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▪ꜟ◗ꜞ☼ⱶ 
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 ▪ꜟ◗ꜞ☼ⱶ≤│ ─ ≢ ™╠╣≡™╢

─ ≈≢№╢⁹ ≤™℮ ⅛╠╙╦⅛╢╟℮⌐ ⅜ ∆╢

╩ ≡ ╠╣√▪ꜟ◗ꜞ☼ⱶ≢№╡⁸₈ ⌐ ∂≡╟╡ ⌂ ∞

↑⅜ ╩ ∆↓≤⅜≢⅝⁸ ⌂ │ fl▫fiכ♄℮™≥₉╢╣↕

─  ⱨ⌐⇔≡™╢⁹כ♅⸗╩

 ∕╙∕╙ │ ⅜└╙ ⌐ ╣╢ ⌐╟∫≡ ╡ ∫≡⅔

╡⁸ ⌐╟╢ ⅜ ╣╢⁹∕⇔≡⁸ ─ ╩ ⇔ ↑ ←↓≤

≢ ⇔≡™ↄ⁹∕─ ─ ⌐℮╟℮™─fl▫fiכ♄⁸≢ ⌐ ∆

╢ ⌂ ∞↑⅜ ⅝ ∫≡™ↄ─≢№╢⁹ 

 

 ↓─╟℮⌂ ⅜ ∆╢ ╩ ⇔√ ▪ꜟ◗ꜞ☼ⱶ─

│⁸ ⌂ ─ ≢ ⌐ ™ ╩ ╠╣╢↓≤∞⁹ ⌂

⅜ ≢№∫√╡⁸ ⌂ ⅜ ⇔⌂⅛∫√╡∆╢ ⌐ ∆╢

╩ ╢↓≤│ ≢№╢⁹∕℮™∫√ ⌐ ▪ꜟ◗ꜞ☼ⱶ│

≢№╡⁸ ≢│⌂™⅜ ⌂ ╩ ⅝ ∆↓≤⅜ ≢№╢⁹ 

 

 

1. ─ ╣ 

 ▪ꜟ◗ꜞ☼ⱶ─ ≤⇔≡│ ⌐ ≤⌂╢ ╩ ∆

╢⁹∕─ ⌐ ⇔ ╩ ™ ╘╠╣√ ╩ √↕⌂™ │⁸∕─

⅛╠ ╩ ⇔⁸ ⁸ ╩ ℮⁹↓╣╠─ ╩

⅜ √↕╣╢╕≢ ╡ ∆⁹ 

 

i.  ─  

 ╕∏ ╘⌐ ╩ ∆╢⁹ ⅜ ≈ ╩≥─╟℮⌐ ≤⇔

≡ ╩ꜟכꜟ℮™≥⅛╢∆ ⌐ꜟכꜟ─⧵⁸╘ ™⁸ ╘╠╣√ ─

∞↑ ╩ꜝfi♄ⱶ⌐ ∆╢⁹ ─ ⁸ │ ≢ ↕

╣≡™╢⅜⁸ ▪ꜟ◗ꜞ☼ⱶ─ ♃כ♦⁸│ ╛ ⌂≥╩ ™╢

↓≤≤⌂╢⁹↓─╟℮⌐ ╩ ∆╢↓≤╩ ™≥◓fi▫♦כ◖

℮⁹ 
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 ↓─ ─◘▬☼╩≥─ ⌐∆╢⅛≤™℮ ╙ ∞⁹ ∂

─ ⁸ ─◘▬☼⅜ ↕↑╣┌ 1 №√╡─ │ ∆╢⅜⁸

⅜ ⅝ↄ⌂╢⌐≈╣⁸ ⌂ ⌐ ╢ ⅜ ↄ⌂╢⁹ ⌐

─◘▬☼⅜ ⅝↑╣┌ ∆╢╕≢─ │ ↕ↄ⌂╢⅜⁸1

№√╡─ │ ∆╢↓≤≤⌂╢⁹ 

 

ii.   

 ⌐ ⌐ ⇔≡ ─ ╩ ℮⁹ │ ⌐╟∫≡ ⌂

╢⅜⁸ ╘ ╘√ ⌐ ™ ↔≤⌐ ╘╠╣╢⁹ 

 

iii.   

 ⌐ ─ ⅜ ╦╣⁸∕╣╩╙≤⌐ ╩ ℮⁹ ₁⌂

⅜ ↕╣≡™╢⅜⁸ ♩כꜞ◄⁸ ⌂≥⅜

№╢⁹ 

 ≤│⁸ ⌐ ∂√ ╩ ╘≡⁸∕─ ⌐ ™

╩ꜝfi♄ⱶ⌐ ┬ ≢№╢⁹≈╕╡⁸ ⅜ ™ ╒≥ ⌐⌂╢

⅜ ↄ⁸ ─ ™ │ ⌐⌂╡⌐ↄ™≤™℮↓≤∞⁹ 

─  

 

 

 

 

No Yes 
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♩כꜞ◄  ≤│⁸ ╙ ─ ™ ╩ ≤⇔≡ ∆╢─≢

│⌂ↄ⁸∕─╕╕ ⌐ ∆╢ ≢№╢⁹↓─ │⁸∕─ ─

≢ ╙ ™ ⅜ ↑ ⅜╣╢≤™℮ ⅜№╢⁹ 

 

iv.   

 ∆╢ ⅜ ↕╣⁸ ─ ╩ ℮⁹ ≤│⁸ ┌╣

√ ≤⌂╢ ─ ─ ╩≤∫≡⅝≡ ≤⌂╢ ╩ ╢↓≤

╩™℮⁹∕─ ⌐╙ ₁⌂ ⅜ ⇔≡™╢⁹ 

 

v.  

 ╙ ⌂ ⁹ ╩ 1⅛ ┘∕─ ≢ ╩ ╣ ⅎ╢⁹

 

A 1 0 0 1 1 0 

 

B 0 0 1 1 0 0 

 

 

A 1 0 0 1 0 0 

 

B 0 0 1 1 1 0 

vi.   

 ⅜ ◌ ≢ ╩ ╢─⌐ ⇔⁸ ≢ ⇔⁸∕╣

╠─ ≢ ↕∑╢⁹

 

A 1 0 0 1 1 0 

 

B 0 0 1 1 0 0 

 

 

A 1 0 1 1 1 0 

 

B 0 0 0 1 0 0 

 

vii.   

 ╘╠╣√ ⌐ ™ ⇔™ ─∆═≡─ ⌐ ⇔≡

╩ ℮⁹╙≤╙≤ ∞↑≢│⁸ ⌐ ⇔√ ╠╣√ ─

⇔⅛ ∆╢↓≤⅜≢⅝⌂™√╘⁸ ⌐⅛⅛╦╠⌂™ ╩ ⅎ╢↓≤

≢ ⌐ ╩ ⅎ╢⁹ 
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A 1 0 0 1 1 0 

 

 ↓╣╠─ ⌐╟╡ √⌂ ⅜ ↕╣⁸∕╣╠─ ⌐ ⇔≡

╩ √∆╕≢ ⁸ ⁸ ╩ ℮⁹ 

 

 

2. ▪ꜟ◗ꜞ☼ⱶ─  

i. ⱴfi☻ꜟכ☿   

ⱴfi☻ꜟכ☿  ─⅛≈ⱴfi⅜™ↄ☻ꜟכ☿⁸│≥ ╩ ∏≈

⇔⁸ ⌐ ∫≡ↄ╢≤⅝⁸ ⅜ ⌐⌂╢ ╩ ╘╢≤

™℮ ≢№╢⁹↓─ │ ⅜ ⅎ╢⌐≈╣Ɽ♃כfi⅜

⌐ ⅎ≡™ↄ√╘⁸ ≢╙ ⌂ ╩ ╘╢ │ ╠⅛⌐↕╣≡™⌂

™⁹↓─╟℮⌂ ⌐ ⇔ ▪ꜟ◗ꜞ☼ⱶ╩ ™╢≤⁸ ⌐ ™

╩ ╘╢↓≤⅜≢⅝╢⁹ 

 

 ≢│ ⌐ 10 ◌ ─ ╩ ╢ ╩ ⅎ╢⁹↓─ ⁸

│ ⌐ ╩ ╡⁸ ⇔√ ─ ⌐ ╩ ═╢╟℮⌂ ◖

⅜◓fi▫♦כ ≢№╢⁹↓↓≢ ⇔⌂↑╣┌⌂╠⌂™ │⁸ ─

⅜ ↕╣∏⁸ ≤ ─ ↕⅜ ≢⌂↑╣┌⌂╠⌂™≤™℮

↓≤≢№╢⁹↓─ ⌐╟╡⁸ ≡─ ╩ ∞↑ ꜟכ☿℮™≥╢╣

☻ⱴfi ─ ╩ √∆↓≤⅜≢⅝╢⁹ 

 ╕√⁸ ─ ⌐╙ ∆╢ ⅜╢⁹ ⌂╢ ╛ ╩

™√ ⁸ ⌐ ╦⌂™ ─ ⅜№╢ ⅜ ↕╣╢≤™℮

⅜ ∂╢⁹↓─ ⱴfi☻ꜟכ☿ ⌐ ⇔√ ≤⇔≡ ↄ─

⅜ ↕╣≡™╢⅜⁸↓↓≢│ ⌂◘Ⱪ♠▪כ ⌐≈™≡

∆╢⁹◘Ⱪ♠▪כ ≢│ ─ ∆╢ ─ ⅛╠ ╢

╩ ≈↑⁸∕─ ╩ ╣ ⅎ╢⁹╕√⁸∕─ ─ ╩ ⌐⇔≡ ╣

ⅎ╢↓≤≢ 4 ╡─ ⅜ ≢⅝╢⁹ 

 

A 1 0 1 1 1 0 
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A 0 3 7 6 1 9 5 2 8 4 

B 4 5 2 9 3 0 6 1 7 8 

 

 

A 0 3 7 6 1 5 2 9 8 4 

B 4 9 5 2 3 0 6 1 7 8 

C 0 3 7 6 1 9 2 5 8 4 

D 4 2 5 9 3 0 6 1 7 8 

 

 ↓─╟℮⌂ ╩ ≡ ╩ ╡ ⇔ ↕╣╢↓≤≢⁸ ™

╩ ∫√ ∞↑⅜ ∫≡™ↄ⁹∕⇔≡ ⅜ ∆╢⌐≈╣≡

⌐ ™ ⅜ ╠╣╢╟℮⌐⌂╢⁹ 

 

ii.  ♫♇ⱪ◙♇◒  

 ♫♇ⱪ◙♇◒ ≤│⁸ ─ ↕≤ ⅜ ⌂╢ ╩♫♇ⱪ◙♇◒

⌐ ╢ ≢ ⅜ ⌐⌂╢╟℮⌂ ╖ ╦∑╩ ∆

≢№╢⁹↓─ ╙ ⅜ ⅎ≡™ↄ⌐≈╣≡ ╖ ╦∑⅜ ⌐⌂╢√

╘ ⌂ ╩ ∆↓≤⅜ ⇔™≤↕╣≡™╢⁹ 

 ↓─ ⌐ ∆╢ │∕╣∙╣─ ⌐ ⇔≡ 0⅛ 1─ ╩

ⅎ⁸0 ─ │♫♇ⱪ◙♇◒⌐ ∫≡™⌂™ ╩ ⇔⁸1 ─ │ ∫

≡™╢ ╩ ∆⁹∕⇔≡⁸♫♇ⱪ◙♇◒⌐ ∫≡™╢ ─ ⅜

™╒≥ ™ ╩ ⅎ╢⁹√∞⇔⁸ ╩ ⅎ⌂™≤™℮ ⅜№

╢√╘⁸ ⅜ ⇔√ │ ⌐ ™ ╩ ⅎ╢↓≤≤⌂╢⁹ 

 

 A B C D E F G H I  

 20 5 8 15 10 18 25 22 30 

 8 3 6 7 5 9 13 10 12 

 0 0 1 0 1 1 0 1 1 
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3.  

 ▪ꜟ◗ꜞ☼ⱶ─ │ ≢⅝⌂™↓≤⌐№╢⁹≈╕╡⁸

↓℮≤∆╢ ⌐ ⇔√Ɽꜝⱷכ♃כ╩ ∆╢ ⅜№╡⁸ ⌂Ɽꜝ

ⱷכ♃כ╩ ╢√╘⌐│ ⌂≥ ⅜ ≤⌂∫≡ↄ╢⁹ 

 ╕√⁸ ⌐ ╡╛∆™≤™℮ ╙ ∆═⅝≢№╢⁹ ™ ≢

⌐ ─ ╟╡ ⅜ ™ ⅜ ╕╣√ ⁸∕─ ─ ⅜

↑ ⅜╣╛∆ↄ ⅜ ⇔⁸ ⌂ ⌐ ∆╢ ⅜ ™⁹ 

 

 

4.  

▪ꜟ◗ꜞ☼ⱶ 

http://www.obitko.com/tutorials/genetic -algorithms/japanese/index.php  

 

ה  ▪ꜟ◗ꜞ☼ⱶ 

http://ipr20.cs.ehime -u.ac.jp/column/ga/  
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 Ḹἶ  ᶥ  

 ἶ       ᶥ  

 

 

 

 

 

꜡Ⱳ♇♩ ꜟfiⱣ 
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ה ꜡Ⱳ♇♩≤│ 

⌐ ™≡ ╩∆╢꜡Ⱳ♇♩≢⁸ ≤ ⅜№╢⁹ 

⌐ ↄ ⅜ ─ ≤ ⌂╢⁹ 

℮↔⅝╕╦╢ꜟfiⱣ 

≢│⅔ ꜡Ⱳ♇♩│ ⌂ ⌂≥⅛╠ ⅜ ╘⌂™≤

─ ≢⁸ │ ╩ ∫≡⅝√ ⅜№╡⁸ ─ ≤│

╡ ─⌂™ ⅜⅔ ꜡Ⱳ♇♩─ ⌐ ∞∫√⁹ 

◄꜠◒♩꜡ꜝ♇◒☻ Trilobite 2.0  

꜡Ⱳ♇♩ ☻◒♇ꜝ꜡♩◒꜠◄הfi♦כ▼►☻│ ⅜ 2001

11 ⅛╠₈♩ꜞ꜡Ᵽ▬♩₉╩ ≢ ╡ ⇔≡™╢⁹ ⁸ ꜡Ⱳ♇

♩ ≢ ⅝⌂◦▼▪╩ ╘╢ iRobot │⁸1997 ⌐₈ꜟfiⱣ₉

─ ₈early prototype ₉╩ ⇔≡™√⅜⁸ ⇔≡ ≢ ╡

↕╣√─│⁸♩ꜞ꜡Ᵽ▬♩ ─ ─ 2002 9 17 ∞∫√⁹ 

≢│ ⅜⁸2002 10 ⅛╠ ⌐№∫√◄꜠◒♩꜡ꜝ♇

◒☻─♩ꜞ꜡Ᵽ▬♩─ OEM (β)╩ ╘√⁹ꜟ fiⱣ│ 2004 ⅛╠

⌐ ↕╣√⁹ 

(βⱷכ◌כ≢ ∫√ ╩ Ⱪꜝfi♪≤⇔≡ ∆╢ ) 
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⅔ה ꜡Ⱳ♇♩─  

─ꜟfiⱣ 

│⁸ ™ ─ ⌐ ─ ╩ ☻꜠♪כ◖╡⅔≡⇔

≢№╢⁹ 

ꜟfiⱣ  ◦ꜝfi◓Ⱪ♬כꜞ◒☺♇◄

─ ⌐│Ⱪꜝ◦⁸ ⌐│☿fi◘כ╩ ⅎ╢↓≤≢⁸ ╛ ╩

∆╢⅛ │ ↑╢╟℮⌐ ╩ ⇔⌂⅜╠⁸◘▬♪Ⱪꜝ◦≢◗

Ⱶ╩ ⌐ ╘≡ ╩ ה ⇔≡™ↄ⁹ 

 

╕√│Ⱳ♃fi ≢ ⇔≡ ─ ╩ ℮≤ ╠

⌐ ⇔≡ ╡⁸ ─ ⌐ ⅎ≡ ╩ ℮╟℮⌐⌂∫≡™╢⁹

 ⌐ ⅛℮ꜟfiⱣ 

⅔ ꜡Ⱳ♇♩⌐│ ─☿fi◘כ⅜ ↕╣≡⅔╡⁸☿fi◘כ⅛╠ √

≢ ─ ╛ ╩ ⇔⁸ ≢ ╩ ∆╢↓≤⌐

╟╡ ╟ↄ ╩ ⌂∫≡™╢⁹ 
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⅜№∫≡╙ ⇔⌂™⅔ ꜡Ⱳ♇♩ 

⌐ ╙ ↄ ↕╣╢─│₈ ☿fi◘⁸≢₉כ ☿fi

⁸│כ◘ ╩ ⇔≡ ∆╢ ─ ↕╩ ∆╢⁹ ∆╢ ⅜

↑╣┌₈ ™₉⁸ ↑╣┌₈ ™₉≤ ⇔⁸ ╛ ≤─ ╩

⇔≡™╢⁹ ⌐│₈ ™ │ ⇔╛∆ↄ ™ │ ⇔⌐ↄ™₉₈

⌂ │ ∆╢₉≤™℮ ⅜№╢⁹ 

 

 

⅔ ꜡Ⱳ♇♩⌐≈™≡™╢☿fi◘כ│ ─ ╡ 

 

ה ☿fi◘כ 

≤─ ╩ ╢☿fi◘⁹כ ─ ⌐№╡⁸ ⇔√ ╛

─ ╩ ⇔≡™╢⁹ 

 

ה ☿fi◘כ 

☿fi◘כ≢ ≢⅝⌂⅛∫√ ⌐ ⇔≡ ∆╢☿fi◘⁹כ

─ⱣfiⱤכ⌐ ↕╣╢√╘₈ⱣfiⱤכ☿fi◘₉כ≤╙ ┌╣╢⁹ 

 

ה ☿fi◘כ 

≤─ ╩ ╢☿fi◘⁹כ◘▬♪Ⱪꜝ◦≢ ╩ ∆╢ ⌐ ↕╣

╢⁹ 

 

ה ☿fi◘כ 

⇔√ ╩ ∆╢☿fi◘⁹כ ⌐№╡⁸ ⇔√ ╩ ∆╢

√╘⌐ ↕╣╢⁹ 
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ה ☿fi◘כ 

≤─ ╩ ╢☿fi◘⁹כ ─ ⌐№╡⁸ ה ⅛╠─

╩ ∆╢⁹ 

 

ה ☿fi◘כ 

─ ╩ ∆╢☿fi◘⁹כ ─☻ꜞ♇ⱪ╩ ⇔⁸ ─

╩ ∆╢⁹ 

 

 כ◘fi☿꜡▬ꜗ☺ה

─ ╩ ∆╢☿fi◘⁹כ↓╣⌐╟╡ ╩ ⇔≡

╩ ⇔≡™╢⁹ 

CCDה ◌ⱷꜝ☿fi◘כ 

ⱴ♇Ⱨfi◓ ╩ ℮꜡Ⱳ♇♩ ⌐ ↕╣╢☿fi◘⁹כ ─

╛ ╩ ⇔≡ ╩ ⇔ ⇔√ ╩ ∆╢⁹ 

 

 כ◘Ⱶ☿fi◗ה

─◗Ⱶ╩ ∆╢☿fi◘⁹כ 

 

ה ☿fi◘כ 

◘▬♪Ⱪꜝ◦⁸ Ⱪꜝ◦⁸ ─ ╩♅▼♇◒∆╢☿fi◘⁹כ 

 

ה ☿fi◘כ 

╩ ∟ →╢≤ ≢ ╩ ∆╢☿fi◘⁹כ 

 

 כ◘fi☿כꜞ♥♇Ᵽה

Ᵽ♇♥ꜞכ─ ⁸ ─ ╩♅▼♇◒∆╢☿fi◘⁹כ 

 

 כ◘fi☿ꜟכ◊►ꜟꜗ♅כⱣה

Ᵽכ◊►ꜟꜗ♅כꜟ(β)╩ ∆╢☿fi◘⁹כ 

(β⅔ ꜡Ⱳ♇♩⅜ ↕╣√ ⅛╠ ⌂™╟℮⌐∆╢) 
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☿fi◘כ─ ⅜ ─ⱳ▬fi♩ 

ה ☿fi◘כ≤│ 

⌐ ╛ ╩ ∆╢≤⁸꜡Ⱳ♇♩ │ ⇔≡ ⇔

∆╢⁹ │☿fi◘כ≢ ⇔≡⅔╡⁸ ⅔ ꜡Ⱳ♇♩─ ⌐

↕╣≡™╢⁹ 

 

⅔ ꜡Ⱳ♇♩⌐⅔™≡ ⌂╙─│ ─₈ⱣfiⱤכ☿fi◘₉כ≢

№╢⁹↓╣│₈ⱨ◊♩▬fi♃ꜝⱪ♃₉≤ ┌╣╢☿fi◘⁸≢כ ⅛╠

┼─ ⅜ⱣfiⱤכ─ ≢ ╠╣╢≤⁸ ⅛⌐ ⇔√≤ ∆╢⁹ 

⇔⅛⇔ⱣfiⱤכ☿fi◘⁸│≢כ ╛ ⌐₈●♠fi ₉≤┬≈⅛╢╕≢

╩ ≈↑╢↓≤⅜≢⅝⌂™⁹∕↓≢ ⇔√─⅜ ─₈

☿fi◘⁸╡№≢₉כꜟfiⱣ⌂≥─Ɫ▬◄fi♪ ⌐ ↄ ↕╣≡™╢⁹ 

 

ה ☿fi◘כ─  

─↔Ⱶ╩ ⇔≡⇔╕℮↓≤⁹∕╣╝ⅎ ⌐ ∂≡ ☿fi◘כ╩

○ⱨ⌐∆╢ ╙ ↕╣≡™╢⁹ 

 

₈ ☿fi◘⁸│₉כ ™ ─ ╛ ╩ ⇔ↄ ⅜☻כ◔™⌂⅝≢

╠╣⁸↕╠⌐ ╙ ≤⇔≡™╢⁹↓─ ╩ ∆╢√╘⌐₈

☿fi◘₉כ╩ ∆╢ ⅜ ⅎ≡™╢⁹ ⌂╠₈ ⌂●ꜝ☻₉

₈ ™ ₉⌂≥╙ ⌂ↄ ⁹ 

 

☿fi◘כ│ ╣╢≤ ⅜ ↄ⌂╢─≢⁸↓╕╘⌂ ⅜ ⁹╕

√☿fi◘כ≤☿fi◘כ─ ⅜ ─☻▬╛ꜟⱩכ♥⁸≢─╢™≡™ ─╟

℮⌐ ™Ɽ▬ⱪ ─ │⁸ ⌐ ∫≡ ≢⅝⌂™ ⅜№╢⁹ 
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⅔ ꜡Ⱳ♇♩─ ≤▪ꜟ◗ꜞ☼ⱶ 

⅔ ꜡Ⱳ♇♩─ ≤▪ꜟ◗ꜞ☼ⱶ│⁸ ⌐ ⅝ↄ ∆╢⁹ 

─⅔ ꜡Ⱳ♇♩│₈☿fi◘₉כ≢ ⇔√ ─ ה↕⅝

─ ה ה ╩⁸ ⱪ꜡◓ꜝⱶ⅜ ה

╩ ™⁸ ⌂ Ɽ♃כfi╩ ∆╢ ⅜ ≢⁸⅔ ꜡Ⱳ♇

♩─▪ꜟ◗ꜞ☼ⱶ│ ╕⅛⌐ ─ 4 ⅜№╢⁹ 

⅔ ꜡Ⱳ♇♩─∆∆╖⅛√ 

 

fi♄ⱶꜝה  

₈ ⌐ ⇔√╠ ╩ ₉⌂≥⁸ ⌂ ─ ╖ ╦∑≢

╩ ℮⁹☿fi◘כ╩ ⇔⌂™ ⌂ ≢ ↄ ╠╣╢⁹ ⅝

│ ⌐ꜝfi♄ⱶ⌂─≢ ⌐ ╡⅜ ⇔⁸ ⅝⌂ ╛ ─

™ ⌐│ ≢⅝⌂™⁹ 

 

fiכ♃Ɽה  

╠∑╪⁸☺◓◙◓⁸ ™ ⁸ ╘ ↕╣√ ─ ⅝ Ɽ♃כfi

╩ ╡ ∆⁹↓─ ≢╙☿♇♥▫fi◓⅜ ⌂ │⁸№╢

⌂ ╩ ╠╣╢⁹⇔⅛⇔ ™ ╛ ─ ⁸ ─ ™

⌐⌂╢≤ ⌐ⱶꜝ⅜ ⇔╛∆ↄ⌂╢⁹1 2 ─ ⌂⅔ ꜡Ⱳ♇

♩⌐ ↄ ™╠╣╢ ⁹ 
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ה fiכ♃Ɽה  

☿fi◘כ≢ ⇔√ ╩ ⅜ ⇔≡⁸ ⌐ ╦∑√ ⌂Ɽ

╩fiכ♃ ┬⁹ ☿fi◘כ─ ╩ ⌐ ⇔√ ╩ ∆╢√

╘⁸Ɽ♃כfi─╖─ ≤ ═≡ ╡⅜ ⌂ↄ⁸ ⌂ ─ ╛

─ ⌐╙ ≢⅝╢⁹ 

∆╢₈ ⱴ♇Ⱨfi◓ ₉╟╡ ⅜ ↄ⌂╢ ⅜№╢

⅜⁸ ∂ ╩ ℮ ⅛╠ ╙ ∆╢─≢⁸ ≤⇔≡ ↄ─◗Ⱶ

╩≤╣╢ ⁹  

 

ⱴ♇Ⱨfi◓ ≤™ⅎ┌ꜟfiⱣ  

ה ⱴ♇Ⱨfi◓  

☿fi◘כ≢ ⇔√ ╩ ⌐ⱴ♇Ⱨfi◓ ╩ ™⁸ כꜟ

♩╩ ╢⁹ ◌ⱷꜝ≢ ה ╩ ⇔ ≤ ∆╢ כ꜠⁸

╛כ◙ ╩ ⇔≡ ╕≢─ ╩ ∆╢ ⌂≥⅜№╢⁹ 

₈ ⱴ♇Ⱨfi◓ ₉─ ⁸ ─ ⁸ ─ ╩ ∆

╢√╘⁸ ╙ ∂ ╩ ∆╢↓≤│⌂™⁹₈ Ɽ♃כfi ₉

⌐ ═╢≤ ⅝⅜ ≢ ⅜╟ↄ ⅎ╢⅜⁸ ─꜡Ⱳ♇♩ │

⅜ ™─≢⁸ ╩ 1 ⇔⅛ ⇔⌂™↓─ ≢│◗Ⱶ╩

⌐ ╡⅝╣⌂™↓≤⅜№╢⁹ 

 



17 

 

⅔ ꜡Ⱳ♇♩─ ⌐≈™≡ 

 

≤▪ꜟ◗ꜞ☼ⱶ⌐ ⅎ≡₈ ₉╙⁸꜡Ⱳ♇♩ ─

╩ ∆╢ ⅝⌂ ⁹ ⇔≢╙ ╩ ╘╢√╘⌐⁸꜡Ⱳ♇♩

ⱷכ◌כ│ ─ ╩ ╩fi◓◦☻♥ⱶ♬כꜞ◒√⇔╠ ⇔

≡™╢⁹ 

 

ה ─╖ 

⌐№╢ ⅛╠Ᵽ◐ꜙכⱶ ≢◗Ⱶ╩ ™ ╢ ⁹◘▬♪Ⱪꜝ

◦╩ ⇔⌂™√╘⁸ ╛ ─◗Ⱶ╩ ╡ ↄ─│ ≤∆╢⁹ 

 

◦ꜝⱩ♪▬◘ה  

╩Ⱶ◗─כ♫כ◖ה ⌐⅛⅝ ∆₈◘▬♪Ⱪꜝ◦₉≤Ᵽ◐ꜙכⱶ

╩ ╖ ╦∑√♃▬ⱪ⁹ ─╖─ ╟╡ ⅜ ╕∫≡™╢⁹⇔

⅛⇔ⱨ꜡כꜞfi◓─╟℮⌐ ╠⌂ │ ⌂™⅜⁸₈ Ⱪꜝ◦₉⅜⌂™─

≢ ♩♇Ɑכ◌ה ─ ─ ™ │ ⁹1 ─ ꜡Ⱳ♇

♩ ⌐ ↕╣╢↓≤⅜ ™ ⁹ 
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◦ꜝⱩ♪▬◘ה Ⱪꜝ◦  

─꜡Ⱳ♇♩ ≢ ╙ ↄ ↕╣╢ ⁹ ─◘▬♪Ⱪꜝ

◦≢◗Ⱶ╩⅛⅝ ⇔⌂⅜╠⁸ Ⱪꜝ◦≢◗Ⱶ╩⅛⅝ ╡ ∆╢⁹ ─

≤ ∂ ─ Ⱪꜝ◦⅜ ╩ ≢╢─≢⁸ ─ ⌐ ╡ ╪∞

◗Ⱶ╩ ╡ ⅝╛∆ↄ⌂∫≡™╢⁹↕╠⌐ ╩ ╘╢√╘⌐⁸◘▬

♪Ⱪꜝ◦╩ ⌐ 2 ∆╢ ╛⁸Ⱪꜝ◦ ⌐ ⌂╢ ╩ ╖

╦∑√ ╙№╢⁹ 

 

◦ꜝⱩ♪▬◘ה Ⱪꜝ◦  

ꜟfiⱣ⅜ ∆╢₈♦ꜙ▪ꜟⱤ꞉כⱩꜝ◦₉≤ ┌╣╢ ◦☻♥ⱶ⁹◘

▬♪Ⱪꜝ◦─ ⌐₈ⱨ꜡כꜞfi◓ Ⱪꜝ◦₉≤₈◌כⱭ♇♩ Ⱪꜝ◦₉╩

2 ⇔≡™╢⁹╕√ Ⱪꜝ◦ ⅜ ⌐ ↄ╟℮⌐⌂∫≡⅔╡⁸

─ ⌐ ╦∑≡ ╩ ↕∑╢√╘⁸ ⅜ ╕∫≡™╢⁹ꜟfi

Ᵽ ⁸₈│☼כꜞ◦600ה☼כꜞ◦500 ꞉▬Ɽכ ₉≤ ┌╣╢

1Ⱶꜞ─ ⅜№╡⁸ Ⱪꜝ◦≢⅛⅝ ╣⌂⅛∫√ ⌂♅ꜞ╩

∆╢ ╖≤⌂∫≡™╢⁹ꜟfiⱣ ◦ꜝⱩכⱤ꞉ꜟ▪ꜙ♦⁸│☼כꜞ◦700

⅛╠ ◗Ⱶ╩ ∆╢₈◄▪꜡Ᵽ◐ꜙ₉ ⌐ ↕╣√⁹ 

 

⅔ ꜡Ⱳ♇♩─ ⌂  

 

 

╩ ∫≡⁸⅔ ⇔≡ↄ╣╢─⅜Ᵽכ◊►ꜟꜗ♅כꜟ ⁹ ╩

╣╢∞↑≢⁸ ─ ⅎ⌂™ ╩ ╡ ⇔⁸⅔ ꜡Ⱳ♇♩─ ╩

←↓≤⅜≢⅝╢⁹ 
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⅔ ꜡Ⱳ♇♩  

 

ꜟfiⱣ  ☼כꜞ◦700

 

ꜟfiⱣ ☼כꜞ◦700 ─ ≤⇔≡₈▪ꜟ◗ꜞ☼ⱶ₉⅜ ⌂ ⅜ →

╠╣╢⁹▪▬꜡Ⱳ♇♩ │꜡Ⱳ♇♩ ⱷכ◌כ⌂─≢↓─ ⌐│

⌐ ⅜ ∫≡™╢⁹ ─₈ AWARE₉≤₈ ⱪ꜡☿☻

iAdapt₉│⁸ ⅜ 60 ╙ ╩ ™⁸40 ─

Ɽ♃כfi⅛╠ ╩ ∆╢≤™℮◦☻♥ⱶ⁹ 

 

╕√Ⱨ◄♂☿fi◘כ≤ ☿fi◘כ≢◗Ⱶ╛ ╣⅜ ™ ╩ ⁸⅝╣™

⌐⌂╢╕≢Ⱪꜝ♇◦fi◓╩ ╡ ∆₈◗Ⱶ ₉│⁸▪▬꜡Ⱳ♇♩

─ ≢ ─꜡Ⱳ♇♩ ⌐│⌂™ ⅝⌂ ≤⌂∫≡™╢⁹ 

 

AWARE⅔ ∆╢⅔ ─ ╣ ⌐≈™≡⁸ ╙№╢™╤

™╤⌂☿fi◘כ⅜ ╩ ⇔⁸∕─ ╩ ∆╢ꜟfiⱣ─  

ⱪ꜡☿☻ iAdapt ↕╕↨╕⌂ ⌐ ⇔≡⁸40 ╙─

Ɽ♃כfi⅛╠ ⌂ ╩ ╛⅛⌐ ∆╢◦☻♥ⱶ 

Ⱨ◄♂☿fi◘כ ₈└∏╖₉╛₈╝⅜╖₉╩ ∆╢↓≤⌐╟╡⁸

╩ ℮☿fi◘כ 

☿fi◘כ ⌂≥─ ◄Ⱡꜟ◑כ╩ ∆╢☿fi◘כ 
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⌐⌂∫√ⱱכⱶⱭכ☺ 

 

wikipedia ꜡Ⱳ♇♩ 

http://ja.wikipedia.o rg/wiki/%E6%8E%83%E9%99%A4%E7%94%A8%E

3%83%AD%E3%83%9C%E3%83%83%E3%83%88#.E5.8F.82.E8.80.83.

E6.96.87.E7.8C.AE  

 

꜡Ⱳ♇♩ ●▬♪ 

http://okaimono -navi.info/  

 

iRobot ⱱכⱶⱭכ☺ 

http://www.irobot -jp.com/index.html  

 

  

http://item.rakuten.co.jp/shop -sedona/roomba-e-brush/  

 

≢ꜟfiⱣ╩ ⇔≡ ╦∑╢─⅜ ∫≡╢─  

http://attrip.jp/65472/  

 

⅔ ꜡Ⱳ♇♩─  

http://maple01.net/cocorobo/post -4.html  
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OTEC Ocean Thermal Energy Conversion  

 

 

 

 

   

 

♁ⱨ♩  

Ɫכ♪  
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OTEC ≤│⁸ ⌐ ⅎ┌ ⌐⅔™≡ ≢

╘╠╣√ ─ ™ ≤ ─ ™ ─ ╩ ∆╢

─↓≤≢№╢⁹▪fi⸗♬▪─╟℮⌂ ⇔╛∆™╙─╩ ─ ™

⌐╟∫≡ ≢ ↕∑╢⁹ ⇔√ ⱦfiכ♃≡∫╟⌐ ─

◄Ⱡꜟ◑כ⅛╠ ◄Ⱡꜟ◑כ⌐ ∆╢ ╩ ⇔ ⁸↕

╠⌐∕─ ╩ ─ ™ ⌐╟∫≡ ≢ ↕∑⁸∕╣╩╕√

↕∑╢ ┼≤ ╡ ∆⁹1 ⌐ ⇔√ ⅜↓╣╠ OTEC ─

╖╩ ⇔√╙─≢№╢⁹ 

 

OTEC │⁸ ♇ꜞ⁸Ɫ▬Ⱪꜟ◒▬◘♪☼כ꜡◒ⱪfi◘▬◒ꜟ⁸כ○⌐

♪◘▬◒ꜟ─ ≈⌐ ∆╢↓≤⅜≢⅝╢⁹ 

│≢ꜟ◒▬◘ⱪfiכ○⁸∏╕ ⅛╠ ╡ ⇔√ ╩

≤⇔≡ ™╢⁹ ⱦfi⁸כ♃⁸ ─ │ ⱳfiⱪ⌐╟╡№╠

⅛∂╘ ↕╣≡⅔╡⁸ ╩ ⌐ ⅝ⱨꜝ♇◦ꜙ ( ╩№

√√╘∕╣╩ⱳfiⱪ≢ ⌐ ╢≤⁸ ─ ⅜ ⌐ )↕∑

╢⁹↓─ │ ⌐ ╡⁸ ╖ →╠╣√ ⌐╟∫≡ ↕

╣⁸ ⌐ ↕╣╢⁹↓─◦☻♥ⱶ│ ⅜◘▬◒ꜟ ╩ ⇔⌂

≥ꜟ◒▬◘ⱪfiכ○⁸╘√™ ╦╣╢⁹ ↕╣╢ │ ≤⇔≡

⁹ ≢│╒≤╪≥ ↕╣≡™⌂™⅜ ⱨꜝfi☻ │ ≢

╙ ⌐ ╩ ∫≡™╢  

 

│≢ꜟ◒▬◘♪☼כ꜡◒⁸⌐ ⌐ ─ ≤

┼─ ≤⇔≡▪fi⸗♬▪≤ ─ ╩ ╩ ⇔⁸ ⁸

ⱦfi⁸כ♃ ⌐ ⅜╣√Ɽ▬ⱪ─ ⌐ ↕╣╢⁹ │

≢ ⅛╠ ╩ ↑ ╡ ∆╢⁹ ⇔√ ⌐ⱦfiכ♃│

╠╣≡ ⇔√ ⁸ ─ ≢⁸ ╖ →╠╣√ ⌐╟∫≡

↕╣ ⇔⁸ ┘ ⌐ ╠╣╢◦☻♥ⱶ≢№╢⁹ 

 

⌐⁸Ɫ▬Ⱪꜞ♇♪◘▬◒ꜟ│ ≈─◘▬◒ꜟ╩ ╖ ╦∑√

─ꜟ◒▬◘ⱪfiכ○≢─╙ ⌐ ╩ ⇔ ∕↓≢ ╠╣√
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╩ ≤⇔≡ ℮ ↓─↓≤⅛╠ ⌐ꜟ◒▬◘☼כ꜡◒ ═

─ ⌐╟╢ ⅜⌂ↄ ─ ⅜ →╢ ▬◘ⱪfiכ○⁸√╕

◒ꜟ ⅛╠ ↕╣√ │ ≤⇔≡ ⅎ╢√╘

─ ≤⇔≡ ⅎ╠╣≡™╢⁹ ⌂ ♪☼כ꜡◒≢ꜟ◒▬◘

◘▬◒ꜟ⅜ ≤↕╣≡™╢⁹ 

╕√⁸ ⌐ ⅝⌂ ⅜№╢ ⌐ ⇔√╙─≢№╢≤ ⅎ╢⁹∕

─√╘⁸ ⅜ ↕╣╢╙── 100◌ ≢ ⅜ ∞≤ ⅎ╠

╣≡™╢⁹∕⇔≡⁸ ╙∕─℮∟─ ≈∞⁹ ⌐│ ∫≡™⌂™

⅜⁸ ─ ≢╙ 2013 ⅛╠ ⅜ ╦╣≡™╢⁹2014 ⌐

│⁸ ⅜ⱪꜝfi♩─ ╩ ∆╢⌂≥ ↕╣≡™╢⁹ 

 

OTEC ─ ≤⇔≡™ↄ≈⅛ →╢⁹ 

 ̧ CO2─ ⅜ ─ ≤ ═≡ ⌂™⁹ 

 ̧ ╩≤⅔⇔≡ ─ ≤ ─ ⅜╒╓ ⇔≡™

╢√╘⁸ ╙ ∆╢⁹ 

 ̧ ⅛╠ ╖ →√ ⌐ ↄ ╕╣╢ⱪꜝfi◒♩fi≢

⌐ ≢⅝╢⁹ 

 ̧ ꜠▪ⱷ♃ꜟ─ ⌐ ≢⅝╢⁹ 

 ̧ ⅛╠ ╩ ╖ →╢Ɽ▬ⱪ╩ ™≡ ⌐ ≢⅝

╢⁹ 

OTEC ─ ≤⇔≡ ≈ →╢⁹ 

 ̧ ⅛╠ ╩ ╖ →╢─⌐ ⅝⌂◖☻♩⅜⅛⅛╢⁹ 

 ̧ ⌐◖☻♩⅜⅛⅛╢⁹ 

 

╛ │↓↓≢ ═√↓≤⌐ ╠╣╢≤™℮╦↑≢│⌂™⁹ ═√

⁸ ↄ─ ≢ ╣╠╣≡™╢↓≤⌐≈™≡ ⅝ ⇔√⁹ 

 ≤ ─ ≤─ ╩⁸ ╩ ™≡ ∆╢⁹ 

 

 

 



24 

 

 kW  

OTEC 30.0~45.0 

 10.0~17.3 

LNG  5.8~7.1 

 5.0~6.5 

 4.8~6.2 

 8.2~13.3 

 10.0~14.0 

─ ≤ ═╣┌ OTEC ─ │ ™≤ ⅎ╢∞

╤℮⁹⇔⅛⇔⁸↓╣│ ─ 1000kW ─╙─╩ ≤⇔≡ →≡™

╢⁹OTEC ⅜ ה 1 kW ↕╣╣┌ 10.0~20.0

kW ⅜ ↕╣╢⁹╕√⁸ ⌂≥─ ╩ ╣┌ 10.0 kW

╙ ∞≤ ℮⁹ 

 

 №√╡─ kW  

OTEC 1  

 70 ~100  

 110  

 35 ~40  

 2000 

№√╡─ │ ⌐╟╢≤↓╤⌐ ↕╣╢√╘⅔⅔╟∕─

╙─╩ ⇔√ OTEC │ ≢─ ⁹ ╛ ≤ ═╣

┌ │ ∫≡™╢⅜⁸ ◄Ⱡꜟ◑כ≢№╢ ≤ ═╣┌

™≤ ⅎ╢⁹╕∞⁸ ↕╣≡™╢ ≢│⌂™√╘⁸↓╣⅛╠↕╠

⌐ ∆╢ ⅜№╢∞╤℮⁹ 

↓↓╕≢ ╖ ╘≡ↄ╢≤⁸OTEC ⅜ ─╟℮⌐ ⅎ╢⅛╙⇔

╣⌂™⅜⁸ ⇔≡∕℮™℮↓≤│⌂™≤™℮↓≤╩ ∫≡⅔⅝√™⁹∕

↓≢⁸ ⇔√ OTEC ─ ╩ ⌐╕≤╘≡╖√⁹ 
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1881 J. DôArsonval()⅜ OTEC╩  

1926 J. Cluade ( )⅜ ⌐ ↑≡  

'33 J. Cluade ( )⅜ 1200kW  

OTEC╩ ⁸⇔⅛⇔ ⌐ ╦╢ 

'64 J. Anderson ( )⅜ ╩  

'70 ( )⅜ OTEC─  

'73 ≢ OTEC─ ⅜ ╕╢ 

'74 ─◘fi◦ꜗ▬fiⱪ꜡☺▼◒♩≢ OTEC  

▪ⱷꜞ◌─ ERDAⱪ꜡☺▼◒♩⌐⅔™≡ OTEC ⅜ ╕╢⁹ 

1 OTEC ( ) 

'77 ≢ 1kW OTEC─  

'79 Ɫ꞉▬─ 50kW MiniΆOTEC≢  

⁸ ≢─ ╩ ℮ 

'80 ─₈ ₉ ( ) 

'81 ⅜♫►ꜟ ≢ 120kWOTEC ─  

'82 ⁸ ≢ 75kW OTEC─  

'85 ⁸75kW OTECⱤ▬꜡♇♩ⱪꜝfi♩  

'88 ₈ ₉⅜ ( ─ ⁸◄fi☺♬▪ꜞfi◓⁸

⌂≥ 25 ) 

ô90 IOA (International OTEC Association) ╩  

ô93 Ɫ꞉▬─◖♫ ⌐ 210kW ꜟ◒▬◘ⱪfiכ○ OTEC ⅜ (NELHA)  

ô94 ⁸ ◘▬◒ꜟⱪꜝfi♩  

ô95 ⁸ ◘▬◒ꜟⱪꜝfi♩ (4.5kW)  

ô97 ▬fi♪⁸NIOT ⌐≡ 1MW ⱪꜝfi♩  

ô99 50kW ►◄Ɫꜝ◘▬◒ꜟ ◦☻♥ⱶ─  

2002  ◄Ⱡꜟ◑כ ☿fi♃כ(IOES)  

ô03  ◄Ⱡꜟ◑כ ☿fi♃כ ◘♥ꜝ▬♩  

30kWOTEC ─  
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ô09 ꜡♇◐כ♪ⱴכ♅fi ⅜Ɫ꞉▬≢─ 10MW OTEC ─ⱪꜝfi♩ ⌐

≈™≡  

DCNS ⅜▬fi♪ ⌐ 1.5MWOTEC ─♦⸗ ╩ ∆╢√╘─

╩ ꜠ꜚ♬○fi (ⱴ♄●☻◌ꜟ ─ )≤ ┬ 

ô10 DCNS ⅜ ⱳꜞⱠ◦▪─♃ⱥ♅⌐OTEC─ ℮

╩ ≤ ┬ 

ô11 

 

NEDO ₈ ◄Ⱡꜟ◑כ ◄Ⱡꜟ◑כ

₉⌐ ╢ ≢ ⅜₈ ◄Ⱡꜟ◑כ

₉≢ ↕╣╢ 

Ɫ꞉▬ NELHA ⅜ 1MWOTEC ⌐ OTI ─ⱪꜝfi♩╩  

 

 OTEC ≢ ↕╣≡™╢ ─ ⁸ ─ⱪꜝfi♩

─↓≤│ ⌐╙ ═√⁹↓↓≢│⁸∕╣╠ ≈─ ╩ ™≡

OTEC ─ ⁸ ─ ⌐≈™≡ ∆╢⁹╕∏ ─ ⌐≈™

≡⁸ ─ ⅜∕╣⌐№√╢⁹ 

 

↓↓≢│⁸ ≤ ─ 20 ─ ╩ ⇔⁸50kW ─

╩ ⌐∆╢≤≤╙⌐ ⌐ ╩ ↕∑╢ ⌐

─ ™♅♃fi ╩ √⌐ ∆╢↓≤≢ ─ ⌐╙ ╡

╪≢™╢⁹╕√⁸♅♃fi │ ▪fi⸗♬▪⌂≥ ╩ ↕∑╢√

╘─ ⅜ 20% ∆╢≤ ⅎ╠╣≡™╢√╘⁸ ╖ →╢

─ ╩ ⌂ↄ≢⅝╢⌂≥ ◖☻♩╩ →╢↓≤⅜≢⅝╢⁹ │⁸

⌐ ⅜ 1000kW ╩ ⅎ╢ ⌂ ─ ╩ ⇔≡™╢⁹ 
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 ⌐⁸ ─ⱪꜝfi♩ ⌐≈≡ ═╢⁹↓─ⱪꜝfi♩│⁸

↕╣╣┌ ─ OTEC ⱪꜝfi♩≤↕╣⁸ ╙ 1 W─

≢№╢⁹╕√⁸↓─ OTEC ♩כ♂ꜞ│ ─ ╩ 100%╕⅛⌂℮

≢№╡⁸ ה ─ ⌐╟╡ CO ─ ╩ 50 ♩fi ≢⅝

╢≤↕╣≡™╢⁹ 

 

╩ ⇔√ ⅜CO─ ≢ ↕╣╢⌂⅛ CO╩

⇔⌂™ ⅜ ↕╣ ╘≡™√⁹⇔⅛⇔⁸ ─

≢ ⌐ ∆╢↓≤│ ⇔™╙─≤⌂∫√⁹ ╛

╩ ™√ ⅛╠⁸ ◄Ⱡꜟ◑כ╩ ™√ ┼─◄Ⱡꜟ◑כ

⅜ ─ ≢№╢≤ ⅎ╢⁹ ─ ⅜ ↄ™↑┌⁸

OTEC ─ ⅜ ≈∞╤℮⁹╕√⁸ ≢ⱪꜝfi♩╩ ∆╢

⅜ ∫≡™╢√╘⁸ ≢╙ OTEC ⌐ ∆╢ ⅜ ⇔≡™ↄ╙

─≤ ℮⁹OTEC ≢ ⅜ ⌐ ╡ ╣⌂™√╘⌐╙ │╟╡

╩⇔≡™ↄ ⅜№╢⁹ 

 

 

http://sangakukan.jp/journal/journal_contents/2008/05/articles/0805 -

02-4/0805-02-4_article.html  

http://www.yonden.co.jp/life/kids/teacher/datas hu/hatuden11.html  

http://www.ioes.saga -u.ac.jp/jp/about_otec_02.html  

http://www.xenesys.com/products/otec.html  

http://www.xenesys.com/products/otec.html  

http://otecstory.blog72.fc2.com/blog -entry -6.html  

http://heat.mech.kumamoto -u.ac.jp/htsj_kyushu/ppt/23_3_No4.pdf#s

earch='%E6%B5%B7%E6%B4%8B%E6%B8%A9%E5%BA%A6%E5%

B7%AE%E7%99%BA%E9%9B%BB+%E6%AD%B4%E5%8F%B2'  

http://www.itmedia.co.jp/smartjapan/articles/1306/17/news012.html  

http://www.itmedia.co.jp/smartjapan /articles/1306/17/news012.html  

http://gigazine.net/news/20130423 -world -largest -otec-plant -in -china/  
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Ɫכ♪      

♁ⱨ♩    

♁ⱨ♩      
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ה   

≤│⁸21 ⌐ ⅜ ↕╣╢ ≢⁸

─ ≢ ⇔√ ─◄Ⱡꜟ◑כ╩ ⌐ ⇔⁸∕─ ⱦכ♃≢

fi╩ ∆⌂≥⁸ ╩ ™√ ─↓≤≢№╢⁹  

│⁸ ≤│ ⌂╡⁸ ╛Ⱬꜞ►ⱶ⌂≥─ ™ ─

╩ ⇔≡◄Ⱡꜟ◑כ╩ ↕∑╢ ≢№╢⁹  

│ 1 ⌐╙ ⇔⁸ │ⱪꜝ☼ⱴ ⌐⌂╢⁹1 ─ ⌐ ⅎ

╠╣╢ ⅜ ⇔⌂™√╘⁸↓─ⱪꜝ☼ⱴ╩◖fi♩꜡⁸⇔ꜟכ ⌐

√╠⌂™╟℮⌐∆╢√╘⌐⁸ ₁ ⅜ ╦╣≡™╢⁹  

↓─ │⁸ ⇔╛∆™ ╩ ™≡ ⌂◄Ⱡꜟ◑כ╩

╢↓≤⅜ ╢≤™℮ ⅛╠ ↕╣⁸ ⅜ ⇔≡ ─ ╩

∫≡™╢⁹╕√⁸ ≤ ⌐⁸ ╩ ↕∑⌂™

≤⇔≡╙ ↕╣≡™╢⁹  

─ │ ⌂≥⁸ ≡─ ≢ ↓∫≡™╢ ∕─╙─≢№╢─

≢⁸ │₈ ─ ₉≤ ┌╣√╡╙⇔≡™╢⁹  
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ה  

 ™ ─ ⅜ ⇔ ⇔√ ™ ⌐⌂╢ ╩

⁸╕√│ ⌐ ≤™℮⁹ ─ ≢ ⅜ ╦╢√╘⁸

√╡─ ◄Ⱡꜟ◑כ─ ↕™ │ ⇔√ ⌂ ╩

◄Ⱡꜟ◑כ≤⇔≡ ∆╢⁹↓╣╩ ⇔≡ ∆╢↓≤╩

≤™℮⁹ ∆╢ ≤⁸ ∆╢ ⌐╟╢ ⅜№╢⁹ 

 

 ∆╢ ⌐╟╢ ™ 

D-Tה  

≤ ╩ ↕∑╢ ⁹ │Ⱬꜞ►ⱶ≤ ⌐⌂╢⁹

↓─ ∆╢ ─ ◄Ⱡꜟ◑כ≢ ╩ ╩ⱦfiכ♃╘ ∆↓≤

≢ ╩ ╢√╘⁸ │ 3 40%⁹ ⅜ ╛⅛≢ ╙ ↄ

⅜ ╕╣≡™╢⁹ 

D-Dה  

≈╩ ↕∑╢ ⁹Ⱬꜞ►ⱶ 3≤ ⅜≢⅝╢⁹ ─

│™™⅜⁸ ⅜ ⇔™⁹D-T ─ │ ≢ⱪꜝ☼

ⱴ 1 ⅜ ∞⅜⁸D-D │ 10 ≤⌂╢⁹ 

-Dה He3
 

≤Ⱬꜞ►ⱶ 3 ╩ ↕∑╢ ⁹ │Ⱬꜞ►ⱶ≤ ⌐⌂╢⁹

─ ⇔↕│ D-T ≤ D-D ─ ╒≥∞⅜⁸∕─ ≈≤─ ⅝⌂ ™

│◄Ⱡꜟ◑כ─ ≢№╢⁹ ≈─ │ ─√╘⁸ ╩

↕∑╢≤™℮ ⅜ ∞⅜⁸D- He3 │ ≤™℮ ⅜

⌐⌂╢√╘⁸ ≢ ⇔ ↕∑╢↓≤≢ ╩ ╡ ∆

↓≤⅜≢⅝⁸ │ 70% ⌐╙⌂╢⁹ 

p-Bה  

≤ⱱ► ╩ ↕∑╢ ⁹Ⱬꜞ►ⱶ⅜ ≈≢⅝╢⁹ ⌐ ∆

╢ ─╖≢ ⅜ ↕╣⁸ ≡ↄ╢ ╙ ╩ √⌂™√╘

⌂fiכꜞ◒⌐ ≤™ⅎ╢⁹⇔⅛⇔ D-D ⌐ ⅜ ⇔ↄ 25

⅜ ≤↕╣≡™╢⁹ 
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p-pה  

╩ ↕∑╢ ⁹ │ ≢™ↄ≈⅛─ ⅜№╢⅜⁸

⌐│ ≈⅜Ⱬꜞ►ⱶ⌐⌂╢⁹ ⁸≈╕╡ │ ╟╡╙↕

╠⌐ ⌐ ⌐ ∆╢√╘ ─ ≤™℮ ≢│≤≡╙╟ↄ⁸

⌐ ─ ╙ ↄ⌂™─∞⅜⁸ ⅜ 50 ≤ ⇔™

℮ⅎ⌐ ─ ⅜ ↄ └≤≈─ ⌐ ⅛⅛∫√╡∆╢ ⁸

─ ≢ ╣╢꜠ⱬꜟ─ ─ │ ⌐ ≤↕╣≡™╢⁹ 

 

 ∆╢ ⌐╟╢ ™ 

ה ∂ ╘  

╩∆╢ ⁸ ↄ│ ╩ⱪꜝ☼ⱴ⌐⌂╢╕≢ ⌐∆╢ ⅜№╢⁹

ⱪꜝ☼ⱴ│ ⅜ ≤ ⅜ ⅛╣√ ⌂─≢∕╣∙╣─ ⅜

╩╙∫≡⅔╡⁸ ⌐╟╢ ⅜ ≢№╢⁹∕╣╩ ⇔ ≢ⱪ

ꜝ☼ⱴ╩ ∂ ╘ ↕∑╢ ╩ ∂ ♠♫כ♪℮⁹™≥╘ ─

⌐⌡∂╣╩ ⅎ√ ─ ⌐╟∫≡ ∂ ╘╩ ℮⁹↓─ ╩⁸

◖▬ꜟ≢ ╢Ⱬꜞ◌ꜟ ⁸◖▬ꜟ≤ⱪꜝ☼ⱴ ≢ ╢♩◌ⱴ◒

⁸ ≡╩ⱪꜝ☼ⱴ ≢ ℮☻ⱨ▼꜡ⱴ♇◒ ⁸◖fiⱤ◒♩♩כꜝ

☻⁸ Ⱨfi♅⁸ ⁸♩ꜟ◘♩꜡fi⁸ ⁸ Ⱶꜝ

≤⌂כ ₁⌂ ⅜№╢⁹ ─ │♩◌ⱴ◒ ⁹ 

ה ∂ ╘  

⌐╟╢ ∂ ╘≤ ™⁸ ⌂≥─ ⌂ ≢ ∂ ╘╩ ↓⇔≡

↕∑⁸↓╣╩ ╡ ∆↓≤≢ ╩ ↕∑╢⁹ⱪꜝ☻♅♇◒

⌐ ╘√ ╩כ◙כ꜠⌐ ⇔ כ◙כ꜠╢∑↕ ⅜ ≢

№╡⁸ ∆╢ ™⌐╟∫≡ ⱦכⱶ ≤™℮╙─⌂≥⅜№╢⁹ 

ה ∂ ╘  

▬○fiⱦכⱶ ╩ ↕∑ ─ ⌐ ↕∑ ╩ ↓

∆⁹ ↕╣√ │ ⅜ ⅛∫√⅜─∟⌐ ₁⌂ ⅜ ≡⅝√√╘⁸

≢│ │ ↕╣≡™╢⁹ 

Ⱨfi☻ה  

╛ ─ ⁸☻Ⱨfi╩ ╠∑╢↓≤≢ ⅜ ⅝╛∆ↄ⌂╢≤
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™℮ ⁹ ≢ ╩∆╢╙─≢│⌂ↄ⁸№ↄ╕≢ ⌂╙─⁹ 

fi○כꜙⱵה  

≤ ∂ↄ ⌂╙─⁹Ⱶꜙכ ≤™℮ ≤ ∂ ꜠ⱪ♩fi╩

™⁸ ╩ ─ ─╟℮⌂ ⌐∆╢↓≤≢ ─ ╩

╠⇔ ≢ ╩ ℮↓≤⅜≢⅝╢╟℮⌐⌂╢⁹↓─√╘

≤⇔≡ ⅜╣√⅜⁸∕─ ─ ≢ ⌂◄Ⱡꜟ◑כ ≤⇔≡ ⅎ

╢╒≥─ │ ⌂™≤↕╣√⁹ ≢│⁸ ─ ≤⇔≡─

│ ™⁹ 

 

 

ה  

· ─ ─ ↕ 

ü │ ─ ↄ⅜ ⌐ ⌐ ∆╢╙─

≢№╡⁸ ∆╢ ╣⅜№╕╡⌂™⁹ ⌐ →√╙─≢™

℮≤⁸ │ ⅛╠ ╣⁸ │ ⅛╠≤╣╢

ꜞ♅►ⱶ⅛╠ ╢↓≤⅜≢⅝⁸Ⱬꜞ►ⱶ⁸ ╙ ╒≥

≢│⌂™⅜ ⌐ ↄ ∆╢⁹ 

· ♀꜡ 

ü ⁸ ⌐╟╢ ─ ⅜

⌂™⁹↓─√╘⁸ ⌐ ∆╢ ⌐⌂╢⁹ 

· ⌐⅔↑╢ ─ ⌂↕ 

ü ─ D-T ╛ D- He3 ≢ ∆╢ ◄Ⱡꜟ◑כ

│ ∞⅜⁸∕╣│ꜞ♅►ⱶ╩ ⌐∆╢

⌐ ╦╣╢√╘⁸ ╒≥ ꜠ⱬꜟ ⅜

⌐ ╢↓≤│⌂™⁹╕√⁸p-B⁸p-p ⌂╠┌ ⅜

╢ ╣╙⌂™⁹ 

· ╩ ↓↕⌂™ 

ü ─╟℮⌂ ⅜⌂ↄ⁸ ⌐│ ─

≢│№╡ⅎ⌂™ ⅜└≈╟℮⌂√╘⁸

⌂ ⌐╟∫≡ ⅜ ╕╢↓≤⅜ ⌐ ∂⌂™⁹ 
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ה   

¶ ┘ ◖☻♩⅜   

ü ─ ⅜ ⌐⌂╢√╘⁸ ⌂≥─ ₁⅜

⇔≡ⱨꜝfi☻⌐ ITER ╩ ≡╢

⅝⅜№╢⁹  

¶ ⌐╟∫≡ ⇔√ ─ ≢ ╛ ⅜ ∆╢  

ü ™◄Ⱡꜟ◑כ╩ ∫√ ⅜ ⌐ √╢≤⁸

│ ⌐ ╡ ╕╣⁸ ─ ⅜≢⅝╢⁹ ⌐│

⌂╙─≤ ⌂╙─⅜№╡⁸ ⌂ │

╩ ⇔≡ ⌂ ⌐⌂╤℮≤∆╢⁹  

╛ ≢╙↓─ ⅜ ↓╡⁸ ⌐ ╦∫≡

⇔╕℮⁹  

↓─ ╩ ⅎ╢√╘⌐⁸

IFMIF ⌐╟∫≡ ↕╣⌐ↄ™ ─ ─ⱪ꜡☺

▼◒♩⅜ ╦╣≡™╢≤ ╦╣≡™╢⁹  

¶ ─ⱪꜝ☼ⱴ╩ ∆╢ ─ ⅜  

ü 1 ╩ ⅎ╢ⱪꜝ☼ⱴ─ │⁸ ∆╠╙ ⅛⇔≡

⇔╕℮√╘⁸ ≢ ╩ ╢⌂≥⇔≡⁸ ⌐

√╠⌂™╟℮⌐ ∆╢ ⅜№╢⁹  

─ ↕ ⌐⁸ ╛∕─ ─ │⁸

⌐ ⌐ ⅝⌂ ╩ ↑ ↑╢⁹∕╣⌐ ⅎ≡⁸

╩ ┘╢↓≤⌐╟∫≡ ∆╢↓≤╙ ⅎ╢≤⁸ ╩

ⅎ╢↓≤│ ⌐ ≢№╢⁹  

¶ He3 ─ ⅜ D He3 ─   

ü He3 │ ≢│ ≥ ⇔⌂™⁹ │ He4 ─ 100

─ 1  

∕─√╘⁸ ≢│ ⅛╠ He3 ╩ ∆╢↓≤╩ ≤⇔

√ ⱪ꜡☺▼◒♩╙ ∆╢⁹  

¶ ≢№╢ ⅜ ≢№╢↓≤  

ü │ ⅜ 12 ─ H ─
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≢⁸ ⌐ ↕╣╢≤ ─ ≤ ∂ ™╩⇔⁸

≤ ∆╢≤™℮╙─⁹ ⅜ ∂∫√ ╩ ╗≤

∆╢⁹⇔⅛⇔ ⅜ ∆╢ ─ │⁸

─╙ ─╙─⌐ ═╢≤ ↄ⁸10 ≢ ⌐

↕╣╢√╘⁸ ⌐ ⇔⌂™ ╡ ∟⌐ │⌂

™⁹  

¶ ─ ⅜   

ü ╩ ∆╢ ⌂╠┌ ╩ⱦfiכ♃⁸⅜∞ ∆√╘⌐

⇔√ ╩ ╛⇔≡ ⌐∆╢ ⅜№╢⁹ 

 

 

ה ≢│⌂™⅛   

≢ →√╟℮⌐⁸ ≢│ ─╟℮⌂ ⅜

⌐ ↓╡ ⌂™⁹ ⌐ ⌂≥⌐╟∫≡ ⌐ ┬ ⌂ │

⇔⌂™⇔⁸ ≢ ⅜ ↓╡⁸ ⅜ ↑ ⌐⌂╢⌂≥≤™℮↓≤╙

⌂™⁹  

≤⌂╡ ╢─│⁸ ≢№╢ ⅜ ⌐ ↕╣╢↓≤

≢№╢⁹  

↕╣╢ ─ ↓∕ ≢№╢⅜⁸ ↕╣√╙── ≥╩

─ ⌐ ∆╢√╘⁸ ↕╣╢ ─ │ ≢ ↕╣

╢ ─ ≤ ≢№╢≤ ╦╣≡™╢⁹≤│ ⅎ⁸ ⌐ ↕

╣√ ╩ ∆╢↓≤│ ≢№╢√╘⁸ ─ ⌐╟╢

┼─ ╩ ∆╢ ╙№╢⁹  

 

 

ה ─  

 │ ⌐│╕∞ ∫≡™⌂™⁹ ⁸ ─ ≢

⅜ ⁸│☻כ◔╢™≡╣↕ ─ ≤ ─ ≢№╢

─╖≤⌂∫≡™╢⁹ │ ╩ ⇔√ ≢⁸ ⌐│

─ ╩ ∆╢⁹ │⁸ ⌐ ⅝⌂◄Ⱡꜟ◑כ╩ ⌐
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⇔ ↑⌂↑╣┌⁸ ⅜⅔↓╠⌂™⁹ ⇔≢╙ ⅜∏╣√╡⁸

⅜ ╩ ↓∆⌂≥⇔≡ ╕∫≡⇔╕∫√╡∆╣┌ ⌐⇔≡ ╙

╕∫≡⇔╕℮⁹∕─ │ ⌐ ⅜ ⇔ↄ⁸⌂⌐╟╡ ⅜⅛

⅛╢⁹╕√◄Ⱡꜟ◑כ ≤⇔≡⁸ ─ ╙№╢ ◙כ꜠)

כ ⌂≥)╙№╡⁸ №╢™│ ⌐╟╢ ⅜ ⌂╙─

≢№╢─≢⁸ ─ ⌐╟╢ ≤ ∂ↄ ⁸ ≤™

∫√↓≤⅜ ↕╣╢⁹ ⌂ ≤⌂╢↓≤│ ™⌂ↄ⁸ ╩

∫≡ ⁸ ╩ ⅝ ↓∆ ╙ ⅎ╠╣╢⁹╕√⁸ ≢╙

─ ≢─ ⌐ ⇔≡™╢ ⅜√ↄ

↕╪™╢↓≤⅛╠⁸ ─ ╩ⅎ╢─╙ ─ ≈∞≤ ⅎ╠╣╢⁹

⇔⁸↓─ ─ │₈ ₉≤™℮ ⅛╠ ╩ ≈ ₁⅜ ™∞↑

≢⁸ ⇔™ ╩ ∑┌ ─ ⅜ ⅎ≡ↄ╢⅛╙⇔╣⌂™⁹ 

 ─ ┼─ │ ≢ ╙ ↑╠╣≡™╢⁹ 

 

 

 

 

ה ─↓╣⅛╠ 

 ≤ ♩ꜞ♅►ⱶ ─ ╩┌╠┌╠⌂ⱪꜝ☼ⱴ ⌐

⇔⁸ ↕∑╢ │ ≢│ ↑╣┌ 3 ⌐│ ≢№╢
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≢ ⌐ ↑≡─ ⅜ ↕

╣╢↓≤⅜ ╕∫≡™╢⁹ ≢ 1950 ⅛╠ ⅜ ╘╠╣≡™╢

─∞⅜⁸™╕∞ ⇔≡™⌂™ ─ ⌐ ╢╕≢⌐│↓╣⅛

╠ 30 ⁸№╢™│ 100 ⅛⅛╢≤╙™╦╣≡™╢⁹ ⌐ ⌂

ⱪꜝ☼ⱴ ╩≈ↄ╢√╘⌐│⁸ ≢ ⁸ ⌐∆╢↓≤⅜

⌐⌂╢⁹ ⅜ ⇔≡™╢ ≢│⁸1 2000

─ ≤⁸ ─ ╩ ≢≈ↄ╡ ∆ ∞≤™℮⁹↓

─ 14 ≢∆≢⌐ │ ╩ ∫√ⱪꜝ☼ⱴ ╩ ⌂

∫≡™╢⁹∕─ ⁸8000 ─ │ ⇔√⁹ 1s ─

ⱪꜝ☼ⱴ ⌐╙ ⇔≡™╢⁹ ─ │⁸∕─ ─ ≤™℮

╦↑∞⁹ 

⌂ ╛ ─ ─ ╙№╢⅜⁸ ─ │∕℮ ↄ

│⌂™─≢│⌂⅛╤℮⅛⁹ 

  

 

 

 

 ╘≥╕ה

─ ╛ │⁸ ╙⅛⅛∫≡≈ↄ╠╣√ ─ ≢№╢

⌐ ⇔≡⅔╡⁸ ⁸ ⁸ ●☻⌂≥─ │⁸№≤
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≢ ∆╢≤ ╦╣≡™╢⁹⇔⅛⇔ ₁ ⅜ ⁸ ╙

╩╘↨⇔⁸ ⅜↕╠⌐ ╕╢↓≤│ ⌐⌂∫≡⅝≡⅔╡⁸

│∕─◄Ⱡꜟ◑כ ─ ⌐ ⌂ ─ ≈≢№╢≤ ⅎ╢∞

╤℮⁹ 

 

 

ה  

http://zasshi.news.yahoo.co.jp/article?a=20130509 -00000953-playboyz-s

oci 

◄Ⱡꜟ◑הכ │ ─ ⌂─⅛  

 

http://d.hatena.ne.jp/shavetail1/20120725  

NIF ≢│ כ◙כ꜠⌐ ⅜ ∆╢⅛ 

 

https://www.jsps.go.jp/j -core/04_kanren_kiji/0505.html  

 |  

 

http://www.geocities.jp/s20hibaku/photo/koe_suibaku.html  

─  

 

http://scinews -summary.blogspot.jp/2011/11/blog -post_09.html  

ₓכ◑ꜟₒ◄Ⱡ :☻כꜙ♬ ⁸▬○fi ─

ⱪꜝ☼ⱴ ⌐  ⌐ ⌂ ⌐ ≠ↄ 

 

http://ja.wikipedia.org/wiki/%E6%A0%B8%E8%9E%8D%E5%90%88%

E7%82%89   

 - Wikipedia  

http://earthoffuture.kagennotuki.com/kaku2.html  

 ─ !!   

http://www.nifs.ac.jp/index -j.html  
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http://www.chikyumura.org/environmental/earth_problem/energy_crisi

s.html  

5 ≢╦⅛╢◄Ⱡꜟ◑כ ╩ ╤℮ NPO Ⱡ♇♩꞉כ

◒ₐ ₑ 

http://www.rist.or.jp/atomica/data/dat_detail.php?Title_Key=07 -05-01-0

5 

─ ≤  
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QR◖כ♪ 
 

     

 

 

  ♁ⱨ♩  
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 ≡™≈⌐♪כ◖QRה

 QR ⁸│≥♪כ◖ ↕⌂ ─ ╩ ∂ ∞↑ ═√ⱴ♩ꜞ♇◒

☻ ⁸≢♪כ◖ ⌐ 21 ═√₈Ᵽכ☺ꜛfi 1₉⅛╠ 177

═√₈Ᵽכ☺ꜛfi 40₉╕≢ 40 ╡─ ⅜ ↕╣≡™╢⁹ ─ ⅜

™╒℮⅜√ↄ↕╪─ ╩ ≢⅝╢⅜⁸ ⌂ │ ⅝ↄ⌂∫≡™╢⁹ 

 

QR ⌐♪כ◖ ≢⅝╢ │⁸Ᵽכ☺ꜛfi 70 ─ ≢ 23648 ⱦ

♇♩≢№╢⁹QR │≢♪כ◖ ─ ╩♪כ◖ ∫≡™╢√╘⁸◌♫╛

⌂╠ 1871 ⁸▪ꜟⱨ□ⱬ♇♩≤ ∞↑⌂╠ 4296 ⁸ ∞

↑⌂╠ 7089 ╕≢ │⌐♃כ♦⁹╢⅝≢ ╩ √∑≡№╡⁸

⅜ ⇔≡ ╖ ╣⌂ↄ≡╙♦כ♃╩ ∆╢↓≤⅜≢⅝╢⁹ 

⌂ 3 ─ ™ ╡ ⇔◦fiⱲꜟ╩₈ Ɽ♃כfi₉≤ ┬⁹

∕╣⌐ ⅎ≡⁸7 ≤ 7 ⌂≥─♃▬Ⱶfi◓Ɽ♃כfi⁸ ⌐ ╣╠

╣√ ↕™ ─▪ꜝ▬fiⱷfi♩Ɽ♃כfi⅜ ≢⁸∕╣ ─ ⌐

⅜ ↕╣≡™╢⁹ 

⁸ ≢ ↕╣≡™╢◌ⱷꜝ ⅝ ─╒≤╪≥⅜ QR◖כ♪

─ ╖ ╡⌐ ⇔≡™╢⁹ 
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≥♪כ◖כⱣה QR◖כ♪─ ™⌐≈™≡ 

 

  

Ᵽכ◖כ♪≤ QR │⌐♪כ◖ ⅝⌂ ™⅜№╢⁹Ᵽכ◖כ♪│ ⌐

⇔⅛ ╩ √⌂™─⌐ ⇔≡⁸QR │♪כ◖ ≤ ⌐ ╩ ≈⁹∕─

√╘ QR◖כ♪│ ≢⅝╢ ⅜ ↄ⁸ ∞↑≢⌂ↄ ╛ ⌂

≥ ╙♃כ♦─ ≢⅝╢⁹╕√⁸ │↕╣≡™⌂™⅜⁸ ─

⅜ ⌂ ≢№╣┌⁸ ╙ ↑√ ≢╙ ╖ ╗↓≤╙ ≢№╢⁹ 

 

 

─♪כ◖QRה  

 QR │♪כ◖ 1944 ⌐ ♦fi♁כ▼►כⱩ⅜ ⇔√ⱴ♩ꜞ♇

◒☻ ─ ⁹QR╢№≢♪כ◖ ─♪כ◖ │⁸╙≤╙≤ ╛

─ ─ ≢─ ⅔╟┘ ⌐ ╦╣≡™

√⁹ ⌐│ QR◖כ♪│ ∞∫√⅜⁸ ⌂≥ ≢╙

↕╣╢╟℮⌐⌂∫√⁹ 

 

 

─♪כ◖QRה  

─╖ 7089  

US ASCи  4296  

Ᵽ▬♫ꜞ 8ⱦ♇♩  2953Ᵽ▬♩ 

1817 ♫◌ה  
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─♪כ◖QRה ⌂  

 

  │ ─ ≢ ╦╣√⅜⁸∕─№≤│ ₁⌂ ─

ה ה ה ⌂≥⌐ ↄ ╦╣╢╟℮⌐⌂∫√⁹ 

 

 

  ◌ⱷꜝ ⅝ PHSה ─ ↄ⅜ QR◖כ♪ ⌐⌂∫≡™╢⁹ 

≤⇔≡⁸ ╛►▼Ⱪ ⌐⅔™≡⁸ ─№╢►▼Ⱪ

◘▬♩╛⁸ ↑►▼Ⱪ◘▬♩─ URL ╩ ⇔√ QR ╩♪כ◖

⇔⁸↓╣╠◘▬♩┼─▪◒☿☻╩ ⌐∆╢↓≤╛⁸ ╩♃כ♦

⇔√ QR◖כ♪╩ ⌐ ⇔⁸ ─▪♪꜠☻ ╩

⌐∆╢↓≤⌂≥⁹╕√⁸Ⱡ♇♩◦ꜛ♇Ⱨfi◓⌂≥─ ≢╙ ╦╣

╘≡™╢⁹ 

 

 

  ANA ⱪכꜟ◓─⧵≥ ≢│⁸2007 12 20

╟╡ SKiP ≥☻ⱦכ◘ ⇔≡ ╩ ⇔≡⁸ ─

≢│ ≤⌂╢⁸ ─ ↕╣√ QR◖כ♪╩ ™≡ ─ ─

⅛╦╡≤∆╢ ⌐ ⌐ ⇔√⁹ 

       

 

 

 2008 ⁸JRA ╛ ─ ≢ ↕╣≡™╢ ─
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│ QR◖כ♪╩ ⇔√╙─≤⌂∫≡™╢⁹ ─

⌐ ╩ ∆╢ ⅜⌂ↄ⌂╢√╘ ─◖☻♩⅜ ↕╣⁸ ─

╙ ⌐⌂∫≡™╢⁹╕√ ╙ Ⱬ♇♪≢ ╖ ╡

╩ ≢⅝╢√╘⁸ Ⱬ♇♪⌐ ∆╢ ╩ ≢⅝╢⁹

QR ♪כ◖ │ ⅜ ⌂─≢⁸ ⌐│ ─√╘ ─

⅜ⱪכ♥ ╘ ╕╣≡⅔╡⁸ ≢ ≢⅝╢╟℮⌐⌂∫≡™╢⁹ 

          

 

 

 Ɫⱶⱨ□▬♃⁸☼כ ◖⁸☻ꜟ◓כ▬fi♦ꜟכ◗

fi◘♪כ꜠ ╖─ⱶכ♪ ─ⱱכⱶ☻♃☺▪ⱶ─ ⌐⅔™

≡⁸QR ╩♪כ◖ ™≡♅◔♇♩꜠☻≢ ≢⅝╢◦☻♥ⱶ╩ ⇔

≡™╢⁹ ─ HP ⌐▬fi♃כⱠ♇♩≢ ∆╣┌⁸ ⌐ QR

⅜♪כ◖ ╠╣╢ ╖≢№╢⁹ 
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ה ╡ ꜠ⱬꜟ 

 QR ⌐♪כ◖ ╣⌂≥⅜№∫≡╙ ⌐ ╖ ╣╢╟℮⌐⁸ ╖ ╡

╛ ╖ ╡ ╩ꜟכꜙ☺⸗─™ ∆╢√╘⌐ ↑╠╣╢

╡ ♃כ♦─ ⌐ ∆╢ ≢№╢⁹ 

 

꜠ⱬꜟ L ◖כ♪ ─ 7%⅜  

꜠ⱬꜟ M ◖כ♪ ─ 15%⅜  

꜠ⱬꜟ Q ◖כ♪ ─ 25%⅜  

꜠ⱬꜟ H ◖כ♪ ─ 30%⅜  

  

 

  ╡ ꜠ⱬꜟ╩ ↄ∆╢≤⁸ ─ ⅜ ↄ⌂╡ QR◖כ♪─

⅝↕⅜ ⅝ↄ⌂╢↓≤⅜№╡╕∆⁹ 

 

 

◒☻ⱴ─♪כ◖QRה  

╩♃כ♦   ⇔√ ≢ ─ ⅜ꜟכꜙ☺⸗─ ⌐ ⅛∫√╡⁸

Ɽ♃כfi⌐ ⇔√ ⅜№∫√╡∆╢≤⁸ ╖ ╖⌐ ╩

⅝√∆ ╣⅜№╡╕∆⁹↓╣╩ ←√╘⌐ QR◖כ♪≢│ 8 ─ⱴ☻

◒Ɽ♃כfi╩ ⇔∕─ ≢ ⌂╙─╩ ┬╟℮⌐⇔≡™╕∆⁹ⱴ☻
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◒╩⅛↑╢ │ Ɽ♃כfi╛♃▬Ⱶfi◓Ɽ♃כfi Ɽ

─fiכ♃ ─ ⁸ ⌂≥─ Ɽ♃כfi╩ ↄ ⁸∆⌂╦

♪כ◖♃כ♦∟ ─↓≤≢∆⁹ 

 

           ⱴ☻◒─ ≤  

ⱴ☻◒Ɽ♃כfi               

000 ( i  + j ) mod 2 = 0  

001 i  mod 2 = 0 

010 j mod 3 = 0 

011 ( i  + j ) mod 3 = 0  

100 ( ( i  div 2 ) + ( j div 3 ) ) mod 2 = 0  

101 ( ij ) mod 2 + ( ij ) mod 3 = 0  

110 (( ij ) mod 2 + ( ij ) mod 3 = 0  

111 (( ij ) mod 3 + ( i + j ) mod 2 ) mod 2 = 0  

* ─mod│ ⁸div │ ╩ ∆ 

*i ≤ j │ ≤ ╩ ∆ 

 

 ⱴ☻◒Ɽ♃כfi 0─  

 (20,20)─ ⁸( 20 + 20 ) mod 2 = 0 ⌂─≢ⱦ♇♩╩ ↕∑╢⁹ 

 (20,19)─ ⁸( 20 + 19 ) mod 2 = 1 ⌂─≢ⱦ♇♩╩ ↕∑⌂™⁹ 

 

 

URL  

http://ja.wikipedia.org/wiki/QR%E3%82%B3%E3%83%BC%E3%83%89  

http://e -words.jp/w/QRE382B3E383BCE38389.html  

http://www.swetake.com/qrcode/qr5.html  

http://www.cman.jp/QRcode/sub/qrlevel.html  
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⌐≈™≡ 

♁ⱨ♩   2
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≤│ 

₈ ₉≤₈ ₉─☿♇♩╩₈ ₉≤ ┘╕∆⁹ ─Ɑכ☺─ ╩ ≡™

√∞ↄ≤ ⅛╡ ™⅛≤ ™╕∆⁹ 

 

 

 
 ≤ │∕─ │ ⅛╠№∫√≤ ╦╣≡™╕∆⁹ ─

│◦ꜞfi♄כ ≢∆⅜⁸ Ɽ≢╟ↄ♇꜡כꜜ─ ♪כ◊►√™≡╣╦

╙ ⌂ ⌂≥≢│ ╙ ╦╣≡™╕∆⁹ 

 

 

 

 

 

 

 

 │ ☿♇♩⌐⌂╢ ≢ ↑╢↓≤⅜≢⅝≡│⌂╠⌂™╙─≢

№╡⁸™⅛⌐ ─ ≢│ ↑╠╣⌂™ ⌐∆╢⅛≤™℮ ╩

↑≡⅝╕⇔√⁹ 

 ⌐ ⅎ┌₈►◊כ♪ ₉⅛╠₈꜠Ᵽכ♃fiⱩꜝכ ₉┼⁹₈꜠Ᵽכ

♃fiⱩꜝכ ₉⅛╠₈◦ꜞfi♄כ ₉┼⁹∕⇔≡↕╠⌐ ⌂ ╩

⇔√ ┼≤ ⇔≡⅝√─≢∆⁹ 

 

ה ─  

 ≢ ─ ≤↕╣╢─│⁸1998 ⌐ ₁

⅛╠ ⇔√₈ ₉≤↕╣⁸650 ─╙─≤ ↕╣≡™╕∆⁹ 
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≤ ─  

♪כ◊►ה  

♪כ◊►  │⁸ ─⧵≢ⱴכ꜡ ⅜ ╠╣√≤ ℮ ≢∆⁹∕⇔

≡ ≢╙ ╛ ⌂ ⌂≥─ ⌐ ╦╣≡™╕∆⁹ 

 ≤⇔≡│⁸ ─ ≥♪כ◊►⌐ ┌╣╢ 

⅜ ↑╠╣≡⅔╡⁸ ─ │∕─ ⌐ 

√╠∏⌐ ≢⅝╢╟℮⌂ ⌐⌂∫≡™╕∆⁹ 

♪כ◊► │ ⅜ ≢№╢√╘⁸ 

⌂ │∆←⌐ ≢⅝⁸╕√ ⌐ 

™ ⅜ ╣≡⇔╕™╕∆⁹ ∂♃▬ⱪ─ 

♪כ◊► ⌂╠ ≡ ™≡⇔╕℮⁸ 

™╦┌ⱴ☻♃כ◐כ─╟℮⌂ ╙ ╢↓≤⅜ 

≢∆⁹ 

 ╛ ─ ╩ ⌐∆╢⌐│⁸ 

─♪כ◊► ╩ ⌐⇔≡™ↄ⇔⅛№╡╕∑╪⁹ 

─ │ 15 16 ↔╤─▬♃ꜞ▪ ─ 

♪כ◊► ∞∕℮≢∆⅜⁸↓↓╕≢ↄ╢≤ 

≤ ∫≡╙™™≢⇔╞℮⁹ 
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כꜝfiⱩ♃כⱣ꜠ה  

 ꜠Ᵽכ♃fiⱩꜝכ │⁸18 ⁸▬◑ꜞ☻≢∕─ ⅜ ↕╣√

≢∆⁹ ≢╙ ╛ ⅝ ⇔⁸ ™ ♪▪⌂≥⌐ ╦╣≡™╕∆⁹ 

 ─ ⌐№╢♃fiⱩꜝכ ⅜ ≢⁸≡↓ ꜠Ᵽכ ─╟℮⌐

ↄ╟℮⌐⌂∫≡™╕∆⁹ 

꜠Ᵽכ♃fiⱩꜝ₉◒♠₈│⌐כ≤ ┌╣╢ H ─ ⅜№╡⁸ 

♦♇♪Ⱳꜟ♩─ ⅜♠◒─ ⌐ ╕∫≡™╕∆⁹ 

╩ ⌐↕⇔↓╖⁸ ↕∑╢↓≤≢꜠Ᵽכ♃fiⱩꜝכ⅜ 

∟ ⅜╡⁸♦♇♪Ⱳꜟ♩─ ⅜♠◒─ ╩ ∫≡ 

☻ꜝ▬♪⇔╕∆⁹ ⇔™ ≢⌂™≤♦♇♪Ⱳꜟ♩─ ≤ 

♠◒─ ⅜ ╦⌂™√╘ ≢⅝╕∑╪⁹ 

 ─ ≢│ ⅜ ⅛╡╛∆™╟℮⌐꜠Ᵽכ♃fiⱩꜝכ│ 

1 ≢∆⅜⁸ │ ∫≡™╕∆ 3 ─ ⅜ ™ ⁹ 

 

 

כ♄fiꜞ◦ה  

 ◦ꜞfi♄כ≤│ ─↓≤≢∆⁹◦ꜞfi♄כ │⁸ ≤ ┌╣╢

─ ⌐⁸ ≤™℮╙℮ 1≈─ ⅜ ∫≡™╕∆⁹ │ ⌐☻כ◔─

↕╣≡™╕∆⁹ ⌐ ⅜№╡⁸ ≤ ⌐ 

╕√⅜╢╟℮⌐♃fiⱩꜝכ ⅜ ∫≡™╕∆⁹ 

⅜⌂™⁸╕√│ ⅜ ℮ │♃fiⱩꜝכ⌐╟╡ 

│ ≢⅝╕∑╪⅜⁸ ⇔™ ╩↕∆≤ 

≡─♃fiⱩꜝכ⅜ ⌐⌂╠⌂™ ⌐ ⅝⁸ 

╩ ∆╢↓≤⅜ ╕∆⁹ 

 ⅜ ∆╢↓≤≢⁸ ─ ─◌ⱶ⅜ ⇔⁸♦♇♪Ⱳꜟ♩

╩ ⅛⇔╕∆⁹◦ꜞfi♄כ │ ╙∫≤╙ ╦╣≡™╢ ≢∆⁹ 
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◦ꜞfi♄כ ─  

 ◦ꜞfi♄כ │⁸♃fiⱩꜝכ─ ╛ ⌐╟╡⁸™ↄ≈⅛─

⌐ ↕╣╕∆⁹↓↓≢│ ⌂ 4≈⌐≈™≡ ⇔╕∆⁹ 

 

כ♄fiꜞ◦◒☻▫♦ה  

 ♦▫☻◒◦ꜞfi♄כ ≤│⁸♦▫☻◒♃fiⱩꜝכ≤™℮♃fiⱩꜝכ╩

⇔√◦ꜞfi♄כ ≢∆⁹♃fiⱩꜝכ─ ⅜ ⌐ ™ ╩⇔≡™╢√

╘⁸♦▫☻◒♃fiⱩꜝכ≤ ┌╣≡™╕∆⁹ 

 ♦▫☻◒♃fiⱩꜝכ≤☻ⱪꜞfi◓⅜ ⌐ ∫≡⅔╡⁸ ╩ ⇔ ╕⌂

™ ≢│♃fiⱩꜝכ─ ⅜ ⌐ ┘ ⇔≡™╢√╘ ≤⌂∫

≡ ╩ ↕∑╢↓≤⅜ ╕∑╪⁹ 

 ⇔™ ╩ ⇔ ╗≤⁸♃fiⱩꜝכ⅜ ⌐├∫√╡ ╕╡ ↕∑╢

↓≤⅜ ╢╟℮⌐⌂╡╕∆⁹ 

 ⇔ↄ⌂™ ─ │♃fiⱩꜝכ─≥∟╠⅛⅜ ⌐ ┘ ∆√╘⁸

╩ ↕∑╢↓≤⅜≢⅝╕∑╪⁹ 

 

כ♄Ⱨfi◦ꜞfiה  

 Ⱨfi◦ꜞfi♄כ ≤│⁸Ⱨfi♃fiⱩꜝכ≤ ℮Ⱨfi ─♃fiⱩꜝכ╩

⇔≡™╢◦ꜞfi♄כ ≢∆⁹ 

 Ⱨfi♃fiⱩꜝכ│ ⁸ Ⱨfi ▪♇ⱤכⱧfi ≤ Ⱨfi Ⱳ♩ⱶⱧfi

⌐ ⅛╣≡⅔╡⁸ⱣⱠ≢ ⌐ ⇔≈↑╠╣≡™╕∆⁹ ╩↕⇔≡™⌂

™ ≢│ Ⱨfi⅜ ⌐⌂╡ │ ≢⅝╕∑╪⁹ 

 ⇔™ ╩↕⇔ ╗≤⁸ Ⱨfi≤ Ⱨfi─ ◦▪ꜝ▬fi ⅜ ≤

─ ⌐ ™⁸ ╩ ↕∑╢↓≤⅜ ╢╟℮⌐⌂╡╕∆⁹ 

 ℮ ╩↕⇔√ │⁸◦▪ꜝ▬fi⅜ ╦⌂™√╘⁸ Ⱨfi╕√│ Ⱨ

fi⅜ ≤⌂╡⁸ ╩ ↕∑╢↓≤⅜ ╕∑╪⁹ 

 ⱴ☻♃כ◐כ◦☻♥ⱶ╩ ╗╟℮⌂ │⁸ Ⱨfi≤ Ⱨfi─ ⌐ Ⱨ
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fi Ⱶ♪ꜟⱧfi ╩™╣≡ ─◦▪ꜝ▬fi⅜≢⅝╢╟℮⌐⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

כ♄fiꜞ◦◒☻▫♦כꜞ♃כ꜡ה  

כ♄fiꜞ◦◒☻▫♦כꜞ♃כ꜡  כꜝfiⱩ♃◒☻▫♦כꜞ♃כ꜡⁸│≥

╩ ⇔≡™╢◦ꜞfi♄כ ≢∆⁹ ╩↕∆↓≤≢♃fiⱩꜝכ⅜ ╩

⌐⁸ ∆╢╟℮⌐ ↄ√╘꜡כꜞ♃כ♦▫☻◒♃fiⱩꜝכ≤ ┌╣≡™

╕∆⁹ 

 ↓╣─ │⁸♃fiⱩꜝכ⅜ ─ ─ ⌐⌂∫≡™╢─≢│

⌂ↄ⁸꜡♇◐fi◓Ᵽכ ─ ⅜ ╩ ⇔≡™╢ ≢∆⁹ 

 ⇔™ ╩↕∆↓≤≢⁸ ≡─♃fiⱩꜝכ─ ╡ ⅝⅜꜡♇◐fi◓Ᵽכ

─ ⌐ ™⁸꜡♇◐fi◓Ᵽכ⅜ ╡ ⅝─ ⌐ ∟ ╗↓≤≢ ⌐

╕╡⁸ ╩ ↕∑╢↓≤⅜ ╕∆⁹♃fiⱩꜝ⁸│כ꜡♇◐fi◓Ᵽכ

⅜ ⌐ ╕╠⌂™√╘─ ─ ╩⇔≡™╕∆⁹ 

 

כ♄fiꜞ◦כꜝⱴ◓Ⱡ♇♩♃fiⱩה  

 ⱴ◓Ⱡ♇♩♃fiⱩꜝכ◦ꜞfi♄כ ≤│⁸♃fiⱩꜝכ⌐ ⱴ◓Ⱡ♇

♩ ╩ ⇔√◦ꜞfi♄כ ≢∆⁹ ─⁸S ≥℮⇔╕√│ N ≥℮
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⇔│ ⇔⁸S ≤ N │ ⅝ ℮≤™℮ ╩ ⇔≡™╕∆⁹ 

 ≤ ⌐╕√⅜╢╟℮⌐Ⱨfi ─ⱴ◓Ⱡ♇♩♃fiⱩꜝכ╩ ⇔⁸

ⱣⱠ≢ ⌐♃fiⱩꜝכ╩ ⇔ ↑≡™╕∆⁹ 

 ╕√⁸ ⌐│♃fiⱩꜝכ─ ⌐ ℮╟℮⌐ⱴ◓Ⱡ♇♩⅜ ╘ ╪≢№

╡⁸ ≡─♃fiⱩꜝכ⅜ ⌐ ╘ ╪≢№╢ⱴ◓Ⱡ♇♩≤ ⇔ ℮↓≤

≢ ⌐ ╕╡⁸ ╩ ↕∑╢↓≤⅜ ╕∆⁹ 

 ⅜ ℮≤⁸ ⌐ ╕╠⌂™♃fiⱩꜝכ⅜ ≤⌂╡⁸ ╩

↕∑╢↓≤⅜≢⅝╕∑╪⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 

 

 

⌂ ה  
ה  

 ≤│⁸∕─ ─ ╡⁸ ╩ ∆╢↓≤≢ ∆╢♃

▬ⱪ─ ≢∆⁹ ™ ≢ ⅎ┌⁸ ⌂≥⌐ ∆╢ ⌂♄▬ꜘꜟ

─ ╦∑ ☿◘Ⱶ꜡♇◒ ╙  

≤™ⅎ╕∆⁹ 

 ♥fi◐כ╛Ⱳ♃fi╩ ∆↓≤≢ ╩ ⇔⁸ 

⅜ ⇔↑╣┌ ∆╢≤™℮╙─⅜ 

≢∆⁹ 

 ⌐│ ─╙─≤ ─╙─⅜№╡⁸ │ ⅜

≢∆⁹ │ ⅛╠ ╩⇔≡≤╢╙─≤⁸ ╩ ℮╙─⅜

№╡╕∆⁹ 

 

♪כ◌ה  

♪כ◌  ≤│⁸ ⅜ ™ ♪כ◌ ⌐⌂∫≡™╢ ─↓≤≢∆⁹ 

♪כ◌⅜  ─ ≤ ⌐ ∫≡╙⁸∕─ ╖│ ₁≢∆⁹ 

♅Ɽfi⌐♪כ◌  ⅜№╡∕─ ≢ ∆╢╙─ 

Ⱨfi◦ꜞfi♄כ⌐ │ ≡™╕∆ ⁸ 

⅜♩♇ⱴ◓Ⱡ⌐♪כ◌ ↕╣⁸∕─ ≢ 

∆╢╙─ ⱴ◓Ⱡ♇♩♃fiⱩꜝכ◦ꜞfi♄כ 

≤ ≡™╕∆ ⌐♪כ◌⁸ ⅜ⱪכ♥ ∫≡№╡⁸ 

∕─ ╩ ╖ ∫≡ ⇔ ∆╢╙─⁸ 

⌐♪כ◌ IC ♅♇ⱪ⅜ ╘ ╕╣≡⅔╡⁸∕─ ╩ ╖ ∫≡ ∆╢

╙─⌂≥⅜ ⌂╙─≢∆⁹ 

 ─ ╩ ╖ ╦∑√Ɫ▬Ⱪꜞ♇♪♃▬ⱪ─◌כ♪ ╙№╡

╕∆⁹ 

 

כ◐ICה  



54 

 

 IC כ◐ ⌐כ◐⁸│≥ ╘ ╕╣√ IC ♅♇ⱪ≤ ≤─ ≢ ─

↑ ⇔╩⇔⁸ ∆╢↓≤≢ ∆╢ ≢∆⁹ ↄ│ ≢ ╩ 

╛╡ ╡⇔╕∆⁹ 

 JR ─₈Suica₉╛ ⱴⱠ₈─כEdy₉⁸◒꜠☺♇♩◌כ♪⌂≥≢ ╦╣

≡™╢ ╩ ⌐ ⇔√ ≢∆⁹ 

♪כ◌  כ♄ꜟⱱכ◐⁸ ⌂≥⅜ ⇔≡™╢ ⅜ ™≢∆⅜⁸ ⌐

╘ ╕╣√ IC ♅♇ⱪ─ ↕ⅎ ⅎ┌⁸ ─ │ ™╕∑╪⁹ 

 ╕√⁸ ⅜ ⇔≡™╢ ─ IC ♅♇ⱪ⅜ ╘ ╕╣≡™╢ ≢№

╣┌⁸ ╩♪כ◌♩♇☺꜠◒╛ ≤⇔≡ ⇔≡ ℮↓≤╙ ≢

∆⁹ 

 

 

 

 

 

 

 

ה Ᵽ▬○ⱷ♩ꜞ♇◒☻  

 ≤│⁸ ╛ ⁸ ⁸ ⁸ ⁸ ⁸ ⌂≥─

─ ╩ ∆╢↓≤≢ ∆╢ ─↓≤≢∆⁹ ╩ ∆╢↓≤⅜

⌂─≢⁸ ─ ╩∆╢─⌐╙ ⇔≡™╕∆⁹ 

⅜כ▫♥ꜞꜙ◐☿⌂  ⌂ ≢│ ⌂≥╙ ↕╣≡

™╕∆⅜⁸ ⌂◦☻♥ⱶ⌐⌂╡╕∆⁹ 

 ≢│⁸↓↓ ⅜↓⌂╣≡⅝√↓≤╙№╡⁸ ⅜

⇔ ╘≡™╕∆⁹ 
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─ ─  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 fiכ♃ⱶ◘ה

 ♦♇♪Ⱳꜟ♩╩ ⇔ ╣∆╢√╘─≈╕╖⁹ │ ⌐◘ⱶ♃כfi

⅜ ⌐⌂╢⁹ 

ⱡⱩה ╕√│꜠ⱣכⱢfi♪ꜟ  

 ⱡⱩ │ ∫≡─ ╩ √⇔⁸ꜝ♇♅Ⱳꜟ♩─ ⇔ ╣╩ ℮⁹ 

 

♩ⱨ꜡fiה  

─☻כ◔  ─ ⌐ ≡ↄ╢ ≢⁸ꜝ♇♅Ⱳꜟ♩⁸♦♇♩Ⱳꜟ

♩─ ╡∆╢ ╩☻כ◔⁸≥ ⌐ ╡ ↑╢√╘─ⱦ☻ ⅜№╢⁹ 

♩ꜟⱲ♩♇♦ה  

 ∆╢√╘─ ◌fi♯◐ ≢⁸ ⁸◘ⱶ♃כfi≢ ∆╢⁹ 
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♩ꜟⱲ♅♇ꜝה  

 ⅜ ⌂≥≢№⅔╠╣⌂™√╘─ ╡≢⁸ⱡⱩ╕√│꜠ⱣכⱢfi♪ꜟ

≢ ∆╢⁹ 

◒▬ꜝ♩☻ה  

╠⅛☻כ◔  ≡ↄ╢ꜝ♇♅Ⱳꜟ♩⁸♦♇♪Ⱳꜟ♩─₈ ↑₉≢ ⌐

╡ ↑╢⁹ 

 

ה ☻כ◔  

 ─ ─ ⅜ ╘╠╣≡™≡⁸ ─ ⌐ ╘╢ ≤ ⌐ ╡

↑╢ ─ ⅜№╢⁹ 

 כ♄fiꜞ◦ה

 ─ ╢ ≢⁸∕─◦ꜞfi♄כ ─ ≢│ ⇔⌂™╟℮⌐⌂∫

≡™╢⁹ 

 ♩♇☿◒♇Ᵽה

 ⱨ꜡fi♩ ⅛╠ⱡⱩ ꜠ⱣכⱢfi♪ꜟ ╕√│◦ꜞfi♄כ─ ╕≢─

↕╩ ∆ ⁹ 

 ◓fi◦כⱭ☻ה

 ⱡⱩ ꜠ⱣכⱢfi♪ꜟ ≤◦ꜞfi♄כ╩ ₁⌐ ⅎ╢ ≢⁸∕─

─ ↕╩ ∆ ⁹ 

ה ☻♩ꜝ▬◒Ⱳ♇◒☻  

 ╩ ╡ ↑╢√╘─ ─ ╡ ╩ ℮√╘─ ⁹ ─♩꜡

⸗ꜟ♃ꜟ ⅜ ⌐ ╡ ╗─╩ ← ╙№╢─≢♩꜡ꜜ◔≤╙

┌╣╢⁹ 
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╙℮ ≈─ ≤ ─  
 ₈ ≤ ─ ₉≢│ ∆╢ ─ ™≢ ╩ ⇔╕⇔√⁹

↓↓≢│⁸╙℮└≤≈─ ≤⇔≡⁸ ─ ╛ ⌐╟╡ 5≈⌐

⇔╕∆⁹ 

ה ⸗ⱡ꜡♇◒  

 ⌐ ╩№↑≡ ╡ ↑╢ ≢⁸ⱡⱩ─ ⌐ 

◦ꜞfi♄כ⅜ ╖ ╕╣≡™╕∆⁹ ⌐│ 

─Ⱳ♃fi╩ ∆↓≤≢ ─ⱡⱩ⅜ ⇔⌂™ 

╟℮⌐꜡♇◒↕╣⁸ ↕╣╕∆⁹ ⅛╠ 

ꜝ♇♅Ⱳꜟ♩╩ ≢⅝⌂ↄ∆╢∞↑≢⁸ 

♦♇♪Ⱳꜟ♩│№╡╕∑╪⁹ ─ ─ ≢∆⁹ 

 

ꜟꜝ◓♥fi▬ה ⸗ⱡ꜡♇◒  

 ⱡⱩ─ ⌐◦ꜞfi♄כ≤◘ⱶ♃כfi⅜ ╖ ╕╣ 

≡™╢⸗ⱡ꜡♇◒─ ≢∆⅜⁸♦♇♪Ⱳꜟ♩⅜№╡ 

╕∆⁹ 

 ♦♇♪Ⱳꜟ♩⅜№╢√╘ ╟╡│ ™≤ 

™ⅎ╕∆⅜⁸ │∕╣╒≥ ↄ⌂™√╘⁸ 

≤↕╣≡™╕∆⁹ 

 

◒♇꜡☻כ◔ה  

⅜☻כ◔  ≢⁸ⱡⱩ≤◦ꜞfi♄כ⅜ 

⌐⌂∫≡™╢ ≢∆⁹  ◒♇꜡☻כ◔│⌐

≤™℮≤ ─ ⌐ ╩☻כ◔ ╘╢ ╙─╩ 

↕∆ ⅜ ↄ⁸ ⌐ ╩☻כ◔ ╡ ↑╢ 

₈ ₉≤ ↕╣╕∆⁹ 

 ♦♇♪Ⱳꜟ♩⅜№╡⁸ ⁸ ⌐ ╣≡™╕∆⁹ 
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ה  

 ≤│⁸ ─ ─ ⌐  ╩☻כ◔

↕∑╢╟℮⌐ ╡ ↑╢ ≢∆⁹ ╡ ↑⅜ ≢ 

⁸ ⌐ ╣≡™╕∆⁹ 

 ⱴfi◦ꜛfi⌂≥─ ─ ⌐ ↄ ╦╣≡™╕∆⁹ 

 

ה  

 ≤│⁸♦♇♪Ⱳꜟ♩∞↑╩ ⅎ√ ≢⁸ 

╕√│◘ⱶ♃כfi≢ ⇔╕∆⁹ 

 ≤ ╖ ╦∑≡ ≤⇔≡ ⇔√╡⁸ 

≤⇔≡ ⇔√╡⇔╕∆⁹ 

 

 

≤ ─  

ה ─  

 ─ ≤ ∫√ ⁸╒≤╪≥⅜ ─ ⌐⌂╡╕∆⁹₈ ₉

─ ≤™ⅎ┌⁸ ⌐ ⅜ ╣╢⅛≥℮⅛─ ≢│⌂™⅛

≤ ™╕∆⁹ 

 ╒≤╪≥─ ⅜⁸ ⅜№╣┌◖Ⱨכ╩ ╢↓≤│ ≢∆⁹ ⅛─

≢ ╩ ⌐ ⌐ ╣╠╣╣┌∆←⌐ ≢⅝╢ │ ⅜ ™

≤™ⅎ╕∆⁹╕√⁸ ⅜כfiⱣ♫כ◐⌐ ⇔≡№╢ │⁸ ⅜⌂ↄ≡

╠⅛כfiⱣ♫כ◐╙ ⅜ ╣╢╙─╙№╡╕∆⁹ 

 

ה ─  

 ─ │⁸ ⅝ↄ ↑╢≤◦ꜞfi♄כ─ ≤ ─☻כ◔

─ 2≈⌐⌂╡╕∆⁹ 

◦ꜞfi♄כ─  

 ◦ꜞfi♄כ─ │⁸ Ⱨ♇◐fi◓ ≤ ⇔ ≢∆⁹ 

 ↓─ 2≈│⁸ ◦ꜞfi♄כ─ ⌐ ⅜ ≢ ↑╠╣
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≡™╕∆⁹∕╣∙╣₈5 ₉₈5 10 ₉₈10 ₉─ 3

≢ ↕╣≡™╕∆⁹ 

─☻כ◔  

─☻כ◔  ╙ ≢ ⅜ ↑╠╣≡™╕∆⁹₈ ◘ⱶ♃

fiכ ⇔ ₉₈ ◌ⱶ ╡ ₉₈ ↓∂ ╡ ₉─ 3≈≢∆⁹∕

╣∙╣₈⌂⇔ 5 ₉₈№╡ 5 ₉─ 2 ≢ ↕╣≡™╕

∆⁹

 

 

 

 
http://key -and-lock.joo-hoo.com/ 

http://www.goal -lock.com/jyoumaette/rekisi/REKISI.htm  

http://ja.wikipedia.org/wiki/%E9%8D%B5  
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Ɫכ♪    



61 

 

≤│⁸ ╡⌂ↄ ⌐ ™ ─●ꜝ☻╛ ─ ─ ⌐

╩ ⇔⁸ ╩ ∆╢ ⱴ▬♫☻ ╩ⱥכ♃כ╛ⱨ▫ꜝⱷfi♩

⌐≡ ⌐⇔⁸ⱴ▬♫☻ ⅛╠ ╩ ↕∑⁸↓─ ╩◓ꜞ♇♪

≢ ⇔⁸ ⁸ ⁸ ⁸ ⌂≥─ ╩ ℮↓

≤⅜≢⅝╢ ⱣꜟⱩ ─ ≢№╢⁹ 

 

≢│ ╠╣√ ⌐⇔⅛ ↕╣≡™⌂™ ≢│№╢⅜⁸∕─

╛ ⌐≈™≡↓╣⅛╠ →≡™ↄ⁹ 

 

 

 

1884 ⁸◄☺♁fi⅜ ╠ ⇔√ ≢ ╩ ∫≡™╢ ⌐⁸

⇔≡ ∑╠╣√ⱨ▫ꜝⱷfi♩⅛╠ ⅜ ↕╣╢↓≤╩ ⇔√⁹

↓─ ╩◄☺♁fi ≤ ↑ ─↓≤≢№╢ ⁸↓─

≥(Diode) ♪כ○▬♄╩ ↑√⁹ 

 

∕─ ⅜ ≤⌂╡⁸∕─ 1904 ⌐☺ꜛfiהⱨ꜠Ⱶfi◓⅜

╩ ⇔⁸1906 ⅜♩☻꜠◊ⱨה♪הכꜞ│⌐ ╩ ⇔√⁹ 

⌐№╢ ─ ⅜ ─♩☻꜠◊ⱨה♪הכꜞ⁸╘√╢⅝≢

│►▼☻♃fiה◄꜠◒♩ꜞ♇◒ ≢ ⌐ ↕╣⁸ ↕╣≡™

∫√⁹1929 ⌐│ ⅜ ⇔⁸1935 ⌐ ⌂ⱷ♃ꜟⱦכⱶ ⅜

⁸↓╣⌐╟╡ ≤⌂╢ ⅜ ⇔√⁹ 

 

ENIAC ⌂≥ ─◖fiⱧꜙכ♃⌐│ ─ ⅜ ↕╣≡™╢⅜⁸

─ ∫√ ╩ ⌐ ∆╢─⅜ ─ ─└≤≈∞∫√⁹ 

 

∕─ ⁸ │♩ꜝfi☺☻♃┼≤ ⅝ ╦∫≡™ↄ─≢№╢ההה 
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─ ╖ 

⌐╟╢  

 

₈ ₉≤™℮─│ⱪ꜠כ♁◌≥♩כ♪≤™℮ 2≈─ ╩ ∆⁹ 

─Ⱪכꜙ♅☻ꜝ●⁸│ ⌐ ≢ √ ⅜

ⅎ╢⁹↓╣⅜ⱪꜝ☻─ ≢ⱪ꜠כ♩≤ ┬⁹ ⌐╙ ─ ⅜№╡⁸

↓╣╩ⱴ▬♫☻─ ≥♪כ♁◌≢ ╩♪כ♁◌≡⇔⧵⁹┬ ↕∑╢ 

ⱥ⁹╢№⅜כ♃כⱥ⁸≡∫╟⌐כ♃כ │ ↄ ∫≡ ⅎ╢⁹ 

─ ⅝⌂ ≤⇔≡⁸ ⌐⌂╡⁸ ⅜ ⅝™↓≤⅜ →╠

╣╢⅜⁸∕╣│ ⌐↓─ⱥכ♃כ⅜ ≢

№╢⁹ 

 

≢№╢ ╩ ↕∑╢≤ ≢

⅝ ∫≡™╢ ⅜ ⌐ ┘ ⇔

≡ↄ╢⁹↓╣╩ ≤™℮⁹ 

↓─ ╩ ─♪כ♁◌⁸⌐╘√╢∆

╩ ∆╢ⱥכ♃כ⅜ ⌐⌂╢⁹ 

ⱪ꜠כ♩⅜ⱪꜝ☻⁸◌♁כ♪⅜ⱴ▬♫☻⌐

⌂╢╟℮⌐ ╩⅛↑╢⁹ 

∆╢≤⁸ │ⱴ▬♫☻⅛╠ⱪꜝ☻⌐ ╣

╢√╘⁸ ⅜ⱪ꜠כ♩─ ┼ ∆╢⁹

1  

↓↓≢ ♪כ♁◌⁸│─⌂ ─ ∞↑╩ ⇔≡™╢ ≢№╢⁹∕

─√╘⁸ⱪꜝ☻≤ⱴ▬♫☻╩ ⌐⇔≡╙⁸ⱪ꜠כ♁◌╠⅛♩כ♪┼─

─ │ ⅝⌂™⁹ ∫≡⁸ 1 ─╟℮⌐ ⱪ꜠כ♩⅜ⱪꜝ☻⁸◌♁כ

♪⅜ⱴ▬♫☻─ ∞↑ ⅜ ╣╢⁹↓─ │ⱪ꜠כ♁◌╠⅛♩כ♪

⌐ ⅛℮ ─╖╩ ∆ ⌐⌂∫≡™╢⁹↓╣╩ ≤™℮⁹ 

 

β │ⱪꜝ☻⅛╠ⱴ▬♫☻⌐ ╣╢⁹∕╣≤ ⌐│⁸ ⅜

╣≡™╢⁹  
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╠⅛♪כ♁◌⁸⅔⌂ ↕╣√ │⁸ ≢│ ╛ ⌂≥

≤ ⇔≡ ╟ↄ ≢⅝⌂™⁹╕√⁸ │ⱥכ♃כ╩≥╪≥╪

↕∑╢⁹∕↓≢ ≢Ⱪכꜙ♅☻ꜝ●╩ ™⁸ ╩ ⌐∆╢↓≤⌐⇔√⁹  

↓╣⅜ ≤ ┌╣╢ ≢№╢⁹ 

 

≤ ⌐≈™≡ 

1─╟℮⌐⁸ⱥכ♁◌≢כ♃כ♪─ ╩ ⇔⁸ ╩ ┌∆

╩ ≤™℮⁹ 

⌐│ ⌐╙ ≤™℮ ─ ⅜♪כ♁◌│╣↓⁹╢№╙ ↄ⁸

ⱨ▫ꜝⱷfi♩╩ ↕∑⁸ ╩ ┌∆ ─╙─≢№╢⁹ 

─ⱷꜞ♇♩≤⇔≡⁸∆←⌐ ╕╢⁸ⱨ▫ꜝⱷfi♩ ╩ ∆╣┌

≢№╢ ≤™∫√ ⅜ →╠╣╢⁹◄☺♁fi⅜ ⇔√ ⁸│♪כ○▬♄─

ⱨ▫ꜝⱷfi♩╩ ⇔√ ≢№╢⁹ ─ ≢│ ⅜ ╦

╣≡™√⁹ 

 

ⱨ▫ꜝⱷfi♩─ ≤⇔≡│⁸♃fi◓☻♥fi⅜ ↕╣≡™╢⁹   

≤ ∂ ⁹↓─ │ ⌐∆╢ ⅜№╡⁸∕─√╘ ─

│ ∆╢≤ ─╟℮⌐ ╢⅛∫√⁹ 

∕─ ⅜ ╖⁸ ™ 600ϴ 800ϴ ≢ ─ ⅜  

™ ─ⱨ▫ꜝⱷfi♩⅜ ↕╣≡™∫√⁹ 

ⱥכ♃כ─ ≤⇔≡│⁸ ↕╣√♬◒꜡ⱶ ⅜ ╦╣≡™╢⁹ⱥכ♃

כ │ 1500ϴ⌐╙⌂╢≤™℮⅜⁸∕╣╩☻ꜞכⱩ≢ ╪≢⁸ ╩

700ϴↄ╠™⌐ ⇔≡™╢⁹ 

─ │ ≢№╢√╘⁸ ╩◌Ᵽכ⇔≡™╢●ꜝ☻─

│ ≢╙ 200ϴ ⁹↓╣│●ꜝ☻─ ─ ≢╙№╢⁹ 

 

─ │ ≢ ∆╢≤⁸ ⱡ▬☼⅜ ╡⁸ ↕╣╢≤⅝⌐

⅜ ╢ ╣⅜№╢⁹ ⁸ │ ≢╙№╕╡ⱡ▬☼⅜

⌂™⁹╕√⁸ ─ ─ ↕╛⁸ ─ ─ ↕⌐╟╡⁸

─ ⅜ ≤⌂∫≡™∫√⁹  
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⌐╟╢  

 

─ⱪ꜠כ♁◌≥♩כ♪ ╕√│ⱨ▫ꜝⱷfi♩ ≤─ ⌐⁸↕╠

⌐ ─ ╩ ⅎ╢⁹↓─ ≈ ─ ╩◓ꜞ♇♪ ≤™℮⁹ 

 

◓ꜞ♇♪│ⱪ꜠כ♁◌≥♩כ♪─ ⌐ 

№╢⅜⁸ ─ ╩ →⌂™╟℮⌐

⌐⌂∫≡™╢⁹ 2  

ⱪ꜠כ♁◌≥♩כ♪─ ⅜♪כ♁◌⁸│≢

ⱴ▬♫☻≢№╢⁹∕↓⅛╠ ⅜♪כ♁◌⌐

ⱪꜝ☻⁸◓ꜞ♇♪⅜ⱴ▬♫☻⌐⌂╢╟℮⌐

╠⅛♪כ♁◌⁸≥╢∆⁹╢↑⅛╩

↕╣√ ─ ⅜⁸ⱪ꜠כ♩⌐ ┘ ╣

∏⌐◓ꜞ♇♪⌐│⌡ ↕╣╢╟℮⌐⌂╢⁹

⅜ ┘ ╣⌂™≤™℮↓≤│⁸ ⅜ ╣⌂™≤™℮↓≤≢№╢⁹ 

 

─♪כ♁◌≥♪♇ꜞ◓ ⌐⅛↑╢ ╩╦∏⅛⌐ ↕∑╢↓≤≢⁸  

ⱪ꜠כ♁◌╠⅛♩כ♪⌐ ╣╢ ⅜ ⅝ↄ ∆╢⁹↓╣⅜ ≢

№╢⁹ 

♪♇ꜞ◓ה♪כ♁◌─⅝≥─↓ ─ ╩₈Ᵽ▬▪☻ ₉≤™℮⁹ 

Ᵽ▬▪☻ ╩ ⅝ↄ∆╢ ↄ∆╢ ⌐♪כ♁◌⁸≥ ╣╢ │ ↄ

⌂╢⁹ ⌐⁸Ᵽ▬▪☻ ╩ ↕ↄ∆╢ ↄ∆╢ ≤⁸ │ ↄ⌂╢

≤™∫√ ≢№╢⁹ 
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ה ┼─  

 

─ ╩ ╘╢⌐│⁸◓ꜞ♇♪╩ ⅛ↄ⇔≡ ↄ─ ╩

⌐♪כ♁◌╩♪♇ꜞ◓⁸╡√⇔ ↕∑≡ ─ ┼─ ╩ ⅝ↄ

⇔√╡∆╢ ⅜ ⅎ╠╣╢⁹ ∕─ │ ™ⱪ꜠כ♩ ⅜ ≤

⌂╢⅜⁸ ™ⱪ꜠כ♩ ⌐ ⅎ╢√╘⌐◓ꜞ♇♪≤ⱪ꜠כ♩─ ⌐

◓ꜞ♇♪ ♪♇ꜞ◓fiכꜞ◒☻ ╩ ↑⁸ ╩ ⅎ╢⁹↓╣╩

≤ ┬⁹ 

│⁸ ╟╡╙ ⅜ ⅝™√╘⁸ⱪ꜠כ♩⌐ ⅜ ↄ

∆╢⁹∆╢≤ⱪ꜠כ♩⅛╠ ⅜ ↕╣╢ ⅜№╢

≤™℮ ⁹↓─ ⅜ ◓ꜞ♇♪⌐ ↕╣≡⇔╕™⁸

ⱪ꜠כ♩─ ⅜ ⇔≡⇔╕℮ ⅜№╢ ─ ⅜ ⅜∫≡⇔

╕℮ ⁹ 

∕─ ╩ ∆╢√╘⁸ ◓ꜞ♇♪≤ⱪ꜠כ♩─ ⌐ ◓ꜞ♇♪

◘ⱪ꜠♇◘◓ꜞ♇♪ ╩ ⌐☻כ▪│√╕♪כ♁◌⁸↑ ⇔√╙─╩

≤ ┬⁹ⱪ꜠כ♩⅛╠ ↕╣√ │ ◓ꜞ♇♪⌐╟

∫≡ ↕╣╢√╘⁸ ─ ⅜ ≥ ™ ⌂ ⅜ ≤

⌂╢⁹╕√⁸◘ⱪ꜠♇◘◓ꜞ♇♪╩ ↕∑╢↓≤≢⁸ⱪ꜠כ♩┼─

─ ╩ ⅎ╢ ⅝╙№╢⁹ 
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─  

1960 ⁸ │♩ꜝfi☺☻♃⌐ ∫≡ ╦╢╟℮⌐⌂∫√⁹

─ ≤⇔≡⁸ ⁸ ─ ⅝↕⁸ ⁸ ─ ⁸

─ ⌂≥⅜ →╠╣╢⁹↓╣╠─ ╩ ≢⅝╢─⅜

─♩ꜝfi☺☻♃≢№╡⁸∕─ ≤ ⌐ │ ╦╣⌂ↄ⌂∫√⁹ 

1970 ⌐│⁸∆≢⌐ ╩ ⇔√♥꜠ⱦ╛ꜝ☺○│ ↕╣⌂ↄ⌂

∫√⁹ 

⇔⅛⇔⁸ ⅜↓─ ⅛╠ ╩ ⇔√╦↑≢│⌂™⁹ 

 

─▪fiⱪ ≢│⁸ ≢╙ ⅜ ╦╣╢↓≤⅜№╢⁹

♩ꜝfi☺☻♃╩ ⇔√▪fiⱪ╟╡╙ ╩ ∫√ ─▪fiⱪ─╒

℮⅜₈ ⅜ ™₉≤ ∂╢ ╙ ╢⁹♩ꜝfi☺☻♃╟╡╙ ─ ─╒

℮⅜ ╣≡™╢≤™℮ ╙ ™≤↕╣╢⅜⁸ ─ ╖│ ∕╣∙

╣≢№╡⁸ ▪fiⱪ─ │ ≢╙ ↄ ∫≡™╢─≢№╢⁹ 

כ♃◑⁸⌐ ─▪fiⱪ│ ≢╙ ⅜ ≢№╡⁸ ╙ ™≤™

℮⁹⅛≈≡ ╩ ⇔≡™√ ─ ⅜ 2010 כ○⁸⌐

♦▫○ ─ ╩ 35 ┬╡⌐ ה ╩ ╘√↓≤╙ ≤⌂

∫√⁹ 

⅛╠ ⁸ ≤⇔≡─ ┼≤ │⇔≡™╢⅜⁸ │

≢╙ ╦╣ ↑≡™╢─≢№╢⁹
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─ ⅛╠ ♫☻ ₒ1930 ╕≢ₓ 

ST ₒ1930 1950 ₓ 

GT ₒ1940 1950 ₓ 

mT Ⱶ♬♅ꜙ▪№╢™│Ⱶ♬▪♅ꜙ▪ ₒ1950 ₓ 

ⱦ☻♃(Nuvistor)  ₒ1960כꜙ♬ ₓ 

◘ⱩⱵ♬♅ꜙ▪ ₒ1960 ₓ 

 

 

₈ ≤♩ꜝfi☺☻♃─ ╖₉ 

http://our -house.jp/tube%20and%20tr/  

₈ ΅wikipedia ₉ 

http://ja.wikipedia.org/wiki/%E7%9C%9F%E7%A9%BA%E7%AE%A1  

₈ ─ ≤ ₉ 

http://www12.ocn.ne.jp/~orchid/AudioTubeKindTOP.html  

₈ ─ ₉ 

http://kan0ken1.komusou.jp/audio/principle.html  

₈ ─ ₉ 

http://champ .chips.jp/gazou14/tube1.html#tub02  

₈ ─ ≤ ₉ 

http:// www.tus.ac.jp/info/setubi/museum/db/museum -yama/si/pentode.

pdf 

₈ ≤│₉ 

http://www2s.biglobe.ne.jp/~ii_on/whattu/whattu.htm  
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 ♃כꜙfiⱧ◖כⱤכ☻

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♁ⱨ♩    
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з.☻כⱤכ◖fiⱧꜙכ♃≤│ 

 ╩ ≤∆╢ ◖fiⱧꜙכ☻⁹♃כⱤכ◖fiⱧꜙ

─♃כ │ ⌐ ∫≡ ⅝ↄ ⇔≡⅝≡™╢⅜⁸ ⌐│∕─

─ ⅜ ↕╣√ ◒ꜝ☻─ ─ ╩ ∆⁹ ≢│

⌐ Ᵽכ◘╢╣↕ ╟╡╙ ⅜ 1,000 ─ ↕

─◖fiⱧꜙכ☻₈╩♃כⱤכ◖fiⱧꜙ₉♃כ≤ ┬↓≤⅜ ™⁹ 

⁸☺כ꜠♩☻⁸כꜞ⸗ⅎ≥╙⁸ⱪ꜡☿♇◘⁸ⱷ™≥♃כꜙfiⱧ◖כⱤכ☻

Ⱡ♇♩꞉כ◒ ─Ɫ⁸≥▪▼►♪כ∕─ ≢ ↄ○Ɑ꜠כ♥▫fi◓◦☻♥

ⱶ OS ╛▪ⱪꜞ◔כ◦ꜛfi⌂≥─♁ⱨ♩►▼▪⅛╠ ↕╣╢ ≢│

⌂◖fiⱧꜙכ♃≤ ∂≢№╢⁹⇔⅛⇔⁸∕╣╠ ⌐│

╩ ∆╢√╘⌐↕╕↨╕⌂ ⅜ ↕╣≡™╢⁹∕─ ─ ⌐

│ ⌐ ⌂◖fiⱧꜙכ♃⌐ ↕╣√╙─╙ כⱤכ☻⅔⌂⁹╢№

◖fiⱧꜙ⁸│כ◙כꜚ─♃כ ≤│ ⌐ ↕╣√ ╛⁸SSHהtelnet

Ⱡ♇♩꞉כ◒⌐ ↕╣√ ╩ ∆╢√╘⌐ ∆╢▪ⱪꜞ

fiꜛ◦כ◔ ─ⱪ꜡♩◖ꜟ ≢ ╩ ℮⁹ ╛ ≢ ╦╣

╢↓≤⅜ ™⅜⁸ ≢╙ ⅜ ╪≢™╢⁹ 

 

и.☻כⱤכ◖fiⱧꜙכ♃─  

◘♇☿꜡ⱪה ─◖fiⱧꜙכ♃ ⌐ ╩ ◖כⱤכ☻℮⁹

fiⱧꜙ⁸1│≢♃כ ◒꜡♇◒≢ ─ ╩ ⌐ ℮ⱬ◒♩ꜟ ⌂≥

╩ ⅎ√ⱪ꜡☿♇◘─ ╛⁸◦☻♥ⱶ─ ⌐ ⅛╠ ─ⱪ꜡☿

♇◘╩ ⇔ ╩ ⌐ ∆╢↓≤≢ ╩♩♇ⱪכꜟ☻™ ∆╢

≤⌂∫≡™╢⁹ 

♩◒Ⱡ◖כ♃fi▬ה ≥♪כⱡ│♃כꜙfiⱧ◖כⱤכ☻ ┌╣╢

─ ⌐╟∫≡ ↕╣⁸∕─ │◖fiⱧꜙכ♃Ⱡ♇♩꞉כ◒⌐╟∫

≡ ↕╣╢⁹∕─ⱡכ♪ ╩ ┬◖fiⱧꜙכ♃Ⱡ♇♩꞉כ◒─↓≤╩

⌐▬fi♃כ◖Ⱡ◒♩≤ ┬⁹ 

☺꜡ⱳ♩◒כⱠ♇♩꞉ה  Ⱡ♇♩꞉כ◒ ─ⱡכ♪ : node⁸₈ ₉

№╢™│₈ ₉╩ ⇔⁸ ⌐│◖fiⱧꜙכ♃╛Ⱡ♇♩꞉כ◒

⌂≥ ─↓≤ ≤⁸Ⱡ♇♩꞉כ◒─ ≤─ ╩♄▬▪◓ꜝⱶ≢
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⇔√ ─⧵Ⱡ◒♩≢│⁸◖כ♃fi▬╢↑⅔⌐♃כꜙfiⱧ◖כⱤכ☻⁹

♩ⱳ꜡☺╙ ⌐ ⅝™ ╩ ⅎ╢⁹ 

fi◓◦☻♥ⱶ▫♥כ꜠Ɑ○ה  UNIX ⅔╟┘ Linux ⌂≥─ Unix ⅜

ↄ ↕╣≡™╢⁹ 

◓ⱪ꜡◓ꜝⱵfiה  ≢│ Fortran ⅜ ↄ⅛╠ ╦

╣⁸◖fiⱤ▬ꜝ ⅜ ⇔≡™╢↓≤╛▪ⱪꜞ◔כ◦ꜛfiה

ꜝ▬Ⱪꜝꜞ⌂≥─♁ⱨ♩►▼▪ ─ ⅜ ⅝™↓≤⅛╠ 2013

≢╙ ↕╣╢⁹ ≤ ─ ⅛╠⁸C ⅔╟┘ C++╙

╟ↄ ™╠╣╢⁹ 

ה  API⁸ⱨ꜠כⱶ꞉כ◒ ™ ╩ fiⱧ◖כⱤכ☻╢╣╠╘

♃כꜙ ↑▪ⱪꜞ◔כ◦ꜛfi≢│⁸ⱬ◒♩ꜟⱪ꜡☿♇◘─ⱬ◒♩ꜟ

╛ SIMD ⌂≥─ ╩ ⇔⁸ ╩ ╘╢↓≤≢

╩ ∫≡™╢⁹ 

 

й. ⌂  

│♃כꜙfiⱧ◖כⱤכ☻  ↄ─ ⁸ ⌂≥⌐⅔™≡⁸ ≢

⌂ ╩ ℮√╘⌐ ™╠╣≡™╢⁹ ⌐│⁸ ⁸

╛ ─ ⁸ ⁸ ⁸ ⁸ ⁸

─ ⁸ⱳꜞⱴ⁸כ ⌂≥─ ─ ⁸♫ⱡ♥◒ⱡ꜡☺⁸כ

◦Ⱶꜙ꜠כ◦ꜛfi⁸ ◦Ⱶꜙ꜠כ◦ꜛfi ◦Ⱶꜙ꜠כ◦ꜛfi⁸

─ ◦Ⱶꜙ꜠כ◦ꜛfi⁸ ─ ◦Ⱶꜙ꜠כ◦ꜛfi⁸

─ ⌂≥⅜№╢⁹ ⅎ┌⁸ ⅜ ⇔≡™╢₈ ◦

Ⱶꜙ꜠⁸│≢₉♃כ ⌐ ╩ ⇔≡ ─ ╩◦Ⱶ

 fi⇔≡™╢⁹ꜛ◦כ꜠ꜙ

 

к.TOP500 

 TOP500 │⁸ ≢ ╙ ⌂◖fiⱧꜙכ♃◦☻♥ⱶ─ 500 ╕≢

╩ ⌐ꜝfi◒ ↑⇔⁸ ∆╢ⱪ꜡☺▼◒♩≢№╢⁹ 

1990 ⌐ ∫≡ ⅜ ∆╢≤⁸ ⌂ ╩ ╢√╘⌐

─♃כꜙfiⱧ◖כⱤכ☻ √⌂ ⅜ ╘╠╣╢╟℮⌐⌂∫≡⅝√⁹1992
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⌐ⱪ꜡☿♇◘ ⌐╟╢ꜝfi◒ ↑⅜ ╖╠╣√ ⁸ ⌐ ↕╣√

─ ╩╙≤⌐ꜞ☻♩╩ ∆╢ ⅜ⱴfiⱢ▬ⱶ ⌐╟╡ ↕

╣√⁹1993 ⌐ⱪ꜡☺▼◒♩⌐ ╦∫√♥Ⱡ◦כ fi♪ה◒♇ꜗ☺─

●ꜝ⌐╟╡ LINPACK ⱬfi♅ⱴכ◒ β ⅜ ↕╣⁸ ─ ╩╙≤

⌐ ⅜ 1993 5 ⌐ ↕╣√⁹1993 6 ⅛╠│ ┘ⱬ

fi♄─ ⌐╟╢ 2 ─ ≤⌂∫√⁹ 

β LINPACK ⱬfi♅ⱴכ◒ LINPACK ⌐ ≠™√ⱬfi♅ⱴכ◒

─√╘⌐ ™╢ ⱪ꜡◓ꜝⱶ≢⁸◦☻♥ⱶ─ ╩

⅜ꜝ●fi♪ה◒♇ꜗ☺⁹╢∆ ⇔√╙─≢⁸ ה ≢ ⌂ 

n×n ─  Ax = b ╩ ↄ ╩ ∆╢⁹ ≤∆╢ ₁─

⌐⅔↑╢ ™ ↕╛ ─ ╩ ∆╙─≤│ ╠⌂™⁹ 

 

ה  ꜝfi◐fi◓ 1  ♃כꜙfiⱧ◖כⱤכ☻─

2013 6 17 ⌐ 41 TOP500ꜞ☻♩⅜ ↕╣⁸ ─ 2

⅜ 1 ≤⌂∫√⁹ 2 │ ⅜ №≢♃כꜙfiⱧ◖כⱤכ☻√⇔

╡⁸ ⅜ ⇔⁸ ⌐ ↕╣≡™╢⁹ 

 

◖▪  3120000 

 54.9PFLOPS β  

L INPACK ⱬfi♅ⱴכ◒  33.86PFLOPS 

 17808KW 

ⱷ⸗ꜞ1024000 כ GB 

◦☻♥ⱶ TH -IVB -FEP Cluster  

⌂ⱪ꜡☿♇◘ Intel Xeon E5 -2692 12C 

OS Kylin Linux  

 

β FLOPS 1 ⌐ ⅜ ≢⅝╢⅛≤™℮ ╩

⁸ ⌐ ⇔√ ⁹ 
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л.☻כⱤכ◖fiⱧꜙכ♃─ ⌂╙─  

⌐│⁸∕─ ≢ ─◖fiⱧꜙ⁸♃כ ⌐ ≢

⌂ ⅜ ↕╣√◖fiⱧꜙכ☻⁸₈⅜♃כⱤכ◖fiⱧꜙכ

♃₉≤ ┌╣⁸ ≤⇔≡ ⌐ ╦╣╢ ⅜ ⅛∫√⁹ ⌐│ CDC

─₈CDC6600₉№╢™│▬ꜞⱡ▬ ─₈ILLIAC IV ₉╩ כ☻─

Ɽכ◖fiⱧꜙ⁹╢™≡⇔≥∞♃כ 

 

1964  CDC6600 

─ ♃כꜙfiⱧ◖כⱤכ☻⁹╢™≡╣╦™≥♃כꜙfiⱧ◖כⱤכ☻

─ ≤ ↕╣╢◒꜠▬ Seymour Roger Cray ⌐╟╢ ≢⁸ CPU ╩

∞↑⌐⇔≡ⱷ⸗ꜞכ▪◒☿☻╛ ╩ ─Ɫכ♪⌐╙√∑

╢↓≤⁸ ╩ RISC ─╟℮⌂ ⌐∆╢↓≤⌂≥⌐╟╡⁸CPU ╩

⇔√⁹╦∏⅛ 3MFLOPS ∞⅜⁸ ≤⇔≡│ ⌂ ≢№∫

√⁹ 

 

 1972  ▬ꜞⱡ▬ ₈ILLIAC IV ₉ 

─ ≢│⌂™⅜ כꜝ◌☻ ⁹♃כꜙfiⱧ◖כⱤכ☻─ ─ⱪ

꜡☿♇◘─ ≢│ ⅜№╢√╘⁸256 ─ⱪ꜡☿♇◘╩ 4≈─ ꜚ

♬♇♩≢ ∆╢ ⌐⇔√⁹╕√⁸ ─ ╩№→╢√╘⌐⁸

─ FORTRAN ╛ ALGOL ╩ ⇔√⁹ ⅜ ↄ ⌐│ ╠

≢♃כꜙfiⱧ◖כⱤכ☻⁸⅜√∫⅛⌂ ∆═⅝ ╩ ⌐⇔√↓≤⌐

╟╡⁸∕─ ─ ⌐ ⅝⌂ ╩ ⅎ√⁹ 

 

 1976 ╩₈CRAY-1₉│♅כ◘ꜞ▬꜠◒  ⇔√⁹ 

 ─ⱬ◒♩ꜟ │▬꜠◒⁹♃כꜙfiⱧ◖כⱤכ☻ CDC ╩ ⇔≡⁸

⌐♃כꜙfiⱧ◖כⱤכ☻ ♅כ◘ꜞ▬꜠◒√⇔ ╩ ⁹∕─ ─

⅜ CRAY-1≢№╢⁹ ⌂ ⌐╟╡ ╩ ⇔√⁹ 

ꜟ♩◒ⱬה CPU ─  

ה ─ ⌐╟╢ ╩ ╢√╘⌐ ╩ ⌐⇔√⁹ 
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ה ─√╘ ⌐∆╢≤ ⅜ ⅝ↄ⌂╢⁹∕─ ─√╘⌐

ⱨ꜠○fi╩ ⇔√⁹ 

 ↓╣╠─√╘⌐ ⌐⌂╡⁸ ─ │ 800 ♪ꜟ╙⇔√

─ │ ╣╢╟℮⌐⌂∫≡⅔╡⁸₈ ≢ ╙ ™▬☻₉≤™╦╣√

⅜⁸80 ↕╣√⁹ 

 

 1981 ⁸ │₈ ◦☻♥ⱶ

ⱪ꜡☺▼◒♩ ♩◒▼☺꜡ⱪ♃כꜙfiⱧ◖כⱤכ☻ ₉╩ ⇔√⁹

─◖fiⱧꜙכ♃ ╩ ™≡⁸1989 ╕≢⌐ 10GFLOPS fi◖כⱤכ☻─

Ⱨꜙכ♃╩ ⁸ ⁸ ╩ ™⁸∕─ ╩ ∆╢↓≤╩ ≤⇔

≡™╢⁹ 

 

 ─ ─◖fiⱧꜙכ♃ⱷ⁸│כ◌כ ⌐ ╩╙∫≡™√⁹

─♃כꜙfiⱧ◖כⱤכ☻⁸≡⇔⧵ ⌐╟╡ ╠╣╢ │ ─

┼─ ⌐╙ ∞≤ ⇔≡⅔╡⁸ ♃כꜙfiⱧ◖כⱤכ☻⌐

⅜ ╦╣≡™√⁹1982 ⌐│⁸ ₈FACOM V P-100/200₉⁸

₈HITAC S -810₉⁸1983 ⌐│ NEC₈SX-1 SX-2₉⅜ ↕╣√⁹↓╣

╠⅜ ≢─ ─♃כꜙfiⱧ◖כⱤכ☻⌂ ∞≤™ⅎ╢⁹ 

 │⁸1995 ⅛╠◄Ⱡꜟ◑כ ╩ ⌐₈ASCI ⱪ꜡☺▼◒♩₉╩

⇔⁸ⱷכ◌כ╩ ⇔≡™╢⁹∕╣⅜ ╩ ⇔≡⁸ 

1997  Intel ₈ASCI Red₉ 

2000  IBM₈ASCI White ₉ 

⅜ 2002 ⌐ NEC ─₈ ◦Ⱶꜙ꜠₉♃כ⅜ ∆╢╕≢ ≤⌂

∫√⁹ 

 NEC ─ ₈♃כꜙfiⱧ◖כⱤכ☻√⇔ ◦Ⱶꜙ꜠⁸2002│₉♃כ

⌐⁸  ◦Ⱶꜙ꜠כ♃ ☿fi♃כ≢

⇔√⁹ ⌐ ╛ ─ ⌂≥⌐ ↕╣≡™╢⁹

ⱬ◒♩ꜟ ⁸8╡№≢♃כꜙfiⱧ◖כⱤכ☻ ─ⱪ꜡☿♇◘╩ ⇔√ⱡ

⅜♪כ 640 ↕╣≡™╢⁹36TFLOPS ─ │⁸2002 6 ⅛
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╠ 2004 6 ⌐ IBM ─₈Blue Gene₉⅜ ∆╢╕≢─ ⁸TOP500 ≢

1 ≢№∫√⁹ 

 1990 ⅛╠│⁸ ⌂ x86╛ POWER ⌂≥─ ⱪ꜡☿♇◘╩

⌐ ⇔≡ ╩ כꜝ◌☻℮ ─♃כꜙfiⱧ◖כⱤכ☻─

⅜ ⇔⁸TOP500 ≢╙ ╩ כꜝ◌☻√╕⁹√∫⌂⌐℮╟╢╘ │

╙ ⌂√╘⁸ ─ ╛ ⌂≥┼ ─ ╩

→≡™╢⁹ ⱬfi♄│⁸♃כꜙfiⱧ◖כⱤכ☻─≢ ─ 3 NEC⁸

⁸ ≤⁸▪ⱷꜞ◌─ IBM⁸HP⁸SGI⁸◒꜠▬⁸◘fi⁸⅔╟┘

∕╣╠─ ╩ ℮ ⱬfi♄≢№╢ Bull ⌂≥⅜№╢⁹ 

 

2000 │♃כꜙfiⱧ◖כⱤכ☻⁸≥╢⌂⌐ ∞↑⅜╟™─≢│

⌂™≤⇔≡⁸ ◄Ⱡ ╩ fiכꜞ◓℮₈ 500₉╙ ↕╣╢╟℮⌐⌂∫

√⁹ 1W ꞉♇♩ №√╡─ ⁸∆⌂╦∟ MFLOPS/W ⅜

⌐⌂╢⁹ 

 

м.☻כⱤכ◖fiⱧꜙכ♃─  

⁸ ╛ │ 2020 ─ ╩ ⇔≡⁸1 ⌐ 100

─ ⅜≢⅝╢◄◒◘ ─♃כꜙfiⱧ◖כⱤכ☻─ ╩ ╘≡™╢⁹

≢╙ ⌐⁸ ≢ ₈♃כꜙfiⱧ◖כⱤכ☻─ ₉─ 100 ─

╩ ≈ ╩♃כꜙfiⱧ◖כⱤכ☻ 2014 ⅛╠ ⁸2020 ↔╤

⌐ ∆╢ ╩ ⇔√⁹ 

☻Ɽ◖fi│ ─ ╛ ⁸ ◦Ⱶꜙ꜠כ◦ꜛfi─

⌂≥╩ ∆╢√╘⁸ ─ ╛ ⌐ ⅛∑⌂™⁹ ⅜

⌂ ≤ ╩ ⇔≡™ↄ⌐│⁸ ⌐ ─ ⅜

↕╣╢⁹ 

╙⁸ ₁≤ ⅜♃כꜙfiⱧ◖כⱤכ☻─ ∆╢∞╤℮⁹↓╣

⅛╠─ ─♃כꜙfiⱧ◖כⱤכ☻─ ⅜ ⌐ ⇔╖≢№╢⁹ 
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Wikipedia  

http://ja.wikipedia.org/wiki/%E3%82%B9%E3%83%BC%E3%83%91%E

3%83%BC%E3%82%B3%E3%83%B3%E3%83%94%E3%83%A5%E3%8

3%BC%E3%82%BF 

 

http://ja.wikipedia.org/wiki/TOP500  

 

e-Words 

http://e -words.jp/w/E382B9E383BCE38391E383BCE382B3E383B3E38

394E383A5E383BCE382BF.html  

 

TCP/IP - Telnet / SSH ≤│ 

http://www.infraexpert.com/study/tcpip19.html  

 

BINARY  

http://www.sophia -it.com/content/%E3%82%B9%E3%83%BC%E3%83%

91%E3%83%BC%E3%82%B3%E3%83%B3%E3%83%94%E3%83%A5%

E3%83%BC%E3%82%BF 

 

─♃כꜙfiⱧ◖כⱤכ☻  

http://www.kogures.com/hitoshi/history/sup er-computer/  
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♁ⱨ♩    

        

 

 

│∂╘⌐ 

≤│ ─ ≢│ ⅜ ╩ ∆╢ ─ ≤ ⅎ╠

╣≡™╢≤ ™╕∆⅜⁸∕─ ╩ ∆╢ ╩ ≤ ™╕∆⁹ 

↓╣╠│ ⌐ ↕ↄ≥╪⌂ ╩ ™≡╙ ╢↓≤⅜≢⅝╕

∑╪⁹⇔⅛⇔⁸ ╩ ™╣┌ ─ ⌐≥╪⌂ ⅜№╢─⅛╩

∆╢↓≤⅜≢⅝╕∆⁹√∞⁸ ⌐╙↕╕↨╕⌂ ⅜№╡⁸ ╦╣

╢ ╙ ╛ ⌐╟∫≡ ╦∫≡™⅝╕∆⁹↓↓≢│∕℮™∫

√ ⌐≈™≡ ™≡™⅝╕∆⁹ 
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≤│ 

│ ≤⇔≡₈ ╩ ↕∑╢ ₉╩∕℮ ┘╕∆⁹

≤ ╩ ┘≡™╢ ≢№╡⁸↓╣⌐│▬○fi ⇔√ ╛

⅜ ╕╣╕∆⁹ 

 ─ ≢╙ ≢ ↕∑╢ ≤ ≢ ↕∑╢

╛ ≢ ╩ ∆╢ ≤ ≢ ╩  

∆╢ ≢ ™⅜№╡╕∆⁹ 

 

1 ≢─ ≤ ─ ⅝ 

─ ⌂ ╖╩ ≢ ∆╢≤⁸ ╩ ↕∑╢≤

⌐ ⌐ ╩ ⅎ╢ ≤ ┌╣╢╙─⅜ ⇔╕∆⁹↓─

│ ⌐ ⇔⁸ ⅜ ⅝™╒≥ ⌐ ↕╣╢ │ ⅝ↄ⌂

╡⁸ │ ↄ⌂∫≡™⅝╕∆⁹ ⌐ ∆╢≤∕╣ ↕

╣⌂ↄ⌂╡╕∆⁹ 

 

─  

≥℮™℮ ≢ ─ ⌐ ⅜ ™╠╣╢─⅛⁹∕╣│ ⌐╟

∫≡ ≢ ↕∑√ ╩ ↕∑≡⁸∕─ ⌐╟∫≡ │

↕╣ ≤⌂╡⁸∕╣╠│ ⌐╟∫≡ ↕╣╢⁹↓─ ╩

כ♄▬ꜝ◖ ≤ ┘╕∆⁹ 
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 ⌐ ⌂ ─╟℮⌐ ⅎ╕∆⅜⁸╕∏ ╩ ↕∑≡ ↕

∑╢─⌐ ⌂ ↕│ ⌐ ™ ↕╕≢ ↕∑⌂↑╣┌⌂╠∏⁸∕↓

╕≢─ ↕⌐∆╢─⌐∆↕╕∂™ ─ ≈ↄ┌ ⌐№╢ KEKB

│ ─ ≢ 10 ╩ ⇔⁸⌂⅔⅛≈ ↕∑√

⅝↕ 10 15 ╩ ↕∑╢─⌐ ╘≡ ⅛™ ╩

≤⇔╕∆⁹ 

 

2 ≈ↄ┌ ⌐№╢ KEKB  

 

 

 ╩ ↕∑╢ ⌐│ ꜞ♬▪♇◒ ⅜ ⌐ ™╠╣╕∆⁹ 

─ ≢│ ─ ⅜ ⌂∫≡⅔╡⁸ │

≈⅔⅝⌐∕─ ⅝⅜ ⌂∫≡™╕∆⁹↓╣│ ⅜ ⅛╠ ⁸№╢™

│ ⅛╠ ⌐ ╦╢≤⅝⌐ ─ ⅝╙ ╦╢─≢⁸ ⌐ ⇔≈≠↑╢

╟℮⌐ ∆╢ ⅝≤ ⌐ ⅜ ↄ≤⅝│ ⅜⌂™ ╩ ┌⇔⁸           

↕∑╢ ⌐∞↑ ─ ⌐№╢╟℮⌐ ╠╣≡™╢√╘≢∆⁹  
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◘▬◒꜡♩꜡fi 

 ≢ ⇔√ │ km ⌐ ┬╙─╙№╡╕∆⅜⁸

─ ⌐╟╡ ↕∑ ↑╢─│ ⇔™⁹∕↓≢ ↕╣√

─⅜◘▬◒꜡♩꜡fi≢∆⁹ 

 ◘▬◒꜡♩꜡fi│ ⌂ ⌐ ↕╣√ 2≈─ ─

≢ ↕╣≡™╕∆⁹↓─ ≢│ ⌐╟╢ ╙ ™≡™╕∆⁹ 

 

 

3 ◘▬◒꜡♩꜡fi 

 

  3─╟℮⌐ ⅜ ⅝⌐ ™≡™╢ ⁸ ♠fi꜠כ꜡│⌐

⌐╟╢ ⅜ ─ ⌐ ⅛∫≡ ⅝╕∆⁹↓╣⌐╟╡

│ ╩ ™╕∆⁹ ⅛╠ ⌐ ╢≤⅝⌐ ⌐╟╢ ≢ ↕╣

╕∆⁹⇔⅛⇔⁸ ⅜ ⌐ ∂ ∞∫√╠ ╩ ↕∑≡⇔╕℮

╙№╡╕∆⁹⌂─≢⁸ ╩ ™╢↓≤≢⁸ ↕∑√™ ≢

╩ ⅎ⁸ ↕∑≈≠↑╢↓≤⅜≢⅝╕∆⁹ ╩ ╢ │ ⌂─≢

╩ ⅎ╢ ╙ ≢∆⁹ 
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◦fi◒꜡♩꜡fi 

 ─ ╩ ╕ⅎ≡ ⇔√◘▬◒꜡♩꜡fi≢⇔√⅜⁸╟╡

⅝⌂◄Ⱡꜟ◑כ╩ ≤↕╣⁸ ╙ ↕∑╢─⌐ ⌐⌂∫

≡⇔╕™╕⇔√⁹∕↓≢ ≡⅝√─⅜◦fi◒꜡♩꜡fi≢№╡⁸ ─

─ ⌐ ∫≡™╢ CERN ─ Ɫ♪꜡fi LHC

╙◦fi◒꜡♩꜡fi≢∆⁹ 

  

 

 ◦fi◒꜡♩꜡fi 

 

╖│⁸ ⌐ ≢ ╩ ↕∑≡™⅝⁸

─ ⌐ ╣⁸ ≢│ ↕∑⁸ ≢│ ╩ ⇔≡

╩ →≡ ╙ ∆⁹ 

↓─ ⌂╠┌◘▬◒꜡♩꜡fi⌐ ═⁸╟╡ ™◄Ⱡꜟ◑כ╩ ⅎ╢↓

≤⅜≢⅝⁸ ╕≢ ≢⅝⌂⅛∫√ ╙ ≈↑╢↓≤⅜ ⌐⌂╡╕

⇔√⁹⇔⅛⇔⁸ ─ ⌐ ═⁸ ⅜ ⌐ ⇔™↓≤╙№╡⁸

∆╢↓≤╙ ™ ≢∆⁹ 
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╕≤╘ 

 ─ ⌐╙ ⅜№╡⁸∕╣∙╣⌐ ╛ ⅜№╡⁸ ↕╣

╢ ╙ ⌂≥─ ╛ ≤™∫√ ─ ≢

╦╣≡™╕∆⁹↓╣⅛╠─ ≥╢∆⅛⇔╙⌐☻כꜙ♬─ ⅜ ╦∫

≡™╢⅛╙⇔╣╕∑╪⁹ 

 

URL  

http://ja.wikipedia.org/wiki/%E5%8A%A0%E9%80%9F%E5%99%A8  

 Wikipedia  

 

http://ja.wikipedia.org/wiki/%E3%82%B7%E3%83%B3%E3%82%AF

%E3%83%AD%E3%83%88%E3%83%AD%E3%83%B3 

◦fi◒꜡♩꜡fiWikipedia  

 

http://www.biwa.ne.jp/~tak -n/phys/tandem.htm  

 

 

http://kids.kek.jp/accelerator/index.html  

∫≡♫♬!? 

 

⌐⇔√  

─ [3]   

 D.Ɫꜞ♦▫ /R.꜠☻♬♇◒ /J.►◊כ◌כ    
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₈  ⱴ♃---₉◒כ♄---
 

 

 

 

Ɫכ♪     
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§  ⱴ♃≤│₉◒כ♄₈

⁸│≥(♃ⱴ◒כ♄)  ─ ─ ╩ ╘≡™⌂⅜╠ ∞

↕╣≡™⌂™ ─ ─ ⁹ ≤⇔≡│⁸ 

1 ⌐ ⅝⌂ ╩ ∟⁸ 

2 ╩ √∏⁸ 

3 ≢№╢⁸ 

4 ≢ ≢⅝⌂™ 

⅜ →╠╣╢⁹⇔⅛⇔ ─ 4 ─ 1╩ ╘≡™╢⅜∕─ ╩ ╢

↓≤≢⇔⅛∕─ ╩ ≡™⌂™⁹↕╠⌐⁸₈ ⅜ ╢↓≤⅜

≢⅝╢ ≤│ ⇔⌂™₉≤╙ ╦╣≡⅔╡⁸∕╣⅜≥─╟℮⌂ ⌂

─⅛⁸ ≢ ≡™╢─⅛│ ─╕╕≢№╢⁹ ≢⅝╣┌ ─ ╡

∟╛ ─ ⌐ ⅝⌂ ╩╙√╠∆≤ ╦╣≡™╢⁹ 

 

 

§ ─♃ⱴ◒כ♄₈ ₉ 

 ─ │ 1934 ⌐☻▬☻ ─ ≢№╢ⱨꜞ♇♠ה♠ⱦ

↑─╖⅛⅜כ◐♇ ─ ╩∕─ ─ ─ ⌐ ≠™≡

⇔⁸∕─ ╩ ─ ≤ ─ ≡─ ⅛╠ ╠╣╢ ≤

⇔√≤↓╤⁸ ≢ ≢⅝╢400 ╙─ ⅜ ∆╢↓≤⅜╦⅛∫√⁹

↓─ ⌐ ≠™≡⁸♠ⱦ♇◐כ│ ╩ ⌐ ⅝ ∑╢─⌐ ⌂

╛ ╩ ╓∆ ⌐ ⅎ⌂™ ( )⅜ ∆╢≤ ⅎ√⁹↓

╣╩ ∆╢√╘⌐₈ ─ ₉⅜ ↕╣√─⅜│∂╘≢№╢⁹ 

 

 ─ ⌂ │⁸1970 ⌐▪ⱷꜞ◌─ fl▼ꜝה

⅜ⱦfiכꜟ ─ ─ ⅛╠ ↕╣√⁹♪♇ⱪꜝכ ╩ ™

≡ ╩ ⇔ ●☻─ ╩ ╙╡⁸∕↓⅛╠ ≤

─ ╡ ™─ ╟╡ ╩ ╘╢≤⁸ ⌐ ≢⅝╢ ─ 10

╙─ ⅜ ∆╢↓≤⅜╦⅛∫√⁹↓╣╟╡ ─ ≤

─ ⅛╠⁸ ╩ ↕∏⌐ ─╖╩ ≈ ─ ─ ╩

⇔⁸↓╣╩₈ ≥₉(♃ⱴ◒כ♄) ↑╢↓≤⌐⇔√⁹ 
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 ⅜ ∆╢≤∕─ ⌐╟∫≡ ⅜ →╠╣⁸ ⌐№╢

⌂≥─ ⅜ ╪≢ ⅎ╢ ꜠fi☼ ⅜ ↓╢⁹2007 1 ⌐

─ ⱶ⅜⁸כ♅ ─ ─ ╖⅛╠ ꜠fi☼ ─ ™╩ ═⁸

∕↓⅛╠ ─ 3 ╩ ∆╢↓≤⌐ ⇔√≤

₈Ⱡ▬♅ꜗ₉כ⌐ ⇔√⁹ 

 5 ⌐ ☺ꜛfiהⱱⱪ◐fi☼ ─ ╩╣↓⅜ⱶכ♅ ⇔≡Ɫ

♇Ⱪꜟ ≢ ─ ⌂ꜞfi◓ ╩ ⇔√⁹10 20

⌐2≈─ ⅜ ⇔√ ≢ ⅜ 260 ( ─26 )

№╡⁸ ⌐╟╡™∫√╪ ⌐ ╕∫√ ⅜∕─ ₁⌐

⌐ ⅜∫√╙─≢№╢≤↕╣≡™╢⁹ 

 

≥╢№≢ⱡכꜞꜝ♩כꜙ♬╩  ⇔√≤⅝⁸ ™⌐ ⇔≡

∆╢ ⌐ ⅜ ┘ ∆≤ ⅎ╠╣≡™╢⁹2013 ⱴ◘♅ꜙכ☿♇

♠ ─ ⱪ⅜⁸כꜟ◓ ⌐fiꜛ◦כ♥☻ ╡ ↑√▪ꜟⱨ

□ ╩ ™≡ ╩ ⇔√⁹↓╣╟╡₈ ⅜ ⌐

∆╢ ╩ ∆ ╩ ⇔√₉≤⇔≡™╢⁹ 

 ↓─╟℮⌐╕∞╕∞ ─ ⌂√╘ ╙↕╕↨╕⌂▪ⱪ꜡כ♅≢

⁸ ⅜ ╦╣≡™╢⁹ 

 

 

§ ─♃ⱴ◒כ♄₈ ₉ 

 ᵑ◦Ⱶꜙ꜠כ♩  

─ ─ ⅜ ╠╣╢╕≢─ ╩◦Ⱶꜙ꜠כ♩⇔√

⁸ⱦ♇◓Ᵽfi ≤│⅛↑ ╣√ ™ ╩ ≤∆╢↓≤⅜╦

⅛∫√⁹∕─√╘ⱦ♇◓Ᵽfi ⌐ ⅜ ⌂─≢│⌂™⅛≤™℮

⅜ ╕╣√⅜⁸ ─ ╩ ∆╢≤ⱦ♇◓Ᵽfi ≤

⇔⌂™ ─ ≢ ─ ─ ⅜ ╢↓≤⅜╦⅛

∫√⁹ 

∕↓≢⁸ ─≥─ ─ ╛ ◄Ⱡꜟ◑כ⅜ ⌂─

⅛◦Ⱶꜙ꜠כ♩⅜ ╡ ⇔ ╦╣≡™╢⁹ ╩ 30 ⁸ ◄Ⱡ
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╩כ◑ꜟ 70 ⌐∆╢≤ ↄ™ↄ↓≤⅜ ↕╣≡™╢⁹ 

 

 ᵒWMAP  

  ╩ ∆╢ WMAP ─ ⌐╟∫≡⁸ ─

◄Ⱡꜟ◑כ─℮∟ 74 ⅜ ◄Ⱡꜟ◑⁸22כ ⅜ ⁸ ╛

Ⱬꜞ►ⱶ⌂≥ ⌂ │ 4 ≢№╢↓≤⅜╦⅛∫≡⅝√⁹ 

 

 

§ ─♃ⱴ◒כ♄₈ ₉ 

 ⌐ ⅜ ⌂─⅛ ─╟℮⌐ ─ ⅜ ⅜∫≡™╢⁹ 

 

1 ⅛╠─  

 ↓╣╠│ WIMP ≤ ≥╢№≢♃ⱴ◒כ♄╣┌ ╦╣≡™╢ ─

ⱡꜞ♩כꜙ♬⁸⅜╢№≢ │ ⇔⌂™ ─╙─╙№╢⁹ ─

╣ ⅜╡( ⅛╠ ⅜ ╩ ≢⅝╢╟℮⌐⌂∫√≤⅝)─≤

⅝⌐⁸ ◄Ⱡꜟ◑כ⅜ ◄Ⱡꜟ◑כ╩ ∫≡™√╙─╩ ™

⁸∕℮≢⌂™╙─╩ √™ ≤ 2≈⌐ ↑╢⁹ 

 

 [ⱡꜞ♩כꜙ♬]

™ ─ ⁹ │ⱡꜞ♩כꜙ♬ ╩ √⌂™≤ ╦╣≡

™√⅜ ≢│ ⌂ ╩ ∫≡™╢↓≤⅜╒╓ כꜙ♬⁹√∫⌂≥

♩ꜞⱡ│ ⌐ ∆╢ ⅜ ⌐ ™─≢ ⅜ 10eV №╣┌

─ │ⱡꜞ♩כꜙ♬⁸⅜√™≡╣↕≥╢⌂⌐ ─ 1.5

⇔⅛ ╩ √⌂™↓≤⅜╦⅛╡⁸ ≢│ ⌂ ≢№╢≤│

ⅎ╠╣≡™⌂™⁹↕╠⌐⁸♬ꜙכ♩ꜞⱡ │ ⅜╒≤╪≥⌂™√

╘ ™⌐ ╡ ⅞≡⇔╕™ ⅜ ∂⌂™⁹↓╣╟╡ ⌐ ⅎ

≡⁸ ─ꜟכ◔☻─ ⅜ ╕╣⌂ↄ⌂∫≡⇔╕℮─≢№╢⁹ 

 [ⱡכꜞꜝ♩כꜙ♬]

 ≤ ┌╣╢ ─℮∟ ⌐ ≢№╢ כꜙ♬╩

≥ⱡכꜞꜝ♩ ┬⁹ ≤│∆═≡─ ⌐ ⇔≡∕╣∙╣
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⌐ ⇔ ⅜ ≡™╢⅜⁸ ⌐ ∆╢☻Ⱨfi─ ⅜☼꜠≡™╢

─╟℮⌂╙─≢№╢⁹ │ ╘≡ √╘ ≢ ⅜

™≤ ⅎ╠╣≡⅔╡⁸ ─ ⌐╒≤╪≥─╙─⅜ ─ ╛╟╡

™ ⌐ ⇔≡™∫√(Ɫ▬♀fiⱬꜟ◒─ ⌐╟╡

─ ™ ╒≥ ⅜ ↄ⌂╢)≤ ⅎ╠╣≡™╢⁹⇔⅛⇔⁸ ╙

™ │ ≢ ≢⅝∏⌐ ⌐ ∫≡™╢≤ ⅎ╠╣⁸∕

─ │ GeV GeV ─ ≢ ⇔≡™╢≤ ⅎ╠╣≡™╢⁹↓

╣⅜ ∫≡™╣┌⁸ ─ ≤⌂╡ⅎ╢⁹ 

 

[▪◐◦○fi] 

 √™ ─ ⁹ ™ ⇔⅛⌂™⅜⁸ 0K ⌂─≢₈ √

™₉─≢№╢⁹ 

[Ⱶꜝכⱴ♃כ] 

 Ɽꜞ♥▫ ╩ ≈╟℮⌐ ╩ ⇔√≤⅝⌐∕─ ⅜

↕╣╢ ⁹╙⇔ ⇔√≤⇔≡╙ ╢↓≤╙ ╣╢↓≤╙ ≢№

╢⁹ ꜠fi☼ ─ ╛ ⌂≥╩ ™√ ⅜ ↕╣≡

™╢⁹ 

 

⌂≥⅜ →╠╣≡™╢⁹ 

 

2 ⅛╠─  

 ™∏╣╙ ╛ ╩ ∆╢Ᵽꜞ○fi⅛╠⌂╢⁹ⱦ♇◓Ᵽfi ╟

╡ ⌐ ⇔√Ᵽꜞ○fi─ ⅜ ≢⅝⁸∕─ │ ─

─ ─ 4 ≢№╢⁹≤↓╤⅜ ─ ─ │ ─ 4 ─ 1

≤ ╙╠╣╢√╘⁸ ─ ─∆═≡╩ ⌐ ╣≡╙ ₁─Ᵽꜞ○fi

─ ⅜ ⌂™─≢№╢⁹≈╕╡⁸≥╣∞↑ ↄ─ ⅜ ⇔≡™≡

╙ ─ ⌐│ ╡∏↓╣╠│ ─╒╪─ ≢⇔⅛

⌂™≤ ⅎ↨╢╩ ⌂™─≢№╢⁹∕─√╘⁸ Ᵽꜞ○fi ─

╩ ∆╢ ⅜№╢↓≤⌐ ╦╡│⌂™⁹ 
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[Ⱪꜝ♇◒ⱱכꜟ] 

 ⌂Ⱪꜝ♇◒ⱱכꜟ│ ─≤⅝⌐ ∂╢⁹⇔⅛⇔⁸ ⅜

─ ╙№╢╟℮⌂ ⌂Ⱪꜝ♇◒ⱱכꜟ│ ≢ ↕

╣≡™╢⅜∕─ │╦⅛∫≡™⌂™⁹ ─Ⱪꜝ♇◒ⱱכꜟ⅜

⌐≥─ↄ╠™ ⇔⁸∕─ ⅜≥─╟℮⌂╙─⅛╙ ∞╦⅛∫≡

™⌂™─≢↓╣│ ─ ⌐⌂╢⁹ 

 

[ ה ] 

 ─ ⅜ ⅎ ⅝╢≤ ה ⌐⌂╢⁹↓℮⇔

√ ─ ∆ ⅜ ↕™ ⁸ ─ ≤⌂╢⁹ 

 

[ ] 

 ─≤⅝⁸ ⅜ ↓╢╒≥●☻ ⅜⌂⅛∫√≤⅝⁸ ╢ↄ

⅛⌂™√╘ │ ≤⌂╢√╘ ─ ≤⌂╢⁹ ⁸

─ ⌐╟╡ ⅜ ↕╣╢╟℮⌐⌂∫√⁹ 

[ ] 

 ≢⅝╢ ─ ⅜∕╣∙╣ ≢⅝⌂™ ╩ ∫≡™╢

⅜№╡⁸↓╣⅜ ─ ≤⌂╢⁹ 

 

[MACHO]  

 Ɫ꜡כ ⌐ ∆╢⁸ ↕ↄ≡ ⌐ ≢⅝⌂™ ─ ⁹

─ ⁸ Ⱪꜝ♇◒ⱱכꜟ╙∕─ ≢№╢⁹ 

 

 

§ ─┼♃ⱴ◒כ♄₈ ₉ 

 ⱪꜝ☼ⱴ ≤™℮▬fiⱨ꜠כ◦ꜛfi ≤│ ─ ╩ ™╢≤⁸

≢⅝⌂™ ╩♃ⱴ◒כ♄─ ™⌂ↄ≡╙ ─

⌂≥╩ ↄ ≢⅝╢⁹╕√⁸↓─ │ⱦ♇◓Ᵽfi─ ╩

∆╢⁹⇔⅛⇔⁸ ⱴ▬◒꜡ ⌂≥⌐ ∆╢ ╩ ↄ

≢⅝⌂™↓≤╛⁸ⱦ♇◓Ᵽfi ╩ ↑╢™ↄ≈⅛─ ⅜
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⇔⁸↓─ ≢│∕╣╠─ ╩ ⇔⅝╣⌂™√╘ │╒≤╪≥─

⌐ ⅜╠⌂™ ≢№╢⁹ 

 

 

§  ⱴ♃─↓╣⅛╠₉◒כ♄₈

│(♃ⱴ◒כ♄)  ה ≢─ ∫ ╡─ ≢№╢⁹

↓╣⅛╠ ↕╣╢⅛│ ∞⅜⁸ ≢ ⇔ ╩ ⅝ ╘╟℮

≤∆╢ ⅜ ╪⌐ ╦╣≡™╢⁹⇔⅛⇔⁸ ≢│ ╙╕√

─ ╩ ╘╢ ─ ◄Ⱡꜟ◑כ─╒╪─ ⌐⇔⅛ ⅞⌂™↓≤⅜

╦⅛∫≡⅝√─≢№╢⁹╙⇔↓╣╠ ה ◄Ⱡꜟ◑כ╩ ⇔⁸

∕─ ╩ ∆╢↓≤⅜≢⅝╣┌ ─ ≤ ╛⁸ ─ ⌐

⅝ↄ ∆╢≤ ⅎ╠╣≡™╢⁹ 

 

 

 

[  ] 

  ▪▫♦Ɑ◐▫►ה

http://ja.wikipedia.org/wiki/%E6%9A%97%E9%BB%92%E7%89%A9

%E8%B3%AA 

XMASSה   

http://www -sk.icrr.u -tokyo.ac.jp/xmass/index.html  

◖♬◖♬ה  ≤│  

http://dic.nicovideo.jp/a/%E6%9A%97%E9%BB%92%E7%89%A9%E8

%B3%AA 

4D2Uה  4 ♦☺♃ꜟ ⱪ꜡☺▼◒♩ 

http://4d2u.nao.ac.jp/t/index.php  

│≥כ♃ⱴ◒כ♄ כꜞꜘ▬♄⌂≡│ה  

http://d.hatena.ne.jp/keyword/%A5%C0%A1%BC%A5%AF%A5%DE

%A5%BF%A1%BC 
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♁ⱨ♩    
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ủ ─ ⁸  

≤│⁸ ─ ╩ ℮√╘─ ─↓≤╩ ∆⁹ 

─ │ ⅛™≤↓╤╕≢ ℮≤⁸ ≤⌂╢⁹ │

∕─ ⅛╠⁸ ⇔ ↑⁸ ─ ⌂ ⌐╟╡⁸ ≢

─ ™ ⌂╙─⌐⌂∫≡™∫√⁹ 

─ │⁸₈ ™ ∫≡⁸ ╩ ╘╢⁹₉ 

 

ủ ─  

⌐╟╢  

╩√╟╢ ╠∑ ╛ ─ ⌐╟╢ ⁸ ─ ─ ⌐╟

╢ ─fi◓♪ꜝⱶ◐כ♩⁸ ⌂≥  

─╤⇔⁸ ⁸ ⁸ ⁸  

⁸  

⁸ ⁸▬fi♃כⱠ♇♩⁸Ɽ♁◖fi ⁸▪ⱴ♅ꜙ▪  

 

ủ ─ ≤ ╡ → 

∕╣∙╣─ ⌐≈™≡ ⇔ↄ ╡ →≡™ↄ⁹ 

⌐≈™≡⌂─≢⁸ ⅜™╠⌂™╙─│ ™√⁹ 

ợ  

≤│⁸1800 ─ ⁹ 

↓─ │⁸ ╩ ◐꜡ ⅝⌐≈ↄ╡∕─ ⌐ ⅝⌂

≢╦⅛╢╟℮⌂ ⅝™ ╩ ╣╢╟℮⌂╙─ ∕╣╩Ᵽ◔♠ꜞ꜠

כ ⌐ ⅎ≡™ↄ≤™℮ ≢№╢⁹ 
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ủBefore 

 

ủAfter  

 

 

↓─╟℮⌐ A ⅛╠Ᵽ◔♠ꜞ꜠כ ⌐⇔≡ ╩ ⅎ╢⁹ 

≤ ⇔≡ ╦╣≡™√╙─≤─ ≢⁸№╢ ─ ┼ כ◖

♪╩ ╢↓≤⅜≢⅝√⁹ 
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ợ  

↓─ │ 1830 ⌐ ↕╣√ ≢⁸ ─ ⅜≢⅝╢⁹

≤ ⅜№╢⁹ 

─ ⁸≥╪≥╪ │ ⇔≡™ↄ⁹ 

─ ☻ꜟכ⸗│ ⌐╟╢╙─⅜ ⇔√⁹ 

│ⱥ♩─ ─╖≢ ♃כ♦⁸⅜╢ │ ─ ⌐

◖fiⱧꜙכ♃⅜ ≢№╢⁹ 

⌐ ↕╣╢≤™℮ ─ ⅜ ╠╣╢╟℮⌐⌂∫≡⁸ ⌐

╙ ╩ ∆╢√╘─ ⅜ ↄ ╦╣╢╟℮⌐⌂∫√⁹ ⁸

⁸ ⁸ ◦ꜛ♇◒⁸ ⌂≥⁸ ╠╣≡™√ ─

╩↕╕↨╕⌂ ⅜ ⌐ ⇔╟℮≤⇔√⁹ 

─ ─ ≤⇔≡│⁸ ─ ╩ ™ 35

⁸∕╣∙╣─ ⅜ꜝ♥fi ╛ ⌐ ⇔≡™╢⁹ │ ◐꜡

─ ↕≢⁸ ≢│ ─ ╩ ╩ ╣√ ₁─ ⌐ ⇔≡⅔

ↄ⁹ ≢│ⱷ♇☿כ☺─ ⌐ ∫≡ ₁≤ ∆╢ ⌐ ╩

∆⁹∆╢≤ ≢│ ─ ╣≡™╢ ≢ ⅜ ⅝≡

─ ⅜ ∆╢─≢⁸∕╣╩ ⌐ ╖ ╢↓≤≢ⱷ♇☿כ☺⅜ ╠╣

╢⁹ⱷ♇☿כ☺─ │ ⌐ ™⁹↓─ ─ │⁸

─ ─┬╪∞↑ ⅜ ≤⌂╢√╘⁸ ↕∑╟℮≤∆╢≤

⌐◖☻♩⅜⅛⅛╢ ≢№╢⁹ ⌐ ↕╣√ ≢│ │ 1 ≢

╪≢™╢⁹ 

 

1816 ⁸ ◦☻♥ⱶ╩ ↕╣√⁹8ⱴ▬ꜟ 13km ─ ●ꜝ☻ ≢

⇔√ ╩ ™⁸ ⌐ ⇔√ 2≈─ ─ ─ ⌐∕─ ╩

⅛↑≡ ╩ ∫√⁹↓╣⌐ ™ ╩ ∆╢↓≤≢ ─

⌐ ⇔√⁹ ≤⇔≡ ≤ ⅜ ╪∞♄▬ꜘꜟ╩ ∫√⁹ 

 

1825 ⌐⁸♬☻╩ ∫√ ⌐ ⇔√ ╩ ™√ ╩ ⇔⁸

≢ ╩ ∆╢↓≤⅜ ╢╟℮⌐⌂∫√⁹ 
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1828 ⁸ ╩↕╠⌐ ⌐╙ ↄ↓≤⌐╟╡↕╠⌐ ⌂ ⅜

⁸ ─ ™ ™ ≢╙ ⅜ ╢ ⌐⌂∫√⁹ 

 

╩ ⇔√ │ 1832 ⁸꜡◦▪─Ɽfl▼ꜟה◦ꜞfi◓⌐╟∫

≡ ⁹ 

●►☻≤fl▫ꜟⱫꜟⱶהfl▼כⱣ1833 │כ fi◕fi▫♥♇◕ה♠▬♪⌐

≢╕√ ╩ ⁹ 

1835 ⌐│☺ꜛ☿ⱨהⱫfiꜞכ꜠ꜞ⅜כ╩ ⇔⁸ ─ ≢

╙ ⌂ ╩ ≢⅝╢╟℮⌐⌂∫√⁹ 

 

ủ ─  

ợ◦ꜞfi◓  

╩ ∆╢ 16 ─ ≤ ╢№─♪כⱲכ◐─ ≢№∫√⁹

│ 6 ─ ⅜≈™≡⅔╡⁸∕─ │ ≢ ↕╣≡™√⁹

≤ │ 8 ─ ≢ ↕╣⁸6 │∕╣∙╣─ ⌐⁸╕√

╡─ 2 │ ≤ ⱬꜟ⌐ ↕╣≡™√⁹ ≢○Ɑ꜠כ♃

╩כ◐⅜כ ∆≤⁸ ≢ ∆╢ⱳ▬fi♃כ⅜ ↄ⇔ↄ╖≢№∫√⁹

≤ ─ ╖ ╦∑≢⁸ ╛ ╩ ⇔≡™√⁹∕─ ↕╣⁸

╩ ← │ 8 ⅛╠ 2 ⌐ ∫√⁹ 

ợ●►☻הfl▼כⱣכ  

⌂≥⌐╟╢  

 

ủ  ꜟⱩכ◔

╩ ╢ ⌐ ⅜ꜟⱩכ◔←⌂≈╩ ↕╣╕⇔√⁹↓╣│⁸▬

◑ꜞ☻≤☻Ɑ▬fi⁸▪ⱷꜞ◌⁸⌂≥™╤™╤⌂≤↓╤┼≤ ꜟⱩכ◔─

⅜ ↕╣√⁹ 

⌐ 1858 ⌐ ↕╣╕⇔√⅜⁸ ⇔⅛ ⅎ∏⁸∕╣⅛╠ 10

⌐ ⇔√⁹ 

↓─ ⅜ⱦ꜠♥כꜝ◌⁸│≢ ⇔ ╘√⁹ 
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ủ ─  

▪ⱷꜞ◌≢│ 2006 ⅜☻ⱦכ◘⌐ ⇔√⁹ 

⅜ ≡⅝√⅛╠⁹ 

 

ủ  

⁸ ⱨ□▬Ᵽכ⌂≥ ⌐╟╢ ─↓≤╩ ∆⁹ 

ợ ─  

ה ⅜ ⅝ↄ≤╣╢ 

ה ─ ⅜⌂™ 

ה ⇔√ ⅜  

ה ⌂≥⅜  

ה ⅜≢⅝⌂™ 

ה ─ꜟⱩכ◔ ⌐╟╢ ⌂≥─  
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ủ  

╩ ∂≡ ℮ ─↓≤⁹ 

⌐ ⌐╟╢╙─╙ ─ ⌐ ╗↓≤⅜№╢⁹ 

ợ ─  

ה ╩ ↕∑╢ ⅛╠─ ╩ ↑╛∆™  

ה ≤─ ⅜  

ה ⅜ ⌐⌂∫≡⇔╕℮ 

 

≤ ─  

≤─ ╩ ℮ ≢│⁸ ─ ↕≢ ◖☻♩⅜⅛⌂

╡⅛⅛╢⅜⁸ ─ │ ⌐⌂╢⁹ 

 

ủ  

ⱨ□▬Ᵽכ╩ ⇔√ ≢№╢⁹ 
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ợ ─  

ה ↕╣⌐ↄ™─≢⁸ ⅜  

ה ⱡ▬☼─ ╩ ↑⌂™ ⇔√ ⅜  

כ◙כ꜠ה ╩ ⇔√ ⁸ ⅛≈ ─ ⅜ ≢№╢ 

 

ợ ≢─  

 1980 ╟╡ ╦╣≡⅝√⁹ ─ │ LAN ⌂≥─◖fiⱧꜙכ

♃ ─ ⌂≥⌐ ╠╣≡™√⁹ 

1980 ⌐⌂╢≤ ─ NTT ⱪכꜟ◓ ⅛╠

ISDN1500ה ⅜ ↑⌐ ↕╣⁸ ⸗♦ⱶ⅜▪♫꜡◓

⸗♦ⱶ⌐ ⅝ ╦╢↓≤⅜ ↄ⌂╢⁹⇔┌╠ↄ⇔≡ 1 ─ ⱨ□▬Ᵽכ

≢ ─ ╩ ℮ ⅜ ↕╣⁸ ─ⱴꜟ♅ⱷ♦▫▪ ⅜

╗↓≤≤⌂╢⁹ 

1988 ─♁►ꜟ○ꜞfiⱧ♇◒─ ⌐ ─ ⌐ ◔

─ꜟⱩכ ⅜ ⇔⁸ ⅜↓╣╩ ∆╢↓≤≤⌂╢⁹ 

2000 ⌐ ╡ ⌐╟╢ ─ ⅜ ╦╣╢╟

℮⌐⌂╡⁸ ↑ ─ ╙ ⇔√⁹╕√ ♅ꜗfiⱠꜟ─ ╩

⌐ ≢ ≢⅝╢ ╩ ─Ⱪꜟ♥꜠ⱦכ◔⁸≡⇔⅛ ⌐

↕╣╢╟℮⌐⌂∫≡™╢⁹↕╠⌐ ─ꜟⱩכ◔ ⌐≤╙⌂∫≡⁸

FTTH ⌂≥ ≢─ ⅜ ⇔≡™╢⁹ 

 

ủ ⱨ□▬Ᵽכ  

ⱨ□▬Ᵽ⁸│≥כ ╣√ ⌐ ╩ ⅎ╢ ≢№╢⁹ 

2013 ⌐ 177Pbps/km ╩ ⇔≡™╢⁹ 

bps│⁸ bit per second ─ ⌂─≢ 1 ⱦ♇♩╩ ≢⅝╢≤

™℮↓≤ 

P ⅜≈™≡™√╠Ɑ♃ 1024 ─ 5 ⁸T ⅜≈™≡™√╠♥ꜝ 1024 ─ 4

⁸G⅜≈™≡™√╠◑● 1024─ 3  
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ợ ⱨ□▬Ᵽכ─  

ⱨ□▬Ᵽכ│◖▪≤ ┌╣╢ ≤ 

∕─ ─◒ꜝ♇♪≤ ┌╣╢ ⁸ 

∕⇔≡∕╣╠╩ ℮ ─ 3 ⌐ 

⌂∫≡™≡⁸◒ꜝ♇♪╟╡╙ 

◖▪─ ╩ ↄ∆╢↓≤≢⁸ 

╛ ⌐╟╡ ╢∞↑ ╩ 

─◖▪⌐∞↑ ↕∑╢ ⌐⌂∫≡™╢⁹◖▪≤◒ꜝ♇♪│≤╙

⌐ ⌐ ⇔≡ ⅜ ⌐ ™ ●ꜝ☻╕√│ⱪꜝ☻♅♇◒≢≢⅝

≡™╢⁹ 

╕√⁸ ⅜⌂™◖▪≤◒ꜝ♇♪─╖─ ╩ ⌐₈ ⱨ□▬Ᵽ₉כ≤

┘⁸ ⱨ□▬Ᵽכ─ ╩◦ꜞ◖fi ≢ ⇔√╙─╩₈ ⱨ□▬Ᵽכ

₉⁸ ⱨ□▬Ᵽכ ╩♫▬꜡fi ≢ ⇔√╙─╩₈ ⱨ□▬Ᵽ

כ ₉⁸ ⱨ□▬Ᵽכ ╩ ≤ ≢ ⇔√╙─╩₈

ⱨ□▬Ᵽ₉♪כ◖כ≤∆╢ ┘⅛√╙№╢⁹ ─ ⱨ□▬Ᵽכ ⌐

≥☻כ◦─ ┌╣╢ ╩⇔√╙─╩ ⱨ□▬Ᵽכ◔הכⱩꜟ≤ ┬

↓≤╙№╢⁹ 

 

ợ ⇔™ ⱨ□▬Ᵽכ 

ợⱨ◊♩♬♇◒ ⱨ□▬Ᵽכ 

ⱨ◊♩♬♇◒ ⱨ□▬Ᵽכ≤ ┌╣╢ ⇔™ ─ ⱨ□▬Ᵽכ

⅜ ⇔≡™╢⁹ ─ 2≈─♃▬ⱪ⅜№╢⁹™∏╣╙⁸◒ꜝ♇♪

⌐ ─ ⅜ ↑╠╣≡™╢⁹ 

 

ה  

    ◖▪ ⅜◒ꜝ♇♪ ─●ꜝ☻≤ ∂ ≢ ↕╣≡⅔╡⁸ ⱱכ

╙≥כⱨ□▬Ᵽהכꜞ ┌╣╢⁹◒ꜝ♇♪ ⌐ ╠╣√ ─

⌐╟╢ 1.0─ ≤◖▪ ⅜◒ꜝ♇♪ ─●ꜝ☻─ 1.5╒

≥─ ≤─ ⅝⌂ ⌐╟∫≡ ╩ ∂↓╘╢⁹ 
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 כⱨ□▬ⱣהⱣfi♪◑ꜗ♇ⱪה◒♇♬♩◊ⱨה

    ◖▪⅜ ≢⁸◒ꜝ♇♪ ⌐╙ ─ ⅜ ↑╠╣≡⅔╡⁸Ⱪꜝ

♇◓ ⌐╟∫≡ ⅜ ─ ╩ ∆╢⁹ ╛⁸

─ ⅜╒≤╪≥⌂™ ⱨ□▬Ᵽכ⅜ ╠╣╢≤ ↕╣

≡™╢⅜⁸ ─ ╣ ⌐╟╡ ⅜ ∆╢√╘⁸ │ ─

ⱨ□▬Ᵽכ╩ ⅎ╢ ╩ ≈╙─│≢⅝≡™⌂™⁹ 

ợ ⱨ□▬Ᵽכ 

ⱨ□▬Ᵽכ│∕─╒≤╪≥ ≡⅜ ⌐ ↕╣≡⅔╡⁸

≢╙ ⌐ ╠⌂™ ╡∆═≡ ⱨ□▬Ᵽכ⌐≈™≡ ⇔≡™

╢⁹1980 ⌐ ⱨ□▬Ᵽכ╩ ∫√ ⅜ ↕╣≡⅛╠

│⁸™ↄ≈⅛─ ╩ ≡⁸2000 ─ │⁸MCVD ⌐╟∫

≡ ↕╣╢ ▬○fi Er3+ ◄ꜟⱦ►ⱶ ╛ Pr3+ ⱪꜝ☿○☺ⱶ

╩ ⇔√ ─ ⱨ□▬Ᵽכ⅜ ↕╣≡™╢⁹ 

─Ɫ꜡◕fi │ ╩ →╢─⅜ ⌂√╘⁸ ⌐ ∆╢

⌂≥─ ⅜ ╘╠╣≡™╢⁹ 

 

ợ ─ ⱨ□▬Ᵽכ─  

 

 

 

 

 

 

 

 

 

 

ⱴꜟ♅◖▪ ⱨ□▬Ᵽכ ╩ ™╣┌ ◦fi◓ꜟ◖▪

ⱨ□▬Ᵽכ ╟╡╙ ╩ ⅝ↄ∆╢↓≤⅜≢⅝╢⁹ 

ⱨ□▬Ᵽכ │ ⌂●ꜝ☻⌂─≢ ╩ ╣≡╙ │ ⇔⌂™
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⅜⁸ ⁸≈╕╡ ⱨ□▬Ᵽכ─ò≈⌂⅞ ó⌐╦∏⅛≢╙ ⅜ ∆

╢≤⁸ ⅜ ∂⁸ⱨ□▬Ᵽכ╩ ⇔≡⇔╕℮─≢№╢⁹ ⱨ□▬Ᵽכ

─ │⁸⅔⅔╗⌡ 50₩80◐꜡ⱷ⁹╢№ ⌐⅝⅔ꜟ♩כ ↄ⌂╢╒≥

⅜ ↕ↄ⌂╢╟℮⌐⁸ ╙ ⱨ□▬Ᵽכ╩ ╢℮∟⌐ ╕╢─≢⁸ ╩

ↄ∆╢ ╛◖Ⱡ◒♃כ╩≈⌂⅞ ⌐ ↄ⁹ ⅎ┌ 1000 ◐꜡ⱷ

─ꜟ♩כ ⌐│⁸ò≈⌂⅞ ó⅜ 10◌ №╢≤™℮⁹ 

│ ⅛╠ ⅎ │№∫√─∞⅜⁸◖▪ ─ ╡ ─

⌂≥⅜ ≤↕╣≡⁸™╕╕≢ ⌐ ∫≡⌂⅛∫√⅜⁸ ≤

⌂ ─ ⱨ□▬Ᵽכ⌐◖▪╩ ⇔⁸◖▪≥℮⇔─ ╩

ↄ≤╢√╘⁸ ─ ─╟℮⌐⁸ ─◖▪╩ ╪≢ 6 ≈─◖▪╩ ↄ⁹

™ ≢ ⅔─⅔── ╩ ∆↓≤⅜≢⅝⁸ ╩ ⅎ╢↓

≤⅜≢⅝╢⁹ ⅎ≡⁸ ─ ™ ≢ 7≈─◖▪╩←╢╡≤ ╗≤⁸

↕╠⌐ ∕╣∙╣╩ ╠∆ ↓≤╙≢⅝╢⁹ ⱨ□▬Ᵽכ∕─╙─│

─ 1 ╒≥≢╙⁸☺ꜗ◔♇♩≢ ↕╣≡™╢─≢⁸ ╙ ⌡╢

≤ ╩≤╢⁹ⱴꜟ♅◖▪ ⱨ□▬Ᵽכ⌂╠  ⌂ ☻Ɑכ☻⌐⌂╢

⁸ⱨ□▬Ᵽכ╩≈⌂→╢ ⅜ ≢⅝╢⁹ 

ⅎ┌⁸ ≤▪ⱷꜞ◌╩≈⌂← │⌐ꜟⱩכ◔ ⅜ №╡⁸

≤▪ⱷꜞ◌⅛╠ ⇔≡™╢⁹ ⱨ□▬Ᵽכ─ ∞↑⁸

כ◙כ꜠⌐ ╩ ∆╢√╘─ ⅜ ⅛╣≡™╢↓

≤⌐⌂╡⁸∕─ ╩ ℮⁹ⱴꜟ♅◖▪ ⌂╠⁸╟╡ ≢

Ɽ꞉כ─ ╩כ◙כ꜠™⅝ ℮↓≤⅜≢⅝╢⁹⇔⅛╙⁸ │

⌐ 1 ⁸ ⌐╟∫≡│⁸ ╙כ◙כ꜠™⌂╠™─ ⅎ╢↓

≤⅛╠⁸ ─ ╩ ≢⅝╢╠⇔™⁹ 

 

ủ ─ ─  

ợ      

Ⱪꜟ♥꜠ⱦ⌐⅔™≡╟ↄכ◔     ™╠╣╢⁸ꜝ☻♩꞉fiⱴ▬ꜟ─

≢─ ⁹HFC Hybrid Fiber Coaxial ≤╙ ℮⁹ ╩

ⱨ□▬Ᵽ⁸⇔≥כ ⱡכ♪ Node ⅛╠ ╕≢│ ─ Ⱪכ◔

ꜟ╩ ∆╢⁹ 
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ợ      

    BOX ⌂≥ ─ │ ╦⅝ Curb ╕≢⁸

─ │ ╕≢ ╩ꜟⱩכ◔ ⅝ ╗⁹ ┼─ │ ─

╙─⅜№╢⁹ 

      

        ⌐ ⇔√ ≤⁸ ─▪fi♥♫≤

─ ≢ ⁹ 

      

    FWA ≤ ∞⅜⁸ ╟╡╙ ⌐ ™ ─ ╩

℮ ⁹ │╕∞ⱪ꜡♩♃▬ⱪ꜠ⱬꜟ⁹ 

 

ợ      

 

    ≢ ╩ ╕≢ ∆╢ ╕≢ ╩ꜟⱩכ◔

⅝ ╖⁸ ┼│ ⌐ ™√ VDSL ─ xDSL ╩ ™╢

⁹ ⌐ ╡ ↑╠╣√ VDSL ─ⱷfi♥♫fi☻◖☻♩

⌂ ┼─ │ ↕╣≡™╢⁹2007 6 ⁸ ⇔≡™

╢ │ ≢│ Yahoo!BB ⌂≥↔ↄ ⌐≤≥╕∫≡™╢⁹ 

 

ợ      

    ⱴfi◦ꜛfi ─ ╛ⱦꜟ⌂≥⌐ ↕╣≡™╢ MDF ╕≢

╩ꜟⱩכ◔ ⅝ ╗⁹ ┼─ │⁸ ─╟℮⌂╙─⅜№╢⁹ 

        LAN ♩♇Ⱡ◘כ▬  

        ─ ╩ ⇔√ VDSL ╛ HomePNA  

        ─▪fi♥♫ ꜟⱩכ◔ ≤ ♦⸗ꜟⱩכ◔─

ⱶ╩ DOCSIS⁸c.LINK  

        ─ ה ╩ ∆╢ PLC 

 

ợ      

כ◙כꜚ     ╕≢ ╩ꜟⱩכ◔ ⅝ ╗⁹FTTP Fiber To The 
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Premises, Premise : ≤╙ ℮⁹ 

 

ợ      

    ─ ≡─ ╙ ≢ꜟⱩכ◔ ↕╣≡™╢╙─⁹ 

 

 

ủ -  

          

LAN ─ ─ ≈⁹ ⌐ ╩ ↄ ⌐╟∫≡⁸

≢№╢ IEEE802.11 ╩ ⇔√♦Ᵽ▬☻ ─ ⅜ ╘╠

╣√↓≤╩ ∆ ⁹Wi-Fi ⌐╟╡ ⅜ ↕╣≡™╢▪◒☿☻

ⱳ▬fi♩⌐ ∆╢↓≤≢⁸▬fi♃כⱠ♇♩─╒⅛⁸▬fi♃כⱠ♇♩ ⁸
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ⱶכ◕ ⌂≥─ ⌂ ⅜ ⁸ ↕╣≡™╢⁹Wi-Fi

╩ ⇔√Mzone⁸ⱨ꜠♇♠☻ⱳ♇♩⁸FON ╩ ╘≤∆╢ ↄ─ /

─ LAN ⅜ ∆╢⁹ 

 

╕√⁸ ╩ ≤⇔√ 3g HSPA ╛Wi-Fi ─ ≤╙™ⅎ╢

⸗Ᵽ▬ꜟWiMAX ─╟℮⌂ ▪◒☿☻ ╩▬fi♃כⱠ♇♩▪◒☿☻

─Ᵽ♇◒Ⱳכfi≤⇔⁸ ⌂≥╩ ⇔√ ─▪◒☿☻ⱳ▬fi♩

₈⸗Ᵽ▬ꜟWi-Fi ₉כ♃כꜟ ⅜ ⇔⁸Wi-Fi ─ ≢№╢ ⌂◄

ꜞ▪ ╩ ⇔≡™╢⁹ 

 

 

ủ₈ ₉≤₈ ₉ IEEE802.11 ─ LAN ─

─  

⌐ ⅎ┌ ╩ ↑≡™╢⅛ ↑≡™⌂™⅛─ ⁹ 

Wi -Fi CERTIFIED ꜡◗╩ ⌐ ∆╢√╘⌐│ ╩ ↑╢ ⅜№

╡⁸ ↕╣≡™⌂™╙─│ ⅜ ∂≢╙Wi-Fi ≤│ ∫≡│™↑⌂

™⁹ 

 

√≤ⅎ┌⁸FON ⅜Wi-Fi ╩ ↑√─│ 2008 20 11

≢№╡⁸∕╣ ─ FON │ Wi-Fi ≤│ ╣⌂⅛∫√⁹ ⌐ Wi-Fi 

Allience ⅜ ╘√WPA version 1 ™ │ IEEE802.11 ─♪ꜝⱨ♩

╩╙≤⌐⇔√ ≢│№╢⅜⁸IEEE802.11 ╩ √⇔≡™⌂™ WPA 

version 2 │ IEEE802.11 ╩ √⇔≡™╢ ⁹ 

 

ủ  

IEEE802.11ה ≤│⁸IEEE ⌐╟∫≡ ↕╣√ LAN ─ └≤≈⁹ 

IEEEה ≤│⁸▪ⱷꜞ◌ ⌐ ╩ ≈ ה ─ ≢№╢⁹ 

FONה ⱨ◊fi ≤│⁸ LAN ╩ ⇔≡▬fi♃כⱠ♇♩▪◒☿☻╩

≢ ≢ ∆╢◦☻♥ⱶ⁹╕√⁸∕╣╩ ∆╢ ⁹ 
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http://ja.wikipedia.org/wiki/%E9%80%9A%E4%BF%A1  

http://ja.wikipedia.org/wiki/%E9%80%9A%E4%BF%A1%E6%8A%80%

E8%A1%93%E3%81%AE%E5%B9%B4%E8%A1%A8 

 

http://sv56.wadax.ne.jp/~pcatwork -com/semaphore/s001.html  

 

http://ja.wikipedia.org/wiki/%E9%9B%BB%E4%BF%A1  

 

ⱨ□▬Ᵽכ 

http://ja.wikipedia.org/wiki/%E5%85%89%E3%83%95%E3%82%A1%E

3%82%A4%E3%83%90%E3%83%BC 

http://time -space.kddi.com/20130203/technology/  

http://ja.wikipedia.org/wiki/FTTx  

 

Ɽ◔♇♩  

http://ja.wikipedia.org/wiki/%E3%83%91%E3%82%B1%E3%83%83%E

3%83%88%E9%80%9A%E4%BF%A1 

 

ꜝ☻♩꞉fiⱴ▬ꜟ 

http://ja.wikipedia.org/wiki/%E3%83%A9%E3%82%B9%E3%83%88%E

3%83%AF%E3%83%B3%E3%83%9E%E3%82%A4%E3%83%AB 

 

 

http://www.hori.jp/products/multi/etc/bb_router/  
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♃כ♦  
 

  

 

 

Ɫ כ ♪          

2           

 

 

 



105 

 

♃כ♦ │  

ⱷכꜟ≢ⱨ□▬ꜟ╩ ⇔≡ ╢ ⁸ⱨ□▬ꜟ ⅜ ⅝™≤⁸ ⌐

⅜⅛⅛∫√╡⁸ ─ⱷכ◘ꜟכⱣ─ ⌐╟∫≡│ Ᵽכ○

≢כ ≢⅝⌂⅛∫√╡⇔╕∆⁹╕√⁸ ─ⱨ□▬ꜟ⅜№╢ │⁸1

≈ 1 ≈ ∆╢─│ ⌂─≢ 1 ≈⌐╕≤╘√™⌂╪≡↓≤╙№╡╕∆⁹

↓─╟℮⌂≤⅝⁸ⱨ□▬ꜟ╩ ∆╢↓≤≢ ╩ ↕ↄ⇔√╡⁸

─ⱨ□▬ꜟ╩ 1≈⌐╕≤╘√╡∆╢↓≤⅜≢⅝╕∆⁹ 

 

 

Bit( ⱦ♇♩)  

ⱦ♇♩ₒbitₓ≤│⁸◖fiⱧꜙכ♃⅜ ⅎ╢♦כ♃─ ╩ ∆ ≢

∆⁹₈binary digit ₉╩ ⇔√╙─≢∆⁹◖fiⱧꜙכ♃│∆═≡ 2 (0⅛

╩♃כ♦≢(1 ∆╢≤™℮↓≤│⁸↓╣╠⅜◖fiⱧꜙכ♃⌐⅔↑╢

≤⌂╡╕∆⁹₈1bit₉⌂╠┌⁸₈1₉╕√│₈0₉≤™℮♦כ♃⌐⌂╡╕

∆⁹ 

∕⇔≡⁸ ⌐₈8bit = 1Byte Ᵽ▬♩ ₉≤ ↑╠╣≡™╕∆⁹↓

╣│ ⁸ ⌐ ╕∫√◖fiⱧꜙכ♃⅜ 8bit ╩ 1Byte ≤⇔≡ ⇔√

⅛╠⁸≤™℮ ╠⇔™≢∆⁹ 7bit=1Byte ≤™℮◖fiⱧꜙכ♃╙№╡╕

⇔√  

 

╩♃כ♦√╕ ∆╢ ≢ ⌂╙─≤⇔≡⁸ ≤ ⅜№╡╕∆⁹ 

ה (encoding)  

(⌂╪╠⅛─ ─№╢)₈ ₉ ќ Ᵽ▬♩─ ⌐∆╢ 

 (decoding)  

 Ᵽ▬♩─  ќ (⌂╪╠⅛─ ─№╢)₈ ₉⌐∆╢ 
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≤ ⌐≈™≡  

─♃▬ⱪ⌐│⅔⅔╕⅛⌐╦↑≡ 2≈⌐ ↑╠╣╕∆⁹ 

∕╣⅜ ≤ ≢∆⁹ 

 

ה (꜡☻꜠☻ )  

⌐≥╙╩♃כ♦√╣↕ ⇔√≤⅝( )⁸ ⌐ ⌐ ╢ ⁹ 

(ZIP, LZH, LZW ⌂≥) 

 

ה ( ⌂╙─⅜ ™)  

⌐≥╙╩♃כ♦√╣↕ ⇔√≤⅝⁸ ⌐ ⌐ ─♃כ♦∏╠  

( )⅜ ↓╢ ⁹ ╛ ≤™∫√ ⌐ ⇔≡ ╦╣╢⁹ 

⌐ ─ ⅛╠ ≢⅝⌂™ ╩ ♃כ♦≡⇔ ╩

╠∆⁹(JPEG, MP3 ⌂≥) 

 

 

♃כ♦ ─  

╩♃כ♦ ∆╢≤™℮ │⁸

◖fiⱧꜙכ♃⅜ ↕╣╢ ⅛╠

↕╣≡™╕⇔√⁹ 

∕╣⅜ 1935 ⌐◘Ⱶꜙ◄ꜟכ⸗ה

ꜟ☻⌐╟∫≡ ☻ꜟכ⸗√╣↕

≤™℮╙─≢∆⁹▪ꜟⱨ□ⱬ♇

♩╛ ⅜∕╣∙╣⁸♪♇♩(♩fi)

─(כ♠)ꜙ◦♇♄≥ 2 ≢

↕╣≡™╕∆⁹ 

 

 

≤⇔≡ ≢╟ↄ ╦╣╢₈E₉╛₈A₉⌂≥│ ™ ⁸ ⌐№╕

╡ ╦⌂™₈Q₉╛₈Y₉≤ ∫√ ⌐│ ™ ⅜ ⅎ╠╣≡™╕∆⁹ 

 

 



107 

 

♃כ♦ ▪ꜟ◗ꜞ☼ⱶ  

↓↓≢│ ∞≤ ╦╣╢ 3 ≈─▪ꜟ◗ꜞ☼ⱶ≢№╢ꜝfi꜠fi◓☻ ⁸

Ɫⱨⱴfi ⁸LZ ╩ ⇔╕∆⁹╕∏⁸ ⌂ ⅛╠≢∆⁹ 

 

ꜝfi꜠fi◓☻ ( )  

ꜝfi꜠fi◓☻ │ ⅜♃כ♦∂ ╪≢™╢↓≤⅜ ™╙─⁸ ⅎ┌ ─

♃ⱬ)♃כ♦ ╡╩⇔≡™╢ )╛⁸ⱪ꜡◓ꜝⱶ♦0)♃כ ⅜ ╪≢™╢

⅜ ™)≤™∫√╙─⌐ ⇔≡ ♃כ♦⌂ ≢∆⁹ 

 

EX 

 AAAAAAABBBBBCCCAAABB   ↕ 20 

 

 A7B5C3A3B2           ↕ 10 

 

=( )÷(♃כ♦─ ♃כ♦─ ×100≢ ╘╢↓≤⅜≢⅝

╢─≢⁸↓─ 10÷20×100=50 ≈╕╡ ─♃כ♦─ 50 ⌐ ↕╣

╕⇔√⁹⇔⅛⇔⁸↓─ꜝfi꜠fi◓☻ ⌐│ ⅜№╡╕∆⁹∕╣│⁸ ∂

⅜♃כ♦ ⇔≡™⌂™≤⅛ⅎ∫≡♦כ♃─ ⅜ ⅎ≡⇔╕℮≤™℮↓

≤≢∆⁹ 

 

™ EX 

A B C D A B C A B A B C D E   

 

A 1 B 1 C 1 D 1 A 1 B 1 C 1 A 1 B 1 A 1 B 1 C 1 D 1 E 1  

 

↕⅜ 14ќ28⌐ ⇔╕⇔√⁹ 

↓─ ─ │ 200%⁸≈╕╡ ─ 2 ⌐ ╠╪≢⇔╕™╕⇔√⁹╕

√⁸ ⌐ⱷ⸗ꜞכ─ ╩ ⌐∆╢√╘⌐ ─◘▬☼╩ ∆╢

│↕╠⌐ ╠╪≢⇔╕℮↓≤⌐⌂╡╕∆⁹ 
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Ɫⱨⱴfi  

1952 ⌐ David Albert Huffman (♦ⱦ♇♩הⱢⱨⱴfi)⌐╟∫≡ ↕

╣√⁸ ─ ▪ꜟ◗ꜞ☼ⱶ≢∆⁹◖fiⱤ◒♩ ≤™℮

─ ≢⁸ ⅜ ╟╡ ↕™ ─↓≤╩ ™╕∆⁹ 

A E ─ 5 ⅜ ╦╣≡™╢─≢⁸↓╣╠∆═≡╩ 0≤ 1≢ ∆√╘⌐

⌂ ─ │ₐ2─ 2   5   2─ 3 ⁸e5 ∞≤ 2─

2 ≢│ ⅜ ╡⌂™─≢⁸2─ 3 ≈╕╡ 3bit ≢№╢ 3 ≢∆⁹ 

₈ADBCBABCBBCE ₉╩Ɫⱨⱴfi ∆╢√╘⌐╕∏│Ɫⱨⱴfi ≤

™℮╙─╩ ╡╕∆ 

 

 

 

 

 

 

 

 

 

 

 

─ 1 ⌂™ ≤ 2 ⌐ ⌂™ ╩ ─ ⌐ ↕∑

╕∆⁹↓╣⅜ ─₈ ₉⌐ ∆╢╙─≢∆⁹∕⇔≡⁸┤√≈─ ╩

⇔≡└≤≈ ⌐ ⇔™ ╩ ╡╕∆⁹ ⅜≢⅝√╠⁸ │ 3

⌐ ⌂™ ╩ ╡ ⇔≡ ╒≥ ⇔√ ≤ ⇔ ╦∑⁸↕╠⌐ ⇔

™ ╩ ╡╕∆⁹↓╣╩ ╡ ⇔≡⁸ ─ (≈╕╡ ─

™ )⅜ ╡ ↕╣ ≤ ↕╣√╠ ⅜ ≤⌂╡╕∆⁹ (

)│ ─ ⌐⌂╡╕∆⁹ ⅜≢⅝√╠⁸ ─ ⅛╠ ⌐ 0

≤ 1╩ ╡ ∫≡⅝╕∆⁹≥∟╠⌐ 0≤ 1╩ ╡ ╢⅛╠│ ≢∆⁹↓

╣≢⁸∕╣∙╣─ ⌐ ⇔≡ ─ⱦ♇♩⅜ ╡ ≡╠╣╕∆⁹Ɫⱨⱴfi

─ ≢∆⁹ 

   

 001 5 

 011 3 

 000 2 

 011 1 

 100 1 
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β Ν ╡ ≡√ ─ ↕⅜∆═≡ ≢№╢╙─ 

 

β Ν ⅜ ™ ╒≥ │ ↄ⌂╡⁸ ⅜ ⌂™

╒≥ ⅜ ↄ⌂╡╕∆⁹↓─╟℮⌐⁸ ⌐╟∫≡ ─

↕⅜ ╦╢⁸≈╕╡ ⌐⌂╢↓≤╩₈ ₉≤ ┬ 

 

 

LZ  

LZ ─ ♃כ♦─≈⁸1│▪♦▬▪⌂ ≢ ⌐ ⁸╩♃כ♦√⇔

╕√│ ⌐╟∫≡ ∆↓≤≢ ╩♃כ♦∂ ↄ∆╢ ∆

╢↓≤≢∆⁹↓↓≢│⁸ ⌂ LZ77 ≤ LZ78 ╩ ⇔╕∆⁹

≤╙ Lempel ≤ Ziv ≤™℮ ⅜ ⇔╕⇔√⁹ 

⌐╟ↄ ╠╣≡™╢ ZIP │⁸ ╒≥ ⇔√Ɫⱨⱴfi ≤

LZ77 ╩ ╖ ╦∑√╙─≢∆⁹ 

 

 

   

 001 0 

 011 10 

 000 110 

 011 1110 

 100 1111 

   

 001 5 

 011 3 

 000 2 

 011 1 

 100 1 

 000  011 001 010 001 000 001 010 001 001 010 100 32bit   

   

 110 1110  0 10 0  110  0  10  0  0  10  1111 25bit   
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ה  ( )  

LZ77 │ ⌐ ─♃כ♦√⇔ ⅛╠ ╙ ∆╢ ╩ ∆↓≤⌐

╟╡ ⇔╕∆⁹LZ77 ─ ≢╙™╤™╤⌂ ⅜№╡╕∆⁹ 

 

a b c d e f g a b  c a b c d e f g 

7 6 5 4 3 2 1 

7 ⅛╠ 3 ⅜ ∆╢⁹ 

 

a b c d e f g (7 , 3) a b c d e f g 

10 9 8 7 6 5 4 3 2 1 

10 ⅛╠ 7 ∆╢⁹(◌fiⱴ╙ ⌐ ╗) 

 

a b c d e f g (7 , 3)(10 , 7) ≤⌂╡╕∆⁹ 

 

ה ( )  

LZ78 ╠⅛♃כ♦⁸│ ╩ ∫≡™⅝⁸╙⇔ ⌐ ∫≡™╢♦

─⧵⁸┌╠⌂╢№⅜♃כ ─ ╩ ∆ ♃כ♦≢ ╩⇔╕∆⁹

─ ⌐╟∫≡™╤╪⌂ ⅜№╡╕∆⁹ 

 

          

 

 

       (6)  

 

 

.  

      .  

    

│∏∫≤ ↄ 

 

1 a 

2 b 

3 c 

4 ab 

5 bc 

6 abc 
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─↓≤⌐≈™≡│⁸ ⌂╙─╩ ⇔∞↑ ╡ →√™≤

™╕∆⁹ 

 

JPEG  

JPEG ≤│⁸Joint Photographic Expert Group ─ ≢ ∆╢≤ 

₈ ─ ─ ₉≤™℮ ⌐⌂╡╕∆⁹╙≤╙≤ ₁─

─ ∞∫√╙─⅜⁸∕─ ⅜ ─♃כ♦√╘ ─ ≤⇔≡╙ ╦

╣≡™╢≤™℮↓≤≢∆⁹ ─ ≢│ ≢⅝⌂™ ⅜ ∆╢

╩ ⇔≡™╕∆⁹ 

JPEG ⌐│⁸ ─╟℮⌂ ⅜№╡╕∆⁹ 

ה ⌐ ⇔≡™╢ 

ה ( )(╩ ⌐ ═╢ 

β ≤│⁸ ╡ ℮ ─ ⅜ ⅝™╙─ 

─ ⅛╠▬fi♃כⱠ♇♩ ≢│⁸╟ↄ ↕╣≡™╕∆ 

 

MP3  

│≢╕╕─⧵│♃כ♦○▫♦כ○ ⅜ ⅝™≢∆⁹ ─ ⌂

╙─≤⇔≡╟ↄ ╠╣≡™╢ ZIP ╛ LHA ≢ ♃כ♦○▫♦כ○╙≡⇔

│╒≤╪≥ ≢⅝╕∑╪⁹⇔√≤⇔≡╙ ∆╢ ⌐ ∆╢ ⅜№

╡ ™ ⅜ ™≢∆⁹∕↓≢ ─ MP3 ⅜╟ↄ ╦╣╕∆⁹MP3

≤│⁸MPEG1 Audio Layer 3 ─ ≢⁸ ─MPEG1 ♦כ○─

▫○ ─ ≈≢∆⁹ 

│ ─ ↕≢⁸○ꜞ☺♫ꜟⱨ□▬ꜟ─WAV ⱨ□▬ꜟ─ 10 ─ 1

╕≢ ≢⅝╕∆⁹╕√MP3 ⌐│ ∏ⱦ♇♩꜠כ♩≤™℮ ─

⅜№╡╕∆⁹ⱦ♇♩꜠כ♩│ bps≤™℮ ≢ ↕╣⁸ ⌐ ℮≤

╖√™⌂╙─≢⁸1 ⌐ ⱦ♇♩─♦כ♃╩ ∆⅛ ∆≤™℮⁸

╩│⅛╢℮ⅎ≢ ⌂╙─≢∆ (∟⌂╖⌐ ╙ bps≤™℮

╩ ™╕∆) ⁹ ⌐│ ⅜ ™╒≥ⱦ♇♩꜠כ♩⅜ ↄ ⅜

ↄ⌂╡⁸ ⌐ ↑╣┌ ⅜™™≤™℮↓≤⌐⌂╡╕∆⁹ 
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♃כ♦ ─  

│⁸ ⁸ ─ ⌂≥╩⁸ ╙ ⌐ ⅎ╠╣╕∆⁹∕⇔≡

⌐∕╣╠╩ ∆╢↓≤⅜≢⅝╕∆⁹ ─ │⁸ ⇔≡™╢ ⅛╠

⌂ ∞↑Ⱨ♇◒▪♇ⱪ≢⅝╢╟℮⁸ ⌂ ╩ ─℮∟⌐

∫≡™╕∆⁹ ─◖fiⱧꜙכ♃╙ ⇔∏≈≢⅝╢╟℮⌐⌂∫≡™╢≤│

™ⅎ⁸ ⌐│╕∞╕∞⅛⌂™╕∑╪⁹ ♃כ♦─ │ ─

─╟℮⌐ ▪◒☿☻≢⅝⁸ ⅜ ↄ⌂∫≡™╢─⅛╙⇔╣╕∑╪⌡⁹ 

 

 

 

╢⅛╦ↄ╟ה ♃כ♦ ─ ≤ ╖  : ◦☻♥ⱶ                                    

: , ,  

 

─♃כꜙfiⱧ◖−⌂ה │ꜞ▪ꜟ⌐ ⅎ╢─⅛ :NTT  

:  

 

◘▬♩  

http://michisugara.jp/archives/2013/huffman.html  

http://news.livedoor.com/article/detail/3344054/  

http://ja.wikipedia.org/wiki/ ♃כ♦  

 

 

 

 

 

 

 

 

 

 



113 

 

꜠fi☺ 
 

 

 

 

 

 

 

 

 

 

 

 

 

Ɫכ♪    
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꜠fi☺ₒ≢╪⇔΅ₓ︡ 

─ ╩ ≡≡ ╩ ∆╢ ⁹ 

ⱴ▬◒꜡ ( ─ ™ ) ⌐╟╡⁸ ⌂≥╩ ∆╢

≢№╢⁹ ╩ ∆╢ ≤⇔≡│ ⌐ ◖fi꜡⅜

№╢⅜⁸ ◖fi꜡⅜☺ꜙכꜟ ≢ ╩ ⇔≡ ∆╢ ≢

╩ ∆╢─⌐ ⇔⁸ ꜠fi☺≢│ ─ ⌐ⱴ▬◒꜡ ≢◄Ⱡ

╩כ◑ꜟ ⅎ≡ ∆╢ ≢ ⌐ ⌂╢⁹↓─√╘ ⅜ ∆╢

●ꜝ☻╛ │ ⌐│ ↕╣⌂™⁹ 

 

 

ⱴ▬◒꜡ ╩ ∆╢≤⁸ ╩╙≈ ⅜ⱴ▬◒꜡ ╩ ⇔≡

ה ⇔⁸ ⅜ ⅜╢⁹ 

─ ≤⇔≡│⁸ⱴ◓Ⱡ♩꜡fi≤™℮ ─ ⅜ ╦╣≡™

╢⁹ 

 

 

ⱴ▬◒꜡ │⁸ ╛●ꜝ☻⁸ ⌂≥╩ ╡ ↑⁸ ⌐│ ↕╣⁸

⌐ ↕╣╢≤™℮ ⅜№╢⁹ ꜠fi☺⌐ ↕╣╢ │
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2450MHz ≢⁸↓╣│ FM ꜝ☺○⌐ ™╢∕╣─ 30 ─ ≢№╢⁹ 

│ ⌐ √╢≤ ∆╢─≢⁸↓╣⌐╟╡ ꜠fi☺ ≢│

⇔≡ ─ ⌐ ⌐№≡╢↓≤⅜≢⅝╢⁹ ⌐ ╩●ꜝ☻╛ ⌐

№≡╢≤ ∆╢⁹ ꜠fi☺≢ ⇔√≤⅝ ⅜ ↄ⌂╢─│

─ ⅜ ╘╠╣∕─ ⅜ ⌐ ∆╢√╘⁹ │⁸ ─╟℮⌐

╩ ╗ ⌐№√╢≤ ↕╣≡ ∆╢⁹ │ ⌂─≢⁸

ⱪꜝ☻הⱴ▬♫☻─ ╩ ∫≡™≡⁸↓╣⅜ ⌐╟∫≡ ⅜ ⇔⁸

╩ ⇔⁸ ─ ⅛╠ ∆╢⁹↓╣╩₈ ₉≤ ℮⁹

ה ─ ╩ ┘≡™⌂™ ( )╛⁸ ⇔⌐ↄ™ (

)⌐│ ─ ⅜ ⌂ↄ⁸ ↕╣⌐ↄ™⁹ 

 

 

ⱴ▬◒꜡ ≢≤⌂כ♄כ꜠│ ™╠╣≡⅝√⅜⁸↓╣╩ ⌐ ∆╢≤

™℮ │⁸ ↄ─ ⅛╠ ╕╣√⁹ │▪ⱷꜞ◌ ─꜠▬☿

○fi ≢ כ♄כ꜠√™≡™ ─ Ɽהכ◦כ☻Ɑfi◘⁸≢כ

ⱳ◔♇♩─ ─♅ꜛ◖Ᵽכ⅜ ↑≡™√↓≤⅛╠⁸↓─ ╩ ⌐

℮ ⌐≈⌂⅜∫√⁹ 

 

1959   ⅜ ─ ꜠fi☺╩  

1962 ⱪכꜗ◦  ⅜ ─ ꜠fi☺╩  

1963   Ɽ♫♁♬♇◒ ⅜ ꜠fi☺₈NE -100F       

 ╩ ⁸ ꜠fi☺ ─ ≤⌂∫√ 

1965  ↑⌐ ─₈NE -500₉⅜ ╘≡ ↕╣√⁹ 

1970  ─ ⌐│⁸ ꜠fi☺╩ ╖ ╪∞Ɫfi

 Ᵽכ●כ─ ⅜  

2005 ⅜ⱪכꜗ◦  ⅜ 1 ╩ ⇔√≤  
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Ⱪfiכ○ ─ ⇔√╙─╛ ≢╙─╩ ⱶכ♅☻╢╘ ⌂≥

⌐ ∫≡™╢⁹ ─ ≢│∕╣╠─ ╩ ℮⁹ 

 

 ☺Ⱪfi꜠fiכ○

─⧵│≥☺Ⱪfi꜠fiכ○ ─ ─☺Ⱪfi≤꜠fiכ○╡ 2≈─ ╩ ∫√

⁹꜠fi☺∞↑≢│≢⅝⌂⅛∫√₈ ↄ₉≤™℮ ⅜≢⅝╢╟℮⌐⌂

∫√⁹↓╣⌐╟╡ ╛Ɽfi╩ ↑╢≤™℮ⱷꜞ♇♩⅜№╢⁹↓─₈ ↄ₉

│ ╛●☻ ⌐╟∫≡ Ⱪfiכ○⁸╣╦ ≤꜠fi☺ ⅜

⌐ ⅎ╢ ╙ ∆╢⁹ ─ ─ ♃▬ⱪ⁹ 

 ☺ⱶ꜠fiכ♅☻

21 ⌐⌂∫≡ ⇔√ ⁹ ╘╢ ⌐ ╩ ™ ╩ ╘╢⁹

≤│ 100ϴ╟╡╙ ─ ™ ─↓≤≢ ⌐│ 300ϴ

─ ⅜ ╦╣≡™╢⁹ ⌐╙ ≤⇔≡│ ⇔≡™√⅜⁸

≢ ╩ ℮ ⅜№∫√↓≤⌐ ⅎ ⅜ ─╙─⇔⅛

⌂⅛∫√⁹⇔⅛⇔ 2002 ⌐ ⅜ ⌐ ↕╣ ↄ ⌐ ─

⌐⌂∫√⁹ ─ ─ ↄ│↓─ ╩ ∫≡⅔╡⁸ Ⱪכ○─

fi ╙ ╙Ⱪfi꜠fi☺₉כ○ⱶכ♅☻₈√∫ ↕╣≡™╢⁹ 

 

─  

⌐ ⌂ │⁸ ─℮∟ ה ⌂≥╩ ∫≡™⌂™

╙─⅛ ꜠fi☺ ≢№╢↓≤⅜ ↕╣√ ◒♇♅☻ꜝⱪה☻ꜝ●

⌂≥≢№╢⁹ 

⁸ ─ ה ⌂≥⌐ ╩ ∫√ ⌂≥│⁸ ╩

∂╢ ⅜№╢√╘ ≢⅝⌂™⁹▪ꜟⱵ ⌐≈™≡│ ╩ ∆╢

↓≤╩ ⇔ ─⅛╪╛ ⌂≥⌐ ⌐ ≢№╢↓≤╩

⌂≥⌐ ⇔≡™╢ ╙№╢⅜ ⌐│ ↑√ ⅜ ™⁹ 

ⱪꜝ☻♅♇◒ ≢ ─ ™╙─╩ ™╢≤⁸ ⌐╟╡ ∆╢↓

≤╙№╢⁹ ─ ⌐╟∫≡│ ⌐╟╡ ⌂≥─ ⌐ ⌂

⅜ ⌐ ∆╢ ╣╙№╢⁹ 
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●ꜝ☻ ≤ ↕╣ ™ ●ꜝ☻ │⁸↓╣⌐ ╣╠╣√

─ ⌐☻♥fi꜠☻ ⇔ ─ ⌐ ↄ≤⁸ ─ ∞↑⅜

↕╣√ ⌐⌂╡⁸ ₁⌐ ∆╢↓≤╙№╢⁹2000 ⌐ ∂╚

⅜╩ ⇔√●ꜝ☻ ⅜└≤╡≢⌐ ≡⇔≥☻כꜙ♬≡⇔≥√⇔ ╡

→╠╣√⁹ 

 

╕√₈ ╩ ╘≡│™↑⌂™₉≤╟ↄ ╦╣╢⅜↓╣│↔ ∂₈ ♫

≢ⱪ₉כ◒☻♩▬ ⌐⌂∫√⁹1993 ─ 12 24 ⌐ ↕╣⁸↓─

╩ ⌐ ⌐ ≢ ╩ ꜠fi☺≢ ⇔≡│™↑⌂™≤™℮

⅜ ╕╣√⁹ │ ≢№∫√⁹ ⅜ ∆╢ⱷ◌♬☼ⱶ≤⇔

≡│⁸ 

 

1. ꜠fi☺⌐╟╢ ≢ ─ ⅛╠ ⌐ ↕╣╢↓≤⌐╟╡⁸     

─ ⅛╠ ─ ⅜ ∆╢⁹ 

2. │ ≤ ⌐ ╕╣≡™╢√╘⌐ ╟╡╙ ≤⌂╡⁸ ⅜

∆╢⁹ 

3. │ ⌐╟╢ ─ ⌐ ™⁸ ≤ ╩ ⇔ ∫≡ ⌐

╣⁸↓─ ⌐ ⌂ ⅜ ↓╢⁹ 

4. ⅜ ⅜╢↓≤≢ ⌐ ╕╣╢ ⅜ ⌐ ⇔⁸

─ ⅜ ∆╢⁹ 

 

≤™℮ ⌐№╢⁹↓╣⌐ ╠∏ ꜠fi☺│ ⅛╠ ╩ ╘╢√╘⁸

≢ ⅜ ∂⁸ ∆╢ │ ─ ≢╙ ↓╡℮╢⁹ ™

≢ ◌▬⁸☺כ☿כ♁√╣╕ ╙ ⇔╛∆™─≢ ╣ ╩ ╣≡ ╩

⅜⇔≡╛╢≤ ™⁹ 
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⌂⅔ ≢│ ꜠fi☺─ ╖╩ ™√ ⁸

ADS Active Denial System ⅜ ↕╣ 2010 ⌐ ↕╣√⁹ 

 

 

 

 

 

 

 

 

 

   

http://ja.wikipedia.org/wiki/%E9%9B%BB%E5%AD%90%E3%83%AC%

E3%83%B3%E3%82%B8 

http://www.t -scitech.net/kitchen/mono/renji.htm  

http://news.militaryblog.jp/e3 08569.html  

https://www.tdk.co.jp/techmag/knowledge/200906u/  
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♁ⱨ♩   3   
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≤│  

ה ⌐ ╦╢ ╩ ⌐⇔√╡⁸ ⇔√╡∆╢ ╕√│∕─

⁹ 

⌐ ⅎ┌⁸ ╩ ⅛∑√╡ ≤⇔√╡∆╢ ≢∆⁹ 

 

SF ─ ≢│ ─╟℮⌐ ╦╣≡™╢⅜⁸ ─ ≢│ ≢

№╡ ─ ≢№╢⁹ 

 

─ ≢│ ┘ ─ ⌐≈™≡ ⇔╕∆⁹ 

 

 

∕╙∕╙ ≤│  

─ ╩ ≢ ∆╢─│ ⌐ ⇔™─≢∆⅜⁸ ─ ≢

│ ⌐⁸ ⌐ ⅜ ⅝╟∑╠╣╢ ╩ ⌐ ⇔≡™⅝╕∆⁹ 

 

≤™℮─│ ≤ ⅜ ⅝№℮ ─↓≤≢∆⁹ 

─ ≢∆≤⁸ ⅜ ≈ ╩ ⅝ ↑╢ ─₈ ₉≤⁸ ─

⌐╟╢₈ ₉⅜ ╦↕∫≡ ≤⌂∫≡™╕∆⁹ 

 

≢ ⅜ 1kg ─ ⌐ ∆╢ ─ ↕≤™℮─│ 9.8N ≢╒

╓ ≤⌂∫≡™╕∆⁹⇔⅛⇔⁸ ⌐ ═≡╖╢≤ │ ─ ⁸

№╢™│ ⌐╟∫≡╙ ⇔≡™╕∆⁹ 

ⅎ┌⁸ ≤ ≢∕╣∙╣ ╩ ∫√ ⁸ ─ ⅜ ↄ⌂∫

≡⇔╕™╕∆⁹↓╣│ ─ ⌐╟╢╙─≢∆⁹ 

╒≥ ═√╟℮⌐⁸ ─ ≤ ⌐╟╢ ⅜ ╦↕∫≡ ≤

⌂∫≡™╢─≢⁸ ⅜ ↄ⌂╢ ≢│ ⅜ ↄ⁸

⁸ ≢│ ⅜ ⅛⌂™─≢ ⅜ ↄ⌂╡╕∆⁹ 

╟∫≡ ─ ™ ≈╕╡ ⌐ ™ ╒≥ ⅜ ™≤ ⅎ╕∆⁹ 
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▪ⱷꜞ◌⁸ⱨ꜡ꜞ♄ ⌐℮™≥ꜟꜝⱬ♫◌הⱪכ◔─ ⌐◔Ⱡ♦▫

☿fi♃⁹∆╕╡№⅜כ 

↓↓⌐ ☿fi♃כ⅜№╢ ─ 1≈│⁸▪ⱷꜞ◌─ ≢│↓↓⅜ ⌐

ↄ ⅜ ™ ⁸꜡◔♇♩╩ ⇔╛∆™≤™℮ⱷꜞ♇♩⅜№╢⅛╠≢

∆⁹ 

 

 

│ ⅛  

≤™℮ ⅛╠⁸SF ─ ≢⇔⅛⌂™╟℮⌂ ╩ ↑╕∆⅜⁸

╩ ∞↑ ⌐ ⅛∆ │ ⇔≡ ⇔ↄ│№╡╕∑╪⁹ 

 

≤│≈╕╡│ ╩ ╡ ∆ ⁹ 

≤│⁸ ─ ≤ ⌐╟╢ ⅜ ⇔™ ─↓≤≢∆⁹ 

Ᵽ◔♠⌐ ╩ ╣≡ ™ ↄ ╡ ∆≤⁸ │ ⌐╟╡ ∟≡ↄ╢↓

≤│№╡╕∑╪⁹ 

⇔╙ │╛∫√ ─№╢№─ ↓∕⅜ ─ ≤╙™ⅎ╢─

≢∆⁹ 

 

∂ ─ ≢⁸☺▼♇♩ ≢ ⇔⁸ ⌐ ∆╢ ╩♥꜠

ⱦ ≢ √↓≤№╢ ╙™╢≤ ™╕∆⁹ 

№╣╙ ─ ≤☺▼♇♩ ─ ⌐╟╢ ⅜ ╡ ∫√

⌐⅔↑╢ ⌂─≢∆⁹ 

 

∟⌂╖⌐↓─☺▼♇♩ ⌐╟╢ │▪ⱷꜞ◌─ꜝ☻ⱬ●☻╛⁸◔

Ⱡ♦▫ ☿fi♃כ≢ ∆╢↓≤⅜≢⅝╕∆⁹ 

│ 55 65 ≤⅔ ⌂ ≤⌂∫≡⅔╡╕∆─≢⁸ ─№╢

│ ═≡╖≡│™⅛⅜≢⇔╞℮⅛⁹ 
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⌂− ⅜ ⌂─⅛  

╕∏│ ⌐⅔™≡─ ─ ⌐≈™≡ ⅎ╕⇔╞℮⁹ 

↓╣│№╕╡ ⇔⌂ↄ≡╙ ≢⅝╢⅛≤ ™╕∆⁹ 

™ ╩ √⌂ↄ≡ ╗⇔⁸ ╙ ≢∆⁹ 

╙ ╩ ┬∞╤℮⇔⁸ ⌂↓≤∞╠↑≢∆⁹ 

 

 

 

 

 

∕⇔≡⁸ ⅜ ╙ ∆╢─│ ≢∆⁹ 

│╙∟╤╪ ⌂─≢ │ ⅜ ⌐ ™≡™╢

≢ ⇔⌂↑╣┌⌂╡╕∑╪⁹ 
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⇔⅛⇔ ╩ ∆╣┌ ≢№╢ ─ ≢╙ ╩ ╢

↓≤⅜≢⅝╕∆⁹ 

≢ ∆╢≤⁸ ≢│ ⌐ ╕∫≡™√ ─℮∟ 2

ꜞ♇♩ꜟ⅜⁸ ╛ ─ ⌐ ⇔╕∆⁹ 

∕─ ⅜ ⌐╟∫≡ ⌐ ↕╣╢√╘⁸ ⅜╗ↄ╖⁸ ≤

─ ⅜ ⅝ ≡⁸ ⅜ ╕╡ ⁸ ⅜ ↄ⌂∫≡⇔╕™╕∆⁹ 

∕─ ⌐╙⁸ │ ╩ ↑╢╒≥ ↄ⌂╢ ╩ ∫≡™╢─≢⁸

⌐ ™ ╢≤⁸ ↄ⌂∫≡⇔╕∫√╡⇔╕∆⁹ 

⇔⅛╙ ⅜ ↄ⌂╢ ≢ ∆╢◌ꜟ◦►ⱶ⅜ ⌐ ╕╣╢─≢

─ꜞ☻◒╙ ╕╡⁸ ⌐╙⌂╡╛∆ↄ⌂╡╕∆⁹ 

≢ 10ﬞ ↔∑┌⁸ ≢│ 30 ⅛╠ 75 ╕≢ ╩ ∫√

⌐ ∆╢ ─ ⅜ ╦╣╕∆⁹ 

 

↓─╟℮⌐ ≢ ∆╢⌐│ ⌂↓≤⅜ №╢─≢∆⁹ 

∕╣╠─ ╙ ≢│ ≢⅝╢─≢∆⁹ 
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│ ∆╢  

│ CERN ─ √∟⅜ ⌐╟╢ ╩

⇔≡™╕∆⁹ 

1995 ⁸CERN ≤♪▬♠─ ⱶ⌐⅔™≡⁸כ♅ ≤ ⅛╠⌂

╢₈ ₉⅜ ↕╣╕⇔√⁹ 

 

≤│№╢ ─ ∞≤ ≤ ═≡ ≤ ⅜ ∂≢⁸

⌂≥─ ⅜ ↄ ≢№╢ ≢∆⁹ 

╩ CERN ─ ∆╢ ♩ꜝ♇ⱪ ⌐™╣≡ ☻▬♇♅╩

╡╕∆⁹ 

∕℮∆╢≤ ⅜ ─ ⌐⌂╡ ⅝ ⇔╕∆⁹ 

 

∕⇔≡⁸ ⅜≥─ↄ╠™─ ≢ ≥∟╠⌐ ↄ⅛╩ ∆╢

↓≤≢ ─ ─ ╩ ═╢≤™℮╙─≢∆⁹ 

 

↓╣≢ ⅜ ─ ⌐ ⇔⁸ ╕≢─ ─ ⌐ ∆╢─⅛⁹∕

╣≤╙ ─ ≢ ∆╢─⅛⁹ 

╕∞∕─ ⅎ│ ≡™╕∑╪⅜⁸∕℮™∫√ ⅜ ⌐⌂∫≡ ╦╣≡

™╢─≢∆⁹ 

 

╙⇔ ─ ⁸ ⅜ ⇔√≤⇔≡╙ 

─Ɑכ☺≢ ═√╟℮⌂↓≤⅜∆←⌐≢⅝╢╟℮⌐⌂╢ ≢│№╡╕

∑╪⅜ ─ ⌐ ⅛∫≡ ⅝ↄ ⇔√≤™ⅎ╢≢⇔╞℮⁹ 
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↓╣⅜ CERN ─ ♩ꜝ♇ⱪ ≢∆⁹ 

 

 

╕≤╘ 

│↓╣╕≢ ╕⇔™ ╩ →≡⅝╕⇔√⁹ 

│╕∞ ⌂ ─╟℮⌂ ╙⁸ ⌐ ⇔⌂™

≤ ™ ╣╢ │№╡╕∑╪⁹ 

∕⇔≡↓╣⅛╠ ─ │ ⌂╢ ╩ →╢≤ ↕╣≡™╕

∆⁹ 

│ ≢─ ╙ ⌐ ∆╢─│ ╠⅛≢№╡⁸∕

─√╘⌐ │ ⅛∑⌂™ ⌂─≢∆⁹ 

 

─ ≢ ⌐ ╩ ∫≡™√∞↑╣┌ ™≢∆⁹ 
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URL  

 

http://ja.wikipedia.org/wiki/%E5%8F%8D%E9%87%8D%E5%8A%9B  

ќ►▫◐Ɑ♦▫▪ ≢∆⁹ ─ ≢│╦⅛╡╛∆ↄ ∆╢√

╘⌐ ₁ ⇔√ ⅜™ↄ≈⅛№╡╕∆⁹ 

≢ ═≡╖√™≤™℮ │╕∏↓∟╠⅛╠↔ ↄ∞↕™⁹ 

 

http://www.ctn -japan.com/index.html  

ќ ╩ ╩כ▪♠╢⅝≢ ⇔ ╘╢ ─◘▬♩≢∆⁹ 

 

http://home.web.cern.ch/  

ќ cern─ⱱכⱶⱭ⁹∆≢☺כ ≢∆⅜ SF ⌂ ─

Ɑכ☺≢꜡ⱴfi⌐ ╣≡™╕∆⁹ 

 

 

╦√⇔╩ ⌐ ╣≡∫≡ʄ ┼─  

ⱷ▪ꜞכ꜡הכ♅ ( ),   ( ) 

ќ ≢ ∆╢≤ ⌐≥℮ ⅜ ╢─⅛⅜ ⇔ↄ ∫≡™╢

≢∆⁹ 
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Ɫכ♪   2  

 

Ɫכ♪   1  
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ה ≤│ 

 │ ≤ ─ ─ ╩ ≈ ≢⁸ ≢│╒

≤╪≥ ╩ ↕∏⁸ ╩ ↕∑╢≤ ⅜ ⅜╢ ╩ ∫≡™

╢⁹ 

 ─╒⅛⌐╙ ─ ╛ ⌂≥─ ⌐╟∫≡╙

⅜ ⅝ↄ ∆╢⁹ 

≤⌂╢ │⁸ ≢│◦ꜞ◖fi⁸◕ꜟⱴ♬►ⱶ⁸ ≢│

◌♪Ⱶ►ⱶ⁸●ꜞ►ⱶⱥ ⁸ ≢│▪fi♩ꜝ☿fi⁸Ɑfi♃☿fi

⌂≥⅜№╢⁹ 

 

ה ─  

 ⅜ ╘≡ ↕╣√─│ ─ ∞∫√⁹∕─ ⁸

⅜ ∆╢≤⁸ ─ │ ⇔√⁹⇔⅛⇔⁸ 2

⅜כ♄כ꜠⌐ ↕╣√ ⁸ ∆╢ ⅜ ↕™ ⌐ ╩

⌐ ↄ∆╢ ⅜№╡⁸ ≢│℮╕ↄ ≢⅝⌂ↄ⌂∫√⁹∕↓

≢⁸ ─ ⅜ ↕╣│∂╘√⁹ 

 

⁸ ─ ╛⁸ ─ ─ ⅜ ╗↓≤⌐⌂

╡⁸1948 ⁸ ╩ ⇔√♩ꜝfi☺☻♃─ ⌐ ⇔√⁹♩ꜝfi

☺☻♃│∕─ ⁸ ♩ꜝfi☺☻♃⁸ ♩ꜝfi☺☻♃⅜ ╕╣⁸1958

≈™⌐⁸ ⌂ ╩ 1 ─ ↕⌂ ─♅♇ⱪ⌐╕≤╘≡ ╡↓╪

∞ (IC)⅜ ⇔√⁹ 
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ה  

⌐╟╢ ⁸╕√│ ─ ≢№╢ ─

─↓≤⁹ 

─ ⌂ ╩ ⇔√ ⌐╟╢ ─ ⌂

╙≥Ᵽ▬☻₉♦ה♩כ♥☻♪♇ꜞ♁₈╡№≢ ┌╣╢⁹ 

⌐│♩ꜝfi☺☻♃╛ (ICהLSI )⁸ ⁸◖fi♦fi◘⌂

≥⅜№╡⁸♥꜠ⱦ ⁸ ⁸◖fiⱧꜙכ♃≤™∫√ ─╒

≤╪≥⌐ ↕╣⁸↕╠⌐ ╛ ⌂≥⌐╙◖fiⱧꜙכ♃⌂

≥─ ≢ ╕╣≡⅔╡⁸∕─ ─ │ ⌐ ⅝™⁹ 

 

ה  

⅜ ⌐ ╦╣╢ ⌐│⁸ ─ ≤⇔≡│

╛ ╩ ⇔√ ( ⌂≥)⅜ ╦╣≡™√⁹ 

⇔⅛⇔⁸ ⌐│ ─╟℮⌂ ⅜№╢√╘⁸ ≥─ ≢

╩ ⇔⁸ ⇔√⁹ 

 

1.ⱥכ♃כ⅜ ⌂√╘ ⅜ ⌂ↄ⁸ ≤ ⌐ ∆╢⁹ 

2. ≢ ∆╢√╘ ⅜ ™⁹ 

3. ≢№╢√╘ ╛ ⌐ ↄ ⅜ ™⁹ 

4. ∂ ╩↕∑╢─⌐ ⌂ ה ⅜ ↕™⁹ 

 

 כfi►▼Ɫ◖ꜞ◦ה

◔▬ ─▬fi◗♇♩╩ ↕ 1mm ⌐☻ꜝ▬☻⇔√ ⁹ ─

≤⇔≡( ⌐ ≢) ↄ ™╠╣≡™╢⁹ 

◦ꜞ◖fi⅜ ╦╣╢  

1⁸ ⅜ ⌐№╢ 

2⁸ ⌐ ™(◕ꜟⱴ♬►ⱶ─ 3 ) 

3⁸ ⅜ ╡╛∆™ 

⌂≥⅜ →╠╣╢⁹ 
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ה ─  

─ │ ⅝ↄ 2≈⌐ ↑╠╣╢⁹ 

►▼Ɫכ ⌐ ╩ ╡ ╗  

≢ ╠╣√ ╩Ɽ♇◔כ☺fi◓⇔⁸ ╛ ╩ ≡ 

≤⇔≡ ∆╢╕≢─  

 

 

─ ╣ќ 

 

 

 

 

 

 

 

 

 

ה  

 1⁸ fiכ♃Ɽה  

  ♅♇ⱪ─ ⌐⁸≥─╟℮⌂ ╩ ∆╢⅛─ ╩ ╡ ∆╢⁹ 

2⁸ⱨ◊♩ⱴ☻◒  

  ─Ɽ♃כfi╩►▼Ɫכ⌐ ↑∆╢√╘─ⱨ◊♩ⱴ☻◒╩ ╢⁹ 

 3⁸►▼Ɫכ  

   ─ⱬכ☻⌐⌂╢◦ꜞ◖fi─ ─▬fi◗♇♩╩ ╡⁸∕╣

╩ ─ ↕⌐ ∆╢⁹∕⇔≡ ╡ ⇔√►▼Ɫכ─ ╩ ⇔

⌐∆╢⁹ 

4⁸►▼Ɫכ─  

5⁸ⱨ◊♩꜠☺☻♩  

6⁸Ɽ♃כfi  

7⁸◄♇♅fi◓ 
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8⁸▬○fi  

9⁸  

5 9─ ╩ ⅛ ╡ ⇔⁸►▼Ɫכ⌐ ⌂ ╩ ╡ ╗ 

10⁸  

  ►▼Ɫכ─ ⌐ ─▪ꜟⱵ ╩ ╢⁹ 

11⁸►▼Ɫכ  

  ►▼Ɫכ ─ IC ╩ ⌐ ∆╢⁹ 

►▼Ɫכⱪ꜡☿☻ 

   ►▼Ɫכⱪ꜡☿☻⌐│⁸►▼Ɫכ─ ⁸ⱨ◊♩꜠☺☻♩ ⁸Ɽ

fiכ♃ ⁸◄♇♅fi◓⁸ ⁸ ⁸CVD( )▬○fi

⁸ ⅜№╢⁹ 

   ╕∏⁸►▼Ɫכ╩ ─ ⌐↕╠⇔⁸ ⌐ ╩ ↕∑⁸

ⱨ◊♩꜠☺☻♩( )╩ ⌐ ↄ ⌐ ╡⁸ ╩ √∑

╢⁹ ⌐⁸ⱨ◊♩ⱴ☻◒╩ ⇔⁸Ɽ♃כfi╩ ↑⁸ ∆╢⁹∕

⇔≡◄♇♅fi◓⇔≡ ⌐ ≤ ⌂꜠☺☻♩╩ ╡ ↄ⁹

⌐⁸►▼Ɫכ⌐▬○fi(ⱱ► ⁸ꜞfi) ╛ ╩ ℮⁹∆

╢≤⁸◦ꜞ◖fi⅜ ≡™╢ ∞↑⅜ ⌐⌂╢⁹ ⌐⁸►▼

Ɫכ─ ╩ ⇔⁸Ɽ♃כfi╩ ⌐∆╢⁹ⱨ◊♩꜠☺☻♩

⅛╠ ╕≢─ⱪ꜡☿☻╩ ╡ ⇔⁸►▼Ɫכ⌐♩ꜝfi☺☻♃⌂

≥─ ⌂ ╩ ╢⁹ 
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ה  

 ⌐│⁸ ╖ ≡⁸ ה ⁸ⱴכ◐fi◓⅜№╢⁹ 

 

─כⱢ▼►ה ╖ ≡ 

 ►▼Ɫכ╩ ⇔⁸♅♇ⱪ⌐⇔⁸ꜞכ♪ⱨ꜠כⱶ─ ─ ⌐ ∆

╢⁹ ≢≤⌂כꜘ▬ⱶ≤♅♇ⱪ╩꞉כ꜠ⱨ♪כꜞ⌐ ∆╢⁹∕╣╠╩☿

ꜝⱵ♇◒⁸ ⌂≥─Ɽ♇◔כ☺⌐ ∆╢⁹ 

         

 

            ─ ╣ 

 

 

 ⌐│ ↄ─ ⅜№╡⁸ ─ ╙ ≢№╢⁹ ╩

№→╢≤⁸►▼Ɫכ─ ⌐ ╩ ╢√╘─ ⁸ⱨ◊♩

꜠☺☻♩ ◓⁸ⱪꜝ☼ⱴ◄♇♅fiכ♃כ◖─╘√─ ⁸ ╖ ≡ ⁸

⁹╢№⅜≤⌂כ♃☻♥ ─ ⌐│ɡm⁸nm ꜠ⱬꜟ─ ╩ ╘╠

╣╢√╘⁸ ─ ≢ ℮─│ ⁹ 

 

─▪כⱶה  

 ⱶכ▪─ ≤│⁸₈ ─ │⁸18 24ﬞ ≢ ∆╢₉≤

™℮ ⁹ 

 ↓─ ≢│ ─ │ ⌐ ⇔≡™ↄ↓≤⌐⌂╢⅜⁸
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─ Ɑכ☻│ ↄ⌂∫≡™╢⁹⇔⅛⇔⁸ ╩ ⌐

⅝ ⅎ╢≤↓─ │ ╙ ⇔≡™╢⁹√∞⇔⁸↓─ │

─ ─ ╩ ≤⇔≡™╢√╘⁸№≤ 15 ╒≥≢ ╩

ⅎ╢≤ ↕╣≡™╢⁹ 

ⱶכ▪─ ╩ ╙ ∆╢ ⌐ ∂╢ │⁸ 

1. ♩ꜝfi☺☻♃ ─ ⅔╟┘ ─  

2. ─ ⅔╟┘ ─  

3. ON/OFF ─ ╩ ╩♩כ◕⌐╘√╢∆ ≢⅝╢

⌂♩ꜝfi☺☻♃ ─  

4. ─ ↕⌐╟╢ ─  

╢╟⌐◓Ⱨfiכ♪ .5  

6. ◦☻♥ⱶ꜠ⱬꜟ≢─  

7. ⌐⅔↑╢ ╩ ⌐ ∆╢  

8. ◦☻♥ⱶ ⌐⅔↑╢ ◖☻♩╩ ⌐ ⅝ →╢╟℮⌂

№╠╝╢  

≢№╢⁹ 
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ה ─  

ה  

 ⱶכ▪─ ╩ ⅎ≡⅝√─│ ─ ∞⅜⁸↓─ ⅜ ╖∆

⅞╢≤№╢ Ίꜞכ◒ ⅜ ∂╢⁹♩ꜝfi☺☻♃│ ≥♩כ◕⁸

┌╣╢ ◒כꜞ≢ ╩ ←⁹⇔⅛⇔⁸ ╩ ↕ↄ∆╢≤⁸◕כ♩─

╙ ↄ⌂╢⁹ ─ ╩ ╘╢ ◒כꜞ⁸≢ ╩≥℮ ←⅛

⅜ ⅝⌂ ≤⌂╢⁹∕↓≢⁸ ╡ ↕╣√─⅜⁸ ─ ♩ꜝ

fi☺☻♃≢№╢⁹↓─ ♩ꜝfi☺☻♃│ ⌐└╣ ─ⱨ▫fi╩ ╡

↑√─⅜ ≢⁸ ╩ ∆╢♅ꜗfiⱠꜟ⅜ ─ ↑∞♩כ◕─≈1

≢⌂ↄ⁸ ≤ ─ 3≈⌐⌂╡⁸ ⅜ ⇔√⁹ ⁸ ₁⌂ⱷ

⅜כ◌כ ╩ ⇔⁸ ╩ ╘≡™╢⁹ 

♩ꜝfi☺☻♃╩ ⇔√ ♅♇ⱪ 
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ה  

 ╩ ∆╢◦ꜞ◖fi ╩ ∫√ (TSV )  

─ ◖☻♩ ⁸ ♦Ᵽ▬☻─  

 

 Ⱪכꜙ♅Ⱳfi♫ⱡכ◌ה

 ─ ≢ ╙ⱷ☺ꜗכ⌂◦ꜞ◖fi⌐ ╦╡⁸ ↕╣≡™╢

Ⱪ│◦ꜞ◖fiכꜙ♅Ⱳfi♫ⱡכ◌Ⱪ≢№╢⁹כꜙ♅Ⱳfi♫ⱡכ◌⅜─

─ ╩ ⅎ≡™╢⁹∆≢⌐⁸ ⅝↕⅜ 10nm ≤™℮ ꜠ⱬ

ꜟ≢№╡⌂⅜╠⁸ ╣√☻▬♇♅fi◓ ≤⇔≡ ♅Ⱳfi♫ⱡכ◌╢∆

╩♃☻☺fiꜝ♩הⱩכꜙ ╖≢№╢⁹⇔⅛⇔⁸1 ⌐ ╡↓╘╢ │

⌐ ╕∫≡™╢⁹IC ≤⇔≡ ∆╢√╘⌐│⁸10 ─◌

╩♃☻☺fiꜝ♩הⱩכꜙ♅Ⱳfi♫ⱡכ ╢ ⅜№╢⁹╕√⁸ ⌐│⁸

♩ꜝfi☺☻♃╩ ≢ ⇔√╡⁸♫ⱡ☻◔כꜟ≢ ⇔√╡≤™℮

⅜№╢⁹ 

 

 Ⱪכꜙ♅Ⱳfi♫ⱡכ◌       
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http://e -words.jp/w/E383A0E383BCE382A2E381AE E6B395E58987.ht

ml  

http://ja.wikipedia.org/wiki/%E9%9B%86%E7%A9%8D%E5%9B%9E%

E8%B7%AF 

http://www.geocities.jp/hiroyuki0620785/intercomp/semiconhistry.htm  

http://www.tel.co.jp/product/spe/es/telius.htm  

http://www.osako -electric.co.jp/descrip/semiabout/semiabo ut.php  

http://www.seaj.or.jp/semi/proc/f04.html  

http://eetimes.jp/ee/articles/1305/30/news037.html  

http://ps.nikkei.co.jp/hightec/pdf/vol24.pdf  

http://eetimes.jp/ee/articles/1211/08/news043_2.html  

http://www.meti.go.jp/report/tsuhaku/h13/html/13211100.htm  

http://ja.wikipedia.org/wiki/%E3%83%A0%E3%83%BC%E3%82%A2%

E3%81%AE%E6%B3%95%E5%89%87 

http://j -net21.smrj.go.jp/develop/techno/entry/2011100601.html  

http://www.nistep.go.jp/achiev/ftx/jpn/stfc/stt109j/report2.pdf  

 

Ⱶ▪◐ה  ♫♠ⱷ ₈ ₉ 
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Flash P layer  

 

 

 

 

 

 

♁ⱨ♩   1  

♁ⱨ♩   2  
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Flash Player │⁸▪♪ⱦ◦☻♥ⱶ☼⅜ ∆╢⁸Flash ♁ⱨ♩►▼▪

≢№╢⁹ 

Microsoft Windows ⁸Mac OS X⁸Linux ⌂≥─○Ɑ꜠כ♥▫fi◓◦☻♥ⱶ

≢ ⇔⁸ ⌂►▼ⱩⱩꜝ►◙─ ≢ⱪꜝ◓▬fi≤⇔≡ ↕∑╢⁹

⌐╙ ♁ⱨ♩⅜ ↕╣≡™╢╙─⅜№╢⁹ 

 

Flashה ≤│ 

Adobe Flash(▪♪ⱦהⱨꜝ♇◦ꜙ)│⁸▪♪ⱦ◦☻♥ⱶ☼⅜ ⇔≡™╢▪

♬ⱷכ◦ꜛfi╛◕כⱶ⌂≥╩ ℮√╘─ ⁸ 

┘∕╣╩ ∆╢ ─♁ⱨ♩►▼▪ ─ ⁹ 

─ │ⱴ◒꜡ⱷ♦▫▪⁹  

Macromedia Flash( ⱴ◒꜡ⱷ♦▫▪הⱨꜝ♇◦ꜙ)⁹ 

⁸ ⁸Web◘▬♩─♫ⱦ◕כ◦ꜛfi⌂≥─ 

◖fi♥fi♠⅜ ╣╢⁹ 

┼─ ⅜ ↄ⁸ⱬ◒♃כ▬ⱷכ☺╩ 

℮ ⁸►▬fi♪►◘▬☼╩ ⅎ≡╙ ⅜ ⇔⌂™≤™℮ ⅜№

╢⁹ 

 

Flash Playerה ─ Flash ♁ⱨ♩ 

SWF(Flash ─ ⁸ )─ⱨ□▬ꜟⱨ◊כⱴ♇♩─ │ ↕╣≡

™╢⁹ │⁸↓─ ╩ ♁ⱨ♩►▼▪─ ⌐ ™╢↓≤│≢⅝⌂

⅛∫√⅜⁸2008 5 1 ⌐⁸ꜝ ▬☿fi☻⅜ ╦╡⁸Open Screen Project

⅜ ╕╡⁸ ⱪ꜠כꜘכ╩ ╢↓≤⅜ ⌐⌂∫√⁹ 

GNU(ⱨꜞכ─ OS) ─ Gnash⁸☻♃fi♪▪꜡כfi≢─ ⁸Mozilla

Ⱪꜝ►◙─ ─ꜝ▬Ⱪꜝꜞ≢№╢ Swfdec ⌂≥⅜ →╠╣╢⅜⁸™∏╣╙

╕∞Ᵽ◓⅜╖╠╣╢⁹ 
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ה  

1996 ⌐▪ⱷꜞ◌ ─◖fiⱧꜙה♃כ♁ⱨ♩►▼▪ ≢№╢ⱨꜙ

╩♃כ♦הfiꜛ◦כⱨ♩►▼▪⅜⁸▪♬ⱷ♁הⱩכ▼►כꜗ♅כ ∆╢

♁ⱨ♩ FutureSplash Animator ≤ ⱪꜝ◓▬fi FutureSplash Player

╩ ⁹↓╣╩ⱴ◒꜡ⱷ♦▫▪⅜ ↔≤ ⁸₈FutureSplash ₉─

₈F₉≤ ₈lash₉╩≤∫≡ ╩₈Flash₉≤⇔⁸Shockwave ◦ꜞ

⌐☼כ ╖ ╪≢₈Shockwave Flash₉≤⇔√⁹ 

ⱨ□▬ꜟⱨ◊כⱴ♇♩ ┘ ≤⇔≡ ╦╣≡™╢₈SWF₉│ ₁

₈small Web format ─(♩♇ⱴכ◊ⱨהⱩ▼►הꜟכ⸗☻)₉ ≢№∫√⅜⁸

ⱴ◒꜡ⱷ♦▫▪⌐╟∫≡₈Shockwave Flash₉─ ≤⇔≡ ↕╣√(

│ ┘ ─ ┼ )⁹ ♁ⱨ♩ ╙ Macromedia Flash ⌐ ↕

╣√⁹↓─↓╤⅛╠∆≢⌐ ↄ─ ⌂ ╩ ⅎ≡⅔╡⁸╕√ⱬ◒

≢☺כⱷ▬כ♃ ∆╢ ⌐╟╡ │≡⇔≥♃כ♦ ♃כ♦⌐ ╩

↕ↄ⇔√ ⌐╟╡ ↕╣╢⁹ 

 

Adobeה ⌐╟╢  

2005 4 ⌐ⱴ◒꜡ⱷ♦▫▪│▪♪ⱦ◦☻♥ⱶ☼⌐ ↕╣⁸ⱪ꜠כꜘ

│כ Adobe Flash Player ⌐ ↕╣╢⁹ ♁ⱨ♩│ Ᵽכ☺ꜛfi─

╕≢Macromedia Flash ─ ─╕╕ ⅜ ↕╣√⁹2007 4

▪♪ⱦ─◒ꜞ◄▬♥▫Ⱪ ≢№╢₈Adobe Creative Suite 3 ₉⌐ ╖

╕╣≡ Ᵽכ☺ꜛfi≤⌂╢ Adobe Flash CS3 Professional ⅜ ↕╣⁸

♁ⱨ♩─ ╙ Adobe Flash ⌐ ↕╣√⁹ 

 

ה  

Flash │☻◒ꜞⱪ♩ (◖fiⱤ▬ꜟ⌂≥─ ╩ ╕√│ ⇔√⁸

⌂ⱪ꜡◓ꜝⱵfi◓ )≢ ↕╣╢⁹ 

2000 ⁸Macromedia Flash 5 ≢ ActionScript ⅜ ↕╣⁸ⱪ꜡◓ꜝⱵ

fi◓─ ⅜ ⌐ ↕╣√⁹Flash ─Ᵽכ☺ꜛfi▪♇ⱪ⌐ ∫≡⁸
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ActionScript │ ↕╣≡™╢⁹ 

 

ה ⌐⅔↑╢  

Flash╩ ™╣┌⁸♦☺♃ꜟ▪♬ⱷ⌐ ═⁸ ◖☻♩╛ ⁸ ◖☻

♩⌂≥⅜⅛⅛╠⌂™ ™▪♬ⱷ╩ ╢↓≤⅜ ∞∫√⁹↓─ ⁸MAD

ⱶכⱦכ ≡⇔≥ꜟכ♠ Flash ⅜ ≢ ↕╣√⁹ 

∕─ Flash ⅜≢⅝⁸ ꜠ⱬꜟ─ ⅜ ↕╣╢╟℮⌐⌂╢⌐

≈╣≡⁸∕─ │ Flash ≤ ┌╣⁸ ≢─ Flash ─ │

╕∫≡™∫√⁹ 

∕⇔≡ 2005 ⌐│ ╩ ⇔≡ ⇔≡™√ Flash ╩

⌐ ⅜ ⇔⁸ⱪ꜡⸗כ◦ꜛfi≤⇔≡ ₁ ⌐ ∆╢ ─₈ ₉

⅜№∫√⁹ 
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ה ⌂Web◘▬♩ 

Flash ⌐╟╢▪♬ⱷכ◦ꜛfi│⁸ⱳכ♃ꜟ◘▬♩╛ ╛ ⁸

╛ ─►▼Ⱪ◘▬♩ ⌐⅔™≡♩♇ⱪⱭכ☺⌐ ↕╣╢⅜⁸HTML ─

Ɑכ☺╩ ⇔≡™⌂™ │⁸▪◒☿◦ⱦꜞ♥▫─ ⅛╠ ╙

↑╢↓≤╙ ™⁹ 

( ) ─ ☿fi♃כ─ HP  

http://www.konan -u.ac.jp/ku -kinds/  

HTML ─◘▬♩ⱴ♇ⱪ╙ ↕╣≡™╢⁹ 

 

ה ─ ⅛╠ 

Flash ⌐ ↕╣√♥◐☻♩│⁸ ─♥◐☻♩╛ ─╟℮⌐Ⱪꜝ►

◙─ ╩ ™≡◖Ⱨכ╛ ⁸ ∆╢↓≤⅜ ≢№╢⁹∕─√╘⁸

√≤ⅎ┌ ⌂≥─♥◐☻♩╩ Flash ≢ ⇔⁸ ⌐◖ⱧכⱭכ☻♩↕

╣⌂™╟℮⌐∆╢≤™℮ ⌂ ╦╣ ╙№╢⁹ 

 

Flash Videoה  

⌐⁸2006 ⌐ ╩ ┘√ ◘▬♩ YouTube ≤≤╙⌐ ⇔

√ ─ ⌐⅔™≡│⁸(♦☺♃ꜟ ─ ⅜ ⌂ ─

╩☻כ◔ ™≡) ⌐ ↄ ╦╣≡⅔╡⁸ ─Windows Media Player ⁸

QuickTime ⁸RealPlayer ◓Ⱶfiכꜞ♩☻╢╟⌐ ⌐ ╦∫≡⁸

⌐⅔™≡ ⅛∑⌂™ ─└≤≈≤⌂∫≡™╢⁹ 
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כ▫♥ꜞꜙ◐☿ ─  

2013 7 9 ⌐ ↕╣√ ≢│⁸Windows Adobe Flash Player 

11.7.700.224 ─Ᵽכ☺ꜛfi⌂≥≢⁸Ᵽ♇ⱨ□○כⱣכⱨ꜡⁸כ ○

כꜞ⸗⁸ⱷכ꜡ⱨכⱣכ ─ ⅜ ↕╣√⁹∕╣╠╩ ↕╣√

⁸ ⌐ ╩♪כ◖─ ↕╣⁸◦☻♥ⱶ╩ ↕╣╢ ╣⅜№

╢⁹ 

≤⇔≡⁸▬fi☻♩כꜟ ╖─ ╩ Ᵽכ☺ꜛfi⌐▪♇ⱪ♦כ♩

∆╢↓≤⅜ ↕╣≡™╢⁹ 

 

 

HTML5 ≤─  

HTML5 ≤│⁸Web Ɑכ☺─ ⌂≥⌐ ™╢ⱴכ◒▪♇ⱪ

HTML(Hyper Text Markup Language) ─ 5 ≢№╢⁹►▼Ⱪ▪ⱪꜞ◔

─≡⇔≥ⱶכfi─ⱪꜝ♇♩ⱱꜛ◦כ ╛ⱴꜟ♅ⱷ♦▫▪ כ꜠♩☻⁸

◙►ꜝ⁸Ⱪ☻כⱬ♃כ♦⁸☺ ⅛╠─ⱨ□▬ꜟ─♪ꜝ♇◓&♪꜡♇ⱪ ⁸

↓╣╕≢─ HTML ⁸Flash ⌐│⌂™ ⅜ ↕╣≡™╢⁹ 

∕─√╘HTML5 ⅜ ∆╣┌Adobe Flash ─ⱪꜝ◓▬fi│ ⌐⌂╢

≤™℮ ╙ ⅜∫≡™╢⁹ 

 

Apple │⁸ ─Ⱪꜝ►◙ Safari ⅜◒ꜝ♇◦ꜙ∆╢ ─ │ Flash 

Player ⌐╟╢╙─∞≤⇔≡™╢(₈↓─ │ Flash Player ⱪꜝ◓▬fi⅜

≢№╢ ⅜№╡╕∆₉⌂≥≤ ↕╣╢)⁹ 

Apple ─ │⁸ ∂╠╣√ Flash ╟╡╙⁸ ⅛╣√ ≢№╢ HTML5 ⁸

CSS⁸JavaScript ⌂≥⌐ ⇔≡™╢ ⁸ ⁸ ⁸Ɽⱨ◊כⱴfi

☻⁸iPhone ⌂≥─ ─ ─ ∟⁸♃♇♅ⱤⱠꜟ≤─ ⅜ ™

⌂≥─ ⅛╠⁸iOS ≢│ Flash ⅜ ⇔⌂™╟℮⌐⇔√⁹∕─ ≤

⇔≡⁸ⱪꜝ◓▬fi╩ ≤⇔⌂™ HTML5 ╩ ↄ ⇔≡™╢⁹ 
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Google│⁸Android ╩ Flash Player ⌐ ↕∑≡⅔╡⁸2010 ⌐

│⁸ChromeⱩꜝ►◙⌐Flash Player ╩ⱦꜟ♪▬fi∆╢↓≤⌐╟∫≡⁸ ₁

⌐▪♇ⱪ꜡כ♪∆╢ ╩⌂ↄ⇔√⁹∕╣⌐╟∫≡ⱪꜝ◓▬fi╩Ⱪꜝ►

◙─ HTML ╛ JavaScript ◄fi☺fi≤ ∂ↄ╠™ ↄ⁸ ∆╢⁸☿◐ꜙ

▪⌂╙─⌐⇔╟℮≤⇔√─≢№╢⁹∕⇔≡⁸∕╣⌐╟∫≡ Flash ⅜HTML5

⅜כ▫♥ꜞꜙ◐☿╙╡╟ ↄ⁸ ⌂ⱪꜝ◓▬fi∞≤∆╢ ⅎ⌐ ⇔

╟℮≤⇔√⁹ 

⇔⅛⇔⁸Adobe⅜⸗Ᵽ▬ꜟ Flash Player ╩ ⇔√↓≤⌐ ™⁸

Android 4.1 ╩ Flash Player ≤⇔√⁹ ⌐⁸Flash ⅜ ⌂◘

▬♩─ ─ ╩ →╢ ╩ ⇔⁸HTML5 ╩ ↄ ∆

╢⌂≥⁸Adobe⌐ ⇔√ ⅝╩ ∫≡™╢⁹╕√ ─ WebM

╩ ⇔≡™╢⁹ 

 

╕√⁸Adobe ╙ Flash ⅛╠─ ╩ꜟכ♠ ∆╢ ⁸HTML5 ╩

∆╢ ╩≤∫≡™╢⁹ 

 

⇔⅛⇔⁸HTML5 │╕∞ ⅜ ⇔≡™⌂™ ─ ≢№╡(2014

╕≢⌐ ─ ⅜ ↕╣╢ )⁸ ≢│ │Ⱪꜝ►◙⌐

╟∫≡ ⌂╢⁹╕√⁸ ⌂ ╖ ( ⅝⌂≥)⁸►▼Ⱪ◌ⱷꜝ┼

─▪◒☿☻⌂≥⁸HTML5 ⌐│ ™ Flash ─ ╙№╢⁹∕─√╘⁸

Flash ╩ ⌐ ⅝ ⅎ╢ ⌐│⌂∫≡™⌂™⁹ 

 

Ⱪꜝ►◙─ HTML5 ┼─ │⁸↓─◘▬♩≢ ≢⅝╢⁹ 

The HTML5 test - How well does your browser support HTML5?  

http://html5test.com/  

 

 

─ Flash Player  

₁Flash Player │Web ≢│ ≢⅝⌂⅛∫√↓≤╩ ≤∆╢√
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╘⌐ ↕╣√╙─∞∫√⁹ 

⇔⅛⇔⁸HTML5 ≢ Web ⅜ ⅜∫√⌂╠⁸Flash Player ─ │◕

╡╟╛ⱶכ ⌂ⱦ♦○≤™∫√╙─⌐⌂∫≡™ↄ≤™℮⁹ 

╙∟╤╪⁸∕─╟℮⌂ ∞↑≢⌂ↄ⁸ ─ꜞ♇♅ⱷ♦▫▪─ⱪꜝ♇♩

ⱱכⱶ≤⇔≡╙ ⅝ ⅝ ≢№╢≤⇔≡™╢⁹ 

╕√⁸Adobe│⸗Ᵽ▬ꜟ ─ Flash Player ─ ╩ ⇔√⅜⁸∕─

╦╡⌐▪ⱪꜞ≤⇔≡ Adobe Air ╩ ⇔≡™╢⁹ 

Adobe Air ≤│ ─Ⱪꜝ►◙כⱪꜝ◓▬fi≤│ ⌂╡⁸Adobe ─Flash

╩ ⇔√▪ⱪꜞ◔כ◦ꜛfi♁ⱨ♩╩♦☻◒♩♇ⱪ≢ ⌐∆╢▪

ⱪꜞ≢№╢⁹ 

╟∫≡ ╙ Adobe │ Flash ─ ╩ ⌐ ╘≡™ↄ ≢№╢≤

ⅎ╢⁹ 

 

 

 

 

Adobe Flash - Wikipedia  

http://ja.wikipedia.org/wiki/Adobe_Flash  

ActionScript - Wikipedia  

http://ja.wikipedia.org/wiki/ActionScript  

GNU Gnash - GNU Project - Free Software Foundation (FSF)  

https://www.gnu.org/software/gn ash/ 

swfdec 

http://swfdec.freedesktop.org/wiki/  

─╕Ⱡ◖∫≡ ∫≡╕∆⅛ ₒ◄♃◌ₓMirageWolf  Ɽ♩ꜞ○♇♩

So-net Ⱪ꜡◓ 

http://miragewolf.blog.so -net.ne.jp/2005 -09-27 

CSIRT ⱷ⸗ - ♅▼♇◒⇔≡⅔⅝√™ 2013.07.22 ITpro  

http://itpro.nikkeibp.co.jp/article/COLUMN/20130716/491483/  

APSB13-17  Adobe Flash Player ─☿◐ꜙꜞ♥▫▪♇ⱪ♦כ♩  
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http://helpx.adobe.com/jp/flash -player/kb/cq07082242.html  

HTML5 ≤│ - / / /   IT  

http://e -words.jp/w/HTML5.html  

Flash ∞≤↓↓╕≢≢⅝╢! HTML5 ≤ Flash ─  | ClockMaker 

Blog 

http://clockmaker.jp/blog/2010/02/flash -vs-html5 / 

Thoughts on Flash  

http://www.apple.com/hotnews/thoughts -on-flash/  

Google ►▼Ⱪⱴ☻♃כ ↑ Ⱪ꜡◓: ☻ⱴכ♩ⱨ◊fi ↑ ≢─ꜝ

fi◐fi◓─ ⌐≈™≡ 

http://googlewebmastercentral -ja.blogspot.jp/2013/06/changes -in -ranki

ngs-of-smartphone.html  

▬fi♃ⱦꜙכ ↓╣⅛╠ Flash │≥↓⌐ ⅛∫≡ ∆╢─⅛  ▪♪ⱦ

⅜ HTML5 ⌐ ∆╢≤™℮ │   Publickey:  

http://www.publickey1.jp/blog/11/flash_html5.html 

Adobe AIR ≤│ ₒAdobe Integrated Runtime  x - / / /   

IT : 

http://e-words.jp/w/Adobe20AIR.html 
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ReactOS 

 

 

 

 

 

 

 

 

 

 

Ɫכ♪  2   
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ReactOS≤│ 

ReactOS│ Microsoft Windows NT ╩1כꜗ♅◒♥◐כ▪ ⌐⇔√

)fi◓◦☻♥ⱶ▫♥כ꜠Ɑ○─2☻כ♁ⱪfiכ○≢ OS ≤ )≢∆⁹

Windows ≤Ᵽ▬♫ꜞ꜠ⱬꜟ≢─ ╩ ∫√ OS ╩ ⇔≡⅔╡⁸

Windows ▪ⱪꜞ◔כ◦ꜛfi╛♪ꜝ▬Ᵽכ⅜∕─╕╕ ⇔╕∆⁹ ⌐♀

꜡⅛╠ ⅛╣√ OS≢⁸Linux ╛∕─ ─ OS╩ ⌐⇔≡ ╠╣≡™╕∑

╪⁹ 

ⱪ꜡☺▼◒♩─ │ 1996 ⅛╠ ⇔≡⁸ ╙ ⅜ ↑╠╣≡

⅔╡⁸2013 8 ─ Ᵽכ☺ꜛfi≢№╢ ReactOS 0.3.15│ ─

⌐ √╢▪ꜟⱨ□ ≤↕╣≡™≡⁸ ╛♥☻♩ ⌐ ↕╣

≡⅔╡ ⌐ ≢⅝╢∞↑─ ⌂ ╛ ╩ ⅎ≡™╕∑╪⁹ 

 

 1 ReactOS─ ( ) 

 2 ReactOS─♦☻◒♩♇ⱪ ( ) 

 

∕╙∕╙Windows≤│ 

ReactOS⅜ⱬכ☻⌐⇔≡™╢Windows NT ─℮™≥כꜗ♅◒♥◐כ▪

│ ↄ ╦╣≡™╢Windows 7 ╛Windows 8 ≤™∫√╙── ≤

                                                   
1
 ╙≤╙≤│ ≢ ⌂≥╩ ∆╢⁹↓↓≢│○Ɑ꜠כ♥▫fi

◓◦☻♥ⱶ─ ─↓≤╩ ∆⁹ 
2
⅜♪כ◖☻כ♁  ≢ ↕╣≡⅔╡⁸ ≢╙ ╛ ⅜≢⅝╢

╟℮⌐⌂∫≡™╢↓≤⁹ 
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⌂∫√ ≢∆⁹Windows NT ─ │∕╙∕╙≥℮™℮╙─∞∫√

─≢⇔╞℮⅛⁹ 

─Windows NT ≢№╢Windows NT 3.1 │ 1993 ⌐ ↕╣╕⇔

√⁹Windows NT │ ⌐ ⁸ ⁸ ╩ ≤⇔≡ ↕

╣⁸ ≤⌂∫≡│ √╡ ≢∆⅜⁸№╢▪ⱪꜞ◔כ◦ꜛfi─ ⅜

⌐⌂╢⌂≥─ ⅜ ↓∫≡╙◦☻♥ⱶ │◒ꜝ♇◦ꜙ╩ ↓↕⌂™

≤™℮⁸∕─ │ ─♦☻◒♩♇ⱪ◖fiⱧꜙכ♃─◦☻♥ⱶ≤⇔≡

│ ⌂╙─≢⇔√⁹ 

 

 3 Win dows▪כꜗ♅◒♥◐כ─  

Windows │≥℮╛∫≡ ™ ╩ ⇔≡™╢─≢⇔╞℮⅛⁹

Windows ─♪כ⸗ꜟⱠכ◌≥♪כ⸗כ◙כꜚ│ 2 ─ ⌐♪כ⸗

⅛╣≡™╕∆⁹ ─ ─ ≢♪כ⸗כ◙כꜚ─ ∆╢ⱪ꜡◓ꜝ

ⱶ│Ɫכ♪►▼▪╛ ⱷ⸗ꜞכ≤™∫√◦☻♥ⱶ ⌐ ▪◒☿☻

∆╢↓≤│≢⅝╕∑╪⁹▪ⱪꜞ◔כ◦ꜛfi│ꜚכ⸗כ◙כ♪≢ ∆╢─

─fiꜛ◦כ◔ꜞⱪ▪כ◙כꜚ⁸≢ ⌂ ⅛╠◦☻♥ⱶ╩ ≢⅝╢≤

™℮╦↑≢∆⁹ 

∕─ ─ ™ Windows NT │כꜗ♅◒♥◐כ▪ ╩ ⌡⌂⅜╠

₁─Windows ⌐╙ ↑ ⅜╣⁸ ─Windows 8 ╛Windows Server 

2012⌐ ∫≡™╕∆⁹ 

 



149 

 

≥℮╛∫≡ ⇔≡™╢⅛ 

Windows ▪ⱪꜞ◔כ◦ꜛfi│Windows API ≤ ┌╣╢Windows ─

╩ ∆╢√╘─ ─ ╩ ∂≡ Windows ─ ₁⌂ ╩ ⇔

╕∆⁹ 

 

 4 Windows ▪ⱪꜞ◔כ◦ꜛfi⅜ API ╩ ┘ ∆ 

ReactOS─ ⌐⅔™≡│Windows ▪ⱪꜞ◔כ◦ꜛfi╩ ↕∑╢√

╘⌐Windows API ⌂≥╩ ∆╢ ⅜№╡╕∆⅜⁸Windows ─

╛ ≤™∫√ │ Microsoft ⌐№╡⁸Windows ╩ ▪☿fiⱩ

ꜟ3∆╢⌂≥─ꜝ▬☿fi☻ ≢ ↕╣≡™╢ ≢ ⇔≡ ∆╢

≤⁸Microsoft ─ ╩ ∆╢ ⅜№╡╕∆⁹∕─√╘

ReactOS─ │⁸ ╠⅛─ ≢Windows ╩♪כ◖☻כ♁─ ≢

⅝√≤⇔≡╙∕╣╩ ╢↓≤│ ↕╣≡™╕∑╪⁹ReactOS─ │

⌐↕╣≡™╢ ╛⁸Windows ╩ ⇔≡ ╩ ⅝⁸ ╩

™√ ≤│ ─⧵⅜ⱶכ♅™⌂─ ⌐ ∫≡ ∆╢≤™℮◒ꜞ

ⱶכꜟfiכ ≤ ┌╣╢ꜞⱣכ☻◄fi☺♬▪ꜞfi◓4≢ ReactOS ╩

⇔≡™╕∆⁹ 

                                                   
3
 ≢ ꜝfiⱩ☿▪╩♪כ◖√╣⅛ ⌐ ∆╢↓≤⁹ 

4
 ♁ⱨ♩►▼▪╩ ⇔≡∕─ ╛ ╖╩ ∆╢↓≤⁹ 
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ReactOS─  

1996 ⁸Windows 95 ╩fiכ꜡◒☻כ♁ⱪfiכ○─ ╤℮≤™℮

FreeWin95 ⱪ꜡☺▼◒♩⅜ ─ ⌐╟∫≡ ╘╠╣╕⇔√⁹ 

⇔⅛⇔⁸1997 ─ ╦╡⌐⌂∫≡╙ ⌐ ∆╢ ┌⅛╡≢ ─

╙ ∑∏⌐™√↓╤⁸№╢ 1 ⅜ⱪ꜡☺▼◒♩─ ╩ ┘⅛↑≡

╩ Windows NT ⌐ ⇔⁸ ╩♪כ◖╙╡╟ ↄ↓≤⌐ ╩ ⅝╕

⇔√⁹ ⌐ⱪ꜡☺▼◒♩│ Microsoft ─○Ɑ꜠כ♥▫fi◓◦☻♥ⱶ ─

⌐ ∆╢ ⅜ ⌐ ╪∞ ReactOS≤ ╩ ⅎ⁸1998 2 ⌐

ReactOS│☻♃⁹√⇔╕⇔♩כ 

2006 1 ⌐№╢ ⅜ ↓╡╕∆⁹ ─ 1 ⅜₈ReactOS⌐

│Windows ╩ ▪☿fiⱩꜟ⇔√◖כ♪⅜ ╕╣≡™╢₉≤⇔≡ ReactOS

ⱪ꜡☺▼◒♩⅛╠ ↄ≤ⱷכꜞfi◓ꜞ☻♩⌐ ⇔╕⇔√⁹↓─ ⇔ ≡

─ ⁸ReactOS ⌐ Windows ╩ ▪☿fiⱩꜟ⇔≡ ╛♪כ◖√╣⅛

Win dows ╩♪כ◖☻כ♁─ √↓≤⅜№╢ ⅜ ╢№⅜♪כ◖√™

↓≤⅜ ↕╣⁸ │☻♩♇ⱪ⇔≡⇔╕™╕∆⁹↓─√╘◒ꜞכfiꜟכ

ⱶ ─ꜞⱣכ☻◄fi☺♬▪ꜞfi◓⅜↕╣≡™⌂™ ♪כ◖╢№─

╩ ™ ♪כ◖∆ ─ ╩ ℮↓≤≤⌂╡╕⇔√⁹2006 2 ⌐

│ ⇔≡™⌂™╙── ⅜ ↕╣╕⇔√⁹↓─ ≢ ReactOS

─ Ɑכ☻│ ⌐ ⅜∫≡⇔╕™╕⇔√⅜⁸ ⌂ ⌐ ∆╢

ReactOSⱪ꜡☺▼◒♩─ ⌂ ╩ ∆╢ ╙№╡╕∆⁹ 

 

 5 2007 4 ─ ►▼Ⱪ◘▬♩─ ⁹ │ ─ ╩ ∆Ᵽכ⅜

⇔√ 
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∕─ │Ⱡ♇♩꞉כ◒╛ USB Ⱡכ◌⁸♩כⱴ►☻─◘ⱳה♪כⱲכ◐

ꜟ╛ⱷ⸗ꜞכⱴⱠכꜗ☺כ─ ⌂≥⅜ ₁≤ ⅎ╠╣⁸Windows ≤─

╙ ⌐ ⇔≡™⅝╕⇔√⁹ ⌐2012 2 ⌐ ↕╣√ReactOS 

⅜ⱴכ♥⁸│≢0.3.14 ⌐◘ⱳ⁸╣↕♩כWindows XP ☻♃▬ꜟ─╟℮

⌂ ╛⅛⌂ ⅜ ⌐⌂╡╕⇔√⁹ 

 

 6 Windows XP ☻♃▬ꜟ╩ ⇔√ ReactOS │ ) 

ReactOS─  

↓↓≢ ReactOS ─ ⌐≈™≡ ╩ ∫√ ╙™╢─≢│⌂™

≢⇔╞℮⅛⁹ 

 

 7 2013 7 ─♦☻◒♩♇ⱪ OS◦▼▪(Market Share ═) 
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ⅎ┌ Microsoft ⌐⅔ ╩ ∫≡ Windows ╩ ⅎ┌™™≢│⌂™⅛⁸

⌂−╦↨╦↨ Windows ╩fiכ꜡◒─ ╢ ⅜№╢─∞╤℮≤ ∫√

╙™╢⅛╙ ╣╕∑╪⁹ReactOS│ ⌐ ℮≤Windows ≢fiכ꜡◒─

│⌂ↄ⁸Windows NT ─ ⌐ ≠ↄWindows ▪ⱪꜞ◔כ◦ꜛfi╛♪ꜝ

▬Ᵽכ≤ ─№╢ OS ≢∆⁹ │₈NT ╙─⧵כꜗ♅◒♥◐כ▪

─│ ≢ ™↑╣≥⁸Microsoft ─ ─ ⅛╠

Windows ⌐ ⅜ ╦∫≡∞╘⌐⌂∫≡™╢ ⅜№╢⁹ReactOS│ NT

╩כꜗ♅◒♥◐כ▪ ↕∑≡Windows ╟╡ ™ OS⌐⌂╡ ╢⁹₉≤

⇔≡™╕∆⁹╕√⁸ReactOS─ ─ │ ≢╙ ╣√≤⅔╡⁸♦

☻◒♩♇ⱪ OS─◦▼▪│ Microsoft ⅜ ⇔≡™╢↓≤┼─

⅛╠ ≡™╢─≢Windows ⅜ ╩ ⇔≡™╢≤↓╤⌐ReactOS─

⅜№╡╕∆⁹ │ Market Share ═─ 2013 7 ─♦☻◒♩

♇ⱪ OS─◦▼▪≢∆⁹↓─ ⅜ ∆╟℮⌐Windows ⅜ 91.56%≤

⌐ ⌂◦▼▪╩ ╘≡™╢↓≤⅜╦⅛╡╕∆⁹ 

Linux ⅜ Minux ╛ UNIX ─ ⅛╠ ╕∫√─⅜™™ ≢⁸Linux ⌐

⇔≡ ReactOS│Windows NT ╩כꜗ♅◒♥◐כ▪ ⇔≡™╢≤™℮

│♩◒▼☺꜡ⱪ─☻כ♁ⱪfiכ○⌂℮╟─⧵⁸≢↑╦ ⌐ ⇔╕∑╪⁹ 

Windows⅛╠ Linux⌐ ∆╢ ≢─  

╕√⁸√∞ ⌐ Microsoft ⌐⅔ ╩ ™√ↄ⌂ↄ≡ ─ OS⅜ ⌂

╠Ubuntu ╛Debian ⌂≥ ─ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi⅛╠ ⅝

⌂╙─╩ ╪≢ ∆╣┌╟™≢│⌂™⅛⁸≤ ⅎ╢ ╙™╢─≢│⌂™

≢⇔╞℮⅛⁹ ⅛⌐ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi⌐│⁸ ╩

⌐ ╡ ╣≡™╢╙─╛ ╩ ה☼כ♬≤⌂─╙√⇔ ⌐╟∫≡

₁⌂╙─⅜ ⇔╕∆⁹RHEL
5⌂≥ ╩ ⇔√ Linux ♦▫☻♩

ꜞⱦꜙכ◦ꜛfi≢│ ⌐╟╢ ◘ⱳכ♩⅜ ↑╠╣╢ ╙№╡⁸

ReactOS ⅜ ⌐ ↕╣⌂™▪ꜟⱨ□ ⌂─⌐ ⇔≡ ꜠ⱬꜟ≤

ⅎ╢≢⇔╞℮⁹⇔⅛⇔⁸ ⌐ Linux │♦☻◒♩♇ⱪ OS≤⇔≡№╕╡

                                                   
5
 Red Hat Enterprise Linux ⁹ ↑─ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛ

fi⁹ 
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⇔≡™╕∑╪⁹↓↓≢Windows ⅛╠ Linux ⌐ ∆╢↓≤╩ ⌐≤∫

≡≥─╟℮⌂ ⅜№╢⅛ →≡╖╕⇔√⁹ 

1. ∕╙∕╙ ∆╢ ⅜⌂™ 

─ Windows ≢ ∆╢ ™ ╣√ ⌂♁ⱨ♩►▼▪╩ ≡≡⁸

╩ ⇔≡╕≢ Linux ╩ ╘√ ─ OS ⌐ ∆╢ ╩ ∂⌂

™ ≢∆⁹Windows XP ─◘ⱳכ♩⅜ 2014 4 8 ⌐ ⇔╕∆

⅜⁸↓─ ╡ ⅎ ─ ≢↕ⅎ⁸ ─▪ⱪꜞ◔כ◦ꜛfi≤─

╩ ⅎ╢≤Windows 7 ╛Windows 8 ⇔⅛ ⌐⌂™─≢│⌂™≢⇔

╞℮⅛⁹ 

↓╣│ FAX ╟╡╙▬fi♃כⱠ♇♩╩ ∫√◦☻♥ⱶ─╒℮⅜╟╡

╩⅝╣™⌐ ╣╢─⌐╙ ╦╠∏⁸™╕∞⌐ FAX ⅜ ╦╣ ↑≡™

╢≤™℮─⌐╙ ≡™╕∆⁹ 

2. ─♁ⱨ♩►▼▪⅜ ⇔⌂™ 

⌐ Linux ≢│ Windows ▪ⱪꜞ◔כ◦ꜛfi│ ⇔╕∑╪⁹

Windows ≢╟ↄ ↕╣≡™╢▪ⱪꜞ◔כ◦ꜛfi─ ≤⇔≡

Microsoft Offic e⁸Visual Studio ⁸Adobe Photoshop⁸Illustrator ⁸

Painter ⁸ ⅜≤⌂ⱶכ◕ →╠╣╕∆⁹ 

─ Wine ≤™℮♁ⱨ♩►▼▪╩ ⅎ┌ ─ Windows ▪ⱪꜞ◔

╩fiꜛ◦כ ↕∑╢↓≤│≢⅝╕∆⅜⁸ ≢│№╡╕∑╪⁹Linux

┼─ ⌂ ╩ ⅎ╢⌂╠╛│╡ ─▪ⱪꜞ◔כ◦ꜛfi─ ≤

⌂╢╙─╩ ⇔ ↕⌂™≤⌂╠⌂™─≢∆⁹ 

3. ─Ɫכ♪►▼▪ ↑─♪ꜝ▬Ᵽכ⅜⌂™ 

⌐ ™Ɫכ♪►▼▪≢│ Linux ↑─♪ꜝ▬Ᵽכ⅜ ⅛╠

↕╣≡™⌂™ ⅜№╡╕∆⁹ ⌐ ♁ⱪfiכ○┌╠⌂↑∞╢∑↕

⅜כⱣ▬ꜝ♪─☻כ ≢⅝╢ ⅜№╡╕∆⅜⁸∕─Ɫכ♪►▼▪

─ ╩ ⌐ ⅝ ∆√╘⌐│ ⅛╠ ↕╣╢♪ꜝ▬Ᵽכ

⅜ ≢∆⁹ReactOS│Windows ─♪ꜝ▬Ᵽכ⅜∕─╕╕ ∆╢

─≢⁸Windows ↑─♪ꜝ▬Ᵽכ⅜ ↕╣≡™╣┌ ∆╢ │

№╡╕∑╪⁹ ℮⌂╣┌Ɫכ♪►▼▪─ ⅜ ⌐♪ꜝ▬Ᵽכ╩

™≡ↄ╣╢─≢∆⅛╠⁹ 
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Wine│≥℮∞╤℮ 

⌐ Linux ≤Windows │ ⌂╢OS≢∆

─≢Linux ≢│Windows ▪ⱪꜞ◔כ◦ꜛfi│

⇔⌂™─≢∆⅜⁸≥℮⇔≡╙Windows ▪ⱪ

╩fiꜛ◦כ◔ꜞ ⅛⇔√™≤™℮ │№╡⁸

Wine ≤™℮Windows API ╩ ⱪfiכ○√⇔

⅜♩◒▼☺꜡ⱪ─☻כ♁ ⇔╕∆⁹ 

Wine ╩ ℮≤ Windows ▪ⱪꜞ◔כ◦ꜛfi╩

Linux ≢ ↕∑╢↓≤⅜≢⅝⁸ ⌐

Microsoft Office ╛Photoshop⅜ ™ ≢

∆╢⌂≥⁸⅛⌂╡─ ╩ →≡™╕∆⅜⁸Linux+Wine ⅜ Windows

─ ≤⌂╢↓≤│№╡╕∑╪⁹ ⅎ┌Wine │ ≢ DirectX
6╩ ◘

ⱳ⁸⅜∆╕™≡⇔♩כMicrosoft ─ DirectX ╩ Wine ─ ⌐▬fi☻♩כ

ꜟ∆╢↓≤│♪ꜝ▬Ᵽכ⅜ ⇔⌂™ ⁸ ╩ ⅝ ↓⇔╕∆⁹

ReactOS│Windows ↑─♪ꜝ▬Ᵽכ⅜ ∆╢↓≤╙ ⌐⇔≡⅔╡⁸

ReactOS│OS≢№∫≡ Linux ≢ ∆╢Wine ≤│ ⅜ ⌂╢╙

─≢∆⁹√∞⇔⁸ReactOS≤Wine │ ⌐№╡╕∆⁹ReactOS│ꜚ

♪כ⸗כ◙כ ─ DLL ⌂≥ Wine ≤ ⌂ ╩♪כ◖│ ⇔

≡™╕∆⁹ 

 

 8 Wine ╩ ∫≡ Linux ≢ Microsoft Word 2003 ⅜ ⇔≡™╢  

 9 Wine ╩ ∫≡ Linux ≢ Adobe Photoshop⅜ ⇔≡™╢  

                                                   
6
 Microsoft ─ ▪▫♦ⱶ⌂≥─ⱴꜟ♅ⱷכ◕√⇔ ↑─ API ☿♇♩ 
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ReactOS─ ≤  

 

ReactOS │╙≤╙≤ ≢ ╕∫√ⱪ꜡☺▼◒♩≢│№╡╕∑╪─≢⁸

╩ ╘≤⇔≡⁸ (Chinese)⁸ (Japanese)⁸ (Korean)─

╩≤∫≡ CJK ≤ ┌╣╢▪☺▪ ─ ╙ ⇔≡™╕∆⁹ 

2004 4 ⌐ ↕╣√ ReactOS 0.2.2╟╡ Unicode ⅜ ⌐ ⅎ╢

╟℮ ↕╣⁸∕─ ♄▬▪꜡◓─ ─ ╙ ⅎ╠╣╢╟℮⌐⌂

╡╕⇔√⁹╕√⁸2009 7 ⌐ ↕╣√ ReactOS 0.3.10≢│ ╩

≢⅝╢ⱨ◊fi♩⅜ ≢ ↕╣╢╟℮⌐⌂∫√√╘ ⅜

≤⌂╡╕⇔√⁹ 

 

 10 ReactOS≢ Firefox ╩ ↕∑⁸Ajax IME ╩ ∫≡  

─╒℮│≥℮⅛≤™℮≤⁸ ─ ReactOS 0.3.15≢╙

─ ♁ⱨ♩►▼▪(IME) ≢ ∆╢╙─│ ⇔╕∑╪⁹↓╣

│ IME ⅜ ⇔≡™╢ IMM32 ⁸TSF ≤™℮ API ⅜ ≤╙ ↕╣≡

™⌂™√╘≢∆⁹ ≢│►▼Ⱪ ╩ ∫√Ⱪꜝ►◙ⱬכ☻─ IME ╩

℮↓≤≢Ⱪꜝ►◙─ ≢─╖≤™℮ ≢│№╡╕∆⅜

⅜ ≤™℮ ≢∆⁹ ─╟℮⌂Ⱪꜝ►◙ⱬכ☻─ IME ⌐│

⌂╙─≤⇔≡ Ajax IME ⅜№╡╕∆⁹ 
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─ ReactOS 0.3.15≢│⁸Ⱪꜝ►◙≢│ Firefox ╛ Opera ⅜

⇔╕∆⁹ ⌐╙ OpenOffice ╛ LibreOffice ⁸Thunderbird ─ ⅜№

╡╕∆⁹ 

╕∞╕∞ ⇔⌂™▪ⱪꜞ◔כ◦ꜛfi╙ ↄ№╡⁸ ⌐│ ™

ReactOS≢∆⅜⁸Ᵽכ☺ꜛfi 0.4┼─ ⌐ ⇔™◄◒☻ⱪ꜡כꜝ╩

↕∑╢↓≤╛⁸╟╡ ↕╣√ USB ◘ⱳכ♩╛Ⱡ♇♩꞉כ◒◘ⱳכ♩⅜

№╡⁸ ╙ ₁⌂ ⅜ ⅎ╠╣⁸ ⅜ ⇔≡™ↄ↓≤≢⇔╞℮⁹ 

 

Mark E. RussinovichA. Solomon, Alex IonescuDavid. (2012). 

▬fi◘▬♪Windows 6  . BP . 

Microsoft Windows NT System ─ꜗ♅◒♥◐כ▪ . (1997

9 ). : 2013 8 13 , : MSDN ꜝ▬Ⱪꜝꜞ: 

http://msdn.microsoft.com/ja -jp/library/cc429070.aspx  

ReactOS Foundation. (2013 4 4 ). FAQ. : 2013

8 15 , : ReactOS: http://www.reactos.org/wiki/FAQ  

ReactOS Foundation. (2013, 4 26). ReactOS/History.  

Retrieved 8 13, 2013, from ReactOS: 

http://www.reactos.org/wiki/ReactOS/History  

ReactOS Foundation. ( ). ReactOS. : 2013 8

14 , : User FAQ: http://www.reactos.org/user -faq 

Windows NT . (2013 7 26 ). : 2013 8 13

, : Wikipedia: 

https://ja.wikipedia.org/wiki/Windows_NT%E7%B3%BB  

▬fi◘▬♪Microsoft Windows 4   / 2  ◦☻♥ⱶ▪

) .ꜗ♅◒♥◐כ ). : 2013 8 14 , : @IT: 

http://www.atmarkit.co.jp/fwin2k/bookpreview/insidewin4/insid

ewin4_02.html  
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. (2012 1 31 ). ─ OS√∟ - Windows ◒

fiכ꜡ OS╩ ∆₈ReactOS₉. : 2013 8 13 , 

: ⱴ▬♫ⱦ♬ꜙכ☻: 

http://news.mynavi.jp/articles/2012/01/31/rectos/index.html  

. (2005 11 11 ). ⌐ ∫≡™╢ Windows 

XP─ . : 2013 8 15 , : ITpro: 
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LINUX  
♁ⱨ♩  1   

♁ⱨ♩  2   

 

ƃLinux─ⱴ☻◖♇♩─♃♇◒☻ Tux  
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1. Linux ≤│ 

Linux ≤│ Linux ℮™≥ꜟⱠכ◌ OS─ ─↓≤∞⅜⁸ ⌐

│∕╣╩ ∫√ Unix ─ OS Unix ≤ ┌╣╢ OS≤∕↓⅛╠

⇔√ OS ─↓≤╩ ∆⁹ 

ⱨꜞכ♁ⱨ♩►▼▪≤⇔≡ ↕╣≡⅔╡⁸GPL ≤™℮ꜝ▬☿fi☻⌐

≠™≡⁸ ≢╙ ⌐ ⁸ ∆╢↓≤⅜≢⅝╢⁹ √∞⇔⁸

ה ⇔√ │ GPL ⌐ ≠™≡ ≢ ⇔⌂↑╣┌⌂╠⌂

™⁹  

∕⇔≡ ─Ⱳꜝfi♥▫▪─ ⌐╟∫≡ ⅜ ⌡╠╣√⁹ 

Linux │ ─ OS⌐ ═⁸ ™ ─◖fiⱧꜙכ♃≢╙ ⌐ ⇔⁸

╕√Ⱡ♇♩꞉כ◒ ⌐כ▫♥ꜞꜙ◐☿╛ ╣⁸ ⌐ ⇔≡™╢

≤™℮ ╩╙≈⁹™╠⌂™ ╩ ⅞ ≤⇔⁸ ⌂ ∞↑ ╪

≢ OS╩ ∆╢↓≤⅜≢⅝╢≤™℮ ╙ ─ ↄ─ OS⌐│ ╠

╣⌂™ ≢№╢⁹ 

ⱶכ꜠Ᵽ╛ⱷ▬fiⱨכ◘ ⅝⌂◖fiⱧꜙכ♃ ꜙfiⱧ◖כⱤכ☻⁸

♩♇꜠ⱨ◊fi╛♃Ⱪ♩כⱴ☻⁸♃כ ─ OS─ Android⁸♁♬כ

ꜟ♃☺♦─ⱪכꜗ◦╛ ─ OS≤⇔≡ ↕╣≡™╢⁹ 

 

 

2. ≤  

1991 ⁸ ⱨ▫fiꜝfi♪─Ⱬꜟ◦fi◐ ─ ♫כꜞ√∫№≢

≡∫╟⌐☼ꜟⱣכ♩ה☻ ↕╣√⁹ 

⁸ ⌂ OS╩ ↕∑╢ ╩╙≈ Intel 80386 ≤™℮ CPU

╩ ⇔√ 32ⱦ♇♩─ PC/AT PC⅜ ⇔≡⅔╡⁸꞉כ◒☻♥

♃כꜙfi╛Ⱶ♬◖fiⱧꜛ◦כ ≤ ∆╣┌ ⅛⌐ ≢ ≢⅝

╢╙─≢№∫√√╘⁸↓╣╩ ∫≡ UNIX ─ ╩ ≈ OS╩

↕∑≡╖√™≤ ⅎ≡™√⁹ 

⇔⅛⇔ UNIX │ ≢№╡⁸UNIX ╩ ⇔≡ ↕╣√ ⌂

MINIX ╙ ≤™℮ ⅛╠ ⅜ ⌐ ↕╣≡™╢⌂≥⁸

≢─ ⌐ ↕╣≡™╢≤™℮ כꜞ╙╣∏™⁸╡№⅜
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♫☻─ ╩ √∆─⌐│ │☻♫כꜞ⁸╘√─⧵⁹√∫∞ ⌐

⇔≡™√ ╩▪▼►♩ⱨ♁℮™≥♃כ꜠ꜙⱵ♫ꜟ◄Ⱶכ♃─

⇔√╡⁸ⱨ□▬ꜟ◦☻♥ⱶ⌂≥ UNIX API ▪ⱪꜞ◔כ◦ꜛfi

ⱪ꜡◓ꜝⱵfi◓▬fi♃כⱨ▼כ☻ ╩ ⇔√╡⇔≡⁸ ─ OS◌

─ꜟⱠכ ╩ ⇔√⁹ 

│☻♫כꜞ Linux Ⱡꜟ╩MINIXכ◌ ≢ ⁸Linux ⅜ ⌐

∆╢≤⁸∕╣ ─ Linux │ Linux ≢ ⅎ╢╟℮⌐⌂∫√⁹

ⱨꜞכ≢ ⌂ GNU ⱪ꜡☺▼◒♩ UNIX ─♁ⱨ♩►▼▪

╩ ≡ⱨꜞכ♁ⱨ♩►▼▪≢ ∆╢↓≤╩ ≤∆╢ⱪ꜡☺

▼◒♩ ╩♪כ◖─ ∆╢↓≤│⁸╕∞ ∞∫√ Linux ⌐≤∫

≡ ≢№∫√⁹ 

│☻♫כꜞ⌐╠↕ ─ ╩ ∂√ ─ꜝ▬☿fi☻╩ ⇔

≡ GNUGPL ≤™℮ꜝ▬☿fi☻⌐ ╡ ⅎ╩ ∫√⁹ 

 

─ Linux ─ │ ╘≡ ⌂╙─≢№╡⁸╒⅛─ ─ ≢

⌂™ Unix ◦☻♥ⱶ─≥╣⌐ ⇔≡╙⁸∕─ ≤ ⌐⅔™≡

⇔℮╢╙─≢│⌂⅛∫√⁹ 

╕√ ⁸ ⌂♁ⱨ♩►▼▪⌐╟╢ Unix ─ OS╩ ⇔╟℮

≤⇔≡™√ GNU ⱪ꜡☺▼◒♩│ ╩ꜟⱠכ◌─ ⇔≡™⌂⅛∫

√⁹ꜝ ▬Ᵽꜟ─ BSD ≤™℮ OS│ 1992 ⅛╠ USL ≤™℮ UNIX ─

≤ꜝ▬☿fi☻ ╩ ≤⇔√ ≤─ ╩ ⅎ≡⅔╡⁸

─ ╩◒ꜞ▪⇔√Ᵽכ☺ꜛfi⅜ꜞꜞכ☻↕╣√─│ FreeBSD ≢

│ 1994 11 ∞∫√⁹≈╕╡⁸1990 ⌐⅔™≡⁸ ⌂ Unix

≥ꜟⱠכ◌ ┌╣╢╟℮⌂╙──℮∟⁸ ≢ ─ ⅜

⌂™≤ ⅎ╠╣╢ │ Linux ─ ⌐│⌂⅛∫√⁹ 

PC≢ ∆╢ⱨꜞכ≢ ≢ Unix ─ ╩╙ ╘╢ ⌂

─כ◙כꜚ ↄ│⁸ │ ⌐ ≤⇔≡ ⇔≡™√ OS─

MINIX ⌐ │☻♫כꜞ⁸⅜√™≡╣ Linux ╩MINIX ─ⱷכꜞfi◓

ꜞ☻♩ ≢ ⇔⁸GPL ─ ≢ ⌐∆╢↓≤⌐⇔√⁹↓╣│▬

fi♥ꜟ─32ⱦ♇♩CPU╩ ⇔√Ɽכ♁♫ꜟ◖fiⱧꜙכ♃≢⇔⅛
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⇔⌂⅛∫√⅜⁸ │∟╞℮≥ 32ⱦ♇♩ PC/AC Ɽכ♁♫ꜟ◖fiⱧ

─♃כꜙ ≢№╡⁸GPL ⌐╟∫≡ ╙⅜ ∞∫√↓≤⅛╠⁸

╟╡ ↄ─ ╩ ╘╢ √∟⌐╟╢ ╩ ⇔√⁹ 

√∟│ Linux ╩ꜟⱠכ◌ ≡╢≤≤╙⌐⁸GNU ◖fiⱳכⱠfi

♩≤ Linux ╩ ∆╢ ╩ ™⁸ ⌐ ⅛≈ⱨꜞכ⌂○Ɑ꜠

╩fi◓◦☻♥ⱶ▫♥כ ╡ →√⁹ 

 

Linux Kernel Mailing List ⅜ ⇔⁸ ⌐ ∆╢ │∕↓⌐

╕╢↓≤⌐⌂∫√⁹ 

PC-UNIX ─ ⌂≥ ⌂ ⅜ ╕╢ ⁸1997 ↔╤╟╡

┼─ ⅜ ↕╣⁸Ɫ▬◄fi♪◦☻♥ⱶ ↑ ⌐

⌂ ⅜ ↑ ⅎ╠╣≡™∫√⁹ 

ReiserFS⁸ext3⁸⌂≥─ Linux ⌐ꜟⱠכ◌ □ⱨꜟ♫כꜗ☺╢╣╦

▬ꜟ◦☻♥ⱶ ♃כ♦ ╩ ∆╢◦☻♥ⱶ ⁸64ⱦ♇♩ⱨ□▬ꜟ

▪◒☿☻⁸ ⱨ□▬ꜟ▪◒☿☻⁸ ⌂ⱴꜟ♅ⱪ꜡☿♇◘─

⌂≥≢№╢⁹ 

 

2000 ╟╡⁸IBM⁸ⱥꜙה♩♇꜠כⱤ♇◌⁸♪כSGI⁸▬fi♥ꜟ⌂

≥─ ⌐ⱨꜟ♃▬ⱶ≢ ↕╣√ⱪ꜡◓ꜝⱴ╙ ⌐ ╦╢╟℮

⌐⌂╡⁸ ☻Ⱨכ♪⌐│∏╖⅜ ™√⁹ 

↓─╟℮⌐⁸ ─ ↄ─ ₁─ ⌐╟∫≡♁ⱨ♩►▼▪⅜

↕╣╢↓≤│⁸∕╣╕≢─♁ⱨ♩►▼▪ ♁ⱨ♩►▼▪─ ⁸

⁸ ╩ ה ⌂ ╩ ™≡ ⇔≡™╢♁ⱨ♩►▼▪

─ ─ ≢│ ⅎ╠╣⌂™↓≤≢№∫√⁹ 

 

─☻♫כꜞfi♪⅜⁸⸗▬꜠הⱩfiכ▫♥☻ה◒♇ꜞ◄≡⇔⧵ ⌐▬

fi☻Ɽ▬▪↕╣≡⁸Linux ─ ╩ ⇔⁸₈ ≤Ᵽ◙₉ꜟכ╩

⇔√⁹ 

↓─ ≢ ═╠╣ ─☻♫כꜞ√∫⌂⌐ ⌐ 

₈Given enough eyeballs,  all bugs are shallow.  
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─ ↕ⅎ ≢№╣┌⁸≥╪⌂Ᵽ◓╙ ≢│⌂™ ₉ 

≤™℮╙─⅜№╢⁹↓╣│₈ ⌂Ᵽ◓≤™℮─│ ≈↑≠╠™╙─

─↓≤╩ ℮⅜⁸ ⌂Ᵽ◓╩ ∆─⌐ ─ ⅜™╣┌⁸≥╪⌂Ᵽ

◓╙ ⌂╙─⌐│⌂╠⌂™∞╤℮⁹₉≤™℮ ╩ ═√╙─≢№

╡⁸╒╓ ≤⇔≡ ↑ ╣╠╣≡™╢⁹ 

 

 

2001 ─№╢ ⌐╟╢≤⁸ ─ Red Hat Linux ꜠♇♪Ɫ♇♩

⌐╟∫≡ ↕╣√ Linux ⌐│ 3000 ⅜♪כ◖☻כ♁─ ╕

╣≡™√⁹↓─ │⁸ ╙╡ ≢№╢ COCOMO ╩

™≡⁸US♪ꜟ 2013USD ≢№∫√⁹ 

◦☻♥ⱶ─ 71 │♪כ◖─ C ≢ ⅛╣≡™√⅜⁸ ─

╙ ↄ ╦╣≡™√ ꜞC++⁸Lisp⁸▪☿fiⱩה ⁸Perl⁸Python⁸
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Fortran ⁸∕⇔≡ ─◦▼ꜟ☻◒ꜞⱪ♩ ⁹ 

♪כ◖ ⁸ ╩╦∏⅛⌐ ⅎ╢ ⅜♪כ◖─ GLP ≢ꜝ▬☿fi☻

↕╣≡⅔╡⁸Linux ꜟⱠכ◌ │ 240 ≢⁸↓╣│ ─ 8 ≢

№∫√⁹ 

 

∕─ ─ ≢ Debian ≤™℮ⱪ꜡☺▼◒♩─ GNU/Linux 

version4.0 etch 2007 ☻כꜞꜞ ⌐ ⇔≡ ╦╣√⁹↓─♦▫

☻♩ꜞⱦꜙכ◦ꜛfi ⅜▬fi☻♩⁸╡√⇔ꜟכ ⇔√╡

≢⅝╢╟℮⌐╕≤╘ →√╙─ │ 2 8300 ╩♪כ◖─ ╪≢

⅔╡⁸ ─ ≢ ⇔≡™√≤∆╢⌂╠⁸3 6 ⅜ ≢

№╡⁸80 4 ♪ꜟ 2013USD ⅜ ≢№∫√≤ ↕╣√⁹ 

 

☻♫כꜞ│≢ ⅜ │♪כ◖√™ Linux √∫√─ꜟⱠכ◌ 2

⇔⅛⌂™⁹ 

 

─ ╩ ⌐ ∆⁹ 

 

 

β ≤│⁸1 ⅜ 1⅛ (8 ×20 )≢≢⅝╢ ─↓≤⁹ 
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1991ה Version0.01 ♪כ◖☻כ♁- 1 כ◙כꜚ⁸ 1  

1992ה Version0.96 ♪כ◖☻כ♁- 4  

1994ה 3 14 Version1.0.0 ♪כ◖☻כ♁- 176,250 

1995ה 3 Version1.2.0 ♪כ◖☻כ♁- 310,950 

1996ה 6 9 Version2.0.0  

1997ה Version2.1.0 ♪כ◖☻כ♁- 80  

1999ה 1 25 Version2.4.0 ♪כ◖☻כ♁- 1,800,847  

2001ה 1 4 Version2.4.0 ♪כ◖☻כ♁- 3,377,902  

2003ה 12 17 Version2.6.0 ♪כ◖☻כ♁- 5,929,913  

2008ה Version2.6. ♪כ◖☻כ♁- 1000 ⁹√∞⇔◖ⱷfi♩╛ 

╩ ↄ≤ 6,399,191  

2011ה 7 21 Version3.0 -Ᵽכ☺ꜛfi⅛╠Ᵽכ☺ꜛfi ⅜ 

↕╣≡⅔╡⁸3.0│ ₁2.6.40≤⇔≡ ↕╣≡™√╙─⌐ 

∆╢⁹ 

2012ה Version3. ♪כ◖☻כ♁- 1500  
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3. ─  

Ᵽꜟ☼│⁸כ♩ה☻♫כꜞ ─ ╩ Freak,Free,Unix ╩ ⇔≡

₈Freax₉≤™℮ⱨ◊ꜟ♄⌐ ⇔≡™√⁹₈Linux ₉≤™℮ ╙

™≈™√⅜⁸ ∆⅞╢≤⇔≡ │ ⇔≡™√⁹ 

1991 ─ 9 ⌐⁸ ─ ╩∆╢√╘⌐⁸Linux ─ⱨ□▬ꜟ│Ⱬ

ꜟ◦fi◐ ─ FTP ⱨ□▬ꜟה♩ꜝfi☻ⱨ□הכⱪ꜡♩◖ꜟ⁸

ⱨ□▬ꜟ  ⁹√╣↕♪כ꜡Ᵽ⌐▪♇ⱪכ◘

─☼ꜟⱣכ♩ ≢№╡⁸ ─Ᵽכ◘─⧵ ≢№∫√ Ari 

Lemmke │₈Freax₉≤™℮ ╩ ↄ ╦∏ ₈Freax₉≤ ⅜

⇔≡™╢₈Freaks₉│ ≢ ה ─ ╩ ≈√╘ ⁸ │

⌐☼ꜟⱣכ♩ ∆╢↓≤╙⌂ↄ⁸◘כⱣ ─ⱪ꜡☺▼◒♩⌐⅛∫≡

⌐₈Linux ₉≤™℮ ╩≈↑≡⇔╕∫√⁹∕─ Ᵽꜟ☼╙⁸כ♩⁸

∕─ ⌐ ⇔√⁹ 

Linux Is Not UNI X─ ≤╙ Lin us UNI X─ ≤╙↕╣╢⁹ 

₈Linux ₉─ ╖  

₈Linux ₉≤™℮ ─ │ ╘╠╣≡⅔╠∏⁸ ≢│ꜞ♫♇◒☻⁸

ꜞ♯♇◒☻⁸ꜝ▬♫♇◒☻⁸ꜝ▬♫◒☻⁸ ≢│/Ƿlƶnƥks/ , /Ƿ

lƶnǖks/ , /Ƿlaƶnǘks/⌂≥ ₁⌂ ≢ ╕╣≡™╢⁹ ≢№╢

fi♦כ▼►☻ ⱨ▫fiꜝfi♪ ─☼ꜟⱣכ♩ה☻♫כꜞ─ ⌐

fi♦כ▼►☻⁸╠⅛≥↓╢™≡⇔ ⌐/Ƿlƶnǖks/ ꜞ♯♇◒☻ ≤

∆╢─⅜ ™≤╙ ⅎ╠╣╢⅜⁸ꜞכ♫☻ │₈≥─╟℮⌐

⇔≡╙╠∫≡╙ ╦⌂™₉≤ ⇔≡™╢⁹ 

≢│ ─ ╖ ⅜ ⇔≡™√⅜⁸ ─ Linux ≢

№╢ LINUX JAPAN ⅜ ╩│∂╘≤⇔≡◌♃◌♫ ⌐₈ꜞ♫♇

◒☻₉╩ ⇔⁸ ╙ ⌐ ⇔√↓≤⅛╠⁸↓─ ╖ ⅜ ⌐

╕∫√⁹⇔⅛⇔ Linux ─ │ ⌐│╕∞▪ꜟⱨ□ⱬ

♇♩≢─ ⅜≢⅝⌂⅛∫√↓≤╙№╡₈⌐╒╪ꜞ♯♇◒☻⅝╞℮⅛

™₉≤⌂∫≡™╢⁹ 
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4.  

Linux ⱬכ☻─◦☻♥ⱶ│⁸⸗☺ꜙכꜟ ─ Unix ○Ɑ꜠כ♥▫fi

◓◦☻♥ⱶ≢№╢⁹↓╣│⁸Unix ⌐⅔™≡ 1970 ⅛╠ 80 ⌐

⅛↑≡ ⇔√ ⌐╟╢ ⅛╠ ╕╣√╙─≢№╢⁹ 

 

Linux ◦☻♥ⱶ─ꜚכ◙כ▬fi♃ⱨ▼כ☻ ◦▼ꜟ≤╙ ┌╣╢ │⁸

◖ⱴfi♪ꜝ▬fi▬fi♃ⱨ▼כ☻ CLI ≤◓ꜝⱨ▫◌ꜟꜚכ◙כ▬fi

♃ⱨ▼כ☻ GUI ─≥∟╠⅛⁸╕√│Ɫכ♪►▼▪⌐ ↕╣≡™

╢◖fi♩꜡כꜟ ↓╣│ ╖ ╖◦☻♥ⱶ≢╟ↄ╖╠╣╢ ≢№╢⁹

♦☻◒♩♇ⱪ◦☻♥ⱶ≢│ GUI ╩ ℮↓≤⅜ ∞⅜⁸GUI

≢╙ ◄Ⱶꜙ꜠כ♃►▬fi♪►╛ ◖fi♁כꜟ╩ ⇔≡ CLI ▬

fi♃ⱨ▼כ☻╩ ≢⅝╢⁹Unix ─ ╩ꜟכ♠ ╗ Linux ─

⌂ ─╒≤╪≥│ CLI ∞↑≢ ℮↓≤⅜≢⅝╢⁹CLI │⁸

╛ ╡ ⇔ ⌐ ⇔≡⅔╡⁸ ⌐◦fiⱪꜟ⌂ⱪ꜡☿☻

Ɽ▬ⱪ ⌐╟╢◖ⱴfi♪─ ╙◘ⱳ⁹╢™≡⇔♩כ 

  

Linux ⱬכ☻─♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸ ─○Ɑ꜠כ♥▫fi◓◦

☻♥ⱶ╛◖fiⱧꜙכ♥▫fi◓ ≤─ ╩ ⌐ ™≡

↕╣≡™╢⁹Linux ╩ꜟⱠכ◌ ™≡ ↕╣√ OS │⁸

⌐│ UNIX OS⌐ ↕╣╢⁹√∞⇔ ⌐│ Unix ≤⇔≡ ℮

↓≤│ ≢│⌂™⁹Linux ◦☻♥ⱶ│⁸ ≢№╢ ╡POSIX, SUS, 

ISO, ANSI ⌂≥─ ╩ ⇔╟℮≤⇔≡™╢⅜⁸ ╕≢⌐

POSIX.1 ─ ╩ ↑√♦▫☻♩ꜞⱦꜙכ◦ꜛfi│ Linux -FT √∞

≈≢№╢⁹POSIX ─ ⌐│ ⇔≡ ⌂ↄ⌂™ ≤ ⅜

≢№╡⁸╕√ │Ᵽכ☺ꜛfi ≢ ∆╢ ⅜№╢√╘⁸╒≤

╪≥─♦▫☻♩ꜞⱦꜙכ◦ꜛfi≢│ ╛ ⌂ ⌐╟∫≡⁸↓

╣╩ ╠↨╢╩ ⌂™√╘≢№╢⁹ 

⇔⅛⇔⁸Linux ╩ OSⱪꜝ♇♩ⱱכⱶ≤⇔≡ ↕∑╢√╘⌐│⁸♦

▫☻♩ꜞⱦꜙכ◦ꜛfi⌐ ⇔⌂™ ─ ⅜ ≢№╢⁹∕↓≢⁸

ꜞ♫♇◒☻ⱨ□►fi♦כ◦ꜛfi╩ ≤⇔≡⁸Linux ─ OSⱪꜝ
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♇♩ⱱכⱶ≤⇔≡─ ╩ Linux Standard Base LSB ≤⇔≡

⇔√⁹Linux Standar d Base│⁸2006 ⌐│⁸ISO/IEC 23360 ◦ꜞ

≡⇔≥☼כ ≤⇔≡ ↕╣√⁹ ⁸ ⌂ ♦▫☻♩ꜞ

ⱦꜙכ◦ꜛfi│⁸The Open Group ⌐╟╡⁸Linux Standard Base ⌐

⇔≡™╢↓≤⅜ ↕╣≡™╢⁹⌂⅔⁸ ♦▫☻♩ꜞⱦꜙכ

◦ꜛfi⌐≈™≡│⁸Linux Standard Base ⌐ ⇔≡™≡╙⁸ ╛

⌂ ⌂≥⌐╟∫≡⁸ ╩ ↑≡™⌂™╙─⅜ ™⁹ 

 

 

5.  

─ ⌂ OS≤─ ⌂ ™≤⇔≡⁸Linux ┘╟⅔ꜟⱠכ◌

∕─ ─ ⅜ⱨꜞכ○≈⅛כⱪfi♁כ☻≢№╢↓≤⅜ →╠

╣╢⁹∕─╟℮⌂ OS│ Linux ∞↑≢│⌂™⅜⁸Linux │∕─ ≢╙

⇔≡ ↄ ╦╣≡™╢⁹ 

ⱨꜞכ○≈⅛כⱪfi♁כ☻⌂ꜝ▬☿fi☻─ │⁸◖Ⱨכ꜠ⱨ♩≤™

℮ ⌐ ≠™≡™╢⁹◖Ⱨכ꜠ⱨ♩│№╢ ─ ≤ ⅎ╠╣

╢⁹◖Ⱨכ꜠ⱨ♩⌂ꜝ▬☿fi☻≢ ↕╣≡™╢♁ⱨ♩►▼▪─♁כ

♪כ◖☻ │ ⌐ ≢⅝╢⅜⁸∕╣╩ ⇔≡ ∫√♁ⱨ♩►▼

▪│∕╣ ╙◖Ⱨכ꜠ⱨ♩⌂ꜝ▬☿fi☻≢♁כ◖☻כ♪╩ ⇔

⌂↑╣┌⌂╠⌂™⁹ ╙ ⌂ⱨꜞכ♁ⱨ♩►▼▪ꜝ▬☿fi☻─ 1

≈≢№╢ GNU General Public License GNU GPL │◖Ⱨכ꜠ⱨ

♩─ ≢№╡⁸Linux ╛ꜟⱠכ◌ GNU ⱪ꜡☺▼◒♩─ ↄ─◖

fiⱳכⱠfi♩─ꜝ▬☿fi☻≤⇔≡ ↕╣≡™╢⁹ 

 

Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi ⌐♦▫☻♩꜡ distro ≤ ┌╣

╢ │⁸◦☻♥ⱶ♁ⱨ♩►▼▪⅔╟┘▪ⱪꜞ◔כ◦ꜛfi♁ⱨ♩►▼▪

─Ɽ♇◔כ☺ ⅔╟┘∕╣╠─ ╩ ∆╢ⱪ꜡☺▼◒♩≢№╢⁹

Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸♁ⱨ♩►▼▪Ɽ♇◔כ☺─ ꜞ

ⱳ☺♩ꜞ≤ ┌╣╢ ╩▬fi♃כⱠ♇♩ ≢ כ◙כꜚ⁸╡⅔≡⇔
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│∕╣╩Ⱡ♇♩꞉כ◒╩ ∂≡♄►fi꜡⁸⇔♪כ▬fi☻♩כꜟ∆╢↓

≤⅜≢⅝╢⁹ 

 

Linux ꜟⱠכ◌─ ≡⇔≥♪כ◖☻כ♁│ ≢ ↕╣≡⅔╡⁸

─ⱪ꜡◓ꜝⱶ⌐╟∫≡Ᵽ▬♫ꜞ┼≤◖fiⱤ▬ꜟ∆╢ ⅜№╢⁹╕

◔ꜞfi⁸►▫fi♪►◦☻♥ⱶ⌂≥─▪ⱪꜛ◦כ◔ꜞⱣ╛▪ⱪכ◘⁸√

╩fiⱪ꜡◓ꜝⱶꜛ◦כ ↕∑╢√╘⌐│ ─ꜝ▬Ⱪꜝꜞ⅜

≢№╢⁹⇔⅛⇔⁸↓─╟℮⌂ ╩♀꜡⅛╠ ⇔≡ ∆╢ │

⅛≈ ⌐ ≢№╡⁸ │⌐כ◙כꜚ─ ⌐ ≢№

╢⁹ 

↓─√╘⁸Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi≤™℮╙─⅜™ↄ≈╙ ╠

╣≡™╢⁹Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸Linux ▬ꜝⱠꜟ⁸כ◌

Ⱪꜝꜞ⁸◦☻♥ⱶ♁ⱨ♩►▼▪⁸▪ⱪꜞ◔כ◦ꜛfi♁ⱨ♩►▼▪⌂≥

╩Ɽ♇◔⁸≡╘≥╕≡⇔≥☺כ∕╣╩▬fi♃כⱠ♇♩⌂≥≢ ⇔≡

™╢ ↄ─ ⁸Ɽ♇◔כ☺│◖fiⱤ▬ꜟ ─Ᵽ▬♫ꜞ⅜ ╘╠╣

≡™╢ ⁹Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸◌כⱠꜟ─♦ⱨ◊ꜟ♩

⁸◦☻♥ⱶ☿◐ꜙꜞ♥▫⁸כ ⌂♁ⱨ♩►▼▪Ɽ♇◔כ☺ ⅜

⇔≡ ∆╢╟℮⌐∆╢√╘─ ⁸♦ⱨ◊ꜟ♩ ⱨ□▬ꜟ─

⌐כ◙כꜚ╙≤⌂ ∫≡ ⁸│כ◙כꜚ╡╟⌐╣↓⁹╢™≡∫⌂

◦☻♥ⱶ─ ה ⌐ ╩ ╕∑╢↓≤⌂ↄ⁸ ⌐ Linux ◦☻♥

ⱶ╩ ∆╢↓≤⅜≢⅝╢⁹ 

ↄ─ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi≢│⁸◌כⱠꜟ⁸ꜝ▬Ⱪꜝꜞ⁸

◦☻♥ⱶ♠⁸ꜟכ◖ⱴfi♪ꜝ▬fi◦▼ꜟ⁸◖fiⱤ▬ꜝ⁸♥◐☻♩◄♦

▫♃⁸X Window System ⁸►▫fi♪►ⱴⱠ⁸ꜗ☺כ♦☻◒♩♇ⱪ ⁸

fi⁸ꜛ◦כ◔ꜞⱨ▫☻▪ⱪ○⁸ꜟכ♠ ♁ⱨ♩►

▼▪⌂≥⁸ ╙─▪ⱪꜞ◔כ◦ꜛfiⱤ♇◔כ☺╩ ⇔≡™╢⁹ꜚ

─⧵│כ◙כ ⅛╠ ⌂Ɽ♇◔כ☺╩♄►fi꜡⁸≢≥↓╢∆♪כ

─ ⌐ ∫√◦☻♥ⱶ╩ ≢⅝╢⁹♦▫☻♩ꜞⱦꜙכ◦ꜛfi│

⁸Ɽ♇◔כ☺ⱴⱠכ☺ꜗ≤ ┌╣╢♁ⱨ♩►▼▪╩ ⇔≡⅔╡⁸
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▪ⱪꜞ◔כ◦ꜛfi╛◦☻♥ⱶ♁ⱨ♩►▼▪─▬fi☻♩הꜟכ ה

╩ ꜟכ♠─≈1 ≢ ⌐ ⅎ╢╟℮⌐⇔≡™╢⁹ 

♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸ ╛⁸ ↄ ⇔√ ╛⁸Ⱳꜝfi

♥▫▪ ╛⁸ ⌐╟∫≡ ↕╣≡™╢⁹ 

Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi⌐ ╕╣╢♁ⱨ♩►▼▪Ɽ♇◔כ☺─

ↄ│ⱨꜞכ♁ⱨ♩►▼▪ꜝ▬☿fi☻╩ ⇔≡™╢⁹ⱨꜞכ♁ⱨ♩

►▼▪ꜝ▬☿fi☻│⁸ ╩ ⌐ ⇔≡⅔╡⁸↕╠⌐│∕

╣╩ ⇔≡™╢⁹ ↄ─ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi│ ≢

≢⅝╢⅜⁸™ↄ≈⅛─ │ ♦▫☻♩ꜞⱦꜙכ◦ꜛfi╩

∆╢↓≤≢ ╩ ≡™╢⁹↓╣╠─♦▫☻♩ꜞⱦꜙכ◦ꜛfi≢│⁸

⌐ⱦ☺Ⱡ☻ꜚכ◙כ ↑─ ◘ⱳכ◘♩כⱦ☻⅜ ↕╣≡⅔╡⁸

↕╠⌐⁸ⱪ꜡ⱪꜝ▬◄♃ꜞ⌂◘ⱳכ♩Ɽ♇◔⁸╛☺כ ─▬fi☻♩

╩ꜟכ ∫√╡ ╩ ⇔√╡∆╢√╘─ כ♠↑

ꜟ⌂≥⅜ ╕╣≡™╢⁹ 

 

╒≤╪≥─ Linux ♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸ ╙─ⱪ꜡◓ꜝⱵfi

◓ ╩◘ⱳ⁹╢™≡⇔♩כLinux ▪ⱪꜞ◔כ◦ꜛfi⅔╟┘○Ɑ꜠כ

♥▫fi◓◦☻♥ⱶ╩ ∆╢─⌐ ꜟכ♠╢™≡╣╦ ─ ↄ│

GNU ──╙℮™≥fiכ▼♅ꜟכ♠ ⌐╖╠╣╢⁹↓╣⌐│⁸GNU ◖

fiⱤ▬ꜝ◖꜠◒◦ꜛfi GCC ╛ GNU build system ⅜ ╕╣≡™

╢⁹GCC│⁸C ⁸C++⁸Ada⁸Java⁸For tran ─◖fiⱤ▬ꜝ╩

⇔≡™╢⁹ GCC╩ ⅝⅛ⅎ╢ ⅜№╢ ≤⇔≡⁸2003

⌐ ↕╣√ LLVM ⱪ꜡☺▼◒♩⅜№╢⁹LLVM ⱪ꜡☺▼◒♩

│⁸LLVM ─ 1≈─ ≤⇔≡⁸C /C++/Objective -C⌐

⇔√ ╢№≢ꜝ▬fiⱤ◖☻כ♁ⱪfiכ○⌂ Clang ╩ ⇔≡

™╢⁹ⱪ꜡ⱪꜝ▬◄♃ꜞ⌂ Linux ◖fiⱤ▬ꜝ≤⇔≡│⁸Intel C++ 

Compiler⁸Sun Studio⁸IBM XL C/C++ Compiler ⌂≥⅜№╢⁹ 

╒≤╪≥─♦▫☻♩ꜞⱦꜙכ◦ꜛfi│⁸Perl⁸Python⁸Ruby⁸PHP

≤™∫√ ⱪ꜡◓ꜝⱵfi◓ ╙◘ⱳ⁸√╕⁹╢™≡⇔♩כCᾋ

Mono ⁸Vala⁸Scheme≤™∫√ ╙◘ⱳ⁹╢™≡⇔♩כ ─
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Java ⱴ◦fi╛ Java ◐♇♩╙ Linux ≢ ∆╢⁹↓╣⌐│○

ꜞ☺♫ꜟ─ JVM⁸IBM ─ J2SE RE⁸∕─ ☻כ♁ⱪfiכ○─ ⅜

╕╣╢⁹ 

GNOME ╛ KDE │ ↄ ╠╣√♦☻◒♩♇ⱪ ≢№╡⁸▪ⱪꜞ◔

fiꜛ◦כ ─√╘─ⱨ꜠כⱶ꞉כ◒╩ ⇔≡™╢⁹↓─ 2≈─ⱪ

꜡☺▼◒♩│∕╣∙╣ GObject/GTK+≤ Qt ⌐ ≠™≡⅔╡⁸ ≤

╙ C /C++∞↑≢⌂ↄ⁸ ₁⌂ ─Ᵽ▬fi♦▫fi◓⅜ ↕

╣≡™╢⁹ 

Linux ≢│⁸™ↄ≈╙─ IDE ╙ ∆╢↓≤⅜≢⅝⁸

ⅎ┌⁸Anjuta, Eclipse, Geany, ActiveState Komodo, KDevelop, 

Lazarus, MonoDevelop, NetBeans, Qt Creator, Omni Studio ⌂≥⅜

№╢⁹⇔⅛⇔⌂⅜╠⁸IDE ╩ ╦∏⌐⁸♥◐☻♩◄♦▫♃╛∕─ ─

╩ꜟכ♠─ ╖ ╦∑≡ ╩ ℮ ╙ ™⁹ 

 

 

 

http://ja.wikipedia.org/wiki/Linux  

http://e -words.jp/w/Linux.html  

http://ja.wikipedia.org/wiki/%E3%83%AA%E3%83%BC%E3%83%8A%

E3%82%B9%E3%83%BB%E3%83%88%E3%83%BC%E3%83%90%E3

%83%AB%E3%82%BA  

http://linux -suomi.net/  

http://www.linux -dvr.biz/  
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◖fiⱧꜙכ♃ 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

♁ⱨ♩  2  
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─◖fiⱧꜙכ♃─  

 

CPU │ ⅜ ╖ ⅜≥╪≥╪ ↕ↄ⌂

∫≡™╢⁹ ─ⱪ꜡☿♇◘─ │ 20 ─ ⇔⅛⌂™⁹⇔⅛⇔

№╕╡⌐╙ ↕ↄ⌂╢≤ ⌐│↓─ ⅜ 5 ⌐⌂╢≤

⅜ ≡⅝≡⇔╕™⁸CPU ≤⇔≡ ⇔⌂ↄ⌂╢⁹≥℮⌂╢─⅛

≤™℮≤⁸♩fiⱠꜟ ⌐╟∫≡ ⅜ ⅛╠ₐ ╖ ≡ₑ⇔╕™⁸

─ ⅜ ≢⅝⌂ↄ⌂╡⁸ ⅜ ─ ⌐№╢─⅛⁸ ⌐№╢─⅛

⅛╠⌂ↄ⌂╢⁹↓╣≢│╕≤╙⌐ ∆╢│∏⅜⌂™⁹∕─ ⅜◦ꜞ◖

fi⌐╟╢ ─ ─ ≢№╢⁹ ─ ─ ╩ ∆╢ⱶכ

▪─ ⌐╟╣┌⁸№≤ 15 ≢ │↓─ ⌐ ⇔⁸∕─ │╒≤

╪≥ ⅜╖╠╣⌂ↄ⌂╢∞╤℮≤↕╣≡™╢⁹ 

⇔⅛⇔⁸∕─ ╩ ⌐ ╡⁸ ⇔√─⅜ ◖fiⱧꜙ⁹╢№≢♃כ 

 

 

◖fiⱧꜙכ♃≤│ 

 

◖fiⱧꜙ⁸│≥♃כ ╛ ⁸ ─╟℮⌂Ⱶ◒꜡ ╩

∆╢₈ ₉─ ⌐ ≠ↄ⁸ ⌂◖fiⱧꜙ⁹╢№≢♃כ 

⁸ √∟⅜ ∫≡™╢Ɽ♁◖fi─╟℮⌂ ─◖fiⱧꜙ⁸╙⌐♃כ

│ ↕╣≡™╢⁹√≤ⅎ┌ CPU ╛ ⌂≥

│⁸ ╩ⱬכ☻≤∆╢ ⌐ ≠™≡ ╠╣≡™╢⁹⇔⅛

⇔⁸∕╣│№ↄ╕≢◖fiⱧꜙכ♃─ ⁸≈╕╡ ꜠ⱬꜟ─ ≢№╢⁹ 

↓╣⌐ ⇔⁸ ◖fiⱧꜙ⁸│≥♃כ◖fiⱧꜙכ♃⅜ ℮ ─ ⌐

─ ╩ ∆╢╙─≢№╢⁹↓╣⌐╟∫≡⁸₈ ₉≤

┌╣╢ ⌂ ⅜◖fiⱧꜙכ♃⌐ ╕╣⁸ ╣─☻Ⱨכ♪▪♇ⱪ⅜╙

√╠↕╣╢⁹∕╣│ ─◖fiⱧꜙ⁸⅜♃כ╒≤╪≥ ─ ─╟

℮⌐ ⅎ≡⇔╕℮╒≥─☻Ⱨכ♪▪♇ⱪ⌂─≢№╢⁹ 
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◖fiⱧꜙכ♃─ ≤ ─◖fiⱧꜙכ♃≤─ ™ 

 

◖fiⱧꜙכ♃≢ ╢↓≤│⁸ ─◖fiⱧꜙכ♃⌐ ╢↓≤≤

∂≢№╢⁹⇔⅛⇔⁸∕─ ⅜ ─◖fiⱧꜙכ♃≤ כⱤכ☻)≡═

◖fiⱧꜙכ♃≤ ═≡╙) ™⌐ ≢№╢⁹ ⅎ┌☻כⱤכ◖fiⱧꜙכ

♃≢╙ ⌐ 1 ⅛⅛╢≤ ╦╣≡™╢ 300 ─ ╩⁸

≢ ™≡⇔╕℮≤ ╦╣╢⁹ ∕╣╒≥╕≢⌐ ™─⅛⁹∕─ │

⌐ ℮ ⱦ♇♩ ₈qubit₉≤ ┌╣╢ ⌐№╢⁹ 

 

│∂╘⌐ ╩ ═╢≤⁸ ◖fiⱧꜙכ♃│ ─ ⅜  ⌂─

≢№╢⁹ 

⌐◖fiⱧꜙ⁸│≢♃כ∕─ ╩ ∆╢ ⱦ♇♩⅜ 0⅛ 1⅛─

™∏╣⅛╩ ∆⁹∕↓≢│ n ─ⱦ♇♩ │⁸0≤ 1─ ╖ ╦∑ ⌐

∂≡ ≢ 2─ n ─ ╩ ∆↓≤⅜≢⅝╢⁹ 
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↓╣⌐ ⇔ ◖fiⱧꜙ⁸0│≢♃כ or 1 ─ ─ ⌐╙∕╣╠─₈

⌡ ╦∑₉─ ╙≤╢↓≤⅜≢⅝╢⁹↓─ ≢ ∆╢≤⁸0 ─

≤ 1─ ─ ⌐≈™≡ ⇔≡ ⅜ ╦╣╢⁹ 

 

 

 

 

 

 

 

 

ⅎ┌ ⱦ♇♩ 10 ⇔≡ ≡─ ⱦ♇♩╩ ⌡ ╦∑√ ⌐

⇔≡ ∆╣┌ 1024 ╡─ ⅜ ⇔≡ ╦╣╢⁹▬ⱷכ☺ ⌐│

1024 ─ ─ ⌡ ╦∑⌐⌂∫≡™╢⁹ 
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─◖fiⱧꜙכ♃ 

aќbќcќdќeќfќg 

 

 

 

◖fiⱧꜙכ♃ 

b 

c 

aќdќg 

e 

f 

 

⌐ ⅎ╩ ∆╢≤⅝⌐│⁸ ⌐⅔↑╢₈ ─

₉≤ ┌╣╢ ⌐╟∫≡⁸ 2 ─ n ─ ⅜√∫√ 1 ≈─

┼≤ ∆╢⁹↓╣⅜ ─ ≤⌂╢⁹ 

 

⌐ ℮≤⁸4 ◔♃─ ─Ɽ☻꞉כ♪╩ ∆╢ ⁸ ─◖fiⱧ

─₈9999₉╠⅛₈0000₉│≢♃כꜙ 1 ╡─ ╩ ⌐ ∟ ╪≢™

ↄ╛╡ ≢ ↄ⁹⇔⅛⇔ ◖fiⱧꜙכ♃│ 1 ╡─ ╩ ⌐ ≡

╣≡⇔╕℮⁹∕─√╘⁸ ⌐ ⌂ ⅜ ⌐ ↄ≡ ╗─∞⁹ 

 

 

◖fiⱧꜙכ♃⌐⇔⅛ ⌂™↓≤ 

 

◖fiⱧꜙ₈╢╝╦™⁸│♃כNP ₉≤ ┌╣╢ ╩ ≢

⅝╢≤↕╣╢⁹NP ≤│⁸∕╣╩ ↄ√╘─▪ꜟ◗ꜞ☼ⱶ

╩ ↄ√╘─ │ ↕╣≡™╢─∞⅜⁸∕╣╩ ∫≡ ⌐ ╩



176 

 

↓℮≤∆╢≤⁸№╕╡⌐╙ ⅜ ⅝∆⅞≡⁸ ╙ ╙⅛⅛

∫≡⇔╕℮╟℮⌂ ≢№╢⁹≈╕╡ ⌐│ ↑╢─∞⅜⁸ ⌐

│ ↑⌂™ ≤ ⅎ╢⁹ 

 

↓╣⌐ ⇔ ◖fiⱧꜙ⁸│≢♃כ ─ ⌐╟╡⁸ ─ⱦ♇♩ ╩

1≈ ╛∆∞↑≢⁸ ╩ ℮ ◖fiⱧꜙכ♃─ ╩ 2 ⌐ ╛∆

↓≤⅜≢⅝╢⁹↓─ ╖⌐╟╡⁸ ⌐│₈2 ─ 100 ₉ ≤⅛₈2

─ 1000 ₉ ≤™∫√⁸ ╙⌂™ ─ ◖fiⱧꜙכ♃⅜ 1

─ ◖fiⱧꜙכ♃─ ⌐ ≢⅝╢⁹↓╣⌐╟╡⁸ ─☻Ɽ

◖fi≢╙ ↑⌂™ NP ╩⁸╒╓ ⌐ ↄ↓≤⅜≢⅝╢─∞⁹ 

NP │ IT⁸ ⁸ ⁸ ⁸ ⌂≥ ₁⌂ ⌐

⇔⁸∕╣╠╩ ↄ√╘⌐ ─☻Ⱨכ♪≢ ∆╢ ◖fiⱧꜙכ♃─

⅜ √╣≡™╢⁹ 

 

 

⇔√ ◖fiⱧꜙכ♃ 

 

↓℮⇔√ ╦┌₈ ─ ◖fiⱧꜙ₉♃כ╩ ∆╢√╘⁸ ╩│∂

╘ ≢│ ─ ╩ ⇔≡ ◖fiⱧꜙכ♃─ ╩ ╘≡

™╢⁹ ≢╙ ─ⱪ꜡☺▼◒♩⅜ ⌐ ↕╣≡⅔╡⁸↓╣╕≢⌐

30 ─ ⅜ ⅞ ╕╣√≤ ╠╣╢⁹ 

◖fiⱧꜙכ♃─ ⌐│⁸╕∞╕∞ ↄ─ ⅜ ↕╣≡⅔╡⁸ ∆

← ⅎ╢≤™℮╙─≢│⌂™⁹∞⅜⁸ ⅜ ™√╘⅛∕─ ⌐│

⅜ ↑⁸⇔⅛╙∕╣╩ ∆╢ ⅜ ╕╣≡⇔╕℮⁹↓╣╕≢─≤↓

╤⁸ ╛ ╩│∂╘ ─ ◖fiⱧꜙכ♃ ⱪ꜡☺▼◒♩│

⌐ ⌂ ꜠ⱬꜟ⌐≤≥╕∫≡™╢⁹ 

ⅎ┌₈ ◖fiⱧꜙכ♃ ─ⱦ♇♩ qubit ╩ 3 ≈⌂™≢ ⇔╕

⇔√₉≤⅛₈ ◖fiⱧꜙכ♥▫fi◓⌐╟∫≡⁸15 ╩ 5 ≤ 3 ⌐

≢⅝╕⇔√₉≤⅛⁸∕℮™℮꜠ⱬꜟ⌂─≢№╢⁹ 
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≈╕╡ ≢│⁸ ─ ⅜ ◖fiⱧꜙכ♃─

⌐ ≢⅝╢↓≤│ ⅛∫≡™╢╙──⁸∕╣⅜ ↕╣╢─│

╙ ⌐⌂╢⁸≤↕╣≡™╢⁹ 

₈∕╣│ 50 ₉≤ ℮ ╙™╣┌⁸₈™╛™╛⁸∕╣≢│ ╡⌐ ─

⅞╢⅛╠⁸∑╘≡ 30 ⌐⇔≡⅔↓℮₉≤ ℮ ╙™╢⁹ IBM ─

│₈15 ₉≤ ∫≡™╢⅜⁸∕╣≢╙ ─ ≢№╢⇔⁸ ╠ↄ

Ɫ♇♃ꜞ╛ ╙ ╕╣≡™╢⁹ 

 

∕℮⇔√ ─ 2013 5 16 ⌐. ⌐╒≤╪≥ ╠╣≡™⌂™◌

♫♄─ⱬfi♅ꜗכ ₈D-wave systems₉ ⅜₈512qubit₉≤™℮

⌂ ◖fiⱧꜙכ♃╩ ⇔.∕╣╩ NASA ≤ Google⁸USRA ⅜

⇔≡⁸ ⇔≡ ⌂≥─ ╩ ℮↓≤⅜ ↕╣√⁹ 

D-wave │ ↄ─ ⌐ ↕╣≡™╢⁹ √∟⅜≢⅝⌂™↓≤╩╛∫

√↓≤⌐ ∆╢ ⁸ ⌂ ⅜№╢─│╙∟╤╪∞⅜⁸ ⌐

⌐ ≡╙⁸╕∞ ─ ⅜ ↕╣≡™╢⁹ 

╕∏ ↕╣╢ ─ ≈⅜ ─ ⇔√ ⅜⁸ ◖fiⱧꜙכ♃

─ ≢│ ₈ ₉≤ ╠╣≡™╢↓≤∞⁹1985 ⌐▬◑ꜞ☻

─ ⁸♦ⱦ♇♪ ♪▬♇♅ꜙ ⅜ ⌐ ⌂ ◖fiⱧꜙכ♃

╩ ⇔≡ ⁸∕─ │ ⌡₈ ≥₉♩כ◕ ┌╣╢ ⌐

≠™≡ ╘╠╣≡⅝√⁹ 

 

⌂ │ ↄ⅜⁸ │≥♩כ◕ ∆╢⌐⁸ ↄ ╦╣≡™╢

♦☺♃ꜟ ◖fiⱧꜙכ♃─ ≢№╢ ♩כ◕ AND ▪fi♪ ⁸

OR ○▪ ⁸NOT ⱡ♇♩ ⁸XOR ▪○הⱩ◦כꜟ◒☻◒◄  ⌂≥

≤⌂╢ ╩ ℮╙─ ≤ ┌╣╢╙─╩⁸ ─ ≢

⇔√╙─∞⁹ ⁸ ╛ ╩│∂╘ ─ ◖fiⱧꜙכ♃ ─

⅜⁸↓─₈ ₉♩כ◕ ⌐ ≠™≡™╢≤ ≡╟™⁹ ╦┌⁸

◖fiⱧꜙכ♃ ─ ≢№╢⁹⇔⅛⇔╕∞╕∞ ≢№╡⁸

NOT ↄ╛℮╟⅜♩כ◕ ↕╣√≤™℮≤↓╤≢№╢⁹ 
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↓╣⌐ ⇔ D-Wave─" ◖fiⱧꜙ⁸₈│"♃כ ≥fi◓₉ꜞכ♬▪ ┌

╣╢ ↄ ─ ⌐ ≠™≡ ╠╣≡™╢⁹↓╣│ ─▪♫꜡◓

≢№╡⁸ ─♦☺♃ꜟ ⌐ ═≡ ⅜ ™⁹∕─∑™⅛⁸

─◓fiꜞכ♬▪ │ ↕╣≡™╢╙──⁸↓╣╩ ∫≡

⌂ ◖fiⱧꜙכ♃╩ ⇔╟℮≤∆╢ ╖│╒≤╪≥⌂⅛∫√⁹ 

⇔⅛⇔ D-Wave│↓─ ─ ╩ ⇔⁸ №╢ⱬfi♅ⱴכ◒ ♥☻♩⌐

⅔™≡ ◖fiⱧꜙכ♃─ 3600 ╙─ ╩ ⇔√⁹⇔⅛╙⁸

↓╣╩ ⅜ꜟ◓כ◓≡∫ ─ ╩≢⅝╢╒≥∞≤™℮⁹↓╣

≤₈15 = 5 × 3₉≤™℮ ⌐№╢ ─ ◖fiⱧꜙכ♃ ♩כ◕

⌐ ℮ ╩ ═╣┌⁸∕↓⌐│ ⅜∆╢╒≥─ ⅜№╢⁹ 

 

↓─╟℮⌐⁸╖╪⌂≤│ ℮ ≢ ╩ ⇔ ™√↓≤╙⁸D-Wave ┼

─ √╡⅜ ™ ─ 1≈≤ ╠╣╢⁹ 

 

 

◖fiⱧꜙכ♃─↓╣⅛╠ 

 

D-Wave ◖fiⱧꜙכ♃│ ─ ◖fiⱧꜙכ♃≢│⌂™≤™℮ ⅜™

╢⁹√⇔⅛⌐≢⅝╢↓≤│ ╠╣≡™╢⁹ D-Wave⅜ ╩ ∆╢

─│ ⱴfi☻ꜟכ☿ ╩ ≤⇔√ ╖ ╦∑ ∞↑≢№

╢⁹ 

⇔⅛⇔ ∫≡│™↑⌂™⁹ ╖ ╦∑ ⅜ ≢⅝╢ │√ↄ

↕╪№╢⁹ ⅎ┌ ─ ≢№╢ ⁸ ⁸▬ⱷכ☺

⁸◕ⱡⱶ ⁸♃fiⱤ◒ ─ ◒☻ꜞfi◓⁸ꜞכꜙ☺◔☻⁸╖√√╡

⌂≥≢№╢⁹ ⁸ ⁸ ⌂≥⅜ ⌐⌂╡℮╢⁹ 

 

⅛⌐D-Wave│ ╕≢ ⅜ ╩ →≡ ⇔≡⅝√ ◖fiⱧꜙכ

♃≤│♃▬ⱪ⅜ ⌂╢⁹╕√ ⌐ ⅛≥℮⅛⌐╙⁸ │№╢⁹ 

∞⅜ D-Wave⅜ ─ ◖fiⱧꜙכ♃⅛≥℮⅛≤™℮ ╟╡│⁸∕

╣⅜ ⌐ ⌐ ≈⅛≥℮⅛⅜ ∞≤ ℮⁹ ≢│▪ꜟ◗ꜞ☼ⱶ─
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⅜╕∞ ⌂─≢⁸∕─ ╩ ⌐ ≢⅝≡™⌂™⁹ ─◖fi

Ⱨꜙכ♃⌐ ═≡∕╣╒≥ ↄ⌂™≤™℮ │⁸ ╕╣√┌⅛╡─ ╪

⌐ ≤ ⇔╤≤ ℮╟℮⌂╙─∞⁹╕√™╦╝╢₈ ─ ◖fiⱧ

∞╕⁸│₉♃כꜙ ╕╣≡╙™⌂™ ≢№╢⅛╠⁸↓∟╠│ ⌐╙

≡⌂™⁹∕℮⌂╠⁸∆≢⌐ ╕╣√ ─ ⌐ ∆╢─⅜ ™⅛╙

⇔╣⌂™⁹ 

 

D-Wave ─ ─ ≢│⁸ ⱦ♇♩ │ ⇔≡™╢⁹D-Wave

◖fiⱧꜙכ♃─ ⁸ ⱦ♇♩ │ 4 ∏≈ ╛∆─⅜ ™⁹∆

╢≤ 2 ⁸≈╕╡ 2015 ⌐│ 2048 ⱦ♇♩╩ ≈ D-Wave 3 ⅜

↕╣╢≢№╤℮⁹∕─ ≢ ↑┌⁸2017 ⌐│ 8192 ⱦ♇♩⌐⌂

╢⁹∕─↓╤⌐⌂∫≡╙╕≤╙⌂₈ ─ ◖fiⱧꜙ₉♃כ⅜ ≡™╢

⅛│№╛⇔™⁹ 

 

─ ◖fiⱧꜙכ♃│ ─◖fiⱧꜙ⁹╢№≢♃כ ╙╕√ ─◄Ⱡ

כ◑ꜟ ≢№╢≤ ╦╣≡⅝√⁹∕╣│ 20 ⌐│ ∆╢∞╤℮≤⁸

1960 ⅛╠ ╦╣≡⅝√─∞⅜⁸╕∞ ⇔≡™⌂™⁹ ◖fiⱧꜙ

╙♃כ 1980 ⅛╠ ─◖fiⱧꜙכ♃∞≤ ╦╣≡╒╓ 30 ⅜√≈⁹

♩כ◕ ≢│ 10 ⱦ♇♩╩ ⅎ╢↓≤∆╠ ⇔™≤ ╦╣≡™╢⁹

◖fiⱧꜙכ♃⅜ ─◖fiⱧꜙכ♃≢№╢≤™℮ │⁸╗⇔╤ ⇔

⌂™ ⌐ ™⁹ 

∕╣╟╡╙╗⇔╤⁸ ⅛⌐№╢ D-Wave─↓╣⅛╠⌐ ⇔√™⁹⇔⅛

⇔⁸ ◖fiⱧꜙכ♃⅜ ⇔≡⇔╕℮≤⁸≥℮╛∫≡╙◖fiⱧꜙכ♃⌐

≢ ≡⌂ↄ⌂╢─│ ⇔ ⇔™≤ ∫√⁹ 
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♪כ꞉כ◐⌂≡│  

http://d.hatena.ne.jp/keyword/%CE%CC%BB%D2%A5%B3%A5%F3%A

5%D4%A5%E5%A1%BC%A5%BF 

 

Misatopology  

http://misatopology.com/  

 

Digital Experience!  

http://digitalexperience.ismedia.jp/  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

KSWL  

 

           HP    http://www.club.konan -u.ac.jp/~KSWL/tech/  
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