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63 

ɻʨʠʛʦʨôʻʚʘ ʅ.ʉ., ʐʘʙʘʡʢʦʚʠʯ ɺ.ɸ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʨʦʜʫʢʮʽʾ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

65 

ʄʠʨʦʥʝʥʢʦ ɽ.ɺ., ʄʽʨʘʥʮʦʚ ʉ.ʃ., ɻʫʟʝʥʢʦ ɼ.ɭ. ɹʘʛʘʪʦʢʨʠʪʝʨʽʘʣʴʥʘ ʦʧʪʠʤʽʟʘʮʽʷ 

ʧʘʨʘʤʝʪʨʽʚ ʪʦʢʘʨʥʦʾ ʦʙʨʦʙʢʠ ʥʘ ʚʘʞʢʠʭ ʚʝʨʩʪʘʪʘʭ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

67 

ʂʘʣʘʬʘʪʦʚʘ ʃ.ʇ., ʉʣʘʚʽʥʩʴʢʠʡ ɺ.ʆ. ʐʣʷʭʠ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʝʭʘʥʽʯʥʦʾ ʦʙʨʦʙʢʠ ʚ ʫʤʦʚʘʭ ʩʫʯʘʩʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʚʠʨʦʙʥʠʮʪʚ 

ɼʦʥʝʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʇʦʢʨʦʚʩʴʢ 

69 

ʂʦʚʘʣʝʚʩʴʢʠʡ ʉ.ɺ., ʂʦʚʘʣʝʚʩʴʢʘ ʆ.ʉ., ʂʦʰʝʚʦʡ ɸ.ʆ. ʋʧʨʘʚʣʽʥʥʷ ʷʢʽʩʪʶ 

ʙʘʛʘʪʦʨʽʟʮʝʚʠʭ ʨʽʟʘʣʴʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʟ ʤʝʭʘʥʽʯʥʠʤ ʢʨʽʧʣʝʥʥʷʤ ʧʣʘʩʪʠʥ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

71 

ʂʦʚʘʣʝʚʩʴʢʠʡ ʉ.ɺ., ʂʦʚʘʣʝʚʩʴʢʘ ʆ.ʉ., ɻʣʫʰʠʯ ʂ.ʉ. ʆʙʨʦʙʢʘ ʨʦʙʦʯʠʭ 

ʧʦʚʝʨʭʥʽʚ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʦʙʝʨʪʦʚʠʤ ʤʘʛʥʽʪʥʠʤ ʧʦʣʝʤ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

74 

ʂʦʣʦʛʦʡʜʘ ɸ.ɺ. ʇ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʰʣʽʬʫʚʘʥʥʷ ʮʠʣʽʥʜʨʠʯʥʦʾ ʪʘ ʛʦʣʯʘʩʪʦʾ 

ʧʦʚʝʨʭʦʥʴ ʟʽ ʩʭʨʝʱʝʥʠʤʠ ʦʩʷʤʠ ʢʨʫʛʘ ʽ ʚʘʣʠʢʘ ʪʝʢʩʪʠʣʴʥʦʾ ʤʘʰʠʥʠ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

76 

ʂʫʞʝʣʴʥʠʡ ʗ.ɺ. ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʨʽʟʘʥʥʷ ʦʜʠʥʠʯʥʠʤ ʘʙʨʘʟʠʚʥʠʤ ʟʝʨʥʦʤ 

ʧʽʜ ʯʘʩ ʰʣʽʬʫʚʘʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

78 
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7 

ʅʘʫʤʝʥʢʦ ɸ.ʆ., ɹʽʣʷʻʚʘ ʆ.ʉ., ʅʘʫʤʝʥʢʦ ʆ.ɸ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʮʝʩʫ ʦʥʦʚʣʝʥʥʷ 

ʪʨʘʢʪʦʨʽʚ ʧʦʪʫʞʥʽʩʪʶ ʙʽʣʴʰʝ 100 ʂɺʪ ʚ ɸʇʂ ʋʢʨʘʾʥʠ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ 

ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʤ. ʍʘʨʢʽʚ 

80 

ʂʨʠʚʠʡ ʇ. ɼ.
1
, ʇʝʪʨʝʯʢʦ ɯ. ʈ.

1
, ʊʠʤʦʰʝʥʢʦ ʅ. ʄ.

2
 ʄʝʪʦʜ ʚʠʤʽʨʶʚʘʥʥʷ 

ʛʦʣʦʚʥʦʛʦ ʟʘʜʥʴʦʛʦ ʢʫʪʘ ʪʦʢʘʨʥʠʭ ʨʽʟʮʽʚ ʟ ʮʠʣʽʥʜʨʠʯʥʦʶ ʟʘʜʥʴʦʶ ʧʦʚʝʨʭʥʝʶ
 

1
ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ɯʚʘʥʘ ʇʫʣʶʷ, ʤ. ʊʝʨʥʦʧʽʣʴ 

2
ʅʘʮʽʦʥʘʣʴʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʇʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

82 

ʇʦʧʦʚ ʉ.ɺ., ɺʘʩʠʣʴʻʚ ɸ.ɺ., ʂʘʨʘʧʫʟʴ ɸ.ɯ. ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʮʝʩʫ ʪʦʯʽʥʥʷ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʤʘʨʪʝʥʩʠʪʥʦʛʦ ʢʣʘʩʫ 40ʍ13 ʪʚʝʨʜʠʤ ʩʧʣʘʚʦʤ ʊ15ʂ6 

ʇʦʣʪʘʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʤ. 

ʇʦʣʪʘʚʘ 

83 

ʉʘʤʯʫʢ ʃ.ʄ., ʇʦʚʩʪʷʥʘ ʖ.ʉ., ʇʘʩʪʝʨʥʘʢ ɺ.ɺ., ɿʫʙʦʚʝʮʴʢʘ ʅ.ʊ. ʈʝʛʝʥʝʨʘʮʽʷ 

ʬʽʣʴʪʨʫʚʘʣʴʥʠʭ ʤʝʪʘʣʦʢʝʨʘʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʫʣʴʪʨʘʟʚʫʢʦʤ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

84 

ɼ ʜ̫ʷ ʉ.ɯ., ʂʦʟʣʦʚʘ ʆ.ɹ., ɿʫʙʘʨʻʚ ɸ.ɭ. ʉʘʤʦʦʨʛʘʥʽʟʘʮʽʷ ʨʫʭʫ ʪʦʥʢʦʩʪʽʥʥʦʾ ʜʝʪʘʣʽ 

ʪʘ ʷʢʽʩʪʴ ʦʙʨʦʙʣʝʥʦʾ ʧʦʚʝʨʭʥʽ ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʮʽʣʽʥʜʨʠʯʥʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ 

ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʽʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɿʘʧʦʨʽʞʞʷ 

86 

ʊʫʣʫʧʦʚ ɺ.ɯ., ʆʥʠʱʫʢ ʉ.ɻ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ ʧʽʩʣʷ 

ʬʨʠʢʮʽʡʥʦʛʦ ʝʣʝʢʪʨʦʽʤʧʫʣʴʩʥʦʛʦ ʚʠʛʣʘʜʞʫʚʘʥʥʷ ʟ ʤʦʜʠʬʽʢʫʚʘʥʥʷʤ ʜʠʩʫʣʴʬʽʜʦʤ 

ʤʦʣʽʙʜʝʥʫ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

87 

ʊʨʠʰʠʥ ʇ.ʈ. ʇʨʦʙʣʝʤʳ ʦʪʜʝʣʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʥʫʪʨʝʥʥʝʛʦ ʢʘʥʘʣʘ ʘʣʶʤʠʥʠʝʚʳʭ 

ʚʦʣʥʦʚʦʜʦʚ ʚ ʤʝʩʪʘʭ ʩʚʘʨʢʠ (ʧʘʡʢʠ) 

ɿʘʧʦʨʦʞʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɿʘʧʦʨʦʞʴʝ 

88 

ʃʝʱʝʥʢʦ ɸ. ʀ., ʌʦʨʤʠʨʦʚʘʥʠʝ ʚ ʫʧʨʘʚʣʷʶʱʝʡ ʧʨʦʛʨʘʤʤʝ ʩʠʩʪʝʤʳ ʧʦʧʨʘʚʦʢ, 

ʫʯʠʪʳʚʘʶʱʠʭ ʠʟʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ ʦʙʨʘʙʦʪʢʠ  

ʇʨʠʘʟʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʄʘʨʠʫʧʦʣʴ 

90 

ʍʘʚʽʥ ɻ.ʃ. ʇʨʦʛʥʦʟʫʚʘʥʥʷ ʟʥʦʰʫʚʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʧʨʠ ʩʚʝʨʜʣʽʥʥʽ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 

92 

ʉʠʤʦʥʶʢ ɺ.ʇ., ʃʘʧʯʝʥʢʦ ʖ.ʉ., ɼʝʥʠʩʶʢ ɺ.ʖ. ɼʦ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʫ ʚʽʣʴʥʦʤʫ 

ʘʙʨʘʟʠʚʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

93 

ʃʝʩʠʢ ɼ.ɸ.
1
, ɼʞʝʤʝʣʽʥʩʴʢʠʡ ɺ.ɺ.

1
, ɼʘʥʠʣʝʡʢʦ ʆ.ʆ.

1 
ʄʦʨʜʶʢ ɹ.ʄ.

2
, 

ʇʨʦʢʦʧʝʥʢʦ
 
ɻ.ɯ.

2
 ʊʝʭʥʦʣʦʛʽʯʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʧʦʚʝʨʭʥʝʚʦʛʦ ʰʘʨʫ ʩʪʘʣʽ 45 

ʢʦʤʙʽʥʦʚʘʥʦʶ ʣʘʟʝʨʥʦ-ʫʣʴʪʨʘʟʚʫʢʦʚʦʶ ʦʙʨʦʙʢʦʶ 
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ  

2
ɯʥʩʪʠʪʫʪ ʤʝʪʘʣʦʬʽʟʠʢʠ ʽʤ. ɻ.ɺ. ʂʫʨʜʶʤʦʚʘ ʅɸʅʋ, ʤ. ʂʠʾʚ  

94 

ʂʣʠʤʝʥʢʦ ʉ.ɸ., ʄʘʥʦʭʽʥ ɸ.ʉ., ʂʦʧʻʡʢʽʥʘ ʄ.ʖ., ʂʣʠʤʝʥʢʦ ʉ. ɸʥ., ʄʝʣʴʥʽʡʯʫʢ ʖ. ʆ., 

ʏʫʤʘʢ ɸ. ʆ. ɺʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘ ʯʠʩʪʦʚʘ ʣʝʟʦʚʘ ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ ʟʽ ʩʪʘʣʝʡ ʚʠʩʦʢʦʾ 

ʪʚʝʨʜʦʩʪʽ 

ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

95 

ʂʦʰʝʣʴ ʉ.ʆ., ʂʦʰʝʣʴ ɻ.ɺ. ʉʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʥʠʭ ʧʣʦʩʢʠʭ ʰʝʩʪʠʣʘʥʢʦʚʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʯʝʪʚʝʨʪʦʛʦ ʢʣʘʩʫ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

96 
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ʂʦʰʝʣʴ ʉ.ʆ., ʂʦʰʝʣʴ ɻ.ɺ. ʉʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ ʩʢʣʘʜʥʦʛʦ ʧʣʦʩʢʦʛʦ 

ʰʝʩʪʠʣʘʥʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ 

ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

98 
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ʱʽʪʦʢ ʥʘ ʬʽʥʽʰʥʦʤʫ ʝʪʘʧʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ ʽ ʰʣʽʮʝʚʠʭ ʚʘʣʽʚ 
1
ɼʇ çɯʚʯʝʥʢʦ-ʇʨʦʛʨʝʩè, ʤ. ɿʘʧʦʨʽʞʞʷ 

2
ɿʘʧʦʨʽʟʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɿʘʧʦʨʽʞʞʷ 

136 

ʉʠʨʦʤʷʪʥʽʢʦʚ ʇ. ʉ., ɯʚʘʥʦʚ ɺ.ɺ. ʇʨʦʝʢʪʫʚʘʥʥʷ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ 

ʚʠʨʦʙʥʠʯʦʛʦ ʧʽʜʧʨʠʻʤʩʪʚʘ 

ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʩʽʣʴʩʴʢʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ ʽʤʝʥʽ 

ʇʝʪʨʘ ɺʘʩʠʣʝʥʢʘ, ʤ. ʍʘʨʢʽʚ  

138 

ʄʫʨʘʰʢʦʚʩʴʢʘ ɺ.ʇ., ʈʫʥʦʚʩʴʢʘ ʃ.ɸ., ʉʽʨʘ ʅ.ʄ., ʇʦʜʟʦʣʢʽʥʘ ɸ.ʇ. ʉʠʩʪʝʤʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʨʦʟʨʘʭʫʥʢʫ ʬʘʩʦʥʥʠʭ ʧʦʚʝʨʭʦʥʴ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

140 

ʅʝʞʝʥʮʝʚ ɸ.ɹ. ʉʥʠʞʝʥʠʝ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʤʦʩʪʦʚʳʭ ʢʨʘʥʦʚ 

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

142 

ʉʦʰʢʦ ɺ.ʆ., ɻʨʫʙʥʠʢ ʆ.ɺ. ʆʩʦʙʣʠʚʦʩʪʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʦʾ ʚʟʘʻʤʦʜʽʾ ʤʘʩʪʠʣʴʥʦ-

ʦʭʦʣʦʜʞʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʩʝʨʝʜʦʚʠʱ ʟ ʤʝʪʘʣʘʤʠ ʧʽʜ ʯʘʩ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʨʽʟʘʥʥʷʤ 

ʍʝʨʩʦʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʍʝʨʩʦʥ 
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10 

ʇʨʠʭʦʜʴʢʦ ɺ. ʇ., ɹʽʣʘʥʝʥʢʦ ɺ. ɻ. ʆʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʦʩʥʘʱʝʥʥʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʚʽʨʪʫʘʣʴʥʦʛʦ ʙʘʟʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ 

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

145 

ɹʽʣʘʥʝʥʢʦ ɺ.ɻ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙʨʦʙʣʝʥʥʷ ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ 

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

146 

ʇʨʠʭʦʜʴʢʦ ɺ. ʇ., ɹʽʣʘʥʝʥʢʦ ɺ. ɻ. ɺʠʙʽʨ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʙʘʟ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ 

ʨʦʟʤʽʨʥʠʭ ʟʚôʷʟʢʽʚ ʜʝʪʘʣʝʡ 

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

148 

ɭʨʦʰʝʥʢʦ ɸ.ʄ. ʂʘʣʴʯʝʥʢʦ ɼ.ɺ. ʃʠʪʚʠʥ ʆ.ʆ., ɺʝʥʞʝʛʘ ɺ.ɯ ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʫ ʜʚʦʩʪʦʨʦʥʥʴʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʪʦʨʮʽʚ ʢʣʘʧʘʥʽʚ ʜʚʟ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ ʢʨʫʛʘʤʠ 

ʟ ʢʘʣʽʙʨʫʶʯʫʤʠ ʜʽʣʷʥʢʘʤʠ ʪʘ ʙʝʟ ʥʠʭ 

ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ  

150 

ɻʨʠʮʝʥʢʦ ɼ. ʉ. ʆʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʫʣʘʯʢʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʚʦʜʫ ʫ 

ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ 

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

153 

ʌʽʣʘʪʦʚ ʖ.ɼ.
1
, ʉʽʜʦʨʢʦ ɺ.ɯ.

1
, ʂʦʚʘʣʴʦʚ ɺ.ɸ.

2
 ɺʧʣʠʚ ʨʝʦʣʦʛʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʜʠʩʧʝʨʩʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʦʣʽʨʫʚʘʥʥʷ ʦʧʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ
 

1 
ɯʥʩʪʠʪʫʪ ʥʘʜʪʚʝʨʜʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʤ. ɺ.ʄ. ɹʘʢʫʣʷ ʅɸʅ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

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

154 

ʇʣʝʩʥʝʮʦʚ ʖ.ɸ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʧʝʨʝʬʦʨʤʦʚʢʠ ʪʨʫʙʥʦʡ 

ʟʘʛʦʪʦʚʢʠ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʇɯè, ʛ. ʍʘʨʴʢʦʚ 

156 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ɻʦʣʦʚʢʦ ʃ.ʌ., ɹʣʦʱʠʮʠʥ ʄ.ʉ. ʈʦʟʨʦʙʢʘ ʧʨʠʩʪʨʦʶ ʜʣʷ 

ʣʠʚʘʨʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʙʽʤʝʪʘʣʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʪʚʦʨʽʚ ʪʘ 

ʫʪʨʠʤʫʶʯʠʭ ʝʣʝʤʝʥʪʽʚ 

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

157 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ɻʦʣʦʚʢʦ ʃ.ʌ., ɹʣʦʱʠʮʠʥ ʄ.ʉ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʢʦʨʦʟʽʡʥʦʩʪʽʡʢʠʭ 

ʙʽʤʝʪʘʣʽʚ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʦʪʫʞʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

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

159 

ʂʦʟʠʨʻʚ ʆ.ʉ. ʆʧʠʩ ʛʝʦʤʝʪʨʽʾ ʣʘʟʝʨʥʦʛʦ ʧʨʦʤʝʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ 

ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ ʤʘʪʝʨʽʘʣʽʚ 

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

161 

ʂʦʟʠʨʻʚ ʆ.ʉ. ɼʠʩʢʨʝʪʥʠʡ ʧʽʜʭʽʜ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʧʨʦʮʝʩʽʚ ʣʘʟʝʨʥʦʾ ʦʙʨʦʙʢʠ 

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

162 

ʈʦʤʘʥʝʥʢʦ ɺ.ɺ., ʂʦʟʠʨʻʚ ʆ.ʉ. ʊʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʨʝʘʣʽʟʘʮʽʷ ʧʨʦʮʝʩʫ 

ʛʘʟʦʣʘʟʝʨʥʦʛʦ ʨʽʟʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʟʘʛʦʪʦʚʦʢ ʚʝʣʠʢʦʾ ʪʦʚʱʠʥʠ 

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

164 

ʆʣʽʡʥʠʢ ʉ.ʖ. ʊʝʭʥʦʣʦʛʽʯʥʽ ʩʭʝʤʠ ʦʙʨʦʙʢʠ ʤʘʣʦʞʦʨʩʪʢʠʭ ʩʢʣʘʜʥʦʧʨʦʬʽʣʴʥʠʭ 

ʜʝʪʘʣʝʡ ʥʘ ʚʝʨʩʪʘʪʽ ʟ ʤʝʭʘʥʽʟʤʦʤ ʧʘʨʘʣʝʣʴʥʦʾ ʢʽʥʝʤʘʪʠʢʠ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ. ʂʨʘʤʘʪʦʨʩʴʢ 

166 

ʂʫʨʠʥ ʄ.ɸ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩʪʨʫʞʢʠ ʧʨʠ 

ʦʙʪʝʢʘʥʠʠ ʧʣʘʩʪʠʥʳ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʚʦʙʦʜʥʦʛʦ ʨʝʟʘʥʠʷ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʅ. ɽ. ɾʫʢʦʚʩʢʦʛʦ çʍɸʀè, ʛ. ʍʘʨʴʢʦʚ 

167 

ʐʝʣʢʦʚʠʡ ʆ.ʄ., ʅʘʙʦʢʘ ʆ.ɺ. ʇ̔ ʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʭʘʥʦ-ʩʢʣʘʜʘʣʴʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 
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11 

ʏʫʭʣʽʙ ɺ.ʃ.
1
, ɼʫʚʘʥʩʴʢʠʡ ʆ.ʄ.

1
, ɹʽʙʘ ʄ.ɺ.

2
 ʄʦʜʝʣʶʚʘʥʥʷ ʢʫʚʘʥʥʷ ʧʦʢʦʚʦʢ ʟ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ  
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 

2
Micas Simulation Ltd, Oxford, United Kingdom of Great Britain and Northern Ireland 

169 

ɹʘʥʟʘʢ ʆ.ɺ., ɹʘʥʟʘʢ ɻ.ɺ. ʀʤʠʪʘʮʠʦʥʥʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʦʚ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʆʜʝʩʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ ʢʘʯʝʩʪʚʘ, ʛ. ʆʜʝʩʩʘ 

170 

ʅʝʢʨʘʩʦʚ ʉ. ʉ., ɼʦʚʛʦʧʦʣʦʚ ɸ. ʖ. ɿʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʦʟ'ʻʤʥʦʛʦ ʛʚʠʥʪʦʚʦʛʦ 

ʟ'ʻʜʥʘʥʥʷ, ʬʦʨʤʦʫʪʚʦʨʝʥʦʛʦ ʚ ʘʨʤʦʚʘʥʦʤʫ ʢʦʤʧʦʟʠʮʽʡʥʦʫ ʤʘʪʝʨʽʘʣʽ 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ 

172 

ʃʦʟʘ ʊ.ɺ., ʂʫʨʽʥ ʄ.ʆ. ɺʠʟʥʘʯʝʥʥʷ ʢʽʥʝʪʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʚʝʨʜʦʾ ʯʘʩʪʠʥʢʠ ʚ ʧʦʪʦʮʽ 

ʛʘʟʫ ʧʨʠ ʜʝʪʦʥʘʮʽʡʥʦʤʫ ʦʙʨʦʙʣʝʥʥʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤ. ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸʀè, ʤ. ʍʘʨʢʽʚ 

174 

ɿʠʛʫʣʷ ʉ. ʄ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʜʝʪʘʣʝʡ ʧʦʣʽʛʨʘʬʽʯʥʠʭ 

ʤʘʰʠʥ 

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

175 

ʄʘʨʯʫʢ ɺ.ɯ., ʄʘʨʯʫʢ ɯ.ɺ., ʉʘʯʢʦʚʩʴʢʘ ʃ.ʆ. ʈʦʟʨʘʭʫʥʦʢ ʢʦʝʬʽʮʽʻʥʪʘ ʪʝʧʣʦʦʙʤʽʥʫ 

ʜʣʷ ʫʤʦʚ ʙʝʟʮʝʥʪʨʦʚʦʛʦ ʰʣʽʬʫʚʘʥʥʷ ʢʽʣʝʮʴ ʨʦʣʠʢʦʧʽʜʰʠʧʥʠʢʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʄʆʈ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

177 

ʃʠʪʚʠʥʷʢ ʗ.ʄ., ɻʚʦʟʜʠʢ ɭ.ɺ. ɯʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʮʝʩ ʟʫʙʦʥʘʨʽʟʘʥʥʷ ʧʨʠ 

ʚʠʛʦʪʦʚʣʝʥʥʽ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʫʙʯʘʩʪʠʭ ʢʦʣʽʩ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

179 

ʆʣʽʡʥʠʢ ʆ.ʖ.
1
, ʈʫʙʘʥʢʘ ʄ.ʄ.

2
 ʇ̔ ʜʚʠʱʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʽʚ 

ʚʽʜʪʷʛʥʝʥʥʷ ʧʦʣʦʪʥʘ ʢʨʫʛʣʦʚôʷʟʘʣʴʥʠʭ ʤʘʰʠʥ 
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯ.ʉʽʢʦʨʩʴʢʦʛʦè, ʤ. ʂʠʾʚ 

2
ʂʠʾʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʪʝʭʥʦʣʦʛʽʡ ʪʘ ʜʠʟʘʡʥʫ, ʤ. ʂʠʾʚ 

180 

ɯʩʘʯʝʥʢʦ ɸ.ʆ.
1
, ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.

2
 ʉʠʥʪʝʟ ʩʠʩʪʝʤʠ ʧʣʘʥʫʚʘʥʥʷ ʪʨʘʻʢʪʦʨʽʾ ʨʫʭʫ 

ʚʠʤʽʨʶʚʘʣʴʥʦʛʦ ʨʦʙʦʪʘ 
1
ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

2
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

182 

ɸʣʝʢʩʠʢ ɼ.ɯ., ɻʘʚʨʫʰʢʝʚʠʯ ɸ.ʖ., ɻʘʚʨʫʰʢʝʚʠʯ ʅ.ɺ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʥʝʤʘʛʥʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʧʨʠ ʧʨʦʝʢʪʫʚʘʥʥʽ ʩʪʘʥʠʥʠ 

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

184 

ɿʘʣʝʪʘ ʆ.ʄ. ʄʝʪʦʜʦʣʦʛʽʷ ʛʝʥʝʨʫʚʘʥʥʷ ʚʘʨʽʘʥʪʽʚ ʩʪʨʫʢʪʫʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʤʘʰʠʥʠ 

ʚ ʫʤʦʚʘʭ ʾʾ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ 

ʃʫʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʃʫʮʴʢ 

185 

ʃʠʪʚʠʥ ʆ.ɺ., ɻʘʚʨʫʰʢʝʚʠʯ ʅ.ɺ., ʄʘʢʩʠʤʝʥʢʦ ɯ.ʉ. ʉʪʝʥʜ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʫʩʠʣʣʷ ʟʘʪʠʩʢʫ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʝʨʩʪʘʪʽʚ ʟ ʏʇʂ 

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

187 

ɾʘʨʪʦʚʩʴʢʠʡ ʆ.ɺ., ʂʨʘʚʯʝʥʢʦ ɺ.ɯ. ʉʠʩʪʝʤʘ ʨʝʛʫʣʶʚʘʥʥʷ ʽ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʽʤʧʫʣʴʩʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʫʩʪʘʥʦʚʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʣʝʛʫʚʘʥʥʷ 

ɼʦʥʙʘʩʴʢʘ ʜʝʨʞʘʚʥʘ ʤʘʰʠʥʦʙʫʜʽʚʥʘ ʘʢʘʜʝʤʽʷ, ʤ ʂʨʘʤʘʪʦʨʩʴʢ  

189 

ɿʽʥʴʢʦ ʈ.ɺ. ʄʦʙʽʣʴʥʠʡ ʨʦʙʦʪ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʥʘʜʟʚʠʯʘʡʥʠʭ ʩʠʪʫʘʮʽʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 
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12 

ɼʦʙʨʦʩʢʦʢ ɺ.ʃ.
1
, ʐʧʠʣʴʢʘ ɸ.ʅ.

2
, ʂʨʠʚʦʨʦʪ ɸ.ʀ.

2
, ʐʧʠʣʴʢʘ ʅ.ʅ.

3
 

ʇʨʦʛʨʘʤʤʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʙʨʘʮʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʧʨʦʮʝʩʩʝ ʰʣʠʬʦʚʘʥʠʷ 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʍʇʀè, ʛ. ʍʘʨʴʢʦʚ 

2
ʇʦʣʪʘʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ, ʛ. ʇʦʣʪʘʚʘ 
3
ʇʦʣʪʘʚʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʛʨʘʨʥʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ʇʦʣʪʘʚʘ 

192 

ɯʛʥʘʪʝʥʢʦ ʇ.ʃ.
1
, ɻʘʣʠʮʴʢʠʡ ɺ.ɸ.

2
 ʆʩʦʙʣʠʚʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʠʩʪʝʤ ʚʠʤʽʨʶʚʘʥʥʷ 

ʤʝʭʘʥʽʯʥʠʭ ʚʝʣʠʯʠʥ ʥʘ ʙʘʟʽ ʛʽʨʦʩʢʦʧʫ 
1
ʏʝʨʥʽʛʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʏʝʨʥʽʛʽʚ 

2
ʇɸʊ ʅʘʫʢʦʚʦ-ʚʠʨʦʙʥʠʯʝ ʦʙ'ʻʜʥʘʥʥʷ çʂʠʾʚʩʴʢʠʡ ʟʘʚʦʜ ʘʚʪʦʤʘʪʠʢʠè, ʤ.ʂʠʾʚ 

193 

ʂʦʣʦʪʫʭʘ ɺ.ɸ., ʂʫʟʥʻʮʦʚ ʖ.ʄ. ʇʨʠʣʘʜ ʚʠʤʽʨʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʠ çʐʧʠʥʜʝʣʴ-ʧʘʪʨʦʥ-ʜʝʪʘʣʴè 

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

195 

ʏʘʨʫʛʠʥ ʅ.ɺ., ʀʣʶʰʠʥʘ ɺ.ʄ. ɺʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʧʨʠ 

ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ 

ʆʜʝʩʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʆʜʝʩʩʘ 

197 

ʇʝʨʝʜʝʨʢʦ ɸ.ʃ. ʇʨʝʮʠʟʽʡʥʠʡ ʢʦʥʪʘʢʪʥʠʡ ʚʠʤʽʨʶʚʘʯ ʧʝʨʝʤʽʱʝʥʥʷ 

ʆʜʝʩʴʢʘ ʜʝʨʞʘʚʥʘ ʘʢʘʜʝʤʽʷ ʪʝʭʥʽʯʥʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʘ ʷʢʦʩʪʽ, ʤ. ʆʜʝʩʘ 

198 

ʈʦʤʘʰʢʦ ɸ.ʉ., ʖʨʯʠʰʠʥ ʆ.ʗ. ʈʠʟʠʢʠ ʨʦʟʛʦʣʦʰʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʦʙʤʝʞʝʥʠʤ 

ʜʦʩʪʫʧʦʤ 

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

199 

ʄʫʟʠʯʢʘ ɼ.ɻ., ʉʦʣʦʜ ɺ.ʖ., ʐʫʣʴʛʘ ɸ.ʉ., ʂʘʰʠʥʩʴʢʠʡ ɯ.ʉ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʚôʷʟʦʢ ʥʘ ʪʝʦʨʝʪʠʯʥʫ ʜʦʚʞʠʥʫ ʪʚʽʨʥʦʾ ʛʦʣʦʚʥʦʛʦ 

ʨʽʟʘʣʴʥʦʛʦ ʢʦʥʫʩʫ 

ɼʥʽʧʨʦʚʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʘʤôʷʥʩʴʢʝ 

200 

ʊʨʝʪʷʢ ɺ. ɺ., ʌʝʜʦʨʦʚʘ ɸ. ʉ., ʅʝʢʨʘʰʝʚʠʯ ɸ. ʆ., ɹʦʥʜʘʨʻʚʘ ʂ. ɺ. ʉʧʦʩʽʙ 

ʰʪʘʤʧʫʚʘʥʥʷ ʢʦʨʦʙʯʘʩʪʠʭ ʜʝʪʘʣʝʡ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʽʪ ʽʤ ʄ. ɭ. ɾʫʢʦʚʩʴʢʦʛʦ çʍɸɯè, ʤ. ʍʘʨʢʽʚ 

202 

ɼʘʥʠʣʴʯʝʥʢʦ ʖ.ʄ., ʇʝʪʨʠʰʠʥ ɸ.ɯ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʚʣʘʩʥʠʭ 

ʯʘʩʪʦʪ ʧʨʫʞʥʦʾ ʩʠʩʪʝʤʠ çʽʥʩʪʨʫʤʝʥʪ-ʟʘʛʦʪʦʚʢʘè ʧʨʠ ʢʽʥʮʝʚʦʤʫ ʬʨʝʟʝʨʫʚʘʥʥʽ 

ʪʦʥʢʦʾ ʧʣʘʩʪʠʥʢʠ 

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

204 

ʃʘʧʧʦ ɯ. ʄ., ʂʫʣʠʥʠʯ ʉ. ʇ., ʏʝʨʚʦʪʦʢʘ ʆ. ɺ., ɻʝʨʘʱʝʥʢʦ ʄ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʧʣʠʚʫ ʢʝʨʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚ ʟʦʥʽ ʨʽʟʘʥʥʷ ʥʘ ʪʦʯʥʽʩʪʴ ʧʨʦʬʽʣʶ ʦʪʚʦʨʫ ʧʽʜ ʯʘʩ 

ʦʙʨʦʙʣʝʥʥʷ ʦʩʴʦʚʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ 

ɼʝʨʞʘʚʥʠʡ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʡ ʽʥʩʪʠʪʫʪ ʚʠʧʨʦʙʫʚʘʥʴ ʽ ʩʝʨʪʠʬʽʢʘʮʽʾ  

ʦʟʙʨʦʻʥʥʷ ʽ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠ, ʤ. ʏʝʨʥʽʛʽʚ 

205 

ʇʝʪʨʠʰʠʥ ɸ.ɯ., ɼʘʥʠʣʴʯʝʥʢʦ ʄ.ɸ. ɺʨʘʭʫʚʘʥʥʷ ʢʦʥʪʘʢʪʥʦʾ ʚʟʘʻʤʦʜʽʾ ʟʘʛʦʪʦʚʢʠ ʽ 

ʽʥʩʪʨʫʤʝʥʪʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʜʽʘʛʨʘʤ ʩʪʽʡʢʦʩʪʽ ʧʨʦʮʝʩʫ ʧʦʟʜʦʚʞʥʴʦʛʦ ʪʦʯʽʥʥʷ 

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

207 

ʂʚʘʩʥʽʢʦʚ ɺ. ʇ., ʂʘʪʘʻʚʘ ʄ. ʆ. ɸʥʘʣʽʟ ʤʝʪʦʜʽʚ ʚʠʤʽʨʶʚʘʥʥʷ ʣʽʥʽʡʥʠʭ ʨʦʟʤʽʨʽʚ 

ʨʝʣʴʻʬʥʠʭ ʥʘʥʦʩʪʨʫʢʪʫʨ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʂʠʾʚ 

 

208 
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ʉɽʂʎɯʗ 2  

çʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ, ʆɹʃɸɼʅɸʅʅʗ, ɯʅʉʊʈʋʄɽʅʊ ʊɸ 

ʆʉʅɸʑɽʅʅʗ ɼʃʗ ɼɽʈɽɺʆʆɹʈʆɹʂʀ ɯ ʄɽɹʃɽɺʆɻʆ 

ɺʀʈʆɹʅʀʎʊɺɸè 

ʎʘʧʢʦ ʖ.ɺ., ʃʦʤʘʛʘ ɺ.ɺ. ɿʘʭʠʩʪ ʜʝʨʝʚʠʥʠ ʚʽʜ ʪʝʨʤʽʯʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʩʫʤʽʰʘʤʠ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʣʝʢʩʽʚ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

210 

ɼʘʮʢʽʚ ɻ.ʄ., ʂʰʠʚʝʮʴʢʠʡ ɹ. ʗ. ʑʦʜʦ ʤʝʪʦʜʠʢʠ ʩʢʣʝʶʚʘʥʥʷ ʪʝʨʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

211 

ɹʫʡʩʴʢʠʭ ʅ.ɺ. ɼʝʱʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ 

ʢʦʝʬʽʮʽʻʥʪʽʚ ʜʝʨʝʚʠʥʠ ʩʦʩʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, ʤ. ʂʠʾʚ 

212 

ʂʦʧʘʥʩʴʢʠʡ ʄ.ʄ. ɺʧʣʠʚ ʧʠʪʦʤʦʛʦ ʚʤʽʩʪʫ ʨʽʧʘʢʦʚʠʭ ʯʘʩʪʠʥʦʢ ʫ ʚʠʭʽʜʥʽʡ 

ʢʦʤʧʦʟʠʮʽʾ ʥʘ ʤʝʭʘʥʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʦʣʦʢʥʠʩʪʠʭ ʧʣʠʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

213 

ɻʫʙʝʨ ʖ.ʄ., ʂʦʧʠʥʝʮʴ ɿ.ʇ., ʄʠʩʴʢʽʚ ɭ.ʄ., ʗʢʫʙʘ ʄ.ʄ. ɺʧʣʠʚ ʫʤʦʚ ʟʙʝʨʽʛʘʥʥʷ 

ʧʠʣʦʤʘʪʝʨʽʘʣʽʚ ʥʘ ʨʦʟʧʦʜʽʣ ʚʦʣʦʛʦʩʪʽ ʟʘ ʾʭʥʴʦʶ ʪʦʚʱʠʥʦʶ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

215 

ʄʘʻʚʩʴʢʠʡ ɺ.ʆ., ʂʦʧʠʥʝʮʴ ɿ.ʇ., ʌʝʨʝʥʮ ʆ.ɹ., ʉʪʦʨʦʞʫʢ ɺ.ʄ., ʃʝʥʮʠʢ ʆ.ʊ. 
ɼʦʩʣʽʜʞʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʚʠʭʦʜʫ ʯʦʨʥʦʚʠʭ ʟʘʛʦʪʦʚʦʢ ʜʣʷ ʢʣʝʻʥʠʭ ʱʠʪʽʚ ʟ 

ʧʠʣʦʤʘʪʝʨʽʘʣʽʚ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

217 

ʉʝʨʢʽʟ ʆ.ʈ., ɹʦʡʢʦ ʄ.ɺ., ʉʦʢʽʣ ʅ.ɯ. ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ ʘʚʪʦʤʘʪʠʯʥʘ ʣʽʥʽʷ ʤʝʭʘʥʽʯʥʦʾ 

ʦʙʨʦʙʢʠ ʢʘʨʢʘʩʥʠʭ ʜʝʨʝʚôʷʥʠʭ ʝʣʝʤʝʥʪʽʚ ʜʚʦʭʷʨʫʩʥʠʭ ʜʠʪʷʯʠʭ ʣʽʞʦʢ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ  

218 

ɸʥʜʨʘʰʝʢ ʁ. ɺ., ʂʫʰʧʽʪ ʆ. ʄ. ɼʦʩʣʽʜʞʝʥʥʷ ʢʽʥʮʝʚʦʾ ʚʦʣʦʛʦʩʪʽ ʪʝʨʤʽʯʥʦ 

ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʜʝʨʝʚʠʥʠ ʷʩʝʥʷ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

219 

ʐʘʪʢʽʚʩʴʢʠʡ ʄ. ʄ., ʄʘʻʚʩʴʢʠʡ ɺ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʦʩʪʽʡʢʦʩʪʽ ʜʝʪʘʣʝʡ, 

ʚʠʛʦʪʦʚʣʝʥʠʭ ʽʟ ʟʘʛʦʪʦʚʦʢ, ʩʢʣʝʻʥʠʭ ʟ ʜʝʨʝʚʠʥʠ ʨʽʟʥʠʭ ʧʦʨʽʜ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʣʽʩʦʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ, ʤ. ʃʴʚʽʚ 

221 

 

ʉɽʂʎɯʗ 3 

çʈʆɹʆʏɯ ʇʈʆʎɽʉʀ ʊɸ ʉʀʉʊɽʄʀ ʇʈʆʄʀʉʃʆɺʆɰ ɻɯɼʈɸɺʃɯʂʀ 

ʊɸ ʇʅɽɺʄɸʊʀʂʀè 

ɸʥʜʨʝʥʢʦ ʇ. ʅ.
1
, ʂʫʣʽʥʽʯ ʂ.ʆ.

1
, ʉʚʠʥʘʨʝʥʢʦ ʄ.ʉ.

2
 ʋʜʦʩʢʦʥʘʣʝʥʠʡ ʧʨʠʩʪʨʽʡ 

ʛʘʩʽʥʥʷ ʛʽʜʨʘʚʣʽʯʥʠʭ ʫʜʘʨʽʚ 
1 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʍʇɯè, ʤ. ʍʘʨʢʽʚ 

2 
ʍʘʨʢʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʫʜʽʚʥʠʮʪʚʘ ʪʘ ʘʨʭʽʪʝʢʪʫʨʠ, ʤ. ʍʘʨʢʽʚ 

223 

ɯʚʘʥʦʚ ʄ.ɯ., ʂʦʚʘʣʴʦʚʘ ɯ.ʄ., ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʨʝʛʫʣʶʚʘʥʥʷ 

ʧʦʜʘʯʽ ʘʢʩʽʘʣʴʥʦʛʦ ʨʦʪʦʨʥʦʧʦʨʰʥʝʚʦʛʦ ʥʘʩʦʩʘ ʪʠʧʫ PVC 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

225 
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ʉʪʘʜʥʽʢ ʄ. ɯ., ɯʚʘʥʦʚ ʄ.ɯ., ʄʦʪʦʨʥʘ ʆ.ʆ., ʇʝʨʝʷʩʣʘʚʩʴʢʠʡ ʆ.ʄ. ʇʦʢʨʘʱʝʥʥʷ 

ʨʦʙʦʪʠ ʨʦʟʚʘʥʪʘʞʫʚʘʣʴʥʦʛʦ ʟʦʣʦʪʥʠʢʘ ʝʣʝʢʪʨʦʛʽʜʨʘʚʣʽʯʥʦʛʦ ʨʦʟʧʦʜʽʣʴʥʠʢʘ, 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

227 

ɹʦʨʦʚʝʮʴ ɺ.ʄ., ɹʦʨʦʚʝʮʴ ʅ.ɺ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʥʝʚʤʘʪʠʯʥʠʭ ʧʨʠʚʦʜʽʚ ʫ 

ʧʘʢʫʚʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ çʃʴʚʽʚʩʴʢʘ ʧʦʣʽʪʝʭʥʽʢʘè, ʤ. ʃʴʚʽʚ 

228 

ʂʫʣʽʥʽʯ ʉ.ʇ., ɻʘʚʨʠʣʝʥʢʦ ʆ.ʄ. ʄʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ ʟ 

ʩʠʥʭʨʦʥʽʟʦʚʘʥʠʤʠ ʜʚʠʛʫʥʘʤʠ 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ 

230 

ʅʘʯʦʚʥʠʡ ɯ. ɯ., ʅʝʤʯʠʥʦʚ ʉ. ɯ. ʊʝʦʨʝʪʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʧʣʘʩʪʠʥ ʢʽʣʴʮʝʚʠʭ ʢʣʘʧʘʥʽʚ ʧʦʨʰʥʝʚʠʭ ʢʦʤʧʨʝʩʦʨʽʚ 

ʋʢʨʘʾʥʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʭʽʤʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɼʥʽʧʨʦ 

231 

ɯʚʘʥʦʚ ʄ. ɯ., ɻʨʝʯʢʦ ʈ. ʆ. ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʦʙ`ʻʤʽʚ ʛʽʜʨʦʣʽʥʽʡ ʥʘ ʨʦʙʦʪʫ 

ʛʽʜʨʦʩʪʘʪʠʯʥʦʾ ʪʨʘʥʩʤʽʩʽʾ ʪʠʧʫ ɻʉʊ90 

ɺʽʥʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʘʛʨʘʨʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ɺʽʥʥʠʮʷ 

232 

ʄʝʜʚʝʜʻʚ ʉ.ɺ. ʂʨʠʪʝʨʽʾ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʚʠʛʣʷʜʫ ʩʠʩʪʝʤʠ ʚʠʜʘʣʝʥʥʷ 

ʚʽʜʭʦʜʽʚ ʣʽʪʘʢʘ 

ɼʝʨʞʘʚʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ çɸʅʊʆʅʆɺè, ʤ. ʂʠʾʚ 

233 

ʇʘʥʯʝʥʢʦ ɺ.ʆ. ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʦʨʫ ʚʽʣʴʥʦʚʠʭʨʦʚʦʛʦ ʥʘʩʦʩʘ 

ʉʫʤʩʴʢʠʡ ʜʝʨʞʘʚʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʤ. ʉʫʤʠ 

234 

ʐʦʩʪʘʯʫʢ ʆ.ʇ. ʆʩʦʙʣʠʚʦʩʪʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʥʝʚʤʘʪʠʯʥʠʭ ʩʠʩʪʝʤ ʫ 

ʬʣʝʢʩʦʛʨʘʬʽʯʥʠʭ ʜʨʫʢʘʨʩʴʢʠʭ ʤʘʰʠʥʘʭ 

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

235 
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15 

ʊɽɿʀ ɼʆʇʆɺɯɼɽʁ ʇʃɽʅɸʈʅʆɻʆ ɿɸʉɯɼɸʅʅʗ 

 
ʂʣʘʫʩ ʐʝʬʝʨ, ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ 

ɺɺɽngineering, ɻʝʨʤʘʥʠʷ 

ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʂʆʅʎɽʇʎʀʀ ʇɽʈɽʈɸɹʆʊʂʀ ʇʆʃʀʕʌʀʈʅʓʍ 

ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʀ ʇʆʊʈɽɹʀʊɽʃʔʉʂʀʍ ʆʊʍʆɼʆɺ 

ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʘʩʪʠʢʦʚ ʜʦʩʪʠʛʣʦ ʧʦʯʪʠ 350 ʤʣʥ. ʪʦʥʥ ʚ 2017ʛ. ʧʨʠ 

ʩʦʚʦʢʫʧʥʳʭ ʪʝʤʧʘʭ ʛʦʜʦʚʦʛʦ ʨʦʩʪʘ +8,5% ʤʝʞʜʫ1950ʛ. ʠ 2017 ʛ.(ʨʠʩ.1) 

 
ʈʠʩ. 1 ï ɼʘʥʥʳʝ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʧʣʘʩʪʠʢʦʚ ʚ ʤʠʨʝ ʠ ɽʉ 

 

 

 

 
ʈʠʩ. 2 ï ʄʦʱʥʦʩʪʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ PET ʠ ʨʘʟʚʠʪʠʝ ʩʨʝʜʥʝʡ ʮʝʥʳ (2017-2018ʛʛ.) 
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ʈʠʩ. 3 ï ʄʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʠʵʬʠʨʘ ʠ ʧʦʣʠʵʬʠʨʥʦʛʦ ʚʦʣʦʢʥʘ 

 

 
ʈʠʩ. 4 ï ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʤʥʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʧʣʘʩʪʠʢʘ 
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17 

 
ʈʠʩ. 5 ï ʀʟʤʝʥʝʥʠʝ ʠʤʠʜʞʘ ʧʣʘʩʪʠʢʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʛʦʜʘ 

ɽʩʣʠ ʙʳ ʧʣʘʩʪʠʢʦʚ ʥʝ ʙʳʣʦ, ʩʦʚʨʝʤʝʥʥʘʷ ʞʠʟʥʴ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ ʠʭ ʠʟʦʙʨʝʩʪʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʝ ʙʫʜʫʱʝʝ! ʇʨʠʯʠʥʘ, ʧʦʯʝʤʫ ʧʣʘʩʪʠʢʠ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ 

ʪʦʤ, ʯʪʦ ʦʥʠ ʩʦʯʝʪʘʶʪ ʚ ʩʝʙʝ ʚʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩ ʚʳʩʦʢʦ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʩʫʨʩʦʚ. 

 
ʈʠʩ. 6 ï ʇʨʠʝʤʫʱʝʩʪʚʘ ʧʣʘʩʪʠʢʦʚ  

ʅʦ ʥʘ ʬʦʥʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʧʨʝʠʤʫʱʝʩʪʚ ʚʦʟʥʠʢʘʝʪ ʢʦʤʧʣʝʢʩ ʟʘʜʘʯ! ʀ ʚʤʝʩʪʝ ʩ 

ʵʪʠʤʠ ʩʣʦʞʥʳʤʠ ʟʘʜʘʯʘʤʠ ʧʦʷʚʣʷʝʪʩʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʥʘʰʫ ʧʣʘʩʪʠʢʦʚʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ï ʦʪ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʸʞʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʰʝʡ ʧʨʦʜʫʢʮʠʠ ʠ ʜʦ 

ʫʩʢʦʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʣʘʩʪʠʢʦʚʳʤ ʦʪʭʦʜʘʤ.  

ʆʙʱʠʡ ʦʙʲʸʤ ʵʥʝʨʛʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʠ, 

ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ, ʯʝʤ ʵʥʝʨʛʠʷ, ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʥʝ ʠʟ ʧʣʘʩʪʠʢʘ!  
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18 

 
ʈʠʩ. 7 ï ʇʨʠʝʤʫʱʝʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʩʪʠʢʦʚ  

 
ʈʠʩ. 8 ï ʈʘʩʪʫʱʝʝ ʟʥʘʯʝʥʠʝ ʵʢʦʥʦʤʠʢʠ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ ʜʣʷ ʧʣʘʩʪʠʢʦʚ  

 

ʈʠʩ. 9 ï ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʧʝʨʝʨʘʙʦʪʢʠ ʙʫʪʳʣʦʢ PET ʚ ɻʝʨʤʘʥʠʠ (2017ʛ.) 
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19 

 

ʈʠʩ. 10 ï ʇʨʦʜʫʢʮʠʷ ʧʝʨʝʨʘʙʦʪʢʠ ʇɽʊ ʙʫʪʳʣʦʢ 

 

 
ʈʠʩ. 11 ï ʆʙʦʩʥʦʚʘʥʠʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʢʦʤʧʘʥʠʠ BBE ʚʳʭʦʜʠʪʴ ʥʘ ʨʳʥʦʢ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢʦʚʦʡ ʪʘʨʳ 

 

 
ʈʠʩ. 12 ï ʆʩʥʦʚʥʳʝ ʜʚʠʞʫʱʠʝ ʩʠʣʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʢʦʥʮʝʧʮʠʠ ʤʘʰʠʥʳ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ 

ʧʣʘʩʪʠʢʦʚʦʡ ʪʘʨʳ 
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ʇʦʜʭʦʜ ʢʦʤʧʘʥʠʠ BBɽngineering ʢ ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢʦʚʦʡ ʪʘʨʳ: 

- ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʦʪʣʠʯʠʷ ʦʪ 

ʥʘʰʠʭ ʢʦʥʢʫʨʝʥʪʦʚ; 

- ʠhʨʦʢʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ; 

- ʩʥʠʞʝʥʠʝ ʠʥʚʝʩʪʠʮʠʡ; 

- ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʘ ʵʥʝʨʛʠʠ ʥʘ 1 ʢʛ ʢʦʥʚʝʨʩʠʠ; 

- ʚrʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʇɽʊ-ʧʨʦʜʫʢʪʘ; 

- ʫʜʦʙʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ 

ʘ) ʤʝʥʴʰʝ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ 

ʙ) ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ 

ʚ) ʧʨʦʩʪʦʪʘ ʤʦʜʠʬʠʢʘʮʠʠ 

- ʧʦʚʳʰʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʤʦʞʥʦʩʪʝʡ: 

ʘ) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʝʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʙ) ʦʪʭʦʜʳ, ʚʢʣʶʯʸʥʥʳʝ ʚ ʧʝʨʚʠʯʥʫʶ ʧʨʦʜʫʢʮʠʶ 

ʚ) ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʊʘʙʣʠʮʘ 1 ï ɿʘʜʘʯʠ ʚʩrʦʢʦʛʦ ʫʨʦʚʥʷ (ʩʚʝʨʭʟʘʜʘʯʠ) ʠ ʮʝʣʠ ʢʦʤʧʘʥʠʠ BBɽngineering ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢʦʚʦʡ ʪʘʨʳ 

ɿʘʜʘʯʠ ʚʩrʦʢʦʛʦ ʫʨʦʚʥʷ (ʩʚʝʨʭʟʘʜʘʯʠ) ʎʝʣʠ 

ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʫʪʝʯʢʠ ʧʣʘʩʪʠʢʦʚ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠʣʠ ʟʘ ʧʨʝʜʝʣʳ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʇʫʪʸʤ ʧʦʚʳʰʝʥʠʷ ʘʥʛʘʞʠʨʦʚʘʥʥʦʩʪʠ ʢʘʢ 

ʚʥʫʪʨʠ ʥʘʰʝʡ ʠʥʜʫʩʪʨʠʠ, ʪʘʢ ʠ ʟʘ ʝʸ 

ʧʨʝʜʝʣʘʤʠ 

ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʚ 

ʋʩʢʦʨʝʥʠʝʤ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʡ ʚ 

ʧʦʣʥʦʤ ʞʠʟʥʝʥʥʦʤ ʮʠʢʣʝ ʧʨʦʜʫʢʮʠʠ 

(VACOFIL) 

ʋʣʫʯʰʝʥʠʝ ʢʨʫʛʦʦʙʦʨʦʪʘ ʧʣʘʩʪʠʢʦʚʦʡ 

ʫʧʘʢʦʚʢʠ ʠ ʜʨʫʛʦʡ ʧʨʦʜʫʢʮʠʠ 

ɼʦʩʪʠʞʝʥʠʝʤ ʚ 2040ʛ. 100%-ʛʦ 

ʧʦʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ 

ʠ/ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʩʝʡ ʧʣʘʩʪʠʢʦʚʦʡ 

ʫʧʘʢʦʚʢʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ɽʉ. 

ɺ 2030ʛ.: 60%-ʦʝ ʧʦʚʪʦʨʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʚʩʝʡ 

ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʠ ʠ ʪʝʢʩʪʠʣʷ 

ɺʥʝʜʨʝʥʠʝ ʙʝʟʦʪʭʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʚʦʣʦʢʦʥ ʠ ʧʣʸʥʢʠ 

ʅʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʡ ʜʣʷ ʙʳʚʰʠʭ ʚ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʪʝʢʩʪʠʣʷ ʠ ʫʧʘʢʦʚʢʠ ʠʟ ʇɽʊ 

ʅʘʭʦʞʜʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʩ ʥʘʠʙʦʣʴʰʠʤ 

ʦʪʣʠʯʠʝʤ ʦʪ ʥʘʰʠʭ ʢʦʥʢʫʨʝʥʪʦʚ 

ʂʘʞʜʳʡ ʢʣʠʝʥʪ OTX ʠʣʠ BMS ʩʣʫʞʠʪ 

ʨʦʣʝʚʦʡ ʤʦʜʝʣʴʶ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ 

ʨʝʰʝʥʠʡ ʧʦ ʙʝʟʦʪʭʦʜʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʊʘʙʣʠʮʘ 2 ï ʉʧʦʩʦʙʳ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʜʝʡ ʢʦʤʧʘʥʠʠ BBɽngineering  

ʉʧʦʩʦʙ ʉʫʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʆʧʨʦʩʥʠʢ ʆʩʙʦʨʥʘ ʆʙʣʝʛʯʘʝʪ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʠʜʝʡ, ʧʫʪʸʤ ʧʦʩʪʘʥʦʚʢʠ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʚʦʧʨʦʩʦʚ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ 

ʀʜʝʘʣʴʥʘʷ ʟʘʤʝʥʘ  ʉʦʜʝʡʩʪʚʫʝʪ ʛʝʥʝʨʠʨʦʚʘʥʠʶ ʠʜʝʡ ʙʝʟ ʫʯʸʪʘ ʪʝʢʫʱʝʡ ʙʠʟʥʝʩ-

ʤʦʜʝʣʠ ʧʨʝʜʧʨʠʷʪʠʷ 

ʄʝʞʛʘʣʘʢʪʠʯʝʩʢʦʝ 

ʤʳʰʣʝʥʠʝ 

ɼʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʠʜʝʡ ʧʨʠ ʧʦʤʦʱʠ ʩʪʠʤʫʣʦʚ 

ʚ ʦʪʨʳʚʝ ʦʪ ʢʦʥʪʝʢʩʪʘ 

ʄʝʪʦʜ 4-3-20  ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʘ 6-3-5 ʠ ʤʝʪʦʜʘ ʄʠʨʦʚʦʝ ʢʘʬʝ, 

ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠʜʝʠ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʨʫʧʧʘʭ 

ɹʨʶʟʞʘʥʠʝ ʆʟʚʫʯʝʥʥʳʝ ʚʳʟʦʚʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʙʫʜʫʱʠʝ ʨʝʰʝʥʠʷ 

ʉʠʥʝʢʪʠʢʘ ʉʪʠʤʫʣʠʨʫʝʪ ʫ ʫʯʘʩʪʥʠʢʦʚ ʙʝʩʩʦʟʥʘʪʝʣʴʥʳʡ ʦʙʨʘʟ ʤʳʰʣʝʥʠʷ 

ʊʝʦʨʠʷ ɼʝ ɹʦʥʦ  ʄʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʢʘʢ ʜʣʷ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʜʝʡ, ʪʘʢ ʠ ʜʣʷ ʠʭ 

ʦʮʝʥʢʠ 
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ʊʘʙʣʠʮʘ 3 ï ʉʧʦʩʦʙʳ ʦʮʝʥʢʠ ʠʜʝʡ ʢʦʤʧʘʥʠʠ BBɽngineering  

ʉʧʦʩʦʙ ʉʫʪʴ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʈʳʥʦʢ ʪʘʣʘʥʪʦʚ ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʩʪʫʧʝʥʴ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʦʚ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠʜʝʡ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʯʠʩʣʦ ʠʜʝʡ/ʢʦʥʮʝʧʮʠʡ 

ʄʦʜʝʣʴ ʂʘʥʦ ʉʠʩʪʝʤʘ ʜʣʷ ʦʮʝʥʢʠ ʮʝʥʥʦʩʪʠ ʜʣʷ ʢʣʠʝʥʪʘ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʘ 

çʇʨʠʭʦʜ ʢ 

ʩʦʛʣʘʰʝʥʠʶè 

ʄʝʪʦʜ ʥʘʮʝʣʝʥ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʩʦʛʣʘʩʠʷ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ 

ʚʠʜʘʤ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ, ʯʪʦʙʳ 

ʚʦʧʣʦʪʠʪʴ ʠʜʝʶ ʚ ʞʠʟʥʴ 

ɸʥʘʣʠʟ ʟʘʪʨʘʪ ʠ 

ʨʝʟʫʣʴʪʘʪʦʚ 

ʀʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʧʦʣʴʟʫ ʜʣʷ ʢʣʠʝʥʪʘ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʪʨʘʪʳ 

ʇʦʨʪʬʝʣʴʥʳʡ ʘʥʘʣʠʟ ʄʘʪʨʠʯʥʘʷ ʦʮʝʥʢʘ ʢʦʥʮʝʧʮʠʡ, ʦʩʥʦʚʳʚʘʶʱʘʷʩʷ ʥʘ ʜʚʫʭ ʦʩʷʭ 

FASSC-ɸʥʘʣʠʟ ɹʳʩʪʨʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ, ʜʣʷ ʦʮʝʥʢʠ ʠ ʩʨʘʚʥʝʥʠʷ 

ʢʦʥʮʝʧʮʠʡ 

ɸʥʘʣʠʟ ʮʝʥʥʦʩʪʠ ɹʳʩʪʨʳʡ ʠʥʩʪʨʫʤʝʥʪ ʘʥʘʣʠʟʘ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

 
ʈʠʩ. 13 ï ʄʝʥʝʜʞʤʝʥʪ ʠʥʥʦʚʘʮʠʡ 

 

ʈʠʩ. 14 ï ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʅʀʆʂʈʘ 
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ʈʠʩ. 15 ï ʇʨʦʮʝʩʩ çɺʨʝʤʷ ʚ ʜʝʥʴʛʠè ʜʣʷ ʚʘʞʥʝʡʰʠʭ ʧʨʦʝʢʪʦʚ ʅʀʆʂʈ 

 

ʈʠʩ. 16 ï ʆʪʯʸʪ ʦ ʩʦʩʪʦʷʥʠʠ ʨʘʙʦʪʳ 

 
ʈʠʩ. 17 ï ɻʨʘʬʠʢ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ  
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ʈʠʩ. 18 ï BBE ʇʨʦʪʦʪʠʧ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʌʘʟʘ 1 

 
ʈʠʩ. 19 ï BBE ʇʨʦʪʦʪʠʧ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʌʘʟʘ 2 

 
ʈʠʩ. 20 ï ʀʥʥʦʚʘʮʠʦʥʥʘʷ ʢʦʥʮʝʧʮʠʷ VacuFil ʧʝʨʝʨʘʙʦʪʢʠ ʦʪ ʢʦʤʧʘʥʠʠ BBɽngineering 
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ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ VacuFil: 

- ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʥʘʛʨʝʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʦʪʢʦʛʦ ʚʨʝʤʝʥʠ ʨʝʘʛʠʨʦʚʘʥʠʷ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

- ʤʘʩʣʷʥʳʡ ʧʦʜʦʛʨʝʚ ʜʣʷ ʦʯʝʥʴ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ; 

- ʩʤʦʪʨʦʚʦʝ ʩʪʝʢʣʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʮʝʩʩʦʤ (ʪʦʣʴʢʦ ʥʘ ʧʨʦʪʦʪʠʧʝ); 

- ʤʦʜʫʣʴʥʦʝ ʠʩʧʦʣʥʝʥʠʝ ʜʣʷ ʧʨʦʩʪʦʪʳ ʥʘʩʪʨʦʡʢʠ ʬʠʣʴʪʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʨʘʩʭʦʜʘ ʠʣʠ ʰʥʝʢʘ; 

- ʣy ʛʢʦʝ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ; 

- ʚr ʚʦʜ ʨʘʩʧʣʘʚʘ ʯʝʨʝʟ ʨʘʟʛʨʫʟʦʯʥʳʡ ʵʢʩʪʨʫʜʝʨ. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʠʷ VacuFil ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

- ʬʠʣʴʪʨʘʮʠʷ ʨʘʩʧʣʘʚʘ ʩ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʠ ʩʘʤʳʭ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ IV ʚ 

ʧʨʦʮʝʩʩʝ (ʤʠʥʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʬʠʣʴʪʨʘʮʠʷ); 

- ʜʝʛʘʟʘʮʠʷ ʨʘʩʧʣʘʚʘ ʩ ʙʦʣʴʰʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; 

- ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʪʦʢʦʤ ʨʘʩʧʣʘʚʘ; 

- ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʧʦʜ ʚʘʢʫʫʤʦʤ ʥʝ ʥʫʞʥʳ ʩʦʩʫʜʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ Ÿ 

ʵʢʦʥʦʤʠʷ ʨʘʩʭʦʜʦʚ; 

- ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʵʢʦʣʦʛʠʶ; 

- ʚʦʟʤʦʞʥʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʩʪʘʥʦʚʢʠ; 

- ʦʙʣʝʛʯʝʥʠʝ ʜʨʫʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʫʰʠʣʢʘ, ʚʘʢʫʫʤʥʳʡ ʵʢʩʪʨʫʜʝʨ, ʬʠʣʴʪʨ, é) 

 
ʈʠʩ. 21 ï ɼʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ VacuFil 

 

ʈʠʩ. 22 ï ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʚʦ ʚʨʝʤʷ ʬʘʟʳ ʧʣʘʚʣʝʥʠʷ 
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ʈʠʩ. 23 ï BBE ʇʨʦʪʦʪʠʧ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʌʘʟʘ 3 

 

ʈʠʩ. 23 ï BBE ʇʨʦʪʦʪʠʧ ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʌʘʟʘ 4 

 

ʈʠʩ. 24 ï ɺʳʩʪʘʚʦʯʥʳʡ ʩʪʝʥʜ ʥʘ ITMA 2018 ʚ ɹʘʨʩʝʣʦʥʝ 
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ʈʠʩ. 25 ï ʇʨʦʛʥʦʟʥʳʝ ʪʝʤʧʳ ʨʦʩʪʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʢʩʪʠʣʴʥʳʭ ʚʦʣʦʢʦʥ (PET) 

 

ʈʠʩ. 26 ï ʇʝʨʝʨʘʙʦʪʢʘ PET ʉʦʯʝʪʘʥʠʝ ʬʫʥʢʮʠʡ 
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ɼʠʪʤʘʨ ʁʝʥʢʝ, ʜʠʧʣ. ʠʥʞʝʥʝʨ 

ɺɺɽngineering, ɻʝʨʤʘʥʠʷ 

ʊʈɽɹʆɺɸʅʀʗ ʂ ʂɺɸʃʀʌʀʂɸʎʀʆʅʅʆʄʋ ʇʆʊɽʅʎʀɸʃʋ 

ɺʓʉʆʂʆʂɺɸʃʀʌʀʎʀʈʆɺɸʅʅʆɻʆ ʉʆʊʈʋɼʅʀʂɸ ɺ ʉʌɽʈɽ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʉʇɽʎʀɸʃʔʅʆɻʆ ʄɸʐʀʅʆʉʊʈʆɽʅʀʗ 

ʅʝʦʙʭʦʜʠʤʘʷ ʢʚʘʣʠʬʠʢʘʮʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʟʥʘʥʠʷ ï ʣʠʰʴ ʯʘʩʪʴ 

ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʬʠʣʶ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʦʪʨʫʜʥʠʢʘ ʚ ʩʬʝʨʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. ʅʘ ʧʝʨʝʜʥʝʤ ʧʣʘʥʝ ʩʪʦʠʪ ʣʠʯʥʦʩʪʴ ʠ ʝʸ 

ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ. 

 

ʈʠʩ. 1 ï ʉʪʨʫʢʪʫʨʥʘ̫ ʩʭʝʤʘ ʪʝʢʩʪʠʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

 

ʈʠʩ. 2 ï ʂʦʤʧʣʝʢʩʥʦʩʪʴ ʤʘʰʠʥʳ ʬʦʨʤʦʚʘʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
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ʈʠʩ. 3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 

 
ʈʠʩ. 4 ï ʉʪʨʫʢʪʫʨʘ ʦʨʛʘʥʠʟʘʮʠʠ / ʈʘʙʦʯʘʷ ʩʨʝʜʘ 
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ʈʠʩ. 5 ï ʇʦʠʩʢ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ, ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʠ 

 

 

ʈʠʩ. 6 ï ʐʘʛʠ ʧʨʠ ʧʦʜʙʦʨʝ ʧʝʨʩʦʥʘʣʘ 
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ʈʠʩ. 7 ï ʇʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ + ʃʠʯʥʦʩʪʴ 
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ʈʠʩ. 8 ï ʃʠʯʥʦʩʪʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʞʝʥʝʨʘ-ʧʨʦʝʢʪʘʥʪʘ 

 
ʈʠʩ. 9 ï ʃʠʯʥʦʩʪʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʥʩʪʨʫʢʪʦʨʘ 
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ʈʠʩ. 10 ï ʃʠʯʥʦʩʪʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʞʝʥʝʨʘ-

ʧʫʩʢʦʥʘʣʘʜʯʠʢʘ 

 

ʈʠʩ. 11 ï ʃʠʯʥʦʩʪʥʳʡ ʧʨʦʬʠʣʴ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʘʚʮʘ 

 
ʈʠʩ. 12 ï ʆʙʱʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʣʠʯʥʦʩʪʥʦʛʦ ʧʨʦʬʠʣ ̫ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʝʨʩʦʥʘʣʘ 
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ʂʦʛʜʘ ʣʠʯʥʦʩʪʥʳʡ 

ʧʨʦʬʠʣʴ ʧʨʝʚʦʩʭʦʜʥʦ 

ʧʦʜʭʦʜʠʪ ʢ ʧʦʩʪʘʚʣʝʥʥʳʤ 

ʟʘʜʘʯʘʤ ʠʣʠ ʟʘʥʠʤʘʝʤʦʡ 

ʜʦʣʞʥʦʩʪʠ, ʵʪʦ ʤʦʞʥʦ 

ʩʨʘʚʥʠʪʴ ʩ ʥʘʜʫʚʥʦʡ 

ʣʦʜʢʦʡ. ʇʦʩʣʝ 

ʥʘʢʘʯʠʚʘʥʠʷ ʣʦʜʢʠ 

ʚʦʟʜʫʭʦʤ (ʦʙʨʘʟʦʚʘʥʠʝ, 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʟʥʘʥʠʷ) ʚʩʸ ʟʘʚʠʩʠʪ ʦʪ 

ʪʦʛʦ, ʜʣʷ ʢʘʢʠʭ ʟʘʜʘʥʠʡ 

(ʣʠʯʥʦʩʪʴ) ʦʥʘ ʧʦʜʭʦʜʠʪ 

ʥʘʠʙʦʣʴʰʠʤ ʦʙʨʘʟʦʤ. 

ʅʠʢʪʦ ʥʝ ʚʦʟʴʤʸʪ ʧʨʦʩʪʫʶ ʙʘʡʜʘʨʢʫ ʜʣʷ ʤʦʨʩʢʠʭ ʨʝʡʜʦʚ ʠʣʠ ʨʘʬʪʠʥʛʘ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ 

ʚʘʞʥʦ, ʯʪʦʙʳ ʦʙʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʩʪʦʨʦʥʳ, - ʬʠʨʤʘ ʠ ʩʦʠʩʢʘʪʝʣʴ, - ʫʜʝʣʷʣʠ ʚʥʠʤʘʥʠʝ 

ʣʠʯʥʦʩʪʥʦʤʫ ʧʨʦʬʠʣʶ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʦʟʜʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ 

ʙʫʜʫʱʝʝ ʜʣʷ ʦʙʝʠʭ ʩʪʦʨʦʥ! 

ɿʘʢʣʶʯʝʥʠʝ. ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʦʤ. ʉʦʜʝʨʞʘʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʜʘʶʪʩʷ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʚʠʜʝ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʯʝʥʴ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ, ʣʠʯʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʧʨʠʭʦʜʠʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʥʪʝʛʨʘʮʠʶ/ʢʦʤʤʫʥʠʢʘʮʠʶ ʩ ʢʦʣʣʝʛʘʤʠ, ʥʘʯʘʣʴʥʠʢʘʤʠ, 

ʢʣʠʝʥʪʘʤʠ, ʧʦʩʪʘʚʱʠʢʘʤʠ ʠ ʪ.ʜ. ʇʦʵʪʦʤʫ ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʟʘʜʘʯ ʠ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʞʝ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʚʳʙʦʨʘ! 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʭ ʫʨʦʚʥʷʭ 

(ʰʢʦʣʘ, ʫʯʠʣʠʱʝ, ʩʧʝʮʠʘʣʴʥʦʝ ʚʳʩʰʝʝ ʫʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ, ʫʥʠʚʝʨʩʠʪʝʪ, ʠ ʪ.ʜ.) ʠʤʝʶʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʜʘʯ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ! 

ɼʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʨʝʜʧʠʩʘʥʥʦʡ ʨʘʙʦʪʳ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʪʨʫʜʦʚʳʭ ʥʘʚʳʢʦʚ ʚ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʬʝʨʝ ʜʝʷʪʝʣʴʥʦʩʪʠ! 

ʂʦʛʜʘ ʜʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ʧʦʜʦʰʣʠ ʢ ʩʚʦʝʤʫ ʟʘʚʝʨʰʝʥʠʶ, ʚʩʸ 

ʙʦʣʴʰʝ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʣʠʯʥʦʩʪʴ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ! 

ʈʘʟʣʠʯʥʳʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʧʨʦʬʠʣʠ ʚ ʨʘʤʢʘʭ ʦʜʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʪʨʝʙʫʶʪ 

ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʤ ʚʳʨʘʞʝʥʥʦʩʪʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʣʠʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʠ ʦʪʙʦʨʘ ʥʦʚʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʥʜʠʜʘʪʦʚ ʥʘ ʜʦʣʞʥʦʩʪʴ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʵʪʦ ʫʯʠʪʳʚʘʪʴ, ʪ.ʝ. ʫʜʝʣʷʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʣʠʯʥʦʩʪʠ. 

ʈʘʟʚʠʪʠʝ ʣʠʯʥʦʩʪʠ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʯʝʥʴ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘ ʵʪʘʧʝ ʧʨʠʦʙʨʝʪʝʥʠʷ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʪʨʫʜʦʚʳʭ ʥʘʚʳʢʦʚ, ʥʘʙʣʶʜʘʪʴ ʟʘ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ ʠ, ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʧʨʝʜʣʦʞʠʪʴ ʩʦʪʨʫʜʥʠʢʫ ʜʨʫʛʦʡ ʚʠʜ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʝʛʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʣʫʯʰʝʝ ʧʨʠʤʝʥʝʥʠʝ. 

ʋʯʘʩʪʚʫʶʱʠʝ ʚ ʧʦʜʙʦʨʝ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʧʝʨʩʦʥʘʣʘ ʧʨʠ ʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ 

ʨʘʟʚʠʪʠʠ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʵʤʧʘʪʠʠ, ʯʪʦʙʳ ʦʧʪʠʤʘʣʴʥʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ 

ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ ʤʝʞʜʫ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʨʠʛʦʜʥʦʩʪʴʶ ʠ ʣʠʯʥʦʩʪʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 
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ʋɼʂ 679.9 

ʂʫʟʥʻʮʦʚ ʖ.ʄ., ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬʝʩʦʨ 
ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, 

info@zmok.kiev.ua 

ɸɺʊʆʄɸʊʀɿɸʎɯʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɹʋʈʐʊʀʅʆɺʀʍ ʂʋʃʔʆʂ ï ɻɸʈɸʅʊɯʗ 

ʅɸʎɯʆʅɸʃʔʅʆɰ ɹɽɿʇɽʂʀ ʋʂʈɸɰʅʀ 

ɿʘʚʜʷʢʠ ʩʚʦʾʤ ʙʘʛʘʪʦʛʨʘʥʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ ʙʫʨʰʪʠʥ ʚʩʝ ʙʽʣʴʰʝ ʧʨʠʚʝʨʪʘʻ ʜʦ ʩʝʙʝ 

ʫʚʘʛʫ ʟ ʪʦʯʢʠ ʟʦʨʫ ʡʦʛʦ ʜʦʙʫʚʘʥʥʷ, ʦʙʨʦʙʢʠ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʎʝ ʚʠʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ, ʘ 

ʩʘʤʝ:  

1) ʨʘʮʽʦʥʘʣʴʥʝ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠʨʦʜʥʠʭ ʢʦʧʘʣʠʥ ʙʫʨʰʪʠʥʫ; 

2) ʚʠʣʫʯʝʥʥʷ ʣʶʜʠʥʠ ʟʽ ʩʬʝʨʠ ʨʫʯʥʦʾ ʧʨʘʮʽ ʟ ʧʠʣʦʤ ʪʘ ʥʝʙʝʟʧʝʯʥʠʤʠ ʜʣʷ ʟʜʦʨʦʚôʷ 

ʚʽʜʭʦʜʘʤʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʮʠʬʨʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ [1]; 

3)ʚʠʩʦʢʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (ʱʦʥʘʡʤʝʥʰʝ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʘ ʟʘ ʨʫʯʥʦʾ ʧʨʘʮʽ) ʽ ʷʢʽʩʪʴ 

ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ (ʧʨʠʢʨʘʩ). 

ɯʥʥʦʚʘʮʽʡʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʨʦʟʨʦʙʦʢ ʧʦʣʷʛʘʻ ʚ ʤʝʭʘʥʽʟʘʮʽʾ ʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ ʚʩʽʭ ʝʪʘʧʘʭ ʚʠʨʦʙʥʠʮʪʚʘ ʚʽʜ ʩʠʨʦʚʠʥʠ ʜʦ ʛʦʪʦʚʦʛʦ ʚʠʨʦʙʫ. 

ɿʦʢʨʝʤʘ, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʣʶʯʝʥʥʷ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʩʦʨʪʫʚʘʥʥʽ ʥʘʧʽʚʢʦʰʪʦʚʥʠʭ 

ʢʘʤʽʥʯʠʢʽʚ [4] ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʟʨʦʩʪʘʻ ʥʘ 250-300% ʽ ʙʽʣʴʰʝ, ʱʦ ʜʘʻ ʝʢʦʥʦʤʽʶ 

ʚʠʪʨʘʪ ʜʦ 2-3 ʤʣʥ. ʛʨʥ ʥʘ ʨʽʢ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʜʽʘʛʥʦʩʪʠʢʠ ʷʢʦʩʪʽ ʪʘ ʚʽʜʙʨʘʢʦʚʢʠ ʤʽʥʝʨʘʣʽʚ ʟ 

ʽʩʪʦʪʥʠʤʠ ʜʝʬʝʢʪʘʤʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʥʮʠʧʫ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʧʘʨʘʣʝʣʴʥʦʾ, ʧʘʨʘʣʝʣʴʥʦ-

ʧʦʩʣʽʜʦʚʥʦʾ ʙʝʟʧʝʨʝʨʚʥʦʾ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʦʙʨʦʙʢʠ [2] ʟ ʘʢʪʠʚʥʠʤ ʢʦʥʪʨʦʣʝʤ ʧʽʜʚʠʱʫʻ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʦ 6-12 ʨʘʟʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʠʨʦʙʽʚ, ʱʦ ʦʜʥʦʯʘʩʥʦ 

ʦʙʨʦʙʣʷʶʪʴʩʷ, ʧʨʠ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ. ʂʨʽʤ ʪʦʛʦ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʤʽʥʽʤʽʟʘʮʽʷ ʚʽʜʭʦʜʽʚ ʜʦ 10-

15%. ʇʨʠ ʮʴʦʤʫ ʦʢʫʧʥʽʩʪʴ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ 3200 ʰʪ/ʛʦʜʠʥʫ ʩʢʣʘʜʘʻ 

0,6-0,8 ʨʦʢʫ ʟʘʣʝʞʥʦ ʚʽʜ ʚʘʨʪʦʩʪʽ ʢʦʤʧʣʝʢʪʫʶʯʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʄʝʪʘ ʨʦʙʦʪʠ ï ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʝʨʩʪʘʪʘ-ʘʚʪʦʤʘʪʘ ʜʣʷ ʰʣʽʬʫʚʘʥʥʷ 

ʙʫʨʰʪʠʥʦʚʠʭ ʢʫʣʴʦʢ ʧʽʩʣʷ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʩʦʨʪʫʚʘʥʥʷ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʨʩʪʘʪʘ ʽ ʡʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʽ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʩʦʢʦʾ ʷʢʦʩʪʽ ʟʘ ʨʘʭʫʥʦʢ 

ʧʘʨʘʣʝʣʴʥʦʾ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʾ ʦʙʨʦʙʢʠ, ʘʢʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʶ ʽ ʢʦʤʧôʁ ʪʝʨʥʦʛʦ ʢʝʨʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʟʨʘʟʢʠ, 

ʱʦ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ï ʮʝ ʢʘʤʝʥʽ ʜʦʚʞʠʥʦʶ ʚʽʜ 10 ʜʦ 20ʤʤ. ɺʽʜʧʦʚʽʜʥʦ, ʩʘʤʝ ʧʽʜ ʮʝʡ 

ʪʠʧʦʨʦʟʤʽʨ ʜʦʮʽʣʴʥʦ ʨʦʟʨʦʙʣʷʪʠ ʦʙʣʘʜʥʘʥʥʷ, ʘʣʝ ʪʘʢʦʞ ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ 

ʧʝʨʝʥʘʣʘʜʢʠ ʜʣʷ ʦʙʨʦʙʢʠ ʤʝʥʰʠʭ ʽ ʙʽʣʴʰʠʭ ʟʨʘʟʢʽʚ. ʂʦʥʮʝʧʪʫʘʣʴʥʘ ʢʦʤʧʦʥʦʚʢʘ ʚʝʨʩʪʘʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ 3-ʭ ʩʝʢʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ 2 ʤʦʜʫʣʷ ʦʙʨʦʙʢʠ (ʨʠʩ. 1) [5]. ɺ 

ʭʦʜʽ ʨʦʙʦʪʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʤʘʢʝʪ-ʧʨʠʩʪʘʚʢʘ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʧʦʜʘʯʝʶ ʧʦ ʧʨʦʛʨʘʤʽ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʘ ʚʝʨʩʪʘʪʽ ʤʦʜ. SKU ʬʽʨʤʠ Avalon (ʇʦʣʴʱʘ), 

ʦʙʣʘʜʥʘʥʠʤ ʤʘʢʝʪʦʤ-ʧʨʠʩʪʘʚʢʦʶ ʘʚʪʦʤʘʪʠʯʥʦʾ ʧʦʜʘʯʽ (ʨʠʩ.2) ʝʤʧʽʨʠʯʥʠʤ ʰʣʷʭʦʤ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʽʡ ʯʘʩ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʢʫʣʴʢʠ ʟʘ ʦʜʠʥ ʮʠʢʣ ʩʢʣʘʜʘʻ 110 ʩʝʢʫʥʜ. ʇʨʠ 

ʮʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʜʘʥʘ ʧʨʠʩʪʘʚʢʘ ʙʫʣʘ ʚʠʢʦʥʘʥʘ ʫ ʚʠʛʣʷʜʽ ʤʘʢʝʪʫ, ʱʦ 

ʧʝʨʝʰʢʦʜʞʘʣʦ ʟʙʽʣʴʰʝʥʥʶ ʰʚʠʜʢʦʩʪʽ ʧʦʜʘʯʽ ʽ ʚʥʘʩʣʽʜʦʢ ʮʴʦʛʦ ʟʙʽʣʴʰʫʚʘʣʦ ʪʨʠʚʘʣʽʩʪʴ 

ʮʠʢʣʫ ʦʙʨʦʙʢʠ. 

ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʣʦʛʽʯʥʦ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʚ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʥʦʮʽʥʥʦʛʦ ʷʢʽʩʥʦ 

ʚʠʛʦʪʦʚʣʝʥʦʛʦ ʽ ʥʘʣʘʰʪʦʚʘʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʨʠʚʘʣʽʩʪʴ ʮʠʢʣʫ ʤʦʞʥʘ ʟʤʝʥʰʠʪʠ ʚ 2-3 

ʨʘʟʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʷʢʱʦ 1 ʮʠʢʣ ʦʙʨʦʙʢʠ ʩʪʘʥʦʚʠʪʠʤʝ ʚ ʩʝʨʝʜʥʴʦʤʫ 60 ʩʝʢʫʥʜ, ʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 6 ʤʦʜʫʣʽʚ ʦʙʨʦʙʢʠ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 360 ʢʫʣʴʦʢ ʥʘ ʛʦʜʠʥʫ ʽ 2880 ʢʫʣʴʦʢ 

ʟʘ ʟʤʽʥʫ (8 ʛʦʜʠʥ ʨʦʙʦʪʠ). 
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ʈʠʩ. 1 ï ʂʦʤʧʦʥʦʚʢʘ ʙʘʛʘʪʦʧʦʟʠʮʽʡʥʦʛʦ ʚʝʨʩʪʘʪʘ-ʘʚʪʦʤʘʪʘ ʧʘʨʘʣʣʝʣʴʥʦ ʾʜʽʾ: ʘ ï 

ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʚʝʨʩʪʘʪʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3-ʭ ʩʝʢʮʽʡ; ʙ ï ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʦʜʥʽʻʾ ʩʝʢʮʽʾ 

ʚʝʨʩʪʘʪʘ  

 
ʈʠʩ. 2 ï ɺʝʨʩʪʘʪ ʤʦʜʝʣ ̔SKU ʬʨ̔ʤʠ Avalon (ʇʦʣʴʰʘ), ʦʙʣʘʜʥʘʥʠʡ ʤʘʢʝʪʦʤ-ʧʨʠʩʪʘʚʢʦ ʁ
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ʈʆɿɺʀʊʆʂ ʅɸʋʂʆɺʆɰ ʐʂʆʃʀ ʆɹʈʆɹʂʀ ʄɽʊɸʃɯɺ ʊʀʉʂʆʄ ʋ 

ʅɸʎɯʆʅɸʃʔʅʆʄʋ ʊɽʍʅɯʏʅʆʄʋ ʋʅɯɺɽʈʉʀʊɽʊɯ  

çʍɸʈʂɯɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊè 

ʈʦʟʚʠʪʦʢ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ ʊʝʭʥʽʯʥʦʤʫ 

ʋʥʽʚʝʨʩʠʪʝʪʽ çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪè (ʅʊʋ çʍʇɯè) ʥʝʨʦʟʨʠʚʥʦ ʧʦʚôʷʟʘʥʠʡ 

ʟ ʨʦʟʚʠʪʢʦʤ ʢʘʬʝʜʨʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʪʘ ʟ ʪʠʤʠ ʦʩʦʙʠʩʪʦʩʪʷʤʠ, ʷʢʽ ʾʾ ʦʯʦʣʶʚʘʣʠ ʚ 

ʨʽʟʥʠʡ ʯʘʩ. 

ʇʝʨʰʽ ʟʛʘʜʢʠ ʧʨʦ ʩʧʝʮʽʘʣʴʥʽʩʪʴ ñʆʙʨʦʙʢʘ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤò ʫ ʅʘʮʽʦʥʘʣʴʥʦʤʫ 

ʊʝʭʥʽʯʥʦʤʫ ʋʥʽʚʝʨʩʠʪʝʪʽ çʍʘʨʢʽʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ ɯʥʩʪʠʪʫʪè ʟʚôʷʟʘʥʽ ʟ ʩʘʤʠʤ 

ʟʘʩʥʫʚʘʥʥʷʤ ʅʊʋ çʍʇɯè ʫ 1885 ʨʦʮʽ, ʘ ʡʦʛʦ ʧʨʦʬʝʩʦʨ ʇʝʪʨʦ ʄʘʪʚʽʡʦʚʠʯ ʄʫʭʘʯʦʚ, ʷʢʠʡ 

ʪʘʢʦʞ ʙʫʚ ʨʝʢʪʦʨʦʤ ʅʊʋ çʍʇɯè ʥʘ ʧʨʦʪʷʟʽ 1905-1915 ʨʦʢʽʚ, ʧʦʯʘʚ ʢʝʨʫʚʘʪʠ ʨʦʙʦʪʘʤʠ 

ʩʪʫʜʝʥʪʘʤʠ ʪʘ ʱʦʨʽʯʥʦ ʚʠʧʫʩʢʘʪʠ ʧʦ 2-3 ʽʥʞʝʥʝʨʘ ʟ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ (ʆʄʊ). 

ʂʘʬʝʜʨʫ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʷʢ ʩʘʤʦʩʪʽʡʥʠʡ ʧʽʜʨʦʟʜʽʣ ʟʘʩʥʫʚʘʚ ʫ 1929 ʨʦʮʽ ʡʦʛʦ 

ʧʝʨʰʠʡ ʟʘʚʽʜʫʶʯʠʡ ʌʝʣʴʜʤʘʥ ɯʣʣʷ ʁʦʩʠʧʦʚʠʯ. ʇʝʨʰʠʡ ʝʪʘʧ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ 

ʙʫʚ ʧʦʚôʷʟʘʥʠʡ ʟ ʧʦʰʫʢʘʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʽ ʩʪʘʥʦʚʣʝʥʥʷʤ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʨʦʙʦʪʠ ʥʘ ʢʘʬʝʜʨʽ. ʋ ʮʝʡ ʧʝʨʽʦʜ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʝʨʰʦʛʦ ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʦʶ 

ʌʝʣʴʜʤʘʥʘ ɯ.ʁ. ʚʠʢʦʥʫʚʘʣʠʩʷ ʧʦʰʫʢʦʚʽ ʨʦʙʦʪʠ ʚ ʨʽʟʥʠʭ ʥʘʧʨʷʤʢʘʭ ʆʄʊ: ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʢʫʚʘʥʥʷ ʡ ʰʪʘʤʧʫʚʘʥʥʷ, ʧʨʦʢʘʪʢʠ ʡ ʧʨʝʩʫʚʘʥʥʷ, ʜʦʩʣʽʜʞʝʥʥʷ ʡ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʧʘʨʦʧʦʚʽʪʨʷʥʠʭ ʰʪʘʤʧʫʚʘʣʴʥʠʭ ʤʦʣʦʪʽʚ, ʧʨʝʩʽʚ, ʥʘʛʨʽʚʘʣʴʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʪʘ ʽʥ. 

ɼʨʫʛʠʡ ʝʪʘʧ ʧʦʯʘʚʩʷ ʟ 1959 ʨʦʢʫ, ʢʦʣʠ ʢʘʬʝʜʨʫ ʦʯʦʣʠʚ ʍʤʘʨʘ ʉʘʤʫʾʣ ʄʦʡʩʝʡʦʚʠʯ. 

ʍʤʘʨʘ ʉ.ʄ. ʩʪʚʦʨʠʚ ʧʨʠ ʢʘʬʝʜʨʽ ʧʦʪʫʞʥʫ ʛʘʣʫʟʝʚʫ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʫ ʣʘʙʦʨʘʪʦʨʽʶ 

ñʊʚʝʨʜʦʩʧʣʘʚʥʽ ʰʪʘʤʧʠò (ʅɼʃ ʊʐ) ʽ ʩʪʘʚ ʾʾ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ. ʅɼʃ ʊʐ ʙʫʣʘ ʻʜʠʥʦʶ 

ʣʘʙʦʨʘʪʦʨʽʻʶ ʪʘʢʦʛʦ ʨʦʜʫ ʚ ʋʢʨʘʾʥʽ. ɺ ʥʽʡ ʥʘ ʜʝʨʞʙʶʜʞʝʪʥʦʤʫ ʡ ʛʦʩʧʜʦʛʦʚʽʨʥʦʤʫ 

ʬʽʥʘʥʩʫʚʘʥʥʽ ʧʨʘʮʶʚʘʣʦ ʙʣʠʟʴʢʦ 50 ʰʪʘʪʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʽʥʞʝʥʝʨʥʦ-ʪʝʭʥʽʯʥʠʭ 

ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʩʫʤʽʩʥʠʢʽʚ-ʚʠʢʣʘʜʘʯʽʚ ʽ ʩʪʫʜʝʥʪʽʚ-ʩʪʘʨʰʦʢʫʨʩʥʠʢʽʚ. ʋ ʅɼʃ ʊʐ 

ʚʠʢʦʥʫʚʘʚʩʷ ʧʦʚʥʠʡ ʮʠʢʣ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʽ ʜʦʩʣʽʜʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʨʦʙʽʪ, 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʠʭ ʟʨʘʟʢʽʚ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʰʪʘʤʧʽʚ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʾʭʥʴʦʾ ʩʪʽʡʢʦʩʪʽ ʡ 

ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʚʠʨʦʙʥʠʮʪʚʦ. ʎʝ ʜʦʟʚʦʣʠʣʦ ʩʪʚʦʨʠʪʠ ʥʦʚʽ ʢʦʥʩʪʨʫʢʮʽʾ 

ʚʠʩʦʢʦʩʪʽʡʢʠʭ ʪʚʝʨʜʦʩʧʣʘʚʥʠʭ ʰʪʘʤʧʽʚ ʡ ʚʧʨʦʚʘʜʠʪʠ ʾʭ ʥʘ ʚʠʨʦʙʥʠʯʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ, ʜʝ 

ʙʫʣʦ ʟʦʩʝʨʝʜʞʝʥʦ ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʽʥʩʪʨʫʤʝʥʪʫ, ʤʘʰʠʥʦʙʫʜʽʚʥʠʭ ʡ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʠʭ 

ʚʠʨʦʙʽʚ. ʋ 1964 ʨʦʢʫ ʟ ʽʥʽʮʽʘʪʠʚʠ ʍʤʘʨʠ ʉ. ʄ. ʥʘ ʢʘʬʝʜʨʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʛʨʫʧʘ ʚʠʢʣʘʜʘʯʽʚ ʽ 

ʥʘʫʢʦʚʠʭ ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ, ʱʦ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ɭʚʩʪʨʘʪʦʚʘ ɺ.ʆ. ʧʦʯʘʣʘ ʜʦʩʣʽʜʞʝʥʥʷ ʚ 

ʥʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ñʆʧʪʠʤʽʟʘʮʽʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʭʦʣʦʜʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ ʡ 

ʢʦʥʩʪʨʫʢʮʽʡ ʰʪʘʤʧʽʚò. ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʘʫʢʦʚʠʭ ʩʠʣ ʽ ʟʘʣʫʯʝʥʥʷ ʜʦ ʅɼʈ ʥʘ ʛʦʩʧʜʦʛʦʚʽʨʥʽʡ 

ʦʩʥʦʚʽ ʧʨʘʮʽʚʥʠʢʽʚ ʽʥʰʠʭ ʢʘʬʝʜʨ ʅʊʋ ñʍʇɯò ʜʦʟʚʦʣʠʣʘ ʚʠʢʦʥʘʪʠ ʢʽʣʴʢʘ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʭ ʧʽʦʥʝʨʩʴʢʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʘʚʦʶʚʘʣʠ 

ʘʚʪʦʨʠʪʝʪ ʚ ʤʘʩʰʪʘʙʽ ʚʩʴʦʛʦ ʢʦʣʠʰʥʴʦʛʦ ʉʈʉʈ. ʇʨʠ ʢʘʬʝʜʨʽ ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʛʘʣʫʟʝʚʘ 

ʣʘʙʦʨʘʪʦʨʽʷ ʭʦʣʦʜʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʅɼʃ ʍɺ), ʱʦ ʩʪʘʣʘ ʥʘʫʢʦʚʠʤ ʮʝʥʪʨʦʤ  

ʚʠʜʘʚʣʶʚʘʥʥʷ, ʘ ʍʘʨʢʽʚ ʩʪʘʚ ʮʝʥʪʨʦʤ ʧʨʦʚʝʜʝʥʥʷ ʚʩʝʩʦʶʟʥʠʭ (ʟʘʛʘʣʴʥʦʩʦʶʟʥʠʭ) ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ. ʅʘ ʙʘʟʽ ʅɼʃ ʍɺ ʚ ʅʊʋ çʍʇɯè ʙʫʣʘ ʦʨʛʘʥʽʟʦʚʘʥʘ ɺʩʝʩʦʶʟʥʘ 

ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʩʝʢʮʽʷ ʅʊʆ ʄɸʐʇʈʆʄ ñʍʦʣʦʜʥʝ ʦʙôʻʤʥʝ ʰʪʘʤʧʫʚʘʥʥʷ ʡ 

ʚʠʜʘʚʣʶʚʘʥʥʷò. ʉʘʤʝ ʚ ʅɼʃ ʍɺ ʚʧʝʨʰʝ ʚ ʉʈʉʈ ʙʫʣʦ ʩʠʩʪʝʤʥʦ ʚʠʨʽʰʝʥʝ ʟʘʚʜʘʥʥʷ 

ʩʪʽʡʢʦʩʪʽ ʰʪʘʤʧʽʚ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʚʠʜʘʚʣʶʚʘʥʥʷ, ʩʪʚʦʨʝʥʽ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʽ ʧʨʦʮʝʩʠ 

ʚʠʜʘʚʣʶʚʘʥʥʷ ʽ ʢʦʥʩʪʨʫʢʮʽʾ ʚʠʩʦʢʦʩʪʽʡʢʠʭ ʰʪʘʤʧʽʚ ʜʣʷ ʾʭʥʴʦʛʦ ʟʜʽʡʩʥʝʥʥʷ. ʎʽ ʧʨʦʮʝʩʠ ʡ 
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ʰʪʘʤʧʠ ʙʫʣʠ ʚʧʨʦʚʘʜʞʝʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʦ ʥʘ ʜʝʩʷʪʢʘʭ ʟʘʚʦʜʘʭ, ʜʝ ʙʫʣʦ ʩʢʦʥʮʝʥʪʨʦʚʘʥʦ 

ʤʘʩʦʚʝ ʚʠʨʦʙʥʠʮʪʚʦ ʩʢʣʘʜʥʠʭ ʜʝʪʘʣʝʡ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ, ʘʚʪʦʪʨʘʢʪʦʨʥʦʾ ʡ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ.  

ɿ 1975 ʧʦ 1985 ʨ. ʟʘʚʽʜʫʚʘʚ ʢʘʬʝʜʨʦʶ ʉʤʦʣʷʥʽʥʦʚ ɺʦʣʦʜʠʤʠʨ ʇʦʨʬʠʨʽʡʦʚʠʯ. ɺʽʥ 

ʙʘʛʘʪʦ ʫʚʘʛʠ ʧʨʠʜʽʣʷʚ ʫʯʙʦʚʦ-ʤʝʪʦʜʠʯʥʽʡ ʨʦʙʦʪʽ ʡ ʚʠʭʦʚʘʥʥʶ ʩʪʫʜʝʥʪʽʚ. ɺʝʣʠʢʠʡ ʚʥʝʩʦʢ 

ʚʥʽʩ ʫ ʨʦʟʨʦʙʢʫ ʤʝʪʦʜʠʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʘʰʠʥ ʫ ʦʙʨʦʙʮʽ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ. 

ʋ 1985 ʨʦʢʫ ʢʘʬʝʜʨʫ ʦʯʦʣʠʚ ɭʚʩʪʨʘʪʦʚ ɺʽʪʘʣʽʡ ʆʣʝʢʩʽʡʦʚʠʯ. ɿ ʡʦʛʦ ʧʨʠʭʦʜʦʤ ʦʪʨʠʤʘʚ 

ʨʦʟʚʠʪʦʢ ʥʦʚʠʡ ʥʘʧʨʷʤʦʢ ï ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʨʦʮʝʩʽʚ ʚʠʜʘʚʣʶʚʘʥʥʷ ʡ 

ʢʦʥʩʪʨʫʢʮʽʡ ʚʠʩʦʢʦʩʪʽʡʢʠʭ ʰʪʘʤʧʽʚ ʜʣʷ ʚʠʜʘʚʣʶʚʘʥʥʷ (ʉɸʇʈ ʍɺ). ʇʦ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʙʫʣʘ ʩʪʚʦʨʝʥʘ ʦʜʥʘ ʟ ʧʝʨʰʠʭ ʫ ʅʊʋ çʍʇɯè ʚʝʨʩʽʡ ʉɸʇʈ ʰʪʘʤʧʽʚ ʜʣʷ ʭʦʣʦʜʥʦʛʦ 

ʚʠʜʘʚʣʶʚʘʥʥʷ. ɭʚʩʪʨʘʪʦʚ ɺ.ʆ. ʧʨʦʚʦʜʠʚ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʛʘʣʫʟʽ ʪʝʦʨʽʾ ʧʣʘʩʪʠʯʥʦʾ 

ʜʝʬʦʨʤʘʮʽʾ ʽ ʪʝʭʥʦʣʦʛʽʾ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ. ʊʘʢʦʞ ɭʚʩʪʨʘʪʦʚ ɺ.ʆ. ʙʘʛʘʪʦ ʫʚʘʛʠ 

ʧʨʠʜʽʣʷʚ ʧʩʠʭʦʣʦʛʦ-ʧʝʜʘʛʦʛʽʯʥʠʤ ʪʘ ʦʨʛʘʥʽʟʘʮʽʡʥʠʤ ʟʘʩʘʜʘʤ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ 

ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ ʚ ʪʝʭʥʽʯʥʠʭ ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ. 

ɿ 2006 ʨʦʢʫ ʢʘʬʝʜʨʫ ʦʯʦʣʶʚʘʚ ʇʣʻʩʥʝʮʦʚ ʖʨʽʡ ʆʣʝʢʩʘʥʜʨʦʚʠʯ. ɿ ʡʦʛʦ ʧʨʠʭʦʜʦʤ 

ʦʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ ʨʦʙʦʪʘ ʚ ʦʙʣʘʩʪʽ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʤʝʪʘʣʽʚ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ 

ʥʘʫʢʦʚʦʛʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʦʨʝʪʠʯʥʠʭ ʘʩʧʝʢʪʽʚ ʦʜʥʦʛʦ ʟ ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʜʣʷ 

ʤʘʰʠʥʦʙʫʜʽʚʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʠʨʦʙʥʠʮʪʚʘ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʠʣʠ ʦʨʛʘʥʽʟʫʚʘʪʠ ʚʠʨʦʙʥʠʮʪʚʦ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʚʠʜʽʚ 

ʤʝʪʘʣʦʧʨʦʜʫʢʮʽʾ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤʠ ʩʣʫʞʙʦʚʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ï ʧʨʦʬʽʣʽʚ ʚʠʩʦʢʦʾ ʪʚʝʨʜʦʩʪʽ, 

ʽʟ ʧʨʦʩʽʯʥʦ-ʚʠʪʷʛʫʚʘʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʧʨʦʪʠʢʦʚʟʘʥʥʷ, ʟʘʭʠʩʥʦ-ʜʝʢʦʨʘʪʠʚʥʠʤʠ 

ʧʦʢʨʠʪʪʷʤʠ. ʇʣʻʩʥʝʮʦʚ ʖ.ʆ. ʚʠʢʦʥʘʚ ʙʘʛʘʪʦ ʨʦʙʽʪ ʟ ʧʨʦʝʢʪʫʚʘʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʪʠʭ ʧʨʦʬʽʣʽʚ. 

ɿ 2018 ʨʦʢʫ ʢʘʬʝʜʨʫ ʦʯʦʣʶʻ ʘʚʪʦʨ ʮʠʭ ʨʷʜʢʽʚ. ɺʠʢʦʥʫʶʪʴʩʷ ʥʘʫʢʦʚʽ ʨʦʙʦʪʠ ʟ 

ʚʠʟʥʘʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʨʘʮʽʦʥʘʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ ʢʫʚʘʥʥʷ ʟ ʢʦʤʙʽʥʘʮʽʻʶ ʦʧʝʨʘʮʽʡ 

ʦʩʘʜʞʫʚʘʥʥʷ ʪʘ ʧʨʦʪʷʛʫʚʘʥʥʷ ʪʘ ʚʘʨʽʘʮʽʻʶ ʥʘʧʨʷʤʫ ʜʝʬʦʨʤʫʚʘʥʥʷ ʰʣʷʭʦʤ ʪʝʦʨʝʪʠʯʥʦʛʦ 

ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʦʨʤʦʟʤʽʥʠ ʤʝʪʘʣʫ ʟ ʚʠʭʽʜʥʦʶ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ 

ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʜʝʨʞʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ, ʩʧʝʮʽʘʣʴʥʠʭ ʪʘ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ ʟ ʥʝʦʙʭʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʘ ʝʢʦʥʦʤʽʻʶ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʠʪʨʘʪ. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʢʫʚʘʥʥʷ ʟʘʛʦʪʦʚʦʢ ʜʦʟʚʦʣʠʣʠ ʨʦʟʨʦʙʠʪʠ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ 

ʢʫʚʘʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʠʣʠ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʦʜʝʨʞʫʚʘʥʦʾ ʧʨʦʜʫʢʮʽʾ ʟʘ ʨʘʭʫʥʦʢ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʽʘʣʴʥʦʛʦ ʨʝʞʠʤʫ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɹʫʣʠ ʨʦʟʨʦʙʣʝʥʽ ʨʘʮʽʦʥʘʣʴʥʽ 

ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʜʝʬʦʨʤʘʮʽʡʥʽ ʨʝʞʠʤʠ ʢʫʚʘʥʥʷ ʚʫʛʣʝʮʝʚʠʭ ʩʪʘʣʝʡ, ʩʧʝʮʽʘʣʴʥʠʭ ʪʘ 

ʪʠʪʘʥʦʚʠʭ ʩʧʣʘʚʽʚ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʘʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʭʘʨʘʢʪʝʨʫ ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʧʨʠ 

ʢʫʚʘʥʥʽ ʧʦʢʦʚʦʢ ʪʘ ʾʾ ʚʧʣʠʚʫ ʥʘ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʢʦʚʦʢ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ 

ʟʘʛʦʪʦʚʢʠ ʽ ʯʠʥʥʠʢʽʚ ʧʨʦʮʝʩʫ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚʠʨʦʙʽʚ. 

ʅʘ ʢʘʬʝʜʨʽ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʟ 2009 ʨʦʢʫ ʧʨʦʚʦʜʠʪʴʩʷ ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-

ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʈʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʪʘ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ 

ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʽ ʤʝʪʘʣʫʨʛʽʾè, ʷʢʘ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʞʥʠʡ ʨʽʢ. ʄʝʪʘ 

ʧʨʦʚʝʜʝʥʠʭ ʢʦʥʬʝʨʝʥʮʽʡ ʧʦʣʷʛʘʣʘ ʚ ʘʥʘʣʽʟʽ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʽ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ 

ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʽ ʤʝʪʘʣʫʨʛʽʾ, ʘ ʪʘʢʦʞ ʚ ʦʙʤʽʥʽ ʜʦʩʚʽʜʦʤ ʽ ʧʽʜʚʠʱʝʥʥʽ 

ʨʽʚʥʷ ʽʥʬʦʨʤʦʚʘʥʦʩʪʽ ʧʽʜʧʨʠʻʤʩʪʚ ʽ ʦʨʛʘʥʽʟʘʮʽʡ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʝʡ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ ʽ ʦʙʣʘʜʥʘʥʥʷ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʧʦ ʟʘʙʝʟʧʝʯʝʥʥʶ ʨʝʩʫʨʩʦʟʙʝʨʝʞʝʥʥʷ ʽ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʽ ʤʝʪʘʣʫʨʛʽʾ. ɺʞʝ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 10 ʢʦʥʬʝʨʝʥʮʽʡ, 

ʘ ʥʘʩʪʫʧʥʘ ʢʦʥʬʝʨʝʥʮʽʷ, ʷʢʘ ʙʫʜʝ ʧʨʦʚʝʜʝʥʘ ʫ ʣʠʩʪʦʧʘʜʽ 2019 ʨʦʢʫ, ʧʨʠʩʚʷʯʝʥʘ 90-ʨʽʯʯʶ 

ʩʪʚʦʨʝʥʥʷ ʢʘʬʝʜʨʠ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ ʅʊʋ çʍʇɯè. 
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A POSSIBLE WAY  OF EVOLUTION  OF NOVIKOV GEARING   

The invented in the mid-1950
th
 Novikov gear system was a breakthrough in the theory of 

gearing.  The proposed by Colonel M.L. Novikov gearing features a huge potential in sense of 

power density in a gear pair (see [1], [2] for details). Besides Novikov gearing itself deserves to 

be investigated more in detail, a variation of this gear system that includes rolling elements 

(balls) is of particular interest, both, for the gear theory and for gear application as well. 

A brief look at a schematic of parallel-axes Novikov/conformal/high-conformal gear pair with 

the boundary N circle that overlaps the gears inspired the author
1
 to investigate a possibility to 

replace the sliding between the gear teeth flanks with rolling. Potentially, such a replacement 

could be useful as the friction losses in rolling are commonly smaller compared to that in sliding. 

As it is illustrated in Fig. 1, in a section by a transverse plane, both, the driving pinion, as well 

as the driven gear feature concave tooth profile. The line of action, LA, forms a transverse 

pressure angle, t , with a perpendicular to the centerline, ѿ. 

The balls of a radius ball Nr r  interact 

with the gear and the pinion tooth flanks, G  

and P , at two point Kg and Kp. The 

parallel-axes conformal gear pair with 

intermediate balls feature two pseudo-paths 

of contact, Ppc.g and Ppc.p. In the case under 

consideration, the pseudo-paths of contact 

are two straight lines through the contact 

points Kg and Kp that are perpendicular to 

the plane of drawing in Fig. 1. 

When the gears rotate, the balls travel in 

the axial direction of the gear pair parallel to 

the axis of instant rotation, Pln . At this time, 

when the balls are situated within the face-

width, Fpa, of the gear pair, the balls are 

supported solely by the tooth flanks, G  and 

P . After a ball passed up through a channel formed by two helical surface G  and P , it is 

returned to its initial position by a returning device. The returning device features a gap between 

the ends, the width of which is equal to or slightly exceeds the face-width, Fpa. Various means to 

return the balls can be designed. 

The forces that act over a ball when it is supported by the tooth flanks, G  and P , are 

analyzed in Fig. 2. Here, in Fig. 2, the driving pinion tooth flank, P , pushes the ball with a 

certain resultant force FɆ. This force is resolved onto a normal component, Fn, and a tangential 

                                                 
1
 In March 2, 2018.  Patent pending. 

Fig. 1 ï Schematic of Novikov gearing with balls 

mailto:radzevich@usa.com
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component, Ft. The components Fn and Ft. of the resultant force FɆ are considered 

(normal/tangential) in relation to the ball. 

In order to ensure straight motion of a ball parallel 

to the axis of instant rotation, Pln, the design 

parameters of the tooth flanks, G  and P  have to 

be designed so as to form the so-called ñpocketò (see 

Fig. 2) for a ball that is currently interacting with the 

tooth flanks, G  and P . The pocket is in length-

wise direction of the space between two neighboring 

teeth. This can be done considering the local 

geometry of the interacting surfaces G  and P  with 

the ball. 

Every point of a ball is a convex umbilic point, for 

which ñDupin indicatrixò, (ball)Dup , can be 

graphically interpreted as a circle of a certain radius.  The circle centers at the contact point with 

the gear and with the pinion.  Every point of the helical tooth flanks, G  and P , are saddle-like 

points that feature section by a normal plane of both kinds, that is, convex and concave plane 

sections are observed. 

The tooth flanks, G  and P , have to be designed so, as to ensure concave normal plane 

section of the booth surfaces, G  and P , in the direction of the ball travel. Under such a 

scenario, the ball is locked in the ñpocketò and travels exactly parallel to the axis of instant 

rotation, Pln. 

The permissible directions of the pseudo-paths of contact, Ppc.g and Ppc.p, are determined with 

the help of indicatrices of conformity constructed at points Kg and Kp . Viewing along the 

straight line KgKp, the tooth flanks, G  and P , are turned in relation to one another through an 

angle , that is similar to the angle of local relative orientation, ɛ, of two smooth regular 

surfaces at point of their contact
2
 [3]. 

When the balls are located within the face width, paF , of the gear pair, they are spaced from 

one another at a distance that equals to an axial pitch, xp , of the tooth helix. 

The design parameters of the gear tooth flank, G , as well as the design parameters of the 

pinion tooth flank, P , have to be determined so as to ensure the pseudo-paths of contact, Ppc.g 

and Ppc.p, within the sector for the permissible directions of the pseudo-paths of contact. 

The main advantages of the discussed concept of conformal gearing with intermediate balls 

are due to friction of sliding is substituted by friction of rolling. 
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2
 The difference between the angles  and  is solely because of a plane within which the angles are measured.  The angle of local relative 

orientation, , of two smooth regular surfaces, G  and P , at point of their contact is measured between the principal directions within a 

common tangent plane to the surfaces.  The angle  is measured between the projections of the principal directions onto a plane that is 

perpendicular to the straight line g pK K .  This plane is parallel to a common tangent plane in the contact ñball-to- G ò.  It is also parallel to a 

common tangent plane in the contact ñball-to-P ò. 

Fig. 2 ïñPocketò for a ball. 
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MESSSYSTEM ZUR ERFASSUNG VON MIKROBEWEGUNGEN BEI DER 

PR¦FUNG VON H¦FTPROTHESEN IM SIMULATOR 

Vor der Verwendung eines neuen Materials oder einer neuen Kombination k¿nstlicher 

H¿ftgelenke ist eine groÇe Anzahl von Pr¿fungen erforderlich. In speziellen Simulatoren (Abb. 

1) werden voreingestellte Belastungszyklen auf die Prothese angewendet, woraufhin die 

VerschleiÇfestigkeit gemessen und der Schaden analysiert wird. 

Auch die Bedingungen f¿r die Behandlung von Prothesen haben ihren eigenen Einfluss. Die 

Komponenten der Prothese werden mit 3-Achs-Drehmaschinen und 5-Achs-Mehrzweck-

Bearbeitungszentren behandelt. In Abhªngigkeit von den Zerspanungsdaten und den Materialien 

der Wechselschneidplatte werden Proben mit unterschiedlichen Eigenschaften der 

VerschleiÇfestigkeit und der Korrosionsbestªndigkeit erhalten. 

Um die optimalen Bearbeitungsparameter f¿r verschiedene prothetische Materialien zu 

ermitteln, werden auch Simulatoren von zyklischen Belastungen verwendet, die den Prozess des 

menschlichen Gehens simulieren. 

 
Abb. 1 ï Simulator des menschlichen Gehens im Uniklinikum OVGU Magdeburg 

Alle modernen Prothesen des H¿ftgelenks sind nicht monolithisch, sondern 

mehrkomponentig. Die Dreikomponentenstruktur ist Standard: Pfanne, Kugel und Schaft.  

Bauteilverbindungspunkte sind die Epizentren des VerschleiÇes. Daher ist es hier sinnvoll, zu 

forschen. 

Der Kopf und der Schaft sind durch eine konische Verbindung zusammengeschlossen. Hier 

hat die Fretting-Korrosion (ReibungsverschleiÇ) (Abb. 2) den grºÇten Einfluss auf den 

VerschleiÇ. F¿r das Auftreten dieser VerschleiÇart gen¿gen relative Oberflªchenverschiebungen 

mit einer Amplitude von 0,025 Õm [1], die zur Zerstºrung der Oxydschicht an den Stellen des 

beweglichen Kontakts f¿hren. Um die Fretting-Korrosion zu bestimmen, ist es notwendig, die 

GrºÇen der mikroskopischen relativen Verschiebungen zu bestimmen, die sich zwischen dem 

Kopf und dem Schaft wªhrend der zyklischen Belastung des Simulators ergeben. 
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Abb. 2 ï Sichtbare Fretting-Korrosionspuren am Prothesenkopf 

Das Problem ist die Entwicklung von Messsystemen, um die Auswirkungen verschiedener 

Faktoren auf die VerschleiÇfestigkeit und Haltbarkeit von Prothesen zu bestimmen. Dies ist vor 

allem auf den begrenzten Raum f¿r die Installation von Sensorsystemen im Simulator sowie auf 

die Bedingungen zur¿ckzuf¿hren, die wªhrend des Lastzyklus im Simulator vorhanden sind. 

Um die GrºÇe dieser mikroskopischen relativen Verschiebungen (Mikrobewegungen) zu 

bestimmen, wird ein Sensorsystem (Abb. 3) konstruiert, das auf Wirbelstromsensoren basiert, 

was gegen¿ber dem vorhandenen Analogon mehrere Vorteile aufweist. 

 

     ʘ) b)                                 c) 

Abb. 3 ï Der Aufbau des Sensorsystems zur Bestimmung relativer Verschiebungen 

(ʘ ï Schema des sensorischen Systems; b ï existierter Analog; c ï vorgeschlagene Konstruktion) 

Diese Konstruktion sieht nur ein zusªtzliches St¿ck vor, das gleichzeitig die Auflageflªche f¿r 

den Einbau der Prothese in den Simulator ist, und verªndert die Oberflªche der Halterung des 

Kegels (3, c), so dass sie als zusªtzliche Halterung f¿r den Sensor dient. 

Vorteile der vorgeschlagenen Konstruktion: 

- einfachere Struktur, wodurch Kosten und Zeit f¿r die Herstellung von Versuchsproben 

reduziert werden; 

- benºtigt weniger Platz im Simulator, was die Installation des Prototyps erheblich vereinfacht 

und den Zugang zu seinen Komponenten ermºglicht, den Austausch von Komponenten ohne 

Demontage ermºglicht, den Simulationsprozess beschleunigt und dementsprechend einer neuen 

Prothese auf den Markt schneller gebracht wird; 

- der Kegel kann auch f¿r die "normale Messreihe" verwendet werden; 

- beseitigt das Problem der unzuverlªssigen und nicht festen Montage des Sensors; 

- reduziert den durchschnittlichen Messfehler um das 1,73-fache. 

Das entwickelte Sensorsystem kann zum Testen neuer Materialien und 

Materialkombinationen verwendet werden, um die Haltbarkeit der Prothese anhand der 

angegebenen Werte f¿r die zyklische Belastung und einer Materialkombination von Kopf und 

Schaft vorherzusagen und die Reibungskorrosion zu bestimmen. 
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1. M. Windler, Korrosionsverhalten von modularen Verbindungen bei H¿ftendoprothesen - DISS. 
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