
 

 

ₒ ₓ 

 

1 Ễ   

˲› ѝ ꜘ ֯  ר

 

    

     

 

 
1.│∂╘⌐ 

 28 ─ ⌐ ─ ⅜

∫≡™╕∆⅜⁸ ↕╪↔ ∂─╟℮⌐ │ 3

Ⱪכⱶ≢⁸↓╣╕≢⌐™╤™╤⌂ ⅜

↕╣≡™╕∆⁹ │∟╞℮≥ ─ ─ 1995

⌐ ⌐ ⇔⁸ ⌐ ⇔≡

╩ fi♩⌂≥⁸▼☺כ◄⁹∆╕™≡↑ ⇔ ⅛

╣╢╟℮⌐⌂∫√ ⌂≥╩ ⌐⇔≡™╕∆⁹

─≤⅝│ ⌐ ─ ⌐ ∫√≤↓╤≢∆⅜⁸

28 ─ ⌐╟╢≤⁸Ⱪכⱶ⅜ ╦∫

√ ≤⇔≡ ↕╣≡™√─│⁸ ⅜

⌐ ⇔≡ ∆╢ ⅜ ╡⁸∕─ ⅜ ╠⅛

⌐⌂∫√↓≤≢∆⁹Ⱪכⱶ≢ ╦╠⌂™╟℮⌐∆╢

⌐│⁸ ─ ─≤⌂☻ⱦכ◘ה ─ ⁸

⌂ ⌂≥⅜ ≢№╢≤ ⅎ╠╣≡™╕

∆⁹ 

 ╒≥─↔ ≢╙№∫√╟℮⌐™╤™╤⌂

⅜№╡╕∆⅜⁸≥╪⌂ ≢⁸≥─╟℮⌐ ∆╢

⅛│№ↄ╕≢╙ ⅜ ∆╢╙─≢∆⅛╠⁸№╕╡

↔ ∂⌂™≤ ≢╙≢⅝╢╟℮⌐ ╦╣╢⅛╙⇔╣

╕∑╪⁹⇔⅛⇔⁸ ⌐╟∫≡ ≢⅝╢ ╛

⅜№╢≤ ™╕∆─≢⁸∕╣╩⅝∟╪≤

∆╢↓≤⅜ ⌐⌂∫≡™╢≤ ™╕∆⁹ │

⅜ ⌐ ↕╣≡™╢≤↓╤≢⁸ ⌐

↕ↄ ⇔√◓ꜝⱨ─╟℮⌐⁸₈⅛⌂╡ ≈₉₈№

╢ ≈₉≤™∫√↓≤⅜ ╩ ╘≡™≡⁸

⌐ ↕╣╢ ≢№╢≤ ⅎ╠╣≡™╕∆⁹ 

 

 

 ╒≥⁸ ╛ ≤─ ⅜№╢≤™℮

⅜№∫√─≢⁸ ─ ╕√│ ⅜

╕⇔™ ╙ ≢╕≤╘╠╣≡™╕∆⁹

⁸ ─ │™╤™╤№╡╕∆⁹ 

 ─ ≤ ─ ≢⁸∟╞℮≥ 50 ╩ ⌐⌂∫

≡™╢╟℮⌐ ⅎ╢≤ ™╕∆⁹ ─ ה

≤™℮─│⁸ ⅜↓─◓ꜝⱨ╩ ≡ ⌐

⇔≡™╢≤↓╤≢∆⅜⁸50 ─ ⅜ ╕⇔™≤

∫≡™╢ ─ ─≤↓╤│ ⇔ ↄ≤⇔≡╙⁸

─ ⌂ ⁸ ⌂ √╕⁸♩כꜟ

─≤↓╤╙∕℮≢∆⇔⁸≥∟╠⅛≤™℮≤

∆╢╟℮⌂⁸ ⌂ ╩ ⌐⇔≡™╢▬ⱷ

≥∞☺כ ™╕∆⁹∕╣⌐ ⇔≡│⁸ כ▫♦─

ⱪꜝכ♬fi◓╩ ≤↕╣╢╟℮⌂⁸ ⌂

⅜ ≢⅝╢≤ ⅎ╠╣≡™╢╙─⅜ ™≤

∂≡™╕∆⁹ 

 

 

 ≢⁸50 ╩ ∫≡™╢ ─ │ ↄ ╪≢

№╡╕∆⅜⁸ ⌂ ⁸ ─ ⁸ ⌂≥⁸

≥∟╠⅛≤™℮≤ ≢│⌂ↄ⁸ ╩ ≤⇔≡

™╢≤↓╤┼─ ─ │⁸ ≢⅝╢≤

∫≡™╢ ⅜╕∞ ⌂™≤↓╤⅛≤ ™╕∆⁹◓ꜝ

ⱨ─ ╙ ⌐№╢ ╙⁸ │ ╡╛

∆ↄ⌂∫≡™╕∆⁹ ≤⇔≡ ≤ ∆╢╟℮

⌂ ∂⌐⌂∫≡ↄ╢≤⁸╛│╡ ─ ╛ ─1.- 1 ᶎᵷᶠᶊ֩ ֪ 

 

1.-2 ᶎᵷᶠᶊ 2֩  ֪

 



 

 

 

⅜◦☻♥ⱶ ≢≢⅝⌂™≤⁸ ⇔™≤↓╤⅜№

╢≤ ⌐ ∫≡™╕∆⁹ 

 ↓╣⅛╠ ─ ⅜ ╪≢™⅝⁸≥─╟℮

⌂ ⅜ ⌐⌂∫≡ↄ╢⅛≤™℮≤↓╤╙⁸

≢╕≤╘╠╣≡™╕∆⁹↓╣╩ ╢≤⁸

╩ ╘≡™╢─│♅ꜗ꜠fi☺ ╛ ה

ה ⌂≥─ ⁸ ╛ ⁸◖Ⱶ

fiꜛ◦כ◔♬ꜙ ⌂≥─ ≢∆⁹ 

 ─≤↓╤ ⌂≤↓╤⅜ ≢

≤⌂∫≡™╢─≢⁸◖fiⱧꜙכ♃כ ≢│⁸

⌐ ⇔≡│∆↔ↄ ↕╣≡™╕∆⁹∕↓⅛╠

╛ⱷfi♃ꜟ⌂≥╩ ≢⅝╢╟℮⌐⌂╡⁸ ─

⌐⅔™≡╙ ↕╪─ ⌂ ⌂≥⅜◦☻♥

ⱶ╩ ⇔≡ ⅛╢╟℮⌐⌂∫≡ↄ╣┌⁸ ⌐▪

♪Ᵽ▬☻╩∆╢↓≤⅜ ⌐⌂∫≡ↄ╢≤ ™╕∆

─≢⁸♅ꜗ꜠fi☺ ╛ ⌂≥⌐ ≢⅝╢∞

╤℮≤ ⅎ≡™╕∆⁹ 

 

  

╘≡ ─ ╩ ⌐╕≤╘≡™⅝╕∆⁹

╒≥─ 1 ╛ 2 ⌐ ∆╢╟℮⌂≤↓╤│⁸

≥∟╠⅛≤™℮≤ ╩ √∟─ ☻כⱬ♃כ♦≢

⇔≡⁸∕╣╩ ⇔≡™ↄ◄◐☻Ɽכ♩◦☻♥ⱶ

─╟℮⌂╙─⅛╠⁸ ╙╟ↄ ╦╣≡™╢≤ ™╕

∆⅜⁸ⱬ▬☼─ ⌂≥⌐ ≠ↄ ה ─♃▬

ⱪ─╙─⅜ ⌐⌂∫≡™√≤ ™╕∆⁹ │⁸

╒≥─↔ fi♬כꜝⱪכ▫♦⁸⌂℮╟√∫№⌐

◓⌂≥╩ ≤∆╢ ─ ⌐ ≠ↄAI⅜⁸™

╤™╤ ↕╣≡™╢≤↓╤∞≤ ™╕∆⁹ 

 ≢™╤™╤⌂ ╩⇔≡™√╡⁸Ⱪꜝ♇◒Ⱳ♇

◒☻⌐⌂∫≡™╢≤↓╤╙№╡╕∆⅜⁸ │

─ ╙ ⌐≢⅝╢╟℮⌐⌂∫≡⅝≡™

╢─≢⁸∕─╟℮⌂≤↓╤⅛╠⁸↕╠⌐ ⌂AI

─ ─ ⅜№╢≤ ∫≡™╕∆⁹ ─

╛ⱷfi♃ꜟ⌂≥⅜ ─ ⌐╟∫≡ ⅝ ↓↕╣

≡™╢≤™℮↓≤⌐⌂╢≤⁸ ≤⇔≡ ↓↓

≢ →╠╣≡™╢─│ ╠ↄ ∞≤ ™╕∆⅜⁸

─ ╙ ∆╢↓≤⅜≢⅝╢─≢⁸ ─ ⅛

╠ ⌐ ─ │≢⅝╢─⅛⁸╕√≥─ↄ╠

™─ ⌂─⅛≤™℮↓≤╩⁸ ↔ ↕∑≡™

√∞⅝√™≤ ∫≡™╕∆⁹ 

 

 

2.  

 │⁸ ─ ≢∆⁹ │⁸ ╩ ↑

√╡∑∏⌐☿fi◘כ╩ ╡ ↑╢ ⌂ ─

⅜™╤™╤ ↕╣≡™╕∆⁹╟ↄ ⌐∆╢≤

╦╣╢─│⁸EEG≤ ┌╣╢ ─ ╩ ∆

╢╙─≢∆⁹ ⌐ ⇔≡ ⅎ┌⁸ ─ ⌐№╢

♩▬≤ ┌╣╢ ⅛╠ 1 ↄ╠™≢

⌐ ─ ╩ ≢⅝╢╙─╙ ≡⅝≡™╕∆⁹ 

 №╕╡ ™√↓≤⅜⌂™∞╤℮≤ ╦╣╢─│⁸

╪ ⌐№╢ NIRS≤ ┌╣╢╙─≢∆⁹↓∟╠│

╒≥ ⇔ↄ ↕∑≡™√∞⅝╕∆⅜⁸ ⅛╠

3cmↄ╠™─≤↓╤─ ─ ╩ ∆╢╙─≢∆⁹

fMRI╙ ─ ╩ ∆╢╙─≢∆⅜⁸↓─ ≈⌐

⇔≡ ⅎ┌⁸EEG│ ⅜ ™↑╣≥╙

⅜ ↄ⁸fMRI│ ⅜ ↄ≡

⅜ ↄ⁸ ╪ ─ NIRS│∕─ ⌐⌂∫≡™

╕∆⁹↓─╟℮⌂╙─≢ ⇔≡⁸ ╠⅛─ ⅜

⇔≡™╢≤⅝⌐⁸ ─≥─ ⅜ ⇔≡™╢

⅛╩ ╢↓≤≢⁸∕─ ⅜ ⁸≥─╟℮⌂ ╩

™≡™╢⅛⁸≥─╟℮⌂ ≢№╢⅛≤™℮↓

≤⅜ ≢⅝╢↓≤⌐⌂╣┌⁸ ⌐ ∂√ ╠⅛

─▪◒◦ꜛfi╩⁸◦☻♥ⱶ ≢ ⌐∆╢↓≤⅜

⌐⌂∫≡ↄ╢∞╤℮≤ ™╕∆⁹ 

 

 

 

 

 

 

1.-3 ᶎᵷᶠᶊ֩  ֪

1.- 4  ᶎᵷᶠᶊ֩  ֪



 

 

 

 

 │⁸ ╒≥↔ ⇔√ NIRS

╩ ∫√ ⌐≈™≡⁸↔ ⇔√™≤ ∫≡™╕

∆⁹↓╣│ ╩ ™≡ ─ ─ ╩

∆╢╙─≢⁸ ─ ⌐№╢╟℮⌐☿fi◘כ ╩

3cm ⇔≡ ╩ ⇔⁸ ─ ↕ 3cm←╠

™─≤↓╤╩ ∫≡⅝√╙─╩ ⇔⁸3cm←╠™

─ ↕─≤↓╤─ Ⱬ⸗◓꜡ⱦfi ⁸

╩ ╗ ⅜≥╣ↄ╠™№╢⅛╩ ⇔╕∆⁹

⌐ ╠⅛─ ╩⇔≡™╢≤⁸∕─ ≢

╩ ∆╢─≢⁸○◐◦Ⱬ⸗◓꜡ⱦfi≤ ┌╣

╢ ─ ⅜ ⅎ≡™⅝╕∆⁹ 

 ⌐╙™╤™╤№╡╕∆⅜⁸ ─ ╩

ⅎ╢≤ ─╙─⅜™™≤ ™╕∆⁹ ↔

∆╢─│⁸ ─ ⌐№╢☻Ɑ◒♩ꜝ♥♇◒ ─

OEG-16≤™℮ ≢∆⁹☿fi◘כ─ │ ╒≥

⇔√╟℮⌐ 3cm⁸ⱡכ♩Ɽ♁◖fiↄ╠™─ ⅝↕

─╙─≢⁸ ↔ ∆╢ │ ─ ⌐│⌂

∫≡™╕∑╪⅜⁸ ∫≡ ≢⅝╢ ⌐⌂∫≡

™╕∆⁹ ⌂ ╩ ∆╢╙─⌂─≢⁸

│ ╩ ≤⇔≡™╕∆⁹ ─ ⅜

⌂™─≢⁸ ⇔╛∆™ ⌐⌂∫≡™╢≤

™╕∆⁹ 

 

 

 

 

 

 ⁸ ⇔™╙─⅜№╢╦↑≢│№╡╕∑╪⅜⁸

↓↓⅛╠│⁸ ╩ ⇔≡≥─╟℮⌂ ╩⇔

≡™ↄ⅛≤™℮↓≤╩ ⌐↔ ⇔╕∆⁹

│ ╠ↄ≥╪⌂╙─╙ ∂∞≤ ™╕∆⅜⁸ⱡ▬

☼⅜ ⅝ↄ⌂∫≡™╢ ⌂─≢⁸ ≢№╣

┌ ─╟℮⌂Savitzky-Golay Smoothing Filters⁸

≢№╣┌ Low-pass filter╩ ⇔≡⁸

─ⱡ▬☼╩ ⇔≡™⅝╕∆⁹ 

 ─ ⅜⁸№╢ ⌂ ⌐╟∫≡ ↓∫√

⅛≥℮⅛╩ ⇔≡™ↄ↓≤⌐⌂╢─≢⁸ ∆╢

≤⅝─ ≤⇔≡│⁸ ╙⇔≡™⌂™ ─꜠☻♩

─ ≤⁸ ⅛╩⇔≡™╢≤⅝─♃☻◒─ ╩

⇔╕∆⁹∕╣╩ ╡ ⇔≡™ↄ↓≤≢꜠☻♩─

≤♃☻◒─ ─ ╩ ™⁸♃☻◒─ ≢

⅜ ↓∫≡™╢ ⅜⁸∕─ ╩⇔≡™

╢≤⅝⌐ ∆╢ ∞≤™℮╟℮⌂ ╩⇔≡™

⅝╕∆⁹ 

 ⌐ ╙ ⌂╙─│⁸t ⌂≥╩ ∫≡⁸

№╢ ─≤↓╤≢ ⅜№╢⅛≥℮⅛╩ ≡™ↄ↓

≤⌐⌂╡╕∆⁹√∞⁸ ⌐ ∆╢ ⌐⌂∫≡

ↄ╢≤⁸№╢ ─ ─ ─ ╩ ∫≡

™ↄ─≢⁸1 ─≤↓╤≢ ⅜ ≡™╢⅛╠≤

™∫≡⁸ ⌐⌂∫√≤⅝╙℮╕ↄ ≢⅝╢⅛

≤™℮≤ ≢∆⁹ ∂╟℮⌐ ⌐│ ⅜⌂ↄ

≡╙⁸ ╦∑╢≤℮╕ↄ ≢⅝╢≤™℮↓≤╙

≡⅝╕∆⁹ 

 

  

╛ ⌐ ⇔≡⁸ ─≤↓╤≢│⁸↓╣╕≢

⌐◘ⱳה♩כⱬ◒♃הכⱴ◦fi╩ ∫≡ ∫≡⅝≡

╙≤⌂◓fi♬כꜝⱪכ▫♦⁹∆╕™ ⇔≡╖√™

≤ ∫≡│™╢─≢∆⅜⁸ ─ ⅜⌂⅛⌂

⅛ ≢│⌂™─≢ ╩♃כ♦─ ╘╢─⅜ ⇔

ↄ⁸ ─≤↓╤ ≢⅝≡™╕∑╪⁹ 

 ⅜ ⌐⌂∫≡ↄ╢─≢⁸ ⌐№╢╟℮

⌂ ≤ ─ ♃כ♦─≈ ⅜№∫√≤⅝⌐⁸

─╟℮⌂ ⌐⅝∫∟╡⇔√ ╩ ↄ─≢│⌂

2. - 1  

2. - 2  

2. - 3  ֩ ֪ 



 

 

 

ↄ⁸ ╛⅛⌂ ╩ ↄ↓≤⅜ ≢│

⌂↓≤∞≤ ∫≡™╕∆⁹↓─╟℮⌐⌂╠⌂™

╟℮⌂Ɽꜝⱷכ♃─ ⅜ ⌐⌂∫≡⅝╕∆⅜⁸

∕╣⅜ cross validation≤ ┌╣╢ ≢∆⁹ 

 

 

 

3. ⌐╟╢ ─  

 ⌐ ─ ╩ ╡⁸≥─╟℮⌂ ╛ⱷfi

♃ꜟ⅜ ≢⅝╢⅛≤™℮─╩⁸ ≈⅛↔ ↕∑

≡™√∞⅝√™≤ ™╕∆⁹ 

 ≈│⁸ ╒≥ⱷכꜟ─≤↓╤≢ ⇔№∫√

⌐ ™╙─≢⁸ ≤™∫≡⁸≥╪⌂╙─⅜ ⅝⅛

≤™℮↓≤≢∆⁹ ─ ─≤↓╤≢╙⅔ ⇔⇔

√╟℮⌐⁸꜠☻♩─ ⅜№╡⁸↓↓≢│ ═ ─

╩ ⇔≡⁸≥∟╠⅜ ⅝⅛╩ ≡™ↄ╙─⌐

⌂╡╕∆⁹ꜞfi◗─ ╩ ⇔√ ⌐꜠☻♩╩

╣⁸○꜠fi☺─ ╩ ∆╢≤™℮↓≤╩ ╡

⇔≡™⅝╕∆⁹↓↓≢│⁸╟╡ ⅜│∫⅝╡ ⅛╢

╟℮⌐ꜞfi◗≤○꜠fi☺─ 2 ─ ╩ ⅎ≡™╕

∆⅜⁸ ╖≢№╢╙── ─ ⅛╠ ╖≢⌂™╙

── ─ ╩ ─♃כ♦⁸≡™ ╩│∫⅝╡↕∑

╢ ╩⇔√ ⅜ ─◓ꜝⱨ≢∆⁹ 

 ↓─ ⅜ ⇔≡™╢♅ꜗfiⱠꜟ⌐⌂╡╕∆⅜⁸

╪ ─ 7 10 ╡⅜ ≤ ┌

╣╢≤↓╤⁸6⁸9⁸12№√╡⅜ ≤

┌╣╢≤↓╤≢⁸ ≤ ┌╣╢ ⌐⌂∫≡™

╕∆⁹₈℮╣⇔™₉⌂≥─ ⅜ ╠╣╢≤⁸ ─

⅜ ⅎ╢≤™℮╙─≢∆⁹ 

 ↓∟╠⅜⁸ ╒≥─ ≢ ╘√╙─≢∆⁹ ⌐

⅜∫≡™╢ ╙™╕∆⅜⁸ ⌐ ⅜

∫≡™╢ ⌐⌂∫≡™╕∆⁹ ∫≡⁸ ╪ ╡

─ ─ ╩ ╢↓≤≢⁸ ⌂╙─⅜ ╣╢∞

╤℮≤ ™╕∆⁹ 

 ─ │⁸ ⌐◘ⱳה♩כⱬ◒♃הכⱴ◦fi 

╩ ™≡ ⇔√ ≢∆⁹ 75 ≢⁸ ⅝⅛ ™

⅛≤™℮─⅜ ─ ⅛╠ ≢⅝╢ ≢∆⁹ 

⌐⁸ ⌐ ⇔≡╙ ─ ╩ ∫≡╖╕⇔

√⁹ ╒≥─ │ ⌂ ╩│∫⅝╡ ╘╢

↓≤⅜≢⅝⌂™─≢∆⅜⁸ ─ │⁸↓∟╠─

⌐ ─ⱪ꜡♩◖ꜟ⅜№╡╕∆⅜⁸ ╩ ⇔⁸

↓∟╠≢ ╩ ⇔≡⁸∕─ ⁸ ⌐ ≢

№╢≤ ╦╣╢ ╩ ⇔≡╙╠∫≡™╕∆⁹╟

∫≡⁸↓∟╠⅜ ⇔√ ≤ ⅜ ⇔√

─ ╩ ╣┌⁸ ⌂ ≤⇔≡⁸≥╣ↄ╠™

™⅛⁸№╢™│ ™⅛≤™℮┤℮⌐⁸ⱳ☺♥▫Ⱪ

№╢™│Ⱡ●♥▫Ⱪ⌐ ∫≡™╢⅛≤™℮─⅜

≤⇔≡ ≡⅝╕∆⁹ 

 ≢│ ╒≥≤ ∂╟℮⌐◘ⱳה♩כⱬ◒♃הכ

ⱴ◦fi╩ ™≡ ⇔⁸70 80 ─ ≢↓∟╠⅜

⇔√ ⅜ ™⅛ ™⅛╩ ∆╢↓≤⅜≢⅝

╢≤ ⌐⁸ ⅜≥╣ↄ╠™∏╣≡™╢⅛⌐ ⇔

≡╙⁸∏╣─ ⌐╟∫≡ ─ ╙ ∂╟℮⌐

⇔≡™╢ ⅜ ╠╣╕⇔√⁹ ╒≥─ ™─

≤↓╤≢│⁸≥╣ↄ╠™ ⅝⅛⁸≥╣ↄ╠™ ™⅛

≤™℮─│╟ↄ ⅛╡╕∑╪≢⇔√⅜⁸ ─ ─

⌐╟∫≡⁸∕─ ⌐ ⇔≡ ⅎ╠╣╢ ⅜

≢⅝╢ ⅜№╢≤ ™╕∆⁹ 

 

 

 ∑≡⁸╙℮ ⇔ ⌂ ─ ⌐ ⇔≡│⁸

╩ ™≡╙╠™╕⇔√⁹↓↓≢│ ⁸ ╡⁸

⇔╖⁸ ┘─ 4 ─ ╩ ™≡™╢≤⅝─ ─

2. - 4 ֩ ֪ 

3. - 2 ᶊᶧᶪ ᶍ ֩ ֪ 

3. - 1 ᶊᶧᶪ ᶍ ֩  ֪

2. - 4 ֩  ֪



 

 

 

╩ ⇔⁸ ⅜ ⇔≡⁸≥─╟℮⌂

⌐⌂╢⅛╩ ⇔╕⇔√⁹ ⌂ │↓∟╠

≢∆⁹ │ ∂╙─⌐⇔≡⁸∕─ ⌐ ∆╢

∞↑⅜ ╦∫≡™╢ ╩ ∆ ≢ ∫√ ≢

∆⁹4 №╢─≢∆⅜⁸∕╣∙╣─ ⌐ ⇔≡

⇔√≤⅝⌐⁸≥╣ↄ╠™─ ≢ ≢⅝╢⅛╩

╘╕⇔√⁹↓╣≢™ↄ≤ 75 90 ≢⁸ ╡╛

⇔╖⌂≥∕╣∙╣─ ╩ ≢⅝╢≤™℮ ⅜

╠╣╕⇔√⁹ 

 

 

 ∕─ ⌐╙⁸ ⌂─≢ ↕╪⌐™╤™╤

⇔≡╙╠∫≡™╢─≢∆⅜⁸ ⌐ ≢⅝∕

℮⌂≤↓╤≢│⁸ ⌐ ╩⇔≡╙╠∫√≤

⅝─ ─ ╩ ⇔≡™╕∆⁹ ─ ─ⱪ꜡

♩◖ꜟ≤⇔≡│⁸1 ─ ⅛╠ 3 ─

≤™℮╟℮⌐⁸ ⇔∏≈ ╩ →≡™⅝╕∆⁹

∕─≤⅝─ ─ ⅜ ─ ≢∆⁹ ⅜ ⇔ↄ

⌂╢⌐ ∫≡⁸ ─ ╙ ⅝ↄ⌂∫≡™╢↓≤⅜

⅛╡╕∆⁹ ∂╟℮⌐ ∫≡™╢ ─ ╩⁸

╩∆╢↓≤≢ ⇔≡╖╢≤⁸ ∫≡™≡

⅜ ↄ⅛⅛∫≡™╢≤↓╤≢ ─ ⅜ ⅝ↄ

⌂∫≡™╢ ⅜ ≡ ╣╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

4. ⌐╟╢ ─  

╒≥│ ⌐ ≢╤↓≥⌂ꜟ◌כ꜡≡⇔

⇔≡™╕∆⅜⁸ ⌂▪ⱪꜞ◔כ◦ꜛfi≤⇔≡⁸

ꜞ▪ꜟ♃▬ⱶ⌐ ⇔≡ ╠⅛─▪◒◦ꜛfi╩ ↓

∆╟℮⌂ ╙ ∫≡™╕∆⁹ ≢ ⅝⌂╙──

≤⅝⌐│ ⌂ ⅜ ≡⅝╕∆⁹ ⇔≡⁸

⇔√ ╩ ∫≡™╢⅛≥℮⅛⌐╟∫≡⁸ ╠⌂↑

╣┌ ╩ ∆╟℮⌂◦☻♥ⱶ╙ ∫≡╖╕⇔

√⁹ 

 ⱪ꜠♀fi ⌐⇔≡™╢─≢ ∞↑⌐⌂∫≡™╢

─≢∆⅜⁸ ⌂ Ɫfiכꜗ♅≥╪≤⁸℮│≢

╩ ⇔√≤⅝─ ─ │⁸↓─╟℮⌂ ⌐⌂╡╕

⇔√⁹Ɽ♇≤ ≢│ ⅛╡╕∑╪⅜⁸ ─

╩Ɫfiכꜗ♅│≢ ⇔≡™≡⁸↓∟╠─≤

↓╤│ ─ ⌐⁸≥∟╠⅜≥╣ↄ╠™ ⅝⅛

≤™℮↓≤╩ ⇔≡╙╠∫≡™╢╙─≢∆⁹85

⌐⌂∫≡™╕∆⁹ 

 ⅛ ⅛≤™℮─╙⁸ ∂╟℮⌐Ᵽ♫♫─

╩ ≡™╢≤⅝─ ─ ╩ ⇔≡⁸ ⅜

∫≡™╢⅛≥℮⅛╩ ≢ ⇔⁸ ╠⌂™

│ ⌐Ᵽ♫♫─ ⌐ ∆╢ ⅜ ╢╟℮

⌐⌂∫≡™╕∆⁹ ╩☻▬ꜝכ꜠◌⌐℮╟∂ ⇔

√≤⅝⌐│⁸ ⅜ ∫≡™╢─≢ ─ ⅜

⌂™≤™℮ ≢⁸ ⌐ꜞ▪ꜟ♃▬ⱶ≢╙ ∆

╢↓≤⅜≢⅝╢╙─⌐⌂∫≡™╕∆⁹ 

 

 

 ⌐╙ ⌂▪ⱪꜞ◔כ◦ꜛfi≤⇔≡│⁸

─ ≤⇔≡⁸ ∫≡™╢ ╩ ⇔√™≤

⅝⌐│⁸ ─ ╩ ∫≡™ↄ↓≤╩ ╡ ⇔≡

╩ ∆╢╟℮⌂◦☻♥ⱶ╙ ⇔≡™╕∆⁹

⌂ ⅜↓∟╠─ ⌐⌂╡╕∆⅜⁸A ╩

⇔√™≤⅝⌐│⁸A ⅜ ↄ⌂∫≡™╢≤⅝⌐

─ ╩∆╢≤™℮↓≤≢∆⁹↓↓╕≢╛∫≡™╢

─⅜ ⌐ ∫≡™╢ ≢⁸↓─ │∆↔ↄ

ↄ≢⅝╢ ⌂─≢⁸╒╓ 100 ─ ≢ ≢

⅝≡™╕∆⁹ 

3. - 3 ᶊᶧᶪ ᶍ ֩  ֪

3. - 4  ᶊᶧᶪ ᶍ ֩ ֪ 

4. - 1 ᶊᶧᶪ ᶍꞌ ֩ ֪ 

  



 

 

 

 

 ↓╣╩≥╪≥╪ ╡ ⇔≡™ↄ╟℮⌂◦☻♥ⱶ╛⁸

꜡Ⱳ♇♩╩◖fi♩꜡כꜟ∆╢╟℮⌂◦☻♥ⱶ⁸head 

mounted display⌐ ╖√™ ─ ╩ ⇔≡⁸

↕╣√ ⌐ ╖√™ ⌐│ ⇔⁸ ╖√

ↄ⌂™≤⅝⌐│ ⇔⌂™↓≤≢⁸꜡Ⱳ♇♩╩ ⅛

⇔≡™ↄ≤™℮╙─╙ ∫≡™╕∆⁹ 

 ⌂ ⅜↓─ ≢∆⁹ ⱴ▬fi♪☻♩כ

ⱶ╩ ⅛⇔≡™╢ ≢⁸↓∟╠─Ɑ♇♩Ⱳ♩ꜟ─

≤↓╤╕≢ ↄ─⅜ ⌂ ≢∆⁹ ─

─≤↓╤⌐ head mounted display⅜№∫≡⁸

4 ─ ⅜ ↕╣⁸ ╖√™≤⅝⌐│⁸

∆╢≤™℮╙─⌐⌂∫≡™╕∆⁹ ─╟℮⌂ ╘

⌂™ ─≤⅝⌐│⁸∕─╕╕≤≥╕∫≡™╢

⌐⌂∫≡™╕∆⁹↓╣⅜≥╪≥╪ ╪≢™ↄ≤⁸

⌐│Ɑ♇♩Ⱳ♩ꜟ╩ ∆≤↓╤╕≢⁸ ─

≢ ╪≢™ↄ↓≤⅜≢⅝╢╙─⌐⌂∫≡™╕∆⁹ 

 

 

 ↕╠⌐ ∞↑≢│⌂ↄ⁸ ─ כ◌╙⌐

♁ꜟ╩ ⅛∆◦☻♥ⱶ╙ ⇔≡™╕∆⁹↓─◦☻

♥ⱶ≢│⁸◌כ♁ꜟ╩ 180 ≥♪כ⸗╢∆ ╪

≢™ↄ⸗כ♪⅜ ╘╠╣≡™╕∆⁹ ⇔≡™╢⸗

│⌐⅝≥─♪כ ╗ ╩ ╘≡⁸∕╣⅜ ╦╢≤

∕─ ⌐ ╪≢™ↄ─≢⁸ │ ╕╡√™≤↓

╤≢ ⇔≡∕─ ≢ ╕╢≤™℮ ≈─ ╩

╡ ⅎ╢↓≤≢◌כ♁ꜟ╩ ╘≡™ↄ╙─⌐⌂∫

≡™╕∆⁹ ⌐│⁸☻ⱶכ☼⌐ ↄ ╙™╣┌⁸

←╢←╢ ∫≡⇔╕℮ ╙™╕∆⁹ 

 ↓∟╠─ ╙ ─ ─ ╩ ≡™√∞ↄ≤⁸

╪ ─ ≢ ⇔√™ ╩ ╘√╡⁸ ╖√

™ ╩ ╘√╡⇔≡⁸↓─ ─≤↓╤⌐ ↄ≤

™℮╙─≢∆⁹ │ ⌐ ╪≢⇔╕∫≡™

╕∆⅜⁸∞╪∞╪ ─ ⌐ ≠™≡™⅝╕∆⁹

⌂ↄ≤╙ꜝfi♄ⱶ⌐ ⌐╛∫≡™╢ ≢│⌂ↄ⁸

─ ╩ꜟ♁כ◌≡∫╟⌐ ⅛⇔≡™╕∆⁹ 

 

 

 

5. ─  

 ⁸ ≢ ∫√─│ ─╙─≢∆⅜⁸

≢ ─ ╩ ≢⅝╢╙─╙№╡╕∆⁹√∞⁸

╒≥─╙─≢╙ 200 300 ≤⅛⌂╡ ⌂╙

─⌂─≢⁸╕∞ ⌐ ∆╢⌐│Ɫכ♪ꜟ⅜ ™

≤ ™╕∆⁹ 

 ─≤↓╤│⁸ ╒≥─ ─ ╩ ≡™

√∞ↄ≤⁸№╕╡ ⅛⌂™ ─ ≢ ⇔≡™

╢─≢⁸ ™≡╙ ≢⅝╢╟℮⌂ ⅜ ⌐⌂

∫≡ↄ╢≤ ™╕∆⁹NIRS─ ⁸ ─ ≤⇔

≡│ ≤ ┌╣╢╙─⅜ ↕╣≡™

≡⁸№╢ ─ │ ≢⅝╢╟℮⌐⌂∫≡™╕

∆⁹ 

 ─ ─ ≢│⁸ │ ╠ↄ ─╟

℮⌂╙─≢⁸☻ⱴכ♩►◊♇♅─╟℮⌂ ─╙─╛⁸

≢ ≢⅝╢ ╙ │╟ↄ ≡⅝≡™╕

∆─≢⁸ ≢ ─ⱷfi♃ꜟ⌂≥⅜ ≢⅝╢─

⅜ ∞≤ ™╕∆⁹⇔⅛⇔ ─ ⁸ ⌂ↄ

≤╙ ─ ╟╡ ╠╣╢ │ ⌂ↄ⌂∫≡ↄ╢

─≢⁸∕─ ⁸™╤™╤⌂ ≢ ╩ ⇔

≡™ↄ↓≤⌐⌂╢≤ ™╕∆⁹ 

4. - 2  ᶊᶧᶪ ᶍꞌ ֩ ֪ 

4.-3 ⌐╟╢ ─  

4. - 4 ᶊᶧᶪ ᶍꞌ ֩ ֪ 



 

 

 

 ⌐ ≢ ╠⅛─ ╩ ∫≡™╢⅛≥℮

⅛╩ ≢⅝⌂™⅛≤™℮↓≤≢⁸1⅛╠ 10─

─≥╣⅛╩⁸ ╩ ∫≡ ∆╢╟℮⌂ ╙

∫≡™╕∆⁹ ─≤↓╤⅜꜠☻♩⁸ ─≤↓╤

ⱪכꜟ♩☻⅜ ≤™℮─╩⇔≡╙╠∫≡™╢≤⅝

─⁸ ─ ─ ─ ╩ ∫≡™╢╙─

≢∆⁹ 

 ↓∟╠╩ ≡™√∞ↄ≤⁸ ╠⅛─ ╩⇔≡╙

╠∫≡™╢≤⅝⌐ ⅝ↄ ⌐ ⅜∫≡™╢ ⅜

≡ ╣╢≤ ™╕∆⁹↓∟╠⌐№╢╟℮⌐ ∏≢│

№╡╕∑╪⅜⁸ ⅝ↄ ⅜∫≡™╢≤↓╤⅜

ↄ№╡╕∆⁹↓╣╩ ⇔≡⁸ ⅜∫≡™╢≤↓

╤╩ ⇔≡≥─ ⅛╩ ╡⁸ ╩ ⇔√─

⅜↓∟╠─ ≢∆⁹ ≢│ ╠╣╢ ⅜ ⌂™

─≢ ─ │ ™─≢∆⅜⁸ ↄ ⅜⌂™

≢│⌂™∞╤℮≤ ∫≡™╕∆⁹↓∟╠─

≢ ∫√ ─ │ ─ ⌐ ↑≡™╢╙─⌂─

≢∆⅜⁸ ─ ≢│ ─╙─╩ ∫≡ ⇔

≡╖╕⇔√⁹ 

 

 

 ↓∟╠╙ ∂╟℮⌐꜠☻♩⅜ 45 ⁸♃☻◒⅜ 45

№╢≤™℮ ╩ ∫≡™╕∆⁹↓∟╠─ │

ⱪכꜟ♩☻ ╩ ⇔≡⅔╡⁸ ─ │↓∟

╠⌐⌂╡╕∆⁹ ⌐ ↑≡™╢─│NIRS≢⁸↓∟╠

─ ⌐№╢─⅜ ≢ ╩ ╢╙─≢∆⁹ ─

─ │⁸NIRS≤ ─♃כ♦─ ⌐ ⇔≡

╩ ⅝⁸∕─ ⅝╩ ⇔≡™╢╙─≢∆⁹

∫≡™╢◦☻♥ⱶ ⅜⁸ ⁸ ⁸☻♩꜠☻⁸

─╟℮⌂╙─╩ ⅛╠ ⇔≡ↄ╢╙─⌂─

≢⁸∕╣≤ NIRS─ ─ ⌐≥╪⌂ ⅜№╢⅛

╩ √─⅜⁸↓─ ≢∆⁹⅔╟∕ ─ ≤ ∂

╟℮⌂ ⅜ ╠╣≡™╕∆⁹ 

 

 

 

 

 ╒≥─ ─ ╩ ™⁸NIRS─♦כ♃╩ ™

≡◒ꜝ☻♃ꜞfi◓╩ ™⁸NIRS─♦כ♃⌐└╙ ™

≡™╢♪♇ⱪꜝכ☿fi◘כ─ ⱪכꜟ◓─⧵⁸⅜

≢≥─╟℮⌂ ⌐⌂╢⅛≤™℮─╩╕≤╘√╙─

⅜↓∟╠≢∆⁹ 

 ─ ╩ ≡╙╠℮─⅜ ⅛╡╛∆™≤

™╕∆⅜⁸ ╩ 3◒ꜝ☻⌐ ↑√≤⅝⌐⁸ ⇔

↨∫≡™╢≤↓╤│№╡╕∆⅜⁸NIRS─ ⅜

™≤⅝⌐│♪♇ⱪꜝכ☿fi◘כ─ ╙ ↄ⁸

⅜ ™≤⅝⌐│♪♇ⱪꜝכ☿fi◘כ─ ╙ ™

⌐⌂∫≡™╕∆⁹╙⇔⁸↓↓─≤↓╤≢ ⇔≡

™≡⁸NIRS─ ≢╙ ⇔≡™╢↓≤⅜ ╣≡™╢

─≢№╣┌⁸♪♇ⱪꜝכ☿fi◘כ≢╙ ∂╟℮⌂

⌐⌂∫≡™╢≤ ⅎ╢≤ ™╕∆⁹ 

 ∂╟℮⌐⁸☻♩꜠☻⁸ ⁸ ⌂≥╙⁸

NIRS─ ≤♪♇ⱪꜝכ☿fi◘כ─ ⌐╟∫≡

↕╣╢ⱷfi♃ꜟ─ ⅜ √ ⌐⌂∫≡™╢

─≢⁸ ≢╙ ╛ⱷfi♃ꜟ╩ ≢⅝╢

⅜№╢≤ ™╕∆⁹ 

 

 

 

 

 

 

5. - 2  ᶍꞌ ֩ ֪ 

5. - 3  ᶍꞌ ֩  ֪

5. - 1 ᶍꞌ 1֪֩  



 

 

 

6.⅔╦╡⌐ 

 ⌐⁸↓─╟℮⌂◦☻♥ⱶ╩ ∫≡⁸ ≢

⌐ⱪכꜟ◓╩╤↓≥╢™≡∫ ↑⁸ ─ ─

─ ⌂◓ꜝⱨ╩ ╡╕⇔√⁹ ⌐ ─

⁸ ⌐ ─ ╩ ╡⁸ ⌐ⱴ▬♫☻≢

│ⱪꜝ☻⌐⌂∫≡™╢─│⁸∕─ ⅜ ⅝ↄ

⌂∫≡™╢≤™℮╙─⅜ ╣√≤⇔╕∆⁹☻♩꜠☻

╩ ⌐∆╢≤⁸↓∟╠─╟℮⌐ ⅜ⱴ▬♫☻≢

⅜ⱪꜝ☻─ │☻♩꜠☻⅜ ⅎ≡™╢ ⌂─

≢⁸ ≤⇔≡ ⅎ≡™╢≤↓╤╩◒ꜞ♇◒∆╢≤

─ ─ ⌂ ⅜ ⅛╡╕∆⁹↕╠⌐⁸∕

↓⅛╠ ─ ⌂ ╩ ╢╟℮⌂↓≤⅜≢⅝

╢╟℮⌐⌂∫≡ↄ╣┌⁸ ─ ╩™╤™╤ ╢

↓≤⅜≢⅝╢∞╤℮≤ ™╕∆⁹ 

 

 

 ╙⇔ ∂╟℮⌂↓≤⅜ ⅛╣┌⁸ ╒≥ ⌐

╩ ∫≡ ⇔√╟℮⌐⁸ ⁸ ─

™⅜ ⅜∫≡™╢─⅛ ⅜∫≡™╢─⅛⌐ ∂≡⁸

─ ™⅜ ⅜∫≡™╢⌂╠ ⌂╙─⌐⇔≡

⸗♅ⱬכ◦ꜛfi╩ →√╡⁸ ⅜ ⅜∫≡⅝≡╛

╢ ⅜ ≡⅝≡™╢ ≢№╣┌ ⇔™ ╩

⇔≡╙∫≤♅ꜗ꜠fi☺⇔√╡⁸ ╩ ⅎ√╡∆

╢ ╙≢⅝╢≤ ⅎ╠╣╕∆⁹ 

 

 

 ⌐╕≤╘↕∑≡™√∞⅝╕∆⁹ ─

┼─ ─ ≤⇔≡⁸ ⌐╟╢ⱷ

fi♃ꜟ─ ⅜≥─╟℮⌐≢⅝╢⅛≤™℮≤↓╤╩⁸

⌐↔ ↕∑≡™√∞⅝╕⇔√⁹ ⁸

⌂≥⁸╕∞ ⅜№╢≤↓╤≢│№╡╕∆⅜⁸

─ ⌐ ∂√ ╘ ─ ≈─ ≤⇔≡⁸

↓╣⅛╠ ⇔≡™↑╢ ⅜№╢≤ ∂≡™╕

∆⁹╕√⁸ ⌂◦☻♥ⱶ≤⇔≡⁸ ╛ AI

─ ╩ ∫≡⁸∕─╟℮⌂╙─⅜ ≢⅝╢─≢

№╣┌⁸ ⌐ ─ ⌐ ∂√ ⅜≢

⅝╢≤ ⅎ╠╣╕∆⁹√∞⇔⁸ ≤⇔≡│⁸ ─

ⱷfi♃ꜟ⅜ ⌐ ⅛∫≡⇔╕℮↓≤⌐⌂╢≤⁸

⌂ ╙™╤™╤≤ ⌐⌂╢─≢⁸∕℮™∫√

≤↓╤─ ╙ ⌐⌂∫≡ↄ╢≤ ™╕∆⁹ 

 ≢∆⁹↔ №╡⅜≤℮↔↨™╕⇔√⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. - 1 ᵩᶮᶩᶊ֩ ֪ 

6. - 2  ᵩᶮᶩᶊ֩ ֪ 


