
 

 

 

 

 

 

 

 

 

 

 

─ ≤ ─√╘─ⱥfi♩ 

─ ╩ ⇔≡™√∞ↄ√╘⌐  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 ∟╜℮↔ↄ ☿fi♃כ 

 

 

 

 

 

 

  



 

 

  



 

 

╕ⅎ⅜⅝ 

 

∟╜℮↔ↄ ☿fi♃כ    

 

 │⁸ ☿fi♃כ⅜ 2015 ⌐ ⇔√₈╙─≠ↄ╡ ─ ⌐⅔↑╢ ─

₉─ ─ ╩ ∆╢√╘⌐ ⇔√╙─≢∆⁹↓─ │⁸

⁸ ⌐╟╢ ─ ≤ ╩ ∆╢√╘─ ╩ ∆╢

↓≤╩ ≤⇔≡™╕⇔√⅜⁸ ─ ≢⁸ ─ ─ ╣⌐ ⇔≡ ≢│

⌐╟╢ ─ ╙☼כ♬ ↄ⁸ ─ ≢│☿Ⱶ♫כ╩ ≤⇔√ ⅜ ╪⌐

╘╠╣≡™╢↓≤⅜╦⅛╡╕⇔√⁹↓─√╘⁸ ─ ∞↑≢⌂ↄ⁸ ⌐╟╢ ╙

╘≡ ─ ה ⌐ ↑√ ╩ ∆╢↓≤⌐⇔╕⇔√⁹ ⌐╟╢

─ │⁸↓─ ≢ ⇔√ ╙─≠ↄ╡ ╩ ≤⇔√▪fi◔כ♩

≢╙ ╠⅛⌐⌂╡╕⇔√⁹ ™√∞™√ 240 ─℮∟ 7 ─ ⅜₈ ─

≤ ⌐╟╢ │≥∟╠╙ ≢№╡ ⇔ ℮ ≢ ∆╢↓≤⅜ ╕⇔™₉≤ ⅎ≡⅔╡⁸

ה ╛ ה ╩ ∆╢√╘─ ╖─ ⌐⌂╢☿Ⱶ♫כ ─

⅜☼כ♬ ™↓≤⅜ ╡╕⇔√⁹ 

↓─ ╩ ╕ⅎ≡⁸ ☿fi♃כ≢│ 2016 ⅛╠₈ ☿Ⱶ♫₉כ╩

⇔≡⅝╕⇔√⁹↓─ │⁸ ─ ₁ ⅜

⌐ ↕╣√ ≢∆⁹ │ ⅜ ∫≡™╢ ⅛╠─

╩ ⌐ ⌐ ≢⅝╢↓≤╩ ⇔⁸ ⅛╠ ↕╣≡⅝√ ≤ ⌂╢

√⌂ ╩ ⇔╕⇔√⁹↓─ ⁸ ⇔─ ≤ ─ ⌐ ⅝⌂ ╩

→⁸∕─ ╙ ↄ─ ≢↓─ ─ ⅜ ╠╣≡™╕∆⁹ 

│⁸ ≢ ↕╣√ ─ ≢№╢ ╩╟╡ ↄ─ ↕╕⌐

⇔≡™√∞⅝⁸╙─≠ↄ╡ ─ ⌐⅔↑╢ ─ ≤ ⁸ ┘⌐

─ ⌐ ≡≡™√∞ↄ↓≤╩ ≤⇔≡ ⇔╕⇔√⁹ ⌐№√∫≡│⁸

2010 ⅛╠ ─ ≤ ⌐ ╡ ╪≢⅔╠╣╢

─꞉כ◐fi◓◓ꜟכⱪ₈ ₉─ ↕╕⌐↔ ™√∞⅝⁸

─ ─ ה ╩ ╡ ╪∞ ≤⇔≡™√∞⅝╕⇔√⁹ 

╩ ╘┌∆←⌐ ⅜ ≢⅝╢≤™℮╙─≢│№╡╕∑╪⅜⁸

─ ≤ ─ ⌐⇔≡™√∞↑╣┌ ™≢∆⁹ 

⌐⁸ ─ ≤⌂∫√ ⌐↔ ™√∞⅝╕⇔√ ↄ─ ₁⁸ ⌐

⌂╢↔ ╩™√∞⅝╕⇔√ ─ ↕╕⁸

∕⇔≡⁸ ╟╡ ☿fi♃כ─ ╩ ⅎ≡™√∞™≡™╢ ─ ↕╕⌐

╟╡⅔ ⇔ →╕∆⁹ 

 

  



 

 

 

  

 

≤│≥─╟℮⌂ ≢∆⅛ 

  │∂╘⌐ ≤│  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 1 

  ─ ⌐≈™≡ ⁸ ΝΝΝΝΝΝΝΝΝΝ  2 

 ◖ꜝⱶ  ≤ ה  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 4 

  ─ ⅛╠╖√₈ ⇔₉─  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 6 

  ─ ≤ ╩ ℮ ≈─  ΝΝΝΝΝΝΝΝΝΝ 8 

  ─ ⌐╟╢ ╦∑─  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 10 

 ◖ꜝⱶ  ╕┌√⅝ ⌐ ↕╣√ⱥⱵ♠  ΝΝΝΝΝΝΝΝΝΝΝΝ 11 

  ⅜ ⅝∞∆ ≤ ⌐╟∫≡ ╖∞↕╣╢ꜞ☼ⱶה  Ν 13 

  ─ ⅛╠╦⅛∫≡⅝√ ה ≤ Ⱡ♇♩꞉כ◒─ Ν 15 

  ╕≤╘ ─ ─ⱳ▬fi♩ ΝΝΝΝΝΝΝΝΝΝΝ 17 

 ◖ꜝⱶ  ⌐ ⅝ ↑≡™╢ ₈ⱴ▬◒꜡◘♇◔₉♪כ  ΝΝΝΝΝΝΝΝ 18 

 

⇔√ ≥─╟℮⌂ ⅜№╡╕∆⅛⁹ ⌐ ⅎ≡ↄ∞↕™ 

  ─ ≤ ⅜ ⅎ╢ ─ ⌐≈™≡ΝΝ 20 

  ≢─ ⇔™   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 22 

 ◖ꜝⱶ  ─ ⅜ ™─⌐ ⅜ ≈⅛╠⌂™  ΝΝΝΝΝΝΝΝΝ 26 

  ─ ─ ╩ ⌐ ∆╢√╘─ ╖  ΝΝΝΝΝΝ 28 

 

⅛╠ ╘╣┌╟™≢⇔╞℮⅛ 

  ⌂   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 30 

  ─   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 32 

  ─   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 35 

  ♅▼♇◒ꜞ☻♩  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 42 

 

╩ ∆╢♁ⱨ♩│№╡╕∆⅛⁹ 

  ─   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 45 

  ▪ⱪꜞ  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 46 

  ─ ⅜≢⅝≡™╢⅛≥℮⅛─   ΝΝΝΝΝΝΝΝΝΝΝΝΝ 49 

  ─ ─   ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ 49 

 



1 

 

 

 │∂╘⌐ ≤│  

│⁸ ₁ ₡ ₢╠⅜ ⌐ ─ 1998 ⌐Ɽ♁◖fi Ɫכ♪♦

▫☻◒─ Ⱬ♇♪ HGA─ ─ ─√╘⌐ ⇔√ ≢⁸

≤ ⌐ ⇔ ─ ⁸ ─ ─ ⌐╙ ⇔╕⇔√⁹∕─ ⁸

─ ꜠ⱦꜙכ ┼─ 2005 8 ⅛╠ 2006 8 ⌐╟╡ ↕╣≡⅛╠

╩ ╘⁸ ₁⌂ ┼─ ⅜ ╖╠╣≡™╕∆⁹╕√⁸ ₡ ₢╠⌐╟╢₈

₉₡ ₢─ ⌐╟╡⁸ ─ ⌐ ╩ ∆╢↓≤⅜ ≢♃כ♦⌂

↕╣≈≈№╡╕∆⁹ 

│ ⅛ ⅜ ∂╢≤ ⁸ ∆╢↓≤⌂ↄ ⌐∕─ ⌐ ≠ↄ ╩ ⇔≡ 

™╕∆⅜⁸ │⁸↓─ ╩ ⌐ ⌐ ↕∑≡ ⅜ ₁ ∫≡

™╢ ─℮∟⁸₈ ₉⁸₈ ₉⁸₈ ₉╩ ⌐ ⅛∑╢╟℮⌐

⇔√╙─≢∆⁹ ─ ™ ─ ⌐ ╦∑≡ ╩₈ ⇔₉⅛╠₈ ₉⌐

⇔⁸↕╠⌐ꜞ☼Ⱶ◌ꜟ⌂ ≢ ∆╢↓≤⌐╟╡ ╩ ⌐╦√∫≡

⌐ ↕∑╢↓≤⅜≢⅝╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

≤│≥─╟℮⌂ ≢∆⅛⁹  

─ ⅝ 
  

 

 

1.1 ≤─ ▬ⱷכ☺ 

 

₈  ₉ 
 
 ꜞꜝ♇◒☻ 

 

₈ ꜞ☼Ⱶ◌  ꜟ₉ 

Ẽ ╩ ┌∆ 

ה  

Ẽ ⅜ ™₈┐∫≤ ≡⁸ ∂╢₉ 

ה ה  

 

─  

₈ ⇔ ₉ 
ה  
ה   

⁸  
₈ ⅎ ⅝  ₉ 

ה ─  

Ẽ ╩ ╠∑╢╟℮⌐ ⅛ↄ  

ה ה  

Ẽ ⅜ ™₈∂∫≤ ≡⁸ ∆₉ 

ה ה  

 

─ ™  

ה  
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  ─ ⌐≈™≡ ⁸  

─ ◦☻♥ⱶ │⁸ ≤ ⌐ ↕╣╕∆⁹ ⌐   

↓─ ≈─ ⌐≈™≡ ⇔╕∆⁹ 

 

 ⌐≈™≡ 

─ ⌐│⁸ ה ⁸ ה ≤ ┌╣╢╙─⅜№╡╕∆⁹ 

≤  

Ẽ ≤│⁸₈ ≡™╢ ⌐ ╩ ╦∑≡ ╢ ₉≢∆⁹ 

─ ≢╟ↄ ↕╣╢₈ ⇔₉₈╙∫≤╟ↄ ╤₉ ─ │⁸ ≡™╢

⌐ ╩ ╦∑╢₈ ₉╩ ℮ ≢∆⁹↓─ │⁸ ≢ ⅎ┌ ≢

─ ™╙─⌐⌂╡ ←⌐ ⇔≡⇔╕™╕∆ 30 ⅛╠ 1 ↄ╠™≢ ⅜√╕╡

│ ⇔│∂╘╢≤™╦╣≡™╕∆ ⁹⌂⅔⁸↓↓≢│₈ ₉≤₈ ₉│

⇔≡™╕∆⁹ │ ∆╢↓≤⅜≢⅝╕∑╪⅜⁸ │ ∆╢↓≤⅜≢⅝╕∆⁹

⁸ ╩⇔≡ ╣√≤™℮ │₈ ₉╩ ⇔╕∆⁹ 

│ ∆╢≤⁸ ╩ ∫√ ─ ↕╛ ↕⅜ ∆╢↓≤⅜ ╠╣≡™╕∆⁹

∕─ │╕∞ ⌐ ↕╣≡™╕∑╪⅜ ⅎ≡⅝√ ─ⱷ◌♬☼ⱶ⁸

⁸http://www.hirou.jp/ ⁸ ─ ⌐ ╦╢Ⱡ♇♩꞉⁸≥◒כ

╩ ∆╢─⌐ ⌂♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒ β ≤─ ≈⌂⅜

╡⅜ ↄ⌂╢↓≤⅜ ⅎ╠╣╕∆ D.  Gui,  NeuroImage, 2015 2⁹↓─√╘⁸ ∆╢

≤ ─ │ ╦╠⌂ↄ ⅎ≡╙⁸ ⌐│╒≤╪≥ ⌐⌂∫≡™╕∑╪⁹ 

β │⁸ ─₈  ─ ⅛╠╦⅛∫≡⅝√ ה ≤   

Ⱡ♇♩꞉כ◒─ ₉ p15  

Ẽ ≤│⁸₈ ╩ ╢ ₉≢∆⁹ 

ⅎ┌ ╪≢™╢ ╩ ∆ ╩ ⅎ╕⇔╞℮⁹ │ ↕ↄ⁸⇔⅛╙ ™≡™╢

╪≢™╢ ─≢ ∆─│ ≢∆⁹╖⌂↕╪│≥─╟℮⌐ ⇔╕∆⅛⁹ ─™∕℮⌂≤

↓╤⌐ ╩ ╦∑⌂⅜╠ ╩ ⇔⌂⅜╠ ∕℮≤∆╢≢⇔╞℮⅛⁹ ≤─ ╩

╢√╘⌐ ╩∕╠∑≡ ╩№╕╡ ⅛↕∏⌐ ╩ ╕∆⁹⇔⅛╙ ╩ ╦∑∏⌐

─ ─ ╕≢ ╩ →⁸ ⅜ ─ ⌐ ╪≢ↄ╢─╩ ∟╕∆⁹ ⌐ ⅛⅜

™╢─╩ ∂√╠⁸ ╩ ╦∑≡ ⅛╘╕∆⁹₈ ╩ ╦∑∏⌐ ╩ ─ ─ ╕

≢ →≡ ╩ ∂╢ ₉⅜₈ ₉⌐╟╢ ≢∆⁹ 

↓╣│ ⌐ ⅎ≡╙╠∫√ ≢╙⌂™─⌐ ≢╙ ∫≡™╢ ≢∆⁹∆⌂╦∟⁸ ₁

⌐ ╦∫√ ≢∆⁹╙⇔⁸ ⅜ ∫√≤ ∂√╠⁸╕∏ ╩ ⇔≡⅛╠

⇔™╙─⌐ ╩ ╦∑╢↓≤│ ≤⇔≡ ∫≡™╕∆⁹ ⌐≤∫≡│ ⌂

≤ ⅎ╕∆⁹ 

↓─ ╩ ┼ ∆╢≤⁸ ╩ ⇔√ ─ ╩ ⌐ ≡⁸ ≤ ⌂

╢╙─⅜ ╣√ ⌐ ∞≤ ∂⁸∕─ ⅜ ╩ ⅎ≡™╢⅛╩ ⇔⁸

╩ ⅎ≡™╣┌ ≤∆╢≤™℮ ⌐⌂╡╕∆⁹ 
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≤  

│ ╩♃כ♦ Ⱶꜞ ≢Ɽꜟ☻⌐ ⇔≡™╢─≢⁸ ⅛ ⌐ ╩

╦∑≡∂∫≤ ≈╘╢ ≤ ╙─ ╩╣↓⁹∆╕™╕⇔≡⅝≢⅜♃כ♦ ≡

⌐ ⇔≡™╢─⅜ ─ ╤ ⌐№╢ ≢∆⁹ ─ ≥♃כ♦ ╠╣≡

⅝√ │♃כ♦ ↕╣⁸ ∂⌂╠ ∆╢≤™℮ ╩ ╡ כ♦⁸⅜∆╕⇔

♃ ⅜ ↄ⌂╢≤ ⇔⅝╣⌂ↄ⌂╡╕∆⁹♅ꜝ♇≤ ╢ ∞↑≢╙ כ♦

♃│ ⌐ ╠╣⁸⇔∫⅛╡ ↕╣╕∆⁹ 

↓─╟℮⌐ ─ │ ⱨ▫ꜟⱶ≢│⌂™─≢⁸ ⅜ ↑╣┌ ⌂ ♦

⅜♃כ ╠╣╢≤™℮↓≤⌐│⌂╡╕∑╪⁹₈╟ↄ ╤₉ ─ ─ ⅝⌂ ™⅜

↓↓⌐№╡╕∆⁹ 

 ⌐≈™≡ 

─ ⅛⇔ ─ ⌐│⁸ ⁸ ⁸ ≤ ┌╣╢

╙─⅜№╡╕∆⁹ 

Ẽ │₈╝∫ↄ╡ ™≡™╢ ╩ ™⅛↑╢ ⅝₉≢∆⁹╝∫ↄ╡  

≢ ℮ │ ╩ ⅛∆ ≢∆⁹ 

Ẽ │₈ ⇔≡™╢ ╩√≥╢╟℮⌐ ∆╢ ⅝₉≢∆⁹ ╛╙──

╩ ⅛ↄ√≥╢ ≢∆⁹ 

Ẽ │⁸₈ ⅜☺ꜗfiⱪ∆╢ ⅝₉≢∆⁹ ─ ╩ ⌐ ∫≡

╩ ∆╢ ≢∆⁹◌ⱷ꜠○fi─╟℮⌂ ─ ⅝⌐⌂╡╕∆⁹ 

₈╟ↄ ╤₉≤ ╦╣≡ ╩ ≈╘╢ ה ╩∆╢≤⁸ ⅜ ⌐

ↄ⌂╢√╘⁸ ╩⌂∙╢╟℮⌂ ⅔╟┘ ╩ ∫√ ⌐⌂╡

╕∆⁹↓╣│⁸ ⅛™◖fi♩꜡כꜟ⅜ ⌐⌂╢√╘ ╩ ™╕∆⁹

╩ ∆╢℮ⅎ≢│⁸↓╣╠─ ─ ™╩╕∏ ∫≡⅔ↄ ⅜№╡╕∆⅜⁸

1.1 ⌐ ⇔√₈ ⇔₉≤₈ ₉─ ™⁸∕⇔≡⁸ꜞ☼Ⱶ◌ꜟ⌂ ─ ⌐

≈™≡╙ ⇔≡⅔ↄ ⅜№╡╕∆⁹ 

  

 

╩ ℮ ─  

₈ה ₉≤™℮ ⅜ ↄ ⇔≡™╕∆⁹ 

₈◖fi♩ꜝ☻♩ ₉⁸₈ ⅝₉╩ ⇔╕∆⁹ 

ה ╢∆⅞⌂™≤↓╤≢ ⇔╕∆⁹ 

ה │⁸ 160 ⁸ 135 ₡ ™₢ 

╩ ℮  

ה ⅜ ┌╣╢ ≢₈ ₉≤™℮ ⅜  

⇔≡™╕∆⁹₈ ₉⁸₈ ₉╩ ⇔╕∆⁹ 

ה ╢™ ╟ↄ ⅎ╕∆⁹ ™ ≢│ ⅎ⌂™  

ה │ 2 ₡ ™₢ 

1. 2 ─ ─ ≤  
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1 Ὗ ק ʴⱲ   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

│⁸ ─ ™ ⌐│₈ ─ ₉≤₈ ─ ₉⅜№╢≤™℮↓≤╩ ═≡™╕∆⁹

₈ ─ ₉│₈ ─ ₉≤╙ ┌╣≡™╕∆⁹ 

╙℮⅔ ⅛╡∞≤ ™╕∆⅜⁸₈ ─ ₉≤│ ⌐╟╢ ⁸₈ ─ ₉≤│

⌐╟╢ ─↓≤≢∆⁹4 ↄ╙ ⌐ │ ⌐│ ≈─ ⅜№╢↓≤╩

∫≡™√─≢∆⁹ 

╩ ⌐ ℮℮ⅎ≢ ⌐│™ↄ≈⅛─ⱥfi♩⅜№╡╕∆⁹  

₈ ╟╡╙╛╛ ╘⌐⇔≡₉≤™℮─│ ⌐ ∫≡ↄ╢ ╩ ⌂ↄ∆╢↓≤∞≤ ╦╣

╕∆⁹ 1.2₈ ─ ─ ≤ ₉╩╙℮ ≡ ↕™⁹ ╩ ℮ ⌐

ↄ ⇔≡™╢₈ ₉│ ™≤↓╤≢ ⇔╕∆⁹ ⌐ ∫≡ↄ╢ ╩ ⌂ↄ∆╢  

↓≤≢⁸↓─ ⅜ ⇔╛∆™ ╩ ╡ ⇔≡™╢≤ ╦╣╕∆⁹╕√⁸₈ ╢ↄ

⌐ ╢₉≤™℮─│ ∑∏⌐ꜞꜝ♇◒☻∆╢↓≤╩ ∫≡™╢╙─≤ ╦╣╕∆⁹ 

─ 2 ─ ╩ ═≡ ↕™⁹ ─ ™ ⅜ ℮↓≤⅜ ╢≤ ™╕∆⁹ 

 

 

 

 

 

 

 
 

  

₈ ⌐⅔↑╢ ↑≤™℮↓≤₉  

₈ ─ ™ │⁸ ⅝ↄ⁸ ↄ ⅎ╢↓≤≢№╢⁹ 

≤ ≤─ ≈─ ─ ™ ⅜№╢⁹ ™≤↓╤╩ ╢ ─ ╩ ↄ ™⁸ ™≤↓╤╩ ╢

─ ╩ ↄ ∫≡⁸ ™≤↓╤╩ ⌐ ↄ⌐ ⁸ ™≤↓╤╩ ⌐ ↄ⇔≡ ╢↓≤⅜⁸

─ ⌐⅔™≡ ≢№╢⁹₉ 

₈ ↑─↓≤₉  

₈ ─ ™╟℮│⁸ ╟╡╙╛╛ ╘⌐⇔≡⁸ ╢ↄ ⌐ ╢⁹ ─ ╩ ⅛↕∏⁸ ≤

─ ⅜ ↄ≡╙⁸™⅛⌐╙ ↄ╩ ╢ ≢№╢⁹∕─ ≢ ╣┌⁸ ─ │™℮╕≢╙⌂ↄ⁸

─ ╕≢╙ ⅎ╢⁹₉ 

↓─ ⌐≈™≡│⁸ │ ₈  ─ ₉─ ≢⁸   

─╟℮⌐ ⇔≡™╕∆⁹ 

₈ ╩ ™≡ ⌐ ≡™╢ │⁸ ≠⅛⌠℮∟⌐ │⅛⌂╡ ™≡∕─ №╢ ⌐

₁≤ ╩ ⇔≡⅔╡⁸╕╦╡│ ⅎ⌂ↄ⌂∫≡™╢⁹↓╣⌐ ⇔≡ ╩ₐ∆↓⇔ ⅝ ⌐

⇔≡ ⁸ea ↄ ⁸™⅛ ╙ ↄ ╢ ₑ⌐⇔⁸a ─ ╩ ⅛↕∏ ⁸e ← ↄ╩ ╢╟℮⌐

∆╣┌⁸ │ ₁─ ⌐ ╩ ╘╢↓≤⌂ↄ ╡ ╩ ⌐ ╣ₐ ╙ ╢ₑ↓≤

⅜≢⅝╢─≢№╢⁹₉ 

 

≢─  

 

≢─ ⱬ♥ꜝfi  

≤ ─ ─  

─ ⅜ ⅝™ 

│ ╢™  

⅜ ╛∆™  

╩╛╛ ╘≡™╢ 
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₈ ─ ₉⌐≈™≡│⁸ ♥꜠ⱦ₈●♇♥fi ₉ ─ ⌐

⅛╠ ╩ ╡√™ SP 2017 4 26 ≢╙ ╡ →╠╣╕⇔√⁹ ─

⅜ ∟≤⌂╡ ⅛╡ ╩ ↑≡™╢ ⁸ ─ │ ─≥↓╩≥─╟℮⌐ ≡™╢

⅛⁸▪▬◌ⱷꜝ╩ ∫≡ ═≡™╕⇔√⁹ ─ │⁸ ⅛╢ ─ ─ ⌐╒╓

↕╣⁸ ⅜ ⌐ ⇔ↄ ™≡╙⁸╕√⁸ ─ ⅜ √ ╙⁸∕─╕╕≢⁸

─ ⌐ ╙ ╩ ↑╢↓≤⌂ↄ ↑╢↓≤⅜≢⅝≡™╕⇔√⁹⌂− ↑╢↓≤⅜

≢⅝╢⅛⌐≈™≡⁸ │⁸₈ ╩ ⌂⅜╠ ─ ⅛╠ ─ ╕≢ ⅎ≡⅔╡⁸↓╣╩

≢│ ─ ≤™℮₉≤ ⅎ≡™╕∆⁹ ↄ─ ╩ ╢╟℮⌐∆╣┌ ⅜ ⅎ╢ ⁸

∆⌂╦∟⁸ ─ ─ ™ │⁸ ⌐╟╢ ≢⇔√⁹ 

◖ꜝⱶ 2 p11 ≤◖ꜝⱶ 3 p18 ≢ ╡ →≡™╢ ╕┌√⅝ ≤ ─ ⅝│⁸

ⱦ♦○ ≢╙ ≢⅝╕∆⅜⁸ ─ ⅝╛ ╩ ⌐ ה ∆╢ ⌐│▪

▬◌ⱷꜝ⅜ ╩ ⇔╕∆⁹▪▬◌ⱷꜝ│☻ⱳכ♠ ≢─▪ⱴ♅ꜙ▪≤ⱪ꜡─ ─

⌐╙ ↕╣≡™╕∆⅜⁸ ⌐⅔™≡│⁸ ─ ⌐⌂∫≡™╢⅛─

⌂ ⌐│ ⅛∑╕∑╪⁹ ─ ─▪▬◌ⱷꜝ│⁸ ₡ ₢─ⱷfiⱣכ

⅜ ≤⌂╡⁸ ─ ─ ≤⇔≡ ⇔√╙─≢№╡⁸ ─

⅛╠╙ ≢∆⁹ ≤ ⇔√ ⅜ ⇔≡ ╣≡™╢⅛≥℮

⅛⁸ ꞉כ◒╩ ⇔≡ ⌐ ↕∑√╡⁸ ↕∑√╡⇔≡ ╩ ⅎ≡╙

╩╒≤╪≥ ⅛↕⌂™≢ ≢⅝≡™╢⅛≥℮⅛⁸↕╠⌐│⁸ⱬ♥ꜝfi─ ≢│

⌐ ╣╢ⱴ▬◒꜡◘♇◔כ♪⅜№╢⅛≥℮⅛╩ꜞ▪ꜟ♃▬ⱶ≢ ∆╢↓≤⅜≢⅝⁸

─ ╩ ∆╢↓≤⅜≢

⅝╕∆⁹╕√⁸ ⅛ ⅛⅜ ─ ╩

╢╟℮⌂ ⌐│⁸ ≤ ∂∕─ ⌐

⅜♪כ◔♇◘ ∂⁸ ⁸ ⅛╠ ⅜ ╣

╢↓≤⅜№╡╕∆⁹ ─ ╩ ⅎ√

─ ⌐╙ ∟╕∆⁹ 

 

 

β ≢│⁸ ₡ ₢⅜⁸ ◐ꜗꜝⱣfi╩ ∂≡ ╩    

⇔≡™╢ ─ⱬ♥ꜝfi ─ ╙ ↕╣╕⇔√⁹ ─ⱷfiⱣכ╙

⌐ ⇔╕⇔√⁹ 

 

₡ ₢ 

ה     ∟ↄ╕  

 ─     ║╡⅛╪  

 

◦☻♥ⱶ ●♂►  

  ─  
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─ ⅛╠╖√₈ ⇔₉─  

⌐≤∫≡ ⌂ ≤⇔≡⁸ ╣≡ ⅜ ╣╢↓≤⌐╟╡ ⇔⅜

∆╢≤™℮↓≤─ ⌐₈ ∫√╙─⇔⅛ ⅎ⌂™₉⁸₈ ⇔≡™╢╙─⇔⅛ ⅎ⌂™₉≤

™℮ ⅜№╡╕∆⁹ 

↓─ ╩ ∆╢√╘⌐│⁸ │ ─ ≢ ╩ ∆╢╟℮⌐ ∆╢

≤™℮↓≤╩ ∫≡⅔ↄ ⅜№╡╕∆⁹ 1.3 │ ─ ≤ ─

⅔╟┘ ─ ╩ ⇔√ ≢∆⁹ 1 3 ─ ≤ ─

≢ ⅎ√ │⁸ √∟─ ∕─╙─≤ ╦╣≡™╢ ⌐ ╠

╣√ ⌐│ ─ 1⌐ ∫≡⇔╕™╕∆⁹√∞⇔⁸ ≤™∫≡™™ ≢│

√∟─ ⌐⌂™≤↓╤╕≢│∫⅝╡ ╩ ⅎ≡™╕∆⁹↓╣⅜ ─ ≢№╢ ─

≢⁸ │ ╣╩ ⌂ↄ∆╢√╘⌐ ◄Ⱡה○Ɑ꜠כ◦ꜛfi─ ⌐⌂∫≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

↕≡⁸ ╩ ⌐ ⇔╕∆⁹ ─ ┼─ⱨ▫כ♪Ᵽ♇◒≤⇔≡ ─

─ ⌐≈™≡⁸₈ ╣₉╩ ⇔√↓≤╩ ∆╢≤⁸ │₈ ╣₉│ ⌐Ⱨ♇◒

▪♇ⱪ∆╢↑╣≥₈◐☼₉₈ ╣ ↑₉⌂≥₈ ╣₉ ─ ⅜ ↕╣╢≤™℮↓≤⅜

⅝⁸ ╦╡≢↓╣⅜ ╡ ↕╣╢≤™℮ ⌐ ╢↓≤⅜№╡╕∆⁹ 

1.4 │₈ ⇔₉─ ⌐╟╢ ⇔ ─▬ⱷכ☺ ≢∆⁹ ≢│

╩ ⇔≡ ╠╣≡ↄ╢ ╩₈ ₉₈ ₉─ ⌂ↄ ₁⌂ ⅜ ╦╣

╕∆⁹⇔⅛⇔⁸₈ ╣ ⇔₉⌐ ⅜ ⅛℮≤⁸ ≢│⁸ ⌐

╕√│ ╡ ╕╣√₈ ╣₉─▬ⱷכ☺─╖⅜ ↕╣⁸↓─▬ⱷכ☺≤ ⅛╠ ↕

╣≡⅝√ ≤⅜ ≢ ⌐ ↕╣╕∆⁹∕⇔≡⁸ Yes,  No

─ ─╖⅜ ⌐ ↕╣╕∆⁹∆⌂╦∟⁸ ⅛╠─ │₈ ╣

≤ ∆╢⅛≥℮⅛₉∞↑╩ ≡™╢─≢∆⁹↓─√╘⁸₈ ╣₉ ─ ▬ⱷכ☺≤─

⅜ ╦╣∏⁸₈ ╣₉ ─ ─ ⇔⅜ ∆╢↓≤⌐⌂╡╕∆⁹ 

1. 3 ─ ≤ ─ ─  

Ợ ה  

│ ─ 1⌐  

₡1M bit ₢ 

 

 

 
 

  

100M bit  
0.01 ─ ≢  

₡1M bit ₢ │ ─ 1⌐  
₡100 bit ₢ 

₡10K bit ₢ 

₡10K bit ₢ 

Ợ ⁸ ⌂≥  

│ 1 ─ 1⌐  

ỢⱤ♃כfi ≤ ⁸ ⁸  

│ 1 ─ 1⌐  

Ợ 5≈─ ≢  

1 ⁸ ⅝─ ⁸ ─ ⁸ ⌂≥ 

2 ⁸ ─ ─ ⁸ ─  

3 ─ ─  

4 ⁸ ─ ⁸ ─  

5 ⌂ ⅝─  

1 2  

8  
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√∟│ ≢↓─ ╩ ⇔≡™╕∆⁹ ⅎ┌⁸ ≢ ⅛

╩ ⇔√ ⁸ ─ ─ ╛ ⅝↕⌂≥╩ ⌐ ™ ⇔≡ ⌐ ↄ↓≤⅜≢⅝

╢≢⇔╞℮⅛⁹ ─ ╣ ⇔≤ ∂≢ ─ │ ⌐│ ↕╣≡™╕∆⅜⁸

⅛ ─ ⌐ ⅜ ↑╠╣≡™╢√╘⁸ ─ ▪

♫꜡◓ ─ ─ ⁸ ≤ ─ ⅛╠─ ∞↑⅜ ⌐

⌐ ↕╣⁸ ─ │ ⌐│ ∫≡⅝╕∑╪⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Ợ ≈─ ≢  

≤ ≡─ ╩ ⌂ↄ ≤⇔

≡  

 ה

  ╣ ↑ ◐☼ 

│₈ ╣₉─ ╣⅜№∫√─≢⁸ │₈ ╣₉╩ ↕⌂™╟℮⌐⇔⌂↕™ 

ₒ ⅛╠─ ⱨ▫כ♪Ᵽ♇◒ₓ 

₡1M bit ₢ 

 

 

 
 

  

₡100M bit ₢ 
0.01 ─ ≢  

₡1M bit ₢ ₡100 bit ₢ 

₡10K bit ₢ 

₡10K bit ₢ 
  ה

╣ 

 

◐☼ 

↑ 

Ợ ה  

₈ ╣₉╩ ⇔≡ ⌐⇔⌂↕™ 

₈ ╣₉⌐ ∆╢⅛≥℮⅛─ ≈─ ⌐  
◄Ⱡכ⸗ה♪  

Ҝ ─ ─ │ ⇔⌂™ 

Yes  

No   

No  
⇔  

Yes/No 

Ợ ⁸ ⌂≥  

₈ ╣₉╩ ⇔≡ ╢↓≤ 

 ▬ⱷכ☺─ ╕√│ ╡ ╖ 

ỢⱤ♃כfi ≤ ⁸ ⁸  

₈ ╣─ ▬ⱷכ☺ ₉≤  

 ה

╣ ▬ⱷכ☺  

No No Yes No No 

 

 
 ה

 
, ↑,◐☼ 

Yes/No ⌐  

1. 4 ₈ ⇔₉─ ⌐╟╢ ⇔─ ▬ⱷכ☺ 
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 ─ ≤ ╩ ℮ ≈─  

⇔≢│ ⌐ ⅎ⌂™ ⅛╠─ ─  

─ ⌐│ 1.5 ⌐ ∆╟℮⌐⁸ ─ ⅝╛ ∆╢ ─ ⌂≥╩

∆╢ where ≤ ⌂ ─ ⌐ ╦╢ what ─

⅜ ╠╣≡™╕∆⁹ 

│ ⅛╠ ⌐ ╢ ≢⁸ ⌐ ⅜№∫≡╙₈ ⅎ

≡™╢₉≤™℮ ⅜№╢√╘↓─₈ ⅎ₉╩₈ ₉ blind vision ≤ ┬↓≤⅜

№╡╕∆⁹↓╣│ ─ ⌐ ⅛╠ ─ ╩ ⇔≡ ⌐ ⅜

╠╣≡™╢√╘≢ ─ ⁸ ™ ≢ ⅛⅜ ™√↓≤╩ ╛

⅛⌐ ⌐ ⅎ╢ ╩ ∫≡™╕∆ S. E.  Leh,  Brain, 2006 3⁹↕╠⌐⁸ │⁸

⌐ ╩ ┌⇔≡≈⅛╗⌂≥─ ⌐ ╦╢ ─ ─ ⌐╙ ≢∆⁹ 

∫≡⁸ ≢ ⌂ ⅝╩∆╢─│⁸↓─ ≤ ∞≤ ⅎ╠

╣╕∆⁹↓─ │⁸ ≤ ─ ═≢│⌂ↄ⁸ ⌐│ ∂⌂™ ╩

╛⅛⌐ ∆╢↓≤⌐ ⇔≡™╢≤ ╦╣╕∆⁹∆⌂╦∟⁸ ⌂ ≢⁸◐ꜝ♇

≤ ∫√╡⁸ ⅜ ⅎ√╡∆╢↓≤╩ ⇔╕∆⁹╕√⁸ ─ ⌐№╢ ╩≈⅛╖⁸

─ ⌐ ∫≡⅝≡ ⇔⁸ ╩ ↑⇔≡ ↄ≤™℮ ─ ╩☻ⱶכ☼⌐ ℮↓

≤⌐╙ ⇔≡™╢≤ ╦╣╕∆⁹∆⌂╦∟⁸ ╩ ↕∏⌐ ∑∏⌐ ─ ≢≤╠

ⅎ≡ ה╢≥╖⅛≈╩ ↑⇔≡ ↄ≤™℮ ╩ ⌐⇔╕∆⁹ 

↓─╟℮⌐ ⌐ ⅛╠─ ⅜№╡╕∆⅜⁸ ≤─ ≈⌂⅜╡╙

№╡╕∆ p15 ⁹╕√⁸ ⌐ ╩ ↑╢↓≤⌐╟╡ ─ ⅜ ∟⁸

⅛╠─ ⅜ ↕╣╢↓≤╙ ╠╣≡™╕∆ H.  Tsubomi, NeuroImage, 2009 4⁹  

⇔√⅜∫≡⁸ ⌐│⁸ ≤ ⅛╠─ ⅜ ↕╣≡™≡⁸

─ ⌐╟∫≡⁸∕╣∙╣─ ⅜ ↕╣╢≤ ⅎ╠╣╕∆⁹ 

 

 

⁸ │ ⅛╠ ⌐ ╢ ≢⁸ ≢≤╠ⅎ√ ─

╛ ⌂≥╩ ⌐ ∆╢ ╩ ∫≡™╕∆⁹↓─ │⁸™╦╝╢₈ ⅎ╢₉≤™

1. 5 ─  

 

 

 

 

 

  

 

ᵒ 

ᵓ 

ᵒ 

ᵓ 

ᵑ 

ᵑ 

ᵒ  

⅛╠ ⌐ ╢  

ᵑ  

─ ⌐ ⅛╠ ╩ ⇔≡

⌐ ⅜ ╠╣╢  

Ẽ ≢ ⌂ ⅝╩∆╢  

ᵓ  

⅛╠ ⌐ ╢  

 

Ẽ ≢≤╠ⅎ√ ╩ ⌐ ∆╢  
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℮ ╩ ╖ ∆↓≤⌐⁸╟╡ ⅝ↄ ⇔≡™╢≤ ⅎ╠╣≡™╕∆ K.  Ludwig,  Cortex, 

2016 5⁹ 

│⁸ ─╖╩ ∫√ ♪כ◔♇◘⁹╪∑╕╡№│≢

│⁸ ⁸ ⅜≤╠ⅎ√╙─╩ ≢╟ↄ ╢√╘⌐ ╦∫√

≢∆⁹⇔√⅜∫≡⁸╒≤╪≥⅜ ≢№╢ ⌐⅔™≡│⁸╕∏↓─ Ί

Ί ╩ ∫≡ ≤─ ⌐╟∫≡ ╩◓fi♬כꜞ◒☻⌂ ™⁸

⅜№∫√ │⁸ ≡∫╟⌐♪כ◔♇◘⌂ ─№∫√ ╩ ⇔⁸ ≤⇔

≡ ↑╕∆⁹↓─ ─☻♥♇ⱪ≢│ ⅜ ⌂ ╩ √⇔≡™╕∆⁹ ⌂

│⁸ Ί ╩ꜞ☼ⱶ╟ↄ ╡ ⅎ⁸ ⌐╟╢ ₈ ₉─ ─ꜞ☼ⱶ╩

↕⌂™↓≤∞≤ ⅎ╠╣╕∆⁹ 

  



10 

 

 ─ ⌐╟╢ ╦∑─  

≢ ⇔√╟℮⌐⁸ │ ≈─ ╩ ⌐ ╖

╦∑≡ ℮ ≢∆⅜⁸ ⅛╠ ⇔⌐ ⅜ ⅛℮≤ ∞↑≢╙─╩ ≡⇔

╕℮√╘⁸ Ί Ί ─ ╩ ⌐ ℮↓≤⅜≢⅝╕∑╪⁹↓─

╩ ⌐ ™ ╩ ≤⇔≡∆┌╛ↄ ≢⅝╢╟℮⌐∆╢√╘⌐│⁸₈↓↓╕≢⅜

₉≤™℮▬ⱷכ☺╩ ⅎ╢ ה ╡ ╖∆╢ ⅜№╡╕∆⁹∕─√╘⌐│⁸

─ ╩ ⇔⁸ ─ ≢─ ה ≤ ⌂ ╦∑⅜ ≢∆⁹ 

▬ⱷכ☺─ ה ╡ ╖≤ ─ ⌐≈™≡ ≢─ ╩№→╢≤⁸ ⅎ┌⁸

─ ⌐ ↄ ⌂≥╩™≈╙ ╕∫√ ⌐ ↄ ╩ ∫≡™╢ │⁸∕╣╠⅜™

≈╙≤ ℮ ⌐№∫√╡ ↄ⌂∫≡™√╡∆╢≤⁸∕╣╠╩ ≈ ≈ ⇔⌂ↄ≡╙

↕⌂ↄ≡╙ ∆←⌐₈№╣⁸⅔⅛⇔™₉≤ ↄ≢⇔╞℮⁹ ⇔≡ ╩ ∂ ⌐ ↄ

↓≤╩ ╡ ∆↓≤⌐╟∫≡⁸ ─ ─ ─ ─▬ⱷכ☺⅜ ≤⇔≡ ⇔≡™╢√

╘≤ ╦╣╕∆⁹ ⁸ ╛ ╩ √∏⌐ ≤ ≡™╢╙─│ ⅜№∫≡╙ ⅜

≈⅝╕∑╪⁹ 1.6 ─ ≢│⁸Ɽ♁◖fi⁸ ≡⁸ⱷ⸗ ─ │ ⇔√╙─⁸

≡─ ─ ─ │ ⇔≡™⌂™╙─≢∆⁹ ─ │ ↕╣╕∆⅜⁸

⇔≡ ╢↓≤╩ ╡ ∆↓≤⌐╟╡ ⅜ ⇔╕∆⁹ ⌐╟╢ ╦∑

╩ ⌐ ℮─╙↓╣≤ ∂↓≤≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

─ ≤ ⌐ ⇔≡⁸ ₁ ₡ ₢│ ─╟℮⌂ⱳ▬fi♩╩ →≡™╕∆⁹ 

⅜≢╕↓↓₈ה ₉≤™℮╙─╩ ∫≡▬ⱷכ☺▪♇ⱪ∆╢↓≤ ╩ ℮⌂≥ ⁹ 

ה ─ ─◘fiⱪꜟ≢№╢↓≤⁹ 

ה ─ ≢│™⅝⌂╡ ≢│⌂ↄ⁸│∫⅝╡ ≤╦⅛╢╙─≢ ⇔⁸

◓fi♬כ꜠♩ ⌐ ⇔√ ╩ ∆╢↓≤⁹ 

⅜ ≡≢│№╡╕∑╪⁹ 

  

 

ₓ ̬  

 

Њ  

Ẁ  

 

1. 6 ≢─ ─▬ⱷכ☺ 
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2   

╕┌√⅝ ⌐│ ─ 3 ⅜№╡╕∆⁹ 

 

 

 

 

↓─℮∟ │ ─ ╩ ≢ ∆√╘─ ⌂ ╩ ∫≡™╕∆⅜⁸

№√╡─ ─ ⌐ ⇔≡⁸ ─ ≤─ ⁸ ⁸ ⁸

β ╛ ≤─ ⌂≥⁸↓╣╕≢ ₁⌂ ⅜ ╦╣≡⅝╕⇔√⁹ 

10 ╒≥ ⅛╠ ─♃▬Ⱶfi◓⌐ ⇔√ ⅜ ╦╣⁸ │ ⌐ ─

⅛╠ ⌂ ─╕≤╕╡╩ ≈↑⁸∕─ ╣ ≢ ╩ ∫≡™╢↓≤⅜ ╡╕⇔√

T. Nakano,  Proc.R.Soc.B 2009 6⁹↕╠⌐ ≤ Ⱡ♇♩꞉כ◒─ ≤─ ⌐

∆╢ ⅜ ╦╣⁸ ─ ⁸ ⌐♦ⱨ◊ꜟ♩⸗ ♪Ⱡ♇♩꞉כ◒≤ ─Ⱡ♇♩

꞉כ◒─ ⅜ ⅝≡™╢↓≤⅜ ╡╕⇔√⁹↓╣│⁸ ⅜ ╩ ⇔ ─╕≤╕

╡╩≈ↄ╢ ⅝╩ ∫≡™╢↓≤╩ ∆╢╙─≢⇔√ T. Nakano,  PNAS, 2013 7⁹ 

₈ ─ ⅛╠╦⅛∫≡⅝√ ה ≤ Ⱡ♇♩꞉כ◒≤─  

₉ p15 ≢│⁸↓─ ╙ ⌐⇔≡⁸ ─ ≤ ─♅ꜗfi◒

─ ↕⌂╕≤╕╡╩≈ↄ╢↓≤ ⁸♦ⱨ◊ꜟ♩⸗ ♪Ⱡ♇♩꞉כ◒⅔╟┘ ─

╩ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ר Ѱ  Ἤ ̱  

  

֚ᾑר ™ ⅜ ⌐ ∫√ ⌂≥ ⅛╠─ ⌐╟╡ ↓╢╕┌√⅝ 

ר ⌐ ℮►▬fi◒─╟℮⌂╕┌√⅝ 

ר ⌐ ℮╕┌√⅝ ╕┌√⅝─ ╩ ╘⁸⅔╟∕ 3 ⌐ 1  

 

 

 

Ẏ ̓             

◙             

     

↓ 2000  
 

 

ừ   

╩ ∆╢ ╛ ⅛╩ ∆╢
⌂≥ ⌂ ⌐ ╦╢  

ừ  

⌐≥↓⌐ ╩ ↑╢⅛  

⇔≡™╢  

 

 

 

 

 

 

 

 

∆╢ ₁ [1] 
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Ἤ  

─ │⁸╙─≠ↄ╡ ─ ⌐⅔↑╢ ─ 8)

─ ╩ ⇔√╙─≢∆⁹↓─ ⌐₈─₉─ ⅜ №╢⅛⁸30 ⌐ ⇔   

⇔≡╖≡ ↕™⁹ 

╛ │ ╦∏⌐ ∞↑╩ ∫≡ↄ∞↕™⁹∕─ ⁸ ─╕┌√⅝─ ≤ ─ ⅝

╩ ─ ⌐ ⇔≡╙╠∫≡ↄ∞↕™⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 ─ ⌐ √∟│⅔╟∕ 10 ─╕┌√⅝╩⇔≡™╕∆⁹₈─₉─ ╩ ⇔≡™╢ ⁸

⅝╩ ⇔≡™╕⇔√⅛⁹ ⅜∏™┬╪ ∫≡™√─≢│⌂™≢⇔╞℮⅛⁹╕√⁸  

─ ⅝│ 1 ↔≤⌐ ╩ ╢₈ ₉⌐⌂∫≡™╕∑╪≢⇔√⅛⁹ ╢↓≤

⌐ ⇔≡ ╩ ∆ ╩∆╢≤⁸↓╣≤ ∂ ⌐⌂╡╕∆⁹ 

₈─₉─ ♥☻♩│⁸ ╩ ∆╢√╘⌐ ↄ⅛╠ ╦╣≡™√ ─

─ 1≈≢∆⅜⁸ ⌐≤∫≡│ ⌂♥☻♩≢∆⁹╕√⁸ ─ ⌐│⌂╡╕∑╪⁹ 

 

 

 

 

 

 

 

 

 
₡ ₢ 

 ≤  31(1) 19 - 26,2013 ₈ ⅝⌐╟╡ ╠⅛⌐⌂∫√♦ⱨ◊ꜟ♩ה 

─◒כⱠ♇♩꞉ה♪כ⸗ √⌂ ₉ 

ꜟ♫כꜗ☺  82 ,2014 ₈RESERCH ╕┌√⅝│ ─√╘⌐∆╢─⅛  ─  

≤╕┌√⅝─ ╩ ╢₉ 

  

⌂⅔⁸ ≢│⁸ ה ─ ≤ ⌐╟╢ ⅔╟┘ ⌐╟╢ ─

─ ≈⌐≈™≡⁸∕╣∙╣─ ╩ ⇔√⁹ ▪fi◔כ♩≢ ╠⅛⌐⌂∫√╟

℮⌐⁸ ≤ ⌐╟╢ │ ™⌐ ⇔ ℮ ⅜ ╕⇔™≤ ⅎ╢ ⅜ ╩

╘≡™╢⅜⁸ ⌐∕╣∙╣─ ╩ ⅛⇔⁸╕√⁸ ╩ ℮↓≤⅜≢⅝╢

╩ ∆╢√╘⌐│⁸ ◦☻♥ⱶ─ ≤ ⌐⁸ ⌐╟╢ ─ ⅜

≢╢╟℮ ─ ╩ ∫≡™ↄ↓≤⅜ ≢№╢⁹∕─√╘⌐│⁸ ≤ ⌐

╟╢ ─ ╩ ⌐ ℮─≢│⌂ↄ⁸ ⅛╠ ⌐ ╩ ℮√╘─ ╩

≈ↄ╢ ⅜№╢⁹↕╠⌐│⁸ⱦ♇◓♦כ♃─ ╛ ─ ⌐ ╣╢↓≤⌂ↄ

⇔≡™ↄ√╘⁸ ─ ╢⌂╠↕─♃כ♦╛ ⌐≈™≡⁸ ⁸

─ ≢╙ ╩ ⇔≡™ↄ↓≤⅜ ╕╣╢⁹ 
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 ⅜ ⅝∞∆ ≤ ⌐╟∫≡ ╖∞↕╣╢ꜞ☼ⱶה  

↓↓≢╙℮ ⁸1998 ⌐ ⅜ ↕╣√ ╩ ╡ ∫≡╖√™≤ ™ 

╕∆⁹₈ ╩ ⌐ ∫√ ≤∕─ ─ ₉ ⁸ ₁ 9)

≢│⁸ ⌐ Ɫכ♪♦▫☻◒─HGA Head Gimbal Assembly Ⱬ♇♪≤◘☻Ɑfi◦ꜛfi

─ ─ ꜝ▬fi─ ╩ ╢√╘⌐ ─ ╩ ∫≡™╕⇔√⁹ 

 

 

 

 

 

 

 

│⁸↓─ ─ ─ ⅎ ↓∕⅜⁸ ≢│ ⅜ ⅝∞∆ ∞∫√

─≢∆⁹ 

╩ ┌⇔≡ ↄ ─ │ ─ ╩ ∫≡™╕∆⁹ ⌐ ╛ ─ ─

│⁸∕↓⌐ ⅛⅜ ⌐ ┘ ╪≢ ╣┌ ⌐ ≢ ™ ™⁸ │ ⌐ ∂╕∆⁹

⌂ ⌐⅔™≡╙ ≢⁸↓─ ⌐ ╠⌠ ⅜ ╡ ╪≢ↄ╢≤ ∏↕╡⇔√

╡⁸ ╩⇔⅛╘╢⌂≥─ ⅜ ↓╢≢⇔╞℮⁹≢∆⅛╠ ≤─ ╩ ∆╢√╘

⌐│⁸ ⅜∟╞℮≥╟™ ⌐⌂╡╕∆⁹ ⌐ ⌐ ⇔ↄ⌂╣┌⁸ ™⌐Ɫ◓⇔∕─

↕╩ ⇔╕∆⁹↓─ ╩ personal space №╢™│ peri - personal space(

)≤ ┘╕∆⁹↓─ ⅜Γ Δ⇔√ ⅜ ≢№╢≤ ⅎ╠╣≡™╕∆⁹ 

│⁸↓─ ≢│ ─ ⅜ ⅜∫≡™╢↓≤⅜ ╠╣≡™╕∆⁹ ⌐ ╛

≢ ╩ ∆╢↓≤⌐ ╦∑≡ ─ ⅎ ⅜ ╦╡╕∆⁹∆⌂╦∟⁸ ╩ ┌⇔≡≈⅛

╗≤™℮ ─ ⁸ ─ ⅜≈⅛╖╛∆™╟℮⌐ ─ ┌⇔ ⁸ ─ ⅝⁸ ─

┌⇔ ⅜ ↕╣╕∆⁹ ⌐⁸ ⅛╠ ⌐ⱨ▫כ♪Ᵽ♇◒⅜⅛⅛╡⁸ ─

≈⅛╖╛∆™ ─ ╩ ⇔╛∆™╟℮⌐⁸ ─ ─ ─ ⅜ ↕╣

╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

  

Ẽ ─ ╩ ™ ⇔⁸MTM Methods- time measurement ⌐╟∫≡◘▬◒ꜟ

♃▬ⱶ╩6.5 ≤ ∆╢⁹↓╣│1 ⌐4, 500 ─ ⌂ ╡ ⇔ ⌐⌂╢↓≤⅛╠⁸

↓─ ╡ ⇔ ⌐ ⅜ ⌐ ⅎ╢ ╩ ⇔⁸ │ ≤ ╩ ⅝

→∏⁸ ╩ ≤⇔√ ─╖─ ≢ ╩ ↕∑╢⁹ 

Ẽ↓─ ╩ ⌐∆╢√╘⌐⁸ ─ ↕⁸ ⁸ ⅝╩ ─ ⌐ ╦∑≡   

╩ ╢ ─ ╩ ℮⁹ 

1. 7 personal space №╢™│ peri - personal space  

╩ ┌⇔≡ ↄ ─  

─↓ה ≢│ ─ ⅜ ⅜∫≡™╢⁹ 

↓─ ─ ≢╙⁸ ─ ╩ ⅝⁸ ╩ ⌐ →√

⌐⇔≡ ╩ ≢ ⇔≡ ≢

⅜ ∆╢ ╩₈ ₉≤ ┘╕∆⁹ 

ה ≢ ⅜ ™√ ─√╘⁸ ╩

⅝∕℮≢∆⅜⁸ ⅜ ╩ ╣⌂™ ╡↓╣⅜ 

≢ ∆╢↓≤│№╡╕∑╪⁹ 
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─ ╩ ∆╢ │ ≢ ≢∆─≢⁸ ╩ ≢ ╢↓≤

⌂ↄ⁸Ⱪꜝ▬fi♪♃♇♅≢⁸ ⌐ ╩ ┌⇔⁸≈⅛╖⁸∕⇔≡ ─ ⌐ ∫≡ↄ╢≤™

℮ ⅜ ≢∆⁹ ™≢⁸₈ ₉⌐╟╡ ⅜⌂↑╣┌⁸ ╩ ─ ≢ ∫≡  

ⱳ☺◦ꜛfi⌐ ⅝╕∆⁹∕─ ⁸╙℮ ─ ≤ │Ⱪꜝ▬fi♪≢ ─ ⌐▪ⱪ꜡

│ꜟ◒▬◘─↓⁹∆╕™≡⇔♅כ ╣╢↓≤⌂ↄ ╠⅛≢№╡⁸ꜞ☼ⱶ╩ ╡╕∆⁹ 

™─│⁸ ∂ ─ ╡ ⇔│⁸ ⌐ ─ ↕⌂╕≤╕╡ ♅ꜗfi◒

⅜≢⅝⁸∕─ ⁸ │ ⇔╕∆⁹ ⌐⅔↑╢♅ꜗfi◒ ─ ⌐╟╢≤

♅ꜗfi◒ │ ⌐ ∂⁸ ∂ ─ ≢№∫≡╙⁸≥─╟℮⌐♅ꜗfi◒ ∆╢⅛│

⌐╟╡╕∆ K.  Sakai,  TRENDS in Cognitive Sciences, 2004 10⁹⇔⅛⇔⁸└≤√┘

♅ꜗfi◒ ⅜ ∂╢≤ ≢∆⁹∕╣│⁸ ╩♅ꜗfi◒꜠ⱬꜟ⌐ⱣꜝⱣꜝ⌐⇔⁸♅ꜗfi◒

─ ╩ ⅎ≡ ╩∆╢≤⁸ ╛⅛⌐ ™ꜞ☼ⱶ⅜ ╕╣╕∆⅜⁸♅ꜗfi◒ ≢

╩ ⇔≡⇔╕℮≤⁸ ⌐││╢⅛⌐ ⅜⅛⅛╢↓≤⅛╠╦⅛╡╕∆⁹ 

↓─ │ ≢ ↓╡╕∆(M.  Desmurget, Nature Neuroscience, 1999) 11⁹↓─

│ ≢─↓≤≢∆⅜⁸ ⌐⅔™≡╙ ⌐╟╡ ─♅ꜗfi◒ ⅜

√ │⁸ ≢─ ⅜ ⇔≡™╢√╘⌐⁸ ⅜ ⌐ ∆╢ ─ ≤

│ ⌂╡ ⇔⌂™ ⌂ ⌐⌂∫≡™╢≤ ╦╣╕∆⁹╙⇔⁸ ─ ⌐

⅜№∫√╡⁸ ⌐╟╡ ⅜∕╣√╡∆╣┌⁸♅ꜗfi◒ ⅜ ↓╠∏ꜞ☼ⱶ╙

╕╣⌂™≤ ⅎ╠╣╕∆⁹ 

  ─╟℮⌐⁸ ≢─ ⌐╟╡⁸ ⅜ ⇔⁸ ─ ⅜Ⱪꜝ

▬fi♪♃♇♅≢ ↕╣ꜞ☼ⱶ⅜ ∂╕∆⁹↓─ꜞ☼ⱶ │ ≤⇔≡ ╦╣⁸

⇔╕∆⁹ ∫≡ │⁸ ⌐ ╣∏⁸ ⌐

─№╢ ∞≤ ⅎ╕∆⁹ 
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  ─ ⅛╠╦⅛∫≡⅝√ ה ≤ Ⱡ♇♩꞉כ◒─  

  ─ ⌐│ ₁⌂Ⱡ♇♩꞉⁸⅜∆╕╡№⅜◒כ ↕╣≡™╢╙─⌐♃☻◒ⱳ☺♥

▫ⱩⱠ♇♩꞉כ◒≤♃☻◒Ⱡ●♥▫ⱩⱠ♇♩꞉₈◒כ♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉₉◒כ≤

╙ ┌╣╢ ≤™℮╙─⅜№╡╕∆⁹ │⁸♃☻◒ ╩⇔≡™╢ ⌐ ⅜

∆╢Ⱡ♇♩꞉⁹∆≢◒כ │ ⌐⁸♃☻◒╩⇔≡™╢ ⌐│ ⅜ ⇔╕∆⅜⁸

⌐⇔≡ꜞꜝ♇◒☻⇔≡™╢ ⌂≥⌐ ⅜ ∆╢Ⱡ♇♩꞉⁹∆≢◒כ ─

⌐╟╡⁸ ה ≤ Ⱡ♇♩꞉כ◒─ ⁸╕√⁸◖ꜝⱶ 2≢ ⇔√

≤ Ⱡ♇♩꞉כ◒─ ⅜ ⌐ ╠⅛⌐⌂∫≡⅝╕⇔√⁹ 

↓↓≢│⁸ ⌐⅔↑╢ ─ ⅜ ─₈♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ

◒₉≤─ ⅜ ™↓≤╩ ═╕∆ J. C.  Griffis ,  NeuroImage,2017 12⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

│ ─ 2 ⌂ ╩∕─╕╕ ⅝ ┌⇔√ 2 ⱴ♇ⱪ⌐⌂∫≡™╕∆⁹

─ ╤ ⅜ ⌐ ⇔⁸ ⌐ ⌐ ⅛∫≡ ⌐ ⇔╕∆

1.8 ─ ⅛╠ ┼─ ─ ⅜ Ί ⌐ ∆╢ ⁹∕╣∙╣─

─ ≤ ─≥─ ≤─ ⌂≈⌂⅜╡⅜ ™⅛⅜ ─ ⌐╟∫

≡ ↕╣╕⇔√⁹∕─ ⁸ │ ⌐ ═√ ≤⁸ │♦ⱨ◊ꜟ♩⸗

≥◒כⱠ♇♩꞉♪כ ™≈⌂⅜╡⅜ ≈⅛╡╕⇔√⁹ ─ │₈ Ⱡ♇♩꞉₉◒כ

≤ ┌╣╢⁸ ≤♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒─ ╡ ⅎ⌐ ╦╢Ⱡ♇♩꞉כ◒≢

∆⁹ 

↓─ │⁸ │ ⌂ ≤ ⅝╩≈⌂→╢ ⅝╩⇔≡™╢─⌐ ⇔⁸

│ ─ ₈ ≠⅝₉≤ ↕╣√ ⌐ ⅜ ™↓≤╩ ⇔≡™╕∆⁹ 

╕√↓─ │⁸ ⅜ ╣╢↓≤⌂ↄ⁸⇔⅛╙ ⇔ ⅜♀꜡≢№╢

⌐│⁸ ⅜ꜞ☼ⱶ╟ↄ ∆╢↓≤≤╙ ⇔╕∆⁹∆⌂╦∟⁸◖ꜝⱶ 2≢

⇔√ ⌐╟╡ ≤♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒─ ⅜ ╠⅛≤⌂╡⁸♦

ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒─ ≤ │ ─ ─♅ꜗfi◒ ─

│ ─ ─ ⌂╡⅛╠⌂╡╕∆⅜⁸ ─ ╣⅛╠№╢ ╩ ╢↓≤╩ ─

♅ꜗfi◒ ≤ ┘╕∆ ⌐ ∆╢↓≤⅜ ↕╣≡™╕∆ T.  Nakano,  PNAS, 2013 7⁹

─♅ꜗfi◒ ╙ ⌂ⱷ◌♬☼ⱶ≢ ↓∫≡™╢≤∆╢≤⁸ ─ ╡⌐

1. 8 ⌐⅔↑╢ Ί ⱴ♇ⱪ 

 
 

╤ ╤ 

╤ 

╤ 

β 
12

J. C.  Griffis ,  NeuroImage,2017╩╙≤⌐  
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⅜ ↓╡⁸∕─ ⁸♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒⅜ ⇔≡™╢≤ ≢⅝╕∆⁹

⅜ ⇔≡™╣┌⁸↓─ ⅜ ⇔╛∆™≤ ╦╣╕∆⁹ 

⌐ ≤ ≤─ ⅜ ™≤™℮ ⅜⁸ ⌐╙ ⇔™

≤∆╢≤⁸ ⌐⅔™≡ ⅜ⱷ▬fi⌐⌂∫≡™╢ ⌐│⁸ ─

⅜ ⇔⁸ ≢♦ⱨ◊ꜟ♩⸗כ♪Ⱡ♇♩꞉כ◒│ ↕╣╢√╘⌐⁸♦ⱨ◊ꜟ♩⸗

╢™≡∫⅜⌂≈⌐◒כⱠ♇♩꞉♪כ ─ ╙ ↕╣╢ ╩ ⇔≡™╕∆⁹

≤ ─ ╛⅛⌂ ╡ ⅎ⅜ ⌂↓≤│⁸↓─ ⅛╠╙ ↕╣╕∆⁹ 

╕≤╘╢≤⁸ ─╟℮⌂ ⅜ ↓∫≡™╢≤ ╦╣╕∆⁹ 

ה ─ ≢─ ה ⌂  
    ѝ 
ה ─  

    ѝ 
ה Ί ⌐╟╢ ≤⇔≡ ╩  

    ѝ 
─⧵ה ⁸⇔♪כ◔♇◘⌐ ≢ ⇔⁸ / ─  

    ѝ 
ה♅כꜞ♪Ⱪꜝ▬fiה ⌐╟╢ ─♅ꜗfi◒ ⱶ☼ꜞה ה  
ѝ  

─◒כⱠ♇♩꞉♪כ⸗♩ꜟ◊ⱨ♦ה  
    ѝ 
ה  
  ѝ 
ה ─  

 

  



17 

 

 ╕≤╘ ─ ─ⱳ▬fi♩  

Ẽ │⁸ ⌐╟∫≡ √⌂ ╩ ⇔╟℮≤∆╢╙─≢│⌂ↄ⁸

⅜ ∫≡™╢ ╩ ⅛∆ ≢∆⁹ 

ợ ─  

 ќ   

       ќ   

  ќ   

ợ ─ ™ 

╩ ∆    ќ  ╩ ∆╢ 

ợꜞ☼Ⱶ◌ꜟ⌂ ─  

ⅎ ⅝ ╛ ─ ќ  ꜞ☼Ⱶ◌ꜟ⌂ ⅝ 

1.9  ─ ─ ≤ ∆╢ ─  

 ─  

╟ↄ ╢↓≤⅜  

 
╢™╒≥ ⇔╛∆™ 

│ ⌐ ⌐⌂╢╟℮⌐∆╢ 

⅜┬╣⌂™╟℮⌐ ∆╢ 

╩ⱨ▫כ♪Ᵽ♇◒⇔≡ ╩ ∆ 
 

╩  

╩ 1 ≢  
ꜞ☼ⱶ─  

╛ ╩ ∆╢ │ ה ╩ ⌐ ∆╢ 

⌐╟╢ ─  

╩ ∆  ─ ─ ≤  

⌐╟╢  

 

Ẽ │⁸ ─╖╩ ∫√ ≢│№╡╕∑╪⁹ 

≤ ╩ ℮ 2≈─ ╩ꜞ☼Ⱶ◌ꜟ⌐ ╡ ⅎ≡ ⌐  

ợ ⌐╟╢ ≢  ◓fi♬כꜞ◒☻

ợ ╡╟⌐♪כ◔♇◘⌂ ─№∫√ ╩ ≢  

ợ ─ꜞ☼Ⱶ◌ꜟ⌂ ⅎ≢ ⌂₈ ₉─ꜞ☼ⱶ╩  

 

Ẽ │⁸ ⌐ ╣∏⁸ ⌐ ─№╢ ≢∆⁹ 

ợ ≢─ ≤ ⌂ ╢∆⅞⌂™ ⌐╟╡ ⅜ ⇔⁸

─ ⅜Ⱪꜝ▬fi♪♃♇♅≢ ↕╣ꜞ☼ⱶ⅜ ∂╕∆⁹ 

ợ ∂ ─ ╡ ⇔│ ⌐ ─ ↕⌂╕≤╕╡ ♅ꜗfi◒ ⅜≢⅝⁸ ⅜  

⇔╕∆⁹ 

ợꜞ☼ⱶ │ ≤⇔≡ ╦╣⁸ ⇔╕∆⁹ 

ợ ─ ⁸ ⌐╟╢ ─ ╣│♅ꜗfi◒ ─ⱶ☼ꜞה ⌂ ╩

⇔╕∆⁹ 
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3 ₡ Ҳ    

─ ⅛⇔ ⌐│⁸₈ ₉₈ ₉₈ ₉─ 3≈⅜№

╢↓≤│ ⌐ ⇔╕⇔√⅜⁸ √∟─ │ ⅜ ∂ ⌐≤≥╕∫≡™╢ ⌐╙ ⌐

⅝ ↑≡™╕∆⁹↓─ ─ ⅝│ ≤ ┌╣≡™╕∆⁹ ⇔√ ⅝≢│⌂™√

╘ ≢│ ⅝⌐ↄ™─≢∆⅜⁸◄♬◓ⱴ ≤ ┌╣╢ ─ ╩ ╢≤ ≢⅝╕∆⁹

⅜ ™≡ ⅎ╢─│ ⌐╟╢╙─≢∆⁹ 

│↕╠⌐ ⅝─ ⌐╟╡ 3 ⌐ 

↕╣≡™╕∆⁹ ⌐ ⅝ↄ ↄ 

ↄⱴ▬◒꜡◘♇◔⁸♪כ ⌐ ⅝ↄ╝∫ↄ╡ 

ↄ♪ꜞⱨ♩⁸♪ꜞⱨ♩─ ⅝⌐ ⌂∫≡☺◓ 

◙◓ ⌐ ↄ♩꜠⸗▪≤ ┌╣╢╙─≢∆⁹ 

  ≢│⁸≥℮⇔≡↓─╟℮⌂ ─ ⅝⅜№╢─ 

≢⇔╞℮⅛⁹3 ─ ─℮∟ⱴ▬◒꜡ 

⁸│♪כ◔♇◘ ⁸ ⌐╟╢ ─ 

╩ ∆╢√╘─╙─≢№╡⁸ ≢ 

ꜝfi♄ⱶ⌂ ⅝╩∆╢╙─≤ ↕╣≡™╕⇔√⁹ 

⇔⅛⇔⁸ ╩ ╗≤ⱴ▬◒꜡◘♇◔כ♪╩ 

≢⅝╢↓≤⁸∕╣≢╙ ≢≤╠ⅎ√ │ ⅎ≡™╢↓≤⅛╠∕─

⅜ ↕╣⁸₈ ─ ₉≤╕≢ ╦╣≡™╕⇔√⁹ 

10 ╒≥ ⌐⁸ⱴ▬◒꜡◘♇◔כ♪─ ≤ ⌐⅔↑╢₈ ⅎ₉─ ─

⅜ ↕╣ S.  Martinez - Conde,  Neuron,2006⁸ⱴ▬◒꜡◘♇◔כ♪│ ⌐⅔™≡

⌂ ╩╙∫≡™╢↓≤⅜ ╠⅛⌐⌂╡╕⇔√⁹ ≤─ ≢│⁸ ≢

≈╘≡⇔╕℮≤ⱴ▬◒꜡◘♇◔כ♪⅜ ↕╣ ⅝⅜ ↕ↄ ↄ⌂╡ ⁸ ─ │

╟ↄ ⅎ≡™╕∆⅜⁸ ⅜ ↕╣≡⇔╕℮√╘⁸ ⇔⅜ ⅎ⁸ꜞ☼ⱶ╙ ╣⁸♪

ꜝ▬▪▬⌂≥─ ⅜ ╛∆ↄ⌂╡╕∆⁹ 

╩ ⌐≈↑√ⱬ♥ꜝfi ─ ─ ⅝╩ ↄ ∆╢≤⁸ⱴ▬

⅜♪כ◔♇◘꜡◒ ⌐ ╣≡™╢↓≤⅜╦⅛╡╕∆⁹ 

 

 

 

 

 

 

 

 

 

  

►▬◐Ɑ♦▫▪ JP 

Ҳ  

 

 

(S.  Martinez - Conde, ◘▬◄fi☻,  2007) 

  

  

 

̱  
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↓─ ╩ ⅛╠ 30cm←╠™ ⇔≡⁸ ─ ⅝⌂ ╩ ⇔⌂⅜╠⁸ ─ ↕⌂  

™ ⌐ ╩ ⇔≡∂∫≤ ≈╘≡ ↕™⁹∆╢≤ ─ ⅜ ₁⌐ ⅎ≡ ⅎ⌂ↄ

⌂╡╕∆⁹ ⇔≢╙ ⅜ ↄ≤ ⅜ ╕╢≤ ⁸ ─ ⅜╕√ ⅎ≡⅝╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
☻▬☻─ ≢№╡ ►Ɽה♠♫◓▬√∫№╙≢ כꜝ☻◒꜡♩ה☻ꜞ♃▫flהꜟ 1780 - 1866

│⁸1804 ⁸№╢╙─╩∂∫≤ ≈╘≡™╢≤ ─ ⌐№╢ ⇔√ ⅜ ⅎ≡ ⅎ

⌂ↄ⌂╢↓≤╩ ⇔╕⇔√⁹ 

 
₡ ₢ 
S. Martinez - Conde, S.L. Macknik, X.G. Troncoso, T.A. Dyar,(2006), Microsaccades  
Counteract Visual Fading during Fixation, Neuron, 49, 297 Έ305. 
S.  Martinez - Conde, S. L.  Macknik, ( ) , (2007), ─ ⅝⅛╠ ⅜ ⅎ╢,  ◘▬◄fi☻
2007 11 , 20- 29. S. Martinez - Conde, (2006), Fixational Eye Movements in Normal 
and Pathological Vision , Progress in Brain Research, 154,  151- 176.   
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⇔√ ≥─╟℮⌂ ⅜№╡╕∆⅛⁹ ⌐ ⅎ≡ↄ∞↕™⁹  

│⁸ ₁ ₡ ₢╠⅜ ⌐ ⌐ ⇔√ ≢№╢↓≤│

∆≢⌐ ═╕⇔√⅜⁸ ⌂ ─ ⌐ ╢ ⌐⁸ ⅜ ↕╣√ ─ 9

╩ ╡ ╡⌂⅜╠⁸ ⁸ ⅜ ⅎ≡™╢ ─ ╩ ⇔≡╖√™≤ ™╕∆⁹ 

 ─ ≤ ⅜ ⅎ╢ ─ ⌐≈™≡ 

≢│ 1980 ⌐Ɽ♁◖fi Ɫכ♪♦▫☻◒ HDD ─ ה ⅜

↕╣╕⇔√⅜⁸1990 ⌐ ∫≡ ─HDD │ ⌐ ┘⁸ ─ ┘│

20 ⌐╙ ⇔≡™╕⇔√⁹ ⁸HDD №√╡─ │ ─ ┘⌐ ⇔≡

20 ≢ ⅜∫≡⅔╡⁸ ─╖⌂╠∏ №→≡ ◖☻♩ ⌐ ╡ ╕

⌂↑╣┌⌂╠⌂™ ⌐⅔⅛╣≡™╕⇔√⁹ 

─ ≤⇔≡ HDD─ ╩ ╢√╘─ │ ↕╣≡™╕⇔√⅜⁸

─ ╛ Ⱬ♇♪─ │ ⌐╟╢ ⅜ ≢ ↕╣≡™╕⇔√⁹ HDD│

─ ⌂ⱡ►Ɫ►╛♦כ♃╩ ∆╢╙─≢№╢√╘ ⅝ ╡ ─╖≢ ╕∑╢↓

≤│≢⅝╕∑╪⁹  

↓─╟℮⌂ ─ ⁸ ≢╙ ╖ ≡ꜝ▬fi⌐≈™≡│ ─√╘⌐

⌂ ⅜ ⌡╠╣≡™╕⇔√⅜⁸ ⅜ ℮ ⌐ ⇔≡│ ⅜≈↑╠╣≡™╕∑╪≢⇔√⁹ 

≤╡╦↑ ₁ ╠╩ ╕∑≡™√─⅜HDD─ ─└≤≈≢№╢ Ⱬ♇♪ HGA─

≢⇔√⁹HGA│ HDD №√╡ ∆╢√╘HDD ⌐ ⅜ ⌐ ┘

≡⅔╡⁸ ⌐ ∆╢ ⌂ ╙ ─꜠ⱬꜟ⅜ ╕╢⌐≈╣≡ ₁ ⇔ↄ⌂∫

≡⅔╡⁸∕╣∞↑≢╙ ⌐⌂∫≡™╕⇔√⁹1997 ─ ≢ 3 ─ ─

─ ─ │ 2000 ╩ ⅎ╢↓≤⅜ ↕╣≡™╕⇔√⁹ 

↓╣╒≥─ ⌐⌂╢≤ ₁⌂ ⅜ ⇔╕∆⅜⁸ ≢╙ ─ ─ ╩

⌐ꜟⱬ꜠הꜟ◐☻∂ ≈↓≤⅜ ⌐ ™≤™℮ ╙ ⅝⌂ ≤⁸ ─

≤ ─ ⌐ ∆╢↓≤⌐⌂╡╕∆⁹↓╣╩ ∆╢√╘⌐ ─ ⌂

⌐ Ⱪ꜠כꜟ☻◒כ ∆╢ ⅜№╡╕⇔√⁹↓─ ⌐╟╡⁸

≤ ⌐ ⇔ ─ ⁸ ─ ─ ⌐╙ ⇔√↓≤│∆≢⌐ ═√≤

⅔╡≢∆⁹ 

 

 

 

 

 

 

 

 

 

 

  

2.1 ≤ ─ ─  

Ⱬ♇♪ 

 

♦☻◒ 
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₁ │ ╩ ╡ ╡⁸ ⌐ ╪≢™╢ ≢№╣┌↓─╟℮⌂Ⱪ꜠כ◒☻ꜟ

│⌐כ ⇔⌂⅛∫√≤ ═≡™╕∆⅜⁸ ∆╢╟℮⌐ │⁸∕─ ⁸

─ ⌐╙ ╩ ⇔≡™╢↓≤⅜╦⅛╡╕⇔√⁹ ⁸ ⅜

⇔≡™╕∆⅜⁸ ≤ ╦╠⌂™ ⌂ ╩ ™╠╣╢ ≤ ⌐╙ ⇔√

⅜ ↑╠╣╢ ≤≢│ ≤∕─ ⌐ ⅝⌂ ⅜ ╢─≢│⌂™≢⇔╞℮⅛⁹

─ ⌂ ⅜ ╙≡™⅔⌐☻כ◔™⌂≢ ─ ╩ ∆╢ │ ⌐№

╡╕∆⁹ 

₈╙─≠ↄ╡ ─ ⌐⅔↑╢ ─ ₉8 ≢│⁸ ⌐╟╢

─ ≤ ⌐╙ ╩№≡╕⇔√⅜⁸ ⱥ▪ꜞfi◓≢│⁸ ─ ╩ ≤

∆╢ ─╟℮⌂ ⅜ ⅛╣╕⇔√⁹ 

 

 

 

 

 

 

₁ ╠⅜ ⇔√⁸ ─ ╩ ⅎ╢↓≤⌐╟∫≡ ∂╢ ꜠הꜟ◐☻─

ⱬꜟ╩ ⌐ ≈↓≤⅜ ≢№╢≤™℮ ⅔╟┘ ─ ≤ ─

│⁸ ─╟℮⌐ ─ ⅜ ™≤™℮ ⌐╙∕─╕╕ ≡│╕╢─≢│⌂™≢

⇔╞℮⅛⁹ 

╕√⁸ ─ ▪fi◔כ♩≢│ 2.2 ⌐ ∆≤⅔╡⁸ ↄ─ ⅜ ⌐╟╢

─ ≤⇔≡⁸ ─ ⅜ ⅝™↓≤⁸ ─ ה ⅜ ≢№╢↓

≤⁸ ה ⅜ ⇔™↓≤╩ →≡⅔╡⁸ ↄ─ ⅜ ⅎ╢ ─ ≢№╢≤ ⅎ

╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

₡ ─ ה  ₢ⱥ▪ꜞfi◓  

ה ⁸ ─ ≢│ ─ ⅜ ∫≡⅝≡™╢⅜⁸∕─╒≤╪≥│Ɽכ♩ ≢

№╡ ─ ↕⅜ ⌐⌂∫≡™╢⁹Ɽכ♩ ≢│ ─ ╙ ⇔≡╟ↄ⌂™⁹ 

♩כⱤה ⅜ ™√╘ ╣ ╦╡⅜ ™⁹ ≢│ 1 2 ≢ ╣ ╦╡⁸ ≢ │

╦∫√⁹ 

ה ─ ╛ ⱬ♥ꜝfiה ─ ⅜ ≤⌂∫≡™╢⁹ 

2. 2 ⌐╟╢ ─ ▪fi◔כ♩  

70.6

12.2

8.8

43.7

37.4

41.2

44.5

0 20 40 60 80
(%)

N=238
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 ≢─ ⇔™  

↕≡⁸ ─ ⌐╟╡⁸≥─╟℮⌂ ⅜ ╠╣≡™╢─≢⇔╞℮⅛⁹  

⌐⅔↑╢ ╩╙≤⌐ ⌂ ╩ ⌐ ⇔╕∆⁹ 

─ ₡ ₢╠│⁸ ⱪ꜡◓ꜝⱶ─ ≢ 2010 2 ⌐ ₁
₡ ₢╩ ⇔≡ ─╙─≠ↄ╡ 6 ╩ ≤⇔√ ─ ╩ ⇔╕

⇔√⁹6 ≢ 2 ≤™℮ ╘≡ ─ ≢⇔√⅜⁸∕─℮∟─ ≈⅛─ │

∕─ ╙ ─ ╩ ╡⁸ ─ ╩ ╘╕⇔√⁹↓╣╠─

─ ╖─ ⅛╠ ─└≤≈╩ ⇔╕∆⁹ ─ ⅜♃כ♦│≡⇔≥ ↕╣≡

™╢ ⌂ 13 ≢∆⁹ 

ₒ   ₓ 2010  

    

Ⱳfiכ◌  NC  

 ⁸ ⁸ ─⁸⅝∏⁸╗⇔╣⁸ ↑⁸ ╣  

 ≢─ ⌐╟╢  

─ⱳ▬fi♩ 1.  ─ ─ 3,000 lx  ќ 1,500 lx  

2.  ─ ⅛╠ ┼─  

3.  ⅔╟┘ ─Ɫfi♪ꜞfi◓ ꜞ☼ⱶ─  

 1.  ─  

2. ה  ─  

3.  ─ ⁸╖∆⅛ה╣ ↓╡─  

4.  ⌐╟╢ ─ ≤─ ↑ ∟  

 

 ─  

2.3 │⁸ 1 √╡─ ─ ≢∆⁹ ⌐ ═≡ │ 1/3

≤ ⌂ ─ ╩ ╢↓≤⅜≢⅝≡™╕∆⁹⌂⅔⁸ ─ ⇔│ ⇔≡™╕∑

╪≢⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

  

2. 3 ─  

 

ה 1 │⁸ ≥⅔╡─ ─
╕╕≢─  

ה 2 │⁸ ⅛╠ ┼
⇔√ ─  

⅝╩ ℮ ∟  

0 

1 

2 

3 

4 

5 

6 

7 

2010/01 2010/07 2010/10 2010/11

, 
s
/p

ie
c
e

2010  
1      7      10    11  

 

 

 

1 

2 
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ה  ─  

 

2.4(a) │ ─ ─ ≢∆⁹7 ─꞉כ◒╩ ⌐ 1 ⌐ ∑⁸ ╩ ⁸

⌐ ╛⅛⌐ ↑↕∑⌂⅜╠⁸ ≤ ─ ╩ ∫≡™╕∆⁹╕√⁸ ─

╩ ─∆← ╕≢ ≠↑≡™╕⇔√ ⅛╠ 450mm─ ↕ ⁹↓─≤⅝─ ≢─ │

3000 lx ≤ ╢∆⅞╢ ≢⇔√⁹ 

 

2.4(b) │ ₁ ⌐╟╢ ─ ≢∆⁹ ≢│⁸╕∏⁸ ─ ↕╩ ↄ

⇔⁸ ─ ╩ 1, 500 lx ⌐ →╢↓≤⁸ ⌐⁸ ╩ →≡ ╩ ╢↓≤⁸

⌐ ╩ ↑╢ ⌐⁸┐∫┐≤ꜞ☼ⱶ╩≤╢↓≤⅜ ↕╣╕⇔√⁹↓─ ⌐╟╢

│ ╙ √⌂™℮∟⌐ ╣╕⇔√⁹ │⁸ │ ∆⅞≡ ⅜ ≈⅛╠⌂™

─≢│⌂™⅛≤ ⇔≡™╕⇔√⅜⁸ ╩Ɫfi♪ꜞfi◓⇔≡™╢ ⌐ ╩

─№╢ ≤ ≢⅝≡™╢↓≤╩⁸ ≤ ╦╠⌂™ ≢ ╩ ≢⅝╢╟℮⌐

╦∫≡™╕⇔√⁹ ⌐⁸ ─ ─ ╙ ⅝ↄ ⇔╕⇔√⁹ ≤ ∆╢

≤⁸ ≤꞉כ◒ ─ ⅜ ⅜╡⁸ ⅜ ┘⁸ ─ ╙ ↕ↄ⌂∫≡™╢↓≤⅜╦

⅛╡╕∆⁹╒╪─ ─ ≢⇔√⁹ 

 

∕─ ⁸ │ ─ ╩↕╠⌐ ╘⁸ ─ ⅛╠⁸ ╩

⇔≡ 2.4(c) ─╟℮⌐4 ×11 ─꞉כ◒╩ ∑≡ ↔≤ ⌐☻ꜝ▬♪≢⅝╢

╟℮⌐⇔ ╩ ╘╕⇔√⁹↕╠⌐⁸ ⅛╠ ─ 2.4(d) ⌐ ⇔⁸

↕╠⌂╢ ╩ ╡╕⇔√⁹↓─ ┼─ ⌐│ ⅝⌂ ⅜№╡╕∆⁹ ⅜

⅜╡⁸ ⅜ ⅜╡⁸ ╦∫≡ ─ ה ⅜ ╕∫√↓

≤≢⁸ ╩ ℮ ─ ⅜ ↄ⌂╡ ┼─ ⅜ ⇔╕⇔√⁹ ≢│ ╩

⅝ↄ ⅛∆ ⌐☻♥♇ⱪ ╩ ⅎ╢↓≤ ⌐╟╡ ┼─ ╩ ⌂ↄ∆╢↓≤⅜

≢⅝╢√╘⁸ ⅛╠ ─ ┼≤ ⇔√─≢∆⁹ 

↓↓≢ ╩ ∆╢─│⁸╒≤╪≥ ⅛⌂™ ∟ │ ─ ─ ┼ ╢

╩ ↄ⇔⁸ ⌐ ⅝⌂ ╩⅛↑╢≤™℮↓≤≢∆⁹↓─ ≢│ ─ ה

╩ ℮ ⌐☻♥♇ⱪ╩ ╗↓≤≢ ─ ⅝╩≈ↄ╡⁸℮╕ↄ ─ ╩ ←↓≤⅜≢⅝

≡™╕∆⁹ 
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 ─  

2.5 │⁸ ─ ⌐ ⇔√ 2 ─ ⌐ ∆╢ ⌐ ∆╢ⱥ▪ꜞfi◓─

≢∆⁹2 ≤╙ ⌐│ ─ ⌂ ╣⁸ ⅜ ⌂╒≥─ ╡⅜ ∂≡™√

↓≤⅜╦⅛╡╕⇔√⁹ ╠∏ ╠∏─ ⌐ ─ ™ ≢ ─ ╩ ∫≡™√↓

≤⌐╟╢╙─≤ ╦╣╕∆⁹ ─ ⌂ ╣⅜ ╡─ ≢№╢≤─ ╙№╡╕∆

[2008] 14⁹ ⌐╟∫≡ ≈╘╟℮≤∆╢ ⅜ ─ ⅝╩ ╘⁸ ╩ ╘

╢╙─≤ ╦╣╕∆⁹ 

⇔√╟℮⌐ │ ⁸ ⁸ꜞ ☼Ⱶ◌ꜟ⌂ ⅜ ≢№╡⁸ ─

╛ ╡╩ ↓⇔⌐ↄ™ ≢№╢≤ ⅎ╕∆⁹ 

 

2. 5 ─ ⌐ ∆╢ⱥ▪ꜞfi◓  

   

     

 ╣⅜└≥™ ♪ꜝ▬▪▬⅜  ⅜⅛∆╖⁸

╩ ⌐  

╒≤╪≥ ╣⌂™ 

 ↓╡⅜└≥™ 

2  

↓╡⅜  

⌂⇔  

↓╡⅜└≥ↄ⁸

⁸  

 

∕─    ╣─√╘  

⅜ ™ 

╣⅜ ↕╣

⅜ ↄ⌂╢ 

 

ה ⅜ ─  

ה ─ │ 3,000lx  

1ה ×7 ─ ╩☿♇♩ 

≢⅝╢ ╩  

ה ╩ ⌐ ╛⅛ 

⌐ ↑⌂⅜╠  

ה ⌐ ∫≡  

ה ─ ⅜ 1, 500lx ⌐⌂╢

╟℮⌐ ─ ╩  

ה ≤ ─ ╩ ⅝ↄ⇔√

╩  

↓╣⌐ ™ ⅜ ┘⁸

─ ╙ ↕ↄ⌂∫√ 

ה ╩ ↑╢ ⌐┐∫┐≤ 

ꜞ☼ⱶ╩≈↑⌂⅜╠  

ה ⁸ ⌐ ⌂⇔ 

 

ה ╩  

1 ×7 ⅛╠ 4 ×11  

ה ↔≤ ⌐☻ꜝ▬♪ 

ה ⌐ ⌂⇔ 

ה ∟ ⌐  

╩ ⅝ↄ ⅛∆ ⌐  

☻♥♇ⱪ ╩ ⅎ╢ 

↓≤ ⌐╟╡ ─ ╩  

2. ה 4 ─  
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│ ⁸3 ⌐ 1 ₈ ⅝₉╩⇔≡™╕∆⅜⁸ ╛Ɽ♁◖fiה ─

⌐│⁸ ⅝⅜ ⌂ↄ⌂╢↓≤│╟ↄ ╠╣≡™╕∆⁹ ⅝│ ╩

⇔≡ ⅛╠─ ─ ╩ ⇔⁸ ─ ╩ ⌐ⱨ꜠♇◦ꜙ⌐ ∆╢ ⅝⅜№╡╕∆⁹

│⁸ ─ ⁸ ⌐ ╩ ⇔√╡⁸ ─ ╩ ™∞╡⇔≡™╕∆⅜⁸ ⅝─

⅜ ⌂ↄ⌂╢≤ ─ ⅜ ╖ ─ ⌐ ⅜ ⅝ ♪ꜝ▬▪▬ ⁸ ⁸ ⅜ ∆

╢↓≤≢ ⌐ ∆╢ ⅜№╡╕∆⁹ 

⌐⅔™≡╙ ⇔≡ ╩ ∆ ─ ⌐⌂╢≤⁸ ⌐ ╩ ∆

╢↓≤⌐╟╢ ќ ┼─ ╛ ─ ⌂≥⌐╟╡⁸ ⅝─ │

╛ ⌐ ⌂ↄ⌂╡╕∆⁹ ⁸ ╩ ⌐ ↑╢≤⁸

│ ─⁸ ⇔⌂™ ⌂╙─⌐ ╦╡⁸ ⌐ ∫√ ≢⌂ↄ⌂╢↓≤

⌂≥─ ⌐╟╡ ⅝─ │ ≤╒╓ ╦╠⌂ↄ⌂╡╕∆⁹ 

↓─ ─ │™∏╣╙ ⌐ ─ ╣╛♪ꜝ▬▪▬─ ╩ ⅎ≡™╕⇔

√⅜⁸↓╣⅜ ↕╣≡™╕∆⁹ 
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4 ἧ ₡    

─ ₡ ₢⅜₈ ◐

ꜗꜝⱣfi₉╩☻♃⁸│↑⅛∫⅝√∑↕♩כ ─ ≢╙№╢ ₁ ₡ ₢⅜⁸

─ ╩ ↑√ ⅛╠ ─ ╣╛ ה ─ ╖⅜ ↄ⌂∫√∞↑≢⌂ↄ⁸ ─

╕≢ ↄ⌂∫√≤ ↕╣√↓≤≢⇔√⁹ 

◐ꜗꜝⱣfi≢│⁸ ─ ╩ ∆╢√╘ ─ ≢ ↄ ↕╣≡™╢ 3

─ ╩ ⇔≡™╕∆⅜⁸∕─℮∟─ 1 ≈⅜₈ ꜟכ◔☻ ₉β≢∆⁹↓─

│⁸ ≤₈ ♦▫☻Ɑⱪ◦▪₉≤™℮ 2≈─ ─ ╩ ∆╢√╘⌐

™╠╣╢╙─≢∆⁹₈ ♦▫☻Ɑⱪ◦▪₉│ ╛ ─ ⅜ ≢⁸ ╙√╣╛

─ ╖⅜№╢─⌐ ⌂≥╩⇔≡╙ ≤⌂╢ ⅜╖≈⅛╠⌂™ ≢∆ββ⁹ 

∂╟℮⌂ ⌐ ╪≢™╢ │™╕∑╪⅛  ↓↓≢│⁸↓─ ─ ™ ╩ ⇔╕

∆─≢⁸ ⇔≡╖≡ↄ∞↕™⁹ 

ꜟכ◔☻  

─ ⌐№≡│╕╢ ⅜№╢ ⁸ ─ ꜟכ◔☻ ⌐ủ╩≈↑≡ ↕™⁹ 

   

 

⌂™ 
╕╣ 

⌐ 
₁ 

⇔┌ 

⇔┌ 

™≈ 

╙ 

 ╛↑⅜⇔╕∆⅛       

 ⅔⌂⅛⅜│╢↓≤⅜№╡╕∆⅛       

 ╩⇔√ ⌐ ⅜ ⇔™ ╙√╣╢ ↓≤⅜№╡╕∆⅛       

 ╦∏ ─└╠≢ ╩↓∆∫≡⇔╕℮↓≤⅜№╡╕∆⅛       

 ═√№≤ ∟⅜ ↄ⌂╢↓≤⅜№╡╕∆⅛       

 ⌐ ╛↑⅜⅔↓╡╕∆⅛       

 ─≥ ─ ⱥꜞⱥꜞ ⅜№╡╕∆⅛       

 ─ ≢ ⌐⌂∫≡⇔╕™╕∆⅛       

 ╙─╩ ╖ ╗≤⁸≈⅛ⅎ╢↓≤⅜№╡╕∆⅛       

10 ™ ⅜ ⅜∫≡ↄ╢↓≤⅜№╡╕∆⅛       

11 ◕♇ⱪ⅜╟ↄ≢╕∆⅛       

12 ⅛⅜╖╩∆╢≤ ╛↑⅜⇔╕∆⅛       

∕─ ⁸ ⌐⌂╢ ⅜№╣┌ ⇔≡ↄ∞↕™⁹       

        

        
  ᵑ   

        
ᵑ ╙√╣ 11─   

ᵑ │⁸ ─ ╩ ∆╢ ≢∆⁹ ⅜ 8 ─ │⁸  

 ─ ⅜ 60 №╡╕∆⁹ Њ͈  7   ►  

ᵒ ╙√╣ ─ │⁸₈ ♦▫☻Ɑⱪ◦▪₉─ ╩ ∆╢ ≢∆⁹ 

1 №╢ │ ™⅜№╡╕∆⁹ Њ͈  4   ►  

  

β↓─ │⁸2004 ⌐ ─  ╩ ⌐ ↕╣√╙─≢∆⁹ 

ββ  (2014).  ●▬♪ꜝ▬fi 2014 Έ ♦▫☻Ɑⱪ◦▪(FD). 
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│⁸№╢ ≢ ⇔√ ꜟכ◔☻ ⌐╟╢ ─ ≢∆⁹ ⌐

╟∫≡│ ─ ⅜№╢ ⅜ 60 ╩ ⅎ╢◔⁹√⇔╕╡№╙☻כ 

β ☻◖▪⅛╠ ⇔√ ─ꜝ▬fi ,    ☻◖▪⅜ ™╒≥ ⅜ ™↓≤╩ ⇔≡™╕∆⁹ 

 

 

 

 

 

 

 

─☻♩꜠☻⌐╟╡ ─ ⅜ ↄ⌂∫√↓≤╩ ⇔√ │ ⌂ↄ⌂™≤ ™╕∆⁹

│ ⌐ 1 ≢№╡⁸1 ⁸ ╩ ⅜↕⌂™╟℮⌐ ⇔≡ ∆╢─│

⌂ ≢∆⁹↓╣⅜ ↄ≤ ╩ ℮↓≤ ⅜ ⌂☻♩꜠☻≤⌂╡⁸↕╠⌐

─ⱨ▫כ♪Ᵽ♇◒≤⇔≡─ ╛ ─ ⌐╟╢ⱪ꜠♇◦ꜗכ╙⅛⅛╡

↑╕∆⁹ 

╕√⁸ ─ ─ ≤⇔≡ ⌂☻♩꜠☻─ ⌐ⱦ♃Ⱶfi ─ ╙ ⅎ╠╣╕∆⁹ⱦ♃

Ⱶfi │ ה ─ ⁸ ⁸ ╛ ⌂≥─ ─ ⌐ ∆

╢≤↕╣≡™╕∆─≢⁸ ⌂ⱦ♃Ⱶfi ─ ⅜ ╛ ─ ─ ╣╩ ⅝ ↓∆

⅜№╡╕∆⁹ 

─ ≤™℮ ≢™ⅎ┌⁸ ╩ ╕∑╢ ─ ⅜ ─ ╣≢⇔╞℮⁹ ⅜

╣╢↓≤⅛╠ ╛ ⌐╟╡ⱦ♃Ⱶfi ╩ ⇔≡™╢ ⅜ ↑╠╣╕∆

⅜⁸ ⌐╟╢ ╙ ↓╡╕∆─≢ ⅜ ≢∆⁹ ╛₈™╦╝╢

₉⌐│⁸ ─ ה ⌐ ≠ↄ ╛ ⅜ ↕╣≡™╕

∆─≢⁸ ∏↓╣╩ ∫≡ↄ∞↕™⁹ 

ⱦ♃Ⱶfi ─ ≤  

   

ⱦ♃Ⱶfi  

ⱦ♃Ⱶfi │⁸ ─ ─

╩ ↑╢ ≢∆⁹ 

ⱦ♃Ⱶfi │⁸ ╛ ─

╩ ↑╢ ≢∆⁹ 

│⁸ ⌐╟╡ ⅜ ⇔√╡⁸╟╡

⅜ ∆╢╙─≢│№╡╕∑╪⁹ ─ ╩

∫≡ↄ∞↕™⁹ ﬞ │ ╩ ∆╢

│ ⌐⌂╠⌂™╟℮ ⇔≡ↄ∞↕™⁹ 

─ ⌐ ∆╢ ╟╡  

 

  

Ẽ ♦▫☻Ɑⱪ◦▪ functional dyspepsia  ההה│≥

ה ╩ ⌐⁸╗⅛≈⅝⁸ ⁸ ╙√╣⁸ ⌂≥─ ⅜ ⌐ ↄ  

ה ⌐ ╩⅝√⇔≡™╢⌐╙⅛⅛╦╠∏⁸ ≢│ ╠⅛⌂ ⅜ 

╘╠╣⌂™ 

ה ⅜ ⇔™ 

ה ─ ⁸ ⁸☻♩꜠☻ ⌂≥⅜ ≤™╦╣≡™╢ 

ה ─ 10 20 │↓─╟℮⌂ ⌂ ⌂ ╩  

 



28 

 

 ─ ─ ╩ ⌐ ∆╢√╘─ ╖ 
₡ ₢│⁸2015 5 ⅛╠ ─ ─ ╩ ⌐ ⇔⁸

─↕╠⌂╢ ⌐ ∆╢ ≤⇔≡⁸ 2.6 ⌐ ∆₈

◐ꜗꜝⱣfi₉╩☻♃⁹√⇔╕∑↕♩כ 

2. 6 ◐ꜗꜝⱣfi─  

  
ᵑ ─ ≤ ─ ╩ ╢ 

ᵒ ─ ─ ─ ╩ ∆╢ 

 

ᵑ ≤⇔≡⁸ ─ ╩ ⇔⁸ ⌐ ╦╢ ₁╩ ⌐  

─ ≤ ╩ ∆╢⁹╕√⁸ ╛ ⌐≈™≡

─▪♪Ᵽ▬☻╙ ℮⁹ 

ᵒ ≤⇔≡⁸ ─ 2≈─ ╩ ∆╢⁹ 

ה ─ ⌐╟╢ ─ ╩ ∆╢√╘⌐⁸ ≤ 

⅛╠ ◌ ↕╠⌐∕─ ╙ ⌐ ─ ⌐╟╢ ╩ ℮⁹ 

ה ⌐►▼▪ꜝⱩꜟ☿fi◘כ╩ ⇔≡ ─ ╩♃כ♦   

∆╢⁹∕⇔≡⁸ ⌐ ⇔√ ╟╡ ⁸ ╩ ⇔⁸  

≥♃כ♦ ≤─ ⌐≈™≡ ╩ ℮⁹ 

 

⌐ ⅛╠ ╠╣╢ ─ ─ ╩ ⇔╕∆⁹ 

(A) ה ─ ≢ ↄ ↕╣≡™╢ SF8⅛╠

↕╣╢ ─ ╩ ⁸ ╩ ⌐ⱪ꜡♇♩⇔√╙─⅜

↓─◓ꜝⱨ≢∆⁹ ⅔╟┘ ─ │≥∟╠╙ 50⅜ ─ ≤⌂

╢╟℮ ↕╣≡⅔╡⁸↓─ ⅜ ⅝™╒≥ ⅜ ™↓≤╩ ⇔≡™╕∆⁹◓ꜝⱨ

⌐ ∆ᵑᵒᵓᵔ─ 4≈─ 50─ ה ≢ ╠╣√ 4≈─◄ꜞ▪ ⌐≈™

≡⁸ŋ ─ ⅜ ⌐╙ ⌐╙ ⅜ ⁸ɔ ─ ⅜≥∟╠─ ╙

≢№╢↓≤╩ ⇔≡™╕∆⁹ ≤⇔≡ᵑ─◄ꜞ▪⌐ ╢ ─ ⅜ ⅎ╢

╟℮⁸ ⌐⅔™≡│≥∟╠─ ─ ╙ ╟╡ ↄ∆╢╟℮⁸ ╩ ╘╢↓≤

⅜ ╕╣╕∆⁹ 

A  B  

C  


