠʥʘʤʽʢʘ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʘʢʪʠʚʽʟʘʮʽʻʶ ʛʝʦʜʠʥʘʤʽʯʥʠʭ ʪʘ ʩʝʡʩʤʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʨʝʛʽʦʥʽ. ʇʝʨʽʦʜʠ ʧʽʜʚʠʱʝʥʠʭ 

ʢʽʥʝʤʘʪʠʯʥʠʭ ʚʝʣʠʯʠʥ ʛʝʦʤʝʭʘʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʘʢʪʠʚʽʟʘʮʽʻʶ 

ʩʝʡʩʤʽʯʥʦʩʪʽ ʚ ʨʝʛʽʦʥʽ. ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʧʦʩʪʝʨʝʞʝʥʴ ʧʘʨʘʤʝʪʨʽʚ ʩʫʯʘʩʥʠʭ 

ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ ʨʫʭʽʚ ʚ ɿʘʢʘʨʧʘʪʩʴʢʦʤʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʧʨʦʛʠʥʽ, ʟʦʢʨʝʤʘ ʚ ʟʦʥʽ ʆʘʰʩʴʢʦʛʦ 

ʛʣʠʙʠʥʥʦʛʦ ʨʦʟʣʦʤʫ, ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʨʠʟʠʢʠ ʝʢʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʨʝʛʽʦʥʫ. 

ɸʢʪʫʘʣʴʥʦ ʧʨʦʜʦʚʞʝʥʥʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʝʢʦʛʝʦʬʽʟʠʯʥʦʛʦ ʩʪʘʥʫ ʨʝʛʽʦʥʫ ʟ ʤʝʪʦʶ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʚôʷʟʢʫ ʩʝʡʩʤʦʪʝʢʪʦʥʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʚʘʨʽʘʮʽʷʤʠ ʧʘʨʘʤʝʪʨʽʚ ʛʝʦʬʽʟʠʯʥʠʭ 
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ʊʘʢʦʞ, ʥʝʦʙʭʽʜʥʦ ʨʦʟʰʠʨʝʥʥʷ ʩʧʝʢʪʨʫ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʛʝʦʬʽʟʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ 

ʩʫʤʽʞʥʠʭ ʤʝʪʦʜʠʢ ʜʦʩʣʽʜʞʝʥʥʷ ʩʫʯʘʩʥʠʭ ʨʫʭʽʚ ʟʝʤʥʦʾ ʢʦʨʠ. ʅʝʦʙʭʽʜʥʦ ʨʦʟʰʠʨʠʪʠ 

ʛʝʦʛʨʘʬʽʶ ʥʘʭʠʣʦʤʽʨʥʠʭ ʪʘ ʜʝʬʦʨʤʦʛʨʘʬʽʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʥʘʟʝʤʥʦʾ ʪʘ ʢʦʩʤʽʯʥʦʾ ʛʝʦʜʝʟʽʾ. ɸʢʪʫʘʣʴʥʠʤ ʻ ʧʨʦʚʝʜʝʥʥʷ ʛʨʘʚʽʤʝʪʨʠʯʥʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ɿʘʢʘʨʧʘʪʩʴʢʦʛʦ ʚʥʫʪʨʽʰʥʴʦʛʦ ʧʨʦʛʠʥʫ. 
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- ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ, ʱʦ ʦʙʫʤʦʚʣʶʶʪʴ ʨʦʟʧʦʜʽʣ ʥʘʧʨʫʞʝʥʴ ʚ 

ˇʨʫʥʪʦʚʦʤʫ ʤʘʩʠʚʽ ʽ ʥʝʩʫʯʠʭ ʝʣʝʤʝʥʪʘʭ; 

- ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʝʥʽ ʦʩʥʦʚʥʽ ʥʝʩʫʯʽ ʝʣʝʤʝʥʪʠ ʪʘ ʾʭ ʨʝʘʣʴʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

- ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʤʽʩʮʝʚʦʛʦ ʜʦʩʚʽʜʫ ʙʫʜʽʚʥʠʮʪʚʘ, ʱʦ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ 

ʢʦʥʢʨʝʪʥʦʾ ʪʝʨʠʪʦʨʽʾ; 

- ʚʠʟʥʘʯʝʥʥʷ ʧʦʯʘʪʢʦʚʠʭ ˇʨʫʥʪʦʚʠʭ ʫʤʦʚ ʪʘ ʾʭ ʟʤʽʥʘ ʚ ʧʨʦʮʝʩʽ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ɿʙʝʨʝʞʝʥʥʷ ʽ ʚʽʜʪʚʦʨʝʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʽʩʪʦʨʠʯʥʠʭ ʧʘʤ'ʷʪʦʢ ʜʣʷ ʤʽʩʪʘ ʂʠʻʚʘ ʤʘʻ 

ʚʠʥʷʪʢʦʚʦ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʠʡ ʦʙ'ʻʢʪ ʧʦʢʘʟʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʛʣʠʙʣʝʥʦʛʦ 
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ʚʠʚʯʝʥʥʷ ʷʢʦʩʪʽ ʦʩʥʦʚʠ ʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʷʢʠʭ ʟʙʫʜʦʚʘʥʘ ʙʫʜʽʚʣʷ ʪʘ ʚʘʞʣʠʚʽʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʧʽʜʭʦʜʫ ʜʣʷ ʨʦʟʛʣʷʜʫ ʥʝʦʙʭʽʜʥʠʭ ʚʘʨʽʘʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʥʘʜʽʡʥʫ 

ʝʢʩʧʣʫʘʪʘʮʽʶ. 
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ɿʦʮʝʥʢʦ ʄ.ʃ. , ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ɺʠʥʥʠʢʦʚ ʖ.ʃ. , ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖʨʽʷ ʂʦʥʜʨʘʪʶʢʘ, vynnykov@ukr.net 

ʉʋʏɸʉʅɸ ʇʈɸʂʊʀʂɸ ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ ɿɺɽɼɽʅʅʗ ʆʉʅʆɺ ɯ 

ʌʋʅɼɸʄɽʅʊɯɺ, ʗʂɯ ʉʇʆʈʋɼɾʋʖʊʔ ɹɽɿ ɺʀʁʄɸʅʅʗ ˆʈʋʅʊʋ 

ʌʫʥʜʘʤʝʥʪʠ ʽ ʰʪʫʯʥʽ ʦʩʥʦʚʠ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨʥʽ 

ʟʘʛʘʣʴʥʦʶ ʦʟʥʘʢʦʶ ï ʬʦʨʤʫʚʘʥʥʷʤ ʚ ʧʝʨʽʦʜ ʾʭ ʚʣʘʰʪʫʚʘʥʥʷ ʪʘʢ ʟʚʘʥʦʾ çʟʦʥʠ ʚʧʣʠʚʫè ʫ 

ʥʘʚʢʦʣʠʰʥʴʦʤʫ ˇʨʫʥʪʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʟʤʽʮʥʝʥʥʷ [1 ï 5]. ʎʷ ʟʦʥʘ ʧʨʠ 

ʥʘʚʘʥʪʘʞʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʘʮʶʻ ʟ ʥʝʶ ʫ ʚʟʘʻʤʦʜʽʾ ʽ ʚʠʟʥʘʯʘʻ ʤʽʮʥʽʩʪʴ ʽ ʜʝʬʦʨʤʘʪʠʚʥʽʩʪʴ 

ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ-ʩʧʦʨʫʜʘè. ɺʣʘʩʪʠʚʦʩʪʽ çʟʦʥʠ ʚʧʣʠʚʫè ʩʭʠʣʴʥʽ ʜʦ ʟʤʽʥ ʫ ʯʘʩʽ. ɼʝʪʘʣʴʥʝ 

ʚʠʚʯʝʥʥʷ ʚʩʽʭ ʧʘʨʘʤʝʪʨʽʚ çʟʦʥʠ ʚʧʣʠʚʫè ʜʦʟʚʦʣʷʻ ʦʙ'ʻʢʪʠʚʥʦ ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ ʦʮʽʥʢʠ 

ʤʽʮʥʦʩʪʽ ʽ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤʠ çʦʩʥʦʚʘ-ʩʧʦʨʫʜʘè. ʆʜʥʦʯʘʩʥʦ ʚʠʨʽʰʫʻʪʴʩʷ ʟʘʚʜʘʥʥʷ 

ʨʽʚʥʦʤʽʮʥʦʩʪʽ ʮʽʻʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʚ'ʷʟʘʥʘ ʟ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽʩʪʶ ʙʫʜʽʚʥʠʮʪʚʘ. 

ʌʫʥʜʘʤʝʥʪʠ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ, ʭʘʨʘʢʪʝʨʥʽ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʚʠʩʦʪʠ ʥʘʜ ʰʠʨʠʥʦʶ [1 ï 3]. ʇʨʠ ʜʽʾ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʪʽʣʽ ʪʘʢʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʧʝʨʝʚʘʞʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʥʝʥʥʷ. ʆʪʞʝ, ʪʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʤʝʥʰ ʤʘʪʝʨʽʘʣʦʤʽʩʪʢʽ, 

ʘʨʤʫʶʪʴʩʷ ʚʦʥʠ ʧʝʨʝʚʘʞʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ. ʌʫʥʜʘʤʝʥʪʠ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʫ ʚʽʜʢʨʠʪʠʭ 

ʢʦʪʣʦʚʘʥʘʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʨʦʟʚʠʥʫʪʦʶ ʦʧʦʨʥʦʶ ʯʘʩʪʠʥʦʶ, ʷʢʘ ʧʨʘʮʶʻ ʥʘ ʚʠʛʠʥ ʚʽʜ 

ʦʧʦʨʫ ˇʨʫʥʪʫ. ɼʣʷ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʦʪʨʽʙʥʦ ʜʦʩʠʪʴ ʚʠʩʦʢʠʡ ʢʣʘʩ ʙʝʪʦʥʫ ʽ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ 

ʘʨʤʘʪʫʨʠ. 

ʊʨʘʜʠʮʽʡʥʠʡ ʩʧʦʩʽʙ ʚʣʘʰʪʫʚʘʥʥʷ ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ ʧʦʣʷʛʘʻ ʚ ʧʨʦʭʦʜʮʽ ʢʦʪʣʦʚʘʥʫ, 

ʟʚʝʜʝʥʥʷ ʬʫʥʜʘʤʝʥʪʽʚ ʽ ʟʚʦʨʦʪʥʦʛʦ ʾʭ ʟʘʩʠʧʮʽ. ʆʜʥʘʢ, ʧʘʨʘʣʝʣʴʥʦ ʟ ʮʠʤ ʩʧʦʩʦʙʦʤ ʟ 

ʥʝʟʘʧʘʤ'ʷʪʥʠʭ ʯʘʩʽʚ ʬʫʥʜʘʤʝʥʪʠ ʟʘʥʫʨʶʶʪʴ ʚ ˇʨʫʥʪʠ (ʜʝʨʝʚ'ʷʥʽ ʟʘʙʠʚʥʽ ʧʘʣʽ). ʆʙʩʷʛ 

ʟʝʤʣʷʥʠʭ ʨʦʙʽʪ ʧʨʠ ʮʴʦʤʫ ʩʢʦʨʦʯʫʻʪʴʩʷ ʯʠ ʥʘʚʽʪʴ ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʻʪʴʩʷ ʧʨʠ ʚʠʩʦʢʠʭ 

ʨʦʩʪʚʝʨʢʘʭ ʽ ʧʨʠ ʾʭ ʚʽʜʩʫʪʥʦʩʪʽ. ɿ ʨʦʟʚʠʪʢʦʤ ʙʫʜʽʚʝʣʴʥʦʾ ʪʝʭʥʽʢʠ ʟʥʘʯʥʦ ʨʦʟʰʠʨʠʣʦʩʷ ʢʦʣʦ 

ʬʫʥʜʘʤʝʥʪʽʚ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ ʚʠʾʤʢʠ ˇʨʫʥʪʫ. ʇʝʨʝʜʫʩʽʤ, ʮʝ [1 ï 5]: 

ï ʟʘʙʠʚʥʽ (ʚʜʘʚʣʶʚʘʥʥʽ) ʧʘʣʽ ʨʽʟʥʦʾ ʬʦʨʤʠ ʧʦʧʝʨʝʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʽ ʧʦʜʦʚʞʥʴʦʛʦ 

ʧʨʦʬʽʣʶ (ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʽ ʟ ʥʠʭ: ʟʘʣʽʟʦʙʝʪʦʥʥʽ ʟʙʽʨʥʽ ʧʨʠʟʤʘʪʠʯʥʽ ʽ ʧʽʨʘʤʽʜʘʣʴʥʽ ʧʘʣʽ, 

ʟʘʙʠʚʥʽ ʙʣʦʢʠ); 

ï ʥʘʙʠʚʥʽ ʧʘʣʽ ʽ ʬʫʥʜʘʤʝʥʪʠ, ʱʦ ʙʝʪʦʥʫʶʪʴʩʷ ʥʘ ʤʽʩʮʽ ʚ ʧʨʦʙʠʪʠʭ ʘʙʦ ʚʠʰʪʘʤʧʫʚʘʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ ʯʠ ʢʦʪʣʦʚʘʥʘʭ [1 ï 4]; 

ï ʪhʫʯʥʽ ʦʩʥʦʚʠ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʰʣʷʭʦʤ ʧʦʚʝʨʭʥʝʚʦʛʦ ʫʱʽʣʴʥʝʥʥʷ ˇʨʫʥʪʽʚ 

ʚʘʞʢʠʤʠ ʪʨʘʤʙʽʚʢʘʤʠ, ʛʣʠʙʠʥʥʠʤ ʚʽʙʨʦʫʱʽʣʴʥʝʥʥʷʤ, ʦʙʣʘʰʪʫʚʘʥʥʷʤ ʧʽʱʘʥʠʭ ʽ 

ˇʨʫʥʪʦʚʠʭ ʧʘʣʴ, ʚʠʙʫʭʦʤ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʽʟ ʟʘʤʦʯʫʚʘʥʥʷ ˇʨʫʥʪʽʚ, ʱʦ ʧʨʦʩʽʜʘʶʪʴ [1, 5]. 

ɿʘʥʫʨʝʥʥʷ ʟʙʽʨʥʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʽ ʧʘʣʴ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʨʽʟʥʠʤʠ ʤʝʪʦʜʘʤʠ, 

ʚʠʨʦʙʣʝʥʠʤʠ ʙʘʛʘʪʦʨʽʯʥʦʶ ʙʫʜʽʚʝʣʴʥʦʶ ʧʨʘʢʪʠʢʦʶ: ʟʘʙʠʚʘʥʥʷ ʤʦʣʦʪʘʤʠ, 

ʚʽʙʨʦʟʘʥʫʨʝʥʥʷ, ʟʘʛʚʠʥʯʫʚʘʥʥʷ, ʚʪʠʩʢʫʚʘʥʥʷ [1]. ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʟʛʘʜʘʥʠʭ ʤʝʪʦʜʽʚ 
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ʩʣʫʛʫʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʤʝʭʘʥʽʟʤʠ ʽ ʩʥʘʨʷʜʠ; ʥʘʷʚʥʽʩʪʴ ʪʠʭ ʘʙʦ ʽʥʰʠʭ ʤʝʭʘʥʽʟʤʽʚ ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʤʦʞʝ ʜʠʢʪʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʦʛʦ ʘʙʦ ʽʥʰʦʛʦ ʤʝʪʦʜʫ 

ʟʘʥʫʨʝʥʥʷ. ʏʘʩʪʦ ʟʘʥʫʨʝʥʥʷ ʧʘʣʴ ʥʘ ʧʨʦʝʢʪʥʫ ʚʽʜʤʽʪʢʫ ʫʩʢʣʘʜʥʝʥʝ ʚ ʨʝʟʫʣʴʪʘʪʽ ʟʥʘʯʥʦʛʦ 

ʦʧʦʨʫ ˇʨʫʥʪʫ. ɿʙʽʣʴʰʝʥʥʷ ʝʥʝʨʛʽʾ ʟʘʥʫʨʝʥʥʷ, ʧʨʠ ʮʴʦʤʫ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʾʭ ʨʫʡʥʫʚʘʥʥʷ. 

ʊʘʢʽ ʷʚʠʱʘ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʟʘʥʫʨʝʥʥʽ ʧʘʣʴ ʚ ʧʽʱʘʥʽ ˇʨʫʥʪʠ. ʋ ʮʠʭ ʚʠʧʘʜʢʘʭ ʧʘʣʽ 

ʟʘʥʫʨʶʶʪʴ ʟ ʧʽʜʤʠʚʦʤ ʚʦʜʥʠʤ ʩʪʨʫʤʝʥʝʤ. ɿʘʥʫʨʝʥʥʷ ʧʘʣʴ ʫ ʪʚʝʨʜʽ ʛʣʠʥʠʩʪʽ ˇʨʫʥʪʠ 

ʧʦʣʝʛʰʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦʛʦ ʣʽʜʠʨʫʚʘʥʥʷ. ɿʜʘʪʥʽʩʪʴ ʧʘʣʴ, ʟʘʥʫʨʝʥʠʭ ʟ 

ʧʽʜʤʠʚʦʤ ʘʙʦ ʣʽʜʠʨʫʚʘʥʥʷʤ ʜʝʱʦ ʥʠʞʯʝ, ʥʽʞ ʫ ʧʘʣʴ, ʟʘʥʫʨʝʥʠʭ ʙʝʟ ʮʠʭ ʟʘʭʦʜʽʚ. 

ʋ ʤʘʩʦʚʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʤʦʥʦʣʽʪʥʽ ʬʫʥʜʘʤʝʥʪʠ ʟʘ ʩʚʦʾʤʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʠʤʠ 

ʧʦʢʘʟʥʠʢʘʤʠ ʧʝʨʝʚʝʨʰʫʶʪʴ, ʷʢ ʧʨʘʚʠʣʦ, ʟʙʽʨʥʽ. ɺ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ 

ʝʬʝʢʪʠʚʥʠʤʠ ʻ ʬʫʥʜʘʤʝʥʪʠ ʫ ʚʠʪʨʘʤʙʫʚʘʥʠʭ ʢʦʪʣʦʚʘʥʘʭ, ʧʨʦʙʠʪʠʭ ʘʙʦ ʧʨʦʜʘʚʣʝʥʠʭ 

ʩʚʝʨʜʣʦʚʠʥʘʭ [1, 3]. ɺʦʥʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʤʽʨʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʩʫʯʦʾ ʟʜʘʪʥʦʩʪʽ 

ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ. ʅʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʝ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʨʠʬʘʟʥʠʭ ʛʣʠʥʠʩʪʠʭ ˇʨʫʥʪʘʭ, 

ʧʨʦʪʝ, ʧʨʠ ʧʨʘʚʠʣʴʥʽʡ ʦʨʛʘʥʽʟʘʮʽʾ ʨʦʙʽʪ ʾʭ ʫʩʧʽʰʥʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʚ ʧʽʱʘʥʠʭ ˇʨʫʥʪʘʭ, ʘ 

ʪʘʢʦʞ ʫ ʛʣʠʥʠʩʪʠʭ ʥʠʞʯʝ ʨʽʚʥʷ ˇʨʫʥʪʦʚʠʭ ʚʦʜ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʬʦʨʤʘ ʽ ʨʦʟʤʽʨʠ ʟʦʥʠ ʚʧʣʠʚʫ 

ʬʫʥʜʘʤʝʥʪʽʚ, ʱʦ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʽʚ ʬʫʥʜʘʤʝʥʪʽʚ, 

ʫʤʦʚ ʾʭ ʟʘʥʫʨʝʥʥʷ, ʚʠʜʫ ʽ ʩʪʘʥʫ ˇʨʫʥʪʽʚ ʦʩʥʦʚʠ [1]. ʇʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʪʘʢʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʽʻʾ ʯʠ ʽʥʰʦʾ ʤʦʜʝʣʽ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʥʘʪʠ 

ʚʝʣʠʯʠʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʥʝ ʪʽʣʴʢʠ ʟʘ ʤʝʞʘʤʠ ʟʦʥʠ ʚʧʣʠʚʫ ʘʣʝ ʽ ʚ 

ʙʫʜʴ-ʷʢʽʡ ʪʦʯʮʽ ʮʽʻʾ ʟʦʥʠ. ɿʦʢʨʝʤʘ, ʧʨʠ ʚʠʨʽʰʝʥʥʽ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʟʘʜʘʯʽ ʙʝʟ ʮʠʭ ʜʘʥʠʭ 

ʥʝʤʦʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʯʠʩʝʣʴʥʽ ʤʝʪʦʜʠ [1, 5]. 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʜʦʩʣʽʜʞʫʚʘʪʠ ʟʤʽʥʠ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ ʚ ʟʦʥʽ 

ʚʧʣʠʚʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʤʝʪʦʜʽʚ ʧʝʥʝʪʨʘʮʽʾ ʽ ʟʦʥʜʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʪʨʘʜʠʮʽʡʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʦʮʽʥʢʠ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ. ʋʟʘʛʘʣʴʥʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʩʣʽʜ ʧʨʦʚʦʜʠʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʩʭʝʤ ʚʟʘʻʤʦʟʚ'ʷʟʢʫ ʚʣʘʩʪʠʚʦʩʪʝʡ ˇʨʫʥʪʽʚ; ʪʝʦʨʝʪʠʯʥʘ ʦʩʥʦʚʘ 

ʮʠʭ ʩʭʝʤ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʛʨʫʧʦʶ ʬʘʭʽʚʮʽʚ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɺ.ʌ. ʈʘʟʦʨʴʦʥʦʚʘ [6]. 

ʋ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʩʪʚʦʨʝʥʽ ʥʦʚʽ ʚʠʜʠ ʦʙʣʘʜʥʘʥʥʷ, ʢʦʥʩʪʨʫʢʮʽʾ ʽ 

ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʛʦʪʦʚʣʝʥʥʷ  ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ, ʷʢʽ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ 

ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ. ɹʽʣʴʰʽʩʪʴ ʮʠʭ ʨʦʟʨʦʙʦʢ ʟʘʭʠʱʝʥʽ ʘʚʪʦʨʩʴʢʠʤʠ ʩʚʽʜʦʮʪʚʘʤʠ ʽ ʧʘʪʝʥʪʘʤʠ 

ʋʢʨʘʾʥʠ ʪʘ ʫʢʣʶʯʝʥʽ, ʷʢ ʩʢʣʘʜʦʚʽ ʯʘʩʪʠʥʠ, ʜʦ ʜʝʨʞʘʚʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʥʦʨʤ ʽ ʥʘʩʪʘʥʦʚ [1]. 

ɿ ʤʝʪʦʶ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ, ʷʢʽ ʩʧʦʨʫʜʞʫʶʪʴʩʷ ʙʝʟ 

ʚʠʡʤʘʥʥʷ ˇʨʫʥʪʫ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ, ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ ʾʭ 

ʧʽʜʨʘʭʫʥʢʫ ʧʨʠ ʚʘʨʽʘʥʪʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʦʩʥʦʚ ʽ ʬʫʥʜʘʤʝʥʪʽʚ [1]. ɺʥʘʩʣʽʜʦʢ ʤʘʩʦʚʦʛʦ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʥʘʫʢʦʚʠʭ ʨʦʟʨʦʙʦʢ ʜʦʩʷʛʥʫʪʦ ʝʢʦʥʦʤʽʾ ʮʝʤʝʥʪʫ, ʩʪʘʣʽ, ʫʤʦʚʥʦʛʦ ʧʘʣʠʚʘ, 

ʦʪʨʠʤʘʥʦ ʩʫʪʪʻʚʝ ʟʥʠʞʝʥʥʷ ʢʦʰʪʦʨʠʩʥʦʾ ʚʘʨʪʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ. 
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ʆʎɯʅʂɸ ɽʌɽʂʊʀɺʅʆʉʊɯ ɿɸʇʈʆʇʆʅʆɺɸʅʆɻʆ ɺɸʈɯɸʅʊʋ ʇɯɼʉʀʃɽʅʅʗ 

ʌʋʅɼɸʄɽʅʊʋ ʄɸʃʆʇʆɺɽʈʍʆɺʆɻʆ ɹʋɼʀʅʂʋ  

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʧʣʘʥʫʚʘʣʴʥʦʛʦ ʨʽʰʝʥʥʷ ʽʩʥʫʶʯʦʾ ʤʘʣʦʧʦʚʝʨʭʦʚʦʾ 

ʟʘʙʫʜʦʚʠ, ʪʠʧʽʚ ʬʫʥʜʘʤʝʥʪʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʽ ʛʨʫʥʪʦʚʠʭ ʫʤʦʚ 

ʨʦʟʨʦʙʣʝʥʦ ʥʦʚʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʜʦ ʧʽʜʩʠʣʝʥʥʷ ʽʩʥʫʶʯʠʭ ʬʫʥʜʘʤʝʥʪʽʚ ʚ ʫʤʦʚʘʭ 

ʩʭʠʣʽʚ ʟ ʥʘʭʠʣʦʤ ʜʦ 10
ʦ
, ʱʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʨʝʘʣʴʥʦʤʫ ʦʙôʻʢʪʽ, ʘ ʡʦʛʦ ʜʦʮʽʣʴʥʽʩʪʴ 

ʧʽʜʪʚʝʨʜʞʝʥʘ ʯʠʩʣʦʚʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʪʘ ʥʘʪʫʨʥʠʤʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷʤʠ ʟʘ ʜʝʬʦʨʤʘʮʽʷʤʠ 

ʦʩʥʦʚʠ (ʨʠʩ. 1, ʘ). 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚʘʨʽʘʥʪʫ ʧʽʜʩʠʣʝʥʥʷ 

ʬʫʥʜʘʤʝʥʪʫ. ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʪʘ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩʴ ʰʣʷʭʦʤ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʧʽʣʴʥʦʾ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ çˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪè ʤʝʪʦʜʦʤ ʩʢʽʥʯʝʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʙʘʟʽ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ çVESNAè ʫ ʜʚʦʚʠʤʽʨʥʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʦʾ ʤʦʜʝʣʽ ˇʨʫʥʪʫ. ʈʦʟʨʘʭʫʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʥʝʣʽʥʽʡʥʽʡ 

ʧʦʩʪʘʥʦʚʮʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʷʢ ʬʽʟʠʯʥʦʾ, ʪʘʢ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʥʝ ʣʽʥʽʡʥʦʩʪʽ. 

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʢʦʥʮʝʧʮʽʻʶ ʢʚʘʟʽʨʝʛʫʣʷʨʥʠʭ ʩʽʪʦʢ çʨʦʟʨʘʭʫʥʢʦʚʘ ʜʽʣʷʥʢʘè, ʜʦ ʩʢʣʘʜʫ 

ʷʢʦʾ ʚʭʦʜʷʪʴ ʫʩʽ ʝʣʝʤʝʥʪʠ ʩʠʩʪʝʤʠ çˇʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ï ʬʫʥʜʘʤʝʥʪ ï ʙʫʜʽʚʣʷè, ʨʦʟʜʽʣʷʻʪʴʩʷ 

ʥʘ ʬʨʘʛʤʝʥʪʠ ʟ ʪʠʧʦʣʦʛʽʯʥʦ ʨʝʛʫʣʷʨʥʦʶ ʩʽʪʢʦʶ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʂʦʞʥʠʡ ʪʘʢʠʡ 

ʬʨʘʛʤʝʥʪ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʧʘʨʘʣʝʣʝʧʽʧʝʜʦʤ, ʜʦʚʞʠʥʘ ʨʝʙʝʨ ʷʢʦʛʦ ʚʽʜʧʦʚʽʜʘʻ 

ʢʽʣʴʢʦʩʪʽ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ (ʉɽ), ʷʢʽ ʧʨʠʣʷʛʘʶʪʴ ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʝʙʨʘ. 

ʇʘʨʘʣʝʣʝʧʽʧʝʜ ʤʘʻ ʣʦʢʘʣʴʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʍ1, ʍ2, ʍ3, ʧʦʯʘʪʦʢ ʷʢʦʾ ʟʙʽʛʘʻʪʴʩʷ ʟ 

ʚʝʨʰʠʥʦʶ ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ. ʇʨʠ ʮʴʦʤʫ ʚʫʟʣʠ ʩʽʪʢʠ ʽ ʩʢʽʥʯʝʥʥʽ ʝʣʝʤʝʥʪʠ ʥʫʤʝʨʫʶʪʴʩʷ ʧʦ 

ʧʦʨʷʜʢʫ ʚ ʤʝʞʘʭ ʬʨʘʛʤʝʥʪʘ (ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ). ʅʫʤʝʨʘʮʽʷ ʧʦʯʠʥʘʻʪʴʩʷ ʚʽʜ ʧʦʯʘʪʢʫ 

ʣʦʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ, ʽ ʟʛʽʜʥʦ ʟ ʥʝʶ ʚʚʦʜʷʪʴʩʷ ʚʭʽʜʥʽ ʜʘʥʽ ʪʘ ʚʠʚʦʜʷʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʚʠʛʣʷʜʽ ʪʘʙʣʠʮʴ ʪʘ ʛʨʘʬʽʯʥʠʭ ʚʽʜʦʙʨʘʞʝʥʴ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʙʫʜʫʻʪʴʩʷ ʟʘ ʩʧʠʩʢʦʤ ʽʤʝʥ ʬʨʘʛʤʝʥʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʢʦʥʪʘʢʪʫ ʤʽʞ ʬʨʘʛʤʝʥʪʘʤʠ ʫ ʩʧʽʣʴʥʠʭ ʚʫʟʣʘʭ. ɺʩʝ ʮʝ ʟʘʙʝʟʧʝʯʫʻ ʥʝʦʙʭʽʜʥʫ ʛʥʫʯʢʽʩʪʴ 

ʩʠʩʪʝʤʠ ʫ ʧʨʦʮʝʩʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʚʫʟʣʽʚ ʩʧʦʨʫʜʠ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʚʧʣʠʚʫ 

ʦʜʥʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʥʘ ʽʥʰʽ, ʘ ʪʘʢʦʞ ʩʧʨʦʱʝʥʥʷ ʥʘ ʝʪʘʧʽ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ 

ʘʥʘʣʽʟʫ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. 

ʈʦʟʨʘʭʫʥʢʦʚʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʫʟʛʦʜʞʝʥʦ ʟʽ ʟʙʦʨʦʤ ʥʘʚʘʥʪʘʞʝʥʴ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʣʘʩʥʫ 

ʚʘʛʫ ʢʦʥʩʪʨʫʢʮʽʡ ʙʫʜʠʥʢʫ ʽ ʪʠʤʯʘʩʦʚʽ ʢʦʨʠʩʥʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʽʜʧʦʚʽʜʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʥʘʜʽʡʥʦʩʪʽ. ʅʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ ʙʫʜʠʥʢʫ ʪʘ ʪʠʤʯʘʩʦʚʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʜʘʶʪʴʩʷ ʯʝʨʝʟ ʧʽʜʦʰʚʫ ʬʫʥʜʘʤʝʥʪʫ ʥʘ ˇʨʫʥʪʦʚʫ ʦʩʥʦʚʫ. 

ˆʨʫʥʪʦʚʘ ʦʩʥʦʚʘ ʨʦʟʛʣʷʜʘʣʘʩʴ ʷʢ ʧʨʫʞʥʦ-ʧʣʘʩʪʠʯʥʝ ʙʘʛʘʪʦʰʘʨʦʚʝ ʪʽʣʦ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ 

ʛʝʦʣʦʛʽʯʥʠʤ ʨʦʟʨʽʟʦʤ. ʈʦʟʪʘʰʫʚʘʥʥʷ, ʧʦʪʫʞʥʽʩʪʴ ʪʘ ʤʝʭʘʥʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʦʚʠʭ 
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ʰʘʨʽʚ ʦʩʥʦʚʠ ʧʨʠʡʥʷʪʦ ʟʛʽʜʥʦ ʜʘʥʠʭ ʽʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʚʠʰʫʢʫʚʘʥʴ. 

ɼʝʬʦʨʤʘʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʤʦʜʫʣʝʤ ʜʝʬʦʨʤʘʮʽʾ 

ˇʨʫʥʪʫ ʪʘ ʢʦʝʬʽʮʽʻʥʪʦʤ ʇʫʘʩʩʦʥʘ. 

ɿʘ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ ʙʫʚ ʧʨʠʡʥʷʪʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ 

ʚʽʜ ʚʣʘʩʥʦʾ ʚʘʛʠ. ʂʦʞʥʠʡ ʥʘʩʪʫʧʥʠʡ ʝʪʘʧ ʚʨʘʭʦʚʫʚʘʚ ʅɼʉ ʧʦʧʝʨʝʜʥʴʦʛʦ ʝʪʘʧʫ. 

ʈʦʟʤʽʨʠ çʚʠʨʽʟʘʥʦʾè ʯʘʩʪʠʥʠ ʦʩʥʦʚʠ ʪʘ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ ʥʘ ʦʙʤʝʞʫʶʯʠʭ ʧʣʦʱʠʥʘʭ 

ʧʨʠʟʥʘʯʘʣʠʩʴ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦ ʚʨʘʭʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʚʟʘʻʤʦʜʽʾ ʦʩʥʦʚʠ 

ʧʽʜ ʬʫʥʜʘʤʝʥʪʦʤ ʟ ʦʪʦʯʫʶʯʠʤ ˇʨʫʥʪʦʚʠʤ ʤʘʩʠʚʦʤ ʪʘ ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽ 

ʧʝʨʝʤʽʱʝʥʥʷ ʽ ʦʩʽʜʘʥʥʷ ʚʚʘʞʘʪʠ ʜʦʩʠʪʴ ʤʘʣʠʤʠ, ʱʦʙ ʟʘʢʨʽʧʠʪʠ ʪʦʯʢʠ ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ ʥʘ 

ʮʠʭ ʧʣʦʱʠʥʘʭ ʚʟʜʦʚʞ ʦʩʝʡ ʍ ʽ Y. 

ʆʩʽʜʘʥʥʷ ˇʨʫʥʪʦʚʦʛʦ ʤʘʩʠʚʫ ʧʽʜ ʧʽʜʦʰʚʦʶ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʦʛʥʦʟʫʻʪʴʩʷ ʥʝ ʙʽʣʴʰʝ 1 ʤʤ. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʚʟʘʻʤʦʜʽʾ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʜʣʷ ʚʘʨʽʘʥʪʫ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʩʠʣʝʥʥʷ ʬʫʥʜʘʤʝʥʪʫ, ʧʦʢʘʟʘʣʠ, ʱʦ 

ʦʯʽʢʫʚʘʥʠʡ ʧʨʠʨʽʩʪ ʜʝʬʦʨʤʘʮʽʡ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʥʝ ʧʝʨʝʚʠʱʫʻ 0,5 ʤʤ,ʧʨʠ ʮʴʦʤʫ 

ʩʫʤʘʨʥʘ ʚʝʣʠʯʠʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʩʢʣʘʜʘʻ 1,4 ʤʤ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ ʧʝʨʝʤʽʱʝʥʥʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʣʠ 0,3 ʤʤ ʫ 

ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʧʦʨʷʜ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫʢʦʩʫ, ʘ ʚ ʪʦʯʮʽ ʢʦʥʪʘʢʪʫ ʙʽʯʥʦʾ ʧʦʚʝʨʭʥʽ 

ʬʫʥʜʘʤʝʥʪʫ ʟ ʧʦʚʝʨʭʥʝʶ ʛʨʫʥʪʫ ï ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 0,1 ʤʤ. ʇʨʠʨʽʩʪ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ 

ʧʝʨʝʤʽʱʝʥʴ ʬʫʥʜʘʤʝʥʪʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʯʠʩʣʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʩʫʪʥʽʡ. 

ɯʟʦʧʦʣʷ ʜʦʜʘʪʢʦʚʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʽʩʣʷ ʧʽʜʩʠʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ 

ʙʫʜʠʥʢʫ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 1, ʘ. ɺʥʘʩʣʽʜʦʢ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ, ʦʯʽʢʫʻʪʴʩʷ 

ʟʤʝʥʰʝʥʥʷ ʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʥʘ ʨʽʚʥʽ ʧʽʜʦʰʚʠ ʬʫʥʜʘʤʝʥʪʫ ʟ 22 ʢʇʘ ʜʦ 15 ʢʇʘ ʧʽʜ 

ʮʝʥʪʨʦʤ ʽʩʥʫʶʯʦʛʦ ʩʪʨʽʯʢʦʚʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. 

 
ʈʠʩ. 1 ï ɺʘʨʽʘʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʙʫʜʠʥʢʫ, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʩʭʠʣʽ: ʘ) ʟʘʛʘʣʴʥʘ ʩʭʝʤʘ, ʜʝ 1 ï ʩʪʽʥʘ ʽʩʥʫʶʯʦʛʦ ʙʫʜʠʥʢʫ, 2 ï ʽʩʥʫʶʯʠʡ ʬʫʥʜʘʤʝʥʪ, 3 ï 

ʧʽʜʧʽʨʥʘ ʩʪʽʥʢʘ, 4 ï ʟʘʣʽʟʦʙʝʪʦʥʥʘ ʧʣʠʪʘ, 5 ï ʥʦʚʠʡ ʬʫʥʜʘʤʝʥʪ (ʩʪʦʚʧʯʘʩʪʠʡ, ʩʪʨʽʯʢʦʚʠʡ 

ʘʙʦ ʧʘʣʴʦʚʠʡ); ʙ) ʟ̔ʦʧʦʣʷ ʜʦʜʘʪʢʦʚʠʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʢʇʘ 

ɼʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟ ʙʦʢʫ ʥʘʚʢʦʣʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʫʢʦʩʫ ʥʝ ʧʝʨʝʚʠʱʫʶʪʴ 4 ʢʇʘ. ʇʨʠ 

ʮʴʦʤʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʟʦʥ ï ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʧʦ ʢʫʪʘʤ ʧʽʜʦʰʚʠ ʬʫʥʜʘʤʝʥʪʫ, ʜʝ 

ʜʦʪʠʯʥʽ ʥʘʧʨʫʞʝʥʥʷ ʩʢʣʘʜʘʶʪʴ 7-10 ʢʇʘ. ʇʽʩʣʷ ʚʣʘʰʪʫʚʘʥʥʷ ʟʘʭʦʜʽʚ ʱʦʜʦ ʧʽʜʩʠʣʝʥʥʷ 

ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʦʯʽʢʫʻʪʴʩʷ ʥʝʟʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥʷ ʟʥʘʯʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʟʦʥʘʭ-

ʢʦʥʮʝʥʪʨʘʪʦʨʘʭ ï ʜʦ 15ʢʇʘ ʧʽʜ ʢʫʪʦʤ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚʘʨʽʘʥʪ ʧʽʜʩʠʣʝʥʥʷ ʽʩʥʫʶʯʦʛʦ ʬʫʥʜʘʤʝʥʪʫ ʜʦʜʘʪʢʦʚʦ ʜʦʟʚʦʣʠʚ 

ʟʤʝʥʰʠʪʠ ʚʝʣʠʯʠʥʫ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟ ʙʦʢʫ ʧʦʨʷʜ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʦʚʝʨʭʥʽ ʨʝʣʴʻʬʫ. 
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ʐʫʣʴʛʘ ʖ. ɯ. ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè shulgayurij@gmail.com 

ʈɽʉʋʈʉʆɽʅɽʈɻʆɿɹɽʈɽɾɽʅʅʗ ʇɯɼ ʏɸʉ ʇʈʆɽʂʊʋɺɸʅʅʗ ʊɸ 

ɽʂʉʇʃʋɸʊɸʎɯɰ ʆɹôɭʂʊɯɺ ʇɯɼɿɽʄʅʆɻʆ ɹʋɼɯɺʅʀʎʊɺɸ 

ʅʝʛʘʪʠʚʥʽ ʷʚʠʱʘ, ʷʢ ʩʣʽʜʩʪʚʦ ʘʥʪʨʦʧʦʛʝʥʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʧʦʩʪʫʧʦʚʦ, 

ʥʘʙʫʚʘʶʪʴ ʥʝʟʚʦʨʦʪʥʽʡ ʭʘʨʘʢʪʝʨ, ʩʪʘʚʣʷʪʴ ʧʝʨʝʜ ʬʘʢʪʦʤ ʢʣʽʤʘʪʠʯʥʠʭ ʟʤʽʥ, ʷʢʽ ʟʘʛʨʦʞʫʶʪʴ 

ʩʘʤʦʤʫ ʽʩʥʫʚʘʥʥʶ ʣʶʜʩʪʚʘ ʥʘ ʧʣʘʥʝʪʽ. 

ʎʝ ʚʠʤʘʛʘʻ ʜʦʢʦʨʽʥʥʦʛʦ ʧʝʨʝʛʣʷʜʫ ʧʨʠʥʮʠʧʽʚ ʪʘ ʧʨʽʦʨʠʪʝʪʽʚ ʨʦʟʚʠʪʢʫ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʧʦʜʦʣʘʥʥʷ ʜʝʨʞʘʚʥʦʛʦ ʪʘ ʥʝʫʪʨʠʤʥʦʛʦ ʩʧʦʞʠʚʘʮʴʢʦʛʦ ʝʛʦʾʟʤʫ [1]. ʇʝʨʝʛʣʷʜ 

ʪʘʢʠʭ ʧʨʠʥʮʠʧʽʚ ʜʫʞʝ ʚʘʞʣʠʚʠʡ ʧʨʠ ʦʩʚʦʻʥʥʽ ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ. 

ʆʩʚʦʻʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ ʚ ʥʘʰ ʯʘʩ ʨʦʟʚʠʚʘʶʪʴʩʷ ʦʩʥʦʚʥʠʤʠ ʜʚʦʤʘ ʰʣʷʭʘʤʠ: 

- ʧʽʜʟʝʤʥʝ ʙʫʜʽʚʥʠʮʪʚʦ ʚʝʣʠʢʠʭ ʤʽʩʪ; 

- ʫ ʛʽʨʥʠʮʪʚʽ. 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʦʩʚʦʻʥʥʷ ʧʽʜʟʝʤʥʦʛʦ ʧʨʦʩʪʦʨʫ ʻ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʜʟʝʤʥʠʭ ʩʧʦʨʫʜ ʚ ʪ.ʯ. ʽ 

ʧʽʜʟʝʤʥʦʛʦ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ. ɼʦ ʮʴʦʛʦ ʝʪʘʧʫ ʥʘʣʝʞʠʪʴ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʜʦʮʽʣʴʥʦʩʪʽ ʽ ʪʝʭʥʽʯʥʦʾ ʤʦʞʣʠʚʦʩʪʽ ʙʫʜʽʚʥʠʮʪʚʘ, ʚʠʙʦʨʫ ʾʭ ʤʽʩʮʝʟʥʘʭʦʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ 

ʦʙôʻʤʥʦʧʣʘʥʫʚʘʣʴʥʠʭ ʨʽʰʝʥʴ ʧʽʜʟʝʤʥʦʛʦ ʦʙôʻʢʪʘ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ, ʦʮʽʥʢʘ ʛʽʨʥʠʯʦ-ʛʝʦʣʦʛʽʯʥʠʭ ʫʤʦʚ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʤʦʛ ʦʭʦʨʦʥʠ ʧʨʘʮʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦʾ ʙʝʟʧʝʢʠ. 

ɼʨʫʛʠʤ ʝʪʘʧʦʤ  ̒ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʝʢʪʫ ʟ ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ, ʷʢʘ 

ʚʨʘʭʦʚʫʻ ʧʝʨʝʚʽʨʢʫ ʥʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʫʯʘʩʥʠʭ ʙʫʜʽʚʝʣʴʥʠʭ 

ʛʝʦʪʝʭʥʦʣʦʛʽʡ. 

ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʝʪʘʧʽʚ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

ʊʨʝʪʽʡ ʝʪʘʧ ï ʙʫʜʽʚʥʠʮʪʚʦ ʧʽʜʟʝʤʥʦʛʦ ʦʙôʻʢʪʫ. 

ʏʝʪʚʝʨʪʠʡ ʝʪʘʧ ï ʧʨʠʡʥʷʪʪʷ ʧʽʜʟʝʤʥʦʛʦ ʦʙôʻʢʪʫ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʥʘ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʧʦʢʘʟʥʠʢʘʤ ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. 

 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙô̒ ʢʪʽʚ 

ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʙʫʜʽʚʥʠʮʪʚʘ 

ʄʝʪʦʜʠʢʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʛʝʦʪʝʭʥʦʣʦʛʽʡ 

ɽʢʩʧʝʨʪʠʟʘ ʧʨʦʝʢʪʫ 

ʟ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 

ʇʨʦʝʢʪ ʦʙô̒ ʢʪʫ 

ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ 

ʟ ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʪʠʟʠ ʟ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 

ʄʝʪʦʜʠʢʘ ʝʢʩʧʝʨʪʠʟʠ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ 

ʆʙʤʝʞʝʥʥʷ ʟ ʦʭʦʨʦʥʠ 

ʧʨʘʮʽ ʪʘ ʝʢʦʣʦʛʽʾ 

mailto:shulgayurij@gmail.com
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ʇôʷʪʠʡ ʝʪʘʧ ï ʝʢʩʧʣʫʘʪʘʮʽʷ ʧʽʜʟʝʤʥʦʛʦ ʦʙôʻʢʪʫ. 

ʐʦʩʪʠʡ ʝʪʘʧ ï ʧʨʦʚʝʜʝʥʥʷ ʘʫʜʠʪʫ ʟ ʤʝʪʦʶ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʾ ʙʝʟʘʚʘʨʽʡʥʦʾ ʨʦʙʦʪʠ ʟ 

ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʝʦʪʝʭʥʦʣʦʛʽʡ (ʨʠʩ. 2). 

 

ʈʠʩ. 2 ï ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʨʝʩʫʨʩʦʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʽʜʟʝʤʥʠʭ 

ʦʙô̒ ʢʪʽʚ 

ɼʣʷ ʫʩʧʽʰʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʦʙʽʪ ʱʦʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʾ 

ʧʽʜʟʝʤʥʠʭ ʦʙô̒ ʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ: 

1. ʅʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʫ ʙʘʟʫ ʧʽʜʟʝʤʥʦʛʦ ʙʫʜʽʚʥʠʮʪʚʘ. 

2. ʉʝʨʽʶ ʜʝʨʞʘʚʥʠʭ ʩʪʘʥʜʘʨʪʽʚ. 

3. ʈʷʜʫ ʥʦʚʠʭ ʙʫʜʽʚʝʣʴʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

4. ʄʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʪʠʟʠ ʧʨʦʝʢʪʽʚ ʧʽʜʟʝʤʥʠʭ ʦʙô̒ ʢʪʽʚ. 

5. ʄʝʪʦʜʠʢ ʧʨʦʚʝʜʝʥʥʷ ʘʫʜʠʪʫ ʜʽʶʯʠʭ ʧʽʜʟʝʤʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ʆʢʨʝʤʦ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʫ ʧʽʜʛʦʪʦʚʢʠ ʪʘ ʧʝʨʝʧʽʜʛʦʪʦʚʢʠ ʽʥʞʝʥʝʨʥʠʭ ʢʘʜʨʽʚ 

ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʚʩʴʦʛʦ ʢʦʤʧʣʝʢʩʫ ʧʨʦʝʢʪʥʠʭ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʨʦʙʽʪ ʧʽʜʟʝʤʥʠʭ ʦʙô̒ ʢʪʽʚ. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ɺʦʚʢ ɸ.ʆ. ʈʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ ʋʢʨʘʠʥʝ ʩ ʫʯʝʪʦʤ ʪʝʭʥʦʛʝʥʥʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. / ɸ. ʆ. ɺʦʚʢ, ʃ. ʀ. ɼʝʤʝʱʫʢ, ʖ. ʀ. ʐʫʣʴʛʘ. ï ʂ.:ʅʅʀʀʇɹʆʊ, 2011. ï 220 ʩ. 

 

ʋɼʂ 624.15 

ʂʦʨʥʽʻʥʢʦ ʄ. ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
ʅʜʽʥʛʘ ʄ. ʈ., ʘʩʧʽʨʘʥʪ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ 

ɻɽʆʊɽʍʅɯʏʅɯ ʈʆɿʈɸʍʋʅʂʀ ʇʈʀ ʇʈʆɽʂʊʋɺɸʅʅɯ ʆʉʅʆɺ ɯ ʌʋʅɼɸʄɽʅʊɯɺ  

ɹʋɼɯɺɽʃʔ ɺ ɽʂɺɸʊʆʈɯɸʃʔʅɯʁ ʏɸʉʊʀʅɯ ɸʌʈʀʂʀ 

ʋʤʦʚʠ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʚ ʦʙʣʘʩʪʷʭ ʪʨʦʧʽʯʥʦʛʦ ʧʦʷʩʫ ʨʽʟʢʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʫʤʦʚ 

ʙʽʦʢʣʽʤʘʪʠʯʥʠʭ ʧʦʷʩʽʚ ʚʠʩʦʢʠʭ ʰʠʨʦʪ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʣʽʤʘʪʫ, 

ʙʽʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʽ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʭ ʧʦʨʽʜ. ʊʠʧʦʚʠʤʠ 

ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʤʠ ʧʦʨʦʜʘʤʠ ʪʨʦʧʽʢʽʚ ʻ ʯʝʨʚʦʥʦʢʦʣʽʨʥʽ ʚʽʜʢʣʘʜʝʥʥʷ, ʷʢʽ ʧʦʰʠʨʝʥʽ ʥʘ 

ʪʝʨʠʪʦʨʽʾ ʜʘʚʥʴʦʾ ʩʫʰʽ. ʅʘ ʚʩʽʡ ʪʝʨʠʪʦʨʽʾ ʪʨʦʧʽʯʥʦʛʦ ʧʦʷʩʫ, ʟʘ ʚʠʥʷʪʢʦʤ ʦʢʨʝʤʠʭ 

ʥʝʟʥʘʯʥʠʭ ʨʘʡʦʥʽʚ ɸʬʨʠʢʠ, ʜʘʚʥʽ ʢʦʨʠ ʚʠʚʽʪʨʶʚʘʥʥʷ ʥʝ ʻ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʠʤʠ ʧʦʨʦʜʘʤʠ. 

ɺʦʥʠ ʧʦʭʦʚʘʥʽ ʧʽʜ ʚʽʜʢʣʘʜʝʥʥʷʤʠ, ʱʦ ʫʪʚʦʨʠʣʠʩʷ ʧʽʟʥʽʰʝ. ʅʘ ʚʝʣʠʢʽʡ ʪʝʨʠʪʦʨʽʾ ʜʘʚʥʽ ʢʦʨʠ 

ʚʢʨʠʪʽ ʚʽʜʢʣʘʜʝʥʥʷʤʠ ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ, ʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʧʦʯʘʣʦʩʷ ʥʘ ʧʦʯʘʪʢʫ 

ʥʝʦʛʝʥʫ. ɺʦʥʠ ʤʘʶʪʴ ʩʫʧʽʱʘʥʦ-ʩʫʛʣʠʥʢʦʚʠʡ ʤʝʭʘʥʽʯʥʠʡ ʩʢʣʘʜ, ʧʦʪʫʞʥʽʩʪʴ ʜʦ 10 ʤ ʽ 

ʙʽʣʴʰʝ. ɿ ʛʣʠʥʠʩʪʠʭ ʤʽʥʝʨʘʣʽʚ ʚ ʾʭ ʩʢʣʘʜʽ ʧʝʨʝʚʘʞʘʶʪʴ ʤʝʪʘʛʘʣʫʘʟʠʪ ʽ ʤʽʥʝʨʘʣʠ ʛʨʫʧʠ 

ʛʽʜʨʦʩʣʶʜ. ʋ ʢʽʥʮʽ ʥʝʦʛʝʥʫ ʧʦʯʘʚʩʷ ʧʨʦʮʝʩ ʘʨʠʜʠʟʘʮʽʾ ʩʫʰʽ, ʷʢʠʡ ʦʭʦʧʠʚ ʟʥʘʯʥʽ ʪʝʨʠʪʦʨʽʾ 

ʪʨʦʧʽʯʥʦʛʦ ʧʦʷʩʫ. ɺ ʧʦʩʫʰʣʠʚʠʭ ʪʨʦʧʽʯʥʠʭ ʦʙʣʘʩʪʷʭ ʥʘ ʜʽʣʷʥʢʘʭ ʟ ʚʠʩʦʢʠʤ ʟʘʣʷʛʘʥʥʷʤ 

ʩʝʟʦʥʥʠʭ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʩʬʦʨʤʫʚʘʣʠʩʴ ʢʘʨʙʦʥʘʪʥʽ ʢʦʨʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʣʘʪʝʨʠʪʥʽ ʢʦʨʠ ʻ 

ʛʛ̔ʨʦʤʦʨʬʥʠʤʠ ʫʪʚʦʨʝʥʥʷʤʠ, ʘ ʢʘʨʙʦʥʘʪʥʽ ʘʚʪʦʤʦʨʬʥʦ-ʛʽʜʨʦʤʦʨʬʥʠʤʠ. ʆʩʪʘʥʥʽ 

ʥʝʩʧʨʠʷʪʣʠʚʽ ʜʣʷ ˇʨʫʥʪʦʫʪʚʦʨʝʥʥʷ ʽ ʪʦʤʫ ʾʭ ʧʦʚʝʨʭʥʷ ʩʴʦʛʦʜʥʽ ʥʝ ʤʘʻ ˇʨʫʥʪʦʚʦʛʦ ʧʦʢʨʠʚʫ. 

ɸʫʜʠʪ ʟ 

ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ 
ʇʽʜʟʝʤʥʠʡ ʦʙô̒ ʢʪ ɽʥʝʨʛʝʪʠʯʥʠʡ ʘʫʜʠʪ 

ʄʝʪʦʜʠʢʠ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʛʝʦʪʝʭʥʦʣʦʛʽʡ 

ʈʝʩʫʨʩʦʝʥʝʨʛʦ-

ʟʙʝʨʽʛʘʶʯʽ ʧʦʢʘʟʥʠʢʠ 

ʦʙôʻʢʪʫ 

ʄʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʥʷ 

ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʘʫʜʠʪʫ 
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ʆʪʞʝ, ʪʨʦʧʽʯʥʽ ˇʨʫʥʪʠ ʬʦʨʤʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʥʘ ʯʝʨʚʦʥʦʢʦʣʽʨʥʠʭ ʚʽʜʢʣʘʜʘʭ, ʚʽʜ ʯʦʛʦ 

ʚʦʥʠ ʤʘʶʪʴ ʯʝʨʚʦʥʫʚʘʪʝ, ʟʘʙʘʨʚʣʝʥʥʷ. 

ʇʦʨʽʚʥʷʥʦ ʥʝʚʝʣʠʢʫ ʪʝʨʠʪʦʨʽʶ ʚ ʪʨʦʧʽʯʥʦʤʫ ʧʦʷʩʽ ʟʘʡʤʘʶʪʴ ʽʥʰʽ ˇʨʫʥʪʦʫʪʚʦʨʶʶʯʽ 

ʧʦʨʦʜʠ: ʦʟʝʨʥʽ ʩʫʛʣʠʥʢʠ, ʩʫʧʽʱʘʥʽ ʘʣʶʚʽʘʣʴʥʽ ʚʽʜʢʣʘʜʝʥʥʷ, ʚʫʣʢʘʥʽʯʥʠʡ ʧʦʧʽʣ ʪʘ ʽʥ. 

ˆʨʫʥʪʠ, ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʮʠʭ ʧʦʨʦʜʘʭ, ʥʝ ʤʘʶʪʴ ʯʝʨʚʦʥʦʛʦ ʟʘʙʘʨʚʣʝʥʥʷ. ʇʨʦʪʝ ʚ ʜʦʣʠʥʽ 

ʨʽʯʢʠ ʂʦʥʛʦ ʚʦʥʠ ʟʫʩʪʨʽʯʘʁʪʴʩʷ ʯʘʩʪʦ. ɯʥʢʦʣʠ ʾʭ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʙʦʣʦʪʥʽ 

ʚʽʜʢʣʘʜʝʥʥʷ. ʅʘ ʩʴʦʛʦʜʥʽ ʙʣʠʟʴʢʦ 50 % ʚʩʽʻʾ ʧʣʦʱʽ ʢʨʘʾʥʠ ʧʦʢʨʠʪʦ ʣʘʪʝʨʠʪʥʠʤʠ ˇʨʫʥʪʘʤʠ. 

ʌʫʥʜʘʤʝʥʪʠ ʥʝʛʣʠʙʦʢʦʛʦ ʟʘʢʣʘʜʘʥʥʷ (ʪʘʢ ʟʚʘʥʽ ʨʦʟʧʦʜʽʣʴʯʽ ʘʙʦ ʧʦʚʝʨʭʥʝʚʽ ʚ ʩʚʽʪʦʚʽʡ 

ʧʨʘʢʪʠʮʽ) ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʣʷʭ ʥʘ ʪʝʨʠʪʦʨʽʾ 

ʈʝʩʧʫʙʣʽʢʠ ʂʦʥʛʦ, ʫ ʚʠʧʘʜʢʘʭ, ʢʦʣʠ ʧʦʚʝʨʭʦʚʽ ʰʘʨʠ ˇʨʫʥʪʫ ʟʜʘʪʥʽ ʧʽʜʪʨʠʤʫʚʘʪʠ ʙʫʜʽʚʣʶ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʩʧʨʠʡʤʘʪʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʽʜ ʥʝʩʫʯʠʭ ʩʪʽʥ, ʢʦʣʦʥ ʪʘ ʨʘʟʦʤ ʚʽʜ ʚʩʽʻʾ ʙʫʜʽʚʣʽ. 

ʌʘʢʪʠʯʥʦ ʮʝ ʥʘʡʧʦʰʠʨʝʥʽʰʠʡ ʪʠʧ ʬʫʥʜʘʤʝʥʪʫ ʜʣʷ ʞʠʪʣʦʚʠʭ ʙʫʜʽʚʝʣʴ, ʧʽʜʧʽʨʥʠʭ ʩʪʽʥ, 

ʪʘ ʜʦʧʦʤʽʞʥʠʭ ʩʧʦʨʫʜ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʮʝ ʨʽʰʝʥʥʷ ʥʝ ʧʦʪʨʝʙʫʻ ʚʠʩʦʢʦʾ ʩʧʝʮʽʘʣʴʥʦʾ 

ʢʚʘʣʽʬʽʢʘʮʽʾ, ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ ʽ ʙʫʜʽʚʝʣʴʥʠʢʽʚ. 

ʇʘʣʴʦʚʽ ʬʫʥʜʘʤʝʥʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʽʜ ʚʽʜʧʦʚʽʜʘʣʴʥʽ ʙʫʜʽʚʣʽ ʽ ʩʧʦʨʫʜʠ (ʢʣʘʩʫ 

ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʉʉ3), ʘ ʜʣʷ ʤʘʣʦʧʦʚʝʨʭʦʚʠʭ ʙʫʜʽʚʝʣʴ ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

(ʚʧʣʠʚʘʻ ʟʙʽʣʴʰʝʥʘ ʾʭ ʚʘʨʪʽʩʪʴ ʧʨʦʪʠ ʬʫʥʜʘʤʝʥʪʽʚ ʥʝʛʣʠʙʦʢʦ ʟʘʢʣʘʜʘʥʥʷ) . 

ˆʨʫʥʪʦʚʽ ʫʤʦʚʠ ʚ ʢʨʘʾʥʘʭ ʝʢʚʘʪʦʨʽʘʣʴʥʦʛʦ ʧʦʷʩʫ ɸʬʨʠʢʠ ʥʘ ʩʴʦʛʦʜʥʽ ʥʝ ʜʦʩʪʘʪʥʴʦ 

ʚʠʚʯʝʥʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʚʽʪʦʚʦʛʦ ʪʘ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʜʦʩʚʽʜʫ ʧʨʠ ʛʝʦʪʝʭʥʽʯʥʦʤʫ 

ʧʨʦʝʢʪʫʚʘʥʥʽ ʥʝ ʟʘʚʞʜʠ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʜʦʩʚʽʜʦʤ. ʅʘʚʽʪʴ ʜʣʷ ʨʦʟʧʦʜʽʣʴʯʠʭ ʬʫʥʜʘʤʝʥʪʽʚ 

ʨʦʟʨʘʭʫʥʦʢ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ. ʇʨʦʪʝ ʥʘ ʧʨʠʢʣʘʜʽ ʈʝʩʧʫʙʣʽʢʠ ʂʦʥʛʦ (ɹʨʘʟʟʘʚʽʣʴ) ʯʽʪʢʦ 

ʚʠʜʥʦ, ʱʦ ʱʝ ʧʦʪʨʽʙʥʘ ʟʥʘʯʥʘ ʥʘʫʢʦʚʘ ʽ ʧʨʘʢʪʠʯʥʘ ʨʦʙʦʪʘ ʧʦ ʧʝʨʝʚʽʨʮʽ ʚʩʽʭ ʧʦʣʦʞʝʥʴ ʽ 

ʬʦʨʤʫʚʘʥʥʷ ʜʝʨʞʘʚʥʠʭ ʥʦʨʤ ʟ ʛʝʦʪʝʭʥʽʯʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ. 
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ɹʘʨʙʘʰ ʄ.ɯ., ʩʪ. ʚʠʢʣʘʜʘʯ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, m_barbash@ukr.net 

ʂɯʅɽʄɸʊʀʏʅɽ ʌʆʈʄʋɺɸʅʅʗ ʇʆɺɽʈʍʆʅʔ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʂʈʀɺʀʍ 

ɼʈʋɻʆɻʆ ʇʆʈʗɼʂʋ 

ɺ ʦʩʥʦʚʽ ʜʠʟʘʡʥ-ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʨʠʚʦʣʽʥʽʡʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ ʣʝʞʠʪʴ ʚʠʙʽʨ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʬʦʨʤʠ, ʷʢʘ ʙ ʚʽʜʧʦʚʽʜʘʣʘ ʧʨʘʛʤʘʪʠʯʥʠʤ ʪʘ ʝʩʪʝʪʠʯʥʠʤ ʚʠʤʦʛʘʤ, ʧʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʟʘʜʘʯʘ 

ʧʝʨʝʥʝʩʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʚʽʜʦʤʠʭ ʧʦʚʝʨʭʦʥʴ ʥʘ ʧʦʚʝʨʭʥʶ, ʷʢʘ 

ʤʦʜʝʣʶʻʪʴʩʷ [1].  

ʇʦʚʝʨʭʥʷ ʦʙʦʣʦʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʣʽʥʽʡʯʘʪʠʭ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 1) 

ʪʘ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ (ʨʠʩ 2). ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʥʘʧʨʷʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʢʫʚʘʥʥʷ ʟ ʨʘʜʽʫʩʘʤʠ ʚʽʜʧʦʚʽʜʥʦ r1 ʪʘ r2, ʤʽʞʦʩʴʦʚʦʶ ʚʽʜʩʪʘʥʥʶ m; 

ʧʨʦʝʢʮʽʷʤʠ ʪʦʯʦʢ ʥʘʤʦʪʫʚʘʥʥʷ A1,A2, ʪʘ ʨʦʟʢʣʘʜʢʠ (ʥʘʧʨʷʤʥʦʾ ʧʦʚʝʨʭʥʽ) B1, B2.  

ʐʫʢʘʥʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ:  
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ʆʩʪʘʪʦʯʥʦ, ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ A ʽ B : 
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ʈʠʩ. 1 ï ɺʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʥʘʧʨʷʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʢʫʚʘʥʥʷ 

ɺʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʨʦʟʢʣʘʜʢʠ ʽ ʥʘʤʦʪʫʚʘʥʥʷ ʪʘ 

ʚʠʚʝʜʝʥʥʷ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʧʨʠ ʨʽʟʥʠʭ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ (ʨʽʚʥʷʥʥʷ ʣʽʥʽʡ 

ʢʦʥʛʨʫʝʥʮʽʾ) ʜʦʟʚʦʣʠʪʴ ʘʥʘʣʽʪʠʯʥʦ ʦʧʠʩʘʪʠ ʣʽʥʽʾ ʜʦʪʠʢʫ ʦʪʨʠʤʘʥʦʾ ʧʦʚʝʨʭʥʽ ʜʦ ʜʚʦʭ 

ʮʠʣʽʥʜʨʽʚ (ʥʘʧʨʷʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʢʫʚʘʥʥʷ) ʜʣʷ ʚʠʧʘʜʢʫ ʱʽʣʴʥʦʛʦ ʥʘʤʦʪʫʚʘʥʥʷ (ʟ 

ʚʽʜʩʫʪʥʽʩʪʶ ʢʨʦʢʫ). 

ʇʦʚʝʨʭʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2, ʫʪʚʦʨʝʥʘ ʢʦʚʟʘʥʥʷʤ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʘ 

ʧʣʘʚʥʦ ʟʤʽʥʶʻ ʬʦʨʤʫ ʚʽʜ ʛʽʧʝʨʙʦʣʠ 1 ʜʦ ʝʣʽʧʩʘ 2 ʧʦ ʥʘʧʨʷʤʥʽʡ l. ʊʨʠ ʥʝʟʘʣʝʞʥʽ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʧʦʣʦʞʝʥʥʷ ʪʚʽʨʥʦʾ ʚʽʜʥʦʩʥʦ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʣʽʢʫ ʥʘ 

ʥʘʧʨʷʤʥʠʭ CD, AB, l ʟʘʜʘʻ ʢʦʦʨʜʠʥʘʪʘ ʍ. ʉʠʤʝʪʨʠʯʥʦ ʨʦʟʪʘʰʦʚʘʥʽ ʢʦʥʦʾʜʠ ʟ ʧʣʦʱʠʥʦʶ 

ʧʘʨʘʣʝʣʽʟʤʫ YZ ʦʩʪʘʪʦʯʥʦ ʬʽʢʩʫʶʪʴ ʱʝ ʜʚʘ ʩʪʫʧʝʥʷ ʩʚʦʙʦʜʠ. ʇʨʷʤʦʣʽʥʽʡʥʽ ʪʚʽʨʥʽ CT ʪʘ 

BT ʧʨʦʭʦʜʷʪʴ ʯʝʨʝʟ ʪʦʯʢʫ ʧʝʨʝʪʠʥʫ ʜʦʪʠʯʥʠʭ ʜʦ ʚʭʽʜʥʦʛʦ ʦʧʦʨʥʦʛʦ ʢʦʥʪʫʨʫ (ʛʽʧʝʨʙʦʣʘ) ʪʘ 

ʪʦʯʢʠ C, B ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʜʦʪʠʯʥʠʭ ʜʦ ʚʠʭʽʜʥʦʛʦ ʢʦʥʪʫʨʫ (ʝʣʽʧʩ). ʂʦʥʦʾʜʠ ʜʦʪʠʢʘʶʪʴʩʷ 

ʜʦ ʦʙʦʣʦʥʢʠ ʚʟʜʦʚʞ ʩʪʦʨʽʥ ʦʩʥʦʚʠ CD ʪʘ AB. ʇʦʣʦʞʝʥʥʷ ʪʦʯʦʢ C, B ʜʦʟʚʦʣʷʻ ʚʘʨʽʶʚʘʪʠ 

ʧʦʚʥʦʪʦʶ ʦʙʦʣʦʥʢʠ [2]. 

 

ʈʠʩ. 2 ï ʂʽʥʝʤʘʪʠʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʝʨʭʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʩʧʦʩʽʙ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʤʽʞ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ 

ʨʦʟʢʣʘʜʢʠ ʽ ʥʘʤʦʪʫʚʘʥʥʷ ʧʨʠ ʨʽʟʥʠʭ ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʭ ʫʤʦʚʘʭ ʪʘ ʟʨʦʙʠʪʠ ʧʦʜʘʣʴʰʠʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʣʽʥʽʡ ʜʦʪʠʢʫ ʮʽʻʾ ʧʦʚʝʨʭʥʽ ʜʦ ʥʘʧʨʷʤʥʦʾ ʧʦʚʝʨʭʥʽ ʽ ʧʘʢʫʚʘʥʥʷ. ɿʘʜʘʯʘ 



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

128 

ʥʘʪʷʛʫʚʘʥʥʷ ʦʙʦʣʦʥʢʠ ʥʘ ʧʣʦʩʢʠʡ (ʘʙʦ ʧʨʦʩʪʦʨʦʚʠʡ ʢʨʠʚʦʣʽʥʽʡʥʠʡ) ʢʦʥʪʫʨ, ʫʪʚʦʨʝʥʠʡ 

ʩʝʛʤʝʥʪʘʤʠ ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ, ʚʠʨʽʰʝʥʘ ʰʣʷʭʦʤ ʧʦʙʫʜʦʚʠ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʣʽʥʽʡʯʘʪʠʭ ʥʘʧʨʷʤʥʠʭ ʧʦʚʝʨʭʦʥʴ. 
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ʆʎɯʅʖɺɸʅʅʗ ɿʄɯʅʀ ʈɯɺʅʗ ʊɽʇʃʆɺʆɻʆ ʂʆʄʌʆʈʊʋ ʇʈʀ ʋʊɽʇʃɽʅʅɯ 

ʐʂɯʃʔʅʆɰ ɹʋɼɯɺʃɯ 

ɽʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʽʚʝʣʴ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʪʝʤ. ɿʤʝʥʰʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ ʜʦʟʚʦʣʠʪʴ ʟʥʠʟʠʪʠ ʚʠʪʨʘʪʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ 

ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ. ʈʽʚʝʥʴ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʫ ʙʫʜʽʚʣʷʭ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʩʫʯʘʩʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʪʘ ʩʪʘʥʜʘʨʪʘʤʠ [1]. ɼʣʷ ʟʥʠʞʝʥʥʷ ʪʝʧʣʦʚʪʨʘʪ 

ʧʨʦʚʦʜʷʪʴ ʪʝʨʤʦʽʟʦʣʷʮʽʶ ʙʫʜʽʚʝʣʴ ʪʘ ʧʨʠʤʽʱʝʥʴ. ɯ ʪʦʤʫ ʤʝʪʦʶ ʻ ʦʮʽʥʠʪʠ ʟʤʽʥʫ ʪʝʧʣʦʚʦʛʦ 

ʢʦʤʬʦʨʪʫ ʧʨʠ ʪʝʨʤʦʽʟʦʣʷʮʽʾ. ʊʘʢʘ ʟʘʜʘʯʘ ʦʙʫʤʦʚʣʝʥʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʪʘʥʜʘʨʪʽʚ ʧʦ 

ʪʝʧʣʦʚʦʤʫ ʢʦʤʬʦʨʪʫ ʙʫʜʽʚʝʣʴ [1]. ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʷʚʣʷʻʪʴʩʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʘ ʰʢʦʣʘ 

ˉ64, ʤ. ʂʠʾʚ ʧʦʙʫʜʦʚʘʥʘ 1973 ʨʦʢʫ. ɼʦʩʣʽʜʞʫʻʪʴʩʷ ʢʫʪʦʚʘ ʢʽʤʥʘʪʘ ʥʘ 4 ʧʦʚʝʨʩʽ ʟ ʜʚʦʤʘ 

ʟʦʚʥʽʰʥʽʤʠ ʩʪʽʥʘʤʠ. ʇʨʠ ʟʨʦʩʪʘʥʥʽ ʪʝʧʣʦʚʦʛʦ ʟʘʭʠʩʪʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ 

ʟʨʦʩʪʘʻ ʩʝʨʝʜʥʷ ʨʘʜʽʘʮʽʡʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʠʤʽʱʝʥʥʷ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʧʣʠʚʘʻ ʥʘ 

ʪʝʧʣʦʚʽʜʯʫʪʪʷ ʣʶʜʠʥʠ ʪʘ ʥʘ ʧʦʢʘʟʥʠʢʠ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ. ɸ ʩʘʤʝ PMV ï ʧʨʦʛʥʦʟʦʚʘʥʘ 

ʩʝʨʝʜʥʷ ʦʮʽʥʢʘ ʪʝʧʣʦʚʽʜʯʫʪʪʽʚ ʣʶʜʠʥʠ ʪʘ PPD ï ʧʨʦʛʥʦʟʦʚʘʥʠʡ ʧʨʦʮʝʥʪ ʥʝʟʘʜʦʚʦʣʝʥʠʭ 

ʪʝʧʣʦʚʠʤ ʩʝʨʝʜʦʚʠʱʝʤ. ʉʘʤʝ ʟʤʽʥʘ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʦʮʽʥʝʥʘ ʫ ʨʦʙʦʪʽ. ʎʷ ʟʤʽʥʘ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʟʨʦʩʪʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠʤʽʱʝʥʥʷ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʨʤʽʯʥʦʛʦ ʦʧʦʨʫ ʦʛʦʨʦʜʞʫʚʘʣʴʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ɼʣʷ ʦʙʨʘʥʦʾ ʤʦʜʝʣʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʟʥʘʯʝʥʦ ʟʤʽʥʫ PMV ʧʽʩʣʷ ʫʪʝʧʣʝʥʥʷ ʜʦ ʩʫʯʘʩʥʠʭ ʚʠʤʦʛ [2]. ʇʘʨʘʤʝʪʨʠ 

ʜʦʚʢʽʣʣʷ ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʤ ʟʘ ʦʧʘʣʶʚʘʣʴʥʠʡ ʧʝʨʽʦʜ, ʘ ʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ 

ʣʶʜʠʥʠ ʚʽʜʧʦʚʽʜʘʻ ʤʝʪʘʙʦʣʽʟʤʫ ʄ=70 ɺʪ/ʤ
2
, ʪʝʨʤʽʯʥʠʡ ʦʧʽʨ ʦʜʷʛʫ ʣʶʜʠʥʠ Icl=1clo=0,155 

ɺʪ/ʤ
2
, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʽʪʨʷ ʫ ʧʨʠʤʽʱʝʥʥʽ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ 18ϲʉ. ʈʦʟʨʘʭʫʥʦʢ PMV ʪʘ 

PPD ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʫ ʩʪʘʥʜʘʨʪʽ [1], ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʦʥʣʘʡʥ ʧʣʘʪʬʦʨʤʠ [3]. 

 

ʈʠʩ. 1 ï ɿʤʽʥʘ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ ʧʨʠ ʟʤʽʥʽ ʪʝʧʣʦʽʟʦʣʷʮʽʾ 
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ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʟʤʽʥʫ ʩʝʨʝʜʥʴʦʾ ʨʘʜʽʘʮʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʝʧʣʦʚʪʨʘʪ 

ʙʫʜʽʚʣʽ ʪʘ ʧʦʢʘʟʥʠʢʽʚ ʪʝʧʣʦʚʦʛʦ ʢʦʤʬʦʨʪʫ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʝʨʤʦʤʦʜʝʨʥʽʟʘʮʽʷ ʜʦʟʚʦʣʷʻ 

ʧʽʜʚʠʱʠʪʠ ʩʝʨʝʜʥʶ ʨʘʜʽʘʮʽʡʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ 1 Áʉ, ʧʨʠ ʮʴʦʤʫ PMV ʟʨʦʩʪʘʻ ʚʽʜ -0,97 ʜʦ -0,86. 
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[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://www.eat.lth.se/fileadmin/eat/Termisk_miljoe/PMV-

PPD.html. 
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ɻʈɸɼ ʏɽʈʅɯɻɯɺ: ɯʉʊʆʈɯʗ ʄɯʉʊʆɹʋɼɯɺʅʆɻʆ ʈʆɿɺʀʊʂʋ 

ʏʝʨʥʽʛʽʚ ï ʦʜʥʝ ʟ ʥʘʡʜʘʚʥʽʰʠʭ ʤʽʩʪ ʋʢʨʘʾʥʠ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʠʩʦʢʦʤʫ ʧʨʘʚʦʤʫ ʙʝʨʝʟʽ 

ʨʽʯʢʠ ɼʝʩʥʘ ʜʝ ʚʦʥʘ ʢʨʫʪʦ ʧʦʚʝʨʪʘʻ ʥʘ ʧʽʚʜʝʥʥʠʡ ʟʘʭʽʜ. ɯʩʥʫʻ ʜʝʢʽʣʴʢʘ ʚʝʨʩʽʡ ʱʦʜʦ 

ʧʦʭʦʜʞʝʥʥʷ ʡʦʛʦ ʥʘʟʚʠ. ʇʨʦʪʝ ʙʽʣʴʰ ʚʽʨʦʛʽʜʥʦʶ ʻ ʜʫʤʢʘ ʚʯʝʥʠʭ, ʱʦ ʥʘʟʚʘ ʏʝʨʥʽʛʦʚʘ 

ʧʦʭʦʜʠʪʴ ʚ̔ ʜ ʽʤʝʥʽ ʘʙʦ ʧʨʟ̔ʚʠʩɹ ʢʘ ʏʝʨʥʠʛ (ʏʝʨʥʴʛʘ) ʧʝʨʰʦʛʦ ʧʦʩʝʣʝʥʮʷ, ʘʙʦ ʩʪʘʨʽʡʰʠʥʠ 

ʨʦʜʫ ʥʘ ʤʽʩʮʽ, ʜʝ ʟʛʦʜʦʤ ʽ ʚʠʥʠʢʣʦ ʤʽʩʪʦ. 

ɸʨʭʝʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘ ʪʝʨʠʪʦʨʽʾ ʤʽʩʪʘ 

ʚʽʜʥʘʭʦʜʠʣʠ ʩʣʽʜʠ ʧʦʩʝʣʝʥʴ ʝʧʦʭʠ ʥʝʦʣʽʪʫ ʽ ʙʨʦʥʟʠ, 

ʛʦʨʦʜʠʱ VII ï VIII  ʩʪʦʣʽʪʴ (ʨʠʩ. 1). 

ɼʦ ʢʽʥʮʷ IX ʩʪ. ʏʝʨʥʽʛʽʚ ʙʫʚ ʮʝʥʪʨʦʤ ʏʝʨʥʽʛʦʚʦ-

ʉʽʚʝʨʩʴʢʦʾ ʟʝʤʣʽ. ʇʽʟʥʽʰʝ ʚʽʥ ʫʚʽʡʰʦʚ ʜʦ ʩʢʣʘʜʫ 

ʂʠʾʚʩʴʢʦʾ ʈʫʩʽ ʽ ʧʦʯʘʚ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʪʠʩʴ. ʊʘʢ 

ʚʝʣʠʢʽ ʧʦʩʝʣʝʥʥʷ, ʱʦ ʩʢʣʘʜʘʣʠʩʷ ʟ ʛʦʨʦʜʠʱ, 

ʨʦʟʤʽʱʝʥʠʭ ʥʘ ʩʢʣʘʜʥʽʡ ʩʠʩʪʝʤʽ ʧʘʛʦʨʙʽʚ ʧʦʤʽʞ 

ʨʽʯʢʘʤʠ ʉʪʨʠʞʥʝʤ ʽ ɼʝʩʥʦʶ, ʥʘ ʧʦʯʘʪʢʫ ʍ ʩʪʦʣʽʪʪʷ 

(907ʨ.) ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʪʚʦʨʠʣʠʩʷ ʫ ʤʽʩʪʦ, ʷʢʝ ʟʘ 

ʨʦʟʤʽʨʘʤʠ ʧʦʩʪʫʧʘʣʦʩ ̫ʣʠʰʝ ʂʠʻʚʫ. 

ɯʩʥʫʚʘʥʥʷ ʧʦʩʝʣʝʥʴ ʽ ʣʽʪʦʧʠʩʥʠʭ ʩ̔ʣ (ɻʦʩʪʠʥʠʯʽ, 

ɻʶʨʠʯʽʚ, ʉʚʷʪʦʛʦ ʉʧʘʩʘ, ʉʝʤʠʥʴ) ʧʽʜʪʚʝʨʜʞʫ̒ʪʴʩʷ 

ʚʽʜʦʤʠʤʠ ʢʫʨʛʘʥʥʠʤʠ ʛʨʫʧʘʤʠ, ʱʦ ʧʽʚʢʽʣʴʮʝʤ 

ʦʭʦʧʣʶʚʘʣʠ ʏʝʨʥʽʛʽʚ ʧʦ ʢʦʨʜʦʥʫ ʡʦʛʦ ʧʦʩʘʜʫ 

ʇʝʨʝʜʛʦʨʦʜʜʷ (ʮʝʡ ʢʦʨʜʦʥ ʤʘʡʞʝ ʩʧʽʚʧʘʜʘʻ ʟ 

ʽʩʥʫʶʯʠʤʠ ʚʫʣʠʮʷʤʠ ɼʝʩʥʷʢʘ, ʃʶʙʝʮʴʢʦʶ, ɺʷʯʝʩʣʘʚʘ ʏʦʨʥʦʚʽʣʘ, ʉʦʬʽʾ ʈʫʩʦʚʦʾ, 

ʃʶʙʦʤʠʨʘ ɹʦʜʥʘʨʫʢʘ ʽ ʆʣʝʢʩʘʥʜʨʘ ʄʦʣʦʜʯʦʛʦ). ɿʘʛʘʣʦʤ ʟʘʩʝʣʝʥʫ ʪʝʨʠʪʦʨʽʶ ʤʽʩʪʘ 

ʚʠʟʥʘʯʘʣʠ ʰʩ̔ʪɹ ʢʫʨʛʘʥʥʠʭ ʛʨʫʧ, ʩʝʨʝʜ ʷʢʠʭ ʥʘʡʙʽʣʴʰ ʚʽʜʦʤʠʤ ʻ ʥʝʢʨʦʧʦʣʴ IX-XI ʩʪ. ʥʘ 

ɹʦʣʜʠʥʽʡ ʛʦʨʽ, ʟʛʘʜʢʘ ʧʨʦ ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʚ ʣʽʪʦʧʠʩ ̔ʚʽʜ 1069 ʨ. ʎʝʡ ʢʦʤʧʣʝʢʩ ʧʦʚ'ʷʟʘʥʠʡ ʽʟ 

ʜʘʚʥʽʤ ʧʦʩʝʣʝʥʥʷʤ ʥʘ ʇʦʜʦʣʽ (ʩʭʽʜʥʘ ʯʘʩʪʠʥʘ ʩʫʯʘʩʥʦʾ ʃʽʩʢʦʚʠʮʽ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʦʨʛʘʥʽʟʘʮʽʶ ʟʘʙʫʜʦʚʠ ʧʦʩʝʣʝʥʴ VII-IX cʪ. ʚʧʣʠʥʫʚ ʧʦʜʚʽʡʥʠʡ 

ʭʘʨʘʢʪʝʨ ʞʠʪʪʷ ɼʘʚʥʴʦʨʫʩʴʢʦʾ ʜʝʨʞʘʚʠ: ʥʘʧʽʚʧʘʪʨʽʘʨʭʘʣʴʥʠʡ ʪʘ ʥʘʧʽʚʬʝʦʜʘʣʴʥʠʡ. ʎʝ 

ʟʫʤʦʚʠʣʦ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʪʠʧʽʚ ʧʦʩʝʣʝʥʴ ï ʫʢʨʽʧʣʝʥʠʭ ʛʦʨʦʜʠʱ ʽ ʥʘʚʢʦʣʠʰʥʽʭ 

ʥʝʟʘʭʠʱʝʥʠʭ ʩʝʣʠʱ. 

ʈʠʩ. 1 ï ʆʢʦʣʠʮʽ ʜʘʚʥʴʦʨʫʩʴʢʦʛʦ 

ʏʝʨʥʽʛʦʚʘ (ʟʘ ʆ. ʐʝʢʫʥʦʤ) [1] 

http://www.eat.lth.se/fileadmin/eat/Termisk_miljoe/PMV-PPD.html
http://www.eat.lth.se/fileadmin/eat/Termisk_miljoe/PMV-PPD.html
mailto:kaf.prom.byd@gmail.com
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ʈʠʩ. 2 ï ɯʩʪʦʨʠʯʥʠʡ ʨʦʟʚʠʪʦʢ ʤʽʩʪʘ : 

ʘ ï ʍɯ ï ʧʝʨʰʘ ʧʦʣʦʚʠʥʘ ʍɯɯ ʩʪ.; ʙ ï 

ʜʨʫʛʘ ʧʦʣʦʚʠʥʘ ʍɯɯ ï ʧʦʯʘʪʦʢ ʍɯɯɯ ʩʪ.; 

ʚ ï ʍVI ʩʪ.; ʛ ï ʍVII  ï ʧʝʨʰʘ 

ʧʦʣʦʚʠʥʘ ʍVII  ʩʪ. 1 ï ɼʠʪʠʥʝʮʴ-

ʂʨʝʤʣʴ; 2 ï ɭʣʝʮʴʢʘ ʛʦʨʘ; 3 ï 

ʆʢʦʣʴʥʝ ʤʽʩʪʦ; 4 ï ʇʦʜʽʣ; 5 ï ɹʦʣʜʽʥʽ 

ʛʦʨʠ; 6 ï ʢʫʨʛʘʥ ʏʦʨʥʘ ʤʦʛʠʣʘ; 7 ï 

ʢʫʨʛʘʥ ʢʥʷʞʥʠ ʏʦʨʥʠ; 8 ï ʊʨʝʪʷʢ; 9 ï 

ʇʝʨʝʜʛʦʨʦʜʜʷ; 10 ï ʢʥʷʟʽʚʩʴʢʘ 

ʩʘʜʠʙʘ; 11 ï ʛʨʫʧʠ ʢʫʨʛʘʥʽʚ ʍɯ ï ʍɯɯ 

ʩʪ.; 12 ï ʬʦʨʪʝʮʷ; 13 ï ʉʦʣʜʘʪʩʴʢʘ 

ʩʣʦʙʽʜʢʘ; 14 ï ʃʽʩʢʦʚʠʮʷ (ʢʦʣʠʰʥʽʡ 

ʇʦʜʽʣ); 15 ï ʇôʷʪʥʠʮʴʢʠʡ ʜʽʚʦʯʠʡ 

ʤʦʥʘʩʪʠʨ; 16 ï ʊʨʦʾʮʴʢʦ-ɯʣʣʽʥʩʴʢʠʡ 

ʤʦʥʘʩʪʠʨ [2] 

ʄʽʩʪʦ ʫ ʍ ʥʘ ʧʦʯʘʪʢʫ ʍɯ ʩʪʦʣʽʪʴ ʙʫʣʦ ʟʘʙʫʜʦʚʘʥʦ ʩʧʦʨʫʜʘʤʠ ʽʟ ʜʝʨʝʚʘ ʽ ʟʝʤʣʷʥʢʘʤʠ. 

ʃʠʰʝ ʫ ʧʝʨʰ̔ʡ ʪʨʝʪʠʥ ̔ ʍɯ ʩʪ. ʟ ʨʦʟʚʠʪʢʦʤ ʤʽʞʥʘʨʦʜʥʠʭ ʟʚôʷʟʢʽʚ ʂʠʾʚʩʴʢʦʾ ʨʫʩʽ ʪʘ 

ʧʨʠʡʥʷʪʪʷʤ ʭʨʠʩʪʠʷʥʩʪʚʘ ʚ ʏʝʨʥʽʛʦʚʽ ʧʦʯʘʣʠ ʟôʷʚʣʷʪʠʩʴ ʢʘʤôʷʥʽ ʩʧʦʨʫʜʠ. 

ɿ 1024 ʨ. ʢʦʣʠ ʧʝʨʰʠʤ, ʚʽʜʦʤʠʤ ʟʘ ʣʽʪʦʧʠʩʦʤ ʏʝʨʥʽʛʽʚʩʴʢʠʤ ʢʥʷʟʝʤ ʩʪʘʚ ʄʩʪʠʩʣʘʚ, ʩʠʥ 

ɺʦʣʦʜʠʤʠʨʘ ʄʦʥʦʤʘʭʘ, ʮʝʥʪʨ ʏʝʨʥʽʛʦʚʘ (ʂʨʝʤʣ-ɹɼʠʪʠʥʝʮʴ) ʨʦʟʤʽʩʪʠʚʩʷ ʥʘ ʤʽʩʮʽ 

ʧʦʩʝʣʝʥʥʷ VII-IX ʩʪ. ʥʘ ʚʠʛʽʜʥʦʤʫ ʚ ʩʪʨʘʪʝʛʽʯʥʦʤʫ ʧʣʘʥʽ ʧʘʛʦʨʙʽ (ʩʫʯʘʩʥʠʡ ɺʘʣ). ɿʘ 10 

ʨʦʢʽʚ ʧʨʘʚʣʽʥʥʷ ʄʩʪʠʩʣʘʚ ʫʢʨʽʧʠʚ ʏʝʨʥʽʛʽʚ ʤʦʛʫʪʥʽʤʠ ʚʘʣʘʤʠ ʽ ʨʦʚʘʤʠ, ʟʙʽʣʴʰʠʚ ʧʣʦʱʫ 

ɼʠʪʠʥʮʷ ʽ ʟʘʩʥʫʚʘʚ ʛʦʣʦʚʥʠʡ ʭʨʘʤ ʤʽʩʪʘ ʽ ʢʥʷʟʽʚʩʪʚʘ ï ʉʧʘʩʴʢʠʡ ʩʦʙʦʨ (1036ʨ.). 

 
                    ʙ) 

 
ʛ 

 

 

ʈʠʩ. 3 ï ʈʦʟʚʠʪʦʢ ʧʣʘʥʫʚʘʥʥʷ ʏʝʨʥʽʛʦʚʘ: 

ʘ ï 1786 ʨ.; ʙ ï 1803 ʨ.; ʚ ï 1924 ʨ. (ʘʚʪʦʨ ʄ. ʊʨʫʙʽʥ); ʛ ï 1945 ʨ. 

(ʘʚʪʦʨ ʅ. ʇʘʥʯʫʢ); 1 ï ɼʠʪʠʥʝʮʴ; 2 ï ʆʢʦʣʴʥʝ ʤʽʩʪʦ; 3 - ʊʨʝʪʷʢ; 

4 ï ʇʝʨʝʜʛʦʨʦʜʜʷ; 5 ï ɭʣʝʮʴʢʠʡ ʤʦʥʘʩʪʠʨ; 6 ï ʊʨʦʾʮʴʢʦ-

ɯʣʣʽʥʩʴʢʠʡ ʤʦʥʘʩʪʠʨ; 7 ï ʇʦʜʽʣ (ʃʽʩʢʦʚʠʮʷ); 8 ï ʂʨʘʩʥʘ ʧʣʦʱʘ; 

9 ï ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʘ ʧʣʦʱʘ ʜʣʷ ʷʨʤʘʨʦʢ; 10 ï ʉʦʣʜʘʪʩʴʢʘ 

ʩʣʦʙʽʜʢʘ (çʂʘʚʢʘʟè); 11 ï ʧʣ.. ʇôʷʪʴ ʢʫʪʽʚ; 12 ï ʧʣ. ʽʤ. 25 

ɾʦʚʪʥʷ; 13 ï ʨʦʙʽʪʥʠʯʝ ʤʽʩʪʝʯʢʦ; 14 ï ʂʨʘʩʥʠʡ ʭʫʪʽʨ (ʢʦʣʠʰʥʷ 

ʐʚʝʡʮʘʨʽʚʢʘ); 15 ï ʗʣʦʚɦ ʠʥʘ; 16 ï ɹʦʙʨʦʚʠʮʷ [2] 
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ʋ 1054 ʨ. ʏʝʨʥʽʛʽʚʩʴʢʠʤʠ ʢʥʷʟʷʤʠ ʩʪʘʶʪʴ ʥʘʱʘʜʢʠ ʗʨʦʩʣʘʚʘ ʄʫʜʨʦʛʦ (ʉʚʷʪʦʩʣʘʚʠʯʽ), 

ʟʘ ʷʢʠʭ ʙʫʜʫʶʪʴʩʷ ʭʨʘʤʠ ʡ ʧʘʣʘʮʠ: ɹʦʨʠʩʦʛʣʽʙʩʴʢʠʡ ʩʦʙʦʨ (1123 ʨ.) ʮʝʨʢʚʠ ʄʠʭʘʡʣʘ 

(1174 ʨ.), ɹʣʘʛʦʚʽʱʝʥʥʷ (1186 ʨ.), ʘ ʥʘ ʧʦʯʘʪʢʫ ʍɯɯɯ ʩʪ. ï ʮʝʨʢʚʘ ʇôʷʪʥʠʮʽ ʥʘ ʪʦʨʛʫ. 

ʊʘʪʘʨʦ-ʤʦʥʛʦʣʴʩʴʢʘ ʥʘʚʘʣʘ ʥʘ ʜʦʚʛʠʡ ʯʘʩ ʧʝʨʝʨʚʘʣʘ ʢʫʣʴʪʫʨʥʠʡ ʨʦʟʚʠʪʦʢ ʤʽʩʪʘ [3]. ɸʣʝ 

ʚ ʍVIIïXVIII ʩʪʦʣʽʪʪʷʭ ʟʥʦʚʫ ʟôʷʚʣʷʶʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʥʽ ʰʝʜʝʚʨʠ: ʞʠʪʣʦʚʠʡ ʙʫʜʠʥʦʢ 

ʧʦʣʢʦʚʥʠʢʘ ʗʢʦʚʘ ʃʠʟʦʛʫʙʘ, ʂʦʣʝʛʽʫʤ ʽʟ ʟʥʘʤʝʥʠʪʠʤʠ ʢʝʨʘʤʽʯʥʠʤʠ ʨʝʣʴʻʬʘʤʠ. ʏʫʜʦʚʽ, 

ʥʝʧʦʚʪʦʨʥʽ ʘʥʩʘʤʙʣʽ ɭʣʝʮʴʢʦʛʦ ʤʦʥʘʩʪʠʨʷ (ʍɯïʍVIII ʩʪ.), ɹʦʣʜʠʥʦʾ ʛʦʨʠ ʟ ʙʝʟʣʽʯʯʶ 

ʩʪʘʨʦʚʠʥʥʠʭ ʤʦʛʠʣ ʽ ʥʝʚʝʣʠʯʢʦʶ ʮʝʨʢʚʦʶ ɯʣʣʽ, ʚʽʜ ʷʢʦʾ ʡʜʝ ʧʽʜʡʦʤ ʜʦ ʊʨʦʾʮʴʢʦ-

ɯʣʣʽʥʩʴʢʦʛʦ ʤʦʥʘʩʪʠʨʷ (ʍɯïʍVIII ʩʪ.). ʂʦʨʧʫʩʠ ʢʝʣʽʡ, ʭʨʘʤʠ, ʪʨʘʧʝʟʥʘ ʨʘʟʦʤ ʟ ʘʞʫʨʥʦʶ 

ʣʝʛʢʦʶ ʜʟʚʽʥʠʮʝʶ ʩʢʣʘʜʘʶʪʴ ʚʠʨʘʟʥʠʡ ʘʥʩʘʤʙʣʴ, ʱʦ ʥʘʜʘʻ ʤʽʩʪʫ ʦʩʦʙʣʠʚʦʾ ʢʨʘʩʠ. 

ɼʦ ʧʣʘʥʫʚʘʥʥʷ ʽ ʟʘʙʫʜʦʚʠ ʤʽʩʪʘ ʏʝʨʥʽʛʦʚʘ ʚ ʧʝʨʽʦʜ ʍVIII-XIX ʩʪ. ʧʨʠʯʝʪʥʽ ɸ. ɿʘʭʘʨʦʚ, 

ɯ. ɻʨʠʛʦʨʦʚʠʯ-ɹʘʨʩʴʢʠʡ, ɸ. ʂʘʨʪʘʰʝʚʩʴʢʠʡ, ɸ. ʂʫʮʝʚʠʯ, ɼ. ɭʬʠʤʦʚ, ʇ. ɼʝʤʫʪ-

ʄʘʣʠʥʦʚʩʴʢʠʡ ʪʘ ʽʥʰʽ. 

ʍʍ ʩʪʦʣʽʪʪʷ ʦʟʥʘʤʝʥʦʚʘʥʦ ʥʦʚʠʤʠ ʽʜʝ̫ʤʠ ʽ ʧʨʦʝʢʪʘʤʠ, ʥʦʚʠʤʠ ʙʫʜʦʚʘʤʠ ʽ ʪʨʘʛʽʯʥʠʤʠ 

ʨʫʾʥʘʤʠ (1918-1920; 1941-1943 ʨʨ.) 

ʏʠʤʘʣʦ ʨʘʜʷʥʩʴʢʠʭ ʤʽʩʪʦʙʫʜʽʚʥʠʢʽʚ ʚʢʣʘʣʠ ʩʚʦʶ ʧʨʘʮʶ ʽ ʪʘʣʘʥʪ ʚ ʛʝʥʝʨʘʣʴʥʽ ʧʣʘʥʠ, 

ʧʨʦʝʢʪʠ ʜʝʪʘʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥ ̫ʤʽʩʪʘ. ʋ 1922-1924 ʨʦʢʘʭ ʄ. ʊʨʫʙʽʥʠʤ ʨʦʟʨʦʙʣʝʥʦ ʩʭʝʤʫ 

ʧʣʘʥʫʚʘʥʥʷ ʏʝʨʥʽʛʦʚʘ ʜʦ 1954 ʨ. ʋ 1935-1937 ʨʦʢʘʭ ɼʽʧʨʦʤʽʩʪʦʤ (ʂʠʾʚ) ʙʫʣʦ ʩʪʚʦʨʝʥʦ 

çʇʨʦʝʢʪ ʩʦʮʽʘʣʽʩʪʠʯʥʦʾ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʏʝʨʥʽʛʦʚʘè (ʘʚʪʦʨ ʆ. ʂʘʩʴʷʥʦʚ, ʩʧʽʚʘʚʪʦʨ 

ɸ. ɻʣʫʟʤʘʥ) ʟʘ ʷʢʠʤ ʨʦʟʧʦʯʘʣʘʩʴ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʮʝʥʪʨʫ ʤʽʩʪʘ. 

ɸʨʭʽʪʝʢʪʦʨʠ ɼʽʧʨʦʤʽʩʪʘ ʥʝʦʜʥʦʨʘʟʦʚʦ ʩʢʣʘʜʘʣʠ ʛʝʥʝʨʘʣʴʥʽ ʧʣʘʥʠ ʏʝʨʥʽʛʦʚʘ. ʆʜʨʘʟʫ 

ʧʽʩʣʷ ʜʨʫʛʦʾ ʩʚʽʪʦʚʦʾ ʚʽʡʥʠ ʛʝʥʝʨʘʣʴʥʫ ʩʭʝʤʫ ʡʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʟʘʧʨʦʧʦʥʫʚʘʣʘ ʘʨʭʽʪʝʢʪʦʨ 

ʅ. ʇʘʥʯʫʢ ʟ ʧʨʦʙʠʚʢʦʶ ʘʣʝʾ ʚʽʜ ʏʝʨʚʦʥʦʾ ʧʣʦʱʽ ʜʦ ʂʘʪʝʨʠʥʠʥʩʴʢʦʾ ʮʝʨʢʚʠ. ʅʦʚʽ ʧʣʘʥʠ 

ʨʦʟʚʠʪʢʫ ʏʝʨʥʽʛʦʚʘ ʟôʷʚʠʣʠʩʴ ʽ ʢʦʨʠʛʫʚʘʣʠʩʴ ʫ 1948ʨ, 1954ʨ, 1958ʨ, 1965ʨ, 1980ʨ, 1984ʨ, 

2004ʨ, 2014 ʨʦʢʘʭ. 

 
 

ʘ) 
 

ʙ) 

ʈʠʩ. 4 ï ʇʣʘʥʠ ʟʘʙʫʜʦʚʠ ʪʝʨʠʪʦʨʽʾ ʏʝʨʥʽʛʦʚʘ ʥʘʧʨʠʢʽʥʮʽ ʍʍ ʽ ʧʦʯʘʪʢʫ ʍʍɯ ʩʪ.: 

ʘ ï ʧʨʦʝʢʪ ʛʝʥʧʣʘʥʫ ʏʝʨʥʽʛʦʚʘ 1984 ʨʦʢʫ ʟ ʚʠʭʦʜʦʤ ʟʘʙʫʜʦʚʠ ʥʘ ʣʽʚʠʡ ʙʝʨʝʛ ɼʝʩʥʠ 

(ɼʽʧʨʦʤʽʩʪʦ, ʘʚʪʦʨʠ: ɯ.ʍ.ʂʠʩʢʽʥ, ɺ.ɺ.ʇʘʚʣʝʥʢʦ, ʆ.ɻ.ʄʝʞʝʥʥʠʡ); ʙ ï ʛʝʥʧʣʘʥ 2014 ʨ. 

ɻʝʥʝʨʘʣʴʥʠʡ ʧʣʘʥ 1984 ʨʦʢʫ (ʨʠʩ. 4, ʘ) ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʭʽʜ ʟ ʟʘʙʫʜʦʚʦʶ ʥʘ 

ʣʽʚʠʡ ʙʝʨʝʛ ɼʝʩʥʠ [4]. ʅʘ ʞʘʣʴ ʚ ʥʘʩʪʫʧʥʠʭ ʛʝʥʝʨʘʣʴʥʠʭ ʧʣʘʥʘʭ ʮ̫  ʽʜʝʷ ʥʝ ʟʥʘʡʰʣʘ ʩʚʦʛʦ 
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ʧʨʦʜʦʚʞʝʥʥʷ. ʇʨʦʪʝ ʘʨʭʽʪʝʢʪʦʨʠ ʽ ʤʽʩʴʢʘ ʚʣʘʜʘ ʥʝ ʧʨʠʧʠʥʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘʜ ʧʠʪʘʥʥʷʤʠ 

ʧʦʜʘʣʴʰʦʛʦ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʽʩʪʦʨʠʯʥʦʛʦ ʤʽʩʪʘ ʏʝʨʥʽʛʦʚʘ (ʨʠʩ. 4, ʙ). 
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ɼʝʨʢʘʯ ʆ. ʃ., ʘʩʠʩʪʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, derkach.oleh@gmail.com 

ʅɽʉʊɸʎɯʆʅɸʈʅɯ ɼɽʄʇʌɯʈʋɺɸʅɯ ʂʆʃʀɺɸʅʅʗ ʉʇʆʈʋɼʀ ɿ 

ʋʈɸʍʋɺɸʅʅʗʄ ɺɿɸɭʄʆɼɯɰ ɿ ʆʉʅʆɺʆʖ 

ɿʜʘʪʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ ʦʧʠʨʘʪʠʩʷ ʜʽʾ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ, ʟʦʢʨʝʤʘ ʩʝʡʩʤʽʯʥʠʭ, ʻ 

ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ ʾʭ ʥʘʜʽʡʥʦʩʪʽ. ɿʘʜʘʯʽ ʨʦʟʨʘʭʫʥʢʫ ʜʠʥʘʤʽʢʠ ʩʧʦʨʫʜ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʦʶ ʨʦʟʛʣʷʜʘʣʠʩʷ ʫ ʙʘʛʘʪʴʦʭ ʨʦʙʦʪʘʭ [1]. ʈʦʟʛʣʷʥʝʤʦ ʟʘʜʘʯʫ ʚʠʟʥʘʯʝʥʥʷ 

ʨʝʘʢʮʽʾ ʩʧʦʨʫʜʠ ʥʘ ʜʽʶ ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʠʧʘʪʠʚʥʦʶ 

ʦʩʥʦʚʦʶ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʨʽʚʥʷʥʴ ʩʠʩʪʝʤʠ ʟʘʩʪʦʩʦʚʘʥʦ ʤʝʪʦʜʠʢʫ ʩʢʽʥʯʝʥʥʦ-

ʝʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʫ ʧʨʦʩʪʦʨʽ ʽʥʪʝʛʨʘʣʴʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʌʫʨôʻ [2, 3]. 

ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʜʚʦʭ ʧʽʜʢʦʥʩʪʨʫʢʮʽʡ: ʩʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʦʾ ʤʦʜʝʣʽ 

ʩʧʦʨʫʜʠ ʟ ʬʫʥʜʘʤʝʥʪʦʤ, ʷʢʘ ʧʦʜʽʣʝʥʘ ʥʘ 80 

ʩʪʝʨʞʥʝʚʠʭ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʤʦʜʝʣʽ 

ˇʨʫʥʪʦʚʦʾ ʦʩʥʦʚʠ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 16 ʩʢʽʥʯʝʥʥʠʭ 

ʝʣʝʤʝʥʪʽʚ. ʄʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʩʪʝʨʞʥʝʚʦʛʦ 

ʩʢʽʥʯʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʟʛʠʥ, ʨʦʟʪʷʛ-

ʩʪʠʩʢ ʽ ʢʨʫʯʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʫ ʨʦʙʦʪʽ [4, c. 61]. 

ʉʢʽʥʯʝʥʥʦ-ʝʣʝʤʝʥʪʥʽ ʨʽʚʥʷʥʥʷ ʜʠʥʘʤʽʢʠ ʩʠʩʪʝʤʠ 

ʫ ʯʘʩʪʦʪʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

 

() () ( )

( ) ( )

()

() ()

11 11 12 12

221 22 2

Ĕ Ĕ 0Ĕ

ĔĔ Ĕ Ĕ

è øè øè ø-w
é ùé ù=é ù
é ùé ùé ùê úê úê ú

K M K q

FK K q
,    (1) 

ʜʝ () ( )11 22Ĕ Ĕ, K K  ï ʯʘʩʪʦʪʥʦ-ʟʘʣʝʞʥʽ ʢʦʤʧʣʝʢʩʥʽ ʤʘʪʨʠʮʽ ʞʦʨʩʪʢʦʩʪʽ ʩʧʦʨʫʜʠ ʪʘ ʦʩʥʦʚʠ 

ʚʽʜʧʦʚʽʜʥʦ;  

( ) ( )( )12 21Ĕ Ĕ
T

=K K  ï ʤʘʪʨʠʮʽ ʟʚôʷʟʢʫ ʩʧʦʨʫʜʠ ʟ ʦʩʥʦʚʦʶ ʽ ʥʘʚʧʘʢʠ;  

()11
M  ï ʤʘʪʨʠʮʷ ʤʘʩ ʩʧʦʨʫʜʠ; 
()() ()()1 2Ĕ Ĕ, w wq q  ï ʚʝʢʪʦʨʠ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʩʧʦʨʫʜʠ ʪʘ ʦʩʥʦʚʠ;  

()2ĔF  ï ʟʦʙʨʘʞʝʥʥʷ ʌʫʨôʻ ʚʝʢʪʦʨʘ ʚʭʽʜʥʦʛʦ ʢʽʥʝʤʘʪʠʯʥʦʛʦ ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʷʢʝ ʜʽʻ ʥʘ ʦʩʥʦʚʫ;  

w ï ʢʦʣʦʚʘ ʯʘʩʪʦʪʘ. 

ʈʠʩ. 1 ï ʄʦʜʝʣʴ ʩʠʩʪʝʤʠ, ʷʢʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟʽ ʩʧʦʨʫʜʠ 1 ʪʘ 

ʦʩʥʦʚʠ 2 

mailto:derkach.oleh@gmail.com
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ɯʟ ʩʠʩʪʝʤʠ (1) ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʝʢʪʦʨ ʯʘʩʪʦʪʥʠʭ ʟʦʙʨʘʞʝʥʴ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʦʩʥʦʚʠ:  

 

() ( )( ) ( )() ( )( ) ()
1 1

2 22 21 1 22 2Ĕ Ĕ Ĕ ĔĔ Ĕ
- -

=- +q K K q K F
  (2) 

ʇʽʩʣʷ ʧʽʜʩʪʘʥʦʚʢʠ ʨʽʚʥʷʥʥʷ (2) ʫ ʧʝʨʰʝ ʨʽʚʥʷʥʥʷ ʩʠʩʪʝʤʠ (1) ʦʪʨʠʤʘʻʤʦ ʯʘʩʪʦʪʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʚʝʢʪʦʨʘ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʩʧʦʨʫʜʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʦʶ: 

() () ( ) ( )( ) ( ) () ( ) ( )( ) ()
1

1 1
1 11 12 22 21 11 12 22 22Ĕ Ĕ Ĕ Ĕ Ĕ Ĕ ĔĔ

-
- -å õ

=- - -wæ ö
ç ÷

q K K K K M K K F . (3) 

ʇʝʨʝʭʽʜ ʜʦ ʯʘʩʦʚʦʛʦ ʧʨʦʩʪʦʨʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ ʰʚʠʜʢʦʛʦ 

ʦʙʝʨʥʝʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʌʫʨôʻ, ʟʘʩʪʦʩʦʚʘʥʦʛʦ ʜʦ ʚʝʢʪʦʨʘ ʚʫʟʣʦʚʠʭ ʧʝʨʝʤʽʱʝʥʴ ʩʧʦʨʫʜʠ (3): 
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ɺʣʘʩʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʩʧʦʨʫʜʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2. ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʨʝʘʢʮʽʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʥʘ ʜʽʶ ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3. 

    
ʘ)     ʙ)     ʚ) 

ʈʠʩ. 2 ï ɺʣʘʩʥʽ ʬʦʨʤʠ ʢʦʣʠʚʘʥʴ ʩʧʦʨʫʜʠ ʥʘ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʦʪʘʭ ʟ ʚʫʨʘʭʫʚʘʥʥʷʤ 

ʚʟʘʻʤʦʜʽʾ ʟ ʦʩʥʦʚʦʶ: ʘ) 0,83 ɻʮ; ʙ) 1,40 ɻʮ; ʚ) 2,11 ɻʮ 

 

 
ʈʠʩ. 3 ï ʂʦʣʠʚʘʥʥʷ ʩʧʦʨʫʜʠ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ 

ʧʣʦʱʠʥʽ ʧʨʠ ʜʽʾ ʩʝʡʩʤʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʾʾ ʚʟʘʻʤʦʜʽʾ ʟ ʜʠʩʠʧʘʪʠʚʥʦʶ ʦʩʥʦʚʦʶ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʨʠʢʣʘʜʽ 
ʧʨʦʩʪʦʾ ʩʧʦʨʫʜʠ ʨʦʟʛʣʷʥʫʪʦ 
ʟʘʜʘʯʫ ʨʦʟʨʘʭʫʥʢʫ ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ 
ʢʦʣʠʚʘʥʴ ʚʽʜ ʜʽʾ ʢʽʥʝʤʘʪʠʯʥʦʛʦ 
ʥʘʚʘʥʪʘʞʝʥʥʷ ʜʦʚʽʣʴʥʦʛʦ 
ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʷʢʝ 
ʤʦʜʝʣʶʻ ʩʝʡʩʤʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, 
ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʫʞʥʦ-
ʜʠʩʠʧʘʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʩʧʦʨʫʜʠ ʟ 
ʦʩʥʦʚʦʶ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ 
ʦʜʥʠʤ ʽʟ ʚʠʟʥʘʯʘʣʴʥʠʭ ʯʠʥʥʠʢʽʚ ʫ 
ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 
ʨʝʟʫʣʴʪʘʪʽʚ ʻ ʢʦʨʝʢʪʥʽʩʪʴ 
ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ 
ʢʦʤʧʣʝʢʩʥʠʭ ʤʦʜʫʣʽʚ ʤʘʪʝʨʽʘʣʫ 
ʦʩʥʦʚʠ ʽ ʢʦʥʩʪʨʫʢʮʽʾ. ʈʦʟʛʣʷʥʫʪʘ 
ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʙʫʪʠ ʫʟʘʛʘʣʴʥʝʥʘ 
ʥʘ ʙʽʣʴʰ ʩʢʣʘʜʥʫ ʤʘʪʝʤʘʪʠʯʥʫ 
ʤʦʜʝʣʴ ʦʩʥʦʚʠ ʽ ʩʧʦʨʫʜʠ. 
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CYBERSECURITY IN BAN KING SECTOR. LONG-TERM PERSPECTIVE  

Nowadays, cybersecurʽty ʽs growʽng rʽsk ʘreʘ for ʘll busʽnesses. Over the pʘst yeʘr ʽt hʘs 

become obvʽous thʘt there ʘre number of gʘps ʽn cybersecurʽty protectʽon in the bʘnkʽng sector.  

ɸn ʽncreʘsʽng ʘmount of bʘnkʽng tʘkes plʘce onlʽne. Bʘnks cʘn offer ʽncreʘsed ʘccess ʘnd 

convenʽence to customers becʘuse of thʽs dʽgʽtʽzʘtʽon; however, thʽs hʘs ʘlso opened the door to 

ʽncreʘsed onlʽne securʽty rʽsks. 

Cyber-ʘttʘcks cʘn tʘke on mʘny forms, bʘsed on the number of recent ʘttʘcks, ʽt ʽs fʘʽr to 

estʽmʘte thʘt mʘny bʘnks ʘre unprepʘred to deʘl wʽth mʘjor cybersecurʽty ʘttʘcks, the most vʽvʽd 

exʘmple wʘs the ʘttʘck of vʽrus Petyʘ whʽch ʘppeʘred ʽn July 2017 ʘnd showed the terrʽble 

weʘkness of Ukrʘʽnʽʘn crʽtʽcʘl ʽnfrʘstructure ʘnd fʽnʘncʽʘl sector ʘs ʽts pʘrt. ɯn order to protect 

we need to creʘte cybersecurʽty strʘtegy ʘnd ʽmplement ʽts components ʘll over the country, 

ʽncludʽng bʘnks ʘnd fʽnʘncʽʘl ʽnstʽtutʽons [1]. 

ɸn effectʽve cybersecurʽty strʘtegy wʽll ʽnvolve devʽsʽng ʘ combʽnʘtʽon of defence, ʘssurʘnce 

ʘnd resʽlʽence. ɸlthough outsourcʽng cybersecurʽty cʘn be of huge benefʽt, there needs to be ʘ 

rʘdʽcʘl chʘnge of mʽnd-set ʘcross the bʘnkʽng operʘtʽonʘl ʽnfrʘstructure ʽn tʘcklʽng cyber-threʘts 

comprehensʽvely. Cybersecurʽty should be ʘpplʽed ʘs ʘ reported metrʽc ï wʽth ʘn expectʘtʽon of 

ʘ certʘʽn stʘndʘrd on ʘll levels, depʘrtments ʘnd projects. ɯt ʽs not ʘs sʽmple ʘs sʽgnʽng ʘ contrʘct 

wʽth ʘ cybersecurʽty fʽrm or buyʽng theʽr suʽte of tools [2]. ɸ stʘndʘrdʽsed, systemʘtʽc ʘpproʘch 

should be set ʽn plʘce so thʘt eʘch ʘttʘck ʽs not treʘted wʽth ʘn ʘd hoc procedure but wʽth ʘ pre-

determʽned ʘctʽon plʘn thʘt hʘs pre-ʘllocʘted roles ʘnd responsʽbʽlʽtʽes ʽn the event of cyber-

ʘttʘcks.  

Bʘnks hʘve ʽnvested sʽgnʽfʽcʘnt ʘmounts of cybersecurʽty spendʽng over the pʘst few yeʘrs. 

However, the rʽsk exposure hʘs been growʽng ʘt ʘ fʘster pʘce thʘn thʽs ʽnvestment. ɯn other 

words, the gʘp between the ʽnvestments ʽn technology, lʘbour ʘnd processes desʽgned to mʽtʽgʘte 

cybersecurʽty vulnerʘbʽlʽtʽes ʘnd relevʘnt threʘts ʽs wʽdenʽng.  

Todʘy, the ʽntense competʽtʽveness of fʽnʘncʽʘl servʽces demʘnds ʘ constʘnt seʘrch for cost-

effectʽve wʘys to ʽmprove performʘnce ʘnd delʽver new, ʽnnovʘtʽve products ʘnd servʽces to 

meet customer demʘnds whʽle retʘʽnʽng loyʘlty ʘnd trust. However, ʘs fʽnʘncʽʘl servʽces 

orgʘnʽzʘtʽons forge new ʽnʽtʽʘtʽves to drʽve busʽness growth they ʘre nʘvʽgʘtʽng ʘ lʘndscʘpe 

mʘrked by numerous chʘllenges. 

The underground fʽnʘncʽʘl frʘud communʽty hʘs become ʽncreʘsʽngly orgʘnʽzed, fʘcʽlʽtʘtʽng 

ʘn expʘnded reʘch. Trojʘns tʘrgetʽng fʽnʘncʽʘl ʽnstʽtutʽons hʘve become one of the most 

prevʘlent threʘts on the ʽnternet todʘy. ɸs reported ʽn the 2014 Symʘntec Stʘte of Fʽnʘncʽʘl 

Trojʘns report, the number of fʽnʘncʽʘl Trojʘns dropped by 53 percent ʽn 2014. ɸndroʽd bʘnkʽng 

Trojʘns, such ʘs the ɸndroʽd.ʽBʘnkʽng Trojʘn, specʽʘlʽze ʽn steʘlʽng bʘnkʽng ʽnformʘtʽon by 

ʽnterceptʽng SMS messʘges ʘnd contʽnue to mʘke the rounds[3]. 

Internet banking ʽs ʘt the core of bʘnkʽng ï ʽn fʽve yeʘrs, three of every four customer 

ʽnterʘctʽons wʽll be onlʽne or mobʽle. Fʽnʘncʽʘl fʽrms know they must move to mobʽle plʘtforms 

or rʽsk losʽng ʘn entʽre generʘtʽon of consumers to new, dʽgʽtʘl-nʘtʽve stʘrtups. But locʘtʽon-

ʽndependent devʽces open ʘ new set of securʽty vulnerʘbʽlʽtʽes, such ʘs: 
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- Untested or ʽnsecure ʘpplʽcʘtʽons on mobʽle devʽces thʘt mʘy leʘk dʘtʘ or be vulnerʘble 

to mʽsuse or ʘttʘck. 

- ɯnʘdequʘte ʘuthentʽcʘtʽon on devʽces ʘnd networks, grʘntʽng unʘuthorʽzed users ʘccess 

to dʘtʘ stores. 

- ɯnconsʽstent protectʽon of ʽnformʘtʽon on employee devʽces, customer devʽces, ʘnd 

compʘny-owned devʽces used ʽn brʘnches ʘnd elsewhere. 

To prevent and predict cyberattacks, banks need to introduce and develop the following 

protection methods and technologies [3].  

1) Strong ʘuthentʽcʘtʽon ʘnd certʽfʽcʘte mʘnʘgement ʘcross devʽces, ʘpplʽcʘtʽons ʘnd users, 

ʽncludʽng multʽ-level ʘccess control by ʽdentʽty ʘnd role ʘnd expʘnsʽon of customer ʘccess controls. 

2) Dʘtʘ protectʽon solutʽons on shʘred devʽces, for exʘmple tʘblet computers used by stʘff ʘnd 

customers ʘt brʘnch offʽces. 

3) Two-fʘctor ʘuthentʽcʘtʽon optʽons for hʽgh-vʘlue or hʽgh-sensʽtʽvʽty trʘnsʘctʽons, or 

ʘvʘʽlʘble ʘs ʘ customer benefʽt. 

ɸdvʘnced ʘuthentʽcʘtʽon offers much greʘter protectʽon thʘn trʘdʽtʽonʘl securʽty ʘnd ʘntʽ-

frʘud ʘpproʘches. ɸ key ʘdvʘntʘge ʽs thʘt ʽt ʽs ʽndʽvʽduʘlʽzed for eʘch user, ʘnd ʘs ʘ result resʽsts 

the ʽndustrʽʘl-style ʘutomʘtʽon thʘt chʘrʘcterʽzes mʘss ʘttʘcks. More thʘn just ʽdentʽty 

mʘnʘgement, ʘdvʘnced ʘuthentʽcʘtʽon methodologʽes monʽtor usersô ʘttrʽbutes ʘnd behʘvʽors to 

keep ʽmposters from ʘccessʽng ʽnfrʘstructure ʘnd dʘtʘ.  

ɸutomʘtʽon of securʽty response ʘnd mʽtʽgʘtʽon processes hʘs lʘgged behʽnd monʽtorʽng ʘnd 

ʘlertʽng, but ʽs due for ʘ chʘnge. Once feeds, log dʘtʘ ʘnd humʘn ʽntellʽgence ʘre combʽned ʽnto 

ʘ sophʽstʽcʘted threʘt detectʽon ʘnd dʽscrʽmʽnʘtʽon mechʘnʽsm, the stʘge ʽs set for ʘutomʘted 

response. For exʘmple, upon ʽdentʽfyʽng ʘ bʘd ʘctor by ɯP, URL or ʘny other securʽty control, ʘn 

ʘutomʘted solutʽon could not only block the ʘctʽvʽty ʘnd send ʘn ʘlert, but ʘlso ʽsolʘte the 

ʘffected system from the network, ʽmʘge the system for forensʽcs, rebuʽld ʽt to ʘ known good 

stʘte ʘnd brʽng ʽt bʘck onlʽne. 

Fʽnʘncʽʘl fʽrms collect enormous volumes of securʽty ʽnformʘtʽon, ʽncludʽng endpoʽnt ʘnd 

network devʽce logs, ʘsset dʘtʘbʘses, user dʘtʘ ʘnd much more. Modern dʘtʘ-mʽnʽng ʘnd 

vʽsuʘlʽzʘtʽon technʽques, ʘccelerʘted by rules-bʘsed engʽnes ʘnd mʘchʽne-leʘrnʽng ʘlgorʽthms, 

hʘve the potentʽʘl to ʽdentʽfy hʽgh-rʽsk outlʽers wʽth sensʽtʽvʽty unknown todʘy. Trʘdʽtʽonʘlly ʘ 

lʘbor ʽntensʽve process, cybercrʽme ʘnʘlysʽs wʽll ʽncreʘsʽngly leverʘge the use of Bʽg Dʘtʘ [4]. 

The use of powerful, reʘl-tʽme ʘnʘlytʽcs ʘcross multʽple dʘtʘ sets ï both structured ʘnd 

unstructured ï wʽll vʘstly ʽmprove the quʘlʽty ʘnd speed of reʘl-tʽme cyber threʘt ʘnʘlysʽs whʽle 

greʘtly reducʽng overʘll cost. 

Confronted wʽth strʽngent regulʘtʽons ʘnd frʘgmented lʽne-of-busʽness operʘtʽons ʘnd pressured 

by ʽncreʘsed competʽtʽon ʘnd chʘnges ʽn consumer expectʘtʽons ʘnd behʘvʽor, fʽnʘncʽʘl servʽces 

fʽrms need to adopt new strʘtegʽes ʽn order to ʽnnovʘte ʘnd modernʽze. Fʽnʘncʽʘl ʽnstʽtutʽons ʘre 

lookʽng to tʘke ʘdvʘntʘge of mobʽle, cloud, socʽʘl ʘnd other technʽcʘl trends ʽn order to reʽgnʽte 

growth ʘnd buʽld customer trust, but must contend wʽth evolvʽng ʘnd ʽncreʘsʽng complex cyber 

threʘts. ɯT Securʽty plʘys ʘ strʘtegʽc role ʽn provʽdʽng the cover thʘt fʽnʘncʽʘl servʽces fʽrms need ʽn 

order to conduct busʽness effʽcʽently ʘnd securely. By forgʽng strong securʽty ʘnd rʽsk mʘnʘgement 

progrʘms, ɯT Securʽty empowers fʽnʘncʽʘl fʽrms to ʽnnovʘte ʘnd compete wʽth confʽdence. 
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SOFTWARE AND ALGORITH MIC SUPPORT FOR WORKING WITH CELLULAR 

AUTOMATA   

The primary objective of this work is the allocation of a fixed size timber on 3D cubes, which 

then will be used for distribution in 2D neighborhood von Neumann. For the distribution of 

lumber, it is necessary to take into account a number of rules, among which: 

- It is necessary to divide the stack on a certain number of lumber, which will be divided 

into 3D cubes of the same size. 

- The number of 3D cubes is limited and is determined by the cutoff density that is given in 

advance. 

- The cut density should be sufficiently small to ensure that there are enough 3D cubes in 

the depth of the lumber. 

In order to comply with the above rules it was decided to cut the lumber according to the 

scheme of uniform section with identical parts. The selected lumber has the following 

dimensions: height and width of 100 mm, and length 1 m.   

Further, according to the developed software 

application, the form of which is shown in Figure 1, 

the calculation of the number and size of 3D cubes 

was performed. Consequently, with such dimensions 

of the lumber can be built 3D cubes, which can have 

15 different sizes of external facet. If we take the 

largest dimension of the facet, which is 100 mm, then 

we will have only 10 cubes, which of course is not 

enough. 

 
Fig. 1 - View of the software 

application that is used to calculate the 

number of required 3D cubes 

When selecting the size of facet at 0.25 mm, we get 640 million 3D cubes, the calculation of 

which, even on powerful computers take long. That is why it was decided to select 3D cubes, the 

outer edges of which have a size of 20 mm. With such dimensions of external facet, the total 

number of 3D cubes will be 1250 pieces. After calculation of the required 3D cubes were made 

the timber section of a given size. This process is fully automated and was achieved by using 

developed software application that uses capabilities of the SolidWorks API.  

The following parameters that will be assigned to 3D cubes include: Height, length and width 

are given according to the size of created 3D cubes, for example, 20 mm; Wood species; Initial 

temperature and humidity. If they are different, then it is necessary to uniform distribution along 

the length of a given timber. The rest of the initial parameters are transmitted to the airspace 

surrounding the stack. Air space similarly will be presented as an array of 3D cubes of the same 

size. This representation will allow us to calculate a mathematical model that serves to change 

the parameters of the drying agent in space and time. 

Consequently, when we having 3D cubes, it is necessary to make their transformation in order 

to represent them in the form of 2D squares. This step is very important and necessary, because 

with this transformation we will be able to use cellular automata.  

To represent cellular automata, we can use one of the two most popular 2D nodes, namely 2D 

Moore's area and 2D Von Neumann Fields. If we talk about the Moore countryside then it 

represents a set of eight cells on a square parquet, having a common vertex with this cell. In turn, 

https://www.bankingtech.com/2016/06/clever-banking-with-artificial-intelligence/
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the von Neumann occipital represents a set of four cells on a square parquet, having a common 

side with this cell. It is clear that in order to accomplish this task, the 2D field of von Neumann is 

best suited to the 1st order.  

Therefore, we can see how one 3D cube 

facet can affect to another. Based on these 

relations was developed a general scheme for 

the internal and external facet of the created 

3D cubes. The form of this schema is shown in 

Figure 2. The values of X [1-6] are the own 

facet of the selected 3D cube, and the value Y 

[1-6] is the facet of the outer 3D cube that is 

adjacent to the selected one.  

Consequently, each facet of the selected 3D 

cube can have a relation with only one facet of 

the outer 3D cube. 

To solve this problem, it is necessary to 

develop several basic classes. With these 

classes, you can implement a scheme of 

interconnections between the faces of 3D 

cubes.  The graphical relationship between the 

above-described classes is shown in Figure 3. 

 
Fig. 2 - General scheme for the internal and 

external facet of the created 3D cubes 
 

  
Fig. 3 ï Graphic interrelation 

between developed classes 

As a result of this work, was developed a concept for 

using the cellular automata for the study of three-

dimensional objects. In addition, was created a software 

with which you can download a 3D model of lumber piles 

and instantly calculate the number of possible variants of 

cutting each of the lumber into 3D cubes of the same size. 

The cutting process takes place using the SolidWorks API. 

The resulting 3D cubes were presented in the form of 2D 

neighborhood of von Neumann 1st order. Another important 

task that was accomplished in this work is the development 

of system classes, their further description, and a 

description of their interactions.  

In general, in this work, we examined the possibilities of 

using the theory of cellular automata in studying models 

presented in a three-dimensional coordinate system. To 

study this concept, by conducting various types of 

experiments, was created an appropriate software in 

environment Microsoft Visual Studio C#. 
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THE USE OF A SINGLE-PARAMETRIC REGEPTIONAL ANALYSIS FOR 

CHROME(VI) -SELECTIVE ELECTRODE MANUF ACTURE PARAMETERS OF 

MODELING AND OPTIMIZATION  

The use of ion-selective electrodes (ISE) in the flow-injection method extends the range of 

application of potentiometric methods of analysis in technological processes and systems of 

automatic control of the chemical, light, processing and food industries. To provide information 

and measurement systems for water quality control, various solid-state ISEs with an increased 

selectivity coefficient have been developed [1-2]. Solid-state electrodes can be made from 

various materials and in different ways [Patent UA 3914]. By selecting a suitable material, 

almost any membrane electrode reversibly functioning with respect to any type of ion can be 

created. The greatest phytotoxicity in chromium compounds is hexavalent chromium, since it is 

an anion of chromic acid and is practically not fixed by soil colloids bearing predominantly a 

negative charge. To ensure information environmental safety in industry, we made a 

chrome(VI)-selective electrode using the method of anodic polarization of electrode-active 

substance PbCrO4. A powder of finely dispersed metallic lead with a binder polymer was chosen 

as the basis of the ISE. 

Figure 1 shows the dependences in the coordinates of the values of pCr(VI) corresponding to 

the potential values in mV. 

   
ʘ)                                                       b) 

Fig.1 ï Dependences in the coordinates of the values of pCr(VI) corresponding to the 

potential values in mV: a) for 10 ÕA, b) for 20 ÕA 

Tables 1 and 2 show the mathematical models of the anodic polarization of the electrode-

active substance PbCrO4 ranked by the correlation coefficient using single-parameter regression 

analysis. 

The calculation of the anode polarization time at 10 mA is 1340 seconds; at 20 mA, it is 289 

seconds. The thickness of the electrode-active substance PbCrO4 in the first case was 10
-4

 ʩm, in 

the second case 1.34Ö10
-4

 ʩm at an anode polarization voltage of 1.8 V. The electrode area was 

0.038 cm
2
. The resistance of the electrode is 13 Mɋ. In the second case, with a decrease in time 

S = 0.06361381

r = 0.99484652

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 5.5 11.0 16.5 22.0 27.5 33.0
0.00

0.39

0.77

1.16

1.54

1.93

2.31

S = 0.03281741

r = 0.99880422

X Axis (units)

Y
 A

x
is

 (
u

n
it

s
)

0.0 2.8 5.5 8.3 11.0 13.8 16.5
0.00

0.45

0.90

1.35

1.80

2.25

2.70



çʂʆʄʇʃɽʂʉʅɽ ɿɸɹɽɿʇɽʏɽʅʅʗ ʗʂʆʉʊɯ ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʉʀʉʊɽʄ - 2018è 
 

140 

by a factor of 4, the polarization of the electrode-active material occurs rapidly with the 

subsequent detachment of the electrode itself. 

Table 1 ï Regression models for current density of 10 mA/mm
2
, which are ranked by the 

correlation coefficient. No weighting used. 
Rank Model family Model equation Coefficient Data Correlation 

Coefficient 

Standard 

Error 
1 Rational 

Function 
21 dxcx

bxa
y

++

+
=  

a =0.26857202 

b =0.22933477 

c =0.050633086 

d =0.00093894765 

0.9948465 0.0636138 

2 Exponential 

Association (3) 
)( cxebay --=  a =1.9585329 

b =1.1293853 

c =0.11641167 

0.9945055 0.0647061 

3 3rd degree 

Polynomial Fit 
...32 ++++= dxcxbxay  a =0.30991959 

b =0.18580957 

c =-0.0064485798 

d =7.5131655Ö10
-5
 

0.9945676  0.0653078 

4 MMF Model 

d

d

xb

cxab
y

+

+
=  

a =0.16720273 

b =8.0240498 

c =2.8598083 

d =0.94709159 

0.9932694 0.0726703 

5 Quadratic Fit 2cxbxay ++=  
a =0.38975884 

b =0.14785349 

c =-0.0031264694 

0.9921311 0.0773892 

6 Sinusoidal Fit )cos( dcxbay ++=  a =-7.832466 

b =9.9727684 

c =0.025458059 

d =-0.59982119 

0.9916832 0.0807486 

7 Logistic Model 

( )cxbe

a
y

-+
=

1
 

a =2.0972944 

b =3.5106934 

c =0.24668648 

0.9893474 0.0899801 

8 Exponential 

Association 
)1( bxeay --=  a =2.1311064 

b =0.14961834 

0.9861538 0.1010279 

Table 2 ï Regression models for current density of 20 mA/mm
2
, which are ranked by the 

correlation coefficient. No weighting used 
Rank Model family Model equation Coefficient Data Correlation 

Coefficient 

Standard 

Error 
1 MMF Model 

d

d

xb

cxab
y

+

+
=  

a =-0.0047262335 

b =0.90884834 

c =2.4712713 

d =1.4316027 

0.9988042 0.0328174 

2 Exponential 

Association 
)1( bxeay --=  a =2.3698987 

b =0.74071509 

0.9959037 0.0575814 

3 Exponential 

Association (3) 
)( cxebay --=  a =2.3604005 

b =1.0042649 

c =0.73700304 

0.9959113 0.0590221 

4 Rational 

Function 
21 dxcx

bxa
y

++

+
=  

a =-0.050576924 

b =2.5299951 

c =0.87988542 

d =0.0066658163 

0.9959108 0.0606430 

5 Logistic Model 

( )cxbe

a
y

-+
=

1
 

a =2.3184362 

b =6.0420565 

c =1.7083576 

0.9802390 0.1292458 

Thus, mathematical models of anodic polarization of electrode-active substance PbCrO4 for 

creating Cr(VI)-selective electrode on the basis of one-parameter regression analysis were 

obtained. The parameters of obtaining an ion-selective electrode with the Cr(VI)-function are 
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optimized on the basis of a rational choice of the current density, voltage and the time of its 

manufacture. 
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DISTRIBUTED AUTONOMO US DELIVERY SYSTEM B ASED ON MOBILE ROBOT S 

WITH WIRELESS CHARGI NG 

Nowadays with increasing amount of parcels around the world big courier deliver services 

meet problems with sorting systems. Conveyor is well known and commonly used solution in 

this case. It is simple to implement and use. But main disadvantage of such approach is the fact 

that system has fixed amount of inputs and outputs. Every day load on separate parts of conveyor 

system is not fixed. While production of conveyor system it is quite complex to determine design 

that would be able flexibly adapt to variable load. 

At this moment many companies give preference to systems based on mobile robots. So 

called line following robots (where robot follows colored lines on the floor) are commonly used 

due to the simplicity of construction. The next step was made by using cameras to track position 

of each robot. This gives ability to make the system that can dynamically change its structure and 

adapt to current needs. Companies like Amazon have made a big step in this area and showed 

advantages of such approach [1]. 

This paper presents delivery system based on two wheeled mobile robots. The detailed 

diagram of this system is shown in the fig.1.(a) and fig.1.(b). 

 

 a) b) 

Fig. 1 ï Appearance of delivery system front view a) top view b) 

mailto:bohdan.pakhaliuk@gmail.com
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The main part of sorting system is based on the array of two wheeled mobile robots [2]. Due 

to their full maneuverability they can move around all working area and carry baggage to every 

place. 

To avoid collisions in robots movement and improve overall effectiveness of the system the 

program for personal computer was written. By the means of cameras program knows the exact 

position of each robot and can find the best trajectory for them all. To estimate the position of 

robots they have special colored marks on the top. Such approach was practically verified in [4]. 

Next problem that should be solved is power supply of the robot. As it is fully mobile it has 

no external wires that could be used for power supply. In this case accumulator can be used, but 

its charging is major issue. Nowadays quite popular approach to solve this task is wireless 

charging. As there is no need to have direct contact charging can be even made while robot is 

moving. Power transfer is made by the means of specially designed transmitting and receiving 

coils. Main drawback of such approach is high price of the system due to amount of transmitting 

coils that should be used. For low cost systems it would be better to make special charging areas. 

The level of charge is monitored by the control program. When this level is low the robot is 

directed to the charging area and its duties are taken over by another robot. 

The main part of charging device is z-source converter. In this topology z-source network is 

acting as quasi sinusoidal generator and its inductances are used as transmitting coils to transfer 

energy to the robot. In the receiver the current is rectified and filtered before being used for 

charging accumulators of the robot. 

Fig. 2 represents functional diagram of delivering system. 

 

Fig. 2 ï Delivery system functional diagram 

Proposed solution covers all necessary delivery tasks and gives more flexibility in comparison 

to conveyor. By using mobile robots system performance rapidly increased. Involving wireless 

charging area reduces all possible delays caused by accumulators discharging process and 

improves overall reliability of the system. 

Simplicity of control is implemented by cameras. Special position estimation algorithm gives 

ability to use cheap cameras which significantly reduces price of system.  
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TRANSBOUNDARY HYDRO -METEOROLOGICAL AND E NVIRONMENTAL 

MONITORING SYSTEM OF  DNIPRO RIVER  (THEOREMS-DNIPRO)  

Starting from November 30, 2017, by the First Program of territorial cooperation for the 

countries of the Eastern Partnership "BelarusïUkraine", which is funded by the European Union, 

a project çTHEOREMS-Dniproè (Transboundary HydrometEORological and Environmental 

Monitoring System of Dnipro river) is developing. The main result of the project should be to 

improve the efficiency of the management of transboundary water resources of the Dnipro river. 

Overall objective of project is increasing the efficiency of the integrated management of 

transboundary water resources of Dnipro River.  

Specific objectives of project: 

1. Improving the efficiency of the monitoring system of hydro-meteorological and 

environmental parameters of transboundary water resources of Dnipro River Basin. 

2. Expansion of cooperation between Ukraine and the Republic of Belarus organizations, that 

control and share the information of hydro-meteorological and environmental conditions of 

transboundary water resources. 

3. Raising public awareness and understanding of international water resources problems in 

transboundary areas of Dnipro Basin.  

The project provides for development and implementation of two unified Automated 

HydroMeteorological / Ecological Station (AHMES) with wireless connection to the web-server, PV 

power supply  and alarm system for target group information, creation web-page and web-

application with interstate database for hydro-meteorological and environmental parameters of river. 

AHMES stations will include the necessary set of measuring, information and telecommunication 

facilities and work with the use of natural energy sources. Under the terms of the project, AHMES 

stations should be place at the sites of long-term hydrological observations of the transboundary zone 

of the Dnipro River. At the moment such places are: on the Belarusian side the Loyew hydropost, on 

the Ukrainian side ï the Lyubech hydrogpost. 

The measuring system of the complex station AHMES will consist of several elementary 

measuring stations (water temperature, water level, speed of wind, wind direction, atmospheric 

pressure, air temperature, air humidity, complex of water ecology parameters) connected together 

on the central server, from which the already processed information would flow both to the Web-

server, to inform the population about measured parameters, and to dispatching areas of the 

emergency services of Belarus and Ukraine.  

 
The project is co-funded by the European Union 

List of sources used 

1. Integrated Water Resources Management for River Basin Organizations: Training 

Handbook. CapNet; June 2008. ï 205 p. 

mailto:pafedorov@gmail.com
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ʋɼʂ 514.18 
ʂʦʣʦʩʦʚʘ ʆ.ʇ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, a-kolosov@ukr.net  

ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʇʈʀ ʇʈʆɽʂʊʋɺɸʅʅɯ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇɸʈɸʄɽʊʈɯɺ ʌʆʈʄʋʖʏʀʍ ɿɸʉʆɹɯɺ 

ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʪʘ ʨʝʘʣʽʟʫʶʯʠʭ ʾʭ ʧʨʠʩʪʨʦʾʚ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʥʘʫʢʦʚʮʽʚ ʽ ʪʝʭʥʦʣʦʛʽʚ, ʱʦ ʤʘʻ 

ʚʠʨʽʰʫʚʘʪʠʩʴ ʢʦʤʧʣʝʢʩʥʦ, ʪʦʙʪʦ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʩʦʙʽʚ ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʝʭʥʽʢʠ ʥʘ ʙʘʟʽ 

ʨʦʟʨʦʙʣʶʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʟʘʟʥʘʯʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʦʧʪʠʤʽʟʘʮʽʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʨʝʞʠʤʽʚ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʟʤʝʥʰʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ (ʪʨʫʜʦʚʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ) ʚʠʪʨʘʪ, ʝʢʦʥʦʤʽʷ ʩʠʨʦʚʠʥʥʠʭ 

ʪʘ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʘ ʪʘʢʦʞ ʧʦʣʽʧʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʦʾ ʦʙʩʪʘʥʦʚʢʠ.  

ʇʨʦʝʢʪʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʶʯʠʭ ʟʘʩʦʙʽʚ ʥʘ 

ʩʫʯʘʩʥʦʤʫ ʝʪʘʧ ̔ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʘʤʧʝʨʝʜ ʟʨʦʩʪʘʥʥʷʤ 

ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʝʢʪʥʠʭ ʟʘʚʜʘʥʴ ʡ ʦʜʥʦʯʘʩʥʠʤ ʚʠʢʦʥʘʥʥʷʤ ʜʝʢʽʣʴʢʦʭ ʫʤʦʚ. ʉʝʨʝʜ ʦʩʪʘʥʥʽʭ ï 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʢʦʨʦʯʝʥʥʷ ʪʝʨʤʽʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ ʡ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʧʨʦʝʢʪʫʚʘʣʴʥʠʢʽʚ, 

ʥʘʩʘʤʧʝʨʝʜ, ʟʘʚʜʷʢʠ ʰʠʨʦʢʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʢʦʤʧ'ʶʪʝʨʠʟʘʮʽʾ ʽʥʞʝʥʝʨʥʦʾ ʧʨʘʮʽ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʩʧʽʰʥʝ ʨʦʟʚ'ʷʟʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʙʣʝʤ ʥʝʤʦʞʣʠʚʝ ʙʝʟ 

ʛʣʠʙʦʢʦʛʦ ʧʨʦʥʠʢʥʝʥʥʷ ʚ ʬʽʟʠʯʥʫ (ʘ ʥʝʨʽʜʢʦ ʡ ʫ ʭʽʤʽʯʥʫ) ʩʫʪʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʷʚʠʱ ʽ 

ʧʨʦʮʝʩʽʚ. ʎʝ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʣʝʥʥʷ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʡ ʘʜʘʧʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʦʨʝʪʠʯʥʠʭ 

ʫʷʚʣʝʥʴ, ʘ ʪʘʢʦʞ ʫʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʨʝʘʣʴʥʝ ʚʠʨʦʙʥʠʮʪʚʦ. ʉʘʤʝ ʪʦʤʫ 

ʛʝʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʘʚʥʦ ʡ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ 

ʚʽʪʯʠʟʥʷʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʅʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʦʣʦʛʽʡ ʩʫʪʪʻʚʘ ʨʦʣʴ 

ʧʨʠʧʘʜʘʻ ʥʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ  ʾʭ 

ʘʣʛʦʨʠʪʤʽʟʘʮʽʶ ʪʘ ʧʦʜʘʣʴʰʫ ʨʝʘʣʽʟʘʮʽʶ ʚ ʩʠʩʪʝʤʘʭ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ.  

ʆʩʦʙʣʠʚʽ ʩʢʣʘʜʥʦʱʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʝʭʥʽʯʥʠʭ ʜʠʥʘʤʽʯʥʠʭ (ʥʝʩʪʘʮʽʦʥʘʨʥʠʭ) 

ʦʙ'ʻʢʪʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʘʙʦ ʟʤʽʥʶʶʪʴʩʷ ʚ ʯʘʩʽ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʟʦʚʥʽʰʥʽʭ ʯʠʥʥʠʢʽʚ. 

ʉʘʤʝ ʚ ʮʠʭ ʫʤʦʚʘʭ ʚʝʣʠʢʦʛʦ ʟʥʘʯʝʥʥʷ ʥʘʙʫʚʘʻ ʨʦʟʨʦʙʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʜʝʣʝʡ ʪʘʢʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʻ  ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ 

ʦʪʨʠʤʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʟʨʘʭʫʥʢʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʜʘʥʠʤʠ. 

ɼʦʩʣʽʜʞʫʚʘʥʽ ʦʙôʻʢʪʠ, ʷʢ ʧʨʘʚʠʣʦ, ʤʦʜʝʣʶʶʪʴ ʩʢʣʘʜʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʦʚʝʨʭʥʷʤʠ, ʱʦ 

ʦʙʤʝʞʫʶʪʴ ʮʽ ʪʽʣʘ (ʯʠ ʜʝʪʝʨʤʽʥʫʶʪʴ ʧʨʦʮʝʩʠ), ʘʙʦ ʢʨʠʚʠʤʠ. ʇʨʠ ʮʴʦʤʫ ʜʦʮʽʣʴʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʧʝʨʝʪʚʦʨʝʥʴ ʤʝʞ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʫʤʦʚ. 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʜʚʦʚʠʤʽʨʥʠʭ ʘʙʦ ʙʽʣʴʰ ʩʢʣʘʜʥʠʭ ʪʨʠʚʠʤʽʨʥʠʭ ʟʘʜʘʯ ʦʪʨʠʤʫʶʪʴ (ʯʠ ʙʫʜʫʶʪʴ) 

ʥʘʙʣʠʞʝʥʽ ʘʥʘʣʽʪʠʯʥʽ ʨʽʰʝʥʥʷ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʘʣʛʦʨʠʪʤʽʟʦʚʘʥʽ ʪʘ ʥʘʜʘʣʽ ʨʝʘʣʽʟʦʚʘʥʽ 

ʯʠʩʝʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠ ʢʦʤʧ'ʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ.  

ʅʘ ʙʘʟʽ ʧʨʦʚʝʜʝʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʦʙʣʷʶʪʴ ʫʜʦʩʢʦʥʘʣʝʥʽ ʪʝʦʨʝʪʠʯʥʽ ʟʘʩʘʜʠ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʦʙôʻʢʪʽʚ (ʯʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ) ʧʽʜ ʚʧʣʠʚʦʤ ʟʘʜʘʥʠʭ ʬʽʟʠʯʥʠʭ (ʪʝʭʥʦʣʦʛʽʯʥʠʭ) ʫʤʦʚ. ɼʝʷʢʽ 

ʧʽʜʭʦʜʠ ʟ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʡʥʦʾ 

ʦʙʨʦʙʢʠ ʨʦʟʛʣʷʥʫʪʦ ʚ [1]. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. Kolosov A. E., Kolosova E. P. Functional Materials for Construction Application Based on 

Classical and Nano Composites: Production and Properties. In:  Recent Developments in the Field of 

Carbon Fibers. Eds.: Rita Khanna, Romina Cayumil. InTechOpen, 2018. ISBN: 978-953-51-6055-7 (Web 

of Science). 
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ɯʛʥʘʪʝʥʢʦ ʇ. ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʇʝʪʨʦʚ ʖ. ɯ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ, ostapia@ukr.net 

ʆʉʅʆɺʅɯ ɺʀɼʀ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ ʇʈʀ ɺʀʄɯʈʖɺɸʅʅɯ ʐʂɯʈʅʆ-

ɻɸʃʔɺɸʅɯʏʅʆɰ ʈɽɸʂʎɯɰ 

ɺ ʪʝʦʨʽʾ ʧʦʤʠʣʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʠʯʥʦʾ ʨʝʘʢʮʽʾ (ʐɻʈ), ʰʠʨʦʢʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʜʚʘ ʨʽʟʥʠʭ ʧʽʜʭʦʜʠ ʜʦ ʪʨʘʢʪʫʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʘ ʧʨʠʚʥʦʩʠʪʴʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʝʷʢʦʛʦ ʧʦʢʘʟʥʠʢʘ ʝʣʝʢʪʨʦ-ʜʝʨʤʘʣʴʥʦʾ ʘʢʪʠʚʥʦʩʪʽ.  

ɺʽʜʦʤʦ ʱʦ, ʧʽʜ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʶ ʢʦʥʪʨʦʣʶ ʨʦʟʫʤʽʻʪʴʩʷ ʷʢʽʩʥʝ ʦʪʨʠʤʘʥʥʷ ʩʠʛʥʘʣʫ, ʷʢʠʡ 

ʟʘʙʝʟʧʝʯʫʻ ʨʝʻʩʪʨʘʮʽʶ ʫʩʽʭ ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʛʥʘʣʫ ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʽʯʥʦʾ ʨʝʘʢʮʽʾ, ʚ ʪʦʤʫ ʯʠʩʣʽ 

ʡ ʪʘʢʠʭ ʱʦ ʧʨʦʩʪʝʞʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʤʽʥʝʥʥʷ ʩʠʛʥʘʣʫ. ʎʷ ʚʠʤʦʛʘ ʧʦʚ'ʷʟʘʥʘ 

ʟ ʧʠʪʘʥʥʷʤʠ ʚʠʙʦʨʫ ʦʪʨʠʤʘʥʦʛʦ ʩʠʛʥʘʣʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʯʫʪʣʠʚʦʩʪʽ ʟʘʩʦʙʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ. ʄʘʢʩʠʤʘʣʴʥʘ ʯʫʪʣʠʚʽʩʪʴ ʤʦʞʝ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʘ ʪʽʣʴʢʠ ʫ ʪʦʤʫ ʚʠʧʘʜʢʫ, 

ʷʢʱʦ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ ʧʝʨʚʽʩʥʘ ʘʜʝʢʚʘʪʥʽʩʪʴ ʨʝʻʩʪʨʘʮʽʾ ʜʠʥʘʤʽʢʠ ʩʠʛʥʘʣʫ, ʱʦ ʤʦʞʣʠʚʦ 

ʪʽʣʴʢʠ ʧʨʠ ʜʦʪʨʠʤʘʥʥʽ ʚʽʜʧʦʚʽʜʥʦʾ ʪʦʯʥʦʩʪʽ ʢʦʥʪʨʦʣʶ. 

ʇʨʠ ʧʝʨʰʦʤʫ ʧʽʜʭʦʜʽ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ ʰʢʽʨʥʦ-ʛʘʣʴʚʘʥʠʯʥʦʾ 

ʨʝʘʢʮʽʾ, ʱʦ ʟʘʜʘʻʪʴʩʷ ʨʘʮʽʦʥʘʣʴʥʠʤ ʯʠʩʣʦʤ x0, ʆʧʠʩʫʻʪʴʩʷ ʽʥʪʝʨʚʘʣʦʤ (ʢʽʥʮʝʚʠʤ ʘʙʦ 

ʥʝʩʢʽʥʯʝʥʥʠʤ) [x- , x+ ], -Ð Ò x- < x+ Ò + Ð , ʩʚʽʜʦʤʦ ʤʽʩʪʠʪʴ çʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷè xtr 

ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʐɻʈ (ʥʘ ʧʨʘʢʪʠʮʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʪʝʨʚʘʣʠ ʚʠʜʫ 

[x0 - Ů, x0 + Ů], ʜʝ Ů - ʜʝʷʢʝ ʧʦʟʠʪʠʚʥʝ ʯʠʩʣʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ) [1, 2]. 

ʇʨʠ ʽʥʰʦʤʫ ʧʽʜʭʦʜʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʦʩʣʽʜʥʠʢ ʟʥʘʻ ʽʤʦʚʽʨʥʽʩʥʠʡ ʨʦʟʧʦʜʽʣ, ʱʦ 

ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʧʘʜʘʥʥʷ ʚʠʤʽʨʷʥʠʭ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʚ ʙʫʜʴ-ʷʢʽ ʽʥʪʝʨʚʘʣʠ ʜʽʡʩʥʦʾ 

ʧʨʷʤʦʾ R. ʇʨʠ ʮʴʦʤʫ ʧʽʜʭʦʜʽ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ 

ʐɻʈ ʩʧʦʩʪʝʨʝʞʫʚʘʥʝ ʟʥʘʯʝʥʥʷ x0 ʽʥʪʝʨʧʨʝʪʫʻʪʴʩʷ ʷʢ ʟʥʘʯʝʥʥʷ (ʨʝʘʣʽʟʘʮʽʷ) ʜʝʷʢʦʾ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ 
~
x, ʱʦ ʟʘʜʘʻʪʴʩʷ ʬʫʥʢʮʽʻʶ ʨʦʟʧʦʜʽʣʫ Fx (X) ʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 

ʚʠʧʘʜʢʦʚʠʡ ʨʝʟʫʣʴʪʘʪ ʚʠʤʽʨʶʚʘʥʥʷ ʜʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ [1]. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʧʠʩʫʚʘʥʠʡ 

ʜʨʫʛʠʡ ʧʽʜʭʽʜ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʥʷʪʪʷ çʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʥʦʾ ʚʝʣʠʯʠʥʠè, ʦʜʥʘʢ 

ʧʨʠ ʽʥʪʝʨʧʨʝʪʘʮʽʾ ʧʨʝʜʩʪʘʚʣʷʪʠ ʚʠʧʘʜʢʦʚʝ ʟʥʘʯʝʥʥʷ 
~
x ʯʠʩʣʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʷʢ ʩʫʤʫ 

~
x = 

xtr + 
~
Ů çɯʩʪʠʥʥʦʛʦ ʟʥʘʯʝʥʥʷè xtr ʽ çʚʠʧʘʜʢʦʚʦʾ ʧʦʭʠʙʢʫ ʚʠʤʽʨʶʚʘʥʥʷè 

~
Ů. 

ʈʦʟʨʦʙʣʝʥʘ ʜʚʦʨʽʚʥʝʚʘ ʩʪʨʫʢʪʫʨʘ  ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʜʣʷ ʦʧʠʩʫ ʷʢʦʾ ʧʨʠ ʧʝʨʰʦʤʫ ʧʽʜʭʦʜʽ 

ʙʫʜʫʶʪʴʩʷ ʽʥʪʝʨʚʘʣʠ [x-, x+]. ʇʦʢʘʟʘʥʦ, ʱʦ çʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷè xtr ʚʠʤʽʨʶʚʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ, 

ʻ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ, ʤʦʜʝʣʣʶ ʷʢʦʾ ʧʨʠ ʜʨʫʛʦʤʫ ʧʽʜʭʦʜʽ 

ʩʣʫʞʠʪʴ ʚʠʧʘʜʢʦʚʘ ʚʝʣʠʯʠʥʘ 
~
x ʯʠʩʣʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʠʤʽʨʶʚʘʥʥʷ, - ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ 

ʜʨʫʛʦʛʦ ʨʦʜʫ [2].  

ɺʚʝʜʝʥʽ ʜʚʘ ʨʦʜʠ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʘʞ ʥʽʷʢ ʥʝ ʚʠʯʝʨʧʫʶʪʴ ʥʝʩʢʽʥʯʝʥʥʦʾ ʤʥʦʞʠʥʠ 

ʨʽʟʥʦʤʘʥʽʪʪʷ ʨʝʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ ʽ ʪʝʦʨʝʪʠʯʥʠʭ ʩʭʝʤ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʨʽʟʥʠʤʠ ʤʦʜʠʬʽʢʘʮʽʷʤʠ 

ʧʦʥʷʪʪʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʽʜʦʤʦʤʫ 

ʤʽʞʥʘʨʦʜʥʦʤʫ çʂʝʨʽʚʥʠʮʪʚʽ ʧʦ ʚʠʟʥʘʯʝʥʥʶ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʠʤʽʨʶʚʘʥʥʷè [3] 

ʧʨʦʧʦʥʫʻʪʴʩʷ, ʧʦ ʩʫʪʽ, ʙʘʡʻʩʽʚʩʴʢʫ ʤʦʜʝʣʴ ʜʣʷ ʦʧʠʩʫ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ, ʷʢʫ ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʘʙʦ ʙʘʡʻʩʽʚʩʴʢʦʾ ʥʝʚʠʟʥʘʯʝʥʽʩʪʶ. ʋ ʮʽʡ ʤʦʜʝʣʽ 

ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʜʦʩʣʽʜʥʠʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʥʝ ʟʥʘʻ (ʷʢ ʽ ʚ ʨʘʟʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʝʨʰʦʛʦ 

ʨʦʜʫ) ʨʦʟʧʦʜʽʣʫ Pɗ ʡʤʦʚʽʨʥʦʩʪʝʡ ʧʦʷʚʠ ʨʽʟʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʤʽʨʶʚʘʥʥʷ, ʘ ʟʥʘʻ ʣʠʰʝ ʢʣʘʩ  

{Pɗ , ɗ  ɴ Ū} ʚʩʽʭ ʜʦʧʫʩʪʠʤʠʭ ʨʦʟʧʦʜʽʣʽʚ. ɼʦʜʘʪʢʦʚʦ ʜʦʩʣʽʜʥʠʢ ʟʥʘʻ (ʷʢ ʽ ʚ ʨʘʟʽ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʜʨʫʛʦʛʦ ʨʦʜʫ) çʘʧʨʽʦʨʥʠʡè ʨʦʟʧʦʜʽʣ ʡʤʦʚʽʨʥʦʩʪʽ ʥʘ ʧʽʜʤʥʦʞʠʥʘʭ 

ʤʥʦʞʠʥʠ Ū = {ɗ} ʚʩʽʭ ʤʦʞʣʠʚʠʭ ʟʥʘʯʝʥʴ ʧʘʨʘʤʝʪʨʘ ɗ, ʱʦ ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʢʦʥʢʨʝʪʥʦʛʦ 

ʨʦʟʧʦʜʽʣʫ Pɗ ʟ ʤʥʦʞʠʥʠ {Pɗ , ɗ  ɴŪ} [1, 3]. 
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ʇʨʠʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʧʝʨʰʦʛʦ ʽ ʜʨʫʛʦʛʦ ʨʦʜʫ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʧʽʜʭʽʜ ʜʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʨʝʪʴʦʛʦ ʨʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʦʨʽʾ ʚʠʧʘʜʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ [2, 3], ʽʥʜʫʢʦʚʘʥʠʭ ʢʚʘʟʽʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʨʘʥʜʦʤʽʟʦʚʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʅʘʚʦʜʠʪʴʩʷ ʽʣʶʩʪʨʘʪʠʚʥʠʡ ʧʨʠʢʣʘʜ ʧʦʙʫʜʦʚʠ ʙʘʡʻʩʽʚʩʴʢʦʾ ʤʦʜʝʣʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʥʘ ʦʩʥʦʚʽ ʽʥʜʫʢʦʚʘʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ, ʨʝʘʣʽʟʘʮʽʷʤʠ ʷʢʦʛʦ ʩʣʫʞʘʪʴ 

ʩʪʘʪʠʯʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʦʜʽʣʫ. ʆʙʛʦʚʦʨʶʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʧʨʦʮʝʩʫ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʪʨʝʪʴʦʛʦ ʨʦʜʫ. 
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ʃɯɼɸʈʅɽ ɿʅɯʄɸʅʅʗ ʃɸʅɼʐɸʌʊʋ ʊɸ ʇɽʈɽʐʂʆɼ ɺ ʈɸʁʆʅɸʍ ɸɽʈʆʇʆʈʊʋ 

ɺ ʋʢʨʘʾʥʽ ʧʨʠʡʥʷʪʦ ɼʝʨʞʘʚʥʫ ʮʽʣʴʦʚʫ ʧʨʦʛʨʘʤʫ ʨʦʟʚʠʪʢʫ ʘʝʨʦʧʦʨʪʽʚ ʥʘ ʧʝʨʽʦʜ ʜʦ 2023 

ʨʦʢʫ. ɼʣʷ ʮʴʦʛʦ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʘʙʝʟʧʝʯʠʪʠ ʙʫʜʽʚʥʠʮʪʚʦ, ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʶ 

ʘʝʨʦʜʨʦʤʽʚ ʪʘ ʘʝʨʦʜʨʦʤʥʠʭ ʦʙôʻʢʪʽʚ, ʦʙôʻʢʪʽʚ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʘʝʨʦʧʦʨʪʽʚ[1]. 

ɿʛʽʜʥʦ ʟ ʚʠʤʦʛʘʤʠ ʄʽʞʥʘʨʦʜʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʮʠʚʽʣʴʥʦʾ ʘʚʽʘʮʽʾ ï ɯʂɸʆ, ʧʦʚʽʪʨʷʥʠʡ 

ʧʨʦʩʪʽʨ ʥʘʜ ʘʝʨʦʧʦʨʪʦʤ ʪʘ ʧʨʠʘʝʨʦʜʨʦʤʥʦʶ ʪʝʨʠʪʦʨʽʻʶ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʦʢʨʝʤʽ ʨʘʡʦʥʠ: 2a, 

2b, 2c, 2d ï ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʙʣʠʟʴʢʦʩʪʽ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʦ ʟʣʽʪʥʦ-ʧʦʩʘʜʢʦʚʦʾ ʩʤʫʛʠ, ʚ ʷʢʠʭ 

ʨʝʛʣʘʤʝʥʪʫʻʪʴʩʷ ʥʘʙʽʨ ʜʘʥʠʭ ʧʨʦ ʧʝʨʝʰʢʦʜʠ ʪʘ ʦʙʤʝʞʫʚʘʣʴʥʽ ʧʦʚʝʨʭʥʽ (ʨʠʩ. 1).  
 

 

ʈʠʩ. 1 ï ʈʘʡʦʥʠ ʘʝʨʦʧʦʨʪʫ 

mailto:geodesist2015@gmail.com
http://zakon3.rada.gov.ua/laws/show/126-2016-%D0%BF#n23
http://zakon3.rada.gov.ua/laws/show/126-2016-%D0%BF#n23
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ɺʽʜʧʦʚʽʜʥʦ, ʥʦʨʤʠ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʝʣʝʤʝʥʪʽʚ ʤʽʩʮʝʚʦʩʪʽ ʪʘ 

ʧʝʨʝʰʢʦʜ ʜʣʷ ʨʘʡʦʥʫ 1 (ʪʝʨʠʪʦʨʽʷ ʢʨʘʾʥʠ) ʩʢʣʘʜʘʶʪʴ: ʪʦʯʥʽʩʪʴ ʧʦ ʚʝʨʪʠʢʘʣʽ ï 30 ʤ; 

ʨʦʟʜʽʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ï 1 ʤ; ʪʦʯʥʽʩʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ï 50 

ʤ; ʜʦʚʽʨʯʘ ʡʤʦʚʽʨʥʽʩʪʴ ï 0,90, ʘ ʜʣʷ ʨʘʡʦʥʫ 2: ʪʦʯʥʽʩʪʴ ʧʦ ʚʝʨʪʠʢʘʣʽ ï 3 ʤ; ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ï 0,1 ʤ; ʪʦʯʥʽʩʪʴ ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ï 5 ʤ; 

ʜʦʚʽʨʯʘ ʡʤʦʚʽʨʥʽʩʪʴ ï 0,90 [2]. ʇʨʠʯʦʤʫ, ʜʣʷ ʨʘʡʦʥʽʚ 2ʘ, 2b (ʜʠʚ. ʨʠʩ. 1) ʧʦʪʨʽʙʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʝʨʝʰʢʦʜʠ ʚʠʩʦʪʦʶ ʙʽʣʴʰʝ 3 ʤ ʥʘʜ ʟʝʤʣʝʶ, ʜʣʷ ʨʘʡʦʥʫ 2c ï ʚʠʩʦʪʦʶ ʙʽʣʴʰʝ 

15 ʤ, ʜʣʷ ʨʘʡʦʥʫ 2d ï ʚʠʩʦʪʦʶ ʧʦʥʘʜ 100 ʤ. 

ɿʘ ʨʝʢʦʤʝʥʜʘʮʽʻʶ ʂʦʤʽʩʽʾ ɽʚʨʦʢʦʥʪʨʦʣʷ ʥʝʦʙʭʽʜʥʦ ʤʘʪʠ ʜʣʷ ʘʝʨʦʧʦʨʪʽʚ ʮʠʚʽʣʴʥʦʾ 

ʘʚʽʘʮʽʾ ʝʣʝʢʪʨʦʥʥʽ ʙʘʟʠ ʜʘʥʠʭ ʧʨʦ ʣʘʥʜʰʘʬʪ ʽ ʧʝʨʝʰʢʦʜʠ (ʚʠʩʦʪʥʽ ʦʙôʻʢʪʠ) [3]. 

ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʣʴʻʬ ʤʽʩʮʝʚʦʩʪʽ ʪʘ ʜʘʥʽ ʧʨʦ ʧʝʨʝʰʢʦʜʠ (Electronic terrain and obstacle 

databases ï eTOD) - ʮʠʬʨʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʣʘʥʜʰʘʬʪʫ  ̔ ʧʝʨʝʰʢʦʜ, ʱʦ ʥʘʜʘʶʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦ ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘʚʽʛʘʮʽʡʥʦʛʦ ʙʦʨʪʦʚʦʛʦ ʪʘ 

ʥʘʟʝʤʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʪʘʢʠʭ ʷʢ EGPWS, TAWS, A-SMGCS, MSAW, Design ʪʦʱʦ [3]. 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʙʘʟ ʜʘʥʠʭ ʧʨʦ ʣʘʥʜʰʘʬʪ ʽ ʧʝʨʝʰʢʦʜʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʨʽʟʥʽ 

ʤʝʪʦʜʠ ʟʙʦʨʫ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. ʅʘʨʘʟʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʣʽʜʘʨʥʝ ʪʘ ʘʝʨʦʬʦʪʦʟʥʽʤʘʥʥʷ. 

ʇʝʨʝʚʘʛʘʤʠ ʣʽʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʻ: ʜʘʥʽ ʟʙʠʨʘʶʪʴʩʷ ʰʚʠʜʢʦ, ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ; ʜʘʥʽ ʧʨʦ 

ʧʦʚʝʨʭʥʽ ʤʘʶʪʴ ʚʠʩʦʢʫ ʱʽʣʴʥʽʩʪʴ; ʣʽʜʘʨ ʚʠʢʦʨʠʩʪʦʚʫʻ ʘʢʪʠʚʥʠʡ ʩʚʽʪʣʦʚʠʡ ʩʝʥʩʦʨ ʽ ʤʦʞʝ 

ʟʙʠʨʘʪʠ ʜʘʥʽ ʚ ʙʫʜʴ-ʷʢʠʡ ʯʘʩ ʜʦʙʠ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʜʣʷ ʘʝʨʦʧʦʨʪʽʚ, ʦʩʢʽʣʴʢʠ ʯʘʩʪʦʪʘ 

ʧʦʣʴʦʪʽʚ ʚʥʦʯʽ ʧʦʚʽʪʨʷʥʠʭ ʩʫʜʝʥ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʘʝʨʦʧʦʨʪ, ʷʢ ʧʨʘʚʠʣʦ, ʤʝʥʰʘ ʥʽʞ 

ʚʜʝʥʴ; ʣʽʜʘʨʥʽ ʜʘʥʽ ʤʦʞʫʪʴ ʽʥʪʝʛʨʫʚʘʪʠʩʷ ʟ ʽʥʰʠʤʠ ʜʞʝʨʝʣʘʤʠ ʜʘʥʠʭ [4].  

ʋ [5] ʥʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʣʽʜʘʨʥʦʛʦ ʘʝʨʦʟʥʽʤʘʥʥʷ ʧʨʠʘʝʨʦʜʨʦʤʥʦʾ ʪʝʨʠʪʦʨʽʾ ʪʘ 

ʪʝʨʠʪʦʨʽʾ ʘʝʨʦʧʦʨʪʫ ʚ ʤʽʩʪʽ ʎʶʨʽʭ, ʅʽʤʝʯʯʠʥʘ. ʈʦʙʦʪʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʰʚʝʡʮʘʨʩʴʢʦʶ 

ʬʽʨʤʦʶ BSF Swissphoto ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʣʽʜʘʨʫ ʧʦʚʽʪʨʷʥʦʛʦ ʙʘʟʫʚʘʥʥʷ SCAN2MAP ʪʘ 

ʜʽʩʪʘʣʘ ʥʘʟʚʫ çʧʽʣʦʪ-ʧʨʦʝʢʪʠ LSZHè. 

 
ʈʠʩ. 2 ï ʃʽʜʘʨʥʝ ʘʝʨʦʟʥʽʤʘʥʥʷ ʘʝʨʦʧʦʨʪʫ ʎʶʨʽʭ 

ɹʫʣʦ ʚʠʢʦʥʘʥʝ ʩʢʘʥʫʚʘʥʥʷ ʚ ʨʘʜʽʫʩʽ 10 ʢʤ ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʾ ʪʦʯʢʠ ʘʝʨʦʜʨʦʤʫ ʟʘ ʩʽʪʢʦʶ 

ʛʫʩʪʠʥʦʶ ʚ 1 ʤ (ʨʠʩ.2) . ʇʝʨʝʚʽʨʢʘ ʷʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʜʘʥʠʭ ʧʨʦ ʧʝʨʝʰʢʦʜʠ ʧʦʢʘʟʘʣʘ, ʱʦ 

ʩʝʨʝʜʥʷ ʢʚʘʜʨʘʪʠʯʥʘ ʧʦʭʠʙʢʘ (ʉʂʇ) ʧʦʣʦʞʝʥʥʷ 8300 ʥʘʟʝʤʥʠʭ ʦʙôʻʢʪʽʚ ʩʢʣʘʣʘ ʧʦ 

ʚʝʨʪʠʢʘʣʽ 15 ʩʤ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʘʜʘʩʪʨʦʚʠʤʠ ʜʘʥʠʤʠ). ʊʘʢʦʞ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʚʠʩʦʪʠ 153 
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ʦʙôʻʢʪʽʚ ʤʽʩʮʝʚʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʘ ʪʦʯʥʽʩʪʴ ʣʽʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ, ʟʥʘʯʝʥʥʷ ʷʢʦ ʾʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʷ 1 ï ʊʦʯʥʽʩʪʴ ʣʽʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʚʽʜʥʦʩʥʦ ʜʘʥʠʭ ʝʣʝʢʪʨʦʥʥʦʛʦ ʪʘʭʝʦʤʝʪʨʘ 

ʅʘʟʚʘ ʦʙôʻʢʪʫ ʉʂʇ ʚ ʧʣʘʥʽ, ʤ ʉʂʇ ʧʦ ʚʠʩʦʪʽ, ʤ 

ʢʨʘʥʠ - 0.14 

ʙʫʜʽʚʣʽ - 1.03 

ʜʝʨʝʚʘ 2.54 0.79 

ʂʦʥʪʘʢʪʥʽ ʤʝʨʝʞʽ 0.37 0.61 

ɯʥʰʽ ʪʦʯʢʦʚʽ ʦʙôʻʢʪʠ 0.71 1.17 

ʆʪʞʝ, ʪʦʯʥʽʩʪʴ ʣʽʜʘʨʥʦʛʦ ʟʥʽʤʘʥʥʷ ʨʘʡʦʥʽʚ 2a, 2b, 2c, 2d ʘʝʨʦʧʦʨʪʫ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʠ 

ɯʂɸʆ [2].  

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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3. Terrain and Obstacle Data Manual [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://www.eurocontrol.int/publications/terrain-and-obstacle-data-tod-manual. 

4. ʇʝʨʝʚʘʛʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʽʜʘʨʥʠʭ ʜʘʥʠʭ ʚ ɻɯʉ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://desktop.arcgis.com/ru/arcmap/10.3/manage-data/las-dataset/advantages-of-using-lidar-in-gis.htm. 

5. Collection of Aviation Terrain and Obstacle Data (eTOD) by Lidar [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://www.spatialsource.com.au/events/european-lidar-mapping-forum. 

 

ʋɼʂ 535.421 

ʉʠʪʥʠʢʦʚ ʆ.ʇ., ʢʘʥʜ. ʬʽʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, Aleksander.Sitnikov@gmail.com 

ʂɽʈʆɺɸʅɸ ɽʃɽʂʊʈʀʏʅʀʄ ʇʆʃɽʄ ʌɸɿʆɺɸ ʈɯɼʂʆʂʈʀʉʊɸʃɯʏʅɸ 

ɼʀʌʈɸʂʎɯʁʅɸ ˆʈɸʊʂɸ ʗʂ ɽʃɽʄɽʅʊ ʆʇʊʆɽʃɽʂʊʈʆʅʅʀʍ 

ɺʀʄɯʈʖɺɸʃʔʅʀʍ ʉʀʉʊɽʄ 

ɼʠʬʨʘʢʮʽʡʥʘ ˇʨʘʪʢʘ ʻ ʦʧʪʠʯʥʠʤ ʝʣʝʤʝʥʪʦʤ ʽʟ ʧʝʨʽʦʜʠʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʠʡ ʟʜʘʪʥʠʡ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʪʠ ʝʥʝʨʛʽʶ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ ʫ ʧʝʚʥʠʭ ʥʘʧʨʷʤʢʘʭ. ɺ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠʭ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, ʧʨʠʥʮʠʧ ʜʽʾ ʷʢʠʭ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʷʚʠʱʽ ʜʠʬʨʘʢʮʽʾ ʩʚʽʪʣʘ, ʙʽʣʴʰ 

ʧʦʰʠʨʝʥʽ ʬʘʟʦʚʽ ʜʠʬʨʘʢʮʽʡʥʽ ˇʨʘʪʢʠ, ʷʢʽ ʚʽʜʙʠʚʘʶʪʴ ʩʚʽʪʣʦ, ʪʦʤʫ ʱʦ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʡ 

ʜʦʟʚʦʣʷʶʪʴ ʥʘʜʘʪʠ ʰʪʨʠʭʘʤ ˇʨʘʪʢʠ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʬʽʣʴ [1]. ɺʠʛʦʪʦʚʣʝʥʥʷ ʬʘʟʦʚʠʭ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ˇʨʘʪʦʢ, ʷʢʽ ʧʨʦʧʫʩʢʘʶʪʴ ʩʚʽʪʣʦ, ʷʚʣʷʻ ʩʦʙʦʶ ʧʝʚʥʫ ʪʝʭʥʽʯʥʫ ʧʨʦʙʣʝʤʫ, ʪʦʤʫ 

ʱʦ ʰʪʨʠʭʠ ʫ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʝʧʨʦʟʦʨʫ ʯʘʩʪʠʥʫ ˇʨʘʪʢʠ [2]. 

ʈʦʣʴ ʬʘʟʦʚʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ˇʨʘʪʢʠ, ʷʢʘ ʧʨʦʧʫʩʢʘʻ ʩʚʽʪʣʦ, ʤʦʞʝ ʚʠʢʦʥʘʪʠ ʢʦʤʽʨʢʘ ʟ 

ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ, ʱʦ ʤʘʻ ʩʧʽʨʘʣʴʥʫ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ. ʌʘʟʦʚʦʶ ʪʘʢʘ ˇʨʘʪʢʘ 

ʙʫʜʝ ʟʘ ʫʤʦʚʠ, ʢʦʣʠ ʢʨʦʢ ʩʧʽʨʘʣʽ ʟʤʽʥʶʚʘʪʠʤʝʪʴʩʷ ʟʦʚʥʽʰʥʽʤ ʟʤʽʥʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ. 

ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʧʨʦʬʽʣʴ ʰʪʨʠʭʽʚ ʥʘʙʫʚʘʻ ʜʠʥʘʤʽʯʥʦʩʪʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʥʪʨʦʣʴʦʚʘʥʦ 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʪʠ ʝʥʝʨʛʽʶ ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ ʤʽʞ ʛʦʣʦʚʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʟʘʜʘʥʠʭ ʧʦʨʷʜʢʽʚ. 

ʄʝʪʦʶ ʮʽʻʾ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʩʧʦʩʦʙʫ ʬʦʨʤʫʚʘʥʥʷ ʢʝʨʦʚʘʥʦʛʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ 

ʩʚʽʪʣʦʚʠʭ ʭʚʠʣʴ ʤʽʞ ʛʦʣʦʚʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʜʠʬʨʘʢʮʽʡʥʦʾ ʢʘʨʪʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʾ ʬʘʟʦʚʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ ˇʨʘʪʢʠ, ʚ ʷʢʽʡ ʧʨʦʬʽʣʴ ʰʪʨʠʭʘ ʨʝʛʫʣʶʻʪʴʩʷ 

ʟʤʽʥʥʠʤ ʝʣʝʢʪʨʠʯʥʠʤ ʧʦʣʝʤ.  

ʇʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʦʟʚôʷʟʫʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʧʣʠʚʫ ʟʤʽʥʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ 

ʯʘʩʪʦʪʦʶ ʧʦʥʘʜ 1000 ɻʮ ʥʘ ʥʝʤʘʪʠʯʥʠʡ ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʽʟ ʜʦʜʘʪʥʦʶ ʘʥʽʟʦʪʨʦʧʽʻʶ 

http://zakon2.rada.gov.ua/laws/show
http://www.eurocontrol.int/publications/terrain-and-obstacle-data-tod-manual
http://desktop.arcgis.com/ru/arcmap/10.3/manage-data/las-dataset/advantages-of-using-lidar-in-gis.htm
mailto:Aleksander.Sitnikov@gmail.com
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ʜʽʝʣʝʢʪʨʠʯʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʪʘ ʽʥʜʫʢʦʚʘʥʦʶ ʩʧʽʨʘʣʴʥʦʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʊʘʢʠʡ ʚʧʣʠʚ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʨʦʟʢʨʫʯʫʚʘʥʥʷʤ ʩʧʽʨʘʣʴʥʦʾ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ, ʱʦ ʻ ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʟʤʽʥʠ ʧʨʦʬʽʣʶ ʰʪʨʠʭʽʚ ʬʘʟʦʚʦʾ ʜʠʬʨʘʢʮʽʡʥʦʾ 

ˇʨʘʪʢʠ. ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ, ʱʦ ʧʨʦʭʦʜʠʪʴ ʢʦʤʽʨʢʦʶ ʟ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ, 

ʧʝʨʝʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʤʽʞ ʜʠʬʨʘʢʮʽʡʥʠʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʟʘʜʘʥʠʭ ʧʦʨʷʜʢʽʚ ʽ ʨʝʛʫʣʶʻʪʴʩʷ 

ʥʘʧʨʫʞʝʥʽʩʪʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʢʦʤʽʨʢʠ [3]. 

ɼʣʷ ʬʦʨʤʫʚʘʥʥʷ ʜʠʬʨʘʢʮʽʡʥʦʾ ˇʨʘʪʢʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʫ ʩʪʨʫʢʪʫʨʫ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ 

ʢʨʠʩʪʘʣʘ ʟʤʽʥʶʶʪʴ ʥʘ ʩʧʽʨʘʣʴʥʫ ʰʣʷʭʦʤ ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʴʦʛʦ ʦʧʪʠʯʥʦ ʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʩʫʤʽʰ ʥʝʤʘʪʠʯʥʦʛʦ ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ 4-ʘʤʠʣ-4'-

ʮʠʘʥʦʙʽʬʝʥʠʣʘ ʟ ʭʦʣʝʩʪʝʨʠʣ ʧʝʣʘʨʛʦʥʘʪʦʤ (ʦʧʪʠʯʥʦ-ʘʢʪʠʚʥʘ ʜʦʤʽʰʢʘ), ʱʦ ʤʘʣʘ ʢʨʦʢ 

ʩʧʽʨʘʣʽ ʈ=3 ʤʢʤ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʚʽʩʴ ʩʧʽʨʘʣʽ ʦʨʽʻʥʪʫʻʪʴʩʷ ʫ 

ʧʣʦʱʠʥʽ ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʦʥʴ ʢʦʤʽʨʢʠ. ʇʨʠ ʮʴʦʤʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʩʢʦʧʘ ʤʦʞʥʘ 

ʩʧʦʩʪʝʨʽʛʘʪʠ ʪʝʢʩʪʫʨʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ ñʚʽʜʙʠʪʢʘʤʠ ʧʘʣʴʮʽʚò. ɺʥʘʩʣʽʜʦʢ ʧʦʚʦʨʦʪʫ ʤʦʣʝʢʫʣ 

ʨʽʜʢʦʛʦ ʢʨʠʩʪʘʣʘ ʚʠʥʠʢʘʻ ʧʝʨʽʦʜʠʯʥʽʩʪʴ ʫ ʟʤʽʥʽ ʧʦʢʘʟʥʠʢʘ ʟʘʣʦʤʣʝʥʥʷ. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʪʘʢʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʧʨʦʷʚʣʷʻʪʴʩʷ ʚ ʩʤʫʛʘʭ ʟ ʧʝʨʽʦʜʠʯʥʦʶ ʟʤʽʥʦʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʚʽʪʣʘ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʢʦʤʽʨʢʦʶ ʟ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ. ʊʝʢʩʪʫʨʘ ñʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚò ʷʚʣʷʻ ʩʦʙʦʶ ʬʘʟʦʚʫ 

ʜʠʬʨʘʢʮʽʡʥʫ ˇʨʘʪʢʫ, ʜʝ ʨʦʣʴ ʰʪʨʠʭʘ ʚʽʜʽʛʨʘʻ ʩʤʫʛʘ, ʰʠʨʠʥʘ ʷʢʦʾ ʜʦʨʽʚʥʶʻ ʧʦʣʦʚʠʥʽ ʢʨʦʢʫ 

ʩʧʽʨʘʣʽ. 

ʂʦʤʽʨʢʘ ʟ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ ʷʚʣʷʻ ʩʦʙʦʶ ʧʣʦʩʢʠʡ ʢʦʥʜʝʥʩʘʪʦʨ ʟʘʚʪʦʚʰʢʠ 20 ʤʢʤ 

(ʨʠʩ. 1). ɽʣʝʢʪʨʦʜʠ ʢʦʥʜʝʥʩʘʪʦʨʘ (1) ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʩʢʣʷʥʠʭ ʧʣʘʩʪʠʥ, ʥʘ ʦʜʥʫ ʟ ʧʦʚʝʨʭʦʥʴ 

ʷʢʠʭ ʥʘʥʝʩʝʥʦ ʧʨʦʚʽʜʥʠʡ ʰʘʨ SnO2 (2). ɼʽʝʣʝʢʪʨʠʢʦʤ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʣʫʛʫʻ ʥʝʤʘʪʠʯʥʠʡ 

ʨʽʜʢʠʡ ʢʨʠʩʪʘʣ ʟ ʽʥʜʫʢʦʚʘʥʦʶ ʩʧʽʨʘʣʴʥʦʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʦʶ ʩʪʨʫʢʪʫʨʦʶ (3). ʊʦʚʱʠʥʘ 

ʨʽʜʢʦʢʨʠʩʪʘʣʽʯʥʦʛʦ ʰʘʨʫ ʬʽʢʩʫʻʪʴʩʷ ʩʪʨʽʯʢʘʤʠ ʟ ʪʝʬʣʦʥʫ (4).  

 
ʈʠʩ. 1 ï ʂʦʤʽʨʢʘ ʟ ʨʽʜʢʠʤ ʢʨʠʩʪʘʣʦʤ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʫʩʪʘʥʦʚʢʘ ʩʢʣʘʜʘʣʘʩʷ ʟ ʛʝʣʽʡ-ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ, ʢʦʤʽʨʢʠ ʟ ʨʽʜʢʠʤ 

ʢʨʠʩʪʘʣʦʤ, ʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʝʢʨʘʥʘ. ʂʦʤʽʨʢʘ ʨʦʟʪʘʰʦʚʫʚʘʣʘʩʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʦ 

ʧʣʦʱʠʥʠ ʧʘʜʽʥʥʷ ʧʨʦʤʝʥʷ ʡ ʚ ʧʨʦʭʽʜʥʦʤʫ ʩʚʽʪʣʽ ʥʘ ʝʢʨʘʥʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʜʠʬʨʘʢʮʽʡʥʘ 

ʢʘʨʪʠʥʘ. ɿ ʤʝʪʦʶ ʧʝʨʝʨʦʟʧʦʜʽʣʫ ʝʥʝʨʛʽʾ ʩʚʽʪʣʦʚʦʛʦ ʧʦʪʦʢʫ ʤʽʞ ʤʘʢʩʠʤʫʤʘʤʠ ʟʘʜʘʥʠʭ 

ʧʦʨʷʜʢʽʚ ʥʘ ʝʣʝʢʪʨʦʜʠ ʢʦʤʽʨʢʠ ʧʦʜʘʚʘʣʘʩʷ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ ʚʽʜ ʟʚʫʢʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʧʨʠ 

ʮʴʦʤʫ, ʟʤʽʥʶʶʯʠ ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʢʦʥʪʨʦʣʶʚʘʣʘʩʷ ʽ ʨʝʛʫʣʶʚʘʣʘʩʷ 

ʢʽʣʴʢʽʩʪʴ ʤʘʢʩʠʤʫʤʽʚ ʪʘ ʾʭ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 
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ʉʊʈʋʂʊʋʈɸ ʂʆʄʇôʖʊɽʈʀɿʆɺɸʅʆɰ ʉʀʉʊɽʄʀ ʂʋʊʆɺʀʍ ʊɸ ʃɯʅɯʁʅʀʍ 

ʇʆʃʆɾɽʅʔ ɺʀʄɯʈʖɺɸʃʔʅʆɰ ʈʋʂʀ 

ʋ ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʧʨʠ ʚʝʣʠʢʽʡ ʥʦʤʝʥʢʣʘʪʫʨʽ ʚʠʨʦʙʽʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʟʥʘʭʦʜʷʪʴ ʢʦʦʨʜʠʥʘʪʦ-ʚʠʤʽʨʶʚʘʣʴʥʽ ʤʘʰʠʥʠ ʪʠʧʫ ʚʠʤʽʨʶʚʘʣʴʥʘ ʨʫʢʘ. ɿ ʾʭ ʜʦʧʦʤʦʛʦʶ 

ʘʚʪʦʤʘʪʠʟʫʶʪʴʩʷ ʧʨʦʮʝʩʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʢʦʤʧʣʝʢʩʘʭ. 

ɺʠʤʽʨʶʚʘʣʴʥʘ ʨʫʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʘʚʪʦʤʘʪʠʯʥʽ ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʤʘʥʽʧʫʣʷʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʠʩʦʢʠʤʠ ʰʚʠʜʢʦʩʪʷʤʠ ʧʝʨʝʤʽʱʝʥʴ 

ʪʘ ʪʦʯʥʽʩʪʶ ʚʠʤʽʨʶʚʘʥʴ. 

ɺʠʤʽʨʶʚʘʣʴʥʽ ʨʫʢʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʪʠʧʦʚʽ ʢʦʥʪʨʦʣʴʥʽ ʦʧʝʨʘʮʽʾ: ʷʢʽʩʥʘ ʦʮʽʥʢʘ 

ʩʢʣʘʜʫ ʨʦʙʦʯʦʛʦ ʩʝʨʝʜʦʚʠʱʘ; ʚʩʪʘʥʦʚʣʝʥʥʷ ʧʦʣʦʞʝʥʥʷ ʧʝʚʥʠʭ ʦʙ'ʻʢʪʽʚ, ʦʮʽʥʢʘ ʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʥʷʪʪʷ ʢʦʦʨʜʠʥʘʪ ʟ ʜʝʪʘʣʝʡ [1,2]. ʉʪʨʫʢʪʫʨʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1.  

ʅʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ

ʉʠʩʪʝʤʘ 

ʟʚô̫ ʟʢʫ
ɹʘʟʘ ʟʥʘʥʴɹʘʟʘ ʜʘʥʠʭ

ɹʣʦʢ 

ʧʦʧʝʨʝʜʥʴʦʾ 

ʦʙʨʦʙʢʠ 

ʌʽʣʴʪʨ

ɯʥʬʦʨʤʘʮʽʡʥʦ 

ʚʠʤʽʨʶʚʘʣʴʥʘ 

ʩʠʩʪʝʤʘ 

ʂʝʨʫʶʯʘ 

ʩʠʩʪʝʤʘ 

ʄʘʥʽʧʫʣʷʮʽʡʥʘ 

ʩʠʩʪʝʤʘ 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ ʩʭʝʤʘ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ  

ɺ ʮʽʣʦʤʫ ʚʠʤʽʨʶʚʘʣʴʥʘ ʨʫʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʩʠʩʪʝʤ: 

Å ʉʠʩʪʝʤʘ ʟʚôʷʟʢʫ - ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʦʙʤʽʥʫ ʽʥʬʦʨʤʘʮʽʻʶ ʤʽʞ ʣʶʜʠʥʦʶ ʯʠ ʽʥʰʠʤʠ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ (ʦʩʥʦʚʥʠʤ ʪʝʭʥʦʣʦʛʽʯʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ) ʥʘ ʷʢʽʡʩʴ 

ʟʨʦʟʫʤʽʣʽʡ ʾʤ ʤʦʚʽ; 

Å ʉʠʩʪʝʤʘ ʙʘʟʠ ʟʥʘʥʴ - ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ, ʱʦ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʨʽʰʝʥʥʷ ʧʦʧʝʨʝʜʥʽʭ 

ʟʘʜʘʯ, ʘʣʝ ʽ ʧʨʘʚʠʣʘ ʚʠʚʦʜʫ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ ʨʦʙʠʪʠ ʘʚʪʦʤʘʪʠʯʥʫ ʦʙʨʦʙʢʫ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʚʞʝ ʥʘʷʚʥʽ ʘʙʦ ʥʦʚʦʚʚʝʜʝʥʽ ʬʘʢʪʠ; 

Å ʉʠʩʪʝʤʘ ʙʘʟʠ ʜʘʥʠʭ - ʦʨʛʘʥʽʟʦʚʘʥʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʝʚʥʠʭ ʧʨʘʚʠʣ ʽ ʧʽʜʪʨʠʤʫʚʘʥʘ ʚ 

ʧʘʤ'ʷʪʽ ʢʦʤʧ'ʶʪʝʨʘ ʩʫʢʫʧʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʘʢʪʫʘʣʴʥʠʡ ʩʪʘʥ ʨʦʙʦʪʠ 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ; 
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Å ʉʠʩʪʝʤʘ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ï ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʦʚʽ ʚʠʨʦʙʠ ʪʘ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʠʭ( ʢʽʣʴʢʽʩʪʴ ʟʥʷʪʠʭ ʪʦʯʦʢ ʢʦʦʨʜʠʥʘʪ, ʰʣʷʭ ʧʨʦʭʦʜʞʝʥʥʷ ʜʦ 

ʟʘʜʘʥʠʭ ʢʦʦʨʜʠʥʘʪ, ʪʘ ʟʘʧʘʤôʷʪʘʥʥʷ ʧʨʦʩʪʦʨʦʚʦʾ ʤʦʜʝʣʽ ʚʠʨʦʙʫ); 

Å ʉʠʩʪʝʤʘ ʬʽʣʴʪʨʽʚ - ʧʨʠʩʪʨʽʡ, ʚ ʷʢʦʤʫ ʟʽ ʩʧʝʢʪʨʫ ʧʦʜʘʥʠʭ ʥʘ ʡʦʛʦ ʚʭʽʜ ʝʣʝʢʪʨʠʯʥʠʭ 

ʢʦʣʠʚʘʥʴ ʚʠʜʽʣʷʶʪʴʩʷ (ʧʨʦʧʫʩʢʘʶʪʴʩʷ ʥʘ ʚʠʭʽʜ) ʩʢʣʘʜʦʚʽ, ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʟʘʜʘʥʽʡ 

ʩʤʫʟʽ ʯʘʩʪʦʪ, ʽ ʧʦʩʣʘʙʣʶʶʪʴʩʷ (ʥʝ ʧʨʦʧʫʩʢʘʶʪʴʩʷ) ʚʩʽ ʽʥʰʽ ʩʢʣʘʜʦʚʽ; 

Å ɯʥʬʦʨʤʘʮʽʡʥʦ - ʚʠʤʽʨʶʚʘʣʴʥʘ ʩʠʩʪʝʤʘ - ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ  

ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʥʷ ʜʽʾ 

ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʽ ʩʪʘʥ ʩʘʤʦʛʦ ʨʦʙʦʪʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʚʠʤʦʛʘʤʠ ʢʝʨʫʶʯʦʾ 

ʩʠʩʪʝʤʠ; 

Å ʂʝʨʫʶʯʘ ʩʠʩʪʝʤʘ -  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʘʢʦʥʫ ʢʝʨʫʚʘʥʥʷ ʤʘʥʽʧʫʣʷʮʽʡʥʦʶ ʩʠʩʪʝʤʦʶ 
ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ, ʷʢʽ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦ - 

ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʜʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʚʟʘʻʤʦʜʽʾ ʨʦʙʦʪʘ ʟ ʣʶʜʠʥʦʶ ʯʠ 

ʽʥʰʠʤʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ. ɿʘʜʘʯʘʤʠ ʢʝʨʫʶʯʦʾ ʩʠʩʪʝʤʠ ʻ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʜʽʡ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ , ʟʙʝʨʽʛʘʥʥʷ ʢʝʨʫʶʯʦʾ ʧʨʦʛʨʘʤʠ, ʾʾ 

ʚʽʜʪʚʦʨʝʥʥʷ ʽ ʚʽʜʧʨʘʮʶʚʘʥʥʷ; 

Å ʄʘʥʽʧʫʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ - ʜʣʷ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ ʜʽʾ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʘʜʘʯʝʶ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʻ ʚʠʢʦʥʘʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʫʭʽʚ ʽ ʨʝʘʣʽʟʘʮʽʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ. ʎʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ 

ʧʨʦʩʪʦʨʦʚʠʡ ʤʝʭʘʥʽʟʤ ʟ ʨʦʟʽʤʢʥʝʥʠʤ ʢʽʥʝʤʘʪʠʯʥʠʤ ʣʘʥʮʶʛʦʤ. ʂʦʥʩʪʨʫʢʪʠʚʥʦ 

ʤʘʥʽʧʫʣʷʮʽʡʥʘ ʩʠʩʪʝʤʘ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʦʩʥʦʚʥʠʭ ʚʫʟʣʽʚ: ʙʘʟʦʚʦʾ ʯʘʩʪʠʥʠ, ʧʨʠʚʦʜʽʚ, 

ʚʠʢʦʥʫʶʯʠʭ ʦʨʛʘʥʽʚ ʽ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʛʦʣʦʚʢʠ. 

ɺʠʢʦʥʫʶʯʽ ʦʨʛʘʥʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ - ʮʝ ʩʫʢʫʧʥʽʩʪʴ ʤʝʭʘʥʽʟʤʽʚ ʨʫʭʦʤ ʟ'ʻʜʥʘʥʠʭ 

ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɺʠʤʽʨʶʚʘʣʴʥʘ ʛʦʣʦʚʢʘ - ʜʘʪʯʠʢ, ʧʨʠʟʥʘʯʝʥʠʡ ʟʥʷʪʪʷ ʢʦʦʨʜʠʥʘʪ. ʗʢ ʧʨʘʚʠʣʦ, 

ʚʠʤʽʨʶʚʘʣʴʥʫ ʨʫʢʫ ʢʦʤʧʣʝʢʪʫʶʪʴ ʪʠʧʦʚʠʤ ʥʘʙʦʨʦʤ ʛʦʣʦʚʦʢ, ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʤʘʛʘʟʠʥʽ ʽ 

ʘʚʪʦʤʘʪʠʯʥʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʜʝʪʘʣʽ. ɺʠʤʽʨʶʚʘʣʴʥʘ ʛʦʣʦʚʢʘ 

ʤʦʞʝ ʙʫʪʠ ʷʢ ʟ ʽʥʜʫʢʪʠʚʥʠʤ ʧʝʨʝʪʚʦʨʶʚʘʯʝʤ ʪʘʢ ʽʟ ʣʘʟʝʨʥʦʶ ʚʠʤʽʨʶʚʘʣʴʥʦʶ 

ʧʽʜʩʠʩʪʝʤʦʶ. 

ɿ'ʻʜʥʘʥʥʷ ʣʘʥʦʢ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ ʫ ʢʽʥʝʤʘʪʠʯʥʠʡ ʣʘʥʮʶʛ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʽʥʝʤʘʪʠʯʥʠʭ ʧʘʨ (ʫ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʢʽʥʝʤʘʪʠʯʥʽ 

ʧʘʨʠ ʧ'ʷʪʦʛʦ ʢʣʘʩʫ - ʦʙʝʨʪʘʣʴʥʽ ʆ ʯʠ ʧʦʩʪʫʧʘʣʴʥʽ ʇ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʦʜʠʥ ʩʪʫʧʽʥʴ 

ʚʽʣʴʥʦʩʪʽ ʫ ʚʽʜʥʦʩʥʦʤʫ ʨʫʩʽ ʢʦʞʥʦʾ ʟ ʜʚʦʭ ʨʫʭʦʤʠʭ ʟ'ʻʜʥʘʥʠʭ ʣʘʥʦʢ). ʉʫʢʫʧʥʽʩʪʴ ʜʝʷʢʦʛʦ 

ʯʠʩʣʘ ʨʫʭʦʤʠʭ ʣʘʥʦʢ ʟʘʙʝʟʧʝʯʫʻ ʚʠʢʦʥʫʶʯʠʤ ʤʝʭʘʥʽʟʤʘʤ ʧʝʚʥʝ ʯʠʩʣʦ ʩʪʫʧʝʥʽʚ ʚʽʣʴʥʦʩʪʽ, 

ʷʢʝ ʻ ʚʘʞʣʠʚʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʤʘʥʽʧʫʣʷʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 
ɿʘʜʘʯʘ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ - ʟʙʠʨʘʥʥʷ, ʧʝʨʚʠʥʥʘ ʦʙʨʦʙʢʘ ʽ ʧʝʨʝʜʘʯʘ ʚ 

ʢʝʨʫʶʯʫ ʩʠʩʪʝʤʫ ʜʘʥʠʭ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʫʟʣʽʚ ʽ ʤʝʭʘʥʽʟʤʽʚ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ ʪʘ 

ʧʨʦ ʩʪʘʥ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʘ. ʎʷ ʩʠʩʪʝʤʘ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ ʫʤʦʚʥʦ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʪʨʠ ʧʽʜʩʠʩʪʝʤʠ: 1) ʧʨʠʡʦʤ, ʧʝʨʝʜʘʯʘ ʽ ʦʙʨʦʙʢʘ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ 

ʩʝʨʝʜʦʚʠʱʝ, ʚ ʷʢʦʤʫ ʬʫʥʢʮʽʦʥʫʻ ʤʘʥʽʧʫʣʷʪʦʨ; 2) ʚʥʫʪʨʽʰʥʴʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʩʪʘʥ ʚʫʟʣʽʚ, 

ʤʝʭʘʥʽʟʤʽʚ ʽ ʩʠʩʪʝʤ; 3) ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʝʭʥʽʢʠ ʙʝʟʧʝʢʠ. ɼʘʥʽ ʮʠʭ ʧʽʜʩʠʩʪʝʤ ʩʪʚʦʨʶʶʪʴ 

ʽʥʬʦʨʤʘʮʽʡʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʨʫʢʠ [2]. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
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ɸ.ʖ. ʂʘʩʧʘʨʘʡʪʠʩ, ʄ.ɹ. ʄʦʜʝʩʪʦʚ, ɿ.ɸ. ʈʘʤʘʥʘʫʩʢʘʩ, ʅ.ɸ.ʉʝʨʢʦʚ, ɺ.ɸ. ʏʫʜʦʚ ï ʄ.: 

ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1988. ï 328 ʩ. 

2. ʗʤʧʦʣʴʩʴʢʠʡ ʃ.ʉ. ɻʥʫʯʢʽ ʢʦʤʧóʶʪʝʨʠʟʦʚʘʥʽ ʩʠʩʪʝʤʠ: ʧʨʦʝʢʪʫʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ ʽ 

ʫʧʨʘʚʣʽʥʥʷ: ʇʽʜʨʫʯʥʠʢ / ʃ.ʉ. ʗʤʧʦʣʴʩʴʢʠʡ, ʇ.ʇ. ʄʝʣʴʥʠʯʫʢ, ɹ.ɹ. ʉʘʤʦʪʦʢʽʥ, ʄ.ʄ. ʇʦʣʽʱʫʢ, 
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ʐʝʣʫʭʘ ʆ.ʆ., ʘʩʧʽʨʘʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, alexztshell@gmail.com 

ɯʛʥʘʪʝʥʢʦ ʇ.ʃ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ignatenkopl1@i.ua  

ʆʉʆɹʃʀɺʆʉʊɯ ʄʆɼɽʃɽʁ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʔ ɺ ʉʂʃɸɼʅʀʍ ʊɽʍʅɯʏʅʀʍ 

ʉʀʉʊɽʄɸʍ 

ʄʝʪʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ï ʮʝ ʙʘʞʘʥʠʡ ʩʪʘʥ ʩʠʩʪʝʤʠ, ʱʦ 

ʜʦʩʷʛʘʻʪʴʩʷ ʪʘ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʢʝʨʫʶʯʠʤʠ ʚʧʣʠʚʘʤʠ. 

ʇʨʠʡʥʷʪʪʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚ 

ʩʠʣʫ ʩʢʣʘʜʥʦʩʪʽ ʨʦʟʚ'ʷʟʫʚʘʥʠʭ ʧʨʦʙʣʝʤ ʟʘʟʚʠʯʘʡ ʥʝ ʚʜʘʻʪʴʩʷ ʚʽʜʨʘʟʫ ʚʨʘʭʫʚʘʪʠ ʚʩʽ 

ʥʝʦʙʭʽʜʥʽ ʥʘ ʢʦʞʥʦʤʫ ʟ ʝʪʘʧʽʚ ʬʘʢʪʦʨʠ, ʪʦʤʫ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʷʚʣʝʥʽ ʪʽʣʴʢʠ ʧʽʩʣʷ 

ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʢʣʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʭʦʜʫ ʜʦ 

ʥʦʚʦʛʦ ʮʠʢʣʫ (ʥʦʚʦʾ ʽʪʝʨʘʮʽʾ). ʊʘʢʦʞ, ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʥʝʩʝʥʥʷ ʢʦʨʝʢʪʠʚ ʚ ʪʽ ʯʠ ʽʥʰʽ 

ʝʪʘʧʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʚʠʢʦʥʘʥʥʷ ʽʥʰʠʭ ʝʪʘʧʽʚ, ʥʝ ʯʝʢʘʶʯʠ ʟʘʢʽʥʯʝʥʥʷ ʮʠʢʣʫ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋʭʚʘʣʝʥʥʷ ʦʧʝʨʘʪʠʚʥʠʭ ʨʽʰʝʥʴ ʭʘʨʘʢʪʝʨʥʦ ʪʠʤ, ʱʦ ʚ ʩʠʣʫ ʦʙʤʝʞʝʥʦʩʪʽ ʨʝʩʫʨʩʫ ʯʘʩʫ, 

ʤʦʜʝʣʽ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʪʘ ʩʠʥʪʝʟʫ ʘʣʴʪʝʨʥʘʪʠʚ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʟʘʟʜʘʣʝʛʽʜʴ ʽ ʚʞʝ 

ʚʨʘʭʦʚʫʶʪʴ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʤʦʞʣʠʚʽ ʟʤʽʥʠ ʦʙʩʪʘʥʦʚʢʠ ʽ ʤʦʞʣʠʚʽ ʮʽʣʽ, ʱʦ ʜʦʩʷʛʘʶʪʴʩʷ ʚ 

ʨʽʟʥʠʭ ʫʤʦʚʘʭ ʦʙʩʪʘʥʦʚʢʠ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ, ʤʦʞʥʘ ʩʬʦʨʤʫʣʶʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʤʦʜʝʣʝʡ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ. 

1) ʇʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʛʘʪʦʤʦʜʝʣʴʥʝ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʥʝʦʙʭʽʜʥʦʶ ʦʟʥʘʢʦʶ ʷʢʦʛʦ ʻ ʨʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʤʦʜʝʣʝʡ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʽ ʘʩʧʝʢʪʠ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ ʽ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ ʥʠʭ. 

2) ʄʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʚʠʥʥʽ ʙʫʜʫʚʘʪʠʩʷ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʬʘʢʪʦʨʽʚ 

ʥʝʚʠʟʥʘʯʝʥʦʩʪʽ ʚʧʣʠʚʫ ʟʦʚʥʽʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ.  

3) ʄʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʚʠʥʥʽ ʚʨʘʭʦʚʫʚʘʪʠ ʨʽʟʥʦʨʽʜʥʽ ʩʫʧʝʨʝʯʣʠʚʽ ʚʠʤʦʛʠ, ʱʦ 

ʚʠʩʫʚʘʶʪʴʩʷ ʜʦ ʩʠʩʪʝʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʮʴʦʛʦ ʤʦʜʝʣʴ ʩʪʘʻ ʙʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʦʶ (ʟ 

ʚʝʢʪʦʨʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʧʪʠʤʘʣʴʥʦʩʪʽ). 

4) ʉʢʣʘʜʥʘ ʪʝʭʥʽʯʥʘ ʩʠʩʪʝʤʘ ʟʘʟʚʠʯʘʡ ʤʘʻ ʨʦʟʛʘʣʫʞʝʥʫ ʽʻʨʘʨʭʽʯʥʫ ʩʪʨʫʢʪʫʨʫ. ʋ ʪʘʢʽʡ 

ʩʠʩʪʝʤʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʟʘʻʤʦʟʘʣʝʞʥʝ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʚ ʧʽʜʩʠʩʪʝʤʘʭ ʨʽʟʥʠʭ ʽʻʨʘʨʭʽʯʥʠʭ 

ʨʽʚʥʽʚ. ʊʦʜʽ ʤʦʜʝʣʽ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʧʦʚʠʥʥʽ ʙʫʜʫʚʘʪʠʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

ʜʝʢʦʤʧʦʟʠʮʽʾ ʪʘ ʢʦʦʨʜʠʥʘʮʽʾ. 

ʇʨʦʚʽʚʰʠ ʘʥʘʣʽʟ ʟʘʩʪʦʩʫʚʘʥʴ ʤʝʪʦʜʦʣʦʛʽʾ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʟʘʩʥʦʚʘʥʦʾ ʥʘ 

ʩʠʩʪʝʤʥʦʤʫ ʧʽʜʭʦʜʽ, ʜʦ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʤ ʩʠʩʪʝʤʘʤ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʚʦʥʘ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʜʚʽ ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ: 

1) ʤʝʪʦʜʦʣʦʛʽʶ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʣʦʛʽʢʦ-ʝʚʨʠʩʪʠʯʥʽʡ ʪʘ, ʯʘʩʪʢʦʚʦ, 

ʤʘʪʝʤʘʪʠʯʥʽʡ ʦʩʥʦʚʽ; 

2) ʤʝʪʦʜʦʣʦʛʽʶ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʚʠʙʦʨʫ, ʱʦ ʩʧʠʨʘʻʪʴʩʷ ʥʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. 

ʆʙʠʜʚʽ ʮʽ ʯʘʩʪʠʥʠ ʚʟʘʻʤʥʦ ʧʨʦʥʠʢʘʶʪʴ ʽ ʜʦʧʦʚʥʁ ʶʪʴ ʦʜʥʘ ʦʜʥʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ ʧʨʠ ʧʦʩʪʘʥʦʚʮʽ ʪʘ ʚʠʨʽʰʝʥʥʽ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. ʇʨʠ ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ 

ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʨʠ ʫʭʚʘʣʝʥʥʽ ʨʽʰʝʥʥʷ ʚ ʩʢʣʘʜʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤʘʭ ʽʩʪʦʪʥʫ ʨʦʣʴ ʛʨʘʻ 

ʦʩʦʙʘ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. ʎʝ, ʷʢ ʧʨʘʚʠʣʦ, ʦʧʝʨʘʪʦʨ, ʱʦ ʥʝʩʝ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ 

ʧʨʠʡʥʷʪʽ ʨʽʰʝʥʥʷ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʷʢʠʤ ʥʘ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʩʠʩʪʝʤʥʦʛʦ 

ʘʥʘʣʽʟʫ ʩʪʘʚʣʷʪʴʩʷ ʪʘ ʜʦʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘʚʜʘʥʥʷ ʚʠʙʦʨʫ. 

ɿ ʤʝʪʦʶ ʨʦʟʛʣʷʜʫ ʥʘ ʻʜʠʥʽʡ ʢʦʥʮʝʧʪʫʘʣʴʥʽʡ ʦʩʥʦʚʽ ʯʠʩʣʝʥʥʠʭ ʟʘʜʘʯ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʻʜʠʥʫ ʫʟʘʛʘʣʴʥʝʥʫ ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ. 
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ɹʦʛʜʘʥ ʄ.ʇ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʂʨʘʚʯʝʥʢʦ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, kit@dgma.donetsk.ua  

ʀʅʌʆʈʄɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ʇʆɼɼɽʈɾʂʀ ɼɽʗʊɽʃʔʅʆʉʊʀ ʄɽʅɽɼɾɽʈɸ 

ʂʆʅʊɸʂʊ - ʎɽʅʊʈɸ ʄɸʐʀʅʆʉʊʈʆʀʊɽʃʔʅʆɻʆ ʇʈɽɼʇʈʀʗʊʀʗ 

ʆʙʝʩʧʝʯʠʚʘʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʚʦʝʡ ʧʨʦʜʫʢʮʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤʫ ʧʨʝʜʧʨʠʷʪʠʶ 

ʧʨʠʭʦʜʠʪʴʩʷ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ ʢʘʢ ʚʥʫʪʨʝʥʥʝʡ, ʪʘʢ ʠ ʚʥʝʰʥʝʡ, ʤʝʞʦʪʨʘʩʣʝʚʦʡ 

ʢʦʦʧʝʨʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʬʫʥʢʮʠʡ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ, ʤʝʞʜʫ ʩʦʙʦʡ, ʚʥʫʪʨʠ, 

ʢʦʦʧʝʨʠʨʫʶʪʩʷ:  

- ʦʙʱʝʟʘʚʦʜʩʢʠʝ ʩʢʣʘʜʳ ʩʳʨʴʷ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ;  

- ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʝ ʮʝʭʘ, ʫʯʘʩʪʢʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʦʜʛʦʪʦʚʢʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

- ʮʝʭʘ, ʫʯʘʩʪʢʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ;  

- ʩʣʫʞʙʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ï ʤʝʭʘʥʠʢʘ ʠ ʵʥʝʨʛʝʪʠʢʘ, ʙʫʭʛʘʣʪʝʨʠʷ, ʢʦʤʤʝʨʯʝʩʢʦʝ, 

ʬʠʥʘʥʩʦʚʦʝ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ, ʶʨʠʜʠʯʝʩʢʦʝ ʠ ʧʨʦʯ.;  

- ʢʘʜʨʳ, ʦʭʨʘʥʘ ʪʨʫʜʘ, ʵʢʦʣʦʛʠʷ. 

ɺʥʝhʥʷʷ ʢʦʦʧʝʨʘʮʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʟʘʢʫʧʦʢ, ʩʙʳʪʘ ʛʦʪʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʜʠʪʦʨʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ, ʨʝʢʣʘʤʫ. ʂʘʢ ʚʠʜʥʦ, ʢʦʦʧʝʨʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʥʦʛʦʩʚʷʟʥʳʡ ʧʨʦʮʝʩʩ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʦ ʢʦʦʧʝʨʘʪʠʚʥʳʤ ʩʚʷʟʷʤ ʥʘʨʷʜʫ ʩ ʪʦʚʘʨʥʦ-ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʮʝʥʥʦʩʪʷʤʠ ʧʝʨʝʤʝʱʘʶʪʩʷ 

ʧʦʪʦʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʨʘʙʘʪʳʚʘʝʤʳʝ ʢʦʥʪʘʢʪ - ʮʝʥʪʨʘʤʠ, ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦ ʩʚʷʟʘʥʥʳʤʠ ʩʦ 

ʚʩʝʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ʠ ʨʫʢʦʚʦʜʩʪʚʦʤ ʧʨʝʜʧʨʠʷʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʤʝʪʥʦʡ 

ʦʙʣʘʩʪʴʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʷʚʣʷʝʪʩʷ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪ ʢʦʥʪʘʢʪ ï ʮʝʥʪʨʘ. 

ʉʚʦʠʤʠ ʜʝʡʩʪʚʠʷʤʠ ʢʦʥʪʘʢʪ - ʮʝʥʪʨ ʦʧʦʩʨʝʜʦʚʘʥʦ ʚʣʠʷʝʪ ʥʘ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʧʦʵʪʦʤʫ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʮʝʥʪʨʝ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ.  

ɼʣ̫ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 

(1ʉ:ʇʨʝʜʧʨʠʷʪʠʝ, IT-Enterprise, Docs Open, Documentum), ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʤʠ, ʯʪʦ 

ʪʨʝʙʫʝʪ ʧʦʤʠʤʦ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʧʨʠʦʙʨʝʪʝʥʠʝ ʝʱʝ ʠ ʥʝ ʜʝʰʝʚʦʛʦ 

ʩʦʧʨʦʚʦʞʜʝʥʠʷ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʢʦʥʪʘʢʪ - ʮʝʥʪʨʘ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʚʝʜʝʥʠʷ ʜʦʢʫʤʝʥʪʘʮʠʠ. 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ:  

- ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ ʤʝʥʝʜʞʝʨʘ;  

- ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʤʝʥʝʜʞʝʨʘ;  

- ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ  ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʢʦʥʪʘʢʪ ï ʮʝʥʪʨʘ. 

ʄʝʥʝʜʞʝʨ ʢʦʥʪʘʢʪ ï ʮʝʥʪʨʘ, ʧʦʜʜʝʨʞʠʚʘʷ ʢʦʦʧʝʨʘʮʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʟʘʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ:  

- ʧʦʣʫʯʘʝʪ ʟʘʷʚʢʠ ʠ ʟʘʢʘʟʳ ʦʪ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʘʥʘʣʠʟʠʨʫʝʪ ʠʭ ʠ ʨʘʩʧʨʝʜʝʣʷʝʪ ʧʦ 

ʠʩʧʦʣʥʠʪʝʣʷʤ, ʪ.ʝ. ʜʨʫʛʠʤ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤ ʧʨʝʜʧʨʠʷʪʠʷ;  

- ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʥʝʰʥʶʶ ʢʦʦʧʝʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ 

ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ;  

- ʧʨʦʠʟʚʦʜʠʪ ʢʦʥʪʨʦʣʴ, ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ, ʢʦʜʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʘ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʢʨʳʚʘʝʪ ʝʝ ʠʣʠ ʦʛʨʘʥʠʯʠʚʘʝʪ ʢ ʥʝʡ ʜʦʩʪʫʧ;  
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- ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʦʣʛʦʩʨʦʯʥʦʝ ʠ ʦʧʝʨʘʪʠʚʥʦʝ ʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʠ ʚʝʜʝʥʠʝ ʙʘʟʳ 

ʜʘʥʥʳʭ; - ʠʱʝʪ ʥʦʚʳʭ ʟʘʢʘʟʯʠʢʦʚ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʷ. 

ɺʩʝ ʩʚʦʠ ʦʧʝʨʘʮʠʠ ʤʝʥʝʜʞʝʨ ʦʬʦʨʤʣʷʝʪ ʜʦʢʫʤʝʥʪʘʣʴʥʦ, ʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʝʯʘʪʘʝʪ ʦʪʯʝʪʳ, ʢʘʢ ʚ ʦʧʝʨʘʪʠʚʥʦʤ, ʪʘʢ ʠ ʚ ʧʣʘʥʦʚʦʤ ʧʦʨʷʜʢʝ (ʜʝʢʘʜʘ, ʤʝʩʷʮ, ʢʚʘʨʪʘʣ ʠ 

ʪ.ʜ.). ʀʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʝʯʘʪʴ ʦʪʯʝʪʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʙʠʟʥʝʩ ï ʧʨʦʮʝʩʩʦʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʠʤ ʩʪʨʫʢʪʫʨʥʦ - ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʜʠʘʛʨʘʤʤʦʡ 

ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩ. 1 ʠ ʠʟʦʙʨʘʞʘʶʱʝʡ ʬʫʥʢʮʠʠ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ.  

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1 ï SADT-ʜʠʘʛʨʘʤʤʘ ʙʠʟʥʝʩ ʧʨʦʮʝʩʩʘ 

ʇʦʣʫʯʠʚ ʟʘʧʨʦʩ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʯʝʪʘ, ʤʝʥʝʜʞʝʨ ʩʦʙʠʨʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʫʯʝʪʥʦ - 

ʟʘʧʨʦʩʥʳʝ ʜʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ çˉ ʟʘʢʘʟʘè, çʂʦʜ ʜʝʪʘʣʠè ʠ ʪ.ʧ., ʠ ʚʚʦʜʠʪ ʠʭ ʚ ʕɺʄ (ʩʪʨʝʣʢʘ 

ʩʣʝʚʘ, ʩʤ. ʨʠʩ. 1). ʗʚʣʷʷʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʠʩʧʦʣʥʠʪʝʣʝʤ (ʩʪʨʝʣʢʘ ʩʥʠʟʫ) ʤʝʥʝʜʞʝʨ ï 

ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ ʧʨʦʚʦʜʠʪ ʠʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʘʚʠʣʘʤ ʠ 

ʤʦʜʝʣʷʤ (ʩʪʨʝʣʢʘ ʚʚʝʨʭʫ) ʠ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʮʝʜʫʨʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʯʝʪʦʚ ʚʳʚʦʜʠʪ ʠʭ 

ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʠ ʧʝʯʘʪʥʦʤ ʚʠʜʝ (ʩʪʨʝʣʢʘ ʩʧʨʘʚʘ ʙʣʦʢʘ). ʅʘ ʙʘʟʝ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ 

ʤʦʜʝʣʠ ʥʫʣʝʚʦʛʦ ʫʨʦʚʥʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʘʛʨʘʤʤʥʳʭ ʤʝʪʦʜʠʢ ʠ ʈʅʈ 5 ʨʘʟʨʘʙʦʪʘʥ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʢʦʥʪʘʢʪ 

- ʮʝʥʪʨʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʢʘʢ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʨʷʜʘ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʦʜʫʣʝʡ - ʩʠʩʪʝʤʥʦʛʦ, ʙʘʟʳ ʜʘʥʥʳʭ, ʧʨʝʜʧʨʦʩʤʦʪʨʘ (ʨʠʩ. 2), ʧʝʯʘʪʠ. 

 
ʈʠʩ. 2 ï ʌʦʨʤʘ ʧʨʝʜʧʨʦʩʤʦʪʨʘ ʦʪʯʝʪʘ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʢʦʦʧʝʨʘʮʠʠ  

(ʤʘʪʝʨʠʘʣʳ, ʧʦʩʪʘʚʱʠʢʠ, ʟʘʢʘʟʯʠʢʠ, ʩʦʩʪʦʷʥʠʝ ʟʘʢʘʟʦʚ)  

ʅʘ ʬʦʨʤʝ ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪr ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʥʪʘʢʪ ʮʝʥʪʨʘ ʟʘ ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ, ʚ 

ʪʝʯʝʥʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʨʠ ʥʦʚʳʭ ʟʘʢʘʟʯʠʢʘ, ʦʙʲʝʤʳ ʠ ʥʦʤʝʥʢʣʘʪʫʨʘ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʩʪʦʷʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʜʚʫʭ ʟʘʢʘʟʦʚ.  

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʠʥʬʦʨʤʘʮʠʦʥʥʘ ̫ ʤʦʜʝʣ ɹ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ ʦʪʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ SADT-ʜʠʘʛʨʘʤʤ ʠ ʜʠʘʛʨʘʤʤʥʳʭ 

ʤʝʪʦʜʠʢ, ʘ ʪʘʢʞʝ ʢʣʠʝʥʪ-ʩʝʨʚʝʨʥʦʝ ʧʨʠʣʦʞʝʥʠʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʈʅʈ 5.  

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 

ʧʝʯʘʪʴ ʦʪʯʝʪʦʚ ɸ.0 

ʄʝʥʝʜʞʝʨ ʢʦʥʪʘʢʪ - ʮʝʥʪʨʘ 

ɼʘʥʥʳʝ ʟʘʧʨʦʩʘ 

ʇʨʘʚʠʣʘ ʠ ʤʦʜʝʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟʘ 

ʫʯʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʆʪʯʝʪ 
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ʇʨʠʤʝʥʝʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʧʦʤʦʛʣʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʧʦʚʳʩʠʣʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹ

ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʥʝʜʞʝʨʘ ʢʦʥʪʘʢʪ ï ʮʝʥʪʨʘ. 

ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ ï ʩʦʟʜʘʥʠʝ ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ ʤʝʥʝʜʞʝʨʘ. 

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. ʉʘʤʦʫʯʠʪʝʣʴ 1ʉ: ʇʨʝʜʧʨʠʷʪʠʝ 7.7 DVD (ʦʙʫʯʘʶʱʠʡ ʚʠʜʝʦʢʫʨʩ). [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] 
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2. IT-ʇʨʝʜʧʨʠʷʪʠʝ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ https://infostart.ru/public/259826/ 

3. DOCS Open Document Management | OpenText [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://www.opentext.co.uk/...edocs/opentext-docs-open. 

4. ʆ ʩʠʩʪʝʤʝ documentum [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

https://eradv.ru/docflow_documentum/ 
5. ʋʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩ-ʧʨʦʮʝʩʩʘʤʠ. ʂʦʤʧʘʥʠʷ çProcess-Expert. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ http://www.process. siteedit.ru/page30 

6. ɹʫʯ ɻ. ʗʟʳʢ UML: ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ / ɻ. ɹʫʯ, ɼ. ʈʘʤʙʦ, ɸ. ɼʞʝʢʦʙʩʦʥ; ʇʝʨ. ʩ ʘʥʛʣ. ï 

ʄ.: ɼʄʂ, 2000. ï 432 ʩ. 
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ʂʨʘʚʯʝʥʢʦ ɺ.ʀ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ɾʘʨʪʦʚʩʢʠʡ ɸ.ɺ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
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ʃʘʨʠʯʢʠʥ ɸ.ɺ., ʤʘʛʠʩʪʨʘʥʪ 

ɼʦʥʙʘʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʂʨʘʤʘʪʦʨʩʢ, jaw7491@i.ua 

ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʅɸʀʃʋʏʐɽɻʆ ʇʈʀɹʃʀɾɽʅʀʗ 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ɼɸʅʅʓʍ 

ʇʨʦʝʢʪʠʨʫʷ ʥʦʚʳʝ ʠʣʠ ʤʦʜʝʨʥʠʟʠʨʫʷ ʩʪʘʨʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʥʞʝʥʝʨʳ ï 

ʪʝʭʥʦʣʦʛʠ ʚʳʧʦʣʥʷʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʦʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ 

ʠʟʤʝʥʝʥʠʷ ʚʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʭ) ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʢʦʥʝʯʥʳʡ ʨʝʟʫʣʴʪʘʪ (ʫ). ʇʨʠ ʵʪʦʤ 

ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ, ʥʘʧʨʠʤʝʨ, ʩʢʦʨʦʩʪʠ 

ʨʝʟʘʥʠʷ, ʧʦʜʘʯʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ʆʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʢʦʪʦʨʦʡ ʩʢʫʯʥʳʡ, ʥʝ ʙʝʟʦʰʠʙʦʯʥʳʡ ʧʨʦʮʝʩʩ ʠ 

ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʨʘʩʯʝʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ 

ʚʳʙʦʨʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʥʘʠʣʫʯʰʠʤ ʧʨʠʙʣʠʞʝʥʠʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ.  

ɿʘʜʘʯʠ ʨʘʙʦʪʳ:  

- ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣ ɹʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ;  

- ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʚʳʙʦʨʘ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʠ 

ʦʧʨʝʜʝʣʝʥʠ ̫ ʟʥʘʯʝʥʠʡ ʦʧʦʩʨʝʜʦʚʘʥʥʳʭ (ʢʦʩʚʝʥʥʳʭ) ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʳʪʘ.  

ʆʛʨʘʥʠʯʝʥʥʳʝ ʟʥʘʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʨʘʟʫ 

ʫʩʪʘʥʦʚʠʪʴ ʪʦʯʥʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʦʵʪʦʤʫ ʧʦʵʪʘʧʥʦ ʚʳʙʠʨʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʝʡʩʪʚʦʚʘʥʥʳʝ ʤʦʜʝʣʠ [1]:  

1. ʇʨʷʤʘʷ ʣʠʥʠʷ - y=b0+b1x;  

2. ʇʘʨʘʙʦʣʘ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ - y=b0+b1x+b2x
2
;  

3. ʉʪʝʧʝʥʥʘʷ ʬʫʥʢʮʠʷ - y=b0x 
b1

;  

https://infostart.ru/public/259826/
https://www.opentext.co.uk/what-we-do/industries/legal/legal-content-management-edocs/opentext-docs-open
mailto:jaw7491@i.ua
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4. ʇʦʢʘʟʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ - y=b0ʝ
b1x

;  

5. ʃʦʛʘʨʠʬʤʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ - y=b0+b1x+b2lnx;  

6. ʆʧʦʩʨʝʜʦʚʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ï ʤʦʱʥʦʩʪʴ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 
t

A
N=  (1) 

ʛʜʝ A =×[F(Ű)*S(Ű)*cos(Ŭ)] ï ʨʘʙʦʪʘ;  

F(Ű) ï ʟʥʘʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʣʳ ʥʘ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ Ű;  

S(Ű) ï ʟʥʘʯʝʥʠʷ ʧʫʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʠʣʳ;  

Ŭ ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʩʠʣʳ ʠ ʧʝʨʝʤʝʱʝʥʠʷ;  

0ÒŰ Òt ï ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ;  

t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. 

ʇʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ, ʥʘ ʢʘʞʜʦʤ ʠʟ 

ʢʦʪʦʨʳʭ ʪʝʭʥʦʣʦʛ ï ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ:  

- ʧʨʦʚʝʨʷʝʪ ʩʦʩʪʘʚ ʠ ʩʠʥʭʨʦʥʠʟʘʮʠʶ ʜʘʥʥʳʭ;  

- ʚʝʜʝʪ ʠʭ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʦʙʨʘʙʦʪʢʫ;  

- ʥʘʭʦʜʠʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʛʨʝʩʩʠʠ, ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʙʠʨʘʝʪ ʠʟ ʥʠʭ ʤʦʜʝʣʴ 

ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ, ʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪ ʟʥʘʯʝʥʠʷ ʢʦʩʚʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ.  

ʅʘ ʙʘʟʝ ʦʧʠʩʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʝʡ ʚʝʨʩʠʠ Delphi 10.2 Tokyo 

ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʜʘʥʥʳʭ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦʤʦʛʣʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ, ʧʦʚʳʩʠʣʦ 

ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʳʭ ʜʘʥʥʳʭ ʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʪʝʣʷ - ʪʝʭʥʦʣʦʛʘ. ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʨʘʙʦʪʢʠ - ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʣʥʦʬʘʢʪʦʨʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʉʧʠʩʦʢ ʩʩʳʣʦʢ 
1. ɿʘʡʮʝʚ ɻ. ʅ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʦʪʘʥʠʢʝ. / ɻ. ʅ. ɿʘʡʮʝʚ. ï ʄ.: 

ʅʘʫʢʘ, 1984. ï 425 ʩ. 
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ɼʦʙʨʦʚʦʣʴʩʴʢʘ ʃ.ʅ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
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ɽʌɽʂʊʀɺʅɯʉʊʔ ɽʃɽʂʊʈʀʏʅʀʍ ʄɽʈɽɾ- ɿɸʇʆʈʋʂɸ ɽʅɽʈɻɽʊʀʏʅʆɰ 

ɹɽɿʇɽʂʀ ɼɽʈɾɸɺʀ 

ʇʨʦʙʣʝʤʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʤʝʨʝʞ ʥʘ ʩʫʯʘʩʥʦʤʫ ʝʪʘʧʽ ʨʦʟʚʠʪʢʫ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʘʢʪʫʘʣʴʥʠʤʠ. ɺʘʞʣʠʚʽʩʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʠʭ ʟʘʭʦʜʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʧʦʷʩʥʶʻʪʴʩʷ ʙʝʟʫʧʠʥʥʠʤ ʨʦʩʪʦʤ ʮʽʥ ʥʘ ʦʩʥʦʚʥʽ 

ʝʥʝʨʛʦʨʝʩʫʨʩʠ ʪʘ ʰʚʠʜʢʠʤ ʩʢʦʨʦʯʝʥʥʷʤ ʾʭ ʟʘʧʘʩʽʚ. ɺ ʋʢʨʘʾʥʽ ʩʪʚʦʨʝʥʘ ʽʥʬʦʨʤʘʮʽʡʥʘ ʪʘ 

ʟʘʢʦʥʦʜʘʚʯʘ ʙʘʟʘ ʜʣʷ ʚʝʜʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʽʯʥʠʭ ʪʘ 

ʦʨʛʘʥʽʟʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʟʘʜʣʷ ʝʢʦʥʦʤʽʾ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʦʢʨʝʤʘ, ʜʦʟʚʦʣʷʻ 

ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʬʽʥʘʥʩʦʚʠʡ ʩʪʘʥ ʙʫʜ-ɹʷʢʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʚ ʮʽʣʦʤʫ ʧʽʜʚʠʱʠʪʠ 

ʝʥʝʨʛʝʪʠʯʥʫ ʙʝʟʧʝʢʫ ʢʨʘʾʥʠ.  

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʭ ʥʘʧʨʷʤʢʽʚ ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷ ʻ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ 

ʚ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʘʥʘʣʽʟ ʩʧʦʩʦʙʽʚ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʨʝʛʫʣʶʚʘʥʥʷ ʜʦʙʦʚʠʭ 

ʛʨʘʬʽʢʽʚ ʥʘʚʘʥʪʘʞʝʥʴ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʣʘʜʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ 
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ʘʚʪʦʤʘʪʠʯʥʦ ʽ ʥʝʧʝʨʝʨʚʥʦ ʚʠʤʽʨʶʚʘʪʠ ʽ ʘʥʘʣʽʟʫʚʘʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɿʘʩʪʦʩʦʚʫʶʪʴʩʷ ʥʦʚʽ ʤʝʪʦʜʠ ʜʽʘʛʥʦʩʪʠʢʠ ʩʪʘʥʫ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤʧʣʝʢʩʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ, ʢʦʪʨʽ ʜʦʟʚʦʣʷʪʴ ʟʤʝʥʰʠʪʠ 

ʬʽʥʘʥʩʦʚʽ ʚʪʨʘʪʠ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚʘ ʝʣʝʢʪʨʦʧʦʩʪʘʯʘʥʥʷ. ɭ ʜʚʘ ʤʦʞʣʠʚʽ ʩʪʨʘʪʝʛʽʯʥʽ 

ʥʘʧʨʷʤʢʠ ʨʦʟʙʫʜʦʚʠ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ ʽ, ʟʦʢʨʝʤʘ, ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯʽ 

(ʃɽʇ) ʷʢ ʦʜʥʦʛʦ ʟ ʚʘʞʣʠʚʠʭ ʾʾ ʝʣʝʤʝʥʪʽʚ. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʚʦʥʠ ʨʽʟʥʠʤʠ ʧʽʜʭʦʜʘʤʠ ʱʦʜʦ 

ʚʢʣʘʜʝʥʥʷ ʢʦʰʪʽʚ ʚ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ. ɿʘ ʧʝʨʰʠʤ ï ʚʠʢʦʥʫʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʜʝʰʝʚʠʡ 

ʧʨʦʝʢʪ, ʧʽʩʣʷ ʨʝʘʣʽʟʘʮʽʾ ʷʢʦʛʦ ʩʣʽʜʫʻ ʜʦʨʦʛʘ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʷ. ɿʘ ʽʥʰʠʤ ï ʚ ʧʨʦʝʢʪʽ 

ʧʝʨʝʜʙʘʯʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʟʘʩʦʙʠ ʟʤʝʥʰʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʠʪʨʘʪ, ʱʦ, ʦʯʝʚʠʜʥʦ, 

ʩʫʪʪʻʚʦ ʡʦʛʦ ʟʜʦʨʦʞʫʻ. ɿʘʪʝ, ʧʨʠ ʮʴʦʤʫ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʶʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʚʠʪʨʘʪʠ. ʑʦ 

ʩʪʦʩʫʻʪʴʩʷ ʚʪʨʘʪ ʧʦʪʫʞʥʦʩʪʽ ʡ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʮʝ ʤʦʞʥʘ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʃɽʇ. ɼʣʷ ʦʜʥʘʢʦʚʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʃɽʇ, ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ 

ʜʚʘ ʚʘʨʽʘʥʪʠ ʱʦʜʦ ʚʠʙʦʨʫ ʧʝʨʝʨʽʟʫ ʾʭ ʧʨʦʚʦʜʽʚ. ʇʽʜ ʯʘʩ ʧʨʦʝʢʪʫʚʘʥʥʷ ʃɽʇ 6ï110 ʢɺ 

ʧʝʨʝʨʽʟʠ ʧʨʦʚʦʜʽʚ ʤʦʞʥʘ ʚʠʙʨʘʪʠ ʟʘ ʪʘʢʠʭ ʫʤʦʚ, ʱʦ ʧʠʪʦʤʘ ʛʫʩʪʠʥʘ ʩʪʨʫʤʫ ʚ ʥʠʭ 

ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ j=0,9ï1,1 ɸ/ʤʤ
2
 ʘʙʦ j=0,4ï0,6 ɸ/ʤʤ

2
. ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʧʨʦʚʽʜ ʙʫʜʝ 

ʧʨʠʙʣʠʟʥʦ ʚ ʜʚʘ ʨʘʟʠ ʤʝʥʰʦʛʦ ʧʝʨʝʨʽʟʫ ʥʽʞ ʚ ʜʨʫʛʦʤʫ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʚ ʜʚʘ ʨʘʟʠ ʟ ʙʽʣʴʰʠʤ 

ʦʧʦʨʦʤ ʽ, ʦʪʞʝ, ʚʪʨʘʪʠ ʚ ʃɽʇ, ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʟʘ ʧʝʨʰʠʤ ʚʘʨʽʘʥʪʦʤ ʙʫʜʫʪʴ ʧʨʠʙʣʠʟʥʦ ʚ 

ʜʚʘ ʨʘʟʠ ʙʽʣʴʰʠʤʠ. ʇʨʦ ʮʝ ʩʚʽʜʯʘʪʴ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ. ʊʝʭʥʽʯʥʽ ʚʪʨʘʪʠ ʚ ʝʣʝʢʪʨʠʯʥʠʭ 

ʤʝʨʝʞʘʭ, ʩʧʨʦʝʢʪʦʚʘʥʠʭ ʟʘ çʜʝʰʝʚʠʤʠè ʧʨʦʝʢʪʘʤʠ, ʩʢʣʘʜʘʶʪʴ 11ï12% ʚʽʜ ʚʽʜʧʫʱʝʥʦʾ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɺ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ, ʚ ʷʢʠʭ ʟʘʢʣʘʜʝʥʽ ʧʨʦʚʦʜʠ ʃɽʇ ʙʽʣʴʰʦʛʦ ʧʝʨʝʨʽʟʫ, 

ʚʪʨʘʪʠ ʩʢʣʘʜʘʶʪʴ 4ï6% ʚʽʜ ʚʽʜʧʫʱʝʥʦʾ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  

ɿ ʪʦʯʢʠ ʟʦʨʫ ʚʢʣʘʜʘʥʥʷ ʢʦʰʪʽʚ ʫ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ  ʤʦʞʣʠʚʽ ʜʚʘ ʧʽʜʭʦʜʠ. ɿʘ 

ʧʝʨʰʠʤ, ʦʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʻ ʢʨʫʧʥʽ ʝʣʝʢʪʨʦʩʪʘʥʮʽʾ. ɼʣʷ ʮʴʦʛʦ 

ʩʠʥʭʨʦʥʥʽ ʛʝʥʝʨʘʪʦʨʠ ʥʘ ʥʠʭ ʧʨʦʝʢʪʫʶʪʴʩʷ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 

85,0cos =j . ʆʩʢʽʣʴʢʠ ʚ ʛʝʥʝʨʘʪʦʨʘʭ ʦʙʤʝʞʫʻʪʴʩʷ ʧʦʚʥʠʡ ʩʪʨʫʤ ʩʪʘʪʦʨʘ, ʪʦ ʛʝʥʝʨʫʚʘʥʥʷ 

ʥʠʤ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʛʝʥʝʨʫʚʘʥʥʷ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 

ɺʽʜʤʽʪʠʤʦ, ʱʦ ʯʘʩʪʠʥʘ ʮʽʻʾ ʧʦʪʫʞʥʦʩʪʽ ʡʜʝ ʥʘ ʧʦʢʨʠʪʪʷ ʚʪʨʘʪ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʚ ʥʠʭ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ.  

ɿʘ ʽʥʰʠʤ ʧʽʜʭʦʜʦʤ, ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚ ʦʩʥʦʚʥʦʤʫ ʚʠʨʦʙʣʷʻʪʴʩʷ ɼʈʇ, 

ʚʩʪʘʥʦʚʣʝʥʠʤʠ ʥʘ ʰʠʥʘʭ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʚʪʨʘʪʠ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ ʚʽʜ ʧʝʨʝʪʽʢʘʥʥʷ ʚ ʥʠʭ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʩʪʚʦʨʶʻ 

ʫʤʦʚʠ ʜʣʷ ʨʦʟʚʘʥʪʘʞʝʥʥʷ ʝʣʝʢʪʨʦʩʪʘʥʮʽʡ ʧʦ ʨʝʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ. ɻʝʥʝʨʘʪʦʨʠ ʥʘ 

ʩʪʘʥʮʽʷʭ ʧʨʦʝʢʪʫʶʪʴʩʷ ʽ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʟ ʥʦʤʽʥʘʣʴʥʠʤ 95,092,0cos -=j , ʱʦ 

ʜʦʟʚʦʣʷʻ ʚʠʨʦʙʣʷʪʠ ʥʠʤʠ ʙʽʣʴʰʝ ʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʈʦʟʛʣʷʥʫʪʽ ʜʚʘ ʧʽʜʭʦʜʠ ʱʦʜʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚ ɽɽʉ ʙʘʣʘʥʩʫ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʩʫʤʘʨʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʦ ʫʩʪʘʥʦʚʣʝʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʞʝʨʝʣ ʘʢʪʠʚʥʦʾ 

ʧʦʪʫʞʥʦʩʪʽ. ʎʽ ʢʦʝʬʽʮʽʻʥʪʠ ʩʫʪʪʻʚʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʧʽʜʭʦʜʽʚ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʩʧʦʞʠʚʘʯʽʚ ʨʝʘʢʪʠʚʥʦʶ ʧʦʪʫʞʥʽʩʪʶ. ɼʣʷ ʧʝʨʰʦʛʦ ʧʽʜʭʦʜʫ ï ʮʝ 0,2ï0,35 ʢʚʘʨ/ʢɺʪ, ʘ ʜʣʷ 

ʜʨʫʛʦʛʦ ï 0,8ï0,9 ʢʚʘʨ/ʢɺʪ. ʊʘʢʘ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʤʽʞ ʬʦʨʤʘʤʠ ʙʘʣʘʥʩʫʚʘʥʥʷ ʨʝʞʠʤʫ ɽɽʉ 

ʧʦ ʨʝʘʢʪʠʚʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʧʦʨʦʜʞʫʻ ʮʽʣʠʡ ʨʷʜ ʟʘʜʘʯ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʧʽʜ ʯʘʩ ʾʾ ʧʝʨʝʜʘʚʘʥʥʷ ʪʘ ʨʦʟʧʦʜʽʣʫ, ʘ ʪʘʢʦʞ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʧʨʫʛʠ ʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ.  

ɺ ʜʘʥʠʡ ʯʘʩ ʝʣʝʢʪʨʠʯʥʽ ʤʝʨʝʞʽ ʬʽʟʠʯʥʦ ʟʥʦʩʠʣʠʩʴ ʽ ʤʦʨʘʣʴʥʦ ʧʦʩʪʘʨʽʣʠ. ɼʣʷ 

ʪʝʭʥʽʯʥʦʛʦ ʧʝʨʝʦʩʥʘʱʝʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʝʭʥʽʯʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʨʦʟʨʦʙʢʠ, ʷʢʽ ʧʽʜʚʠʱʘʪʴ ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ 

ʣʽʥʽʡ ʝʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʚʧʨʦʚʘʜʞʫʚʘʪʠ ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ ʪʝʭʥʦʣʦʛʽʾ, ʘʣʝ 

ʥʝ ʟʘ ʨʘʭʫʥʦʢ ʩʧʦʞʠʚʘʯʽʚ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ɼʣʷ ʧʦʙʫʜʦʚʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞ 

ʥʝʦʙʭʽʜʥʦ ʬʦʨʤʫʚʘʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽʥʥʦʚʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟ ʩʪʚʦʨʝʥʥʷ ʩʫʯʘʩʥʠʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʜʠʩʧʝʪʯʝʨʩʴʢʦʛʦ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. ʉʫʯʘʩʥʽ ʝʣʝʢʪʨʠʯʥʽ 
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ʤʝʨʝʞʽ ʧʦʚʠʥʥʽ ʙʫʪʠ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʩʫʩʧʽʣʴʩʪʚʘ, 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ, ʥʘʜʽʡʥʠʤʠ. ɼʣʷ ʮʴʦʛʦ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʽʘʛʥʦʩʪʠʢʫ ʩʪʘʥʫ 

ʽʩʥʫʶʯʦʾ ʝʣʝʢʪʨʦʤʝʨʝʞʽ ʪʘ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ, ʚʧʨʦʚʘʜʠʪʠ ʥʦʚʽ ʩʠʩʪʝʤʥʽ ʪʝʭʥʦʣʦʛʽʾ, 

ʩʪʚʦʨʠʪʠ ʡ ʫʧʨʦʚʘʜʠʪʠ ʧʨʦʛʨʝʩʠʚʥʝ ʫʩʪʘʪʢʫʚʘʥʥʷ ʧʽʜʩʪʘʥʮʽʡ ʽ ʃɽʇ (ʧʦʚʥʽʩʪʶ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʧʽʜʩʪʘʥʮʽʾ, ʥʘʜʧʨʦʚʽʜʥʽ ʡ ʽʥʪʝʣʝʢʪʫʘʣʴʥʽ ʧʨʠʩʪʨʦʾ), ʚʧʨʦʚʘʜʠʪʠ SMART-

GRID ʪʝʭʥʦʣʦʛʽʾ, ʟʘʙʝʟʧʝʯʠʪʠ ʝʬʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ, ʟʘʭʠʩʪʫ, ʧʝʨʝʜʘʯʽ ʽʥʬʦʨʤʘʮʽʾ, ʟʚ'ʷʟʢʫ ʽ ʪ.ʜ.  

ʌʦʨʤʫʚʘʥʥʷ ʰʠʨʦʢʦʛʦ ʨʠʥʢʫ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʟʥʘʯʥʠʡ ʬʽʟʠʯʥʠʡ ʪʘ ʤʦʨʘʣʴʥʠʡ ʟʥʦʩ 

ʫʩʪʘʪʢʫʚʘʥʥʷ - ʮʝ ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʥʽʰʥʴʦʛʦ ʜʥʷ ʜʣʷ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʠ 

ʋʢʨʘʾʥʠ. ʚʽʜ ʫʩʧʽʰʥʦʛʦ ʚʠʨʽʰʝʥʥʷ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʝʥʝʨʛʝʪʠʯʥʘ ʙʝʟʧʝʢʘ ʜʝʨʞʘʚʠ 
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ʈʆɿʈʆɹʂɸ ʅɽʁʈʆʅʅʆɰ ʄɽʈɽɾɯ ɼʃʗ ʂʃɸʉʀʌɯʂɸʎɯɰ ʊʆʂɸʈʅʀʍ ʈɯɿʎɯɺ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʻ ʪʨʝʥʜʦʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʚʞʝ ʢʽʣʴʢʘ ʜʝʩʷʪʠʣʽʪʴ ʽ ʥʝ ʻ ʥʦʚʠʤ 

ʷʚʠʱʝʤ. ʇʨʦʪʝ ʟ ʯʘʩʦʤ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʦʭʦʧʣʶʚʘʪʠ ʚʩʝ ʙʽʣʴʰʫ ʽ ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʽ ʚʟʘʛʘʣʽ ʚʠʨʦʙʥʠʯʦʛʦ ʧʨʦʮʝʩʫ. ɯʩʪʦʨʠʯʥʦ, ʥʘ ʧʦʯʘʪʢʫ ʡʰʣʦʩʷ ʧʨʦ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʦʢʨʝʤʠʭ ʨʫʭʽʚ, ʧʝʨʝʭʦʜʽʚ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʨʩʪʘʪʽʚ ʟ 

ʏʇʂ ʮʽʣʢʦʤ ʨʦʟʚʠʥʝʥʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʧʝʨʘʮʽʡ. ʊʨʝʥʜʦʤ ʩʫʯʘʩʥʦʩʪʽ ʻ ʘʚʪʦʤʘʪʠʟʘʮʽʷ 

ʧʦʟʘʦʧʝʨʘʮʽʡʥʠʭ ʜʽʡ: ʧʝʨʝʤʽʱʝʥʥʷ, ʟʘʢʨʽʧʣʝʥʥʷ, ʜʣʷ ʯʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʦʤʠʩʣʦʚʽ 

ʨʦʙʦʪʠ. ɸʣʝ ʜʦʩʷʛʥʫʪʠ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʫʩʴʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʜʘʻʪʴʩʷ ʣʠʰʝ 

ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ, ʦʩʢʽʣʴʢʠ ʥʘʚʽʪʴ ʘʚʪʦʤʘʪʠʟʦʚʘʥʽ ʢʦʤʧʣʝʢʩʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʧʦʩʪʘʚʦʢ 

ʟʘʛʦʪʦʚʦʢ, ʽʥʩʪʨʫʤʝʥʪʫ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʚʨʫʯʥʫ ʨʦʟʤʽʩʪʠʪʠ ʚ ʤʘʛʘʟʠʥʘʭ ʽ ʪ.ʜ. ɺ ʦʩʥʦʚʥʦʤʫ, 

ʧʨʦʙʣʝʤʘ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝʦʙʭʽʜʥʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʜʽʷʣʴʥʽʩʪʴ, 

ʘʜʝʢʚʘʪʥʘ ʨʝʘʢʮʽʷ ʽ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʞʣʠʚʠʭ ʩʠʪʫʘʮʽʡ. ʆʜʥʠʤ ʟʽ ʩʧʦʩʦʙʽʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʟʘʜʘʯʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʮʴʦʛʦ ʝʪʘʧʫ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘ ʙʘʟʽ 

ʥʝʡʨʦʥʥʠʡ ʤʝʨʝʞ [1, 2]. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʜʦʩʣʽʜʞʝʥʴ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʨʦʟʨʦʙʠʪʠ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʷʢʘ 

ʟʜʘʪʥʘ ʙʫʣʘ ʙ ʚʠʢʦʥʫʚʘʪʠ ʦʧʝʨʘʮʽʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʥʘʧʨʠʢʣʘʜ, ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ. 

ʇʨʠʯʦʤʫ ʧʨʦʛʨʘʤʘ ʧʦʚʠʥʥʘ ʨʦʟʨʽʟʥʷʪʠ ʨʽʟʮʽ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʦʥʢʨʝʪʥʦʾ ʤʘʨʢʠ ʪʘ ʚʠʜʫ 

ʧʣʘʩʪʠʥʠ, ʟ ʥʝʚʠʩʦʢʠʤʠ ʚʠʤʦʛʘʤʠ ʜʦ ʧʦʣʦʞʝʥʥʷ ʨʽʟʮʷ ʽ ʪ.ʜ., ʪʦʙʪʦ ʩʠʤʫʣʶʚʘʪʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʜʽʷʣʴʥʽʩʪʴ ʣʶʜʠʥʠ, ʷʢʘ ʢʣʘʩʠʬʽʢʫʻ ʨʽʟʮʽ, ʚʠʭʦʜʷʯʠ ʟ ʚʣʘʩʥʦʛʦ ʜʦʩʚʽʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʧʦʢʣʘʜʝʥʠʡ ʚ ʦʩʥʦʚʫ ʢʦʥʢʨʝʪʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʠʡ ʷʚʣʷʻ ʩʦʙʦʶ ʨʝʘʣʽʟʘʮʽʶ ʙʘʛʘʪʦʰʘʨʦʚʦʛʦ ʧʝʨʮʝʧʪʨʦʥʘ.  
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ʆʩʥʦʚʥʦʶ ʚʠʤʦʛʦʶ ʜʦ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ, ʦʢʨʽʤ ʬʫʥʢʮʽʦʥʘʣʫ, ʩʪʘʣʘ 

ʢʨʦʩʧʣʘʪʬʦʨʤʝʥʽʩʪʴ. ɿʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʙʝʟ ʬʨʝʡʤʚʦʨʢʽʚ 

ʢʦʜ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʥʘʥʠʡ ʥʘ ʧʣʘʪʽ, ʇʂ, ʤʦʙʽʣʴʥʠʭ ʧʣʘʪʬʦʨʤʘʭ, ʱʦ ʨʦʙʠʪʴ ʡʦʛʦ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤ. ʎʝ ʻ ʢʣʶʯʦʚʘ ʚʠʤʦʛʘ, ʦʩʢʽʣʴʢʠ ʥʝʤʦʞʣʠʚʦ ʟʘʟʜʘʣʝʛʽʜʴ ʚʛʘʜʘʪʠ ʤʦʞʣʠʚʫ 

ʬʦʨʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʠ ʏʇʂ ʧʨʘʮʶʶʪʴ ʚ ʦʩʥʦʚʥʦʤʫ 

ʥʘʪʠʚʥʦ, ʘʣʝ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʆʉ Android, ʦʩʦʙʣʠʚʦ ʚ ʩʚʽʪʣʽ Android 

Things ʪʘ ʢʦʥʮʝʧʮʽʾ IOT (Internet of Things), ʜʝ ʧʨʦʚʽʜʥʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʩʘʤʝ ʮʷ ʆʉ. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʢʦʜʫ ʚʠʚʦʜʷʪʴʩʷ ʚ ʢʦʥʩʦʣʴ ʯʠ ʚ ʣʦʛ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʇʨʦʛʨʘʤʥʠʡ ʢʦʜ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʟʘʜʘʯ ʢʣʘʩʠʬʽʢʘʮʽʾ ʽʥʩʪʨʫʤʝʥʪʫ, 

ʟʦʢʨʝʤʘ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ. ʉʠʩʪʝʤʘ ʧʦʢʘʟʘʣʘ ʛʘʨʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʥʘʚʯʘʥʥʷ. ʗʢ ʧʨʘʚʠʣʦ, 

ʥʘʚʯʘʥʥʷ ʧʨʦʭʦʜʠʪʴ ʟʘ 100 ï 150 ʽʪʝʨʘʮʽʡ. ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʧʝʨʝʚʽʨʝʥʘ ʥʘ ʪʘʢʠʭ ʟʘʜʘʯʘʭ: 

ʨʦʟʨʽʟʥʝʥʥʷ ʧʨʘʚʠʭ ʪʘ ʣʽʚʠʭ ʨʽʟʮʽʚ, ʧʨʷʤʠʭ ʪʘ ʚʽʜʽʛʥʫʪʠʭ.  

ɺ ʧʝʨʩʧʝʢʪʠʚʽ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʧʦʚʥʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʥʘ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʢʦʜʫ, ʷʢʝ ʤʦʞʥʘ ʙʫʣʦ ʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʮʽʣʝʡ. ʅʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʪʘʢʘ ʧʨʠʥʮʠʧʦʚʘ ʩʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ (ʨʠʩ. 1), ʜʝ ʥʘ ʦʩʥʦʚʽ 

ʤʦʜʫʣʷ Main ʤʦʜʫʣʴʥʠʤ ʩʧʦʩʦʙʦʤ ʜʦʜʘʶʪʴʩʷ ʙʣʦʢʠ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ (UI), 

ʤʝʥʝʜʞʝʨʘ ʥʘʚʯʘʣʴʥʦʾ ʙʘʟʠ (Network) ʪʘ ʩʘʤʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (Network) 

 
ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʧʣʘʥʫʻʪʴʩʷ ʨʦʟʰʠʨʠʪʠ ʬʫʥʢʮʽʦʥʘʣ ʢʦʜʫ, ʨʦʟʨʦʙʠʪʠ ʽʥʪʝʨʬʝʡʩ ʧʽʜ 

ʦʢʨʝʤʽ ʧʣʘʪʬʦʨʤʠ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʢʦʥʢʨʝʪʥʠʡ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ. 
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ʇʆʈɯɺʅʗʅʅʗ ʈʆɿʈɸʍʋʅʂʋ ɺɸʃɯɺ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ SOLIDWORKS  

SIMULATION  ʊɸ ʂʃɸʉʀʏʅʆɻʆ ʇɯɼʍʆɼʋ ʆʇʆʈʋ ʄɸʊɽʈɯɸʃɯɺ 

ɺʞʝ ʜʘʚʥʦ ʧʝʨʝʜ ʥʘʫʢʘʤʠ ʧʨʦ ʤʽʮʥʽʩʪʴ ʩʪʦʾʪʴ ʧʠʪʘʥʥʷ ʧʝʨʝʭʦʜʫ ʟ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ 

ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʽʟʥʦʚʠʜʠ ʤʝʪʦʜʫ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ (ʄʂɽ). ɺ ʮʽʣʦʤʫ ʧʝʨʝʚʘʛʠ ʄʂɽ 

ʙʝʟʟʘʧʝʨʝʯʥʽ: ʨʦʟʨʘʭʫʥʢʠ ʪʽʣ ʜʦʚʽʣʴʥʦʾ ʬʦʨʤʠ, ʥʝʣʽʥʽʡʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʩʢʣʘʜʥʠʭ 

ʢʦʥʪʘʢʪʥʠʭ ʟʘʜʘʯ, ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʽʚ ʧʨʠ ʩʢʣʘʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʠʭ ʩʪʘʥʘʭ. ʇʨʦʪʝ 

ʪʘʢʦʞ ʄʂɽ ʽʥʢʦʣʠ ʧʽʜʜʘʻʪʴʩʷ ʢʨʠʪʠʮʽ ʯʝʨʝʟ ʚʠʩʦʢʫ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʨʦʟʤʽʨʽʚ ʢʽʥʮʝʚʦʛʦ 

ʝʣʝʤʝʥʪʫ ʪʘ ʩʧʦʩʦʙʫ ʥʘʢʣʘʜʝʥʥʷ ʝʣʝʤʝʥʪʥʦʾ ʩʽʪʢʠ ʚʟʘʛʘʣʽ. ʊʦʤʫ ʧʨʝʜʩʪʘʚʣʷʻ ʽʥʪʝʨʝʩ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʄʂɽ ʪʘ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʟʘʛʘʣʴʥʦʾ ʢʘʨʪʠʥʠ. 

ʄʂɽ ʚ ʷʢʦʩʪʽ ʙʘʟʠ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʽʩʪʴ 3D-ʤʦʜʝʣʽ ʪʽʣʘ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʨʦʟʨʦʙʢʠ 3D-

ʤʦʜʝʣʽ ʚʘʣ-ʰʝʩʪʝʨʥʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʽʙʣʽʦʪʝʢʠ SHAFT-2D, ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʪʚʝʨʜʦʪʽʣʴʥʽ ʤʦʜʝʣʽ ʚʘʣʽʚ ʽ ʤʝʭʘʥʽʯʥʠʭ ʧʝʨʝʜʘʯ ʪʘ ʛʝʥʝʨʫʚʘʪʠ ʥʘ ʾʭ ʦʩʥʦʚʽ 2D ʢʨʝʩʣʝʥʥʷ 

[1]. ʇʨʠ ʮʴʦʤʫ ʚʽʜʨʘʟʫ ʤʦʞʣʠʚʠʡ ʨʦʟʨʘʭʫʥʦʢ ʥʘ ʤʽʮʥʽʩʪʴ ʽ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʧʨʦʝʢʪʦʚʘʥʦʾ 

ʜʝʪʘʣʽ. 

ʈʦʟʛʣʷʥʫʪʦ ʝʪʘʧʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʝʪʘʣʽ ʚʘʣ-ʰʝʩʪʝʨʥʷ ʚ ʂʆʄʇɸʉ-3D ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʙʽʙʣʽʦʪʝʢʠ SHAFT-2D. ʇʨʠʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʚʘʣʘ ï ʰʝʩʪʝʨʥʽ ʥʘ ʤʽʮʥʽʩʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʽʜʦʤʠʭ ʬʦʨʤʫʣ [2] ʪʘ ʉɸʇʈ Solidworks.  

ʅʘ ʨʠʩʫʥʢʫ 1 ʟʦʙʨʘʞʝʥʦ ʩʽʪʢʫ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

 
ʈʠʩ. 1 ï ʉʽʪʢʘ ʢʽʥʮʝʚʠʭ ʝʣʝʤʝʥʪʽʚ ʜʝʪʘʣʽ 

ʇʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʫ ʉɸʇʈ SolidWorks ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ. 

ʆʪʨʠʤʘʥʦ ʪʨʠʚʠʤʽʨʥʽ ʝʧʶʨʠ ʥʘʧʨʫʞʝʥʴ, ʧʝʨʝʤʽʱʝʥʴ (ʨʠʩ.2) ʪʘ ʜʝʬʦʨʤʘʮʽʡ ʜʝʪʘʣʽ. 

ɺʠʭʦʜʷʯʠ ʟ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʪʘ ʝʧʶʨ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʚʘʣʘï

ʰʝʩʪʝʨʥʽ ʚʽʜʧʦʚʽʜʘʻ ʫʤʦʚʘʤ ʤʽʮʥʦʩʪʽ, ʜʝʪʘʣʴ ʥʝ ʟʘʟʥʘʻ ʟʥʘʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʪʘ ʧʝʨʝʤʽʱʝʥʴ 

ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʂʦʝʬʽʮʽʻʥʪ ʟʘʧʘʩʫ ʤʽʮʥʦʩʪʽ ʧʝʨʝʚʠʱʫʻ ʜʦʧʫʩʪʠʤʠʡ. 
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ʈʠʩ. 2 ï ɽʧʶʨʘ ʧʝʨʝʤʽʱʝʥʴ ʫ ʜʝʪʘʣʽ 

ɺ ʮʽʣʦʤʫ ʨʽʟʥʠʮʷ ʥʝ ʻ ʟʥʘʯʥʦʶ ʪʘ ʚ ʨʘʟʠ ʤʝʥʰʝ ʥʽʞ ʪʠʧʦʚʽ ʟʘʧʘʩʠ ʤʽʮʥʦʩʪʽ. ʊʠʤ ʥʝ 

ʤʝʥʰ ʚʠʜʥʦ, ʱʦ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʝʬʝʢʪʠʚʥʦ ʧʨʦʝʢʪʫʚʘʪʠ ʚʫʟʣʠ ʟ 

ʤʽʥʽʤʘʣʴʥʠʤʠ ʟʘʧʘʩʘʤʠ ʤʽʮʥʦʩʪʽ ʧʨʠ ʟʘʙʝʟʧʝʯʝʥʥʽ ʾʭ ʚʽʜʧʦʚʽʜʥʦʾ ʤʽʮʥʦʩʪʽ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʟʥʠʮʷ ʤʽʞ ʘʥʘʣʽʪʠʯʥʠʤʠ ʨʦʟʨʘʭʫʥʢʘʤʠ ʪʘ ʨʦʟʨʘʭʫʥʢʘʤʠ ʫ 

ʉɸʇʈ SolidWorks ʥʝ ʧʝʨʝʚʠʱʫʻ 5%. 

ʉʧʠʩʦʢ ʧʦʩʠʣʘʥʴ 
1. ʋʜʦʚʝʥʢʦ ʄ.ʖ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʂʆʄʇɸʉ-SHAFT-2D ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ 

ʛʨʘʬʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʪʘʣʠ ʪʠʧʘ ʚʘʣ-ʰʝʩʪʝʨʥʷ / ʄ. ʖ. ʋʜʦʚʝʥʢʦ, ɸ. ɸ. ʄʠʪʨʦʭʠʥ // ʪʝʟʠ ʜʦʧ. Vɯɯɯ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ çʍʽʤʽʷ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾè, 26-28 ʢʚʽʪʥʷ, ɼʥʽʧʨʦ, 

2017. ï ʉ. 24-26. 

2. ʀʚʘʥʦʚ ʄ.ʅ. ɼʝʪʘʣʠ ʤʘʰʠʥ. ʋʯʝʙʥʠʢ / ʄ. ʅ. ʀʚʘʥʦʚ. ï ʄ.: ɺʳʩʰʘʷ ʰʢʦʣʘ, 1984. ï 336ʩ. 
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ɹʝʟʚʝʩʽʣʴʥʘ ʆ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 

ʎʽʨʫʢ ɺ.ɻ., ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʢʪʦʨʘʥʪ 

ʅʊʋʋ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ, o.bezvesilna@gmail.com 

ʉʋʏɸʉʅɯ ʉʊɸɹɯʃɯɿɸʊʆʈʀ ʆɿɹʈʆɭʅʅʗ 

ʉʪʘʙʽʣʽʟʘʪʦʨʠ ʦʟʙʨʦʻʥʥʷ (ʉʆ) ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʩʪʘʙʽʣʽʟʦʚʘʥʦʛʦ ʥʘʚʝʜʝʥʥʷ ʽ ʩʫʧʨʦʚʦʜʫ ʫ 

ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʪʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ ʥʘʟʝʤʥʠʭ, ʧʦʚʽʪʨʷʥʠʭ ʽ ʥʘʜʚʦʜʥʠʭ ʮʽʣʝʡ ʜʣʷ 

ʝʬʝʢʪʠʚʥʦʾ ʩʪʨʽʣʴʙʠ ʟ ʤʽʩʮʷ, ʥʘ ʭʦʜʫ ʽ ʥʘ ʧʣʘʚʫ. 

ʉʪʘʙʽʣʽʟʘʪʦʨ ʦʟʙʨʦʻʥʥʷ ʉɺʋ-500-4ʎ 

ʉʫʯʘʩʥʠʡ ʮʠʬʨʦʚʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʉɺʋ-500-4ʎ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʉɺʋ-500-

3ʎ ʥʘʷʚʥʽʩʪʶ ʜʨʫʛʦʛʦ ʧʫʣʴʪʘ ʢʝʨʫʚʘʥʥʷ ʩʪʨʽʣʴʙʦʶ ʜʣʷ ʢʦʤʘʥʜʠʨʘ ʽ ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʠʣʘʜʫ 

ʇʎʋ01-01, ʦʩʢʽʣʴʢʠ ʨʝʞʠʤ ʮʽʣʝʚʢʘʟʽʚʢʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚʽʜ ʧʨʠʣʘʜʫ ʧʘʥʦʨʘʤʥʦʛʦ ʦʛʣʷʜʫ, 

ʱʦ ʥʝ ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʉɺʋ-500-4ʎ . 

ʆʩʥʦʚʥʽ ʪʘʢʪʠʢʦ-ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ɼʽʘʧʘʟʦʥ ʢʫʪʽʚ ʥʘʚʝʜʝʥʥʷ: 

- ʫ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ - ʢʨʫʛʦʚʝ ʦʙʝʨʪʘʥʥʷ; 

- ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ ʚʽʜ - 7Á ʜʦ +70Á; 

ʐʚʠʜʢʽʩʪʴ ʥʘʚʝʜʝʥʥʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʽ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ: 

ʤʘʢʩʠʤʘʣʴʥʽ ʥʝ ʤʝʥʰ: 

- ʫ ʨʝʞʠʤʽ ʇɸɺ - 35Á/ʩʝʢ; 

- ʫ ʨʝʞʠʤʽ ɸɺʊ - 6Á/ʩʝʢ; 

- ʫ ʨʝʞʠʤʽ ʋʇʈ - 0,5Á/ʩʝʢ; 

mailto:o.bezvesilna@gmail.com
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ʤʽʥʽʤʘʣʴʥʽ ʥʝ ʙʽʣʴʰʝ: 

- ʫ ʨʝʞʠʤʽ ʇɸɺ - 0,1Á/ʩʝʢ; 

- ʫ ʨʝʞʠʤʽ ɸɺʊ - 0,07Á/ʩʝʢ; 

- ʫ ʨʝʞʠʤʽ ʋʇʈ - 0,02Á/ʩʝʢ; 

ʉʝʨʝʜʠʥʥʘ ʧʦʤʠʣʢʘ ʩʪʘʙʽʣʽʟʘʮʽʾ, ʪ.ʜ. (ʢʫʪʦʚʠʭ ʭʚʠʣʠʥ) ï ʥʝ ʙʽʣʴʰʝ 1 (3,6). 

ʉʪʘʪʠʯʥʽ ʧʦʤʠʣʢʠ ʚ ʨʝʞʠʤʘʭ, ʪ.ʜ. (ʢʫʪʦʚʠʭ ʭʚʠʣʠʥ), ʥʝ ʙʽʣʴʰʝ: 

- ɻʊɺ 25; 

- ʎʋ 15. 

ʅʝʧʣʘʚʥʽʩʪʴ ʥʘʚʝʜʝʥʥʷ ʥʘ ʤʘʣʠʭ ʰʚʠʜʢʦʩʪʷʭ ʥʝ ʙʽʣʴʰʝ 0,3 ʪ.ʜ. 

ʊʝʨʤʽʥ ʩʣʫʞʙʠ: 

- ʛʘʨʘʥʪʽʡʥʠʡ 7 ʨʦʢʽʚ; 

- ʟʘʛʘʣʴʥʠʡ 20 ʨʦʢʽʚ. 

ʄʘʩʘ ʥʝ ʙʽʣʴʰʝ: 

- ʉɺʋ-500-3ʎ ï 65ʢʛ; 

- ʉɺʋ-500-4ʎ ï 68ʢʛ. 

ʎʠʬʨʦʚʠʡ ʩʪʘʙʽʣʽʟʘʪʦʨ ʦʟʙʨʦʻʥʥʷ ʉɺʋ-500-7ʎ 

ʅʦʚʠʡ ʉʆ, ʨʦʟʨʦʙʣʝʥʠʡ, ʜʦʩʣʽʜʞʝʥʠʡ ʪʘ ʚʩʪʘʥʦʚʣʝʥʠʡ ʥʘ ʤʘʰʠʥʽ ɹʊʈ3ɽ1 ʇɸʊ çʅɺʆ 

çʂɿɸè (ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1) ï ʮʝ ʇʂ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʛʽʨʦʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʧʣʘʪʬʦʨʤʠ, 

ʩʠʩʪʝʤʠ ʚʽʙʨʦ ï ʫʜʘʨʦʟʘʭʠʩʪʫ, ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʂɺɻ.  

12. 12. 2013ʨ. ʇɸʊ çʅɺʆ çʂɿɸè (ʜʝʨʞʘʚʥʠʡ ʧʘʢʝʪ ʘʢʮʽʡ ʷʢʦʛʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ 

ʫʧʨʘʚʣʽʥʥʽ ɼʂ çʋʢʨʦʙʦʨʦʥʧʨʦʤè) ʧʨʝʟʝʥʪʦʚʘʥʦ ʥʦʚʫ ʨʦʟʨʦʙʢʫ ʧʽʜʧʨʠʻʤʩʪʚʘ ï ʮʠʬʨʦʚʠʡ 

ʉʆ ʉɺʋ-500-7ʎ. ʋ ʷʢʦʩʪʽ ʯʫʪʣʠʚʦʛʦ ʝʣʝʤʝʥʪʘ ʚ ʉʆ ʚʠʢʦʨʠʩʪʘʥʦ ʂɺɻ. ɺʠʢʦʨʠʩʪʘʥʥʷ 

ʩʫʯʘʩʥʦʾ ʝʣʝʤʝʥʪʥʦʾ ʙʘʟʠ ʜʦʟʚʦʣʠʣʦ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʽʻʾ 

ʩʠʩʪʝʤʠ.  

ʋ ʧʦʜʘʣʴʰʦʤʫ ʢʦʤʧʣʝʢʩʠ ʩʪʘʙʽʣʽʟʘʪʦʨʽʚ ʃɹʊ ʤʘʶʪʴ ʽʥʜʝʢʩʠ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʾʭ 

ʟʘʩʪʦʩʦʚʘʥʽʩʪʴ ʫ ʢʦʥʢʨʝʪʥʠʭ ʪʠʧʘʭ ʃɹʊ, ʘ ʩʘʤʝ: 

- ʉɺʋ-500-7ʎ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʫ ʚʠʨʽʙ ɹʄʇ-2, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʽ ʫ ʚʽʡʩʴʢʘʭ 

ʄʆʋ;  

- ʉɺʋ-500-7ʎ-01 ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʫ ʚʠʨʽʙ ɹʊʈ-80, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʦʟʙʨʦʻʥʥʽ ʫ 

ʚʽʡʩʴʢʘʭ ʄʆʋ (ɹʊʈ-80 ʥʘ ʮʝʡ ʯʘʩ ʤʘʶʪʴ ʪʽʣʴʢʠ ʨʫʯʥʽ ʥʝʩʪʘʙʽʣʽʟʦʚʘʥʽ ʧʨʠʚʦʜʠ); 

- ʉɺʋ-500-7ʎ-03 ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʫ ʚʠʨʽʙ ɹʊʈ-3ɽ1, ʟʘʤʽʩʪʴ ʉɺʋ-500-4ʎ ʧʨʠ ʫʢʣʘʜʘʥʥʽ 

ʥʦʚʠʭ ʢʦʥʪʨʘʢʪʽʚ ʥʘ ʧʦʩʪʘʚʢʠ ʟʘʢʦʨʜʦʥʥʠʤ ʟʘʤʦʚʥʠʢʘʤ; 

- ʉɺʋ-500-7ʎ-04 ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʫ ʚʠʨʽʙ ɹʊʈ-4ɽ ʟʘʤʽʩʪʴ ʉɺʋ-500-4ʎ-01 ʧʨʠ ʧʦʩʪʘʚʢʘʭ 

ʫ ʚʽʡʩʴʢʘ ʄʆʋ ʪʘ ʟʘʢʦʨʜʦʥʥʠʤ ʟʘʤʦʚʥʠʢʘʤ. 

ʉʪʘʙʽʣʽʟʘʪʦʨ ʦʟʙʨʦʻʥʥʷ ʉɺʋ-500-10ʈ  

 
ʈʠʩ. 1 ï ʂʦʤʧʣʝʢʩ ʮʠʬʨʦʚʦʛʦ ʩʪʘʙʽʣʽʟʘʪʦʨʘ ʦʟʙʨʦʻʥʥʷ ʉɺʋ-500-10ʈ  




