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ʅʆʈʄɸʊʀɺʅʓɽ ʉʉʓʃʂʀ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʦʢʪʦʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʩʳʣʢʠ ʥʘ ʩʪʘʥʜʘʨʪʳ: 

ɻʆʉʊ ʈ 53501-2009 ï ʂʨʘʭʤʘʣ ʧʰʝʥʠʯʥʳʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ. 

ɻʆʉʊ 9.060ï75 ï ʄʝʪʦʜ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. 

ɻʆʉʊ 3816-61 ï ʆʧʨʝʜʝʣʝʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ɻʆʉʊ 14236 ï ʇʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ. 

ɻʆʉʊ 6433.2 ï ʋʜʝʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ɻʆʉʊ 21472 ï ʇʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʝʥʢʠ. 
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ʆʇʈɽɼɽʃɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩ ̫ ʩʣʝʜʫʶʱʠʝ ʪʝʨʤʠʥʳ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʨʝʜʝʣʝʥʠʷʤʠ: 

ɸʤʠʣʦʟʘ ï ʧʨʦʜʫʢʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʣʠʥʝʡʥʫʶ 

ʩʪʨʫʢʪʫʨʫ  
ɸʤʠʣʦʧʝʢʪʠʥ ï ʧʨʦʜʫʢʪ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʨʘʭʤʘʣʘ, 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʛʦ ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚʝʪʚʠʩʪʫʶ 

ʩʪʨʫʢʪʫʨʫ  
ɸʤʬʠʬʠʣʴʥʦʩʪʴ ï ʩʚʦʡʩʪʚʦ ʤʦʣʝʢʫʣ ʚʝʱʝʩʪʚ (ʢʘʢ ʧʨʘʚʠʣʦ, 

ʦʨʛʘʥʠʯʝʩʢʠʭ), ʦʙʣʘʜʘʶʱʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʣʠʦʬʠʣʴʥʳʤʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʛʠʜʨʦʬʠʣʴʥʳʤʠ) ʠ 

ʣʠʦʬʦʙʥʳʤʠ (ʛʠʜʨʦʬʦʙʥʳʤʠ) ʩʚʦʡʩʪʚʘʤʠ 

 

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ï ʨʘʟʣʦʞʝʥʠʝ ʩʣʦʞʥʳʭ ʚʝʱʝʩʪʚ, ʤʘʪʝʨʠʘʣʦʚ, 

ʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʦʚ 

 

ɻʠʜʨʦʬʠʣʴʥʦʩʪʴ ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʝʱʝʩʪʚʘ ʩ ʚʦʜʦʡ, ʩʧʦʩʦʙʥʦʩʪʴ 

ʭʦʨʦʰʦ ʚʧʠʪʳʚʘʪʴ ʚʦʜʫ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ 

ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʦʜʦʡ. 

 

ɾʝʣʘʪʠʥʠʟʘʮʠʷ ï ʨʘʟʙʫʭʘʥʠʝ ʢʨʘʭʤʘʣʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʛʦʨʷʯʝʡ ʚʦʜʝ 

 

ʂʠʩʣʦʪʥʦʩʪʴ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʩʣʦʚʥʦʡ ʢʠʩʣʦʪʳ ʚ ʢʨʘʭʤʘʣʝ  
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ï ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʤʘʩʩʝ 

ʨʘʩʪʚʦʨʘ  
ʇʣʘʩʪʠʬʠʢʘʪʦʨʳ 

 

ï ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʚʚʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʨʠʜʘʥʠʷ (ʠʣʠ ʧʦʚʳʰʝʥʠʷ) 

ʵʣʘʩʪʠʯʥʦʩʪʠ ʠ (ʠʣʠ) ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʆɹʆɿʅɸʏɽʅʀʗ ʀ ʉʆʂʈɸʑɽʅʀʗ 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʤʝʥʷʶʪʩ ̫ ʩʣʝʜʫʶʱʠʝ ʩʦʢʨʘʱʝʥʠʷ ʠ 

ʦʙʦʟʥʘʯʝʥʠʷ: 

ɻʆʉʊ - ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ 

ʉʊ ʈʂ - ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʉɺ - ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ 

ʉɿ - ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ 

ʨʅ - ʚʦʜʦʨʦʜʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

ʤʣ - ʤʠʣʣʠʣʠʪʨ 

ʩʤ - ʩʘʥʪʠʤʝʪʨ 

ʢʛ - ʢʠʣʦʛʨʘʤʤ 

% - ʧʨʦʮʝʥʪ 
0ʉ - ʛʨʘʜʫʩ ʎʝʣʴʩʠʷ 

ʇʕ - ʧʦʣʠʵʪʠʣʝʥ  

ʇʕɺɼ - ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʇʊʈ - ʧʨʦʯʥʦʩʪʴ ʪʝʢʫʯʝʩʪʠ ʨʘʩʧʣʘʚʘ 

ů, ʄʇʘ - ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʟʨʳʚʝ 

ɽ, % - ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

TPS - ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʢʨʘʭʤʘʣ 

LDPE  - ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ 

HDPE - ʧʦʣʠʵʪʠʣʝʥ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 

EVA - ʵʪʠʣʝʥʚʠʥʠʣʘʮʝʪʘʪ 

PLA - ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ 

PCL - ʧʦʣʠ (Ů-ʢʘʧʨʦʣʘʢʪʦʥ) 

PGA - ʧʦʣʠʛʣʠʢʦʣʝʚʘʷ ʢʠʩʣʦʪʘ  

PBS - ʧʦʣʠʙʫʪʠʣʝʥʦʩʫʢʮʠʥʘʪ 

PBSA - ʧʦʣʠʙʫʪʠʣʝʥʩʫʢʮʠʥʘʪʘʜʠʧʠʥʘʪ 

PHA - ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪ 

PVA - ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ 

PHB - ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʠʱʝʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʟʘʥʠʤʘʝʪ 

ʢʣʶʯʝʚʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ, ʘ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʛʨʘʶʪ 

ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʭʨʘʥʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. ʇʣʘʩʪʠʢʦʚʘʷ ʫʧʘʢʦʚʢʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʧʘʢʦʚʢʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʟʘʤʦʨʦʞʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʥʘʧʠʪʢʦʚ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʣʘʛʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʛʝʨʤʝʪʠʯʥʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʦʢʦʣʦ 40% ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʩʚʷʟʘʥʦ ʩ ʫʧʘʢʦʚʢʦʡ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ 

ʥʘʧʠʪʢʦʚ [1]. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʘʩʪʠʢʦʚʳʭ ʫʧʘʢʦʚʦʢ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʥʝʬʪʝʧʨʦʜʫʢʪʘʭ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʫʱʝʨʙʦʤ ʠʟ-

ʟʘ ʠʭ ʜʦʣʛʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʣʦʞʝʥʠʷ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʦ ʜʘʥʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʫʧʘʢʦʚʦʯʥʳʭ ʦʪʭʦʜʦʚ ʧʦʧʘʜʘʝʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʛʜʝ ʦʥʠ ʩʦʟʜʘʶʪ ʙʘʨʴʝʨʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [2]. ʆʞʠʜʘʝʪʩʷ ʯʪʦ ʝʞʝʛʦʜʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʣʘʩʪʤʘʩʩ ʜʦʩʪʠʛʥʝʪ 1,1 ʤʠʣʣʠʘʨʜʘ ʪʦʥʥ ʢ 2060 ʛʦʜʫ, ʘ ʥʘʢʦʧʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʨʘʟʣʘʛʘʝʤʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʚ ʄʠʨʝ ʜʦʩʪʠʛʥʝʪ 12 

ʤʠʣʣʠʘʨʜʦʚ ʪʦʥʥ ʢ 2050 ʛʦʜʫ, ʯʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ 

ʤʦʨʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤ. [3]. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʧʣʘʩʪʠʢ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʦʭʨʘʥʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʆʜʠʥ ʠʟ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʣʘʩʪʠʢʦʚ ð 

ʤʠʢʨʦʧʣʘʩʪʠʢʠ ð ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚʦ ʚʩʝʭ ʩʣʦʷʭ ʵʢʦʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʷ 

ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ. ʕʪʠ ʯʘʩʪʠʮʳ ʧʣʘʩʪʠʢʘ ʧʨʦʥʠʢʘʶʪ ʚ ʮʝʧʦʯʢʫ ʧʠʪʘʥʠʷ 

ʯʝʨʝʟ ʟʘʛʨʷʟʥʸʥʥʳʝ ʚʦʜʫ, ʧʦʯʚʫ ʠ ʚʦʟʜʫʭ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʸʟʥʫʶ ʫʛʨʦʟʫ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ [4]. ʅʘʠʙʦʣʴʰʠʡ ʨʠʩʢ ʤʠʢʨʦʧʣʘʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʜʣʷ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʤʦʨʝʧʨʦʜʫʢʪʳ, ʦʚʦʱʠ ʠ ʩʦʣʴ. ʇʦʪʨʝʙʣʝʥʠʝ 

ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʢʦʧʣʝʥʠʶ ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʦʨʛʘʥʠʟʤʝ, 

ʚʢʣʶʯʘʷ ʧʝʩʪʠʮʠʜʳ ʠ ʪʷʞʝʣʳʝ ʤʝʪʘʣʣʳ. ʕʪʦ ʜʝʣʘʝʪ ʨʘʟʨʘʙʦʪʢʫ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʣʘʩʪʠʢʘʤ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʠ ʤʠʨʦʚʦʡ ʥʘʫʢʦʡ [5]. 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʫʛʨʦʟʳ, ʚʢʣʶʯʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ ʫʧʘʢʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʂʘʟʘʭʩʪʘʥ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʫʧʘʢʦʚʢʠ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʨʘʙʦʪʘ ʘʢʪʫʘʣʴʥʘ ʚ ʢʦʥʪʝʢʩʪʝ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʜʦʣʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʜʣʷ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʘʢʮʝʥʪ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʝʣʘʝʪʩʷ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴ ̫- ʟʝʨʥʦʚʦʛʦ ʢʨʘʭʤʘʣʘ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʨʘʟʣʘʛʘʪʴʩʷ ʜʦ ʙʝʟʦʧʘʩʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʩʥʦʚʘʥʠʷ ʠ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ. ʇʨʦʙʣʝʤʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʣʦʞʥʷʝʪʩʷ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ 
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ʧʣʝʥʦʢ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʥʝ ʪʦʣʴʢʦ 

ʪʨʫʜʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ, ʥʦ ʠ ʠʭ ʦʪʭʦʜʳ ʯʘʩʪʦ ʟʘʛʨʷʟʥʝʥʳ ʧʠʱʝʚʳʤʠ 

ʦʩʪʘʪʢʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʡ [6]. 

ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩʪʘʥʦʚʷʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʣʘʩʪʠʢʘʤ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʯʥʳʭ ʧʣʘʩʪʠʢʦʚ, ʦʥʠ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʢʦʤʧʦʥʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʚʦʜʘ, ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʨʝʜʠ ʚʩʝʭ ʪʠʧʦʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʢʨʘʭʤʘʣ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʣʘʛʦʜʘʨʷ ʝʛʦ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʠ [7]. 

ʅʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʩʦʩʨʝʜʦʪʦʯʝʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʨʘʭʤʘʣ, ʮʝʣʣʶʣʦʟʘ ʠ ʭʠʪʦʟʘʥ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʫʧʘʢʦʚʢʠ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʨʘʭʤʘʣ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ, ʜʦʩʪʫʧʥʦʩʪʠ ʠ ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [8]. ʂʨʘʭʤʘʣ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʧʘʢʦʚʢʠ 

ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ, ʬʨʫʢʪʦʚ ʠ ʦʚʦʱʝʡ. ʆʜʥʘʢʦ ʝʛʦ ʧʨʠʨʦʜʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʚʳʩʦʢʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʣʘʛʝ, ʪʨʝʙʫʶʪ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʣʝʥʠʝ ʩʦʧʦʣʠʤʝʨʦʚ ʠʣʠ ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʧʣʝʥʢʠ ʩ ʚʳʩʦʢʠʤʠ ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ [9]. 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ 

ʨʘʟʨʘʙʦʪʢʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʨʘʥʘʭ ʩ 

ʚʳʩʦʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʩʪʨʘʥʳ ɽʉ, 

ʛʜʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʘʷ ʫʧʘʢʦʚʢʘ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʳʝ 

ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ [10]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʣʝʥʢʠ ʥʝ ʪʦʣʴʢʦ 

ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʵʢʦʩʠʩʪʝʤ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʭʨʘʥʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʫʧʘʢʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ [11].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ ʥʝ 

ʪʦʣʴʢʦ ʩʥʠʞʘʝʪ ʦʙʲʝʤʳ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʥʦ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʨʘʟʚʠʪʠʝ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʦʪʨʘʩʣʝʡ. ʇʝʨʝʭʦʜ ʥʘ ʫʧʘʢʦʚʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʥʳʭ 

ʧʣʘʩʪʠʢʦʚ ʠ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [12]. 

ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʳʟʦʚʦʚ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʦʭʨʘʥʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʦʢʨʘʱʝʥʠʶ ʦʪʭʦʜʦʚ ʠ 

ʬʦʨʤʠʨʫʶʪ ʦʩʥʦʚʫ ʜʣʷ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ [13]. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʪʘʶʪʩʷ 

ʥʝʨʝʰʝʥʥʳʝ ʚʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʣʫʯʰʝʥʠʝʤ ʚʣʘʛʦʩʪʦʡʢʦʩʪʠ, 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʥʠʞʝʥʠʝʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʫʧʘʢʦʚʢʠ. ʊʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ, ʪʘʢʠʭ ʢʘʢ 

ʢʨʘʭʤʘʣ ʧʨʦʠʟʚʦʜʠʤʳʡ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚʢʣʶʯʘʷ ʧʦʙʦʯʥʳʡ 

ʧʨʦʜʫʢʪ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʧʰʝʥʠʮʳ ï ʧʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ ɺ, ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʥʦʛʦ ʩʳʨʴʷ. 

ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʘ, ʥʘʧʨʠʤʝʨ, 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʧʠʦʥʠʨʦʚʘʥʠʝ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʤʝʪʦʜʦʤ ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʊʘʢʞʝ ʧʝʨʩʧʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʝʩʝʡ ʢʨʘʭʤʘʣʘ ʩ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʦʡ (PLA) ʠ ʧʦʣʠ(Ů-

ʢʘʧʨʦʣʘʢʪʦʥʦʤ) (PCL), ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʤʝʪʨʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʚʢʣʶʯʘʶʱʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʟʠʪʦʚ. ʄʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʢʘʣʦʨʠʤʝʪʨʠʷ, ʘʥʘʣʠʟ ʚʷʟʢʦʩʪʠ ʠ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺʧʝʨʚʳʝ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ɸ ʠ ɺ ʢʨʘʭʤʘʣʘ ʠ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) 

(PCL), ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʫʣʫʯʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʨʘʥʫʣ ʥʘ ʦʩʥʦʚʝ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʩ ʮʝʣʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʘʪʠʚʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ. 

- ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʠ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʨʘʭʤʘʣʦʚ ʩ PCL ï ʧʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) 

- ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ  

- ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ʉʦʠʩʢʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʫʯʘʩʪʥʠʢʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘʢʣʘʜʢʝ ʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʧʳʪʦʚ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ 
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ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ 

ʘʚʪʦʨʦʤ ʚʳʧʦʣʥʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʠ ʚ ʩʦʘʚʪʦʨʩʪʚʝ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʣʝʥʢʠ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ 

ʧʣʘʩʪʠʢʦʚʳʤ ʫʧʘʢʦʚʢʘʤ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ 

ʜʦʩʪʘʪʦʯʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ. ʀʩʧʦʣʴʟʫʝʤʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ 

ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʤʘʩʰʪʘʙʘʤ ʠ ʧʨʝʜʣʘʛʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 

ʨʝʰʝʥʠʝ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʛʦ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʇʦʜʦʙʨʘʥʳ ʠ ʦʙʦʩʥʦʚʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʢʨʘʭʤʘʣʴʥʦ-

ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ, ʚʢʣʶʯʘʶʱʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʠ PCL, 

ʧʦʩʪʨʦʝʥʳ ʢʦʥʪʫʨʥʳʝ ʢʘʨʪʳ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʠʭ 

ʧʨʦʯʥʦʩʪʴ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʧʨʦʯʥʦʩʪʴʶ ʦʪ 15 ʜʦ 30 ʄʇʘ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʦʜʥʦʨʦʜʥʦʩʪʴ 

ʩʪʨʫʢʪʫʨʳ ʠ ʧʦʚʳʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʦʜʪʚʝʨʞʜʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʦʚʝʜʝʥʘ ʘʧʨʦʙʘʮʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʊʆʆ çʉʇ ױʣʳ ʜʘʣʘè. 

ʋʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʧʣʝʥʢʠ ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ɸ ʠ ɺ 

ʢʨʘʭʤʘʣʘ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 35,92ï43,75% ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 

ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʧʨʦʙʘʮʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʨʦʚʝʜʝʥʘ ʚ ʊʆʆ çʉʇ ױʣʳ ʜʘʣʘè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʜʘʥʳ ʥʘʫʯʥʳʝ ʧʫʙʣʠʢʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ ʂʆʂʉʅɺʆ ʄʅʠɺʆ ʈʂ:  

- ʆʩʧʘʥʢʫʣʦʚʘ ɻ.ʍ., ʄײʨʘʪʭʘʥ ʄ., ʃʠ ɺ., ɽʚʣʘʤʧʠʝʚʘ ɽ.ʇ., ɽʨʤʝʢʦʚ ɽ.ɽ. 

ɹʠʦʨʘʟʣʦʞʝʥʠʝ ʠ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʠʱʝʚʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ // ɺʝʩʪʥʠʢ ʋʥʠʚʝʨʩʠʪʝʪʘ 

ʐʘʢʘʨʠʤʘ. ʉʝʨʠʷ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2025;(1(17)):217-225. 

https://doi.org/10.53360/2788-7995-2025-1(17)-28 

- ʆʩʧʘʥʢʫʣʦʚʘ ɻ.ʍ., ʄײʨʘʪʭʘʥ ʄ., ʃʠ ɺ., ɹʘʡʢʘʜʘʤʦʚʘ ɸ.ʄ., ɽʨʤʝʢʦʚ ɽ.ɽ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʠʱʝʚʳʭ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ PCL. ɺʝʩʪʥʠʢ 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʐʘʢʘʨʠʤʘ. ʉʝʨʠʷ ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ. 2025;(1(17)):187-195. 

https://doi.org/10.53360/2788-7995-2025-1(17)-24 

- ɽʨʤʝʢʦʚ ɽ., ʆʩʧʘʥʢʫʣʦʚʘ ɻ.ʍ., ʊʦʡʤʙʘʝʚʘ ɼ.ɹ., ʉʘʜʫʘʭʘʩʦʚʘ ʉ.ɸ., 

ɸʡʜʘʨʭʘʥʦʚʘ ɻ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʬʦʣʦʛʠʠ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʨʘʭʤʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʨʘʟʣʘʛʘʝʤʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ // ʀʟʚʝʩʪʠʷ ʅɸʅ ʈʂ. ʉʝʨʠʷ ʭʠʤʠʠ ʠ 
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ʪʝʭʥʦʣʦʛʠʠ. ð   2021. ð   ̄  5-6. ð   C. 84-92.  (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʂʆʂʉʅɺʆ 

ʄʅʠɺʆ ʈʂ); 

- ʆʩʧʘʥʢʫʣʦʚʘ ɻ. ʍ., ɽʨʤʝʢʦʚ ɽ.ɽ., ʊʦʡʤʙʘʝʚʘ ɼ. ɹ., ʂʘʤʘʥʦʚʘ ʉ.ɻ., 

ʄʫʨʘʪ ʃ.ɸ., ʄײʨʘʪʭʘʥ ʄ., ɸʡʜʘʨʭʘʥʦʚʘ ɻ.ʉ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʦʚ // ɺʝʩʪʥʠʢ ʥʘʫʢʠ ʂʘʟʘʭʩʢʦʛʦ ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉ. 

ʉʝʡʬʫʣʣʠʥʘ (ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʡ). ï 2022. ï ʊ.2 (113). ï ʏ.1. ï ʉ.35-45, doi: 

https://doi.org/10.51452/kazatu.2022.2(113).1033. (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ 

ʂʆʂʉʅɺʆ ʄʅʠɺʆ ʈʂ); 

- Yermekov Y.Y., Toimbayeva D.B., Kamanova S.G., Murat L.A., Muratkhan 

M., Saduakhasova S.A., Aidarkhanova G.S., Ospankulova G.Kh. Investigation of 

the effect of acetylation on the physicochemical properties of grain starches // 

ɺʝʩʪʥʠʢ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ 

ɹʫʢʝʪʦʚʘ. ʉʝʨʠʷ çɹʠʦʣʦʛʠʷ. ʄʝʜʠʮʠʥʘ. ɻʝʦʛʨʘʬʠʷè. ï 2021. ï T.4(104). ï ʉ.22-

28, doi: 10.31489/2021BMG4/22-30. (ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʡ ʂʆʂʉʅɺʆ ʄʅʠɺʆ 

ʈʂ); 

ɺ ʞʫʨʥʘʣʘʭ ʚ ʙʘʟʝ ʜʘʥʥʳʭ Web of Science: 

- Ospankulova G., Khassanov V., Kamanova S., Toimbayeva D., 

Saduakhasova S., Bulashev B., Aidarkhanova G., Yermekov Y., Murat L., 

Shaimenova B., Muratkhan M., Li  W. Effect of infection of potato plants by Potato 

virus Y (PVY), Potato virus S (PVS), and Potato virus M (PVM) on content and 

physicochemical properties of tuber starch //Food Science & Nutrition. ï 2023. ï ʊ. 

11. ï ˉ. 7. ï ʉ. 4002-4009.; 

ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥ 1 ʧʘʪʝʥʪ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 7307 

çʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘè. ʆʧʫʙʣʠʢʦʚʘʥʦ 29.07.2022;  

ɼʠʩʩʝʨʪʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ Aʈ08857439 

çʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʨʘʭʤʘʣʘè (2020-2022 ʛʛ.) ʧʦ ʧʨʠʦʨʠʪʝʪʫ çʋʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ 

ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘè ʚ ʨʘʤʢʘʭ ʧʦʜʧʨʦʛʨʘʤʤʳ 101 çɻʨʘʥʪʦʚʦʝ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè ʚ ʂʘʟʘʭʩʢʦʤ ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʉ. ʉʝʡʬʫʣʣʠʥʘ.  

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ:  

- ʆʙʦʩʥʦʚʘʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʥʘʪʠʚʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʪʠʧʦʚ A ʠ B ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ ʦʪʣʠʯʠʷ ʧʦ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ, 

ʥʘʙʫʭʘʝʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ. 

- ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʨʝʮʝʧʪʫʨʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʨʘʥʫʣ ʠ 

ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʧʦʣʠ(Ů-

ʢʘʧʨʦʣʘʢʪʦʥʘ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʫʣʫʯʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʙʘʨʴʝʨʥʳʝ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

- ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ, ʧʦʜʪʚʝʨʞʜʝʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʨʘʟʣʦʞʝʥʠʷ 
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ʧʣʝʥʦʢ (ʜʦ 43,75 %) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʚʠʜʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

- ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ PCL, ʚʢʣʶʯʘʶʱʘʷ ʵʪʘʧʳ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʷ ʠ ʬʦʨʤʦʚʘʥʠʷ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 3 

ʨʘʟʜʝʣʦʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʨʠʣʦʞʝʥʠʡ. 

ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʦʩʪʦʠʪ ʠʟ 239 ʥʘʠʤʝʥʦʚʘʥʠʡ. ʊʝʢʩʪ 

ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥ 28 ʪʘʙʣʠʮʘʤʠ, 25 ʨʠʩʫʥʢʘʤʠ.  
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1 ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

 

1.1 ʉʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʫʧʘʢʦʚʢʠ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʫʧʘʢʦʚʢʠ 

ʬʦʢʫʩʠʨʫʶʪʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʯʝʪʘʶʱʠʭ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʧʦʣʠʩʘʭʘʨʠʜʘʤ (ʢʨʘʭʤʘʣ, ʮʝʣʣʶʣʦʟʘ, ʭʠʪʦʟʘʥ, ʘʣʴʛʠʥʘʪ), ʢʦʪʦʨʳʝ 

ʤʦʜʠʬʠʮʠʨʫʶʪʩʷ ʭʠʤʠʯʝʩʢʠ, ʬʠʟʠʯʝʩʢʠ ʣʠʙʦ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʠʣʠ 

ʧʨʠʨʦʜʥʳʤʠ ʜʦʙʘʚʢʘʤʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʘʨʴʝʨʥʳʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

[14ï17]. ʆʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʢʨʘʭʤʘʣʳ, ʙʣʘʛʦʜʘʨʷ ʠʭ ʜʦʩʪʫʧʥʦʩʪʠ, 

ʧʦʣʥʦʡ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʠ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʸʥʢʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʘʧʨʠʤʝʨ, ʢʦʤʧʦʟʠʪʳ ʩʦʜʝʨʞʘʱʠʝ ʢʨʘʭʤʘʣ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʩʥʠʞʝʥʠʝ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ [14, c. 850] ʠ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [18]. ʇʦʣʠʵʬʠʨʳ, ʪʘʢʠʝ 

ʢʘʢ ʧʦʣʠʣʘʢʪʠʜ (PLA), ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ (PHA) ʠ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ 

(PCL), ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. PCL, 

ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʤʝʜʣʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʝʡ, ʯʪʦ 

ʨʘʩʰʠʨʷʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʧʘʢʦʚʢʝ [19, 20]. ɹʝʣʢʦʚʳʝ ʤʘʪʝʨʠʘʣʳ (ʢʘʟʝʠʥ, 

ʞʝʣʘʪʠʥ) ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʪʝʥʮʠʘʣ ʚ ʘʢʪʠʚʥʦʡ ʫʧʘʢʦʚʢʝ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʷ 

ʘʥʪʠʤʠʢʨʦʙʥʳʭ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [21, 22]. 

 

1.1.1 ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʣʘʩʪʠʢʦʚ 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʣʘʩʪʠʢʠ ʦʩʪʘʶʪʩʷ 

ʜʦʤʠʥʠʨʫʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʙʣʘʛʦʜʘʨʷ ʠʭ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ, 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʚʳʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʪʘʢʠʤ ʢʘʢ 

ʧʨʦʯʥʦʩʪʴ, ʭʠʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʣʸʛʢʦʩʪʴ ʦʙʨʘʙʦʪʢʠ [23]. ʆʜʥʘʢʦ ʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʜʦʩʪʠʛʘʶʱʘʷ ʩʦʪʝʥ ʣʝʪ, ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ 

ʛʣʦʙʘʣʴʥʫʶ ʫʛʨʦʟʫ. ʇʦ ʜʘʥʥʳʤ ʆʕʉʈ, ʝʞʝʛʦʜʥʦ ʚ ʤʠʨʝ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʝʝ 400 

ʤʣʥ ʪʦʥʥ ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʣʠʰʴ 9% ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ, 19% 

ʩʞʠʛʘʝʪʩʷ, ʘ ʦʩʪʘʣʴʥʳʝ 72% ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ, ʚ ʚʦʜʥʳʭ 

ʵʢʦʩʠʩʪʝʤʘʭ ʠ ʧʦʯʚʘʭ [24]. ʇʣʘʩʪʠʢʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ 

ʵʢʦʩʠʩʪʝʤʳ: ʦʪ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʞʝʣʦʙʦʚ ʄʘʨʠʘʥʩʢʦʡ ʚʧʘʜʠʥʳ ʜʦ ʘʨʢʪʠʯʝʩʢʠʭ 

ʣʴʜʦʚ, ʛʜʝ ʤʠʢʨʦʧʣʘʩʪʠʢ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 12 000 ʯʘʩʪʠʮ ʥʘ 

ʣʠʪʨ ʣʴʜʘ [25]. 

ʆʩʦʙʫʶ ʦʧʘʩʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʠʢʨʦʧʣʘʩʪʠʢʠ (ʯʘʩʪʠʮʳ <5 ʤʤ), 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʢʨʫʧʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋʌ-

ʠʟʣʫʯʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʩʪʠʨʘʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʭ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʦʨʛʘʥʠʟʤʘʭ 90% ʤʦʨʩʢʠʭ ʧʪʠʮ ʠ 100% ʚʠʜʦʚ ʯʝʨʝʧʘʭ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʧʠʱʝʚʘʨʝʥʠʷ, ʵʥʜʦʢʨʠʥʥʳʤ ʩʙʦʷʤ ʠ ʛʠʙʝʣʠ ʞʠʚʦʪʥʳʭ 

[26]. ʄʠʢʨʦʧʣʘʩʪʠʢ ʧʨʦʥʠʢʘʝʪ ʚ ʧʠʱʝʚʳʝ ʮʝʧʠ: ʝʛʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʚ ʨʳʙʝ, 

ʤʦʣʣʶʩʢʘʭ ʠ ʜʘʞʝ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ. ʂ ʧʨʠʤʝʨʫ, ʚ ɹʝʥʛʘʣʴʩʢʦʤ ʟʘʣʠʚʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʚ ʢʨʝʚʝʪʢʘʭ ʜʦʩʪʠʛʘʝʪ 4,5 ʯʘʩʪʠʮ ʥʘ ʛʨʘʤʤ ʪʢʘʥʠ, 
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ʯʪʦ ʩʦʟʜʘʸʪ ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʤʠʣʣʠʦʥʦʚ ʣʶʜʝʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʤʦʨʝʧʨʦʜʫʢʪʦʚ [27]. ɺ ʥʘʟʝʤʥʳʭ ʵʢʦʩʠʩʪʝʤʘʭ ʧʣʘʩʪʠʢʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ 

ʩʥʠʞʘʝʪ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ, ʥʘʨʫʰʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʜʦʞʜʝʚʳʭ ʯʝʨʚʝʡ ʠ 

ʤʠʢʨʦʙʥʳʭ ʩʦʦʙʱʝʩʪʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʢʠ [28]. 

ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʧʣʘʩʪʠʢʠ ʩʣʫʞʘʪ ʚʝʢʪʦʨʘʤʠ ʜʣʷ ʪʦʢʩʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʜʦʙʘʚʦʢ (ʬʪʘʣʘʪʳ, ʙʠʩʬʝʥʦʣ ɸ, ʘʥʪʠʧʠʨʝʥʳ), ʢʦʪʦʨʳʝ ʤʠʛʨʠʨʫʶʪ ʚ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʪʢʘʥʷʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ, ʚʢʣʶʯʘʷ 

ʯʝʣʦʚʝʢʘ [29]. ʅʘʧʨʠʤʝʨ, ʠʩʩʣʝʜʦʚʘʥʠʝ 2022 ʛʦʜʘ ʚʳʷʚʠʣʦ ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ 

ʫʨʦʚʥʝʤ ʙʠʩʬʝʥʦʣʘ ɸ ʚ ʤʦʯʝ ʠ ʨʠʩʢʦʤ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ [30]. ʇʣʘʩʪʠʢʦʚʳʝ ʦʪʭʦʜʳ ʪʘʢʞʝ ʘʜʩʦʨʙʠʨʫʶʪ ʪʷʞʸʣʳʝ ʤʝʪʘʣʣʳ 

(ʩʚʠʥʝʮ, ʢʘʜʤʠʡ) ʠ ʫʩʪʦʡʯʠʚʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʟʘʛʨʷʟʥʠʪʝʣʠ (ʇʍɹ, ɼɼʊ), 

ʫʩʠʣʠʚʘʷ ʠʭ ʪʦʢʩʠʯʥʦʩʪʴ. ʕʢʩʧʝʨʠʤʝʥʪʳ in vitro ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ 

ʤʠʢʨʦʧʣʘʩʪʠʢ ʩ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʪʦʢʩʠʥʘʤʠ ʚʳʟʳʚʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʩʪʨʝʩʩ ʠ ʧʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [31ï35]. 

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʣʘʩʪʠʢʦʚʦʛʦ ʢʨʠʟʠʩʘ ʢʘʪʘʩʪʨʦʬʠʯʥʳ: 

ʝʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʣʠʢʚʠʜʘʮʠʶ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʦ ʦʮʝʥʢʝ ʆʆʅ, ʦʮʝʥʠʚʘʶʪʩʷ 

ʚ 13 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʉʐɸ, a ʫʱʝʨʙ ʜʣʷ ʨʳʙʦʣʦʚʩʪʚʘ ʠ ʪʫʨʠʟʤʘ ʧʨʝʚʳʩʠʪ 

2,5 ʪʨʣʥ ʢ 2030 ʛʦʜʫ [36]. ʇʣʘʩʪʠʢʦʚʘʷ ʠʥʜʫʩʪʨʠʷ ʦʪʚʝʪʩʪʚʝʥʥʘ ʟʘ 6% 

ʛʣʦʙʘʣʴʥʳʭ ʚʳʙʨʦʩʦʚ CO , ʯʪʦ ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʛʦʣʴʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ [37]. ʇʨʠ 

ʵʪʦʤ ʤʝʥʝʝ 10% ʢʦʤʧʘʥʠʡ ʩʦʙʣʶʜʘʶʪ ʧʨʠʥʮʠʧʳ ʨʘʩʰʠʨʝʥʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ (ʈʆʇ), ʘ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʂʘʟʘʭʩʪʘʥʝ ʦʩʪʘʶʪʩʷ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤʠ [38]. ʅʘʧʨʠʤʝʨ, ʚ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ 75% 

ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ ʧʦʧʘʜʘʝʪ ʚ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʩʚʘʣʢʠ ʠʣʠ ʨʝʢʠ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [39]. 

ʈʝʛʠʦʥʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʧʣʘʩʪʠʢʦʚʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʢʦʣʦʩʩʘʣʴʥʳ. ɸʟʠʷ 

ʛʝʥʝʨʠʨʫʝʪ 55% ʤʠʨʦʚʳʭ ʦʪʭʦʜʦʚ, ʧʨʠ ʵʪʦʤ 86% ʨʝʯʥʦʛʦ ʧʣʘʩʪʠʢʘ, 

ʧʦʧʘʜʘʶʱʝʛʦ ʚ ʤʠʨʦʚʦʡ ʦʢʝʘʥ, ʧʨʦʠʩʭʦʜʠʪ ʠʟ 10 ʨʝʢ, 8 ʠʟ ʢʦʪʦʨʳʭ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ɸʟʠʠ [40]. ɺ ɸʬʨʠʢʝ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʦʜʥʦʨʘʟʦʚʦʛʦ ʧʣʘʩʪʠʢʘ 

ʚʳʨʦʩ ʥʘ 250% ʟʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ, ʧʦʣʦʞʝʥʠʝ ʫʩʫʛʫʙʣʷʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʤʦʱʥʦʩʪʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

çʧʣʘʩʪʠʢʦʚʳʭ ʦʟʸʨè ʚ ʛʦʨʦʜʘʭ, ʪʘʢʠʭ ʢʘʢ ʃʘʛʦʩ ʠ ʅʘʡʨʦʙʠ [36, c. 15]. ɼʘʞʝ ʚ 

ɽʉ, ʛʜʝ ʚʥʝʜʨʝʥʳ ʩʪʨʦʛʠʝ ʨʝʛʫʣʷʪʦʨʥʳʝ ʤʝʨʳ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 32% 

ʧʣʘʩʪʠʢʦʚʳʭ ʦʪʭʦʜʦʚ, ʘ 25% ʵʢʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʩʪʨʘʥʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ [41]. 

ʇʝʨʩʧʝʢʪʠʚʳ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʦʤ ʢ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ ʘʥʘʣʦʛʘʤ, ʥʦ ʠʭ ʚʥʝʜʨʝʥʠʝ ʦʛʨʘʥʠʯʝʥʦ ʚʳʩʦʢʦʡ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, ʦʪʩʫʪʩʪʚʠʝʤ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʠ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ [42]. ʅʘʧʨʠʤʝʨ, ʦʢʩʦ-ʨʘʟʣʘʛʘʝʤʳʝ 

ʧʣʘʩʪʠʢʠ, ʧʦʟʠʮʠʦʥʠʨʫʝʤʳʝ ʢʘʢ çʵʢʦʣʦʛʠʯʥʳʝè, ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʪʦʢʩʠʯʥʳʝ 

ʤʠʢʨʦʯʘʩʪʠʮʳ, ʫʩʫʛʫʙʣʷʷ ʧʨʦʙʣʝʤʫ [43ï45].  

ʂʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʨʘʟʚʠʪʳʭ ʵʢʦʥʦʤʠʢ 

ʚʢʣʶʯʘʶʪ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ (ISO 14855, 
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ASTM D6400) ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʝʣʸʥʦʛʦ ʢʘʤʫʬʣʷʞʘ. Cʦʟʜʘʥʠʝ ʟʘʤʢʥʫʪʳʭ 

ʮʠʢʣʦʚ ʯʝʨʝʟ ʚʥʝʜʨʝʥʠʝ ʤʦʜʝʣʝʡ ʮʠʨʢʫʣʷʨʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʛʜʝ 95% ʧʣʘʩʪʠʢʘ 

ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ [46]. ʈʝʛʫʣʷʪʦʨʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʟʘʧʨʝʪʘ 

ʦʜʥʦʨʘʟʦʚʳʭ ʠʟʜʝʣʠʡ (ʢʘʢ ʚ ɽʉ ʩ 2021 ʛʦʜʘ) ʠ ʥʘʣʦʛʦʚʳʝ ʩʪʠʤʫʣʳ ʜʣʷ 

çʟʝʣʸʥʳʭè ʤʘʪʝʨʠʘʣʦʚ [47]. 

ʀʥʥʦʚʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʜʝʛʨʘʜʘʮʠʷ ʧʣʘʩʪʠʢʘ ʩ ʧʦʤʦʱʴʶ 

ʙʘʢʪʝʨʠʡ Ideonella sakaiensis, ʧʦʢʘ ʥʝʵʬʬʝʢʪʠʚʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʤʘʩʰʪʘʙʘʭ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʨʘʟʣʦʞʝʥʠʷ [48]. ɹʠʦʧʣʘʩʪʠʢʠ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ (PLA) ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʦʩʪʝʨʦʚ, 

ʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʘʞʝ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ [49ï51]. ɸʣʴʪʝʨʥʘʪʠʚʳ, ʪʘʢʠʝ 

ʢʘʢ ʫʧʘʢʦʚʢʘ ʠʟ ʚʦʜʦʨʦʩʣʝʡ ʠʣʠ ʤʠʮʝʣʠʷ, ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʘʤʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʠ ʢʦʥʢʫʨʝʥʮʠʝʡ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʧʦ ʮʝʥʝ 

[52ï55]. 

 

1.1.2 ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ 

ʈʦʩʪ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʩʦʟʥʘʥʥʦʩʪʠ ʠ ʫʞʝʩʪʦʯʝʥʠʝ [47, c. 10] 

ʨʝʛʫʣʷʪʦʨʥʳʭ ʪʨʝʙʦʚʘʥʠʡ [24, c. 17] (ʥʘʧʨʠʤʝʨ, ʜʠʨʝʢʪʠʚ ʆʆʅ ʧʦ 

ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ) ʩʪʠʤʫʣʠʨʫʶʪ ʧʝʨʝʭʦʜ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʘʩʪʠʢʦʚ ʢ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ ʘʥʘʣʦʛʘʤ [56]. ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʪʘʢʠʝ 

ʤʘʪʝʨʠʘʣʳ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʧʘʢʦʚʦʯʥʳʭ ʧʣʝʥʦʢ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʩʦʯʝʪʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʜʝʛʨʘʜʘʮʠʠ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ [57ï60]. ʉʨʝʜʠ ʢʣʶʯʝʚʳʭ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ (PCL), 

ʧʦʣʠʣʘʢʪʠʜ (PLA), ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ (PHB) ʠ ʢʨʘʭʤʘʣʦʩʦʜʝʨʞʘʱʠʝ 

ʢʦʤʧʦʟʠʪʳ [61ï65].  

PCL ð ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ, ʧʦʣʫʯʘʝʤʳʡ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ Ů-

ʢʘʧʨʦʣʘʢʪʦʥʘ. ʆʥ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʧʣʘʚʣʝʥʠʷ (60ÁC) ʠ ʤʝʜʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʟʣʦʞʝʥʠʷ (2ï4 ʛʦʜʘ) [66]. 

ɹʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ PCL ʯʘʩʪʦ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʭʨʫʧʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʪʘʢʠʤʠ 

ʢʘʢ PLA, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ PCL ʦʙʝʩʧʝʯʠʚʘʶʪ ʭʦʨʦʰʫʶ ʙʘʨʴʝʨʥʫʶ 

ʟʘʱʠʪʫ ʦʪ ʚʣʘʛʠ, ʥʦ ʦʛʨʘʥʠʯʝʥʳ ʚ ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ [67]. ɺ ʧʠʱʝʚʦʡ ʫʧʘʢʦʚʢʝ 

PCL ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʦʤʧʦʟʠʪʘʭ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʘʢʝʪʦʚ ʠ 

ʧʦʢʨʳʪʠʡ [68]. 

PLA ð ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʧʦʣʠʤʝʨ, 

ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʩʳʨʴʷ (ʢʫʢʫʨʫʟʘ, ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ). ʆʥ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ ʜʣʷ ʫʧʘʢʦʚʢʠ ʬʨʫʢʪʦʚ, ʦʚʦʱʝʡ ʠ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʡ 

[69]. ʆʜʥʘʢʦ PLA ʭʨʫʧʦʢ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ (ʜʝʬʦʨʤʠʨʫʝʪʩʷ ʧʨʠ >55ÁC). ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʝʛʦ 

ʤʦʜʠʬʠʮʠʨʫʶʪ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʮʠʪʨʘʪʘʤʠ) ʠʣʠ ʩʤʝʰʠʚʘʶʪ ʩ 

PCL [70ï73]. ʇʦ ʜʘʥʥʳʤ ʆʕʉʈ, ʨʳʥʦʢ PLA ʨʘʩʪʝʪ ʥʘ 15% ʝʞʝʛʦʜʥʦ [74]. 
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PHB ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʘʤ (PHA), ʩʠʥʪʝʟʠʨʫʝʤʳʤ 

ʙʘʢʪʝʨʠʷʤʠ. ɽʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘ ð ʧʦʣʥʘʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʚ ʧʦʯʚʝ ʠ 

ʤʦʨʩʢʦʡ ʩʨʝʜʝ (3ï6 ʤʝʩʷʮʝʚ), ʘ ʪʘʢʞʝ ʚʳʩʦʢʘʷ ʙʘʨʴʝʨʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʢʠʩʣʦʨʦʜʫ [75ï77]. ʆʜʥʘʢʦ ʚʳʩʦʢʘʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ PHB ʜʝʣʘʝʪ ʧʣʝʥʢʠ 

ʭʨʫʧʢʠʤʠ. ɼʣʷ ʧʠʱʝʚʦʡ ʫʧʘʢʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪ ʩʦʧʦʣʠʤʝʨʳ PHB ʩ ʚʘʣʝʨʘʪʦʤ 

(PHBV), ʢʦʪʦʨʳʝ ʙʦʣʝʝ ʵʣʘʩʪʠʯʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ PHB-

ʧʣʝʥʢʠ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ 

ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʦʛʨʘʥʠʯʠʚʘʝʪ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ [78ï81]. 

ʇʦʤʠʤʦ PHB, ʢ ʩʝʤʝʡʩʪʚʫ PHA ʦʪʥʦʩʷʪʩʷ ʩʦʧʦʣʠʤʝʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʣʠʛʠʜʨʦʢʩʠʙʫʪʠʨʘʪ-ʚʘʣʝʨʘʪ (PHBV) ʠ ʧʦʣʠʛʠʜʨʦʢʩʠʛʝʢʩʘʥʦʘʪ (PHHx). 

PHBV [79, c. 2936], ʩʦʜʝʨʞʘʱʠʡ 5ï20% ʚʘʣʝʨʘʪʘ, ʤʝʥʝʝ ʭʨʫʧʦʢ, ʯʝʤ PHB, ʠ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʣʝʥʦʢ ʩ 

ʚʳʩʦʢʦʡ ʢʠʩʣʦʨʦʜʥʦʡ ʙʘʨʴʝʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [82]. PHBV ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʛʨʘʬʝʥʦʚʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʣʫʯʰʝʥʥʫʶ 

ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʧʣʝʥʦʢ [83]. PHA-ʤʘʪʝʨʠʘʣʳ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʫʧʘʢʦʚʢʠ ʤʦʨʝʧʨʦʜʫʢʪʦʚ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʩʦʣʝʥʦʡ ʩʨʝʜʝ [84]. 

ʂʨʘʭʤʘʣ ð ʜʝʰʝʚʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʙʠʦʧʦʣʠʤʝʨ, ʥʦ ʝʛʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ 

ʠ ʥʠʟʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʪʨʝʙʫʶʪ ʤʦʜʠʬʠʢʘʮʠʠ. ɺ ʢʦʤʧʦʟʠʪʘʭ ʩ PLA 

ʠʣʠ PCL ʢʨʘʭʤʘʣ (20ï30%) ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʢʦʨʷʝʪ 

ʙʠʦʜʝʛʨʘʜʘʮʠʶ [85ï88].  

PBS ð ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ, ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ 

ʩʳʨʴʷ (ʥʘʧʨʠʤʝʨ, ʷʥʪʘʨʥʦʡ ʢʠʩʣʦʪʳ). ʆʥ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ 

(ʜʦ 100ÁC) ʠ ʵʣʘʩʪʠʯʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʠʙʢʠʭ ʫʧʘʢʦʚʦʯʥʳʭ ʧʣʝʥʦʢ. PBS ʙʠʦʜʝʛʨʘʜʠʨʫʝʪ ʚ ʧʦʯʚʝ ʟʘ 6ï12 ʤʝʩʷʮʝʚ ʠ 

ʩʦʚʤʝʩʪʠʤ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ PLA, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ [89ï92].  

PBAT ð ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʩʦʧʦʣʠʵʬʠʨ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʛʦ 

ʩʳʨʴʷ, ʩʦʯʝʪʘʶʱʠʡ ʛʠʙʢʦʩʪʴ ʠ ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ. ɽʛʦ ʯʘʩʪʦ 

ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʢʨʘʭʤʘʣʦʤ ʠʣʠ PLA ʜʣʷ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ 

ʜʝʛʨʘʜʘʮʠʠ. ʇʣʝʥʢʠ PBAT/ʢʨʘʭʤʘʣ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʧʦʩʪʠʨʫʝʤʳʭ ʧʘʢʝʪʦʚ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʫʣʴʯʠ [93ï96].  

PVOH ð ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʧʦʣʠʤʝʨ, ʢʦʪʦʨʳʡ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʠʥʪʝʪʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ, ʨʘʩʪʚʦʨʷʶʱʠʭʩʷ 

ʚ ʛʦʨʷʯʝʡ ʚʦʜʝ, ʯʪʦ ʫʜʦʙʥʦ ʜʣʷ ʫʧʘʢʦʚʢʠ ʙʳʩʪʨʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ (ʩʫʧʳ, 

ʥʘʧʠʪʢʠ) [97ï99]. ʆʜʥʘʢʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ PVOH ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚʦ 

ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʦʵʪʦʤʫ ʝʛʦ ʢʦʤʙʠʥʠʨʫʶʪ ʩ ʚʦʩʢʘʤʠ ʠʣʠ PLA [100]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʛʨʝʩʩ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʦʣʠʤʝʨʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʚʳʟʦʚʘʤʠ: ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ PHB, ʦʛʨʘʥʠʯʝʥʥʘʷ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ PLA, 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʢʨʘʭʤʘʣʘ. ʆʜʥʘʢʦ ʢʦʤʙʠʥʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ (ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʠ, ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ) ʨʘʩʰʠʨʷʶʪ ʠʭ 
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ʧʨʠʤʝʥʝʥʠʝ. ʂʘʢ ʦʪʤʝʯʘʝʪ ʆʆʅ, ʧʝʨʝʭʦʜ ʥʘ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʨʠʪʠʯʝʩʢʠ 

ʚʘʞʝʥ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ (ʎʋʈ 12) [56, c. 20]. 

ʈʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ (PBS, PBAT, 

PHA-ʩʝʤʝʡʩʪʚʦ, PVOH) ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʟʘʜʘʯʠ ʚ 

ʧʠʱʝʚʦʡ ʫʧʘʢʦʚʢʝ. ʆʜʥʘʢʦ ʢʣʶʯʝʚʳʤʠ ʚʳʟʦʚʘʤʠ ʦʩʪʘʶʪʩʷ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʘ (ʦʩʦʙʝʥʥʦ ʜʣʷ PHA) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʘʜʘʧʪʘʮʠʠ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʦʜʯʝʨʢʠʚʘʝʪ ʆʕʉʈ, ʠʥʚʝʩʪʠʮʠʠ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʶ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʳ ʜʣʷ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ [101, 102]. 

 

1.2 ʂʨʘʭʤʘʣ ʢʘʢ ʢʦʤʧʦʥʝʥʪ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 

ʇʦ ʜʘʥʥʳʤ Zhong ʠ Godwin ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʳʥʢʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʪʠʧʳ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ [103]. 

ʇʦʣʠʩʘʭʘʨʠʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʛʨʫʧʧ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʕʪʠ ʧʨʠʨʦʜʥʳʝ ʙʠʦʧʦʣʠʤʝʨʳ, ʚʢʣʶʯʘʷ ʢʨʘʭʤʘʣ, ʮʝʣʣʶʣʦʟʫ, ʭʠʪʦʟʘʥ, ʢʘʤʝʜʠ 

ʠ ʘʣʴʛʠʥʘʪ, ʚʳʜʝʣʷʶʪʩʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ ð ʦʪ ʫʧʘʢʦʚʢʠ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [60, c. 145] 

ʜʦ ʤʝʜʠʮʠʥʳ ʠ ʵʢʦʣʦʛʠʠ [104]. 

ʂʨʘʭʤʘʣ - ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʟʫʯʝʥʥʳʭ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʦʥʪʘʢʪʘ ʩ ʧʠʱʝʚʳʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠ ʠʤʝʝʪ ʥʝʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ. ɺ ʥʘʪʠʚʥʦʤ ʚʠʜʝ ʢʨʘʭʤʘʣ ʥʝ 

ʧʨʠʤʝʥʷʝʪʩʷ, ʧʦʵʪʦʤʫ ʢʨʘʭʤʘʣ ʤʦʜʠʬʠʮʠʨʫʶʪ ʬʠʟʠʯʝʩʢʠʤʠ ʠʣʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ.  

ʂʨʘʭʤʘʣ, ʢʘʢ ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʠ ʜʝʰʸʚʳʭ ʧʨʠʨʦʜʥʳʭ 

ʧʦʣʠʤʝʨʦʚ, ʩʧʦʩʦʙʝʥ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʡ ʫʧʘʢʦʚʢʠ. 

ɽʛʦ ʫʥʠʢʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ, ʚʢʣʶʯʘʷ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʶ, ʜʝʣʘʶʪ 

ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚ ʩʠʥʪʝʪʠʯʝʩʢʠʤ 

ʧʣʘʩʪʠʢʘʤ [105]. 

 

1.2.1 ʉʚʦʡʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʢʨʘʭʤʘʣʘ 

ʂʨʘʭʤʘʣ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʦʜʝ, ʠ ʝʛʦ ʧʣʝʥʦʯʥʳʝ ʩʚʦʡʩʪʚʘ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʣʘʛʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʢʨʘʭʤʘʣʘ ʦʥ ʠʤʝʝʪ ʧʣʦʭʫʶ 

ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ. 

ʇʣʦʭʘʷ ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ 

ʬʘʢʪʦʨʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʢʨʘʭʤʘʣʘ [106]. 

ʇʦʵʪʦʤʫ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʘʭʤʘʣʘ ʭʠʤʠʯʝʩʢʠʤ, ʣʠʙʦ ʬʠʟʠʯʝʩʢʠʤ 

https://www.sciencedirect.com/science/article/pii/S2542504819300508#!
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ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʩʚʦʡʩʪʚ ʛʠʜʨʦʬʦʙʥʦʩʪʠ, ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʪ.ʜ., ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʩʪʨʫʢʪʫʨʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦʙ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ ʠ ʦʛʨʘʥʠʯʝʥʠʷʭ ʢʨʘʭʤʘʣʘ ʪʦ ʜʣʷ 

ʚʩʝʭ ʪʠʧʦʚ ʢʨʘʭʤʘʣʦʚ ʩʚʦʡʩʪʚʝʥʥʳ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ: ʂʨʘʭʤʘʣ ʘʢʪʠʚʥʦ 

ʧʦʛʣʦʱʘʝʪ ʚʦʜʫ (ʜʦ 50% ʤʘʩʩʳ), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʜʝʬʦʨʤʘʮʠʠ 

ʧʣʝʥʦʢ ʚʦ ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ [107], ʥʦ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʜʝʣʘʝʪ ʢʨʘʭʤʘʣ 

ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ (ʤʷʩʦ, 

ʨʳʙʘ) ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ (Tg) 

ʢʨʘʭʤʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 60ÁC, ʘ ʧʨʠ ʥʘʛʨʝʚʝ ʚʳʰʝ 150ÁC ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʝ ʩ ʚʳʜʝʣʝʥʠʝʤ CO [108] ʠ ʚʦʜʳ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ 

ʜʝʛʨʘʜʠʨʫʶʪ ʧʨʠ ʩʪʝʨʠʣʠʟʘʮʠʠ ʠʣʠ ʛʦʨʷʯʝʡ ʬʘʩʦʚʢʝ [109, 110]. 

ʅʘʪʠʚʥʳʝ ʧʣʝʥʢʠ ʢʨʘʭʤʘʣʘ ʭʨʫʧʢʠʝ (ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ Ò 1 ʄʇʘ) ʠ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ (ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ < 10%) [111]. ʂʨʘʭʤʘʣ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʟʘʱʠʪʫ ʦʪ ʢʠʩʣʦʨʦʜʘ (OTR å 38 ʩʤį/ʤĮĿʩʫʪĿʘʪʤ) [112], 

ʥʦ ʚʳʩʦʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ (WVTR å 0,392Ĭ10 ĭ  ʛ/msĿʇʘ) 

[113], ʧʦʜʚʝʨʞʝʥʳ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ð ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʤʠʣʦʟʳ, ʚʝʜʫʱʝʡ ʢ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ [114].  

ʇʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ ʧʦʣʫʯʘʶʪ ʠʟ ʵʥʜʦʩʧʝʨʤʘ ʧʰʝʥʠʯʥʳʭ ʟʝʨʝʥ 

(Triticum aestivum). ɽʛʦ ʛʨʘʥʫʣʳ ʠʤʝʶʪ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ ʜʠʘʤʝʪʨʦʤ 5ï40 

ʤʢʤ ʠ ʩʦʜʝʨʞʘʪ 20ï30% ʘʤʠʣʦʟʳ, ʯʪʦ ʥʠʞʝ, ʯʝʤ ʫ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ 

[115]. ʇʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʙʠʤʦʜʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʛʨʘʥʫʣ 

ʧʦ ʨʘʟʤʝʨʘʤ: ʢʨʘʭʤʘʣʳ ʪʠʧʘ ɸ (>10 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ) ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʛʨʘʥʫʣʳ 

ʪʠʧʘ ɺ (<10 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ) [116, 117]. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʧʝʢʪʠʥʘ 

(70ï80%) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʷʟʢʦʩʪʴ ʠ ʢʣʝʡʢʦʩʪʴ, ʥʦ ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʇʰʝʥʠʮʘ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʜʦʣʶ ʦʙʱʝʛʦ ʢʨʘʭʤʘʣʘ (TS) ʠ ʢʨʘʭʤʘʣʘ A (AS) 

ʠ ʤʝʥʴʰʫʶ ʜʦʣʶ ʢʨʘʭʤʘʣ B (BS) [118ï120]. ɸ- ʠ ɺ-ʛʨʘʥʫʣʳ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʦʨʤʳ, ʪʘʢ ɸ-

ʛʨʘʥʫʣʳ ʠʤʝʶʪ ʣʠʥʟʦʚʠʜʥʫʶ ʠ ʜʠʩʢʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ɺ - 

ʛʨʘʥʫʣʳ ʠʤʝʶʪ ʩʬʝʨʠʯʝʩʢʫʶ ʠʣʠ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʤʦʨʬʦʣʦʛʠʶ [121]. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʣʠʯʠʷʤ, ɸ - ʠ ɺ - ʛʨʘʥʫʣʳ ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

[119, c. 544], ʚ ʪʦʤ ʯʠʩʣʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʘʤʠʣʦʧʝʢʪʠʥʘ ʠ ʘʤʠʣʦʟʳ 

[122, 123], ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ [124], ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʘʤ ʞʝʣʘʪʠʥʠʟʘʮʠʠ, 

ʥʘʙʫʭʘʥʠʷ [125], ʛʠʜʨʦʣʠʟʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʫʩʚʦʷʝʤʦʩʪʠ ʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

[126]. ʂʘʢ ʧʨʘʚʠʣʦ, ɸ-ʢʨʘʭʤʘʣʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ɺ-

ʢʨʘʭʤʘʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʧʠʜʦʚ ʠ ʚʳʩʦʢʦʡ 

ʚʦʜʦʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [127].  

ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʙʠʦʧʦʣʠʤʝʨʦʤ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʠʱʝʚʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ ʫʧʘʢʦʚʦʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʘʤʠʣʦʟʳ (20ï30%) ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ (70ï80%) 

[128], ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɻʨʘʥʫʣʳ 
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ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʦʪ 2 ʜʦ 30 ʤʢʤ, ʘ ʠʭ ʬʦʨʤʘ ʚʘʨʴʠʨʫʝʪʩʷ 

ʦʪ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ʜʦ ʩʬʝʨ [129].  

ʂʫʢʫʨʫʟʥʳʡ, ʢʘʢ ʠ ʚʩʝ ʢʨʘʭʤʘʣʳ, ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʭʦʣʦʜʥʦʡ ʚʦʜʝ, ʥʦ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʫʝʪ ʚʷʟʢʫʶ ʧʘʩʪʫ [108, c. 79]. ʊʝʤʧʝʨʘʪʫʨʘ ʝʛʦ 

ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 60ï70ÁC [130]. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠʤʝʥʷʶʪ ʬʠʟʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʚʷʟʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ 

ʨʝʪʨʦʛʨʘʜʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ (ʜʦ 70%) 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʢʨʘʭʤʘʣʘ, ʩʦʭʨʘʥʷʶʱʝʛʦ ʩʪʨʫʢʪʫʨʫ ʧʨʠ ʚʳʧʝʯʢʝ ʠ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ [131]. 

ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʧʦʣʠʤʝʨʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ. ʆʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʫʧʘʢʦʚʢʝ ʠ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ [132ï134].  

ʉʦʛʣʘʩʥʦ ʆʆʅ, ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʉʐɸ ʠ 

ʂʠʪʘʝ ʩʚʷʟʘʥʦ ʩ ʨʠʩʢʘʤʠ ʤʦʥʦʢʫʣʴʪʫʨʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ, ʥʦ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ 

ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [135, 136]. 

 

1.2.2 ʄʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʘʭʤʘʣʘ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʢʨʘʭʤʘʣʘ, ʪʘʢʠʭ ʢʘʢ ʩʣʘʙʘʷ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ 

ʠ ʦʛʨʘʥʠʯʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠ ʩ ʜʨʫʛʠʤʠ 

ʙʠʦʧʦʣʠʤʝʨʘʤʠ: ʂʦʤʧʦʟʠʮʠʠ ʩ ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʦʡ (PLA) ʧʦʟʚʦʣʷʶʪ 

ʫʚʝʣʠʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴ, ʜʝʣʘʷ ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʫʧʘʢʦʚʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ (PCL) 

ʧʨʠʜʘʸʪ ʩʤʝʩʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ, ʦʜʥʘʢʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ. ɼʦʙʘʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ɹʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ 

ʜʦʙʘʚʢʠ, ʪʘʢʠʝ ʢʘʢ ʵʬʠʨʥʳʝ ʤʘʩʣʘ, ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʘʛʝʥʪʳ, 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʧʘʢʦʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʣʝʚʘʶʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʠʭ ʧʦʨʯʫ [137]. 

ʍʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʵʪʝʨʠʬʠʢʘʮʠʷ, 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʠ ʢʘʨʙʦʢʩʠʣʠʨʦʚʘʥʠʝ. ʕʪʠ ʤʝʪʦʜʳ ʫʣʫʯʰʘʶʪ ʚʣʘʛʦʩʪʦʡʢʦʩʪʴ 

ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ, ʩʨʘʚʥʠʤʳʝ ʩ ʧʦʣʠʵʪʠʣʝʥʦʤ [105, c. 1126]. 

ʌʠʟʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʘ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (TPS). ʕʪʦ ʫʧʨʦʱʘʝʪ 

ʧʝʨʝʨʘʙʦʪʢʫ ʢʨʘʭʤʘʣʘ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʵʣʘʩʪʠʯʥʦʩʪʴ. 

ʂʨʘʭʤʘʣ, ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪ ʤʦʜʠʬʠʢʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʘʭʤʘʣʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (TPS). ʕʪʦ ʫʧʨʦʱʘʝʪ 

ʧʝʨʝʨʘʙʦʪʢʫ ʢʨʘʭʤʘʣʘ ʠ ʫʣʫʯʰʘʝʪ ʝʛʦ ʵʣʘʩʪʠʯʥʦʩʪʴ TPS ʦʙʨʘʟʫʝʪ ʦʜʥʦʨʦʜʥʳʝ 

ʠ ʧʨʦʟʨʘʯʥʳʝ ʧʣʝʥʢʠ, ʩ ʚʳʩʦʢʠʤ ʙʘʨʴʝʨʦʤ ʜʣʷ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ 

ʣʠʧʠʜʦʚ [138]. ʆʜʥʘʢʦ ʫ ʥʝʛʦ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ 



20 

 

ʝʛʦ ʧʦʪʝʥʮʠʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ʚʦʜʝ ʠ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʝʝ ʦʛʨʘʥʠʯʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʠʟ-ʟʘ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʚʦ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. ʋʩʪʨʘʥʝʥʠʷ ʜʘʥʥʳʭ 

ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʚʦʜʷʪ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʘʨʤʠʨʫʶʱʠʭ ʘʛʝʥʪʦʚ [139], 

ʚʢʣʶʯʘʶʱʠʭ ʩʰʠʚʘʶʱʠʝ ʘʛʝʥʪʳ, ʪʠʧʘ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ; ʜʦʙʘʚʣʝʥʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʛʠʙʢʦʩʪʠ; ʩʤʝʰʠʚʘʥʠʷ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʘʤʠ [42, c. 262]. 

ʕʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʘʭʤʘʣʘ ʷʚʣʷʝʪʩʷ ʵʪʝʨʠʬʠʢʘʮʠʷ. 

ʕʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʦʙʨʘʙʦʪʢʦʡ ʥʘʪʠʚʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʱʝʣʦʯʥʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʤ ʢʨʘʭʤʘʣʝ ʯʘʩʪʴ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, 

ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʠʥ ʛʣʶʢʦʟʥʳʡ ʦʩʪʘʪʦʢ ʟʘʤʝʱʝʥʳ ʩʣʦʞʥʦʵʬʠʨʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʯʪʦ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʢʨʘʭʤʘʣʘ, ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʠ ʚʦʜʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʢʨʘʭʤʘʣʘ ʩ ʢʘʨʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ 

(DS) ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʚʩʝʛʦ 0,01ï0,2, ʧʦʵʪʦʤʫ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʩʝ 

ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠ.  

ɸʮʝʪʠʣʠʨʦʚʘʥʠʝ ð ʵʪʦ ʵʪʝʨʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʘ ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ 

ʘʮʝʪʘʪʥʳʭ ʛʨʫʧʧ ʜʣʷ ʟʘʤʝʥʳ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ 

ʢʨʘʭʤʘʣʝ. ɸʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʩ ʥʠʟʢʠʤ DS (0,1ï0,2) ʥʘʭʦʜʠʪ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʣʝʥʢʘʭ, ʩʚʷʟʫʶʱʠʭ, ʢʣʝʷʭ, ʟʘʛʫʩʪʠʪʝʣʷʭ ʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʭ [140]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʝ ʢʨʘʭʤʘʣʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ DS 

ʥʘʭʦʜʷʪ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʠʟ-ʟʘ ʪʘʢʠʭ ʩʚʦʡʩʪʚ, 

ʢʘʢ ʛʠʜʨʦʬʦʙʥʦʩʪʴ, ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ ʚ ʨʘʩʧʣʘʚʝ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʥʝʢʦʪʦʨʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʘʮʝʪʦʥ ʠ ʭʣʦʨʦʬʦʨʤ, ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʩʪʴ [141]. 

Singh ʠ ʜʨ. [142] ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʥʘ ʢʫʢʫʨʫʟʥʳʡ ʠ 

ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣʳ ʚ ʧʨʠʩʫʪʩʪʚʠʷ ʛʠʜʨʦʢʩʠʜʝ ʥʘʪʨʠʷ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʝʨʝʭʦʜʘ, ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʙʫʭʘʥʠʷ, ʫʣʫʯʰʘʝʪ ʩʚʝʪʦʧʨʦʧʫʩʢʘʥʠʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʨʝʪʨʦʛʨʘʜʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ ʢʨʘʭʤʘʣʴʥʦʡ ʧʘʩʪʳ. ɸʚʪʦʨʳ 

ʩʦʦʙʱʠʣʠ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʚʳʰʝ ʫ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʫʢʫʨʫʟʥʳʤ ʢʨʘʭʤʘʣʦʤ, ʯʪʦ ʙʳʣʦ ʧʨʠʧʠʩʘʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʳʣ ʩʜʝʣʘʥ 

ʥʘʜʝʞʥʳʡ ʚʳʚʦʜ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʨʬʦʣʦʛʠʠ ʧʨʠʨʦʜʥʦʛʦ ʢʨʘʭʤʘʣʘ (ʩʚʷʟʘʥʥʳʡ ʩ 

ʨʘʩʪʠʪʝʣʴʥʳʤ ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ), ʘ ʪʘʢʞʝ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʝʘʛʝʥʪʦʚ, ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʠ pH. 

Hong L.F. ʠ ʜʨ. (2018) ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʦʧʠʦʥʘʪ ʢʨʘʭʤʘʣʘ ʩʦ ʩʪʝʧʝʥʴʶ 

ʟʘʤʝʱʝʥʠʷ (DS) ʦʪ 0,21 ʜʦ 0,73 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʤʦʣʴʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʢʨʘʭʤʘʣʘ ʢ ʧʨʦʧʠʦʥʦʚʦʤʫ ʘʥʛʠʜʨʠʜʫ (ʦʪ 1: 3 ʜʦ 1: 6). ɺʩʝ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʧʠʦʥʘʪ ʢʨʘʭʤʘʣʘ (DS 0,21ï0,73) ʙʳʣʠ ʩʧʦʩʦʙʥʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʵʤʫʣʴʩʠʶ. ʇʨʦʧʠʦʥʘʪ ʢʨʘʭʤʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
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ʫʩʪʦʡʯʠʚʳʡ ʢʨʘʭʤʘʣ 4 ʪʠʧʘ. Annison, Illman, & Topping (2003) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʠ ʬʝʨʤʝʥʪʘʮʠʠ ʧʨʦʧʠʦʥʘʪ ʢʨʘʭʤʘʣʘ ʚ ʪʦʣʩʪʦʤ ʢʠʰʝʯʥʠʢʝ ʢʨʳʩ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ 

(SCFA), ʦʩʦʙʝʥʥʦ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ [143]. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʤʦʞʝʪ ʩʥʠʟʠʪʴ pH ʢʠʰʝʯʥʠʢʘ ʠ ʟʘʱʠʪʠʪʴ 

ʪʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ ʦʪ ʩʝʨʴʝʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʉʦʛʣʘʩʥʦ Cheng ʠ Lai (2000), 

ʧʨʦʧʠʦʥʘʪ, ʚʳʩʚʦʙʦʞʜʘʝʤʳʡ ʠʟ ʨʝʟʠʩʪʝʥʪʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ, ʙʳʣ 

ʩʚʷʟʘʥ ʩʦ ʩʥʠʞʝʥʠʝʤ ʭʦʣʝʩʪʝʨʠʥʘ ʚ ʩʳʚʦʨʦʪʢʝ ʠ ʧʝʯʝʥʠ ʫ ʢʨʳʩ [144]. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʨʦʧʠʦʥʘʪ ʙʳʣ ʩʧʦʩʦʙʝʥ ʫʙʠʪʴ ʢʠʰʝʯʥʫʶ ʧʘʣʦʯʢʫ ʠʣʠ ʩʘʣʴʤʦʥʝʣʣʫ ʧʨʠ 

ʥʠʟʢʦʤ pH - 5 [145].  

ʇʣʝʥʢʠ ʠ ʣʠʩʪʳ ʠʟ ʢʨʘʭʤʘʣʘ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʫʧʘʢʦʚʢʠ ʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʤʫʣʴʯʠ, ʟʘʤʝʥʷʶʪ ʧʣʝʥʢʠ ʠʟ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʤʝʨʦʚ, 

ʪʝʤ ʩʘʤʳʤ ʨʝʰʘʷ ʧʨʦʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʫʶ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʨʘʟʣʘʛʘʝʤʳʭ ʧʦʣʠʤʝʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʢʨʘʭʤʘʣʦʚ ʥʘʨʷʜʫ ʩ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʧʨʠʨʦʜʦʡ ʜʦʧʫʩʢʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʠ 

ʭʠʤʠʯʝʩʢʫʶ ʜʝʨʠʚʘʪʠʟʘʮʠʶ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʧʣʝʥʢʠ ʠ ʣʠʩʪʳ, 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʢʦʥʝʯʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ. ʆʙʱʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʥʝʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʜʣʷ ʧʣʘʩʪʠʢʦʚʳʭ ʧʣʝʥʦʢ ʠ 

ʣʠʩʪʦʚ ʷʚʣʷʶʪʩʷ ʠʭ ʧʣʦʭʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʭʨʫʧʢʦʩʪʴ ʠ ʥʝʛʠʙʢʦʩʪʴ). 

ʏʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʵʪʦ, ʚ ʧʨʦʮʝʩʩʝ ʪʝʨʤʦʧʣʘʩʪʘ ʚʚʦʜʷʪʩʷ ʚʥʝʰʥʠʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ. ʇʣʘʩʪʠʬʠʢʘʪʦʨʳ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʜʦʙʘʚʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʠ ʠ ʛʠʙʢʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʝʨʝʭʦʜʘ ʚʪʦʨʦʛʦ ʨʦʜʘ [146, 147]. ʆʜʥʘʢʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʢʨʘʭʤʘʣʦʚ, ʧʨʦʠʟʚʦʜʠʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʥʝʰʥʠʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ (ʥʘʧʨʠʤʝʨ, ʛʣʠʮʝʨʠʥ) ʩʪʨʘʜʘʝʪ ʧʣʦʭʦʡ 

ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ, ʩʣʠʰʢʦʤ ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʝʡ ʠ ʩʪʘʨʝʥʠʝʤ ʠʟ-ʟʘ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʝʥʦʢ ʠ ʣʠʩʪʦʚ. ʅʝʩʢʦʣʴʢʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʦʦʙʱʠʣʠ ʦʙ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʠ ʣʠʩʪʦʚ. 

Zhou ʠ ʜʨ. [148] ʠʟʫʯʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʩʰʠʚʘʥʠʝ ʣʠʩʪʦʚ ʢʫʢʫʨʫʟʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʙʝʥʟʦʘʪ ʥʘʪʨʠʷ 

ʚ ʢʘʯʝʩʪʚʝ ʬʦʪʦʩʝʥʩʠʙʠʣʠʟʘʪʦʨʘ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʛʣʘ ʩʤʘʯʠʚʘʥʠʷ ʠʟʤʝʨʝʥʠʷ ʠ ʦʮʝʥʢʘ ʚʣʘʛʦʧʦʛʣʦʱʝʥʠʷ ʧʦʢʘʟʘʣʠ 

ʫʣʫʯʰʝʥʠʝ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʃʦʧʝʩʦʤ ʠ ʜʨ. ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʛʣʠʮʝʨʠʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʆʥʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʠ 

ʛʠʙʢʦʩʪʠ ʥʘ 87% ʠ 34%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʨʝʙʫʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ 5% ʧʦ ʚʝʩʫ, ʘ ʧʦ ʚʝʩʫ ʛʣʠʮʝʨʠʥʘ 1,5%. ʌʘʥʛ ʠ ʜʨ. 

[149] ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ ʥʘʪʠʚʥʳʡ ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ 

ʢʨʘʭʤʘʣ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ (ʅɸ), ʠʩʧʦʣʴʟʫʷ ʣʘʫʨʦʠʣʭʣʦʨʠʜ ʥʘ 
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ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʷʭ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʫʣʫʯʰʘʣʠ ʛʠʜʨʦʬʦʙʥʦʩʪʴ ʢʨʘʭʤʘʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ DS. ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 

ʢʨʘʭʤʘʣ ʩ DS 1,5ï3,0 ʤʦʞʝʪ ʙʳʪʴ, ʵʢʩʪʨʫʜʠʨʦʚʘʥ ʠ ʧʝʨʝʨʘʙʦʪʘʥ ʢʘʢ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ (ʘ) ʧʨʦʯʥʳʭ ʧʣʝʥʦʢ ʩ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʷʞʠʤʦʩʪʴʶ ʠʟ ʥʘʪʠʚʥʦʛʦ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠʣʠ (ʙ) 

ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʩ ʭʦʨʦʰʠʤ ʫʜʣʠʥʝʥʠʝʤ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʚʳʩʦʢʦʘʤʠʣʦʟʥʦʛʦ ʢʨʘʭʤʘʣʘ; (c) ʩʤʝʩʴ ʚʳʩʦʢʦʘʤʠʣʦʟʥʦʛʦ ʠ ʥʘʪʠʚʥʦʛʦ 

ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ 50:50 ʩʦ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. Lafargue ʠ 

ʜʨ. [150] ʧʦʜʛʦʪʦʚʠʣʠ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠ ʧʣʝʥʢʠ ʠʟ ʩʤʝʩʠ 

ʛʠʜʨʦʧʨʦʧʠʣʠʨʦʚʘʥʥʦʛʦ ʛʦʨʦʭʦʚʦʛʦ ʢʨʘʭʤʘʣʘ/ʢʘʨʘʛʠʥʘʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʘʭʤʘʣʴʥʳʭ ʧʣʝʥʦʢ. ʆʥʠ 

ʩʦʦʙʱʠʣʠ ʦ ʨʝʟʢʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʝʦʣʦʛʠʠ ʩʤʝʩʠ, ʦʜʥʘʢʦ ʤʦʜʠʬʠʢʘʮʠʷ ʥʝ 

ʧʦʚʣʠʷʣʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʝʥʢʠ. ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ 

ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʢʨʘʭʤʘʣʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʚʠʥʠʣʘʮʝʪʘʪʦʤ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʟʨʳʚ, ʫʜʣʠʥʝʥʠʷ ʧʨʠ ʨʘʟʨʳʚʝ ʠ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 79,4%, 18% ʠ 15% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʩ 41,2 ʜʦ 

32,9% ʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ ʥʘ 70%. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ ʢʦʤʧʦʟʠʪʝ ʢʨʘʭʤʘʣ-ʇɺʉ ʠ ʧʨʦʯʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ, ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʚ ʩʤʝʩʠ ʥʘʥʦ-SiO2/ʢʨʘʭʤʘʣ/ʇɺʉ, ʪʝʤ 

ʩʘʤʳʤ ʬʦʨʤʠʨʫʷ ʩʝʪʯʘʪʫʶ ʩʪʨʫʢʪʫʨʫ, ʢʦʪʦʨʘʷ ʫʚʝʣʠʯʠʚʘʣʘ ʚʦʜʦʩʪʦʡʢʦʩʪʴ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [151ï153].  

D. Domene-Lʫpez ʠ ʜʨʫʛʠʝ ʠʟʫʯʘʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 1-ʵʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʷ ʘʮʝʪʘʪʘ ([emim +] [Ac-]) ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ. ʇʣʝʥʢʠ 

ʢʨʘʭʤʘʣʘ ʠʟ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʢʘʨʪʦʬʝʣʴ, ʢʫʢʫʨʫʟʘ ʠ 

ʧʰʝʥʠʮʘ) ʙʳʣʠ ʫʩʧʝʰʥʦ ʦʙʨʘʙʦʪʘʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ ʣʠʪʴʷ. 

ɻʨʘʥʫʣʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʢʨʘʭʤʘʣʘ (ʤʦʥʦʵʬʠʨʳ ʘʤʠʣʦʟʳ ʠ ʬʦʩʬʘʪʘ) ʠ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʢʨʘʭʤʘʣʘ ʦʢʘʟʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʝʢʦʪʦʨʳʝ 

ʬʠʟʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʳʭ ʧʣʝʥʦʢ [emim +] [Ac -] - 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ. ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʧʣʝʥʦʢ ʩʠʣʴʥʦ ʟʘʚʠʩʝʣʘ ʦʪ 

ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ, ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʝʩʘ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʵʬʠʨʘ ʬʦʩʬʘʪʘ ʚ 

ʢʨʘʭʤʘʣʝ. ɿʝʨʥʦʚʳʝ ʢʨʘʭʤʘʣʳ (ʧʰʝʥʠʯʥʳʡ ʠ ʢʫʢʫʨʫʟʥʳʡ) ʧʨʠʚʦʜʷʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʝʥʦʢ ʩ ʙʦʣʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʟ-ʟʘ ʠʭ ʙʦʣʝʝ 

ʥʠʟʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʤʦʥʦʵʬʠʨʘ ʬʦʩʬʘʪʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʝʨʝʛʨʫʧʧʠʨʦʚʢʫ ʢʨʘʭʤʘʣʘ ʮʝʧʠ. ɹʦʣʝʝ 

ʚʳʨʘʞʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʪʚʝʯʘʝʪ ʟʘ ʫʣʫʯʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ. ʇʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʟʝʨʥʦʚʦʛʦ ʢʨʘʭʤʘʣʘ ʠʤʝʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʜʨʫʛʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴʶ ʧʣʝʥʦʢ, ʧʦʜʯʝʨʢʠʚʘʶʱʘʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʤʝʥʷʪʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʠ ʥʝʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʦʣʠʤʝʨʳ [154].  

ʀʩʩʣʝʜʦʚʘʥʠʷ Xiaoyong Song ʠ ʜʨ. ʦʧʠʩʳʚʘʶʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ, 

ʬʠʟʠʯʝʩʢʠʝ (ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ, ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ 
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ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʦʧʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ) ʠ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʩʚʦʡʩʪʚʘ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʫʪʝʤ ʚʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʬʠʨʥʦʛʦ ʤʘʩʣʘ ʣʠʤʦʥʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

(Span 80, Tween 80) ʚ ʧʣʝʥʢʫ ʠʟ ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʤʘʩʣʘ ʣʠʤʦʥʘ ʚʳʟʚʘʣʦ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ, ʧʨʦʟʨʘʯʥʦʩʪʠ, ʠʥʜʝʢʩʘ ʙʝʣʠʟʥʳ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 

ʫʜʣʠʥʝʥʠʷ ʠ ʤʘʪʦʚʦʩʪʠ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʢʦʤʧʦʟʠʪʥʳʭ ʧʣʝʥʢʘʭ ʢʨʘʭʤʘʣʘ 

ʢʫʢʫʨʫʟʳ ʠ ʧʰʝʥʠʮʳ ï ʤʘʩʣʦ ʣʠʤʦʥʘ. ʇʣʝʥʢʠ ʩ ʤʘʩʣʦʤ ʣʠʤʦʥʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʙʳʣʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʦʪʠʚ ʚʩʝʭ ʪʝʩʪʠʨʫʝʤʳʭ 

ʙʘʢʪʝʨʠʡ, ʯʝʤ ʢʦʥʪʨʦʣʴʥʳʝ ʧʣʝʥʢʠ. ʄʦʨʬʦʣʦʛʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʧʝʨʝʯʥʦʛʦ 

ʩʝʯʝʥʠʷ ʧʣʝʥʦʢ ʨʘʟʣʠʯʘʣʘʩʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʘʩʣʦ ʣʠʤʦʥʘ. ʇʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʦʡ ʢʨʘʭʤʘʣʘ ʢʫʢʫʨʫʟʳ - ʠ ʧʰʝʥʠʮʳ/ïʤʘʩʣʦ ʣʠʤʦʥʘ 

ʜʦʙʘʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʣʦ 

ʘʥʪʠʤʠʢʨʦʙʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʤʘʪʦʚʦʩʪʴ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʴ; ʟʘʤʝʪʥʦ ʩʥʠʟʠʣʠʩʴ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʠ 

ʧʨʦʟʨʘʯʥʦʩʪʴ. ʇʣʝʥʢʘ, ʩʦʜʝʨʞʘʱʘʷ ʪʦʣʴʢʦ Tween 80, ʧʦʢʘʟʘʣʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʙʦʣʝʝ 

ʥʠʟʢʠʡ ʠʥʜʝʢʩ ʙʝʣʠʟʥʳ ʠ ʫʜʣʠʥʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʦʡ, ʩʦʜʝʨʞʘʱʝʡ 

ʪʦʣʴʢʦ Span 80 [155].  

 

1.2.3 ʉʤʝʩʠ ʢʨʘʭʤʘʣʘ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʘʤʠ 

ɼʣʷ ʮʝʣʝʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʨʘʭʤʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʜʨʫʛʠʭ 

ʧʦʣʠʤʝʨʦʚ. ʉʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʠʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʧʫʪʝʤ 

ʩʤʝʰʠʚʘʥʠʷ [156, 157]. ʉʤʝʩʠ ʢʨʘʭʤʘʣʘ ʩ ʧʦʣʠʤʝʨʘʤʠ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ 

ʚʦʜʦʩʪʦʡʢʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʠʝ ʫʧʘʢʦʚʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʥʳ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʥʦ ʠ ʵʢʦʥʦʤʠʯʥʳ. 

ʊʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʩʤʝʰʘʥʥʳʝ ʩ ʧʦʣʠʤʝʨʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʧʦʣʠʦʣʝʬʠʥʳ, PHA, PLA ʠ PCL, ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ 

ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʥʘʯʠʥʘʷ ʦʪ ʚʳʜʫʚʘʥʠʷ ʧʣʝʥʢʠ, ʵʢʩʪʨʫʟʠʠ, 

ʬʦʨʤʦʚʘʥʠʷ ʨʘʟʜʫʚʦʤ, ʣʠʪʴʷ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠ ʚʩʧʝʥʠʚʘʥʠʷ [158]. 

Cʤʝʩʠ ʩ ʙʦʣʝʝ ʛʠʜʨʦʬʦʙʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʣʠʤʦʣʦʯʥʘʷ 

ʢʠʩʣʦʪʘ (PLA), ʙʳʣʠ ʰʠʨʦʢʦ ʠʟʫʯʝʥʳ ʩ ʮʝʣʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʝʜʦʩʪʘʪʢʠ 

ʢʨʘʭʤʘʣʘ, ʭʦʪʷ ʦʪʩʫʪʩʪʚʠʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʘʪʠʙʠʣʠʟʘʪʦʨʦʚ [159]. ʉʤʝʰʠʚʘʥʠʝ ʢʨʘʭʤʘʣʘ ʩ 

ʧʦʣʠʤʝʨʘʤʠ ʩʧʦʩʦʙʥʳʤʠ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ, 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ, ʧʦʣʠʧʨʦʧʠʣʝʥʢʘʨʙʦʥʘʪ ʠ ʪ.ʜ., ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʧʦʜʭʦʜʦʤ 

ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʜʨʦʬʦʙʥʳʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ [160].  

ʅʝʢʦʪʦʨʳʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʣʘʩʪʤʘʩʩʳ (ʥʘʧʨʠʤʝʨ, 

Mater-BiTM ʠʣʠ BioflexTM) ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʩʤʝʰʠʚʘʥʠʷ ʜʦ 45% ʢʨʘʭʤʘʣʘ ʩ 

ʨʘʟʣʘʛʘʝʤʳʤ ʧʦʣʠ- (Ů-ʢʘʧʨʦʣʘʢʪʦʥʦʤ) (PCL). ɺʷʟʢʦʩʪʴ ʩʤʝʩʝʡ PCL/ʢʨʘʭʤʘʣ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ [161]. ʀʩʩʣʝʜʦʚʘʥʠʝ 
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Koenig ʠ Huang (1995) [162] ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʤʝʰʠʚʘʥʠʝ ʣʶʙʦʛʦ ʚʠʜʘ ʢʨʘʭʤʘʣʘ 

ʩ PCL ʫʚʝʣʠʯʠʚʘʣʦ ʤʦʜʫʣʴ ʠ ʫʤʝʥʴʰʘʣʦ ʦʙʱʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʠʤʝʨʦʤ ʧʝʨʝʜ ʩʤʝʰʠʚʘʥʠʝʤ. PCL ʤʦʞʥʦ ʙʳʣʦ ʩʤʝʰʠʚʘʪʴ ʩ ʢʫʢʫʨʫʟʥʳʤ 

ʢʨʘʭʤʘʣʦʤ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ ʜʦ 25 ʤʘʩ. % ʉ ʥʝʙʦʣʴʰʠʤ (20%) 

ʩʥʠʞʝʥʠʝʤ ʧʨʦʯʥʦʩʪʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ [163] ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭʩʷ ʢʦʣʠʯʝʩʪʚ ʪʨʝʭ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʚ ʩʤʝʩʷʭ ʩ PCL 

ʦʙʳʯʥʦ ʩʥʠʞʘʝʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ PCL - ʫʤʝʥʴʰʘʷ ʨʘʩʪʷʛʠʚʘʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ.  

ʂʨʘʭʤʘʣʳ ʩ ʣʠʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠʤʝʣʠ ʤʝʥʴʰʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ 

ʨʘʟʨʳʚʝ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʫʜʣʠʥʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩʤʝʩʠ ʦʙʨʘʟʫʶʪ ʜʚʫʭʬʘʟʥʫʶ ʩʠʩʪʝʤʫ ʩ ʭʦʨʦʰʝʡ ʜʠʩʧʝʨʩʠʝʡ. ʊʝʨʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʤʝʩʷʭ, ʩʦʜʝʨʞʘʱʠʭ 25%, 50% ʠ 75 ʤʘʩ. % ʢʨʘʭʤʘʣʘ, 

ʣʠʥʝʡʥʳʝ ʢʨʘʭʤʘʣʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴʶ, ʯʝʤ 

ʨʘʟʚʝʪʚʣʝʥʥʳʡ ʢʨʘʭʤʘʣ. ɼʦʙʘʚʣʝʥʠʝ ʢʨʘʭʤʘʣʘ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ PCL. 

 

1.3 ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʦʣʠʤʝʨʳ ʠ ʠʭ ʩʤʝʩʠ ʩ 

ʢʨʘʭʤʘʣʦʤ 

 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘ ʨʳʥʢʝ ʜʦʤʠʥʠʨʫʶʪ ʙʠʦʧʣʘʩʪʠʢʠ ʪʘʢʠʝ ʢʘʢ PLA, 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʩʠʥʪʝʟʘ ʤʦʥʦʤʝʨʦʚ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʠʣʠ ʪʘʢʠʝ 

ʤʦʥʦʤʝʨʳ ʥʝʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʢ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥ)(PCL), 

ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ (PVA) ʠ ʧʦʣʠʙʫʪʠʣʝʥʦʩʫʢʮʠʥʘʪ (PBS) [164ï168]. 

 

1.3.1 ʇʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ  

ʇʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʳʡ ʘʣʠʬʘʪʠʯʝʩʢʠʡ 

ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ, ʧʨʦʠʟʚʦʜʥʳʡ ʠʟ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ 

ʧʦʣʫʯʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʝʨʤʝʥʪʘʮʠʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʘʢʠʭ ʢʘʢ 

ʢʫʢʫʨʫʟʥʳʡ ʠʣʠ ʨʠʩʦʚʳʡ ʢʨʘʭʤʘʣ ʠ ʩʳʨʴʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʘ. ɽʛʦ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʵʪʠʭ ʠʩʪʦʯʥʠʢʦʚ ʫʛʣʝʚʦʜʦʚ 

ʚ ʜʝʢʩʪʨʦʟʫ; ʜʝʢʩʪʨʦʟʘ ʬʝʨʤʝʥʪʠʨʫʝʪʩʷ ʜʦ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʦʣʠʢʦʥʜʝʥʩʘʮʠʝʡ ʤʦʥʦʤʝʨʦʚ ʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʳ [169]. PLA ʷʚʣʷʝʪʩʷ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ, ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ; ʦʥ ʪʘʢʞʝ ʧʨʦʟʨʘʯʝʥ 

ʠ ʦʙʣʘʜʘʝʪ ʦʪʣʠʯʥʳʤʠ ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʵʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʨʘʚʥʠʤʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʩʪʤʘʩʩ ʥʘ ʥʝʬʪʷʥʦʡ ʦʩʥʦʚʝ, 

ʪʘʢʠʭ ʢʘʢ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ (ʇʕʊ) ʠʣʠ ʧʦʣʠʩʪʠʨʦʣ (ʇʉ). ɹʣʘʛʦʜʘʨʷ 

ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ, ʜʦʩʪʫʧʥʳʤ ʚ ʦʙʣʘʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, PLA 

ʠʤʝʝʪ ʦʯʝʥʴ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʮʝʥʫ ʥʘ ʨʳʥʢʝ. ʆʜʥʘʢʦ ʫ ʥʝʛʦ ʝʩʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʠʟʢʘʷ ʢʠʩʣʦʨʦʜʥʘʷ ʙʘʨʴʝʨʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʭʨʫʧʢʦʩʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʨʘʩʪʷʞʝʥʠʶ 

[170].  

ɺ ʨʘʙʦʪʝ Helena ʠ ʜʨ. (2019), ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʭʦʣʦʜʥʘʷ ʧʣʘʟʤʘ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʚʳʰʘʣʘ ʘʜʛʝʟʠʶ ʤʝʞʜʫ ʩʣʦʷʤʠ PCL ʠʣʠ PLA ʠ 
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ʢʨʘʭʤʘʣʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ. ʄʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ 

(PCL-, PLA-ʢʨʘʭʤʘʣ) ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. ɸʜʛʝʟʠʷ 

ʢʨʘʭʤʘʣʴʥʳʭ ʧʣʝʥʦʢ ʢ ʧʦʚʝʨʭʥʦʩʪʷʤ PCL ʠ PLA ʙʳʣʘ ʫʣʫʯʰʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʩʩʣʘʠʚʘʥʠʶ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦ 

ʚʨʝʤʝʥʝʤ ʦʙʨʘʙʦʪʢʠ. ʅʘʠʣʫʯʰʘʷ ʘʜʛʝʟʠʷ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʜʣʷ ʢʨʘʭʤʘʣʴʥʦʡ 

ʧʣʝʥʢʠ PLA ʧʦʩʣʝ 10 ʤʠʥ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʦʪʩʫʪʩʪʚʠʶ 

ʨʘʩʩʣʦʝʥʠʷ. ɹʘʨʴʝʨ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʫ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʣʝʥʦʢ ʙʳʣ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʢʨʘʭʤʘʣʴʥʳʭ ʧʣʝʥʦʢ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʘʥʘʣʦʛʠʯʥʳ ʪʝʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʜʣʷ ʧʣʝʥʦʢ 

PCL/PLA, ʯʪʦ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʧʘʢʦʚʢʝ [171]. 

 

1.3.2 ʇʦʣʠʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʳ  

ɽʱʝ ʦʜʥʠʤ ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʫʧʘʢʦʚʢʝ, 

ʤʝʜʠʮʠʥʝ ʠ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʷʚʣʷʝʪʩʷ PHA, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʳʡ ʧʦʣʠʵʬʠʨ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʦʚ, ʩʠʥʪʝʟʠʨʫʝʤʳʡ ʧʨʠ 

ʤʠʢʨʦʙʥʦʡ ʬʝʨʤʝʥʪʘʮʠʠ. PHA ð ʵʪʦ ʥʝʪʦʢʩʠʯʥʳʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʵʣʘʩʪʦʤʝʨʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ʆʥʠ 

ʙʠʦʩʦʚʤʝʩʪʠʤʳ, ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʫ, 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ 

ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ ʤʦʥʦʤʝʨʦʚ PHA. ʇʨʠʤʝʥʝʥʠʝ PHA ʦʛʨʘʥʠʯʝʥʦ ʠʟ-ʟʘ ʩʣʘʙʳʭ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʤʝʪʦʜʘʤ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, 

ʩʢʣʦʥʥʦʩʪʠ ʢ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʛʨʘʜʘʮʠʠ [172]. ʉʤʝʩʠ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʭ 

PLA-PHB ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʢʘʪʝʭʠʥʘ ʧʦʣʫʯʘʣʠ ʩʤʝʰʠʚʘʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ. 

ʄʘʪʝʨʠʘʣʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ PHB ʫʣʫʯʰʘʣʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʡ, 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʭ PLA-PHB, ʪʝʤ ʩʘʤʳʤ ʧʦʚʳʰʘʷ ʧʦʪʝʥʮʠʘʣ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʡ ʫʧʘʢʦʚʢʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʝ ʜʣʷ ʞʠʨʥʦʡ ʧʠʱʠ [173]. 

Daniel Garcia-Garcia ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʣʠ ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

(3, 5 ʠ 7 ʤʘʩ. %) ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʮʝʣʣʶʣʦʟʳ ʠʟ ʰʠʰʝʢ ʩʦʩʥʳ ʚ ʩʤʝʩʠ PHB/PCL 

(75/25) ʣʠʪʴʝʤ ʠʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʪʨʫʟʠʝʡ ʠ 

ʪʝʨʤʦʢʦʤʧʨʝʩʩʠʝʡ. ɼʦʙʘʚʣʝʥʠʝ ʥʘʥʦʢʨʠʩʪʘʣʦʚ ʮʝʣʣʶʣʦʟʳ ʫʣʫʯʰʠʣʦ 

ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ PHB75/PCL25 ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʨʘʩʧʘʜʘ ʧʣʝʥʢʠ ʚ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʫʩʣʦʚʠʷʭ ʧʦʯʚʳ 

[174]. Hubackova ʠ ʜʨ. ʠʟʫʯʘʣʠ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʢʨʘʭʤʘʣʘ ʥʘ 

ʘʥʘʵʨʦʙʥʫʶ ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʩʤʝʩʝʡ PCL/ʢʨʘʭʤʘʣ. ʉʤʝʩʠ PCL ʩ ʢʨʘʭʤʘʣʦʤ, 

ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʛʣʠʮʝʨʠʥʦʤ, ʧʦʢʘʟʳʚʘʶʪ ʫʣʫʯʰʝʥʥʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʘʥʘʵʨʦʙʥʦʡ ʩʨʝʜʝ, ʩʤʝʩʠ 

PCL ʩ ʯʠʩʪʳʤʠ ʬʦʨʤʘʤʠ ʢʨʘʭʤʘʣʘ ʙʳʣʠ ʧʨʠʟʥʘʥʳ ʜʦʚʦʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʢ 

ʘʥʘʵʨʦʙʥʦʡ ʚʦʜʥʦʡ ʩʨʝʜʝ [175].  

 

1.3.3 ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ  

PCL ð ʵʪʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʡ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʧʦʣʠʵʩʪʝʨ ʩ ʭʦʨʦʰʝʡ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʥʠʟʢʦʡ 

https://www.sciencedirect.com/science/article/pii/S0014305718300107#!
https://www.sciencedirect.com/science/article/pii/S0142941813001050#!
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ʚʷʟʢʦʩʪʴʶ. ʆʥ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʫʪʝʤ ʧʦʣʠʤʝʨʠʟʘʮʠʠ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ. ʕʪʦ 

ʥʘʩʳʱʝʥʥʳʡ ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ ʩ ʧʦʚʪʦʨʷʶʱʠʤʠʩʷ ʟʚʝʥʴʷʤʠ 

ʛʝʢʩʘʥʦʘʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥ ʢʘʢ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʩʦ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʜʦ 70% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʚʝʩʦʚʦʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (Mw), ʦʙʳʯʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 3000 ʜʦ 800000 ʛ ʤʦʣʴ -1. 

ʂʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ - 

ʠʟ-ʟʘ ʩʢʣʘʜʳʚʘʥʠʷ ʮʝʧʝʡ, ʧʨʠ Mw 2*105 ʛ/ʤʦʣʴ ʥʘʙʣʶʜʘʝʪʩʷ 33% 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ [176]. ʀʟ-ʟʘ ʩʣʘʙʳʭ ʙʘʨʴʝʨʥʳʭ ʩʚʦʡʩʪʚ ʠ ʥʠʟʢʠʭ 

ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ PCL, ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ, 

ʧʨʠʤʝʥʝʥʠʝ PCL ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ ʚ ʫʧʘʢʦʚʦʯʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʛʨʘʥʠʯʝʥʦ. ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ, PCL 

ʦʙʳʯʥʦ ʩʤʝʰʠʚʘʶʪ ʩ ʜʨʫʛʠʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʥʘʧʨʠʤʝʨ, ʧʨʦʧʠʦʥʘʪʦʤ 

ʮʝʣʣʶʣʦʟʳ, ʧʦʣʠʤʦʣʦʯʥʦʡ ʢʠʩʣʦʪʦʡ ʠ ʙʫʪʠʨʘʪʦʤ ʘʮʝʪʘʪʘ ʮʝʣʣʶʣʦʟʳ) ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ, 

ʦʢʨʘʰʠʚʘʝʤʦʩʪʠ ʠ ʘʜʛʝʟʠʠ [177]. ʉʤʝʩʠ ʢʨʘʭʤʘʣʘ ʠ PCL, ʦʙʣʘʜʘʶʱʠʝ 

ʩʦʧʦʩʪʘʚʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [178ï181], ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʫʶ 

ʟʘʤʝʥʫ ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʠ ʥʝʨʘʟʣʘʛʘʶʱʠʤʩʷ 

ʧʦʣʠʤʝʨʘʤ. 

Arolkar ʠ ʜʨ. ʧʨʦʚʝʣʠ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʫʶ ʦʙʨʘʙʦʪʢʫ ʢʫʢʫʨʫʟʥʦʛʦ 

ʢʨʘʭʤʘʣʘ/ʧʦʣʠ (Ů-ʢʘʧʨʦʣʘʢʪʦʥ) (CSPCL) ʚ ʪʝʯʝʥʠʝ ʨʘʟʥʦʛʦ ʚʨʝʤʝʥʠ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʶʪ 

ʩʢʦʨʦʩʪʴ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʧʦʚʳʰʘʶʪ ʧʦʪʝʥʮʠʘʣ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʫʧʘʢʦʚʢʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʵʢʦʣʦʛʠʯʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʧʘʢʦʚʦʢ ʠ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [118, c. 266]  

ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʚʩʧʣʝʩʢʦʚ ʠʥʪʝʨʝʩʘ ʢ PCL ʧʨʦʠʟʦʰʝʣ, ʢʦʛʜʘ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʘʪʝʨʠʘʣʳ PCL ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʳ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠ ʛʨʠʙʢʦʚʳʤʠ ʬʝʨʤʝʥʪʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʩʦʙʝʥʥʦ 

ʠʥʪʝʨʝʩʥʳʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦʤʠʤʦ ʦʞʠʜʘʝʤʦʡ ʜʝʛʨʘʜʘʮʠʠ ʵʩʪʝʨʘʟʘʤʠ, ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, 

ʯʪʦ PCL ʧʦʜʚʝʨʞʝʥ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʣʠʧʘʟʘʤʠ [182]. ʆʜʥʘʢʦ ʮʝʥʘ 

PCL ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʳʯʥʦʛʦ ʧʣʘʩʪʠʢʘ. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʞʠʜʘʶʪ ʯʪʦ, PCL/ʢʨʘʭʤʘʣ ʤʦʞʝʪ ʧʦʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʙʠʦʧʣʘʩʪʠʢʘ [183, 184]. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʦʙʱʝʤ ʢʦʤʧʦʟʠʪʝ ʥʠʞʝ 40 ʤʘʩ. %, ʚʩʝ ʝʱʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ 

ʧʣʘʩʪʤʘʩʩʳ ʩ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ, Sun ʠ ʜʨ. ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʩʥʘʯʘʣʘ 

ʠʟʛʦʪʦʚʠʣʠ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʩ ʚʳʩʦʢʠʤ DS ʥʘ ʦʩʥʦʚʝ 

ʩʪʝʘʨʠʣʭʣʦʨʠʜʘ ʠ ʥʘʪʠʚʥʦʛʦ ʢʨʘʭʤʘʣʘ. ɿʘʪʝʤ ʙʠʦʧʣʘʩʪʠʢ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ 

ʩʤʝʰʠʚʘʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ (80 ʤʘʩ. %) ʠ PCL 

(20%). ɺʦ ʚʨʝʤʷ ʩʤʝʰʠʚʘʥʠʷ ʚ ʨʘʩʧʣʘʚʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʦʤʝʥʪ ʩʠʣʳ 

ʩʤʝʩʠ PCL/ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʫ 

PCL/ʥʘʪʠʚʥʳʡ ʢʨʘʭʤʘʣ ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 
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ʫʤʝʥʴʰʘʣʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ DS. ʂʦʤʧʦʟʠʪʳ PCL/ʵʪʝʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ 

ʧʨʦʷʚʣʷʣʠ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʫʧʨʫʛʦʩʪʴ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʯʝʤ ʢʦʤʧʦʟʠʪʳ 

PCL/ʥʘʪʠʚʥʳʡ ʢʨʘʭʤʘʣ [185]. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ [186, 187] ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʦʣʠʵʬʠʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʣʠ-ʢʘʧʨʦʣʘʢʪʦʥ (PCL), ʙʳʣʠ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʷʨʥʳʤʠ ʛʨʫʧʧʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʵʧʦʢʩʠʜ ʠʣʠ ʘʥʛʠʜʨʠʜ, ʩʧʦʩʦʙʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʮʝʧʝʡ ʢʨʘʭʤʘʣʘ, ʦʢʘʟʳʚʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʧʦʣʠʤʝʨʘ. ʕʪʠ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʩʚʷʟʳʚʘʶʱʠʝ ʘʛʝʥʪʳ ʤʝʞʜʫ ʦʙʦʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʫʣʫʯʰʘʷ ʠʭ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠʟ-ʟʘ ʠʭ ʘʤʬʠʬʠʣʴʥʦʡ ʧʨʠʨʦʜʳ.  

ʉʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ ʢʦʣʣʦʠʜʥʳʭ PCL ʚʳʟʚʘʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʟʘ 

ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʩʚʷʟʠ ʩ ʠʭ ʧʨʠʤʝʥʝʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ 

ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ [188, 189]. ʇʦʩʢʦʣʴʢʫ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʢʨʘʭʤʘʣʘ ʟʘʪʨʫʜʥʷʝʪ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʢʦʤʙʠʥʘʮʠʷ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʧʦʣʠʤʝʨʘʤʠ ʩʧʦʩʦʙʥʳʤʠ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʪʘʢʠʤʠ ʢʘʢ 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥ (PCL), ʧʦʣʠʣʘʢʪʠʜ (PLA) ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʢʘʯʝʩʪʚʝ 

ʘʣʴʪʝʨʥʘʪʠʚʳ.  

Tomy J. ʠ ʜʨ. (2021) ʨʘʟʨʘʙʦʪʘʣʠ ʪʨʠ ʩʠʩʪʝʤʳ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʛʣʶʪʝʥʘ (TPG) ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʪʠʚʥʦʡ ʵʢʩʪʨʫʟʠʠ (REx) ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʪʝʨʤʦʬʦʨʤʦʚʘʥʠʝʤ: TPG, TPG/poly (Ů-ʢʘʧʨʦʣʘʢʪʦʥ) (PCL) ʠ 

TPG/PCL, ʧʣʶʩ ʦʢʪʘʥʦʘʪ ʭʨʦʤʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʠʱʝʚʦʛʦ 

ʢʘʪʘʣʠʟʘʪʦʨʘ (TPG/PCL + Cat). ʇʣʝʥʢʠ TPG/PCL ʠ TPG/PCL + Cat ʙʳʣʠ 

ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʧʘʤʷʪʴʶ ʬʦʨʤʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʙʘʚʣʝʥʠʝ Cat ʚʳʟʳʚʘʣʦ 

ʩʰʠʚʘʥʠʝ ʮʝʧʝʡ TPG ʠ PCL ʯʝʨʝʟ ʨʝʘʢʮʠʠ ʦʩʥʦʚʘʥʠʡ ʐʠʬʬʘ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ 

ʢ ʧʦʚʳʰʝʥʠʶ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʢʘʟʘʣʩʷ ʢʠʥʝʪʠʯʝʩʢʠ ʤʝʥʝʝ 

ʧʦʜʚʝʨʞʝʥ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʯʝʤ ʜʨʫʛʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʣʝʥʢʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʧʦʜʚʝʨʛʣʠʩʴ ʧʦʣʥʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʦʩʣʝ 90 

ʜʥʝʡ ʚ ʨʘʩʪʠʪʝʣʴʥʳʭ ʢʦʤʧʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʘ ʪʘʢʞʝ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʦʢʘʟʘʣʩʷ 

ʵʢʦʪʦʢʩʠʯʥʳʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʚ ʵʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ, ʤʦʛʫʪ ʥʘʟʳʚʘʪʴʩʷ ʢʦʤʧʦʩʪʠʨʫʝʤʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ [68, c. 

106255]. ʇʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) (PCL) (ʧʦʣʥʦʩʪʴʶ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ 

ʘʣʠʬʘʪʠʯʝʩʢʠʡ ʧʦʣʠʵʬʠʨ) [190] ʙʳʣ ʦʙʲʝʜʠʥʝʥ ʩ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ 

ʢʫʢʫʨʫʟʥʳʤ ʢʨʘʭʤʘʣʦʤ, ʦʙʨʘʟʫʷ ʙʠʦʩʣʦʠ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʙʘʨʴʝʨʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤʠ ʢʨʘʭʤʘʣʴʥʳʤʠ ʧʣʝʥʢʘʤʠ [191]. ʊʘʢʠʝ 

ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʣʠ ʘʥʪʠʤʠʢʨʦʙʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʝʪ 

ʚʢʣʶʯʝʥʠʷ ʢʘʨʚʘʢʨʦʣʘ, ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʦʛʦ ʚ ʩʣʦʠ ʵʣʝʢʪʨʦʧʨʷʜʝʥʦʛʦ PCL 

[192].  

ʂʘʨʚʘʢʨʦʣ (ʂɸ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʝʥʦʣʴʥʳʡ ʤʦʥʦʪʝʨʧʝʥ, ʦʜʠʥ ʠʟ 

ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʵʬʠʨʥʳʭ ʤʘʩʝʣ ʜʫʰʠʮʳ ʠ ʪʠʤʴʷʥʘ [193]. ʆʥ ʧʨʦʷʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʘʥʪʠʤʠʢʨʦʙʥʫʶ [194] ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ in vitro 

[195, 196] ʠ ʙʳʣ ʦʜʦʙʨʝʥ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʆʙʲʝʜʠʥʝʥʥʳʤ 

ʢʦʤʠʪʝʪʦʤ ʌɸʆ/ɺʆɿ [197] ʠ ʚ ʢʘʯʝʩʪʚʝ ʘʨʦʤʘʪʠʟʘʪʦʨʘ EFSA [198]. ɺ 
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ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ʚ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ [199, 200].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʙʘʚʣʝʥʠʝ ʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʢ ʙʠʦʧʦʣʠʤʝʨʥʳʤ 

ʩʣʦʷʤ ʧʨʠʜʘʝʪ ʘʥʪʠʤʠʢʨʦʙʥʳʝ ʠ/ʠʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʜʝʣʘʷ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʫʧʘʢʦʚʢʠ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  

 

1.4 ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʢʦʤʧʦʟʠʪʦʚ 

 

ʉʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʘʤ ɽʉ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʡ ʧʣʘʩʪʠʢ ʜʦʣʞʝʥ ʚ ʪʝʯʝʥʠʝ 

6 (ʠʣʠ 9) ʤʝʩʷʮʝʚ ʧʦʩʣʝ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ ʨʘʟʣʦʞʠʪʴʩʷ ʥʘ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʦʜʫ 

ʠ ʛʫʤʫʩ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʥʝ ʜʦʣʞʥʳ ʩʦʜʝʨʞʘʪʴ ʙʦʣʝʝ 10% ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʙʦʣʝʝ 

2 ʤʤ [201]. ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʢʦʤʧʦʟʠʮʠʡ PCL-ʢʨʘʭʤʘʣ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʧʦʪʨʝʙʣʝʥʠʷ ʢʨʘʭʤʘʣʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʘ ʝʝ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣ.̫ ʄʦʥʠʪʦʨʠʥʛ ʪʦʣʱʠʥʳ 

ʦʙʨʘʟʮʘ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʦʢʘʟʘʣʩʷ ʧʦʣʝʟʥʳʤ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʨʦʟʠʠ ʠ ʜʦʧʦʣʥʝʥʠʝʤ ʢ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʤʠʢʨʦʩʢʦʧʠʠ [202]. ʊʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʨʘʚʥʠʪʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʟʘʧʠʩʘʪʴ ʢʘʢ ʧʨʦʮʝʥʪ ʙʠʦʜʝʛʨʘʜʘʮʠʠ [203]. 

ʉʤʝʩʴ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ/ʘʣʠʬʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʵʬʠʨʘ, ʠʩʩʣʝʜʦʚʘʥʥʘʷ Lim 

ʠ ʜʨ. [204] ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʪʣʠʯʥʫʶ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ. ʀʩʧʳʪʘʥʠʷ ʥʘ 

ʟʘʣʦʞʝʥʠʝ ʚ ʧʦʯʚʝ ʧʦʢʘʟʘʣʠ ʧʦʣʥʫʶ ʙʠʦʜʝʛʨʘʜʘʮʠʶ ʚ ʪʝʯʝʥʠʝ ʚʦʩʴʤʠ ʥʝʜʝʣʴ. 

Bastioli ʠ ʜʨ. (1995) [205] ʩʦʦʙʱʠʣʠ ʦʙ ʫʩʠʣʝʥʠʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ PCL ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʘʭʤʘʣʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ 

ʤʠʢʨʦʙʥʦʡ ʘʪʘʢʠ. ʂʦʤʧʦʩʪ, ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʘʩʪʠʢʦʚ 

ʚʤʝʩʪʝ ʩ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʧʨʦʜʫʢʪʘʤʠ, ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ, ʫʜʝʨʞʠʚʘʝʪ ʚʦʜʫ ʠ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʢʨʘʱʘʷ ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʜʘʚʣʷʷ ʙʦʣʝʟʥʠ ʨʘʩʪʝʥʠʡ. 

ʇʨʠ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʘʩʪʠʢʦʚ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʙʦʪʢʘ ʚʝʱʝʩʪʚ, ʘ ʥʝ ʠʭ çʬʠʢʩʘʮʠʷè ʚ ʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʘʭ, ʦʩʦʙʝʥʥʦ 

ʢʦʛʜʘ ʥʝ ʨʘʟʣʘʛʘʝʤʳʝ ʧʣʘʩʪʠʢʠ ʦʪʧʨʘʚʣʷʶʪʩʷ ʥʘ ʩʚʘʣʢʫ [206].  

Rivard ʠ ʜʨ. [207] ʠʟʫʯʘʣʠ ʘʥʘʵʨʦʙʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʢʨʘʭʤʘʣʦʚ ʩ DS ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,3 ʜʦ 2,4 ʚ ʪʝʯʝʥʠʝ 98-ʜʥʝʚʥʦʛʦ 

ʠʥʢʫʙʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ. ɸʚʪʦʨʳ ʩʦʦʙʱʠʣʠ ʦ ʨʝʟʢʦʤ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʝʡ 

ʜʝʛʨʘʜʘʮʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ ʫʨʦʚʥʷʤʠ DS ʦʪ 1,2 ʜʦ 1,7. ʇʨʠ DS ʚʳʰʝ 1,7 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʝ ʢʨʘʭʤʘʣʳ ʥʝ ʧʦʜʜʘʶʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ ʢ ʨʘʟʣʦʞʝʥʠʶ ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʟʫʣʴʪʘʪʦʤ ʧʣʦʭʦʛʦ ʩʤʘʯʠʚʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʢʦʥʪʘʢʪʘ 

ʤʠʢʨʦʙʦʚ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʣʠʤʝʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʳʰʝʥʥʦʡ ʛʠʜʨʦʬʦʙʥʦʩʪʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ ʠʣʠ ʩʪʝʨʠʯʝʩʢʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ 



29 

 

ʧʨʠʩʦʝʜʠʥʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʙʠʦʮʠʜʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ. 

 

1.5 ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʧʫʪʝʤ ʩʤʝʰʝʥʠʷ 

ʩ ʧʨʠʨʦʜʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ (ʢʨʘʭʤʘʣ) ʠ ʜʦʙʘʚʢʘʤʠ ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ. ɺʳʷʚʣʝʥʦ, ʧʨʝʞʜʝ ʯʝʤ ʩʤʝʰʠʚʘʪʴ ʢʨʘʭʤʘʣ ʩ 

ʧʦʣʠʤʝʨʦʤ ʥʫʞʥʦ ʧʣʘʩʪʠʬʠʮʠʨʦʚʘʪʴ ʩ ʛʣʠʮʝʨʠʥʦʤ ʠʣʠ ʦʪʜʝʣʴʥʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʢʨʘʭʤʘʣ. ʉʨʝʜʠ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʘʭʤʘʣʘ 

ʵʪʝʨʠʬʠʢʘʮʠʷ (ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʧʠʦʥʠʨʦʚʘʥʠʝ) ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ 

ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʤʝʪʦʜʦʤ, ʪʘʢ ʢʘʢ ʩ ʧʦʤʦʱʴʶ 

ʵʪʝʨʠʬʠʢʘʮʠʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ DS ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʀʟ ʚʩʝʡ ʦʙʟʦʨʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ ʩʦʦʙʱʘʝʪʩʷ, ʯʪʦ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʘ ʩʥʠʞʘʝʪ 

ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩʦ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ ʢʨʘʭʤʘʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦʛʦ ʤʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʧʦʣʫʯʝʥʠʶ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʥʦ ʚʩʝ ʝʱʝ ʝʩʪʴ ʧʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʠ ʟʘʪʨʘʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʫʣʫʯʰʝʥʠʶ 

ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʩʣʘʙʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ: ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʢ ʚʣʘʛʝ. ʊʘʢʞʝ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʪʭʦʜʦʚ, ʥʘʧʨʠʤʝʨ, 

ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ɺ. 
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2 ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

2.1 ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ - ɻʆʉʊ 32159-

2013 çʂʨʘʭʤʘʣ ʢʫʢʫʨʫʟʥʳʡ. ʆʙʱʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè (ʧʨʦʠʟʚʦʜʩʪʚʘ ʊʆʆ 

çɾʘʨʢʝʥʪʩʢʠʡ ʢʨʘʭʤʘʣʦʧʘʪʦʯʥʳʡ ʟʘʚʦʜè ʛ. ɾʘʨʢʝʥʪ); ʧʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ - 

ɻʆʉʊ 31935-2012 çʂʨʘʭʤʘʣ ʧʰʝʥʠʯʥʳʡ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷè 

(ʧʨʦʠʟʚʦʜʩʪʚʘ TOO çBioOperationsè, ʛ. ʊʘʡʳʥʰʘ); ʥʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ 

ʢʨʘʭʤʘʣ; ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ (ʧʦʣʫʯʝʥ ʣʘʙʦʨʘʪʦʨʥʦ ʠʟ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ 

ʩʦʨʪʘ çArtemisè); ʧʨʦʙʳ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ, 

ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ɸ ʠ ɺ ʢʨʘʭʤʘʣʘ ʠ PCL, 

ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʨʘʟʮʘ ʚ ʚʠʜʝ ʧʣʝʥʦʢ ʠʟ ʯʠʩʪʦʛʦ PCL. ɺʩʝ ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ.  

 

2.2 ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

2.2.1 ʇʦʣʫʯʝʥʠʝ ʢʨʘʭʤʘʣʦʚ ʠ ʬʨʘʢʮʠʡ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ. 

ʂʨʘʭʤʘʣ ʠʟʚʣʝʢʘʣʠ ʠʟ ʩʚʝʞʠʭ ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ 

ʧʨʦʤʳʚʘʥʠʷ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʦ [208, 

209]. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʨʘʟʙʘʚʣʷʣʠ ʚ 10 ʨʘʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʠ 

ʜʦʚʦʜʠʣʠ pH ʜʦ 10 ʩ ʧʦʤʦʱʴʶ 0,5 ʤ ʨʘʩʪʚʦʨʘ NaOH. ɼʘʣʝʝ ʢʨʘʭʤʘʣʴʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʧʦʤʝʱʘʣʠ ʥʘ ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʯʘʩʘ 

ʠ ʬʠʣʴʪʨʦʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ 75 ʤʢʤ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ. ɿʘʪʝʤ 

ʦʪʬʠʣʴʪʨʦʚʘʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 10000 ʦʙʦʨʦʪʘʭ ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ. ɺʦʜʥʘʷ ʬʘʟʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʨʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʠ, 

ʦʪʜʝʣʷʣʘʩʴ, ʚʝʨʭʥʠʡ ʦʩʘʜʦʢ ʫʙʠʨʘʣʩʷ, ʥʠʞʥʠʡ ʦʩʘʜʦʢ ʧʨʦʤʳʚʘʣʩʷ ʝʱʝ 3 ʨʘʟʘ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʟʘʪʝʤ ʧʨʦʤʳʪʳʡ ʢʨʘʭʤʘʣ ʩʫʰʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

50ʦʉ, ʠʟʤʝʣʴʯʘʣʠ ʠ ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ 100 ʤʝʰ. 

ʈʘʟʜʝʣʝʥʠʝ ʛʨʘʥʫʣ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʠ ɺ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʩʧʦʩʦʙʫ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʚ [123, c. 2675], ʩ ʠʟʤʝʥʝʥʠʷʤʠ. ʇʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ 

(100 ʛ) ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 800 ʤʣ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʪʝʯʝʥʠʝ 1 ʯ. ɿʘʪʝʤ 

ʚʝʨʭʥʶʶ ʩʫʩʧʝʥʟʠʶ ʩʦʙʠʨʘʣʠ ʚ ʚʠʜʝ ʛʨʘʥʫʣ ɺ- ʪʠʧʘ, ʘ ʦʩʪʘʣʴʥʦʡ ʦʩʘʜʦʢ ʚ 

ʮʠʣʠʥʜʨʝ ʩʦʙʠʨʘʣʠ ʚ ʚʠʜʝ ʛʨʘʥʫʣ ɸ- ʪʠʧʘ. ʇʦʣʫʯʝʥʥʳʝ ʬʨʘʢʮʠʠ A- ʠ B- 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 3500 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ ʧʨʠ 

30oC ʚ ʪʝʯʝʥʠʝ 48 ʯʘʩʦʚ. 

2.2.2 ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʉʕʄ) ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʘʥʠʨʫʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ 

(JSM-6360LV, JEOL, ʗʧʦʥʠʷ). ʆʙʨʘʟʝʮ ʢʨʘʭʤʘʣʘ ʧʨʠʢʨʝʧʣʷʣʠ ʢ ʩʪʝʨʞʥʶ 

ʉʕʄ ʩ ʧʦʤʦʱʴʶ ʜʚʫʩʪʦʨʦʥʥʝʡ ʢʣʝʡʢʦʡ ʧʨʦʚʦʜʷʱʝʡ ʣʝʥʪʳ, ʘ ʥʘʧʳʣʝʥʠʝ 

ʧʨʦʚʦʜʠʣʠ ʟʦʣʦʪʦʤ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʦʙʨʘʟʝʮ ʧʨʦʚʦʜʷʱʠʤ. ɿʘʪʝʤ 

ʩʤʦʥʪʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʤʝʱʘʣʠ ʥʘ ʧʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ Cʕʄ, ʠ 
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ʠʟʦʙʨʘʞʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʚ ʮʠʬʨʦʚʦʤ ʚʠʜʝ ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 10 

ʢɺ. 

2.2.3 ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʘʭʤʘʣʦʚ. 

ɺʣʘʞʥʦʩʪʴ ʢʨʘʭʤʘʣʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ ʈ 55802-2013 "ʂʨʘʭʤʘʣ. 

ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʘʛʠ" 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʙʱʝʡ ʟʦʣʳ ʧʨʦʚʦʜʠʣʠ ʧʦ ɻʆʉʊ ʈ 55800-2013 

"ʂʨʘʭʤʘʣ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʟʦʣʳ" 

ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ 

(ʂʝʣʴʪʨʘʥ 4005, ʉʠʙʘʛʨʦʧʨʠʙʦʨ, ʈʦʩʩʠʷ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʜʠʛʝʩʪʦʨ, ʩʢʨʫʙʝʨ, 

ʙʣʦʢ ʜʠʩʪʠʣʣʷʮʠʠ, ʪʠʪʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʨʫʯʥʫʶ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ɸʆɸʉ 

2011.11 çɹʝʣʦʢ (ʩʳʨʦʡ) ʚ ʞʠʚʦʪʥʳʭ ʢʦʨʤʘʭ, ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ, ʟʝʨʥʝ ʠ 

ʤʘʩʣʠʯʥʳʭ ʢʫʣʴʪʫʨʘʭè, ʤʝʪʦʜ ʙʣʦʯʥʦʛʦ ʦʟʦʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ ʩ ʧʘʨʦʚʦʡ ʜʠʩʪʠʣʣʷʮʠʝʡ ʚ ʙʦʨʥʫʶ ʢʠʩʣʦʪʫ 

[210].  

ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ ʦʧʨʝʜʝʣʷʣʦʩʴ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʧʨʠʙʦʨʝ 

Buchi (Extraction Unit E-812). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ 

ʙʦʣʝʝ 0,1 ʛ ʥʘʚʝʩʢʘ ʢʨʘʭʤʘʣʘ 25-50 ʛ, ʧʝʨʝʥʦʩʠʣʘʩʴ ʚ ʦʜʥʦʨʘʟʦʚʳʡ 

ʮʝʣʣʶʣʦʟʥʳʡ ʧʘʪʨʦʥ ʠ ʚʟʚʝʰʠʚʘʣʘʩʴ. ɿʘʪʝʤ ʧʘʪʨʦʥ ʧʦʤʝʱʘʣʩʷ ʚ 

ʵʢʩʪʨʘʢʮʠʦʥʥʫʶ ʛʠʣʴʟʫ ʠ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʧʨʠʙʦʨʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʣʦʨʦʬʦʨʤ ʚ ʦʙʲʝʤʝ 100 ʤʣ. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʧʨʦʭʦʜʠʪ ʚ 

ʪʨʠ ʵʪʘʧʘ: 1. ʵʢʩʪʨʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʧʨʠ 100% ʥʘʛʨʝʚʝ ʠ ʜʣʠʪʩʷ 60 ʤʠʥ, ʚʢʣʶʯʘʝʪ 

ʚ ʩʝʙʷ 6 ʮʠʢʣʦʚ; 2. ʩʫʰʢʘ ʜʣʠʪʩʷ 60 ʤʠʥʫʪ ʧʨʠ 100% ʥʘʛʨʝʚʝ; 3. ʧʨʦʤʳʚʢʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 25 ʤʠʥʫʪ, ʧʨʠ 70% ʥʘʛʨʝʚʝ. ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʪʨʘʢʮʠʠ 

ʧʘʪʨʦʥ ʚʟʚʝʰʠʚʘʣʩʷ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 0,001 ʛ ʠ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʠ ʘʤʠʣʦʧʝʢʪʠʥʘ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ Juliano [211, 212].  

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʦʩʬʘʪʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ ʚ ʥʘʪʠʚʥʦʤ 

ʠ ʦʢʠʩʣʝʥʥʳʭ ʢʨʘʭʤʘʣʘʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 7698-93 çʂʨʘʭʤʘʣ. ʇʨʘʚʠʣʘ 

ʧʨʠʝʤʢʠ ʠ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘè. 

ʆʧʨʝʜʝʣʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʘʭʤʘʣʦʚ ʦʧʨʝʜʝʣʝʥʦ ʩ ʧʦʤʦʱʴʶ 

Rapid Visco Analyzer (RVA-4500, Perten Instruments, ʐʚʝʮʠʷ). ʂ ʥʘʚʝʩʢʘʤ 

ʢʨʘʭʤʘʣʘ ʤʘʩʩʦʡ 2,5 ʛ (ʚ ʩʫʭʦʤ ʚʠʜʝ), ʜʦʙʘʚʣʷʣʠ 25 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, 

ʜʘʣʝʝ ʦʙʨʘʟʮʳ ʩʥʘʯʘʣʘ ʫʨʘʚʥʦʚʝʰʠʚʘʣʠ ʧʨʠ 50ÁC ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ, ʟʘʪʝʤ 

ʥʘʛʨʝʚʘʣʠ ʜʦ 95ÁC ʩʦ ʩʢʦʨʦʩʪʴʶ 12ÁC/ ʤʠʥ, ʚʳʜʝʨʞʠʚʘʣʠ 2,5 ʤʠʥ, ʟʘʪʝʤ 

ʦʭʣʘʞʜʘʣʠ ʜʦ 50ÁC ʧʨʠ 12ÁC/ʤʠʥ, ʚʳʜʝʨʞʠʚʘʣʠ 2 ʤʠʥ. 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʦʣʦʨʠʤʝʪʨʠʠ DSC 1/200W (Mettler-Toledo 

Inc., ʐʚʝʡʮʘʨʠʷ). ʆʙʨʘʟʮʳ ʢʨʘʭʤʘʣʘ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 10,0 ʤʛ ʩʫʭʦʡ ʤʘʩʩʳ) 

ʚʟʚʝʰʠʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʣʶʤʠʥʠʝʚʳʡ ʣʦʪʦʢ (ʪʠʛʝʣʴ) (Mettler, ME-

51119872) ʠ ʜʦʙʘʚʣʷʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʫʶ ʚʦʜʫ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3. ʊʠʛʝʣʴ 

ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʶʪ ʠ ʫʨʘʚʥʦʚʝʰʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ. 

ʇʫʩʪʦʡ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʪʳʡ ʪʠʛʝʣʴ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ. 

ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʶʪ ʦʪ 30Áʉ ʜʦ 170Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 10Áʉ/ʤʠʥ. 
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ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʊʥ), ʧʠʢʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʊʧ), 

ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʊʢ) ʠ ʵʥʪʘʣʴʧʠʷ (ȹH). ɼʠʘʧʘʟʦʥ ʙʳʣ ʨʘʩʩʯʠʪʘʥ ʧʫʪʝʤ 

ʚʳʯʠʪʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʴʥʦʡ. 

2.2.4 ʄʦʜʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʦʚ 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ (ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʠ ʧʨʦʧʠʦʥʠʨʦʚʘʥʥʳʡ 

ʢʨʘʭʤʘʣ) ʧʦʣʫʯʘʣʠ ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝʤ Kumoro, Amalia, Budiyati, 

Retnowati ʠ Ratnawati ʩ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. 100 ʛ ʢʨʘʭʤʘʣʘ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 500 

ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ ʧʦʣʫʯʝʥʠʝʤ ʩʫʩʧʝʥʟʠʠ ʢʨʘʭʤʘʣʘ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 20%. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʚʥʦʤʝʨʥʫʶ ʩʫʩʧʝʥʟʠʶ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʛʥʠʪʥʫʶ ʤʝʰʘʣʢʫ. ɼʘʣʝʝ pH ʩʫʩʧʝʥʟʠʠ ʧʦʜʥʠʤʘʣʠ ʜʦ ʟʥʘʯʝʥʠʠ 8 

ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ 1 ʄ NaOH, ʧʦʩʣʝ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʜʥʠʤʘʣʠ ʜʦ 50 Üʉ. 

ɿʘʪʝʤ ʢ ʨʝʘʢʮʠʦʥʥʦʡ ʩʫʩʧʝʥʟʠʠ ʜʦʙʘʚʣʷʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ (ʫʢʩʫʩʥʳʡ ʘʥʛʠʜʨʠʜ, ʧʨʦʧʠʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ) (1:5, 1:6, 1:7), ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ pH. ɿʥʘʯʝʥʠʝ pH 

ʚʦʟʚʨʘʱʘʣʠ ʢ ʠʩʭʦʜʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʄ NaOH. ʈʝʘʢʮʠʷ 

ʧʨʦʪʝʢʘʣʘ ʦʪ 40 ʜʦ 60 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʶ ʦʩʪʘʥʘʚʣʠʚʘʣʠ, ʜʦʚʦʜʷ pH ʜʦ 

5,5 ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ 1 ʄ HCl, ʧʦʩʣʝ ʦʩʘʞʜʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ 

ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʦʪ ʢʠʩʣʦʪʳ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʘ ʟʘʪʝʤ ʩʫʰʠʣʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʤʝʣʴʯʘʣʠ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʣʴʥʠʮʝ ʃɿʄ-1ʄ ʠ 

ʧʨʦʩʝʠʚʘʣʠ ʯʝʨʝʟ ʩʠʪʦ ʜʠʘʤʝʪʨʦʤ 250 ʤʢʤ, ʧʦʩʣʝ ʯʝʛʦ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʥʘʙʫʭʘʥʠʷ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ [213]. 

2.2.5 ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ (DS) ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ - %Ac ʦʧʨʝʜʝʣʷʣʠ ʪʠʪʨʦʚʘʥʠʝʤ, ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ W¿rzburg 

(1986) [214]. ɸʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ (1,0 ʛ) ʧʦʤʝʱʘʣʠ ʚ ʢʦʣʙʫ ʥʘ 250 ʤʣ ʠ 

ʜʦʙʘʚʣʷʣʠ 50 ʤʣ 75% ʵʪʘʥʦʣʘ, ʨʘʟʙʘʚʣʝʥʥʦʛʦ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. 

ʆʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠ ʥʘ ʚʦʜʷʥʦʡ ʙʘʥʝ ʧʨʠ 50ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʠ ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ ʜʦʙʘʚʣʷʣʠ 40 ʤʣ 0,5 ʥ. Naʆʅ, ʜʘʣʝʝ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʠ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʧʨʠ 200 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ. ʀʟʙʳʪʦʢ ʱʝʣʦʯʠ 

ʪʠʪʨʦʚʘʣʠ 0,5 ʥ. Hʉl, ʠʩʧʦʣʴʟʫʷ ʬʝʥʦʣʬʪʘʣʝʠʥ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ. 

ʅʝʡʪʨʘʣʠʟʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ ʠ ʪʠʪʨʦʚʘʣʠ ʠʟʙʳʪʦʢ 

ʱʝʣʦʯʠ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʩʭʦʜʥʦʛʦ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ.  

 

!̗ ̆̓̉̌Ϸ
̝̜̋̏̎̓̑̏̌̎̊ ̗̏̂̑́̈̆ ̍ ̌ ̗̏̂̑́̈̆ ̍ ̌ ̖ ̠̝̍̏̌̑̎̏̒̓    Ȣ    

ˏ̆ ̗̒̏̂̑́̈́ ̄
  (1) 

 

 DS = 
 ̖ ̆̓̉ ̌Ϸ  

 ̖ ̱̒̆̓̉̌ Ϸ
                                     (2) 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʧʨʦʧʠʦʥʠʣʴʥʳʭ ʛʨʫʧʧ (%) ʠ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ (DS) 

ʉʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ (DS) ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ, 

ʦʧʠʩʘʥʥʦʛʦ Bhandari ʠ Singhal [215]. 1 ʛ ʥʘʪʠʚʥʦʛʦ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠʣʠ 
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ʧʨʦʧʠʦʥʘʪʘ ʢʨʘʭʤʘʣʘ ʪʦʯʥʦ ʦʪʚʝʰʠʚʘʣʠ ʚ 50 ʤʣ 75% (ʧʦ ʦʙʲʝʤʫ) ʨʘʩʪʚʦʨʘ 

ʵʪʘʥʦʣʘ ʠ ʧʝʨʝʤʝʰʠʚʘʣʠ ʧʨʠ 60 ʦʙ/ʤʠʥ ʥʘ ʧʣʠʪʢʝ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 50ÁC. 

ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ ʢʨʘʭʤʘʣʘ ʦʭʣʘʞʜʘʣʠ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (30ÁC) ʠ 

ʩʤʝʰʠʚʘʣʠ ʩ 40 ʤʣ 0,5 ʄ NaOH ʧʨʠ 60 ʦʙ/ʤʠʥ, ʠʩʧʦʣʴʟʫʷ ʧʣʠʪʢʫ ʚ ʪʝʯʝʥʠʝ 2 

ʤʠʥʫʪ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʫʩʧʝʥʟʠʶ ʢʨʘʭʤʘʣʘ ʧʦʤʝʱʘʣʠ ʚ ʦʨʙʠʪʘʣʴʥʳʡ 

ʰʝʡʢʝʨ ʧʨʠ 40 ʦʙ/ʤʠʥ ʠ 30ÁC ʥʘ 72 ʯʘʩʘ. ʀʥʜʠʢʘʪʦʨ ʬʝʥʦʣʬʪʘʣʝʠʥ ʜʦʙʘʚʣʷʣʠ 

ʧʦ ʢʘʧʣʷʤ ʢ ʩʫʩʧʝʥʟʠʠ ʢʨʘʭʤʘʣʘ ʠ ʠʟʙʳʪʦʢ ʱʝʣʦʯʠ ʩʥʦʚʘ ʪʠʪʨʦʚʘʣʠ 0,5 ʄ 

ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʅʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʦʙʨʘʙʘʪʳʚʘʣʠ ʪʘʢʠʤ ʞʝ 

ʦʙʨʘʟʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʣʦʩʪʦʛʦ ʟʥʘʯʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʧʠʦʥʠʣʘ ʠ DS 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ (3), ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ [216]. 

ʉʦʜʝʨʞʘʥʠʝ ʧʨʦʧʠʦʥʠʣʘ (ʚ%) ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 

 

˜̑̏̐̉̏̎̉̌ ύϷ 
̖̏̌̏̒̓̏̊̏̂ ̗̑́̈̆ ̖          

  ̗̏̂̑́̈̆
          (3) 

 

ʛʜʝ V - ʦʙʲʝʤ ʪʠʪʨʦʚʘʥʠʷ ʚ ʤʣ, m - ʤʘʩʩʘ ʚ ʛ, c - ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʤʦʣʴ/ ʣ, 

57 - ʬʦʨʤʫʣʴʥʘʷ ʤʘʩʩʘ ʧʨʦʧʠʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ ʠ 10ï3 - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʣ ʚ L.  

 

ʉʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ (DS) ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʩʨʝʜʥʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʜʠʥʠʮʫ 

Ŭ-d-ʛʣʶʢʦʟʳ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʛʨʫʧʧʫ ʟʘʤʝʩʪʠʪʝʣʝʡ, ʠ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʣʝʜʫʶʱʠʤ 

ʫʨʘʚʥʝʥʠʝʤ (4):  
 

$3Ϸ
 zȢz ̐̑̏̐̉̏̎̉̌

ᶻ ᶻ  ̐ ̑̏̐̉̏̎̉̌
                                  (4) 

 

ʛʜʝ 180 - ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ Ŭ-d-ʛʣʶʢʦʟʳ, 0,9 - ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʘʷ 

ʢʦʥʩʪʘʥʪʘ ʧʨʝʚʨʘʱʝʥʠʷ ʛʣʶʢʦʟʳ ʚ ʢʨʘʭʤʘʣ, 57 - ʬʦʨʤʫʣʴʥʘʷ ʤʘʩʩʘ 

ʧʨʦʧʠʦʥʠʣʴʥʦʡ ʛʨʫʧʧʳ, ʘ 1-ʘʪʦʤʥʘʷ ʤʘʩʩʘ ʚʦʜʦʨʦʜʘ. 

ʇʣʘʩʪʠʬʠʢʘʮʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʧʣʝʥʢʘ ʤʝʪʦʜʦʤ ʣʠʪʴʷ ʠʟ 

ʨʘʩʪʚʦʨʘ [217]. ʇʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ ʨʘʩʪʚʦʨ ʧʦʣʫʯʘʣʠ ʜʦʙʘʚʣʝʥʠʝʤ 3 ʛ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚ 100 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɼʠʩʧʝʨʩʠʶ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚʳʜʝʨʞʠʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ 85ÁC Ñ 2ÁC ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʤʘʛʥʠʪʥʦʡ ʤʝʰʘʣʢʦʡ, 

ʜʦʙʘʚʣʷʣʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʝʱʝ 10 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʡ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʡ ʨʘʩʪʚʦʨ ʦʭʣʘʞʜʘʣʠ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 65ÁC. 35 ʤʣ 

ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʥʘʣʠʚʘʣʠ ʚ ʧʣʘʩʪʠʢʦʚʳʝ ʯʘʰʢʠ ʇʝʪʨʠ 

ʜʠʘʤʝʪʨʦʤ 10 ʩʤ, ʧʣʝʥʢʠ ʩʫʰʠʣʠ ʧʨʠ 50ÁC ʚ ʩʫʰʠʣʴʥʦʤ ʰʢʘʬʫ ʚ ʪʝʯʝʥʠʝ 24 

ʯ. ɺʳʩʫʰʝʥʥʳʝ ʧʣʝʥʢʠ ʩʥʠʤʘʣʠ ʚʨʫʯʥʫʶ ʠ ʚʳʜʝʨʞʠʚʘʣʠ ʥʝ ʤʝʥʝʝ 48 ʯʘʩʦʚ ʚ 

ʵʢʩʠʢʘʪʦʨʘʭ. 

 

2.2.6 ʆʧʨʝʜʝʣʝʥʠʝ ʩʪʝʧʝʥʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʥʘʙʫʭʘʥʠʷ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʠ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ 
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ʈʘʩʪʚʦʨʠʤʦʩʪʴ (WS) ʠ ʥʘʙʫʭʘʥʠʝ (SP) ʥʘʪʠʚʥʦʛʦ ʠ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ Li ʠ Yeh (2001). ʆʙʨʘʟʝʮ 

ʢʨʘʭʤʘʣʘ 1,0 ʛ (W0) ʪʦʯʥʦ ʚʟʚʝʰʠʚʘʣʠ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʧʨʦʟʨʘʯʥʫʶ ʚʳʩʫʰʝʥʥʫʶ ʧʨʦʙʠʨʢʫ ʠ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʠ ʢʘʢ W1. ɿʘʪʝʤ 

ʢʨʘʭʤʘʣ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʚ 50 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ʇʦʣʫʯʝʥʥʫʶ 

ʩʫʩʧʝʥʟʠʶ ʥʘʛʨʝʚʘʣʠ ʧʨʠ 60ÁC ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʉʤʝʩʴ ʦʭʣʘʞʜʘʣʠ ʜʦ 30ÁC ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 100 Ĭ g ʚ 

ʪʝʯʝʥʠʝ 15 ʤʠʥ ʚ ʮʝʥʪʨʠʬʫʛʝ [218]. 

ɸʣʠʢʚʦʪʳ (5 ʤʣ) ʩʫʧʝʨʥʘʪʘʥʪʘ ʩʫʰʠʣʠ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʧʨʠ 110ÁC 

ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ Wc. ʆʩʪʘʪʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʩʫʰʢʠ ʩʫʧʝʨʥʘʪʘʥʪ 

ʧʨʝʜʩʪʘʚʣʷʣ ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʚʦʜʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʨʘʩʩʯʠʪʳʚʘʣʠ, ʢʘʢ ʛ ʥʘ 100 ʛ ʢʨʘʭʤʘʣʘ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʫʶ ʤʘʩʩʫ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʝ 5.  

 

WS =  ̖   ̖ ρππ                                           (5) 

 

ʉʫʧʝʨʥʘʪʘʥʪ ʙʳʣ ʦʪʜʝʣʝʥ, ʥʘʙʫʭʰʠʡ ʢʨʘʭʤʘʣ ʚʟʚʝʰʠʚʘʣʠ ʢʘʢ ʦʩʘʜʦʢ. 

ʆʩʪʘʪʦʢ, ʧʦʣʫʯʝʥʥʳʡ ʚ ʚʳʰʝʫʧʦʤʷʥʫʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ (ʧʦʩʣʝ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ), ʩ ʩʦʭʨʘʥʝʥʥʦʡ ʚ ʥʝʤ ʚʦʜʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʪʝʩʪ ʥʘ ʯʠʩʪʫʶ ʩʫʰʢʫ. ʇʨʦʙʠʨʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʨʘʥʝʝ ʚʟʚʝʰʠʚʘʣʘʩʴ (W2). 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʙʫʭʘʥʠʶ ʚʝʩ ʦʩʪʘʪʢʘ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʠʩʭʦʜʥʳʡ 

ʚʝʩ ʧʦʩʣʝ ʚʳʯʠʪʘʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ [219]. 

 

2.2.7 ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʛʨʘʥʫʣ ʠ ʧʣʝʥʢʠ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʩʦʩʪʘʚʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʥʦʚʘʥʘ ʥʘ ʧʦʣʥʦʤ ʬʘʢʪʦʨʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ (ʇʌʕ) 3į, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʤ ʬʘʢʪʦʨʘʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 

ʚʘʨʴʠʨʫʝʪʩʷ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ. ɺʳʙʦʨ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʦʙʦʩʥʦʚʘʥ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʥʘ ʧʨʦʯʥʦʩʪʴ 

ʥʘ ʨʘʟʨʳʚ (MPa), ʯʪʦ ʪʨʝʙʫʝʪ ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʠʟʤʝʥʝʥʠʶ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. ʌʘʢʪʦʨ ʭ ï ʩʦʜʝʨʞʘʥʠʝ 

ʧʰʝʥʠʯʥʦʛʦ ɸ ʠʣʠ ɺ ʢʨʘʭʤʘʣʘ (%), ʬʘʢʪʦʨ Y ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ (%), 

ʬʘʢʪʦʨ Z ï ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (CaCO ,%) ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ 

ʵʪʠʭ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʭʦʜʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ (MPa). 

ʄʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʪʨʸʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥ ʝʜʠʥ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ ʩ ʦʙʦʠʤʠ 

ʪʠʧʘʤʠ ʢʨʘʭʤʘʣʦʚ. 

ʕʢʩʪʨʫʟʠʷ ʢʨʘʭʤʘʣʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʵʪʘʧʦʚ, ʞʝʣʘʪʠʥʠʟʘʮʠʠ, ʧʣʘʚʣʝʥʠʷ 

ʠ ʜʝʩʪʨʫʢʮʠʠ [220]. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʠ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʘʥʥʳʝ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʝʨʚʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʦʥʘ ʵʢʩʪʨʫʜʝʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 70 OC, ʚʪʦʨʘʷ ʟʦʥʘ ʵʢʩʪʨʫʜʝʨʘ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʤʝʰʠʚʘʥʠʝ, ʜʦʣʞʥʘ ʙʳʪʴ 

ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 80 OC, ʪʨʝʪʴʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʦʥʘ ʵʢʩʪʨʫʜʝʨʘ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ 
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ʜʝʛʨʘʜʘʮʠʷ ʢʨʘʭʤʘʣʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʨʘʭʤʘʣʘ ʠ PCL, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʥʘ 115OC. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ PCL 60 OC [221], ʘ ʦʙʨʘʙʦʪʢʘ PCL ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 70OC 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʫʯʝʥʠʶ ʧʦʣʫʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ, ʞʝʣʘʪʝʣʴʥʦʡ ʜʣʷ ʚʩʪʨʘʠʚʘʥʠʷ 

ʛʨʘʥʫʣ, ʩʪʨʫʢʪʫʨʳ [222]. ʊʘʢ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʛʨʘʥʫʣʷʮʠʠ ʥʘ 

ʩʪʨʝʥʛʦʚʦʤ ʵʢʩʪʨʫʜʝʨʝ ʩ ʪʨʝʤʷ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ ʠʟʙʨʘʥ ʨʝʞʠʤ 70 OC 

/80 OC /115 OC. ʂʦʤʧʦʟʠʪʳ PCL/ʢʨʘʭʤʘʣ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʜʥʦʰʥʝʢʦʚʦʛʦ ʵʢʩʪʨʫʜʝʨʘ SJ25 (Ï25, ʜʣʠʥʘ ʚʠʥʪʘ L /D = 1/30). PCL, ʢʨʘʭʤʘʣ 

ʛʣʠʮʝʨʠʥ ʠ ʢʘʨʙʦʥʪ ʢʘʣʴʮʠʷ ʩʤʝʰʠʚʘʣʠ ʚʨʫʯʥʫʶ. ʆʙʨʘʟʮʳ ʧʦʜʘʚʘʣʠ ʯʝʨʝʟ 

ʙʫʥʢʝʨ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ 80 ʦʙ/ʤʠʥ. ɼʣʷ ʩʙʦʨʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʥʳʭ 

ʣʠʩʪʦʚ ʠʟ ʛʦʣʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʪʜʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ɺʳʜʫʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ʧʨʦʚʦʜʠʣʠ ʥʘ ʧʣʝʥʦʯʥʦʤ 

ʵʢʩʪʨʫʜʝʨʝ ʩ 3 ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ ʩʪʚʦʣʘ ʧʦʜʘʯʠ ʤʘʪʝʨʠʘʣʘ ʠ ʜʚʫʤʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʟʦʥʘʤʠ ʚ ʬʦʨʤʠʨʫʶʱʝʡ ʛʦʣʦʚʢʝ. ʇʦ ʜʘʥʥʳʤ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʨʦʬʠʣʴ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʢʠ ʠʟ 

ʯʠʩʪʦʛʦ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʥʘ ʬʘʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʢʘʚʘ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ 

ʚʳʰʝ 100 OC, ʪʘʢʦʚʦʡ ʞʝ ʦʥʘ ʷʚʣʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ 

ʧʦʣʠʢʘʧʨʦʣʘʢʪʘʥʘ ʠ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ [184, c. 20]. ɺ ʥʘʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʨʝʞʠʤʘʤʠ ʵʢʩʪʨʫʟʠʠ ʠʟʙʨʘʥʳ 70 OC /90 OC 

/100 OC /70 OC /60 OC, ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ 

ʩʦʧʦʣʠʤʝʨʘ PCL, ʜʣʷ ʚʳʪʷʛʠʚʘʥʠʷ ʥʘʯʘʣʴʥʦʛʦ ʨʫʢʘʚʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʣʠʵʪʠʣʝʥ ʧʦʩʪʝʧʝʥʥʦ ʟʘʤʝʱʘʷ ʧʝʣʣʝʪʳ LDPE ʦʧʳʪʥʳʤʠ ʛʨʘʥʫʣʘʤʠ. 

2.2.8 ʆʮʝʥʢʘ ʩʚʦʡʩʪʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ 

ʀʟʫʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ɻʆʉʊ 11262-2017 ʇʣʘʩʪʤʘʩʩʳ. ʄʝʪʦʜ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʝ  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʧʣʝʥʢʠ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʢʘʣʦʨʠʤʝʪʨʘ DSC 

1/200W (Mettler Toledo, Switzerland). ʆʧʨʝʜʝʣʝʥʳ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (Tm), 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊʩ), ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ, ʵʥʪʘʣʴʧʠʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʢʨʠʚʳʭ ɼʉʂ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʥʘ ɼʉʂ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʨʘʟʣʦʞʝʥʠʷ ʚ ʧʦʯʚʝ. 

ʇʨʠʛʦʪʦʚʣʝʥʥʳʝ (5 ʤʛ) ʦʙʨʘʟʮʳ ʠʥʢʘʧʩʫʣʠʨʦʚʘʣʠ ʚ ʟʘʧʝʯʘʪʘʥʥʳʝ 

ʘʣʶʤʠʥʠʝʚʳʝ ʪʠʛʣʠ ʠ ʧʦʜʚʝʨʛʘʣʠʩʴ ʮʠʢʣʦʤ ʥʘʛʨʝʚʘʥʠʷ-ʦʭʣʘʞʜʝʥʠʷ (heating-

cooling). ʉʥʘʯʘʣʘ ʧʨʦʙʳ ʥʘʛʨʝʚʘʣʠ ʦʪ 30ʉ ʜʦ 120ʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 10ʉ/ʤʠʥ ʠ 

ʦʩʪʘʚʣʷʣʠ ʥʘ 1 ʤʠʥ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʨʦʙʳ çʚ ʩʚʝʞʝʤ 

ʚʠʜʝè, ʘ ʟʘʪʝʤ ʦʭʣʘʞʜʘʣʠ ʜʦ 30ʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 10ʉ/ʤʠʥ. ɿʘʪʝʤ ʧʨʦʙʳ 

ʧʦʚʪʦʨʥʦ ʥʘʛʨʝʚʘʣʠ ʜʦ 200Áʉ, ʩʦ ʩʢʦʨʦʩʪʴʶ 10Áʉ/ʤʠʥ [223, 224]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʧʨʠʙʦʨʝ ʜʣʷ 

ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ Labsys Evolution TG-DTA/DSC ʬʠʨʤʳ 

çSetaramè ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 30-600Üʉ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚ ʪʠʛʣʝ Al2O3 ʩʦ ʩʢʦʨʦʩʪʴʶ 10Üʉ/ʤʠʥ ʚ ʠʥʝʨʪʥʦʡ ʩʨʝʜʝ ʘʟʦʪʘ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 30 ʤʣ/ʤʠʥ. ʄʘʩʩʘ ʥʘʚʝʩʦʢ 10-12 ʤʛ. ʂʘʣʠʙʨʦʚʢʫ ʧʨʠʙʦʨʘ ʜʣʷ 
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ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 

ʩʪʘʥʜʘʨʪʘʭ CaCO3 ʠ In ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʊʝʩʪ ʥʘ ʚʦʜʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 

ɺʦʜʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ Myllymaki 

[225]. ɺ ʩʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ ʦʙʲʝʤʦʤ 20 ʤʣ ʥʘʣʠʚʘʣʠ 20 ʤʣ 

ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʂʨʫʛʣʳʡ ʦʙʨʘʟʝʮ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ ʧʣʦʪʥʦ ʧʦʤʝʱʘʣʠ 

ʥʘ ʧʨʦʢʣʘʜʢʫ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʚ ʮʝʥʪʨʝ, ʘ ʟʘʪʝʤ ʦʙʨʘʟʝʮ ʠ 

ʧʨʦʢʣʘʜʢʫ ʟʘʪʷʛʠʚʘʣʠ ʥʘ ʛʦʨʣʳʰʢʝ ʩʪʝʢʣʷʥʥʦʡ ʙʫʪʳʣʢʠ ʩ ʧʦʤʦʱʴʶ 

ʘʣʶʤʠʥʠʝʚʦʡ ʢʨʳʰʢʠ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ. ɺʟʚʝʰʝʥʥʳʝ ʙʫʪʳʣʢʠ 

ʧʦʤʝʱʘʣʠ ʚ ʟʘʢʨʳʪʫʶ ʢʘʤʝʨʫ ʧʨʠ 20Áʉ, ʛʜʝ ʫʩʪʨʦʡʩʪʚʦ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ 

ʧʦʜʜʝʨʞʠʚʘʣʦ ʧʦʩʪʦʷʥʥʫʶ ʦʯʝʥʴ ʥʠʟʢʫʶ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ, 

ʦʙʝʩʧʝʯʠʚʘʝʤʫʶ ʩʠʣʠʢʘʛʝʣʝʤ. ʅʘʜ ʩʠʣʠʢʘʛʝʣʝʤ ʧʦʤʝʱʘʣʠ ʚʦʣʦʩʷʥʦʡ 

ʛʠʛʨʦʤʝʪʨ ʃʘʤʙʨʝʭʪʘ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʦʥ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʣ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʣʘʞʥʦʩʪʴ 0%. ʋʯʠʪʳʚʘʷ ʝʛʦ ʪʦʯʥʦʩʪʴ ʚ 4%, ʩʯʠʪʘʣʠ 

ʨʝʘʣʠʩʪʠʯʥʳʤ ʚʝʨʭʥʠʤ ʧʨʝʜʝʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 5ï6%. ʉʢʦʨʦʩʪʴ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʯʝʨʝʟ ʧʣʝʥʢʫ ʠʟʤʝʨʷʣʠ ʚ ʪʨʝʭ ʧʨʦʚʦʨʥʦʩʪʷʭ 

ʧʫʪʝʤ ʚʟʚʝʰʠʚʘʥʠʷ ʙʫʪʳʣʦʢ ʢʘʞʜʳʡ ʯʘʩ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʨʘʙʦʯʠʭ ʜʥʝʡ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʣʠ ʝʞʝʜʥʝʚʥʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʢʦʨʦʩʪʴ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʝ ʜʦʩʪʠʛʘʣʘ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ. ʊʦʣʱʠʥʫ ʢʘʞʜʦʡ ʧʣʝʥʢʠ 

ʠʟʤʝʨʷʣʠ ʚʨʫʯʥʫʶ ʤʠʢʨʦʤʝʪʨʦʤ ʢʘʢ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʷʪʠ ʠʟʤʝʨʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʭʨʘʥʥʦʩʪʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʭʨʘʥʝʥʠʶ ʭʣʝʙʘ ʚʢʣʶʯʘʣʘ ʩʨʘʚʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) 

(PCL) ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʢʨʘʭʤʘʣʦʤ ʠ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʥʘ ʦʩʥʦʚʝ 

ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʭʣʝʙ 

ʭʨʘʥʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʪʝʤʧʝʨʘʪʫʨʳ 20 Ñ 2ÁC ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 75 Ñ 5% 

ʚ ʪʝʯʝʥʠʝ 7 ʩʫʪʦʢ.  

ʀʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʩʦʛʣʘʩʥʦ 

ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊ 8218-89. 

2.2.9 ʆʮʝʥʢʘ ʩʚʦʡʩʪʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʧʣʝʥʦʢ 

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʨʦʩʩʠʡʩʢʠʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ 9.060ï75 "ʊʢʘʥʠ. ʄʝʪʦʜ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ". 

ʇʦʯʚʝʥʥʳʡ ʢʦʤʧʦʩʪ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʠʟ ʢʦʥʩʢʦʛʦ ʥʘʚʦʟʘ, ʩʘʜʦʚʦʡ ʟʝʤʣʠ ʠ 

ʧʝʩʢʘ, ʚʟʷʪʳʭ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦ ʤʘʩʩʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 9.060 ï 

75 ʩ ʥʝʙʦʣʴʰʠʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. ʂʦʤʧʦʩʪ ʧʝʨʝʜ ʠʩʧʳʪʘʥʠʝʤ ʚʳʜʝʨʞʘʥ 2 

ʤʝʩʷʮʘ ʧʨʠ 20Ñ5ʉ. ɺ ʧʝʨʠʦʜ ʭʨʘʥʝʥʠʷ ʢʦʤʧʦʩʪ ʝʞʝʜʥʝʚʥʦ ʧʝʨʝʤʝʰʠʚʘʣʠ ʠ 

ʨʘʟ ʚ ʥʝʜʝʣʶ ʦʧʨʝʜʝʣʷʣʠ ʚʣʘʞʥʦʩʪʴ ʧʦ ɻʆʉʊ 3816-61. ɺʣʘʞʥʦʩʪʴ ʧʦʯʚʳ 

ʜʦʣʞʥʘ ʙʳʪʴ 30Ñ5%. ɿʘʧʘʩ ʧʦʯʚʳ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʧʳʪʘʥʠʡ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʠ ʩʦʭʨʘʥʷʪʴʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ 

ʜʝʨʝʚʷʥʥʳʭ ʷʱʠʢʘʭ. ʋʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʚʣʘʞʥʦʩʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʙʳʣʘ 25% ʠ ʚʣʘʞʥʦʩʪʴ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʳ ʙʳʣʘ ʦʢʦʣʦ 

100%, ʙʝʟ ʜʦʩʪʫʧʘ ʩʚʝʪʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ï 20ʉ, ʢʦʤʧʦʩʪʥʦʡ 
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ʩʨʝʜʳ - 26ʉ, ʨʅ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ï 6,5, ʨʅ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʳ ï 5,5. ʗʱʠʢʠ 

ʩ ʛʨʫʥʪʦʤ ʭʨʘʥʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. 

ʊʝʩʪ ʥʘ ʤʠʢʨʦʙʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ 

ʄʠʢʨʦʙʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʢʫʣʴʪʫʨ ʦʧʨʝʜʝʣʷʣʠ ʥʘ 

ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ (ʪʘʙʣʠʮʘ 1) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ISO EN 846.  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʫʣʴʪʫʨʳ ʧʣʝʩʥʝʚʳʭ ʩʘʧʨʦʪʨʦʬʥʳʭ 

ʛʨʠʙʦʚ Aspergillus niger, Penicillium pinophililum, Paecilomyces varioti, 

Trichoderma viride, Chaetomium globosum, ʦʮʝʥʠʚʘʣʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʙʠʦʦʙʨʘʩʪʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʢʫʣʴʪʫʨʘʤʠ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 28206-89.  

 

ʊʘʙʣʠʮʘ 1 ï ʆʮʝʥʢʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʙʠʦʦʙʨʘʩʪʘʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ 

ʢʫʣʴʪʫʨʘʤʠ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ 

 

ʉʪʝʧʝʥʴ 

ʨʘʟʚʠʪʠʷ 

ʩʘʧʨʦʪʨʦʬʥʳʭ 

ʛʨʠʙʦʚ 

(ʙʘʣʣʳ) 

ʆʮʝʥʢʘ ʤʘʪʝʨʠʘʣʘ 

 

0 ʄʘʪʝʨʠʘʣ ʥʝ ʷʚʣʷʝʪʩʷ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ, ʥʝʡʪʨʘʣʝʥ, 

ʛʨʠʙʦʫʩʪʦʡʯʠʚ. ʈʦʩʪʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ  

1 ʈʦʩʪ ʛʨʠʙʦʚ ʥʝ ʟʘʤʝʪʝʥ ʥʝʚʦʦʨʫʞʸʥʥʳʤ ʛʣʘʟʦʤ, ʦʜʥʘʢʦ 

ʩʣʝʜʳ ʨʦʩʪʘ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 

2 ʄʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʛʨʠʙʦʚ. ʈʦʩʪ 

ʛʨʠʙʦʚ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ, ʦʭʚʘʪʳʚʘʷ ʚ 

ʮʝʣʦʤ ʥʝ ʙʦʣʝʝ 25% ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ  

3 ʈʦʩʪ ʩʧʦʨ ʨʘʩʧʨʝʜʝʣʝʥ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʨʘʚʥʦʤʝʨʥʦ ʥʘ 

ʤʥʦʛʠʭ ʫʯʘʩʪʢʘʭ, ʦʭʚʘʪʳʚʘʷ ʚ ʮʝʣʦʤ ʥʝ ʙʦʣʝʝ 50% 

ʧʦʚʝʨʭʥʦʩʪʠ 

4 ʈʦʩʪ ʦʪʯʝʪʣʠʚʦ ʚʠʜʝʥ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠ ʟʘʥʠʤʘʝʪ 

ʙʦʣʝʝ 50% ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʛʨʠʙʦʚ  

5 ʆʯʝʥʴ ʩʠʣʴʥʳʡ ʨʦʩʪ ʛʨʠʙʦʚ, ʤʠʮʝʣʠʡ ʧʦʢʨʳʚʘʝʪ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ  

 

ʕʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 1 ʛ ʢʦʤʧʦʩʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʮʝʩʩʝ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʜʦʙʘʚʣʷʣʠ ʚ 10 ʤʣ ʩʪʝʨʠʣʠʟʦʚʘʥʥʦʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʠ ʚʩʪʨʷʭʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 1 ʤʠʥ, ʟʘʪʝʤ ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʯʘʩʘ. 

ʉʫʩʧʝʥʟʠʶ ʢʦʤʧʦʩʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʙʘʚʣʷʣʠ ʜʦ ʢʦʵʬʬʠʮʠʝʥʪʘ (10ï3), ʠ 

ʧʦ 100 ʤʢʣ ʩ ʢʘʞʜʦʛʦ ʨʘʟʚʝʜʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʧʦʩʝʚʘ ʚ ʯʘʰʢʠ ʩ 
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ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ. ɿʘʩʝʷʥʥʳʝ ʯʘʰʢʠ ʭʨʘʥʠʣʠ ʧʨʠ 37 Áʉ ʚ ʠʥʢʫʙʘʪʦʨʝ 

(ʤʦʜʝʣʴ ɽʉ-20/60, ʆʆʆ çɹʠʦʩʘʥè, ʃʘʪʚʠʷ) ʚ ʪʝʯʝʥʠʝ 24 ʯ. ʇʦʜʩʯʠʪʳʚʘʣʠ 

ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʝ ʝʜʠʥʠʮʳ ʙʘʢʪʝʨʠʡ [226]. ʄʠʢʨʦʙʥʳʝ ʧʦʧʫʣʷʮʠʠ ʚ 

ʦʙʨʘʟʮʘʭ ʢʦʤʧʦʩʪʘ ʨʘʩʩʯʠʪʳʚʘʣʠ (ʂʦʣʦʥʠʝʦʙʨʘʟʫʶʱʘʷ ʝʜʠʥʠʮʘ (ʩʦʢʨ. ʂʆɽ) 

ʥʘ ʤʣ ʩʫʩʧʝʥʟʠʠ) ʧʦ ʬʦʨʤʫʣʝ (6). 

 
˗˛˒ ˗̘̏̌̉̆̒̓̃̏ ̋̏̌̏̎̉̊ ̎  ́̍  ̌̐ ̏̒̆̃́

˛̂̉̚ ̞̗̊̋̏̉̉̆̎̓̕̕ ̠̑́̈̂́̃̌̆̎̉
                                   (6) 

 

ɻʜʝ: ʂʆɽ - ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʘʷ ʝʜʠʥʠʮ ʥʘ ʤʣ ʩʫʩʧʝʥʟʠʠ. 

ʀʟʤʝʨʝʥʠʷ ʀʂ-ʌʫʨʴʝ 

ʀʥʬʨʘʢʨʘʩʥʳʝ ʩʧʝʢʪʨʳ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʩ ʧʦʤʦʱʴʶ ʀʂ-

ʌʫʨʴʝ ʌʉʄ-1201 ʩʧʝʢʪʨʦʤʝʪʨʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʚ ʦʙʣʘʩʪʠ ʚʦʣʥ 

400- 4000ʩʤ-1. ʉʧʝʢʪʨʳ ʙʳʣʠ ʚʟʷʪʳ ʚ ʩʨʝʜʥʝʤ ʥʘ 20 ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʩʢʘʥʠʨʦʚʘʥʠʡ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 8 ʩʤ-1. ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʪʘʙʣʝʪʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʨʝʩʩʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ 

ʦʪʚʝʰʠʚʘʣʠ 1 ʤʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʢ ʢʦʪʦʨʦʤʫ ʜʦʙʘʚʣʷʣʠ ʧʦʨʦʰʦʢ KBr, 

ʜʦʚʦʜʷ ʦʙʱʠʡ ʚʝʩ ʥʘʚʝʩʢʠ ʜʦ 300 ʤʛ. ʇʨʠʛʦʪʦʚʣʝʥʥʫʶ ʥʘʚʝʩʢʫ ʟʘʛʨʫʞʘʣʠ ʚ 

ʩʪʫʧʢʫ ʠ ʠʟʤʝʣʴʯʘʣʠ ʚ ʪʝʯʝʥʠʝ 1-2 ʤʠʥ. ɺ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʧʦʨʦʰʢʦʤ KBr. ɺ ʧʨʝʩʩ-ʬʦʨʤʝ 

ʧʦʣʫʯʘʣʠ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ 13 ʤʤ, ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 1 ʤʤ. ʂʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʠʣʠ ʫʤʝʥʴʰʝʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʩʧʝʢʪʨʘ. 

 

2.2.10 ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭ 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʘʢʝʪ ʧʨʠʢʣʘʜʥʳʭ 

ʧʨʦʛʨʘʤʤ IBM SPSS Statistics, ʜʣʷ ʤʘʪʝʤʘʪʠʢʦ-ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ, 

ʚʢʣʶʯʘʷ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ, ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ, ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

(ANOVA), ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʧʨʦʛʨʘʤʤʥʘʷ ʩʨʝʜʘ SigmaPlot. ɼʣʷ ʦʮʝʥʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʤʥʦʞʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ 

ʩʨʝʜʥʠʭ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ.   
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3 ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

 

3.1 ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʫʢʫʨʫʟʥʦʛʦ, ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ ɸ- ʠ ɺ-ʢʨʘʭʤʘʣʘ ï ʢʘʢ ʩʳʨʴʷ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ 

 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʢʨʘʭʤʘʣʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʚʢʣʶʯʘʷ 

ʧʰʝʥʠʮʫ, ʢʫʢʫʨʫʟʫ ʠ ʢʘʨʪʦʬʝʣʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ 

ʤʦʨʬʦʣʦʛʠʝʡ ʛʨʘʥʫʣ. ɼʣʷ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚʳʜʝʣʝʥʠʝ ʠ ʨʘʟʜʝʣʝʥʠʝ ʥʘ 

ʬʨʘʢʮʠʠ ɸ ʠ ɺ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʛʣʠʘʜʠʥʘ ʠ ʛʣʶʪʝʥʠʥʘ, 

ʙʝʣʢʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʣʝʡʢʦʚʠʥʫ. ʕʪʠ ʙʝʣʢʠ ʩʚʷʟʳʚʘʶʪ ʢʨʘʭʤʘʣʴʥʳʝ 

ʛʨʘʥʫʣʳ ʠ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʭ ʦʪʜʝʣʝʥʠʷ. 

ʂʫʢʫʨʫʟʥʳʡ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣʳ, ʥʘʧʨʦʪʠʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʦʡ ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʦʩʪʘʚʦʤ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʜʣʷ ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʙʠʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ. 

ɼʣʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩ ʧʰʝʥʠʯʥʳʤʠ 

ʢʨʘʭʤʘʣʘʤʠ ʠʟʫʯʘʣʠʩʴ ʩʚʦʡʩʪʚʘ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ ʧʦʢʘʟʘʣʦ 

ʪʠʧʠʯʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʨʠʩʫʥʦʢ 

1). ʇʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ ʠʤʝʝʪ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣ(ʨʠʩʫʥʦʢ 1 

ɺ), ɸ-ʢʨʘʭʤʘʣ: ʛʨʘʥʫʣʳ ʦʢʨʫʛʣʦʡ ʠʣʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 18,0ï29,5 

ʤʢʤ (ʨʠʩʫʥʦʢ 1 ɻ). ɺ-ʢʨʘʭʤʘʣ: ʤʝʣʢʠʝ ʛʨʘʥʫʣʳ ʨʘʟʤʝʨʦʤ 3,5ï6,0 ʤʢʤ (ʨʠʩʫʥʦʢ 

1 ɼ). ʄʝʥʴʰʠʡ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ɺ-ʢʨʘʭʤʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ʂʫʢʫʨʫʟʥʳʡ 

ʢʨʘʭʤʘʣ: ɻʨʘʥʫʣʳ ʫʛʣʦʚʘʪʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʤ 6,0ï20,5 ʤʢʤ. ʊʘʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʛʨʘʥʫʣ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ (ʨʠʩʫʥʦʢ 1 ɸ). 

ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ: ʂʨʫʧʥʳʝ ʦʢʨʫʛʣʳʝ ʛʨʘʥʫʣʳ ʨʘʟʤʝʨʦʤ ʚ ʩʨʝʜʥʝʤ 45,22 

ʤʢʤ [227]. ɹʦʣʴʰʦʡ ʨʘʟʤʝʨ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʥʘʙʫʭʘʥʠʷ ʠ 

ʭʦʨʦʰʠʤ ʩʚʦʡʩʪʚʘʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ (ʨʠʩʫʥʦʢ 1 ɹ). ʄʦʨʬʦʣʦʛʠʷ ʛʨʘʥʫʣ 

ʢʨʘʭʤʘʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʢʘʢ ʥʘ ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʠʟʚʣʝʯʝʥʠʷ ʠʟ 

ʢʨʘʭʤʘʣʦʥʦʩʦʚ, ʪʘʢ ʞʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ, ʪʘʢʠʝ ʢʘʢ 

ʥʘʙʫʭʘʝʤʦʩʪʴ, ʚʷʟʢʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʜʨ. 
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ɸ ɹ 

  
ɺ ɻ 

 
ɼ 

 

ɸ ï ʥʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ, ɹ ï ʥʘʪʠʚʥʳʡ ʢʘʨʪʦʬʝʣʴʥʳʡ; ɺ - 

ʥʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ, ɻ - ʧʰʝʥʠʯʥʳʡ ɸ-ʢʨʘʭʤʘʣ, ɼï ʧʰʝʥʠʯʥʳʡ ɺ-

ʢʨʘʭʤʘʣ 

 

ʈʠʩʫʥʦʢ 1 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʦʚ 
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ʊʘʙʣʠʮʘ 2 ï ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ 

 

ʇʦʢʘʟʘʪʝʣʴ ʇʰʝʥʠʯʥ

ʳʡ 

ʢʨʘʭʤʘʣ ɸ 

ʇʰʝʥʠʯʥ

ʳʡ ɺ 

ʢʨʘʭʤʘʣ 

ʅʘʪʠʚʥʳʡ 

ʧʰʝʥʠʯʥ

ʳʡ 

ʢʨʘʭʤʘʣ 

ʅʘʪʠʚʥʳʡ  

ʢʫʢʫʨʫʟʥ

ʳʡ 

ʢʨʘʭʤʘʣ  

ʅʘʪʠʚʥʳʡ 

ʢʘʨʪʦʬʝʣʴʥ

ʳʡ ʢʨʘʭʤʘʣ 

ɺʣʘʞʥʦʩʪʴ,

% 

6.6800 

Ñ0.1266c 

4.9500 

Ñ0.0066a 

5.3800 

Ñ0.0533b 

7.1933 

Ñ0.0111d 

5.8700 

Ñ0.0521d 

ɿʦʣʴʥʦʩʪʴ,

% 

0.0601 

Ñ0,0228ʩ 

0.1993 

Ñ0.0138b 

0.2463 

Ñ0.0162a 

0.2061 

Ñ0.0333b 

0,5100 

Ñ0,0100 b  

ʉʦʜʝʨʞʘʥʠ

ʝ 

ʬʦʩʬʘʪʦʚ,

% 

0.0184 

Ñ0.0011b 

0.0382 

Ñ0.0005a 

0.0375 

Ñ0.0006a 

0.0416 

Ñ0.0014c 

0,0672 

Ñ0,004c,d 

ʉʦʜʝʨʞʘʥʠ

ʝ ʙʝʣʢʘ,% 

1.7366 

Ñ0.0488b 

6.1033 

Ñ0.0555a 

1.7066 

Ñ0.0644b 

1.4300 

Ñ0.0133c 

- 

ʉʦʜʝʨʞʘʥʠ

ʝ 

ʘʤʠʣʦʟʳ,% 

21.3666 

Ñ0.4444a 

23.5833 

Ñ0.2777a 

23.5100 

Ñ0,3399a 

24.3233 

Ñ0,3488a 

18,87 

Ñ1,43b 

ʉʦʜʝʨʞʘʥʠ

ʝ 

ʣʠʧʠʜʦʚ,% 

0.2423 

Ñ0,0126c 

0.4679 

Ñ0,0160bc 

0.3347 

Ñ0,0168a 

0.5769 

Ñ0,0127b 

- 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʪʨʦʢʠ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 

 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʨʦʚʝʥʴ ʘʤʠʣʦʟʳ ʫ ʟʝʨʥʦʚʳʭ ʢʨʘʭʤʘʣʦʚ ð 

ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ ð ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʭʦʞʝʤ ʫʨʦʚʥʝ (24,3% ʠ 23,5% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʭʦʞʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʧʣʦʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʩʪʚʦʨʘʭ ʠ ʚʘʞʥʫʶ ʨʦʣʴ ʘʤʠʣʦʟʳ ʚ ʧʨʦʮʝʩʩʝ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʫ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ (24,3%) [228, c. 84-92], ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʛʦ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʳʭ ʧʣʝʥʦʢ. 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʧʠʜʦʚ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʝ, ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʨʦʚʥʝʤ 

ʘʤʠʣʦʟʳ. ʃʠʧʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʘʤʠʣʦʟʦʡ ʠ ʜʣʠʥʥʳʤʠ ʮʝʧʷʤʠ 

ʘʤʠʣʦʧʝʢʪʠʥʘ, ʬʦʨʤʠʨʫʷ ʣʠʧʠʜ-ʢʨʘʭʤʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ. ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ 

ʣʠʧʠʜʦʚ (0,5769%) ʦʪʤʝʯʝʥ ʫ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʤʫʣʴʩʠʡ. 

ɿʦʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʠʥʜʠʢʘʪʦʨʦʤ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. 

ʉʨʝʜʠ ʟʝʨʥʦʚʳʭ ʢʨʘʭʤʘʣʦʚ ʧʰʝʥʠʯʥʳʡ ɺ-ʢʨʘʭʤʘʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʟʦʣʴʥʦʩʪʠ (0,1993%), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 
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ʩ ʝʛʦ ʟʘʛʨʷʟʥʝʥʠʝʤ ʙʝʣʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʧʨʠʤʝʩʷʤʠ. ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ 

ʠʤʝʝʪ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʟʦʣʴʥʦʩʪʴ (0,5100%), ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ 

(0,0672%), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʧʨʠʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʩʚʦʡʩʪʚ [227, c. 4003]. 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʜʣʷ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʪʘʢ 

ʢʘʢ ʬʦʩʬʘʪʥʳʝ ʛʨʫʧʧʳ ʫʣʫʯʰʘʶʪ ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʷʟʢʠʭ ʛʝʣʝʡ. ʋ ʟʝʨʥʦʚʳʭ ʢʨʘʭʤʘʣʦʚ, ʚʢʣʶʯʘʷ ʧʰʝʥʠʯʥʳʡ ʠ 

ʢʫʢʫʨʫʟʥʳʡ, ʩʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ ʥʠʞʝ, ʥʦ ʚʩʸ ʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ. 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʰʝʥʠʯʥʦʛʦ ɺ-ʢʨʘʭʤʘʣʘ 

(6,1033%), ʯʪʦ ʧʦʯʪʠ ʚʪʨʦʝ ʧʨʝʚʳʰʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʜʣʷ 

ʧʰʝʥʠʯʥʦʛʦ ɸ-ʢʨʘʭʤʘʣʘ (1,7366%). ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʥʠʟʢʫʶ ʧʨʠʛʦʜʥʦʩʪʴ 

ʜʣʷ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʙʝʣʢʠ ʤʦʛʫʪ ʤʝʰʘʪʴ ʧʨʦʮʝʩʩʫ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʠʟʤʝʥʷʪʴ ʪʝʢʩʪʫʨʫ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ ʜʝʣʘʝʪ ɺ-ʢʨʘʭʤʘʣ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʛʜʝ ʙʝʣʢʠ 

ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʠʣʠ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. 

ɺʣʘʞʥʦʩʪʴ ʢʨʘʭʤʘʣʦʚ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 

ʅʘʠʚʳʩʰʠʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʦʪʤʝʯʝʥ ʫ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ (7,1933%), 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ. ʇʰʝʥʠʯʥʳʡ ɺ-

ʢʨʘʭʤʘʣ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʣʘʞʥʦʩʪʠ (4,9500%), ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʢʨʘʭʤʘʣʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ: 

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ ʦʪʨʘʞʘʶʪ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʷʟʢʠʝ ʩʠʩʪʝʤʳ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʨʬʦʣʦʛʠʝʡ ʛʨʘʥʫʣ, 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ, ʣʠʧʠʜʦʚ ʠ ʜʨʫʛʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

(ʪʘʙʣʠʮʘ 3, ʨʠʩʫʥʦʢ 2).  

ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʦʡ, 

ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʘʤʠʣʦʟʘ, ʘʤʠʣʦʧʝʢʪʠʥ, ʣʠʧʠʜʳ ʠ ʙʝʣʢʠ. ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʨʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʢʨʘʭʤʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʚʷʟʢʦʩʪʴ, 

ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ, ʦʭʣʘʞʜʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʦʪʨʘʞʘʶʱʠʝ ʜʠʥʘʤʠʢʫ ʚʷʟʢʦʩʪʠ ʧʨʠ ʥʘʛʨʝʚʝ ʠ ʦʭʣʘʞʜʝʥʠʠ, 

ʚʢʣʶʯʘʷ ʧʠʢ ʚʷʟʢʦʩʪʠ (Peak 1), ʤʠʥʠʤʘʣʴʥʫʶ ʚʷʟʢʦʩʪʴ (Trough 1), ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʵʪʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ (Breakdown), ʢʦʥʝʯʥʫʶ ʚʷʟʢʦʩʪʴ (Final Visc), 

ʚʝʣʠʯʠʥʫ ʚʦʟʚʨʘʪʘ ʚʷʟʢʦʩʪʠ (Setback) ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ (Pasting 

Temp). 
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ʊʘʙʣʠʮʘ 3 ï ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

Peak 1 Trough 1 Breakdown Final Visc Setback Pasting 

Temp 

ʇʰʝʥʠʯʥʳʡ ɸ 

ʢʨʘʭʤʘʣ 

2858.00 

Ñ22.00b 

2069.33 

Ñ17.11a 

788.66 

Ñ19.77c 

3282.00 

Ñ20.00b 

1212.66 

Ñ18.22d 

79.88 

Ñ0.55a 

ʇʰʝʥʠʯʥʳʡ ɺ 

ʢʨʘʭʤʘʣ 

1312,33 

Ñ14,88c 

517.00 

Ñ2.66d 

795.33 

Ñ14.22c 

1160.66 

Ñ13.55c 

643.66 

Ñ15.55c 

70,01 

Ñ1,65c 

ʅʘʪʠʚʥʳʡ 

ʧʰʝʥʠʯʥʳʡ 

ʢʨʘʭʤʘʣ 

2998.00 

Ñ15.33a 

1993.33 

Ñ3.55b 

1004.66 

Ñ17.77b 

3370.33 

Ñ28.88a 

1377.00 

Ñ31.33b 

78.25 

Ñ0.03a 

ʅʘʪʠʚʥʳʡ 

ʢʫʢʫʨʫʟʥʳʡ 

ʢʨʘʭʤʘʣ 

2841.00 

Ñ12.66b 

1648.33 

Ñ12.22c 

1192.66 

Ñ7.77a 

3335.00 

Ñ19.33ab 

1686.66 

Ñ7.11a 

75.9 

Ñ0.00b 

ʅʘʪʠʚʥʳʡ 

ʢʘʨʪʦʬʝʣʴʥʳʡ 

ʢʨʘʭʤʘʣ 

2686,00 

Ñ12.66b 

839 

Ñ12.22e 

1847,00 

Ñ12.66ʝ 

865 

Ñ12.66d 

1821 

Ñ12.66d 

72.01 

Ñ1,65c 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

 
ʈʠʩʫʥʦʢ 2 - ɺʠʩʢʦʛʨʘʤʤʳ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ 

 

ʇʠʢ ʚʷʟʢʦʩʪʠ (Peak 1) ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʷʟʢʦʩʪʴ, 

ʜʦʩʪʠʛʘʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ, ʢʦʛʜʘ ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ ʥʘʙʫʭʘʶʪ ʠ 

ʨʘʟʨʫʰʘʶʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʫ 
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ʥʘʪʠʚʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ (2998.00 ʩʇ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ 

ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʚʷʟʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʭʦʞʠʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫ ʧʰʝʥʠʯʥʦʛʦ ɸ-ʢʨʘʭʤʘʣʘ (2858.00 ʩʇ) ʠ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ 

(2841.00 ʩʇ) ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ ʩʭʦʜʩʪʚʦ ʚ ʧʦʚʝʜʝʥʠʠ ʧʨʠ ʥʘʛʨʝʚʝ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʫ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ (2686.00 ʩʇ), 

ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʛʨʘʥʫʣ ʠ ʚʳʩʦʢʦʡ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴʶ. ʉʘʤʳʡ ʥʠʟʢʠʡ ʧʠʢ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʰʝʥʠʯʥʦʛʦ ɺ-

ʢʨʘʭʤʘʣʘ (1312.33 ʩʇ), ʯʪʦ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʝʛʦ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʙʝʣʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʘʙʫʭʘʥʠʶ ʛʨʘʥʫʣ. 

ʄʠʥʠʤʘʣʴʥʘʷ ʚʷʟʢʦʩʪʴ (Trough 1) ʦʪʨʘʞʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʢʨʘʭʤʘʣʴʥʦʡ ʧʘʩʪʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʝ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫ ʥʘʪʠʚʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ (1993.33 ʩʇ), 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʋ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ (1648.33 ʩʇ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʤʠʣʦʟʳ ʠ ʣʠʧʠʜʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʨʘʟʨʳʚʫ ʩʪʨʫʢʪʫʨʳ. ʇʰʝʥʠʯʥʳʡ ɺ-ʢʨʘʭʤʘʣ ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʤʠʥʠʤʘʣʴʥʫʶ 

ʚʷʟʢʦʩʪʴ (517.00 ʩʇ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʥʠʟʢʫʶ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʣʘʙʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʳʭ ʛʝʣʝʡ. 

ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʧʠʢʦʤ ʚʷʟʢʦʩʪʠ ʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʷʟʢʦʩʪʴʶ (Breakdown) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʨʘʭʤʘʣʴʥʦʡ ʧʘʩʪʳ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. 

ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʦʪʤʝʯʝʥʦ ʫ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ 

(1847.00 ʩʇ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʚʳʩʦʢʦʡ ʧʦʜʚʝʨʞʝʥʥʦʩʪʠ ʨʘʟʨʫʰʝʥʠʶ 

ʧʨʠ ʥʘʛʨʝʚʝ. ʅʘʦʙʦʨʦʪ, ʫ ʧʰʝʥʠʯʥʳʭ ʢʨʘʭʤʘʣʦʚ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʠʞʝ (ʫ 

ʧʰʝʥʠʯʥʦʛʦ ɺ-ʢʨʘʭʤʘʣʘ ï 795.33 ʩʇ, ʫ ʧʰʝʥʠʯʥʦʛʦ ɸ ï 788.66 ʩʇ), ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʂʦʥʝʯʥʘʷ ʚʷʟʢʦʩʪʴ (Final Visc) ʦʪʨʘʞʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʘʭʤʘʣʘ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʣʴ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʢʦʥʝʯʥʘʷ ʚʷʟʢʦʩʪʴ 

ʟʘʬʠʢʩʠʨʦʚʘʥʘ ʫ ʥʘʪʠʚʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ (3370.33 ʩʇ), ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʛʦ ʚʳʩʦʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ. ʉʨʘʚʥʠʤʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʫ ʧʰʝʥʠʯʥʦʛʦ ɸ-ʢʨʘʭʤʘʣʘ (3282.00 ʩʇ) ʠ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ 

(3335.00 ʩʇ) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʠʭ ʭʦʨʦʰʝʤ ʧʦʪʝʥʮʠʘʣʝ ʢ ʟʘʛʫʱʝʥʠʶ ʧʦʩʣʝ 

ʦʭʣʘʞʜʝʥʠʷ. ʅʘʧʨʦʪʠʚ, ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʫʶ ʢʦʥʝʯʥʫʶ ʚʷʟʢʦʩʪʴ (865.00 ʩʇ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʚʳʩʦʢʦʡ 

ʨʘʟʨʫʰʘʝʤʦʩʪʴʶ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ. 

ɺʝʣʠʯʠʥʘ ʚʦʟʚʨʘʪʘ ʚʷʟʢʦʩʪʠ (Setback) ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʨʝʪʨʦʛʨʘʜʘʮʠʠ 

ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ ʚʘʞʥʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʢʩʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʧʨʠ ʭʨʘʥʝʥʠʠ. 

ʄʘʢʩʠʤʘʣʴʥʳʡ Setback ʟʘʬʠʢʩʠʨʦʚʘʥ ʫ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ (1686.66 ʩʇ), 

ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʩʢʣʦʥʥʦʩʪʴ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʳʭ ʛʝʣʝʡ 

ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ɺʳʩʦʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʪʘʢʞʝ ʫ ʥʘʪʠʚʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ (1377.00 ʩʇ), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʧʨʦʜʫʢʪʘʭ ʩ ʞʝʣʠʨʦʚʘʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʅʘʠʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ Setback 

ʦʪʤʝʯʝʥ ʫ ʧʰʝʥʠʯʥʦʛʦ ɺ-ʢʨʘʭʤʘʣʘ (643.66 ʩʇ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʦʚ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʭ ʨʝʪʨʦʛʨʘʜʘʮʠʠ. 



45 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ (Pasting Temp) ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ ʢʨʘʭʤʘʣʘ. ʉʘʤʳʡ ʚʳʩʦʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʰʝʥʠʯʥʦʛʦ ɸ-ʢʨʘʭʤʘʣʘ (79.88ÁC) ʠ ʥʘʪʠʚʥʦʛʦ 

ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ (78.25ÁC), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʠʭ ʚʳʩʦʢʦʡ 

ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ. ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 

ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ (75.9ÁC), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʣʠʧʠʜʦʚ, ʩʥʠʞʘʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʞʝʣʘʪʠʥʠʟʘʮʠʠ. ʉʘʤʳʡ 

ʥʠʟʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʫ ʧʰʝʥʠʯʥʦʛʦ ɺ-ʢʨʘʭʤʘʣʘ (70.01ÁC), ʯʪʦ ʦʙʲʷʩʥʷʝʪ ʝʛʦ 

ʙʳʩʪʨʫʶ ʢʣʝʡʩʪʝʨʠʟʘʮʠʶ ʧʨʠ ʥʘʛʨʝʚʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʘʟʥʳʝ 

ʢʨʘʭʤʘʣʳ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʠʭ 

ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʇʰʝʥʠʯʥʳʡ ɸ-ʢʨʘʭʤʘʣ ʠ ʥʘʪʠʚʥʳʡ 

ʧʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʦʪʣʠʯʘʝʪʩʷ 

ʚʳʩʦʢʦʡ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ ʠ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʵʤʫʣʴʩʠʡ ʠ ʟʘʛʫʱʝʥʠʠ ʧʠʱʝʚʳʭ 

ʩʠʩʪʝʤ. ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʨʘʟʨʫʰʘʝʤʦʩʪʴʶ 

ʧʨʠ ʥʘʛʨʝʚʝ, ʥʦ ʥʠʟʢʦʡ ʢʦʥʝʯʥʦʡ ʚʷʟʢʦʩʪʴʶ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʧʨʦʜʫʢʪʘʭ ʩ ʜʣʠʪʝʣʴʥʳʤ ʭʨʘʥʝʥʠʝʤ [227, c. 4002-4009]. ʇʰʝʥʠʯʥʳʡ ɺ-

ʢʨʘʭʤʘʣ, ʦʙʣʘʜʘʷ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚʷʟʢʦʩʪʠ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʳʩʦʢʫʶ 

ʪʝʨʤʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʨʝʪʨʦʛʨʘʜʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʤʝʥʝʝ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ɼʣʷ ʦʮʝʥʢʠ ʚʟʘʠʤʦʩʚʷʟʝʡ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ 

ʇʠʨʩʦʥʘ ʚ ʧʨʦʛʨʘʤʤʝ SPSS. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʟʦʣʴʥʦʩʪʴʶ, ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʩʬʘʪʦʚ, ʙʝʣʢʘ, ʘʤʠʣʦʟʳ, 

ʞʠʨʦʚ, ʚʣʘʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʘʤʠ ʚʷʟʢʦʩʪʠ, Peak viscosity, Through 

viscosity, Breakdown, Final viscosity, Setback ʠ Pasting temperature. ʈʝʟʫʣʴʪʘʪʳ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʣʠ ʥʘʣʠʯʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʨʷʜʦʤ ʧʘʨʘʤʝʪʨʦʚ. ʅʘʧʨʠʤʝʨ, ʩʦʜʝʨʞʘʥʠʝ 

ʙʝʣʢʘ ʠʤʝʝʪ ʩʠʣʴʥʫʶ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʚʷʟʢʦʩʪʠ 

(Peak viscosity ï r = -0,991, p < 0,01; Final viscosity ï r = -0,997, p < 0,01; Setback 

ï r = -0,916, p < 0,01), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʚʷʟʢʦʩʪʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ. ɸʥʘʣʦʛʠʯʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 

ʢʦʨʨʝʣʷʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʦʚ ʠ ʚʷʟʢʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (Peak viscosity ï r = -0,817, p < 0,01; Through viscosity ï r = -

0,905, p < 0,01; Final viscosity ï r = -0,806, p < 0,01). ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʚʦʟʤʦʞʥʦʝ ʠʥʛʠʙʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʙʝʣʢʘ ʠ ʞʠʨʦʚ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʨʘʭʤʘʣʘ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʩʥʠʞʝʥʠʶ ʝʛʦ ʥʘʙʫʭʘʝʤʦʩʪʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
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ʈʠʩʫʥʦʢ 3 ï ʂʦʨʨʝʣʷʮʠʷ ʇʠʨʩʦʥʘ ʜʣʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ, ʇʨʠʤʝʯʘʥʠʝ: ʜʦʩʪʦʚʝʨʥʦ ʧʨʠ ʫʨʦʚʥʝ * = ʈ<0,05; ** = 

ʈ<0,01; *** = ʈ<0,001. 

 

ʉʦʜʝʨʞʘʥʠʝ ʬʦʩʬʘʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʙʝʣʢʦʤ (r = 0,612, p 

< 0,05) ʠ ʞʠʨʘʤʠ (r = 0,374), ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʪʨʫʢʪʫʨʥʦʡ 

ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʩʦʩʪʘʚʝ ʢʨʘʭʤʘʣʘ 

ɺ ʪʘʙʣʠʮʝ 4 ʧʦʢʘʟʘʥʳ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʪʝʤʧʝʨʘʪʫʨʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʠ ʵʥʪʘʣʴʧʠʷ (æH), ʦʪʨʘʞʘʶʪ ʵʥʝʨʛʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʛʨʘʥʫʣ 

ʢʨʘʭʤʘʣʘ ʠ ʧʝʨʝʭʦʜʘ ʠʭ ʚ ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ 

ʢʨʘʭʤʘʣʳ ʚʝʜʫʪ ʩʝʙʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʪʴ ʛʝʣʠ.  
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ʊʘʙʣʠʮʘ 4 - ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʦʚ  

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʦʙʨʘʟʮʘ 

ʊʥ (ʦʉ) ʊʨ (ʦʉ) ʊʢ (ʦʉ) ȹH (J/g) 

ʇʰʝʥʠʯʥʳʡ ɸ-

ʢʨʘʭʤʘʣ 

66,89Ñ0.03a 72,66Ñ0.06a 78,44Ñ0.01a 9,11Ñ0.04
a 

ʇʰʝʥʠʯʥʳʡ ɺ-

ʢʨʘʭʤʘʣ 

67,23Ñ0.03a 72,63Ñ0.01a 77,50Ñ0.02a 5,80Ñ0.02
c 

ʅʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ 

ʢʨʘʭʤʘʣ 

58,97Ñ0.07b 67,62Ñ0.04b 78,87Ñ0.05a 8,74Ñ0.01
b 

ʅʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ 

ʢʨʘʭʤʘʣ 

56,50Ñ0.07b 65,42Ñ0.08b 78,64Ñ0.06a 8,90Ñ0.02
b 

ʅʘʪʠʚʥʳʡ 

ʢʘʨʪʦʬʝʣʴʥʳʡ 

ʢʨʘʭʤʘʣ 

66,23Ñ0.06a 69,38Ñ0.02ab 73,98Ñ0.04b 5,44Ñ0.01
d 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ 

ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘʯʘʣʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ (ʊʥ): ʦʪʨʘʞʘʝʪ ʵʥʝʨʛʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʥʘʯʘʣʘ ʥʘʙʫʭʘʥʠʷ ʛʨʘʥʫʣ. ʉʘʤʳʝ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʊʥ ʫ 

ʥʘʪʠʚʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ (58,97ÁC) ʠ ʢʫʢʫʨʫʟʥʦʛʦ (56,50ÁC) ʢʨʘʭʤʘʣʦʚ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʣʝʛʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ʋ ʢʘʨʪʦʬʝʣʴʥʦʛʦ (66,23ÁC) ʠ 

ʧʰʝʥʠʯʥʦʛʦ ɸ-ʢʨʘʭʤʘʣʦʚ (66,89ÁC) ʟʥʘʯʝʥʠʷ ʊʥ ʚʳʰʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʙʦʣʝʝ 

ʫʩʪʦʡʯʠʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʘʥʫʣ. 

ʇʠʢʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ (ʊʨ): ʦʪʨʘʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʧʨʦʮʝʩʩ ʞʝʣʘʪʠʥʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʫʤʘ. ʋ ʧʰʝʥʠʯʥʦʛʦ ɸ-

ʢʨʘʭʤʘʣʘ (72,66ÁC) ʧʠʢʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʳʰʝ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʙʦʣʝʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ (65,42ÁC), ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʜʣʷ ʧʨʦʜʫʢʪʦʚ, 

ʪʨʝʙʫʶʱʠʭ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ʂʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ (ʊʢ): ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʛʨʘʥʫʣʳ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʧʝʨʝʭʦʜʷʪ ʚ ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʥʘʯʝʥʠʷ 

ʜʣʷ ʚʩʝʭ ʢʨʘʭʤʘʣʦʚ ʙʣʠʟʢʠ (73,98ÁCï78,87ÁC), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʧʦʩʪʘʚʠʤʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʚ ʢʦʥʝʯʥʦʡ ʬʘʟʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. 

ʕʥʪʘʣʴʧʠʷ ʞʝʣʘʪʠʥʠʟʘʮʠʠ (æH): ʧʦʢʘʟʳʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʫʣ. ʅʘʠʚʳʩʰʘʷ æH ʫ ʧʰʝʥʠʯʥʦʛʦ 

ɸ-ʢʨʘʭʤʘʣʘ (9,11 ɼʞ/ʛ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʯʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʚʷʟʷʭ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅʠʟʢʘʷ æH ʫ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʘ (5,44 

ɼʞ/ʛ) ʛʦʚʦʨʠʪ ʦ ʙʦʣʝʝ ʩʣʘʙʳʭ ʩʚʷʟʷʭ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʝʛʦ ʦʙʨʘʙʦʪʢʫ, ʥʦ ʩʥʠʞʘʝʪ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ʇʰʝʥʠʯʥʳʡ ɸ-ʢʨʘʭʤʘʣ: ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʊʥ, ʊʨ ʠ æH ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʜʫʢʪʦʚ, ʛʜʝ 



48 

 

ʪʨʝʙʫʝʪʩʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʥʘʧʨʠʤʝʨ, ʚ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʩʦʫʩʘʭ. 

ʇʰʝʥʠʯʥʳʡ ɺ-ʢʨʘʭʤʘʣ: ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ æH (5,80 ɼʞ/ʛ) 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʝʥʝʝ ʧʨʦʯʥʳʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʷʭ. ʇʦʭʦʞʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʞʝʣʘʪʠʥʠʟʘʮʠʠ (ʊʥ, ʊʨ) ʩ ɸ-ʢʨʘʭʤʘʣʦʤ, ʥʦ ʤʝʥʴʰʘʷ ʵʥʝʨʛʠʷ 

ʨʘʟʨʫʰʝʥʠʷ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʧʨʦʜʫʢʪʘʭ.  

ʅʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ ʢʨʘʭʤʘʣ: ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ æH (8,74 ɼʞ/ʛ) ʠ 

ʥʠʟʢʘʷ ʊʥ (58,97ÁC) ʜʝʣʘʶʪ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʨʦʜʫʢʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʫʤʝʨʝʥʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʟʘʚʝʨʰʝʥʠʷ (ʊʢ, 78,87ÁC) ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʦʙʨʘʙʦʪʢʠ. 

ʅʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ: ʉʦʯʝʪʘʥʠʝ ʥʠʟʢʦʡ ʊʥ (56,50ÁC) ʠ 

ʚʳʩʦʢʦʡ æH (8,90 ɼʞ/ʛ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʳʩʪʨʦʤʫ ʥʘʙʫʭʘʥʠʶ 

ʠ ʩʦʭʨʘʥʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʀʜʝʘʣʝʥ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʘʭ. 

ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ: ʉʘʤʘʷ ʥʠʟʢʘʷ æH (5,44 ɼʞ/ʛ) ʠ ʚʳʩʦʢʘʷ ʊʥ 

(66,23ÁC) ʦʪʨʘʞʘʶʪ ʩʣʘʙʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʣʝʛʢʦ 

ʨʘʟʨʫʰʘʝʤʳʤ, ʥʦ ʤʝʥʝʝ ʩʪʘʙʠʣʴʥʳʤ. ʇʦʜʭʦʜʠʪ ʜʣʷ ʪʝʢʩʪʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʢʣʝʝʚʳʭ ʩʦʩʪʘʚʦʚ, ʛʜʝ ʚʘʞʥʘ ʣʝʛʢʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʛʨʘʥʫʣ 

[227, c. 4002-4009]. 

ʇʰʝʥʠʯʥʳʡ ɸ-ʢʨʘʭʤʘʣ ʠ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʦʜʫʢʪʦʚ ʩ 

ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ ʠ ʪʝʨʤʦʩʪʘʙʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʇʰʝʥʠʯʥʳʡ ɺ-ʢʨʘʭʤʘʣ ʠ ʢʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʷʛʢʠʭ ʩʪʨʫʢʪʫʨ ʠʣʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ ʧʦʢʘʟʘʣʠ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʥʘʪʠʚʥʳʭ ʢʨʘʭʤʘʣʦʚ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʨʘʭʤʘʣʘ ɺ ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʛʦ ʮʝʥʥʦʩʪʴ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʩ ʚʳʩʦʢʦʡ 

ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ [228, c. 

91].  

 

3.2 ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʧʰʝʥʠʯʥʦʛʦ ɸ- ʠ ɺ- ʢʨʘʭʤʘʣʘ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ 

ʦʩʥʦʚʥʦʤ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʢʩʫʩʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʠ ʚʠʥʠʣʘʮʝʪʘʪʘ, ʣʝʜʷʥʦʡ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ. ɼʣʷ ʫʜʝʰʝʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʤʝʪʦʜʦʤ 

ʩʫʩʧʝʥʟʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʚ ʢʘʯʝʩʪʚʝ 

ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 53ÁC, ʦʜʥʘʢʦ ʀʂ-ʌʫʨʴʝ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʦʯʝʥʴ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 
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ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʘʮʝʪʠʣʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ ʚʳʙʨʘʥ ʫʢʩʫʩʥʳʡ 

ʘʥʛʠʜʨʠʜ. ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʚʦʜʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʪʘʙʣʠʮʝ 5. 

ɿʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʚ ʢʨʘʭʤʘʣʘʭ ʨʘʩʪʝʪ ʪʦʣʴʢʦ ʥʘ ʥʘʯʘʣʴʥʳʭ 

ʵʪʘʧʘʭ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥʦ ʩ ʨʝʦʣʦʛʠʝʡ ʢʨʘʭʤʘʣʦʚ, 

ʦʙʱʠʭ ʜʣʷ ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ ɸ ʠ ɺ ʚʦ ʚʨʝʤʷ ʥʘʙʫʭʘʥʠʷ ʠ 

ʢʣʝʡʩʪʝʨʠʟʘʮʠʠ. ɻʨʘʥʫʣʳ ʚʧʠʪʳʚʘʶʪ ʚ ʩʝʙʷ ʚʦʜʫ ʠ ʫʜʝʨʞʠʚʘʶʪ ʝʝ ʚ ʩʝʙʝ ʧʨʠ 

ʵʪʦʤ ʥʘʙʫʭʘʷ ʠ ʫʚʝʣʠʯʠʚʘʷ ʚʷʟʢʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʨʝʜʝ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 53ÁC, ʵʪʦʪ ʵʬʬʝʢʪ ʷʨʢʦ ʚʳʨʘʞʝʥ ʚ ʦʙʨʘʟʮʘʭ 

ʛʜʝ ʨʝʘʢʮʠʦʥʥʘʷ ʩʨʝʜʘ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ, 

ʚʦʙʨʘʚ ʚ ʩʝʙʷ ʨʝʘʢʮʠʦʥʥʫʶ ʩʨʝʜʫ ʚʥʫʪʨʠ ʛʨʘʥʫʣ ʠʜʝʪ ʙʫʨʥʘʷ ʨʝʘʢʮʠʷ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʫʜʝʨʞʠʚʘʶʱʠʝ 

ʩʪʨʫʢʪʫʨʳ ʛʨʘʥʫʣʳ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʘʮʝʪʠʣʠʨʫʶʱʠʡ ʘʛʝʥʪ ʙʦʣʴʰʝ ʥʝ ʤʦʞʝʪ 

ʚʝʩʪʠ ʨʝʘʢʮʠʶ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʨʝʘʢʮʠʦʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʫʞʝ 

ʘʮʝʪʠʣʠʨʦʚʘʥʘ ʠʟ-ʟʘ ʘʛʨʝʩʩʠʚʥʦʡ ʥʘʯʘʣʴʥʦʡ ʨʝʘʢʮʠʠ. ʉ ʫʤʝʥʴʰʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʘʮʝʪʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʪʝʯʝʥʠʝ 

ʨʝʘʢʮʠʠ, ʛʨʘʥʫʣʳ, ʨʘʟʨʫʰʝʥʥʳʝ ʧʦʩʣʝ ʚʙʠʨʘʥʠʷ ʚ ʩʝʙʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʚʩʝ ʝʱʝ ʠʤʝʶʪ ʪʦʯʢʠ ʜʦʩʪʫʧʘ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʥʦ ʛʣʫʙʞʝ.  

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʘʙʣʠʮʳ 5, ʥʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ ɸ ʢʨʘʭʤʘʣ 

ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʙʫʭʘʥʠʶ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 5,39 (%) ʠ 4,05 (ʛ/100 ʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʜʝʨʞʘʥʠʝ 

ʘʤʠʣʦʟʳ ʚ ʧʰʝʥʠʯʥʦʤ ɸ ʠ ʢʫʢʫʨʫʟʥʦʤ ʢʨʘʭʤʘʣʝ ʩʦʩʪʘʚʣʷʝʪ 23,51 ʠ 24,32%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʚ ʛʨʘʥʫʣʘʭ ʢʨʘʭʤʘʣʘ ʧʨʠʚʦʜʠʪ 

ʢ ʪʦʤʫ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʘʤʠʣʦʟʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʢʦʤʧʘʢʪʥʳʤʠ ʠ ʧʝʨʝʧʣʝʪʘʶʪʩʷ ʘʤʠʣʦʧʝʢʪʠʥʦʤ [229]. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʪ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʩʪʘʥʦʚʷʪʩʷ ʧʦʯʪʠ ʪʚʝʨʜʳʤʠ ʠ ʧʨʝʧʷʪʩʪʚʫʶʪ 

ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ [213, c. 6617]. 

 

ʊʘʙʣʠʮʘ 5 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ 

ʧʰʝʥʠʯʥʦʛʦ ɸ ʢʨʘʭʤʘʣʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤʷ 

(ʤʠʥʫʪ) 

1:5 1:6 1:7 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5 

 
1 2 3 4 5 6 7 8 9 10 

40 5,49 

Ñ0,204 

b 

5,28 

Ñ0,000

7 b 

2,08 

Ñ0,017 

ʘ 

4,06 

Ñ0,011 ʘ 

4,89 

Ñ0,0003 b 

1,2 

Ñ0,026 

b 

3,45 

Ñ0,495 b 

5,45 

Ñ0,0006 b 

1,93 

Ñ0,0422 ʘ 

50 3,30 

Ñ0,127c 

5,55 

Ñ0,004 

c 

2,02 

Ñ0,077 

b 

4,06 

Ñ0,138 ʘ 

4,96 

Ñ0,0008 b 

1,97 

Ñ0,031 

ab 

3,56 

Ñ0,575 b 

5,46Ñ 

0,0009 b 

2,13 

Ñ0,0178 b 

60 3,28 

Ñ0,128 

c 

5,88 

Ñ0,001c 

1,95 

Ñ0,004 

b 

7,73 

Ñ0,149 b 

6,18 

Ñ0,0006 c 

2,05 

Ñ0,044 

ʘ 

2,86 

Ñ0,691 c 

5,67Ñ 

0,0007 c 

2,15 

Ñ0,009 b 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʈʝʘʢʮʠʷ ʤʦʜʠʬʠʢʘʮʠʠ ɸ ʢʨʘʭʤʘʣʘ ʧʨʦʪʝʢʘʝʪ ʠʥʘʯʝ, ʯʝʤ ʨʝʘʢʮʠʷ ʚ ɺ 

ʢʨʘʭʤʘʣʝ, ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠ ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʴʥʳʭ ʟʝʨʝʥ. ʇʰʝʥʠʯʥʳʡ 

ʢʨʘʭʤʘʣ ʠʤʝʝʪ ʙʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʫʣ, ʢʨʘʭʤʘʣ ɸ ʠʤʝʝʪ ʨʘʟʤʝʨʳ 

ʙʦʣʝʝ 20 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ, ʪʦʛʜʘ ʢʘʢ ʛʨʘʥʫʣʳ ɺ ʢʨʘʭʤʘʣʘ ʠʤʝʝʪ ʨʘʟʤʝʨʳ ʤʝʥʝʝ 

10 ʤʢʤ ʚ ʜʠʘʤʝʪʨʝ. ɸ ʠ ɺ ʛʨʘʥʫʣʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʨʘʟʣʠʯʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʬʦʨʤʳ: ɸ ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ ʠʤʝʶʪ 

ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ ʠ ʜʠʩʢʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʥʫʣʳ ɺ 

ʢʨʘʭʤʘʣʘ ʠʤʝʣʠ ʩʬʝʨʠʯʝʩʢʫʶ ʠʣʠ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʤʦʨʬʦʣʦʛʠʶ. 

ɺ ʪʘʙʣʠʮʝ 6 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʚʣʠʷʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʫʢʩʫʩʥʦʛʦ 

ʘʥʛʠʜʨʠʜʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɺ ʢʨʘʭʤʘʣʘ.  

 

ʊʘʙʣʠʮʘ 6 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ 

ʧʰʝʥʠʯʥʦʛʦ ɺ ʢʨʘʭʤʘʣʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤʷ, 

ʤʠʥʫʪ 

1: 5 1: 6 1: 7 

WS 
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g 

SP 
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DS WS 

g/100g 

SP 

% 

DS WS 

g/100g 
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% 

DS 

0 

5,94 

Ñ 

0,65 ʘ 

5,3 

Ñ 0,001 ʘ 

0 5,94 

Ñ 0,65 ʘ 

5,3 

Ñ 0,001 ʘ 

0 5,94 

Ñ 0,65 ʘ 

5,3 

Ñ 0,001 ʘ 

0 

40 

3,78 

Ñ 

0,14 b 

8,18 

Ñ0,0009 b 

0,96 

Ñ 0,01 ʘ 

4,39 

Ñ 0,268 

b 

7,06 Ñ 

0,0004 c 

1,2 

Ñ 0,026 ʘ 

4,67 

Ñ 0,38 b 

7,13 

Ñ 0,001 b 

1,32 

Ñ 0 ʘ 

50 

3,73 

Ñ 

0,17 b 

7,66 

Ñ 0,001 c 

1,01 

Ñ 0,01 b 

4,01 

Ñ 0,38 c 

6,76 Ñ 

0,0004 b 

1,36 

Ñ 0,03 b 

3,80 

Ñ 0,42 c 

7,13 

Ñ 0,0007 

b 

1,45 

Ñ 0,013 

b 

60 

3,28 

Ñ 

0,13 c 

7,76 

Ñ 0,001 c 

1,08 

Ñ 0,03 b 

3,86 

Ñ 0,18 d 

7,33 Ñ 

0,0008 c 

1,2 

Ñ 0,013 ʘ 

4,54 

Ñ 0,295 d 

7,14 

Ñ 0,001 b 

1,3 

Ñ 0,013 

ʘ 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʟʘʢʣʶʯʝʥʠʝ: ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ DS ʚʘʨʴʠʨʦʚʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 1:5 ʩʦʩʪʘʚʠʣʘ - 0,96 Ñ 0,01ï1,08 Ñ 0,03%, ʪʦʛʜʘ ʢʘʢ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 1:7 ʩʦʩʪʘʚʠʣʘ 1,3 Ñ 0,013ï1,45 Ñ 0,013%. ɺ ʩʚʷʟʠ ʩ ʥʝʙʦʣʴʰʠʤʠ 

ʨʘʟʤʝʨʘʤʠ ʢʨʘʭʤʘʣʴʥʳʭ ʟʝʨʝʥ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʤʝʣʢʠʝ ʟʝʨʥʘ ʢʨʘʭʤʘʣʘ ʚ ʩʫʩʧʝʥʟʠʠ ʜʚʠʛʘʶʪʩʷ ʚ ʭʘʦʪʠʯʥʦʤ ʧʦʨʷʜʢʝ ʠ 

ʘʮʝʪʠʣʠʨʫʶʮʠʡ ʘʛʝʥʪ ʥʝ ʫʩʧʝʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʛʨʘʥʫʣʘʤʠ, ʠ ʜʘʞʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʮʝʪʠʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ 

ʢʨʘʭʤʘʣ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʟʘʤʝʱʝʥʠʷ.  

ʊʘʙʣʠʮʘ 7 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʪʠʚʥʳʡ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ 

ʪʘʢʞʝ, ʢʘʢ ʠ ʥʘʪʠʚʥʳʡ ʧʰʝʥʠʯʥʳʡ ɸ ʠ ɺ ʢʨʘʭʤʘʣʳ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ (WS) ʚ ʚʦʜʝ, ʢʦʪʦʨʳʝ 

ʩʦʩʪʘʚʣʷʶʪ 5,28 (%) ʠ 4,4 (ʛ/100 ʛ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɼʘʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʢʫʢʫʨʫʟʥʦʤ ʢʨʘʭʤʘʣʝ, ʥʦ 

ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʝ ʫ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʪʘʢʦʚʳʝ ʫ 

ʧʰʝʥʠʯʥʦʛʦ ɸ ʠ ɺ ʢʨʘʭʤʘʣʦʚ, ʚʦʟʤʦʞʥʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʘʤʠʣʦʟʳ ʚ ʥʘʪʠʚʥʦʤ ʢʫʢʫʨʫʟʥʦʤ ʢʨʘʭʤʘʣʝ, ʪʘʢ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʘʤʠʣʦʟʘ ʨʘʟʨʫʰʘʝʪʩʷ, ʠ ʨʘʟʨʫʰʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 

ʘʤʠʣʦʟʳ ʜʘʣʝʝ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʮʝʪʠʣʠʨʦʚʘʥʠʶ, ʯʪʦ ʩʥʠʞʘʝʪ ʦʙʱʫʶ ʩʪʝʧʝʥʴ 

ʟʘʤʝʱʝʥʠʷ. 

 

 

ʊʘʙʣʠʮʘ 7 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʠ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤʷ, 

ʤʠʥʫʪ 

1:5 1:6 1:7 

WS 
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0 4,40  

Ñ0,251 ʘ 
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Ñ0,001 ʘ 
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Ñ0,251 ʘ 

5,28  
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Ñ0,001 ʘ 
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40 5,66  

Ñ0,025 b 

7,44  

Ñ0,001 c 

0,69  

Ñ0,009 

ʘ 

4,92  

Ñ0,185 b 

7,42  

Ñ0,002 b 

0,77  

Ñ 0 ʘ 

4,35  

Ñ0,421 

ʘ 

7,99  

Ñ0,001 b 

0,8  
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Ñ0,004 c 
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Ñ0,009 b 

60 8,09  

Ñ0,109 c 
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0,88  

Ñ0,018 
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1,99  

Ñ0,728 
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5,47  

Ñ0,003 d 

0,86  

Ñ0,013 b 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʊʘʙʣʠʮʘ 5, 6, 7 ʪʘʢʞʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ ʜʣʷ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʥʝ ʚʩʝʛʜʘ ʫʣʫʯʰʘʝʪ 

ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ [229, c. 29]. ʈʘʩʪʚʦʨʠʤʦʩʪʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ. ɸʥʘʣʦʛʠʯʥʳʡ 
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ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʪʘʢʞʝ ʧʦʣʫʯʝʥ Singh N ʠ ʜʨ. (2004) [142, c. 600] ʧʦ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʶ ʢʫʢʫʨʫʟʥʦʛʦ ʠ ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʢʨʘʭʤʘʣʦʚ ʠ Raina C ʠ ʜʨ. 

(2006), ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ ʨʠʩʦʚʦʛʦ ʢʨʘʭʤʘʣʘ [230, c. 569]. ʀʟ 

ʜʘʥʥʳʭ ʪʘʙʣʠʮ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʥʝ ʚʩʝʛʜʘ ʫʣʫʯʰʘʝʪ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ 

ʟʘʤʝʱʝʥʠʷ. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʠʣʦʟʳ ʚ ʢʫʢʫʨʫʟʥʦʤ ʢʨʘʭʤʘʣʝ ʟʘʤʝʜʣʷʝʪ 

ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ. ʇʨʠ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʢʨʘʭʤʘʣʴʥʳʝ ʛʨʘʥʫʣʳ 

ʢʨʘʭʤʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʠʣʠ ʨʝʪʨʦʛʨʘʜʥʫʶ 

ʬʦʨʤʫ, ʢʦʪʦʨʳʝ ʥʝʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʅʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ ʠʣʠ ʢʦʤʧʣʝʢʩʘʤʠ ʘʤʠʣʦʟʳ [231, c. 42]. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʪʘʙʣʠʮ 5, 6, 7 DS ʚ ʢʨʘʭʤʘʣʘʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʝʤ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʠ ʧʨʠ 

ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʳʩʦʢʠʤ, ʪʘʢ ʢʘʢ ʠʭ ʧʨʝʜʝʣ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 

0,69 ʜʦ 2,15. ɺ ʩʚʷʟʠ ʩ ʯʝʤ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʫʭʘʥʠʷ ʛʨʘʥʫʣ ʧʦʩʣʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ 

ʥʝ ʙʳʣʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʚʝʜʝʥʠʶ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ. Bartz ʠ ʜʨ. (2015) ʚ 

ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʘʢʞʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʮʝʪʠʣʠʨʦʚʘʥʠʝ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʥʘʙʫʭʘʥʠʷ ʛʨʘʥʫʣ ʚʦ ʚʩʝʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʨʘʭʤʘʣʘʭ; ʦʜʥʘʢʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘʙʫʭʘʥʠʷ ʛʨʘʥʫʣ ʧʦʩʣʝ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʥʝ 

ʙʳʣʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʚʝʜʝʥʠʶ ʘʮʝʪʠʣʴʥʳʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚ ʢʨʘʭʤʘʣʘʭ ʩ ʥʠʟʢʠʤ DS (0,047 ʠ 0,098) ʠ ʤʝʥʝʝ ʟʥʘʯʠʤʳʤʠ 

ʥʘ ʢʨʘʭʤʘʣʝ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ DS (0,125) [232, c. 240]. 

ʉʣʝʜʫʶʱʠʤ ʚʠʜʦʤ ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʧʠʦʥʦʚʘʷ 

ʢʠʩʣʦʪʘ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʳʙʦʨʘ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʘʢʮʠʷ 

ʧʨʦʧʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ.  

ɺʣʠʷʥʠʝ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 

ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʥʘʙʫʭʘʥʠʶ ʧʨʦʧʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 8, 9 ʠ 10.  

ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʨʝʞʠʤʘʭ ʧʦʢʘʟʘʣʘ ʥʘʠʤʝʥʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ. ʊʘʢ ʢʘʢ ʪʘʙʣʠʮʳ 

8, 9 ʠ 10 ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ. ʇʨʠ ʧʨʦʧʠʦʥʠʨʦʚʘʥʠʠ ʢʨʘʭʤʘʣʘ ʥʘ 

ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʨʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʠ, ʚʣʠʷʝʪ ʨʘʟʤʝʨ ʟʝʨʝʥ 

ʢʨʘʭʤʘʣʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʫ ʧʰʝʥʠʯʥʦʛʦ ɸ ʢʨʘʭʤʘʣʘ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʚʳʰʝ, 

ʯʝʤ ʫ ʧʰʝʥʠʯʥʦʛʦ ɺ ʠ ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʦʚ.  

ʈʘʟʣʠʯʠʷ ʚ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ, ʪʘʢʠʭ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʪʠʧ 

ʢʠʩʣʦʪʳ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʘʭʤʘʣʘ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ DS, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʙʣʘʛʦʧʨʠʷʪʥʘ.  
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ʊʘʙʣʠʮʘ 8 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ɸ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʧʨʦʧʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤ

,̫ 

ʤʠʥʫ

ʪ 

1: 5 1: 6 1: 7 

WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS 

0 4,05 

Ñ0,178 a 

5,39  

Ñ0,001a 

0 4,05  

Ñ0,178d 

5,39 

Ñ0,001a 

0 4,05 

Ñ0,178d 

5,39 

Ñ0,001b 

0 

 

40 

 

2,98  

Ñ0,101 b 

7,16  

Ñ0,0209b 

0,02  

Ñ0,011a 

3,88  

Ñ0,222c 

6,16 Ñ 

0,0034d 

0,01  

Ñ0,0036a 

3,22  

Ñ0,0038c 

6,15  

Ñ0,0013d 

0,008  

Ñ0,001ʘ 

50 2,56  

Ñ0,015 bc 

6,99  

Ñ0,0021c

b 

0,12  

Ñ0,001b 

3,21  

Ñ0,0023b 

5,65  

Ñ0,0014c 

0,09  

Ñ0,0023b 

2,93  

Ñ0,0033b 

5,69  

Ñ0,006c 

0,07  

Ñ0,002b 

60 2,75  

Ñ0,003 c 

6,45  

Ñ0,001c 

0,14  

Ñ0,003b 

3,06  

Ñ0,002a 

5,09  

Ñ0,0005b 

0,11 

Ñ0,0003c 

1,16  

Ñ0,0351a 

5,01  

Ñ0,00214
a 

0,09  

Ñ0,021

3c 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʊʘʙʣʠʮʘ 9 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ɺ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʧʨʦʧʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤʷ 

(ʤʠʥʫʪ) 

1: 5 1: 6 1: 7 

WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS 

1 2 3 4 5 6 7 8 9 10 

0 0,96 Ñ 

0,013 a 

0.053 Ñ 

0,001 a 

0 0,96 Ñ 

0,013a 

0,053  

Ñ 0,001a 

0 0,96 Ñ 

0,013a 

0,053 Ñ 

0,001a 

0 

40 2,65 Ñ 

0,0024 b 

6,16 Ñ 

0,0019 b 

0,005 Ñ 

0,0021a 

3,31 Ñ 

0,038b 

5,23 Ñ 

0,0024b 

0,004 Ñ 

0,0003a 

2,56 Ñ 

0,0028b 

5,18 Ñ 

0,00023b 

0,003 Ñ 

0,006a 

50 2,01 Ñ 

0,017 c 

6,12 Ñ 

0,0021 b 

0,006 Ñ 

0,0186a 

2,63 Ñ 

0,038bc 

4,38 Ñ 

0,0025c 

0,005 Ñ 

0,002a 

2,61 Ñ 

0,0062b 

5,02 Ñ 

0,0071b 

0,003 Ñ 

0,0081a 

60 2,32 Ñ 

0,021 bc 

5,32 Ñ 

0,0023 c 

0,006 Ñ 

0,035a 

2,01 Ñ 

0,034c 

4,01 Ñ 

0,0082d 

0,004Ñ 

0,023a 

0,99 Ñ 

0,006c 

4,23 Ñ 

0,0052c 

0,002 Ñ 

0,032a 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʧʠʦʥʘʪ ʢʨʘʭʤʘʣʘ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ DS ʙʳʣ 

ʧʦʣʫʯʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʙʦʣʝʝ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʘʢʮʠʠ (53ʉ) 

[233, c. 283]. ʅʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʧʠʦʥʦʚʘʷ ʢʠʩʣʦʪʘ ʩ ʙʦʣʝʝ 

ʜʣʠʥʥʦʡ ʮʝʧʴʶ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʦʞʥʦʛʦ 

ʵʬʠʨʘ ʢʨʘʭʤʘʣʘ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ DS [234ï236]. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʣʘ ʩ ʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʤʦʣʝʢʫʣʳ ʨʝʘʛʝʥʪʘ 

ʠ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʚ ʤʘʪʨʠʮʝ ʢʨʘʭʤʘʣʘ. 
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ʊʘʙʣʠʮʘ 10 - ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʨʦʧʠʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ 

ʢʫʢʫʨʫʟʥʦʛʦ ʢʨʘʭʤʘʣʘ ʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ (WS), ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʥʘʙʫʭʘʥʠʶ (SP) ʠ ʩʪʝʧʝʥʴ ʟʘʤʝʱʝʥʠʷ ʧʨʦʧʠʦʥʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʨʠ ʨʅ 8 

 
ɺʨʝʤʷ 

(ʤʠʥʫʪ) 

1: 5 1: 6 1: 7 

WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS WS 

g/100g 

SP 

% 

DS 

0 4,0  

Ñ0,251 a 

5,28 

Ñ0,001 b 

0 4,40 

Ñ0,251 a 

5,28  

Ñ0,001 a 

0 4,40 

Ñ0,251 a 

5,28 

Ñ0,001 a 

0 

40 5,16  

Ñ0,002 c 

7,05  

Ñ0,0023 c 

0,003  

Ñ0,009 a 

4,61  

Ñ0,085 ab 

7,01  

Ñ0,003 b 

0,002  

Ñ0,023a 

4,05  

Ñ0,021 a 

7,53  

Ñ0,0013 b 

0,001  

Ñ0,0101 a 

50 4,21  

Ñ0,658 b 

5,01  

Ñ0,002 a 

0,003  

Ñ0,008 a 

4,21  

Ñ0,524 b 

6,32  

Ñ0,0012 c 

0,003  

Ñ0,004a 

1,23  

Ñ0,102 b 

6,23  

Ñ0,023 b 

0,001  

Ñ0,016 a 

60 6,23  

Ñ0,001 d 

4,26  

Ñ0,007 a 

0,004  

Ñ0,023 a 

3,18  

Ñ0,076 c 

7,26  

Ñ0,0025 b 

0,003  

Ñ0,006a 

1,35  

Ñ0,095 b 

5,01  

Ñ0,002 a 

0,002  

Ñ0,023 a 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, 

ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʘʭʤʘʣʘ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʘʭʤʘʣʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʫʢʩʫʩʥʳʤ 

ʘʥʛʠʜʨʠʜʦʤ, ʦʙʣʘʜʘʶʪ ʧʦʜʭʦʜʷʱʠʤ DS ʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʦʣʠʤʝʨʘ. ʊʘʢ ʢʘʢ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʚʦʜʷʪʩʷ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʦʙʨʘʟʮʳ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ:  

½ ʧʰʝʥʠʯʥʳʡ ɸ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʫʩʣʦʚʠʷʭ: ʢʦʥʮʝʥʪʨʘʮʠʷ 1:6, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 50 ʤʠʥʫʪ; 

½ ʧʰʝʥʠʯʥʳʡ ɺ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʫʩʣʦʚʠʷʭ: ʢʦʥʮʝʥʪʨʘʮʠʷ 1:7, ʚʨʝʤʷ 

ʨʝʘʢʮʠʠ 40 ʤʠʥʫʪ.  

 

3.3 ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʣʘʩʪʠʬʠʢʘʮʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʧʰʝʥʠʯʥʳʭ ɸ- ʠ ɺ-ʢʨʘʭʤʘʣʦʚ 

 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʦʣʠ ʛʣʠʮʝʨʠʥʘ ʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠ ʵʢʩʪʨʫʟʠʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʫʢʫʨʫʟʥʦʛʦ ʠ 

ʧʰʝʥʠʯʥʳʭ ɸ ʠ ɺ ʢʨʘʭʤʘʣʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʣʘʩʪʠʬʠʢʘʮʠʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

10ï40%. ɺ ʪʘʙʣʠʮʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʧʨʠ ʨʘʟʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʛʣʠʮʝʨʠʥʘ ʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʪʷʞʠʤʦʩʪʠ ʧʣʝʥʢʠ ʧʨʠ ʨʘʟʨʳʚʝ, ʯʪʦ 

ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 

ʧʨʠʚʦʜʠʪ ʧʦʪʝʨʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ. 

ɻʣʠʮʝʨʠʥ ʢʘʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʧʦʢʘʟʳʚʘʝʪ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʇʣʝʥʢʠ ʩ ʛʣʠʮʝʨʠʥʦʤ ʠʤʝʣʠ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ. ʅʘʠʚʳʩʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʪʷʞʝʥʠʷ ʜʦ ʨʘʟʨʳʚʘ 

ʚ ʧʰʝʥʠʯʥʦʤ ɸ ʢʨʘʭʤʘʣʝ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʚ 10% ʦʪ ʩʫʭʦʡ ʤʘʩʩʳ ʢʨʘʭʤʘʣʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 41,57% 
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ʦʪ ʠʟʥʘʯʘʣʴʥʦʡ ʜʣʠʥʳ, ʯʪʦ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ ʧʨʝʚʳʰʘʝʪ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ (31.53%) ʪʘʢʦʚʳʭ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʣʠʪʴʷ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʧʰʝʥʠʯʥʦʤ ɺ ʠ 

ʢʫʢʫʨʫʟʥʦʤ ʢʨʘʭʤʘʣʝ, ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʦʪʤʝʯʝʥʦ ʚ 

ʢʦʤʧʦʟʠʮʠʷʭ ʩ 10% ʛʣʠʮʝʨʠʥʦʚʳʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʘʚʠʣʦ ʚ 

ʧʰʝʥʠʯʥʦʤ ɺ ʢʨʘʭʤʘʣʝ - 48,32%, ʚ ʢʫʢʫʨʫʟʥʦʤ ï 44,24%, ʥʘʠʤʝʥʴʰʠʡ 

ʧʦʢʘʟʘʪʝʣʴ ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ ï 34,73 ʠ 27,47% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ 

ʢʦʤʧʦʟʠʮʠʠ ʩ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 10% ʨʘʩʪʷʞʝʥʠʝ 

ʧʨʠ ʨʘʟʨʳʚʝ ʧʦʢʘʟʘʣ ʥʘʠʤʝʥʴʰʠʡ ʨʝʟʫʣʴʪʘʪ ʚ ʧʨʝʜʝʣʘʭ 18,61ï35,66 ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʠʮʝʨʠʥʦʚʳʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ. 

 

ʊʘʙʣʠʮʘ 11 ï ɺʣʠʷʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʣʠʮʝʨʠʥʘ ʠ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʘ 

ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ ʫ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ 

 

ʇʣʘʩʪʠʬʠʢʘʪʦʨ ʈʘʩʪʷʞʝʥʠʝ ʧʨʠ ʨʘʟʨʳʚʝ,% 

10% 20% 30% 40% 

ʇʰʝʥʠʯʥʳʡ ɸ ʢʨʘʭʤʘʣ (1:6 - 50) 

ʇʦʣʠʚʠʥʠʣʦʚʳʡ 

ʩʧʠʨʪ 

31,53 Ñ 

6,69 d 

28,56 Ñ 5,78 c 23,23 Ñ 

6,34 b 

15,10 Ñ 5,56 

a 

ɻʣʠʮʝʨʠʥ 41,57 Ñ 

4.36 a 

38,74 Ñ 3,45 a 31,68 Ñ 

5,67 c 

22,85 Ñ 4,87 

b 

 ʇʰʝʥʠʯʥʳʡ ɺ ʢʨʘʭʤʘʣ (1:7 - 40) 

ʇʦʣʠʚʠʥʠʣʦʚʳʡ 

ʩʧʠʨʪ 

35,66 Ñ 

4,79 a 

32,42 Ñ 4,48 a 28,35 Ñ 

5,22 ab 

23,13 Ñ 4,85 

b 

ɻʣʠʮʝʨʠʥ 48,32 Ñ 

4.27 a 

43,53 Ñ 4,43 a 38,37 Ñ 

5,44 ab 

34,73 Ñ 5,22 

b 

 ʂʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ (1:5-60) 

ʇʦʣʠʚʠʥʠʣʦʚʳʡ 

ʩʧʠʨʪ 

33,27 Ñ 

3,69 a 

31,36 Ñ 4,12 a 26,34 Ñ 

3,95 c 

18,61 Ñ 4,23 

b 

ɻʣʠʮʝʨʠʥ 44,24 Ñ 

3,83 a 

41,88 Ñ 4,36 a 35,46 Ñ 

4,76 b 

27,47 Ñ 4,56 

c 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ ʩʪʨʦʢʠ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 

ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʩʪʷʞʠʤʦʩʪʠ ʧʣʝʥʢʠ ʧʨʠ ʨʘʟʨʳʚʝ, ʯʪʦ ʚʝʨʦʷʪʥʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥ ʛʣʠʮʝʨʠʥ ʚ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥʝ ʙʦʣʝʝ 10%. 
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3.4 ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʠ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʨʘʭʤʘʣʦʚ ʩ PCL ï ʧʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) 

 

ɸʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ PCL ï ʧʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) ʠ ʢʨʘʭʤʘʣʦʚ ʨʘʟʣʠʯʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ 

ʦʙʣʘʜʘʶʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʘʢʪʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʩʚʦʡʩʪʚʦʤ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʚ ʩʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʙʳʣ 

ʚʚʝʜʝʥ PCL [237, c. 188].  

ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʠ ʧʣʝʥʢʠ 

ʧʨʦʚʦʜʠʣʠ ʚʢʫʧʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ, 

ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʛʨʘʥʫʣ, ʘ ʪʘʢʞʝ ʧʣʝʥʦʢ, 

ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʪʨʝʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ (3į-ʧʣʘʥ). ʌʘʢʪʦʨʳ ʠ ʫʨʦʚʥʠ ʠʭ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʩ ʢʦʜʠʨʦʚʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 12. 

ʌʘʢʪʦʨ ʭ ï ʩʦʜʝʨʞʘʥʠʝ ʧʰʝʥʠʯʥʦʛʦ ɸ ʠʣʠ ɺ ʢʨʘʭʤʘʣʘ (%); y ï ʩʦʜʝʨʞʘʥʠʝ 

ʛʣʠʮʝʨʠʥʘ (%); z ï ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ (CaCO ,%) ʠʩʩʣʝʜʫʝʪʩʷ 

ʚʣʠʷʥʠʝ ʵʪʠʭ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʥʘ ʚʳʭʦʜʥʫʶ ʧʝʨʝʤʝʥʥʫʶ ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ 

(MPa). ʄʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʝʜʠʥʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʠ ʩ ʦʙʦʠʤʠ ʪʠʧʘʤʠ 

ʢʨʘʭʤʘʣʦʚ 

 

ʊʘʙʣʠʮʘ 12 ï ʌʘʢʪʦʨʳ ʠ ʫʨʦʚʥʠ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

 

ʌʘʢʪʦʨʳ ʋʨʦʚʥʠ ʚʘʨʠʘʮʠʠ ʀʥʪʝʨʚʘʣ 

ʚʘʨʠʘʮʠʠ ʂʨʠʪʝʨʠʡ ʂʦʜʠʨʦʚʢʘ -1 0 +1 

ʂʨʘʭʤʘʣ,% X 20 40 60 20 

ɻʣʠʮʝʨʠʥ,% Y 5 10 15 5 

ʂʘʨʙʦʥʘʪ 

ʢʘʣʴʮʠʷ,% 

Z 2 3,5 5 1,5 

 

3.4.1 ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʠ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʰʝʥʠʯʥʦʛʦ ɺ ʢʨʘʭʤʘʣʘ ʩ PCL ï ʧʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) 

ɺ ʪʘʙʣʠʮʝ 13 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʩʦʯʝʪʘʥʠʷʤʠ ʬʘʢʪʦʨʦʚ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʠ 

ʥʘʪʫʨʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʦʤ ɺ. 

ɼʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ 

ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. 
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ʊʘʙʣʠʮʘ 13 - ʆʧʳʪʥʳʝ ʩʦʩʪʘʚʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʧʰʝʥʠʯʥʳʤ ɺ 

ʢʨʘʭʤʘʣʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ 

 

 ̄

ʂʦʜʠʨʦʚʘʥʥ

ʳʝ ʟʥʘʯʝʥʠʷ 
ʅʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʳʚ, MPa 

ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ 
x y z 

ʇʰʝʥʠʯʥʳʡ 

ɺ ʢʨʘʭʤʘʣ,% 

ɻʣʠʮʝʨʠʥ,

% 

ʉʘʉʆ3

,% 

1 2 3 4 5 6 7 8 

1 1 1 1 60 15 5 25,66Ñ0.12 

2 0 1 1 40 15 5 30,12Ñ0.05 

3 -1 1 1 20 15 5 35,54Ñ0.07 

4 1 0 1 60 10 5 16,23Ñ0.10 

5 0 0 1 40 10 5 21,35Ñ0.17 

6 -1 0 1 20 10 5 26,47Ñ0.27 

7 1 -1 1 60 5 5 6,47Ñ0.05 

8 0 -1 1 40 5 5 11,59Ñ0.12 

9 -1 -1 1 20 5 5 14,80Ñ0.18 

10 1 1 0 60 15 3,5 22,96Ñ0.34 

11 0 1 0 40 15 3,5 28,08Ñ0.37 

12 -1 1 0 20 15 3,5 33,20Ñ0.27 

13 1 0 0 60 10 3,5 13,20Ñ0.55 

14 0 0 0 40 10 3,5 18,32Ñ0.77 

15 -1 0 0 20 10 3,5 23,44Ñ0.35 

16 1 -1 0 60 5 3,5 3,44Ñ0.50 

17 0 -1 0 40 5 3,5 8,56Ñ0.55 

18 -1 -1 0 20 5 3,5 13,68Ñ0.24 

19 1 1 -1 60 15 2 15,44Ñ0.33 

20 0 1 -1 40 15 2 20,56Ñ0.61 

21 -1 1 -1 20 15 2 25,68Ñ0.18 

22 1 0 -1 60 10 2 5,68Ñ0.08 

23 0 0 -1 40 10 2 10,80Ñ0.06 

24 -1 0 -1 20 10 2 15,92Ñ0.09 

25 1 -1 -1 60 5 2 3,00Ñ0.16 

26 0 -1 -1 40 5 2 4,06Ñ0.25 

27 -1 -1 -1 20 5 2 6,16Ñ0.39 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). 

 

ʄʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ (MPa) ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ: ʩʦʜʝʨʞʘʥʠʝ ɺ ʢʨʘʭʤʘʣʘ (%), ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ (%) ʠ 

ʩʦʜʝʨʞʘʥʠʝ CaCO  (%). ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʫʨʘʚʥʝʥʠʠ 7.  
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˜̘̝̑̏̎̏̒̓ ̎  ̜́̑́̈̑Ὡ̃ ςzȢφςχπȢςσπzὼ  

ρȢψσωzώ σz ᾀ                                                                                (7) 

 

ɻʜʝ: ʝ ï ʯʠʩʣʦ ʕʡʣʝʨʘ; i ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ; “ ï ʇʠ; x ï ʩʦʜʝʨʞʘʥʠʝ ɺ 

ʢʨʘʭʤʘʣʘ; y ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ; z ï ʩʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3 

ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ 27 ʥʘʙʣʶʜʝʥʠʷʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ = 

0.973, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 97.3% ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ, ʛʣʠʮʝʨʠʥʘ ʠ CaCO . ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ RĮ ʨʘʚʥʦ 

0.970, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʜʝʣʠ. ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ 

ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 1.646, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʦʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʧʨʝʜʩʢʘʟʘʥʥʳʭ. ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 14. 

ʂʘʞʜʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ, ʪʘʢ ʢʘʢ ʚʩʝ p-ʟʥʘʯʝʥʠʷ < 0.001. ɺ ʯʘʩʪʥʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ (%) ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ -

0.230), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʧʨʦʯʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʉʦʜʝʨʞʘʥʠʝ CaCO  (%) ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʴʰʝʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ 3.000). ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ (%) ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʯʥʦʩʪʴ (ʢʦʵʬʬʠʮʠʝʥʪ 1.839). ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ VIF = 1.000, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʩʨʝʜʠ ʧʨʝʜʠʢʪʦʨʦʚ. 

 

ʊʘʙʣʠʮʘ 14 - ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

 

ʇʝʨʝʤʝʥʥʘʷ ʂʦʵʬʬʠʮʠʝʥʪ 
ʉʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ 

t-

ʟʥʘʯʝʥʠʝ 

P-

ʟʥʘʯʝʥʠʝ 
VIF 

ʂʦʥʩʪʘʥʪʘ 2.627 1.457 -1.803 0.085 ð 

ʉʦʜʝʨʞʘʥʠʝ ɺ 

ʢʨʘʭʤʘʣʘ (%) 
-0.230 0.0194 -11.867 <0.001 1.000 

ʉʦʜʝʨʞʘʥʠʝ 

ʛʣʠʮʝʨʠʥʘ (%) 
1.839 0.0776 23.705 <0.001 1.000 

ʉʦʜʝʨʞʘʥʠʝ 

CaCO  (%) 
3.000 0.259 11.600 <0.001 1.000 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 15 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ (F = 279.098, 

P < 0.001), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʙʲʷʩʥʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ. 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 

16. ʈʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʐʘʧʠʨʦ-ʋʠʣʢʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʩʪʘʪʢʠ ʤʦʜʝʣʠ ʩʣʝʜʫʶʪ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (P = 0.296), ʘ ʪʝʩʪ ʥʘ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʩʪʦʷʥʥʘ (P = 0.380). 
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ʊʘʙʣʠʮʘ 15 ï ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠ 

 

ʀʩʪʦʯʥʠʢ 

ʚʘʨʠʘʮʠʠ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

(DF) 

ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ 

(SS) 

ʉʨʝʜʥʠʡ 

ʢʚʘʜʨʘʪ 

(MS) 

F-

ʟʥʘʯʝʥʠʝ 

P-

ʟʥʘʯʝʥʠʝ 

ʈʝʛʨʝʩʩʠʷ 3 2267.680 755.893 279.098 <0.001 

ʆʩʪʘʪʢʠ 23 62.292 2.708 ð ð 

ɺʩʝʛʦ 26 2329.972 89.614 ð ð 

 

ʊʘʙʣʠʮʘ 16 ï ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʤʦʜʝʣʠ 

 

ʊʝʩʪ ɿʥʘʯʝʥʠʝ P ʈʝʟʫʣʴʪʘʪ 

ʊʝʩʪ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ (ʐʘʧʠʨʦ-ʋʠʣʢʘ) 0.296 ʇʨʦʡʜʝʥ 

ʊʝʩʪ ʥʘ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ 

(ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʜʠʩʧʝʨʩʠʠ) 

0.380 ʇʨʦʡʜʝʥ 

 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʟʨʳʚ (MPa) ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ, ʛʣʠʮʝʨʠʥʘ ʠ CaCO  (ʚ 

ʧʨʦʮʝʥʪʘʭ). 

ʆʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

15 ʜʦ 30 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʯʥʦʩʪʠ LDPE ʠ HDPE, ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 5%, ʘ ʛʣʠʮʝʨʠʥʘ ʦʢʦʣʦ 10%. ʊʘʢʦʡ ʩʦʩʪʘʚ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ CaCO  ʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʚʥʷ ʛʣʠʮʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʣʝʥʢʠ.  

ʉ ʵʪʠʤʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʧʠʩʘʥʘ 

ʚ ʫʨʘʚʥʝʥʠʝ ʃʦʨʝʥʮʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʛʨʘʬʠʢʦʚ ʧʘʨ ʚʣʠʷʥʠʷ ʧʘʨ 

ʚʣʠʷʥʠʷ ʢʨʘʭʤʘʣ ï ʛʣʠʮʝʨʠʥ, ʢʘʨʙʦʥʘʪ ï ʢʨʘʭʤʘʣ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 4, 5. ʇʨʠ ʵʪʦʤ, ʠʟʤʝʥʷʷ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦʩʪʠ: ʫʚʝʣʠʯʝʥʠʝ ʢʨʘʭʤʘʣʘ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʧʣʝʥʢʠ, ʘ ʫʤʝʥʴʰʝʥʠʝ ʢʨʘʭʤʘʣʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʸ ʫʚʝʣʠʯʝʥʠʶ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʘʜʘʧʪʠʨʦʚʘʪʴ ʩʦʩʪʘʚ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʢʦʥʝʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ʋʯʠʪʳʚʘʷ ʯʪʦ ʨʘʩʯʝʪʳ ʣʦʢʘʣʴʥʳʭ ʦʧʪʠʤʫʤʦʚ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ 

ʧʦʜʪʚʝʨʜʠʣʦ ʯʪʦ ʞʝʣʘʝʤʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʚ ʧʨʝʜʝʣʘʭ 15- 30 ʄʇʘ, 

ʩʦʧʦʩʪʘʚʠʤʫʶ ʩ ʫʧʘʢʦʚʢʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʢʦʤʧʦʟʠʮʠʠ: PCL+50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ɺ-

ʢʨʘʭʤʘʣ, 60% PCL+40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ɺ-ʢʨʘʭʤʘʣ, 70% PCL+30% 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ɺ-ʢʨʘʭʤʘʣ ʚʦ ʚʩʝ ʦʙʨʘʟʮʳ ʚʥʦʩʷʪʩʷ 10% ʛʣʠʮʝʨʠʥʘ, 5% 

CaCO3 ʢ ʩʫʭʦʡ ʤʘʩʩʝ ʢʨʘʭʤʘʣʘ. 
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 ʉʦʜʝʨʞʘʥʠʝ ɺ ʢʨʘʭʤʘʣʘ,% 

 

ʈʠʩʫʥʦʢ 4 ï ʂʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʚʣʠʷʥʠʷ ʧʘʨʳ ʛʣʠʮʝʨʠʥ - ʧʰʝʥʠʯʥʳʡ ɺ 

ʢʨʘʭʤʘʣ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ 
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 ʉʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3,% 

 

ʈʠʩʫʥʦʢ 5 ï ʂʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʚʣʠʷʥʠʷ ʧʘʨʳ ʉʘʉʆ3- ʧʰʝʥʠʯʥʳʡ ɺ 

ʢʨʘʭʤʘʣ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ 
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ʊʘʙʣʠʮʘ 17 ï ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 ̄ ɺ 

ʂʨʘʭʤʘʣ 

(%) 

ɻʣʠʮʝʨʠʥ 

(%) 

CaCO  

(%) 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 

(MPa) 

ʆʪʢʣʦʥʝʥʠʝ 

(MPa) 

ʇʨʦʛʥʦʟ 

ʤʦʜʝʣʠ 

(MPa) 

1 30 10 5 25,11Ñ0.14 -1,247 23,863 

2 40 10 5 21,35Ñ0.17 0,213 21,563 

3 50 10 5 17,27Ñ0.26 1,993 19,263 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 17. 

ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʦʢʘʟʳʚʘʶʪ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ 

ʤʦʜʝʣʠ ʠ ʝʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ.  

 

3.4.2 ʆʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʩʪʘʚʦʚ ʧʦʣʫʯʝʥʠʷ ʛʨʘʥʫʣ ʠ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʡ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʧʰʝʥʠʯʥʦʛʦ A ʢʨʘʭʤʘʣʘ ʩ PCL ï ʧʦʣʠ-(Ů-ʢʘʧʨʦʣʘʢʪʦʥ) 

ɺ ʪʘʙʣʠʮʝ 18 ʧʨʠʚʝʜʝʥʘ ʤʘʪʨʠʮʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʩʦʯʝʪʘʥʠʷʤʠ ʬʘʢʪʦʨʦʚ ʪʨʝʭʬʘʢʪʦʨʥʦʛʦ ʧʣʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʦʜʠʨʦʚʘʥʥʦʤ ʠ 

ʥʘʪʫʨʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʠ ʠʟʤʝʨʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʦʤ ɸ. 

 

ʊʘʙʣʠʮʘ 18 - ʆʧʳʪʥʳʝ ʩʦʩʪʘʚʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʤʝʩʝʡ ʩ ʧʰʝʥʠʯʥʳʤ ɸ 

ʢʨʘʭʤʘʣʦʤ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʯʥʦʩʪʥʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʤʝʩʝʡ 

 

 ̄

ʂʦʜʠʨʦʚʘʥʥ

ʳʝ ʟʥʘʯʝʥʠʷ 
ʅʘʪʫʨʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʇʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʳʚ, MPa 

ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʜʘʥʥʳʝ 
x y z 

ʇʰʝʥʠʯʥʳʡ 

ɺ ʢʨʘʭʤʘʣ,% 

ɻʣʠʮʝʨʠʥ

,% 

ʉʘʉʆ3,

% 

1 2 3 4 5 6 7 8 

1 1 1 1 60 15 5 28,5000Ñ0.12 

2 0 1 1 40 15 5 32,3000Ñ0.10 

3 -1 1 1 20 15 5 34,4000Ñ0.14 

4 1 0 1 60 10 5 25,0000Ñ0.21 

5 0 0 1 40 10 5 28,9500Ñ0.12 

6 -1 0 1 20 10 5 35,2000Ñ0.33 

7 1 -1 1 60 5 5 20,5000Ñ0.34 

8 0 -1 1 40 5 5 26,4500Ñ0.68 

9 -1 -1 1 20 5 5 32,7000Ñ0.54 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 18 

 

1 2 3 4 5 6 7 8 

10 1 1 0 60 15 3,5 14,2500Ñ0.11 

11 0 1 0 40 15 3,5 18,2000Ñ0.09 

12 -1 1 0 20 15 3,5 24,4500Ñ0.04 

13 1 0 0 60 10 3,5 12,7500Ñ0.15 

14 0 0 0 40 10 3,5 16,7000Ñ0.17 

15 -1 0 0 20 10 3,5 22,9500Ñ0.35 

16 1 -1 0 60 5 3,5 10,2500Ñ0.44 

17 0 -1 0 40 5 3,5 14,2000Ñ0.34 

18 -1 -1 0 20 5 3,5 20,4500Ñ0.06 

19 1 1 -1 60 15 2 1,5000Ñ0.09 

20 0 1 -1 40 15 2 5,4500Ñ0.15 

21 -1 1 -1 20 15 2 11,7000Ñ0.28 

22 1 0 -1 60 10 2 1,2000Ñ0.08 

23 0 0 -1 40 10 2 3,9500Ñ0.07 

24 -1 0 -1 20 10 2 2,0000Ñ0.10 

25 1 -1 -1 60 5 2 2,2100Ñ0.12 

26 0 -1 -1 40 5 2 1,4500Ñ0.15 

27 -1 -1 -1 20 5 2 0,8800Ñ0.03 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). 

 

ʄʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʫʶ 

ʧʝʨʝʤʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ (MPa) ʥʘ ʦʩʥʦʚʝ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ: ʩʦʜʝʨʞʘʥʠʝ ɺ-ʢʨʘʭʤʘʣʘ (%), ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ (%) ʠ 

ʩʦʜʝʨʞʘʥʠʝ CaCO  (%). ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʬʦʨʤʫʣʝ 8. 

 

˜̘̝̑̏̎̏̒̓ ̎  ̜́̑́̈̑ρ̃πȟφψχὩ πȟρωπzὼ 

πȢτφσzώ ψȟφυτzᾀ                                                             (8) 

 

ɻʜʝ: ʝ ï ʯʠʩʣʦ ʕʡʣʝʨʘ; i ï ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ; “ ï ʇʠ; x ï ʩʦʜʝʨʞʘʥʠʝ A 

ʢʨʘʭʤʘʣʘ; y ï ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ; z ï ʩʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3 

ʄʦʜʝʣʴ ʧʦʩʪʨʦʝʥʘ ʥʘ 27 ʥʘʙʣʶʜʝʥʠʷʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ RĮ = 

0.968, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 96.8% ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ ʦʙʲʷʩʥʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝʤ ɸ-ʢʨʘʭʤʘʣʘ, ʛʣʠʮʝʨʠʥʘ ʠ CaCO . ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ RĮ ʨʘʚʥʦ 

0.964, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʦʜʝʣʠ. ʉʨʝʜʥʷʷ ʦʰʠʙʢʘ 

ʦʮʝʥʢʠ ʩʦʩʪʘʚʣʷʝʪ 2.195, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʙʦʣʴʰʦʝ ʩʨʝʜʥʝʝ ʦʪʢʣʦʥʝʥʠʝ 

ʥʘʙʣʶʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʦʪ ʧʨʝʜʩʢʘʟʘʥʥʳʭ. ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 19 
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ʊʘʙʣʠʮʘ 19 ï ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

 

ʇʝʨʝʤʝʥʥʘʷ ʂʦʵʬʬʠʮʠʝʥʪ ʉʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ 

t-

ʟʥʘʯʝʥʠʝ 

P-

ʟʥʘʯʝʥʠʝ 

VIF 

ʂʦʥʩʪʘʥʪʘ -10.687 1.943 -5.500 <0.001 ð 

ʉʦʜʝʨʞʘʥʠʝ ɸ-

ʢʨʘʭʤʘʣʘ (%) 

-0.190 0.0259 -7.364 <0.001 1.000 

ʉʦʜʝʨʞʘʥʠʝ 

ʛʣʠʮʝʨʠʥʘ (%) 

0.463 0.103 4.474 <0.001 1.000 

ʉʦʜʝʨʞʘʥʠʝ 

CaCO  (%) 

8.654 0.345 25.094 <0.001 1.000 

 

ʂʘʞʜʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ʦʢʘʟʳʚʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ, ʪʘʢ ʢʘʢ ʚʩʝ p-ʟʥʘʯʝʥʠʷ < 0.001. ɺ ʯʘʩʪʥʦʩʪʠ 

ʩʦʜʝʨʞʘʥʠʝ ɸ-ʢʨʘʭʤʘʣʘ (%) ʦʢʘʟʳʚʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ 

-0.190), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ɸ-ʢʨʘʭʤʘʣʘ ʧʨʦʯʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʮʝʨʠʥʘ (%) ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

(ʢʦʵʬʬʠʮʠʝʥʪ 0.463), ʥʦ ʝʛʦ ʚʣʠʷʥʠʝ ʤʝʥʝʝ ʚʳʨʘʞʝʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ CaCO . 

ʉʦʜʝʨʞʘʥʠʝ CaCO  (%) ʦʢʘʟʳʚʘʝʪ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʚʣʠʷʥʠʝ (ʢʦʵʬʬʠʮʠʝʥʪ 8.654), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʛʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʦʚʳʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ. ɺʩʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʤʝʶʪ VIF = 1.000, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʤʫʣʴʪʠʢʦʣʣʠʥʝʘʨʥʦʩʪʠ ʩʨʝʜʠ ʧʨʝʜʠʢʪʦʨʦʚ. 

 

ʊʘʙʣʠʮʘ 20 - ɼʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ANOVA) 

 

ʀʩʪʦʯʥʠʢ 

ʚʘʨʠʘʮʠʠ 

ʉʪʝʧʝʥʠ 

ʩʚʦʙʦʜʳ 

(DF) 

ʉʫʤʤʘ 

ʢʚʘʜʨʘʪʦʚ 

(SS) 

ʉʨʝʜʥʠʡ 

ʢʚʘʜʨʘʪ 

(MS) 

F-

ʟʥʘʯʝʥʠʝ 

P-

ʟʥʘʯʝʥʠʝ 

ʈʝʛʨʝʩʩʠʷ 3 3390.800 1130.267 234.656 <0.001 

ʆʩʪʘʪʢʠ 23 110.784 4.817 ð ð 

ɺʩʝʛʦ 26 3501.584 134.676 ð ð 

 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 20 

ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʘ (F = 234.656, 

P < 0.001), ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʦʙʲʷʩʥʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʠʟʤʝʥʯʠʚʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ. 

ʆʩʪʘʪʢʠ ʤʦʜʝʣʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ (P = 0.109), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʜʦʧʫʱʝʥʠʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ. ʊʝʩʪ ʥʘ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ (P 

= 0.787) ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʪʘʪʦʯʥʘʷ ʜʠʩʧʝʨʩʠʷ ʧʦʩʪʦʷʥʥʘ. 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʨʝʛʨʝʩʩʠʠ ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʦʪʦʯʥʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʜʣʷ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʥʘ 

ʨʘʟʨʳʚ (MPa) ʥʘ ʦʩʥʦʚʝ ʩʦʜʝʨʞʘʥʠʷ ɸ-ʢʨʘʭʤʘʣʘ, ʛʣʠʮʝʨʠʥʘ ʠ CaCO . ʊʝʩʪʳ ʥʘ 
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ʥʦʨʤʘʣʴʥʦʩʪʴ ʠ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ ʧʨʦʡʜʝʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʤʦʜʝʣʠ. 

 

ʊʘʙʣʠʮʘ 21 ï ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ 

 

ʊʝʩʪ ɿʥʘʯʝʥʠʝ 

P 

ʈʝʟʫʣʴʪʘʪ 

ʊʝʩʪ ʥʘ ʥʦʨʤʘʣʴʥʦʩʪʴ (ʐʘʧʠʨʦ-ʋʠʣʢʘ) 0.109 ʇʨʦʡʜʝʥ 

ʊʝʩʪ ʥʘ ʛʦʤʦʩʢʝʜʘʩʪʠʯʥʦʩʪʴ (ʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʜʠʩʧʝʨʩʠʠ) 

0.787 ʇʨʦʡʜʝʥ 

 

ʆʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʩʤʝʩʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʨʦʯʥʦʩʪʴ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

15 ʜʦ 30 ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʨʦʯʥʦʩʪʠ LDPE ʠ HDPE, ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʘ 

ʢʘʣʴʮʠʷ ʩʦʩʪʘʚʣʷʝʪ 5%, ʘ ʛʣʠʮʝʨʠʥʘ ʦʢʦʣʦ 10%. ʊʘʢʦʡ ʩʦʩʪʘʚ ʧʦʟʚʦʣʷʝʪ 

ʜʦʩʪʠʯʴ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘ ʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʣʠʷʥʠʷ CaCO  ʠ 

ʩʪʘʙʠʣʴʥʦʛʦ ʫʨʦʚʥʷ ʛʣʠʮʝʨʠʥʘ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʣʫʯʰʝʥʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ ʧʣʝʥʢʠ.  

ʉ ʵʪʠʤʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʧʠʩʘʥʘ 

ʚ ʫʨʘʚʥʝʥʠʝ ʃʦʨʝʥʮʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʪʫʨʥʳʭ ʛʨʘʬʠʢʦʚ ʧʘʨ ʚʣʠʷʥʠʷ ʧʘʨ 

ʚʣʠʷʥʠʷ ɸ ʢʨʘʭʤʘʣ ï ʛʣʠʮʝʨʠʥ, ʢʘʨʙʦʥʘʪ ï ɸ ʢʨʘʭʤʘʣ ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 6, 7. 

 

ʉ
ʦ
ʜ
ʝ
ʨ
ʞ
ʘ
ʥ
ʠ
ʝ
 
ʛ
ʣ
ʠ
ʮ
ʝ
ʨ
ʠ
ʥ
ʘ
,

%
 

 
 ʉʦʜʝʨʞʘʥʠʝ ɸ ʢʨʘʭʤʘʣʘ,% 

 

ʈʠʩʫʥʦʢ 6 ï ʂʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʚʣʠʷʥʠʷ ʧʘʨʳ ʛʣʠʮʝʨʠʥ - ʧʰʝʥʠʯʥʳʡ ɸ 

ʢʨʘʭʤʘʣ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ 
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ʆʧʪʠʤʘʣʴʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʧʦ ʧʨʦʯʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʤʦʜʝʣʠ ʦʪʦʙʨʘʥʳ: 50% PCL+50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ɸ-ʢʨʘʭʤʘʣ, 

60% PCL+40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ɸ-ʢʨʘʭʤʘʣ, 70% PCL+30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ 

ɸ-ʢʨʘʭʤʘʣ, ʚʦ ʚʩʝ ʦʙʨʘʟʮʳ ʚʥʦʩʷʪʩʷ 10% ʛʣʠʮʝʨʠʥʘ, 5% CaCO3 ʢ ʩʫʭʦʡ ʤʘʩʩʝ 

ʢʨʘʭʤʘʣʘ. 
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 ʉʦʜʝʨʞʘʥʠʝ ʉʘʉʆ3,% 

 

ʈʠʩʫʥʦʢ 7 ï ʂʦʥʪʫʨʥʳʡ ʛʨʘʬʠʢ ʚʣʠʷʥʠʷ ʧʘʨʳ ʉʘʉʆ3 - ʧʰʝʥʠʯʥʳʡ ɸ 

ʢʨʘʭʤʘʣ ʥʘ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʧʦʣʫʯʘʝʤʳʭ ʧʣʝʥʦʢ 

 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥ ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʦʜʝʣʠ ʠ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʤʦʜʝʣʠ ʠ ʝʝ ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ [237, 

c. 190].  

 

ʊʘʙʣʠʮʘ 22 ï ɼʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 

 ̄ ɸ 

ʂʨʘʭʤʘʣ 

(%) 

ɻʣʠʮʝʨʠʥ 

(%) 

CaCO  

(%) 

ʌʘʢʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ 

(MPa) 

ʆʩʪʘʪʦʢ 

ʨʝʛʨʝʩʩʠʠ 

(MPa) 

ʇʨʦʛʥʦʟ 

ʤʦʜʝʣʠ 

(MPa) 

1 30 10 5 30,02Ñ0.13 1,577 31,597 

2 40 10 5 28,95Ñ0.12 0,677 29,627 

3 50 10 5 25,14Ñ0.22 2,517 27,657 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). 
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ʈʠʩʫʥʦʢ 8 ï ɻʨʘʥʫʣʳ ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɸ (ʩʣʝʚʘ) ʠ ɺ 

ʢʨʘʭʤʘʣʘ (ʩʧʨʘʚʘ) 

 

 
ʈʠʩʫʥʦʢ 9 ï ɺʳʜʫʚʘʥʠʝ ʧʣʝʥʢʠ ʚ ʧʣʝʥʦʯʥʦʤ ʵʢʩʪʨʫʜʝʨʝ  

 

3.5 ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʚʦʜʦ-, 

ʤʠʢʨʦʙʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ, ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ. ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 10, 11. 
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ʈʠʩʫʥʦʢ 10 ï ʋʚʝʣʠʯʝʥʥʘʷ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʷ ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ PCL ʠ 

ʧʰʝʥʠʯʥʦʛʦ B-ʢʨʘʭʤʘʣʘ 40% 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 11 PCL ʠʤʝʝʪ ʛʣʘʜʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ʢʨʘʭʤʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʥʝʛʣʘʜʢʦʡ, 

ʟʝʨʥʠʩʪʦʡ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ ɺ-ʢʨʘʭʤʘʣʦʚ - ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʘʷ. ʇʨʠ ʙʦʣʴʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʥʘ ʨʠʩʫʥʢʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʚʩʪʨʦʝʥʥʳʝ ʚ ʩʠʩʪʝʤʫ PCL ʛʨʘʥʫʣʳ ʢʨʘʭʤʘʣʘ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʧʣʝʥʦʢ ʥʘʯʥʝʪʩʷ ʠʤʝʥʥʦ ʩ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʦʩʪʘʶʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ. 
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PCL 

  
PCL/A30% 

 
PCL/A40% 

  
PCL/A50% 

  
PCL/B30% 

  
PCL/B40% 

  
PCL/B50% 

 

ʈʠʩʫʥʦʢ 11 ï ʕʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʣʝʥʦʢ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʭʤʘʣʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ 
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ʂʨʠʚʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 12, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʨʦʮʝʩʩ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ PCL ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢ, ʥʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʪ 30 ʜʦ 325Áʉ ʦʙʨʘʟʝʮ ʧʦʣʠʤʝʨʘ ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ 

ʢ ʠʟʤʝʥʝʥʠʶ ʝʛʦ ʤʘʩʩʳ. ʆʩʥʦʚʥʦʡ ʵʪʘʧ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʦʣʠʤʝʨʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʠʘʧʘʟʦʥʝ 250Áʉ ~ 450Áʉ. ʇʨʦʠʟʚʦʜʥʘʷ ʢʨʠʚʘʷ dTG ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʧʦʣʠʤʝʨʝ: ʪʘʢ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ å 350Áʉ ʚʠʜʥʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ PCL ʥʘʯʠʥʘʝʪ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʧʠʢʘ ʧʨʠ å 425Áʉ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʚʥʘ å 48%/ʤʠʥ. ʇʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ 

ʧʦʣʥʦʩʪʴʶ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 460Áʉ, ʙʝʟ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ. ʅʘ 

ʢʨʠʚʦʡ ɼʉʂ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 60Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ 

ʧʠʢ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʣʘʚʣʝʥʠʝʤ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 350Áʉ ʜʦ 460Áʉ ʪʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʝʨʠʶ ʧʠʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʨʤʠʯʝʩʢʦʡ ʜʝʩʪʨʫʢʮʠʝʡ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 12, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 280Áʉ 

ʦʙʨʘʟʝʮ PCL/ɺ50% ʥʝ ʧʨʝʪʝʨʧʝʚʘʝʪ ʠʟʤʝʥʝʥʠʡ. ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ 

ʦʙʨʘʟʮʘ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ: 290Áʉ ~ 350Áʉ ʠ 360Áʉ ~ 

450Áʉ. ɺʳʰʝ 460Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʤʘʩʩʳ ʥʘ 

ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʟʘʚʝʨʰʝʥʠʝ ʨʝʘʢʮʠʠ 

ʨʘʟʣʦʞʝʥʠʷ.  ʆʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ å 75%. ʅʘ ʢʨʠʚʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʪʝʨʠ ʤʘʩʩʳ (DTG) ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʚʘ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʜʚʫʤ ʵʪʘʧʘʤ ʨʘʟʣʦʞʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʧʨʠ 318Áʉ ʠ 411Áʉ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ ʪʝʧʣʦʚʦʤʫ ʧʦʪʦʢʫ (ɼʉʂ) ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʧʠʢ ʩʦ 

ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ 60Áʉ ʠ ʥʝʙʦʣʴʰʦʡ ʧʠʢ ʧʨʠ 415Áʉ. 

ʀʟ ʨʠʩʫʥʢʘ 12 ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ PCL/A30% 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʵʪʘʧʘ ʩ ʜʠʘʧʘʟʦʥʘʤʠ 240Áʉ ï 360Áʉ ʠ 360Áʉ ï 460Áʉ. ʇʦʪʝʨʷ 

ʤʘʩʩʳ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʟʣʦʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 25%, ʘ ʥʘ ʚʪʦʨʦʤ ʦʢʦʣʦ 50%. 

ʇʠʢʠ ʥʘ ʢʨʠʚʦʡ ɼʊɻ ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ å 315Áʉ ʠ å 419Áʉ. ʊʝʧʣʦʚʦʡ 

ʧʦʪʦʢ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʭʘʨʘʢʪʝʨ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʦʙʨʘʟʮʘʭ. 

ʅʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ PCL/ɸ50% ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʨʠ 

ʵʪʘʧʘ ʚ ʜʠʘʧʘʟʦʥʘʭ ʪʝʤʧʝʨʘʪʫʨ 140Áʉ ~ 260Áʉ, 260Áʉ ~ 360Áʉ ʠ 360Áʉ ~ 440Áʉ. 

ʇʠʢʠ ʥʘ ʢʨʠʚʦʡ ɼʊɻ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʝʤʧʝʨʘʪʫʨʘʤ 220Áʉ, 320Áʉ ʠ 405Áʉ. 

ʆʙʱʘʷ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ~ 75%. ʅʘ ʢʨʠʚʦʡ ɼʉʂ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʳʝ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʝ ʧʠʢʠ ʧʨʠ ~60Áʉ ʠ ~410Áʉ. 
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ʅʘ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʢʨʠʚʦʡ PCL/ɸ40% ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ ʵʪʘʧʘ 

ʨʘʟʣʦʞʝʥʠʷ. ʇʝʨʚʳʡ ʵʪʘʧ ʦʭʚʘʪʳʚʘʝʪ ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ 160Áʉ å 260Áʉ, 

ʚʪʦʨʦʡ ʵʪʘʧ 270Áʉ å 360Áʉ ʠ ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ 360Áʉ å 440Áʉ. ʆʙʱʘʷ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʩʦʩʪʘʚʠʣʘ ʦʢʦʣʦ 75%. ʅʘ ʢʨʠʚʦʡ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʵʪʘʧʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚ ʧʨʝʜʝʣʘʭ ʜʦ 

0,4%/ʤʠʥ ʧʨʠ 200Áʉ, ʜʘʣʝʝ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʠʡ ʧʠʢ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 320Áʉ. ʉ ʪʝʤʧʝʨʘʪʫʨʳ 360Áʉ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ, ʜʦʩʪʠʛʘʶʱʝʛʦ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ 410Áʉ ʩ 

ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ 28%/ʤʠʥ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʩʦ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ ~460Áʉ. ʅʘ ʢʨʠʚʦʡ ɼʉʂ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

360Áʉ ʜʦ 440Áʉ ʧʨʠʩʫʪʩʪʚʫʝʪ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. 

ʊʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ PCL/ɺ40% ʧʦʣʠʤʝʨʘ ʥʘ ʨʠʩʫʥʢʝ 12 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʚʘ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʦʪ 275Áʉ ʜʦ 360Áʉ ʠ ʦʪ 360Áʉ ʜʦ 460Áʉ. 

ʇʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ ʥʘ ʧʝʨʚʦʤ ʠ ʚʪʦʨʦʤ ʵʪʘʧʘʭ ʩʦʩʪʘʚʣʷʝʪ ~20% ʠ ~50% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʢʨʠʚʳʭ ɼʊɻ ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ ʧʨʠ 320Áʉ ʠ 410Áʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʥʝʩʝʥʠʝ ʚ 

ʩʦʩʪʘʚ ʧʣʝʥʦʢ ʢʨʘʭʤʘʣʘ ʩʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʪʝʨʤʠʯʝʩʢʦʛʦ 

ʨʘʟʣʦʞʝʥʠʷ, ʠ ʧʨʠ ʵʪʦʤ ʧʦʪʝʨʷ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʝʪ 70-75%. 

ɺʚʝʜʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʦʤ) (PCL), 

ʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ (CaCO ) ʠ ʛʣʠʮʝʨʠʥʦʤ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʥʘ ʪʦʣʱʠʥʫ ʧʣʝʥʦʢ, ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ 

(WVP). ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 23 ʠ ʨʠʩʫʥʢʝ 13, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, 

ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ 

ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ. 

ʂʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʪʠʧʘ ɸ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ. ʅʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʘ ʧʣʝʥʢʠ PCL/A30% ʩʦʩʪʘʚʣʷʝʪ 

208 ʤʢʤ, ʪʦʛʜʘ ʢʘʢ ʫ PCL/A50% ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 815 ʤʢʤ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʠ ʦʙʲʝʤʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʫʣʫʯʰʝʥʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʩ PCL, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ ʧʣʝʥʦʯʥʦʡ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ: PCL/A30% 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʢʦʨʦʩʪʴ 11.08 ʤ/ʤʠʥ, ʪʦʛʜʘ ʢʘʢ ʫ PCL/A50% ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʜʦʩʪʠʛʘʝʪ 17.6 ʤ/ʤʠʥ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʣʝʥʢʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʚʣʘʛʦʫʜʝʨʞʘʥʠʶ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ 

ʛʠʛʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʚʝʜʝʥʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ 

ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ (WVP). 

ʂʦʤʧʦʟʠʮʠʠ ʩ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ WVP ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʧʣʝʥʢʠ. ʅʘʧʨʠʤʝʨ, PCL/ɺ30% 

ʠʤʝʝʪ WVP ʥʘ ʫʨʦʚʥʝ 21 ʛÅʤʤ/ʤĮÅʜÅʢʇʘ, ʪʦʛʜʘ ʢʘʢ ʫ PCL/ɺ50% ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 



72 

 

ʜʦʩʪʠʛʘʝʪ 215 ʛÅʤʤ/ʤĮÅʜÅʢʇʘ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʪʨʫʢʪʫʨʳ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ, ʢʦʪʦʨʳʡ, ʚʝʨʦʷʪʥʦ, ʬʦʨʤʠʨʫʝʪ ʤʝʥʝʝ ʧʣʦʪʥʫʶ 

ʩʝʪʴ ʚʥʫʪʨʠ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ, ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʝʥʢʠ ʜʣʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʪʦʣʱʠʥʘ ʧʣʝʥʦʢ ʩ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ ʚʦʟʨʘʩʪʘʝʪ 

ʥʝ ʪʘʢ ʩʫʱʝʩʪʚʝʥʥʦ, ʢʘʢ ʫ ʢʦʤʧʦʟʠʮʠʡ ʩ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɸ. ʅʘʧʨʠʤʝʨ, 

ʪʦʣʱʠʥʘ PCL/ɺ30% ʩʦʩʪʘʚʣʷʝʪ 109 ʤʢʤ, ʪʦʛʜʘ ʢʘʢ ʫ PCL/ɺ50% ʦʥʘ ʜʦʩʪʠʛʘʝʪ 

668 ʤʢʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʩʦʚʤʝʩʪʠʤʦʩʪʠ 

ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ ʩ PCL, ʘ ʪʘʢʞʝ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʫʶʱʠʭʩʷ 

ʩʪʨʫʢʪʫʨ. 

ʉʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ ʪʘʢʞʝ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʥʪʝʨʝʩʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʫ PCL/ɺ30% ʵʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 9.68 ʤ/ʤʠʥ, ʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʜʦ 

50% ʦʥ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 13.86 ʤ/ʤʠʥ. ʆʜʥʘʢʦ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʪʘʧʝ 

(PCL/ɺ40%) ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʩʥʠʞʘʝʪʩʷ ʜʦ 6.09 ʤ/ʤʠʥ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ ʧʨʠ ʨʦʩʪʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ: ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʘʭʤʘʣʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʩ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʝʥʢʠ, ʦʜʥʘʢʦ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʨʦʩʪʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʟʤʦʞʥʘ 

ʯʘʩʪʠʯʥʘʷ ʙʣʦʢʠʨʦʚʢʘ ʢʘʧʠʣʣʷʨʥʳʭ ʧʫʪʝʡ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ 

ʚʳʚʦʜʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ʪʠʧʘ ɸ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʚʝʣʠʯʝʥʠʶ ʪʦʣʱʠʥʳ ʧʣʝʥʦʢ ʠ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʚʣʘʛʦʫʜʝʨʞʘʥʠʶ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʧʣʦʪʥʳʭ, ʫʩʪʦʡʯʠʚʳʭ 

ʧʣʝʥʦʢ. ɺʦ-ʚʪʦʨʳʭ, ʢʨʘʭʤʘʣ ʪʠʧʘ ɺ ʦʢʘʟʳʚʘʝʪ ʚʳʨʘʞʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʜʝʣʘʷ ʪʘʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʣʝʥʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʣʷ ʚʦʜʷʥʦʛʦ 

ʧʘʨʘ. ɺ-ʪʨʝʪʴʠʭ, ʧʦʚʝʜʝʥʠʝ ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ ʚ ʢʦʤʧʦʟʠʮʠʷʭ ʩ ʢʨʘʭʤʘʣʦʤ 

ʪʠʧʘ ɺ ʥʦʩʠʪ ʥʝʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʣʦʞʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʫʪʨʠ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ. 

 

ʊʘʙʣʠʮʘ 23 ï ɺʦʜʦʨʝʟʠʩʪʝʥʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʦʢ 

 

ʉʦʩʪʘʚ ʦʙʨʘʟʮʘ 

ʢʨʘʭʤʘʣ/PCL/ 

CaCO3/ 

ʛʣʠʮʝʨʠʥ, w (%) 

ʊʦʣʱʠʥʘ 

ʧʦʣʠʤʝʨʘ 

(ɛm) 

ʉʢʦʨʦʩʪʴ 

ʘʜʩʦʨʙʮʠʠ 

(ʤ/ʤʠʥ) 

WVP (ʛ ʤʤ/ʤ2ʜ 

ʢʇʘ) 

20Áʉ; 100% RH 

1 2 3 4 

PCL 86Ñ 7 d 4.66 Ñ 0.44 c 11 Ñ 0.27 c 

PCL/A30% 208Ñ 27 c 11.08 Ñ 0.34 b 15 Ñ 0.54 c 

PCL/A40% 422Ñ 5 b 16.11 Ñ 0.43 a 23 Ñ 0.79 c 

PCL/A50% 815Ñ 13 a 17.6 Ñ 0.34 a 190 Ñ 7.22 b 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 23 

 

1 2 3 4 

PCL/ɺ30% 109Ñ 32 d 9.68 Ñ 0.24 c 21 Ñ 0.61 c 

PCL/ɺ40% 268Ñ 3 c 6.09Ñ 0.40 c 106 Ñ 4.68 b 

PCL/ɺ50% 668 Ñ 3 b 13.86 Ñ 0.46 b 215 Ñ 8.66 a 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 

 

 
ʈʠʩʫʥʦʢ 13 ï ɺʦʜʦʨʝʟʠʩʪʝʥʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʝʥʦʢ 

 

ɼʣʷ ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʙ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʢ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʰʪʘʤʤʘʤ ʧʨʦʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʯʠʩʪʳʭ ʢʫʣʴʪʫʨ ʧʦʯʚʝʥʥʳʭ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʫʣʴʪʫʨʳ ʧʣʝʩʥʝʚʳʭ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ Aspergillus niger, 

Penicillium pinophililum, Paecilomyces varioti, Trichoderma viride, Chaetomium 

globosum, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ISO EN 846 ʥʘ ʘʛʘʨʠʟʦʚʘʥʥʳʭ ʩʨʝʜʘʭ ʩ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʧʣʝʥʢʘʤʠ. ʀʥʢʫʙʘʮʠʷ ʩʨʝʜ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʙʦʣʝʝ 90% ʠ ʪʝʤʧʝʨʘʪʫʨʝ 25Ñ2Üʉ. ɼʣʠʪʝʣʴʥʦʩʪʴ 

ʠʩʧʳʪʘʥʠʡ ʥʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʚ ʦʙʱʝʤ ʩʦʩʪʘʚʣʷʣ 27 ʜʥʝʡ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʢʦʥʪʨʦʣʝʤ (ʨʠʩʫʥʦʢ 14).  
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ɸ ï PCL, ɹ ïPCL/30%A, B ïPCL/40%A, ɻ ïPCL/50%A, ɼ ïPCL/30%B, ɾ ï

PCL/40%B, ɿ ï PCL/50%B  

 

ʈʠʩʫʥʦʢ 14 - ʈʘʟʚʠʪʠʝ ʧʦʯʚʝʥʥʳʭ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʧʦʣʠʤʝʨʝ  

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʧʣʝʩʥʝʚʳʭ ʛʨʠʙʦʚ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʣʝʥʢʝ 

ʦʮʝʥʠʚʘʣʠ ʚʠʟʫʘʣʴʥʦ ʧʦ ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʠʷ 

ʢʫʣʴʪʫʨ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʝʨʚʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 7-ʦʡ ʜʝʥʴ ʧʦʩʣʝ 

ʟʘʩʝʚʘ ʢʫʣʴʪʫʨ, ʚ ʥʘʯʘʣʝ ʠʥʢʫʙʘʮʠʠ ʥʘʠʙʦʣʴʰʠʡ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʷʚʠʣʘ 

Trihoderma viride, ʧʦʢʨʳʚʘʷ ʧʦʣʥʦʩʪʴʶ ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʰʢʠ. ʇʦʩʣʝ 14 ʜʥʝʡ 

ʥʘʙʣʶʜʘʣʩʷ ʨʦʩʪ ʦʩʪʘʣʴʥʳʭ ʩʘʧʨʦʪʦʬʥʳʭ ʛʨʠʙʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ 27 ʩʫʪʢʠ ʥʘ ʯʠʩʪʦʤ PCL ʙʝʟ ʥʘʧʦʣʥʠʪʝʣʝʡ ʨʦʩʪ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ ʙʳʣ 

ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʪʘʭ, ʦʭʚʘʪʳʚʘʷ ʚ ʮʝʣʦʤ ʥʝ ʙʦʣʝʝ 25% 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʦʮʝʥʢʘ ʧʦ ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ï 2. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ ʧʝʨʚʳʝ 7 ʜʥʝʡ ʥʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʣʝʥʢʝ ʩ 30ï40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ 

ʢʨʘʭʤʘʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʪʠʧʘ ɸ ʙʳʣ ʧʦ ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʨʘʚʝʥ - 4, ʪ. ʝ. ʨʦʩʪ 

ʛʨʠʙʦʚ ʚʠʜʝʥ ʥʝʚʦʦʨʫʞʝʥʥʳʤ ʛʣʘʟʦʤ ʠ ʟʘʥʠʤʘʣ ʙʦʣʝʝ 50% ʧʦʚʝʨʭʥʦʩʪʠ. 

ʉʠʣʴʥʳʡ ʨʦʩʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʣʝʥʢʝ ʩ 50% 
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ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʴʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ ʪʠʧʘ ɸ, ʧʦ 

ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ʨʘʚʝʥ ï 5, ʪ.ʝ. ʰʪʘʤʤʳ ʛʨʠʙʦʚ ʧʦʢʨʳʚʘʶʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ.  

ʈʦʩʪ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ 30% 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ɺ-ʢʨʘʭʤʘʣʦʤ ʦʮʝʥʝʥʦ ʧʦ ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ ï 4, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩ 40% ʚ ʩʦʩʪʘʚʝ ʢʨʘʭʤʘʣʘ ʨʦʩʪ ʛʨʠʙʦʚ ʦʙʭʚʘʪʳʚʘʶʪ ʚʩʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʠ ʦʮʝʥʝʥ ʧʦ ʙʘʣʣʴʥʦʡ ʰʢʘʣʝ - 5, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʤʘʣʝʥʴʢʠʤ ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ ɺ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ 

ʨʘʟʨʫʰʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʠ ʥʘʣʠʯʠʝʤ ʙʝʣʢʘ, ʣʠʧʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʪʣʠʯʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʛʨʠʙʦʚ. 

ʇʦ ʠʩʪʝʯʝʥʠʝ 27 ʜʥʝʡ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʢʨʦʤʝ ʨʦʩʪʘ Trichoderma viride 

ʥʘʙʣʶʜʘʶʪʩʷ ʨʦʩʪ ʦʩʪʘʣʴʥʳʭ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ, ʨʦʩʪ ʰʪʘʤʤʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ PCL ʥʝ ʘʢʪʠʚʥʳʡ, ʥʘ ʪʦʤ ʞʝ ʫʨʦʚʥʝ, ʯʪʦ ʚ ʧʝʨʚʳʝ 7 ʜʥʝʡ. 

ɸʢʪʠʚʥʦʩʪʴ ʨʦʩʪʘ ʩ 30-40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʴʥʳʤ 

ʥʘʧʦʣʥʠʪʝʣʝʤ ʪʠʧʘ ɸ ʠ ɺ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 4 ʙʘʣʣʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 7 ʜʥʝʚʥʳʤ 

ʨʦʩʪʦʤ ʦʩʪʘʣʩʷ ʥʝʠʟʤʝʥʥʳʤ. ɸ ʚ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʢʘʭ 

ʥʝʚʦʦʨʫʞʸʥʥʳʤ ʛʣʘʟʦʤ ʚʠʜʝʥ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʚʩʝʭ ʚʠʜʦʚ ʩʘʧʨʦʪʨʦʬʥʳʭ ʛʨʠʙʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʨʘʭʤʘʣʴʥʳʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʢ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʤʫ 

ʨʘʟʨʫʰʝʥʠʶ. ʆʜʥʘʢʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʤʠ ʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤ ʙʳʣʠ 

ʧʣʝʥʢʠ ʩ 30-40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʠ ɺ, ʯʝʤ ʩ 

50%-ʥʳʤ ʢʨʘʭʤʘʣʦʤ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʠʜʘʥʠʝʤ ʢʨʘʭʤʘʣʫ ʛʠʜʨʦʬʦʙʥʦʩʪʠ ʧʨʠ 

ʤʦʜʠʬʠʢʘʮʠʠ.  

ɺ ʪʘʙʣʠʮʝ 24 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʢʩʪʨʘʢʪʦʚ ʢʦʤʧʦʩʪʘ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʙʠʦʜʝʛʨʘʜʘʮʠʠ.  

 

ʊʘʙʣʠʮʘ 24 - ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʦʥʠʡ ʙʘʢʪʝʨʠʡ (ʂʆɽ) ʠʟ ʚʦʜʥʦʛʦ ʵʢʩʪʨʘʢʪʘ 

ʢʦʤʧʦʩʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʨʘʟʥʳʝ ʦʙʨʘʟʮʳ 

 

ʆʙʨʘʟʝʮ ʧʣʝʥʢʠ ʂʦʣʠʯʝʩʪʚʦ ʂʆɽ/ʤʣ Ĭ104 

PCL 0.69 Ñ 0.03 a 

PCL/A30% 1.30 Ñ 0.07 c 

PCL/A40% 1.73 Ñ 0.09 b 

PCL/A50% 2.09 Ñ 0.11 d 

PCL/ɺ30% 1.96 Ñ 0.10 b 

PCL/ɺ40% 2.21 Ñ 0.14 d 

PCL/ɺ50% 2.38 Ñ 0.15 d 

ʎʝʣʣʶʣʦʟʘ ɹʘʢʪʝʨʠʘʣʴʥʳʡ ʛʘʟʦʥ 

ʂʦʥʪʨʦʣʴ 0.7 Ñ 0.03 a 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 
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ʂʦʥʪʨʦʣʴ ï ʵʢʩʪʨʘʢʪ ʯʠʩʪʦʛʦ ʢʦʤʧʦʩʪʘ, ʮʝʣʣʶʣʦʟʘ. ɺ ʭʦʣʦʩʪʦʤ ʦʙʨʘʟʮʝ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʂʆɽ 0,7 Ĭ 104, ʘ ʮʝʣʣʶʣʦʟʘ ʧʦʣʥʦʩʪʴʶ ʟʘʨʦʩʣʘ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ ʂʆɽ ʙʳʣʦ ʙʦʣʴʰʝ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʢʦʤʧʦʩʪʘ, 

ʧʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʢ, ʥʘʧʦʣʥʝʥʥʳʭ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ɸ 

ʠ ɺ ʢʨʘʭʤʘʣʦʤ ʩ PCL, ʯʝʤ ʚ ʢʦʥʪʨʦʣʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʨʦʩʪ 

ʙʘʢʪʝʨʠʡ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʫʢʪʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʢ 

ʩʯʠʪʘʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʭ 

ʢʨʘʭʤʘʣʦʚ ʚ ʩʠʩʪʝʤʫ PCL ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʢʠ, ʦʜʥʘʢʦ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ ʦʩʪʘʶʪʩʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʫʨʦʚʥʝ. ʂʨʠʚʳʝ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʠʘʧʘʟʦʥ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʢʨʘʭʤʘʣʦʤ 

ʠʤʝʝʪ ʩʭʦʜʩʪʚʦ ʩ ʜʘʥʥʳʤʠ PCL. ʀʟʤʝʥʝʥʠʷ ʵʣʘʩʪʠʯʥʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʨʘʭʤʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 30-50%, ʪʘʢ ʢʘʢ ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝ ʚʭʦʜʷʱʠʭ ʚ ʫʢʘʟʘʥʥʳʡ ʜʠʘʧʘʟʦʥ, ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʭʨʫʧʢʦʩʪʠ ʧʣʝʥʦʢ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʜʣʷ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʣʠʤʝʨʥʳʝ ʧʣʝʥʢʠ ʙʳʣʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʦʥʠ 

ʜʦʣʞʥʳ ʠʤʝʪʴ ʧʦʢʘʟʘʪʝʣʴ ʵʣʦʥʛʘʮʠʠ ʥʝ ʤʝʥʝʝ 100% ʠ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ ʢʘʢ 

ʤʠʥʠʤʫʤ ʚ 28 MPa, ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʚ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʦʙʨʘʟʮʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʚ 40%. ʂʦʣʠʯʝʩʪʚʦ 

ʂʆɽ ʙʳʣʦ ʙʦʣʴʰʝ ʥʘ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʢʦʤʧʦʩʪʘ, ʧʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʢ, 

ʥʘʧʦʣʥʝʥʥʳʭ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ɸ ʠ ɺ ʢʨʘʭʤʘʣʦʤ ʩ PCL, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʨʦʩʪ ʙʘʢʪʝʨʠʡ ʚ ʦʙʨʘʟʮʘʭ ʧʦʯʚʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʦʜʫʢʪʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʢ ʩʯʠʪʘʶʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤʠ. 

ɺ ʮʝʣʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʣʝʥʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ 

ʢʨʘʭʤʘʣ, ʦʙʣʘʜʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʛʠʜʨʦʬʦʙʥʦʩʪʴʶ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʭʦʨʦʰʝʡ ʤʠʢʨʦʙʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ. ʕʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʣʝʥʦʢ ʥʝ ʪʦʢʩʠʯʥʦʩʪʠ ʜʣʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. 

 

3.6 ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ 

ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ 

 

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ï ʵʪʦ ʧʨʦʮʝʩʩ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʩʪ ʧʨʠ ʟʘʢʘʧʳʚʘʥʠʠ ʚ 

ʧʦʯʚʫ ʙʦʣʴʰʝ, ʯʝʤ ʢʘʢʠʝ-ʣʠʙʦ ʜʨʫʛʠʝ ʪʝʩʪʳ, ʦʪʨʘʞʘʝʪ ʨʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ [238]. 

ɹʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʦʜ 

ʟʘʢʘʧʳʚʘʥʠʷ ʚ ʧʦʯʚʫ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʷʚʣʷʝʪʩʷ ʤʝʜʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʚ 

ʦʩʥʦʚʥʦʤ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʩʘʯʠʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʫʩʢʦʨʠʪʴ 

ʧʨʦʮʝʩʩ ʰʠʨʦʢʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʩʨʝʜʘ ï 

ʢʦʤʧʦʩʪ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʨʝʞʠʤʘʤʠ. ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʦʙʨʘʟʮʦʚ ʧʨʦʜʫʢʪʘ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʦʪʝʨʝ ʚʝʩʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ [178. 

c. 130] ʠ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ (ʨʠʩʫʥʦʢ 15). ʇʨʦʙʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ 
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ʚʳʢʘʧʳʚʘʣʠ ʩ ʠʥʪʝʨʚʘʣʦʤ ʠʟ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʢʘʞʜʳʝ 10 ʜʥʝʡ, ʠʟ ʢʦʤʧʦʩʪʘ 

ʢʘʞʜʳʝ 5 ʜʥʝʡ, ʧʨʦʤʳʚʘʣʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʩʫʰʠʣʠ ʚ ʪʝʯʝʥʠʝ 24 ʯ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʟʚʝʰʠʚʘʣʠ.  

ʏʝʨʝʟ 10 ʜʥʝʡ ʧʦʩʣʝ ʧʦʤʝʱʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʝʨʚʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦʪʝʨʠ 

ʤʘʩʩʳ. ʇʦʪʝʨʷ ʤʘʩʩʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚ ʧʦʯʚʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʠ ʧʦʯʚʝʥʥʦʤ ʢʦʤʧʦʩʪʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 25.  

ɺʩʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʚ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʦʜʚʝʨʛʘʣʠʩʴ ʙʳʩʪʨʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

10 ʜʥʝʡ. ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʙʳʣʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʘʙʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʦʡ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʛʦ 

ʩʣʫʞʘʪ ʨʠʩʫʥʢʠ 16 ʠ 17. 

 

  
ʈʠʩʫʥʦʢ 15 ï ʊʝʩʪ ʧʨʠ ʟʘʢʘʧʳʚʘʥʠʠ ʚ ʧʦʯʚʫ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʥʘ 

ʨʘʟʣʦʞʝʥʠʷ  

 

ɺ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ ʨʘʟʣʦʞʝʥʠʝ PCL ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɸ ʧʨʦʭʦʜʠʣʘ ʤʝʜʣʝʥʥʝʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ, ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ, ʢʘʢ ʠ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʣʢʘ ʠ ʣʠʧʠʜʦʚ ʚ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʤ 

ʧʰʝʥʠʯʥʦʤ ʢʨʘʭʤʘʣʝ ʪʠʧʘ ɺ. 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ ʧʣʝʥʢʠ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ 

ʨʘʟʣʘʛʘʣʠʩʴ ʙʳʩʪʨʝʝ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʠ ɺ ʨʘʟʣʦʞʝʥʠʝ ʥʘ 10 ʜʝʥʴ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 35,92ï43,75% ʠ 

26,65ï44,21%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʢʦʥʪʘʤʠʥʘʮʠʝʡ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʠʜʝʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʠʭ ʨʘʟʚʠʪʠʷ. ʈʠʩʫʥʦʢ 16, 17 

ʯʝʪʢʦ ʧʦʢʘʟʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʙʠʦʜʝʛʨʘʜʘʮʠʠ PCL ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʚ 

ʦʙʦʠʭ ʩʨʝʜʘʭ. 
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ɸ ï PCL, ɹ ïPCL/30%A, B ïPCL/40%A, ɻ ïPCL/50%A, ɼ ïPCL/30%B, ɾ ï

PCL/40%B, ɿ ï PCL/50%B  

 

ʈʠʩʫʥʦʢ 16 ï ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʜʦ ʠ ʧʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʧʦʯʚʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

 

 
10 ʜʝʥʴ 

ɸ ï PCL, ɹ ï PCL/30%B, B ï PCL/40%B, ɻ ï PCL/50%B, ɼ ï PCL/30%A, ɾ ï 

PCL/40%A, ɿ  ï, PCL/50%A 

 

ʈʠʩʫʥʦʢ 17 ï ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʜʦ ʠ ʧʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ 

ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

 

 

 

 

 

 

 

 

          ɸ                    ɹ                  ɺ                    ɻ                   ɼ                     ɾ                    ɿ 

 

0 ʜʝʥʴ 
 

 

 

 

 

 

          ɸ                    ɹ                  ɺ                    ɻ                   ɼ                     ɾ                    ɿ 

 

30 ʜʝʥʴ  

 

 

 

 

 

 

 

 

           ɸ                    ɹ                    ɺ                    ɻ                   ɼ                   ɾ                  ɿ 

0 ʜʝʥʴ 

 

 

 

 

 

 

           ɸ                    ɹ                    ɺ                    ɻ                   ɼ                   ɾ                  ɿ 
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ɺ ʪʝʯʝʥʠʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʣʠ ʟʘ ʧʨʦʠʩʭʦʜʷʱʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʢʘʭ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʣʠ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʦʤ.  

ɼʦ ʟʘʢʣʘʜʢʠ ʧʣʝʥʢʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʙʳʣʠ ʧʨʦʟʨʘʯʥʳʤʠ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧh ʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ - ʠʤʝʣʠ ʧʨʦʟʨʘʯʥʦ-ʞʝʣʪʳʡ ʮʚʝʪ, ʧʦʩʣʝ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʢʨʦʤʝ ʧʣʝʥʦʢ PCL ʚʩʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʧʦʤʫʪʥʝʣʠ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʪʘʢʦʡ ʥʘ ʫʛʣʝʚʦʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʧʣʝʥʢʠ 

ʠ ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʦʜʥʘʢʦ 

ʩʪʨʫʢʪʫʨʥʘʷ ʤʘʪʨʠʮʘ ʧʣʝʥʢʠ ʦʩʪʘʣʘʩʴ ʥʝʟʘʪʨʦʥʫʪʦʡ. 

 

ʊʘʙʣʠʮʘ 25 - ʇʦʪʝʨʷ ʤʘʩʩʳ ʧʦʣʠʤʝʨʘ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʨʦʙ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʇʨʦʙʳ ɹʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʧʦʯʚʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ  

ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ 

ʧʦʯʚʝʥʥʦʤ ʢʦʤʧʦʩʪʝ 

ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ  

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʢʦʥʪʨʦʣʷ. ʩʫʪ. ʇʝʨʠʦʜʠʯʥʦʩʪʴ 

ʢʦʥʪʨʦʣʷ. ʩʫʪ. 

0 10 20 30 0 5 10 

PCL 100 

Ñ0.00 

99.35 

Ñ0.01 

99.19 

Ñ0.02 

98.95 

Ñ0.02 

100 

Ñ0.00 

96.33 

Ñ0.01 

94.69 

Ñ0.02 

PCL/A30% 100 

Ñ0.00 

99.399 

Ñ0.02 

99.22 

Ñ0.08 

99.02 

Ñ0.03 

100 

Ñ0.00 

75.24 

Ñ0.11 

64.08 

Ñ0.13 

PCL/A40% 100 

Ñ0.00 

99.180 

Ñ0.04 

98.818 

Ñ0.08 

98.40 

Ñ0.05 

100 

Ñ0.00 

82.56 

Ñ0.02 

62.18 

Ñ0.10 

PCL/A50% 100 

Ñ0.00 

98.11 

Ñ0.08 

97.99 

Ñ0.07 

97.91 

Ñ0.06 

100 

Ñ0.00 

76.88 

Ñ0.07 

56.25 

Ñ0.06 

PCL/ɺ30% 100 

Ñ0.00 

89.82 

Ñ0.02 

89.65 

Ñ0.05 

89.42 

Ñ0.01 

100 

Ñ0.00 

84.31 

Ñ0.06 

73.35 

Ñ0.07 

PCL/ɺ40% 100 

Ñ0.00 

82.64 

Ñ0.04 

82.40 

Ñ0.01 

82.14 

Ñ0.03 

100 

Ñ0.00 

75.83 

Ñ0.09 

58.72 

Ñ0.12 

PCL/ɺ50% 100 

Ñ0.00 

75.65 

Ñ0.08 

75.49 

Ñ0.08 

75.37 

Ñ0.03 

100 

Ñ0.00 

71.67 

Ñ0.06 

55.29 

Ñ0.09 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3).  

 

ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ ʧʦʩʣʝ 10 ʜʥʝʡ ʧʦʣʦʚʠʥʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʠʣʘʩʴ, ʢʨʦʤʝ PCL ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ. ʆʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʰʝʨʦʭʦʚʘʪʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʪʠʭ ʧʣʝʥʦʢ ʩ 

ʦʪʚʝʨʩʪʠʷʤʠ (ʨʠʩʫʥʦʢ 17). 
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ʀʟ ʨʠʩʫʥʢʘ 18 ʭʦʨʦʰʦ ʚʠʜʥʘ ʜʠʥʘʤʠʢʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʫ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ: 70% PCL+30% 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ, 60% PCL+40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ, 50% PCL+50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɺ. 

 

 
ɸ 

 
ɹ 

ɸ ïʙʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ, ɹ ï ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʚ 

ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ 

 

ʈʠʩʫʥʦʢ 18 ï ɼʠʥʘʤʠʢʘ ʧʦʪʝʨʠ ʤʘʩʩʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ, ʟʘʣʦʞʝʥʥʳʝ 

ʚ ʧʦʯʚʝ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ  

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ 

ʙʳʩʪʨʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʩʢʣʦʥʥʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ 

ʧʰʝʥʠʯʥʳʤ ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ, ʯʝʤ ʙʦʣʴʰʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʪʝʤ ʚʳʰʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʣʝʥʦʢ. ɺ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʧʣʝʥʢʘʤʠ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʦʷʚʠʣʠ ʧʣʝʥʢʘ ʠʟ PCL ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʘʷ ʧʣʝʥʢʘ ʩ PCL ʠ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ 

ʢʨʘʭʤʘʣʦʤ ʪʠʧʘ ɺ [239, c. 222]. 

 

3.7 ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʦʩʣʝ 

ʙʠʦʜʝʛʨʘʜʘʮʠʠ 

 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʤʦʨʬʦʣʦʛʠʠ ʚʩʝʭ ʧʣʝʥʦʢ, ʚʢʣʶʯʘʷ PCL ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʧʨʦʙʳ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʧʣʝʥʦʢ ʧʦʜʜʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʚʢʣʶʯʘʷ PCL. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʜʦ ʙʠʦʜʝʛʨʘʜʘʮʠʠ (ʨʠʩʫʥʦʢ 19, 20) ʚʠʜʥʳ 

ʨʘʚʥʦʤʝʨʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʩʦʟʜʘʥʥʘʷ ʤʘʪʨʠʮʘ ʩ ʧʦʤʦʱʴʶ ʩʠʥʪʝʪʠʯʝʩʢʦʛʦ ʩʦʧʦʣʠʤʝʨʘ ʚ ʚʠʜʝ ʢʘʨʢʘʩʘ, 

ʚʩʪʨʦʝʥʥʦʛʦ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ 

ʢʨʘʭʤʘʣʘ. ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʨʘʟʤʝʨ ʛʨʘʥʫʣ ɸ ʠ ɺ ʢʨʘʭʤʘʣʘ ʦʪʣʠʯʘʝʪʩʷ, ʚ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ ʚʠʜʥʳ ʨʘʟʥʠʮʳ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʦʚʝʨʭʥʦʩʪʴ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ɺ ʢʨʘʭʤʘʣʦʤ 
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ʛʣʘʜʢʘʷ ʧʨʠ 30 ʠ 40%, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʚʠʜʥʳ 

ʩʣʝʜʳ ʤʝʣʢʠʭ ʛʨʘʥʫʣ.  

 
ʈʠʩʫʥʦʢ 19 - ɺʣʠʷʥʠʝ ʢʦʤʧʦʩʪʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ 

ʨʘʟʣʦʞʝʥʠʝ PCL ʠ   ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ 

ɸ ʢʨʘʭʤʘʣʦʤ 
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ʈʠʩʫʥʦʢ 20 - ɺʣʠʷʥʠʝ ʢʦʤʧʦʩʪʥʦʡ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʥʘ 

ʨʘʟʣʦʞʝʥʠʝ PCL ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ 

ɺ ʢʨʘʭʤʘʣʦʤ 
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ʊʘʢ ʢʘʢ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʦʞʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ ʦʙʦʠʭ 

ʩʨʝʜ. ʇʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʚ ʦʙʨʘʟʮʘʭ PCL 

ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʪʨʝʱʠʥʳ ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʪʦʛʜʘ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʝ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʪʦʣʴʢʦ ʪʨʝʱʠʥʘʤʠ. ɼʦʙʘʚʣʝʥʠʷ ʚ ʤʘʪʨʠʮʫ ʧʣʝʥʦʢ 30% 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʚʠʜʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɸ ʢʨʘʭʤʘʣʘ ʫʚʝʣʠʯʠʣʦ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʨʘʟʤʝʨ ʦʪʚʝʨʩʪʠʡ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ. ɺ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʨʘʟʣʦʞʝʥʠʝ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʦʪʣʠʯʘʝʪʩʷ ʩ 

ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʨʘʟʤʝʨʦʤ ʦʪʚʝʨʩʪʠʡ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʜʦ 40% ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʢʘʭ, 

ʨʘʟʣʦʞʝʥʥʳʭ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʭʦʨʦʰʦ ʟʘʤʝʪʥʳ ʢʨʫʛʣʳʝ ʚʳʝʤʢʠ 

ʚ ʢʦʪʦʨʳʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʩʪʘʥʢʠ ʥʝ ʨʘʟʣʦʞʝʥʥʳʭ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ, 

ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʫʶ ʙʠʦʜʝʛʨʘʜʘʮʠʶ. ɸ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ 

ʩʨʝʜʝ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʢʘʢ ʪʘʢʦʚʳʭ ʨʘʟʣʦʞʝʥʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʧʰʝʥʠʯʥʳʤ ɺ ʢʨʘʭʤʘʣʦʤ 

ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʢʦʤʧʦʩʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʚʳʝʤʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʟʤʝʨʘʤ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ ɺ ʪʠʧʘ, ʘ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ, ʨʘʟʣʦʞʝʥʥʳʝ ʚ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ, ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ, 

ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ɺ 

ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ ʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʧʣʝʥʢʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 50% 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ B ʢʨʘʭʤʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʣʦʞʝʥʠʝ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʠ ʚʠʜʥʳ ʪʦʣʴʢʦ ʢʨʘʪʝʨʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʙʣʶʜʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʣʠʯʠʠ ʦʪ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʧʨʦʭʦʜʠʪ ʵʬʬʝʢʪʠʚʥʝʝ ʚ 

ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40%, 

50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ɸ ʢʨʘʭʤʘʣʘ ʠ 50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʧʰʝʥʠʯʥʦʛʦ ɺ ʢʨʘʭʤʘʣʘ ʣʝʛʢʦ ʧʦʜʜʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ.  

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʘʥʘʣʠʟʳ ʀʂ-ʩʧʝʢʪʨʦʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ. 

ʀʂ-ʩʧʝʢʪʨʳ PCL, PCL/A30%, PCL/A40%, PCL/A50%, PCL/ɺ30%, PCL/ɺ40%, 

PCL/ɺ50% (ʜʦ ʠ ʧʦʩʣʝ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʚ ʨʘʟʥʳʭ ʤʝʪʦʜʘʭ ʜʝʛʨʘʜʘʮʠʠ) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 21, 22 ʠ 23.  

ɼʝʛʨʘʜʠʨʦʚʘʥʥʳʝ PCL ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʤʝʪʦʜʦʤ FTIR. ɼʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ FTIR-

ATR, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʛʨʘʜʘʮʠʠ ʦʙʨʘʟʮʦʚ ʧʦʣʠʤʝʨʘ. ʂʘʨʙʦʥʠʣʴʥʳʡ 

ʠʥʜʝʢʩ (ʂʀ) ʨʘʩʩʯʠʪʳʚʘʣʠ ʠʟ ʦʪʥʦʰʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ 

ʢʘʨʙʦʥʠʣʘ ʧʨʠ 1720 ʩʤ 1 ʢ ʧʠʢʫ ʧʦʛʣʦʱʝʥʠʷ ʉʅ2 ʧʨʠ 1398 ʩʤ -1.  
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PCL 

 
PCL/A30% PCL/A40% 

 
PCL/B50% PCL/B30% 

 

ʈʠʩʫʥʦʢ 21 -  ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï 

ʜʦ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʢʦʤʧʦʩʪʥʦʡ ʩʨʝʜʝ, ʩʠʥʷʷ 

ʣʠʥʠʷ ï ʙʠʦʜʝʛʨʘʜʘʮʠʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ) 
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ɸ ï ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʰʝʥʠʯʥʳʡ ɸ ʢʨʘʭʤʘʣ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï PCL/ɸ30%, 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï PCL/ɸ 40%, ʩʠʥʷʷ ʣʠʥʠʷ ï PCL/ɸ50%); ɹ ï 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʰʝʥʠʯʥʳʡ ɺ ʢʨʘʭʤʘʣ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï PCL/ ɺ30%, 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï  PCL/ɺ40%, ʩʠʥʷʷ ʣʠʥʠʷ ï PCL/ɺ50%) 

 

ʈʠʩʫʥʦʢ 22 - ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʢʦʤʧʦʩʪʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ 

 

 
ɸ ï ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʰʝʥʠʯʥʳʡ ɸ ʢʨʘʭʤʘʣ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï PCL/ɸ30%, 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï PCL/ɸ 40%, ʩʠʥʷʷ ʣʠʥʠʷ ï PCL/ɸ50%); ɹ ï 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʧʰʝʥʠʯʥʳʡ ɺ ʢʨʘʭʤʘʣ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ ï PCL/ ɺ30%, 

ʟʝʣʝʥʘʷ ʣʠʥʠʷ ï PCL/ɺ40%, ʩʠʥʷʷ ʣʠʥʠʷ ï PCL/ɺ50%) 

 

ʈʠʩʫʥʦʢ 23 - ɹʠʦʜʝʛʨʘʜʘʮʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʝ 

 

ʉʧʝʢʪʨʳ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 21 ʯʝʪʢʦ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʟʘ ʚʩʝ ʚʨʝʤʷ ʨʘʟʣʦʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ 

ʧʦʜʚʝʨʛʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʯʪʦ ʧʣʝʥʢʠ 

ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʯʠʩʪʦʛʦ PCL ʧʦʜʚʝʨʛʣʠʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʨʘʟʣʦʞʝʥʠʶ ʟʘ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ. ʆʜʥʘʢʦ, ʢʦʤʧʦʟʠʮʠʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʚ ʢʦʤʧʦʩʪʝ, ʧʨʠ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʣʘʩʪʠ ʩʚʷʟʘʥʥʦʡ ʩ 

 
                                      ɸ                                                                             ɹ 

 

                                      ɸ                                                                             ɹ 
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ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ ʠ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ, ʧʦʪʝʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʘʢʞʝ 

ʠʜʫʪ ʚ ʧʠʢʘʭ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ PCL, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ ʯʪʦ ʣʝʛʢʦ 

ʧʦʜʚʝʨʛʘʝʤʳʡ ʨʘʟʣʦʞʝʥʠʶ ʢʨʘʭʤʘʣ ʚʩʪʨʦʝʥʥʳʡ ʚ ʩʪʨʫʢʪʫʨʥʫʶ ʤʘʪʨʠʮʫ 

ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ, ʧʦʩʣʝ ʩʚʦʝʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʪʢʨʳʚʘʝʪ ʜʦʩʪʫʧ ʢ 

ʙʦʣʴʰʝʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʯʘʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦʡ ʤʘʪʨʠʮʳ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʦʤ ʢ ʙʠʦʪʠʯʝʩʢʠʤ ʠ ʘʙʠʦʪʠʯʝʩʢʠʤ ʩʠʣʘʤ, 

ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʠʜʥʦ ʧʦ ʛʨʘʬʠʢʘʤ ʚʩʝʭ ʀʂ ʩʧʝʢʪʨʦʚ.  

ʀʟ ʨʠʩʫʥʢʘ 22, 23 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʪʝʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʨʳʚʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʘʨʙʦʢʩʠʣʴʥʳʤʠ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ, ʯʪʦ ʧʨʦʪʝʢʘʝʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʛʨʘʥʫʣ ʢʨʘʭʤʘʣʘ. 

ʊʘʢ, ʧʠʢʠ ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʤ ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʤ ʛʨʫʧʧʘ ʪʝʨʷʶʪ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚ ʧʣʝʥʢʘʭ, ʢʦʪʦʨʳʝ ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʡ ʢʨʘʭʤʘʣ ɺ. 

ʊʘʢʞʝ, ʢʦʣʠʯʝʩʪʚʦ ʢʨʘʭʤʘʣʘ ʚ ʦʙʦʠʭ ʦʙʨʘʟʮʘʭ ʩ ʝʛʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʠʤ ʧʦʪʝʨʷʤ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʙʦʣʝʝ 

ʙʳʩʪʨʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʣʝʥʦʢ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʠʡ ʢʦʥʪʫʨ ʩʧʝʢʪʨʦʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ, 

ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʨʘʭʤʘʣʘ ʠ ʧʦʣʠʢʘʧʨʦʣʘʢʪʦʥʘ ʧʠʢʠ. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʀʂ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʫʩʪʘʥʦʚʣʝʥʦ ʯʪʦ ʚʩʝ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʝʥʦʢ 

ʧʦʜʜʘʶʪʩʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʧʠʢʠ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʪʘʢ ʞʝ, ʢʘʢ ʠ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʪʝʨʷʶʪ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʜʠʥʘʤʠʢʘ ʙʠʦʜʝʛʨʘʜʘʮʠʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʘʭʤʘʣʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʳ ʨʘʟʣʦʞʝʥʠʷ, ʪʘʢ ʥʘʠʤʝʥʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ 

ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʠ ʢʘʨʙʦʥʠʣʴʥʳʭ ʛʨʫʧʧ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʙʘʭ ʨʘʟʣʦʞʝʥʠʝ 

ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʢʦʤʧʦʩʪʝ. 

 

3.8 ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʮʝʧʪʫʨ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ PCL ʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ, ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ 

 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʮʝʧʪʫʨ ʧʣʝʥʦʢ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʘʥʘʣʠʟʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ, ʙʘʨʴʝʨʥʳʭ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʨʘʭʤʘʣʘ ʚ ʩʦʩʪʘʚ ʧʣʝʥʦʢ 

ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ) (PCL) ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʢʣʶʯʘʷ ʧʨʦʯʥʦʩʪʴ, ʚʣʘʛʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ, ʯʪʦ ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʘʭʤʘʣʘ. ʅʘʧʨʠʤʝʨ, ʪʦʣʱʠʥʘ 

ʧʣʝʥʢʠ ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ ʩʦʩʪʘʚʣʷʝʪ 208 ʤʢʤ, ʪʦʛʜʘ 

ʢʘʢ ʫ ʧʣʝʥʢʠ ʩ 50% ʢʨʘʭʤʘʣʘ ʵʪʦʛʦ ʪʠʧʘ ʧʦʢʘʟʘʪʝʣʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 815 ʤʢʤ. 

ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʦʣʝʢʫʣ ʢʨʘʭʤʘʣʘ ʠ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʭ ʧʣʝʥʦʯʥʳʭ ʤʘʪʨʠʮ. 
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ʉʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ ʚʦʜʳ ʪʘʢʞʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ 

ʧʣʝʥʦʢ. ʂʦʤʧʦʟʠʮʠʠ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʥʫʶ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʘʜʩʦʨʙʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʣʝʥʢʘ PCL/A50% ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʘʜʩʦʨʙʮʠʠ (17,6 ʤ/ʤʠʥ), ʯʪʦ ʜʝʣʘʝʪ ʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʚ ʫʧʘʢʦʚʢʝ ʧʨʦʜʫʢʪʦʚ ʩ ʚʳʩʦʢʦʡ ʚʣʘʞʥʦʩʪʴʶ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ (WVP) 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʢʨʘʭʤʘʣʘ. ʄʘʢʩʠʤʘʣʴʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ WVP ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʧʣʝʥʦʢ, ʩʦʜʝʨʞʘʱʠʭ 50% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ɺ-ʢʨʘʭʤʘʣʘ (215 ʛĿʤʤ/ʤĮĿʜĿʢʇʘ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʧʣʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʚʘʞʥʘ ʚʳʩʦʢʘʷ ʜʠʬʬʫʟʠʷ ʧʘʨʦʚ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ, ʚ 

ʫʧʘʢʦʚʢʝ ʩʚʝʞʠʭ ʦʚʦʱʝʡ ʠ ʬʨʫʢʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʥʘ 

ʨʘʟʨʳʚ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʢʨʘʭʤʘʣ ʤʝʥʝʝ ʧʣʘʩʪʠʯʝʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PCL, ʯʪʦ ʩʥʠʞʘʝʪ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʣʝʥʦʢ. ʆʜʥʘʢʦ ʚ ʨʝʮʝʧʪʫʨʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 40% ʢʨʘʭʤʘʣʘ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʥʘ ʧʨʠʝʤʣʝʤʦʤ ʫʨʦʚʥʝ. ʅʘʧʨʠʤʝʨ, ʧʣʝʥʢʘ 

PCL/A40% ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ 28,95 ʄʇʘ, ʯʪʦ ʩʨʘʚʥʠʤʦ ʩ 

ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ ʧʣʝʥʦʢ ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʚʳʰʝ 50% ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʝʝ 

ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʨʘʩʪʷʞʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ 

ʧʦʷʚʣʝʥʠʠ ʜʝʬʝʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʵʢʩʪʨʫʟʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʨʝʮʝʧʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʝ 30ï50% 

ʢʨʘʭʤʘʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʣʘʥʩ ʤʝʞʜʫ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, 

ʙʘʨʴʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ 

ʧʣʝʥʦʢ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʘʭʤʘʣʘ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʨʘʟʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ 

30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 35,92ï43,75% ʚ ʪʝʯʝʥʠʝ 10 

ʜʥʝʡ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ 

ʫʧʘʢʦʚʢʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʫʧʘʢʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ 

ʧʨʦʯʥʦʩʪʠ ʠ ʫʤʝʨʝʥʥʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʣʝʥʢʠ 

ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ 

ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ɺ-ʢʨʘʭʤʘʣʘ. 

ɺʳʙʦʨ ʨʝʮʝʧʪʫʨ ʪʘʢʞʝ ʦʙʦʩʥʦʚʘʥ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʦʛʦ ʩʳʨʴʷ ʚ ʚʠʜʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʦʢ, ʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 
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ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʟʘʤʝʥʳ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʫʧʘʢʦʚʦʢ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʚ ʩʦʭʨʘʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠ(Ů-

ʢʘʧʨʦʣʘʢʪʦʥʘ) (PCL) ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʢʨʘʭʤʘʣʦʤ, ʘ ʪʘʢʞʝ ʫʧʘʢʦʚʦʢ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE), ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ 

ʢʦʥʪʨʦʣʴʥʳʡ ʦʙʨʘʟʝʮ. ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤ ʚʣʘʞʥʦʩʪʠ 

ʠ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ 8218-89. ɼʠʥʘʤʠʢʘ 

ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 24, ʪʘʙʣʠʮʘʭ 

26, 27.  

 

 
ʈʠʩʫʥʦʢ 24 ï ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʭʣʝʙʘ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʡ ʧʣʝʥʢʝ. 

 

ʍʣʝʙ, ʫʧʘʢʦʚʘʥʥʳʡ ʚ ʧʣʘʩʪʠʢʦʚʫ  ʁ ʫʧʘʢʦʚʢʫ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE), ʩʦʭʨʘʥʷʣ ʚʣʘʛʫ ʣʫʯʰʝ, ʪʝʨʷʷ ʚʩʝʛʦ 1,2% 

ʟʘ 7 ʩʫʪʦʢ. ɺ ʧʣʝʥʢʝ ʩ 30% ɸ ʢʨʘʭʤʘʣʘ ʭʣʝʙ ʪʝʨʷʣ 2,5% ʚʣʘʞʥʦʩʪʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʫʯʰʝʝ ʫʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʝʥʢʦʡ ʩ 40% ɺ 

ʢʨʘʭʤʘʣʘ, ʛʜʝ ʧʦʪʝʨʷ ʩʦʩʪʘʚʠʣʘ 3,7%. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʨʦʤʝ ʨʝʮʝʧʪʫʨʳ ʧʣʝʥʢʠ 

ʩ 40 ʧʨʦʮʝʥʪʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ɺ ʢʨʘʭʤʘʣʘ ʥʘ 6 ʩʫʪʢʠ ʚʣʘʞʥʦʩʪʴ ʭʣʝʙʘ 

ʦʩʪʘʚʘʣʘʩʴ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤ ɻʆʉʊ. 

ʍʣʝʙ, ʫʧʘʢʦʚʘʥʥʳʡ ʚ ʧʣʘʩʪʠʢʦʚʫʶ ʫʧʘʢʦʚʢʫ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE), ʧʦʢʘʟʘʣ ʥʘʠʙʦʣʝʝ ʙʳʩʪʨʳʡ ʨʦʩʪ 

ʢʠʩʣʦʪʥʦʩʪʠ, ʧʨʝʚʳʩʠʚ ʥʦʨʤʘʪʠʚ ɻʆʉʊ (4,3 ʛʨʘʜʫʩʘ ʥʘ 7-ʡ ʜʝʥʴ). ʇʣʝʥʢʘ ʩ 30% 

ɸ ʢʨʘʭʤʘʣʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʟʘʤʝʜʣʝʥʠʶ ʨʦʩʪʘ ʢʠʩʣʦʪʥʦʩʪʠ, ʭʦʪʷ ʢ 7-ʤʫ ʜʥʶ 

ʧʦʢʘʟʘʪʝʣʴ ʜʦʩʪʠʛ ʧʦʨʦʛʘ ɻʆʉʊ. ɺ ʧʣʝʥʢʝ ʩ 40% ɺ ʢʨʘʭʤʘʣʘ ʢʠʩʣʦʪʥʦʩʪʴ 

ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʤʝʜʣʝʥʥʝʝ ʠ ʦʩʪʘʚʘʣʘʩʴ ʥʘ ʙʝʟʦʧʘʩʥʦʤ ʫʨʦʚʥʝ (3,7 ʛʨʘʜʫʩʘ).  
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ʊʘʙʣʠʮʘ 26 - ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʣʘʞʥʦʩʪʠ ʭʣʝʙʘ (% ʚʣʘʞʥʦʩʪʠ) 

 

ɼʝʥʴ 

ʭʨʘʥʝʥʠʷ 

PCL/A30% PCL/B40% LDPE ɻʆʉʊ (ʤʠʥ/ʤʘʢʩ) 

0 42,0 Ñ 0,2 a 42,0 Ñ 0,2 a 42,0 Ñ 0,2 a 39,0ï44,0 

2 41,2 Ñ 0,3 a 40,8 Ñ 0,3 b 41,8 Ñ 0,2 ab 39,0ï44,0 

4 40,5 Ñ 0,4 ab 39,8 Ñ 0,4 b 41,5 Ñ 0,3 ab 39,0ï44,0 

6 39,9 Ñ 0,3 b 38,7 Ñ 0,5 c 41,0 Ñ 0,3 b 39,0ï44,0 

7 39,5 Ñ 0,4 b 38,3 Ñ 0,6 c 40,8 Ñ 0,4 b 39,0ï44,0 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 

 

ʊʘʙʣʠʮʘ 27 - ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ ʭʣʝʙʘ (ʚ ʛʨʘʜʫʩʘʭ ʢʠʩʣʦʪʥʦʩʪʠ) 

 

ɼʝʥʴ 

ʭʨʘʥʝʥʠʷ 

PCL/A30% PCL/B40% LDPE ɻʆʉʊ (ʤʘʢʩ) 

0 3,0Ñ 0,1 a 3,0Ñ 0,11 a 3,0Ñ 0,12 a Ò4,0 

2 3,2Ñ 0,12 a 3,1Ñ 0,17 a 3,4Ñ 0,11 b Ò4,0 

4 3,5Ñ 0,14 b 3,3Ñ 0,10 b 3,8Ñ 0,16 c Ò4,0 

6 3,8Ñ 0,10 b 3,5Ñ 0,14 bc 4,0Ñ0,14 cd Ò4,0 

7 4,0Ñ 0,17 c 3,7Ñ 0,12 c 4,3Ñ0,20 d Ò4,0 

p < 0,05; ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ Ñ SD (n = 3). ɿʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʩʪʦʣʙʮʘ, 

ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʙʫʢʚʳ, ʟʥʘʯʠʤʦ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʢʨʠʪʝʨʠʶ 

ɼʫʥʢʘʥʘ (p < 0,05). 

 

 

ʋʧʘʢʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE) 

ʣʫʯʰʝ ʩʦʭʨʘʥʷʝʪ ʚʣʘʛʫ, ʥʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʢʦʥʜʝʥʩʘʪʘ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʤʠʢʨʦʬʣʦʨʳ. ʇʣʝʥʢʠ ʩ 30% ɸ ʠ 40% ɺ ʢʨʘʭʤʘʣʘ 

ʪʝʨʷʶʪ ʙʦʣʴʰʝ ʚʣʘʛʠ, ʦʜʥʘʢʦ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʧʝʨʝʫʚʣʘʞʥʝʥʠʝ ʭʣʝʙʘ. 

ʀʟʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ: ʋʧʘʢʦʚʢʘ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (LDPE)  ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʠʩʣʦʪʥʦʩʪʠ ʠʟ-

ʟʘ ʥʠʟʢʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʯʪʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩʳ ʙʨʦʞʝʥʠʷ. ʇʣʝʥʢʠ ʥʘ 

ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, ʦʩʦʙʝʥʥʦ ʩ 40%ɸ ʢʨʘʭʤʘʣʘ, ʟʘʤʝʜʣʷʶʪ ʨʦʩʪ ʢʠʩʣʦʪʥʦʩʪʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʝ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ. 

ʍʣʝʙ ʚ ʧʣʝʥʢʘʭ ʠʟ ʢʨʘʭʤʘʣʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ɻʆʉʊ ʧʦ 

ʢʠʩʣʦʪʥʦʩʪʠ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʩʨʦʢʘ ʭʨʘʥʝʥʠʷ. 

ɺ ʫʧʘʢʦʚʢʝ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE) 

ʧʨʝʚʳʰʝʥʠʝ ʢʠʩʣʦʪʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ 7-ʡ ʜʝʥʴ. 

ɼʣʷ ʭʣʝʙʘ ʩ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʧʣʝʥʢʘ ʩ 40% 

ɺ ʢʨʘʭʤʘʣʘ, ʢʦʪʦʨʘʷ ʟʘʤʝʜʣʷʝʪ ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʥʠʝ. ɼʣʷ ʭʣʝʙʘ ʩ ʢʦʨʦʪʢʠʤ 
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ʩʨʦʢʦʤ ʭʨʘʥʝʥʠʷ ʣʫʯʰʝ ʧʦʜʭʦʜʠʪ ʧʣʝʥʢʘ ʩ 30% ɸ ʢʨʘʭʤʘʣʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ 

ʦʧʪʠʤʘʣʴʥʦʝ ʫʜʝʨʞʘʥʠʝ ʚʣʘʛʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ PCL ʩ 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʢʨʘʭʤʘʣʦʤ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʫʧʘʢʦʚʢʦʡ ʥʘ ʦʩʥʦʚʝ ʯʠʩʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ (LDPE) . ʆʥʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʭʣʝʙʘ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʥʦʨʤʘʤ ɻʆʉʊ. ɹʠʦʜʝʛʨʘʜʠʨʫʝʤʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʭʣʝʙʦʙʫʣʦʯʥʳʭ ʠʟʜʝʣʠʡ. 

 

3.9 ʊʝʭʥʦʣʦʛʠ ̫ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ  

 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʣʝʥʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʦʠʪ ʠʟ 3-ʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ: ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʛʨʘʥʫʣ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʣʝʥʢʠ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 25. 

 

 
ʈʠʩʫʥʦʢ 25 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ 

ʢʨʘʭʤʘʣʘ 
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: ʧʨʦʩʝʠʚʘʥʠʝ ʢʨʘʭʤʘʣʘ; ʜʦʟʠʨʦʚʘʥʠʝ ʢʨʘʭʤʘʣʘ; 

ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ; ʧʨʦʤʳʚʘʥʠʝ ʢʨʘʭʤʘʣʘ ʦʪ 

ʦʩʪʘʪʢʘ ʘʥʛʠʜʨʠʜʘ; ʬʠʣʴʪʨʦʚʘʥʠʝ; ʩʫʰʢʘ; ʠʟʤʝʣʴʯʝʥʠʝ; ʧʨʦʩʝʠʚʘʥʠʝ; 

ʚʟʚʝʰʠʚʘʥʠʝ; ʫʧʘʢʦʚʢʘ; ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʨʘʥʫʣ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ: ʜʦʟʠʨʦʚʘʥʠʝ ʠ ʩʤʝʰʠʚʘʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʛʨʘʥʫʣʷʮʠʷ ʚ ʩʪʨʝʥʛʦʚʦʤ 

ʵʢʩʪʨʫʜʝʨʝ; ʚʟʚʝʰʠʚʘʥʠʝ; ʫʧʘʢʦʚʢʘ; ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʣʝʥʢʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʵʪʘʧʳ: ʧʦʜʘʯʘ ʛʨʘʥʫʣ, ʚʳʜʫʚʘʥʠʝ ʧʣʝʥʦʢ ʥʘ ʧʣʝʥʦʯʥʦʤ ʵʢʩʪʨʫʜʝʨʝ, 

ʟʘʢʘʪʳʚʘʥʠʝ ʚ ʨʫʣʦʥʳ, ʫʧʘʢʦʚʢʘ; ʭʨʘʥʝʥʠʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʛʦ ʧʣʝʥʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ (ʇʨʠʣʦʞʝʥʠʝ ɹ), ʧʨʦʚʝʜʝʥʘ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʘʷ ʘʧʨʦʙʘʮʠʷ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʊʆʆ çʉʇ ױʣʳ ʜʘʣʘè (ʇʨʠʣʦʞʝʥʠʝ ɺ), 

ʨʘʟʨʘʙʦʪʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʥʝʜʨʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʜʣʷ ʊʆʆ çʉʇ ױʣʳ ʜʘʣʘè (ʇʨʠʣʦʞʝʥʠʝ ɻ). 

 

3.10 ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ 

 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ, 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 28. 

ɺ ʨʘʩʯʝʪ ʚʢʣʶʯʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʩʳʨʴʝ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʢʦʤʤʫʥʘʣʴʥʳʝ ʫʩʣʫʛʠ. 

ʇʨʠ ʨʳʥʦʯʥʦʡ ʩʪʦʠʤʦʩʪʠ PCL 24000 ʟʘ 1 ʢʛ, ʠʪʦʛʦʚʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 1 

ʢʛ ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʩʦʩʪʘʚʠʣʘ 15 405,18 ʪʝʥʛʝ, ʨʝʘʣʠʟʘʮʠʦʥʥʘʷ ʮʝʥʘ ʩ ʅɼʉ ʩʦʩʪʘʚʣʷʝʪ 23296 ʪʝʥʛʝ. 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʩʪʘʚʠʣʦ 28%, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ 

ʧʦʢʘʟʘʪʝʣʴ.  

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʦʧʳʪʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʞʥʦ 

ʦʞʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʢʨʫʧʥʦʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ ʩʳʨʴʝ, 

ʵʥʝʨʛʠʶ ʠ ʪʨʫʜʦʚʳʝ ʨʝʩʫʨʩʳ, ʘ ʪʘʢʞʝ ʩ ʵʬʬʝʢʪʦʤ ʤʘʩʰʪʘʙʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ PCL ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳʤʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʚʥʝʜʨʝʥʠʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʈʝʩʧʫʙʣʠʢʠ. 
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ʊʘʙʣʠʮʘ 28 ï ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʢʨʘʭʤʘʣʘ 

 

 ̄ ʅʘʠʤʝʥʦʚʘʥʠʝ ʩʪʘʪʝʡ 

ʨʘʩʭʦʜʦʚ 

ɽʜ. ʠʟʤ. ʎʝʥʘ ʟʘ 

ʝʜʠʥʠʮʫ 

ʂʦʣ-

ʚʦ 

ɿʘʪʨʘʪʳ 

1 2 3 4 5 6 

1 ʂʨʘʭʤʘʣ ʧʰʝʥʠʯʥʳʡ ʢʛ 250 500 125000 

2 ʂʘʨʙʦʥʘʪ ʢʘʣʴʮʠʷ ʢʛ 800 50 40000 

3 ʅʘʪʨ ʝʜʢʠʡ ʢʛ 900 200 180000 

4 ɸʥʛʠʜʨʠʜ ʫʢʩʫʩʥʳʡ ʪ 600000 1 600000 

5 PCL - ʇʦʣʠʢʘʧʨʦʣʘʢʪʦʥ ʢʛ 24000 600 14400000 

6 ɺʦʜʘ ʣʠʪʨ 40 1000 40000 

7 ʕʣʝʢʪʨʦʵʥʝʨʛʠʷ ʢʚʪ.ʯʘʩ 190 16,6 3154 

8 ʊʝʧʣʦʵʥʝʨʛʠʷ ʢʚ.ʤ/ʪʛ 0,13 190 24,7 

9 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ 

ʪʝʥʛʝ 
  

12000 

10 ɿʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʪʝʥʛʝ 
  

5000 

11 ʀʪʦʛʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʝʥʛʝ 
  

 15 405 

178,70  

12 ʀʪʦʛʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʢʠʣʦʛʨʘʤʤʘ ʫʧʘʢʦʚʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ 

ʪʝʥʛʝ 
  

 15 405,18    

13 ʈʝʘʣʠʟʘʮʠʦʥʥʘʷ ʮʝʥʘ ʙʝʟ 

ʅɼʉ 

ʪʝʥʛʝ 
  

20800 

14 ʅɼʉ 12% ʪʝʥʛʝ 
  

2496 

15 ʈʝʘʣʠʟʘʮʠʦʥʥʘʷ ʮʝʥʘ ʩ 

ʅɼʉ 

ʪʝʥʛʝ 
  

23296 

15 ʇʨʠʙʳʣʴ  ʜʦ 

ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

ʪʝʥʛʝ 
  

 5 394,82    

16 ʅʘʣʦʛ ʥʘ ʧʨʠʙʳʣʴ 20% ʪʝʥʛʝ 
  

 1 078,96    

17 ʏʠʩʪʘʷ ʧʨʠʙʳʣʴ ʪʝʥʛʝ 
  

 4 315,86    

18 ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ% ʪʝʥʛʝ 
  

28% 

19 ʈʳʥʦʯʥʘʷ ʮʝʥʘ ʧʨʦʜʫʢʮʠʠ ʪʝʥʛʝ 
  

33000-40000 
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ɿɸʂʃʖʏɽʅʀɽ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʨʝʟʫʣʴʪʘʪʳ: 

1. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʫʢʫʨʫʟʥʦʛʦ, 

ʢʘʨʪʦʬʝʣʴʥʦʛʦ ʠ ʧʰʝʥʠʯʥʦʛʦ ɸ- ʠ ɺ-ʢʨʘʭʤʘʣʘ ʢʘʢ ʩʳʨʴʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʆʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʩʦʜʝʨʞʘʥʠʷ ʘʤʠʣʦʟʳ, ʣʠʧʠʜʦʚ, ʙʝʣʢʦʚ, 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʤʦʨʬʦʣʦʛʠʠ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʚʷʟʢʦʩʪʥʳʭ 

ʩʚʦʡʩʪʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʰʝʥʠʯʥʳʝ ɸ- ʠ ɺ-ʢʨʘʭʤʘʣʳ ʦʙʣʘʜʘʶʪ 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʠʭ ʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʙʠʦʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ. ʂʘʨʪʦʬʝʣʴʥʳʡ ʢʨʘʭʤʘʣ ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʥʠʟʢʫʶ ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʤʝʥʝʝ 

ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ. ɺʳʧʦʣʥʝʥʘ ʭʠʤʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʧʰʝʥʠʯʥʳʭ ɸ- ʠ ɺ-ʢʨʘʭʤʘʣʦʚ 

ʤʝʪʦʜʘʤʠ ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʧʨʦʧʠʦʥʠʨʦʚʘʥʠʷ. ʆʧʪʠʤʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʝʥʳ: ʩʦʦʪʥʦʰʝʥʠʝ ʢʨʘʭʤʘʣʘ ʠ ʫʢʩʫʩʥʦʛʦ ʘʥʛʠʜʨʠʜʘ 1 

ʢ 7, ʚʨʝʤʷ ʨʝʘʢʮʠʠ 40 ʤʠʥʫʪ. ʇʦʣʫʯʝʥʥʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʨʘʭʤʘʣʳ 

ʦʙʣʘʜʘʶʪ ʩʥʠʞʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʚʣʘʛʝ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʩ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʦʤ) (PCL) ʠ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ 

ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʢʨʘʭʤʘʣʘ. ʆʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ 

(ʛʣʠʮʝʨʠʥ, ʧʦʣʠʚʠʥʠʣʦʚʳʡ ʩʧʠʨʪ) ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʠʮʝʨʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʣʝʥʦʢ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʆʧʪʠʤʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʛʣʠʮʝʨʠʥʘ ʩʦʩʪʘʚʣʷʝʪ 10% ʦʪ ʩʫʭʦʡ ʤʘʩʩʳ ʢʨʘʭʤʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʩʚʳʰʝ 15% ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʧʣʝʥʦʢ. 

2. ʈʘʟʨʘʙʦʪʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʛʨʘʥʫʣ ʠ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʰʝʥʠʯʥʳʭ ʢʨʘʭʤʘʣʦʚ ʠ PCL. ʀʩʧʦʣʴʟʦʚʘʥ 

ʪʨʝʭʬʘʢʪʦʨʥʳʡ ʧʣʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʣʠʷʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʢʨʘʭʤʘʣʘ, ʛʣʠʮʝʨʠʥʘ ʠ ʢʘʨʙʦʥʘʪʘ ʢʘʣʴʮʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ. 

ɺʳʷʚʣʝʥʦ, ʧʦʩʪʨʦʝʥʠʝʤ ʢʦʥʪʫʨʥʳʭ ʢʘʨʪ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʦʪ ʩʦʩʪʘʚʦʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʣʝʥʦʢ, ʯʪʦ ʢʦʤʧʦʟʠʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 30ï50% 

ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʦʙʣʘʜʘʶʪ ʧʨʦʯʥʦʩʪʴʶ 15ï30 ʄʇʘ, ʯʪʦ 

ʩʦʧʦʩʪʘʚʠʤʦ ʩ ʫʧʘʢʦʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ɸʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʧʣʝʥʦʢ ʩʪʘʥʦʚʠʪʩʷ ʟʝʨʥʠʩʪʦʡ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʚʥʦʤʝʨʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʢʨʘʭʤʘʣʴʥʳʭ ʛʨʘʥʫʣ ʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʣʝʥʢʠ ʩ ʘʮʝʪʠʣʠʨʦʚʘʥʥʳʤ ʢʨʘʭʤʘʣʦʤ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʦʞʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ.  

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʧʣʝʥʦʢ. 

ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʝʥʢʠ ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 
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35,92ï43,75% ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʴʰʫʶ 

ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʣʝʥʢʠ ʩ ʧʰʝʥʠʯʥʳʤ ɺ-ʢʨʘʭʤʘʣʦʤ. 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʝʛʦ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʣʫʯʰʝʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ ʜʣʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʪʦʢʩʠʯʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʝʥʥʳʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ.  

4. ʈʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ 

ʧʣʝʥʦʢ, ʚʢʣʶʯʘʶʱʘʷ ʭʠʤʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ʢʨʘʭʤʘʣʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ, 

ʵʢʩʪʨʫʟʠʶ ʠ ʚʳʜʫʚʘʥʠʝ ʧʣʝʥʦʢ. ʆʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʮʝʧʪʫʨʳ ʧʣʝʥʦʢ. ʜʣʷ ʫʧʘʢʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʫʤʝʨʝʥʥʦʡ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʣʝʥʢʠ ʩ 30% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ʢʨʘʭʤʘʣʘ ʪʠʧʘ ɸ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠ 

ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʚʦʜʷʥʦʛʦ ʧʘʨʘ ʣʫʯʰʝ ʧʦʜʭʦʜʷʪ 

ʧʣʝʥʢʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 40% ʘʮʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɺ-ʢʨʘʭʤʘʣʘ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʝʥʦʢ ʚ 

ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 1 ʢʛ 

ʫʧʘʢʦʚʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 15 405,18 ʪʝʥʛʝ, ʘ ʨʳʥʦʯʥʘʷ ʮʝʥʘ 

ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 33 000ï40 000 ʪʝʥʛʝ. ʈʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴʶ (28%) ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʧʣʘʩʪʠʢʦʚʳʤʠ 

ʫʧʘʢʦʚʦʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʦʟʜʘʪʴ 

ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʧʦʣʫʯʝʥʠʷ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʭ ʧʣʝʥʦʢ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʰʝʥʠʯʥʦʛʦ ʢʨʘʭʤʘʣʘ ʠ ʧʦʣʠ(Ů-ʢʘʧʨʦʣʘʢʪʦʥʦʤ) 

(PCL). ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, 

ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ʇʨʦʚʝʜʝʥʥʳʝ 

ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.   
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