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ɸʅʆʊɸʎɯʗ 

 

ɹʽʣʘ ɻ.ɯ. ʋʯʘʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʧʘʩʪʦʢ ʫ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʘʭ ʪʚʘʨʠʥ ʟʘ ʜʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ. ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ 

ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 091 çɹʽʦʣʦʛʽʷè (09 ï ɹʽʦʣʦʛʽʷ). ï ɯʥʩʪʠʪʫʪ ʙʽʦʣʦʛʽʾ ʪʚʘʨʠʥ ʅɸɸʅ, 

ʃʴʚʽʚ, 2023. 

 

ʄʝʪʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʯʘʩʪʽ ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʧʘʩʪʦʢ (ʅʇʇ) ʚ ʽʥʜʫʢʮʽʾ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʪʽʣʽ ʪʚʘʨʠʥ ʚʥʘʩʣʽʜʦʢ 

ʢʦʥʪʘʢʪʫ ʟ ʝʥʜʦʛʝʥʥʠʤʠ ʪʘ ʝʢʟʦʛʝʥʥʠʤʠ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ (ʅʏ), ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʏ ʜʣʷ ʢʝʨʦʚʘʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʧʦʰʫʢʫ ʟʘʩʦʙʽʚ ʜʣʷ 

ʪʘʨʛʝʪʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʥʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʪʘ ʾʭ ʟʜʘʪʥʦʩʪʽ ʫʪʚʦʨʶʚʘʪʠ ʅʇʇ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʇʇ-ʽʥʜʫʢʫʶʯʠʭ ʅʏ ʚ ʩʢʣʘʜʽ ʚʘʢʮʠʥ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ɺʠʚʯʝʥʦ ʜʽʶ ʜʚʦʭ ʪʠʧʽʚ ʅʏ ï ʝʥʜʦʛʝʥʥʠʭ, ʷʢʽ ʩʧʦʥʪʘʥʥʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ 

ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ ʩʠʩʪʝʤʽ ʚʥʘʩʣʽʜʦʢ ʜʽʻʪʠ, ʙʘʛʘʪʦʾ ʥʘ ʞʠʨʠ, ʭʦʣʝʩʪʝʨʠʥ ʪʘ ʜʽʻʪʠ 

ʙʘʛʘʪʦʾ ʥʘ ʬʨʫʢʪʦʟʫ; ʪʘ ʝʢʟʦʛʝʥʥʠʭ, ʟʦʢʨʝʤʘ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ ʚʫʛʣʝʮʶ ï 

ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʪʘ ʛʨʘʬʝʥ ʦʢʩʠʜʫ. ɼʣʷ ʦʩʪʘʥʥʽʭ ʥʝ ʽʩʥʫʻ ʨʝʮʝʧʪʦʨʽʚ ʚ ʦʨʛʘʥʽʟʤʽ, ʧʨʦʪʝ 

ʚʽʜʦʤʘ ʾʭ ʟʜʘʪʥʽʩʪʴ ʽʥʜʫʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ. ɺ ʨʦʙʦʪʽ ʜʝʪʘʣʴʥʦ ʚʠʚʯʘʣʘʩʴ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫʪʚʦʨʝʥʠʭ ʢʦʥôʶʛʘʪʽʚ ʅʏ ʪʘ ʧʝʧʪʠʜʽʚ ʢʦʨʦʥʘʚʽʨʫʩʽʚ ʜʣʷ 

ʰʚʠʜʢʦʾ ʛʝʥʝʨʘʮʽʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʜʦ ʘʥʪʠʛʝʥʽʚ SARS-CoV-2 ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ 

ʦʨʛʘʥʽʟʤ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʥʝʘʣʢʦʛʦʣʴʥʦʛʦ 

ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ (ʅɸʉɻ) ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʟʘ ʜʽʾ ʚʠʩʦʢʦʣʽʧʽʜʥʦʾ 

ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ (ɺʃɺʍɼ) ʪʘ ʟʘ ʜʽʾ ʚʠʩʦʢʦʬʨʫʢʪʦʟʥʦʾ ʜʽʻʪʠ (ɺʌɼ). 

ʆʙʠʜʚʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʜʽʻʪʠ ʜʦʙʨʝ ʚʽʜʦʙʨʘʞʘʣʠ ʚʤʽʩʪ ʣʽʧʽʜʽʚ, ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ 

ʬʨʫʢʪʦʟʠ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ çʟʘʭʽʜʥʽʡ ʜʽʻʪʽè ʯʠ ʨʘʮʽʦʥʽ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʘʩʪʬʫʜʫ, 

ʩʤʘʞʝʥʦʾ ʾʞʽ ʪʘ ʩʦʣʦʜʢʠʭ ʥʘʧʦʾʚ. ɿʘ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʭʦʣʝʩʪʝʨʠʥʫ ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʭʦʣʝʚʦʾ ʢʠʩʣʦʪʠ ʜʘʥʽ ʩʧʦʣʫʢʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʞʦʚʯʥʠʭ ʰʣʷʭʘʭ ʚʥʘʩʣʽʜʦʢ 
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ʧʨʠʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʢʦʥʮʝʥʪʨʘʮʽʾ ʞʦʚʯʽ, ʫʪʚʦʨʶʶʯʠ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʯʘʩʪʠʥʢʠ. ɺ 

ʧʝʯʽʥʮʽ ʬʨʫʢʪʦʟʫ ʤʝʪʘʙʦʣʽʟʫʻ ʝʥʟʠʤ ʬʨʫʢʪʦʢʽʥʘʟʘ ʉ, ʷʢʘ ʜʽʻ ʰʚʠʜʢʦ ʽ ʥʝ ʤʘʻ 

ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ, ʱʦ ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʨʫʢʪʦʟʠ, ʷʢʘ 

ʧʨʠʩʫʪʥʷ ʚ ʩʦʣʦʜʢʠʭ ʥʘʧʦʷʭ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʠʪʪʻʚʦʛʦ ʧʘʜʽʥʥʷ ʨʽʚʥʷ ɸʊʌ ʫ 

ʛʝʧʘʪʦʮʠʪʘʭ, ʧʝʨʝʪʚʦʨʶʶʯʠ ʡʦʛʦ ʚ ɸʄʌ. ʋʪʚʦʨʝʥʘ ɸʄʌ ʚʩʪʫʧʘʻ ʚ ʰʣʷʭ 

ʜʝʛʨʘʜʘʮʽʾ ʧʫʨʠʥʽʚ ʯʝʨʝʟ ʜʽʶ ɸʄʌ-ʜʝʘʤʽʥʘʟʠ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʝʯʦʚʦʾ 

ʢʠʩʣʦʪʠ ʪʘ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʭ ʦʢʩʠʜʘʥʪʽʚ. ʇʦʟʙʘʚʣʝʥʽ ʝʥʝʨʛʽʾ, ʚʥʘʩʣʽʜʦʢ ʚʠʩʥʘʞʝʥʥʷ 

ɸʊʌ, ʛʝʧʘʪʦʮʠʪʠ ʽʟ ʧʽʜʚʠʱʝʥʠʤ ʨʽʚʥʝʤ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʭ ʦʢʩʠʜʘʥʪʽʚ ʩʭʠʣʴʥʽ ʜʦ 

ʟʘʛʠʙʝʣʽ ʽ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʾʭ ʮʽʣʽʩʥʦʩʪʽ ʩʝʯʦʚʘ ʢʠʩʣʦʪʘ ʧʦʪʨʘʧʣʷʪʠʤʝ ʫ 

ʧʦʟʘʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ, ʜʝ ʙʫʜʝ ʢʦʥʪʘʢʪʫʚʘʪʠ ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʽʦʥʽʚ ʥʘʪʨʽʶ, 

ʧʝʨʝʪʚʦʨʶʶʯʠʩʴ ʫ ʤʦʥʦʫʨʘʪ ʥʘʪʨʽʶ. ʆʩʪʘʥʥʽʡ ʬʦʨʤʫʻ ʛʦʣʯʘʩʪʽ ʥʘʥʦ- ʪʘ 

ʤʽʢʨʦʢʨʠʩʪʘʣʠ, ʷʢʽ ʻ ʽʥʜʫʢʪʦʨʦʤ ʧʦʜʘʛʨʠ ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ ʅʇʇ. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚʠʢʦʨʠʩʪʘʥʦ ʩʧʝʮʽʘʣʴʥʫ ʣʽʥʽʶ 

ʤʠʰʝʡ C57BL6/N, ʱʦ ʝʢʩʧʨʝʩʫʚʘʣʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʛʝʥ nnt, ʚʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ 

ʧʽʜʚʠʱʝʥʠʡ ʚʤʽʩʪ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʛʦ ʅɸɼʌʅ/ʅɸɼʌ+, ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʴ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʢʨʦʚʽ ʽʟ ʚʠʩʦʢʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ (ɸʌʂ). ʇʝʨʝʙʫʚʘʥʥʷ ʪʚʘʨʠʥ ʥʘ ɺʃɺʍɼ ʪʘ ʥʘ ɺʌɼ 

ʩʧʨʠʯʠʥʷʣʦ ʪʠʧʦʚʽ ʦʟʥʘʢʠ ʅɸʉɻ ʫʞʝ ʯʝʨʝʟ 4 ï 6 ʪʠʞʥʽʚ, ʮʝ ʟʥʘʯʥʦ ʤʝʥʰʝ ʥʽʞ ʚ 

ʽʥʰʠʭ ʦʧʠʩʘʥʠʭ ʤʠʰʘʯʠʭ ʤʦʜʝʣʷʭ ʅɸʉɻ (12 ï 18 ʪʠʞʥʽʚ). 

ɻʽʩʪʦʣʦʛʽʯʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʅɸʉɻ ʫ ʧʝʯʽʥʮʽ ʪʚʘʨʠʥ ʟʘ ʦʟʥʘʢʘʤʠ ʥʘʢʦʧʠʯʝʥʥʷ 

ʣʽʧʽʜʽʚ, ʧʦʷʚʦʶ ʤʽʢʨʦʚʝʟʠʢʫʣʷʮʽʾ, ʜʝʛʨʘʜʘʮʽʻʶ ʷʜʝʨ, ʥʘʢʦʧʠʯʝʥʥʷʤ ʢʦʣʘʛʝʥʫ. ʅʘʤʠ 

ʘʜʘʧʪʦʚʘʥʦ ʢʽʣʴʢʽʩʥʽ ʧʽʜʭʦʜʠ ʘʥʘʣʽʟʫ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʦʮʽʥʢʠ 

ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʤʠʰʝʡ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʛʨʝʩʠʚʥʠʡ ʧʽʜʭʽʜ 

ʚʝʨʠʬʽʢʘʮʽʾ ʦʟʥʘʢ ʅɸʉɻ ʧʝʯʽʥʢʠ ʽʤʫʥʦʬʝʨʤʝʥʪʥʠʤ ʤʝʪʦʜʦʤ, ʷʢʠʡ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʨʢʝʨʘʭ ʪʝʩʪʫ ELF ï Enhanced Liver Fibrosis ʨʦʟʨʦʙʢʠ Siemens, 

ʘʜʘʧʪʦʚʘʥʦʤʫ ʜʣʷ ʤʠʰʝʡ, ʟʘ ʚʠʷʚʣʝʥʥʷʤ ʘʤʽʥʦ-ʢʽʥʮʝʚʦʛʦ ʧʝʧʪʠʜʫ ʧʨʦʢʦʣʘʛʝʥʫ ɯɯɯ, 

ʪʢʘʥʠʥʥʦʛʦ ʽʥʛʽʙʽʪʦʨʘ ʤʝʪʘʣʦʧʨʦʪʝʾʥʘʟ-1 ʪʘ ʛʽʘʣʫʨʦʥʦʚʦʾ ʢʠʩʣʦʪʠ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʥʘʤʠ ʚʽʜʪʚʦʨʶʚʘʥʽ ʪʘ ʟʨʫʯʥʽ ʤʦʜʝʣʽ ʅɸʉɻ ʚ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ, ʤʠ ʜʦʩʣʽʜʠʣʠ ʫʯʘʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʨʦʟʚʠʪʢʫ 

ʮʠʭ ʧʘʪʦʣʦʛʽʡ. ɺʠʷʚʣʝʥʦ ʽʥʬʽʣʴʪʨʘʮʽʶ ʣʝʡʢʦʮʠʪʽʚ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʩʫʜʠʥ ʽ ʞʦʚʯʥʠʭ 
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ʧʨʦʪʦʢ ʫ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ. ʈʦʟʨʦʙʣʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʤʝʪʦʜ ʚʠʷʚʣʝʥʥʷ 

ʝʦʟʠʥʦʬʽʣʽʚ ʫ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʘʟʢʘʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, 

ʷʢʠʡ ʜʦʟʚʦʣʠʚ ʜʠʬʝʨʝʥʮʽʶʚʘʪʠ ʟ ʧʦʤʽʞ ʩʧʦʩʪʝʨʝʞʫʚʘʥʠʭ ʣʝʡʢʦʮʠʪʽʚ ʥʝʡʪʨʦʬʽʣʴʥʽ 

ʪʘ ʝʦʟʠʥʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜ ʽʥʬʽʣʴʪʨʫʶʯʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ 

ʫ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ ʧʝʨʝʚʘʞʘʶʪʴ ʥʝʡʪʨʦʬʽʣʠ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ ʧʦʢʘʟʘʣʦ ʫʪʚʦʨʝʥʥʷ ʚ ʥʠʭ ʟʥʘʯʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʅʇʇ ʪʘ ʩʠʣʴʥʫ ʥʝʡʪʨʦʬʽʣʴʥʫ ʽʥʬʽʣʴʪʨʘʮʽʶ ʟʘ ʫʤʦʚ ɺʃɺʍɼ ʪʘ ɺʌɼ. 

ʄʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʪʥʦʾ ʪʘ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʤʽʢʨʦʢʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʠʥʫ ʽ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʦʥʠ ʫ ʞʦʚʯʥʦʤʫ ʤʽʭʫʨʽ ʤʘʡʞʝ 

ʟʘʚʞʜʠ ʚʢʨʠʪʽ ʢʦʤʧʦʥʝʥʪʘʤʠ ʅʇʇ, ï ʝʢʩʪʝʨʥʘʣʽʟʦʚʘʥʠʤʠ ʚʦʣʦʢʥʘʤʠ ɼʅʂ ʪʘ 

ʝʣʘʩʪʘʟʦʶ ʥʝʡʪʨʦʬʽʣʽʚ (NE). ɼʣʷ ʚʽʜʪʚʦʨʝʥʥʷ ʚʧʣʠʚʫ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ 

ʥʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ ʩʪʝʨʠʣʴʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʫ ʤʠʰʝʡ ʫ ʬʦʨʤʽ 

ʧʦʚʽʪʨʷʥʦʾ ʢʠʰʝʥʽ: ʚʚʝʜʝʥʥʷ ʚ ʥʝʾ ʢʦʤʝʨʮʽʡʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ 

ʽʥʜʫʢʫʚʘʣʦ ʽʥʬʽʣʴʪʨʫʶʯʽ ʥʝʡʪʨʦʬʽʣʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʥʘʚʢʦʣʦ ʢʨʠʩʪʘʣʽʚ ʪʘ 

ʩʪʠʤʫʣʶʚʘʣʦ ʾʭ ʘʛʨʝʛʘʮʽʶ. 

ʅʘʤʠ ʧʦʢʘʟʘʥʦ ʜʦʩʪʦʚʽʨʥʝ ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʟʘ ʫʤʦʚ 

ɺʌɼ ʪʘ ɺʍɺʃɼ ʫ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʪʚʘʨʠʥ ʟʘ ʝʥʟʠʤʘʪʠʯʥʠʤ ʨʦʟʱʝʧʣʝʥʥʷʤ 

ʧʦʧʝʨʝʜʥʠʢʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʩʫʙʩʪʨʘʪʫ. ʅʝʡʪʨʦʬʽʣʴʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷ ʚ ʪʢʘʥʠʥʠ 

ʧʝʯʽʥʢʠ, ʧʦʷʚʘ ʅʇʇ ʥʘʚʢʦʣʦ ʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ ʫ ʞʦʚʯʥʠʭ ʤʽʭʫʨʘʭ ʪʘ 

ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ NE ʫ ʩʠʨʦʚʘʪʮʽ ʟʘ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʻʪ ʩʧʦʥʫʢʘʣʘ ʥʘʩ 

ʜʦʩʣʽʜʠʪʠ ʤʦʞʣʠʚʽ ʧʨʦʮʝʩʠ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ ʫ ʢʘʧʽʣʷʨʥʽʡ ʩʽʪʮʽ ʧʝʯʽʥʢʠ ʟ 

ʤʦʞʣʠʚʦʶ ʦʢʣʶʟʽʻʶ. ɼʣʷ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʪʝʩʪ ʽʟ 

ʤʦʥʽʪʦʨʠʥʛʫ ʧʝʨʝʭʦʜʫ ʙʘʨʚʥʠʢʘ ʽʥʜʦʮʽʘʥʽʥʫ ʟʝʣʝʥʦʛʦ ʽʟ ʢʨʦʚôʷʥʦʛʦ ʨʫʩʣʘ ʚ ʞʦʚʯ. 

ɯʥʜʦʮʽʘʥʽʥ ʟʝʣʝʥʠʡ ï ʮʝ ʟʘʪʚʝʨʜʞʝʥʠʡ FDA ʽʥʬʨʘʯʝʨʚʦʥʠʡ ʙʘʨʚʥʠʢ ʜʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ 

ʢʨʦʚôʷʥʦʛʦ ʨʫʩʣʘ ʧʨʠ ʦʧʝʨʘʮʽʷʭ, ʜʣʷ ʡʦʛʦ ʜʝʪʝʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʥʘʣʽʟʘʪʦʨ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ in vivo ʪʘ ʬʣʫʦʨʝʩʮʝʥʮʽʶ ʚ ʽʥʬʨʘʯʝʨʚʦʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʧʨʠ 820 ʥʤ. ɿʘ 

ʬʣʫʦʨʝʩʮʝʥʮʽʻʶ ʙʘʨʚʥʠʢʘ ʚʠʟʥʘʯʘʣʠ ʡʦʛʦ ʢʽʣʴʢʽʩʪʴ, ʥʘʢʦʧʠʯʝʥʫ ʚ ʧʝʯʽʥʮʽ ʧʨʦʪʷʛʦʤ 

ʚʠʟʥʘʯʝʥʠʭ ʽʥʪʝʨʚʘʣʽʚ ʯʘʩʫ ʧʽʩʣʷ ʚʥʫʪʨʽʰʥʴʦʚʝʥʥʦʾ ʽʥôʻʢʮʽʾ. ɿʘ ʫʤʦʚ ɺʃɺʍɼ 

ʚʽʜʟʥʘʯʝʥʦ ʟʥʘʯʥʝ ʩʧʦʚʽʣʴʥʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ ʽʥʜʦʮʽʘʥʽʥʫ ʫ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʜʘʥʠʤʠ ʜʣʷ ʪʚʘʨʠʥ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ. 



5 

 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʟʜʽʡʩʥʠʣʠ ʧʨʠʞʠʪʪʻʚʝ ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ NE ʫ ʪʽʣʽ 

ʞʠʚʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ, ɺʃɺʍɼ ʪʘ ɺʌɼ. ɼʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʮʴʦʛʦ ʟʘʚʜʘʥʥʷ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʥʦʚʽʪʥʶ ʩʧʦʣʫʢʫ Perkin Elmer Neutrophil 

Elastase 680 FAST NIR fluorescent probe, ʷʢʘ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʚʘ ʽʥʬʨʘʯʝʨʚʦʥʽ 

ʬʣʫʦʨʦʬʦʨʠ, ʟôʻʜʥʘʥʽ ʤʽʞ ʩʦʙʦʶ ʢʦʨʦʪʢʠʤ ʧʝʧʪʠʜʦʤ, ʱʦ ʤʽʩʪʠʪʴ ʩʘʡʪ 

ʨʦʟʱʝʧʣʝʥʥʷ ʝʣʘʩʪʘʟʦʶ ʥʝʡʪʨʦʬʽʣʽʚ. ʉʪʝʨʠʯʥʝ ʨʦʟʤʽʱʝʥʥʷ ʬʣʫʦʨʦʬʦʨʽʚ ʫ 

ʥʘʪʠʚʥʽʡ ʩʧʦʣʫʮʽ ʚʟʘʻʤʥʦ ʽʥʛʽʙʫʻ ʾʭ ʬʣʫʦʨʝʩʮʝʥʮʽʶ, ʽʥʛʽʙʫʚʘʥʥʷ ʟʥʠʢʘʻ ʧʨʠ 

ʨʦʟʱʝʧʣʝʥʥʽ ʩʧʝʮʠʬʽʯʥʠʤ ʝʥʟʠʤʦʤ. ɺʚʝʜʝʥʥʷ ʙʘʨʚʥʠʢʘ ʪʚʘʨʠʥʘʤ 

ʚʥʫʪʨʽʰʥʴʦʚʝʥʥʦ ʪʘ ʚ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʘʣʦ ʟʤʦʛʫ ʩʧʦʩʪʝʨʽʛʘʪʠ 

ʬʣʫʦʨʝʩʮʝʥʮʽʶ ʨʦʟʱʝʧʣʝʥʠʭ ʩʫʙʩʪʨʘʪʽʚ. ɸʢʪʠʚʥʽʩʪʴ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʟʥʘʯʥʦ 

ʟʨʦʩʪʘʣʘ ʟʘ ɺʃɺʍɼ ʪʘ ɺʌɼ ʽ ʚʠʷʚʣʷʣʘʩʴ ʥʝ ʣʠʰʝ ʚ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ, ʘ ʡ ʩʝʣʝʟʽʥʮʽ 

ʪʘ ʩʝʨʮʽ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʠʩʪʝʤʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ, ʩʧʨʠʯʠʥʝʥʠʡ 

ʟʘʟʥʘʯʝʥʠʤʠ ʜʽʻʪʘʤʠ. 

ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʝʡʪʨʦʬʽʣʽʚ ʥʘ ʭʨʦʥʽʯʥʽ ʩʫʙʛʦʩʪʨʽ ʟʘʧʘʣʴʥʽ 

ʧʨʦʮʝʩʠ ʥʘ ʩʠʩʪʝʤʥʦʤʫ ʨʽʚʥʽ (low grade inflammation) ʜʦʩʣʽʜʠʣʠ ʟʤʽʥʠ 

ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʤʦʣʝʢʫʣ IgG ï ʚʽʣʴʥʠʭ ʪʘ ʚ ʩʢʣʘʜʽ ʮʠʨʢʫʣʶʶʯʠʭ ʽʤʫʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ. ɿʤʽʥʘ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ IgG ʟʙʝʨʽʛʘʻʪʴʩʷ ʚʧʨʦʜʦʚʞ ʯʘʩʫ ʧʽʚʞʠʪʪʷ 

ʤʦʣʝʢʫʣʠ, ʽ ʪʦʤʫ ʩʣʫʛʫʻ ʭʦʨʦʰʠʤ ʽʥʜʠʢʘʪʦʨʦʤ ʧʦʚʽʣʴʥʠʭ ʪʘ ʩʣʘʙʦ ʚʠʨʘʞʝʥʠʭ 

ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʧʦʩʪʝʨʽʛʘʣʠ ʧʦʷʚʫ ʭʘʨʘʢʪʝʨʥʠʭ ʧʨʦʟʘʧʘʣʴʥʠʭ ʬʦʨʤ ʛʣʽʢʘʥʽʚ, 

ʷʢʽ ʝʢʩʧʦʥʫʶʪʴ ʟʘʣʠʰʦʢ ʬʫʢʦʟʠ ʚ ʷʜʨʽ N-ʛʣʽʢʘʥʫ ʚ ʩʢʣʘʜʽ ʤʦʣʝʢʫʣ IgG, ʟʘ ʫʤʦʚ 

ɺʃɺʍɼ. ɸʥʘʣʦʛʽʯʥʽ ʟʤʽʥʠ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʤʠ ʚʽʜʪʚʦʨʠʣʠ ex vivo ʢʦʣʠ ʽʥʢʫʙʫʚʘʣʠ 

ʩʠʨʦʚʘʪʢʫ ʢʨʦʚʽ ʽʟ ʫʪʚʦʨʝʥʠʤʠ ʅʇʇ ʧʨʠ 37Áʉ, ʘʣʝ ʥʝ ʧʨʠ 4Áʉ, ʘ ʟʤʽʥʠ 

ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʚʠʟʥʘʯʘʣʠ ʣʝʢʪʠʥʦ-ʙʣʦʪ ʘʥʘʣʽʟʦʤ, ʥʘʡʙʽʣʴʰʽ ʟʤʽʥʠ 

ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʜʽʣʷʥʮʽ ʣʝʛʢʠʭ ʣʘʥʮʶʛʽʚ ʤʦʣʝʢʫʣ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ. 

ʑʦʙ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʦʢʣʶʟʽʷ ʟʙʽʨʥʠʭ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʫʪʚʦʨʝʥʠʤʠ ʅʇʇ ʥʝ 

ʚʠʩʪʫʧʘʻ ʧʨʠʯʠʥʦʶ ʥʘʢʦʧʠʯʝʥʥʷ ʞʦʚʯʽ, ʷʢʘ, ʷʢ ʚʽʜʦʤʦ, ʚ ʥʘʜʤʽʨʥʠʭ ʢʽʣʴʢʦʩʪʷʭ 

ʫʰʢʦʜʞʫʻ ʛʝʧʘʪʦʮʠʪʠ, ʤʠ ʜʦʩʣʽʜʠʣʠ ʟʨʘʟʢʠ ʧʝʯʽʥʢʠ ʪʘ ʧʣʘʟʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʱʫʨʽʚ, 

ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʽʡ ʜʽʻʪʽ. ʋ ʱʫʨʽʚ ʚʽʜʩʫʪʥʽʡ ʞʦʚʯʥʠʡ ʤʽʭʫʨ ʽ 

ʚʽʜʧʦʚʽʜʥʽ ʚʝʣʠʢʽ ʧʨʦʪʦʢʠ, ʜʝ ʙ ʤʦʛʣʠ ʥʘʢʦʧʠʯʠʪʠʩʴ ʞʦʚʯʥʽ ʢʘʤʝʥʽ ʪʘ ʩʧʨʠʯʠʥʠʪʠ 

ʦʢʣʶʟʽʶ. ɿʘ ʫʤʦʚ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ ʫ ʱʫʨʽʚ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʷʢ ʪʠʧʦʚʽ 
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ʦʟʥʘʢʠ ʅɸʉɻ, ʪʘʢ ʽ ʤʘʡʞʝ ʪʨʠʢʨʘʪʥʝ ʟʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʫ 

ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ. ʆʪʦʞ ʤʠ ʟʨʦʙʠʣʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʢʘʤʝʥʽʚ ʫ ʚʝʣʠʢʠʭ 

ʞʦʚʯʥʠʭ ʧʨʦʪʦʢʘʭ ʥʝ ʻ ʧʨʠʯʠʥʦʶ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. ʆʯʝʚʠʜʥʦ, ʱʦ 

ʘʢʪʠʚʘʮʽʷ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʩʧʨʠʯʠʥʷʶʪʴ 

ʦʢʣʶʟʽʶ/ʟʘʧʘʣʝʥʥʷ ʜʨʽʙʥʠʭ ʤʽʞʢʣʽʪʠʥʥʠʭ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ï ʭʦʣʘʥʛʽʪ. 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʤʠ ʨʦʟʨʦʙʠʣʠ ʩʪʨʘʪʝʛʽʶ ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʰʢʦʜʞʝʥʥʶ ʪʢʘʥʠʥ ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʨʫʡʥʫʚʘʣʠ 

ʥʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʤʠʰʝʡ. ɼʣʷ ʮʴʦʛʦ ʤʠʰʘʤ ʢʦʞʥʠʡ ʜʨʫʛʠʡ ʜʝʥʴ ʚʚʦʜʠʣʠ 

500 ʤʢʛ ʘʥʪʠʪʽʣ ʘʥʪʠ-Ly6G ʢʣʦʥʫ 1A8, ʷʢʽ ʟʚôʷʟʫʶʯʠʩʴ ʟ ʨʝʮʝʧʪʦʨʦʤ ʥʝʡʪʨʦʬʽʣʽʚ 

ʚʠʢʣʠʢʘʣʠ ʾ ʭ ʣʽʟʠʩ. ɻʨʫʧʽ ʧʦʨʽʚʥʷʥʥʷ ʚʚʦʜʠʣʠ ʘʥʪʠ-ʽʟʦʪʠʧʥʽ (ʥʝʩʧʝʮʠʬʽʯʥʽ ʘʥʪʠʪʽʣʘ 

ʪʦʛʦ ʞ ʩʫʙʢʣʘʩʫ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ) ï 2ɸ3. ʊʚʘʨʠʥʠ ʜʚʦʭ ʜʦʩʣʽʜʥʠʭ ʛʨʫʧ ʧʝʨʝʙʫʚʘʣʠ 

ʥʘ ɺʃɺʍɼ, ʘ ʢʦʥʪʨʦʣʴʥʦ ʾï ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ. ɺ ʦʙʦʭ ʛʨʫʧ ʪʚʘʨʠʥ ʥʘ ɺʃɺʍɼ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʧʨʦʪʝ ʨʦʟʨʘʭʦʚʘʥʠʡ ʽʥʜʝʢʩ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ 

ʧʝʯʽʥʢʠ ʜʣʷ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʮʽʦʥʫ ʩʪʘʥʦʚʠʚ 1,62Ñ0,24, ʧʨʠ ɺʃɺʍɼ ʟ 

ʥʝʩʧʝʮʠʬʽʯʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ ï 75,6±9,6, ʘ ʧʨʠ ɺʃɺʍɼ ʟʘ ʜʽʾ ʘʥʪʠ-ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʘʥʪʠʪʽʣ ï 28,8±4,8 (p<0.05). ʊʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʛʽʧʝʨʪʨʦʬʽʾ 

ʛʝʧʘʪʦʮʠʪʽʚ  ̔ʚʤʽʩʪʫ ʫ ʥʠʭ ʣʽʧʽʜʽʚ. ʄʽʢʨʦʩʢʦʧʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ ʞʦʚʯʥʠʭ 

ʤʽʭʫʨʽʚ ʧʦʢʘʟʘʣʦ ʟʥʘʯʥʦ ʤʝʥʰʠʡ ʚʤʽʩʪ ʅʇʇ ʟʘ ʫʤʦʚ ʨʫʡʥʫʚʘʥʥʷ ʥʝʡʪʨʦʬʽʣʽʚ, ʘ 

ʬʝʨʤʝʥʪʘʪʠʚʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ NE ï ʜʦʩʪʦʚʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʾʾ ʘʢʪʠʚʥʦʩʪʽ 

ʚʜʚʽʯʽ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʜʦ ʟʥʘʯʝʥʴ ʧʨʠʪʘʤʘʥʥʠʭ ʪʚʘʨʠʥʘʤ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ. ɺ 

ʞʦʚʯʥʠʭ ʤʽʭʫʨʘʭ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ, ʚʠʷʚʣʷʣʠ ʥʘʙʘʛʘʪʦ 

ʤʝʥʰʝ ʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ. ʆʪʞʝ, ʭʦʯ ʚʠʜʘʣʝʥʥʷ ʥʝʡʪʨʦʬʽʣʽʚ ʽ ʥʝ ʟʘʧʦʙʽʛʘʣʦ 

ʤʝʪʘʙʦʣʽʯʥʦʤʫ ʩʠʥʜʨʦʤʫ ʫ ʤʠʰʝʡ, ʧʨʦʪʝ ʚʦʥʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʚʘʣʦ ʫʰʢʦʜʞʝʥʥʷ 

ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. 

ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʥʪʠʥʝʡʪʨʦʬʽʣʴʥʠʭ ʘʥʪʠʪʽʣ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʟʘʧʘʣʝʥʥʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʫʤʦʚʘʭ ʧʦʩʪʘʚʠʣʦ ʧʝʨʝʜ ʥʘʤʠ ʚʠʢʣʠʢ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʫ, ʷʢʠʡ ʤʦʞʥʘ ʙʫʣʦ ʙ 

ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʚ ʧʨʘʢʪʠʮʽ, ʧʦʰʫʢʫ ʘʛʝʥʪʽʚ, ʟʜʘʪʥʠʭ ʧʨʠʛʥʽʪʠʪʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚ 

ʧʝʯʽʥʮʽ, ʽ ʧʨʠ ʮʴʦʤʫ ʩʧʨʠʯʠʥʷʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʧʦʙʽʯʥʠʡ ʚʧʣʠʚ. ʊʦʤʫ ʤʠ ʟʜʽʡʩʥʠʣʠ 

ʧʦʰʫʢ ʬʘʨʤʘʮʝʚʪʠʯʥʦ ʜʦʩʪʫʧʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʰʢʦʜʞʝʥʥʶ ʪʢʘʥʠʥ 
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ʧʝʯʽʥʢʠ. ʉʚʽʡ ʚʠʙʽʨ ʟʫʧʠʥʠʣʠ ʥʘ ʽʥʛʽʙʽʪʦʨʘʭ ʘʛʨʝʛʘʮʽʾ ʅʇʇ ï ʛʝʧʘʨʠʥʽ 

(ʥʠʟʴʢʦʤʦʣʝʢʫʣʷʨʥʠʡ ʛʝʧʘʨʠʥ ï ʬʨʘʢʩʠʧʘʨʠʥ), ʽʥʛʽʙʽʪʦʨʽ ʝʢʩʪʨʘʚʘʟʘʮʽʾ 

ʥʝʡʪʨʦʬʽʣʽʚ ï ʤʝʪʦʧʨʦʣʦʣʽ, ʽʥʛʽʙʽʪʦʨʽ ʤʦʙʽʣʽʟʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ ʟ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ï 

ʛʨʘʥʫʣʦʮʠʪ-ʢʦʣʦʥʽʻʩʪʠʤʫʣʶʶʯʦʤʫ ʬʘʢʪʦʨʽ (gCSF), ʷʢʽ ʥʝ ʯʠʥʠʣʠ ʩʠʩʪʝʤʥʦʛʦ 

ʪʦʢʩʠʯʥʦʛʦ ʚʧʣʠʚʫ. ɿʘ ʜʽʾ ʤʝʪʦʧʨʦʣʦʣʫ ʪʘ gCSF ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʤʝʥʰʝʥʥʷ 

ʧʣʦʱʽ ʛʝʧʘʪʦʮʠʪʽʚ, ʫ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʪʚʘʨʠʥʘʤʠ ʥʘ ɺʃɺʍɼ ʙʝʟ ʣʽʢʫʚʘʥʥʷ, ʪʘʢʦʞ 

ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ ʫ ʤʽʭʫʨʘʭ. ʋ ~30 % ʪʚʘʨʠʥ ʟʘ ʜʽʾ ʤʝʪʦʧʨʦʣʦʣʫ 

ʚʠʷʚʣʷʣʠ ʣʝʡʢʦʮʠʪʘʨʥʫ ʽʥʬʽʣʴʪʨʘʮʽʶ ʧʝʯʽʥʢʠ, ʩʧʣʝʥʦʤʝʛʘʣʽʶ ʪʘ ʽʥʰʽ ʚʠʜʠʤʽ 

ʦʟʥʘʢʠ ʩʠʩʪʝʤʥʦʛʦ ʟʘʧʘʣʝʥʥʷ. ʊʘʢʽ ʞ ʫʰʢʦʜʞʝʥʥʷ ʙʫʣʠ ʽ ʚ ʜʝʷʢʠʭ ʪʚʘʨʠʥ ʟʘ ʜʽʾ 

gCSF. ɺʦʜʥʦʯʘʩ ʟʘ ʜʽʾ ʛʝʧʘʨʠʥʫ ʢʦʥʩʪʘʪʫʚʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʣʽʧʽʜʽʚ ʫ ʛʝʧʘʪʦʮʠʪʘʭ, ʚʠʟʥʘʯʝʥʠʭ ʤʦʨʬʦʤʝʪʨʠʯʥʦ, ʟ ʥʘʙʣʠʞʝʥʥʷʤ ʚʤʽʩʪʫ ʣʽʧʽʜʥʠʭ 

ʚʝʟʠʢʫʣ ʜʦ ʩʪʘʥʫ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʮʽʦʥʫ (p<0.0001). ɼʣʷ ʛʝʧʘʨʠʥʫ ʪʝʨʘʧʝʚʪʠʯʥʠʡ 

ʝʬʝʢʪ ʚʠʷʚʣʷʚʩʷ ʷʢ ʜʣʷ ɺʃɺʍɼ, ʪʘʢ ʽ ʜʣʷ ɺʌɼ. ɹʽʣʴʰʝ ʪʦʛʦ, ʟʘ ʜʽʾ ʛʝʧʘʨʠʥʫ ʽʥʜʝʢʩ 

ʬʽʙʨʦʟʫ ʧʝʯʽʥʢʠ, ʚʠʟʥʘʯʝʥʠʡ ʟʘ ʪʝʩʪʦʤ ELF, ʚ ʩʠʨʦʚʘʪʢʘʭ ʪʚʘʨʠʥ ʧʽʩʣʷ 5 ʪʠʞʥʽʚ 

ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ɺʃɺʍɼ ʜʦʩʪʦʚʽʨʥʦ ʥʝ ʚʽʜʨʽʟʥʷʚʩʷ ʚʽʜ ʪʘʢʦʛʦ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ, 

ʚ ʪʦʡ ʯʘʩ ʷʢ ʟʘ ɺʃɺʍɼ ʚʽʥ ʙʫʚ ʚʠʱʠʤ (p<0.05). ʊʘʢʦʞ ʜʽʷ ʬʨʘʢʩʠʧʘʨʠʥʫ 

ʩʧʨʠʯʠʥʷʣʘ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ NE ʚ ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ (p<0.05) ʷʢ ʟʘ ɺʃɺʍɼ, ʪʘʢ ʽ ʟʘ 

ɺʌɼ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʛʝʧʘʨʠʥ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʤʝʪʦʧʨʦʣʦʣʫ, ʻ ʚʽʜʥʦʩʥʦ ʙʝʟʧʝʯʥʠʤ 

ʯʠʥʥʠʢʦʤ, ʱʦ ʟʘʧʦʙʽʛʘʻ ʫʰʢʦʜʞʝʥʥʶ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʅʇʇ. ʅʦʨʤʘʣʴʥʝ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʡʪʨʦʬʽʣʽʚ ʫ ʧʝʯʽʥʮʽ ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʨʝʘʣʽʟʘʮʽʾ ʚʨʦʜʞʝʥʦʛʦ 

ʽʤʫʥʥʦʛʦ ʟʘʭʠʩʪʫ ʚʽʜ ʙʘʢʪʝʨʽʡ ʚ ʢʠʰʢʽʚʥʠʢʫ. ɺʦʜʥʦʯʘʩ ʙʣʦʢʫʚʘʥʥʷ ʘʛʨʝʛʘʮʽʾ ʅʇʇ 

ʦʯʝʚʠʜʥʦ ʜʦʟʚʦʣʷʻ ʥʝʡʪʨʦʬʽʣʴʥʠʤ ʛʨʘʥʫʣʦʮʠʪʘʤ ʧʽʜʪʨʠʤʫʚʘʪʠ ʩʪʝʨʠʣʴʥʽʩʪʴ 

ʪʢʘʥʠʥʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʝʯʽʥʢʠ ʪʘ ʥʝ ʜʦʟʚʦʣʷʻ ʅʇʇ ʘʛʨʝʛʫʚʘʪʠʩʴ ʽ ʩʧʨʠʯʠʥʷʪʠ 

ʭʦʣʘʥʛʽʪ ʫ ʜʨʽʙʥʠʭ ʧʨʦʪʦʢʘʭ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʷʚʣʝʥʫ ʩʭʠʣʴʥʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʛʽʜʨʦʬʦʙʥʠʤʠ 

ʯʘʩʪʦʯʢʘʤʠ ʭʦʣʝʚʦʾ ʢʠʩʣʦʪʠ ʥʘʤʠ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʤʝʭʘʥʽʟʤ ʢʝʨʦʚʘʥʦʛʦ 

ʪʘʨʛʝʪʠʥʛʫ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʣʠʰʢʫ ʭʦʣʝʚʦʾ ʢʠʩʣʦʪʠ 

ʪʘ ʬʣʫʦʨʝʩʮʝʥʪʥʦ ʾʛʨʫʧʠ (ʜʣʷ ʢʦʥʪʨʦʣʶ ʪʘʨʛʝʪʠʥʛʫ). ʎʝʡ ʟʘʣʠʰʦʢ, ʢʦʥôʶʛʦʚʘʥʠʡ 

ʜʦ ʧʦʧʝʨʝʜʥʠʢʽʚ ʣʽʢʽʚ, ʟʜʘʪʥʠʭ ʘʫʪʦʢʘʪʘʣʽʟʫʚʘʪʠ ʧʨʦʜʫʢʮʽʶ ɸʌʂ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 
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ʜʣʷ ʨʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥ ʽʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʦʢʠʩʥʠʭ ʧʨʦʮʝʩʽʚ, ʪʘʢʠʭ ʷʢ ʧʫʭʣʠʥʥʽ 

ʢʣʽʪʠʥʠ ʪʘ ʥʝʡʪʨʦʬʽʣʠ. ʉʧʝʮʽʘʣʴʥʦ ʩʪʚʦʨʝʥʽ ʥʘʰʠʤʠ ʧʘʨʪʥʝʨʘʤʠ ʽʟ ʢʦʥʩʦʨʮʽʫʤʫ 

NeutroCure (www.Neutrocure.eu) ʛʽʙʨʠʜʥʽ ʩʧʦʣʫʢʠ ʝʬʝʢʪʠʚʥʦ ʩʧʨʠʯʠʥʷʣʠ ʟʘʛʠʙʝʣʴ 

ʧʫʭʣʠʥʥʠʭ ʢʣʽʪʠʥ ʥʝʡʪʨʦʬʽʣʴʥʦʛʦ ʛʝʥʝʟʫ, ʧʨʦʥʠʢʘʶʯʠ ʚ ʢʣʽʪʠʥʫ ʪʘ ʥʘʢʦʧʠʯʫʶʯʠʩʴ 

ʚ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤʫ ʨʝʪʠʢʫʣʫʤʽ. 

ɼʦʩʣʽʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʢʟʦʛʝʥʥʠʭ ʅʏ ʜʣʷ ʢʝʨʦʚʘʥʦʛʦ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ. ʄʠ ʚʠʭʦʜʠʣʠ ʟ ʥʘʷʚʥʠʭ ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ ʜʘʥʠʭ, ʱʦ ʦʢʨʝʤʽ ʚʠʜʠ 

ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʪʘ ʧʦʣʽʩʪʠʨʦʣʴʥʽ ʯʘʩʪʠʥʢʠ ʟʜʘʪʥʽ ʽʥʜʫʢʫʚʘʪʠ ʅʇʇ. ʄʠ ʚʠʨʽʰʠʣʠ 

ʫʪʦʯʥʠʤʠ ʯʠ ʜʘʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʽʥʰʠʤ ʘʣʦʪʨʦʧʥʠʤ ʤʦʜʠʬʽʢʘʮʽʷʤ 

ʚʫʛʣʝʮʶ, ʘʣʝ ʥʝ ʚʠʷʚʠʣʠ ʾʾ ʜʣʷ ʅʏ ʛʨʘʬʝʥ ʦʢʩʠʜʫ. ʎʽʢʘʚʦ, ʱʦ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʘʛʨʝʛʘʮʽʶ ʚʚʝʜʝʥʠʭ ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ ʪʘ ʾʭ ʧʦʩʪʫʧʦʚʝ ʦʪʦʯʝʥʥʷ, ï 

ʩʧʝʨʰʫ ʅʇʇ, ʧʦʪʽʤ ʩʧʦʣʫʯʥʦʶ ʪʢʘʥʠʥʦʶ ʽʟ ʥʘʩʪʫʧʥʦʶ ʧʘʩʠʚʘʮʽʻʶ. ɺ ʪʘʢʠʡ ʩʧʦʩʽʙ 

ʦʨʛʘʥʽʟʤ ʚʽʜʥʦʩʥʦ ʙʝʟʧʝʯʥʦ ʣʦʢʘʣʽʟʦʚʫʚʘʚ ʧʦʪʝʥʮʽʡʥʦ ʥʝʙʝʟʧʝʯʥʽ ʅʏ. ɺʦʜʥʦʯʘʩ 

ʙʽʣʢʦʚʽ ʘʥʪʠʛʝʥʠ, ʚʚʝʜʝʥʽ ʦʜʥʦʯʘʩʥʦ ʟ ʥʘʥʦʜʽʘʤʘʥʪʘʤʠ, ʚʠʢʣʠʢʘʣʠ ʚ ʦʨʛʘʥʽʟʤʽ 

ʪʚʘʨʠʥ ʩʠʣʴʥʫ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʘʥʪʠʪʽʣ ʪʘ ʨʝʘʢʪʠʚʥʠʭ ʣʽʤʬʦʮʠʪʽʚ, 

ʷʢʽ ʚʠʷʚʣʷʣʠ ʟʘ ʨʝʘʢʮʽʻʶ ʛʽʧʝʨʯʫʪʣʠʚʦʩʪʽ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʪʠʧʫ ʫ ʤʠʰʝʡ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʛʦʩʪʨʫ ʧʦʪʨʝʙʫ ʫ ʰʚʠʜʢʠʭ ʩʧʦʩʦʙʘʭ ʛʝʥʝʨʘʮʽʾ ʘʥʪʠ-

ʢʦʨʦʥʘʚʽʨʫʩʥʦʛʦ ʽʤʫʥʽʪʝʪʫ, ʷʢʘ ʚʠʥʠʢʣʘ ʧʽʜ ʯʘʩ ʧʘʥʜʝʤʽʾ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʤʠ 

ʟʜʽʡʩʥʠʣʠ ʧʦʰʫʢ ʧʝʧʪʠʜʽʚ, ʷʢʽ ʙ ʙʫʣʠ ʧʨʠʪʘʤʘʥʥʽ ʨʽʟʥʠʤ ʢʦʨʦʥʘʚʽʨʫʩʘʤ, ʥʝ 

ʟʘʟʥʘʚʘʣʠ ʤʫʪʘʮʽʡ ʫ ʥʦʚʠʭ ʰʪʘʤʽʚ ʽ ʛʝʥʝʨʫʚʘʣʠ ʩʠʣʴʥʫ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ. ʅʘʤʠ ʙʫʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʝʧʪʠʜ ʽʟ ʜʽʣʷʥʢʠ HR2 Spike-ʙʽʣʢʘ ʢʦʨʦʥʘʚʽʨʫʩʽʚ, ʟʦʢʨʝʤʘ ʚʽʨʫʩʫ 

MERS (ʥʘ ʪʦʡ ʯʘʩ ʜʘʥʠʭ ʧʨʦ ʙʫʜʦʚʫ ʮʠʭ ʜʽʣʷʥʦʢ ʫ ʚʽʨʫʩʫ SARS-CoV-2 ʥʝ ʙʫʣʦ), ʱʦ 

ʩʧʨʠʯʠʥʷʚ ʫʪʚʦʨʝʥʥʷ ʘʥʪʠʪʽʣ ʧʨʠ ʚʚʝʜʝʥʥʽ ʚ ʪʽʣʦ ʤʠʰʝʡ ʽʟ ʥʘʥʦʜʽʘʤʘʥʪʘʤʠ, ʱʦ 

ʚʠʩʪʫʧʘʣʠ ʚ ʨʦʣʽ ʘʜôʁ ʚʘʥʪʫ ʚʘʢʮʠʥ. 

ʄʠ ʚʧʝʨʰʝ ʚ ʩʚʽʪʽ ʜʦʚʝʣʠ ʤʦʞʣʠʚʽʩʪʴ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʭʨʝʩʥʦʾ ʛʫʤʦʨʘʣʴʥʦʾ 

ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʜʦ ʢʦʨʦʥʘʚʽʨʫʩʽʚ, ʧʨʦʪʝʩʪʫʚʘʚʰʠ ʟʚôʷʟʫʚʘʥʥʷ ʩʠʨʦʚʘʪʦʢ 

ʢʦʥʚʘʣʝʩʮʝʥʪʥʠʭ ʭʚʦʨʠʭ ʥʘ COVID ʽʟ ʜʘʥʠʤ ʧʝʧʪʠʜʦʤ. ɼʘʥʝ ʧʦʚʽʜʦʤʣʝʥʥʷ ʙʫʣʦ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʥʘ ʧʨʝʧʨʠʥʪ ʩʝʨʚʝʨʽ MedRxid 22 ʩʝʨʧʥʷ 2020 ʨʦʢʫ ʽ ʩʧʨʠʷʣʦ ʫ 

ʙʦʨʦʪʴʙ ̔ʟ ʧʘʥʜʝʤʽʻʶ COVID. 

http://www.neutrocure.eu/
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ɺʣʘʩʪʠʚʽʩʪʴ ʅʏ ʽʥʜʫʢʫʚʘʪʠ ʅʇʇ ʟ ʪʨʘʥʟʠʪʦʨʥʦʶ ʟʘʧʘʣʴʥʦʶ ʨʝʘʢʮʽʻʶ ʤʠ 

ʚʠʢʦʨʠʩʪʘʣʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʚʘʢʮʠʥ. ɼʣʷ ʮʴʦʛʦ ʢʦʚʘʣʝʥʪʥʦ ʢʦʥôʶʛʫʚʘʣʠ ʧʘʥ-

ʢʦʨʦʥʘʚʽʨʫʩʥʠʡ ʧʝʧʪʠʜ ʟ ʧʦʚʝʨʭʥʝʶ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʥʦʜʽʘʤʘʥʽʚ ʪʘ ʚʠʢʦʨʠʩʪʘʣʠ 

ʢʦʥôʶʛʘʪʠ ʜʣʷ ʽʤʫʥʽʟʘʮʽʾ ʤʠʰʝʡ ʪʘ ʢʨʦʣʽʚ. ʅʘʥʦʢʦʤʧʦʟʠʪʠ ʽʥʜʫʢʫʚʘʣʠ ʫʪʚʦʨʝʥʥʷ 

ʯʠʩʣʝʥʥʠʭ ʅʇʇ ʫ ʜʽʣʷʥʮʽ ʚʚʝʜʝʥʥʷ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʪʨʘʥʟʠʪʦʨʥʦʶ 

ʟʘʧʘʣʴʥʦʶ ʨʝʘʢʮʽʻʶ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʚʠʩʦʢʠʭ ʪʠʪʨʽʚ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ ʢʣʘʩʫ IgG ʚ 

ʩʠʨʦʚʘʪʮʽ ʢʨʦʚʽ ʪʘ ʧʦʪʫʞʥʦʾ ʢʣʽʪʠʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʫʞʝ ʥʘ 32 ʜʝʥʴ ʧʽʩʣʷ ʧʝʨʰʦʾ 

ʽʤʫʥʽʟʘʮʽʾ. ʊʠʪʨʠ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ ʟʙʝʨʽʛʘʣʠʩʴ ʚʠʩʦʢʠʤʠ ʧʨʠʥʘʡʤʥʽ ʫʧʨʦʜʦʚʞ 

240 ʜʥʽʚ ʧʽʩʣʷ ʽʤʫʥʽʟʘʮʽʾ ʫ ʤʠʰʝʡ ʪʘ 120 ʜʥʽʚ ï ʫ ʢʨʦʣʽʚ, ʘ ʅʏ ʧʝʨʚʠʥʥʦ ʚʢʨʠʪʽ ʅʇʇ 

ʦʙʨʦʩʪʘʣʠ ʢʣʽʪʠʥʘʤʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ ʟ ʤʦʨʬʦʣʦʛʽʻʶ ʬʽʙʨʦʙʣʘʩʪʽʚ. ɺ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʚʣʘʩʪʠʚʽʩʪʴ ʅʏ ̔ ʥʜʫʢʫʚʘʪʠ ʅʇʇ ʟ ʪʨʘʥʟʠʪʦʨʥʦʶ ʟʘʧʘʣʴʥʦʶ 

ʨʝʘʢʮʽʻʶ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʥʦʚʘʢʮʠʥ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʰʚʠʜʢʦʾ ʨʝʘʢʮʽʾ ʥʘ 

ʚʠʥʠʢʥʝʥʥʷ ʥʦʚʠʭ ʧʘʪʦʛʝʥʽʚ, ʘʜʞʝ ʜʦʟʚʦʣʷʻ ʧʦʻʜʥʘʪʠ ʧʝʧʪʠʜ ʣʶʙʦʛʦ ʥʝʚʽʜʦʤʦʛʦ 

ʧʘʪʦʛʝʥʫ (ʧʽʩʣʷ ʩʝʢʚʝʥʫʚʘʥʥʷ ʛʝʥʦʤʫ ʟ ʥʘʩʪʫʧʥʠʤ ʰʪʫʯʥʠʤ ʩʠʥʪʝʟʦʤ ʧʝʧʪʠʜʫ) ʽʟ 

ʅʏ ʪʘ ʩʪʠʤʫʣʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʚʧʣʠʚʘʶʯʠ ʥʘ ʅʇʇ. 

 ɿʜʦʙʫʪʽ ʟʥʘʥʥʷ ʱʦʜʦ ʦʩʦʙʣʠʚʦʩʪʝʡ ʚʧʣʠʚʫ ʅʏ ʥʘ ʅʇʇ ʪʘ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ 

ʤʦʜʫʣʶʚʘʥʥʽ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʙʫʣʠ ʧʽʜʩʫʤʦʚʘʥʽ ʥʘʤʠ ʚ ʨʦʟʜʽʣʽ ʪʝʤʘʪʠʯʥʦʾ 

ʤʦʥʦʛʨʘʬʽʾ ʚʠʜʘʚʥʠʮʪʚʘ Springer, 2022. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ, ʛʨʘʥʫʣʦʮʠʪʠ ʢʨʦʚʽ, 

ʟʘʧʘʣʝʥʥʷ, ʭʦʣʝʩʪʝʨʠʥ, ʽʤʫʥʥʘ ʚʽʜʧʦʚʽʜʴ, ʥʘʥʦʯʘʩʪʠʥʢʠ, ʤʽʢʨʦʯʘʩʪʠʥʢʠ, ʘʜôʶʚʘʥʪʠ, 

ʥʝʘʣʢʦʛʦʣʴʥʠʡ ʩʪʝʘʪʦʛʝʧʘʪʠʪ, ʜʽʻʪʠ, ʘʥʪʠʪʽʣʘ, ʚʘʢʮʠʥʠ, ʢʦʨʦʥʘʚʽʨʫʩ, SARS-CoV-2. 
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SUMMARY  

 

Bila G.I. «Involvement of neutrophil extracellular traps in the animal 

inflammatory processes under the action of nanoparticles» ï a qualifying scientific 

work on the right of the manuscript. 

Thesis for a Doctor of Philosophy Degree in the specialty 091 «Biology» (09 ï 

Biology) ï Institute of Animal Biology of the National Academy of Agrarian Sciences, 

Lviv, 2023. 

 

The aim of the dissertation work was to establish the involvement of neutrophil 

extracellular traps (NETs) in the induction of inflammatory processes in animals and 

humans following contact with endogenous and exogenous nanoparticles (NPs), the 

development of methods for using NPs to control the formation of NETs, the search for 

means of targeted influence on neutrophil granulocytes and their ability to form NETs, 

particularly for the use of NET-inducing NPs in the composition of next-generation 

vaccines. 

The action of two types of NPs was studied: endogenous ones, which are 

spontaneously formed in the hepatobiliary system as a result of a high-fat, high-

cholesterol diet and a fructose-rich diet, and exogenous ones, including allotrope 

modifications of carbon ï nanodiamonds and graphene oxide. The latter do not have 

receptors in the body, but their ability to induce the formation of NETs is known. The 

work thoroughly examined the possibility of using formed conjugates of NPs and 

coronavirus peptides for the rapid generation of an immune response to SARS-CoV-2 

antigens upon administration into the body. 

To conduct the study, a model of non-alcoholic steatohepatitis (NASH) was created 

in laboratory mice using a high-lipid high-cholesterol diet (HLHCD) and a high-fructose 

diet (HFD). Both diets effectively reflected the content of lipids, cholesterol, and fructose 

typical for a «Western diet» or a diet with a high content of fast food, fried food, and 

sweet drinks. At the high cholesterol content in the presence of cholic acid, they tends to 

crystallize in the bile ducts as a result of natural bile concentration processes, forming 

nano- and micro-particles. In the liver, fructose is metabolized by the enzyme 
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fructokinase C, which acts rapidly and lacks a feedback mechanism. When consuming a 

large amount of fructose present in sweet drinks, it leads to an instant decrease in ATP 

levels in hepatocytes, converting it into AMP. The formed AMP induces the purine 

degradation pathway through the activation of AMP deaminase, resulting in the formation 

of uric acid and the generation of mitochondrial oxidants. Hepatocytes being deprived of 

energy due to ATP depletion and with elevated levels of mitochondrial oxidants are prone 

to cell death, and when their integrity is compromised, uric acid will enter the 

extracellular space, where it will come into contact with a high concentration of sodium 

ions, converting into monosodium urate. The latter forms needle-shaped nano- and micro-

crystals, which are inducers of gout through the activation of NETs. 

To investigate the mechanism of NETs formation, we used a special line of 

C57BL6/N mice expressing the functional nnt gene, responsible for increased 

mitochondrial NADPH/NADP+ content, and characterized by high levels of neutrophil 

granulocytes in the blood with a high ability to form reactive oxygen species (ROS). The 

animals exposed to HLHCD and HFD treatment exhibited typical signs of NASH within 

4 ï 6 weeks, which is significantly shorter compared to other described mouse models of 

NASH (12 ï 18 weeks). 

Histologically, NASH in the liver of the animals was confirmed by the 

accumulation of lipids, the appearance of microvesicular steatosis, nuclear degradation, 

and collagen accumulation. We adapted quantitative approaches for the analysis of 

histological images to assess tissue damage in the mouse liver. We proposed a progressive 

approach for verifying NASH liver markers using the immunoenzyme method based on 

molecular markers of the ELF ï Enhanced Liver Fibrosis, test developed by Siemens, 

adapted for mice, detecting the amino-terminal peptide of procollagen III, tissue inhibitor 

of metalloproteinases-1 and hyaluronic acid. 

Using the reproducible and convenient NASH models in laboratory mice that we 

developed, we investigated the involvement of neutrophil granulocytes in the 

development of these pathologies. Leukocyte infiltration and vessel and bile duct 

destruction were observed in histological preparations. We developed an effective 

method for detecting eosinophils in histological samples using fluorescence microscopy, 

which allowed differentiation between neutrophilic and eosinophilic granulocytes among 
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the observed leukocytes. It was established that neutrophils predominate among the 

infiltrating granulocytes in liver tissues. 

Examination of gallbladder contents showed significant NETs formation and 

intense neutrophil infiltration under conditions of HLHCD and HFD. Microcrystals of 

cholesterol were analyzed using fluorescence and polarization microscopy, and it was 

found that they were almost always covered with NETs components, externalized DNA 

fibers, and neutrophil elastase (NE). To reproduce the influence of cholesterol 

nanocrystals on NETs formation, a sterile inflammation model in mice was used in the 

form of an air pouch: the introduction of commercial cholesterol nanocrystals induced 

infiltrating neutrophils to form NETs around the crystals and stimulated their aggregation. 

We demonstrated a significant increase in neutrophil elastase activity under 

conditions of HLHCD and HFD in the serum of the animals by enzymatic cleavage of a 

fluorescent substrate precursor. Neutrophil infiltration into liver tissue, the presence of 

NETs around cholesterol crystals in gallbladders, and the increase in NE activity in the 

serum under the tested diets prompted us to investigate possible processes of NETs 

formation in the liver sinusoidal network with possible occlusion. For this purpose, we 

used a functional test for monitoring the transition of indocyanine green dye from blood 

vessels to bile. Indocyanine green is an FDA-approved infrared dye for visualizing blood 

flow during surgeries, and its detection was performed using in vivo fluorescence analysis 

and fluorescence in the infrared range at 820 nm. The dyeôs fluorescence determined its 

quantity accumulated in the liver during defined time intervals after intravenous injection. 

Under HLHCD conditions, a significant delay in indocyanine green accumulation in liver 

tissues was observed compared to the data for animals on a standard diet. 

At the next stage, we conducted in vivo determination of NE activity in the bodies 

of living animals that were on a standard diet, high-lipid and high fructose diets. To 

accomplish this task, we used the latest compound, Perkin Elmer Neutrophil Elastase 680 

FAST NIR fluorescent probe, which consists of two infrared fluorophores connected by 

a short peptide containing a neutrophil elastase cleavage site. The steric arrangement of 

the fluorophores in the native compound inhibits their fluorescence, and the inhibition 

disappears upon specific enzyme cleavage. Intravenous administration of the dye to 

animals in real-time allowed us to observe the fluorescence of cleaved substrates. Elastase 
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activity of neutrophils significantly increased with the HLHCD and HFD and was found 

not only in the liver but also in the spleen and heart, indicating a systemic inflammatory 

process caused by these diets. 

To investigate the potential low-grade inflammatory effects of neutrophils at the 

systemic level, we examined changes in the glycosylation of IgG molecules, both free 

and as part of circulating immune complexes. Changes in IgG glycosylation persist 

throughout its circulation halftime and serve as a good indicator of low grade 

inflammatory processes. We observed the appearance of characteristic pro-inflammatory 

forms of glycans that expose a fucose residue in the N-glycan core of IgG molecules 

under HLHFD conditions. Similar changes in glycosylation were reproduced ex vivo by 

incubating blood serum with formed NETs at 37°C, but not at 4°C. Changes in 

glycosylation were determined by lectin-blot analysis, and the most significant changes 

in glycosylation were observed in the region of the light chains of immunoglobulin 

molecules. 

To verify whether occlusion of the bile ducts by formed NETs is not the cause of 

bile accumulation, which, as known, damages hepatocytes in excessive amounts, we 

examined liver and plasma samples of laboratory rats on a high-cholesterol diet. Rats lack 

a gallbladder and corresponding large ducts where bile stones could accumulate and cause 

occlusion. Under high-cholesterol diet conditions, we observed both typical signs of 

NASH and almost a three-fold increase in neutrophil elastase activity in the serum. 

Therefore, we concluded that the formation of stones in large bile ducts is not the cause 

of liver tissue damage. Obviously, the activation of neutrophilic granulocytes and the 

formation of NETs lead to occlusion/inflammation of small intercellular bile ducts, 

cholangitis. 

Based on the data obtained, we developed a strategy to prevent damage to the 

hepatobiliary system. In the first stage, we targeted the destruction of neutrophil 

granulocytes in mice. To do this, we administered 500 ɛg of anti-Ly6G antibody clone 

1A8 every other day to the mice, which binds to the neutrophil receptor and induces their 

lysis. The control group received anti-isotype antibodies (non-specific antibodies of the 

same immunoglobulin subclass) ï 2A3. Both groups were on a HLHCD, while the control 

group was on a standard diet. Both groups of animals on the HLHCD showed an increase 
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in body weight, but the calculated index of liver tissue damage for the standard diet group 

was 1.62±0.24, for the HLHCD with non-specific antibodies group was 75.6±9.6, and for 

the HLHCD with anti-neutrophil antibodies group was 28.8±4.8 (p<0.05). There was also 

a significant decrease in hepatocyte hypertrophy and in lipid content. Microscopic 

examination of the gallbladder contents showed a significantly lower cholesterol crystal 

content under conditions of neutrophil destruction, and enzymatic studies of NE activity 

showed a significant two-fold decrease and a return to values inherent in animals on a 

standard diet. Thus, although neutrophil removal did not prevent metabolic syndrome in 

mice, it significantly reduced liver tissue damage. 

The results obtained regarding the possibility of using anti-neutrophil antibodies to 

prevent inflammation in experimental conditions posed a challenge for us to develop a 

method that could be applied in practice. We searched for pharmaceutically available 

drugs to prevent liver tissue damage. We chose inhibitors of NETs aggregation ï heparin 

(low molecular weight heparin ï fraxiparin), inhibitors of neutrophil extravasation ï 

metoprolol, and inhibitors of neutrophil mobilization from the bone marrow ï granulocyte 

colony-stimulating factor (gCSF), which did not exert systemic toxic effects. Metoprolol 

and gCSF led to a significant decrease in hepatocyte area compared to animals on the 

HLHCD without treatment, and a decrease in gallstone content was also observed. In 

approximately 30 % of animals treated with metoprolol, leukocytic infiltration of the 

liver, splenomegaly, and other visible signs of systemic inflammation were observed. 

Some percentage of gCSF-treated group was also affected. On the other hand, heparin 

treatment resulted in a significant decrease in lipid accumulation in hepatocytes, as 

determined morphometrically, with lipid vesicle content approaching that of the standard 

diet state (p<0.0001). Therapeutic effects of heparin were observed for both HLHCD and 

normal diet conditions. Furthermore, under the action of heparin, the liver fibrosis index, 

as determined by the ELF test, in the serum of animals after 5 weeks on the HLHCD did 

not differ significantly from that of the control group, while it was significantly higher 

under the HLHCD alone (p<0.05). Additionally, the action of fraxiparin resulted in a 

significant decrease in NE levels in the serum (p<0.05) under both HLHCD and HFD. 

It has been established that heparin, unlike metoprolol, is a relatively safe factor 

that prevents damage to the liver tissues of the hepatic portal system byNETs. The normal 
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functioning of neutrophils in the liver is a necessary condition for innate immune 

protection against intestinal bacteria. At the same time, blocking the aggregation of the 

hepatic portal system obviously allows neutrophilic granulocytes to maintain the sterility 

of the liver tissue environment and prevents the hepatic portal system from aggregating 

NETs and causing cholangitis in small ducts. 

Considering the observed propensity of neutrophils to interact with hydrophobic 

particles of cholic acid, we have proposed for the first time a mechanism of targeting of 

neutrophilic granulocytes using a residue of cholic acid and a fluorescent group (for 

targeting control). This residue, conjugated to prodrug precursors capable of 

autocatalyzing the production of reactive oxygen species, was used to destroy cells with 

high levels of oxidative processes, such as tumor cells and neutrophils. Hybrid 

compounds specifically created by our partners from the NeutroCure Consortium 

(www.Neutrocure.eu) effectively caused the death of tumor cells of neutrophilic origin 

by penetrating the cell and accumulating in the endoplasmic reticulum. 

We investigated the possibility of using exogenous NPs for controlled formation 

of NETs. We started with the available data indicating that certain types of nanodiamonds 

and polystyrene particles can induce NETs. We aimed to determine if this property is also 

present in other carbon allotropes but found no evidence of it for graphene oxide NPs. 

Interestingly, we observed aggregation of introduced nanodiamonds in animal bodies and 

their gradual encapsulation, ï first by NETs, then by connective tissue with subsequent 

passivation. This allowed the relatively safe localization of potentially hazardous NPs in 

the body. Simultaneously, protein antigens co-administered with nanodiamonds triggered 

a strong immune response in the animal body, leading to the production of antibodies and 

reactive lymphocytes, which exhibited a delayed-type hypersensitivity reaction in mice. 

Given the urgent need for rapid generation of anti-coronavirus immunity during 

the coronavirus pandemic, we conducted a search for peptides that would be common to 

different coronaviruses, unaffected by mutations in new strains, and capable of generating 

a robust immune response. We proposed a peptide derived from the HR2 region of the 

Spike protein of coronaviruses, specifically the MERS virus (as there was no information 

about the structure of these regions in the SARS-CoV-2 virus at the time). This peptide 

http://www.neutrocure.eu/
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induced antibody production when administered to mice along with nanodiamonds acting 

as vaccine adjuvants. 

We were the first in the world to demonstrate the possibility of cross-reactive 

humoral immune response to coronaviruses by testing the binding of convalescent sera 

from COVID patients with this peptide. This finding was published on the preprint server 

MedRxiv on August 22, 2020, and contributed to the fight against the COVID pandemic. 

We utilized the property of NPs to induce NETs with transient inflammatory 

reactions to create nano-vaccines. To achieve this, we covalently conjugated a pan-

coronavirus peptide to the surface of modified nanodiamonds and used the conjugates to 

immunize mice and rabbits. The nanocomposites induced the formation of numerous 

NETs at the injection site, accompanied by transient inflammatory reactions and the 

generation of high titers of IgG antibodies in the serum, as well as a potent cellular 

response as early as 32 days after the initial immunization. Antibody titers remained high 

for at least 240 days in mice and 120 days in rabbits, and the NPs initially covered with 

NETs became surrounded by fibroblast-like connective tissue cells. Thus, we utilized the 

property of NPs to induce NETs with transient inflammatory reactions to create nano-

vaccines. 

This approach is of great significance for the rapid response to emerging pathogens, 

as it allows the combination of peptides from any unknown pathogen (after genome 

sequencing and subsequent peptide synthesis) with NPs to stimulate immune responses 

by influencing NETs. 

The knowledge gained regarding the impact of NPs on NETs and their use in 

modulating inflammatory processes has been summarized in a chapter of a thematic 

monograph published by Springer in 2022. 

Keywords: neutrophil extracellular traps, blood granulocytes, inflammation, 

cholesterol, immune response, nanoparticles, microparticles, adjuvants, non-alcoholic 

steatohepatitis, diets, antibodies, vaccines, coronavirus, SARS-CoV-2. 
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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

 

ɸʊ ï ʘʥʪʠʪʽʣʘ; 

ɸʌʂ ï ʘʢʪʠʚʥʽ ʬʦʨʤʠ ʢʠʩʥʶ; 

ɺʃɺʍɼ ï ʚʠʩʦʢʦʢʦʣʽʧʽʜʥʘ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʘ ʜʽʻʪʘ; 

ɺʌɼ ï ʚʠʩʦʢʦʬʨʫʢʪʦʟʥʘ ʜʽʻʪʘ; 

ɺʍɼ ï ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʘ ʜʽʻʪʘ; 

ɻʂ ï ʛʽʘʣʫʨʦʥʦʚʘ ʢʠʩʣʦʪʘ; 

ɼɸɹ ï 3,3' ʜʽʘʤʽʥʦʙʝʥʟʠʜʠʥ; 

ɿʌʈ, PBS ï ʟʘʙʫʬʝʨʥʠʡ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ; 

ɯʌɸ ï ʽʤʫʥʦʬʝʨʤʝʥʪʥʠʡ ʘʥʘʣʽʟ; 

ʄʇ ïʤʝʪʦʧʨʦʣʦʣ; 

ʄʇʆ ï ʤʽʻʣʦʧʝʨʦʢʩʠʜʘʟʘ; 

ʄʏ ï ʤʽʢʨʦʯʘʩʪʠʥʢʠ; 

ʅɸɾʍʇ ï ʥʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ (ʚʽʜ ʘʥʛʣ. Non-alcoholic 

Fatty Liver Disease, NAFLD); 

ʅɸʉɻ ï ʥʝʘʣʢʦʛʦʣʴʥʠʡ ʩʪʝʘʪʦʛʝʧʘʪʠʪ (ʚʽʜ ʘʥʛʣ. Non-alcoholic Steatohepatitis, 

NASH); 

ʅɼ, ND ï ʥʘʥʦʜʽʘʤʘʥʪʠ; 

ʅʇʇ ï ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ (ʚʽʜ ʘʥʛʣ. Neutrophil ɽxtracellular 

ʊraps, NETs); 

ʅʏ ï ʥʘʥʦʯʘʩʪʠʢʠ; 

ʈɹɸ ï ʨʝʢʦʤʙʽʥʘʥʪʥʠʡ ʙʽʣʢʦʚʠʡ ʘʥʪʠʛʝʥ; 

ʉɼ ï ʩʪʘʥʜʘʨʪʥʘ ʜʽʻʪʘ; 

ʊʄɹ ï ʪʝʪʨʘ-ʤʝʪʠʣ-ʙʝʥʟʠʜʠʥ; 

ʌʈ ï ʬʨʘʢʩʠʧʘʨʠʥ; 

AB ï ʘʥʽʣʽʥʦʚʠʡ ʩʠʥʽʡ; 

Alum ï ʛʽʜʨʦʢʩʠʜ ʘʣʶʤʽʥʽʶ, Al(OH)3; 

CFA/IFA ï ʧʦʚʥʠʡ/ʥʝʧʦʚʥʠʡ ʘʜôʶʚʘʥʪ ʌʨʦʡʥʜʘ; 

citH3 ï ʮʠʪʨʫʣʽʥʦʚʘʥʠʡ ʛʽʩʪʦʥ ʅ3; 
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DAPI ï 4ǋ,6-ʜʽʘʤʽʜʽʥʦ-2-ʬʝʥʽʣʽʥʜʦʣ; 

DTH, delayed type hypesensitivity ï ʨʝʘʢʮʽʷ ʛʽʧʝʨʯʫʪʣʠʚʦʩʪʽ ʟʘʪʨʠʤʘʥʦʛʦ ʪʠʧʫ, 

ʧʨʝʜʩʪʘʚʣʷʻ ʦʧʦʩʝʨʝʜʢʦʚʘʥʫ ʊ2 ʢʣʽʪʠʥʥʫ ʚʽʜʧʦʚʽʜʴ; 

FITC ï ʬʣʫʦʨʝʩʮʝʾʥʽʟʦʪʽʦʮʽʘʥʘʪ; 

gCSF ï ʛʨʘʥʫʣʦʮʠʪ-ʢʦʣʦʥʽʻʩʪʠʤʫʣʶʶʯʠʡ ʬʘʢʪʦʨ; 

H&E ï ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥ; 

GO ï ʛʨʘʬʝʥ ʦʢʩʠʜ; 

IgG ï ʽʤʫʥʦʛʣʦʙʫʣʽʥ IgG; 

IgM ï ʽʤʫʥʦʛʣʦʙʫʣʽʥ Igʄ; 

MERS-CoV ï ʟʙʫʜʥʠʢ ʙʣʠʟʴʢʦʩʭʽʜʥʦʛʦ ʨʝʩʧʽʨʘʪʦʨʥʦʛʦ ʩʠʥʜʨʦʤʫ; 

MSU ï ʤʦʥʦʫʨʘʪ ʥʘʪʨʽʶ (ʚʽʜ ʘʥʛʣ. Monosodium urate); 

NE ï ʝʣʘʩʪʘʟʘ ʥʝʡʪʨʦʬʽʣʽʚ; 

OD ï ʦʧʪʠʯʥʘ ʱʽʣʴʥʽʩʪʴ; 

OVA ï ʦʚʘʣʴʙʫʤʽʥ; 

PI ï ʧʨʦʧʽʜʽʡ ʡʦʜʠʜ; 

PIIINP ï ʘʤʽʥʦ-ʢʽʥʮʝʚʠʡ ʧʝʧʪʠʜ ʧʨʦʢʦʣʘʛʝʥʫ III; 

PMA ï ʬʦʨʙʦʣ-ʤʽʨʠʩʪʠʣ-ʘʮʝʪʘʪ; 

RBC ï ʝʨʠʪʨʦʮʠʪʠ; 

SARS-CoV-2 ï ʢʦʨʦʥʘʚʽʨʫʩ SARS-CoV-2, ʟʙʫʜʥʠʢ ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʭʚʦʨʦʙʠ 

ʣʶʜʠʥʠ (COVID); 

TIMP-1 ï ʪʢʘʥʠʥʥʠʡ ʽʥʛʽʙʽʪʦʨ ʤʝʪʘʣʦʧʨʦʪʝʾʥʘʟ-1. 
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ɺʉʊʋʇ 

 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʅʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ (ʘʙʦ ʥʝʡʪʨʦʬʽʣʠ), ʷʢʠʭ ʚ 

ʣʶʜʠʥʠ ʱʦʜʥʷ ʫʪʚʦʨʶʻʪʴʩʷ 100 ʤʽʣʴʷʨʜʽʚ ʽ ʯʘʩ ʞʠʪʪʷ ʷʢʠʭ ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ 

ʩʪʘʥʦʚʠʪʴ ʣʠʰʝ ʙʣʠʟʴʢʦ 8 ʛʦʜʠʥ, ʟʘʭʠʱʘʶʪʴ ʣʶʜʩʴʢʠʡ ʦʨʛʘʥʽʟʤ ʢʽʣʴʢʦʤʘ ʰʣʷʭʘʤʠ: 

ʚʦʥʠ ʧʦʾʜʘʶʪʴ ʚʦʨʦʞʽ ʙʘʢʪʝʨʽʾ (ʬʘʛʦʮʠʪʦʟ) ʘʙʦ ʚʠʨʦʙʣʷʶʪʴ ʪʦʢʩʠʯʥʽ ʨʝʯʦʚʠʥʠ, 

ʟʜʘʪʥʽ ʾʭ ʟʥʠʱʠʪʠ (ʦʢʠʩʥʠʡ ʚʠʙʫʭ). ʋ 2004 ʨʦʮʽ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʱʝ ʦʜʠʥ ʤʝʭʘʥʽʟʤ 

ʟʘʭʠʩʪʫ ï ʥʝʡʪʨʦʬʽʣʠ ʜʝʢʦʥʜʝʥʩʫʶʪʴ ʩʚʦʾ ʤʦʣʝʢʫʣʠ ɼʅʂ, ʽ ʩʽʪʢʦʶ ʟ ʤʦʣʝʢʫʣ ɼʅʂ 

ʽʤʤʦʙʽʣʽʟʫʶʪʴ ʧʘʪʦʛʝʥʠ, ʫʪʚʦʨʶʶʯʠ ʧʨʠ ʮʴʦʤʫ ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ 

(ʅʇʇ) [1]. ɺʠʚʽʣʴʥʝʥʘ ɼʅʂ ʚʟʘʻʤʦʜʽʻ ʽʟ ʢʣʽʪʠʥʥʦʶ ʩʪʽʥʢʦʶ ʙʘʢʪʝʨʽʡ [2] ʽ ʟʘʚʜʷʢʠ 

ʪʘʢʽʡ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʧʘʪʦʛʝʥʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʢʦʥʪʘʢʪʫʶʪʴ ʽʟ ʮʠʪʦʪʦʢʩʠʯʥʠʤʠ 

ʤʦʣʝʢʫʣʘʤʠ, ʚʠʚʽʣʴʥʝʥʠʤʠ ʟ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣ. ɺʠʷʚʣʝʥʥʷ ʅʇʇ ʩʪʘʣʦ 

çʛʘʨʷʯʦʶ ʪʝʤʦʶè ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʽ ʾʭ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʧʨʠ 

ʙʦʨʦʪʴʙʽ ʥʝʡʪʨʦʬʽʣʽʚ ʟ ʙʘʢʪʝʨʽʷʤʠ, ʚʽʨʫʩʘʤʠ, ʛʨʠʙʘʤʠ, ʛʝʣʴʤʽʥʪʘʤʠ [3]. ɸ ʛʨʫʧʦʶ 

ʣʴʚʽʚʩʴʢʠʭ ʜʦʩʣʽʜʥʠʢʽʚ, ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬ. ɹʽʣʦʛʦ ʈ.ʆ. ï ʚʧʝʨʰʝ ʧʦʢʘʟʘʥʦ 

ʫʯʘʩʪʴ ʅʇʇ ʚ ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ (ʅʏ) [4], ʣʦʢʘʣʽʟʘʮʽʾ ʚʦʛʥʠʱ ʥʝʢʨʦʟʫ [5]. 

ɿ ʯʘʩʫ ʧʝʨʰʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ çʥʝʛʘʪʠʚʥʫè ʨʦʣʴ ʅʇʇ (2012ï2013 ʨʨ.), ʙʫʣʦ 

ʧʝʨʝʦʮʽʥʝʥʦ ʨʦʣʴ ʅʇʇ ʚ ʦʨʛʘʥʽʟʤʽ, ʽ ʥʘ ʧʦʯʘʪʦʢ ʚʠʢʦʥʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ 

ʫʪʚʝʨʜʠʣʘʩʴ ʜʫʤʢʘ, ʱʦ ʨʦʣʴ ʅʇʇ ʻ ʷʢ ʧʦʟʠʪʠʚʥʦʶ, ʪʘʢ ʽ ʥʝʛʘʪʠʚʥʦʶ, ʘ ʢʽʣʴʢʽʩʪʴ 

ʫʪʚʦʨʝʥʠʭ ʅʇʇ ʧʦʪʨʝʙʫʻ ʪʦʯʥʦʛʦ ʢʦʥʪʨʦʣʶ [6, 7]. ʅʘ ʞʘʣʴ, ʪʦʯʥʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ 

ʨʽʚʥʷ ʅʇʇ ʚ ʦʨʛʘʥʽʟʤʽ, ʢʨʦʚʦʪʦʮʽ ʯʠ ʦʢʨʝʤʠʭ ʪʢʘʥʠʥʘʭ, ʙʫʣʠ ʽ ʟʘʣʠʰʘʶʪʴʩʷ 

ʤʘʣʦʜʦʩʣʽʜʞʝʥʠʤʠ. ɸ ʧʦʯʘʪʦʢ ʝʧʽʜʝʤʽʾ COVID-19 ʱʝ ʙʽʣʴʰʝ ʧʽʜʪʚʝʨʜʠʚ 

ʚʘʞʣʠʚʽʩʪʴ ʅʇʇ ʫ ʬʘʪʘʣʴʥʦʤʫ ʫʨʘʞʝʥʥʽ ʣʝʛʝʥʴ. ʋ ʢʚʽʪʥʽ 2020 ʨʦʢʫ ʚʠʡʰʣʘ ʧʝʨʰʘ 

ʥʘʫʢʦʚʘ ʧʫʙʣʽʢʘʮʽʷ, ʫ ʷʢʽʡ ʚʢʘʟʫʚʘʣʦʩʷ ʥʘ ʚʠʨʽʰʘʣʴʥʫ ʨʦʣʴ ʥʝʡʪʨʦʬʽʣʽʚ ʪʘ ʅʇʇ ʚ 

ʽʥʜʫʢʮʽʾ ʪʨʦʤʙʦʟʫ, ʧʘʪʦʛʝʥʝʟʽ ʟʘʭʚʦʨʶʚʘʥʥʷ ʪʘ ʧʨʦʚʦʢʫʚʘʥʥʽ ʚʠʩʦʢʦʾ ʩʤʝʨʪʥʦʩʪʽ ʫ 

ʣʶʜʝʡ [8]. ʅʘʜʘʣʽ, ʟ ʧʨʦʛʨʝʩʦʤ ʜʦʩʣʽʜʞʝʥʴ, ʩʪʘʣʦ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʅʇʇ ʚʠʟʥʘʯʘʶʪʴ 

ʧʝʨʝʙʽʛ ʟʘʭʚʦʨʶʚʘʥʥʷ ʪʘ ʨʽʚʝʥʴ ʫʰʢʦʜʞʝʥʥʷ ʣʝʛʝʥʴ [9], ʽ ʥʘʚʽʪʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʷʢ 

ʦʩʥʦʚʥʠʡ ʬʘʢʪʦʨ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʨʦʟʚʠʪʦʢ ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʭʚʦʨʦʙʠ ʽ ʩʤʝʨʪʴ ʧʨʠ 

ʽʥʬʽʢʫʚʘʥʥʽ ʣʶʜʠʥʠ ʚʽʨʫʩʦʤ SARS-CoV-2 [10]. ɺʽʜʩʫʪʥʽʩʪʴ ʝʬʝʢʪʠʚʥʠʭ ʩʧʦʩʦʙʽʚ 

ʢʦʥʪʨʦʣʶ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ ʪʘ ʟʘʧʦʙʽʛʘʥʥʶ ʩʤʝʨʪʥʦʩʪʽ, ʚʥʘʩʣʽʜʦʢ ʩʧʨʠʯʠʥʝʥʠʭ 
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ʥʠʤʠ ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʪʘ ʦʨʛʘʥʽʚ, ʦʙʤʝʞʫʶʪʴ ʪʝʨʘʧʝʚʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ 

ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʭʚʦʨʦʙʠ ʫ ʚʘʞʢʽʡ ʬʦʨʤʽ. ʊʦʤʫ, ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʣʽ ʅʇʇ ʫ 

ʪʢʘʥʠʥʘʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ, ʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʦʚʽʜʦʤʣʝʥʥʷ ʧʨʦ 

ʩʤʝʨʪʥʽʩʪʴ ʚʽʜ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʩʧʨʠʯʠʥʝʥʫ ʢʦʤʦʨʙʽʜʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ. ʊʦʙʪʦ, 

ʅʇʇ, ʫʪʚʦʨʝʥʽ ʚ ʽʥʰʠʭ ʜʽʣʷʥʢʘʭ ʦʨʛʘʥʽʟʤʫ, ʤʦʞʫʪʴ ʚʠʟʥʘʯʘʪʠ ʧʝʨʝʙʽʛ COVID. 

ʋ 2019 ʨʦʮʽ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʅʇʇ ʟʜʘʪʥʽ ʽʥʜʫʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʢʘʤʝʥʽʚ ʫ 

ʞʦʚʯʥʠʭ ʤʽʭʫʨʘʭ [11]. ʂʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʧʦʰʠʨʝʥʽ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʪʘ 

ʤʦʞʫʪʴ ʩʧʦʥʪʘʥʥʦ ʟôʷʚʣʷʪʠʩʷ ʫ ʧʨʦʩʚʽʪʘʭ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ [12]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʥʝʡʪʨʦʬʽʣʠ ʧʘʪʨʫʣʶʶʪʴ ʞʦʚʯʥʽ ʧʨʦʪʦʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟô̒ ʜʥʫʶʪʴ ʧʝʯʽʥʢʫ ʟ 

ʢʠʰʝʯʥʠʢʦʤ. ʂʠʰʝʯʥʠʢ ʥʘʧʦʚʥʝʥʠʡ ʙʘʢʪʝʨʽʷʤʠ ̔  ʞʦʚʯʥʽ ʧʨʦʪʦʢʠ ʥʝ ʧʦʚʠʥʥʽ ʩʪʘʪʠ 

ʰʣʷʭʦʤ ʧʦʰʠʨʝʥʥʷ ʙʘʢʪʝʨʽʡ ï ʮʝ ʢʦʥʪʨʦʣʶʶʪʴ ʥʝʡʪʨʦʬʽʣʠ. ɺ ʨʦʙʦʪʽ [11] ʧʦʢʘʟʘʥʦ, 

ʱʦ ʢʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʚ ʧʨʦʩʚʽʪʘʭ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʤʦʞʫʪʴ ʘʢʪʠʚʫʚʘʪʠ 

ʥʝʡʪʨʦʬʽʣʠ ʪʘ ʽʥʽʮʽʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʘ ʚʽʜ ʪʘʢ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʘʛʨʝʛʘʮʽʾ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʘʤʝʥʽʚ. ɻʽʜʨʦʬʦʙʥʽ ʢʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʤʦʞʫʪʴ ʨʦʟʯʠʥʷʪʠ 

ʤʝʤʙʨʘʥʫ ʢʣʽʪʠʥ [13] ʽ, ʷʢ ʙʫʣʦ ʧʨʠʧʫʱʝʥʦ ʚ ʭʦʜʽ ʧʣʘʥʫʚʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ, ï 

ʫʰʢʦʜʞʫʚʘʪʠ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ. ʋʰʢʦʜʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʚʥʘʩʣʽʜʦʢ ʷʢ ʧʨʷʤʦʾ ʜʽʾ, ʪʘʢ 

ʽ ʩʧʨʠʯʠʥʝʥʝ ʮʠʨʢʫʣʶʶʯʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɸʜʞʝ ʚʽʜʦʤʦ, ʱʦ ʚʽʣʴʥʘ ʧʦʟʘʢʣʽʪʠʥʥʘ 

ɼʅʂ ʪʘʢʦʞ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʪʨʠʛʝʨʦʤ ʚʘʞʢʠʭ ʧʦʙʽʯʥʠʭ ʨʝʘʢʮʽʡ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, 

ʥʘʧʨʠʢʣʘʜ, ʫʪʚʦʨʝʥʥʷ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʘʥʪʠʥʫʢʣʝʘʨʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ 

(ʘʥʪʠʪʽʣʘʤʠ, ʷʢʽ ʤʦʞʫʪʴ ʟʚô̫ ʟʫʚʘʪʠʩʷ ʽʟ ɼʅʂ) ʧʨʠ ʩʠʩʪʝʤʥʦʤʫ ʯʝʨʚʦʥʦʤʫ ʚʦʚʯʘʢʫ 

(ʉʏɺ) [14] ʘʙʦ ʫʪʚʦʨʝʥʥʷ ʢʦʤʧʣʝʢʩʽʚ ʽʟ ʪʨʦʤʙʦʮʠʪʘʤʠ, ʱʦ ʚʝʜʝ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʪʨʦʤʙʽʚ ʪʘ ʟʘʢʫʧʦʨʶʚʘʥʥʷ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ [15]. ʊʦʞ ʟʘʣʠʰʘʣʦʩʴ ʚʽʜʢʨʠʪʠʤ 

ʧʠʪʘʥʥʷ, ʯʠ ʚʠʚʽʣʴʥʝʥʽ ʢʦʤʧʦʥʝʥʪʠ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣ ʟʜʘʪʥʽ ʫʰʢʦʜʞʫʚʘʪʠ 

ʦʪʦʯʫʶʯʽ ʪʢʘʥʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʮʠʨʢʫʣʶʶʯʽ ʢʦʤʧʦʥʝʥʪʠ ʢʨʦʚʽ ʪʘ ʣʽʤʬʠ. 

ɺʦʜʥʦʯʘʩ ʽʥʰʽ ʅʏ ʝʢʟʦʛʝʥʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ï ʪʽ, ʱʦ ʚʜʠʭʘʶʪʴʩʷ ʟ ʧʠʣʦʤ, 

ʧʦʛʣʠʥʘʶʪʴʩʷ ʟ ʾʞʝʶ ʯʠ ʪʽ, ʷʢʽ ʚʚʦʜʷʪʴʩʷ ʟ ʬʘʨʤʘʮʝʚʪʠʯʥʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ, 

ʥʘʧʨʠʢʣʘʜ, ʽʥʝʨʪʥʽ ʅʏ ʷʢ ʘʜôʶʚʘʥʪʠ ʚʘʢʮʠʥ, ʤʦʞʫʪʴ ʤʘʪʠ ʧʦʜʽʙʥʠʡ, ʨʘʥʽʰʝ ʥʝ 

ʜʦʩʣʽʜʞʝʥʠʡ, ʚʧʣʠʚ ʥʘ ʽʥʜʫʢʮʽʶ ʫʪʚʦʨʝʥʥʷ ʅʇʇ. ʊʦʤʫ ʟʘʚʜʘʥʥʷ ʧʝʨʝʚʽʨʢʠ ʨʦʣʽ 

ʝʥʜʦʛʝʥʥʠʭ ʅʏ ʫ ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ ʩʠʩʪʝʤʽ ʽʟ ʫʰʢʦʜʞʝʥʥʷʤ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʩʪʘʣʦ 

ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʟʘʚʜʘʥʴ ʨʦʙʦʪʠ. 
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ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ, ʛʨʘʥʪʘʤʠ. 

ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʣʘʙʦʨʘʪʦʨʽʾ ʽʤʫʥʦʣʦʛʽʾ ɯʥʩʪʠʪʫʪʫ ʙʽʦʣʦʛʽʾ ʪʚʘʨʠʥ 

ʅɸɸʅ ʪʘ ʥʘ ʢʘʬʝʜʨʽ ʛʽʩʪʦʣʦʛʽʾ, ʮʠʪʦʣʦʛʽʾ ʪʘ ʝʤʙʨʽʦʣʦʛʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ 

ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ 

ʨʦʙʽʪ çɺʠʚʯʠʪʠ ʙʽʦʭʽʤʽʯʥʽ ʤʝʭʘʥʽʟʤʠ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝʛʫʣʷʮʽʾ ʢʣʽʪʠʥʥʦʛʦ 

ʢʦʤʧʘʨʪʤʝʥʪʫ ʽ ʛʫʤʦʨʘʣʴʥʦʛʦ ʽʤʫʥʽʪʝʪʫ ʫ ʪʚʘʨʠʥ ʟʘ ʥʦʨʤʠ ʽ ʧʘʪʦʣʦʛʽʾè (ɼʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ï 0116U001415), çɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʟʘʢʣʽʪʠʥʥʠʭ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʜʣʷ ʤʦʜʫʣʶʚʘʥʥʷ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚè (ɼʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ï 0119U101338), «Activation of neutrophils by natural body 

nanocrystals as a common disease mechanism underlying nutrition-related low-grade 

inflammation» («ɸʢʪʠʚʘʮʽʷ ʥʝʡʪʨʦʬʽʣʽʚ ʧʨʠʨʦʜʥʠʤʠ ʥʘʥʦʢʨʠʩʪʘʣʘʤʠ ʦʨʛʘʥʽʟʤʫ ʷʢ 

ʩʧʽʣʴʥʠʡ ʤʝʭʘʥʽʟʤ ʨʦʟʚʠʪʢʫ ʭʨʦʥʽʯʥʦʛʦ ʩʣʘʙʦʛʦ ʟʘʧʘʣʝʥʥʷ, ʩʧʨʠʯʠʥʝʥʦʛʦ 

ʨʘʮʽʦʥʦʤ», ʛʨʘʥʪ ɸʩʦʮʽʘʮʽʾ RECOOP HST) ʥʘ ʧʽʜʩʪʘʚʽ ʜʦʛʦʚʦʨʫ ʧʨʦ ʥʘʫʢʦʚʫ 

ʩʧʽʚʧʨʘʮʶ. ʈʦʙʦʪʘ ʙʫʣʘ ʧʽʜʪʨʠʤʘʥʘ ʛʨʘʥʪʦʤ ʬʫʥʜʘʮʽʾ ʌʦʣʴʢʩʚʘʛʝʥ «ɺʘʞʣʠʚʽʩʪʴ 

ʝʥʟʠʤʽʚ ʥʝʡʪʨʦʬʽʣʴʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʜʣʷ ʧʨʦʮʝʩʠʥʛʫ ʘʫʪʦ-ʘʥʪʠʛʝʥʽʚ ʪʘ 

ʤʦʜʫʣʶʚʘʥʥʷ ʟʘʧʘʣʴʥʦʛʦ ʚʧʣʠʚʫ» («The importance of neutrophil-derived enzymes for 

the processing of auto-antigens and inflammatory mediators») No. 97744, ʛʨʘʥʪʦʤ 

ʧʨʦʛʨʘʤʠ Horizon2020 ï FETOPEN ʧʨʦʝʢʪʫ NeutroCure No. 861878 çʈʦʟʨʦʙʢʘ 

çʨʦʟʫʤʥʠʭè ʧʽʜʩʠʣʶʚʘʯʽʚ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʭ ʩʧʦʣʫʢ ʢʠʩʥʶ ʩʧʝʮʠʬʽʯʥʠʭ ʜʣʷ 

ʘʥʦʤʘʣʴʥʠʭ ʧʦʣʽʤʦʨʬʥʦʷʜʝʨʥʠʭ ʥʝʡʪʨʦʬʽʣʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ ʟʘʧʘʣʴʥʠʭ ʪʘ 

ʘʫʪʦʽʤʫʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʨʘʢʫ ʪʘ ʤʽʻʣʦʩʫʧʨʝʩʽʾè («Development of «smart» 

amplifiers of reactive oxygen species specific to aberrant polymorphonuclear neutrophils 

for treatment of inflammatory and autoimmune diseases, cancer and myeloablation») ʪʘ 

ʛʨʘʥʪʦʤ EFIS (ɭʚʨʦʧʝʡʩʴʢʦʾ ʬʝʜʝʨʘʮʽʾ ʽʤʫʥʦʣʦʛʽʯʥʠʭ ʪʦʚʘʨʠʩʪʚ) ʜʣʷ ʫʯʘʩʪʽ ʚ 

ʢʦʥʛʨʝʩʽ ECI-2021. 

ʄʝʪʘ ʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʣʘ ʫ 

ʚʠʟʥʘʯʝʥʥʽ ʨʦʣʽ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ 

ʦʨʛʘʥʽʟʤʫ ʪʚʘʨʠʥ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʅʏ. ɿʦʢʨʝʤʘ, ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʟ ʝʥʜʦʛʝʥʥʠʤʠ ʅʏ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ (ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ ʬʨʫʢʪʦʟʠ) ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʨʦʣʽ ʥʝʡʪʨʦʬʽʣʽʚ ʚ ʫʰʢʦʜʞʝʥʥʽ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ; ʘ ʪʘʢʦʞ ʧʨʠ ʚʟʘʻʤʦʜʽʾ 
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ʟ ʝʢʟʦʛʝʥʥʠʤʠ ʽʥʝʨʪʥʠʤʠ ʅʏ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʜʫʢʦʚʘʥʦʾ ʟʘʧʘʣʴʥʦʾ ʨʝʘʢʮʽʾ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʥʘ ʚʚʝʜʝʥʽ ʘʥʪʠʛʝʥʠ. 

ɿʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ: 

1. ɺʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʢʨʦʚʽ (ʥʘ 

ʧʨʠʢʣʘʜʽ ʮʠʨʢʫʣʶʶʯʠʭ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ) ʟʘ ʜʽʾ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ ʽʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʭʦʣʝʩʪʝʨʠʥʫ ʽ ʬʨʫʢʪʦʟʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʾʭ ʽʟ ʫʰʢʦʜʞʝʥʥʷʤʠ ʧʝʯʽʥʢʠ ʫ 

ʚʽʜʦʤʠʭ ʤʦʜʝʣʷʭ ʬʽʙʨʦʟʫ (ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʪʨʘʭʣʦʨʚʫʛʣʝʮʶ). 

2. ɺʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʟʘ ʜʽʾ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ ʬʨʫʢʪʦʟʠ. 

3. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʩʧʦʣʫʢ, ʟʜʘʪʥʠʭ ʙʣʦʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ 

ʅʇʇ ʪʘ ʙʣʦʢʫʚʘʪʠ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. 

4. ʆʮʽʥʠʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʛʽʙʽʪʦʨʽʚ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʜʣʷ 

ʟʘʧʦʙʽʛʘʥʥʷ ʫʰʢʦʜʞʝʥʥʶ ʪʢʘʥʠʥ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ. 

5. ʆʮʽʥʠʪʠ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜ ɹ ʟʘ ʜʽʾ ʝʢʟʦʛʝʥʥʠʭ ʅʏ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʚ ʨʦʣʽ 

ʘʜôʶʚʘʥʪʘ ʟʘ ʾʭ ʚʚʝʜʝʥʥ̫ ʚ ʦʨʛʘʥʽʟʤ ʪʚʘʨʠʥ ʨʘʟʦʤ ʟ ʙʽʣʢʦʚʠʤ ʘʥʪʠʛʝʥʦʤ. 

6. ʆʮʽʥʠʪʠ ʧʦʜʘʣʴʰʫ ʜʦʣʶ ʽʥʝʨʪʥʠʭ ʅʏ ʚ ʦʨʛʘʥʽʟʤ ̔ʧʽʩʣʷ ʾʭ ʚʟʘʻʤʦʜʽʾ ʟ ʅʇʇ. 

7. ɿʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʅʏ-ʽʥʜʫʢʪʦʨʽʚ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʟʜʘʪʥʠʭ ʩʣʫʛʫʚʘʪʠ 

ʘʜôʶʚʘʥʪʘʤʠ, ʪʘ ʦʮʽʥʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʣʷ ʽʥʜʫʢʮʽʾ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ ʜʦ ʢʦʨʦʥʘʚʽʨʫʩʫ SARS-CoV-2. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʟʘʧʘʣʴʥʽ ʧʨʦʮʝʩʠ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ ʪʘ ʨʦʣʴ ʅʇʇ ʫ ʾʭ 

ʨʝʛʫʣʷʮʽʾ ʟʘ ʜʽʾ ʝʥʜʦʛʝʥʥʠʭ ʪʘ ʝʢʟʦʛʝʥʥʠʭ ʅʏ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ: ʙʽʦʭʽʤʽʯʥʽ, ʽʤʫʥʦʣʦʛʽʯʥʽ ʪʘ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, 

ʘʩʦʮʽʡʦʚʘʥʽ ʽʟ ʨʦʟʚʠʪʢʦʤ ʟʘʧʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ ʪʘ ʫʰʢʦʜʞʝʥʥʷʤ ʪʢʘʥʠʥ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʪʚʘʨʠʥ, ʟʘ ʜʽʾ ʝʥʜʦʛʝʥʥʠʭ ʪʘ ʝʢʟʦʛʝʥʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: ʤ̔ʫʥʦʙʽʦʭʽʤʽʯʥʽ (ʚʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ 

ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG ʪʘ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG-IgM ʫ ʟʨʘʟʢʘʭ 

ʩʠʨʦʚʘʪʦʢ ʢʨʦʚʽ ʪʘ ʨʽʚʥʷ ʾʭ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ, ʣʝʢʪʠʥ-ʽʤʫʥʦʬʝʨʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ), ʛʽʩʪʦʣʦʛʽʯʥʽ ʪʘ ʮʠʪʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ 

(ʟʘʙʽʨ, ʤʘʢʨʦ- ʪʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ, ʘʥʘʣʽʟ ʾʭ ʚʤʽʩʪʫ 

ʧʦʣʷʨʠʟʘʮʽʡʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ, ʬʘʨʙʫʚʘʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ (H&E), 
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ʬʘʨʙʫʚʘʥʥʷ ʧʦ ɼʦʤʘʛʢʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʣʘʛʝʥʫ, ʬʘʨʙʫʚʘʥʥʷ ʘʥʽʣʽʥʦʚʠʤ ʩʠʥʽʤ), 

ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ (ʚʠʷʚʣʝʥʥʷ ʅʇʇ, ʝʢʩʪʝʨʥʘʣʽʟʦʚʘʥʦʾ ɼʅʂ, ʝʣʘʩʪʘʟʠ 

ʥʝʡʪʨʦʬʽʣʽʚ ʪʘ ʮʠʪʨʫʣʽʥʦʚʘʥʦʛʦ ʛʽʩʪʦʥʫ H3) ʪʘ ʙʽʦʭʽʤʽʯʥʽ ʤʝʪʦʜʠ (ʚʠʟʥʘʯʝʥʥʷ 

ʝʥʟʠʤʘʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʟʘ ʝʢʩʪʝʨʥʘʣʽʟʘʮʽʻʶ ɼʅʂ ʪʘ ʟʘ 

ʨʦʟʱʝʧʣʝʥʥʷʤ ʬʣʫʦʨʦʛʝʥʥʠʭ ʧʦʧʝʨʝʜʥʠʢʽʚ, ʚʠʷʚʣʝʥʥʷ ɸʌʂ, ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʙʽʣʢʘ ʚ ʩʝʯʽ, ʢʦʤʧʦʥʝʥʪʽʚ ʨʦʟʱʝʧʣʝʥʥʷ ʢʣʽʪʠʥʥʦʛʦ ʤʘʪʨʠʢʩʫ ʧʝʯʽʥʢʠ ʚ ʩʠʨʦʚʘʪʮʽ 

ʢʨʦʚʽï TIMP-1, PIIINP), ʙʽʦʽʥʬʦʨʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ (ʘʥʘʣʽʟ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʙʽʣʢʽʚ ʪʘ 

ʧʝʧʪʠʜʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʣʦʢʘʣʽʟʘʮʽʾ ʘʥʪʠʛʝʥʽʚ), ʤʦʨʬʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʡ, ʩʪʘʪʠʩʪʠʯʥʘ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʚʧʣʠʚ 

ʝʥʜʦʛʝʥʥʠʭ ʅʏ ʟʘ ʜʽʾ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ, ʩʧʨʠʯʠʥʝʥʠʭ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʨʫʢʪʦʟʠ ʪʘ 

ʭʦʣʝʩʪʝʨʠʥʫ, ʥʘ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʟʘ ʫʯʘʩʪʽ ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʛʨʘʥʫʣʦʮʠʪʽʚ. ɿʦʢʨʝʤʘ, 

¶ ʧʦʢʘʟʘʥʦ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʫ ʢʨʦʚʽ; 

¶ ʚʠʷʚʣʝʥʦ ʥʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʪʘ ʅʇʇ ʫ ʤʘʟʢʘʭ ʞʦʚʯʽ ʽʟ ʞʦʚʯʥʠʭ 

ʤʽʭʫʨʽʚ ʤʠʰʝʡ ʟʘ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʧʘʪʨʫʣʶʶʯʠʭ 

ʥʝʡʪʨʦʬʽʣʽʚ, ʟʜʘʪʥʠʭ ʚʠʞʠʚʘʪʠ ʚ ʘʛʨʝʩʠʚʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʞʦʚʯʽ; 

¶ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʽ ʪʚʘʨʠʥ, ʱʦ ʧʦʟʙʘʚʣʝʥʽ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ, ï ʱʫʨʽʚ, 

ʜʦʚʝʜʝʥʦ, ʱʦ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʟʘ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʥʘʷʚʥʦʩʪʽ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʯʠ ʦʢʣʶʟʽʾ ʦʩʥʦʚʥʠʭ ʚʠʚʽʜʥʠʭ 

ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ, ʪʦʙʪʦ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʦʢʣʶʟʽʾ ʜʨʽʙʥʠʭ 

ʟʙʽʨʥʠʭ ʞʦʚʯʥʠʭ ʢʘʥʘʣʴʮʽʚ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʝ ʷʚʠʱʝ ʚʘʞʣʠʚʝ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʩʪʨʘʪʝʛʽʾ ʪʝʨʘʧʽʾ ʧʘʮʽʻʥʪʽʚ ʟ 

ʅɸɾʍʇ ʧʽʩʣʷ ʚʠʜʘʣʝʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ/ʧʨʦʪʦʢ/ʤʽʭʫʨʘ. 

ɺʧʝʨʰʝ ʢʦʥʩʪʘʪʦʚʘʥʦ, ʱʦ ʟʘ ʜʽʾ ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʝ ʣʠʰʝ 

ʘʢʪʠʚʘʮʽ ̫ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʝʥʟʠʤʽʚ ʫ ʢʨʦʚʽ, ʘ ʡ ʟʤʽʥʘ ʧʨʦʬʽʣʶ ʛʣʽʢʘʥʽʚ 

ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ ʽʟ ʬʦʨʤʫʚʘʥʥʷʤ ʧʨʦʟʘʧʘʣʴʥʠʭ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ (ʽʟ ʟʙʽʣʴʰʝʥʠʤ 

ʝʢʩʧʦʥʫʚʘʥʥʷʤ ʬʫʢʦʟʠ ʫ ʩʢʣʘʜʽ ʛʣʽʢʘʥʫ ʚ ʢʦʨʽ ʤʦʣʝʢʫʣʠ IgG), ʱʦ ʚʢʘʟʫʻ ʥʘ ʨʦʟʚʠʪʦʢ 

ʩʠʩʪʝʤʥʦʛʦ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ. 

ɺʧʝʨʰʝ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʟʫʧʠʥʠʪʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʪʚʘʨʠʥ ʟʘ 
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ʣʽʪʦʛʝʥʥʠʭ ʜʽʻʪ, ʰʪʫʯʥʦ ʫʩʫʥʫʚʰʠ ʥʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʟ ʦʨʛʘʥʽʟʤʫ ʪʚʘʨʠʥ. 

ʇʨʦʚʝʜʝʥʦ ʩʢʨʠʥʽʥʛ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦ ʜʦʩʪʫʧʥʠʭ ʩʧʦʣʫʢ, ʟʜʘʪʥʠʭ ʚʧʣʠʚʘʪʠ ʥʘ ʅʇʇ 

ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ʾʭ ʫʪʚʦʨʝʥʥʷ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʚʘ ʽʥʛʽʙʽʪʦʨʠ ʅʇʇ, ʟʜʘʪʥʽ 

ʜʦʩʪʦʚʽʨʥʦ ʟʤʝʥʰʠʪʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ. 

ɺʧʝʨʰʝ ʧʦʢʘʟʘʥʦ ʟʨʦʩʪʘʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʜʦ ʩʠʥʪʝʪʠʯʥʠʭ ʧʝʧʪʠʜʽʚ, 

ʟʦʢʨʝʤʘ ʧʘʥ-ʢʦʨʦʥʘʚʽʨʫʩʥʠʭ ʟʘ ʜʽʾ ʝʢʟʦʛʝʥʥʠʭ ʅʏ, ʟʜʘʪʥʠʭ ʽʥʜʫʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ 

ʅʇʇ. ɿʦʢʨʝʤʘ, 

¶ cʪʚʦʨʝʥʦ ʽʤʫʥʦʛʝʥʥʫ ʩʫʤʽʰ ʥʘ ʦʩʥʦʚʽ ʧʘʥ-ʢʦʨʦʥʘʚʽʨʫʩʥʠʭ ʧʝʧʪʠʜʽʚ ʪʘ 

ʅʇʇ- ʽʥʜʫʢʫʶʯʠʭ ʥʘʥʦʜʽʘʤʘʥʪʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʢʣʽʪʠʥʥʫ ʪʘ ʛʫʤʦʨʘʣʴʥʫ 

ʚʽʜʧʦʚʽʜʴ ʜʦ SARS-CoV-2; 

¶ ʧʦʢʘʟʘʥʦ, ʱʦ ʘʢʪʠʚʘʮʽʷ ʅʇʇ ʝʢʟʦʛʝʥʥʠʤʠ ʅʏ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʷʢ 

ʢʣʽʪʠʥʥʦʶ, ʪʘʢ ʽ ʛʫʤʦʨʘʣʴʥʦʶ ʨʝʘʢʮʽʻʶ. ʊʠʪʨʠ ʫʪʚʦʨʝʥʠʭ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ 

ʢʣʘʩʫ IgG ʟʙʝʨʽʛʘʣʠʩʴ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ ʚ ʩʠʨʦʚʘʪʮʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʢʨʦʣʽʚ ʪʘ 

ʤʠʰʝʡ ʧʨʠʥʘʡʤʥʽ 120 ʜʥʽʚ; 

¶ ʧʦʢʘʟʘʥʦ, ʱʦ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʅʏ ʷʢ ʘʜôʶʚʘʥʪʽʚ ʫ ʜʽʣʷʥʢʘʭ 

ʽʥʪʨʘʧʝʨʠʪʦʥʝʘʣʴʥʠʭ ʪʘ ʧʽʜʰʢʽʨʥʠʭ ʽʥôʻʢʮʽʡ ʫʪʚʦʨʶʶʪʴʩʷ ʅʇʇ, ʱʦ 

ʩʝʢʚʝʩʪʨʫʶʪʴ ʅʏ, ʟʘʧʦʙʽʛʘʶʯʠ ʾʭ ʧʦʰʠʨʝʥʥʶ ʚ ʦʨʛʘʥʽʟʤʽ. ɿʛʦʜʦʤ ʚʦʥʠ 

ʚʢʨʠʚʘʶʪʴʩʷ ʢʘʧʩʫʣʦʶ ʽʟ ʩʧʦʣʫʯʥʦ ʾ ʪʢʘʥʠʥʠ. ɼʘʥʽ ʩʪʨʫʢʪʫʨʠ ʥʘʜʽʡʥʦ 

ʟʙʝʨʽʛʘʣʠʩʴ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʞʠʪʪʷ ʪʚʘʨʠʥ (ʙʽʣʴʰʝ ʨʦʢʫ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʤʠʰʝʡ), ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʙʝʟʧʝʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʅʏ ̫ ʢ ʘʜôʶʚʘʥʪʽʚ. 

ɺ ʢʨʠʪʠʯʥʠʡ ʯʘʩ ʨʦʟʚʠʪʢʫ ʧʘʥʜʝʤʽʾ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʚʧʝʨʰʝ ʚ ʩʚʽʪʽ 

(22.08.2020 ʨ.) ʧʦʚʽʜʦʤʠʣʠ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʧʝʨʝʭʨʝʩʥʦʛʦ ʛʫʤʦʨʘʣʴʥʦʛʦ ʽʤʫʥʽʪʝʪʫ ʜʦ 

ʢʦʨʦʥʘʚʽʨʫʩʽʚ ʪʘ ʚʠʟʥʘʯʠʣʠ ʧʝʧʪʠʜ HR2 ʜʦʤʝʥʫ S-ʙʽʣʢʘ, ʟʜʘʪʥʠʡ ʘʢʪʠʚʫʚʘʪʠ 

ʫʪʚʦʨʝʥʥʷ ʘʥʪʠʪʽʣ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʜʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʢʦʨʦʥʘʚʽʨʫʩʽʚ ʽ ʷʢʠʡ ʻ 

ʧʦʪʝʥʮʽʡʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʠʤ ʫ ʥʦʚʠʭ ʤʫʪʦʚʘʥʠʭ ʰʪʘʤʽʚ. 

ɺʠʷʚʣʝʥʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʱʦʜʦ ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ ʧʝʯʽʥʢʠ ʅʇʇ, ʘ ʪʘʢʦʞ 

ʦʧʠʩʘʥʽ ʰʣʷʭʠ ʾʭ ʟʘʧʦʙʽʛʘʥʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʦʩʪʫʧʥʠʭ ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʅʇʇ, ʚʽʜʢʨʠʚʘʶʪʴ ʥʦʚʽ ʰʣʷʭʠ ʨʦʟʚʠʪʢʫ ʪʝʨʘʧʽʾ ʧʨʠ 

ʅɸɾʍʇ. ʆʧʠʩʘʥʽ ʝʬʝʢʪʠ ʧʦʩʠʣʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʰʣʷʭʦʤ ʘʢʪʠʚʘʮʽʾ ʅʇʇ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʝʢʟʦʛʝʥʥʠʭ ʅʏ ʩʪʘʥʫʪʴ ʥʝ ʣʠʰʝ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʜôʶʚʘʥʪʽʚ 
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ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ, ʘ ʡ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ 

ʟʘʛʦʩʪʨʝʥʥʷ ʭʨʦʥʽʯʥʠʭ ʟʘʧʘʣʴʥʠʭ ʩʪʘʥʽʚ ʟʘ ʜʽʾ ʪʘʢʠʭ ʟʘʙʨʫʜʥʶʚʘʯʽʚ ʷʢ ʩʘʞʘ, ʩʤʦʛ, 

ʧʠʣ, ʱʦ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦ ʚ ʫʤʦʚʘʭ ʚʽʡʥʠ ʚ ʋʢʨʘʾʥʽ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʴ 

ʨʦʙʦʪʠ ʚʧʝʨʰʝ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʤʦʜʝʣʴ ʥʝʘʣʢʦʛʦʣʴʥʦʛʦ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ (ʅɸʉɻ) ʫ 

ʤʠʰʝʡ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʟʘ 4 ï 6 ʪʠʞʥʽʚ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʥʘʷʚʥʽ ʘʥʘʣʦʛʽʯʥʽ ʤʦʜʝʣʽ 

ʟʫʤʦʚʣʶʶʪʴ ʨʦʟʚʠʪʦʢ ʧʘʪʦʣʦʛʽʾ ʟʘ 12 ï 16 ʪʠʞʥʽʚ. ʎʝ ʚʽʜʢʨʠʚʘʻ ʮʽʣʫ ʥʠʟʢʫ ʥʦʚʠʭ 

ʤʝʪʦʜʦʣʦʛʽʯʥʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʅɸɾʍʇ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ ʪʘ 

ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʰʣʷʭʽʚ ʣʽʢʫʚʘʥʥʷ ʜʘʥʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʷ. 

ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʝʦʟʠʥʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʪʘ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʥʦʩʥʦ ʜʦʩʪʫʧʥʠʭ ʧʽʜʭʦʜʽʚ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ 

ʚ ʣʽʢʫʚʘʣʴʥʦʤʫ ʧʨʦʮʝʩʽ ɺʇ çʃʽʢʘʨʥʷ ʩʚʷʪʦʛʦ ʄʠʢʦʣʘʷè, ʚʽʜʜʽʣʝʥʥʷ ʩʪʘʨʰʦʛʦ 

ʜʠʪʠʥʩʪʚʘ, ʮʝʥʪʨʫ ʘʣʝʨʛʦʣʦʛʽʾ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʫʯʘʩʪ ̔ʝʦʟʠʥʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ 

ʫ ʨʦʟʚʠʪʢʫ ʘʣʝʨʛʽʾ ʜʦ ʢʦʨʦʚôʷʯʦʛʦ ʤʦʣʦʢʘ ʫ ʜʽʪʝʡ. 

ɺʧʝʨʰʝ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʟʤʽʥʠ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ ʮʠʨʢʫʣʶʯʠʭ 

ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʪʘ ʧʦʢʘʟʘʥʦ ʾʭ ʟʚôʷʟʦʢ ʟ ʘʢʪʠʚʘʮʽʻʶ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʚ 

ʢʨʦʚʽ. ɼʦʚʝʜʝʥʦ ʫʯʘʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʟʤʽʥʽ ʝʢʩʧʦʥʫʚʘʥʥʷ ʛʣʽʢʘʥʽʚ 

ʥʘ ʽʤʫʥʦʛʣʦʙʫʣʽʥʘʭ IgG ʧʨʠ ʭʨʦʥʽʯʥʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʘʭ, ʟʦʢʨʝʤʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʜʦʚʝʜʝʥʥʷ ʟʘʣʫʯʝʥʥʷ ʅʇʇ ʫ ʨʦʟʚʠʪʢʫ 

ʭʨʦʥʽʯʥʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʠ ʨʦʟʩʽʷʥʦʤʫ ʩʢʣʝʨʦʟʽ. 

ʋʜʦʩʢʦʥʘʣʝʥʦ ʢʦʤʧʣʝʢʩʥʠʡ ʪʝʩʪ ʥʘ ʦʩʥʦʚʽ Enhances liver fibrosis test 

(Siemens) ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʬʽʙʨʦʟʫ ʧʝʯʽʥʢʠ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ 

ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ. ɼʣʷ ʮʴʦʛʦ ʩʪʚʦʨʝʥʦ ʩʧʝʮʠʬʽʯʥʽ ʘʥʪʠʪʽʣʘ ʜʦ ʛʽʘʣʫʨʦʥʦʚʦʾ 

ʢʠʩʣʦʪʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʪʝʩʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʝʪʦʜ ʽʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʽʟʫ 

(ɯʌɸ) ʽ ʥʝ ʧʦʢʣʘʜʘʻʪʴʩʷ ʥʘ ʚʠʟʥʘʯʝʥʥʷ ʝʥʟʠʤʘʪʠʯʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʝʯʽʥʢʦʚʠʭ 

ʬʝʨʤʝʥʪʽʚ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʡʦʛʦ ʥʘʜʟʚʠʯʘʡʥʫ ʥʘʜʽʡʥʽʩʪʴ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ,  ̔

ʱʦʥʘʡʚʘʞʣʠʚʽʰʝ ï ʥʘʜʘʻ ʥʘʫʢʦʚʽʡ ʩʧʽʣʴʥʦʩʪʽ ʢʽʣʴʢʽʩʥʠʡ ʤʘʣʦʽʥʚʘʟʠʚʥʠʡ ʧʽʜʭʽʜ 

(ʘʥʘʣʽʟ ʟʨʘʟʢʽʚ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ) ʜʦ ʤʦʥʽʪʦʨʠʥʛʫ ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʫ 

ʩʪʚʦʨʝʥʽʡ ʤʠʰʘʯʽʡ ʤʦʜʝʣʽ ʅɸɾʍʇ. 



35 

 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʘʢʪʠʚʘʮʽʶ ʅʇʇ ʤʘʻ ʩʘʤʝ ʬʽʟʠʯʥʠʡ ʨʦʟʤʽʨ ʪʘ ʛʽʜʨʦʬʦʙʥʘ ʧʦʚʝʨʭʥʷ ʷʢ ʝʥʜʦʛʝʥʥʠʭ, 

ʪʘʢ ʽ ʝʢʟʦʛʝʥʥʠʭ ʅʏ; ʦʪʦʞ, ʽʤʽʪʫʶʯʠ ʜʘʥʫ ʧʦʚʝʨʭʥʶ ʤʦʞʥʘ ʟʘʙʝʟʧʝʯʠʪʠ ʘʢʪʠʚʘʮʽʶ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ. ɺʧʝʨʰʝ ʩʪʚʦʨʝʥʦ ʭʽʤʽʯʥʽ ʩʧʦʣʫʢʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʪʘʨʛʝʪʠʥʛ 

ʤʝʤʙʨʘʥ ʥʝʡʪʨʦʬʽʣʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʦʭʽʜʥʝ ʭʦʣʝʩʪʝʨʦʣʫ, ʢʦʥôʶʛʘʮʽʷ ʷʢʦʛʦ ʟ 

ʧʦʪʝʥʮʽʡʥʠʤʠ ʨʘʢʦʚʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ ʟʘʙʝʟʧʝʯʠʣʘ ʝʬʝʢʪʠʚʥʝ ʧʦʧʘʜʘʥʥʷ ʩʧʦʣʫʢ ʫ 

ʢʣʽʪʠʥʠ, ʱʦ ʧʨʦʜʫʢʫʶʪ ɹ ʚʠʩʦʢʽ ʨʽʚʥʽ ʘʢʪʠʚʥʠʭ ʬʦʨʤ ʢʠʩʥʶ (ɸʌʂ) (ʟʦʢʨʝʤʘ, 

ʥʝʡʪʨʦʬʽʣʠ, ʧʫʭʣʠʥʥʦ-ʘʩʦʮʽʡʦʚʘʥʽ ʥʝʡʪʨʦʬʽʣʠ ʪʘ ʧʫʭʣʠʥʥʽ ʢʣʽʪʠʥʠ), ʱʦ 

ʚʠʷʚʣʷʣʦʩʴ ʫ ʩʠʣʴʥʽʡ ʮʠʪʦʪʦʢʩʠʯʥʽʡ ʜʽʾʽ ʱʦʜʦ ʧʘʪʦʣʦʛʽʯʥʠʭ ʢʣʽʪʠʥ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʶ ʘʥʘʣʽʟʫ ʬʣʫʦʨʝʩʮʝʥʮʽʾ in vivo, ʚʧʝʨʰʝ 

ʨʦʟʨʦʙʣʝʥʦ ʰʣʷʭʠ ʜʣ ̫ʦʮ̔ʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ, ʱʦ 

ʛʨʫʥʪʫʶʪʴʩʷ ʥʘ ʢʽʣʴʢʽʩʥʦʤʫ ʘʥʘʣʽʟʽ ʨʽʚʥ ̫ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʽʥʜʦʮʽʘʥʫ ʟʝʣʝʥʦʛʦ ʟʘ 

ʰʚʠʜʢʽʩʪʶ ʧʨʝʭʦʜʫ ʽʟ ʢʨʦʚʽ ʚ ʞʦʚʯ. ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ̒  ʧʦʚʥʽʩʪʶ ʥʝʽʥʚʘʟʠʚʥʠʤ ʪʘ 

ʜʦʟʚʦʣʷʻ ʟʜʽʡʩʥʶʚʘʪʠ ʦʮʽʥʢʫ ʩʪʘʥʫ ʛʝʧʘʪʦʙʽʣʘ̔ʨʥʦʾ ʩʠʩʪʝʤʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ. 

ɺ ʭʦʜʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʦʪʨʠʤʘʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʅʇʇ ʫ ʨʽʟʥʠʭ 

ʩʝʨʝʜʦʚʠʱʘʭ, ʟʦʢʨʝʤʘ ʥʘ ʧʦʚʝʨʭʥʽ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ, ʷʢʽ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʛʽʧʦʪʝʟʫ 

ʧʨʦ ʥʘʷʚʥʽʩʪʴ ʢʣʽʪʠʥ (ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ) ʫ ʞʦʚʯʥʠʭ ʰʣʷʭʘʭ ʽ 

ʟʘʧʝʨʝʯʫʶʪʴ ʫʩʪʘʣʝʥʝ ʫʷʚʣʝʥʥʷ ʧʨʦ ʪʝ, ʱʦ ʢʣʽʪʠʥʠ ʥʝ ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ 

ʩʝʨʝʜʦʚʠʱʽ ʞʦʚʯʽ. ʆʪʨʠʤʘʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ ʥʘ ʦʙʢʣʘʜʠʥʮʽ ʞʫʨʥʘʣʫ 

ʇʨʘʮʽ ʅʘʫʢʦʚʦʛʦ ʪʦʚʘʨʠʩʪʚʘ ʽʤʝʥʽ ʐʝʚʯʝʥʢʘ. ʄʝʜʠʯʥʽ ʥʘʫʢʠ, ʪʦʤ 55 ˉ 1 (2019): 

(https://doi.org/10.25040/ntsh2019.01). 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ çɯʥʜʫʢʮʽʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʽʜʨʦʬʦʙʥʠʭ 

ʥʘʥʦʯʘʩʪʠʥʦʢ, ʟʜʘʪʥʠʭ ʘʢʪʠʚʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇè. ɼʘʥʝ ʥʦʫ-ʭʘʫ ʨʦʟʨʦʙʥʠʢʽʚ 

ʩʪʘʣʦ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʧʦʯʘʪʦʛʦ ʧʨʦʝʢʪʫ ʄʆɿ ʋʢʨʘʾʥʠ çɯʤʫʥʦʛʝʥʥʽʩʪʴ ʪʘ 

ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʩʫʤʽʰʽ ʙʽʣʢʦʚʠʭ ʘʥʪʠʛʝʥʽʚ ʽ ʥʘʥʦʘʜôʶʚʘʥʪʽʚ ex vivoè (ɼʝʨʞʘʚʥʠʡ 

ʨʝʻʩʪʨʘʮʽʡʥʠʡ ʥʦʤʝʨ ï 0122U000974, 2022 ï 2024 ʨʨ), ʩʧʨʷʤʦʚʘʥʦʛʦ ʥʘ ʩʪʚʦʨʝʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʥʘʮʽʦʥʘʣʴʥʠʭ ʚʘʢʮʠʥ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʰʚʠʜʢʦʾ ʛʝʥʝʨʘʮʽʾ 

ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʣʽʛ ʚ ʦʩʥʦʚʫ ʧʘʢʝʪʫ ʟʘʚʜʘʥʴ ʛʨʘʥʪʦʚʦʾ ʟʘʷʚʢʠ LungCare, ʧʦʜʘʥʦʾ 

ʪʘ ʧʽʜʪʨʠʤʘʥʦʾ ʜʦ ʬʽʥʘʥʩʫʚʘʥʥʷ ʚ ʨʘʤʢʘʭ ʢʦʥʢʫʨʩʫ HORIZON-TMA-MSCA-SE 

https://mspsss.org.ua/index.php/journal/issue/view/1
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Staff Exchanges 2022, ʢʦʜ ʧʨʦʝʢʪʫ ï 101129095, ʘʚʪʦʨ ʨʦʙʦʪʠ ʻ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ 

ʚʠʢʦʥʘʚʮʝʤ ʧʘʢʝʪʫ ʟʘʚʜʘʥʴ ʱʦʜʦ ʨʝʘʣʽʟʘʮʽʾ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʥʠʤ ʽʜʝʾ. 

ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʚʧʨʦʚʘʜʞʝʥʽ 

ʚ ʧʨʘʢʪʠʯʥʫ ʜʽʷʣʴʥʽʩʪʴ ɯʥʩʪʠʪʫʪʫ ʙʽʦʭʽʤʽʾ ʽʤ. ʆ.ɺ.ʇʘʣʣʘʜʽʥʘ ʅɸʅ ʋʢʨʘʾʥʠ, 

ɺʨʦʮʣʘʚʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽʢʠ, ʫ ʥʘʚʯʘʣʴʥʦ-ʧʝʜʘʛʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 

ʢʘʬʝʜʨʠ ʛʽʩʪʦʣʦʛʽʾ ʪʘ ʝʤʙʨʽʦʣʦʛʽʾ ʊʝʨʥʦʧʽʣʴʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯ.ʗ. ɻʦʨʙʘʯʝʚʩʴʢʦʛʦ, ʫ ʣʽʢʫʚʘʣʴʥʠʡ ʧʨʦʮʝʩ ɺʇ çʃʽʢʘʨʥʷ ʩʚʷʪʦʛʦ 

ʄʠʢʦʣʘʷè, ʚʽʜʜʽʣʝʥʥʷ ʩʪʘʨʰʦʛʦ ʜʠʪʠʥʩʪʚʘ, ʮʝʥʪʨʫ ʘʣʝʨʛʦʣʦʛʽ ʾ(ʜʦʜʘʪʦʢ ɸ). 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɼʠʩʝʨʪʘʮʽʷ ʻ ʩʘʤʦʩʪʽʡʥʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ 

ʜʠʩʝʨʪʘʥʪʘ. ɸʚʪʦʨ ʦʩʦʙʠʩʪʦ ʧʨʦʚʝʣʘ ʘʥʘʣʽʟ ʥʘʫʢʦʚʦʾ ʣʽʪʝʨʘʪʫʨʠ ʟʘ ʪʝʤʦʶ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʚʠʢʦʥʘʣʘ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʙʽʦʣʦʛʽʯʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʚʘʨʠʥ. ʉʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʠʣʘ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʫ ʧʝʨʚʠʥʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ, ʧʨʦʚʝʣʘ ʩʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʪʘ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʇʨʠʡʤʘʣʘ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʫ ʧʨʦʚʝʜʝʥʥʽ ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ. ɼʠʩʝʨʪʘʥʪʦʤ ʩʘʤʦʩʪʽʡʥʦ ʥʘʧʠʩʘʥʽ ʚʩʽ ʨʦʟʜʽʣʠ ʜʠʩʝʨʪʘʮʽʾ, 

ʩʬʦʨʤʫʣʦɹʚʘʥʽ ʟʘʛʘʣʴʥʽ ʚʠʩʥʦʚʢʠ ʪʘ ʧʨʘʢʪʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ, ʟʘʙʝʟʧʝʯʝʥʦ ʾʭ 

ʚʠʩʚʽʪʣʝʥʥʷ ʚ ʧʝʨʽʦʜʠʯʥʠʭ ʚʠʜʘʥʥʷʭ. ʉʧʽʣʴʥʦ ʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ ʚʠʟʥʘʯʝʥʽ 

ʤʝʪʘ ʪʘ ʟʘʚʜʘʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ, ʨʦʟʨʦʙʣʝʥʽ ʧʣʘʥ, ʜʠʟʘʡʥ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʦʙʛʦʚʦʨʝʥʽ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʪʘ ʟʜʽʡʩʥʝʥʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʤʝʜʠʯʥʫ ʧʨʘʢʪʠʢʫ. 

ʂʦʥʩʫʣʴʪʘʪʠʚʥʫ ʜʦʧʦʤʦʛʫ ʪʘ ʩʧʨʠʷʥʥʷ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ ʪʝʤʦʶ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʥʘʜʘʚ ʜ.ʙʽʦʣ.ʥ., ʧʨʦʬʝʩʦʨ 

ʢʘʬʝʜʨʠ ʛʽʩʪʦʣʦʛʽʾ, ʮʠʪʦʣʦʛʽʾ ʪʘ ʝʤʙʨʽʦʣʦʛʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ ɹʽʣʠʡ ʈʦʩʪʠʩʣʘʚ ʆʣʝʢʩʘʥʜʨʦʚʠʯ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʩʥʦʚʥʽ 

ʧʦʣʦʞʝʥʥʷ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ PhoBiA Annual 

Nanophotonics International Conference (ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ, 2019), 10th RECOOP 

Annual Project Review Meeting (ɺʨʦʮʣʘʚ, ʇʦʣʴʱʘ, 2019), XVIII  ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʄʦʣʦʜʽ ʚʯʝʥʽ ʫ ʨʦʟʚôʷʟʘʥʥʽ 

ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʙʽʦʣʦʛʽʾ, ʪʚʘʨʠʥʥʠʮʪʚʘ ʪʘ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠè (ʃʴʚʽʚ, 
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2019), 3rd RECOOP International Student Video Conference (2020), 15th RECOOP 

Bridges in Life Science Video Conference (2020), 81st Lviv Young Scientists 

International Conference (ʃʴʚʽʚ, 2020), 45th FEBS Congress (ʃʶʙʣʷʥʘ, ʉʣʦʚʝʥʽʷ, 

2021), 6th European Congress of Immunology (ʉʪʘʤʙʫʣ, ʊʫʨʝʯʯʠʥʘ, 2021), 1st 

Ukrainian-Polish Scientific forum AGROBIOPERSPECTIVES (ʃʴʚʽʚ, 2021), 

ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʤʽʞʜʠʩʮʠʧʣʽʥʘʨʥʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 

ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʋʄʉɸ ï ʩʪʦʣʽʪʪʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʥʘʧʨʷʤʢʽʚ ʪʘ ʥʘʫʢʦʚʠʭ 

ʜʦʩʷʛʥʝʥʴ (ʜʦ 100-ʨʽʯʯʷ ʚʽʜ ʟʘʩʥʫʚʘʥʥʷ ʋʄʉɸ) (ʇʦʣʪʘʚʘ, 2021), X ʤʽʞʥʘʨʦʜʥʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ ʈʽʟʜʚʷʥʽ ʯʠʪʘʥʥʷ ʫ ʃʴʚʦʚʽ çCOVID-19, long-

COVID-19, ʧʦʩʪʢʦʚʽʜʥʠʡ ʩʠʥʜʨʦʤ: ʾʭ ʙʘʛʘʪʦʣʠʢʽʩʪʴ ʪʘ ʽʤʫʥʥʽ ʧʦʨʫʰʝʥʥʷè (ʃʴʚʽʚ, 

2021), 4th RECOOP International Student Conference (ʇʨʘʛʘ, ʏʝʩʴʢʘ ʈʝʩʧʫʙʣʽʢʘ, 

2022), 17th RECOOP Bridges in Life Sciences Annual Conference (ʇʨʘʛʘ, ʏʝʩʴʢʘ 

ʈʝʩʧʫʙʣʽʢʘ, 2022), ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾçʉʫʯʘʩʥʠʡ ʩʚʽʪ 

ʪʘ ʽʥʬʝʢʮʽʡʥʽ ʭʚʦʨʦʙʠ. ʄʝʜʠʮʠʥʘ ʧʦʜʦʨʦʞʝʡè (ʂʠʾʚ, 2022), ʍX ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽ ʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ (ʃʴʚʽʚ, 2022), yEFIS 1st 

Symposium: Shaping the future of Immunology in Europe (ɹʝʨʣʽʥ, ʅʽʤʝʯʯʠʥʘ, 2022), 

18th RECOOP Bridges in Life Sciences Conference (ɹʫʜʘʧʝʰʪ, ʋʛʦʨʱʠʥʘ, 2023). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʦʧʫʙʣʽʢʦʚʘʥʦ 29 ʥʘʫʢʦʚʠʭ 

ʧʨʘʮʴ, ʘ ʩʘʤʝ: 1 ʧʨʘʮʷ ʫ ʢʦʣʝʢʪʠʚʥʽʡ ʤʦʥʦʛʨʘʬʽʾ ʫ ʩʧʽʚʘʚʪʦʨʩʪʚʽ; 10 ʩʪʘʪʝʡ, ʟʦʢʨʝʤʘ 

6 ʩʪʘʪʝʡ, ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʨʝʬʝʨʦʚʘʥʠʭ ʞʫʨʥʘʣʘʭ, ʽʥʜʝʢʩʦʚʘʥʠʭ ʫ Scopus ̔  Web of 

Science (ʩʝʨʝʜ ʥʠʭ 5 ʩʪʘʪʝʡ ʟ ʽʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ) ʪʘ 4 ʩʪʘʪʪʽ ʫ ʥʘʫʢʦʚʠʭ ʬʘʭʦʚʠʭ 

ʚʠʜʘʥʥʷʭ, ʟʘʪʚʝʨʜʞʝʥʠʭ ʄʆʅ ʋʢʨʘʾʥʠ; 1 ʧʨʝʧʨʠʥʪ; 17 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʫ ʤʘʪʝʨʽʘʣʘʭ 

ʤʽʞʥʘʨʦʜʥʠʭ ʽ ʚʽʪʯʠʟʥʷʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʡ, ʢʦʥʛʨʝʩʽʚ, ʬʦʨʫʤʫ, ʩʠʤʧʦʟʽʫʤʫ 

ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʟʘʭʦʜʘʭ, ʩʝʨʝʜ ʥʠʭ 14 ï ʤʽʞʥʘʨʦʜʥʠʭ, ʟʦʢʨʝʤʘ 4 ʪʝʟ ʦʧʫʙʣʽʢʦʚʘʥʽ 

ʚ ʤʽʞʥʘʨʦʜʥʠʭ ʨʝʬʝʨʦʚʘʥʠʭ ʞʫʨʥʘʣʘʭ. 

ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ, 

ʚʩʪʫʧʫ, ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ, ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʴ, ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʘʥʘʣʽʟʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ 

ʜʞʝʨʝʣ ʪʘ ʜʦʜʘʪʢʽʚ. ʈʦʙʦʪʘ ʚʠʢʣʘʜʝʥʘ ʥʘ 232 ʩʪʦʨʽʥʢʘʭ ʨʫʢʦʧʠʩʫ, ʦʙʩʷʛ ʦʩʥʦʚʥʦʛʦ 

ʪʝʢʩʪʫ ʩʢʣʘʜʘʻ 165 ʩʪʦʨʽʥʦʢ. ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ 6 ʪʘʙʣʠʮʴ, 84 ʨʠʩʫʥʢʠ, 285 ʜʞʝʨʝʣ 

ʮʠʪʦʚʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ (14 ʢʠʨʠʣʠʮʝʶ ʽ 271 ʣʘʪʠʥʠʮʝʶ) ʪʘ 3 ʜʦʜʘʪʢʠ. 
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ʈʆɿɼɯʃ 1. ʆɻʃʗɼ ʃɯʊɽʈɸʊʋʈʀ 

 

1.1. ʇʦʟʘʢʣʽʪʠʥʥʽ ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʘʩʪʢʠ ʪʘ ʾʭ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ 

 

ɼʝʷʢʠʤ ʢʣʽʪʠʥʘʤ ʧʨʠʪʘʤʘʥʥʽ ʩʧʝʮʠʬʽʯʥʽ ʬʦʨʤʠ ʟʘʛʠʙʝʣʽ, ʧʦʚôʷʟʘʥʽ ʟ ʾʭʥʽʤʠ 

ʬʫʥʢʮʽʷʤʠ ʪʘ ʨʦʟʪʘʰʫʚʘʥʥʷʤ, ʷʢʽ ʚʦʜʥʦʯʘʩ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ 

ʧʦʚʝʨʭʥʽ ʢʣʽʪʠʥʠ. ɼʣʷ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʢʨʦʚʽ (ʥʝʡʪʨʦʬʽʣʽʚ), ʚʽʜʥʦʩʥʦ 

ʥʝʱʦʜʘʚʥʦ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʦʚʠʡ ʩʧʝʮʠʬʽʯʥʠʡ ʰʣʷʭ ʟʘʛʠʙʝʣʽ ï ʫʪʚʦʨʝʥʥʷ ʅʇʇ, 

ʘʥʛʣ. Neutrophil ɽxtracellular ʊraps (NETs) [1]. 

ʋʞʝ ʧʦʥʘʜ ʩʪʦ ʨʦʢʽʚ ʚʽʜʦʤʦ, ʱʦ ʦʩʥʦʚʥʘ ʬʫʥʢʮʽʷ ʥʝʡʪʨʦʬʽʣʽʚ ʧʦʚôʷʟʘʥʘ ʽʟ 

ʬʘʛʦʮʠʪʦʟʦʤ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʫʪʚʦʨʝʥʥʷʤ ɸʌʂ ʜʣʷ ʥʝʡʪʨʘʣʽʟʘʮʽʾ ʧʦʛʣʠʥʫʪʠʭ 

ʧʘʪʦʛʝʥʽʚ ʽʟ ʚʠʚʽʣʴʥʝʥʥʷʤ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʩʧʦʣʫʢ. ʇʨʦʪʝ ʧʨʠ ʛʦʩʪʨʽʡ ʟʘʧʘʣʴʥʽʡ 

ʨʝʘʢʮʽʾ ʮʷ ʩʪʨʘʪʝʛʽʷ ʻ ʥʝʝʬʝʢʪʠʚʥʦʶ. 19 ʨʦʢʽʚ ʪʦʤʫ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʫ ʥʝʡʪʨʦʬʽʣʽʚ 

ʽʩʥʫʻ ʘʣʴʪʝʨʥʘʪʠʚʥʠʡ ʤʝʭʘʥʽʟʤ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʟʤʫ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʣʦʚʣʶʚʘʪʠ ʷʢ 

ʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪʽ ʙʘʢʪʝʨʽʡ, ʪʘʢ ʽ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʽ ʦʙôʻʢʪʠ ï ʚʽʜ ʅʏ ʜʦ ʛʽʬ ʛʨʠʙʽʚ. ʎʝʡ 

ʤʝʭʘʥʽʟʤ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʘʢʪʠʚʥʝ ʨʫʡʥʫʚʘʥʥʷ ʟʚôʷʟʢʽʚ ɼʅʂ ʟ ʛʽʩʪʦʥʘʤʠ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʰʚʠʜʢʦʾ ʜʝʢʦʥʜʝʥʩʘʮʽʾ ɼʅʂ ʪʘ ʟʘʭʦʧʣʝʥʥʷ ʩʪʦʨʦʥʥʽʭ ʯʘʩʪʠʥʦʢ 

ʚʠʚʽʣʴʥʝʥʠʤ ʭʨʦʤʘʪʠʥʦʤ, ʜʝʢʦʨʦʚʘʥʠʤ ʪʦʢʩʠʯʥʠʤʠ ʙʽʣʢʘʤʠ, ʱʦ ʧʦʭʦʜʷʪʴ ʽʟ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣ [16]. ɺʠʚʽʣʴʥʝʥʽ ɼʅʂ ʪʘ ʛʽʩʪʦʥʠ ʩʭʦʞʽ ʥʘ «ʨʠʙʦʣʦʚʝʮʴʢʽ» 

ʩʽʪʢʠ ʪʘ ʦʪʨʠʤʘʣʠ ʥʘʟʚʫ ʅʇʇ [1]. 

ʉʫʯʘʩʥʽ ʫʷʚʣʝʥʥʷ ʧʨʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʝʡʪʨʦʬʽʣʽʚ ʧʽʜʩʫʤʦʚʘʥʽ ʥʘ ʨʠʩ. 1.1 ʟʘ 

ʜʘʥʠʤʠ [17]. ʇʝʨʝʭʦʜʷʯʠ ʽʟ ʮʠʨʢʫʣʷʮʽʾ ʚ ʪʢʘʥʠʥʠ/ʜʽʣʷʥʢʫ ʟʘʧʘʣʝʥʥʷ ʟʘ ʤʝʭʘʥʽʟʤʦʤ 

ʭʝʤʦʪʘʢʩʠʩʫ ʥʝʡʪʨʦʬʽʣʠ ʤʦʞʫʪʴ: 1) ʧʨʦʜʫʢʫʚʘʪʠ ɸʌʂ; 2) ʛʠʥʫʪʠ ʰʣʷʭʦʤ ʘʧʦʧʪʦʟʫ 

(ʦʩʢʽʣʴʢʠ ʮʷ ʟʘʛʠʙʝʣʴ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʤʦʣʝʢʫʣ, ʜʘʥʠʡ ʰʣʷʭ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʪʠʭʘʥʥʷ ʟʘʧʘʣʝʥʥʷ); 

3) ʟʜʽʡʩʥʶʚʘʪʠ ʬʘʛʦʮʠʪʦʟ ʯʘʩʪʦʯʢʦʚʠʭ ʦʙôʻʢʪʽʚ ï ʧʘʪʦʛʝʥʽʚ; 4) ʜʝʛʨʘʥʫʣʶʚʘʪʠʩʴ, 

ʚʠʚʽʣʴʥʷʶʯʠ ʚʤʽʩʪ ʩʚʦʾʭ ʛʨʘʥʫʣ ʫ ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ, ʱʦ ʤʦʞʝ ʯʠʥʠʪʠ ʷʢ 

ʧʨʦʪʠʤʽʢʨʦʙʥʠʡ, ʪʘʢ ʽ ʨʝʛʫʣʷʪʦʨʥʠʡ ʚʧʣʠʚ; 5) ʫʪʚʦʨʶʚʘʪʠ ʅʇʇ [17]. ɿʦʢʨʝʤʘ, 

ʩʫʯʘʩʥʘ ʤʝʪʦʜʦʣʦʛʽʷ ʜʦʩʣʽʜʞʝʥʴ ʜʦʟʚʦʣʠʣʘ ʟʨʦʟʫʤʽʪʠ, ʱʦ: 1) ʯʘʩ ʞʠʪʪʷ ʙʽʣʴʰʦʩʪʽ 
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ʥʝʡʪʨʦʬʽʣʽʚ ʚ ʮʠʨʢʫʣʷʪʦʨʥʦʤʫ ʨʫʩʣʽ ʻ ʥʘʙʘʛʘʪʦ ʢʦʨʦʪʰʠʤ ʥʽʞ ʚʚʘʞʘʣʦʩʴ [18] ʽ 

ʩʢʣʘʜʘʻ ʤʝʥʰʝ 7 ʛʦʜʠʥ [19]; 2) ʚ ʢʨʦʚʽ ʧʝʨʝʙʫʚʘʻ ʣʠʰʝ ʯʘʩʪʠʥʘ ʥʝʡʪʨʦʬʽʣʽʚ 

ʦʨʛʘʥʽʟʤʫ, ʙʣʠʟʴʢʦ ʧʦʣʦʚʠʥʠ, ʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʥʝʡʪʨʦʬʽʣʽʚ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʪʢʘʥʠʥʘʭ 

ʪʘ ʥʘ ʧʦʚʝʨʭʥʽ ʩʣʠʟʦʚʠʭ ʦʙʦʣʦʥʦʢ, ʷʢʽ ʚʦʥʠ ʘʢʪʠʚʥʦ ʧʘʪʨʫʣʶʶʪʴ [20, 21]; 3) ʧʽʩʣʷ 

ʢʦʥʪʘʢʪʫ ʟ ʦʢʨʝʤʠʤʠ ʦʙôʻʢʪʘʤʠ ʥʝʡʪʨʦʬʽʣʠ ʤʦʞʫʪʴ ʜʝʛʨʘʥʫʣʶʚʘʪʠʩʴ ʪʘ/ʘʙʦ 

ʧʦʚʝʨʪʘʪʠʩʴ ʜʦ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ (ʽ, ʤʦʞʣʠʚʦ, ʩʝʣʝʟʽʥʢʠ), ʧʨʠ ʮʴʦʤʫ ʟʥʘʯʥʦ 

ʧʨʦʜʦʚʞʫʻʪʴʩʷ ʞʠʪʪʷ ʥʝʡʪʨʦʬʽʣʽʚ ʽ ʚʦʥʠ ʩʪʘʶʪ ɹ ʨʝʛʫʣʷʪʦʨʥʠʤʠ ʽʤʫʥʥʠʤʠ 

ʢʣʽʪʠʥʘʤʠ (ʥʝʡʪʨʦʬʽʣʠ ʥʠʟʴʢʦʾ ʛʫʩʪʠʥʠ, ʧʫʭʣʠʥʥʦ-ʘʩʦʮʽʡʦʚʘʥʽ ʥʝʡʪʨʦʬʽʣʠ, 

ʩʫʧʨʝʩʦʨʥʽ ʢʣʽʪʠʥʠ ʤʽʻʣʦʜʾʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ ʥʝʡʪʨʦʬʽʣʴʥʦʛʦ ʪʠʧʫ, ʘʥʛʣ. MDSC-N, 

ʘʙʦ MDSC-PMN) [20, 22ï24]. 

 

ʈʠʩ. 1.1. ʆʩʥʦʚʥʽ ʩʧʦʩʦʙʠ ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʾʭ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʥʝʡʪʨʦʬʽʣʴʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʣʶʜʠʥʠ, ʟʘ ʜʘʥʠʤʠ [17]: ʘʧʦʧʪʦʟ, ʬʘʛʦʮʠʪʦʟ, 

ʜʝʛʨʘʥʫʣʷʮʽʷ, ʫʪʚʦʨʝʥʥʷ ɸʌʂ, ʫʪʚʦʨʝʥʥʷ ʅʇʇ 

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʠʡ ʩʫʾʮʠʜʥʠʡ ʪʠʧ ʢʣʽʪʠʥʥʦʾ ʟʘʛʠʙʝʣʽ ʻ ʜʦʮʽʣʴʥʠʤ ʜʣʷ 
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ʥʝʡʪʨʦʬʽʣʽʚ, ʘʜʞʝ ʮʝ ʪʝʨʤʽʥʘʣʴʥʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʽ ʢʣʽʪʠʥʠ, ʷʢʽ ʥʝ ʟʜʘʪʥʽ ʜʦ 

ʧʨʦʣʽʬʝʨʘʮʽʾ, ʟ ʢʦʨʦʪʢʠʤ ʧʝʨʽʦʜʦʤ ʧʽʚʞʠʪʪʷ. ɺʠʩʦʢʦʩʝʛʤʝʥʪʦʚʘʥʝ ʷʜʨʦ ʜʦʟʚʦʣʷʻ 

ʥʝʡʪʨʦʬʽʣʘʤ ʣʝʛʢʦ ʚʠʭʦʜʠʪʠ ʟ ʢʘʧʽʣʷʨʽʚ ʪʘ ʧʨʦʥʠʢʘʪʠ ʚ ʪʢʘʥʠʥʠ ʟ ʚʠʩʦʢʦʶ 

ʰʚʠʜʢʽʩʪʶ. ʅʝʡʪʨʦʬʽʣʠ ʧʘʪʨʫʣʶʶʪʴ ʝʧʽʪʝʣʽʘʣʴʥʽ ʧʦʚʝʨʭʥʽ ʪʽʣʘ ʪʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʧʨʦʪʦʢ. ɺʦʥʠ ʘʣʴʪʨʫʾʩʪʠʯʥʦ ʞʝʨʪʚʫʶʪʴ ʩʦʙʦʶ ʪʘ ʚʠʚʽʣʴʥʷʶʪʴ ʮʠʪʦʪʦʢʩʠʯʥʠʡ 

ʚʤʽʩʪ, ʱʦ ʟʫʧʠʥʷʻ ʽʥʚʘʟʽʶ ʧʘʪʦʛʝʥʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʩʣʫʞʠʪʴ ʜʣʷ 

ʟʘʭʠʩʪʫ ʦʨʛʘʥʽʟʤʫ. ɺʠʚʽʣʴʥʝʥʠʡ ʭʨʦʤʘʪʠʥ ʥʝ ʣʠʰʝ ʜʦʟʚʦʣʷʻ ʙʝʟʧʦʩʝʨʝʜʥʴʦ 

ʽʤʤʦʙʽʣʽʟʫʚʘʪʠ ʥʝʙʝʟʧʝʯʥʽ ʪʘ ʯʠʩʝʣʴʥʦ ʧʝʨʝʚʘʞʘʶʯʽ ʙʘʢʪʝʨʽʾ ʽ ʟʫʧʠʥʠʪʠ ʾʭʥʻ 

ʧʦʰʠʨʝʥʥʷ, ʘʣʝ ʡ ʟʥʝʰʢʦʜʞʫʚʘʪʠ ʦʙôʻʢʪʠ, ʱʦ ʻ ʥʘʜʪʦ ʚʝʣʠʢʠʤʠ ʜʣʷ ʬʘʛʦʮʠʪʦʟʫ 

(ʥʘʧʨʠʢʣʘʜ, ʛʽʬʠ ʛʨʠʙʽʚ) [17]. 

ʅʇʇ ʟʜʘʪʥʽ ʟʘʭʦʧʣʶʚʘʪʠ ʩʪʦʨʦʥʥʽʡ ʽʥʝʨʪʥʠʡ ʤʘʪʝʨʽʘʣ, ʟʦʢʨʝʤʘ, ʢʨʠʩʪʘʣʠ 

ʤʦʥʦʫʨʘʪʽʚ ʥʘʪʨʽʶ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʨʠ ʧʦʜʘʛʨʽ [25], ʘʙʦ ʰʪʫʯʥʽ ʅʏ, ʷʢʽ ʧʨʠ 

ʧʦʧʘʜʘʥʥʽ ʫ ʪʽʣʦ ʣʶʜʠʥʠ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʟʨʫʡʥʦʚʘʥʽ ʯʠ ʚʠʜʘʣʝʥʽ [4]. ʅʘʧʨʠʢʣʘʜ, 

ʥʘʥʦʜʽʘʤʘʥʪʠ ʘʙʦ ʧʦʣʽʩʪʠʨʝʥʦʚʽ ʅʏ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ ʫ ʜʽʣʷʥʮʽ ʦʙʤʝʞʝʥʦʛʦ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ [26]. ʇʽʜ 

ʯʘʩ ʜʝʷʢʠʭ ʛʦʩʪʨʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ, ʟʦʢʨʝʤʘ ʧʨʠ ʛʦʩʪʨʦʤʫ 

ʥʝʢʨʦʪʠʯʥʦʤʫ ʧʘʥʢʨʝʘʪʠʪʽ, ʚʠʥʠʢʘʻ ʤʘʩʠʚʥʠʡ ʥʝʢʨʦʟ ʪʢʘʥʠʥ ï ʫʪʚʦʨʶʶʪʴʩʷ 

ʧʘʥʢʨʝʘʪʠʯʥʽ ʧʩʝʚʜʦʢʽʩʪʠ [27]. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʢʽʩʪ, ʮʽ ʧʩʝʚʜʦʢʽʩʪʠ ʥʝ 

ʦʪʦʯʝʥʽ ʰʘʨʦʤ ʝʧʽʪʝʣʽʶ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʭʚʦʨʠʭ ʽʟ ʛʦʩʪʨʠʤ 

ʟʘʧʘʣʝʥʥʷʤ ʦʨʛʘʥʽʚ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ ʜʦʟʚʦʣʠʣʦ ʚʠʷʚʠʪʠ ʤʝʞʫ ʤʽʞ ʽʥʪʘʢʪʥʠʤʠ 

ʪʘ ʥʝʢʨʦʪʠʟʦʚʘʥʠʤʠ ʪʢʘʥʠʥʘʤʠ ʪʘ ʧʦʢʘʟʘʪʠ, ʱʦ ʥʝʢʨʦʪʠʟʦʚʘʥʽ ʜʽʣʷʥʢʠ ʽʟʦʣʴʦʚʘʥʽ 

ʚʽʜ ʩʫʩʽʜʥʽʭ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ ʘʛʨʝʛʦʚʘʥʠʤʠ ʅʇʇ [5]. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʝʥʟʠʤʠ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣ ʟʜʘʪʥʽ ʨʫʡʥʫʚʘʪʠ ʧʨʦʟʘʧʘʣʴʥʽ ʮʠʪʦʢʽʥʠ ʚ ʜʽʣʷʥʮʽ ʅʇʇ, 

ʦʙʤʝʞʫʶʯʠ ʮʠʤ ʟʘʧʘʣʴʥʠʡ ʧʨʦʮʝʩ [25]. 

ʑʝ ʟʘ ʜʝʩʷʪʢʠ ʨʦʢʽʚ ʜʦ ʦʧʠʩʫ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʙʫʣʦ ʚʽʜʦʤʦ, ʱʦ 

ʥʝʢʨʦʪʠʯʥʽ ʢʣʽʪʠʥʠ ʻ ʜʞʝʨʝʣʦʤ ʧʦʟʘʢʣʽʪʠʥʥʦʾ ɼʅʂ ʪʘ ʧʦʚôʷʟʘʥʠʭ ʟ ʥʝʶ ʛʽʩʪʦʥʽʚ 

[28]. ʅʘ ʩʴʦʛʦʜʥʽ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʧʦʟʘʢʣʽʪʠʥʥʠʡ ʚʠʢʠʜ ʷʜʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʷʢʠʡ 

ʨʘʥʽʰʝ ʩʣʫʛʫʚʘʚ ʦʟʥʘʢʦʶ ʮʠʪʦʣʽʟʫ [29], ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʤʘʨʢʝʨʦʤ ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʧʘʩʪʦʢ. ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʥʠʢʠ ʥʘʤʘʛʘʣʠʩʷ ʚʽʜʦʢʨʝʤʠʪʠ ʫʪʚʦʨʝʥʥʷ ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʧʘʩʪʦʢ ʚʽʜ ʩʧʝʮʠʬʽʯʥʠʭ ʬʦʨʤ ʢʣʽʪʠʥʥʦʾ ʩʤʝʨʪʽ [1, 30]. ʆʜʥʘʢ ʙʨʘʢ ʯʽʪʢʠʭ ʢʨʠʪʝʨʽʾʚ 
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ʜʝʬʽʥʽʮʽʾ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʧʨʠʟʚʽʚ ʜʦ ʪʦʛʦ, ʱʦ ʙʫʜʴ-ʷʢʠʡ ʧʨʦʮʝʩ, ʫ ʷʢʦʤʫ 

ʟʘʜʽʷʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʷʜʝʨʥʦʛʦ ʪʘ ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʚʤʽʩʪʫ ʟ ʥʝʡʪʨʦʬʽʣʽʚ [31ï35] 

ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʤʝʭʘʥʽʟʤʫ ʡʦʛʦ ʟʘʧʫʩʢʫ, ʚʚʘʞʘʻʪʴʩʷ ʦʟʥʘʢʦʶ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ. 

ʎʠʪʦʣʽʟ, ʽʥʜʫʢʦʚʘʥʠʡ ʝʥʜʦʛʝʥʥʠʤʠ (ʧʝʨʬʦʨʠʥʦʤ ʪʘ ʢʦʤʧʣʝʤʝʥʪʦʤ) ʽ 

ʙʘʢʪʝʨʽʡʥʠʤʠ (ʪʦʢʩʠʥʘʤʠ) ʧʦʨʦʫʪʚʦʨʶʚʘʣʴʥʠʤʠ ʧʨʦʪʝʾʥʘʤʠ, ʻ ʤʝʭʘʥʽʟʤʦʤ 

ʩʘʤʦʟʘʭʠʩʪʫ, ʷʢʠʡ, ʟʘʟʚʠʯʘʡ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʤʫʥʦʢʦʤʧʝʪʝʥʪʥʽ ʢʣʽʪʠʥʠ ʪʘ 

ʚʽʨʫʣʝʥʪʥʽ ʙʘʢʪʝʨʽʾ ʜʣʷ ʘʪʘʢʠ ʥʘ ʥʝʙʘʞʘʥʽ ʢʣʽʪʠʥʠ [36]. ʊʘʢʦʞ ʫʪʚʦʨʝʥʥʷ 

ʜʠʩʢʨʝʪʥʠʭ ʧʦʨ ʫ ʧʣʘʟʤʘʪʠʯʥʽʡ ʤʝʤʙʨʘʥʽ ʥʝʡʪʨʦʬʽʣʽʚ (ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʣʝʢʪʨʦʧʝʨʤʝʘʙʽʣʽʟʘʮʽʾ) ʩʧʨʠʷʻ ʧʦʟʘʢʣʽʪʠʥʥʦʤʫ ʚʠʚʽʣʴʥʝʥʥʶ ʷʜʝʨʥʦʾ ɼʅʂ, 

ʟôʻʜʥʘʥʦʶ ʟ ʤʽʻʣʦʧʝʨʦʢʩʠʜʘʟʦʶ (ʄʇʆ), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʝʩʧʝʮʠʬʽʯʥʠʡ 

ʮʠʪʦʣʽʟ ʚʠʢʣʠʢʘʻ ʟʤʽʥʠ ʥʝʡʪʨʦʬʽʣʽʚ, ʷʢʽ ʥʘʨʘʟʽ ʥʝʤʦʞʣʠʚʦ ʚʽʜʨʽʟʥʠʪʠ ʚʽʜ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ [37]. ʆʜʥʘʢ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ, 

ʧʦʨʦʫʪʚʦʨʶʶʯʽ ʧʨʦʪʝʾʥʠ ʚʠʢʣʠʢʘʶʪʴ ʟʥʘʯʥʠʡ ʚʠʢʠʜ ʢʘʣʴʮʽʶ, ʷʢʠʡ ʛʽʧʝʨʘʢʪʠʚʫʻ 

ʧʝʧʪʠʜʠʣʘʨʛʽʥʽʥ ʜʝʽʤʽʥʘʟʠ, ʱʦ ʩʧʨʠʯʠʥʷʻ ʛʽʧʝʨʮʠʪʨʫʣʽʥʫʚʘʥʥʷ ʥʝʡʪʨʦʬʽʣʽʚ 

(ʧʨʦʮʝʩ ʥʦʩʠʪʴ ʥʘʟʚʫ ʣʝʡʢʦʪʦʢʩʠʯʥʦʛʦ ʛʽʧʝʨʮʠʪʨʫʣʽʥʫʚʘʥʥʷ), ʷʢʠʡ, ʽʤʦʚʽʨʥʦ, 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʨʫʣʝʥʪʥʠʤʠ ʙʘʢʪʝʨʽʷʤʠ ʜʣʷ ʽʥʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ [38, 39]. ʋ 

ʪʦʡ ʯʘʩ ʷʢ ʮʠʪʨʫʣʽʥʫʚʘʥʥʷ, ʧʨʘʚʜʦʧʦʜʽʙʥʦ, ʥʝ ʻ ʘʙʩʦʣʶʪʥʦ ʥʝʦʙʭʽʜʥʠʤ ʜʣʷ 

ʫʪʚʦʨʝʥʥʷ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʫ ʣʶʜʠʥʠ [39ï42], ʮʝʡ ʧʨʦʮʝʩ ʟʘʙʝʟʧʝʯʫʻ 

ʜʝʽʤʽʥʫʚʘʥʥʷ ʘʨʛʽʥʽʥʫ ʟ ʫʪʚʦʨʝʥʥʷʤ ʮʠʪʨʫʣʽʥʫ, ʱʦ ʟʤʝʥʰʫʻ ʧʦʟʠʪʠʚʥʠʡ ʟʘʨʷʜ 

ʛʽʩʪʦʥʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ï ʩʧʦʨʽʜʥʝʥʽʩʪʴ ɼʅʂ ʜʦ ʛʽʩʪʦʥʽʚ, ʩʧʨʠʷʶʯʠ ʜʝʢʦʥʜʝʥʩʘʮʽʾ 

ɼʅʂ. ʊʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʦʙʤʝʞʝʥʝ 

ʮʠʪʨʫʣʽʥʫʚʘʥʥʷ ʛʽʩʪʦʥʽʚ, ʧʦʜʽʙʥʝ ʜʦ ʪʦʛʦ, ʷʢʝ ʚʠʢʣʠʢʘʻʪʴʩʷ ʽʥʰʠʤʠ ʜʽʷʤʠ ʪʘ 

ʧʨʠʯʠʥʘʤʠ ʩʤʝʨʪʽ [39, 41, 43]. ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʅʇʇ ʩʣʽʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʘʩʘʤʧʝʨʝʜ ʤʦʨʬʦʣʦʛʽʯʥʽ ʢʨʠʪʝʨʽʾ ï ʩʽʪʢʠ ʽʟ ɼʅʂ, ʧʦʻʜʥʫʶʯʠ ʾʭ ʟ 

ʜʝʪʝʢʮʽʻʶ ʩʧʝʮʠʬʽʯʥʠʭ ʤʘʨʢʝʨʽʚ ʧʨʦʮʝʩʫ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ï ʧʦʟʘʢʣʽʪʠʥʥʦʾ ɼʅʂ, 

ʥʝʡʪʨʦʬʽʣʴʥʦʾ ʝʣʘʩʪʘʟʠ, ʄʇʆ ʪʘ ʮʠʪʨʫʣʽʥʦʚʘʥʠʭ ʛʽʩʪʦʥʽʚ, ʟʦʢʨʝʤʘ ʛʽʩʪʦʥʫ ʅ3 [44]. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʘʞʣʠʚʽʩʪʴ ʜʝʪʝʢʮʽʾ ʅʇʇ, ʚʦʥʠ ʯʘʩʪʦ ʽʛʥʦʨʫʶʪʴʩʷ ʚ 

ʨʫʪʠʥʥʦʤʫ ʘʥʘʣʽʟʽ ʢʨʦʚʽ, ʘ ʘʚʪʦʤʘʪʠʯʥʽ ʛʝʤʦʘʥʘʣʽʟʘʪʦʨʠ ʪʘʢʦʞ ʥʝ ʤʽʩʪʷʪʴ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʤʘʥʜ ʜʣʷ ʾʭʥʴʦʾ ʜʝʪʝʢʮʽʾ. ɼʦ ʧʨʠʢʣʘʜʫ, ʥʘʤʠ ʙʫʣʦ ʩʪʠʤʫʣʴʦʚʘʥʦ 

ʧʨʦʮʝʩ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʫ ʣʝʡʢʦʢʦʥʮʝʥʪʨʘʪʘʭ ʣʶʜʠʥʠ (ʨʠʩ. 1.2) ʽ ʢʣʽʪʠʥʠ, ʱʦ 
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ʧʦʛʣʠʥʫʣʠ ʙʘʢʪʝʨʽʾ, ʟʜʝʙʽʣʴʰʦʛʦ ʙʫʣʠ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʦʚʘʥʽ ʣʽʢʘʨʷʤʠ-

ʜʽʘʛʥʦʩʪʘʤʠ. ɺʦʜʥʦʯʘʩ, ʩʣʽʜ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʫʯʘʩʥʽ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚʢʘʟʫʶʪʴ ʥʘ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʽʛʥʦʨʫʚʘʥʥʷ ʚ ʧʨʦʮʝʩʽ ʧʽʜʨʘʭʫʥʢʫ çʥʝʨʦʟʧʽʟʥʘʥʠʭè ʦʙôʻʢʪʽʚ, ʷʢʠʤʠ 

ʚʠʩʪʫʧʘʶʪʴ ʽ ʥʦʚʦʫʪʚʦʨʝʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ (ʨʠʩ. 1.2), ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ [44]. ʅʘ 

ʨʠʩ. 1.2 ʧʦʢʘʟʘʥʦ ʤʘʟʦʢ ʢʨʦʚʽ ʣʶʜʠʥʠ ʟ ʥʝʡʪʨʦʬʽʣʴʥʠʤʠ ʛʨʘʥʫʣʦʮʠʪʘʤʠ ʚ 

ʣʝʡʢʦʮʠʪʘʨʥʦʤʫ ʢʦʥʮʝʥʪʨʘʪʽ ʧʽʩʣʷ ʜʦʜʘʚʘʥʥʷ ʢʫʣʴʪʫʨʠ ʙʘʢʪʝʨʽʡ. ɼʝʷʢʽ ʟ ʥʠʭ 

(ʧʦʤʘʨʘʥʯʝʚʽ ʩʪʨʽʣʢʠ) ʧʦʛʣʠʥʫʣʠ ʙʘʢʪʝʨʽʾ, ʘ ʽʥʰʽ ʫʪʚʦʨʠʣʠ ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʘʩʪʢʠ 

(ʟʝʣʝʥʽ ʩʪʨʽʣʢʠ). 

 

ʈʠʩ. 1.2. ɼʚʽ ʬʦʨʤʠ ʟʘʭʠʩʥʠʭ ʨʝʘʢʮʽʡ ʥʝʡʪʨʦʬʣ̔ʽʚ: ʫʪʚʦʨʝʥʥʷ ʅʇʇ (ʟʝʣʝʥʽ 

ʩʪʨʽʣʢʠ) ʪʘ ʬʘʛʦʮʠʪʦʟ ʙʘʢʪʝʨʽʡ (ʧʦʤʘʨʘʥʯʝʚʽ ʩʪʨʽʣʢʠ), ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ [44] 

 

ʊʘʢʦʞ ʜʦʚʦʣʽ ʝʬʝʢʪʠʚʥʠʤ ʻ ʚʠʷʚʣʝʥʥʷ ʧʨʦʮʝʩʽʚ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʰʣʷʭʦʤ 

ʮʠʪʦʣʦʛʽʯʥʠʭ ʚʽʜʙʠʪʢʽʚ ʽʟ ʧʦʚʝʨʭʥʽ ʝʧʽʪʝʣʽʶ, ʟʦʢʨʝʤʘ ʚ ʜʽʣʷʥʢʘʭ ʟʘʧʘʣʝʥʥʷ, ʟ 

ʥʘʩʪʫʧʥʠʤ ʟʘʙʘʨʚʣʝʥʥʷʤ ʨʦʟʯʠʥʦʤ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜʫ (1 ʤʢʛ/ʤʣ) ʫʧʨʦʜʦʚʞ 10 ʭʚ ʟ 

ʥʘʩʪʫʧʥʦʶ ʜʝʪʝʢʮʽʻʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. ʎʝʡ ʧʽʜʭʽʜ 

ʜʦʟʚʦʣʷʻ ʧʦʙʘʯʠʪʠ ʷʢ ʦʢʨʝʤʽ ʥʝʡʪʨʦʬʽʣʠ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʅʇʇ, ʪʘʢ ʽ ʘʛʨʝʛʦʚʘʥʽ 
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ʥʝʡʪʨʦʬʽʣʴʥʽ ʧʘʩʪʢʠ (ʨʠʩ. 1.3). ɺʝʣʠʢʽ ʅʇʇ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʧʣʦʱʫ ʚ ʢʽʣʴʢʘ ʩʦʪʝʥʴ 

ʢʚʘʜʨʘʪʥʠʭ ʤʽʣʽʤʝʪʨʽʚ ʽ ʚʢʨʠʚʘʪʠ ʧʦʚʝʨʭʥʶ ʮʽʣʠʭ ʦʨʛʘʥʽʚ, ʟʘʭʠʱʘʶʯʠ ʦʨʛʘʥʽʟʤ 

ʛʦʩʧʦʜʘʨʷ. 

 

ʈʠʩ. 1.3. ʎʠʪʦʣʦʛʽʯʥʠʡ ʚʽʜʙʠʪʦʢ ʟ ʧʦʚʝʨʭʥʽ ʝʧʽʪʝʣʽʶ ʚ ʜʽʣʷʥʮʽ ʟʘʧʘʣʝʥʥʷ, 

ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜʦʤ, ʟʘ ʤʘʪʝʨʽʘʣʘʤʠ [44]. ʅʝʡʪʨʦʬʽʣʠ, ʱʦ ʧʦʯʠʥʘʶʪʴ 

ʚʠʢʠʜʘʪʠ ʥʠʪʢʠ ɼʅʂ, ʧʦʟʥʘʯʝʥʽ ʞʦʚʪʠʤʠ ʩʪʨʽʣʢʘʤʠ, ʪʘʢ ʽ ʘʛʨʝʛʦʚʘʥʽ ʅʇʇ ï ʙʽʣʠʤʠ 

ʩʪʨʽʣʢʘʤʠ 

 

ʇʘʩʠʚʘʮʽʷ ʚʝʣʠʢʠʭ, ʩʪʦʨʦʥʥʽʭ ʯʠ ʪʦʢʩʠʯʥʠʭ ʦʙôʻʢʪʽʚ, ʙʝʟʧʝʨʝʯʥʦ, ʻ ʢʦʨʠʩʥʦʶ 

ʜʣʷ ʦʨʛʘʥʽʟʤʫ, ʪʦʞ ʩʘʤʦʧʦʞʝʨʪʚʘ ʥʝʡʪʨʦʬʽʣʽʚ ʥʝ ʻ ʤʘʨʥʦʶ. ʇʨʦʪʝ ʪʘʢʘ ʤʘʩʦʚʘ 

ʩʤʝʨʪʴ ʥʝʩʝ ʥʦʚʽ ʚʠʢʣʠʢʠ ʜʣʷ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ɿʘʟʚʠʯʘʡ ʅʇʇ ʚʠʚʽʣʴʥʷʶʪʴʩʷ ʥʘ 

ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʜʽʣʷʥʢʘʭ, ʽ ʟʛʦʜʦʤ ʚʦʥʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʟʨʫʡʥʦʚʘʥʽ ɼʅʂʘʟʦʶ-1 

ʪʘ ɼʅʂʘʟʦʶ-1L3 [45, 46] ʪʘ ʚʨʝʰʪʽ ʧʦʛʣʠʥʫʪʽ ʬʘʛʦʮʠʪʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʙʘʣʘʥʩ 

ʤʽʞ ʫʪʚʦʨʝʥʥʷʤ ʅʇʇ ʪʘ ʾʭʥʽʤ çʽʤʫʥʦʣʦʛʽʯʥʦ ʤʦʚʯʘʟʥʠʤè ʫʩʫʥʝʥʥʷʤ. 

ʋʪʚʦʨʝʥʥʷ ʅʇʇ ʪʘ ʧʨʦʜʫʢʮʽʷ ɸʌʂ ʻ ʜʚʦʤʘ ʚʟʘʻʤʦʧʦʚôʷʟʘʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ï 

ʘʜʞʝ ʚʠʩʦʢʘ ʢʽʣʴʢʽʩʪʴ ɸʌʂ ʩʪʠʤʫʣʶʻ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ ʩʧʦʣʫʢ. ʆʢʨʽʤ ʮʴʦʛʦ, ʜʽʷ 
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ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʝʥʟʠʤʽʚ, ʚʠʚʽʣʴʥʝʥʠʭ ʧʨʠ ʬʦʨʤʫʚʘʥʥ ̔ʅʇʇ, ʪʘʢʦʞ ʤʦʞʝ ʚʧʣʠʚʘʪʠ 

ʥʘ ʦʪʦʯʫʶʯʝ ʪʢʘʥʠʥʥʝ ʩʝʨʝʜʦʚʠʱʝ. ʊʦʙʪʦ, ʜʽʣʷʥʢʠ ʫʪʚʦʨʝʥʠʭ ʅʇʇ ʧʦʚʠʥʥʽ ʙʫʪʠ 

ʝʬʝʢʪʠʚʥʦ ʦʯʠʱʝʥʽ ʚʽʜ ʫʪʚʦʨʝʥʠʭ ʥʝʦʘʥʪʠʛʝʥʽʚ ʤʘʢʨʦʬʘʛʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. ʊʦʜʽ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʤʘʪʠʤʝ ʧʨʦʪʠʟʘʧʘʣʴʥʠʡ, ʟʘʭʠʩʥʠʡ ʭʘʨʘʢʪʝʨ. ʅʇʇ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʷʢ 

ʦʜʠʥ ʽʟ ʟʘʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʧʨʠʪʘʤʘʥʥʠʡ ʥʝʡʪʨʦʬʽʣʘʤ (ʧʦʨʷʜ ʟ ʬʘʛʦʮʠʪʦʟʦʤ, 

ʦʢʠʩʥʠʤ ʚʠʙʫʭʦʤ ʪʘ ʜʝʛʨʘʥʫʣʷʮʽʻʶ), ʪʦʞ ʧʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʝʙʽʣʴʰʦʛʦ 

ʩʪʚʝʨʜʞʫʚʘʣʠ ʾʭ ʧʦʟʠʪʠʚʥʫ ʨʦʣʴ ʚ ʦʨʛʘʥʽʟʤʽ. ʆʜʥʠʤ ʟ ʧʝʨʰʠʭ ʧʦʚʽʜʦʤʣʝʥʴ ʧʨʦ 

ʤʦʞʣʠʚʠʡ ʥʝʛʘʪʠʚʥʠʡ ʚʧʣʠʚ ʅʇʇ ʙʫʣʦ ʚʠʷʚʣʝʥʥʷ ʘʥʪʠʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʠʭ ʘʥʪʠʪʽʣ (ANCA) ʚ ʩʠʨʦʚʘʪʮʽ ʭʚʦʨʠʭ ʥʘ ANCA-ʘʩʦʮʽʡʦʚʘʥʠʡ 

ʚʘʩʢʫʣʽʪ, ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʩʧʝʮʠʬʽʯʥʦ ʧʨʦʪʠ ʢʦʤʧʦʥʝʥʪʽʚ ʅʇʇ [47]. ɿʛʦʜʦʤ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʧʦʚʪʦʨʥʝ ʾʭ ʚʠʚʽʣʴʥʝʥʥʷ ʯʠ ʥʝʧʦʚʥʝ ʫʩʫʥʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʮʠʪʦʪʦʢʩʠʯʥʠʭ, ʧʨʦʟʘʧʘʣʴʥʠʭ ʪʘ ʧʨʦʪʨʦʤʙʦʪʠʯʥʠʭ ʧʦʜʽʡ, ʙʫʣʦ ʧʦʚôʷʟʘʥʝ ʟ 

ʯʠʩʣʝʥʥʠʤʠ ʘʫʪʦʽʤʫʥʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ/ʥʝʽʥʬʝʢʮʽʡʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥʥʷʤʠ 

(ʥʘʧʨʠʢʣʘʜ, ʨʝʚʤʘʪʦʾʜʥʠʤ ʘʨʪʨʠʪʦʤ, ʚʦʚʯʘʢʦʤ, ʧʩʦʨʽʘʟʦʤ), ʘ ʪʘʢʦʞ ʽʥʬʝʢʮʽʡʥʠʤʠ 

ʩʪʘʥʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʝʧʩʠʩ [48, 49]. ʆʩʢʽʣʴʢʠ ʅʇʇ ʟʜʘʪʥʽ ʱʽʣʴʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ 

ʪʨʦʤʙʦʮʠʪʘʤʠ, ʧʦʩʪʘʣʦ ʧʠʪʘʥʥʷ ʱʦʜʦ ʾʭ ʫʯʘʩʪʽ ʚ ʪʨʦʤʙʦʪʠʯʥʠʭ ʧʨʦʮʝʩʘʭ [46]. 

ʊʦʤʫ, ʥʠʥʽ ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʅʇʇ ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʾʭ ʟʘʣʫʯʝʥʥʽ ʜʦ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʧʦʜʽʡ. 

ʆʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ ʰʢʽʜʣʠʚʠʡ ʚʧʣʠʚ ʅʇʇ ʥʘ ʜʽʣʷʥʢʠ, 

ʚ̔ ʜʜʘʣʝʥʽ ʚʽʜ ʤʽʩʮʴ ʾʭ ʫʪʚʦʨʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʦʢʣʶʟʽʶ ʧʨʦʪʦʢʠ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ 

[50] ʪʘ ʩʫʜʠʥ [51], ʘʜʞʝ, ʷʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 1.3, ʘʛʨʝʛʦʚʘʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ ʻ 

ʱʽʣʴʥʠʤʠ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ. ɺ ʢʨʦʚʽ ʣʶʜʠʥʠ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʥʠʟʢʫ 

ʝʥʟʠʤʽʚ-ɼʅʂʘʟ, ʷʢʽ ʢʦʤʧʣʝʤʝʥʪʫʶʪʴ ʦʜʥʘ ʦʜʥʫ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ ʝʬʝʢʪʠʚʥʦʛʦ 

ʫʩʫʥʝʥʥʷ ʫʪʚʦʨʝʥʠʭ ʮʠʨʢʫʣʶʶʯʠʭ ʅʇʇ ʚ ʢʨʦʚʦʪʦʮʽ. ɺʦʜʥʦʯʘʩ ʫ ʪʚʘʨʠʥ, ï 

ʧʦʜʚʽʡʥʠʭ ʥʦʢʘʫʪʽʚ, ï ʟʘ ʟʘʟʥʘʯʝʥʠʤʠ ʝʥʟʠʤʘʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʫʪʚʦʨʝʥʥʷ 

ʅʇʇ- ʽʥʜʫʢʦʚʘʥʠʭ ʪʨʦʤʙʽʚ, ʱʦ ʚʠʨʘʞʘʣʦʩʴ ʫ ʧʦʣʽʦʨʛʘʥʥʽʡ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʪʘ ʩʤʝʨʪʽ 

[46]. ʇʦʜʽʙʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽ ʧʨʠ ʛʦʩʪʨʦʤʫ ʟʘʧʘʣʝʥʥʽ, ʩʧʨʠʯʠʥʝʥʦʤʫ 

ʩʝʧʩʠʩʦʤ [46], ʪʘ, ʷʢ ʧʦʢʘʟʘʣʠ ʦʩʪʘʥʥʽ ʜʘʥʽ, ï COVID [52, 53]. 

ɿʘ ʫʤʦʚ ʭʨʦʥʽʯʥʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʭʨʦʥʽʯʥʦʤʫ ʧʝʨʝʚʘʥʪʘʞʝʥʥʽ 

ʤʘʢʨʦʬʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʯʠ ʾʾ ʥʝʜʽʻʟʜʘʪʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʫʰʝʥʥʷ ʚʠʜʘʣʝʥʥʷ 



45 

 

ʫʪʚʦʨʝʥʠʭ ʅʇʇ. ʗʢ ʥʘʩʣʽʜʦʢ, ʦʨʛʘʥʽʟʤ ʟʽʰʪʦʚʭʥʝʪʴʩʷ ʽʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʦʢʠʩʥʝʥʠʭ, ʘ ʦʪʞʝ ʽʤʫʥʦʣʦʛʽʯʥʦ çʥʦʚʠʭè ʝʧʽʪʦʧʽʚ. ʎʝ ʽ ʻ ʧʝʨʰʦʧʨʠʯʠʥʦʶ 

ʫʪʚʦʨʝʥʥʷ ʘʚʪʦʘʥʪʠʪʽʣ ʜʦ ʛʽʩʪʦʥʽʚ, ɼʅʂ, ʮʠʪʦʧʣʘʟʤʘʪʠʯʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʥʝʡʪʨʦʬʽʣʽʚ (ANCA) [54], ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʦʟʥʘʢʘʤʠ ʪʘʢʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʷʢ 

ʩʠʩʪʝʤʥʠʡ ʯʝʨʚʦʥʠʡ ʚʦʚʯʘʢ, ʨʝʚʤʘʪʦʾʜʥʠʡ ʘʨʪʨʠʪ, ʪʘ ʽʥʰʽ. 

ɹʽʣʴʰ ʪʦʛʦ, ʟʚʘʞʘʶʯʠ ʥʘ ʚʠʷʚʣʝʥʠʡ ʬʘʢʪ ʽʥʜʫʢʮʽʾ ʅʇʇ ʛʽʜʨʦʬʦʙʥʠʤʠ ʅʏ [4] 

ʪʘ, ʟʦʢʨʝʤʘ, ʥʘʥʦʢʨʠʩʪʘʣʘʤʠ ʭʦʣʝʩʪʝʨʠʥʫ [13], ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʟʚʝʨʥʫʣʠ ʪʘʢʦʞ 

ʫʚʘʛʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʫʯʘʩʪʽ ʅʇʇ ʚ ʧʘʪʦʣʦʛʽʾ ʧʝʯʽʥʢʠ, ʧʨʠ ʷʢʽʡ ʝʥʜʦʛʝʥʥʽ ʪʨʠʛʝʨʠ 

ʩʧʨʠʯʠʥʷʶʪʴ ʭʨʦʥʽʯʥʠʡ ʟʘʧʘʣʴʥʠʡ ʧʨʦʮʝʩ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʠʣʠ ʟʜʘʪʥʽʩʪʴ ʫʪʚʦʨʝʥʠʭ 

ʅʇʇ ʚʧʣʠʚʘʪʠ ʥʘ ʮʠʨʢʫʣʶʶʯʽ ʤʦʣʝʢʫʣʠ ʧʨʠ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʥʷʭ ʟ ʪʨʠʚʘʣʠʤ 

ʧʝʨʝʙʽʛʦʤ. 

 

1.2. ʋʯʘʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʧʘʩʪʦʢ ʚ ʽʤʤʦʙʽʣʽʟʘʮʽʾ 

ʤʽʢʨʦʦʙô̒ ʢʪʽʚ 

 

ɿʘʙʨʫʜʥʶʚʘʯʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʫ ʚʠʛʣʷʜʽ ʥʘʥʦ- ʪʘ ʤʽʢʨʦʯʘʩʪʠʥʦʢ 

(ʅʏ/ʄʏ), ʷʢ ʩʘʞʘ, ʘʟʙʝʩʪ, ʮʝʤʝʥʪ, ʩʤʦʛ, ʥʦʚʽ ʰʪʫʯʥʽ ʤʘʪʝʨʽʘʣʠ (ʤʽʢʨʦʧʣʘʩʪʠʢʠ, 

ʧʦʣʽʤʝʨʠ), ʧʨʠʨʦʜʥʽ ʢʨʠʩʪʘʣʠ (ʦʢʩʘʣʘʪʠ, ʭʦʣʝʩʪʝʨʠʥ) ʘʙʦ ʪʽ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʧʽʜ 

ʯʘʩ ʤʝʪʘʙʦʣʽʟʤʫ ʯʠ ʟʘʭʠʩʪʫ (ʫʨʘʪ ʥʘʪʨʽʶ ʧʨʠ ʧʦʜʘʛʨʽ, ʛʝʤʦʟʦʾʥ ʧʨʠ ʤʘʣʷʨʽʾ, 

ʮʠʨʢʫʣʶʶʯʽ ʽʤʫʥʥʽ ʢʦʤʧʣʝʢʩʠ ʧʨʠ ʟʘʧʘʣʝʥʥʽ) ʧʦʩʪʽʡʥʦ ʧʝʨʝʧʦʚʥʶʶʪʴ ʣʶʜʩʴʢʠʡ 

ʦʨʛʘʥʽʟʤ. ʂʦʥʪʘʢʪ ʟ ʅʏ/ʄʏ ʚʧʣʠʚʘʻ ʥʘ ʥʘʰʫ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ. ɸʜʞʝ, ʬʘʛʦʮʠʪʦʟ, 

ʝʢʩʢʨʝʮʽʷ, ʢʘʪʘʙʦʣʽʟʤ, ʽʟʦʣʷʮʽʷ ʪʘ ʽʤʤʦʙʽʣʽʟʘʮʽʷ ï ʮʝ ʩʪʨʘʪʝʛʽʾ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ 

ʦʨʛʘʥʽʟʤ ʤʦʞʝ ʟʘʭʠʩʪʠʪʠʩʷ ʘʙʦ ʚ ʽʜʝʘʣʽ ʟʥʠʱʠʪʠ ʛʝʪʝʨʦʛʝʥʥʽ ʅʏ/ʄʏ. ɺ ʫʤʦʚʘʭ, 

ʢʦʣʠ ʯʝʨʝʟ ʭʽʤʽʯʥʫ ʽʥʝʨʪʥʽʩʪʴ ʧʦʛʣʠʥʝʥʽ ʅʏ/ʄʏ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʝʪʨʘʚʣʝʥʽ, 

ʦʢʠʩʣʝʥʽ, ʨʦʟʯʠʥʝʥʽ ʘʙʦ ʚʠʚʝʜʝʥʽ, ʘ ʪʘʢʦʞ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʨʝʮʝʧʪʦʨʽʚ 

ʯʠ ʽʥʰʠʭ ʧʨʠʯʠʥ, ʥʘʰ ʦʨʛʘʥʽʟʤ ʚʠʙʝʨʝ ʩʪʨʘʪʝʛʽʶ ʩʝʢʚʝʩʪʨʘʮʽʾ ï ̔ ʟʦʣʷʮʽʾ ʧʦʪʝʥʮʽʡʥʦ 

ʰʢʽʜʣʠʚʠʭ ʯʘʩʪʠʥʦʢ ʚ ʦʜʥʦʤʫ ʤʽʩʮʽ ʪʘ ʦʙʤʝʞʝʥʥʷ ʾʭ ʧʦʜʘʣʴʰʦʛʦ ʢʦʥʪʘʢʪʫ ʟ 

ʪʢʘʥʠʥʘʤʠ [4]. ʅʇʇ ʙʫʜʫʪʴ ʟʘʜʽʷʥʽ ʚ ʩʝʢʚʝʩʪʨʘʮʽʾ ʽ ʩʧʨʠʯʠʥʷʪʠʤʫʪʴ ʫʪʚʦʨʝʥʥʷ 

ʚô̫ ʟʢʠʭ, ʣʠʧʢʠʭ ʟʘʨʷʜʞʝʥʠʭ ʤʘʢʨʦʦʙô̒ ʢʪʽʚ, ʟʜʘʪʥʠʭ ʟʘʢʫʧʦʨʠʪʠ ʧʨʦʪʦʢʠ, ʩʫʜʠʥʠ ʪʘ 

ʫʪʚʦʨʶʚʘʪʠ ʛʨʘʥʫʣʴʦʤʠ ʚ ʤô̫ ʢʠʭ ʪʢʘʥʠʥʘʭ. 
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ʆʧʫʙʣʽʢʦʚʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʚʝʨʭʥʽ ʪʘ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ 

ʯʘʩʪʠʥʦʢ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʾʭ ʚʟʘʻʤʦʜʽʶ ʟ ʪʢʘʥʠʥʘʤʠ. ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ 

[55] ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʟ ʥʘʥʦʘʣʤʘʟʘʤʠ ʨʽʟʥʦʾ ʚʝʣʠʯʠʥʠ [4, 56] ʙʫʣʦ 

ʧʦʢʘʟʘʥʦ, ʱʦ ʣʽʧʦʬʽʣʴʥʽ ʯʘʩʪʠʥʢʠ ʨʦʟʤʽʨʦʤ ʚʽʜ 7 ʜʦ 40 ʥʤ ʩʧʨʠʯʠʥʷʶʪʴ 

çʧʨʦʪʽʢʘʥʥʷè ʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ. ʋ ʥʝʡʪʨʦʬʽʣʘʭ, ʱʦ ʩʧʝʮʽʘʣʽʟʫʶʪʴʩʷ ʥʘ 

ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʪʘ ʜʝʛʨʘʜʘʮʽʾ ʪʚʝʨʜʠʭ ʯʘʩʪʦʢ, ʧʦʛʣʠʥʘʥʥʷ ʛʽʜʨʦʬʦʙʥʠʭ ʅʏ/ʄʏ ʪʘ 

ʧʦʚôʷʟʘʥʠʡ ʽʟ ʮʠʤ ʣʽʟʦʩʦʤʘʣʴʥʠʡ ʚʠʪʽʢ, ʘʢʪʠʚʫʶʪʴ ʧʦʜʘʣʴʰʽ ʤʦʣʝʢʫʣʷʨʥʽ ʢʘʩʢʘʜʠ, 

ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ɸʌʂ ʪʘ ʽʥʽʮʽʘʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ. ʄʠ 

ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʧʨʠ ʛʦʩʪʨʦʤʫ ʟʘʧʘʣʝʥʥʽ ʥʠʨʦʢ ʟʘ ʜʽʾ ʢʨʠʩʪʘʣʽʚ ʦʢʩʘʣʘʪʫ 

ʚʠʥʠʢʘʻ ʢʨʠʩʪʘʣʽʟʦʚʘʥʠʡ ʥʝʢʨʦʧʪʦʟ, ʧʦʚô̫ ʟʘʥʠʡ ʟ ʧʝʨʝʭʦʜʦʤ ʧʨʦʥʠʢʥʦʩʪʽ 

ʤʽʪʦʭʦʥʜʨʽʡ, ʾʭ ʥʘʙʨʷʢʦʤ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʱʝ ʙʽʣʴʰʠʭ ʢʽʣʴʢʦʩʪʝʡ ɸʌʂ ʚʥʘʩʣʽʜʦʢ 

ʘʫʪʦʢʘʪʘʣʽʪʠʯʥʦʛʦ ʧʨʦʮʝʩʫ [57]. 

ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʅʇʇ ʬʦʨʤʫʶʪʴʩʷ ʚ ʤʽʩʮʽ ʚʚʝʜʝʥʥʷ ʚʘʢʮʠʥʠ ʟ 

ʘʜôʶʚʘʥʪʦʤ ʥʘ ʦʩʥʦʚʽ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ ʽ ʻ ʥʝʦʙʭʽʜʥʠʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ [58]. ɿʥʘʶʯʠ, ʱʦ ʅʇʇ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʤʽʩʮʷʭ ʚʘʢʮʠʥʘʮʽʾ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ 

ʤʦʜʠʬʽʢʘʮʽʾ ʩʧʦʣʫʢ ʘʣʶʤʽʥʽʶ, ʟʦʢʨʝʤʘ, ʥʘʥʦʚʦʣʦʢʥʘ ʦʢʩʠʜʫ ʘʣʶʤʽʥʽʶ (ʷʢʠʡ ʻ 

ʽʤʫʥʦʣʦʛʽʯʥʦ ʽʥʝʨʪʥʠʤ ʫ ʬʦʨʤʽ ʧʦʨʦʰʢʫ), ʟ ʤʝʪʦʶ ʧʦʩʠʣʝʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ 

ʰʣʷʭʦʤ ʩʝʣʝʢʪʠʚʥʦʾ ʽʥʜʫʢʮʽʾ ʅʇʇ [59]. 

ɸ ʧʘʥʜʝʤʽʷ ʢʦʨʦʥʘʚʽʨʫʩʫ, ʜʝ ʅʇʇ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʦʩʥʦʚʥʦʛʦ 

ʧʘʪʦʛʝʥʝʪʠʯʥʦʛʦ ʯʠʥʥʠʢʘ ʟʘʛʠʙʝʣʽ ʣʶʜʝʡ ʚʽʜ ʫʩʢʣʘʜʥʝʥʥʷ ʢʦʨʦʥʘʚʽʨʫʩʥʦʾ ʭʚʦʨʦʙʠ, 

ʩʪʚʦʨʶʻ ʥʘʛʘʣʴʥʫ ʧʦʪʨʝʙʫ ʛʣʠʙʦʢʦʛʦ ʚʠʚʯʝʥʥʷ ʜʘʥʦʛʦ ʧʨʦʮʝʩʫ, ʥʘʧʨʠʢʣʘʜ 

ʨʦʟʧʦʯʘʪʽ ʥʝʱʦʜʘʚʥʦ ʢʣʽʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʪʠ-ʅʇʇ ʧʨʝʧʘʨʘʪʽʚ ʧʨʠ COVID-19 

(https://clinicaltrials.gov/ct2/show/NCT04541979). 

 

1.3. ʇʘʪʦʣʦʛʽʾ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, ʚ ʷʢʠʭ ʟʘʜʽʷʥʽ ʅʇʇ 

 

1.3.1. ʅʝʘʣʢʦʛʦʣʴʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠ (ʅɸɾʍʇ). ʅʝʘʣʢʦʛʦʣʴʥʠʡ 

ʞʠʨʦʚʠʡ ʛʝʧʘʪʦʟ ʘʙʦ ʅɸɾʍʇ, ʘʥʛʣ. non-alcoholic fatty liver disease (NAFLD), ʻ 

ʥʘʡʯʘʩʪʽʰʠʤ ʚʘʨʽʘʥʪʦʤ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʝʯʽʥʢʠ, ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ 25 % 

ʣʶʜʝʡ ʟ ʪʝʥʜʝʥʮʽʻʶ ʜʦ ʟʨʦʩʪʘʥʥʷ, ʦʩʦʙʣʠʚʦ ʚ ʨʦʟʚʠʥʫʪʠʭ ʢʨʘʾʥʘʭ, ʘ ʩʘʤʝ ʉʐɸ ʽ 
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ʢʨʘʾʥʘʭ ɭʚʨʦʧʠ [60]. ʗʢ ʩʘʤʦʩʪʽʡʥʘ ʥʦʟʦʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ ʅɸɾʍʇ ʙʫʣʦ ʚʽʜʢʨʠʪʦ 

ʣʠʰʝ ʚ 1980 ʨ., ʧʽʩʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʦʛʦ, ʱʦ ʟʘʭʚʦʨʶʚʘʥʥʷ ʧʝʯʽʥʢʠ ʤʦʞʝ 

ʨʦʟʚʠʚʘʪʠʩʴ ʽ ʚ ʣʶʜʝʡ, ʷʢʽ ʥʝ ʩʧʦʞʠʚʘʶʪʴ ʘʣʢʦʛʦʣʴ [61]. ʇʨʦʪʝ ʽ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ 

ʥʝʜʦʩʣʽʜʞʝʥʠʤ, ʱʦ ʅɸɾʍʇ ʤʦʞʝ ʧʨʦʭʦʜʠʪʠ ʙʝʟʩʠʤʧʪʦʤʥʦ ʽ ʚ ʪʨʝʪʠʥʽ ʚʠʧʘʜʢʽʚ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʘʣʢʦʛʦʣʴʥʦʛʦ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ (ʅɸʉɻ), ʷʢʠʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʫ 20 % 

ʚʠʧʘʜʢʽʚ ʤʦʞʝ ʟʘʛʦʩʪʨʶʚʘʪʠʩʴ ʜʦ ʮʠʨʦʟʫ ʧʝʯʽʥʢʠ. ʅɸɾʍʇ ʤʦʞʝ ʧʦʩʠʣʶʚʘʪʠ 

ʨʦʟʚʠʪʦʢ ʜʽʘʙʝʪʫ 2 ʪʠʧʫ, ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʪʘ ʭʨʦʥʽʯʥʦʾ ʥʠʨʢʦʚʦʾ 

ʥʝʜʦʩʪʘʪʥʦʩʪʽ [62]. 

ʇʨʠ ʅɸɾʍʇ ʛʝʧʘʪʦʮʠʪʠ ʘʢʫʤʫʣʶʶʪʴ ʥʘʜʣʠʰʦʢ ʞʠʨʫ, ʧʨʦʮʝʩ ʚʽʜʦʤʠʡ ʷʢ 

ʩʪʝʘʪʦʟ. ʎʝʡ ʞʠʨ ʤʦʞʝ ʥʘʜʭʦʜʠʪʠ ʽʟ ʾʞʝʶ, ʫʪʚʦʨʶʚʘʪʠʩʴ ʧʝʯʽʥʢʦʶ ʯʠ ʚʠʚʽʣʴʥʷʪʠʩʴ 

ʽʥʩʫʣʽʥ-ʨʝʟʠʩʪʝʥʪʥʦʶ ʙʽʣʦʶ ʞʠʨʦʚʦʶ ʪʢʘʥʠʥʦʶ (ʘʜʠʧʦʮʠʪʘʤʠ). ɼʘʥʘ ʩʪʘʜʽʷ ʻ 

ʟʚʦʨʦʪʥʦʶ (ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʘʥʫ), ʽ ʟʘ ʦʩʪʘʥʥʽʤʠ ʦʮʽʥʢʘʤʠ ʚʨʘʞʘʻ ʜʦ 25 % 

ʧʦʧʫʣʷʮʽʾ ʉʐɸ ʘʙʦ 75 ʤʽʣʴʡʦʥʽʚ ʣʶʜʝʡ [63]. ʆʩʥʦʚʥʠʤ ʢʨʠʪʝʨʽʻʤ ʦʮʽʥʢʠ ʅɸɾʍʇ 

ʻ ʧʝʯʽʥʢʦʚʘ ʙʽʦʧʩʽʷ, ʘ ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʽʡʥʠʭ ʤʘʨʢʝʨʽʚ ʚ ʢʨʦʚʽ ʨʦʙʠʪʴ ʜʘʥʠʡ ʩʪʘʥ 

ʚʘʞʢʦ ʜʽʘʛʥʦʩʪʦʚʘʥʠʤ [60]. 

ʗʢʱʦ ʥʘʢʦʧʠʯʝʥʠʡ ʞʠʨ ʩʧʨʠʯʠʥʷʻ ʩʪʨʝʩ ʪʘ ʫʰʢʦʜʞʝʥʥʷ ʛʝʧʘʪʦʮʠʪʽʚ, ʪʦ 

ʨʦʟʚʠʚʘʻʪʴʩʷ ʅɸʉɻ, ʘʥʛʣ. non-alcoholic steatohepatitis (NASH). ʇʝʨʝʧʦʚʥʝʥʽ ʞʠʨʦʤ 

ʛʝʧʘʪʦʮʠʪʠ ʽ ʜʘʣʽ ʥʘʙʫʭʘʶʪʴ ʪʘ ʧʦʯʠʥʘʶʪʴ ʚʽʜʤʠʨʘʪʠ (ʟʜʝʙʽʣʴʰʦʛʦ ʰʣʷʭʦʤ 

ʥʝʢʨʦʟʫ), ʩʧʨʠʯʠʥʷʶʯʠ ʟʘʧʘʣʝʥʥʷ. ʋʪʚʦʨʶʻʪʴʩʷ ʱʽʣʴʥʘ ʩʧʦʣʫʯʥʘ ʪʢʘʥʠʥʘ 

(ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʫʙʮʶʚʘʥʥʷ) ʽ ʢʦʣʘʛʝʥʦʚʽ ʚʦʣʦʢʥʘ ʧʦʩʪʫʧʦʚʦ ʟʘʤʽʥʶʶʪʴʩʷ ʤʝʨʪʚʠʤʠ 

ʢʣʽʪʠʥʘʤʠ. ʉʪʘʥ ʻ ʟʚʦʨʦʪʥʽʤ ʽ ʤʦʞʝ ʧʝʨʝʪʚʦʨʶʚʘʪʠʩʴ ʥʘʟʘʜ ʜʦ ʅɸɾʍʇ. ʋ ʙʣʠʟʴʢʦ 

30 % ʣʶʜʝʡ ʟ ʅɸɾʍʇ ʨʦʟʚʠʚʘʻʪʴʩʷ ʅɸʉɻ [63]. 

ʏʝʨʝʟ ʨʦʢʠ ʯʠ ʜʝʩʷʪʠʣʽʪʪʷ, ʚʽʜʤʠʨʘʥʥʷ ʛʝʧʘʪʦʮʠʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʨʦʛʨʝʩʠʚʥʦʛʦ ʥʘʢʦʧʠʯʝʥʥʷ ʨʫʙʮʝʚʦʾ ʪʢʘʥʠʥʠ, ʷʢʘ ʨʦʙʠʪʴ ʧʝʯʽʥʢʫ ʙʽʣʴʰ ʞʦʨʩʪʢʦʶ 

ʪʘ ʧʦʨʫʰʫʻ ʾʾ ʬʫʥʢʮʽʶ. ʎʝʡ ʩʪʘʥ ʚʽʜʦʤʠʡ ʷʢ ʮʠʨʦʟ, ʚʽʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʜʤʦʚʠ 

ʧʝʯʽʥʢʠ, ʨʘʢʫ ʧʝʯʽʥʢʠ; ʜʦʙʨʝ ʜʽʘʛʥʦʩʪʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʫ. ʋ ʙʣʠʟʴʢʦ 

20 % ʟ ʅɸʉɻ ʨʦʟʚʠʚʘʻʪʴʩʷ ʮʠʨʦʟ ʧʝʯʽʥʢʠ [64]; ʮʠʨʦʟ ʻ ʥʝʟʚʦʨʦʪʥʽʤ ʧʨʦʮʝʩʦʤ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʦʧʠʩʘʥʠʤʠ ʧʘʪʦʣʦʛʽʯʥʠʤʠ ʩʪʘʥʘʤʠ ʧʽʜʩʫʤʦʚʘʥʦ ʥʘ ʨʠʩ. 1.4. 
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ʈʠʩ. 1.4. ɿʚôʷʟʦʢ ʨʽʟʥʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʧʝʯʽʥʢʠ ʤʽʞ ʩʦʙʦʶ 

 

ʊʘʢʽ ʯʠʥʥʠʢʠ ʷʢ: ʧʦʨʫʰʝʥʥʷ ʞʠʨʦʚʦʛʦ ʦʙʤʽʥʫ, ʦʢʩʠʜʘʪʠʚʥʠʡ ʩʪʨʝʩ ʪʘ 

ʧʦʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ, ʟʘʧʘʣʝʥʥʷ ʛʝʧʘʪʦʮʠʪʽʚ, ʽʥʜʫʢʦʚʘʥʠʡ ʘʧʦʧʪʦʟ ʪʘ ʥʝʢʨʦʟ 

ʛʝʧʘʪʦʮʠʪʽʚ ʤʦʞʫʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʢʦʞʥʫ ʩʪʘʜʽʶ ʽ ʧʦʩʠʣʶʚʘʪʠ ʧʘʪʦʣʦʛʽʯʥʽ ʧʨʦʷʚʠ ʪʘ 

ʧʨʠʩʢʦʨʶʚʘʪʠ ʧʝʨʝʭʽʜ ʜʦ ʥʘʩʪʫʧʥʦʾ ʩʪʘʜʽʾ. ʏʝʨʚʦʥʠʤ ʢʦʣʴʦʨʦʤ ʧʦʢʘʟʘʥʦ ʚʽʜʩʦʪʦʢ 

ʣʁ ʜʝʡ, ʷʢʽ ʟʘʟʥʘʶʪʴ ʧʝʨʝʭʦʜʫ ʥʘ ʚʘʞʯʫ ʧʘʪʦʣʦʛʽʯʥʫ ʩʪʘʜʽʶ. 

ʆʞʠʨʽʥʥʷ ʻ ʩʝʨʡʦʟʥʠʤ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ ʧʨʠ ʨʦʟʚʠʪʢʫ ʅɸɾʍʇ, ʘʣʝ 

ʩʧʨʠʡʥʷʪʥʽʩʪʴ ʜʦ ʅɸɾʍʇ ʟʥʘʯʥʦ ʟʤʽʥʶʻʪʴʩʷ ʤʽʞ ʦʢʨʝʤʠʤʠ ʣʶʜʴʤʠ, ʯʘʩʪʢʦʚʦ 

ʚʥʘʩʣʽʜʦʢ ʛʝʥʝʪʠʯʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ [65]. 

ʋ 2017 ʨʦʮʽ Stender ʪʘ ʢʦʣʝʛʠ [66] ʚʠʢʦʨʠʩʪʘʣʠ ʜʘʥʽ 2 675 ʧʘʮʽʻʥʪʽʚ, ʷʢʠʤ 

ʟʜʽʡʩʥʠʣʠ ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʧʝʯʽʥʢʦʚʠʭ 

ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʪʘ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʥʘ ʚʠʷʚʣʝʥʥʷ ʦʜʥʦ-ʥʫʢʣʝʦʪʠʜʥʠʭ ʧʦʣʽʤʦʨʬʽʟʤʽʚ 

(SNP) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʛʝʥʝʪʠʯʥʠʭ ʬʘʢʪʦʨʽʚ ʅɸɾʍʇ. ɺʦʥʠ ʚʠʷʚʠʣʠ ʘʩʦʮʽʘʮʽʶ 

ʧʦʣʽʤʦʨʬʽʟʤʫ ʚ ʛʝʥʽ çpatatin-like phospholipase domain-containing 3 (PNPLA3) 

rs738409 óM variantô (43928847C>G)è ʪʘ ʅɸɾʍʇ. ʊʘʢʠʤ ʯʠʥʦʤ PNPLA3 ʤʦʞʝ 

ʚʚʘʞʘʪʠʩʴ ʧʝʨʰʠʤ ʚʽʜʦʤʠʤ ʛʝʥʝʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʠʟʥʘʯʘʻ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʅɸɾʍʇ. ʈʦʟʧʦʜʽʣ ʜʘʥʦʾ ʘʣʝʣʽ, ʘ ʪʘʢʦʞ ʧʦʰʠʨʝʥʽʩʪʴ ʅɸɾʍʇ ʚ ʩʚʽʪʽ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʥʘ ʨʠʩ. 1.5 (ʟʘ ʜʘʥʠʤʠ [67]). ʇʨʝʜʩʪʘʚʣʝʥʽ ʜʘʥʽ ʟʥʘʡʰʣʠ ʩʚʦʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ 

ʨʦʙʦʪʘʭ, ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʫ 2018 ʨʦʮʽ [68]. 
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ʈʠʩ. 1.5. ʇʦʰʠʨʝʥʥʷ ʛʝʥʝʪʠʯʥʦʛʦ ʚʘʨʽʘʥʪʫ ʛʝʥʫ PNPLA3 ʪʘ ʯʘʩʪʦʪʘ ʅɸɾʍʇ 

ʫ ʨʽʟʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ 

 

ʇʨʦʙʣʝʤʦʶ ʚʠʚʯʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʅɸɾʍʇ ʻ ʪʝ, ʱʦ ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝʤʘʻ 

ʽʜʝʘʣʴʥʦʾ ʪʚʘʨʠʥʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʙʫʣʘ ʙ ʩʭʦʞʦʶ ʜʦ ʢʣʶʯʦʚʠʭ ʢʨʠʪʝʨʽʾʚ ʦʨʛʘʥʽʟʤʫ 

ʣʶʜʠʥʠ. ʉʘʤʝ ʪʦʤʫ ʩʴʦʛʦʜʥʽ ʷʢ ʥʽʢʦʣʠ ʻ ʘʢʪʫʘʣʴʥʠʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʰʫʢʫ 

ʜʦʩʪʦʚʽʨʥʦʛʦ ʘʥʘʣʦʛʫ ʮʴʦʛʦ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ. ɿʛʽʜʥʦ ʟ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ 

(ʧʫʙʣʽʢʘʮʽʻʶ ʞʫʨʥʘʣʫ Nature Medicine, 2017 [69]), ʥʘ ʜʘʥʠʡ ʯʘʩ ʥʝʤʘʻ ʻʜʠʥʦʾ 

ʽʜʝʘʣʴʥʦʾ ʪʚʘʨʠʥʥʦʾ ʤʦʜʝʣʽ ʥʝʘʣʢʦʛʦʣʴʥʦʛʦ ʞʠʨʦʚʦʛʦ ʛʝʧʘʪʦʟʫ, ʷʢʫ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʙʽʛʫ ʪʘ ʧʦʰʫʢʫ ʣʽʢʫʚʘʥʥʷ. ʊʦʤʫ ʧʦʪʨʽʙʥʦ 

ʟʤʽʥʶʚʘʪʠ ʽ ʚʜʦʩʢʦʥʘʣʶʚʘʪʠ ʚʞʝ ʽʩʥʫʶʯʽ ʤʦʜʝʣʽ. 

 

1.3.2. ʇʨʠʨʦʜʥʽ ʤʽʢʨʦʯʘʩʪʠʥʢʠ ʫ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ. ɾʦʚʯʥʽ 

ʢʘʤʝʥʽ ʻ ʦʩʥʦʚʥʠʤ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ, ʙʣʠʟʴʢʦ 100 ʤʽʣʴʡʦʥʽʚ 

ʫʨʘʞʝʥʠʭ ʣʶʜʝʡ (1,6 % ʥʘʩʝʣʝʥʥʷ ʧʣʘʥʝʪʠ) ʫ 2013 ʨʦʮʽ ʪʘ ʧʦʥʘʜ 100 000 ʩʤʝʨʪʝʡ ʫ 

2015 ʨʦʮʽ [70]. ɾʦʚʯʥʽ ʢʘʤʝʥʽ ʽʥʜʫʢʫʶʪʴ ʭʦʣʝʮʠʩʪʠʪ, ʣʦʢʘʣʴʥʫ ʧʝʨʬʦʨʘʮʽʶ ʽ 

ʣʝʪʘʣʴʥʠʡ ʧʝʨʠʪʦʥʽʪ ʯʠ ʞʦʚʯʥʠʡ ʧʘʥʢʨʝʘʪʠʪ. ʌʽʟʽʦʣʦʛʽʯʥʦ ʞʦʚʯ ʢʦʥʮʝʥʪʨʫʻʪʴʩʷ ʪʘ 

ʘʮʠʜʠʬʽʢʫʻʪʴʩʷ ʝʧʽʪʝʣʽʻʤ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʽ ʤʽʭʫʨʘ. ʎʝʡ ʧʨʦʮʝʩ ʟʙʽʣʴʰʫʻ 
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ʨʦʟʯʠʥʥʽʩʪʴ ʭʦʣʝʩʪʝʨʦʣʫ ʪʘ ʢʘʣʴʮʽʶ ʽ ʟʤʝʥʰʫʻ ʨʠʟʠʢ ʫʪʚʦʨʝʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ. 

ʉʴʦʛʦʜʥʽ ʣʽʪʦʛʝʥʝʟ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʝʨʝʥʘʩʠʯʝʥʥʷ 

ʨʦʟʯʠʥʽʚ ʢʘʣʴʮʽʻʚʠʤʠ ʩʦʣʷʤʠ [71] ʪʘ ʭʦʣʝʩʪʝʨʦʣʦʤ [12] ʪʘ ʚʢʣʶʯʘʻ ʫʪʚʦʨʝʥʥʷ 

ʬʘʢʪʦʨʫ ʽʥʽʮʽʘʮʽʾ [72], ʭʦʯ ʦʩʪʘʥʥʽʡ ʽ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʚʽʜʦʤʠʤ. 

ʋʪʚʦʨʝʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʦʢʣʶʟʽʾ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ 

(ʭʦʣʝʩʪʘʟʫ) ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ ʛʝʧʘʪʦʮʠʪʽʚ [73] ʽ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ ʚ ʧʝʯʽʥʮʽ [74], ʚʢʘʟʫʶʯʠ ʥʘ ʧʨʷʤʠʡ ʟʚôʷʟʦʢ ʜʽʾ ʞʦʚʯʥʠʭ ʢʠʩʣʦʪ ʪʘ ʨʦʟʚʠʪʦʢ 

ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ [75]. 

ɾʦʚʯʥʽ ʢʘʤʝʥʽ ʚ ʦʩʥʦʚʥʦʤʫ ʫʪʚʦʨʝʥʽ ʟ ʭʦʣʝʩʪʝʨʦʣʫ, ʞʦʚʯʥʠʭ ʢʠʩʣʦʪ ʽ 

ʚʽʜʢʣʘʜʝʥʴ ʢʘʣʴʮʽʶ, ʤʦʞʫʪʴ ʣʝʛʢʦ ʜʦʩʷʛʘʪʠ ʢʽʣʴʢʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʫ ʜʽʘʤʝʪʨʽ. 

ʂʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʧʦʰʠʨʝʥʽ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ, ʤʦʞʫʪʴ ʩʧʦʥʪʘʥʥʦ ʪʘ 

ʬʽʟʽʦʣʦʛʽʯʥʦ ʟôʷʚʣʷʪʠʩʷ ʫ ʧʨʦʩʚʽʪʘʭ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ [12]. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, 

ʥʝʡʪʨʦʬʽʣʠ ʧʘʪʨʫʣʶʶʪʴ ʞʦʚʯʥʽ ʧʨʦʪʦʢʠ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟô̒ ʜʥʫʶʪʴ ʧʝʯʽʥʢʫ ʟ 

ʢʠʰʝʯʥʠʢʦʤ. ʂʠʰʝʯʥʠʢ ʥʘʧʦʚʥʝʥʠʡ ʙʘʢʪʝʨʽʷʤʠ (ʜʝʷʢʽ ʪʚʘʨʠʥʠ ʥʘʚʽʪʴ ʥʝ ʤʘʶʪʴ 

ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʽ ʚʠʜʽʣʷʶʪʴ ʞʦʚʯ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʢʠʰʝʯʥʠʢ) ʽ ʞʦʚʯʥʽ ʧʨʦʪʦʢʠ ʥʝ 

ʧʦʚʠʥʥʽ ʩʪʘʪʠ ʰʣʷʭʦʤ ʧʦʰʠʨʝʥʥʷ ʙʘʢʪʝʨʽʡ ï ʮʝ ʢʦʥʪʨʦʣʶʶʪʴ ʥʝʡʪʨʦʬʽʣʠ. 

ʂʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʚ ʧʨʦʩʚʽʪʘʭ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʤʦʞʫʪʴ ʘʢʪʠʚʫʚʘʪʠ ʥʝʡʪʨʦʬʽʣʠ 

ʪʘ ʽʥʽʮʽʶʚʘʪʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʘ ʚʽʜ ʪʘʢ ʧʨʠʟʚʝʩʪʠ ʜʦ ʾʭ ʘʛʨʝʛʘʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʷ 

ʢʘʤʝʥʽʚ [11]. ɻʽʜʨʦʬʦʙʥʽ ʢʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʦʣʫ ʤʦʞʫʪʴ ʨʦʟʯʠʥʷʪʠ ʤʝʤʙʨʘʥʫ ʢʣʽʪʠʥ 

[13] ̔ , ʷʢ ʤʠ ʧʨʠʧʫʩʢʘʻʤʦ, ï ʫʰʢʦʜʞʫʚʘʪʠ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ. ʉʝʯʦʚʘ ʢʠʩʣʦʪʘ ʻ ʦʜʥʠʤ 

ʟ ʦʩʥʦʚʥʠʭ ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ ʢʘʪʘʙʦʣʽʟʤʫ ʣʶʜʠʥʠ, ʘ ʪʘʢʦʞ ʩʠʣʴʥʠʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. ɺʦʥʘ ʜʦʙʨʝ ʨʦʟʯʠʥʷʻʪʴʩʷ ʚ ʢʣʽʪʠʥʘʭ, ʘʣʝ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ 

ʧʦʟʘʢʣʽʪʠʥʥʠʤ ʩʝʨʝʜʦʚʠʱʝʤ, ʽʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʥʘʪʨʽʶ (ʯʝʨʝʟ ʟʘʛʠʙʝʣʴ ʢʣʽʪʠʥ, 

ʨʦʟʨʠʚ ʤʝʤʙʨʘʥ ʪʦʱʦ), ʬʦʨʤʫʶʪʴʩʷ ʢʨʠʩʪʘʣʠ ʫʨʘʪʫ ʥʘʪʨʽʶ, ʱʦ ʤʘʶʪʴ ʤʝʥʰʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʽ ʪʝʥʜʝʥʮʽʶ ʜʦ ʢʨʠʩʪʘʣʽʟʘʮʽʾ ʫ ʬʦʨʤʽ ʛʦʣʦʢ [76] ʪʘ ʻ ʦʩʥʦʚʥʦʶ 

ʧʨʠʯʠʥʦʶ ʧʦʜʘʛʨʠ. ʅʝʡʪʨʦʬʽʣʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦʛʣʠʥʘʶʪʴ ʢʨʠʩʪʘʣʠ ʫʨʘʪʫ ʥʘʪʨʽʶ 

ʪʘ ʽʥʽʮʽʶʶʪʴ ʫʪʚʦʨʝʥʥʷ ʅʇʇ, ʘ ʚʽʜʪʘʢ ï ʟʘʧʘʣʴʥʫ ʚʽʜʧʦʚʽʜʴ [77]. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ 

ʧʽʩʣʷ ʽʟʦʣʷʮʽʾ ʢʨʠʩʪʘʣʽʚ ʫʨʘʪʫ ʚʩʝʨʝʜʠʥʽ ʘʛʨʝʛʦʚʘʥʠʭ ʅʇʇ ʨʦʟʧʦʯʠʥʘʻʪʴʩʷ ʧʨʦʮʝʩ 

ʟʫʧʠʥʢʠ ʟʘʧʘʣʴʥʦʾ ʨʝʘʢʮʽʾ, ʪʘʢʠʤ ʯʠʥʦʤ ʨʦʙʣʷʯʠ ʧʦʜʘʛʨʫ ʩʘʤʦʦʙʤʝʞʫʶʯʦʶ 

ʧʘʪʦʣʦʛʽʻʶ [25]. 
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1.3.3. ʈʦʣʴ ʬʨʫʢʪʦʟʠ ʚ ʧʘʪʦʣʦʛʽʾ ʫ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. ʌʨʫʢʪʦʟʘ 

ʚʽʜʽʛʨʘʻ ʦʩʦʙʣʠʚʫ ʨʦʣʴ ʫ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʡ ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ [78], ʽ 

ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ ʥʘʟʚʘʥʘ ʷʢ ʧʨʠʯʠʥʘ ʅɸɾʍʇ [79]. ʌʨʫʢʪʦʟʘ ï ʧʨʦʩʪʠʡ ʮʫʢʦʨ, 

ʷʢʠʡ ʤʽʩʪʠʪʴʩʷ ʫ ʬʨʫʢʪʘʭ ʽ ʤʝʜʽ, ʘʣʝ ʪʘʢʦʞ ʻ ʦʩʥʦʚʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʚʦʭ ʥʘʡʙʽʣʴʰ 

ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʧʽʜʩʦʣʦʜʞʫʚʘʯʽʚ: ʩʘʭʘʨʦʟʠ (ʩʪʦʣʦʚʠʡ ʮʫʢʦʨ, ʜʠʩʘʭʘʨʠʜ 

ʬʨʫʢʪʦʟʠ ʪʘ ʛʣʶʢʦʟʠ) ʽ ʢʫʢʫʨʫʜʟʷʥʦʛʦ ʩʠʨʦʧʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʨʫʢʪʦʟʠ (ʩʫʤʽʰ 

ʤʦʥʦʩʘʭʘʨʠʜʽʚ ʬʨʫʢʪʦʟʠ ʪʘ ʛʣʶʢʦʟʠ). ʉʧʦʞʠʚʘʥʥʷ ʬʨʫʢʪʦʟʠ ʧʦʤʽʪʥʦ ʟʨʦʩʣʦ 

ʧʨʦʪʷʛʦʤ ʦʩʪʘʥʥʽʭ ʩʦʪʝʥʴ ʨʦʢʽʚ ʧʘʨʘʣʝʣʴʥʦ ʽʟ ʨʦʩʪʦʤ ʩʧʦʞʠʚʘʥʥʷ ʩʘʭʘʨʦʟʠ ʪʘ 

ʢʫʢʫʨʫʜʟʷʥʦʛʦ ʩʠʨʦʧʫ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʬʨʫʢʪʦʟʠ. ɺ ʜʘʥʠʡ ʯʘʩ ʫ çʟʘʭʽʜʥʽʡ ʜʽʻʪʽè 

ʚʞʠʚʘʥʥʷ ʜʦʜʘʥʠʭ ʮʫʢʨʽʚ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ 15 % ʦʪʨʠʤʘʥʦʾ ʣʶʜʠʥʦʶ ʟʘʛʘʣʴʥʦʾ 

ʝʥʝʨʛʽʾ. ɼʽʡʩʥʦ, ʜʦ 1960-ʭ ʨʦʢʽʚ ʯʠʩʣʝʥʥʽ ʧʨʘʮʽ ʧʦʚʽʜʦʤʣʷʣʠ, ʱʦ ʬʨʫʢʪʦʟʘ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʛʣʶʢʦʟʠ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʫʥʽʢʘʣʴʥʽʡ ʟʜʘʪʥʦʩʪʽ ʧʽʜʚʠʱʫʚʘʪʠ ʷʢ 

ʪʨʠʛʣʽʮʝʨʠʜʠ ʚ ʧʣʘʟʤʽ, ʪʘʢ ʽ ʞʠʨ ʫ ʧʝʯʽʥʮʽ [80ï82]. ʄʝʪʘʙʦʣʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ ʨʘʜʽʦʽʟʦʪʦʧʥʦ-ʤʽʯʝʥʘ ʬʨʫʢʪʦʟʘ, ʧʦʢʘʟʘʣʠ ʫ ʜʚʘ-ʪʨʠ ʨʘʟʠ ʙʽʣʴʰʫ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʚʢʣʶʯʝʥʥʷ ʤʽʪʢʠ ʚ ʪʨʠʛʣʽʮʝʨʠʜʘʭ ʧʣʘʟʤʠ ʪʘ ʧʝʯʽʥʢʠ, ʥʽʞ ʮʝ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʟʘ ʜʽʾ ʛʣʶʢʦʟʠ [83]. ʆʜʥʘʢ ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʬʨʫʢʪʦʟʠ, ʷʢʘ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʪʨʠʛʣʽʮʝʨʠʜʠ ʙʫʣʘ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʦʶ (ʚʽʜ 1 ʜʦ 3 % ʚʽʜ ʫʩʽʻʾ 

ʩʧʦʞʠʪʦʾ ʬʨʫʢʪʦʟʠ), ʱʦ ʥʝ ʩʧʨʠʯʠʥʷʣʦ ʟʥʘʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʣʽʧʦʛʝʥʥʫ ʚʽʜʧʦʚʽʜʴ 

ʦʨʛʘʥʽʟʤʫ [84]. ʂʣʶʯʦʚʦʶ ʟʥʘʭʽʜʢʦʶ ʻ ʪʝ, ʱʦ ʩʘʤʘ ʧʦ ʩʦʙʽ ʤʦʣʝʢʫʣʘ ʬʨʫʢʪʦʟʠ ʥʝ ʻ 

ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʘʣʴʥʦ  ʁʟʘ ʫʪʚʦʨʝʥʥʷ ʪʨʠʛʣʽʮʝʨʠʜʽʚ, ʘ ʥʘʪʦʤʽʩʪʴ ʞʠʨʠ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʧʝʯʽʥʮʽ ʚʥʘʩʣʽʜʦʢ ʟʘʛʘʣʴʥʦʾ ʘʢʪʠʚʘʮʽʾ ʣʽʧʦʛʝʥʝʟʫ ʪʘ ʙʣʦʢʫʚʘʥʥʷ 

ʦʢʠʩʥʝʥʥʷ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟʘ ʥʘʜʤʽʨʥʦʾ ʢʽʣʴʢʦʩʪʽ ʬʨʫʢʪʦʟʠ [85, 86]. ʇʦʢʘʟʘʥʦ, ʱʦ 

ʬʨʫʢʪʦʟʘ ʪʘʢʦʞ ʩʪʠʤʫʣʶʻ ʩʠʥʪʝʟ ʪʨʠʛʣʽʮʝʨʠʜʽʚ ʯʝʨʝʟ ʰʣʷʭ ʜʝʛʨʘʜʘʮʽʾ ʧʫʨʠʥʽʚ, 

ʷʢʠʡ ʟʘʧʫʩʢʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʰʚʠʜʢʦʛʦ ʬʦʩʬʦʨʠʣʶʚʘʥʥʷ ʬʨʫʢʪʦʟʠ ʬʨʫʢʪʦʢʽʥʘʟʦʶ. 

ʋʪʚʦʨʝʥʘ ɸʊʌ ʚʩʪʫʧʘʻ ʚ ʰʣʷʭ ʜʝʛʨʘʜʘʮʽʾ ʧʫʨʠʥʽʚ ʯʝʨʝʟ ʘʢʪʠʚʘʮʽʶ ɸʄʌ-ʜʝʘʤʽʥʘʟʠ, 

ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʠʭ ʦʢʩʠʜʘʥʪʽʚ. 

ʄʽʪʦʭʦʥʜʨʽʘʣʴʥʠʡ ʦʢʠʩʥʠʡ ʩʪʨʝʩ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʥʛʽʙʫʚʘʥʥʷ ʘʢʦʥʽʪʘʟʠ ʚ ʮʠʢʣʽ 

ʂʨʝʙʩʘ, ʷʢ ʥʘʩʣʽʜʦʢ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʮʠʪʨʘʪ ʪʘ ʩʪʠʤʫʣʶʻʪʴʩʷ ɸʊʌ ʮʠʪʨʘʪ ʣʽʘʟʘ ʪʘ 

ʩʠʥʪʘʟʘ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʧʨʠʟʚʦʜʷʯʠ ʜʦ ʣʽʧʦʛʝʥʝʟʫ de novo [9]. ɯʥʰʽ ʫʰʢʦʜʞʫʶʯ ̔

ʰʣʷʭʠ ʜʽʾ ʬʨʫʢʪʦʟʠ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʽ ʚ ʦʛʣʷʜʽ [78]. ɺ ʧʝʯʽʥʮʽ ʬʨʫʢʪʦʟʫ ʤʝʪʘʙʦʣʽʟʫʻ 

ʝʥʟʠʤ ʬʨʫʢʪʦʢʽʥʘʟʘ ʉ, ʷʢʘ ʜʽʻ ʰʚʠʜʢʦ ʽ ʥʝ ʤʘʻ ʤʝʭʘʥʽʟʤʫ ʟʚʦʨʦʪʥʴʦʛʦ ʟʚôʷʟʢʫ, ʱʦ 
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ʧʨʠ ʩʧʦʞʠʚʘʥʥʽ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʬʨʫʢʪʦʟʠ, ʩʢʘʞʽʤʦ ʚ ʩʦʣʦʜʢʠʭ ʥʘʧʦʷʭ, 

ʧʨʠʟʚʝʜʝ ʜʦ ʤʠʪʪʻʚʦʛʦ ʧʘʜʽʥʥʷ ʨʽʚʥʷ ɸʊʌ ʚ ʢʣʽʪʠʥʘʭ [87, 88]. ɺʦʜʥʦʯʘʩ, ʚʥʘʩʣʽʜʦʢ 

ʦʧʠʩʘʥʦʛʦ ʰʣʷʭʫ, ʨʽʚʝʥʴ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ ʚ ʧʝʯʽʥʮʽ ʟʨʦʩʪʘʻ [86]. ʇʦʟʙʘʚʣʝʥʽ ʝʥʝʨʛʽʾ 

(ɸʊʌ ʚʠʩʥʘʞʝʥʠʡ) ʛʝʧʘʪʦʮʠʪʠ ʩʭʠʣʴʥʽ ʜʦ ʟʘʛʠʙʝʣʽ ʽ ʧʨʠ ʧʦʨʫʰʝʥʥʽ ʾʭ ʮʽʣʽʩʥʦʩʪʽ 

ʚʥʘʩʣʽʜʦʢ ʭʨʦʥʽʯʥʦʾ ʟʘʛʠʙʝʣʽ ʪʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʤʘʢʨʦʬʘʛʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʤʠ 

ʧʨʠʧʫʩʢʘʻʤʦ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʦ ʥʝʢʨʦʪʠʯʥʠʭ ʢʣʽʪʠʥ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʚʠʩʦʢʠʡ 

ʚʤʽʩʪ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ ʧʦʧʘʜʝ ʚ ʤʽʞʢʣʽʪʠʥʥʠʡ ʧʨʦʩʪʽʨ. ɺʠʩʦʢʘ ʢʦʥʮʝʥʪʨʘʮʽʷ 

ʽʦʥʽʚ Na ʫ ʧʦʟʘʢʣʽʪʠʥʥʦʤʫ ʧʨʦʩʪʦʨʽ ʧʨʠʟʚʝʜʝ ʜʦ ʫʪʚʦʨʝʥʥʷ ʤʦʥʦʫʨʘʪʫ ʥʘʪʨʽʶ. 

ʈʦʟʯʠʥʥʽʩʪʴ ʦʩʪʘʥʥʴʦʛʦ ʚ 17 ʨʘʟʽʚ ʤʝʥʰʘ (0,068 ʤʛ/ʤʣ), ʥʽʞ ʚ ʩʝʯʦʚʦʾ ʢʠʩʣʦʪʠ 

(1,20 ʤʛ/ʤʣ), ʚʽʜʧʦʚʽʜʥʦ ʤʦʥʦʫʨʘʪ ʥʘʪʨʽʶ ʚʠʧʘʜʘʻ ʚ ʦʩʘʜ. ʋʪʚʦʨʝʥʽ ʢʨʠʩʪʘʣʠ 

ʤʦʥʦʫʨʘʪʫ ʥʘʪʨʽʶ ʤʘʶʪʴ ʭʘʨʘʢʪʝʨʥʫ ʬʦʨʤʫ ʛʦʣʦʢ ʽ ʻ ʥʝ ʣʠʰʝ ʜʘʚʥʦ ʚʽʜʦʤʠʤʠ 

ʽʥʜʫʢʪʦʨʘʤʠ ʧʦʜʘʛʨʠ, ʘ ʡ ʷʢ ʧʦʢʘʟʘʥʦ ʥʝʱʦʜʘʚʥʦ ï ʧʦʪʫʞʥʠʤʠ ʽʥʜʫʢʪʦʨʘʤʠ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ [89, 90]. ʉʘʤʝ ʅʇʇ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʘʩʠʚʘʮʽʾ ʢʨʠʩʪʘʣʽʚ ʤʦʥʦʫʨʘʪʫ 

ʥʘʪʨʽʶ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʠʞʝʥʥʷ ̔ ʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ ʚʥʘʩʣʽʜʦʢ ʜʽʾ ʝʥʟʠʤʽʚ ʅʇʇ [25]. 

ʇʨʠʨʦʜʥʠʤʠ ʜʞʝʨʝʣʘʤʠ ʬʨʫʢʪʦʟʠ ʻ ʬʨʫʢʪʠ, ʘ ʪʘʢʦʞ ʤʝʜ. ʋ ʨʘʮʽʦʥʽ ʣʶʜʠʥʠ 

ʮʽ ʧʨʦʜʫʢʪʠ ʩʪʘʥʦʚʠʣʠ ʤʽʟʝʨʥʫ ʯʘʩʪʢʫ ʟʘ ʯʘʩʽʚ ʢʦʯʽʚʥʠʢʽʚ-ʟʙʠʨʘʯʽʚ, ʪʨʦʭʠ ʙʽʣʴʰʫ 

ʧʨʠ ʧʝʨʝʭʦʜʽ ʜʦ ʟʝʤʣʝʨʦʙʩʪʚʘ, ʪʦʞ ʥʝ ʜʠʚʥʦ, ʱʦ ʫ ʬʨʫʢʪʦʢʽʥʘʟʠ ʉ ʫ ʧʝʯʽʥʮʽ ʥʝ 

ʚʠʨʦʙʠʚʩʷ ʤʝʭʘʥʽʟʤ ʟʚʦʨʦʪʥʴʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ, ï ʘʜʞʝ ʝʚʦʣʶʮʽʡʥʦ ʣʶʜʠ 

ʥʽʢʦʣʠ ʥʝ ʩʪʠʢʘʣʠʩʴ ʽʟ ʩʠʪʫʘʮʽʻʶ ʥʘʜʣʠʰʢʫ ʬʨʫʢʪʦʟʠ ʚ ʨʘʮʽʦʥʽ. ɸʞ ʜʦʢʠ 

ʧʨʦʤʠʩʣʦʚʘ ʨʝʚʦʣʶʮʽʷ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ ʥʝ ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʜʫʞʝ ʜʝʰʝʚʝ 

ʜʞʝʨʝʣʦ, ï ʧʽʜʩʦʣʦʜʞʫʚʘʯʽ ï ʢʫʢʫʨʫʜʟʷʥʠʡ ʩʠʨʦʧ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʙʣʠʟʴʢʦ 50 % ʟ 

ʬʨʫʢʪʦʟʠ. ɺʦʜʥʦʯʘʩ ʤʦʜʘ ʥʘ ʩʦʣʦʜʢʽ ʥʘʧʦʾ ʜʦʜʘʪʢʦʚʦ ʩʪʠʤʫʣʶʻ ʩʧʦʞʠʚʘʥʥʷ 

ʧʽʜʩʦʣʦʜʞʫʚʘʯʽʚ ʽ ʤʘʣʦ ʭʪʦ ʟʘʜʫʤʘʻʪʴʩʷ, ʱʦ ʚ 1 ʣʽʪʨʽ ʩʦʣʦʜʢʠʭ ʛʘʟʦʚʘʥʠʭ ʥʘʧʦʾʚ, ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʪʠʧʫ ʽ ʢʨʘʾʥʠ, ʤʽʩʪʠʪʴʩʷ ʜʦ 150 ʛ ʮʫʢʨʫ, ʚ ʩʝʨʝʜʥʴʦʤʫ ï 100 ʛ [91]. 

ʇʨʦ ʟʚôʷʟʦʢ ʬʨʫʢʪʦʟʠ ʫ ʜʽʻʪʽ ʪʘ ʧʦʜʘʛʨʠ ʜʦʙʨʝ ʚʽʜʦʤʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʢʣʽʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ [92]. ʅʘʜʤʽʨʥʝ ʩʧʦʞʠʚʘʥʥʷ ʩʦʣʦʜʢʠʭ ʥʘʧʦʾʚ ʪʘ ʡʦʛʦ ʦʯʝʚʠʜʥʠʡ ʟʚôʷʟʦʢ 

ʟ ʅɸɾʍʇ ʧʨʠʟʚʝʣʠ ʥʘʚʽʪʴ ʜʦ ʚʚʝʜʝʥʥʷ 20 % ʧʦʜʘʪʢʫ ʥʘ ʩʦʣʦʜʢʽ ʥʘʧʦʾ ʚ ʜʝʷʢʠʭ 

ʢʨʘʾʥʘʭ. ɺʦʜʥʦʯʘʩ, ʤʦʞʣʠʚʘ ʫʯʘʩʪʴ ʅʇʇ ʚ ʜʘʥʦʤʫ ʧʨʦʮʝʩʽ, ʘ, ʦʪʞʝ ï ʤʦʞʣʠʚʽʩʪʴ 

ʚʧʣʠʚʘʪʠ ʥʘ ʥʴʦʛʦ, ʟʘʣʠʰʘʣʠʩʴ ʥʝ ʜʦʩʣʽʜʞʝʥʠʤʠ. ʊʦʤʫ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʚʠʨʽʰʠʣʠ 

ʧʝʨʝʚʽʨʠʪʠ ʨʦʣʴ ʅʇʇ ʚ ʘʢʪʠʚʘʮʽʾ ʫʰʢʦʜʞʝʥʴ ʧʝʯʽʥʢʠ ʟʘ ʜʽʾ ʢʨʠʩʪʘʣʽʚ ʤʦʥʦʫʨʘʪʫ 

ʥʘʪʨʽʶ, ʫʪʚʦʨʝʥʠʭ ʧʽʜ ʚʧʣʠʚʦʤ ʬʨʫʢʪʦʟʠ. 
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1.3.4. ʄʦʞʣʠʚʘ ʫʯʘʩʪʴ ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʧʘʩʪʦʢ ʫ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʘʭ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ. ʇʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʽʟ 

ɺʃɺʍɼ ʪʘ ʘʥʘʣʽʟʫʶʯʠ ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʠ ʤʠ ʚʠʩʫʥʫʣʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʽʩʥʠʡ ʟʚô̫ ʟʦʢ ʤʽʞ 

ʚʠʥʠʢʥʝʥʥʷʤ ʅɸʉɻ ʪʘ ʘʢʪʠʚʘʮʽʻʶ ʥʝʡʪʨʦʬʽʣʽʚ ʰʣʷʭʦʤ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ ʥʘ 

ʧʽʜʩʪʘʚʽ ʥʘʩʪʫʧʥʠʭ ʬʘʢʪʽʚ: 

1. ʅʝʡʪʨʦʬʽʣʠ ʧʘʪʨʫʣʶʶʪʴ ʪʢʘʥʠʥʠ ʪʽʣʘ ʪʘ ʧʦʚʝʨʭʥʽ ʦʨʛʘʥʽʚ [50]. ʇʨʦʪʝ ʚ 

ʤʽʩʮʷʭ ʧʦʙʣʠʟʫ ʚʝʣʠʢʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ ʙʘʢʪʝʨʽʡ, ʷʢ ʦʪ ʢʠʰʢʽʚʥʠʢ, ʢʽʣʴʢʽʩʪʴ 

ʥʝʡʪʨʦʬʽʣʽʚ ʤʦʞʝ ʙʫʪʠ ʟʥʘʯʥʦʶ. ʅʝʱʦʜʘʚʥʦ ʙʫʣʦ ʦʧʠʩʘʥʦ, ʱʦ ʪʨʘʥʩʛʝʥʥʽ ʤʠʰʽ 

IL- 17 ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʽʜʚʠʱʝʥʫ ʧʨʦʥʠʢʥʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ ʫ ʧʨʦʪʦʢʠ ʧʽʜʰʣʫʥʢʦʚʦʾ 

ʟʘʣʦʟʠ, ʫʪʚʦʨʝʥʥʷ ʪʘ ʘʛʨʝʛʘʮʽʶ ʅʇʇ ʟʘ ʜʽʾ ʙʽʢʘʨʙʦʥʘʪʫ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ, ʦʢʣʶʟʽʷ 

ʧʽʜʰʣʫʥʢʦʚʠʭ ʧʨʦʪʦʢ ʽ ʧʘʥʢʨʝʘʪʠʪ [50] (ʨʠʩ. 1.6). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʤʽʩʪʫ 

ʙʽʢʘʨʙʦʥʘʪʫ/ʉʆ2 ̔  ʨʽʚʥʷ ʨʅ ʻ ʢʨʠʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʅʇʇ [50]. 

 

ʈʠʩ. 1.6. ʅʝʡʪʨʦʬʽʣʴʥʽ ʧʦʟʘʢʣʽʪʠʥʥʽ ʧʘʩʪʢʠ ʟʜʘʪʥʽ ʟʘʢʫʧʦʨʶʚʘʪʠ ʧʨʦʪʦʢʠ 

ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ. ɺʝʨʭʥʽʡ ʨʷʜ ï ʤʘʢʨʦʩʢʦʧʽʯʥʘ ʬʦʪʦʛʨʘʬʽʷ, ʧʨʝʧʘʨʘʪ 

ʟʘʬʘʨʙʦʚʘʥʠʡ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ ʪʘ ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʥʘ ʚʠʷʚʣʝʥʥʷ 

ʤʽʻʣʦʧʝʨʦʢʩʠʜʘʟʠ (ʯʝʨʚʦʥʘ) ʪʘ ɼʅʂ (ʩʠʥʷ). ʅʠʞʥʽʡ ʨʷʜ ï ʩʭʝʤʘʪʠʯʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ 

ʧʨʦʮʝʩʫ ʘʚʪʦʨʘʤʠ ʨʦʙʦʪʠ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʨʦʙʦʪʠ [50] 
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2. ɺʟʘʻʤʦʜʽʷ ʤʘʣʠʭ ʛʽʜʨʦʬʦʙʥʠʭ ʅʏ ʟ ʧʣʘʟʤʘʪʠʯʥʦʶ ʤʝʤʙʨʘʥʦʶ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʩʧʝʮʠʬʽʯʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ ʦʙʦʣʦʥʢʠ, ʱʦ ʚ ʥʝʡʪʨʦʬʽʣʘʭ ʘʢʪʠʚʫʻ ʬʦʨʤʫʚʘʥʥʷ 

ʅʇʇ [50], ʮʝ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʽ ʜʣʷ ʥʘʥʦʢʨʠʩʪʘʣʽʚ ʭʦʣʝʩʪʝʨʠʥʫ [13] (ʨʠʩ. 1.7) ʽ 

ʚʽʜʙʫʚʘʣʦʩʷ ʥʘʚʽʪʴ ʚ ʫʤʦʚʘʭ ʩʪʝʨʠʣʴʥʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ [50]. 

 

ʈʠʩ. 1.7. ʅʝʡʪʨʦʬʽʣʠ ʫʪʚʦʨʶʶʪʴ ʅʇʇ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʢʨʠʩʪʘʣʘʤʠ ʤʦʥʦʫʨʘʪʫ 

ʥʘʪʨʽʶ (MSU), ʦʢʩʠʜʫ ʢʘʣʴʮʽʶ, ʬʦʩʬʘʪʫ ʢʘʣʴʮʽʶ, ʭʦʣʝʩʪʝʨʠʥʫ, ʮʠʩʪʠʥʫ, ʢʨʝʤʥʽʶ, 

ʘʟʙʝʩʪʫ. ɼʅʂ ʟʘʬʘʨʙʦʚʘʥʘ ʩʠʥʽʤ, ʮʠʪʨʫʣʽʥʦʚʘʥʠʡ ʛʽʩʪʦʥ ʅ3 ï ʯʝʨʚʦʥʠʤ, 

ʥʝʡʪʨʦʬʽʣʴʥʘ ʝʣʘʩʪʘʟʘ ï ʟʝʣʝʥʠʤ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʨʦʙʦʪʠ [13]. 

 

ʅʝ ʚʘʨʪʦ ʥʝʜʦʦʮʽʥʶʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʅʇʇ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʙʘʨô̒ ʨʽʚ: ʚʦʥʠ 

ʟʘʭʦʧʣʶʶʪʴ ʪʘ ʽʤʤʦʙʽʣʽʟʫʶʪʴ ʟʙʫʜʥʠʢʠ ʪʘʢʽ, ʷʢ ʙʘʢʪʝʨʽʾ, ʘ ʪʘʢʦʞ ʯʘʩʪʠʥʢʠ, ʷʢʽ ʥʝ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʚʝʜʝʥʽ ʟ ʦʨʛʘʥʽʟʤʫ. ʇʨʠʢʣʘʜʘʤʠ ʧʝʨʰʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʨʦʜʥʽ 

ʢʨʠʩʪʘʣʠ ʫʨʘʪʫ ʥʘʪʨʽʶ, ʫʪʚʦʨʝʥʽ ʧʽʜ ʯʘʩ ʧʦʜʘʛʨʠ [50] ʘʙʦ ʰʪʫʯʥʽ ʅʏ, ʟ ʷʢʠʤʠ ʪʽʣʦ 

ʢʦʥʪʘʢʪʫʻ, ʘʣʝ ʥʝ ʤʦʞʝ ʥʽ ʨʦʟʢʣʘʩʪʠ, ʥʽ ʚʠʜʘʣʠʪʠ (ʥʘʧʨʠʢʣʘʜ, ʥʘʥʦʜʽʘʤʘʥʪʠ ʘʙʦ ʅʏ 

ʧʦʣʽʩʪʠʨʦʣʫ) [50] ʘʙʦ ʥʘʥʦʢʨʠʩʪʘʣʠ ʭʦʣʝʩʪʝʨʠʥʫ [13], ʷʢʽ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʞʦʚʯʽ. ʇʽʜ 

ʯʘʩ ʜʝʷʢʠʭ ʛʦʩʪʨʠʭ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʢʣʶʯʘʶʪʴ ʚʥʫʪʨʽʰʥʽ ʦʨʛʘʥʠ, ʪʘʢʽ ʷʢ 

ʛʦʩʪʨʠʡ ʥʝʢʨʦʪʠʯʥʠʡ ʧʘʥʢʨʝʘʪʠʪ, ʚʠʥʠʢʘʻ ʤʘʩʠʚʥʠʡ ʥʝʢʨʦʟ ʪʢʘʥʠʥ, ʦʨʛʘʥʽʟʦʚʘʥʠʡ 

ʷʢ ʧʩʝʚʜʦʢʠʩʪʠ ʧʽʜʰʣʫʥʢʦʚʦʾ ʟʘʣʦʟʠ [50], ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʢʠʩʪ, ʮʽ 

ʧʩʝʚʜʦʢʠʩʪʠ ʥʝ ʦʪʦʯʝʥʽ ʝʧʽʪʝʣʽʘʣʴʥʠʤʠ ʰʘʨʘʤʠ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʚʯʝʥʽ ʜʦʩʣʽʜʠʣʠ 

ʟʨʘʟʢʠ ʘʫʪʦʧʩʽʡʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʥʫʪʨʽʰʥʽʭ ʦʨʛʘʥʽʚ ʧʘʮʽʻʥʪʽʚ ʟ ʛʦʩʪʨʠʤ ʟʘʧʘʣʝʥʥʷʤ 

ʦʨʛʘʥʽʚ ʯʝʨʝʚʥʦʾ ʧʦʨʦʞʥʠʥʠ ʽ ʚʠʷʚʠʣʠ ʜʽʣʷʥʢʠ ʽʥʪʝʨʬʝʡʩʫ ʤʽʞ ʽʥʪʘʢʪʥʠʤʠ ʪʘ 

ʥʝʢʨʦʪʠʟʦʚʘʥʠʤʠ ʪʢʘʥʠʥʘʤʠ. ɯʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ ʧʦʢʘʟʘʚ, ʱʦ ʥʝʢʨʦʪʠʯʥʽ 

ʜʽʣʷʥʢʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʧʨʠ ʥʝʢʨʦʪʠʯʥʦʤʫ ʧʘʥʢʨʝʘʪʠʪʽ ʪʘ ʧʝʨʠʪʦʥʽʪʽ, ʻ 
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ʽʟʦʣʴʦʚʘʥʽ ʚʽʜ ʥʘʚʢʦʣʠʰʥʽʭ ʟʜʦʨʦʚʠʭ ʪʢʘʥʠʥ ʘʛʨʝʛʦʚʘʥʠʤʠ ʅʇʇ. ʂʦʥʜʝʥʩʦʚʘʥʠʡ 

ʰʘʨ ʘʛʨʝʛʦʚʘʥʠʭ ʅʇʇ ʪʘʢʠʤ ʯʠʥʦʤ, ʧʨʦʩʪʦʨʦʚʦ ʟʘʭʠʱʘʻ ʽ ʚʽʜʤʝʞʦʚʫʻ ʜʽʣʷʥʢʫ 

ʥʝʢʨʦʟʫ, ʪʠʤ ʩʘʤʠʤ ʦʙʤʝʞʫʶʯʠ ʧʦʰʠʨʝʥʥʷ ʥʝʢʨʦʟ-ʘʩʦʮʽʡʦʚʘʥʠʭ ʧʨʦʟʘʧʘʣʴʥʠʭ 

ʤʝʜʽʘʪʦʨʽʚ ʫ ʛʣʠʙ ʦʨʛʘʥʫ [50]. 

ʉʧʨʠʯʠʥʝʥʽ ʘʛʨʝʛʦʚʘʥʠʤʠ ʅʇʇ, ʢʘʤʝʥʽ ʚ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢʘʭ ʧʨʠʟʚʦʜʷʪʴ ʜʦ 

ʥʘʢʦʧʠʯʝʥʥʷ ʞʦʚʯʽ, ʷʢʘ ʟʛʫʙʥʦ ʜʽʻ ʥʘ ʛʝʧʘʪʦʮʠʪʠ ʪʘ ʩʧʨʠʯʠʥʷʻ ʅɸɾʍʇ. ɿʘʧʦʙʽʛʰʠ 

ʘʛʨʝʛʘʮʽʾ ʅʇʇ ʤʦʞʥʘ ʟʘʧʦʙʽʛʪʠ ʧʝʨʝʨʦʜʞʝʥʥʶ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʟʘ ʜʽʻʪ ʽʟ ʚʠʩʦʢʠʤ 

ʚʤʽʩʪʦʤ ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ ʬʨʫʢʪʦʟʠ ʯʝʨʝʟ ʚʧʣʠʚ ʥʘ ʤʽʢʨʦʢʨʠʩʪʘʣʠ ʤʦʥʦʫʨʘʪʫ ʥʘʪʨʽʶ 

[25, 78]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʫʯʘʩʥʠʭ ʫʷʚʣʝʥʴ, ʨʦʣʴ ʅʇʇ ̒  ʜʚʦʷʢʦʶ. ɿ ʦʜʥʦʛʦ 

ʙʦʢʫ, ʅʇʇ ̒  ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʦʨʛʘʥʽʟʤʫ, ʘʜʞʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʟʘʭʦʧʣʝʥʥʷ, ʟʥʠʱʝʥʥʷ 

ʯʠ/ʪʘ ʧʘʩʠʚʘʮʽʶ ʙʘʢʪʝʨʽʡ, ʛʨʠʙʽʚ, ʽʥʰʠʭ ʚʝʣʠʢʠʭ ʧʘʪʦʛʝʥʽʚ ʯʠ ʽʥʝʨʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʊʘʢʦʞ ʚʽʜʤʝʞʦʚʫʶʪʴ ʜʽʣʷʥʢʠ ʥʝʢʨʦʟʫ ʪʘ ʨʘʥʠ ʜʣʷ ʫʥʝʤʦʞʣʠʚʣʝʥʥʷ ʧʦʰʠʨʝʥʥʷ 

ʟʘʧʘʣʝʥʥʷ. ɸʣʝ ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʅʇʇ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʦʨʛʘʥʽʟʤ. 

ɿʦʢʨʝʤʘ, ʥʝʝʬʝʢʪʠʚʥʝ ʫʩʫʥʝʥʥʷ ʅʇʇ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʟʘʧʘʣʝʥʥʷ ʪʘ 

ʧʨʦʜʫʢʫʚʘʥʥʷ ʘʫʪʦʘʥʪʠʪʽʣ. ʊʘʢʦʞ ʅʇʇ ʟʜʘʪʥʽ ʟʘʢʫʧʦʨʶʚʘʪʠ ʩʫʜʠʥʠ ʪʘ ʧʨʦʪʦʢʠ ʟʘ 

ʛʦʩʪʨʠʭ ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʡ, ʘ ʮʠʪʦʢʽʥʦʚʠʡ ʚʠʙʫʭ, ʷʢʠʡ ʚʦʥʠ ʩʧʨʠʯʠʥʷʶʪʴ, ʟʜʘʪʥʠʡ 

ʪʠʤʯʘʩʦʚʦ ʘʢʪʠʚʫʚʘʪʠ ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ, ʘ ʙʫʜʫʯʠ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʤ ï ʧʝʨʝʨʦʩʪʘʪʠ 

ʚ çʮʠʪʦʢʽʥʦʚʠʡ ʰʪʦʨʤè. ʅʘ ʩʴʦʛʦʜʥʽ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʝʬʝʢʪʠʚʥʠʭ 

ʬʘʨʤʘʢʦʣʦʛʽʯʥʠʭ ʩʧʦʣʫʢ, ʟʜʘʪʥʠʭ ʚʧʣʠʚʘʪʠ ʥʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ [93ï95]. ʎʝ 

ʚʽʜʢʨʠʚʘʻ ʧʝʨʩʧʝʢʪʠʚʠ ʜʦ ʨʦʟʨʦʙʢʠ ʰʣʷʭʽʚ ʢʦʥʪʨʦʣʶ ʟʘ ʫʪʚʦʨʝʥʥʷʤ ʅʇʇ ʚ 

ʦʨʛʘʥʽʟʤʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʥʘʷʚʥʠʡ ʨʽʚʝʥʴ ʟʥʘʥʴ, ʤʝʪʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʘ 

ʚʠʟʥʘʯʝʥʘ ʷʢ: 1) ʜʦʩʣʽʜʞʝʥʥ̫ ʚʧʣʠʚʫ ʧʨʠʨʦʜʥʠʭ ʅʏ, ʫʪʚʦʨʝʥʠʭ ʚ ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ 

ʩʠʩʪʝʤʽ, ʪʘʢʠʭ ʷʢ ʅʏ ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ ʤʦʥʦʫʨʘʪʫ ʥʘʪʨʽʶ ʥʘ ʧʨʦʮʝʩʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ 

ʪʘ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʥʦʾ ʟʘʧʘʣʴʥʦʾ ʚʽʜʧʦʚʽʜʽ, ʪʘ ʚʠʚʯʝʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʧʦʙʽʛʘʥʥʷ 

ʫʰʢʦʜʞʝʥʥʶ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʛʽʙʽʪʦʨʽʚ ʫʪʚʦʨʝʥʥʷ ʅʇʇ; 

2) ʜʦʩʣʽʜʞʝʥʥ̫ ʚʧʣʠʚʫ ʅʇʇ ʥʘ ʤʦʜʠʬʽʢʘʮʽʶ ʮʠʨʢʫʣʶʶʯʠʭ ʤʦʣʝʢʫʣ ʧʨʠ ʭʨʦʥʽʯʥʽʡ 

ʟʘʧʘʣʴʥʽʡ ʚʽʜʧʦʚʽʜʽ; 3) ʜʦʩʣʽʜʞʝʥʥ̫ ʤʦʞʣʠʚʦʩʪ̔ ʣʦʢʘʣʽʟʦʚʘʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʢʪʠʚʘʪʦʨʽʚ ʅʇʇ ʫ ʬʦʨʤʽ ʅʏ ʟ ʤʝʪʦʶ ʽʥʜʫʢʮʽʾ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʽʤʫʥʥʦʾ ʨʝʘʢʮʽʾ ʥʘ 

ʚʚʝʜʝʥʠʡ ʘʥʪʠʛʝʥ, ʪʦʙʪʦ ʚʠʢʦʨʠʩʪʘʥʥʽ ʅʏ-ʽʥʜʫʢʪʦʨʽʚ ʅʇʇ ʷʢ ʘʜôʶʚʘʥʪʽʚ ʚʘʢʮʠʥ. 
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ʈʆɿɼɯʃ 2. ʄɸʊɽʈɯɸʃʀ ʊɸ ʄɽʊʆɼʀ ɼʆʉʃɯɼɾɽʅʔ 

 

2.1. ʉʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ 

 

ɿʛʽʜʥʦ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ 14 ʩʝʨʽʡ 

ʜʦʩʣʽʜʞʝʥʴ, ʟʦʢʨʝʤʘ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʧʨʦʚʝʜʝʥʦ 9 ʩʝʨʽʡ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ 

ʟôʷʩʫʚʘʥʥʷ ʨʦʣʽ ʝʥʜʦʛʝʥʥʠʭ ʅʏ ʚ ʽʥʜʫʢʮʽʾ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ (ʪʘʙʣ. 2.1); ʥʘ ʜʨʫʛʦʤʫ 

ʝʪʘʧʽ ï 5 ʩʝʨʽʡ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʨʦʣʽ ʝʢʟʦʛʝʥʥʠʭ ʅʏ ʚ ʽʥʜʫʢʮʽʾ ʅʇʇ 

(ʪʘʙʣ. 2.1). 

ɺ 1-ʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ɺʃɺʍɼ ʥʘ ʨʽʟʥʽ ʣʽʥʽʾ ʤʠʰʝʡ, 

ʟʦʢʨʝʤʘ Balb/c, C57BL6/J, C57BL6/N. 

ʋ 2-ʡ ʩʝʨʽʾ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʜʠʥʘʤʽʢʫ ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʘ ʩʫʧʫʪʥʽʭ 

ʩʠʩʪʝʤʥʠʭ ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʡ ʟʘ ʜʽʾ ɺʃɺʍɼ ʫ ʤʠʰʝʡ C57BL6/N ʫʧʨʦʜʦʚʞ 8 ʪʠʞʥʽʚ 

ʟ ʜʚʦʪʠʞʥʝʚʠʤ ʽʥʪʝʨʚʘʣʦʤ ʦʮʽʥʢʠ. 

ʋ 3-ʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʦʮʽʥʝʥʦ ʫʰʢʦʜʞʫʶʯʠʡ ʚʧʣʠʚ ɺʌɼ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʜʽʶ 

ʤʝʪʦʧʨʦʣʦʣʫ ʥʘ ʤʦʞʣʠʚʽʩʪʴ ʡʦʛʦ ʤʦʜʫʣʶʚʘʥʥʷ. 

ʋ 4-ʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʦ ʨʦʣʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʨʦʟʚʠʪʢʫ 

ʟʘʧʘʣʴʥʠʭ ʨʝʘʢʮʽʾ ʟʘ ʫʤʦʚ ɺʃɺʍɼ ʰʣʷʭʦʤ ʽʥôʻʢʮʽʾ ʘʥʪʠ-ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʘʥʪʠʪʽʣ. 

ɺ 5-ʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʧʨʦʪʝʩʪʦʚʘʥʦ ʥʠʟʢʫ ʽʥʛʽʙʽʪʦʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʅʇʇ ʥʘ 

ʨʽʟʥʠʭ ʝʪʘʧʘʭ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʛʽʙʽʪʦʨʠ ʝʢʩʪʨʘʚʘʟʽʾ ʥʝʡʪʨʦʬʽʣʽʚ (ʤʝʪʦʧʨʦʣʦʣ), 

ʘʛʨʝʛʘʮʽʾ ʅʇʇ (ʛʝʧʘʨʠʥ), ʽʤʤʦʙʽʣʽʟʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ ʟ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ (gCSF) ʫ 

ʤʦʜʝʣʷʭ ɺʃɺʍɼ ʪʘ ɺʌɼ. 

ʋ 6-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʧʝʨʝʚʽʨʢʫ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ 5-ʾ ʩʝʨʽʾ 

ʱʦʜʦ ʜʽʾ ʛʝʧʘʨʠʥʫ. 

ʋ 7-ʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʫ ʱʫʨʽʚ, ʷʢ ʪʚʘʨʠʥ, 

ʫ ʷʢʠʭ ʚʽʜʩʫʪʥʽʡ ʞʦʚʯʥʠʡ ʤʽʭʫʨ. 

ʋ 8-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʫʰʢʦʜʞʝʥʥʷ 

ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʘʢʪʠʚʘʮʽʾ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ in vivo, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʝʪʦʜʠ ʧʨʠʞʠʪʪʻʚʦʾ ʜʝʪʝʢʮʽʾ ʽʥʬʨʘʯʝʨʚʦʥʠʭ ʟʦʥʜʽʚ ʫ ʪʽʣʽ ʪʚʘʨʠʥ. 
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ʋ 9-ʡ ʩʝʨʽʾ  ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʠʷʚʣʝʥʦ ʚʧʣʠʚ ʚʠʩʦʢʦʛʦ ʚʤʽʩʪʫ ʽʦʥʽʚ ʥʘʪʨʽʶ ʚ 

ʨʘʮʽʦʥʽ ʥʘ ʫʯʘʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʤʦʜʫʣʶʚʘʥʥʽ ʩʠʩʪʝʤʥʠʭ ʟʘʧʘʣʴʥʠʭ 

ʧʨʦʮʝʩʽʚ (ʥʘ ʤʦʜʝʣʽ ʽʥʜʫʢʦʚʘʥʦʛʦ ʘʨʪʨʠʪʫ). 

ʋ 10-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚ ʤʦʜʝʣʽ ʧʦʚʽʪʨʷʥʦʾ 

ʢʠʰʝʥʽ ʟʘ ʜʽʾ ʨʽʟʥʠʭ ʅʏ ʰʪʫʯʥʦʛʦ ʧʦʭʦʞʝʥʥʷ. 

ɺ 11-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʜʩʣʽʜʢʦʚʫʚʘʣʠ ʜʦʣʶ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʢʦʥôʶʛʘʪʽʚ 

ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʧʽʩʣʷ ʾʭ ʚʚʝʜʝʥʥʷ ʚ ʪʽʣʦ ʪʚʘʨʠʥ. 

ɺ 12-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ ʤʠʰʝʡ ʟʘ ʽʤʫʥʽʟʘʮʽʾ 

ʢʦʨʦʥʘʚʽʨʫʩʥʠʤ ʧʝʧʪʠʜʦʤ ʢʦʥôʶʛʦʚʘʥʠʤ ʟ ʥʘʥʦʜʽʘʤʘʥʪʘʤʠ. 

ɺ 13-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟʜʽʡʩʥʝʥʦ ʜʦʚʛʦʪʨʠʚʘʣʠʡ ʤʦʥʽʪʦʨʠʥʛ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ ʤʠʰʝʡ ʪʘ ʣʦʢʘʣʽʟʘʮʽʾ ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʫ ʪʢʘʥʠʥʘʭ ʧʽʩʣʷ ʽʤʫʥʽʟʘʮʽʾ ʪʚʘʨʠʥ. 

ʋ 14-ʡ ʩʝʨʽʾ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʦʩʣʽʜʞʝʥʦ ʽʤʫʥʥʫ ʚʽʜʧʦʚʽʜʴ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʢʨʦʣʽʚ ʟʘ ʽʤʫʥʽʟʘʮʽʾ ʥʘʥʦʜʽʘʤʘʥʪʘʤʠ ʽʟ ʢʦʨʦʥʘʚʽʨʫʩʥʠʤʠ ʧʝʧʪʠʜʘʤʠ. 

ɺʠʢʦʨʠʩʪʘʥʽ ʢʽʣʴʢʦʩʪʽ ʪʚʘʨʠʥ, ʜʦʟʠ ʘʛʝʥʪʽʚ ʪʘ ʽʥʰʽ ʜʝʪʘʣʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʚʢʘʟʘʥʦ ʚ ʪʘʙʣʠʮʷʭ 2.1 ʪʘ 2.2. ʇʣʘʥʫʚʘʥʥʷ ʜʦʩʣʽʜʽʚ ʟʜʽʡʩʥʶʚʘʣʠ ʟʛʽʜʥʦ ʟ ʧʨʠʥʮʠʧʦʤ 

3R ʱʦʜʦ ʟʤʝʥʰʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ ʪʘ ʧʨʠʥʮʠʧʽʚ ʛʫʤʘʥʥʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʥʠʤʠ [96]. 
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ʊʘʙʣʠʮʷ 2.1 

ɻʨʫʧʠ ʪʚʘʨʠʥ ʪʘ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʨʦʣʽ ʝʥʜʦʛʝʥʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʽʥʜʫʢʮʽʾ ʅʇʇ 
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ʊʘʙʣʠʮʷ 2.2 

ɻʨʫʧʠ ʪʚʘʨʠʥ ʪʘ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʨʦʣʽ ʝʢʟʦʛʝʥʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚ ʽʥʜʫʢʮʽʾ ʅʇʇ 
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2.2. ʆʙô̒ ʢʪ ʜʦʩʣʽʜʞʝʥʥʷ 

 

2.2.1. ʋʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʠʰʘʭ ʣʽʥʽʡ 

ʉ57BL6/N, ʉ57BL6/J, ɺalb/C, ʱʫʨʘʭ Wistar ʪʘ ʢʨʦʣʷʭ. ɽʢʩʧʝʨʠʤʝʥʪʠ 

ʟʜʽʡʩʥʶʚʘʣʠʩʴ ʟʛʽʜʥʦ ʥʘʮʽʦʥʘʣʴʥʠʭ çɿʘʛʘʣʴʥʠʭ ʝʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʪʚʘʨʠʥʘʭè, ʫʭʚʘʣʝʥʠʭ ʇʝʨʰʠʤ ʅʘʮʽʦʥʘʣʴʥʠʤ ʢʦʥʛʨʝʩʦʤ ʟ 

ʙʽʦʝʪʠʢʠ (ʂʠʾʚ, ʋʢʨʘʾʥʘ, 2001), ʱʦ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʧʦʣʦʞʝʥʥʷʤʠ çɭʚʨʦʧʝʡʩʴʢʦʾ 

ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡè (ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʽʷ, 1985). ʊʚʘʨʠʥ 

ʫʪʨʠʤʫʚʘʣʠ ʫ ʚʽʚʘʨʽʾ ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ 

ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ, ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 21,5Áʉ, ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ 

ʚʦʣʦʛʦʩʪʽ, ʦʩʚʽʪʣʝʥʥʷ ʪʘ ʢʦʥʜʠʮʽʦʥʫʚʘʥʥʷ ʧʦʚʽʪʨʷ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚʠʟʥʘʯʘʣʠ: ʤʘʩʫ ʪʽʣʘ ʪʚʘʨʠʥ, ʬʦʨʤʫʚʘʥʥʷ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ, 

ʧʦʚʝʜʽʥʢʦʚʽ ʨʝʘʢʮʽʾ, ʙʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʢʨʦʚʽ ʪʘ ʩʝʯʽ, ʧʘʪʦʛʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ 

ʧʝʯʽʥʢʠ ʪʘ ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʟʘ ʫʤʦʚ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʧʨʠ ʩʪʠʤʫʣʶʚʘʥʥʽ 

ʝʥʜʦʛʝʥʥʠʤʠ ʪʘ ʝʢʟʦʛʝʥʥʠʤʠ ʅʏ, ʟʜʘʪʥʽʩʪʴ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʨʦʟʘʧʘʣʴʥʠʡ ʚʧʣʠʚ 

ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʪʘ ʫʪʚʦʨʝʥʠʭ ʅʇʇ. 

 

2.2.2. ɿʘʙʽʨ ʙʽʦʣʦʛʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ. ʋʩʽ ʤʘʥʽʧʫʣʷʮʽʾ ʟ 

ʪʚʘʨʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʽʰʝʥʥʷ ʢʦʤʽʩʽʾ ʟ ʙʽʦʝʪʠʯʥʦʾ ʝʢʩʧʝʨʪʠʟʠ 

ɯʥʩʪʠʪʫʪʫ ʙʽʦʣʦʛʽʾ ʪʚʘʨʠʥ ʅɸɸʅ, ʧʨʦʪʦʢʦʣ ˉ 90 ʚʽʜ 15.07.2020 ʨ. ʪʘ ʙʽʦʝʪʠʯʥʦʾ 

ʢʦʤʽʩʽʾ ʃʅʄʋ ʽʤ. ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ (ʧʨʦʪʦʢʦʣʠ 20170223/5, 20180226/2, 

20191216/10, 20201221/9). 

ʂʨʦʚ ʟʜʦʨʦʚʠʭ ʜʦʥʦʨʽʚ ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʟʘʙʦʨʫ ʩʪʝʨʠʣʴʥʠʤʠ 

ʚʘʢʫʫʤʦʚʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 20 ʤʣ ʧʝʨʠʬʝʨʠʯʥʦʾ ʚʝʥʦʟʥʦʾ ʢʨʦʚʽ, ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ 

ʜʦʙʨʦʚʽʣʴʥʦʾ ʽʥʬʦʨʤʦʚʘʥʦʾ ʟʛʦʜʠ ʜʦʥʦʨʘ ʥʘ ʟʘʙʽʨ ʙʽʦʤʘʪʝʨʽʘʣʫ. 
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2.3. ʊʚʘʨʠʥʥʽ ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʘʥʽ ʫ ʜʦʩʣʽʜʞʝʥʥʷʭ 

 

2.3.1. ʄʦʜʝʣʴ ʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ ʫ ʧʦʚʽʪʨʷʥʽʡ ʢʠʰʝʥʽ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ (ʤʠʰʝʡ ʣʽʥʽʾ Balb/ʩ) ʙʫʣʦ ʧʦʜʽʣʝʥʦ ʥʘ ʛʨʫʧʠ (ʫ ʢʦʞʥʽʡ 

n = 5). ʇʦʚʽʪʨʷʥʫ ʢʠʰʝʥʶ ʬʦʨʤʫʚʘʣʠ ʰʣʷʭʦʤ ʽʥôʻʢʮʽʾ 5 ï 7 ʤʣ ʩʪʝʨʠʣʴʥʦʛʦ ʧʦʚʽʪʨʷ 

ʧʽʜʰʢʽʨʥʦ ʫ ʜʽʣʷʥʮʽ ʩʧʠʥʠ ʤʠʰʝʡ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʢʠʰʝʥʽ, ʚ ʷʢʫ ʟʛʦʜʦʤ 

ʽʥʬʽʣʴʪʨʫʶʪʴʩʷ ʽʤʫʥʥʽ ʢʣʽʪʠʥʠ. ʏʝʨʝʟ ʜʚʘ ʜʥʽ ʫ ʩʬʦʨʤʦʚʘʥʫ ʢʠʰʝʥʶ ʜʦʜʘʪʢʦʚʦ 

ʚʚʦʜʠʣʠ 2 ï 5 ʤʣ ʩʪʝʨʠʣʴʥʦʛʦ ʧʦʚʽʪʨʷ. ʑʝ ʯʝʨʝʟ ʜʚʘ ʜʥʽ, 4 ʤʛ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʩʧʦʣʫʢʠ ʫ ʬʽʟʽʦʣʦʛʽʯʥʦʤʫ ʨʦʟʯʠʥʽ ʘʙʦ ʣʠʰʝ ʬʽʟʽʦʣʦʛʽʯʥʠʡ ʨʦʟʯʠʥ (ʥʝʛʘʪʠʚʥʠʡ 

ʢʦʥʪʨʦʣʴ) ʚʚʦʜʠʣʠ ʫ ʧʦʚʽʪʨʷʥʫ ʢʠʰʝʥʶ ʤʠʰʽ. ʅʘ ʥʘʩʪʫʧʥʠʡ ʜʝʥʴ ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ 

ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʢʣʽʪʠʥʥʠʡ ʚʤʽʩʪ ʢʠʰʝʥʽ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘʙʨʘʥʫ 

ʰʢʽʨʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʽʪʠʥʥʦʛʦ ʚʤʽʩʪʫ ʧʦʚʽʪʨʷʥʦʾ ʢʠʰʝʥʽ, ʚ ʦʩʪʘʥʥʶ ʚʚʦʜʠʣʠ 

2 ʤʣ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʽ ʯʝʨʝʟ ʦʜʥʫ ʭʚʠʣʠʥʫ ʚʽʜʙʠʨʘʣʠ ʡʦʛʦ. ɼʣʷ ʦʩʘʜʞʝʥʥʷ 

ʢʣʽʪʠʥ, ʦʪʨʠʤʘʥʠʡ ʟʤʠʚ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 5 ʭʚ., 1200 ʦʙ./ʭʚ ʪʘ ʛʦʪʫʚʘʣʠ ʤʘʟʢʠ ʜʣʷ 

ʧʦʜʘʣʴʰʦʛʦ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʽʟʫʘʣʽʟʘʮʽʾ ʢʣʽʪʠʥ, ʾʭ ʟʘʙʘʨʚʣʶʚʘʣʠ 

ʨʦʟʯʠʥʦʤ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʫ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ. 

ʊʢʘʥʠʥʫ ʧʦʚʽʪʨʷʥʦʾ ʢʠʰʝʥʽ ʟʘʙʠʨʘʣʠ ʪʘ ʚʽʜʨʘʟʫ ʟʜʽʡʩʥʶʚʘʣʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. 

ʇʽʩʣʷ ʮʴʦʛʦ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʚʠʪʨʠʤʫʚʘʣʠʩʷ ʥʘ ʧʦʚʽʪʨʽ ʜʦ ʧʦʚʥʦʛʦ ʚʠʩʠʭʘʥʥʷ ʪʘ 

ʧʦʚʪʦʨʥʦ ʘʥʘʣʽʟʫʚʘʣʠ [4]. 

 

2.3.2. ʄʦʜʝʣʴ ʽʥʜʫʢʮʽʾ ʽʤʫʥʥʦʾ ʚʽʜʧʦʚʽʜʽ (ʢʣʽʪʠʥʥʦʾ ʪʘ ʛʫʤʦʨʘʣʴʥʦʾ) ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ. ʄʦʜʝʣʴ ʚʠʟʥʘʯʝʥʥʷ ʛʫʤʦʨʘʣʴʥʦʾ ʪʘ ʢʣʽʪʠʥʥʦʾ ʽʤʫʥʥʦʾ 

ʚʽʜʧʦʚʽʜʽ ʚʠʚʯʘʣʠ ʥʘ ʧʨʠʢʣʘʜʽ ʽʤʫʥʽʟʘʮʽʾ ʦʚʘʣʴʙʫʤʽʥʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [97] ʪʘ 

ʤʦʜʠʬʽʢʘʮʽʾ ʟʛʽʜʥʦ [4]. ʄʠʰʘʤ ʟʜʽʡʩʥʶʚʘʣʠ ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʫ ʯʠ ʧʽʜʰʢʽʨʥʫ 

ʽʤʫʥʽʟʘʮʽʶ, ʱʦ ʚʢʣʶʯʘʣʘ 50 ʤʛ ʘʜôʶʚʘʥʪʫ ʪʘ 10 ʤʛ ʘʥʪʠʛʝʥʫ ï ʦʚʘʣʴʙʫʤʽʥʫ. 

ɸʜôʶʚʘʥʪʦʤ ʚʠʩʪʫʧʘʣʠ ʛʽʜʨʦʢʩʠʜ ʪʘ/ʯʠ ʩʦʣʽ ʘʣʶʤʽʥʽʶ, ʧʦʚʥʠʡ/ʥʝʧʦʚʥʠʡ ʘʜôʶʚʘʥʪ 

ʌʨʦʡʥʜʘ ʯʠ ʽʥʰʠʡ ʰʠʨʦʢʦʚʞʠʚʘʥʠʡ ʘʜôʶʚʘʥʪ. ʗʢ ʘʜôʶʚʘʥʪ ʪʘʢʦʞ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʥʘ ʦʩʥʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʥʘʥʦʜʽʘʤʘʥʪʽʚ, ʷʢʽ 

ʢʦʚʘʣʝʥʪʥʦ ʧʨʠʻʜʥʘʥʽ ʯʠ ʟʤʽʰʘʥʽ ʟ ʘʥʪʠʛʝʥʦʤ. ʈʘʮʽʦʥ ʪʚʘʨʠʥ ʙʫʚ ʩʪʘʥʜʘʨʪʥʠʤ, 

ʜʦʩʪʫʧʥʠʤ ad libitum. ɯʤʫʥʽʟʘʮʽʶ ʪʚʘʨʠʥ ʟʜʽʡʩʥʶʚʘʣʠ ʜʚʽʯʽ (ʫ ʚʠʧʘʜʢʫ ʘʜôʶʚʘʥʪʘ 
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ʌʨʦʡʥʜʘ ʧʝʨʰʘ ʽʤʫʥʽʟʘʮʽʷ ʟ ʧʦʚʥʠʤ, ʘ ʥʘʩʪʫʧʥʽ ï ʟ ʥʝʧʦʚʥʠʤ ʘʜôʶʚʘʥʪʦʤ), ʥʘ 1 ʪʘ 

14 ʜʥ ̔ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɼʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʝʨʝʜ ʢʦʞʥʦʶ ʽʤʫʥʽʟʘʮʽʻʶ 

ʪʚʘʨʠʥʘʤ ʧʨʦʚʦʜʠʣʠ ʟʘʙʽʨ ʢʨʦʚʽ. ʂʨʦʚ ʟʘʙʠʨʘʣʠ ʽʟ ʢʽʥʯʠʢʘ ʭʚʦʩʪʘ, ʜʦ 200 ʤʢʣ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʝʨʽʦʜʦʤ ʚʽʜʥʦʚʣʝʥʥʷ (ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʟʘʙʦʨʫ) ï 3 ʜʥʽ. ɿʘ ʧʦʪʨʝʙʠ ʟʘʙʽʨ 

ʢʨʦʚʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʥʝʩʪʝʟʽʾ ï ʪʨʠʙʨʦʤʦʝʪʘʥʦʣʫ (ɸʚʝʨʪʠʥʫ) [97, 

98] ʪʘ ʟʘ ʧʽʜʪʨʠʤʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʚʘʨʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʬʨʘʯʝʨʚʦʥʠʭ 

ʦʙʽʛʨʽʚʘʯʽʚ. ɿ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʢʨʦʚʽ ʚʠʜʽʣʷʣʠ ʩʠʨʦʚʘʪʢʫ, ʚ ʷʢʽʡ ʟʜʽʡʩʥʶʚʘʣʠ 

ʧʦʜʘʣʴʰʝ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʩʧʝʮʠʬʽʯʥʠʭ ʪʘ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʘʥʪʠʪʽʣ ʜʦ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʘʥʪʠʛʝʥʽʚ. ʏʝʨʝʟ 28 ï 35 ʜʥʽʚ ʧʽʩʣʷ ʧʦʯʘʪʢʫ ʽʤʫʥʽʟʘʮʽʾ ʪʚʘʨʠʥʘʤ 

ʽʥʽʮʽʶʶʚʘʣʠ ʨʝʘʢʮʽʶ ʛʽʧʝʨʯʫʪʣʠʚʦʩʪʽ ʩʧʦʚʽʣʴʥʝʥʦʛʦ ʪʠʧʫ (ʛʽʧʝʨʯʫʪʣʠʚʽʩʪʴ IV 

ʪʠʧʫ). ɼʣʷ ʮʴʦʛʦ ʤʽʞ 2 ʽ 3 ʬʘʣʘʥʛʘʤʠ ʧʘʣʴʮʽʚ ʥʦʛʠ ʚʚʦʜʠʣʠ 5 ʤʢʛ ʘʥʪʠʛʝʥʫ ʫ 50 ʤʢʣ 

ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ (ʦʜʥʘ ʣʘʧʢʘ) ʘʙʦ ʩʘʤʦʛʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ 

(ʧʨʦʪʠʣʝʞʥʘ ʣʘʧʢʘ). ɺʠʟʥʘʯʘʣʠ ʨʦʟʤʽʨ ʣʘʧʢʠ ʜʦ ʽ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ, ʱʦʜʥʷ, ʧʨʦʪʷʛʦʤ 

ʢʽʣʴʢʦʭ ʜʥʽʚ, ʧʦʢʠ ʨʦʟʤʽʨ ʣʘʧʢʠ ʥʝ ʧʦʚʝʨʥʫʚʩʷ ʜʦ ʚʠʭʽʜʥʦʛʦ. ʊʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʮʝʨʚʽʢʘʣʴʥʦʶ ʜʠʩʣʦʢʘʮʽʻʶ ʧʽʩʣʷ ʟʘʛʘʣʴʥʦʾ ʘʥʝʩʪʝʟʽʾ. ʇʽʩʣʷ 

ʚʠʚʝʜʝʥʥʷ ʪʚʘʨʠʥ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ ʟʨʘʟʢʽʚ ʢʨʦʚʽ, ʚʥʫʪʨʽʰʥʽʭ 

ʦʨʛʘʥʽʚ, ʷʢ ʦʪ ʣʽʤʬʘʪʠʯʥʠʭ ʚʫʟʣʽʚ, ʩʝʣʝʟʽʥʢʠ ʪʦʱʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

2.3.3. ʄʦʜʝʣʴ ʥʝʘʣʢʦʛʦʣʴʥʦʛʦ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ. 

ɼʣʷ ʽʥʜʫʢʮʽʾ ʅɸʉɻ ʛʨʫʧʫ ʪʚʘʨʠʥ ʫʪʨʠʤʫʚʘʣʠ ʥʘ ɺʃɺʍɼ ʫʧʨʦʜʦʚʞ 2 ʪʠʞʥʽʚ 

(Altromin, C 1089). ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ ʦʪʨʠʤʫʚʘʣʘ ʩʪʘʥʜʘʨʪʥʠʡ ʨʘʮʽʦʥ (ʇʌ ɺɯʊɸ, 

ʤ. ʆʙʫʭʽʚ). ɼʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʱʦ ʜʚʘ ʪʠʞʥʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ ʢʨʦʚʽ ʟ 

ʢʽʥʯʠʢʘ ʭʚʦʩʪʘ, ʟ ʢʨʦʚʽ ʚʠʜʽʣʷʣʠ ʩʠʨʦʚʘʪʢʫ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ, ʟ ʷʢʠʭ ʚʠʛʦʪʦʚʣʷʣʠ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʨʝʧʘʨʘʪʠ 

(H&E) ʪʘ ʟʜʽʡʩʥʶʚʘʣʠ ʤʦʨʬʦʤʝʪʨʠʯʥʫ ʦʮʽʥʢʫ ʧʣʦʱʽ ʛʝʧʘʪʦʮʠʪʽʚ  ̔ʚʤʽʩʪʫ ʚ ʥʠʭ 

ʣʽʧʽʜʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ, ʤʠʰʝʡ ʣʽʥʽʾ C57BL6/N ʫ ʚʽʮʽ 8 ʪʠʞʥʽʚ ʽ ʚ 

ʜʽʘʧʘʟʦʥʽ ʤʘʩ 20 ï 22 ʛ ʧʝʨʝʚʦʜʠʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʨʘʮʽʦʥ. ʂʦʞʥʘ ʛʨʫʧʘ ʪʚʘʨʠʥ, ʷʢʘ 

ʚʢʣʶʯʘʣʘ ʤʽʥʽʤʫʤ 5 ʦʩʦʙʠʥ, ʦʪʨʠʤʫʚʘʣʘ ʦʜʥʘʢʦʚʠʡ ʨʘʮʽʦʥ. ɼʦʩʣʽʜʞʫʚʘʣʠ ʥʘʩʪʫʧʥʽ 
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ʛʨʫʧʠ: ʩʪʘʥʜʘʨʪʥʠʡ ʨʘʮʽʦʥ (ʩʪʘʥʜʘʨʪʥʠʡ ʧʦʣʽʦʨʘʮʽʦʥʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʦʨʤ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʤʠʰʝʡ ʇʂ 120-3ɺ ʪʘ ʚʦʜʘ), ɺʃɺʍɼ (ʩʪʘʥʜʘʨʪʥʠʡ ʤʦʜʝʣʴʥʠʡ ʢʦʨʤ 

ʜʣʷ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʠʭ ʜʽʻʪ ʉ1089, Altromin, ʱʦ ʤʽʩʪʠʪʴ 1 % ʭʦʣʝʩʪʝʨʦʣʫ ʽ 

0,5 % ʭʦʣʝʚʦʾ ʢʠʩʣʦʪʠ ʪʘ ʚʦʜʘ), ɺʌɼ (ʩʪʘʥʜʘʨʪʥʠʡ ʧʦʚʥʦʨʘʮʽʦʥʥʠʡ ʢʦʤʙʽʥʦʚʘʥʠʡ 

ʢʦʨʤ ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʡ ʤʠʰʝʡ ʇʂ 120-3ɺ ʪʘ 10%-ʠʡ ʨʦʟʯʠʥ ʬʨʫʢʪʦʟʠ ʫ ʚʦʜʽ). 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʚʪʦʨʶʚʘʣʠ ʜʚʽʯʽ. ɽʢʩʧʝʨʠʤʝʥʪ ʪʨʠʚʘʚ 6 ʪʠʞʥʽʚ. ʑʦ ʪʨʠ ʜʥʽ, ʧʽʜ 

ʯʘʩ ʟʤʽʥʠ ʧʽʜʩʪʠʣʢʠ ʪʚʘʨʠʥ, ʾʭ ʟʚʘʞʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʝʟʘʭ ʪʘ ʟʘʥʦʪʦʚʫʚʘʣʠ 

ʚʘʛʫ. ɼʦ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʘ ʧʦʪʽʤ, ʱʦ ʜʚʘ ʪʠʞʥʽ, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ ʚʝʥʦʟʥʦʾ 

ʢʨʦʚʽ (ʟ ʢʽʥʯʠʢʘ ʭʚʦʩʪʘ), ʟ ʷʢʦʾ ʦʪʨʠʤʫʚʘʣʠ ʩʠʨʦʚʘʪʢʫ, ʢʦʪʨʫ ʥʝʛʘʡʥʦ ʟʘʤʦʨʦʞʫʚʘʣʠ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʜʦʩʣʽʜʫ, ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʰʣʷʭʦʤ 

ʚʥʫʪʨʽʰʥʴʦʤôʷʟʦʚʦʾ ʽʥôʻʢʮʽʾ ʪʨʠʙʨʦʤʦʝʪʘʥʦʣʫ ʪʘ ʥʘʩʪʫʧʥʦʾ ʮʝʨʚʽʢʘʣʴʥʦʾ 

ʜʠʩʣʦʢʘʮʽʾ. ʇʨʦʚʦʜʠʣʠ ʨʦʟʪʠʥ ʪʚʘʨʠʥ, ʧʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʪʚʘʨʠʥ, ʟʦʢʨʝʤʘ ʧʝʯʽʥʢʠ, ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʪʘ ʽʥ. 

 

2.3.4 ʈʘʮʽʦʥʠ ʪʚʘʨʠʥ. ʄʠʰʝʡ ʣʽʥʽʾ C57BL6/N ʫ ʚʽʮʽ 8 ʪʠʞʥʽʚ ʽ ʚ ʜʽʘʧʘʟʦʥʽ 

ʤʘʩ 20 ï 22 ʛ ʧʝʨʝʚʦʜʠʣʠ ʥʘ ʩʧʝʮʽʘʣʴʥʠʡ ʨʘʮʽʦʥ. ʂʦʨʤ ʪʘ ʚʦʜʘ ʙʫʣʠ ʜʦʩʪʫʧʥʽ 

ad libitum. 

ʉʪʘʥʜʘʨʪʥʘ ʜʽʻʪʘ. ʋ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ ʢʦʤʙʽʥʦʚʘʥʠʡ ʢʦʨʤ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʠʡ ʤʠʰʝʡ ʇʂ 120-3, ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʢʦʨʤʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 2.3. 

ɼʘʥʠʡ ʢʦʨʤ ʻ ʪʠʧʦʚʠʤ ʢʦʨʤʦʤ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʚʝʜʝʥʥʷ ʥʦʨʤʘʣʴʥʠʭ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʛʨʠʟʫʥʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʫʩʽ ʾʭ ʧʦʪʨʝʙʠ ʚ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥʘʭ, 

ʤʽʢʨʦʝʣʝʤʝʥʪʘʭ, ʚʽʪʘʤʽʥʘʭ. 

ɺʠʩʦʢʦʣʽʧʽʜʥʘ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʘ ʜʽʻʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʡ 

ʤʦʜʝʣʴʥʠʡ ʢʦʨʤ ʜʣʷ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʠʭ ʜʽʻʪ ʉ1089, Altromin, ʱʦ ʤʽʩʪʠʚ 1 % 

ʭʦʣʝʩʪʝʨʦʣʫ ʪʘ 0,5 % ʭʦʣʝʚʦʾ ʢʠʩʣʦʪʠ. ɼʝʪʘʣʴʥʠʡ ʚʤʽʩʪ ʢʦʤʧʦʥʝʥʪʽʚ ʢʦʨʤʫ 

ʥʘʚʝʜʝʥʦ ʚ ʜʦʜʘʪʢʫ ɹ, ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʞʠʨʫ ʩʢʣʘʜʘʚ ʤʽʥʽʤʫʤ 15%. 

ɺʠʩʦʢʦʩʦʣʴʦʚʘ ʜʽʻʪʘ. ɺʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʦʜʝʣʴʥʠʡ ʢʦʨʤ ssniff Spezialdiäten 

GmbH, E15431-34 ʟ 4 % NaCl ʚ ʛʨʘʥʫʣʘʭ ʪʘ ʜʦʜʘʪʢʦʚʦ 0,9 % NaCl ʫ ʚʦʜʽ. 

ɺʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʘ ʜʽʻʪʘ ʱʫʨʽʚ. ʊʚʘʨʠʥ ʛʦʜʫʚʘʣʠ ʚʠʢʣʶʯʥʦ ʭʦʣʝʩʪʝʨʠʥ-

ʚʤʽʩʥʦʶ ʾʞʝʶ (ʩʘʣʦ, ʩʤʘʣʝʮʴ). 
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ʊʘʙʣʠʮʷ 2.3 

ʉʢʣʘʜ ʧʦʣʽʦʨʘʮʽʦʥʥʦʛʦ ʛʨʘʥʫʣʴʦʚʘʥʦʛʦ ʢʦʤʙʽʢʦʨʤʫ ʜʣʷ ʤʠʰʝʡ ʇʂ 120-3 

ˉ ʧ/ʧ ʂʦʤʧʦʥʝʥʪʠ % ʚʤʽʩʪʫ 

1 ɹʦʨʦʰʥʦ ʧʰʝʥʠʯʥʝ 2-ʛʦ ʩʦʨʪʫ 12,0 

2 ɹʦʨʦʰʥʦ ʽʟ ʧʰʝʥʠʯʥʠʭ 2-ʛʦ ʩʦʨʪʫ 

ʧʘʥʽʨʫʚʘʣʴʥʠʭ ʩʫʭʘʨʽʚ 

13,0 

3 ʂʨʫʧʘ ʚʽʚʩʷʥʘ 38,0 

4 ʅʘʩʽʥʥʷ ʩʦʥʷʰʥʠʢʘ 12,0 

5 ʇʨʦʩʦ 6,0 

6 ʄʦʣʦʢʦ ʩʫʭʝ ʟʥʝʞʠʨʝʥʝ 8,0 

7 ɹʦʨʦʰʥʦ ʨʠʙʥʝ 2,5 

8 ɼʨʽʞʜʞʽ ʢʦʨʤʦʚʽ, ʩʫʭʽ 2,5 

9 ʄʝʣʷʩʘ 4,2 

10 ʇʨʝʤʽʢʩ 1,0 

11 ʂʘʣʴʮʽʡ ʚʫʛʣʝʢʠʩʣʠʡ 0,5 

12 ʅʘʪʨʽʡ ʭʣʦʨʠʩʪʠʡ 0,3 

ɺʩʴʦʛʦ 100 

 

2.4. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʬʽʟʽʦʣʦʛʽʯʥʽ ʪʘ ʛʽʩʪʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ, ʪʘʢʽ ʷʢ ʚʠʚʯʝʥʥʷ 

ʧʦʚʝʜʽʥʢʠ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʩʪʘʥʫ ʪʚʘʨʠʥ, ʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ, ʤʝʪʦʜʠ ʟʘʙʦʨʫ ʪʘ 

ʬʽʢʩʘʮʽʾ ʪʢʘʥʠʥ, ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ, ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ, ʢʦʤʧôʶʪʝʨʥʠʡ ʘʥʘʣʽʟ 

ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ, ʘ ʪʘʢʦʞ ʩʪʘʪʠʩʪʠʯʥʝ ʦʧʨʘʮʶʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ. 

 

2.4.1. ʉʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʚʝʜʽʥʢʦʚʦʶ ʨʝʘʢʮʽʻʶ ʪʚʘʨʠʥ. ʑʦ ʪʨʠ ʜʥʽ, ʧʽʜ 

ʯʘʩ ʟʤʽʥʠ ʧʽʜʩʪʠʣʢʠ ʪʚʘʨʠʥ, ʾʭ ʟʚʘʞʫʚʘʣʠ ʥʘ ʝʣʝʢʪʨʦʥʥʠʭ ʪʝʨʝʟʘʭ ʪʘ ʟʘʥʦʪʦʚʫʚʘʣʠ 

ʚʘʛʫ. 
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ʊʘʢʦʞ ʧʽʜ ʯʘʩ ʧʨʠʙʠʨʘʥʥʷ ʢʣʽʪʦʢ ʪʚʘʨʠʥ ʚʠʟʥʘʯʘʣʠ ʟʤʽʥʠ ʬʽʟʽʦʣʦʛʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ. ʊʚʘʨʠʥ ʧʦʤʽʱʘʣʠ ʚ ʧʨʦʟʦʨʠʡ ʧʨʷʤʦʢʫʪʥʠʡ ʢʦʥʪʝʡʥʝʨ, ʧʦʟʙʘʚʣʝʥʠʡ 

ʙʫʜʴ-ʷʢʠʭ ʫʢʨʠʪʪʽʚ ʪʘ ʟʚʝʨʭʫ ʟʘʢʨʠʚʘʣʠ ʢʨʠʰʢʦʶ ʟ ʚʝʥʪʠʣʷʮʽʡʥʠʤʠ ʦʪʚʦʨʘʤʠ. 

ʉʧʦʩʪʝʨʽʛʘʣʠ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʪʚʘʨʠʥ, ʚʠʟʥʘʯʘʣʠ ʬʽʟʽʦʣʦʛʽʯʥʽ ʩʪʘʥʠ ʪʚʘʨʠʥ [99]. 

ʇʦʪʽʤ ʧʦ ʢʨʠʰʮʽ ʢʦʥʪʝʡʥʝʨʘ ʣʝʛʝʥʴʢʦ ʧʦʩʪʫʢʫʚʘʣʠ ʽ ʚʠʟʥʘʯʘʣʠ ʨʝʘʢʮʽʶ ʪʚʘʨʠʥ ʥʘ 

ʩʪʨʝʩ. ʋʩʽ ʧʨʦʮʝʜʫʨʠ ʟʘʧʠʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʚʠʜʢʽʩʥʦʾ ʢʘʤʝʨʠ GoPro. 

 

2.4.2. ʆʩʥʦʚʥʽ ʙʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʝʯʽ ʪʚʘʨʠʥ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʯʽ ʪʚʘʨʠʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 10-ʪʠ ʧʘʨʘʤʝʪʨʠʯʥʫ 

ʩʤʫʞʢʦʚʫ ʪʝʩʪ-ʩʠʩʪʝʤʫ DUS 10 Test (DFI Co, Ltd, ʂʦʨʝʷ). ɼʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ 

ʥʝʽʥʚʘʟʠʚʥʠʤʠ ʤʝʪʦʜʘʤʠ ʦʮʽʥʠʪʠ ʦʩʥʦʚʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʘʭ, ʱʦ 

ʚʠʷʚʣʷʶʪʴʩʷ ʫ ʩʝʯʽ, ʷʢ ʦʪ: 

1. ʣʝʡʢʦʮʠʪʠ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

2. ʥʽʪʨʠʪ ï ʷʢʽʩʥʦ; 

3. ʫʨʦʙʽʣʽʥʦʛʝʥ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

4. ʙʽʣʦʢ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

5. ʨʅ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

6. ʢʨʦʚ (ʟʘ ʚʤʽʩʪʦʤ ʝʨʠʪʨʦʮʠʪʽʚ) ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

7. ʧʠʪʦʤʫ ʛʫʩʪʠʥʫ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

8. ʢʝʪʦʥʠ ï ʥʘʧʽʚʢʽʣʴʢʽʩʥʦ; 

9. ʙʽʣʽʨʫʙʽʥ ï ʷʢʽʩʥʦ; 

10. ʛʣʶʢʦʟʫ ï ʢʽʣʴʢʽʩʥʦ. 

ɿʨʘʟʦʢ ʰʢʘʣʠ ʟʯʠʪʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 2.1. ʋ ʟʚôʷʟʢʫ ʟ 

ʦʙʤʝʞʝʥʽʩʪʶ ʤʘʪʝʨʽʘʣʽʚ, ʢʨʘʧʣʽ ʦʪʨʠʤʘʥʦʾ ʩʝʯʽ ʥʘʥʦʩʠʣʠ ʤʽʢʨʦʧʽʧʝʪʢʦʶ ʥʘ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʪʝʩʪ-ʩʤʫʞʢʠ ʚ ʪʘʢʽʡ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʙʽʣʦʢ, ʣʝʡʢʦʮʠʪʠ, ʨʅ, ʙʽʣʽʨʫʙʽʥ, 

ʙʽʣʽʨʫʙʽʥʦʛʝʥ, ʽʥʰʽ. 
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ʈʠʩ. 2.1. ʐʢʘʣʘ ʦʮʽʥʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʦʩʥʦʚʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʯʽ ʫ 

ʩʠʩʪʝʤʽ DUS 10, ʚʠʢʦʨʠʩʪʘʥʽʡ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

 

2.4.3. ɿʘʙʽʨ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʦʨʛʘʥʽʚ ʪʚʘʨʠʥ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʰʣʷʭʦʤ ʚʥʫʪʨʽʰʥʴʦʤôʷʟʦʚʦʾ ʽʥôʻʢʮʽʾ 

ʪʨʠʙʨʦʤʦʝʪʘʥʦʣʫ [98] ʪʘ ʥʘʩʪʫʧʥʦʾ ʮʝʨʚʽʢʘʣʴʥʦʾ ʜʠʩʣʦʢʘʮʽʾ [100ï102]. ʇʨʦʚʦʜʠʣʠ 

ʨʦʟʪʠʥ ʪʚʘʨʠʥ, ʧʨʠ ʮʴʦʤʫ ʟʜʽʡʩʥʶʚʘʣʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʦʨʛʘʥʽʚ ʪʚʘʨʠʥ, 

ʟʦʢʨʝʤʘ ʧʝʯʽʥʢʠ, ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʪʘ ʽʥ. ɼʣʷ ʤʽʢʨʦʬʦʛʨʘʬʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʢʘʤʝʨʫ Nikon D7100 ʪʘ ʤʘʢʨʦʦʙôʻʢʪʠʚ MicroNikkor (Nikon, ʗʧʦʥʽʷ). 

ɺ ʫʩʽʭ ʪʚʘʨʠʥ ʙʨʘʣʠ ʟʨʘʟʢʠ ʣʽʚʦʾ ʣʘʪʝʨʘʣʴʥʦʾ ʯʘʩʪʠʥʠ ʧʝʯʽʥʢʠ, ʷʢʫ ʬʽʢʩʫʚʘʣʠ 

ʫ 4%-ʤʫ ʨʦʟʯʠʥʽ ʧʘʨʘʬʦʨʤʘʣʴʜʝʛʽʜʫ ʫʧʨʦʜʦʚʞ 6 ʛʦʜ, ʧʦʪʽʤ ʨʦʟʯʠʥ ʤʽʥʷʣʠ ʽ 

ʬʽʢʩʫʚʘʣʠ ʦʨʛʘʥ ʱʝ 24 ʛʦʜ., ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʯʠʥ ʤʽʥʷʣʠ ʥʘ 70%-ʠʡ ʨʦʟʯʠʥ ʝʪʘʥʦʣʫ ʽ 

ʧʨʦʚʦʜʠʣʠ ʟʘʢʣʶʯʝʥʥʷ ʦʨʛʘʥʫ ʚ ʧʘʨʘʬʽʥ, ʦʪʨʠʤʫʚʘʣʠ ʛʽʩʪʦʣʦʛʽʯʥʽ ʟʨʽʟʠ ʪʦʚʱʠʥʦʶ 

5 ʤʢʤ, ʷʢʽ ʜʝʧʘʨʘʬʽʥʽʟʫʚʘʣʠ ʽ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʤʝʪʦʜʠʢ [103]. 

ɾʦʚʯʥʽ ʤʽʭʫʨʽ ʚʽʜʜʽʣʷʣʠ ʧʨʠ ʦʩʥʦʚʽ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʪʠʩʥʫʚʰʠ ʧʨʦʪʦʢʠ 

ʤʽʢʨʦʟʘʞʠʤʘʤʠ, ʾʭ ʧʝʨʝʥʦʩʠʣʠ ʚ ʯʘʰʢʫ ʇʝʪʨʽ ʪʘ ʟʜʽʡʩʥʶʚʘʣʠ 
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ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʨʽʟʘʣʠ ʩʢʘʣʴʧʝʣʝʤ ʽ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ, ʷʢʱʦ ʪʘʢʽ ʙʫʣʠ, ʦʪʨʠʤʘʥʫ ʨʽʜʢʫ ʯʘʩʪʠʥʫ 

ʟʙʠʨʘʣʠ ʽ ʦʩʘʜʞʫʚʘʣʠ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ. 

ʊʢʘʥʠʥʥʫ ʦʙʦʣʦʥʢʫ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ ʬʽʢʩʫʚʘʣʠ ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ. 

 

2.4.4. ɺʠʛʦʪʦʚʣʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ. ʊʢʘʥʠʥʠ ʬʽʢʩʫʚʘʣʠ ʫ 

10%- ʤʫ ʨʦʟʯʠʥʽ ʬʦʨʤʘʣʽʥʫ ʧʨʦʪʷʛʦʤ 24 ʛʦʜ, ʧʨʦʤʠʚʘʣʠ ʫ ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ ʪʘ 

ʟʥʝʚʦʜʥʶʚʘʣʠ ʫ ʩʧʠʨʪʘʭ ʟʨʦʩʪʘʶʯʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ (ʚʽʜ 70 ʜʦ 96 %), ʫʱʽʣʴʥʶʚʘʣʠ ʫ 

ʧʘʨʘʬʽʥʽ, ʟʘʣʠʚʘʣʠ ʫ ʙʣʦʢʠ ʪʘ ʚʠʛʦʪʦʚʣʷʣʠ ʟʨʽʟʠ, ʷʢʽ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ 

ʝʦʟʠʥʦʤ ʜʣʷ ʟʘʛʘʣʴʥʦʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ɼʝʧʘʨʘʬʽʥʽʟʘʮʽʶ ʧʨʝʧʘʨʘʪʽʚ ʧʨʦʚʦʜʠʣʠ, ʧʦʯʝʨʛʦʚʦ ʟʘʥʫʨʶʶʯʠ ʧʨʝʧʘʨʘʪʠ ʫ 

ʨʦʟʯʠʥʠ: ʪʦʣʫʦʣʫ 1 (10 ʭʚ), ʪʦʣʫʦʣʫ 2 (10 ʭʚ), ʪʦʣʫʦʣʫ 3 (10 ʭʚ), ʩʧʠʨʪʫ ʝʪʠʣʦʚʦʛʦ 

96%-ʛʦ (10 ʭʚ), ʩʧʠʨʪʫ ʝʪʠʣʦʚʦʛʦ 70%-ʛʦ (10 ʭʚ), ʚʦʜʫ (10 ʭʚ). ʇʽʩʣʷ ʮʴʦʛʦ 

ʧʨʝʧʘʨʘʪʠ ʽʥʢʫʙʫʚʘʣʠ ʽʟ ʙʽʦʪʠʥʽʣʴʦʚʘʥʠʤʠ ʣʝʢʪʠʥʘʤʠ: ʥʘ ʟʨʽʟ ʥʘʥʦʩʠʣʠ 200 ʤʢʣ 

ʨʦʟʯʠʥʫ ʈʽʥʛʝʨʘ, ʜʦʜʘʚʘʣʠ 1 ʤʢʣ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʽʦʪʠʥʽʣʴʦʚʘʥʦʛʦ ʣʝʢʪʠʥʫ ʪʘ 

ʽʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ +37°ʉ. ʇʨʝʧʘʨʘʪʠ ʧʨʦʤʠʚʘʣʠ 1 ʨʘʟ ʪʘ ʥʘʥʦʩʠʣʠ ʥʘ ʟʨʽʟ 

200 ʤʢʣ ʨʦʟʯʠʥʫ ʈʽʥʛʝʨʘ, ʜʦʜʘʚʘʣʠ 0,5 ʤʢʣ ʘʚʽʜʠʥ-HRP ʪʘ ʽʥʢʫʙʫʚʘʣʠ 30 ʭʚ ʧʨʠ 

+37°ʉ. ʇʨʦʤʠʚʘʣʠ 1 ʨʘʟ ʨʦʟʯʠʥʦʤ ʈʽʥʛʝʨʘ. ɼʦʜʘʚʘʣʠ ʧʦ 1 ʤʣ ʩʫʙʩʪʨʘʪʫ (ʨʦʟʯʠʥʷʣʠ 

ʫ 10 ʤʣ ʜʠʩʪʠʣʴʦʚʘʥʦʾ ʚʦʜʠ 0,01 ʛ ɼɸɹ, ʜʦʜʘʚʘʣʠ 50 ʤʢʣ 10%-ʛʦ NiCl2 ʪʘ 60 ʤʢʣ 

3%-ʛʦ ʧʝʨʝʢʠʩʫ ʚʦʜʥʶ) ʪʘ ʽʥʢʫʙʫʚʘʣʠ 5 ï 15 ʭʚ. ʇʨʦʤʠʚʘʣʠ ʨʦʟʯʠʥʦʤ ʈʽʥʛʝʨʘ. 

ɺʠʩʫʰʫʚʘʣʠ ʧʨʝʧʘʨʘʪʠ. ɺʠʛʦʪʦʚʣʷʣʠ ʧʦʩʪʽʡʥʽ ʧʨʝʧʘʨʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʘʥʘʜʩʴʢʠʡ ʙʘʣʴʟʘʤ. 

 

2.4.5. ɻʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʬʘʨʙʫʚʘʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ. 

ʆʪʨʠʤʘʥʽ ʧʨʝʧʘʨʘʪʠ ʟʨʘʟʢʽʚ ʧʝʯʽʥʢʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʤʽʢʨʦʩʢʦʧʫ Delta Optical, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʙôʻʢʪʠʚʠ 10ʭ NA 0.4 ʪʘ 40ʭ NA0.75 ʪʘ 

ʢʘʤʝʨʠ E3 Sony IMX185 (Rising Tech, ɻʦʥʢ-ʂʦʥʛ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʟʙʽʣʴʰʝʥʥʷ ʪʘ ʦʩʚʽʪʣʝʥʥʷ. ʆʪʨʠʤʘʥʽ ʟʦʙʨʘʞʝʥʥʷ 

ʦʙʨʦʙʣʷʣʠ ʚ ʧʨʦʛʨʘʤʽ ImageJ, ʜʝ ʚʠʟʥʘʯʘʣʠʩʴ ʢʦʥʪʫʨʠ ʦʢʨʝʤʠʭ ʛʝʧʘʪʦʮʠʪʽʚ ʪʘ 

ʚʠʤʽʨʶʚʘʣʘʩʴ ʧʣʦʱʘ ʦʢʨʝʤʠʭ ʢʣʽʪʠʥ. ɼʣʷ ʢʦʞʥʦʛʦ ʧʨʝʧʘʨʘʪʫ ʧʨʦʚʦʜʠʣʠ ʟʡʦʤʢʫ ʪʘ 
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ʘʥʘʣʽʟ ʧʨʠʥʘʡʤʥʽ ʪʨʴʦʭ ʧʦʣʽʚ ʟʦʨʫ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʷʢʠʭ ʚʠʤʽʨʶʚʘʣʠ ʤʽʥʽʤʫʤ 

100 ʢʣʽʪʠʥ. ɼʣʷ ʛʽʩʪʦʣʦʛʽʯʥʦʾ ʦʮʽʥʢʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʢʨʠʪʝʨʽʾ ʦʧʠʩʘʥʽ ʚ [104]. 

 

2.4.6. ɻʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʤʽʩʪʫ ʢʦʣʘʛʝʥʫ. ʇʽʩʣʷ ʜʝʧʘʨʘʬʽʥʽʟʘʮʽʾ ʟʨʘʟʢʽʚ 

ʪʘ ʽʥʰʠʭ ʧʨʦʮʝʜʫʨ, ʷʢ ʮʝ ʦʧʠʩʘʥʦ ʫ ʨʦʟʜʽʣʽ 2.4.4, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ 

ʧʽʢʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ ï ʪʽʘʟʠʥʦʚʠʤ ʯʝʨʚʦʥʠʤ ʧʦ ɼʦʤʘʛʢʫ [105]: 

ʘ) ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ ʷʜʝʨ ʟʘʣʽʟʥʠʤ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ɺʝʡʛʝʨʪʘ, 2 ʭʚ; 

ʙ) ʨʝʪʝʣʴʥʘ ʧʨʦʤʠʚʢʘ ʚ ʧʨʦʪʦʯʥʽʡ ʚʦʜʽ, 10 ʭʚ; 

ʚ) ʟʘʬʘʨʙʦʚʫʚʘʥʥʷ ʚ ʧʽʢʨʠʥʦʚʽʡ ʢʠʩʣʦʪʽ ï ʪʽʘʟʠʥʦʚʠʤ ʯʝʨʚʦʥʠʤ, 3 ï 5 ʭʚ; 

ʛ) ʦʧʦʣʽʩʢʫʚʘʥʥʷ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ; 

ʜ) ʜʚʽ ʧʦʨʮʽʾ 96%-ʛʦ ʩʧʠʨʪʫ; ʘʙʩʦʣʶʪʥʠʡ ʩʧʠʨʪ; ʢʩʠʣʦʣ; ʙʘʣʴʟʘʤ. 

ʈʝʟʫʣʴʪʘʪ: ʷʜʨʘ ʪʝʤʥʦʢʦʨʠʯʥʝʚʽ, ʩʧʦʣʫʯʥʘ ʪʢʘʥʠʥʘ ʷʩʢʨʘʚʦʯʝʨʚʦʥʘ, ʤôʷʟʦʚʘ 

ʪʢʘʥʠʥʘ ʞʦʚʪʘ. 

ʇʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ: ʜʦ 100 ʩʤį ʥʘʩʠʯʝʥʦʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʧʽʢʨʠʥʦʚʦʾ 

ʢʠʩʣʦʪʠ ʜʦʙʘʚʣʷʶʪʴ 7,5 ʩʤį 1%-ʛʦ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʪʽʘʟʠʥʦʚʦʛʦ ʯʝʨʚʦʥʦʛʦ. 

ɼʣʷ ʟʙʝʨʝʞʝʥʥʷ ʽ ʧʨʦʟʦʨʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʚʘʞʣʠʚʦ, ʱʦʙ ʣʠʰʥʷ ʧʽʢʨʠʥʦʚʘ 

ʢʠʩʣʦʪʘ ʙʫʣʘ ʜʦʙʨʝ ʚʽʜʤʠʪʘ 96%-ʠʤ ʩʧʠʨʪʦʤ. ʎʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʧʦʻʜʥʫʚʘʪʠ ʟ 

ʷʜʝʨʥʠʤ ʟʘʬʘʨʙʦʚʫʚʘʥʥʷʤ ʭʨʦʤʦʚʦʛʘʣʫʥʦʚʠʤ ʢʘʨʤʽʥʦʤ. 

 

2.4.7. ɯʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʠʡ ʘʥʘʣʽʟ. ʌʘʨʙʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʦʪʨʠʤʘʥʦʛʦ 

ʰʣʷʭʦʤ ʥʘʥʝʩʝʥʥʷ ʭʦʣʝʩʪʝʨʠʥʦʚʠʭ ʢʘʤʝʥʽʚ ʥʘ ʩʢʝʣʴʮʝ, ʪʘ ʥʘʩʪʫʧʥʦʛʦ ʧʨʦʤʠʚʘʥʥʷ 

ʘʮʝʪʦʥʦʤ (ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʨʦʟʯʠʥʝʥʥʷ ʢʘʤʝʥʽʚ ʪʘ ʬʽʢʩʘʮʽʾ ʟʨʘʟʢʽʚ), ʟʜʽʡʩʥʶʚʘʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜʫ (ʚʠʷʚʣʝʥʥʷ ɼʅʂ) ʪʘ ʘʥʪʠʪʽʣ ʜʦ ʥʝʡʪʨʦʬʽʣʴʥʦʾ 

ʝʣʘʩʪʘʟʠ, ʷʢ ʦʧʠʩʘʥʦ ʚ [5]. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʩʢʦʧ Olympus 

BX51(Carl Zeiss, ʅʽʤʝʯʯʠʥʘ), ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʬʘʟʦʚʦʛʦ ʢʦʥʪʨʘʩʪʫ. ʋ ʨʦʙʦʪʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ 536 ʥʤ, ʝʤʽʩʽʾ 617 ʥʤ). 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʘʥʪʠʪʽʣ ʜʦ ʥʝʡʪʨʦʬʽʣʴʥʦʾ ʝʣʘʩʪʘʟʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʨʫʛʽ ʘʥʪʠʪʽʣʘ, 

ʤʽʯʝʥʽ ʙʘʨʚʥʠʢʦʤ Cy5.5, ʷʢʠʡ ʚʠʷʚʣʷʣʠ ʟʘ ʽʥʬʨʘʯʝʨʚʦʥʦʶ ʝʤʽʩʽʻʶ (ʧʨʠ ʟʙʫʜʞʝʥʥʽ 
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650 ʥʤ ʪʘ ʝʤʽʩʽʾ 680 ï 750 ʥʤ). ɼʣʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʨʦʛʨʘʤʥʠʡ ʢʦʤʧʣʝʩ Olympus Cell. 

 

2.4.8. ʄʽʢʨʦʩʢʦʧʽʷ ʪʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʬʣʫʦʨʝʩʮʝʥʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʩʢʦʧ Carl Zeiss AxioImager A1 (Carl Zeiss, 

ʅʽʤʝʯʯʠʥʘ), ʦʙʣʘʜʥʘʥʠʡ ʩʠʩʪʝʤʦʶ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʽʥʪʝʨʬʝʨʝʥʮʽʡʥʦʛʦ ʢʦʥʪʨʘʩʪʫ. 

ʋ ʨʦʙʦʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ 536 ʥʤ, ʝʤʽʩʽʾ 

617 ʥʤ) ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʥʝʢʨʦʪʠʯʥʠʭ ʪʘ ʧʽʟʥʴʦʘʧʦʧʪʠʯʥʠʭ ʢʣʽʪʠʥ ʟʘ ʧʨʦʥʠʢʥʽʩʪʶ 

ʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʛʣʽʢʘʥʽʚ ʧʦʚʝʨʭʥʽ ʧʣʘʟʤʘʪʠʯʥʦʾ ʤʝʤʙʨʘʥʠ, 

ʢʣʽʪʠʥʠ ʧʦʤʽʱʘʣʠ ʫ ʨʦʟʯʠʥ ʈʽʥʛʝʨʘ, ʱʦ ʤʽʩʪʠʚ ʣʝʢʪʠʥʠ, ʤʽʯʝʥʽ FITC, ʫ ʢʽʥʮʝʚʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 2,5 ʤʢʛ/ʤʣ, ʪʘ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʝʣʝʥʫ ʬʣʫʦʨʝʩʮʝʥʮʽʶ (ʜʦʚʞʠʥʘ ʭʚʠʣʽ 

ʟʙʫʜʞʝʥʥʷ FITC ï 494 ʥʤ, ʝʤʽʩʽʾ 518 ʥʤ). ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʷʜʝʨ ʢʣʽʪʠʥ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ DAPI (ʜʦʚʞʠʥʘ ʭʚʠʣʽ ʟʙʫʜʞʝʥʥʷ 358 ʥʤ, ʝʤʽʩʽʾ 461 ʥʤ), ʨʦʙʦʯʘ 

ʢʦʥʮʝʥʪʨʘʮʽʷ 1 ʤʢʛ/ʤʣ. ʌʣʫʦʨʝʩʮʝʥʮʽʶ ʬʽʢʩʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʘʤʝʨʠ Carl Zeiss 

AxioCam MRm. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʢʦʥʬʦʢʘʣʴʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʽʢʨʦʩʢʦʧ Carl 

Zeiss LSM 780, ʦʩʥʘʱʝʥʠʡ ʣʘʟʝʨʘʤʠ ʟ ʜʦʚʞʠʥʘʤʠ ʭʚʠʣʴ 405, 458, 488, 514 ʪʘ 

633 ʥʤ. 

ɼʣʷ ʟʜʽʡʩʥʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʬʣʫʦʨʝʩʮʝʥʪʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʩʦʢʦʾ 

ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʤʽʢʨʦʩʢʦʧʽʯʥʠʡ ʢʦʤʧʣʝʢʩ 

Keyence BZ-X800. 

ɼʣʷ ʤʽʢʨʦʬʦʛʨʘʬʫʚʘʥʥʷ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʤʝʨʫ Nikon 

D7100 ʪʘ ʤʘʢʨʦʦʙôʻʢʪʠʚ MicroNikkor (Nikon, ʗʧʦʥʽʷ). ɾʦʚʯʥʠʡ ʤʽʭʫʨ ʚʽʜʜʽʣʷʣʠ 

ʧʨʠ ʦʩʥʦʚʽ, ʧʦʧʝʨʝʜʥʴʦ ʟʘʪʠʩʥʫʚʰʠ ʧʨʦʪʦʢʠ ʤʽʢʨʦʟʘʪʠʩʢʘʯʘʤʠ, ʾʭ ʧʝʨʝʥʦʩʠʣʠ ʚ 

ʯʘʰʢʫ ʇʝʪʨʽ ʪʘ ʟʜʽʡʩʥʶʚʘʣʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ, ʧʽʩʣʷ ʯʦʛʦ ʨʦʟʨʽʟʘʣʠ 

ʩʢʘʣʴʧʝʣʝʤ ʽ ʟʜʽʡʩʥʶʚʘʣʠ ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ, ʚʤʽʩʪ ʬʽʢʩʫʚʘʣʠ 

ʤʝʪʘʥʦʣʦʤ ʜʣʷ ʥʘʩʪʫʧʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʶ ʤʽʢʨʦʩʢʦʧʽʻʶ. 

ɼʣʷ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʪʘ ʝʦʟʠʥʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʚ 

ʧʘʨʘʬʽʥʦʚʠʭ ʟʨʽʟʘʭ ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʩʪʫʧʥʠʡ ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʬʘʨʙʫʚʘʥʥʷ ʝʦʟʠʥʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ. ʇʽʩʣʷ ʜʝʧʘʨʘʬʽʥʽʟʘʮʽʾ ʟʨʘʟʢʠ ʪʢʘʥʠʥ 
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ʬʘʨʙʫʚʘʣʠ ʘʥʽʣʽʥʦʚʠʤ ʩʠʥʽʤ, 0,001 %-ʠʤ ʨʦʟʯʠʥʦʤ ʧʨʦʪʷʛʦʤ 60 ʩ. ʂʣʽʪʠʥʥʫ ɼʅʂ 

ʟʘʙʘʨʚʣʶʚʘʣʠ ʨʦʟʯʠʥʦʤ 0,1 ʤʢʛ/ʤʣ ʧʨʦʧʽʜʽʶ ʡʦʜʠʜʫ (PI) ʘʙʦ ʨʦʟʯʠʥʦʤ 0,1 ʤʢʛ/ʤʣ 

DAPI (4ǋ,6-ʜʽʘʤʽʜʽʥʦ-2-ʬʝʥʽʣʽʥʜʦʣ, Sigma, ʄʶʥʭʝʥ, ʅʽʤʝʯʯʠʥʘ) ʘʙʦ ʨʦʟʯʠʥʦʤ Sytox 

Green (ʛʦʪʦʚʠʡ ʨʦʟʯʠʥ, ʥʘʜʘʻʪʴʩʷ ʚʠʨʦʙʥʠʢʦʤ, ThermoFisher Scientific, ʅʽʤʝʯʯʠʥʘ). 

ʇʨʝʧʘʨʘʪʠ ʚʢʨʠʚʘʣʠ ʩʝʨʝʜʦʚʠʱʝʤ ʧʨʦʪʠ ʚʠʛʦʨʘʥʥʷ ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʤʽʪʦʢ ʽ ʚ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʤʠ ʟʤʦʛʣʠ ʜʦʙʠʪʠʩʷ ʚʽʜʪʚʦʨʶʚʘʥʦʩʪʽ ʩʠʛʥʘʣʫ ʧʨʠ ʟʙʝʨʽʛʘʥʥʽ ʟʨʘʟʢʽʚ ʜʦ 

3 ʪʠʞʥʽʚ ʧʨʠ 4ÁC ʫ ʟʘʭʠʱʝʥʦʤʫ ʚʽʜ ʩʚʽʪʣʘ ʩʝʨʝʜʦʚʠʱʽ. 

 

2.4.9. ʇʨʦʪʦʯʥʘ ʮʠʪʦʤʝʪʨʽʷ. ɿʜʽʡʩʥʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʫ [106]. 

ʉʫʩʧʝʥʟʽʶ ʢʣʽʪʠʥ (1 ï 2 ʤʣʥ. ʢʣʽʪʠʥ/ʤʣ) ʧʨʦʤʠʚʘʣʠ ʭʦʣʦʜʥʠʤ ʟʘʙʫʬʝʨʥʠʤ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʨʦʟʯʠʥʦʤ (ɿʌʈ), ʘ ʧʦʪʽʤ ʨʝʩʫʩʧʝʥʜʫʚʘʣʠ ʚ 1 ʤʣ ʭʦʣʦʜʥʦʛʦ ʨʦʟʯʠʥʫ 

ʈʽʥʛʝʨʘ. ɼʦ ʢʣʽʪʠʥʥʦʾ ʩʫʩʧʝʥʟʽʾ ʜʦʜʘʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʽ ʤʽʪʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 

ʞʠʪʪʻʟʜʘʪʥʦʩʪʽ ʢʣʽʪʠʥ (AnV-FITC, AnV-eGFP, NPL-FITC) ʜʦ ʢʽʥʮʝʚʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

1 ʤʢʛ/ʤʣ, ʘ ʪʘʢʦʞ ʧʨʦʧʽʜʽʡ ʡʦʜʠʜ (PI), 1 ʤʢʛ/ʤʣ, ʜʣʷ ʜʠʩʢʨʠʤʽʥʘʮʽʾ ʥʝʢʨʦʪʠʯʥʠʭ 

ʢʣʽʪʠʥ. ɸʣʴʪʝʨʥʘʪʠʚʥʦ ʜʦʜʘʚʘʣʠ ʘʥʪʠʪʽʣʘ ʜʣʷ ʽʤʫʥʦʬʝʥʦʪʠʧʫʚʘʥʥʷ (ʫʩʽ ʟʨʘʟʢʠ 

ʚʠʨʦʙʥʠʮʚʘ BioLegend), ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʢʦʤʝʥʜʦʚʘʥʽ ʚʠʨʦʙʥʠʢʦʤ ʪʠʪʨʠ 

ʘʥʪʠʪʽʣ. ɿʨʘʟʢʠ ʽʥʢʫʙʫʚʘʣʠ ʥʘ ʭʦʣʦʜʽ ʧʨʦʪʷʛʦʤ 15 ʭʚ. ɿʨʘʟʢʠ ʘʥʘʣʽʟʫʚʘʣʠ ʥʘ 

ʧʨʦʪʦʯʥʠʭ ʮʠʪʦʬʣʫʦʨʠʤʝʪʨʘʭ Coulter EPICS XL-MCL ʪʘ Coulter DxFLEX 

(Beckman Coulter, ɹʝʣʴʛʽʷ), ʚʠʟʥʘʯʘʣʠ ʬʣʫʦʨʝʩʮʝʥʮʽʶ ʚʽʜʧʦʚʽʜʥʠʭ ʤʽʪʦʢ ʥʘ ʢʘʥʘʣʘʭ 

FL1-FL5 ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʘʣʠ ʧʨʷʤʝ (FSC) ʪʘ ʙʽʯʥʝ (SSC) ʩʚʽʪʣʦʨʦʟʩʽʷʥʥʷ ʧʦʧʫʣʷʮʽʾ 

ʢʣʽʪʠʥ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʧʽʜʭʦʜʽʚ [107]. ɸʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʟʘʙʝʟʧʝʯʝʥʥʽ CytExpert 3.0 ʪʘ Kaluza 2.1 (Beckman Coulter, ɹʝʣʴʛʽʷ). 

 

2.4.10. ɺʠʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʚʤʽʩʪʫ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG ʪʘ 

ʘʩʦʮʽʡʦʚʘʥʠʭ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ɸʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʘʥʽʰʝ 

ʟʘʧʘʪʝʥʪʦʚʘʥʦʾ [108] ʪʘ ʚʘʣʽʜʦʚʘʥʦʾ ʤʝʪʦʜʠʢʠ [109, 110]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ 

ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG ʟʘʛʘʣʴʥʠʭ ʪʘ ʘʩʦʮʽʡʦʚʘʥʠʭ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ IgG-IgM ʫ 

ʩʠʨʦʚʘʪʮʽ, ʫ 96-ʣʫʥʢʦʚʠʡ ʽʤʫʥʦʣʦʛʽʯʥʠʡ ʧʣʘʥʰʝʪ (Nunc, Maxisorp) ʚʥʦʩʠʣʠ ʧʦ 

50 ʤʢʣ F(abô)2 ʬʨʘʛʤʝʥʪʽʚ ʘʥʪʠʪʽʣ ʜʦ ʽʤʫʥʦʛʣʦʙʫʣʽʥʫ IgG (H+L) ʣʶʜʠʥʠ ʽʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 2 ʤʢʛ/ʤʣ ʫ 0,1 ʄ ʢʘʨʙʦʥʘʪʥʦʤʫ/ʙʽʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʽ, ʨʅ 9,6, 
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ʘʥʪʠʪʽʣʘ ʚ ʘʢʪʠʚʫʶʯʦʤʫ ʙʫʬʝʨʽ ʩʦʨʙʫʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʽʤʫʥʦʣʦʛʽʯʥʦʛʦ ʧʣʘʥʰʝʪʫ. 

ʇʣʘʥʰʝʪʠ ʽʥʢʫʙʫʚʘʣʠ 12 ʛʦʜ ʧʨʠ 4°ʉ. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ʟʘʙʫʬʝʨʝʥʠʤ 

ʬʽʟʽʦʣʦʛʽʯʥʠʤ ʨʦʟʯʠʥʦʤ ʟ 0,1 % ʜʝʪʝʨʛʝʥʪʫ ʊween20 (ɿʌʈ-ʊ). ɺʽʣʴʥʽ ʩʘʡʪʠ 

ʟʚôʷʟʫʚʘʥʥʷ ʙʣʦʢʫʚʘʣʠ 4%-ʠʤ ʙʠʯʘʯʠʤ ʩʠʨʦʚʘʪʢʦʚʠʤ ʘʣʴʙʫʤʽʥʦʤ ʫ ɿʌʈ-ʊ ʧʦ 

100 ʤʢʣ/ʣʫʥʢʫ ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʧʨʠ 37ÁC. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ɿʌʈ-ʊ ʪʘ ʜʦʜʘʚʘʣʠ 

ʨʦʟʯʠʥ ʩʠʨʦʚʘʪʢʠ (1:1 000) ʚ ʮʴʦʤʫ ʞ ʙʫʬʝʨʽ, ʘʙʦ ʩʝʨʽʡʥʽ ʨʦʟʚʝʜʝʥʥʷ ʩʠʨʦʚʘʪʦʢ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʪʠʪʨʫ ʽʥʢʫʙʘʮʽʾ. ɯʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ʇʨʦʤʠʚʘʣʠ ʪʨʠʯʽ ɿʌʈ-ʊ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʨʽʚʥʷ IgG, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʩʠʛʥʘʣʫ, ʜʦʜʘʚʘʣʠ ʘʥʪʠʪʽʣʘ (1:15 000) ʧʨʦʪʠ IgG ʤʠʰʽ, ʢʦʥôʶʛʦʚʘʥʽ ʽʟ 

ʧʝʨʦʢʩʠʜʘʟʦʶ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʮʠʨʢʫʣʶʶʯʠʭ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ ʜʦʜʘʚʘʣʠ 

ʘʥʪʠʪʽʣʘ (1:5 000) ʧʨʦʪʠ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgM, ʢʦʥôʶʛʦʚʘʥʽ ʽʟ ʧʝʨʦʢʩʠʜʘʟʦʶ (ʪʘʢʠʤ 

ʯʠʥʦʤ ʟ ʧʣʘʥʰʝʪʦʤ ʟʚôʷʟʫʚʘʣʠʩʴ ʽʤʫʥʥʽ ʢʦʤʧʣʝʢʩʠ, ʨʦʟʧʽʟʥʘʥʽ ʘʥʪʠ-IgG 

ʘʥʪʠʪʽʣʘʤʠ, ʘ ʩʘʤʽ ʢʦʤʧʣʝʢʩʠ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ ʘʥʪʠ-IgM ʤʽʰʝʥʝʡ 

ʟʚôʷʟʫʚʘʥʥʷ). ɯʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʨʦʤʠʚʘʣʠ ʪʨʠʯʽ ɿʌʈ-ʊ 

ʪʘ ʚʥʦʩʠʣʠ ʧʦ 50 ʤʢʣ ʭʨʦʤʦʛʝʥʥʦʾ ʨʝʯʦʚʠʥʠ ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʠʜʠʥʫ, ʷʢʘ 

ʦʢʠʩʥʶʚʘʣʘʩʴ ʧʝʨʦʢʩʠʜʘʟʦʶ ʜʦ ʟʘʙʘʨʚʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʥ̔ʢʫʙʫʚʘʣʠ ʫ ʪʝʤʥʦʪʽ 

ʚʧʨʦʜʦʚʞ 10 ï 15 ʭʚ ʜʦ ʧʦʷʚʠ ʢʦʣʴʦʨʫ (ʧʦʨʽʚʥʶʚʘʣʠ ʽʟ ʩʪʘʥʜʘʨʪʦʤ) ʧʽʩʣʷ ʯʦʛʦ 

ʜʦʜʘʚʘʥʥʷʤ 50 ʤʢʣ 10%-ʦʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟʫʧʠʥʷʣʠ ʜʽʶ ʝʥʟʠʤʫ ʪʘ ʚʠʤʽʨʶʚʘʣʠ 

ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠ 450 ʥʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʽʢʨʦʧʣʘʥʰʝʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ 

PerkinElmer HTS 7000. 

 

2.4.11. ʃʝʢʪʠʥ-ʽʤʫʥʦʬʝʨʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʣʽʢʦʟʠʣʶʚʘʥʥʷ 

ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ. ɸʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʧʘʪʝʥʪʦʚʘʥʦʛʦ ʤʝʪʦʜʫ [108]. 

ɼʣʷ ʮʴʦʛʦ ʫ 96-ʣʫʥʢʦʚʠʡ ʽʤʫʥʦʣʦʛʽʯʥʠʡ ʧʣʘʥʰʝʪ (Nunc, Maxisorp) ʚʥʦʩʠʣʠ ʧʦ 

50 ʤʢʣ F(abô)2 ʬʨʘʛʤʝʥʪʽʚ ʘʥʪʠʪʽʣ ʜʦ ʽʤʫʥʦʛʣʦʙʫʣʽʥʫ IgG (H+L) ʣʶʜʠʥʠ ʽʟ 

ʢʦʥʮʝʥʪʨʘʮʽʻʶ 2 ʤʢʛ/ʤʣ ʚ 0,1 ʄ ʢʘʨʙʦʥʘʪʥʦʤʫ/ʙʽʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʽ, ʨʅ 9,6, 

ʘʥʪʠʪʽʣʘ ʚ ʘʢʪʠʚʫʶʯʦʤʫ ʙʫʬʝʨʽ ʩʦʨʙʫʚʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʽ ʽʤʫʥʦʣʦʛʽʯʥʦʛʦ ʧʣʘʥʰʝʪʫ. 

ʇʣʘʥʰʝʪʠ ʽʥʢʫʙʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʥʦʯʽ ʧʨʠ 4°ʉ. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ɿʌʈ-ʊ, ʷʢʠʡ 

ʜʦʜʘʪʢʦʚʦ ʤʽʩʪʠʚ 1 mM CaCl2, MgCl2 (ɿʌʈ-ʊ-Ca) (ʜʘʥʽ ʽʦʥʠ ʥʝʦʙʭʽʜʥʽ ʜʣʷ 

ʟʚôʷʟʫʚʘʥʥʷ ʣʝʢʪʠʥʘʤʠ ʾʭ ʤʽʰʝʥʝʡ). ɺʽʣʴʥʽ ʩʘʡʪʠ ʟʚôʷʟʫʚʘʥʥʷ ʙʣʦʢʫʚʘʣʠ 3%-ʠʤ 
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ʜʝʛʣʽʢʦʟʠʣʴʦʚʘʥʠʤ ʞʝʣʘʪʠʥʦʤ ʫ ɿʌʈ-ʊ-Ca ʧʨʦʪʷʛʦʤ 2 ʛʦʜ ʧʨʠ 37ÁC. ʇʨʦʤʠʚʘʣʠ 

ʪʨʠʯʽ ɿʌʈ-ʊ-Ca ʪʘ ʚʥʦʩʠʣʠ ʨʦʟʯʠʥ ʩʠʨʦʚʘʪʢʠ (1:2 000) ʚ ɿʌʈ-ʊ-Ca. ɯʥʢʫʙʫʚʘʣʠ 

1 ʛʦʜ ʧʨʠ 37Áʉ. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ɿʌʈ-ʊ-Ca ʪʘ ʜʦʜʘʚʘʣʠ ʙʽʦʪʠʥʽʣʴʦʚʘʥʽ ʣʝʢʪʠʥʠ 

LCA (Lens culinaris agglutinin) ʘʙʦ AAL (aleuria aurantia lectin) ʫ ʢʦʥʮʝʥʪʨʘʮʽʾ 

50 ʥʛ/ʤʣ. ɯʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ 37°C. ʊʨʠʯʽ ʧʨʦʤʠʚʘʣʠ ɿʌʈ-ʊ-Ca, ʚʥʦʩʠʣʠ ʨʦʟʯʠʥ 

ʩʪʨʝʧʪʘʚʽʜʠʥ-ʧʝʨʦʢʩʠʜʘʟʠ (1:10 000) ʪʘ ʽʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ 37°C. ʊʨʠʯʽ 

ʧʨʦʤʠʚʘʣʠ ɿʌʈ-ʊ-Ca ʪʘ ʜʦʜʘʚʘʣʠ ʧʦ 50 ʤʢʣ ʭʨʦʤʦʛʝʥʥʦʾ ʨʝʯʦʚʠʥʠ 

ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʠʜʠʥʫ, ʷʢʘ ʦʢʠʩʥʶʚʘʣʘʩʴ ʧʝʨʦʢʩʠʜʘʟʦʶ ʜʦ ʟʘʙʘʨʚʣʝʥʦʛʦ ʧʨʦʜʫʢʪʫ, 

ʽʥʢʫʙʫʚʘʣʠ ʫ ʪʝʤʥʦʪʽ ʚʧʨʦʜʦʚʞ 10 ï 15 ʭʚ ʜʦ ʧʦʷʚʠ ʢʦʣʴʦʨʫ (ʧʦʨʽʚʥʶʚʘʣʠ ʽʟ 

ʩʪʘʥʜʘʨʪʦʤ) ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʚʘʥʥʷʤ 50 ʤʢʣ 10%-ʦʾ ʩʫʣʴʬʘʪʥʦʾ ʢʠʩʣʦʪʠ ʟʫʧʠʥʷʣʠ 

ʜʽʶ ʝʥʟʠʤʫ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠ 450 ʥʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʤʽʢʨʦʧʣʘʥʰʝʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ PerkinElmer HTS 7000. 

 

2.4.12. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʩʧʝʮʠʬʽʯʥʠʭ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG ʫ ʟʨʘʟʢʘʭ 

ʩʠʨʦʚʘʪʦʢ. ʄʝʪʦʜʠʢʘ ʥʘʚʦʜʠʪʴʩʷ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʟʥʘʯʝʥʥʷ ʘʥʪʠʪʽʣ ʜʦ ʦʚʘʣʴʙʫʤʽʥʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʫ ʩʠʨʦʚʘʪʮʽ ʽʤʫʥʦʛʣʦʙʫʣʽʥʽʚ IgG ʧʨʦʪʠ ʦʚʘʣʴʙʫʤʽʥʫ, 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʜʣʷ ʽʤʫʥʽʟʘʮʽʾ, ʫ 96-ʣʫʥʢʦʚʠʡ ʽʤʫʥʦʣʦʛʽʯʥʠʡ ʧʣʘʥʰʝʪ (Nunc, 

Maxisorp) ʚʥʦʩʠʣʠ ʧʦ 50 ʤʢʣ ʦʚʘʣʴʙʫʤʽʥʫ ʷʡʮʷ ʢʫʨʝʡ (Sigma, ʅʽʤʝʯʯʠʥʘ) 2 ʤʢʛ/ʤʣ 

ʫ 0,1 ʄ ʢʘʨʙʦʥʘʪʥʦʤʫ/ʙʽʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʽ, ʨʅ 9,6. ɸʥʪʠʛʝʥ ʚ ʘʢʪʠʚʫʶʯʦʤʫ 

ʙʫʬʝʨʽ ʩʦʨʙʫʚʘʚʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʽʤʫʥʦʣʦʛʽʯʥʦʛʦ ʧʣʘʥʰʝʪʫ. ʇʣʘʥʰʝʪʠ ʽʥʢʫʙʫʚʘʣʠ 

12 ʛʦʜ ʧʨʠ 4°ʉ. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ɿʌʈ-ʊ. ɺʽʣʴʥʽ ʩʘʡʪʠ ʟʚôʷʟʫʚʘʥʥʷ ʙʣʦʢʫʚʘʣʠ 

4% -ʠʤ ʙʠʯʘʯʠʤ ʩʠʨʦʚʘʪʢʦʚʠʤ ʘʣʴʙʫʤʽʥʦʤ ʫ ɿʌʈ-ʊ ʧʦ 100 ʤʢʣ/ʣʫʥʢʫ ʧʨʦʪʷʛʦʤ 

2 ʛʦʜ ʧʨʠ 37ÁC. ɺʽʜʤʠʚʘʣʠ ʪʨʠ ʨʘʟʠ ɿʌʈ-ʊ ʪʘ ʜʦʜʘʚʘʣʠ ʨʦʟʯʠʥ ʩʠʨʦʚʘʪʢʠ (1:1 000) 

ʚ ʮʴʦʤʫ ʞ ʙʫʬʝʨʽ, ʘʙʦ ʩʝʨʽʡʥʽ ʨʦʟʚʝʜʝʥʥʷ ʩʠʨʦʚʘʪʦʢ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʪʠʪʨʫ ʽʥʢʫʙʘʮʽʾ. 

ɯʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʇʨʦʤʠʚʘʣʠ ɿʌʈ-ʊ ʪʘ ʜʦʜʘʚʘʣʠ 

ʘʥʪʠʪʽʣʘ (1:15 000) ʧʨʦʪʠ IgG ʤʠʰʽ, ʢʦʥôʶʛʦʚʘʥʽ ʽʟ ʧʝʨʦʢʩʠʜʘʟʦʶ. ɯʥʢʫʙʫʚʘʣʠ 1 ʛʦʜ 

ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʧʨʦʤʠʚʘʣʠ ɿʌʈ-ʊ ʪʘ ʚʥʦʩʠʣʠ ʧʦ 50 ʤʢʣ ʭʨʦʤʦʛʝʥʥʦʾ 

ʨʝʯʦʚʠʥʠ ʪʝʪʨʘʤʝʪʠʣʙʝʥʟʠʜʠʥʫ, ʷʢʘ ʦʢʠʩʥʶʚʘʣʘʩʴ ʧʝʨʦʢʩʠʜʘʟʦʶ ʜʦ ʟʘʙʘʨʚʣʝʥʦʛʦ 

ʧʨʦʜʫʢʪʫ, ʽʥʢʫʙʫʚʘʣʠ ʫ ʪʝʤʥʦʪʽ ʚʧʨʦʜʦʚʞ 10 ï 15 ʭʚ ʜʦ ʧʦʷʚʠ ʢʦʣʴʦʨʫ 

(ʧʦʨʽʚʥʶʚʘʣʠ ʽʟ ʩʪʘʥʜʘʨʪʦʤ) ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʚʘʥʥʷʤ 50 ʤʢʣ 10%-ʦʾ ʩʫʣʴʬʘʪʥʦʾ 
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ʢʠʩʣʦʪʠ ʟʫʧʠʥʷʣʠ ʜʽʶ ʝʥʟʠʤʫ ʪʘ ʚʠʤʽʨʶʚʘʣʠ ʧʦʛʣʠʥʘʥʥʷ ʩʚʽʪʣʘ ʧʨʠ 450 ʥʤ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʽʢʨʦʧʣʘʥʰʝʪʥʠʡ ʘʥʘʣʽʟʘʪʦʨ PerkinElmer HTS 7000. 

 

2.4.13. ɺʠʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʬʽʙʨʦʟʫ ʫ ʪʚʘʨʠʥ ʤʝʪʦʜʦʤ ɯʌɸ. ɿʘ ʦʩʥʦʚʫ 

ʪʝʩʪʫ, ʤʠ ʚʟʷʣʠ ʧʨʠʥʮʠʧ ʪʝʩʪʫ Siemens ELFÊ [111, 112], ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʥʘʩʪʫʧʥʽ 

ʩʧʝʮʠʬʽʯʥʽ ʤʘʨʢʝʨʠ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ, ʧʨʠʪʘʤʘʥʥʽ ʬʽʙʨʦʟʥʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ: ʛʽʘʣʫʨʦʥʦʚʫ ʢʠʩʣʦʪʫ (ɻʂ), ʘʤʽʥʦ-ʢʽʥʮʝʚʠʡ ʧʝʧʪʠʜ ʧʨʦʢʦʣʘʛʝʥʫ III 

(PIIINP) ʪʘ ʪʢʘʥʠʥʥʠʡ ʽʥʛʽʙʽʪʦʨ ʤʝʪʘʣʦʧʨʦʪʝʾʥʘʟ-1 (TIMP-1). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

PIIINP ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʪʠʪʽʣʘ ʢʦʤʧʘʥʽʾ Abcam Recombinant Anti-Pro-

Collagen III  alpha 1 antibody [EPR24257-57] (ab278080), ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ TIMP-1 

ʚʠʢʦʨʠʩʪʘʥʦ ʘʥʪʠʪʽʣʘ Abcam Anti-TIMP1 antibody [EPR16616] (ab179580). ɼʣʷ ɻʂ 

ʥʘʤʠ ʥʝ ʚʠʷʚʣʝʥʦ ʢʦʤʝʨʮʽʡʥʦ ʜʦʩʪʫʧʥʠʭ ʘʥʪʠʪʽʣ ʚʽʜʧʦʚʽʜʥʦʾ ʚʠʜʦʚʦʾ 

ʩʧʝʮʠʬʽʯʥʦʩʪʽ, ʪʦʤʫ ʥʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʥʝʦʙʭʽʜʥʽ ʘʥʪʠʪʽʣʘ. ɼʣʷ ʮʴʦʛʦ ʢʦʣʝʢʮʽʶ 

ʟʨʘʟʢʽʚ ɻʂ ʨʽʟʥʠʭ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʘʩ (Lyphar Biotech Co) ʙʫʣʦ ʢʦʥôʶʛʦʚʘʥʦ ʟ 

ʥʘʥʦʘʜôʶʚʘʥʪʘʤʠ, ʷʢ ʦʧʠʩʘʥʦ [59], ʟʜʽʡʩʥʝʥʦ ʽʤʫʥʽʟʘʮʽʶ ʢʨʦʣʽʚ, ʚʠʜʽʣʝʥʦ 

ʩʠʨʦʚʘʪʢʫ ʪʘ ʦʯʠʱʝʥʦ ʘʥʪʠʪʽʣʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʘʜʞʝʥʥʷ ʩʫʣʴʬʘʪʦʤ ʘʤʦʥʽʶ, 

ʘʬʽʥʥʫ ʭʨʦʤʘʪʦʛʨʘʬʽʶ ʥʘ ʧʨʦʪʝʾʥ-G-ʩʝʬʘʨʦʟʽ (SigmaAldrich, ʉʐɸ) ʪʘ ʦʯʠʩʪʢʫ ʥʘ 

ʘʬʽʥʥʽʡ ʢʦʣʦʥʮʽ ʽʟ ʤʝʪʠʣʮʝʣʶʣʦʟʠ ʟ ʢʦʥôʶʛʦʚʘʥʦʶ ʛʽʘʣʫʨʦʥʫʚʦʶ ʢʠʩʣʦʪʦʶ 

(ʅɺʂ çʃʝʢʪʠʥʦʪʝʩʪè, ʋʢʨʘʾʥʘ), ʧʝʨʝʚʽʨʝʥʦ ʾʭ ʘʬʽʥʥʽʩʪʴ. ɯʤʫʥʦʬʝʨʤʝʥʪʥʠʡ ʘʥʘʣʽʟ 

ʟʜʽʡʩʥʶʚʘʣʠ ʷʢ ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ [53, 113]. 

 

2.4.14. ɺʠʜʽʣʝʥʥʷ ʛʨʘʥʫʣʦʮʠʪʽʚ ʽʟ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ. 20 ʤʣ 

ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʣʶʜʠʥʠ ʨʦʟʚʦʜʠʣʠ 10 ʤʣ 1ʭ ɿʌʈ, pH 7,4 ʽʟ 10 ʆʜ/ʤʣ ʛʝʧʘʨʠʥʫ. 

ʆʪʨʠʤʘʥʫ ʩʫʤʽʰ ʥʘʰʘʨʦʚʫʚʘʣʠ ʥʘ 15 ʤʣ ʛʨʘʜʽʻʥʪʫ ʬʽʢʦʣʫ Lymphoflot ʽ ʦʩʘʜʞʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ 20 ʭʚ ʧʨʠ 2 000 ʦʙ/ʭʚ. ʇʽʩʣʷ ʪʘʢʦʛʦ ʬʨʘʢʮʽʦʥʫʚʘʥʥʷ ʚʽʜʙʠʨʘʣʠ ʧʽʧʝʪʢʦʶ 

ʢʽʣʴʮʝ, ʱʦ ʤʽʩʪʠʣʦ ʣʽʤʬʦʮʠʪʠ ʽ ʤʦʥʦʮʠʪʠ (ʤʽʞ ʧʣʘʟʤʦʶ ʽ ʬʽʢʦʣʦʤ) ʫ 50 ʤʣ ʧʨʦʙʽʨʢʫ 

Falcon, ʘ ʪʦʥʢʠʡ ʰʘʨ ʛʨʘʥʫʣʦʮʠʪʽʚ ʥʘʜ ʦʩʘʜʦʤ ʝʨʠʪʨʦʮʠʪʽʚ (ʨʘʟʦʤ ʽʟ ʯʘʩʪʠʥʦʶ 

ʝʨʠʪʨʦʮʠʪʽʚ) ʧʝʨʝʥʦʩʠʣʠ ʚ ʽʥʰʫ ʧʨʦʙʽʨʢʫ. ʉʫʩʧʝʥʟʽʶ ʛʨʘʥʫʣʦʮʠʪʽʚ ʽʟ 

ʝʨʠʪʨʦʮʠʪʘʤʠ ʦʙʨʦʙʣʷʣʠ 36 ʤʣ ʭʦʣʦʜʥʦʾ ʩʪʝʨʠʣʴʥʦʾ ʜʝʡʦʥʽʟʦʚʘʥʦʾ ʚʦʜʠ, ʘʢʫʨʘʪʥʦ 

ʧʝʨʝʤʽʰʫʶʯʠ ʧʨʦʪʷʛʦʤ 20 ʩ, ʧʽʩʣʷ ʯʦʛʦ ʜʦʜʘʚʘʣʠ 4 ʤʣ 10ʭ ɿʌʈ ʽ ʮʝʥʪʨʠʬʫʛʫʚʘʣʠ 
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ʧʨʠ 1 800 ʦʙ/ʭʚ ʧʨʦʪʷʛʦʤ 5 ʭʚ. ʇʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʶʚʘʣʠ ʜʦ ʟʥʠʢʥʝʥʥʷ ʯʝʨʚʦʥʦʛʦ 

ʦʩʘʜʫ ʝʨʠʪʨʦʮʠʪʽʚ. ʏʘʩʪʠʥʫ ʛʨʘʥʫʣʦʮʠʪʽʚ ʟʘʣʠʰʘʣʠ ʥʘ 24 ʛʦʜ ʚ RPMI-1640 ʧʨʠ 

+37Áʉ ʪʘ 5 % ʉʆ2 ʜʣʷ ʽʥʜʫʢʮʽʾ ʘʧʦʧʪʦʟʫ ʰʣʷʭʦʤ ʟʽʩʪʘʨʝʥʥʷ. ʋ ʧʨʦʮʝʩʽ ʚʠʢʦʥʘʥʥʷ 

ʨʦʙʦʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʣʽʪʠʥʠ ʣʽʥʽʾ Jurkat (ʣʽʥʽʷ ʣʝʡʢʦʟʥʠʭ ʊ-ʣʽʤʬʦʮʠʪʽʚ 

ʣʶʜʠʥʠ), HeLa (ʨʘʢ ʰʠʡʢʠ ʤʘʪʢʠ ʣʶʜʠʥʠ), ʛʨʘʥʫʣʦʮʠʪʠ, ʚʠʜʽʣʝʥʽ ʽʟ ʧʝʨʠʬʝʨʠʯʥʦʾ 

ʢʨʦʚʽ ʣʶʜʠʥʠ, Caco-2/TC7 (ʨʘʢ ʪʦʚʩʪʦʾ ʢʠʰʢʠ). ʂʣʽʪʠʥʠ ʣʽʥʽʾ Jurkat ʪʘ HeLa 

ʢʫʣʴʪʠʚʫʚʘʣʠ ʫ ʩʝʨʝʜʦʚʠʱʽ RPMI (çSigma-Aldrichè, ʉʐɸ) ʫ ʧʨʠʩʫʪʥʦʩʪʽ 

ʜʝʢʦʤʧʣʝʤʝʥʪʦʚʘʥʦʾ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʚʝʣʠʢʦʾ ʨʦʛʘʪʦʾ ʭʫʜʦʙʠ ʽ 50 ʤʢʛ/ʤʣ 

ʛʝʥʪʘʤʽʮʠʥʫ. 

 

2.4.15. ɺʠʟʥʘʯʝʥʥʷ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ ʫ ʩʠʨʦʚʘʪʮ ̔ʢʨʦʚʽ. ɺʠʟʥʘʯʝʥʥʷ 

ʥʝʡʪʨʦʬʽʣʴʥʦʾ ʝʣʘʩʪʘʟʠ ʚ ʩʠʨʦʚʘʪʢʘʭ ʢʨʦʚʽ ʟʜʽʡʩʥʶʚʘʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ [114] ʽʟ 

ʟʨʘʟʢʽʚ ʟʘʤʦʨʦʞʝʥʦʾ ʩʠʨʦʚʘʪʢʠ, ʽʥʢʫʙʫʶʯʠ ʾʾ ʽʟ ʬʣʫʦʨʦʛʝʥʥʠʤ ʩʫʙʩʪʨʘʪʦʤ ʝʣʘʩʪʘʟʠ 

N-ʤʝʪʦʢʩʠʮʫʢʮʠʥʽʣ-Ala-Ala-Pro-Val-7-ʘʤʽʜʦ-4-ʤʝʪʠʣʢʫʤʘʨʠʥʦʤ (MeOSUc-AAPV-

AMC) (Santa Cruz Biotechnology) ʫ ʯʦʨʥʠʭ 96-ʣʫʥʢʦʚʠʭ ʤʽʢʨʦʧʣʘʰʢʘʭ 

(ThermoFischer Scientific), ʷʢ ʦʧʠʩʘʥʦ [115]. ɼʣʷ ʢʘʣʽʙʨʦʚʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʘʩʴ 

ʣʶʜʩʴʢʘ ʝʣʘʩʪʘʟʘ (Sigma), ʘʥʘʣʽʟ ʟʜʽʡʩʥʶʚʘʚʩʷ ʥʘ ʧʨʠʣʘʜʽ Perkin Elmer HTS7000 

BioAssay Reader. 

 

2.4.16. ɸʥʘʣʽʟ ʅʇʇ ʟʘ ʝʢʩʪʝʨʥʘʣʽʟʘʮʽʻʶ ɼʅʂ. ɻʨʘʥʫʣʦʮʠʪʠ ʣʶʜʠʥʠ 

ʚʠʜʽʣʷʣʠ ʽʟ ʛʝʧʘʨʠʥʽʟʦʚʘʥʦʾ ʚʝʥʦʟʥʦʾ ʢʨʦʚʽ ʥʦʨʤʘʣʴʥʠʭ ʟʜʦʨʦʚʠʭ ʜʦʥʦʨʽʚ 

ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷʤ ʛʨʘʜʽʻʥʪʘ ʛʫʩʪʠʥʠ ʛʨʘʥʫʣʦʤ Lymphoflot (Bio-Rad, Hercules, 

ʂʘʣʽʬʦʨʥʽʷ, ʉʐɸ). ʐʘʨ, ʙʘʛʘʪʠʡ ʛʨʘʥʫʣʦʮʠʪʘʤʠ ʥʘ ʚʝʨʭʽʚʮʽ ʝʨʠʪʨʦʮʠʪʽʚ, ʙʫʚ 

ʫʟʷʪʠʡ ʪʘ ʧʽʜʜʘʥʠʡ ʛʽʧʦʪʦʥʽʯʥʦʤʫ ʣʽʟʠʩʫ RBC. ɯʟʦʣʴʦʚʘʥʽ ʛʨʘʥʫʣʦʮʠʪʠ ʨʝʛʫʣʷʨʥʦ 

ʧʝʨʝʚʽʨʷʣʠ ʥʘ ʞʠʪʪʻʟʜʘʪʥʽʩʪʴ [116] ̔  ʧʦʤʽʱʘʣʠ ʚ 96-ʣʫʥʢʦʚʽ ʢʫʣʴʪʫʨʘʣʴʥʽ ʧʣʘʥʰʝʪʠ 

ʧʦ 5Ĭ106 ʢʣʽʪʠʥ ʥʘ ʤʽʣʽʣʽʪʨ ʽʟ ʟʘʟʥʘʯʝʥʠʤʠ ʽʥʜʫʢʪʦʨʘʤʠ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʫ 

ʧʨʠʩʫʪʥʦʩʪʽ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʙʘʨʚʥʠʢʘ ʥʫʢʣʝʾʥʦʚʦʾ ʢʠʩʣʦʪʠ SYTOX Green (Life 

Technologies, Waltham, MA, ʉʐɸ). ʆʩʢʽʣʴʢʠ ʛʨʘʥʫʣʦʮʠʪʠ ʥʝʧʨʦʥʠʢʥʽ ʜʣʷ 

ʙʘʨʚʥʠʢʘ, ʪʦʤʫ ʤʝʪʦʜ ʚʠʷʚʣʷʚ ʣʠʰʝ ʧʦʟʘʢʣʽʪʠʥʥʫ ɼʅʂ; ʥʝʦʙʨʦʙʣʝʥʽ ʥʝʡʪʨʦʬʽʣʠ 

ʩʣʫʛʫʚʘʣʠ ʬʦʥʦʤ, ʦʩʢʽʣʴʢʠ ʧʽʩʣʷ ʚʠʜʽʣʝʥʥʷ ʚʦʥʠ ʙʫʣʠ ʩʭʠʣʴʥʽ ʜʦ ʩʧʦʥʪʘʥʥʦʛʦ 
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ʫʪʚʦʨʝʥʥʷ ʅʇʇ [117], PMA, ʬʦʨʙʦʣ-12-ʤʽʨʠʩʪʘʪ-13-ʘʮʝʪʘʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʷʢ 

ʩʠʣʴʥʠʡ ʽʥʜʫʢʪʦʨ (ʧʦʟʠʪʠʚʥʠʡ ʢʦʥʪʨʦʣʴ). ʌʣʫʦʨʝʩʮʝʥʮʽʶ ʚʠʤʽʨʶʚʘʣʠ ʚ ʢʽʥʝʪʠʮʽ 

ʧʨʦʪʷʛʦʤ 4 ʛʦʜ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʟʯʠʪʫʚʘʯ BioAssay HTS7000 (Perkin Elmer), 

ʟʙʫʜʞʝʥʥʷ 480/15 ʥʤ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 535/20 ʥʤ. 

 

2.4.17. ʄ̔ʯʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʾʭ ʨʦʟʧʦʜʽʣʫ in vivo. ʄʽʯʝʥʥʷ 

ʥʘʥʦʜʽʘʤʘʥʪʽʚ ʙʣʠʞʥʽʤ ʽʥʬʨʘʯʝʨʚʦʥʠʤ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʙʘʨʚʥʠʢʦʤ CF790 (Sigma-

Aldrich, ʉʝʥʪ-ʃʫʾʩ, ʰʪʘʪ ʄʽʩʩʫʨʽ, ʉʐɸ) ʧʨʦʚʦʜʠʣʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʡ 

ʚʠʨʦʙʥʠʢʘ. ɼʣʷ ʮʴʦʛʦ CF790 ʨʦʟʚʦʜʠʣʠ ʚ ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜʽ ʜʦ ʢʽʥʮʝʚʦʾ 

ʢʦʥʮʝʥʪʨʘʮʽʾ 10 ʤʄ. 30 ʤʢʣ ʮʴʦʛʦ ʨʦʟʯʠʥʫ ʟʤʽʰʫʚʘʣʠ ʟ 5 ʤʛ ʅʏ (2,5 ʤʛ/ʤʣ, 

ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʯʠʥʝʥʠʤʠ ʚ 0,1 ʄ ʙʽʢʘʨʙʦʥʘʪʥʦʤʫ ʙʫʬʝʨʽ, pH 8,3). ʈʝʘʢʮʽʡʥʠʡ 

ʨʦʟʯʠʥ ʽʥʢʫʙʫʚʘʣʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʦʪʷʛʦʤ 1 ʛʦʜʠʥʠ. ɼʣʷ ʟʫʧʠʥʢʠ 

ʨʝʘʢʮʽʾ ʜʦʜʘʚʘʣʠ 50 ʤʢʣ 1 ʄ ʣʽʟʠʥʫ. 

1 ʤʛ ʤʽʯʝʥʠʭ ʅʏ ʚʚʦʜʠʣʠ ʚʥʫʪʨʽʰʥʴʦʯʝʨʝʚʥʦ ʰʚʝʡʮʘʨʩʴʢʠʤ ʛʦʣʠʤ ʤʠʰʘʤ 

(ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʚ CNRS, ʤ. ʃʽʣʣʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʪʦʢʦʣʽʚ ʟʘʪʚʝʨʜʞʝʥʠʭ ʚ 

ʫʩʪʘʥʦʚʽ). ɺʽʜʩʪʝʞʝʥʥʷ in vivo ʟ ʤʽʯʝʥʠʤʠ ʅʏ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ 

Bruker In-Vivo Xtreme (Bruker, ʄʘʩʩʘʯʫʩʝʪʩ, ʉʐɸ), ʦʩʥʘʱʝʥʽʡ 16 ʄʇ CCD 

ʜʝʪʝʢʪʦʨʦʤ, ʢʩʝʥʦʥʦʚʠʤ ʬʣʫʦʨʝʩʮʝʥʪʥʠʤ ʦʩʚʽʪʣʶʚʘʯʝʤ ʧʦʪʫʞʥʽʩʪʶ 400 ɺʪ 

(ʟʙʫʜʞʝʥʥʷ 760 ʥʤ, ʝʤʽʩʽʷ 830 ʥʤ) ʪʘ ʽʥʪʝʛʨʦʚʘʥʠʤ ʤʦʜʫʣʝʤ ʥʘʛʨʽʚʫ, ʪʘ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ LiCor Perl Trilogy (LiCOR, ʉʐɸ). ɼʘʥʽ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Bruker Molecular Imaging (MI) ʪʘ 

LiCor Studio. ʌʦʪʦʛʨʘʬʽʾ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʜʟʝʨʢʘʣʴʥʽ ʟʦʙʨʘʞʝʥʥʷ ʤʠʰʝʡ. ʊʚʘʨʠʥ ʧʽʜ 

ʯʘʩ ʧʨʦʮʝʜʫʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʘʥʝʩʪʝʟʫʚʘʣʠ ʩʫʤʽʰʰʶ ʽʟʦʬʣʫʨʘʥ-ʢʠʩʝʥʴ. ɿʦʙʨʘʞʝʥʥʷ 

(ʯʘʩ ʝʢʩʧʦʟʠʮʽʾ) ʪʨʠʚʘʚ 40 ʩʝʢʫʥʜ. 

 

2.4.18. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Prism7 (GraphPad) ʪʘ Excel (Microsoft, 

ʉʐɸ). ɼʣʷ ʦʮʽʥʢʠ ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʤʘʩʠʚʽʚ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʥʘʩʪʫʧʥʽ ʢʨʠʪʝʨʽʾ: ʜʣʷ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ï t-ʢʨʠʪʝʨʽʡ ʉʪôʶʜʝʥʪʘ (ʧʘʨʥʠʡ ʪʘ 

ʥʝʧʘʨʥʠʡ), ʜʣʷ ʥʝʧʘʨʘʤʝʪʨʠʯʥʠʭ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ U-ʢʨʠʪʝʨʽʡ ʄʘʥʥʘ-ʋʽʪʥʽ 
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ʜʣʷ ʦʮʽʥʢʠ ʟʚôʷʟʢʫ ʤʽʞ ʜʚʦʤʘ ʧʦʧʫʣʷʮʽʷʤʠ (ʪʚʘʨʠʥʠ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʧʫʣʷʮʽʷʭ, 

ʜʝ n<30). ɼʣʷ ʢʦʞʥʦʛʦ ʽʟ ʧʘʨʘʤʝʪʨʽʚ ʚʠʟʥʘʯʘʣʠ ʨʽʚʝʥʴ ʜʦʩʪʦʚʽʨʥʦʩʪʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʩʪʫʧʥʽ ʛʨʘʜʘʮʽʾ ʨʽʚʥʽʚ ʜʦʩʪʦʚʽʨʥʦʩʪʽ: * ï p<0,05; ** ï p<0,01; 

***  ï p<0,001, ****  ï p<0,0001. ɼʘʥʽ ʚʚʘʞʘʣʠ ʜʦʩʪʦʚʽʨʥʠʤʠ, ʷʢʱʦ p<0,05. ɼʣʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪʥʫ ʧʦʭʠʙʢʫ ʩʝʨʝʜʥʴʦʛʦ 

(MÑm), ʷʢʽ ʚʢʘʟʘʥʽ ʥʘ ʨʠʩʫʥʢʘʭ ʽ ʚ ʪʘʙʣʠʮʷʭ, ʷʢʱʦ ʥʝ ʟʘʟʥʘʯʝʥʦ ʽʥʰʝ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʧʣʦʱʽ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʚʠʟʥʘʯʘʣʠ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ 

ʧʣʦʱʽ ʜʣʷ ʫʩʴʦʛʦ ʤʘʩʠʚʫ ʢʣʽʪʠʥ ʫ ʢʦʞʥʦʤʫ ʧʦʣʽ ʟʦʨʫ, ʮʝ ʟʥʘʯʝʥʥʷ ʽ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ɼʦʩʣʽʜʠ ʽʟ ʚʠʟʥʘʯʝʥʥʷ ʪʠʪʨʫ ʘʥʪʠʪʽʣ 

ʧʨʦʚʦʜʠʣʠ ʫ ʪʨʴʦʭ ʧʘʨʘʣʝʣʷʭ ʫ ʢʦʞʥʦʤʫ ʚʘʨʽʘʥʪʽ. ʂʦʞʥʘ ʪʦʯʢʘ ʛʨʘʬʽʢʽʚ, ʥʘʚʝʜʝʥʠʭ 

ʥʘ ʨʠʩʫʥʢʘʭ, ʪʘ ʦʨʜʠʥʘʪʘ ʩʪʦʚʧʯʠʢʽʚ ʥʘ ʜʽʘʛʨʘʤʘʭ ʚʽʜʧʦʚʽʜʘʻ ʩʝʨʝʜʥʴʦʤʫ 

ʟʥʘʯʝʥʥʶ ʄ, ʨʦʟʨʘʭʦʚʘʥʦʤʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʨʴʦʭ ʚʠʤʽʨʶʚʘʥʴ ʚ ʦʜʥʦʤʫ ʟ 

ʜʝʢʽʣʴʢʦʭ ʦʜʥʦʪʠʧʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʝʨʝʜʥʶ ʧʦʭʠʙʢʫ m ʦʪʨʠʤʘʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ 

ʚʠʨʘʭʦʚʫʚʘʣʠ ʟʘ ʚʝʣʠʯʠʥʦʶ ʩʝʨʝʜʥʴʦʾ ʢʚʘʜʨʘʪʠʯʥʦʾ ʧʦʭʠʙʢʠ s. ʇʨʠ ʣʦʢʘʣʽʟʘʮʽʾ 

ʬʣʫʦʨʝʩʮʝʥʪʥʠʭ ʩʠʛʥʘʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ImageJ (NIH, 

ʉʐɸ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʨʠʪʝʨʽʡ ɢ2 ʇʽʨʩʦʥʘ. ʅʘʙʽʨ ʽ ʤʘʢʝʪʫʚʘʥʥʷ ʪʝʢʩʪʫ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʠ Microsoft Word. Cʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʨʦʛʨʘʤʽ Microcal Origin 7 (Microcal, ʉʐɸ). 
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ʈʆɿɼɯʃ 3. ʈɽɿʋʃʔʊɸʊʀ ɼʆʉʃɯɼɾɽʅʅʗ ʊɸ ɰʍ ʆɹɻʆɺʆʈɽʅʅʗ 

 

ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʚʧʣʠʚ ʝʥʜʦʛʝʥʥʠʭ ʅʏ ʥʘ ʧʨʠʢʣʘʜʽ ʢʨʠʩʪʘʣʽʚ 

ʭʦʣʝʩʪʝʨʠʥʫ ʪʘ ʤʦʥʦʫʨʘʪʫ ʥʘʪʨʽʶ ʥʘ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚ ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ ʩʠʩʪʝʤʽ, 

ʟʦʢʨʝʤʘ ʞʦʚʯʦʤʫ ʤʽʭʫʨʽ ʪʘ ʧʝʯʽʥʮʽ, ʟʜʽʡʩʥʝʥʦ ʧʦʰʫʢ ʰʣʷʭʽʚ ʟʘʧʦʙʽʛʘʥʥʶ 

ʛʽʧʝʨʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʬʽʣʽʚ ʟ ʤʝʪʦʶ ʫʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ ʪʢʘʥʠʥ (ʨʦʟʜʽʣ 3.1) ʪʘ 

ʟʜʽʡʩʥʝʥʦ ʧʦʰʫʢ ʙʝʟʧʝʯʥʠʭ ʝʢʟʦʛʝʥʥʠʭ ʅʏ, ʟʜʘʪʥʠʭ ʩʝʣʝʢʪʠʚʥʦ ʽʥʜʫʢʫʚʘʪʠ 

ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʚ ʜʽʣʷʥʢʘʭ ʾʭ ʚʚʝʜʝʥʥʷ ʚ ʦʨʛʘʥʽʟʤ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʦʩʠʣʝʥʥʷ 

ʽʤʫʥʥʦʾ ʨʝʘʢʮʽʾ ʜʦ ʘʥʪʠʛʝʥʽʚ, ʜʽʶʯʠ ʷʢ ʘʜôʶʚʘʥʪʠ (ʨʦʟʜʽʣ 3.2). 

 

3.1. ɽʥʜʦʛʝʥʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʚ ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ ʩʠʩʪʝʤʽ ʪʘ ʾʭ ʨʦʣʴ ʚ 

ʘʢʪʠʚʘʮʽʾ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ ʪʘ ʽʥʜʫʢʮʽʾ ʟʘʧʘʣʴʥʦʾ ʨʝʘʢʮʽʾ 

 

ʋ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʦʧʠʩʘʥʦ ʬʽʟʽʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʪʚʘʨʠʥ ʟʘ ʩʪʘʥʽʚ, ʘʩʦʮʽʡʦʚʘʥʠʭ 

ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʅʇʇ ʪʘ ʚʠʟʥʘʯʝʥʦ ʨʦʣʴ ʅʇʇ ʫ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʥʦʛʦ ʟʘʧʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʫ. ʄʠ ʚʠʟʥʘʯʘʣʠ ʜʠʥʘʤʽʢʫ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥ, ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʦʞʣʠʚʽ ʧʨʠʯʠʥʠ, ʟʘʜʽʷʥʽ ʫ ʨʦʟʚʠʪʢʫ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ ʫ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʣʽʥʽʾ C57BL6/N ʪʘ ʟʜʽʡʩʥʶʚʘʣʠ ʧʦʰʫʢ ʰʣʷʭʽʚ ʾʭ ʫʩʫʥʝʥʥʷ, 

ʚʧʣʠʚʘʶʯʠ ʥʘ ʅʇʇ. 

ɼʣʷ ʮʴʦʛʦ ʥʘʤʠ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʪʚʘʨʠʥʥʘ ʤʦʜʝʣʴ ʅɸɾʍʇ ʪʘ 

ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ, ʱʦ ʙʘʟʫʚʘʣʘʩʴ ʥʘ ʧʨʦʚʝʜʝʥʥʽ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ 

ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʣʽʥʽʾ C57BL6/N, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʽ ʟʤʽʥʠ ʤʘʩʠ ʪʽʣʘ, 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʤʘʨʢʝʨʽʚ ʭʨʦʥʽʯʥʦʛʦ ʩʠʩʪʝʤʥʦʛʦ ʩʫʙʛʦʩʪʨʦʛʦ 

ʟʘʧʘʣʝʥʥʷ ʪʘ ʤʘʨʢʝʨʽʚ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʚ ʢʨʦʚʽ. 

ʆʛʣʷʜ ʥʦʚʽʪʥʽʭ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʧʦʢʘʟʫʻ, ʱʦ ʫʪʚʦʨʝʥʥʷ ʅʇʇ ʻ ʚʘʞʣʠʚʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ ʫ ʬʽʟʽʦʣʦʛʽʾ ʧʝʯʽʥʢʠ ʪʘ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ [118], ʘ ʪʘʢʦʞ ʧʨʠ 

ʧʘʪʦʣʦʛʽʾ ʧʝʯʽʥʢʠ [119]. ɿʛʽʜʥʦ ʟ ʽʥʬʦʨʤʘʮʽʻʶ ɺʆʆɿ ʫ ʚʠʩʦʢʦʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʫ 

ʢʦʞʥʦʾ ʯʝʪʚʝʨʪʦʾ ʣʶʜʠʥʠ ʻ ʦʟʥʘʢʠ ʅɸɾʍʇ ʷʢ ʨʝʟʫʣʴʪʘʪʫ ʥʘʜʤʽʨʥʦʛʦ ʚʞʠʚʘʥʥʷ 

ʰʢʽʜʣʠʚʦʾ ʾʞʽ. ʅɸɾʍʇ, ʱʦ ʚ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʅɸʉɻ, ʻ ʚʘʞʢʠʤ 

ʩʪʘʥʦʤ, ʱʦ ʚʨʘʞʘʻ 25 ʪʘ 5 % ʥʘʩʝʣʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ. ɿʛʽʜʥʦ ʽʟ ʜʘʥʠʤʠ ʩʧʝʮʽʘʣʴʥʦʛʦ 
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ʚʠʧʫʩʢʫ ʞʫʨʥʘʣʫ Nature Medicine, ʧʨʠʩʚʷʯʝʥʦʤʫ ʧʘʪʦʣʦʛʽʾ ʧʝʯʽʥʢʠ [69], ʥʘ ʩʴʦʛʦʜʥʽ 

ʥʝʤʘʻ ʻʜʠʥʦʾ ʽʜʝʘʣʴʥʦʾ ʪʚʘʨʠʥʥʦʾ ʤʦʜʝʣʽ ʟ ʅɸɾʍʇ, ʷʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʝʙʽʛʫ ʮʴʦʛʦ ʟʘʭʚʦʨʶʚʘʥʥʥʷ ʪʘ ʧʦʰʫʢʫ ʤʝʪʦʜʽʚ ʣʽʢʫʚʘʥʥʷ. 

ʉʘʤʝ ʪʦʤʫ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʤʦʜʠʬʽʢʘʮʽʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʞʝ 

ʽʩʥʫʶʯʠʭ ʤʦʜʝʣʝʡ. ʅʘ ʜʘʥʠʡ ʯʘʩ ʻʜʠʥʦʶ ʜʦʩʪʫʧʥʦʶ ʪʚʘʨʠʥʥʦʶ ʤʦʜʝʣʣʶ ʅɸɾʍʇ 

ʻ ʚʠʩʦʢʦʣʽʧʽʜʥʘ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʘ ʜʽʻʪʘ ʤʠʰʝʡ ʪʘ ʱʫʨʽʚ, ʧʨʦʪʝ ʚʦʥʘ ʚʠʤʘʛʘʻ 

12 ï 24 ʪʠʞʥʽ ʜʣʷ ʧʨʦʷʚʫ ʬʝʥʦʪʠʧʫ ʚ ʤʠʰʝʡ ʣʽʥʽʾ Balb/c, C57Bl6/J ʪʘ ʱʫʨʽʚ ʣʽʥʽʾ 

Wistar [120]. ɿʚʘʞʘʶʯʠ ʥʘ ʪʨʠʚʘʣʽʩʪʴ ʞʠʪʪʷ ʛʨʠʟʫʥʽʚ, ʜʘʥʘ ʤʦʜʝʣʴ ʻ ʥʝ ʧʨʘʢʪʠʯʥʦʶ 

ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʪʦʣʦʛʽʾ. ʇʨʠʧʫʩʢʘʶʯʠ ʨʦʣʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ 

ʛʨʘʥʫʣʦʮʠʪʽʚ ʫ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʾ ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ, ʟʦʢʨʝʤʘ ʫʪʚʦʨʝʥʥʽ 

ʞʦʚʯʥʠʭ ʢʘʤʝʥʽʚ [11], ʪʘ ʟʥʘʶʯʠ ʧʨʦ ʚʘʞʣʠʚʠʡ ʚʧʣʠʚ ʦʢʠʩʥʠʭ ʩʠʩʪʝʤ ʚ ʫʪʚʦʨʝʥʥʽ 

ʅʇʇ ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʥʘʤʠ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʚʘʨʠʥʥʫ ʣʽʥʽʶ 

ʽʟ ʟʤʽʥʝʥʠʤ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʘʪʫʩʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʪʚʦʨʝʥʥʷ ʅɸʉɻ ʚ ʤʠʰʝʡ. 

ʆʩʪʘʥʥʽ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʙʝʟʧʦʩʝʨʝʜʥʶ ʫʯʘʩʪʴ ʬʨʫʢʪʦʟʠ ʚ 

ʽʥʜʫʢʮʽʾ ʅɸɾʍʇ [78], ʘ ʦʩʢʽʣʴʢʠ ʜʦ ʽʥʜʫʢʪʦʨʽʚ ʟʘʧʘʣʝʥʥʷ ʚ ʧʝʯʽʥʮʽ ʥʘʣʝʞʠʪʴ ʞʦʚʯ, 

ʷʢʘ ʩʧʨʠʯʠʥʷʻ ʟʘʛʠʙʝʣʴ ʛʝʧʘʪʦʮʠʪʽʚ [75], ʤʠ ʧʨʠʧʫʩʪʠʣʠ ʟʚôʷʟʦʢ ɺʌɼ ʪʘ ɺʃɺʍɼ ʽʟ 

ʟʘʧʘʣʴʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʚ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʤʫ ʪʨʘʢʪʽ ʚʥʘʩʣʽʜʦʢ ʫʪʚʦʨʝʥʥʷ ʅʇʇ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʮʽʻʾ ʛʽʧʦʪʝʟʠ ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʥʘʤʠ ʤʦʜʝʣʴ 

ʅɸʉɻ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ, ʷʢʠʭ ʫʪʨʠʤʫʚʘʣʠ ʥʘ ʚʠʩʦʢʦʬʨʫʢʪʦʟʥʽʡ ʪʘ 

ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʽʡ ʜʽʻʪʘʭ. 

 

3.1.1. ʊʚʘʨʠʥʥʽ ʤʦʜʝʣʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʅɸɾʍʇ. ɭ ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʠʯʠʥʠ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʧʘʪʦʣʦʛʽʾ ʅɸɾʍʇ, ʧʦʚô̫ ʟʘʥʽ ʟ ʜʽʘʛʥʦʩʪʠʢʦʶ ʭʚʦʨʦʙʠ, 

ʘ ʩʘʤʝ: 

1. ʚʽʜʩʫʪʥʽʩʪʴ ʥʘʜʽʡʥʠʭ (ʩʧʝʮʠʬʽʯʥʠʭ ʪʘ ʯʫʪʣʠʚʠʭ) ʤʘʨʢʝʨʽʚ ʟʘʭʚʦʨʶʚʘʥʥʷ, 

ʷʢʽ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʠʷʚʣʷʪʠ ʚ ʢʨʦʚʽ ʰʣʷʭʦʤ ʧʨʦʩʪʠʭ ʩʢʨʠʥʽʥʛʦʚʠʭ ʧʨʦʮʝʜʫʨ; 

2. ʚʽʜʩʫʪʥʽʩʪʴ ʪʚʘʨʠʥʥʠʭ ʤʦʜʝʣʝʡ, ʚ ʷʢʠʭ ʤʦʞʥʘ ʙʫʣʦ ʙ ʚʽʜʪʚʦʨʠʪʠ 

ʟʘʭʚʦʨʶʚʘʥʥʷ ʟ ʤʝʪʦʶ ʪʝʩʪʫʚʘʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʣʽʢʘʨʩʴʢʠʭ ʧʨʝʧʘʨʘʪʽʚ. 

ʆʩʢʽʣʴʢʠ ʅɸɾʍʇ ʚʢʣʶʯʘʻ ʙʘʛʘʪʦ ʩʠʩʪʝʤ ʽ ʦʨʛʘʥʽʚ, ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ, ʾʾ 

ʥʝʤʦʞʣʠʚʦ ʚʽʜʪʚʦʨʠʪʠ ʚ ʢʫʣʴʪʫʨʽ ʢʣʽʪʠʥ ʯʠ ʩʬʝʨʦʾʜʥʠʭ ʢʫʣʴʪʫʨʘʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, 
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ʘʙʦ ʚʠʜʽʣʝʥʠʭ ʟ ʦʨʛʘʥʽʟʤʫ ʽ ʚʠʨʦʱʝʥʠʭ ʚ ʣʘʙʦʨʘʪʦʨʥʠʭ ʫʤʦʚʘʭ ʧʝʨʚʠʥʥʠʭ ʢʣʽʪʠʥʘʭ 

ʣʶʜʠʥʠ. 

ɺ ʥʠʟʮʽ ʨʦʙʽʪ ʟʨʦʙʣʝʥʦ ʦʛʣʷʜ ʦʩʪʘʥʥʽʭ ʥʦʚʽʪʥʽʭ ʜʦʩʷʛʥʝʥʴ ʚ ʛʘʣʫʟʽ ʤʦʜʝʣʝʡ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʯʽʥʢʠ [121ï125]. ʇʨʦʪʝ ʫ ʩʧʝʮʚʠʧʫʩʢʫ ʞʫʨʥʘʣʫ Nature (ʛʨʫʜʝʥʴ 

2017), ʧʨʠʩʚʷʯʝʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʶ ʅɸɾʍʇ, ʚʢʘʟʘʥʦ, ʱʦ ʚʩʝ ʞ ʻʜʠʥʦʶ ʧʨʘʚʠʣʴʥʦʶ 

ʤʦʜʝʣʣʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʤʦʜʝʣʴ ɺʃɺʍɼ ʫ ʤʠʰʝʡ [69]. 

ɿʚʽʩʥʦ ʞ, ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʘʪʦʣʦʛʽʾ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ ʫ ʛʨʠʟʫʥʽʚ ʩʣʽʜ 

ʧʘʤôʷʪʘʪʠ ʧʨʦ ʨʽʟʥʠʮʶ ʫ ʬʽʟʽʦʣʦʛʽʾ ʤʠʰʝʡ ʽ ʣʶʜʠʥʠ. ʋ ʛʨʠʟʫʥʽʚ ʦʩʥʦʚʥʠʤ ʢʦʨʤʦʤ 

ʻ ʟʣʘʢʠ ʽ ʪʦʤʫ ʚʦʥʠ ʨʽʜʢʦ ʢʦʣʠ ʩʪʠʢʘʶʪʴʩʷ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʣʽʧʽʜʽʚ ʫ ʾʞʽ. ʊʘʢʦʞ ʻ 

ʧʝʚʥʽ ʽʥʰʽ ʙʽʦʭʽʤʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʧʫʙʣʽʢʦʚʘʥʽ ʜʘʥʽ ʱʦʜʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʤʠʰʘʯʦʾ ʤʦʜʝʣʽ [69], 

ʤʠ ʚʠʨʽʰʠʣʠ ʚʽʜʪʚʦʨʠʪʠ ʾʾ ʥʘ ʤʠʰʘʭ ʣʽʥʽʾ C57BL6/N. ɼʘʥʘ ʣʽʥʽʷ (ʧʘʩʧʦʨʪ ʣʽʥʽʾ 

https://www.jax.org/strain/005304), ʚʽʜʜʽʣʠʣʘʩʴ ʚʽʜ ʤʘʪʝʨʠʥʩʴʢʦʾ ʣʽʥʽʾ C57BL6 ʧʦʥʘʜ 

50 ʨʦʢʽʚ ʪʦʤʫ, ʭʦʯ ʮʝ ʚʠʷʚʠʣʠ ʚʽʜʥʦʩʥʦ ʥʝʜʘʚʥʦ, ʫ 2013 ʨʦʮʽ [126]. ɼʘʥʘ ʣʽʥʽʷ 

ʟʙʝʨʝʛʣʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʢʦʧʽʶ ʛʝʥʫ Nnt (Nicotinamide nucleotide transhydrogenase, 

ʥʽʢʦʪʠʥ ʥʫʢʣʝʦʪʠʜ ʪʨʘʥʩʛʽʜʨʦʛʝʥʘʟʠ), ʷʢʠʡ ʢʦʜʫʻ ʽʥʪʝʛʨʘʣʴʥʠʡ ʙʽʣʦʢ, ʨʦʟʤʽʱʝʥʠʡ 

ʫ ʚʥʫʪʨʽʰʥʽʡ ʤʝʤʙʨʘʥʽ ʤʽʪʦʭʦʥʜʨʽʡ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʽʜʚʠʱʝʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʛʦ ʅɸɼʌʅ/ʅɸɼʌ+ (NADPH/NADP+) [126] ʟʽ ʟʥʘʯʥʠʤ ʚʧʣʠʚʦʤ ʥʘ 

ʽʤʫʥʥʫ ʩʠʩʪʝʤʫ ʪʚʘʨʠʥʠ, ʟʦʢʨʝʤʘ ʘʪʠʚʥʽʩʪʴ ʥʝʡʪʨʦʬʽʣʴʥʠʭ ʛʨʘʥʫʣʦʮʠʪʽʚ. ʊʘʢʠʤ 

ʯʠʥʦʤ ʣʽʥʽʷ C57BL6/N ʚʦʣʦʜʽʻ çʟʜʦʨʦʚʦʶè ʩʧʘʜʢʦʚʽʩʪʶ (ʘ ʪʘʢʦʞ ʚʠʩʦʢʦʶ 

ʘʛʨʝʩʠʚʥʽʩʪʶ, ʥʠʟʴʢʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʪʦʤʢʽʚ ʪʘ ʽʥʰʦʶ ʧʦʚʝʜʽʥʢʦʶ, ʧʨʠʪʘʤʘʥʥʦʶ 

ʜʠʢʠʤ ʪʚʘʨʠʥʘʤ). ɼʘʥʘ ʣʽʥʽʷ ʥʝ ʻ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʦʶ ʩʝʨʝʜ ʜʦʩʣʽʜʥʠʢʽʚ, 

ʦʩʢʽʣʴʢʠ ʥʘ ʥʽʡ ʥʝʤʦʞʣʠʚʦ ʚʽʜʪʚʦʨʠʪʠ ʙʘʛʘʪʦ ʤʦʜʝʣʴʥʠʭ ʣʘʙʦʨʘʪʦʨʥʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ, ʷʢʽ, ʧʨʦʪʝ, ʣʝʛʢʦ ʚʠʥʠʢʘʶʪʴ ʚ ʣʽʥʽʾ, ʱʦ ʚʪʨʘʪʠʣʘ ʜʘʥʠʡ ʛʝʥ  

C57BL6/J. ʋ ʪʘʢʠʡ ʩʧʦʩʽʙ ʣʽʥʽʷ C57BL6/N ʙʫʣʘ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʚʠʪʽʩʥʝʥʘ ʣʽʥʽʻʶ 

C57BL6/J ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʘʩʧʦʨʪ ʦʩʪʘʥʥʴʦʾ 

ʟʥʘʭʦʜʠʪʴʩʷ ʟʘ ʘʜʨʝʩʦʶ https://www.jax.org/strain/000664. 

ʋ ʃʴʚʽʚʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʤʝʜʠʯʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʽʤʝʥʽ ɼʘʥʠʣʘ 

ɻʘʣʠʮʴʢʦʛʦ, ʜʝ ʚʠʢʦʥʫʚʘʣʘʩʴ ʨʦʙʦʪʘ, ʣʽʥʽʶ ʤʠʰʝʡ C57BL6/N ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʩʠʩʪʝʤʥʠʤʠ ʟʘʧʘʣʴʥʠʤʠ 

https://www.jax.org/strain/000664
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ʧʨʦʮʝʩʘʤʠ ʪʘ ʟʘʧʘʣʴʥʠʤʠ ʩʪʘʥʘʤʠ, ʷʢ ʟʨʘʟʦʢ çʟʜʦʨʦʚʦʛʦè ʢʦʥʪʨʦʣʶ [127ï129]. 

ʂʦʥʪʨʦʣʴ ʯʠʩʪʦʪʠ ʣʽʥʽʡ ʟʜʽʡʩʥʶʚʘʚʩʷ ʰʣʷʭʦʤ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʄʝʜʠʯʥʠʤ ʮʝʥʪʨʦʤ 

ʋʥʽʚʝʨʩʠʪʝʪʫ ʌʨʽʜʨʽʭʘ ɸʣʝʢʩʘʥʜʨʘ ʤ. ɽʨʣʘʥʛʝʥ-ʅʶʨʥʙʝʨʛ (ʌʈʅ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʦʧʠʩʘʥʠʭ ʤʝʪʦʜʠʢ [126]. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʜʘʥʘ ʣʽʥʽʷ ʜʦʟʚʦʣʠʪʴ ʥʘʡʢʨʘʱʝ ʚʽʜʪʚʦʨʠʪʠ ʧʨʦʮʝʩʠ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʦʨʛʘʥʽʟʤʽ ʣʶʜʠʥʠ ʥʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʨʘʤʢʘʭ ʜʘʥʦʾ 

ʨʦʙʦʪʠ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʧʦʰʫʢ ʪʚʘʨʠʥʥʦʾ ʤʦʜʝʣʽ ʅɸɾʍʇ ʪʘ ʅɸʉɻ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʢʽʣʴʢʘ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʠʭ ʪʚʘʨʠʥʥʠʭ ʣʽʥʽʡ ʪʘ ʟʘʧʨʦʧʦʥʦʚʫ ʥʘʤʠ ʤʦʜʝʣʴ (ʨʠʩ. 3.1). 

 

ʈʠʩ. 3.1. ɸ ï ʤʦʨʬʦʣʦʛʽʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʨʽʟʥʠʭ ʣʽʥʽʡ, 

ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ɺʃɺʍɼ ʧʨʦʪʷʛʦʤ ʟʘʟʥʘʯʝʥʦʛʦ ʣʽʚʦʨʫʯ ʯʠʩʣʘ ʜʥʽʚ. ʌʘʨʙʫʚʘʥʥʷ 

H&E, ʦʙôʻʢʪʠʚ 40x 0,95NA. ɹ ï ʨʝʟʫʣʴʪʘʪʠ ʛʝʥʦʪʠʧʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʣʽʥʽʡ 

ʪʚʘʨʠʥ (ʨʽʟʥʽ ʩʽʤôʾ ï f) ʥʘ ʥʘʷʚʥʽʩʪʴ ʛʝʥʫ Nnt 
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ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ, ʚʪʨʘʪʘ ʷʜʝʨ ʚ ʛʝʧʘʪʦʮʠʪʘʭ, ʥʘʷʚʥʽʩʪʴ ʣʽʧʽʜʥʠʭ 

ʚʢʣʶʯʝʥʴ (ʙʽʣʠʡ ʢʦʣʽʨ) ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ (ʨʦʟʪʘʰʦʚʘʥʽ 

ʧʦʙʣʠʟʫ ʩʫʜʠʥ, ʚʠʩʪʝʣʝʥʽ ʢʫʙʽʯʥʠʤ ʝʧʽʪʝʣʽʻʤ) ʩʧʦʩʪʝʨʽʛʘʣʠʩ̫ ʚ ʣʽʥʽʾ C57BL6/N ʫʞʝ 

ʯʝʨʝʟ 14 ʜʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ɺʃɺʍɼ, ʘ ʫ ʪʚʘʨʠʥ ʣʽʥʽʾ C57BL6/J (ʥʝ ʝʢʩʧʨʝʩʫʶʪʴ 

ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʩʫʙʦʜʠʥʠʮʶ Nnt) ï ʥʘ 42 ʜʝʥʴ. ʋ ʪʚʘʨʠʥ ʣʽʥʽʾ Balb/ʩ ʟʘʟʥʘʯʝʥʽ 

ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʙʫʣʠ ʤʝʥʰ ʚʠʨʘʞʝʥʽ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʝʢʩʧʨʝʩʽʾ ʛʝʥʫ Nnt ʽ 

ʚʠʷʚʣʷʣʠʩʷ ʥʘ 28 ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

 

3.1.2. ʇʘʪʦʬʽʟʽʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʚ ʦʨʛʘʥʽʟʤʽ ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʣʽʧʽʜʥʦʾ 

ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ ʪʘ ʚʠʩʦʢʦʬʨʫʢʪʦʟʥʦʾ ʜʽʻʪʠ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ 

ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʤʽʥʫ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ʩʪʘʥʜʘʨʥʦʛʦ ʨʘʮʽʦʥʫ, ɺʃɺʍɼ 

ʪʘ ɺʌɼ, ʧʦʚʝʜʽʥʢʦʚʽ ʟʤʽʥʠ ʪʚʘʨʠʥ, ʚʠʟʥʘʯʘʣʠ ʦʩʥʦʚʥʽ ʙʽʦʭʽʤʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʩʝʯʽ, 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʧʘʪʦʛʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʧʝʯʽʥʢʠ ʪʘ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ. 

ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 3 ʛʨʫʧʠ ʪʚʘʨʠʥ ʧʦ 8 ʪʚʘʨʠʥ ʚ ʢʦʞʥʽʡ, ʷʢʽ 

ʧʝʨʝʙʫʚʘʣʠ ʚ ʫʤʦʚʘʭ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʮʽʦʥʫ, ɺʃɺʍɼ ʪʘ ɺʌɼ. ʑʦ ʢʽʣʴʢʘ ʜʥʽʚ 

ʚʠʟʥʘʯʘʣʠ ʤʘʩʫ ʪʽʣʘ, ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʘ ʟʤʽʥʦʶ ʧʦʚʝʜʽʥʢʦʚʠʭ ʨʝʘʢʮʽʡ, ʷʢʽ ʪʨʠʯʽ 

ʫʧʨʦʜʦʚʞ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘʬʽʣʴʤʦʚʫʚʘʣʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʫʤʦʚʘʭ. ʊʨʠʚʘʣʽʩʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʥʦʚʠʣʘ 4 ʪʠʞʥʽ (28 ʜʥʽʚ). ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩ. 3.2. ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫ ʪʚʘʨʠʥ ʟʜʽʡʩʥʶʚʘʣʠ ʘʥʘʣʽʟ ʦʩʥʦʚʥʠʭ 

ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʯʽ, ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ 

ʢʨʦʚʽ, ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʘ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ. 

 

ʈʠʩ. 3.2. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ʩʪʘʥʜʘʨʥʦʛʦ ʨʘʮʽʦʥʫ, ɺʃɺʍɼ ʪʘ ɺʌɼ 
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ʇʽʩʣʷ ʧʝʨʝʚʝʜʝʥʥʷ ʪʚʘʨʠʥ ʥʘ ʨʘʮʽʦʥ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʫ ʧʝʨʰʽ ʜʥʽ ʤʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʱʦ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʘʜʘʧʪʘʮʽʡʥʠʤʠ 

ʨʝʘʢʮʽʷʤʠ. ʇʨʦʪʝ ʚʞʝ ʟ 14 ʜʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʷʢ ɺʃɺʍɼ, ʪʘʢ ʽ ɺʌɼ ʩʧʨʠʯʠʥʷʣʠ 

ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʷʢʝ ʙʫʣʦ ʟʥʘʯʥʦ ʚʠʱʠʤ, ʥʽʞ ʫ ʛʨʫʧʽ ʟ ʩʪʘʥʜʘʨʪʥʠʤ ʨʘʮʽʦʥʦʤ 

(ʉʈ). ʇʨʠʨʽʩʪ ʤʘʩʠ ʪʽʣʘ ʚ ʤʝʞʘʭ 5 % ʫ ʤʽʩʷʮʴ ʻ ʥʦʨʤʦʶ ʜʣʷ ʮʽʻʾ ʚʽʢʦʚʦʾ ʛʨʫʧʠ ʪʚʘʨʠʥ 

ʽ ʧʦʚôʷʟʘʥʠʡ ʽʟ ʧʨʠʨʦʜʥʠʤ ʨʦʩʪʦʤ. ʇʽʩʣʷ ʨʦʟʪʠʥʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʦʟʥʘʢʠ 

ʚʽʜʢʣʘʜʝʥʥʷ ʚʽʩʮʝʨʘʣʴʥʦʛʦ ʞʠʨʫ ʫ ʛʨʫʧʘʭ ɺʃɺʍɼ ʪʘ ɺʌɼ. ʎʝ ʡ ʧʦʷʩʥʶʻ ʟʨʦʩʪʘʥʥʷ 

ʤʘʩʠ ʪʽʣʘ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.3. 
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ʈʠʩ. 3.3. ɿʤʽʥʠ ʤʘʩʠ ʪʽʣʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʣʽʥʽʾ C57BL6/N ʟʘ ʫʤʦʚ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʮʽʦʥʫ (ʉʈ), ʚʠʩʦʢʦʬʨʫʢʪʦʟʥʦʾ (ɺʌɼ) ʪʘ ʚʠʩʦʢʦʣʽʧʽʜʥʦʾ 

ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ (ɺʃɺʍɼ). ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʷʢ M Ñ m, ʫ ʚʽʜʩʦʪʢʘʭ 

ʚʽʜʥʦʩʥʦ ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ ʪʚʘʨʠʥ (ʚʠʟʥʘʯʝʥʦʾ ʥʘ 0 ʜʝʥʴ). ʊʨʠʢʫʪʥʠʢʘʤʠ ʟʘʟʥʘʯʝʥʦ 

ʯʘʩ ʟʘʙʦʨʫ ʟʨʘʟʢʽʚ ʢʨʦʚʽ, ʚ ʷʢʠʭ ʚʠʟʥʘʯʘʣʠ ʘʢʪʠʚʥʽʩʪʴ ʝʣʘʩʪʘʟʠ ʥʝʡʪʨʦʬʽʣʽʚ. 

ɿʽʨʦʯʢʘʤʠ ʧʦʟʥʘʯʝʥʦ ʜʥʽ, ʢʦʣʠ ʟʥʘʯʝʥʥʷ ʚʘʛʠ ʪʚʘʨʠʥ ʥʘ ʦʙʦʭ ʜʽʻʪʘʭ (ɺʃɺʍɼ ʽ ɺʌɼ) 

ʙʫʣʠ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʚʘʛʠ ʪʚʘʨʠʥ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ 

 

3.1.2.1. ɿʤʽʥʠ ʤʘʩʠ ʪʽʣʘ ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ɺʃɺʍɼ. ɼʣʷ ʦʮʽʥʶʚʘʥʥʷ ʤʘʩʠ ʪʽʣʘ 

ʧʨʦʚʦʜʠʣʠ ʟʚʘʞʫʚʘʥʥʷ ʪʚʘʨʠʥ ʚ ʩʝʨʝʜʥʴʦʤʫ ʱʦ ʪʨʠ ʜʥʽ. ʈʝʟʫʣʴʪʘʪʠ ʟʤʽʥʠ ʤʘʩʠ ʪʽʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.3. ʋ ʛʨʫʧʽ ʽʟ ʩʪʘʥʜʘʨʥʠʤ ʨʘʮʽʦʥʦʤ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʥʝʟʥʘʯʥʝ 

ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʚ ʩʝʨʝʜʥʴʦʤʫ ʚʽʜ 21,5  ʜʦ 23,2 ʛ, ʪʦʙʪʦ ʟʙʽʣʴʰʝʥʥʷ ʩʪʘʥʦʚʠʣʦ 

7 % ʚʽʜ ʧʦʯʘʪʢʦʚʦʾ ʤʘʩʠ ʪʽʣʘ ʧʨʦʪʷʛʦʤ 28 ʜʥʽʚ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 
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ʥʦʨʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ ʥʘʙʦʨʫ ʚʘʛʠ ʧʽʜʣʽʪʢʦʚʠʤʠ ʪʚʘʨʠʥʘʤʠ. ɺʦʜʥʦʯʘʩ, ʫ ʛʨʫʧʽ 

ɺʃɺʍɼ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʨʦʩʪʘʥʥʷ ʤʘʩʠ ʪʽʣʘ ʙʣʠʟʴʢʦ 25 %, ʽʟ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ 

ʤʘʩʠ ʪʽʣʘ ʙʣʠʟʴʢʦ 27,0 ʛ ʫ ʚʽʮʽ 12 ʪʠʞʥʽʚ, ʱʦ ʻ ʧʦʥʘʜʥʦʨʤʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 

ʎʽʢʘʚʦ, ʱʦ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʠ ʟʤʽʥʽ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʨʤʫ ʥʘ 

ʚʠʩʦʢʦʣʽʧʽʜʥʠʡ, ʪʚʘʨʠʥʠ ʚʽʜʤʦʚʣʷʣʠʩʴ ʚʽʜ ʾʞʽ ʽ ʚʪʨʘʯʘʣʠ ʚʘʛʫ. ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʩʧʨʠʯʠʥʝʥʦ ʷʢ ʧʩʠʭʦʣʦʛʽʯʥʦʶ ʘʜʘʧʪʘʮʽʻʶ ʜʦ ʥʦʚʦʛʦ ʪʠʧʫ ʢʦʨʤʫ, ʪʘʢ ʽ ʦʧʽʨʥʽʩʪʶ 

ʦʨʛʘʥʽʟʤʫ ʚʠʩʦʢʦʞʠʨʦʚʽʡ ʾʞʽ. ʇʨʦʪʝ ʟʛʦʜʦʤ ʧʽʩʣʷ ʩʧʦʞʠʚʘʥʥʷ ʚʠʩʦʢʦʣʽʧʽʜʥʦʛʦ 

ʢʦʨʤʫ ʫ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʪʚʘʨʠʥ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʧʦʩʪʽʡʥʠʡ ʧʦʩʠʣʝʥʠʡ ʘʧʝʪʠʪ. ɼʘʥʽ 

ʟʤʽʥʠ ʤʘʩʠ ʪʽʣʘ ʤʽʞ ʛʨʫʧʘʤʠ ʥʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʨʘʮʽʦʥʽ ʪʘ ɺʃɺʍɼ ʩʪʘʪʠʩʪʠʯʥʦ 

ʨʽʟʥʠʣʠʩʷ, ʧʦʯʠʥʘʶʯʠ ʟ 6 ʜʥʷ ʝʢʩʧʝʨʠʤʝʥʪʫ (p<0.05). 

 

3.1.2.2. ʇʦʚʝʜʽʥʢʦʚʽ ʟʤʽʥʠ ʪʚʘʨʠʥ ʧʨʠ ɺʃɺʍɼ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʦʚʠʭ 

ʨʝʘʢʮʽʡ ʧʦʢʘʟʘʣʦ ʽʩʪʦʪʥʽ ʟʤʽʥʠ ʫ ʧʦʚʝʜʽʥʮʽ ʤʠʰʝʡ. ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʤʠʰʽ ʣʽʥʽʾ 

C57BL6/N ʻ ʘʢʪʠʚʥʠʤʠ ʪʚʘʨʠʥʘʤʠ, ʚʦʥʠ ʥʝ ʩʭʠʣʴʥʽ ʜʦ ʦʞʠʨʽʥʥʷ, ʨʫʭʣʠʚʽ, 

ʘʛʨʝʩʠʚʥʽ, ʤʦʞʫʪʴ ʘʪʘʢʫʚʘʪʠ ʜʦʩʣʽʜʥʠʢʘ. ɺ ʧʨʠʧʣʦʜʽ ʜʘʶʪʴ ʜʦ 5 ï 6 ʤʠʰʝʥʷʪ, ʟ 

ʷʢʠʭ ʯʘʩʪʠʥʫ ʤʦʞʫʪʴ ʟôʾʩʪʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʞʠʚʘʥʥʷ ʥʘʡʩʠʣʴʥʽʰʠʭ ʦʩʦʙʠʥ. ɺʦʥʠ 

ʻ çʦʜʠʥʘʢʘʤʠè, ʥʝ ʩʭʠʣʴʥʽ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʛʨʫʧ ʯʠ ʩʪʘʜ ʽ ʧʦʪʨʝʙʫʶʪʴ 

ʧʨʦʩʪʦʨʠʭ ʢʣʽʪʦʢ. ʉʘʤʝ ʪʘʢʫ ʧʦʚʝʜʽʥʢʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʦʙʦʭ ʛʨʫʧʘʭ ʥʘ ʧʦʯʘʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʨʠ ʧʦʤʽʱʝʥʥʽ ʚ ʧʨʦʟʦʨʠʡ ʢʦʥʪʝʡʥʝʨ ʪʚʘʨʠʥʠ ʧʦʚʥʽʩʪʶ ʟʘʡʤʘʣʠ 

ʫʩʶ ʜʦʩʪʫʧʥʫ ʧʣʦʱʫ (ʨʦʟʤʽʱʫʚʘʣʠʩʴ ʧʦ ʢʫʪʘʭ) ʽ ʧʨʠ ʮʴʦʤʫ ʘʢʪʠʚʥʦ ʩʧʦʩʪʝʨʽʛʘʣʠ 

ʟʘ ʜʽʷʤʠ ʜʦʩʣʽʜʥʠʢʘ ʪʘ ʦʪʦʯʝʥʥʷʤ (ʨʠʩ. 3.4, ɸ). ʇʨʠ ʧʦʩʪʫʢʫʚʘʥʥʽ ʧʦ ʢʦʥʪʝʡʥʝʨʽ 

ʚʦʥʠ ʚʠʩʦʢʦ ʧʽʜʩʪʨʠʙʫʚʘʣʠ ʽ ʥʘʤʘʛʘʣʠʩʴ ʘʪʘʢʫʚʘʪʠ ʜʦʩʣʽʜʥʠʢʘ ʪʘ/ʯʠ ʚʠʩʪʨʠʙʥʫʪʠ ʟ 

ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 3.4, ɹ). ɺʦʜʥʦʯʘʩ ʫʞʝ ʧʽʩʣʷ 20 ʜʥʽʚ ɺʃɺʍɼ ʧʦʚʝʜʽʥʢʘ ʪʚʘʨʠʥ 

ʟʥʘʯʥʦ ʟʤʽʥʶʚʘʣʘʩʴ, ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʤʝʥʰʝʥʥʷ ʨʫʭʣʠʚʦʩʪʽ ʪʘ ʘʢʪʠʚʥʦʩʪʽ. ʊʘʢ, ʥʘ 

22 ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ ʪʚʘʨʠʥʠ ʩʭʠʣʴʥʽ ʟʛʨʫʧʦʚʫʚʘʪʠʩʴ ʫ ʛʨʫʧʠ (ʨʠʩ. 3.4, ɺ). ʊʘʢʘ 

ʩʦʮʽʘʣʽʟʘʮʽʷ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʚʽʜʯʫʪʪʷ ʫ ʪʚʘʨʠʥ ʥʝʟʜʘʪʥʦʩʪʽ ʟʘʭʠʩʪʠʪʠ ʩʝʙʝ, 

ʪʦʞ ʛʨʫʧʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʫʥʠʢʥʫʪʠ ʧʦʪʝʥʮʽʡʥʦʾ ʥʝʙʝʟʧʝʢʠ. ʊʝʧʝʨ ʧʦʩʪʫʢʫʚʘʥʥʷ 

ʥʝ ʚʠʢʣʠʢʘʣʦ ʥʽ ʧʽʜʩʪʨʠʙʫʚʘʥʥʷ, ʥʽ ʽʥʰʦʾ ʧʦʤʽʪʥʦʾ ʨʝʘʢʮʽʾ. ʊʘʢʘ ʘʧʘʪʽʷ ʜʦ ʟʦʚʥʽʰʥʽʭ 

ʯʠʥʥʠʢʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʽ ʧʨʠ ʧʦʤʽʪʥʦʤʫ ʥʘʭʠʣʽ ʢʦʥʪʝʡʥʝʨʘ (ʨʠʩ. 3.4, ɻ). 
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ʈʠʩ. 3.4. ʂʘʜʨʠ ʟ ʚʽʜʝʦ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʦʚʝʜʽʥʢʫ ʤʠʰʝʡ ʥʘ ʧʦʯʘʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ (ɸ, ɹ) ʪʘ ʥʘ 22 ʜʝʥʴ ɺʃɺʍɼ (ɺ, ɻ). ɸ ï ʪʚʘʨʠʥʠ ʟʘʡʤʘʶʪʴ ʫʚʝʩʴ 

ʧʨʦʩʪʽʨ ʢʦʥʪʝʡʥʝʨʘ, ʘʢʪʠʚʥʦ ʩʧʦʩʪʝʨʽʛʘʶʪʴ ʟʘ ʦʪʦʯʝʥʥʷʤ ʚ ʦʙʦʨʦʥʥʽʡ ʧʦʟʽ, ɹ ï ʧʨʠ 

ʧʦʩʪʫʢʫʚʘʥʥʽ ʧʦ ʢʦʥʪʝʡʥʝʨʫ ʘʢʪʠʚʥʦ ʧʽʜʩʪʨʠʙʫʶʪʴ, ʘʪʘʢʫʶʯʠ ʧʦʜʨʘʟʥʠʢ, ɺ ï 

ʪʚʘʨʠʥʠ ʟʛʨʫʧʦʚʫʶʪʴʩʷ ʫ ʪʽʩʥʽ ʛʨʫʧʠ, ʻ ʤʘʣʦʨʫʭʣʠʚʽ ʪʘ ʘʧʘʪʠʯʥʽ, ɻ ï ʥʘʚʽʪʴ ʧʨʠ 

ʥʘʭʠʣʷʥʥʽ ʢʦʥʪʝʡʥʝʨʘ ʪʚʘʨʠʥʠ ʥʝ ʚʠʷʚʣʷʶʪʴ ʧʦʤʽʪʥʦʾ ʘʢʪʠʚʥʦʩʪʽ. ʇʦʚʥʘ ʚʝʨʩʽʷ 

ʚʽʜʝʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʧʨʝʟʝʥʪʘʮʽʾ ʜʘʥʦʾ ʨʦʙʦʪʠ 

 

3.1.2.3. ʉʧʦʞʠʚʘʥʥʷ ʾʞʽ ʟʘ ʫʤʦʚ ɺʃɺʍɼ ʪʘ ɺʌɼ. ɿʘ ʫʤʦʚ ɺʃɺʍɼ, ʢʦʣʠ 

ʣʽʧʽʜʠ ʥʘʜʭʦʜʠʣʠ ʚ ʨʘʮʽʦʥ ʟ ʢʦʨʤʦʤ, ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʢʦʨʤʫ, 

ʱʦ ʤʽʩʪʠʚ ʣʽʧʽʜʠ (ʧʨʠ ɺʃɺʍɼ), ʘ ʪʘʢʦʞ ʩʧʦʞʠʚʘʥʥʷ ʨʽʜʠʥʠ, ʱʦ ʤʽʩʪʠʣʘ 10%-ʠʡ 

ʨʦʟʯʠʥ ʬʨʫʢʪʦʟʠ (ʧʨʠ ɺʌɼ). ʆʩʪʘʥʥʽʡ ʧʨʦʮʝʩ ʙʫʚ ʙʽʣʴʰʝ ʚʠʨʘʞʝʥʠʡ, ʪʦʞ ʤʠ 

ʢʽʣʴʢʽʩʥʦ ʚʠʤʽʨʷʣʠ ʩʧʦʞʠʚʘʥʥʷ ʨʽʜʠʥʠ ʟʘ ʫʤʦʚ ɺʌɼ, ʽ, ʷʢ ʙʘʯʠʤʦ ʟ ʨʠʩ. 3.5, ï 

ʚʢʘʟʘʥʽ ʟʤʽʥʠ ʙʫʣʠ ʜʦʩʪʦʚʽʨʥʦ ʙʽʣʴʰʠʤʠ (p<0.001), ʥʽʞ ʫ ʪʚʘʨʠʥ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ. 

ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʷʢ ʣʽʧʽʜʥʦʛʦ ʢʦʨʤʫ, ʪʘʢ ʽ ʨʦʟʯʠʥʫ ʬʨʫʢʪʦʟʠ 

ʫ ʪʚʘʨʠʥ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʥʝ ʦʜʨʘʟʫ, ʘ ʯʝʨʝʟ ʧʝʚʥʠʡ ʯʘʩ, ʟʘʟʚʠʯʘʡ ʯʝʨʝʟ 3 ï 5 ʜʥʚ̔, 

ʷʢʽ ʤʠ ʚʚʘʞʘʣʠ ʧʝʨʽʦʜʦʤ ʘʜʘʧʪʘʮʽʾ ʜʦ ʥʦʚʠʭ ʫʤʦʚ ʭʘʨʯʫʚʘʥʥʷ. ɯʥʢʦʣʠ ʪʚʘʨʠʥʠ 

ʥʘʚʽʪʴ ʟʤʝʥʰʫʚʘʣʠ ʩʧʦʞʠʚʘʥʥʷ ʥʝʪʠʧʦʚʦʛʦ ʜʣʷ ʥʠʭ ʢʦʨʤʫ ʥʘ 1 ï 3 ʜʝʥʴ, ʧʨʦʪʝ 

ʟʛʦʜʦʤ ʡʦʛʦ ʩʧʦʞʠʚʘʥʥʷ ʟʥʘʯʥʦ ʟʨʦʩʪʘʣʦ. 
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ʈʠʩ. 3.5. ɿʨʦʩʪʘʥʥʷ ʩʧʦʞʠʚʘʥʥʷ ʨʽʜʠʥʠ ʟʘ ɺʌɼ ʫ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ. 

 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ, ʱʦ ɺʃɺʍɼ ʪʘ ɺʌɼ ʥʝ ʣʠʰʝ ʰʢʽʜʣʠʚʦ ʜʽʶʪʴ ʥʘ 

ʦʨʛʘʥʽʟʤ, ʘ ʡ ʩʧʦʥʫʢʘʶʪʴ ʡʦʛʦ ʩʧʦʞʠʚʘʪʠ ʙʽʣʴʰʝ ʾʞʽ. ʇʦʜʽʙʥʽ ʨʝʯʽ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʚ ʣʶʜʩʴʢʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʧʨʠ ʭʘʨʯʫʚʘʥʥʽ ʚ ʩʪʠʣʽ çʬʘʩʪʬʫʜè. 

 

3.1.2.4. ɿʤʽʥʠ ʦʩʥʦʚʥʠʭ ʙʽʦʭʽʤʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʩʝʯʽ ʧʨʠ ɺʃɺʍɼ. 

ʅʘʧʨʠʢʽʥʮʽ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʥʘ 28 ʜʝʥʴ ʜʽʻʪʠ, ʚʠʟʥʘʯʘʣʠ ʦʩʥʦʚʥʽ ʙʽʦʭʽʤʽʯʥʽ 

ʧʦʢʘʟʥʠʢʠ ʩʝʯʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʾ ʩʤʫʞʢʦʚʦʾ ʩʠʩʪʝʤʠ DUS 10 ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ 10 ʧʘʨʘʤʝʪʨʽʚ. ʅʘʤʠ ʚʠʷʚʣʝʥʦ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʧʨʦʪʝʾʥʫ ʚ ʩʝʯʽ ʤʠʰʝʡ 

ʟʘ ɺʃɺʍɼ, ʷʢʝ ʙʫʣʦ ʜʦʩʪʦʚʽʨʥʦ ʚʠʱʠʤ ʟʘ ʟʥʘʯʝʥʥʷ ʦʪʨʠʤʘʥʽ ʫ ʪʚʘʨʠʥ ʢʦʥʪʨʦʣʴʥʦʾ 

ʛʨʫʧʽ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ ʜʽʻʪʽ (ʥʘ ʉɼ) (ʨʠʩ. 3.6). 

 

ʈʠʩ. 3.6. ɺʤʽʩʪ ʙʽʣʢʘ ʫ ʟʨʘʟʢʘʭ ʩʝʯʽ ʤʠʰʝʡ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʛʨʫʧ ʥʘ ʩʪʘʥʜʘʨʪʥʽʡ 

(ʉɼ) ʪʘ ʚʠʩʦʢʦʣʽʧʽʜʥʽʡ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʽʡ ʜʽʻʪʽ (ɺʃɺʍɼ). ʅʘʧʽʚʢʽʣʴʢʽʩʥʘ 

ʜʝʪʝʢʮʽʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ DUS 10 
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ɺʦʜʥʦʯʘʩ, ʥʘʤʠ ʥʝ ʟʘʬʽʢʩʦʚʘʥʦ ʧʦʤʽʪʥʦʛʦ ʟʨʦʩʪʘʥʥʷ ʚ ʩʝʯʽ ʢʝʪʦʥʽʚ, ʢʨʦʚʽ, 

ʣʝʡʢʦʮʠʪʽʚ, ʫʨʦʙʽʣʽʥʦʛʝʥʫ, ʙʽʣʽʨʫʙʽʥʫ. ʊʘʢʦʞ ʥʝ ʚʠʷʚʣʝʥʦ ʨʽʟʥʠʮʽ ʫ ʧʦʢʘʟʥʠʢʘʭ ʤʽʞ 

ʛʨʫʧʘʤʠ ʟʘ ʮʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɿʘʟʚʠʯʘʡ ʨʅ ʙʫʣʦ ʢʠʩʣʠʤ ʚ ʦʙʦʭ ʛʨʫʧʘʭ (6.0 ï 6.5), 

ʘ ʧʠʪʦʤʘ ʛʫʩʪʠʥʘ ï ʚʠʩʦʢʦʶ (1,030), ʱʦ, ʦʯʝʚʠʜʥʦ, ʦʙʫʤʦʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʷʤʠ 

ʤʝʪʘʙʦʣʽʟʤʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʚʘʨʠʥ (ʨʠʩ. 3.7). ɿʥʘʯʝʥʥʷ ʛʣʶʢʦʟʠ ʟʘʚʞʜʠ ʙʫʣʠ 

ʥʝʛʘʪʠʚʥʠʤʠ. 

 

ʈʠʩ. 3.7. ɺʤʽʩʪ ʢʨʦʚʽ, ʢʝʪʦʥʽʚ, ʣʝʡʢʦʮʠʪʽʚ, ʙʽʣʽʨʫʙʽʥʫ ʫ ʩʝʯʽ, ʟʥʘʯʝʥʥʷ ʨʅ ʪʘ 

ʧʠʪʦʤʦʾ ʛʫʩʪʠʥʠ ʩʝʯʽ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʚʘʨʠʥ, ʚʠʟʥʘʯʝʥʽ ʥʘʧʽʚʢʽʣʴʢʽʩʥʦʶ ʝʢʩʧʨʝʩ-

ʩʠʩʪʝʤʦʶ DUS 10. ʅ.ʜ. ï ʥʝʜʦʩʪʦʚʽʨʥʦ 
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3.1.3. ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʚ ʧʝʯʽʥʮʽ ʟʘ ɺʃɺʍɼ ʪʘ ɺʌɼ. 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʦʮʽʥʢʘ ʦʨʛʘʥʽʚ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ, ʧʽʩʣʷ ʚʠʚʝʜʝʥʥʷ ʪʚʘʨʠʥ ʟ 

ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʦʢʘʟʘʣʘ ʚʠʜʠʤʫ ʜʠʩʢʦʣʦʨʘʮʽʶ ʧʝʯʽʥʢʠ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ 

ʞʦʚʯʥʦʛʦ ʤʽʭʫʨʘ ʫ ʪʚʘʨʠʥ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ɺʃɺʍɼ ʧʦʨʽʚʥʷʥʦ ʟ ʉɼ. ɺ ʦʢʨʝʤʦʤʫ 

ʜʦʜʘʪʢʦʚʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʤʠ ʚʠʚʯʠʣʠ ʚʧʣʠʚ ɺʃɺʍɼ ʥʘ ʦʨʛʘʥʠ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤʠ 

ʫʧʨʦʜʦʚʞ ʜʦʚʰʦʛʦ ʯʘʩʫ ï 8 ʪʠʞʥʽʚ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʣʠʰʝ 1/3 ʪʚʘʨʠʥ ʜʦʞʠʚʘʣʘ ʜʦ 

8 ʪʠʞʥʷ ʥʘ ɺʃɺʍɼ, ʘʫʪʦʧʩʽʷ ʚʠʷʚʣʷʣʘ ʤʘʡʞʝ ʧʦʚʥʝ ʟʥʝʙʘʨʚʣʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. 

ʊʘʢʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʽʟ ʜʠʩʢʦʣʦʨʘʮʽʻʶ ʟʘʟʚʠʯʘʡ ʚʽʜʦʙʨʘʞʘʶʪʴ ʅɸɾʍʇ, ʅɸʉɻ 

ʪʘ ʮʠʨʦʟ, ʚʽʜʧʦʚʽʜʥʦ [104]. ʄʘʢʨʦʬʦʪʦʛʨʘʬʽʾ ʧʝʯʽʥʦʢ ʪʘ ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ ʪʚʘʨʠʥ ʥʘ 

ʨʽʟʥʠʡ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 3.8, ʽʣʶʩʪʨʫʶʪʴ ʪʠʧʦʚʫ ʢʘʨʪʠʥʫ 

ʟʤʽʥ. ʄʘʢʨʦʬʦʪʦʛʨʘʬʽʾ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʉɼ, ɺʃɺʍɼ ʪʘ ɺʌɼ 

ʫʧʨʦʜʦʚʞ 6 ʪʠʞʥʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 3.9. 

 

ʈʠʩ. 3.8. ɺʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʾ ʜʽʻʪʠ ʪʘ ɺʃɺʍɼ, ʫʧʨʦʜʦʚʞ 4 ʪʘ 8 ʪʠʞʥʽʚ, ʥʘ 

ʧʝʨʝʨʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʪʘ ʥʘʧʦʚʥʝʥʥʷ ʾʾ ʢʣʽʪʠʥ ʞʠʨʦʤ, ʘ ʪʘʢʦʞ ʥʘ ʛʽʧʝʨʪʨʦʬʽʶ 

ʞʦʚʯʥʠʭ ʤʽʭʫʨʽʚ 
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ʈʠʩ. 3.9. ɺʧʣʠʚ ʩʪʘʥʜʘʨʪʥʦʾ ʜʽʻʪʠ, ɺʃɺʍɼ ʪʘ ɺʌɼ ʫʧʨʦʜʦʚʞ 6 ʪʠʞʥʽʚ ʥʘ 

ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ ʪʘ ʜʠʩʢʦʣʦʨʘʮʽʾ ʚʥʘʩʣʽʜʦʢ ʥʘʧʦʚʥʝʥʥʷ ʾʾ ʢʣʽʪʠʥ ʞʠʨʦʤ 

 

ɺʃɺʍɼ ʩʧʨʠʯʠʥʷʣʘ ʨʘʟʶʯʫ ʟʤʽʥʫ ʢʦʣʴʦʨʫ ʢʣʽʪʠʥ ʧʝʯʽʥʢʠ, ʚʦʜʥʦʯʘʩ ɺʌɼ 

ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʤʝʥʰʝ ʚʠʨʘʞʝʥʦʾ, ʧʨʦʪʝ ʜʦʙʨʝ ʧʦʤʽʪʦ ʾʜʠʩʢʦʣʦʨʘʮʽ ʾʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. 

ɿʚʘʞʘʶʯʠ ʥʘ ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʜʘʥʽ, ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʟʨʘʟʢʽʚ ʧʝʯʽʥʢʠ. ɺ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʟʜʽʡʩʥʶʚʘʣʠ ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʣʽʚʦʾ ʣʘʪʝʨʘʣʴʥʦʾ 

ʯʘʩʪʢʠ ʧʝʯʽʥʢʠ (ʧʨʝʜʩʪʘʚʣʝʥʦʾ ʥʘ ʨʠʩ. 3.10), ʱʦ ʜʦʟʚʦʣʠʣʦ ʣʝʛʢʦ ʧʦʨʽʚʥʷʪʠ 

ʧʘʪʦʛʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʟʘ ʫʤʦʚ ʜʽʻʪʠ. ʊʘʢ, ʟʘ ʉɼ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚʠʩʦʢʫ ʤʝʪʘʙʦʣʽʯʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʢʣʽʪʠʥ ʧʝʯʽʥʢʠ, ʧʨʦ ʱʦ ʩʚʽʜʯʠʣʠ ʯʠʩʣʝʥʥʽ ʤʽʪʦʟʠ ʪʘ ʥʘʷʚʥʽʩʪʴ 

ʜʚʦʷʜʝʨʥʠʭ (ʪʝʪʨʘʧʣʦʾʜʥʠʭ) ʢʣʽʪʠʥ; ʾʭ ʮʠʪʦʧʣʘʟʤʘ ʝʦʟʠʥʦʬʽʣʴʥʘ, ʧʦʟʙʘʚʣʝʥʘ 

ʣʽʧʽʜʥʠʭ ʚʢʣʶʯʝʥʴ, ʫʩʽ ʢʣʽʪʠʥʠ ʤʽʩʪʠʣʠ ʜʦʙʨʝ ʚʠʜʠʤʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʷʜʨʘ. ɽʧʽʪʝʣʽʡ 

ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʜʦʙʨʝ ʟʙʝʨʝʞʝʥʠʡ, ʤʽʩʪʠʚ ʯʽʪʢʦ ʦʢʨʝʩʣʝʥʽ ʢʣʽʪʠʥʠ. ɺʘʩʢʫʣʷʨʠʟʘʮʽʷ 

ʧʝʯʽʥʢʠ ʯʽʪʢʦ ʚʠʨʘʞʝʥʘ (ʨʠʩ. 3.10). ɺʦʜʥʦʯʘʩ ʧʨʠ ɺʃɺʍɼ ʥʘ 28 ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʚʠʜʠʤʠʡ ʤʘʢʨʦʩʪʝʘʪʦʟ ʪʘ ʤʽʢʨʦʩʪʝʘʪʦʟ, ʧʨʠ ʮʴʦʤʫ ʚ ʙʽʣʴʰʦʩʪʽ 

ʛʝʧʘʪʦʮʠʪʽʚ ʷʜʨʘ ʙʫʣʠ ʧʽʢʥʦʪʠʯʥʠʤʠ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʘʧʫʩʢ ʥʝʟʚʦʨʦʪʥʽʭ ʧʨʦʮʝʩʽʚ 

ʥʝʢʨʦʟʫ. ɺʽʜʧʦʚʽʜʥʦ ʤʽʪʦʟʠ ʯʠ ʜʚʦʷʜʝʨʥʽ ʢʣʽʪʠʥʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽʤʠ. ʎʠʪʦʧʣʘʟʤʘ 

ʛʝʧʘʪʦʮʠʪʽʚ ʙʫʣʘ ʟʘʧʦʚʥʝʥʘ ʣʽʧʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ (ʥʝ ʟʘʬʘʨʙʦʚʘʥʽ, ʧʨʠ 

ʬʘʨʙʫʚʘʥʥʽ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ), ʘ ʤʽʞ ʢʣʽʪʠʥʘʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʚʝʣʠʢʽ ʞʠʨʦʚʽ 
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ʢʘʧʣʽ (ʤʘʢʨʦʩʪʝʘʪʦʟ). ɽʧʽʪʝʣʽʡ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ ʙʫʚ ʧʦʜʝʢʫʜʠ ʟʨʫʡʥʦʚʘʥʠʤ 

(ʨʠʩ. 3.10). 

 

ʈʠʩ. 3.10. ɻʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʧʨʝʧʘʨʘʪʽʚ ʧʝʯʽʥʢʠ ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʪʘ 

ʚʠʩʦʢʦʣʽʧʽʜʥʽʡ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʽʡ ʜʽʻʪʽ (ɺʃɺʍɼ). ʌʘʨʙʫʚʘʥʥʷ H&E, ʚʝʨʭʥʽʡ 

ʨʷʜ ï ʦʙôʻʢʪʠʚ 10x 0,45NA, ʥʠʞʥʽʡ ʨʷʜ ï ʦʙôʻʢʪʠʚ 40x 0,95NA. 

 

ʆʩʢʽʣʴʢʠ ʧʨʠ ɺʃɺʍɼ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʠʜʠʤʘ ʛʽʧʝʨʪʨʦʬʽʷ ʛʝʧʘʪʦʮʠʪʽʚ, ʜʣʷ ʾʾ 

ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʦʮʽʥʢʫ ʨʷʜʫ ʥʝʟʘʣʝʞʥʠʭ ʧʦʣʽʚ ʟʦʨʫ ʥʘ ʮʠʬʨʦʚʠʭ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷʭ, ʦʪʨʠʤʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʨʝʧʘʨʘʪʽʚ ʧʝʯʽʥʢʠ ʢʦʞʥʦʾ ʽʟ ʛʨʫʧʠ 

(ʧʦ 2 ʧʨʝʧʘʨʘʪʠ ʥʘ ʪʚʘʨʠʥʫ, 8 ʪʚʘʨʠʥ ʫ ʛʨʫʧʽ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ImageJ ʦʮʽʥʝʥʦ ʧʣʦʱʫ ʛʝʧʘʪʦʮʠʪʽʚ ʟ ʤʝʪʦʶ ʢʽʣʴʢʽʩʥʦʛʦ ʘʥʘʣʽʟʫ 

(ʨʠʩ. 3.11). 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʘʡʞʝ ʜʚʦʢʨʘʪʥʝ ʟʨʦʩʪʘʥʥʷ ʧʣʦʱʽ ʛʝʧʘʪʦʮʠʪʽʚ ʥʘ 

ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʘʭ, ʧʨʠ ʮʴʦʤʫ ʤʽʞ ʉɼ ʪʘ ɺʃɺʍɼ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʜʦʩʪʦʚʽʨʥʘ 

ʨʽʟʥʠʮʷ (p<0.0001). 
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ɻʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʚʘʨʠʥ ʧʽʩʣʷ 6 ʪʠʞʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ 

ɺʃɺʍɼ ʧʽʜʪʚʝʨʜʠʚ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʧʨʠʪʘʤʘʥʥʽ ʅɸʉɻ, ʟʦʢʨʝʤʘ ʟʨʦʩʪʘʥʥʷ 

ʧʣʦʱʽ ʛʝʧʘʪʦʮʠʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʣʽʧʽʜʽʚ, ʫʪʚʦʨʝʥʥʷ ʧʽʢʥʦʪʠʯʥʠʭ ʷʜʝʨ, 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʠʧʣʦʾʜʥʠʭ ʢʣʽʪʠʥ, ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʣʽʧʽʜʽʚ ʫ ʚʠʛʣʷʜʽ ʣʽʧʽʜʥʠʭ ʢʘʧʝʣʴ, ʣʝʡʢʦʮʠʪʘʨʥʫ ʽʥʬʽʣʴʪʨʘʮʽʶ ʚ 

ʜʽʣʷʥʮʽ ʧʝʯʽʥʢʦʚʠʭ ʪʨʽʘʜ (ʨʠʩ. 3.11). 

 

ʈʠʩ. 3.11. ʄʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʨʠʪʘʤʘʥʥʽ ʅɸʉɻ, ʧʽʩʣʷ 

6 ʪʠʞʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ ʥʘ ɺʃɺʍɼ. ɸ ï ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ, ʣʽʚʦʨʫʯ ï ʉɼ, ʧʨʘʚʦʨʫʯ ï ɺʃɺʍɼ, ʪʘ ʤʦʨʬʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ï ɹ ï ʧʣʦʱʘ ʛʝʧʘʪʦʮʠʪʽʚ, ɺ ï ʚʤʽʩʪ ʣʽʧʽʜʽʚ ʫ ʛʝʧʘʪʦʮʠʪʘʭ.  ʌʘʨʙʫʚʘʥʥʷ 

H&E, ʦʙôʻʢʪʠʚ 40x 0,95NA. 

 

ɸʥʘʣʦʛʽʯʥʽ ʜʘʥʽ ʟ ʤʝʥʰʝ ʚʠʨʘʞʝʥʠʤʠ ʦʟʥʘʢʘʤʠ ʅɸʉɻ ʩʧʦʩʪʝʨʽʛʘʣʠ ʚ ʧʝʯʽʥʮʽ 

ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ɺʌɼ. ɻʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʚʘʨʠʥ 

ʧʽʩʣʷ 6 ʪʠʞʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʥʘ ɺʌɼ ʧʽʜʪʚʝʨʜʠʚ ʤʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ, ʧʨʠʪʘʤʘʥʥʽ 

ʅɸʉɻ, ʟʦʢʨʝʤʘ ʟʨʦʩʪʘʥʥʷ ʧʣʦʱʽ ʛʝʧʘʪʦʮʠʪʽʚ ʟʘ ʨʘʭʫʥʦʢ ʥʘʢʦʧʠʯʝʥʥʷ ʣʽʧʽʜʽʚ, 
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ʫʪʚʦʨʝʥʥʷ ʧʽʢʥʦʪʠʯʥʠʭ ʷʜʝʨ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʜʠʧʣʦʾʜʥʠʭ ʢʣʽʪʠʥ, ʥʝʢʨʦʟ 

ʛʝʧʘʪʦʮʠʪʽʚ ʪʘ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʟʘʢʣʽʪʠʥʥʠʭ ʣʽʧʽʜʽʚ ʫ ʚʠʛʣʷʜʽ ʣʽʧʽʜʥʠʭ ʢʘʧʝʣʴ 

(ʨʠʩ. 3.12). 

 

ʈʠʩ. 3.12. ʄʦʨʬʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʨʠʪʘʤʘʥʥʽ ʅɸʉɻ ʧʽʩʣʷ 

6 ʪʠʞʥʽʚ ʧʝʨʝʙʫʚʘʥʥʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ ʥʘ ɺʌɼ. ɸ ï ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ 

ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ, ʣʽʚʦʨʫʯ ï ʉɼ, ʧʨʘʚʦʨʫʯ ï ɺʌɼ, ʪʘ ʤʦʨʬʦʤʝʪʨʠʯʥʠʡ ʘʥʘʣʽʟ ʟʘ 

ʧʦʢʘʟʥʠʢʘʤʠ ï ɹ ï ʧʣʦʱʘ ʛʝʧʘʪʦʮʠʪʽʚ, ɺ ï ʚʤʽʩʪ ʣʽʧʽʜʽʚ ʫ ʛʝʧʘʪʦʮʠʪʘʭ.  ʌʘʨʙʫʚʘʥʥʷ 

H&E, ʦʙôʻʢʪʠʚ 40x 0,95NA. 

 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʾ ʦʮʽʥʢʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ, ʤʠ ʚʠʢʦʨʠʩʪʘʣʠ ʩʠʩʪʝʤʫ 

ʦʮʽʥʢʠ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʪʚʘʨʠʥ, ʟʦʢʨʝʤʘ ʤʠʰʝʡ, ʨʦʟʨʦʙʣʝʥʫ ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ 

ʃʴʚʽʚʩʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ, 

ʧʨʦʬ. ɹʽʣʠʤ ʈ.ʆ. ʪʘ ʜʦʮ. ɺʦʚʢʦʤ ɺ.ɯ. [130], ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʽʜʦʤʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʟʤʽʥʘʭ ʧʝʯʽʥʢʠ ʪʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʷʭ ʧʝʯʽʥʢʠ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ ʪʘ 

ʚʨʘʭʦʚʫʻ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʽ ʚ ʧʘʪʦʣʦʛʽʯʥʽʡ ʧʨʘʢʪʠʮʽ ʢʨʠʪʝʨʽʾ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ 

ʧʝʯʽʥʢʠ [131ï133]. ɼʣʷ ʮʴʦʛʦ ʦʮʽʥʶʶʪʴ 4 ʧʘʨʘʤʝʪʨʠ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ 

ʥʘ ʛʽʩʪʦʣʦʛʽʯʥʦʤʫ ʧʨʝʧʘʨʘʪʽ, ʟʘʬʘʨʙʦʚʘʥʦʤʫ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ: 
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- ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ; 

- ʢʣʽʪʠʥʥʫ ʚʘʢʫʦʣʷʨʠʟʘʮʽʶ; 

- ʽʥʬʽʣʴʪʨʘʮʽʶ ʣʝʡʢʦʮʠʪʽʚ; 

- ʨʫʡʥʫʚʘʥʥʷ ʩʫʜʠʥ ʪʘ/ʯʠ ʞʦʚʯʥʠʭ ʧʨʦʪʦʢ. 

ʂʦʞʥʦʤʫ ʧʘʨʘʤʝʪʨʫ ʧʨʠʩʚʦʶʶʪʴ ʟʥʘʯʝʥʥʷ ʚʽʜ 1 (ʥʦʨʤʘ) ʜʦ 4 (ʥʘʡʙʽʣʴʰʝ 

ʫʰʢʦʜʞʝʥʥʷ). ʆʮʽʥʢʫ ʟʜʽʡʩʥʶʻ ʩʧʝʮʽʘʣʽʩʪ-ʛʽʩʪʦʣʦʛ, ʩʝʨʪʠʬʽʢʦʚʘʥʠʡ ʚ ʛʘʣʫʟʽ 

ʣʘʙʦʨʘʪʦʨʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ. ɼʣʷ ʢʨʘʱʦʾ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʤʫ ʘʙʦ ʜʦʙʫʪʦʢ ʧʘʨʘʤʝʪʨʽʚ. ʄʠ ʚʠʢʦʨʠʩʪʘʣʠ ʧʦʢʘʟʥʠʢ çʽʥʜʝʢʩ 

ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠè, ʨʽʚʥʠʡ ʜʦʙʫʪʢʫ ʯʦʪʠʨʴʦʭ ʦʟʥʘʯʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʜʣʷ ʦʮʽʥʢʠ 

ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ. ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʨʠ ʉɼ ʪʘ ɺʃɺʍɼ ʥʘʚʝʜʝʥʽ 

ʚ ʪʘʙʣ. 3.1. 

ʊʘʙʣʠʮʷ 3.1 

ʆʮʽʥʢʘ ʧʘʨʘʤʝʪʨʽʚ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʟʘ ɺʃɺʍɼ 

 ̄ ʊʠʧ 

ʜʽʻʪʠ 

ʊʨʠʚʘ-

ʣʽʩʪʴ, 

ʪʠʞʥʽʚ 

ʋʰʢʦʜ-

ʞʝʥʥʷ 

ʢʣʽʪʠʥ 

ʂʣʽʪʠʥʥʘ 

ʚʘʢʫʦʣʽ-

ʟʘʮʽʷ 

ɯʥʬʽʣʴʪʨʘ-

ʮʽʷ ʣʝʡʢʦ-

ʮʠʪʽʚ 

ʈʫʡʥʫʚʘʥʥʷ 

ʩʫʜʠʥ ʪʘ/ʯʠ 

ʧʨʦʪʦʢ 

ʉʫʤʘ 

ʽʥʜʝʢʩʽʚ 

ʫʰʢʦʜʞʝʥʥʷ 

ʧʝʯʽʥʢʠ 

ɼʦʙʫʪʦʢ 

ʽʥʜʝʢʩʽʚ 

ʫʰʢʦʜʞʝʥʥʷ 

ʧʝʯʽʥʢʠ 

1 ʉɼ 4 1 1 1 1 4 1 

2 ʉɼ 4 1 1 2 1 5 2 

3 ʉɼ 4 1 1 2 1 5 2 

4 ʉɼ 4 1 1 1 1 4 1 

5 ʉɼ 4 1 2 1 1 5 2 

6 ʉɼ 4 1 1 2 1 5 2 

7 ʉɼ 4 1 1 1 1 4 1 

8 ʉɼ 4 1 1 2 1 5 2 

9 ɺʃɺʍɼ 4 3 2 3 2 10 36 

10 ɺʃɺʍɼ 4 2 3 3 3 11 54 

11 ɺʃɺʍɼ 4 2 2 3 2 9 24 

12 ɺʃɺʍɼ 4 2 3 3 1 9 18 

13 ɺʃɺʍɼ 4 1 2 2 2 7 8 

14 ɺʃɺʍɼ 4 1 3 2 2 8 12 

15 ɺʃɺʍɼ 4 2 3 3 3 11 54 

16 ɺʃɺʍɼ 4 3 4 3 1 11 36 
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ɸʥʘʣʽʟ ʽʥʜʝʢʩʫ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʦʢʘʟʘʚ ʡʦʛʦ ʜʦʩʪʦʚʽʨʥʫ 

ʚʽʜʤʽʥʥʽʩʪʴ (p<0.001) ʤʽʞ ʪʚʘʨʠʥʘʤʠ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʉɼ ʪʘ ɺʃɺʍɼ (ʨʠʩ. 3.13). 

ʋ ʛʨʫʧʽ ʟ ɺʌɼ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʽʥʬʽʣʴʪʨʘʮʽʾ 

ʣʝʡʢʦʮʠʪʽʚ (ʥʝ ʧʦʢʘʟʘʥʦ). ɿʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʫ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʽʥʜʝʢʩʫ ʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʡʦʛʦ ʽ ʚ ʥʘʩʪʫʧʥʠʭ ʜʦʩʣʽʜʘʭ. 

 

ʈʠʩ. 3.13. ɯʥʜʝʢʩ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ (ʜʦʙʫʪʦʢ 4 ʧʘʨʘʤʝʪʨʽʚ 

ʫʰʢʦʜʞʝʥʥʷ) ʧʨʠ ʩʪʘʥʜʘʨʪʥʽʡ ʪʘ ʚʠʩʦʢʦʣʽʧʽʜʥʽʡ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʽʡ ʜʽʻʪʽ, 

ʦʙʯʠʩʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ (ʷʢ ʥʘ ʨʠʩ. 3.9). ʆʮʽʥʢʫ 

ʟʜʽʡʩʥʶʚʘʣʠ ʷʢ ʦʧʠʩʘʥʦ ʚʠʱʝ 

 

ɿʚʘʞʘʶʯʠ, ʥʝ ʣʠʰʝ ʥʘ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ ʽ ʥʘʢʦʧʠʯʝʥʥʷ ʣʽʧʽʜʽʚ, ʧʨʠʪʘʤʘʥʥʝ 

ʦʙʦʤ ʪʠʧʘʤ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʜʽʻʪ, ʘ ʡ ʥʘ ʟʨʦʩʪʘʥʥʷ ʣʽʤʬʦʮʠʪʘʨʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ ʚ 

ʜʽʣʷʥʢʘʭ ʪʢʘʥʠʥʠ ʥʘʚʢʦʣʦ ʧʝʯʽʥʢʦʚʠʭ ʪʨʽʘʜ (ʪʦʙʪʦ ʜʽʣʷʥʦʢ, ʟʚʽʜʢʠ ʢʨʦʚ ʥʘʜʭʦʜʠʪʴ 

ʚ ʪʢʘʥʠʥʠ ʧʝʯʽʥʢʠ), ʤʠ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʚʠʚʯʠʣʠ ʜʠʥʘʤʽʢʫ ʪʘ ʧʨʠʨʦʜʫ ʮʴʦʛʦ ʷʚʠʱʘ 

ʚ ʧʦʜʘʣʴʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 

 

3.1.3.1. ɼʠʥʘʤʽʢʘ ʨʦʟʚʠʪʢʫ ʫʰʢʦʜʞʝʥʴ ʦʨʛʘʥʽʚ ʧʨʠ ɺʃɺʍɼ ʪʘ ɺʌɼ. ʋ 

ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʙʦʪʠ ʚʘʞʣʠʚʦ ʙʫʣʦ ʚʠʟʥʘʯʠʪʠ ʜʠʥʘʤʽʢʫ ʟʤʽʥ ʪʢʘʥʠʥ 

ʛʝʧʘʪʦʙʽʣʽʘʨʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ɺʃɺʍɼ ʪʘ ɺʌɼ, ʟ ʤʝʪʦʶ ʚʩʪʘʥʦʚʣʝʥʥʷ ʯʘʩʦʚʦʛʦ 

ʧʨʦʤʽʞʢʫ, ʟʘ ʷʢʦʛʦ ʤʦʞʣʠʚʠʡ ʚʧʣʠʚ ʥʘ ʧʘʪʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ. ʆʩʢʽʣʴʢʠ ʫʰʢʦʜʞʝʥʥʷ 
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ʧʝʯʽʥʢʠ ʧʨʠ ɺʃɺʍɼ ʚʠʷʚʣʷʣʠʩʴ ʛʦʩʪʨʽʰʝ, ʩʘʤʝ ʮʝʡ ʪʠʧ ʜʽʻʪʠ ʙʫʚ ʦʙʨʘʥʠʡ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʜʠʥʘʤʽʮʽ. 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ ʥʘʤʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 5 ʛʨʫʧ ʣʘʙʦʨʘʪʦʨʥʠʭ ʤʠʰʝʡ 

ʣʽʥʽʾ C57BL6/N (ʧʦ 5 ʪʚʘʨʠʥ ʚ ʛʨʫʧʽ), ʦʜʥʘ ʟ ʷʢʠʭ ʧʝʨʝʙʫʚʘʣʘ ʥʘ ʉɼ, ʘ ʽʥʰʽ ï ʥʘ 

ɺʃɺʍɼ ʫʧʨʦʜʦʚʞ ʨʽʟʥʦʛʦ ʯʘʩʫ, ʘ ʩʘʤʝ 2, 3, 4 ʪʘ 6 ʪʠʞʥʽʚ. ʊʚʘʨʠʥ ʢʦʞʥʦʾ ʛʨʫʧʠ 

ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʫ ʟʘʟʥʘʯʝʥʠʡ ʯʘʩ (ʉɼ ï ʥʘ 6 ʪʠʞʜʝʥʴ) ʽ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘʙʽʨ 

ʪʢʘʥʠʥ ʪʘ ʦʨʛʘʥʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ. ʉʭʝʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʦʙʨʘʞʝʥʦ ʥʘ 

ʨʠʩ. 3.14. 

 

ʈʠʩ. 3.14. ʉʭʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʠʥʘʤʽʢʠ ʬʽʟʽʦʣʦʛʽʯʥʠʭ ʪʘ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʪʚʘʨʠʥ ʟʘ ʫʤʦʚ ʚʠʩʦʢʦʣʽʧʽʜʥʦʾ ʚʠʩʦʢʦʭʦʣʝʩʪʝʨʠʥʦʚʦʾ ʜʽʻʪʠ 

 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʤʽʥʠ ʤʘʩʠ ʪʽʣʘ ʪʘ ʧʦʚʝʜʽʥʢʠ, ʧʦʜʽʙʥʽ 

ʜʦ ʪʘʢʠʭ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ (ʪʦʤʫ ʮʽ ʜʘʥʽ ʥʝ ʥʘʚʦʜʷʪʴʩʷ). 

ɼʣʷ ʦʮʽʥʢʠ ʫʰʢʦʜʞʝʥʴ ʧʝʯʽʥʢʠ ʚ ʜʠʥʘʤʽʮʽ ɺʃɺʍɼ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 

ʦʨʛʘʥʠ, ʚʽʜʽʙʨʘʥʽ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʥʘ 2, 3, 4 ʪʘ 6 ʪʠʞʥʽ ʝʢʩʧʝʨʠʤʝʥʪʫ. 

ʇʨʝʧʘʨʘʪʠ ʙʫʣʦ ʟʘʬʘʨʙʦʚʘʥʦ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦʟʠʥʦʤ, ʟʜʽʡʩʥʝʥʦ ʾʭ 

ʤʽʢʨʦʬʦʪʦʛʨʘʬʫʚʘʥʥʷ ʪʘ ʚʠʟʥʘʯʝʥʦ çʽʥʜʝʢʩ ʫʰʢʦʜʞʝʥʥʷ ʧʝʯʽʥʢʠè, ʷʢ ʦʧʠʩʘʥʦ 

ʚʠʱʝ, ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʤʝʪʨʽʚ ʫʰʢʦʜʞʝʥʥʷ ʢʣʽʪʠʥ, ʚʘʢʫʦʣʽʟʘʮʽʾ ʢʣʽʪʠʥ, ʽʥʬʽʣʴʪʨʘʮʽʾ 

ʣʝʡʢʦʮʠʪʽʚ ʪʘ ʨʫʡʥʫʚʘʥʥʷ ʩʫʜʠʥ. 

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʨʠ ʉɼ ʪʘ ʚ ʜʠʥʘʤʽʮʽ ʨʦʟʚʠʪʢʫ ɺʃɺʍɼ 

ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣ. 3.2. 

ɸʥʘʣʽʟ ʽʥʜʝʢʩʫ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʦʢʘʟʘʚ ʡʦʛʦ ʟʨʦʩʪʘʥʥʷ, 

ʧʦʯʠʥʘʶʯʠ ʟ 2 ʪʠʞʥʷ: ʩʝʨʝʜʥʽ ʟʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʥʘ 

ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʥʦʚʠʣʠ 1,6±0,25 ʦʜʠʥʠʮʴ, ʥʘ 2 ʪʠʞʜʝʥʴ ï 5,3±1,25 

ʦʜʠʥʠʮʴ, ʥʘ 3 ʪʠʞʜʝʥʴ ï 10,0±1,27, ʥʘ 4 ʪʠʞʜʝʥʴ ï 44,0±8,37 ʦʜʠʥʠʮʴ, ʥʘ 

6 ʪʠʞʜʝʥʴ ï 75,6±9,61 ʦʜʠʥʠʮʴ. ɿʥʘʯʝʥʥʷ ʽʥʜʝʢʩʫ, ʧʦʯʠʥʘʶʯʠ ʟ 3 ʪʠʞʥʷ, ʙʫʣʠ 
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ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʤʽʥʥʠʤʠ (p<0.01) ʚʽʜ ʪʘʢʠʭ ʥʘ ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɿʘʟʥʘʯʠʤʦ, ʱʦ 

ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ 4 ʪʠʞʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʫ (ʨʠʩ. 3.15.) 

ʊʘʙʣʠʮʷ 3.2 

ɼʠʥʘʤʽʢʘ ʟʤʽʥ ʫʰʢʦʜʞʝʥʴ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʟʘ ʫʤʦʚ ɺʃɺʍɼ 

 ̄ ʊʠʧ 

ʜʽʻʪʠ 

ʊʨʠʚʘ-

ʣʽʩʪʴ, 

ʪʠʞʥʽʚ 

ʋʰʢʦʜ-

ʞʝʥʥʷ 

ʢʣʽʪʠʥ 

ʂʣʽʪʠʥʥʘ 

ʚʘʢʫʦʣʽ-

ʟʘʮʽʷ 

ɯʥʬʽʣʴʪʨʘ-

ʮʽʷ ʣʝʡʢʦ-

ʮʠʪʽʚ 

ʈʫʡʥʫʚʘʥʥʷ 

ʩʫʜʠʥ ʪʘ/ʯʠ 

ʧʨʦʪʦʢ 

ʉʫʤʘ 

ʽʥʜʝʢʩʽʚ 

ʫʰʢʦʜʞʝʥʥʷ 

ʧʝʯʽʥʢʠ 

ɼʦʙʫʪʦʢ 

ʽʥʜʝʢʩʽʚ 

ʫʰʢʦʜʞʝʥʥʷ 

ʧʝʯʽʥʢʠ 

1 ʉɼ 0 1 1 1 1 4 1 

2 ʉɼ 0 1 1 2 1 5 2 

3 ʉɼ 0 1 1 2 1 5 2 

4 ʉɼ 0 1 1 1 1 4 1 

5 ʉɼ 0 1 2 1 1 5 2 

6 ɺʃɺʍɼ 2 1 2 2 1 6 4 

7 ɺʃɺʍɼ 2 1 1 2 2 6 4 

8 ɺʃɺʍɼ 2 1 1 2 2 6 4 

9 ɺʃɺʍɼ 2 1 1 3 3 8 9 

10 ɺʃɺʍɼ 3 1 2 2 2 7 8 

11 ɺʃɺʍɼ 3 1 1 3 2 7 6 

12 ɺʃɺʍɼ 3 1 3 2 2 8 12 

13 ɺʃɺʍɼ 3 2 3 2 1 8 12 

14 ɺʃɺʍɼ 3 1 3 2 2 8 12 

15 ɺʃɺʍɼ 4 3 3 2 3 11 54 

16 ɺʃɺʍɼ 4 3 3 2 3 11 54 

17 ɺʃɺʍɼ 4 2 2 4 4 12 64 

18 ɺʃɺʍɼ 4 3 2 2 2 9 24 

19 ɺʃɺʍɼ 4 2 3 2 2 9 24 

20 ɺʃɺʍɼ 6 3 4 3 4 14 144 

21 ɺʃɺʍɼ 6 3 3 2 3 11 54 

22 ɺʃɺʍɼ 6 3 4 2 3 12 72 

23 ɺʃɺʍɼ 6 3 4 2 3 12 72 

24 ɺʃɺʍɼ 6 3 4 3 1 11 36 

 

ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʥʘʤʠ ʜʘʥʠʭ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟ 

4 ʪʠʞʥʷ ʫ ʪʚʘʨʠʥ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʟʥʘʯʥʽ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ. 
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ʈʠʩ. 3.15. ɯʥʜʝʢʩ ʫʰʢʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʥʘ ʨʽʟʥʠʭ ʝʪʘʧʘʭ ɺʃɺʍɼ. 

ɿʥʘʯʝʥʥʷ ʚ ʪʘʙʣʠʮʽ ʚʢʘʟʫʶʪʴ ʥʘ ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʤʽʥ ʫ ʚʠʟʥʘʯʝʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ ʱʦʜʦ 

ʧʦʯʘʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

ɿ ʤʝʪʦʶ ʜʦʢʘʟʦʚʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʝʪʦʛʝʧʘʪʠʪʫ ʪʘ ʮʠʨʦʟʫ ʥʘʤʠ ʙʫʣʦ 

ʜʦʩʣʽʜʞʝʥʦ ʢʦʣʘʛʝʥʦʚʝ ʧʝʨʝʨʦʜʞʝʥʥʷ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʧʨʠ ɺʃɺʍɼ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ 

ʦʟʥʘʢ ʮʠʨʦʟʫ ʚ ʪʢʘʥʠʥʘʭ ʧʝʯʽʥʢʠ, ʟʦʢʨʝʤʘ ʟʘʤʽʱʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʪʢʘʥʠʥʠ 

ʢʦʣʘʛʝʥʦʚʠʤʠ ʚʦʣʦʢʥʘʤʠ, ʥʘʤʠ ʙʫʣʦ ʚʽʜʽʙʨʘʥʦ ʤʝʪʦʜ ʬʘʨʙʫʚʘʥʥʷ ʧʽʢʨʠʥʦʚʦʶ 

ʢʠʩʣʦʪʦʶ-ʪʽʘʟʠʥʦʚʠʤ ʯʝʨʚʦʥʠʤ ʧʦ ɼʦʤʘʛʢʫ. ʎʠʤ ʤʝʪʦʜʦʤ ʙʫʣʠ ʟʘʬʘʨʙʦʚʘʥʽ 

ʦʪʨʠʤʘʥʽ ʨʘʥʽʰʝ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʨʝʧʘʨʘʪʠ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ, ʟʘʢʣʶʯʝʥʽ ʫ ʧʘʨʘʬʽʥʦʚʽ 

ʙʣʦʢʠ. ʌʘʨʙʫʚʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚ ʨʦʟʜʽʣʽ 2.4.6. ɺʩʴʦʛʦ 

ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ 24 ʧʨʝʧʘʨʘʪʠ ʧʝʯʽʥʢʠ ʥʘ 2, 3, 4 ʪʘ 6 ʪʠʞʥʽ ɺʃɺʍɼ. ʅʘ ʨʠʩ. 3.16 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʪʠʧʦʚʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʥʘ ʟʘʟʥʘʯʝʥʠʭ ʝʪʘʧʘʭ ɺʃɺʍɼ. 

ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ɺʃɺʍɼ (2, 3 ʪʠʞʥʽ) ʢʦʣʘʛʝʥʦʚʽ ʚʦʣʦʢʥʘ ʚʠʷʚʣʷʣʠ ʣʠʰʝ ʚ ʩʢʣʘʜʽ 

ʩʫʜʠʥ ʫ ʪʨʽʘʜʘʭ ʧʝʯʽʥʢʠ ʯʠ/ʪʘ ʮʝʥʪʨʘʣʴʥʠʭ ʚʝʥʘʭ ʯʘʩʪʦʯʦʢ ʧʝʯʽʥʢʠ. ʊʘ ʚʞʝ ʥʘ 

4 ʪʠʞʜʝʥʴ ʪʢʘʥʠʥʘ ʥʘʙʫʚʘʣʘ ʧʫʨʧʫʨʥʦʛʦ ʚʽʜʪʽʥʢʫ ʯʝʨʝʟ ʥʘʢʦʧʠʯʝʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ 

ʚʦʣʦʢʦʥ ʪʘ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʦʢʦʣʘʛʝʥʫ. ʎʽ ʟʤʽʥʠ ʩʪʘʚʘʣʠ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʤʠ ʥʘ 

6 ʪʠʞʜʝʥʴ ɺʃɺʍɼ. 
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ʈʠʩ. 3.16. ʋʪʚʦʨʝʥʥʷ ʢʦʣʘʛʝʥʦʚʠʭ ʚʦʣʦʢʦʥ (ʧʫʨʧʫʨʥʠʡ ʢʦʣʽʨ) ʫ ʪʢʘʥʠʥʘʭ 

ʧʝʯʽʥʢʠ ʪʚʘʨʠʥ ʧʨʠ ɺʃɺʍɼ (ʧʫʨʧʫʨʥʠʡ ʢʦʣʽʨ). ʌʘʨʙʫʚʘʥʥʷ ʧʽʢʨʠʥʦʚʦʶ ʢʠʩʣʦʪʦʶ-

ʪʽʘʟʠʥʦʚʠʤ ʯʝʨʚʦʥʠʤ ʧʦ ɼʦʤʘʛʢʫ. ʂʦʣʘʛʝʥʦʚʽ ʚʦʣʦʢʥʘ ʚʠʷʚʣʷʶʪʴʩʷ ʥʘ 4-6 ʪʠʞʥʽ 

ɺʃɺʍɼ. ʄʘʩʰʪʘʙ ʫʩʽʭ ʝʣʝʤʝʥʪʽʚ ʬʦʪʦ ʻ ʦʜʥʘʢʦʚʠʤ. ʆʙôʻʢʪʠʚ 20x. 

 

 


