
ȭɱɚɖɚɗɚɲɐəɌ ɡɱɘɱɫ ɐɗɫ ɱəəɚɎɌɢɱɕəɔɡ ɞɑɡəɚɗɚɏɱɕ 

ɞɌ əɚɎɱɞəɱɡ ɘɌɞɑɜɱɌɗɱɎ 

ɺ.ɸ.ʇʨʦʢʦʧʝʥʢʦ 
˱˹˿́ˮ́̂́ ˣ˱˻˴˻˶˻˲˨˹˻˲ ̆˱˸˱˲ ͜Φͣ ̅Φ˨Φ˻ˤ̉ˢ˾˩˹˴ˢ ˹ˢ˹ ̂˴˾ˢ˲˹ˮ  

ȰɚɛɚɎɱɐɨ ɛɜɔɝɎɫɣɑəɌ 163 ɜɱɣəɔɢɱ ɓ ɐəɫ əɌɜɚɐɒɑəəɫ  

ȮɚɗɚɐɔɘɔɜɌ ȣɎɌəɚɎɔɣɌ ȮɑɜəɌɐɝɨɖɚɏɚ   
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ȮȣȰ ȾȱȺȼȱȾȴɃȹȺȯȺ ȻȱȼȱȰȭȬɃȱȹȹɋ ȻȼȺ ȮȳȬȡȸȺȰȣɊ ȲȴȮȺȯȺ ȾȬ ȹȱȲȴȮȺȯȺ  

ȰȺ ȮȣȰȶȼȴȾȾɋ ȹȬȿȶȺȮȺ ȺȭȯȼȿȹȾȺȮȬȹȺȯȺ ɋȮȴɅȬ 

ˤ͙͒͊ͤͤΎ мфнс ͪͦͯ͟ ͨͪ͊ͼ͜ ˤΦ˱Φˤ͔ͪͤ͊͒ͫΈ͎ͦͦ͟ 
ζx ͦͫ͜ͺ͔ͪ͊η 



Å ʥʘʷʚʥʽʩʪʴ ʷʢ ʜʠʩʧʝʨʩʥʦʾ ʬʘʟʠ ʢʣʽʪʠʥ  ̔ʙʽʦʧʦʣʽʤʝʨʽʚ ʪʘ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʦʛʦ  ̔ʩʢʣʘʜʥʦʛʦ ʟʘ ʚʤʽʩʪʦʤ ʝʣʝʢʪʨʦʣʽʪʫ 

 ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ (ʥʘʧʨʠʢʣʘʜ, ʧʣʘʟʤʘ ʢʨʦʚʽ ʪʘ ̔ ʥʰʽ); 

Å ʥʘʷʚʥʽʩʪʴ ʨʝʘʢʮʽʾ ʞʠʚʠʭ ʢʣʽʪʠʥ ʪʘ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ ʥʘ ʟʤʽʥʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ï 

ʜʠʩʧʝʨʩʽʡʥʦʛʦ ï ʩʝʨʝʜʦʚʠʱʘ, ʷʢʘ ʚʠʢʣʠʢʘʻ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʥʦʚʫ ʟʤʽʥʫ ʦʩʪʘʥʥʴʦʛʦ ʟʘ 

ʩʢʣʘʜʦʤ ʪʘ ʩʪʨʫʢʪʫʨʦʶ ʧʨʠʧʦʚʝʨʭʥʝʚʠʭ ʫʪʚʦʨʝʥʴ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʙʫʜʦʚʫ  ̔

ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʦʾ ʙʽʦʢʦʣʦʾʜʥʦʾ ʩʠʩʪʝʤʠ ʚ ʮʽʣʦʤʫ. 
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ɸʊʌ-

ʘʟʘ 

ɼʠʭʘʣʴʥʠʡ 

ʣʘʥʮʶʛ 

Å ʩʢʣʘʜʥʘ, ʢʦʤʧʣʝʢʩʥʘ ʧʨʠʨʦʜʘ (ʙʽʣʢʠ, ʣʽʧʽʜʠ ʪʦʱʦ) 

ʟʦʚʥʽʰʥʴʦʾ ʦʙʦʣʦʥʢʠ ʙʽʦʣʦʛʽʯʥʠʭ ʢʣʽʪʠʥ ʽ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʥʝʶ (ʦʙʦʣʦʥʢʦʶ) ʢʦʥʪʘʢʪʫʶʪʴ ʦʜʠʥ 

ʟ ʦʜʥʠʤ ʪʘ/ʘʙʦ ʟ ʤʽʥʝʨʘʣʴʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʯʝʨʝʟ 

ʚʽʜʧʦʚʽʜʥʽ ʧʨʠʧʦʚʝʨʭʥʝʚʽ ʩʪʨʫʢʪʫʨʠ ʽ ʜʠʩʧʝʨʩʽʡʥʝ 

ʩʝʨʝʜʦʚʠʱʝ; 

Å ʙʝʟʧʝʨʝʨʚʥʘ ʟʤʽʥʘ ʩʢʣʘʜʫ ʜʠʩʧʝʨʩʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ  çʞʠʚʠʭè ʜʠʩʧʝʨʩʥʠʭ ʬʘʟ - ʢʣʽʪʠʥ ʽ ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ.  



ʆʉʅʆɺʅɯ ʇʈʆʎɽʉʀ ɺɿɸɭʄʆɼɯɰ ɾʀɺʀʍ ɹɯʆʃʆɻɯʏʅʀʍ ʆɹóɭʂʊɯɺ  

ɿ ɼʀʉʇɽʈʉʅʀʄʀ ʄɯʅɽʈɸʃʔʅʀʄʀ ʉʀʉʊɽʄɸʄʀ 

˨͙ͺ͚͙͚ͯͤ͘͜ ͭ ͪ͊ͤͫͨͦͪͭ 
́͊ ͎͔͔͎ͭͪͦͦ͊ͯ͟͡Ύͼ͜Ύ 

ˢ͎͔͒͘͜Ύ ͤ ͊ ͟͡ ͙͚ͭͤͤ͜͜ 
          ͣ ͔ͣ͋ͪ͊ͤ͜ 

˽͙͔ͪͦͤͤͤͤ͟Ύ ͍  ͔͔͙ͫͪ͒ͤͯ 
͙͙ͭͤ͟͜͡ ζʕ ͍͋ͯ͒ͦ͊η ͯ ͙ͭͤͤ͟͜͜͡  

           ͫ ͙ͭͪͯͭͯͪ͟ 
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ɹɯʆʂʆʃʆɰɼʅɯ 

ʇʈʆʎɽʉʀ 

 

ɹʽʦʛʝʦʭʽʤʽʷ 

ȶɚɗɚɲɐəɱ ɍɱɚɞɑɡəɚɗɚɏɱɲ 

ɹʽʦʟʙʘʛʘʯʝʥʥʷ 

ʤʝʪʘʣʽʚ 

ɹʽʦʚʠʣʫʯʝʥʥʷ 

ʨʘʜʽʦʥʫʢʣʽʜʽʚ 

ɹʽʦʢʦʣʦʾʜʥʘ 

ʝʢʦʣʦʛʽʷ 

ɺʽʜʥʦʚʣʝʥʥʷ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ 

ʈʝʤʝʜʽʘʮʽʷ ʛʨʫʥʪʽʚ 

ʅʘʥʦʬʘʨʤʘʮʽʷ 

ʅʘʥʦʚʝʪʝʨʠʥʘʨʽʷ 

ɹʽʦʬʦʨʤʫʚʘʥʥʷ, 

ʙʽʦʩʠʥʪʝʟ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʠʭ 

(ʚ ʪ.ʯ. ʥʘʥʦʨʦʟʤʽʨʥʠʭ) 

ʤʝʪʘʣʽʚ ʪʘ/ʘʙʦ ʾʭ ʩʧʦʣʫʢ 
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ʅʘʥʦʯʘʩʪʠʥʢʠ 
ʤʝʪʘʣʽʚ: 

Au, Ag, Fe, Bi, Cu 

ɺɿɸɭʄʆɼɯʗ ɿ 

ɹɯʆʃʆɻɯʏʅʀʄʀ 

ʂʃɯʊʀʅɸʄʀ 

ʅɸʅʆʌɸʈʄɸʂʆʃʆɻɯʗ 

ʈʦʟʨʦʙʢʘ 
ʧʨʦʪʠʘʥʝʤʽʯʥʠʭ 
ʥʘʥʦʧʨʝʧʘʨʘʪʽʚ 

ʈʦʟʨʦʙʢʘ 
ʥʘʥʦʢʦʥʩʪʨʫʢʮʽʡ ʟ  
ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ 
ʜʣʷ ʮʽʣʴʦʚʦʾ ʜʦʩʪʘʚʢʠ 
ʢʘʨʜʽʦʪʨʦʧʥʠʭ ʪʘ 
ʘʥʪʠʘʧʦʧʪʦʟʥʳʭ 
ʧʨʝʧʘʨʘʪʽʚ 

ʈʦʟʨʦʙʢʘ 
ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ 
ʤʝʪʘʣʦʚʤʽʩʥʠʭ 
ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ 
ʧʨʝʧʘʨʘʪʽʚ 

(ʧʨʦʙʽʦʪʠʢʽʚ, ʚʘʢʮʠʥ) 

ʇʘʩʧʦʨʪʠʟʘʮʽʷ 

ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ ʟʛʽʜʥʦ ʥʦʨʤ 

ɭʉ 

ʈʦʟʨʦʙʢʘ ʪʝʭʥʦʣʦʛʽʡ 
ʚʚʝʜʝʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ 

ʤʝʪʘʣʽʚ ʫ 
ʬʘʨʤʘʮʝʚʪʠʯʥʽ 
ʧʨʝʧʘʨʘʪʠ 

ʈʦʟʨʦʙʢʘ 
ʘʥʪʠʤʽʢʨʦʙʥʠʭ  
ʣʽʢʘʨʩʴʢʠʭ 

ʥʘʥʦʧʨʝʧʘʨʘʪʽʚ ʥʘ 
ʦʩʥʦʚʽ ʥʘʥʦʯʘʩʪʠʥʦʢ 
ʤʝʪʘʣʽʚ ʜʣʷ ʣʽʢʫʚʘʥʥʷ  
ʪʫʙʝʨʢʫʣʴʦʟʫ, ʩʝʧʩʠʩʫ, 
ʥʦʟʦʢʦʤʽʘʣʴʥʠʭ 
ʽʥʬʝʢʮʽʡ 

ʈʦʟʨʦʙʢʘ ʟʘʩʦʙʽʚ 
ʮʽʣʴʦʚʦʾ ʪʝʨʘʧʽʾ 
ʦʥʢʦʣʦʛʽʯʥʠʭ 
ʟʘʭʚʦʨʶʚʘʥʴ  ʟ 
ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ 

ʈʦʟʨʦʙʢʘ 
ʥʘʥʦʥʫʪʨʠʮʝʚʪʠʢʽʚ 
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ʆʜʝʨʞʫʚʘʥʽ ʚʦʜʥʽ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ 

 

30 ʥʤ AgNP   

40 ʥʤ ʉuNP   

30 ʥʤ AuNP   
  

40 ʥʤ Fe0 NP 

ɹʽʦʙʝʟʧʝʯʥʽ 
ʥʘʥʦʯʘʩʪʠʥʢʠ 
ʤʝʪʘʣʽʚ 

ɺʃɸʉʊʀɺʆʉʊɯ ʆɼɽʈɾʋɺɸʅʀʍ ɿʆʃɽʁ: 

- ɺʆɼʅɸ ɸɹʆ ʆʈɻɸʅɯʏʅɸ ɼʀʉʇɽʈʉɯʗ; 

- ʆɼʅʆʈɯɼʅɯʉʊʔ ɿɸ ʈʆɿʄɯʈʆʄ; 

- ʉʊɸɹɯʃʔʅɯʉʊʔ ʉʋɹʉʊɸʅʎɯɰ ʅɸʅʆʏɸʉʊʀʅʆʂ ʋ   

  ʏɸʉɯ; 

- ʉʊɽʈʀʃʔʅɯʉʊʔ ʆʊʈʀʄɸʅʀʍ ɼʀʉʇɽʈʉɯʁ 

- ɺɯɼʉʋʊʅɯʉʊʔ ʇʆʊʈɽɹʀ ʋ ʂʆʐʊʆɺʅʆʄʋ    

  ʆɹʃɸɼʅɸʅʅɯ 

- ʅʀɿʔʂɸ ʉʆɹɯɺɸʈʊɯʉʊʔ (100 ʄʃ 36,8 ʤʢʛ/ʤʣ ʧʦ Au ~    

  120 ɻʈʅ) 

50-70 ʥʤ SeNP 

8 

40 ʥʤ BiNP 



 ʅʘʥʦʙʽʦʪʝʭʥʦʣʦʛʽʾ ʬʦʨʤʫʚʘʥʥʷ ʥʘʥʦ- ʽ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ ʤʝʪʘʣʽʚ  

ʄʦʥʦʢʨʠʩʪʘʣʠ ʟʦʣʦʪʘ ʽ PtCl2  ʟ ʘʪʦʤʥʦ ʛʣʘʜʢʦʶ ʪʘ ʦʧʪʠʯʥʦ ʧʨʦʟʦʨʦʶ ʧʦʚʝʨʭʥʝʶ  

ʪʦʚʱʠʥʦʶ ʜʦ 41 ʥʤ,  ʦʜʝʨʞʘʥʽ ʚ ʨʦʟʯʠʥʘʭ ʝʢʟʦʧʦʣʽʩʘʭʘʨʠʜʽʚ ʢʣʽʪʠʥ   

 

40 ʤʢʤ 

Au PtCl2 Au 

ɯʥʩʪʠʪʫʪ ʙʽʦʢʦʣʦʾʜʥʦʾ ʭʽʤʽʾ ʽʤ. ʌ.ɼ. ʆʚʯʘʨʝʥʢʘ ʅɸʅ ʋʢʨʘʾʥʠ 

ɿʘʩʪʦʩʫʚʘʥʥʷ: - ʧʣʽʚʢʠ ʟʦʣʦʪʘ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʦʣʝʢʫʣʷʨʥʦʾ ʚʧʦʨʷʜʢʦʚʘʥʦʩʪʽ  

                             ʜʣʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʢʠ; 

                           - ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʽʤʫʥʦʙʽʦʭʽʤʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʣʘʟʤʦʥʥʦʛʦ ʨʝʟʦʥʘʥʩʫ; 

                           - ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʽ ʧʣʽʚʢʠ ʟʦʣʦʪʘ ʧʝʚʥʦʾ ʦʨʽʻʥʪʘʮʽʾ ʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʠʣʘʜʦʙʫʜʫʚʘʥʥʽ; 

                           - ʷʢ ʦʩʥʦʚʘ ʢʘʪʘʣʽʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

40,5ʥʤ  
41ʥʤ ʊʦʚʱʠʥʠ ʧʣʘʩʢʠʭ ʤʽʢʨʦʢʨʠʩʪʘʣʽʚ 

ʟʘ ʜʘʥʠʤʠ ʩʢʘʥʫʶʯʦʾ ʩʠʣʦʚʦʾ ʤʽʢʨʦʩʢʦʧʽʾ 
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Ag0 

Ag0 Au0 

Au0 

Au0 

Au0 

 
ʆʜʝʨʞʫʚʘʥʽ ʜʠʩʧʝʨʩʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ ʪʘ ʟʦʣʦʪʘ 
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ʅʘʥʦʯʘʩʪʠʥʢʠ ʤʝʪʘʣʽʚ ʪʘ ʾʭ  ʢʦʥôʶʛʘʪʠ ʟ ̔ʟʦʥʽʘʟʠʜʦʤ ï ʘʢʪʠʚʥʽ 

ʩʫʙʩʪʘʥʮʽʾ ʫ ʣʽʢʫʚʘʥʥʽ ʪʫʙʝʨʢʫʣʴʦʟʫ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʡʦʛʦ 

ʨʝʟʠʩʪʝʥʪʥʠʭ ʬʦʨʤ 
ʉʠʥʪʝʟʠʨʦʚʘʥʦ ʙʽʦʙʝʟʧʝʯʥʽ ʥʘʥʦʯʘʩʪʠʥʢʠ ʤʝʪʘʣʽʚ ʟ ʚʠʩʦʢʦʶ 

ʪʫʙʝʨʢʫʣʦʮʠʜʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʱʦʜʦ ʢʣʽʥʽʯʥʠʭ ̔ ʟʦʣʷʪʽʚ 

Mycobacterium tuberculosis: ʤʦʥʦʨʝʟʠʩʪʝʥʪʥʠʭ ʪʘ 

ʤʫʣʴʪʠʨʝʟʠʩʪʝʥʪʥʠʭ h ʪʘʤʽʚ 

ʈʫʡʥʫʚʘʥʥʷ ʢʣʽʪʠʥʠ ʢʣʽʥʽʯʥʦʛʦ ʽʟʦʣʷʪʫ M. tuberculosis  

ʧʽʩʣʷ 30 ʭʚ. ʢʦʥʪʘʢʪʫ ʟ ʩʫʙʩʪʘʥʮʽʻʶ ʥʘʥʦʯʘʩʪʠʥʦʢ 

Ag/AuNP (ʜʘʥʽ ʊɽʄ)  ɯʟʦʣʷʪ 4009, ʩʪʽʡʢʠʡ ʜʦ ̔ʟʦʥʽʘʟʠʜʫ, 

ʨʠʬʘʤʧʽʮʠʥʫ, ʝʪʘʤʙʫʪʦʣʫ, ʩʪʨʝʧʪʦʤʽʮʠʥʫ 

ʌʈɸɻʄɽʅʊʀ ʋʈɸɾɽʅʀʍ ʊʂɸʅʀʅ ʃɽɻɽʅʔ  ʊɸ 

ʇɽʏɯʅʂʀ ʄʆɼɽʃʔʅʀʍʊɺɸʈʀʅ, ʍɺʆʈʀʍ ʅɸ  

ʊʋɹɽʈʂʋʃʔʆɿ 

ʌʈɸɻʄɽʅʊʀ ʋʈɸɾɽʅʀʍ ʊʂɸʅʀʅ ʃɽɻɽʅʔ  ʊɸ ʇɽʏɯʅʂʀ 

ʄʆɼɽʃʔʅʀʍ ʊɺɸʈʀʅ, ʍɺʆʈʀʍ ʅɸ ʊʋɹɽʈʂʋʃʔʆɿ, ʇɯʉʃʗ 

10 ɼʅɯɺ ʇɽʈʆʈɸʃʔʅʆɻʆ ɺɺɽɼɽʅʅʗ ʉʋɹʉʊɸʅʎɯɰ  

Ag/AuNP 

ɺʀʗɺʃɽʅʆ ɺʀʈɸɾɽʅʋ ʊʋɹɽʈʂʋʃʆʎʀɼʅʋ 

ɸʂʊʀɺʅɯʉʊʔ ʉʋɹʉʊɸʅʎɯɰ ʅɸʅʆʏɸʉʊʀʅʆʂ 

 IN VIVO 
11 



ʅɸʅʆʏɸʉʊʀʅʂʀ  ʄɽʊɸʃɯɺ ï ɽʌɽʂʊʀɺʅɯ ɸɻɽʅʊʀ ʇʆɼʆʃɸʅʅʗ 

ɸʅʊʀɹɯʆʊʀʂʆʈɽɿʀʉʊɽʅʊʅʆʉʊɯ 

ʅʘ ʢʣʽʥʽʯʥʠʭ ʽʟʦʣʷʪʘʭ ʨʷʜʫ ʚʠʜʽʚ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ 

ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʦʣʘʥʥʷ 

ʘʥʪʠʙʽʦʪʠʢʦʨʝʟʠʩʪʝʥʪʥʦʩʪʽ 

ʙʘʢʪʝʨʽʡ  - ʟʙʫʜʥʠʢʽʚ ʽʥʬʝʢʮʽʡʥʠʭ 

ʭʚʦʨʦʙ ʣʶʜʠʥʠ ʽ ʪʚʘʨʠʥ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟʦʣʦʪʘ 

ʪʘ ʩʨʽʙʣʘ, ʱʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ 

ʥʦʚʠʡ ʝʬʝʢʪʠʚʥʠʡ ʰʣʷʭ 

ʚʠʨʽʰʝʥʥʷ ʮʠʭ ʧʨʦʙʣʝʤ ʧʨʠ 

ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʝʬʝʢʪʠʚʥʠʭ 

ʟʘʩʦʙʽʚ ʪʘ ʩʧʦʩʦʙʽʚ ʪʝʨʘʧʽʾ ʫ 

ʤʝʜʠʮʠʥʽ ʪʘ ʚʝʪʝʨʠʥʘʨʽʾ 
 

ʊʠʧ 
ʝʣʽʤʽʥʘʮʽʾ 
ʧʣʘʟʤʽʜ 

 
ʇʣʘʟʤʽʜʦʚʤʽʩʥʠ

ʡ ʰʪʘʤ 

ʂʦʥʮʝʥʪʨ
ʘʮʽʷ ʅɹʂ,  
 ʤʢʛ/ʤʣ ʟʘ 
ʤʝʪʘʣʦʤ 

ʏʘʩʪʦʪʘ  
ʝʣʽʤʽʥʘʮʽʾ 
ʧʣʘʟʤʽʜ  

 (%) 

ʉʧʦʥʪʘʥʥʘ 
ʝʣʽʤʽʥʘʮʽʷ 

E.coli XL1-Blue 
(ʧʣʘʟʤʽʜʘ pUC19) 

- 37Ñ2  

E.Coli XL1-Blue 
 (pBR322) 

-  34Ñ1  

 
 
ɽʣʽʤʽʥʘʮʽʷ 
ʧʣʘʟʤʽʜ 
ʅɹʂ ʥʘ 
ʦʩʥʦʚʽ   
ʫʣʴʪʨʘʜʠʩ-
ʧʝʨʩʥʦʛʦ 
ʩʨʽʙʣʘ 

E.coli              XL1-
Blue (pUC19) 

3Ŀ10-5 40Ñ1  

E.coli XL1-Blue 
(pBR322) 

3Ŀ10-5 38Ñ1  

E.coli XL1-Blue 
(pUC19) 

8Ŀ10-5  97Ñ1  

E.coliXL1-Blue 
(pBR322) 

8Ŀ10-5  95Ñ1  

E.coli               XL1-
Blue (pUC19) 

4Ŀ10-4  38Ñ2  

E.coli XL1-Blue 
(pBR322) 

4Ŀ10-4  36Ñ1  

˭͍͊ͫͭͦͫͯ͊ͤͤΎ ͙͎ͤ͊ͤͦ͋ͦͦͣͨͦͭͤͦͦ͘͜͟ ͔ͣ͊ͭͪ͊ͯ͜͡ ͤ ͊ ͦͫ ͍ͤͦ͜ 
͔͚͊ͭͦ͋͊ͭͪ͟͟͜͡ ͜  ͋͜ ͎͔͙ͦͤͤͻ ͤ͊ͤͦ;͙͊ͫͭͤͦ͟ ͫͪ͋͊͜͡ ͒ ͡Ύ 
ͨͦ͒ͦ͊ͤͤ͡Ύ ͊ ͙͙͔͙͔ͤͭ͋ͦͭͦͪͫͭͤͭͤͦͫͭ͘͜͟͜ ͔͚͋͊ͭͪ͟͜ ͯ  ͫ͟ ͊͒͜͡ 
͙ͨͪͦ͋ͦͭ͊͜͟. 12 



ɸʅʊʀɹɸʂʊɽʈɯɸʃʔʅʀʁ 

ʇʈɽʇɸʈɸʊ  çNANO-Ag/Auè 

 

ɿɸʉʆɹʀ ʃɯʂʋɺɸʃʔʅʆɰ ʂʆʉʄɽʊʀʂʀ 

ʇʈʆʊʀɸʅɽʄʀʁʅʠʡ ʇʈɽʇɸʈɸʊ 

çʅɸʅʆʌɽʈè 

ʉʝʨʝʜʥʴʦʜʦʙʦʚʠʡ ʧʨʠʨʽʩʪ ʤʘʩʠ ʪʽʣʘ 
ʢʫʨʯʘʪ-ʙʨʦʡʣʝʨʽʚ ʢʨʦʩʫ ʂʦʙʙ-500, ʷʢʠʭ 

ʚʠʨʦʱʫʚʘʣʠ ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ 
ʪʝʭʥʦʣʦʛʽʻʶ (ʢʦʥʪʨʦʣʴ) ʪʘ ʟ 

ʜʦʜʘʚʘʥʥʷʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ 
ʩʫʙʩʪʘʥʮʽʾ ʥʘʥʦʯʘʩʪʠʥʦʢ ʚʽʩʤʫʪʫ 

çʅɸʅʆɺɯʉ-ʂè - ɹɯʆʉʊʀʄʋʃʗʊʆʈ ɼʃʗ 

ʇʊʀʎɯ ʅɸ ʆʉʅʆɺɯ ʅɸʅʆʏɸʉʊʀʅʆʂ 

ɺɯʉʄʋʊʋ 

ʇʨʠʢʣʘʜʠ ʟʘʩʦʙʽʚ ʟ ʥʘʥʦʨʦʟʤʽʨʥʠʤʠ ʯʘʩʪʠʥʢʘʤʠ ʜʣʷ ʤʝʜʠʮʠʥʠ, 

ʚʝʪʝʨʠʥʘʨʽʾ, ʢʦʩʤʝʪʠʢʠ 

ʃʽʥʽʡʢʘ ʘʧʣʽʢʘʮʽʡʥʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʽ 

ʨʝʘʙʽʣʽʪʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ çʇʝʣʦʩʠʜè, ʦʩʥʦʚʘ 

-  ʛʣʠʙʦʢʦʚʦʜʥʽ ʜʦʥʥʽ ʧʝʣʽʪʦʚʽ ʚʽʜʢʣʘʜʝʥʥʷ 

ʏʦʨʥʦʛʦ ʤʦʨʷ  

ʈʘʟʦʤ ʟ ɯɻʅ ʅɸʅ ʋʢʨʘʾʥʠ 

ʪʘ ɯʄʈʽʂ ʄʆɿ ʋʢʨʘʾʥʠ  

ɹʘʣʴʟʘʤ ʜʣʷ ʛʫʙ  

ʟ ʅʏ Au/Ag 
ʋʌ-ʬʽʣʴʪʨ ʜʣʷ ʰʢʽʨʠ ʟ 

ʅʏ ZnO 

ʩʧʽʣʴʥʦ  ʟ ʃʅʄʋ  ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ 

13 

ʣʽʢʫʚʘʥʥʷ ʛʝʥʝʨʘʣʽʟʦʚʘʥʦʾ ʽʥʬʝʢʮʽʾ, 

ʚʽʜʥʦʚʣʝʥʥʷ  ʢʽʩʪʢʦʚʦʾ  ʪʢʘʥʠʥʠ 



ȳɌɝɱɍ ɘɑɐɔɣəɚɏɚ ɓɌɝɞɚɝɟɎɌəəɫ çȶɚɌɏɟɗɚɖɝ Nè 

˭ ͍͙͙͙ͪͦͦͫͨͤͤͣ͟Σ ͎ͪ͊ͤͦ͊ͦ͘Ό͍͊͡Έ͙͙ͤͣ ͭ ͊ ͙͙͙͊ͤͭͣͪͦ͋ͤͣ͜͟ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ 

˿͊͒͟͡:  ͍ ͙͙͔ͫͦͦ͒ͫͨͪͫͤ͟͜ ͔ͣͤͪ͊͜͡Έͤ͜ ͅ ͙͊͘ ͟ ͊ͦͤͯ͜͡ ͭ  ͊͟ ͔͔͔ͪͣͤͣͯ͘Σ ͙͍͙͚ͫͨͪͭͦ ͔ ͫͭͪ͊ͭ͟͟ ͫ ͔ͨͼ͊͜͡Έͤͦ͝ 
 ͪ ͙ͦͫͤͤͦ͡͝ ͫ ͙͍͙͙ͪͦͤΣ ͫ ͯͣ͜΄ ͋ ͔͔ͨ͘;͙ͤͻ ͫͺ͔͙ͪ;͙ͤͻ ͤ ͊ͤͦ;͙͊ͫͭͤͦ͟ ͫ ͪ͋͊͜͡ ͜  ͘ ͦͦͭ͊͡ ό͔ͨͪͨ͊ͪ͊ͭ ζNano-Ag/Auηύ 

˽͙ͪ  ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͊ͫͦ͋ͯ͘ ζ˴͎ͦ͊ͯͦͫ͟͡Ҍη ͍͍͒͋ͯ͊͜ΊͭΈͫΎΥ 
-΄͍͙͒͊͟ ͙ͯͨͤ͊͘͟ ͍͔ͪͦͦͭ͟;͜ ;͔͔ͪ͘ ͔͙͚ͦͣͨͫͤ͟͟͡ ͍͙͍ͨ͡ ͤ͊ ͙͔ͫͫͭͣͯ ͎͔ͣͦͫͭ͊ͯ͘  
  ό͍͔͔ͨ͒ͭͪ͒͗ͤͦ͜ ͙ͨͪ ͍͊ͫͭͦͫͯ͊ͤͤ͘͜ ͒ͦ ͻ͍͙ͦͪͻ ͤ͊ ͎͔ͣͦͺ͜͜͡ΌύΣ 
- ͦ ͙ͨͭͣ͊͘͜ͼ͜Ύ ͨ ͪͦͼ͔ͫͯ ͘ ͎͊ͦΊͤͤΎ ͪ ͊ͤ ͍  ͎ ͙͚ͦͫͭͪ ͨ ͔ͪͦ͒͜Σ 
- ͨ ͪͦͺ͙͊ͭ͊͜͟͟͡ ͭ  ͊͡ ͍ͯ͊ͤͤ͜͟Ύ ͎ ͚ͤͤͦ͜-͊ͨ͊͘͡Έ͙ͤͻ ͯ ͔ͪ͊͗ͤΈΣ 
- ͯ ͙͔ͤͤͤͤ͟Ύ ͍ ͎͊͗ͦͦ͟ ͫ ͔͙ͨͭ;͎ͤͦͦ ͫ ͭ͊ͤͯΣ 
- ͨ ͙͔ͪͫͦͪͤͤ͟Ύ ͪ ͔͎͔͔ͤͪ͊ͼ͜͝ ͣ ΩΎ͙͟ͻ ͭ  ͊͟ ͍ͫͭͦͦ͜͟͝ ͭ ͙͊ͤͤ͟Σ 
- ͫ ͦͪͦ͟;͔ͤͤΎ ͘ ͎͊͊͡Έ͎ͤͦͦ ͭ ͔ͪͣͤͯ͜ ͡ ͍ͯ͊ͤͤ͜͟Ύ. 

 ˽͔͊ͭͤͭ ͙̂ͪ͊ͤ͟͝ ͤ͊ ͍͙ͤ͊ͻ͒͜ ЅтссснΦ 
͔́ͻͤ͜;ͤ͜ ͍͙ͯͣͦ ́̂ ̂ нпΦп-05402714-002:2007 
˽ͪͦͭͦͦ͟͡ ͔͍͒ͪ͗͊ͤͦ͝ ͫ͊ͤͭ͊ͪͤͦ͜-͔͔͎ͨ͒ͣͦͦ͜͜͜͡;ͤͦ͝ ͔͔͙͙ͫͨͪͭ͘͟ ͍͒͜ луΦммΦнллт ͪΦ ЅссΦ 
͔́ͻͤ͜;ͤ͜ ͍͙ͯͣͦ ́̂ ̂ нлΦм-05402714-004:нлмп ζ˿ͯ͋ͫͭ͊ͤͼ͜Ύ ͔͙ͣ͒ͦ͟-͎͋ͦͦ͜͜͡;͎ͤͦͦ ͙ͨͪͤ͊͘;͔ͤͤΎ ζ˹͊ͤͦ;͙͙͊ͫͭͤ͟ ͦͦͭ͊͘͡ηη 
˩͔͙͚ͫͨͪͭͤ͟ ͍͙͍ͫͤͦͦ͟ ˴͙͍ͫ͝Έͦ͟͝ ͎͍́ͦͪͦͦ-͙͍ͨͪͦͣͫͦͦ͡͝ ͙ͨ͊͊ͭ͡ ͍͒͜ нфΦлмΦнлмп Ѕ˴-141 
ˤ͙͍ͫͤͦͦ͟ ͔͍͒ͪ͗͊ͤͦ͝ ͫ͊ͤͭ͊ͪͤͦ͜-͔͔͎ͨ͒ͣͦͦ͜͜͜͡;ͤͦ͝ ͔͔͙͙ͫͨͪͭ͘͟ ͍͒͜ нтΦлрΦнлмп ЅлрΦлоΦлн-07/35131 
͔́ͻͤ͜;ͤ͜ ͍͙ͯͣͦ ́̂ ̂ н0.4-05402714-001:2022 
ˤ͙͍ͫͤͦͦ͟ ͔͍͒ͪ͗͊ͤͦ͝ ͫ͊ͤͭ͊ͪͤͦ͜-͔͔͎ͨ͒ͣͦͦ͜͜͜͡;ͤͦ͝ ͔͔͙͙ͫͨͪͭ͘͟ ͍͒͜ млΦммΦнлнн ͪΦ ЅмнΦн-18-2/7067. 
ˤ͙͍ͫͤͦͦ͟ ͔͍͒ͪ͗͊ͤͦ͝ ͫ͊ͤͭ͊ͪͤͦ͜-͔͔͎ͨ͒ͣͦͦ͜͜͜͡;ͤͦ͝ ͔͔͙͙ͫͨͪͭ͘͟ ͍͒͜ нмΦлнΦнлно ͪΦ ЅмнΦн-18-1/1197. 

˭ ͍͙͙͙ͪͦͦͫͨͤͤͣ͟Σ ͎ͪ͊ͤͦ͊ͦ͘Ό͍͊͡Έ͙͙ͤͣ ͭ ͊ ͙͙͙͊ͤͭͣͪͦ͋ͤͣ͜͟ ͍͙͍͊ͫͭͦͫͭ͡Ύ͙ͣ 



 
ʉʪʘʜʽʾ ʧʨʠʞʠʚʣʝʥʥʷ  ʇʦʢʨʠʪʪʷ ʂʦʥʪʨʦʣʴ 

ʇʝʨʝʭʽʜ ʪʨʘʥʩʧʣʘʥʪʘʪʽʚ ʥʘ ʩʫʜʠʥʥʠʡ 

ʪʠʧ ʭʘʨʯʫʚʘʥʥʷ 
4-5 ʜʦʙʘ 7-10 ʜʦʙʘ 

ʂʨʘʡʦʚʘ ʝʧʽʪʝʣʽʟʘʮʽʷ ʩʽʪʯʘʩʪʠʭ 

ʧʨʦʤʽʞʦʢ ʧʦ ʨʘʥʦʚʽʡ ʧʦʚʝʨʭʥʽ 
6-7 ʜʦʙʘ 12-14 ʜʦʙʘ 

ɿʘʚʝʨʰʝʥʥʷ ʝʧʽʪʝʣʽʟʘʮʽ 7-10 ʜʦʙʘ 18-21 ʜʦʙʘ 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʞʠʚʣʝʥʥʷ 

ʪʨʘʥʩʧʣʘʥʪʘʪʽʚ 
100 % 80 % 

ɹʽʦʢʦʤʧʦʟʠʪʥʽ ʛʽʜʨʦʛʝʣʽ 

ɻʽʜʨʦʛʝʣʝʚʝ ʨʘʥʦʚʝ ʧʦʢʨʠʪʪʷ 

˥ͯ͋;͊ͭͫͭ͜ ͙͍ͨͪͦͭͦͨͦ͜͟͜  
ͭ͊ ͔͍ͪ͊ͤ͜ ͨ ͍ͦΩΎ͙͘͟ 

˱͙ͣͨ͊ͤͭ͡ ͒ ͡Ύ ͔͍ͨͪͦͭͯ͊ͤͤ͘Ύ 
͍ͨͦ͜͟Σ ͦͪ͋ͭ͜ ͭ͊ ͫͯ͡ͻ͍͙ͦͻ ͍͊ͤ͊͟͜͡ 
 

˶͍ͯ͊͜͟͡Έͤ͜ ͭ͊ ͨͪͦͺ͙͊ͭ͜͟͡;ͤ͜  
͙ͣ͊ͫ͟ 

15 



ȶɚɘɍɱəɚɎɌəɱ ɤɞɟɣəɱ ɱɘɛɗɌəɞɌɞɔ ɎɱɐəɚɎɗɑəəɫ ɟɤɖɚɐɒɑəɔɡ ɖɱɝɞɚɖ ɐɗɫ ɎɱɕɝɨɖɚɎɚɲ 

ɞɌ ɢɔɎɱɗɨəɚɲ ɡɱɜɟɜɏɱɲ 

 
 

˾ͦͪͦ͋͊͘͟ ͍ͤͤͦ͊͜ͼ͚͙ͤ͜ͻ ͨ͒͜ͻ͍ͦ͒͜ ͍͔ͫͭͦͪͤͤΎ ͍ͤͦͭͤ͜͜ͻ ͺͦͫͺ͙͊ͭͤͻ ͔ͪ͊ͣ͟͜͟ ͜ ͦͼͤ͊͜͟ ͝ͻ ͋ͦͫͯͣͫͤͦͫͭ͜͜͜. 
˾͊ͦͣ͘ ͘ ˱͙ͤͫͭͭͯͭͦͣ ͺ͙͘͜;ͤͦ͝ ͻͣ͜͜͝ ͣ͜Φ˶ΦˤΦ˽͙͔͍ͫ͊ͪ͗ͫΈ͎ͦͦ͟ ˹ ˢ˹ ͙̂ͪ͊ͤ͟͝ ό͊͘ ͎ͨͪͦͪ͊ͣͦΌ 6541230) 

 ȺɞɜɔɘɌəəɫ ɍɱɚɖɑɜɌɘɱɖ Ɏ ɚɐəɟ ɝɞɌɐɱɪ: 

ʆʧʪʠʤʽʟʘʮʽʷ ʫʤʦʚ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʢʦʤʧʦʟʠʪʽʚ 

ʛʽʜʨʦʢʩʠʘʧʘʪʠʪ (ɻɸʇ) + ʪʨʠʢʘʣʴʮʽʡʬʦʩʬʘʪ (ʊʂʌ) 

Å ʟʤʽʥʦʶ ʚʠʭʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ Ca/P (ʨʘʤʢʠ 1,50-1,68); 

Å ʮʽʣʝʩʧʨʷʤʦʚʘʥʝ ʨʝʛʫʣʶʚʘʥʥʷ pH ʨʦʟʯʠʥʽʚ. 

ʃʝʛʦʚʘʥʽ ʩʨʽʙʣʦʤ ʪʘ ʮʠʥʢʦʤ ʙʽʦʢʝʨʘʤʽʢʠ ʟ 

ʘʥʪʠʤʽʢʨʦʙʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ 

ʉʝʨʽʷ ʅɸP/Zn 

ό͒ͦ 5 ҈ͣ͊ͫΦ Zn) 
ʉʝʨʽʷ ʅɸP/Ag 

ό͒ͦ о ҈ͣ͊ͫΦ Ag) 

ʂʦʤʙʽʥʦʚʘʥʝ ʟʘʤʽʱʝʥʥʷ (Ag + Na) ʫ ʤʘʪʨʠʮʽ ʊʂʌ 

AgCa10(PO4)7 - NaCa10(PO4)7 (X = 0 ï 1) 

ɼʣʷ ʩʢʣʘʜʽʚ Na1-XAgXCa10(PO4)7 

(X = 0.5 ï 1) ʚʠʷʚʣʝʥʦ ʚʠʩʦʢʫ 

ʘʥʪʠʤʽʢʨʦʙʥʫ ʜʽʶ ʱʦʜʦ 

ʰʠʨʦʢʦʛʦ ʢʦʣʘ ʧʘʪʦʛʝʥʽʚ ʧʨʠ 

ʚʽʜʩʫʪʥʦʩʪʽ ʛʝʥʦ- ʪʘ  

ʮʠʪʦʪʦʢʩʠʯʥʦʾ ʜʽʾ ʫ ʪʝʩʪʘʭ in vitro  

 

ʈʦʩʪʦʚʘ ʘʢʪʠʚʥʽʩʪʴ ʰʪʘʤʫ 

Staphylococcus aureus 

ATCC 25923 ʧʽʜ ʚʧʣʠʚʦʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʨʘʟʢʽʚ 

ʉʪʚʦʨʝʥʽ ʤʘʪʝʨʽʘʣʠ ʚʠʩʦʢʦʧʝʨʩʧʝʥʢʪʠʚʥʽ ʜʣʷ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʩʢʣʘʜʦʚʘ ʯʘʩʪʠʥʘ 

ʤʝʜʠʯʥʠʭ ʽʤʧʣʘʥʪʘʪʽʚ, ʥʘʜʘʶʯʠ ʾʤ ʧʨʦʣʦʥʛʦʚʘʥʠʭ ʘʥʪʠʤʽʢʨʦʙʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

˥͙ͪ͊ͤͯ͡ ͟ ͙ͦͣͨͦ͘ͼ͚͜ ˥ˢ˽ ͭ͊ ʲ-́˴̅ ͘ 
͔͎͍ͯ͊ͤͤ͡Ύͣ ͫ ͪ͋ͦͣ͜͡ ͍  ͔ͣ͗͊ͻ лΦо-1.0 %ͣ ͊ͫ. 



  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʨʘʟʢʠ ʚʘʢʮʠʥ 
çɺʝʣʴʰʽʩʘʥ+CuNPè, çɺʝʣʴʰʽʩʘʥ+ FeNPè, 
çɺʝʣʴʰʽʩʘʥ+ AgNPè, çɺʝʣʴʰʽʩʘʥ+ AuNPè ʪʘ 
çɺʝʣʴʰʽʩʘʥ+AuNP-ʩʪʠʤʫʣè ʚʽʜʧʦʚʽʜʘʶʪʴ 
ʚʠʤʦʛʘʤ ʱʦʜʦ ʚʝʪʝʨʠʥʘʨʥʠʭ ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ 
ʟʘʩʦʙʽʚ, ʥʝ ʰʢʽʜʣʠʚʽ; ʥʝ ʮʠʪʦʪʦʢʩʠʯʥʽ ʪʘ ʥʝ 
ʛʝʥʦʪʦʢʩʠʯʥʽ. 

˹͊ͪͦ΅͍ͯ͊ͤͤΎ ͙͋ͦͣ͊ͫ͜ ͔͚͋͊ͭͪ͟͜ E.coli ͭ ͊
͍ͪͦ͒͜  Clostridium ς ͨͪͦ͒ͯͼ͔͍ͤͭ͜ ͪΎ͒ͯ 
͍͔͔͙͙ͭͪͤ͊ͪͤͻ ͍͊͟ͼ͙ͤ -  ͯ ͙ͨͪͫͯͭͤͦͫͭ͜ 
ͤ͊ͤͦ;͙͊ͫͭͤͦ͟ ͪΎ͒ͯ ͔͍ͣͭ͊͜͡ ό͊͊͘͘͜͡Σ ͣ͒͜͜ ͭ ͊
ͤ͜΄.) ͍͒ͦͦ͘͡ΎΊ ͍͙ͨ͒͜΅͙͙ͭ ͔ͺ͔͙͍ͭͤͫͭ͟͜Έ 
ͨͪͦͼ͔ͫͯ ͋ ͜͡Έ΄͔ ͤ ͗͜ ͍  3,0 ͪ ͙͊͘. 

ʅʘʥʦʯʘʩʪʠʥʢʠ ʤʝʪʘʣʽʚ ʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ 

ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ (ʚʘʢʮʠʥ):  

ü ʩʪʠʤʫʣʶʶʴ ʨʦʩʪʦʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʘʢʮʠʥʥʠʭ    

    h ʪʘʤʽʚ;  

ü ʧʽʜʚʠʱʫʶʪʴ ʽʤʫʥʦʛʝʥʥʽʩʪʴ; 

ü ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʽʾ ʚʘʢʮʠʥʠ. 

ɽ.coli ʟ 
ʘʢʫʤʫʣʴʦʚʘʥʠʤʠ  
ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 
ʟʦʣʦʪʘ 
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ʈʦʟʨʦʙʣʝʥʦ ʩʧʽʣʴʥʦ ʟ ɯʥʩʪʠʪʫʪʦʤ  ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ ʅɸɸʅ ʋʢʨʘʾʥʠ 

ʈʦʟʨʦʙʣʝʥʦ ʪʘ ʟʘʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʠʯʥʽ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʫ ʙʽʦʪʝʭʥʦʣʦʛʽʷʭ ʚʠʨʦʙʥʠʮʪʚʘ 

ʤʫʣʴʪʠʢʦʤʧʦʥʝʥʪʥʠʭ ʚʝʪʝʨʠʥʘʨʥʠʭ ʽʤʫʥʦʙʽʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ ʜʣʷ 

ʩʧʝʮʠʬʽʯʥʦʾ ʧʨʦʬʽʣʘʢʪʠʢʠ ʽʥʬʝʢʮʽʡ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʠʭ ʪʚʘʨʠʥ 

ʟ ʤʝʪʦʶ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʧʨʘʢʪʠʢʫ ʚʝʪʝʨʠʥʘʨʥʦʾ ʤʝʜʠʮʠʥʠ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʥʘʥʦʧʨʠʟʤ ʟʦʣʦʪʘ ʜʣʷ ʙʽʦʜʝʪʝʢʮʽʾ ʨʘʢʦʚʠʭ ʢʣʽʪʠʥ ʪʘ ʙʽʦʧʦʣʽʤʝʨʽʚ,  

ʷʢ ʩʫʧʫʪʥʠʢʽʚ ʨʽʟʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʟʦʢʨʝʤʘ, ʦʥʢʦ: 

                                                                   ʙ) ʈʘʤʘʥ-ʩʧʝʢʪʨʠ: ʣʝʡʢʦʟʥʦʾ ʢʣʽʪʠʥʠ,  

                                                                                              ʘʛʨʝʛʦʚʘʥʦʾ ʟ ʥʘʥʦʧʨʠʟʤʘʤʠ  ʟʦʣʦʪʘ ï 1  

                              ʪʘ ʣʝʡʢʦʟʥʦʾ ʢʣʽʪʠʥʠï2  

 ʅʘʥʦʢʨʠʩʪʘʣʠ ʟʦʣʦʪʘ, ʤʦʜʠʬʽʢʦʚʘʥʽ 

ʧʦʣʽʩʘʭʘʨʠʜʘʤʠ, ʩʝʣʝʢʪʠʚʥʦ ʘʛʨʝʛʫʶʪʴ ʩ 

ʨʘʢʦʚʠʤʠ ʢʣʽʪʠʥʘʤʠ. ʊʝʤʥʦʧʦʣʴʥʘ 

ʦʧʪʠʯʥʘ ʤʽʢʨʦʩʢʦʧʽʷ, ʟʘʚʜʷʢʠ 

ʧʣʘʟʤʦʥʥʦʤʫ ʨʝʟʦʥʘʥʩʫ  ʜʦʟʚʦʣʷʻ 

ʚʠʜʽʣʠʪʠ ʨʘʢʦʚʽ ʢʣʽʪʠʥʠ, ʘʛʨʝʛʦʚʘʥʽ ʟ 

ʢʨʠʩʪʘʣʘʤʠ, ʷʢʽ ʷʩʢʨʘʚʦ ʩʚʽʪʷʪʴʩʷ.  

)͊ ͡ ͔͚ͦͤ͊͘͟ ͭͪ͊ͤͫͺ͍ͦͪͣͦ͊ͤ͊ ͙ͭͤ͊͟͜͡ ͘ 
͎͔͎͍͙͙͊ͪͦ͊ͤͣ ͤ͊ ͝͝ ͍͔ͨͦͪͻͤ͜ ͙͙ͤ͊ͤͦͨͪͣ͊ͣ͘ 
ͦͦͭ͊͘͡ ό͙ͦͨͭ;ͤ͊ ͣ ͪͦͫͦͨ͜͟͟͜ΎΣ ͔͔ͭͣͤ ͔ͨͦ͡ύΤ  ʩʤ -1 

(ʈʘʟʦʤ ʟ ɯɽʇʆʈ ʽʤ. ʈ.ɽ. ʂʘʚʝʮʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ) 

4) 

ʅʘʥʦʢʨʠʩʪʘʣʠ ʟʦʣʦʪʘ ʜʝʢʦʨʫʶʪʴ ʽ ʚʠʜʽʣʷʶʪʴ  

ʢʣʽʪʠʥʫ ʛʣʽʦʙʣʘʩʪʦʤʠ ï ʨʘʢʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 

͙͙ͦͤͦͭͤ͟͟͜͡ 
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ʅɸʅʆʏɸʉʊʀʅʂʀ ï ʄɸʊɽʈɯɸʃʀ ɼʃʗ ɺʀʉʆʂʆʏʋʊʃʀɺʀʍ 

ɹɯʆʉɽʅʉʆʈɯɺ ʅɸ ʄɽʊɸɹʆʃɯʊʀ ʊɸ ɺʀʉʆʂʆʇɸʊʆɻɽʅʅɯ ɹɸʂʊɽʈɯɰ   
 

ʉʠʥʪʝʟʦʚʘʥʽ ʪʨʠʢʫʪʥʽ  

ʥʘʥʦʯʘʩʪʠʥʢʠ ʩʨʽʙʣʘ 

 ʟ ʛʨʘʥʷʤʠ ʙʣʠʟʴʢʦ 100 ʥʤ.  

 ʂʦʥʪʘʢʪʥʘ ʚʟʘʻʤʦʜʽʷ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ ʟ 

ʧʘʪʦʛʝʥʥʠʤʠ ʰʪʘʤʘʤʠ 

ʤʽʢʨʦʦʨʛʘʥʽʟʤʽʚ  

Salmonella typhimurium  Escherichia coli  Clostridium perfringens 

ʉʠʥʪʝʟʦʚʘʥʽ ʩʬʝʨʠʯʥʽ (20 ʥʤ, 30 ʥʤ) ʪʘ 

ʧʘʣʠʯʢʦʧʦʜʽʙʥʽ (ʩʝʨʝʜʥʽʡ ʨʦʟʤʽʨ ʤʝʥʰʦʾ ʛʨʘʥʽ 100 

ʥʤ, ʙʽʣʴʰʦʾ ʛʨʘʥʽ ï 200 ʥʤ ʥʘʥʦʯʘʩʪʠʥʢʠ ʟʦʣʦʪʘ 

ʉʪʚʦʨʝʥʽ  ʥʘʥʦʢʦʤʧʦʟʠʪʠ ʪʘ ʥʘʥʦʧʣʽʚʢʠ ʩʫʪʪʻʚʦ  ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ ʜʣʷ ʜʝʪʝʢʪʫʚʘʥʥʷ ʤʝʪʘʙʦʣʽʪʽʚ ʩʦʮʽʘʣʴʥʦ ʚʘʞʣʠʚʠʭ 

ʟʘʭʚʦʨʶʚʘʥʴ. ʈʦʟʨʦʙʣʝʥʦ ʦʧʪʠʯʥʽ ʙʽʦ- ʪʘ ʥʘʥʦʩʝʥʩʦʨʠ ʽʟ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʽ 

ʰʚʠʜʢʽʩʪʶ ʚʽʜʛʫʢʫ ʥʘ ʚʠʩʦʢʦʧʘʪʦʛʝʥʥʽ ʙʘʢʪʝʨʽʾ 
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ʆʧʪʠʯʥʽ ʙʽʦ- ʪʘ ʥʘʥʦʩʝʥʩʦʨʠ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʘʪʦʛʝʥʽʚ ʽ ʩʫʧʫʪʥʽʭ ʪʦʢʩʠʢʘʥʪʽʚ  

ɯʥʪʝʣʝʢʪʫʘʣʴʥʽ ʙʽʦʩʝʥʩʦʨʥʽ ʩʠʩʪʝʤʠ ʜʣʷ ʢʦʥʪʨʦʣʶ ʨʦʟʚʠʪʢʫ ʩʦʮʽʘʣʴʥʦ ʚʘʞʣʠʚʠʭ ʟʘʭʚʦʨʶʚʘʥʴ 

ʈʠʩ.2. ʇʨʠʩʪʨʽʡ ʜʣ ̫ ʢʦʥʪʨʦʣʶ ʚʤʽʩʪʫ ʪʘ ʢʽʣʴʢʦʩʪʽ 

ʟʘʛʘʣʴʥʠʭ ʢʦʣʽʬʦʨʤʥʠʭ ʙʘʢʪʝʨʽʡ, ʙʘʢʪʝʨʽʡ ʨʦʜʽʚ 

Escherichia, Salmonella, Staphylococcus ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʩʪʚʦʨʶʚʘʥʠʭ ʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʧʣʘʪʠ 

ɺʠʚʽʜ ʧʦʢʘʟʥʠʢʽʚ ʚ ʧʨʦʛʨʘʤʽ 

Blynk (OS Android ) 

ʈʠʩ.1. ʉʧʝʮʠʬʽʯʥʽ ʭʨʦʤʦʛʝʥʥʽ ʨʝʘʢʮʽʾ 
ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʝʪʘʣʽʚ ʷʢ ʦʩʥʦʚʘ 
ʦʧʪʠʯʥʠʭ ʥʘʥʦʩʝʥʩʦʨʽʚ  
ʩʧʝʮʠʬʽʯʥʦʛʦ ʜʝʪʝʢʪʫʚʘʥʥʷ 
ʧʘʪʦʛʝʥʥʠʭ ʙʘʢʪʝʨʽʡ: ʧʨʠʩʢʦʨʝʥʥʷ 
ʨʝʘʢʮʽʾ ʫ 6 ʨʘʟʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ 
ʢʦʥʪʨʦʣʝʤ; ʯʫʪʣʠʚʽʩʪʴ  - 1x103 
ʂʋʆ/ʤʣ.  

AgNP 

    ɽʣʝʢʪʨʦʥʥʽ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʾ ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʯʘʩʪʠʥʦʢ: ʪʨʠʢʫʪʥʠʭ 
ʥʘʥʦʯʘʩʪʠʥʦʢ ʩʨʽʙʣʘ; ʥʘʥʦʯʘʩʪʠʥʦʢ ʤʽʜʽ; ʢʦʤʙʽʥʘʮʽʾ ʩʨʽʙʣʘ ʽ ʟʦʣʦʪʘ 
(Ag/AuNP); ʢʦʤʙʽʥʘʮʽʾ ʩʨʽʙʣʘ ʽ ʚʽʩʤʫʪʫ (Ag/BiNP) (JEM-1230, ñJEOLò), 
ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʧʣʘʥʘʨʥʠʭ ʚʫʛʽʣʴʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. 

ʇʨʠʤʽʪʢʘ: ʝʣʝʢʪʨʦʥʥʦ-ʤʽʢʨʦʩʢʦʧʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ 
ʎʝʥʪʨʘʭ ʢʦʣʝʢʪʠʚʥʦʛʦ ʢʦʨʠʩʪʫʚʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʤʠ ʤʽʢʨʦʩʢʦʧʘʤʠ 
ʅɸʅ ʋʢʨʘʾʥʠ ʧʨʠ ɯʥʩʪʠʪʫʪʽ ʙʦʪʘʥʽʢʠ ʽʤ. ʄ.ɻ. ʍʦʣʦʜʥʦʛʦ ʅɸʅ 
ʋʢʨʘʾʥʠ ʪʘ ɯʥʩʪʠʪʫʪʽ ʤʽʢʨʦʙʽʦʣʦʛʽʾ ʽ ʚʽʨʫʩʦʣʦʛʽʾ ʽʤ. ɼ.ʂ. 
ɿʘʙʦʣʦʪʥʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ . 

         ɯʤʤʦʙʽʣʽʟʘʮʽʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʥʘʥʦʤʘʪʝʨʽʘʣʽʚ ʪʘ ʢʦʤʧʣʝʢʩʽʚ 

ʛʣʶʢʦʟʦʦʢʩʠʜʘʟʠ ʟ ʥʘʥʦʯʘʩʪʠʥʢʘʤʠ 

ʥʘ ʧʦʚʝʨʭʥʽ ʧʣʘʥʘʨʥʠʭ ʝʣʝʢʪʨʦʜʽʚ 

ʩʫʪʪʻʚʦ ʧʽʜʚʠʱʫʻ ʯʫʪʣʠʚʽʩʪʴ ʪʘ 

ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʘʥʘʣʽʪʽʚ. 
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ɽʢʩʧʨʝʩʥʽ ʙʽʦʩʝʥʩʦʨʥʽ ʘʥʘʣʽʟʘʪʦʨʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʫ ˇʨʫʥʪʽʚ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ̫ʢʦʩʪʽ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʾ ʧʨʦʜʫʢʮʽʾ 
ʟʘ ʧʦʢʘʟʥʠʢʘʤʠ ʟʘʙʨʫʜʥʝʥʦʩʪʽ ʦʨʛʘʥʽʯʥʠʤʠ ʽ ʥʝʦʨʛʘʥʽʯʥʠʤʠ ʧʦʣʶʪʘʥʪʘʤʠ 

ʉʝʥʩʦʨʥʠʡ ʝʣʝʤʝʥʪ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʛʝʨʙʽʮʠʜʽʚ ʥʘ 
ʦʩʥʦʚʽ 2,4-ɼ (2,4-ʜʠʭʣʦʨʬʝʥʦʢʩʠʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ): 
ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ 0,008-0,160 ʤʛ/ʤʣ 

ʆʙʣʘʩʪʴ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʥʦʛʦ 
ʝʣʝʤʝʥʪʫ ʚʢʣʶʯʘʻ ʤʝʞʽ ʦʨʽʻʥʪʦʚʥʦ 
ʜʦʧʫʩʪʠʤʠʭ ʨʽʚʥʽʚ 2,4-ɼ ʫ ˇʨʫʥʪʽ ʪʘ 
ʟʥʘʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʠʭ 
ʨʽʚʥʽʚ 2,4-ɼ ʚ 
ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽʡ ʧʨʦʜʫʢʮʽʾ 

ʋʩʧʽʰʥʦ ʘʧʨʦʙʦʚʘʥʠʡ ʚ 

ʋʢʨʘʾʥʩʴʢʽʡ ʣʘʙʦʨʘʪʦʨʽʾ ʷʢʦʩʪʽ ʪʘ 

ʙʝʟʧʝʢʠ ʧʨʦʜʫʢʮʽʾ ɸʇʂ ʧʨʠ ʅʋɹʽʇ 

ʋʢʨʘʾʥʠ, ʧʨʦ ʱʦ ʦʪʨʠʤʘʥʦ 

ʚʽʜʧʦʚʽʜʥʠʡ ɸʢʪ ʚʠʧʨʦʙʫʚʘʥʥʷ. 

 

ʇʝʨʝʚʘʛʠ ʨʦʟʨʦʙʣʝʥʠʭ ʤʽʢʨʦʙʥʠʭ ʙʽʦʩʝʥʩʦʨʽʚ, ʧʦʨʽʚʥʷʥʦ ʟ 
ʪʨʘʜʠʮʽʡʥʠʤʠ ʤʝʪʦʜʘʤʠ: ʥʠʟʴʢʘ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʚʽʜʩʫʪʥʽʩʪʴ 
ʧʦʪʨʝʙʠ ʫ ʩʧʝʮʽʘʣʴʥʦ ʥʘʚʯʝʥʦʤʫ ʧʝʨʩʦʥʘʣʽ, ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 
ʯʫʪʣʠʚʦʩʪʽ, ʧʦʨʪʘʪʠʚʥʽʩʪʴ, ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʦʣʴʦʚʠʭ 
ʫʤʦʚʘʭ, ʝʢʩʧʨʝʩʥʽʩʪʴ (ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʘʥʘʣʽʟʫ ʚʽʜʽʙʨʘʥʠʭ ʧʨʦʙ ʥʝ 
ʧʝʨʝʚʠʱʫʻ 30 ʭʚ.) 

ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ 
ʧʦʨʪʘʪʠʚʥʦʛʦ ʙʽʦʣʶʤʽʥʦʤʝʪʨʫ  

 
ɹʉʂ-ʘʥʘʣʽʟʘʪʦʨ ʥʘ ʦʩʥʦʚʽ 

ʢʠʩʝʥʴ-ʯʫʪʣʠʚʦʛʦ ʝʣʝʢʪʨʦʜʫ 
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ʤʘʢʨʦʘʛʨʝʛʘʪʠ (1-60 ʤʤ) 

ʟ ʨʦʟʚʠʥʫʪʦʶ ʧʦʨʠʩʪʦʶ 

ʩʪʨʫʢʪʫʨʦʶ 80% 

ʉʪʨʫʢʪʫʨʦʫʪʚʦʨʝʥʥʷ ʢʦʣʦʾʜʥʦʾ 

ʬʨʘʢʮʽʾ ʽ ʤʘʢʨʦʘʛʨʝʛʘʪʽʚ 

ʜʝʛʨʘʜʦʚʘʥʦʛʦ ʛʨʫʥʪʫ ʽ ʟʙʘʛʘʯʝʥʦʛʦ 

50% ʥʘʥʦʙʽʦʢʦʤʧʦʟʠʪʦʤ 

ȼȱȸȱȰȣȬɂȣɋ ȰȱȯȼȬȰȺȮȬȹȴɁ ȣ 

ȸȬȷȺȻȼȺȰȿȶȾȴȮȹȴɁ ȳȱȸȱȷɈ  

ȭȣȺȼȱȸȱȰȣȬɂȣɋ ȯȼȿȹȾȣȮ ȹȬ ȺȽȹȺȮȣ 

ȯȣȰȼȺȯȱȷȱȮȴɁ ȾȬ ȭȣȺȸȣȹȱȼȬȷɈȹȴɁ 

ȶȺȷȺȤȰȹȴɁ ȽȾȼȿȶȾȿȼ 

ό͔ͦͣͨͫ͟͟͡ ͔͎ͦͦ͟͜͡;ͤͦ ͋ ͔͔ͨ͘;͙ͤͻ ͨͪͦͼ͔͍ͫ͜ ͭ͊ ͔͍ͣ͊ͭͪ͊͜͜͡ 
͔ͺ͔͙͍ͭͤͦ͟͝ ͋ ͔͔ͦͪͣ͒͊͜͜ͼ͜͝ ͎͍ͪͯͤͭ͜, ̈́  ͍ͦ ͣ͜΅ͯΌͭΈ ͍͊͗͟͜ 
͔͙ͣͭ͊͡ ͭ͊ ͙ͪ͊͒ͦͤͯ͒͜͟͜͡).  

͔͔͙͍̅ͪͣͤͭ͊ͭͤ͊ ͊ ͙͍ͭͤͫͭ͟͜Έ 
͙͙ͤ͊ͤͦͦͣͨͦͭͤ͘͟ͻ ͫ ͙͔ͫͭͣΥ  
1ς ͨ ͫ͜;͙͊ͤ ͚͎ͪͯͤͭ; 2ς 
;͔͙͚ͦͪͤͦͣͤ͘ ͎ͪͯͤͭΤ оς ͣ ͍͙͚ͯͦ͡ 
͙ͤ͊ͤͦͦͣͨͦͭ͘͟ ό͎͔͋ͦ͜͡Έ); 4ς 
ͨͫ͜;͙͚͊ͤ ͎ͪͯͤͭ Ҍ ͍͙͚ͣͯͦ͡ 
͙ͤ͊ͤͦͦͣͨͦͭ͘͟Φ 

1 2 3 
ˤ͙͍ͨ͡ ͤ ͙͍͊ͤͦͦͣͨͦͭ͘͟͜ ͤ ͊ 
ͪͫͭ͜ ͫ ͦ;͔͍͙ͼ͜: 1 ς ͨ ͫ͜;͙͚͊ͤ 
͎ͪͯͤͭ όͦͤͭͪͦ͟͡ΈύΤ н ς ͭ ͔ ͗ Ҍ 
͎͔͋ͦ͜͡Έ; 3 ς ͭ ͔ ͗ Ҍ ͎͎͔͒ͪͦ͜͡Έ. 
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ʄʫʣʦʚʠʡ ʦʩʘʜ 

Á ɻʝʪʝʨʦʬʘʟʥʝ ʢʫʣʴʪʠʚʫʚʘʥʥʷ ʤʫʣʦʚʦʛʦ ʙʽʦʮʝʥʦʟʫ ʟ ʘʣʢʘʣʽʛʝʥʥʠʤ 
ʚʝʢʪʦʨʦʤ ʤʝʪʘʙʦʣʽʟʤʫ (ʬʽʥʘʣʴʥʝ ʨʅ = 9.0-10.0) 

Á ʉʠʥʪʝʟ ʝʢʟʦʧʦʣʽʩʘʭʘʨʠʜʽʚ 
Á ɹʽʦʝʢʩʪʨʘʢʮʽʷ ʚʘʞʢʠʭ ʤʝʪʘʣʽʚ: 

 
Zn (83%) > Mn (65%) > Cu (60%) > Ni (50%) > Co (47%) > 

> Pb (23%) > Cr (14%) 
Á ʌʣʦʢʫʣʷʮʽʷ ʽ ʩʝʜʠʤʝʥʪʘʮʽʷ ʤʫʣʦʚʠʭ ʢʦʣʦʾʜʽʚ 

ʄʫʣʦʚʠʡ ʥʘʥʦʢʦʤʧʦʟʠʪ 

ʈʽʜʢʘ ʬʘʟʘ 
+ 

ʅʘʥʦʯʘʩʪʠʥʢʠ 
ʤʝʪʘʣʦʢʦʤʧʣʝʢʩʽʚ 

(40-60 ʥʤ) 

ɹʽʦʛʝʣʝʚʝ ʥʘʥʦʢʦʤʧʦʟʠʪʥʝ 
ʜʦʙʨʠʚʦ 

ʅʘʩʠʯʝʥʥʷ ʛʽʜʨʦʛʝʣʶ 
ɺʠʩʫʰʫʚʘʥʥʷ ʽ 
ʛʝʣʝʫʪʚʦʨʝʥʥʷ 

ʐʪʫʯʥʽ ˇʨʫʥʪʠ ʥʘ ʦʩʥʦʚʽ 
ʨʅ-ʯʫʪʣʠʚʠʭ ʛʽʜʨʦʛʝʣʽʚ 

ɹʽʦʢʦʣʦʾʜʥʠʡ ʧʨʦʮʝʩ ʢʦʥʚʝʨʩʽʾ ʤʫʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʫ ʛʝʣʝʚʽ 

ʥʘʥʦʢʦʤʧʦʟʠʪʥʽ ʩʫʙʩʪʨʘʪʠ ʜʣʷ ʨʦʩʣʠʥʥʠʮʪʚʘ 

ɻʨʫʥʪ ʚʜʦʙʨʝʥʠʡ ʙʽʦʛʝʣʝʚʠʤ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ  

ɻʨʫʥʪ ʚʜʦʙʨʝʥʠʡ ʛʽʜʨʦʛʝʣʝʚʠʤ 

ʥʘʥʦʢʦʤʧʦʟʠʪʦʤ  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʝʣʝʚʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ ʜʘʻ 

ʟʙʽʣʴʰʝʥʥʷ ʚʨʦʞʘʶ ʪʦʤʘʪʽʚ ʙʽʣʴʰʝ ʥʽʞ ʫ 

ʜʚʘ ʨʘʟʠ ʟ ʜʝʪʦʢʩʠʢʘʮʽʻʶ, ʧʽʜʚʠʱʝʥʥʷʤ 

ʚʦʜʦʫʪʨʠʤʘʥʥʷ ʪʘ ʚʠʚʽʣʴʥʝʥʥʷʤ ʟʘʩʦʙʽʚ 

ʟʘʭʠʩʪʫ ʨʦʩʣʠʥ.  23 

ɹɯʆʊɽʍʅʆʃʆɻɯʏʅɸ ʋʉʊɸʅʆɺʂɸ ʆʏʀʑɽʅʅʗ 

ʉʊɯʏʅʀʍ ɺʆɼ ɿ ʋʊʀʃɯɿɸʎɯɭʖ ʄʋʃʋ, ʤ.ɻʘʣʘʪʽ 

10 ͣ ͟ ͣ
мл ͣͣ͟ 

˿˩˸ ͔ͦ͋ͪ͊͗ͤͤ͘Ύ 
͙͙ͦͣͨͦͭͤ͘͟ͻ ˥˥Υ 
Alg/MMT (g, h), 
Alg/Lap 



ɿʘʩʪʦʩʫʚʘʥʥʷ ʽʤʧʫʣʴʩʥʦʾ ʝʣʝʢʪʨʦʦʙʨʦʙʢʠ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʧʨʦʮʝʩʫʚʘʥʥʷ ʙʽʦʤʘʩʠ 

Ç ʇʦʥʦʚʣʶʚʘʣʴʥʽ ʘʛʨʦʨʝʩʫʨʩʠ: ɹʽʦʨʘʬʽʥʫʚʘʥʥʷ 

Ç ɸʣʴʪʝʨʥʘʪʠʚʥʽ ʘʛʨʦʨʦʟʯʠʥʥʠʢʠ 

Ç ɿʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʽ ʚʧʣʠʚʫ ʥʘ ʜʦʚʢʽʣʣʷ 

Ç ɺʠʩʦʢʘ ʷʢʽʩʪʴ ʽ ʯʠʩʪʦʪʘ ʝʢʩʪʨʘʢʪʽʚ, ʟʤʝʥʰʝʥʥʷ ʾʭ  ʜʝʛʨʘʜʘʮʽʾ 

Ç ɿʙʽʣʴʰʝʥʥʷ ʚʠʭʦʜʫ (> 50%) 

Ç ɿʤʝʥʰʝʥʥʷ ʯʘʩʫ ʧʨʦʮʝʩʫʚʘʥʥʷ 

ɽʣʝʢʪʨʦʧʦʨʘʮʽʡʥʝ ʧʨʦʮʝʩʫʚʘʥʥʷ 

ɹʽʦʤʘʩʘ: ʉʫʩʧʝʥʟʽʾ ʙʽʦʢʣʽʪʠʥ, ʤʽʢʨʦʚʦʜʦʨʦʩʣʽ, 

ʮʫʢʨʦʚʠʡ ʙʫʨʷʢ, ʚʠʥʦʛʨʘʜ, ʷʙʣʦʢʦ, ʢʘʨʪʦʧʣʷ, 

ʝʩʪʨʘʢʪʠ ʯʘʶ, ʛʨʠʙʽʚ, ʣʽʢʘʨʩʴʢʠʭ ʨʦʩʣʠʥ.  
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