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─  

₈ ₉ ⱪ꜡◓ꜝⱶ 

₈ⱴꜟ♅☻◔כꜟ ◦Ⱶꜙ꜠כ♃≤ ─♃כ♦ ⌐╟╢ Ɽfi♦Ⱶ♇◒─

₉ 

 

─  

⅛╠ ╕≢╩ ← ◦Ⱶꜙ꜠כ♃╩ ™⁸₈ ₉─Ɽ꞉₈╡╟⌐כ▬fi◦ꜞ◖ ♃כ♦

ⱬ₉☻כ╩ ∆╢⁹↓╣≤ ╩♃כ♦ ∆╢ ╩☻fi◄▬◘♃כ♦⌂√ ⇔ Ɽfi

♦Ⱶ♇◒─ ⌐ ∆╢⁹ 

 

─  

─  

─ⱷ◌♬☼ⱶ  

≢│⁸₈ ₉─ ╩ ⇔≡Ⱶ○◦fi ⸗♦ꜟ≤ ⸗♦ꜟ─◌♇ⱪꜞfi◓◦Ⱶꜙ

╩fiꜛ◦כ꜠ ∆╢≤≤╙⌐⁸ ▪Ⱶⱡ ─ ⅜ ꜠ⱬꜟ≢─ ⌐≥─╟℮⌂

╩ ╓∆⅛╩ ∆╢↓≤⌐╟∫≡ ─ⱷ◌♬☼ⱶ╩ ╠⅛⌐∆╢↓≤╩ ≤∆╢⁹

≢ ╠╣╢ │⁸ 2 ≢ ∆╢▬fi◦ꜞ◖ ─☻כⱬ♃כ♦ ≤⇔≡╙

↕╣╢⁹ │ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ≤ ⸗♦ꜟ≤─◌♇ⱪꜞfi◓─

ה ╩ ℮⁹ 

 

 ▬fi◦ꜞ◖ ─☻כⱬ♃כ♦ ≤  

≢│⁸₈ ₉─Ɽ꞉כ╩ ⇔ ⌂Ᵽꜞ◄כ◦ꜛfi╩ ≈ ⸗♦ꜟ╩ ⇔⁸

◦Ⱶꜙ꜠כ◦ꜛfi─╖⌂╠∏ ◦Ⱶꜙ꜠כ◦ꜛfi╙ ∆╢⁹∕⇔≡ ₁⅛╠ ╠╣

╢ ⁸ ◖ꜞ◦fi▬─≤⌂כ◖◄ ╩♃כ♦ ─☻כⱬ♃כ♦╗ ╩ ⁹╢∆≥ꜟכ◗

│⁸⸗♦ꜟ ─ ⁸ ⅔╟┘ ⸗♦ꜟ─ ⁸ ╩fiꜛ◦כ꜠ꜙⱵ◦☻כ◔♩☻♥─ꜟ♦⸗

∆╢⁹ 

 

⅛≈ ⌂ ⌐╟╢ ─  

≢│ ⌐♃כ♦ ≠⅝ ╩ ⇔≡⁸⅛ↄ╣ ─ ▪ꜟ◗ꜞ☼ⱶ╩ ∆╢

ⱪ꜡☺▼◒♩⅜ ↕╣≡⅔╡⁸↓─ⱪ꜡☺▼◒♩≤ ∆╢⁹ ∟⁸ ╠⅛♃כ♦ №╡ ⌐╟

∫≡ ↕╣√ ▬ⱬfi♩ ⸗♦ꜟ⌐▬fi◦ꜞ◖ ╩☻כⱬ♃כ♦ ∆╢↓≤≢▬ⱬfi♩

─ ⅜ ™ ⸗♦ꜟ ╩ ⇔⁸∕─ ⌐№╢ ⁸ ⁸ ⁸ ꜠ⱬꜟ─ ╩ ∆

╢↓≤⌐╟╡⁸⅛ↄ╣ ─ ─ ╩ ∆⁹ │⁸ ─♃כ♦ ⅔╟┘ ╩

∆╢≤ ⌐⁸ ⌐♃כ♦ ≠ↄ ⸗♦ꜟ ⅔╟┘ ╩ ∆╢⁹ 

 

─√╘ ↄ─ ╩ ⇔≡™╢ ─  

≢│⁸ 2 ⌐╟∫≡ ↕╣╢▬fi◦ꜞ◖ ╠⅛☻כⱬ♃כ♦ 100 ╩
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⇔⁸♅ꜗⱠꜟ ⅜ ─ 50 ⌐≈™≡ ◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤≢ ꜞ☻◒─

╩♃כ♦ ∆╢↓≤⁸hERG♅ꜗⱠꜟ⁸Na♅ꜗⱠꜟ⌐ ⅎ≡ Ca♅ꜗⱠꜟ─⸗♦ꜟ ╩ ™

─ ╩ ╘╢↓≤⁸∕⇔≡ ─ ⌂ ╩ ∆╢▪ꜟ◗ꜞ☼ⱶ╩ ∆╢↓≤╩ ◗

⁹╢∆≥ꜟכ │⁸50 ─ ─ ⌐≈™≡⁸hERG⌐ ∆╢ ◄Ⱡꜟ◑כ ╩ ∆

╢⁹↕╠⌐⁸ NaV1.5⸗♦ꜟ≤ CaV1.2⸗♦ꜟ─ ⁸KV7.1 KCNQ1─ ⁸IC50 ─√

╘─▪ꜟ◗ꜞ☼ⱶ─ ╩∕╣∙╣ ∆╢≤ ⌐⁸ ╩ ∆╢⁹ 

 

ⱪ꜡☺▼◒♩─  

─ ╩ ╡╕√ ⌐ ⇔≡™ↄ√╘⁸ Ⱶכ♥▫fi◓ה ∟ ╦∑ ─ ⌐ √

╡ ה ─ ╩ ℮⁹∕─ ⁸ ◦☻♥ⱶ⅜ ≢⅝╢╟℮ ∆╢⁹╕√ ╠╣

√ ─ ≢─ ⱱכⱶⱭכ☺ ≤ ⌂╠┘⌐ⱪ꜡☺▼◒♩≢ ╠╣√ ─ ╩ ∂≡

╩♅כꜞ♩►▪ ∆╢⁹ 

 

 

─ⱷ◌♬☼ⱶ  

│ ∏ ◦Ⱶꜙ꜠כ◦ꜛfi⸗♦ꜟ─ ╩ ∫√⁹ ♪כ◖ CafeMol

─ AICGⱳ♥fi◦ꜗꜟ ⱳ♥fi◦ꜗꜟ │ ─╟℮⌐ local ≤ non-

local ⅛╠ ↕╣╢⁹ 

 

↓↓≢ non- local │⁸ ⅎ┌ Go◖fi♃◒♩⌐≈™≡ 1. 1⌐ ↕╣╢╟℮⌐⁸

⌐ ∂≡ ₁ ∆╢ ⌐│ ─▪Ⱶⱡ ≥℮⇔─ ╩ ⇔⁸ ─ i+1 ≤ j+3

─ │≥╣∞↑ ╣≡™╢⅛ ⅛╠⌂™⁹ ⁸local ⌐≈™≡│ ⌐ 3 ⁸

≢ 7 ╣√ ╕≢╩ ™≡⁸Ⱳfi♪⁸ ⁸ ⌐ ∆╢ⱳ♥fi◦ꜗꜟ⅜ ↕╣╢⁹↓

─╟℮⌐ ↄ ╠╣√ ─ ∆╢ ─ ─ⱳ♥fi◦ꜗꜟ╩ ≢ 2 ⇔≡ ╠╣╢

─ ⅝↕⁸ ┘⌐ ⱴ♩ꜞ◒☻⌐≈™≡ ⇔√⁹ 

 

 



- 3 - 

 

 
1.2 ⌐◦Ⱶꜙ꜠כ◦ꜛfi─ ≤∆╢Ⱶ○◦fi ─ ╩ ↑⇔≡ ∆⁹ ╩ ∆╢

│ ⌐ ∫√ local ⅛╠ ↕╣╢ ╩ ⇔⁸non- local ⌐ ⇔ ∫≡

⅝⌂ ╩ ≈↓≤⅜ ⅛╢⁹ ⌐ 826 ─ ⅛╠⌂╢ 826x3 ─ ⱴ♩ꜞ◒☻╩⁸ 3 (ⱴ

♩ꜞ◒☻⌐ ⌂ )╩ ≤⇔≡ ⇔√╙─⅜ ≢№╢⁹ ─ ⅝↕│ ⌐ ∫√

≢ ⇔≡™╢⁹ ⅛╠ ╠⅛⌂╟℮⌐⁸ ⌂ │ local ⌐ ↕╣⁸∕╣│ⱴ♩ꜞ◒

☻≢ ™ ( Ᵽfi♪ 11)╩ ∆╢⁹⌂⅔ⱳ♥fi◦ꜗꜟ─ 2 ⅛╠ ╠╣╢ ⱴ♩ꜞ◒☻

│ ⌐⌂╢⁹ 

 

 
 ⌐⁸ ⅜ ⅝↑╣┌ ⅜ ↄ⌂╢─≢⁸ ╩ ∆╢ ─ ╖ │ ↕

⌂╙─⌐∆╢ ⅜№╢⁹≈╕╡ ─◦Ⱶꜙ꜠כ◦ꜛfi│ ─ ─ ⌐ ↕╣╢⁹

⁸ ─ ⌐│ ⇔≡ ≤ ⅜№╢⅜⁸ ╖│ ─ ⅜ ⌐

═≡ ™⌐ ⅝ↄ≤╢↓≤⅜ ╢⁹ ⇔⁸ ≢│ ╩ ↄ ⅜№╢√╘

│ ⅝ↄ⌂╢⁹∕↓≢ ─ ™ ⌐≈™≡∞↑ ╩ 1 ↄ ╩ ⇔√⁹≈

 

 

1.1  CafeMol─ AICGⱳ♥fi◦ꜗꜟ⌐⅔↑╢ local ≤ non- local

⅜ ∆╢  

 

 

1.2 Ⱶ○◦fi ─ ─ ( )≤ ∆╢ ⱴ♩ꜞ◒☻( )  
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╕╡ ─╟℮⌐ Langevin ╩ ⇔⁸ ⱴ♩ꜞ◒☻─ P(R(t)) ╩ ─

⌐ ∆╢ ⁸ ─ ⌐≈™≡│ ╩ ∆╢⁹↓↓≢ R(t) │ t ≢─ ⁸G│

⁸F(R(t)) │ ⱳ♥fi◦ꜗꜟ ⁸ɄȺt (t) │ꜝfi♄ⱶ ≢№╢⁹ 

 

⌂⅔⁸ ⱳ♥fi◦ꜗꜟ─ Hessian │ ∆╢≤ ⅎ┌ 1.3 ─╟℮⌐⌂╡⁸ ╩

┬ⱬ◒♩ꜟ≤ ∆╢ ─ │ ╩≤╢√╘⁸ ─ ⱴ♩ꜞ◒☻╙ ─ ╩≤╢↓≤⅜№

╢⁹∕↓≢ ≢│⁸∕─╟℮⌂ ⌐│ⱴ♩ꜞ◒☻╩ ↕∑⁸ ⌐│∕╣╩ ∆╢

⌂ⱬ◒♩ꜟ╩ ∆╢ ╩ ⇔√⁹ 

 

 

 

─╟℮⌐ ⇔√ ─ ╩ 1.4 ⌐ ∆⁹ ∟⁸ 1.4 │ CafeMol ╖Ⱥt=0.05

─ ⌐╟╢Ⱶ○◦fiהⱤ꞉כ꜡♩☻כ◒─◦Ⱶꜙ꜠כ◦ꜛfi ( )≤Ⱥt=5.0 ─ ⌐╟╢

◦Ⱶꜙ꜠כ◦ꜛfi ( )╩ ⇔√╙─≢№╢⅜⁸ │ ™ ╩ ⇔√⁹↓╣⌐╟╡ ╖

│ 100 ⅝ↄ≤╣╢↓≤≤⌂∫√⁹ ⇔⁸ ⱴ♩ꜞ◒☻ ┘⌐∕─ ⅜♪♇ⱫכⱣכ○─

50% ⅛⅛╢√╘⁸ ⌂ ≤⇔≡│ 50 ≤⌂╢⁹ 

 

 

 

 

 

1.3 ⱳ♥fi◦ꜗꜟ─  
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│ ⌐ ⸗♦ꜟ≤─◌♇ⱪꜞfi◓─ ה ⌐ ∆╢ ╙ ∫√⁹Ⱶ◒꜡(

⸗♦ꜟ)≤ⱴ◒꜡( ⸗♦ꜟ)─ Ⱶꜙ꜠כ◦ꜛfi⌐⅔™≡│⁸ⱴ◒꜡⌐⅔↑╢ T⅛╠

T+ȺT┼─ ⌐ ∫≡[T,T+ȺT]⌐⅔↑╢Ⱶ◒꜡─◦Ⱶꜙ꜠כ◦ꜛfi╩Ⱥt=ȺT/n─ ╖≢

╘ ™⁸∕─ ╠╣╢Ⱶ◒꜡─ ─ ⅜ⱴ◒꜡─∕╣⌐ ⇔ↄ⌂╢╟℮⌐ⱴ◒꜡┼ ∆

╢ T+ȺT≢─ ╩ ∆╢⁹⇔⅛⇔[T,T+ȺT]⌐⅔↑╢T+kȺt≢─Ⱶ◒꜡─ │⁸ │

ⱴ◒꜡─ └™≡│ ⅛╠ ╕╢▪◒♅fi─☻ꜝ▬♪─ ╩ ↑╢⁹ ⌂╠▪◒♅fi⌐ ⇔√

⌐№╢Ⱶ○◦fi ⅛╠▪◒♅fi┼ ╓∆ ⁸ ∟ │⁸▪◒♅fi─☻ꜝ▬♪ ≢ ∆

╢⅛╠≢№╢⁹≈╕╡ⱴ◒꜡┼ ⅎ╢ T+ȺT≢─ │ ⌐ ∂╢ⱴ◒꜡─ T+ȺT≢─

─ ⌐⌂∫≡™╢⁹╕√ ≢⁸ⱴ◒꜡─T+ȺT≢─ ⅜ ╕╠⌂↑╣┌Ⱶ◒꜡─ ╙

⌐ ╕╠⌂™⁹∕↓≢ ≢│T+kȺt≢─ⱴ◒꜡─ ɠ╩ ─╟℮⌐ ↄ↓≤≢⁸Ⱶ◒꜡הⱴ

◒꜡ ╩ ⌐ ↄ ╩ ⇔√⁹ 

 

↓╣⌐╟╡ T+ȺT≢─ Tact, [T, T+ȺT]⌐ ∆╢ load stiffness ⅜ 

 

⅛╠ ⌐ ↕╣⁸↓╣╩ ╖ ╗↓≤≢ⱴ◒꜡ ⌐⅔↑╢ Newton- Raphson ─ ה

⅜ ↕╣╢⁹↓↓≢ SA0│ ⌐⅔↑╢◘ꜟ◖ⱷ▪ ⁸NF│ √╡─ⱨ▫ꜝⱷ

fi♩ ⁸NM│ ◘ꜟ◖ⱷ▪ √╡─Ⱶ○◦fi ⁸W│ ™ⱨ▫ꜝⱷfi♩≤Ⱶ○◦fi ╩ ┬꜡♇

♪─ ⱳ♥fi◦ꜗꜟ⁸x│꜡♇♪─ ( )≢№╢⁹ 1.5 ⌐ ╩ ⇔√Ⱶ◒꜡הⱴ◒꜡

▪ꜟ◗ꜞ☼ⱶ╩ ∆⁹╕√ ⁸ ∟ⱴ◒꜡─ ╩  

 

 

 

1.4 ≤ ─◦Ⱶꜙ꜠כ◦ꜛfi ─  
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⌐╟∫≡ T≢─ ⅛╠ ∆╢ ╩ ⇔√ ≤─ ╩ 1.6 ⌐ ∆⁹ A│

⁸B│ ╩ ∆⅜⁸ ≢│ ⇔√ ─ȺT─ 1/128⌐∆╢↓≤≢⁸╟℮╛

ↄ ≤ ─ ⅜ ╠╣╢↓≤⅜ ⅛╢⁹⌂⅔ ─ ≢│ ⅔╟┘▪ꜟ◗ꜞ☼ⱶ ─√

╘Ⱶ◒꜡⸗♦ꜟ│ⱣⱠ⸗♦ꜟ╩ ™≡ ∫√⁹ ⸗♦ꜟ┼─ │ ℮⁹ 

 

 

 
 │ ⌐ ⌐╟╢☻Ⱨכ♪▪♇ⱪ⌐≈™≡╙ ╩ ∫√⁹ ∟⁸ ─╟℮⌂ ─ ™

─☻꜠♇♪ ─ ╩ ═√⁹ 1.7 │ Ᵽfi♪ ⅜ 11≢ 2400 ─ ⌐≈™

ⱪ♇ꜝכⱣכ○⁸≡ ╩ 30 ≤⇔☻꜠♇♪ ╩ 1⅛╠ 16╕≢ ⅎ≡ ╩ ═√╙─≢

№╢⅜⁸16☻꜠♇♪≢ 8.55 ─ ⅜ ≢⅝√⁹ ⁸ 1 ♁ꜟⱣ⁸│≡™≈⌐כ

─ꜝ▬Ⱪꜝꜞכ─ ╙ ∆╢ ≢№╢⁹ 

 

 

1.5 ╩ ⇔√Ⱶ◒꜡הⱴ◒꜡ ▪ꜟ◗ꜞ☼ⱶ 

 

 

1.6 ≤ ⇔√ ─  
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▬fi◦ꜞ◖ ─☻כⱬ♃כ♦ ≤  

─ⱴכ♥ ⁸│ꜟכ◗ 2.1 ⌐ ╩ ∆╟℮⌐₈ ₉─Ɽ꞉כ╩ ⇔≡ ⌐ ╦╢

─№╢ ⌂ ─ ╖ ╦∑╩ ≈ ⸗♦ꜟ ╩ ⇔⁸ ◦Ⱶꜙ꜠כ◦ꜛfi

─╖⌂╠∏ ◦Ⱶꜙ꜠כ◦ꜛfi╙ ⇔⁸ ≡─ ╩ ▬fi◦ꜞ◖ ⱬ♃כ♦

≡⇔≥☻כ ה ∆╢↓≤≢№╢⁹ │⁸ ─╟℮⌐⸗♦ꜟ ─ ⁸ ⅔╟┘ ⸗

♦ꜟ─ ⁸ ╩fiꜛ◦כ꜠ꜙⱵ◦☻כ◔♩☻♥─ꜟ♦⸗ ⇔√⁹ 

 

 

 

 ∏⁸⸗♦ꜟ ─ ⁸ ⅔╟┘ ⸗♦ꜟ─ ⌐≈™≡│⁸ │ ⌐ ╩

≡⁸ ─╟℮⌐ ⇔√⁹ 

─ ─ ⌐ ∆╢ ⅝◌ꜞ►ⱶ │ QT ⌐ ↄ ╦╢↓≤⅜ ╠╣⁸

∕╣╩ ∆╢ ◌ꜞ►ⱶ♅ꜗⱠꜟ│  IKr ♅ꜗⱠꜟ≤  IKs ♅ꜗⱠꜟ⅛

╠⌂╢⁹ ┼─ │⁸ ⌐ IKr ♅ꜗⱠꜟ⁸ ⌐ IKs ♅ꜗⱠꜟ

⅜∕╣∙╣ ⅝ↄ⌂╢↓≤⅜ ╠╣≡⅔╡⁸ ∏↓╣╠╩ ⸗♦ꜟ─Ɽꜝⱷ⁹√⇔≥♃כ ∂ↄ⁸

 

 

1.7 ─☻꜠♇♪ ⌐╟╢☻Ⱨכ♪▪♇ⱪ 

 

 

2.1 ▬fi◦ꜞ◖ ─☻כⱬ♃כ♦  
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─ ⅝◌ꜞ►ⱶ ╩ ⇔ ⌐ ⌂ ⅝╩∆╢≤ ╦╣╢ Ito ♅ꜗⱠꜟ⁸╕√

╛ ⌐ ╦╢≤ ⅎ╠╣╢♫♩ꜞ►ⱶ ╩ ∆╢ INaL♅ꜗⱠꜟ⁸ ─ ≡─▬○fi

─ ⌐ ╣╢ ≢№╡⁸ ≢ ╣╛∆ↄ ≢│ ╣⌐ↄ™ ╩ ∟

╩ ∆╢ IK1♅ꜗⱠꜟ⁸ ≢ ⅜♩כ◕ ⇔ ⅜ ↄ≤ ⅜♩כ◕ ∂╢

╩ ∟ ─ ⌐╙ ╦╢≤ ╦╣╢ L ◌ꜟ◦►ⱶ♅ꜗⱠꜟ ICaL╩ ⇔√⁹↕╠⌐

⌐ ╦╢◌ꜟ◦►ⱶ▬○fi ≢│⁸◌ꜟ◦►ⱶ▬○fi╩ ∆╢≤ ⌐ ◌ꜟ◦►ⱶ▬○fi

─ ╩ ℮ ┼─ ╡ ╖╩ ℮ Serca pump⁸╕√ ATP│ ∑∏ ╩ ∆╢♫♩ꜞ

►ⱶ▬○fi─ ╩ ™ ⅛╠ ┼ ⌐ ╠∫≡◌ꜟ◦►ⱶ▬○fi╩ ∆╢

≢№╢♫♩ꜞ►ⱶ/◌ꜟ◦►ⱶ ╩Na/Ca exchangerה ⇔√⁹ ╩ 2.2 ⌐ ∆⁹ 

 

 

⁸ ─ │ ⌐⅔™≡ ≢│⌂™↓≤⅜ ╠╣≡™╢⁹ ∟⁸ 2.3 ⌐

∆╟℮⌐⁸ ⁸ ≤│ ─ ⌂╢ M ⅜ ⌐ ∆╢⁹M ─ ≤⇔

≡⁸ ╛ ─ ⌐ ⇔ ─ ⌂ ╩ ∆⁹∕─ │⁸ ─

≤ ═ ⅝◌ꜞ►ⱶ ⅜ ⌂™↓≤╛⁸ ─ ⅝♫♩ꜞ►ⱶ ⅜ ⇔≡™╢√

╘≤ ↕╣≡™╢⁹M ─ │ T ─ ⌐ ∆╢↓≤⅛╠⁸ ⌐⅔↑╢

─ T ╛ U ─ ≤ ⌐ ∆╢⁹ ⌐ ╛ ╩ ∆╢ ₁─ ─

⌐⁸M ─ │ ⌐ ╩ ⇔⁸QT ─ ⁸↕╠⌐│∕─ ─ ╩

ↄ↓≤⌐⌂╢⁹ ⁸M ─ ⌐ ∆╢ QT ─ ╛ QT ─ ≤ ⌂

≤─ ⅜ ↕╣≡™╢⁹↓─╟℮⌂ ⅛╠ M ╙ ≤⇔≡ ⇔√⁹ 

 

 

 

 

2.2 ⸗♦ꜟ⌐ ∆╢  

 

2.3 M ─  
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 ⌐⁸ ꜠ⱬꜟ≢│◑ꜗ♇ⱪ ╩ ⇔√⁹◑ꜗ♇ⱪ │ ≥℮⇔╩ ∆╢

2.4 ⌐ ≢ ⌐ ╠╣╢ ≢⁸ 2nm─ ╩▬○fi╛ ⅜ ⇔ ─

⌐ ⇔≡™╢⁹↓─◑ꜗ♇ⱪ ♃fiⱤ◒─ │ ⌂ ╩ ⇔ ⌐⅔↑

╢ ╩ ∆╢⁹ ⌐ ≠ↄ ◦Ⱶꜙ꜠כ◦ꜛfi≢│⁸ ╩ ∆

⌂╦∟ ╩ ∆╢ ≤ ⇔⁸ ⌐ ⸗♦ꜟ╩ ∆╢ 2.4 ⁹∕─

⁸ ≥℮⇔─ │ ↔≤⌐ ↕╣╢ ⅔╟┘ ♥fi♁

ꜟ╩ ∆╢↓≤≢ ↕╣╢ 2.4 ⁹ ∫≡↓↓≢│◑ꜗ♇ⱪ ─ ╩ ♥fi♁ꜟ

─ ≤⇔≡ ⅎ╢⁹ 

 

 

 

꜠ⱬꜟ≢│ ─ ╩ ⇔√⁹ ∏⁸ ≤│ ⌂ ─ ╛ ╩ ∆╢╟

℮⌂ ─ №╢™│ ╩ ∆╢ ⌂ ≢№╡⁸∕─ │ ⌐╦√╢≤↕╣≡

™╢⁹ ⌐ ─ ╩ ∆╢⌐│ sphericity index  SI ⅜ ≢№╢⁹SI │

⌐⅔↑╢ ⌐ ∆╢ ─ ≤⇔≡ ∆↓≤⅜≢⅝⁸ ⌂╠┘⌐ ⅜

─ ⌐⅔™≡│ 0.45₩0.62≢№╢≤↕╣≡™╢⁹∕↓≢ │ ⌐ 2.5 ⌐ ↕╣╢ ↕─

⌂╢ ─ ╩ ∆╢↓≤≤⇔√⁹ 

 

│ ─ ≤⇔≡ ≤⌂╢ ⌂ ≢⁸ ╩ ℮ ⅜ ≢ ↄ

⌂∫√╡ ╕∫√╡⇔≡ ┼─ ⅜ ↕╣⁸ ⅜ ≢⅝⌂™√╘ ⅜ ↓╢ ╛

─↓≤╩ ∆⁹ ⌐╟╡ ─ ⅜ ╕╢≤ ⌐⌂╢ ⁹

 

2.4 ─⸗♦ꜟ  

 

 

2.5 ─ ⌂╢ 2 ─   
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∕↓≢ │ 2.6 ⌐ ∆ ⅛╠ ⅔╟┘ ⌐⅛↑≡─ ⌂ ─ ╩ ⇔⁸∕

─ ╩ ═╢↓≤≤⇔√⁹ 

 

 

⌐ ╡ →√ │ 12 ⌐⌂╡⁸∕─ ⌂ ╩ ⇔√╙─⅜ 2.1 ≢№╢⁹

│↓╣╠─⸗♦ꜟ ╩ ™⁸OΐHara & Rudy human ventricular cell model ⌐ ≠ↄ ◦Ⱶ

⌐♃כ꜠ꜙ ⇔√⁹∕⇔≡↓╣╠⅛╠ 16,384 ╡─ ╖ ╦∑╩ ⇔⁸ ◦Ⱶꜙ꜠כ◦ꜛfi╩

⇔≡ ▬fi◦ꜞ◖ ╩☻כⱬ♃כ♦ ⇔√⁹ ⇔⁸ [11] ⁸[12] ⌐≈™≡│⁸

[Sphericity Index 0, Anterior] ⌐≈™≡│ ISCH002⁸003⁸005⁸008⁸[Sphericity Index 0, Posterior]

⌐≈™≡│ ISCH002⁸003⁸[Sphericity Index 1, Anterior] ⌐≈™≡│ ISCH002⁸003⁸004⁸005⁸008⁸

[Sphericity Index 1, Posterior] ⌐≈™≡│ ISCH002⁸003⁸004⁸005⁸008⁸─ 16 ╡─ ╖ ╦∑

⌐≈™≡ ∫√⁹↓╣⌐╟╡⁸ [1] [10] ⌐≈™≡─ ╖ ╦∑ 2─ 10 1024 ╡ ⌐ 16

╩ ∂√ 16,384 ╡≤⌂╢⁹ 

 

 

 

 

 

 

2.6 ⅛╠ ⅔╟┘ ⌐⅛↑≡─ ─  
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⅛≈ ⌂ ⌐╟╢ ─  

│⁸ ∏ ≢ ─♃כ♦ ⅔╟┘ ╩ ⇔⁸ ⌐ ⌐ ≠ↄ

─ ⸗♦ꜟ─ ╩ ∫√⁹ ⌐│⁸ ≢│ 25 ─ ♃כ♦

⅜ ☻כⱬ♃כ♦─⧵⁸╡⅔≡╣↕ ⅛╠ ≢ ⌐ ∫√ ⌐≈⅝⁸ ⌐ ↑╢⌐

⇔™ⱡ▬☼─ ⌂™ 9,000─ ╩ ⇔√⁹↓╣╠─ ⌐│ ─ꜝⱬꜟ╩

⇔√⁹ ⌐⁸↓╣≤╒╓ ∂ ─☻כⱬ♃כ♦℮╟╢⌂⌐╖ ⅛╠ 10,000─ ─ ╩

⇔√⁹ ⁸ ≢ 19,000 ╩ ≡⇔≥♃כ♦ ⇔√⁹ ⌐↓─ ╩♃כ♦ ™≡ ⅛

╠ ╩ ℮ ⸗♦ꜟ╩ ⇔√⁹ ∟⁸ 3.1 ⌐ ↕╣╢╟℮⌂ Feature Learning

≤ Classification ⅛╠⌂╢ ⌐╟╡⁸ ⁸ NYHA 0≤ ⁸New York Heart 

Association ─ ⌐⅔↑╢⁸NYHA I⁸NYHA и⁸NYHA й к╩ ≢⅝╢╟℮⌂ ◦☻

♥ⱶ╩ ⇔√⁹⌂⅔ ◦☻♥ⱶ│ ↕╣≡™╢ 2020- 145822 ⁹ 

 

 

 

 

2.1  
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↓─ ◦☻♥ⱶ─ ╩ ∆╢√╘ ROC ╩ ∫√≤↓╤⁸ 3.2 ⌐ ↕╣╢

╟℮⌐ NYHA I⁸NYHA и⁸NYHA й к─ ∕╣∙╣⌐ ⇔≡ ⌐ ⌂ ╩ √⁹ ⌂ ╩

∆╣┌⁸ ⁸ ⌐ ≢ ⅜ ⌐⌂╢≤ ⅎ╠╣╢⁹⌂⅔⁸NYHA I⌐≈™≡│

─ ⌐╟╡ ⌐ 2 ⌐ ⇔√⁹ 

 

 

⌐ ─ ⌐≈™≡⁸ ⌐╟╢ BNP ≤ ⌐ ⇔√ ─ ◦☻♥ⱶ⌐╟╢

─ ╩ ═√≤↓╤⁸ 3.3 ─╟℮⌐ ⌂ ⅜ ╠╣√⁹ 

 

 

3.1 ≢ ⇔√ ⌐ ≠ↄ ⸗♦ꜟ 

 

 

3.2 ROC ⌐╟╢ ◦☻♥ⱶ─ ─  
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⌂⅔ 3.4 │⁸NYHA I(no symptoms)⁸NYHAз(with symptoms)⁸NYHA и⁸NYHA й к─ ⌐⅔™

≡⁸ ⅜ ─≥↓╩ ≢ⱥ☻♩◓ꜝⱶ─כ꜠◓╩⅛╢™≡ ⇔√╙─≢№╢⁹ ⌐ NYHA й

к≢│ ─ ≤ ⌂╢ ⌐ ⇔≡™╢ ⅜℮⅛⅜ⅎ╢⁹ 

 

 

 

 

3.3 ─ ─ BNP ≤ ◦☻♥ⱶ⌐╟╢ ─  

 

3.4 ─ ─ ⌐⅔™≡ ◦☻♥ⱶ⅜ ∆╢ ─  


