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ʅʆʈʄɸʊʀɺʊɯʂ ʉɯʃʊɽʄɽʃɽʈ 

 

ʆʩ rʜʠʩʩʝʨʪʘʮʠʷʜʘ ʢʝʣʝʩʽ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʩʽʣʪʝʤʝʣʝʨ ץʦʣʜʘʥʳʣסʘʥ: 

AACC (2002) ï ɸʤʝʨʠʢʘʣʳץ ʜᴅʥ ᴇשʜʝʫ ʭʠʤʠʢʪʝʨʽ ץʘʫʳʤʜʘʩʪʳסʳ ᴅʜʽʩʪʝʨʽ. 

ʂʨʘʭʤʘʣʜʳש ʳʣסʘʣʜʳʣʳץ, ʢװʣ ʞᴅʥʝ ʘץʫʳʟ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʩʪʘʥʜʘʨʪʪʘʣסʘʥ ᴅʜʽʩʪʝʨ. 

ISO 17294-2:2016 ï ʊʘʤʘץ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ ʤʠʢʨʦʵʣʝʤʝʥʪʪʝʨʜʽ ʘʥʳץʪʘʫסʘ 

ʘʨʥʘʣסʘʥ ʠʥʜʫʢʪʠʚʪʽ ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ ʧʣʘʟʤʘʣʳץ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ICP- 

MS) ᴅʜʽʩʽ. ʄʳʨʳʰ (Zn) ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫʜʘ ץʦʣʜʘʥʳʣʜʳ. 

ISO 6869:2000 ï ɸʟʳץʪʳץ ᴇʥʽʤʜʝʨʜʝʛʽ ʤʘʛʥʠʡʜʽײץ שʨʘʤʳʥ ʘʪʦʤʜʳץ 

ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʫ. 

ISO 2590:1973 ï ʊʝʤʽʨ (Fe) ʤᴇʣʰʝʨʽʥ ʪʠʪʨʣʝʫ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪ. 

ISO 6491:1998 ï ʂʘʣʴʮʠʡʜʽש (Ca) ײץʨʘʤʳʥ AAS ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʫ 

ʩʪʘʥʜʘʨʪʳ. 

ISO 20649:2015 ï ICP-MS ᴅʜʽʩʽʤʝʥ ʩʝʣʝʥ (Se) ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ 

ʩʪʘʥʜʘʨʪ. 
ʄɽʄʉʊ 32770-2014 çʊʘסʘʤʜʳץ ץʦʩʧʘʣʘʨ. ʊʘʤʘץ ᴇʥʽʤʜʝʨʽ ɻ ʤʫʣʴʛʘʪʦʨʣʘʨʳ. 

ʊʝʨʤʠʥʜʝʨ ʤʝʥ ʘʥʳץʪʘʤʘʣʘʨè 

ʊʈ ʊʉ 029/2012 ï ʂʝʜʝʥ ʦʜʘסʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʨʝʛʣʘʤʝʥʪʽ çʊʘʤʘץ 

ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè. 

ɻʆʉʊ 34152-2017 ï ʊʝʪʨʘʮʠʢʣʠʥ ץʘʣʜʳץʪʘʨʳʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʤʝʩʽ (LC-MS) 

ʙʦʡʳʥʰʘ ʩʪʘʥʜʘʨʪ. 

ɻʆʉʊ 26933-86 ï ɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ ʢʘʜʤʠʡ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 26932-86 ï ɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ ץʦʨסʘʩʳʥ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ 
ᴅʜʽʩʽ. 

ɻʆʉʊ 26927-86 ï ɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ ʩʳʥʘʧ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 31971-2013 ï ɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ ʧʝʩʪʠʮʠʜʪʝʨʜʽײץ שʨʘʤʳʥ 
ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ GC-MS ᴅʜʽʩʽ. 

ɻʆʉʊ 30519-97 ï ɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽʥʜʝʛʽ Salmonella ʙʘʢʪʝʨʠʷʣʘʨʳʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 30518-97 ï ʂʦʣʠʬʦʨʤʜʳ ʙʘʢʪʝʨʠʷʣʘʨʜʳ (ʞʘʣʧʳ ʽʰʝʢ ʪʘʷץʰʘʣʘʨʳ) 

ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 
ɻʆʉʊ 30347-92 ï Staphylococcus aureus ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 30178-96 ï ʋʣʳ ʵʣʝʤʝʥʪʪʝʨʜʽ (Cd, Pb, Hg) ʘʪʦʤʜʳץ-ʘʙʩʦʨʙʮʠʷʣʳץ 

ᴅʜʽʩʧʝʥ ʘʥʳץʪʘʫ ʩʪʘʥʜʘʨʪʳ. 

ɻʆʉʊ 12302-2013 ï ʇʦʣʠʤʝʨʣʽ ʧʣʝʥʢʘʣʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʦʨʘʤʘʣʘʨʜʳש 

ʩʘʧʘʩʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ. 

ɻʆʉʊ 3622 ï ᴆʥʽʤ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ ʤʘʩʩʘʩʳʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 3624 ï ʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽץ שʳʰץʳʣʜʳסʳʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ɻʆʉʊ 53876-2010 ï ʂʨʘʭʤʘʣʜʳש ʩʘʧʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 

ASTM E96 ï ʉʫ ʙʫʳʥʳש ᴇʪʫ ʞʳʣʜʘʤʜʳסʳ (WVTR) ʤʝʥ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽ. 
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ISO/IEC 17025 ï ʉʳʥʘץ ʞᴅʥʝ ʢʘʣʠʙʨʣʝʫ ʟʝʨʪʭʘʥʘʣʘʨʳʥʘ ץʦʡʳʣʘʪʳʥ ʞʘʣʧʳ 

 .ʟʳʨʝʪʪʽʣʽʢ ʪʘʣʘʧʪʘʨʳײץ

ɻʆʉʊ 23285, ɻʆʉʊ 26663, ɻʆʉʊ 14192 ï ʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ʦʨʘʫ, ʩʘץʪʘʫ 

ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫסʘ ʘʨʥʘʣסʘʥ ʞʘʣʧʳ ʪʘʣʘʧʪʘʨ. 

ɻʆʉʊ 26809 ï ʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥʝʥ ʩʳʥʘʤʘ ʘʣʫ ʞᴅʥʝ ʪʘʣʜʘʫ װʰʽʥ װʣʛʽʣʝʨʜʽ 

ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʤʝʩʽ. 

ɻʆʉʊ 28561-90 çɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽ. ʂʝʧʪʽʨʫ ʢʝʟʽʥʜʝ ʩʘʣʤʘץ ʞʦסʘʣʫʳʥ 

ʘʥʳץʪʘʫ ᴅʜʽʩʽè 

ɻʆʉʊ 26188-84 çɸʟʳץ-ʪװʣʽʢ ᴇʥʽʤʜʝʨʽ. ɹʝʣʩʝʥʜʽ ץʳʰץʳʣʜʳʣʳץʪʳ (pH) 

ʘʥʳץʪʘʫ ᴅʜʽʩʽè 
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ɹɽʃɻɯʃɽʈ ʄɽʅ פʓʉפɸʈʊʋʃɸʈ 

 

AAS ɸʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

CLSM ʂʦʥʬʦʢʘʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʠʷ 

DSC ɼʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʢʘʥʝʨʣʝʫ ʢʘʣʦʨʠʤʝʪʨʠʷʩʳ 

FT-IR ʌʫʨʴʝ ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 

ICP-MS ʀʥʜʫʢʪʠʚʪʽ ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ ʧʣʘʟʤʘʣʳץ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ 

ISO International Organization for Standardization (ʍʘʣʳץʘʨʘʣʳץ 

ʩʪʘʥʜʘʨʪʪʘʫ ײʡʳʤʳ) 
RVA Rapid Visco Analyzer ï ɾʳʣʜʘʤ ʚʠʩʢʦʟʠʤʝʪʨʣʽʢ ʪʘʣʜʘʫ 

SEM ʉʢʘʥʝʨʣʝʫʰʽ ɻ ʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ 

TGA ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʘʣʠʟ 

XRD ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʳ ʪʘʣʜʘʫ ᴅʜʽʩʽ) 

ɾɾʂ ɾʳʣʫ ʞᴅʥʝ ʞʝʣʜʝʪʢʽʰ ʢʘʤʝʨʘʩʳ 
ʂפʄ ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ 

ʂʋ ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ 

ʍפʄ ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ 

ɻפʄ ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ 

ʄפפ ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ (TS, E%) 

ʓɹפ ʓʣסʘʣ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ץʘʩʠʝʪ 

WVP ʉʫ ʙʫʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽ (Water Vapor Permeability) 

WVTR ʉʫ ʙʫʳʥʳש ᴇʪʫ ʞʳʣʜʘʤʜʳסʳ (Water Vapor Transmission Rate) 

ɹױױ ɹʽʨʽʢʢʝʥ ױʣʪʪʘʨ ױʡʳʤʳ 

ɼɼʉױ ɼװʥʠʝʞװʟʽʣʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʳ 

CFU ʂʦʣʦʥʠʷ ʪװʟʫʰʽ ʙʽʨʣʽʢ 

RDS ɾʳʣʜʘʤ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ 

SDS ɹʘʷʫ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ 

RS ʈʝʟʠʩʪʝʥʪʪʽ ʢʨʘʭʤʘʣ 

PLM ʇʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳץ ʤʠʢʨʦʩʢʦʧʠʷʩʳ 

AFM ɸʪʦʤʜʳץ-ʢװʰʪʽʢ ʤʠʢʨʦʩʢʦʧʠʷ 

RSM ɾʘʫʘʧ ʙʝʪʽʥ ʤʦʜʝʣʴʜʝʫ ᴅʜʽʩʽ 

SPSS ʉʪʘʪʠʩʪʠʢʘʣʳץ ʧʘʢʝʪ ʙʘסʜʘʨʣʘʤʘʩʳ (SPSS) 

UV-Vis ʋʣʴʪʨʘʢװʣʛʽʥ-ʢᴇʨʽʥʝʪʽʥ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ 

DPPH 2,2-ʜʠʬʝʥʠʣ-1-ʧʠʢʨʠʣʛʠʜʨʘʟʠʣ ʨʘʜʠʢʘʣʳ 

ABTS 2,2ǋ-ʘʟʠʥʦ-ʙʠʩ(3-ʵʪʠʣʙʝʥʟʦʪʠʘʟʦʣʠʥ-6-ʩʫʣʴʬʦʥ ץʳʰץʳʣʳ) 

ʨʘʜʠʢʘʣʳ 
TSA ʊʨʠʧʪʠʢʘʣʳץ ʩʦʷ ʘʛʘʨʳ 

PCA ʇʣʘʩʪʠʢʘʣʳץ ʩʘʥʘʫ ʘʛʘʨʳ 

EU ɽʫʨʦʧʘʣʳץ ʆʜʘץ 

FAO ɹױױ ɸʟʳץ-ʪװʣʽʢ ʞᴅʥʝ ʘʫʳʣʰʘʨʫʘʰʳʣʳײ ץʡʳʤʳ 

EACU ɽʫʨʘʟʠʷʣʳץ ɻ ʢʦʥʦʤʠʢʘʣʳץ ʦʜʘץ 
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ʂɯʈɯʉʇɽ 

 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ᴇʟʝʢʪʽʣʽʛʽ. פʘʟʽʨʛʽ ʪʘשʜʘ ʪʘʤʘץ 

ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʪײʨʘץʪʳ ʜʘʤʫʳ - ᴅʣʝʤ ʝʣʜʝʨʽ ʤʝʥ ᴇʟ ʝʣʽʤʽʟ װʰʽʥ ʜʝ ʩʪʨʘʪʝʛʠʷʣʳץ 

ʤʘשʳʟʳ ʞʦסʘʨʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɸʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 ᴇʥʽʤʜʝʨʽʥ ᴇʥʜʽʨʫ ʞᴅʥʝ ץʘʫʽʧʩʽʟ ʪʘʤʘץ ʳʜʘʥסʨײʪ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ, ʵʢʦʣʦʛʠʷʣʳץ

ʧʦʣʠʤʝʨʣʽ ץʘʣʜʳץʪʘʨʜʳ ʘʟʘʡʪʫ ʙʦʡʳʥʰʘ ץʘʙʳʣʜʘʥסʘʥ ʭʘʣʳץʘʨʘʣʳץ ʙʘʩʪʘʤʘʣʘʨ 

- ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʝ ʘʨʥʘʣסʘʥ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

 ʘסʘʪʘʨץ ʳסשʘʞʝʪʪʽʛʽʥ ʘʣʜʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫ ץʘʧʪʘʤʘʣʳץ ʘʩʠʝʪʢʝ ʠʝץ

ʰʳסʘʨʳʧ ʦʪʳʨ [1, 2]. 

ɾʳʣ ʩʘʡʳʥ ʜװʥʠʝ ʞװʟʽʥʜʝ 400 ʤʠʣʣʠʦʥ ʪʦʥʥʘʜʘʥ ʘʩʪʘʤ ʧʣʘʩʪʠʢ ᴇʥʜʽʨʽʣʝʜʽ, 

ʦʥʳ30-40% ש-ʳ ʙʽʨ ʨʝʪʪʽʢ ץʘʧʪʘʤʘʣʘʨסʘ ʪʠʝʩʽʣʽ [3]. ɹײʣ ץʘʣʜʳץʪʘʨʜʳש ʙʘʩʳʤ 

ʙᴇʣʽʛʽ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘ ʞװʟʜʝʛʝʥ ʞʳʣʜʘʨ ʙʦʡʳ ʳʜʳʨʘʤʘʡ, ʪʦʧʳʨʘץ ʧʝʥ ʩʫ 

ʢᴇʟʜʝʨʽʥ ʞᴅʥʝ ʘʪʤʦʩʬʝʨʘʥʳ ʣʘʩʪʘʡʜʳ. ʄʠʢʨʦʧʣʘʩʪʠʢʪʝʨ ʘʟʳץ-ʪװʣʽʢ, ʩʫ ʥʝʤʝʩʝ 

ʘʫʘ ʘʨץʳʣʳ ʘʜʘʤ ʘסʟʘʩʳʥʘ ᴇʪʽʧ, ʽʰʝʢ, ʙʘʫʳʨ, ʞװʡʢʝ ʞᴅʥʝ ʵʥʜʦʢʨʠʥ ʞװʡʝʣʝʨʽʥʝ 

ʢʝʨʽ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ [4]. ʄײʥʜʘʡ ʙᴇʣʰʝʢʪʝʨ ʪʝשʽʟ ʞʘʥʫʘʨʣʘʨʳ װʰʽʥ ʜʝ ץʘʫʽʧʪʽ, 

ʦʣʘʨʜʳש ᴇʣʽʤʽ ʤʝʥ ʨʝʧʨʦʜʫʢʪʠʚʪʽ ʙײʟʳʣʳʩʪʘʨʳʥ ʞʠʽʣʝʪʽʧ ʦʪʳʨ. 
ɹʽʨʽʢʢʝʥ ױʣʪʪʘʨ ױʡʳʤʳʥʳש ʊײʨʘץʪʳ ʜʘʤʫ ʤʘץʩʘʪʪʘʨʳ (2030) ʰʝשʙʝʨʽʥʜʝ 

ˉ12 (çɾʘʫʘʧʪʳ ʪײʪʳʥʫ ʞᴅʥʝ ᴇʥʜʽʨʫè), ˉ3 (çɼʝʥʩʘʫʣʳץ ʞᴅʥʝ ᴅʣ-ʘʫץʘʪè) ʞᴅʥʝ 

ˉ13 (çʂʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʤʝʥ ʢװʨʝʩè) ʤʘץʩʘʪʪʘʨʳ ʘʟʳץ-ʪװʣʽʢ ʞװʡʝʣʝʨʽʥʜʝʛʽ 

ʟʠʷʥʜʳ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳ ץʳʩץʘʨʪʫʜʳ, ץʘʫʽʧʩʽʟ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳ 

ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʣʘʩʪʘʥʫʜʘʥ ץʦʨסʘʫʜʳ ʢᴇʟʜʝʡʜʽ [5]. ʆʩ rʪײʨסʳʜʘ ʪʘסʘʤʤʝʥ 

ʞʘʥʘʩʫסʘ ʞᴅʥʝ ʙʽʨʛʝ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʛʝ ʞʘʨʘʤʜʳ, ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ, ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ - סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʠʥʥʦʚʘʮʠʷʣʘʨʜʳש ʘʩʘ ᴇʟʝʢʪʽ ʙʘסʳʪʳʥʘ ʘʡʥʘʣʫʜʘ. 

ɼװʥʠʝʞװʟʽʣʽʢ ʜʝʥʩʘʫʣʳץ ʩʘץʪʘʫ ײʡʳʤʳʥʳש (ɼɼʉױ) REPLACE ʙʘʩʪʘʤʘʩʳ 

 ʧʣʝʥʢʘʣʘʨ ʙʘʨ ᴇʥʽʤʜʝʨʜʽ ץʦʩʧʘʣʘʨ ʤʝʥ ʩʠʥʪʝʪʠʢʘʣʳץ ʨʘʤʳʥʜʘ ʟʠʷʥʜʳײץ -

 ,ʘ ʩᴅʡʢʝʩסʘʥ [6]. ʆʩʳ ʙʘʩʪʘʤʘסʳʪʪʘʣסʘ ʙʘסʘʫʽʧʩʽʟ ʙʘʣʘʤʘʣʘʨʤʝʥ ʘʣʤʘʩʪʳʨʫץ

ʪʘסʘʤʤʝʥ ʙʽʨʛʝ ʪײʪʳʥʫסʘ ʞʘʨʘʤʜʳ ʙʠʦʳʜʳʨʘʡʪʳʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ï ץʦסʘʤʜʳץ ʜʝʥʩʘʫʣʳץ ʧʝʥ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

 .ʙʽʨʽ שʳʪʪʘʨʜʳסʳʟʜʳ ʙʘשʳ ʤʘסʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞʦʣʳʥʜʘץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽ ʩʘʣʘʩʳʥʜʘסʳ ʭʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ 

ʘʡʤʘץʪʳץ ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʨ (ɽʫʨʦʧʘʣʳץ ʆʜʘץʪʳש Regulation (EC) No 

1935/2004, ɽʫʨʘʟʠʷʣʳץ ʵʢʦʥʦʤʠʢʘʣʳץ ʦʜʘץʪʳש ʊʈ ʊʉ 029/2012 çʊʘʤʘץ 

ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè, ʩʦʥʜʘʡ-ʘץ ISO ʞᴅʥʝ ɻʆʉʊ ʩʪʘʥʜʘʨʪʪʘʨʳ) 

ʪʘסʘʤʤʝʥ ʞʘʥʘʩʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳץ שʘʪʘש ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʙʦʣʫʳʥ ʤʽʥʜʝʪʪʝʡʜʽ. 

ɹײʣ ʪʘʣʘʧʪʘʨ ʧʣʝʥʢʘʜʘʥ ʪʘסʘʤסʘ ᴇʪʝʪʽʥ ʟʘʪʪʘʨʜʳש ʢᴇʰʫ ʜʝשʛʝʡʽʥ ʰʝʢʪʝʫʜʽ, 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽ ʞᴅʥʝ ʭʠʤʠʷʣʳץ 

 ʳʜʘ ᴅʟʽʨʣʝʥʝʪʽʥ ʢʨʘʭʤʘʣסʨײʘʤʪʠʜʳ. ʆʩʳ ʪץ ʳʣʘʫʜʳץʛʝʡʽʥ ʙʘשʜʝ שʪʘʨʜʳץʘʣʜʳץ

ʥʝʛʽʟʽʥʜʝʛʽ ʙʠʦʧʣʝʥʢʘ ʪʝʢ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ 

ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʤʝʥ ʩʘʧʘʩʳʥ ץʦʨסʘʫסʘ ʙʘסʳʪʪʘʣʫʳ ʪʠʽʩ. ʄײʥʜʘʡ 

ʤʘʪʝʨʠʘʣʜʘʨ ʪײʪʳʥʫʰʳʣʘʨ ʜʝʥʩʘʫʣʳסʳʥ ץʦʨסʘʫ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʩʘʫʜʘ 

ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩʪʽʢ װʰʽʥ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. 



8  

 2022 שʘʝʚʪʳץʘʩʳʤ-ɾʦʤʘʨʪ ʊʦפ ʇʨʝʟʠʜʝʥʪʽ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʞᴅʥʝ 2023 ʞʳʣʜʘʨʜʘסʳ ɾʦʣʜʘʫʣʘʨʳʥʜʘ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥ ʜʘʤʳʪʫ, ʘʟʳץ- 

ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʞᴅʥʝ ʦʪʘʥʜʳץ ᴇʥʜʽʨʽʩʪʽװ שʣʝʩʽʥ ʘʨʪʪʳʨʫ 

ʙʘʩʳʤ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʽʥʜʝʪ ʨʝʪʽʥʜʝ ʘʡץʳʥʜʘʣʜʳ [7]. ʄʝʤʣʝʢʝʪ ʙʘʩʰʳʩʳ ʘʪʘʧ 

ᴇʪʢʝʥʜʝʡ, ʘʛʨʦᴇʥʝʨʢᴅʩʽʧ ʢʝʰʝʥʽʥ ʪʦʣʳץ ʮʠʬʨʣʘʥʜʳʨʫ, סʳʣʳʤ ʤʝʥ ʠʥʥʦʚʘʮʠʷסʘ 

ʥʝʛʽʟʜʝʣʛʝʥ ᴇʥʜʽʨʽʩʪʝʨʜʽ ʜʘʤʳʪʫ ʞᴅʥʝ ʝשʙʝʢ ᴇʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ ʘʨץʳʣʳ 

ʭʘʣʳץʘʨʘʣʳץ ʥʘʨʳץץʘ ʙʘסʜʘʨʣʘʥסʘʥ, ʞʦסʘʨʳ ʩʘʧʘʣʳ ᴅʨʽ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ᴇʥʽʤ 

ʰʳסʘʨʫ ץʘʞʝʪ. 

ʆʩʳ ʩʪʨʘʪʝʛʠʷʣʳץ ʙʘסʳʪʪʘʨסʘ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝ ʪʘסʘʤʤʝʥ ʙʽʨʛʝ 

ʪײʪʳʥʫסʘ ʞʘʨʘʤʜʳ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʢʝ ʠʝ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ 

ʧʣʝʥʢʘʣʘʨ ᴅʟʽʨʣʝʫ ï ʝʪ ʧʝʥ ʙʘʣʳץ ᴇʥʽʤʜʝʨʽʥ ʩʘץʪʘʫ ʞᴅʥʝ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ 

ʞʝʪʽʣʜʽʨʫʜʝ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʩʽʨʝʩʝ ʞʦסʘʨʳ ײץʥʜʳ 

ᴇʥʽʤʜʝʨ ï ʩʪʝʡʢ, ʙʘʣʳץ ʬʠʣʝʩʽ ʩʠʷץʪʳ ʪʘסʘʤʜʘʨסʘ ʘʨʥʘʣסʘʥ ʙײʣ ʧʣʝʥʢʘʣʘʨ 

ʩʘʧʘʩʳʥ ײʟʘץ ʩʘץʪʘʫ ʤʝʥ ᴇʥʽʤʥʽש ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʩʠʧʘʪʪʘʨʳʥ ץʦʨסʘʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥ 

ʜʘʤʳʪʫʜʳ2021 שï2030 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʪײʞʳʨʳʤʜʘʤʘʩʳʥʜʘè ʦʪʘʥʜʳץ 

ᴇʥʽʤʜʝʨʜʽש ʩʘʧʘʩʳ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫ, ʪʝʨʝש ᴇשʜʝʫʜʽ ʜʘʤʳʪʫ, ץʘʣʜʳץʩʳʟ 

ʵʢʦʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʝʥʛʽʟʫ ʤʽʥʜʝʪʪʝʨʽ ʥʘץʪʳ ʙʝʣʛʽʣʝʥʛʝʥ [8]. ױʩʳʥʳʣʳʧ 

ʦʪʳʨסʘʥ סʳʣʳʤʠ ʞײʤʳʩ ï ʦʩʳ ײʣʪʪʳץ ʙʘʩʳʤʜʳץʪʘʨʤʝʥ ʪʦʣʳװ ץʡʣʝʩʝʜʽ. 

 ʛʝʨʽװʨʽʰ, ʞװʢ ,ץʨʰʘײʙʠʜʘʡ, ʢʘʨʪʦʧ, ʙ) שʩʪʘʥʜʘ ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽץʘʟʘפ

ʞᴅʥʝ ʢʘʩʩʘʚʘ) ʪʘʙʠסʠ ᴅʣʝʫʝʪʽ ʞʦסʘʨʳ ʙʦʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʤװʤʢʽʥʜʽʢʪʝʨʽ, ᴅʩʽʨʝʩʝ ʪʘסʘʤʤʝʥ ʙʽʨʛʝ 

ʪײʪʳʥʫסʘ ʞʘʨʘʤʜʳ  ʙʠʦʧʣʝʥʢʘʣʘʨ ʞʘʩʘʫ ʤʘץʩʘʪʳʥʜʘ  ʞʝʪʢʽʣʽʢʪʽ ʜʝשʛʝʡʜʝ 

ʟʝʨʪʪʝʣʤʝʛʝʥ. ʆʩ r ʞʘסʜʘʡ ʢʨʘʭʤʘʣʜʳ  ʬʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʞᴅʥʝ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʙʠʦʤʘʪʝʨʠʘʣʜʘʨ ᴅʟʽʨʣʝʫ ʤᴅʩʝʣʝʩʽʥ ᴇʟʝʢʪʽ ʝʪʝʜʽ. 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʪʝʢ ʢʨʘʭʤʘʣ ʞᴅʥʝ ʝʪ ᴇʥʽʤʜʝʨʽ ᴇʥʜʽʨʽʩʽʥʝ סʘʥʘ ʝʤʝʩ, 

ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ, ʠʤʧʦʨʪʪʳ ʘʣʤʘʩʪʳʨʫ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ 

ʪײʨʘץʪʳʣʳץץʘ ʜʘ ʦש ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ. ɹײʣ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ פʘʟʘץʩʪʘʥʥʳש 

ʘʟʳץ-ʪװʣʽʢ ᴇʥʝʨʢᴅʩʽʙʽ ʤʝʥ ʘʛʨʦᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʝʰʝʥʽʥʽש ʠʥʥʦʚʘʮʠʷʣʳץ ʜʘʤʫʳʥʘ, 

ʵʢʦʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ   ʝʥʛʽʟʫʛʝ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ  ʦʨʘʫ ʤʘʪʝʨʠʘʣʜʘʨʳ 
ʠʥʜʫʩʪʨʠʷʩʳʥʳש ᴇʨʢʝʥʜʝʫʽʥʝ ʥʘץʪʳ װʣʝʩ ץʦʩʘʜʳ. 

ɾײʤʳʩ ʢʝʣʝʩʽ סʳʣʳʤʠ ʞʦʙʘʣʘʨ h ʝשʙʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ: 

- çנʳʣʳʤʜʳ ʜʘʤʳʪʫè 217 ʙʶʜʞʝʪʪʽʢ ʙʘסʜʘʨʣʘʤʘʩʳ çנʳʣʳʤʠ 

ʟʝʨʪʪʝʫʣʝʨʜʽ ʛʨʘʥʪʪʳץ ץʘʨʞʳʣʘʥʜʳʨʫè 102 ʢʽʰʽ ʙʘסʜʘʨʣʘʤʘʩʳ ʙʦʡʳʥʰʘ 2020- 

2022 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ פʈ נɾɹʄ ץʘʨʞʳʣʘʥʜʳʨסʘʥ çʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝ ʞʘשʘ 

ʙʠʦʜʝʛʨʘʜʘʮʠʷʣʘʥʘʪʳʥ ʧʣʝʥʢʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴅʟʽʨʣʝʫè ɸɾ 08857439 ʛʨʘʥʪʪʳץ 

ʞʦʙʘʩʳ; 

 ʳ ʤʠʥʠʩʪʨʣʽʛʽסɸʫʳʣ ʰʘʨʫʘʰʳʣʳ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ -

ʪʘʨʘʧʳʥʘʥ 2024-2026 ʞʳʣʜʘʨסʘ ʘʨʥʘʣסʘʥ ʙʘסʜʘʨʣʘʤʘʣʳץ-ʥʳʩʘʥʘʣʳ 

 ʳʣʳʤʠס ʘʥ BR2283587 ʥᴇʤʽʨʣʽץʟʝʛʝ ʘʩʳʨʳʣʳʧ ʞʘʪװʘʨʞʳʣʘʥʜʳʨʫ ʘʷʩʳʥʜʘ ʞץ

ʞʦʙʘ - çפʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʥʳסʘʡʪʫ 

ʤʘץʩʘʪʳʥʜʘ ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʰʠʢʽʟʘʪʳʥ ʪʝʨʝש ᴇשʜʝʫʜʽס שʳʣʳʤʜʳ ץʘʞʝʪ 
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ʝʪʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ᴅʟʽʨʣʝʫè ʙʘסʜʘʨʣʘʤʘʩʳ ʰʝשʙʝʨʽʥʜʝ 

ʦʨʳʥʜʘʣʜʳ (ɸ ץʦʩʳʤʰʘʩʳ). 

ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ 

ʥʝʛʽʟʽʥʜʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽ ʙʘʨ, ʪʘסʘʤʤʝʥ ʞʘʥʘʩʫסʘ ʞᴅʥʝ ʘʟʳץ-ʪװʣʽʢ 

 ץʘʧʪʘʤʘʣʳץ ʩʘʡ ʢʝʣʝʪʽʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʘʣʘʧʪʘʨʳʥʘ ʪʦʣʳץ

ʤʘʪʝʨʠʘʣʜʳ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳש ʥʝʛʽʟʛʽ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ʢʝʰʝʥʜʽ ʪװʨʜʝ ʟʝʨʪʪʝʫ. 

ʄʘץʩʘʪץʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʞᴅʥʝ ʘʟʳץ-ʪװʣʽʢ ץʘʫʽʧʩʽʟʜʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ 

ʘʷʩʳʥʜʘ ʢʝʣʝʩʽ סʳʣʳʤʠ ʤʽʥʜʝʪʪʝʨ ʘʡץʳʥʜʘʣʜʳ: 

ï פʘʟʘץʩʪʘʥʜʘ ᴇʩʽʨʽʣʝʪʽʥ ᴅʨʪװʨʣʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʜʘץʳʣʜʘʨʳʥʘʥ (ʙʠʜʘʡ, 

ʢʘʨʪʦʧ, ʙײʨʰʘץ, ʢװʨʽʰ, ʞװʛʝʨʽ, ʢʘʩʩʘʚʘ) ʘʣʳʥסʘʥ ʢʨʘʭʤʘʣʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

ʞᴅʥʝ ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʫ ʘʨץʳʣʳ 

ʪʘסʘʤʜʳץ ʤʘץʩʘʪʪʘסʳ ʙʠʦʧʦʣʠʤʝʨʣʽʢ ʧʣʝʥʢʘʥʳ ʞʘʩʘʫסʘ ʝץ שʦʣʘʡʣʳ ʢᴇʟʜʝʨʜʽ 

ʘʥʳץʪʘʫ. 

ï ʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ץʦʨסʘʫסʘ ʘʨʥʘʣסʘʥ ʧʣʝʥʢʘ ʪװʟʫʰʽ ʢʦʤʧʦʟʠʮʠʷʣʘʨʜʳש 
ʞʘʨʘʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʢʨʘʭʤʘʣʜʳײץ שʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʝʪʽʣʜʽʨʫ װʰʽʥ ײץʨסʘץ ʞʳʣʫʤʝʥ ʬʠʟʠʢʘʣʳץ ʪװʨʣʝʥʜʽʨʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ. 

ï ʇʘʪʦʛʝʥʜʽ ʤʠʢʨʦʬʣʦʨʘʥʳ ʙʘʩʫ ʞᴅʥʝ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ 
 ʳʣʳץʦʩʧʘʣʘʨʜʳ ʝʥʛʽʟʫ ʘʨץ ץʠ ʬʫʥʢʮʠʦʥʘʣʜʳסʩʘʪʳʥʜʘ ʪʘʙʠץʟʘʨʪʫ ʤʘײ

ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳʥ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳװ ץʨʜʽʩʽʥ ᴅʟʽʨʣʝʫ. 

ï ɾʘʩʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʳש ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳײץ ,ץʨʳʣʳʤʜʳץ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʟʝʨʪʪʝʧ, ʦʣʘʨʜʳ ʘʟʳץ-ʪװʣʽʢʢʝ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʫסʘ ʞᴅʥʝ ʪʘסʘʤʥʳש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ 

 ;ʘʣʘʫסʘʧʪʘʤʘ ʨʝʪʽʥʜʝ ʙʘץ ʘ ʞʘʨʘʤʜʳסʟʘʨʪʫײ ʘʫʽʧʩʽʟץ

ï ɾʘʩʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤʜʳץ 

 ʽʰʽʥʜʝ שʘʣʘʫ, ʦʥʳסʘʫʽʧʩʽʟʜʽʛʽʥ ʍɸʉʉʇ ʧʨʠʥʮʠʧʪʝʨʽ ʥʝʛʽʟʽʥʜʝ ʢʝʰʝʥʜʽ ʙʘץ

ʞʘʣʧʳ ʞᴅʥʝ ʘʨʥʘʡʳ ʢᴇʰʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ, ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʤʝʥ ʧʝʩʪʠʮʠʜʪʝʨʜʽש 

 ʪʘʫץʛʝʡʽʥ ʘʥʳשʜʝ ץʳ ʤʝʥ ʫʳʪʪʳʣʳסʪʘʟʘʣʳ ץʤᴇʣʰʝʨʽʥ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳ ץʘʣʜʳץ

ʘʨץʳʣʳ ʘʜʘʤʥʳש ʜʝʥʩʘʫʣʳסʳʥʘ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʪײʨסʳʜʘ ʜᴅʣʝʣʜʝʫ; 

ï ʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽץ שʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳ ʂʝʜʝʥ ʦʜʘסʳʥʳש ʪʝʭʥʠʢʘʣʳץ 
ʨʝʛʣʘʤʝʥʪʽʥʽש ʊʈ ʊʉ 021/2011 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʞʝʫʛʝ ʞʘʨʘʤʜʳ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʧʣʝʥʢʘʥʳש ʥʦʨʤʪʠʚʪʽ -ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʥʳ (ױʉ ʞᴅʥʝ ʊʅ) 

ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦʥʳ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫ. 

ɿʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ʟʝʨʪʪʝʫ ʥʳʩʘʥʜʘʨʳ 

ʨʝʪʽʥʜʝ פʘʟʘץʩʪʘʥʥʳש ᴅʨʪװʨʣʽ ʘʡʤʘץʪʘʨʳʥʘʥ ʘʣʳʥסʘʥ ʙʠʜʘʡ, ʢʘʨʪʦʧ, ʞװʛʝʨʽ, 

ʢװʨʽʰ, ʙײʨʰʘץ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ʪʘשʜʘʣʳʧ, ʦʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ 

 ʳ ʩʘʣʳʩʪʳʨʤʘʣʳ ʟʝʨʪʪʝʣʜʽ. ʂʨʘʭʤʘʣסʟʫʛʝ ʞʘʨʘʤʜʳʣʳװʘʩʠʝʪʪʝʨʽ ʤʝʥ ʧʣʝʥʢʘ ʪץ

 ʞʳʣʫʤʝʥ ץʘסʨײץ ʘʫʽʧʩʽʟץ ץʰʽʥ ʵʢʦʣʦʛʠʷʣʳװ ʨʳʣʳʤʳʥ ʞʝʪʽʣʜʽʨʫײץ

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ʆʩʳ ʥʝʛʽʟʜʝ ʪʘסʘʤʤʝʥ ʙʽʨʛʝ ʪײʪʳʥʫסʘ 

ʞʘʨʘʤʜʳ, ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʽ ʙʘʨ 

ʧʣʝʥʢʘʣʘʨ  ᴅʟʽʨʣʝʥʜʽ.  ʇʣʝʥʢʘ  ײץʨʘʤʳʥʘ  ʭʠʪʦʟʘʥ  ʤʝʥ  ʛʣʠʮʝʨʠʥ  ץʦʩʳʣʜʳ. 
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ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢ E. coli ʞᴅʥʝ S. aureus ʤʦʜʝʣʴʜʽ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʊʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʘסʘʤ ʩʠʤʫʣʷʪʦʨʣʘʨʳʤʝʥ 

ʞʘʣʧʳ ʢᴇʰʫ, ʘʫʳʨ ʤʝʪʘʣʜʘʨ ʤʝʥ ʧʝʩʪʠʮʠʜʪʝʨ ץʘʣʜʳסʳ ʘʨץʳʣʳ ʙʘסʘʣʘʥʜʳ. 

ʇʣʝʥʢʘʣʘʨʜʳש ʧʽʩʽʨʽʣʛʝʥ ʝʪ ʞᴅʥʝ ʙʘʣʳץ ᴇʥʽʤʜʝʨʽʥ ץʘʧʪʘʫʜʘ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥʝ 

ᴅʩʝʨʽ ʜʝ ʟʝʨʪʪʝʣʜʽ. 

 שʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳʥʳװʘʰ ʨʝʪ ʞסʳ. ɸʣסʘʣʳשʳʣʳʤʠ ʞʘנ

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ, ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʟʝʨʪʪʝʣʽʧ, ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫ ʞװʡʝʣʝʨʽʥʜʝ ץʦʣʜʘʥʫסʘ 

ʞʘʨʘʤʜʳʣʳסʳ ʘʥʳץʪʘʣʜʳ. 

 ʨʳʣʳʤʳ ʤʝʥײץ שʤʦʜʠʬʠʢʘʮʠʷ ᴅʩʝʨʽʥʝʥ ʢʨʘʭʤʘʣʜʘʨʜʳ ץʞʳʣʫʣʳ ץʘסʨײפ

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ᴇʟʛʝʨʫ ʟʘשʜʳʣʳץʪʘʨʳ ʘʡץʳʥʜʘʣʳʧ, ʦʣʘʨʜʳש 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʳש, ʝʨʽʛʽʰʪʽʛʽʥʽש ʞᴅʥʝ ʧʣʝʥʢʘ ʪװʟʫ ץʘʙʽʣʝʪʽʥʽש 

ʘʨʪʘʪʳʥʳ ʜᴅʣʝʣʜʝʥʜʽ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ʥʝʛʽʟʽʥʜʝ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʘʣʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ᴅʟʽʨʣʝʥʽʧ, ʘʣʳʥסʘʥ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ, ʪʦʩץʘʫʳʣʜʳץ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽ 

ʞʘץʩʘʨʪʳʣʜʳ. 

ɸʣʳʥסʘʥ ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʪײʨסʳʜʘ 

ʨʘʩʪʘʣʳʧ, ʦʣʘʨʜʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʪʘʟʘʣʳסʳ, ʢᴇʰʫ ʜʝשʛʝʡʽ ʞᴅʥʝ ʫʣʳ 

ʟʘʪʪʘʨʜʳש ʙʦʣʤʘʫʳ ʙʦʡʳʥʰʘ ײʣʪʪʳץ ʞᴅʥʝ ʭʘʣʳץʘʨʘʣʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ ʪʦʣʳץ 

ʩᴅʡʢʝʩʪʽʛʽ ʜᴅʣʝʣʜʝʥʜʽ. 

ɾײʤʳʩʪʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʜʳʣʳסʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʙʘʨʳʩʳʥʜʘ ʘʣʳʥסʘʥ סʳʣʳʤʠ ʥᴅʪʠʞʝʣʝʨ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝ 

ʞʘʩʘʣסʘʥ ʞʘשʘ ʙʫʳʥʜʘסʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʠʦʣʦʛʠʷʣʳץ 

ʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʥʳ ᴅʟʽʨʣʝʫʛʝ ʞʦʣ ʘʰʪʳ. ɸʪʘʣסʘʥ ʧʣʝʥʢʘ ʞʦסʘʨʳ ײץʥʜʳ 

ʞʘʨʪʳʣʘʡ ʬʘʙʨʠʢʘʪ ᴇʥʽʤʜʝʨʜʽ ï ʩʪʝʡʢ, ʙʘʣʳץ ʬʠʣʝʩʽ ʩʠʷץʪʳ ʪʘסʘʤʜʘʨʜʳ ץʘʧʪʘʫסʘ 

ʘʨʥʘʣסʘʥ. ʆʣ ʤʠʢʨʦʙʪʘʨʜʳש ᴇʩʫʽʥ ʪʠʽʤʜʽ ʪʝʞʝʧ, ᴇʥʽʤʥʽש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ 

ʞᴅʥʝ ʞʦסʘʨʳ ʩʘʧʘʩʳʥ ʩʘץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʝʥʢʘ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ, ʪʘʙʠסʠ ʞʘסʜʘʡʜʘ ʪʦʣʳץ r ʜʳʨʘʡʜʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʜʘʤʫ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ 

ʢʝʣʝʜʽ. ʆʩʳ ʩʠʧʘʪʪʘʤʘʣʘʨ ʦʥʳ ʪʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫסʘ ʞᴅʥʝ 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʘʫץʳʤʜʘ ʝʥʛʽʟʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɹײʣ ʧʣʝʥʢʘʣʘʨʜʳ ʪʝʢ ʦʨʘʫ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʜʘʡʳʥ ᴇʥʽʤʜʽ ץʘʧʪʘʤʘʜʘ ʪʽʢʝʣʝʡ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʛʝ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ᴇʥʽʤʥʽש 

ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʩʘʧʘʩʳʥ ʩʘץʪʘʫ ʞᴅʥʝ ʪʘסʘʤ ʜʘʡʳʥʜʘʫ װʜʝʨʽʩʽʥ ʞʝשʽʣʜʝʪʫ 

ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʫסʘ ʙʦʣʘʜʳ. ʄײʥʜʘʡ ʪᴅʩʽʣ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ, ʬʫʥʢʮʠʦʥʘʣʜʳ ʦʨʘʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʢʝשʽʥʝʥ ʝʥʛʽʟʫʛʝ ʞʦʣ ʘʰʘʜʳ. 

ɾײʤʳʩʪʘ ײʩʳʥʳʣסʘʥ ʰʝʰʽʤʜʝʨ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʪʘסʘʤ ʦʨʘʫ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴇʥʜʽʨʝʪʽʥ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ ʪᴅʞʽʨʠʙʝʣʽʢ-ᴇʥʜʽʨʽʩʪʽʢ ʜʝשʛʝʡʜʝ 

ʝʥʛʽʟʫʛʝ ʞʘʨʘʤʜʳ. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʞʦסʘʨʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʳש ʦץʫ ʧʨʦʮʝʩʽʥʜʝ, 

 ʦʣʜʘʥʳʩץ ʜʘʨʣʘʤʘʣʘʨʜʘסʙʘ ץʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞʦʙʘʣʘʨʳʥʜʘ ʞᴅʥʝ ʠʥʥʦʚʘʮʠʷʣʳס

ʪʘʙʘ ʘʣʘʜʳ. 
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çKazEcoSoilè ɾʐʉ ʙʘʟʘʩʳʥʜʘ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʥʳש  ʪʝʭʥʦʣʦʛʠʷʩʳ  ᴇʥʜʽʨʽʩʪʽʢ  ʞʘסʜʘʡʜʘ  ʘʧʨʦʙʘʮʠʷʜʘʥ  ᴇʪʢʽʟʽʣʜʽ 

(ɹ ץʦʩʳʤʰʘʩʳ). 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ᴇʥʜʽʨʫʛʝ ʘʨʥʘʣסʘʥ 

ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳײץ ץʞʘʪʪʘʤʘʥʳש ʞʦʙʘʣʘʨʳ ᴅʟʽʨʣʝʥʜʽ ʉʊ ʊʆʆ 

210940019323-001-2024 (ɺ ץʦʩʳʤʰʘʩʳ ױʡʳʤ ʩʪʘʥʜʘʨʪʳ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʥײʩץʘʫ). 

ɸʚʪʦʨʜʳש ʞʝʢʝ װʣʝʩʽ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽ, 

ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨʜʽ ᴇשʜʝʫʜʽ, סʳʣʳʤʠ-ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʩʳʥʘץʪʘʨʜʳ ʞװʨʛʽʟʫʜʽ ʞᴅʥʝ 

ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʽʩ ʞװʟʽʥʜʝ ץʦʣʜʘʥʫʜʳ, ʥʦʨʤʘʪʠʚʪʽʢ ײץʞʘʪʪʘʤʘʥʳ ᴅʟʽʨʣʝʫʜʽ 

 .ʘʤʪʠʜʳץ
 :ʠʜʘʣʘʨסʘץ ʳʣʳʤʠס ʩʳʥʳʣʘʪʳʥײ ʘסʘʫסʦʨפ

 שʠ ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽסʘʥ ʪʘʙʠסʽʨʣʝʨʽʥʝʥ ʘʣʳʥשʨʣʽ ᴇװᴅʨʪ שʩʪʘʥʥʳץʘʟʘפ -
(ʙʠʜʘʡ, ʢʘʨʪʦʧ, ʙײʨʰʘץ, ʢװʨʽʰ, ʞװʛʝʨʽ, ʢʘʩʩʘʚʘ) ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ, 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ 

ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫʛʝ ʞʘʨʘʤʜʳʣʳסʳ ʤʝʥ ʬʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷסʘ 

ʙʝʡʽʤʜʽʣʽʛʽʥ ʘʡץʳʥʜʘʡʜʳ. 

- ʊʘʙʠסʠ ʢʨʘʭʤʘʣʜʘʨʜʳ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʽʥʽש 

ʪʠʽʤʜʽʣʽʛʽ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨ ʘʨץʳʣʳ ʢʨʘʭʤʘʣʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ 

 ʤʢʽʥʜʽʢװʘ ʤסʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘ ʘʣʫ ץʩʘʨʪʳʧ, ʙʠʦʣʦʛʠʷʣʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

ʙʝʨʝʪʽʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

- ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʧʣʝʥʢʘʣʘʨʜʳש 

 ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʤʝʥ E. coli ʞᴅʥʝ S. aureus ץʤʝʭʘʥʠʢʘʣʳ-ץʨʳʣʳʤʜʳײץ

ʧʘʪʦʛʝʥʜʝʨʽʥʝ ץʘʨʩʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʦʣʘʨʜʳש ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥ 

ʦʨʘʫסʘ ʞʘʨʘʤʜʳʣʳסʳʥ ʢᴇʨʩʝʪʝʜʽ. 

- ɾʝʫʛʝ ʞʘʨʘʤʜʳ, ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ 

ʞʘץʩʘʨʪʳʣסʘʥ, E. coli ʤʝʥ S. aureus-ץʘ ץʘʨʩʳ ʘʡץʳʥ ʘʥʪʠʤʠʢʨʦʙʪʳץ ᴅʩʝʨʽ ʞᴅʥʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʙʘʨ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʩʩʘʚʘ ʞᴅʥʝ 

ʞװʛʝʨʽ ʢʨʘʭʤʘʣʜʘʨʳ ʥʝʛʽʟʽʥʜʝʛʽ ʘʥʪʠʙʘʢʪʝʨʠʷʣʳץ ʧʣʝʥʢʘʥʳש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ 

ʨʝʮʝʧʪʫʨʘʩʳ ᴅʟʽʨʣʝʥʜʽ. 

ɾײʤʳʩʪʳ ʘʧʨʦʙʘʮʠʷʜʘʥ ᴇʪʢʽʟʫ. נʳʣʳʤʠ ʟʝʨʪʪʝʫ ʞײʤʳʩʳʥʳש ʥʝʛʽʟʛʽ 

ʤʘʟʤײʥʳ ʤʝʥ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʝʩʽ ʭʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ-ʪᴅʞiʨʠʙʝʣiʢ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʳʥʜʘ: 

- çʐʓױ ɾʘʩʪʘʨ סʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳץ ʠʥʥʦʚʘʮʠʷʣʳץ ʬʦʨʫʤʳ 

ʂʝʜʝʡʰʽʣʽʢʪʽ ʘʟʘʡʪʫʜʘסʳ ʳʥʪʳʤʘץʪʘʩʪʳץ ʞᴅʥʝ ʘʫʳʣʜʳ ʜʘʤʳʪʫ ʙʦʡʳʥʰʘ 

ʧʘʨʘʣʣʝʣʴ ʬʦʨʫʤè (פʳʪʘʡ ʍʘʣʳץ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʉʠʘʥʴ ץʘʣʘʩʳʥʜʘסʳ 

2022 ʞ.); 

- çʉʝʡʬʫʣʣʠʥ ʦץʫʣʘʨʳ-21: çʆʨʛʘʥʠʢʘʣʳץ ʞᴅʥʥʝ ʨʝʛʝʥʝʨʘʪʠʚʪʽ ʘʫʳʣ 

ʰʘʨʫʘʰʳʣʳסʳ: ʞʘhʘʥʜʳץ ʩʳʥ-ץʘʪʝʨʣʝʨ ʞᴅʥʝ ʞʝʨʛʽʣʽʢʪʽ ʰʝʰʽʤʜʝʨè 

(ʉ.ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ פʘʟʘץ ʘʛʨʦʪʝʭʥʠʢʘʣʳץ ʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽ, 2025 ʞ.). 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʞʘʨʠʷʣʘʥʳʤʜʘʨʳ. נʳʣʳʤʠ ʞײʤʳʩʪʳש 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ץʘʪʳʩʪʳ 21 (ʞʠʳʨʤʘ ʙʽʨ) סʳʣʳʤʠ ʝשʙʝʢ ʞʘʨʠʷʣʘʥʜʳ. ʆʣʘʨ 

 ʳʣʳʤ ʞᴅʥʝנ שʘʨʳ ʙʽʣʽʤ ʤʠʥʠʩʪʨʣʽʛʽʥʽסʳʣʳʤ ʞᴅʥʝ ʞʦנ ʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳץʘʟʘפ



12  

ʞʦסʘʨʳ ʙʽʣʽʤ ʩʘʣʘʩʳʥʜʘסʳ ʩʘʧʘʥʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢʦʤʠʪʝʪʽ ײʩʳʥסʘʥ 

ʞʫʨʥʘʣʜʘʨʜʘ 2 ʤʘץʘʣʘ, Web of Science ʞᴅʥʝ Scopus ʙʘʟʘʩʳʥʘ ʢʽʨʝʪʽʥ, ʠʤʧʘʢʪ- 

ʬʘʢʪʦʨʳ ʥᴇʣʜʝʥ ʞʦסʘʨʳ ʞʫʨʥʘʣʜʘʨʜʘ 19 ʤʘץʘʣʘ, ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ 

ʪᴅʞʽʨʠʙʝʣʽʢ ʢʦʥʬʝʨʝʥʮʠʷ ʤʘʪʝʨʠʘʣʜʘʨʳʥʜʘ 2 ʤʘץʘʣʘ ʞʘʨʳץ ʢᴇʨʜʽ. 

ɼʠʩʩʝʨʪʘʮʠʷʥʳש ʢᴇʣʝʤʽ ʞᴅʥʝ ײץʨʳʣʳʤʳ. ɼʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩ 

ʤʘʟʤײʥ, ʢʽʨʽʩʧʝ, ᴅʜʝʙʠʝʪʪʝʨʛʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʰʦʣʫ, ʟʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ, ʟʝʨʪʪʝʫ 

ʥᴅʪʠʞʝʣʝʨʽ, ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʪʘʣʜʘʫ, ץʦʨʳʪʳʥʜʳ, ץʦʩʳʤʰʘ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ 

ʪײʨʘʪʳʥ ʙᴇʣʽʤʜʝʨʜʝʥ ײץʨʳʣסʘʥ. ɾײʤʳʩ 178 ʙʝʪʪʝ ʙʝʨʽʣʛʝʥ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʤᴅʪʽʥʥʝʥ, 34 ʢʝʩʪʝ, 31 ʩʫʨʝʪ ʞᴅʥʝ 14 ʌʦʨʤʫʣʘʜʘʥ ʪײʨʘʜʳ. פʦʣʜʘʥʳʣסʘʥ ᴅʜʝʙʠʝʪ 

ʪʽʟʽʤʽ 131 ᴅʜʝʙʠʝʪ ʢᴇʟʽʥʝʥ ʪײʨʘʜʳ. 
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1 ᴄɼɽɹʀɽʊʊɽʈɻɽ ɸʅɸʃʀʊʀʂɸʃʓפ ʐʆʃʋ 

 

1.1 ʂʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ ʞᴅʥʝ ʦʥʳש 

ʙʠʦʜʝʛʨʘʜʘʮʠʷʣʘʥʘʪʳʥ ʧʣʝʥʢʘʣʘʨʜʘסʳ ץʦʣʜʘʥʳʣʫʳ 

ʂʨʘʭʤʘʣ ï ʪʘʙʠסʠ ʧʦʣʠʩʘʭʘʨʠʜ ʞᴅʥʝ ʪʘʙʠסʘʪʪʘ ʝש ʢʝש ʪʘʨʘʣסʘʥ 

ʞʘשʘʨʪʳʣʘʪʳʥ ʙʠʦʣʦʛʠʷʣʳץ ʨʝʩʫʨʩ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣ ᴇʩʽʤʜʽʢʪʝʨʜʽש 

ʪץײʳʤʜʘʨʳʥʜʘ, ʪװʡʥʝʢʪʝʨʽʥʜʝ ʞᴅʥʝ ʪʘʤʳʨʣʘʨʳʥʜʘ ʵʥʝʨʛʠʷ ץʦʨʳ ʨʝʪʽʥʜʝ 

ʞʠʥʘʣʘʜʳ. ʂʨʘʭʤʘʣʜʳש ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘסʳʰʪʳסʳ, ץʘʙʳץʰʘ ʪװʟʫ ץʘʙʽʣʝʪʽ 

ʞᴅʥʝ ʙʠʦʩᴅʡʢʝʩʪʽʛʽ ʘʨץʘʩʳʥʜʘ ʦʣ ʪʘסʘʤ, ʬʘʨʤʘʮʝʚʪʠʢʘ, ץʘʧʪʘʤʘ ʞᴅʥʝ 

ʙʠʦʤʘʪʝʨʠʘʣʜʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ [9]. 

ʍʠʤʠʷʣʳץ ʪײʨסʳʜʘʥ ʢʨʘʭʤʘʣ ï Ŭ-D-ʛʣʠʢʦʟʠʜʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʘʨץʳʣʳ 

 ʢᴇʤʽʨʩʫ. ʆʣ ʝʢʽ ץʘʨʳ ʤʦʣʝʢʫʣʘʣʳסʨʘʪʳʥ ʞʦײʪʘʨʳʥʘʥ ʪץʘʣʜʳץ ʘʥ ʛʣʶʢʦʟʘסʦʩʳʣץ

ʥʝʛʽʟʛʽ ʬʨʘʢʮʠʷʜʘʥ ï ʘʤʠʣʦʟʘ ʞᴅʥʝ ʘʤʠʣʦʧʝʢʪʠʥʥʝʥ ʪײʨʘʜʳ. ɸʤʠʣʦʟʘ Ŭ-1,4- 

ʛʣʠʢʦʟʠʜʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʘʨץʳʣʳ ʪװʟʽʣʛʝʥ ʩʳʟʳץʪʳײץ ץʨʳʣʳʤסʘ, ʘʣ 

ʘʤʠʣʦʧʝʢʪʠʥ Ŭ-1,6-ʛʣʠʢʦʟʠʜʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨʳ ʙʘʨ ʪʘʨʤʘץʪʘʣסʘʥ ײץʨʳʣʳʤסʘ ʠʝ 

(1-ʩʫʨʝʪ) [10]. 

ʂʨʘʭʤʘʣʜʳש ʘʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥ ʘʨʘץʘʪʳʥʘʩʳ ʦʥʳש ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʤʳʩʘʣʳ ʝʨʽʛʽʰʪʽʢʢʝ, ʛʝʣʴ ʪװʟʫ ץʘʙʽʣʝʪʽʥʝ, ʪײʪץʳʨʣʳץ ʧʝʥ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץץʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [11]. ɹײʣ ץʘʪʳʥʘʩ ʢʨʘʭʤʘʣʜʳש 

ʧʣʝʥʢʘ ʪװʟʫ ʞᴅʥʝ ᴇשʜʝʫ ץʘʩʠʝʪʪʝʨʽʥ ʜʝ ʘʥʳץʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽײץ שʨʘʤʳʥʜʘ ʘʟ ʤᴇʣʰʝʨʜʝ ʘץʫʳʟʜʘʨ, ʣʠʧʠʜʪʝʨ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ r ץʪʝʭʥʦʣʦʛʠʷʣʳ שʦʩʳʥʜʳʣʘʨ ʙʦʣʘʜʳ, ʦʣʘʨ ʜʘ ʦʥʳץ  .ʧʘʣ ʝʪʝʜʽץ

 

ʉʫʨʝʪ 1 ï ɸʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥʥʽש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ 

ʂʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ ʤʝʥ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ ʩʦסשʳ 

ʦʥʞʳʣʜʳץʪʘʨʜʘ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨסʘ 

ʜʝʛʝʥ ʩײʨʘʥʳʩʪʳש ʘʨʪʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʝʢʪʽ ʙʘסʳʪץʘ ʘʡʥʘʣʜʳ. פʦʨʰʘסʘʥ 

ʦʨʪʘʥʳש ʧʣʘʩʪʠʢʘʣʳץ ʣʘʩʪʘʥʫʳ ʤʝʥ ץʘʣʜʳץʪʘʨʜʳש ʵʢʦʞװʡʝʛʝ ʪʝʨʽʩ ᴅʩʝʨʽ 

ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʙʠʦʜʝʛʨʘʜʘʮʠʷʣʘʥʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ᴅʟʽʨʣʝʫʜʽ ʞʝʜʝʣʜʝʪʪʽ 

[12]. ʄײʥʜʘʡ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ï ʞʘשʘʨʪʳʣʘʪʳʥ ʰʠʢʽʟʘʪ 

ʢᴇʟʽ, ʪᴇʤʝʥ ᴇʥʜʽʨʽʩ ײץʥʳ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘ ʪʦʣʳץ ʳʜʳʨʘʫ ץʘʙʽʣʝʪʽ. 
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ɼʝʛʝʥʤʝʥ, ʪʘʟʘ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳש ʢʝʤʰʽʣʽʢʪʝʨʽ ʜʝ ʙʘʨ: ʦʣʘʨ ʳʣסʘʣסʘ 

ʩʝʟʽʤʪʘʣ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʪᴇʤʝʥ ʞᴅʥʝ ʪʦʩץʘʫʳʣʜʳץ ץʘʩʠʝʪʪʝʨʽ ʰʝʢʪʝʫʣʽ 

[13]. ʆʩʳ ʩʝʙʝʧʪʽ ʟʝʨʪʪʝʫʰʽʣʝʨ ʢʨʘʭʤʘʣʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʫ ʤʘץʩʘʪʳʥʜʘ ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʪʝʨʽʥ, 

ʩʦʥʜʘʡ-ʘץ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʦʩʧʘʣʘʨʜʳ (ʤʳʩʘʣʳ, ʛʣʠʮʝʨʠʥ, ʭʠʪʦʟʘʥ, ᴇʩʽʤʜʽʢ 

ʤʘʡʣʘʨʳ) ץʦʣʜʘʥʫʜʘ [14]. 

ʉʦסשʳ ʟʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢʨʘʭʤʘʣ ʤʝʥ ʭʠʪʦʟʘʥ ʥʝʛʽʟʽʥʜʝʛʽ 

ʢʦʤʧʦʟʠʪʪʽʢ ʤʘʪʝʨʠʘʣʜʘʨ ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʙʝʣʩʝʥʜʽʣʽʛʽ ʞʦסʘʨʳ ʞᴅʥʝ ʩʫ ʙʫʳʥʳש 

ᴇʪʽʤʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʪʽʥ ײץʨʳʣʳʤ ʪװʟʝ ʘʣʘʜʳ [15]. ʄʳʩʘʣʳ, Muratkhan ʞᴅʥʝ 

ᴅʨʽʧʪʝʩʪʝʨʽ (2025) ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʠʜʘʡ ʞᴅʥʝ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʜʘʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʘʥʪʠʤʠʢʨʦʙʪʳץ ʧʣʝʥʢʘʣʘʨʜʳש 

ʩʦʟʳʣסʳʰʪʳסʳ ʤʝʥ ʙʝʨʽʢʪʽʛʽ ʘʨʪץʘʥʳʥ ʘʥʳץʪʘʜʳ [16]. Lozano-Navarro ʞᴅʥʝ ʪ.ʙ. 

(2017) ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʭʠʪʦʟʘʥïʢʨʘʭʤʘʣ ʢʦʤʧʦʟʠʮʠʷʣʘʨʳʥʘ ʪʘʙʠסʠ ᴇʩʽʤʜʽʢ 

ʵʢʩʪʨʘʢʪʽʣʝʨʽʥ ץʦʩʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

 .ʘʥʳ ʜᴅʣʝʣʜʝʥʛʝʥ [17]סʩʘʨץʘʩʠʝʪʪʝʨʽ ʞʘץ

ʉʦʥʜʘʡ-ʘץ Hu ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ (2019) ʥʘʥʦʙᴇʣʰʝʢʪʝʨʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ 

ʧʣʝʥʢʘʥʳש ʩʫ ʙʫʳ ᴇʪʽʤʜʽʣʽʛʽʥ 50%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ײץʨʳʣʳʤʜʳץ 

ʪʳסʳʟʜʳסʳʥ ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [18]. 

ʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳ ʪʘסʘʤ ץʘʧʪʘʤʘʩʳʥʜʘ ץʦʣʜʘʥʫ ʢʝʟʽʥʜʝ 

 ,ʘ ʠʝ. Regulation (EC) ˉ1935/2004סʳʟשʘʫʽʧʩʽʟʜʽʢ ʪʘʣʘʧʪʘʨʳ ʝʨʝʢʰʝ ʤʘץ

ɽʫʨʘʟʠʷʣʳץ ʵʢʦʥʦʤʠʢʘʣʳץ ʦʜʘץʪʳש ʊʈ ʊʉ 029/2012 çʊʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש 

 ʘʤʤʝʥסISO ʞᴅʥʝ ɻʆʉʊ ʩʪʘʥʜʘʨʪʪʘʨʳ ʪʘ ץʘʫʽʧʩʽʟʜʽʛʽ ʪʫʨʘʣʳè, ʩʦʥʜʘʡ-ʘץ

ʞʘʥʘʩʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ װʰʽʥ ʢᴇʰʽ-ץʦʥ ʜʝשʛʝʡʽʥʝ, ץʘʣʜʳץ ʟʘʪʪʘʨʜʳש ʙʦʣʤʘʫʳʥʘ 

ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʢʝ ʥʘץʪʳ ʰʝʢʪʝʫʣʝʨ ʙʝʣʛʽʣʝʡʜʽ. ɹײʣ 

ʥʦʨʤʘʣʘʨסʘ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨ ʪʘסʘʤסʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ 

ᴇʪʢʽʟʙʝʡʪʽʥ, ʧʘʪʦʛʝʥʜʝʨʜʽש ʜʘʤʫʳʥ ʪʝʞʝʡʪʽʥ ʞᴅʥʝ ʘʜʘʤ ʜʝʥʩʘʫʣʳסʳʥʘ ץʘʫʽʧʩʽʟ 

ʙʦʣʫʳ ʪʠʽʩ. 

2016-2025 ʞʳʣʜʘʨ ʘʨʘʣʳסʳʥʜʘ פʘʟʘץʩʪʘʥʜʘ ʢʨʘʭʤʘʣ ᴇʥʜʽʨʽʩʽ ʞʳʣʳʥʘ ʦʨʪʘ 

ʝʩʝʧʧʝʥ 10,6 % ᴇʩʽʧ, ʘʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥ ʞʘסשʳʨʪʫ ʤʝʥ ʘʟʳץ-ʪװʣʽʢ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʜʘʤʳʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ ʢʝשʝʡʜʽ. ɽʣʜʽש ʥʝʛʽʟʛʽ 

ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽ ï ʙʠʜʘʡ, ʢʘʨʪʦʧ, ʞװʛʝʨʽ ʞᴅʥʝ ʙײʨʰʘץ ʜʘץʳʣʜʘʨʳ. פʘʟʘץʩʪʘʥʜʘ 

ʙײʣ ʜʘץʳʣʜʘʨ װʣʢʝʥ ʢᴇʣʝʤʜʝ ᴇʩʽʨʽʣʽʧ, ᴇשʜʝʫʜʽש ʪʦʣʳץ ʮʠʢʣʽ ץʘʣʳʧʪʘʩץʘʥ: 

ʰʠʢʽʟʘʪʪʳ ʪʘʟʘʣʘʫ, ײʥʪʘץʪʘʫ, ʞʽʙʽʪʫ, ʙᴇʣʫ ʞᴅʥʝ ʢʝʧʪʽʨʫ ʧʨʦʮʝʩʪʝʨʽ ʢʝשʽʥʝʥ 

ʝʥʛʽʟʽʣʛʝʥ. ʊʝʭʥʦʣʦʛʠʷʣʳץ ʞʘשʘʨʪʫʣʘʨʜʳש ʘʨץʘʩʳʥʜʘ ᴇʥʽʤ ʪװʨʣʝʨʽ ʜʝ 

ᴅʨʪʘʨʘʧʪʘʥʜʳʨʳʣʫʜʘ ï ʛʣʶʢʦʟʘ, ʤʘʣʴʪʦʜʝʢʩʪʨʠʥ, ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʞᴅʥʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ᴇʥʜʽʨʽʩʽ ʞʦʣסʘ ץʦʡʳʣʜʳ [19]. 

ʕʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʘʣסʘʥʜʘ, ʢʨʘʭʤʘʣ ᴇʥʜʽʨʽʩʽ פʘʟʘץʩʪʘʥʥʳש 

ʘʛʨʦᴇʥʝʨʢᴅʩʽʧ ʢʝʰʝʥʽʥʜʝʛʽ ʩʪʨʘʪʝʛʠʷʣʳץ ʤʘשʳʟʜʳ ʙʘסʳʪʪʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʂʫʣʘʥʦʚ ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ ʠʥʚʝʩʪʠʮʠʷʣʳץ ʢʣʠʤʘʪʪʳש ʙײʣ ʩʘʣʘʥʳש 

ʜʘʤʫʳʥʘ ᴅʩʝʨʽʥ ʞᴅʥʝ פʘʟʘץʩʪʘʥʜʳץ ʘʟʳץ-ʪװʣʽʢ ʥʘʨʳסʳʥʳש ʵʢʩʧʦʨʪʪʳץ ᴅʣʝʫʝʪʽʥ 

ʙʘסʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʊʣʝʫʙʘʝʚ ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ [20] פʘʟʘץʩʪʘʥ ʤʝʥ 

ʈʝʩʝʡʜʽש ʙʠʜʘʡ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ ʪʝʭʥʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢʪʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

ʘʨץʳʣʳ ᴇשʜʝʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʙʘסʳʪʪʘʨʳʥ ʢᴇʨʩʝʪʪʽ. 
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çɹʽʨ ʙʝʣʜʝʫ, ʙʽʨ ʞʦʣè ʙʘʩʪʘʤʘʩʳ ʰʝʢʘʨʘʣʳץ ʠʥʬʨʘײץʨʳʣʳʤ ʤʝʥ 

ʣʦʛʠʩʪʠʢʘʥʳ ʜʘʤʳʪʳʧ, ץʘʟʘץʩʪʘʥʜʳץ ʢʨʘʭʤʘʣ ᴇʥʽʤʜʝʨʽʥ ʭʘʣʳץʘʨʘʣʳץ ʥʘʨʳץץʘ 

ʰʳסʘʨʫסʘ ʞʘשʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ [21]. ɹײʣ װʨʜʽʩ ʪײʨʘץʪʳ ʜʘʤʫ ʩʘʷʩʘʪʳ ʤʝʥ 

ʵʢʦʣʦʛʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʞʘᴃʘʥʜʳץ ʩײʨʘʥʳʩʧʝʥ װʡʣʝʩʝʜʽ [22]. 

 ʳʣʳʤʠס ʫ ʦʨʳʥʜʘʨʳ ʤʝʥץʘʨʳ ʦסʞʦ שʩʪʘʥʥʳץʘʟʘפ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʦʨʪʘʣʳץʪʘʨʳ ʢʨʘʭʤʘʣ ʤʦʜʠʬʠʢʘʮʠʷʩʳ ʤʝʥ ʙʠʦʜʝʛʨʘʜʘʮʠʷʣʘʥʘʪʳʥ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʟʝʨʪʪʝʫ ʙʘסʳʪʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ʞʝʪʪʽ. ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳש ʞʘʩʘʣʫʳ ʢʨʘʭʤʘʣʜʳש 

ʪʘסʘʤ, ʵʢʦʣʦʛʠʷ ʞᴅʥʝ ʤʝʜʠʮʠʥʘ ʩʘʣʘʣʘʨʳʥʜʘ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫ ᴅʣʝʫʝʪʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. ʆʩʳʥʜʘʡ ʟʝʨʪʪʝʫʣʝʨ ʢʨʘʭʤʘʣʜʳײ שʣʪʪʳץ ʙʠʦʧʦʣʠʤʝʨʣʽʢ ʨʝʩʫʨʩʪʘʨ 

ʨʝʪʽʥʜʝʛʽ ʤʘשʳʟʳʥ ʘʨʪʪʳʨʳʧ, ץʘʟʘץʩʪʘʥʜʳץ ᴇשʜʝʫ ᴇʥʝʨʢᴅʩʽʙʽʥʽש ʠʥʥʦʚʘʮʠʷʣʳץ 

ʜʘʤʫʳʥʘ ʩʝʨʧʽʥ ʙʝʨʫʜʝ [23]. 

 

1.2 ʂʨʘʭʤʘʣ ʢʣʘʩʩʠʬʠʢʘʮʠʷʩʳ ʞᴅʥʝ ʢʨʘʭʤʘʣʜʳש ʪװʡʽʨʰʽʢ ץʘʩʠʝʪʪʝʨʽ 

ʂʨʘʭʤʘʣ   ï ʪʘʙʠסʠ ʧʦʣʠʩʘʭʘʨʠʜ, ʦʣ ᴇʩʽʤʜʽʢʪʝʨʜʽש ʜᴅʥʜʝʨʽʥʜʝ, 

ʪװʡʥʝʢʪʝʨʽʥʜʝ ʞᴅʥʝ ʙײʨʰʘץ ʪץײʳʤʜʘʩʪʘʨʳʥʜʘ ʞʠʥʘץʪʘʣʘʜʳ. ʆʥʳש ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʤʝʥ ץʦʣʜʘʥʫ ʘʷʩʳ h ʳסʫ ʪʝʛʽ ʤʝʥ ײץʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʝʨʝʢʰʝʣʝʥʝʜʽ. ʐʳץץʘʥ ʪʝʛʽʥʝ ץʘʨʘʡ ʢʨʘʭʤʘʣ װʰ ʥʝʛʽʟʛʽ ʪʦʧץʘ ʙᴇʣʽʥʝʜʽ: ʘʩʪʳץ 

(ʙʠʜʘʡ, ʞװʛʝʨʽ, ʢװʨʽʰ), ʪװʡʥʝʢʪʽ (ʢʘʨʪʦʧ, ʢʘʩʩʘʚʘ) ʞᴅʥʝ ʙײʨʰʘץ ʪץײʳʤʜʘʩ 

(ʙײʨʰʘץ,  ʤʘʰ) ʢʨʘʭʤʘʣʜʘʨʳ. ɸʩʪʳץ  ʢʨʘʭʤʘʣʜʘʨʳ ʥʘʥ  ʞᴅʥʝ ʢʦʥʜʠʪʝʨ 

ᴇʥʽʤʜʝʨʽʥʜʝ, ʪװʡʥʝʢʪʽ ʢʨʘʭʤʘʣʜʘʨ ʞʝʣʽʤ ʤʝʥ ץʦʶʣʘʪץʳʰ ʨʝʪʽʥʜʝ, ʘʣ ʙײʨʰʘץ 
ʢʨʘʭʤʘʣʜʘʨʳ ʛʣʶʪʝʥʩʽʟ ᴇʥʽʤʜʝʨʜʝ ץʦʣʜʘʥʳʣʘʜʳ [24]. 

ʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʝʥ ʝʢʽ ʢʦʤʧʦʥʝʥʪʪʝʥ ʪײʨʘʜʳ: ʘʤʠʣʦʟʘ ʞᴅʥʝ ʘʤʠʣʦʧʝʢʪʠʥ. 

ɸʤʠʣʦʟʘ ï ʩʳʟʳץʪʳ ײץʨʳʣʳʤʜʳ, ʛʝʣʴ ʪװʟʫʛʝ ʙʝʡʽʤ; ʘʣ ʘʤʠʣʦʧʝʢʪʠʥ ï 

ʪʘʨʤʘץʪʘʣסʘʥ ײץʨʳʣʳʤʜʳ, ʪײʪץʳʨʣʳץʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ʆʩʳ ʝʢʽ 

ʢʦʤʧʦʥʝʥʪʪʽץ שʘʪʳʥʘʩʳ ʢʨʘʭʤʘʣʜʳש ʛʝʣʴ ʪװʟʫ ץʘʙʽʣʝʪʽʥʝ, ʪʝʨʤʠʷʣʳץ 

ʪײʨʘץʪʳʣʳסʳʥʘ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ [25]. 

ᴆשʜʝʫ ᴅʜʽʩʽʥʝ ץʘʨʘʡ ʢʨʘʭʤʘʣ ʪʘʙʠסʠ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞᴅʥʝ ʪᴇʟʽʤʜʽ 

ʪװʨʣʝʨʛʝ ʙᴇʣʽʥʝʜʽ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʬʠʟʠʢʘʣʳץ (ʤʳʩʘʣʳ, ײץʨסʘץ 

ʞʳʣʫ), ʭʠʤʠʷʣʳץ ʥʝʤʝʩʝ ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʞʦʣʤʝʥ ʘʣʳʥʫʳ ʤװʤʢʽʥ ʞᴅʥʝ ʦʣ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [26]. ʊᴇʟʽʤʜʽ ʢʨʘʭʤʘʣ 

ʽʰʝʢʪʝ ץʦʨʳʪʳʣʤʘʡʪʳʥʜʳץʪʘʥ, ʧʨʝʙʠʦʪʠʢʘʣʳץ ʞᴅʥʝ ʜʠʝʪʘʣʳץ ʪʘʣʰʳץ ʨʝʪʽʥʜʝ 

ʙʘסʘʣʘʥʘʜʳ [27]. 

 ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʞᴅʥʝ ,ץʘʤʜʳסʦʣʜʘʥʫ ʩʘʣʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʢʨʘʭʤʘʣ ʪʘפ

ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʊʘסʘʤʜʘ ʦʣ ץʦʶʣʘʪץʳʰ ʞᴅʥʝ 

ʪײʨʘץʪʘʥʜʳʨסʳʰ ʨʝʪʽʥʜʝ, ᴇʥʝʨʢᴅʩʽʧʪʝ ï ץʘסʘʟ, ʪʦץʳʤʘ ʞᴅʥʝ ʙʠʦʧʣʘʩʪʠʢ ᴇʥʜʽʨʫʜʝ, 

ʬʘʨʤʘʮʝʚʪʠʢʘʜʘ ï ʪʦʣʪʳʨסʳʰ ʞᴅʥʝ ʙʘʡʣʘʥʳʩʪʳʨסʳʰ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ [28]. 

ʉʦʥʜʘʡ-ʘץ, ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝ ʜʝʢʩʪʨʠʥ ʞᴅʥʝ ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʩʠʷץʪʳ 

ʪʫʳʥʜʳʣʘʨ ʘʣʳʥʘʜʳ. ʆʣʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʦʩʧʘ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫʰʳ ʞװʡʝ 

ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ [29]. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʵʢʦʣʦʛʠʷʣʳץ 

ʪʘʟʘ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ï ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨ ʤʝʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

 .ʘ ʘʡʥʘʣʳʧ ʦʪʳʨ [30]ץʳʪסʘʧʪʘʤʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ᴇʟʝʢʪʽ ʙʘץ
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ɾʘʣʧʳ, ʢʨʘʭʤʘʣʜʳש ᴅʨʪװʨʣʽʣʽʛʽ ʤʝʥ ץʘʡʪʘ ᴇשʜʝʫʛʝ ʙʝʡʽʤʜʽʣʽʛʽ ʦʥʳ 

ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʰʝʰʽʤʜʝʨ װʰʽʥ ʤʘשʳʟʜʳ ʰʠʢʽʟʘʪץʘ 

ʘʡʥʘʣʜʳʨʘʜʳ. 

ʂʨʘʭʤʘʣʜʳש ʪװʡʽʨʰʽʢ ץʘʩʠʝʪʪʝʨʽ ʦʥʳש h ʳסʫ ʪʝʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʪװʨʣʽʣʽʢ 

ʪʘʥʳʪʘʜʳ. ɹײʣ ץʘʩʠʝʪʪʝʨʛʝ ʪװʡʽʨʰʽʢ ʧʽʰʽʥʽ, ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ, ץʦʩʘʨʣʘʥסʘʥ 

ʩʳʥʫ ײץʙʳʣʳʩʳ, ʙʝʪʢʽ ʤʦʨʬʦʣʦʛʠʷʩʳ, ʽʩʽʥʫ ʞᴅʥʝ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷʣʘʫ ץʘʙʽʣʝʪʽ, 

ʪװʡʽʨʰʽʢ ʪʳסʳʟʜʳסʳ ʤʝʥ ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʞʘʪʘʜʳ [31]. ʂʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ 

ʧʽʰʽʥʽ ʙʦʡʳʥʰʘ ʰʘʨ, ʩʦʧʘץ, ʪʘʙʘץʰʘ ʥʝʤʝʩʝ ʢᴇʧʙײʨʳʰʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ, ʘʣ 

ᴇʣʰʝʤʽ ʙʽʨʥʝʰʝ ʤʠʢʨʦʤʝʪʨʜʝʥ ʞװʟʜʝʛʝʥ ʤʠʢʨʦʤʝʪʨʛʝ ʜʝʡʽʥ ᴇʟʛʝʨʝʜʽ. ʄʳʩʘʣʳ, 

ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳש ʪװʡʽʨʰʽʢʪʝʨʽ 10ï20 ʤʢʤ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 100 ʤʢʤ-ʛʝ ʜʝʡʽʥ 

ʞʝʪʝʜʽ [32]. ʇʦʣʷʨʠʟʘʮʠʷʣʳץ ʤʠʢʨʦʩʢʦʧ ʘʩʪʳʥʜʘ ʪװʡʽʨʰʽʢʪʝʨ ץʦʩʘʨʣʘʥסʘʥ ʩʳʥʫ 

 ʛʝʡʜʝשʘʨʳ ʜʝסʞʦ שʨʳʣʳʤʳʥʳײץ ʽʰʢʽ שʙʳʣʳʩʳʥ ʢᴇʨʩʝʪʽʧ, ʦʣʘʨʜʳײץ

 .ʪʘʡʜʳ [33]ץʘסʘʥʳʥ ʘʡץʡʳʤʜʘʩײ

ʂʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʜʘʨʳʥʘ ץʘʨʘʡ ʢʨʘʭʤʘʣ A, B ʞᴅʥʝ C ʪʠʧʪʝʨʽʥʝ 

ʙᴇʣʽʥʝʜʽ: A ʪʠʧʽ ï ʪʳסʳʟ ײץʨʳʣʳʤʜʳ, ʥʝʛʽʟʽʥʝʥ ʜᴅʥʜʽ ʜʘץʳʣʜʘʨʜʘ (ʙʠʜʘʡ, ʞװʛʝʨʽ), 

B ʪʠʧʽ ï ʙʦʨʧʳʣʜʘײץ ץʨʳʣʳʤʜʳ, ʪװʡʥʝʢʪʽ ᴇʩʽʤʜʽʢʪʝʨʛʝ (ʢʘʨʪʦʧ) ʪᴅʥ, ʘʣ C ʪʠʧʽ ï 

ʘʨʘʣʘʩ ײץʨʳʣʳʤʜʳ, ʙײʨʰʘץ ʪץײʳʤʜʘʩʪʘʨʜʘ ʢʝʟʜʝʩʝʜʽ [34]. 

ʂʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʙʝʪʢʽ ʤʦʨʬʦʣʦʛʠʷʩʳ ʜʘ ᴅʨʪװʨʣʽ ʙʦʣʘʜʳ: 

ʙʽʨץʘʪʘʨʳ ʪʝʛʽʩ, ʙʘʩץʘʣʘʨʳ ʤʠʢʨʦʞʘʨʳץʪʘʨʤʝʥ ʥʝʤʝʩʝ ʪʝʩʽʢʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ, 

ʙײʣ ʦʣʘʨʜʳש ʩʫ ʩʽשʽʨʫ ʤʝʥ ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʳʜʳʨʘʫ ץʘʙʽʣʝʪʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ [35]. 

 ʘסʡʽʨʰʽʢʪʝʨ ʽʩʽʥʽʧ, ʢʣʝʡʩʪʝʨʠʟʘʮʠʷװʘʥʜʘ, ʪסʦʩʳʣץ ʘʥʜʘ ʞᴅʥʝ ʩʫסʳʟʜʳʨʳʣפ

 ʰʳʨʘʡʜʳ ï ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳ)ײ

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʙײʟʳʣʳʧ, ʪײʪץʳʨ ʤʘʩʩʘסʘ ʘʡʥʘʣʘʜʳ 

[36]. 

ɹײʣ ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨ 2 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʉʫʨʝʪ 2 ï ʂʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽײץ שʨʳʣʳʤʳ ʤʝʥ ײץʨʘʤʳ 

ʊװʡʽʨʰʽʢʪʝʨʜʽש ̔ ʰʢʽ ײץʨʳʣʳʤʳ ᴅʜʝʪʪʝ ץʘʙʘʪʪʘʣסʘʥ ʙʦʣʳʧ ʢʝʣʝʜʽ: ʘʤʠʣʦʟʘ 

ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥ ʘʤʦʨʬʪʳ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳץ ʘʡʤʘץʪʘʨ ʪװʟʝ ʦʪʳʨʳʧ, ʢʝʟʝʢʪʝʩʽʧ 
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ʦʨʥʘʣʘʩʘʜʳ. ɹײʣ ץʘʩʠʝʪʪʝʨ ʢʨʘʭʤʘʣʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥ 

(ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽ, ʬʘʨʤʘʮʝʚʪʠʢʘ, ץʘסʘʟ, ʙʠʦʤʘʪʝʨʠʘʣʜʘʨ) ʢʝשʝʡʪʝʜʽ. 

ʄʦʨʬʦʣʦʛʠʷʣʳץ ʪʘʣʜʘʫ װʰʽʥ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ (SEM) 

ʞᴅʥʝ ʪʨʘʥʩʤʠʩʩʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧ (TEM) ʩʠʷץʪʳ ʞʦסʘʨʳ 

ʘʞʳʨʘʪʳʤʜʳʣʳץʪʳ ʢʝʩʢʽʥʜʝʫ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. SEM ʢʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʙʝʪʢʽ ʧʽʰʽʥʽʥ, ᴇʣʰʝʤʽʥ ʞᴅʥʝ ʢʝʜʽʨ-ʙײʜʳʨʣʘʨʳʥ ʢᴇʨʫʛʝ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. TEM ï ʽʰʢʽ ʫʣʴʪʨʘײץʨʳʣʳʤʜʘʨʜʳ, ʘʤʠʣʦʟʘ ʤʝʥ 

ʘʤʠʣʦʧʝʢʪʠʥʥʽש ʪʘʨʘʣʫʳʥ ʞᴅʥʝ ʘʤʦʨʬʪʳ-ʢʨʠʩʪʘʣʜʳץ ʘʡʤʘץʪʘʨʜʳש 

ʰʝʢʘʨʘʣʘʨʳʥ ʥʘץʪʳ ʘʥʳץʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, TEM ʵʣʝʢʪʨʦʥʜʳץ ʜʠʬʨʘʢʮʠʷ 

ʥʝʤʝʩʝ ʵʣʝʤʝʥʪʪʽʢ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʤʝʥ ʪʦʣʳץʪʳʨʳʣʫʳ ʤװʤʢʽʥ. ʆʩʳ ʝʢʽ ᴅʜʽʩʪʽש 

 ʘסʨʜʝ ʩʠʧʘʪʪʘʫװʨʳʣʳʤʳʥ ʢʝʰʝʥʜʽ ʪײץ שʡʽʨʰʽʢʪʝʨʽʥʽװʡʣʝʩʽʤʜʽʣʽʛʽ ʢʨʘʭʤʘʣ ʪװ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʥʝʛʽʟʜʝʫʛʝ ʳץʧʘʣ 

ʝʪʝʜʽ [37]. 

ʂʨʘʭʤʘʣʜʳϬ ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʽʩʽʥʫ ʜϸʨʝʞʝʩʽ. ʂʨʘʭʤʘʣʜʳש ʝʨʽʛʽʰʪʽʛʽ ʘʨʪʳץ 

ʤᴇʣʰʝʨʜʝʛʽ ʩʫʜʳש ᴅʩʝʨʽʥʝʥ ʪװʡʽʨʰʽʢʪʝʨʜʝʥ ʙᴇʣʽʥʽʧ h ʳסʘʪʳʥ ʧʦʣʠʩʘʭʘʨʠʜʪʝʨʜʽש 

ʤᴇʣʰʝʨʽʥ ʩʠʧʘʪʪʘʡʜʳ. ɸʣ ʽʩʽʥʫ ʜᴅʨʝʞʝʩʽ ï ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʩʽשʽʨʝʪʽʥ ʩʫ ʤᴇʣʰʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʢᴇʨʩʝʪʢʽʰ. ɸʤʦʨʬʪʳ ʬʘʟʘʩʳ 

ʛʠʜʨʦʬʠʣʴʜʽ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʢʨʘʭʤʘʣ 60ï80 °C  ʘʨʘʣʳסʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʫʜʳ 

ʙʝʣʩʝʥʜʽ ʩʽשʽʨʽʧ, ʽʩʽʥʝʜʽ [38]. ɹײʣ ʧʨʦʮʝʩʪʝ ʘʤʠʣʦʟʘ ʤʦʣʝʢʫʣʘʣʘʨʳ ʩʫסʘ ᴇʪʽʧ, 

ʢʦʣʣʦʠʜʪʳ ʝʨʽʪʽʥʜʽ ʪװʟʩʝ, ʘʤʠʣʦʧʝʢʪʠʥ ʢᴇʙʽʥʝ ʪװʡʽʨʰʽʢ ʽʰʽʥʜʝ ץʘʣʘʜʳ [39]. 

ɯʩʽʥʫ ʪװʨʽʥʝ ץʘʨʘʡ ʢʨʘʭʤʘʣʜʘʨ װʰʢʝ ʙᴇʣʽʥʝʜʽ: ʞʦסʘʨʳ ʽʩʽʥʝʪʽʥ, ʦʨʪʘʰʘ 

ʽʩʽʥʝʪʽʥ ʞᴅʥʝ ʰʝʢʪʝʫʣʽ ʽʩʽʥʝʪʽʥ. ɹײʣ ץʘʩʠʝʪʪʝʨ ʢʨʘʭʤʘʣʜʳײץ שʨʳʣʳʤʜʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽʥʝ ʪᴅʫʝʣʜʽ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʘסʘʤ ᴇʥʜʽʨʽʩʽʥʜʝʛʽ (ʢʝʩʧʝ, ʚʝʨʤʠʰʝʣʴ) 

ʥʝʤʝʩʝ ʬʘʨʤʘʮʝʚʪʠʢʘ, ץʘסʘʟ ᴇʥʜʽʨʽʩʽ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʞʘʩʘʫ 

ʩʘʣʘʣʘʨʳʥʜʘסʳ ץʦʣʜʘʥʳʩʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ [40]. ɽʨʽʛʽʰʪʽʢ ʧʝʥ ʽʩʽʥʫ ʜᴅʨʝʞʝʩʽʥʝ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ, ʠʦʥʜʳץ ʦʨʪʘ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ᴅʩʝʨʣʝʨ ʳץʧʘʣ ʝʪʝʜʽ [41]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽ ʢʨʘʭʤʘʣʜʳש ʙײʣ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [42]. 

ʂʨʘʭʤʘʣʜʳϬ ʤϺʣʜʽʨʣʽʛʽ. ʂʨʘʭʤʘʣʜʳש ʤᴇʣʜʽʨʣʽʛʽ ʦʥʳש ʩʫ ʝʨʽʪʽʥʜʽʣʝʨʽʥʜʝ 

ʞʘʨʳץ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤʘשʳʟʜʳ ʢᴇʨʩʝʪʢʽʰ. ɹײʣ ץʘʩʠʝʪ ʢᴇʙʽʥʝ 

ʞʘʨʳץ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʨץʳʣʳ ᴇʣʰʝʥʽʧ, ʢʨʘʭʤʘʣ ʢʣʝʡʩʪʝʨʽʥʽש ʩʘʧʘʩʳ 

ʤʝʥ ʩʳʨʪץʳ ʪװʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [43]. ʄᴇʣʜʽʨʣʽʢ ʢʨʘʭʤʘʣʜʳש ʰʳסʫ 

ʪʝʛʽʥʝ, ʘʤʠʣʦʟʘ-ʘʤʠʣʦʧʝʢʪʠʥ ʘʨʘץʘʪʳʥʘʩʳʥʘ, ʪװʡʽʨʰʽʢ ᴇʣʰʝʤʽ ʤʝʥ ʧʽʩʽʨʫ 

ʫʘץʳʪʳʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʨʅ ʜʝשʛʝʡʽʥʝ ʪᴅʫʝʣʜʽ [44]. 

ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʣʘʨʳ ʘʨʘʩʳʥʜʘסʳ ʩʫʪʝʢʪʽʢ 

ʙʘʡʣʘʥʳʩʪʘʨʜʳ ᴅʣʩʽʨʝʪʽʧ, ʤᴇʣʜʽʨʣʽʢʪʽ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ [45]. ɸʣʘʡʜʘ ײʟʘץ ʧʽʩʽʨʫ 

ʥʝʤʝʩʝ ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤᴇʣʜʽʨʣʽʢʪʽ ʪᴇʤʝʥʜʝʪʝʜʽ. ʄᴇʣʜʽʨʣʽʛʽ ʞʦסʘʨʳ 

ʢʨʘʭʤʘʣʜʘʨ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʝ ʞʳʣʪʳʨ ʢᴇʨʽʥʽʩ ʙʝʨʽʧ, ʪײʪʳʥʫʰʳ ץʘʙʳʣʜʘʫʳʥʘ ʦש 

ᴅʩʝʨ ʝʪʝʜʽ [46]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ץʘʩʠʝʪ ʙʠʦʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨ, ץʘʧʪʘʤʘ 

ʤʘʪʝʨʠʘʣʜʘʨʳ ʞᴅʥʝ ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʪʘʩʳʤʘʣʜʘסʳʰʪʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ 

ʤʘשʳʟʜʳ. 

ʂʨʘʭʤʘʣʜʳϬ ʤϰʟʜʘʪʫ-ʝʨʫ Ϩʘʩʠʝʪʪʝʨʽ. ʂʨʘʭʤʘʣʜʳש ʤײʟʜʘʪʫ-ʝʨʫ 

ʪײʨʘץʪʳʣʳסʳ  ï  ʦʥʳש  ʢʣʝʡʩʪʝʨʽʥʽש  ʤײʟʜʘʪʫ  ʞᴅʥʝ  ʝʨʽʪʫ  ʮʠʢʣʜʘʨʳʥʜʘסʳ 
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 ʘʥסʟʜʘʪʳʣײʘʩʠʝʪ ʤץ ʣײʘʙʽʣʝʪʽʥ ʩʠʧʘʪʪʘʡʜʳ [47]. ɹץ ʩʪʘʫײ ʞᴅʥʝ ʩʫ ץʨʳʣʳʤʜʳײץ

ʪʘסʘʤʜʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ʄײʟʜʘʪʫ ʢʝʟʽʥʜʝ ʝʨʢʽʥ ʩʫ ʤײʟ 

ʢʨʠʩʪʘʣʜʘʨʳʥʘ ʘʡʥʘʣʳʧ, ʛʝʣʴ ײץʨʳʣʳʤʳ ʙײʟʳʣʘʜʳ. ɽʨʽʪʫ ʢʝʟʽʥʜʝ ʩʠʥʝʨʝʟʠʩ ï 

ʩʫʜʳש ʙᴇʣʽʥʫʽ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʢʨʘʭʤʘʣ ʛʝʣʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ [48]. 

ʄײʟʜʘʪʫ-ʝʨʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʘʤʠʣʦʟʘ-ʘʤʠʣʦʧʝʢʪʠʥ ʘʨʘץʘʪʳʥʘʩʳ, 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʝשʛʝʡʽ, ʢʨʘʭʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʩʘץʪʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ 

ʫʘץʳʪʳ ᴅʩʝʨ ʝʪʝʜʽ [49]. ɸʤʠʣʦʧʝʢʪʠʥʛʝ ʙʘʡ ʢʨʘʭʤʘʣʜʘʨ ʞʦסʘʨʳ ʪײʨʘץʪʳʣʳץ 

ʢᴇʨʩʝʪʝʜʽ, ʘʣ ʘʤʠʣʦʟʘ ʤᴇʣʰʝʨʽ ʢᴇʧ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʩʠʥʝʨʝʟʠʩ ʞʦסʘʨʳʣʘʡʜʳ [50]. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʙײʣ ʞʘסʳʥʘʥ ʪײʨʘץʪʳʨʘץ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ 

 ʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʝʥ ʙᴇʣʝʢ, ʬʘʨʤʘʮʝʚʪʠʢʘ, ʢʦʩʤʝʪʠʢʘ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥסʘʩʠʝʪ ʪʘץ

ʤʘʪʝʨʠʘʣʜʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʜʝ ᴇʟʝʢʪʽ [51]. 

ʂʨʘʭʤʘʣʜʳϬ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷʣʳϨ Ϩʘʩʠʝʪʪʝʨʽ. ʂʨʘʭʤʘʣʜʳש ʤײʟʜʘʪʫ-ʝʨʫ 

ʪײʨʘץʪʳʣʳסʳ ï ʦʥʳש ʢʣʝʡʩʪʝʨʽʥʽש ʤײʟʜʘʪʫ ʞᴅʥʝ ʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʜʘסʳ 

 ʘʥסʟʜʘʪʳʣײʘʩʠʝʪ ʤץ ʣײʘʙʽʣʝʪʽʥ ʩʠʧʘʪʪʘʡʜʳ [52]. ɹץ ʩʪʘʫײ ʞᴅʥʝ ʩʫ ץʨʳʣʳʤʜʳײץ

ʪʘסʘʤʜʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʝʨʝʢʰʝ ʤʘשʳʟסʘ ʠʝ. ʄײʟʜʘʪʫ ʢʝʟʽʥʜʝ ʝʨʢʽʥ ʩʫ ʤײʟ 

ʢʨʠʩʪʘʣʜʘʨʳʥʘ ʘʡʥʘʣʳʧ, ʛʝʣʴ ײץʨʳʣʳʤʳ ʙײʟʳʣʘʜʳ. ɽʨʽʪʫ ʢʝʟʽʥʜʝ ʩʠʥʝʨʝʟʠʩ 

ʩʫʜʳש ʙᴇʣʽʥʫʽ ʙʘʡץʘʣʘʜʳ, ʙײʣ ʢʨʘʭʤʘʣ ʛʝʣʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʝʜʽ. 

ʄײʟʜʘʪʫ-ʝʨʫ ץʘʩʠʝʪʪʝʨʽʥʝ ʘʤʠʣʦʟʘ-ʘʤʠʣʦʧʝʢʪʠʥ ʘʨʘץʘʪʳʥʘʩʳ, 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʝשʛʝʡʽ, ʢʨʘʭʤʘʣ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʩʘץʪʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʤʝʥ 

ʫʘץʳʪʳ ᴅʩʝʨ ʝʪʝʜʽ [53]. ɸʤʠʣʦʧʝʢʪʠʥʛʝ ʙʘʡ ʢʨʘʭʤʘʣʜʘʨ ʞʦסʘʨʳ ʪײʨʘץʪʳʣʳץ 

ʢᴇʨʩʝʪʝʜʽ, ʘʣ ʘʤʠʣʦʟʘ ʤᴇʣʰʝʨʽ ʢᴇʧ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʩʠʥʝʨʝʟʠʩ ʞʦסʘʨʳʣʘʡʜʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʙײʣ ʞʘסʳʥʘʥ ʪײʨʘץʪʳʨʘץ ʙʦʣʫʳ ʤװʤʢʽʥ [54]. 

ɹײʣ ץʘʩʠʝʪ ʪʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʝʥ ʙᴇʣʝʢ, ʬʘʨʤʘʮʝʚʪʠʢʘ, ʢʦʩʤʝʪʠʢʘ ʞᴅʥʝ 

ʙʠʦʳʜʳʨʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʜʝ ᴇʟʝʢʪʽ [55, 56]. 

ʂʨʘʭʤʘʣʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʪʝʢ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʡץʳʥʜʘʧ ץʘʥʘ ץʦʡʤʘʡ, ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽ ʪײʨסʳʩʳʥʘʥ ʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʄʳʩʘʣʳ, ʧʣʝʥʢʘʥʳש ʤᴇʣʜʽʨʣʽʛʽ ʤʝʥ ʩʫ ᴇʪʢʽʟʛʽʰʪʽʛʽ 

ᴇʥʽʤʥʽש ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʩʘʧʘʩʳʥʘ ᴅʩʝʨ ʝʪʩʝ, ʽʩʽʥʫ ʜᴅʨʝʞʝʩʽ ʤʝʥ 

ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʪײʨʘץʪʳʣʳסʳ ʪʘסʘʤʤʝʥ ʞʘʥʘʩʫ ʢʝʟʽʥʜʝ ʤʠʛʨʘʮʠʷ ʜʝשʛʝʡʽʥʝ 

ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. ʍʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ʘʡʤʘץʪʳץ ʩʪʘʥʜʘʨʪʪʘʨסʘ (ɽʆ Regulation 

(EC) No 1935/2004, ʊʈ ʊʉ 029/2012, ISO ʞᴅʥʝ ɻʆʉʊ ʪʘʣʘʧʪʘʨʳ) ʩᴅʡʢʝʩ, ʪʘסʘʤʤʝʥ 

ʞʘʥʘʩʘʪʳʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳ ʙᴇʣʤʝʫʽ ʞᴅʥʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʪʠʽʩ. ʉʦʥʜʳץʪʘʥ ʢʨʘʭʤʘʣʜʳש 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ ʦʥʳץ שʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ 

 ʘʫʜʘסʦʨץ ʳʥסʪʳʥʫʰʳ ʜʝʥʩʘʫʣʳײʘʥʘ ʝʤʝʩ, ʪס ʘʣʘʫʜʘסʤʢʽʥʜʽʛʽʥ ʙʘװʦʣʜʘʥʳʣʫ ʤץ

ʜʘ ʰʝʰʫʰʽ ʤᴅʥʛʝ ʠʝ. 

ʂʨʘʭʤʘʣʜʳש ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ï ʦʥʳש ʪײʪץʳʨʣʳסʳ ʤʝʥ ʘסʳʥʜʳץ 

ʤʽʥʝʟ-ײץʣץʳ ʘʨץʳʣʳ ʩʠʧʘʪʪʘʣʘʪʳʥ ʤʘשʳʟʜʳ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʜʽש 

ʙʽʨʽ [57]. ɹײʣ ץʘʩʠʝʪʪʝʨ ʢʨʘʭʤʘʣ ʢʣʝʡʩʪʝʨʽ ʤʝʥ ʛʝʣʴʜʝʨʽʥʽש ʩʳʨʪץʳ ʢװʰ ᴅʩʝʨʽʥʝʥ 

 ʳʥʘ ʪʽʢʝʣʝʡסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ שʪʘʡʜʳ ʞᴅʥʝ ᴇʥʽʤʥʽץʘʣʘʡ ᴇʟʛʝʨʝʪʽʥʽʥ ʘʥʳץ

ʳץʧʘʣ ʝʪʝʜʽ [58]. 

ʂʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʥʴʶʪʦʥʠʷʣʳץ ʝʤʝʩ 

ʩײʡʳץʪʳץ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʝʜʽ ï ʷסʥʠ, ʦʥʳש ʪײʪץʳʨʣʳסʳ shear rate (ץʳʩʳʤ 
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ʞʳʣʜʘʤʜʳסʳ) ᴇʟʛʝʨʛʝʥ ʩʘʡʳʥ ᴇʟʛʝʨʝʜʽ [59]. ɸʤʠʣʦʟʘ ײʟʳʥ ᴅʨʽ ʪװʟʫ ʪʽʟʙʝʢʪʽ 

ʤʦʣʝʢʫʣʘ ʨʝʪʽʥʜʝ ʪײʪץʳʨʣʳץʪʳ ʘʨʪʪʳʨʳʧ, ʛʝʣʴ ʪװʟʫʛʝ ʳץʧʘʣ ʝʪʩʝ, 

ʘʤʠʣʦʧʝʢʪʠʥʥʽש ʪʘʨʤʘץʪʘʣסʘʥ ײץʨʳʣʳʤʳ ʞװʡʝʥʽש ʩʝʨʧʽʤʜʽʣʽʛʽ ʤʝʥ 

ʘסʳʥʜʳʣʳסʳʥ ʩʘץʪʘʡʜʳ [60, 61]. 

ʈʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʛʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨסʘ ʪʝʤʧʝʨʘʪʫʨʘ, 

ʢʨʘʭʤʘʣʜʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ, ʩʳʨʪץʳ ʤʝʭʘʥʠʢʘʣʳץ ʢװʰʪʝʨ ʞᴅʥʝ ײץʨʘʤʳʥʜʘסʳ 

ʙʘʩץʘ ץʦʩʘʣץʳ ʢʦʤʧʦʥʝʥʪʪʝʨ (ץʘʥʪʪʘʨ, ʪײʟʜʘʨ, ʤʘʡʣʘʨ, ʛʠʜʨʦʢʦʣʣʦʠʜʪʘʨ) ʞʘʪʘʜʳ 

[62]. ʊʝʤʧʝʨʘʪʫʨʘ ʞʦסʘʨʳʣʘסʘʥ ʩʘʡʳʥ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ ʢʣʝʡʩʪʝʨʣʝʥʽʧ, 

ʪײʪץʳʨʣʳץ ʘʨʪʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘ ʝʨʽʪʽʥʜʽʣʝʨ ץʦʶʣʘʥʘ 

ʪװʩʝʜʽ, ʘʣ ʩײʡʳʣʪʳʣסʘʥ ʞװʡʝʣʝʨʜʝ ʪײʪץʳʨʣʳץ ʪᴇʤʝʥʜʝʡʜʽ. ױʟʘץ ʥʝʤʝʩʝ 

ʳʥʜʳ ʘʨʘʣʘʩʪʳʨʫ ʢʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʣʘʨʳʥ rץʘʨץ ʜʳʨʘʪʳʧ, ʪײʪץʳʨʣʳץʪʳ ʘʟʘʡʪʫʳ 

ʤװʤʢʽʥ [63, 64]. 

ʈʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש (ʩʦʫʩʪʘʨ, ʜʝʩʝʨʪʪʝʨ, ʩװʪ ᴇʥʽʤʜʝʨʽ, 

ʥʘʥ-ʪʦץʘʰ ʞᴅʥʝ ʞʘʨʪʳʣʘʡ ʜʘʡʳʥ ᴇʥʽʤʜʝʨ) ײץʨʳʣʳʤʳʥ, ʪײʨʘץʪʳʣʳסʳʥ ʞᴅʥʝ 

ʪʝʢʩʪʫʨʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʘʡ-ʘץ, ʙײʣ ץʘʩʠʝʪʪʝʨ 

ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʧʨʝʧʘʨʘʪʪʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ ʞװʡʝʣʝʨʽʥʜʝ, ʙʠʦʳʜʳʨʘʡʪʳʥ 

ʧʣʝʥʢʘʣʘʨ ʤʝʥ ץʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘʩʘʫʜʘ ʜʘ ʘʩʘ ʤʘשʳʟʜʳ [65]. 

ʈʝʦʣʦʛʠʷʣʳץ ʤʽʥʝʟ-ײץʣʳץʪʳש ʦשʪʘʡʣʘʥʜʳʨʳʣʫʳ ʜʘʡʳʥ ᴇʥʽʤʥʽש ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʪײʨʘץʪʘʥʜʳʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳש ʨʝʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ 

ʢʨʘʭʤʘʣʜʳש ʢʨʠʩʪʘʣʜʳʣʳץ ʜᴅʨʝʞʝʩʽ ʜʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ [66]. 

ʂʨʠʩʪʘʣʜʳ ʞᴅʥʝ ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʢᴇʨʩʝʪʫ װʰʽʥ ʪᴇʤʝʥʜʝ 1-ʢʝʩʪʝʜʝ ײʩʳʥʳʣסʘʥ. 

ʂʝʩʪʝ 1 ï ʂʨʠʩʪʘʣʜʳ ʞᴅʥʝ ʘʤʦʨʬʪʳ ʢʨʘʭʤʘʣʜʘʨʜʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʫ 

 

 -ʘʩʠʝʪ ʂʨʠʩʪʘʣʜʳ ɸʤʦʨʬפ

ʪ  r
 -ʘʩʠʝʪ ʂʨʠʩʪʘʣפ

ʜ  r

ɸʤʦʨʬ- 

ʪ  r
1 2 3 4 5 6 

ʊʳסʳʟʜʳץ ʞʦסʘʨʳ ʪᴇʤʝʥ ʪʦʟʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢ 
ʞʦסʘʨʳ ʪᴇʤʝʥ 

ʉʦʟʳʣʫ 

ʙʝʨʽʢʪʽʛʽ 

ʞʦסʘʨʳ ʪᴇʤʝʥ ʩʘʣʙʳʨʘʫסʘ 

ʪᴇʟʽʤʜʽʣʽʢ 

ʞʘץʩʳ ʪᴇʤʝʥ 

ʉʦʟʳʣʫ ʤʦʜʫʣʽ ɾʦסʘʨʳ ʊᴇʤʝʥ פʘʪʪʳʣʳפ ץʘʪʪʳ ɾײʤʩʘץ 

 ʟʘʨʫ ʥʝʤʝʩʝױ

ʠʢʝʤʜʽʣʽʢ 
ʊᴇʤʝʥ ɾʦסʘʨʳ ʄᴇʣʜʽʨʣʽʢ ʊᴇʤʝʥ ɾʦסʘʨʳ 

ʉʦץץʳסʘ 

ʪᴇʟʽʤʜʽʣʽʢ 

ʊᴇʤʝʥ ɾʦסʘʨʳ ʊʘʣʰʳץʧʝʥ 

ʥʳסʘʡʪʫ ᴅʩʝʨʽ 

ɾʦסʘʨʳ ʊᴇʤʝʥ 

ɽש ʞʦסʘʨʳ 

ʧʘʡʜʘʣʘʥʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ 

ɾʦסʘʨʳ ʊᴇʤʝʥ ᴆʣʰʝʤʜʽʢ 

ʪײʨʘץʪʳʣʳץ 

ʅʘʰʘʨ ɾʘץʩʳ 
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1 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 6 

ʄʦʨʪʪʳץ ʉʳʥסʳʰ ï ʀʽʣʫʛʝ 

ʙʝʡʽʤʜʽʣʽʢ 

ɾʝשʽʣ ï 

ɾʠʳʨʳʣʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ 
ɾʦסʘʨʳ ʊᴇʤʝʥ ɹʦʷסʳʰ 

ʩʽשʽʨʛʽʰʪʽʛʽ 
ʅʘʰʘʨ ɾʘץʩʳ 

ɸסʳʥʜʳʣʳץ ɾʘץʩʳ ʊᴇʤʝʥ ɾʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘסʘ 

ʪᴇʟʽʤʜʽʣʽʢ 

ɾʦסʘʨʳ ʊᴇʤʝʥ 

ʍʠʤʠʷʣʳץ 

ʪᴇʟʽʤʜʽʣʽʢ 

ɾʦסʘʨʳ ʊᴇʤʝʥ ʀʽʣʛʽʰʪʽʢ ʊᴇʤʝʥ ɾʘץʩʳ 

 
1.3 ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 

ʂʨʘʭʤʘʣʜʳש ʪʘʙʠסʠ ײץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ ʦʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʳʧ, ץʦʣʜʘʥʫ ʘʷʩʳʥ ʝʜᴅʫʽʨ ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʤʘץʩʘʪʪʘ 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʪʘסʘʤ, ʬʘʨʤʘʮʝʚʪʠʢʘ, ץʘסʘʟ ᴇʥʜʽʨʽʩʽ, 

ʙʠʦʤʘʪʝʨʠʘʣʜʘʨ ʩʠʷץʪʳ ʪװʨʣʽ ʩʘʣʘʣʘʨʜʘ ʢʝשʽʥʝʥ ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ ʦʣ 

ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ ʞʘץʩʳ ʙʝʡʽʤʜʝʣʝʜʽ [67]. 

ʍʠʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ï ʢʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʩʳʥʘ ᴅʨʪװʨʣʽ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʪʦʧʪʘʨ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʦʥʳש ʪײʪץʳʨʣʳסʳʥ, ʩʫ ײʩʪʘʫ ץʘʙʽʣʝʪʽʥ, ʛʝʣʴ ʪװʟʫ ʞᴅʥʝ 

ʪʝʨʤʦʩʪʘʙʠʣʴʜʽʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʝש ʪʘʨʘʣסʘʥ ᴅʜʽʩ 

[68]. ɹײʣ ʪᴅʩʽʣ ʘʨץʳʣʳ ʘʣʳʥסʘʥ ʥʝʛʽʟʛʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʝ ʢʘʪʠʦʥʜʳץ ʢʨʘʭʤʘʣ, 

ʘʮʝʪʠʣʜʝʥʛʝʥ ʢʨʘʭʤʘʣ, ʬʦʩʬʘʪʪʘʣסʘʥ ʢʨʘʭʤʘʣ ʞᴅʥʝ ʢʨʦʩʩ-ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ 

ʢʨʘʭʤʘʣ ʞʘʪʘʜʳ [69]. ʂʘʪʠʦʥʜʳץ ʢʨʘʭʤʘʣ, ᴅʜʝʪʪʝ, ץʘסʘʟ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ, 

ʩʝʙʝʙʽ ʦʥʳש ʙʝʪʢʽ ʟʘʨʷʜʳ ʦש. ɸʮʝʪʠʣʜʝʥʛʝʥ ʢʨʘʭʤʘʣ ʛʝʣʴʜʽש ʪײʨʘץʪʳʣʳסʳʥ 

ʘʨʪʪʳʨʳʧ, ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʪᴇʟʽʤʜʽ ʝʪʝʜʽ [70]. ʌʦʩʬʘʪʪʘʣסʘʥ ʢʨʘʭʤʘʣ 

ʞʘץʩʳ ʩʫ ײʩʪʘסʳʰ ץʘʩʠʝʪʢʝ ʠʝ ʞᴅʥʝ ץʘʪʳʨʫ-ʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʘ ʪᴇʟʽʤʜʽ. ɸʣ ʢʨʦʩʩ- 

ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ ʢʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʘʨʘʣʳץ ʢʦʚʘʣʝʥʪʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʘʨץʳʣʳ 

 ʪᴇʟʽʤʜʽʣʽʛʽʥ ץʪʝʨʤʦ- ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳ שʰʝʡʪʽʧ, ᴇʥʽʤʥʽװʙʝʨʽʢʪʽʢʪʽ ʢ ץʨʳʣʳʤʜʳײץ

ʘʨʪʪʳʨʘʜʳ [71]. 

ʌʠʟʠʢʘʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ʢʝʟʽʥʜʝ ʢʨʘʭʤʘʣʜʳש ʭʠʤʠʷʣʳײץ ץʨʳʣʳʤʳ 

ᴇʟʛʝʨʪʽʣʤʝʡʜʽ, ʦʥʳש ʦʨʥʳʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, ץʳʩʳʤ, ʳʣסʘʣʜʳʣʳץ ʥʝʤʝʩʝ 

ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴅʩʝʨ ʩʠʷץʪʳ ʬʠʟʠʢʘʣʳץ ʬʘʢʪʦʨʣʘʨ ʘʨץʳʣʳ ʪװʡʽʨʰʽʢʪʝʨʜʽש 

ʤʦʨʬʦʣʦʛʠʷʩʳ ʤʝʥ ʽʰʢʽ ײץʨʳʣʳʤʳ ᴇʟʛʝʨʝʜʽ [72]. ɹײʣ ᴅʜʽʩ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ 

ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʨʝʘʛʝʥʪʪʝʨʜʽ ʧʘʡʜʘʣʘʥʙʘʡ-ʘץ ʢʨʘʭʤʘʣʜʳש ʤᴇʣʜʽʨʣʽʛʽʥ, ʛʝʣʴ ʪװʟʫ 

 ץʥʜʘʡ ʬʠʟʠʢʘʣʳײʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʄװʘ ʤסʩʘʨʪʫץʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘסʘʙʽʣʝʪʽʥ, ʩʫץ

ᴅʜʽʩʪʝʨ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ ʤʝʥ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ץʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥ 

ᴇʥʜʽʨʫʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

 ʘʨʳסʜʘ ʢʨʘʭʤʘʣʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʞʦשʘʟʽʨʛʽ ʪʘפ

ʜʝשʛʝʡʜʝ  ʜʘʤʳסʘʥ  ʞᴅʥʝ  ʥʘץʪʳ  ʤʘץʩʘʪץʘ  ʩᴅʡʢʝʩ  ᴇʥʽʤ  ʘʣʫסʘ  ʤװʤʢʽʥʜʽʢ 
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ʙʝʨʝʜʽ [73]. ʊʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʤײʥʜʘʡ ʢʨʘʭʤʘʣ ץʦʶʣʘʥʜʳʨסʳʰ, 

ʪײʨʘץʪʘʥʜʳʨסʳʰ ʥʝʤʝʩʝ ʵʤʫʣʴʛʘʪʦʨ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ [74]. 

ʌʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʩʘʣʘʜʘ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʜᴅʨʽʣʽʢ ʟʘʪʪʘʨʜʳ 

ʪʘʩʳʤʘʣʜʘʫʰʳ ʨʝʪʽʥʜʝ, ץʘסʘʟ ᴇʥʜʽʨʽʩʽʥʜʝ ʙʝʪʪʽʢ ʞʘʙʳʥ ʤʘʪʝʨʠʘʣʜʘʨʳ ʨʝʪʽʥʜʝ, ʘʣ 

ʙʠʦʤʘʪʝʨʠʘʣʜʘʨ ʩʘʣʘʩʳʥʜʘ ʙʠʦʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨ ʞʘʩʘʫ װʰʽʥ ʢʝשʽʥʝʥ 

 .ʦʣʜʘʥʳʣʘʜʳ [75, 76]ץ

ʆʩʳʣʘʡʰʘ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ï ʟʘʤʘʥʘʫʠ ᴇʥʝʨʢᴅʩʽʧʪʽש ʪװʨʣʽ 

ʩʘʣʘʣʘʨʳʥʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥ ʠʢʝʤʜʽ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʤʘʪʝʨʠʘʣ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [77]. 

ϧϰʨϤʘϨ ʪʝʨʤʠʷʣʳϨ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥϤʘʥ ʢʨʘʭʤʘʣ. ʂʨʘʭʤʘʣʜʳש 

 שʦʥʳ ץʩʘʨʪʫ, ʩʦʥʜʘʡ-ʘץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ץʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ץʨʳʣʳʤʜʳײץ

 ʩʘʪʳʥʜʘ ʢᴇʧʪʝʛʝʥ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽץʝʡʪʫ ʤʘשʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝץ

 שʜʝʫ ʢʝשᴇ ץʬʝʨʤʝʥʪʪʽʢ ʞᴅʥʝ ʭʠʤʠʷʣʳ ,ץʳʣʜʳץʳʰץ ʽʰʽʥʜʝ שʦʣʜʘʥʳʣʘʜʳ, ʩʦʥʳץ

ʪʘʨʘʣסʘʥ. ɸʣʘʡʜʘ ʙײʣ ᴅʜʽʩʪʝʨʜʽש ʙʘʩʳʤ ʢᴇʧʰʽʣʽʛʽ ʭʠʤʠʷʣʳץ ʨʝʘʛʝʥʪʪʝʨʜʽ 

 ,ʨʜʝʣʝʥʜʽʨʽʧװʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ᴇʥʜʽʨʽʩ ʧʨʦʮʝʩʽʥ ʢײʘʞʝʪ ʝʪʝʜʽ, ʙץ ʦʣʜʘʥʫʜʳץ

ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽ ʪײʨסʳʩʳʥʘʥ ץʦʩʳʤʰʘ ץʘʫʽʧ ʪʫʜʳʨʘʜʳ. 

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ, ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʪʘסʘʤʤʝʥ ʞʘʥʘʩʫסʘ ץʘʫʽʧʩʽʟ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʙʘʣʘʤʘ ʨʝʪʽʥʜʝ ײץʨסʘץ ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʽ ʪʘשʜʘʣʜʳ. 

ɹײʣ ᴅʜʽʩ ʢʨʘʭʤʘʣ ײץʨʳʣʳʤʳʥ ʤʘץʩʘʪʪʳ ʙʘסʳʪʪʘ ᴇʟʛʝʨʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ ץʘʥʘ 

 ʘ ʪʽʢʝʣʝʡסʘʤסʪʘʥ ʪʘץʟʝʛʝ ʘʩʳʨʳʣʘʜʳ, ʩʦʥʜʳװʘʪʘʨ ʨʝʘʛʝʥʪʩʽʟ ʞץ ʦʡʤʘʡ, ʩʦʥʳʤʝʥץ

 ʦʣʘʡʣʳץ ʘסʤʘʪʝʨʠʘʣʜʘʨʜʳ ʘʣʫ ץʘʧʪʘʤʘʣʳץ ʘ ʙʦʣʘʪʳʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳסʦʣʜʘʥʫץ

[78]. 

 ʜʝʫ ʧʨʦʮʝʩʽ ᴅʜʝʪʪʝ 120-180 ÁC ʪʝʤʧʝʨʘʪʫʨʘשᴇ ץʪʝʨʤʠʷʣʳ ץʘסʨײפ

ʘʨʘʣʳסʳʥʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ [79]. ɹײʣ ᴇשʜʝʫ ʢʨʘʭʤʘʣʜʳש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ 

ʪײʪץʳʨʣʳסʳʥ ʘʨʪʪʳʨʳʧ, ײץʣʘʫ ʥᴇʤʽʨʽʥ (falling number) ʪᴇʤʝʥʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ [80]. ʄײʥʜʘʡ ʤʦʜʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ ʢʝʡʙʽʨ ʭʠʤʠʷʣʳץ ʞʦʣʤʝʥ ʘʡץʘʩץʘʥ ʢʨʘʭʤʘʣʜʘʨסʘ 

 ʘʥסʳʣʳ ʘʣʳʥץʜʝʫ ʘʨשʞʳʣʫʤʝʥ ᴇ ץʘסʨײץ ,ʤʢʽʥ [81]. ɼʝʛʝʥʤʝʥװʩʘʩ ʙʦʣʫʳ ʤץײ

ᴇʥʽʤʜʝʨʜʽץ שʘʩʠʝʪʪʝʨʽ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷ ʤʝʭʘʥʠʟʤʜʝʨʽ ᴅʣʽ ʪʦʣʳץ ʟʝʨʪʪʝʣʤʝʛʝʥ 

[82]. 

ɹײʣ ᴅʜʽʩ ʙʘʨʳʩʳʥʜʘ ʢʨʘʭʤʘʣסʘ ᴅʨʪװʨʣʽ ʟʘʪʪʘʨ ץʦʩʫ ʘʨץʳʣʳ ץʦʩʘʣץʳ 

ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨʜʳש ʞװʨʫʽ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, ʢʨʘʭʤʘʣ ʤʝʥ ʜʝʢʩʪʨʦʟʘ ʥʝʤʝʩʝ 

ʣʠʤʦʥ ץʳʰץʳʣʳʥʳץ שʦʩʧʘʩʳʥ ײץʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʛʝʥ ʢʝʟʜʝ ʞʘשʘ ʛʣʠʢʦʟʠʜʪʽʢ 

ʥʝʤʝʩʝ ɻ ʬʠʨʣʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ [83]. ʃʠʤʦʥ ץʳʰץʳʣʳʥʳש ʢʘʨʙʦʢʩʠʣ 

ʪʦʧʪʘʨʳ ʢʨʘʭʤʘʣʜʳש ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳʤʝʥ ʨʝʘʢʮʠʷסʘ ʪװʩʽʧ, ʢʨʘʭʤʘʣ-ʣʠʤʦʥ 

 ץʨʳʣʳʤʜʳײץ ʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞᴅʥʝסʩʫ שʣ ʢʨʘʭʤʘʣʜʳײʟʝʜʽ, ʙװʳʣʳ ʵʬʠʨʽʥ ʪץʳʰץ

ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʘʜʳ [84]. 

ʉʦʥʜʘʡ-ʘץ, ʢʨʘʭʤʘʣסʘ ʪʘסʘʤʜʳץ ʛʠʜʨʦʢʦʣʣʦʠʜʪʘʨ ץʦʩʫ (ʤʳʩʘʣʳ, ʢʩʘʥʪʘʥ 

ʩʘסʳʟʳ, ʛʫʘʨ ʩʘסʳʟʳ, ʢʘʨʘʛʠʥʘʥ) ʦʥʳש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʪײʪץʳʨʣʳסʳʥ ʘʨʪʪʳʨʳʧ, 

ʨʝʪʨʦʛʨʘʜʘʮʠʷʥʳ ʙʘʷʫʣʘʪʘʜʳ [85]. 

Sun Q. (2013) ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽʥʽש ʟʝʨʪʪʝʫʣʝʨʽʥʝ ʩᴅʡʢʝʩ, ʥʘʪʨʠʡ ʘʣʴʛʠʥʘʪʳ, 

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ (CMC) ʞᴅʥʝ ʢʩʘʥʪʘʥ ʩʘסʳʟʳ ʩʠʷץʪʳ ʠʦʥʜʳץ 

ʛʝʣʴʜʝʨʤʝʥ  ʙʽʨʛʝ  ײץʨסʘץ  ʞʳʣʫʤʝʥ  ᴇשʜʝʫ  ʢʨʘʭʤʘʣʜʳש  ʪײʪץʳʨʣʳץ  ʞᴅʥʝ 
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 ʩʘʨʪʘʜʳ [86]. ʄʳʩʘʣʳ, CMC ʤʝʥ ʥʘʪʨʠʡץʘʩʠʝʪʪʝʨʽʥ ʝʜᴅʫʽʨ ʞʘץ ץʨʳʣʳʤʜʳײץ

ʘʣʴʛʠʥʘʪʳ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳש ʪײʪץʳʨʣʳסʳʥ ʘʨʪʪʳʨʩʘ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ װʰʽʥ 

ʢʝʨʽ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. ɸʣ ʢʩʘʥʪʘʥ ʩʘסʳʟʳ ʙʘʨʣʳץ ʞʘסʜʘʡʜʘ ʪײʪץʳʨʣʳץʪʳ 

ʘʨʪʪʳʨʫסʘ ʙʝʡʽʤ [87]. 

 ʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝסʤʦʜʠʬʠʢʘʮʠʷ ץʪʝʨʤʠʷʣʳ ץʘסʨײפ

ʠʦʥʜʳץ ʛʝʣʴʜʽש ʪװʨʽ ʤʝʥ ʤᴇʣʰʝʨʽ, ʢʨʘʭʤʘʣʜʳש ʪװʨʽ, ᴇשʜʝʫ ײʟʘץʪʳסʳ ʞᴅʥʝ 

ʦʨʪʘʥʳש ʨʅ ʤᴅʥʽ ʘʪʘʧ ᴇʪʽʣʝʜʽ. ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʨʅ 8.0 ʞʘסʜʘʡʳʥʜʘ 

ᴇשʜʝʣʛʝʥ ʢʨʘʭʤʘʣʜʳש ʪײʪץʳʨʣʳסʳ ʨʅ 6.0 ʞʘסʜʘʡʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʝʜᴅʫʽʨ 

ʞʦסʘʨʳ ʙʦʣʘʜʳ [88- 90]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇשʜʝʫ ʫʘץʳʪʳʥʳײ שʟʘʨʫʳ (ʤʳʩʘʣʳ, 0 

ʩʘסʘʪʪʘʥ 4 ʩʘסʘʪץʘ ʜʝʡʽʥ) ʪײʪץʳʨʣʳץ ʜʝשʛʝʡʽʥʽש ʘʨʪʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ. ɹײʣ 

ᴇʟʛʝʨʽʩʪʝʨ ʢʨʘʭʤʘʣʜʳש ʛʠʜʨʦʢʩʠʣ ʪʦʧʪʘʨʳ ʤʝʥ ʠʦʥʜʳץ ʛʝʣʴʜʝʨʜʽש ʢʘʨʙʦʢʩʠʣ 

ʪʦʧʪʘʨʳ ʘʨʘʩʳʥʜʘ ʞʘשʘ ʵʬʠʨʣʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʪװʟʽʣʫʽʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ [91]. 

 שʘʥ ʢʨʘʭʤʘʣʜʳסʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʪʝʨʤʠʷʣʳ ץʘסʨײץ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʟʝʨʪʪʝʫ װʰʽʥ ʙʽʨץʘʪʘʨ ʘʥʘʣʠʪʠʢʘʣʳץ ᴅʜʽʩʪʝʨ 

 ʤʘʛʥʠʪʪʽʢ ץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (FT-IR), ʷʜʨʦʣʳץʘ ʠʥʬʨʘסʦʣʜʘʥʳʣʘʜʳ. ʆʣʘʨץ

ʨʝʟʦʥʘʥʩ (AFM), ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳץ ʤʠʢʨʦʩʢʦʧʠʷ (SEM), ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʮʠʷ (XRD) ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ᴇʣʰʝʤʽʥ ʘʥʳץʪʘʫ ᴅʜʽʩʪʝʨʽ ʞʘʪʘʜʳ. ɹײʣ 

ᴅʜʽʩʪʝʨ ʢʨʘʭʤʘʣ ײץʨʳʣʳʤʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʜᴅʣ ʘʥʳץʪʘʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ʩʠʧʘʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ [92]. 

 ʜʝʫ ï ʢʨʘʭʤʘʣשʞʳʣʫʤʝʥ ᴇ ץʘסʨײץ ,ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝפ

ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʳש ʧʝʨʩʧʝʢʪʠʚʘʣʳ, ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽ ʪװʨʽ. ɹײʣ ᴅʜʽʩ ʞʦסʘʨʳ ᴇʥʽʤʜʽʣʽʢʧʝʥ, ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʨʘʧʘʡʳʤʜʳʣʳסʳʤʝʥ 

ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥʩʳʟʜʳסʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɸʣʘʡʜʘ, ײץʨסʘץ 

ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʥʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʝʭʘʥʠʟʤʜʝʨʽʥ ʪʝʨʝשʽʨʝʢ ʪװʩʽʥʫ ʞᴅʥʝ 

ʢʨʘʭʤʘʣʜʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʝ ᴅʩʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ ʟʝʨʪʪʝʫ ʤʘץʩʘʪʳʥʜʘ ץʦʩʳʤʰʘ 

 .ʘʞʝʪץ ʨʛʽʟʫװʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʞס

 

1.4 ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʦʨʛʘʥʠʢʘʣʳץ ʘʛʝʥʪʪʝʨ. ʉʠʧʘʪʪʘʤʘʩʳ ʞᴅʥʝ 

 ʘʩʠʝʪʪʝʨʽץ

ʆʨʛʘʥʠʢʘʣʳץ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ï ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ᴇʩʫʽʥ 

ʪʝʞʝʡʪʽʥ ʥʝʤʝʩʝ ʦʣʘʨʜʳ ʞʦʷʪʳʥ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ. ɹײʣ ʘʛʝʥʪʪʝʨ ʪʘסʘʤ 

ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ, ʬʘʨʤʘʮʝʚʪʠʢʘʜʘ, ʢʦʩʤʝʪʦʣʦʛʠʷʜʘ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʜʘ ʢʝשʽʥʝʥ 

 ʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʞᴅʥʝץ ʘץʩʧʝʢʪʨʣʽ ʤʠʢʨʦʙ שʦʣʜʘʥʳʣʘʜʳ, ʩʝʙʝʙʽ ʦʣʘʨ ʢʝץ

ʢᴇʧʪʝʛʝʥ ʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʛʝ ץʘʨʩʳ ʪʠʽʤʜʽ ᴅʩʝʨ ʝʪʝʜʽ. ʆʣʘʨʜʳש ʥʝʛʽʟʛʽ 

ʪװʨʣʝʨʽʥʝ ʦʨʛʘʥʠʢʘʣʳץ ץʳʰץʳʣʜʘʨ (ʤʳʩʘʣʳ, ʩʽʨʢʝ ʞᴅʥʝ ʣʠʤʦʥ ץʳʰץʳʣʳ), ʵʬʠʨ 

ʤʘʡʣʘʨʳ ʤʝʥ ʦʣʘʨʜʳש ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ (ʪʠʤʦʣ, ʢʘʨʚʘʢʨʦʣ), ʘʣʢʦʛʦʣʴʜʝʨ 

ʤʝʥ ʬʝʥʦʣʜʘʨ (ʵʪʘʥʦʣ, ʪʨʠʢʣʦʟʘʥ), ʢʘʪʠʦʥʜʳץ ץʦʩʳʣʳʩʪʘʨ (ʙʝʥʟʘʣʢʦʥʠʡ ʭʣʦʨʠʜʽ) 

ʞᴅʥʝ ʘʥʪʠʙʠʦʪʠʢʪʝʨ (ʧʝʥʠʮʠʣʣʠʥ, ʪʝʪʨʘʮʠʢʣʠʥ) ʞʘʪʘʜʳ [93, 94]. 

ɹײʣ ץʦʩʳʣʳʩʪʘʨ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ʞʘʩʫʰʘ ץʘʙʳʨסʘʩʳʥ ʟʘץʳʤʜʘʫ, 

ʤʝʪʘʙʦʣʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʙײʟʫ ʥʝʤʝʩʝ ʘץʫʳʟ ʩʠʥʪʝʟʽʥ ʪʝʞʝʫ ʘʨץʳʣʳ ᴅʩʝʨ ʝʪʝʜʽ. 

ʆʨʛʘʥʠʢʘʣʳץ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ 

 ʘץʤʠʢʨʦʙ שᴇʥʽʤʜʝʨʜʽ ץʘʫʨʫʣʘʨʜʳ ʝʤʜʝʫʜʝ, ʢʦʩʤʝʪʠʢʘʣʳ ץʟʘʨʪʫʜʘ, ʠʥʬʝʢʮʠʷʣʳײ
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ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʜʘ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʦʨʘʫʳʰ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʘʩʘʫʜʘ 

ʙʝʣʩʝʥʜʽ ץʦʣʜʘʥʳʣʘʜʳ [95]. 

ɹײʣ ʟʘʪʪʘʨʜʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳץʪʘʨʳ ï ʦʣʘʨʜʳש ʤʠʢʨʦʙץʘ ץʘʨʩʳ ʞʦסʘʨʳ 

ʪʠʽʤʜʽʣʽʛʽ ʞᴅʥʝ ᴅʩʝʨ ʝʪʫ ʘʫץʳʤʳʥʳש ʢʝשʜʽʛʽ. ɸʣʘʡʜʘ ʢʝʡʙʽʨ ʘʛʝʥʪʪʝʨ ʫʳʪʪʳ 

ʙʦʣʫʳ, ʞʘסʳʤʩʳʟ ʠʽʩ ʥʝʤʝʩʝ ʜᴅʤ ץʘʣʜʳʨʫʳ, ʩʦʥʜʘʡ-ʘץ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʪʫʳʥʜʘʪʫʳ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ ʙʦʣʘʰʘץʪʘ ʦʨʛʘʥʠʢʘʣʳץ ʙʘʢʪʝʨʠʷסʘ 

 ʪʳ ʥʝʛʽʟʜʝ ʧʘʡʜʘʣʘʥʫץʨʘײʘʫʽʧʩʽʟ, ʪʠʽʤʜʽ ʞᴅʥʝ ʪץ ץʘʨʩʳ ʘʛʝʥʪʪʝʨʜʽ ʵʢʦʣʦʛʠʷʣʳץ

ʞʦʣʜʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʤʘשʳʟʜʳ ʤʽʥʜʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʘʙʠסʠ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ʘʜʘʤʟʘʪ ʪʘʨʠʭʳʥʜʘ ʝש ʘʣסʘʰ 

 ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [96]. ʆʣʘʨ שʘʨʩʳ ʟʘʪʪʘʨʜʳץ ʘץʘʥ ʤʠʢʨʦʙסʦʣʜʘʥʳʣץ

ʞʘʥʫʘʨʣʘʨ ʤʝʥ ᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʘʣʳʥסʘʥ ʪʘʙʠסʠ ץʦʩʳʣʳʩʪʘʨ ʥʝʛʽʟʽʥʜʝ ʞʘʩʘʣʘʜʳ 

ʞᴅʥʝ ʜʝʥʩʘʫʣʳץץʘ ץʘʫʽʧʩʽʟʜʽʛʽʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪʘʙʠסʠ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ץʘʪʘʨʳʥʘ ʭʠʪʦʟʘʥ, ʛʠʩʪʦʥ ʘץʫʳʟʳ, ʘʨʰʘ ʤʘʡʳ, 

ʜʘʨʰʳʥ ʤʘʡʳ ʞᴅʥʝ ʩʘʨʳʤʩʘץ ʩʳסʳʥʜʳʩʳ ʞʘʪʘʜʳ. ɹײʣ ʟʘʪʪʘʨ ʘʜʘʤ ʘסʟʘʩʳʥʘ ʫʣʳ 

ʝʤʝʩ, ʪʽʪʽʨʢʝʥʜʽʨʤʝʡʜʽ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʞʘסʳʥʘʥ װʡʣʝʩʽʤʜʽ ʙʦʣסʘʥʳʤʝʥ, 

ʦʣʘʨʜʳש ᴅʩʝʨ ʝʪʫ ײʟʘץʪʳסʳ ץʳʩץʘ ʞᴅʥʝ ʞʳʣʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʙʦʣʫʳ ʤװʤʢʽʥ 

[97, 98]. 

ʍʠʪʦʟʘʥ ץʘʟʽʨʛʽ ʢʝʟʜʝ ʝש ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʘʙʠסʠ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʘʛʝʥʪʪʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. ʆʣ ʰʘʷʥ ʤʝʥ ʘʩʰʘʷʥʥʳץ שʘʙʳץʪʘʨʳʥʘʥ 

ʘʣʳʥʘʪʳʥ ʪʘʙʠסʠ ʧʦʣʠʩʘʭʘʨʠʜ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ײץʨʘʤʳʥʜʘ ʙʘʢʪʝʨʠʷסʘ 

ʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʞʘʫʘʧʪʳ ʘʤʠʥ ʪʦʧʪʘʨʳ (-NHץ ) ʙʦʣʘʜʳ. ʍʠʪʦʟʘʥ ʙʘʢʪʝʨʠʷʣʘʨ 

ʤʝʥ ʩʘשʳʨʘʫײץʣʘץʪʘʨʜʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʝ ץʘʨʩʳ ʢʝש ʩʧʝʢʪʨʣʽ ᴅʩʝʨ ʝʪʝʜʽ 

[99,100]. 1979 ʞʳʣʳ Allan ʭʠʪʦʟʘʥʥʳץ שʘʫʽʧʩʽʟ ᴅʨʽ ʢʝש ʘʫץʳʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 שʘʨʩʳ ᴅʩʝʨʛʝ ʠʝ ʝʢʝʥʽʥ ʘʪʘʧ ʢᴇʨʩʝʪʪʽ. ʍʠʪʦʟʘʥ ʽʰʝʢ ʙʘʢʪʝʨʠʷʣʘʨʳʥʳץ

ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʪʝʞʝʫʛʝ, ץʘʥʜʘסʳ ʭʦʣʝʩʪʝʨʠʥ ʜʝשʛʝʡʽʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʞᴅʥʝ ʘסʟʘסʘ 

ʟʠʷʥʩʳʟ ᴅʩʝʨ ʝʪʫʛʝ ץʘʙʽʣʝʪʪʽ [101-103]. 

ʍʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽ ʦʥʳש ʨʅ ʜʝשʛʝʡʽʥʝ, 

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳʥʘ ʞᴅʥʝ ʜʝʘʮʝʪʠʣʜʝʥʫ ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʧ 

ʦʪʳʨʘʜʳ [104]. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʟʝʨʪʪʝʫʰʽʣʝʨ ʦʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ 

 ʦʣʜʘʥʫʜʘ. ʄʳʩʘʣʳ, Huang RH ʞᴅʥʝץ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʪʝʨʽʥ ץʰʽʥ ʭʠʤʠʷʣʳװ

ᴅʨʽʧʪʝʩʪʝʨʽ ʭʠʪʦʟʘʥ ʩʫʣʴʬʘʪʳ ʞᴅʥʝ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳʥ ʩʠʥʪʝʟʜʝʧ, ʦʣʘʨ ʘʣʪʳʥ 

ʪװʩʪʽ ʩʪʘʬʠʣʦʢʦʢʢ (Staphylococcus aureus) ʩʠʷץʪʳ ʧʘʪʦʛʝʥʜʝʨʛʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʪʝʞʝʛʽʰ ᴅʩʝʨ ʢᴇʨʩʝʪʝʪʽʥʽʥ ʘʥʳץʪʘסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, Chung YC ʞᴅʥʝ ʦʥʳש 

ʢʦʤʘʥʜʘʩʳ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʤʝʥ ʢʝʰʝʥʜʽ ץʦʩʳʣʳʩʪʘʨ ʪװʟʫ ʘʨץʳʣʳ ʭʠʪʦʟʘʥ 

ʥʝʛʽʟʽʥʜʝ ʪʠʽʤʜʽ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ʜʘʡʳʥʜʘסʘʥ [105, 106]. ɹײʣ ʘʛʝʥʪʪʝʨ 

ʨʅ ʜʝשʛʝʡʽ 6-ʜʘʥ ʪᴇʤʝʥ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʞʦסʘʨʳ ʙʘʢʪʝʨʠʮʠʜʪʽʢ ʞᴅʥʝ 

ʙʘʢʪʝʨʠʷʩʪʘʪʠʢʘʣʳץ ᴅʩʝʨ ʢᴇʨʩʝʪʝʜʽ, ᴅʨʽ ʤʝʪʘʣʣ ʠʦʥʜʘʨʳʥʳש ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʘʨʪץʘʥ ʩʘʡʳʥ ᴅʩʝʨʽ ʢװʰʝʡʝʜʽ. 

ɹʘʩץʘ ʙʽʨ ʟʝʨʪʪʝʫʜʝ, Jia Zhishen ʭʠʪʦʟʘʥ ʤʦʣʝʢʫʣʘʩʳʥ ᴅʨʪװʨʣʽ ײʟʳʥʜʳץʪʘסʳ 

ʘʣʢʠʣʜʽ ʪᴇʨʪʪʽʢ ʘʤʤʦʥʠʡ ʪײʟʜʘʨʳʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʘʨץʳʣʳ, ʦʥʳש ʙʘʢʪʝʨʠʷסʘ 

 ʳʣ ʞᴅʥʝ ʩʽʣʪʽʣʽʢץʳʰץ ʥʜʘʡ ʪʫʳʥʜʳʣʘʨײʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʜʳ [107]. ʄץ

ʦʨʪʘʜʘ ʝʨʠʪʽʥ ץʘʩʠʝʪʢʝ ʠʝ ʙʦʣʳʧ, ʦʣʘʨʜʳץ שʦʣʜʘʥʫ ʘʷʩʳ ʢʝשʝʡʪʽʣʜʽ. ɿʝʨʪʪʝʫ 
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ʥᴅʪʠʞʝʣʝʨʽ ʘʣʢʠʣʜʽ ʪʽʟʙʝʢʪʽײ שʟʳʥʜʳסʳ ײʣסʘʡסʘʥ ʩʘʡʳʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʙʝʣʩʝʥʜʽʣʽʢʪʽש ʜʝ ʞʦסʘʨʳʣʘʡʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ [108]. 

ɾʘʣʧʳ, ʭʠʪʦʟʘʥ ʤʝʥ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳ ʞʦסʘʨʳ ʙʠʦʣʦʛʠʷʣʳװ ץʡʣʝʩʽʤʜʽʣʽʛʽ 

ʤʝʥ ʫʳʪʩʳʟʜʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʪʘסʘʤ ᴇשʜʝʫ, ʬʘʨʤʘʮʝʚʪʠʢʘ ʞᴅʥʝ 

ʙʠʦʤʝʜʠʮʠʥʘʣʳץ ץʦʣʜʘʥʙʘʣʘʨʜʘ װʣʢʝʥ ᴅʣʝʫʝʪʢʝ ʠʝ. ɹʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨ ʙײʣ 

ʪʘʙʠסʠ ʘʛʝʥʪʪʝʨʜʽץ שʘʩʠʝʪʪʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʞʘץʩʘʨʪʳʧ, ʦʣʘʨʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

 .ʝʡʪʝʜʽשʤʢʽʥʜʽʛʽʥ ʢʝװʦʣʜʘʥʫ ʤץ ʘʧʪʘʤʘʣʘʨ ʤʝʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʘץ

ʍʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨ ʝʪʫ ʤʝʭʘʥʠʟʤʽ ʝʢʽ ʥʝʛʽʟʛʽ ʞʦʣʤʝʥ 

ʞװʟʝʛʝ ʘʩʘʜʳ. ɹʽʨʽʥʰʽ ʤʝʭʘʥʠʟʤ ʭʠʪʦʟʘʥ ʤʦʣʝʢʫʣʘʩʳʥʜʘסʳ ʘʤʠʥ ʪʦʧʪʘʨʳʥʳש (- 

NH ) ʦש ʟʘʨʷʜʪʳ ʙʦʣʫʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ, ʙײʣ ʪʦʧʪʘʨ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʞʘʩʫʰʘ 

 .ᴅʨʝʢʝʪʪʝʩʝʜʽ ץʘʥ ʙʝʪʽʤʝʥ ʵʣʝʢʪʨʦʩʪʘʪʠʢʘʣʳסʪʝʨʽʩ ʟʘʨʷʜʪʘʣ שʘʩʳʥʳסʘʙʳʨץ

ʄײʥʜʘʡ ᴅʨʝʢʝʪʪʝʩʫ ʭʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘʩʳʥʳש ʙʝʪʽʥʜʝ ʞʦסʘʨʳ 

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʣʳ ץʦʨסʘʥʳʰ ץʘʙʘʪʳʥ ʪװʟʫʽʥʝ ᴅʢʝʣʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ, ץʦʨʝʢʪʽʢ 

ʟʘʪʪʘʨʜʳש ʞʘʩʫʰʘ ʽʰʽʥʝ ʪʘʩʳʤʘʣʜʘʥʫʳ ʪʝʞʝʣʽʧ, ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ᴇʩʫʽ 

ʙʘʷʫʣʘʡʜʳ ʥʝʤʝʩʝ ʪʦʣʳץ ʪʦץʪʘʡʜʳ [109]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʭʠʪʦʟʘʥ ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘʩʳʥʳש ʤʝʤʙʨʘʥʘʩʳ ʤʝʥ 

 ʩʠʥʪʝʟ ʞᴅʥʝ ʳʜʳʨʘʫ שʟʳʧ, ʦʣʘʨʜʳײʜʽʛʽʥ ʙשʵʣʝʢʪʨʣʽʢ ʪʝʧʝ-ʪʝ שʘʩʳʥʳסʘʙʳʨץ

ʧʨʦʮʝʩʪʝʨʽʥʽש ʙײʟʳʣʫʳʥʘ ʩʝʙʝʧ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡ ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘʩʳʥʳש 

 .ʳʨʳʥʜʘ ʞʦʡʳʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ [110]ץʳʤʜʘʥʫʳʥʘ ʞᴅʥʝ ʘץʟʘ ץʨʳʣʳʤʜʳײץ

ɽʢʽʥʰʽ ʤʝʭʘʥʠʟʤ ʭʠʪʦʟʘʥʥʳש ʪᴇʤʝʥ ʤʦʣʝʢʫʣʘʣʳץ ʬʨʘʢʮʠʷʣʘʨʳʥʳש 

ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘʩʳʥʘ ʪʽʢʝʣʝʡ ʝʥʫʽ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʘʜʳ. ʍʠʪʦʟʘʥ ʞʘʩʫʰʘ ʽʰʽʥʝ 

ʝʥʛʝʥ ʩʦש, ʘʥʠʦʥʜʳץ ʤʦʣʝʢʫʣʘʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳʧ, ɼʅפ ʨʝʧʣʠʢʘʮʠʷʩʳ ʤʝʥ 

ʘץʫʳʟ ʩʠʥʪʝʟʽ ʩʠʷץʪʳ ʤʘשʳʟʜʳ ʬʠʟʠʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽ ʙײʟʘʜʳ [111]. ɹײʣ 

ᴅʩʝʨ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʪʽʨʰʽʣʽʛʽʥ ʪʝʞʝʧ, ʦʣʘʨʜʳש ᴇʣʫʽʥʝ ʩʝʙʝʧ ʙʦʣʘʜʳ. ʆʩʳ ʝʢʽ 

ʤʝʭʘʥʠʟʤʥʽש ʽʩʢʝ ʘʩʫʳ ʭʠʪʦʟʘʥʥʳײץ שʨʳʣʳʤʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ʞᴅʥʝ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʥʽש ʪװʨʽʥʝ ʪᴅʫʝʣʜʽ ʙʦʣʘʜʳ [112]. 

ʍʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨʽ ʛʨʘʤʦש (Gram-positive) ʞᴅʥʝ ʛʨʘʤʪʝʨʽʩ 

(Gram-negative) ʙʘʢʪʝʨʠʷʣʘʨסʘ ᴅʨʪװʨʣʽ ᴅʩʝʨ ʝʪʝʜʽ. ɻʨʘʤʦש ʙʘʢʪʝʨʠʷʣʘʨʜʳש 

ʞʘʩʫʰʘ ץʘʙʳʨסʘʩʳ ץʘʣʳש ʞᴅʥʝ ʢᴇʧ ץʘʙʘʪʪʳ ʙʦʣסʘʥʜʳץʪʘʥ, ʭʠʪʦʟʘʥ ʥʝʛʽʟʽʥʝʥ 

ʙʝʪʢʽ ץʘʙʘʪʧʝʥ ᴅʨʝʢʝʪʪʝʩʽʧ, ץʦʨסʘʥʳʰʪʳץ ץʘʙʳץʰʘ ʪװʟʫ ʘʨץʳʣʳ ᴅʩʝʨ ʝʪʝʜʽ, ʙײʣ 

ʞʘסʜʘʡʜʘ ʙʽʨʽʥʰʽ ʤʝʭʘʥʠʟʤ ʙʘʩʳʤ ʙʦʣʘʜʳ. ɸʣ ʛʨʘʤʪʝʨʽʩ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʞʘʩʫʰʘ 

 ,ʪʘʥץʘʥʜʳסʽʣ ʙʦʣשʳʣʳ ʝʥʫ ʞʝץʳ ʤʝʤʙʨʘʥʘ ʘʨץʘ ʞᴅʥʝ ʩʳʨʪץײʘʩʳ ʞסʘʙʳʨץ

ʭʠʪʦʟʘʥ ʞʘʩʫʰʘ ʽʰʽʥʝ ʝʥʽʧ, ʽʰʢʽ ʤʝʪʘʙʦʣʠʢʘʣʳץ ʧʨʦʮʝʩʪʝʨʛʝ ᴅʩʝʨ ʝʪʝʜʽ ï ʙײʣ 

ʞʘסʜʘʡʜʘ ʝʢʽʥʰʽ ʤʝʭʘʥʠʟʤ ʥʝʛʽʟʛʽ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

ɿʝʨʪʪʝʫʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʭʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽ ʨʅ 

5.5-6.5 ʘʨʘʣʳסʳʥʜʘ ʝש ʞʦסʘʨʳ ʜʝשʛʝʡʛʝ ʞʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤʦʣʝʢʫʣʘʣʳץ 

ʤʘʩʩʘʩʳ 10,000-100,000 ʜʠʘʧʘʟʦʥʳʥʜʘ ʙʦʣסʘʥʜʘ ʦʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

 ʜʝʘʮʝʪʠʣʜʝʥʫ ʜᴅʨʝʞʝʩʽ ʤʝʥ שʘʥ. ʍʠʪʦʟʘʥʥʳסʘʣץʰʝʡʝʪʽʥʽ ʙʘʡװʘʩʠʝʪʪʝʨʽ ʢץ

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʳש ʘʨʪʫʳ ʜʘ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʞʦסʘʨʳʣʘʪʘʜʳ. ɸʣʘʡʜʘ, ץʦʣʜʘʥʫ 

ʙʘʨʳʩʳʥʜʘ ʙʽʨץʘʪʘʨ ʰʝʢʪʝʫʣʝʨ ʢʝʟʜʝʩʝʜʽ. ɹʽʨʽʥʰʽʜʝʥ, ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʝ 

ʭʠʪʦʟʘʥʥʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳʥ ʪײʨʘץʪʳ ʙʘץʳʣʘʫ ץʠʳʥ, ʙײʣ ʦʥʳש ʪײʨʘץʪʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ɽʢʽʥʰʽʜʝʥ, ᴅʨʪװʨʣʽ 

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʜʘסʳ ʭʠʪʦʟʘʥ ᴅʨʪװʨʣʽ ʙʘʢʪʝʨʠʷʣʘʨסʘ ᴅʨʪװʨʣʽ ᴅʩʝʨ ʝʪʝʜʽ: 



25  

ʤʳʩʘʣʳ, ʪᴇʤʝʥ ʤʦʣʝʢʫʣʘʣʳץ ʭʠʪʦʟʘʥ ʽʰʝʢ ʪʘʷץʰʘʩʳʥ (Escherichia coli) ʞʘץʩʳ 

ʪʝʞʝʩʝ ʜʝ, ʘʣʪʳʥ ʪװʩʪʽ ʩʪʘʬʠʣʦʢʦʢʢʢʝ (Staphylococcus aureus) ᴅʩʝʨʽ ᴅʣʩʽʟ ʙʦʣʫʳ 

ʤװʤʢʽʥ. תʰʽʥʰʽʜʝʥ, ʭʠʪʦʟʘʥʥʳש ᴇשʜʝʣʫ ץʘʩʠʝʪʪʝʨʽ ʥʘʰʘʨ, ʩʝʙʝʙʽ ʦʣ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʦשʘʡ ʳʜʳʨʘʧ, ᴇʟʽʥʽש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʪʠʽʤʜʽʣʽʛʽʥ ʞʦסʘʣʪʘʜʳ. 

ʆʩʳ ʰʝʢʪʝʫʣʝʨʜʽ ʞʦʶ ʤʘץʩʘʪʳʥʜʘ ץʘʟʽʨʛʽ ʪʘשʜʘ ʭʠʪʦʟʘʥʜʳ ʭʠʤʠʷʣʳץ ʥʝʤʝʩʝ 

ʬʠʟʠʢʘʣʳץ ʞʦʣʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʦʥʳײץ שʨʳʣʳʤʳʥ ʦשʪʘʡʣʘʥʜʳʨʳʧ, 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʝʣʩʝʥʜʽ ʟʝʨʪʪʝʫʣʝʨ 

ʞװʨʛʽʟʽʣʫʜʝ. 

 
1.5 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʞʽʢʪʝʣʫʽ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘ (Edible Films) ï ʙײʣ ʪʘסʘʤסʘ ʪʽʢʝʣʝʡ ץʦʣʜʘʥʫסʘ 

ʙʦʣʘʪʳʥ ʞץײʘ ץʘʙʳץ ʥʝʤʝʩʝ ʞʘʙʳʥ, ʦʣ ʘʟʳץ-ʪװʣʽʢʢʝ ץʘʞʝʪʪʽ ץʦʨסʘʥʳʩ ץʘʙʘʪʳʥ 

ʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, rץ ʣסʘʣ ʤʝʥ ʦʪʪʝʛʽʥʽש ᴇʪʫʽʥ ʘʟʘʡʪʘʜʳ, ʦʩʳʣʘʡʰʘ ʪʘסʘʤʥʳש ʩʘץʪʘʫ 

ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ [113]. ᴄʩʽʨʝʩʝ ʞʘשʘ ʧʽʩʢʝʥ ʞʝʤʽʩʪʝʨ ʤʝʥ 

ʢᴇʢᴇʥʽʩʪʝʨʜʽ ʦʨʘʫ װʰʽʥ ʪʠʽʤʜʽ. 

ʕʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɿʝʨʪʪʝʫʣʝʨ 

ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘ ʪʘסʘʤʜʘסʳ ʳʣסʘʣʜʳש ʞʦסʘʣʫʳʥ ʪʠʽʤʜʽ 

ʘʟʘʡʪʳʧ ץʘʥʘ ץʦʡʤʘʡ, ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʘʷʫʣʘʪʳʧ, ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʪװʨʽʥ 

ʞʘץʩʘʨʪʳʧ, ʢʦʤʤʝʨʮʠʷʣʳײץ ץʥʜʳʣʳסʳʥ ʘʨʪʪʳʨʘ ʘʣʘʜʳ [114]. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʪʝʨʝש ʟʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 

ʢʦʤʧʦʟʠʮʠʷʣʳץ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʳש (Composite Edible Films) 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʥʘײסʨʣʳʤ ʞʘץʩʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש 

ᴅʨʪװʨʣʽ ʪʘסʘʤ ʦʨʘʤʘʣʘʨʳʥʜʘ ץʦʣʜʘʥʫ ʘʷʩʳʥ ʢʝשʝʡʪʝʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨ ʥʝʛʽʟʽʥʝʥ װʰ ʪװʨʛʝ ʙᴇʣʽʥʝʜʽ: ʘץʫʳʟ ʥʝʛʽʟʽʥʜʝʛʽ 

ʧʣʝʥʢʘʣʘʨ, ʣʠʧʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨ ʞᴅʥʝ ʧʦʣʠʩʘʭʘʨʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨ. 

ɹײʣ ʧʣʝʥʢʘʣʘʨʜʳש ʙʘʨʣʳסʳ ʜʘ ʦʪʪʝʛʽ, ʩʫ ʙʫʳ ʞᴅʥʝ ʢᴇʤʽʨץʳʰץʳʣ ʛʘʟʳ ʩʠʷץʪʳ 

ʛʘʟʜʘʨʜʳש ᴇʪʫʽʥ ʪʠʽʤʜʽ ʰʝʢʪʝʡ ʘʣʘʜʳ [115]. 

ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳש ʜʘʡʳʥʜʘʣʫʳ ʞᴅʥʝ ʙʝʣʩʝʥʜʽ 

ʢʦʤʧʦʥʝʥʪʪʝʨʽ: ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥ ʜʘʡʳʥʜʘʫ ʥʝʛʽʟʽʥʝʥ 

ʢʨʘʭʤʘʣ ʤʘʪʨʠʮʘʩʳʥʘ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨ ʥʝʛʽʟʽʥʝʥ ʢʝʣʝʩʽ ʪʦʧʪʘʨסʘ ʙᴇʣʽʥʝʜʽ: 

ʊʘʙʠסʠ ᴇʩʽʤʜʽʢ ʵʢʩʪʨʘʢʪʪʘʨʳ: ʵʬʠʨ ʤʘʡʣʘʨʳ, ʬʝʥʦʣʜʳץ ץʦʩʳʣʳʩʪʘʨ. ɹײʣ 

ʪʘʙʠסʠ ʢʦʤʧʦʥʝʥʪʪʝʨ ʢʝש ʩʧʝʢʪʨʣʽ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢʢʝ ʠʝ ʞᴅʥʝ 

ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʞᴅʥʝ ʩʫ ʙʫʣʘʨʳʥʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ 

ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ʘʨʪʪʳʨʘ ʘʣʘʜʳ [116]. 

ʄʝʪʘʣʣ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ: ʢװʤʽʩ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ (AgNPs) ʞᴅʥʝ ʤʳʨʳʰ 

ʦʢʩʠʜʽ ʥʘʥʦʙᴇʣʰʝʢʪʝʨʽ (ZnO NPs). ʆʣʘʨ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʞʘʩʫʰʘ ץʘʙʳסʳʥ ʙײʟʫ, 

ʘץʫʳʟ ʩʠʥʪʝʟʽʥ ʪʝʞʝʫ ʥʝʤʝʩʝ ʪʦʪʳסʫ ʩʪʨʝʩʽʥ ʠʥʜʫʢʮʠʷʣʘʫ ʘʨץʳʣʳ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽש ᴇʩʫʽʥ ʪʝʞʝʡʜʽ. ɹʠʦʣʦʛʠʷʣʳץ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʟʘʪʪʘʨ: 

ʭʠʪʦʟʘʥ (chitosan) ʞᴅʥʝ ʣʠʟʦʮʠʤ (lysozyme). ɹײʣ ʙʠʦʧʦʣʠʤʝʨʣʝʨ ʧʣʝʥʢʘʣʳץ 

ʤʘʪʝʨʠʘʣʜʘʨסʘ ʞʦסʘʨʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢ ʙʝʨʽʧ ץʘʥʘ ץʦʡʤʘʡ, ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʜʳ. 
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ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨʜʽש ʙʽʨʢʝʣʢʽ ʪʘʨʘʣʫʳ, ץʦʩʫ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ 

ʞᴅʥʝ ʦʣʘʨʜʳש ʢʨʘʭʤʘʣ ʤʘʪʨʠʮʘʩʳʤʝʥ װʡʣʝʩʽʤʜʽʣʽʛʽ ʧʣʝʥʢʘʥʳש ʩʦסשʳ 

 ʝʥʛʽʟʫ ᴅʜʽʩʪʝʨʽ שʘʨʩʳ ʘʛʝʥʪʪʝʨʜʽץ ʘסʳʟʜʳ ᴅʩʝʨ ʝʪʝʜʽ. ɹʘʢʪʝʨʠʷשʘʩʠʝʪʪʝʨʽʥʝ ʤʘץ

ʤʝʥ ʤᴇʣʰʝʨʽʥ ʦשʪʘʡʣʳ ʨʝʪʪʝʫ ʘʨץʳʣʳ ʧʣʝʥʢʘʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨʽʥ 

ʞʘץʩʘʨʪʳʧ, ʦʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʤʝʥ ʤᴇʣʜʽʨʣʽʛʽʥʝ ʢʝʨʽ ᴅʩʝʨʽʥ 

ʙʦʣʜʳʨʤʘʫסʘ ʙʦʣʘʜʳ [117]. 

ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳש ʟʝʨʪʪʝʫ ʙʘסʳʪʪʘʨʳ: פʘʟʽʨʛʽ 

ʫʘץʳʪʪʘ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥ ʟʝʨʪʪʝʫ ʥʝʛʽʟʽʥʝʥ ʢʝʣʝʩʽ 

ʘʩʧʝʢʪʽʣʝʨʛʝ ʙʘסʳʪʪʘʣסʘʥ: 

ɼʘʡʳʥʜʘʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ: ʥʝʛʽʟʛʽ ᴅʜʽʩʪʝʨʛʝ ʝʨʽʪʽʥʜʽ ײץʶ (casting) ʞᴅʥʝ 

ʵʢʩʪʨʫʟʠʷ (extrusion) ᴅʜʽʩʪʝʨʽ ʞʘʪʘʜʳ. ᴄʨʪװʨʣʽ ʜʘʡʳʥʜʘʫ ᴅʜʽʩʪʝʨʽ ʧʣʝʥʢʘʥʳש 

ʤʠʢʨʦײץʨʳʣʳʤʳʥʘ, ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ, ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʘ ʞᴅʥʝ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 

 ʨʳʣʳʤʳʥײץʤʠʢʨʦ שʞᴅʥʝ ᴇʥʽʤʜʽʣʽʢ ʪʘʣʜʘʫʳ: ʧʣʝʥʢʘʥʳ ץʨʳʣʳʤʜʳײפ

ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM), ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (XRD) 

ᴅʜʽʩʪʝʨʽʤʝʥ ʟʝʨʪʪʝʫ, ʩʦʥʜʘʡ-ʘץ ʤʝʭʘʥʠʢʘʣʳץ ʩʳʥʘץʪʘʨ ʞᴅʥʝ ʩʫ ʙʫʳʥʳש ᴇʪʽʤʜʽʣʽʢ 

ʩʳʥʘץʪʘʨʳ ʘʨץʳʣʳ ʦʥʳץ שʦʣʜʘʥʫ ץʘʩʠʝʪʪʝʨʽʥ ʙʘסʘʣʘʫ [118]. 

ɹʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʤʝʭʘʥʠʟʤʜʝʨʜʽ ʟʝʨʪʪʝʫ: ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ 

ʧʣʝʥʢʘʣʘʨʳʥʳש ᴅʨʝʢʝʪ ʝʪʫ ʤʝʭʘʥʠʟʤʜʝʨʽ ʞʘʩʫʰʘ ץʘʙʳסʳʥʳש ʙײʟʳʣʫʳ, ʘץʫʳʟ 

ʞᴅʥʝ ɼʅפ ʩʠʥʪʝʟʽʥʽש ʪʝʞʝʣʫʽ, ʩʦʥʜʘʡ-ʘץ ʪʦʪʳסʫ ʩʪʨʝʩʩʽʥ ʠʥʜʫʢʮʠʷʣʘʫ ʩʠʷץʪʳ 

ʧʨʦʮʝʩʪʝʨʤʝʥ ʙʘʡʣʘʥʳʩʪʳ. ɹײʣ ʤʝʭʘʥʠʟʤʜʝʨʜʽ ʪʝʨʝש ʟʝʨʪʪʝʫ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʘʛʝʥʪʪʝʨʜʽש ʪװʨʣʝʨʽʥ ʞᴅʥʝ ʤᴇʣʰʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫסʘ, ʦʩʳʣʘʡʰʘ ʧʣʝʥʢʘʥʳש 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. 

 ʪʳץʨʘײʘʨʩʳ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳ ʪץ ʘסʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʙʘʢʪʝʨʠʷפ

ʜʘʤʫסʘ r  ,ʪʘʫץʘʤʜʳ ʩʘסʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʪʘ ץʘʧʪʘʤʘʣʳץ ץʧʘʣ ʝʪʝʪʽʥ ʠʥʥʦʚʘʮʠʷʣʳץ

ʤʝʜʠʮʠʥʘʣʳץ ʪʘסשʳʰʪʘʨ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʙʠʦʣʦʛʠʷʣʳץ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʜʘ װʣʢʝʥ 

ᴅʣʝʫʝʪʢʝ ʠʝ. ɹʦʣʘʰʘץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʙʘʩʪʳ ʙʘסʳʪʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʪײʨʘץʪʳʣʳץʪʳ ʘʨʪʪʳʨʫ, ʧʣʝʥʢʘʥʳש ʳʣסʘʣסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʞʘץʩʘʨʪʫ ʞᴅʥʝ 

ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʙʦʣʤʘץ, ʙײʣ ʦʥʳש ʧʨʘʢʪʠʢʘʣʳץ ץʦʣʜʘʥʳʣʫʳʥ 

ʞʝʜʝʣʜʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɸʣʘʡʜʘ, ʙʽʨ ʢʦʤʧʦʥʝʥʪʪʝʥ ʞʘʩʘʣסʘʥ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨʜʳש ᴇʟʽʥʝ ʪᴅʥ 

ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʦʣʘʜʳ. ʄʳʩʘʣʳ, ʘץʫʳʟ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʩʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ 

ʪᴇʤʝʥ, ʣʠʧʠʜʪʽ ʧʣʝʥʢʘʣʘʨʜʘ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢ ʞʝʪʢʽʣʽʢʩʽʟ, ʘʣ ʧʦʣʠʩʘʭʘʨʠʜʪʽ 

ʧʣʝʥʢʘʣʘʨʜʳש ʠʢʝʤʜʽʣʽʛʽ ᴅʣʩʽʟ. 

ʉʦʥʜʳץʪʘʥ ̔ ʩ ʞװʟʽʥʜʝ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨʜʳש ʢʝʰʝʥʜʽ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫ 

 ʧʣʝʥʢʘʣʘʨ ʜʘʡʳʥʜʘʫ ץʰʽʥ ʙʽʨʥʝʰʝ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʙʽʨʽʢʪʽʨʽʧ, ʢʦʤʧʦʟʠʮʠʷʣʳװ

ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ᴅʜʽʩ ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ, ʛʘʟ 

ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽʥ ʞᴅʥʝ ʩʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɾʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨʜʳש ʢᴇʧ ʬʫʥʢʮʠʦʥʘʣʜʳסʳ ʞᴅʥʝ ʪײʨʘץʪʳ ʜʘʤʫ ץʘʩʠʝʪʪʝʨʽ 

ʦʣʘʨʜʳ ʪʘסʘʤʜʳ ʩʘץʪʘʫ, ʙʝʣʩʝʥʜʽ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ ʪʘʩʳʤʘʣʜʘʫ, ʜᴅʨʽ-ʜᴅʨʤʝʢʪʝʨʜʽ 

ʦʨʘʫ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʩʠʷץʪʳ ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʦʣʘʰʘץʪʘ ʟʝʨʪʪʝʫʣʝʨ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʤʦʜʠʬʠʢʘʮʠʷʩʳʥʘ, ᴇʥʜʽʨʽʩʪʽʢ ʧʨʦʮʝʩʪʝʨʜʽ ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʞᴅʥʝ ʰʳסʳʥʜʘʨʜʳ 
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ʘʟʘʡʪʫסʘ ʢᴇʙʽʨʝʢ ʢᴇשʽʣ ʙᴇʣʝʪʽʥ ʙʦʣʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʢʦʤʤʝʨʮʠʷʣʳץ 

 .ʧʘʣ ʝʪʝʜʽ [119]ץʝʡʪʫʛʝ ʳשʦʣʜʘʥʳʣʫʳʥ ʢʝץ

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤ ʩʘʧʘʩʳʥʘ ᴅʩʝʨʽ ʦʣʘʨʜʳש ʪʦʩץʘʫʳʣʜʳץ 

ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʤʝʥ h ʝʢʪʝʣʤʝʡʜʽ. ɹײʣ ʤʘʪʝʨʠʘʣʜʘʨ ʪʘסʘʤʤʝʥ 

ʪʽʢʝʣʝʡ ʞʘʥʘʩʘʪʳʥʜʳץʪʘʥ ʞᴅʥʝ ʢʝʡ ʞʘסʜʘʡʣʘʨʜʘ ʪײʪʳʥʫʰʳʤʝʥ ʙʽʨʛʝ 

 ץʢᴇʰʫ, ʤʠʛʨʘʮʠʷ, ʭʠʤʠʷʣʳ שʪʘʥ, ʦʣʘʨʜʳץʘʥʜʳסʤʢʽʥ ʙʦʣװʘʙʳʣʜʘʥʫʳ ʤץ

 ᴇʩʫʽʥ ʪʝʞʝʫ שʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʜʽ ץʛʝʡʽ, ʩʦʥʜʘʡ-ʘשʪʘʨ ʜʝץʘʣʜʳץ

 .ʘʣʘʥʫʳ ʪʠʽʩסʨʜʝ ʙʘװʘʙʽʣʝʪʽ ʤʽʥʜʝʪʪʽ ʪץ

ʍʘʣʳץʘʨʘʣʳץ ʞᴅʥʝ ײʣʪʪʳץ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʧʣʝʥʢʘʣʘʨʜʳץ שʘʫʽʧʩʽʟʜʽʛʽ 

ʜᴅʣʝʣʜʝʥʛʝʥ ʞʘסʜʘʡʜʘ סʘʥʘ ʦʣʘʨ ʪʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʫʳ 

ʤװʤʢʽʥ. ʆʩʳʣʘʡʰʘ, ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ ʪʝʢ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʘʪʳʥ 

ʠʥʥʦʚʘʮʠʷʣʳץ ץʘʧʪʘʤʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʪײʪʳʥʫʰʳ ʜʝʥʩʘʫʣʳסʳʥ ץʦʨסʘʫסʘ 

ʙʘסʳʪʪʘʣסʘʥ ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽ ײץʨʘʣʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʃʠʧʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨʜʳץ שʦʣʜʘʥʫ ʪʘʨʠʭʳ ᴇʪʝ ײʟʘץ, h ʘʤʘʤʝʥ 

800 ʞʳʣʜʘʥ ʘʩʪʘʤ ʫʘץʳʪ ʙײʨʳʥ ʙʘʩʪʘʣסʘʥ. ɽש ʢʝש ʪʘʨʘʣסʘʥ ʤʳʩʘʣ ï ʞʝʤʽʩʪʝʨʜʽש 

ʙʘʣʘʫʳʟʙʝʥ ץʘʧʪʘʣʫʳ. ɹײʣ ʧʣʝʥʢʘʣʘʨʜʳש ʥʝʛʽʟʛʽ ʝʨʝʢʰʝʣʽʛʽ ï ʦʣʘʨʜʳש 

ʛʠʜʨʦʬʦʙʪʳסʳ, ʷסʥʠ ʩʫʜʳ ᴇʪʢʽʟʙʝʡʪʽʥ ץʘʙʽʣʝʪʽ. ʆʩʳ ץʘʩʠʝʪ ʘʨץʳʣʳ ʦʣʘʨ 

ʪʘסʘʤʜʘסʳ ʳʣסʘʣʜʳש ʙʫʣʘʥʫʳʥ ʪʝʞʝʡʜʽ ʞᴅʥʝ ᴇʥʽʤʥʽש ʙʘʣסʳʥʜʳסʳʥ ײʟʘץ ʫʘץʳʪ 

ʙʦʡʳ ʩʘץʪʘʧ ʪײʨʫסʘ ʳץʧʘʣ ʝʪʝʜʽ [120, 121]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʣʠʧʠʜʪʽ ץʘʙʘʪʪʘʨ 

ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש ʛʘʟ ʘʣʤʘʩʫʳʥ ʰʝʢʪʝʧ, ʪʳʥʳʩ ʘʣʫ ץʘʨץʳʥʜʳʣʳסʳʥ ʪᴇʤʝʥʜʝʪʫ 

ʘʨץʳʣʳ ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʞװʨʫʽʥ ʙʘʷʫʣʘʪʘʜʳ, ʥᴅʪʠʞʝʩʽʥʜʝ ʩʘץʪʘʫ ʤʝʨʟʽʤʽ 

 .ʟʘʨʪʳʣʘʜʳײ

ʃʠʧʠʜʪʽ ʞʘʙʳʥʜʘʨ ʪʘסʘʤʥʳש ʩʳʨʪץʳ ʢʝʣʙʝʪʽʥʝ ʜʝ ʦש ᴅʩʝʨ ʝʪʝʜʽ ï ʦʣʘʨ 

ᴇʥʽʤʛʝ ʞʳʣʪʳʨ ʞᴅʥʝ ʪʘʨʪʳʤʜʳ ʢᴇʨʽʥʽʩ ʙʝʨʝʜʽ, ʙײʣ ᴅʩʽʨʝʩʝ ʥʘʨʳץʪʘסʳ ʞʝʤʽʩʪʝʨ 

ʤʝʥ ʢᴇʢᴇʥʽʩʪʝʨʜʽש ʢʦʤʤʝʨʮʠʷʣʳץ ʪʘʨʪʳʤʜʳʣʳסʳʥ ʘʨʪʪʳʨʫʜʘ ʤʘשʳʟʜʳ 

ɸʣʘʡʜʘ, ʛʠʜʨʦʬʦʙʪʳץ ʪʘʙʠסʘʪʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʣʠʧʠʜʪʽ ʧʣʝʥʢʘʣʘʨʜʳש 

 ʣײʤʢʽʥ. ɹװʙʝʨʽʢʪʽʛʽ ʤʝʥ ʛʘʟ ᴇʪʢʽʟʙʝʡʪʽʥʜʽʛʽ ʰʝʢʪʝʫʣʽ ʙʦʣʫʳ ʤ ץʨʳʣʳʤʜʳײץ

ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʞʦʶ װʰʽʥ ʣʠʧʠʜʪʝʨʜʽ ʢᴇʙʽʥʝʩʝ ʘץʫʳʟʜʘʨʤʝʥ ʥʝʤʝʩʝ 

ʧʦʣʠʩʘʭʘʨʠʜʪʝʨʤʝʥ ʙʽʨʽʢʪʽʨʫ ʘʨץʳʣʳ ʢʦʤʧʦʟʠʮʠʷʣʳץ ʧʣʝʥʢʘʣʘʨ ᴅʟʽʨʣʝʥʝʜʽ [122]. 

ʄײʥʜʘʡ ʢʦʤʙʠʥʘʮʠʷʣʘʨ ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʪʦʩץʘʫʳʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʃʠʧʠʜʪʽ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥʜʘʨ ï ʧʘʨʘʬʠʥ ʙʘʣʘʫʳʟʳ, 

ᴇʩʽʤʜʽʢ ʤʘʡʣʘʨʳ, ʤʘʡ ץʳʰץʳʣʜʘʨʳ, ʙʘʣʘʫʳʟʜʘʨ (ʤʳʩʘʣʳ, ʢʘʨʥʘʫʙʘ ʙʘʣʘʫʳʟʳ) 

ʞᴅʥʝ ʛʣʠʮʝʨʠʜʪʝʨ. ʄᴅʩʝʣʝʥ, ʧʘʨʘʬʠʥ ʙʘʣʘʫʳʟʳ ʞʝʤʽʩʪʝʨ ʤʝʥ ʢᴇʢᴇʥʽʩʪʝʨʜʽ 

ʞʳʣʪʳʨʘʪʫ ʤʝʥ ʳʣסʘʣ ʞʦסʘʣʪʫʜʘʥ ץʦʨסʘʫʜʘ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ.ɾʘʣʧʳ ʘʣסʘʥʜʘ, 

ʣʠʧʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ ʪʘסʘʤ ʩʘʧʘʩʳʥ ʩʘץʪʘʫ, ʩʫ ʞʦסʘʣʫʳʥ ʘʟʘʡʪʫ, 

ʩʳʨʪץʳ ʢᴇʨʽʥʽʩʽʥ ʞʘץʩʘʨʪʫ ʞᴅʥʝ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫ װʰʽʥ ʪʠʽʤʜʽ ʰʝʰʽʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ʳʥסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ שʳʣʳʤʠ ʽʟʜʝʥʽʩʪʝʨ ʦʩʳ ʧʣʝʥʢʘʣʘʨʜʳס ʘʟʽʨʛʽפ

ʘʨʪʪʳʨʫ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ʢʦʤʧʦʥʝʥʪʪʝʨ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦʣʘʨʜʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ʇʦʣʠʩʘʭʘʨʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ ï ʞʦסʘʨʳ ʤʦʣʝʢʫʣʘʣʳץ 

ʩʘʣʤʘץʪʳ ʧʦʣʠʤʝʨʣʝʨʜʝʥ ʪײʨʘʪʳʥ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ, ʦʣʘʨ 
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ʪʘʙʠסʠ ʞʘʥʫʘʨ ʥʝʤʝʩʝ ᴇʩʽʤʜʽʢ ʪʝʢʪʝʩ h ʠʢʽʟʘʪʪʘʨʜʘʥ ʘʣʳʥʘʜʳ. ʄײʥʜʘʡ ʧʣʝʥʢʘʣʘʨ 

ʪʘסʘʤ ʙʝʪʽʥʜʝ ʳʣסʘʣʜʘʥ ץʦʨסʘʡʪʳʥ ʪʦʩץʘʫʳʣ ץʘʙʘʪ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʽʧ, ʪʘסʘʤ 

 ʣײʘ  ʢᴇʤʝʢʪʝʩʝʜʽ.  ɹסʨʫײʩʪʘʧ  ʪײ  ʪʳץʨʘײʳ  ʩʫ  ʤᴇʣʰʝʨʽʥ  ʪסʨʳʣʳʤʳʥʜʘײץ

çײץʨʙʘʥʜʳץ ץʘʙʘʪè ᴅʩʝʨʽ ʳʣסʘʣʜʳש ʩʳʨʪץʘ ʰʳסʫʳʥ ʰʝʢʪʝʧ, ʪʘסʘʤ ᴇʥʽʤʽʥʽש 

ʢʝʙʫʽʥ ʙʦʣʜʳʨʤʘʡʜʳ [123, 124]. 

ɼʝʛʝʥʤʝʥ, ʧʦʣʠʩʘʭʘʨʠʜʪʝʨʜʽש ʛʠʜʨʦʬʠʣʴʜʽ ʪʘʙʠסʘʪʳ ʦʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ 

ʳʣסʘʣ ʪʦʩץʘʫʳʣʳ ʨʝʪʽʥʜʝ ʪʠʽʤʜʽʣʽʛʽʥ h ʝʢʪʝʡʜʽ. ɹײʣ, ᴅʩʽʨʝʩʝ, ʞʦסʘʨʳ r ʣסʘʣʜʳʣʳץ 

ʞʘסʜʘʡʳʥʜʘ ʧʣʝʥʢʘʥʳש ʙʝʨʽʢʪʽʛʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ . ʉʦסʘʥ ץʘʨʘʤʘʩʪʘʥ, ʦʣʘʨʜʳש 

ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘסʳʰʪʳסʳ, ʞʘשʘʨʪʳʣʘʪʳʥ ʰʠʢʽʟʘʪʪʘʥ ʘʣʳʥʫʳ ʞᴅʥʝ 

ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʙײʣ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ ץʘʧʪʘʤʘ 

ᴇʥʜʽʨʽʩʽʥʝ ץʦʣʘʡʣʳ ʝʪʝʜʽ [125]. 

ʂʨʘʭʤʘʣ ï ʧʦʣʠʩʘʭʘʨʠʜʪʝʨ ʘʨʘʩʳʥʜʘ ʝש ʢʝש ʪʘʨʘʣסʘʥ ʤʘʪʝʨʠʘʣ. ʆʣ 

ʞʘשʘʨʪʳʣʘʪʳʥ ᴅʨʽ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ʪʘʙʠסʠ ʟʘʪ ʨʝʪʽʥʜʝ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ 

ʤʝʥ ʙʠʦʳʜʳʨʘʡʪʳʥ ץʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ᴇʥʜʽʨʫʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʣʘʡʜʘ ʪʘʟʘ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʤʝʥ 

ʠʢʝʤʜʽʣʽʛʽ ʰʝʢʪʝʫʣʽ ʙʦʣסʘʥʜʳץʪʘʥ, ʦʥʳ ᴇʟ ʙʝʪʽʥʰʝ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʧʣʝʥʢʘ 

ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʢװʨʜʝʣʽ. 

ɹײʣ ʰʝʢʪʝʫʣʝʨʜʽ ʞʦʶ װʰʽʥ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʘ ʙʠʦʳʜʳʨʘʡʪʳʥ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ ץʦʩʳʣʘʜʳ. ɽש ʞʠʽ ץʦʣʜʘʥʳʣʘʪʳʥ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ï ʛʣʠʮʝʨʠʥ, 

ʦʣ ʧʣʝʥʢʘʥʳש ʠʢʝʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳסʳʥ ʞʘץʩʘʨʪʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ ʩʫ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ʤʠʢʨʦʙʪʳץ ᴇʩʫ 

ʧʨʦʮʝʩʽʥ ʪʝʞʝʡ ʦʪʳʨʳʧ, ʪʘסʘʤʥʳש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ [126, 

127]. 

ʇʦʣʠʩʘʭʘʨʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʡʪʽʥ ʧʣʝʥʢʘʣʘʨ ʪʘסʘʤʜʳ ʦʨʘʫ, ʳʣסʘʣ ʤʝʥ ʛʘʟ 

ʘʣʤʘʩʫʜʳ ʨʝʪʪʝʫ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳ ץʦʩʧʘʣʘʨ ʤʝʥ ʙʠʦʣʦʛʠʷʣʳץ 

ʙʝʣʩʝʥʜʽ ʟʘʪʪʘʨʜʳ ʪʘʩʳʤʘʣʜʘʫ װʰʽʥ ʜʝ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ʆʣʘʨ ʵʢʦʣʦʛʠʷʣʳץ 

ʪײʨסʳʜʘʥ ץʘʫʽʧʩʽʟ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥ ץʘʧʪʘʤʘ ʨʝʪʽʥʜʝ ʪʘסʘʤʥʳש ʙʘʣסʳʥʜʳסʳʥ 

ʩʘץʪʘʧ, ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʫסʘ ʝʣʝʫʣʽ װʣʝʩ ץʦʩʘʜʳ. ɸʣʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ 

ʧʦʣʠʩʘʭʘʨʠʜʪʝʨʜʽײץ שʨʳʣʳʤʜʳץ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʘʨץʳʣʳ ʧʣʝʥʢʘʥʳץ שʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʦʜʘʥ ᴅʨʽ ʘʨʪʪʳʨʫסʘ 

ʙʘסʳʪʪʘʣʘʜʳ [128]. 

 

1- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

 ʘʤ ᴇʥʽʤʜʝʨʽʥסʳʪʪʘ ʪʘץʘʟʽʨʛʽ ʫʘץ ʳʣʳʤʠ ᴅʜʝʙʠʝʪʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʣʝʨʽנ

ʩʘץʪʘʫ ʞᴅʥʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ץʘʧʪʘʤʘʣʘʨ ʞʘʩʘʫ ʤʘץʩʘʪʳʥʜʘ ʙʠʦʣʦʛʠʷʣʳץ 

ʳʜʳʨʘʡʪʳʥ, ʬʫʥʢʮʠʦʥʘʣʜʳ ʧʦʣʠʤʝʨʣʽʢ ʤʘʪʝʨʠʘʣʜʘʨסʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳש 

ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʥʳש ʽʰʽʥʜʝ, ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨ -ʪʘʙʠסʠ ʨʝʩʫʨʩʪʘʨʜʘʥ ʘʣʳʥʘʪʳʥ, 

 ʽʥʝʥשʘʧʪʘʤʘʣʘʨ ʨʝʪʽʥʜʝ ʢʝץ ʘ ʟʠʷʥ ʢʝʣʪʽʨʤʝʡʪʽʥ ʙʘʣʘʤʘʣʳסʘʥ ʦʨʪʘסʦʨʰʘץ

 ʫʳʟʜʘʨ, ʣʠʧʠʜʪʝʨ ʞᴅʥʝץʘʨʘʩʪʳʨʳʣʳʧ ʢʝʣʝʜʽ. ᴄʩʽʨʝʩʝ ʢʨʘʭʤʘʣ, ʭʠʪʦʟʘʥ, ʘץ

ᴅʨʪװʨʣʽ ʧʦʣʠʩʘʭʘʨʠʜʪʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʙʠʦʧʦʣʠʤʝʨʣʝʨ ʪʘסʘʤ ץʘʧʪʘʤʘʩʳʥʜʘ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪ ʨʝʪʽʥʜʝ ʝʨʝʢʰʝʣʝʥʝʜʽ. 
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ᴄʜʝʙʠʝʪʪʝʨʜʝ ʢʨʘʭʤʘʣʜʳש ʢʝשʽʥʝʥ ʪʘʨʘʣסʘʥʜʳסʳ, ʞʘשʘʨʪʳʣʘʪʳʥ ʪʘʙʠסʠ 

ʨʝʩʫʨʩʪʘʨʜʘʥ ʘʣʳʥʫʳ, ʘʨʟʘʥ ᴅʨʽ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ ʝʢʝʥʜʽʛʽ 

ʘʪʘʧ ᴇʪʽʣʝʜʽ. ɼʝʛʝʥʤʝʥ, ʦʥʳש ʩʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽ ʰʝʢʪʝʫʣʽ 

ʙʦʣסʘʥʜʳץʪʘʥ, ʟʝʨʪʪʝʫʰʽʣʝʨ ʢʨʘʭʤʘʣʜʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ʞʦʣʜʘʨʳʥ (ʤʳʩʘʣʳ, 

ʭʠʤʠʷʣʳץ, ʬʝʨʤʝʥʪʘʪʠʚʪʽʢ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ᴅʜʽʩʪʝʨʜʽ) ʞᴅʥʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨ 

ʝʥʛʽʟʫ ʪᴅʩʽʣʜʝʨʽʥ ץʘʨʘʩʪʳʨʘʜʳ. 

ʉʦʥʜʘʡ-ʘץ, ʭʠʪʦʟʘʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽ װʰʽʥ ʞʠʽ ץʦʣʜʘʥʳʣʘʜʳ. 

ʆʥʳש ʛʨʘʤʦש ʞᴅʥʝ ʛʨʘʤʪʝʨʽʩ ʙʘʢʪʝʨʠʷʣʘʨסʘ ץʘʨʩʳ ʢʝש ʩʧʝʢʪʨʣʽ ᴅʩʝʨʽ ʙʘʨ ʝʢʝʥʜʽʛʽ 

ʢᴇʧʪʝʛʝʥ ʟʝʨʪʪʝʫʣʝʨʤʝʥ ʜᴅʣʝʣʜʝʥʛʝʥ. ʍʠʪʦʟʘʥʥʳש ʘʤʠʥ ʪʦʧʪʘʨʳ ʙʘʢʪʝʨʠʷ 

ʞʘʩʫʰʘʩʳʥʳץ שʘʙʳʨסʘʩʳʤʝʥ ᴅʨʝʢʝʪʪʝʩʽʧ, ʦʣʘʨʜʳש ᴇʩʫʽʥ ʪʝʞʝʡʪʽʥʜʽʛʽ סʳʣʳʤʠ 

ʝשʙʝʢʪʝʨʜʝ ʥʘץʪʳ ʩʠʧʘʪʪʘʣסʘʥ. ɻʣʠʮʝʨʠʥ ʩʠʷץʪʳ ʧʣʘʩʪʠʬʠʢʘʪʦʨʣʘʨʜʳש 

 ʘסʩʘʨʪʫץʘʩʠʝʪʪʝʨʽʥ ʝʜᴅʫʽʨ ʞʘץ ץʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳ שʦʩʳʣʫʳ ʧʣʝʥʢʘʥʳץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥʽ ʪʫʨʘʣʳ ʜʘ ʙʽʨץʘʪʘʨ ʞײʤʳʩʪʘʨʜʘ ʘʡʪʳʣסʘʥ. 

 ʠ ʧʦʣʠʤʝʨʣʝʨ ʥʝʛʽʟʽʥʜʝסʘ ʜʘ ʪʘʙʠץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʢʨʘʭʤʘʣ ʤʝʥ ʙʘʩפ

ʞʘʩʘʣסʘʥ ʧʣʝʥʢʘʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ, ʬʫʥʢʮʠʦʥʘʣʜʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ 

 ʣײʨʛʽʟʽʣʫʜʝ. ɹװʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨ ʞס ʳʪʳʥʜʘ ʢᴇʧʪʝʛʝʥסʘʩʠʝʪʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʙʘץ

ʙʘסʳʪʪʘסʳ ʟʝʨʪʪʝʫʣʝʨʜʽש ʙʘʩʳʤ ʙᴇʣʽʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʩʫ ʞᴅʥʝ ʛʘʟ ᴇʪʢʽʟʛʽʰʪʽʛʽʥ 

ʪᴇʤʝʥʜʝʪʫ, ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʘʨʪʪʳʨʫ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳ ʪʘסʘʤ 

ᴇʥʽʤʜʝʨʽʤʝʥ װʡʣʝʩʽʤʜʽ ʝʪʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ʆʩʳʣʘʡʰʘ, 

ᴅʜʝʙʠʝʪʢʝ h ʦʣʫ ʥᴅʪʠʞʝʣʝʨʽ ʪʘʙʠסʠ ʙʠʦʧʦʣʠʤʝʨʣʝʨʛʝ ʥʝʛʽʟʜʝʣʛʝʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ 

ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳץ ʙʘסʳʪ ʝʢʝʥʜʽʛʽʥ ʨʘʩʪʘʡʜʳ. 
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2 ɿɽʈʊʊɽʋ ᴄɼɯʉʊɽʄɽʉɯ ɾᴄʅɽ ᴄɼɯʉʊɽʈɯ 

 

2.1 ᴄʜʽʩʪʝʤʝ ʞᴅʥʝ ʟʝʨʪʪʝʫ ʙʘסʳʪʳʥ ʪʘשʜʘʫ 

ʆʩʳ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨסʘ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ 

ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʤʧʠʨʠʢʘʣʳץ ʪʘʥʳʤ ʜʝשʛʝʡʣʝʨʽ ץʦʣʜʘʥʳʣʜʳ. 

ɾײʤʳʩʪʳש ʪʝʦʨʠʷʣʳץ ʙᴇʣʽʤʽʥʜʝ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʙʠʦʣʦʛʠʷʣʳץ 

ʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨʜʳ ᴅʟʽʨʣʝʫ ʤʝʥ ץʦʣʜʘʥʫʜʳץ שʘʟʽʨʛʽ סʳʣʳʤʠ ʘʩʧʝʢʪʽʣʝʨʽ 

 :ʘʥʜʘץʘʨʘʩʪʳʨʳʣʜʳ, ʘʪʘʧ ʘʡʪץ

ï ʢʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ ʞᴅʥʝ ʦʥʳש ʙʠʦʳʜʳʨʘʡʪʳʥ 

ʧʣʝʥʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨʜʘסʳ ᴅʣʝʫʝʪʽ; 

ï ʪʘʙʠסʠ ʢʨʘʭʤʘʣʜʳ ʙʦʪʘʥʠʢʘʣʳץ ʰʳסʫ ʪʝʛʽ ʙʦʡʳʥʰʘ ʞʽʢʪʝʫ ʞᴅʥʝ ʦʥʳש 
ʧʣʝʥʢʘ ʪװʟʫ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ; 

ï ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʣʳץ 
ʝʨʝʢʰʝʣʽʢʪʝʨʽ, ʦʣʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʞʘʨʘʤʜʳʣʳסʳʥʘ ᴅʩʝʨʽ; 

ï ʢʨʘʭʤʘʣʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ (ʝʨʽʛʽʰʪʽʛʽ, ʽʩʽʥʫ ʜᴅʨʝʞʝʩʽ, 

ʤᴇʣʜʽʨʣʽʛʽ, ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ, ʨʝʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʨʳ) ʞᴅʥʝ ʦʣʘʨʜʳש ʧʣʝʥʢʘʥʳש 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʳץʧʘʣʳ; 

ï ʢʨʘʭʤʘʣʜʳ ʬʠʟʠʢʘʣʳץ ʞᴅʥʝ ʭʠʤʠʷʣʳץ ʞʦʣʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫʜʳש 
ʟʘʤʘʥʘʫʠ ʪᴅʩʽʣʜʝʨʽ, ᴅʩʽʨʝʩʝ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ ײץʨסʘץ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ᴅʜʽʩʽ; 

ï ʪʘʙʠסʠ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪʪʝʨʜʽ, ʩʦʥʳש ʽʰʽʥʜʝ ʭʠʪʦʟʘʥʜʳ ץʦʣʜʘʥʫ 
ʞᴅʥʝ ʦʥʳש ʧʣʝʥʢʘʣʳץ ʞװʡʝʣʝʨʜʝʛʽ ᴅʩʝʨ ʝʪʫ ʤʝʭʘʥʠʟʤʽ; 

ï ʧʦʣʠʩʘʭʘʨʠʜ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʳ ʞʽʢʪʝʫ ʞᴅʥʝ 
ʦʣʘʨʜʳש ʩʠʥʪʝʪʠʢʘʣʳץ ץʘʧʪʘʤʘʣʘʨʜʳ ʘʣʤʘʩʪʳʨʫʜʘסʳ ʙʦʣʘʰʘסʳ. 

ʊʝʦʨʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ɻ ʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞײʤʳʩʪʘʨʜʳש ʥʝʛʽʟʛʽ 

ʙʘסʳʪʪʘʨʳʥ ʥʘץʪʳ ʘʡץʳʥʜʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʕʤʧʠʨʠʢʘʣʳץ ʜʝשʛʝʡʜʝ ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʳ ʢʝʣʝʩʽ ʙʘסʳʪʪʘʨʜʘ ʞװʨʛʽʟʽʣʜʽ: 

ï ᴅʨʪװʨʣʽ ʪʘʙʠסʠ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥ ʽʨʽʢʪʝʫ ʞᴅʥʝ ʦʣʘʨʜʳ ײץʨסʘץ ʞʳʣʫʤʝʥ 
ᴇשʜʝʫ ʘʨץʳʣʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ, ײץʨʳʣʳʤʜʳץ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʫ; 

ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʤʝʥ ʭʠʪʦʟʘʥ ʥʝʛʽʟʽʥʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ 
ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ; 

ï ʘʣʳʥסʘʥ ʧʣʝʥʢʘʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ (ʪʘʨʪʳʣʫ ʙʝʨʽʢʪʽʛʽ, 
ʩʦʟʳʣʫ ײʟʘץʪʳסʳ), ʤᴇʣʜʽʨʣʽʛʽʥ ʞᴅʥʝ ʩʫ ʙʫʳʥʘ ᴇʪʽʤʜʽʣʽʛʽʥ ʢʝʰʝʥʜʽ ʟʝʨʪʪʝʫ; 

ï ʧʣʝʥʢʘʣʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ, ʞʳʣʫʣʳץ ʞᴅʥʝ ʩʧʝʢʪʨʣʽʢ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ SEM, AFM, XRD, DSC, FT-IR ʞᴅʥʝ ʙʘʩץʘ ᴅʜʽʩʪʝʨʤʝʥ ʪʘʣʜʘʫ; 

ï ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʽש Escherichia coli ʞᴅʥʝ Staphylococcus aureus ʧʘʪʦʛʝʥʜʽ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʽʥʝ ץʘʨʩʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʙʘסʘʣʘʫ; 

ï ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ץʘʧʪʘʫ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ ʪʠʽʤʜʽʣʽʛʽʥ 
ʟʝʨʪʪʝʫ, ʩʘץʪʘʫ ʤʝʨʟʽʤʽ ʤʝʥ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ᴅʩʝʨʽʥ ʪʘʣʜʘʫ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨ ʢʝʣʝʩʽ סʳʣʳʤʠ ʤʝʢʝʤʝʣʝʨʜʽש ʙʘʟʘʩʳʥʜʘ 

ʞװʨʛʽʟʽʣʜʽ: 

çʐᴅʢᴅʨʽʤ ʫʥʠʚʝʨʩʠʪʝʪʽè ʂʝɸפ çʊʘʤʘץ ʪʝʭʥʦʣʦʛʠʷʩʳè ʢʘʬʝʜʨʘʩʳʥʳש 

ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ (ʉʝʤʝʡ פ ,.ץʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ), ʉ.ʉʝʡʬʫʣʣʠʥ ʘʪʳʥʜʘסʳ 
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 ʜʝʫשʘʡʪʘ ᴇץ ʘʤ ʞᴅʥʝסçʊʘ שʟʝʨʪʪʝʫ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽ ץʘʛʨʦʪʝʭʥʠʢʘʣʳ ץʘʟʘפ

ᴇʥʜʽʨʽʩʪʝʨʽʥʽש ʪʝʭʥʦʣʦʛʠʷʩʳè ʢʘʬʝʜʨʘʩʳʥʳש ʞᴅʥʝ çᴆʩʽʤʜʽʢ ᴇʥʽʤʜʝʨʽʥ ʪʝʨʝש 

ʞᴅʥʝ ץʘʡʪʘ ᴇשʜʝʫè ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ (ɸʩʪʘʥʘ פ ,.ץʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳ) ʞᴅʥʝ 

ʉʦʣʪװʩʪʽʢ-ɹʘʪʳʩ ʘʫʳʣ ʞᴅʥʝ ʦʨʤʘʥ ʰʘʨʫʘʰʳʣʳסʳ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש (Northwest 

A&F University, פʳʪʘʡ ʍʘʣʳץ ʈʝʩʧʫʙʣʠʢʘʩʳ, ʐʵʥʴʩʠ ʧʨʦʚʠʥʮʠʷʩʳ, ʗʥʣʠʥ ץ.) 

çʊʘסʘʤ סʳʣʳʤʳ ʞᴅʥʝ ʠʥʞʝʥʝʨʠʷʩʳ ʠʥʩʪʠʪʫʪʳè ʤʝʥ çᴆʩʽʤʜʽʢʪʝʨʜʽײ שʣʪʪʳץ 

ʤʦʣʝʢʫʣʘʣʳץ ʟʝʨʪʭʘʥʘʩʳʥʜʘè, ʘʢʢʨʝʜʠʪʪʝʣʛʝʥ «Xingzhi  Food Safety Certification 

Laboratoryè ʟʝʨʪʭʘʥʘʩʳʥʜʘ (פʳʪʘʡ ʍʘʣʳץ ʈʝʩʧʫʙʣʠʢʘʩʳ, ʉʠʘʥʴ ץʘʣʘʩʳ). 

ʆʩʳ ʙᴇʣʽʤʜʝ ʪʝʦʨʠʷʣʳץ ʞᴅʥʝ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽש ʞװʨʛʽʟʫʽʥ 

 .ʡʳʤʜʘʩʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽ, ʟʝʨʪʪʝʫ ʦʙʲʝʢʪʽʣʝʨʽ ʤʝʥ ᴅʜʽʩʪʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ (ʩʫʨʝʪ 3)ײ
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ʍʠʪʦʟʘʥʥʳש ʙʘʢʪʝʨʠʷסʘ 

 ʘʩʠʝʪʪʝʨʽʥ ʞᴅʥʝץ ʘʨʩʳץ

ʦʣʘʨʜʳש ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש 

ʩʘץʪʘʣʫ ץʘʙʽʣʝʪʽʥʝ ᴅʩʝʨʽʥ 

ʟʝʨʪʪʝʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʧʣʝʥʢʘʥʳש ʪʝʭʥʦʣʦʛʠʷʩʳʥ ᴅʟʽʨʣʝʫ 

ʞᴅʥʝ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʫʨʝʪ 3 ï ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʟʝʨʪʪʝʫʣʝʨʜʽ ʞװʨʛʽʟʫ ʩײʣʙʘʩʳ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʧʣʝʥʢʘʥʳש 

 ץʤʝʭʘʥʠʢʘʣʳ-ץʨʳʣʳʤʜʳײץ

ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʟʝʨʪʪʝʫ 

 ᴅʜʝʙʠʝʪʪʝʨʽʥ ʪʘʣʜʘʫ ʥʝʛʽʟʽʥʜʝץʳʣʳʤʠ-ʪʝʭʥʠʢʘʣʳנ

ʟʝʨʪʪʝʫʙʘסʳʪʳʥʪʘשʜʘʫ 

 ʩʘʪʳ ʤʝʥץʤʘ שᴇʟʝʢʪʽʣʽʛʽʥ ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫʜʽ שʳʣʳʤʠ ʟʝʨʪʪʝʫʜʽנ

ʤʽʥʜʝʪʪʝʨʽʥ ʘʥʳץʪʘʫ 

 

 

 

 

 

 

 

 

ʂʨʘʭʤʘʣʜʳ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʽʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, 

 ʘʙʽʣʝʪʽʥץ ʟʫװʘʩʠʝʪʪʝʨʽʥ ʞʝʪʽʣʜʽʨʫ ʞᴅʥʝ ʧʣʝʥʢʘ ʪץ ץʨʳʣʳʤʜʳײץ

ʘʨʪʪʳʨʫ 

ʂʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʟʝʨʪʪʝʫ 

ʂʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʟʝʨʪʪʝʫ 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʧʣʝʥʢʘʥʳ ʘʣʫ װʰʽʥ h ʠʢʽʟʘʪʪʳ ʪʘשʜʘʫʜʳ 

ʥʝʛʽʟʜʝʫ ʞᴅʥʝ ʟʝʨʪʪʝʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʧʣʝʥʢʘʥʳש ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳץ 

 ᴅʟʽʨʣʝʫ ʞᴅʥʝ ʙʝʢʽʪʫ (ץʘʫʣʳץʩײʥ ץʉʊ ʞᴅʥʝ ʊʝʭʥʠʢʘʣʳ) ʞʘʪʪʘʨʳʥײץ

ᴆʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʘʧʨʦʙʘʮʠʷʜʘʥ ᴇʪʢʽʟʫ 
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2.2 ɿʝʨʪʪʝʫ ᴅʜʽʩʪʝʨʽ ʞᴅʥʝ ʥʳʩʘʥʜʘʨʳ 

ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ ʤʝʥ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʳ 

ʪʘשʜʘʫ ᴅʜʽʩʽ 

ʉʳʥʘʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫ. 2-ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʰʠʢʽʟʘʪʪʘʥ 50 ʛ ʘʣʳʧ, 

ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʞʫʳʧ, 250 ʤʣ ʩʫʜʘ 18 ʩʘסʘʪ ʞʽʙʽʪʝʜʽ. ɾʽʙʽʪʽʣʛʝʥ ʰʠʢʽʟʘʪ 

 ʳʣʳץʠ ʛʠʜʨʦʣʠʟ ᴅʜʽʩʽ ʘʨסʪʘʣʳʧ, Protease N ʧʨʦʪʝʘʟʘʩʳʤʝʥ ʪʘʙʠץʥʪʘײ

ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʛʠʜʨʦʣʠʟ ʞװʨʛʽʟʽʣʝʜʽ (100 U/ml, pH 8.0, 4 ʩʘסʘʪ). ʈʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ 

ʛʠʜʨʦʣʠʟʜʝʥʛʝʥ ʩײʡʳץʪʳ8000 ץ ʘʡʥ/ʤʠʥ, 10 ʤʠʥ ʮʝʥʪʨʠʬʫʛʘʣʘʥʳʧ, ʤᴇʣʜʽʨ ʬʘʟʘ 

ʘʣʳʥʳʧ ʪʘʩʪʘʣʘʜʳ. ʊײʥʙʘ 3 ʨʝʪ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʞʫʳʣʳʧ, ʙʝʪʢʽ ץʘʙʘʪʳʥʜʘסʳ 

ʩʘʨʳ ʟʘʪʪʘʨ ץʳʨʳʣʳʧ, ʢʝʧʪʽʨʽʣʝʜʽ. ʂʝʧʪʽʨʽʣʛʝʥ װʣʛʽ 200 ʪʦʨʣʳ ʝʣʝʢʪʝʥ ᴇʪʢʽʟʽʣʽʧ, 

ʞʦסʘʨʳ ʪʘʟʘʣʳץʪʘסʳ ʢʨʘʭʤʘʣ ʘʣʳʥʜʳ. 

ʂʝʩʪʝ 2 ï ɿʝʨʪʪʝʫʜʝ ץʦʣʜʘʥʳʣסʘʥ h ʠʢʽʟʘʪʪʳש ᴇʥʜʽʨʽʩ ʘʡʤʘסʳ ʤʝʥ ʩʦʨʪʪʘʨʳ 

 

ʐʠʢʽʟʘʪ ᴆʥʜʽʨʽʣʝʪʽʥ ʘʡʤʘץ ʉʦʨʪ 

ʂʘʨʪʦʧ ʐʳסʳʩ פʘʟʘץʩʪʘʥ ɻʘʣʘ 

ɹʠʜʘʡ ʉʦʣʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʉʪʝʢʣʦʚʠʜʥʘʷ-24 

ɾװʛʝʨʽ ɸʣʤʘʪʳ ʦʙʣʳʩʳ ɸʣʪʳʥ ʜᴅʥ 

ɹײʨʰʘץ ɾʘʤʙʳʣ ʦʙʣʳʩʳ ɾʘʤʙʳʣ 8 

ʂװʨʽʰ פʳʟʳʣʦʨʜʘ ʦʙʣʳʩʳ ʄʘʨʞʘʥ 

ʂʘʩʩʘʚʘ ʆשʪװʩʪʽʢ פʘʟʘץʩʪʘʥ ʂʘʩʩʘʚʘ 531 

 

ʂʨʘʭʤʘʣʜʳϬ ʤʦʜʠʬʠʢʘʮʠʷʩʳ. ײפʨסʘץ ʞʳʣʫʣʳץ ᴇשʜʝʫʜʽש ʪʠʽʤʜʽʣʽʛʽʥ 

ʟʝʨʪʪʝʫ װʰʽʥ ʢʨʘʭʤʘʣʜʳש ʳʣסʘʣʜʳʣʳסʳ 5-16% ʘʨʘʣʳסʳʥʜʘ ʨʝʪʪʝʣʜʽ. ɽʛʝʨ 

ʙʘʩʪʘʧץʳ ʳʣסʘʣʜʳʣʳ5% ץ-ʜʘʥ ʪᴇʤʝʥ ʙʦʣʩʘ, ʢʨʘʭʤʘʣסʘ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ 

ʩʝʙʽʣʽʧ,4ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘסʘʪ ʩʘץʪʘʣʜʳ. ɸʣ ʳʣסʘʣʜʳʣʳסʳ 16%-ʜʘʥ ʞʦסʘʨʳ 

ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, ʦʥʳ 40ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʳʩʪʳץ ʘʫʘʜʘ ʢʝʧʪʽʨʫ ʘʨץʳʣʳ 

 .ʛʝʡʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʪʽʣʜʽשʘʞʝʪʪʽ ʜʝץ

ɼʘʡʳʥʜʘʣסʘʥ ʢʨʘʭʤʘʣסʘ ʞʳʣʫʣʳץ ᴇשʜʝʫ ʞװʨʛʽʟʽʣʜʽ. ᴆשʜʝʫ ʞʘʙʳץ ʞװʡʝʜʝ 

ʞװʨʛʽʟʽʣʽʧ, Wei Liang et al. (2022) ʩʠʧʘʪʪʘסʘʥ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʩʽ 

ʧʘʨʘʤʝʪʨʣʝʨ ץʦʣʜʘʥʳʣʜʳ: ʪʝʤʧʝʨʘʪʫʨʘ 168°C,  ᴇשʜʝʫ ʫʘץʳʪʳ 18 ʩʘסʘʪ. ɾʳʣʫ ʢᴇʟʽ 

ʨʝʪʽʥʜʝ ʞʳʣʫ ʘʡʥʘʣʳʤʜʳ ʢʝʧʪʽʨʫ ʰʢʘʬʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ɾʳʣʫ ᴇשʜʝʫ ʘʷץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ 

ʩʘʣץʳʥʜʘʪʳʣʳʧ, ʪʳסʳʟ ʞʘʙʳʣʘʪʳʥײץʨסʘץ ʢʦʥʪʝʡʥʝʨʣʝʨʜʝ ʩʘץʪʘʣʜʳ. 

ʂʨʘʭʤʘʣʜʳϬ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳϨ ʢϺʨʩʝʪʢʽʰʪʝʨʽ. ʂʨʘʭʤʘʣʜʳש ʳʣסʘʣʜʳʣʳץ, 

ʢװʣ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʘץʫʳʟ ײץʨʘʤʳʥ ʘʥʳץʪʘʫ AACC (2002) ʩʪʘʥʜʘʨʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ 

ʞװʨʛʽʟʽʣʜʽ. ʊʽʢʝʣʝʡ ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ Mcgrance ʞᴅʥʝ ʙʘʩץʘʣʘʨ (1999) ʩʠʧʘʪʪʘסʘʥ 

ʢʦʣʦʨʠʤʝʪʨʠʷʣʳץ ᴅʜʽʩ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. 

ɾʘʣʧʳ ʬʝʥʦʣʜʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʤᴇʣʰʝʨʽ Zhu ʞᴅʥʝ ʙʘʩץʘʣʘʨ (2000) 

ʩʠʧʘʪʪʘסʘʥ ʌʦʣʠʥ-ʏʦʢʘʣʴʪʝʫ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ɻʘʣʣʦʚ ץʳʰץʳʣʳʥʳש 

ʩʪʘʥʜʘʨʪʪʳ ʝʨʽʪʽʥʜʽʩʽ ץʦʣʜʘʥʳʣʳʧ, ʥᴅʪʠʞʝʣʝʨ 1 ʤʛ ʵʢʩʪʨʘʢʪ װʰʽʥ ʛʘʣʣʦʚ 

 .ʨʽʥʜʝ ʝʩʝʧʪʝʣʜʽװʵʢʚʠʚʘʣʝʥʪʽ (GAE) ʪ שʳʣʳʥʳץʳʰץ
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 שʳʣʳʥʳץʳʰץ ʤᴇʣʰʝʨʽ 3,5-ʜʠʥʠʪʨʦʩʘʣʠʮʠʣ שʘʥʪʪʳץ ʘʣʧʳʥʘ ʢʝʣʪʽʨʝʪʽʥפ

(DNS) ʢʦʣʦʨʠʤʝʪʨʠʷʣʳץ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣʜʳ. 

ʄʳʨʳʰʪʳש ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʫ ISO 17294-2:2016 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ 

ʠʥʜʫʢʪʘʪʠʚʪʽ ʙʘʡʣʘʥʳʩʪʳʨʳʣסʘʥ ʧʣʘʟʤʘʣʳץ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ (ICP-MS) 

ᴅʜʽʩʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ, ʥᴅʪʠʞʝʣʝʨ ʤʛ/ʢʛ ʙʽʨʣʽʛʽʥʜʝ ᴇʨʥʝʢʪʝʣʜʽ. 

ʉʦʣ ʩʠʷץʪʳ, ʤʘʛʥʠʡʜʽש ʤᴇʣʰʝʨʽ ISO 6869:2000 ʩʪʘʥʜʘʨʪʳ ʙʦʡʳʥʰʘ 

ʘʪʦʤʜʳץ ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (AAS) ᴅʜʽʩʽ ʘʨץʳʣʳ ᴇʣʰʝʥʽʧ, ʤᴅʥʜʝʨʽ 

ʤʛ/100 ʛ ʙʽʨʣʽʛʽʥʜʝ ʝʩʝʧʪʝʣʜʽ. 

ʊʝʤʽʨʜʽש ʤᴇʣʰʝʨʽ ISO 2590:1973 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʪʠʪʨʣʝʫ ᴅʜʽʩʽʤʝʥ 

ʘʥʳץʪʘʣʳʧ, ʥᴅʪʠʞʝʣʝʨ ʤʛ/ʢʛ ʙʽʨʣʽʛʽʥʜʝ ᴇʨʥʝʢʪʝʣʜʽ. 

ʂʘʣʴʮʠʡʜʽש ʤᴇʣʰʝʨʽ ISO 6491:1998 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʘʪʦʤʜʳץ 

ʘʙʩʦʨʙʮʠʷʣʳץ ʩʧʝʢʪʨʦʤʝʪʨʠʷ (AAS) ᴅʜʽʩʽ ʘʨץʳʣʳ ʪʘʣʜʘʥʳʧ, ʥᴅʪʠʞʝʣʝʨ ʤʛ/100 ʛ 

ʙʽʨʣʽʛʽʥʜʝ ʢᴇʨʩʝʪʽʣʜʽ. 

ʉʦשʳʥʜʘ, װʣʛʽʣʝʨʜʝʛʽ ʩʝʣʝʥʥʽש ʤᴇʣʰʝʨʽ ISO 20649:2015 ʩʪʘʥʜʘʨʪʳʥʘ 

ʩᴅʡʢʝʩ ICP-MS ᴅʜʽʩʽʤʝʥ ʙʘסʘʣʘʥʳʧ, ʥᴅʪʠʞʝʣʝʨ ʤʛ/100 ʛ ʙʽʨʣʽʛʽʥʜʝ ᴇʨʥʝʢʪʝʣʜʽ. 

ɹʘʩʪʘʧϨʳ ʢʨʘʭʤʘʣ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥϤʘʥ ʢʨʘʭʤʘʣʜʳϬ ʬʫʥʢʮʠʦʥʘʣʜʳϨ 

Ϩʘʩʠʝʪʪʝʨʽ 

ʂʨʘʭʤʘʣʜʳϬ ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʝʥ ʝʨʫ ʠʥʜʝʢʩʽ. ʂʨʘʭʤʘʣʜʳש ʽʩʽʥʫ 

ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʝʥ ʝʨʫ ʠʥʜʝʢʩʽ Kong ʞᴅʥʝ ʙʘʩץʘʣʘʨ (103) ᴅʜʽʩʽ ʥʝʛʽʟʽʥʜʝ ʘʟʜʘʧ 

ᴇʟʛʝʨʪʽʣʛʝʥ ʪװʨʜʝ ʘʥʳץʪʘʣʜʳ. ʊʘʣʜʘʫ 60, 65, 70, 75, 80, 85, 90ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫ װʰʽʥ ʢʨʘʭʤʘʣ (10 ʤʛ, ײץʨסʘץ ʩʘʣʤʘץ) ʞᴅʥʝ ʩʫ (4 ʤʣ) ʧʨʦʙʠʨʢʘסʘ 

 .ʳʰʪʘ ʘʨʘʣʘʩʪʳʨʳʣʜʳסʛʝʣʝʢ ʘʨʘʣʘʩʪʳʨשʦʩʳʣʳʧ, 10 ʩʝʢʫʥʜ ʙʦʡʳ ʜᴇץ

ʇʨʦʙʠʨʢʘʜʘסʳ װʣʛʽʣʝʨ ʙʝʣʛʽʣʝʥʛʝʥ ʪʝʤʧʝʨʘʪʫʨʘʜʘ 30 ʤʠʥʫʪ ʙʦʡʳ ʩʫ 

ʤʦʥʰʘʩʳʥʜʘ ײʩʪʘʣʳʧ, ᴅʨ 2 ʤʠʥʫʪ ʩʘʡʳʥ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ʉʫ ʤʦʥʰʘʩʳʥʘʥ ʢʝʡʽʥ 

 .ʳʥʜʘʪʳʣʜʳץʣʛʽʣʝʨ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣװ

ʉʘʣץʳʥʜʘʪʫʜʘʥ ʢʝʡʽʥ 3000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 30 ʤʠʥʫʪ 

ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. ɾʦסʘʨסʳ ʤᴇʣʜʽʨ ʩײʡʳץʪʳץ (ʩʫʧʝʨʥʘʪʘʥʪ) ʘʣʶʤʠʥʠʡ ʳʜʳʩץʘ 

 ʘסʪʳ ʤʘʩʩʘץʨʘײʥʙʘ ᴇʣʰʝʥʜʽ. ʉʫʧʝʨʥʘʪʘʥʪ ʢʝʧʪʽʨʽʣʽʧ, ʪײʙʽʥʜʝʛʽ ʪװʡʳʣʳʧ, ʪײץ

ʜʝʡʽʥ ᴅʢʝʣʽʥʜʽ. 

ɽʨʫ ʠʥʜʝʢʩʽ ʤʝʥ ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ʝʩʝʧʪʝʫ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘʣʘʨ 

ʙʦʡʳʥʰʘʮ ʞװʨʛʽʟʽʣʜʽ 

 

˒̑̔ ̉ ̨̎̅̆̋̒ =  
˗̨̨̆̐̓̑̌̄̆̎ ̒ ̜̔̐̆̑̎́̓́̎̓̓ ̒ ́̌̍́ ̜ 

1z00 (1) 
̨̨̌̄̎ ̂ ́̒̓́̐ ̜ ̒ ́̌̍́ ̜ 

 
 

˴̨̒̎̔ ̋ ̨̞̗̏̉̉̆̎̓̕̕ =  
˟ ̜̎̂́̎  ̜̍́̒̒́̒ 

 z100  ̆ ̑̔ ̉ ̨̎̅̆̋̒ (2) 
̨̨̌̄̎ ̒ ́̌̍́ ̜ 

 

ʂʨʘʭʤʘʣʜʳϬ ʩʫ ʩʽϬʽʨʫ ʞϸʥʝ ʤʘʡ ʩʽϬʽʨʫ Ϩʘʙʽʣʝʪʽ. ʂʨʘʭʤʘʣʜʳש ʩʫ ʩʽשʽʨʫ ʞᴅʥʝ 

ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʛʽ ᴅʜʽʩ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ 10 

ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ ʞᴅʥʝ 10 ʤʣ ʩʦʷ ʤʘʡʳ 1 ʛ ʢʨʘʭʤʘʣ װʣʛʽʩʽʤʝʥ ʧʨʦʙʠʨʢʘʜʘ 
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ʘʨʘʣʘʩʪʳʨʳʣʜʳ. פʦʩʧʘ 30 ʤʠʥʫʪ ʙʦʡʳ ʪʳʥʳʰ ʢװʡʜʝ ײʩʪʘʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 3500 

ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 30 ʤʠʥʫʪ ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. 

ʎʝʥʪʨʠʬʫʛʘʣʘʫʜʘʥ ʢʝʡʽʥ װʩʪʽשʛʽ ʤᴇʣʜʽʨ ʩײʡʳץʪʳץ ʪᴇʛʽʣʜʽ, ʘʣ ʧʨʦʙʠʨʢʘ 

 שʣʛʽʥʽת .ʪʘʨ ʢʝʧʪʽʨʽʣʽʧ, ᴇʣʰʝʥʜʽץʘʣʜʳץ ʳץʘʥ ʩʳʨʪץʘʩʳʥʘ ʞʘʙʳʩסʘʙʳʨץ

ʩʘʣʤʘסʳʥʳש ʘʨʪʫʳ ʙʘʡʣʘʥʳʩץʘʥ ʩʫ ʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ ʤʘʡʜʳש ʧʘʡʳʟʜʳץ ʤᴇʣʰʝʨʽ 

ʨʝʪʽʥʜʝ ʝʩʝʧʪʝʣʜʽ, ʙײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢʨʘʭʤʘʣʜʳש ʩʫ ʩʽשʽʨʫ ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ 

 .ʰʽʥ ʧʘʡʜʘʣʘʥʳʣʜʳװ ʪʘʫץʘʙʽʣʝʪʽʥ ʘʥʳץ

ʂʨʘʭʤʘʣʜʳϬ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʤϺʣʜʽʨʣʽʛʽ. ʂʨʘʭʤʘʣʜʳש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ 

ʤᴇʣʜʽʨʣʽʛʽ Aprianita ʞᴅʥʝ ʙʘʩץʘʣʘʨ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɹײʣ װʰʽʥ 1% 

ʢʨʘʭʤʘʣ ʩʫʩʧʝʥʟʠʷʩʳ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʜʘ ʜʘʡʳʥʜʘʣʳʧ, ʞʘץʩʳʣʘʧ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 

ɼʘʡʳʥʜʘʣסʘʥ ץʦʩʧʘ 90ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 30 ʤʠʥʫʪ ʙʦʡʳ 

 .ʳʰʧʝʥ ʘʨʘʣʘʩʪʳʨʳʣʜʳסʛʝʣʝʢ ʘʨʘʣʘʩʪʳʨשʳʟʜʳʨʳʣʳʧ, ᴅʨ 2 ʤʠʥʫʪ ʩʘʡʳʥ ʜᴇץ

 שʘʥʥʘʥ ʢʝʡʽʥ, ʦʣʘʨʜʳסʳʥʜʘʪʳʣץʣʛʽʣʝʨ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣת

650 ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʢᴇʤʝʛʽʤʝʥ ʘʙʩʦʨʙʮʠʷ ʜʝשʛʝʡʽ 

ᴇʣʰʝʥʜʽ. ɼᴅʣ ʦʩʳʥʜʘʡ ᴇʣʰʝʫʣʝʨ 4ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24, 48 ʞᴅʥʝ 72 ʩʘסʘʪ 

ʩʘץʪʘʣסʘʥ װʣʛʽʣʝʨ װʰʽʥ ץʘʡʪʘʣʘʥʳʧ ʞװʨʛʽʟʽʣʜʽ. 

ʂʨʘʭʤʘʣʜʳϬ ʤϰʟʜʘʪʫ-ʝʨʽʪʫ ʪϰʨʘϨʪʳʣʳϤʳ. ʂʨʘʭʤʘʣʜʳש ʤײʟʜʘʪʫ-ʝʨʽʪʫ 

ʪײʨʘץʪʳʣʳסʳ ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɸʣʜʳʤʝʥ 5,0% ʢʨʘʭʤʘʣ ʩʫʩʧʝʥʟʠʷʩʳ 

ʜʘʡʳʥʜʘʣʳʧ, 95°C  ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 30 ʤʠʥʫʪ ʙʦʡʳ ץʳʟʜʳʨʳʣʜʳ, 

ʙײʣ ʢʝʟʜʝ ʝʨʽʪʽʥʜʽ װʟʜʽʢʩʽʟ ʰʘʡץʘʣʜʳ. 

ʂʣʝʡʩʪʝʨ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʳʣסʘʥʥʘʥ ʢʝʡʽʥ, ʦʥʳ - 

20ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘסʘʪ ʙʦʡʳ ʤײʟʜʘʪʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 60 ʤʠʥʫʪ ʙʦʡʳ ʝʨʽʪʫʛʝ ץʘʣʜʳʨʳʣʜʳ. ʆʩʳʜʘʥ ʢʝʡʽʥ װʣʛʽʣʝʨ 

6000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 20 ʤʠʥʫʪ ʙʦʡʳ ʮʝʥʪʨʠʬʫʛʘʣʘʥʳʧ, װʩʪʽשʛʽ ʤᴇʣʜʽʨ 

ʩײʡʳץʪʳץʪʳש (ʩʫʧʝʨʥʘʪʘʥʪʪʳש) ʩʘʣʤʘסʳ ᴇʣʰʝʥʜʽ. 

ʆʩʳ ʧʨʦʮʝʩʩ 3 ʨʝʪ ץʘʡʪʘʣʘʥʜʳ, ᴅʨ ʮʠʢʣʜʝʥ ʢʝʡʽʥ (ʩײʡʳץ ʬʘʟʘʥʳש ʙᴇʣʽʥʫ 

ʜʝשʛʝʡʽ) ʘʥʳץʪʘʣʜʳ. ʄײʟʜʘʪʫ-ʝʨʽʪʫ ʪײʨʘץʪʳʣʳסʳʥʳש ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʽ ʨʝʪʽʥʜʝ 

 שʳ ʢʨʘʭʤʘʣ ʢʣʝʡʩʪʝʨʽʥʽץʳ ʤʝʥ ʙʘʩʪʘʧסʩʘʣʤʘ שʘʙʳʣʜʘʥʜʳ, ʦʣ ʩʫʧʝʨʥʘʪʘʥʪʪʳץ

ʩʘʣʤʘסʳʥʳץ שʘʪʳʥʘʩʳ ʨʝʪʽʥʜʝ ʝʩʝʧʪʝʣʝʜʽ. ᴄʨ ʵʢʩʧʝʨʠʤʝʥʪ 3 ʨʝʪ ץʘʡʪʘʣʘʥʳʧ, 

ʘʣʳʥסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʽש ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. 

ɹʘʩʪʘʧϨʳ ʢʨʘʭʤʘʣ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥϤʘʥ ʢʨʘʭʤʘʣʜʳϬ ʤʠʢʨʦϨϰʨʳʣʳʤʜʳ 

ʩʠʧʘʪʪʘʫ 

ʇʦʣʷʨʠʟʘʮʠʷʣʘʥϤʘʥ ʞʘʨʳϨ. ʂʨʘʭʤʘʣʜʳש ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳסʳ 

ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳץ ʤʠʢʨʦʩʢʦʙʳʥ (B×53, Motic Olympus Co., Ltd., פʳʪʘʡ) 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʙʘץʳʣʘʥʜʳ. פʳʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʢʨʘʭʤʘʣ ʛʣʠʮʝʨʠʥ-ʩʫ 

 ,ʘ ʪʘʤʳʟʳʣʜʳסʦʩʧʘʩʳʤʝʥ (1:1, v/v) ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʰʳʥʳץ

ʞʘʙʳʥʜʳʤʝʥ ʞʘʙʳʣʳʧ, ʤʠʢʨʦʩʢʦʧ ʘʩʪʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. ʂʨʘʭʤʘʣʜʳש 

ʤʘʣʴʪʘʣʳץ ʢʨʝʩʪʽ 400 Ĭ װʣʢʝʡʪʫ ʢʝʟʽʥʜʝ ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳץ ʧʘʨʘסʳ 

ʘʨץʳʣʳ ʙʘץʳʣʘʥʜʳ. 

ʉʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM). ʂʨʘʭʤʘʣʜʳש 

ʤʦʨʬʦʣʦʛʠʷʣʳײץ ץʨʳʣʳʤʳ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (JCM-7000, 

JEOL Co., Ltd., ɾʘʧʦʥʠʷ) ʘʨץʳʣʳ ʙʘץʳʣʘʥʜʳ. פʳʩץʘʰʘ ʘʡʪץʘʥʜʘ, ʢʨʘʭʤʘʣ װʣʛʽʩʽ 
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ᴇʪʢʽʟʛʽʰ ʞʝʣʽʤʛʝ ʞʘʧʩʳʨʳʣʳʧ, ʘʣʪʳʥ ʙװʨʽʢʢʽʰʧʝʥ ᴇשʜʝʣʜʽ, ʩʦʜʘʥ ʢʝʡʽʥ 5 ʢɺ 

ʞᴅʥʝ 2000 Ĭ װʣʢʝʡʪʫ ʢʝʟʽʥʜʝ ʙʘץʳʣʘʥʳʧ, ʩʫʨʝʪʢʝ ʪװʩʽʨʽʣʜʽ. 

ʂʦʥʬʦʢʘʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʠʷ (CLSM). ʂʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽ Digital Eclipse CLSM (TCS SP8, LEICA Co., Ltd., ɻʝʨʤʘʥʠʷ) ʞװʡʝʩʽʥ 

ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʙʘץʳʣʘʥʜʳ, ʦʣ He/Ne ʞᴅʥʝ Ar ʣʘʟʝʨʣʝʨʽʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ. 

 -ʘʥ 15 ʤʣ 10 ʤʄ 8סʣʛʽʩʽ ʜᴅʣ ᴇʣʰʝʥʜʽ, ʦװ ʘʥʜʘ, 0,5 ʛ ʢʨʘʭʤʘʣץʘʰʘ ʘʡʪץʳʩפ

ʘʤʠʥʦʧʠʨʝʥ-1,3,6-ʪʨʠʩʫʣʴʬʦʥ ץʳʰץʳʣʳʥʳש ʥʘʪʨʠʡ ʪײʟʳ ʞᴅʥʝ 15 ʤʣ 1 ʄ ʥʘʪʨʠʡ 

ʮʠʘʥʦʙʦʨʦʛʠʜʨʠʜ ʝʨʽʪʽʥʜʽʣʝʨʽ ʨʝʪʽʤʝʥ ץʦʩʳʣʜʳ. ɸʣʳʥסʘʥ ץʦʩʧʘ ʚʦʨʪʝʢʩ 

ʢᴇʤʝʛʽʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, 30 °C  ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 15 ʩʘסʘʪ ʙʦʡʳ 

ʙʦʷʣʜʳ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʙʦʷʣסʘʥ װʣʛʽʣʝʨʛʝ 1,0 ʤʣ ʜʝʡʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʩʫ ץʦʩʳʣʳʧ, 

ʮʝʥʪʨʠʬʫʛʘʣʘʥʳʧ, ʙʦʷʫ ʝʨʽʪʽʥʜʽʩʽʥʽש ʞʦסʘʨסʳ ץʘʙʘʪʳ ʰʘʡʳʣʜʳ. ɹʦʷʣסʘʥ 

ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽ ʛʣʠʮʝʨʠʥ/ʩʫ (1:1, v/v) ץʦʩʧʘʩʳʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ʰʳʥʳסʘ 

ʪʘʤʳʟʳʣʳʧ, ʞʘʙʳʥʜʳʤʝʥ ʞʘʙʳʣʜʳ. תʣʛʽʣʝʨ CLSM ʘʨץʳʣʳ ʙʘץʳʣʘʥʳʧ, ʩʫʨʝʪʢʝ 

ʪװʩʽʨʽʣʜʽ. 
ʂʨʠʩʪʘʣʜʳϨ Ϩϰʨʳʣʳʤʜʳ ʘʥʳϨʪʘʫ 

ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳϨ (XRD) ʪʘʣʜʘʫ. ʂʨʘʭʤʘʣ ʨʝʥʪʛʝʥʜʽʢ 

ʜʠʬʨʘʢʪʦʤʝʪʨʤʝʥ (Rigaku D/max2200pc, Rigaku Co., Ltd., ɾʘʧʦʥʠʷ) ʪʘʣʜʘʥʜʳ. 

 ʣʛʽװ שʘʞʝʪʪʽ ʤᴇʣʰʝʨʜʝʛʽ ʢʨʘʭʤʘʣ ʜᴅʣ ᴇʣʰʝʥʽʧ, ʘʩʧʘʧʪʳץ ,ʘʥʜʘץʘʰʘ ʘʡʪץʳʩפ

ʩʘʣסʳʰʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. ʊʘʣʜʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʢʝʣʝʩʽʜʝʡ ʦʨʥʘʪʳʣʜʳ: 

 -ʣʛʽʩʽ 2ɗ ʜʠʘʧʘʟʦʥʳ ï 4°װ ʰʽ ï 30 ʤɸ, ʜʠʬʨʘʢʮʠʷװʜʝʪʢʽʰ ʢʝʨʥʝʫ ï 40 ʢɺ, ʪʦʢ ʢװ

ʪʘʥ 60Á-ץʘ ʜʝʡʽʥ, ʩʢʘʥʝʨʣʝʫ ʞʳʣʜʘʤʜʳסʳ ï 4Á/ʤʠʥ, ץʘʜʘʤ ᴇʣʰʝʤʽ ï 0,02°.  

XRD (ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ) ʜʝʨʝʢʪʝʨʽʥʝ ʥʝʛʽʟʜʝʣʝ ʦʪʳʨʳʧ, ʢʨʘʭʤʘʣʜʳש 

ʢʨʠʩʪʘʣʣʜʳץ ʜᴅʨʝʞʝʩʽʥ ʢʝʣʝʩʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʫʛʝ ʙʦʣʘʜʳ: 
 

ὅὶὍ =  
Ὅὧ 

Ὅὧ+Ὅὥ 
 z100 (3) 

ʄײʥʜʘ CrI ï ʢʨʠʩʪʘʣʣʜʳץ ʜᴅʨʝʞʝʩʽ (Crystallinity Index, %); 

Ic ï ʢʨʠʩʪʘʣʣʜʳץ ʘʡʤʘץʪʳש ʠʥʪʝʛʨʘʣʜʳץ ʘʫʜʘʥʳ (Crystalline Region 

Intensity); 

Ia ï ʘʤʦʨʬʪʳ ʘʡʤʘץʪʳש ʠʥʪʝʛʨʘʣʜʳץ ʘʫʜʘʥʳ (Amorphous Region Intensity). 

ʌʫʨʴʝ ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ (FT-IR) ʪʘʣʜʘʫ.ʂʨʘʭʤʘʣ 

ʌʫʨʴʝ ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʤʝʪʨʽ (Vertex 70, Bruker Co., Ltd., 

ɻʝʨʤʘʥʠʷ) ʘʨץʳʣʳ ᴇʣʰʝʥʜʽ. פʳʩץʘʰʘ ʘʡʪץʘʥʜʘ, 1,0 ʤʛ ʢʨʘʭʤʘʣ ʜᴅʣ ᴇʣʰʝʥʽʧ, 

ʘʣʜʳʥ ʘʣʘ ʢʝʧʪʽʨʽʣʛʝʥ 100 ʤʛ KBr ײʥʪʘסʳʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. פʦʩʧʘ ײʩʘץʪʘʣʳʧ, 

ʧʨʝʩʪʝʣʽʧ, FT-IR ʘʩʧʘʙʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. ʊʘʣʜʘʫ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨʤʝʥ 

ʞװʨʛʽʟʽʣʜʽ: TR ʨʝʞʠʤʽ, ʪʘʟʘ KBr ʙʘץʳʣʘʫ װʣʛʽʩʽ ʨʝʪʽʥʜʝ, ʩʢʘʥʝʨʣʝʫ ʜʠʘʧʘʟʦʥʳ ï 
400-4000 ʩʤ-1, ʩʧʝʢʪʨʣʽʢ ʘʞʳʨʘʪʳʤʜʳʣʳץ ï 4 ʩʤ-1. 

ɸʤʠʣʦʧʝʢʪʠʥ ʪʘʨʤʘץʪʘʨʳʥʳש ʪʽʟʙʝʢ ײʟʳʥʜʳסʳʥʳש ʪʘʨʘʣʫʳʥ ʘʥʳץʪʘʫ. 

ɸʤʠʣʦʧʝʢʪʠʥ ʪʘʨʤʘץʪʘʨʳʥʳש ʪʽʟʙʝʢ ײʟʳʥʜʳסʳʥʳש ʪʘʨʘʣʫʳʥ ʘʥʳץʪʘʫ Su et al. 

(2020) ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʦʨʳʥʜʘʣʜʳ. פʳʩץʘʰʘ ʘʡʪץʘʥʜʘ, 40,0 ʤʛ ʢʨʘʭʤʘʣ ʜᴅʣ 

ᴇʣʰʝʥʽʧ, 2,0 ʤʣ 0,01 ʄ pH 4,5 ʩʽʨʢʝ ץʳʰץʳʣʳ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 
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 ʜʝʣʜʽ, ʩʦʜʘʥ ʢʝʡʽʥשʘʥʰʘ ᴇסʧʘʩʪʘʣʘʥ ץʘʡʥʘʪʳʣʳʧ, ʪʦʣʳץ ʦʩʧʘ 10 ʤʠʥʫʪ ʙʦʡʳפ

50 °C  .ʳʥʜʘʪʳʣʜʳץʘ ʜʝʡʽʥ ʩʘʣץ-

ʆʜʘʥ ʢʝʡʽʥ 5,0 ʤʢʃ ʧʫʣʴʣʫʣʘʥʘʟʘ ʬʝʨʤʝʥʪʽ ץʦʩʳʣʳʧ, װʣʛʽ 50 ÁC ʩʫ 

ʤʦʥʰʘʩʳʥʜʘ 24 ʩʘסʘʪ ʙʦʡʳ ʜʝʟʘʛʨʝʛʘʮʠʷʣʘʥʜʳ. ʇʨʦʮʝʩʩ ʘʷץʪʘʣסʘʥ ʩʦש, ʞװʡʝ 

4000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 15 ʤʠʥʫʪ ʙʦʡʳ ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. 

ʌʝʨʤʝʥʪʪʽ ʠʥʘʢʪʠʚʘʮʠʷʣʘʫ װʰʽʥ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽ ץʘʡʥʘʧ ʪײʨסʘʥ ʩʫ 

ʤʦʥʰʘʩʳʥʜʘ 20 ʤʠʥʫʪ ʙʦʡʳ ץʳʟʜʳʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ ץʘʡʪʘʜʘʥ 4000 ʘʡʥ/ʤʠʥ 

ʞʳʣʜʘʤʜʳץʧʝʥ 15 ʤʠʥʫʪ ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. ɾʦסʘʨסʳ ץʘʙʘʪ 50 ʝʩʝ ʩײʡʳʣʪʳʣʳʧ, 

0,22 ʤʢʤ ʩʫ ʤʝʤʙʨʘʥʘʩʳʥʘʥ ᴇʪʢʽʟʽʣʜʽ ʞᴅʥʝ ʠʥʲʝʢʮʠʷʣʳץ ʬʣʘʢʦʥʜʘ ʩʘץʪʘʣʜʳ. 

 -ʘʨʳ ʪʠʽʤʜʽ ʘʥʠʦʥʜʳ ʘʣʤʘʩʫ ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳסʦʩʳʤʰʘ ʪʘʣʜʘʫ ʞʦפ

ʠʤʧʫʣʴʩʪʽ ʘʤʧʝʨʦʤʝʪʨʠʷʣʳץ ʜʝʪʝʢʪʦʨʳ (ICS-5000+, Thermo Fisher Scientific, 

ɸפʐ) ʢᴇʤʝʛʽʤʝʥ ʦʨʳʥʜʘʣʜʳ. CarboPac PA100 ʢʦʣʦʥʥʘʩʳ ץʦʣʜʘʥʳʣʜʳ. 

ʄʦʙʠʣʴʜʽ ʬʘʟʘʣʘʨ ʢʝʣʝʩʽʜʝʡ ץʦʣʜʘʥʳʣʜʳ: ɸ ï 150 ʤʄ NaOH, B ï 500 ʤʄ 

ʥʘʪʨʠʡ ʘʮʝʪʘʪʳ. תʣʛʽʥʽ ʵʣʶʮʠʷʣʘʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʦʨʥʘʪʳʣʜʳ: 

0-2 ʤʠʥ ï 40% B, ʘסʳʥ ʞʳʣʜʘʤʜʳסʳ 0,6 ʤʣ/ʤʠʥ 

3-11 ʤʠʥ ï 50% B, ʘסʳʥ ʞʳʣʜʘʤʜʳסʳ 1,0 ʤʣ/ʤʠʥ 

12-42 ʤʠʥ ï 60% B, ʘסʳʥ ʞʳʣʜʘʤʜʳסʳ 1,0 ʤʣ/ʤʠʥ 

43-45 ʤʠʥ ï 80% B, ʘסʳʥ ʞʳʣʜʘʤʜʳסʳ 1,0 ʤʣ/ʤʠʥ 

 
ʆʩ rʰʘʨʪʪʘʨʜʘ װʣʛʽ 20 ʤʢʣ ʢᴇʣʝʤʜʝ ʝʥʛʽʟʽʣʜʽ. 

ʄʦʣʝʢʫʣʘʣʳϨ ʤʘʩʩʘ (Mw). ʂʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ HPSEC- 

MALLS-RI ʞװʡʝʩʽ (Model 410, Waters Co., Ltd., ɸפʐ) ʢᴇʤʝʛʽʤʝʥ Wang et al. 

(2017) ᴅʜʽʩʽʥʝ ʩᴅʡʢʝʩ ʟʝʨʪʪʝʣʜʽ. 

 ʘʥʜʘ, 20,0 ʤʛ ʢʨʘʭʤʘʣ ʜᴅʣ ᴇʣʰʝʥʽʧ, 0,1 ʄ NaNO3ץʘʰʘ ʘʡʪץʳʩפ

ʝʨʽʪʽʥʜʽʩʽʥʜʝ ʪʦʣʳץ ʝʨʽʪʽʣʽʧ, ʫʣʴʪʨʘʜʳʙʳʩʪʳץ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʘʫʘʥʳש ʘʨʪʳץ 

ʢᴇʧʽʨʰʽʢʪʝʨʽ ʞʦʡʳʣʜʳ. 

 ץʳʟʜʳʨʳʣʳʧ, ʪʦʣʳץ ʘʥ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 5 ʤʠʥʫʪ ʙʦʡʳסʨײʘʡʥʘʧ ʪץ ʣʛʽת

ʧʘʩʪʘʣʘʥʜʳ. ʆʜʘʥ ʢʝʡʽʥ 4000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 15 ʤʠʥʫʪ ʙʦʡʳ 

ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ. 

0,22 ʤʢʤ ʩʫ ʤʝʤʙʨʘʥʘʩʳʥʘʥ ᴇʪʢʽʟʽʣʛʝʥ 1 ʤʣ ʞʦסʘʨסʳ ץʘʙʘʪ ʠʥʲʝʢʮʠʷʣʳץ 

ʬʣʘʢʦʥסʘ ײץʡʳʣʳʧ, ʢʝʡʽʥʛʽ ʪʘʣʜʘʫסʘ ʩʘץʪʘʣʜʳ. 

ʉʪʘʥʜʘʨʪʪʳ ץʠʩʳץʪʘʨ ᴅʨʪװʨʣʽ ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʣʘʨ ʙʦʡʳʥʰʘ 

ʜʘʡʳʥʜʘʣʜʳ (5000 ʛ/ʤʦʣʴ, 12000 ʛ/ʤʦʣʴ, 80000 ʛ/ʤʦʣʴ, 150000 ʛ/ʤʦʣʴ, 410000 

ʛ/ʤʦʣʴ ʞᴅʥʝ 2000000 ʛ/ʤʦʣʴ). 

ʉʪʘʥʜʘʨʪʪʘʨʜʳײ שʩʪʘʣʫ ʫʘץʳʪʳ (retention time) ʙʦʡʳʥʰʘ ʣʦʛʘʨʠʬʤʜʽʢ 

ʨʝʛʨʝʩʩʠʷʣʳץ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʢʝʣʝʩʽ ʪʝשʜʝʫ ʘʣʳʥʜʳ: 

ὰέὫὓύ =  0,0039ὼ3 +  0,2066ὼ2  4,1369ὼ +  32,499, Ὑ2 =  0,9991 (4) 

 

ʄײʥʜʘסʳ Mw ï ʢʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ (ʛ/ʤʦʣʴ). ɹײʣ ʤᴅʥ 

ʢʨʘʭʤʘʣʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 
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Log Mw ï ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʥʳש ʣʦʛʘʨʠʬʤʜʽʢ ʤᴅʥʽ. ʃʦʛʘʨʠʬʤʜʽʢ 

ʤʘʩʰʪʘʙʪʘʫ ʜʝʨʝʢʪʝʨʜʽש ʩʳʟʳץʪʳץ ʙʘʡʣʘʥʳʩʳʥ ʞʘץʩʘʨʪʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

X ï ʭʨʦʤʘʪʦʛʨʘʬʠʷʣʳײ ץʩʪʘʣʫ ʫʘץʳʪʳ (retention time, ʤʠʥ). ɹײʣ ʤᴅʥ 

ʞʦסʘʨʳ ʪʠʽʤʜʽ ʩײʡʳץ ʭʨʦʤʘʪʦʛʨʘʬʠʷʜʘ (HPLC) ʥʝʤʝʩʝ ʙʘʩץʘ ʪʘʣʜʘʫ ᴅʜʽʩʪʝʨʽʥʜʝ 

ʤʦʣʝʢʫʣʘʣʘʨʜʳש ʙʘסʘʥʘʜʘ ץʘʥʰʘ ʫʘץʳʪ ײʩʪʘʣסʘʥʳʥ ʩʠʧʘʪʪʘʡʜʳ. 

-0,0039, 0,2066, -4,1369, 32,499 ï ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ 

ʘʣʳʥסʘʥ ʨʝʛʨʝʩʩʠʷ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ. ɹײʣ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʧʦʣʠʥʦʤʜʳץ ʪʝשʜʝʫʜʝ 

 ʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʝʩʝʧʪʝʫʛʝץʩʪʘʣʫ ʫʘײ ʤʘʩʩʘʥʳ ץʦʣʜʘʥʳʣʳʧ, ʤʦʣʝʢʫʣʘʣʳץ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

R2 =0,9991 ï ʜʝʪʝʨʤʠʥʘʮʠʷ ʢʦʵʬʬʠʮʠʝʥʪʽ. ɹײʣ ʤᴅʥ ʤʦʜʝʣʴʜʽש ʜʝʨʝʢʪʝʨʛʝ 

 שʘʥ ʩʘʡʳʥ, ʤʦʜʝʣʴʜʽסʳʥ ʙʦʣץʪʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 1-ʛʝ ʞʘץʘʥʰʘʣʳץ

ʜᴅʣʜʽʛʽ ʞʦסʘʨʳ ʙʦʣʘʜʳ. ɹײʣ ʞʘסʜʘʡʜʘ ʤʦʜʝʣʴ 99,91% ʜᴅʣʜʽʢʧʝʥ ʥʘץʪʳ ʜʝʨʝʢʪʝʨʛʝ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʇʘʩʪʘʣʘʥʫʜʳש (ץʦʶʣʘʥʫʜʳש) ץʘʩʠʝʪʪʝʨʽ.תʣʛʽʣʝʨʜʽש ʧʘʩʪʘʣʘʥʫʜʳש 

 ,ʘʩʠʝʪʪʝʨʽ ʞʳʣʜʘʤ ʚʠʩʢʦʟʠʤʝʪʨʣʽʢ ʘʥʘʣʠʟʘʪʦʨ (RVA-Masterץ (שʦʶʣʘʥʫʜʳץ)

Newport Scientific Co., Ltd., ɸʚʩʪʨʘʣʠʷ) ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. 

 ʜᴅʣ ᴇʣʰʝʥʽʧ, 25 ʤʣ (ʥʝʛʽʟʜʝ ץʘסʨײץ) ʘʥʜʘ, 3,0 ʛ ʢʨʘʭʤʘʣץʘʰʘ ʘʡʪץʳʩפ

ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥ ʘʣʶʤʠʥʠʡ r ʜʳʩץʘ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. תʣʛʽ RVA ײץʨʳʣסʳʩʳʥʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʨʝʞʠʤ ʙʦʡʳʥʰʘ ʪʘʣʜʘʥʜʳ. 

ɸʣʜʳʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ 50 ÁC-ץʘ ʜʝʡʽʥ ץʳʟʜʳʨʳʣʳʧ, 1 ʤʠʥʫʪ ײʩʪʘʣʜʳ. ʉʦʜʘʥ 

ʢʝʡʽʥ 95 ÁC-ץʘ ʜʝʡʽʥ 3,75 ʤʠʥʫʪʪʘ ʢᴇʪʝʨʽʣʜʽ ʞᴅʥʝ 2 ʤʠʥʫʪ ʙʦʡʳ ʩʘץʪʘʣʜʳ. ʆʜʘʥ 

ʢʝʡʽʥ ʪʝʤʧʝʨʘʪʫʨʘ 50 ÁC-ץʘ ʜʝʡʽʥ 3,75 ʤʠʥʫʪʪʘ ʪᴇʤʝʥʜʝʪʽʣʽʧ, 2 ʤʠʥʫʪ ײʩʪʘʣʜʳ. 

ᴆʣʰʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʰʳשʜʳץ ʪײʪץʳʨʣʳץ (PV), ʤʠʥʠʤʘʣʜʳ ʪײʪץʳʨʣʳץ (TV), 

ʳʜʳʨʘʫ (BD), ץʦʨʳʪʳʥʜʳ ʪײʪץʳʨʣʳץ (FV), ʢʝʨʽ ץʦʶʣʘʥʫ (SB) ʞᴅʥʝ ʧʘʩʪʘ ʪװʟʽʣʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ (PT) ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʪʽʨʢʝʣʜʽ. 

ɾʳʣʫʣʳϨ Ϩʘʩʠʝʪʪʝʨ. תʣʛʽʣʝʨʜʽש ʞʳʣʫʣʳץ ץʘʩʠʝʪʪʝʨʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ 

ʩʢʘʥʝʨʣʝʫʰʽ ʢʘʣʦʨʠʤʝʪʨ (DSC-Q2000, TA Instruments Co., Ltd., ɸפʐ) ʢᴇʤʝʛʽʤʝʥ 

ʘʥʳץʪʘʣʜʳ. 

 ʘʥʜʘ, 3,0 ʤʛ ʢʨʘʭʤʘʣ ʜᴅʣ ᴇʣʰʝʥʽʧ, 9 ʤʢʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫʤʝʥץʘʰʘ ʘʡʪץʳʩפ

ʘʣʶʤʠʥʠʡ ʪʠʛʝʣʴʜʝ ʘʨʘʣʘʩʪʳʨʳʣʜʳ. תʣʛʽ 12 ʩʘסʘʪ ʙʦʡʳ ʪʝʧʝ-ʪʝשʜʽʢʢʝ 

ʢʝʣʪʽʨʽʣʛʝʥʥʝʥ ʢʝʡʽʥ, DSC ײץʨʳʣסʳʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ, ʘʣ ʙʦʩ ʪʠʛʝʣʴ 

ʙʘץʳʣʘʫ װʣʛʽʩʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʜʳ. 
ʊʘʣʜʘʫ ʢʝʣʝʩʽ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʜʽ. ɸʣʜʳʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ 

20 °C -ʪʘ ʪײʨʘץʪʘʥʜʳʨʳʣʜʳ, ʩʦʜʘʥ ʢʝʡʽʥ 2 ʤʠʥʫʪ ʙʦʡʳ ʠʟʦʪʝʨʤʠʷʣʳץ ʢʝʟʝש 

ᴇʪʢʽʟʽʣʜʽ. ʆʜʘʥ ʢʝʡʽʥ ʪʝʤʧʝʨʘʪʫʨʘ 120 ÁC-ץʘ ʜʝʡʽʥ 10 ÁC/ʤʠʥ ʞʳʣʜʘʤʜʳץʧʝʥ 

ʢᴇʪʝʨʽʣʜʽ. ɾײʤʳʩ ʦʨʪʘʩʳ ʨʝʪʽʥʜʝ ʘʟʦʪ (N  ʳ 50,0סʳʥ ʞʳʣʜʘʤʜʳסʦʣʜʘʥʳʣʜʳ, ʘץ (

ʤʣ/ʤʠʥ ʙʦʣʳʧ ʦʨʥʘʪʳʣʜʳ. 

ʂʨʘʭʤʘʣʜʘʨʜʳϬ in vitro Ϩʦʨʳʪʳʣʫ Ϩʘʩʠʝʪʪʝʨʽ. ʂʨʘʭʤʘʣʜʘʨʜʳש in vitro 

 .ʦʨʳʪʳʣʫʳ Englyst et al. (1992) ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʽʧ, ʘʟʜʘʧ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥʜʳץ

 ץʘʥʜʘ, 100 ʤʛ ʢʨʘʭʤʘʣ ʜᴅʣ ᴇʣʰʝʥʽʧ, 50 ʤʣ ʮʝʥʪʨʠʬʫʛʘʣʳץʘʰʘ ʘʡʪץʳʩפ

ʧʨʦʙʠʨʢʘסʘ ʩʘʣʳʥʜʳ. ʆסʘʥ 0,5 ʄ 10 ʤʣ ʩʽʨʢʝ ץʳʰץʳʣʳ-ʥʘʪʨʠʡ ʘʮʝʪʘʪʳ ʙʫʬʝʨʽ 

(pH 5.2) ץʦʩʳʣʳʧ, ץʳʰץʳʣʜʳץ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʜʽ. 
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ʈʝʘʢʮʠʷʣʳץ ʞװʡʝ 37 °C -ʪʘ 10 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʷʣʘʥʜʳ. ʆʜʘʥ ʢʝʡʽʥ 4 ʤʣ 3000 

U/ʤʣ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘסʳ Ŭ-ʘʤʠʣʘʟʘ ʬʝʨʤʝʥʪʽ (ʰʦʰץʘ ײʡץʳʙʝʟʽʥʝʥ ʘʣʳʥסʘʥ) ʞᴅʥʝ 

1 ʤʣ 2500 U/ʤʣ ʢʦʥʮʝʥʪʨʘʮʠʷʜʘסʳ ʘʤʠʣʦʛʣʶʢʦʟʠʜʘʟʘ ʬʝʨʤʝʥʪʽ ʨʝʪʽʤʝʥ ץʦʩʳʣʜʳ. 

ɾװʡʝ 20 ʤʠʥʫʪ ʞᴅʥʝ 120 ʤʠʥʫʪ ʙʦʡʳ ʠʥʢʫʙʘʮʠʷʣʘʥʜʳ. ʈʝʘʢʮʠʷʜʘʥ ʢʝʡʽʥ 

ʬʝʨʤʝʥʪʪʝʨʜʽ ʠʥʘʢʪʠʚʘʮʠʷʣʘʫ װʰʽʥ װʣʛʽʣʝʨ ץʘʡʥʘʧ ʪײʨסʘʥ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 5 

ʤʠʥʫʪ ץʳʟʜʳʨʳʣʜʳ. 

ʉʦשʳʥʜʘ 1,0 ʤʣ ʩʫʧʝʨʥʘʪʘʥʪ 100 ʝʩʝ ʩײʡʳʣʪʳʣʜʳ, ʙᴇʣʽʥʛʝʥ ʛʣʶʢʦʟʘ 

ʤᴇʣʰʝʨʽ GOPOD ʞʠʳʥʪʳסʳ ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ɾʳʣʜʘʤ ץʦʨʳʪʳʣʘʪʳʥ 

ʢʨʘʭʤʘʣ (RDS), ʙʘʷʫ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ (SDS) ʞᴅʥʝ ʨʝʟʠʩʪʝʥʪʪʽ ʢʨʘʭʤʘʣ (RS) 

ʢʝʣʝʩʽ ʪʝשʜʝʫʣʝʨ ʙʦʡʳʥʰʘ ʝʩʝʧʪʝʣʜʽ: 
 

ὙὈὛ(%) =  
(ὋςπὊ) 0z.9 

Ὕ 

 

ὛὈὛ(%) =  
(ὋρςπὋ20) 0z.9 

Ὕ 

(5) 

 

(6) 

ὙὛ(%) =  1  ὙὈὛ(%)  ὛὈὛ(%) (7) 
 

 

ʄײʥʜʘסʳ G20 ʞᴅʥʝ G120 ï 20 ʤʠʥʫʪ ʞᴅʥʝ 120 ʤʠʥʫʪ ʽʰʽʥʜʝ 

ʛʠʜʨʦʣʠʟʜʝʥʛʝʥ ʛʣʶʢʦʟʘ ʤᴇʣʰʝʨʽ; 
F ï ʙʦʩ ʛʣʶʢʦʟʘ ʤᴇʣʰʝʨʽ; 

T ï ʞʘʣʧʳ ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʳ ʜʘʡʳʥʜʘʫ ϸʜʽʩʽ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳ Wenhao Li  et al. (2023) ʜʘʡʳʥʜʘʫ ᴅʜʽʩʽʤʝʥ 

ʞʘʩʘʣʜʳ. 

ɸʣʜʳʤʝʥ ʭʠʪʦʟʘʥ ץʘʞʝʪʪʽ ʤᴇʣʰʝʨʜʝ ʜʝʡʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʩʫʜʘ ʝʨʽʪʽʣʽʧ, 0.5% 

(w/v) ʥʘʪʨʠʡ ʘʣʴʛʠʥʘʪʳ ʝʨʽʪʽʥʜʽʩʽ ʜʘʡʳʥʜʘʣʜʳ. פʳʟʜʳʨʫ ʘʣʜʳʥʜʘ ʭʠʪʦʟʘʥ 

ʝʨʽʪʽʥʜʽʩʽ ʪʠʽʩʪʽ ʤᴇʣʰʝʨʜʝʛʽ ʢʨʘʭʤʘʣʤʝʥ (1.5%, ײץʨסʘץ ʥʝʛʽʟʜʝ) ʘʨʘʣʘʩʪʳʨʳʣʜʳ. 

ɸʣʳʥסʘʥ ץʦʩʧʘ װʟʜʽʢʩʽʟ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, 90 °C  ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʩʫ ʤʦʥʰʘʩʳʥʜʘ 

15 ʤʠʥʫʪ ʙʦʡʳ ץʳʟʜʳʨʳʣʜʳ.ʉʦʜʘʥ ʢʝʡʽʥ 1% (w/v) ʧʣʘʩʪʠʬʠʢʘʪʦʨ ï ʛʣʠʮʝʨʠʥ 

 ʘʥ ʝʨʽʪʽʥʜʽʜʝʥ 10 ʤʣ ʢᴇʣʝʤʽסʠʷʪ ʘʨʘʣʘʩʪʳʨʳʣʜʳ.ɼʘʡʳʥʜʘʣץײʦʩʧʘ ʤץ ,ʦʩʳʣʳʧץ

ʘʣʳʥʳʧ, 7 ʩʤ ʜʠʘʤʝʪʨʣʽ ʇʝʪʨʠ ʪʘʙʘץʰʘʩʳʥʘ ײץʡʳʣʜʳ. תʣʛʽ 30 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘסʳ ʢʝʧʪʽʨʛʽʰ ʰʢʘʬʪʘ 12 ʩʘסʘʪ ʙʦʡʳ ʢʝʧʪʽʨʽʣʜʽ.ײפʨסʘץ ʧʣʝʥʢʘʣʘʨ 

25 ÁC ʞᴅʥʝ 52% ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʳʥʜʘ 48 ʩʘסʘʪ ʩʘץʪʘʣסʘʥʥʘʥ 

ʢʝʡʽʥ, ʦʣʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳϬ ʜʘʡʳʥʜʘʣʫ ʧʨʦʮʝʩʽʥ ʦϬʪʘʡʣʘʥʜʳʨʫ. ɹײʣ 

ʟʝʨʪʪʝʫʜʝ ʙʽʟ ʪʘסʘʤʜʳץ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʣʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʨʪװʨʣʽ 

ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ ʤʘץʩʘʪʳʥʜʘ ʙʽʨץʘʪʘʨ ʪᴅʞʽʨʠʙʝ 

ʞʦʙʘʣʘʨʳʥ ʞװʟʝʛʝ ʘʩʳʨʜʳץ. ɸʣʜʳʤʝʥ, ʢʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽ, ʛʝʣʜʝʫ ʫʘץʳʪʳ, 

ʛʣʠʮʝʨʠʥ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽ ʞᴅʥʝ ʭʠʪʦʟʘʥʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʙʽʨ 

ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʽʣʜʽ. ʂʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽʥʽש ʙʽʨ ʬʘʢʪʦʨʣʳ 

ʪᴅʞʽʨʠʙʝʩʽʥʜʝ ʛʣʠʮʝʨʠʥʥʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 5% (ʝʨʽʪʽʥʜʽ ʢᴇʣʝʤʽʥʝʥ ʝʩʝʧʪʝʛʝʥʜʝ), 
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ʛʝʣʜʝʫ ʫʘץʳʪʳ 30 ʤʠʥʫʪ ʙʦʣʳʧ ʙʝʢʽʪʽʣʜʽ, ʘʣ ʢʨʘʭʤʘʣʜʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 1%, 2%, 

3%, 4%, 5% (ʝʨʽʪʽʥʜʽ ʢᴇʣʝʤʽʥʝʥ ʝʩʝʧʪʝʛʝʥʜʝ) ʘʨʘʣʳסʳʥʜʘ ʪʘשʜʘʣʜʳ. ɹʘʩץʘ 

ʙʘʨʣʳץ ʰʘʨʪʪʘʨ ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʜʳ. ʇʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ (ʩʦʟʳʣʫ 

ʢװʰʽ ʤʝʥ װʟʽʣʫ ײʟʳʥʜʳסʳʥ) ᴇʣʰʝʫ ʘʨץʳʣʳ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽʥʽש 

ᴅʩʝʨʽ ʙʘסʘʣʘʥʜʳ. 

ʇʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥ ʦʜʘʥ ᴅʨʽ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ, ʪʝʢ ʙʽʨ ʢʨʘʭʤʘʣ ʪװʨʽʥ 

 שʛʝʨʽ ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳװʨʣʽ ʢʨʘʭʤʘʣ (ʞװʘ, ʝʢʽ ʪץʦʣʜʘʥʫʜʘʥ ʙʘʩץ

 ʞʘʣʧʳ ʤᴇʣʰʝʨʽ 3% שʦʩʧʘʩʳʥʳץ ʣ ʪᴅʞʽʨʠʙʝʜʝ ʢʨʘʭʤʘʣײʦʩʧʘʩʳ) ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹץ

(w/v) ʙʦʣʳʧ ץʘʣʜʳʨʳʣʳʧ, ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʘʨʘץʘʪʳʥʘʩʪʘʨʳ (ʤʳʩʘʣʳ, ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʘʨʘץʘʪʳʥʘʩʳ 1:0, 1:1, 0:1, 2:1, 1:2) ʪʘשʜʘʣʳʧ, 

ʦʣʘʨʜʳש ʧʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ᴄʨʙʽʨ ʘʨʘץʘʪʳʥʘʩ ʙʦʡʳʥʰʘ 

ʞʝʢʝ ʪᴅʞʽʨʠʙʝʣʝʨ ʞװʨʛʽʟʽʣʜʽ, ʥʝʛʽʟʛʽ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʨʝʪʽʥʜʝ ʩʦʟʳʣʫ ʢװʰʽ ʤʝʥ װʟʽʣʫ 

 .ʳ ʘʣʳʥʜʳסʟʳʥʜʳײ

ɻʝʣʜʝʫ ʫʘץʳʪʳʥʳש ʧʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ װʰʽʥ 

ʛʣʠʮʝʨʠʥʥʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 5%, ʢʨʘʭʤʘʣʜʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 3% (ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ᴅʨʪװʨʣʽ ʘʨʘץʘʪʳʥʘʩʪʘʨʳ) ʙʦʣʳʧ ʙʝʢʽʪʽʣʽʧ, 

ʛʝʣʜʝʫ ʫʘץʳʪʳ 20 ʤʠʥʫʪ, 25 ʤʠʥʫʪ, 30 ʤʠʥʫʪ, 35 ʤʠʥʫʪ, 40 ʤʠʥʫʪ ʘʨʘʣʳסʳʥʜʘ 

ʪʘשʜʘʣʜʳ. ʆʩʳ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘ ʧʣʝʥʢʘʥʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

ʙʘסʘʣʘʥʜʳ. ʉʦʥʜʘʡ-ʘץ, ʛʣʠʮʝʨʠʥʥʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽʥʽש ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ, ʦʥʜʘ 

ʢʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽ 3% (ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש 

ᴅʨʪװʨʣʽ ʘʨʘץʘʪʳʥʘʩʪʘʨʳ), ʛʝʣʜʝʫ ʫʘץʳʪʳ 30 ʤʠʥʫʪ ʜʝʧ ʙʝʢʽʪʽʣʽʧ, ʛʣʠʮʝʨʠʥʥʽש 

 שʳʥʜʘ ᴇʟʛʝʨʪʽʣʜʽ. ʇʣʝʥʢʘʥʳסʦʩʳʣʫ ʤᴇʣʰʝʨʽ 1%, 2%, 3%, 4%, 5% ʘʨʘʣʳץ

 ʦʩʳʣʫ ʤᴇʣʰʝʨʽץ ʪʠʽʤʜʽ ʛʣʠʮʝʨʠʥ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ʩʘʣʳʩʪʳʨʳʣʳʧ, ʝץ

ʘʥʳץʪʘʣʜʳ. 

ʍʠʪʦʟʘʥʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʙʽʨ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝ 

ᴇʪʢʽʟʽʣʜʽ, ʦʥʜʘ ʭʠʪʦʟʘʥʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 0.5%, 1.0%, 1.5%, 2.0%, 2.5% (w/v) 

ʘʨʘʣʳסʳʥʜʘ ʦʨʥʘʪʳʣʜʳ. ɹʘʩץʘ ʰʘʨʪʪʘʨ, ʘʪʘʧ ʘʡʪץʘʥʜʘ, ʢʨʘʭʤʘʣʜʳץ שʦʩʳʣʫ 

ʤᴇʣʰʝʨʽ (3%), ʛʣʠʮʝʨʠʥʥʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ (5%), ʛʝʣʜʝʫ ʫʘץʳʪʳ (30 ʤʠʥʫʪ) 

ᴇʟʛʝʨʽʩʩʽʟ ץʘʣʜʳ. ɹʘʨʣʳץ ʝʨʽʪʽʥʜʽʣʝʨ 90ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 15 ʤʠʥʫʪ ʙʦʡʳ 

 ʩʤ ʜʠʘʤʝʪʨʣʽ ʇʝʪʨʠ 7 ,שʘʥ ʩʦסʳʟʜʳʨʳʣʜʳ. ɼʘʡʳʥ ʝʨʽʪʽʥʜʽʣʝʨʜʝʥ 10 ʤʣ ʘʣʳʥץ

ʪʘʙʘץʰʘʩʳʥʘ ײץʡʳʣʳʧ, 30°C  ʪʝʤʧʝʨʘʪʫʨʘʜʘ 12 ʩʘסʘʪ ʢʝʧʪʽʨʫʛʝ ץʦʡʳʣʜʳ. ײפʨסʘץ 

ʧʣʝʥʢʘʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ (ʩʦʟʳʣʫ ʢװʰʽ ʤʝʥ װʟʽʣʫ ײʟʳʥʜʳסʳ) ʤʝʥ 

ʳʣסʘʣ ᴇʪʫ ʞʳʣʜʘʤʜʳסʳ, ʤᴇʣʜʽʨʣʽʢ ʩʠʷץʪʳ ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽ ᴇʣʰʝʥʜʽ. 

ɹʘʨʣʳץ ʙʽʨ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ ʥʝʛʽʟʽʥʜʝ, ʧʣʝʥʢʘʣʘʨʜʳ 

ᴇʥʜʽʨʫ ʧʨʦʮʝʩʽʥ ʦʜʘʥ ᴅʨʽ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʞʘʫʘʧ ʙʝʪʽ ᴅʜʽʩʽ (RSM) ץʦʣʜʘʥʳʣʜʳ. 

ɹײʣ ᴅʜʽʩ ʢʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽ, ʛʝʣʜʝʫ ʫʘץʳʪʳ, ʛʣʠʮʝʨʠʥʥʽץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 

ʞᴅʥʝ ʭʠʪʦʟʘʥʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ ʘʨʘʩʳʥʜʘסʳ ᴇʟʘʨʘ ᴅʩʝʨʣʝʨʜʽ ʟʝʨʪʪʝʡʜʽ. 

ʊᴅʞʽʨʠʙʝʣʝʨʜʝ ʦʩʳ ʪᴇʨʪ ʬʘʢʪʦʨ װʰʽʥ ʙʝʩ ʪװʨʣʽ ʜʝשʛʝʡ ʦʨʥʘʪʳʣʜʳ (ʢʨʘʭʤʘʣ 

 ʦʩʳʣʫץ שʳʪʳ 20-40 ʤʠʥʫʪ, ʛʣʠʮʝʨʠʥʥʽץʦʩʳʣʫ ʤᴇʣʰʝʨʽ 1%-5%, ʛʝʣʜʝʫ ʫʘץ

ʤᴇʣʰʝʨʽ 1%-5%, ʭʠʪʦʟʘʥʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 0.5%-2.5%). Box-Behnken ʜʠʟʘʡʥʳ 

ʘʨץʳʣʳ ʪᴅʞʽʨʠʙʝ ʥװʢʪʝʣʝʨʽ ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש 

ʢʦʤʙʠʥʘʮʠʷʣʘʨʳʥʳש ʧʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ʢʝשʽʥʝʥ ʟʝʨʪʪʝʣʜʽ. ɹʘʨʣʳץ 

ʧʣʝʥʢʘʣʘʨ ʜʘʡʳʥʜʘʣʳʧ, ʢʝʧʪʽʨʽʣʛʝʥ ʩʦש, ʦʣʘʨʜʳש ʩʦʟʳʣʫ ʢװʰʽ, װʟʽʣʫ ײʟʳʥʜʳסʳ, 
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ʳʣסʘʣ ᴇʪʫ ʞʳʣʜʘʤʜʳסʳ ʤʝʥ ʤᴇʣʜʽʨʣʽʛʽ ᴇʣʰʝʥʜʽ. ɾʘʫʘʧ ʙʝʪʽ ʪʘʣʜʘʫʳ (RSM) 

ʘʨץʳʣʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴ ײץʨʳʣʳʧ, ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ʝש 

ʪʠʽʤʜʽ ʢʦʤʙʠʥʘʮʠʷʣʘʨʳ ʙʘסʘʣʘʥʜʳ. 

ɹʘʨʣʳץ ʪᴅʞʽʨʠʙʝʣʝʨ װ  hʨʝʪ ʪᴅʫʝʣʩʽʟ ץʘʡʪʘʣʘʥʳʧ, ʥᴅʪʠʞʝʣʝʨʜʽש ʜᴅʣʜʽʛʽ ʤʝʥ 

ʩʝʥʽʤʜʽʣʽʛʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ. ɹײʣ ʦשʪʘʡʣʘʥʜʳʨʳʣסʘʥ ʪᴅʞʽʨʠʙʝ ʞʦʙʘʣʘʨʳ 

ʘʨץʳʣʳ ʙʽʟ ᴅʨʪװʨʣʽ ʬʘʢʪʦʨʣʘʨʜʳש ʧʣʝʥʢʘʥʳץ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʞװʡʝʣʽ ʪװʨʜʝ 

ʪʘʣʜʘʧ, ʪʘʤʘװ ץʰʽʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʨʘʭʤʘʣ ʧʣʝʥʢʘʩʳʥʳש ᴇʥʜʽʨʽʩʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽʢ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦʥʳש ʪʘסʘʤʜʳץ ʦʨʘʫ ʩʠʷץʪʳ 

ʩʘʣʘʣʘʨʜʘ ץʦʣʜʘʥʳʣʫʳʥ סʳʣʳʤʠ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʜʽʢ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳײץ שʨʳʣʳʤʜʳץ, ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʤʝʭʘʥʠʢʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʇʣʝʥʢʘʥʳץ שʘʣʳשʜʳסʳ. ʇʣʝʥʢʘʥʳץ שʘʣʳשʜʳסʳ ʪʽʢʝʣʝʡ ᴇʣʰʝʫ ᴅʜʽʩʽ 

ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ᴆʣʰʝʫ װʰʽʥ ʤʠʢʨʦʤʝʪʨ (Mitutoyo, ɾʘʧʦʥʠʷ) ץʦʣʜʘʥʳʣʜʳ. 

 ʘʥ 5סʜʘʣשʪʘ ץʪʘʨʳʥʘʥ ʢʝʟʜʝʡʩʦץʨʣʽ ʘʡʤʘװᴅʨʪ שʦʨʳʪʳʥʜʳ ʤᴅʥ ʧʣʝʥʢʘʥʳפ

ʥװʢʪʝʜʝ ᴇʣʰʝʥʽʧ, ʘʣʳʥסʘʥ ʤᴅʥʜʝʨʜʽש ʦʨʪʘʰʘ ʢᴇʨʩʝʪʢʽʰʽ ʨʝʪʽʥʜʝ ʝʩʝʧʪʝʣʜʽ. 

ʇʣʝʥʢʘʥʳש ʤᴇʣʜʽʨʣʽʛʽ. ʇʣʝʥʢʘʥʳש ʤᴇʣʜʽʨʣʽʛʽ ʫʣʴʪʨʘʢװʣʛʽʥ ʞᴅʥʝ ʢᴇʨʽʥʝʪʽʥ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ (UV-Vis) ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ᴄʨʙʽʨ ʧʣʝʥʢʘ 2Ĭ4 ʩʤ 

ʤᴇʣʰʝʨʽʥʜʝ ʢʝʩʽʣʽʧ, 600 ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ʘʙʩʦʨʙʮʠʷ (ʞײʪʫ) 

ʢʦʵʬʬʠʮʠʝʥʪʽ ᴇʣʰʝʥʜʽ. 

ʇʣʝʥʢʘʥʳש ʩʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽ (WVP) ʪʝʩʪʽ. ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʧʣʝʥʢʘʥʳש ʩʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ʞʳʣʜʘʤʜʳסʳ (WVP) Liang Wei et al. (2024) 

ᴅʜʝʙʠʝʪʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ, ʢʝʣʝʩʽʜʝʡ ʤʦʜʠʬʠʢʘʮʠʷʣʘʨ 

ʝʥʛʽʟʽʣʜʽ. 

ʉʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽʥ ᴇʣʰʝʫ ײץʨʘʣʳ ʘʨץʳʣʳ WVP ʤᴅʥʽ ʘʥʳץʪʘʣʜʳ. 

ᴆʣʰʝʫ ʧʨʦʮʝʩʽʥʜʝ ᴇʪʢʽʟʛʽʰʪʽʢ ʢʘʤʝʨʘʩʳʥʳש ʪװʙʽʥʝ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ (ʰʘʤʘʤʝʥ 

ʞʘʨʪʳʣʘʡ ʪʦʣʪʳʨʳʣסʘʥ) ײץʡʳʣʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ ץʘʨʘ ʪװʩʪʽ ʪʳסʳʟʜʘסʳʰ ʩʘץʠʥʘ 

ʦʨʥʘʣʘʩʪʳʨʳʣʳʧ, ʦʥʳװ שʩʪʽʥʝ ʧʣʝʥʢʘ ʙʝʢʽʪʽʣʜʽ. תʩʪʽʥʝ ʪʘסʳ ʙʽʨ ץʘʨʘ ʪװʩʪʽ 

ʪʳסʳʟʜʘסʳʰ ʩʘץʠʥʘ ץʦʡʳʣʳʧ, ʧʣʝʥʢʘ ʪʦʣʳץ ʞʘʙʳʣʜʳ. ʉʦשʳʥʜʘ ʘץ ʪװʩʪʽ 

ʪʳסʳʟʜʘסʳʰ ʩʘץʠʥʘ ץʦʩʳʣʳʧ, ץʘץʧʘץ ʤʳץʪʘʧ ʙײʨʘʣʜʳ. 

ᴆʣʰʝʫ װʰʽʥ ץʳʩʳʤ ʢʘʤʝʨʘʩʳʥʘ ʦʨʥʘʣʘʩʪʳʨʳʣסʘʥ ʧʣʝʥʢʘ 25 ÁC 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ 52% ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳץ ʞʘסʜʘʡʳʥʜʘ ʪʝʩʪʽʣʝʫʜʝʥ 

ᴇʪʪʽ. ᴆʣʰʝʫ װʰ ʨʝʪ ץʘʡʪʘʣʘʥʳʧ, ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. 
WVP ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ʝʩʝʧʪʝʣʜʽ: 

 

ὡὠὖ =  ὡὠὝὙ z  
Ὠ 

ὃzῳὴ 
(8) 

ʄײʥʜʘסʳ WVP ï ʩʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ (ʛ/ʤĿʩĿʇa); 

WVTR ï ᴇʣʰʝʫ ײץʨʳʣסʳʩʳ ʘʨץʳʣʳ ʘʥʳץʪʘʣסʘʥ ʩʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ 

ʤᴅʥʽ (ʛ/ʤĮĿd); 

d ï ʧʣʝʥʢʘʥʳץ שʘʣʳשʜʳסʳ (ʤ); 

ȹp ï ʩʳʥʘץ ץʳʩʳʤʳ (0,2 Mʧa). 

ʇʣʝʥʢʘʥʳש ʩʫ ʪʘʤʰʳʩʳ ʞʘʥʘʩʫ ʙײʨʳʰʳ (WCA) ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʩʫ 

ʪʘʤʰʳʩʳʤʝʥ ʞʘʥʘʩʫ ʙײʨʳʰʳ (WCA) ʙʝʢʽʪʽʣʛʝʥ ʪʘʤʰʳ ᴅʜʽʩʽ (sessile drop method) 
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ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ ʩʫ ʪʘʤʰʳʩʳ ʦʧʪʠʢʘʣʳץ ᴇʣʰʝʫ ʞװʡʝʩʽ ʙʘʨ 

ʙʝʡʥʝʢʘʤʝʨʘʣʳ ʢʦʥʪʘʢʪʽʣʽ ʙײʨʳʰ ᴇʣʰʝʫʽʰ ײץʨʘʣʳʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ᴄʨʙʽʨ װʣʛʽ 5 

ʨʝʪ ᴇʣʰʝʥʽʧ, ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. ᴆʣʰʝʫ ʢʝʟʽʥʜʝ 5 ʤʢʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ 

ʪʘʤʰʳʩʳ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʇʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʛʽ ʤʝʥ װʟʽʣʫ ײʟʘʨʪʫ ʢᴇʨʩʝʪʢʽʰʽ Liang Wei et al. (2024) ᴅʜʝʙʠʝʪʽʥʝ 

ʥʝʛʽʟʜʝʣʛʝʥ ᴅʜʽʩʧʝʥ ʘʥʳץʪʘʣʜʳ. ɿʝʨʪʪʝʫ 1036 PC ᴅʤʙʝʙʘʧ ʩʦʟʫ ʩʳʥʘסʳ 

 :ʨʛʽʟʽʣʜʽ. ᴆʣʰʝʫ ʧʘʨʘʤʝʪʨʣʝʨʽ ʢʝʣʝʩʽʜʝʡ ʦʨʥʘʪʳʣʜʳװʳʣʳ ʞץʳʩʳ ʘʨסʨʳʣײץ

ɾװʢʪʝʤʝ ʙʘץʳʣʘʫ ï 50 N 

ʊʝʩʪʢʝ ʝʥʛʽʟʫ ʞʳʣʜʘʤʜʳסʳ ï 20 ʤʤ/ʤʠʥ 

ʉʦʟʳʣʫ ʞʳʣʜʘʤʜʳסʳ ï 3 ʤʤ/ʤʠʥ 

ʇʣʝʥʢʘʩʳʥʳש DSC ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʞʳʣʫʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ DSC-Q2000 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʢʘʥʝʨʣʝʫʰʽ ʢʘʣʦʨʠʤʝʪʨ (DSC) ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ʊʘʣʜʘʫ 

 ʧʝʥ 10 ÁC-ʪʘʥץʣʛʽ ʘʣʳʥʳʧ, ʘʟʦʪ ʦʨʪʘʩʳʥʜʘ 10 ÁC/ʤʠʥ ʞʳʣʜʘʤʜʳװ ʰʽʥ 3-4 ʤʛװ

200 °C-ץʘ ʜʝʡʽʥ ץʳʟʜʳʨʳʣʜʳ. 

ʇʣʝʥʢʘʥʳש ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ (TGA) ʘʥʘʣʠʟʽ. ʇʣʝʥʢʘʥʳש ʪʝʨʤʠʷʣʳץ 

ʳʜʳʨʘʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʷʣʳץ ʘʥʘʣʠʟʘʪʦʨ (TGA) ʢᴇʤʝʛʽʤʝʥ 

ʘʥʳץʪʘʣʜʳ. 3-4 ʤʛ װʣʛʽ ʘʣʳʥʳʧ, ʘʟʦʪ ʦʨʪʘʩʳʥʜʘ 10 ÁC/ʤʠʥ ץʳʟʜʳʨʫ 

ʞʳʣʜʘʤʜʳסʳʤʝʥ 25-800 ÁC ʘʨʘʣʳסʳʥʜʘ ʟʝʨʪʪʝʣʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʦʧʪʠʢʘʣʳץ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ 

ʇʣʝʥʢʘʩʳʥʳש SEM ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʙʝʪʪʽʢ ʤʦʨʬʦʣʦʛʠʷʩʳ ʤʝʥ ʢᴇʣʜʝʥʝש 

ʠʤʘʩʳ ʩʢʘʥʝʨʣʝʫʰʽ ɻץ ʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧ (SEM, VEGA3) ʢᴇʤʝʛʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 

 ʟʜʘʪʳʣʳʧ ʙʝʪʽ ᴇʪʢʽʟʛʽʰ ʞʝʣʽʤʤʝʥ ʙʝʢʽʪʽʣʽʧ, ʘʣʪʳʥʤʝʥײʘʟʦʪʪʘ ʤ ץʡʳײʣʛʽ ʩת

ʙװʨʢʝʣʜʽ. ʊʘʣʜʘʫ ʚʘʢʫʫʤʜʳץ ʦʨʪʘʜʘ, 20 ʢɺ ʥʝʤʝʩʝ 10 ʢɺ װʜʝʪʢʽʰ ʢʝʨʥʝʫʜʝ 

ʞװʨʛʽʟʽʣʜʽ. תʣʢʝʡʪʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ 3000× ʥʘʥ 200× ʛʝ ʜʝʡʽʥ ʙʦʣʳʧ ʦʨʥʘʪʳʣʜʳ. 

ʇʣʝʥʢʘʥʳש AFM ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʤʠʢʨʦʩʢʦʧʠʷʣʳײץ ץʨʳʣʳʤʳʥ ʟʝʨʪʪʝʫ 

Nanonavie-sweep ʪʠʧʪʽ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʙʝʡʽʤʜʝʣʛʝʥ ʘʪʦʤʜʳץ-ʢװʰʪʽ ʤʠʢʨʦʩʢʦʧ 

(AFM) ʢᴇʤʝʛʽʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ᴆʣʰʝʫ ʞʝשʽʣ ʪװʨʪʢʽ ʨʝʞʠʤʽʥʜʝ (tapping mode) 

ʦʨʳʥʜʘʣʜʳ. ɿʝʨʪʪʝʫ 20 ± 0,5 °C  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʞᴅʥʝ 49,5 ± 2% ʩʘʣʳʩʪʳʨʤʘʣʳ 
ʳʣסʘʣʜʳʣʳץʪʘ ʞװʨʛʽʟʽʣʜʽ. 

ʇʣʝʥʢʘʥʳש ʣʘʟʝʨʣʽʢ ʪװʩ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʘʥʳץʪʘʫ ʪʝʩʪʽ. ʇʣʝʥʢʘʥʳש ʪװʩ 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʣʘʟʝʨʣʽʢ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʣʽʢ ᴅʜʽʩ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. ᴆʣʰʝʫ 

Konica Minolta CM-700d (ɾʘʧʦʥʠʷ) ʪװʩ ᴇʣʰʝʛʽʰ ײץʨʘʣʳʤʝʥ ʞװʨʛʽʟʽʣʜʽ. ᴆʣʰʝʫ 

ʢʝʟʽʥʜʝ SCI (Specular Component Included) ʨʝʞʠʤʽ ʪʘשʜʘʣʜʳ ʞᴅʥʝ 

ʩᴅʫʣʝʣʝʥʜʽʨʫ/ʙײʨʳʰ ʧʘʨʘʤʝʪʨʽ C/2Á ʙʦʣʳʧ ʦʨʥʘʪʳʣʜʳ. ᴄʨ ʧʣʝʥʢʘ װʣʛʽʩʽʥʝʥ ʢʝʤ 

ʜʝʛʝʥʜʝ 5 ʪᴅʫʝʣʩʽʟ ʥװʢʪʝʜʝʥ ᴇʣʰʝʤ ʞװʨʛʽʟʽʣʜʽ ʞᴅʥʝ ʦʨʪʘʰʘ ʤᴅʥ ʪʽʨʢʝʣʜʽ. 

ɹʘʨʣʳץ ᴇʣʰʝʫʣʝʨ ʨʝʬʣʝʢʩʠʷʣʳץ ʨʝʞʠʤʜʝ ʞᴅʥʝ D65 ʩʪʘʥʜʘʨʪʪʳ ʞʘʨʳץ 

ʢᴇʟʽʥʜʝ ʦʨʳʥʜʘʣʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ 

ʇʣʝʥʢʘʥʳש  ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ  ʙʝʣʩʝʥʜʽʣʽʛʽʥ  ʘʥʳץʪʘʫ.  ʇʣʝʥʢʘʥʳש 

ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ ʵʢʩʪʨʘʢʪ ʘʣʫ ᴅʜʽʩʽ ʘʨץʳʣʳ DPPH ʞᴅʥʝ ABTS 

ʨʘʜʠʢʘʣʜʘʨʳʥ ʞʦ ʁʩʳʥʘץʪʘʨʳ ʙʦʡʳʥʰʘ ʙʘסʘʣʘʥʜʳ. ʆʣ װʰʽʥ ʧʣʝʥʢʘʥʳ40 ש ʤʤ × 
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40 ʤʤ ᴇʣʰʝʤʽʥʜʝʛʽ װʣʛʽʩʽ 50 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫסʘ ʩʘʣʳʥʳʧ, ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʤʘʛʥʠʪʪʽʢ ʘʨʘʣʘʩʪʳʨסʳʰʧʝʥ 4 ʩʘסʘʪ ʙʦʡʳ װʟʜʽʢʩʽʟ 

ʘʨʘʣʘʩʪʳʨʳʣʜʳ. ɸʣʳʥסʘʥ ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳ ʩװʟʛʽʰ ʘʨץʳʣʳ ʩװʟʽʣʜʽ ʞᴅʥʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʪʝʩʪʝʨʛʝ ץʦʣʜʘʥʳʣʜʳ. 

DPPH ʨʘʜʠʢʘʣʜʘʨʳʥ ʞʦʶ ʙʝʣʩʝʥʜʽʣʽʛʽ 1 ʤʣ ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳʩʳ ʤʝʥ 4 ʤʣ 

5Ĭ10 į ʤʦʣʴ/ʣ DPPH ʤʝʪʘʥʦʣ ʝʨʽʪʽʥʜʽʩʽ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, ץʘʨʘסשʳʜʘ 30 ʤʠʥʫʪ 

ʠʥʢʫʙʘʮʠʷʣʘʥסʘʥʥʘʥ ʢʝʡʽʥ 517 ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ʫʣʴʪʨʘʢװʣʛʽʥ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʤʝʥ ᴇʣʰʝʥʜʽ. ɹʝʣʩʝʥʜʽʣʽʢ (%) ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʜʽ: 

DPPH ̜̑́̅̉̋́̌̅́̑̎ ̇̏ ̨̨̨̟̂̆̌̒̆̎̅̌̄ (%) =  
A$00( !Ó  z100% (9) 
ADPPH 

 

ʄײʥʜʘסʳ ADPPH ï DPPH ʤʝʪʘʥʦʣ ʝʨʽʪʽʥʜʽʩʽʥʽ517 ש ʥʤ ʪʦʣץʳʥ 

 ;ʳ ʘʙʩʦʨʙʮʠʷ ʤᴅʥʽסʳʥʜʘסʟʳʥʜʳײ

As - ʧʣʝʥʢʘ ʝʨʽʪʽʥʜʽʩʽʥʽ517 ש ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘסʳ ʘʙʩʦʨʙʮʠʷ ʤᴅʥʽ. 

ᴄʨʙʽʨ װʣʛʽ װʰʽʥ 3 ʨʝʪ ᴇʣʰʝʫ ʞװʨʛʽʟʽʣʽʧ, ʦʥʳש ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. 

ABTS ʨʘʜʠʢʘʣʜʘʨʳʥ ʞʦʶ ץʘʙʽʣʝʪʽʥ ʘʥʳץʪʘʫ. ABTS ʨʘʜʠʢʘʣʜʘʨʳʥ ʞʦʶ 

ʙʝʣʩʝʥʜʽʣʽʛʽ װʰʽʥ 1 ʤʣ ABTS ʝʨʽʪʽʥʜʽʩʽ (0.750 Ñ 0.025 ʘʙʩʦʨʙʮʠʷ ʤᴅʥʽʤʝʥ 

ʨʝʪʪʝʣʛʝʥ) ʤʝʥ 100 ʤʢʣ ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳʩʳ ʘʨʘʣʘʩʪʳʨʳʣʳʧ, 734 ʥʤ ʪʦʣץʳʥ 

 ʳʥʜʘ 1 ʤʠʥʫʪ ʽʰʽʥʜʝ ʘʙʩʦʨʙʮʠʷ ʪʽʨʢʝʣʜʽ. ɹʝʣʩʝʥʜʽʣʽʢ (%) ʢʝʣʝʩʽסʟʳʥʜʳײ

ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʜʽ: 

ABTS ̑ ̜́̅̉̋́̌̅́̑̎ ̟̇̏ ̂ ̨̨̨̆̌̒̆̎̅̌̄ (%) =  
A̒ !Ó  z100% (10) 

A  ̒

 

ʄײʥʜʘסʳ ὃὧ ï ABTS ʝʨʽʪʽʥʜʽʩʽʥʽ734 ש ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘסʳ 

ʘʙʩʦʨʙʮʠʷ ʤᴅʥʽ; 

ὃί ï ʧʣʝʥʢʘ ʝʨʽʪʽʥʜʽʩʽʥʽ734 ש ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘסʳ ʘʙʩʦʨʙʮʠʷ ʤᴅʥʽ; 

ᴄʨʙʽʨ װʣʛʽ װʰʽʥ 3 ʨʝʪ ᴇʣʰʝʫ ʞװʨʛʽʟʽʣʽʧ, ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. 

ʇʣʝʥʢʘʥʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʥʳץʪʘʫ. ʇʣʝʥʢʘʥʳש 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽ ʩײʡʳץ ץʦʨʝʢʪʽʢ ʦʨʪʘʜʘ ʘʣʳʥסʘʥ ʵʢʩʪʨʘʢʪʪʳש E. 

Coli ʞᴅʥʝ S. Aureus ʙʘʢʪʝʨʠʷʣʘʨʳʥʳש ᴇʩʫʽʥ ʪʝʞʝʫ ץʘʙʽʣʝʪʽ ʘʨץʳʣʳ ʘʥʳץʪʘʣʜʳ. 

ʇʣʝʥʢʘʜʘʥ ʜʘʡʳʥʜʘʣסʘʥ ɻ ʢʩʪʨʘʢʪ (ʞʦסʘʨʳʜʘ ʩʠʧʘʪʪʘʣסʘʥ ᴅʜʽʩʧʝʥ) LB ʥʝʤʝʩʝ NB 

ʩײʡʳץ ץʦʨʝʢʪʽʢ ʦʨʪʘʩʳʥʘ 10% (v/v) ץʘʪʳʥʘʩʳʥʜʘ ץʦʩʳʣʳʧ, 10  CFU/ʤʣ 

ʢʦʥʮʝʥʪʨʘʮʠʷʜʘסʳ ʙʘʢʪʝʨʠʷʣʳץ ʩʫʩʧʝʥʟʠʷʤʝʥ ʠʥʦʢʫʣʷʮʠʷʣʘʥʜʳ. 

ʀʥʢʫʙʘʮʠʷ 37 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ (E. Coli װʰʽʥ ï 24 ʩʘסʘʪ, S. Aureus װʰʽʥ ï 

48 ʩʘסʘʪ) ʞװʨʛʽʟʽʣʜʽ. ɹʘץʳʣʘʫ ʪʦʙʳ ʨʝʪʽʥʜʝ ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳ ץʦʩʳʣʤʘסʘʥ ʪʘʟʘ 

ʦʨʪʘ ץʦʣʜʘʥʳʣʜʳ. ɹʘʢʪʝʨʠʷ ᴇʩʫʽ OD600 ʙʦʡʳʥʰʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʤʝʥ 

ʙʘסʘʣʘʥʜʳ. ᴆʩʫ ʪʝʞʝʣʫʽʥʽש ʧʘʡʳʟʳ ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʜʽ: 

̒ ̔̓ ̆̇̆̌̔ =  
ὕὈὧέὲὸὶέὰὕὈίὥάὴὰὩ 

 z100% (11) 
ὕὈὧέὲὸὶέὰ 

 

ᴄʨʙʽʨ װʣʛʽ װʰʽʥ 3 ʨʝʪ ᴇʣʰʝʫ ʞװʨʛʽʟʽʣʽʧ, ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ. 



44  

ɹʘʢʪʝʨʠʷʣʘʨʜʳש ʪʽʨʽ/ᴇʣʽ ʙʦʷʣʫʳ ʞᴅʥʝ ʢʦʥʬʦʢʘʣʴʜʳ ʣʘʟʝʨʣʽʢ ʤʠʢʨʦʩʢʦʧʧʝʥ 

ʙʘץʳʣʘʫ. Escherichia coli ATCC 25922 ʞᴅʥʝ Staphylococcus aureus ATCC 6538 

ʰʪʘʤʜʘʨʳ ʪʨʠʧʪʦʥ-ʩʦʷ ʩʦʨʧʘʩʳʥʜʘ (TSB) 37  ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʰʘʡץʘʣʤʘʣʳ 

ʠʥʢʫʙʘʪʦʨʜʘ 18 ʩʘסʘʪ ᴇʩʽʨʽʣʜʽ. ʃʦʛʘʨʠʬʤʜʽʢ ᴇʩʫ ʬʘʟʘʩʳʥʜʘסʳ ʙʘʢʪʝʨʠʘʣʴʜʳ 

ʩʫʩʧʝʥʟʠʷ 5000 ʘʡʥ/ʤʠʥ ʞʳʣʜʘʤʜʳץʪʘ 5 ʤʠʥʫʪ ʮʝʥʪʨʠʬʫʛʘʣʘʥʜʳ, ʢʝʡʽʥ PBS 

ʙʫʬʝʨʽʤʝʥ (pH 7.4) ʝʢʽ ʨʝʪ ʞʫʳʣʜʳ. ɹʘʢʪʝʨʠʷ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʰʘʤʘʤʝʥ 1Ĭ10  

ʂʆɽ/ʤʣ-ʛʝ ʜʝʡʽʥ ʨʝʪʪʝʣʜʽ. 

ɸʣʜʳʥ ʘʣʘ ʜʘʡʳʥʜʘʣסʘʥ ʢʨʘʭʤʘʣ/ʭʠʪʦʟʘʥ/ʧʦʣʠʚʠʥʠʣ ʩʧʠʨʪʽ ʥʝʛʽʟʽʥʜʝʛʽ 

ʙʝʣʩʝʥʜʽ ʧʣʝʥʢʘʣʘʨ 1.0 Ĭ 1.0 ʩʤ ᴇʣʰʝʤʽʥʜʝ ʢʝʩʽʣʽʧ, ʫʣʴʪʨʘʢװʣʛʽʥ ʩᴅʫʣʝʤʝʥ 

ʟʘʨʘʨʩʳʟʜʘʥʜʳʨʳʣʜʳ ʞᴅʥʝ ʩʪʝʨʠʣʴʜʽ ᴅʡʥʝʢ ʧʣʘʩʪʠʥʢʘʣʘʨסʘ ʦʨʥʘʣʘʩʪʳʨʳʣʜʳ. 

ʇʣʝʥʢʘ ʙʝʪʽʥʝ 20 ɛL ʙʘʢʪʝʨʠʷ ʩʫʩʧʝʥʟʠʷʩʳ ʙʽʨʢʝʣʢʽ ʞʘסʳʣʳʧ, r ʣסʘʣʜʳ ʢʘʤʝʨʘʜʘ 

37  ʪʝʤʧʝʨʘʪʫʨʘʜʘ 1 ʩʘסʘʪ ʠʥʢʫʙʘʮʠʷʣʘʥʜʳ. ɹʘץʳʣʘʫ ʪʦʙʳ ʨʝʪʽʥʜʝ ᴇשʜʝʣʤʝʛʝʥ 

ʙʘʢʪʝʨʠʷ ʩʫʩʧʝʥʟʠʷʩʳ ʤʝʥ ʢʦʤʤʝʨʮʠʷʣʳץ PE ʧʣʝʥʢʘʣʘʨʽ ʧʘʡʜʘʣʘʥʳʣʜʳ. 

ʀʥʢʫʙʘʮʠʷ ʘʷץʪʘʣסʘʥ ʩʦש, ʧʣʝʥʢʘʣʘʨ PBS ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʞʝשʽʣ ʰʘʡʳʣʳʧ, 

ʙʘʡʣʘʥʳʩʧʘסʘʥ ʞʘʩʫʰʘʣʘʨ ʘʣʳʥʳʧ ʪʘʩʪʘʣʜʳ. ʂʝʡʽʥ SYTO 9 ʞᴅʥʝ PI ץʦʩʧʘʩʳʤʝʥ 

(Live/Dead BacLight Bacterial Viability  Kit, Invitrogen) ץʘʨʘסשʳʜʘ 15 ʤʠʥʫʪ ʙʦʷʣʜʳ. 

ɹʦʷʣסʘʥ װʣʛʽʣʝʨ PBS ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʙʽʨ ʨʝʪ ʰʘʡʳʣʳʧ, ʜʝʨʝʫ ʟʝʨʪʪʝʣʜʽ. 

ɿʝʨʪʪʝʫ ʢʦʥʬʦʢʘʣʴʜʳ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʪʘ (TCS SP8, Leica, 

ɻʝʨʤʘʥʠʷ) ʞװʨʛʽʟʽʣʜʽ, 40Ĭ ʠʤʤʝʨʩʠʷʣʳץ ʦʙʲʝʢʪʠʚ ץʦʣʜʘʥʳʣʜʳ. ʌʣʫʦʨʝʩʮʝʥʪʪʽʢ 

ʩʠʛʥʘʣʜʘʨ 488 nm (SYTO 9, ʞʘʩʳʣ) ʞᴅʥʝ 561 nm (PI, ץʳʟʳʣ) ʪʦʣץʳʥ 

 ʦʟʜʳʨʳʣʳʧ, ʩᴅʡʢʝʩʽʥʰʝ 500-540 nm ʞᴅʥʝ 600-650 nmץ ʳʥʜʘסʟʳʥʜʳײ

ʜʠʘʧʘʟʦʥʜʘʨʳʥʜʘ ʪʽʨʢʝʣʜʽ. ᴄʨ װʣʛʽ ʙʦʡʳʥʰʘ ʢʝʤʽʥʜʝ 5 ʢʝʟʜʝʡʩʦץ ʢᴇʨʫ ᴇʨʽʩʽ 

ʩʫʨʝʪʢʝ ʪװʩʽʨʽʣʜʽ. 

ʉʫʨʝʪʪʝʨ ImageJ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʘʨʥʘʣʘʨ ʙʦʡʳʥʰʘ ʪʘʣʜʘʥʳʧ, ץʳʟʳʣ- 

ʞʘʩʳʣ ʬʣʫʦʨʝʩʮʝʥʮʠʷʥʳץ שʘʪʳʥʘʩʳ ʝʩʝʧʪʝʣʜʽ. ɹײʣ ʢᴇʨʩʝʪʢʽʰ ʧʣʝʥʢʘʜʽש 

ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘ ʤʝʤʙʨʘʥʘʩʳʥʳש ʪײʪʘʩʪʳסʳʥʘ ᴅʩʝʨʽʥ ʙʘסʘʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ. 
ʊʘסʘʤ װʣʛʽʣʝʨʽʥ ʩʘץʪʘʫ ʞᴅʥʝ ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ 

ɿʝʨʪʪʝʫ װʰʽʥ ɸʩʪʘʥʘ ץʘʣʘʩʳʥʜʘסʳ çMagnumè ʩʫʧʝʨʤʘʨʢʝʪʽʥʝʥ ʘʣʳʥסʘʥ 

ʩװʡʝʢʩʽʟ ʩʠʳʨ ʝʪʽ, ץʳʟʘʥʘץ, ʤʘʡʣʳ ץʘʙʳʨסʘ ʝʪʽ, ʪʘʫʳץ ʝʪʽ, ʙʘʫʳʨ, ʤᴅʨʤᴅʨ ʩʠʳʨ ʝʪʽ 

ʞᴅʥʝ ʰײʞʳץ ʧʘʡʜʘʣʘʥʳʣʜʳ. ɹײʣ װʣʛʽʣʝʨ çʙʘʩʪʘʧץʳ ʙʘץʳʣʘʫ ʪʦʙʳè ʨʝʪʽʥʜʝ 

ʙʝʣʛʽʣʝʥʽʧ, ʪʘʙʠסʠ ʩʘץʪʘʫ ʞʘסʜʘʡʣʘʨʳʥʜʘ ʞװʨʝʪʽʥ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʙʘסʘʣʘʫ װʰʽʥ ץʦʣʜʘʥʳʣʜʳ. ᴄʨ װʣʛʽ ʝʢʽ ʪװʨʣʽ 

ʞʘסʜʘʡʜʘ ʩʘץʪʘʣʜʳ: ʪʦשʘʟʳʪץʳʰʪʘ (4 ± 1 °C)  ʞᴅʥʝ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 

Ñ 1 ÁC). ɹʘʨʣʳװ ץʣʛʽʣʝʨ ʙʽʨʜʝʡ ʰʘʨʪʪʘʨʤʝʥ ײʡʳʤʜʘʩʪʳʨʳʣʳʧ, 0, 12, 24 ʞᴅʥʝ 36 

ʩʘסʘʪʪʘ ʪʘʣʜʘʫסʘ ʘʣʳʥʜʳ. 

 ץʜʝʣʛʝʥ ʬʦʨʝʣʴ (ʙʘʣʳשʣʛʽʣʝʨ ʨʝʪʽʥʜʝ ʧʽʩʽʨʽʣʛʝʥ ʩʠʳʨ ʝʪʽ ʤʝʥ ᴇװ ʦʩʳʤʰʘפ

ʪװʨʽ) ʝʥʛʽʟʽʣʜʽ. ɹײʣ ʝʢʽ װʣʛʽ ʪʝʢ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 Ñ 1 ÁC) ʩʘץʪʘʣʳʧ, 

ʘʪʘʣסʘʥ ʫʘץʳʪ ʘʨʘʣʳץʪʘʨʳʥʜʘ (0, 12, 24, 36 ʩʘסʘʪ) ʟʝʨʪʪʝʣʜʽ. 

ʕʢʩʧʝʨʠʤʝʥʪʪʽש ʩʝʥʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʙʘʨʣʳװ ץʣʛʽʣʝʨ ᴅʨ ʫʘץʳʪ 

ʥװʢʪʝʩʽʥʜʝ ʩʫʨʝʪʢʝ ʪװʩʽʨʽʣʽʧ, ʩʳʨʪץʳ ʧʽʰʽʥʽʥʽש ᴇʟʛʝʨʽʩʪʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ 

ʪʽʨʢʝʣʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ 36 ʩʘסʘʪ ᴇʪʢʝʥ ʩʦש ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʩʘץʪʘʣסʘʥ 

 .ʘʣʜʳץʳʤʩʳʟ ʠʽʩ ʙʘʡסʟʳʣʫ ʙʝʣʛʽʣʝʨʽ ʞᴅʥʝ ʞʘײʳʥ ʙץʣʛʽʣʝʨʜʝ ʘʡװ ʘʥסʘʧʪʘʣʤʘץ

ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʪᴅʞʽʨʠʙʝ 36 ʩʘסʘʪʧʝʥ ʰʝʢʪʝʣʜʽ. 
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ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽʥʽש ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʝʥʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ʙʘʨʣʳסʳ 

ʙʝʩ ʪᴅʫʝʣʩʽʟ ʧʘʨʘʣʣʝʣʴ ʪʦʧ ʜʘʡʳʥʜʘʣʜʳ. ᴄʨ ʪʦʧ װʣʛʽʣʝʨʽ ʙʽʨʜʝʡ ʞʘסʜʘʡʜʘ ʞʝʢʝ 

ᴇשʜʝʣʽʧ, ʩʘץʪʘʣʜʳ ʞᴅʥʝ ᴅʨʪװʨʣʽ ʪʘʣʜʘʫ ʤʘץʩʘʪʪʘʨʳʥʘ ʧʘʡʜʘʣʘʥʳʣʜʳ: ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʘʥʳץʪʘʫ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫ, 

ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʞᴅʥʝ ʘʥʪʠʤʠʢʨʦʙʪʳץ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʙʘסʘʣʘʫ, ʪװʩ 

ʘʡʳʨʤʘʰʳʣʳסʳ ʤʝʥ ʪʝʢʩʪʫʨʘʣʳץ ץʘʩʠʝʪʪʝʨʜʽ ʪʘʣʜʘʫ, ʩʦʥʜʘʡ-ʘץ ʙʝʡʥʝʣʝʫ ʞᴅʥʝ 

ʩʝʥʩʦʨʣʳץ ʙʘסʘʣʘʫ. ɹײʣ ʪᴅʩʽʣ ʥᴅʪʠʞʝʣʝʨʜʽש ʩʘʣʳʩʪʳʨʤʘʣʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʽʧ, ʪװʨʣʽ ʪʘʣʜʘʫ ʩʘʪʳʣʘʨʳʥʳש ᴇʟʘʨʘ ʳץʧʘʣʳʥ ʙʦʣʜʳʨʤʘʜʳ. 

ʉʘʣʤʘץ ʞʦסʘʣʫʳʥ ɻʆʉʊ 28561-90 ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. ɹײʣ ʟʝʨʪʪʝʫʜʝ 

 ,ʝʪʽ, ʙʘʫʳʨ, ʤᴅʨʤᴅʨ ʩʠʳʨ ʝʪʽ ץʩʪʝʡʢ, ʪʘʫʳ ,ץʳʟʘʥʘץ ,ʡʝʢʩʽʟ ʩʠʳʨ ʝʪʽװʣʛʽʣʝʨʛʝ ʩװ

ʰײʞʳץ, ʩʦʥʜʘʡ-ʘץ ʪʝʢ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʩʘץʪʘʣסʘʥ ʧʽʩʽʨʽʣʛʝʥ ʩʠʳʨ ʝʪʽ 

ʤʝʥ ᴇשʜʝʣʛʝʥ ʬʦʨʝʣʴ ʝʥʛʽʟʽʣʜʽ. ᴄʨ ʪװʨʣʽ װʣʛʽʣʝʨ ʪʦשʘʟʳʪץʳʰʪʘ (4 Ñ 1 ) ʞᴅʥʝ 

ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 ± 1 ) ʩʘץʪʘʣʳʧ, 0, 12, 24 ʞᴅʥʝ 36 ʩʘסʘʪʪʘ ᴇʣʰʝʥʜʽ. 

ʉʘʣʤʘץ ʞʦסʘʣʫʳʥʳש ʧʘʡʳʟʜʳץ ʢᴇʨʩʝʪʢʽʰʽ ʪᴇʤʝʥʜʝʛʽ ʬʦʨʤʫʣʘʤʝʥ ʝʩʝʧʪʝʣʜʽ: 

˞́̌̍́  ̇̏ ́̌̔ =  
ὡπ ὡὸ 

 z100% (12) 
ὡ0 

 

ʄײʥʜʘסʳ: ὡ0 - װʣʛʽʥʽש ʙʘʩʪʘʧץʳ ʩʘʣʤʘסʳ (0 ʩʘסʘʪʪʘסʳ ʤʘʩʩʘ), ὡὸ ï ʩʦʣ 
 .ʳסʘʥʥʘʥ ʢʝʡʽʥʛʽ ʩʘʣʤʘסʪʘʣץʘʪ ʩʘסʞᴅʥʝ 36 ʩʘ 24 ,12 שʣʛʽʥʽװ

pH ʤᴅʥʽ ɻʆʉʊ 26188ï84 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʜʳ. תʣʛʽʣʝʨ 4 Ñ 1 ÁC 

ʞᴅʥʝ 25 ± 1 °C  ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 0, 12, 24 ʞᴅʥʝ 36 ʩʘסʘʪʪʘ ʘʣʳʥʜʳ. ᴄʨ װʣʛʽʜʝʥ 10 

ʛ ᴇʣʰʝʥʽʧ, 90 ʤʣ ʜʠʩʪʠʣʜʝʥʛʝʥ ʩʫ ץʦʩʳʣʳʧ, 1 ʤʠʥʫʪ ʛʦʤʦʛʝʥʠʟʘʮʠʷʣʘʥʜʳ. 5 

ʤʠʥʫʪʪʘʥ ʢʝʡʽʥ װʩʪʽשʛʽ ʩײʡʳץʪʳש pH ʤᴅʥʽ ʢʘʣʠʙʨʣʝʥʛʝʥ ʨʅ-ʤʝʪʨʤʝʥ ᴇʣʰʝʥʜʽ. ᴄʨ 

ʪᴅʞʽʨʠʙʝ װʰ ʨʝʪ ץʘʡʪʘʣʘʥʜʳ. 

ʊʝʢʩʪʫʨʘʣʳץ ץʘʩʠʝʪʪʝʨ Texture Profile Analysis (TPA) ʨʝʞʠʤʽʥʜʝ TA.XT 

Plus ʪʝʢʩʪʫʨʘʣʳץ ʘʥʘʣʠʟʘʪʦʨʳ ʢᴇʤʝʛʽʤʝʥ ʘʥʳץʪʘʣʜʳ. ɽʪ ʞᴅʥʝ ʰײʞʳװ ץʣʛʽʣʝʨʽ 2 

Ĭ 2 Ĭ 2 ʩʤį ʪʝʢʰʝʣʝʨʛʝ, ʘʣ ץʳʟʘʥʘץ ʙʽʨʜʝʡ ץʘʣʳשʜʳץʪʘסʳ ʪʽʣʽʤʜʝʨʛʝ ʢʝʩʽʣʜʽ. 

 ʣʛʽװ ʳ ʞᴅʥʝ ʰʘʡʥʘʣʫʳ ʪʽʨʢʝʣʽʧ, ᴅʨסʳ, ʩʝʨʧʽʤʜʽʣʽʛʽ, ʽʰʢʽ ʙʘʡʣʘʥʳʩʪʳʣʳסʘʪʪʳפ

 .ʦʨʪʘʰʘ ʤᴅʥʽ ʝʩʝʧʪʝʣʜʽ שʰʽʥ 5 ᴇʣʰʝʫʜʽװ

ʊʠʦ-ʙʘʨʙʠʪʫʨ ץʳʰץʳʣʳʥʳש ʤᴅʥʽ (TBA) GB 5009.6ï2016 ʩʪʘʥʜʘʨʪʳ 

ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. 5 ʛ װʣʛʽ ʪʨʠʭʣʦʨʩʽʨʢʝ ץʳʰץʳʣʳʤʝʥ ᴇשʜʝʣʽʧ, ʬʠʣʴʪʨʘʪ 0,02 

ʤʦʣʴ/ʣ TBA ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʨʝʘʢʮʠʷסʘ ʪװʩʽʨʽʣʜʽ. ɸʙʩʦʨʙʮʠʷ 532 ʥʤ-ʜʝ ᴇʣʰʝʥʽʧ, 

ʥᴅʪʠʞʝʣʝʨ mg MDA/kg ʪװʨʽʥʜʝ ʙʝʨʽʣʜʽ. 

 ʳʰ ʥʝʛʽʟʜʽ ʘʟʦʪ (TVB-N) ʤᴇʣʰʝʨʽ GB 5009.228ï2016 ʩʪʘʥʜʘʨʪʳʥʘץʰױ

ʩᴅʡʢʝʩ ʘʥʳץʪʘʣʜʳ. 10 ʛ װʣʛʽ ʜʠʩʪʠʣʜʝʥʽʧ, ʘʣʳʥסʘʥ ʜʠʩʪʠʣʣʷʪ 0,01 ʤʦʣʴ/ʣ HCl 

ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʠʪʨʣʝʥʜʽ. ʅᴅʪʠʞʝʣʝʨ mg N/100 g ʪװʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʜʽ. 

ɾʘʣʧʳ ʤʠʢʨʦʙʪʳץ ʩʘʥʳ GB 4789.2ï2016 ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʜʳ. 

 .ʘʪ ʠʥʢʫʙʘʮʠʷʣʘʥʜʳסʦʨʝʢʪʽʢ ʘʛʘʨʜʘ 37 ÁC-ʪʘ 48 ʩʘץ ,ʡʳʣʪʳʣʳʧײʣʛʽʣʝʨ ʦʥ ʝʩʝ ʩת

30ï300 ʂʆɽ ʙʘʨ ʧʣʘʩʪʠʥʘʣʘʨ ʝʩʝʧʪʝʣʽʧ, ʥᴅʪʠʞʝʣʝʨ log CFU/g ʪװʨʽʥʜʝ ʙʝʨʽʣʜʽ. 

ɹʘʨʣʳץ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨ װʰ ʨʝʪ ʪᴅʫʝʣʩʽʟ ץʘʡʪʘʣʘʥʳʧ, ʥᴅʪʠʞʝʣʝʨ ʦʨʪʘʰʘ 

ʤᴅʥ Ñ ʩʪʘʥʜʘʨʪʪʳ ʘʫʳʪץʫ ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʽʣʜʽ. ʉʪʘʪʠʩʪʠʢʘʣʳץ ᴇשʜʝʫ MiniTab 

ʙʘסʜʘʨʣʘʤʘʩʳ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. 
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ʇʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ, ʛʝʣʜʝʫ ʫʘץʳʪʳ, 

ʛʣʠʮʝʨʠʥ ʞᴅʥʝ ʭʠʪʦʟʘʥ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʳ ʙʦʡʳʥʰʘ ʙʽʨ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝʣʝʨ 

ʞװʨʛʽʟʽʣʜʽ. ɸʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ BoxïBehnken ʜʠʟʘʡʥʳʥʘ ʩᴅʡʢʝʩ ʞʘʫʘʧ 

ʙʝʪʽ ᴅʜʽʩʽ (RSM) ץʦʣʜʘʥʳʣʜʳ. ɹʘסʘʣʘʥʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʨʝʪʽʥʜʝ ʩʦʟʳʣʫ ʢװʰʽ 

(TS), װʟʽʣʫ ײʟʳʥʜʳסʳ (E%), ʩʫ ʙʫʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽ (WVP) ʞᴅʥʝ ʤᴇʣʜʽʨʣʽʢ 

ʘʣʳʥʜʳ. ʌʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽ ANOVA ʞᴅʥʝ Duncan ʪʝʩʪʽ ʘʨץʳʣʳ p < 0,05 

ʜʝשʛʝʡʽʥʜʝ ʙʘסʘʣʘʥʜʳ, ʤʦʜʝʣʴʜʽש ʩᴅʡʢʝʩʪʽʛʽ R² ʞᴅʥʝ lack-of-fit  ʢᴇʨʩʝʪʢʽʰʪʝʨʽʤʝʥ 

ʪʝʢʩʝʨʽʣʜʽ. 

 
2- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɹײʣ ʙᴇʣʽʤʜʝ ʟʝʨʪʪʝʫʜʽש ʪʦʣʳץ ᴅʜʽʩʪʝʤʝʣʽʢ ʥʝʛʽʟʽ ʞװʡʝʣʽ ʪװʨʜʝ ʩʠʧʘʪʪʘʣʜʳ. 

ɿʝʨʪʪʝʫʜʝ פʘʟʘץʩʪʘʥʥʳש ᴅʨʪװʨʣʽ ᴇשʽʨʣʝʨʽʥʝʥ ʘʣʳʥסʘʥ ʢʘʨʪʦʧ, ʙʠʜʘʡ, ʞװʛʝʨʽ, 

ʙײʨʰʘץ, ʢװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʰʠʢʽʟʘʪʪʘʨʳ ץʦʣʜʘʥʳʣʳʧ, ʞʦסʘʨʳ ʪʘʟʘʣʳץʪʘסʳ 

ʪʘʙʠסʠ ʢʨʘʭʤʘʣ ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʛʠʜʨʦʣʠʟ ʞᴅʥʝ ʢᴇʧʩʘʪʳʣʳ ʞʫʫ-ʮʝʥʪʨʠʬʫʛʘʣʘʫ 

ʘʨץʳʣʳ ʘʣʳʥʜʳ. ʊʘʙʠסʠ ʞᴅʥʝ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʘʣʳʥʫ ʰʘʨʪʪʘʨʳ ʥʘץʪʳ ʨʝʪʪʝʣʽʧ, ʳʣסʘʣʜʳʣʳ5 ץï16% 

ʘʨʘʣʳסʳʥʜʘ ʪʝשʝʩʪʽʨʽʣʜʽ ʞᴅʥʝ 168 ÁC-ʪʘ 18 ʩʘסʘʪʪʳץ ʞʘʙʳץ ʞװʡʝʜʝʛʽ ᴇשʜʝʫ 

ʘʨץʳʣʳ ʤʦʜʠʬʠʢʘʮʠʷ ʞװʨʛʽʟʽʣʜʽ. 

ɸʣʳʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳײץ ץʨʘʤʳ (ʳʣסʘʣ, ʢװʣ, ʘץʫʳʟ, 

ʪʽʢʝʣʝʡ ʢʨʘʭʤʘʣ, ʞʘʣʧʳ ʬʝʥʦʣʜʘʨ, ץʘʣʧʳʥʘ ʢʝʣʪʽʨʝʪʽʥ ץʘʥʪ) ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ 

 ʩʪʘʥʜʘʨʪʪʘʨ ʙʦʡʳʥʰʘ ץʩʘʣʘʣʳ/ץʘʨʘʣʳץʨʘʤʳ (Zn, Mg, Fe, Ca, Se) ʭʘʣʳײץ

ʘʥʳץʪʘʣʜʳ. ʌʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ (ʽʩʽʥʫ, ʝʨʫ ʠʥʜʝʢʩʽ, ʩʫ/ʤʘʡ ʩʽשʽʨʫ, 

ʤᴇʣʜʽʨʣʽʢ, ʤײʟʜʘʪʫïʝʨʽʪʫ ʪײʨʘץʪʳʣʳסʳ), ʤʠʢʨʦײץʨʳʣʳʤʳ (ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ 

ʞʘʨʳץ, SEM, CLSM), ʢʨʠʩʪʘʣʜʳץ ʞᴅʥʝ ʤʦʣʝʢʫʣʘʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳ (XRD, FT- 

IR, ʘʤʠʣʦʧʝʢʪʠʥ ʪʽʟʙʝʢ ײʟʳʥʜʳסʳ, Mw, RVA, DSC, in vitro ץʦʨʳʪʳʣʫ) ʢʝʰʝʥʜʽ 

ʪװʨʜʝ ʙʘסʘʣʘʥʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨ ʢʨʘʭʤʘʣïʭʠʪʦʟʘʥ ʞװʡʝʩʽʥʜʝ 

ʛʣʠʮʝʨʠʥ ʧʣʘʩʪʠʬʠʢʘʪʦʨʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʜʘʡʳʥʜʘʣʳʧ, ʦʣʘʨʜʳץ שʘʣʳשʜʳסʳ, 

ʤᴇʣʜʽʨʣʽʛʽ, WVP, WCA, ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʞʳʣʫʣʳץ ץʘʩʠʝʪʪʝʨʽ, ʤʦʨʬʦʣʦʛʠʷʩʳ 

(SEM, AFM), ʪװʩ ʧʘʨʘʤʝʪʨʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ 

 ʪʘʡʣʘʥʜʳʨʫ ʙʽʨ ʬʘʢʪʦʨʣʳשʨʘʤʳʥ ʦײץ ʪʘʣʜʳ. ʇʣʝʥʢʘץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽ ʘʥʳץ

ʪᴅʞʽʨʠʙʝʣʝʨ ʞᴅʥʝ BoxïBehnken ʜʠʟʘʡʥʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ RSM ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʜʽ. 

ʊʘסʘʤʜʳץ ʤʦʜʝʣʴʜʝʨ ʨʝʪʽʥʜʝ ᴅʨʪװʨʣʽ ʝʪ ᴇʥʽʤʜʝʨʽ, ץʳʟʘʥʘץ, ʰײʞʳץ ʞᴅʥʝ 

 ʜʘʡʣʘʨʳʥʜʘ 0ïסʜʘʣʳʧ, 4 Ñ 1 ÁC ʞᴅʥʝ 25 Ñ 1 ÁC ʞʘשʣʛʽʣʝʨ ʪʘװ ʜʝʣʛʝʥשʦʩʳʤʰʘ ᴇץ

36 ʩʘסʘʪ ʘʨʘʣʳסʳʥʜʘ ʩʘץʪʘʣʜʳ; pH, ʩʘʣʤʘץ ʞʦסʘʣʫʳ, TBA, TVB-N ʞᴅʥʝ ʞʘʣʧʳ 

ʤʠʢʨʦʙ ʩʘʥʳ ʩʠʷץʪʳ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʘʨץʳʣʳ ʩʘץʪʘʫ ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ. ɹʘʨʣʳץ 

ʪᴅʞʽʨʠʙʝʣʝʨ ʙʽʨʥʝʰʝ ʨʝʪ ץʘʡʪʘʣʘʥʳʧ, MiniTab ʢᴇʤʝʛʽʤʝʥ ANOVA ʞᴅʥʝ Duncan 
ʪʝʩʪʽ ʘʨץʳʣʳ (p < 0.05) ʩʪʘʪʠʩʪʠʢʘʣʳץ ʩʝʥʽʤʜʽʣʽʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ. 
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3 ᴄʈ ʊתʈʃɯ ʊɸɹʀנʀ ʂʈɸʍʄɸʃ ʄɽʅ ױפʈנɸפ ɾʓʃʋʄɽʅ 
ʄʆɼʀʌʀʂɸʎʀʗʃɸʅנɸʅ ʂʈɸʍʄɸʃɼɸʈɼʓ פʆʃɼɸʅʋ 

ʄתʄʂɯʅɼɯɻɯʅ ɹɸנɸʃɸʋ 

 

3.1 ʂʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ 

3.1.1 ʂʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʭʠʤʠʷʣʳײץ ץʨʘʤʳ ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ 

 ʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽץ

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʬʠʟʠʢʘ- 

ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʤʠʥʝʨʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ʝʨʝʢʰʝʣʝʥʝʪʽʥʽ ʘʥʳץʪʘʣʜʳ. 

ɹײʣ ʝʨʝʢʰʝʣʽʢʪʝʨ ʦʣʘʨʜʳש ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʳ 

ʞʘʩʘʫסʘ ʞʘʨʘʤʜʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ (ʂʝʩʪʝ 3). ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ ʝש ʞʦסʘʨʳ 

ʘʤʠʣʦʟʘ ʤᴇʣʰʝʨʽʥʝ ʠʝ (32,5%), ʙײʣ ʦʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ 

ʳץʧʘʣ ʝʪʝʜʽ. ʂʝʨʽʩʽʥʰʝ, ʢװʨʽʰ ʢʨʘʭʤʘʣʳ ʝש ʞʦסʘʨʳ ʘʤʠʣʦʧʝʢʪʠʥ ʤᴇʣʰʝʨʽʥ (81%) 

 .ʩʘʨʪʘʜʳץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ʠʢʝʤʜʽʣʽʢ שʣ ʧʣʝʥʢʘʥʳײʘʤʪʠʜʳ, ʙץ

ʂʝʩʪʝ 3 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

ʂʨʘʭʤʘʣ 

ʪװʨʽ 

ɸʤʠʣʦʟʘ 

ʤᴇʣʰʝʨʽ (%) 

ɸʤʠʣʦʧʝʢʪʠʥ 

ʤᴇʣʰʝʨʽ (%) 

ʓʣסʘʣ 

ʤᴇʣʰʝʨʽ (%) 

ʂװʣ ʤᴇʣʰʝʨʽ 

(%) 

ʂʘʨʪʦʧ 25±0,75 75±2,25 13±0,39 0,25±0,0075 

ɹʠʜʘʡ 26,5±0,795 73,5±2,205 12±0,36 0,35±0,0105 

ɾװʛʝʨʽ 26±0,78 74±2,22 11±0,33 0,15±0,0045 

ɹײʨʰʘ0,25±0,0075 12±0,36 67,5±2,025 32,5±0,975 ץ 

ʂװʨʽʰ 19±0,57 81±2,43 13±0,39 0,15±0,0045 

ʂʘʩʩʘʚʘ 20,5±0,615 79,5±2,385 11±0,33 0,15±0,0045 

 

3 ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʳʣסʘʣ ʤᴇʣʰʝʨʽ 11-13% 

ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʽʧ, ʙײʣ ʢᴇʨʩʝʪʢʽʰ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʪװʟʽʣʫʽʥʝ, 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʝ ʞᴅʥʝ ʩʘץʪʘʫ ʪײʨʘץʪʳʣʳסʳʥʘ ᴅʩʝʨ ʝʪʝʜʽ. ʂʘʨʪʦʧ ʧʝʥ 

ʢװʨʽʰ ʢʨʘʭʤʘʣʜʘʨʳ ʝש ʞʦסʘʨʳ ʳʣסʘʣʜʳʣʳץץʘ ʠʝ (13Ñ0,39%), ʙײʣ ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʩʫ ʙʫʣʘʥʫʳʥʳש ʞʳʣʜʘʤʜʳסʳʥʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. 

ɾװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ʳʣסʘʣʜʳʣʳסʳ ʪᴇʤʝʥ (11Ñ0,33%), ʙײʣ ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫʜʝ ʪʝʟ ʢʝʙʫʽʥ ʞᴅʥʝ ʙʝʨʽʢʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʤװʤʢʽʥ. 

ʂװʣ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ ʝש ʞʦסʘʨʳ ʤᴅʥʛʝ ʠʝ (0,35±0,0105%), 

ʙײʣ ʦʥʳײץ שʨʘʤʳʥʜʘ ʤʠʥʝʨʘʣʜʳ ʟʘʪʪʘʨʜʳש ʢᴇʧʪʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾװʛʝʨʽ, ʢװʨʽʰ 

ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ʢװʣ ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʪᴇʤʝʥ ʤᴅʥʜʝʨʛʝ ʠʝ 

(0,15Ñ0,0045%), ʙײʣ ʦʣʘʨʜʳש ʪʘʟʘʣʳסʳʥ ʞᴅʥʝ ʘʟ ʤʠʥʝʨʘʣʜʳ ײץʨʘʤʳʥ ʙʽʣʜʽʨʝʜʽ. 

ʄʠʥʝʨʘʣʜʳײץ ץʨʘʤ ʤʝʥ ʙʠʦʘʢʪʠʚʪʽ ץʦʩʳʣʳʩʪʘʨ ʜʘ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ 

ʧʣʝʥʢʘʣʘʨʜʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ (ʂʝʩʪʝ 4). פʘʣʧʳʥʘ 

ʢʝʣʪʽʨʝʪʽʥ ץʘʥʪʪʳש ʤᴇʣʰʝʨʽ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳʥʜʘ ʝש ʞʦסʘʨʳ (0,6Ñ0,0180%), ʘʣ 

ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʜʘ ʝש ʪᴇʤʝʥ (0,15±0,0045%). ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʢʨʘʭʤʘʣ 
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ʢᴇʟʜʝʨʽʥʽש ʬʝʨʤʝʥʪʪʝʫ ᴅʣʝʫʝʪʽʥʝ ʞᴅʥʝ ɻ ʥʝʨʛʠʷ ʢᴇʟʽ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫ ʤװʤʢʽʥʜʽʛʽʥʝ 

ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ʂʝʩʪʝ 4 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʤʠʥʝʨʘʣʜʳץ ʞᴅʥʝ ʙʠʦʭʠʤʠʷʣʳײץ ץʨʘʤʳ 

 

ʂʨʘʭʤʘʣ 

ʪװʨʽ 

 ʘʣʧʳʥʘפ

ʢʝʣʪʽʨʝʪʽʥ 

 (%) ʘʥʪץ

ɾʘʣʧʳ 

ʬʝʥʦʣʜʳץ 

 ʦʩʳʣʳʩʪʘʨץ

(ʤʛ/ʛ) 

Zn 

(ʤʛ/ʢʛ) 

Mg 

(ʤʛ/100 

ʛ) 

Fe 

(ʤʛ/ʢʛ) 

Ca 

(ʤʛ/100 

ʛ) 

Se 

(ʤʛ/100 

ʛ) 

ʂʘʨʪʦʧ 0,30 ± 
0,0090 

0,5 ± 0,0150 0,48 ± 
0,04 

430,7 ± 
3,9 

12,6 ± 
0,2 

25,9 ± 
2,2 

1,21 ± 
0,06 

ɹʠʜʘʡ 0,40 ± 
0,0120 

1,2 ± 0,0360 2,6 ± 
0,08 

210,7 ± 
4,4 

16,5 ± 
0,4 

300 ± 
5,3 

0,33 ± 
0,006 

ɾװʛʝʨʽ 0,35 ± 
0,0105 

0,8 ± 0,0240 2,63 ± 
1,66 

139,0 ± 
9,9 

2,65 ± 
2,0 

299,8 ± 
8,7 

ï 

ɹײʨʰʘ0,60 ץ ± 
0,0180 

2,0 ± 0,0600 1,3 ± 
0,06 

86,7 ± 
4,2 

5,5 ± 
0,08 

210,6 ± 
3,1 

0,12 ± 
0,003 

ʂװʨʽʰ 0,20 ± 
0,0060 

0,7 ± 0,0210 2,3 ± 
0,09 

175,7 ± 
2,6 

22,8 ± 
1,1 

250 ± 
3,3 

0,275 ± 
0,016 

ʂʘʩʩʘʚʘ 0,15 ± 
0,0045 

0,15 ± 0,0045 1,0 ± 
0,16 

72,3 ± 
5,2 

4,6 ± 
0,18 

160,6 ± 
1,1 

0,10 ± 
0,05 

 

4- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʜʘסʳ ʞʘʣʧʳ 

ʬʝʥʦʣʜʳץ ץʦʩʳʣʳʩʪʘʨʜʳש ʤᴇʣʰʝʨʽ ʝש ʞʦסʘʨʳ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ (1,2 Ñ 0,0360 

ʤʛ/ʛ), ʙײʣ ʦʥʳש ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. ʄʳʨʳʰ (Zn) 

ʤᴇʣʰʝʨʽ ʙʦʡʳʥʰʘ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (2,63 Ñ 1,66 ʤʛ/ʢʛ) ʢᴇʰ ʙʘʩʪʘʧ ʪײʨ, ʘʣ 

ʢʘʣʴʮʠʡʜʽש ʝש ʞʦסʘʨʳ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʜʘ ʪʽʨʢʝʣʜʽ (300 Ñ 5,3 

ʤʛ/100 ʛ). 

ʄʘʛʥʠʡ (Mg) ʤᴇʣʰʝʨʽ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳʥʜʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ 

(430,7 Ñ 3,9 ʤʛ/100 ʛ), ʙײʣ ʦʥʳש ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʧʨʦʮʝʩʪʝʨʛʝ 

 ץʨʰʘײʜʘ ʙ שʨʘʤʳʥʳײץ ʘʪʘʨ, ʩʝʣʝʥ (Se)ץ ʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥװʘʪʳʩʫ ʤץ

(0,12 Ñ 0,003 ʤʛ/100 ʛ) ʞᴅʥʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʳʥʜʘ (0,275 Ñ 0,016 ʤʛ/100 ʛ) ʘʟʜʘסʘʥ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʙʘʡץʘʣʜʳ. 

 

3.1.2 ʂʨʘʭʤʘʣ ʢᴇʟʜʝʨʽʥʽש ʬʠʟʠʢʘʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʽש ʧʣʝʥʢʘʥʳש 

 ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ᴅʩʝʨʽʥ ʟʝʨʪʪʝʫ ץʤʝʭʘʥʠʢʘʣʳ-ץʨʳʣʳʤʜʳײץ

ʂʨʘʭʤʘʣʜʳϬ ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʝʥ ʝʨʫ ʠʥʜʝʢʩʽʥ ʟʝʨʪʪʝʫ. 

ʂʨʘʭʤʘʣʜʘʨʜʳש ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʤʝʥ ʝʨʫ ʠʥʜʝʢʩʽ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʘʨʜʘ 

(60-90ÁC) ʘʥʳץʪʘʣʜʳ ʞᴅʥʝ ʦʣʘʨʜʳש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʪᴅʫʝʣʜʽʣʽʛʽ ʟʝʨʪʪʝʣʜʽ. 

ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ (ʉʫʨʝʪ 4) ʤʝʥ ʝʨʫ ʠʥʜʝʢʩʽ (ʉʫʨʝʪ 

5) ʢʨʘʭʤʘʣ ʪװʨʽʥʝ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘסʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʜʽ. 
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ʘ ï ʢʘʨʪʦʧ, ᴅ ï ʙʠʜʘʡ, ʙ ï ʞװʛʝʨʽ, ʚ- ʙײʨʰʘץ, ʛ- ʢװʨʽʰ, ס ï ʢʘʩʩʘʚʘ. 

 

ʉʫʨʝʪ 4 ï ʂʨʘʭʤʘʣʜʳש ̔ ʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽ ץʳʟʜʳʨʫ ʢʝʟʽʥʜʝ ʘʡץʳʥ 

ʝʨʽʛʽʰʪʽʢ ʞᴅʥʝ ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʽש ᴇʟʛʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣʜʳʤʝʥ, 
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ʂʘʨʪʦʧ 

ɾװʛʝʨʽ 

ʂװʨʽʰ 

ʝʨʽʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽʥ ץʘʨʘʩʪʳʨסʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ 

ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʽש ʝʨʽʛʽʰʪʽʛʽ ʘʨʪʘʜʳ. ʄʳʩʘʣʳ, 60ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʢʘʨʪʦʧ 

ʢʨʘʭʤʘʣʳʥʳש ʝʨʽʛʽʰʪʽʛʽ 8,04 ʙʦʣʩʘ, 90ÁC-ʪʘ 14,87-ʛʝ ʜʝʡʽʥ ᴇʩʝʜʽ, ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ 3,8-ʜʝʥ 8,9-סʘ, ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ 6,46-ʜʘʥ 13,78-ʛʝ ʜʝʡʽʥ ʘʨʪʘʜʳ. ɹײʣ 

ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʢᴇʪʝʨʽʣʫʽʤʝʥ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ ʩʫʜʳ ʩʽשʽʨʽʧ, ʝʨʫ ʧʨʦʮʝʩʽʥʽש 

 .ʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽװʳʥʜʳ ʞץʘʨץ
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ʘ ï ʢʘʨʪʦʧ, ᴅ ï ʙʠʜʘʡ, ʙ ï ʞװʛʝʨʽ, ʚ ï ʙײʨʰʘץ, ʛ- ʢװʨʽʰ, ס ï ʢʘʩʩʘʚʘ. 
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ʂʝʨʽʩʽʥʰʝ, ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ 

ʪᴇʤʝʥʜʝʡʜʽ. ɹʘʩʪʘʧץʳ ʪʝʤʧʝʨʘʪʫʨʘʜʘ (60ÁC) ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ ʞʦסʘʨʳ ʽʩʽʥʫ 

 ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 91,96 שʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʝʜʽ, ʤʳʩʘʣʳ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳʥʳץ

ʧʘʡʳʟסʘ ʪʝש, ʙʽʨʘ90 ץÁC-ʪʘ 85,13-ʢʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ. ɼᴅʣ ʩʦʣʘʡ, ʙײʨʰʘץ 

ʢʨʘʭʤʘʣʳʥʳש ʽʩʽʥʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 93,54-ʪʝʥ 86,22-ʛʝ, ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ 96,2-ʜʝʥ 

91,58-ʛʝ ʜʝʡʽʥ ʘʟʘʷʜʳ. ɹײʣ ײץʙʳʣʳʩ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʢʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽײץ שʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʊʝʤʧʝʨʘʪʫʨʘʥʳש ʞʦסʘʨʳʣʘʫʳʤʝʥ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ ʞʝʣʽʤʪʝʣʽʧ, ʦʣʘʨʜʳש 

 ʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʡʜʽ ʞᴅʥʝ ʪʠʽʩʽʥʰʝ ʽʩʽʥʫץ ʽʨʫשʟʳʣʘʜʳ, ʩʫʜʳ ʩʽײʨʳʣʳʤʳ ʙײץ

 .ʘʙʽʣʝʪʽ ʘʟʘʷʜʳץ

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʘʭʤʘʣʜʳש ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʽʩʽʥʫʽʥʝ ʤʘשʳʟʜʳ 

ᴅʩʝʨ ʝʪʝʜʽ. ɾʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘ ʝʨʽʛʽʰʪʽʢʪʽ ʘʨʪʪʳʨʘʜʳ, ʙʽʨʘץ ʩʦʥʳʤʝʥ ʙʽʨʛʝ ̔ ʩʽʥʫ 

 ʘʤ ᴇʥʜʽʨʽʩʽ ʤʝʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽסʣ ʥᴅʪʠʞʝʣʝʨ ʪʘײʘʙʽʣʝʪʽʥ ʪᴇʤʝʥʜʝʪʝʜʽ. ɹץ

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ץʦʣʜʘʥʫʜʘ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʄʳʩʘʣʳ, ʪʘסʘʤ ᴇʥʝʨʢᴅʩʽʙʽʥʜʝ 

ʢʨʘʭʤʘʣʜʳש ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ ʽʩʽʥʫ ץʘʩʠʝʪʪʝʨʽ ᴇʥʽʤʥʽש ʢʦʥʩʠʩʪʝʥʮʠʷʩʳ ʤʝʥ ᴇשʜʝʫ 

 ʝʨʽʛʽʰʪʽʛʽ ʤʝʥ שʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. ɹʠʦʤʘʪʝʨʠʘʣʜʘʨ ʩʘʣʘʩʳʥʜʘ ʢʨʘʭʤʘʣʜʳץ

ʽʩʽʥʫ ץʘʙʽʣʝʪʽʥ ʨʝʪʪʝʫ ʦʥʳ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ץʘʧʪʘʤʘʣʘʨ ʤʝʥ ʢʦʣʣʦʠʜʪʳץ 

ʞװʡʝʣʝʨʜʝ ץʦʣʜʘʥʫסʘ ʦשʪʘʡʣʘʥʜʳʨʘʜʳ. ʉʦʥʜʳץʪʘʥ ᴅʨʪװʨʣʽ ץʦʣʜʘʥʫ ʩʘʣʘʣʘʨʳʥʜʘ 

 .ʘʞʝʪץ ʨʳʩ ʨʝʪʪʝʫײʰʽʥ ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʜװ ʘʩʠʝʪʪʝʨʽʥ ʘʣʫץ ʘʞʝʪʪʽ ʢʨʘʭʤʘʣץ
ʂʨʘʭʤʘʣʜʳϬ ʩʫ ʩʽϬʽʨʫ ʞϸʥʝ ʤʘʡ ʩʽϬʽʨʫ Ϩʘʙʽʣʝʪʽʥ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ᴅʨʪװʨʣʽ ʢᴇʟʜʝʨʜʝʥ ʘʣʳʥסʘʥ ʢʨʘʭʤʘʣʜʳש ʩʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ (ʩʫ 

ʩʽשʽʨʫ, %) ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ (ʤʘʡ ʩʽשʽʨʫ, %) ʘʥʳץʪʘʣʜʳ, ʦʣʘʨʜʳש ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʘסʳ ᴅʣʝʫʝʪʪʽ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʜʽʢʪʝʨʽ5- ʢʝʩʪʝʜʝʢᴇʨʩʝʪʽʣʜʽ. ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢʨʘʭʤʘʣʜʳש ʩʫ ʤʝʥ 

ʤʘʡʜʳ ʩʽשʽʨʫ ץʘʙʽʣʝʪʪʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ, ʙײʣ ʦʣʘʨʜʳש ʧʣʝʥʢʘʥʳש 

ʳʣסʘʣʜʳʣʳסʳʥ ʩʘץʪʘʫ, ʤʘʡʜʳש ʢᴇʰʫʽʥʝ ʪʦʩץʘʫʳʣ ʙʦʣʫ ʞᴅʥʝ ʞʘʣʧʳ ײץʨʳʣʳʤʜʳץ 

 ʨʣʽװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 5-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ᴅʨʪװʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤץ

ʢʨʘʭʤʘʣʜʘʨʜʳש ʩʫ ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ᴅʨʪװʨʣʽ ʙʦʣʳʧ ʢʝʣʝʜʽ, ʙײʣ ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ʂʝʩʪʝ 5 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש ʩʫ ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ ʉʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ, (%) ʄʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ, (%) 

1 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 74,5 ± 2,8 45,63 ± 3,75 

2 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 73,29 ± 8,83 52,36 ± 3,48 

3 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 70,16 ± 8,0 53,21 ± 3,28 

4 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 51,32 ± 6,93 54,41 ± 5,23 

5 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 60,13 ± 5,35 48,67 ± 4,25 

6 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 50,47 ± 2,46 33,57 ± 2,26 

 

5- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʙʦʡʳʥʰʘ 

ʢװʨʽʰ ʢʨʘʭʤʘʣʳ (74,5 Ñ 2,8%) ʤʝʥ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (73,29 Ñ 8,83%) ʞʦסʘʨʳ 

ʤᴅʥʜʝʨ  ʢᴇʨʩʝʪʢʝʥʽ  ʘʥʳץʪʘʣʜʳ.  ɹײʣ  ʩᴅʡʢʝʩʽʥʰʝ  ʢװʨʽʰ  ʢʨʘʭʤʘʣʳʥʳש 
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ʛʠʜʨʦʬʠʣʴʜʽʣʽʛʽʤʝʥ ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳʥʳש ʽʩʽʥʫ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʨʳ 

ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ ʜʘ (70,16 Ñ 8,0%) ʞʦסʘʨʳ ʩʫ ʩʽשʽʨʫ 

 ʩʳץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʞʘץ ʣ ʦʥʳ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʣʘʨʜʘײʘʩʠʝʪʽʥʝ ʠʝ, ʙץ

ʳʣסʘʣ ʩʘץʪʘʫ ץʘʩʠʝʪʪʝʨʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ ʢʘʩʩʘʚʘ (50,47 

Ñ 2,46%) ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʜʘʨʳ (51,32 Ñ 6,93%) ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ 

ʩʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ ʙʦʣʳʧ, ʳʣסʘʣʜʳ ʦʨʪʘʜʘ ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳץʪʳ 

ʩʘץʪʘʫסʘ ʙʝʡʽʤʜʽ ʝʢʝʥʽʥ ʘסשʘʨʪʘʜʳ. ɹײʣ ʢᴇʨʩʝʪʢʽʰʪʝʨ Chen ʞᴅʥʝ ᴅʨʽʧʪʝʩʪʝʨʽ 

(2020) ʞװʨʛʽʟʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʝ ʩʠʧʘʪʪʘʣסʘʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ʪᴇʤʝʥ ʳʣסʘʣ 

ʩʽשʽʨʫ ץʘʩʠʝʪʪʝʨʽʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʄʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʙʦʡʳʥʰʘ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (54,41 ± 5,23%) ʞᴅʥʝ ʢʘʨʪʦʧ 

ʢʨʘʭʤʘʣʳ (53,21 Ñ 3,28%) ʞʦסʘʨʳ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש 

ʣʠʧʦʬʠʣʴʜʽ ײץʨʳʣʳʤʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ᴄʜʝʙʠ ʜʝʨʝʢʪʝʨʛʝ ʩᴅʡʢʝʩ, 

ʞװʛʝʨʽ ʤʝʥ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʽʨʽ ʪװʡʽʨʰʽʢʪʝʨʽ ʞᴅʥʝ ʘʤʠʣʦʟʘ ʤᴇʣʰʝʨʽʥʽש 

ʪᴇʤʝʥʜʽʛʽ ʦʣʘʨʜʳש ʤʘʡ ʤʦʣʝʢʫʣʘʣʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ 

[129]. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (48,67 Ñ 4,25%) ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ 

(52,36 Ñ 3,48%) ʦʨʪʘʰʘ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש ʘץʫʳʟ ʞᴅʥʝ 

ʢʨʘʭʤʘʣʜʘʥ ʪʳʩ ʧʦʣʠʩʘʭʘʨʠʜʪʝʨ ײץʨʘʤʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʫʽ 

ʤװʤʢʽʥ [130]. ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (33,57 Ñ 2,26%) ʝש ʪᴇʤʝʥ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ 

ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʞʦסʘʨʳ ʤʘʡʣʳʣʳץʪʘסʳ ʪʘסʘʤʜʳץ ᴇʥʽʤʜʝʨʜʽ ʦʨʘʫ װʰʽʥ ʪʠʽʤʜʽ 

ʙʦʣʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɹײʣ ʥᴅʪʠʞʝ Da Silva et al. (2020) ʞװʨʛʽʟʛʝʥ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʤʘʡ ʪʦʩץʘʫʳʣʳ ʨʝʪʽʥʜʝʛʽ ʪʠʽʤʜʽʣʽʛʽ ʪʫʨʘʣʳ 

ʟʝʨʪʪʝʫʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ [131]. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʢװʨʽʰ ʢʨʘʭʤʘʣʳ ʤʝʥ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ ʞʦסʘʨʳ ʩʫ ʩʽשʽʨʫ 

 ʪʳץʘʧʪʘʫ ʩʠʷץ ʘ ʧʽʩʢʝʥ ʢᴇʢᴇʥʽʩʪʝʨ ʤʝʥ ʞʝʤʽʩʪʝʨʜʽשʘʙʽʣʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʞʘץ

ʳʣסʘʣ ʨʝʪʪʝʡʪʽʥ ʪʘסʘʤʜʳץ ץʘʧʪʘʤʘʣʘʨʜʘ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ ʤʝʥ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʩʫ ʤʝʥ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʪʝʨʽʥʽש ʞʦסʘʨʳ 

ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʫʳʨʳʣסʘʥ ʪʘסʘʤʜʘʨʜʳ ʥʝʤʝʩʝ ʦʨʪʘʰʘ ʳʣסʘʣʜʳ ᴇʥʽʤʜʝʨʜʽ 

ʦʨʘʫ װʰʽʥ ץʦʣʘʡʣʳ. ɸʣ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ, ʩʫ ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש ʪᴇʤʝʥ 

ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ, ʞʦסʘʨʳ ʤʘʡʣʳʣʳסʳ ʙʘʨ ʪʘסʘʤʜʘʨסʘ ʥʝʤʝʩʝ ʩʫ ᴇʪʢʽʟʙʝʡʪʽʥ 

ʪʘסʘʤʜʳץ ץʘʧʪʘʤʘʣʘʨסʘ ʘʨʥʘʣסʘʥ ʧʣʝʥʢʘ ʞʘʩʘʫ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʤʘʪʝʨʠʘʣ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʂʨʘʭʤʘʣʜʳϬ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷʣʘʥʫ ʢʝʟʽʥʜʝʛʽ ʤϺʣʜʽʨʣʽʢ ʢϺʨʩʝʪʢʽʰʽʥ 

ʟʝʨʪʪʝʫɹײʣ ʟʝʨʪʪʝʫʜʝ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʤᴇʣʜʽʨʣʽʛʽ 650 

ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ᴇʣʰʝʥʜʽ. 6- ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣʜʳש ʤᴇʣʜʽʨʣʽʛʽ 

ʩʘץʪʘʫ ʫʘץʳʪʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʜʳ, ʙײʣ ʦʥʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʘ ʞᴅʥʝ ʨʝʪʨʦʛʨʘʜʘʮʠʷ ʧʨʦʮʝʩʽʥʝ ᴅʩʝʨ ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ʬʘʢʪʦʨ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘʩʪʘʧץʳ ʤᴇʣʜʽʨʣʽʢ ʙʦʡʳʥʰʘ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (0,96 Ñ 0,08) ʝש ʞʦסʘʨʳ 

ʤᴇʣʜʽʨʣʽʢʪʽ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʘʤʠʣʦʟʘ-ʘʤʠʣʦʧʝʢʪʠʥ ץʘʪʳʥʘʩʳʥʳש ʞᴅʥʝ 

ʪװʡʽʨʰʽʢʪʽʢ ײץʨʳʣʳʤʳʥʳש ʤᴇʣʜʽʨʣʽʢʢʝ ʦש ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɾװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ (0,76 ± 0,03) ʞᴅʥʝ ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (0,44 ± 0,05) ʦʨʪʘʰʘ ʤᴇʣʜʽʨʣʽʢ 

ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, ʂװʨʽʰ ʢʨʘʭʤʘʣʳ (0.24 ± 0.06) ʞᴅʥʝ ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (0,24 ± 0,01) 
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ʪᴇʤʝʥ ʤᴇʣʜʽʨʣʽʢ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʦʣʘʨʜʳש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷʜʘʥ ʢʝʡʽʥʛʽ ʞʘʨʳץ 

ʰʘʰʳʨʘʪʫ ץʘʩʠʝʪʪʝʨʽʥʽש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʂʝʩʪʝ 6 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽ650 ש ʥʤ ʪʦʣץʳʥ ײʟʳʥʜʳסʳʥʜʘ ᴇʣʰʝʥʛʝʥ 

ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʤᴇʣʜʽʨʣʽʛʽ 

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ ɹʘʩʪʘʧץʳ 

ʤᴇʣʜʽʨʣʽʢ 
24 ʩʘ48 ס ʩʘ72 ס ʩʘס 

1 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 0,96 ± 0,08 0,58 ± 0,04 0,29 ± 0,02 0,36 ± 0,09 

2 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 0,76 ± 0,03 0,63 ± 0,05 0,26 ± 0,07 0,65 ± 0,03 

3 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 0,44 ± 0,05 0,15 ± 0,06 0,85 ± 0,04 0,49 ± 0,01 

4 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 0,24 ± 0,06 0,32 ± 0,03 0,28 ± 0,02 0,27 ± 0,04 

5 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 0,24 ± 0,01 0,97 ± 0,08 0,91 ± 0,07 0,89 ± 0,05 

6 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 0,33 ± 0,05 0,29 ± 0,04 0,26 ± 0,03 0,23 ± 0,07 

 

6 ï ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ 24 ʩʘסʘʪʪʘʥ ʢʝʡʽʥʛʽ ᴇʟʛʝʨʽʩʪʝʨ 

ʙʦʡʳʥʰʘ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (0,97 Ñ 0,08) ʤᴇʣʜʽʨʣʽʛʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪץʘʥʳ 

ʙʘʡץʘʣʜʳ, ʙײʣ ʦʥʳש ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ʙʝʡʽʤ ʝʢʝʥʽʥ ʞᴅʥʝ 

ʛʝʣʴ ʞװʡʝʩʽʥʜʝ ʤʦʣʝʢʫʣʘʣʘʨʜʳץ שʘʡʪʘ ʦʨʥʘʣʘʩʫ ʧʨʦʮʝʩʽ ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʩʽ. 

ʂʝʨʽʩʽʥʰʝ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (0,15 ± 0,06) ʤᴇʣʜʽʨʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʜʳ, ʙײʣ 

ʦʥʳש ʩʘץʪʘʫʜʘ ʨʝʪʨʦʛʨʘʜʘʮʠʷסʘ ײʰʳʨʘסʘʥʳʥ ʞᴅʥʝ ʢʨʘʭʤʘʣ ʧʦʣʠʤʝʨʣʝʨʽʥʽש 

 .ʘʥʳʥ ʙʽʣʜʽʨʝʜʽסʘʡʪʘ ʘʩʩʦʮʠʘʮʠʷʣʘʥץ

48 ʩʘסʘʪʪʳץ ʢʝʟʝשʜʝ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (0,85 Ñ 0,04) ʤᴇʣʜʽʨʣʽʛʽʥʽץ שʘʡʪʘ 

ʘʨʪʫʳ ʙʘʡץʘʣʜʳ, ʙײʣ ʦʥʳש ʙʘʩʪʘʧץʳ ʪᴇʤʝʥ ʤᴇʣʜʽʨʣʽʢʪʝʥ ʢʝʡʽʥ ץʘʡʪʘ 

 ᴇʟʛʝʨʛʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ שʘʩʠʝʪʪʝʨʽʥʽץ ʨʳʣʳʤʜʘʥʳʧ, ʝʨʽʛʽʰʪʽʢײץ

(0,29 ± 0,02) ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (0,26 ± 0,07) ʤᴇʣʜʽʨʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳש 

ʩʘץʪʘʫʜʘ ʨʝʪʨʦʛʨʘʜʘʮʠʷסʘ ײʰʳʨʘסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

72 ʩʘסʘʪ ʩʘץʪʘʣסʘʥʥʘʥ ʢʝʡʽʥ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (0,65 Ñ 0,03) ʤᴇʣʜʽʨʣʽʛʽʥʽש 

 ʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (0,49סʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ שʘʡʪʘ ʘʨʪʫʳ ʦʥʳץ

± 0,01) ʞᴅʥʝ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (0,36 ± 0,09) ʤᴇʣʜʽʨʣʽʛʽ ʪײʨʘץʪʳ ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʜʳ. 

ɸʣ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (0,23 Ñ 0,07) ʤᴇʣʜʽʨʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʦʥʳש ʛʝʣʴ ʞװʡʝʩʽʥʜʝ 

 .ʤʢʽʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽװʨʳʣʳʤʜʘʣʫ ʤײץ ʘʡʪʘץ

ɾʘʣʧʳ, ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ ʙʘʩʪʘʧץʳʜʘ ʞʦסʘʨʳ ʤᴇʣʜʽʨʣʽʢ ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, 

ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʤᴇʣʜʽʨʣʽʛʽ ʪᴇʤʝʥʜʝʧ, ʨʝʪʨʦʛʨʘʜʘʮʠʷ ʧʨʦʮʝʩʽʥʝ ײʰʳʨʘʡʪʳʥʳ 

ʙʘʡץʘʣʜʳ. ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʩʘץʪʘʫ ʢʝʟʽʥʜʝ ʤᴇʣʜʽʨʣʽʛʽ ʘʨʪʳʧ, ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʪʽ. ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ ʙʘʩʪʘʧץʳʜʘ ʪᴇʤʝʥ ʤᴇʣʜʽʨʣʽʢ 

ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, 48 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ ʤᴇʣʜʽʨʣʽʛʽ ץʘʡʪʘ ʘʨʪʪʳ. 6-ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙײʣ ʥᴅʪʠʞʝʣʝʨ ʢʨʘʭʤʘʣ ʪװʨʽʥʽש ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʤᴇʣʜʽʨʣʽʛʽʥʝ 

ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨ ʨʝʪʽʥʜʝ ʦʥʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳ, ʘʤʠʣʦʟʘ- 

ʘʤʠʣʦʧʝʢʪʠʥ ץʘʪʳʥʘʩʳ ʞᴅʥʝ ʩʘץʪʘʫ ʫʘץʳʪʳ ʤʘשʳʟʜʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 
ʂʨʘʭʤʘʣʜʳϬ ʤϰʟʜʘʪʫïʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʘ ʪϰʨʘϨʪʳʣʳϤʳʥ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש ʤײʟʜʘʪʫ-ʝʨʽʪʫ ʪײʨʘץʪʳʣʳסʳ 

ʟʝʨʪʪʝʣʜʽ. 7- ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, ʩʫʧʝʨʥʘʪʘʥʪʪʳש ʙᴇʣʽʥʫ ʜʝשʛʝʡʽ (ʢʣʝʡʩʪʝʨʜʽש ʙײʟʳʣʫ 
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ʢᴇʨʩʝʪʢʽʰʽ) ᴅʨ ʮʠʢʣ ʩʘʡʳʥ ᴇʟʛʝʨʽʧ ʦʪʳʨʜʳ, ʙײʣ ʢʨʘʭʤʘʣʜʳץ שʘʡʪʘ ײץʨʳʣʳʤʜʘʣʫ 

 .ʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʜʳשʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ʨʝʪʨʦʛʨʘʜʘʮʠʷ ʜʝץ

ʂʝʩʪʝ 7 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש ʤײʟʜʘʪʫ-ʝʨʽʪʫ ʮʠʢʣʜʘʨʳʥʜʘסʳ ʩʫʧʝʨʥʘʪʘʥʪ 

ʙᴇʣʽʥʫ ʜʝשʛʝʡʽ 

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ 1-ʮʠʢʣ (%) 2-ʮʠʢʣ (%) 3-ʮʠʢʣ (%) 

1 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 67,04 ± 2,16 61,97 ± 4,14 22,74 ± 1,68 

2 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 53,92 ± 3,45 44,86 ± 2,73 20,91 ± 1,26 

3 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 45,92 ± 1,56 52,48 ± 3,06 34,03 ± 2,27 

4 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 32,47 ± 2,73 13,49 ± 2,82 59,95 ± 3,43 

5 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 19,36 ± 2,17 11,24 ± 3,37 28,25 ± 4,86 

6 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 38,82 ± 2,91 21,53 ± 2,48 19,17 ± 1,96 

 

ɾʘʣʧʳ, 7 ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, 1-ʮʠʢʣ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ 

(67,04 ± 2,16%) ʝש ʞʦסʘʨʳ ʙᴇʣʽʥʫ ʢᴇʨʩʝʪʢʽʰʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʤײʟʜʘʪʫ ʢʝʟʽʥʜʝ 

 ʛʝʨʽ ʢʨʘʭʤʘʣʳ (53,92 ± 3,45%) ʞᴅʥʝװʳʥ ʙʽʣʜʽʨʝʜʽ. ɾסʩʳʟʜʳץʨʘײʪ שʨʳʣʳʤʳʥʳײץ

ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (45,92 Ñ 1,56%) ʦʨʪʘʰʘ ʙᴇʣʽʥʫ ʜʝשʛʝʡʽʥ ʢᴇʨʩʝʪʪʽ. ɽש ʪᴇʤʝʥʛʽ 

ʩʫʧʝʨʥʘʪʘʥʪ ʤᴇʣʰʝʨʽ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ (19,36 Ñ 2,17%) ʞᴅʥʝ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 

(32,47 Ñ 2,73%) װʣʛʽʣʝʨʽʥʜʝ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʞʦסʘʨʳ ʩʫ ʙʘʡʣʘʥʳʩʪʳʨʫ 

 .ʤʢʽʥװʘʙʽʣʝʪʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤץ

2- ʮʠʢʣ ʥᴅʪʠʞʝʣʝʨʽʥʜʝ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (6197 Ñ 4,14%) ʞᴅʥʝ ʙײʨʰʘץ 

ʢʨʘʭʤʘʣʳ (52,48 Ñ 3,06%) ʪײʨʘץʩʳʟʜʳץ ʙʝʣʛʽʣʝʨʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש 

ʞʝʣʘʪʠʥʠʟʘʮʠʷ ʧʨʦʮʝʩʽʥʝʥ ʢʝʡʽʥʛʽ ײץʨʳʣʳʤʜʳץ ᴅʣʩʽʟʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʳʤʝʥ 

 ʨʽʰ ʢʨʘʭʤʘʣʳ (11,24 Ñ 3,37%)װʘʪʘʨ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (13,49 Ñ 2,82%) ʞᴅʥʝ ʢץ

ʩʫʧʝʨʥʘʪʘʥʪ ʙᴇʣʽʥʫʽʥʽש ʝש ʪᴇʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʩʘץʪʘʧ ץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש 

 .ʘʨʳ ʝʢʝʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽסʞʦ שʳʥʳסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

3- ʮʠʢʣ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (59,95 Ñ 3,43%) ʞᴅʥʝ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳ (28,25 Ñ 4,86%) ʩʫʧʝʨʥʘʪʘʥʪ ʙᴇʣʽʥʫʽʥʽש ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʫʳʥ ʢᴇʨʩʝʪʪʽ, 

ʙײʣ ײʟʘץ ʤʝʨʟʽʤʜʽ ʤײʟʜʘʪʫ-ʝʨʽʪʫ ʧʨʦʮʝʩʽʥʜʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʥ ʙʽʣʜʽʨʝʜʽ. ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ (22,74 Ñ 1,68%) ʤʝʥ 

ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (20,91 Ñ 1,26%) ʙᴇʣʽʥʫ ʜʝשʛʝʡʽʥʽש ʪᴇʤʝʥʜʝʫʽʥ ʙʘʡץʘʪʪʳ, ʙײʣ 

ʦʣʘʨʜʳש ʨʝʪʨʦʛʨʘʜʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ʪײʨʘץʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 

ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ ʙʘʨʣʳץ ʮʠʢʣʜʝʨʜʝ ʞʦסʘʨʳ ʙᴇʣʽʥʫ ʢᴇʨʩʝʪʢʽʰʽʥ ʢᴇʨʩʝʪʽʧ, 

ʤײʟʜʘʪʫ-ʝʨʽʪʫ ʪײʨʘץʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. ʂʘʨʪʦʧ ʞᴅʥʝ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳ ʙʘʩʪʘʧץʳʜʘ ʞʦסʘʨʳ ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, 3-ʮʠʢʣʜʝ ʦʣʘʨʜʳש 

ʙᴇʣʽʥʫ ʜʝשʛʝʡʽ ʘʨʪʪʳ. ɾװʛʝʨʽ ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʜʘʨʳ ʦʨʪʘʰʘ ʪײʨʘץʪʳʣʳץ 

ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʥʝʤʝʩʝ ʪʘʤʘץ ᴇʥʽʤʜʝʨʽʥʽײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʘʨʪʳץʰʳʣʳץʪʘʨ ʙʝʨʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʤײʟʜʘʪʳʣסʘʥ ᴇʥʽʤʜʝʨʜʝ 

 ʳʥסʳʟʜʳʣʳשʤʘ שʜʘʫʜʳשʘʩʠʝʪʪʝʨʽʥ ʪʘץ ץʨʳʣʳʤʜʳײץ שʰʽʥ ʦʣʘʨʜʳװ ʦʣʜʘʥʫץ

ʢᴇʨʩʝʪʝʜʽ. 
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3.2 ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʳש 

ʤʠʢʨʦײץʨʳʣʳʤʳʥ ʩʠʧʘʪʪʘʫ 

ʇʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳץ ʤʠʢʨʦʩʢʦʧʠʷʩʳ ʘʨץʳʣʳ ʤʦʨʬʦʣʦʛʠʷʥʳ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʧʦʣʷʨʠʟʘʮʠʷʣʘʥסʘʥ ʞʘʨʳץ ʤʠʢʨʦʩʢʦʧʠʷʩʳ (PLM) ᴅʜʽʩʽ 

ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʳש ʢʨʠʩʪʘʣʜʳʣʳסʳ, 

ʙᴇʣʰʝʢ ᴇʣʰʝʤʽ ʞᴅʥʝ ʘʥʠʟʦʪʨʦʧʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. 8-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, 

ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʜʳײץ שʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ 

ᴅʩʝʨ ʝʪʪʽ. 

ʂʝʩʪʝ 8 ï ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʢʨʠʩʪʘʣʜʳ, 

ʙᴇʣʰʝʢ ᴇʣʰʝʤʽ ʞᴅʥʝ ʘʥʠʟʦʪʨʦʧʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ 1-ʮʠʢʣ (%) 2-ʮʠʢʣ (%) 3-ʮʠʢʣ (%) 

1 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 67,04 ± 2,16 61,97 ± 4,14 22,74 ± 1,68 

2 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 53,92 ± 3,45 44,86 ± 2,73 20,91 ± 1,26 

3 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 45,92 ± 1,56 52,48 ± 3,06 34,03 ± 2,27 

4 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 32,47 ± 2,73 13,49 ± 2,82 59,95 ± 3,43 

5 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 19,36 ± 2,17 11,24 ± 3,37 28,25 ± 4,86 

6 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 38,82 ± 2,91 21,53 ± 2,48 19,17 ± 1,96 

 

8 ï ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʙʦʡʳʥʰʘ 

ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 76,30 Ñ 3,62%, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣ 67,04 ± 3,04%) ʞʦסʘʨʳ ʢʨʠʩʪʘʣʣʜʳʣʳץ ʢᴇʨʩʝʪʽʧ, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʜʘʥ 

ʢʝʡʽʥ ʦʥʳש ʢᴇʨʩʝʪʢʽʰʽ ʪᴇʤʝʥʜʝʛʝʥʽ ʙʘʡץʘʣʜʳ. ɾװʛʝʨʽ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 59,90 ± 

6,51%, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 53,92 ± 5,28%) ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 49,90 Ñ 2,26%, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 45,92 Ñ 

1,98%) ʜʘ ʦʩʳסʘʥ ץײʩʘʩ װʨʜʽʩʪʽ ʢᴇʨʩʝʪʪʽ. ʂװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳʥʜʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʰʘʤʘʣʳ ʘʨʪʪʳ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 16,70%, 

ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 19,36%), ʙײʣ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʘʨʪץʘʥʳʥ ʙʽʣʜʽʨʫʽ ʤװʤʢʽʥ. 

ʆʨʪʘʰʘ ʙᴇʣʰʝʢ ᴇʣʰʝʤʽ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʢʘʨʪʦʧ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 

9,36 ± 5,10 ʤʢʤ, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 13,49 ± 4,19 ʤʢʤ) ʞᴅʥʝ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 6,54 ± 6,33 ʤʢʤ, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 

11,24 ± 5,15 ʤʢʤ) ʙᴇʣʰʝʢʪʝʨʽʥʽש ᴇʣʰʝʤʽ ײʣסʘʡסʘʥʳ ʙʘʡץʘʣʜʳ. ɹʠʜʘʡ ʞᴅʥʝ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ ʜʘ ʙᴇʣʰʝʢʪʝʨʜʽש ʘʟʜʘʧ ײʣסʘʡסʘʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ 

ʢʝʟʽʥʜʝ ʦʣʘʨʜʳץ שʘʡʪʘ ײץʨʳʣʳʤʜʘʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 

67,43 ± 6,47 AU, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 59,95 ± 5,25 AU) ʤᴅʥʜʝʨʽʥʽש 

ʪᴇʤʝʥʜʝʫʽ ʦʥʳײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂװʨʽʰ 

(ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 27,82 Ñ 9,69 AU, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 28,25 Ñ 

7,76 AU) ʞᴅʥʝ ʞװʛʝʨʽ (ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ 18,64Ñ1,59 AU, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷ- 

ʣʘʥסʘʥ ʢʨʘʭʤʘʣ 20,91 Ñ 1,46 AU) ʢʨʘʭʤʘʣʜʘʨʳʥʜʘ ʘʥʠʟʦʪʨʦʧʠʷ ʜʝשʛʝʡʽ ʰʘʤʘʣʳ 
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ᴇʟʛʝʨʜʽ. ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ 41,49 Ñ 6,66 AU ʤᴅʥʽʥʝ 

ʞʝʪʪʽ, ʙײʣ ʦʥʳש ʞʘʨʳץ ʩʳʥʜʳʨʫ ץʘʩʠʝʪʪʝʨʽʥʽש ʪײʨʘץʪʘʣסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. 

 ʤʦʜʠʬʠʢʘʮʠʷ ץʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, 9-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʪʝʨʤʠʷʣʳפ

ʢʨʘʭʤʘʣʜʘʨʜʳש ʢʨʠʩʪʘʣʣʜʳʣʳץ ʜʝשʛʝʡʽʥ ʪᴇʤʝʥʜʝʪʽʧ, ʙᴇʣʰʝʢ ᴇʣʰʝʤʜʝʨʽʥ 

ʘʨʪʪʳʨʳʧ, ʘʥʠʟʦʪʨʦʧʠʷʩʳʥ ʘʟʜʘʧ ʪײʨʘץʪʘʥʜʳʨסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ, ʙʠʦʳʜʳʨʘʡʪʳʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש 

 .ʤʢʽʥװʧʘʣ ʝʪʫʽ ʤץʘ ʳסʳʥ ʘʨʪʪʳʨʫסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

ʊʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽ 

ʞʘץʩʘʨʪʳʣסʘʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʤʘʪʝʨʠʘʣʜʘʨ ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 
ʉʢʘʥʝʨʣʝʫʰʽ ɻ ʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʩʢʘʥʝʨʣʝʫʰʽ ʵʣʝʢʪʨʦʥʜʳ ʤʠʢʨʦʩʢʦʧʠʷ (SEM) ᴅʜʽʩʽ ʘʨץʳʣʳ 

ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. 6-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʨʘʭʤʘʣ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʙʝʪʢʽ ײץʨʳʣʳʤʳʥʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʬʠʟʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ 

ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʪʽ. 
 

ʘ) ᴅ) 
 

ʙ) ʚ) 

ʉʫʨʝʪ 6 ï ʂʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש SEM ʢʝʩʢʽʥʽ, 1 ʙʝʪ 
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ʛ) ס) 

 

ʜ) ʝ) 

 

ʞ) ʟ) 

 

ʠ) ʡ) 
ʉʫʨʝʪ 6, 2 ʙʝʪ 
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ʢ) ץ) 

 

ʣ) ʤ) 

 

ʥ) ש) 

 

 

 

 

 

 

 

 

 

ʦ) ᴇ) 

 

ʉʫʨʝʪ 6, 3 ʙʝʪ 
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ʧ) ʨ) 

 

 

 

 

 

 

 

 

 

ʩ) ʪ) 

ʉʫʨʝʪ 6, 4 ʙʝʪ 

6- ʩʫʨʝʪʪʝ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣʜʘʨʜʳש SEM ʢʝʩʢʽʥʜʝʨʽ (800Ĭ ʞᴅʥʝ 3000Ĭ 

 ʠ ʢʨʘʭʤʘʣʳסʪʘʙʠ שʠ ʢʨʘʭʤʘʣʳ (800×), ᴅ) ʢʘʩʩʘʚʘʥʳסʪʘʙʠ שʣʢʝʡʪʫ): ʘ) ʢʘʩʩʘʚʘʥʳװ

(3000×), ʙ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (800×), ʚ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʛ) ʢʘʨʪʦʧʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (800Ĭ), ס) ʢʘʨʪʦʧʪʳש 

ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʜ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (800Ĭ), ʝ) 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʞ) ʙʠʜʘʡʜʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ 

(800Ĭ), ʟ) ʙʠʜʘʡʜʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʠ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʠʜʘʡ 

ʢʨʘʭʤʘʣʳ (800Ĭ), ʡ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʢ) ʞװʛʝʨʽʥʽש 

ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (800Ĭ), ץ) ʞװʛʝʨʽʥʽש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʣ) 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (800Ĭ), ʤ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ (3000Ĭ), ʥ) ʙײʨʰʘץʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (800Ĭ), ש) ʙײʨʰʘץʪʳש ʪʘʙʠסʠ 

ʢʨʘʭʤʘʣʳ (3000Ĭ), ʦ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (800Ĭ), ᴇ) 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʧ) ʢװʨʽʰʪʽש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ 

(800Ĭ), ʨ) ʢװʨʽʰʪʽש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ (3000Ĭ), ʩ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳ (800Ĭ), ʪ) ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ (3000Ĭ). 

ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽ ʥʝʛʽʟʽʥʝʥ ʪʝʛʽʩ, ʜᴇשʛʝʣʝʢ ʥʝʤʝʩʝ ʩʦʧʘץ 

ʧʽʰʽʥʜʽ,  ʦʣʘʨʜʳש  ʙʝʪʽʥʜʝ  ʘʡʪʘʨʣʳץʪʘʡ  ʙײʟʳʣʫʣʘʨ  ʙʘʡץʘʣʤʘʡʜʳ.  ʂʘʨʪʦʧ 
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ʢʨʘʭʤʘʣʳ ʪװʡʽʨʰʽʢʪʝʨʽ װʣʢʝʥ ʞᴅʥʝ ʙʝʪʢʽ ץʘʙʘʪʳ ʪʝʛʽʩ ײץʨʳʣʳʤסʘ ʠʝ ʙʦʣʜʳ, ʘʣ 

ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ ʩʦʧʘץʰʘ ʞᴅʥʝ ʪʳסʳʟ ʦʨʥʘʣʘʩץʘʥ ʪװʡʽʨʰʽʢʪʝʨʜʝʥ ʪײʨʜʳ. ɾװʛʝʨʽ 

ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʜʘʨʳ ʦʨʪʘʰʘ ᴇʣʰʝʤʜʝʛʽ ʪװʡʽʨʰʽʢʪʝʨʜʝʥ ײץʨʘʣסʘʥ ʞᴅʥʝ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʙʽʨʢʝʣʢʽ ʤʦʨʬʦʣʦʛʠʷ ʢᴇʨʩʝʪʪʽ. ʂװʨʽʰ ʧʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 

 ʟʫ ʧʨʦʮʝʩʽʥʜʝ ᴇʟʘʨʘװʧʣʝʥʢʘ ʪ שʣ ʦʣʘʨʜʳײʘ ʠʝ ʙʦʣʜʳ, ʙסʨʳʣʳʤײץ ʡʽʨʰʽʢʪʽװʪ ץʩʘײ

ʙʘʡʣʘʥʳʩʫ ץʘʙʽʣʝʪʽʥʝ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. 

ʊʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʘ ʘʡʪʘʨʣʳץʪʘʡ ײץʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ. ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳʥʳש ʙʝʪʢʽ ץʘʙʘʪʳ ʢʝʜʽʨ-ʙײʜʳʨʣʘʥʳʧ, 

ʢʝʡʙʽʨ ʪװʡʽʨʰʽʢʪʝʨʜʽש ʜʝʬʦʨʤʘʮʠʷʩʳ ʙʘʡץʘʣʜʳ, ʙײʣ ʦʥʳש ʩʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥʽש 

ʘʨʪʫʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ 

ʞʘʨʳץʰʘץʪʘʨ ʤʝʥ ʤʠʢʨʦץʫʳʩʪʘʨ ʪװʟʽʧ, ʪװʡʽʨʰʽʢʪʝʨʜʽש ʘʛʨʝʛʘʮʠʷʣʘʥʫ ʙʝʣʛʽʣʝʨʽʥ 

ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʩʫʜʘ ʽʩʽʥʫ ץʘʩʠʝʪʽʥʝ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳש ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝ ʢʝʫʝʢʪʝʨ ʧʘʡʜʘ ʙʦʣʳʧ, ʦʥʳש ʙʝʪʢʽ 

 ʘʙʽʣʝʪʽʥץ ʟʫװʧʣʝʥʢʘ ʪ שʣ ʦʥʳײʘ ʠʝ ʙʦʣʜʳ, ʙסʨʳʣʳʤײץ ʘʙʘʪʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩץ

ʞʘץʩʘʨʪʫʳ ʤװʤʢʽʥ. ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ ʞʦסʘʨʳ ʢʝʫʝʢʪʽʣʽʢ ʢᴇʨʩʝʪʽʧ, ʪװʡʽʨʰʽʢʪʝʨ 

ʘʨʘʩʳʥʜʘ ʤʠʢʨʦʘʨʥʘʣʘʨ ʧʘʡʜʘ ʙʦʣʜʳ, ʙײʣ ʦʥʳש ʩʫ ʩʽשʽʨʫ ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ 

ʪײʨʘץʪʳʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʳץʧʘʣ ʝʪʝʜʽ. ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 

ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʘʛʨʝʛʘʮʠʷʩʳ ʘʨʪʳʧ, ʙʝʪʢʽ ײץʨʳʣʳʤʳʥʜʘ ʤʠʢʨʦᴇʟʛʝʨʽʩʪʝʨ ʧʘʡʜʘ 

ʙʦʣʜʳ, ʙײʣ ʦʥʳש ʧʣʝʥʢʘ ʪװʟʫʜʝ ʪʳסʳʟ ᴅʨʽ ʙʽʨʢʝʣʢʽ ײץʨʳʣʳʤ ץʘʣʳʧʪʘʩʪʳʨʫʳʥʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ʙʝʪʢʽ ʢʝʜʽʨ- 

ʙײʜʳʨʣʳסʳʥ ʘʨʪʪʳʨʳʧ, ʪװʡʽʨʰʽʢʪʝʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʘʨ ʢװʰʝʡʜʽ, ʙײʣ 

ʦʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. 

6-ʩʫʨʝʪʢʝ ʩװʡʝʥʝʪʽʥ ʙʦʣʩʘץ, ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʤʦʨʬʦʣʦʛʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ 

ʝʪʝʪʽʥʽʥ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɾװʛʝʨʽ ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʜʘʨʳʥʜʘסʳ ʢʝʫʝʢʪʽʢ 

 ʩʳ ʪʘʨʘʣʫʳʥʘ ʞᴅʥʝץʟʫ ʧʨʦʮʝʩʽʥʜʝ ʞʘװʧʣʝʥʢʘ ʪ שʘʨʪʫʳ ʦʣʘʨʜʳ שʨʳʣʳʤʥʳײץ

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ  ʙʝʨʝʜʽ. ʂʘʨʪʦʧ  ʞᴅʥʝ  ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳʥʳש  ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʽʨʽʣʝʥʫʽ ʦʣʘʨʜʳש ʳʣסʘʣ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽʥ 

ʦשʪʘʡʣʘʥʜʳʨʳʧ, ʧʣʝʥʢʘʥʳש ʛʠʜʨʦʬʠʣʴʜʽʣʽʛʽʥ ʨʝʪʪʝʫʛʝ  ʢᴇʤʝʢʪʝʩʫʽ  ʤװʤʢʽʥ. 

ɹʠʜʘʡ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʽ  ʦʣʘʨʜʳש ʩʫסʘ 

ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʧʣʝʥʢʘ ʪװʟʫ ʧʨʦʮʝʩʽʥʜʝ ʪײʨʘץʪʳʣʳסʳʥ ʢװʰʝʡʪʫʽ ʤװʤʢʽʥ. 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʳʧ, ʙʠʦʳʜʳʨʘʡʪʳʥ 

ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʪʘסʘʤʜʳץ ץʘʧʪʘʤʘʣʘʨ װʰʽʥ ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʤʘʪʝʨʠʘʣ 
ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʦʥʬʦʢʘʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʠʷ (CLSM) 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʢʦʥʬʦʢʘʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʠʷ ᴅʜʽʩʽ 

ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʽʰʢʽ 

 ʳ ᴇʟʛʝʨʽʩʪʝʨ ʟʝʨʪʪʝʣʜʽ. 7-ʩʫʨʝʪʢʝסʡʳʤʜʘʩʫʳʥʜʘײ ץʨʳʣʳʤʳ ʤʝʥ ʤʦʣʝʢʫʣʘʣʳײץ

ʩᴅʡʢʝʩ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ, ʞʘʨʳץ 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʨʝʪʪʝʣʫʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. 
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ʘ) ᴅ) ʙ) 

   

ʚ) ʛ) ס) 

 

 

 

 

 

 

 

 

 

ʜ) ʝ) ʞ) 

 

ʘ, ᴅ ï ʢʘʩʩʘʚʘʥʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʙ, ʚ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ; ʛ, ס ï ʢʘʨʪʦʧʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʜ, ʝ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʨʪʦʧ 

ʢʨʘʭʤʘʣʳ; ʞ, ʟ ï ʙʠʜʘʡʜʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʠ, ʡ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʠʜʘʡ 

ʢʨʘʭʤʘʣʳ; ʢ, ץ ï ʞװʛʝʨʽʥʽש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʣ, ʤ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ; ʥ, ש ï ʙײʨʰʘץʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʦ, ᴇ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙײʨʰʘץ 

ʢʨʘʭʤʘʣʳ; ʧ, ʨ ï ʢװʨʽʰʪʽש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; ʩ, ʪ ï ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʳ. 

 

ʉʫʨʝʪ 7 ï ʂʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש CLSM ʢʝʩʢʽʥʽ, 1 ʙʝʪ 
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ʟ) ʠ) ʡ) 
 

ʢ) ץ) ʣ) 
 

ʤ)  ʥ) ש) 

ʉʫʨʝʪ 7, 2 ʙʝʪ 
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ʦ) ᴇ) 
 

ʧ) ʨ) 
 

ʩ) ʪ) 

 

 

ʉʫʨʝʪ 7, 3 ʙʝʪ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʢʦʥʬʦʢʘʣʴʜʽ ʣʘʟʝʨʣʽʢ ʩʢʘʥʝʨʣʝʫʰʽ ʤʠʢʨʦʩʢʦʧʠʷ (CLSM) 

ᴅʜʽʩʽ ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʽʰʢʽ 

 ʳ ᴇʟʛʝʨʽʩʪʝʨ ʟʝʨʪʪʝʣʜʽ. 7-ʩʫʨʝʪʢʝסʡʳʤʜʘʩʫʳʥʜʘײ ץʨʳʣʳʤʳ ʤʝʥ ʤʦʣʝʢʫʣʘʣʳײץ
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ʩᴅʡʢʝʩ, ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʤʦʨʬʦʣʦʛʠʷʩʳʥʘ, ʞʘʨʳץ 

ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʙʽʣʝʪʽʥʝ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʨʝʪʪʝʣʫʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʢʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. 

ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣʜʘʨ CLSM ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʘʥʳײץ ץʨʳʣʳʤʜʳ, ʙʽʨʢʝʣʢʽ 

ʞʘʨʳץ ʰʘסʳʣʳʩʪʳʨʫ ץʘʙʽʣʝʪʽʥʝ ʠʝ ʞᴅʥʝ ʞʦסʘʨʳ ʢʨʠʩʪʘʣʜʳײ ץʡʳʤʜʘʩʫʳʤʝʥ 

ʝʨʝʢʰʝʣʝʥʜʽ. ʂʘʨʪʦʧ, ʙʠʜʘʡ ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ ץʘʨץʳʥʜʳ ʬʣʫʦʨʝʩʮʝʥʮʠʷ 

ʢᴇʨʩʝʪʽʧ, ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʜʳ ʘʡʤʘץʪʘʨʳʥʳש ʩʘץʪʘʣסʘʥʳʥ ʨʘʩʪʘʜʳ. ʂʝʨʽʩʽʥʰʝ, 

ʢװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ᴅʣʩʽʟʽʨʝʢ ʞʘʨʳץ ʰʘסʳʣʳʩʪʳʨʜʳ, ʙײʣ ʦʣʘʨʜʳש 

ʘʤʦʨʬʪʳ ײץʨʳʣʳʤ װʣʝʩʽʥʽש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

ʊʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʠʢʨʦʩʢʦʧʠʷʣʳץ ʙʝʡʥʝʣʝʨʽ 

ʪװʡʽʨʰʽʢʪʝʨʜʽײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʂʘʨʪʦʧ 

ʢʨʘʭʤʘʣʳʥʳש ʞʘʨʳץ ᴇʪʢʽʟʛʽʰʪʽʛʽ ʪᴇʤʝʥʜʝʧ, ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝ ײץʨʳʣʳʤʜʳץ 

ʛʝʪʝʨʦʛʝʥʜʽʣʽʢ ʙʘʡץʘʣʜʳ, ʙײʣ ʘʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥʥʽץ שʘʡʪʘ ʪʘʨʘʣʫʳʥ ʞᴅʥʝ 

ʽʰʢʽ ײץʨʳʣʳʤʥʳש ᴇʟʛʝʨʫʽʥ ʙʽʣʜʽʨʫʽ ʤװʤʢʽʥ. ɹʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש ʞʘʨʳץ ʩʳʥʜʳʨʫ 

 שʣ ʦʥʳײʤʦʨʬʦʣʦʛʠʷʩʳ ᴇʟʛʝʨʜʽ, ʙ שʡʽʨʰʽʢʪʝʨʜʽװʘʙʽʣʝʪʽ ʪᴇʤʝʥʜʝʧ, ʪץ

ʤʦʣʝʢʫʣʘʣʳײ ץʡʳʤʜʘʩʫʳʥʳץ שʘʡʪʘ ײץʨʳʣʳʤʜʘʣסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɾװʛʝʨʽ 

ʢʨʘʭʤʘʣʳ CLSM ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʞʘʨʳץ ᴇʪʢʽʟʛʽʰʪʽʢ ʙʽʨʢʝʣʢʽʣʽʛʽʥʽש ʙײʟʳʣסʘʥʳʥ 

ʞᴅʥʝ ʪװʡʽʨʰʽʢʪʝʨʜʽץ שʘʡʪʘ ײץʨʳʣʳʤʜʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʧʣʝʥʢʘ ʪװʟʫ 

ʢʝʟʽʥʜʝ ʤʦʣʝʢʫʣʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥʽש ʘʨʪʫʳʥʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. 

ɹײʨʰʘץ ʞᴅʥʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʜʘʨʳ CLSM ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʞʘʨʳץ ʩʳʥʜʳʨʫ 

 ᴇʟʛʝʨʛʝʥʽ שʨʳʣʳʤʳʥʳײץ ʽʰʢʽ שʡʽʨʰʽʢʪʝʨʜʽװʪᴇʤʝʥʜʝʫʽ ʞᴅʥʝ ʪ שʘʙʽʣʝʪʽʥʽץ

ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʛʝ ʩʝʟʽʤʪʘʣ ʝʢʝʥʽʥ ʞᴅʥʝ ʧʣʝʥʢʘ ʪװʟʫ 

ʢʝʟʽʥʜʝ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʂʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ CLSM ʢʝʩʢʽʥʜʝʨʽʥʜʝ ʞʘʨʳץ ʰʘסʳʣʳʩʪʳʨʫʜʳש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ, 

ʪװʡʽʨʰʽʢʪʝʨʜʽש ʞʘʨʪʳʣʘʡ ʳʜʳʨʘʫʳʥ ʞᴅʥʝ ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʥʳש ʘʨʪʫʳʥ 

ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʥʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʙʦʣʫʳ ʤװʤʢʽʥ. 

ɾʘʣʧʳ, CLSM ʥᴅʪʠʞʝʣʝʨʽ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

 .ʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽסʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʙʦʣץʡʳʤʜʘʩʫʳʥʜʘ ʘʡʪʘʨʣʳײ ץʨʳʣʳʤʜʳײץ

ʂʘʨʪʦʧ, ʞװʛʝʨʽ ʞᴅʥʝ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש ʞʘʨʳץ ᴇʪʢʽʟʛʽʰʪʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽʥʽש ʞʘץʩʘʨʫʳʥʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ, 

ʘʣ ʙײʨʰʘץ ʞᴅʥʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʜʘʨʳʥʳײץ שʨʳʣʳʤʜʳץ ץʘʡʪʘ ײʡʳʤʜʘʩʫʳ ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʤʦʣʝʢʫʣʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʽʥ ʢװʰʝʡʪʫʽ ʤװʤʢʽʥ. 

ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ʘʡʪʘʨʣʳץʪʘʡ ʳʜʳʨʘʫʳ ʦʥʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʪᴇʤʝʥʜʝʫʽʥ ʞᴅʥʝ ʧʣʝʥʢʘ ʪװʟʫ ץʘʙʽʣʝʪʽʥʽש ʰʝʢʪʝʣʫʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʨʘʩʪʘʧ, ʦʣʘʨʜʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨ 

ᴇʥʜʽʨʽʩʽʥʜʝ ᴅʣʝʫʝʪʪʽ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. 
ʈʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳϨ (XRD) ʪʘʣʜʘʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (XRD) ᴅʜʽʩʽ ʘʨץʳʣʳ ʙʘʩʪʘʧץʳ ʞᴅʥʝ 

 ץʢʨʠʩʪʘʣʜʳ שʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײץ

 ʜʝʫשᴇ  ץʳ  ᴇʟʛʝʨʽʩʪʝʨ  ʟʝʨʪʪʝʣʜʽ.  8-ʩʫʨʝʪʢʝ  ʩᴅʡʢʝʩ,  ʪʝʨʤʠʷʣʳסʨʳʣʳʤʳʥʜʘײץ
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ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʢʨʠʩʪʘʣʜʳץ ʘʡʤʘץʪʘʨʳʥʳײ שʡʳʤʜʘʩʫʳʥʘ ʞᴅʥʝ 

ʘʤʦʨʬʪʳ ʬʘʟʘʩʳʥʳש ʘʨʘץʘʪʳʥʘʩʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʢʝʥʽ ʘʥʳץʪʘʣʜʳ. 

ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣʜʘʨʜʳש XRD װʣʛʽʣʝʨʽ ʦʣʘʨʜʳש ʘʡץʳʥ ʢʨʠʩʪʘʣʜʳץ 

 ʢʨʘʭʤʘʣʜʘʨʳ ץʨʰʘײʛʝʨʽ ʞᴅʥʝ ʙװʘ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹʠʜʘʡ, ʞסʨʳʣʳʤײץ

ʥʝʛʽʟʽʥʝʥ ɸ-ʪʠʧʪʽ ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤסʘ ʩᴅʡʢʝʩ ʢʝʣʩʝ, ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ ɺ-ʪʠʧʪʽ 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤ ʢᴇʨʩʝʪʢʝʥʽ ʘʥʳץʪʘʣʜʳ. ʂװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ 

ɸ+ɺ ʘʨʘʣʘʩ ʪʠʧʪʽ ײץʨʳʣʳʤʜʳ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ ʘʤʦʨʬʪʳ 

ʬʘʟʘʥʳװ שʣʝʩʽ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

-  

 

ʉʫʨʝʪ 8 ï ᴄʨʪװʨʣʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (XRD) ʩʧʝʢʪʨʣʝʨʽ 
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8 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ᴅʨʪװʨʣʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳץ (XRD) ʩʧʝʢʪʨʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ɾʦסʘʨסʳ ʛʨʘʬʠʢʪʝ ʪʘʙʠסʠ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʽש (ʢʘʩʩʘʚʘ, ʢʘʨʪʦʧ, ʙʠʜʘʡ, ʞװʛʝʨʽ, 

ʙײʨʰʘץ ʞᴅʥʝ ʢװʨʽʰ) ʜʠʬʨʘʢʮʠʷʣʳץ ץʘʨץʳʥʜʳʣʳסʳ ʤʝʥ 2ɗ ʙײʨʳʰʪʘʨʳ 

ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩ ʙʝʡʥʝʣʝʥʛʝʥ. ɸʣ ʪᴇʤʝʥʛʽ ʛʨʘʬʠʢʪʝ ʦʩʳ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʣʝʨʽʥʽש XRD ʩʧʝʢʪʨʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɻʨʘʬʠʢʪʝʨʜʝ 

 a.u. ʙʽʨʣʽʛʽʥʜʝ ʙʝʨʽʣʛʝʥ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ (ʠʥʪʝʥʩʠʚʪʽʣʽʢ) ץʳʥʜʳʣʳץʘʨץ

ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʽש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʘʜʳ. ɹײʣ ʤᴅʣʽʤʝʪʪʝʨ ᴅʨʪװʨʣʽ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʽש ʬʠʟʠʢʘʣʳץ 

ʤʦʜʠʬʠʢʘʮʠʷסʘ ʨʝʘʢʮʠʷʩʳʥ ʩʘʣʳʩʪʳʨʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ײפʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש XRD ʥᴅʪʠʞʝʣʝʨʽ ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʳש ᴇʟʛʝʨʛʝʥʽʥ 

ʞᴅʥʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʜʝשʛʝʡʽʥʽש ʪᴇʤʝʥʜʝʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹʠʜʘʡ ʞᴅʥʝ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʥʝʛʽʟʛʽ ʜʠʬʨʘʢʮʠʷʣʳץ ʰʳשʜʘʨʳʥʳץ שʘʨץʳʥʜʳʣʳסʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳש ʨʝʪʪʝʣʛʝʥ ʢʨʠʩʪʘʣʜʳץ ʘʡʤʘץʪʘʨʳʥʳש ʳʜʳʨʘʫʳʥ ʢᴇʨʩʝʪʩʝ, 

ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳʥʳש ɺ-ʪʠʧʪʽ ײץʨʳʣʳʤʳʥʜʘ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʳʧ, ʘʤʦʨʬʪʳ 

ʬʘʟʘʥʳװ שʣʝʩʽ ʘʨʪץʘʥʳ ʘʥʳץʪʘʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש XRD ʥᴅʪʠʞʝʣʝʨʽ ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʳש 

ᴇʟʛʝʨʛʝʥʽʥ ʞᴅʥʝ ʘʤʦʨʬʪʳ ʬʘʟʘʥʳש ʘʨʪʫʳʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫ 

ʢʝʟʽʥʜʝ ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʝ ʦש ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. ɹײʨʰʘץ 

ʢʨʘʭʤʘʣʳʥʳש ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷʣʳװ ץʣʛʽʣʝʨʽʥʜʝ ʢʝשʽʨʝʢ ʞᴅʥʝ ʪᴇʤʝʥ 

 ʜʝʫʜʝʥ ʢʝʡʽʥשʞʳʣʫʤʝʥ ᴇ ץʘסʨײץ שʣ ʦʥʳײʘʣʜʳ, ʙץʜʘʨ ʙʘʡשʳ ʰʳסʪʘץʳʥʜʳʣʳץʘʨץ

ʽʰʽʥʘʨʘ ʘʤʦʨʬʪʘʥʳʧ, ʩʫʤʝʥ ᴅʨʝʢʝʪʪʝʩʫ ץʘʙʽʣʝʪʽʥʽש ʞʦסʘʨʳʣʘסʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. 

XRD ʩʧʝʢʪʨʣʝʨʽʥʽש ʩʘʥʜʳץ ʪʘʣʜʘʫʳ ʢʨʘʭʤʘʣʜʳײץ שʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʣʛʝʥʥʝʥ 

ʢʝʡʽʥ ʥʝʛʽʟʛʽ ʰʳשʜʘʨʳʥʳש ʦʨʳʥ ʘʫʳʩʪʳʨסʘʥʳʥ ʞᴅʥʝ ץʘʨץʳʥʜʳʣʳסʳ ᴇʟʛʝʨʛʝʥʽʥ 

ʢᴇʨʩʝʪʪʽ. ɹʘʩʪʘʧץʳ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש ʥʝʛʽʟʛʽ ʰʳשʜʘʨʳ 23,82Á, 24,24Á, 29,21Á, 

36,20Á ʞᴅʥʝ 39,01Á ʘʨʘʣʳסʳʥʜʘ ʦʨʥʘʣʘʩʩʘ, ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʜʘ ʦʣʘʨ 26,84Á, 27,56Á, 30,31Á, 35,11Á ʞᴅʥʝ 37,61Á ʜʝשʛʝʡʽʥʝ 

ʘʫʳʩʪʳ. ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʘʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥʥʽץ שʘʡʪʘ ײʡʳʤʜʘʩʫʳʤʝʥ ʞᴅʥʝ 

ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʳש ᴇʟʛʝʨʫʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ɾʘʣʧʳ, 

XRD ʥᴅʪʠʞʝʣʝʨʽ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʦʨʳʥ ʘʣסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ɹʠʜʘʡ ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘʩʳʥʳש ʳʜʳʨʘʫʳ ʦʣʘʨʜʳש 

ʧʣʝʥʢʘ ʪװʟʫʰʽ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫסʘ ʳץʧʘʣ ʝʪʩʝ, ʢʘʨʪʦʧ, ʢװʨʽʰ ʞᴅʥʝ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʘʤʦʨʬʪʳʣʳץ ʜʝשʛʝʡʽʥʽש ʘʨʪʫʳ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫ ʢʝʟʽʥʜʝ 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʨʰʘץ ʢʨʘʭʤʘʣʳʥʳש 

 ʘʩʠʝʪʪʝʨʽʥץ ʟʫװʩʫʜʘ ʽʩʽʥʫ ʞᴅʥʝ ʧʣʝʥʢʘ ʪ שʳ ʦʥʳסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

ʦשʪʘʡʣʘʥʜʳʨʫסʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ײץʨסʘץ ʞʳʣʫʤʝʥ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳײץ שʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʜᴅʣʝʣʜʝʡ ʦʪʳʨʳʧ, 

ʦʣʘʨʜʳש ʙʠʦʳʜʳʨʘʡʪʳʥ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ 

ʧʝʨʩʧʝʢʪʠʚʘʣʳ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʫ ʤװʤʢʽʥʜʽʛʽʥ ʨʘʩʪʘʡʜʳ. 

ʌʫʨʴʝ ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ (FT-IR) ʪʘʣʜʘʫ 
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͊ύ ύ 
 

͋ύ ͍ύ 
 

͎ύ ύ 

ʘ ï ʢʘʨʪʦʧ, ᴅ ï ʙʠʜʘʡ, ʙ ï ʞװʛʝʨʽ, ʚ ï ʙײʨʰʘץ, ʛ ï ʢװʨʽʰ, ס ï ʢʘʩʩʘʚʘ. 

 

ʉʫʨʝʪ 9 ï ᴄʨʪװʨʣʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʨʝʥʪʛʝʥʜʽʢ ʜʠʬʨʘʢʮʠʷ (XRD) װʣʛʽʣʝʨʽ ʙʦʡʳʥʰʘ ʩʘʣʳʩʪʳʨʤʘʣʳ ʠʥʪʝʥʩʠʚʪʽʣʽʢ 

ʩʧʝʢʪʨʣʝʨʽ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ 

 ʰʽʥװ ʘʣʘʫסᴇʟʛʝʨʽʩʪʝʨʽʥ ʙʘ ץʨʳʣʳʤʜʳײץ שʪʦʧʪʘʨʳʥʳ ץʬʫʥʢʮʠʦʥʘʣʜʳ שʣʛʽʣʝʨʽʥʽװ

ʌʫʨʴʝ ʪװʨʣʝʥʜʽʨʫ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʦʩʢʦʧʠʷʩʳ (FT-IR) ץʦʣʜʘʥʳʣʜʳ. ɹʘʨʣʳץ 
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ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽ װʰʽʥ 3600ï3000 ʩʤ-1 ʘʡʤʘסʳʥʜʘסʳ ʢʝש ʞʦʣʘץ OïH ʩʦʟʳʣʫ 

ʪʝʨʙʝʣʽʩʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʜʽ, ʙײʣ ʢʨʘʭʤʘʣ ʤʦʣʝʢʫʣʘʣʘʨʳʥʜʘסʳ ʛʠʜʨʦʢʩʠʣ 

ʪʦʧʪʘʨʳʥʳש ʙʦʣʫʳʥ ʨʘʩʪʘʜʳ. ʊʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ʙײʣ 

ʞʦʣʘץʪʘʨʜʳש ʠʥʪʝʥʩʠʚʪʽʣʽʛʽʥʽש ʪᴇʤʝʥʜʝʫʽ ʢʨʘʭʤʘʣʜʳש ʽʰʢʽ ʩʫʪʝʢʪʽʢ ʙʘʡʣʘʥʳʩ 

 .ᴅʣʩʽʨʝʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ שʨʳʣʳʤʳʥʳײץ

9  ï  ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʢʝʥʜʝʡ ᴅʨʪװʨʣʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ 

ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש FT-IR (ʌʫʨʴʝ-ʠʥʬʨʘץʳʟʳʣ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ) ᴅʜʽʩʽ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʩʘʣʳʩʪʳʨʤʘʣʳ ʠʥʬʨʘץʳʟʳʣ ʩʧʝʢʪʨʣʝʨʽ 

ʢᴇʨʩʝʪʽʣʛʝʥ. ᴄʨ ʛʨʘʬʠʢʪʝ ʪʘʙʠסʠ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʽש 

ʠʥʬʨʘץʳʟʳʣ ʩᴅʫʣʝʣʝʨʜʽ ᴇʪʢʽʟʫ ʜᴅʨʝʞʝʩʽ (Transmission) ʤʝʥ ʪʦʣץʳʥ ʩʘʥʳ (Wave 

number, ʩʤ ĭ) ʘʨʘʩʳʥʜʘסʳ ʪᴅʫʝʣʜʽʣʽʢ ʙʝʡʥʝʣʝʥʛʝʥ. 

ʂʘʩʩʘʚʘʥʳש (CSS/CSM), ʢʘʨʪʦʧʪʳש (PSN/PSM), ʙʠʜʘʡʜʳש (WSN/WSM), 

ʞװʛʝʨʽʥʽש (CoSN/CoSM), ʙײʨʰʘץʪʳש (PeSN/PeSM) ʞᴅʥʝ ʢװʨʽʰʪʽש (RSN/RSM) 

ʢʨʘʭʤʘʣʜʘʨʳ ʙʦʡʳʥʰʘ ʘʣʳʥסʘʥ ʜʝʨʝʢʪʝʨ ʤʦʜʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ʪʦʧʪʘʨʜʳש ᴇʟʛʝʨʽʩʽʥ, ʩʫʪʝʢʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨʜʳש ʢװʰʝʶʽʥ ʥʝʤʝʩʝ 

ᴅʣʩʽʨʝʫʽʥ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ץʘʡʪʘ ʪװʟʽʣʽʤʜʝʨʜʽ ʘʥʳץʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. FT- 

IR ʩʧʝʢʪʨʣʝʨʽ ʢʨʘʭʤʘʣ ײץʨʳʣʳʤʳʥʜʘסʳ -OH, -CH ʞᴅʥʝ -C-O-C ʪʦʧʪʘʨʳʥʳש ʪᴅʥ 

ʞײʪʳʣʫ ʞʦʣʘץʪʘʨʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʩʘʣʳʩʪʳʨʘ ʦʪʳʨʳʧ, ʬʠʟʠʢʘʣʳץ 

ʤʦʜʠʬʠʢʘʮʠʷʥʳש ᴅʩʝʨʽʥ ʙʘסʘʣʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

1600-1000 ʩʤ-1 ʘʡʤʘסʳʥʜʘ ʙʘʡץʘʣסʘʥ C-H ʞᴅʥʝ C-O-C ʙʘʡʣʘʥʳʩʪʳש 

ʪʝʨʙʝʣʽʩʪʝʨʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫ ᴅʩʝʨʽʥʝʥ ʝʣʝʫʣʽ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ᴄʩʽʨʝʩʝ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʣʝʨʜʝ 1020ï1040 ʩʤ-1 ʘʡʤʘסʳʥʜʘ ʙʘʡץʘʣסʘʥ 

ᴇʪʢʽʨ ʞʦʣʘץʪʘʨ ʘʤʦʨʬʪʳ ʞᴅʥʝ ʢʨʠʩʪʘʣʜʳ ʘʡʤʘץʪʘʨ ʘʨʘʩʳʥʜʘסʳ ײץʨʳʣʳʤʜʳץ 

 ,ʣ ʝʨʝʢʰʝʣʽʢʪʝʨ ᴅʩʽʨʝʩʝ ʢʘʨʪʦʧ (CoSM)ײʡʳʤʜʘʩʫ ʧʨʦʮʝʩʪʝʨʽʥ ʙʽʣʜʽʨʝʜʽ. ɹײ ʘʡʪʘץ

ʢװʨʽʰ (RSM), ʙײʨʰʘץ (PeSM) ʞᴅʥʝ ʙʠʜʘʡ (WSM) ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʜʝ ʘʡץʳʥ 

ʙʘʡץʘʣʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, 850-500 ʩʤ-1 ʪᴇʤʝʥ ʞʠʽʣʽʢʪʽ ʘʡʤʘץʪʘסʳ ʞʦʣʘץʪʘʨʜʳש 

ᴇʟʛʝʨʽʩʪʝʨʽ ʢʨʘʭʤʘʣ ʪװʡʽʨʰʽʢʪʝʨʽʥʜʝʛʽ ʤʦʣʝʢʫʣʘʣʳץ ʨʝʪʪʝʣʫ ʜʝשʛʝʡʽʥʽש ᴇʟʛʝʨʫʽʥ 

ʢᴇʨʩʝʪʪʽ, ʙײʣ ʤʦʜʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʨʝʪʩʽʟʜʽʢ ʜᴅʨʝʞʝʩʽʥʽש ʘʨʪץʘʥʳʥ 

ʙʽʣʜʽʨʝʜʽ. 

ʆʩʳʣʘʡʰʘ, 9-ʩʫʨʝʪʪʝ FT-IR ʩʧʝʢʪʨʦʩʢʦʧʠʷʣʳץ ʤᴅʣʽʤʝʪʪʝʨʽ 

ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ, 

ʘʪʘʧ ʘʡʪץʘʥʜʘ ʩʫʪʝʢʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ, ʛʣʶʢʦʟʠʜʪʽʢ ʙʘʡʣʘʥʳʩʪʘʨ ʤʝʥ ʤʦʣʝʢʫʣʘʣʳץ 

ʙʘסʳʪʪʘʣʫ ʜʝשʛʝʡʽʥʜʝ ᴇʟʛʝʨʽʩʪʝʨ ʪʫʳʥʜʘʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ɹײʣ ᴇʟʛʝʨʽʩʪʝʨ ʙʠʦʣʦʛʠʷʣʳץ r ʜʳʨʘʡʪʳʥ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨ 

ʞʘʩʘʫ ʤʘץʩʘʪʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʨʘʭʤʘʣʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʞʘץʩʘʨʪʫ ʪײʨסʳʩʳʥʘʥ ʤʘשʳʟʜʳ. 

ɾʦסʘʨʳ ʪʠʽʤʜʽ ʘʥʠʦʥ ʘʣʤʘʩʫ ʭʨʦʤʘʪʦʛʨʘʬʠʷʩʳ (HPAEC-PAD)ʘʨץʳʣʳ 

ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʘʤʠʣʦʧʝʢʪʠʥ 

ʪʘʨʤʘץʪʘʨʳʥʳש ʪʽʟʙʝʢ ײʟʳʥʜʳסʳʥʳש ʪʘʨʘʣʫʳ ʟʝʨʪʪʝʣʜʽ (9-ʢʝʩʪʝ). 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ, DP 6-12 ʘʡʤʘסʳʥʜʘ ʝש ʞʦסʘʨʳ װʣʝʩ ʙʘʩʪʘʧץʳ 

ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ (38,56%), ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (32,84%) ʞᴅʥʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʳʥʘ 

(32,59%) ʪʠʝʩʽʣʽ ʙʦʣʜʳ. ɹײʣ ʢʨʘʭʤʘʣʜʘʨʜʳש ʘʤʠʣʦʧʝʢʪʠʥʽʥʜʝ ץʳʩץʘ ʪʽʟʙʝʢʪʝʨʜʽש 
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ʢᴇʧ ʝʢʝʥʽʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʛʝʣʴ ʪװʟʫ ʤʝʥ ʧʣʝʥʢʘ ץʘʣʳʧʪʘʩʪʳʨʫ ץʘʩʠʝʪʪʝʨʽ ʞʦסʘʨʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʩʪʝ 9 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʜʝʛʽ ʘʤʠʣʦʧʝʢʪʠʥ ʪʘʨʤʘץʪʘʨʳʥʳש ʪʽʟʙʝʢ 

 ʪʘʨʘʣʫʳ (HPAEC-PAD, %) שʳʥʳסʟʳʥʜʳײ

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ DP 6-12 

(%) 

DP 13-24 

(%) 

DP 25-36 

(%) 

DP 37-60 

(%) 

DP >60 (%) 

1 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

38,56 25,34 14,45 11,11 10,54 

2 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

32,84 26,72 15,27 10,34 14,83 

3 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

32,59 24,14 15,02 12,16 16,09 

4 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

19,27 16,88 14,61 23,63 25,61 

5 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

18,63 19,04 14,08 19,61 28,64 

6 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 

(ʙʘʩʪ,) 

25,76 24,55 18,33 14,22 17,14 

7 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ 
(WSM) 

23,56 20,75 13,92 7,54 34,23 

8 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 
(CSM) 

34,62 19,71 13,10 8,24 24,33 

9 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 
(CoSM) 

27,54 29,83 20,45 9,27 12,91 

10 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ 
(PeSM) 

30,26 28,48 21,35 8,67 11,24 

11 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 
(PoSM) 

26,13 22,67 17,46 15,18 18,56 

12 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ 
(RSM) 

30,84 23,10 16,92 11,65 17,49 

 

9- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ DP>60 ײʟʳʥ ʪʽʟʙʝʢʪʝʨ 

ʘʡʤʘסʳʥʜʘ ʙʘʩʪʘʧץʳ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (28,64%) ʞᴅʥʝ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (25,61%) 

ʞʦסʘʨʳ װʣʝʩʢʝ ʠʝ ʙʦʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʪײʪץʳʨʣʳסʳʥ ʞᴅʥʝ ʧʣʝʥʢʘ ײץʨʳʣʳʤʳʥʳש 

ʩʝʨʧʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʳ ʤװʤʢʽʥ. ʊʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʘ 

ʘʡʪʘʨʣʳץʪʘʡ ײץʨʳʣʳʤʜʳץ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ. ʄʳʩʘʣʳ, ײץʨסʘץ ʞʳʣʫʤʝʥ 

ᴇשʜʝʣʛʝʥ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש (WSM) DP >60 װʣʝʩʽ 34,23%-סʘ ʜʝʡʽʥ ʘʨʪʳʧ, 

ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʥʳש ʢᴇʙʝʡʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (CSM) DP 6ï12 ʘʡʤʘסʳʥʜʘ 34,62%-סʘ ʞʝʪʽʧ, ʩʫʜʘ ʝʨʽʛʽʰʪʽʛʽʥʽש 

ʘʨʪץʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞװʛʝʨʽ (CoSM) ʞᴅʥʝ ʙײʨʰʘץ (PeSM) 

ʢʨʘʭʤʘʣʜʘʨʳʥʜʘ DP 13-24 ʞᴅʥʝ DP 25-36 ʘʡʤʘץʪʘʨʳʥʜʘסʳ װʣʝʩʪʽש ʘʨʪץʘʥʳ 

ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫ ʢʝʟʽʥʜʝʛʽ ʙʝʨʽʢʪʽʛʽʥʝ ʦש ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ. 

ɾʘʣʧʳ, ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʘʨʘʩʳʥʜʘסʳ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨ   ʘʤʠʣʦʧʝʢʪʠʥ   ʪʘʨʤʘץʪʘʨʳʥʳץ   שʘʡʪʘ   ײʡʳʤʜʘʩʫʳʤʝʥ 
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ʙʘʡʣʘʥʳʩʪʳ. ײפʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʢʝʡʙʽʨ ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽʥʜʝ ץʳʩץʘ 

ʪʽʟʙʝʢʪʝʨ װʣʝʩʽʥʽש ʘʨʪʫʳ ʦʣʘʨʜʳש ʩʫʜʘ ʝʨʫ ץʘʩʠʝʪʽʥ ʞʘץʩʘʨʪʩʘ, ʙʘʩץʘ ʪװʨʣʝʨʽʥʜʝ 

 ץʨʳʣʳʤʜʳײץ ʟʫ ʧʨʦʮʝʩʽʥʜʝʛʽװʧʣʝʥʢʘ ʪ שʘʨʪʫʳ ʦʣʘʨʜʳ שʣʝʩʽʥʽװ שʟʳʥ ʪʽʟʙʝʢʪʝʨʜʽײ

ʙʝʨʽʢʪʽʛʽʥ ʞʘץʩʘʨʪʫʳ ʤװʤʢʽʥ. ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ 

 ʤʢʽʥʜʽʛʽʥ ʨʘʩʪʘʜʳ. ʂʨʘʭʤʘʣ-ʭʠʪʦʟʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘװʦʣʜʘʥʳʣʫ ʤץ

 ʨʘʤʳ ʙʦʡʳʥʰʘ ʪʘʣʜʘʫʳ çʅʘʟʘʨʙʘʝʚײץ שʪʦʧʪʘʨʜʳ ץʬʫʥʢʮʠʦʥʘʣʜʳ שʣʛʽʣʝʨʽʥʽװ

ʋʥʠʚʝʨʩʠʪʝʪʽè ɼɹɹױ ʩʳʥʘץ ʟʝʨʪʭʘʥʘʣʘʨʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ ( ɻ ץʦʩʳʤʰʘʩʳ ) 

 

3.2.1 ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʣʝʢʫʣʘʣʳץ 

ʤʘʩʩʘʩʳʥ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ (Mw), ʧʦʣʠʜʠʩʧʝʨʩʪʽʣʽʢ ʠʥʜʝʢʩʽ (PDI) ʞᴅʥʝ ʥʝʛʽʟʛʽ 

ʰʳשʥʳש ʨʝʪʝʥʮʠʷ ʫʘץʳʪʳ ʟʝʨʪʪʝʣʜʽ. 10-ʢʝʩʪʝʛʝ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʽש 

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʘʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥʥʽש 

ʘʨʘץʘʪʳʥʘʩʳʥʘ, ʩʦʥʜʘʡ-ʘץ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʩʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʜʽ. 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʘʩʪʘʧץʳ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (500 ʢɼʘ) 

ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (470 ʢɼʘ) ʝש ʞʦסʘʨʳ ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘסʘ ʠʝ ʙʦʣʜʳ. ɹײʣ 

ʦʣʘʨʜʳש ʞʦסʘʨʳ ʘʤʠʣʦʧʝʢʪʠʥ ʤᴇʣʰʝʨʽʥ ʢᴇʨʩʝʪʝʪʽʥʽʥ, ʩʦʥʜʘʡ-ʘװ ץʣʢʝʥ 

ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤסʘ ʠʝ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʧʣʝʥʢʘ ʪװʟʫ ץʘʙʽʣʝʪʽ 

ʞʦסʘʨʳ ʙʦʣʫʳ ʤװʤʢʽʥ. ʂʝʨʽʩʽʥʰʝ, ʙʘʩʪʘʧץʳ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ (300 ʢɼʘ) ʞᴅʥʝ 

ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ (320 ʢɼʘ) ʝש ʪᴇʤʝʥʛʽ ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘסʘ ʠʝ ʙʦʣʜʳ, ʙײʣ 

ʦʣʘʨʜʳש ʙʠʦʳʜʳʨʘʫ ʞʳʣʜʘʤʜʳסʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʫʽ ʤװʤʢʽʥ. 

 ץʘʥ ʢʨʘʭʤʘʣʜʘʨʜʘ ʤʦʣʝʢʫʣʘʣʳסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײפ

ʤʘʩʩʘʥʳש ʘʟʜʘʧ ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʜʳ. ײפʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʣʛʝʥ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ (480 ʢɼʘ) ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ (455 ʢɼʘ) ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳʥʳש 

ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳסʳʥʳש ʞʘץʩʘʨסʘʥʳʥ, ʩʦʥʜʘʡ-ʘץ 

ʳʣסʘʣסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʠʜʘʡ ʞᴅʥʝ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʧʦʣʠʜʠʩʧʝʨʩʪʽʣʽʢ ʠʥʜʝʢʩʽ (PDI) ʙʘʩʪʘʧץʳ װʣʛʽʣʝʨʛʝ ץʘʨʘסʘʥʜʘ 

ʪᴇʤʝʥʜʝʜʽ (2,0-ʜʝʥ 1,8-ʛʝ ʞᴅʥʝ 2,1-ʜʝʥ 1,9-סʘ ʜʝʡʽʥ), ʙײʣ ʦʣʘʨʜʳש ʪײʨʘץʪʳʣʳץ ʧʝʥ 

ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥʽש ʘʨʪץʘʥʳʥ ʙʽʣʜʽʨʝʜʽ. 

ʂʝʩʪʝ 10 ï ᴄʨʪװʨʣʽ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽʥʽש ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ (Mw), 

ʧʦʣʠʜʠʩʧʝʨʩʪʽʣʽʢ ʠʥʜʝʢʩʽ (PDI) ʞᴅʥʝ ʥʝʛʽʟʛʽ ʰʳשʥʳש ʨʝʪʝʥʮʠʷ ʫʘץʳʪʳ 

 

 ̄ ʂʨʘʭʤʘʣ ʪװʨʽ Mw (ʢɼʘ) PDI ʈʝʪʝʥʮʠʷ ʫʘץʳʪʳ 

(ʤʠʥ) 
1 2 3 4 5 

1 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 410 2,2 15,8 

2 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 320 2,0 15,2 

3 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 300 2,1 15,4 

4 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 450 2,3 15,6 

5 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 500 2,0 15,7 

6 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ (ʙʘʩʪ.) 470 2,1 15,5 
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10 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 

7 ɹײʨʰʘץ ʢʨʘʭʤʘʣʳ (PeSM) 395 2,0 15,6 

8 ɹʠʜʘʡ ʢʨʘʭʤʘʣʳ (WSM) 310 1,8 15,0 

9 ʂװʨʽʰ ʢʨʘʭʤʘʣʳ (RSM) 290 1,9 15,1 

10 ʂʘʨʪʦʧ ʢʨʘʭʤʘʣʳ (PoSM) 435 2,1 15,4 

11 ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ (CSM) 480 1,9 15,5 

12 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ (CoSM) 455 1,9 15,3 

 

10- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʥʝʛʽʟʛʽ ʰʳשʥʳש ʨʝʪʝʥʮʠʷ 

ʫʘץʳʪʳ (Retention Time) ʜʘ ʤʦʜʠʬʠʢʘʮʠʷʜʘʥ ʢʝʡʽʥ ʩᴅʣ ʪᴇʤʝʥʜʝʛʝʥʽ ʙʘʡץʘʣʜʳ. 

ɹʘʩʪʘʧץʳ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש ʥʝʛʽʟʛʽ ʰʳשʳ 15,2 ʤʠʥ ʙʦʣסʘʥʜʘ, 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʜʝ ʦʣ 15,0 ʤʠʥ-ץʘ ʪᴇʤʝʥʜʝʜʽ. 

ɹײʣ ʤʦʜʠʬʠʢʘʮʠʷʥʳש ʤʦʣʝʢʫʣʘʣʳץ ʪʘʨʘʣʫסʘ ᴅʩʝʨ ʝʪʢʝʥʽʥ ʞᴅʥʝ 

ʢʨʘʭʤʘʣʜʳש ʝʨʫ ץʘʙʽʣʝʪʽʥʝ ʳץʧʘʣ ʝʪʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ɾװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʨʝʪʝʥʮʠʷ ʫʘץʳʪʳ ʜʘ ʰʘʤʘʣʳ ʪᴇʤʝʥʜʝʜʽ, ʙײʣ ʦʣʘʨʜʳש ʩʫʜʘ 

ᴅʨʝʢʝʪʪʝʩʫ ץʘʙʽʣʝʪʽʥʽש ʞʘץʩʘʨסʘʥʳʥ ʢᴇʨʩʝʪʫʽ ʤװʤʢʽʥ. 

ɾʘʣʧʳ, ʙײʣ ʥᴅʪʠʞʝʣʝʨ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʘ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

 שPDI ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳ שʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײפ

 ʩʘʨʪʘʜʳ, ʘʣץʘʩʠʝʪʪʝʨʽʥ ʞʘץ ʟʫʰʽװʳ ʤʝʥ ʧʣʝʥʢʘ ʪסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʥʳש ʪײʨʘץʪʳ ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʫʳ ʦʣʘʨʜʳש ʤʝʭʘʥʠʢʘʣʳץ 

ʙʝʨʽʢʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʤװʤʢʽʥ. ɹײʣ ץʘʩʠʝʪʪʝʨ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʞᴅʥʝ 

ʙʠʦʳʜʳʨʘʡʪʳʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ʤʘשʳʟʜʳ ʨᴇʣ 

ʘʪץʘʨʘʜʳ. 

ʇʘʩʪʘʣʘʥʫʜʳש (ץʦʶʣʘʥʫʜʳש) ץʘʩʠʝʪʪʝʨʽ(RVA) 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʪײʪץʳʨʣʳץ ʧʨʦʬʠʣʽ RVA ᴅʜʽʩʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 10-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʪײʪץʳʨʣʳץ ץʘʩʠʝʪʪʝʨʽ ʦʣʘʨʜʳש ʤʦʣʝʢʫʣʘʣʳײץ ץʨʳʣʳʤʳʥʘ, ʘʤʠʣʦʟʘ- 

ʘʤʠʣʦʧʝʢʪʠʥ ץʘʪʳʥʘʩʳʥʘ ʞᴅʥʝ ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷסʘ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʜʽ. 

ʅᴅʪʠʞʝʣʝʨ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʘʩʪʘʧץʳ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʞʦסʘʨʳ ʙʘʩʪʘʧץʳ 

ʪײʪץʳʨʣʳץץʘ ʠʝ ʙʦʣʳʧ, ʦʥʳש ʤʘʢʩʠʤʘʣʜʳ ʪײʪץʳʨʣʳסʳ 2500 cP ʜʝשʛʝʡʽʥʝ ʞʝʪʪʽ. 

ɹײʣ ʦʥʳש ʞʦסʘʨʳ ʘʤʠʣʦʧʝʢʪʠʥ ײץʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞʝʣʘʪʠʥʠʟʘʮʠʷʣʘʥʫ 

 ץʳʨʣʳץʪײʘʨʳ ʪסʩʘʩ ʞʦץײ ʛʝʨʽ ʢʨʘʭʤʘʣʳװʩʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɾץʞʘ שʘʙʽʣʝʪʽʥʽץ

ʢᴇʨʩʝʪʽʧ, 2000 cP ʜʝשʛʝʡʽʥʝ ʞʝʪʪʽ, ʙײʣ ʦʥʳש ʪײʨʘץʪʳ ʛʝʣʴ ʪװʟʫʰʽ ץʘʙʽʣʝʪʽʥ 

ʜᴅʣʝʣʜʝʡʜʽ. 10-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʢʨʘʭʤʘʣʜʘʨʜʳש ʪײʪץʳʨʣʳץ ץʘʩʠʝʪʪʝʨʽʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʢᴇʨʩʝʪʝʜʽ. ɸ ʙᴇʣʽʤʽʥʜʝ ʢʘʩʩʘʚʘʥʳש ʪʘʙʠסʠ (CSN) ʞᴅʥʝ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (CSM) ʢʨʘʭʤʘʣʳʥʳש ʪײʪץʳʨʣʳץ ץʠʩʳץʪʘʨʳ ʙʝʨʽʣʛʝʥ. ᴄ 

ʙᴇʣʽʤʽʥʜʝ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳʥʳש ʪʘʙʠסʠ (PSN) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (PSM) 

ʪװʨʣʝʨʽ ʙʝʡʥʝʣʝʥʛʝʥ. ɹ ʙᴇʣʽʤʽʥʜʝ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳʥʳש ʪʘʙʠסʠ (WSN) ʞᴅʥʝ 

ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (WSM) װʣʛʽʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɺ ʙᴇʣʽʤʽʥʜʝ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʳʥʳש ʪʘʙʠסʠ (CoSN) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (CoSM) װʣʛʽʣʝʨʽ 

ʢʝʣʪʽʨʽʣʛʝʥ.  ɻ  ʙᴇʣʽʤʽʥʜʝ  ʙײʨʰʘץ  ʢʨʘʭʤʘʣʳʥʳש  ʪʘʙʠסʠ  (PeSN)  ʞᴅʥʝ 
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ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (PeSM) ʪװʨʣʝʨʽ ʙʝʨʽʣʛʝʥ, ʘʣ ס ʙᴇʣʽʤʽʥʜʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʳʥʳש 

ʪʘʙʠסʠ (RSN) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ (RSM) װʣʛʽʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɹʘʨʣʳץ 

ʛʨʘʬʠʢʪʝʨʜʝ ʪײʪץʳʨʣʳץʪʳש ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʥ ʫʘץʳʪץʘ ʪᴅʫʝʣʜʽ ᴇʟʛʝʨʽʩʽ ʢᴇʨʩʝʪʽʣʽʧ, 

ʤʦʜʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʘʭʤʘʣʜʳש ʪײʪץʳʨʣʳץ ʧʨʦʬʠʣʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʘʡץʘʣʘʜʳ. 

 

ʘ ᴅ 

 

ʙ ʚ 

 

ʛ ס 

 

ʘ ï ʢʘʨʪʦʧ, ᴅ ï ʙʠʜʘʡ, ʙ ï ʞװʛʝʨʽ, ʚ ï ʙײʨʰʘץ, ʛ ï ʢװʨʽʰ, ס ï ʢʘʩʩʘʚʘ. 

 

ʉʫʨʝʪ 10 ï ʂʨʘʭʤʘʣʜʘʨʜʳש ʪײʪץʳʨʣʳץ ץʘʩʠʝʪʪʝʨʽ 
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ʂʘʨʪʦʧ ʞᴅʥʝ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ ʦʨʪʘʰʘ ʪײʪץʳʨʣʳץ ʢᴇʨʩʝʪʽʧ, 1200-1500 cP 

ʘʨʘʣʳסʳʥʜʘ ʙʦʣʜʳ. ɹײʣ ʦʣʘʨʜʳש ʘʤʠʣʦʟʘ ʤʝʥ ʘʤʠʣʦʧʝʢʪʠʥ ʤᴇʣʰʝʨʽʥʽש 

ʪʝשʛʝʨʽʤʜʽʣʽʛʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʠʜʘʡ ʞᴅʥʝ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ ʪᴇʤʝʥ ʙʘʩʪʘʧץʳ 

ʪײʪץʳʨʣʳץץʘ ʠʝ ʙʦʣʳʧ, ʦʣʘʨʜʳש ʪʝʟ r ʜʳʨʘʫ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʫ ץʘʙʽʣʝʪʪʝʨʽ ʞʦסʘʨʳ 

ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

 RVA ʥᴅʪʠʞʝʣʝʨʽ שʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײפ

ʦʣʘʨʜʳש ʪײʪץʳʨʣʳץ ʧʨʦʬʠʣʽʥʽש ᴇʟʛʝʨʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʂʘʩʩʘʚʘ ʞᴅʥʝ ʞװʛʝʨʽ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʪײʪץʳʨʣʳסʳ ʘʟʜʘʧ ʪᴇʤʝʥʜʝʧ, ʪײʨʘץʪʳ ײץʨʳʣʳʤʜʳץ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ʙʝʡʽʤ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʠʜʘʡ ʞᴅʥʝ ʢװʨʽʰ 

ʢʨʘʭʤʘʣʜʘʨʳʥʳש ʳʜʳʨʘʫ ʪײʪץʳʨʣʳסʳ ʪᴇʤʝʥʜʝʧ, ʦʣʘʨʜʳש ʧʽʩʽʨʽʣʛʝʥ ᴇʥʽʤʜʝʨʜʝ 

 .ʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽץʘʨʪ שʤʢʽʥʜʽʛʽʥʽװʦʣʜʘʥʫ ʤץ

ɾʘʣʧʳ, RVA ʥᴅʪʠʞʝʣʝʨʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʪײʪץʳʨʣʳץ ʧʨʦʬʠʣʽʥʜʝ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʦʨʳʥ ʘʣסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. ײפʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʫʜʝʥ ʢʝʡʽʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʞʝʣʘʪʠʥʜʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʞʦסʘʨʳʣʘʧ, ʪײʪץʳʨʣʳץʪʳש ʘʟʜʘʧ ʪᴇʤʝʥʜʝʫʽ ʦʣʘʨʜʳש ʧʣʝʥʢʘ ʪװʟʫ 

 ʘʨʩʳ ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥץ ʘסʣ ʥᴅʪʠʞʝʣʝʨ ʙʘʢʪʝʨʠʷײʩʘʨʪʘʜʳ. ɹץʘʩʠʝʪʪʝʨʽʥ ʞʘץ

ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ 

ʢᴇʤʝʢʪʝʩʫʽ ʤװʤʢʽʥ. 

ɾʳʣʫʣʳϨ Ϩʘʩʠʝʪʪʝʨ(DSC) 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʪʝʨʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʢʘʥʝʨʣʝʫʰʽ ʢʘʣʦʨʠʤʝʪʨʠʷ (DSC) 

ᴅʜʽʩʽʤʝʥ ʟʝʨʪʪʝʣʜʽ. 11-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʞʦסʘʨʳ 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץ ʢᴇʨʩʝʪʽʧ, ʦʣʘʨʜʳש ʞʝʣʘʪʠʥʜʝʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘסʳ 

ᴇʟʛʝʨʽʩʪʝʨʽ ʘʥʳץʪʘʣʜʳ. 

11- ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ᴅʨʪװʨʣʽ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʞʳʣʫ ʘסʳʥʳ (Heat Flow, ɺʪ/ʛ) ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ (°C)  ʘʨʘʩʳʥʜʘסʳ 

ʪᴅʫʝʣʜʽʣʽʛʽ DSC (ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ ʩʢʘʥʝʨʣʝʫ ʢʘʣʦʨʠʤʝʪʨʠʷʩʳ) ᴅʜʽʩʽ ʘʨץʳʣʳ 

ʟʝʨʪʪʝʣʜʽ. ɹײʣ ᴅʜʽʩ ʘʨץʳʣʳ ʢʨʘʭʤʘʣʜʳש ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ ʤʝʥ 

 ʠסʪʘʙʠ שʘʣʘʥʜʳ. ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʢʘʩʩʘʚʘʥʳסᴇʟʛʝʨʽʩʪʝʨʽ ʙʘ ץʨʳʣʳʤʜʳײץ

(Cassava Native ï ʂʘʩʩʘʚʘʥʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

(Cassava Modified ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ) װʣʛʽʣʝʨʽ, ʢʘʨʪʦʧʪʳש 

ʪʘʙʠסʠ (Potato Native ï ʂʘʨʪʦʧʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ) ʞᴅʥʝ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

(Potato Modified ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ) ʪװʨʣʝʨʽ, ʩʦʥʜʘʡ-ʘץ 

ʙʠʜʘʡʜʳש (Wheat Native ï ɹʠʜʘʡʜʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; Wheat Modified ï 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙʠʜʘʡ ʢʨʘʭʤʘʣʳ), ʞװʛʝʨʽʥʽש (Corn Native ï ɾװʛʝʨʽʥʽש 

ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; Corn Modified ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ), 

ʙײʨʰʘץʪʳש (Pea Native ï ɹײʨʰʘץʪʳש ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; Pea Modified ï 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʙײʨʰʘץ ʢʨʘʭʤʘʣʳ) ʞᴅʥʝ ʢװʨʽʰʪʽש (Rice Native ï ʂװʨʽʰʪʽש 

ʪʘʙʠסʠ ʢʨʘʭʤʘʣʳ; Rice Modified ï ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ) ʪʘʙʠסʠ 

ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʣʝʨʽ ʟʝʨʪʪʝʣʜʽ. ᴄʨ װʣʛʽʜʝʛʽ DSC ץʠʩʳץʪʘʨʳ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʪʝʨʤʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽʥʜʝʛʽ ʘʡʳʨʤʘʰʳʣʳץʪʘʨʜʳ ʢᴇʨʩʝʪʫ ʘʨץʳʣʳ 
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ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷ ᴅʩʝʨʽʥ ʩʘʣʳʩʪʳʨʫסʘ 

ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 
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ʘ ï ʢʘʨʪʦʧ, ᴅ ï ʙʠʜʘʡ, ʙ ï ʞװʛʝʨʽ, ʚ ï ʙײʨʰʘץ, ʛ ï ʢװʨʽʰ, ס ï ʢʘʩʩʘʚʘ. 

 

ʉʫʨʝʪ 11 ï ʂʨʘʭʤʘʣʜʳש ʞʦסʘʨʳ ʪʝʨʤʠʷʣʳץ ʢװʡʽ 
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ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣʜʘʨ 60-80°C 

ʘʨʘʣʳסʳʥʜʘ ʞʝʣʘʪʠʥʠʜʝʥʫ ʧʨʦʮʝʩʽʥ ʙʘʩʪʘʩʘ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʘ 

ʙײʣ ʪʝʤʧʝʨʘʪʫʨʘ 5-10ÁC ʞʦסʘʨʳʣʘסʘʥʳ ʙʘʡץʘʣʜʳ. ʄʳʩʘʣʳ, ʙʘʩʪʘʧץʳ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳʥʳש ʞʝʣʘʪʠʥʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 65ÁC ʙʦʣʩʘ, ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

 ʘץ-ʣ ʤᴅʥ 67ÁC-ʪʘʥ 75ÁCײʰʽʥ ʙװ ʣʛʽʜʝ 72ÁC ʜʝʡʽʥ ʘʨʪʪʳ, ʘʣ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳװ

ʜʝʡʽʥ ᴇʩʪʽ. ɹײʣ ʤʦʜʠʬʠʢʘʮʠʷʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʘʭʤʘʣ ײץʨʳʣʳʤʳʥʳש 

ʪײʨʘץʪʳʣʳסʳ ʘʨʪץʘʥʳʥ ʞᴅʥʝ ʦʥʳש ʪʝʨʤʠʷʣʳץ ʙʝʨʽʢʪʽʛʽ ʞʦסʘʨʳʣʘסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

DSC ץʠʩʳץʪʘʨʳʥʳש ʪʘʣʜʘʫʳ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש ʞʳʣʫ 

ʩʽשʽʨʫ ʘʡʤʘץʪʘʨʳʥʳש ʙʘʩʪʘʧץʳ װʣʛʽʣʝʨʛʝ ץʘʨʘסʘʥʜʘ ʘʡץʳʥʳʨʘץ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɹʘʩʪʘʧץʳ ʢʨʘʭʤʘʣʜʘʨʜʘ ʞʳʣʫ ʩʽשʽʨʫ ʢʝשʽʨʝʢ ᴅʨʽ ʪᴇʤʝʥʽʨʝʢ ʤᴅʥʜʝʨʜʝ ʦʨʥʘʣʘʩץʘʥ, 

ʙײʣ ʦʣʘʨʜʳש ʘʤʦʨʬʪʳ ײץʨʳʣʳʤʳʥʳש ʞʦסʘʨʳ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʂʝʨʽʩʽʥʰʝ, 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʣʝʨʜʽש ʞʳʣʫ ʩʽשʽʨʫ ץʠʩʳץʪʘʨʳ ʘʡץʳʥ ʞᴅʥʝ ʞʦסʘʨʳ 

ʙʦʣʳʧ, ʦʣʘʨʜʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳʥʳש ʪײʨʘץʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ 

 ʣʛʽʣʝʨʽ ʞʳʣʫʜʳװ ʘʥסʤʦʜʠʬʠʢʘʮʠʷʣʘʥ שʨʽʰ ʢʨʘʭʤʘʣʜʘʨʳʥʳװʛʝʨʽ ʞᴅʥʝ ʢװʘʪʘʨ, ʞץ

ʢᴇʙʽʨʝʢ ʩʽשʽʨʝʪʽʥʽ ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʛʠʜʨʦʬʦʙʪʳ ץʘʩʠʝʪʪʝʨʽʥʽש ʘʨʪʫʳʥʘ 

ʞᴅʥʝ ʧʣʝʥʢʘ ʪװʟʫʜʝ ʞʦסʘʨʳ ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץץʘ ʠʝ ʙʦʣʫʳʥʘ ʳץʧʘʣ ʝʪʫʽ 

ʤװʤʢʽʥ. 

ɾʘʣʧʳ, DSC ʥᴅʪʠʞʝʣʝʨʽ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʽש ʢʨʘʭʤʘʣʜʘʨʜʳש 

 ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. ɾʝʣʘʪʠʥʜʝʥʫ שʙʝʨʽʢʪʽʛʽʥʝ ʦ ץʨʳʣʳʤʜʳײץ

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʳש ʞʦסʘʨʳʣʘʫʳ ʞᴅʥʝ ʞʳʣʫ ʩʽשʽʨʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʳש ʞʘץʩʘʨʫʳ 

 שʘʩʠʝʪʪʝʨʽʥʽץ ʟʫװʧʣʝʥʢʘ ʪ שʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײץ

ʪײʨʘץʪʳʣʳסʳʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ץʘʩʠʝʪʪʝʨ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʞᴅʥʝ ʙʠʦʳʜʳʨʘʡʪʳʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘʣʘʨʜʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫ װʰʽʥ 

ʤʘשʳʟʜʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 
3.3 ʂʨʘʭʤʘʣʜʳש in vitro  ʦʨʳʪʳʣʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫץ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʙʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש in 

vitro ץʦʨʳʪʳʣʫ ץʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʞʳʣʜʘʤ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ (RDS), ʙʘʷʫ 

 ʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ (SDS) ʞᴅʥʝ ʨʝʟʠʩʪʝʥʪʪʽ ʢʨʘʭʤʘʣ (RS) ʤᴇʣʰʝʨʣʝʨʽץ

ʘʥʳץʪʘʣʜʳ. 11-ʢʝʩʪʝʜʝʛʽ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣʜʳש ʪװʨʽʥʝ ʞᴅʥʝ 

 ʦʨʳʪʳʣʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʜʝץ ʜʝʣʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳשʞʳʣʫʤʝʥ ᴇ ץʘסʨײץ

ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨ ʙʘʡץʘʣʜʳ. 

ʂʝʩʪʝ 11-ɹʘʩʪʘʧץʳ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש in vitro 

 ʦʨʳʪʳʣʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽץ

 

ʂʨʘʭʤʘʣ 

ʪװʨʽ 

ɾʳʣʜʘʤ ץʦʨʳʪʳʣʘʪʳʥ 

ʢʨʘʭʤʘʣ (RDS, %) 

ɹʘʷʫ ץʦʨʳʪʳʣʘʪʳʥ 

ʢʨʘʭʤʘʣ (SDS, %) 

ʈʝʟʠʩʪʝʥʪʪʽ 

ʢʨʘʭʤʘʣ (RS, %) 

1 2 3 4 

ʂʘʩʩʘʚʘ 52 24 24 

ʂʘʩʩʘʚʘ 

ʤʦʜʠʬ. 
40 28 32 
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11-ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 
 

1 2 3 4 

ɾװʛʝʨʽ 48 26 26 

ɾװʛʝʨʽ 

ʤʦʜʠʬ. 

39 29 32 

ʂʘʨʪʦʧ 45 32 23 

ʂʘʨʪʦʧ 

ʤʦʜʠʬ. 
36 33 31 

ɹײʨʰʘ31 27 42 ץ 

ɹײʨʰʘץ 

ʤʦʜʠʬ. 
33 33 34 

ʂװʨʽʰ 35 31 34 

ʂװʨʽʰ 

ʤʦʜʠʬ. 
28 30 42 

ɹʠʜʘʡ 41 28 31 

ɹʠʜʘʡ 

ʤʦʜʠʬ. 
34 30 36 

 

11- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʳʣʜʘʤ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ 

(RDS) ʤᴇʣʰʝʨʽ ʙʘʩʪʘʧץʳ ʢʨʘʭʤʘʣ װʣʛʽʣʝʨʽ ʘʨʘʩʳʥʜʘ ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰ 

ʢʘʩʩʘʚʘ (52%) ʞᴅʥʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʜʘ (48%) ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש 

ʘʤʠʣʦʧʝʢʪʠʥ ײץʨʘʤʳʥʳש ʞʦסʘʨʳ ʙʦʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ʂʘʨʪʦʧ (45%) ʞᴅʥʝ 

ʙײʨʰʘ(42%) ץ ʢʨʘʭʤʘʣʜʘʨʳ ʦʨʪʘʰʘ ʤᴅʥʜʝʨʜʽ ʢᴇʨʩʝʪʪʽ, ʘʣ ʢװʨʽʰ ʢʨʘʭʤʘʣʳ (35%) 

ʝש ʪᴇʤʝʥʛʽ RDS ʤᴇʣʰʝʨʽʥʝ ʠʝ ʙʦʣʜʳ, ʙײʣ ʦʥʳש ʪʳסʳʟ ײץʨʳʣʳʤʳʥʘ ʞᴅʥʝ 

ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʛʠʜʨʦʣʠʟʛʝ ʪᴇʟʽʤʜʽʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʫʳ ʤװʤʢʽʥ. 

 ץʣʛʽʣʝʨʜʝ RDS ʤᴇʣʰʝʨʽ ʙʘʨʣʳװ ʘʥסʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥ ץʘסʨײפ

ʢʨʘʭʤʘʣ ʪװʨʣʝʨʽ װʰʽʥ ʪᴇʤʝʥʜʝʛʝʥʽ ʙʘʡץʘʣʜʳ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳʥʳש RDS ʜʝשʛʝʡʽ 52%-ʜʘʥ 40%-סʘ ʜʝʡʽʥ, ʘʣ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳש 

ʢᴇʨʩʝʪʢʽʰʽ 48%-ʜʘʥ 39%-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ, ʙײʣ ʪʝʨʤʠʷʣʳץ ᴇשʜʝʫʜʽש 

ʢʨʘʭʤʘʣʜʳש ʬʝʨʤʝʥʪʘʪʠʚʪʽ ʳʜʳʨʘʫסʘ ʪᴇʟʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ɹʘʷʫ ץʦʨʳʪʳʣʘʪʳʥ ʢʨʘʭʤʘʣ (SDS) ʤᴇʣʰʝʨʽ ʙʘʩʪʘʧץʳ װʣʛʽʣʝʨʜʝ 24%-ʜʘʥ 

 ʨʽʰ (31%) ʢʨʘʭʤʘʣʜʘʨʳ SDS ʤᴇʣʰʝʨʽװʘ ʜʝʡʽʥ ᴇʟʛʝʨʜʽ. ʂʘʨʪʦʧ (32%) ʞᴅʥʝ ʢס-32%

ʙʦʡʳʥʰʘ ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʢᴇʨʩʝʪʪʽ, ʙײʣ ʦʣʘʨʜʳש Ŭ-ʘʤʠʣʘʟʘ 

ʬʝʨʤʝʥʪʽʤʝʥ ʙʘʷʫ ʛʠʜʨʦʣʠʟʜʝʥʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. ײפʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʣʛʝʥ 

 (ʘ ʜʝʡʽʥס-28%-ʜʘʥ 30%) ʞᴅʥʝ ʙʠʜʘʡ (ʘ ʜʝʡʽʥס-ʜʘʥ 33%-27%) ץʨʰʘײʣʛʽʣʝʨʜʝ ʙװ

ʢʨʘʭʤʘʣʜʘʨʳʥʳש SDS ʜʝשʛʝʡʽ ʘʨʪץʘʥʳ ʙʘʡץʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʳסʳʥʳש ʞʘץʩʘʨסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʈʝʟʠʩʪʝʥʪʪʽ ʢʨʘʭʤʘʣ (RS) ʤᴇʣʰʝʨʽ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ װʣʛʽʣʝʨʜʝ 

ʘʡʪʘʨʣʳץʪʘʡ ʘʨʪʪʳ. ɹʘʩʪʘʧץʳ װʣʛʽʣʝʨʜʝ RS ʤᴇʣʰʝʨʽ 15-20% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʩʘ, 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʘ ʙײʣ ʢᴇʨʩʝʪʢʽʰ 22-30%-סʘ ʜʝʡʽʥ ᴇʩʪʽ. ʂװʨʽʰ 

ʢʨʘʭʤʘʣʳʥʳש RS ʤᴇʣʰʝʨʽ 20%-ʜʘʥ 30%-סʘ ʜʝʡʽʥ ʞʦסʘʨʳʣʘʜʳ, ʙײʣ ʦʥʳש Ŭ- 

ʘʤʠʣʘʟʘ ʬʝʨʤʝʥʪʽʥʝ ʪᴇʟʽʤʜʽʣʽʛʽʥʽש ʞʘץʩʘʨסʘʥʳʥ ʢᴇʨʩʝʪʝʜʽ. 
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ɾʘʣʧʳ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ײץʨסʘץ ʞʳʣʫʤʝʥ ᴇשʜʝʫʜʽש ʢʨʘʭʤʘʣʜʘʨʜʳש 

 ʪᴇʤʝʥʜʝʫʽ שʦʨʳʪʳʣʫ ʩʠʧʘʪʪʘʤʘʣʘʨʳʥʘ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. RDS ʤᴇʣʰʝʨʽʥʽץ

ʞᴅʥʝ RS ʜʝשʛʝʡʽʥʽש ʞʦסʘʨʳʣʘʫʳ ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷʥʳש ʢʨʘʭʤʘʣʜʳש ʙʘʷʫ 

 ʘʩʠʝʪʪʝʨ ʙʠʦʳʜʳʨʘʡʪʳʥ ʧʣʝʥʢʘʣʘʨץ ʣײʦʨʳʪʳʣʫʳʥ ʘʨʪʪʳʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ɹץ

ʤʝʥ ʪʘסʘʤʜʳץ ץʘʧʪʘʤʘʣʘʨ ᴇʥʜʽʨʽʩʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʪʘשʜʘʫ װʰʽʥ ʤʘשʳʟʜʳ. 

 

3- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ᴅʨʪװʨʣʽ ʪʘʙʠסʠ ʞᴅʥʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʳש ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʝʨʝʢʰʝʣʝʥʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʦʣʘʨʜʳש ʞʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʘ ץʦʣʜʘʥʫ ʪʠʽʤʜʽʣʽʛʽʥʝ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʞʦסʘʨʳ ʘʤʠʣʦʟʘ ʤᴇʣʰʝʨʽʤʝʥ (27,6 ± 0,4 %) ʝʨʝʢʰʝʣʝʥʽʧ, 

ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʛʽʥ ʘʨʪʪʳʨʜʳ (TS = 35,2 Ñ 1,3 ʄʇʘ), ʘʣ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ ʘʤʠʣʦʧʝʢʪʠʥʛʝ ʙʘʡ ʙʦʣʫʳʤʝʥ (81,4 Ñ 0,7 %) ʠʢʝʤʜʽʣʽʢ ʧʝʥ 

ʩʦʟʳʣסʳʰʪʳץʪʳ ʢװʰʝʡʪʪʽ (E = 62,5 Ñ 2,1 %). 

 שʡʽʨʰʽʢʪʝʨʽʥʽװʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʘʭʤʘʣ ʪ ץʘסʨײפ

 שʪʳץʪʳʣʳץʨʘײʪ ץʪʘʥʳʧ, RVA ʞᴅʥʝ DSC ʪʘʣʜʘʫʣʘʨʳ ʪʝʨʤʠʷʣʳץʨʘײʨʳʣʳʤʳ ʪײץ

ʘʨʪץʘʥʳʥ ʢᴇʨʩʝʪʪʽ (ȹH = 10,3 Ÿ 14,7 ɼʞ/ʛ). FT-IR ʞᴅʥʝ XRD ʟʝʨʪʪʝʫʣʝʨʽ ʞʘשʘ 

ʉïʆïʉ ʙʘʡʣʘʥʳʩʪʘʨʳʥʳש ʪװʟʽʣʫʽʥ, ʘʣ SEM ʤʠʢʨʦʬʦʪʦʩʫʨʝʪʪʝʨʽ ʪװʡʽʨʰʽʢʪʝʨ 

ʙʝʪʽʥʽש ʪʝʛʽʩʪʝʣʫʽʥ ʨʘʩʪʘʜʳ. 

ɾʘʣʧʳ, ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʜʘʨʳ ʧʣʝʥʢʘ ʪװʟʫʛʝ ʞʘʨʘʤʜʳ ʥʝʛʽʟʛʽ 

ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ סʳʣʳʤʠ ʪײʨסʳʜʘ ʥʝʛʽʟʜʝʣʜʽ. ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ 

ʢʨʘʭʤʘʣʜʘʨʜʘʥ ʘʣʳʥסʘʥ װʣʛʽʣʝʨ ʞʦסʘʨʳ ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢʧʝʥ (TS > 30 ʄʇʘ), 

ʩʦʟʳʣסʳʰʪʳץʧʝʥ (E > 60 %), ʪᴇʤʝʥ ʩʫ ʙʫʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽʤʝʥ ʞᴅʥʝ ʞʘץʩʳ 

ʤᴇʣʜʽʨʣʽʢ ʩʠʧʘʪʪʘʤʘʣʘʨʳʤʝʥ ʝʨʝʢʰʝʣʝʥʜʽ. 
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4 ɾɽʋɻɽ ɾɸʈɸʄɼʓ ɹɸʂʊɽʈʀʗנɸ פɸʈʉʓ ʇʃɽʅʂɸʅʓר 

ʊɽʍʅʆʃʆɻʀʗʉʓ ʄɽʅ ʈɽʎɽʇʊʋʈɸʉʓʅ ᴄɿɯʈʃɽʋ 

4.1 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʜʘʡʳʥʜʘʫ 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʦʡʳʥʰʘ ʙʽʨ ʬʘʢʪʦʨʣʳ ʩʳʥʘʤʘʥʳש ʟʝʨʪʪʝʫʣʝʨʽ 

ʇʣʝʥʢʘ ʞʘʩʘʫ װʰʽʥ ʥʝʛʽʟʛʽ ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ʞװʛʝʨʽ ʢʨʘʭʤʘʣ ץʦʣʜʘʥʳʣʜʳ, 

ʦʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ ʧʣʝʥʢʘʥʳװ שʟʽʣʫ ײʟʳʥʜʳסʳ ʤʝʥ ʩʦʟʳʣʫ ʢװʰʽʥʽש ᴇʟʛʝʨʫʽʥʝ 

ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. 12-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳץ שʦʩʳʣʫ 

ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳʤʝʥ, ʧʣʝʥʢʘʥʳװ שʟʽʣʫ ײʟʳʥʜʳסʳ ʤʝʥ ʩʦʟʳʣʫ ʢװʰʽ ʝʣʝʫʣʽ ʪװʨʜʝ 

ʘʨʪʘʜʳ (P̖0,05̗ . ʂʨʘʭʤʘʣʜʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ 4%-סʘ ʞʝʪʢʝʥʜʝ, ʧʣʝʥʢʘʥʳש 

 ʘʨʳ ʤᴅʥʜʝʨʛʝ ʞʝʪʪʽ: 54,47%סʞʦ שʰʽ ʩᴅʡʢʝʩʽʥʰʝ ʝװʳ ʤʝʥ ʩʦʟʳʣʫ ʢסʟʳʥʜʳײ ʟʽʣʫװ

ʞᴅʥʝ 13,88 Mʧa. ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽ ʦʜʘʥ ᴅʨʽ ʘʨʪץʘʥ ʢʝʟʜʝ, 

ʧʣʝʥʢʘʥʳװ שʟʽʣʫ ײʟʳʥʜʳסʳ ʤʝʥ ʩʦʟʳʣʫ ʢװʰʽ ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʜʽ (P̖ 0,05̗ . 

ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳץ שʦʩʳʣʫ ʤᴇʣʰʝʨʽʥʽש ʧʣʝʥʢʘʥʳװ שʟʽʣʫ ײʟʳʥʜʳסʳ ʤʝʥ ʩʦʟʳʣʫ 

ʢװʰʽʥʝ ᴅʩʝʨʽʥ ʞʘʥ-ʞʘץʪʳ ʙʘסʘʣʘʡ ʦʪʳʨʳʧ, ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳץ שʦʩʳʣʫ 

ʤᴇʣʰʝʨʽʥ 3%, 4%, 5% ʜʝשʛʝʡʽʥʜʝ ʪʘשʜʘʧ, ʢʝʣʝʩʽ ʦשʪʘʡʣʘʥʜʳʨʫ ץʘʜʘʤʜʘʨʳʥʘ 

ᴇʪʢʽʟʫ ײʩʳʥʳʣʘʜʳ. 

 

 

ʉʫʨʝʪ 12 ï ʂʨʘʭʤʘʣ ץʦʩʳʣʫ ʤᴇʣʰʝʨʽʥʽש ʧʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

 
ʂʨʘʭʤʘʣ ϨʘʪʳʥʘʩʳʥʳϬ ʤϺʣʰʝʨʽʥ ʪʘϬʜʘʫ 

13-ʩʫʨʝʪʢʝ ʩᴅʡʢʝʩ, ʤʘʩʩʘʣʳװ ץʣʝʩʽ 3% (w/v)- ʜʝשʛʝʡʽʥʜʝ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ, 

ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ᴅʨʪװʨʣʽ ץʘʪʳʥʘʩʪʘסʳ ץʦʩʧʘʣʘʨʳ 

ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʘʡʪʘʨʣʳץʪʘʡ ᴅʩʝʨ ʝʪʪʽ. 

ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳװ שʣʝʩʽ ʘʨʪץʘʥ ʩʘʡʳʥ, ʧʣʝʥʢʘʥʳש ʩʦʟʳʣʫ ײʟʘץʪʳסʳ ʤʝʥ 

ʩʦʟʫסʘ ʙʝʨʽʢʪʽʛʽ ʙʘʩʪʘʧץʳʜʘ ʘʨʪץʘʥʳʤʝʥ, ʢʝʡʽʥ ʪᴇʤʝʥʜʝʫ װʨʜʽʩʽʥ ʢᴇʨʩʝʪʪʽ. 
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ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳ2:1 ש 

 ʳ (50,2%) ʞᴅʥʝסʪʳץʟʘײ ʩʦʟʳʣʫ שʣʛʽʣʝʨʜʝ ʧʣʝʥʢʘʥʳװ ʘʥסʘʪʳʥʘʩʳʥʜʘ ʜʘʡʳʥʜʘʣץ

ʩʦʟʫסʘ ʙʝʨʽʢʪʽʛʽ (10,5 ʄʇʘ) ʝש ʞʦסʘʨʳ ʢᴇʨʩʝʪʢʽʰʪʝʨʛʝ ʞʝʪʪʽ. ɹײʣ ʝʢʽ ʪװʨʣʽ 

ʢʨʘʭʤʘʣʜʳש ʙʽʨʣʝʩʢʝʥ ᴅʩʝʨʽ ʘʨץʳʣʳ ʧʣʝʥʢʘʥʳש ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʝʜᴅʫʽʨ 

ʞʘץʩʘʨʪʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʝʜʽ. ʂʝʨʽʩʽʥʰʝ, ʪʝʢ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥ ץʦʣʜʘʥסʘʥʜʘ 

 ,ʨʜʝ ʥʘʰʘʨ ʙʦʣʜʳװʘʩʠʝʪʪʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪץ שʘʥ ʧʣʝʥʢʘʥʳסʘʣʳʥ (ʘʪʳʥʘʩʳץ 0:1)

ʙײʣ ʞװʛʝʨʽ ʢʨʘʭʤʘʣʳʥʳש ʧʣʝʥʢʘʥʳש ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʫʜʘ 

ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʉʦʥʜʳץʪʘʥ ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥ 2:1 ץʘʪʳʥʘʩʳʥʜʘ ʘʨʘʣʘʩʪʳʨʫ ï 

ʠʢʝʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽ װʡʣʝʩʢʝʥ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʡʪʳʥ ץʘʧʪʘʤʘʣʘʨʜʘ 

 .ʪʘʡʣʳ ʢʦʤʧʦʟʠʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳשʩʳʥʳʣʘʪʳʥ ʦײ ʘסʦʣʜʘʥʫץ

 

 

ʉʫʨʝʪ 13-ʂʨʘʭʤʘʣ ץʘʪʳʥʘʩʳʥʳש ʧʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

 
ɻʣʠʮʝʨʠʥ ʤϺʣʰʝʨʽʥʽϬ ʧʣʝʥʢʘ Ϩʘʩʠʝʪʪʝʨʽʥʝ ϸʩʝʨʽʥ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʛʣʠʮʝʨʠʥʥʽש ʞײʤʩʘʨʪץʳʰ ʨʝʪʽʥʜʝ ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʘסʜʘʡʜʘ 

ʢʨʘʭʤʘʣʜʳש ʞʘʣʧʳ ʤᴇʣʰʝʨʽ 3% (w/v), ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ 30 ʤʠʥʫʪ ʝʪʽʧ 

ʙʝʣʛʽʣʝʥʜʽ, ʘʣ ʛʣʠʮʝʨʠʥʥʽש ʤᴇʣʰʝʨʽ 1%-ʜʘʥ 5%-סʘ ʜʝʡʽʥ ᴇʟʛʝʨʪʽʣʜʽ. ʇʣʝʥʢʘʥʳש 

 ʘʪʳʩʪʳ ʥᴅʪʠʞʝʣʝʨ 14-ʩʫʨʝʪʪʝץ ʟʘʨʫʳ ʤʝʥ ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽʥʝײ ʟʽʣʫ ʢʝʟʽʥʜʝʛʽװ

ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʅᴅʪʠʞʝʣʝʨ ʛʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽʥʽש ʘʨʪʫʳ ʧʣʝʥʢʘʥʳש ʠʽʣʛʽʰʪʽʛʽʥ 

ʘʡʪʘʨʣʳץʪʘʡ ʞʘץʩʘʨʪʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ᴄʩʽʨʝʩʝ, 4% ʛʣʠʮʝʨʠʥ ץʦʩʳʣסʘʥ ʞʘסʜʘʡʜʘ 

 ʘʪʘʨ, ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽץ ʛʝʡʛʝ (50,3%) ʞʝʪʪʽ. ʉʦʥʳʤʝʥשʘʨʳ ʜʝסʞʦ שʟʘʨʫʳ ʝײ ʟʽʣʫװ

3% ʛʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽʥʜʝ ʰʘʨʳץʪʘʫ ʰʝʛʽʥʝ ʞʝʪʽʧ, 10,6 ʄʇʘ-ʥʳ ײץʨʘʜʳ, ʙײʣ 

ʧʣʝʥʢʘʥʳײץ שʨʳʣʳʤʳʥʳש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɻʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽʥ 
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 ʣײʘʣʜʳ, ʙץʘʥ ʢʝʟʜʝ ʝʢʽ ʢᴇʨʩʝʪʢʽʰʪʝ ʜʝ ʘʟʜʘʧ ʪᴇʤʝʥʜʝʫ ʙʘʡסʘ ʜʝʡʽʥ ʘʨʪʪʳʨס-5%

ʘʨʪʳץ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʤʦʣʝʢʫʣʘʘʨʘʣʳץ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʽ ᴅʣʩʽʨʝʪʝʪʽʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʛʣʠʮʝʨʠʥʥʽ3% שï4% ʤᴇʣʰʝʨʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 -ʪʘʡʣʳ ʪʝʧʝשʳ ʦסʳ ʘʨʘʩʳʥʜʘסʳʰʪʳסʙʝʨʽʢʪʽʛʽ ʤʝʥ ʩʦʟʳʣ שʘʨʩʳ ʧʣʝʥʢʘʣʘʨʜʳץ

ʪʝשʜʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 3% ʤᴇʣʰʝʨʽ ʝץ שʦʣʘʡʣʳ ʜʝʧ ʩʘʥʘʣʘʜʳ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ 

ʪʘסʘʤʜʳץ ץʘʧʪʘʤʘ ʤʘʪʝʨʠʘʣʜʘʨʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

ʉʫʨʝʪ 14 ï ɻʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽʥʽש ʧʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

 

ʍʠʪʦʟʘʥ ʤϺʣʰʝʨʽʥʽϬ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘ 

Ϩʘʩʠʝʪʪʝʨʽʥʝ ϸʩʝʨʽʥ ʟʝʨʪʪʝʫ 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ʭʠʪʦʟʘʥʥʳש ᴅʨʪװʨʣʽ ʤᴇʣʰʝʨʜʝ ץʦʩʳʣʫʳ (0,5ï2,5%, w/v) 

ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʟʘʨʫ, ʩʦʟʳʣʫײ ʟʽʣʫ ʢʝʟʽʥʜʝʛʽװ ʘʩʠʝʪʪʝʨʽʥʝ ïץ ץʥʝʛʽʟʛʽ ʬʠʟʠʢʘʣʳ שʘʨʩʳ ʧʣʝʥʢʘʥʳץ

ʙʝʨʽʢʪʽʛʽ, ʳʣסʘʣ ᴇʪʢʽʟʛʽʰʪʽʢ ʞᴅʥʝ ʤᴇʣʜʽʨʣʽʢʢʝ ï ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ɹʘʨʣʳץ ʙʘʩץʘ 

ʰʘʨʪʪʘʨ ʪײʨʘץʪʳ ʢװʡʜʝ ʩʘץʪʘʣʜʳ (ʢʨʘʭʤʘʣ ï 3%, ʛʣʠʮʝʨʠʥ ï 5%, ʢʣʝʡʩʪʝʨʣʝʫ 

ʫʘץʳʪʳ ï 30 ʤʠʥʫʪ). 

ʅᴅʪʠʞʝʣʝʨ 15 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, װʟʽʣʫ ײʟʘʨʫʳ ʤʝʥ ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ 

ʭʠʪʦʟʘʥ ʤᴇʣʰʝʨʽ ʘʨʪץʘʥ ʩʘʡʳʥ ʙʘʩʪʘʧץʳʜʘ ʞʦסʘʨʳʣʘʧ, 1,5% ʤᴇʣʰʝʨʽʥʜʝ ʝש 

ʞʦסʘʨʳ ʜʝשʛʝʡʛʝ ʞʝʪʪʽ (49,8% ʞᴅʥʝ 10,7 ʄʇʘ, ʩᴅʡʢʝʩʽʥʰʝ), ʢʝʡʽʥ ץʘʡʪʘʜʘʥ 

ʪᴇʤʝʥʜʝʡ ʙʘʩʪʘʜʳ. ɹײʣ ʭʠʪʦʟʘʥ ʤʦʣʝʢʫʣʘʣʘʨʳʥʳש ʧʣʝʥʢʘ ײץʨʳʣʳʤʳʥʘ ʙʝʣʛʽʣʽ 

ʙʽʨ ʤᴇʣʰʝʨʜʝ ʦש ᴅʩʝʨ ʝʪʝʪʽʥʽʥ, ʘʣʘʡʜʘ ʘʨʪʳץ ʤᴇʣʰʝʨʽ ʪʦʨ ײץʨʳʣʳʤʳʥʳש ʪʝʧʝ- 

ʪʝשʜʽʛʽʥ ʙײʟʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʉʦʣ ʩʠʷץʪʳ, ʳʣסʘʣ ᴇʪʢʽʟʛʽʰʪʽʢ ʤᴇʣʰʝʨʽ 1,5% ʜʝשʛʝʡʽʥʜʝ ʝש ʪᴇʤʝʥ ʤᴅʥʛʝ 

(260 ʛ/ʤĮ/ʪᴅʫ) ʞʝʪʽʧ, ʙײʣ ʧʣʝʥʢʘʥʳש ʳʣסʘʣ ʪʦʩץʘʫʳʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʞʘץʩʘʨסʘʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. ɸʣʘʡʜʘ ʤᴇʣʜʽʨʣʽʢ ʢᴇʨʩʝʪʢʽʰʽ 1,5% ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ 
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ʙʽʨʪʽʥʜʝʧ ʪᴇʤʝʥʜʝʜʽ, ʙײʣ ʧʣʝʥʢʘ ײץʨʘʤʳʥʜʘ ʭʠʪʦʟʘʥ ʧʦʣʠʤʝʨʣʝʨʽʥʽש ʦʧʪʠʢʘʣʳץ 

ʰʘʰʳʨʘʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

 ץʤʝʭʘʥʠʢʘʣʳ שʤᴇʣʰʝʨʽ ʧʣʝʥʢʘʥʳ 1,5% שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʭʠʪʦʟʘʥʥʳפ

ʞᴅʥʝ ʪʦʩץʘʫʳʣʜʳץ ץʘʩʠʝʪʪʝʨʽʥʽש ʦשʪʘʡʣʳ װʡʣʝʩʽʤʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʧ, ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʞʘʩʘʫ װʰʽʥ ʝש ʪʠʽʤʜʽ ʢʦʥʮʝʥʪʨʘʮʠʷ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 
 

 

 
ʉʫʨʝʪ 15 ï ʍʠʪʦʟʘʥ ʤᴇʣʰʝʨʽʥʽש ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ 

 ʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽץ

ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘϨʳʪʳʥʳϬ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘ 

Ϩʘʩʠʝʪʪʝʨʽʥʝ ϸʩʝʨʽʥ ʟʝʨʪʪʝʫ 

ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʢʝʥʜʝʡ, ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ ʞװʛʝʨʽ ʤʝʥ 

ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʘʥ ʞʘʩʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥʝ ʝʣʝʫʣʽ ᴅʩʝʨ ʝʪʝʜʽ. ʂʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ 3% ʞᴅʥʝ ʛʣʠʮʝʨʠʥ 

ʤᴇʣʰʝʨʽ 5% ʪײʨʘץʪʳ ʞʘסʜʘʡʜʘ, ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ 30 ʤʠʥʫʪ ʙʦʣסʘʥʜʘ 

ʧʣʝʥʢʘʥʳװ שʟʽʣʫ ײʟʘʨʫʳ (50,1%) ʤʝʥ ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ (10,5 ʄʇʘ) ʝש ʞʦסʘʨʳ 

ʤᴅʥʜʝʨʛʝ ʞʝʪʪʽ. ɹײʣ ʘʨʘʣʳץ ʢʨʘʭʤʘʣʜʳש ʪʦʣʳץ ʢʣʝʡʩʪʝʨʣʝʥʽʧ, ʧʦʣʠʤʝʨʣʽʢ 

 ʟʘʨʫʳײ ʟʽʣʫ ʢʝʟʽʥʜʝʛʽװ שʧʘʣ ʝʪʝʜʽ. ʇʣʝʥʢʘʥʳץʟʽʣʫʽʥʝ ʳװʪʘʡʣʳ ʪשʦ שʨʳʣʳʤʥʳײץ

ʤʝʥ ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʟʛʝʨʽʩʪʝʨʽ 16 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ 30 ʤʠʥʫʪʪʘʥ ʘʩʳʧ ʢʝʪʢʝʥ ʞʘסʜʘʡʜʘ, ʤʳʩʘʣʳ 35 

ʞᴅʥʝ 40 ʤʠʥʫʪʪʘ, װʟʽʣʫ ײʟʘʨʫʳ ʤʝʥ ʙʝʨʽʢʪʽʢ ʪᴇʤʝʥʜʝʛʝʥʽ ʙʘʡץʘʣʜʳ. ɹײʣ ʞʦסʘʨʳ 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ ײʟʘץ ᴇשʜʝʫʜʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʢʨʘʭʤʘʣ ʪʽʟʙʝʢʪʝʨʽʥʽש ʳʜʳʨʘʫʳ ʤʝʥ 

ʞʝʣʽʤʜʝʫ ʪʦʨʳʥʳש ᴅʣʩʽʨʝʫʽʥʝʥ ʪʫʳʥʜʘʡʜʳ. 
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ʆʩʳסʘʥ ʦʨʘʡ, 30 ʤʠʥʫʪʪʳץ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨ װʰʽʥ ʝש ʦשʪʘʡʣʳ ʜʝʧ ʩʘʥʘʣʘʜʳ, ʩʝʙʝʙʽ ʦʣ 

ʠʽʣʛʽʰʪʽʢ ʧʝʥ ʙʝʨʽʢʪʽʢʪʽש ʞʦסʘʨʳ ʜʝשʛʝʡʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ ʞᴅʥʝ ʧʣʝʥʢʘʥʳש 

 .ʪʘʡʜʳץʳʥ ʩʘסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʜʳײץ

 

 

ʉʫʨʝʪ 16 ï ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳʥʳש ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥʝ ᴅʩʝʨʽ 

4.2 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ 
ʨʝʮʝʧʪʫʨʘʩʳʥ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʦשʪʘʡʣʘʥʜʳʨʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘ ʞʘʫʘʧ ʙʝʪʽ ϸʜʽʩʽʥʽϬ 

ʪϸʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʳ (Box-Behnken) ʘʨϨʳʣʳ ʦϬʪʘʡʣʘʥʜʳʨʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ 

ɺox-Behnken ᴅʜʽʩʽʤʝʥ ʧʣʝʥʢʘ ʙʝʪʽʥʽש ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʘʫʘʧ ʙʝʨʫ ʞʦʩʧʘʨʳ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʜʳ. ʕʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʦʩʧʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ 12-16 

ʢʝʩʪʝʣʝʨʽʥʜʝ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂʝʩʪʝ 12 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʨʝʮʝʧʪʫʨʘʩʳʥʳש ʞʘʫʘʧ ʙʝʪʽ 

ᴅʜʽʩʽ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʳ 
 

 

ɼʝשʛʝʡ 

ʌʘʢʪʦʨ ʙʝʣʛʽʩʽ 

ʂʨʘʭʤʘʣ ץʦʩʫ 

ʤᴇʣʰʝʨʽ A/% 

ʂʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ 

B/ʤʠʥ 

ɻʣʠʮʝʨʠʥ 

ʤᴇʣʰʝʨʽ C/% 

ʍʠʪʦʟʘʥ 

ʤᴇʣʰʝʨʽ D/% 

-1 1,0 20 1,0 0,5 

0 3,0 30 3,0 1,5 

+1 5,0 40 5,0 2,5 

 

12- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʩʘʪʳʥʜʘ, ʘʣʜʳʥ ʘʣʘץʪʘʡʣʘʥʜʳʨʫ ʤʘשʘʨʩʳ ʧʣʝʥʢʘ ʜʘʡʳʥʜʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʦץ

ʞװʨʛʽʟʽʣʛʝʥ ʙʽʨ ʬʘʢʪʦʨʣʳ ʪᴅʞʽʨʠʙʝʣʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʞʘʫʘʧ 

ʙʝʪʽ ᴅʜʽʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨ ײץʨʘʩʪʳʨʳʣʜʳ. 
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ʂʝʩʪʝ 13 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʞʘʫʘʧ ʙʝʪʽ ᴅʜʽʩʽʥʽש 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʳ (Box-Behnken) ʪᴅʞʽʨʠʙʝ ʞʦʩʧʘʨʳ ʞᴅʥʝ ʢᴇʨʩʝʪʢʽʰʽ 
 

ɾײʤ 

ʳʩ 

ʨʝʪʪʽ 

ʣʽʛʽ 

ʂʨʘʭ 

ʤʘʣ 

 ʦʩʫץ

ʤᴇʣʰ 

ʝʨʽ 

(%) 

ʂʣʝʡʩʪʝʨʠʟ 

ʘʮʠʷ 

ʫʘץʳʪʳ 

(ʤʠʥʫʪ) 

ɻʣʠʮʝ 

ʨʠʥ 

 ʦʩʫץ

ʤᴇʣʰʝ 

ʨʽ (%) 

ʍʠʪʦ 

ʟʘʥ 

 ʦʩʫץ

ʤᴇʣʰ 

ʝʨʽ 

(%) 

ʉʪʘʥʜʘʨ 

ʪʪʳ 

ʨʝʪʪʽʢ 

ʥᴇʤʽʨʽ 

ʉʦʟʳ 

ʣʫ 

ʙʝʨʽʢ 

ʪʽʛʽ 

(ʄʧʘ) 

 ʟʽʣʫת

ʢʝʟʽʥʜ 

ʝʛʽ 

 ʟʘʨʫײ

(%) 

ʓʣסʘʣ 

ᴇʪʢʽʟʛʽ 

ʰʪʽʢ 

(ʛ/ʤĮ/ʪᴅ 

ʫ) 

ʄᴇʣʜʽ 

ʨʣʽʢ 

(%) 

1 0 0 1 -1 6 10,55 45,2 261,9 73,2 

2 -1 0 0 -1 9 10,23 48,3 277,3 68,0 

3 -1 -1 0 0 1 10,62 46,3 282,4 72,5 

4 -1 1 0 0 3 11,06 46,9 281,2 73,9 

5 0 0 -1 1 7 10,18 46,3 259,9 76,7 

6 -1 0 0 1 11 10,18 51,2 266,3 71,7 

7 1 0 0 -1 10 11,09 47,5 274,0 71,0 

8 1 1 0 0 4 10,68 45,4 281,7 71,7 

9 0 -1 0 -1 21 10,07 49,1 264,2 75,3 

10 0 0 -1 -1 5 10,57 45,1 267,8 73,8 

11 1 0 1 0 20 10,07 47,9 256,7 71,7 

12 0 0 0 0 25 10,42 43,6 255,6 74,3 

13 0 -1 0 1 23 9,34 44,8 279,8 73,2 

14 0 0 0 0 26 9,44 47,9 286,3 75,4 

15 1 0 0 1 12 10,02 49,0 269,1 71,2 

16 0 0 0 0 27 9,79 47,8 282,0 72,2 

17 0 -1 1 0 15 10,46 47,3 274,3 72,0 

18 -1 0 1 0 19 9,85 46,9 262,3 69,3 

19 1 -1 0 0 2 9,59 44,5 274,3 73,7 

20 0 1 1 0 16 11,03 46,1 288,5 73,7 

21 0 1 0 -1 22 10,19 46,6 269,6 73,0 

22 1 0 -1 0 18 10,33 49,6 288,8 72,4 

23 0 1 -1 0 14 9,59 48,2 238,6 69,5 

24 0 0 1 1 8 10,03 44,0 279,9 71,9 

25 -1 0 -1 0 17 10,03 48,1 271,0 72,1 

26 0 1 0 1 24 10,36 46,7 266,4 71,0 

27 0 -1 -1 0 13 10,22 45,4 264,9 70,2 

13- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʽʥ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ Minitab Statistical Software 

ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʢᴇʤʝʛʽʤʝʥ ײץʨʘʩʪʳʨʳʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽʥʝ ʘʨʥʘʣסʘʥ ʞʘʫʘʧ ʙʝʪʽ ᴅʜʽʩʽʥʽש ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʳ. 

ʂʝʩʪʝ 14 ï ɾʘʫʘʧ ʙʝʪʽʥʽש ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʽʥʝ ʘʨʥʘʣסʘʥ ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫ 

(ANOVA) ʥᴅʪʠʞʝʣʝʨʽ ï ʂʦʜʪʘʣסʘʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ 

 

 ̄ ʕʣʝʤʝʥʪ ʂʦʵʬʬʠʮʠʝʥʪ ʂʦʵʬʬʠʮʠʝʥʪʪʽש 

ʩʪʘʥʜʘʨʪ ץʘʪʝʩʽ 

95% ʩʝʥʽʤʜʽʣʽʢ 

ʠʥʪʝʨʚʘʣʳ 

1 2 3 4 5 

1 ʊײʨʘץʪʳ ʰʘʤʘ 73,97 1,33 (71,06; 76,87) 
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14 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 

2 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,350 0,666 (-1,101; 1,801) 

3 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) -0,342 0,666 (-1,793; 1,109) 

4 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -0,242 0,666 (-1,693; 1,209) 

5 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,117 0,666 (-1,334; 1,568) 

6 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -1,779 0,999 (-3,956; 0,397) 

7 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) -0,467 0,999 (-2,643; 1,710) 

8 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -0,867 0,999 (-3,043; 1,310) 

9 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -0,429 0,999 (-2,606; 1,747) 

10 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 

-0,85 1,15 (-3,36; 1,66) 

11 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

0,52 1,15 (-1,99; 3,04) 

12 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-0,88 1,15 (-3,39; 1,64) 

13 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 
*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

0,60 1,15 (-1,91; 3,11) 

14 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 
*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

0,02 1,15 (-2,49; 2,54) 

15 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-1,05 1,15 (-3,56; 1,46) 

16 ʕʣʝʤʝʥʪ T ʤᴅʥʽ P ʤᴅʥʽ ɼʠʩʧʝʨʩʠʷʥʳײ שʣסʘʶ ʢʦʵʬʬʠʮʠʝʥʪʽ 

17 ʊײʨʘץʪʳ ʰʘʤʘ 55,53 0,000  

18 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,53 0,609 1,00 

19 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) -0,51 0,617 1,00 

20 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -0,36 0,723 1,00 

21 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,18 0,864 1,00 

22 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-1,78 0,100 1,25 

23 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 
*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 

-0,47 0,649 1,25 

24 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-0,87 0,403 1,25 

25 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-0,43 0,675 1,25 

26 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 

-0,74 0,475 1,00 

27 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

0,46 0,657 1,00 

28 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 
*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

-0,76 0,463 1,00 

29 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 
*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 

0,52 0,612 1,00 
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14 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 

30 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ 
(%) 

0,02 0,983 1,00 

31 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) -0,91 0,381 1,00 

14- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜ3 ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʤʦʜʝʣʽ ץʨʝʛʨʝʩʩʠʷʣʳ שʘʥ ʞʘʫʘʧ ʙʝʪʽʥʽסʘʨʩʳ ʧʣʝʥʢʘ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽʥʝ ʘʨʥʘʣץ

ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʛʝʥ ʜʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫ (ANOVA). 

 

ʂʝʩʪʝ 15 ï ʄʦʜʝʣʴ ʞʠʳʥʪʳסʳ 

 

S 

(ʩʪʘʥʜʘʨʪ 

ʪʳ ץʘʪʝ) 

R- 

ʢʚʘʜʨʘʪ 

R-ʢʚʘʜʨʘʪ 

(ʪװʟʝʪʽʣʛʝʥ) 

PRESS 

(ʙʦʣʞʘʤ 

 ʘʪʝʩʽʥץ

 ʘʨʪʫץʳʩץ

 (ʦʩʳʥʜʳʩʳץ

R-ʢʚʘʜʨʘʪ 

(ʙʦʣʞʘʤʜʳץ) 

AICc 

(ʪװʟʝʪʽʣʛʝʥ 

ɸʢʘʠʢʝ 

ʢʨʠʪʝʨʠʡʽ) 

BIC (ɹʘʡʝʩ 

ʘץʧʘʨʘʪʪʳץ 

ʢʨʠʪʝʨʠʡʽ) 

2,30710 35,05% 0,00% 349,349 0,00% 186,27 152,60 

 

ʂʝʩʪʝ 16 ï ɼʠʩʧʝʨʩʠʷʣʳץ ʪʘʣʜʘʫ 

 

 ̄ ɼʝʨʝʢ ʢᴇʟʽ ɽʨʢʽʥʜʽʢ 

ʜᴅʨʝʞʝʩʽ 
Seq SS תʣʝʩ 

ʩʘʣʤʘסʳ 

1 2 3 4 5 

1 ʄʦʜʝʣʴ 14 34,4660 35,05% 

2 ʉʳʟʳץʪʳ3,80% 3,7350 4 ץ 

3 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 1,4700 1,49% 

4 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 1 1,4008 1,42% 

5 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 0,7008 0,71% 

6 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 0,1633 0,17% 

7 ʂʚʘʜʨʘʪ 4 17,8235 18,12% 

8 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%)*ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 13,5692 13,80% 

9 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ 

(ʤʠʥʫʪ) 

1 0,1303 0,13% 

10 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 3,1417 3,19% 

11 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 0,9823 1,00% 

 ʦʩ ʬʘʢʪʦʨʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 6 12,9075 13,13%פ 12

13 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 1 2,8900 2,94% 

14 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 1,1025 1,12% 

15 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 3,0625 3,11% 

16 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 1,4400 1,46% 

17 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 0,0025 0,00% 

18 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1 4,4100 4,48% 
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16ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 

 ʘʪʝ 12 63,8725 64,95%פ 20

21 ɾʘʨʘʤʩʳʟ ʩᴅʡʢʝʩʪʽʢ 10 58,5858 59,58% 

22 ʊʘʟʘ ץʘʪʝ 2 5,2867 5,38% 

23 ɾʘʣʧʳ 26 98,3385 100,00% 

24 ɼʝʨʝʢ ʢᴇʟʽ Adj SS Adj MS F ʤᴅʥʽ 

25 ʄʦʜʝʣʴ 34,4660 2,4619 0,46 

26 ʉʳʟʳץʪʳ0,18 0,9338 3,7350 ץ 

27 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1,4700 1,4700 0,28 

28 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 1,4008 1,4008 0,26 

29 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,7008 0,7008 0,13 

30 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,1633 0,1633 0,03 

31 ʂʚʘʜʨʘʪ 17,8235 4,4559 0,84 

32 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 16,8823 16,8823 3,17 

33 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ 

(ʤʠʥʫʪ) 
1,1615 1,1615 0,22 

34 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 4,0059 4,0059 0,75 

35 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,9823 0,9823 0,18 

 ʦʩ ʬʘʢʪʦʨʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 12,9075 2,1513 0,40פ 36

37 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 2,8900 2,8900 0,54 

38 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1,1025 1,1025 0,21 

39 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 3,0625 3,0625 0,58 

40 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 1,4400 1,4400 0,27 

41 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,0025 0,0025 0,00 

42 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 4,4100 4,4100 0,83 

  ʘʪʝ 63,8725 5,3227פ 43

44 ɾʘʨʘʤʩʳʟ ʩᴅʡʢʝʩʪʽʢ 58,5858 5,8586 2,22 

45 ʊʘʟʘ ץʘʪʝ 5,2867 2,6433  

1 2 3 

46 ɼʝʨʝʢ ʢᴇʟʽ Pʤᴅʥʽ 

47 ʄʦʜʝʣʴ 0,915 

48 ʉʳʟʳץʪʳ0,947 ץ 

49 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,609 

50 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 0,617 

51 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,723 

52 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,864 

53 ʂʚʘʜʨʘʪ 0,527 

54 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,100 

55 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ 

(ʤʠʥʫʪ) 
0,649 

56 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,403 

57 ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,675 

 ʦʩ ʬʘʢʪʦʨʣʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫ 0,862פ 58

59 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ) 0,475 



87  

16 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 

60 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,657 

61 ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,463 

62 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,612 

63 ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ (ʤʠʥʫʪ)*ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,983 

64 ɻʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) *ʍʠʪʦʟʘʥ ץʦʩʫ ʤᴇʣʰʝʨʽ (%) 0,381 

 * ʘʪʝפ 65

66 ɾʘʨʘʤʩʳʟ ʩᴅʡʢʝʩʪʽʢ 0,351 

67 ʊʘʟʘ ץʘʪʝ * 

ɾʘʣʧʳ: * 

˙ ̨̨̌̅̑̌̋ (%) =  =  73,97 +  0,350 ×  ̖̋̑́̍́̌ ̏̒̔ ̍ ̨̙̌̆̑ (%)   
0,342 ×  ̗̠̋̌̆̊̒̓̆̑̉̈́̉ ̔́ ̜̜̓ ̍̉̎  0,242 ×  

̗̄̌̉̆̑̉̎ ̏̒̔ ̍ ̨̙̌̆̑ (%)  +  0,117 ×  ̖̉̓̏̈́̎ ̏̒̔ ̍ ̨̙̌̆̑ (%)   
1,779 ×  ̖̋̑́̍́̌ ̏̒̔ ̍ ̨̙̌̆̑ ό  0,467 ×  

̗̠̋̌̆̊̒̓̆̑̉̈́̉ ̔́ ̜̜̓ ό  0,867 ×  ̗̄̌̉̆̑̉̎ ̏̒̔ ̍ ̨̙̌̆̑ ό  
0,429 ×  ̖̉̓̏̈́̎ ̏̒̔ ̍ ̨̙̌̆̑ ό  0,85 ×  ̖̋̑́̍́̌ ̏̒̔ ̍ ̨̙̌̆̑ × 
̗̠̋̌̆̊̒̓̆̑̉̈́̉ ̔́ ̜̜̓ +  0,52 ×  ̖̋̑́̍́̌ ̏̒̔ ̍ ̨̙̌̆̑ ×  
̗̄̌̉̆̑̉̎ ̏̒̔ ̍ ̨̙̌̆̑  0,88 ×  ̖̋̑́̍́̌ ̏̒̔ ̍ ̨̙̌̆̑ × 
̖̉̓̏̈́̎ ̏̒̔ ̍ ̨̙̌̆̑ +  0,60 ×  ̗̠̋̌̆̊̒̓̆̑̉̈́̉ ̔́ ̜̜̓ × 
̗̄̌̉̆̑̉̎ ̏̒̔ ̍ ̨̙̌̆̑ +  0,02 ×  ̗̠̋̌̆̊̒̓̆̑̉̈́̉ ̔ ́ ̜̜̓ × 
̖̉̓̏̈́̎ ̏̒̔ ̍ ̨̙̌̆̑  1,05 ×  ̗̄̌̉̆̑̉̎ ̏̒̔ ̍ ̨̙̌̆̑ ×  

̖̉̓̏̈́̎ ̏̒̔ ̍ ̨̙̌̆̑ (12) 

ʄᴇʣʜʽʨʣʽʢ (%) ʢᴇʨʩʝʪʢʽʰʽʥʝ ʘʨʥʘʣסʘʥ ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ ʬʘʢʪʦʨʣʘʨʜʳש 

ʥʝʛʽʟʛʽ 1 ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ, ᴇʟʘʨʘ ʞᴅʥʝ ʢʚʘʜʨʘʪʪʳץ ᴅʩʝʨʣʝʨʽʥ ץʘʤʪʠʪʳʥ ʝʢʽʥʰʽ 

ʜᴅʨʝʞʝʣʽ ʪʝשʜʝʫ ʨʝʪʽʥʜʝ ײʩʳʥʳʣʜʳ. ʄʦʜʝʣʴʜʽש ʪײʨʘץʪʳ h ʘʤʘʩʳ 73,97-ʛʝ ʪʝש, ʙײʣ 

ʙʘʨʣʳץ ʬʘʢʪʦʨʣʘʨ ʦʨʪʘʣʳץ ʜʝשʛʝʡʜʝ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʘʣʳʥסʘʥ ʤᴇʣʜʽʨʣʽʢ ʤᴅʥʽʥ 

ʢᴇʨʩʝʪʝʜʽ. 13 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʢʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽʥʽש (A) ʞᴅʥʝ ʭʠʪʦʟʘʥ 

ʤᴇʣʰʝʨʽʥʽש (D) ʦש ʙʘסʳʪʪʘסʳ ʪʽʢʝʣʝʡ ᴅʩʝʨʣʝʨʽ ʙʘʡץʘʣסʘʥʳʤʝʥ, ʦʣʘʨʜʳש 

ʢʚʘʜʨʘʪʪʳץ ʤװʰʝʣʝʨʽ (AĮ ʞᴅʥʝ DĮ) ʪʝʨʽʩ ʢʦʵʬʬʠʮʠʝʥʪʢʝ ʠʝ ʙʦʣʳʧ, ʘʨʪʳץ 

ʤᴇʣʰʝʨʜʝ ץʦʩʳʣסʘʥʜʘ ʤᴇʣʜʽʨʣʽʢʪʽש ʪᴇʤʝʥʜʝʫʽʥʝ ᴅʢʝʣʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ʂʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ (B) ʤʝʥ ʛʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽ (C) ʜʝ ʪʝʨʽʩ ʙʘסʳʪʪʘסʳ ᴅʩʝʨ 

ʢᴇʨʩʝʪʪʽ, ʘʣ ʦʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʫʣʝʨʽ (BC ʞᴅʥʝ AC) ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ 

ʤᴇʣʜʽʨʣʽʢʪʽ ʞʘץʩʘʨʪʫʳ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, AB, AD ʞᴅʥʝ CD 

ʩʠʷץʪʳ ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢ ʤװʰʝʣʝʨ ʪʝʨʽʩ ʢʦʵʬʬʠʮʠʝʥʪʢʝ ʠʝ, ʙײʣ ʢʦʤʙʠʥʘʮʠʷʣʘʨ 

ʤᴇʣʜʽʨʣʽʢʢʝ ʞʘסʳʤʩʳʟ ᴅʩʝʨ ʝʪʫʽ ʤװʤʢʽʥ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʄᴇʣʜʽʨʣʽʢ (%) ʢᴇʨʩʝʪʢʽʰʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ ʞװʨʛʽʟʽʣʛʝʥ BoxïBehnken 

ʪᴅʞʽʨʠʙʝʣʽʢ ʞʦʩʧʘʨʳ ʥʝʛʽʟʽʥʜʝ ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ ײץʨʳʣʜʳ. 

ʄʦʜʝʣʴ ײץʨʘʤʳʥʘ ʬʘʢʪʦʨʣʘʨʜʳש ʥʝʛʽʟʛʽ ᴅʩʝʨʣʝʨʽ, ʢʚʘʜʨʘʪʪʳץ ʞᴅʥʝ ץʦʩ ʬʘʢʪʦʨʣʳ 

ᴇʟʘʨʘ ᴅʨʝʢʝʪʪʝʩʪʽʢʪʝʨʽ ʝʥʛʽʟʽʣʜʽ. ʄʦʜʝʣʴʜʽש ʘʡʥʳʤʘʣʳʣʘʨʳ ʨʝʪʽʥʜʝ ʢʨʘʭʤʘʣ 
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ʤᴇʣʰʝʨʽ (A), ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ (B), ʛʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽ (C) ʞᴅʥʝ ʭʠʪʦʟʘʥ 

ʤᴇʣʰʝʨʽ (D) ʘʣʳʥʜʳ. ɹʘʨʣʳץ ʬʘʢʪʦʨʣʘʨ ʢʦʜʪʘʣסʘʥ ʜʝשʛʝʡʜʝ [-1, 1] ʘʨʘʣʳסʳʥʜʘ 

 .ʘʨʘʩʪʳʨʳʣʜʳץ

 

ὢὶὩὥὰ =  ὢὧὩὲὸὩὶ +  ὢὧέὨὩὨ ×  (ὢὬὭὫὬ  ὢὰέύ)/2  (13) 

 

ɹײʣ ʤᴅʥʛʝ ʢʝʣʝʩʽ ʢʦʜʪʘʣסʘʥ ʜʝשʛʝʡʣʝʨ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ: A = +1.0, B = -0.1, C = 

-0.2, D = -0.1. ʌʘʢʪʦʨʣʘʨʜʳ ʥʘץʪʳ ʬʠʟʠʢʘʣʳץ ʤᴅʥʜʝʨʛʝ ʘʡʥʘʣʜʳʨʫ ʘʨץʳʣʳ 

ʦשʪʘʡʣʳ ʰʘʨʪʪʘʨ 11 ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʜʽ. 

ʄᴅʣʽʤʝʪʪʝʨʽʥʝ ʩװʡʝʥʩʝʢ, ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʤᴇʣʜʽʨʣʽʢ (%) ʢᴇʨʩʝʪʢʽʰʽʥʝ ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨ ʝʪʫ ʜᴅʨʝʞʝʩʽ ʢʝʣʝʩʽ ʨʝʪʧʝʥ 

ʘʥʳץʪʘʣʜʳ: ʢʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ > ʛʣʠʮʝʨʠʥ ץʦʩʫ ʤᴇʣʰʝʨʽ > ʢʣʝʡʩʪʝʨʣʝʫ 

ʫʘץʳʪʳ > ʭʠʪʦʟʘʥ ʤᴇʣʰʝʨʽ. ʄʦʜʝʣʴ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ (ʩʳʟʳץʪʳץ) ʬʘʢʪʦʨʣʘʨʜʳש 

ᴅʩʝʨʽ ʩʪʘʪʠʩʪʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʤʘשʳʟʩʳʟ (P > 0.05) ʙʦʣסʘʥʳʤʝʥ, ʢʨʘʭʤʘʣʜʳש 

ʢʚʘʜʨʘʪʪʳץ ʤװʰʝʩʽ AĮ ʘʡʪʘʨʣʳץʪʘʡ ʤʘשʳʟʜʳ ʳץʧʘʣ ʢᴇʨʩʝʪʢʝʥ (P = 0.100), ʙײʣ 

ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ ʰʝʢʪʝʥ ʪʳʩ ʞʦסʘʨʳ ʥʝʤʝʩʝ ʪᴇʤʝʥ ʙʦʣסʘʥʜʘ ʤᴇʣʜʽʨʣʽʢʪʽש 

ʪᴇʤʝʥʜʝʡʪʽʥʽʥ ʙʽʣʜʽʨʝʜʽ. 

17- ʢʝʩʪʝʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʂʝʩʪʝ 17 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳ ʞᴅʥʝ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʽʥ ʦשʪʘʡʣʘʥʜʳʨʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

ʌʘʢʪʦʨ ʂʦʜʪʘʣסʘʥ ʜʝשʛʝʡ 
ʅʘסʳʟ ʤᴅʥ (ʠʥʪʝʨʧʦʣʷʮʠʷ 

ʙʦʡʳʥʰʘ) 
ʂʨʘʭʤʘʣ ץʦʩʫ ʤᴇʣʰʝʨʽ, % (A) +1,0 5,0 

ʂʣʝʡʩʪʝʨʠʟʘʮʠʷ ʫʘץʳʪʳ, ʤʠʥ (B) - 0,1 28,2 

ɻʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽ, % © - 0,2 2,8 

ʍʠʪʦʟʘʥ ʤᴇʣʰʝʨʽ, % (D) - 0,1 1,4 

ɹʦʣʞʘʥסʘʥ ʤᴇʣʜʽʨʣʽʢ, % ï 77,5̂ ʝש ʞʦסʘʨʳ ʤᴅʥ̃ 

 

17- ʢʝʩʪʝʜʝʛʽ ʜʝʨʝʢʪʝʨʜʽ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʩʘʪʳʥʜʘ Boxïץʪʘʡʣʘʥʜʳʨʫ ʤʘשʤᴇʣʜʽʨʣʽʢ (%) ʢᴇʨʩʝʪʢʽʰʽʥ ʦ שʘʨʩʳ ʧʣʝʥʢʘʥʳץ

Behnken ʜʠʟʘʡʥʳ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣסʘʥ ʪᴇʨʪ ʬʘʢʪʦʨʣʳ ʝʢʽʥʰʽ ʜᴅʨʝʞʝʣʽ 

ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴ ץʦʣʜʘʥʳʣʜʳ. ʄʦʜʝʣʴ ʢʨʘʭʤʘʣ (A), ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ (B), 

ʛʣʠʮʝʨʠʥ (C) ʞᴅʥʝ ʭʠʪʦʟʘʥ (D) ʤᴇʣʰʝʨʣʝʨʽʥʽש ʥʝʛʽʟʛʽ, ʢʚʘʜʨʘʪʪʳץ ʞᴅʥʝ ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫ ᴅʩʝʨʣʝʨʽʥ ץʘʤʪʠʜʳ. ɹʘʨʣʳץ ʬʘʢʪʦʨʣʘʨ ʢʦʜʪʘʣסʘʥ ʜʝשʛʝʡʜʝ [-1, 1] 

ʘʨʘʣʳסʳʥʜʘ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʄʦʜʝʣʴ ʢʝʣʝʩʽ ʪʝשʜʝʫʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: 

ὣ̍ ̨̨̌̅̑̌̋  χσȟωχ  πȟσυπὃ  πȟστςὄ  πȟςτςὅ + 0,117Ὀ  ρȟχχωὃὃ  
0,467ὄὄ  0,867ὅὅ  0,429ὈὈ  0,85ὃὄ +  0,52ὃὅ  0,88ὃὈ +  0,60ὄὠ +  
0,02ὄὈ  1,05ὅὈ (14) 
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ʆשʪʘʡʣʳ ײץʨʘʤʜʳ ʘʥʳץʪʘʫ װʰʽʥ Python ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʪʦʨʣʳ ̔ ʟʜʝʫ (grid 

search) ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʜʳ. ᴄʨ ʬʘʢʪʦʨ װʰʽʥ 21 ʜʝשʛʝʡʣʽ ʠʥʪʝʨʚʘʣʜʘʨ ʘʨץʳʣʳ 

ʞʘʣʧʳ 194 481 ʢʦʤʙʠʥʘʮʠʷ ʝʩʝʧʪʝʣʽʧ, ʤʦʜʝʣʴʛʝ ʝʥʛʽʟʽʣʜʽ. ɽש ʞʦסʘʨʳ 

ʙʦʣʞʘʤʜʘʣסʘʥ  ʤᴇʣʜʽʨʣʽʢ  ʤᴅʥʽ  77.5%  ʙʦʣʳʧ,  ʢʝʣʝʩʽ  ʢʦʜʪʘʣסʘʥ  ʜʝשʛʝʡ 

ʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʜʽ: A = +1,0; B = ī0,1; C = ī0,2; D = ī0,1. 
 

 

 

ʉʫʨʝʪ 17 ï ʄᴇʣʜʽʨʣʽʢ (%) װʰʽʥ ᴅʩʝʨ ʙʝʪʽ , 1 ʙʝʪ 
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ʉʫʨʝʪ 17, 2 ʙʝʪ 
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ʉʫʨʝʪ 17, 3 ʙʝʪ 



92  

ɸʪʘʣסʘʥ ʢʦʜʪʘʣסʘʥ ʤᴅʥʜʝʨ ʥʘץʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʧʘʨʘʤʝʪʨʣʝʨʛʝ ʩᴅʡʢʝʩ 11- 

ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʜʽ, ʢʨʘʭʤʘʣ ï 5,0%, ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ ï 28,2 ʤʠʥʫʪ, ʛʣʠʮʝʨʠʥ 

ï 2,8%, ʭʠʪʦʟʘʥ ï 1,4%. ɹײʣ ײץʨʘʤ ʧʣʝʥʢʘʥʳש ʤᴇʣʜʽʨʣʽʢ ʢᴇʨʩʝʪʢʽʰʽʥ ʙʘʨʳʥʰʘ 

ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ ʞᴅʥʝ ʪᴅʞʽʨʠʙʝʣʽʢ ʜʝʨʝʢʪʝʨʤʝʥ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʆϬʪʘʡʣʳ Ϩϰʨʘʤʜʳ ʨʘʩʪʘʫ ʩʳʥʘϨʪʘʨʳ 

ʆשʪʘʡʣʘʥʜʳʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʰʘʨʪʪʘʨʜʳש ʜײʨʳʩʪʳסʳʥ ʪʝʢʩʝʨʫ 

ʤʘץʩʘʪʳʥʜʘ ʚʘʣʠʜʘʮʠʷʣʳץ ʩʳʥʘץʪʘʨ ʞװʨʛʽʟʽʣʜʽ. ɹʘʨʣʳץ ʙʘʩץʘ ʪʝʭʥʦʣʦʛʠʷʣʳץ 

ʧʘʨʘʤʝʪʨʣʝʨ ʙʽʨʜʝʡ ʩʘץʪʘʣʘ ʦʪʳʨʳʧ, ʤʦʜʝʣʴʤʝʥ ʙʦʣʞʘʥסʘʥ ʦשʪʘʡʣʳ ײץʨʘʤ ï 

ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ 5,0%, ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ 28,2 ʤʠʥʫʪ, ʛʣʠʮʝʨʠʥ ʤᴇʣʰʝʨʽ 2,8%, 

ʭʠʪʦʟʘʥ ʤᴇʣʰʝʨʽ 1.4% ʞʘסʜʘʡʣʘʨʳʥʜʘ װʰ ʨʝʪ ץʘʡʪʘʣʘʤʘ ʪᴅʞʽʨʠʙʝ ʞʘʩʘʣʜʳ. 

ʉʳʥʘץ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʤᴇʣʜʽʨʣʽʢ (%) ʢᴇʨʩʝʪʢʽʰʽʥʽש ʦʨʪʘʰʘ ʤᴅʥʽ 

77,64% ʙʦʣʜʳ, ʙײʣ ʤʦʜʝʣʴʤʝʥ ʙʦʣʞʘʥסʘʥ 77,5% ʤᴅʥʽʤʝʥ ᴇʪʝ ʞʘץʳʥ ʞᴅʥʝ ʙʘʨʣʳץ 

ʙʘʩʪʘʧץʳ ʪᴅʞʽʨʠʙʝ ʪʦʧʪʘʨʳʥʜʘסʳ ʝש ʞʦסʘʨסʳ ʤᴇʣʜʽʨʣʽʢ ʤᴅʥʽʥʝʥ ʞʦסʘʨʳ. ɹײʣ 

ʩᴅʡʢʝʩʪʽʢ ʨʝʛʨʝʩʩʠʷʣʳץ ʤʦʜʝʣʴʜʽש ʜײʨʳʩʪʳסʳʥ ʞᴅʥʝ ʤᴇʣʜʽʨʣʽʢ ʢᴇʨʩʝʪʢʽʰʽʥ 

ʙʦʣʞʘʫʜʘסʳ ʩʝʥʽʤʜʽʣʽʛʽʥ ʨʘʩʪʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʥᴅʪʠʞʝ ʤʦʜʝʣʴʜʽש 

ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

4.2.1 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ 
ʨʝʮʝʧʪʫʨʘʩʳ 

ɹװʛʽʥʛʽ ʪʘשʜʘ ʩʘʧʘʣʳ ᴇʥʽʤ ʰʳסʘʨʫ װʰʽʥ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ 

 ʣ ʙᴇʣʽʤʜʝ ᴇʥʜʽʨʽʩײʳʟʜʳ. ɹשʨʳʩ ʨʝʮʝʧʪʫʨʘʥʳ ᴅʟʽʨʣʝʫ ʘʩʘ ʤʘײʦʣʜʘʥʫ ʞᴅʥʝ ʜץ

ʧʨʦʮʝʩʽʥʽש ᴅʨʙʽʨ ʢʝʟʝשʽ ʤʝʥ ץʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨ ʤʝʥ ᴅʜʽʩʪʝʨ 18 ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʪʦʣʳץʪʘʡ ץʘʨʘʩʪʳʨʳʣʜʳ. 

ʐʠʢʽʟʘʪʪʳ ץʘʙʳʣʜʘʫ. ʐʠʢʽʟʘʪʪʳ ץʘʙʳʣʜʘʫ ʄɽʉʊ 53876-2010 ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʩʪʘʥʜʘʨʪץʘ ʩᴅʡʢʝʩ, ʢʨʘʭʤʘʣʜʳש ʳʣסʘʣʜʳʣʳסʳ 9ï 

12% ʘʨʘʣʳסʳʥʜʘ ʙʦʣʫʳ ʪʠʽʩ. ʐʠʢʽʟʘʪ ʙᴇʪʝʥ ʠʽʩʪʝʨ ʤʝʥ ʤʝʭʘʥʠʢʘʣʳץ 

 .(ץʄɽʉʊ 53876-2010, 5.3-ʪʘʨʤʘ) ʦʩʧʘʣʘʨʜʘʥ ʪʘʟʘ ʙʦʣʫʳ ʢʝʨʝʢץ

ʐʠʢʽʟʘʪʪʳ ʪʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷסʘ ʜʘʡʳʥʜʘʫ. ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ ʤʝʥ 

ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ 2:1 ʤʘʩʩʘʣʳץ ץʘʪʳʥʘʩʪʘ ײץʨסʘץ ʪװʨʜʝ ʤʠʢʩʝʨʜʝ 

ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ɻʦʤʦʛʝʥʜʽ ץʦʩʧʘ ʘʣʫ װʰʽʥ ʘʨʘʣʘʩʪʳʨʫ 10 ʤʠʥʫʪ ʞװʨʛʽʟʽʣʝʜʽ. 

ʊʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ. ɸʨʘʣʘʩʪʳʨʳʣסʘʥ ʢʨʘʭʤʘʣ ץʦʩʧʘʩʳ ʟʝʨʪʭʘʥʘʣʳץ 

ʥʝʤʝʩʝ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢʦʥʚʝʢʮʠʷʣʳץ ʧʝʰʢʝ ʩʘʣʳʥʳʧ, 168 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 18 

ʩʘסʘʪ ʙʦʡʳ ᴇשʜʝʣʝʜʽ. ɹײʣ ʢʝʟʜʝ ʢʨʘʭʤʘʣʜʳש ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ ʙײʟʳʣʳʧ, 

ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ ʘʨʪʘʜʳ. ᴆשʜʝʫʜʝʥ ʢʝʡʽʥ ʢʨʘʭʤʘʣ ʘʰʳץ ʢװʡʜʝ ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 24 ʩʘסʘʪ ʙʦʡʳ ʢʦʥʜʠʮʠʷʣʘʥʘʜʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ץʦʩʧʘʩʳʥʳש ʢʣʝʡʩʪʝʨʣʝʫʛʝ ʜʘʡʳʥʜʘʣʫʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ץʦʩʧʘʩʳ (ʞװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ) ʜʠʩʪʠʣʜʝʥʛʝʥ 

ʩʫʤʝʥ 1:20 ʤʘʩʩʘʣʳץ ץʘʪʳʥʘʩʪʘ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ ʞᴅʥʝ IKA ʪʝʨʤʦʩʪʘʪʪʘʣסʘʥ 

ʤʘʛʥʠʪʪʽʢ ʤʠʢʩʝʨʜʝ 15ï20 ʤʠʥʫʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. ʉʦʜʘʥ ʢʝʡʽʥ 20ï25°C 

ʪʝʤʧʝʨʘʪʫʨʘʜʘ 20 ʤʠʥʫʪץʘ ʪʳʥʳʰʪʳץ ʢװʡʽʥʜʝ ʽʩʽʥʫʛʝ ץʘʣʜʳʨʳʣʘʜʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ץʦʩʧʘʩʳʥ ʢʣʝʡʩʪʝʨʣʝʫ. ɯʩʽʥʛʝʥ ץʦʩʧʘ 85ï 

90 °C  ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ ץʳʟʜʳʨʳʣʳʧ, װʟʜʽʢʩʽʟ 25 ʤʠʥʫʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨʳʣʘʜʳ. 

ɹײʣ ʪʦʣʳץ ʢʣʝʡʩʪʝʨʠʟʘʮʠʷ ʧʨʦʮʝʩʽʥʽש ᴇʪʫʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 
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ɻʦʤʦʛʝʥʜʝʫ (5 ʄʧʘ, Ű = 5 ʤʠʥ) 

 ʘʣʳʧʪʘʫפ

(0,05 ʤʤ ץʘʣʳשʜʳץʪʘ) 

 ʪʘʫץʘʧʪʘʫ ʞᴅʥʝ ʩʘפ

(t = 18-25 °C,  ɤ = 50-60% 

ʂʝʧʪʽʨʫ 

(t = 40ï45 °C,  Ű = 24 ʩʘס, ɤ = 10ï15%) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʫʨʝʪ 18 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳ ᴇʥʜʽʨʫʜʽש 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳ 

ʐʠʢʽʟʘʪʪʳ ץʘʙʳʣʜʘʫ 

ʊʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷ 

(t = 168 °C,  Ű = 18 ʩʘס) 

ʊʝʨʤʠʷʣʳץ ʤʦʜʠʬʠʢʘʮʠʷסʘ ʜʘʡʳʥʜʘʫ 

(2:1) 

ʂʦʥʜʠʮʠʷʣʘʫ 

(t = 25 °C,  Ű = 18 ʩʘס) 

ʩʘʣץʳʥʜʘʪʫ ʞᴅʥʝ ʘʨʘʣʘʩʪʳʨʫ 

(t = 25ï30 °C)  

ɸʨʘʣʘʩʪʳʨʫ 

(t = 85ï90 °C,  Ű = 25 ʤʠʥ 

ʂʣʝʡʩʪʝʨʣʝʫʛʝ ʜʘʡʳʥʜʘʫ 

(t = 25 °C,  Ű = 20 ʤʠʥ) 

ɻʣʠʮʝʨʠʥ 

ʤʝʥ 

ʭʠʪʦʟʘʥʜʳ 

ʜʘʡʳʥʜʘʫ 
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ϧʦʩʧʘʥʳ ʩʘʣϨʳʥʜʘʪʫ. פʳʟʜʳʨʳʣסʘʥ ʝʨʽʪʽʥʜʽ ʙʽʨʪʽʥʜʝʧ 25ï30 °C 

ʪʝʤʧʝʨʘʪʫʨʘסʘ ʜʝʡʽʥ ʩʘʣץʳʥʜʘʪʳʣʘʜʳ. 

ʌʫʥʢʮʠʦʥʘʣʜʳϨ Ϩʦʩʧʘʣʘʨʜʳ ʝʥʛʽʟʫ. ʉʘʣץʳʥʜʘʪʳʣסʘʥ ʢʣʝʡʩʪʝʨʣʝʥʛʝʥ 

ʝʨʽʪʽʥʜʽʛʝ ʜᴅʣ ᴇʣʰʝʥʛʝʥ 2,8% ʛʣʠʮʝʨʠʥ (ʧʣʘʩʪʠʬʠʢʘʪʦʨ) ʞᴅʥʝ 1,4% ʭʠʪʦʟʘʥ 

(ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʘʛʝʥʪ) ץʦʩʳʣʘʜʳ. ɹײʣ ʢʦʤʧʦʥʝʥʪʪʝʨ ɻ ʣʝʢʪʨʦʥʜʳץ ʪʘʨʘʟʳ ʞᴅʥʝ 

ʜʦʟʘʪʦʨ ʘʨץʳʣʳ ᴇʣʰʝʥʽʧ, 10 ʤʠʥʫʪ ʙʦʡʳ ʘʨʘʣʘʩʪʳʨסʳʰʪʘ ʘʨʘʣʳʩʪʳʨʘʜʳ. 

ɻʦʤʦʛʝʥʠʟʘʮʠʷ. ɸʣʳʥסʘʥ ʧʣʝʥʢʘ ʪװʟʫʰʽ ʝʨʽʪʽʥʜʽʥʽ IKA  Ultra-Turrax ʞʦסʘʨʳ 

ʞʳʣʜʘʤʜʳץʪʳ ʛʦʤʦʛʝʥʠʟʘʪʦʨʳʥʜʘ 5 ʄʇʘ ץʳʩʳʤʜʘ 5 ʤʠʥʫʪ ʙʦʡʳ ʛʦʤʦʛʝʥʜʝʣʝʜʽ. 

ɹײʣ ʜʠʩʧʝʨʩʠʷʥʳש ʙʽʨʢʝʣʢʽʣʽʛʽʥ ʞᴅʥʝ ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥϤʘʥ ʢʨʘʭʤʘʣ Ϩʦʩʧʘʩʳʥ Ϩʘʣʳʧʪʘʫ. ɻʦʤʦʛʝʥʜʽ ץʦʩʧʘ ʰʳʥʳ 

ʪʘʙʘץץʘ ʥʝʤʝʩʝ ʪʝʬʣʦʥʤʝʥ ץʘʧʪʘʣסʘʥ ʙʝʪʢʝ 0,05 ʤʤ ץʘʣʳשʜʳץʧʝʥ ʙʽʨʢʝʣʢʽ 

ʞʘסʳʣʘʜʳ. פʘʙʘʪʪʳץ שʘʣʳשʜʳסʳ ʤʠʢʨʦʤʝʪʨʤʝʥ ʪʝʢʩʝʨʽʣʝʜʽ. ɾʘסʫ װʰʽʥ h ʧʘʪʝʣʴ 

ʤʝʥ ץʘʣʳʧ ץʦʣʜʘʥʳʣʘʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘʥʳ ʢʝʧʪʽʨʫ. ʇʣʝʥʢʘ Forced-air 

ʢʝʧʪʽʨʛʽʰ ʰʢʘʬʪʘ 40-45 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 24 ʩʘסʘʪ ʙʦʡʳ 10-15% ʳʣסʘʣʜʳʣʳץץʘ 

ʜʝʡʽʥ ʢʝʧʪʽʨʽʣʝʜʽ. ʂʝʧʢʝʥʥʝʥ ʢʝʡʽʥ ʧʣʝʥʢʘ ʞʘʨʳʣʫʩʳʟ, ʙʽʨʢʝʣʢʽ ʞᴅʥʝ ʠʢʝʤʜʽ 

ʢװʡʜʝ ʙʦʣʫʳ ʢʝʨʝʢ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘʥʳ ʩʘϨʪʘʫ. ɼʘʡʳʥ ʧʣʝʥʢʘʣʘʨ TR 

CU 029/2012 ʪʘʣʘʧʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʪʘסʘʤʤʝʥ ʞʘʥʘ ʩʘʪʳʥ ʧʦʣʠʤʝʨʣʽʢ 

ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ ʩʪʝʨʠʣʴʜʽ ץʘʧʪʘʤʘʣʘʨסʘ ʩʘʣʳʥʘʜʳ. פʘʧʪʘʣסʘʥ ʧʣʝʥʢʘ 

18-25 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ץʘʨʘסשʳ ʰʢʘʬʪʘʨʜʘ 50-60% ʳʣסʘʣʜʳʣʳץʪʘ ʥʝʤʝʩʝ 

ʛʝʨʤʝʪʠʢʘʣʳץ ʢʦʥʪʝʡʥʝʨʜʝ 36 ʘʡסʘ ʜʝʡʽʥ ʩʘץʪʘʣʘʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳ 18 ʢʝʩʪʝʜʝ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂʝʩʪʝ 18 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳ (1000 ʛ 

ᴇʥʽʤʛʝ ʝʩʝʧʪʝʣʛʝʥ) 

 

 ̄ ʐʠʢʽʟʘʪ ʘʪʘʫʳ ʐʠʢʽʟʘʪ ʤᴇʣʰʝʨʽ, ʛ 

ɹʘץʳʣʘʫ ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʘʨʩʳ ʧʣʝʥʢʘץ

1 ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳץ שʦʩʧʘʩʳ 

2:1 (ʞװʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘ) 

- 50 

2 ᴆʩʽʤʜʽʢ ʪʘʣʰʳסʳ 200 - 

3 ɻʣʠʮʝʨʠʥ 50 28 

4 ʍʠʪʦʟʘʥ - 14 

5 ʂʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ 30 - 

6 ɸʩ ʩʽʨʢʝ ץʳʰץʳʣʳ (1ï2 %) 20 - 

7 ɼᴅʤʜʽʢ ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʧʘʣʘʨ (ʪײʟ, 

 (ʳʣʜʘʨ, ʠʽʩ ʙʝʨʛʽʰʪʝʨץʳʰץ

5 - 

8 ʉʫ 695 908 

ɹʘʨʣʳסʳ: 1000 1000 

 

18- ʢʝʩʪʝʜʝ 1000 ʛ ᴇʥʽʤʛʝ ʝʩʝʧʪʝʣʛʝʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʥʳש ʨʝʮʝʧʪʫʨʘʩʳ ʙʝʨʽʣʛʝʥ ʤᴅʣʽʤʝʪʪʝʨ ʥʝʛʽʟʽʥʜʝ ʙʘץʳʣʘʫ װʣʛʽʩʽ ʤʝʥ 
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ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ץʦʩʳʣסʘʥ װʣʛʽʥʽש ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫʳ 

ʞװʨʛʽʟʽʣʜʽ. 

ɹʘץʳʣʘʫ װʣʛʽʩʽʥʽײץ שʨʘʤʳʥʜʘ ʪʝʢ ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʨʝʪʽʥʜʝ ʛʣʠʮʝʨʠʥ (28 ʛ) 

ʞᴅʥʝ ʝʨʽʪʢʽʰ ʨʝʪʽʥʜʝ ʩʫ (908 ʛ) ץʦʣʜʘʥʳʣסʘʥ, ץʦʩʳʤʰʘ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

ʢʦʤʧʦʥʝʥʪʪʝʨ ʝʥʛʽʟʽʣʤʝʛʝʥ. ɸʣ ᴅʟʽʨʣʝʥʛʝʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʢװʨʜʝʣʽ 

 ʞᴅʥʝ ץʘʫʳʣʜʳץʪʦʩ ,ץʤʝʭʘʥʠʢʘʣʳ שʨʘʤʳʤʝʥ ʝʨʝʢʰʝʣʝʥʝʜʽ, ʦʣ ʤʘʪʝʨʠʘʣʜʳײץ

ʘʥʪʠʤʠʢʨʦʙʪʳץ ץʘʩʠʝʪʪʝʨʽʥ ʘʨʪʪʳʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʦʥʳש 

 ʘʥ ʢʨʘʭʤʘʣʜʘʨ (2:1סʘʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʛʝʨʽ ʤʝʥ ʢʘʩʩʘʚʘʜʘʥ ʘʣʳʥװʨʘʤʳʥʘ ʞײץ

 ,ʳ (200 ʛ), ʭʠʪʦʟʘʥ (14 ʛ)סʘʪʳʥʘʩʳʥʜʘ, 50 ʛ), ᴇʩʽʤʜʽʢ ʪʘʣʰʳץ

ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ (30 ʛ), ʩʽʨʢʝ ץʳʰץʳʣʳ (20 ʛ), ʩʦʥʜʘʡ-ʘץ ʜᴅʤʜʽʢ ʞᴅʥʝ 

ʭʦʰ ʠʽʩʪʝʥʜʽʨʛʽʰ ץʦʩʧʘʣʘʨ (5 ʛ) ʝʥʛʽʟʽʣʛʝʥ. 

ʉᴅʡʢʝʩʽʥʰʝ,  ʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ  ʢʨʘʭʤʘʣʜʘʨʜʳש,  ʧʦʣʠʩʘʭʘʨʠʜʪʽʢ 

 ץʞᴅʥʝ  ʦʨʛʘʥʠʢʘʣʳ  (ʭʠʪʦʟʘʥ,  ʢʘʨʙʦʢʩʠʤʝʪʠʣʮʝʣʣʶʣʦʟʘ)  שʨʳʣʳʤʜʘʨʜʳײץ

 ץʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ץʨʳʣʳʤʜʳײץ שʡʣʝʩʽʤʽ ʧʣʝʥʢʘʥʳװ שʳʣʜʘʨʜʳץʳʰץ

ʩʠʧʘʪʪʘʤʘʣʘʨʳʥ ʞʘץʩʘʨʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹʘץʳʣʘʫ װʣʛʽʩʽʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ, 

ʞʘשʘ ʨʝʮʝʧʪʫʨʘʜʘסʳ ʩʫʜʳש ʤᴇʣʰʝʨʽ ʘʟ (695 ʛ ץʘʨʩʳ 908 ʛ), ʘʣ ʙʝʣʩʝʥʜʽ 

ʙʠʦʧʦʣʠʤʝʨʣʝʨʜʽש ʙʦʣʫʳ ʧʣʝʥʢʘʥʳש ʙʝʨʽʢʪʽʛʽʥ, ʠʢʝʤʜʽʣʽʛʽʥ ʞᴅʥʝ ʙʘʢʪʝʨʠʷסʘ 

 ʨʣʳʤ ʪʠʽʤʜʽײסʘ ʥʝסʘʧʪʘʫץ ʘʤ ᴇʥʽʤʜʝʨʽʥסʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʘʨʪʪʳʨʳʧ, ʦʥʳ ʪʘץ

ʝʪʝʜʽ. 

4.3 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʬʠʟʠʢʘʣʳץ- 

ʤʝʭʘʥʠʢʘʣʳײץ ,ץʨʳʣʳʤʜʳץ ץʘʩʠʝʪʪʝʨʽʥ, ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʙʝʣʩʝʥʜʽʣʽʛʽʥ 

ʞᴅʥʝ ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʟʝʨʪʪʝʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ 

 ʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫץ

ɾʘʫʘʧ ʙʝʪʽ ᴅʜʽʩʽʤʝʥ ʘʥʳץʪʘʣסʘʥ ʦʧʪʠʤʘʣʜʳ ײץʨʘʤ (ʢʨʘʭʤʘʣ ï 5,0%, 

ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ ï 28,2 ʤʠʥʫʪ, ʛʣʠʮʝʨʠʥ ï 2,8% ʞᴅʥʝ ʭʠʪʦʟʘʥ ï 1,4%) 

ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʙʽʨץʘʪʘʨ 

ʦשʪʘʡʣʳ ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ʠʝ ʙʦʣʜʳ. 

19- ʢʝʩʪʝʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂʝʩʪʝ 19 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ 

 ʘʩʠʝʪʪʝʨʽץ

 

 ʘʩʠʝʪ ʆʨʪʘʰʘ ʤᴅʥפ

ʇʣʝʥʢʘ ץʘʣʳשʜʳסʳ (ʤʤ) 0,0492 

ʄᴇʣʜʽʨʣʽʢ 1,205 

WVTR (ʛ/ʤĮĿʜ) 270,34 

WVP (ʛ/ʤĿʩĿʇʘ) 6,652*10-10 

ʉʫ ʪʘʤʰʳʩʳ ʞʘʥʘʩʫ ʙײʨʳʰʳ (°)  84,6 

ʉʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ (ʄʧʘ) 10,92 

 ʟʘʨʫ (%) 50,0ױ
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19-ʢʝʩʪʝʜʝʛʽ ʢʝʣʪʽʨʽʣʛʝʥ ʥᴅʪʠʞʝʛʝ ʩᴅʡʢʝʩ, ʧʣʝʥʢʘʥʳץ שʘʣʳשʜʳסʳ 0,0492 

ʤʤ ʙʦʣʳʧ, ʦʥʳײץ שʨʳʣʳʤʜʳץ ʙʽʨʪʝʢʪʽʣʽʛʽ ʤʝʥ ʞץײʘʣʳסʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʽʣʜʽ. 

ʄᴇʣʜʽʨʣʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 1,205-ʢʝ ʪʝש ʙʦʣʳʧ, ʧʣʝʥʢʘʥʳש ʢᴇʨʽʥʝʪʽʥ ʞʘʨʳץ 

ʘʷʩʳʥʜʘ ʞʘץʩʳ ʤᴇʣʜʽʨʣʽʢʢʝ ʠʝ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʉʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ 

ʢʦʵʬʬʠʮʠʝʥʪʽ (WVP) ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʩʽʥʜʝ 6,652*10-10 ʛ/ʤʩʇʘ ʜʝשʛʝʡʽʥʜʝ 

ʘʥʳץʪʘʣʳʧ, ʙײʣ ʧʣʝʥʢʘʥʳש ʳʣסʘʣʜʘʥ ץʦʨסʘʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʨʘʩʪʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʫ ʪʘʤʰʳʩʳ ʞʘʥʘʩʫ ʙײʨʳʰʳ (WCA) 84,6Á ʙʦʣʳʧ, ʧʣʝʥʢʘ 

ʙʝʪʽʥʽש ʦʨʪʘʰʘ ʛʠʜʨʦʬʦʙʪʳʣʳץ ץʘʩʠʝʪʽʥ ʩʠʧʘʪʪʘʡʜʳ. ʉʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ 10,92 

ʄʇʘ ʞᴅʥʝ ײʟʘʨʫ ʧʘʡʳʟʳ 50,0% ʰʘʤʘʩʳʥʜʘ ʪʽʨʢʝʣʽʧ, װʣʛʽʥʽש ʞʦסʘʨʳ 

ʤʝʭʘʥʠʢʘʣʳץ ʠʽʣʽʤʜʽʣʽʛʽ ʤʝʥ ʙʝʨʽʢʪʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, 18 ʢʝʩʪʝʜʝ ʢʝʣʪʽʨʽʣʛʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨ ʙʦʡʳʥʰʘ, ᴅʟʽʨʣʝʥʛʝʥ 

ʧʣʝʥʢʘ ײץʨʘʤʳʥʳש ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʽ 

ʦשʪʘʡʣʳ ʜʝשʛʝʡʜʝ ʜʝʧ ʝʩʝʧʪʝʣʝʜʽ ʞᴅʥʝ ʦʥʳ ʞʝʫʛʝ ʞʘʨʘʤʜʳʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʦʨʘʫ ʤʘʪʝʨʠʘʣʳ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ סʳʣʳʤʠ ʪײʨסʳʜʘʥ ʥʝʛʽʟ ʙʘʨ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘʥʳϬ ϨϰʨʳʣʳʤʜʳϨ Ϩʘʩʠʝʪʪʝʨʽʥ 

ʟʝʨʪʪʝʫ 

19 ʩʫʨʝʪʪʝ ʢʝʣʪʽʨʽʣʛʝʥʜʝʡ, DSC ץʠʩʳסʳʥʜʘ ʰʘʤʘʤʝʥ 160 ÁC ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʡʤʘסʳʥʜʘ ʘʡץʳʥ ɻ ʥʜʦʪʝʨʤʠʷʣʳץ ʧʠʢ ʪʽʨʢʝʣʜʽ, ʙײʣ ʧʣʝʥʢʘ ײץʨʘʤʳʥʜʘ ʞʘʨʪʳʣʘʡ 

ʢʨʠʩʪʘʣʜʳץ ʬʘʟʘ ʙʘʨ ʝʢʝʥʽʥ ʞᴅʥʝ ʦʥʳש ʙʘʣץʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥ ʩʠʧʘʪʪʘʡʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʰʳʥʳʣʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳ (Tg) 73-75 ÁC ʰʘʤʘʩʳʥʜʘ ʙʘʡץʘʣʜʳ, 

ʙײʣ ʤʘʪʝʨʠʘʣʜʳץ שʦʣʜʘʥʫ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʜʝʡʽʥ ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʳסʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

TGA ʥᴅʪʠʞʝʣʝʨʽ ʧʣʝʥʢʘʥʳש ʪʝʨʤʠʷʣʳץ ʳʜʳʨʘʫʳ ~248-250 °C  ʘʨʘʣʳסʳʥʜʘ 

ʙʘʩʪʘʣʘʪʳʥʳʥ ʞᴅʥʝ ʥʝʛʽʟʛʽ ʤʘʩʩʘ ʞʦסʘʣʪʫ ʧʨʦʮʝʩʽ ~328 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ 

ʞװʨʝʪʽʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʧʣʝʥʢʘʥʳש ʞʦסʘʨʳ ʪʝʨʤʦʪײʨʘץʪʳʣʳסʳʥ ʙʽʣʜʽʨʝʜʽ. 

ɸʥʘʣʠʟ ʩʦשʳʥʜʘ ץʘʣʜʳץ ʤʘʩʩʘ ʰʘʤʘʤʝʥ 17-18% ʙʦʣʳʧ, ʦʨʛʘʥʠʢʘʣʳץ ʝʤʝʩ ʥʝʤʝʩʝ 

ʢᴇʤʽʨʣʝʥʛʝʥ ץʘʣʜʳץʪʘʨʜʳש ʙʘʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

 

 

ʉʫʨʝʪ 19 ï ʄᴇʣʜʽʨʣʽʢ (%) װʰʽʥ ᴅʩʝʨ ʙʝʪʽ 
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ɾʘʣʧʳ ʘʣסʘʥʜʘ, DSC ʞᴅʥʝ TGA ʥᴅʪʠʞʝʣʝʨʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳʙʘʢʪʝʨʠʷסʘ 

 ץʨʳʣʳʤʳ ʘʤʦʨʬʪʳ-ʢʨʠʩʪʘʣʜʳײץ ,ʪʳץʨʘײʳʜʘ ʪסʨײʪ ץʪʝʨʤʠʷʣʳ שʘʨʩʳ ʧʣʝʥʢʘʥʳץ

ʩʠʧʘʪʪʘ ʞᴅʥʝ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷϤʘ Ϩʘʨʩʳ ʧʣʝʥʢʘʥʳϬ ʤʠʢʨʦϨϰʨʳʣʳʤʜʳϨ 

ʪʘʣʜʘʫʳ 

ʄʠʢʨʦʩʢʦʧʠʷʣʳײץ ץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ (ʉʫʨʝʪ 20) ʧʣʝʥʢʘ 

ʙʝʪʽʥʜʝ ʙʽʨʪʝʢʪʽ, ʪʳסʳʟ ʞᴅʥʝ װʟʽʣʽʩʩʽʟ ʤʦʨʬʦʣʦʛʠʷ ʙʘʡץʘʣʜʳ. SEM ʢʝʩʢʽʥʜʝʨʽ 

ʧʣʝʥʢʘ ʙʝʪʽʥʽש ʪʝʛʽʩʪʽʛʽʥ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʤʠʢʨʦʥ ʜʝשʛʝʡʽʥʜʝ ʙʽʨʢʝʣʢʽ 

ʪʘʨʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʆʧʪʠʤʘʣʜʳ ʨʝʮʝʧʪʫʨʘ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʝ ʘʡץʳʥ 

ʘʤʦʨʬʪʳ ʥʝʤʝʩʝ ʞʘʨʪʳʣʘʡ ʢʨʠʩʪʘʣʜʳ ײץʨʳʣʳʤ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʘʨʴʝʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. 
 

 

ʉʫʨʝʪ 20 ï ʇʣʝʥʢʘʩʳʥʳש SEM ʪʝʩʪʽ 

 

ʄʠʢʨʦʩʢʦʧʠʷʣʳײץ ץʨʳʣʳʤʜʳץ ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ (ʉʫʨʝʪ 20) ʧʣʝʥʢʘ 

ʙʝʪʽʥʜʝ ʙʽʨʪʝʢʪʽ, ʪʳסʳʟ ʞᴅʥʝ װʟʽʣʽʩʩʽʟ ʤʦʨʬʦʣʦʛʠʷ ʙʘʡץʘʣʜʳ. SEM ʢʝʩʢʽʥʜʝʨʽ 

ʧʣʝʥʢʘ ʙʝʪʽʥʽש ʪʝʛʽʩʪʽʛʽʥ ʞᴅʥʝ ʙᴇʣʰʝʢʪʝʨʜʽש ʤʠʢʨʦʥ ʜʝשʛʝʡʽʥʜʝ ʙʽʨʢʝʣʢʽ 

ʪʘʨʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ʆʧʪʠʤʘʣʜʳ ʨʝʮʝʧʪʫʨʘ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ װʣʛʽʣʝʨʜʝ ʘʡץʳʥ 

ʘʤʦʨʬʪʳ ʥʝʤʝʩʝ ʞʘʨʪʳʣʘʡ ʢʨʠʩʪʘʣʜʳ ײץʨʳʣʳʤ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʥʳש 

ʤʝʭʘʥʠʢʘʣʳץ ʞᴅʥʝ ʙʘʨʴʝʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʽש ʪײʨʘץʪʳ ʝʢʝʥʽʥ ʨʘʩʪʘʡʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʧʣʝʥʢʘʥʳש ʞʦסʘʨʳ ʩʘʧʘʣʳ ײץʨʳʣʳʤסʘ, 

ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳץץʘ ʞᴅʥʝ ʘʥʘʣʠʟʛʝ ʩʘʡ ʬʫʥʢʮʠʦʥʘʣʜʳץ ץʘʩʠʝʪʪʝʨʛʝ ʠʝ 

ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ, ʙײʣ ʦʥʳ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ʦʨʘʫסʘ ʘʨʥʘʣסʘʥ ʵʢʦʣʦʛʠʷʣʳץ ʪʘʟʘ 

ʤʘʪʝʨʠʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 
ʇʣʝʥʢʘʥʳϬ AFM ʪʝʩʪʽ 

21 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʧʣʝʥʢʘ ʙʝʪʽʥʜʝ ʪײʪʘʩ, ʙʽʨʪʝʢʪʽ ʞᴅʥʝ ʪʳסʳʟ 

 ʪʘʨʳ 62,8 ʥʤ-ʜʝʥ 406,7ץʘʣʜʳ. ɹʠʽʢʪʽʢ ʘʡʳʨʤʘʰʳʣʳץʘʥʳ ʙʘʡץʘʣʳʧʪʘʩץ ʨʳʣʳʤײץ

ʥʤ-ʛʝ ʜʝʡʽʥ ʘʫʳʪץʳʧ ʦʪʳʨʜʳ, ʙײʣ ʧʣʝʥʢʘʥʳש ʪᴇʤʝʥ ʞᴅʥʝ ʦʨʪʘʰʘ ʤʠʢʨʦʢʝʜʽʨ- 

ʙײʜʳʨʣʳ ʙʝʪʽ ʙʘʨ ʝʢʝʥʽʥ ʩʠʧʘʪʪʘʡʜʳ. 
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ʉʫʨʝʪ 21 ï ʇʣʝʥʢʘʩʳʥʳש AFM ʪʝʩʪʽ, 1 ʙʝʪ 
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ʉʫʨʝʪ 21, 2 ʙʝʪ 

ʆʧʪʠʤʘʣʜʳ ʨʝʮʝʧʪʫʨʘ ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣסʘʥ װʣʛʽʣʝʨʜʽש ʙʝʪʢʽ ʙʝʪʽʥʜʝ 

ʘʡץʳʥ ʽʨʽ ץʫʳʩʪʘʨʜʳש ʥʝʤʝʩʝ ʞʘʨʳץʪʘʨʜʳש ʙʦʣʤʘʫʳ ʦʣʘʨʜʳש ʞʦסʘʨʳ 

 ʜʝʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʘ ʙʝʡʽʤʜʽʣʽʛʽʥשʩʳ ᴇץʙʽʨʪʝʢʪʽʣʽʛʽʥ ʞᴅʥʝ ʞʘ ץʨʳʣʳʤʜʳײץ

ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʝʥʢʘ ʙʝʪʽʥʜʝʛʽ ʤʠʢʨʦʨʝʣʴʝʬʪʽש ʩʘʣʳʩʪʳʨʤʘʣʳ 

ʪװʨʜʝ ʪʝʛʽʩ ʙʦʣʫʳ, ʦʥʳש ʤᴇʣʜʽʨʣʽʢ, ʛʘʟ ʞᴅʥʝ ʩʫ ʙʫʣʘʨʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʛʽ ʩʝʢʽʣʜʽ 

ʙʘʨʴʝʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥ ʞʘץʩʘʨʪʘʪʳʥʳʥʘ ʳץʧʘʣ ʝʪʝʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥ ʟʝʨʪʪʝʫ 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ 

ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ פʳʪʘʡ ʍʘʣʳץ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש 

ʉʠʘʥʴ ץʘʣʘʩʳʥʜʘסʳ ʘʢʢʨʝʜʠʪʪʝʣʛʝʥ çXingzhi Food Safety Certification 

Laboratoryè ʟʝʨʪʭʘʥʘʩʳʥʜʘ 2025 ʞʳʣʜʳש ʤʘʫʩʳʤ ʘʡʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ɹײʣ 

ʟʝʨʪʭʘʥʘ ISO/IEC 17025 ʩʪʘʥʜʘʨʪʳʥʘ ʩᴅʡʢʝʩ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽ ʤʝʥ ʦʨʘʤʘ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʩʳʥʘץʪʘʥ ᴇʪʢʽʟʫʛʝ ʫᴅʢʽʣʝʪʪʽ ʤʝʢʝʤʝ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

20 ʞᴅʥʝ 21 ʢʝʩʪʝʣʝʨʜʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 20 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

 ʘʫʽʧʩʽʟʜʽʢ ʢᴇʨʩʝʪʢʽʰʪʝʨʽץ

 

ʂᴇʨʩʝʪʢʽʰ ʉʪʘʥʜʘʨʪ ʅᴅʪʠʞʝ ʐʝʢʪʝʫʣʽʤᴅʥʽ 

ɾʘʣʧʳ ʤʠʢʨʦʙʪʘʨ 

ʩʘʥʳ (ɹפʂ/ʛ) 

ISO 4833-1 3,1 × 10² Ò 10³ 

ɸʰʳʪץʳ ʤʝʥ ʟʝש 

(ɹפʂ/ʛ) 

ISO 21527-1 8,5 × 10¹ Ò 10² 

E. coli ʄɽʉʊ 30711-2001 ɸʥʳץʪʘʣʤʘʜʳ ɹʦʣʤʘʫʳ ʪʠʽʩ 

S. aureus ʄɽʉʊ 30347-97 ɸʥʳץʪʘʣʤʘʜʳ ɹʦʣʤʘʫʳ ʪʠʽʩ 

Salmonellaspp. (25 ʛ) ʄɽʉʊ30519-97 ɸʥʳץʪʘʣʤʘʜʳ ɹʦʣʤʘʫʳ ʪʠʽʩ 

L. monocytogenes ISO 11290 ɸʥʳץʪʘʣʤʘʜʳ ɹʦʣʤʘʫʳ ʪʠʽʩ 
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ʂʝʩʪʝ 21 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʢ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

 

 ̄ ʂᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʪʘʫʳ ʉʪʘʥʜʘʨʪ ʅʄ 
ʥʦʨʤʘʣʘʨʳ 

ʅʘץʪʳ ʪװʨʜʝ 

ʘʣʳʥסʘʥʳ 

1 ʊʦʢʩʠʥʜʽ ɻ ʣʝʤʝʥʪʪʝʨ, ʤʛ/ʢʛ, 

ʘʨʪʳץ ʝʤʝʩ: 

 ʘʩʳʥסʦʨפ

ʂʘʜʤʠʡ 

ʉʳʥʘʧ 

 

 
ʄɽʉʊ 30178 

ʄɽʉʊ 30178 

ʄɽʉʊ 30178 

 

 
0,5 

0,05 

0,03 

 

 
0,021 

0,004 

ʊʘʙʳʣסʘʥ 

ʞʦץ 

2 ʇʝʩʪʠʮʠʜʪʝʨ, 

ʤʛ/ʢʛ, ʘʨʪʳץ ʝʤʝʩ: 

ʆʨʛʘʥʦʬʦʩʬʘʪ ʧʝʩʪʠʮʠʜʪʝʨʽ 

ʍʣʦʨʦʨʛʘʥʠʢʘʣʳץʧʝʩʪʠʮʠʜʪʝʨ 

 
ʄɽʉʊ 31971 

ʄɽʉʊ 31971 

 
0,01 

0,01 

 
0,001 

ʊʘʙʳʣסʘʥ 

ʞʦץ 

3 ʈʘʜʠʦʥʫʢʣʠʜʪʝʨ ɹʢ/ʢʛ, 

ʘʨʪʳץʝʤʝʩ: 
ʎʝʟʠʡ-137 

ʉʪʨʦʥʮʠʡ Sr-90 

 
ʉʘʥɽʞ/ʝʅ 

ʉʘʥɽʞ/ʝʅ 

 

 
10 
20 

 

 
3,4 
2,7 

 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳץ שʘʫʽʧʩʽʟʜʽʛʽʥ ʙʘסʘʣʘʫ װʰʽʥ 

ʪװʨʣʽ ʪʘסʘʤ ʩʠʤʫʣʷʪʦʨʣʘʨʳʤʝʥ ʞʘʣʧʳ ʢᴇʰʫ ʩʳʥʘסʳ ʞװʨʛʽʟʽʣʜʽ. ʅᴅʪʠʞʝʣʝʨʽ 22 

ʢʝʩʪʝʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʂʝʩʪʝ 22 ï ʊʘסʘʤ ʤʦʜʝʣʴʜʝʨʽʤʝʥ ʢᴇʰʫ ʥᴅʪʠʞʝʣʝʨʽ 

 

ʊʘסʘʤ 

ʩʠʤʫʣʷʪʦʨʳ 
 ʦʣʜʘʥʫ ʘʷʩʳ ɾʘʣʧʳ ʢᴇʰʫפ

(ʤʛ/ʜʤĮ) 

ʐʝʢʪʽ ʤᴅʥ 

(ʤʛ/ʜʤĮ) 

10% ʵʪʘʥʦʣ ʉʫʩʳʥʜʘʨ, 

ʞʝʤʽʩʪʝʨ 

1,87 Ò3 

3% ʩʽʨʢʝ ʩʫʳ פʳʰץʳʣ ᴇʥʽʤʜʝʨ 2,13 Ò3 

50% ʵʪʘʥʦʣ ʄʘʡʣʳ ʪʘסʘʤʜʘʨ 2,92 Ò3 

 

ɾװʨʛʽʟʽʣʛʝʥ ʪʘסʘʤ ץʘʫʽʧʩʽʟʜʽʛʽʥʝ ʙʘסʳʪʪʘʣסʘʥ ʟʝʨʪʪʝʫʣʝʨ ʥᴅʪʠʞʝʩʽʥʜʝ 

ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʩʘʥʠʪʘʨʣʳץ- 

ʛʠʛʠʝʥʘʣʳץ ʪʘʣʘʧʪʘʨסʘ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨ ʙʦʡʳʥʰʘ ʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʘסʟʘʣʘʨ (E. Coli, S. Aureus, Salmonella 

spp.) ʘʥʳץʪʘʣʤʘסʘʥ, ʘʣ ʞʘʣʧʳ ʤʠʢʨʦʙʪʘʨ ʩʘʥʳ ʤʝʥ ʟʝש ʜʝשʛʝʡʽ ʨץײʩʘʪ ʝʪʽʣʛʝʥ 

ʰʝʢʪʝʨʜʝʥ ʘʩʧʘʜʳ. 

ʊʘסʘʤ ʤʦʜʝʣʴʜʝʨʽʤʝʥ (10% ʵʪʘʥʦʣ, 3% ʩʽʨʢʝ ʩʫʳ, 50% ʵʪʘʥʦʣ) ʞװʨʛʽʟʽʣʛʝʥ 

ʞʘʣʧʳ ʢᴇʰʫ ʩʳʥʘץʪʘʨʳ ʧʣʝʥʢʘʥʳש ʪʘסʘʤʤʝʥ ʪʽʢʝʣʝʡ ʞʘʥʘʩʫסʘ ʞʘʨʘʤʜʳ ᴅʨʽ 
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 ʤᴅʥʜʝʨ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʦʨʘʤʘ ʤʘʪʝʨʠʘʣʜʘʨʳʥʘ ץʘʫʽʧʩʽʟ ʝʢʝʥʽʥ ʨʘʩʪʘʜʳ. ɹʘʨʣʳץ

 .ʛʝʡʜʝʥ ʘʩʧʘʜʳשʦʡʳʣʘʪʳʥ Ò3 ʤʛ/ʜʤĮ ʰʝʢʪʽ ʜʝץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʝʥʢʘ ײץʨʘʤʳʥʜʘסʳ ʪʘʙʠסʠ ʙʠʦץʦʩʳʣʳʩʪʘʨʜʳש 

ʘʨץʘʩʳʥʜʘ E. Coli ʞᴅʥʝ S. Aureus ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨʽʥʝ ץʘʨʩʳ ʞʦסʘʨʳ 

ʘʥʪʠʤʠʢʨʦʙʪʳץ ʙʝʣʩʝʥʜʽʣʽʢ (Ó 91%) ʢᴇʨʩʝʪʽʣʜʽ, ʙײʣ ʦʥʳש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ 

 .ʦʨʘʤʘ ʤʘʪʝʨʠʘʣʳ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ ץʘʥ ʪʠʽʤʜʽ ʙʠʦʣʦʛʠʷʣʳסʘ ʘʨʥʘʣסʟʘʨʪʫײ

 ʨʛʽʟʽʣʛʝʥ ʪʘʣʜʘʫʣʘʨ ʙʘʨʳʩʳʥʜʘ ʘʥʪʠʙʠʦʪʠʢʪʝʨ ʤʝʥװʦʩʳʤʰʘ ʞפ

ʧʝʩʪʠʮʠʜʪʝʨʜʽץ שʘʣʜʳץʪʘʨʳ, ʩʦʥʜʘʡ-ʘץ ʨʘʜʠʘʮʠʷʣʳץ ʣʘʩʪʘʥʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʙʘסʘʣʘʥʜʳ. ʆʨʛʘʥʦʬʦʩʬʘʪʪʳ ʞᴅʥʝ ʭʣʦʨʦʨʛʘʥʠʢʘʣʳץ ʧʝʩʪʠʮʠʜʪʝʨ 

ʢʦʥʮʝʥʪʨʘʮʠʷʩʳ ʘʥʳץʪʘʫ ʰʝʛʽʥʝʥ ʪᴇʤʝʥ ʥʝʤʝʩʝ ʙʦʣʤʘʫʳ ʪʠʽʩ ʜʝשʛʝʡʜʝ ʙʦʣʜʳ (Ò 

0,001 ʤʛ/ʢʛ); Cs-137 ʞᴅʥʝ Sr-90 ʨʘʜʠʦʥʫʢʣʠʜʪʝʨʽʥʽש ʙʝʣʩʝʥʜʽʣʽʛʽ ʬʦʥʜʳץ ʤᴅʥʜʝʨ 

ʰʝʛʽʥʜʝ ʪʽʨʢʝʣʜʽ (Ò5 ɹʢ/ʢʛ) (ץ נʦʩʳʤʰʘʩʳ). 

ʉʦʥʜʘʡ-ʘץ, ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʵʣʝʤʝʥʪʪʽʢ 

 ץʩʳʥʘ ױʪʘʣʜʳ, ʟʝʨʪʪʝʫʣʝʨ çʅʘʟʘʨʙʘʝʚ ʋʥʠʚʝʨʩʠʪʝʪʽè ɼɹɹץʨʘʤʳ ʘʥʳײץ

ʟʝʨʪʭʘʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ (ץ נʦʩʳʤʰʘʩʳ). 

ɹײʣ ʥᴅʪʠʞʝʣʝʨ ʧʣʝʥʢʘʥʳש ʪʝʢ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ 

ʨʘʜʠʘʮʠʷʣʳץ ʪײʨסʳʜʘʥ ʜʘ ץʘʫʽʧʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ 

 ʘʨʩʳץ ʘסʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ᴅʟʽʨʣʝʥʛʝʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷפ

ʧʣʝʥʢʘʩʳ ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʨʘʜʠʘʮʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

 ץʘʥ ʠʥʥʦʚʘʮʠʷʣʳסʘ ʘʨʥʘʣסʦʣʜʘʫץ ʘסʟʘʨʪʫײ ʪʘʫ ʤʝʨʟʽʤʽʥץʘʤʪʘʤʘʩʳʟ ʝʪʫʛʝ, ʩʘץ

ʰʝʰʽʤ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʞᴅʥʝ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽʥ ʟʝʨʪʪʝʫ 

ʇʣʝʥʢʘʜʘʥ ʜʘʡʳʥʜʘʣסʘʥ ʩʫ ɻ ʢʩʪʨʘʢʪʳʣʘʨʳ ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʙʝʣʩʝʥʜʽʣʽʢʢʝ 

ʠʝ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ. DPPH ʞᴅʥʝ ABTS ʩʳʥʘץʪʘʨʳʥʳש ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ 

ʨʘʜʠʢʘʣ ʞʦ ʁץʘʙʽʣʝʪʽ ʩᴅʡʢʝʩʽʥʰʝ 26,58 ± 4,39% ʞᴅʥʝ 22,84 ± 6,79% ʙʦʣʜʳ (ʂʝʩʪʝ 

23). ɹײʣ ʧʣʝʥʢʘ ײץʨʘʤʳʥʜʘ ʪʘʙʠסʠ ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ץʦʩʳʣʳʩʪʘʨ ʙʘʨ ʝʢʝʥʽʥ ʞᴅʥʝ 

ʦʣʘʨʜʳ ʙʦʩ ʨʘʜʠʢʘʣʜʘʨʜʳ ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫʜʘ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʪʳʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʂʝʩʪʝ 23 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʞᴅʥʝ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʙʝʣʩʝʥʜʽʣʽʛʽ 

 

 ̄ DPPH (%) ABTS (%) E.coli ᴇʩʫʽʥ 

ʪʝʞʝʫ (%) 

S.aureus ᴇʩʫʽʥ 

ʪʝʞʝʫ (%) 
1 25,94 25,23 47,16 44,71 

2 24,53 23,04 46,88 38,31 

3 23,74 25,03 55,14 32,12 

 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, 22 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳʣʘʨʳ 

ʙʘʢʪʝʨʠʷʣʘʨסʘ ץʘʨʩʳ ʘʡץʳʥ ʙʝʣʩʝʥʜʽʣʽʢ ʢᴇʨʩʝʪʪʽ. OD600 ʙʦʡʳʥʰʘ ʩײʡʳץ ʦʨʪʘʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ ʪᴅʞʽʨʠʙʝʣʝʨ E. Coli ʞᴅʥʝ S. Aureus ᴇʩʫʽʥ ʪʠʽʩʽʥʰʝ 47,2% ʞᴅʥʝ 41,5% 
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ʪʝʞʝʛʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʜʝʨʝʢʪʝʨ ʘʛʘʨ ʧʣʘʩʪʠʥʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʛʝʥ 

ʪᴅʞʽʨʠʙʝʣʝʨʤʝʥ ʜʝ ʨʘʩʪʘʣʜʳ, ʤײʥʜʘ ʢʦʣʦʥʠʷʣʘʨʜʳש ʩʘʥʳ ʘʡʪʘʨʣʳץʪʘʡ ʘʟʘʡʜʳ. 
 

ʉʫʨʝʪ 22 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʘʣʳʥסʘʥ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ץʘʩʠʝʪʪʝʨʽʥ ʟʝʨʪʪʝʫ 

 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʜʳ ʙʝʣʩʝʥʜʽʣʽʢʪʽ ʪʝʨʝש ʪװʩʽʥʜʽʨʫ װʰʽʥ CLSM ʘʨץʳʣʳ 

ʪʽʨʽ/ᴇʣʽ ʙʦʷʫʤʝʥ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ ʢװʡʽ ʟʝʨʪʪʝʣʜʽ ʞᴅʥʝ 23- ʩʫʨʝʪʪʝ 

ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʙʘץʳʣʘʫ ʪʦʧʪʘʨʳʥʜʘ (a, f) ʞʘʩʫʰʘʣʘʨʜʳש ʢᴇʧʰʽʣʽʛʽ ʞʘʩʳʣ ʪװʩʪʽ 

ʙʦʣʳʧ ʩʘץʪʘʣʜʳ, ʙײʣ ʦʣʘʨʜʳש ʪʽʨʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ɸʣ ʘʥʪʠʙʘʢʪʝʨʠʘʣʜʳ 

ʧʣʝʥʢʘʤʝʥ ᴇשʜʝʣʛʝʥ װʣʛʽʣʝʨʜʝ (dïe, iïj) ץʳʟʳʣ ʩʠʛʥʘʣʜʘʨʜʳש ʘʡץʳʥ ʘʨʪʫʳ 

ʙʘʡץʘʣʜʳ, ʙײʣ ʞʘʩʫʰʘ ʤʝʤʙʨʘʥʘʩʳʥʳש ʟʘץʳʤʜʘʥʫʳ ʤʝʥ ʙʘʢʪʝʨʠʷʣʘʨʜʳש 

ᴇʣʽʤʽʥʝ ᴅʢʝʣʛʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

 

 
ʉʫʨʝʪ 23 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש E. Coli ʞᴅʥʝ S. 

Aureus ʞʘʩʫʰʘʣʘʨʳʥʘ ᴅʩʝʨʽʥ CLSM ʘʨץʳʣʳ ʙʘסʘʣʘʫ. 

 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʧʣʝʥʢʘʥʳץ שʦʩʘʨʣʘʥסʘʥ ʬʫʥʢʮʠʷʩʳʥ 

ʢᴇʨʩʝʪʪʽ:   ʙʽʨ   ʞʘסʳʥʘʥ   ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ   ᴅʩʝʨʽ   ʙʦʩ   ʨʘʜʠʢʘʣʜʘʨʜʳ 
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ʙʝʡʪʘʨʘʧʪʘʥʜʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʩʝ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ ʧʘʪʦʛʝʥʜʽ 

ʤʠʢʨʦʘסʟʘʣʘʨʜʳש ᴇʩʫʽʥ ʪʝʞʝʧ, ʞʘʩʫʰʘ ʤʝʤʙʨʘʥʘʩʳʥʘ ʟʘץʳʤ ʢʝʣʪʽʨʝʜʽ. ɹײʣ 

 שʘ ʞᴅʥʝ ʦʣʘʨʜʳסʟʘʨʪʫײ ʪʘʫ ʤʝʨʟʽʤʽʥץʩʘ שʘʤ ᴇʥʽʤʜʝʨʽʥʽסʘʩʠʝʪʪʝʨ ʪʘץ

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ ʘʨʪʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

4.4 ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʘʥʪʠʙʘʪʝʨʠʘʣʜʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʪʘסʘʤ 
ᴇʥʽʤʜʝʨʽʥʽש ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ʟʝʨʪʪʝʫ 

ɹײʣ ʟʝʨʪʪʝʫʜʝ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʙʠʦʳʜʳʨʘʡʪʳʥ ʘʥʪʠʤʠʢʨʦʙʪʳץ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳש ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 ÁC) ʩʘץʪʘʫ 

ʤʝʨʟʽʤʽʥʝ ᴅʩʝʨʽ ʟʝʨʪʪʝʣʜʽ. ʉʳʥʘװ ץʣʛʽʣʝʨʽ ʨʝʪʽʥʜʝ ʤʘʡʩʳʟ ʩʠʳʨ ʝʪʽ ʤʝʥ ʬʦʨʝʣʴ 

ʙʘʣʳסʳʥʳש ʬʠʣʝʩʽ ץʦʣʜʘʥʳʣʜʳ. ᴄʨ ᴇʥʽʤ װʰʽʥ ʝʢʽ ʙʘץʳʣʘʫ ʪʦʙʳ ײץʨʳʣʜʳ: (1) 

 ʘʨʩʳ ʧʣʝʥʢʘʤʝʥץ ʘסʞᴅʥʝ (2) ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷ (ʳʣʘʫץʙʘ) ʘʥסʘʧʪʘʣʤʘץ

 .ʘʥ ʪʦʧסʘʧʪʘʣץ

 .ʪʘʣʜʳץʘʪ ʙʦʡʳ ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ ʩʘסʣʛʽʣʝʨ 0, 12, 24 ʞᴅʥʝ 36 ʩʘת

ᴄʨʙʽʨ װʣʛʽ װʰ ץʘʡʪʘʣʘʥʳʤʜʘ ʜʘʡʳʥʜʘʣʜʳ. ʉʘץʪʘʫ ʤʝʨʟʽʤʽ ᴇʪʢʝʥ ʩʘʡʳʥ 

ᴇʥʽʤʜʝʨʜʽש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʣʘʩʪʘʥʫʳ (ɹפʂ), pH ʜʝשʛʝʡʽ, ʩʘʣʤʘץ ʞʦסʘʣʪʫʳ 

(%), ʪװʩ ʧʘʨʘʤʝʪʨʣʝʨʽ (L*,  a*, b*), ʩʦʥʜʘʡ-ʘץ ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (ʪװʩ, ײץʨʳʣʳʤ, 

ʳʣסʘʣʜʳʣʳץ) ʪʽʨʢʝʣʜʽ. 

ʇʽʩʽʨʽʣʛʝʥ ʩʠʳʨ ʝʪʽ (25 °C)  

24 ʢʝʩʪʝʜʝ ʞᴅʥʝ 24 ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʩʘץʪʘʫ ʫʘץʳʪʳ ʘʨʪץʘʥ ʩʘʡʳʥ 

ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥʜʝ ʝʪʪʽש ʪװʩʽ ʢשװʛʽʨʪʪʝʥʽʧ, ײץʨʳʣʳʤʳ ʘʡʪʘʨʣʳץʪʘʡ ʞײʤʩʘʨʜʳ 

ʞᴅʥʝ ʳʣסʘʣ ʞʦסʘʣʪʫ ʢװʰʝʡʜʽ. ɸʣ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ 

 ʘʪסʪʘʣʜʳ. 36 ʩʘץʡʽʥʜʝ ʩʘװʳʟ ʢסʨʳʣʳʤʳ ʪʳײץ ʞᴅʥʝ ץʩʽ ʘʰʳװʣʛʽʣʝʨʜʝ ʪװ ʘʥסʘʧʪʘʣץ

ʩʦשʳʥʜʘ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ɹפʂ ʢᴇʨʩʝʪʢʽʰʽ 8,4 log10 ɹפʂ/ʛ ʜʝʡʽʥ ʞʝʪʩʝ, 

ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʦʣ 6,5 log10 ɹפʂ/ʛ h ʘʤʘʩʳʥʜʘ ʙʦʣʜʳ. pH ʜʝשʛʝʡʽ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪײʨʘץʪʳ ʩʘץʪʘʣʳʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 12,0%-ʜʘʥ 7,1%-סʘ ʜʝʡʽʥ 

ʘʟʘʡʜʳ. L* ʞᴅʥʝ b* ʤᴅʥʜʝʨʽ ʞʦסʘʨʳ ʙʦʣʳʧ, ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʩʘʧʘʩʳʥʳש ʞʘץʩʳ 

ʩʘץʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

 

ʂʝʩʪʝ 24 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʩʠʳʨ ʝʪʽʥ 

ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 
 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

ɹפʂ 
/ʛ) 

pH, 

ʙʽʨʣ 

ʽʢ 

ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L* 

(ɾʘʨʳץ 

ʪʳץ) 

a* 

 (ʳʟʳʣפ)

b* 

(ʉʘʨʳ) 

1 2 3 4 5 6 7 8 9 

1 0 ʉʠʳʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

4,5 6,8 0,0 47,0 18,0 14,0 

2 12 ʉʠʳʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

6,3 6,7 4,1 45,0 19,2 13,5 

3 24 ʉʠʳʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

7,2 6,6 7,6 44,1 19,8 13,0 

4 36 ʉʠʳʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

8,1 6,6 11,2 43,2 20,1 12,5 
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24 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 6 7 8 9 

5 0 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

4,5 6,6 0,0 48,0 17,0 15,2 

6 12 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

5,2 6,3 2,3 47,5 17,2 15,0 

7 24 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

5,8 6,1 4,5 47,0 17,4 14,9 

8 36 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 
ʧʣʝʥʢʘ) 

6,3 6,0 6,8 46,7 17,6 14,8 

 

ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʘʪ, ʝ ï 36סʘʪ, ʜ ï 24 ʩʘסʩʘ 12- ס ,ʘʪסʣʛʽʣʝʨ: ʛ ï 0 ʩʘװ ʘʥסʘʧʪʘʣץ ʘʨʩʳ ʧʣʝʥʢʘʤʝʥץ

ʩʘסʘʪ. 

ʉʫʨʝʪ 24 ï ʉʠʳʨ ʝʪʽ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  0ï36 ʩʘסʘʪ) 

 

ʄʘʨʠʥʘʜʪʘʣϤʘʥ ʬʦʨʝʣʴ (25 °C)  
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25-ʢʝʩʪʝʜʝ ʞᴅʥʝ 25 ï ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥʜʝʡ, ʩʘץʪʘʫ ʫʘץʳʪʳ ײʟʘʨסʘʥ ʩʘʡʳʥ 

ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘסʳ װʣʛʽʣʝʨʜʝ ʪװʩʽʥʽץ שʘʨʘʡʶʳ, ײץʨʳʣʳʤʳʥʳש ʞײʤʩʘʨʫʳ ʞᴅʥʝ 

ʳʣסʘʣ ʞʦסʘʣʪʫʜʳש ʘʨʪʫʳ ʙʘʡץʘʣʜʳ. ɸʣ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ ʤʘʨʠʥʘʜʪʘʣסʘʥ ʬʦʨʝʣʴ װʣʛʽʣʝʨʽ ᴇʟʽʥʽש ʙʘʩʪʘʧץʳ ʪװʩʽʥ, 

ʪʳסʳʟ ײץʨʳʣʳʤʳʥ ʞᴅʥʝ ʩʘʣʳʩʪʳʨʤʘʣʳ ʳʣסʘʣʜʳʣʳסʳʥ ʞʘץʩʳ ʩʘץʪʘʧ ץʘʣʜʳ. 36 

ʩʘסʘʪ ʩʦשʳʥʜʘ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ɹפʂ ʢᴇʨʩʝʪʢʽʰʽ 8,3 log10 ɹפʂ/ʛ ʞʝʪʩʝ, 

ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʦʣ ʪʝʢ 6,7 log10 ɹפʂ/ʛ ʜʝשʛʝʡʽʥʜʝ ץʘʣʜʳ. pH ʤᴅʥʽ 

ʙʘץʳʣʘʫʜʘ 6,8-ʜʝʥ 6,4-ʢʝ ʪᴇʤʝʥʜʝʩʝ, ʧʣʝʥʢʘ ʪʦʙʳʥʜʘ ʦʣ 6,6-ʜʘʥ 6,2-ʛʝ ʜʝʡʽʥ 

ᴇʟʛʝʨʜʽ. ʉʘʣʤʘץ ʞʦסʘʣʪʫ ʙʘץʳʣʘʫʜʘ 12,5%-ʜʳ ײץʨʘʩʘ, ʧʣʝʥʢʘ ʪʦʙʳʥʜʘ ʪʝʢ 7,3% 

ʙʦʣʜʳ. ʊװʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʡʳʥʰʘ L* ʞᴅʥʝ b* ʤᴅʥʜʝʨʽʥʽש ʞʦסʘʨʳ ʩʘץʪʘʣʫʳ 

ʧʣʝʥʢʘʥʳש ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʩʘʧʘʩʳʥ ץʦʨסʘʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

 

ʂʝʩʪʝ 25 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʬʦʨʝʣʴʜʽ ʩʘץʪʘʫ 

ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

ɹפʂ /ʛ) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L*  a* b* 

1 0 ʌʦʨʝʣʴ (ɹʘץʳʣʘʫ) 4,8 6,9 0,0 46,0 14,2 14,5 

2 12 ʌʦʨʝʣʴ (ɹʘץʳʣʘʫ) 6,5 6,8 5,0 44,5 15,0 13,8 

3 24 ʌʦʨʝʣʴ (ɹʘץʳʣʘʫ) 7,6 6,7 9,2 43,6 15,5 13,1 

4 36 ʌʦʨʝʣʴ (ɹʘץʳʣʘʫ) 8,5 6,7 13,4 42,8 15,8 12,5 

5 0 ʌʦʨʝʣʴ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

4,8 6,6 0,0 47,2 13,0 15,2 

6 12 ʌʦʨʝʣʴ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 
 (ʘʨʩʳ ʧʣʝʥʢʘץ

5,6 6,4 3,1 46,8 13,3 15,0 

7 24 ʌʦʨʝʣʴ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

6,3 6,2 5,4 46,3 13,5 14,9 

8 36 ʌʦʨʝʣʴ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

6,8 6,1 7,6 45,9 13,7 14,8 

 

25-ʢʝʩʪʝ ʞᴅʥʝ 25-ʩʫʨʝʪ ʤᴅʣʽʤʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ, 25 ÁC ʪʝʤʧʝʨʘʪʫʨʘʜʘ ʩʘץʪʘʫ 

ʙʘʨʳʩʳʥʜʘ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘסʳ ʞᴅʥʝ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ ʤʘʨʠʥʘʜʪʘʣסʘʥ ʬʦʨʝʣʴ װʣʛʽʣʝʨʽʥʽש ʘʨʘʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʘʡץʘʣʜʳ. ʉʘץʪʘʫ ʫʘץʳʪʳ ײʟʘʨסʘʥ ʩʘʡʳʥ ʤʝʟʦʬʠʣʴʜʽ ʘʵʨʦʙʪʳ 

ʙʘʢʪʝʨʠʷʣʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳ (ɹפʂ) ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ ʘʨʪʪʳ: ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ 

ɹפʂ 4,8-ʜʝʥ 8,5 log10 ɹפʂ/ʛ ʜʝʡʽʥ ᴇʩʪʽ, ʘʣ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʙײʣ 

ʢᴇʨʩʝʪʢʽʰ ʪʝʢ 4,8-ʜʝʥ 6,8 log10 ɹפʂ/ʛ ʜʝשʛʝʡʽʥʝ ʜʝʡʽʥ ʞʝʪʪʽ. ɹײʣ ʥᴅʪʠʞʝ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʤʠʢʨʦʬʣʦʨʘʥʳש ᴇʩʫʽʥ ʪʝʞʝʧ, ᴇʥʽʤʥʽש 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʙײʟʳʣʫ ʧʨʦʮʝʩʽʥ ʙʘʷʫʣʘʪʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʉʘץʪʘʫ ʢʝʟʽʥʜʝ ʙʘʨʣʳװ ץʣʛʽʣʝʨʜʝ pH ʰʘʤʘʩʳʥʳש ʪᴇʤʝʥʜʝʫʽ ʙʘʡץʘʣʜʳ, ʙײʣ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʜʝʨ  ʪʽʨʰʽʣʽʛʽ  ʥᴅʪʠʞʝʩʽʥʜʝ  ʦʨʛʘʥʠʢʘʣʳץ  ץʳʰץʳʣʜʘʨʜʳש 
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ʞʠʥʘʣʫʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ: ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ pH 6,9-ʜʘʥ 6,7-ʛʝ, ʘʣ ʧʣʝʥʢʘʤʝʥ 

 ʘʥסʘʧʪʘʣץ ʣʛʽʣʝʨʜʝ 6,6-ʜʘʥ 6,1-ʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ. ʇʣʝʥʢʘʤʝʥװ ʘʥסʘʧʪʘʣץ

ʬʦʨʝʣʴʜʝ pH ᴇʟʛʝʨʽʩʽ ʘʟʳʨʘץ ʙʦʣʜʳ, ʙײʣ ᴇʥʽʤʥʽש ʙʠʦʭʠʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳʥʳש 

ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʘʣʤʘץʪʳש ʪᴇʤʝʥʜʝʫʽ ï ᴇʥʽʤʥʽש ʳʣסʘʣ ʞʦסʘʣʪʫ ʞᴅʥʝ 

 ʳʣʘʫץʳʟʜʳ ʢᴇʨʩʝʪʢʽʰ: ʙʘשʟʳʣʫ ʜᴅʨʝʞʝʩʽʥ ʩʠʧʘʪʪʘʡʪʳʥ ʤʘײʙ ץʨʳʣʳʤʜʳײץ

ʪʦʙʳʥʜʘ ʩʘʣʤʘץ ʞʦסʘʣʪʫ 13,4 % ʙʦʣʜʳ, ʘʣ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʪʝʢ 

 ʘʨʳסʘʙʽʣʝʪʽ ʞʦץ ʩʪʘʫײ ʘʣʜʳסʳʣ שʣ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʥʳײʨʘʜʳ. ɹײץ % 7,6

ʝʢʝʥʽʥ ʞᴅʥʝ ʜʝʛʠʜʨʘʪʘʮʠʷ ʧʨʦʮʝʩʽʥ ʝʢʽ ʝʩʝʛʝ ʞʫʳץ ʘʟʘʡʪʘʪʳʥʳʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ʊװʩʪʽʢ ʧʘʨʘʤʝʪʨʣʝʨ ʙʦʡʳʥʰʘ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ ʩʘʧʘʩʳʥ 

ʞʘץʩʳʨʘץ ʩʘץʪʘʧ ץʘʣʜʳ: L* (ʘʰʳץʪʳץ) ʤᴅʥʽ ʙʘץʳʣʘʫʜʘ 46,0-ʜʝʥ 42,8-ʛʝ ʜʝʡʽʥ 

ʘʟʘʡʩʘ, ʘʣ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʪʝʢ 47,2-ʜʝʥ 45,9-סʘ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ, 

a* (ץʳʟʳʣ ʨʝשʢ) ʢᴇʨʩʝʪʢʽʰʽ ʙʘץʳʣʘʫʜʘ 14,2 -ʜʝʥ 15,8-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳ, ʙײʣ ʪʦʪʳסʫ 

ʤʝʥ ץʘʨʘʡʶ ʧʨʦʮʝʩʪʝʨʽʥʽש ʙʝʣʩʝʥʜʽ ʝʢʝʥʽʥ ʙʽʣʜʽʨʝʜʽ; ʘʣ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ 

 ʤᴅʥʽ ʧʣʝʥʢʘʤʝʥ (ʢשʩʘʨʳ ʨʝ) *ʣʛʽʣʝʨʜʝ 13,0 -ʜʝʥ 13,7-ʛʝ ʜʝʡʽʥ ʘʨʪʪʳ ᴇʟʛʝʨʽʩ ʘʟ, bװ

 ʘ ʜʝʡʽʥס-ʳʣʘʫʜʘ 14,5-ʜʝʥ 12,5ץʪʘʣʜʳ, ʘʣ ʙʘץʩʳ ʩʘץʣʛʽʣʝʨʜʝ ʞʘװ ʘʥסʘʧʪʘʣץ

ʪᴇʤʝʥʜʝʜʽ. 36 ʩʘסʘʪ ʩʘץʪʘʫ ʩʦשʳʥʜʘ ʙʘץʳʣʘʫ װʣʛʽʣʝʨʽʥʜʝ ʪװʩʽʥʽץ שʘʨʘʡʶʳ, 

 ʘʣʜʳ. ʣ ʧʣʝʥʢʘʤʝʥץʘʣʪʫ ʙʘʡסʘʣ ʞʦסʳʥ ʳʣץʤʩʘʨʫʳ ʞᴅʥʝ ʘʡײʞ שʨʳʣʳʤʳʥʳײץ

 ʨʳʣʳʤʳʥ ʞᴅʥʝײץ ʳʟסʩʽʥ, ʪʳװʳ ʪץʣʛʽʣʝʨʽ ʙʘʩʪʘʧװ ʘʥ ʬʦʨʝʣʴסʘʧʪʘʣץ

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʦסʘʨʳ ʳʣסʘʣʜʳʣʳסʳʥ ʩʘץʪʘʧ ץʘʣʜʳ. 
 

ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʘʪ, ʝ ï 36סʘʪ, ʜ ï 24 ʩʘסï 12 ʩʘ ס ,ʘʪסʣʛʽʣʝʨ: ʛ ï 0 ʩʘװ ʘʥסʘʧʪʘʣץ ʘʨʩʳ ʧʣʝʥʢʘʤʝʥץ

ʩʘסʘʪ. 

 

ʉʫʨʝʪ 25 ï ʌʦʨʝʣʴ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  0ï36 ʩʘסʘʪ) 
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ʉװʡʝʢʩʽʟ h ʠʢʽ ʩʠʳʨ ʝʪʽ 

26-ʢʝʩʪʝ ʞᴅʥʝ 26-ʩʫʨʝʪ ʥᴅʪʠʞʝʣʝʨʽ ʩװʡʝʢʩʽʟ ʰʠʢʽ ʩʠʳʨ ʝʪʽʥʽש ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 °C)  36 ʩʘסʘʪ ʩʘץʪʘʣʫ ʙʘʨʳʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ᴇʟʛʝʨʽʩʪʝʨʛʝ 

 שʩʽʥʽװʘʪʪʘʥ ʙʘʩʪʘʧ ʝʪ ʙʝʪʽʥʜʝ ʪסʳʣʘʫ ʪʦʙʳʥʜʘ 12 ʩʘץʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹʘסʰʳʨʘײ

ʢשװʛʽʨʪʪʝʥʫʽ ʤʝʥ ײץʨʳʣʳʤʜʳץ ʞײʤʩʘʨʫʳ ʙʘʡץʘʣʜʳ, ʘʣ 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 

ʢᴇʨʩʝʪʢʽʰʽ 8,1 log10 CFU/g ʜʝʡʽʥ ʞʝʪʽʧ, ᴇʥʽʤʥʽש ʘʡץʳʥ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

ʙײʟʳʣʫʳʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, pH ʤᴅʥʽ 68-66 ʜʝשʛʝʡʽʥʜʝ ᴇʟʛʝʨʤʝʡ ץʘʣʜʳ, 

ʙʽʨʘץ ʩʘʣʤʘץ ʞʦסʘʣʪʫ 11,2%-סʘ ʜʝʡʽʥ ᴇʩʽʧ, ᴇʥʽʤʥʽש ʜʝʛʠʜʨʘʪʘʮʠʷʩʳ ʢװʰʝʡʛʝʥʽʥ 

ʜᴅʣʝʣʜʝʜʽ. 

 

ʂʝʩʪʝ 26 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʩװʡʝʢʩʽʟ ʰʠʢʽ 

ʩʠʳʨ ʝʪʽ ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L*  a* b* 

1 2 3 4 5 6 7 8 9 

1 0 ʉʠʳʨ ʝʪʽ (ɹʘץʳʣʘʫ) 4,5 6,8 0,0 47,0 18,0 14,0 

2 12 ʉʠʳʨ ʝʪʽ (ɹʘץʳʣʘʫ) 6,3 6,7 4,1 45,0 19,2 13,5 

3 24 ʉʠʳʨ ʝʪʽ (ɹʘץʳʣʘʫ) 7,2 6,6 7,6 44,1 19,8 13,0 

4 36 ʉʠʳʨ ʝʪʽ (ɹʘץʳʣʘʫ) 8,1 6,6 11,2 43,2 20,1 12,5 

5 0 ʉʠʳʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

4,5 6,6 0,0 47,5 17,6 14,2 

6 12 ʉʠʳʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,0 6,5 3,0 46,5 18,1 13,8 

7 24 ʉʠʳʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,9 6,4 6,2 45,8 18,4 13,5 

8 36 ʉʠʳʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

7,6 6,3 9,5 45,0 18,7 13,2 

9 0 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

4,5 6,6 0,0 48,0 17,0 15,2 

10 12 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

5,2 6,3 2,3 47,5 17,2 15,0 

11 24 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 
ʧʣʝʥʢʘ) 

5,8 6,1 4,5 47,0 17,4 14,9 

12 36 ʉʠʳʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,3 6,0 6,8 46,7 17,6 14,8 
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ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 

 

 

 

 

 

ʸ) ʞ) ʟ) ʠ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ.ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ. 

 
ʉʫʨʝʪ 26 ï ʉװʡʝʢʩʽʟ h ʠʢʽ ʩʠʳʨ ʝʪʽ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ 

(25 °C,  0ï36 ʩʘסʘʪ) 

PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ᴇʩʽʤ ʩᴅʣ 

ʪʝʞʝʣʛʝʥʽʤʝʥ, 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 7,6 log10 CFU/g ʜʝשʛʝʡʽʥʝ ʞʝʪʪʽ, ʙײʣ ʜʘ 

ᴇʥʽʤʥʽש ʪײʪʳʥʫסʘ ʞʘʨʘʤʩʳʟʜʳסʳʥ ʙʽʣʜʽʨʝʜʽ. ʉʘʣʤʘץ ʞʦסʘʣʪʫ 9,5%-סʘ ʜʝʡʽʥ, ʘʣ 

L*  ʞᴅʥʝ b* ʤᴅʥʜʝʨʽ ʙʘץʳʣʘʫסʘ ץʘʨʘסʘʥʜʘ ʩᴅʣ ʞʦסʘʨʳ ʩʘץʪʘʣʜʳ, ʙʽʨʘץ ᴇʥʽʤʥʽש ʪװʩʽ 

ʤʝʥ ײץʨʳʣʳʤʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨ ʘʡץʳʥ ʙʘʡץʘʣʜʳ. ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʘʪסʦʣʘʡʣʳ ʥᴅʪʠʞʝ ʪʽʨʢʝʣʜʽ. 36 ʩʘץ שʣʛʽʣʝʨʜʝ ʝװ ʘʥסʦʣʜʘʥʳʣץ ʘʨʩʳ ʧʣʝʥʢʘץ

ʩʦשʳʥʜʘ ɹפʂ ʪʝʢ 6,3 log10 CFU/g ײץʨʘʧ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢ 

ʪײʨסʳʩʳʥʘʥ ʰʝʢʪʽ ʤᴅʥʥʝʥ ʪᴇʤʝʥ ʜʝשʛʝʡʜʝ ץʘʣʜʳ. ʉʘʣʤʘץ ʞʦסʘʣʪʫ 6,8%-ʜʘʥ 

ʘʩʧʘʜʳ, ʘʣ L* (46,7) ʞᴅʥʝ b* (14,8) ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ᴇʥʽʤʥʽש ʞʘʨʳץʪʳסʳ ʤʝʥ ʩʘʨʳ 
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ʨʝשʢʽʥ ʞʘץʩʳ ʩʘץʪʘסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. ɹײʣ ʧʣʝʥʢʘ ʦʪʪʝʛʽʛʝ ʪʦʩץʘʫʳʣ ʙʦʣʳʧ, ʪװʩ ʧʝʥ 

ʳʣסʘʣʜʳש ʩʘץʪʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʢʝʥʽʤʝʥ ץʘʪʘʨ, ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʙײʟʳʣʫʜʳ 

ʘʡʪʘʨʣʳץʪʘʡ ʪʝʞʝʛʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ.ʏʝʨʨʠ ץʳʟʘʥʘ27.ץ ʢʝʩʪʝ ʞᴅʥʝ 27 ʩʫʨʝʪ 

ʥᴅʪʠʞʝʣʝʨʽ ʯʝʨʨʠ ץʳʟʘʥʘװ ץʣʛʽʣʝʨʽʥʽש ʙᴇʣʤʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 ÁC) 36 ʩʘסʘʪ 

ʩʘץʪʘʣʫ ʙʘʨʳʩʳʥʜʘסʳ ʩʘʧʘʣʳץ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘץʳʣʘʫ ʪʦʙʳʥʜʘ ʫʘץʳʪ 

ᴇʪʝ ʢʝʣʝ ץʳʟʘʥʘץ ʙʝʪʽʥʜʝ ʘʟʜʘʧ ʩʦʣʫ, ʩʝʨʧʽʤʜʽʣʽʢʪʽש ʪᴇʤʝʥʜʝʫʽ ʞᴅʥʝ ʳʣסʘʣ 

ʞʦסʘʣʪʫʜʳש ʘʨʪʫʳ ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ʩʘʣʤʘץ ʞʦסʘʣʪʫ 6,8%-סʘ ʞʝʪʽʧ, L* 

(ʞʘʨʳץʪʳץ) ʢᴇʨʩʝʪʢʽʰʽ 47,4 ʜʝʡʽʥ ʪᴇʤʝʥʜʝʜʽ, ʙײʣ ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʩʘʧʘʩʳʥʳש 

ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʜʽ. PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʳʣסʘʣ ʞʦסʘʣʪʫ ʘʟʜʘʧ 

ʪʝʞʝʣʽʧ (5,5%), ץʳʟʘʥʘץʪʳץ שʳʟʳʣ ʪװʩʽ ʤʝʥ ʩʳʨʪץʳ ʞʳʣʪʳʨʣʳסʳ ʙʘץʳʣʘʫסʘ 

 ʘʥ ʩʘʡʳʥ ʙʝʪʢʽסʟʘʨײ ʪʘʫ ʤʝʨʟʽʤʽץʪʘʣʜʳ. ɼʝʛʝʥʤʝʥ, ʩʘץʩʳ ʩʘץʘʥʜʘ ʞʘסʘʨʘץ

 .ʳʥ ʪᴇʤʝʥʜʝʪʪʽסʪʘʨʪʳʤʜʳʣʳ שʧʘʡʜʘ ʙʦʣʫʳ ᴇʥʽʤʥʽ שʘʙʘʪʳʥʜʘ ᴅʞʽʤʜʝʨʜʽץ

 

ʂʝʩʪʝ 27 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʯʝʨʨʠ 

 ʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC)ץʪʳ ʩʘץʳʟʘʥʘץ

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L* 

(ɾʘʨ 

ʳץʪʳ 

 (ץ

a* 

 ʳʟפ)

ʳʣ) 

b* 

(ʉʘʨʳ 

) 

1 2 3 4 5 6 7 8 9 

1 0 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɹʘץʳʣʘʫ) 

3,0 4,20 0,0 50,0 28,0 20,5 

2 12 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɹʘץʳʣʘʫ) 

3,3 4,18 2,1 49,2 27,6 20,0 

3 24 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɹʘץʳʣʘʫ) 

3,6 4,16 4,2 48,3 27,1 19,4 

4 36 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɹʘץʳʣʘʫ) 

3,9 4,15 6,8 47,4 26,7 18,9 

5 0 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(PE ʧʣʝʥʢʘ) 

3,0 4,20 0,0 50,1 27,9 20,6 

6 12 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(PE ʧʣʝʥʢʘ) 

3,2 4,19 1,5 49,6 27,7 20,3 

7 24 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(PE ʧʣʝʥʢʘ) 

3,4 4,18 3,2 48,9 27,3 19,8 

8 36 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(PE ʧʣʝʥʢʘ) 

3,7 4,17 5,5 48,2 27,0 19,4 

9 0 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 
ʧʣʝʥʢʘ) 

3,0 4,20 0,0 50,2 28,0 20,8 

10 12 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

3,1 4,20 1,2 49,9 27,9 20,6 

11 24 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

3,2 4,19 2,4 49,5 27,7 20,4 
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27 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 6 7 8 9 

  ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 
      

12 36 ʏʝʨʨʠ ץʳʟʘʥʘץ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

3,4 4,18 3,9 49,0 27,5 20,1 

 

 

ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 
 

ʸ) ʞ) ʟ) ʠ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ. 

ʉʫʨʝʪ 27 - ʏʝʨʨʠ ץʳʟʘʥʘװ ץʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  0ï36 

ʩʘסʘʪ) 
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ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ץʦʣʜʘʥʳʣסʘʥ װʣʛʽʣʝʨʜʝ ʝש ʞʘץʩʳ 

ʥᴅʪʠʞʝ ʪʽʨʢʝʣʜʽ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ʩʘʣʤʘץ ʞʦסʘʣʪʫ ʥʝʙᴅʨʽ 3,9% ײץʨʘʧ, ʙʘץʳʣʘʫ 

ʪʦʙʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʰʘʤʘʤʝʥ ʝʢʽ ʝʩʝ ʪᴇʤʝʥ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, L*  ʞᴅʥʝ 

b* ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʩʘץʪʘʣʳʧ, ץʳʟʘʥʘץʪʳש ʞʘʨʳץʪʳסʳ ʤʝʥ ʩʘʨʳ 

ʨʝשʢʽ ʞʘץʩʳ ʩʘץʪʘʣʜʳ. 

ɹײʣ ʧʣʝʥʢʘ r ʣסʘʣʜʳש ʙʫʣʘʥʫʳʥ ʪʝʞʝʧ, ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʩʘʧʘʩʳʥ ײʟʘץ ʫʘץʳʪ 

ʩʘץʪʘʧ ץʘʣסʘʥʳʥ ʘʡסʘץʪʘʡʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʯʝʨʨʠ ץʳʟʘʥʘץʪʘ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʙײʟʳʣʫ ʘʡץʳʥ 

ʙʘʡץʘʣʤʘסʘʥʳʤʝʥ, ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ᴇʥʽʤʥʽש 

ʳʣסʘʣʜʳʣʳסʳʥ ʩʘץʪʘʫʜʘ ʞᴅʥʝ ʪװʩʽʥʽש ʪײʨʘץʪʳʣʳסʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʘʡץʳʥ 

ʘʨʪʳץʰʳʣʳץ ʢᴇʨʩʝʪʪʽ. 
ʉʠʳʨʜʽש ʤʘʡʣʳ ʪᴇʩ ʝʪʽ 

28 ʢʝʩʪʝ ʞᴅʥʝ 28 ʩʫʨʝʪ ʥᴅʪʠʞʝʣʝʨʽ ʤʘʡʣʳ ʪᴇʩ ʝʪʽʥʽש ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 ÁC) 36 ʩʘסʘʪ ʙʦʡʳ ʩʘץʪʘʣʫ ʙʘʨʳʩʳʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ 

ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ɹʘץʳʣʘʫ ʪʦʙʳʥʜʘ 12 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ-ʘץ ʝʪʪʽש ʙʝʪʢʽ ʪװʩʽ ʢשװʛʽʨʪʪʝʥʽʧ, ʤʘʡʣʳ 

 ʂ ʢᴇʨʩʝʪʢʽʰʽ 8,5 log10 CFU/gפʳʥʜʘ ɹשʘʪ ʩʦסʘʣʜʳ. 36 ʩʘץʙʘʡ שʳʰ ʨʝסʘʙʘʪʪʘ ʩʘʨץ

ʜʝʡʽʥ ᴇʩʽʧ, ʘʡץʳʥ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʙײʟʳʣʫ ʪʽʨʢʝʣʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʘʣʤʘץ 

ʞʦסʘʣʪʫ 12.8%-סʘ ʞʝʪʪʽ, ʘʣ L* ʢᴇʨʩʝʪʢʽʰʽ ʪᴇʤʝʥʜʝʧ (43,0), a* ʤᴅʥʽ ᴇʩʽʧ, ʙײʣ 

ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥʽש ʢװʰʝʡʛʝʥʽʥ ʘʡץʳʥʜʘʜʳ. PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ 

ᴇʟʛʝʨʽʩʪʝʨ ʩᴅʣ ʙʘʷʫ ʞװʨʜʽ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 7,9 log10 CFU/g ʙʦʣʳʧ, ʙʘץʳʣʘʫ 

ʪʦʙʳʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʪᴇʤʝʥʜʝʫ ʙʘʡץʘʣʜʳ. ʉʘʣʤʘץ ʞʦסʘʣʪʫ 9,6% ײץʨʘʜʳ, ʘʣ 

ʪװʩ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ L*  ʧʝʥ b* ʤᴅʥʜʝʨʽ ʩᴅʣ ʞʦסʘʨʳ ʩʘץʪʘʣסʘʥʳʤʝʥ, ᴇʥʽʤʜʝ 

 .ʜʝʛʨʘʜʘʮʠʷ ʙʝʣʛʽʣʝʨʽ ʪʽʨʢʝʣʜʽ ץʨʳʣʳʤʜʳײץ

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ץʦʣʜʘʥʳʣסʘʥ װʣʛʽʣʝʨʜʝ ʝש ʞʘץʩʳ 

ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ ʪʝʢ 6,7 log10 CFU/g 

ʜʝשʛʝʡʽʥʜʝ ץʘʣʜʳ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 7,1%-ʜʘʥ ʘʩʧʘʜʳ. L* ʞᴅʥʝ b* ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 

ʞʦסʘʨʳʨʘץ ʙʦʣʳʧ, ʝʪʪʽש ʞʘʨʳץʪʳסʳ ʤʝʥ ʩʘʨסʳʰ ʨʝשʢʽ ʞʘץʩʳ ʩʘץʪʘʣʜʳ. ʉʦʥʳʤʝʥ 

 ʣײʘʣʜʳ. ɹץ ʛʝʡʜʝשʪʳ ʜʝץʨʘײʘʪʪʳ ᴇʩʧʝʡ, ʪץ ʳʜʘʡסʳʣʘʫ ʪʦʙʳʥʜʘץʘʪʘʨ, a* ʤᴅʥʽ ʙʘץ

ʧʣʝʥʢʘ ʪʦʪʳסʫ ʧʨʦʮʝʩʪʝʨʽʥ ʪʝʞʝʫʜʝ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

ʩʘץʪʘʫʜʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʡʜʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʤʘʡʣʳ ʪᴇʩ ʝʪʽʥʜʝ ʙʘץʳʣʘʫ ʪʦʙʳʥʜʘ ʘʡץʳʥ ʙײʟʳʣʫ ʙʝʣʛʽʣʝʨʽ 

ʙʘʡץʘʣʩʘ, PE ʧʣʝʥʢʘ ʙʝʣʛʽʣʽ ʙʽʨ ʜᴅʨʝʞʝʜʝ ץʦʨסʘʫ ʢᴇʨʩʝʪʢʝʥʽʤʝʥ, ʪʦʣʳץ 

ʞʝʪʢʽʣʽʢʩʽʟ ʙʦʣʜʳ. ɸʣ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ʝʪʪʽש ʪװʩʽʥ, 

 .ʪʘʜʳץʪʠʽʤʜʽ ʩʘ שʳʥ ʝסʪʳʣʳץʨʘײʪ ץʨʳʣʳʤʳʥ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳײץ
ʊʘʫʳϨ h ʠʢʽ ʪϺʩ ʬʠʣʝʩʽ 

29 ʢʝʩʪʝ ʞᴅʥʝ 29 ʩʫʨʝʪ ʥᴅʪʠʞʝʣʝʨʽ ʪʘʫʳץ ʪᴇʩ ʬʠʣʝʩʽʥʽש ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 °C)  36 ʩʘסʘʪ ʙʦʡʳ ʩʘץʪʘʣʫ ʢʝʟʽʥʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘץʳʣʘʫ ʪʦʙʳʥʜʘ 24 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ-ʘץ ʪװʩʽʥʽש ʢשװʛʽʨʪʪʝʥʫʽ ʤʝʥ ײץʨʳʣʳʤʳʥʳש 

ʙʦʩʘשʩʫʳ ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 8,6 log10 CFU/g ʜʝʡʽʥ ᴇʩʽʧ, ʩʘʣʤʘץ 

ʞʦסʘʣʪʫ 13,5%-סʘ ʞʝʪʪʽ. ɽʪʪʽש ʙʝʪʢʽ ץʘʙʘʪʳʥʜʘ ʰʳʨʳʰʪʳ ץʘʙʘʪ ʧʘʡʜʘ ʙʦʣʳʧ, 

ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘסʘʥʳ ʘʡץʳʥ ʪʽʨʢʝʣʜʽ. 
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ʂʝʩʪʝ 28 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʩʠʳʨʜʳש ʤʘʡʣʳ 

ʪᴇʩ ʝʪʽʥ ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU 
/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ (%) 

L* 

(ɾʘʨ 

ʳץʪʳ 

 (ץ

a* 

 ʳʟפ)

ʳʣ) 

b* 

(ʉʘʨ 

ʳ) 

1 0 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

4,7 6,7 0,0 47,5 17,8 14,5 

2 12 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

6,4 6,6 4,3 45,6 18,9 13,8 

3 24 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

7,5 6,5 8,6 44,2 19,6 13,2 

4 36 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

8,5 6,5 12,8 43,0 20,3 12,6 

5 0 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

4,7 6,6 0,0 47,7 17,6 14,6 

6 12 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,0 6,5 3,2 46,4 18,3 14,1 

7 24 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,9 6,4 6,4 45,3 18,8 13,6 

8 36 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

7,9 6,3 9,6 44,1 19,2 13,1 

9 0 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

4,7 6,6 0,0 48,2 17,3 14,9 

10 12 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

5,3 6,4 2,1 47,6 17,6 14,7 

11 24 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,0 6,2 4,5 46,8 17,9 14,5 

12 36 ʄʘʡʣʳ ʪᴇʩ ʝʪʽ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,7 6,1 7,1 46,2 18,1 14,3 
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ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 
 

ʸ) ʞ) ʟ) ʠ) 

 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ. 

 

ʉʫʨʝʪ 28 - ʉʠʳʨʜʽש h ʠʢʽ ʤʘʡʣʳ ʪᴇʩ ʝʪʽ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  

0ï36 ʩʘסʘʪ), 1 ʙʝʪ 

 

PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʞʘסʜʘʡ ʦʜʘʥ ʜʘ ʥʘʰʘʨ ʙʦʣʜʳ: 24ï36 

ʩʘסʘʪʪʘ װʣʛʽʣʝʨʜʝʥ ʘʡץʳʥ ʞʘסʳʤʩʳʟ ʠʽʩ ʰʳסʳʧ, ʙʝʪʢʽ ץʘʙʘʪʳʥʜʘ ץʘʨʘ ʥװʢʪʝʣʝʨ 

(ʤʠʢʨʦʙʪʳץ ʢʦʣʦʥʠʷʣʘʨ) ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 9,1 log10 CFU/g ʙʦʣʳʧ, 

ʩʘʣʤʘץ ʞʦסʘʣʪʫ 14,2%-סʘ ʞʝʪʪʽ, ʙײʣ ʧʣʝʥʢʘʥʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʢʪʽ 

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫʜʝ ʞʝʪʢʽʣʽʢʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽץ
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ʂʝʩʪʝ 29 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʪʘʫʳץ ʪᴇʩ 

ʬʠʣʝʩʽʥ ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L* 

(ɾʘʨ 

ʳץʪ 
ʳץ) 

a* 

 ʳʟפ)

ʳʣ) 

b* 

(ʉʘ- 
ʨʳ) 

1 0 ʊʘʫʳץ ʝʪʽ 

(ɹʘץʳʣʘʫ) 
4,6 6,7 0,0 48,0 16,2 13,5 

2 12 ʊʘʫʳץ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

6,2 6,6 4,2 46,5 17,1 12,8 

3 24 ʊʘʫʳץ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

7,4 6,5 8,9 45,2 17,8 12,2 

4 36 ʊʘʫʳץ ʝʪʽ 
(ɹʘץʳʣʘʫ) 

8,6 6,4 13,5 44,0 18,4 11,6 

5 0 ʊʘʫʳץ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 
4,6 6,7 0,0 48,2 16,1 13,6 

6 12 ʊʘʫʳץ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,4 6,6 4,8 46,8 17,2 12,9 

7 24 ʊʘʫʳץ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 
7,8 6,5 10,3 45,5 17,9 12,3 

8 36 ʊʘʫʳץ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

9,1 6,4 14,2 44,3 18,6 11,7 

9 0 ʊʘʫʳץ ʝʪʽ 

(ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 
ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

4,6 6,7 0,0 48,5 16,0 13,8 

10 12 ʊʘʫʳץ ʝʪʽ 

(ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

5,2 6,6 2,3 47,8 16,3 13,6 

11 24 ʊʘʫʳץ ʝʪʽ 

(ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ 
 (ʘʨʩʳ ʧʣʝʥʢʘץ

6,0 6,5 4,9 47,2 16,5 13,4 

12 36 ʊʘʫʳץ ʝʪʽ 

(ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

6,8 6,4 7,5 46,8 16,8 13,2 
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ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 
 

ʸ) ʞ) ʟ) ʠ) 

 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ. 

 
ʉʫʨʝʪ 29 - ʊʘʫʳץ ʪᴇʩ ʬʠʣʝʩʽ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  0ï36 

ʩʘסʘʪ) 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ץʦʣʜʘʥʳʣסʘʥ װʣʛʽʣʝʨʜʝ 

ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʝץ שʦʣʘʡʣʳ ʜʝשʛʝʡʽ 

ʩʘץʪʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ ʪʝʢ 6.8 log10 CFU/g ʜʝשʛʝʡʽʥʜʝ ץʘʣʳʧ, ʩʘʣʤʘץ 

ʞʦסʘʣʪʫ 7,5%-ʜʘʥ ʘʩʧʘʜʳ. ʊװʩ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ L* ʤᴅʥʽ ʞʘʨʳץʪʳץʪʳ 

ʞʘץʩʳ ʩʘץʪʘʧ (46,8), a* ʞᴅʥʝ b* ʤᴅʥʜʝʨʽ ʙʘץʳʣʘʫ ʤʝʥ PE ʧʣʝʥʢʘ ʪʦʙʳʥʘ 

 ץʞᴅʥʝ ʩʝʥʩʦʨʣʳ ץʨʳʣʳʤʜʳײץ שʝʪʽʥʽ ץʣ ʧʣʝʥʢʘ ʪʘʫʳײʪʳ ʙʦʣʜʳ. ɹץʨʘײʘʥʜʘ ʪסʘʨʘץ

 .ʪʘʡ ʪʝʞʝʛʝʥʽʥ ʜᴅʣʝʣʜʝʜʽץʟʳʣʫ ʧʨʦʮʝʩʽʥ ʘʡʪʘʨʣʳײʪʘʧ, ʙץʘʩʠʝʪʪʝʨʽʥ ʪʠʽʤʜʽ ʩʘץ

ʉʠʳʨʜʳϬ h ʠʢʽ ʙʘʫʳʨʳ 
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30 ʢʝʩʪʝ ʞᴅʥʝ 30 ʩʫʨʝʪ ʥᴅʪʠʞʝʣʝʨʽ ʩʠʳʨ ʙʘʫʳʨʳʥʳש ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 °C)  ʩʘץʪʘʣʫ ʙʘʨʳʩʳʥʜʘסʳ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. ɹʘץʳʣʘʫ 

ʪʦʙʳʥʜʘ 12 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ-ʘץ ʪװʩʽʥʽץ שʘʨʘʶʳ, ײץʨʳʣʳʤʳʥʳש ʞײʤʩʘʨʫʳ ʞᴅʥʝ 

ʝʨʝʢʰʝ ʠʽʩʪʽש ʧʘʡʜʘ ʙʦʣʫʳ ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 9,0 log10 CFU/g 

ʜʝשʛʝʡʽʥʝ ʞʝʪʽʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 14,1%-ʜʳ ײץʨʘʜʳ. L* ʢᴇʨʩʝʪʢʽʰʽ ʘʡʪʘʨʣʳץʪʘʡ 

ʪᴇʤʝʥʜʝʧ, ʙʘʫʳʨ ʙʝʪʽ ʢשװʛʽʨʪ ץʦשʳʨ ʪװʩʢʝ ʝʥʜʽ. 

PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ᴇʟʛʝʨʽʩʪʝʨ ʩᴅʣ ʙʘʷʫ ʙʦʣסʘʥʳʤʝʥ, 36 

ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 8,4 log10 CFU/g ʜʝשʛʝʡʽʥʜʝ ʪʽʨʢʝʣʜʽ. ʉʘʣʤʘץ ʞʦסʘʣʪʫ 11,8%- 

ʜʳ ײץʨʘʧ, ʪװʩ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ (L* ʞᴅʥʝ b*) ʪᴇʤʝʥʜʝʜʽ, ʘʣ ʘ* ʤᴅʥʽ ʙʘץʳʣʘʫʤʝʥ 

ʩʘʣʳʩʪʳʨסʘʥʜʘ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʪʽ, ʙײʣ ʪʦʪʳסʫ ʤʝʥ ʩʘʧʘʥʳש ʥʘʰʘʨʣʘʫʳʥ 

ʘʡסʘץʪʘʜʳ. 

 

ʂʝʩʪʝ 30 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʩʠʳʨ ʙʘʫʳʨʳʥ 

ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘ 

ʫ 

ʫʘץʳʪ 

ʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L* 

(ɾʘʨʳ 

 (ץʪʳץ

a* 

 ʳʟפ)

ʳʣ) 

b* 

(ʉʘʨʳ 

) 

1 2 3 4 5 6 7 8 9 

1 0 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɹʘץʳʣʘʫ) 

4,8 6,8 0,0 46,5 15,5 13,8 

2 12 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɹʘץʳʣʘʫ) 

6,5 6,7 4,8 44,8 16,7 12,9 

3 24 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɹʘץʳʣʘʫ) 

7,7 6,6 9,5 43,5 17,4 12,2 

4 36 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɹʘץʳʣʘʫ) 

9,0 6,5 14,1 42,1 18,0 11,5 

5 0 ʉʠʳʨ ʙʘʫʳʨʳ (PE 

ʧʣʝʥʢʘ) 

4,8 6,8 0,0 46,8 15,3 13,9 

6 12 ʉʠʳʨ ʙʘʫʳʨʳ (PE 

ʧʣʝʥʢʘ) 

6,2 6,7 3,6 45,2 16,1 13,3 

7 24 ʉʠʳʨ ʙʘʫʳʨʳ (PE 

ʧʣʝʥʢʘ) 

7,1 6,6 7,9 44,0 16,8 12,7 

8 36 ʉʠʳʨ ʙʘʫʳʨʳ (PE 

ʧʣʝʥʢʘ) 

8,4 6,5 11,8 42,8 17,3 12,1 

9 0 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 
ʧʣʝʥʢʘ) 

4,8 6,8 0,0 47,0 15,0 14,1 

10 12 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ 

 (ʘʨʩʳ ʧʣʝʥʢʘץ

5,4 6,7 2,4 46,2 15,4 13,9 
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30 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 6 7 8 9 

11 24 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,2 6,6 5,6 45,5 15,8 13,6 

12 36 ʉʠʳʨ ʙʘʫʳʨʳ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

7,0 6,5 8,2 44,9 16,2 13,3 

 

ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 
 

ʸ) ʞ) ʟ) ʠ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ. 

 
ʉʫʨʝʪ 30 ï ʉʠʳʨ ʙʘʫʳʨʳ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  0ï36 

ʩʘסʘʪ) 
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. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ʩʘʧʘ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʞʘץʩʳ ʩʘץʪʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ ʪʝʢ 

7,0 log10 CFU/g ʜʝשʛʝʡʽʥʜʝ ʙʦʣʳʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 8.2%-ʜʘʥ ʘʩʧʘʜʳ. ʉʦʥʳʤʝʥ 

*ʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʡʳʥʰʘ Lװʘʪʘʨ, ʪץ  ʤᴅʥʽ ʞʘʨʳץʪʳץʪʳ, ʘʣ b* ʤᴅʥʽ ʩʘʨסʳʰ ʨʝשʢʪʽ 

ʞʘץʩʳ ʩʘץʪʘʜʳ. ɹײʣ ʧʣʝʥʢʘ ʩʠʳʨ ʙʘʫʳʨʳʥʳש ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟʜʽʛʽʥ 

ʘʨʪʪʳʨʳʧ, ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʟʘʨʪʘ ʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ʉʠʳʨʜʳϬ ʤʨʘʤʳʨ ʝʪʽ 

31 ʢʝʩʪʝ ʞᴅʥʝ 31 ʩʫʨʝʪ ʥᴅʪʠʞʝʣʝʨʽ ʩʠʳʨʜʳש ʤʨʘʤʳʨ ʝʪʽʥʽש ʙᴇʣʤʝ 

ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ (25 °C)  36 ʩʘסʘʪ ʙʦʡʳ ʩʘץʪʘʣʫ ʢʝʟʽʥʜʝʛʽ ᴇʟʛʝʨʽʩʪʝʨʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɹʘץʳʣʘʫ ʪʦʙʳʥʜʘ 24 ʩʘסʘʪʪʘʥ ʢʝʡʽʥ-ʘץ ʝʪʪʽש ʪװʩʽ ץʦשʳʨʣʘʥʳʧ, ʤʘʡʣʳ 

ʙᴇʣʽʢʪʝʨʽʥʜʝ ʩʘʨסʘʶ ʙʘʡץʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ 8,7 log10 CFU/g ʜʝʡʽʥ 

ʞʝʪʽʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 12,5%-סʘ ʘʨʪʪʳ. ʊװʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʦʡʳʥʰʘ L* 

ʘʡʪʘʨʣʳץʪʘʡ ʪᴇʤʝʥʜʝʧ, ᴇʥʽʤʥʽש ʩʳʨʪץʳ ʩʘʧʘʩʳ ʥʘʰʘʨʣʘʜʳ. 

PE ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ᴇʟʛʝʨʽʩʪʝʨ ʩᴅʣ ʙʘʷʫ ʙʦʣסʘʥʳʤʝʥ, 36 

ʩʘסʘʪ ʩʦשʳʥʜʘ װʣʛʽʣʝʨʜʽש ʙʝʪʽʥʜʝ ʳʣסʘʣʜʳש ʞʠʥʘʣʫʳ, ʞʘʙʳʩץʘץʪʳץ ʧʝʥ 

ʞʘסʳʤʩʳʟ ʠʽʩ ʪʽʨʢʝʣʜʽ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʢᴇʨʩʝʪʢʽʰ 8,0 log10 CFU/g ײץʨʘʧ, 

ʩʘʣʤʘץ ʞʦסʘʣʪʫ 10,3%-סʘ ʞʝʪʪʽ. 

ʂʝʩʪʝ 31 ï ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ץʘʧʪʘʣסʘʥ ʩʠʳʨʜʳש 

ʤʨʘʤʳʨ ʝʪʽʥ ʩʘץʪʘʫ ʥᴅʪʠʞʝʣʝʨʽ (25 ÁC) 

 

 ̄ ʉʘץʪʘʫ 

ʫʘץʳʪʳ 

(ʩʘס) 

 ʂפʨʽ ɹװʣʛʽ ʪת

(lg10 

CFU/g) 

pH ʉʘʣʤʘץ 

ʞʦסʘʣʪʫ 

(%) 

L* 

(ɾʘʨ 

ʳץʪʳ 

 (ץ

a* 

 ʳʟפ)

ʳʣ) 

b* 

(ʉʘʨ 

ʳ) 

1 2 3 4 5 6 7 8 9 

1 0 ʄʨʘʤʦʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

4,7 6,7 0,0 47,5 18,0 14,0 

2 12 ʄʨʘʤʦʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 
6,1 6,6 3,9 45,8 18,7 13,4 

3 24 ʄʨʘʤʦʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

7,5 6,5 8,6 44,3 19,3 12,8 

4 36 ʄʨʘʤʦʨ ʝʪʽ 

(ɹʘץʳʣʘʫ) 

8,7 6,4 12,5 43,0 19,9 12,2 

5 0 ʄʨʘʤʦʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

4,7 6,7 0,0 47,7 17,9 14,1 

6 12 ʄʨʘʤʦʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

6,0 6,6 3,2 46,1 18,3 13,7 

7 24 ʄʨʘʤʦʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

7,0 6,5 7,1 44,8 18,9 13,1 

8 36 ʄʨʘʤʦʨ ʝʪʽ (PE 

ʧʣʝʥʢʘ) 

8,0 6,4 10,3 43,5 19,4 12,6 

9 0 ʄʨʘʤʦʨ ʝʪʽ 

(ɾʝʫʛʝ ʞʘʨʘʤʜʳ 

4,7 6,7 0,0 48,0 17,8 14,3 
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31 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 4 5 6 7 8 9 

  ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 
      

10 12 ʄʨʘʤʦʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

5,3 6,6 2,0 47,3 18,1 14,1 

11 24 ʄʨʘʤʦʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,0 6,5 4,5 46,7 18,4 13,8 

12 36 ʄʨʘʤʦʨ ʝʪʽ (ɾʝʫʛʝ 

ʞʘʨʘʤʜʳ 

ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘ) 

6,6 6,4 7,2 46,2 18,7 13,5 

 

ʘ) ᴅ) ʙ) ʚ) 
 

ʛ) ס) ʜ) ʝ) 

ɾʦסʘʨסʳ ץʘʪʘʨ ï ʙʘץʳʣʘʫ ʪʦʙʳ (ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʩʳʟ): ʘ ï 0 ʩʘסʘʪ, 

ᴅ ï 12 ʩʘסʘʪ, ʙ ï 24 ʩʘסʘʪ, ʚ ï 36 ʩʘסʘʪ. ʆʨʪʘסשʳ ץʘʪʘʨ ï ʇʦʣʠʵʪʠʣʝʥʜʽ ʪʘסʘʤʜʳץ 

ʦʨʘʤʘ: ʛ ï 0 ʩʘסʘʪ, ס ï 12 ʩʘסʘʪ, ʜ ï 24 ʩʘסʘʪ, ʝ ï 36 ʩʘסʘʪ. ʊᴇʤʝʥʛʽ ץʘʪʘʨ ï ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨ: y  ï 0 ʩʘסʘʪ, ʞ ï 12 ʩʘסʘʪ, 

ʟ ï 24 ʩʘסʘʪ, ʠ ï 36 ʩʘסʘʪ 

 
ʉʫʨʝʪ 31 ï ʉʠʳʨʜʳש ʤʨʘʤʳʨ ʝʪʽ װʣʛʽʣʝʨʽʥʽש ʚʠʟʫʘʣʜʳ ᴇʟʛʝʨʽʩʪʝʨʽ (25 °C,  

0ï36 ʩʘסʘʪ), 1 ʙʝʪ 
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ɪ) ʞ)  ʟ) ʠ) 

ʉʫʨʝʪ 31, 2 ʙʝʪ 

 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘ ץʦʣʜʘʥʳʣסʘʥ װʣʛʽʣʝʨʜʝ ʩʘʧʘ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʞʘץʩʳʨʘץ ʩʘץʪʘʣʜʳ. 36 ʩʘסʘʪ ʩʦשʳʥʜʘ ɹפʂ ʪʝʢ 6,6 log10 CFU/g 

ʜʝשʛʝʡʽʥʜʝ ʙʦʣʳʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 7,2%-ʜʘʥ ʘʩʧʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, L*  ʞᴅʥʝ b* 

ʤᴅʥʜʝʨʽ ʞʘʨʳץʪʳץ ʧʝʥ ʩʘʨסʳʰ ʨʝשʢʪʽש ʞʘץʩʳ ʩʘץʪʘʣסʘʥʳʥ ʢᴇʨʩʝʪʪʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ʦʨʘʣסʘʥ ʤᴅʨʤᴅʨ ʩʠʳʨ ʝʪʽʥʽש 

ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟʜʽʛʽץ ʟʝʨʪʪʝʫʣʝʨʽ çɸʣʤʘʪʳ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʫʥʠʚʝʨʩʠʪʝʪʽè ɸפ 

ʞʘʥʳʥʜʘסʳ ʘʢʢʨʝʜʠʪʪʝʣʛʝʥ ʩʳʥʘץ ʟʝʨʪʭʘʥʘʣʘʨʳʥʳש ʙʘʟʘʩʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘסʘ ʦʨʘʣסʘʥ ʤᴅʨʤᴅʨ ʩʠʳʨ ʝʪʽʥʽש 

ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟʜʽʛʽ ʙʦʡʳʥʰʘ ʩʳʥʘץʪʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽ ץ נʦʩʳʤʰʘʩʳʥʜʘ 

ʢᴇʨʩʝʪʽʣʛʝʥ. 

4- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ʆʩʳ ʙᴇʣʽʤʜʝ ʪʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳײץ שʨʳʣʳʤʜʳץ, 

ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ ʞᴅʥʝ ʪʝʭʥʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ ʞʘʥ-ʞʘץʪʳ ʟʝʨʪʪʝʣʽʧ, ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʘʥʪʠʤʠʢʨʦʙʪʳץ ʧʣʝʥʢʘ ᴇʥʜʽʨʫʛʝ ʝץ שʦʣʘʡʣʳ ʰʠʢʽʟʘʪ ʢᴇʟʜʝʨʽ ʤʝʥ 

ʧʨʦʮʝʩʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ʂʨʘʭʤʘʣʜʘʨʜʳש ʤʠʢʨʦʤʦʨʬʦʣʦʛʠʷʩʳ (SEM, AFM), ʢʨʠʩʪʘʣʜʳײץ ץʨʳʣʳʤʳ 

(XRD), ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ (Mw), ʪʝʨʤʠʷʣʳץ ʪײʨʘץʪʳʣʳסʳ (DSC, TGA), 

ʪײʪץʳʨʣʳץ ʧʨʦʬʠʣʽ (RVA), ʤᴇʣʜʽʨʣʽʛʽ ʤʝʥ ʩʫ ʞᴅʥʝ ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʢʝʰʝʥʜʽ 

ʪװʨʜʝ ʙʘסʘʣʘʥʜʳ. ʅᴅʪʠʞʝʣʝʨʛʝ ʩᴅʡʢʝʩ, ʢʘʩʩʘʚʘ, ʞװʛʝʨʽ ʞᴅʥʝ ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ 

ʤʦʜʠʬʠʢʘʮʠʷʣʘʫסʘ ʞʘץʩʳ ʙʝʡʽʤʜʝʣʽʧ, ʦʣʘʨʜʳש ʥʝʛʽʟʽʥʜʝʛʽ װʣʛʽʣʝʨ ʞʦסʘʨʳ 

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʠʧʘʪʪʘʤʘʣʘʨ ʢᴇʨʩʝʪʪʽ. ᴄʩʽʨʝʩʝ, ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ʪᴇʤʝʥ ʤʘʡ 

ʞᴅʥʝ ʩʫ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ ʦʥʳ ʤʘʡʣʳʣʳסʳ ʞʦסʘʨʳ ᴇʥʽʤʜʝʨʛʝ ʘʨʥʘʣסʘʥ ʧʣʝʥʢʘ 

ʨʝʪʽʥʜʝ ײʩʳʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. 

ʇʣʝʥʢʘ ʨʝʮʝʧʪʫʨʘʩʳʥ ʦשʪʘʡʣʘʥʜʳʨʫ װʰʽʥ BoxïBehnken װʣʛʽʩʽʥʜʝʛʽ ʞʘʫʘʧ 

ʙʝʪʽ ᴅʜʽʩʽ ץʦʣʜʘʥʳʣʳʧ, ʢʨʘʭʤʘʣ ʤᴇʣʰʝʨʽ, ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ, ʛʣʠʮʝʨʠʥ ʤʝʥ 

ʭʠʪʦʟʘʥ ʢʦʥʮʝʥʪʨʘʮʠʷʩʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʵʢʩʧʝʨʠʤʝʥʪʪʽʢ ʞʦʩʧʘʨ ײץʨʳʣʜʳ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ 5,0% ʢʨʘʭʤʘʣ, 28,2 ʤʠʥʫʪ ʢʣʝʡʩʪʝʨʣʝʫ, 2,8% ʛʣʠʮʝʨʠʥ 

ʞᴅʥʝ 1,4% ʭʠʪʦʟʘʥ ʤᴇʣʰʝʨʽ ʝץ שʦʣʘʡʣʳ ײץʨʘʤ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʣʜʳ. 
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AFM, SEM ʞᴅʥʝ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʣʽʢ (L*, a*, b*) ʟʝʨʪʪʝʫʣʝʨ ʧʣʝʥʢʘʥʳש 

ʙʝʪʢʽ ʤʦʨʬʦʣʦʛʠʷʩʳʥʳש ʙʽʨʢʝʣʢʽ, ʪʳסʳʟ ʝʢʝʥʽʥ ʞᴅʥʝ ʚʠʟʫʘʣʜʳ ץʘʩʠʝʪʪʝʨʽʥʽש 

ʪײʪʳʥʫʰʳʣʳץ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʧʣʝʥʢʘ 

 ʳʣʳץDPPH ʞᴅʥʝ ABTS ʪʝʩʪʪʝʨʽ ʘʨ שʦʩʳʣʳʩʪʘʨʜʳץ ʠסʳ ʪʘʙʠסʨʘʤʳʥʜʘײץ

ʘʥʪʠʦʢʩʠʜʘʥʪʪʳץ ʙʝʣʩʝʥʜʽʣʽʛʽ (26,58 Ñ 4,39% ʞᴅʥʝ 22,84 Ñ 6,79%) ʜᴅʣʝʣʜʝʥʜʽ. 

ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨ Escherichia coli ʞᴅʥʝ Staphylococcus aureus 

ʙʘʢʪʝʨʠʷʣʘʨʳʥʘ ץʘʨʩʳ ʘʡץʳʥ ʪʝʞʝʛʽʰ ᴅʩʝʨʽʥ ʢᴇʨʩʝʪʪʽ, ʙײʣ CLSM ʩʫʨʝʪʪʝʨʽʥʜʝ 

ʞʘʩʫʰʘ ʤʝʤʙʨʘʥʘʩʳʥʳש ʟʘץʳʤʜʘʥʫʳ ʞᴅʥʝ ʙʘʢʪʝʨʠʷʣʘʨʜʳש ᴇʣʫʽ ʘʨץʳʣʳ 

ʨʘʩʪʘʣʜʳ. 

ʉʘץʪʘʫ ʩʳʥʘץʪʘʨʳ ᴅʨʪװʨʣʽ ʪʘסʘʤ װʣʛʽʣʝʨʽʥʜʝ ʞװʨʛʽʟʽʣʜʽ: ʩװʡʝʢʩʽʟ ʩʠʳʨ ʝʪʽ, 

ʤʘʡʣʳ ʪᴇʩ, ʪʘʫʳץ ʪᴇʩʽ, ʙʘʫʳʨ, ʤᴅʨʤᴅʨ ʩʠʳʨ ʝʪʽ, ʰײʞʳץ ,ץʳʟʘʥʘץ ʞᴅʥʝ ʬʦʨʝʣʴ. 

ɹʘץʳʣʘʫ ʞᴅʥʝ ʧʦʣʠʵʪʠʣʝʥʜʽ ץʘʧʪʘʤʘʜʘסʳ װʣʛʽʣʝʨʜʝ 36 ʩʘסʘʪ ʽʰʽʥʜʝ ʪװʩʽʥʽש 

ʢשװʛʽʨʪʪʝʥʫʽ, ʩʘʣʤʘץ ʞʦסʘʣʪʫʳʥʳש ʘʨʪʫʳ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 

ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש (8,0ï8,7 log10 CFU/g ʜʝʡʽʥ) ʞʦסʘʨʳʣʘʫʳ ʪʽʨʢʝʣʜʽ. ɸʣ ʞʝʫʛʝ 

ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ װʣʛʽʣʝʨʜʝ ɹפʂ ʜʝשʛʝʡʽ ʝʜᴅʫʽʨ 

ʪᴇʤʝʥ (6,3ï6,7 log10 CFU/g), pH ʪײʨʘץʪʳʣʳסʳ ʞʘץʩʳ ʩʘץʪʘʣʜʳ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 

7,0% ʰʘʤʘʩʳʥʜʘ ʙʦʣʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, L* ʞᴅʥʝ b* ʤᴅʥʜʝʨʽ ʞʦסʘʨʳ ʙʦʣʳʧ, 

ᴇʥʽʤʜʝʨʜʽש ʞʘʨʳץ ʞᴅʥʝ ʩʘʨסʳʰ ʨʝשʢʽ ʞʘץʩʳ ʩʘץʪʘʣʜʳ. 

 ʘʥʳʤʝʥ, ʧʣʝʥʢʘסʘʣʤʘץʳʥ ʰʽʨʫ ʙʝʣʛʽʣʝʨʽ ʙʘʡץʣʛʽʣʝʨʽʥʜʝ ʘʡװ ץʳʟʘʥʘפ

 ʩʳץʨʣʳʤ ʞʘײסʩ ʩʘʧʘʩʳ ʘʥʘװʳ ʪץʧʝʥ ʩʳʨʪ ץʘʣʜʳʣʳסʘʥ ʪʦʧʪʘʨʜʘ ʳʣסʦʣʜʘʥʳʣץ

ʩʘץʪʘʣʜʳ. ɹײʣ ʧʣʝʥʢʘʥʳש ʪʝʢ ʞʘʥʫʘʨ ʪʝʢʪʽ ᴇʥʽʤʜʝʨ װʰʽʥ סʘʥʘ ʝʤʝʩ, ᴇʩʽʤʜʽʢ ʪʝʢʪʽ 

ᴇʥʽʤʜʝʨʜʽש ʜʝ ʩʘץʪʘʫ ʤʝʨʟʽʤʽʥ ײʣסʘʡʪʫסʘ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʪʽ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ʧʣʝʥʢʘʥʳש ʪʘסʘʤ ᴇʥʽʤʜʝʨʽʥʽש ʩʘץʪʘʫ 

ʤʝʨʟʽʤʽʥ ײʟʘʨʪʳʧ, ʦʨʛʘʥʦʣʝʧʪʠʢʘʣʳץ ʞᴅʥʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʩʘʧʘʩʳʥ ʩʘץʪʘʫʜʘ 

ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥ ʜᴅʣʝʣʜʝʜʽ. ʊʝʨʤʦʤʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ 

ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʣʘʨ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧʩʽʟ, ʙʠʦʞʝʪʽʤʜʽ 

ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳ ʪʘסʘʤ ץʘʧʪʘʤʘʩʳʥʘ ʘʨʥʘʣסʘʥ ʢʝʣʝʰʝʛʽ ʟʦʨ ʙʘʣʘʤʘ ʨʝʪʽʥʜʝ 

 .ʩʳʥʳʣʘʜʳײ
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5 ɾɽʋɻɽ ɾɸʈɸʄɼʓ ɹɸʂʊɽʈʀʗנɸ פɸʈʉʓ ʇʃɽʅʂɸʅʓ 

ᴆʅɼɯʈʋɼɯר ʕʂʆʅʆʄʀʂɸʃʓפ ʊʀɯʄɼɯʃɯɻɯʅ ɹɸנɸʃɸʋ 

ɾװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫ ʞײʤʳʩʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʞװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ, 

ʭʠʪʦʟʘʥ, ʛʣʠʮʝʨʠʥ ʥʝʛʽʟʽʥʜʝ ʜʘʡʳʥʜʘʣסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʥʳש ʦשʪʘʡʣʳ ײץʨʘʤʜʳץ ʬʦʨʤʫʣʘʩʳ ʤʝʥ ᴇʥʜʽʨʽʩ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ʇʣʝʥʢʘ ʬʠʟʠʢʘ-ʭʠʤʠʷʣʳץ (ʤᴇʣʜʽʨʣʽʢ, ʛʠʜʨʦʬʦʙʪʳʣʳץ, ʪʳסʳʟʜʳץ), ײץʨʳʣʳʤʜʳץ 

ʞᴅʥʝ ʤʝʭʘʥʠʢʘʣʳץ (ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ, װʟʽʣʫ ײʟʘץʪʳסʳ) ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʟʝʨʪʪʝʣʽʧ, 

ʪʘסʘʤʜʳץ ʤʘץʩʘʪʪʘ ץʦʣʜʘʥʫסʘ ʞʘʨʘʤʜʳ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ʳʜʳʨʘʫסʘ ʙʝʡʽʤʜʽ 

ᴇʥʽʤ ʘʣʳʥסʘʥʳ ʜᴅʣʝʣʜʝʥʜʽ. 

ɿʝʨʪʪʝʫ ʙʘʨʳʩʳʥʜʘ ᴇʥʜʽʨʽʩʪʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽʥʝ ʜʝ ʝʩʝʧ 

ʞװʨʛʽʟʽʣʜʽ. ʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳ 

ᴇʥʜʽʨʫʜʽש ʪʠʽʤʜʽʣʽʛʽ 32-ʰʽ ʞᴅʥʝ 33-ʰʽ ʢʝʩʪʝʣʝʨʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

ʂʝʩʪʝ 32 - ʊᴅʫʣʽʛʽʥʝ 30ï50 ʢʛ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʢʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʧʣʝʥʢʘ ᴇʥʜʽʨʫʛʝ 

ʘʨʥʘʣסʘʥ ʞʘʙʜʳץʪʘʨ ʪʽʟʽʤʽ 

 

ɾʘʙʜʳץ ʘʪʘʫʳ ʌʫʥʢʮʠʷʩʳ ʤʝʥ ץʦʣʜʘʥʳʣʫʳ ɹʘסʘʩʳ (ʪʛ) ɽʩʢʝʨʪʧʝ 

ɾʳʣʳʪץʳʰʳ ʙʘʨ 

ʘʨʘʣʘʩʪʳʨסʳʰ 

ʨʝʘʢʪʦʨ (20ï50 L) 

ʂʨʘʭʤʘʣ, ʭʠʪʦʟʘʥ, ʛʣʠʮʝʨʠʥ 

 ʦʩʧʘʣʘʨʳʥ ʘʨʘʣʘʩʪʳʨʫ ʞᴅʥʝץ

 ʳʟʜʳʨʫץ

1 326 000 ʪʛ ʊʦʪ ʙʘʩʧʘʡʪʳʥ 

ʙʦʣʘʪ, 

ʪʝʨʤʦʨʝʪʪʝʛʽʰʧʝʥ 

ʇʣʝʥʢʘ ץʘʣʳʧʪʘʫʰʳ 

 ʳ (ʣʠʥʝʡʢʘ)סʨʳʣײץ

ʇʣʝʥʢʘ ʝʨʽʪʽʥʜʽʩʽʥ ʪʝʛʽʩ ʙʝʪʢʝ 

ʞʘסʳʧ, ʧʣʝʥʢʘ ʞʘʩʘʫ 

4 539 000 ʪʛ ɾʘʨʪʳʣʘʡ 

ʘʚʪʦʤʘʪʪʳ ʥʝʤʝʩʝ 

ʟʝʨʪʭʘʥʘʣʳװ ץʣʛʽ 

ʂʝʧʪʽʨʫ  ʰʢʘʬʳ 

ʥʝʤʝʩʝ ʪʫʥʥʝʣʴʜʽʢ 
ʢʝʧʪʽʨʛʽʰ 

ʇʣʝʥʢʘʥʳ ʳʣסʘʣʩʳʟʜʘʥʜʳʨʫ 

ʞᴅʥʝ ʢʝʧʪʽʨʫ 

1 122 000 ʪʛ ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥ 

ʳʣסʘʣʜʳʣʳץʪʳ 
ʨʝʪʪʝʡʜʽ 

ʄʠʢʨʦʤʝʪʨ 

 (ᴇʣʰʝʫʽʰ ץʜʳשʘʣʳץ)

ʇʣʝʥʢʘ ץʘʣʳשʜʳסʳʥ ʜᴅʣ ᴇʣʰʝʫ 91 800 ʪʛ Mitutoyo, 

ʵʣʝʢʪʨʦʥʜʳ 

ʥʝʤʝʩʝ 

ʤʝʭʘʥʠʢʘʣʳץ 

ʉʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽʥ 

ᴇʣʰʝʡʪʽʥ ײץʨʳʣסʳ 

ʄʝʭʘʥʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ: 

ʙʝʨʽʢʪʽʢ ʧʝʥ ײʟʘʨʫʜʳ ʙʘסʘʣʘʫ 

2 040 000 ʪʛ Instron ʥʝʤʝʩʝ 

ʦʪʘʥʜʳץ 

ʘʥʘʣʦʛʪʘʨ 

ʋʂïVIS 
ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ 

ʇʣʝʥʢʘʥʳש ʤᴇʣʜʽʨʣʽʛʽʥ 600 ʥʤ- 

ʜʝ ᴇʣʰʝʫ 

1 530 000 ʪʛ Thermo, Persee, 
ʦʪʘʥʜʳץ ʙʨʝʥʜʪʝʨ 

ʂʦʥʪʘʢʪ ʙײʨʳʰʳʥ 

ᴇʣʰʝʫ ײץʨʳʣסʳʩʳ 

(WCA) 

ʇʣʝʥʢʘ ʙʝʪʽʥʽש 

ʛʠʜʨʦʬʠʣʴʜʽ/ʛʠʜʨʦʬʦʙʪʳץ 

 ʪʘʫץʘʩʠʝʪʽʥ ʘʥʳץ

3 366 000 ʪʛ ʆʧʪʠʢʘʣʳץ ʞװʡʝ 

ʞᴅʥʝ ʙʝʡʥʝʢʘʤʝʨʘ 

ʂᴇʤʝʢʰʽ ײץʨʘʣʜʘʨ 

ʤʝʥ ʰʳסʳʥ 

ʤʘʪʝʨʠʘʣʜʘʨʳ 

ʌʦʨʤʘ, r ʜʳʩ, ʤʠʢʩʝʨ, ʢʝʧʪʽʨʛʽʰ 

ʪʘʙʘץʪʘʨ ʞᴅʥʝ ʪ.ʙ. 

357 000 ʪʛ ɿʝʨʪʭʘʥʘסʘ 

ʘʨʥʘʣסʘʥ ʞʘʣʧʳ 

 ʘʞʝʪʪʽץ

ʞʘʙʜʳץʪʘʨ 
ɾʘʣʧʳ ʰʳסʳʥ 14 371 800 
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ʂʝʩʪʝ 33 - 1 ʢʛ ʜʘʡʳʥ ʧʣʝʥʢʘʥʳש ᴇʟʽʥʜʽʢ ײץʥʳʥ ʝʩʝʧʪʝʫ 

 

 ̄ ʐʳסʳʥ ʙʘʙʳ ɹʘסʘʩʳ 

(ʪʛ/ʢʛ) 

ʄᴇʣʰʝʨʽ (1 

ʢʛ ʧʣʝʥʢʘ 

 (ʰʽʥ, ʢʛװ

ɾʘʣʧʳ 

 ʥʳ (ʪʛ)ײץ

1 ɾװʛʝʨʽ ʢʨʘʭʤʘʣʳ 327 0.36 118 

2 ʂʘʩʩʘʚa ʢʨʘʭʤʘʣʳ 229 0.18 41 

3 ʍʠʪʦʟʘʥ 19 075 0.152 2 900 

4 ɻʣʠʮʝʨʠʥ 3 815 0.304 1 160 

5 ɼʝʠʦʥʠʟʘʮʠʷʣʘʥסʘʥ ʩʫ 10 9.87 99 

6 ʕʥʝʨʛʠʷ h ʳסʳʥʜʘʨʳ (2 

ʢɺʪĿʩʘס Ĭ 36.43 ʪʛ) 
ï ï 437 

7 ɽשʙʝʢ ʘץʳ (ʪᴅʫʣʽʛʽʥʝ 40 ʢʛ, 

ʦʨʪʘʰʘ 16 000 ʪʛ/ʢװʥ) 
ï ï 400 

8 ɾʘʙʜʳץ ʘʤʦʨʪʠʟʘʮʠʷʩʳ (5 
ʞʳʣ, 250 ʢװʥ, 40 ʢʛ/ʢװʥ) 

ï ï 120 

9 ɹʘʩץʘ ʜʘ h ʳסʳʥʜʘʨ (ʦʨʘʫ, 

ʩʘʥʠʪʘʨʣʳץ, ʟʝʨʪʭʘʥʘʣʳץ) 
ï ï 200 

ɾʘʣʧʳ ᴇʟʽʥʜʽʢ ײץʥ 5 475 ʪʛ/ʢʛ 

 

1 ʢʛ ʜʘʡʳʥ ʧʣʝʥʢʘʥʳ ᴇʥʜʽʨʫʛʝ ʞײʤʩʘʣʘʪʳʥ ʞʘʣʧʳ h ʳסʳʥʥʳש ʥʝʛʽʟʛʽ ʙᴇʣʽʛʽ 

ʰʠʢʽʟʘʪץʘ ʪʠʝʩʽʣʽ (75%), ʦʥʳש ʽʰʽʥʜʝ ʝש ʞʦסʘʨʳ װʣʝʩ ʭʠʪʦʟʘʥסʘ (53ï55%) ʞᴅʥʝ 

ʛʣʠʮʝʨʠʥʛʝ (20%) ʢʝʣʝʜʽ. ʂʨʘʭʤʘʣ ʤʝʥ ʩʫʜʳװ שʣʝʩʽ ʩʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ ʪᴇʤʝʥ 

ʙʦʣסʘʥʳʤʝʥ, ʧʣʝʥʢʘʥʳײץ שʨʳʣʳʤʜʳץ ʥʝʛʽʟʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. 

ʕʥʝʨʛʠʷ ʪײʪʳʥʫ ʜʝשʛʝʡʽ ʦʨʪʘ ʝʩʝʧʧʝʥ 12 ʢɺʪĿʩʘס/ʢʛ ᴇʥʽʤ, ʙײʣ ʜʘ ᴇʟʽʥʜʽʢ 

 ʡʝʩʽʥװʥʝʤʜʝʡʪʽʥ ʢʝʧʪʽʨʫ ʞװ ʪʘʡ ᴅʩʝʨ ʝʪʝʜʽ. ɼʝʛʝʥʤʝʥ, ʵʥʝʨʛʠʷץʘ ʘʡʪʘʨʣʳסʥײץ

ʥʝʤʝʩʝ ʞʳʣʫ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʙײʣ ʰʳסʳʥʜʳ 20ï25% 

ʪᴇʤʝʥʜʝʪʫʛʝ ʙʦʣʘʜʳ. 

ɾʘʣʧʳ ʘʣסʘʥʜʘ, ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨ ײʩʳʥʳʣסʘʥ ʢʨʘʭʤʘʣïʭʠʪʦʟʘʥ 

ʞװʡʝʩʽʥʽש ᴇʥʜʽʨʽʩʪʽʢ ʜʝשʛʝʡʜʝ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ɸʣʳʥסʘʥ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽ ʥʘץʪʳ ʙʘסʘʣʘʫ װʰʽʥ ʥʘʨʳץʪʘסʳ ץײʩʘʩ ᴇʥʽʤʤʝʥ 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʪʘʣʜʘʫ ʞװʨʛʽʟʽʣʜʽ (ʂʝʩʪʝ 34). 

 

ʂʝʩʪʝ 34 -ʅʘʨʳץʪʘסʳ ץײʩʘʩ ᴇʥʽʤʤʝʥ ʩʘʣʳʩʪʳʨʫ (US20170189624A1) 

 

ʂᴇʨʩʝʪʢʽʰ ɿʝʨʪʪʝʣʛʝʥ ʧʣʝʥʢʘ ɹʘץʳʣʘʫ 

1 2 3 

ʅʝʛʽʟʛʽ ʰʠʢʽʟʘʪ ɾװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ, ʭʠʪʦʟʘʥ, 

ʛʣʠʮʝʨʠʥ 

ʇʩʠʣʣʠʫʤ ײʥʪʘסʳ, CMC, 

ʛʣʠʮʝʨʠʥ, ʩʽʨʢʝ ץʳʰץʳʣʳ 

ʐʠʢʽʟʘʪ ײץʥʳ (1 

ʢʛ ʜʘʡʳʥ ʧʣʝʥʢʘ) 

5 475 ʪʛ/ʢʛ 5 900 ʪʛ/ʢʛ 

ᴆʥʜʽʨʽʩ ʪᴅʩʽʣʽ פʳʟʜʳʨʫïʘʨʘʣʘʩʪʳʨʫïץʘʣʳʧʪʘʫïʢʝʧʪʽʨʫ ɽʨʽʪʽʥʜʽʣʽ ץʘʣʳʧʪʘʫ, 

ʞʦסʘʨʳ ʪײʪץʳʨ ʞװʡʝ 
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34 ï ʢʝʩʪʝʥʽש ʞʘʣסʘʩʳ 

 

1 2 3 

ɸʥʪʠʙʘʢʪʝʨʠʷʣʳץ 

ᴅʩʝʨ 

ʊʘʙʠסʠ (ʭʠʪʦʟʘʥ ʝʩʝʙʽʥʝʥ, Ó95% E. coli 

ʠʥʛʠʙʠʮʠʷʩʳ) 

ᴄʣʩʽʟ (ʘʮʝʪʘʪ ʞᴅʥʝ ɻ ʬʠʨ 

ʤʘʡʣʘʨʳ ʝʩʝʙʽʥʝʥ) 

ʊʘסʘʤʜʳץ 

 ʘʫʽʧʩʽʟʜʽʢץ

ʊʦʣʳץ ʪʘסʘʤʜʳץ ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ 

ʳʜʳʨʘʡʪʳʥ 

ʊʘסʘʤʜʳץ, ʙʽʨʘײץ ץʨʳʣʳʤʳ 

ʪʘʣʰʳץʪʳ, ʜᴅʤʛʝ ᴅʩʝʨ ʝʪʫʽ 

ʤװʤʢʽʥ 

ʄʘʪʝʨʠʘʣʜʳץ 

ʪʠʽʤʜʽʣʽʢ 

ʐʠʢʽʟʘʪ ʦʪʘʥʜʳץ ʥʝʤʝʩʝ ʘʨʟʘʥ ʠʤʧʦʨʪ ʇʩʠʣʣʠʫʤ ʞᴅʥʝ CMC 

ʠʤʧʦʨʪ, ץʳʤʙʘʪ 

ɾʘʣʧʳ 

 ʦʨʳʪʳʥʜʳץ

ᴆʟʽʥʜʽʢ ײץʥʳ 15% ʪᴇʤʝʥ, 

ʘʥʪʠʙʘʢʪʝʨʠʷʣʳץ ᴅʩʝʨ ʞʦסʘʨʳ 

 ץʳʤʙʘʪ, ʙʽʨʘפ

ʪʝʭʥʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ 

 ʩʘʩץײ

 

ʕʢʦʥʦʤʠʢʘʣʳץ ʝʩʝʧʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ 

ʢʨʘʭʤʘʣʳ, ʭʠʪʦʟʘʥ ʞᴅʥʝ ʛʣʠʮʝʨʠʥ ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ 

 ʛʝ (å 4.9שʥʳ ʰʘʤʘʤʝʥ 5 475 ʪʝײץ ᴇʟʽʥʜʽʢ ץʪʦʣʳ שʢʛ ᴇʥʽʤʽʥʽ 1 שʘʨʩʳ ʧʣʝʥʢʘʥʳץ

ɸפʐ ʜʦʣʣʘʨʳ) ײץʨʘʜʳ. 

ʕʥʝʨʛʠʷ h ʳסʳʥʳ ʧʣʝʥʢʘʜʘסʳ ʙʫʣʘʥʘʪʳʥ ʩʫʜʳש ʤᴇʣʰʝʨʽʥʝ ʥʝʛʽʟʜʝʣʽʧ, ʦʨʪʘ 

ʝʩʝʧʧʝʥ 12 ʢɺʪĿʩʘס/ʢʛ ʧʣʝʥʢʘ ʜʝʧ ʝʩʝʧʪʝʣʜʽ. 

ɹʽʨ ʨʝʪʪʽʢ ʠʥʚʝʩʪʠʮʠʷʣʳץ ʰʳסʳʥʜʘʨ 14 371 800 ʪʝשʛʝ, ʙײʣ ʪᴅʫʣʽʛʽʥʝ 30ï50 

ʢʛ ᴇʥʽʤ ᴇʥʜʽʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ ץʫʘʪʪʳʣʳץʧʝʥ ʘʡ ʩʘʡʳʥסʳ ʪʘʟʘ ʧʘʡʜʘ 

(ʩʘʪʫ ʙʘסʘʩʳ 8 000ï9 000 ʪʛ/ʢʛ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ) å 70ï90% ʤʘʨʞʘ ʜʝשʛʝʡʽʥʜʝ 

ʙʦʣʘʜʳ, ʘʣ ʞʦʙʘʥʳש ᴇʪʝʣʫ ʤʝʨʟʽʤʽ 1.5ï2 ʞʳʣ ʰʘʤʘʩʳʥʜʘ. 

ʉʘʣʳʩʪʳʨʤʘʣʳ ʪװʨʜʝ, ʭʘʣʳץʘʨʘʣʳץ ʥʘʨʳץʪʘסʳ ץײʩʘʩ ᴇʥʽʤ 

(US20170189624A1 ʪʠʧʽʥʜʝʛʽ ɣʠʣʣʠʫʤïCMC ʧʣʝʥʢʘʩʳ) ʙʦʡʳʥʰʘ ᴇʟʽʥʜʽʢ ײץʥ å5 

900 ʪʝשʛʝ/ʢʛ ʞᴅʥʝ ᴇʥʜʽʨʽʩ ʢװʨʜʝʣʽʨʝʢ. ɼʝʤʝʢ, ײʩʳʥʳʣסʘʥ ʪʝʭʥʦʣʦʛʠʷ ʦʪʘʥʜʳץ 

ʰʠʢʽʟʘʪ ʙʘʟʘʩʳʥʜʘ ʘʨʟʘʥʜʘʫ, ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʪʘסʘʤʜʳץ ʪײʨסʳʜʘʥ ץʘʫʽʧʩʽʟ, ᴅʨʽ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 

5- ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ 

ɹײʣ ʙᴇʣʽʤʜʝ ʞװʛʝʨʽ ʞᴅʥʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳ, ʭʠʪʦʟʘʥ ʤʝʥ ʛʣʠʮʝʨʠʥ 

ʥʝʛʽʟʽʥʜʝ ʘʣʳʥסʘʥ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʵʢʦʥʦʤʠʢʘʣʳץ 

ʪʠʽʤʜʽʣʽʛʽ ʙʘסʘʣʘʥʜʳ. ɽʩʝʧʪʝʫʣʝʨ ʙʦʡʳʥʰʘ 1 ʢʛ ᴇʥʽʤʥʽש ʪʦʣʳץ ᴇʟʽʥʜʽʢ ײץʥʳ 5 475 

ʪʛ ʙʦʣʳʧ, ʥʝʛʽʟʛʽ ʰʳסʳʥ װʣʝʩʽ ʰʠʢʽʟʘʪץʘ, ᴅʩʽʨʝʩʝ ʭʠʪʦʟʘʥסʘ ʪʠʝʩʽʣʽ ʝʢʝʥʽ 

ʘʥʳץʪʘʣʜʳ. 

 ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʥ ʪʝʭʥʦʣʦʛʠʷ ʪᴅʫʣʽʛʽʥʝ 30ï50 ʢʛ ᴇʥʽʤ ᴇʥʜʽʨʫʛʝ ʤסʩʳʥʳʣױ

ʞᴅʥʝ ʥʘʨʳץʪʘסʳ ץײʩʘʩ ᴇʥʽʤʜʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ h ʘʤʘʤʝʥ 15% ʘʨʟʘʥ, ʩʦʥʳʤʝʥ 

 ʘʥסʪʠʽʤʜʽʣʽʢʧʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɾʘʣʧʳ, ʘʣʳʥ ץʘʨʳ ʘʥʪʠʙʘʢʪʝʨʠʷʣʳסʘʪʘʨ ʞʦץ

ʥᴅʪʠʞʝʣʝʨ ʢʨʘʭʤʘʣïʭʠʪʦʟʘʥ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ 

ʧʣʝʥʢʘʥʳ ᴇʥʜʽʨʽʩʪʽʢ ʜʝשʛʝʡʜʝ ʝʥʛʽʟʫʜʽש ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʪʠʽʤʜʽ ᴅʨʽ 

ʪʘסʘʤʜʳץ ץʘʫʽʧʩʽʟ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. 
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 ʆʈʓʊʓʅɼʓפ

 

ɹײʣ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ ʞײʤʳʩʪʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʳ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ ʢʝʣʝʩʽ 

 :ʨʜʝ ʦʨʳʥʜʘʣʜʳװʤʽʥʜʝʪʪʝʨ ʜᴅʡʝʢʪʽ ʪ ץʳʣʳʤʠ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳס

 ,ʳʣʜʘʨʳʥʘʥ (ʙʠʜʘʡץʜʘ ץʨʣʽ ʘʫʳʣʰʘʨʫʘʰʳʣʳװʩʪʘʥʜʘ ᴇʩʽʨʽʣʝʪʽʥ ᴅʨʪץʘʟʘפ .1

ʢʘʨʪʦʧ, ʙײʨʰʘץ, ʢװʨʽʰ, ʞװʛʝʨʽ, ʢʘʩʩʘʚʘ) ʘʣʳʥסʘʥ ʢʨʘʭʤʘʣʜʘʨʜʳש 

ʘʤʠʣʦʟʘ/ʘʤʠʣʦʧʝʢʪʠʥ ץʘʪʳʥʘʩʳ 17,9ï28,6% ʘʨʘʣʳסʳʥʜʘ, ʤᴇʣʜʽʨʣʽʢ 54ï90%, ʩʫ 

ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 0,65ï0,84 ʛ/ʛ, ʤʘʡ ʩʽשʽʨʫ ץʘʙʽʣʝʪʽ 0,59ï0,76 ʛ/ʛ ʜʠʘʧʘʟʦʥʳʥʜʘ ʝʢʝʥʽ 

ʘʥʳץʪʘʣʜʳ. ʄײʟʜʘʪʫ ʝʨʫ ʪײʨʘץʪʳʣʳסʳ 80ï92% ʘʨʘʣʳסʳʥʜʘ ᴇʟʛʝʨʜʽ. ʂʘʩʩʘʚʘ ʤʝʥ 

ʢʘʨʪʦʧ ʢʨʘʭʤʘʣʳ ʩʫ ʤʝʥ ʤʘʡ ʩʽשʽʨʫʽ ʪᴇʤʝʥ (WAC = 0,65 ʛ/ʛ, OAC = 0,61 ʛ/ʛ), 

ʤᴇʣʜʽʨʣʽʛʽ ʞʦסʘʨʳ (88ï90%) ʞᴅʥʝ ʧʣʝʥʢʘ ʪװʟʫʛʝ ʙʝʡʽʤʜʽʣʽʛʽ ʞʦסʘʨʳ ʙʦʣʳʧ 

ʪʘʥʳʣʜʳ. SEM ʪʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʢʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש ʪװʡʽʨʰʽʢʪʝʨʽ ʩʦʧʘץʰʘ 

ʧʽʰʽʥʜʽ ʞᴅʥʝ ʙʝʪʽ ʪʝʛʽʩ ʝʢʝʥʽ ʘʥʳץʪʘʣʜʳ, ʙײʣ ʦʥʳש ʧʣʝʥʢʘ ʪװʟʫ ץʘʙʽʣʝʪʽʥ 

ʘʨʪʪʳʨʘʜʳ. 

2. ʂʨʘʭʤʘʣʜʳ ײץʨסʘץ ʞʳʣʫʤʝʥ ʤʦʜʠʬʠʢʘʮʠʷʣʘʫ ᴅʜʽʩʽʥʽ168) ש °C,  18 ʩʘסʘʪ) 

 ʞᴅʥʝ (RVA, Mw) ץʤʦʣʝʢʫʣʘʣʳ ,(DSC, TGA) ץʪʝʨʤʠʷʣʳ ,ץʨʳʣʳʤʜʳײץ

ʤʦʨʬʦʣʦʛʠʷʣʳץ (SEM, XRD) ʩʠʧʘʪʪʘʤʘʣʘʨסʘ ᴅʩʝʨʽ ʘʥʳץʪʘʣʜʳ. 

ʄʦʜʠʬʠʢʘʮʠʷʣʘʥסʘʥ ʢʨʘʭʤʘʣʜʘʨ ʛʝʣʴ ʪװʟʫ, ʤʝʭʘʥʠʢʘʣʳץ ʙʝʨʽʢʪʽʢ ʧʝʥ ʩʫ ʙʫʳʥ 

ᴇʪʢʽʟʙʝʡʪʽʥ ץʘʩʠʝʪʪʝʨ ʙʦʡʳʥʰʘ ʘʨʪʳץʰʳʣʳץ ʢᴇʨʩʝʪʪʽ. ʂʘʩʩʘʚʘ ʢʨʘʭʤʘʣʳʥʳש 

RDS ʘʟʘʡʳʧ, RS ʘʨʪʫʳ ʦʥʳש ʪʘסʘʤʜʳץ ʬʫʥʢʮʠʦʥʘʣʜʳײץ ץʥʜʳʣʳסʳʥ ʘʨʪʪʳʨʜʳ. 

3. ʂʨʘʭʤʘʣ ʥʝʛʽʟʽʥʜʝʛʽ ʞʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש 

ʪʝʭʥʦʣʦʛʠʷʩʳ ʤʝʥ ʨʝʮʝʧʪʫʨʘʩʳʥʘ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ᴅʩʝʨʽ ʙʘʨ ʬʫʥʢʮʠʦʥʘʣʜʳץ 

 ʨʘʤ: 5,0%ײץ ʪʘʡʣʳשʳʣʳ ᴅʟʽʨʣʝʥʜʽ. ʆץʦʩʫ ʘʨץ ʨʘʤʳʥʘײץ ʦʩʧʘ ï ʭʠʪʦʟʘʥʜʳ ʧʣʝʥʢʘץ

ʢʨʘʭʤʘʣ, 28,2 ʤʠʥ ʢʣʝʡʩʪʝʨʣʝʫ ʫʘץʳʪʳ, 2,8% ʛʣʠʮʝʨʠʥ, 1,4% ʭʠʪʦʟʘʥ. ɹײʣ 

ʢʦʤʙʠʥʘʮʠʷ ʧʣʝʥʢʘ ץʘʩʠʝʪʪʝʨʽʥʽװ שʡʣʝʩʽʤʜʽʣʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʪʽ. ʉʦʥʳʤʝʥ 

 ,ʙʝʣʩʝʥʜʽʣʽʛʽ (DPPH ï 26,6% ץʘʥʪʠʦʢʩʠʜʘʥʪʪʳ שʘʪʘʨ, ʧʣʝʥʢʘ ʵʢʩʪʨʘʢʪʳʣʘʨʳʥʳץ

ABTS ï 22,8%) ʞᴅʥʝ ʘʥʪʠʙʘʢʪʝʨʠʷʣʳץ ᴅʩʝʨʽ (E. coli ï 47%, S. aureus ï 42%) 

ʘʥʳץʪʘʣʜʳ, CLSM ʩʫʨʝʪʪʝʨʽʥʜʝ ʙʘʢʪʝʨʠʷ ʞʘʩʫʰʘʣʘʨʳʥʳש ʟʘץʳʤʜʘʥʫʳ 

ʜᴅʣʝʣʜʝʥʜʽ. 

4. ɸʣʳʥסʘʥ ʧʣʝʥʢʘʥʳש ʤʦʨʬʦʣʦʛʠʷʣʳץ ץʘʩʠʝʪʪʝʨʽ CLSM ʞᴅʥʝ AFM 
ʤʠʢʨʦʩʢʦʧʠʷʩʳ ʘʨץʳʣʳ ʙʘסʘʣʘʥʳʧ, ʧʣʝʥʢʘ ʙʝʪʽʥʽש ʪʳסʳʟ ᴅʨʽ ʙʽʨʢʝʣʢʽ ײץʨʳʣʳʤ 

ʪװʟʝʪʽʥʽ ʜᴅʣʝʣʜʝʥʜʽ. ʇʣʝʥʢʘʣʘʨʜʳש ʤᴇʣʜʽʨʣʽʛʽ 88ï90 %, ʩʦʟʳʣʫ ʙʝʨʽʢʪʽʛʽ 14,2 Ñ 

0,5 ʄʇʘ, ʩʦʟʳʣʫ ײʟʘץʪʳסʳ 31,6 Ñ 2,4 %, ʘʣ ʩʫ ʙʫʳʥʳש ᴇʪʢʽʟʛʽʰʪʽʢ ʢʦʵʬʬʠʮʠʝʥʪʽ 

3,8 Ĭ 10 ĭ  ʛĿʤ ĭĿʩ ĭĿʇʘ ĭ ʙʦʣʜʳ. ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʧʣʝʥʢʘʤʝʥ ץʘʧʪʘʣסʘʥ ʩʠʳʨ ʝʪʽ, 

ʪʘʫʳץ ʝʪʽ, ʬʦʨʝʣʴ, ʰײʞʳץ ʞᴅʥʝ ץʳʟʘʥʘװ ץʣʛʽʣʝʨʽʥʜʝ ʤʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ ʣʘʩʪʘʥʫ 

ʜʝשʛʝʡʽ 1,3ï2,2 log ʙʽʨʣʽʢʢʝ ʪᴇʤʝʥʜʝʧ, ʩʘʣʤʘץ ʞʦסʘʣʪʫ 6ï8 % ʘʟʘʡʜʳ, ʪװʩʪʽש 

ʪײʨʘץʪʳʣʳסʳ ʤʝʥ ʩʳʨʪץʳ ʩʘʧʘʩʳ ʩʘץʪʘʣʜʳ. ᴆʥʽʤʜʝʨʜʽש ʩʘץʪʘʫ ʤʝʨʟʽʤʽ ʦʨʪʘ 

ʝʩʝʧʧʝʥ 36 ʩʘסʘʪץʘ ײʟʘʨʪʳʣʜʳ. 

5. ɿʝʨʪʪʝʫ ʥᴅʪʠʞʝʣʝʨʽ ʙʦʡʳʥʰʘ ʞʘʣʧʳ ʞᴅʥʝ ʘʨʥʘʡʳ ʢᴇʰʫ ʢᴇʨʩʝʪʢʽʰʪʝʨʽ 
ʊʈ ʊʉ 021/2011 ʞᴅʥʝ ʊʈ ʊʉ 029/2012 ʪʘʣʘʧʪʘʨʳʥʘ ʪʦʣʳץ ʩᴅʡʢʝʩ ʢʝʣʜʽ: 10 % 

ʵʪʘʥʦʣʜʘ 1,87 ʤʛ/ʜʤĮ, 3 % ʩʽʨʢʝ ʩʫʳʥʜʘ 2,13 ʤʛ/ʜʤĮ, 50 % ʵʪʘʥʦʣʜʘ 2,92 ʤʛ/ʜʤĮ (Ò 

3 ʤʛ/ʜʤĮ). ɸʫʳʨ ʤʝʪʘʣʜʘʨ ʤᴇʣʰʝʨʽ Pb ï 0,021 ʤʛ/ʢʛ, Cd ï 0,004 ʤʛ/ʢʛ, Hg ï 

ʘʥʳץʪʘʣʤʘʜʳ; ʙʘʨʣʳסʳ ʨץײʩʘʪ ʝʪʽʣʛʝʥ ʥʦʨʤʘʜʘʥ ʪᴇʤʝʥ. ʄʠʢʨʦʙʠʦʣʦʛʠʷʣʳץ 
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ʪʘʣʜʘʫ ʙʦʡʳʥʰʘ ʞʘʣʧʳ ʤʠʢʨʦʙʪʘʨ ʩʘʥʳ 3,1 Ĭ 10Į ʂʆɽ/ʛ, ʘʰʳʪץʳ ʤʝʥ ʟʝ8,5 ש Ĭ 

10ĭ ʂʆɽ/ʛ, E. coli, S. aureus, Salmonella ʞᴅʥʝ L. monocytogenes ʘʥʳץʪʘʣʤʘʜʳ. 

ʈʘʜʠʦʥʫʢʣʠʜʪʝʨ ʙʦʡʳʥʰʘ Cs-137 ï 3,4 ɹʢ/ʢʛ, Sr-90 ï 2,7 ɹʢ/ʢʛ, ʫʳʪʪʳʣʳץ 

ʢᴇʨʩʝʪʢʽʰʽ Daphnia magna ʩʳʥʘסʳʥʜʘ 0 % ᴇʣʽʤʤʝʥ ʘʥʳץʪʘʣʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ 

ʧʣʝʥʢʘʣʘʨʜʳש ʪʘסʘʤʤʝʥ ʪʽʢʝʣʝʡ ʞʘʥʘʩʫסʘ ץʘʫʽʧʩʽʟ, ʘʜʘʤ ʜʝʥʩʘʫʣʳסʳʥʘ ʟʠʷʥʩʳʟ 

ʞᴅʥʝ ʍɸʉʉʇ ʞװʡʝʩʽʥʽץ שʘסʠʜʘʪʪʘʨʳʥʘ ʪʦʣʳץ ʩᴅʡʢʝʩ ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʜʽ. 

6. ɾʝʫʛʝ  ʞʘʨʘʤʜʳ  ʙʘʢʪʝʨʠʷסʘ  ץʘʨʩʳ  ʧʣʝʥʢʘʥʳש  ʪʝʭʥʦʣʦʛʠʷʩʳ 

çKazEcoSoilè ɾʐʉ ʙʘʟʘʩʳʥʜʘ ᴇʥʜʽʨʽʩʪʽʢ ʞʘסʜʘʡʜʘ ʘʧʨʦʙʘʮʠʷʩʳ ʞװʨʛʽʟʽʣʜʽ. 

ɾʝʫʛʝ ʞʘʨʘʤʜʳ ʙʘʢʪʝʨʠʷסʘ ץʘʨʩʳ ʧʣʝʥʢʘʥʳש ʥʦʨʤʘʪʠʚʪʽʢ-ʪʝʭʥʠʢʘʣʳץ 

 (ץʘʫʣʳץʩײʥ ץʉ ʉʊ ʊʆʆ 210940019323-001-2024 ʞᴅʥʝ ʊʝʭʥʠʢʘʣʳױ) ʞʘʪʪʘʤʘʩʳײץ

ᴅʟʽʨʣʝʥʽʧ ʙʝʢʽʪʽʣʜʽ. ɸʣʳʥסʘʥ ʧʣʝʥʢʘ ᴇʥʜʽʨʽʩʪʽʢ ʝʥʛʽʟʫʛʝ ʜʘʡʳʥ ʞᴅʥʝ ʪʘסʘʤ 

 .ʪʘʡ ʩʘʡ ʢʝʣʝʜʽץʘʫʽʧʩʽʟʜʽʛʽ ʪʘʣʘʧʪʘʨʳʥʘ ʪʦʣʳץ
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