
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

─   ⁸   ⁸   

⁸   ╠─ ⱪ│⁸כꜟ◓ ⌐ ⇔⌂™ ≢╙ ─╖

─ ─ ≢⁸ⱨ◊♩Ɽ♃כfi ╡⌐ ⅜ ⅝ↄ ⅝⁸ ⱨכꜞ꜠ *1⅜≢⅝╢

╩ ⇔╕⇔√⁹ 

 1995 ⌐ ⌐ ♩ꜝfi☻-◦☻ ∆╢▪♂ⱬfi♀fi*2─ ┼─Ɽ♃כ

fi ≢⁸ ⅜╙√╠↕╣⁸ ⱨכꜞ꜠ ⅜ ↕╣╢ ⅜ ↕╣⁸ ⌐ ≤

─ ⅛╠ ─ ╛ ┼ ↑≡ ↄ ↕╣≡™╕∆⁹↓╣╕≢│ ⌐▪♂ⱬ

fi♀fi⅜ ∆╢ ≢ ⅜ ╘╠╣≡⅝╕⇔√⁹╕√⁸⌂− ╩ ≡╢≤ ⅜

↓╢⅛⌐≈™≡╙ ↄ─ ⅜№╡⁸ ≢╙ ⌐ ↕╣≡™╕∑╪⁹ 

≢│⁸ ⌐ ⇔⌂™ 100 nm ─ ⌐ nm ꜠ⱬꜟ─▪♂ⱬ

fi♀fi ╩─∑╕⇔√⁹↓╣╕≢─ ⌐ ⇔≡⁸ ⌐▪♂ⱬfi♀fi⅜ ⇔⌂ↄ≡╙⁸

─ ∞↑≢ ⌐ ⅜ⱨכꜞ꜠ ↕╣╢↓≤╩ ⇔╕⇔√⁹ ∞↑─

≢№╢↓≤⅛╠⁸↓─ ≢─ │ ╒≤╪≥ ↕╣⌂⅛∫√ ⌐

╟╢ⱴꜝfi◗♬ *3≢ ↓╢↓≤╩ ╠⅛⌐⇔╕⇔√⁹↓─ ≢│⁸ ⌐ ⇔⌂™

╙ ─ ⌐⌂╡⁸ ⌐ ╩ √⌂™ *4╛ⱴ▬◒꜡꜠fi

☼▪꜠▬*5 ─ ─ ⌂ ⌂≥┼─ ⅜ ↕╣╕∆⁹ 

↓─ │⁸2020 7 29 18 ₈Scientific Reports₉─

⌐ ↕╣╕⇔√⁹ 

 ↓─ │⁸ ה S 16H06355 ≤ B

19H02774 ─ ╩ ↑≡ ╦╣√╙─≢∆⁹ 

─ ─╖≢ ⅜ ↄ 

-- ⱨכꜞ꜠╢╟⌐ ─ -- 



ₒⱳ▬fi♩ₓ 

●↓╣╕≢─ ⌐ ⇔≡⁸ ─╖⌐ ─▪♂ⱬfi♀fi╩ ↑╢∞↑≢⁸ ⌐ ⇔

⌂™ ≢╙⁸ ⌐ ┬ ⅝⌂ ⅜ ↓╢↓≤╩ ⇔╕⇔√⁹ 

● ⌐ ↄ▪♂ⱬfi♀fi ─ ─ │⁸↓╣╕≢╒≤╪≥

↕╣⌂⅛∫√ⱴꜝfi◗♬ ≢№╢↓≤╩⁸ ⌐ ╘≡ ╠⅛⌐⇔╕⇔√⁹ 

●↓─ ≢│⁸ ╩ ∑∏ ⌐ ⇔⌂™ ╩ⱨכꜞ꜠╙≢ ≢⅝╢ ╩ ↄ╙

─≢⁸ ⱨכꜞ꜠ ─ ╩ →╢↓≤⅜≢⅝╕∆⁹ 

 

ₒ ≤ ₓ 

1995 ⌐◌♫♄≤ ⱪ⌐╟∫≡⁸כꜟ◓─





 

3 ─ PAz ─ ≤ ↕╣╢ PCBPz ─ ⱨכꜞ꜠ ─ ─ ⁹ ─ ⌐

│ ∑∏⁸ PAz ─ 20 ╒≥─ ⅜≢⅝╢⁹ 

 

4⌐│⁸PAz ≢ ⇔√ ⱨכꜞ꜠ ≤ PAz 5 ╩ ⌐ ↕∑√ PCPBz

ⱨכꜞ꜠─ ╩ ⇔≡™╕∆ ⁹ ─ │ ─ ─ ≢№╡⁸ │
*9 ≢ ⇔√ ╩ ⇔≡™╕∆⁹5 ─ PAz ⅜№╢ PCPBz ≢⁸PAz

≤ ⱨכꜞ꜠⌂ ⅜≢⅝≡™╕∆⁹ │ ☻Ɑ◒♩ꜟ≢∆⅜⁸5 ─ PAz

⅜№╢ PCPBz │ ⌂ PCPBz ≤╒╓ ∂ ╩ ⇔≡⅔╡⁸ ™ ⅜⌂™

↓≤⅛╠⁸ ⌐ ⱨכꜞ꜠─ ⅜≢⅝╕∆⁹ ▪♂ⱬfi♀fi │ ⌐

⇔≡⅔╡ ⌂≥─ ⌐ ⇔⌐ↄ™↓≤⅜ ≢∆⅜⁸ ≢ ⌐

ⱨכꜞ꜠─ ╩ ╢↓≤⌐ ⇔╕⇔√⁹ ─ⱨכꜞ꜠│≢4 ⅜ ⅛╡⌐ↄ™─

≢⁸PAz:PCPBz(5:95) ─ ─♃כ♦∂ ╩ 5⌐ ⇔╕∆⁹ 

 

4 PAz ≤ PAz:PCPBz (5:95)─ ─ ⱨכꜞ꜠ ─ ≤ ≢

⇔√ ⁸⅔╟┘ ─ ☻Ɑ◒♩ꜟ ⁹PAz:PCPBz (5:95)─ PAz │ ⇔

≡™╢ ─ │ PCPBz ─ ≤╒≤╪≥ ╦╠∏⁸PAz ─╟℮⌂ ™ │ ™⁹ 



 

5 ⱨ◊♩ⱴ☻◒ 20 m Ⱨ♇♅ ≤∕─Ɽ♃כfi ╡⌐ ↕╣√ PAz:PCPBz (5:95)─ (PAz

⅜ ⌐ ⱨכꜞ꜠─(╢™≡⇔ ─  

 

∞↑─ ≢ ⅝⌂ ⅜ ↓╢↓≤⅛╠⁸↓─ │ⱴꜝfi◗♬ ⌐╟╢╙─

≤ ⅎ╠╣╕∆⁹ ↄ │ ⅜ √∫≡™⌂™ ⅛╠ ≢∆⁹↓╣│

≢♩ꜝfi☻ ⅛╠◦☻ ┼─▪♂ⱬfi♀fi─ ⅜ ↓∫√√╘⁸ ⅜╟╡

⅝⌂ ┼─ⱴꜝfi◗♬ ⅜ ⇔√╙─≤⇔≡ ≢⅝╕∆⁹ ⅜ ─ ⌐

⇔⌂™↓≤⅛╠╙⁸ⱴꜝfi◗♬ ⅜ ─ ≢№╢↓≤╩ ↑╕∆⁹ 

↕╠⌐ ─ ≢∆⅜⁸ ⅜ⱨכꜞ꜠ ⌐ ↕╣╢ PAz ─ ─ ⌐ 2 nm ─

▪ꜟ◐ꜟ ─ ╩ LS ≢ 1 ℮∞↑≢⁸ ⅜╒≤╪≥ ↓╠⌂ↄ⌂

╢↓≤╙╦⅛╡╕⇔√⁹↓╣│⁸ ─▪♂ⱬfi♀fi ⅜ ⇔≡╙⁸ ꜠ⱬꜟ

≢╙ ≢ ⅜ ╦╠⌂™ ≢ ╦╣╢√╘⌐ ⅜ ↓╠⌂ↄ⌂╢√

╘≤ ⅎ╠╣╕∆⁹↓─ │⁸ⱴꜝfi◗♬ ⅜ ⌂ ─ ≢№╡⁸2 nm ≤™℮

≢⅝╢꜠ⱬꜟ─ ⅛⌂ ─ ∞↑≢ ╘≡ ⅝⌂ ⅜ ╠╣╢↓≤╩ ⇔≡™╕

∆⁹ 

 

ₒ ─ ₓ 

●1995 ─▪♂ⱬfi♀fi ≢ ↓╢ ⱨכꜞ꜠ │⁸ ─ ⁸ ⅜

ↄ ⌐≈™≡ ↄ─ ⅜⌂↕╣≡⅝╕⇔√⅜⁸ ⅜ ∆╢ⱷ◌♬☼ⱶ│ ⌐│

↕╣≡⅝╕∑╪≢⇔√⁹↔ↄ ⱴꜝfi◗♬ ⌐ ≠ↄ ⅜ ↕╣ ╘√⅜⁸ ◓ꜟ

≢ⱪכ ∫≡™╢ ≢│⁸↓─ⱴꜝfi◗♬ ─ ⅜ ─ ⌂

≤⌂╢↓≤╩⁸ ╘≡ ⌐ ╠⅛⌐⇔╕⇔√⁹ 

● ≢│⁸ ≤ ┌╣╢ №╢™│ ⌐ ∆╢ ⅛⌂ ⅜╙

≈ ⅜ ↕╣≡⁸ ⌐ ⅜ ┘╕∆ ◖ⱴfi♪ ⁸ ♦▫☻ⱪ꜠▬─

≢│↓─ⱪ꜡☿☻╩ ⇔≡™╕∆ ⁹ ⅜ⱨכꜞ꜠⁸│≢ ↕╣╢

⌐⅔™≡╙⁸↓℮⇔√ ─ ─ ⅜ ↕╣╢™╦╝╢◖ⱴfi♪

≤ ⅎ╢↓≤⅜≢⅝╕∆⁹ 

●▪♂ⱬfi♀fi │ ⇔≡⅔╡⁸↓╣⅜ ─ →≤⌂∫≡⅝╕⇔√⁹ ≢│⁸

⌂ ─ ⌐ ⱨכꜞ꜠⌐ ╩ ╢↓≤⅜≢⅝⁸ ⌐ ╩



⇔√ ─ ⅜ ⅝ↄ ⅜╡╕∆⁹ 

 

ₒ ₓ 

 

ⱨכꜞ꜠ (1 1995 ⌐▪♂ⱬfi♀fi כ◙כ꜠⌐ ╩ ≡╢

∞↑≢ ⅜ ⌐ ⇔≡⁸ ╡─ ⅜≢⅝╢↓≤⅜ ↕╣√⁹

ꜞ♁◓ꜝⱨ▫כ 6 ╩ │ ⌐ ╩ ⇔≡ ╩ ∆╢─⌐ ⇔

≡⁸ ⱨכꜞ꜠ │⁸Ɽ♃כfi ⅜ⱨכꜞ꜠≢↑∞ ↕╣╢ ⅜

≢№╢ √∞⇔⁸ ꜞ♁◓ꜝⱨ▫כ─╟℮⌂ ™ │ ╠╣⌂™ ⁹↓─ ≢ ™≡

™╢ ≢│ ⅜ ↄ⁸ ꜝfiⱪ─ ╩ⱴ☻◒ ⇔⌐ ∆╢∞↑≢⁸

∕─ ⱨכꜞ꜠─╡ ⅜ ↕╣╢⁹↓↓≢│ ─ ╙ ∂ ≢ ™

≡™╢⁹ 

 

2) ▪♂ⱬfi♀fi  ⌂ⱨ◊♩◒꜡Ⱶ♇◒ ≢⁸2 ─ⱬfi♀fi ⅜-N=N-≢ ⇔√

╩ ≈⁹♩ꜝfi☻ ≤◦☻ ─ 2 ≈─ ╩≤╡⁸ ╩

↕╣╢≤ ╩ ↓⇔⁸ ≢№╢♩ꜝfi☻ ⅛╠◦☻ ┼ ∆╢⁹◦☻ ≢

│ ≤⌂╢√╘⌐ ⅜ ⅝ↄ⌂╢⁹ 

 

3) ⱴꜝfi◗♬  ─ ⅜ ⌐╟∫≡ ⌂╢ ⁸ ─ ↕™ ⅛

╠ ⅝™ ┼≤ ⅜ ™≡ ⅜⅔↓╢ ⁹ ─╟℮⌂ ™ ─╙─≢│ ≢

│ ⇔⌐ↄ™⅜⁸ ─╟℮⌂ ⌂ ⌐⌂╢≤⁸ ⅜ ∆╢⁹

─ ⌐ ⌐ ╣⅜№╢≤⁸∕↓╩ ≤⇔≡ ⌐ ⅜≢⅝≡⇔╕℮ ≢№

╡⁸ ⁸ │ ⌂ ≢№╢⁹ ≢│⁸ ⌐ ⌂ ╩ ⌂ ≤

⇔≡ ∆╢ ⅜№╢⁹ 

 

4)  ╩ ↕∑≡☻ꜞ♇♩╩ ⌐ ⇔≡ ↕∑╢ ─ ⁹ 

 

5) ⱴ▬◒꜡꜠fi☼▪꜠▬  ꜠fi☼╩ ⌐ ⇔ ╩ ⌡ ╦∑≡ ≢ ─ ╩

∆╢ ⁹ ─꜠fi☼≤ ⇔≡ ╩ ↕ↄ≢⅝╢ ⅜№╡⁸ ⁸

ⱪꜞfi♃כ ≢ ↕╣≡™╢⁹ 

 

6) ꜞ♁◓ꜝⱨ▫כ  ╛ ♦▫☻ⱪ꜠▬⌂≥─ ⌐⅔™≡⁸ ꜠☺☻

♩ ─ ╩ ⇔√ ─ ╩Ɽ♃כfi ⌐ ⇔⁸ ≤ ≢─

┼─ ─ ™╩ ⇔≡≥∟╠⅛╩ ™ ⇔≡ ⌂Ɽ♃כfi╩ ∆╢ ⁹ 

 

7) ꜝfi◓Ⱶꜙ▪-◦▼ⱨ□כ LS ╩ ∏≈ ≢ ∆╢

⁹ ⌐ ↕╣√ ─ ╖─ ╩●ꜝ☻ ⌂≥┼─ ⌐ ⌐

⅛⇔⌂⅜╠ ⅝ →╢ ╩ꜝfi◓Ⱶꜙ▪-Ⱪ꜡☺▼♇♩ ⁸ ╩ ⌐⇔≡ ∆╢

╩ꜝfi◓Ⱶꜙ▪-◦▼ⱨ□כ ≤ ╪≢™╢⁹ │ ╩ ™≡™╢⁹ ─

⌐ ∫≡ ╩ ꜠ⱬꜟ≢ ≢⅝╢⁹ 



https://www.nature.com/articles/s41598-020-69605-8

