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ăɂɑɗ əɌ ȭɦɗɏɌɜɝɖɚɞɚ ɖəɔɒɚɎəɚ ɐɜɟɒɑɝɞɎɚ, ɖɚɑɞɚ ɔɘɌ ɝɑɐɌɗɔɥɑɞɚ ɝɔ 
Ɏ Ƚɜɑɐɑɢ, ɑ ɎɝɑɝɞɜɌəəɚɞɚ ɔɓɟɣɌɎɌəɑ əɌ ȭɦɗɏɌɜɔɫ, ɜɌɓɎɔɎɌəɑɞɚ əɌ 
ɍɦɗɏɌɜɝɖɌɞɌ ɖəɔɒəɔəɌ, ɜɌɓɜɌɍɚɞɎɌəɑɞɚ ɔ ɜɌɓɛɜɚɝɞɜɌəɑəɔɑɞɚ əɌ 
əɌɟɖɔɞɑ ɔɓɚɍɥɚ. Ⱦɚ ɝɑ ɜɌɓɐɑɗɫ əɌ 3 ɖɗɚəɌ: Ɍ) ɖɗɚə ɔɝɞɚɜɔɖɚ-

ɠɔɗɚɗɚɏɔɣɑɝɖɔ; ɍ) ɖɗɚə ɓɌ ɛɜɔɜɚɐəɔɞɑ ɔ ɘɑɐɔɢɔəɝɖɔɞɑ əɌɟɖɔ; Ɏ) ɖɗɚə 
ɓɌ ɐɦɜɒɌɎəɔɞɑ əɌɟɖɔ.ò 

ʇʨʦʬ. ʄʘʨʠʥ ɼʨʠʥʦʚ 

1838 ï 1906 
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1. ʋʚʦʜ 

 

 ʇʨʝʟ 2024 ʛ. ɹɸʅ ʦʪʙʝʣʷʟʘ 155-ʛʦʜʠʰʥʠʥʘʪʘ ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʩʠ ï ʥʘʡ-ʩʪʘʨʘʪʘ 

ʠʥʩʪʠʪʫʮʠʷ ʥʘ ʩʲʚʨʝʤʝʥʥʘ ɹʲʣʛʘʨʠʷ. ɺ ʦʥʝʟʠ ʜʘʣʝʯʥʠ, ʥʦ ʠʟʧʲʣʥʝʥʠ ʩ ʨʦʜʦʣʶʙʠʝ ʠ 

ʥʘʜʝʞʜʘ ʛʦʜʠʥʠ ʧʨʦʬ. ʄʘʨʠʥ ɼʨʠʥʦʚ ʚʠʞʜʘ Ăʩʧʘʩʠʪʝʣʝʥ ʣʲʯñ ʠ ʟʘʝʜʥʦ ʩʲʩ 

ʩʲʤʠʰʣʝʥʠʮʠ ʧʦʩʪʘʚʷ ʥʘʯʘʣʦʪʦ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʢʥʠʞʦʚʥʦ ʜʨʫʞʝʩʪʚʦ. ʊʦʚʘ ʩʝ ʩʣʫʯʚʘ ʚ 

ɹʨʘʠʣʘ, ʈʫʤʲʥʠʷ, ʚ ʢʲʱʘʪʘ ʥʘ ɺʘʨʚʘʨʘ ʍʘʜʞʠʚʝʣʝʚʘ, ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʢʦʷʪʦ ʜʥʝʩ ʝ ʮʲʨʢʚʘʪʘ 

Ăɺʲʟʥʝʩʝʥʠʝ ɻʦʩʧʦʜʥʝñ, ʥʘʨʠʯʘʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʮʲʨʢʚʘ ï ʜʦʢʘʟʘʪʝʣʩʪʚʦ ʟʘ ʩʚʝʪʦʩʪʪʘ ʥʘ 

ʤʷʩʪʦʪʦ. ʊʘʤ ʩʘ ʧʦʣʦʞʝʥʠ ʦʩʥʦʚʠʪʝ ʥʘ Ăʝʜʠʥ ʦʪ ʥʘʡ-ʚʝʣʠʢʦʣʝʧʥʠʪʝ ʚʩʝʥʘʨʦʜʥʠ ʭʨʘʤʦʚʝ 

ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʥʘʫʢʘñ, ʢʘʢʪʦ ʩʘʤʠʷʪ ʧʨʦʬ. ɼʨʠʥʦʚ ʥʘʨʠʯʘ ʙʲʜʝʱʘʪʘ ʘʢʘʜʝʤʠʷ. 

ʉʲʟʜʘʪʝʣʠʪʝ ʥʘ ʂʥʠʞʦʚʥʦʪʦ ʜʨʫʞʝʩʪʚʦ ʩʘ ʧʨʦʟʦʨʣʠʚʠ ʠ ʩ ʚʠʟʠʷ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʠ ʨʦʣʷʪʘ 

ʤʫ ʟʘ ʜʫʭʦʚʥʦʩʪʪʘ, ʧʨʦʩʚʝʱʝʥʠʝʪʦ ʠ ʤʘʪʝʨʠʘʣʥʦʪʦ ʩʲʩʪʦʷʥʠʝ ʥʘ ʥʘʨʦʜʘ ʥʠ. ɺ ʥʘʯʘʣʦʪʦ 

ʜʦʤʠʥʠʨʘʪ ʚʲʟʨʦʞʜʝʥʩʢʘʪʘ ʤʠʩʠʷ ʠ ʥʘʮʠʦʥʘʣʥʘʪʘ ʠʜʝʷ (ʝʟʠʢ, ʠʩʪʦʨʠʷ, ʩʚʦʙʦʜʘ), ʩʣʝʜ 

ʆʩʚʦʙʦʞʜʝʥʠʝʪʦ ʯʣʝʥʦʚʝʪʝ ʥʘ ʜʨʫʞʝʩʪʚʦʪʦ, ʧʨʝʠʤʝʥʫʚʘʥʦ ʧʨʝʟ 1911 ʛ. ʚ ɹʲʣʛʘʨʩʢʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʩʝ ʧʦʩʚʝʱʘʚʘʪ ʥʘ ʠʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʥʦʚʘ ɹʲʣʛʘʨʠʷ. ʇʦ-ʢʲʩʥʦ, ʩʣʝʜ 

ɺʪʦʨʘʪʘ ʩʚʝʪʦʚʥʘ ʚʦʡʥʘ, ʩ ʚʲʟʥʠʢʚʘʥʝʪʦ ʥʘ ʥʦʚʘʪʘ ʩʪʨʫʢʪʫʨʘ ʦʪ ʥʘʫʯʥʠ ʟʚʝʥʘ 

ɸʢʘʜʝʤʠʷʪʘ ʠʤʘ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʟʘʨʘʞʜʘʥʝʪʦ ʥʘ ʚʩʠʯʢʠ ʤʦʜʝʨʥʠ ʠʥʜʫʩʪʨʠʠ ʚ ɹʲʣʛʘʨʠʷ. 

ʀ ʜʥʝʩ, ʩʣʝʜʚʘʡʢʠ ʟʘʚʝʪʠʪʝ ʥʘ ʦʩʥʦʚʘʪʝʣʠʪʝ ʩʠ, ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ 

ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʫʪʚʲʨʞʜʘʚʘ ʢʘʪʦ ʚʦʜʝʱ ʥʘʫʯʝʥ ʮʝʥʪʲʨ ʚ ʩʪʨʘʥʘʪʘ ʠ ʘʚʪʦʨʠʪʝʪʥʘ ʥʘʫʯʥʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʯʫʞʙʠʥʘ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ɸʢʘʜʝʤʠʷʪʘ ʧʨʝʦʜʦʣʷ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ ʠ ʢʘʢʪʦ ʧʦʩʦʯʚʘ ʘʢʘʜ. ʈʝʚʘʣʩʢʠ, ʝʜʥʦ ʦʪ ʦʩʥʦʚʥʠʪʝ ʧʦʩʪʠʞʝʥʠʷ ʝ 

ʧʨʠʟʥʘʚʘʥʝʪʦ ʥʘ ʘʚʪʦʨʠʪʝʪʘ Ⱬ ʦʪ ʚʩʠʯʢʠ ʠʥʩʪʠʪʫʮʠʠ ʚ ʜʲʨʞʘʚʘʪʘ Ăʥʝ ʩʘʤʦ ʢʘʪʦ ʥʘʡ-

ʛʦʣʝʤʠʷ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʮʝʥʪʲʨ ʚ ɹʲʣʛʘʨʠʷ, ʥʦ ʠ ʢʘʪʦ ʦʥʟʠ ʧʘʨʪʥʴʦʨ, ʢʦʡʪʦ ʪʝ ʠʩʢʘʪ ʜʘ 

ʚʠʜʷʪ, ʢʦʛʘʪʦ ʩʪʘʚʘ ʚʲʧʨʦʩ ʟʘ ʝʢʩʧʝʨʪʥʘ ʜʝʡʥʦʩʪ ʠ ʩʲʚʝʪʠ, ʦʩʥʦʚʘʥʠ ʥʘ ʥʘʫʯʥʠ ʬʘʢʪʠ, ʟʘ 

ʚʟʝʤʘʥʝ ʥʘ ʨʝʰʝʥʠʷ ʟʘ ʙʲʜʝʱʝʪʦ ʥʘ ʩʪʨʘʥʘʪʘñ. ɿʘʪʦʚʘ ʦʪʙʝʣʷʟʚʘʥʝʪʦ ʥʘ ʛʦʜʠʰʥʠʥʘʪʘ ʝ 

ʯʘʩʪ ʦʪ ʥʘʰʠʷ ʜʲʣʛ ʠ ʧʨʠʟʥʘʪʝʣʥʦʩʪ ʢʲʤ ʦʩʥʦʚʘʪʝʣʠʪʝ ʥʘ ɸʢʘʜʝʤʠʷʪʘ, ʧʨʝʜʥʘʯʝʨʪʘʣʠ 

ʧʨʝʜʠ 155 ʛʦʜʠʥʠ ʥʝʡʥʠʷ ʝʚʨʦʧʝʡʩʢʠ ʧʲʪ ʥʘ ʨʘʟʚʠʪʠʝ, 

ʥʦ ʠ ʜʲʣʛ ʧʨʝʜ ʦʙʱʝʩʪʚʦʪʦ ʟʘ ʫʪʚʲʨʞʜʘʚʘʥʝ ʥʘ 

ʙʲʣʛʘʨʩʢʘʪʘ ʜʫʭʦʚʥʦʩʪ ʠ ʧʦʧʫʣʷʨʠʟʠʨʘʥʝ ʥʘ 

ʙʲʣʛʘʨʩʢʠʷ ʧʨʠʥʦʩ ʚ ʩʚʝʪʦʚʥʘʪʘ ʥʘʫʢʘ. 

 ʇʦ ʧʦʚʦʜ 155-

ʛʦʜʠʰʥʠʥʘʪʘ ʦʪ 

ʩʲʟʜʘʚʘʥʝʪʦ ʩʠ ɹɸʅ 

ʦʨʛʘʥʠʟʠʨʘ ʤʥʦʞʝʩʪʚʦ 

ʠʟʣʦʞʙʠ, ʥʘʫʯʥʠ ʬʦʨʫʤʠ ʠ ʢʫʣʪʫʨʥʠ ʩʲʙʠʪʠʷ, ʢʦʠʪʦ 

ʧʨʝʜʩʪʘʚʷʪ ʧʨʝʜ ʦʙʱʝʩʪʚʦʪʦ ʤʥʦʛʦʩʪʨʘʥʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ 

ɸʢʘʜʝʤʠʷʪʘ, ʬʦʨʤʠʨʘʪ ʥʨʘʚʩʪʚʝʥʠ, ʤʦʨʘʣʥʠ ʠ ʝʩʪʝʪʠʯʝʩʢʠ 

ʮʝʥʥʦʩʪʠ. ʈʦʞʜʝʥʘʪʘ ʜʘʪʘ, 12 ʦʢʪʦʤʚʨʠ, ʙʝ ʦʪʙʝʣʷʟʘʥʘ ʩ 

ʪʲʨʞʝʩʪʚʝʥʦ ʩʲʙʨʘʥʠʝ ʠ ʟʘʧʦʤʥʷʱ ʩʝ ʢʦʥʮʝʨʪ ʚ ʩʛʨʘʜʘʪʘ 

ʥʘ ʉʦʬʠʡʩʢʘʪʘ ʦʧʝʨʘ ʠ ʙʘʣʝʪ. ʆʬʠʮʠʘʣʥʠ ʛʦʩʪʠ ʙʷʭʘ ʅʝʛʦʚʦ ʉʚʝʪʝʡʰʝʩʪʚʦ ʧʘʪʨʠʘʨʭ 

ɼʘʥʠʠʣ, ʜʝʧʫʪʘʪʠ, ʧʦʩʣʘʥʠʮʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠ ʘʢʘʜʝʤʠʠ, ʧʘʨʪʥʴʦʨʩʢʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ɹɸʅ. ʇʦʟʜʨʘʚʠʪʝʣʥʠ ʘʜʨʝʩʠ ʟʘ ʧʨʘʟʥʠʢʘ ʠʟʧʨʘʪʠʭʘ ʧʨʝʟʠʜʝʥʪʲʪ ʈʫʤʝʥ 
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ʈʘʜʝʚ, ʤʠʥʠʩʪʲʨ-ʧʨʝʜʩʝʜʘʪʝʣʷʪ ɼʠʤʠʪʲʨ ɻʣʘʚʯʝʚ, ʢʤʝʪʲʪ ʥʘ ʉʦʬʠʷ ɺʘʩʠʣ ʊʝʨʟʠʝʚ, 

ʤʠʥʠʩʪʨʠ, ʨʝʢʪʦʨʠ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʠ ʠ ʜʨ.  

 
 

ɽʜʥʘ ʦʪ ʠʥʠʮʠʘʪʠʚʠʪʝ ʧʦ ʧʦʚʦʜ ʛʦʜʠʰʥʠʥʘʪʘ ʙʝʰʝ ʟʘʩʥʝʤʘʥʝʪʦ ʥʘ ʬʠʣʤ. ʌʠʣʤʲʪ 

Ă155 ʛʦʜʠʥʠ ɹɸʅ: ɾʠʚʠʷʪ ʜʫʭ ʥʘ ʩʲʟʜʘʪʝʣʠʪʝñ ʝ ʤʦʩʪ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʪʘ, ʢʦʡʪʦ ʥʠ 

ʚʨʲʱʘ ʢʲʤ ʢʦʨʝʥʠʪʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʥʘʫʢʘ ʠ ʧʨʦʩʚʝʱʝʥʠʝ. ʉʲʟʜʘʜʝʥ ʝ ʙʝʟ ʮʝʣʝʚʦ 

ʬʠʥʘʥʩʠʨʘʥʝ, ʥʦ ʩ ʙʝʟʛʨʘʥʠʯʥʘ ʦʪʜʘʜʝʥʦʩʪ ʠ ʞʝʣʘʥʠʝ ʜʘ ʙʲʜʝ ʨʘʟʢʘʟʘʥʘ ʠʩʪʦʨʠʷʪʘ ʥʘ 

ʚʠʟʠʦʥʝʨʠʪʝ, ʯʠʠʪʦ ʠʜʝʠ ʠ ʫʩʠʣʠʷ ʩʘ ʧʦʣʦʞʠʣʠ ʦʩʥʦʚʠʪʝ ʥʘ ɸʢʘʜʝʤʠʷʪʘ. ʇʲʨʚʘʪʘ ʯʘʩʪ 

ʥʦʩʠ ʜʫʭʘ ʥʘ ʦʥʘʟʠ ʥʝʧʨʠʤʠʨʠʤʘ ʚʦʣʷ, ʢʦʷʪʦ ʝ ʩʲʙʨʘʣʘ ʦʩʥʦʚʘʪʝʣʠʪʝ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ 

ʢʥʠʞʦʚʥʦ ʜʨʫʞʝʩʪʚʦ. ɺʲʟʩʪʘʥʦʚʢʠʪʝ, ʚ ʢʦʠʪʦ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥʠ ʚʣʠʟʘʪ ʚ ʨʦʣʠʪʝ ʥʘ 

ʚʝʣʠʢʠʪʝ ʣʠʯʥʦʩʪʠ ʦʪ ʤʠʥʘʣʦʪʦ, ʧʨʝʚʨʲʱʘʪ ʨʘʟʢʘʟʘ ʚ ʝʤʦʮʠʦʥʘʣʥʦ ʩʲʧʨʝʞʠʚʷʚʘʥʝ. 

ɸʚʪʦʨ ʥʘ ʬʠʣʤʘ (ʣʶʙʠʪʝʣ ʨʝʞʠʩʴʦʨ, ʩʮʝʥʘʨʠʩʪ, ʦʧʝʨʘʪʦʨ ʠ ʤʦʥʪʘʞʠʩʪ) ʝ ʜʦʮ. ʀʥʘ 

ɸʥʝʚʘ, ʥʘʫʯʝʥ ʩʝʢʨʝʪʘʨ ʥʘ ɹɸʅ. ɺʩʠʯʢʠ ʫʯʘʩʪʥʠʮʠ ʩʝ ʚʢʣʶʯʚʘʪ ʙʝʟʚʲʟʤʝʟʜʥʦ ʠ ʩ ʛʦʣʷʤʘ 

ʦʪʜʘʜʝʥʦʩʪ ʢʲʤ ʢʘʫʟʘʪʘ ʜʘ ʧʦʢʘʞʘʪ, ʯʝ ʜʫʭʲʪ ʥʘ ʩʲʟʜʘʪʝʣʠʪʝ ʝ ʞʠʚ ʠ ʚʝʯʝ 155 ʛʦʜʠʥʠ 

ʦʩʚʝʪʣʷʚʘ ʧʲʪʷ ʥʘ ʥʘʫʢʘʪʘ ʚ ɹʲʣʛʘʨʠʷ. ʈʦʣʠʪʝ ʥʘ ʄʠʭʘʠʣ ɸʨʥʘʫʜʦʚ, ʄʘʨʠʥ ɼʨʠʥʦʚ, 

ɺʘʩʠʣ ʉʪʦʷʥʦʚ, ɺʘʩʠʣ ɼʨʫʤʝʚ ʠ ɺʘʩʠʣ ʃʝʚʩʢʠ ʩʘ ʧʨʝʩʲʟʜʘʜʝʥʠ ʩ ʤʥʦʛʦ ʯʫʚʩʪʚʘ ʦʪ 

ʚʦʜʝʱʠ ʚ ʩʚʦʷʪʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥʠ: ʧʨʦʬ. 

ʇʝʪʲʨ ɾʝʣʝʚ, ʧʨʦʬ. ɻʝʦʨʛʠ ɻʘʜʞʝʚ, ʜʦʮ. ɼʠʤʠʪʲʨ 

ɸʥʪʦʥʦʚ, ʜʦʮ. ʉʚʝʪʦʩʣʘʚ ɻʝʦʨʛʠʝʚ ʠ ʩʪʫʜʝʥʪʘ 

ʉʪʦʠʤʝʥ ʐʦʧʦʚ. ʇʨʝʤʠʝʨʘʪʘ ʥʘ ʬʠʣʤʘ ʩʲʙʨʘ ʥʘʜ 200 

ʟʨʠʪʝʣʠ ʚ ɻʦʣʝʤʠʷ ʩʘʣʦʥ ʥʘ ɹɸʅ, ʩʣʝʜ ʢʦʝʪʦ 

ʧʦʩʣʝʜʚʘʭʘ ʠʟʣʲʯʚʘʥʠʷ ʚ ʥʘʮʠʦʥʘʣʥʠʷ ʝʬʠʨ (ɹʅʊ 2 ʠ 

ɹʅʊ 4). 
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ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʯʫʞʜʝʩʪʨʘʥʥʠ ʘʢʘʜʝʤʠʠ ʥʘ ʥʘʫʢʠʪʝ ʠ ʧʘʨʪʥʴʦʨʩʢʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʫʯʘʩʪʚʘʭʘ ʚ ʯʝʩʪʚʘʥʝʪʦ ʥʘ 155 ʛʦʜʠʥʠ ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ. ʅʘ 12.10.2024 ʛ. ʪʝ ʩʝ ʩʨʝʱʥʘʭʘ ʩ ʨʲʢʦʚʦʜʩʪʚʦʪʦ ʥʘ ɸʢʘʜʝʤʠʷʪʘ ʠ 

ʦʪʧʨʘʚʠʭʘ ʧʨʠʚʝʪʩʪʚʠʷ ʧʦ ʧʦʚʦʜ ʛʦʜʠʰʥʠʥʘʪʘ. ʉʨʝʜ ʛʦʩʪʠʪʝ ʙʷʭʘ ʧʨʝʜʩʝʜʘʪʝʣʠʪʝ ʥʘ 

ʉʨʲʙʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ ʠʟʢʫʩʪʚʘʪʘ, ʥʘ ʂʫʙʠʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʥʘ 

ʅʘʮʠʦʥʘʣʥʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʥʘ ʈʝʧʫʙʣʠʢʘ ɸʨʤʝʥʠʷ, ʥʘ ɽʩʪʦʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ 

ʥʘʫʢʠʪʝ, ʥʘ ʉʣʦʚʝʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ ʠʟʢʫʩʪʚʘʪʘ, ʥʘ ʉʣʦʚʘʰʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ 

ʥʘʫʢʠʪʝ, ʛʝʥʝʨʘʣʥʠʷʪ ʩʝʢʨʝʪʘʨ ʥʘ ʇɸʏʀʉ, ʟʘʤʝʩʪʥʠʢ-ʧʨʝʜʩʝʜʘʪʝʣʠʪʝ ʥʘ ʏʝʨʥʦʛʦʨʩʢʘʪʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ ʠʟʢʫʩʪʚʘʪʘ, ʥʘ ʈʫʤʲʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ, ʥʘ ʋʥʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ 

ʥʘʫʢʠʪʝ ʠ ʥʘ EASAC. ʉʨʝʜ ʛʦʩʪʠʪʝ 

ʙʷʭʘ ʦʱʝ ʜʠʨʝʢʪʦʨʲʪ ʥʘ Ningbo 

Innovation Center ʟʘ ʎʝʥʪʨʘʣʥʘ ʠ 

ʀʟʪʦʯʥʘ ɽʚʨʦʧʘ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ 

ʅʘʮʠʦʥʘʣʥʠʷ ʮʝʥʪʲʨ ʟʘ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʌʨʘʥʮʠʷ (CNRS) ʠ ʥʘ 

ʍ̡ ʨʚʘʪʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ 

ʠʟʢʫʩʪʚʘʪʘ, ʢʘʢʪʦ ʠ ʜʝʣʝʛʘʮʠʷ ʦʪ 

ɸʣʙʘʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ. 

  

ʅʘ 

17 ʠ 18 ʩʝʧʪʝʤʚʨʠ 2024 ʛ. ʦʬʠʮʠʘʣʥʘ ʜʝʣʝʛʘʮʠʷ ʦʪ ɹɸʅ, 

ʚʦʜʝʥʘ ʦʪ ʧʨʝʜʩʝʜʘʪʝʣʷ ʥʘ ɸʢʘʜʝʤʠʷʪʘ ʘʢʘʜ. ʖʣʠʘʥ ʈʝʚʘʣʩʢʠ, 

ʦʩʲʱʝʩʪʚʠ ʜʚʫʜʥʝʚʥʦ ʧʦʩʝʱʝʥʠʝ ʚ ɹʫʢʫʨʝʱ ʠ ɹʨʘʠʣʘ, 

ʈʫʤʲʥʠʷ. ʇʦʩʝʱʝʥʠʝʪʦ ʙʝʰʝ ʧʦʩʚʝʪʝʥʦ ʥʘ 155-ʘʪʘ ʛʦʜʠʰʥʠʥʘ 

ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ɹɸʅ. ɹʝʰʝ ʧʦʜʧʠʩʘʥʘ ʥʦʚʘ ʉʧʦʛʦʜʙʘ ʟʘ 

ʥʘʫʯʥʦ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦ ʤʝʞʜʫ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ 

ʥʘʫʢʠʪʝ ʠ ʈʫʤʲʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʦʪ ʧʨʝʜʩʝʜʘʪʝʣʠʪʝ ʥʘ ʜʚʝʪʝ 

ʘʢʘʜʝʤʠʠ ʘʢʘʜ. ʖʣʠʘʥ ʈʝʚʘʣʩʢʠ ʠ ʘʢʘʜ. ʁʦʘʥ-ɸʫʨʝʣ ʇʦʧ. 

ʉʧʦʛʦʜʙʘʪʘ ʧʨʝʜʚʠʞʜʘ ʧʨʦʜʲʣʞʘʚʘʥʝ ʥʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʚ 

ʨʘʟʣʠʯʥʠ ʦʙʣʘʩʪʠ ʥʘ ʥʘʫʯʥʠʪʝ ʠ ʘʢʘʜʝʤʠʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 

ʢʘʪʦ ʠʩʪʦʨʠʷ, ʭʠʤʠʷ, ʤʝʜʠʮʠʥʘ, ʷʜʨʝʥʘ 

ʬʠʟʠʢʘ, ʝʪʥʦʛʨʘʬʠʷ ʠ ʬʦʣʢʣʦʨ, ʣʠʥʛʚʠʩʪʠʢʘ. 

 ɺ ʨʘʤʢʠʪʝ ʥʘ ʧʦʩʝʱʝʥʠʝʪʦ ʚ 

ʠʟʣʦʞʙʝʥʘʪʘ ʟʘʣʘ Ăʉʪʲʢʣʝʥ ʛʣʦʙʫʩñ ʥʘ 

ɹʠʙʣʠʦʪʝʢʘʪʘ ʥʘ ʈʫʤʲʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ 

ʧʨʝʜʩʝʜʘʪʝʣʷʪ ʥʘ ɹɸʅ ʘʢʘʜ. ʈʝʚʘʣʩʢʠ 

ʦʪʢʨʠ ʠʟʣʦʞʙʘʪʘ ʥʘ ʎʝʥʪʨʘʣʥʘʪʘ ʙʠʙʣʠʦʪʝʢʘ 

ʥʘ ɹɸʅ Ăʇʝʪʲʨ ɹʝʨʦʥ. 200 ʛʦʜʠʥʠ ʦʪ 

ʠʟʜʘʚʘʥʝʪʦ ʥʘ Ăʈʠʙʥʠʷ ʙʫʢʚʘʨñ, ʯʘʩʪ ʦʪ 

ʧʨʦʛʨʘʤʘʪʘ ʟʘ ʦʪʙʝʣʷʟʚʘʥʝ ʥʘ 155-ʘʪʘ 

ʛʦʜʠʰʥʠʥʘ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ.  
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 ʅʘ 18 ʩʝʧʪʝʤʚʨʠ ʜʝʣʝʛʘʮʠʷʪʘ ʧʦʩʝʪʠ 

ɹʨʘʠʣʘ. ɺ ʧʨʦʛʨʘʤʘʪʘ ʙʝʰʝ ʚʢʣʶʯʝʥʘ ʩʨʝʱʘ ʩ 

ʢʤʝʪʘ ʥʘ ʛʨʘʜʘ ʛ-ʥ ɺʠʦʨʝʣ ʄʘʨʠʘʥ ɼʨʘʛʦʤʠʨ. 

ʅʘ ʩʨʝʱʘʪʘ ʙʷʭʘ ʦʙʩʲʜʝʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ 

ʙʲʜʝʱʠ ʩʲʚʤʝʩʪʥʠ ʧʨʦʝʢʪʠ ʩ ʨʘʟʣʠʯʥʠ 

ʠʥʩʪʠʪʫʮʠʠ ʚ ɹʲʣʛʘʨʠʷ. ʇʦ-ʢʲʩʥʦ ʩʲʱʠʷ ʜʝʥ 

ʜʝʣʝʛʘʮʠʷʪʘ ʥʘ ɹɸʅ ʧʦʩʝʪʠ ʭʨʘʤʘ Ăɺʲʟʥʝʩʝʥʠʝ 

ɻʦʩʧʦʜʥʝñ ʚ ɹʨʘʠʣʘ. ʅʝʛʦʚʦ 

ɺʠʩʦʢʦʧʨʝʦʩʚʝʱʝʥʩʪʚʦ ʘʨʭʠʝʧʠʩʢʦʧʲʪ ʥʘ 

ɼʦʣʥʠʷ ɼʫʥʘʚ ʂʘʩʠʘʥ ʦʪʩʣʫʞʠ ʟʘʫʧʦʢʦʡʥʘ ʤʦʣʠʪʚʘ ʚ ʧʘʤʝʪ ʠ ʧʨʠʟʥʘʥʠʝ ʢʲʤ ʜʝʣʦʪʦ ʥʘ 

ʦʩʥʦʚʘʪʝʣʠʪʝ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʢʥʠʞʦʚʥʦ ʜʨʫʞʝʩʪʚʦ, ʢʪʠʪʦʨʠʪʝ ʥʘ ʭʨʘʤʘ Ăɺʲʟʥʝʩʝʥʠʝ 

ɻʦʩʧʦʜʥʦñ ʠ ʍʨʠʩʪʦ ɹʦʪʝʚ. ɺ ʩʚʦʝʪʦ ʩʣʦʚʦ ʧʦʩʣʘʥʠʢʲʪ ʥʘ ɹʲʣʛʘʨʠʷ ʚ ʈʫʤʲʥʠʷ ʅ. ʇʨ. 

ʈʘʜʢʦ ɺʣʘʡʢʦʚ ʦʪʙʝʣʷʟʘ, ʯʝ ʩʲʟʜʘʪʝʣʠʪʝ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʢʥʠʞʦʚʥʦ ʜʨʫʞʝʩʪʚʦ ʧʨʝʟ 1869 

ʛ. ʩʘ ʧʦʩʪʘʚʠʣʠ ʦʩʥʦʚʠʪʝ ʥʘ ʧʲʨʚʘʪʘ ʠʥʩʪʠʪʫʮʠʷ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʜʲʨʞʘʚʥʦʩʪ ʦʱʝ ʧʨʝʜʠ 

ʆʩʚʦʙʦʞʜʝʥʠʝʪʦ. 

 

 

ʅʘ 5 ʥʦʝʤʚʨʠ 2024 ʛ. ʚ ʉʲʚʝʪʘ ʥʘ 

ɽʚʨʦʧʘ ʚ ʛʨ. ʉʪʨʘʩʙʫʨʛ, ʌʨʘʥʮʠʷ, ʙʝʰʝ 

ʦʪʢʨʠʪʘ ʠʟʣʦʞʙʘ, ʦʪʙʝʣʷʟʚʘʱʘ 155 ʛʦʜʠʥʠ 

ʦʪ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ 

ʥʘʫʢʠʪʝ. ʉʲʙʠʪʠʝʪʦ ʙʝʰʝ ʦʨʛʘʥʠʟʠʨʘʥʦ 

ʩʲʚʤʝʩʪʥʦ ʦʪ ʇʦʩʪʦʷʥʥʦʪʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʩʪʚʦ ʥʘ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ 

ʢʲʤ ʉʲʚʝʪʘ ʥʘ ɽʚʨʦʧʘ, ɹʲʣʛʘʨʩʢʘʪʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʠ ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʩʦʮʠʘʮʠʷ Ăʂʠʨʠʣ ʠ ʄʝʪʦʜʠʡñ. ʏʣ.-ʢʦʨ. ɽʚʜʦʢʠʷ 

ʇʘʰʝʚʘ, ʟʘʤʝʩʪʥʠʢ-ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹɸʅ, ʟʘʧʦʟʥʘ ʧʨʠʩʲʩʪʚʘʱʠʪʝ ʩ ʠʩʪʦʨʠʷʪʘ ʥʘ ʥʘʡ-

ʩʪʘʨʘʪʘ ʙʲʣʛʘʨʩʢʘ ʥʘʫʯʥʘ ʠʥʩʪʠʪʫʮʠʷ, ʥʘʩʣʝʜʥʠʢ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʢʥʠʞʦʚʥʦ 

ʜʨʫʞʝʩʪʚʦ, ʩʲʟʜʘʜʝʥʦ ʧʨʝʟ 1869 ʛ. ʚ ɹʨʘʠʣʘ. ʊʷ ʧʨʝʜʩʪʘʚʠ ʧʦʩʪʠʞʝʥʠʷʪʘ ʥʘ ʥʘʫʯʥʠʪʝ 

ʠʥʩʪʠʪʫʪʠ ʥʘ ɹɸʅ, ʧʦʣʫʯʠʣʠ ʝʚʨʦʧʝʡʩʢʦ ʠ ʩʚʝʪʦʚʥʦ ʧʨʠʟʥʘʥʠʝ. 
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ɼʦʮ. ʜ-ʨ ɽʣʢʘ ʊʨʘʡʢʦʚʘ, ʥʘʫʯʝʥ ʩʝʢʨʝʪʘʨ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ Ăʂʫʣʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦ 

ʥʘʩʣʝʜʩʪʚʦ ʠ ʥʘʮʠʦʥʘʣʥʘ ʠʜʝʥʪʠʯʥʦʩʪñ, ʟʘʧʦʟʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʦʙʱʥʦʩʪ, ʫʯʝʥʠʮʠ ʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʦʪ ʫʯʠʣʠʱʝ Ăʍʨʠʩʪʦ ɹʦʪʝʚñ ʚ ʉʪʨʘʩʙʫʨʛ ʩ ʠʩʪʦʨʠʷʪʘ ʠ ʤʷʩʪʦʪʦ ʥʘ ɹɸʅ ʚ 

ʩʲʚʨʝʤʝʥʥʦʪʦ ʥʘʫʯʥʦ ʠ ʜʫʭʦʚʥʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʊʷ ʧʨʝʜʩʪʘʚʠ ʢʥʠʛʘʪʘ Ăʂʲʤ ʙʲʣʛʘʨʩʢʠʪʝ 

ʢʦʨʝʥʠñ, ʢʦʷʪʦ ʩʲʙʠʨʘ ʝʩʝʪʘ, ʨʘʟʢʘʟʠ, 

ʩʪʠʭʦʪʚʦʨʝʥʠʷ, ʨʠʩʫʥʢʠ ʠ ʧʣʘʩʪʠʢʠ ʥʘ ʫʯʝʥʠʮʠʪʝ ʦʪ 

ʙʲʣʛʘʨʩʢʦʪʦ ʫʯʠʣʠʱʝ, ʠʟʜʘʜʝʥʘ ʚ ʨʘʤʢʠʪʝ ʥʘ 

ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʠ 

ʫʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ ʚ ʯʫʞʙʠʥʘñ.  

 ʀʟʣʦʞʙʘʪʘ Ăʇʝʪʲʨ ɹʝʨʦʥ. 200 ʛʦʜʠʥʠ ʦʪ 

ʠʟʜʘʚʘʥʝʪʦ ʥʘ Ăʈʠʙʥʠʷ ʙʫʢʚʘʨñ ʙʝ ʦʪʢʨʠʪʘ ʥʘ 20 ʤʘʡ 

ʚ ɻʨʘʜʩʢʘʪʘ ʛʨʘʜʠʥʘ ʧʨʝʜ ʅʘʨʦʜʥʠʷ ʪʝʘʪʲʨ Ăʀʚʘʥ 

ɺʘʟʦʚñ. ʇʨʝʜʩʝʜʘʪʝʣʷʪ ʥʘ ɹɸʅ ʘʢʘʜ. ʖʣʠʘʥ 

ʈʝʚʘʣʩʢʠ ʠ ʜʠʨʝʢʪʦʨʲʪ ʥʘ ʎʝʥʪʨʘʣʥʘʪʘ 

ʙʠʙʣʠʦʪʝʢʘ ʥʘ ɹɸʅ ʜ-ʨ ʉʠʣʚʠʷ ʅʘʡʜʝʥʦʚʘ 

ʧʨʝʜʩʪʘʚʠʭʘ ʝʢʩʧʦʟʠʮʠʷʪʘ, ʧʦʢʘʟʚʘʱʘ ʧʲʨʚʦʪʦ 

ʠʟʜʘʥʠʝ ʥʘ Ăɹʫʢʚʘʨ ʩ ʨʘʟʣʠʯʥʠ ʧʦʫʯʝʥʠʷñ ʦʪ 

1824 ʛ., ʧʨʠʪʝʞʘʥʠʝ ʥʘ ʎɹ ʥʘ ɹɸʅ. ʊʘʙʣʘʪʘ 

ʨʘʟʛʣʝʞʜʘʪ ʦʪʜʝʣʥʠʪʝ ʨʘʟʜʝʣʠ ʥʘ ɹʫʢʚʘʨʘ, ʥʘʡ-

ʨʘʥʥʠʪʝ ʦʪʟʠʚʠ ʟʘ ʥʝʛʦ, ʧʨʝʜʰʝʩʪʚʝʥʠʮʠʪʝ ʠ 

ʩʣʝʜʦʚʥʠʮʠʪʝ ʥʘ ʪʘʟʠ ʫʥʠʢʘʣʥʘ ʟʘ ʙʲʣʛʘʨʩʢʦʪʦ 

ʫʯʝʙʥʦ ʜʝʣʦ ʢʥʠʛʘ. Ăʈʠʙʥʠʷʪ ʙʫʢʚʘʨñ ʝ 

ʨʝʚʦʣʶʮʠʦʥʥʦ ʟʘ ʚʨʝʤʝʪʦ ʩʠ ʠʟʜʘʥʠʝ, 

ʩʲʜʲʨʞʘʱʦ ʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʧʨʝʧʦʜʘʚʘʥʝ ʥʘ ʩʚʝʪʦʚʥʦ ʥʠʚʦ.  

ʇʦ ʧʦʚʦʜ 175 ʛʦʜʠʥʠ ʦʪ ʨʦʞʜʝʥʠʝʪʦ ʥʘ ʀʚʘʥ ɽʚʩʪʨʘʪʠʝʚ ɻʝʰʦʚ ɹɸʅ ʦʨʛʘʥʠʟʠʨʘ 

ʠʟʣʦʞʙʘ ʥʘ ʯʘʩʪ ʦʪ ʙʦʛʘʪʘʪʘ 

ʢʦʨʝʩʧʦʥʜʝʥʮʠʷ ʥʘ ʚʠʜʥʠʷ 

ʧʦʣʠʪʠʯʝʩʢʠ ʠ ʢʫʣʪʫʨʝʥ ʜʝʝʮ, 

ʨʘʟʢʨʠʚʘʱʘ ʥʝʛʦʚʘʪʘ ʚʘʞʥʘ ʨʦʣʷ ʟʘ 

ʦʙʱʝʩʪʚʝʥʦʪʦ, ʧʦʣʠʪʠʯʝʩʢʦʪʦ ʠ 

ʢʫʣʪʫʨʥʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ɹʲʣʛʘʨʠʷ. 

ʇʠʩʤʘʪʘ ʩʘ ʮʝʥʥʠ ʩʚʠʜʝʪʝʣʩʪʚʘ ʟʘ 

ʢʫʣʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʠʪʝ ʧʨʦʮʝʩʠ ʧʦ 

ʚʨʝʤʝ ʥʘ ʜʚʝʪʝ ɹʘʣʢʘʥʩʢʠ ʚʦʡʥʠ. ʀʚʘʥ 

ɻʝʰʦʚ ʝ ʜʲʣʛʦʛʦʜʠʰʝʥ ʧʨʝʜʩʝʜʘʪʝʣ ʠ ʦʩʥʦʚʝʥ ʜʘʨʠʪʝʣ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ ʢʥʠʞʦʚʥʦ 

ʜʨʫʞʝʩʪʚʦ.  

ɿʘ ʧʲʨʚʠ ʧʲʪ ʧʨʝʟ 2024 ʛ. ɹɸʅ ʫʯʨʝʜʠ ʧʨʠʟʘ Ăɻʦʣʷʤʘ ʥʘʛʨʘʜʘ ʟʘ ʥʘʫʢʘ ʥʘ 

ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝñ ʢʘʪʦ ʧʨʠʟʥʘʥʠʝ ʟʘ ʦʩʦʙʝʥʦ ʟʥʘʯʠʤʠ ʥʘʫʯʥʠ 

ʧʦʩʪʠʞʝʥʠʷ ʠ ʜʫʭʦʚʝʥ ʧʨʠʤʝʨ. ʇʨʠʩʲʞʜʘ ʩʝ ʥʘ ʫʯʝʥ ʦʪ ʙʲʣʛʘʨʩʢʘ ʥʘʫʯʥʘ ʦʨʛʘʥʠʟʘʮʠʷ 

ʠʣʠ ʙʲʣʛʘʨʩʢʦ ʚʠʩʰʝ ʫʯʠʣʠʱʝ ʟʘ ʠʟʢʣʶʯʠʪʝʣʥʠ ʧʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʥʘʫʢʘʪʘ, 

ʧʦʣʫʯʠʣʠ ʚʠʩʦʢʦ ʤʝʞʜʫʥʘʨʦʜʥʦ ʧʨʠʟʥʘʥʠʝ. ʅʘʛʨʘʜʘʪʘ ʱʝ ʩʝ ʚʨʲʯʚʘ ʚʩʷʢʘ ʛʦʜʠʥʘ ʚ ʝʜʥʘ 

ʦʪ ʩʣʝʜʥʠʪʝ ʪʨʠ ʦʙʣʘʩʪʠ ï ʧʨʠʨʦʜʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʠʥʞʝʥʝʨʥʠ ʥʘʫʢʠ, ʥʘʫʢʠ ʟʘ ʞʠʚʦʪʘ 

ʠ ʩʦʮʠʘʣʥʠ ʠ ʭʫʤʘʥʠʪʘʨʥʠ ʥʘʫʢʠ. ʇʨʦʮʝʜʫʨʘʪʘ ʧʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ɻʦʣʷʤʘʪʘ ʥʘʛʨʘʜʘ ʥʘ 

ɹɸʅ ʩʝ ʦʨʛʘʥʠʟʠʨʘ ʠ ʨʲʢʦʚʦʜʠ ʦʪ ʉʲʙʨʘʥʠʝʪʦ ʥʘ ʘʢʘʜʝʤʠʮʠʪʝ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ 
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ʥʘ ɹɸʅ. ʆʪʣʠʯʠʝʪʦ ʟʘ 2024 ʛ. ʩʝ ʧʨʠʩʲʜʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʠʨʦʜʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʠ 

ʠʥʞʝʥʝʨʥʠʪʝ ʥʘʫʢʠ. ʅʘ 12 ʦʢʪʦʤʚʨʠ ʥʘ ʪʲʨʞʝʩʪʚʝʥʘʪʘ ʮʝʨʝʤʦʥʠʷ ʧʦ ʧʦʚʦʜ ʯʝʩʪʚʘʥʝʪʦ 

ʥʘ 155-ʛʦʜʠʰʥʠʥʘʪʘ ʥʘ ɸʢʘʜʝʤʠʷʪʘ ʩ ʦʪʣʠʯʠʝʪʦ ʙʝ ʫʜʦʩʪʦʝʥʘ ʘʢʘʜ. ɺʘʩʷ ɹʘʥʢʦʚʘ ʟʘ 

ʥʝʡʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚʲʨʭʫ ʧʯʝʣʥʠʷ ʢʣʝʡ (ʧʨʦʧʦʣʠʩʘ).  

                

 ʀʟʨʘʟ ʥʘ ʧʨʠʟʥʘʥʠʝ ʟʘ ʚʠʩʦʢʠʪʝ ʥʘʫʯʥʠ 

ʧʦʩʪʠʞʝʥʠʷ ʥʘ ɹɸʅ ʠ ʥʝʡʥʠʪʝ ʟʘʩʣʫʛʠ ʟʘ ʨʘʟʚʠʪʠʝʪʦ 

ʥʘ ʧʦʟʥʘʥʠʝʪʦ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝʪʦ ʥʘ ʙʲʣʛʘʨʩʢʦʪʦ 

ʢʫʣʪʫʨʥʦ ʥʘʩʣʝʜʩʪʚʦ ʙʷʭʘ ʤʥʦʛʦʙʨʦʡʥʠʪʝ 

ʧʨʝʩʪʠʞʥʠ ʥʘʛʨʘʜʠ ʠ ʦʪʣʠʯʠʷ, ʚʨʲʯʝʥʠ ʥʘ ʫʯʝʥʠ ʦʪ 

ɸʢʘʜʝʤʠʷʪʘ. ʅʘ ʪʲʨʞʝʩʪʚʝʥʘ ʮʝʨʝʤʦʥʠʷ, ʧʨʦʚʝʜʝʥʘ 

ʥʘ 16 ʤʘʡ ʚ ɻʝʨʙʦʚʘʪʘ ʟʘʣʘ ʥʘ ʙʫʣ. Ăɸʣ. ɼʦʥʜʫʢʦʚñ 

ˉ 2, ʩ ʇʦʯʝʪʥʠʷ ʟʥʘʢ ʥʘ ʧʨʝʟʠʜʝʥʪʘ ʙʷʭʘ ʫʜʦʩʪʦʝʥʠ 

ʘʢʘʜ. ʃʲʯʝʟʘʨ ʊʨʘʡʢʦʚ, ʯʣ.-ʢʦʨ. ʀʣʟʘ ʇʲʞʝʚʘ ʠ ʯʣ.-ʢʦʨ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ. 

ʏʣ.-ʢʦʨ. ʉʪʘʥʠʩʣʘʚ ɺʘʩʠʣʝʚ ʦʪ ʀʄʂ ʝ ʥʦʩʠʪʝʣ ʥʘ ɻʦʣʷʤʘʪʘ ʥʘʛʨʘʜʘ Ăʇʠʪʘʛʦʨñ ʥʘ 

ʄʆʅ ʟʘ ʮʷʣʦʩʪʝʥ ʥʘʫʯʝʥ ʧʨʠʥʦʩ, ʘ ʧʨʦʬ. ɽʚʛʝʥʠ ʉʝʤʢʦʚ (1960 ï 2024) ʦʪ ʀɸ ʩ ʅɸʆ 

ʧʦʣʫʯʠ ʝʜʥʘ ʦʪ ʜʚʝʪʝ ʧʨʠʩʲʜʝʥʠ ʥʘʛʨʘʜʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʠ ʠʥʞʝʥʝʨʥʠʪʝ ʥʘʫʢʠ. 

ʅʘʛʨʘʜʘʪʘ ʟʘ ʫʪʚʲʨʜʝʥ ʫʯʝʥ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʥʘʫʢʠʪʝ ʟʘ ʞʠʚʦʪʘ ʠ ʤʝʜʠʮʠʥʘʪʘ ʧʦʣʫʯʠʭʘ 

ʜʚʘʤʘ ʫʯʝʥʠ, ʝʜʠʥʠʷʪ ʦʪ ʢʦʠʪʦ ʙʝ ʧʨʦʬ. ʜ-ʨ ʄʠʣʝʥ ɻʝʦʨʛʠʝʚ ʦʪ ʀʄʠʢɹ. ʉʨʝʜ 

ʥʦʤʠʥʠʨʘʥʠʪʝ ʤʣʘʜʠ ʫʯʝʥʠ ʞʫʨʠʪʦ ʦʪʣʠʯʠ ʛʣ. ʘʩ. ʜ-ʨ ʅʠʢʦʣʝʪʘ ʂʠʨʯʝʚʘ ʦʪ ʀʆʄʊ, ʘ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʩʦʮʠʘʣʥʠʪʝ ʠ ʭʫʤʘʥʠʪʘʨʥʠʪʝ ʥʘʫʢʠ ï ʛʣ. ʘʩ. ʜ-ʨ ʇʝʪʲʨ ʊʦʧʫʨʦʚ ʦʪ ʀɼʇ. 

 

 
 

 ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʢʫʣʪʫʨʘʪʘ ʦʪʣʠʯʠ ʩ ʥʘʛʨʘʜʘ Ăɿʣʘʪʝʥ ʚʝʢñ ʫʯʝʥʠ ʦʪ ɹɸʅ ʥʘ 

ʮʝʨʝʤʦʥʠʷ ʚ ʛʘʣʝʨʠʷ Ăʉʨʝʜʝʮñ. ɿʘ ʠʟʢʣʶʯʠʪʝʣʝʥ ʧʨʠʥʦʩ ʚ ʨʘʟʚʠʪʠʝʪʦ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝʪʦ 

ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʢʫʣʪʫʨʘ ʠ ʥʘʮʠʦʥʘʣʥʘ ʠʜʝʥʪʠʯʥʦʩʪ ʙʷʭʘ ʦʪʣʠʯʝʥʠ ʘʢʘʜ. ɺʘʩʠʣ 

ʂʘʟʘʥʜʞʠʝʚ, ʧʨʦʬ. ʃʶʜʤʠʣʘ ɼʦʥʯʝʚʘ-ʇʝʪʢʦʚʘ ʠ ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ ï ʥʘʡ-

ʧʨʝʚʝʞʜʘʥʠʷʪ ʠ ʥʘʛʨʘʞʜʘʚʘʥ ʙʲʣʛʘʨʩʢʠ ʧʠʩʘʪʝʣ ʠ ʢʘʚʘʣʝʨ ʥʘ ʆʨʜʝʥʘ ʟʘ ʠʟʢʫʩʪʚʦ ʠ 
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ʣʠʪʝʨʘʪʫʨʘ ʥʘ ʌʨʘʥʮʠʷ. ʏʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ ʙʝʰʝ ʫʜʦʩʪʦʝʥ ʠ ʩ ɻʦʣʷʤʘʪʘ 

ʥʘʛʨʘʜʘ ʟʘ ʣʠʪʝʨʘʪʫʨʘ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ. 

                                     

 

ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʨʘʚʦʩʲʜʥʘ ʥʘʛʨʘʜʘ ʟʘ ʮʷʣʦʩʪʝʥ ʧʨʠʥʦʩ ʢʲʤ ʧʨʘʚʦʩʲʜʠʝʪʦ ʧʦʣʫʯʠ 

ʘʢʘʜ. ʀʚʘʥ ʈʫʩʯʝʚ. ʇʨʝʜʩʝʜʘʪʝʣʷʪ ʥʘ ɹɸʅ ʘʢʘʜ. ʖʣʠʘʥ ʈʝʚʘʣʩʢʠ ʠ ʯʣ.-ʢʦʨ. ɸʪʘʥʘʩ ʉʝʤʦʚ 

ʧʦʣʫʯʠʭʘ ʥʘʛʨʘʜʘʪʘ Ăʉʣʝʜʦʚʥʠʢ ʥʘ ʥʘʨʦʜʥʠʪʝ ʙʫʜʠʪʝʣʠñ. ʏʣ.-ʢʦʨ. ʀʚʦ ʇʝʪʨʦʚ ʙʝʰʝ 

ʦʙʷʚʝʥ ʟʘ Ăɼʦʢʪʦʨ ʥʘ ʛʦʜʠʥʘʪʘñ ʥʘ ʬʦʨʫʤʘ Balkan Medical Awards 2024.  

ʉ ʥʘʛʨʘʜʘʪʘ Ăʇʦʯʝʪʝʥ ʟʥʘʢ Ăʄʘʨʠʥ ɼʨʠʥʦʚñ ʥʘ ʣʝʥʪʘñ ʙʷʭʘ ʫʜʦʩʪʦʝʥʠ ʘʢʘʜ. 

ʂʨʘʩʠʤʠʨ ɸʪʘʥʘʩʦʚ, ʘʢʘʜ. ɺʘʩʷ ɹʘʥʢʦʚʘ, ʘʢʘʜ. ʉʚʝʪʣʘʥʢʘ ʂʫʶʤʜʞʠʝʚʘ, ʢʘʢʪʦ ʠ ʯʣʝʥ-

ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ ɸʪʘʥʘʩ ʂʦʚʘʯʝʚ ʠ ʇʝʪʲʨ ɹʦʡʚʘʣʝʥʢʦʚ. 

ɺ ʢʨʘʷ ʥʘ ʘʧʨʠʣ ʙʝʰʝ ʧʨʦʚʝʜʝʥʘ ʥʘʫʯʥʘ ʩʝʩʠʷ ʟʘ ʦʪʙʝʣʷʟʚʘʥʝ ʥʘ 

50-ʛʦʜʠʰʥʠʥʘʪʘ ʦʪ ʠʟʦʙʨʝʪʷʚʘʥʝʪʦ ʚ ɹʲʣʛʘʨʠʷ ʥʘ ʣʘʟʝʨʘ ʩ ʧʨ̈ʠ ʥʘ 

ʤʝʜʝʥ ʙʨʦʤʠʜ. ʊʦʡ ʝ ʧʫʩʥʘʪ ʚ ʜʝʡʩʪʚʠʝ ʦʪ ʘʢʘʜ. ʅʠʢʦʣʘ ʉʲʙʦʪʠʥʦʚ ʟʘ 

ʧʲʨʚʠ ʧʲʪ ʚ ʩʚʝʪʘ ʧʨʝʟ 1974 ʛ. ʠ ʚʩʠʯʢʠ ʝʪʘʧʠ ʥʘ ʨʘʟʚʠʪʠʝʪʦ ʤʫ 

ʧʨʝʤʠʥʘʚʘʪ ʚ ɹɸʅ. ʈʝʟʫʣʪʘʪʲʪ ʠʤʘ ʟʘʙʝʣʝʞʠʪʝʣʥʦ ʧʨʠʟʥʘʥʠʝ ʦʪ 

ʩʚʝʪʦʚʥʦʠʟʚʝʩʪʥʠ ʫʯʝʥʠ ʠ ʪʦʚʘ ʙʲʣʛʘʨʩʢʦ ʥʘʫʯʥʦ ʧʦʩʪʠʞʝʥʠʝ 

ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʚ ʩʚʝʪʦʚʥʘʪʘ ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ. 

ʅʘ 2 ʜʝʢʝʤʚʨʠ 2024 ʛ. ʆʙʱʦʪʦ ʩʲʙʨʘʥʠʝ ʥʘ ɹɸʅ ʠʟʙʨʘ ʯʣ.-ʢʦʨ. 

ɽʚʝʣʠʥʘ ʉʣʘʚʯʝʚʘ ʟʘ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʟʘ 2024 ï 2028 ʛ. 

ɺ ʧʨʦʛʨʘʤʘʪʘ ʩʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ɹɸʅ ʯʣ.-ʢʦʨ. ʉʣʘʚʯʝʚʘ ʦʪʙʝʣʷʟʘ, ʯʝ 

ʫʩʧʝʰʥʦʪʦ ʧʦ-ʥʘʪʘʪʲʰʥʦ ʨʘʟʚʠʪʠʝ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʚ ʧʦʣʟʘ ʥʘ 

ʦʙʱʝʩʪʚʦʪʦ ʠ ʜʲʨʞʘʚʘʪʘ ʠʟʠʩʢʚʘ ʢʘʢʪʦ ʧʦʩʚʝʪʝʥʦʩʪ ʥʘ ʥʘʫʯʥʦʪʦ ʧʦʧʨʠʱʝ ʦʪ ʩʪʨʘʥʘ ʥʘ 

ʥʝʡʥʠʪʝ ʫʯʝʥʠ ʠ ʩʣʫʞʠʪʝʣʠ, ʪʘʢʘ ʠ ʤʦʜʝʨʥʦ ʠ 

ʛʲʚʢʘʚʦ ʫʧʨʘʚʣʝʥʠʝ, ʩʲʦʙʨʘʟʝʥʦ ʩʲʩ 

ʩʲʚʨʝʤʝʥʥʠʪʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ. 

ʎʝʨʝʤʦʥʠʷ ʧʦ ʚʩʪʲʧʚʘʥʝ ʚ ʜʣʲʞʥʦʩʪ ʥʘ 

ʥʦʚʦʠʟʙʨʘʥʠʷ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʯʣ.-ʢʦʨ. ɽʚʝʣʠʥʘ ʉʣʘʚʯʝʚʘ 

ʩʝ ʩʲʩʪʦʷ ʥʘ 9 ʜʝʢʝʤʚʨʠ 2024 ʛ. ɸʢʘʜ. ʖʣʠʘʥ 

ʈʝʚʘʣʩʢʠ Ⱬ ʧʨʝʜʘʜʝ ʩʠʤʚʦʣʠʯʥʦ ʢʣʶʯʘ ʥʘ 

ɸʢʘʜʝʤʠʷʪʘ.  
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2. ʉʲʙʨʘʥʠʝ ʥʘ ʘʢʘʜʝʤʠʮʠʪʝ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ ʥʘ ɹɸʅ 

 

ʉʨʝʜ ʚʦʜʝʱʠʪʝ ʩʲʙʠʪʠʷ ʚ ʜʝʡʥʦʩʪʪʘ ʥʘ ʉɸʏʂ ʧʨʝʟ ʠʟʤʠʥʘʣʘʪʘ ʛʦʜʠʥʘ ʙʷʭʘ: (1) 

ʯʝʩʪʚʘʥʝʪʦ ʥʘ 155-ʘʪʘ ʛʦʜʠʰʥʠʥʘ ʦʪ ʦʩʥʦʚʘʚʘʥʝʪʦ ʥʘ ɹɸʅ; (2) ʫʯʨʝʜʷʚʘʥʝʪʦ ʠ 

ʚʨʲʯʚʘʥʝʪʦ ʥʘ ɻʦʣʷʤʘʪʘ ʥʘʛʨʘʜʘ ʟʘ ʥʘʫʢʘ ʥʘ ɹɸʅ; (3) ʠʟʙʦʨʲʪ ʥʘ ʥʦʚʠ ʘʢʘʜʝʤʠʮʠ ʠ ʯʣʝʥ-

ʢʦʨʝʩʧʦʥʜʝʥʪʠ; (4) ʠʟʙʦʨʲʪ ʥʘ ʥʦʚ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹɸʅ. 

ɽʜʥʦ ʦʪ ʩʲʙʠʪʠʷʪʘ ʚ ʥʘʚʝʯʝʨʠʝʪʦ ʥʘ ʛʦʜʠʰʥʠʥʘʪʘ ʙʝʰʝ ʦʨʛʘʥʠʟʠʨʘʥʘʪʘ ʠʟʣʦʞʙʘ ʩ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʠʟʦʙʨʘʟʠʪʝʣʥʦʪʦ ʠʟʢʫʩʪʚʦ ʥʘ ʯʣʝʥʦʚʝ ʥʘ ɹɸʅ. ʂʘʨʪʠʥʠ ʠ ʩʢʫʣʧʪʫʨʠ ʥʘ 

ʪʚʦʨʮʠʪʝ ʀʚʘʥ ʄʲʨʢʚʠʯʢʘ, ʀʚʘʥ ʃʘʟʘʨʦʚ, ɼʝʯʢʦ ʋʟʫʥʦʚ, ʊʦʜʦʨ ɼʠʥʦʚ, ʀʣʠʷ ʇʝʪʨʦʚ, 

ʀʚʘʥ ʅʝʥʦʚ, ʈʫʤʝʥ ʉʢʦʨʯʝʚ, ʉʚʝʪʣʠʥ ʈʫʩʝʚ ʠ ɺʝʞʜʠ ʈʘʰʠʜʦʚ ʙʷʭʘ ʠʟʣʦʞʝʥʠ ʚʲʚ 

ʬʦʘʡʝʪʦ ʥʘ ʮʝʥʪʨʘʣʥʘʪʘ ʩʛʨʘʜʘ ʥʘ ɹɸʅ. ʂʫʣʤʠʥʘʮʠʷʪʘ ʥʘ ʯʝʩʪʚʘʥʝʪʦ ʙʝʰʝ ʦʪʙʝʣʷʟʘʥʘ ʩ 

ʧʨʘʟʥʠʯʝʥ ʢʦʥʮʝʨʪ ʚ ʩʛʨʘʜʘʪʘ ʥʘ ʉʦʬʠʡʩʢʘʪʘ ʦʧʝʨʘ ʠ ʙʘʣʝʪ ʩ ʨʝʞʠʩʴʦʨ ʘʢʘʜ. ʇʣʘʤʝʥ 

ʂʘʨʪʘʣʦʚ. ɺ ʨʝʯʪʘ ʩʠ ʧʦ ʧʦʚʦʜ ʥʘ ʛʦʜʠʰʥʠʥʘʪʘ ʘʢʘʜ. ʈʝʚʘʣʩʢʠ ʦʪʙʝʣʷʟʘ ʩ ʛʦʨʜʦʩʪ: Ăʉʲʩ 

ʩʚʦʷ ʘʢʘʜʝʤʠʯʝʥ ʩʲʩʪʘʚ, ʧʨʝʜʩʪʘʚʣʷʚʘʱ ʦʢʦʣʦ 15 % ʦʪ ʥʘʫʯʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʩʪʨʘʥʘʪʘ, 

ɹɸʅ ʩʲʟʜʘʚʘ ʧʦʯʪʠ 40 % ʦʪ ʥʘʮʠʦʥʘʣʥʠʷ ʥʘʫʯʝʥ ʧʨʦʜʫʢʪñ ï ʙʝʟʩʧʦʨʝʥ ʘʪʝʩʪʘʪ ʟʘ 

ʚʠʩʦʢʦʪʦ ʥʠʚʦ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʧʨʦʚʝʞʜʘʥʠ ʚ ɹɸʅ. 

 ʀʟʙʦʨʲʪ ʥʘ ʥʦʚʠ ʘʢʘʜʝʤʠʮʠ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ ʧʨʦʪʝʯʝ ʩ ʘʢʪʠʚʥʦʪʦ ʫʯʘʩʪʠʝ 

ʥʘ ʧʨʝʦʙʣʘʜʘʚʘʱʘʪʘ ʯʘʩʪ ʦʪ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ. ʇʨʦʮʝʜʫʨʘʪʘ ʩʪʘʨʪʠʨʘ ʦʱʝ ʚ ʥʘʯʘʣʦʪʦ 

ʥʘ 2024 ʛ. ʠ ʙʝʰʝ ʦʪʯʝʪʝʥʘ ʦʪ ʘʢʘʜ. ɼʘʤʷʥ ɼʘʤʷʥʦʚ ʥʘ ʩʧʝʮʠʘʣʥʦ ʟʘʩʝʜʘʥʠʝ ʥʘ 

ʉʲʙʨʘʥʠʝʪʦ ʥʘ ʘʢʘʜʝʤʠʮʠʪʝ (ʉɸ) ʧʨʝʟ  ʥʦʝʤʚʨʠ 2024 ʛ. ʆʮʝʥʝʥʠ ʙʷʭʘ ʥʘʜ 110 ʢʘʥʜʠʜʘʪʠ 

ʩ ʜʦʙʨʦʚʦʣʯʝʩʢʠʷ ʨʝʮʝʥʟʝʥʪʩʢʠ ʪʨʫʜ ʥʘ ʘʢʘʜʝʤʠʮʠ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ ʦʪ ʚʩʠʯʢʠ 

ʦʪʜʝʣʝʥʠʷ ʥʘ ʉɸʏʂ. ʀʟʙʨʘʥʠ ʙʷʭʘ 11 ʘʢʘʜʝʤʠʮʠ ʠ 21 ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ. 

ʅʘ ʜʚʝ ʩʚʦʠ ʟʘʩʝʜʘʥʠʷ ʉɸʏʂ ʩʝ ʟʘʧʦʟʥʘ ʩ ʢʦʥʮʝʧʮʠʠʪʝ ʠ ʠʟʩʣʫʰʘ ʧʨʦʛʨʘʤʠʪʝ ʥʘ 

ʢʘʥʜʠʜʘʪʠʪʝ ʟʘ ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ɹɸʅ ʠ ʠʟʛʦʪʚʠ ʩʪʘʥʦʚʠʱʝ ʜʦ ʆʉ ʥʘ ɹɸʅ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʚ 

155-ʛʦʜʠʰʥʘʪʘ ʠʩʪʦʨʠʷ ʥʘ ɹɸʅ ʟʘ ʥʝʠʥ ʧʨʝʜʩʝʜʘʪʝʣ ʙʝʰʝ ʠʟʙʨʘʥʘ ʞʝʥʘ ï ʯʣ.-ʢʦʨ. 

ɽʚʝʣʠʥʘ ʉʣʘʚʯʝʚʘ. ʊʷ ʩʪʘʥʘ ʠ ʧʲʨʚʘʪʘ ʞʝʥʘ ï ʧʨʝʜʩʝʜʘʪʝʣ ʥʘ ʉɸʏʂ. ɺ ʝʜʥʦ ʦʪ ʧʲʨʚʠʪʝ 

ʠʥʪʝʨʚʶʪʘ ʟʘ ʤʝʜʠʠʪʝ ʩʣʝʜ ʠʟʙʦʨʘ ʩʠ ʯʣ.-ʢʦʨ. ɽ. ʉʣʘʚʯʝʚʘ ʢʘʟʘ: Ăéʇʨʦʩʪʦ ʠʩʢʘʤ ʜʘ ʙʲʜʝ 

ʫʩʧʝʰʝʥ ʤʘʥʜʘʪ, ʚ ʢʦʡʪʦ ʭʦʨʘʪʘ, ʨʘʙʦʪʝʱʠ ʚ ɹɸʅ, ʱʝ ʩʝ ʧʦʯʫʚʩʪʚʘʪ ʧʦ-ʚʠʜʠʤʠ, ʧʦ-

ʧʨʠʟʥʘʪʠ ʦʪ ʦʙʱʝʩʪʚʦʪʦ ʥʠ, ʱʝ ʠʤʘʪ ʫʩʝʱʘʥʝʪʦ, ʯʝ ʨʘʙʦʪʷʪ ʚ ʝʜʥʘ ʠʥʩʪʠʪʫʮʠʷ, ʢʦʷʪʦ ʝ 

ʚʘʞʥʘ ʟʘ ʚʩʠʯʢʠ ʥʠ, ʠ ʯʝ ʥʠʝ ʥʘʠʩʪʠʥʘ ʠʟʧʲʣʥʷʚʘʤʝ ʤʠʩʠʷʪʘ ʩʠ ʜʘ ʧʦʜʧʦʤʘʛʘʤʝ ʠ 

ʜʫʭʦʚʥʦʪʦ, ʠ ʤʘʪʝʨʠʘʣʥʦʪʦ ʙʣʘʛʦʧʦʣʫʯʠʝ ʥʘ ʩʪʨʘʥʘʪʘ ʩʠñ. 

 ʂʲʤ 31.12.2024 ʛ. ʦʙʱʠʷʪ ʙʨʦʡ ʥʘ ʘʢʘʜʝʤʠʮʠʪʝ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ ʝ 162, 

ʦʪ ʢʦʠʪʦ 66 ʘʢʘʜʝʤʠʮʠ ʠ 96 ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ. ɿʘ ʩʲʞʘʣʝʥʠʝ ʧʨʝʟ 2024 ʛ. ʟʘʛʫʙʠʭʤʝ 7 

ʥʘʰʠ ʢʦʣʝʛʠ, ʫʯʝʥʠ ʩ ʚʠʩʦʢʠ ʧʦʩʪʠʞʝʥʠʷ ʠ ʷʨʢʠ ʣʠʯʥʦʩʪʠ. ʊʦʚʘ ʙʷʭʘ ʘʢʘʜ. ɸʣʝʢʩʘʥʜʲʨ 

ʇʝʪʨʦʚ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ ɸʣʝʢ ʇʦʧʦʚ, ɸʥʛʝʣ ɹʘʣʪʦʚ, ʀʚʘʥ ʇʦʞʘʨʣʠʝʚ, ʄʠʭʘʠʣ 

ɼʘʚʠʜʦʚ, ʄʠʣʘ ɺʣʘʩʢʦʚʩʢʘ ʠ ɽʚʛʝʥʠ ʉʝʤʢʦʚ. ʇʦʢʣʦʥ ʧʨʝʜ ʧʘʤʝʪʪʘ ʠʤ! 

 ʆʪ ʘʢʘʜʝʤʠʮʠʪʝ 20 ʠ ʦʪ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ 54 ʨʘʙʦʪʷʪ ʧʦ ʪʨʫʜʦʚʠ ʜʦʛʦʚʦʨʠ, 

ʢʘʢʪʦ ʩʣʝʜʚʘ: 4-ʤʘ ʘʢʘʜʝʤʠʮʠ ʨʘʙʦʪʷʪ ʚ ɹɸʅ ʠ 16 ï ʚ ʜʨʫʛʠ ʥʘʫʯʥʠ ʦʨʛʘʥʠʟʘʮʠʠ; ʩʨʝʜ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ 25 ʨʘʙʦʪʷʪ ʚ ɹɸʅ ʠ 29 ʩʘ ʥʘ ʱʘʪ ʚ ʜʨʫʛʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʇʦ ʪʘʢʲʚ 

ʥʘʯʠʥ 46 % ʦʪ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʩʘ ʥʘ ʪʨʫʜʦʚ ʜʦʛʦʚʦʨ, ʢʘʪʦ ʥʘʜ 60 % ʦʪ ʨʘʙʦʪʝʱʠʪʝ 

ʘʢʘʜʝʤʠʮʠ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ ʩʘ ʦʪ ʜʨʫʛʠ ʥʘʫʯʥʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʪ.ʯ. ʫʥʠʚʝʨʩʠʪʝʪʠ, 

ʘʢʘʜʝʤʠʠ, ʟʜʨʘʚʥʠ, ʢʫʣʪʫʨʥʠ ʠ ʜʨʫʛʠ ʠʥʩʪʠʪʫʮʠʠ. ʊʦʟʠ ʬʘʢʪ ʩʚʠʜʝʪʝʣʩʪʚʘ, ʯʝ ʉɸʏʂ 

ʟʘʧʘʟʚʘ ʦʪʚʦʨʝʥʘʪʘ ʩʠ ʩʪʨʫʢʪʫʨʘ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʚ ʧʦʚʝʯʝ ʦʪ 20 ʠʥʩʪʠʪʫʮʠʠ ʠʟʚʲʥ ɹɸʅ.  
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ɺ ʥʘʯʘʣʦʪʦ ʥʘ ʬʝʚʨʫʘʨʠ ʩʝ ʩʲʩʪʦʷ ʟʘʩʝʜʘʥʠʝ ʥʘ ʌʦʨʫʤʘ ʟʘ ʙʦʨʙʘ ʩ ʣʲʞʝʥʘʫʢʘʪʘ 

ʧʨʠ ʉɸʏʂ, ʯʠʡʪʦ ʠʥʠʮʠʘʪʦʨ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʤʫ ʠ ʨʲʢʦʚʦʜʠʪʝʣ ʝ ʘʢʘʜ. ʀʚʘʥ ʖʭʥʦʚʩʢʠ. 

ʉʪʘʨʪʠʨʘʥʘ ʙʝ ʜʠʩʢʫʩʠʷ ʥʘ ʪʝʤʘ Ăʣʲʞʣʠʚʠ (fake) ʩʪʘʪʠʠñ ʠ Ăʭʠʱʥʠʯʝʩʢʠ 

(predatory)ñ ʠʟʜʘʪʝʣʩʪʚʘ. ʇʨʝʟ ʤʘʨʪ ʙʷʭʘ ʠʟʥʝʩʝʥʠ ʪʨʠ ʜʦʢʣʘʜʘ, ʩʚʲʨʟʘʥʠ ʩ ʪʝʤʘʪʠʢʘʪʘ ʥʘ 

ʬʦʨʫʤʘ. ɼʨʫʛʠ ʚʘʞʥʠ ʩʲʙʠʪʠʷ ʙʷʭʘ: 1-ʚʘʪʘ ʤʝʞʜʫʥʘʨʦʜʥʘ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʬʠʣʦʩʦʬʠʷ 

ʥʘ ʤʝʜʠʮʠʥʘʪʘ, ʦʨʛʘʥʠʟʠʨʘʥʘ ʦʪ ʯʣ.-ʢʦʨ. ɸʥʛʝʣ ʉʪʝʬʘʥʦʚ ʩʲʚʤʝʩʪʥʦ ʩ ʯʣʝʥʦʚʝ ʥʘ 

ʆʪʜʝʣʝʥʠʝʪʦ ʧʦ ʤʝʜʠʮʠʥʩʢʠ ʥʘʫʢʠ (ʤʘʨʪ 2024); ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʜʦʢʫʤʝʥʪʘʣʥʠʷ ʬʠʣʤ 

Ăɹʲʣʛʘʨʠʪʝ ʠ ʄʘʢʝʜʦʥʠʷñ ʦʪ ʘʢʘʜ. ɺʘʩʠʣ ʅʠʢʦʣʦʚ ʠ ʧʨʦʬ. ɼʘʥʠʝʣ ɺʘʯʢʦʚ, ʜʠʨʝʢʪʦʨ ʥʘ 

ʀʥʩʪʠʪʫʪʘ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʧʨʠ ɹɸʅ (ʤʘʡ 2024); ʧʨʝʜʩʪʘʚʷʥʠʷ ʥʘ ʢʥʠʛʠ ʚ 

ʟʘʣʘ Ăʇʨʦʬ. ʄʘʨʠʥ ɼʨʠʥʦʚñ ʥʘ ɹɸʅ, ʩʨʝʜ ʢʦʠʪʦ ʧʦʨʝʜʠʮʘ ʩ ʤʝʜʠʮʠʥʩʢʘ ʪʝʤʘʪʠʢʘ ʠ 

ʘʚʪʦʨʠ ʘʢʘʜʝʤʠʮʠʪʝ ɼʘʤʷʥ ɼʘʤʷʥʦʚ, ɻʨʠʛʦʨ ɻʦʨʯʝʚ, ʏʘʚʜʘʨ ʉʣʘʚʦʚ, ʯʣ.-ʢʦʨ. ʅʠʢʦʣʘʡ 

ɻʘʙʨʦʚʩʢʠ ʠ ʛʝʥ.-ʤʘʡʦʨ ʧʨʦʬ. ɺʝʥʮʝʩʣʘʚ ʄʫʪʘʬʯʠʡʩʢʠ; Ăʄʠʥʠʤʘʣʥʦ ʠʥʚʘʟʠʚʥʘ 

ʛʠʥʝʢʦʣʦʛʠʯʥʘ ʭʠʨʫʨʛʠʷñ ʦʪ ʘʢʘʜ. ɻʨʠʛʦʨ ɻʦʨʯʝʚ; Ăʄʘʢʝʜʦʥʠʷ ï ʠʩʪʦʨʠʷ ʠ ʢʫʣʪʫʨʘ ʦʪ 

ʜʨʝʚʥʦʩʪʪʘ ʜʦ ʜʥʝʩñ ʠ Ăʇʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ, ʧʦʟʠʮʠʠ, ʧʨʘʠʩʪʦʨʠʠñ ʦʪ ʘʢʘʜ. ɺʘʩʠʣ 

ʅʠʢʦʣʦʚ; Ăʉʪʘʨʝʝʥʝ ʠ ʜʲʣʛʦʣʝʪʠʝñ ʦʪ ʘʢʘʜ. ɺʣʘʜʠʤʠʨ ʆʚʯʘʨʦʚ; ʧʦʨʝʜʠʮʘʪʘ Ăɼʲʣʛ ʠ 

ʯʝʩʪñ ʠ Ăʄʥʝʤʦʟʠʥʘñ ʦʪ ʘʢʘʜ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ ʠ ʜʨ. 

      

ʇʨʝʜʩʪʘʚʝʥʠ ʢʥʠʛʠ ʥʘ ʯʣʝʥʦʚʝ ʥʘ ʉɸʏʂ ʚ ɻʦʣʝʤʠʷ ʩʘʣʦʥ ʥʘ ɹɸʅ 

 

      ʇʨʝʟ 2024 ʛ. ʙʷʭʘ ʧʨʦʚʝʜʝʥʠ 10 ʟʘʩʝʜʘʥʠʷ ʥʘ ʉɸʏʂ. ʅʘ ʧʦʩʣʝʜʥʦʪʦ ʟʘʩʝʜʘʥʠʝ ʧʨʝʟ 

ʥʦʝʤʚʨʠ ʩʝ ʩʲʩʪʦʷ ʠ ʠʟʙʦʨ ʥʘ ʯʫʞʜʝʩʪʨʘʥʝʥ ʯʣʝʥ ʥʘ ɹɸʅ. ɽʜʠʥʦʜʫʰʥʦ ʙʝʰʝ ʠʟʙʨʘʥ 

ʧʨʦʬ. ʖʨʠ ʏʠʥʢʝʣ ʦʪ ʂʫʨʘʥʪʦʚʠʷ ʠʥʩʪʠʪʫʪ ʟʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʥʘʫʢʠ ʚ ʅʶ ʁʦʨʢ, ʉɸʑ, ʠ 

ʜʠʨʝʢʪʦʨ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ Ăʄʘʪʝʤʘʪʠʢʘ ʠ ʬʠʟʠʯʝʩʢʠ ʥʘʫʢʠñ ʥʘ ʝʜʥʘ ʦʪ ʥʘʡ-ʛʦʣʝʤʠʪʝ 

ʙʣʘʛʦʪʚʦʨʠʪʝʣʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʚ ʉɸʑ ï ʌʦʥʜʘʮʠʷ Ăʉʘʡʤʲʥʩñ. 

ɸʢʘʜʝʤʠʯʥʠʷʪ ʩʝʤʠʥʘʨ Ăɸʢʪʫʘʣʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ʥʘʫʢʘʪʘñ ʠʟʣʲʯʠ ʥʘ ʞʠʚʦ ʚ Youtube 

ʩʣʝʜʥʠʪʝ 9 ʣʝʢʮʠʠ ʩ ʣʝʢʪʦʨʠ: 1. ʀʥʦʚʘʮʠʠ ʠ ʥʦʚʦʚʲʟʥʠʢʚʘʱʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʥʝʚʨʦʭʠʨʫʨʛʠʷʪʘ ï ʯʣ.-ʢʦʨ. ʅʠʢʦʣʘʡ ɻʘʙʨʦʚʩʢʠ; 2. ʀʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ ʚ ʥʝʚʨʦʣʦʛʠʷʪʘ ï 

ʧʨʦʬ. ʜ-ʨ ɼʠʤʠʪʲʨ ʄʘʩʣʘʨʦʚ; 3. ʃʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʷ: ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪ ʥʘ 

ʤʝʩʥʠʪʝ ʠ ʨʠʙʥʠʪʝ ʭʨʘʥʠ ï ʯʣ.-ʢʦʨ. ʉʪʝʬʘʥ ɼʨʘʛʦʝʚ; 4. ʅʦʚʠ ʭʦʨʠʟʦʥʪʠ ʚ 

ʦʥʢʦʬʘʨʤʘʢʦʣʦʛʠʷʪʘ ʥʘ ʧʨʠʨʦʜʥʠʪʝ ʧʨʦʜʫʢʪʠ ʧʨʝʟ ʧʨʠʟʤʘʪʘ ʥʘ 2024 ʛ. ï ʧʨʦʬ. ɻʝʦʨʛʠ 

ʄʦʤʝʢʦʚ; 5. ʂʘʢʚʦ ʨʘʟʙʠʨʘʤʝ ʧʦʜ ʪʝʨʤʠʥʘ ʠʥʪʝʣʝʢʪʫʘʣʥʘ ʭʠʨʫʨʛʠʷ? ï ʘʢʘʜ. ɻʨʠʛʦʨ 

ɻʦʨʯʝʚ; 6. ɺʲʚʝʞʜʘʥʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʝʥʜʦʚʘʩʢʫʣʘʨʥʦʪʦ ʣʝʯʝʥʠʝ ʥʘ ʤʦʟʲʯʥʦ-ʩʲʜʦʚʠ 

ʟʘʙʦʣʷʚʘʥʠʷ ʚ ɹʲʣʛʘʨʠʷ ï ʧʨʦʬ. ʜ-ʨ ʉʪʘʥʠʤʠʨ ʉʠʨʘʢʦʚ; 7. ɿʝʣʝʥʘʪʘ ʘʨʭʠʪʝʢʪʫʨʘ ʠ 

ʦʧʘʟʚʘʥʝʪʦ ʥʘ ʢʫʣʪʫʨʥʦʪʦ ʥʘʩʣʝʜʩʪʚʦ ʚ ɹʲʣʛʘʨʠʷ ï ʧʨʦʬ. ʘʨʭ. ɹʦʡʢʦ ʂʘʜʠʥʦʚ; 8. 

ʇʨʝʜʠʤʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʲʮʠ ʥʘ ʙʠʦʝʥʝʨʛʠʷʪʘ ʟʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʛʣʦʙʘʣʥʦʪʦ ʟʘʪʦʧʣʷʥʝ ï 

ʯʣ.-ʢʦʨ. ʉʪʘʥʠʩʣʘʚ ɺʘʩʠʣʝʚ; 9. ʂʘʢ ʢʘʨʜʠʦʣʦʛʠʷʪʘ ʩʪʘʥʘ ʥʘʫʢʘ? ʇʦʩʣʝʜʥʠʪʝ 50 ʛʦʜʠʥʠ 

(ʧʦʩʚʝʪʝʥʘ ʥʘ 50-ʛʦʜʠʰʥʠʥʘʪʘ ʥʘ ɼʨʫʞʝʩʪʚʦʪʦ ʥʘ ʢʘʨʜʠʦʣʦʟʠʪʝ ʚ ɹʲʣʛʘʨʠʷ) ï ʯʣ.-ʢʦʨ. 

ɸʩʝʥ ɻʫʜʝʚ. 
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ʇʫʙʣʠʢʘʮʠʦʥʥʘʪʘ ʜʝʡʥʦʩʪ ʝ ʚʘʞʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ ʜʝʡʥʦʩʪʪʘ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ 

ʉɸʏʂ. ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʝʷ ʩʘ ʦʙʦʙʱʝʥʠ ʧʦ 4 ʧʦʢʘʟʘʪʝʣʷ: ʢʥʠʛʠ (ʧʫʙʣʠʢʫʚʘʥʠ ʥʘʫʯʥʠ 

ʤʦʥʦʛʨʘʬʠʠ, ʢʥʠʛʠ, ʫʯʝʙʥʠʮʠ); ʩʪʘʪʠʠ (ʧʫʙʣʠʢʫʚʘʥʠ ʥʘʫʯʥʠ ʠ ʦʙʟʦʨʥʠ ʩʪʘʪʠʠ), 

ʧʦʧʫʣʷʨʥʠ (ʧʫʙʣʠʢʫʚʘʥʠ ʥʘʫʯʥʦʧʦʧʫʣʷʨʥʠ ʠ/ʠʣʠ ʧʫʙʣʠʮʠʩʪʠʯʥʠ ʩʪʘʪʠʠ) ʠ ʧʘʪʝʥʪʠ (ʚ 

ʪ.ʯ. ʠ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ). ʉʪʘʪʠʠʪʝ ʚ ʨʝʬʝʨʠʨʘʥʠ ʠʟʜʘʥʠʷ (ʜʘʥʥʠ ʟʘ 2023 ʠ 2024 ʛ.) 

ʩʲʩʪʘʚʣʷʚʘʪ 60 % ʦʪ ʦʙʱʠʷ ʙʨʦʡ ʧʫʙʣʠʢʫʚʘʥʠ ʩʪʘʪʠʠ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʧʦʚʠʰʝʥʠʝ ʥʘ ʙʨʦʷ 

ʥʘ ʢʥʠʛʠʪʝ ʠ ʩʪʘʪʠʠʪʝ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 2023 ʛ. ʏʣʝʥʦʚʝʪʝ ʥʘ ʆɸʃʅ ʩʘ ʩ ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ 

ʩʪʘʪʠʠ ʚ ʨʝʬʝʨʠʨʘʥʠ ʠʟʜʘʥʠʷ (ʩʨʝʜʥʦ 5 ʩʪʘʪʠʠ/ʯʣʝʥ), ʘ ʆʀʅ ʝ ʪʨʘʜʠʮʠʦʥʥʦ ʩ ʥʘʡ-ʚʠʩʦʢ 

ʙʨʦʡ ʧʘʪʝʥʪʠ ʠ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ (48 ʦʪ ʦʙʱʦ 50). 

 

 

ʇʫʙʣʠʢʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ ʠ ʧʘʪʝʥʪʠ/ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ ʟʘ 2022 ï 2024 ʛ. 

 

ɼʨʫʛ ʩʲʱʝʩʪʚʝʥ ʠʥʜʠʢʘʪʦʨ ʚ ʜʝʡʥʦʩʪʪʘ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʝ ʫʯʘʩʪʠʝʪʦ ʚ 

ʥʘʫʯʥʠ ʬʦʨʫʤʠ ʩ ʣʝʢʮʠʠ ʧʦ ʧʦʢʘʥʘ; ʜʦʢʣʘʜʠ ʠ ʥʘʫʯʥʠ ʩʲʦʙʱʝʥʠʷ; ʫʯʘʩʪʠʷ ʚ ʧʨʦʛʨʘʤʥʠ 

ʠʣʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʠ ʢʦʤʠʪʝʪʠ; ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʨʲʢʦʚʦʜʩʪʚʦ ʥʘ ʩʝʢʮʠʠ ʠ ʩʝʩʠʠ. ʉ ʥʘʡ-

ʛʦʣʷʤ ʙʨʦʡ ʫʯʘʩʪʠʷ ʩʘ ʢʦʣʝʛʠʪʝ ʦʪ ʆʄʅ, ʩʨʝʜʥʦ 11 ʫʯʘʩʪʠʷ ʥʘ ʯʣʝʥ ʦʪ ʦʪʜʝʣʝʥʠʝʪʦ. 

ʇʦ ʧʦʢʘʟʘʪʝʣʷ ʨʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ, ʩʲʚʤʝʩʪʥʠ 

ʪʝʤʠ, ʧʨʦʝʢʪʠ ʩ ʜʲʨʞʘʚʥʠ, ʩʪʦʧʘʥʩʢʠ ʠ ʜʨʫʛʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʩʪʘʙʠʣʥʦ ʥʠʚʦ 

ʥʘ ʙʨʦʷ ʥʘ ʧʨʦʝʢʪʠʪʝ, ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʠʟʪʦʯʥʠʮʠ ʚ ɹʲʣʛʘʨʠʷ. ʆʪʙʝʣʷʟʚʘʪ ʩʝ ʧʦ-ʚʠʩʦʢʠ 

ʥʠʚʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʨʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʠ, ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʤʝʞʜʫʥʘʨʦʜʥʠ 

ʦʨʛʘʥʠʟʘʮʠʠ (ʦʩʥʦʚʥʦ ʧʦ ʧʨʦʛʨʘʤʠ ʥʘ ɽʉ). ʉ ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ ʫʯʘʩʪʠʷ ʚ ʧʨʦʝʢʪʠ ʩʘ 

ʦʪʥʦʚʦ ʢʦʣʝʛʠʪʝ ʦʪ ʆɸʃʅ ï ʩʨʝʜʥʦ 3 ʫʯʘʩʪʠʷ ʥʘ ʯʣʝʥ. 
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ʋʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ ʬʦʨʫʤʠ ʟʘ 2022 ï 2024 ʛ. 

 

ʈʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʚ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ ʟʘ 2022 ï 2024 ʛ. 

 

ʉʨʝʜ ʧʦʩʪʠʞʝʥʠʷʪʘ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʚ ʨʘʟʜʝʣʘ Ăʅʘʫʯʥʦ-ʧʨʠʣʦʞʥʘ ʜʝʡʥʦʩʪñ 

ʤʦʛʘʪ ʜʘ ʩʝ ʧʦʩʦʯʘʪ ʩʣʝʜʥʠʪʝ ʨʝʟʫʣʪʘʪʠ: ʩ ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ ʚʥʝʜʨʝʥʠ ʚʲʨʭʦʚʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠ ʤʘʪʝʨʠʘʣʠ ʠ ʥʦʚʠ ʤʝʪʦʜʠ ʟʘ ʣʝʯʝʥʠʝ ʩʘ ʢʦʣʝʛʠʪʝ ʦʪ ʆʄʅ, ʢʘʪʦ ʧʨʝʦʙʣʘʜʘʚʘʪ ʪʝʟʠ ʚ 

ʦʙʣʘʩʪʪʘ ʥʘ ʦʬʪʘʣʤʦʣʦʛʠʷʪʘ; ʢʘʢʪʦ ʠ ʢʦʣʝʛʠʪʝ ʦʪ ʆɸʃʅ, ʢʦʠʪʦ ʩʘ ʩ ʥʘʡ-ʚʠʩʦʢ ʙʨʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʥʘ ʥʘʫʯʥʠ ʧʨʦʜʫʢʪʠ. ɺ ʨʘʟʜʝʣʘ Ăʉʲʟʜʘʚʘʥʝ ʥʘ ʥʦʚʠ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ 
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ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷñ ʢʦʣʝʛʠ ʦʪ ʆʄʅ ʩʲʦʙʱʘʚʘʪ ʟʘ 7 ʥʦʚʠ ʣʘʙʦʨʘʪʦʨʠʠ ʠ 3 ʥʦʚʠ 

ʥʘʫʯʥʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʘ ʢʦʣʝʛʠʪʝ ʦʪ ʆʍʆʅ ʜʦʢʣʘʜʚʘʪ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ 24 ʥʦʚʠ 

ʣʘʙʦʨʘʪʦʨʠʠ, ʩʲʟʜʘʜʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʮʝʣʠʷ ʧʝʨʠʦʜ ʥʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʦʝʢʪʘ ʟʘ 

ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʎɺʇ Ăʅʘʩʣʝʜʩʪʚʦ ɹɻñ. 

ʊʘʙʣʠʮʘʪʘ ʦʙʦʙʱʘʚʘ ʦʪʟʚʫʢʘ ʦʪ ʥʘʫʯʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ, 

ʛʨʫʧʠʨʘʥʠ ʧʦ ʦʪʜʝʣʝʥʠʷ. 

ʆʪʟʚʫʢ ʦʪ ʥʘʫʯʥʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʧʦ ʦʪʜʝʣʝʥʠʷ 

 ʆʪʜʝʣʝʥʠʝ ʆʇʄʅ ʆʀʅ ʆɹʅ ʆʄ

ʅ 

ʆɸʃʅ ʆʍʆʅ ʆʀʀ 

ʎʠʪʠʨʘʥʠʷ 

ʟʘ 2024 ʛ. 

11 488 7890 4625 8676 1995 177* 504* 

 

ʎʠʪʠʨʘʥʠʷʪʘ ʥʘ ʢʦʣʝʛʠʪʝ ʦʪ ʆʍʆʅ ʠ ʆʀʀ (ʦʪʙʝʣʷʟʘʥʠ ʩʲʩ *) ʦʪʨʘʟʷʚʘʪ ʩʲʱʦ ʠ ʦʪʟʚʫʮʠ 

ʚ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʠʟʜʘʥʠʷ ʟʘ ʢʫʣʪʫʨʘ ʠ ʠʟʢʫʩʪʚʦ, ʚ ʪ.ʯ. ʝʣʝʢʪʨʦʥʥʠ. ʉ ʥʘʡ-ʚʠʩʦʢʠ 

ʠʥʜʠʚʠʜʫʘʣʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʘʢʘʜ. ʂʨʘʩʠʤʠʨ ɸʪʘʥʘʩʦʚ (ʥʘʜ 3000 ʮʠʪʠʨʘʥʠʷ) ʠ ʯʣ.-ʢʦʨ. 

ʉʪʦʡʯʦ ʗʟʘʜʞʠʝʚ (1200 ʮʠʪʠʨʘʥʠʷ). ɸʢʘʜ. ʂʦʥʩʪʘʥʪʠʥ ʍʘʜʞʠʠʚʘʥʦʚ ʝ ʩ ʥʘʡ-ʚʠʩʦʢ H-

ʠʥʜʝʢʩ (58). 

ʊʨʘʜʠʮʠʦʥʥʦ ʦʪʙʝʣʷʟʚʘʤʝ ʠ ʧʨʠʩʲʩʪʚʠʝʪʦ ʥʘ ʯʣʝʥʦʚʝ ʥʘ ʉɸʏʂ ʚ ʪʦʧ 2 % ʥʘ ʥʘʡ-

ʮʠʪʠʨʘʥʠʪʝ ʫʯʝʥʠ ʩʲʛʣʘʩʥʦ ʪ.ʥʘʨ. ʉʪʘʥʬʦʨʜʩʢʘ ʢʣʘʩʘʮʠʷ. ɿʘ 2024 ʛ. ʙʨʦʷʪ ʫʯʝʥʠ ʚ ʪʦʧ 2 

% ʥʘʜʭʚʲʨʣʷ 217 000 (https://elsevier.digitalcommonsdata.com/datasets/btchxktzyw/7) ʠ ʚ 

ʥʝʷ ʬʠʛʫʨʠʨʘʪ ʠʤʝʥʘʪʘ ʥʘ 13 ʢʦʣʝʛʠ ʦʪ ʉɸʏʂ, ʢʘʢʪʦ ʩʣʝʜʚʘ, ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩʲʩ 

ʟʘʝʤʘʥʘʪʘ ʧʦʟʠʮʠʷ: 1. ʘʢʘʜ. ʂʨʘʩʠʤʠʨ ɸʪʘʥʘʩʦʚ; 2. ʘʢʘʜ. ʂʦʥʩʪʘʥʪʠʥ ʍʘʜʞʠʠʚʘʥʦʚ; 3. 

ʘʢʘʜ. ɺʘʩʷ ɹʘʥʢʦʚʘ; 4. ʘʢʘʜ. ʅʠʢʦʣʘʡ ɼʝʥʢʦʚ; 5. ʯʣ.-ʢʦʨ. ɼʠʤʦ ʂʘʰʯʠʝʚ; 6. ʘʢʘʜ. ʅʠʢʦʣʘʡ 

ɺʠʪʘʥʦʚ; 7. ʯʣ.-ʢʦʨ. ʉʪʦʡʯʦ ʗʟʘʜʞʠʝʚ; 8. ʯʣ.-ʢʦʨ. ʂʨʘʩʠʤʠʨ  ɼʘʥʦʚ; 9. ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ 

ɺʘʡʩʠʣʦʚ; 10. ʯʣ.-ʢʦʨ. ɺʠʦʣʝʪʘ ɺʝʣʠʢʦʚʘ; 11. ʘʢʘʜ. ɹʦʨʠʩ ʊʝʥʯʦʚ; 12. ʯʣ.-ʢʦʨ. ɸʣʙʝʨʪ 

ʂʨʲʩʪʘʥʦʚ; 13. ʘʢʘʜ. ɸʪʘʥʘʩ ʇʘʚʣʦʚ. ʉʨʝʜ ʥʦʚʠʪʝ ʠʤʝʥʘ ʩʘ ʥʦʚʦʧʨʠʝʪʠʪʝ ʯʣʝʥ-

ʢʦʨʝʩʧʦʥʜʝʥʪʠ ɻʝʦʨʛʠ ɺʘʡʩʠʣʦʚ ʠ ɺʠʦʣʝʪʘ ɺʝʣʠʢʦʚʘ. 

ʅʘ ʩʣʝʜʚʘʱʘʪʘ ʬʠʛʫʨʘ ʩʘ ʦʙʝʜʠʥʝʥʠ ʜʘʥʥʠʪʝ ʟʘ ʧʝʜʘʛʦʛʠʯʝʩʢʘʪʘ ʜʝʡʥʦʩʪ ʟʘ 

ʧʦʩʣʝʜʥʠʪʝ 2 ʛʦʜʠʥʠ. ʇʦʨʘʜʠ ʧʨʦʤʷʥʘ ʚ ʤʝʪʨʠʢʘʪʘ ʥʘ ʦʪʯʠʪʘʥʠʪʝ ʣʝʢʮʠʠ ʠ ʣʝʢʮʠʦʥʥʠ 

ʢʫʨʩʦʚʝ (ʦʪ ʙʨʦʡ ʢʲʤ ʯʘʩʦʚʝ) ʦʪ 2023 ʛ. ʥʘʩʘʤ ʛʨʘʬʠʢʘʪʘ ʟʘ ʪʷʭ ʝ ʦʬʦʨʤʝʥʘ 

ʩʘʤʦʩʪʦʷʪʝʣʥʦ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʥʘʨʘʩʪʚʘʥʝ ʧʦ ʚʩʠʯʢʠ ʧʦʢʘʟʘʪʝʣʠ. ʇʦʣʦʞʠʪʝʣʥʘ 

ʪʝʥʜʝʥʮʠʷ ʝ ʫʚʝʣʠʯʝʥʠʷʪ ʩ 9 % ʙʨʦʡ ʜʦʢʪʦʨʘʥʪʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 2023 ʛ. ʉ ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ 

ʜʦʢʪʦʨʘʥʪʠ ʩʘ ʢʦʣʝʛʠʪʝ ʦʪ ʆʄʅ (ʦʙʱʦ 44), ʢʘʪʦ ʯʣ.-ʢʦʨ. ʍʨʠʩʪʠʥʘ ɻʨʫʧʯʝʚʘ ʨʲʢʦʚʦʜʠ 9 

ʜʦʢʪʦʨʘʥʪʠ. ʅʘ ʩʲʱʘʪʘ ʛʨʘʬʠʢʘ ʩʘ ʦʙʦʙʱʝʥʠ ʠ ʜʘʥʥʠʪʝ ʧʦ ʧʦʢʘʟʘʪʝʣʷ Ăʉʝʤʠʥʘʨʠ, 

ʣʝʢʪʦʨʩʢʘ ʜʝʡʥʦʩʪ, ʧʫʙʣʠʯʥʠ ʣʝʢʮʠʠñ. ʏʣ.-ʢʦʨ. ʀʚʦ ʇʝʪʨʦʚ ʦʪ ʆʄʅ ʝ ʩ ʥʘʡ-ʚʠʩʦʢ ʙʨʦʡ 

ʠʥʪʝʨʚʶʪʘ ʧʨʝʟ 2024 ʛ. ï ʦʙʱʦ 100. 

 

https://elsevier.digitalcommonsdata.com/datasets/btchxktzyw/7
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ʇʝʜʘʛʦʛʠʯʝʩʢʘ ʠ ʧʦʧʫʣʷʨʠʟʘʪʦʨʩʢʘ ʜʝʡʥʦʩʪ ʟʘ 2023 ï 2024 ʛ. 

 

ʀ ʧʨʝʟ 2024 ʛ. ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʧʨʦʜʲʣʞʠʭʘ ʘʢʪʠʚʥʦ ʜʘ ʨʘʙʦʪʷʪ ʚ 

ʦʙʱʦʘʢʘʜʝʤʠʯʥʠ ʠʟʜʘʥʠʷ ʯʨʝʟ ʨʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʚ ʪʝʭʥʠʪʝ ʨʝʜʘʢʮʠʦʥʥʠʪʝ ʩʲʚʝʪʠ ʠ 

ʢʦʣʝʛʠʠ. ʇʨʝʟ 2024 ʛ. ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦ-ʚʠʩʦʢ ʙʨʦʡ ʨʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʟʘ ʩʪʨʘʥʘʪʘ. 

 

 

ʈʲʢʦʚʦʜʩʪʚʘ ʠ ʫʯʘʩʪʠʷ ʚ ʨʝʜʘʢʮʠʦʥʥʠ ʢʦʣʝʛʠʠ ʥʘ ʧʝʨʠʦʜʠʯʥʠ ʠʟʜʘʥʠʷ ʚ ɹʲʣʛʘʨʠʷ ʠ 

ʯʫʞʙʠʥʘ ʟʘ 2022 ï 2024 ʛ. 

ʉʣʝʜʚʘʱʘʪʘ ʬʠʛʫʨʘ ʠʣʶʩʪʨʠʨʘ ʨʝʟʫʣʪʘʪʠʪʝ ʧʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ 

ʩʲʚʝʪʠ, ʢʦʤʠʩʠʠ, ʝʢʩʧʝʨʪʥʠ ʩʲʚʝʪʠ ʠ ʞʫʨʠʪʘ ʧʦ ɿʈɸʉ. ʆʪʯʠʪʘ ʩʝ ʥʘʨʘʩʪʚʘʥʝ ʥʘ 

ʫʯʘʩʪʠʷʪʘ ʚ ʞʫʨʠʪʘ ʧʦ ɿʈɸʉ, ʢʘʪʦ ʆʀʅ ʠ ʆʄʅ ʩʘ ʩ ʥʘʡ-ʚʠʩʦʢ ʙʨʦʡ, ʩʲʦʪʚʝʪʥʦ 80 ʠ 48. 
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ʋʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ ʩʲʚʝʪʠ, ʢʦʤʠʩʠʠ, ʝʢʩʧʝʨʪʥʠ ʩʲʚʝʪʠ ʠ ʞʫʨʠʪʘ ʧʦ ɿʈɸʉ 

 ʟʘ 2022 ï 2024 ʛ. 

ʇʨʝʟ 2024 ʛ. ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʦʪʯʠʪʘʪ ʟʘʩʠʣʝʥʘ ʨʝʮʝʥʟʝʥʪʩʢʘ ʜʝʡʥʦʩʪ (ʚ ʪ.ʯ. 

ʨʝʮʝʥʟʠʠ ʥʘ ʤʦʥʦʛʨʘʬʠʠ, ʫʯʝʙʥʠʮʠ, ʥʘʫʯʥʠ ʩʪʘʪʠʠ, ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʧʨʦʝʢʪʠ, ʨʝʮʝʥʟʠʠ 

ʠ ʩʪʘʥʦʚʠʱʘ ʧʦ ɿʈɸʉ) ʠ ʧʦ-ʩʣʘʙʘ ʢʦʥʩʫʣʪʘʥʪʩʢʘ ʠ ʝʢʩʧʝʨʪʥʘ ʜʝʡʥʦʩʪ ʟʘ ʩʪʦʧʘʥʩʢʠ, 

ʜʲʨʞʘʚʥʠ ʠ ʜʨʫʛʠ ʦʨʛʘʥʠʟʘʮʠʠ.  

 

ʈʝʮʝʥʟʠʠ, ʢʦʥʩʫʣʪʘʥʪʩʢʘ ʠ ʝʢʩʧʝʨʪʥʘ ʜʝʡʥʦʩʪ ʟʘ 2022 ï 2024 ʛ. 

 

ʇʦ ʧʦʢʘʟʘʪʝʣʷ ʟʘ ʨʲʢʦʚʦʜʩʪʚʘ ʥʘ ʥʘʮʠʦʥʘʣʥʠ ʥʘʫʯʥʠ ʟʚʝʥʘ ʠ ʫʯʘʩʪʠʷ ʚ ʦʨʛʘʥʠ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ, ʢʘʢʪʦ ʠ ʯʣʝʥʩʪʚʦ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʥʘʨʘʩʪʚʘʥʝ ʠ 

ʧʦ ʜʚʘʪʘ ʠʥʜʠʢʘʪʦʨʘ. ʉʣʝʜʚʘ ʜʘ ʩʝ ʦʪʙʝʣʝʞʠ, ʯʝ ʯʣʝʥʦʚʝ ʥʘ ʉɸʏʂ ʟʘʝʤʘʪ ʚʠʩʦʢʠ ʧʦʟʠʮʠʠ 
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ʚ ʜʲʨʞʘʚʥʠ, ʧʨʘʚʠʪʝʣʩʪʚʝʥʠ, ʘʢʘʜʝʤʠʯʥʠ, ʟʜʨʘʚʥʠ, ʢʫʣʪʫʨʥʠ ʠ ʜʨʫʛʠ ʠʥʩʪʠʪʫʮʠʠ. 

ʆʩʦʙʝʥʦ ʠʟʨʘʟʝʥʦ ʝ ʥʘʨʘʩʪʚʘʥʝʪʦ ʧʨʠ ʯʣʝʥʩʪʚʘʪʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ. ʆʄʅ ʝ 

ʩ ʥʘʡ-ʚʠʩʦʢ ʙʨʦʡ ʯʣʝʥʦʚʝ, ʟʘʝʤʘʱʠ ʨʲʢʦʚʦʜʥʠ ʧʦʟʠʮʠʠ (77) ʠ ʯʣʝʥʩʪʚʘ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ 

ʦʨʛʘʥʠʟʘʮʠʠ (121).  

 

ʈʲʢʦʚʦʜʩʪʚʘ ʥʘ ʥʘʫʯʥʠ ʟʚʝʥʘ, ʫʯʘʩʪʠʷ ʚ ʦʨʛʘʥʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʠ ʯʣʝʥʩʪʚʘ 

 ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘ 2022 ï 2024 ʛ. 

ʆʙʦʙʱʘʚʘʡʢʠ ʥʘʫʢʦʤʝʪʨʠʯʥʠʪʝ ʧʦʢʘʟʘʪʝʣʠ, ʤʦʞʝ ʜʘ ʩʝ ʠʟʚʝʜʝ ʩʣʝʜʥʘʪʘ 

ʩʨʝʜʥʦʩʪʘʪʠʩʪʠʯʝʩʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʯʣʝʥ ʥʘ ʉɸʏʂ ʟʘ 2024 ʛ.: 5 ʧʫʙʣʠʢʘʮʠʠ; 3 

ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ ʬʦʨʫʤʠ; ʨʲʢʦʚʦʜʩʪʚʦ ʠ/ʠʣʠ ʫʯʘʩʪʠʝ ʚ 2 ʧʨʦʝʢʪʘ; ʨʲʢʦʚʦʜʩʪʚʦ ʥʘ 1 

ʜʦʢʪʦʨʘʥʪ; 4 ʫʯʘʩʪʠʷ ʚ ʨʝʜʢʦʣʝʛʠʠ; 4 ʫʯʘʩʪʠʷ ʚ ʥʘʫʯʥʠ ʠ ʝʢʩʧʝʨʪʥʠ ʩʲʚʝʪʠ, ʢʦʤʠʩʠʠ ʠ 

ʞʫʨʠʪʘ ʧʦ ɿʈɸʉ; ʘʚʪʦʨʩʪʚʦ ʥʘ 12 ʨʝʮʝʥʟʠʠ ʠ ʝʢʩʧʝʨʪʠʟʠ; 2 ʫʯʘʩʪʠʷ ʚ ʦʨʛʘʥʠ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ɹʲʣʛʘʨʠʷ; 1,5 ʫʯʘʩʪʠʷ ʚ ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʥʘʜ 250 ʮʠʪʠʨʘʥʠʷ 

ʛʦʜʠʰʥʦ. ʂʘʪʦ ʮʷʣʦ ʤʦʞʝ ʜʘ ʩʝ ʦʙʦʙʱʠ, ʯʝ ʥʠʚʘʪʘ ʥʘ ʧʫʙʣʠʢʘʮʠʦʥʥʘ, ʧʨʦʝʢʪʥʘ, 

ʝʢʩʧʝʨʪʥʘ, ʧʝʜʘʛʦʛʠʯʝʩʢʘ ʠ ʧʦʧʫʣʷʨʠʟʘʪʦʨʩʢʘ ʜʝʡʥʦʩʪ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉɸʏʂ ʩʘ ʚʠʩʦʢʠ 

ʧʨʝʟ ʛʦʜʠʥʠʪʝ. 

ʅʘʡ-ʟʥʘʯʠʤʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪ ʪʚʦʨʯʝʩʢʘʪʘ ʜʝʡʥʦʩʪ ʥʘ ʯʣʝʥʦʚʝʪʝ ʥʘ ʆʀʀ ʧʨʝʟ 2024 

ʛ. ʩʘ:  

¶ ʅʦʚʠ ʘʚʪʦʨʩʢʠ ʢʥʠʛʠ: ʘʢʘʜ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ (3), ʘʢʘʜ. ɺʣʘʜʠʤʠʨ ɿʘʨʝʚ (1), ʘʢʘʜ. 

ʇʣʘʤʝʥ ʂʘʨʪʘʣʦʚ (1) ʠ ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ (1);  

¶ ʂʥʠʛʠ ï ʧʨʝʠʟʜʘʜʝʥʠ, ʧʨʝʚʝʜʝʥʠ ʠ ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʯʫʞʙʠʥʘ: ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ 

ɻʦʩʧʦʜʠʥʦʚ (14); ʘʢʘʜ. ɺʣʘʜʠʤʠʨ ɿʘʨʝʚ (1 ʪʨʠʣʦʛʠʷ);  

¶ ʇʫʙʣʠʢʫʚʘʥʠ ʢʨʘʪʢʠ ʣʠʪʝʨʘʪʫʨʥʠ ʪʝʢʩʪʦʚʝ (ʥʘʜ 120): ʘʢʘʜ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ, ʘʢʘʜ. 

ɺʣʘʜʠʤʠʨ ɿʘʨʝʚ, ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ, ʯʣ.-ʢʦʨ. ʊʝʦʜʦʨʘ ɼʠʤʦʚʘ;  

¶ ʈʝʜʘʢʮʠʠ ʠ ʩʲʩʪʘʚʠʪʝʣʩʪʚʘ ʥʘ ʭʫʜʦʞʝʩʪʚʝʥʘ ʣʠʪʝʨʘʪʫʨʘ: 80 ʢʥʠʛʠ ʦʪ ʘʢʘʜ. ʀʚʘʥ 

ɻʨʘʥʠʪʩʢʠ. 

¶ ʉʲʟʜʘʜʝʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ (ʧʣʘʩʪʠʢʠ, ʩʢʫʣʧʪʫʨʠ, ʞʠʚʦʧʠʩ): ʘʢʘʜ. ʂʨʫʤ ɼʘʤʷʥʦʚ, ʯʣ.-

ʢʦʨ. ɾʠʚʢʘ ʄʘʨʠʥʦʚʘ; ʠʟʣʦʞʙʠ: ʘʢʘʜ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ, ʘʢʘʜ. ʂʨʫʤ ɼʘʤʷʥʦʚ, ʯʣ.-ʢʦʨ. 

ɾʠʚʢʘ ʄʘʨʠʥʦʚʘ; ʯʣ.-ʢʦʨ. ʄʠʨʦʩʣʘʚ ɼʘʯʝʚ ʠ ʯʣ.-ʢʦʨ. ʄʠʣʘ ʉʘʥʪʦʚʘ.  
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¶ ɸʚʪʦʨʩʢʠ ʤʫʟʠʢʘʣʥʠ ʧʨʦʠʟʚʝʜʝʥʠʷ: ʘʢʘʜ. ɺʘʩʠʣ ʂʘʟʘʥʜʞʠʝʚ (14), ʘʢʘʜ. ɻʝʦʨʛʠ 

ʄʠʥʯʝʚ (1). 

¶ ʂʠʥʦ- ʠ ʪʝʣʝʚʠʟʠʦʥʥʠ ʬʠʣʤʠ: ʘʢʘʜ. ʀʚʘʥ ɻʨʘʥʠʪʩʢʠ (4 ʜʦʢʫʤʝʥʪʘʣʥʠ ʬʠʣʤʘ); ʯʣ.-

ʢʦʨ. ʊʝʦʜʦʨʘ ɼʠʤʦʚʘ (ʩʮʝʥʘʨʠʩʪ ʥʘ 6-ʩʝʨʠʝʥ ʬʠʣʤ).  

¶ ʊʝʘʪʨʘʣʥʠ ʠ ʦʧʝʨʥʠ ʧʦʩʪʘʥʦʚʢʠ (ʦʙʱʦ 25): ʘʢʘʜ. ɺʘʩʠʣ ʂʘʟʘʥʜʞʠʝʚ (17), ʘʢʘʜ. 

ʇʣʘʤʝʥ ʂʘʨʪʘʣʦʚ (ʥʦʚ ʨʝʞʠʩʴʦʨʩʢʠ ʧʨʦʯʠʪ ʥʘ ʦʧʝʨʠ ʥʘ ʈʠʭʘʨʜ ɺʘʛʥʝʨ), ʘʢʘʜ. 

ɻʝʦʨʛʠ ʄʠʥʯʝʚ (ʶʙʠʣʝʝʥ ʢʦʥʮʝʨʪ), ʯʣ.-ʢʦʨ. ʇʣʘʤʝʥ ʄʘʨʢʦʚ (3 ʧʦʩʪʘʥʦʚʢʠ). 

 

  
 

ʇʨʝʠʟʜʘʜʝʥʠ, 

ʧʨʝʚʝʜʝʥʠ ʠ 

ʧʫʙʣʠʢʫʚʘʥʠ ʚ 

ʯʫʞʙʠʥʘ ʢʥʠʛʠ ʥʘ ʯʣ.-

ʢʦʨ. ɻʝʦʨʛʠ 

ɻʦʩʧʦʜʠʥʦʚ ʟʘ 2024 ʛ. 

ʉʧ. Ăʇʲʪñ, 

ʧʦʩʚʝʪʝʥʦ ʥʘ ʘʢʘʜ. 

ʂʨʫʤ ɼʘʤʷʥʦʚ, ʩ 

ʥʝʛʦʚʘ ʩʢʫʣʧʪʫʨʘ ʥʘ 

ʢʦʨʠʮʘʪʘ 

ʉʥʠʤʢʘ ʦʪ ʠʟʣʦʞʙʘʪʘ ʥʘ ʯʣ.-ʢʦʨ. ʄ. 

ɼʘʯʝʚ ʚʲʚ ɺʘʪʠʢʘʥʘ, ʧʨʦʚʝʜʝʥʘ ʧʦʜ 

ʧʘʪʨʦʥʘʞʘ ʥʘ ʧʨʝʟʠʜʝʥʪʘ ʥʘ 

ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ  

 

ʇʨʝʟ 2024 ʛ. ʩʲʛʣʘʩʥʦ ʈʝʛʠʩʪʲʨʘ ʥʘ ʜʘʨʝʥʠʷʪʘ, ʧʫʙʣʠʯʥʦ ʜʦʩʪʲʧʝʥ ʥʘ ʩʘʡʪʘ ʥʘ 

ɹɸʅ, ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ 37 ʜʘʨʠʪʝʣʩʢʠ ʘʢʪʘ ʦʪ ʘʢʘʜʝʤʠʮʠ ʠ ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠ. ʉʨʝʜ 

ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʠʤʘ ʠ ʜʘʨʝʥʠʝ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʠʟʢʫʩʪʚʦʪʦ, ʢʘʢʪʦ ʠ ʢʥʠʛʠ ʠ 

ʭʫʜʦʞʝʩʪʚʝʥʘ ʣʠʪʝʨʘʪʫʨʘ ʠʟʚʲʥ ʈʝʛʠʩʪʲʨʘ. ʀʤʘ ʠ ʜʘʨʝʥʠʷ ʟʘ ʠʟʜʘʪʝʣʩʢʘ ʜʝʡʥʦʩʪ, 

ʥʘʛʨʘʜʠ, ʯʣʝʥʩʢʠ ʚʥʦʩ ʚ ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʜʨ., ʢʘʢʪʦ ʠ ʟʘ ʧʘʤʝʪʥʠʢʘ ʥʘ ʘʢʘʜ. 

ɹʣʘʛʦʚʝʩʪ ʉʝʥʜʦʚ, ʠʟʜʠʛʥʘʪ ʚ ʧʘʨʢʦʚʦʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʨʝʜ ʌʘʢʫʣʪʝʪʘ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ 

ʠʥʬʦʨʤʘʪʠʢʘ ʥʘ ʉʦʬʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ. 

ɼʝʡʥʦʩʪʪʘ ʥʘ ʋʯʠ ï ɹɸʅ ʪʨʘʜʠʮʠʦʥʥʦ ʩʝ 

ʦʪʙʝʣʷʟʚʘ ʚ ʦʪʯʝʪʘ ʥʘ ʉɸʏʂ, ʪʲʡ ʢʘʪʦ ʚ ʥʝʛʦʚʘʪʘ 

ʨʘʙʦʪʘ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʘʪ ʢʘʪʦ ʨʝʮʝʥʟʝʥʪʠ, 

ʧʨʝʜʩʝʜʘʪʝʣʠ ʠ ʯʣʝʥʦʚʝ ʥʘ ʞʫʨʠʪʘ, ʘ ʩʲʱʦ ʠ ʢʘʪʦ 

ʜʘʨʠʪʝʣʠ ʨʝʜʠʮʘ ʯʣʝʥʦʚʝ ʥʘ ʉʲʙʨʘʥʠʝʪʦ. ʋʯʀ ï 

ɹɸʅ ʝ ʩʲʟʜʘʜʝʥ ʧʦ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ʘʢʘʜ. ʇʝʪʲʨ 

ʂʝʥʜʝʨʦʚ, ʢʦʡʪʦ ʝ ʠ ʥʝʛʦʚ ʥʘʫʯʝʥ ʨʲʢʦʚʦʜʠʪʝʣ 

(https://uchiban.eu/). ɿʘ ʧʲʨʚʠ ʧʲʪ ʚ ʜʝʡʥʦʩʪʪʘ ʤʫ 

ʩʝ ʚʢʣʶʯʠ ʢʘʪʦ ʠʥʩʪʠʪʫʮʠʷ ʠ ʍʫʤʙʦʣʪʦʚʠʷʪ 

ʩʲʶʟ ʚ ɹʲʣʛʘʨʠʷ. ɺ ʢʨʘʷ ʥʘ  ʥʦʝʤʚʨʠ ʙʝʰʝ ʧʨʦʚʝʜʝʥʘ 11-ʘʪʘ ʫʯʝʥʠʯʝʩʢʘ ʥʘʫʯʥʘ ʩʝʩʠʷ. 

ʋʯʀ ï ɹɸʅ ʩʝ ʷʚʷʚʘ ʠ ʧʣʘʪʬʦʨʤʘ ʟʘ ʙʲʜʝʱʠ ʫʯʘʩʪʠʷ ʥʘ ʙʲʣʛʘʨʩʢʠ ʫʯʝʥʠʮʠ ʚ ʧʨʝʩʪʠʞʥʠ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʢʫʨʩʠ. 

ʇʨʝʟ ʛʦʜʠʥʘʪʘ ʯʣʝʥʦʚʝ ʥʘ ʉɸʏʂ ʩʘ ʧʦʣʫʯʠʣʠ 49 ʥʘʛʨʘʜʠ ʠ ʧʨʠʟʥʘʥʠʷ, ʩʨʝʜ ʢʦʠʪʦ 

ʜʲʨʞʘʚʥʠ ʠ ʧʨʘʚʠʪʝʣʩʪʚʝʥʠ, ʥʘʛʨʘʜʠ ʥʘ ɹɸʅ, ʧʨʦʬʝʩʠʦʥʘʣʥʠ ʥʘʛʨʘʜʠ ʦʪ ʥʘʮʠʦʥʘʣʥʠ ʠ 

https://uchiban.eu/
https://uchiban.eu/
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ʤʝʞʜʫʥʘʨʦʜʥʠ ʦʨʛʘʥʠʟʘʮʠʠ; ʛʨʘʤʦʪʠ ʠ ʧʣʘʢʝʪʠ; Ăʜʦʢʪʦʨ ʭʦʥʦʨʠʩ ʢʘʫʟʘñ ʠ ʧʦʯʝʪʥʠ 

ʛʨʘʤʦʪʠ ʥʘ ʫʥʠʚʝʨʩʠʪʝʪʠ; ʧʦʯʝʪʥʠ ʟʥʘʮʠ ʠ ʧʦʯʝʪʥʠ ʛʨʘʞʜʘʥʠ  ʥʘ ʛʨʘʜʦʚʝ ʚ ʩʪʨʘʥʘʪʘ ʠ ʜʨ. 

ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʥʘʛʨʘʜʠʪʝ ʧʦ ʦʪʜʝʣʝʥʠʷ ʝ, ʢʘʢʪʦ ʩʣʝʜʚʘ: ʆʇʄʅ ï 9; ʆʀʅ ï 10; ʆɹʅ 

ï 3; ʆʄʅ ï 6; ʆɸʃʅ ï 3; ʆʍʆʅ ï 3; ʆʀʀ ï 15. ʈʝʜʠʮʘ ʯʣʝʥʦʚʝ ʥʘ ʆʀʀ ʙʷʭʘ ʦʪʣʠʯʝʥʠ 

ʟʘ ʪʝʭʥʠʪʝ ʟʘʩʣʫʛʠ: ʤʝʜʘʣ Ăɿʣʘʪʝʥ ʚʝʢñ ʦʛʲʨʣʠʝ ʥʘ ʄʠʥʠʩʪʝʨʩʪʚʦʪʦ ʥʘ ʢʫʣʪʫʨʘʪʘ 

ʧʦʣʫʯʠʭʘ ʘʢʘʜ. ɺʘʩʠʣ ʂʘʟʘʥʜʞʠʝʚ ʠ ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ. ʅʘʛʨʘʜʘʪʘ Ăɿʣʘʪʥʦ 

ʧʝʪʦʣʠʥʠʝñ ʥʘ ʉʲʶʟʘ ʥʘ ʙʲʣʛʘʨʩʢʠʪʝ ʢʦʤʧʦʟʠʪʦʨʠ ʙʝʰʝ ʚʨʲʯʝʥʘ ʥʘ ʘʢʘʜ. ɺʘʩʠʣ 

ʂʘʟʘʥʜʞʠʝʚ. ɸʢʘʜ. ʇʣʘʤʝʥ ʂʘʨʪʘʣʦʚ ʧʦʣʫʯʠ ʥʘʛʨʘʜʠʪʝ Ăɿʣʘʪʥʦ ʧʝʨʦñ ʠ ʇʦʯʝʪʥʠʷ ʟʥʘʢ 

Ăʉʪʝʬʘʥ ʉʪʘʤʙʦʣʦʚñ ʟʘ ʣʠʜʝʨʩʢʠ ʧʨʠʥʦʩ ʚ ʜʫʭʦʚʥʦʩʪʪʘ, ʘ ʘʢʘʜ. ʃʶʜʤʠʣ ʉʪʘʡʢʦʚ ʙʝʰʝ 

ʥʘʛʨʘʜʝʥ ʦʪ ʨʝʢʪʦʨʘ ʥʘ ʅɸʊʌʀɿ ʟʘ ʮʷʣʦʩʪʥʦ ʪʚʦʨʯʝʩʪʚʦ ʠ ʫʢʨʝʧʚʘʥʝ ʥʘ ʚʨʲʟʢʠʪʝ ʩ ɹɸʅ. 

ʉ ʥʘʡ-ʛʦʣʷʤ ʙʨʦʡ ʥʘʛʨʘʜʠ ʙʝʰʝ ʫʜʦʩʪʦʝʥ ʯʣ.-ʢʦʨ. ɻʝʦʨʛʠ ɻʦʩʧʦʜʠʥʦʚ. ʈʦʤʘʥʲʪ ʤʫ 

Ăɺʨʝʤʝʫʙʝʞʠʱʝñ ʙʝʰʝ ʚʢʣʶʯʝʥ ʚ ʩʧʠʩʲʢʘ ʥʘ 100-ʪʝ ʥʘʡ-ʜʦʙʨʠ ʢʥʠʛʠ ʥʘ ʥʦʚʠʷ ʚʝʢ ʚ 

ʢʣʘʩʘʮʠʷʪʘ ʥʘ ʚʝʩʪʥʠʢ Ăʅʦʡʝ ʎʶʨʠʭʝʨ ʎʘʡʪʫʥʛñ. 

ʎʷʣʦʩʪʥʘʪʘ ʜʝʡʥʦʩʪ, ʠʟʚʲʨʰʝʥʘ ʦʪ ʯʣʝʥʦʚʝʪʝ ʥʘ ʉʲʙʨʘʥʠʝʪʦ ʥʘ ʘʢʘʜʝʤʠʮʠʪʝ ʠ 

ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʠʪʝ ʧʨʝʟ 2024 ʛ., ʩʚʠʜʝʪʝʣʩʪʚʘ ʟʘ ʚʠʩʦʢʦʪʦ ʥʠʚʦ ʥʘ ʥʝʛʦʚʠʪʝ ʯʣʝʥʦʚʝ, 

ʟʘ ʜʦʩʪʦʡʥʦʪʦ ʤʷʩʪʦ, ʢʦʝʪʦ ʪʝ ʟʘʝʤʘʪ ʚ ʙʲʣʛʘʨʩʢʘʪʘ ʠ ʩʚʝʪʦʚʥʘʪʘ ʥʘʫʯʥʘ ʠ ʢʫʣʪʫʨʥʘ 

ʦʙʱʥʦʩʪ, ʠ ʧʦʢʘʟʚʘ ʪʝʭʥʠʷ ʢʘʧʘʮʠʪʝʪ ʜʘ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʧʨʦʩʧʝʨʠʪʝʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʠ 

ʥʘʨʦʜʘ ʥʠ.  

 

3. ɹɸʅ ï ʚʦʜʝʱ ʥʘʫʯʝʥ ʮʝʥʪʲʨ 

 

3.1. ʀʟʧʲʣʥʝʥʠʝ ʥʘ ʅʘʮʠʦʥʘʣʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 

ʚ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ 2017 ï 2030 ʛ. 

 

ʇʨʝʟ 2024 ʛ. ʥʘʫʯʥʠʪʝ ʟʚʝʥʘ ʥʘ ɹɸʅ ʘʢʪʠʚʥʦ ʩʝ ʚʢʣʶʯʠʭʘ ʚ ʧʦʜʛʦʪʦʚʢʘʪʘ ʥʘ 

ʧʨʦʝʢʪʥʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʙʷʚʝʥʘʪʘ ʧʨʦʮʝʜʫʨʘ ʦʪ ʀʟʧʲʣʥʠʪʝʣʥʘʪʘ ʘʛʝʥʮʠʷ Ăʇʨʦʛʨʘʤʘ 

ʟʘ ʦʙʨʘʟʦʚʘʥʠʝñ ʚ ʢʘʯʝʩʪʚʦʪʦ ʩʠ ʥʘ ʤʝʞʜʠʥʥʦ ʟʚʝʥʦ ʧʦ ʇʨʦʛʨʘʤʘ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, 

ʠʥʦʚʘʮʠʠ ʠ ʜʠʛʠʪʘʣʠʟʘʮʠʷ ʟʘ ʠʥʪʝʣʠʛʝʥʪʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷñ 2021 ï 2027 ʛ. (ʇʅʀʀɼʀʊ) 

ʟʘ ʜʠʨʝʢʪʥʦ ʧʨʝʜʦʩʪʘʚʷʥʝ ʥʘ ʙʝʟʚʲʟʤʝʟʜʥʘ ʬʠʥʘʥʩʦʚʘ ʧʦʤʦʱ ʧʦ ʧʨʦʮʝʜʫʨʘ 

BG16RFPR002-1.014 Ăʋʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʥʘ ʎʝʥʪʨʦʚʝ ʟʘ ʚʲʨʭʦʚʠ ʧʦʩʪʠʞʝʥʠʷ ʠ 

ʎʝʥʪʨʦʚʝ ʟʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʚ ʨʘʤʢʠʪʝ ʥʘ ʧʨʠʦʨʠʪʝʪʥʦ ʥʘʧʨʘʚʣʝʥʠʝ 1 Ăʋʩʪʦʡʯʠʚʦ 

ʨʘʟʚʠʪʠʝ ʥʘ ʥʘʮʠʦʥʘʣʥʠʷ ʢʘʧʘʮʠʪʝʪ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʦʚʘʮʠʠñ ʧʦ ʇʨʠʦʨʠʪʝʪ 1 

Ăʋʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝ ʥʘ ʙʲʣʛʘʨʩʢʘʪʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʠʥʦʚʘʮʠʦʥʥʘ 

ʝʢʦʩʠʩʪʝʤʘñ ʥʘ ʇʅʀʀɼʀʊ. ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ ʝ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ 

ʫʩʪʦʡʯʠʚʦʪʦ ʨʘʟʚʠʪʠʝ ʥʘ ʎʝʥʪʨʦʚʝʪʝ ʟʘ ʚʲʨʭʦʚʠ ʧʦʩʪʠʞʝʥʠʷ (ʎɺʇ) ʠ ʎʝʥʪʨʦʚʝʪʝ ʟʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪ (ʎʂ), ʠʟʛʨʘʜʝʥʠ ʧʦ ʆʇʅʆʀʈ, ʟʘ ʪʷʭʥʦʪʦ ʧʨʝʤʠʥʘʚʘʥʝ ʚ ʦʧʝʨʘʪʠʚʥʘ ʬʘʟʘ, 

ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʠʤ ʩ ʙʠʟʥʝʩʘ ʯʨʝʟ ʪʨʘʥʩʬʝʨ ʥʘ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʲʣʥʦʮʝʥʥʦʪʦ ʠʤ ʠʥʪʝʛʨʠʨʘʥʝ ʚ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʠ ʠʥʦʚʘʮʠʦʥʥʘʪʘ ʝʢʦʩʠʩʪʝʤʘ 

ʥʘ ʩʪʨʘʥʘʪʘ. ʆʙʱʠʷʪ ʨʘʟʤʝʨ ʥʘ ʙʝʟʚʲʟʤʝʟʜʥʘʪʘ ʬʠʥʘʥʩʦʚʘ ʧʦʤʦʱ (ɹʌʇ) ʧʦ ʧʨʦʮʝʜʫʨʘʪʘ 

ʙʝ 336 000 465 ʣʚ. (ʬʠʥʘʥʩʠʨʘʥʝ ʦʪ ɽʌʈʈ ʠ ʥʘʮʠʦʥʘʣʥʠʷ ʙʶʜʞʝʪ).  

ɼʚʘʜʝʩʝʪ ʠ ʦʩʝʤ ʥʘʫʯʥʠ ʟʚʝʥʘ ʥʘ ɹɸʅ ʩʘ ʫʯʘʩʪʚʘʱʠ ʢʘʪʦ ʚʦʜʝʱʠ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ 

ʧʘʨʪʥʴʦʨʠ ʚ 3 ʧʨʦʝʢʪʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʎɺʇ ʠ 10 ʧʨʦʝʢʪʘ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʎʂ. ʇʨʝʟ 

2024 ʛ. ʙʷʭʘ ʠʟʛʦʪʚʝʥʠ ʠ ʩʲʛʣʘʩʫʚʘʥʠ ʩ JASPERS (Joint Assistance to Support Projects in 
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European Regions) ʜʦʢʫʤʝʥʪʠʪʝ ʟʘ ʢʘʥʜʠʜʘʪʩʪʚʘʥʝ ʧʦ ʥʦʚʘʪʘ ʧʨʦʮʝʜʫʨʘ. ʉʲʛʣʘʩʥʦ 

ʠʟʠʩʢʚʘʥʠʷʪʘ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʙʷʭʘ ʩʲʟʜʘʜʝʥʠ ʩʜʨʫʞʝʥʠʷ ʩ ʥʝʩʪʦʧʘʥʩʢʘ ʮʝʣ, ʢʦʠʪʦ ʜʘ 

ʦʙʝʜʠʥʷʪ ʚʩʠʯʢʠ ʧʘʨʪʥʴʦʨʠ ʚ ʩʲʦʪʚʝʪʥʠʷ ʎɺʇ ʠʣʠ ʎʂ. 

  ɺ ʢʨʘʷ ʥʘ 2024 ʛ. ʩʪʘʨʪʠʨʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʲʨʚʠʷ ʬʠʥʘʥʩʠʨʘʥ ʧʦ 

ʧʨʦʛʨʘʤʘʪʘ ʧʨʦʝʢʪ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʠ ʠʥʦʚʘʮʠʦʥʥʘʪʘ 

ʜʝʡʥʦʩʪ ʥʘ ʎʂ Ăʋʩʪʦʡʯʠʚʦ ʦʧʦʣʟʦʪʚʦʨʷʚʘʥʝ ʥʘ ʙʠʦʨʝʩʫʨʩʠ ʦʪ ʣʝʯʝʙʥʠ ʠ ʘʨʦʤʘʪʠʯʥʠ 

ʨʘʩʪʝʥʠʷ ʟʘ ʠʥʦʚʘʪʠʚʥʠ ʧʨʦʜʫʢʪʠñ (Ăɹʠʦʈʝʩʫʨʩʠñ) ʩ ʚʦʜʝʱʘ ʦʨʛʘʥʠʟʘʮʠʷ ʀʥʩʪʠʪʫʪʘ ʧʦ 

ʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ ʩ ʎʝʥʪʲʨ ʧʦ ʬʠʪʦʭʠʤʠʷ ï ɹɸʅ. ɺ ʪʦʟʠ ʧʨʦʝʢʪ ʧʘʨʪʥʴʦʨʠ ʩʘ 

ɸʛʨʦʙʠʦʠʥʩʪʠʪʫʪʲʪ, ɹʠʦʣʦʛʠʯʝʩʢʠʷʪ ʬʘʢʫʣʪʝʪ ʠ ʌʘʢʫʣʪʝʪʲʪ ʧʦ ʭʠʤʠʷ ʠ ʬʘʨʤʘʮʠʷ ʥʘ 

ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʧʦʣʠʤʝʨʠ ï ɹɸʅ ʠ ʩʜʨʫʞʝʥʠʷʪʘ ʀʥʩʪʠʪʫʪ 

ʟʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʧʦʜʢʨʝʧʘ ʠ ɹʠʦʨʝʩʫʨʩʠ ɹɻ. ʇʲʨʚʠʷʪ ʝʪʘʧ, ʬʠʥʘʥʩʠʨʘʥ ʧʦ ʆʇʅʆʀʈ, 

ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʪʦʟʠ ʎʂ ʧʨʠʢʣʶʯʠ ʩ 97,76 % ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʬʠʥʘʥʩʦʚʠʷ ʧʣʘʥ, ʘ ʥʦʚʠʷʪ 

ʧʨʦʝʢʪ ʝ ʥʘ ʦʙʱʘ ʩʪʦʡʥʦʩʪ 14 536 050.34 ʣʚ. (100 % ʙʝʟʚʲʟʤʝʟʜʥʘ ʬʠʥʘʥʩʦʚʘ ʧʦʤʦʱ). 

ʇʨʝʟ 2024 ʛ. ʙʝʰʝ ʧʦʜʛʦʪʚʝʥʦ ʩʪʘʨʪʠʨʘʥʝʪʦ ʥʘ ʜʚʘ ʥʦʚʠ ʮʝʥʪʲʨʘ ʟʘ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪ. ɽʜʠʥʠʷʪ Ăɸʛʨʦʭʨʘʥʠʪʝʣʥʠ ʩʠʩʪʝʤʠ ʠ ʙʠʦʠʢʦʥʦʤʠʢʘñ ʚʢʣʶʯʚʘ ʦʩʝʤ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩ ʢʦʦʨʜʠʥʘʪʦʨ ʋʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʭʨʘʥʠʪʝʣʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʇʣʦʚʜʠʚ. 

ʇʘʨʪʥʴʦʨʠ ʦʪ ɹɸʅ ʩʘ ʀʥʩʪʠʪʫʪʲʪ ʟʘ ʛʦʨʘʪʘ ʠ ʀʥʩʪʠʪʫʪʲʪ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ʎʝʣʪʘ ʥʘ ʧʨʦʝʢʪʘ ʝ ʜʘ ʩʝ ʠʟʛʨʘʜʠ ʤʦʜʝʨʝʥ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʝʥ ʥʘʫʯʝʥ 

ʢʦʤʧʣʝʢʩ ʩ ʨʘʟʧʨʝʜʝʣʝʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʘʛʨʦʝʢʦʣʦʛʠʷʪʘ, 

ʨʘʩʪʠʪʝʣʥʦʪʦ ʟʜʨʘʚʝ, ʧʨʝʮʠʟʥʘʪʘ ʨʘʩʪʠʪʝʣʥʘ ʩʝʣʝʢʮʠʷ, ʭʨʘʥʠʪʝʣʥʘʪʘ ʥʘʫʢʘ ʠ 

ʙʠʦʠʢʦʥʦʤʠʢʘʪʘ. ʊʦʡ ʱʝ ʧʦʜʧʦʤʘʛʘ ʩ ʥʘʫʯʥʘʪʘ ʩʠ ʢʦʤʧʝʪʝʥʪʥʦʩʪ ʧʨʝʤʠʥʘʚʘʥʝʪʦ ʥʘ 

ʦʙʱʝʩʪʚʦʪʦ ʥʠ ʢʲʤ ʢʨʲʛʦʚʘ ʙʠʦʠʢʦʥʦʤʠʢʘ ʠ ʫʩʪʦʡʯʠʚʘ ʩʠʩʪʝʤʘ ʟʘ ʝʬʝʢʪʠʚʥʦ ʠʟʧʦʣʟʚʘʥʝ 

ʥʘ ʙʠʦʨʝʩʫʨʩʠʪʝ ʟʘ ʢʘʯʝʩʪʚʝʥʠ ʠ ʟʜʨʘʚʦʩʣʦʚʥʠ ʭʨʘʥʠ.  

ɺʪʦʨʠʷʪ ʧʨʦʝʢʪ ʝ ʟʘ ʠʟʛʨʘʞʜʘʥʝ ʥʘ ʎʂ Ăʉʠʥʴʦ ʠʥʦʚʘʪʠʚʥʦ ʠ ʫʩʪʦʡʯʠʚʦ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʢʨʘʡʙʨʝʞʥʘʪʘ ʤʦʨʩʢʘ ʠ ʨʝʯʥʘ ʦʢʦʣʥʘ ʩʨʝʜʘ ʠ ʨʝʩʫʨʩʠ ï BLUE-

CRISTALñ, ʚ ʯʠʡʪʦ ʢʦʥʩʦʨʮʠʫʤ ʫʯʘʩʪʚʘʪ ʜʚʝ ʥʘʫʯʥʠ ʟʚʝʥʘ ʥʘ ɹɸʅ: ʀʥʩʪʠʪʫʪʲʪ ʧʦ 

ʦʢʝʘʥʦʣʦʛʠʷ ʠ ʎʝʥʪʲʨʲʪ ʧʦ ʭʠʜʨʦ- ʠ ʘʝʨʦʜʠʥʘʤʠʢʘ ʢʲʤ ʀʄʉʊʎʍɸ. ʆʩʥʦʚʥʘ 

ʩʪʨʘʪʝʛʠʯʝʩʢʘ ʮʝʣ ʥʘ ʎʂ ʩʘ ʩʲʟʜʘʚʘʥʝ ʠ ʨʘʟʚʠʪʠʝ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʘ ʥʘʫʯʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, ʦʙʝʜʠʥʷʚʘʥʝ ʥʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʘ ʝʢʩʧʝʨʪʠʟʘ, ʢʦʤʧʝʪʝʥʮʠʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʠ ʚ ʧʦʜʢʨʝʧʘ ʥʘ ʩʠʥʷʪʘ ʠʢʦʥʦʤʠʢʘ ʚ ʏʝʨʥʦʤʦʨʩʢʠʷ ʨʘʡʦʥ ʠ ʜʦʣʥʦʪʦ ʪʝʯʝʥʠʝ 

ʥʘ ʨ. ɼʫʥʘʚ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʠʥʪʝʛʨʠʨʘʥʦ ʫʩʪʦʡʯʠʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʧʨʦʮʝʩʠ ʠ 

ʪʝʥʜʝʥʮʠʠ ʯʨʝʟ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʦʚʘʮʠʠ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʥʘ 

ʘʜʘʧʪʘʮʠʦʥʥʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʠʪʝ ʩʪʨʘʥʠ ʚ ʧʨʝʭʦʜʘ ʢʲʤ ʯʠʩʪʠ ʜʝʡʥʦʩʪʠ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʟʘ ʩʤʝʢʯʘʚʘʥʝ ʥʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʦʪ ʢʣʠʤʘʪʠʯʥʠʪʝ ʠʟʤʝʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ 

ʜʠʛʠʪʘʣʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʥʝʫʪʨʘʣʝʥ ʝʢʦʣʦʛʠʯʝʥ ʦʪʧʝʯʘʪʲʢ. 

ʇʨʝʟ 2024 ʛ. ʧʨʦʜʲʣʞʠ ʨʘʙʦʪʘʪʘ ʧʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 9 ʪʝʢʫʱʠ ʧʨʦʝʢʪʘ ʧʦ 

ʥʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ Ăɺʲʨʭʦʚʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʭʦʨʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʝʚʨʦʧʝʡʩʢʘʪʘ ʥʘʫʢʘñ (ɺʀʍʈɽʅ) ʠ 5 ʪʝʢʫʱʠ ʧʨʦʝʢʪʘ ʧʦ ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ 

ʧʨʦʛʨʘʤʘ Ăʇʝʪʲʨ ɹʝʨʦʥ. ʅʘʫʢʘ ʠ ʠʥʦʚʘʮʠʠ ʩ ɽʚʨʦʧʘñ (ʇʝʪʲʨ ɹʝʨʦʥ ʠ ʅʀɽ). 

ʉʧʝʯʝʣʝʥʠ ʩʘ 2 ʥʦʚʠ ʧʨʦʝʢʪʘ ʟʘ ʥʘʯʘʣʝʥ ʛʨʘʥʪ ʧʦ ʧʨʦʛʨʘʤʘ ɺʀʍʈɽʅ ʚ ʇʘʥʝʣʘ ʧʦ 

ʦʙʱʝʩʪʚʝʥʠ ʠ ʭʫʤʘʥʠʪʘʨʥʠ ʥʘʫʢʠ: ʧʨʦʝʢʪ Balkan Consuls ʩ ʨʲʢʦʚʦʜʠʪʝʣ ʜʦʮ. ʉ. 

ʉʠʤʝʦʥʦʚ ʠ ʙʘʟʦʚʘ ʦʨʛʘʥʠʟʘʮʠʷ ʀʥʩʪʠʪʫʪʘ ʟʘ ʙʘʣʢʘʥʠʩʪʠʢʘ ʩ ʎʝʥʪʲʨ ʧʦ ʪʨʘʢʦʣʦʛʠʷ 

Ăʇʨʦʬ. ɸʣʝʢʩʘʥʜʲʨ ʌʦʣñ ʠ ʧʨʦʝʢʪ SEEMS ʩ ʨʲʢʦʚʦʜʠʪʝʣ ʜʦʮ. ɼ. ɼʠʤʠʪʨʦʚ ʩ ʙʘʟʦʚʘ 

ʦʨʛʘʥʠʟʘʮʠʷ ʅʘʮʠʦʥʘʣʥʠʷ ʧʨʠʨʦʜʦʥʘʫʯʝʥ ʤʫʟʝʡ. 
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ʇʨʦʜʲʣʞʠ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʝʪ ʥʘʮʠʦʥʘʣʥʠ ʥʘʫʯʥʠ ʧʨʦʛʨʘʤʠ (ʅʅʇ), 

ʬʠʥʘʥʩʠʨʘʥʠ ʦʪ ʄʆʅ, ʠ ʟʘʧʦʯʥʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʝʜʥʘ ʥʦʚʘ ʅʅʇ. ʇʨʦʛʨʘʤʠʪʝ ʮʝʣʷʪ 

ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʅʘʮʠʦʥʘʣʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ 

ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʧʨʝʟ 2017 ï 2030 ʛ. ʯʨʝʟ ʥʘʩʲʨʯʘʚʘʥʝ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʧʨʠʦʨʠʪʝʪʥʠ 

ʦʙʣʘʩʪʠ, ʢʘʢʪʦ ʠ ʧʨʠʚʣʠʯʘʥʝ ʠ ʟʘʜʲʨʞʘʥʝ ʥʘ ʪʘʣʘʥʪʣʠʚʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ. 

  

 

 

ʅʅʇ Ăʆʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʠʩʢʘ ʦʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʷʚʣʝʥʠʷ ʠ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷñ 
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ɺ ʧʨʦʛʨʘʤʘʪʘ ʫʯʘʩʪʚʘʪ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ, ʉʦʬʠʡʩʢʠʷʪ 

ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʉʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ, ʄʠʥʥʦ-ʛʝʦʣʦʞʢʠʷʪ 

ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʀʚʘʥ ʈʠʣʩʢʠñ, ʍʠʤʠʢʦʪʝʭʥʦʣʦʛʯʥʠʷʪ ʠ ʤʝʪʘʣʫʨʛʠʯʝʥ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʃʝʩʦʪʝʭʥʠʯʝʩʢʠʷʪ ʫʥʠʚʝʨʩʠʪʝʪ, ʋʥʠʚʝʨʩʠʪʝʪʲʪ ʧʦ ʘʨʭʠʪʝʢʪʫʨʘ, ʩʪʨʦʠʪʝʣʩʪʚʦ ʠ 

ʛʝʦʜʝʟʠʷ, ʅʘʮʠʦʥʘʣʥʠʷʪ ʮʝʥʪʲʨ ʧʦ ʦʙʱʝʩʪʚʝʥʦ ʟʜʨʘʚʝ ʠ ʘʥʘʣʠʟʠ. ʈʲʢʦʚʦʜʠʪʝʣ ʝ ʯʣ.-ʢʦʨ. 

ʧʨʦʬ. ʂʦʩʪʘʜʠʥ ɻʘʥʝʚ. 

ɺ ʟʘʢʣʶʯʠʪʝʣʥʠʷ ʦʪʯʝʪ ʩʘ ʦʙʦʙʱʝʥʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʚ ʩʣʝʜʥʠʪʝ 

ʦʙʣʘʩʪʠ: 

¶ ʈʝʛʠʦʥʘʣʥʠ/ʣʦʢʘʣʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʢʣʠʤʘʪʘ ʥʘ ʩʪʨʘʥʘʪʘ; 

¶ ɺʦʜʝʥ ʙʘʣʘʥʩ ʠ ʚʦʜʥʠ ʨʝʩʫʨʩʠ ʥʘ ʩʪʨʘʥʘʪʘ; 

¶ ʂʘʯʝʩʪʚʦ ʥʘ ʥʘʮʠʦʥʘʣʥʠʪʝ ʚʦʜʥʠ ʨʝʩʫʨʩʠ; 

¶ ʇʨʦʮʝʩʠ, ʢʘʯʝʩʪʚʦ ʥʘ ʤʦʨʩʢʘʪʘ ʩʨʝʜʘ, ʝʢʦʩʠʩʪʝʤʥʠ ʬʫʥʢʮʠʠ ʠ ʫʩʣʫʛʠ ʚ 

ʢʨʘʡʙʨʝʞʥʘʪʘ ʟʦʥʘ ʠ ʙʲʣʛʘʨʩʢʘʪʘ ʠʢʦʥʦʤʠʯʝʩʢʘ ʟʦʥʘ ʥʘ ʏʝʨʥʦ ʤʦʨʝ; 

¶ ʂʘʯʝʩʪʚʦʪʦ ʥʘ ʞʠʚʦʪ ʚ ʩʪʨʘʥʘʪʘ; 

¶ ʄʦʜʝʣʠ ʥʘ ʧʨʦʤʷʥʘ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʚ ʨʝʟʫʣʪʘʪ ʥʘ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʩʲʙʠʪʠʷ ʚ 

ʤʠʥʘʣʦʪʦ; 

¶ ɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʝʢʦʩʠʩʪʝʤʥʠ ʬʫʥʢʮʠʠ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ; 

¶ ʆʮʝʥʢʘ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ/ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʘʪʤʦʩʬʝʨʥʠ ʠ 

ʭʠʜʨʦʩʬʝʨʥʠ ʷʚʣʝʥʠʷ; 

¶ ʆʮʝʥʢʘ ʥʘ ʦʧʘʩʥʦʩʪʪʘ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ/ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʛʝʦʣʦʞʢʠ (ʚʢʣ. 

ʭʠʜʨʦʛʝʦʣʦʞʢʠ) ʷʚʣʝʥʠʷ; 

¶ ʆʮʝʥʢʘ ʥʘ ʦʧʘʩʥʦʩʪʠʪʝ ʦʪ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʟʝʤʝʪʨʝʩʝʥʠʷ ʠ ʧʦʩʣʝʜʩʪʚʠʷʪʘ ʦʪ ʪʷʭ.  

ʅʘʫʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʦʪʨʘʟʝʥʠ ʚ: ʄʦʥʦʛʨʘʬʠʠ: 6; ʀʟʣʝʟʣʠ ʠʣʠ ʧʨʠʝʪʠ ʟʘ 

ʧʝʯʘʪ ʩʪʘʪʠʠ ʚ ʩʧʠʩʘʥʠʷ ʩ IF/SJR: 342 (ʦʪ ʪʷʭ 18 ʚ ʠʟʜʘʥʠʷ ʦʪ ʪʦʧ 10 % ʚ ʢʣʘʩʘʮʠʷʪʘ ʥʘ 

Web of Science); ʀʟʣʝʟʣʠ ʠʣʠ ʧʨʠʝʪʠ ʟʘ ʧʝʯʘʪ ʜʨʫʛʠ ʩʪʘʪʠʠ: ʦʢʦʣʦ 250; ɼʦʢʣʘʜʠ ʥʘ 

ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ: 470. 

ʇʦʢʘʟʘʪʝʣʠʪʝ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʧʨʠʣʦʞʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 

(ʧʣʘʥʠʨʘʥʠ/ʨʝʘʣʠʟʠʨʘʥʠ) ʩʘ ʩʣʝʜʥʠʪʝ: ɹʨʦʡ ʠʟʚʲʨʰʝʥʠ ʢʘʨʪʦʛʨʘʬʠʨʘʥʠʷ ʥʘ ʨʠʩʢʘ ʦʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʷʚʣʝʥʠʷ ʠ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷ: 8/8; ɹʨʦʡ ʥʘ ʠʟʛʨʘʜʝʥʠ ʩʠʩʪʝʤʠ ʟʘ 

ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʠ ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʷʚʣʝʥʠʷ: 6/9; ɹʨʦʡ ʥʘ 
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ʠʟʛʨʘʜʝʥʠ/ʜʦʨʘʟʚʠʪʠ ʩʠʩʪʝʤʠ ʟʘ ʨʘʥʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʠ ʙʝʜʩʪʚʠʷ: 10/9; ɹʨʦʡ ʥʘ 

ʠʟʛʨʘʜʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʨʘʥʥʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʷ ʚ ʝʢʦʩʠʩʪʝʤʠʪʝ ʩ ʝʣʝʤʝʥʪʠ 

ʥʘ ʨʠʩʢ ʟʘ ʚʣʦʰʘʚʘʥʝ ʢʘʯʝʩʪʚʘʪʘ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ: 3/7; ɹʨʦʡ, ʝʬʝʢʪʠʚʥʦʩʪ ʠ 

ʫʩʧʝʚʘʝʤʦʩʪ ʥʘ ʠʟʛʨʘʜʝʥʠ ʩʠʩʪʝʤʠ ʟʘ ʧʦʜʧʦʤʘʛʘʥʝ ʥʘ ʜʝʡʩʪʚʠʷʪʘ ʧʨʠ ʢʘʪʘʩʪʨʦʬʘʣʥʠ 

ʷʚʣʝʥʠʷ ʠ ʙʝʜʩʪʚʠʷ: 6/6; ɹʨʦʡ ʥʘ ʠʟʛʦʪʚʝʥʠ ʥʦʨʤʘʪʠʚʥʠ ʜʦʢʫʤʝʥʪʠ, ʩ ʢʦʠʪʦ ʩʝ 

ʬʦʨʤʫʣʠʨʘʪ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʤʝʨʢʠ ʟʘ ʨʝʜʫʢʮʠʷ ʥʘ ʝʤʠʩʠʠʪʝ ʥʘ ʚʨʝʜʥʠ ʚʝʱʝʩʪʚʘ ʚ 

ʘʪʤʦʩʬʝʨʘʪʘ: 3/5; ɹʨʦʡ ʥʘ ʠʟʛʦʪʚʝʥʠ ʥʦʨʤʘʪʠʚʥʠ ʜʦʢʫʤʝʥʪʠ, ʩ ʢʦʠʪʦ ʩʝ ʬʦʨʤʫʣʠʨʘʪ 

ʜʲʣʛʦʩʨʦʯʥʠ ʩʪʨʘʪʝʛʠʠ ʠ ʥʘʙʦʨ ʦʪ ʤʝʨʢʠ ʟʘ ʧʨʝʚʝʥʮʠʷ ʥʘ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ ʠ 

ʢʘʪʘʩʪʨʦʬʘʣʥʠ ʷʚʣʝʥʠʷ, ʚʣʦʰʘʚʘʥʝ ʥʘ ʞʠʟʥʝʥʘʪʘ ʩʨʝʜʘ, ʟʘʛʫʙʘ ʥʘ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ 

ʝʢʦʩʠʩʪʝʤʥʠ ʬʫʥʢʮʠʠ: 5/2. 

ʅʅʇ Ăʆʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʠʩʢʘ ʦʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʠ 

ʷʚʣʝʥʠʷ ʠ ʧʨʠʨʦʜʥʠ ʙʝʜʩʪʚʠʷñ ʧʨʠʢʣʶʯʠ ʥʘ 31.12.2024 ʛ. ʠ ʤʦʞʝ ʜʘ ʩʝ ʦʪʯʝʪʝ, ʯʝ 

ʧʦʩʪʘʚʝʥʠʪʝ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ ʮʝʣʠ ʩʘ ʧʦʩʪʠʛʥʘʪʠ. ʅʘʨʝʜ ʩ ʪʦʚʘ ʧʨʦʛʨʘʤʘʪʘ ʠʟʠʛʨʘ 

ʩʲʱʝʩʪʚʝʥʘ ʨʦʣʷ ʟʘ ʧʦʚʠʰʘʚʘʥʝ ʢʚʘʣʠʬʠʢʘʮʠʷʪʘ ʥʘ ʤʣʘʜʠʪʝ ʫʯʝʥʠ ʠ ʠʟʩʣʝʜʦʚʘʪʝʣʠ; ʟʘ 

ʦʙʝʟʧʝʯʘʚʘʥʝ ʥʘ ʩʲʚʨʝʤʝʥʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʘʧʘʨʘʪʫʨʘ; ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ 

ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʜʝʡʥʦʩʪ; ʟʘ ʪʨʘʥʩʬʝʨ ʥʘ ʟʥʘʥʠʷ ʢʲʤ 

ʩʲʦʪʚʝʪʥʠʪʝ ʫʧʨʘʚʣʝʥʩʢʠ ʦʨʛʘʥʠ ʠ ʩʪʠʤʫʣʠʨʘʥʝ ʥʘ ʤʫʣʪʠʜʠʩʮʠʧʣʠʥʘʨʥʠ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʪʘʢʪʠ ʠ ʧʘʨʪʥʴʦʨʩʪʚʘ.  

 

ʅʅʇ Ăʀʥʪʝʣʠʛʝʥʪʥʦ ʨʘʩʪʝʥʠʝʚʲʜʩʪʚʦñ https://nnp-ir.bg/ 

 ʇʨʦʛʨʘʤʘʪʘ ʩʝ ʠʟʧʲʣʥʷʚʘ ʚ ʧʘʨʪʥʴʦʨʩʪʦ ʥʘ ʟʚʝʥʘ ʥʘ ɹɸʅ 

(ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʀʥʩʪʠʪʫʪʲʪ ʧʦ ʤʝʭʘʥʠʢʘ ʠ ʈʀʉʂ-ʉʇɽʁʉ-ʊʈɸʅʉʌɽʈ (ʦʬʠʩ ʟʘ 

ʪʨʘʥʩʬʝʨ ʥʘ ʪʝʭʥʦʣʦʛʠʠ ʢʲʤ ʀʥʩʪʠʪʫʪʘ ʟʘ ʢʦʩʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ)), 

ɸʛʨʘʨʥʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ï ʇʣʦʚʜʠʚ, ɺʠʩʰʝʪʦ ʚʦʝʥʥʦʤʦʨʩʢʦ ʫʯʠʣʠʱʝ Ăʅ. ʁ. ɺʘʧʮʘʨʦʚñ, 

ʉʝʣʩʢʦʩʪʦʧʘʥʩʢʘʪʘ ʘʢʘʜʝʤʠʷ, ʊʨʘʢʠʡʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ ï ʉʪʘʨʘ ʟʘʛʦʨʘ, ʅʘʮʠʦʥʘʣʥʠʷ 

ʠʥʩʪʠʪʫʪ ʧʦ ʤʝʪʝʦʨʦʣʦʛʠʷ ʠ ʭʠʜʨʦʣʦʛʠʷ, ʈʫʩʝʥʩʢʠʷ ʫʥʠʚʝʨʩʠʪʝʪ "ɸʥʛʝʣ ʂʲʥʯʝʚ" ʠ 

ʇʦʨʪʘʣʘ ʟʘ ʥʘʫʢʘ ʥʘ ʄʆʅ. ʂʦʦʨʜʠʥʘʪʦʨ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʝ ɸʛʨʘʨʝʥʠʷʪ ʫʥʠʚʝʨʩʠʪʝʪ ï 

ʇʣʦʚʜʠʚ. ʇʨʦʛʨʘʤʘʪʘ ʧʨʝʜʦʩʪʘʚʠ ʧʦʜʢʨʝʧʘ ʟʘ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʠ 

ʧʨʠʣʦʞʥʠ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʤʦʜʝʣʠ ʟʘ ʨʦʙʦʪʠʟʠʨʘʥʠ ʪʝʭʥʦʣʦʛʠʠ, 

ʜʠʛʠʪʘʣʥʠ ʤʝʪʦʜʠ ʟʘ ʜʠʘʛʥʦʩʪʠʢʘ ʠ ʧʨʦʛʥʦʟʘ, ʢʘʢʪʦ ʠ ʟʘ ʮʠʬʨʦʚʦ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʟʝʤʝʜʝʣʩʢʠ ʩʪʦʧʘʥʩʪʚʘ ʩ ʨʘʩʪʝʥʠʝʚʲʜʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʟʘ ʦʩʠʛʫʨʷʚʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʘ ʠ 

ʝʬʝʢʪʠʚʥʘ ʧʨʦʜʦʚʦʣʩʪʚʝʥʘ ʩʠʩʪʝʤʘ. ʀʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʧʨʠʢʣʶʯʠ ʧʨʝʟ 2024 

ʛ. 

 

ʅʅʇ Ăʈʘʟʚʠʪʠʝ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ ʚ 

ʯʫʞʙʠʥʘñ 

 

ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ Ăʈʘʟʚʠʪʠʝ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝ 

ʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ ʚ ʯʫʞʙʠʥʘñ ʩʝ ʠʟʧʲʣʥʷʚʘ ʦʪ: ɹʲʣʛʘʨʩʢʘʪʘ 

ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʩ ʠʥʩʪʠʪʫʪʠʪʝ ʦʪ ʥʘʧʨʘʚʣʝʥʠʝ Ăʂʫʣʪʫʨʥʦ-

ʠʩʪʦʨʠʯʝʩʢʦ ʥʘʩʣʝʜʩʪʚʦ ʠ ʥʘʮʠʦʥʘʣʥʘ ʠʜʝʥʪʠʯʥʦʩʪñ, ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʇʋ 

Ăʇʘʠʩʠʡ ʍʠʣʝʥʜʘʨʩʢʠñ, ɺʊʋ Ăʉʚ. ʩʚ. ʂʠʨʠʣ ʠ ʄʝʪʦʜʠʡñ, ʖɿʋ Ăʅʝʦʬʠʪ ʈʠʣʩʢʠñ, ʐʋ 
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Ăɽʧʠʩʢʦʧ ʂʦʥʩʪʘʥʪʠʥ ʇʨʝʩʣʘʚʩʢʠñ. ɿʘ ʚʪʦʨʠʷ ʝʪʘʧ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʇʨʦʛʨʘʤʘʪʘ ʩʘ 

ʬʠʥʘʥʩʠʨʘʥʠ 20 ʫʯʝʥʠ ï ʤʣʘʜʠ ʠ ʫʪʚʲʨʜʝʥʠ ʩʧʝʮʠʘʣʠʩʪʠ, ʧʨʠ ʧʣʘʥʠʨʘʥʠ 12 ʛʨʘʥʪʘ. ʊʝ 

ʩʘ ʧʨʦʚʝʣʠ ʥʘʫʯʥʠ ʩʧʝʮʠʘʣʠʟʘʮʠʠ, ʫʯʘʩʪʚʘʣʠ ʩʘ ʚ ʩʲʚʤʝʩʪʥʠ ʧʨʦʝʢʪʠ ʠ ʩʘ ʨʘʟʨʘʙʦʪʚʘʣʠ 

ʙʲʣʛʘʨʠʩʪʠʯʥʠ ʥʘʫʯʥʠ ʪʝʤʠ. ɺ ʨʘʤʢʠʪʝ ʥʘ ʇʨʦʛʨʘʤʘʪʘ ʩʘ ʧʨʦʚʝʜʝʥʠ 12 ʪʝʤʘʪʠʯʥʠ 

ʦʙʫʯʝʥʠʷ ʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʩʝʤʠʥʘʨʠ ʩ ʫʯʘʩʪʠʝʪʦ ʥʘ ʯʫʞʜʝʩʪʨʘʥʥʠ ʙʲʣʛʘʨʠʩʪʠ. 

ʉʲʦʙʨʘʟʝʥʠ ʩ ʧʨʦʛʨʘʤʠʪʝ ʟʘ ʦʙʫʯʝʥʠʝ ʚ ʙʲʣʛʘʨʩʢʠʪʝ ʣʝʢʪʦʨʘʪʠ ʚ ʯʫʞʙʠʥʘ ʩʘ 

ʧʦʜʛʦʪʚʝʥʠ ʦʙʨʘʟʦʚʘʪʝʣʥʠ ʨʝʩʫʨʩʠ ï ʧʦʤʘʛʘʣʘ, ʪʝʩʪʦʚʝ ʟʘ ʩʘʤʦʦʮʝʥʢʘ, ʦʙʫʯʠʪʝʣʥʠ 

ʤʘʪʝʨʠʘʣʠ ʟʘ ʙʲʣʛʘʨʩʢʠʷ ʝʟʠʢ ʢʘʪʦ ʯʫʞʜ ʩʧʦʨʝʜ ʥʠʚʘʪʘ, ʦʧʨʝʜʝʣʝʥʠ ʚ ɽʚʨʦʧʝʡʩʢʘʪʘ 

ʝʟʠʢʦʚʘ ʨʘʤʢʘ (ʦʪ ɸ1 ʜʦ ʉ2). ʋʯʝʥʠ ʦʪ ʀʥʩʪʠʪʫʪʘ ʟʘ ʣʠʪʝʨʘʪʫʨʘ, ʂʠʨʠʣʦ-ʄʝʪʦʜʠʝʚʩʢʠʷ 

ʥʘʫʯʝʥ ʮʝʥʪʲʨ ʠ ʀʥʩʪʠʪʫʪʘ ʟʘ ʠʩʪʦʨʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ ʧʦʜʛʦʪʚʠʣʠ 46 ʣʝʢʮʠʠ ʧʦ 

ʨʘʟʣʠʯʥʠ ʪʝʤʠ ʦʪ ʙʲʣʛʘʨʩʢʘʪʘ ʣʠʪʝʨʘʪʫʨʘ ʠ ʢʫʣʪʫʨʥʦ-ʠʩʪʦʨʠʯʝʩʢʦʪʦ ʥʘʩʣʝʜʩʪʚʦ, ʢʦʠʪʦ 

ʩʘ ʥʘ ʩʚʦʙʦʜʝʥ ʜʦʩʪʲʧ ʠ ʩʝ ʧʦʣʟʚʘʪ ʦʪ ʙʲʣʛʘʨʩʢʠʪʝ ʣʝʢʪʦʨʠ ʠ ʙʲʣʛʘʨʠʩʪʠʪʝ ʚ ʯʫʞʙʠʥʘ. 

ɻʦʣʷʤ ʧʫʙʣʠʯʝʥ ʠʥʪʝʨʝʩ ʧʨʝʜʠʟʚʠʢʚʘʪ ʦʨʛʘʥʠʟʠʨʘʥʠʪʝ ʪʝʤʘʪʠʯʥʠ ʠʟʣʦʞʙʠ, ʢʦʠʪʦ 

ʦʪʙʝʣʷʟʚʘʪ ʟʥʘʯʠʤʠ ʟʘ ʠʩʪʦʨʠʯʝʩʢʘʪʘ ʧʘʤʝʪ ʩʲʙʠʪʠʷ ʠ ʣʠʯʥʦʩʪʠ, ʧʦʧʫʣʷʨʠʟʠʨʘʪ 

ʩʲʚʨʝʤʝʥʥʠ ʥʘʫʯʥʠ ʠ ʢʫʣʪʫʨʥʠ ʧʦʩʪʠʞʝʥʠʷ. ʇʨʝʜʩʪʘʚʝʥʠ ʙʷʭʘ 12 ʠʟʣʦʞʙʠ ʫ ʥʘʩ, ʚ 

ʯʫʞʜʝʩʪʨʘʥʥʠ ʙʲʣʛʘʨʠʩʪʠʯʥʠ ʮʝʥʪʨʦʚʝ ʠ ʢʫʣʪʫʨʥʠ ʠʥʩʪʠʪʫʮʠʠ.  

ʇʨʦʚʝʜʝʥʠ ʩʘ 10 ʤʝʞʜʫʥʘʨʦʜʥʠ ʥʘʫʯʥʠ ʢʦʥʬʝʨʝʥʮʠʠ, ʢʨʲʛʣʠ ʤʘʩʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʜʥʠ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ. ʅʅʇ Ăʈʘʟʚʠʪʠʝ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝ ʥʘ 

ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ ʚ ʯʫʞʙʠʥʘñ ʝ ʩʲʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʠʷ ʬʦʨʫʤ ʟʘ ʢʠʨʠʣʠʮʘʪʘ 

Ăɸʟʙʫʢʘ. ɽʟʠʢ. ʀʜʝʥʪʠʯʥʦʩʪñ, ʩʲʩʪʦʷʣ ʩʝ ʧʦ ʠʥʠʮʠʘʪʠʚʘ ʥʘ ʚʠʮʝʧʨʝʟʠʜʝʥʪʘ ʥʘ 

ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʀʣʠʷʥʘ ʁʦʪʦʚʘ. ɺ ʥʝʛʦ ʩʘ ʫʯʘʩʪʚʘʣʠ 32-ʤʘ ʫʯʝʥʠ ʦʪ 12 ʜʲʨʞʘʚʠ. 

ʉʲʩ ʩʪʘʪʫʪ ʥʘ ʩʚʝʪʦʚʝʥ ʢʦʥʛʨʝʩ ʙʝʰʝ ʦʨʛʘʥʠʟʠʨʘʥʠʷʪ ʩʲʩ ʩʲʜʝʡʩʪʚʠʝʪʦ ʥʘ ʇʨʦʛʨʘʤʘʪʘ 

ʬʦʨʫʤ ʥʘ ɽʚʨʦʧʝʡʩʢʘʪʘ ʘʩʦʮʠʘʮʠʷ ʟʘ ʙʠʙʣʝʡʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ (EABS). ɺ ʤʝʞʜʫʥʘʨʦʜʥʘʪʘ 

ʥʘʫʯʥʦ-ʧʨʠʣʦʞʥʘ ʢʦʥʬʝʨʝʥʮʠʷ Ăʂʦʥʪʘʢʪ ʥʘ ʝʟʠʮʠ ʠ ʢʫʣʪʫʨʠ 2024. ʉʲʚʨʝʤʝʥʥʠ ʨʝʩʫʨʩʠ 

ʚ ʦʙʫʯʝʥʠʝʪʦ ʧʦ ʙʲʣʛʘʨʩʢʠ ʝʟʠʢ ʢʘʪʦ ʯʫʞʜ/ʚʪʦʨʠ ʝʟʠʢñ ʫʯʘʩʪʚʘʭʘ ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʦʪ 

ʚʩʠʯʢʠ ʙʲʣʛʘʨʩʢʠ ʣʝʢʪʦʨʘʪʠ ʚ ʯʫʞʙʠʥʘ, ʢʦʠʪʦ ʦʯʝʨʪʘʭʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʧʨʦʙʣʝʤʠ ʠ 

ʧʨʝʜʣʦʞʠʭʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʪʷʭʥʦʪʦ ʨʝʰʝʥʠʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʇʨʦʛʨʘʤʘʪʘ. ɹʲʣʛʘʨʦ-

ʘʤʝʨʠʢʘʥʩʢʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ Ăɾʠʚʠ ʤʦʩʪʦʚʝ ʧʨʝʟ ʚʨʝʤʝʪʦñ, ʦʨʛʘʥʠʟʠʨʘʥʘ ʩʲʚʤʝʩʪʥʦ ʩʲʩ 

ʉʲʚʝʪʘ ʟʘ ʯʫʞʜʝʩʪʨʘʥʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘ ʢʲʤ ɹɸʅ, ʦʪʚʦʨʠ ʧʝʨʩʧʝʢʪʠʚʠ ʟʘ ʤʘʢʘʨ ʠ ʤʥʦʛʦ 

ʪʨʫʜʥʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʟʛʫʙʝʥʠʪʝ ʧʦʟʠʮʠʠ ʚ ʉɸʑ ʠ ʂʘʥʘʜʘ.   

ʇʦʜʛʦʪʚʝʥʠ ʩʘ 2 ʤʘʛʠʩʪʲʨʩʢʠ ʠ 1 ʙʘʢʘʣʘʚʲʨʩʢʘ ʧʨʦʛʨʘʤʘ, ʩʲʦʙʨʘʟʝʥʠ ʩʲʩ 

ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʦʙʫʯʝʥʠʝʪʦ ʚ ʯʫʞʜʦʝʟʠʢʦʚʘ ʩʨʝʜʘ. ʀʟʢʣʶʯʠʪʝʣʝʥ ʠʥʪʝʨʝʩ ʚ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʆʩʘʢʘ ʠʤʘ ʢʲʤ ʙʘʢʘʣʘʚʲʨʩʢʠ ʣʝʢʮʠʦʥʝʥ ʢʫʨʩ ʧʦ ʠʩʪʦʨʠʷ, ʢʫʣʪʫʨʘ ʠ 

ʩʲʚʨʝʤʝʥʥʠ ʛʝʦʧʦʣʠʪʠʯʝʩʢʠ ʠ ʩʦʮʠʦʢʫʣʪʫʨʥʠ ʧʨʦʙʣʝʤʠ ʥʘ ɹʘʣʢʘʥʠʪʝ, ʩʲʟʜʘʜʝʥ ʚ 

ʨʘʤʢʠʪʝ ʥʘ ʇʨʦʛʨʘʤʘʪʘ. ʇʨʝʟ ʚʪʦʨʠʷ ʝʪʘʧ ʦʪ ʥʝʡʥʦʪʦ ʠʟʧʲʣʥʝʥʠʝ ʩʘ ʦʙʫʯʘʚʘʥʠ 165 

ʩʪʫʜʝʥʪʠ, ʢʘʪʦ ʩʘ ʠʟʥʝʩʝʥʠ 20 ʥʦʚʠ ʪʝʤʘʪʠʯʥʠ ʣʝʢʮʠʠ. ʇʨʝʟ 2024 ʛ. ʇʨʦʛʨʘʤʘʪʘ ʙʝʰʝ 

ʩʲʦʨʛʘʥʠʟʘʪʦʨ ʥʘ ʄʝʞʜʫʥʘʨʦʜʝʥ ʜʦʢʪʦʨʘʥʪʩʢʠ ʬʦʨʫʤ, ʝʞʝʛʦʜʥʦ ʧʨʦʚʝʞʜʘʥ ʦʪ ʎʝʥʪʲʨʘ 

ʟʘ ʦʙʫʯʝʥʠʝ ʢʲʤ ɹɸʅ. ɺ ʨʘʤʢʠʪʝ ʥʘ ʧʘʥʝʣʘ Ăɹʲʣʛʘʨʠʩʪʠʢʘʪʘ ʫ ʥʘʩ ʠ ʚ ʯʫʞʙʠʥʘñ 

ʜʦʢʪʦʨʘʥʪʠʪʝ ʧʨʝʜʩʪʘʚʠʭʘ ʩʚʦʠ ʥʘʫʯʥʠ ʧʨʝʟʝʥʪʘʮʠʠ.  

ʂʘʪʦ ʚʘʞʝʥ ʘʢʮʝʥʪ ʚ ʨʘʙʦʪʘʪʘ ʥʘ ʇʨʦʛʨʘʤʘʪʘ ʩʝ ʦʯʝʨʪʘʚʘ ʩʲʚʤʝʩʪʥʘʪʘ ʜʝʡʥʦʩʪ ʩ 

ɸʩʦʮʠʘʮʠʷʪʘ ʥʘ ʙʲʣʛʘʨʩʢʠʪʝ ʫʯʠʣʠʱʘ ʚ ʯʫʞʙʠʥʘ. ʇʨʦʛʨʘʤʘʪʘ ʝ ʧʦʜʧʦʤʦʛʥʘʣʘ 

ʦʨʛʘʥʠʟʠʨʘʥʝʪʦ ʥʘ ʛʦʜʠʰʥʘʪʘ ʢʦʥʬʝʨʝʥʮʠʷ ʥʘ ɸʩʦʮʠʘʮʠʷʪʘ Ăʆʙʨʘʟʦʚʘʥʠʝʪʦ ʢʘʪʦ ʛʨʠʞʘ 

ʠ ʮʝʥʥʦʩʪñ, ʚ ʢʦʷʪʦ ʩʘ ʚʟʝʣʠ ʫʯʘʩʪʠʝ 40 ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʘ ʙʲʣʛʘʨʩʢʠ ʫʯʠʣʠʱʘ ʦʪ ʪʨʠ 

ʢʦʥʪʠʥʝʥʪʘ ï ɽʚʨʦʧʘ, ɸʟʠʷ, ɸʤʝʨʠʢʘ.  
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ʄʘʨʢʠʨʘʥʝʪʦ ʥʘ ʤʘʣʢʘ ʯʘʩʪ ʦʪ ʜʝʡʥʦʩʪʠʪʝ, ʦʩʲʱʝʩʪʚʝʥʠ ʚ ʨʘʤʢʠʪʝ ʥʘ ʅʅʇ 

Ăʈʘʟʚʠʪʠʝ ʠ ʫʪʚʲʨʞʜʘʚʘʥʝ ʥʘ ʙʲʣʛʘʨʠʩʪʠʢʘʪʘ ʚ ʯʫʞʙʠʥʘñ, ʝ ʥʘʩʦʯʝʥʦ ʢʲʤ ʦʙʱʘʪʘ ʮʝʣ ʥʘ 

ɹɸʅ ʠ ʧʘʨʪʥʴʦʨʩʢʠʪʝ ʦʨʛʘʥʠʟʘʮʠʠ ʜʘ ʩʝ ʚʲʨʥʝ ʧʨʝʩʪʠʞʥʦʪʦ Ⱬ ʤʷʩʪʦ ʚʲʚ ʚʦʜʝʱʠʪʝ 

ʫʥʠʚʝʨʩʠʪʝʪʠ ʚ ʩʚʝʪʘ ʠ ʜʘ ʩʝ ʩʲʟʜʘʜʝ ʪʘʢʘ ʥʝʦʙʭʦʜʠʤʠʷʪ ʤʦʩʪ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʪʘ 

ʠʟʩʣʝʜʦʚʘʪʝʣʠ ʥʘ ʙʲʣʛʘʨʩʢʠʷ ʝʟʠʢ, ʣʠʪʝʨʘʪʫʨʘ, ʠʩʪʦʨʠʷ ʠ ʢʫʣʪʫʨʘ ʚ ʯʫʞʙʠʥʘ. 

 

 

ʅʘʫʯʥʘ ʧʨʦʛʨʘʤʘ Ăʇʦʚʠʰʘʚʘʥʝ ʥʘ ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʷ 

ʢʘʧʘʮʠʪʝʪ ʚ ʦʙʣʘʩʪʪʘ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʥʘʫʢʠñ  

 

ʇʨʦʛʨʘʤʘʪʘ ʝ ʦʜʦʙʨʝʥʘ ʩ ʈʝʰʝʥʠʝ ʥʘ ʄʉ ˉ 

732/21.10.2021 ʛ. ʩʲʩ ʩʨʦʢ ʥʘ ʜʝʡʩʪʚʠʝ ʜʦ ʢʨʘʷ ʥʘ 2025 ʛ. ʠ ʩʝ ʬʠʥʘʥʩʠʨʘ ʦʪ ʄʆʅ. 

ʇʘʨʪʥʴʦʨʠ ʧʦ ʇʨʦʛʨʘʤʘʪʘ ʩʘ ʀʄʀ ï ɹɸʅ ʠ ʌʄʀ ʥʘ ʉʋ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʢʘʪʦ 

ʀʄʀ ï ɹɸʅ ʝ ʢʦʦʨʜʠʥʘʪʦʨ ʥʘ ʢʦʥʩʦʨʮʠʫʤʘ ʩʲʛʣʘʩʥʦ ʩʢʣʶʯʝʥʦ ʩʧʦʨʘʟʫʤʝʥʠʝ ˉ ɼʆ1-

67/05.05.2022 ʛ. ʩ ʄʆʅ. ɺʦʜʝʱʘʪʘ ʮʝʣ ʥʘ ʧʨʦʛʨʘʤʘʪʘ ʝ ʜʘ ʩʲʜʝʡʩʪʚʘ ʟʘ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʩʪʨʘʪʝʛʠʠʪʝ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʚʠʩʰʝʪʦ ʦʙʨʘʟʦʚʘʥʠʝ, ʥʘʫʢʘʪʘ ʠ ʠʥʦʚʘʮʠʠʪʝ ʚ ʩʬʝʨʘʪʘ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʪʝ ʥʘʫʢʠ ʯʨʝʟ ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʜʝʡʥʦʩʪʠ, ʠʥʩʧʠʨʠʨʘʥʠ ʦʪ ʥʘʡ-ʜʦʙʨʠʪʝ 

ʝʚʨʦʧʝʡʩʢʠ ʠ ʩʚʝʪʦʚʥʠ ʧʨʘʢʪʠʢʠ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʘʫʢʘ, ʠʥʦʚʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ. ʇʨʦʛʨʘʤʘʪʘ ʩʲʜʲʨʞʘ ʪʨʠ ʦʩʥʦʚʥʠ ʢʦʤʧʦʥʝʥʪʘ: 

- ʇʦ ʂʦʤʧʦʥʝʥʪ 1. ʀʥʪʝʛʨʘʮʠʷ ʠ ʨʝʠʥʪʝʛʨʘʮʠʷ ʧʨʝʟ 2024 ʛ. ʚ ʀʄʀ ï ɹɸʅ ʩʘ 

ʨʘʙʦʪʠʣʠ ʜʚʘʤʘ ʤʣʘʜʠ ʙʲʣʛʘʨʩʢʠ ʤʘʪʝʤʘʪʠʮʠ (ɺʘʣʜʝʤʘʨ ʎʘʥʦʚ ʠ ɺʣʘʜʠʤʠʨ 

ʄʠʪʘʥʢʠʥ), ʢʦʠʪʦ ʩʘ ʟʘʚʲʨʰʠʣʠ ʜʦʢʪʦʨʘʥʪʫʨʘ ʚ ʝʣʠʪʥʠ ʫʥʠʚʝʨʩʠʪʝʪʠ ʚ ʯʫʞʙʠʥʘ. 

ʇʨʠʚʣʝʯʝʥʠ ʩʘ ʜʚʘʤʘ ʯʫʞʜʝʩʪʨʘʥʥʠ ʫʯʝʥʠ (ʍʘʤʝʜ ʇʝʞʘʥ ʦʪ ʀʨʘʥ ʠ ʄʘʨʠʷ ʊʨʠʙʫʣʘ 

ʦʪ ʇʦʣʰʘ). ɺʘʣʜʝʤʘʨ ʎʘʥʦʚ ʚʝʯʝ ʟʘʝʤʘ ʧʦʩʪʦʷʥʥʘ ʘʢʘʜʝʤʠʯʥʘ ʧʦʟʠʮʠʷ, ʍʘʤʝʜ 

ʇʝʞʘʥ ʝ ʢʘʥʜʠʜʘʪ ʚ ʢʦʥʢʫʨʩ ʟʘ ʜʦʮʝʥʪ, ʘ ʦʩʪʘʥʘʣʠʪʝ ʜʚʘʤʘ ʧʨʦʷʚʷʚʘʪ ʩʝʨʠʦʟʝʥ 

ʠʥʪʝʨʝʩ ʢʲʤ ʧʦʩʪʦʷʥʥʠ ʧʦʟʠʮʠʠ ʚ ʀʄʀ ï ɹɸʅ. ɺʣʘʜʠʤʠʨ ʄʠʪʘʥʢʠʥ ʩʧʝʯʝʣʠ ʧʨʦʝʢʪ 

ʧʦ ʧʨʦʛʨʘʤʘ Ăʍʦʨʠʟʦʥʪ ɽʚʨʦʧʘñ, ʜʝʡʥʦʩʪʠ Ăʄʘʨʠʷ ʉʢʣʦʜʦʚʩʢʘ-ʂʶʨʠñ (Horizon 

Europe Marie Sklodowska-Curie Actions) ʩ ʙʘʟʦʚʘ ʦʨʛʘʥʠʟʘʮʠʷ ʀʄʀ, ʢʦʡʪʦ ʩʪʘʨʪʠʨʘ 

ʥʘ 1.06.2024 ʛ. ʄʠʪʘʥʢʠʥ ʩʧʝʯʝʣʠ ʠ ʧʨʦʝʢʪ ʧʦ ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ ʧʨʦʛʨʘʤʘ 

Ăʇʝʪʲʨ ɹʝʨʦʥ. ʅʘʫʢʘ ʠ ʠʥʦʚʘʮʠʠ ʩ ɽʚʨʦʧʘñ (Ăʇʝʪʲʨ ɹʝʨʦʥ ʠ ʅʀɽñ) ʧʦʜ ʥʘʫʯʥʦʪʦ 

ʨʲʢʦʚʦʜʩʪʚʦ ʥʘ ʧʨʦʬ. ʃʶʜʤʠʣ ʂʘʮʘʨʢʦʚ. ʇʨʦʛʨʘʤʘʪʘ ʜʘʜʝ ʚʲʟʤʦʞʥʦʩʪ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʢʨʘʪʢʦʩʨʦʯʥʠ ʚʠʟʠʪʠ ʥʘ 11 ʛʦʩʪʫʚʘʱʠ ʯʫʞʜʝʩʪʨʘʥʥʠ ʫʯʝʥʠ, ʢʦʝʪʦ 

ʝ ʜʦʙʨʘ ʧʨʝʜʧʦʩʪʘʚʢʘ ʟʘ ʟʘʩʠʣʚʘʥʝ ʥʘ ʩʲʪʨʫʜʥʠʯʝʩʪʚʦʪʦ ʠ ʩʲʚʤʝʩʪʥʠʪʝ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʥʘ ʝʢʠʧʠ ʦʪ ʀʄʀ ï ɹɸʅ ʩʲʩ ʩʧʝʮʠʘʣʠʩʪʠ ʦʪ ʯʫʞʜʝʩʪʨʘʥʥʠ ʧʘʨʪʥʴʦʨʩʢʠ 

ʠʥʩʪʠʪʫʮʠʠ ʠ ʩʲʟʜʘʚʘʥʝ ʥʘ ʜʠʥʘʤʠʯʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʩʨʝʜʘ ʚ ɹɸʅ. 

- ʇʦ ʂʦʤʧʦʥʝʥʪ 2. ʄʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʩʝʤʠʥʘʨʠ ʙʷʭʘ ʧʨʦʚʝʜʝʥʠ 6 

ʤʝʞʜʫʥʘʨʦʜʥʠ ʢʦʥʬʝʨʝʥʮʠʠ, ʦʨʛʘʥʠʟʠʨʘʥʠ ʦʪ ʀʄʀ ï ɹɸʅ. ʈʝʜʦʚʥʦ ʙʷʭʘ ʠʟʥʘʩʷʥʠ 

ʜʦʢʣʘʜʠ ʥʘ ʩʝʤʠʥʘʨʘ ʥʘ ʄʎʄʅ. ʆʨʛʘʥʠʟʠʨʘʥ ʙʝʰʝ ʠ ʨʝʛʫʣʷʨʝʥ ʩʝʤʠʥʘʨ ʧʦ 

ʧʨʠʣʦʞʥʘ ʤʘʪʝʤʘʪʠʢʘ ʩ ʨʲʢʦʚʦʜʠʪʝʣ ʯʣ.-ʢʦʨ. ʄʣʘʜʝʥ ʉʘʚʦʚ, ʢʦʡʪʦ ʩʝ ʧʦʩʝʱʘʚʘ 

ʘʢʪʠʚʥʦ ʢʘʢʪʦ ʦʪ ʫʯʝʥʠ ʦʪ ʥʘʫʯʥʠ ʦʨʛʘʥʠʟʘʮʠʠ ʢʘʪʦ ʀʄʀ, ʀʀʂʊ, ʀʗʀʗɽ, ʌʄʀ ʥʘ 

ʉʋ, ʌʟʌ ʥʘ ʉʋ ʠ ʜʨ., ʪʘʢʘ ʠ ʦʪ ʧʨʘʢʪʠʮʠ ʦʪ ʯʘʩʪʥʠʷ ʙʠʟʥʝʩ. 

- ʇʦ ʂʦʤʧʦʥʝʥʪ 3. ɼʦʢʪʦʨʘʥʪʠ, ʧʦʩʪʜʦʢʪʦʨʘʥʪʠ ʠ ʤʣʘʜʠ ʫʯʝʥʠ ʙʷʭʘ ʦʩʠʛʫʨʝʥʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʠʚʣʠʯʘʥʝ ʥʘ ʫʯʝʥʠ ʥʘ ʧʦʩʪʜʦʢʪʦʨʘʥʪʩʢʠ ʧʦʟʠʮʠʠ, ʢʘʪʦ ʧʨʝʟ 2024 

ʛ. ʧʦ ʧʨʦʛʨʘʤʘʪʘ ʨʘʙʦʪʠʭʘ ʪʨʠʤʘ ʫʯʝʥʠ ʦʪ ʯʫʞʙʠʥʘ (Andrei Bengus-Lesnier, Daniela 
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Martinez Correa ʠ Yingdi Qin) ʠ ʝʜʠʥ ʙʲʣʛʘʨʠʥ (ɹʦʛʜʘʥ ʉʪʘʥʢʦʚ). ʆʜʦʙʨʝʥʠʪʝ 

ʢʘʥʜʠʜʘʪʠ ʙʷʭʘ ʦʮʝʥʷʚʘʥʠ ʧʦ ʢʨʠʪʝʨʠʠʪʝ, ʧʨʠʝʪʠ ʦʪ ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʥʘ ɹɸʅ ʟʘ 

ʤʦʜʫʣ ʧʦʩʪʜʦʢʪʦʨʘʥʪʠ ʧʦ ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʨʦʛʨʘʤʘ Ăʄʣʘʜʠ ʫʯʝʥʠ ʠ 

ʧʦʩʪʜʦʢʪʦʨʘʥʪʠñ. ɸʥʜʨʝʡ ɹʝʥʛʫʩ-ʃʘʩʥʠʝ ʩʧʝʯʝʣʠ ʧʨʦʝʢʪ ʧʦ ʅʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʘ 

ʧʨʦʛʨʘʤʘ Ăʇʝʪʲʨ ɹʝʨʦʥ ʠ ʅʀɽñ, ʯʠʝʪʦ ʠʟʧʲʣʥʝʥʠʝ ʩʪʘʨʪʠʨʘ ʦʪ 01.10.2024 ʛ. 

 

ʇʨʦʜʲʣʞʠ ʠ ʨʘʙʦʪʘʪʘ ʧʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʅʅʇ Ăʉʀɻʋʈʅʆʉʊ ʀ ʆʊɹʈɸʅɸñ, ʚ 

ʢʦʷʪʦ ʦʪ ɹɸʅ ʫʯʘʩʪʚʘ ʎʝʥʪʲʨʲʪ ʟʘ ʠʟʩʣʝʜʚʘʥʠʷ ʧʦ ʥʘʮʠʦʥʘʣʥʘ ʩʠʛʫʨʥʦʩʪ ʠ ʦʪʙʨʘʥʘ. 

ʇʨʦʚʝʜʝʥʠ ʩʘ ʩʣʝʜʥʠʪʝ ʧʦ-ʚʘʞʥʠ ʤʝʨʦʧʨʠʷʪʠʷ: 

Å ɻʦʜʠʰʥʘ ʢʨʲʛʣʘ ʤʘʩʘ Ăʅʘʫʢʘ ʠ ʠʥʦʚʘʮʠʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, ʦʪʙʨʘʥʘ ʠ ʂʦʩʤʦʩò ï 

15.03.2024 ʛ. 

  

Å ʀʥʬʦʨʤʘʮʠʦʥʝʥ ʜʝʥ Ăʅʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʠʥʦʚʘʮʠʠ ʟʘ ʩʠʛʫʨʥʦʩʪ, 

ʦʪʙʨʘʥʘñ ï 22.05.2024 ʛ. 

Å ʉʝʤʠʥʘʨ Ăʂʦʩʤʦʩ ʟʘ ʫʩʪʦʡʯʠʚʦ ʙʲʜʝʱʝñ ʠ ʍʘʢʘʪʦʥ Ăʂʦʩʤʦʩ ʟʘ ʟʝʣʝʥʘ, 

ʫʩʪʦʡʯʠʚʘ ʠ ʩʠʛʫʨʥʘ ɽʚʨʦʧʘñ (Space for Green, Sustainable and Secure Europe ï 

S4GSS) ï 7ï8.06.2024 ʛ. ï ʛʨ. ʇʣʦʚʜʠʚ. https://cnsdr.bas.bg/?p=7600  

 
 

 

ʉ ʨʝʰʝʥʠʝ ʥʘ ʋʧʨʘʚʠʪʝʣʥʠʷ ʩʲʚʝʪ ʥʘ ɹɸʅ ʦʪ 30.05.2024 ʛ. ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ 

ʥʘ ʥʘʫʢʠʪʝ ʩʪʘʨʪʠʨʘ ʚʪʦʨʠ ʝʪʘʧ ʦʪ ʇʨʦʛʨʘʤʘʪʘ Ăʄʃɸɼʀ ʋʏɽʅʀ ʀ 

ʇʆʉʊɼʆʂʊʆʈɸʅʊʀ ï 2ñ, ʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ʄʆʅ. ʇʨʦʛʨʘʤʘʪʘ ʝ ʚ ʠʟʧʲʣʥʝʥʠʝ ʥʘ 

ʩʧʝʮʠʬʠʯʥʘ ʮʝʣ 3 ʥʘ ʅʘʮʠʦʥʘʣʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ 

ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ 2017 ï 2030 ʛ. (ʅʉʈʅʀ), ʘ ʠʤʝʥʥʦ ʧʨʠʚʣʠʯʘʥʝ ʠ ʟʘʜʲʨʞʘʥʝ ʥʘ 

ʪʘʣʘʥʪʣʠʚʠ ʤʣʘʜʠ ʭʦʨʘ ʟʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʨʘʙʦʪʘ ʠ ʚʲʚʝʞʜʘʥʝ ʥʘ ʧʦʜʢʨʝʧʷʱʠ 

ʤʝʨʢʠ, ʢʦʠʪʦ ʜʘ ʥʘʧʨʘʚʷʪ ɹʲʣʛʘʨʠʷ ʘʢʪʠʚʝʥ ʫʯʘʩʪʥʠʢ ʚ ɽʚʨʦʧʝʡʩʢʦʪʦ 

ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʦ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɿʘ ʚʪʦʨʠʷ ʝʪʘʧ ʥʘ ɹɸʅ ʙʝʰʝ ʦʪʧʫʩʥʘʪʦ 

https://cnsdr.bas.bg/?p=7600
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ʬʠʥʘʥʩʠʨʘʥʝ ʦʪ 2 313 665 ʣʚ. ʈʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʨʝʜʩʪʚʘʪʘ ʩʝ ʠʟʚʲʨʰʚʘ ʠʟʮʷʣʦ ʥʘ 

ʢʦʥʢʫʨʩʝʥ ʧʨʠʥʮʠʧ ʧʨʠ ʷʩʥʦ ʠʟʨʘʙʦʪʝʥʠ ʢʨʠʪʝʨʠʠ, ʧʦ ʢʦʠʪʦ ʩʝ ʦʮʝʥʷʚʘʪ ʧʨʦʝʢʪʠʪʝ ʥʘ 

ʢʘʥʜʠʜʘʪʠʪʝ. ɹʝʥʝʬʠʮʠʝʥʪʠ ʥʘ ʇʨʦʛʨʘʤʘʪʘ ʚ ɹɸʅ ʩʘ 49 ʧʦʩʪʜʦʢʪʦʨʘʥʪʠ ʠ 94 ʤʣʘʜʠ 

ʫʯʝʥʠ. 

ʅʘ 18.07.2024 ʛ. ʩʪʘʨʪʠʨʘ ʅʅʇ Ăʂʨʠʪʠʯʥʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʩʫʨʦʚʠʥʠ ʟʘ 

ʟʝʣʝʥ ʧʨʝʭʦʜ ʠ ʫʩʪʦʡʯʠʚʦ ʨʘʟʚʠʪʠʝñ, ʬʠʥʘʥʩʠʨʘʥʘ ʦʪ ʄʆʅ ʩ ʚʦʜʝʱ ʧʘʨʪʥʴʦʨ 

ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ (ɻʝʦʣʦʛʠʯʝʩʢʠ ʠʥʩʪʠʪʫʪ, ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ 

ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ, ʀʥʩʪʠʪʫʪ ʧʦ ʬʠʣʦʩʦʬʠʷ ʠ ʩʦʮʠʦʣʦʛʠʷ, ʀʥʩʪʠʪʫʪ ʟʘ ʠʟʩʣʝʜʚʘʥʝ ʥʘ 

ʥʘʩʝʣʝʥʠʝʪʦ ʠ ʯʦʚʝʢʘ, ʀʥʩʪʠʪʫʪ ʟʘ ʠʢʦʥʦʤʠʯʝʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʀʥʩʪʠʪʫʪ ʟʘ ʜʲʨʞʘʚʘʪʘ ʠ 

ʧʨʘʚʦʪʦ, ʅʘʮʠʦʥʘʣʝʥ ʠʥʩʪʠʪʫʪ ʧʦ ʛʝʦʬʠʟʠʢʘ, ʛʝʦʜʝʟʠʷ ʠ ʛʝʦʛʨʘʬʠʷ, ʅʘʮʠʦʥʘʣʝʥ 

ʧʨʠʨʦʜʦʥʘʫʯʝʥ ʤʫʟʝʡ). ʉʨʝʜ ʧʘʨʪʥʴʦʨʠʪʝ, ʧʨʷʢʦ ʦʪʛʦʚʦʨʥʠ ʟʘ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ 

ʜʝʡʥʦʩʪʠʪʝ ʧʦ ʅʅʇ, ʩʘ ʉʦʬʠʡʩʢʠʷʪ ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʂʣʠʤʝʥʪ ʆʭʨʠʜʩʢʠñ, ʄʠʥʥʦ-

ʛʝʦʣʦʞʢʠʷʪ ʫʥʠʚʝʨʩʠʪʝʪ Ăʉʚ. ʀʚʘʥ ʈʠʣʩʢʠñ, ɸʛʨʘʨʥʠʷʪ ʫʥʠʚʝʨʩʠʪʝʪ ʚ ʇʣʦʚʜʠʚ, 

ʋʥʠʚʝʨʩʠʪʝʪʲʪ ʧʦ ʭʨʘʥʠʪʝʣʥʠ ʪʝʭʥʦʣʦʛʠʠ ʚ ʇʣʦʚʜʠʚ, ʅʘʮʠʦʥʘʣʥʠʷʪ ʤʫʟʝʡ Ăɿʝʤʷʪʘ ʠ 

ʭʦʨʘʪʘñ. ʇʨʦʛʨʘʤʘʪʘ ʮʝʣʠ ʜʘ ʧʦʜʢʨʝʧʠ ʧʨʦʚʝʞʜʘʥʝʪʦ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠ ʠ ʥʘʫʯʥʦ-

ʧʨʠʣʦʞʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ ʢʨʠʪʠʯʥʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʩʫʨʦʚʠʥʠ ʠ ʜʘ ʜʦʧʨʠʥʝʩʝ 

ʟʘ ʩʧʨʘʚʷʥʝʪʦ ʩʲʩ ʩʣʝʜʥʠʪʝ ʦʙʱʝʩʪʚʝʥʠ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘ: ʩʠʛʫʨʥʦʩʪ ʥʘ ʜʦʩʪʘʚʢʠʪʝ ʥʘ 

ʢʨʠʪʠʯʥʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʩʫʨʦʚʠʥʠ; ʫʪʦʯʥʷʚʘʥʝ ʥʘ ʝʚʨʦʧʝʡʩʢʠʷ ʠ ʙʲʣʛʘʨʩʢʠʷ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʢʨʠʪʠʯʥʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʩʫʨʦʚʠʥʠ; ʝʬʝʢʪʠʚʥʦ ʠ ʱʘʜʷʱʦ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ 

ʜʦʙʠʚʘʥʝ ʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʩʫʨʦʚʠʥʠʪʝ; ʫʩʪʦʡʯʠʚʦ ʩʦʮʠʘʣʥʦ-ʠʢʦʥʦʤʠʯʝʩʢʦ ʨʘʟʚʠʪʠʝ; 

ʨʝʩʫʨʩʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʠ ʜʝʡʩʪʚʠʷ ʚʲʚ ʚʨʲʟʢʘ ʩ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʢʣʠʤʘʪʘ ʟʘ 

ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʟʝʣʝʥ ʧʨʝʭʦʜ. ʅʘʮʠʦʥʘʣʥʘʪʘ ʧʨʦʛʨʘʤʘ ʧʨʝʜʚʠʞʜʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ 

ʧʨʦʫʯʚʘʥʠʷ, ʝʢʦʣʦʛʦʩʲʦʙʨʘʟʝʥ ʜʦʙʠʚ ʠ ʝʬʝʢʪʠʚʥʘ ʧʨʝʨʘʙʦʪʢʘ ʥʘ ʧʲʨʚʠʯʥʠ ʧʨʠʨʦʜʥʠ 

ʨʝʩʫʨʩʠ ʩ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʤʝʪʦʜʠ ʠ ʠʟʚʣʠʯʘʥʝ ʥʘ ʛʣʘʚʥʠ ʠ ʩʲʧʲʪʩʪʚʘʱʠ 

ʝʣʝʤʝʥʪʠ, ʦʪʧʘʜʲʮʠ ʦʪ ʧʨʝʨʘʙʦʪʢʘʪʘ ʠʤ (ʚʢʣ. ʦʪ ʥʘʩʪʦʷʱʠ ʠ ʙʲʜʝʱʠ ʥʘʭʦʜʠʱʘ ʥʘ 

ʢʨʠʪʠʯʥʠ ʩʫʨʦʚʠʥʠ) ʠ ʚʪʦʨʠʯʥʠ ʨʝʩʫʨʩʠ (ʨʝʟʫʣʪʘʪ ʦʪ ʨʝʮʠʢʣʠʨʘʥʝ). ʆʩʚʝʥ ʪʦʚʘ ʱʝ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘʪ ʦʮʝʥʢʘ ʥʘ ʩʦʮʠʘʣʥʠʪʝ ʝʬʝʢʪʠ ʦʪ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʩʫʨʦʚʠʥʠʪʝ ʠ 

ʠʟʩʣʝʜʚʘʥʠʷ ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʠ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ ʚʨʝʜʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʜʦʙʠʚʘ ʠ 

ʧʨʝʨʘʙʦʪʢʘʪʘ ʠʤ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ (ʚʦʜʠ, ʧʦʯʚʠ, ʨʝʯʥʠ ʩʝʜʠʤʝʥʪʠ ʠ ʚʲʟʜʫʭ). 

 

 

ʀʥʚʝʩʪʠʮʠʷ C2.I2 Ăʇʦʚʠʰʘʚʘʥʝ ʥʘ ʠʥʦʚʘʮʠʦʥʥʠʷ ʢʘʧʘʮʠʪʝʪ ʥʘ 

ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ ʚ ʩʬʝʨʘʪʘ ʥʘ ʟʝʣʝʥʠʪʝ ʠ 

ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠñ  

 

 

ʀʥʚʝʩʪʠʮʠʷʪʘ ʩʝ ʠʟʧʲʣʥʷʚʘ ʚ ʨʘʤʢʠʪʝ ʥʘ ʅʘʮʠʦʥʘʣʥʠʷ ʧʣʘʥ ʟʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪ, ʬʠʥʘʥʩʠʨʘʥ ʧʦ ʠʥʩʪʨʫʤʝʥʪʘ ʉʣʝʜʚʘʱʦ ʧʦʢʦʣʝʥʠʝ ɽʚʨʦʧʝʡʩʢʠ ʩʲʶʟ (Next 

Generation EU). ʆʩʥʦʚʥʘʪʘ ʮʝʣ ʥʘ ʠʥʚʝʩʪʠʮʠʷʪʘ ʝ ʟʘʩʠʣʚʘʥʝ ʥʘ ʠʥʦʚʘʮʠʦʥʥʠʷ ʢʘʧʘʮʠʪʝʪ 

ʥʘ ɹɸʅ ʠ ʘʢʪʠʚʥʦ ʫʯʘʩʪʠʝ ʚ ʥʘʮʠʦʥʘʣʥʘʪʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘ ʠ ʠʥʦʚʘʮʠʦʥʥʘ 

ʝʢʦʩʠʩʪʝʤʘ ʩ ʦʛʣʝʜ ʥʘ ʫʩʢʦʨʷʚʘʥʝ ʥʘ ʠʢʦʥʦʤʠʯʝʩʢʘʪʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʥʘ ʩʪʨʘʥʘʪʘ. ʏʨʝʟ 

ʠʥʚʝʩʪʠʮʠʷʪʘ ʩʝ ʧʦʜʢʨʝʧʷʪ ʧʨʦʝʢʪʠ ʥʘ ʟʚʝʥʘʪʘ ʥʘ ɹɸʅ, ʥʘʩʦʯʝʥʠ ʢʲʤ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʥʘʫʯʥʦ-ʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠ  ʨʝʟʫʣʪʘʪʠ ʩ ʚʠʩʦʢ ʠʥʦʚʘʮʠʦʥʝʥ ʧʦʪʝʥʮʠʘʣ ʚ ʪʝʤʘʪʠʯʥʠ 

ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʠʪʦ ʩʘ ʜʝʬʠʥʠʨʘʥʠ ʠ ʧʨʝʜʣʦʞʝʥʠ ʦʪ ʩʪʨʘʥʘ ʥʘ ʙʠʟʥʝʩʘ ʠ ʩʘ ʩʚʲʨʟʘʥʠ ʩʲʩ 
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ʟʝʣʝʥʠʷ ʧʨʝʭʦʜ ʠ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʌʠʥʘʥʩʠʨʘʥʠ ʩʘ ʩʲʱʦ ʧʨʦʝʢʪʠ ʥʘ 

ʩʧʝʮʠʘʣʠʟʘʥʪʠ, ʜʦʢʪʦʨʘʥʪʠ ʠ ʧʦʩʪʜʦʢʪʦʨʘʥʪʠ. ʏʝʪʠʨʠʥʘʜʝʩʝʪ ʥʘʫʯʥʠ ʟʚʝʥʘ ʩ ʧʦʪʝʥʮʠʘʣ 

ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʠʥʦʚʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ ʚ ʩʬʝʨʘʪʘ ʥʘ ʟʝʣʝʥʠʪʝ ʠ ʮʠʬʨʦʚʠʪʝ ʪʝʭʥʦʣʦʛʠʠ 

ʠʟʧʲʣʥʷʚʘʪ ʠʥʚʝʩʪʠʮʠʠ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʠ ʤʦʜʝʨʥʠʟʠʨʘʥʝ ʥʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʪʘ ʯʨʝʟ 

ʩʪʨʦʠʪʝʣʥʦ-ʤʦʥʪʘʞʥʠ ʨʘʙʦʪʠ ʟʘ ʚʲʪʨʝʰʥʦ ʨʝʥʦʚʠʨʘʥʝ ʥʘ ʣʘʙʦʨʘʪʦʨʥʠ, ʢʘʙʠʥʝʪʥʠ, 

ʦʬʠʩʥʠ ʠ ʜʨʫʛʠ ʧʦʤʝʱʝʥʠʷ, ʢʘʢʪʦ ʠ ʯʨʝʟ ʜʦʩʪʘʚʢʘ ʥʘ ʦʙʦʨʫʜʚʘʥʝ/ʦʙʟʘʚʝʞʜʘʥʝ/ 

ʩʲʦʨʲʞʝʥʠʷ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʨʘʙʦʪʥʘʪʘ ʩʨʝʜʘ ʠ ʧʦʚʠʰʘʚʘʥʝ ʥʘ ʙʝʟʦʧʘʩʥʦʩʪʪʘ ʥʘ ʪʨʫʜʘ. 

ʆʯʘʢʚʘʥʠʷʪ ʨʝʟʫʣʪʘʪ ʦʪ ʠʟʧʲʣʥʝʥʠʝʪʦ ʥʘ ʧʨʦʝʢʪʠʪʝ ʝ ʜʘ  ʩʝ ʩʲʟʜʘʚʘʪ ʧʨʝʜʧʦʩʪʘʚʢʠ ʟʘ 

ʫʩʢʦʨʝʥ ʪʝʭʥʦʣʦʛʠʯʝʥ ʪʨʘʥʩʬʝʨ ʠ ʧʦʜʦʙʨʝʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʥʘʫʯʥʠʪʝ ʟʚʝʥʘ ʥʘ 

ɹɸʅ ʠ ʙʠʟʥʝʩʘ. 

 

ʇʫʙʣʠʢʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ 

ɺ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʉʧʝʮʠʬʠʯʥʘ ʮʝʣ 5. ʆʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʚʠʩʦʢʦʢʘʯʝʩʪʚʝʥʘ ʠ ʤʘʱʘʙʥʘ 

ʥʘʫʯʥʘ ʜʝʡʥʦʩʪ ʚ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʝʥʠ ʚ ʥʘʮʠʦʥʘʣʥʠʪʝ ʠ ʝʚʨʦʧʝʡʩʢʠʪʝ ʥʘʫʯʥʠ ʧʨʠʦʨʠʪʝʪʠ 

ʥʘ ʉʪʨʘʪʝʛʠʷʪʘ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ɹʲʣʛʘʨʩʢʘʪʘ ʘʢʘʜʝʤʠʷ ʥʘ ʥʘʫʢʠʪʝ 2018 ï 2030 ʛ., ʚ ʫʥʠʩʦʥ 

ʩ ʘʢʪʫʘʣʠʟʠʨʘʥʘʪʘ ʅʘʮʠʦʥʘʣʥʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ 2017 ï 

2030 ʛ., ɹɸʅ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʩʝ ʫʪʚʲʨʞʜʘʚʘ ʢʘʪʦ ʚʦʜʝʱʘ ʥʘʫʯʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʩʪʨʘʥʘʪʘ. 

ʇʨʝʟ ʠʟʤʠʥʘʣʘʪʘ 2024 ʛ. ʩʘ ʧʫʙʣʠʢʫʚʘʥʠ 4154 ʩʪʘʪʠʠ ʚ ʠʟʜʘʥʠʷ, ʢʦʠʪʦ ʩʝ ʠʥʜʝʢʩʠʨʘʪ ʚ 

ʩʚʝʪʦʚʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ. ʊʝʥʜʝʥʮʠʷʪʘ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʥʘ ʧʫʙʣʠʢʘʮʠʦʥʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʝ 

ʫʩʪʦʡʯʠʚʘ, ʢʘʢʪʦ ʝ ʚʠʜʥʦ ʦʪ ʛʨʘʬʠʢʘʪʘ, ʧʨʝʜʩʪʘʚʷʱʘ ʙʨʦʷ  ʧʫʙʣʠʢʘʮʠʠ ʚ ʪʘʢʠʚʘ ʠʟʜʘʥʠʷ 

ʟʘ ʧʦʩʣʝʜʥʠʪʝ ʧʝʪ ʛʦʜʠʥʠ. 

 

ʇʫʙʣʠʢʘʮʠʦʥʥʘ ʘʢʪʠʚʥʦʩʪ, ʠʟʤʝʨʝʥʘ ʯʨʝʟ ʙʨʦʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʠʟʜʘʥʠʷ, ʢʦʠʪʦ ʩʝ 

ʨʝʬʝʨʠʨʘʪ ʠ ʠʥʜʝʢʩʠʨʘʪ ʚ ʩʚʝʪʦʚʥʠʪʝ ʙʘʟʠ ʜʘʥʥʠ, ʟʘ 2020 ï 2024 ʛ. 

 

ʋʩʪʦʡʯʠʚʘ ʝ ʩʲʱʦ ʪʝʥʜʝʥʮʠʷʪʘ ʥʘʫʯʥʠʪʝ ʩʪʘʪʠʠ, ʧʫʙʣʠʢʫʚʘʥʠ ʚ ʩʧʠʩʘʥʠʷ ʩ 

ʢʘʪʝʛʦʨʠʠ Q1 ʠ Q2, ʜʘ ʧʨʝʦʙʣʘʜʘʚʘʪ. ʉʨʝʜʥʠʷʪ ʧʨʦʮʝʥʪ ʥʘ ʧʫʙʣʠʢʘʮʠʠ ʚ ʠʟʜʘʥʠʷ ʦʪ 

ʧʲʨʚʠʪʝ ʜʚʝ ʢʘʪʝʛʦʨʠʠ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 5 ʛʦʜʠʥʠ ʝ 64,2, ʢʘʪʦ ʟʘ 2024 ʛ. ʜʝʣʲʪ ʥʘ 

ʧʫʙʣʠʢʘʮʠʠʪʝ ʚ ʢʘʪʝʛʦʨʠʷ Q1 ʥʘʨʘʩʥʘ ʩ 4 % ʩʧʨʷʤʦ ʧʨʝʜʭʦʜʥʠʪʝ ʛʦʜʠʥʠ. 



31 
 

ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʫʙʣʠʢʘʮʠʠʪʝ ʧʦ ʢʘʪʝʛʦʨʠʠ, % 

ɻʦʜʠʥʘ Q1 Q2 Q3 Q4 

2024 43 23 16 18 

2023 39 25 17 19 

2022 38 22 21 19 

2021 39 25 15 21 

2020 38 29 17 16 

 

ʊʝʥʜʝʥʮʠʷʪʘ ʟʘ ʥʘʨʘʩʪʚʘʥʝ ʦʪʟʚʫʢʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʷʪʘ, ʦʩʲʱʝʩʪʚʷʚʘʥʠ ʦʪ ʥʘʫʯʥʠʷ 

ʩʲʩʪʘʚ ʥʘ ɹɸʅ, ʝ ʷʩʥʦ ʚʠʜʠʤʘ ʟʘ ʧʦʩʣʝʜʥʠʪʝ 5 ʛʦʜʠʥʠ. ɿʘʙʝʣʷʟʘʥʠʪʝ ʮʠʪʘʪʠ ʟʘ 2020 ʛ. ʩʘ 

51 999, ʘ ʪʝʟʠ ʟʘ 2024 ʛ. ï 70 414, ʢʦʝʪʦ ʦʟʥʘʯʘʚʘ ʩʨʝʜʥʦ ʥʘʨʘʩʪʚʘʥʝ ʟʘ ʛʦʜʠʥʘ ʩ ʦʢʦʣʦ 3680 

ʮʠʪʠʨʘʥʠʷ. 

 

ɹʨʦʡ ʮʠʪʘʪʠ ʥʘ ʨʘʙʦʪʠ ʥʘ ʫʯʝʥʠ ʦʪ ɹɸʅ ʟʘ 2020 ï 2024 ʛ. 

ʊʦʚʘ ʥʝʩʲʤʥʝʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʘʢʪʠʚʥʘʪʘ ʧʨʦʝʢʪʥʘ ʜʝʡʥʦʩʪ ʠ ʧʨʠʚʣʝʯʝʥʠʪʝ ʦʪ 

ʟʚʝʥʘʪʘ ʥʘ ɹɸʅ ʩʨʝʜʩʪʚʘ ʧʦ ʧʨʦʝʢʪʠ ʠ ʜʦʛʦʚʦʨʠ ʟʘ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ, 

ʢʦʠʪʦ ʟʘ 2024 ʛ. ʩʘ ʚ ʨʘʟʤʝʨ ʥʘ 81 023 692 ʣʚ. (67 269 364 ʣʚ. ʦʪ ʩʪʨʘʥʘʪʘ ʠ 13 754 328 ʣʚ. 

ʦʪ ʯʫʞʙʠʥʘ).  

ʀʥʦʚʘʮʠʦʥʥʘ ʜʝʡʥʦʩʪ 

ʇʨʝʟ 2024 ʛ. ʩʘ ʧʦʜʘʜʝʥʠ ʦʙʱʦ 35 ʥʦʚʠ ʟʘʷʚʢʠ ʟʘ ʧʘʪʝʥʪʠ ʟʘ ʠʟʦʙʨʝʪʝʥʠʷ ʠ ʟʘ 

ʨʝʛʠʩʪʨʘʮʠʷ ʥʘ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ. ʆʪ ʦʙʱʠʷ ʙʨʦʡ ʥʦʚʠ ʟʘʷʚʢʠ 4 ʩʘ ʟʘ ʧʦʣʝʟʝʥ ʤʦʜʝʣ, ʘ 31 

ï ʟʘ ʧʘʪʝʥʪ. ʇʨʝʟ 2024 ʛ. ʦʙʱʠʷʪ ʙʨʦʡ ʠʟʜʘʜʝʥʠ ʧʘʪʝʥʪʠ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʥʘ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ 

ʝ 45 ï ʦʪ ʪʷʭ 22 ʩʘ ʠʟʜʘʜʝʥʠʪʝ ʧʘʪʝʥʪʠ, ʘ 23 ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠʪʝ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ. ʂʲʤ 

31.12.2024 ʛ. ʥʘʫʯʥʠʪʝ ʟʚʝʥʘ ʥʘ ɹɸʅ ʧʦʜʜʲʨʞʘʪ ʦʙʱʦ 221 ʧʘʪʝʥʪʠ, ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ ʠ 
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ʨʝʛʠʩʪʨʠʨʘʥʠ ʥʦʚʠ ʩʦʨʪʦʚʝ ʨʘʩʪʝʥʠʷ. ʂʲʤ 31.12.2024 ʛ. ʚ ʨʘʟʣʠʯʥʠ ʝʪʘʧʠ ʥʘ ʝʢʩʧʝʨʪʠʟʘʪʘ 

ʩʘ ʦʙʱʦ 89 ʟʘʷʚʢʠ ʟʘ ʧʘʪʝʥʪʠ ʠ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ.  

ɹʨʦʡ ʦʙʝʢʪʠ ʥʘ ʠʥʪʝʣʝʢʪʫʘʣʥʘ ʩʦʙʩʪʚʝʥʦʩʪ (ʧʦʜʘʜʝʥʠ ʟʘʷʚʢʠ ʠ 

ʠʟʜʘʜʝʥʠ/ʨʝʛʠʩʪʨʠʨʘʥʠ ʧʘʪʝʥʪʠ ʠ ʧʦʣʝʟʥʠ ʤʦʜʝʣʠ) ʚ ʧʦʨʪʘʣʘ ʥʘ ɹʲʣʛʘʨʩʢʦʪʦ 

ʧʘʪʝʥʪʥʦ ʚʝʜʦʤʩʪʚʦ ʟʘ 2020 ï 2024 ʛ. 

ɻʦʜʠʥʘ  
ɿʘʷʚʢʠ ʟʘ 

ʇʄ 

ɿʘʷʚʢʠ ʟʘ 

ʧʘʪʝʥʪʠ 

ʈʝʛʠʩʪʨʠ-

ʨʘʥʠ ʇʄ 

ʀʟʜʘʜʝʥʠ 

ʧʘʪʝʥʪʠ 

2024 4 31 23 22 

2023 31 56 24 22 

2022 18 22 18 17 

2021 14 16 11 31 

2020 14 28 19 51 

 

ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʜʚʝ ʛʦʜʠʥʠ ʩʝ ʥʘʙʣʶʜʘʚʘ ʧʦʚʠʰʝʥʠʝ ʥʘ ʟʘʷʚʠʪʝʣʩʢʘʪʘ ʘʢʪʠʚʥʦʩʪ, 

ʜʲʣʞʘʱʦ ʩʝ, ʦʪ ʝʜʥʘ ʩʪʨʘʥʘ, ʥʘ ʧʨʠʢʣʶʯʚʘʥʝʪʦ ʥʘ ʨʝʜʠʮʘ ʤʘʱʘʙʥʠ ʧʨʦʝʢʪʠ, ʥʦ ʩʲʱʦ ʠ 

ʥʘ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʜʦʚʝʨʠʝʪʦ ʚ ʧʘʪʝʥʪʥʘʪʘ ʩʠʩʪʝʤʘ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʨʝʜʦʚʥʦʪʦ 

ʧʨʦʚʝʞʜʘʥʝ ʥʘ ʩʲʙʠʪʠʷ ʟʘ ʧʨʝʜʩʪʘʚʷʥʝʪʦ ʥʘ ʧʦʩʪʠʞʝʥʠʷʪʘ ʥʘ ʠʥʩʪʠʪʫʪʠʪʝ ʥʘ ɹɸʅ ʩʲʱʦ 

ʩʪʠʤʫʣʠʨʘ ʪʝʥʜʝʥʮʠʷʪʘ ʟʘ ʫʩʪʦʡʯʠʚʦ ʥʘʨʘʩʪʚʘʥʝ ʙʨʦʷ ʥʘ ʟʘʷʚʢʠʪʝ ʟʘ ʧʘʪʝʥʪʠ ʠ ʧʦʣʝʟʥʠ 

ʤʦʜʝʣʠ. ʅʝʦʙʭʦʜʠʤʦ ʝ ʜʘ ʩʝ ʧʦʣʦʞʘʪ ʧʦʚʝʯʝ ʫʩʠʣʠʷ ʟʘ ʚʥʝʜʨʷʚʘʥʝ ʥʘ ʠʥʦʚʘʮʠʠʪʝ. ɺʩʝ 

ʦʱʝ ʚ ʪʘʟʠ ʧʦʩʦʢʘ ʨʝʟʫʣʪʘʪʠʪʝ ʩʘ ʥʝʟʘʜʦʚʦʣʠʪʝʣʥʠ, ʥʦ ʥʝ ʣʠʧʩʚʘʪ ʧʦʣʦʞʠʪʝʣʥʠ ʧʨʠʤʝʨʠ. 

 

 

3.2. ʅʘʡ-ʚʘʞʥʠ ʨʝʟʫʣʪʘʪʠ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʠ ʧʨʠʣʦʞʥʠʪʝ ʥʘʫʯʥʠ 

ʠʟʩʣʝʜʚʘʥʠʷ 

 

ʅʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʠʪʝ ʧʣʘʥʦʚʝ ʥʘ ʥʘʫʯʥʠʪʝ ʟʚʝʥʘ ʥʘ ɹɸʅ ʩʘ ʩʠʥʭʨʦʥʠʟʠʨʘʥʠ ʩ 

ʧʨʠʦʨʠʪʝʪʥʠʪʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʮʝʣʠ, ʟʘʣʦʞʝʥʠ ʚ ʅʘʮʠʦʥʘʣʥʘʪʘ ʩʪʨʘʪʝʛʠʷ ʟʘ ʨʘʟʚʠʪʠʝ ʥʘ 

ʥʘʫʯʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ ʚ ʈʝʧʫʙʣʠʢʘ ɹʲʣʛʘʨʠʷ ʠ ʚ ʩʲʦʪʚʝʪʩʪʚʠʝ ʩ ʝʚʨʦʧʝʡʩʢʠʪʝ 

ʧʨʠʦʨʠʪʝʪʠ ʢʘʪʦ ʟʜʨʘʚʝʦʧʘʟʚʘʥʝ, ʮʠʬʨʦʚʠ ʪʝʭʥʦʣʦʛʠʠ, ʧʨʦʤʠʰʣʝʥʦʩʪ ʠ ʢʦʩʤʠʯʝʩʢʠ 

ʠʟʩʣʝʜʚʘʥʠʷ, ʢʣʠʤʘʪ, ʝʥʝʨʛʠʷ ʠ ʤʦʙʠʣʥʦʩʪ, ʭʨʘʥʠ, ʧʨʠʨʦʜʥʠ ʨʝʩʫʨʩʠ, ʩʝʣʩʢʦ ʩʪʦʧʘʥʩʪʚʦ 

ʠ ʦʢʦʣʥʘ ʩʨʝʜʘ, ʚʢʣ. ʧʦʯʚʠ ʠ ʦʢʝʘʥʠ, ʠʥʦʚʘʮʠʠ, ʷʜʨʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʦʪʙʨʘʥʘ, 

ʛʨʘʞʜʘʥʩʢʘ ʩʠʛʫʨʥʦʩʪ, ʢʫʣʪʫʨʘ ʠ ʪʚʦʨʯʝʩʪʚʦ. ʇʦʜʨʦʙʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʜʝʡʥʦʩʪ ʠ ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʥʘ ʧʦʩʪʦʷʥʥʠʪʝ ʥʘʫʯʥʠ ʟʚʝʥʘ 

(ʇʅɿ) ʠ ʥʘʫʯʥʠʪʝ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʟʚʝʥʘ (ʅʉɿ) ʥʘ ɹɸʅ ʝ ʜʦʩʪʲʧʥʘ ʚ ʛʦʜʠʰʥʠʪʝ ʦʪʯʝʪʠ, 

ʧʫʙʣʠʢʫʚʘʥʠ ʥʘ ʩʪʨʘʥʠʮʠʪʝ ʥʘ ʟʚʝʥʘʪʘ. ɺ ʥʘʩʪʦʷʱʠʷ ʦʪʯʝʪ ʩʘ ʚʢʣʶʯʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠ 

ʧʦʩʪʠʞʝʥʠʷ ʦʪ ʬʫʥʜʘʤʝʥʪʘʣʥʠʪʝ ʠ ʧʨʠʣʦʞʥʠʪʝ ʥʘʫʯʥʠ ʠʟʩʣʝʜʚʘʥʠʷ, ʢʦʠʪʦ ʟʚʝʥʘʪʘ ʩʘ 

ʦʧʨʝʜʝʣʠʣʠ ʢʘʪʦ ʚʘʞʥʠ. 
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3.2.1. ʅʘʧʨʘʚʣʝʥʠʝ Ăʀʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʥʬʦʨʤʘʪʠʢʘ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʚʘʨʠʘʮʠʦʥʥʠ ʤʝʪʦʜʠ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʝʦʙʭʦʜʠʤʠ ʫʩʣʦʚʠʷ ʟʘ ʦʧʪʠʤʘʣʥʦʩʪ ʥʘ ʝʢʩʪʨʝʤʘʣʥʠ ʟʘʜʘʯʠ ʚ 

ʙʝʟʢʨʘʡʥʦʤʝʨʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʝʜʣʦʞʝʥʠʷʪ ʧʦʜʭʦʜ ʩʝ ʦʧʠʨʘ ʥʘ ʩʚʦʡʩʪʚʦʪʦ ʟʘ 

ʪʨʘʥʩʚʝʨʩʘʣʥʦʩʪ ʥʘ ʤʥʦʞʝʩʪʚʘ, ʢʘʢʪʦ ʠ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʨʘʚʥʦʤʝʨʥʠ ʘʧʨʦʢʩʠʤʘʮʠʠ 

ʥʘ ʟʘʪʚʦʨʝʥʠ ʤʥʦʞʝʩʪʚʘ ʚ ɹʘʥʘʭʦʚʠ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʈʘʟʛʣʝʜʘʥʘ ʝ ʦʩʥʦʚʥʘʪʘ ʟʘʜʘʯʘ ʥʘ 

ʚʘʨʠʘʮʠʦʥʥʦʪʦ ʩʤʷʪʘʥʝ ʧʨʠ ʥʘʣʠʯʠʝ ʥʘ ʯʠʩʪʠ ʬʘʟʦʚʠ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘ ʩʣʫʯʘʷ, ʢʦʛʘʪʦ 

ʠʥʪʝʛʨʘʥʜʲʪ ʝ ʃʠʧʰʠʮʦʚ. ɿʘ ʨʘʟʣʠʢʘ ʦʪ ʧʦ-ʛʦʣʷʤʘʪʘ ʯʘʩʪ ʦʪ ʥʘʫʯʥʘʪʘ ʣʠʪʝʨʘʪʫʨʘ, 

ʧʦʩʚʝʪʝʥʘ ʥʘ ʪʘʟʠ ʟʘʜʘʯʘ, ʚ ʨʘʙʦʪʘʪʘ ʥʘ ʈʠʙʘʨʩʢʘ ʠ ʂʨʲʩʪʘʥʦʚ ʩʝ ʜʦʧʫʩʢʘ, ʯʝ ʢʦʥʫʩʲʪ ʥʘ 

ʂʣʘʨʢ ʤʦʞʝ ʜʘ ʠʤʘ ʧʨʘʟʥʘ ʚʲʪʨʝʰʥʦʩʪ ʚ ʪʦʯʢʠʪʝ ʦʪ ʦʧʪʠʤʘʣʥʘʪʘ ʪʨʘʝʢʪʦʨʠʷ, ʢʦʝʪʦ 

ʟʥʘʯʠʪʝʣʥʦ ʫʩʣʦʞʥʷʚʘ ʨʘʟʛʣʝʞʜʘʥʘʪʘ ʟʘʜʘʯʘ. ʆʩʥʦʚʥʠʷʪ ʧʦʣʫʯʝʥ ʨʝʟʫʣʪʘʪ ʝ ʥʝʛʣʘʜʲʢ 

ʚʘʨʠʘʥʪ ʥʘ ʢʣʘʩʠʯʝʩʢʦʪʦ ʫʨʘʚʥʝʥʠʝ ʥʘ ʆʡʣʝʨ. ʇʦʣʫʯʝʥʦ ʝ ʩʲʱʦ ʦʙʦʙʱʝʥʠʝ ʥʘ 

ʢʣʘʩʠʯʝʩʢʘʪʘ ʣʝʤʘ ʥʘ ɼʶʙʦʘ-ʈʝʡʤʦʥʜ ʟʘ ʩʣʫʯʘʷ ʩ ʯʠʩʪʠ ʬʘʟʦʚʠ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʥʦʚʠ ʜʦʨʠ ʟʘ ʩʣʫʯʘʷ ʩ ʛʣʘʜʲʢ ʠʥʪʝʛʨʘʥʜ, ʢʦʛʘʪʦ ʦʛʨʘʥʠʯʝʥʠʝʪʦ 

ʝ ʛʣʘʜʢʦ ʤʥʦʛʦʦʙʨʘʟʠʝ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʄʠʭʘʠʣ ʂʨʲʩʪʘʥʦʚ ʠ ʧʨʦʬ. ʅʘʜʝʞʜʘ 

ʈʠʙʘʨʩʢʘ) 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʪʝ ʤʝʪʦʜʠ ʟʘ ʫʩʢʦʨʝʥʦ ʪʝʩʪʚʘʥʝ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʞʠʚʦʪʘ ʩʘ 

ʯʝʩʪʦ ʠʟʧʦʣʟʚʘʥʠ ʚ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʦʫʯʚʘʥʠʷ ʥʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʥʘʜʝʞʜʥʠ ʧʨʦʜʫʢʪʠ, 

ʠʤʘʱʠ ʛʦʣʷʤʦ ʩʨʝʜʥʦ ʚʨʝʤʝ ʜʦ ʦʪʢʘʟ. ʇʨʠʤʝʨʠ ʟʘ ʪʘʢʠʚʘ ʠʟʩʣʝʜʚʘʥʠʷ ʩʝ ʩʨʝʱʘʪ ʧʨʠ 

ʠʟʨʘʙʦʪʢʘʪʘ ʥʘ ʣʠʪʠʝʚʦ-ʡʦʥʥʠ ʙʘʪʝʨʠʠ, ʢʦʠʪʦ ʩʘ ʢʣʶʯʦʚ ʢʦʤʧʦʥʝʥʪ ʚ ʧʨʝʥʦʩʠʤʠʪʝ 

ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ, ʝʣʝʢʪʨʠʯʝʩʢʠʪʝ ʧʨʝʚʦʟʥʠ ʩʨʝʜʩʪʚʘ ʠ ʤʨʝʞʦʚʠʪʝ ʩʠʩʪʝʤʠ ʟʘ 

ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ. ʉ ʮʝʣ ʜʘ ʩʝ ʩʲʢʨʘʪʠ ʚʨʝʤʝʪʦ ʟʘ ʠʟʧʠʪʘʥʠʝ ʥʘ ʥʦʚʠ ʙʘʪʝʨʠʠ ʚ 

ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʘ ʢʦʣʘʙʦʨʘʮʠʷ ʥʘ ʝʢʠʧ ʫʯʝʥʠ ʦʪ ʀʄʀ ï ɹɸʅ ʠ ʊʝʭʥʠʯʝʩʢʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪ ʦʪ ɸʘʭʝʥ, ɻʝʨʤʘʥʠʷ, ʝ ʧʨʦʚʝʜʝʥ ʝʢʩʧʝʨʠʤʝʥʪ ʚʲʨʭʫ 48 ʙʘʪʝʨʠʠ. 

ʀʟʚʲʨʰʝʥʠʷʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʘʥʘʣʠʟ ʥʘ ʧʦʣʫʯʝʥʠʪʝ ʜʘʥʥʠ ʧʦʢʘʟʚʘ ʟʥʘʯʠʤʦʪʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʲʨʚʦʥʘʯʘʣʥʘʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪ ʥʘ ʙʘʪʝʨʠʠʪʝ ʚʲʨʭʫ ʧʨʦʮʝʩʘ ʥʘ ʪʷʭʥʦʪʦ ʩʪʘʨʝʝʥʝ. 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʭʝʪʝʨʦʩʢʝʜʘʩʪʠʯʝʥ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʤʦʜʝʣ ʟʘ ʟʘʚʠʩʠʤʦʩʪʪʘ ʤʝʞʜʫ ʢʘʧʘʮʠʪʝʪʘ 

ʥʘ ʙʘʪʝʨʠʷʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʝʢʩʧʣʦʘʪʘʮʠʷ, ʢʦʡʪʦ ʧʦʟʚʦʣʷʚʘ ʧʦ-ʪʦʯʥʦ ʜʘ ʩʝ 

ʧʨʦʛʥʦʟʠʨʘ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪʪʘ ʥʘ ʞʠʚʦʪ ʧʨʠ ʥʦʨʤʘʣʥʘ ʫʧʦʪʨʝʙʘ ʥʘ ʙʘʪʝʨʠʠ, ʪʝʩʪʚʘʥʠ ʚ 

ʧʦ-ʪʝʞʢʠ ʫʩʣʦʚʠʷ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʚ ʧʦ-ʦʙʱʘ ʨʘʤʢʘ ʟʘ ʫʩʢʦʨʝʥʦ ʪʝʩʪʚʘʥʝ ʥʘ ʞʠʚʦʪʘ ʝ 

ʠʟʫʯʝʥ ʧʦʜʭʦʜʲʪ ʩ ʧʦʩʪʲʧʢʦʚʦ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʪʨʝʩʘ (ʥʘʧʨ. ʪʝʤʧʝʨʘʪʫʨʘ, 

ʩʲʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʣʷʛʘʥʝ). ʉ ʧʦʤʦʱʪʘ ʥʘ ʩʠʤʫʣʘʮʠʦʥʥʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʥʷʢʦʠ 

ʤʥʦʛʦʩʪʲʧʢʦʚʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʚʦʜʷʪ ʜʦ ʧʦ-ʤʦʱʥʠ ʢʨʠʪʝʨʠʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʜʚʫʩʪʲʧʢʦʚʠʪʝ 

ʤʦʜʝʣʠ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʩʪʨʝʩʘ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʛʣ. ʘʩ. ʅʠʢʦʣʘʡ ʀ. ʅʠʢʦʣʦʚ) 
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ʀʣʶʩʪʨʘʮʠʷ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʥʘ ʙʘʪʝʨʠʠ ʧʨʠ ʨʘʟʣʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʙʘʣʘʥʩʘ 

 ʤʝʞʜʫ ʚʠʩʦʢʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ ʠ ʤʘʣʢʘ ʚʘʨʠʘʮʠʷ ʚ ʝʢʩʧʣʦʘʪʘʮʠʷʪʘ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʝʭʘʥʠʢʘ. ʅʦʚʠ ʪʦʯʥʠ ʘʥʘʣʠʪʠʯʥʠ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʦʣʫʯʝʥʠ ʟʘ ʧʦʚʝʜʝʥʠʝʪʦ 

ʥʘ ʬʣʫʢʪʫʘʮʠʦʥʥʦ ʠʥʜʫʮʠʨʘʥʠʪʝ ʩʠʣʠ ʥʘ ʂʘʟʠʤʠʨ ʠ ʍʝʣʤʭʦʣʮ. ʀʟʚʝʜʝʥʠ ʩʘ ʥʘ ʙʘʟʘʪʘ 

ʥʘ ʤʦʜʝʣʠʪʝ ʥʘ ʅʘʛʝʣ-ʂʘʨʜʘʨ ʧʨʠ ʧʝʨʠʦʜʠʯʥʠ ʠ ʀʟʠʥʛ ʟʘ ɼʠʨʠʭʣʝ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚʠʷ. 

ɻʨʘʬʠʢʘʪʘ ʧʦʢʘʟʚʘ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʩʠʣʘʪʘ ʥʘ 

ʂʘʟʠʤʠʨ ʚ ʤʦʜʝʣʘ ʥʘ ʅʘʛʝʣ-ʂʘʨʜʘʨ. ɺʠʞʜʘ ʩʝ, ʯʝ 

ʩʠʣʘʪʘ ʤʦʞʝ ʜʘ ʙʲʜʝ ʢʘʢʪʦ ʥʘ ʦʪʙʣʲʩʢʚʘʥʝ, ʪʘʢʘ ʠ ʥʘ 

ʧʨʠʚʣʠʯʘʥʝ. ʊʝʟʠ ʩʠʣʠ ʩʘ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ 

ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʠ ʩʠʩʪʝʤʠ. 

(ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ɼʘʥʠʝʣ ɼʘʥʯʝʚ) 

 

 

ʇʨʝʝʢʣʘʤʧʩʠʷʪʘ (ʇE) ʝ ʩʣʦʞʥʦ ʩʠʩʪʝʤʥʦ ʟʘʙʦʣʷʚʘʥʝ, ʢʦʝʪʦ ʩʝ ʧʦʷʚʷʚʘ ʩʣʝʜ 20-

ʘʪʘ ʛʝʩʪʘʮʠʦʥʥʘ ʩʝʜʤʠʮʘ ʦʪ ʙʨʝʤʝʥʥʦʩʪʪʘ ʠ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʭʠʧʝʨʪʦʥʠʷ ʥʘ ʤʘʡʢʘʪʘ 

ʠ/ʠʣʠ ʟʥʘʯʠʪʝʣʥʘ ʧʨʦʪʝʠʥʫʨʠʷ, ʢʘʢʪʦ ʠ ʩ ʦʨʛʘʥʥʘ ʜʠʩʬʫʥʢʮʠʷ. ɽʨʠʪʨʦʮʠʪʠʪʝ (ʯʝʨʚʝʥʠʪʝ 

ʢʨʲʚʥʠ ʢʣʝʪʢʠ, ʏʂʂ) ʩʠʣʥʦ ʩʝ ʧʦʚʣʠʷʚʘʪ ʦʪ ʦʢʩʠʜʘʪʠʚʝʥ ʩʪʨʝʩ ʠ ʚʲʟʧʘʣʝʥʠʝ, ʢʦʝʪʦ ʛʠ 

ʧʨʘʚʠ ʝʜʥʠ ʦʪ ʧʲʨʚʠʪʝ ʢʣʝʪʢʠ, ʟʘʩʝʛʥʘʪʠ ʦʪ ʭʨʦʥʠʯʥʘʪʘ ʧʣʘʮʝʥʪʘʨʥʘ ʭʠʧʦʢʩʠʷ ʠ 

ʩʚʨʲʭʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ ʨʝʘʢʪʠʚʥʠ ʢʠʩʣʦʨʦʜʥʠ ʨʘʜʠʢʘʣʠ ʧʨʠ ʇɽ. ʆʢʩʠʜʘʪʠʚʥʠʷʪ ʩʪʨʝʩ 

ʧʦʚʠʰʘʚʘ ʠ ʘʛʨʝʛʘʮʠʷʪʘ ʥʘ ʝʨʠʪʨʦʮʠʪʠʪʝ, ʢʦʝʪʦ ʤʦʞʝ ʜʘ ʜʦʚʝʜʝ ʜʦ ʧʨʦʤʷʥʘ ʥʘ ʩʲʜʦʚʦʪʦ 

ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʚ ʢʨʲʚʥʠʷ ʧʦʪʦʢ. ʆʮʝʥʢʘʪʘ ʥʘ ʧʨʦʤʷʥʘʪʘ ʚ ʘʛʨʝʛʘʮʠʷʪʘ ʥʘ ʯʝʨʚʝʥʠʪʝ 

ʢʨʲʚʥʠ ʢʣʝʪʢʠ ʚʩʣʝʜʩʪʚʠʝ ʦʢʩʠʜʘʪʠʚʝʥ ʩʪʨʝʩ ʤʦʞʝ ʜʘ ʙʲʜʝ ʚʘʞʝʥ ʠʥʜʠʢʘʪʦʨ ʟʘ 

ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʨʝʦʣʦʛʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʯʝʨʚʝʥʠʪʝ 

ʢʨʲʚʥʠ ʢʣʝʪʢʠ ʧʨʠ ʥʠʩʢʘ ʠ ʚʠʩʦʢʘ ʩʢʦʨʦʩʪ ʥʘ ʜʝʬʦʨʤʘʮʠʷ ʧʨʠ ʥʦʨʤʘʣʥʘ ʙʨʝʤʝʥʥʦʩʪ ʠ 

ʧʨʠ ʧʘʮʠʝʥʪʢʠ ʩ ʧʨʝʝʢʣʘʤʧʩʠʷ, ʢʘʢʪʦ ʠ ʨʘʟʨʘʙʦʪʝʥʠʷʪ ʘʣʛʦʨʠʪʲʤ ʟʘ ʩʦʬʪʫʝʨʝʥ ʘʥʘʣʠʟ 

ʥʘ ʠʟʦʙʨʘʞʝʥʠʷʪʘ ʥʘ ʧʦʪʦʢʘ ʜʘʚʘʪ ʚʲʟʤʦʞʥʦʩʪ ʜʘ ʩʝ ʦʮʝʥʠ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʪʝʞʝʩʪʪʘ ʥʘ 

ʟʘʙʦʣʷʚʘʥʝʪʦ ʠ ʩʪʝʧʝʥʪʘ ʥʘ ʝʨʠʪʨʦʮʠʪʥʘ ʘʛʨʝʛʘʮʠʷ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʨʘʟʢʨʠʚʘʪ, ʯʝ 

ʏʂʂ ʦʪ ʧʘʮʠʝʥʪʢʠ ʩ ʇɽ ʩʪʘʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʘʜʭʝʟʠʚʥʠ, ʦʙʨʘʟʫʚʘʡʢʠ ʛʦʣʝʤʠ 

ʨʘʟʢʣʦʥʝʥʠ ʘʛʨʝʛʘʪʠ ʧʨʠ ʥʠʩʢʘ ʩʢʦʨʦʩʪ ʥʘ ʜʝʬʦʨʤʘʮʠʷ. ɿʥʘʯʠʪʝʣʥʦ ʧʦʚʝʯʝʪʦ 

ʥʝʜʠʩʧʝʨʛʠʨʘʥʠ ʝʨʠʪʨʦʮʠʪʥʠ ʘʛʨʝʛʘʪʠ ʧʨʠ ʚʠʩʦʢʠ ʩʢʦʨʦʩʪʠ ʥʘ ʩʨʷʟʚʘʥʝ ʧʦʢʘʟʚʘʪ 
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ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʩʪʘʙʠʣʥʠ ʢʣʲʩʪʝʨʠ ʦʪ ʏʂʂ, ʜʨʘʩʪʠʯʥʦ ʧʦʚʠʰʝʥʠ ʧʨʠ ʧʘʮʠʝʥʪʢʠʪʝ ʩ 

ʪʝʞʢʘ ʇɽ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʦʮʝʥʢʘʪʘ ʥʘ ʝʨʠʪʨʦʮʠʪʥʘʪʘ ʘʛʨʝʛʘʮʠʷ ʯʨʝʟ ʨʘʟʨʘʙʦʪʝʥʘʪʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʩʦʬʪʫʝʨʥʘ ʤʝʪʦʜʠʢʘ ʤʦʞʝ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘ ʢʘʪʦ ʧʦʣʝʟʝʥ ʙʠʦʤʘʨʢʝʨ 

ʧʨʠ ʇɽ ʠ ʧʨʠ ʜʨʫʛʠ ʧʘʪʦʣʦʛʠʠ, ʟʘ ʧʨʦʩʣʝʜʷʚʘʥʝ ʧʨʦʛʨʝʩʠʷʪʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ ʠ ʟʘ 

ʧʦʜʧʦʤʘʛʘʥʝ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʙʲʜʝʱʠ ʧʨʝʚʘʥʪʠʚʥʠ ʠ ʣʝʯʝʙʥʠ ʩʪʨʘʪʝʛʠʠ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: 

ʛʣ. ʘʩ. ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ ʠ ʜʦʮ. ɽ. ɸʙʘʜʞʠʝʚʘ) 

 

 

 

ɸʥʘʣʠʟ ʥʘ ʜʘʥʥʠʪʝ ʦʪ ʠʟʦʙʨʘʞʝʥʠʝ: 

A) ɹʣʦʢ-ʩʭʝʤʘ ʥʘ ʘʣʛʦʨʠʪʲʤ ʟʘ ʘʥʘʣʠʟ 

ʥʘ ʝʨʠʪʨʦʮʠʪʥʘʪʘ ʘʛʨʝʛʘʮʠʷ; 

B) ʅʝʦʙʨʘʙʦʪʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ 

ʝʨʠʪʨʦʮʠʪʥʠ ʘʛʨʝʛʘʪʠ, ʧʦʣʫʯʝʥʦ ʩ 

ʧʦʤʦʱʪʘ ʥʘ ʤʠʢʨʦʬʣʫʠʜʥʘʪʘ 

ʩʠʩʪʝʤʘ; 

ʉ) ʀʟʦʙʨʘʞʝʥʠʝ ʩʣʝʜ ʧʨʠʣʘʛʘʥʝ ʥʘ 

ʧʨʦʮʝʩʘ ʥʘ ʩʝʛʤʝʥʪʠʨʘʥʝ ʠ ʠʟʧʲʣʥʝʥʠʝ 

ʥʘ ʢʨʘʡʥʠʪʝ ʢʨʠʪʝʨʠʠ ʟʘ ʦʮʝʥʢʘ; 

D) ʀʟʦʙʨʘʞʝʥʠʝ ʥʘ ʠʟʙʨʘʥʠ 

ʝʨʠʪʨʦʮʠʪʥʠ ʘʛʨʝʛʘʪʠ (ʦʛʨʘʜʝʥʠ ʚ 

ʩʠʥʴʦ), ʟʘ ʢʦʠʪʦ ʩʝ ʦʧʨʝʜʝʣʷʪ ʙʨʦʷʪ ʠ 

ʧʣʦʱʘ ʠʤ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʨʦʙʦʪʠʢʘ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʧʨʝʜʣʦʞʝʥʘ ʩʝʥʟʦʨʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ 

ʧʦʣʫʯʘʚʘʥʝ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʷʜʨʝʥʘʪʘ ʝʥʝʨʛʠʷ ʩ ʚʠʩʦʢʦ ʭʠʜʨʦʩʪʘʪʠʯʥʦ ʥʘʣʷʛʘʥʝ. 

ʊʝʭʥʦʣʦʛʠʷʪʘ ʚʢʣʶʯʚʘ ʜʝʙʝʣʦʩʪʝʥʥʘ ʢʘʤʝʨʘ ʦʪ ʪʠʪʘʥʦʚʘ ʩʪʦʤʘʥʘ ʩ ʮʠʣʠʥʜʨʠʯʝʥ ʧʦ 

ʜʲʣʞʠʥʘʪʘ Ⱬ ʢʘʥʘʣ, ʢʦʡʪʦ ʱʝ ʩʝ ʟʘʧʲʣʥʠ ʩ ʜʝʫʪʝʨʠʡ ʩ ʜʠʩʧʝʨʛʠʨʘʥ ʚ ʥʝʛʦ ʨʘʜʠʦʘʢʪʠʚʝʥ 

ʤʘʪʝʨʠʘʣ ʠ ʯʘʩʪʠʮʠ ʦʪ ʛʨʘʬʠʪ. ɺ ʢʘʥʘʣʘ ʠʤʘ ʙʫʪʘʣʦ, ʢʦʝʪʦ ʝ ʧʦʜ ʚʲʥʰʝʥ ʥʘʪʠʩʢ. 

ʂʦʤʧʨʝʩʠʷʪʘ ʧʦʚʠʰʘʚʘ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʨʘʜʠʦʘʢʪʠʚʥʦʪʦ ʚʝʱʝʩʪʚʦ ʠ ʩʙʣʠʞʘʚʘ ʘʪʦʤʠʪʝ ʤʫ. 

ʊʘʢʘ ʥʘʨʘʩʪʚʘ ʚʝʨʦʷʪʥʦʩʪʪʘ ʠʟʣʲʯʝʥʠʪʝ ʦʪ ʷʜʨʘʪʘ ʥʝʫʪʨʦʥʠ ʜʘ ʧʦʚʠʰʘʪ ʫʯʘʩʪʠʝʪʦ ʩʠ ʚʲʚ 

ʚʝʨʠʞʥʘʪʘ ʨʝʘʢʮʠʷ, ʛʝʥʝʨʠʨʘʱʘ ʪʦʧʣʠʥʥʘ ʝʥʝʨʛʠʷ. ʇʨʝʜʚʠʜ ʩʧʝʮʠʬʠʢʘʪʘ ʥʘ ʨʘʙʦʪʘ ʩ 

ʨʘʜʠʦʘʢʪʠʚʝʥ ʤʘʪʝʨʠʘʣ ʝ ʦʩʲʱʝʩʪʚʝʥʦ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʧʨʦʪʠʯʘʱʠʪʝ ʪʝʭʥʦʣʦʛʠʯʥʠ 

ʧʨʦʮʝʩʠ, ʧʦʜʣʝʞʘʱʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʩ ʭʠʜʨʦʩʪʘʪʠʯʥʦʪʦ ʥʘʣʷʛʘʥʝ. ʂʣʶʯʦʚʦ ʧʨʝʜʠʤʩʪʚʦ 

ʥʘ ʥʦʚʠʷ ʩʝʥʟʦʨʝʥ ʧʦʜʭʦʜ ʝ ʨʝʜʫʮʠʨʘʥʝ ʥʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʷʜʨʝʥʦ 

ʛʦʨʠʚʦ, ʢʦʝʪʦ ʝ ʩʪʨʘʪʝʛʠʯʝʩʢʘ ʩʫʨʦʚʠʥʘ. ɹʲʜʝʱʠʪʝ ʧʨʠʣʦʞʝʥʠʷ 

ʥʘ ʪʘʟʠ ʠʥʦʚʘʮʠʷ ʚʢʣʶʯʚʘʪ ʜʲʣʛʦʚʨʝʤʝʥʥʦ ʟʘʭʨʘʥʚʘʥʝ ʥʘ 

ʨʦʙʦʪʠ; ʩʠʩʪʝʤʠ ʟʘ ʩʠʛʫʨʥʦʩʪ ʩ ʠʟʢʫʩʪʚʝʥ ʠʥʪʝʣʝʢʪ; ʧʦʜʚʦʜʥʠ, 

ʥʘʟʝʤʥʠ ʠ ʚʲʟʜʫʰʥʠ ʧʣʘʪʬʦʨʤʠ ʟʘ ʥʘʙʣʶʜʝʥʠʝ ʠ ʧʨʝʚʝʥʮʠʷ; 

ʙʠʪʦʚʦ ʝʣʝʢʪʨʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʜʨ. ʈʘʟʨʘʙʦʪʢʘʪʘ ʝ ʟʘʱʠʪʝʥʘ ʩ ʜʚʝ 

ʠʟʦʙʨʝʪʝʥʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʉʠʷ ʃʦʟʘʥʦʚʘ) 

 ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʠ ʚʠʩʦʢʦ ʭʠʜʨʦʩʪʘʪʠʯʥʦ ʥʘʣʷʛʘʥʝ ʚ ʢʘʤʝʨʘ 

ʦʪ ʪʠʪʘʥʦʚʘ ʩʪʦʤʘʥʘ ʩ ʧʨʝʩʘ 

 

ʈʘʟʨʘʙʦʪʝʥʠ ʠ ʧʨʦʝʢʪʠʨʘʥʠ ʩʘ ʠʥʦʚʘʪʠʚʥʠ 

ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʨʦʙʦʪʠʟʠʨʘʥʠ ʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʝʜʠʮʠʥʘʪʘ: ʫʩʪʨʦʡʩʪʚʘ ʟʘ 

ʨʝʭʘʙʠʣʠʪʘʮʠʷ ʥʘ ʢʠʪʢʘʪʘ ʠ ʧʨʲʩʪʠʪʝ ʥʘ ʧʘʮʠʝʥʪʠ ʩʣʝʜ ʠʥʩʫʣʪ ʠ ʭʫʤʘʥʦʠʜʥʘ 
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ʨʦʙʦʪʠʟʠʨʘʥʘ ʨʲʢʘ. ʈʝʭʘʙʠʣʠʪʘʮʠʦʥʥʠʪʝ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʢʠʪʢʘʪʘ ʩʘ ʙʘʟʠʨʘʥʠ ʥʘ 

ʧʘʨʘʣʝʣʝʥ ʪʠʧ ʨʦʙʦʪʠ ʩ ʪʨʠ ʩʪʝʧʝʥʠ ʥʘ ʩʚʦʙʦʜʘ. ɺʲʟʤʦʞʥʦʩʪʠʪʝ ʥʘ ʨʦʙʦʪʠʪʝ ʩʘ ʦʮʝʥʝʥʠ 

ʯʨʝʟ ʪʝʦʨʝʪʠʯʥʠ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʝʥʦ ʝ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʦʙʦʪʠʪʝ 

ʠ ʩʘ ʠʟʨʘʙʦʪʝʥʠ ʧʨʦʪʦʪʠʧʠ ʥʘ ʪʝʟʠ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ 3D ʧʨʠʥʪʠʨʘʥʝ. 

ʇʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩ ʧʨʦʪʦʪʠʧʠʪʝ ʧʦʢʘʟʚʘʪ ʜʦʙʨʠ ʨʝʟʫʣʪʘʪʠ ʧʨʠ ʧʦʢʨʠʚʘʥʝ 

ʦʙʭʚʘʪʘ ʥʘ ʜʚʠʞʝʥʠʝ ʥʘ ʨʲʢʘʪʘ ʠ ʧʨʲʩʪʠʪʝ. ʇʦʜʭʦʜʷʱʠ ʩʘ ʟʘ ʜʦʤʘʰʥʘ ʨʝʭʘʙʠʣʠʪʘʮʠʷ. 

ʍʫʤʘʥʦʠʜʥʘʪʘ ʨʲʢʘ ʝ ʩ ʧʦʜʦʙʨʝʥ ʤʦʜʫʣʝʥ ʜʠʟʘʡʥ ʠ ʧʨʲʩʪʠʪʝ ʩʘ 3D ʧʨʠʥʪʠʨʘʥʠ ʢʘʪʦ 

ʝʜʠʥʠʯʝʥ ʘʩʝʤʙʣʠʨʘʥ ʢʦʤʧʦʥʝʥʪ. ʇʦ ʪʘʢʲʚ ʥʘʯʠʥ ʩʝ ʩʧʝʩʪʷʚʘ ʦʧʝʨʘʮʠʷ ʧʦ ʘʩʝʤʙʣʠʨʘʥʝ. 

ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ ʨʲʢʘʪʘ ʠ ʩʲʦʪʚʝʪʝʥ ʩʦʬʪʫʝʨ. ʄʦʜʫʣʥʠʷʪ ʜʠʟʘʡʥ ʧʦʟʚʦʣʷʚʘ 

ʣʝʩʥʘ ʩʤʷʥʘ ʥʘ ʧʨʲʩʪʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪ. ʏʨʝʟ ʧʨʦʚʝʜʝʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʝ ʠʟʩʣʝʜʚʘʪ 

ʦʩʥʦʚʥʠʪʝ ʬʫʥʢʮʠʦʥʘʣʥʠ ʚʲʟʤʦʞʥʦʩʪʠ ʥʘ ʨʲʢʘʪʘ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʊ. ʊʘʥʝʚ ʠ 

ʧʨʦʬ. ʀ. ʏʘʚʜʘʨʦʚ) 

 

 

 

 

 

 

 

ʈʦʙʦʪʠʟʠʨʘʥʦ ʫʩʪʨʦʡʩʪʚʦ 

 ʟʘ ʨʝʭʘʙʠʣʠʪʘʮʠʷ ʥʘ ʢʠʪʢʘʪʘ ʩʣʝʜ 

ʧʨʝʢʘʨʘʥ ʠʥʩʫʣʪ 

ʄʦʜʫʣʥʘ ʭʫʤʘʥʦʠʜʥʘ ʨʦʙʦʪʠʟʠʨʘʥʘ ʨʲʢʘ 

ʀʥʩʪʠʪʫʪ ʧʦ ʠʥʬʦʨʤʘʮʠʦʥʥʠ ʠ ʢʦʤʫʥʠʢʘʮʠʦʥʥʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ 

ʨʝʟʫʣʪʘʪʠ, ʭʘʨʘʢʪʝʨʠʟʠʨʘʱʠ ʧʨʠʙʣʠʞʝʥʠʝʪʦ ʥʘ ʜʝʡʩʪʚʠʝʪʦ ʥʘ ʣʠʥʝʡʥʠʷ ʦʧʝʨʘʪʦʨ ʦʪ 

ʚʠʜʘ A-Ŭ ʚʲʨʭʫ ʧʨʦʠʟʚʦʣʝʥ ʚʝʢʪʦʨ ʟʘ ʧʨʦʠʟʚʦʣʥʘ ʨʝʘʣʥʘ ʩʪʝʧʝʥ Ŭ. ɼʠʨʝʢʪʥʦʪʦ ʧʨʠʣʘʛʘʥʝ 

ʥʘ ʥʘʡ-ʜʦʙʨʦ ʨʘʚʥʦʤʝʨʥʦ ʨʘʮʠʦʥʘʣʥʦ ʧʨʠʙʣʠʞʝʥʠʝ (BURA) ʟʘʧʘʟʚʘ ʦʧʪʠʤʘʣʥʘʪʘ 

ʝʢʩʧʦʥʝʥʮʠʘʣʥʘ ʩʭʦʜʠʤʦʩʪ ʥʘ ʛʨʝʰʢʘʪʘ, ʥʦ ʥʝʚʠʥʘʛʠ ʫʥʘʩʣʝʜʷʚʘ ʢʣʶʯʦʚʠ ʩʚʦʡʩʪʚʘ ʥʘ 

ʣʠʥʝʡʥʠʷ ʦʧʝʨʘʪʦʨ ʢʘʪʦ ʤʦʥʦʪʦʥʥʦʩʪ, ʧʦʣʦʞʠʪʝʣʥʘ ʦʧʨʝʜʝʣʝʥʦʩʪ ʠ ʪ.ʥ. ʀʟʚʝʜʝʥʠ ʩʘ 

ʨʦʙʘʩʪʥʠ ʪʝʦʨʝʪʠʯʥʠ ʦʮʝʥʢʠ ʟʘ ʛʨʝʰʢʘʪʘ ʚ ʩʣʫʯʘʠʪʝ ʥʘ ʘʜʠʪʠʚʥʦ ʠ ʤʫʣʪʠʧʣʠʢʘʪʠʚʥʦ 

ʧʨʠʣʘʛʘʥʝ ʥʘ BURA ʤʝʪʦʜʦʣʦʛʠʷʪʘ ʠ ʧʦʜʦʙʨʝʥʠ ʦʮʝʥʢʠ ʥʘ ʛʨʝʰʢʘʪʘ ʧʨʠ ʘʧʨʠʦʨʝʥ 

ʘʥʘʣʠʟ ʥʘ ʚʭʦʜʥʠʷ ʚʝʢʪʦʨ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʥʦʚʠ ʧʦʯʪʠ ʦʧʪʠʤʘʣʥʠ ʦʮʝʥʢʠ ʟʘ 

ʠʟʯʠʩʣʠʪʝʣʥʘʪʘ ʩʣʦʞʥʦʩʪ, ʦʮʝʥʢʠ ʟʘ ʧʘʨʘʣʝʣʥʦʪʦ ʫʩʢʦʨʝʥʠʝ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ. 

ʊʝʦʨʝʪʠʯʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʝ ʧʨʠʣʘʛʘʪ ʟʘ ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʨʝʘʣʥʠ ʧʨʦʮʝʩʠ ʢʘʪʦ ʜʚʠʞʝʥʠʝ ʥʘ 

ʯʘʩʪʠʮʠ ʚ ʭʝʪʝʨʦʛʝʥʥʘ ʩʨʝʜʘ ʠ/ʠʣʠ ʧʨʠ ʃʝʚʠ ʩʢʦʢʦʚʝ ʩ ʪʝʞʢʠ ʦʧʘʰʢʠ, ʧʝʨʠʜʠʥʘʤʠʢʘ 

(ʜʝʬʦʨʤʠʨʘʱʘ ʩʝ ʩʨʝʜʘ ʩ ʧʫʢʥʘʪʠʥʠ), ʦʙʨʘʙʦʪʢʘ ʥʘ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪ ʥʘ CO2 ʚ 

ʭʝʪʝʨʦʛʝʥʥʘ ʩʨʝʜʘ, ʤʦʜʝʣʠʨʘʥʝ ʥʘ ʢʨʠʩʪʘʣʠ ʚʲʚ ʬʘʟʦʚʦ ʧʦʣʝ ʠ ʜʨ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. 

ʉʪʘʥʠʩʣʘʚ ʍʘʨʠʟʘʥʦʚ) 
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ɻʨʝʰʢʘ ʥʘ ɹʋʈɸ ʧʨʠʙʣʠʞʝʥʠʝʪʦ 

ʦʪ 12-ʠ ʨʝʜ ʩʧʦʨʝʜ ʯʠʩʣʦʪʦ ʥʘ 

ʦʙʫʩʣʦʚʝʥʦʩʪ ʥʘ ʤʘʪʨʠʮʘʪʘ ʠ 

ʩʪʝʧʝʥʪʘ ʥʘ ʦʧʝʨʘʪʦʨʘ 

 

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʤʫʣʪʠʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ, ʢʦʷʪʦ ʧʨʝʜʦʩʪʘʚʷ ʠʟʯʝʨʧʘʪʝʣʥʘ ʠʥʬʦʨʤʘʮʠʷ 

ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʯʨʝʟ ʝʜʥʦʚʨʝʤʝʥʥʦʪʦ ʠʟʤʝʨʚʘʥʝ ʥʘ ʨʘʟʣʠʯʥʠ 

ʟʘʤʲʨʩʠʪʝʣʠ ʠ ʬʘʢʪʦʨʠ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʆʧʨʝʜʝʣʷʥʝʪʦ ʥʘ ʠʟʪʦʯʥʠʮʠʪʝ ʥʘ 

ʟʘʤʲʨʩʷʚʘʥʝ, ʩʠʥʝʨʛʠʯʥʠʪʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠ ʜʠʥʘʤʠʯʥʠʷ ʭʘʨʘʢʪʝʨ ʥʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʚʲʟʜʫʭʘ ʧʦʜʧʦʤʘʛʘ ʚʟʠʤʘʥʝ ʥʘ 

ʠʥʬʦʨʤʠʨʘʥʠ ʨʝʰʝʥʠʷ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʬʝʨʤʘʪʘ. ʉʠʩʪʝʤʘʪʘ ʝ ʠʟʛʨʘʜʝʥʘ ʩ 

ʜʦʩʪʲʧʥʠ ʩʝʥʟʦʨʠ ʠ ʠʥʩʪʨʫʤʝʥʪʠ ʩ 

ʦʪʚʦʨʝʥ ʢʦʜ, ʢʦʝʪʦ ʷ ʧʨʘʚʠ ʧʨʘʢʪʠʯʥʦ 

ʨʝʰʝʥʠʝ ʟʘ ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʚ 

ʨʘʟʣʠʯʥʠ ʩʝʣʩʢʦʩʪʦʧʘʥʩʢʠ ʫʩʣʦʚʠʷ ʠ 

ʨʝʛʠʦʥʠ ʩ ʦʛʨʘʥʠʯʝʥʠ ʨʝʩʫʨʩʠ. 

(ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʊʘʪʷʥʘ 

ɸʪʘʥʘʩʦʚʘ) 

 

ʉʭʝʤʘ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʤʫʣʪʠʩʝʥʟʦʨʥʘ 

ʩʠʩʪʝʤʘ ʟʘ ʢʘʯʝʩʪʚʦʪʦ ʥʘ ʚʲʟʜʫʭʘ ʚ 

ʨʝʘʣʥʦ ʚʨʝʤʝ 

 

 

3.2.2. ʅʘʧʨʘʚʣʝʥʠʝ Ăɽʥʝʨʛʠʡʥʠ ʨʝʩʫʨʩʠ ʠ ʝʥʝʨʛʠʡʥʘ ʝʬʝʢʪʠʚʥʦʩʪñ 

 

ʀʥʩʪʠʪʫʪ ʟʘ ʷʜʨʝʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʠ ʷʜʨʝʥʘ ʝʥʝʨʛʝʪʠʢʘ. ʇʦʣʫʯʝʥʠ ʩʘ ʥʦʚʠ ʨʝʟʫʣʪʘʪʠ 

ʚʲʚ ʚʨʲʟʢʘ ʩ ʧʨʠʨʦʜʘʪʘ ʥʘ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ, ʢʦʷʪʦ ʜʦʤʠʥʠʨʘ ʝʥʝʨʛʠʡʥʘʪʘ ʧʣʲʪʥʦʩʪ ʥʘ 

ɺʩʝʣʝʥʘʪʘ. ʄʥʦʛʦʙʨʦʡʥʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʥʘʙʣʶʜʝʥʠʷ ʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʨʝʟ ʧʦʩʣʝʜʥʠʪʝ 

ʜʝʩʝʪʠʣʝʪʠʷ ʩʘ ʧʦʢʘʟʘʣʠ, ʯʝ ʦʙʠʢʥʦʚʝʥʘʪʘ ʤʘʪʝʨʠʷ, ʢʦʷʪʦ ʧʦʟʥʘʚʘʤʝ ʦʪ ʝʞʝʜʥʝʚʠʝʪʦ ʩʠ 

(ʠ ʜʦʨʠ ʦʪ ʫʩʢʦʨʠʪʝʣʠʪʝ ʥʘ ʝʣʝʤʝʥʪʘʨʥʠ ʯʘʩʪʠʮʠ ʥʘ ɿʝʤʷʪʘ), ʩʲʩʪʘʚʣʷʚʘ ʝʜʚʘ 5 % ʦʪ 

ʝʥʝʨʛʠʡʥʘʪʘ ʧʣʲʪʥʦʩʪ ʚ ʧʨʠʨʦʜʘʪʘ. ʇʨʝʦʙʣʘʜʘʚʘʱʠʪʝ ʢʦʤʧʦʥʝʥʪʠ ʩʘ ʪʲʤʥʘʪʘ ʤʘʪʝʨʠʷ 

(27 %) ʠ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ (68 %). ɺʲʧʨʝʢʠ ʯʝ ʟʘ ʩʲʱʝʩʪʚʫʚʘʥʝʪʦ ʠʤ ʩʝ ʟʥʘʝ ʦʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʠʪʝ ʠʤ ʧʨʦʷʚʣʝʥʠʷ ʠ ʝʬʝʢʪʘ ʠʤ ʚʲʨʭʫ ʨʘʟʰʠʨʷʚʘʥʝʪʦ ʥʘ ɺʩʝʣʝʥʘʪʘ, 

ʩʲʱʥʦʩʪʪʘ ʥʘ ʪʝʟʠ ʜʚʝ ʢʦʤʧʦʥʝʥʪʠ ʚʩʝ ʦʱʝ ʥʝ ʝ ʠʟʷʩʥʝʥʘ. ɺʦʜʝʱ ʚʲʧʨʦʩ ʚ ʪʦʚʘ 

ʦʪʥʦʰʝʥʠʝ ʝ ʜʘʣʠ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ ʩʝ ʜʲʣʞʠ ʥʘ ʢʦʩʤʦʣʦʛʠʯʥʘ ʢʦʥʩʪʘʥʪʘ ʠʣʠ ʥʘ 

ʜʠʥʘʤʠʯʥʠ (ʢʚʘʥʪʦʚʠ) ʧʦʣʝʪʘ. ɺ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʚʠʜ ʤʦʜʝʣʠ ʥʘ ʜʠʥʘʤʠʯʥʘ 

ʪʲʤʥʘ ʝʥʝʨʛʠʷ ʤʦʛʘʪ ʜʘ ʚʦʜʷʪ ʜʦ ʥʘʙʣʶʜʘʪʝʣʥʠ ʨʘʟʣʠʢʠ ʩ ʢʦʩʤʦʣʦʛʠʯʥʘʪʘ ʢʦʥʩʪʘʥʪʘ. ɿʘ 
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ʮʝʣʪʘ ʝ ʠʟʫʯʝʥʦ ʧʦʚʝʜʝʥʠʝʪʦ ʥʘ ʧʝʨʪʫʨʙʘʮʠʠʪʝ ʥʘ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ ʚ ʪʦʟʠ ʢʣʘʩ ʤʦʜʝʣʠ ʠ 

ʝ ʠʟʚʝʜʝʥʘ ʩʢʦʨʦʩʪʪʘ ʠʤ ʥʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʪʘʟʠ ʩʢʦʨʦʩʪ ʝ ʧʦ-ʤʘʣʢʘ 

ʦʪ ʩʢʦʨʦʩʪʪʘ ʥʘ ʩʚʝʪʣʠʥʘʪʘ, ʢʦʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʣʦʚʠʝ ʟʘ ʥʘʙʣʶʜʘʝʤʦ ʚʣʠʷʥʠʝ ʥʘ 

ʧʝʨʪʫʨʙʘʮʠʠʪʝ ʥʘ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ ʚʲʨʭʫ ʝʜʨʦʤʘʱʘʙʥʘʪʘ ʩʪʨʫʢʪʫʨʘ ʥʘ ɺʩʝʣʝʥʘʪʘ, ʥʘ 

ʥʠʚʦ (ʩʚʨʲʭ-) ʢʫʧʦʚʝ ʦʪ ʛʘʣʘʢʪʠʢʠ. ʅʘʤʝʨʝʥ ʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʥ ʧʨʦʩʪʨʘʥʩʪʚʝʥ ʤʘʱʘʙ ʦʪ 

ʧʦʨʷʜʲʢʘ ʥʘ ʥʷʢʦʣʢʦ ʛʠʛʘʧʘʨʩʝʢʘ, ʥʘ ʢʦʡʪʦ ʤʦʞʝ ʜʘ ʩʝ ʧʨʦʷʚʠ ʝʬʝʢʪʲʪ ʦʪ ʪʦʚʘ ʚʣʠʷʥʠʝ. 

ʉʲʱʦ ʪʘʢʘ ʧʦʢʘʟʘʥʦ ʝ, ʯʝ ʪʦʟʠ ʢʣʘʩ ʜʠʥʘʤʠʯʥʠ ʤʦʜʝʣʠ ʝ ʧʦʜʭʦʜʷʱ ʟʘ ʨʘʟʨʝʰʘʚʘʥʝ ʥʘ 

ʦʧʨʝʜʝʣʝʥʦ ʧʨʦʪʠʚʦʨʝʯʠʝ (ʠʟʚʝʩʪʥʦ ʢʘʪʦ ʍʘʙʲʣʦʚʦ ʥʘʧʨʝʞʝʥʠʝ), ʜʲʣʞʘʱʦ ʩʝ ʥʘ 

ʜʦʧʫʩʢʘʥʝʪʦ, ʯʝ ʪʲʤʥʘʪʘ ʝʥʝʨʛʠʷ ʝ ʢʦʩʤʦʣʦʛʠʯʥʘ ʢʦʥʩʪʘʥʪʘ. ɸ ʠʤʝʥʥʦ ʪʦʚʘ ʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʚ ʩʪʦʡʥʦʩʪʠʪʝ ʥʘ ʢʦʥʩʪʘʥʪʘʪʘ ʥʘ ʍʲʙʲʣ, ʠʟʚʣʝʯʝʥʠ ʦʪ ʨʘʟʣʠʯʥʠ ʥʘʙʦʨʠ 

ʥʘʙʣʶʜʘʪʝʣʥʠ ʜʘʥʥʠ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜʬʥ ʃ. ɸʥʛʝʣʦʚʘ) 

        ʇʨʝʜʣʦʞʝʥ ʝ ʥʦʚ ʝʢʩʧʝʨʠʤʝʥʪ ʟʘ ʨʝʛʠʩʪʨʠʨʘʥʝ ʥʘ ʨʝʟʦʥʘʥʩʥʦ ʄʴʦʩʙʘʫʝʨʦʚʦ 

ʥʝʫʪʨʠʥʦ. ʊʦʚʘ ʝ ʥʝʫʪʨʠʥʦ, ʢʦʝʪʦ ʩʝ ʠʟʣʲʯʚʘ ʠʣʠ ʧʦʛʣʲʱʘ ʙʝʟʦʪʢʘʪʥʦ ʚ ʦʧʨʝʜʝʣʝʥ ʤʥʦʛʦ 

ʪʝʩʝʥ ʝʥʝʨʛʠʝʥ ʠʥʪʝʨʚʘʣ. ʊʦʟʠ ʧʨʦʮʝʩ ʝ ʦʪ ʛʦʣʷʤ ʠʥʪʝʨʝʩ ʟʘ ʬʫʥʜʘʤʝʥʪʘʣʥʘʪʘ ʬʠʟʠʢʘ, 

ʟʘʱʦʪʦ ʩʝʯʝʥʠʝʪʦ ʤʫ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝ ʥʘ ʧʦʨʷʜʲʮʠ ʧʦ-ʛʦʣʷʤʦ ʦʪ ʩʪʘʥʜʘʨʪʥʦʪʦ 

ʩʝʯʝʥʠʝ ʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘ ʥʝʫʪʨʠʥʦʪʦ ʩ ʤʘʪʝʨʠʷʪʘ. ɺʲʧʨʝʢʠ ʯʝ ʨʝʟʦʥʘʥʩʥʦʪʦ 

ʠʟʣʲʯʚʘʥʝ ʠ ʧʦʛʣʲʱʘʥʝ ʥʘ ʝʣʝʢʪʨʦʥʥʦ ʥʝʫʪʨʠʥʦ ɜʝ ʩʘ ʧʨʝʜʩʢʘʟʘʥʠ ʧʨʝʜʠ ʧʦʚʝʯʝ ʦʪ 

ʧʦʣʦʚʠʥ ʚʝʢ, ʪʝ ʚʩʝ ʦʱʝ ʥʝ ʩʘ ʨʝʛʠʩʪʨʠʨʘʥʠ. ʅʦʚʠʷʪ ʝʢʩʧʝʨʠʤʝʥʪ ʠʟʧʦʣʟʚʘ ʠʟʦʪʦʧʘ 55Fe, 

ʢʘʢʪʦ ʠ ʪʦʚʘ, ʯʝ (ʟʘ ʩʝʯʝʥʠʝ ʥʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʨʝʟʦʥʘʥʩʥʦ ʥʝʫʪʨʠʥʦ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 10-38 

ʜʦ 10-37 cm2) ʄʴʦʩʙʘʫʝʨʦʚʦʪʦ ʥʝʫʪʨʠʥʦ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʪʢʨʠʪʦ ʩ ʧʦʤʦʱʪʘ ʥʘ 

ʚʠʩʦʢʦʘʢʪʠʚʥʠ ʨʘʜʠʦʘʢʪʠʚʥʠ ʠʟʪʦʯʥʠʮʠ ʚ ʩʲʯʝʪʘʥʠʝ ʩ ʤʫʣʪʠʜʝʪʝʢʪʦʨʥʘ ʩʠʩʪʝʤʘ. 

ɺʲʧʨʝʢʠ ʯʝ ʝʢʩʧʝʨʠʤʝʥʪʲʪ ʠʤʘ ʩʲʱʠʪʝ ʩʝʨʠʦʟʥʠ ʪʨʫʜʥʦʩʪʠ ʢʘʪʦ ʜʨʫʛʠ ʥʝʫʪʨʠʥʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʠ, ʪʦʡ ʧʨʝʜʣʘʛʘ ʫʥʠʢʘʣʥʘ ʚʲʟʤʦʞʥʦʩʪ ʚ ʩʪʨʝʤʝʞʘ ʜʘ ʩʝ ʦʩʠʛʫʨʠ ʧʲʨʚʦʪʦ 

ʫʩʧʝʰʥʦ ʜʝʪʝʢʪʠʨʘʥʝ ʥʘ ʨʝʟʦʥʘʥʩʥʦ ʄʴʦʩʙʘʫʝʨʦʚʦ ʥʝʫʪʨʠʥʦ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜʬʥ 

ɺ. ʈʫʩʘʥʦʚ) 

 

 

ʇʨʦʛʥʦʟʝʥ ʨʝʟʫʣʪʘʪ ʦʪ ʧʨʝʜʣʦʞʝʥʠʷ 

ʝʢʩʧʝʨʠʤʝʥʪ ʩ ʠʟʦʪʦʧʘ ὊὩ . ɺʲʚ 

ʚʣʦʞʢʘʪʘ ʝ ʧʦʢʘʟʘʥʘ ʩʘʤʦ ʦʙʣʘʩʪʪʘ ʥʘ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘʪʘ ʣʠʥʠʷ ὑ  ʥʘ ὓὲ , ʘʢʦ 
ʩʝʯʝʥʠʝʪʦ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʝ ρπȤ  cm2. 

ʇʨʠ ʧʦ-ʤʘʣʢʘ ʩʪʦʡʥʦʩʪ ʥʘ ʩʝʯʝʥʠʝʪʦ 

ʦʙʩʲʞʜʘʥʠʷʪ ʝʢʩʧʝʨʠʤʝʥʪ ʝʜʚʘ ʣʠ ʙʠ ʜʘʣ 

ʧʦʣʦʞʠʪʝʣʝʥ ʨʝʟʫʣʪʘʪ. ɺʲʧʨʝʢʠ ʪʦʚʘ ʜʦʨʠ ʠ 

ʚ ʩʣʫʯʘʡ ʥʘ ʣʠʧʩʘ ʥʘ ʩʠʛʥʘʣ ʧʨʝʜʣʦʞʝʥʠʷʪ 

ʝʢʩʧʝʨʠʤʝʥʪ ʝ ʫʥʠʢʘʣʝʥ, ʪʲʡ ʢʘʪʦ ʱʝ 

ʧʨʝʜʩʪʘʚʠ ʥʘʡ-ʘʢʪʫʘʣʥʘʪʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʠ ʱʝ ʧʦʩʪʘʚʠ ʥʦʚʘ ʛʦʨʥʘ 

ʛʨʘʥʠʮʘ ʟʘ ʩʪʦʡʥʦʩʪʪʘ ʥʘ ʨʝʟʦʥʘʥʩʥʦʪʦ 

ʩʝʯʝʥʠʝ ʟʘ ʧʦʛʣʲʱʘʥʝ ʥʘ ʥʝʫʪʨʠʥʦ. 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʝʣʝʢʪʨʦʭʠʤʠʷ ʠ ʝʥʝʨʛʠʡʥʠ ʩʠʩʪʝʤʠ. ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʥʦʚʠ 

ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ ʩʲʩ ʟʥʘʯʠʪʝʣʥʦ ʧʦ-ʥʠʩʢʦ ʚʲʪʨʝʰʥʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦ-ʜʦʙʨʘ 

ʝʣʝʢʪʨʦʭʠʤʠʯʥʘ ʩʪʘʙʠʣʥʦʩʪ ʦʪ ʜʦʩʝʛʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ. ɿʘ ʮʝʣʪʘ ʝ ʠʟʧʦʣʟʚʘʥ 

ʝʣʝʢʪʨʦʣʠʪ, ʩʲʜʲʨʞʘʱ ʡʦʥʥʘ ʪʝʯʥʦʩʪ, ʢʘʢʪʦ ʠ ʘʢʪʠʚʝʥ ʚʲʛʣʝʥ, ʧʦʣʫʯʝʥ ʦʪ ʙʠʦʤʘʩʘ. 

ɺʲʧʨʝʢʠ ʯʝ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʡʦʥʥʠ ʪʝʯʥʦʩʪʠ ʢʘʪʦ ʝʣʝʢʪʨʦʣʠʪʠ ʝ ʜʦʙʨʦ ʨʝʰʝʥʠʝ ʟʘ 
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ʧʦʩʪʠʛʘʥʝ ʥʘ ʚʠʩʦʢʘ ʝʥʝʨʛʠʡʥʘ ʧʣʲʪʥʦʩʪ ʠ ʚʠʩʦʢʠ ʤʦʱʥʦʩʪʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʠʩʪʝʤʠ 

ʟʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʝʥʝʨʛʠʷ, ʞʠʚʦʪʲʪ ʠʤ ʝ ʦʛʨʘʥʠʯʝʥ ʦʪ ʚʠʩʦʢʠʷ ʠʤ ʚʠʩʢʦʟʠʪʝʪ. 

ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʚ ʀɽɽʉ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʠ ʩʲʜʲʨʞʘʪ ʡʦʥʥʘ ʪʝʯʥʦʩʪ 1-ʝʪʠʣ-3-

ʤʝʪʠʣʠʤʠʜʘʟʦʣʠʝʚ ʪʝʪʨʘʬʣʫʦʨʦʙʦʨʘʪ (EMIMBF4) ʠ ʨʘʟʪʚʦʨʠʪʝʣ ʘʮʝʪʦʥʠʪʨʠʣ (ACN) ʚ 

ʨʘʟʣʠʯʥʠ ʩʲʦʪʥʦʰʝʥʠʷ. ɼʦʙʘʚʷʥʝʪʦ ʥʘ ACN ʢʲʤ EMIMBF4 ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʞʘʚʘ 

ʚʲʪʨʝʰʥʦʪʦ ʩʲʧʨʦʪʠʚʣʝʥʠʝ ʠ ʧʦʜʦʙʨʷʚʘ ʝʣʝʢʪʨʦʭʠʤʠʯʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʩ ʥʷʢʦʣʢʦ 

ʧʦʨʷʜʲʢʘ, ʢʦʝʪʦ ʩʝ ʜʲʣʞʠ ʥʘ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʚʠʩʢʦʟʠʪʝʪʘ ʠ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ 

ʨʘʟʛʨʘʞʜʘʥʝʪʦ ʥʘ ʡʦʥʥʘʪʘ ʪʝʯʥʦʩʪ. ʆʧʪʠʤʘʣʥʘ ʝʬʝʢʪʠʚʥʦʩʪ ʝ ʧʦʩʪʠʛʥʘʪʘ ʧʨʠ ʦʙʝʤʥʦ 

ʩʲʦʪʥʦʰʝʥʠʝ EMIMBF4:ACN = 1:2. ʉʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʲʪ ʜʝʤʦʥʩʪʨʠʨʘ 87 % ʮʠʢʣʠʯʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʩʣʝʜ 5000 ʮʠʢʲʣʘ ʟʘʨʷʜ/ʨʘʟʨʷʜ ʧʨʠ ʛʨʘʥʠʮʠ ʥʘ ʥʘʧʨʝʞʝʥʠʝ 0,05 ï 2,8 V. 

ʇʦʩʪʠʛʥʘʪʠ ʩʘ ʤʘʢʩʠʤʘʣʥʘ ʝʥʝʨʛʠʡʥʘ ʧʣʲʪʥʦʩʪ 26 Wh/kg ʠ ʤʦʱʥʦʩʪ 2750 W/kg. 

ʀʢʦʥʦʤʠʯʝʩʢʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ ʨʘʟʨʘʙʦʪʢʘʪʘ ʝ ʚ ʟʥʘʯʠʪʝʣʥʦʪʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦʪʦ ʩʢʲʧʦʩʪʨʫʚʘʱʘ ʡʦʥʥʘ ʪʝʯʥʦʩʪ. ɼʦʧʲʣʥʠʪʝʣʥʠ ʧʨʝʜʠʤʩʪʚʘ ʩʘ ʧʨʠʣʦʞʝʥʘʪʘ 

ʠʥʦʚʘʪʠʚʥʘ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʣʝʝʥʝ ʙʝʟ ʪʦʢʦʚ ʢʦʣʝʢʪʦʨ ʧʨʠ ʧʦʜʛʦʪʦʚʢʘ ʥʘ ʘʢʪʠʚʥʘʪʘ 

ʝʣʝʢʪʨʦʜʥʘ ʤʘʩʘ ʠ ʩʪʘʙʠʣʥʦʩʪʪʘ ʥʘ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨʘ ʧʨʠ ʨʘʙʦʪʥʠ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 60 

ÁC. (ʈʲʢʦʚʦʜʠʪʝʣ: ʛʣ. ʘʩ. ʜ-ʨ ɹ. ʂʘʨʘʤʘʥʦʚʘ)  

 
ɽʬʝʢʪʠʚʝʥ ʩʫʧʝʨʢʦʥʜʝʥʟʘʪʦʨ ʩ ʧʦʜʦʙʨʝʥʠ ʝʣʝʢʪʨʦʭʠʤʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʇʦʣʫʯʝʥʠ ʩʘ ʪʲʥʢʠ, ʧʨʦʟʨʘʯʥʠ ʬʠʣʤʠ ʦʪ ʯʠʩʪ ʮʠʥʢʦʚ ʦʢʩʠʜ (ZnO) ʩʲʩ ʩʧʝʮʠʘʣʥʠ 

ʩʚʦʡʩʪʚʘ, ʥʫʞʥʠ ʟʘ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʦʟʠʮʠʦʥʥʦʯʫʚʩʪʚʠʪʝʣʥʠ ʬʦʪʦʜʝʪʝʢʪʦʨʠ. ʊʲʥʢʠʪʝ 

ʧʨʦʟʨʘʯʥʠ ʧʨʦʚʦʜʷʱʠ ʩʣʦʝʚʝ ʦʪ ʤʝʪʘʣʥʠ ʦʢʩʠʜʠ ʧʨʝʜʩʪʘʚʣʷʚʘʪ ʠʥʪʝʨʝʩ ʟʘʨʘʜʠ 

ʫʥʠʢʘʣʥʠʪʝ ʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʠʩʦʢʦ ʧʨʦʧʫʩʢʘʥʝ ʚʲʚ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ ʥʘ ʩʧʝʢʪʲʨʘ, 

ʛʦʣʷʤʘ ʦʪʨʘʟʷʚʘʱʘ ʩʧʦʩʦʙʥʦʩʪ ʚ ʠʥʬʨʘʯʝʨʚʝʥʘʪʘ ʦʙʣʘʩʪ ʠ ʚʠʩʦʢʘ ʝʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪ. 

ʉ ʦʨʠʛʠʥʘʣʥʘ ʘʚʪʦʨʩʢʘ ʘʧʘʨʘʪʫʨʘ ʥʘ ʀɽɽʉ ʩʘ ʦʪʣʦʞʝʥʠ ʧʦ ʤʝʪʦʜʘ ʥʘ ʩʧʨʝʡ ʧʠʨʦʣʠʟʘ 

ʪʲʥʢʠ ʧʨʦʟʨʘʯʥʠ ʬʠʣʤʠ ʦʪ ʯʠʩʪ ʮʠʥʢʦʚ ʦʢʩʠʜ ʠ ʪʘʢʠʚʘ, ʣʝʛʠʨʘʥʠ ʩ 1 ʠ 2 % ʤʦʣʠʙʜʝʥ 

ʚʲʨʭʫ ʩʪʲʢʣʝʥʠ ʠ ʩʠʣʠʮʠʝʚʠ ʧʦʜʣʦʞʢʠ. ʄʝʪʦʜʲʪ ʦʩʠʛʫʨʷʚʘ ʚʲʟʧʨʦʠʟʚʦʜʠʤʦʩʪ ʥʘ 

ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʪʣʘʛʘʥʠʪʝ ʩʣʦʝʚʝ. ʀʟʩʣʝʜʚʘʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʣʝʛʠʨʘʱʘʪʘ ʜʦʙʘʚʢʘ 

ʤʦʣʠʙʜʝʥ ʚʲʨʭʫ ʝʣʝʢʪʨʠʯʥʠʪʝ ʠ ʦʧʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ZnO. ʇʦʣʫʯʝʥʠʪʝ ʤʝʪʘʣʦʦʢʩʠʜʥʠ 

ʩʣʦʝʚʝ ʩʘ ʨʘʚʥʦʤʝʨʥʠ ʧʦ ʜʝʙʝʣʠʥʘ, ʠʤʘʪ ʤʦʨʬʦʣʦʛʠʷ ʥʘ ʛʣʘʜʢʘ ʭʦʤʦʛʝʥʥʘ ʧʦʚʲʨʭʥʦʩʪ 

ʧʦ ʮʷʣʘʪʘ ʧʣʦʱ ʥʘ ʧʦʜʣʦʞʢʘʪʘ ʠ ʥʠʩʢʘ ʩʪʝʧʝʥ ʥʘ ʜʝʬʝʢʪʥʦʩʪ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʩʣʦʝʚʝʪʝ, 

ʣʝʛʠʨʘʥʠ ʩ ʤʦʣʠʙʜʝʥ, ʧʨʠʪʝʞʘʚʘʪ ʚʠʩʦʢʦ ʦʧʪʠʯʥʦ ʧʨʦʧʫʩʢʘʥʝ ʚʲʚ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ ʥʘ 

ʩʧʝʢʪʲʨʘ (92 %), ʢʦʝʪʦ ʫʜʦʚʣʝʪʚʦʨʷʚʘ ʠʟʠʩʢʚʘʥʠʷʪʘ ʟʘ ʙʲʜʝʱʦʪʦ ʧʨʠʣʦʞʝʥʠʝ ʥʘ ʪʝʟʠ 

ʩʣʦʝʚʝ ʚ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʧʦʟʠʮʠʦʥʥʦʯʫʚʩʪʚʠʪʝʣʥʠ ʬʦʪʦʜʝʪʝʢʪʦʨʠ, ʜʝʡʩʪʚʘʱʠ ʥʘ ʙʘʟʘʪʘ 

ʥʘ ʣʘʪʝʨʘʣʝʥ ʬʦʪʦʝʬʝʢʪ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʊ. ʇʝʪʢʦʚʘ, ʛʣ. ʘʩ. ʜ-ʨ ɺ. ɾʝʣʝʚ) 
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ʆʧʪʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʪʲʥʢʠ, 

ʧʨʦʟʨʘʯʥʠ ʧʨʦʚʦʜʷʱʠ ʩʣʦʝʚʝ ʦʪ ZnO 

 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʠʥʞʝʥʝʨʥʘ ʭʠʤʠʷ. ʀʟʩʣʝʜʚʘʥʠ ʩʘ ʠʥʦʚʘʪʠʚʥʠ ʠ ʝʢʦʣʦʛʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ 

ʠʟʚʣʠʯʘʥʝ ʥʘ ʚʝʱʝʩʪʚʘ ʩ ʚʠʩʦʢʘ ʜʦʙʘʚʝʥʘ ʩʪʦʡʥʦʩʪ ʦʪ ʨʘʟʣʠʯʥʠ ʚʠʜʦʚʝ ʙʠʦʤʘʩʘ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʩʘ ʦʪ ʛʦʣʷʤʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʙʠʦʛʦʨʠʚʘ, ʢʘʢʪʦ ʠ ʟʘ ʨʝʜʠʮʘ ʜʨʫʛʠ 

ʧʨʠʣʦʞʝʥʠʷ (ʚʲʚ ʬʘʨʤʘʮʝʚʪʠʯʥʘʪʘ, ʢʦʟʤʝʪʠʯʥʘʪʘ ʠ ʜʨʫʛʠ ʧʨʦʤʠʰʣʝʥʦʩʪʠ). ʅʘʧʨʘʚʝʥ ʝ 

ʩʨʘʚʥʠʪʝʣʝʥ ʘʥʘʣʠʟ ʥʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʪʝʯʥʘ ʝʢʩʪʨʘʢʮʠʷ ʧʨʠ ʧʦʚʠʰʝʥʦ ʥʘʣʷʛʘʥʝ ʠ 

ʝʢʩʪʨʘʢʮʠʷ ʩʲʩ ʩʚʨʲʭʢʨʠʪʠʯʝʥ ʬʣʫʠʜ ʟʘ ʠʟʚʣʠʯʘʥʝ ʥʘ ʮʝʥʥʠ ʚʝʱʝʩʪʚʘ ʦʪ ʜʚʘ ʚʠʜʘ 

ʙʠʦʤʘʩʘ. ʇʲʨʚʠʷʪ ʚʠʜ ʝ ʚʦʜʦʨʘʩʣʠ ʦʪ ʨʦʜʦʚʝ Scenedesmus obliquus BGP ʠ Porphyridium 

cruentum. ɽʢʩʪʨʘʢʪʠʪʝ ʦʪ S. obliquus BGP ʧʦʢʘʟʚʘʪ ʧʦ-ʚʠʩʦʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 3-OH-4-

ʤʝʪʦʢʩʠʙʝʥʟʦʝʥʘ ʢʠʩʝʣʠʥʘ ʠ ʢʝʤʧʬʝʨʦʣ 3-O-ʛʣʠʢʦʟʠʜ, ʜʦʢʘʪʦ ʪʝʟʠ ʦʪ P. cruentum 

ʩʲʜʲʨʞʘʪ ʧʦ-ʚʠʩʦʢʠ ʢʦʣʠʯʝʩʪʚʘ ʬʝʨʫʣʦʚʘ ʢʠʩʝʣʠʥʘ. ɸʥʘʣʠʟʲʪ ʥʘ ʩʲʩʪʘʚʘ ʥʘ ʝʢʩʪʨʘʢʪʠʪʝ 

ʧʦʢʘʟʚʘ ʪʝʭʥʠʷ ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʙʠʦʛʦʨʠʚʘ, ʪʲʡ ʢʘʪʦ ʩʧʘʜʘʪ ʢʲʤ ʪ.ʥʘʨ. ʥʘʡ-

ʜʦʙʨʠ ʤʘʩʣʘ. ʄʘʩʣʘʪʘ ʦʪ P. cruentum ʩʲʜʲʨʞʘʪ ʜʦ 43 % C20:4 ʠ C20:5 ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, 

ʜʦʢʘʪʦ ʚ ʪʝʟʠ ʥʘ S. obliquus BGP ʩʘ ʦʪʢʨʠʪʠ ʩʘʤʦ ʩʣʝʜʠ. ʀʟʩʣʝʜʚʘʥʘ ʝ ʪʨʘʥʩʬʦʨʤʘʮʠʷʪʘ 

ʠʤ ʜʦ ʮʝʥʥʠ ʚʝʱʝʩʪʚʘ. ɺʪʦʨʠʷʪ ʚʠʜ ʙʠʦʤʘʩʘ ʝ ʢʣʦʥʢʠ ʥʘ Croton lechleri ʩ ʧʨʦʠʟʭʦʜ 

ʄʝʢʩʠʢʦ, ʧʨʝʜʩʪʘʚʠʪʝʣ ʥʘ ʰʠʨʦʢʦʨʘʟʧʨʦʩʪʨʘʥʝʥʘ ʠ ʚʲʟʦʙʥʦʚʷʝʤʘ ʙʠʦʤʘʩʘ ʩ ʦʛʨʘʥʠʯʝʥʦ 

ʧʨʠʣʦʞʝʥʠʝ. ʉʦʢʲʪ ʥʘ ʜʲʨʚʦʪʦ Croton lechleri ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʚʝʢʦʚʝ ʚ ʪʨʘʜʠʮʠʦʥʥʘʪʘ 

ʤʝʜʠʮʠʥʘ ʧʦʨʘʜʠ ʨʘʟʥʦʦʙʨʘʟʥʠʪʝ ʩʠ ʙʠʦʣʦʛʠʯʥʠ ʝʬʝʢʪʠ. ʂʣʦʥʢʠʪʝ ʩʘ ʩʨʝʜ ʥʘʡ-ʤʘʣʢʦ 

ʧʨʦʫʯʝʥʠʪʝ ʯʘʩʪʠ ʥʘ ʨʘʩʪʝʥʠʝʪʦ. ɿʘ ʚʩʠʯʢʠ ʝʢʩʪʨʘʢʪʠ ʩʘ ʦʧʨʝʜʝʣʝʥʠ ʦʙʱʦʪʦ ʬʝʥʦʣʥʦ 

ʩʲʜʲʨʞʘʥʠʝ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʪʘ ʘʢʪʠʚʥʦʩʪ. ɿʘ ʯʝʪʠʨʠ ʠʟʙʨʘʥʠ ʝʢʩʪʨʘʢʪʘ ʩʘ ʦʮʝʥʝʥʠ 

ʮʠʪʦʪʦʢʩʠʯʥʠʪʝ ʠʤ ʝʬʝʢʪʠ ʢʘʢʪʦ ʚʲʨʭʫ ʥʦʨʤʘʣʥʠ ʢʦʞʥʠ ʢʣʝʪʲʯʥʠ ʣʠʥʠʠ (HaCat), ʪʘʢʘ 

ʠ ʚʲʨʭʫ ʟʣʦʢʘʯʝʩʪʚʝʥ ʤʝʣʘʥʦʤ (A375). ɺʩʠʯʢʠ ʧʦʢʘʟʚʘʪ ʜʦʟʦʟʘʚʠʩʠʤʘ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪ, 

ʢʘʪʦ ʝʪʘʥʦʣʦʚʠʷʪ ʉʦʢʩʣʝʪ ʝʢʩʪʨʘʢʪ ʜʝʤʦʥʩʪʨʠʨʘ ʥʘʡ-ʚʠʩʦʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʢʲʤ A375 

ʢʣʝʪʢʠ ʚ ʩʨʘʚʥʝʥʠʝ ʩ HaCat ʢʣʝʪʢʠʪʝ. (ʂʦʣʝʢʪʠʚ: ʉ. ɹʦʷʜʞʠʝʚʘ ï ʜʦʢʪʦʨʘʥʪ, ʛʣ. ʘʩ. ʜ-

ʨ ʌ. ʎʚʝʪʘʥʦʚʘ, ʧʨʦʬ. ʜ-ʨ ɼ. ʗʥʢʦʚ, ʧʨʦʬ. ʜ-ʨ ʈ. ʉʪʘʪʝʚʘ)  
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ʉʭʝʤʘ ʥʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʙʠʦʘʢʪʠʚʥʠ ʚʝʱʝʩʪʚʘ ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʘ ʙʠʦʤʘʩʘ 

 

        ʇʨʝʜʣʦʞʝʥ ʝ ʥʦʚ ʤʝʪʦʜ ʟʘ ʦʯʠʩʪʚʘʥʝ ʥʘ ʜʠʤʥʠ ʛʘʟʦʚʝ ʦʪ ʩʝʨʝʥ ʜʠʦʢʩʠʜ (SO2) ʯʨʝʟ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʦʪʧʘʜʲʯʥʘ ʪʝʭʥʦʣʦʛʠʷ. ʇʨʝʜʣʦʞʝʥʠʷʪ ʤʝʪʦʜ 

ʧʨʝʜʩʪʘʚʣʷʚʘ ʘʙʩʦʨʙʮʠʷ ʥʘ SO2 ʚʲʚ ʚʦʜʘ ʧʨʠ ʝʜʥʦʚʨʝʤʝʥʥʘ ʘʜʩʦʨʙʮʠʷ ʥʘ SO2 ʦʪ ʚʦʜʥʠʷ 

ʨʘʟʪʚʦʨ ʩʲʩ ʩʠʥʪʝʪʠʯʝʥ ʘʥʠʦʥʠʪ. ʆʩʥʦʚʝʥ ʝʣʝʤʝʥʪ ʥʘ ʪʘʟʠ ʪʝʭʥʦʣʦʛʠʷ ʝ ʟʚʲʥʯʝʚʘʪʘ 

ʪʘʨʝʣʢʦʚʘ ʢʦʣʦʥʘ, ʢʲʜʝʪʦ ʘʙʩʦʨʙʮʠʦʥʥʦ-ʘʜʩʦʨʙʮʠʦʥʠʷʪ ʧʨʦʮʝʩ ʧʨʦʪʠʯʘ ʥʘ ʪʘʨʝʣʢʠʪʝ 

ʚʲʚ ʚʦʜʥʘ ʩʫʩʧʝʥʟʠʷ ʥʘ ʩʠʥʪʝʪʠʯʝʥ ʘʥʠʦʥʠʪ. ʊʝʭʥʦʣʦʛʠʷʪʘ ʥʘ ʜʝʩʫʣʬʫʨʠʟʘʮʠʷʪʘ ʥʘ 

ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ ʯʨʝʟ ʘʜʩʦʨʙʮʠʷ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʡʦʥʦʦʙʤʝʥʥʘ ʩʤʦʣʘ ʝ ʧʨʠʚʣʝʢʘʪʝʣʥʘ 

ʧʦʨʘʜʠ ʦʯʘʢʚʘʥʠʪʝ ʧʦ-ʥʠʩʢʠ ʨʘʟʭʦʜʠ ʠ ʢʦʥʩʫʤʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ ʚ ʩʨʘʚʥʝʥʠʝ ʩ 

ʘʙʩʦʨʙʮʠʷʪʘ ʩ ʪʝʯʥʠ ʩʦʨʙʝʥʪʠ, ʢʦʷʪʦ ʧʦʥʘʩʪʦʷʱʝʤ ʩʝ ʧʨʠʣʘʛʘ ʰʠʨʦʢʦ ʟʘ ʪʘʟʠ ʮʝʣ. 

ʇʨʦʝʢʪʠʨʘʥ ʝ ʠʥʦʚʘʪʠʚʝʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʨʝʘʢʪʦʨ ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʤʦʱʥʠ 

ʩʲʚʨʝʤʝʥʥʠ ʪʝʭʥʠʢʠ ï ʢʦʤʧʶʪʲʨʥʘ ʭʠʜʨʦʜʠʥʘʤʠʢʘ ʠ ʘʜʠʪʠʚʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʂʦʥʩʪʨʫʠʨʘʥʘ ʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠʥʩʪʘʣʘʮʠʷ. ʀʟʩʣʝʜʚʘʥʠʷʪ ʩʦʨʙʝʥʪ ʝ ʩʫʩʧʝʥʟʠʷ ʦʪ 

ʩʠʥʪʝʪʠʯʥʘ ʘʥʠʦʥʦʙʤʝʥʥʘ ʩʤʦʣʘ (AmberLiteÈ FPA66) ʚ ʜʝʩʪʠʣʠʨʘʥʘ ʚʦʜʘ. ʇʦʣʫʯʝʥʠ ʩʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʘʥʥʠ ʟʘ ʭʠʜʨʦʜʠʥʘʤʠʢʘʪʘ ʠ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʠʥʪʝʛʨʠʨʘʥʠʷ ʧʨʦʮʝʩ. 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʤʦʜʝʣ ʟʘ ʥʝʛʦʚʦʪʦ ʦʧʠʩʘʥʠʝ, ʢʦʡʪʦ ʝ ʚʘʣʠʜʠʨʘʥ ʯʨʝʟ 

ʠʟʤʝʨʚʘʥʠʷʪʘ. ʆʙʨʘʙʦʪʝʥʠʷʪ ʛʘʟ ʟʘ ʦʙʝʤ ʩʫʭʘ ʩʤʦʣʘ ʥʘ ʠʥʪʝʛʨʠʨʘʥʠʷ ʤʝʪʦʜ ʧʨʝʜʠ 

ʧʨʦʙʠʚ ʥʘʜʚʠʰʘʚʘ ʥʷʢʦʣʢʦ ʧʲʪʠ ʩʪʦʡʥʦʩʪʠʪʝ, ʜʦʢʣʘʜʚʘʥʠ ʟʘ ʘʜʩʦʨʙʮʠʷ ʥʘ SO2 ʚ 

ʥʝʧʦʜʚʠʞʝʥ ʩʣʦʡ ʦʪ ʜʠʤʥʠ ʛʘʟʦʚʝ ʧʨʠ ʩʨʘʚʥʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ SO2. ʊʦʟʠ ʨʝʟʫʣʪʘʪ 

ʧʦʜʢʨʝʧʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʧʨʝʜʣʦʞʝʥʘʪʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʜʝʩʫʣʬʫʨʠʟʘʮʠʷ ʥʘ 

ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ. (ʂʦʣʝʢʪʠʚ: ʧʨʦʬ. ʜ-ʨ ɽ. ʈʘʟʢʘʟʦʚʘ-ɺʝʣʢʦʚʘ, ʧʨʦʬ. ʜ-ʨ ɼ. ɼʞʦʥʦʚʘ-

ɸʪʘʥʘʩʦʚʘ, ʜʦʮ. ʜ-ʨ ʇ. ʇʦʧʦʚʘ-ʂʨʫʤʦʚʘ, ʘʩ. ʉ. ʇʘʥʴʦʚʩʢʘ ï ʜʦʢʪʦʨʘʥʪ, ʉ. ʉʪʝʬʘʥʦʚ ï 

ʜʦʢʪʦʨʘʥʪ, ʘʩ. ɸ. ɸʧʦʩʪʦʣʦʚ ï ʜʦʢʪʦʨʘʥʪ, ʛʣ. ʘʩ. ʜ-ʨ ʂ. ʉʪʝʬʘʥʦʚʘ) 
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3D ʛʝʦʤʝʪʨʠʯʝʥ ʤʦʜʝʣ ʥʘ ʢʦʣʦʥʥʠʷ ʘʧʘʨʘʪ 

 

 

ʉʭʝʤʘ ʥʘ ʠʥʩʪʘʣʘʮʠʷʪʘ ʟʘ ʦʯʠʩʪʚʘʥʝ ʥʘ ʜʠʤʥʠ ʛʘʟʦʚʝ 

ʦʪ ʩʝʨʝʥ ʜʠʦʢʩʠʜ: 1 ï ʢʦʣʦʥʘ ʩʲʩ ʟʚʲʥʯʝʚʠ ʪʘʨʝʣʢʠ; 2 ï 

ʪʨʲʙʘ ʟʘ ʚʭʦʜ ʥʘ ʜʠʤʥʠʪʝ ʛʘʟʦʚʝ; 3 ï ʪʨʲʙʘ ʟʘ ʠʟʭʦʜ ʥʘ 

ʛʘʟʦʚʝʪʝ; 4 ï ʪʘʨʝʣʢʘ; 5 ï ʪʨʲʙʘ ʟʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʛʘʟ; 6 ï ʟʚʲʥʝʮ; 7 ï ʪʨʲʙʘ ʟʘ ʚʭʦʜ ʥʘ ʩʦʨʙʝʥʪʘ; 8 ï ʪʨʲʙʘ 

ʟʘ ʠʟʭʦʜ ʥʘ ʩʦʨʙʝʥʪʘ; 9 ï ʩʠʩʪʝʤʘ ʟʘ ʨʝʛʝʥʝʨʘʮʠʷ ʥʘ 

ʩʦʨʙʝʥʪʘ; 10 ï ʮʠʨʢʫʣʘʮʠʦʥʥʘ ʧʦʤʧʘ 

 

ʎʝʥʪʨʘʣʥʘ ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʩʣʲʥʯʝʚʘ ʝʥʝʨʛʠʷ ʠ ʥʦʚʠ ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ. 

ʇʦʩʪʠʛʥʘʪʠ ʩʘ ʥʦʚʠ ʨʝʟʫʣʪʘʪʠ ʚ ʭʠʤʠʯʥʦʪʦ ʦʪʣʘʛʘʥʝ ʥʘ ʝʣʝʢʪʨʦʭʨʦʤʥʠ ʩʣʦʝʚʝ, ʢʦʠʪʦ 

ʠʤʘʪ ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʨʠʣʦʞʝʥʠʷ ʚ ʧʨʝʥʦʩʠʤʘʪʘ ʝʣʝʢʪʨʦʥʠʢʘ, ʝʣʝʢʪʨʦʥʥʠ ʙʠʣʙʦʨʜʦʚʝ, 

ʧʨʦʟʨʘʯʥʠ ʜʠʩʧʣʝʠ ʠ ʜʨʫʛʠ ʩʲʚʨʝʤʝʥʥʠ (ʦʧʪʦ)ʝʣʝʢʪʨʦʥʥʠ ʫʩʪʨʦʡʩʪʚʘ. ɽʣʝʢʪʨʦʭʨʦʤʥʠʷʪ 

ʝʬʝʢʪ ʧʨʝʜʩʪʘʚʣʷʚʘ ʦʙʨʘʪʠʤʘ ʤʦʜʫʣʘʮʠʷ ʥʘ ʦʧʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʜʘʜʝʥʠ ʤʘʪʝʨʠʘʣʠ, 

ʥʘʨʝʯʝʥʠ ʝʣʝʢʪʨʦʭʨʦʤʥʠ (ɽʉ), ʧʦʜ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʲʥʰʥʦ ʥʘʧʨʝʞʝʥʠʝ. ʇʨʠ ʜʚʦʡʥʦ 

ʠʥʞʝʢʪʠʨʘʥʝ/ʝʢʩʪʨʘʢʮʠʷ ʥʘ ʡʦʥʠ ʩ ʤʘʣʲʢ ʨʘʟʤʝʨ (H+, Li+ ʜʨ.) ʠ ʝʣʝʢʪʨʦʥʠ, ɽʉ ʩʣʦʡ 

ʧʨʝʚʢʣʶʯʚʘ ʦʙʨʘʪʠʤʦ ʤʝʞʜʫ ʦʮʚʝʪʝʥʦ (ʘʙʩʦʨʙʠʨʘʱʦ) ʠ ʠʟʙʝʣʝʥʦ (ʧʨʦʟʨʘʯʥʦ) ʩʲʩʪʦʷʥʠʝ 

ʯʨʝʟ ʧʨʠʣʘʛʘʥʝ ʥʘ ʩʣʘʙʦ ʦʪʨʠʮʘʪʝʣʥʦ/ʧʦʣʦʞʠʪʝʣʥʦ ʥʘʧʨʝʞʝʥʠʝ. ʈʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ 

ʩʤʝʩʝʥʠ ʤʝʪʘʣʦʦʢʩʠʜʥʠ ʩʣʦʝʚʝ ʝ ʪʝʭʥʦʣʦʛʠʯʝʥ ʧʦʜʭʦʜ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʠ ʨʘʟʰʠʨʷʚʘʥʝ ʥʘ 

ʦʧʪʠʯʥʠʪʝ ʠ ʝʣʝʢʪʨʦʭʨʦʤʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ɽʉ ʦʢʩʠʜʠ. ɺ ʥʦʚʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʟʦʣ-ʛʝʣ TiO2 

ʠ TiO2ïNiO ʩʣʦʝʚʝ ʩʘ ʦʪʣʦʞʝʥʠ ʚʲʨʭʫ ʩʠʣʠʮʠʝʚʠ, ʩʪʲʢʣʝʥʠ ʠ ʧʨʦʚʦʜʷʱʠ ʧʨʦʟʨʘʯʥʠ 

ʧʦʜʣʦʞʢʠ. ʅʘʧʨʘʚʝʥʠʪʝ ʩʪʨʫʢʪʫʨʥʠ ʠʟʩʣʝʜʚʘʥʠʷ ʜʦʢʘʟʚʘʪ, ʯʝ TiO2 ʩʣʦʝʚʝʪʝ 

ʢʨʠʩʪʘʣʠʟʠʨʘʪ ʚ ʘʥʘʪʘʟʥʘ ʬʘʟʘ, ʘ ʩʪʨʫʢʪʫʨʘʪʘ ʥʘ ʢʦʤʧʦʟʠʪʥʠʪʝ TiO2ïNiO ʩʣʦʝʚʝ ʝ 

ʩʲʩʪʘʚʝʥʘ ʦʪ ʘʥʘʪʘʟ TiO2, ʢʫʙʠʯʝʥ NiO ʠ ʘʤʦʨʬʥʘ ʬʨʘʢʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʪʛʨʷʚʘʥʝ 

ʜʦ 500 oC. ʉʣʝʜ ʪʝʨʤʠʯʥʘ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 600 oC ʩʝ ʫʩʪʘʥʦʚʷʚʘ ʧʦʷʚʘʪʘ ʥʘ ʨʦʤʙʦʝʜʨʠʯʥʘ 

NiTiO3 ʬʘʟʘ. ʀʥʬʨʘʯʝʨʚʝʥʠʪʝ ʩʧʝʢʪʨʠ ʧʦʪʚʲʨʞʜʘʚʘʪ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ. ʆʧʪʠʯʥʦʪʦ 

ʠʟʩʣʝʜʚʘʥʝ ʨʘʟʢʨʠʚʘ, ʯʝ ʧʨʦʟʨʘʯʥʦʩʪʪʘ ʥʘ ʢʦʤʧʦʟʠʪʥʠʪʝ ʩʣʦʝʚʝ ʩʝ ʚʣʦʰʘʚʘ ʩ 

ʧʦʚʠʰʘʚʘʥʝʪʦ ʥʘ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ ʦʪʛʨʷʚʘʥʝ. ʅʘʙʣʶʜʘʚʘ ʩʝ ʩʪʝʩʥʷʚʘʥʝ ʥʘ ʦʧʪʠʯʥʘʪʘ 

ʟʘʙʨʘʥʝʥʘ ʟʦʥʘ ʥʘ ʩʣʦʝʚʝʪʝ ʩ ʜʦʙʘʚʢʘ ʥʘ Ni ʦʢʩʠʜ ʠ ʪʦʚʘ ʩʝ ʜʲʣʞʠ ʥʘ ʩʪʨʫʢʪʫʨʥʠʪʝ 

ʤʦʜʠʬʠʢʘʮʠʠ, ʧʦ-ʛʦʣʝʤʠʪʝ ʨʘʟʤʝʨʠ ʥʘ ʢʨʠʩʪʘʣʠʪʠʪʝ ʠ ʧʦʨʴʦʟʥʦʩʪʪʘ ʠʤ. ɽʉ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ TiO2ïNiO ʩʣʦʝʚʝ ʩʘ ʧʦ-ʚʠʩʦʢʠ ʦʪ ʩʲʦʪʚʝʪʥʠʪʝ ʩʪʦʡʥʦʩʪʠ ʥʘ ʯʠʩʪ TiO2 

ʩʣʝʜ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 300 oC . ʅʘʡ-ʜʦʙʨʠʪʝ EC ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʟʦʣ-

ʛʝʣ TiO2ïNiO ʩʣʦʝʚʝ ʩʝ ʧʨʦʷʚʷʚʘʪ ʚ ʩʧʝʢʪʨʘʣʥʠʷ ʜʠʘʧʘʟʦʥ 550 ï 650 nm, ʜʦʢʘʪʦ TiO2 

ʩʣʦʝʚʝ ʧʦʢʘʟʚʘʪ ʥʘʡ-ʜʦʙʨʠʪʝ ʩʠ EC ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥʠʪʝ ʦʪ 650 ʠ 

700 nm. ʇʦʜʦʙʨʝʥʦʪʦ ʝʣʝʢʪʨʦʭʨʦʤʥʦ ʧʦʚʝʜʝʥʠʝ ʥʘʡ-ʚʝʨʦʷʪʥʦ ʩʝ ʜʲʣʞʠ ʥʘ ʚʢʣʶʯʚʘʥʝʪʦ 
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ʥʘ NiO ʚ ʢʦʤʧʦʟʠʪʥʠʪʝ ʩʣʦʝʚʝ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʧʦʪʚʲʨʞʜʘʚʘ, ʯʝ ʟʦʣ-ʛʝʣ TiO2 ʠ TiO2ïNiO 

ʩʣʦʝʚʝʪʝ ʠʤʘʪ ʧʦʪʝʥʮʠʘʣ ʟʘ ʝʣʝʢʪʨʦʭʨʦʤʥʠ ʠ ʦʧʪʦʝʣʝʢʪʨʦʥʥʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʤʘʪʝʨʠʘʣʠ. 

(ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-ʨ ʊ. ʀʚʘʥʦʚʘ)  
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 ʀʏ ʩʧʝʢʪʨʠ ʥʘ TiO2 ʠ TiO2ïNiO ʩʣʦʝʚʝ (600 
Üʉ) (ʘ) ʠ ʩʪʦʡʥʦʩʪʠ ʥʘ ʮʚʝʪʥʘʪʘ 

ʝʬʝʢʪʠʚʥʦʩʪ ʥʘ TiO2 ʠ TiO2ïNiO ʩʣʦʝʚʝ (300 
Üʉ) (ʙ) 

 

        ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʤʦʥʠʪʦʨʠʥʛʦʚʘ ʩʠʩʪʝʤʘ ʟʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ, ʜʘʥʥʠʪʝ 

ʦʪ ʢʦʷʪʦ ʠʛʨʘʷʪ ʚʘʞʥʘ ʨʦʣʷ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʠ ʧʨʦʛʥʦʟʠʨʘʥʝ ʥʘ ʝʥʝʨʛʦʜʦʙʠʚʘ ʦʪ ʩʣʲʥʯʝʚʠ 

ʬʦʪʦʚʦʣʪʘʠʯʥʠ ʮʝʥʪʨʘʣʠ, ʢʘʢʪʦ ʠ ʟʘ ʧʨʝʜʧʘʟʚʘʥʝ ʦʪ ʩʤʫʱʝʥʠʷ ʚ ʝʥʝʨʛʦʧʨʝʥʦʩʥʘʪʘ 

ʤʨʝʞʘ. ʊʘʟʠ ʤʦʥʠʪʦʨʠʥʛʦʚʘ ʩʠʩʪʝʤʘ ʩʝ ʩʲʩʪʦʠ ʦʪ ʮʠʬʨʦʚʠ I2C ʩʝʥʟʦʨʠ, ʠʟʤʝʨʚʘʱʠ 

ʧʘʜʘʱʘʪʘ ʜʠʨʝʢʪʥʘ ʠ ʜʠʬʫʟʥʘ ʩʣʲʥʯʝʚʘ ʨʘʜʠʘʮʠʷ ʚ ʨʘʟʣʠʯʥʠ ʦʧʪʠʯʥʠ ʜʠʘʧʘʟʦʥʠ. 

ʉʠʩʪʝʤʘʪʘ ʧʦʟʚʦʣʷʚʘ ʝʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝʨʚʘʥʝ ʠ ʩʲʙʠʨʘʥʝ ʥʘ ʩʝʥʟʦʨʥʠ ʜʘʥʥʠ ʧʨʝʟ 

ʠʥʪʝʨʚʘʣ ʦʪ 1 min ʠ ʙʝʟʞʠʯʥʦ ʧʨʝʭʚʲʨʣʷʥʝ ʠ ʟʘʧʠʩʚʘʥʝ ʚ ʣʦʢʘʣʥʘ ʙʘʟʘ ʜʘʥʥʠ ʩ ʦʪʚʦʨʝʥ 

ʢʦʜ InfluxDB. ɺʠʟʫʘʣʠʟʘʮʠʷʪʘ ʥʘ ʠʟʤʝʨʚʘʥʠʷʪʘ ʩʝ ʠʟʚʲʨʰʚʘ ʚ ʨʝʘʣʥʦ ʚʨʝʤʝ ʩ ʧʦʤʦʱʪʘ 

ʥʘ ʛʨʘʬʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ ʩ ʦʪʚʦʨʝʥ ʢʦʜ Grafana OSS. ʈʘʟʨʘʙʦʪʝʥʠʪʝ ʧʨʦʪʦʪʠʧʠ ʩʝ 

ʠʟʧʦʣʟʚʘʪ ʟʘ ʩʨʘʚʥʝʥʠʝ ʥʘ ʩʣʲʥʯʝʚʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ ʦʪʢʨʠʚʘʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʠ ʬʣʫʢʪʫʘʮʠʠ 

ʠ ʦʩʦʙʝʥʦʩʪʠ ʚ ʨʘʟʣʠʯʥʠ ʛʝʦʛʨʘʬʩʢʠ ʪʦʯʢʠ ʠ ʥʘʜʤʦʨʩʢʘ ʚʠʩʦʯʠʥʘ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-

ʨ ʅ. ʊʶʪʶʥʜʞʠʝʚ) 

                           
    ʉʣʲʥʮʝʪʦ ʧʨʝʟ ʤʘʡ ʠ ʤʦʥʠʪʦʨʠʥʛʦʚʘ ʩʝʥʟʦʨʥʘ ʩʠʩʪʝʤʘ 

 

 

 

 

ɼʥʝʚʥʠ ʧʨʦʬʠʣʠ ʥʘ ʩʣʲʥʯʝʚʘʪʘ 

ʨʘʜʠʘʮʠʷ ʟʘ ʪʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠ 

ʜʥʠ ʧʨʝʟ ʤʘʡ 2024 ʛ. ï ʧʝʨʠʦʜ ʩ 

ʧʦʚʠʰʝʥʘ ʩʣʲʥʯʝʚʘ ʘʢʪʠʚʥʦʩʪ 
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3.2.3. ʅʘʧʨʘʚʣʝʥʠʝ Ăʅʘʥʦʥʘʫʢʠ, ʥʦʚʠ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠñ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʬʠʟʠʢʘ ʥʘ ʪʚʲʨʜʦʪʦ ʪʷʣʦ Ăɸʢʘʜʝʤʠʢ ɻʝʦʨʛʠ ʅʘʜʞʘʢʦʚñ. ɼʚʫʤʝʨʥʠʪʝ 

(2D) ʩʪʨʫʢʪʫʨʠ ʦʪ ʜʠʭʘʣʢʦʛʝʥʠʜʠ ʥʘ ʧʨʝʭʦʜʥʠ ʤʝʪʘʣʠ (ʥʘʧʨ. WS2, MoS2, WSe2, WTe2 ʠ 

ʪ.ʥ.) ʩʝ ʩʯʠʪʘʪ ʟʘ ʝʜʥʠ ʦʪ ʥʘʡ-ʧʝʨʩʧʝʢʪʠʚʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʟʘ ʠʥʦʚʘʪʠʚʥʠ ʝʣʝʢʪʨʦʥʥʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʠʪʦ ʩʝ ʦʯʘʢʚʘ ʜʘ ʨʝʚʦʣʶʮʠʦʥʠʟʠʨʘʪ ʝʣʝʢʪʨʦʥʠʢʘʪʘ, ʦʧʪʦʝʣʝʢʪʨʦʥʠʢʘʪʘ ʠ 

ʬʦʪʦʥʠʢʘʪʘ, ʩʲʯʝʪʘʚʘʡʢʠ ʥʷʢʦʣʢʦ ʬʫʥʢʮʠʠ ʚ ʝʜʥʦ ʫʩʪʨʦʡʩʪʚʦ. ʏʨʝʟ ʈʘʤʘʥʦʚʘ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʝ ʧʦʣʫʯʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʲʟʧʨʦʠʟʚʦʜʠʤʦʩʪʪʘ ʧʨʠ ʩʠʥʪʝʟʘ ʥʘ ʢʨʠʩʪʘʣʠ, 

ʩʣʦʝʚʝ ʠ ʭʝʪʝʨʦʩʪʨʫʢʪʫʨʠ ʦʪ ʪʝʟʠ ʤʘʪʝʨʠʘʣʠ. ʄʦʥʦʢʨʠʩʪʘʣʠ ʦʪ WTe2 ʩ ʜʦʩʪʘʪʲʯʥʘ 

ʜʝʙʝʣʠʥʘ ʟʘ ʪʨʠʠʟʤʝʨʥʘ ʭʘʨʘʢʪʝʨʠʟʘʮʠʷ ʩʘ ʠʟʨʘʩʥʘʪʠ ʧʦ ʪ.ʥʘʨ. self-flux ʤʝʪʦʜ ʠ ʩʘ ʩʥʝʪʠ 

ʧʦʣʷʨʠʟʠʨʘʥʠ ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʢʘʪʦ ʬʫʥʢʮʠʷ ʦʪ ʲʛʲʣʘ ʥʘ ʟʘʚʲʨʪʘʥʝ ʥʘ ʢʨʠʩʪʘʣʠʪʝ 

ʦʢʦʣʦ ʦʩʪʘ ʥʘ ʚʲʟʙʫʞʜʘʱʠʷ ʣʘʟʝʨʝʥ ʣʲʯ ʚʲʚ ʚʩʠʯʢʠ ʪʨʠ ʙʘʟʦʚʠ ʨʘʚʥʠʥʠ. ʇʦʩʨʝʜʩʪʚʦʤ 

ʟʘʚʠʩʠʤʦʩʪʪʘ ʥʘ ʈʘʤʘʥʦʚʠʷ ʠʥʪʝʥʟʠʪʝʪ ʦʪ ʪʦʟʠ ʘʟʠʤʫʪʘʣʝʥ ʲʛʲʣ ʩʘ ʦʧʨʝʜʝʣʝʥʠ 

ʩʲʦʪʥʦʰʝʥʠʷʪʘ ʥʘ ʛʦʣʝʤʠʥʠʪʝ ʥʘ ʚʩʠʯʢʠʪʝ ʪʨʠ ʪʝʥʟʦʨʥʠ ʝʣʝʤʝʥʪʘ ʥʘ A1 ʬʦʥʦʥʠʪʝ ʠ ʩʘ 

ʥʘʤʝʨʝʥʠ ʪʝʭʥʠʪʝ ʬʘʟʦʚʠ ʨʘʟʣʠʢʠ. ɺ ʪʝʟʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʩʘ ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʜʚʘ ʥʦʚʠ 

ʈʘʤʘʥʦʚʦ ʘʢʪʠʚʥʠ ʬʦʥʦʥʘ ʩʲʩ ʩʠʤʝʪʨʠʷ B2 ʠ ʯʝʩʪʦʪʠ ʦʪ 89 cm
-1 ʠ 122 cm-1. ʉ ʈʘʤʘʥʦʚ 

ʘʥʘʣʠʟ ʝ ʥʘʧʨʘʚʝʥʘ ʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʘ ʦʮʝʥʢʘ ʥʘ ʙʨʦʷ ʤʦʥʦʩʣʦʝʚʝ ʚ ʧʦʣʠʛʦʥʘʣʥʠ 

ʥʘʥʦʢʣʲʩʪʝʨʠ ʦʪ WSe2, ʧʦʤʘʛʘʱʘ ʟʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʥʘ CVD ʩʠʥʪʝʟʘ ʠʤ. (ʂʦʣʝʢʪʠʚ: ʧʨʦʬ. 

ʜ-ʨ ʇ. ʄ. ʈʘʬʘʠʣʦʚ, ʧʨʦʬ. ʜ-ʨ ɼ. ɼʠʤʠʪʨʦʚ, ʜʦʮ. ʜ-ʨ ʂ. ɹʫʯʢʦʚ)  

 

 
ʈʘʤʘʥʦʚʠ ʩʧʝʢʪʨʠ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣ WTe2  

ʩ ʚʲʟʙʫʞʜʘʱ ʣʘʟʝʨʝʥ ʣʲʯ ʧʦ ʦʩʪʘ X 

 
ɿʘʚʠʩʠʤʦʩʪ ʥʘ ʦʪʥʦʩʠʪʝʣʥʠʷ ʠʥʪʝʥʟʠʪʝʪ ʥʘ 

ʠʟʙʨʘʥʠ WTe2 ʈʘʤʘʥʦʚʠ ʣʠʥʠʠ ʦʪ ʘʟʠʤʫʪʘʣʥʠʷ 

ʲʛʲʣ ʚ ʧʘʨʘʣʝʣʥʘ ʧʦʣʷʨʠʟʘʮʠʷ (ʯʝʨʚʝʥʦ) ʠ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʦʣʷʨʠʟʘʮʠʷ (ʩʠʥʴʦ) 

 

 ɸʨʭʝʦʟʦʤʠʪʝ ʩʘ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ ʣʠʧʦʟʦʤʠ, ʩʲʩʪʘʚʝʥʠ ʦʪ ʘʨʭʝʘʣʥʠ ʝʪʝʨʥʠ ʣʠʧʠʜʠ. 

ʇʦʨʘʜʠ ʪʷʭʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʧʨʠ ʨʘʟʣʠʯʥʠ ʫʩʣʦʚʠʷ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʪʝ ʩʣʫʞʘʪ ʢʘʪʦ 

ʦʪʣʠʯʥʘ ʩʠʩʪʝʤʘ ʟʘ ʜʦʩʪʘʚʷʥʝ ʥʘ ʣʝʢʘʨʩʪʚʘ. ɼʝʤʦʥʩʪʨʠʨʘʥ ʝ ʧʦʪʝʥʮʠʘʣʲʪ ʥʘ 

ʬʝʤʪʦʩʝʢʫʥʜʥʠʷ ʣʘʟʝʨ ʜʘ ʠʥʜʫʮʠʨʘ ʬʦʪʦʪʝʨʤʠʷ ʠ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ 

ʣʝʢʘʨʩʪʚʦ ʦʪ ʘʨʭʝʦʟʦʤʠ. ɿʘ ʦʧʪʠʤʠʟʠʨʘʥʝ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʦʙʣʲʯʚʘʥʝ ʘʨʭʝʦʟʦʤʠʪʝ, 

ʟʘʨʝʜʝʥʠ ʩ ʧʨʦʪʠʚʦʨʘʢʦʚʦ ʣʝʢʘʨʩʪʚʦ, ʜʦʢʩʦʨʫʙʠʮʠʥ ʠ ʥʘʥʦʯʘʩʪʠʮʠ ʟʣʘʪʦ/ʛʨʘʬʝʥʦʚ 

ʦʢʩʠʜ, ʩʘ ʪʨʝʪʠʨʘʥʠ in vitro ʢʣʝʪʢʠ ʦʪ ʯʦʚʝʰʢʠ ʭʝʧʘʪʦʮʝʣʫʣʘʨʝʥ ʢʘʨʮʠʥʦʤ (HepG2) ʠ 

ʦʙʣʲʯʝʥʠ ʩ ʬʝʤʪʦʩʝʢʫʥʜʝʥ ʣʘʟʝʨ ʧʨʠ ʨʘʟʣʠʯʥʠ ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥʘʪʘ (343, 515 ʠ 1030 nm), 

ʤʦʱʥʦʩʪ (0,1 ʠ 0,2 W/cmĮ) ʠ ʧʨʦʜʲʣʞʠʪʝʣʥʦʩʪ (5 ʠ 10 min). ʀʟʦʙʨʘʞʝʥʠʷʪʘ ʦʪ ʦʧʪʠʯʥʘ 

ʤʠʢʨʦʩʢʦʧʠʷ ʧʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʘ ʧʨʦʤʷʥʘ ʚ ʮʷʣʦʩʪʥʘʪʘ ʤʦʨʬʦʣʦʛʠʷ ʥʘ ʢʣʝʪʢʠʪʝ, 
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ʪʨʝʪʠʨʘʥʠ ʩ ʘʨʭʝʦʟʦʤʠ, ʢʘʧʩʫʣʠʨʘʥʠ ʩ ʜʚʘʪʘ ʪʠʧʘ ʥʘʥʦʯʘʩʪʠʮʠ ʠ ʦʙʣʲʯʝʥʠ ʩ ʣʘʟʝʨʥʘ 

ʩʚʝʪʣʠʥʘ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ ʣʝʢʘʨʩʪʚʦʪʦ ʧʦʢʘʟʘ, ʯʝ 

ʬʝʤʪʦʩʝʢʫʥʜʥʦʪʦ ʣʘʟʝʨʥʦ ʦʙʣʲʯʚʘʥʝ ʧʦʟʚʦʣʷʚʘ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ 

ʣʝʢʘʨʩʪʚʦ ʦʪ ʘʨʭʝʦʟʦʤʠʪʝ. ɿʣʘʪʥʠʪʝ ʥʘʥʦʯʘʩʪʠʮʠ ʧʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʢʣʝʪʲʯʥʘʪʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʛʨʘʬʝʥʦʚʠʷ ʦʢʩʠʜ, ʜʝʤʦʥʩʪʨʠʨʘʡʢʠ 

ʩʠʥʝʨʛʠʯʝʥ ʬʦʪʦʭʠʤʠʦʪʝʨʘʧʝʚʪʠʯʝʥ ʝʬʝʢʪ, ʧʨʝʜʠʟʚʠʢʘʥ ʦʪ ʬʝʤʪʦʩʝʢʫʥʜʥʠʷ ʣʘʟʝʨ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʨʦʧʨʘʚʷʪ ʧʲʪʷ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʧʦ-ʝʚʪʠʥ, ʝʬʝʢʪʠʚʝʥ ʠ ʤʠʥʠʤʘʣʥʦ 

ʠʥʚʘʟʠʚʝʥ ʧʦʜʭʦʜ ʟʘ ʣʝʯʝʥʠʝ ʥʘ ʨʘʢ ʩ ʧʦʤʦʱʪʘ ʥʘ ʬʝʤʪʦʩʝʢʫʥʜʥʠ ʣʘʟʝʨʠ ʩ ʥʘʤʘʣʝʥʠ 

ʩʪʨʘʥʠʯʥʠ ʝʬʝʢʪʠ. (ʂʦʣʝʢʪʠʚ: ʜʦʮ. ʜ-ʨ ʇ. ɹ. ʉʘʥʪʦʰ, ʜʦʮ. ʜ-ʨ ʃ. ʉʪʦʡʯʝʚ, ʜʦʮ. ʜ-ʨ ʊ. 

ʇʝʪʨʦʚ, ʧʨʦʬ. ʜ-ʨ ʖ. ɻʝʥʦʚʘ) 

 

ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ (i) ʬʝʤʪʦʩʝʢʫʥʜʥʦ ʣʘʟʝʨʥʦ ʦʙʣʲʯʚʘʥʝ ʥʘ HepG2 ʨʘʢʦʚʠ ʢʣʝʪʢʠ, 

ʪʨʝʪʠʨʘʥʠ ʩ ʘʨʭʝʦʟʦʤʠ, ʦʙʦʛʘʪʝʥʠ ʩ ʥʘʥʦʯʘʩʪʠʮʠ, ʠ (ii) ʣʘʟʝʨʥʦ ʠʥʜʫʮʠʨʘʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ 

ʥʘ ʣʝʢʘʨʩʪʚʦ ʦʪ ʘʨʭʝʦʟʦʤʠʪʝ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʝʣʝʢʪʨʦʥʠʢʘ Ăɸʢʘʜ. ɽʤʠʣ ɼʞʘʢʦʚñ. ɼʝʤʦʥʩʪʨʠʨʘʥʦ ʝ ʧʦʣʫʯʘʚʘʥʝ ʥʘ 

ʥʘʥʦʯʘʩʪʠʮʠ ʦʪ ʚʦʣʬʨʘʤʘʪʥʦ ʩʪʲʢʣʦ, ʩʲʜʲʨʞʘʱʦ Eu, ʢʦʠʪʦ ʟʘʧʘʟʚʘʪ ʣʫʤʠʥʝʩʮʝʥʪʥʠʪʝ 

ʩʚʦʡʩʪʚʘ ʥʘ ʦʙʝʤʥʠʷ ʤʘʪʝʨʠʘʣ. ʏʨʝʟ ʣʘʟʝʨʥʘ ʘʙʣʘʮʠʷ ʩʲʩ ʩʚʨʲʭʢʲʩʠ ʠʤʧʫʣʩʠ ʝ 

ʨʝʘʣʠʟʠʨʘʥʦ ʠʤʧʫʣʩʥʦ ʣʘʟʝʨʥʦ ʦʪʣʘʛʘʥʝ ʥʘ ʩʪʲʢʣʦ ʩʲʩ ʩʲʩʪʘʚ: ZnOïB2O3ïWO3ï

Nb2O5:Eu3+. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʦʪʣʦʞʝʥʠʷʪ ʤʘʪʝʨʠʘʣ ʩʝ ʩʲʩʪʦʠ ʦʪ ʩʬʝʨʠʯʥʠ ʥʘʥʦʯʘʩʪʠʮʠ 

ʩ ʨʘʟʤʝʨʠ ʦʪ ʥʷʢʦʣʢʦ ʜʦ ʦʢʦʣʦ 30 nm. ʉʧʝʢʪʲʨʲʪ ʥʘ ʣʫʤʠʥʝʩʮʝʥʮʠʷ ʥʘ ʦʪʣʦʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣ ʩʲʚʧʘʜʘ ʢʘʯʝʩʪʚʝʥʦ ʩ ʪʦʟʠ ʥʘ ʠʟʭʦʜʥʦʪʦ ʦʙʝʤʥʦ ʩʪʲʢʣʦ. ɽʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ 

ʟʘʧʘʟʚʘʥʝ ʥʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠʪʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʧʨʝʭʦʜʘ ʦʪ ʦʙʝʤʝʥ ʤʘʪʝʨʠʘʣ ʢʲʤ 

ʥʘʥʦʨʘʟʤʝʨʝʥ ʝ ʩʚʲʨʟʘʥʘ ʩʲʩ ʩʧʝʮʠʬʠʯʥʠʷ ʤʝʭʘʥʠʟʲʤ ʥʘ ʘʙʣʘʮʠʷ ʩʲʩ ʩʚʨʲʭʢʲʩʠ 

ʠʤʧʫʣʩʠ, ʧʨʠ ʢʦʡʪʦ ʤʘʪʝʨʠʘʣʲʪ ʩʝ ʜʝʢʦʤʧʦʟʠʨʘ ʜʠʨʝʢʪʥʦ ʚ ʥʘʥʦʯʘʩʪʠʮʠ. ɺ ʜʦʧʲʣʥʝʥʠʝ 

ʥʘ ʪʦʚʘ ʣʘʟʝʨʥʘʪʘ ʦʙʨʘʙʦʪʢʘ ʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʜʝʬʝʢʪʠ ʚ ʩʪʲʢʣʦʪʦ, ʢʦʠʪʦ ʝʬʝʢʪʠʚʥʦ 

ʟʘʭʚʘʱʘʪ Eu3+ ʡʦʥʠ. ʊʝʟʠ ʝʬʝʢʪʠ ʚʦʜʷʪ ʜʦ ʝʬʝʢʪʠʚʝʥ ʪʨʘʥʩʬʝʨ ʥʘ ʣʫʤʠʥʝʩʮʠʨʘʱʠʷ 

ʢʦʤʧʦʥʝʥʪ ʠ ʜʦ ʟʘʧʘʟʚʘʥʝ ʥʘ ʥʝʛʦʚʦʪʦ ʣʦʢʘʣʥʦ ʦʙʢʨʲʞʝʥʠʝ ʚ ʦʪʣʦʞʝʥʠʷ ʤʘʪʝʨʠʘʣ. 

ɼʝʤʦʥʩʪʨʠʨʘʥʠʷʪ ʧʦʜʭʦʜ ʤʦʞʝ ʜʘ ʙʲʜʝ ʦʩʥʦʚʘ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʘ ʪʝʭʥʦʣʦʛʠʷ 

ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʥʘʥʦʤʘʪʝʨʠʘʣʠ ʩ ʞʝʣʘʥʠ ʩʚʦʡʩʪʚʘ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʯʣ.-ʢʦʨ. ʧʨʦʬ. ʜ.ʥ. ʅ. 

ʅʝʜʷʣʢʦʚ)  
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ʃʘʟʝʨʥʘʪʘ ʘʙʣʘʮʠʷ ʩʲʩ ʩʚʨʲʭʢʲʩʠ ʠʤʧʫʣʩʠ ʥʘ ʩʪʲʢʣʦ, ʩʲʜʲʨʞʘʱʦ Eu ʡʦʥʠ,  

ʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘʥʝ ʥʘ ʥʘʥʦʯʘʩʪʠʮʠ, ʢʦʠʪʦ ʧʨʠʪʝʞʘʚʘʪ ʣʫʤʠʥʝʩʮʝʥʪʥʠ ʩʚʦʡʩʪʚʘ, 

ʢʘʢʚʠʪʦ ʠʤʘ ʦʙʝʤʥʠʷʪ ʤʘʪʝʨʠʘʣ 

 

ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʢʝʨʘʤʠʯʥʠ ʜʦʧʠʨʘʥʠ ʪʘʙʣʝʪʢʠ, 2D ʧʦʣʠʤʝʨʥʠ ʧʣʘʢʠ, 

ʥʘʥʦʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʠ ʩ ʭʠʜʨʦʢʩʠʘʧʘʪʠʪ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʠ 3D ʧʦʨʴʦʟʥʠ ʢʦʥʩʪʨʫʢʪʠ 

ʥʘ ʙʘʟʘʪʘ ʥʘ ʪʨʠʢʘʣʮʠʝʚ ʬʦʩʬʘʪ ʯʨʝʟ ʤʝʪʦʜʘ ʥʘ freeze foaming ʪʝʭʥʦʣʦʛʠʷʪʘ. ʏʨʝʟ 

ʡʝʨʘʨʭʠʯʥʘ ʧʦʚʲʨʭʥʠʥʥʘ ʦʙʨʘʙʦʪʢʘ ʩʲʩ ʩʚʨʲʭʢʲʩʠ (fs) ʠʤʧʫʣʩʠ ʩʘ ʧʦʣʫʯʝʥʠ ʪʨʠʠʟʤʝʨʥʠ 

ʩʪʨʫʢʪʫʨʠ, ʦʧʪʠʤʘʣʥʦ ʩʲʦʙʨʘʟʝʥʠ ʩ ʤʝʭʘʥʠʯʥʠʪʝ ʠ ʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʥʫʞʜʠ ʥʘ ʢʦʩʪʥʘʪʘ 

ʪʲʢʘʥ, ʚʦʜʝʱʠ ʜʦ ʧʦʜʦʙʨʝʥʘ ʢʣʝʪʲʯʥʘ ʘʜʭʝʟʠʷ ʠ ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪ. ɼʦʧʲʣʥʠʪʝʣʥʦ 

ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʧʦʚʲʨʭʥʠʥʥʠʪʝ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʩʚʦʡʩʪʚʘ ʝ ʧʦʩʪʠʛʥʘʪʦ ʯʨʝʟ ʦʪʣʘʛʘʥʝ ʥʘ 

ʪʲʥʲʢ ʩʣʦʡ ʦʪ ZnO ʠʣʠ ʩʨʝʙʲʨʥʠ ʥʘʥʦʯʘʩʪʠʮʠ, ʛʝʥʝʨʠʨʘʥʠ ʯʨʝʟ fs ʣʘʟʝʨʥʘ ʬʦʪʦʨʝʜʫʢʮʠʷ 

ʥʘ ʚʦʜʝʥ ʨʘʟʪʚʦʨ ʥʘ ʩʨʝʙʲʨʝʥ ʥʠʪʨʘʪ ʠ ʟʝʣʝʥ ʯʘʡ ʦʪ ɸʟʦʨʩʢʠʪʝ ʦʩʪʨʦʚʠ ʢʘʪʦ 

ʩʪʘʙʠʣʠʟʘʪʦʨ. ʈʘʟʨʘʙʦʪʝʥ ʝ ʧʨʦʪʦʢʦʣ ʟʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʫʩʪʦʡʯʠʚʠ ʤʠʢʨʦ- ʠ ʥʘʥʦʤʘʱʘʙʥʠ 

ʩʪʨʫʢʪʫʨʥʠ ʪʦʧʦʛʨʘʬʠʠ ʩ ʨʘʟʣʠʯʥʠ ʨʘʟʤʝʨʠ, ʬʦʨʤʘ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪ, ʦʩʠʛʫʨʷʚʘʱʠ 

ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʘ ʧʦʚʲʨʭʥʦʩʪ ʥʘ ʢʝʨʘʤʠʯʥʠʪʝ ʠ ʧʦʣʠʤʝʨʥʠʪʝ ʙʠʦʤʘʪʝʨʠʘʣʠ, ʠʤʘʱʠ 

ʧʦʪʝʥʮʠʘʣ ʟʘ ʰʠʨʦʢʦ ʧʨʠʣʦʞʝʥʠʝ ʢʘʢʪʦ ʢʘʪʦ ʚʨʝʤʝʥʥʠ ʢʦʩʪʥʠ ʠʤʧʣʘʥʪʠ, ʪʘʢʘ ʠ ʢʘʪʦ 

ʩʘʤʦʧʦʯʠʩʪʚʘʱʠ ʩʝ Ăʘʥʪʠʙʠʦʬʘʫʣʠʥʛñ ʧʦʚʲʨʭʥʦʩʪʠ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʜʝʤʦʥʩʪʨʠʨʘʪ ʷʩʥʦ ʧʦʣʦʞʠʪʝʣʥʦʪʦ ʚʣʠʷʥʠʝ ʥʘ ʧʨʠʣʦʞʝʥʦʪʦ ʣʘʟʝʨʥʦ ʣʲʯʝʥʠʝ ʚʲʨʭʫ 

ʢʣʝʪʲʯʥʘʪʘ ʘʜʭʝʟʠʷ ʠ ʜʠʬʝʨʝʥʮʠʘʮʠʷ, ʢʦʝʪʦ ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʝʬʠʢʘʩʥʦʪʦ 

ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʫʚʨʝʜʝʥʠ ʪʲʢʘʥʠ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ ʥʘ ʘʥʪʠʤʠʢʨʦʙʥʦʩʪʪʘ ʥʘ 

ʣʘʟʝʨʥʦʪʨʝʪʠʨʘʥʠʪʝ ʢʦʥʩʪʨʫʢʪʠ ʩ ʛʨʘʤ-ʦʪʨʠʮʘʪʝʣʥʠ ʠ ʛʨʘʤ-ʧʦʣʦʞʠʪʝʣʥʠ ʙʘʢʪʝʨʠʘʣʥʠ 

ʱʘʤʦʚʝ ʧʦʢʘʟʚʘʪ ʟʥʘʯʠʪʝʣʥʘ ʨʝʜʫʢʮʠʷ ʥʘ ʙʘʢʪʝʨʠʘʣʥʘ ʘʜʭʝʟʠʷ ʢʲʤ ʣʘʟʝʨʥʦ ʦʙʨʘʙʦʪʝʥʠ 

ʧʦʚʲʨʭʥʦʩʪʠ, ʢʘʢʪʦ ʠ ʩʠʣʥʦ ʥʘʤʘʣʝʥʘ ʢʣʝʪʲʯʥʘ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ 

ʤʝʪʦʜʦʣʦʛʠʷ ʟʘʪʚʲʨʞʜʘʚʘ ʙʝʟʢʦʥʪʘʢʪʥʦʪʦ ʧʦʚʲʨʭʥʠʥʥʦ ʬʝʤʪʦʩʝʢʫʥʜʥʦ ʣʘʟʝʨʥʦ 

ʩʪʨʫʢʪʫʨʠʨʘʥʝ ʥʘ ʙʠʦʩʲʚʤʝʩʪʠʤʠ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʫʩʪʦʡʯʠʚ ʧʨʦʮʝʩ, ʥʘʤʠʨʘʱ 

ʧʨʠʣʦʞʝʥʠʝ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʘʥʪʠʙʘʢʪʝʨʠʘʣʥʠ ʧʦʚʲʨʭʥʦʩʪʠ ʩ ʤʝʜʠʮʠʥʩʢʠ ʠ 

ʝʢʦʣʦʛʠʯʥʠ ʮʝʣʠ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-ʨ ɸ. ɼʘʩʢʘʣʦʚʘ) 
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ʇʨʦʮʝʩ ʥʘ ʬʝʤʪʦʩʝʢʫʥʜʥʘ ʣʘʟʝʨʥʦʠʥʜʫʮʠʨʘʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʘ ʤʘʪʝʨʠʘʣʠ ʟʘ 

ʧʨʠʣʦʞʝʥʠʝ ʚ ʤʝʜʠʮʠʥʘʪʘ ʠ ʝʢʦʣʦʛʠʷʪʘ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʦʧʪʠʯʝʩʢʠ ʤʘʪʝʨʠʘʣʠ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʋʩʪʘʥʦʚʝʥʠ ʩʘ ʦʧʪʠʤʘʣʥʠʪʝ 

ʫʩʣʦʚʠʷ ʟʘ ʦʪʣʘʛʘʥʝ ʥʘ ʪʲʥʢʠ ʩʣʦʝʚʝ ʦʪ ZnO ʯʨʝʟ ʝʣʝʢʪʨʦʩʧʨʝʡ ʩ ʮʝʣ ʧʨʠʣʦʞʝʥʠʝʪʦ ʠʤ 

ʟʘ ʬʫʥʢʮʠʦʥʘʣʠʟʠʨʘʥʝ ʥʘ QCM ʩʝʥʟʦʨʠ ʟʘ ʘʤʦʥʷʢ. ʇʦʩʪʠʛʥʘʪʘ ʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ 

ʩʝʥʟʦʨʘ ʦʪ 0,12 Hz/ppm ʩ ʜʝʙʝʣʠʥʘ ʥʘ ʩʣʦʷ ʩʘʤʦ 200 nm. ʇʦʢʘʟʘʥʦ ʝ, ʯʝ ʥʘʡ-

ʯʫʚʩʪʚʠʪʝʣʥʠʪʝ ʩʣʦʝʚʝ ʩʝ ʧʦʣʫʯʘʚʘʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʦʜʣʦʞʢʘʪʘ ʦʪ 150 ÁC, 

ʥʘʧʨʝʞʝʥʠʝ ʥʘ ʝʤʠʪʝʨʘ ʦʪ 18 kV ʠ ʩʢʦʨʦʩʪ ʥʘ ʧʦʜʘʚʘʥʝ ʥʘ ʧʨʝʢʫʨʩʦʨʘ ʦʪ 10 ɛL/min. 

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʟʘ ʤʘʢʩʠʤʘʣʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʥʘ QCM ʩʝʥʟʦʨʘ ʝ ʥʝʦʙʭʦʜʠʤʦ ʪʲʥʢʠʪʝ 

ʩʣʦʝʚʝ ʦʪ ZnO ʜʘ ʫʜʦʚʣʝʪʚʦʨʷʚʘʪ ʝʜʥʦʚʨʝʤʝʥʥʦ ʪʨʠ ʫʩʣʦʚʠʷ: 1) ʚʠʩʦʢʘ ʛʨʘʧʘʚʦʩʪ, ʢʦʷʪʦ 

ʧʦʢʘʟʚʘ ʩʠʣʥʦ ʨʘʟʚʠʪʘ ʧʦʚʲʨʭʥʦʩʪ; 2) ʩʠʣʥʘ ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʷ ʚʲʚ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ, 

ʢʦʷʪʦ ʝ ʩʚʲʨʟʘʥʘ ʩ ʜʝʬʝʢʪʠ ʚ ʨʝʰʝʪʢʘʪʘ, ʠ 3) ʤʘʣʲʢ ʢʦʥʪʘʢʪʝʥ ʲʛʲʣ ʩ ʚʦʜʘʪʘ, ʢʦʝʪʦ 

ʦʟʥʘʯʘʚʘ ʩʣʦʝʚʝʪʝ ʜʘ ʩʘ ʭʠʜʨʦʬʠʣʥʠ. ʂʘʪʦ ʩʝ ʚʟʝʤʘʪ ʧʨʝʜʚʠʜ ʭʠʤʠʯʥʘʪʘ ʠ ʤʝʭʘʥʠʯʥʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʦʪʣʦʞʝʥʠʪʝ ʩ ʤʝʪʦʜʘ ʝʣʝʢʪʨʦʩʧʨʝʡ ʩʣʦʝʚʝ, ʢʘʢʪʦ ʠ ʥʠʩʢʘʪʘ ʠʤ 

ʩʝʙʝʩʪʦʡʥʦʩʪ, ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʦʪʢʨʠʚʘʪ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʥʘ 

ʝʣʝʢʪʨʦʩʧʨʝʡ ZnO ʩʣʦʝʚʝ ʢʘʪʦ ʛʘʟʦʚʠ ʠ ʙʠʦʩʝʥʟʦʨʠ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜ-ʨ ʎ. ɹʘʙʝʚʘ) 

 

ʆʪʣʘʛʘʥʝ ʥʘ ZnO ʪʲʥʢʠ ʩʣʦʝʚʝ ʯʨʝʟ ʝʣʝʢʪʨʦʩʧʨʝʡ (ʘ), SEM ʠʟʦʙʨʘʞʝʥʠʷ 

 ʥʘ ʧʦʚʲʨʭʥʦʩʪʪʘ ʥʘ ʦʪʣʦʞʝʥʠʪʝ ʪʲʥʢʠ ʩʣʦʝʚʝ (ʙ) ʠ ʥʦʨʤʘʣʠʟʠʨʘʥʠ ʜʘʥʥʠ 

 ʟʘ ʧʦʚʲʨʭʥʦʩʪʥʘ ʛʨʘʧʘʚʦʩʪ, ʬʦʪʦʣʫʤʠʥʝʩʮʝʥʮʠʷ, ʢʦʥʪʘʢʪʝʥ ʲʛʲʣ 

 ʠ ʩʝʥʟʦʨʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ (ʚ) 

 

ʀʥʬʝʢʮʠʷʪʘ ʩ ʙʘʢʪʝʨʠʷʪʘ Helicobacter pylori (H. pylori) ʟʘʩʷʛʘ ʦʢʦʣʦ ʧʦʣʦʚʠʥʘʪʘ 

ʦʪ ʥʘʩʝʣʝʥʠʝʪʦ ʧʦ ʩʚʝʪʘ, ʧʦʨʘʜʠ ʢʦʝʪʦ ʝ ʥʝʦʙʭʦʜʠʤʘ ʥʘʚʨʝʤʝʥʥʘ ʠ ʥʘʜʝʞʜʥʘ 

ʜʠʘʛʥʦʩʪʠʢʘ ʥʘ ʟʘʙʦʣʷʚʘʥʝʪʦ. ʅʝʠʥʚʘʟʠʚʥʦʪʦ ʦʪʢʨʠʚʘʥʝ ʥʘ H. pylori e ʝʜʠʥ ʦʪ ʤʝʪʦʜʠʪʝ 

ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʠʥʬʝʢʮʠʷʪʘ. ɺʲʧʨʝʢʠ ʯʝ ʢʦʣʠʯʝʩʪʚʦʪʦ ʙʘʢʪʝʨʠʠ ʚ ʯʦʚʝʰʢʘʪʘ ʩʣʶʥʢʘ ʝ 
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ʥʠʩʢʦ, ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʧʨʦʙʠ ʦʪ ʩʣʶʥʢʘʪʘ ʝ ʣʝʩʥʦ ʠ ʫʜʦʙʥʦ ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʚʟʝʤʘʥʝʪʦ ʥʘ 

ʧʨʦʙʠ ʦʪ ʩʪʦʤʘʭʘ, ʢʨʲʚʪʘ ʠ ʠʟʧʨʘʞʥʝʥʠʷʪʘ. ʉʣʝʜʦʚʘʪʝʣʥʦ ʝ ʥʝʦʙʭʦʜʠʤ ʤʝʪʦʜ ʟʘ 

ʜʝʪʝʢʮʠʷ ʥʘ ʙʘʢʪʝʨʠʷʪʘ ʚ ʩʣʶʥʢʘ ʩ ʚʠʩʦʢʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ. ʎʝʣʪʘ ʥʘ 

ʪʘʟʠ ʨʘʟʨʘʙʦʪʢʘ ʝ ʜʘ ʩʝ ʦʮʝʥʠ ʧʨʠʣʦʞʠʤʦʩʪʪʘ ʥʘ ʙʠʦʩʝʥʟʦʨʘ ʟʘ ʧʦʚʲʨʭʥʦʩʪʝʥ ʧʣʘʟʤʦʥʝʥ 

ʨʝʟʦʥʘʥʩ (SPR), ʙʘʟʠʨʘʥ ʥʘ ʩʚʲʨʟʚʘʥʝʪʦ ʥʘ ʘʥʪʠʛʝʥʘ ʥʘ ʢʨʲʚʥʘʪʘ ʛʨʫʧʘ ʥʘ Lewis b (Leb) 

ʢʲʤ ʩʧʝʮʠʬʠʯʥʠʷ ʘʜʭʝʟʠʥ BabA ʥʘ H. pylori ʟʘ ʜʝʪʝʢʮʠʷʪʘ ʤʫ ʚ ʩʣʶʥʢʘ. ʀʟʩʣʝʜʚʘʥʠʷʪʘ 

ʚʲʨʭʫ ʩʣʶʥʢʘ, ʠʟʢʫʩʪʚʝʥʦ ʠʥʬʝʢʪʠʨʘʥʘ ʩ H. pylori, ʧʦʢʘʟʘʭʘ ʚʠʩʦʢʘʪʘ ʩʧʝʮʠʬʠʯʥʦʩʪ ʥʘ 

ʨʝʘʢʮʠʷʪʘ ʥʘ ʩʚʲʨʟʚʘʥʝ BabA ï Leb. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʠʤʘ ʜʚʘ 

ʤʝʭʘʥʠʟʲʤʘ, ʢʦʠʪʦ ʠʥʭʠʙʠʨʘʪ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ H. Pylori ʚ ʩʣʶʥʢʘ. ʇʲʨʚʠʷʪ 

ʚʢʣʶʯʚʘ ʜʠʨʝʢʪʥʦʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ H. pylori ʠ ʦʨʘʣʥʠʪʝ ʘʥʪʘʛʦʥʠʩʪʠʯʥʠ 

ʙʘʢʪʝʨʠʠ, ʘ ʚʪʦʨʠʷʪ ʚʢʣʶʯʚʘ ʙʘʢʪʝʨʠʮʠʜʥʠʷ ʝʬʝʢʪ ʥʘ ʦʧʨʝʜʝʣʝʥʠ ʧʨʦʪʝʠʥʠ, 

ʧʨʦʠʟʚʝʜʝʥʠ ʦʪ ʦʨʘʣʥʘʪʘ ʬʦʥʦʚʘ ʙʘʢʪʝʨʠʘʣʥʘ ʬʣʦʨʘ. ɺʲʧʨʝʢʠ ʯʝ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʥʘ 

ʦʪʢʨʠʚʘʥʝ ʥʘ ʧʨʝʜʣʦʞʝʥʠʷ ʤʝʪʦʜ ʪʨʷʙʚʘ ʜʘ ʙʲʜʝ ʫʚʝʣʠʯʝʥʘ, ʧʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ 

ʜʦʢʘʟʚʘʪ ʥʝʛʦʚʘʪʘ ʧʨʠʣʦʞʠʤʦʩʪ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ H. pylori ʚ ʩʣʶʥʢʘʪʘ ʠ ʜʦʙʨʠʪʝ 

ʧʝʨʩʧʝʢʪʠʚʠ, ʢʦʠʪʦ ʧʨʝʜʣʘʛʘ ʢʘʢʪʦ ʟʘ ʢʣʠʥʠʯʥʦ ʧʨʠʣʦʞʝʥʠʝ, ʪʘʢʘ ʠ ʢʘʪʦ ʙʲʨʟ ʪʝʩʪ ʥʘ 

ʤʷʩʪʦ. (ʈ̡ʢʦʚʦʜʠʪʝʣ: ʜ-ʨ ɻ. ɼʷʥʢʦʚ) 

AFM ʤʠʢʨʦʛʨʘʬʠʷ ʥʘ ʤʦʣʝʢʫʣʷʨʝʥ ʩʣʦʡ ʦʪ Leb, ʦʪʣʦʞʝʥ ʚʲʨʭʫ ʧʦʟʣʘʪʝʥʘ 

ʜʠʬʨʘʢʮʠʦʥʥʘ ʨʝʰʝʪʢʘ (ɸ); ʆʪʤʝʩʪʚʘʥʝ ʥʘ ʨʝʟʦʥʘʥʩʘ ʢʘʪʦ ʬʫʥʢʮʠʷ 

 ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ H. pylori ʧʨʠ ʧʨʦʙʠ, ʠʥʢʫʙʠʨʘʥʠ ʩʲʩ ʟʘʨʘʟʝʥʘ ʬʠʣʪʨʠʨʘʥʘ  

(0,2 Õm) ʠ ʥʝʬʠʣʪʨʠʨʘʥʘ ʩʣʶʥʢʘ (ɹ); AFM ʤʠʢʨʦʛʨʘʬʠʷ ʥʘ SPR ʙʠʦʯʠʧ 

 ʩ ʠʤʦʙʠʣʠʟʠʨʘʥʠ H. Pylori ʚ ʢʦʢʦʚʠʜʥʘ ʬʦʨʤʘ (ɺ) 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʢʨʠʩʪʘʣʦʛʨʘʬʠʷ. ʇʦʢʘʟʘʥʠ ʩʘ ʫʩʣʦʚʠʷʪʘ ʠ ʤʝʭʘʥʠʟʤʲʪ 

ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ WïFe ʦʢʩʠʜʥʠ ʤʠʥʝʨʘʣʠ ʩ ʧʠʨʦʭʣʦʨʦʚ ʪʠʧ ʩʪʨʫʢʪʫʨʘ. ɼʦʢʘʟʘʥʦ ʝ, 

ʯʝ ʢʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ WïFe ʧʠʨʦʭʣʦʨʠ ʩʝ ʦʩʲʱʝʩʪʚʷʚʘ ʝʬʝʢʪʠʚʥʦ ʧʦ ʩʭʝʤʘʪʘ ʥʘ 

ʤʝʪʘʩʦʤʘʪʠʯʥʦ ʟʘʤʝʩʪʚʘʥʝ ï ʧʨʠ ʪʨʝʪʠʨʘʥʝ ʥʘ WO3ĿxFe2O3ĿnH2O ʩʲʝʜʠʥʝʥʠʷ (ʤʝʡʤʘʢʠʪ, 

ʪʫʥʛʩʪʠʪ, ʘʤʦʨʬʥʠ ʛʝʣʠ) ʩ WïFe ʩʲʜʲʨʞʘʱʠ ʨʘʟʪʚʦʨʠ ʩ pH 2,5 6,5 (70 ʦC), ʢʘʪʦ ʚ ʩʲʱʦʪʦ 

ʚʨʝʤʝ ʜʠʨʝʢʪʥʘʪʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ (ʜʠʨʝʢʪʝʥ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʝʥ ʭʠʜʨʦʪʝʨʤʘʣʝʥ ʩʠʥʪʝʟ) 

ʥʘ ʪʝʟʠ ʬʘʟʠ ʦʪ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʝ ʧʨʦʪʠʯʘ ï ʬʦʨʤʠʨʘʪ ʩʝ ʩʠʣʥʦ ʥʝʧʦʜʨʝʜʝʥʠ ʘʤʦʨʬʥʠ 

ʛʝʣʦʚʝ. ʂʨʠʩʪʘʣʠʟʘʮʠʷʪʘ ʥʘ WïFe ʧʠʨʦʭʣʦʨʠ ʚ ʧʨʠʨʦʜʥʠ ʠ ʣʘʙʦʨʘʪʦʨʥʠ ʫʩʣʦʚʠʷ ʩʝ 

ʦʩʲʱʝʩʪʚʷʚʘ ʯʨʝʟ ʦʨʠʝʥʪʠʨʘʥʦ ʧʨʠʢʨʝʧʚʘʥʝ ʥʘ ʪʝʭʥʠʪʝ ʥʘʥʦʢʨʠʩʪʘʣʠ ʢʲʤ 

ʧʦʚʲʨʭʥʦʩʪʠʪʝ {111} ʥʘ ʨʘʩʪʷʱʠʷ ʢʨʠʩʪʘʣ (non-classical crystal growth by oriented 

attachment of particles). ʆʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʪʘʢʠʚʘ ʥʘʥʦʢʨʠʩʪʘʣʠ ʩʝ ʩʣʫʯʚʘ ʚ ʦʙʝʤʘ ʥʘ 

ʨʘʟʪʚʦʨʘ ʚ ʨʝʟʫʣʪʘʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʪʦ ʥʘ WïFe ʨʘʟʪʚʦʨ ʩ Wï(Fe) ʦʢʩʠʜ-ʭʠʜʨʘʪʝʥ 

ʧʨʝʢʫʨʩʦʨ. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ ʩʘ ʧʨʠʥʦʩ ʟʘ ʤʠʥʝʨʘʣʦʛʠʷʪʘ ʠ ʛʝʦʭʠʤʠʷʪʘ ʥʘ ʚʦʣʬʨʘʤʘ 
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ʚ ʝʢʟʦʛʝʥʥʠ ʫʩʣʦʚʠʷ ʠ ʤʦʛʘʪ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ ʟʘ ʮʝʣʠʪʝ ʥʘ ʦʧʘʟʚʘʥʝ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ WïFe ʦʢʩʠʜʥʠ ʧʠʨʦʭʣʦʨʠ ʩ ʰʠʨʦʢ ʩʧʝʢʪʲʨ ʥʘ ʧʨʠʣʦʞʝʥʠʝ. 

(ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʄ. ʊʘʨʘʩʦʚ ʠ ʜ-ʨ ɽ. ʊʘʨʘʩʦʚʘ) 

 
ʄʦʜʝʣ ʥʘ ʤʝʭʘʥʠʟʤʘ ʥʘ ʢʨʠʩʪʘʣʠʟʘʮʠʷ ʥʘ ʧʨʠʨʦʜʥʠ ʠ ʠʟʢʫʩʪʚʝʥʠ WïFe 

 ʦʢʩʠʜʥʠ ʧʠʨʦʭʣʦʨʠ ʯʨʝʟ ʦʨʠʝʥʪʠʨʘʥʦ ʧʨʠʢʨʝʧʚʘʥʝ ʥʘ ʪʝʭʥʠʪʝ  

ʥʘʥʦʢʨʠʩʪʘʣʠ ʚʲʨʭʫ {111} ʧʦʚʲʨʭʥʦʩʪʠʪʝ ʥʘ ʨʘʩʪʷʱʠʷ ʢʨʠʩʪʘʣ 

 

ɽʜʥʘ ʦʪ ʪʝʥʜʝʥʮʠʠʪʝ ʚ ʨʘʟʚʠʪʠʝʪʦ ʥʘ ʩʪʨʦʠʪʝʣʥʠʪʝ ʤʘʪʝʨʠʘʣʠ ʝ ʯʘʩʪʠʯʥʘʪʘ ʠʣʠ 

ʧʲʣʥʘʪʘ ʟʘʤʷʥʘ ʥʘ ʪʨʘʜʠʮʠʦʥʥʠʪʝ ʤʘʪʝʨʠʘʣʠ, ʢʦʠʪʦ ʠʤʘʪ ʚʠʩʦʢ ʚʲʛʣʝʨʦʜʝʥ ʦʪʧʝʯʘʪʲʢ, ʩ 

ʝʢʦʣʦʛʠʯʥʠ ʩʫʨʦʚʠʥʠ, ʜʦʙʘʚʢʠ ʠ ʧʲʣʥʠʪʝʣʠ. ɺ ʥʘʩʪʦʷʱʘʪʘ ʨʘʟʨʘʙʦʪʢʘ ʝ ʧʦʢʘʟʘʥʦ 

ʚʣʠʷʥʠʝʪʦ ʥʘ ʟʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʮʠʤʝʥʪʘ ʩ 10 ʪʝʛʣʦʚʥʠ ʧʨʦʮʝʥʪʘ ʪʝʨʤʠʯʥʦ ʘʢʪʠʚʠʨʘʥ 

ʝʩʪʝʩʪʚʝʥ ʟʝʦʣʠʪ ʚʲʨʭʫ ʩʪʨʫʢʪʫʨʥʠʪʝ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʚʪʚʲʨʜʝʥʠ ʩʪʨʦʠʪʝʣʥʠ ʨʘʟʪʚʦʨʠ ʥʘ ʙʘʟʘʪʘ ʥʘ ʙʷʣ ʧʦʨʪʣʘʥʜʮʠʤʝʥʪ ʠ ʨʝʯʝʥ ʧʷʩʲʢ. 

ʆʮʝʥʢʘʪʘ ʟʘ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪʪʘ ʠ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʦʪ ʠʟʧʦʣʟʚʘʥʠʷ ʧʦʜʭʦʜ ʟʘ ʧʦʣʫʯʘʚʘʥʝ 

ʥʘ ʩʪʨʦʠʪʝʣʥʠ ʨʘʟʪʚʦʨʠ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʨʝʟʫʣʪʘʪʠʪʝ ʦʪ ʢʦʤʧʣʝʢʩ ʦʪ ʘʥʘʣʠʪʠʯʥʠ ʤʝʪʦʜʠ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ ʚʢʣʶʯʚʘʥʝʪʦ ʥʘ ʟʝʦʣʠʪ ʫʚʝʣʠʯʘʚʘ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʨʠʪʝ ʩ 

ʦʢʦʣʦ 40 %, ʢʘʪʦ ʠ ʠʟʤʝʨʝʥʠʪʝ ʷʢʦʩʪʠ ʩʲʱʦ ʩʘ ʧʦ-ʚʠʩʦʢʠ ʩ ʥʘʜ 13 %. ʇʨʠ ʥʝʧʨʝʢʲʩʥʘʪ 

ʜʦʩʝʛ ʩ ʚʦʜʘ ʦʪ 28-ʠʷ ʜʦ 120-ʠʷ ʜʝʥ ʢʦʣʠʯʝʩʪʚʦʪʦ ʥʘ ʧʦʨʠʪʝ ʥʘʤʘʣʷʚʘ ʩ ʦʢʦʣʦ 10 %, ʘ 

ʷʢʦʩʪʪʘ ʥʘ ʥʘʪʠʩʢ ʩʝ ʫʚʝʣʠʯʘʚʘ ʩʲʦʪʚʝʪʥʦ ʩ ʙʣʠʟʦ 15 %. ʀʟʚʲʨʰʝʥʠʷʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝʥ 

ʘʥʘʣʠʟ ʜʦʢʘʟʚʘ, ʯʝ ʪʝʟʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʜʲʣʞʘʪ ʥʘ ʭʠʜʨʘʪʘʮʠʷ ʩ ʥʠʩʢʦ ʩʲʜʲʨʞʘʥʠʝ ʥʘ 

ʢʨʠʩʪʘʣʥʘ ʚʦʜʘ ʠ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʥʘ ʧʫʮʦʣʘʥʦʚʠ ʨʝʘʢʮʠʠ, ʢʦʠʪʦ ʧʨʦʜʲʣʞʘʚʘʪ ʚʲʚ 

ʚʨʝʤʝʪʦ. ɿʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʯʘʩʪ ʦʪ ʙʝʣʠʷ ʮʠʤʝʥʪ ʩ ʪʝʨʤʠʯʥʦ ʘʢʪʠʚʠʨʘʥ ʝʩʪʝʩʪʚʝʥ ʟʝʦʣʠʪ 

ʚʦʜʠ ʜʦ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʧʦ-ʛʦʣʷʤʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪ ʢʨʠʩʪʘʣʠ, ʚʢʣʶʯʠʪʝʣʥʦ ʥʦʚʠ 

ʢʨʠʩʪʘʣʥʠ ʬʘʟʠ ʢʘʣʮʠʝʚ ʩʠʣʠʢʘʪ-ʭʠʜʨʘʪ ʠ ʢʘʣʮʠʝʚ ʩʠʣʠʢʘʪ-ʘʣʫʤʠʥʠʝʚ ʭʠʜʨʘʪ. 

ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʠ ʧʦʟʚʦʣʷʚʘʪ ʜʘ ʩʝ ʧʨʝʜʩʪʘʚʠ ʧʨʘʚʜʦʧʦʜʦʙʝʥ ʨʝʘʢʮʠʦʥʝʥ 

ʤʝʭʘʥʠʟʲʤ ʥʘ ʧʫʮʦʣʘʥʦʚʠʪʝ ʨʝʘʢʮʠʠ ʠ ʥʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʥʦʚʠ ʢʨʠʩʪʘʣʦʭʠʜʨʘʪʥʠ ʬʘʟʠ. 

ʊʦʚʘ ʜʘʚʘ ʦʩʥʦʚʘʥʠʝ ʜʘ ʩʝ ʪʚʲʨʜʠ, ʯʝ ʟʘʤʝʩʪʚʘʥʝʪʦ ʥʘ ʯʘʩʪ ʦʪ ʮʠʤʝʥʪʘ ʩʲʩ ʟʝʦʣʠʪ 

ʧʦʜʦʙʨʷʚʘ ʫʩʪʦʡʯʠʚʦʩʪʪʘ ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʩʪʨʦʠʪʝʣʥʠ ʨʘʟʪʚʦʨʠ ʩʨʝʱʫ ʘʛʨʝʩʠʚʥʠ 

ʘʪʤʦʩʬʝʨʥʠ ʚʣʠʷʥʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜ-ʨ ɺ. ʇʝʪʢʦʚʘ) 



50 
 

ʘ)   b) 

ɼʠʥʘʤʠʢʘ ʥʘ ʤʘʩʦʚʠʪʝ ʟʘʛʫʙʠ: ʘ) ʚ ʪʝʤʧʝʨʘʪʫʨʥʠʷ ʠʥʪʝʨʚʘʣ 420 ï 500 ÁC;  

b) 500 ï 730 ÁC 

 

 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʝʪʘʣʦʟʥʘʥʠʝ, ʩʲʦʨʲʞʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ ʩ ʎʝʥʪʲʨ ʧʦ ʭʠʜʨʦ- ʠ 

ʘʝʨʦʜʠʥʘʤʠʢʘ. ʋʩʪʘʥʦʚʝʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʚʦʜʦʨʦʜʥʦʪʦ ʩʲʜʲʨʞʘʥʠʝ ʚʲʨʭʫ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘʪʘ, ʤʝʭʘʥʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʤʝʭʘʥʠʟʤʘ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʥʘ 

ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ ʩʪʦʤʘʥʘ ʩʲʩ ʩʪʨʫʢʪʫʨʘ ʠʚʠʯʝʥ ʤʘʨʪʝʥʟʠʪ. ʏʨʝʟ ʢʦʤʙʠʥʘʮʠʷ ʦʪ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʤʝʪʦʜʠ ʠ ʘʪʦʤʠʩʪʠʯʥʦ ʤʦʜʝʣʠʨʘʥʝ ʝ ʠʟʩʣʝʜʚʘʥ ʧʨʝʭʦʜʲʪ ʚ ʤʝʭʘʥʠʟʤʘ 

ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʧʨʠ ʥʘʨʘʩʪʚʘʱʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʚʦʜʦʨʦʜ. ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʫʚʝʣʠʯʘʚʘʥʝʪʦ ʥʘ ʚʦʜʦʨʦʜʥʘʪʘ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʠ ʜʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʤʝʭʘʥʠʯʥʠʪʝ 

ʩʚʦʡʩʪʚʘ, ʫʚʝʣʠʯʘʚʘʥʝ ʧʣʲʪʥʦʩʪʪʘ ʥʘ ʜʠʩʣʦʢʘʮʠʠ ʠ ʘʢʪʠʚʠʨʘʥʝ ʥʘ ʧʨʠʧʣʲʟʚʘʱʠ ʩʝ 

ʩʠʩʪʝʤʠ, ʢʦʠʪʦ ʚʦʜʷʪ ʜʦ ʢʚʘʟʠʢʨʝʭʢʠ ʠ ʠʥʪʝʨʢʨʠʩʪʘʣʥʠ ʨʘʟʨʫʰʝʥʠʷ. ʊʦʚʘ ʧʦʪʚʲʨʞʜʘʚʘ 

ʤʝʭʘʥʠʟʤʘ ʥʘ ʧʦʜʧʦʤʘʛʘʥʦ ʦʪ ʚʦʜʦʨʦʜʘ ʣʦʢʘʣʥʦ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʠʨʘʥʝ ʠ ʜʝʢʦʭʝʟʠʷ. ʉ 

ʫʚʝʣʠʯʘʚʘʥʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʦʜʦʨʦʜ ʚ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ ʩʪʦʤʘʥʘ ʟʦʥʠʪʝ ʥʘ 

ʨʘʟʨʫʰʝʥʠʝ ʧʨʝʤʠʥʘʚʘʪ ʦʪ ʧʣʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʠʝ ʜʦ ʪʨʘʥʩʛʨʘʥʫʣʘʨʥʦ ʠ 

ʠʥʪʝʨʛʨʘʥʫʣʘʨʥʦ ʨʘʟʨʫʰʝʥʠʝ, ʦʪʨʘʟʷʚʘʡʢʠ ʢʨʠʪʠʯʥʘʪʘ ʨʦʣʷ ʥʘ ʚʦʜʦʨʦʜʘ ʟʘ ʧʨʝʭʦʜʘ ʢʲʤ 

ʧʦ-ʢʨʝʭʲʢ ʤʝʭʘʥʠʟʲʤ ʥʘ ʨʘʟʨʫʰʝʥʠʝ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʧʦʤʘʛʘ ʟʘ ʨʘʟʙʠʨʘʥʝʪʦ ʥʘ ʤʝʭʘʥʠʟʤʘ 

ʥʘ ʚʦʜʦʨʦʜʥʦʪʦ ʦʢʨʝʭʢʦʩʪʷʚʘʥʝ, ʢʦʝʪʦ ʝ ʢʣʶʯʦʚʦ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʫʩʪʦʡʯʠʚʠ 

ʤʘʪʝʨʠʘʣʠ ʚ ʝʥʝʨʛʠʡʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʥʠʷ ʩʝʢʪʦʨ. ʆʪʢʨʠʪʠʷʪʘ ʚ ʪʘʟʠ ʩʬʝʨʘ ʠʤʘʪ ʟʥʘʯʝʥʠʝ 

ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʨʘʟʨʫʰʘʚʘʥʝʪʦ ʥʘ ʢʨʠʪʠʯʥʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʠ ʢʘʪʦ ʪʨʲʙʦʧʨʦʚʦʜʠ ʟʘ 

ʚʦʜʦʨʦʜ. ʊʝʟʠ ʠʟʩʣʝʜʚʘʥʠʷ ʜʦʧʨʠʥʘʩʷʪ ʟʘ ʧʨʦʝʢʪʠʨʘʥʝ ʥʘ ʤʘʪʝʨʠʘʣʠ, ʩʧʦʩʦʙʥʠ ʜʘ 

ʠʟʜʲʨʞʘʪ ʥʘ ʧʨʝʜʠʟʚʠʢʘʪʝʣʩʪʚʘʪʘ ʥʘ ʚʦʜʦʨʦʜʥʠʪʝ ʪʝʭʥʦʣʦʛʠʠ. ʊʦʚʘ ʧʨʦʫʯʚʘʥʝ ʝ ʦʪ 

ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʙʝʟʦʧʘʩʥʠʷ ʧʨʝʭʦʜ ʢʲʤ ʫʩʪʦʡʯʠʚʘ ʚʦʜʦʨʦʜʥʘ ʠʢʦʥʦʤʠʢʘ, ʢʘʪʦ 

ʩʲʱʝʚʨʝʤʝʥʥʦ ʜʦʧʨʠʥʘʩʷ ʢʲʤ ʪʝʦʨʝʪʠʯʥʘʪʘ ʙʘʟʘ ʟʘ ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʚʦʜʦʨʦʜʥʦʪʦ 

ʦʢʨʝʭʢʦʩʪʷʚʘʥʝ ʚʲʨʭʫ ʦʧʨʝʜʝʣʝʥʠʷ ʪʠʧ ʩʪʦʤʘʥʠ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʀ. ʂʘʮʘʨʦʚ, 

ʧʨʦʬ. ʜ-ʨ ʈ. ʃʘʟʘʨʦʚʘ, ʜʦʮ. ʜ-ʨ ɺ. ɼʷʢʦʚʘ) 
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ʈʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʟʦʥʠʪʝ ʥʘ ʨʘʟʨʫʰʘʚʘʥʝ (ʧʣʘʩʪʠʯʥʦ, ʪʨʘʥʩʛʨʘʥʫʣʘʨʥʦ 

 ʠ ʠʥʪʝʨʛʨʘʥʫʣʘʨʥʦ) ʩ ʫʚʝʣʠʯʘʚʘʥʝ ʢʦʥʮʝʥʪʨʘʮʠʷʪʘ ʥʘ ʚʦʜʦʨʦʜ 

 ʚ ʥʠʩʢʦʚʲʛʣʝʨʦʜʥʘ ʩʪʦʤʘʥʘ 

ʈʘʟʨʘʙʦʪʝʥ ʝ ʤʦʜʝʣ ʥʘ Ăɼʲʥʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʩʠʩʪʝʤʘ ʟʘ ʧʦʜʚʦʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʩ 

ʘʫʜʠʦʟʘʧʠʩ ʥʘ ʤʦʨʩʢʠ ʰʫʤʦʚʝ, ʨʘʟʣʠʯʥʠ ʦʪ ʝʩʪʝʩʪʚʝʥʠʷ ʰʫʤ ʥʘ ʤʦʨʝʪʦ, ʩ ʙʲʨʟʦ 

ʦʧʦʚʝʩʪʷʚʘʥʝ ʥʘ ʦʪʢʨʠʪʘ ʟʚʫʢʦʚʘ ʘʥʦʤʘʣʠʷñ. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘʪʘ ʜʲʥʥʘ ʩʠʩʪʝʤʘ ʩʝ 

ʩʲʩʪʦʠ ʦʪ ʜʲʥʥʘ ʩʪʘʥʮʠʷ, ʤʦʥʪʠʨʘʥʘ ʚʲʨʭʫ ʢʦʪʚʘ, ʠ ʧʝʨʠʦʜʠʯʥʦ ʠʟʧʣʘʚʘʱ ʨʘʜʠʦʙʫʡ ʩ 

ʧʦʩʣʝʜʚʘʱʦ ʧʨʦʤʝʥʣʠʚʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʧʦ ʜʲʣʙʦʯʠʥʘ, ʚ/ʥʘ ʢʦʨʧʫʩʘ ʥʘ ʢʦʡʪʦ ʩʘ 

ʤʦʥʪʠʨʘʥʠ ʩʝʥʟʦʨ ʟʘ ʩʦʣʝʥʦʩʪ ʠ ʢʦʤʙʠʥʠʨʘʥ ʩʝʥʟʦʨ ʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʤʦʨʩʢʘʪʘ ʚʦʜʘ 

ʢʘʪʦ ʬʫʥʢʮʠʷ ʦʪ ʜʲʣʙʦʯʠʥʘʪʘ, ʨʘʜʠʦʤʦʜʝʤ ʩ ʙʣʦʢ ʟʘ ʟʘʭʨʘʥʚʘʥʝ ʠ ʨʘʜʠʦʘʥʪʝʥʘ, ʟʘʢʨʝʧʝʥ 

ʢʲʤ ʜʲʥʥʘʪʘ ʩʪʘʥʮʠʷ ʩ ʧʦʜʚʦʜʝʥ ʭʝʨʤʝʪʠʯʝʥ ʢʘʙʝʣ ʩ ʢʝʚʣʘʨʝʥʘ ʦʧʣʝʪʢʘ.  ʄʦʜʝʣʲʪ ʥʘ 

ʩʪʘʥʮʠʷʪʘ ʧʨʠʪʝʞʘʚʘ ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʘʜʘʧʪʠʚʥʦ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʧʦ ʜʲʣʙʦʯʠʥʘ; 

ʥʝʧʨʝʢʲʩʥʘʪʦʩʪ ʥʘ ʧʨʦʮʝʩʘ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʭʠʜʨʦʬʠʟʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ 

ʤʦʨʩʢʘʪʘ ʚʦʜʘ ʠ ʦʪʢʨʠʚʘʥʝ, ʨʝʛʠʩʪʨʠʨʘʥʝ ʠ ʟʘʧʦʤʥʷʥʝ ʥʘ ʤʦʨʩʢʠ ʰʫʤʦʚʝ, 

ʧʨʝʜʩʪʘʚʣʷʚʘʱʠ ʟʚʫʢʦʚʘ ʘʥʦʤʘʣʠʷ, ʥʘ ʬʦʥʘ ʥʘ ʝʩʪʝʩʪʚʝʥʠʷ ʰʫʤ ʥʘ ʤʦʨʝʪʦ, ʙʲʨʟʦ 

ʧʨʝʜʘʚʘʥʝ ʥʘ ʜʘʥʥʠ ʟʘ ʦʪʢʨʠʪʘʪʘ ʟʚʫʢʦʚʘ ʘʥʦʤʘʣʠʷ ʠ ʧʝʨʠʦʜʠʯʥʦ ʧʨʝʜʘʚʘʥʝ ʥʘ 

ʭʠʜʨʦʬʠʟʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʨʝʟ ʠʟʧʣʘʚʘʱ ʨʘʜʠʦʙʫʡ. ʉʪʘʥʮʠʷʪʘ ʝ ʧʨʠʣʦʞʠʤʘ ʟʘ 

ʧʦʜʚʦʜʝʥ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʦʩʲʱʝʩʪʚʷʚʘʥʝ ʢʦʥʪʨʦʣ ʥʘ ʥʠʚʘʪʘ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʠ ʰʫʤʦʚʝ ʚ 

ʤʦʨʩʢʠʪʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʦʪʦʨʠʟʠʨʘʥʠʪʝ ʦʨʛʘʥʠ, ʢʘʢʪʦ ʠ ʟʘ ʢʦʥʪʨʦʣ ʥʘ ʩʲʩʪʦʷʥʠʝʪʦ ʥʘ 

ʢʨʘʡʙʨʝʞʥʘʪʘ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʠ ʥʘ ʢʦʨʘʙʦʧʣʘʚʘʥʝʪʦ ʚʲʚ ʚʨʝʤʝʥʥʦ ʟʘʙʨʘʥʝʥʠ ʟʘ ʧʣʘʚʘʥʝ 

ʠ ʟʘ ʨʠʙʦʣʦʚʥʘ ʜʝʡʥʦʩʪ ʨʘʡʦʥʠ. ʉʪʘʥʮʠʷʪʘ ʦʩʠʛʫʨʷʚʘ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪ ʠ ʬʠʥʘʥʩʦʚʘ 

ʝʬʝʢʪʠʚʥʦʩʪ; ʩʠʛʫʨʥʦʩʪ ʥʘ ʨʘʙʦʪʘʪʘ ʚ ʫʩʣʦʚʠʷʪʘ ʥʘ ʤʦʨʩʢʘʪʘ ʩʨʝʜʘ, ʢʘʪʦ ʩʝ ʧʨʝʦʜʦʣʷʚʘ 

ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʥʘ ʦʙʨʘʩʪʚʘʥʝ, ʚʦʜʦʨʘʩʣʠ, ʨʘʟʣʠʯʥʠ ʩʝʜʠʤʝʥʪʠ; ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪ; 

ʥʘʜʝʞʜʥʦ ʙʝʟʞʠʯʥʦ ʠʟʧʲʣʥʝʥʠʝ ʥʘ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ ʜʲʥʥʘʪʘ ʩʪʘʥʮʠʷ ʠ ʨʘʜʠʦʙʫʷ ʠ ʣʝʩʥʘ 

ʧʦʩʪʘʥʦʚʢʘ ʠ ʦʙʠʨʘʥʝ ʥʘ ʠʟʜʝʣʠʝʪʦ ʩ ʱʘʪʥʠʪʝ ʧʦʜʝʤʥʠ ʩʨʝʜʩʪʚʘ ʥʘ ʢʦʨʘʙʘ. 

(ʈʲʢʦʚʦʜʠʪʝʣ: ʛʣ. ʘʩ. ʜ-ʨ ɸ. ʂʦʣʘʨʦʚ ʠ ʜ-ʨ ʠʥʞ. ʈ. ʅʘʡʜʝʥʦʚ) 
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ʘ ʙ 

ʆʩʥʦʚʥʠ ʩʪʨʫʢʪʫʨʥʠ ʝʣʝʤʝʥʪʠ ʥʘ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʥʘ ʜʲʥʥʘ ʩʪʘʥʮʠʷ: ʘ) ʄʦʜʫʣ ʟʘ 

ʧʨʠʝʤʘʥʝ ʠ ʦʪʢʨʠʚʘʥʝ ʥʘ ʰʠʨʦʢʦʣʝʥʪʦʚ ʭʠʜʨʦʘʢʫʩʪʠʯʝʥ ʩʠʛʥʘʣ ʠ ʙ) ɼʲʥʥʘ ʩʪʘʥʮʠʷ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʦʙʱʘ ʠ ʥʝʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ. ʇʦʜʙʦʨʲʪ ʥʘ ʣʠʛʘʥʜʠ-ʭʨʦʤʦʬʦʨʠ ʚ 

ʣʘʥʪʘʥʠʜʥʠ ʢʦʤʧʣʝʢʩʠ ʠʤʘ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʣʫʤʠʥʝʩʮʝʥʪʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ 

ʝʬʝʢʪʠʚʥʦ ʧʨʝʚʨʲʱʘʥʝ ʥʘ UV ʚʲʚ ʚʠʜʠʤʘ ʩʚʝʪʣʠʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʪʝʥʘ-ʝʬʝʢʪʘ. ʏʨʝʟ 

ʢʦʤʙʠʥʠʨʘʥʝʪʦ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʘʥʘʣʠʪʠʯʥʠ ʤʝʪʦʜʠ ʠ ʪʝʦʨʝʪʠʯʥʠ 

ʧʦʜʭʦʜʠ ʩʘ ʦʮʝʥʝʥʠ ʚʩʠʯʢʠ ʢʦʥʢʫʨʝʥʪʥʠ ʬʦʪʦʬʠʟʠʯʥʠ ʧʨʦʮʝʩʠ ʠ ʝ ʧʨʝʜʩʢʘʟʘʥ 

ʤʝʭʘʥʠʟʤʲʪ ʥʘ ʘʙʩʦʨʙʮʠʷ, ʧʨʝʥʦʩ ʠ ʨʝʣʘʢʩʘʮʠʷ ʥʘ ʝʥʝʨʛʠʷ ʧʨʠ ʣʘʥʪʘʥʠʜʥʠ (Eu3+, Sm3+) 

ʢʦʤʧʣʝʢʩʠ ʩ ʜʠʪʠʦʢʘʨʙʘʤʘʪʥʠ ʣʠʛʘʥʜʠ ʠ ʬʝʥʘʥʪʨʦʣʠʥ. ʀʟʷʩʥʝʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ 

ʣʠʛʘʥʜʠʪʝ ʚʲʨʭʫ ʣʘʥʪʘʥʠʜʥʘʪʘ ʣʫʤʠʥʝʩʮʝʥʮʠʷ, ʢʘʪʦ ʨʝʟʫʣʪʘʪʠʪʝ ʧʨʝʜʩʪʘʚʠʭʘ ʥʦʚʦ 

ʚʠʞʜʘʥʝ ʚʲʨʭʫ ʦʧʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʢʦʤʧʣʝʢʩʠʪʝ, ʘ ʠʤʝʥʥʦ: 1) ʤʝʞʜʫʣʠʛʘʥʜʝʥ 

ʭʘʨʘʢʪʝʨ ʥʘ ʧʲʨʚʦʪʦ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʩ ʧʨʝʥʦʩ ʥʘ ʟʘʨʷʜ (ʪʲʤʥʦ ʩʲʩʪʦʷʥʠʝ); 2) 

ʝʬʝʢʪʠʚʝʥ ʧʨʝʥʦʩ ʥʘ ʝʥʝʨʛʠʷ ʚʲʚ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʧʦʨʘʜʠ ʧʦʜʭʦʜʷʱ ʝʥʝʨʛʠʝʥ 

ʨʝʟʦʥʘʥʩ ʥʘ ʣʠʛʘʥʜʥʠʪʝ ʜʦʥʦʨʥʠ ʠ ʣʘʥʪʘʥʠʜʥʠʪʝ ʘʢʮʝʧʪʦʨʥʠ ʥʠʚʘ; 3) ʯʘʩʪʠʯʥʘ ʨʝʜʫʢʮʠʷ 

ʩʘʤʦ ʥʘ ʝʚʨʦʧʠʝʚʠʪʝ ʡʦʥʠ ʚ ʦʩʥʦʚʥʦ ʩʲʩʪʦʷʥʠʝ, ʫʩʪʘʥʦʚʝʥʦ ʯʨʝʟ ʫʥʠʢʘʣʥʦʪʦ ɽʇʈ 

ʠʟʩʣʝʜʚʘʥʝ ʥʘ ʢʦʤʧʣʝʢʩʠʪʝ ʩʲʩ ʠ ʙʝʟ ʦʙʣʲʯʚʘʥʝ ʠ ʧʦʜʢʨʝʧʝʥʦ ʦʪ ʠʟʯʠʩʣʝʥʦʪʦ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ ʝʣʝʢʪʨʦʥʥʘʪʘ ʧʣʲʪʥʦʩʪ ʚ ʦʩʥʦʚʥʦ ʠ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ. 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʢʦʤʙʠʥʠʨʘʥ ʝʢʩʧʝʨʠʤʝʥʪʘʣʝʥ ʠ ʪʝʦʨʝʪʠʯʝʥ ʧʦʜʭʦʜ ʟʘ ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ 

ʤʝʭʘʥʠʟʤʘ ʟʘ ʧʨʝʥʦʩ ʥʘ ʝʥʝʨʛʠʷ ʚʲʚ ʚʲʟʙʫʜʝʥʦ ʩʲʩʪʦʷʥʠʝ ʠ ʢʣʶʯʦʚʠʪʝ ʬʘʢʪʦʨʠ, 

ʢʦʥʪʨʦʣʠʨʘʱʠ ʦʧʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ ʠ ʝʬʝʢʪʠʚʥʘʪʘ ʣʫʤʠʥʝʩʮʝʥʮʠʷ, ʙʠ ʧʦʜʧʦʤʦʛʥʘʣ 

ʮʝʣʝʚʠʷ ʩʠʥʪʝʟ ʥʘ ʥʦʚʠ ʭʝʪʝʨʦʣʠʛʘʥʜʥʠ ʣʘʥʪʘʥʠʜʥʠ ʤʘʪʝʨʠʘʣʠ ʩ ʞʝʣʘʥʠ ʩʚʦʡʩʪʚʘ ʟʘ 

ʜʘʜʝʥʦ ʧʨʠʣʦʞʝʥʠʝ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʧʨʦʬ. ʜ-ʨ ʀ. ɻʝʦʨʛʠʝʚʘ) 
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ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʠʥʦʚʘʪʠʚʥʠ ʘʥʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʟʘ ʥʘʪʨʠeʚʦ-ʡʦʥʥʠ ʙʘʪʝʨʠʠ, ʢʦʠʪʦ 

ʟʘ ʨʘʟʣʠʢʘ ʦʪ ʣʠʪʠʝʚʠʪʝ ʦʪʛʦʚʘʨʷʪ ʥʘ ʩʪʨʦʛʠʪʝ ʠʟʠʩʢʚʘʥʠʷ, ʜʝʬʠʥʠʨʘʥʠ ʚ ɽʚʨʦʧʝʡʩʢʠʷ 

ʟʝʣʝʥ ʧʘʢʪ ʟʘ ʙʝʟʦʧʘʩʥʦʩʪ, ʙʝʟʚʨʝʜʥʦʩʪ, ʨʝʥʪʘʙʠʣʥʦʩʪ ʠ ʢʨʠʪʝʨʠʠ ʟʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘ 

ʦʪʧʘʜʲʮʠʪʝ. ʈʘʟʨʘʙʦʪʢʘʪʘ ʩʝ ʩʲʩʪʦʠ ʚ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʠʦʩʫʨʦʚʠʥʘ ʚʲʟ ʦʩʥʦʚʘʪʘ ʥʘ 

ʫʪʘʡʢʠ ʦʪ ʢʘʬʝ, ʢʦʷʪʦ ʧʦ ʦʨʠʛʠʥʘʣʥʘ ʩʠʥʪʝʪʠʯʥʘ ʧʨʦʮʝʜʫʨʘ ʩʝ ʧʨʝʚʨʲʱʘ ʚ ʘʥʦʜʝʥ 

ʤʘʪʝʨʠʘʣ, ʢʦʡʪʦ ʦʪ ʩʚʦʷ ʩʪʨʘʥʘ ʩʲʯʝʪʘʚʘ ʥʠʩʢʠʷ ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʘʪʨʠʨʘʥʝ (ʧʦʜ 1,0 V 

ʩʧʨʷʤʦ Na+/Na) ʩ ʜʦʙʨʘʪʘ ʧʨʦʠʟʚʦʜʠʪʝʣʥʦʩʪ (ʩʧʝʮʠʬʠʯʝʥ ʢʘʧʘʮʠʪʝʪ ʦʢʦʣʦ 250 mAh/g ʠ 

ʦʪʣʠʯʥʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʢʘʧʘʮʠʪʝʪʘ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦ ʮʠʢʣʠʨʘʥʝ). ʈʘʟʨʘʙʦʪʝʥʘʪʘ ʦʪ ʥʘʩ 

ʥʦʚʘ ʬʠʟʠʢʦʭʠʤʠʯʥʘ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʨʘʟʛʨʘʥʠʯʠʤ ʢʦʥʢʫʨʝʥʪʥʠʪʝ ʨʝʘʢʮʠʠ ʥʘ 

ʘʜʩʦʨʙʮʠʷ ʥʘ ʥʘʪʨʠʡ, ʜʚʫʤʝʨʥʘ ʜʠʬʫʟʠʷ ʠ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʥʘʪʨʠʝʚʠ ʢʣʲʩʪʝʨʠ, ʧʨʦʪʠʯʘʱʠ 

ʧʨʠ ʙʠʦʚʲʛʣʝʨʦʜʠʪʝ ʠ ʦʪʛʦʚʦʨʥʠ ʟʘ ʧʦʩʪʠʛʘʥʝʪʦ ʥʘ ʚʠʩʦʢ ʠ ʦʙʨʘʪʠʤ ʢʘʧʘʮʠʪʝʪ ʧʨʠ ʪʷʭ. 

ʉʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʥʘʪʨʠʡ ʦʪ ʙʠʦʚʲʛʣʝʨʦʜʠ ʟʘʚʠʩʠ ʦʱʝ ʠ ʦʪ ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʤʠʥʝʨʘʣʥʘʪʘ ʧʝʧʝʣ ʚ ʪʷʭ. ʊʘʟʠ ʧʝʧʝʣ ʥʝ ʦʢʘʟʚʘ ʚʣʠʷʥʠʝ ʚʲʨʭʫ 

ʤʝʭʘʥʠʟʤʘ ʥʘ ʩʲʭʨʘʥʝʥʠʝ ʥʘ ʥʘʪʨʠʡ, ʥʦ ʩʧʦʤʘʛʘ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʥʘ ʮʠʢʣʠʯʥʘʪʘ 

ʩʪʘʙʠʣʥʦʩʪ ʠ ʢʫʣʦʥʦʚʘʪʘ ʝʬʝʢʪʠʚʥʦʩʪ. ʇʦʣʦʞʠʪʝʣʥʠʷʪ ʝʬʝʢʪ ʥʘ ʤʠʥʝʨʘʣʥʘʪʘ ʧʝʧʝʣ 

ʚʲʨʭʫ ʩʲʭʨʘʥʝʥʠʝʪʦ ʥʘ ʥʘʪʨʠʡ ʨʘʟʢʨʠʚʘ, ʯʝ ʥʝ ʝ ʥʝʦʙʭʦʜʠʤʦ ʜʘ ʩʝ ʠʟʧʦʣʟʚʘʪ 

ʜʦʧʲʣʥʠʪʝʣʥʠ ʠ ʩʢʲʧʠ ʧʨʦʮʝʜʫʨʠ ʟʘ ʥʝʡʥʦʪʦ ʦʪʩʪʨʘʥʷʚʘʥʝ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-ʨ ʄ. 

ʂʘʣʲʧʩʲʟʦʚʘ)  

 
ɹʠʦʚʲʛʣʝʨʦʜʥʠ ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʘʥʦʜʠ ʟʘ ʥʘʪʨʠʝʚʦ-ʡʦʥʥʠ ʙʘʪʝʨʠʠ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʦʨʛʘʥʠʯʥʘ ʭʠʤʠʷ ʩ ʎʝʥʪʲʨ ʧʦ ʬʠʪʦʭʠʤʠʷ. ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʤʝʜ-

ʢʘʪʘʣʠʟʠʨʘʥʘ ʪʘʥʜʝʤʥʘ ʨʝʘʢʮʠʷ, ʧʨʝʚʨʲʱʘʱʘ Ŭ-ʭʠʜʨʦʢʩʠʢʝʪʦʥʠ ʚ ʮʝʥʥʠ Ŭ-

ʭʠʜʨʦʢʩʠʝʩʪʝʨʠ. ʈʝʘʢʮʠʦʥʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʩʘ ʠʟʫʯʝʥʠ ʯʨʝʟ ʠʟʦʪʦʧʥʦ ʤʘʨʢʠʨʘʥʝ ʠ 

ʢʦʤʧʶʪʲʨʥʠ ʠʟʯʠʩʣʝʥʠʷ. ʊʘʥʜʝʤʥʠʷʪ ʧʨʦʮʝʩ ʠʟʧʦʣʟʚʘ ʝʜʠʥʩʪʚʝʥʦ ʢʠʩʣʦʨʦʜ ʢʘʪʦ 

ʦʢʠʩʣʠʪʝʣ ʠ ʚʦʜʠ ʜʦ ʧʦʣʫʯʘʚʘʥʝʪʦ ʥʘ ʤʝʞʜʠʥʥʠ ʛʣʠʦʢʩʘʣʘʪʠ, ʢʦʠʪʦ ʚʧʦʩʣʝʜʩʪʚʠʝ ʩʝ 

ʪʨʘʥʩʬʦʨʤʠʨʘʪ in situ ʜʦ Ŭ-ʭʠʜʨʦʢʩʠʝʩʪʝʨʠ ʯʨʝʟ ʨʝʜʦʢʩ-ʥʝʫʪʨʘʣʥʘ ʚʲʪʨʝʰʥʦʤʦʣʝʢʫʣʥʘ 

ʂʘʥʠʮʘʨʦʚʘ ʧʨʝʛʨʫʧʠʨʦʚʢʘ, ʢʘʪʦ ʧʦ ʪʦʟʠ ʥʘʯʠʥ ʝʜʠʥʩʪʚʝʥʠʷʪ ʦʪʧʘʜʝʥ ʧʨʦʜʫʢʪ ʝ ʚʦʜʘ, 

ʢʦʝʪʦ ʧʨʘʚʠ ʧʨʦʮʝʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʘʪʨʘʢʪʠʚʝʥ ʦʪ ʛʣʝʜʥʘ ʪʦʯʢʘ ʥʘ Ăʟʝʣʝʥʘʪʘñ ʭʠʤʠʷ. 

ʈʘʟʨʘʙʦʪʝʥʠʷʪ ʤʝʪʦʜ ʝ ʧʨʠʣʦʞʝʥ ʟʘ ʧʨʝʚʨʲʱʘʥʝ ʥʘ ʙʠʦʚʲʟʦʙʥʦʚʠʤʠʪʝ ʤʝʪʠʣ- ʠ ʝʪʠʣ-5-

ʭʠʜʨʦʢʩʠʣʝʚʫʣʠʥʘʪʠ ʜʦ ʩʝʨʠʷ ʮʝʥʥʠ ʟʘ ʧʨʘʢʪʠʢʘʪʘ ʥʝʩʠʤʝʪʨʠʯʥʠ ʜʠʝʩʪʝʨʠ ʥʘ 2-

ʭʠʜʨʦʢʩʠʛʣʫʪʘʨʦʚʘʪʘ ʢʠʩʝʣʠʥʘ ʩ ʜʦʙʨʠ ʜʦʙʠʚʠ. 2-ʍʠʜʨʦʢʩʠʛʣʫʪʘʨʘʪʲʪ ʧʨʠʪʝʞʘʚʘ 

ʢʘʨʜʠʦʟʘʱʠʪʥʠ, ʥʝʬʨʦʟʘʱʠʪʥʠ ʠ ʘʥʪʠʘʩʪʤʘʪʠʯʥʠ ʩʚʦʡʩʪʚʘ, ʘ ʩʲʱʦ ʪʘʢʘ ʝ ʠ 

ʦʥʢʦʤʝʪʘʙʦʣʠʪ ʠ ʥʘʤʠʨʘ ʧʨʠʣʦʞʝʥʠʝ ʢʘʪʦ ʙʠʦʤʘʨʢʝʨ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛ ʥʘ ʨʘʢʦʚʠ 

ʟʘʙʦʣʷʚʘʥʠʷ. ʄʝʜʢʘʪʘʣʠʟʠʨʘʥʘʪʘ ʨʝʘʢʮʠʷ ʙʝ ʧʨʠʣʦʞʝʥʘ ʠ ʟʘ late-stage ʤʦʜʠʬʠʢʘʮʠʠ ʥʘ 

ʩʪʝʨʦʠʜʥʠ ʤʦʣʝʢʫʣʠ ʢʘʪʦ ʢʦʨʪʠʟʦʥ, ʭʠʜʨʦʢʦʨʪʠʟʦʥ, ʧʨʝʜʥʠʟʦʥ ʠ ʧʨʝʜʥʠʟʦʣʦʥ, 
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ʧʨʠʪʝʞʘʚʘʱʠ ʘʥʘʣʛʝʪʠʯʥʠ ʠ ʧʨʦʪʠʚʦʚʲʟʧʘʣʠʪʝʣʥʠ ʩʚʦʡʩʪʚʘ (ʂʦʣʝʢʪʠʚ: ʜʦʢʪʦʨʘʥʪ ʍ. 

ʇʝʪʢʦʚ, ʛʣ. ʘʩ. ʜ-ʨ ʄ. ʈʘʚʫʮʦʚ, ʜʦʮ. ʜ-ʨ ʗ. ʄʠʪʨʝʚ ʠ ʧʨʦʬ. ʜ-ʨ ʉ. ʉʠʤʝʦʥʦʚ) 

 
ʄʝʜʢʘʪʘʣʠʟʠʨʘʥʘ ʪʘʥʜʝʤʥʘ ʨʝʘʢʮʠʷ, ʧʨʝʚʨʲʱʘʱʘ Ŭ-ʭʠʜʨʦʢʩʠʢʝʪʦʥʠ 

 ʚ ʮʝʥʥʠ Ŭ-ʭʠʜʨʦʢʩʠʝʩʪʝʨʠ 

 

ʊʫʯʝʥʠʮʘʪʘ (Portulaca oleracea L.) ʝ ʰʠʨʦʢʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʦ ʝʜʥʦʛʦʜʠʰʥʦ ʨʘʩʪʝʥʠʝ ʠ 

ʤʘʢʘʨ ʯʝ ʫ ʥʘʩ ʩʝ ʩʯʠʪʘ ʟʘ ʧʣʝʚʝʣ, ʚ ʜʨʫʛʠ ʩʪʨʘʥʠ ʩʝ ʠʟʧʦʣʟʚʘ ʦʪ ʜʨʝʚʥʠ ʚʨʝʤʝʥʘ ʦʩʚʝʥ 

ʢʘʪʦ ʭʨʘʥʘ, ʙʦʛʘʪʘ ʥʘ ʝʩʝʥʮʠʘʣʥʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ, ʩʲʱʦ ʠ ʢʘʪʦ ʣʝʯʝʙʥʦ ʩʨʝʜʩʪʚʦ ʧʨʠ 

ʢʦʞʥʠ ʧʨʦʙʣʝʤʠ, ʚʲʟʧʘʣʝʥʠʷ, ʟʘ ʥʘʤʘʣʷʚʘʥʝ ʥʠʚʘʪʘ ʥʘ Ăʣʦʰʠʷñ ʭʦʣʝʩʪʝʨʦʣ (LDL) ʚ 

ʢʨʲʚʪʘ ʠ ʜʨ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʩʘ ʭʘʨʘʢʪʝʨʠʟʠʨʘʥʠ ʦʪʜʝʣʥʠʪʝ ʣʠʧʠʜʥʠ ʢʣʘʩʦʚʝ ʚ ʩʝʤʝʥʥʦʪʦ 

ʤʘʩʣʦ ʥʘ ʪʫʯʝʥʠʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪ ʦʪ ʧʨʠʣʦʞʝʥʠ 4 ʨʘʟʣʠʯʥʠ ʤʝʪʦʜʘ ʥʘ ʝʢʩʪʨʘʢʮʠʷ: 3 

ʢʣʘʩʠʯʝʩʢʠ ʧʨʦʮʝʜʫʨʠ ʩ ʦʨʛʘʥʠʯʥʠ ʨʘʟʪʚʦʨʠʪʝʣʠ, ʩʨʘʚʥʝʥʠ ʩʲʩ ʩʚʨʲʭʢʨʠʪʠʯʝʥ 

ʚʲʛʣʝʨʦʜʝʥ ʜʠʦʢʩʠʜ (ʉʂïʉʆ2). ʈʝʟʫʣʪʘʪʠʪʝ ʦʪ ʠʟʩʣʝʜʚʘʥʠʷʪʘ ʥʝ ʧʦʢʘʟʘʭʘ ʟʥʘʯʠʪʝʣʝʥ 

ʝʬʝʢʪ ʥʘ ʝʢʩʪʨʘʢʮʠʦʥʥʠʷ ʤʝʪʦʜ ʚʲʨʭʫ ʢʦʣʠʯʝʩʪʚʘʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ ʣʠʧʠʜʥʠ ʢʣʘʩʦʚʝ ï 

ʤʦʥʦʘʮʠʣʛʣʠʮʝʨʦʣʠ (ʄɸɻ), ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʠ (ɼɸɻ), ʩʚʦʙʦʜʥʠ ʤʘʩʪʥʠ ʢʠʩʝʣʠʥʠ 

(ʉʄʂ), ʩʚʦʙʦʜʥʠ ʩʪʝʨʦʣʠ, ʪʨʠʘʮʠʣʛʣʠʮʝʨʦʣʠ (ʊɸɻ), ʩʪʝʨʦʣʦʚʠ ʝʩʪʝʨʠ (ʉʪɽ), ʚʦʩʲʯʥʠ 

ʝʩʪʝʨʠ ʠ ʚʲʛʣʝʚʦʜʦʨʦʜʠ (ɺɽ), ʚʢʣʶʯʠʪʝʣʥʦ ʚʲʨʭʫ ʪʝʭʥʠʷ ʤʘʩʪʥʦ-ʢʠʩʝʣʠʥʝʥ/ʩʪʝʨʦʣʦʚ 

ʩʲʩʪʘʚ, ʥʦ ʝ ʦʪʯʝʪʝʥ ʩʣʘʙ ʝʬʝʢʪ ʚʲʨʭʫ ʦʢʠʩʣʠʪʝʣʥʘʪʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʤʘʩʣʦʪʦ, ʠʟʚʣʝʯʝʥʦ 

ʩʲʩ ʉʂïʉʆ2 ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʦʨʛʘʥʠʯʥʠʪʝ ʨʘʟʪʚʦʨʠʪʝʣʠ. ɺʲʧʨʝʢʠ ʯʝ ʜʦʙʠʚʲʪ ʥʘ ʤʘʩʣʦ ʝ 

ʧʦ-ʥʠʩʲʢ ʧʨʠ ʝʢʩʪʨʘʢʮʠʷ ʩʲʩ ʉʂïʉʆ2, ʪʦʟʠ ʤʝʪʦʜ ʝ ʟʘ ʧʨʝʜʧʦʯʠʪʘʥʝ ʧʦ ʦʪʥʦʰʝʥʠʝ ʥʘ 

ʙʝʟʦʧʘʩʥʦʩʪʪʘ, ʚʲʟʜʝʡʩʪʚʠʝʪʦ ʚʲʨʭʫ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʟʜʨʘʚʝʪʦ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʘʩ. ʉ. 

ʊʘʥʝʚʘ, ʜʦʮ. ʜ-ʨ ʉ. ʄʦʤʯʠʣʦʚʘ) 

 
ɽʬʝʢʪ ʥʘ ʤʝʪʦʜʘ ʥʘ ʝʢʩʪʨʘʢʮʠʷ ʚʲʨʭʫ ʣʠʧʠʜʥʠʷ ʩʲʩʪʘʚ ʥʘ ʤʘʩʣʦ 

 ʦʪ ʩʝʤʝʥʘ ʥʘ ʪʫʯʝʥʠʮʘ (Portulaca oleracea L.) 
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ʀʥʩʪʠʪʫʪ ʧʦ ʬʠʟʠʢʦʭʠʤʠʷ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʝ ʠʟʩʣʝʜʚʘʥʘ ʢʠʥʝʪʠʢʘʪʘ ʥʘ ʘʤʠʣʦʠʜʥʘ 

ʘʛʨʝʛʘʮʠʷ ʯʨʝʟ ʧʨʦʩʣʝʜʷʚʘʥʝ ʥʘ ʧʨʦʤʷʥʘʪʘ ʚ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʪʘ ʥʘ ʩʤʝʩʝʥʘ ʩʫʩʧʝʥʟʠʷ 

ʥʘ Aɓ ʧʝʧʪʠʜ ʠ ʥʘʥʦʣʠʧʦʟʦʤʠ, ʩʲʜʲʨʞʘʱʠ ʘʥʪʠʘʤʠʣʦʠʜʝʥ ʘʛʝʥʪ (ʭʦʤʦʪʘʫʨʠʥ). 

ʅʘʥʦʣʠʧʦʟʦʤʠʪʝ ʩʘ ʬʦʨʤʠʨʘʥʠ ʦʪ ʬʦʩʬʦʣʠʧʠʜʘ ʜʠʦʣʝʦʠʣʬʦʩʬʘʪʠʜʠʣʭʦʣʠʥ (DOPC) ʠ 

ʜʦʧʲʣʥʠʪʝʣʥʦ ʩʘ ʩʪʘʙʠʣʠʟʠʨʘʥʠ ʯʨʝʟ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʘ ʘʜʩʦʨʙʮʠʷ ʥʘ ə-ʢʘʨʘʛʝʥʘʥ. 

ʂʠʥʝʪʠʯʥʠʪʝ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʚʘʪ, ʯʝ ʧʲʨʚʠʪʝ ʘʛʨʝʛʘʪʠ ʩʝ ʧʦʷʚʷʚʘʪ ʦʢʦʣʦ 30 min ʩʣʝʜ 

ʩʤʝʩʚʘʥʝʪʦ ʥʘ ʣʠʧʦʟʦʤʠʪʝ ʠ ʧʝʧʪʠʜʥʠʷ ʨʘʟʪʚʦʨ. ʇʨʠ ʥʘʣʠʯʠʝ ʥʘ ʭʦʤʦʪʘʫʨʠʥ ʚ 

ʣʠʧʦʟʦʤʠʪʝ ʬʨʘʢʮʠʷʪʘ ʥʘ ʧʦ-ʛʦʣʝʤʠʪʝ ʯʘʩʪʠʮʠ ʦʩʪʘʚʘ ʧʦʯʪʠ ʥʝʧʨʦʤʝʥʝʥʘ ʧʨʝʟ ʮʝʣʠʷ 

ʝʢʩʧʝʨʠʤʝʥʪ (5 ʯʘʩʘ), ʜʦʢʘʪʦ ʧʨʠ ʠʟʧʦʣʟʚʘʥʝ ʥʘ Ăʧʨʘʟʥʠñ ʣʠʧʦʟʦʤʠ ʨʘʟʤʝʨʲʪ ʥʘ ʙʣʠʟʦ 

90 % ʦʪ ʯʘʩʪʠʮʠʪʝ ʧʨʦʜʲʣʞʘʚʘ ʜʘ ʥʘʨʘʩʪʚʘ. ʆʨʠʛʠʥʘʣʥʦʩʪʪʘ ʥʘ ʧʨʦʚʝʜʝʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ 

ʝ ʚ ʪʦʚʘ, ʯʝ ʧʦʷʚʘʪʘ ʥʘ ʧʲʨʚʠʪʝ ʘʛʨʝʛʘʪʠ ʠ ʝʚʦʣʶʮʠʷʪʘ ʚ ʘʛʨʝʛʘʮʠʦʥʥʠʷ ʧʨʦʮʝʩ ʩʘ 

ʧʨʦʩʣʝʜʝʥʠ ʠʥʜʠʨʝʢʪʥʦ ʯʨʝʟ ʧʨʦʤʷʥʘ ʥʘ ʩʪʘʥʜʘʨʪʥʠʪʝ ʧʝʨʩʝʥʪʠʣʠ (D10, D50 ʠ D90), 

ʧʦʣʫʯʝʥʠ ʧʨʠ ʘʥʘʣʠʟ ʥʘ ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʯʘʩʪʠʮʠʪʝ ʧʦ ʨʘʟʤʝʨ. ʅʘʣʠʯʠʝʪʦ ʥʘ ʘʛʨʝʛʘʪʠ 

ʦʪ Aɓ ʧʝʧʪʠʜʠ ʠ ʪʷʭʥʘʪʘ ʝʚʦʣʶʮʠʷ ʚ ʧʦʜʨʝʜʝʥʠ ʬʠʙʨʠʣʠ ʩʝ ʩʯʠʪʘʪ ʟʘ ʦʩʥʦʚʥʘ ʭʠʧʦʪʝʟʘ 

ʠ ʦʙʱʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʘ ʙʦʣʝʩʪʪʘ ʥʘ ɸʣʮʭʘʡʤʝʨ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʤʦʞʝ ʜʘ ʥʘʤʝʨʠ 

ʧʨʠʣʦʞʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʚʘʥʝʪʦ ʥʘ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʟʘʙʦʣʷʚʘʥʠʷ, ʩʚʲʨʟʘʥʠ ʩ 

ʘʤʠʣʦʠʜʥʠ ʧʣʘʢʠ, ʢʲʜʝʪʦ ʢʦʥʪʨʦʣʠʨʘʥʝʪʦ ʥʘ ʘʛʨʝʛʘʮʠʷʪʘ ʥʘ ʧʝʧʪʠʜʠʪʝ ʝ ʢʣʶʯʦʚʦ ʟʘ 

ʣʝʯʝʥʠʝʪʦ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-ʨ ɺ. ʄʠʣʢʦʚʘ) 

 
 

ʀʥʩʪʠʪʫʪ ʧʦ ʧʦʣʠʤʝʨʠ. ʍʠʜʨʦʛʝʣʦʚʝʪʝ ʩʘ ʧʦʜʭʦʜʷʱʠ ʟʘ ʣʝʯʝʥʠʝ ʥʘ ʨʘʥʠ, ʟʘʱʦʪʦ ʤʦʛʘʪ 

ʜʘ ʦʩʠʛʫʨʷʪ ʟʘʱʠʪʘ ʠ ʭʠʜʨʘʪʘʮʠʷ ʥʘ ʨʘʥʘʪʘ, ʢʘʢʪʦ ʠ ʢʦʥʪʨʦʣʠʨʘʥʦ ʦʩʚʦʙʦʞʜʘʚʘʥʝ ʥʘ 

ʪʝʨʘʧʝʚʪʠʯʥʠ ʚʝʱʝʩʪʚʘ. ʊʦʚʘ ʧʦʜʧʦʤʘʛʘ ʨʝʛʝʥʝʨʠʨʘʥʝʪʦ ʥʘ ʪʲʢʘʥʠʪʝ ʠ ʧʨʦʮʝʩʘ ʥʘ 

ʦʟʜʨʘʚʷʚʘʥʝ. ʍʠʜʨʦʛʝʣʦʚʝʪʝ, ʧʦʣʫʯʝʥʠ ʦʪ ʧʨʠʨʦʜʥʠ ʧʨʦʜʫʢʪʠ, ʩʘ ʧʨʝʜʧʦʯʠʪʘʥʠ ʟʘ 

ʤʝʜʠʮʠʥʩʢʠ ʧʨʠʣʦʞʝʥʠʷ ʧʦʨʘʜʠ ʪʷʭʥʘʪʘ ʥʠʩʢʘ ʮʝʥʘ, ʙʠʦʩʲʚʤʝʩʪʠʤʦʩʪ, 

ʙʠʦʨʘʟʛʨʘʜʠʤʦʩʪ ʠ ʥʠʩʢʘ ʪʦʢʩʠʯʥʦʩʪ. ʅʘʩʪʦʷʱʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʝ ʬʦʢʫʩʠʨʘʥʦ ʚʲʨʭʫ 

ʩʠʥʪʝʟʘ ʥʘ ʥʦʚʠ ʬʫʥʢʮʠʦʥʘʣʥʠ ʭʠʜʨʦʛʝʣʦʚʝ ʚʲʟ ʦʩʥʦʚʘʪʘ ʥʘ ʜʚʘ ʧʨʠʨʦʜʥʠ ʧʨʦʜʫʢʪʘ ï 

ʣʠʤʦʥʝʥʘ ʢʠʩʝʣʠʥʘ ʠ ʧʝʥʪʘʥ-1,2,5-ʪʨʠʦʣ (ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥ ʦʪ ʦʙʨʘʙʦʪʢʘʪʘ ʥʘ 

ʣʠʛʥʦʮʝʣʫʣʦʟʘ). ʍʠʜʨʦʛʝʣʦʚʝʪʝ ʩʘ ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʤʝʪʦʜ, ʱʘʜʷʱ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ. ʇʨʠ 

ʪʦʟʠ ʧʦʜʭʦʜ ʦʤʨʝʞʚʘʥʝʪʦ ʥʘ ʠʟʭʦʜʥʠʪʝ ʨʝʘʛʝʥʪʠ ʝ ʦʩʲʱʝʩʪʚʝʥʦ ʯʨʝʟ ʨʝʘʢʮʠʷ ʥʘ 

ʧʦʣʠʢʦʥʜʝʥʟʘʮʠʷ ʧʨʠ ʧʦʚʠʰʝʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʪʩʲʩʪʚʠʝʪʦ ʥʘ ʨʘʟʪʚʦʨʠʪʝʣ. ɼʦʢʘʟʘʥʦ ʝ, 

ʯʝ ʭʠʜʨʦʛʝʣʦʚʝʪʝ ʩʘ ʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʧʨʦʤʷʥʘ ʥʘ pH ʥʘ ʩʨʝʜʘʪʘ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʥʠʪʝ 

ʠʤ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʩʲʩʪʘʚʘ ʥʘ ʧʦʣʠʤʝʨʥʘʪʘ ʤʨʝʞʘ ʠ ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʨʘʟʛʨʘʜʝʥʠ ʚʲʚ 

ʚʦʜʥʘ ʩʨʝʜʘ ʯʨʝʟ ʭʠʜʨʦʣʠʟʘ ʥʘ ʝʩʪʝʨʥʠ ʛʨʫʧʠ. ʉʝʣʝʢʪʠʨʘʥʠ ʭʠʜʨʦʛʝʣʦʚʝ ʩʘ ʥʘʪʦʚʘʨʝʥʠ 

ʩ ʧʨʦʪʝʦʣʠʪʠʯʥʠʷ ʝʥʟʠʤ ʩʝʨʘʪʠʦʧʝʧʪʠʜʘʟʘ ʯʨʝʟ ʬʠʟʠʯʝʩʢʘ ʘʙʩʦʨʙʮʠʷ. ʇʨʝʜʚʘʨʠʪʝʣʥʠ 

ɺʠʟʫʘʣʠʟʘʮʠʷ ʥʘ ʣʠʧʦʟʦʤʠʪʝ: 

Ăʧʨʘʟʥʠñ ʠ ʩʲʜʲʨʞʘʱʠ ʭʦʤʦʪʘʫʨʠʥ 

ɸʛʨʝʛʘʮʠʷ ʥʘ Aɓ ʧʝʧʪʠʜ 

 ʚ ʢʣʝʪʢʘ ʟʘ DLS  

( pH 4, 36 ÁC). 
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ʪʝʩʪʦʚʝ ʩʲʩ ʟʜʨʘʚʠ ʢʦʞʥʠ ʢʣʝʪʢʠ 

ʧʦʢʘʟʘʭʘ, ʯʝ ʨʘʟʨʘʙʦʪʝʥʘʪʘ ʩʠʩʪʝʤʘ 

ʠʤʘ ʧʦʪʝʥʮʠʘʣ ʟʘ ʧʨʠʣʘʛʘʥʝ ʧʨʠ 

ʟʘʟʜʨʘʚʷʚʘʥʝ ʥʘ ʨʘʥʠ. 

(ʈʲʢʦʚʦʜʠʪʝʣ: ʯʣ.-ʢʦʨ. ʧʨʦʬ. ʜʥ ʇ. 

ʇʝʪʨʦʚ)  

  

 

ʌʫʥʢʮʠʦʥʘʣʥʠ ʭʠʜʨʦʛʝʣʦʚʝ ʦʪ 

ʣʠʤʦʥʝʥʘ ʢʠʩʝʣʠʥʘ ʠ ʧʝʥʪʘʥ-1,2,5-

ʪʨʠʦʣ  

 

 

 

ɹʦʣʝʩʪʠʪʝ ʧʦ ʢʫʣʪʫʨʥʠʪʝ ʨʘʩʪʝʥʠʷ ʚʩʷʢʘ ʛʦʜʠʥʘ ʧʨʠʯʠʥʷʚʘʪ ʦʛʨʦʤʥʠ ʱʝʪʠ ʚʲʨʭʫ 

ʟʝʤʝʜʝʣʩʢʘʪʘ ʨʝʢʦʣʪʘ. ɿʘ ʧʨʝʦʜʦʣʷʚʘʥʝ ʥʘ ʪʦʟʠ ʩʚʝʪʦʚʝʥ ʧʨʦʙʣʝʤ ʩʝ ʪʲʨʩʷʪ ʥʦʚʠ 

ʝʢʦʣʦʛʠʯʥʠ ʧʦʜʭʦʜʠ ʟʘ ʪʨʝʪʠʨʘʥʝ ʥʘ ʟʘʙʦʣʷʚʘʥʠʷ ʧʦ ʢʫʣʪʫʨʥʠʪʝ ʨʘʩʪʝʥʠʷ. ɿʘʪʦʚʘ 

ʬʦʢʫʩʲʪ ʥʘ ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʥʘʩʦʯʝʥ ʢʲʤ ʩʲʟʜʘʚʘʥʝʪʦ ʥʘ ʠʥʦʚʘʪʠʚʥʠ ʧʦʣʠʤʝʨʥʠ 

ʤʘʪʝʨʠʘʣʠ ʢʘʪʦ ʘʛʝʥʪʠ ʟʘ ʙʠʦʢʦʥʪʨʦʣ ʩ ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʢʦʟʝʤʝʜʝʣʠʝʪʦ. ʉʲʟʜʘʜʝʥ ʝ ʥʘʙʦʨ 

ʦʪ ʚʣʘʢʥʝʩʪʠ ʙʠʦʤʘʪʝʨʠʘʣʠ (ʩʲʩʪʘʚʝʥʠ ʦʪ ʤʠʢʨʦ- ʠ ʥʘʥʦʚʣʘʢʥʘ) ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʥʦ 

ʝʣʝʢʪʨʦʦʚʣʘʢʥʝʥʠ ʘʣʠʬʘʪʥʠ ʧʦʣʠʝʩʪʝʨʠ, ʜʦʙʠʚʘʥʠ ʦʪ ʚʲʟʦʙʥʦʚʷʝʤʠ ʠʟʪʦʯʥʠʮʠ 

(ʧʦʣʠʣʘʢʪʠʜʠ, ʧʦʣʠʭʠʜʨʦʢʩʠʘʣʢʘʥʦʘʪʠ ʠ ʪʝʭʥʠ ʩʲʧʦʣʠʤʝʨʠ) ʩ ʥʘʥʝʩʝʥʦ ʚʲʨʭʫ ʪʷʭ 

ʧʦʢʨʠʪʠʝ ʯʨʝʟ ʧʦʪʘʧʷʥʝ ʚʲʚ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʘ ʧʨʠʨʦʜʥʠ ʧʦʣʠʟʘʭʘʨʠʜʠ (ʭʠʪʦʟʘʥ ʠ 

ʧʨʦʠʟʚʦʜʥʠ ʥʘ ʮʝʣʫʣʦʟʘʪʘ), ʩʲʜʲʨʞʘʱʠ ʘʛʝʥʪʠ ʟʘ ʙʠʦʢʦʥʪʨʦʣ (ʙʠʦʘʛʝʥʪʠ). 

ɹʠʦʤʘʪʝʨʠʘʣʠʪʝ ʩʘ ʧʦʣʫʯʝʥʠ ʯʨʝʟ Ăʟʝʣʝʥʠñ ʤʝʪʦʜʠ ʥʘ ʜʚʘ ʝʪʘʧʘ ï ʧʲʨʚʦ ʯʨʝʟ 

ʝʣʝʢʪʨʦʦʚʣʘʢʥʷʚʘʥʝ ʝ ʧʦʣʫʯʝʥ ʥʝʪʲʢʘʥ ʪʝʢʩʪʠʣ ʦʪ ʘʣʠʬʘʪʝʥ ʧʦʣʠʝʩʪʝʨ, ʚʲʨʭʫ ʢʦʡʪʦ ʥʘ 

ʩʣʝʜʚʘʱ ʝʪʘʧ ʝ ʥʘʥʝʩʝʥʦ ʧʦʢʨʠʪʠʝ ʯʨʝʟ ʧʦʪʘʧʷʥʝ ʚʲʚ ʚʦʜʥʠ ʨʘʟʪʚʦʨʠ ʥʘ ʧʨʠʨʦʜʥʠ 

ʧʦʣʠʟʘʭʘʨʠʜʠ, ʩʲʜʲʨʞʘʱʠ ʙʠʦʘʛʝʥʪ. ʅʘʥʘʩʷʥʝʪʦ ʥʘ ʧʦʢʨʠʪʠʝʪʦ ʚʲʨʭʫ 

ʝʣʝʢʪʨʦʦʚʣʘʢʥʝʥʠʪʝ ʙʠʦʤʘʪʝʨʠʘʣʠ ʧʦʟʚʦʣʷʚʘ ʟʘʧʘʟʚʘʥʝ ʥʘ ʪʷʭʥʘʪʘ ʞʝʣʘʥʘ ʚʣʘʢʥʝʩʪʘ 

ʩʪʨʫʢʪʫʨʘ, ʧʦʜʦʙʨʷʚʘ ʪʝʭʥʠʪʝ ʬʠʟʠʢʦʤʝʭʘʥʠʯʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʣʝʩʥʷʚʘ ʚʢʣʶʯʚʘʥʝʪʦ 

ʥʘ ʨʘʟʣʠʯʥʠ ʙʠʦʘʛʝʥʪʠ ʠ ʠʤʘ ʘʢʪʠʚʥʘ ʨʦʣʷ, ʢʘʪʦ ʦʩʠʛʫʨʷʚʘ ʩʲʭʨʘʥʝʥʠʝ, ʪʨʘʥʩʧʦʨʪʠʨʘʥʝ 

ʠ ʜʦʩʪʘʚʷʥʝ ʥʘ ʙʠʦʘʛʝʥʪʠʪʝ. ʉʲʟʜʘʜʝʥʠʪʝ ʝʢʦʣʦʛʠʯʥʦ ʩʲʦʙʨʘʟʥʠ ʧʦʣʠʤʝʨʥʠ 

ʙʠʦʤʘʪʝʨʠʘʣʠ ʩʘ ʠʟʢʣʶʯʠʪʝʣʥʦ ʧʦʜʭʦʜʷʱʠ ʟʘ ʧʨʠʣʦʞʝʥʠʝ ʚ ʝʢʦʟʝʤʝʜʝʣʠʝʪʦ, 

ʣʝʩʦʚʲʜʩʪʚʦʪʦ, ʝʢʦʣʦʛʠʯʥʦʪʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʷʭ ʦʙʣʘʩʪʠ ʠ ʱʝ ʫʣʝʩʥʷʪ 

ʨʝʰʘʚʘʥʝʪʦ ʥʘ ʧʨʦʙʣʝʤʠ, ʩʚʲʨʟʘʥʠ ʩ ʨʘʩʪʠʪʝʣʥʘʪʘ ʟʘʱʠʪʘ ʠ ʧʦʝʪʘʧʥʦʪʦ ʧʨʝʫʩʪʘʥʦʚʷʚʘʥʝ 

ʥʘ ʫʧʦʪʨʝʙʘʪʘ ʥʘ ʭʠʤʠʯʝʩʢʠʪʝ ʧʝʩʪʠʮʠʜʠ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʆ. ʉʪʦʠʣʦʚʘ ʠ ʜʦʮ. 

ʜ-ʨ ʄ. ʉʧʘʩʦʚʘ)  
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ɽʣʝʢʪʨʦʦʚʣʘʢʥʝʥʠ ʙʠʦʤʘʪʝʨʠʘʣʠ 

ʢʘʪʦ ʥʦʩʠʪʝʣʠ ʥʘ ʘʛʝʥʪʠ ʟʘ 

ʙʠʦʢʦʥʪʨʦʣ  

 

ʀʥʩʪʠʪʫʪ ʧʦ ʢʘʪʘʣʠʟ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʩ ʢʚʘʥʪʦʚʦʭʠʤʠʯʥʠ ʠʟʯʠʩʣʝʥʠʷ ʩʘ ʠʟʫʯʝʥʠ 

ʬʦʪʦʬʠʟʠʯʥʠʪʝ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʪʝʣʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ ʩʝʨʠʷ ʥʦʚʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ 

ʩʧʠʨʦʦʢʩʘʟʠʥʦʚ ʪʠʧ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʚʩʠʯʢʠ ʩʲʝʜʠʥʝʥʠʷ ʧʨʦʷʚʷʚʘʪ ʦʙʨʘʪʠʤ 

ʬʦʪʦʭʨʦʤʠʟʲʤ ʠ ʟʥʘʯʠʪʝʣʥʘ ʫʩʪʦʡʯʠʚʦʩʪ ʢʲʤ ʬʦʪʦʨʘʟʨʫʰʘʚʘʥʝ ʠ ʤʦʛʘʪ ʜʘ ʫʯʘʩʪʚʘʪ ʚ 

ʛʦʣʷʤ ʙʨʦʡ (ʥʘʜ 4000) ʬʦʪʦʭʨʦʤʥʠ ʮʠʢʣʠ. ʏʨʝʟ ʧʦʜʭʦʜʷʱʠ ʟʘʤʝʩʪʠʪʝʣʠ ʠ ʩʤʷʥʘ ʥʘ 

ʨʘʟʪʚʦʨʠʪʝʣʷ ʩʘ ʩʲʟʜʘʜʝʥʠ ʫʩʣʦʚʠʷ ʟʘ ʨʝʛʫʣʠʨʘʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʦ ʢʠʥʝʪʠʯʥʠʪʝ ʩʚʦʡʩʪʚʘ 

ʥʘ ʠʟʩʣʝʜʚʘʥʠʪʝ ʬʦʪʦʭʨʦʤʥʠ ʩʠʩʪʝʤʠ, ʪʘʢʘ ʯʝ ʚʨʝʤʝʪʦ ʥʘ ʞʠʚʦʪ ʥʘ 

ʬʦʪʦʤʝʨʦʮʠʘʥʠʥʦʚʘʪʘ ʠʤ ʬʦʨʤʘ ʚʘʨʠʨʘ ʚ ʠʥʪʝʨʚʘʣʘ ʦʪ 2 ʜʦ 125 s, ʘ ʚʠʜʠʤʘʪʘ Ⱬ 

ʘʙʩʦʨʙʮʠʦʥʥʘ ʠʚʠʮʘ ï ʤʝʞʜʫ 560 ʠ 660 nm. ʍʘʨʘʢʪʝʨʥʘ ʦʩʦʙʝʥʦʩʪ ʥʘ ʬʦʪʦʠʥʜʫʮʠʨʘʥʦʪʦ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ ʩʘ ʩʲʭʨʘʥʷʚʘʥʝ ʥʘ ʦʙʨʘʪʠʤʠʷ ʬʦʪʦʭʨʦʤʠʟʲʤ ʥʘ ʩʠʩʪʝʤʘʪʘ ʠ 

ʟʥʘʯʠʪʝʣʥʦ ʧʦʥʠʞʘʚʘʥʝ ʩʢʦʨʦʩʪʪʘ ʥʘ ʨʝʮʠʢʣʠʟʘʮʠʷ ʩ ʚʨʝʤʝ ʥʘ ʞʠʚʦʪ ʥʘ 

ʬʦʪʦʤʝʨʦʮʠʘʥʠʥʦʚʘʪʘ ʬʦʨʤʘ ʜʦ 42 min. ʇʦʣʫʯʝʥʠʪʝ ʨʝʟʫʣʪʘʪʠ, ʩʚʲʨʟʘʥʠ ʩ 

ʬʦʪʦʬʠʟʠʯʥʠʪʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʦʪʦʪʨʘʥʩʬʦʨʤʘʮʠʠʪʝ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ 

ʩʠʥʪʝʟʠʨʘʥʠʪʝ ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥʠ, ʤʦʛʘʪ ʜʘ ʙʲʜʘʪ ʧʨʠʣʦʞʝʥʠ ʚʲʚ 

ʚʠʩʦʢʦʯʫʚʩʪʚʠʪʝʣʥʠʪʝ ʠ ʩʝʣʝʢʪʠʚʥʠ ʘʥʘʣʠʪʠʯʥʠ ʪʝʭʥʠʢʠ ʟʘ ʦʪʢʨʠʚʘʥʝ ʥʘ ʤʝʪʘʣʥʠ ʡʦʥʠ 

ʠ ʥʘ ʜʨʫʛʠ ʭʠʤʠʯʥʠ ʩʲʝʜʠʥʝʥʠʷ ʦʪ ʝʢʦʣʦʛʠʯʝʥ ʠʥʪʝʨʝʩ, ʢʘʢʪʦ ʠ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʥʘ 

ʧʠʪʝʡʥʘʪʘ ʚʦʜʘ. (ʈʲʢʦʚʦʜʠʪʝʣ: ʜʦʮ. ʜ-ʨ ʉ. ʄʠʥʢʦʚʩʢʘ) 

 
ʄʝʭʘʥʠʟʲʤ ʥʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʚʘʥʝ ʥʘ ʩʧʠʨʦʥʘʬʪʦʢʩʘʟʠʥʠ ʩ Pb2+, Zn2+, Cd2+ 

 

ʀʟʷʩʥʝʥʦ ʝ ʚʣʠʷʥʠʝʪʦ ʥʘ ʡʦʥʥʠʷ ʦʙʤʝʥ ʠ ʨʘʟʤʝʨʘ ʥʘ ʢʨʠʩʪʘʣʥʠʪʝ ʯʘʩʪʠʮʠ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʚʲʨʭʫ ʧʦʢʲʣʚʘʥʝʪʦ ʠ ʬʦʨʤʠʨʘʥʝʪʦ ʥʘ ʢʦʨʝʥʦʧʣʦʜ ʧʨʠ ʟʝʣʝʥʯʫʮʠ 

(ʨʝʧʠʯʢa, Raphanus sativus). ʇʨʦʩʣʝʜʝʥʠ ʩʘ ʨʘʩʪʝʞʲʪ, ʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʠ ʙʠʦʭʠʤʠʯʥʠʪʝ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʨʘʩʪʝʥʠʷʪʘ. ʋʩʪʘʥʦʚʝʥʘ ʝ ʟʘʚʠʩʠʤʦʩʪ ʤʝʞʜʫ ʡʦʥʦʦʙʤʝʥʥʠʷ ʧʨʦʮʝʩ, 

ʚʠʜʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ ʡʦʥʠ ʠ ʚʦʜʦʟʘʜʲʨʞʘʱʠʷ ʢʘʧʘʮʠʪʝʪ ʥʘ ʩʫʙʩʪʨʘʪʘ. ʁʦʥʦʦʙʤʝʥʲʪ ʥʘ 

ʜʨʝʙʥʘ ʬʨʘʢʮʠʷ ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʦʢʘʟʚʘ ʧʦʣʦʞʠʪʝʣʥʦ ʚʲʟʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʢʲʣʥʷʝʤʦʩʪʪʘ ʥʘ 

ʩʝʤʝʥʘʪʘ ʠ ʙʣʘʛʦʧʨʠʷʪʩʪʚʘ ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʢʦʨʝʥʦʧʣʦʜʥʠ. ɻʦʣʝʤʠʥʘʪʘ ʥʘ ʬʨʘʢʮʠʠʪʝ, 

ʢʘʢʪʦ ʠ ʡʦʥʥʠʷʪ ʦʙʤʝʥ ʥʝ ʦʢʘʟʚʘʪ ʩʲʱʝʩʪʚʝʥʦ ʚʣʠʷʥʠʝ ʚʲʨʭʫ ʬʦʪʦʭʠʤʠʯʥʠʪʝ ʨʝʘʢʮʠʠ 

ʥʘ ʬʦʪʦʩʠʥʪʝʟʘ. ɿʥʘʯʠʪʝʣʥʦ ʫʚʝʣʠʯʝʥʠʝ ʥʘ ʩʲʜʲʨʞʘʥʠʝʪʦ ʥʘ ʦʙʱʠ ʚʲʛʣʝʭʠʜʨʘʪʠ ʠ 

ʧʦʣʠʬʝʥʦʣʠ ʝ ʫʩʪʘʥʦʚʝʥʦ ʚ ʢʘʣʠʝʚʦʦʙʤʝʥʝʥ ʢʣʠʥʦʧʪʠʣʦʣʠʪ. ɼʦʢʘʟʘʥʦ ʝ, ʯʝ ʧʨʠʨʦʜʥʠʷʪ 

ʟʝʦʣʠʪ ʢʣʠʥʦʧʪʠʣʦʣʠʪ ʝ ʧʦʜʭʦʜʷʱ 

ʩʫʙʩʪʨʘʪ ʟʘ ʦʙʨʘʟʫʚʘʥʝ ʥʘ ʢʦʨʝʥʦʧʣʦʜ 

ʧʨʠ ʟʝʣʝʥʯʫʮʠ (ʨʝʧʠʯʢʘ, Raphanus 

sativus). (ʈʲʢʦʚʦʜʠʪʝʣ: ʜ-ʨ ʊ. 

ʊʦʜʦʨʦʚʘ)   

 

 

ʆʙʨʘʟʫʚʘʥʝ ʥʘ ʢʦʨʝʥʦʧʣʦʜ ʧʨʠ ʨʝʧʠʯʢʠ 

(Raphanus sativus), ʦʪʛʣʝʞʜʘʥʠ ʚʲʨʭʫ 

ʜʚʝ ʬʨʘʢʮʠʠ ʥʝʤʦʜʠʬʠʮʠʨʘʥ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪ (C-2,5 ʠ C-5,0) ʠ 

ʢʣʠʥʦʧʪʠʣʦʣʠʪ, ʤʦʜʠʬʠʮʠʨʘʥ ʯʨʝʟ 

ʡʦʥʦʦʙʤʝʥ ʩ ʘʤʦʥʠʝʚʠ (CNH4-2,5 ʠ 

CNH4-5,0) ʠ ʢʘʣʠʝʚʠ ʡʦʥʠ (CK-2,5 ʠ  

CK-5,0) 

 

 

ʃʘʙʦʨʘʪʦʨʠʷ ʧʦ ʧʨʠʣʦʞʥʘ ʬʠʟʠʢʘ. ʀʟʤʝʨʚʘʥʝʪʦ ʥʘ ʤʘʛʥʠʪʥʦ ʧʦʣʝ ʠ ʪʦʢʦʚʝ ʝ ʦʪ 

ʦʛʨʦʤʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʠʥʜʫʩʪʨʠʷʪʘ, ʝʥʝʨʛʝʪʠʢʘʪʘ, ʤʝʜʠʮʠʥʘʪʘ ʠ ʜʨʫʛʠ ʦʙʣʘʩʪʠ. ʀʟʤʝʞʜʫ 

ʨʘʟʣʠʯʥʠʪʝ ʤʝʪʦʜʠ ʥʘ ʠʟʤʝʨʚʘʥʝ ʥʘ ʤʘʛʥʠʪʥʦ ʧʦʣʝ/ʝʣʝʢʪʨʠʯʝʩʢʠ ʪʦʢ ʦʩʦʙʝʥʦ 

ʧʝʨʩʧʝʢʪʠʚʥʠ ʧʨʝʜʚʠʜ ʛʦʣʷʤʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ, ʤʘʣʢʠʪʝ ʨʘʟʤʝʨʠ ʠ ʚʠʩʦʢʘʪʘ ʥʘʜʝʞʜʥʦʩʪ 

ʩʘ ʦʧʪʠʯʥʠʪʝ ʪʦʢʦʚʠ ʩʝʥʟʦʨʠ ʚʲʟ ʦʩʥʦʚʘʪʘ ʥʘ ʝʬʝʢʪʘ ʥʘ ʌʘʨʘʜʝʡ ʚ ʦʧʪʠʯʥʠ ʚʣʘʢʥʘ ʠʣʠ ʚ 

ʤʘʛʥʠʪʦ-ʦʧʪʠʯʥʠ ʢʨʠʩʪʘʣʠ ʠ ʩʪʲʢʣʘ. ʋʩʪʘʥʦʚʝʥʠ ʩʘ ʧʨʠʥʮʠʧʲʪ ʥʘ ʨʘʙʦʪʘ, ʧʦʚʝʜʝʥʠʝʪʦ 

ʠ ʧʨʘʢʪʠʯʝʩʢʠʪʝ ʩʭʝʤʠ ʥʘ ʧʨʦʩʪ ʰʠʨʦʢʦʣʝʥʪʦʚ ʚʣʘʢʥʝʩʪʦʦʧʪʠʯʝʥ ʧʦʣʷʨʠʤʝʪʨʠʯʝʥ 

ʩʝʥʟʦʨ ʟʘ ʪʦʢ ʚʲʟ ʦʩʥʦʚʘʪʘ ʥʘ ʦʧʪʠʯʥʦʘʢʪʠʚʥʠ ʢʨʠʩʪʘʣʠ Bi12SiO20 (BSO) ʩ ʠʟʧʦʣʟʚʘʥʝʪʦ 

ʥʘ ʩʧʝʢʪʨʘʣʥʘ ʜʝʪʝʢʮʠʷ, ʧʦʟʚʦʣʷʚʘʱʘ ʥʝʯʫʚʩʪʚʠʪʝʣʥʠ ʢʲʤ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʠʟʤʝʨʚʘʥʠʷ. 

ʉʝʥʟʦʨʲʪ ʩʝ ʦʩʥʦʚʘʚʘ ʥʘ ʰʠʨʦʢʦʩʧʝʢʪʲʨʥʘʪʘ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʚʲʚ ʚʠʜʠʤʘʪʘ ʦʙʣʘʩʪ ʥʘ 

BSO ʢʨʠʩʪʘʣʠʪʝ. ʀʜʝʥʪʠʬʠʮʠʨʘʥʠ ʩʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʰʠʨʦʢʦʣʝʥʪʦʚʠʷ ʩʧʝʢʪʲʨ: 

ʬʣʫʦʨʝʩʮʝʥʪʝʥ ʢʦʤʧʦʥʝʥʪ ʜʦ 900 nm ʧʨʠ ʚʲʟʙʫʞʜʘʥʝ ʧʦʜ 500 nm ʠ ʢʦʤʧʦʥʝʥʪ ʥʘ 

ʧʨʦʧʫʩʢʘʥʝ ʟʘ ʜʲʣʞʠʥʠ ʥʘ ʚʲʣʥʠʪʝ ʥʘʜ 500 nm, ʢʦʝʪʦ ʧʨʘʚʠ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʙʝʣʠ 

ʩʚʝʪʦʜʠʦʜʠ ʦʩʦʙʝʥʦ ʧʦʜʭʦʜʷʱʦ. ʊʝʦʨʝʪʠʯʥʠʷʪ ʧʦʣʷʨʠʤʝʪʨʠʯʝʥ ʘʥʘʣʠʟ ʠ ʦʧʠʩʘʥʠʝʪʦ ʥʘ 

ʨʘʙʦʪʘʪʘ ʥʘ ʩʝʥʟʦʨʘ ʩʝ ʦʩʥʦʚʘʚʘʪ ʥʘ ʤʘʪʨʠʯʥʠʷ ʤʝʪʦʜ ʥʘ ʄʶʣʝʨïʉʪʦʢʩ ʩ ʦʪʯʠʪʘʥʝ 

ʩʧʝʢʪʨʘʣʥʘʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʘʪʘ ʟʘʚʠʩʠʤʦʩʪ ʥʘ ʜʠʩʧʝʨʩʠʠʪʝ ʥʘ ʦʧʪʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʠ ʥʘ 

ʢʦʥʩʪʘʥʪʘʪʘ ʥʘ ɺʝʨʜʝ, ʢʘʪʦ ʩʘ ʧʨʝʜʣʦʞʝʥʠ ʜʚʝ ʩʭʝʤʠ ʟʘ ʨʘʟʯʠʪʘʥʝ ʥʘ ʦʪʢʣʠʢʘ: ʧʦ 

ʩʧʝʢʪʨʘʣʥʦʪʦ ʦʪʤʝʩʪʚʘʥʝ ʥʘ ʤʠʥʠʤʫʤʠʪʝ ʥʘ ʤʦʜʫʣʠʨʘʥʠʷ ʧʦʣʷʨʠʤʝʪʨʠʯʝʥ ʩʧʝʢʪʨʘʣʝʥ 

ʦʪʢʣʠʢ ʠ ˊ-ʜʝʬʘʟʠʨʘʥ ʜʠʬʝʨʝʥʮʠʘʣʝʥ ʘʤʧʣʠʪʫʜʝʥ ʦʪʢʣʠʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʩʘ 

ʠʟʤʝʨʝʥʠ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪʪʘ ʢʲʤ ʪʦʢ, ʪʝʤʧʝʨʘʪʫʨʘʪʘ, ʢʨʲʩʪʦʩʘʥʘʪʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʠ ʩʘ 
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ʫʩʪʘʥʦʚʝʥʠ ʪʝʭʥʠʪʝ ʩʧʝʢʪʨʘʣʥʠ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʨʝʜʣʦʞʝʥ ʝ ʤʝʪʦʜ ʟʘ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʪʦʢ 

ʩ ʪʝʤʧʝʨʘʪʫʨʥʘ ʢʦʨʝʢʮʠʷ ʯʨʝʟ ʩʣʝʜʝʥʝ ʥʘ ʩʧʝʢʪʨʘʣʥʠʪʝ ʦʪʤʝʩʪʚʘʥʠʷ ʥʘ ʜʚʘ ʤʠʥʠʤʫʤʘ ʩ 

ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʝʚʪʠʥʠʪʝ ʙʷʣ ʩʚʝʪʦʜʠʦʜ, ʧʦʣʷʨʦʠʜʥʠ ʧʣʘʩʪʠʥʢʠ ʠ ʧʣʘʩʪʤʘʩʦʚʠ ʣʝʱʠ. 

ʇʨʝʜʣʦʞʝʥʘʪʘ ʩʭʝʤʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʚʲʨʰʚʘʪ ʠʟʤʝʨʚʘʥʠʷ ʥʘ ʪʦʢ ʚ ʜʠʘʧʘʟʦʥʘ ʦʪ 200 A 

ʜʦ 800 A ʩ ʤʠʥʠʤʫʤ 0,1 A ʧʨʦʤʝʥʠ ʚ ʪʦʢʘ ʠ ʜʠʥʘʤʠʯʝʥ ʜʠʘʧʘʟʦʥ ʜʦ 34 dB. 

(ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʊ. ɽʚʪʠʤʦʚ ʠ ʧʨʦʬ. ʜ-ʨ ɻ. ɼʷʥʢʦʚ) 

 

 
  

ʌʣʫʦʨʝʩʮʝʥʪʝʥ BSO 

ʢʨʠʩʪʘʣ (ʘ), ʦʙʣʲʯʝʥ ʩ ʙʷʣ 

(b) ʠ ʫʣʪʨʘʚʠʦʣʝʪʦʚʠ ʉʀɼ 

(c, d) 

ʉʧʝʢʪʨʘʣʥʠ ʦʪʤʝʩʪʚʘʥʠʷ  

ʥʘ ʧʦʣʷʨʠʤʝʪʨʠʯʥʠʷ ʦʪʢʣʠʢ 

ʟʘ ʨʘʟʣʠʯʥʠ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʘʥʘʣʠʟʘʪʦʨʘ 

ʀʟʤʝʨʝʥ ʩʧʨʷʤʦ ʟʘʜʘʜʝʥ 

ʪʦʢ ʧʨʠ ʨʘʟʯʠʪʘʥʝ ʧʦ ʜʚʘ 

ʤʠʥʠʤʫʤʘ ʚ ʦʪʢʣʠʢʘ 

  

ʈʘʟʨʘʙʦʪʝʥʦ ʝ ʧʦʢʨʠʪʠʝ, ʧʦʜʭʦʜʷʱʦ ʟʘ ʧʦʜʦʙʨʷʚʘʥʝ ʧʦʚʲʨʭʥʦʩʪʥʠʪʝ ʩʚʦʡʩʪʚʘ ʥʘ 

ʜʝʪʘʡʣʠ, ʠʟʨʘʙʦʪʝʥʠ ʦʪ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʠ ʤʘʪʝʨʠʘʣʠ. ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʩʪʨʫʢʪʫʨʘʪʘ ʠ 

ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ ʥʘʥʘʩʷʥʝ ʥʘ ʤʥʦʛʦʩʣʦʡʥʦ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦ ʪʚʲʨʜʦ 

ʧʦʢʨʠʪʠʝ Cr/CrN/CrTiN/CrTiAlN. ʉʲʟʜʘʜʝʥʘʪʘ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ (170 ï 200 oC) 

ʪʝʭʥʦʣʦʛʠʷ ʩʝ ʙʘʟʠʨʘ ʥʘ PVD ʤʝʪʦʜʘ ʥʘ ʨʘʟʙʘʣʘʥʩʠʨʘʥʦ ʤʘʛʥʝʪʨʦʥʥʦ ʨʘʟʧʨʘʰʚʘʥʝ ʚ 

ʟʘʪʚʦʨʝʥʦ ʤʘʛʥʠʪʥʦ ʧʦʣʝ (CFUBMS). ʊʝʭʥʦʣʦʛʠʷʪʘ ʝ ʨʘʟʨʘʙʦʪʝʥʘ ʩʧʝʮʠʘʣʥʦ ʟʘ 

ʧʦʢʨʠʪʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʠ ʟʘ ʠʥʜʫʩʪʨʠʘʣʥʠ ʧʨʠʣʦʞʝʥʠʷ ʢʲʤ ʤʘʪʝʨʠʘʣʠ ʩ ʪʝʤʧʝʨʘʪʫʨʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪ ʜʦ 300 ʦʉ. ʇʦʢʨʠʪʠʝʪʦ Cr/CrN/CrTiN/CrTiAlN ʝ ʯʝʪʠʨʠʧʝʨʠʦʜʥʦ, ʩʲʩʪʦʷʱʦ 

ʩʝ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʥʦ ʨʝʜʫʚʘʱʠ ʩʝ ʩʣʦʝʚʝ CrTiN ʠ CrTiAlN. SEM/EDS ʘʥʘʣʠʟʲʪ ʧʦʢʘʟʘ, 

ʯʝ ʧʦʚʲʨʭʥʦʩʪʪʘ ʤʫ ʠʤʘ ʧʣʲʪʥʘ ʟʲʨʥʝʩʪʘ ʩʪʨʫʢʪʫʨʘ ʩʲʩ ʩʲʩʪʘʚ Cr (33,6 %), Ti (19,1 %), 

Al (3,8 %) ʠ N (40,8 %). ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʥʠʩʢʘʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʦʪʣʘʛʘʥʝ ʧʦʢʨʠʪʠʝʪʦ ʩʝ 

ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʛʦʣʷʤʘ ʪʚʲʨʜʦʩʪ ï 34,1 Gʈa, ʢʦʷʪʦ ʦʙʠʯʘʡʥʦ ʩʝ ʧʦʩʪʠʛʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʠ 

ʥʘ ʥʘʥʘʩʷʥʝ ʦʪ ʧʦʨʷʜʲʢʘ ʥʘ 500 ʦʉ. ʉʲʱʝʚʨʝʤʝʥʥʦ ʪʦ ʧʨʠʪʝʞʘʚʘ ʛʦʣʷʤʘ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ 

ʝʣʘʩʪʠʯʥʘ H/E* = 0,09 ʠ ʧʣʘʩʪʠʯʥʘ H3/E*2 = 0,234 GPa ʜʝʬʦʨʤʘʮʠʷ, ʢʦʝʪʦ ʝ ʧʨʝʜʧʦʩʪʘʚʢʘ 

ʟʘ ʜʦʙʨʘ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪ. ʉʪʨʫʢʪʫʨʘʪʘ ʩʝ ʭʘʨʘʢʪʝʨʠʟʠʨʘ ʩ ʤʥʦʛʦ ʜʦʙʨʠ ʘʜʭʝʟʠʦʥʥʦ-

ʢʦʭʝʟʠʦʥʥʠ ʩʚʦʡʩʪʚʘ ʠ ʥʠʩʲʢ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʪʨʠʝʥʝ, 0,11 ʩʨʝʱʫ ʜʠʘʤʘʥʪʝʥ ʠʥʜʝʥʪʦʨ ʠ 

0,19 ʩʨʝʱʫ Al2O3 ʢʦʥʪʨʘʪʷʣʦ. ʀʟʩʣʝʜʚʘʥʝʪʦ ʥʘ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʪʘ ʯʨʝʟ ʪʝʩʪ ʥʘ 

ʚʲʟʚʨʘʪʥʦʧʦʩʪʲʧʘʪʝʣʥʦ ʜʚʠʞʝʥʠʝ ʦʧʨʝʜʝʣʠ ʥʠʩʲʢ ʢʦʝʬʠʮʠʝʥʪ ʥʘ ʠʟʥʦʩʚʘʥʝ, k = 1,74.10-

6 mm3/N.m. ʉʲʟʜʘʜʝʥʦʪʦ ʯʨʝʟ ʥʠʩʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʪʝʭʥʦʣʦʛʠʷ Cr/CrN/CrTiN/CrTiAlN 

ʧʦʢʨʠʪʠʝ ʩʲʯʝʪʘʚʘ ʛʦʣʷʤʘ ʪʚʲʨʜʦʩʪ ʠ ʫʩʪʦʡʯʠʚʦʩʪ ʥʘ ʜʝʬʦʨʤʘʮʠʠ ʩ ʥʠʩʲʢ ʢʦʝʬʠʮʠʝʥʪ 

ʥʘ ʪʨʠʝʥʝ ʠ ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪ, ʢʦʝʪʦ ʛʦ ʧʨʘʚʠ ʧʦʜʭʦʜʷʱʦ ʟʘ ʠʥʜʫʩʪʨʠʘʣʥʠ 

ʧʨʠʣʦʞʝʥʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣʠ: ʧʨʦʬ. ʜ-ʨ ʃ. ʂʦʣʘʢʣʠʝʚʘ, ʜʦʮ. ʜ-ʨ ɺ. ʏʠʪʘʥʦʚ) 



60 
 

 
 

3.2.4. ʅʘʧʨʘʚʣʝʥʠʝ Ăɹʠʦʤʝʜʠʮʠʥʘ ʠ ʢʘʯʝʩʪʚʦ ʥʘ ʞʠʚʦʪñ  

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʦʣʝʢʫʣʷʨʥʘ ʙʠʦʣʦʛʠʷ Ăɸʢʘʜ. ʈʫʤʝʥ ʎʘʥʝʚñ. ʀʥʭʠʙʠʪʦʨʠʪʝ ʥʘ 

PARP1/2 ʝʥʟʠʤʠʪʝ ʩʘ ʢʣʠʥʠʯʥʦ ʦʜʦʙʨʝʥʠ ʧʨʦʪʠʚʦʨʘʢʦʚʠ ʧʨʝʧʘʨʘʪʠ, ʧʦʪʠʩʢʘʱʠ 

ʧʦʧʨʘʚʢʘʪʘ ʥʘ ʧʦʚʨʝʜʠ ʚ ɼʅʂ. ʆʩʚʝʥ ʠʥʭʠʙʠʨʘʥʝ ʥʘ ʢʘʪʘʣʠʪʠʯʥʘʪʘ ʘʢʪʠʚʥʦʩʪ ʪʝʟʠ 

ʤʦʣʝʢʫʣʠ ʩʘ ʩʧʦʩʦʙʥʠ ʜʘ ʟʘʜʲʨʞʘʪ PARP1 ʙʝʣʪʲʢʘ ʥʘ ʤʷʩʪʦʪʦ ʥʘ ʧʦʚʨʝʜʠ ʟʘ ʧʦ-ʜʲʣʛʦ ʦʪ 

ʦʙʠʯʘʡʥʦʪʦ (ʪ.ʥʘʨ. trapping). ʉʪʝʧʝʥʪʘ, ʜʦ ʢʦʷʪʦ ʟʘʜʲʨʞʘʪ ʝʥʟʠʤʘ, ʝ ʩʧʨʷʛʘʥʘ ʟʘ ʦʩʥʦʚʝʥ 

ʬʘʢʪʦʨ, ʦʧʨʝʜʝʣʷʱ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʪʘ ʥʘ 

PARP ʠʥʭʠʙʠʪʦʨʠʪʝ, ʢʘʪʦ ʚʨʲʟʢʘʪʘ ʤʝʞʜʫ 

ʢʘʪʘʣʠʪʠʯʥʦ ʠʥʭʠʙʠʨʘʥʝ, trapping ʠ 

ʮʠʪʦʪʦʢʩʠʯʥʦʩʪ ʦʩʪʘʚʘ ʥʝʠʟʷʩʥʝʥʘ. 

ʇʦʩʨʝʜʩʪʚʦʤ ʩʲʚʨʝʤʝʥʥʠ ʤʠʢʨʦʩʢʦʧʩʢʠ 

ʧʦʜʭʦʜʠ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ɼʅʂ ʧʦʧʨʘʚʢʘ ʚ 

ʞʠʚʠ ʢʣʝʪʢʠ ʥʘʩʪʦʷʱʦʪʦ ʧʨʦʫʯʚʘʥʝ 

ʫʩʪʘʥʦʚʠ ʩʧʦʩʦʙʥʦʩʪʪʘ ʥʘ ʥʘʙʦʨ ʦʪ PARP 

ʠʥʭʠʙʠʪʦʨʠ ʜʘ ʧʦʪʠʩʢʘʪ ʢʘʪʘʣʠʪʠʯʥʘʪʘ 

ʘʢʪʠʚʥʦʩʪ ʠ ʜʘ ʟʘʜʲʨʞʘʪ ʝʥʟʠʤʘ ʚʲʨʭʫ 

ɼʅʂ. ʆʩʚʝʥ ʧʨʦʤʝʥʠʪʝ ʚ ʜʠʥʘʤʠʢʘʪʘ ʥʘ 

PARP1 ʧʨʠ ʤʝʩʪʘʪʘ ʥʘ ʫʚʨʝʞʜʘʥʠʷ 

ʥʘʩʪʦʷʱʠʷʪ ʪʨʫʜ ʧʦʜʨʦʙʥʦ ʦʧʠʩʚʘ 

ʩʪʝʧʝʥʪʘ, ʜʦ ʢʦʷʪʦ ʙʠʚʘʪ ʟʘʙʘʚʝʥʠ 

ʧʦʩʣʝʜʚʘʱʠ ʩʪʲʧʢʠ ʦʪ ʧʨʦʮʝʩʘ ʥʘ ɼʅʂ 

ʧʦʧʨʘʚʢʘ, ʢʘʪʦ ʪʷʩʥʦ ʦʙʚʲʨʟʚʘʪ ʪʦʚʘ 

ʟʘʙʘʚʷʥʝ ʩʲʩ ʟʘʜʲʨʞʘʥʝʪʦ ʥʘ PARP1, ʢʘʢʪʦ 

ʠ ʩ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʪʘ ʥʘ ʦʪʜʝʣʥʠʪʝ PARP 

ʠʥʭʠʙʠʪʦʨʠ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚa: 

ʜʦʮ. ʉ. ʉʪʦʡʥʦʚ) 

ʈʘʟʢʨʠʪʠ ʩʘ ʥʦʚʠ ʘʩʧʝʢʪʠ ʥʘ ʙʠʦʣʦʛʠʯʥʘʪʘ 

ʘʢʪʠʚʥʦʩʪ ʥʘ ʝʢʩʪʨʘʢʪʠ ʦʪ ʢʣʦʥʢʠ ʥʘ Croton 

lechleri (ʜʨʘʢʦʥʦʚʘ ʢʨʲʚ) , ʢʘʢʪʦ ʠ ʪʷʭʥʘʪʘ 

ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʚʲʟʜʝʡʩʪʚʘʪ ʩʝʣʝʢʪʠʚʥʦ ʚʲʨʭʫ ʨʘʢʦʚʠ ʢʣʝʪʢʠ. Croton lechleri ʝ ʜʲʨʚʦ ʩ 

ʉʭʝʤʘ, ʦʙʦʙʱʘʚʘʱʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʷ 

ʧʦʜʭʦʜ, ʠ ʤʦʜʝʣ, ʦʙʝʜʠʥʷʚʘʱ 

ʤʝʭʘʥʠʟʤʠʪʝ, ʯʨʝʟ ʢʦʠʪʦ PARP1/2 

ʠʥʭʠʙʠʪʦʨʠʪʝ ʚʣʠʷʷʪ ʚʲʨʭʫ ʩʚʦʷʪʘ 

ʤʠʰʝʥʘ, ʧʦʩʣʝʜʚʘʱʠʪʝ ʧʨʦʮʝʩʠ ʥʘ ɼʅʂ 

ʧʦʧʨʘʚʢʘ, ʢʘʢʪʦ ʠ ʚʲʨʭʫ ʞʠʟʥʝʥʦʩʪʪʘ ʥʘ 

ʢʣʝʪʢʠʪʝ 
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ʜʲʣʛʘ ʠʩʪʦʨʠʷ ʚ ʪʨʘʜʠʮʠʦʥʥʘʪʘ ʤʝʜʠʮʠʥʘ, ʢʘʪʦ ʥʝʛʦʚʠʷʪ ʯʝʨʚʝʥ ʩʦʢ ʩʝ ʠʟʧʦʣʟʚʘ ʟʘ 

ʣʝʯʝʥʠʝ ʥʘ ʨʘʥʠ, ʚʲʟʧʘʣʝʥʠʷ ʠ ʜʦʨʠ ʨʘʢ. ʈʘʩʪʝʥʠʝʪʦ ʝ ʠʟʚʝʩʪʥʦ ʩʲʩ ʩʚʦʷ ʙʦʛʘʪ ʭʠʤʠʯʝʥ 

ʩʲʩʪʘʚ, ʚʢʣʶʯʚʘʱ ʧʦʣʠʬʝʥʦʣʠ, ʬʣʘʚʦʥʦʠʜʠ ʠ ʘʣʢʘʣʦʠʜʠ, ʢʦʠʪʦ ʩʘ ʦʪʛʦʚʦʨʥʠ ʟʘ ʤʦʱʥʠʪʝ 

ʤʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠ, ʧʨʦʪʠʚʦʚʲʟʧʘʣʠʪʝʣʥʠ ʠ ʘʥʪʠʪʫʤʦʨʥʠ ʩʚʦʡʩʪʚʘ. ʆʩʥʦʚʥʠʷʪ ʘʢʮʝʥʪ ʚ 

ʠʟʩʣʝʜʚʘʥʝʪʦ ʝ ʚʲʨʭʫ ʮʠʪʦʪʦʢʩʠʯʥʦʩʪʪʘ ʥʘ ʝʢʩʪʨʘʢʪʠʪʝ ʩʧʨʷʤʦ ʨʘʢʦʚʠ ʢʣʝʪʢʠ ʦʪ 

ʤʝʣʘʥʦʤ (A375) ʚ ʩʨʘʚʥʝʥʠʝ ʩ ʥʦʨʤʘʣʥʠ ʢʣʝʪʢʠ (HaCat). ʈʝʟʫʣʪʘʪʠʪʝ ʧʦʢʘʟʚʘʪ, ʯʝ 

ʝʢʩʪʨʘʢʪʠʪʝ ʧʨʝʜʠʟʚʠʢʚʘʪ ʢʣʝʪʲʯʥʘ ʩʤʲʨʪ ʯʨʝʟ ʘʧʦʧʪʦʟʘ ʠ ʥʝʢʨʦʟʘ, ʢʘʪʦ ʥʘʡ-ʚʠʩʦʢʘ 

ʩʝʣʝʢʪʠʚʥʦʩʪ ʝ ʥʘʙʣʶʜʘʚʘʥʘ ʧʨʠ ʝʪʘʥʦʣʦʚʠʷ ʝʢʩʪʨʘʢʪ, ʧʦʣʫʯʝʥ ʩʲʩ Soxhlet ʤʝʪʦʜ. ʆʩʚʝʥ 

ʪʦʚʘ ʪʝ ʠʥʭʠʙʠʨʘʪ ʢʣʝʪʲʯʥʠʷ ʮʠʢʲʣ ʚ ʨʘʢʦʚʠʪʝ ʢʣʝʪʢʠ, ʢʘʪʦ ʧʨʝʜʠʟʚʠʢʚʘʪ ʟʘʜʲʨʞʘʥʝ ʚ 

G1 ʠ G2/M ʬʘʟʠʪʝ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ ʟʥʘʯʠʪʝʣʥʦ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʢʣʝʪʲʯʥʘʪʘ ʧʨʦʣʠʬʝʨʘʮʠʷ. 

ɺ ʨʘʙʦʪʘʪʘ ʩʝ ʧʦʜʯʝʨʪʘʚʘ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʠʷʪ ʧʦʪʝʥʮʠʘʣ ʥʘ ʝʢʩʪʨʘʢʪʠʪʝ, ʢʘʪʦ ʝ 

ʜʝʤʦʥʩʪʨʠʨʘʥʘ ʪʷʭʥʘʪʘ ʩʧʦʩʦʙʥʦʩʪ ʜʘ ʫʩʢʦʨʷʚʘʪ ʧʨʦʮʝʩʘ ʥʘ ʟʘʨʘʩʪʚʘʥʝ ʥʘ ʨʘʥʠ ʚ ʤʦʜʝʣʠ 

in vitro. ʊʝʟʠ ʦʪʢʨʠʪʠʷ ʧʦʢʘʟʚʘʪ, ʯʝ Croton lechleri ʠʤʘ ʟʥʘʯʠʪʝʣʝʥ ʧʦʪʝʥʮʠʘʣ ʟʘ 

ʧʨʠʣʦʞʝʥʠʝ ʚ ʦʥʢʦʣʦʛʠʷʪʘ ʠ ʨʝʛʝʥʝʨʘʪʠʚʥʘʪʘ ʤʝʜʠʮʠʥʘ, ʢʘʪʦ ʧʨʝʜʦʩʪʘʚʷ ʥʦʚʠ 

ʚʲʟʤʦʞʥʦʩʪʠ ʟʘ ʩʲʟʜʘʚʘʥʝ ʥʘ ʝʬʝʢʪʠʚʥʠ ʠ ʙʝʟʦʧʘʩʥʠ ʧʨʠʨʦʜʥʠ ʪʝʨʘʧʠʠ. ʊʦʚʘ ʠʟʩʣʝʜʚʘʥʝ 

ʝ ʟʥʘʯʠʤʦ, ʪʲʡ ʢʘʪʦ ʩʲʯʝʪʘʚʘ ʫʩʪʦʡʯʠʚʦʪʦ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʨʘʩʪʠʪʝʣʥʠ ʨʝʩʫʨʩʠ ʩ 

ʧʨʦʫʯʚʘʥʝʪʦ ʥʘ ʧʦʪʝʥʮʠʘʣʥʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʧʨʠʣʦʞʝʥʠʷ, ʩʲʟʜʘʚʘʡʢʠ ʥʦʚʠ ʚʲʟʤʦʞʥʦʩʪʠ 

ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʥʠ ʠ ʢʦʟʤʝʪʠʯʥʠ ʧʨʦʜʫʢʪʠ ʩ ʚʠʩʦʢʘ ʜʦʙʘʚʝʥʘ ʩʪʦʡʥʦʩʪ. 

(ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚa: ʧʨʦʬ. ʀ. ʋʛʨʠʥʦʚʘ) 

 
ʈʝʟʫʣʪʘʪʠ ʦʪ ʪʝʩʪʘ ʟʘ ʢʣʝʪʲʯʥʘ ʧʨʦʣʠʬʝʨʘʮʠʷ ʩ EdU ʩʣʝʜ 24-ʯʘʩʦʚʦ ʪʨʝʪʠʨʘʥʝ  

ʩ ʝʢʩʪʨʘʢʪʠ ʦʪ ʢʣʦʥʢʠ ʥʘ Croton lechleri, ʧʦʣʫʯʝʥʠ ʧʦ Soxhlet ʤʝʪʦʜʘ ʩ EtOH ʠ PLE ʤʝʪʦʜʘ ʧʨʠ 

40 ÁC. ʊʨʝʪʠʨʘʥʝʪʦ ʝ ʠʟʚʲʨʰʝʥʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘ ʝʢʩʪʨʘʢʪʠʪʝ  

ʦʪ 4 ʜʦ 16 ɛg/mL; (ʘ), (b) ï ʧʨʝʜʩʪʘʚʠʪʝʣʥʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʝʢʩʧʝʨʠʤʝʥʪʘ; ʩʨʝʜʥʠʷʪ 

ʠʥʪʝʥʟʠʪʝʪ ʥʘ ʩʠʛʥʘʣʘ ʥʘ EdU (ʟʝʣʝʥ), ʚʢʣʶʯʝʥ ʚ ʥʦʚʦʩʠʥʪʝʟʠʨʘʥʘʪʘ ɼʅʂ, ʝ ʠʟʤʝʨʝʥ ʠ 

ʧʨʝʜʩʪʘʚʝʥ ʢʘʪʦ ʩʲʦʪʥʦʰʝʥʠʝ ʢʲʤ ʦʙʱʠʷ ʩʠʛʥʘʣ ʥʘ ɼʅʂ ʦʪ DAPI (ʩʠʥ); ʤʘʱʘʙʥʦʪʦ ʦʟʥʘʯʝʥʠʝ 

ʝ 20 Õm; (c), (d) ï ʢʦʣʠʯʝʩʪʚʝʥʦʪʦ ʦʧʨʝʜʝʣʷʥʝ ʥʘ ʠʥʪʝʥʟʠʪʝʪʘ ʥʘ ʩʠʛʥʘʣʘ ʥʘ EdU ʝ ʠʟʚʲʨʰʝʥʦ 

ʩʲʩ ʩʦʬʪʫʝʨ ʟʘ ʘʥʘʣʠʟ ʥʘ ʢʣʝʪʲʯʥʠ ʠʟʦʙʨʘʞʝʥʠʷ CellProýler ʠ GraphPad Prism 10 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʥʝʚʨʦʙʠʦʣʦʛʠʷ. ɺ ʩʝʨʠʷ ʦʪ ʩʝʥʟʦʤʦʪʦʨʥʠ ʟʘʜʘʯʠ ʝ ʘʥʘʣʠʟʠʨʘʥ ʝʬʝʢʪʲʪ ʥʘ 

ʩʪʘʨʝʝʥʝʪʦ ʚʲʨʭʫ ʤʦʪʦʨʥʠʪʝ ʥʝʚʨʦʥʘʣʥʠ ʘʩʦʮʠʘʮʠʠ ʧʨʠ ʤʣʘʜʠ ʠ ʚʲʟʨʘʩʪʥʠ ʣʠʮʘ. 
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ʇʦʢʘʟʘʥʦ ʝ, ʯʝ ʧʨʦʮʝʩʲʪ ʥʘ ʩʪʘʨʝʝʥʝ ʚʦʜʠ ʜʦ ʧʦʪʠʩʢʘʥʝ ʥʘ ʢʣʶʯʦʚ ʠʥʪʝʛʨʠʨʘʱ 

ʤʝʭʘʥʠʟʲʤ ʚ ʤʝʜʠʘʣʥʘʪʘ ʬʨʦʥʪʘʣʥʘ ʢʦʨʘ, ʦʪʛʦʚʦʨʝʥ ʟʘ ʢʦʦʨʜʠʥʘʮʠʷʪʘ ʠ ʤʦʥʠʪʦʨʠʨʘʥʝʪʦ 

ʥʘ ʩʝʥʟʦʤʦʪʦʨʥʠʪʝ ʨʝʘʢʮʠʠ. ʇʨʝʜʩʪʘʚʝʥʠ ʩʘ ʦʨʠʛʠʥʘʣʥʠ ʥʝʚʨʦʬʠʟʠʦʣʦʛʠʯʥʠ 

ʜʦʢʘʟʘʪʝʣʩʪʚʘ ʟʘ ʥʘʣʠʯʠʝʪʦ ʥʘ ʥʝʧʨʝʢʲʩʥʘʪʘ ʜʠʥʘʤʠʯʥʘ ʚʨʲʟʢʘ ʤʝʞʜʫ ʤʦʪʦʨʥʠʪʝ ʟʦʥʠ, 

ʛʝʥʝʨʠʨʘʱʠ ʜʚʠʞʝʥʠʝʪʦ, ʠ ʤʦʟʲʯʥʠʪʝ ʩʠʩʪʝʤʠ ʟʘ ʢʦʛʥʠʪʠʚʝʥ ʢʦʥʪʨʦʣ ʠ ʤʦʥʠʪʦʨʠʥʛ, 

ʢʘʪʦ ʟʘ ʧʨʲʚ ʧʲʪ ʩʘ ʥʘʙʣʶʜʘʚʘʥʠ ʚʲʟʨʘʩʪʦʚʠ ʥʘʨʫʰʝʥʠʷ ʚ ʪʘʟʠ ʜʠʥʘʤʠʯʥʘ ʚʨʲʟʢʘ. ʊʝʟʠ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʧʨʦʤʝʥʠ ʚʲʟʥʠʢʚʘʪ ʦʱʝ ʚ ʥʘʡ-ʨʘʥʥʠʪʝ ʬʘʟʠ ʥʘ ʩʪʘʨʝʝʥʝ ʧʨʝʜʠ 60-

ʛʦʜʠʰʥʘ ʚʲʟʨʘʩʪ. ʈʝʟʫʣʪʘʪʠʪʝ ʠʤʘʪ ʧʨʘʢʪʠʯʝʩʢʦ ʟʥʘʯʝʥʠʝ ʟʘ ʨʘʟʙʠʨʘʥʝ ʥʘ ʥʝʚʨʦʥʘʣʥʠʪʝ 

ʦʩʥʦʚʠ ʠ ʧʨʝʚʝʥʮʠʷʪʘ ʥʘ ʤʦʪʦʨʥʠʪʝ ʜʝʬʠʮʠʪʠ ʧʨʠ ʥʦʨʤʘʣʥʦ ʠ ʧʘʪʦʣʦʛʠʯʥʦ ʩʪʘʨʝʝʥʝ. 

(ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚa: ʧʨʦʬ. ʖ. ʁʦʨʜʘʥʦʚʘ) 

 

 
 

 

 

 

ɿʘ ʧʨʲʚ ʧʲʪ ʫ ʥʘʩ ʩʘ ʩʲʙʨʘʥʠ ʠ ʘʥʘʣʠʟʠʨʘʥʠ ʥʦʚʠ ʜʘʥʥʠ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ, 

ʩʲʜʲʨʞʘʥʠʝʪʦ ʠ ʝʬʝʢʪʘ ʥʘ ʤʠʢʨʦʧʣʘʩʪʤʘʩʠʪʝ ʚʲʨʭʫ ʯʝʨʥʦʤʦʨʩʢʠ ʦʨʛʘʥʠʟʤʠ, ʯʘʩʪ ʦʪ 

ʢʦʠʪʦ ʩʘ ʭʨʘʥʘ ʟʘ ʯʦʚʝʢʘ. ʋʩʪʘʥʦʚʝʥʘ ʝ ʘʢʫʤʫʣʘʮʠʷ ʥʘ ʤʠʢʨʦʧʣʘʩʪʤʘʩʠ ʚʲʚ ʚʩʠʯʢʠ 

ʠʟʩʣʝʜʚʘʥʠ ʭʠʜʨʦʙʠʦʥʪʠ (ʤʠʜʠ, ʨʘʮʠ, ʩʢʘʨʠʜʠ, ʦʭʣʶʚʠ, ʨʠʙʠ), ʢʘʪʦ ʢʦʣʠʯʝʩʪʚʦʪʦ ʠʤ 

ʟʘʚʠʩʠ ʦʪ ʣʦʢʘʮʠʷʪʘ ʥʘ ʤʝʩʪʦʦʙʠʪʘʥʠʷʪʘ. ɹʠʦʘʢʫʤʫʣʠʨʘʥʝʪʦ ʠ ʧʦʩʣʝʜʚʘʱʠʷʪ ʪʨʦʬʠʯʝʥ 

ʪʨʘʥʩʬʝʨ ʥʘ ʤʠʢʨʦʧʣʘʩʪʤʘʩʠʪʝ ʥʘ ʧʦ-ʚʠʩʦʢʠ ʥʠʚʘ, ʚʢʣ. ʯʦʚʝʢʘ, ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʩʝʨʠʦʟʥʠ 

ʚʲʟʜʝʡʩʪʚʠʷ ʚʲʨʭʫ ʟʜʨʘʚʝʪʦ. ɿʥʘʥʠʷʪʘ ʟʘ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ, ʝʬʝʢʪʠʪʝ ʠ ʤʝʭʘʥʠʟʤʠʪʝ ʥʘ 

ʤʠʢʨʦʧʣʘʩʪʤʘʩʠʪʝ ʩʘ ʢʨʘʡʥʦ ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʬʦʨʤʠʨʘʥʝ ʥʘ ʘʜʝʢʚʘʪʥʠ ʫʧʨʘʚʣʝʥʩʢʠ 

ʨʝʰʝʥʠʷ ʟʘ ʦʧʘʟʚʘʥʝ ʥʘ ʝʢʦʩʠʩʪʝʤʠʪʝ ʠ ʟʜʨʘʚʝʪʦ ʥʘ ʯʦʚʝʢʘ. ʇʨʦʫʯʚʘʥʠʷʪʘ ʩʘ ʚ ʫʥʠʩʦʥ ʩ 

ʠʥʦʚʘʪʠʚʥʦʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʟʜʨʘʚʥʠʪʝ ʠʟʩʣʝʜʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ One health (ɽʜʠʥʥʦ 

ʟʜʨʘʚʝ), ʢʦʝʪʦ ʚʲʟʧʨʠʝʤʘ ʟʜʨʘʚʝʪʦ ʥʘ ʭʦʨʘʪʘ ʠ ʟʘʦʙʠʢʘʣʷʱʘʪʘ ʛʠ ʧʨʠʨʦʜʘ (ʞʠʚʦʪʥʠ, 

ʨʘʩʪʝʥʠʷ ʠ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ) ʢʘʪʦ ʚʟʘʠʤʦʟʘʚʠʩʠʤʠ ʠ ʪʷʩʥʦ ʩʚʲʨʟʘʥʠ ʚ ʩʠʩʪʝʤʘ ʠ ʠʤʘ ʟʘ 

(A) ʊʦʧʦʛʨʘʬʩʢʠ ʢʘʨʪʠ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʘʪʘ 

ʢʦʥʝʢʪʠʚʥʦʩʪ ʥʘ ʤʦʪʦʨʥʘʪʘ ʢʦʨʘ ʚ ʪʝʪʘ-

ʜʠʘʧʘʟʦʥ ʧʦ ʚʨʝʤʝ ʥʘ ʛʝʥʝʨʠʨʘʥʝ ʥʘ ʜʚʠʛʘʪʝʣʝʥ 

ʦʪʛʦʚʦʨ ʧʨʠ ʤʣʘʜʠ (YOUNG) ʠ ʚʲʟʨʘʩʪʥʠ 

(OLDER) ʣʠʮʘ ʚ ʪʨʠ ʩʝʥʟʦʤʦʪʦʨʥʠ ʟʘʜʘʯʠ ï 

ʧʨʦʩʪʘ ʟʘʜʘʯʘ ʩ ʨʝʘʢʮʠʷ (SRT), ʟʘʜʘʯʘ ʩ ʨʝʘʢʮʠʷ 

ʧʦ ʠʟʙʦʨ ʥʘ ʜʚʘ (Go-NoGo) ʠ ʥʘ ʯʝʪʠʨʠ ʩʪʠʤʫʣʘ 

(CRT). ʊʦʧʦʛʨʘʬʩʢʠʪʝ ʢʘʨʪʠ ʦʪʨʘʟʷʚʘʪ 

ʨʘʟʧʨʝʜʝʣʝʥʠʝʪʦ ʥʘ ʩʪʝʧʝʥʪʘ ʥʘ ʩʠʥʭʨʦʥʠʟʘʮʠʷ 

(PLV) ʤʝʞʜʫ ʝʣʝʢʪʨʦʜʘ ʉ3 ʠ ʚʩʠʯʢʠ ʦʩʪʘʥʘʣʠ 

ʝʣʝʢʪʨʦʜʠ; (ɹ) ɻʨʘʬʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ 

ʪʦʧʦʛʨʘʬʩʢʦʪʦ ʨʘʟʧʨʝʜʝʣʝʥʠʝ ʥʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʷʪʘ ʥʘ ʤʦʪʦʨʥʠʪʝ ʪʝʪʘ-

ʦʩʮʠʣʘʮʠʠ: ʣʷʚʦ: ʢʦʥʪʨʘʣʘʪʝʨʘʣʥʦ (C3-PLV) ʠ 

ʜʷʩʥʦ: ʠʧʩʠʣʘʪʝʨʘʣʥʦ (C4-PLV) ʟʘ ʬʨʦʥʪʘʣʥʠ 

(F), ʬʨʦʥʪʦ-ʮʝʥʪʨʘʣʥʠ (FC), ʮʝʥʪʨʘʣʥʠ (C), 

ʮʝʥʪʨʦ-ʧʘʨʠʝʪʘʣʥʠ (CP), ʧʘʨʠʝʪʘʣʥʠ (P), 

ʧʘʨʠʝʪʦ-ʦʢʮʠʧʠʪʘʣʥʠ (PO) ʠ ʦʢʮʠʧʠʪʘʣʥʠ (O) 

ʝʣʝʢʪʨʦʜʠ ʧʨʠ ʤʣʘʜʠ (ʩʠʥʷ ʣʠʥʠʷ) ʠ ʚʲʟʨʘʩʪʥʠ 

ʣʠʮʘ (ʯʝʨʚʝʥʘ ʣʠʥʠʷ). ʈʘʟʧʦʣʦʞʝʥʠʝʪʦ ʥʘ 

ʜʚʦʡʢʠʪʝ ʝʣʝʢʪʨʦʜʠ ʚʲʚ ʚʩʷʢʘ ʦʙʣʘʩʪ ʝ ʦʪ ʥʘʡ-

ʣʷʚʦ ʢʲʤ ʥʘʡ-ʜʷʩʥʦ 
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ʦʩʥʦʚʥʘ ʮʝʣ ʪʷʭʥʦʪʦ ʫʩʪʦʡʯʠʚʦ ʙʘʣʘʥʩʠʨʘʥʝ ʠ ʟʜʨʘʚʥʦ ʦʧʪʠʤʠʟʠʨʘʥʝ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ 

ʢʦʣʝʢʪʠʚa: ʧʨʦʬ. ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ) 

 

ʄʠʢʨʦʧʣʘʩʪʤʘʩʠ ʚ ʯʝʨʥʦʤʦʨʩʢʠ ʦʨʛʘʥʠʟʤʠ ʠ ʧʦʪʝʥʮʠʘʣʥʠ ʝʬʝʢʪʠ  

ʚʲʨʭʫ ʯʦʚʝʰʢʦʪʦ ʟʜʨʘʚʝ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʤʠʢʨʦʙʠʦʣʦʛʠʷ. SARS-CoV-2 ʧʨʝʜʠʟʚʠʢʘ ʧʘʥʜʝʤʠʷʪʘ ʦʪ COVID-19, 

ʢʦʷʪʦ ʧʨʝʦʙʲʨʥʘ ʛʣʦʙʘʣʥʠʪʝ ʟʜʨʘʚʥʠ ʩʠʩʪʝʤʠ. ʇʦʚʝʯʝ ʦʪ 776 ʤʠʣʠʦʥʘ ʩʣʫʯʘʷ ʥʘ COVID-

19 ʠ ʥʘʜ 7 ʤʠʣʠʦʥʘ ʩʤʲʨʪʥʠ ʩʣʫʯʘʷ ʙʷʭʘ ʦʪʯʝʪʝʥʠ ʦʪ ʉɿʆ ʢʲʤ ʩʝʧʪʝʤʚʨʠ 2024 ʛ. 

ɺʘʢʩʠʥʘʮʠʷʪʘ ʩʨʝʱʫ COVID-19 ʝ ʦʪ ʩʲʱʝʩʪʚʝʥʦ ʟʥʘʯʝʥʠʝ ʟʘ ʧʨʝʜʦʪʚʨʘʪʷʚʘʥʝ ʥʘ 

ʟʘʨʘʟʘʪʘ ʠ ʢʦʥʪʨʦʣʠʨʘʥʝʪʦ ʥʘ ʧʘʥʜʝʤʠʷʪʘ. ɿʘ ʪʘʟʠ ʮʝʣ ʝ ʧʨʦʝʢʪʠʨʘʥ ʠ ʧʦʣʫʯʝʥ ʧʨʦʪʦʪʠʧ 

ʥʘ ʤʫʣʪʠʝʧʠʪʦʧʥʘ ʚʘʢʩʠʥʘ ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ, ʚʢʣʶʯʚʘʱʘ ʊ-ʢʣʝʪʲʯʥʠ ʝʧʠʪʦʧʠ ʟʘ SARS-

CoV-2. ʀʟʧʦʣʟʚʘʥʠ ʩʘ ʠʤʫʥʦʠʥʬʦʨʤʘʪʠʯʥʠ ʤʝʪʦʜʠ ʟʘ ʠʟʚʝʞʜʘʥʝ ʥʘ ʤʦʜʝʣʠ ʟʘ ʩʝʣʝʢʮʠʷ 

ʥʘ MHC, ʩʚʲʨʟʚʘʱʠ ʤʦʣʝʢʫʣʠ, ʩʧʝʮʠʬʠʯʥʠ ʟʘ ACE2 ʪʨʘʥʩʛʝʥʥʘ B6.Cg-Tg(K18-

ACE2)2Prlmn/J ʤʠʰʘ ʣʠʥʠʷ, ʩʨʝʜ ʥʘʙʦʨ ʦʪ ʯʦʚʝʰʢʠ SARS-CoV-2 ʊ-ʢʣʝʪʲʯʥʠ ʝʧʠʪʦʧʠ, 

ʠʜʝʥʪʠʬʠʮʠʨʘʥʠ ʧʨʠ ʧʘʮʠʝʥʪʠ, ʧʨʝʙʦʣʝʜʫʚʘʣʠ ʦʪ COVID-19. ʀʤʫʥʦʛʝʥʥʦʩʪʪʘ ʥʘ 

ʧʨʦʪʦʪʠʧʘ ʥʘ ʚʘʢʩʠʥʘʪʘ ʝ ʪʝʩʪʚʘʥʘ ʚʲʨʭʫ ʭʫʤʘʥʠʟʠʨʘʥʠ ACE2 ʞʠʚʦʪʥʠ ʯʨʝʟ in vitro, in 

vivo ʠ ex vivo ʠʤʫʥʥʠ ʘʥʘʣʠʟʠ. ʉʠʥʪʝʟʠʨʘʥʠ ʠ ʚʢʣʶʯʝʥʠ ʚ ʧʨʦʪʦʪʠʧʘ ʥʘ ʤʫʣʪʠʝʧʠʪʦʧʥʘʪʘ 

ʚʘʢʩʠʥʘ ʩʘ ʝʜʠʥʘʜʝʩʝʪ ʩʚʲʨʟʚʘʱʠ ʧʝʧʪʠʜʘ (ʜʚʘ ʦʪ Envelope (E) ʧʨʦʪʝʠʥʘ; ʜʚʘ ʦʪ 

Membrane (M) ʧʨʦʪʝʠʥʘ; ʪʨʠ ʦʪ Spike (S) ʧʨʦʪʝʠʥʘ ʠ ʯʝʪʠʨʠ ʦʪ Nucleocapsid (N) 

ʧʨʦʪʝʠʥʘ). ɾʠʚʦʪʥʠ ʩʘ ʠʤʫʥʠʟʠʨʘʥʠ ʩʲʩ ʩʤʝʩ ʦʪ ʧʨʦʛʥʦʟʠʨʘʥʠ MHC-I, MHC-II ʠʣʠ 

MHC-I/MHC-II ʧʝʧʪʠʜʥʠ ʝʧʠʪʦʧʠ ʚ ʧʲʣʝʥ ʘʜʶʚʘʥʪ ʥʘ ʌʨʦʡʥʜ ʠ ʧʦʚʪʦʨʥʦ ʠʤʫʥʠʟʠʨʘʥʠ 

ʩ ʧʝʧʪʠʜʠ ʚ ʥʝʧʲʣʥʠʷ ʘʜʶʚʘʥʪ ʥʘ ʌʨʦʡʥʜ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʠʤʫʥʠʟʘʮʠʷʪʘ ʩ SARS-CoV-

2 ʝʧʠʪʦʧʠʪʝ ʨʝʤʦʜʝʣʠʨʘ ʧʨʦʬʠʣʘ ʥʘ ʣʠʤʬʦʮʠʪʠʪʝ. ʅʘʙʣʶʜʘʚʘʥʠ ʩʘ ʩʣʘʙ ʭʫʤʦʨʘʣʝʥ 

ʦʪʛʦʚʦʨ ʠ ʟʥʘʯʠʪʝʣʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʮʠʪʦʢʠʥʠ IL-4 ʠ IFN-ɔ ʦʪ ʊ-ʢʣʝʪʢʠʪʝ. ɺ 

ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʚʘ, ʯʝ ʧʨʦʪʦʪʠʧʲʪ ʥʘ ʤʫʣʪʠʝʧʠʪʦʧʥʘʪʘ ʚʘʢʩʠʥʘ ʜʝʤʦʥʩʪʨʠʨʘ 

ʠʤʫʥʦʛʝʥʥʦʩʪ ʧʨʠ ACE2 ʪʨʘʥʩʛʝʥʥʘ ʤʠʰʘ ʣʠʥʠʷ ʠ ʧʦʢʘʟʚʘ ʧʦʪʝʥʮʠʘʣ ʟʘ ʨʘʟʨʘʙʦʪʚʘʥʝ 

ʥʘ ʯʦʚʝʰʢʘ ʚʘʢʩʠʥʘ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚʘ: ʧʨʦʬ. ɸ. ʏʦʨʙʘʥʦʚ) 
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ʈʘʟʨʘʙʦʪʚʘʥʝ ʥʘ ʧʨʦʪʦʪʠʧ ʥʘ ʤʫʣʪʠʝʧʠʪʦʧʥʘ ʚʘʢʩʠʥʘ 

 ʦʪ ʥʦʚʦ ʧʦʢʦʣʝʥʠʝ, ʚʢʣʶʯʚʘʱʘ ʊ-ʢʣʝʪʲʯʥʠ ʝʧʠʪʦʧʠ ʟʘ SARS-CoV-2 

 

ʂʦʥʩʪʨʫʠʨʘʥ ʝ ʭʠʙʨʠʜʝʥ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ ʟʘ ʤʠʢʨʦʚʦʜʦʨʘʩʣʦʚʘ ʙʠʦʤʘʩʘ, ʫʣʘʚʷʱ 

ʉO2 ʦʪ ʜʠʤʥʠ ʛʘʟʦʚʝ ʚ ʨʘʤʢʠʪʝ ʥʘ ʠʥʪʝʛʨʘʣʥʘʪʘ ʢʦʥʮʝʧʮʠʷ ʟʘ ʙʠʦʨʘʬʠʥʝʨʠʷ. ʉʲʩʪʦʠ ʩʝ 

ʦʪ ʜʚʘ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨʘ (ʌɹʈ), ʢʘʪʦ ʧʲʨʚʠʷʪ ʘʧʘʨʘʪ ʝ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ ʩ ʧʦʤʧʘ ʟʘ 

ʨʘʟʙʲʨʢʚʘʥʝ, ʘ ʚʪʦʨʠʷʪ ʘʧʘʨʘʪ ʝ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ ʦʪ ʪʨʲʙʝʥ ʪʠʧ Ăʩʚʝʪʣʠʥʝʥ ʧʨʠʝʤʥʠʢñ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠʪʝ ʥʘ ʌɹʈ ʩʘ ʜʝʪʘʡʣʥʦ ʦʧʠʩʘʥʠ ʚ ʨʝʛʠʩʪʨʠʨʘʥ ʧʦʣʝʟʝʥ ʤʦʜʝʣ. ʊʦʟʠ 

ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ ʠʟʙʷʛʚʘ ʥʝʜʦʩʪʘʪʲʮʠʪʝ ʥʘ ʩʲʱʝʩʪʚʫʚʘʱʠʪʝ ʪʠʧʦʚʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʘʪʦ 

ʧʨʝʜʣʦʞʝʥʘʪʘ ʠʥʦʚʘʪʠʚʥʘ ʩʭʝʤʘ ʠʟʧʦʣʟʚʘ ʜʦʩʪʠʞʝʥʠʷʪʘ ʚ ʦʙʣʘʩʪʪʘ ʥʘ 

ʬʣʫʠʜʦʜʠʥʘʤʠʢʘʪʘ ʠ ʩʲʚʨʝʤʝʥʥʠʪʝ ʧʦʟʥʘʥʠʷ ʚʲʚ ʬʠʟʠʦʣʦʛʠʷʪʘ ʥʘ ʤʠʢʨʦʚʦʜʦʨʘʩʣʠʪʝ ʠ 

ʪʷʭʥʦʪʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʠʟʤʝʥʝʥʠʝ ʥʘ ʧʘʨʘʤʝʪʨʠʪʝ ʥʘ ʢʫʣʪʠʚʠʨʘʥʝ ï ʩʚʝʪʣʠʥʥʦ 

ʦʙʣʲʯʚʘʥʝ, ʪʝʤʧʝʨʘʪʫʨʘ, ʨʅ ʠ ʢʦʤʧʦʥʝʥʪʠ ʥʘ ʭʨʘʥʠʪʝʣʥʘʪʘ ʩʨʝʜʘ. ʇʨʦʪʠʯʘʥʝʪʦ ʥʘ 

ʬʠʟʠʯʥʠʪʝ, ʙʠʦʭʠʤʠʯʥʠʪʝ ʠ ʬʠʟʠʦʣʦʛʠʯʥʠʪʝ ʧʨʦʮʝʩʠ ʧʨʠ ʢʫʣʪʠʚʠʨʘʥʝʪʦ ʥʘ 

ʤʠʢʨʦʚʦʜʦʨʘʩʣʠʪʝ ʝ ʫʧʨʘʚʣʷʝʤʦ, ʢʘʪʦ ʩʘ ʠʟʧʲʣʥʝʥʠ ʦʩʥʦʚʥʠʪʝ ʮʝʣʠ ï ʧʲʣʥʦ ʫʩʚʦʷʚʘʥʝ 

ʥʘ ʉʆ2 ʦʪ ʛʘʟʦʚʘʪʘ ʬʘʟʘ, ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʧʨʦʜʫʢʪʠ ʢʘʪʦ ʚʲʛʣʝʭʠʜʨʘʪʠ ʠ ʤʘʟʥʠʥʠ, ʦʩʥʦʚʘ 

ʟʘ ʧʦʣʫʯʘʚʘʥʝ ʥʘ ʙʠʦʛʦʨʠʚʘ, ʠ ʧʨʦʜʫʢʪʠ ʩ ʚʠʩʦʢʘ ʜʦʙʘʚʝʥʘ ʩʪʦʡʥʦʩʪ ï ʥʝʥʘʩʠʪʝʥʠ ʤʘʩʪʥʠ 

ʢʠʩʝʣʠʥʠ, ʢʘʨʦʪʝʥʦʠʜʠ, ʬʣʘʚʦʥʦʠʜʠ, ʧʦʣʠʬʝʥʦʣʠ ʠ ʜʨ. ʩ ʧʦʪʝʥʮʠʘʣʥʦ ʧʨʠʣʦʞʝʥʠʝ ʚ 

ʤʝʜʠʮʠʥʘʪʘ, ʬʘʨʤʘʮʠʷʪʘ, ʙʠʦʪʝʭʥʦʣʦʛʠʷʪʘ, 

ʩʝʣʩʢʦʪʦ ʩʪʦʧʘʥʩʪʚʦ, ʙʠʦʠʥʞʝʥʝʨʩʪʚʦʪʦ, 

ʘʣʛʦʣʦʛʠʷʪʘ, ʝʢʦʣʦʛʠʷʪʘ, ʦʧʘʟʚʘʥʝʪʦ ʥʘ 

ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʠ ʬʦʢʫʩ ʢʲʤ ʚʲʟʦʙʥʦʚʷʝʤʠʪʝ 

ʝʥʝʨʛʠʡʥʠ ʠʟʪʦʯʥʠʮʠ ʠ ʥʘʤʘʣʷʚʘʥʝ ʥʘ 

ʦʪʨʠʮʘʪʝʣʥʠʪʝ ʝʬʝʢʪʠ ʦʪ ʛʣʦʙʘʣʥʦʪʦ 

ʟʘʪʦʧʣʷʥʝ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚʘ: 

ʘʢʘʜ. ʍ. ʅʘʡʜʝʥʩʢʠ) 

 

ʍʠʙʨʠʜʝʥ ʬʦʪʦʙʠʦʨʝʘʢʪʦʨ  

ʟʘ ʤʠʢʨʦʚʦʜʦʨʘʩʣʦʚʘ ʙʠʦʤʘʩʘ, ʫʣʘʚʷʱ ʉO2  

ʦʪ ʜʠʤʥʠ ʛʘʟʦʚʝ 
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ʀʥʩʪʠʪʫʪ ʧʦ ʙʠʦʬʠʟʠʢʘ ʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦ ʠʥʞʝʥʝʨʩʪʚʦ. ʆʪʣʠʯʠʪʝʣʝʥ ʙʝʣʝʛ ʥʘ 

ʩʪʘʨʝʝʥʝʪʦ ʝ ʪʨʫʜʥʦʩʪʪʘ ʥʘ ʦʨʛʘʥʠʟʤʘ ʜʘ ʧʦʜʜʲʨʞʘ ʧʨʘʚʠʣʥʘ ʭʦʤʝʦʩʪʘʟʘ, ʢʦʝʪʦ ʚʦʜʠ ʜʦ 

ʥʘʨʫʰʝʥ ʙʘʣʘʥʩ ʤʝʞʜʫ ʝʥʜʦʛʝʥʥʘʪʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʩʠʩʪʝʤʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦʪʦ ʥʘ 

ʩʚʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ, ʧʨʦʛʨʝʩʠʨʘʱ ʚʲʟʧʘʣʠʪʝʣʝʥ ʧʨʦʮʝʩ ʠ ʧʦʚʠʰʝʥʘ ʯʫʚʩʪʚʠʪʝʣʥʦʩʪ ʢʲʤ 

ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ʆʢʩʠʜʘʪʠʚʥʠʷʪ ʩʪʨʝʩ ʝ ʯʝʩʪʦ ʩʨʝʱʘʥ ʬʘʢʪʦʨ ʧʨʠ 

ʩʚʲʨʟʘʥʠʪʝ ʩ ʚʲʟʨʘʩʪʪʘ ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʢʘʪʦ ʙʦʣʝʩʪʪʘ ʥʘ ɸʣʮʭʘʡʤʝʨ 

(AD), ʙʦʣʝʩʪʪʘ ʥʘ ʇʘʨʢʠʥʩʦʥ ʠ ʝʧʠʣʝʧʩʠʷʪʘ. ʇʨʝʟ ʧʦʩʣʝʜʥʠʪʝ ʛʦʜʠʥʠ ʥʘʨʘʩʥʘ 

ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠ ʪʝʨʘʧʝʚʪʠʯʥʠ ʩʪʨʘʪʝʛʠʠ ʟʘ ʟʘʙʘʚʷʥʝ ʥʘ ʩʪʘʨʝʝʥʝʪʦ ʠ 

ʧʨʦʛʨʝʩʠʨʘʥʝʪʦ ʥʘ ʩʲʧʲʪʩʪʚʘʱʠʪʝ ʛʦ ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ɿʘ ʠʟʫʯʘʚʘʥʝ ʥʘ 

ʙʠʦʭʠʤʠʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʪʝ ʠʟʤʝʥʝʥʠʷ, ʩʚʲʨʟʘʥʠ ʩʲʩ ʩʪʘʨʝʝʥʝʪʦ ʠ 

ʧʨʠʜʨʫʞʘʚʘʱʠʪʝ ʛʦ ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʢʘʪʦ AD, ʫʩʧʝʰʥʦ ʩʘ ʠʟʧʦʣʟʚʘʥʠ 

ʥʦʚʠ in vivo ʤʦʜʝʣʠ, ʧʦʣʫʯʝʥʠ ʯʨʝʟ ʦʪʩʪʨʘʥʷʚʘʥʝ ʥʘ ʝʧʠʬʠʟʥʘʪʘ ʞʣʝʟʘ (Pinealectomy) ʧʨʠ 

ʞʠʚʦʪʥʠ ʥʘ ʨʘʟʣʠʯʥʘ ʚʲʟʨʘʩʪ, ʩʘʤʦʩʪʦʷʪʝʣʥʦ ʠʣʠ ʜʦʧʲʣʥʠʪʝʣʥʦ ʪʨʝʪʠʨʘʥʠ ʩ ʘʤʠʣʦʠʜ-

ʙʝʪʘ. ʇʨʦʫʯʚʘʥʝʪʦ ʧʦʢʘʟʚʘ, ʯʝ ʪʨʝʪʠʨʘʥʝʪʦ ʥʘ ʦʧʠʪʥʠʪʝ ʞʠʚʦʪʥʠ ʩ ʤʝʣʘʪʦʥʠʥ ʥʘʤʘʣʷʚʘ 

ʥʠʚʘʪʘ ʥʘ ʤʘʨʢʝʨʠʪʝ ʥʘ ʦʢʩʠʜʘʪʠʚʝʥ ʩʪʨʝʩ ʠ ʘʧʦʧʪʦʟʘ, ʢʘʪʦ ʫʚʝʣʠʯʘʚʘ ʥʠʚʘʪʘ ʥʘ 

ʝʥʟʠʤʠʪʝ ʦʪ ʩʬʠʥʛʦʣʠʧʠʜʥʠʷ ʩʠʛʥʘʣʝʥ ʧʲʪ, ʚʲʟʧʨʝʧʷʪʩʪʚʘʱʠ ʥʘʪʨʫʧʚʘʥʝʪʦ ʥʘ ʮʝʨʘʤʠʜ, 

ʠ ʘʢʪʠʚʠʨʘ Akt/ERK ʩʠʛʥʘʣʝʥ ʧʲʪ ʥʘ ʢʣʝʪʲʯʥʦ ʦʮʝʣʷʚʘʥʝ. ɼʦʧʲʣʥʠʪʝʣʥʦ ʧʨʠ AD ʤʦʜʝʣʘ 

ʩʝ ʥʘʙʣʶʜʘʚʘʪ ʥʘʤʘʣʝʥʠ ʥʠʚʘ ʥʘ ʘʤʠʣʦʠʜ-ʙʝʪʘ ʠ ʛʘʤʘ-ʩʝʢʨʝʪʘʟʘ. ʂʦʤʙʠʥʠʨʘʥʦʪʦ 

ʪʨʝʪʠʨʘʥʝ ʩ ʤʝʣʘʪʦʥʠʥ ʠ ʬʠʥʛʦʣʠʤʦʜ (ʩʪʨʫʢʪʫʨʝʥ ʘʥʘʣʦʛ ʥʘ ʩʬʠʥʛʦʟʠʥ-1-ʬʦʩʬʘʪ) ʚʦʜʠ 

ʜʦ ʚʲʟʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʥʝʚʨʦʥʘʣʥʘʪʘ ʭʦʤʝʦʩʪʘʟʘ ʧʨʠ AD ʤʦʜʝʣʘ. ɺ ʜʦʧʲʣʥʝʥʠʝ ʥʦʚʠ 

ʠʥʜʦʣʦʚʠ ʧʨʦʠʟʚʦʜʥʠ ʧʦʢʘʟʚʘʪ ʦʙʝʱʘʚʘʱʠ ʥʝʚʨʦʧʨʦʪʝʢʪʠʚʥʠ ʩʚʦʡʩʪʚʘ (in vitro) ʠ 

ʘʥʪʠʢʦʥʚʫʣʩʘʥʪʝʥ ʝʬʝʢʪ ʚ ʢʠʘʥʘʪʠʥʜʫʮʠʨʘʥ in vivo ʤʦʜʝʣ ʥʘ ʝʧʠʣʝʧʩʠʷ. ʇʨʠ 

ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ in vivo ʤʦʜʝʣ ʥʘ ʜʠʘʙʝʪʥʘ ʥʝʚʨʦʧʘʪʠʷ ʝ ʜʝʤʦʥʩʪʨʠʨʘʥʦ 

ʥʝʚʨʦʧʨʦʪʝʢʪʠʚʥʦʪʦ ʠ ʦʙʝʟʙʦʣʷʚʘʱʦ ʜʝʡʩʪʚʠʝ ʥʘ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʨʠʙʦʬʣʘʚʠʥ ʠ ʥʦʚʠʷ 

ʧʨʝʧʘʨʘʪ Liraglutide. ʅʘʫʯʥʦʪʦ ʠʟʩʣʝʜʚʘʥʝ ʜʦʢʘʟʚʘ ʝʬʝʢʪʠʚʥʦʩʪʪʘ ʥʘ ʠʟʧʦʣʟʚʘʥʠʪʝ in 

vivo ʤʦʜʝʣʠ ʟʘ ʠʟʫʯʘʚʘʥʝ ʥʘ ʙʠʦʭʠʤʠʯʥʠʪʝ ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʪʝ ʧʨʦʤʝʥʠ ʧʨʠ ʩʪʘʨʝʝʥʝʪʦ ʠ 

ʩʚʲʨʟʘʥʠʪʝ ʩ ʥʝʛʦ ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʧʘʪʦʣʦʛʠʠ, ʢʘʢʪʦ ʠ ʧʨʠʣʘʛʘʥʝʪʦ ʥʘ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʪʝʨʘʧʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚʘ: ʧʨʦʬ. ʈ. ʎʦʥʝʚʘ) 

 
 

ʅʦʚʠ in vivo ʪʝʨʘʧʝʚʪʠʯʥʠ ʧʦʜʭʦʜʠ, ʠʟʫʯʘʚʘʱʠ ʙʠʦʭʠʤʠʯʥʠʪʝ ʤʝʭʘʥʠʟʤʠ 

 ʠ ʧʦʚʝʜʝʥʯʝʩʢʠʪʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʩʪʘʨʝʝʥʝ ʠ ʩʚʲʨʟʘʥʠʪʝ ʩ ʪʷʭ ʩʦʮʠʘʣʥʦʟʥʘʯʠʤʠ 

ʥʝʚʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠ ʟʘʙʦʣʷʚʘʥʠʷ. ROS ï ʨʝʘʢʪʠʚʥʠ ʬʦʨʤʠ ʥʘ ʢʠʩʣʦʨʦʜʘ;  

AntiOx ï ʘʥʪʠʦʢʩʠʜʘʥʪʥʘ ʩʠʩʪʝʤʘ 
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ʈʘʟʨʘʙʦʪʝʥʠ ʩʘ ʜʲʣʙʦʢʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʚ ʧʦʣʟʘ ʥʘ ʜʠʘʛʥʦʩʪʠʢʘʪʘ ʥʘ ʩʲʨʜʝʯʥʦ-

ʩʲʜʦʚʠʪʝ ʟʘʙʦʣʷʚʘʥʠʷ. ʇʨʠʣʦʞʝʥʠʷʪʘ ʥʘ ʩʘʤʦʦʙʫʯʘʚʘʱʠ ʩʝ ʚʠʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʥʠ 

ʤʦʜʝʣʠ ʥʘ ʠʟʢʫʩʪʚʝʥʠʷ ʠʥʪʝʣʝʢʪ ʚ ʢʘʨʜʠʦʣʦʛʠʷʪʘ ʤʦʛʘʪ ʜʘ ʠʤʘʪ ʜʠʨʝʢʪʥʘ ʧʦʣʟʘ ʟʘ 

ʦʙʱʝʩʪʚʦʪʦ, ʩʚʲʨʟʘʥʘ ʩ ʥʘʤʘʣʷʚʘʥʝ ʥʘ ʨʘʟʭʦʜʠʪʝ ʠ ʧʦʜʦʙʨʷʚʘʥʝ ʢʘʯʝʩʪʚʦʪʦ ʥʘ 

ʜʠʘʛʥʦʩʪʠʯʥʠʷ ʧʨʦʮʝʩ ʯʨʝʟ ʘʚʪʦʤʘʪʠʟʘʮʠʷ, ʧʨʝʮʠʟʥʦʩʪ, ʨʘʥʥʘ ʜʠʘʛʥʦʩʪʠʢʘ, ʜʦʩʪʲʧʥʦʩʪ, 

ʧʝʨʩʦʥʘʣʠʟʠʨʘʥʠ ʧʨʝʧʦʨʲʢʠ, ʦʪʢʨʠʚʘʥʝ ʥʘ ʩʢʨʠʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ɽʂɻ ʜʘʥʥʠ, ʢʦʠʪʦ ʥʝ 

ʩʘ ʦʯʝʚʠʜʥʠ ʟʘ ʝʢʩʧʝʨʪʠʪʝ. ʊʝʤʘʪʠʢʘʪʘ ʝ ʘʢʪʫʘʣʥʘ, ʜʠʥʘʤʠʯʥʘ ʠ ʧʨʝʜʩʪʘʚʣʷʚʘ ʛʦʣʷʤ 

ʥʘʫʯʝʥ ʠʥʪʝʨʝʩ ʚ ʠʥʪʝʨʜʠʩʮʠʧʣʠʥʘʨʥʠʪʝ ʦʙʣʘʩʪʠ ʙʠʦʤʝʜʠʮʠʥʩʢʦ ʠʥʞʝʥʝʨʩʪʚʦ, 

ʠʥʬʦʨʤʘʪʠʢʘ ʠ ʤʝʜʠʮʠʥʘ. ʀʟʧʦʣʟʚʘʡʢʠ ʛʦʣʝʤʠ ʩʧʝʮʠʘʣʠʟʠʨʘʥʠ ʤʘʩʠʚʠ ʦʪ 

ʤʥʦʛʦʢʘʥʘʣʥʠ ɽʂɻ ʙʘʟʠ ʜʘʥʥʠ ʩʘ ʧʨʦʝʢʪʠʨʘʥʠ, ʪʨʝʥʠʨʘʥʠ, ʦʧʪʠʤʠʟʠʨʘʥʠ ʠ ʪʝʩʪʚʘʥʠ 

ʨʘʟʣʠʯʥʠ ʤʦʜʝʣʠ ʥʘ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ ʩʲʩ ʩʣʝʜʥʠʪʝ ʧʨʠʣʦʞʝʥʠʷ: (1) ʇʨʝʮʠʟʥʦ ʠʟʤʝʨʚʘʥʝ 

ʥʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ɽʂɻ ʚʲʣʥʠ ʯʨʝʟ ʘʨʭʠʪʝʢʪʫʨʠ ʥʘ ʪʨʘʥʩʬʦʨʤʠʨʘʱʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ; (2) 

ʅʝʧʨʝʢʲʩʥʘʪ ʘʥʘʣʠʟ ʥʘ ʨʠʪʲʤʘ ʧʨʠ ʢʘʨʜʠʦ-ʙʝʣʦʜʨʦʙʥʘ ʨʝʘʥʠʤʘʮʠʷ, ʧʨʠʣʘʛʘʡʢʠ 

ʩʪʨʘʪʝʛʠʷ ʟʘ ʦʙʫʯʝʥʠʝ ʙʝʟ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʩ ʧʝʨʠʦʜʠʪʝ ʥʘ ʩʲʨʜʝʯʝʥ ʤʘʩʘʞ, ʦʙʜʠʰʚʘʥʝ ʠ 

ʩʪʘʥʜʘʨʪʝʥ ʘʥʘʣʠʟ ʦʪ ʜʝʬʠʙʨʠʣʘʪʦʨ; (3) ʌʠʣʪʨʠʨʘʥʝ ʥʘ ɽʂɻ ʩʲʩ ʩʘʤʦʦʙʫʯʝʥʠʝ ʢʲʤ 

ʯʝʩʪʦʪʠʪʝ ʥʘ ʩʤʫʱʝʥʠʷʪʘ; (4) ɼʠʘʛʥʦʩʪʠʢʘ ʥʘ ʘʨʠʪʤʠʠ ʯʨʝʟ ʪʨʘʥʩʬʝʨʥʦ ʦʙʫʯʝʥʠʝ ʥʘ 

ImageNet ʤʨʝʞʠ ʟʘ ʢʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ECHOView ʠʟʦʙʨʘʞʝʥʠʷ ʦʪ ʭʦʣʪʝʨ ɽʂɻ; (5)

 ɼʝʢʦʜʠʨʘʥʝ ʥʘ ʟʚʫʢʦʚʘ (ʩʦʥʠʬʠʮʠʨʘʥʘ) 12-ʢʘʥʘʣʥʘ ɽʂɻ ʢʘʪʦ ʙʝʟʞʠʯʝʥ 

ʠʥʪʝʨʬʝʡʩ ʟʘ ʜʠʘʛʥʦʩʪʠʯʥʠ ʠʟʤʝʨʚʘʥʠʷ, ʠʟʧʦʣʟʚʘʡʢʠ GSM ʩʚʲʨʟʘʥʦʩʪ, ʠ (6) 

ʂʣʘʩʠʬʠʢʘʮʠʷ ʥʘ ʨʠʪʲʤʥʠ ʠ ʧʨʦʚʦʜʥʠ ʥʘʨʫʰʝʥʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣʠ ʥʘ ʢʦʣʝʢʪʠʚʘ: ʧʨʦʬ. 

ɺ. ʂʨʲʩʪʝʚʘ ʠ ʧʨʦʬ. ʀ. ɾʝʢʦʚʘ) 

 
ʉʭʝʤʘ ʟʘ ʦʙʨʘʙʦʪʢʘ ʥʘ ɽʂɻ ʜʘʥʥʠ ʩ ʜʲʣʙʦʢʠ ʥʝʚʨʦʥʥʠ ʤʨʝʞʠ 

 ʠ ʧʨʠʣʦʞʝʥʠʷ ʚ ʢʘʨʜʠʦʣʦʛʠʷʪʘ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʤʦʨʬʦʣʦʛʠʷ, ʧʘʪʦʣʦʛʠʷ ʠ ʘʥʪʨʦʧʦʣʦʛʠʷ ʩ ʤʫʟʝʡ. 

ʀʟʚʝʩʪʥʦ ʝ, ʯʝ ʩʧʝʨʤʘʪʦʛʝʥʝʟʘʪʘ ʠʟʠʩʢʚʘ ʙʘʣʘʥʩʠʨʘʥʠ ʥʠʚʘ ʥʘ ʞʝʣʷʟʦ ʚ ʪʝʩʪʠʩʘ, 

ʥʝʦʙʭʦʜʠʤʠ ʟʘ ʧʦʩʣʝʜʦʚʘʪʝʣʥʠʪʝ ʤʥʦʛʦʙʨʦʡʥʠ ʜʝʣʝʥʠʷ ʥʘ ʧʦʣʦʚʠʪʝ ʢʣʝʪʢʠ ʠ 

ʦʙʨʘʟʫʚʘʥʝʪʦ ʥʘ ʤʠʪʦʭʦʥʜʨʠʘʣʥʠʷ ʢʦʤʧʣʝʢʩ ʚ ʟʨʝʣʠʪʝ ʩʧʝʨʤʘʪʦʟʦʠʜʠ, ʦʩʠʛʫʨʷʚʘʱ 
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ʪʷʭʥʦʪʦ ʜʚʠʞʝʥʠʝ. ʍʦʤʝʦʩʪʘʟʘʪʘ ʥʘ ʞʝʣʷʟʦʪʦ ʩʝ ʧʦʜʜʲʨʞʘ ʦʪ ʤʦʣʝʢʫʣʠʪʝ, ʫʯʘʩʪʚʘʱʠ ʚ 

ʥʝʛʦʚʠʷ ʪʨʘʥʩʧʦʨʪ ʠ ʥʘʪʨʫʧʚʘʥʝ ï ʪʨʘʥʩʬʝʨʠʥ, ʬʝʨʦʧʦʨʪʠʥ, ʭʝʧʩʠʜʠʥ ʠ ʪʨʘʥʩʧʦʨʪʝʨ ʥʘ 

ʜʚʫʚʘʣʝʥʪʥʠ ʤʝʪʘʣʠ-1. ʄʝʪʘʙʦʣʠʟʤʲʪ ʥʘ ʞʝʣʷʟʦʪʦ ʩʝ ʧʦʚʣʠʷʚʘ ʦʪ ʢʦʙʘʣʪʘ, ʢʦʡʪʦ ʝ 

ʝʩʝʥʮʠʘʣʝʥ ʤʠʢʨʦʝʣʝʤʝʥʪ, ʚʣʠʟʘʱ ʚ ʩʲʩʪʘʚʘ ʥʘ ʚʠʪʘʤʠʥ ɺ12, ʥʦ ʩʲʱʦ ʠʟʚʝʩʪʝʥ ʢʘʪʦ 

ʟʘʤʲʨʩʠʪʝʣ ʥʘ ʦʢʦʣʥʘʪʘ ʩʨʝʜʘ ʩ ʭʠʧʦʢʩʠʯʥʦ ʜʝʡʩʪʚʠʝ ʚʲʨʭʫ ʞʠʚʠʪʝ ʦʨʛʘʥʠʟʤʠ. 

ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʃʘʡʜʠʛʦʚʠʪʝ ʢʣʝʪʢʠ ʚ ʪʝʩʪʠʩʠʪʝ ʠʤʘʪ ʢʣʶʯʦʚʘ ʨʦʣʷ ʚ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ 

ʞʝʣʷʟʦʪʦ, ʪʲʡ ʢʘʪʦ ʝʢʩʧʨʝʩʠʨʘʪ ʬʝʨʦʧʦʨʪʠʥ, ʭʝʧʩʠʜʠʥ, ʪʨʘʥʩʧʦʨʪʝʨ ʥʘ ʜʚʫʚʘʣʝʥʪʥʠ 

ʤʝʪʘʣʠ-1 ʠ ʪʨʘʥʩʬʝʨʠʥʦʚ ʨʝʮʝʧʪʦʨ-1. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠʷ ʥʘ ʭʨʦʥʠʯʥʦ 

ʚʲʟʜʝʡʩʪʚʠʝ ʩ ʢʦʙʘʣʪʦʚ ʜʠʭʣʦʨʠʜ (ʚ ʜʦʟʠ 75 ʠ 125 mg/kg) ʧʨʠ ʤʠʰʢʠ ʝ ʜʦʢʘʟʘʥʦ 

ʥʘʪʨʫʧʚʘʥʝ ʥʘ ʞʝʣʷʟʦ ʚ ʪʝʩʪʠʩʠʪʝ, ʩʚʲʨʟʘʥʦ ʩ ʧʦʷʚʘ ʥʘ ʬʝʨʦʧʦʨʪʠʥ ʠ ʭʝʧʩʠʜʠʥ ʚ 

ʩʝʤʝʥʥʠʪʝ ʢʘʥʘʣʯʝʪʘ, ʢʘʪʦ ʧʨʝʜʧʘʟʚʘʱ ʤʝʭʘʥʠʟʲʤ ʟʘ ʧʦʣʦʚʠʪʝ ʢʣʝʪʢʠ ʦʪ ʠʟʣʠʰʲʢʘ ʥʘ 

ʞʝʣʷʟʦ. ɿʘʛʫʙʘʪʘ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨ ʥʘ ʜʚʫʚʘʣʝʥʪʥʠ ʤʝʪʘʣʠ-1 ʚ ʫʜʲʣʞʝʥʠʪʝ ʩʧʝʨʤʘʪʠʜʠ ʙʠ 

ʤʦʛʣʦ ʜʘ ʦʙʷʩʥʠ ʪʷʭʥʦʪʦ ʦʪʧʘʜʘʥʝ ʦʪ ʩʝʤʝʥʥʠʷ ʝʧʠʪʝʣ ʠ ʧʦʥʠʞʝʥʘʪʘ ʧʨʦʜʫʢʮʠʷ ʥʘ 

ʩʧʝʨʤʘʪʦʟʦʠʜʠ. ɼʘʥʥʠʪʝ ʩʘ ʬʫʥʜʘʤʝʥʪʘʣʝʥ ʧʨʠʥʦʩ ʟʘ ʨʘʟʙʠʨʘʥʝ ʥʘ ʠʥʜʠʨʝʢʪʥʠʷ 

ʫʚʨʝʞʜʘʱ ʤʝʭʘʥʠʟʲʤ ʥʘ ʢʦʙʘʣʪʘ ʚʲʨʭʫ ʩʧʝʨʤʘʪʦʛʝʥʝʟʘʪʘ, ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʦʤʷʥʘ ʚ 

ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʞʝʣʷʟʦʪʦ. (ʈʲʢʦʚʦʜʠʪʝʣʠ ʥʘ ʢʦʣʝʢʪʠʚʘ: ʜʦʮ. ɽ. ʇʘʚʣʦʚʘ, ʜʦʮ. ʁ. 

ɻʣʫʭʯʝʚʘ ʠ ʯʣ.-ʢʦʨ. ʧʨʦʬ. ʅ. ɸʪʘʥʘʩʦʚʘ) 

 
ɽʢʩʧʨʝʩʠʷ ʥʘ ʬʝʨʦʧʦʨʪʠʥ ʚ ʪʝʩʪʠʩʠ ʦʪ ʤʠʰʢʠ ʥʘ ʚʲʟʨʘʩʪ 90 ʜʥʠ: ɸ ï ʢʦʥʪʨʦʣʘ; 

ɺʲʟʜʝʡʩʪʚʠʝ ʩ CoCl2 ʚ ʜʦʟʘ 75 mg/kg (ɺ) ʠ 125 mg/kg (ʉ). ʃʦʢʘʣʠʟʘʮʠʷ ʚ ʃʘʡʜʠʛʦʚʠʪʝ 

ʢʣʝʪʢʠ ï ʩʪʨʝʣʢʠ. ʇʦʷʚʘ ʚ ʩʝʤʝʥʥʠʪʝ ʢʘʥʘʣʯʝʪʘ ʦʢʦʣʦ ʧʦʣʦʚʠʪʝ ʢʣʝʪʢʠ ï ʛʣʘʚʠʯʢʠ ʥʘ 

ʩʪʨʝʣʢʠ. ʇʦ-ʩʠʣʥʘ ʝʢʩʧʨʝʩʠʷ ï ʚ ʢʘʥʘʣʯʝʪʘ, ʣʠʰʝʥʠ ʦʪ ʧʦʣʦʚʠ ʢʣʝʪʢʠ (ʟʚʝʟʜʘ), Ĭ 400 

 

ɺ ʨʘʤʢʠʪʝ ʥʘ ʥʘʫʯʥʦʠʟʩʣʝʜʦʚʘʪʝʣʩʢʘʪʘ ʤʨʝʞʘ NCD Risk Factor Collaboration (NCD-RisC) 

ʟʘ ʦʮʝʥʢʘ ʥʘ ʨʠʩʢʦʚʠʪʝ ʬʘʢʪʦʨʠ ʧʨʠ ʥʝʠʥʬʝʢʮʠʦʟʥʠ ʟʘʙʦʣʷʚʘʥʠʷ ʩʘ ʧʨʦʫʯʝʥʠ ʧʨʦʤʝʥʠʪʝ 

ʚ ʥʠʚʘʪʘ ʥʘ ʟʘʪʣʲʩʪʷʚʘʥʝ ʠ ʧʦʜʥʦʨʤʝʥʘʪʘ ʦʭʨʘʥʝʥʦʩʪ ʚ ʜʝʪʩʢʘ ʚʲʟʨʘʩʪ ʟʘ 1990 ï 2022 ʛ. 

ɸʥʘʣʠʟʠʨʘʥʠ ʩʘ ʜʘʥʥʠ ʟʘ ʠʥʜʝʢʩʘ ʥʘ ʪʝʣʝʩʥʘ ʤʘʩʘ ʥʘ ʜʝʮʘ, ʧʦʜʨʘʩʪʚʘʱʠ ʠ ʠʟʨʘʩʥʘʣʠ ʦʪ 

200 ʩʪʨʘʥʠ ʠ ʪʝʨʠʪʦʨʠʠ, ʩʨʝʜ ʢʦʠʪʦ ʠ ɹʲʣʛʘʨʠʷ. ʇʨʝʜʦʩʪʘʚʝʥʠʪʝ ʜʘʥʥʠ ʟʘ 4172 ʙʲʣʛʘʨʩʢʠ 

ʜʝʮʘ ʠ ʧʦʜʨʘʩʪʚʘʱʠ ʥʘ ʚʲʟʨʘʩʪ 5 ï 17 ʛʦʜʠʥʠ, ʠʟʩʣʝʜʚʘʥʠ ʧʨʝʟ 1990 ï 2005 ʛ., ʩʘ 

ʝʜʠʥʩʪʚʝʥʠʪʝ ʟʘ ɹʲʣʛʘʨʠʷ, ʢʦʠʪʦ ʚʢʣʶʯʚʘʪ ʜʘʥʥʠ ʟʘ 90-ʪʝ ʛʦʜʠʥʠ. ɺ ʩʚʝʪʦʚʝʥ ʤʘʱʘʙ 

ʥʠʚʘʪʘ ʥʘ ʟʘʪʣʲʩʪʷʚʘʥʝ ʩʨʝʜ ʜʝʮʘʪʘ ʠ ʧʦʜʨʘʩʪʚʘʱʠʪʝ ʥʘʨʘʩʪʚʘʪ ʯʝʪʠʨʠ ʧʲʪʠ ʟʘ 1990 ï 

2022 ʛ., ʘ ʧʨʠ ʠʟʨʘʩʥʘʣʠʪʝ ï ʧʦʚʝʯʝ ʦʪ ʜʚʘ ʧʲʪʠ, ʜʦʢʘʪʦ ʧʨʦʮʝʥʪʲʪ ʧʦʜʥʦʨʤʝʥʘ 

ʦʭʨʘʥʝʥʦʩʪ ʥʘʤʘʣʷʚʘ ʧʨʠ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ. ʊʝʥʜʝʥʮʠʠʪʝ ʚ ʙʲʣʛʘʨʩʢʘʪʘ 

ʧʦʧʫʣʘʮʠʷ ʩʘ ʧʦʜʦʙʥʠ ʥʘ ʩʚʝʪʦʚʥʠʪʝ, ʥʦ ʩʘ ʧʦ-ʩʣʘʙʦ ʠʟʨʘʟʝʥʠ. ʇʨʦʮʝʥʪʲʪ ʧʦʜʥʦʨʤʝʥʘ 
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ʦʭʨʘʥʝʥʦʩʪ ʦʩʪʘʚʘ ʥʝʧʨʦʤʝʥʝʥ ʧʨʠ ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʦʚʠ ʛʨʫʧʠ ʠ ʧʨʠ ʜʚʘʪʘ ʧʦʣʘ. 

ʅʘʨʘʩʪʚʘʥʝʪʦ ʧʨʠ ʧʨʦʮʝʥʪʘ ʟʘʪʣʲʩʪʷʚʘʥʝ ʝ ʤʝʞʜʫ 5,0 ʠ 13,0 ʧʨʦʮʝʥʪʥʠ ʧʫʥʢʪʘ ʧʨʠ 

ʠʟʨʘʩʥʘʣʠʪʝ ʠ ʤʝʞʜʫ 6,0 ʠ 10,0 ʧʨʦʮʝʥʪʥʠ ʧʫʥʢʪʘ ʧʨʠ ʜʝʮʘʪʘ ʠ ʧʦʜʨʘʩʪʚʘʱʠʪʝ, ʢʘʪʦ ʧʨʠ 

ʚʩʠʯʢʠ ʚʲʟʨʘʩʪʠ ʫʚʝʣʠʯʝʥʠʝʪʦ ʟʘʩʷʛʘ ʚ ʧʦ-ʛʦʣʷʤʘ ʩʪʝʧʝʥ ʤʲʞʢʠʷ ʧʦʣ. ʇʨʦʫʯʚʘʥʝʪʦ 

ʧʦʜʯʝʨʪʘʚʘ ʩʧʝʰʥʘʪʘ ʥʝʦʙʭʦʜʠʤʦʩʪ ʦʪ ʧʨʦʤʝʥʠ ʚ ʥʘʩʪʦʷʱʠʪʝ ʤʝʨʢʠ ʟʘ ʩʧʨʘʚʷʥʝ ʩ 

ʧʨʦʙʣʝʤʘ ʟʘʪʣʲʩʪʷʚʘʥʝ, ʢʘʢʪʦ ʠ ʚ ʧʦʣʠʪʠʢʠʪʝ, ʩʚʲʨʟʘʥʠ ʩ ʥʘʤʘʣʷʚʘʥʝ ʙʨʦʷ ʥʘ ʭʦʨʘʪʘ ʩ 

ʧʦʜʥʦʨʤʝʥʦ ʪʝʛʣʦ, ʦʩʦʙʝʥʦ ʚ ʥʘʡ-ʙʝʜʥʠʪʝ ʨʝʛʠʦʥʠ ʥʘ ʩʚʝʪʘ. (ʈʲʢʦʚʦʜʠʪʝʣʠ ʥʘ 

ʢʦʣʝʢʪʠʚʘ: ʛʣ. ʘʩ. ʗ. ɾʝʯʝʚʘ ʠ ʜʦʮ. ʀ. ʀʚʘʥʦʚʘ-ʇʘʥʜʫʨʩʢʘ) 

 

 
ʈʘʟʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʜʚʝʪʝ ʬʦʨʤʠ ʥʘ ʤʘʣʥʫʪʨʠʮʠʷ (ʦʙʱʦ ʧʦʜʥʦʨʤʝʥʘ ʦʭʨʘʥʝʥʦʩʪ ʠ 

ʟʘʪʣʲʩʪʷʚʘʥʝ) ʧʨʠ ʜʝʮʘ ʠ ʧʦʜʨʘʩʪʚʘʱʠ ʥʘ ʚʲʟʨʘʩʪ 5 ï 19 ʛʦʜʠʥʠ ʚ ʨʘʟʣʠʯʥʠʪʝ ʩʪʨʘʥʠ 

 

 

 
ʇʨʦʤʝʥʠ ʚ ʥʠʚʘʪʘ ʥʘ ʧʦʜʥʦʨʤʝʥʘʪʘ ʦʭʨʘʥʝʥʦʩʪ ʠ ʟʘʪʣʲʩʪʷʚʘʥʝʪʦ ʚ ɹʲʣʛʘʨʠʷ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʙʠʦʣʦʛʠʷ ʠ ʠʤʫʥʦʣʦʛʠʷ ʥʘ ʨʘʟʤʥʦʞʘʚʘʥʝʪʦ. Eʢʩʪʨʘʚʠʣʦʟʥʠʪʝ 

ʪʨʦʬʦʙʣʘʩʪʥʠ ʢʣʝʪʢʠ (Eɺʊ) ʠʥʚʘʟʠʨʘʪ ʚ ʤʘʡʯʠʥʘʪʘ ʝʥʜʦʤʝʪʨʠʘʣʥʘ ʪʲʢʘʥ ʧʦ ʚʨʝʤʝ ʥʘ 

ʠʤʧʣʘʥʪʘʮʠʷʪʘ ʧʨʠ ʞʝʥʘʪʘ, ʟʘ ʜʘ: 1) ʫʯʘʩʪʚʘʪ ʚ ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʠʤʫʥʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪ 

ʠ 2) ʜʘ ʨʝʤʦʜʝʣʠʨʘʪ ʤʘʡʯʠʥʠʪʝ ʢʨʲʚʦʥʦʩʥʠ ʩʲʜʦʚʝ ʩ ʦʛʣʝʜ ʘʜʝʢʚʘʪʝʥ ʢʨʲʚʝʥ ʧʦʪʦʢ ʢʲʤ 

ʤʷʩʪʦʪʦ ʥʘ ʠʤʧʣʘʥʪʘʮʠʷ/ʧʣʘʮʝʥʪʘʮʠʷ. ʊʷʭʥʘʪʘ ʠʥʚʘʟʠʷ ʝ ʧʦʜ ʩʪʨʦʛ ʢʦʥʪʨʦʣ ʦʪ 

ʤʘʡʯʠʥʠʪʝ ʠʤʫʥʥʠ ʢʣʝʪʢʠ ʯʨʝʟ ʨʘʟʧʦʟʥʘʚʘʥʝ ʥʘ HLA ʤʦʣʝʢʫʣʠʪʝ HLA-G ʠ HLA-C. Eɺʊ 

ʩʘ ʩ ʭʠʙʨʠʜʝʥ CK7+/Vim+ ʬʝʥʦʪʠʧ, ʪʲʡ ʢʘʪʦ ʧʨʝʪʲʨʧʷʚʘʪ ʥʝʧʲʣʥʘ ʠ ʦʙʨʘʪʠʤʘ ʝʧʠʪʝʣʥʦ-
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ʤʝʟʝʥʭʠʤʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʠ ʠʤʘʪ ʩʧʝʮʠʬʠʯʝʥ HLA ʧʨʦʬʠʣ ï HLA-G+/HLA-C+. ʅʠʝ 

ʜʦʢʘʟʘʭʤʝ, ʯʝ ɽɺʊ ʧʨʦʜʫʮʠʨʘʪ ʝʢʟʦʟʦʤʠ, ʥʦʩʝʱʠ HLA-G ʠ HLA-C ʤʦʣʝʢʫʣʠʪʝ. 

ɽʢʟʦʟʦʤʠʪʝ ʩʘ ʠʟʚʲʥʢʣʝʪʲʯʥʠ ʥʘʥʦʚʝʟʠʢʫʣʠ ʦʪ ʝʥʜʦʟʦʤʘʣʝʥ ʧʨʦʠʟʭʦʜ, ʩʲʜʲʨʞʘʱʠ 

ʨʘʟʣʠʯʥʠ ʩʠʛʥʘʣʥʠ ʤʦʣʝʢʫʣʠ ʠ ʫʯʘʩʪʚʘʱʠ ʚ ʤʝʞʜʫʢʣʝʪʲʯʥʘʪʘ ʢʦʤʫʥʠʢʘʮʠʷ. ʇʦʣʫʯʠʭʤʝ 

Eɺʊ ʯʨʝʟ ʜʠʬʝʨʝʥʮʠʨʘʥʝ ʥʘ ʧʲʨʚʠʯʥʠ ʮʠʪʦʪʨʦʬʦʙʣʘʩʪʥʠ ʢʣʝʪʢʠ, ʠʟʦʣʠʨʘʥʠ ʦʪ ʭʦʨʠʦʥ 

ʥʘ ʙʨʝʤʝʥʥʠ ʞʝʥʠ ʚ 1-ʚʠ ʪʨʠʤʝʩʪʲʨ. ʇʘʨʘʣʝʣʥʦ ʠʟʧʦʣʟʚʘʭʤʝ ʠ ʥʦʨʤʘʣʥʘ (ʥʝʪʫʤʦʨʥʘ) 

ʪʨʦʬʦʙʣʘʩʪʥʘ EVT ʧʦʜʦʙʥʘ ʠʤʦʨʪʘʣʠʟʠʨʘʥʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ Sw71. ʆʪ ʧʲʨʚʠʯʥʠʪʝ EVT 

ʠ ʦʪ Sw71 EVT ʧʦʜʦʙʥʘʪʘ ʣʠʥʠʷ ʢʦʥʩʪʨʫʠʨʘʭʤʝ ʠ ʙʣʘʩʪʦʮʠʩʪʧʦʜʦʙʥʠ ʩʫʨʦʛʘʪʠ 

(ʩʬʝʨʦʠʜʠ) ʩ ʤʦʨʬʦʣʦʛʠʷ, ʨʘʟʤʝʨʠ ʠ ʬʫʥʢʮʠʷ, ʧʦʜʦʙʥʠ ʥʘ ʧʝʨʠʠʤʧʣʘʥʪʘʮʠʦʥʝʥ 

ʯʦʚʝʰʢʠ ʝʤʙʨʠʦʥ ʚ ʩʪʘʜʠʡ ʙʣʘʩʪʦʮʠʩʪ. ɼʦʢʘʟʘʭʤʝ, ʯʝ ʩʲʱʠʪʝ ʧʨʦʜʫʮʠʨʘʪ ʝʢʟʦʟʦʤʠ ʩ 

ʨʘʟʤʝʨʠ 30 ï 100 nm (DLS, TEM), ʧʦʟʠʪʠʚʥʠ ʟʘ ʢʣʘʩʠʯʝʩʢʠʷ ʝʢʟʦʟʦʤʝʥ ʤʘʨʢʝʨ CD63 ʠ 

ʥʦʩʝʱʠ HLA ʤʦʣʝʢʫʣʠʪʝ HLA-G- ʠ HLA-C (IEM, ʠʤʫʥʦʙʣʦʪʠʥʛ, ELISA ʠ FACS. ʊʝʟʠ 

ʨʝʟʫʣʪʘʪʠ ʩʘ ʦʨʠʛʠʥʘʣʥʠ ʠ ʚʘʞʥʠ, ʟʘʱʦʪʦ ʧʦʢʘʟʚʘʪ ʚʲʟʤʦʞʥʦʩʪʪʘ ʟʘ ʙʘʟʠʨʘʥʘ ʥʘ 

ʝʢʟʦʟʦʤʠ ʜʠʩʪʘʥʮʠʦʥʥʘ ʢʦʤʫʥʠʢʘʮʠʷ ʤʝʞʜʫ ʤʘʡʯʠʥʠʪʝ ʠʤʫʥʥʠ ʢʣʝʪʢʠ ʠ Eɺʊ ʩ ʦʛʣʝʜ 

ʫʩʪʘʥʦʚʷʚʘʥʝ ʥʘ ʠʤʫʥʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʠ ʫʩʧʝʰʥʘ ʠʤʧʣʘʥʪʘʮʠʷ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ 

ʢʦʣʝʢʪʠʚʘ: ʜʦʮ. ʊ. ɼʠʤʦʚʘ) 

 

ʀʟʦʣʠʨʘʥʝ ʥʘ ʪʨʦʬʦʙʣʘʩʪʥʠ ʢʣʝʪʢʠ ʦʪ ʭʦʨʠʦʥ ʦʪ ʞʝʥʠ ʚ ʨʘʥʥʘ ʙʨʝʤʝʥʥʦʩʪ, 

ʧʦʣʫʯʘʚʘʥʝ ʥʘ EVT ʠ ʬʦʨʤʠʨʘʥʝ ʥʘ 3D ʙʣʘʩʪʦʮʠʩʪʧʦʜʦʙʥʠ ʩʪʨʫʢʪʫʨʠ (ʚ ʧʘʨʘʣʝʣ ʩ EVT 

ʧʦʜʦʙʥʘʪʘ ʢʣʝʪʲʯʥʘ ʣʠʥʠʷ Sw71); B. ɼʦʢʘʟʚʘʥʝ ʥʘ EVT ʬʝʥʦʪʠʧ ï ʝʜʥʦʚʨʝʤʝʥʥʘ 

ʝʢʩʧʨʝʩʠʷ ʥʘ CK7/Vim/HLA-G/HLA-C; C. ʉʭʝʤʘ ʥʘ ʤʘʡʯʠʥʦ-ʬʝʪʘʣʥʘʪʘ ʧʦʚʲʨʭʥʦʩʪ ʧʦ 

ʚʨʝʤʝ ʥʘ ʠʤʧʣʘʥʪʘʮʠʷʪʘ ʧʨʠ ʞʝʥʘʪʘ ʠ ʠʥʚʘʟʠʨʘʱʠʪʝ EVT, ʢʦʠʪʦ ʦʪʜʝʣʷʪ ʝʢʟʦʟʦʤʠ ʩ 

ʨʘʟʤʝʨʠ 30 ï 100 nm (TEM) ʚ ʦʪʥʦʩʠʪʝʣʥʦ ʭʦʤʦʛʝʥʥʘ ʬʨʘʢʮʠʷ (DLS, D). ɽʢʟʦʟʦʤʠʪʝ ʩʘ 

ʧʦʟʠʪʠʚʥʠ ʟʘ CD63 ʠ ʥʦʩʷʪ HLA-G HLA-C ʤʦʣʝʢʫʣʠʪʝ (D), ʫʯʘʩʪʚʘʱʠ ʚ 

ʫʩʪʘʥʦʚʷʚʘʥʝʪʦ ʥʘ ʠʤʫʥʥʘ ʪʦʣʝʨʘʥʪʥʦʩʪ ʤʘʡʢʘ ï ʝʤʙʨʠʦʥ 

ʈʘʟʨʘʙʦʪʚʘʥʝ ʠ ʚʘʣʠʜʠʨʘʥʝ ʚ ʧʨʘʢʪʠʢʘʪʘ ʥʘ ʥʦʚʘ ʘʩʝʧʪʠʯʥʘ ʪʝʭʥʦʣʦʛʠʷ ʟʘ 

ʩʚʨʲʭʙʲʨʟʦ ʟʘʤʨʘʟʷʚʘʥʝ (ʚʠʪʨʠʬʠʢʘʮʠʷ) ʥʘ ʯʦʚʝʰʢʠ ʧʨʝʜʠʤʧʣʘʥʪʘʮʠʦʥʥʠ ʝʤʙʨʠʦʥʠ. 

ʄʝʪʦʜʲʪ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʟʧʦʣʟʚʘʥʝʪʦ ʥʘ ʤʝʞʜʠʥʝʥ ʭʣʘʜʦʥʦʩʠʪʝʣ (ʘʣʫʤʠʥʠʝʚ ʦʢʠʩ), 

ʦʭʣʘʜʝʥ ʜʦ ï196 ʉ̄. ɽʤʙʨʠʦʥʠʪʝ ʩʝ ʟʘʤʨʘʟʷʚʘʪ ʚ ʘʣʫʤʠʥʠʝʚʠʷ ʦʢʠʩ, ʩʣʝʜ ʢʦʝʪʦ ʩʝ 

ʧʨʝʭʚʲʨʣʷʪ ʟʘ ʜʲʣʛʦʪʨʘʡʥʦ ʩʲʭʨʘʥʝʥʠʝ ʚ ʪʝʯʝʥ ʘʟʦʪ. ʊʦʚʘ ʧʦʟʚʦʣʷʚʘ ʜʘ ʩʝ ʠʟʙʝʛʥʝ 

Ăʢʠʧʝʥʝʪʦ ʥʘ ʘʟʦʪʘñ (ʝʬʝʢʪ ʥʘ ʃʝʡʜʝʥʬʨʦʩʪ), ʢʦʝʪʦ ʝ ʦʩʥʦʚʥʘ ʧʨʝʯʢʘ ʟʘ ʫʚʝʣʠʯʘʚʘʥʝ 

ʩʢʦʨʦʩʪʪʘ ʥʘ ʦʭʣʘʞʜʘʥʝ. ɺ ʩʝʨʠʷ ʧʨʝʜʚʘʨʠʪʝʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪʠ ʝ ʧʦʢʘʟʘʥʦ, ʯʝ ʤʝʪʦʜʲʪ ʝ 
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ʝʬʝʢʪʠʚʝʥ ʠ ʝ ʧʨʠʩʪʲʧʝʥʦ ʢʲʤ ʚʥʝʜʨʷʚʘʥʝʪʦ ʤʫ ʚ ʢʣʠʥʠʯʥʘʪʘ ʧʨʘʢʪʠʢʘ. ʉʣʝʜ 

ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ ʥʘ ʝʤʙʨʠʦʥʠ, ʩʣʝʜ ʨʘʟʤʨʘʟʷʚʘʥʝʪʦ ʠʤ ʪʝ ʩʘ ʪʨʘʥʩʬʝʨʠʨʘʥʠ ʥʘ 6 ʞʝʥʠ 

ʥʘ ʩʪʘʜʠʡ ʙʣʘʩʪʦʮʠʩʪ. ʆʪʯʝʪʝʥʠ ʩʘ 3 ʢʣʠʥʠʯʥʠ ʙʨʝʤʝʥʥʦʩʪʠ (50 %) ʠ ʩʘ ʨʦʜʝʥʠ 3 ʟʜʨʘʚʠ 

ʜʝʮʘ. (ʈʲʢʦʚʦʜʠʪʝʣ ʥʘ ʢʦʣʝʢʪʠʚʘ: ʧʨʦʬ. ʇ. ʊʦʜʦʨʦʚ) 

 
ɿʘʤʨʘʟʷʚʘʥʝ ʩ ʠʟʧʦʣʟʚʘʥʝ ʥʘ ʘʣʫʤʠʥʠʝʚ ʦʢʠʩ (Al2O3) ʢʘʪʦ ʤʝʞʜʠʥʝʥ ʭʣʘʜʦʥʦʩʠʪʝʣ:  

(ɸ) ʉʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʷʥʝ ʥʘ ʧʨʦʮʝʜʫʨʘʪʘ, (ɺ) ʀʟʤʝʨʚʘʥʝ ʪʝʤʧʝʨʘʪʫʨʘʪʘ ʥʘ 

ʘʣʫʤʠʥʠʝʚʠʷ ʦʢʠʩ, (ʉ) ʇʨʝʜʠʤʧʣʘʥʪʘʮʠʦʥʥʠ ʝʤʙʨʠʦʥʠ (ʜʝʥ 3.) ʧʨʝʜʠ ʢʨʠʦʢʦʥʩʝʨʚʘʮʠʷ, 

(D) ɹʣʘʩʪʦʮʠʩʪʠ, ʨʘʟʚʠʣʠ ʩʝ ʦʪ ʩʲʱʠʪʝ ʝʤʙʨʠʦʥʠ ʩʣʝʜ ʨʘʟʤʨʘʟʷʚʘʥʝ 

 

 

3.2.5. ʅʘʧʨʘʚʣʝʥʠʝ Ăɹʠʦʨʘʟʥʦʦʙʨʘʟʠʝ, ʙʠʦʨʝʩʫʨʩʠ ʠ ʝʢʦʣʦʛʠʷñ 

 

ʀʥʩʪʠʪʫʪ ʧʦ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʝ ʠ ʝʢʦʩʠʩʪʝʤʥʠ ʠʟʩʣʝʜʚʘʥʠʷ. ɺ ʨʝʟʫʣʪʘʪ ʥʘ 

ʪʘʢʩʦʥʦʤʠʯʥʠ, ʤʦʨʬʦʣʦʛʠʯʥʠ, ʬʠʣʦʛʝʥʝʪʠʯʥʠ ʠ ʬʠʣʦʛʝʦʛʨʘʬʩʢʠ ʠʟʩʣʝʜʚʘʥʠʷ ʩʘ 

ʦʪʢʨʠʪʠ ʠ ʦʧʠʩʘʥʠ ʥʦʚʠ ʟʘ ʥʘʫʢʘʪʘ ʪʘʢʩʦʥʠ: 6 ʚʠʜʘ ʛʲʙʠ ʠ 20 ʚʠʜʘ ʞʠʚʦʪʥʠ, ʦʪ ʢʦʠʪʦ 9 

ʚʠʜʘ ʧʘʷʮʠ, 5 ʚʠʜʘ ʧʦʯʚʝʥʠ ʥʝʤʘʪʦʜʠ, 3 ʚʠʜʘ ʩʫʭʦʟʝʤʥʠ ʦʭʣʶʚʠ, 1 ʚʠʜ ʤʥʦʛʦʥʦʞʢʘ, 1 

ʚʠʜ ʮʠʧʦʢʨʠʣʦ ʥʘʩʝʢʦʤʦ ʠ 1 ʚʠʜ ʮʝʩʪʦʜ ʧʦ ʧʪʠʮʠ. ʆʧʠʩʘʥʠ ʩʘ ʥʦʚʠ ʟʘ ʥʘʫʢʘʪʘ 

ʩʠʥʪʘʢʩʦʥʠ: 1 ʩʲʶʟ ʠ 7 ʘʩʦʮʠʘʮʠʠ. ʆʧʠʩʘʥʠ ʩʘ 11 ʥʦʚʠ ʟʘ ʥʘʫʢʘʪʘ ʧʘʨʘʟʠʪʦʠʜʥʠ 

ʢʦʤʧʣʝʢʩʘ ʚʲʨʭʫ ʮʠʧʦʢʨʠʣʠ ʥʘʩʝʢʦʤʠ. ʋʩʪʘʥʦʚʝʥʦ ʝ, ʯʝ ʟʘʩʪʨʘʰʝʥʠʷʪ ʚʠʜ ʦʚʘʣʥʘ ʨʝʯʥʘ 

ʤʠʜʘ (Unio crassus) ʝ ʢʦʤʧʣʝʢʩ ʦʪ ʚʠʜʦʚʝ, ʢʘʪʦ ʢʲʤ ʧʨʠʟʥʘʪʠʪʝ ʧʦ-ʨʘʥʦ 7 ʚʠʜʘ ʩʘ 

ʜʦʙʘʚʝʥʠ 5 ʚʲʟʩʪʘʥʦʚʝʥʠ ʪʘʢʩʦʥʘ. ʊʨʠ ʦʪ ʚʠʜʦʚʝʪʝ ʩʝ ʩʲʦʙʱʘʚʘʪ ʠ ʟʘ ɹʲʣʛʘʨʠʷ. ʆʪʢʨʠʪʠ 

ʩʘ ʥʦʚʠ ʟʘ ɹʲʣʛʘʨʠʷ: 6 ʚʠʜʘ ʤʲʭʦʚʝ, 3 ʚʠʜʘ ʩʝʤʝʥʥʠ ʨʘʩʪʝʥʠʷ, 1 ʨʦʜ ʠ 11 ʚʠʜʘ ʛʲʙʠ, 4 

ʚʠʜʘ ʙʨʲʤʙʘʨʠ ʠ 5 ʚʠʜʘ ʮʠʧʦʢʨʠʣʠ ʥʘʩʝʢʦʤʠ. ɿʘ ʧʲʨʚʠ ʧʲʪ ʟʘ ʪʝʨʠʪʦʨʠʷʪʘ ʥʘ ʩʪʨʘʥʘʪʘ ʝ 

ʫʩʪʘʥʦʚʝʥʦ ʨʘʟʧʨʦʩʪʨʘʥʝʥʠʝʪʦ ʥʘ 13 ʨʘʩʪʠʪʝʣʥʠ ʘʩʦʮʠʘʮʠʠ. ʀʟʛʦʪʚʝʥ ʝ ʢʠʙʝʨʢʘʪʘʣʦʛ ʥʘ 

ʧʦʯʚʝʥʠʪʝ ʥʝʤʘʪʦʜʠ ʦʪ ʨʦʜ Enchodelus, ʧʨʝʜʩʪʘʚʷʱ ʮʷʣʘʪʘ ʥʘʣʠʯʥʘ ʪʘʢʩʦʥʦʤʠʯʥʘ, 

ʬʘʫʥʠʩʪʠʯʥʘ, ʝʢʦʣʦʛʠʯʥʘ ʠ ʛʝʥʝʪʠʯʥʘ ʠʥʬʦʨʤʘʮʠʷ ʟʘ ʚʠʜʦʚʝʪʝ ʯʨʝʟ ʠʥʦʚʘʪʠʚʝʥ ʧʦʜʭʦʜ. 

ʈʘʟʨʘʙʦʪʝʥʘ ʝ ʥʦʚʘ ʩʠʩʪʝʤʘ ʥʘ ʙʘʟʠʜʠʘʣʥʠʪʝ ʛʲʙʠ, ʩʧʦʨʝʜ ʢʦʷʪʦ ʦʪʜʝʣ Basidiomycota 

ʚʢʣʶʯʚʘ ʯʝʪʠʨʠ ʧʦʜʦʪʜʝʣʘ, 20 ʢʣʘʩʘ, 77 ʨʘʟʨʝʜʘ, 297 ʩʝʤʝʡʩʪʚʘ ʠ 2134 ʨʦʜʘ. ʈʘʟʨʘʙʦʪʝʥʘ 

ʝ ʩʲʚʨʝʤʝʥʥʘʪʘ ʢʣʘʩʠʬʠʢʘʮʠʦʥʥʘ ʩʠʩʪʝʤʘ ʥʘ ʛʲʙʠʪʝ, ʛʲʙʦʧʦʜʦʙʥʠʪʝ ʦʨʛʘʥʠʟʤʠ ʠ 

ʛʲʙʥʠʪʝ ʘʥʘʣʦʟʠ. ʉʧʦʨʝʜ ʥʝʷ ʮʘʨʩʪʚʦ ɻʲʙʠ ʚʢʣʶʯʚʘ 19 ʦʪʜʝʣʘ, 83 ʢʣʘʩʘ, 1220 ʩʝʤʝʡʩʪʚʘ, 


