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∫ ╡⌐ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌™ ╩  

₩ ≢ ⌂ ─ ─ ⌐ ≠ↄ₩ 
 

ⱳ▬fi♩ 

 ◌כⱲfi♫ⱡ♅ꜙכⱩ│ ↄ≡ ∫ ╡⌐ ™≤™℮ ╩ ∫≡™╢⅜⁸∕─

⅜ ⅜Ⱪכꜙ♅⌂℮╟─≤⁸╡⅔≡™≈╠┌⌐≥↔ ™─⅛│ ∞∫√⁹ 

 ─ ┘ ╩ ⇔√ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ─

⌐ ≢ ╘≡ ⇔⁸ ▪▼♅ⱶכ▪ ─ ⅜ ™↓≤╩ ⅝ ╘√⁹ 



ࠊ

  כ♄כꜞⱪכꜟ◓   

⁸    ╠─ ⱪ│⁸כꜟ◓ ⌂ ╩ ≈

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ≢⁸ ∫ ╡⌐ ™♫ⱡ♅ꜙכⱩ─ ╩ ⅝ ╘╕⇔√⁹ 

│Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ↄ≡ ⌂ ≢⁸ ◄꜠ⱬכ♃כ╩ ╘⁸

≤⇔≡ ↕╣≡™╕∆⁹⇔⅛⇔⁸ ∫ ╡⌐ ∆╢ ↕ ⅜ ↔≤⌐

⅝ↄ┌╠≈™≡⅔╡⁸≥─╟℮⌂♅ꜙכⱩ⅜ ™─⅛│ ⅛∫≡™╕∑╪≢⇔√⁹ 

≢│⁸ ─ ┘ ╩ ⇔√ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌

─ ⌐ ≢ ╘≡ ⇔╕⇔√⁹∕─ ⁸ ⅜ ↕™₈ ▼♅ⱶכ▪

▪ )₉≤ ┌╣╢ ⅜Ⱪכꜙ♅Ⱳfi♫ⱡכ◌─ ™ ╩ ≈↓≤⅜ ╠⅛

≤⌂╡╕⇔√⁹↕╠⌐ ─ ⅛╠⁸ ≤ ⌐ ™ ⅜№╢↓≤

⅜ ⅛╡⁸∕─ ╩ ™∞⇔╕⇔√⁹ 

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⁸│ ╩ ╘╢ ╩ ≢ ╘≡ ╠⅛

⌐⇔√≤™℮ ⌂ ⌐ ⅎ≡⁸◌כⱲfi♫ⱡ♅ꜙכⱩ╩ ™√ ↄ≡ ™

─ ─ ⌐ ↑√ ⌂ ╩ ⅎ╢╙─≢∆⁹ 

│⁸ ⌐ ₈  

₉─○fiꜝ▬fi ≢ ↕╣╕⇔√⁹ 
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─  

 │⁸ ⅜ ⌐ ╓∆ ╩ ≢ ╘≡ ⌐ ⇔╕⇔√⁹

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ≤⇔≡─ ⌐ ↑≡⁸ ─ ↕™ ▪▼♅ⱶכ▪

─ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ╩ ℮═⅝≤™℮ ⌂ ⅜ ╠╣╕⇔√⁹

╩Ⱪכꜙ♅Ⱳfi♫ⱡכ◌⌐ ≤⇔≡ ∆╢√╘⌐│⁸ ─ ─

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ⁸╟╡ ↄ ─ ⌂™ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌

⁸ ╩ ╩ⱪכ꜡╕╕√∫ ╗ ─ ⌂≥⁸ ∆═⅝ ⅜╕∞ ↄ ↕╣≡

™╕∆⁹ │⁸ ⁸↓╣╠─ ⌂ ╩ ≈ ≈ ⇔⁸ ⌐ ↄ≡

™ ─ ╩ ⇔≡™ↄ√╘─ ╩ ⅎ╢╙─≢∆⁹ 

 

 

 

≥Ⱪכꜙ♅Ⱳfi♫ⱡכ◌  ⌂ ─ ─  

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ≤⇔≡⁸ ≤ ≢ ⇔√ ─

─ ≤ ╩ ⇔≡™╢⁹ ≢ ╕╣√ │ ꜙ♅Ⱳfi♫ⱡכ◌

─Ⱪכ ⁹ 

─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ⁹ │Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ≤◌▬ꜝꜟ ─

╖ ╦∑≢ ↕╣╢ ⁹ ⅜Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ╣ ⌐⌂∫√

╙Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ∆╢ ⁹ 
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 ╩ ╘√ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌  

╩ ™√ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ⁹ Ⱳfi♫ⱡכ◌

╘∂⅛╠№Ⱪ│⁸כꜙ♅ ⇔≡⅔™√ ─ ╣ ⌐ ⇔↕╣≡™╢⁹ 

⅜ ⌂╢ ─ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ כꜞ▬꜠ ⁹ Ⱨכ

◒─ ◄Ⱡꜟ◑כ│ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ↔≤⌐ ⌂∫≡™≡⁸

≢ ↕╣√ ╩ ∫≡ ╩ ∆╢⁹ 

ⱴ▬◒꜡ⱨ◊כ◒╩ ™≡ ╩Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ™ →╢ Ⱨ♇◒▪♇

ⱪ ⁹ 

™ →√ Ⱪ╩⁸כꜙ♅Ⱳfi♫ⱡכ◌ ♦Ᵽ▬☻─ ⌐☺כ♥☻─≈

⇔∆╢╟℮⌐ ∆╢⁹ 

⅜Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ ∆╢ ─ ⁹ 
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 ─  

─ ⅝↕╩ ─ ≢ ⇔≡™╢⁹ ─ ─ ⅜ ♅Ⱳfi♫ⱡכ◌

─Ⱪכꜙ ≤◌▬ꜝꜟ ╩ ⇔≡™╢⁹ ⌐ ∆╢ │◌▬ꜝꜟ ≤

┌╣⁸ ≤◌▬ꜝꜟ ⅛╠ ⌐ ╕╢ ≢№╢⁹ ≢│ ⅜ .

♫ⱡⱷ⁸ꜟ♩כ◌▬ꜝꜟ ⅜ . ─ ⁸ ♫ⱡ♅ꜙכⱩ≤ ┌╣

╢⁸ ⅜ ↕ↄ▪כⱶ♅▼▪⌐ ™ ╩ ≈ ─Ⱪכꜙ♅Ⱳfi♫ⱡכ◌

⅜ ◑●Ɽ☻◌ꜟ ≢№∫√⁹ 

─◌▬ꜝꜟ ⁹ 

─ ⁹ 

 







https://www.nature.com/articles/s41467-019-10959-7

