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F-tec 2011  

 

 

2011   

 

│∂╘⌐ 

 

 ↓─ │⁸2011 ─ ╩ ╡ ╡⁸ ─ F-tec ─ ⌐ ↑√ ≤∆╢╙─≢

№╢⁹ ≤™℮ ⅛╠⁸ ─ ⌐│ ↕⌂™ ─ꜟ◒כ◘⁸≥

⌐≈™≡ ═╢⁹ 

 

╩ ∂≡ 

 

ⱷfiⱣכ  

  

 │⁸ ─ⱷfiⱣכ ≢ ╩ ⇔√⁹⌂⅔⁸↓↓≢ ≤│ ⅛╠

↑≡ F-tec⌐ ⇔≡⅔╡⁸ ⅜ 2 ≤⌂╢ ─↓≤≢№╡⁸ ≤│ 2010

⅛╠ F-tec─ ⌐ ⇔≡™╢ ─↓≤≢№╢⁹ 

    

 4 6 10 

ⱪ꜡Ɑꜝ  2 2 4 

 2 2 4 

 2 1 3 

 10 11 21 

 

⌂⅔⁸ ⱷfiⱣכ─ │ ─╟℮⌐⌂∫√ 2 │ ╡ ⁹ 

 1  2  3  4   

 9    9 

  0 0 0 0 

  5 3 1 9 

  2 0 0 2 

 9 7 3 1 20 

( 1 ) 
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 ⱷfiⱣכ ─ │⁸ ─ ⅜™⌂⅛∫√↓≤⁸ ⌐ ∆

╢ ⅜™√↓≤≢№╢⁹∞⅛╠≤ ∫≡ ∫√ ⅜№╢╦↑≢╙⌂⅛∫√⅜⁸╛│╡

7 ⌐ ╩⅔ ╡⇔≡™╢ ⁸ ─ ⅜ ⇔≡™√╒℮⅜⌂⌐⅛≤

⅜™™≤™℮─│ ⇔≡⅔ↄ⁹ 

 

 ⌂⅔⁸ ─ ⌂ │ 

ה 7 502⅔╟┘ 504  

ה 7  ☺כ꜠●

╡ↄ≠─╙ה  

ⱷ◌ⱡ♦◙▬fiה  

≢№∫√⁹™∏╣╙⁸ ⅛╠ ⅝ ⅝ ↕∑≡™√∞™≡™╢⁹ 

 

 

 

 │⁸ ◖fi♥☻♩♃▬ⱶ♩ꜝ▬▪ꜟ ⌐ ⇔⁸ ⌐ ⁸4 18 35

─♃▬ⱶ≢◗כꜟꜝ▬fi│ ⅎ√╙──⁸ ⌐ ⇔≡ ⌐ ⁸ ≤⌂

╢≤™℮ ≤⌂∫√⁹↓─ ╩ ↑≡⁸2011 ─ │⁸ 

₈ ◖fi♥☻♩♃▬ⱶ♩ꜝ▬▪ꜟ ⌐ ⇔⁸ ╩ⱶ≤♃▬ⱶכ♅ ™⁸ ∟⌐™

↑╢╟℮⌂ ╩ ∆╢₉ 

≤ ⇔√⁹ 

 ↓─ │⁸ ⁸ ∞↑≢ MTG╩ ∫≡ ╩╕≤╘√╙─≢№

╢⁹↓─MTG≢⁸ ⁸╛ꜟכꜙ☺◔☻ ⁸ ⌐№√∫≡─ ⅎ ⌂≥

╙ ⌐ ╘√⁹╕√⁸↓─ ≢ ↑╙ ∫√⁹ ⌐│⁸∕╣⌐ ⅝ ™≡ ⅛╣

√ MTG≢↓╣╠─ ╩ ⅎ⁸ ↕∑╢≤™℮ ╩≤∫√⁹↓─ ╣│

─ ╣╩ ↑ ™∞╙─≢№╢⅜⁸ ╙№╢⁹∕╣│⁸ 

ה ─ ⅜ ↕╣⌐ↄ™ 

ה ⅜ ─ ⌐ ⌐⅛⅛╦╢≤™℮ ⅜ ╕╣⌐ↄ™ 

≤™℮╙─≢№╢⁹≥℮⇔≡╙⁸1 ⌐⅛⅛╦∫√ ─№╢ ⅜↓℮⇔√

≢ ╩ ╡⁸ ⅜ ╩ ⇔⌐ↄ™─│ ⅜⌂™⅜⁸⅛≤™∫≡ ╡ ⌐

≡⅜ ╘╠╣≡⇔╕℮≤∕─ ─ ≢ ⅜ ⇔≡⇔╕℮ ⅜№╢⁹ 

2 ⇔⅛ ⌐⅛⅛╦╢ ⅜⌂™ ⁸1 ⅛╠₈ ─ ₉⅜№╢─╩

⇔⁸ ─ ⌐╙ ⌐⅛⅛╦╢ ⅜№╢─│ ≢№╢⁹ ⇔™ ∞⅜⁸

⅜∕℮™∫√ ╩ ⇔ ─ ╩ ↕∑╢ ╩ ╢─⅜ ≢№╢

╟℮⌐ ℮⁹↓╣│⁸↓─ ∞↑≢⌂ↄ⁸∕─ ─ ≡─ ⌐ ∆╢

≢№╢⁹ 
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╕√⁸ ╩ ⌐ ∆╢√╘⁸11 ≥fi╩₈For the Victory!₉●כ꜡☻⌐╤↔

╘√⁹∟⌂╖⌐⁸ fi│₈●כ꜡☻─ ╣╠╣⌂™⁸ ⌐∆╢ΊΊ₉≢№∫√⁹↓

↓ 2 ╩fi●כ꜡☻⁸ ─ ⌐ →⁸ ─ ⌐╙ ⅎ╢─⅜ ⇔≡™

╢⁹ 

 

 ꜟכꜙ☺◔☻

 

 ─ ─√╘⌐ ─ ≤⇔≡ →╠╣√─⅜⁸ 

ה TF ─ ⅜℮╕ↄ™⅛⌂⅛∫√↓≤ 

─♩♇꜡▬Ɽ⌐╘√─⧵ה ⅜ ⌂ ≢ ⌐ ╕↨╢╩ ⌂⅛∫√↓≤ 

≢№╢⁹↓╣╠╩ ╕ⅎ⁸ ╙ ╖ ─ ╩♩►▪ꜟכ꜡ ≤⇔⁸4 ⌐│

╩ ⅎ╢╟℮⌐ ∆╢↓≤⅜⅝╘╠╣√⁹ 

 ↓╣╩ ↑≡⁸ ─ │ꜟכꜙ☺◔☻ ─╟℮⌐⌂∫√⁹ 

 

   ∕─  

2010 8  1. MTG   

9  5.    

10 ќ   

11    

12  ◖fi  

2011 1   

2 16.  18.  

26.  

3   

⁸ ⅔╟┘ ⅜ 4 ™∫┐™ ↄ 

4  

ה  

15.  

 

5  

15. 1 TF 

 

 

6 TF  

7 17. 9 ה TF  

30~31. 34 ◖fi♥☻♩ 

 

3 ╕≢─ │ ≤ ═≡ ╘─Ɑכ☻≢ ╪≢™√⅜⁸ ⌐ ℮

≢ 1◌ Ɑכ☻⅜ ╣⁸ 1 TF│ ╟╡ ↄ⌂∫≡⇔╕∫√⁹⇔⅛⇔⌂

⅜╠⁸∕─ │ ⌐╙ ╕╣ 1 ─ 2 TF╩ ╘√ 9 ─ ╩ ™⁸
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⌐│ ⌂ ≢ ╗↓≤⅜≢⅝√⁹ 

 ╕√⁸ ─ ≤⇔≡│ ◖fi ╡⌂⅛⅜ꜟכꜙ☺◔☻─ ↄ⌂∫≡™√↓≤⅜

→╠╣╢⁹ ⌂╠ ⌐│ ⅜ ≡™√⅜⁸ │ 12 ⌐⌂∫≡╟℮

╛ↄ ⅜ ↕╣√⁹∕─√╘⁸ ╘─ ﬞ │ ◖fi⅜ ↕╣╢─⅛╦

⅛╠⌂™ ⌂ ≢─ ≤⌂∫√⅜⁸ ⌐№╢╟℮⌐⁸≤╡№ⅎ∏│ ◖fi⅜

↕╣╢↓≤╩ ≤⇔⁸ ⅜ ↕╣⌂™≤⅝│ ≢ כ♦─╘√─

♃ ╩ ℮↓≤╩ ⇔≡™√⁹ │ 1 ⌐№∫√ ╩ ↑

≡⁸2 ─ ╘⅛╠ ⅝ ╘√⁹↓╣⌐≈™≡│ ∆╢⁹ 

 

⌐≈™≡ 

 

 F-tec≢│⁸3 ⅛╠ ה הꜝⱭה ─ 4 ⌐ ⅛╣≡ ╩ ∆╢ ╩

≤∫≡™╢⁹ ╕≢ ⅝⌂ ≤⌂∫≡™√─│⁸ ↔≤─ ⇔↕─ ™≢№╢⁹

╩ ⌐ ≢⅝⌂↑╣┌⁸╟╡ ↄ─ ╩⇔⌂↑╣┌⌂╠⌂™ ⅔╟┘ ⌐

⅜√╕╡⁸ ⅜℮╕ↄ™⅛⌂™ ≤⌂╡╛∆™⁹ ↔≤⌐ │ ℮─≢≥↓╕

≢╩≥─ ⅜ ℮═⅝≤ ⌐ ⅎ╢╙─≢│⌂™⅜⁸ ─ ╩ ⅎ≡ ∆═⅝

│℮╕ↄ ∆╢↓≤⅜ ≢№╢⁹ │ ⅛╠∕─↓≤⌐≈™≡№╢

╩ ∫≡™√─≢⁸ ─ ╩ ╡ ℮↓≤⌐≈™≡ ─ │ ╠╣√╙─≤

ⅎ≡™╢⁹≤│™ⅎ╕∞ ⌂╙─≢│⌂™─≢⁸ ≤╙ ≤⇔≡™⅛⌂↑╣

┌⌂╠⌂™⁹╕√⁸ ╩ ⅎ≡ ╩ ∆╢≤⅝╛ ⌐╕√⅜∫≡ ≤⌂╢↓≤⌐

≈™≡│⁸╟ↄ ╩ ╡ ∫≡℮╕ↄ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 ↓╣⌐ ⇔≡⁸ MTG╩ ⌐ ∫≡™ↄ↓≤│ ⌐ ≢№╢⁹ ⌐╙╟╢

⅜⁸ │ ⌐ 1 MTG╩ ∫√⁹MTG─ ≤⇔≡│⁸ 

ה ⅜ ─ ≤ ╩ꜟכꜙ☺◔☻─ ∆╢ 

ה ⌐⅔™≡ ∂√ ╩ ∆╢ 

ה ⅜ ─ ⌐≈™≡╙ ╩ ╘╢ 

⅜ →╠╣╢≤ ℮⁹√∞↓╣⌐≈™≡│╕∞ ─ ⅜ ⌐№∫≡⁸ 

ה ⌐ ⅜ ⅛∫√ 

ה ⌐₈↓⌂∆₉∞↑≤™℮ ⅜№∫√ 

↓≤⅜№╡⁸MTG⌐≈™≡ ─ ╩ ∆╢↓≤⅜ ≤ ╦╣╢⁹ ─ ≤

™℮ ╙№╢⅜⁹ ⌐│⁸MTG─ ╩ ↕⌂™ ≠ↄ╡⁸ ─

⌂≥─ ⅜ →╠╣╢⁹√∞⁸TF ─ MTG ⌐≈™≡│╕√ ─ ⌂─≢ ∆

╢⁹ 
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 ⌐ 2 ╦╣⁸ 1 │ ─ ⁸ ─ ™ ⇔⅜ ⅛≥℮

⅛╩ ∆╢√╘─ ≢№╢⁹ 2 │ ⌐ ╦╣⁸ ⌂≥⁸

─ ⅜℮╕ↄ™∫≡™╢⅛≥℮⅛╩ ╢√╘─ ≢№╢⁹ 

 ─ ⁸ ─ ╢⌂≥♩fi◓ⱳ▬fi♬כ♃⌂⅝ ⌐ ⁹↓╣╠╩ ℮

╩ ↄ⅛╠ ╘≡⅔⅝⁸∕╣╩ ⌐ ╩ ╘╢↓≤⌐⌂╢⁹≤│™ⅎ⁸ ╩ ╘≡

╛╠⌂↑╣┌ ─ ╡⌂™ ≢№╡⁸ ─ │∕╪⌂⌐ ↄ⌂™⁹ 1 │ 1

─ 9 ⁸ 2 ╙ 1 ─ Ᵽ꜠fi♃▬fi♦כ≤™℮ ╙№╢

≢№╢⁹╙∟╤╪∕─ 2~3 ╒≥│⅛⌂╡─ⱷfiⱣכ⅜ ⌐ ↕╣≡™╢╦

↑≢№╡⁸ ⇔ ╘√™⅛╠≤ ∫≡ ⌐∏╠∑╢╟℮⌂╙─≢│⌂™⁹ ⌂⅜╠⁹ 

 ─ │⁸ 3m ╒≥⌐ ╩ ⌐⇔≡ ⇔⁸⅔╙╡≤⇔≡ ╡Ɑ♇♩

Ⱳ♩ꜟ╩≈╢⇔≡™ↄ╙─≢№╢⁹ │⁸ ─ 0.5 ⁸1.0 ⁸1.5 ≤⇔√⁹

⌐ ⌐≈™≡ │⌂™≤ ⅎ╢⅜⁸ ⅜№╢≤∆╣┌⁸ 7 ⅜●꜠

☺כ ─ ⅜ ≢⌂ↄ⁸√╦╖⌐≈™≡─ ⌂ ⌐│ ↕⌂™↓≤≢№╢⁹ 

 

ה  

 

 ≤∆╢╒≥ ⌂╙─≢│⌂™⅜⁸ │⁸Ɽ▬꜡♇♩╩ ⌐ ∑≡

┘ⱪ꜡Ɑꜝ─ ⅜℮╕ↄ™∫≡™╢⅛─ ─╠╣↓√╕ה ╩∆╢

≢№╢⁹ │⁸ ≤ ╕√│◄ꜟ꜡fi ╩ ⇔⁸ ─ ⅜℮╕

ↄ™∫≡™╢⅛╩ ∆╢ ≢№╢⁹ 

 ™∏╣╙ ≢℮╕ↄ™ↄ↓≤│ ⌂™─≢⁸ ─ ⌐ ╩ ∫≡↓╣╠─

─ ╩ ╪≢⅔⅝√™⁹╕√⁸ ⌂ TF ⌐╙↓╣╠─ │ ≢№╢─≢⁸

TF ⌐╙↓╣╠│ ⌐⁸ ⌐♅▼♇◒⇔≡⅔⅛⌂↑╣┌⌂╠⌂™⁹ 

 

 

 

 ╩ ╖ ≡⁸ ─ ⅜╡╩♅▼♇◒∆╢≤≤╙⌐⁸ ╩⇔≡ TF ⌐

↑ ╩ ∆╢√╘─ ≢№╢⁹ 

 ╩ ╖ ≡╢─⅜ ∞⅜⁸ ╕≢│⁸ ⅜ 7 ☺כ꜠● ≢∑

╕™√╘⁸ ≤⁸ ≢ ₁⌐ ╖ ≡⁸ ╩ ∫≡™

╢⁹ ╖ ≡≤ ♅▼♇◒ ⌐≈™≡│↓─ ≢ ⌐ │⌂™≤ ℮⁹↓─ ╖

≡│ TF ≢ ⌐ ╖ ≡╢√╘─ ≢№╡⁸TF ≤ ∂ ⁸ ∂ ≢╛╢↓

≤⅜ ╕⇔™⁹ ╖ ≡⅜℮╕ↄ™⅛⌂™↓≤≢ TF ─ ╩ ⌐∆╢─│ ⌐┌⅛╠

⇔™─≢⁸TF ╕≢⌐ ⅛ ╖ ≡ ╩ ∫≡╙╟™≤ ℮⁹ 
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 │ ≢№╡⁸ ⌐│↓─ ≢ │ ∑≡ ─ ╙≢⅝╢─

∞⅜⁸ ⅜ TF ⌐ ╓∆ ─ ╩ ⅎ╢≤⁸╛│╡ ╖ ≡≢ ╩

╛∫≡⅔⅝√™⁹╕√⁸ ≢│ ─ ╛ ─ ╙ ⅝ↄ⁸ ⌂ ─ ⅜

╠╣≡™╢≤│ ™ ™⁹≢⅝╣┌ ™ ⅛⁸ ↕╣√◓ꜝ►fi♪─╟℮⌂ ╩

∆╢↓≤⅜ ╕⇔™⁹2010 ─ ⌐╟╢≤⁸ 

♫כꜞ▪   ⁹( 5 ╕≢ ) │⇔≡™⌂™─≢

℮⌐│ ⁹ │ ⅜ ∫≡™╢─≢ ╠ↄ ⁹ 

 ◓ꜝ►fi♪ ⌐♫כꜞ▪ ∂ↄ⁹ ─ ⅜ ╢√╘◘♇

כ◌ ⌂≥⌐≤╠╣╢⁹ 

  ↄ⌐№╢ ⁹ ╡╢↓≤ │ ∞⅜ ⅜

⌐ ™√╘ ↑№√╡⌐│ ⅝ ↕⌂™≤ ╡╢─│ ⇔™⁹ 

  │ ↑⌐ ⇔ ↕╣≡™╢⅜⁸ ╢ ⅜

™∫┐™⌂─≢ ≤ ╦╣√⁹ 

≤─↓≤≢№╢⁹™∏╣⌐∑╟⁸ ╘─ ⅜ ≤ ╦╣╢⁹ 

 ╕√⁸ ─ ⌐≈™≡⁸ │ ⌐ ╩ ∑≡ ╩ ╖ ╢≤™℮

╩≤∫√⁹⇔⅛⇔∕╙∕╙ ─ ⅜ ⇔™≤™℮ ╙№╡⁸ ⅜ ╕╣╢⁹ 

 

 

 

 ⌐⅔↑╢ ⌂≥⌐≈™≡│ ─ ╩ ⁹↓↓≢│ ╛ ⌐≈

™≡ ═╢⁹ 

 

ᵑ ⌐≈™≡ 

 ╩ ↕∑≡™√∞™≡™╢⁹ │ ≢⁸ ⇔╛∆™⁹

│ ─ 1:00~8:00 ⌐ ╠╣╢⁹ ⇔≡™╢ ≢№╡⁸TF ╩ ℮

≢ ⌐ │⌂™⅜⁸ ─ ╩∆╢╒≥─ │ ⌂⅜╠ ⌂ↄ⁸TF ≢ ─

⅜⇔√™ ⌐│ ╠⅛─ ╩ ∂⌂↑╣┌⌂╠⌂™⁹ 

 

ᵒ☻♃כ♥▫fi◓ⱷfiⱣהכ◓ꜝfi♪◒ꜟכ 

│כfi◓ⱷfiⱣ▫♥כ♃☻  5 2⁸ 1⁸ 1 ≢⁸ ╤⅛╠

⅜ ⌂╠ ≢ ⁸◓ꜝfi♪◒ꜟכ│ ⌐ ⇔⁸ │

─ ╩ ∑╢ ≢ ╩ ∆ ≤⇔√⁹☻♃ⱷfi─ │⁸ ≢ 60m ╒≥─

╩ ∫≡♃▬ⱶ╩ ⇔⁸ ⌐⇔√⁹╕√◓ꜝfi♪◒ꜟ⁸╙כ ⌐ ╩ ╘╢

─ ™☻♩♇ⱪꜝ▬fi ⌐ ─ ™ ╩ ⇔√⁹ 

 ☻♃ⱷfi│ ⌐│ 3 ⅜ ⇔≡ ⇔⁸ ─ 2 ♩כ♃☻│ ⌐ ⅝╩ ∆╢

≢№╢⁹ │↓╣≢╒╓ │⌂™─∞⅜⁸ ₈⌐ꜟכꜟ ⌐ ╩ ∆╢
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│ 3 ╕≢₉≤ ↕╣≡™╢ ⁸↓─ ╩ ↑╢─│ ╕⇔ↄ⌂™≤ ╦╣╢

⅛╠ ⌐ ↕╣√↓≤│⌂™ ⁹ ⌐⁸ ⌐⅔™≡│Ⱳ♇◒☻╩┤↕™≢⇔╕™⁸

ⱨ□ꜟ≢ ╩ ↄ ⅎ╢∞↑⌐⌂∫≡⇔╕℮─≢∕─ ─ │╒≤╪≥⌂™≤

╦╣╢⁹∕─√╘⁸ ⅛╠ ─ ⌂⇔≢ ∆╢ ╩⇔≡⅔ↄ─⅜╟™⅛╙

⇔╣⌂™⁹☻♃ⱷfi─ ╩ ⅎ╢↓≤╙ ⅎ╠╣╢⅜⁸↓╣⌐│ ⅜ ≢№╢⁹ 

  

ᵓ ⱨꜝ▬♩─  

∂√ ⌂ ⱨꜝ▬♩⌐≈™≡ ═╢⁹⌂⅔⁸↓╣╠─ ⌐≈™≡│Wiki ╙

™√∞⅝√™⁹ 

A 8 6  ◄ꜟ꜡fi  

 ─ ⌐≈™≡Ɽ▬꜡♇♩⅜ ™⇔≡⅔╡⁸ ≤ ⌐◄ꜟ꜡fi╩ ∫√ 

√╘⁸ ⅝ↄ ⅛╠∕╣≡ ⌐ ⇔⅛↑⌂⅜╠╙⌂╪≤⅛ ⇔ ⁹ 

ⱨꜝ▬♩ⱪꜝfi─◖fi☿fi◘☻⅜ ⌐ ╣≡™⌂⅛∫√↓≤≤⁸ ≢│⌂™ ⅜ ╪

∞ ⌐╟∫≡Ɽ▬꜡♇♩⅜ ⇔≡⇔╕∫√↓≤⅜ ≢№╢⁹ⱨꜝ▬♩ ⌐⅔™≡│

≤ ⅜ ⌂↓≤╩ ∫≡ ╩ ↕∑⌂™↓≤ ╩│∫⅝╡↕

∑≡⅔ↄ↓≤ ⅜ ≢№╢⁹ⱨꜝ▬♩ⱪꜝfi─◖fi☿fi◘☻⌐≈™≡│ ⌂Ⱶ☻≢

№╡⁸ ╩ ⌡≡™ↄ ≢∞╪∞╪≤⅔╤∕⅛⌐⌂∫≡™ↄ─⌐ ╩ ╦⌂↑╣┌⌂╠

⌂™⁹ 

B 9 6  ┘⅝╡  

 ─ ≢ ⅜ ⇔⁸ ⅜ ⅛⌂™ ≢─ ⁹ ─  

↕╪─♩ꜝ♇◒╩ ┘ ⅎ⁸ ⌐ ⁹ 

─ ≢│ │ ╠╣⌂⅛∫√⅜⁸ⱨꜝ▬♩ ⅜ ┘≡™ↄ ≢ Ɽכ♠⌐

⅜ ⇔≡™√╙─≤ ╦╣╢⁹ ╕≢│ ⇔√↓≤─⌂™♩ꜝⱩꜟ≢№∫√⅜⁸

│⁸ⱨꜝ▬♩ ⅜ ⅎ╣┌∕℮™℮ ⅎ√↓≤╙⌂™╟℮⌂↓≤⅜№╢≤™℮↓≤╙

⇔∫⅛╡≤ ⇔⁸ ⅜ ⌐╙ ─⌂™╟℮⌐⇔≡™√∞⅝√™⁹ ⌐ ─♩ꜝⱩ

ꜟ│ ─╟℮⌐ ⌐⌂╡╛∆™─≢⁸ ⁸ ─♅▼♇◒⅜ ≢№╢⁹ 

 

ᵔTF ─MTG  

 TF ─ ≠↑ ⌐ ≢ MTG ╩ ™⁸ ─ ™ ⇔≤ ⌐ ↑√

─ ⌂≥⌐≈™≡ ⇔ ∫√⁹√∞ ∆∞↑≢│ ⅜⌂™─≢⁸↓╣╩ ⇔⁸

⌐ ∫≡™√ TF MTG ≢ ╩ ⇔√⁹↓─╟℮⌐⁸ ∂Ⱶ☻│ ╡ ↕⌂

™≤™℮ ╩ ⇔⁸ │ ╡ ⇔ ∆╢↓≤≢ ╩ ⌡╢⌐≈╣≡╕∆╕∆

⌂ TF ╩ ℮↓≤⅜ ⌐⌂╢⁹ 

 ╕√⁸TF ⌐⁸ ─ TF ≤ ╩ ╡ ╡⁸ ─ ⌐≈™≡╙ ⇔√⁹

↓╣⌐≈™≡╙≢⅝╢ ╡ ↄ─ⱷfiⱣכ⅜ ⇔≡⅔ↄ↓≤≢⁸TF ⌐Ᵽ♃Ᵽ♃∆╢↓

≤⌂ↄ ╩ ⌐ ╘╢↓≤⅜≢⅝╢≤ ╦╣╢⁹ 
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│⁸ ─╟℮⌂ ⌂ⱨꜝ▬♩⅜№╡⌂⅜╠╙⁸ 9 ⁸77 ╙─ⱨꜝ▬♩╩

℮↓≤⅜≢⅝√⁹ ╙ ⌐ ═≡℮╕ↄ™⅝⁸ ⌐│◄ꜟ꜡fi╩ ∫√ ─

╩Ɽ▬꜡♇♩⅜≈⅛╗↓≤⅜≢⅝╢≤↓╤╕≢ ∆╢↓≤⅜≢⅝√⁹↓╣│ ⌐

⅝⌂ ≢№╡⁸╛│╡ ⌐╙∫≤╙ ™≡ↄ╢─│ TF ─ ≢№╢↓≤⅜ ≢

⅝√⁹ 

 

◖fi♥☻♩ 

 

│⁸ 34 ◖fi♥☻♩ ⱪ꜡Ɑꜝ ♃▬ⱶ♩ꜝ▬▪ꜟ ⌐

ⱶכ♅⁸7⇔ 6 ─ⱨꜝ▬♩≢ 2 36 03⁸ 2 ≤™℮ ╩ ⇔√⁹↓╣│⁸

♃▬ⱶ♩ꜝ▬▪ꜟ ─ ⁸16 ─ ≡∫≥⌐ⱶכ♅⁸≤⌂▬♃ ⌐

⅝⌂ ─№╢ⱨꜝ▬♩≤⌂∫√⁹ 

 

≢│⁸ ⌐ ╗ ⱶכ♅⁸≢ ≤⇔≡ ⅎ⌂↑╣┌⌂╠⌂™↓≤⁸ ∆═⅝

⌂≥⌐≈™≡╕≤╘√⁹ 

 

 

 

 ⌐ ∆╢√╘⌐│⁸ ╩ ∆╢↓≤⅜ ≤⌂╢⁹ │⁸ ─

⅜ ↕╣╢─⅜ ↄ⁸ ─ │ 2 ≤⌂∫√⁹ │ ≤

─ 2 ≢№╢⁹ ⌐ ╦╣╢ ⌐ ⇔⁸₈ ─ ⱶכ♅╢╘ ₉

╩⇔∫⅛╡ ⇔≡⅛╠ ╩ ∆╢ ⅜№╢╟℮⌐ ℮⁹ ⱶכ♅╢╘ ⌐ ╦∑

╢ │⌂™≤ ℮⅜⁹2009 ─ ⁸ ─ ⌂≥─ ≢♥꜠ⱦ ╙⅛

⌂╡ ⇔≡™╢╟℮≢⁸ ⱶכ♅╢⅝≢ │ ╢ ⌐№╢ ♃▬ⱶ♩ꜝ▬▪ꜟ⌐

∫√ ⁸10ќ7 ⁹ 

◖fi⌐ ⇔⁸∕╣⌐ ≢⅝╢↓≤╩ ⱶכ♅√⇔≥ ≢│⁸ ╛

≤⌂∫√ ⌐ ─ⱶכ♅∏⅝≢ ⅜ ℮ↄ⌂╢↓≤╙№╡℮╢⁹ ⁸∕

℮⇔√ │ F-tec─ ─ ≢╙№∫√⇔⁸ ─ ™≥≥↓╢№ⱶ≢╙╟ↄכ♅

╦╣≡™╢⁹ │ ⌂↓≤⌐ ⌐ ∆╢↓≤⅜≢⅝√⅜⁸ ⌐ ≢⅝

≡™╢≤™℮ ⌐ ∆╢↓≤│ ⌐ ≢№╢↓≤│ ⇔≡⅔⅝√™⁹ 

 

⌐ ⇔≡ ⌐ ⇔≡™ↄ═⅝╙─≤⇔≡│⁸₈ ⅜ ↓∫≡╙ ≢

≢⅝╢╟℮⌐₉≤↕╣≡™╢⁹ │ ⅛⅜ ⅝╢≤⇔≡╙√⅛⅜ ╣≡™╢∞╤℮≤

∕╣╒≥ Ɽכ♠╩ ⇔⌂⅛∫√⅜⁸ⱨꜝ▬♩ ⌐ ≤⌂

│ⱶכ♅╢№╡ ⅜ ∆╢≤™℮ ╩ ∫≡™√⁹∕℮⇔√ ╩ ⌐ ∆╢
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≤⁸ │ ⌐ ↑≡ ∞∫√≤─ ⅜ ╘⌂™⁹ │ ╠⌂™↓≤⁹ 

 

ⱨꜝ▬♩  

 

 ─ ≤ ─ │ ╦╢╙─≢№╢─≢⁸∕─ ─ ⌐ ╦∑≡

⇔⌂↑╣┌⌂╠⌂™⅜⁸ │ ─ ─ ─╙─ ─╟℮⌐ ≢ ╩

╖ ≡√⁹ 

 

 ─ ♅▼♇◒≢ ↕╣√ │⁸ Ɽ▬ⱪ⌐ ⅛◒♇◦ꜛfi─╟℮⌂╙─╩

↑≡Ɽ▬꜡♇♩╩ ∆╢╟℮⌐⁸≤─ ≢№∫√⁹↓╣│ ≢ ≢№∫√⅜⁸

⌐Ɽ▬꜡♇♩─ ⌐≈™≡│ ⇔ↄ♅▼♇◒↕╣╢⁹∕─√╘⁸ ⌐

≈™≡│ ⌐ ─╟℮⌂◌Ᵽכ╩ ╡ ↑≡™√⁹ 

 

 ⱨꜝ▬♩ │⁸ⱷfiⱣכ⌐ ⅜√╕╠⌂™╟℮ │≢⅝╢∞↑ ⌐⌂╢╟℮

⌐ ⌐ ⇔≡⅔ↄ↓≤⅜ ≢№╢⁹ 

 

ⱨꜝ▬♩  
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 ⅛╠ⱪꜝⱱ┼─ ⌐≈™≡│⁸F-tec─ ⅜╕≤╘≡ↄ∞↕∫√  

http://www.youtube.com/watch?v=HqQ3CQvlNko&feature=youtu.be  

⅜ ⌐⌂╢⁹ ⌐ ⅜∫≡⅛╠│ ☻♃♇ⱨ⌐∑⅛↕╣ ↑√⅜⁸№∑∫≡

⌐⌂∫≡│ ╙ ╙⌂™─≢ ⌐⁹ │⁸ ─ ≤◄ꜟ꜡fi⅜≈™≡

≢─ ⅜ ⅎ√↓≤⅛╠⁸ⱪꜝⱱ ⅛╠ ─ ⅝╩ ⌐ ╘≡⅔ↄ

╟℮⌐⇔√⁹№╢ │ ╠⅛⌐ ↑√╟℮⌐ ℮⅜⁸ⱷfiⱣכ ≢─◦Ⱶꜙ꜠כ◦ꜛ

fi⅜ ╡⌂⅛∫√↓≤⅜ ≤⇔≡№╢╟℮⌐╙ ℮⁹ 

⌐ ⇔≡│ ─ ⌐ ™√ ╡⁹ │ 3 ⅜ ╩ ⇔⁸2 ⅜ ─

≢ ⱨ□ꜟ╩ ∟ ╩ ⅎ╢ Ⱳ♇◒☻│ ≡┤↕← ≤™℮╛╡ ≢№∫√⁹⇔⅛⇔⁸

↓─₈ ⅛╠ ╩ⱪכ♥╢™≡ ╡⁸ ≢ ╩ ⅎ╢₉≤™℮ ⌐≈™≡⁸ ⅛╠

ⱨꜝ▬♩ ─ ≢₈╒╓ ⅎ╢ ╩ ≈↓≤│≢⅝⌂™─≢⁸╟™ ≤│

ⅎ⌂™₉≤™℮ ⅜№∫√⁹╛│╡⁸ ⌐╙ ™√╟℮⌐ ∟│≈↑⌂™ ⅜

∞╤℮⅛⁹ 

 

ⱨꜝ▬♩  

 

 ⱨꜝ▬♩ ─ ⌐≈™≡⁹ⱨꜝ▬♩ ⁸ ─ⱢכⱣכ⌐╕≢ ⅜ ┌╣

≡ↄ╢─≢⁸↓╣╩ ↑ ╡⁸ ⇔≡ ∆╢⁹ ─ⱶכ♅─╤ ╙ ₁≤ ┌╣≡

ↄ╢─≢⁸ ⌐ⱢכⱣכ⅛╠ ∆╢↓≤⅜ ╟╡╙ ≤⌂╢⁹ 

 │⁸ ─ ≢│ ─ ╩ ⇔ ≢⅝√╙─⅛╠ ╕≢ ┬≤™

℮ ╩≤╢ ∞∫√⅜⁸♩ꜝ♇◒╩ⱢכⱣכ╕≢ ╣╢↓≤⅜≢⅝√─≢⁸ ⅛

╠◐ꜗꜞ▪╩ ∫≡ↄ╢≤ ⌐ ⇔⁸≤╡№ⅎ∏♩ꜝ♇◒⌐╙─╩ ⌐ ╪≢™

ↄ╟℮⌐⇔√⁹⇔⅛⇔⁸↓─ ≢│ ⅜ ⇔≡⇔╕™⁸ ╖─ ╙ ≢⅝≡

™⌂⅛∫√↓≤⅛╠ ⅜⅛⌂╡⅛⅛∫≡⇔╕∫√⁹∕─√╘ ╡⌂⅛⌐ⱶכ♅─╤

╩⅛↑≡⇔╕℮ ≤⌂∫√⁹ 

 ↓─ ⌐≈™≡│⁸ⱨꜝ▬♩ ≢ⱷfiⱣכ─ ╙ ⌐⌂╡╛∆ↄ⁸⅛≈

─ ╙ ⌐ ⇔≠╠™≤™℮ ╙№╢⁹⇔⅛⇔⁸ ⅛⌂╡─ ⅜⅛⅛∫≡ ♅

⌐ⱶכ ╩⅛↑≡⇔╕∫≡™╢─│ ⅛≢⁸↓╣⌐≈™≡│⌂╪≤⅛⇔⌂↑╣┌⌂╠⌂

™⁹ ⌂ ≤⇔≡│⁸ 

ה ⌐│♩ꜝ♇◒⌐ ╖ ◐ꜗꜞ▪⌂⇔≢╙╟™  

ה ─ ⌐╟∫≡⁸™ↄ≈⅛ Ɽ♃כfi╩ ⅎ≡⅔ↄ 

ה ⌐⁸ ⌂ ─ ╩ ↕∑╢ 

⌂≥⅜ ⅎ╠╣╢⁹ ─ ⅝≢ ╙ ⅜ ™ ≤╙™ⅎ╢─≢⁸ ╩

⇔≡╙╠™√™⁹ 
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⌐ 

 

 ⌐№╢╟℮⌐⁸ │ ⌐ ™ ╩ ∆↓≤⅜≢⅝√⁹↓╣│⁸↓↓

⅛╠ ╕≢─ ╣╩ ⌐↓⌂⇔⁸ ╩ ⅝ ™≢꜠ⱬꜟ▪♇ⱪ⇔≡⅝√↓≤─

╣≤™ⅎ╢⁹⇔⅛⇔⌂⅜╠⁸∕─ ⅜ ↕╣≡™╢≤│╕∞ ⅎ⌂™ ≢№╢⁹

≢│ ⌂™ ⅜ ╙№∫√⇔⁸ 2 ≤™℮ ⌐⇔≡╙⁸ ╕√⅜ⱶכ♅

√╕ ↄ◗כꜟ≢⅝⌂⅛∫√⅛╠≤™℮ ⅜№╢─│ ™╟℮⅜⌂™ ⁸≈ↄ┌

─ │ F-tec╟╡ 10 ™♃▬ⱶ≢ ꜟכ◗⁸⅜√™≢╪ 5m ╒≥ ≢

⇔√ ≡⇔≥ⱶכ♅⁹ ⅜≈™≡⅝≡™╢─│ ⅛∞⅜⁸╕∞ ⌐ ╦╣≡™╢ ╙⅛

⌂╡№╢≤ ⅎ╢∞╤℮⁹ 

 ∞⅛╠↓∕⁸ ╙ ⌐ ╩ ⇔ ↑≡™ↄ↓≤≢⁸∕─ ╩ ╢⅞─⌂

™╙─≤⇔≡™∫≡╒⇔™⁹∕─√╘⌐ ⌂↓≤─ 1 ≈⅜ ╠╣√ ╩ ⌐ ⌐

⅝ ←↓≤∞≤ ℮⁹↓─ │⁸∕℮™℮ ≢╕≤╘╠╣√╙─≢№╢⁹

™√↑≥ ⌐ ⌐│⇔⌂⅛∫√≤⅛⁸1 ⇔⅛ ⅝ ⅜╣⌂⅛∫√≤™℮↓≤─⌂™╟℮⁸

⌐ ⅝ ⅞⁸╕√ ∏ ↄ╟℮⌐⇔≡╙╠™√™⁹ 

 F-tec─ ╩ ╡ ╣┌⁸ ╙ ─ ⅜ ↓╡⁸∕─√┘⌐ ⅜ ∟≡™

╢↓≤⅜ ⅛╢⁹∕─╟℮⌂↓≤╩ ╡ ≡⇔≥ⱶכ♅⁸∏↕ ⌐ ⇔≡™↑╢╟℮⁸

∫≡╙╠™√™⁹ 

 

 

⌐⁸2011 F-tec ─ ╩ ⅎ≡ↄ∞↕∫√ ─ │∂╘ ─ ⁸

OBOG ─ ⌂≥⁸ ∆╢∆═≡─ ₁⌐ ↄ ™√⇔╕∆⁹№╡⅜≤℮↔↨™╕⇔

√⁹ 
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F-tec √╪∑™  

2011   

 

 ◖fi♥☻♩♃▬ⱶ♩ꜝ▬▪ꜟ 180 ╩ ╗ 1.5km ╩☻כ◖─

⇔⁸ ∆╢╕≢─♃▬ⱶ╩ ℮ ╩ ⇔√⁸ ─╟™ ─ ⁹ 

 

 

 

I  ⁸√╪∑™ ─  

 

 √╪∑™ │⁸Ɽ▬꜡♇♩╙ ╗ ⅜ 82kg ≤ ≢№╡⁸⅛≈⁸☻Ɽfi╙

26m ≤♃▬ⱶ♩ꜝ▬▪ꜟ TT ≤ ∆ ─ ≢│ ⅝⅛∫√⁹

↓─√╘ ─▪☻Ɑ◒♩ ⅜ ↄ⁸TT ─ ≢ ╙ ─ ↕™ ─ ≢№

∫√⁹╕√⁸ ╩ 10 ≤ ⅝ↄ≤∫≡™√√╘⁸♄♇♅꜡כꜟ ─ ⅜╖╠╣

╢╒≥ ꜟכ꜡™ ╩╙∫≡™√⁹ 

 ≤⇔≡⁸ ≢ ™ ╩╙∫√ ⌐ ⅜∫≡⅔╡⁸₈♃▬ⱶ♩ꜝ▬▪ꜟ

─ ╩ ┘⅝╢₉≤™℮ ⌐│ ⌂ ≢№∫√⁹ 

 

 ⇔⅛⇔⁸ ≢│ ⌐ ╡ ⅝ↄ♃▬ⱶ꜡☻⇔⁸◗כꜟ ⌐ ⌐

⇔√√╘ ≤™℮ ≤⌂∫≡⇔╕∫√⁹ 

 

 ⌂ ≤⇔≡ 

ה ⅜ ∆⅞√√╘⁸ ⇔≠╠⅛∫√ ⌐⁸ ⅜ ⅝ↄ ⌐  

 ↕╣╛∆⅛∫√ ↓≤⁹ 

ה ⌐⅔™≡ ⅜⌂⅛⌂⅛ ↄ≢⅝∏⁸Ɽ▬꜡♇♩⅜ ⌐  

 ∆╢√╘─ ⅜⌂⅛∫√↓≤⁹ 

 

 ⅜⁸ →╠╣╢⁹ 
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II  ─  

 

 ─ ╩┤╕ⅎ≡⁸ ─ 3 ╩ ⇔√⁹ 

 

ᵑ ⁸ ⌂≥ ⌐ ╦╢Ɽꜝⱷכ♃─Ᵽꜝfi☻╩ ⇔⁸ ⅜ ⌐ ™

≡Ɽ▬꜡♇♩─ ™ ╡⌐ ≢⅝╢╟℮⌐∆╢↓≤⁹ 

 

ᵒ ⅜╛╡╛∆ↄ⁸⌂╢═ↄ ╩ ⅎ╢╟℮⌐∆╢↓≤⁹ 

 

ᵓ ─╙≤≢ ⌂ ╡ ⌐∆╢↓≤ 

 

⌂ ⌂≥  

 

I  ─ ╙╡⁸ ┘ ─  

 

 ─Ɽ▬꜡♇♩─ │ 2010 Ɽ▬꜡♇♩≤╒╓ ∂≢№∫√⁹√∞⇔⁸ │

√⌐◄ꜟ꜡fi ╩ ∆╢↓≤⅜ ⇔≡™√√╘⁸ ⱨ□▬Ᵽכ◔כⱩꜟ⁸◘כⱲ⁸

ⱬ▪ꜞfi◓⁸Ᵽ♇♥ꜞ⁸כCFRPⱤ▬ⱪ─ ⌂≥⌐╟∫≡ ─ ⅜ ╕╣√⁹↓

─ ╩ 2kg ≤ ╙╡⁸ ╩ 2010 ─ ⅛╠ 2kg ─⁸84kg ≤⇔≡

╩ ∫√⁹ 

 

 │ ™ ⅜♃▬ⱶ ⌐≈⌂⅜╢⁹╕√⁸ ─ ╩ ⌐ ↕ↄ≢⅝╢ ⌂

≥⁸ ─ ⅝─ ⅛╠╙ ≢╙№╢⁹⇔⅛⇔⁸ ≢ ═√╟℮⌐⁸ │₈

╩⌂╢═ↄ ℮₉↓≤╙ ≤⇔≡™√√╘⁸ ⅜ ∆⅞╢↓≤⌐╟∫≡

─ ⌐ ╩ ∆╟℮⌂↓≤─⌂™ ⁸≤™℮ ╙ ⅎ√⁹ 

 ⁸ ╟╡ 0.5m/s▪♇ⱪ─ 8m/s≤™℮↓≤⌐ ⇔√⁹ 

 

II   

 

II -1  
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 Ɽfi☻ה

 │ ╟╡ ⇔√⅜⁸☻Ɽfi│ ≤ ∂ 26m ≤⇔√⁹↓╣│▪☻Ɑ◒♩

╩ ↄ⇔≡⁸ ╩⌂╢═ↄ ↕ↄ∆╢√╘≢№╢⁹╙∟╤╪⁸☻Ɽfi─ │

⌐ ⅝ↄ ∆╢ ≢№╢⅜⁸ │ ─ ╩ ⇔⁸☻Ɽfi ─Ɽꜝⱷכ♃

─ ≢≥─ ╩ ≢⅝╢⅛╩⁸ ∆╢↓≤⌐⇔√⁹ 

 

ה  

 ⌐ DAE21 ╩ ™⁸ ≢│ DAE21 ╟╡ ꜠▬ⱡꜟ☼ ≢─ ─ ™○ꜞ

☺♫ꜟ ⌐ ↕∑√⁹ 

 ↓─○ꜞ☺♫ꜟ │⁸ ─ ⅜ DAE21 ≤ NACA6415 ╩ⱬכ☻⌐ ⇔√

╙─≢№╢⁹↓─ │ ≢ ⅜ ╕∫≡⅛╠─ ─ ⅜ ╛

⅛⌂─≢⁸ ─◄ꜟ꜡fi ≤⇔≡ ™≡╙ ⌂™≤ ⇔√⁹XFLR ╩ ™√⁸

─꜠▬ⱡꜟ☼ ≢─ DAE21 ≤○ꜞ☺♫ꜟ ─ ─ ╩ ⌐ ∆⁹ 

⅜ DAE21, ⅜○ꜞ☺♫ꜟ ⁹  

 

ה  

 ─ │⁸ ╩ 5.1 ≤ ↄ ∆╢↓≤⌐╟╡ ─ ╩ ∫≡™√⁹

⇔⅛⇔ XFLR ╩ ™√ 3 ⌐╟╢≤⁸∕─ ≢│ 3 ≤⇔≡─ ─Ⱨכ

◒╩ ⅞≡™╢↓≤⅜⁸ ⌐ ⇔√⁹ 
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 ∕↓≢⁸ │ ╟╡╙ ╩ →≡ 4.6 ⌐ ⇔√⁹↓╣│⁸ ─

─ ≤ ⌐⁸ ⌂☿♇♥▫fi◓─ ╩ →╢↓≤⌐╙ ⇔√ →─ ⌐

⅜ √√╘⁸╙⇔ ⌂≥─ ≢ ⌐⌂∫√ ╙⁸ ╩ →≡

╩ ∆≤™∫√ ⅜⇔╛∆™⁹  

 

ה  

≢╖─כ♄ꜝ  ∆╢ ⁸ ≢№╣┌⁸ │ ⅝╘─ ⅜ ─

╡─꜡☻⅜ ⌂ↄ⌂╡⁸╕√⁸ ─╠⅛ꜟכ꜡─ ╙ ↄ⌂╢≤™℮ ≢⁸

≢№╢⁹⇔⅛⇔⁸ │ ─ ≢│ ⌐ 1~2m ─ ⅜ ™≡™╢↓≤⅜

ↄ⁸ ⌐╟∫≡│∕╣╩ ⅎ╢ ─⌂⅛≢ ∆╢↓≤╙ ⇔⌂ↄ≡│⌂╠⌂™⁹∕

─ ⁸ ╩ ⅝ↄ⇔∆⅞╢≤ ⌐ ↕╣╛∆ↄ⌂╢√╘ ⌐⌂╢⁹↓─ ⌐

∆╢√╘ │ ─ 10 ⅛╠ 7.5 ⌐ ↕ↄ⇔⁸ √⌐◄ꜟ꜡fi⌐╟╢꜡כꜟ

╩ ╡ ╣╢↓≤⌐⇔√⁹◄ꜟ꜡fi⌐≈™≡─ │⁸ ∆╢⁹ 

 

 

 ╩ ⇔≡⁸ ╩ ∫√ ⁸ ⌐ ∆╢ │ ─╟℮⌐⌂∫√⁹

─ │⁸ ꜟ◒כ◘ OB ─ ⇔√⁸ ╩ ™√ ⱪ꜡◓ꜝⱶ≤⁸

XFLR ╩ ⌐ ⇔√⁹ 

 ⱪ꜡◓ꜝⱶ─ ≤⇔≡│⁸ ⌐╟╡⁸ ─ ╩ ╘⁸

─ ╩ ⌐∆╢╟℮⌐⁸ כⱤכ♥⁸ ─ ┘⁸ ≤⁸♀꜡

⁸ ⁸╩ ♪כ◖⁸≡⇔≥ ╩Ɽꜝⱷכ♃≤⇔≡ ↕∑╢↓≤≢ ∆

╢╙─≢№╢⁹ 
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ה  

       

 26.004 m 

 20.71 m^2 

 32.65   

 0.71   

 0 deg 

 7.5 deg 

 98%   

CL 1.07   

CD (CDw+CDi) 0.0211   

 8.68 kg 

 14.091 kg 

 

[m] 0 6.202 10.302 13.002 

[mm] 927 927 633 410 

[deg] 4.6 4.6 4.1 1.6 

 DAE21 DAE21 DAE21  

─ ─ ─ ≢│ ⁸♪כ◖╛ │ ⌐ ⇔≡™╢⁹ 

 

─ ╩ ╢≤⁸ ─ │ ⌐⅝≡⅔╡⁸ ─ │

⌂™≤ ⅎ╠╣╢⁹ 

II -2  

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

0 2 4 6 8 10 12 14 

Local lift coefficient distribution  
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ה  

 ─ ⌂≥≢│⁸◄꜠ⱬכ♃─ ⅝⅜ ™ ⅜ ∂╠╣√⁹∕↓≢⁸

│ ╟╡╙ ╩ ╛⇔√⁹↕╠⌐⁸▪☻Ɑ◒♩ ╙ ↕∑⁸ ⅝ ╤

⇔╩ ╠∆↓≤≢꜡☻⅜ ⌂ↄ∆╢╟℮⌐⇔√⁹ 

 

 │ 3% ─ 0.33≤⇔√⁹ 

 ▪☻Ɑ◒♩ ⌐≈™≡│⁸ ╡ ⅝ↄ⇔∆⅞╢≤ ⅜ ⇔╛∆ↄ⌂╢─≢⁸ ⅜

≢№╢⁹ ─ │⁸₈╛╛▪☻Ɑ◒♩ ⅜ ⅝∆⅞√─≢│⌂™⅛₉≤™℮

≢№∫√─≢⁸ │ ≤ ─ ─▪☻Ɑ◒♩ ⌐ ∆╢↓≤⌐⇔√⁹ 

 

 ⅛╠ │ ─╟℮⌐ ⇔√ 

     

 NACA0009 

 2.5 m 

 1.32 m^2 

 0.33   

 4.317 m 

 

[m] 0 0.45 1.25 

[mm] 572.3 572.3 435 

 NACA0009 NACA0009 NACA0009 

 

│ ─ ─╟℮⌐⌂╢⁹ 
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ה  

 ⌐≈™≡╙⁸ ≤ ⌐ ╩ 3% ↕∑⁸▪☻Ɑ◒♩ ╙ ↕

∑√⁹ ─ ─ ≤ ─ ≤╩ ╦∑≡⁸ ─ ╩ ╟╡╙☻

Ɽ▬ꜝꜟ ╡⌐⇔≡◄ꜟ꜡fi╩ ⅛∆√╘≢№╢⁹ 

 

 │ SD8020╩ ⇔√⁹↓╣│⁸ꜝ ─כ♄ ╣ ⅜ 10°≢№╢─⌐ ⇔≡⁸0°

⅛╠ 7° ─ ≢│ NACA0012 ╟╡╙ SD8020─ ⅜⁸ ⅜ ™⅛╠≢№╢⁹ 

 

 ╕√⁸ │ ⅜ ⇔√√╘⁸ ─ ⌐ⱪꜝ♇♩ⱱכⱶ ≢ ≢⅝∏

⌐ ╩↓∆╢ ⅜№╢⁹↓─ ╩ ╠∆√╘⌐ ╩ 180mm ⌐∏

╠⇔√⁹ 

 

 ⅛╠ │ ─╟℮⌐ ⇔√ 

     

 SD8020 

 2.5 m 

 1.52 m^2 

 0.0142   

 5.033 m 

│כ♄ꜝ  ⌂√╘⁸ ⅛╠─ ↕  

 

 

│ ─╟℮⌐⌂╢ 

[m] 0 0.4 1.3 2.5 

[mm] 435 697 697 415 

 SD8020 SD8020 SD8020 SD8020 
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II -3 ◄ꜟ꜡fi 

 ⅛╠ 2m─ ╩⁸ ╩ ⌐⇔≡ ≢⅝╢╟℮⌐⇔≡⁸↓╣╩ ≢ ⌐

⅝╢↓≤≢⁸ ─ ╩ ╖ ∆◄ꜟ꜡fi≤⇔≡─ ╩ √∑√⁹ ◖fi♥☻

♩ ≢─◄ꜟ꜡fi─ ⅜№╢─│⁸ ♅ⱶõFõ₉─╖≢№∫√─≢⁸כ♅₈─

─ⱶõFõכ ≤ ⁸ ⌂≥⅛╠⅔╟∕─ ╩ ⇔⁸∕─ ╩ ⌐

⅝↕╩ ⇔√⁹ 

  

╣ │ 3°≤⇔√⁹↓─ ≢№╣┌ →⌐ ∫≡╙ ╕≢│ ⅜№╡⁸

─ │ ⌂™≤ ⅎ╠╣╢⁹ 

 

 ╕√⁸↓─ │◄ꜟ꜡fi≤™∫≡╙ ╩ ∆√╘◄ꜟ꜡fiꜞⱣכ◘ꜟ⅜ ↓╢

│⌂™⁹ │ ─ 35%─ ╩ ╢╟℮⌐⇔≡⅔╡⁸ ≢ →─⸗

╩ⱷfi♩⅜⅛⅛∫≡™╢⁹◄ꜟ꜡fiכ →⌐ ∫√ ⁸ ─ │ ⌐ ∆╢⁹

↓─ ─ ─ ⅜ ─ ╟╡ ⅝™√╘⁸ ─ ≢│╗⇔╤ →⸗

⅜♩ⱷfiכ ∆╢≤™℮ ≤⌂∫√⁹≈╕╡◄ꜟ꜡fiꜞⱣכ◘ꜟ≤│ ─ ⌐

│♩ⱷfiכ⸗ ∆╢↓≤⌐⌂╢⁹≢│⁸ ⌐⌡∂╣⅜ ∆╢ ⅜ ⅎ╠╣╢⅜⁸

─ ≢ ≤™℮ ⌐⌂∫√⁹ ─ ⌐≈™≡│ ─ ≢

═╢⁹ 

 

 ▪♪Ᵽ⁸│≡™≈⌐כꜜ☻כ ≢כ♄ꜝ⌐ ╖ ∑╢ ⌐ ═≡ ↕™≤ ⅎ

╠╣╢⁹√∞⇔⁸ ⌂ ─ ╙╡│ ⇔ↄ⁸≥─ ⌐ ∆╢⅛│ ⅛

─ ≢ ⅛╘╢ ⅜№╢⁹ 

 ( ─ 2000mm ─ ⅜◄ꜟ꜡fi) 

 

 

II -4 ⱨ▼▪ꜞfi◓ 
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 ⱨ▼▪ꜞfi◓─⸗♦ꜞfi◓│ solid works ╩ ™≡ ∫√⁹Ɽ▬꜡♇♩⅜ ╢╟℮⌐

╩ ≢ ⇔√ ⁸▪♪▬fi⌐ ╕╣╢ ♁ⱨ♩≢ ⌂≥⅜ ⅝≡™⌂™⅛╩

∆╢⁸≤™℮ ≢ ⇔√⁹ 

 ─℮∟⁸™ↄ≈⅛╩ ⌐ ∆⁹ 

 

 ↓╣│ ─ ≢ ⇔⁸ ╩ ™≡™╢↓≤⅜ ⅛╢⁹ 

 

 ╩ ←√╘⌐ ─ ╩ ┌⇔≡ ─ ╩ ╠⇔⁸ ⌐Ɽ▬꜡♇♩─

─ │ ⅜№∫√─≢ ╩ ↕ↄ⇔√╙─⅜⁸ ≢№╢⁹ 

 

 ⌐⁸ ⅜⅔╟∕ 1.5N⁸ ⅝─ ⅜⅔╟∕ 1N ≤™℮ ⌐⌂∫√⁹1N

™ ⅝─ ⅜ ™≡™╢ ⁸╕√⁸ ⌐ ╩ √∑√√╘⁸╛╛ ⅜

⅝™ ⅜ ∫≡⇔╕∫√ ⌂≥│⁸ ∆═⅝ ≢№╢⁹ 

 

 Ɽ▬꜡♇♩ ─√╘─▬fi♥▬◒│⁸ ╩ ⌐₈ │ ↑≈≈⁸№╢
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⅜№╡ ─ ╡╛∆™ ₉⌐ ↑√⁹▪►♩꜠♇♩│ ╠⅛ⱶכ♅ ™√₈

⌐▬fi♥▬◒─ 3 ─ ⅜№╢≤╟™₉≤™℮ ╩ ⌐ ⇔√⁹ 

 

 ⅜ ⇔√ⱨ▼▪ꜞfi◓─ ≢№╢⁹ủ≢ ╪∞ ⌐▬fi♥▬◒≤▪►♩꜠♇♩

─ ⅜ ™≡™╢⁹Ɽ▬꜡♇♩⌐╟╢≤⁸₈ ⅜ ∫≡⅝≡™╢─│ ⅛∫√₉ ─

≢№╡⁸TT ─ ⅜ 2 ₩2 30 ≢№╢↓≤╩ ⅎ╢≤⁸⅔⅔

╗⌡ │ ⅛∫√╟℮≢№╢⁹

 

 

 ╕√⁸ ≤│ ⌂╢ ≢№╢⅜⁸ │ⱨ▼▪ꜞfi◓─ ─ ╩ ⅝ↄ ⇔√⁹

⌐ ≤⌂∫√⁸Ɽ▬꜡♇♩─ ─ ≤⁸ ╘ ─ ╩ ⇔√⁹

Ɽ▬꜡♇♩⅜ ─ ⁸ ╩ ⇔╛∆ↄ⇔≡⁸ ─╟℮⌐ ⌐ ≠

ↄ↓≤╩ ⌐ ←√╘≢№╢⁹ 

 

II -5 ─ ╙╡ 

 ─ ╩ ∆╢ ╩Sȏ≤⇔⁸ Sȏ╩ ™√≤⅝─ ╩ CDȏ

≤∆╢≤⁸ 

CDo=(1+k)ɈCDɥהSɥ/S 

k │ ⌐ ∆╢ ≢⁸ │ k = 0.1 ≤∆╢⁹ ⌐ Sȏ≤CDȏ─ ╩ ∆⁹ 

  Sˊ ( m2 ) CD  ́

 20.71 0.0105 

 1.32 0.008 

 1.52 0.008 
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 0.0095 0.1 

 0.8 0.1 

 0.33 0.1 

 0.042 1.3 

╟╡⁸ │ CDo =0.022081≤⌂╢⁹ 

 ╕√⁸ ─ │ ⅛╠ CDi= 0.01138 ≤⌂╢⁹ ╩ ⇔⌂™

 

 

 ╟∫≡ ≤≈╡№℮ │ 207.1W⁹ⱪ꜡Ɑꜝ ≤ ╩ ╦∑≡ 0.8 ≤⇔≡

│ 258.9W⁹ ⌂≥─ⱴכ☺fi╩ ╪≢ 270W≤™℮↓≤⌐⇔√⁹ 

 

II -6  

 ─ ⌐╟╢⁸ ─ ╩ ⌐ ∆╢√╘⌐⁸ ─ ◦

╩♩כ ⇔√⁹ 

 

 ─ │♩ⱷfiכ⸗ 3DCAD ⁸⌐♃כ♦─ ─ ╩ ∆╢↓≤≢ ╘√⁹

ⱨ▼▪ꜞfi◓─ ╩ ⇔≡™╢ ⁸™ↄ≈⅛─Ɽꜝⱷכ♃│ ≢ ⇔≡™╢ ⌂

≥⁸ ─ ⌐│ ─ ⅜ ╢⅜⁸ ≥─Ɽꜝⱷכ♃╩≥─ ∆╢

⅛─ ⌐⌂╢↓≤╩ ⇔≡™╢⁹ 

 

 │ ─╟℮⌐⌂∫√⁹ ╛ │ ₈ ₉⌐

℮⁹ 

  

         

        

        

Cxu - 0.0969   Xu - 0.1122 

Czu 0.0000   Zu - 2.4638 

Cmu 0.0000   Mu 0.0000 

CxŬ 0.9451   XŬ 8.7111 

CzŬ - 5.6614   Ŭ - 52.1826 

CLŬ 5.6614       

CmŬ - 0.5965   MŬ - 3.6105 

CmŬ' - 1.2807   MŬ' - 0.4044 
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Czq - 2.3132   Zq - 1.1121 

Cmq - 12.0259   Mq - 3.7969 

Czŭe - 0.2234   Zŭe - 2.0589 

Cmŭe - 1.1566   Mŭe - 7.0009 

          

        

Cyɓ - 0.3246   Yɓ - 2.9921 

Clɓ - 0.1374   Lɓ - 4.7235 

Cnɓ 0.0628   Nɓ 2.0241 

Cyp 0.0000   Y  0.0000 

Clp - 0.9630   Lp - 54.0606 

Cnp - 0.1446   Np - 7.6116 

Cyr 0.1257   Yr 1.8919 

Clr 0.3294   Lr 18.4932 

Cnr - 0.0103   Nr - 0.5424 

Clŭa 0.3846   Lŭa 13.2162 

Cnŭa        

Cyŭr 0.32463   Yŭ  2.9921 

Clŭr 0.00999   Lŭ  0.3432 

Cnŭ  - 0.06281   Nŭ  - 2.1586 

 

         

ɕsp 1.007    0.13 s 

ɤsp 5.339 /s   1.18 s 

            

         

ɕlp 0.032    12.30 s 

ɤlp 1.741 /s   3.61 s 

 

III   

 

III -1  

 ⅜ⱪꜝ♇♩ⱱכⱶ╩ √ ≢ ⌂ ╩ ╢↓≤⅜≢⅝╣┌⁸∕─╕╕
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⌐ ╢↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ ⌂ ⌐ ⇔≡™⌂™ │⁸ │™∫

√╪ ⇔⁸ ⌂ ╩ √ ≢ ⅝ ↓⇔ ╩ ℮⁹ 

 ⅝ ↓⇔ ╩ ⌐ 9m/s≤ ⇔⁸ ⅝ ↓⇔ r ╩ ↕∑≡ n╩

⇔≡╖╢⁹ 

 

⅝ ↓⇔ r(m)  n 

10 1.83 

9 1.92 

8 2.03 

7 2.18 

6 2.38 

5 2.65 

 ⅝ ↓⇔ ─ ╩ 6m≤ ╘⁸ │ n=2.38 ≤⇔≡ ∆╢⁹ ⌐

↕╣╢ ⌐│ ≢⅝╢≤ ╦╣╢⁹ 

 

III -2 CFRPⱤ▬ⱪ 

 │⁸ ⁸ ⁸ ⁸ ◄ꜟ꜡fi╙ ╗ ─ 7 ╩ ╖

≡╢ ⌐⌂∫≡™╢⁹ ─ ─ ⌐ ⅜ ⇔√⅜⁸ ≤ │ ™

∆↓≤≤⅜ ≤ ⇔√⁹ 

 

 ™ ⅎ√ │⁸ │ ─╙─≤№╕╡ ╦╠⌂™⅜⁸ ─ ⁸ ╩ 1

╠⇔≡╙ │ ≢⅝╢↓≤⅜ √√╘⁸ ╩ 1 ╠⇔≡

╩ ∫√⁹ 

 

 │ ⌐ ╡⌐ ™ ≢№╢⁹ ⅛╠◄ꜟ꜡fi╩ ∆╢√╘⁸ ⌐

╡╩ ⇔≡ ⇔√⁹ ⌐│⁸ ─ ⇔⌂™ │⁸3 ─ ─ ─

⅛╠≤∫√⁸ 40mm ─Ɽ▬ⱪ╩ ™⁸◄ꜟ꜡fi │ ─ ─ ⌐ ∫

≡™√Ɽ▬ⱪ╩ ⇔√⁹↓╣⌐╟╡⁸ ⌐Ɽ▬ⱪ│ 5₩10mm ↄ⌂∫≡™╢⁹ 

 

      

↕[mm]  2400 5000 4100 2700 

[mm]  85.5 76.5-65.5 61.4-49.3 41-24.6 
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[mm]  0.84 0.744 0.64 0.64 

 UM40  40t 40t 40t 

 1 2 2 2 

  

 CFRP─ │⁸UM40 │ E=201[GPa]⁸40t │ E=199[GPa]≢№╢⁹ 

 40t ─ │⁸ⱷכ◌כ⌐ ™ ╦∑√≤↓╤⁸ ╕≢ ⇔≡™√ ⅜ ™≢№∫

√↓≤⅜ ⅛∫√√╘ ⇔≡™╢⁹ ─ ≤ ⇔√ ╙ ⅛╠─ ─

⅜⁸ ⅜ ⌂™⁹ 

 

 ╕√⁸ ─ →┼─ ≤⇔≡⁸ꜞ▪☻Ɽכ╩ ∆╢⁹ꜞ▪☻Ɽכ⌐│

15mm ─Ɽ▬ⱪ╩ ∆╢⁹ │ ─ ─╟℮⌐⌂∫√⁹ 

 

III -3  

ה → 

 ⅛╠ 8.1m─ ⌐꞉▬ꜘ⁸↑≈╡≥╩כ ≤⇔≡ ™╢ CFRPⱤ▬ⱪ─√╦╖

≢ ⅜ 7.5°≤⌂╢╟℮⌐꞉▬ꜘכ ╩ ⇔√≤↓╤⁸꞉▬ꜘכ⌐╟╢∑╪ │

154N⁸꞉▬ꜘכ ─ │ 575N ≤⌂∫√⁹ 

─♩ⱷfiכ⸗→ │ ─╟℮⌐⌂╢⁹ 



F-tec 2011                       

31 

 

 

 → ⅜ ⌐⌂╢ │ ≢⁸285.8 MPa ≢№∫√⁹ │ 1470 MPa ≢№╡⁸

╩ ⅎ≡╙ ⌂ ⅜ ↕╣≡™╢⁹ 

 

 ꞉▬ꜘכ⌐╟╢ │ →⌐╟╢ ╟╡╙ ↕™⁹╕√⁸ כꜝ▬○⅜

│≥♪כ⸗ ⌂╢√╘⁸꞉▬ꜘכ─ ⌐╟╢ ─ │⌂™⁹ 

 

 

ה ╡ 

 ─ ⅜ ╟╡╙ ⌐№╣┌ ⌐│ ╡ ⱷfi♩⅜│√╠⅝⁸כ⸗─→

⌐№╣┌ ╡ ⱷfi♩⅜│√╠ↄ⁹כ⸗─→ ╩ ⌐╙∫≡ ⅝ ⅞╢≤⁸ ⌐

⅝⌂ ╡ ⱷfi♩⅜│√╠⅝⁸כ⸗─→ ⌐ ⌐⅝≈ↄ⌂╢⁹ ╩ ⌐╙∫

≡ ⅝ ⅞╢≤⁸ ⅜ ╡ ⅜∫≡ ⌐≈⌂⅜╡ ≢№╢⁹ ─↓≤╩

⇔≡⁸ │ 35%≤∆╢⁹ 

 

 DAE 21─ ≤ ─ ╩ ⌐ ∆⁹ │⁸ ⌐│⅛⌂╡ ⌐⁸

─ (5 7 )≢ │⅔⅔╟∕ 35% 36%⌐ ∆╢⁹™∏╣⌐∑╟⁸

≢│ │ 35%╟╡ ⌐№╢↓≤⅜ ⅛╢⁹ ⅜ ╙

⌐ ≡╙ 35%╩ ╢ ≢№╡⁸ ⅝⌂ ╡ ⱷfi♩⅜│√╠ↄכ⸗─→ │⌂

™⁹ │ ╡ ⅜♩ⱷfiכ⸗─→ ™≡™╢⅜⁸ ≢│ ↕ↄ⌂∫≡™╢⁹ 

 

0 

100 

200 

300 

400 

500 

600 

700 

800 

0 2000 4000 6000 8000 10000 12000 14000 

B
M

[N
m

] 

STA[mm] 

Bending Morment 
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 ⅛╠─ ≤⁸∕─ ≢─ ─ ╣─ ⅝↕─ │ ─╟℮⌐⌂╢⁹ ╣

─ ⅝↕│ ≢╙ 1.7°≤⁸ ↕™↓≤⅜ ⅛╢⁹ ≢│⁸ ╡│∆═≡ ⅜

↑ ≈≤⇔√⅜⁸ │ꜞ▪☻Ɽכ─ ╡ ┼─ ╛⁸ ─ ⅜ ╟╡╙

╤⌐№╢↓≤⌂≥⅛╠⁸↓╣╟╡╙⌡∂╣─ ⅝↕│ ↕ↄ⌂╢≤ ⅎ╠╣╢⁹ 

 

0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

1.6 

1.8 

2 

0 2000 4000 6000 8000 10000 12000 14000 

⌡∂╣ deg) 

⌡∂╣ deg) 
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IV  ⱨꜝ▬♩◦Ⱶꜙ꜠כ♃ 

 

 Ɽ▬꜡♇♩⌐ ╩ ⌐≈↑↕∑╢√╘⁸ⱨꜝ▬♩◦Ⱶꜙ꜠כ♃╩ ⇔√⁹♁ⱨ

♩│ⱨꜞכ♁ⱨ♩─ RC ─◦Ⱶꜙ꜠כ♃≤⇔≡╟ↄ ↕╣≡™╢⁸FMS ╩ ™√⁹

FMS ─ ─Ɽꜝⱷכ♃ⱨ□▬ꜟ⌐⁸√╪∑™ ─ ╩ ⇔⁸ Ɽ▬꜡♇♩─

ⱨ▫כ♪Ᵽ♇◒⌂≥╙ ⅝⌂⅜╠Ɽꜝⱷכ♃╩ ⇔√⁹ 

 ☻Ⱨכ♪ ╛⁸ ─ ⅜╝∫ↄ╡≢№╢ ⌂≥│⁸№╢ ⁸ ─ ⌐

™╙─⌐⌂∫√⁹⇔⅛⇔⁸ ─ ─ꜟכ꜡╢╟⌐ ⅜ ⌐ ™ ╛⁸◄ꜟ꜡

fi╩ ∫√ ─ ⅜ ⌐ ⅝™ ⌂≥⁸ ≤⅛⌂╡ ℮ ╙ ↄ⁸╕∞Ɽꜝⱷכ

♃ ─ ⅜ ≢№╢⁹ 

 

 

 

√╪∑™ ─  

 

I   

  

I -1  

 ≤ ⌐⁸ ─ ╩ ⇔≡ ╩ ∫√⁹ │ 9

⁸ⱨꜝ▬♩ │ ⌐ 77 ≢№∫√⁹ ⌂ │ 

 

 

1 ₩ 6 ⁸ ┘ ⇔√ ╩∆╢√╘─  

 

ה ╛ ♩ꜞⱶ ⌐╟╢⁸ ⁸ ─ ⁹ 

≢8m/sה ≢⅝╢╟℮⌂ ─  

☻fi♦▬◔ה ╛◄꜠ⱬכ♃ ⌐╟∫≡ ⇔≡ ╩ ∆╢  

ה ⌐ ∆╢√╘─ ─  

ה ⅛╠│╖ ↕⌂™╟℮⌐ ╩ כ♄ꜝ─╘√╢∆ ─  

ה ╡ ╩ ⌂⅜╠─ ─  
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ה ─◔▬♦fi☻╩ 90rpm ⌐ ≠↑╢╟℮⌂ⱪ꜡ⱭꜝⱧ♇♅─  

 

 

7 ₩ 9 ╩ ⇔√ ─ ⁸◄ꜟ꜡fi─  

 

ה ─ ╩ ∫√ ◄ꜟ꜡fi  

fi꜡ꜟ◄ה ◄ꜟ꜡fi╩ ⇔⌂⅜╠─  

ה ─ ┘ ╡  

 

http://f -tec.jpn.org/?11%C7%AF%C5%D9%BB%EE%B8%B3%C8%F4%B9%D4%CA%F3

%B9%F0⁸⌐╙ⱨꜝ▬♩ │╕≤╘╠╣≡™╢⁹ 

 

╕√⁸ⱨꜝ▬♩ │ 

http://www.youtube.com/user/10Ftec  ⌐▪♇ⱪ꜡⁹╢™≡╣↕♪כ 

 

I -2 ─  

ה  

 ⌐ ∫√ ─ ⅜⅔⅔╗⌡ ⇔⅛∫√√╘⁸ ─ ⅜ ↄ ╖⁸ 2

⌐│ ⌐ 200m ─ⱨꜝ▬♩╩ ℮ ⅜ √⁹⇔⅛⇔↓─ ⁸Ɽ▬꜡♇♩⅜ ⅞╛

∆™╟℮⌐ ╩ ⇔√╡⁸ⱨ▼▪ꜞfi◓╩ ⇔√╡⇔√ ⌐⁸ ⇔∏≈ ⅜∏╣⁸

7 ╕≢ ─╟℮⌐ ╛ ♩ꜞⱶ╩ ⇔⌂⅜╠⁸≤™℮↓≤⌐⌂∫≡⇔╕

∫√⁹ ⌐ ╩ ⅎ╢ ─№╢ │⁸⌂╢═ↄ ⌐│ ╦⌂

™╟℮⌐⇔⌂ↄ≡│⌂╠⌂™⁹ 

 

ה  

 ─ │⅔⅔╗⌡ ≢№∫√⁹ ╩ ∆╣┌⁸ ╙℮ ─כ♄ꜝ⇔ ⅝╩

ↄ∆╢ ╙ ⅎ╠╣╢⁹ 

 

ה  

 │ 5.5°≤ 7.5°─ ╩ ⇔√⁹ 3 │ 7.5°╩ ⇔√⅜⁸ꜝ ─כ♄

╖≢ ∆╢ ⁸↓∟╠─ ⅜⁸ ╡⅜ ⌂ↄ ™╛∆⅛∫√╟℮≢№╢⁹ 

 

 ♅♇ⱪ꜡ⱭꜝⱧה

 ≢ ─√╘─ ╩ ↄ ≡™√√╘⁸╛╛ ≢№∫√⁹∕─√

╘Ⱨ♇♅ ╩ 2° →√⅜⁸∕╣≢╙╕∞ 85 ≢ ⌐⌂╢╟℮≢№∫√⁹

http://f-tec.jpn.org/?11%C7%AF%C5%D9%BB%EE%B8%B3%C8%F4%B9%D4%CA%F3%B9%F0
http://f-tec.jpn.org/?11%C7%AF%C5%D9%BB%EE%B8%B3%C8%F4%B9%D4%CA%F3%B9%F0
http://www.youtube.com/user/10Ftec
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↓╣ →≡╙⁸ⱪ꜡Ɑꜝ ⅜ ∆╢↓≤╙№╡⁸ ⌐│ 85 ─☿♇♥▫fi

◓─╕╕ ⌐ ╪∞⁹ 

 

 fi꜡ꜟ◄ה

 7 ⁸ 8 │▪♪Ᵽכꜜ☻כ─ ⌂≥╙ ⅛╘╢√╘⁸ ◄ꜟ꜡fi∞↑ ╢≤

™℮ ╩ ∫≡╖√⁹ ⁸ ⇔≢╙ ─ ╡⅜№╣┌⁸ ─ ─ ⅜

ↄ⁸╒≤╪≥꜡⁹√∫⅛⌂⇔ꜟכ 

 9 ╙כ♄ꜝ│≢ ∂ ⌐ ∫≡ ╩ ╩כ♄ꜝ⁹√∫ ™≡ ─ ╡

⅜ ⅝⌂™╟℮⌐⇔√⁸↓─ 5 ─ⱨꜝ▬♩≢│ꜝ♄כ─╖─ ≤│ ⌂╢꜡

─ꜟכ ⅜ ╠╣√⁹↓─ ─ │ ─ URL⁹ 

 http://www.youtube.com/user/10Ftec#p/c/C557779CC1F6A113/4/8hC3nIMJTs8  

╘⌐ ⌐ ∫√ ⁸ ⅜ ╩ ↄ╟╡ ↄ꜡⁸⅝≈⅜ꜟכ∕─ ⌐ ⅛∫≡ ╡

⇔≡™ↄ ─╖─כ♄ꜝ⁹╢╣╠╖⅜ │⁸ ⅜ ╣╢ ⅜ ≢№╢⁹ 

 ⁸◄ꜟ꜡fi─ │№╢⅜⁸ ⌐ ═╢≤ ™╟℮≢№╢⁹ ⌐ ∆╢

│ ⅛∫√─≢⁸∕─╕╕ ⌐ ╪∞⅜⁸◄ꜟ꜡fi╩↕╠⌐ ∆╢⌐│

⌂≥≤─Ᵽꜝfi☻╩ ↕⌂ↄ≡│⌂╠⌂™⁹ 

 

II  ◖fi♥☻♩≢─  

 

 ≢│ TT ─ 6 ≢⁸ │ ╟╡─ ⅜ 1₩ ─◖fi♦▫◦ꜛfi≢№

∫√⁹F-tec─ⱨꜝ▬♩ ⅜⅝√ ≢⁸ ╪╓≤ⱶ│₈כ♅√™≡⇔ꜟכ◗⌐ ₉─╖≢

┌╣∆ꜟכ◗⁸≢─√∫№ 3 ⅜ ∆╢ ≢№∫√⁹∕↓≢⁸♃▬ⱶ ╟╡╙⁸

⌐ ╩⌂╢═ↄ꜡☻⇔⌂™╟℮⌐⇔≡⁸ ╢∆ꜟכ◗⌐ ╩≤∫√⁹ 

 

 │ ─ ≢│⁸≥╓╪ ≤ ∂ↄ⁸ⱳכꜟ─ ⅛╠ ╢ ≢№∫√⁹

♩כ♃☻⁸⇔⅛⇔ ⌐ ⌐ ↕╣⁸ⱳכꜟ─ ⌐ ≡™√√╘⁸∕─ ≢ ⅛╠

┼─ ⌐ ⇔√⁹ ⅛╠ ⌐ │♩כꜟ╢∆ ⌐ ⌐⌂╠⌂™ ⁸ ⌐

│ ⁸╡№≢♩כꜟ⌂ ⌐│⁸ ℮™≥╢∆ꜟכ◗⌐ ⌐ ⇔√ ≢№∫√↓

≤⌐⌂╢⁹ 

 

 ⱨꜝ▬♩꜡◓╩ ⌐ ∆⅜⁸ │◄ꜟ꜡fi≤ꜝ♄כ╩∆═≡ ╡⌂⅜╠ ∫√⁹

⅜ ╒≥ ⇔√≤↓╤≢ ╩ ∆╟℮⌐ ╩ꜟכ꜡╛╛⁸⇔ ↕∑⁸∕─

╙℮ ∫≡ ╡⅝╢≤™℮ ⅜ꜟכ꜡⁸│╣↓⁹√⇔⌐ ⅝∆⅞≡ ╡⇔⁸

╩ ℮↓≤╩ ↑╢√╘≢№╢⁹ │⅔╟∕ 90m ≤ ꜟכ◗⁹╢╣↕ ─√╘

⌐↓─╟℮⌂ ⌐⇔√⅜⁸ ╩ ╢ ╡⁸╙℮ ⇔ ╩ ↕ↄ∆╢↓≤│

http://www.youtube.com/user/10Ftec#p/c/C557779CC1F6A113/4/8hC3nIMJTs8
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≢№╢≤ ╦╣╢⁹ 

 

 ╕√⁸꜡ ◓╩ ╢≤ ╡ ⇔ │ ⌐⁸☻ꜝ☻♩╩ ≤∆(◔▬♦fi☻≢ 85 )

↓≤≢ ⌐ ╩ ╩ꜟכ◗⁹╢№≢℮╟╢™≡→ ⌐ ⅎ╢≤↓─ ⅜ ∞

ꜟכ◗⁸⅜ ≢╕∞ ⌐ │№∫√╟℮⌂─≢⁸♃▬ⱶ ╩ ⅎ╢≤⁸◄꜠

ⱬכ♃╩╛╛♄►fi⌐ ╣≡☻ꜝ☻♩╩ ∆↓≤≢⁸ ◄Ⱡꜟ◑כ╙ ⇔≡ ╩

→⌂⅜╠ ╩ →╢≤™℮ ╙№∫√⁹ 

 

 ♃▬ⱶ│ 2 36 ⅜ⱶכ♅√⇔ꜟכ◗⁸╡№≢ ⌐ ⱶ≢№∫√√╘⁸כ♅2

≤⌂∫√⁹꜡◓≤ │ ─╟℮⌐⌂╢⁹

 

:  :  :◄꜠ⱬכ♄ꜝ: ♃כ Ⱨfi◒≤ :◄ꜟ꜡fi 
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III  √╪∑™ ─ ≤ ─  

  

 │ ≢ 77 ⌐ ┬ⱨꜝ▬♩╩ ⇔⁸ ⌂≥⌐╟╢◄ꜟ꜡fi─ ─

╙ ℮↓≤⅜ √⁹ ≢│⁸ ─ ─ ≢╙Ɽ▬꜡♇♩─ ⌐ ╦∑

≡ ─◖fi♩꜡כꜟ⅜ ╢ ╩ ⇔√⁹ ⌐ →√ │⅔⅔╗⌡ ≢⅝√

≤™ⅎ╢⁹ 

 ⇔⅛⇔⁸ ≥ⱶכ♅ ꜠ⱬꜟ─♃▬ⱶ╩ ∆⌐│⁸╕∞ ⅎ╢═⅝ │ ™↓≤

╙│∫⅝╡⇔√⁹ 

 √╪∑™ ≢╙⁸ ⌂≥╩↕╠⌐ ╘╢↓≤≢⁸⅔∕╠ↄ 10 ─♃▬

ⱶ │ ≢№╢≤ ╦╣╢⁹⇔⅛⇔⁸ ⅜ⱶ─♃▬ⱶכ♅ 2 ☺ꜗ☻♩ ≢№╢

↓≤╩ ⅎ╢≤⁸ ⌂╢ ─ ╛ ─ ⌐ ⅎ╢ ⌂≥⅜ ⌐⌂∫≡ↄ

╢⁹↓╣╩ ∆╢√╘⌐│ ⌂≥╩ ⅝ↄ ⅎ≡™ↄ ⅜№╢∞╤℮⁹ 

 

 ⅎ┌⁸ ⌐ ⇔≡™ↄ≤ⱨꜝ▬fi◓꞉▬ꜘכ─ │ ⅝⌂ ⌐⌂╢⁹⇔⅛⇔⁸

─ │꞉▬ꜘכ╩ ⌐ ↕╣≡™╢√╘⁸ ∟⌐∆╢⌐│ ─ ⅜

≢№╢⁹CFRP Ɽ▬ⱪ╩ ∆╢⌐│⁸ ⌂ ⅜ ⅝™⁹ 

 ╕√⁸ ⇔√ ─ ─⁸ ⌂ ─ ⌐ ∆╢ⱡ►Ɫ►╩ ⇔≡™

ↄ ╙№╢⁹ ⁸ ─ ≢╙ ⌂ │№∫√⁹  

 

 ⱡ►Ɫ►─ ⌂≥│ ≢≥℮⌐⅛⌂╢╙─≢│⌂™⇔⁸↓℮™∫√ ╩ ⌐

∆╢↓≤│ ⇔™⅜⁸ ⌐ ⇔≡™ↄ↓≤╩ ⇔√™⁹ 
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Daniel P. Raymer AIRCRAFT DESIGN A CON CEPTUAL APPROACH FOURTH 

EDITHIO N 
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F-tec 2011  Ɽ▬꜡♇♩  

 

2011 Ɽ▬꜡♇♩  

 

↓─ ╩ ╡ ∫≡⁸ ≤↕∑≡ ⅝╕∆⁹ 

 

1. ┌╣╢ 

─ ⅜Ɽ▬꜡♇♩─ ⌐⌂∫√─│⁸8 ─ MTG ─≤⅝≢∆⁹11 ─

─Ɽ▬꜡♇♩∞∫√│∏─ ⅜⁸ ╩ ∆≤─ ≢Ɽ▬꜡♇♩╩ ⇔╕

⇔√⁹ ─ ≢ ⇔ ∫√≤↓╤⁸ ─ ⌐Ɽ▬꜡♇♩╩╛╡√™ │™╕∑╪

≢⇔√⅜⁸∕╣≢╙ ─ ⅛╠Ɽ▬꜡♇♩╩ ∆═⅝∞⁸≤™℮ ⌐╕≤╕∫√√╘⁸

⌐ ─ ⅜ ∟╕⇔√⁹ 

MTG ─≤⅝⌐⁸Ɽ▬꜡♇♩⌐⌂╡√™ ⅜™╢⅛⁸≤ ⅛╣╕⇔√⁹ ⌐Ɽ▬꜡

♇♩─♅ꜗfi☻⅜ ∫≡ↄ╢⌂╪≡⁸ ⅝╕⇔√⁹∕╣≢╙⁸ ─ ◖fi

♥☻♩─ ⅜ ⌐ ∫≡™╕⇔√⁹Ɽ▬꜡♇♩┼─ ╣│⁸ ⅛⌐№∫√─≢⁸ ╩

→≡⇔╕∫√─≢∆⁹ 

∕─≤⅝│⁸ ⁸≤™℮ ⌐⌂╡╕⇔√⅜⁸ ─ MTG ≢⁸ ⌐Ɽ▬꜡♇♩

⌐ ⇔╕⇔√⁹ ─╒╢╙╪↕╪⌐⁸ ₁⇔™↓≤≢│⌂™↑≥⁸ ⅛⁸≤ ╩

↕╣╕⇔√⌡⁹∕─≤⅝│⁸ ⌐⁸ ≤⅛⌂╢∞╤⁸≤ ∫≡ₐ│™ ₑ∫≡ ⅎ

╕⇔√⁹ 

 

 ◓fi♬כ꜠♩ .2

 Ɽ▬꜡♇♩─ ⇔™≤↓╤│⁸ ∆═≡─ ⅜∕℮⌂─⅛╙⇔╣⌂™≢∆⅜⁹ ≤

─ ⅝ ⅞⅜╒≤╪≥ ⌂™↓≤≢⇔√⁹ ↕╪⌐ ╩╙╠™│⇔╕⇔√⅜⁸

⁸⅜∆≢─√⇔│™╠╙כꜙ♬fi◓ⱷ♬כ꜠♩─ ⅜ ™∆⅞≡⁸№╕╡ ⌐

⌂╡╕∑╪≢⇔√⁹≥─ↄ╠™─ ∫⅛⌂╠⅛╦⅜⅛╢™≡⇔◓fi♬כ꜠♩≢☻כⱭה

⌐◓fi♬כ꜠♩⁸⌐╘√√ ∆╢ ╡⅜№╕╡ ╕╣⌂⅛∫√≤™℮─⅜ ⅛∫√≢

∆⁹ ⌂╪≤⅛⌂╢∞╤⁸≤ 5 ↄ╠™╕≢ ∫≡™╕⇔√⁹  

 

╩◓fi♬כ꜠♩  ⌐ ╘√─│⁸12 ≢⇔√⁹↓─ ╕≢│⁸ ─◄▪꜡Ᵽ▬

◒≢ 1-2 ─Ɑ⁸≢☻כ ─Ᵽ▬◒─ ≢⁸150W 30 ╩ ™≢™╕⇔√⅜⁸ ⅛

╠ ⅎ╢≤⁸꞉♇♩ ╙™™ ≢⁸ ⌐╙∕↓╕≢ ◓fi♬כ꜠♩⁸∏╠⅔≡╘

⌐│⌂╠⌂⅛∫√≤ ™╕∆⁹12-2 ─ ⌐ ⌐╛╡╕⇔√⅜⁸↓─≤⅝│ 2-3

─Ɑ⁸≢☻כ ─◄▪꜡Ᵽ▬◒≢ 160-180W 15 ─ fi◓≤⁸♬כ꜠♩

꜠♇◓ⱪ꜠☻ 104kg or ☻◒꞉♇♩ 86kg ╩ 10 1☿♇♩≤⇔≡⁸6-8☿♇♩╩ ⌐↓⌂
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fi◓≤⇔≡⁸♬כ꜠♩⁹√⇔╕™≡⇔ ╩∆╣┌™™⅛ ↄ╦⅛╠⌂⅛∫√─≢⁸

─כ♫כ꜠♩ ⌐⅔ ⅝⇔≡⁸ │ 30min ꞉♇♩≢♩꜠כ♬fi◓⇔≡⁸ ⌐ ↑

≡⁸ ₁⌐ ╩ ↄ⁸꞉♇♩╩ ↄ⇔≡™↑⁸≤™℮▪♪Ᵽ▬☻╩™√∞™√─≢⁸∕

─ fi◓⇔≡™╕⇔√⁹♬כ꜠♩╡ ♩꜠─ │ ₁⌐ ™ ─╙─╩ →╠╣╢╟℮

⌐⌂∫√─≢∆⅜⁸◄▪꜡Ᵽ▬◒─ │⁸№╕╡ ⅜ ╠╣╕∑╪≢⇔√⅜⁸ ↄ ∫

─כ♫כ꜠♩⁹√⇔≢╪∑╕™│≡ ⌐⁸ №╣┌⁸ ∞╤⁸≤™╦╣≡⁸∕╣⌐

ⅎ≡™√─⅛╙⇔╣╕∑╪⁹ 

 2 ─ ⅜ ╦╢↓╤⅛╠│⁸ ─ ─ ⅜ ⇔ↄ⌂∫≡⅝≡⁸ ≤™℮╟╡⁸

─√╘⌐ ꜞ☼ⱶ⅜ ╣≡⇔╕™ ⅜◓fi♬כ꜠♩ ↄ⇔⌂ↄ⌂∫≡⇔╕™⁸

─♩►▪ꜟכ꜡ ⁸3/11 ⌐ ⅜ ⅝√⅜√╘⌐⁸∕─ ≢♩꜠

≤╪≥╒fi◓∆╢↓≤│⁸♬כ ↄ⌂∫≡⇔╕™╕⇔√⁹ ╖ ╙⁸ ≢ ↓

←⌂≥│╛∫≡™╕⇔√⅜⁸ ⅛╠ ╡ ╢≤⁸ ⌐⌂∫√≤│ ⅎ╕∑╪≢

⇔√⁹ 

 ∕╪⌂↓╪⌂⌂ ∞∫√√╘⁸4 ≢─ │ ≤ ⇔™ ≢⁸4 ─

─ 3⅛ ⌐⁸ ⌂ ╩ ╡╕⇔√⁹ ⌐ ─Ɑכ☻≢ ⅔℮≤⇔╕⇔√⅜⁸

⅜└≥ↄ⁸ ╩◓fi♬כ꜠♩╙≡∫ ℮─⅜ ∞∫√↓≤⅜⇔┌⇔┌№∫√

√╘⁸ ⌐│⁸ ⌐ 2-4 ≢⇔⅛ ⌂ⅎ╕∑╪≢⇔√⁹ 

─ ﬞ │⁸ꜞ◌fiⱬfi♩Ᵽ▬◒≢ 90rpm 240W 10min 1 ☿♇♩ ⅞ ↑╢↓≤╩

⌐ ™╕⇔√⁹ ↓─ ≢│⁸220W ╩ ≢⅝╢─⅜ ≢⇔√⁹ ⇔≡⁸

♩꜠╙ ∫≡™╕⇔√⅜⁸ ﬞ ↑√≤↓╤≢⁸ ⌐ ⅎ╢ ⅜ ↄ⌂∫≡⅝

Ᵽ▬☻╙№╡⁸Power Max♪▪─כ♫כ꜠♩⁸╘√√ ≤™℮ⱴ◦fi╙ ⇔╕⇔√⁹↓╣

│ꜞ◌fiⱬfi♩ ≢│№╡╕∑╪⅜⁸ ꞉♇♩ ◓fi♬כ꜠♩─↑ ≢⁸ ─ꜞ◌

fiⱬfi♩Ᵽ▬◒⌐ ═⁸꞉♇♩ ⅜ ⌐ ≢⅝⁸ ⌂≥╙ ∆╢↓≤⅜

≢№╢≤™℮ⱷꜞ♇♩⅜№╡╕∆⁹↓↓≢│⁸300W 3min ╩ 3☿♇♩ ℮↓≤╩ ⌐⇔

╕⇔√⁹↓╣╩ ╘≡⅛╠│⁸ ⅜↕╠⌐ ™ ⌐⌂∫√─≢⁸ ℮╟℮⌂Ɑכ☻

╩◓fi♬כ꜠♩≢ ↑╢↓≤⅜ ⌂ↄ⌂╡╕⇔√⁹ ꞉♇♩ ≢⁸ │ 240-250W

≢⇔√⅜⁸ ⌐│ 300W╩ ⅎ╢≤↓╤╕≢ ∫≡™ↄ↓≤⅜≢⅝╕⇔√⁹ 

fi◓≤⇔≡│⁸♬כ꜠♩⌂ 2 ♁ꜞ▪ ◓fi♬כ꜠♩─ 300W 3min

180 ≢ 2-5min ⁸ 2 ⱷ♦▫○ ◓fi♬כ꜠♩─ 240W 10min

160-180 ≢ 10min ⌐⁸ LSD 160W 60min⁸ 100 ≢ 60min

≤ ┌╣╢ ╩ fi◓╩╛╢↓≤⌂─≢∆⅜⁸♬כ꜠♩╢∑↕ ♩꜠

⅛⌂⅛⌂fi◓∆╢─│⁸♬כ ⌐ ⇔ↄ⁸♁ꜞ▪ 2 ⁸ⱷ♦▫○ה ♩꜠ ∏≈⅜

≢⇔√⁹ 

─◓fi♬כ꜠♩ │⁸ ﬞ ≢ 10min ─꞉♇♩ ─ ⅜⁸1.15 ⁸3min ─

─꞉♇♩ ⅜⁸1.2 ≤⌂∫√↓≤≢∆⁹↓─ ┘─ ╖⌐│⁸ ╙◓fi♬כ꜠♩─

≢│⌂™≤ ∫≡™╕∆⁹ fi◓│⁸♬כ꜠♩─ ╩⅔⅛∏⌐ ↑╢
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↓≤⌂ↄ ╛╠⌂↑╣┌⌂╠⌂™≤ ╦╣≡™╕∆⁹ ⅛╠ ⌐╛╢≤⁸ ⌐

╙⁸ ⌐╙ √⌂™─≢⁸ │⁸ ╛◓fi♬כ꜠♩ LSD ╩ ⌐ ™⁸ ╖╩

∫√ ≢⁸ ─ 4-5⅛ ≢ ╩ →╢═⅝⌂─≢│⌂™─≢⇔╞℮⅛⁹ 

ₒ ₓ3 ─ ꞉♇♩  

 

 

ה  

 ⌐≈™≡⁸Ɽ▬꜡♇♩─ ≢─ ≤ ─ ⌐≈™≡⌂≥ ⇔≡⅔↓

℮≤ ™╕∆⁹ ≢─ ≢ 90╩ ∆─│ ─꞉♇♩ ╩ ≤∆╢─≢⁸

⌐ ∑⌂ↄ≡╙ │ ™≤ ™╕∆⅜⁸ ₁─ ─↓≤╕≢ ⅎ╢≤⁸

90 │ ∑╢ ⅜№╢≤ ™╕∆⁹ ≤│™∫≡╙⁸ │⁸90rpm ⅜ ∑∏⁸

─ⱷfiⱣכ⅜ ∆↓≤⅜ ≡™√─≢⁸ ∟ ╖╕⇔√⅜⁹  

 ≤⇔≡│⁸ ≢─ 70 75rpm ⅜ ─ ≤ ∂ ─꞉♇♩ ≢│⌂⅛∫√

⅛≤ ™╕∆⁹ 

 ─℮∟⌐⁸ ─ ⅞╛∆™ ⌐◖♇◒Ⱨ♇♩─ ╩ ⇔≡⅔ↄ↓≤⅜

≢⁸ ╩ ╘≡⅛╠ ╩ ℮─│⁸ ⅜∏╣╢─≢⁸ ╕⇔ↄ ™≢

∆⁹ ∆╢ⱳ▬fi♩≤⇔≡│⁸ ◓fi♬כ꜠♩ ∫≡™╢ꜞ◌fiⱬfi♩Ᵽ▬◒─

─ ╛⁸Ɑ♄ꜟ╕≢─ ╩ ⇔≡⅔⅝⁸∕╣≤ ∂╟℮⌐ ⇔√ ≢⁸ ⅜

⅞╛∆™╟℮⌐ ╛∆∫≡ ∆╢≤™™≢∆⁹ꜞ◌fiⱬfi♩│⁸ ≢ ╩ ⅎ≡

←╟℮⌂ ─╟℮⌂─≢⁸ ─ │⁸⇔∫⅛╡≤ ─ ╩ ⅎ╠╣╢╟℮⌂╙

─⌐∆╢≤™™≤ ™╕∆⁹ 

 

 כ♃כ꜠ꜙⱨꜝ▬♩◦Ⱶה

 ↕╪⅜ ⇔≡ ↕∫√⁸ⱨꜝ▬♩◦Ⱶꜙ꜠כ♃כ⌐≈™≡ ⌐ ╩ ═≡⅔

⅝╕∆⁹ ה ≢─ⱨꜝ▬♩╩ ⌐ ╡ ∫≡╖╢≤⁸ ⌐ ⅜ ⅝ ⅞

240 

250 

260 

270 

280 

290 

300 

310 

40680 40700 40720 40740 40760 
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╢ ⅜№╡╕⇔√⁹ ≢│⁸ ╩ ∫≡⅛╠ ⇔ ≢כ♄ꜝ⁸≢╕╢╘ 4 ⁸

◄ꜟ꜡fi≢ 6-7 ⅛⅛∫≡™√─⌐ ⇔⁸ꜝ ╙≥fi꜡ꜟ◄הכ♄ 1-3 ≢ ™≡™

√ ─כ♄ꜝ⁹∆╕╡№⅜ ⅜ ⅛∫√≤│™ⅎ⁸ꜝ♄כ╩ ╢⁸ ⅜ ╣╢⁸Ᵽ

fi◒ ⅜ ↄ╕≢─ ─ ╣╛⁸◄꜠ⱬכ♃כ╛◄ꜟ꜡fi─ ╡∆⅞⌐╟╢ ╛⁸Ᵽ

fi◒ ⅜≈⅝∆⅞√≤⅝─ ⌂≥│⁸ⱨꜝ▬♩◦Ⱶꜙ꜠כ♃כ│ ™⌐ ⌐⌂╡╕⇔

√⁹ 

 

ה  

 Ɽ▬꜡♇♩─ ─ │⁸ ╩ ∆╢↓≤≢∆⅜⁸ 77 ─ⱨꜝ▬♩╩ ⅎ

√↓≤│⁸ ╩ ⌐≈↑╢√╘⌐ ∟⁸ ≢─ⱨꜝ▬♩⌐ ⅜∫√≤ ∫≡

™╕∆⁹77 ─ⱨꜝ▬♩─℮∟⁸ ⌂╙─╩ ⌐≈™≡ ╡ ∫≡⅔⅝√™≤ ™

╕∆⁹ ─☿♇♥▫fi◓⌐ ⇔≡│⁸ ─ ⌐ ╡⁸☻ꜝ☻♩╛⁸ ─ ╩

⌐ ™≡™⅝╕∆⁹ 

 ≢─ ╖ ≡ │⁸Ɽ▬꜡♇♩│ ↕╣≡™≡⁸OB ─ ≢ ╢↓≤⅜ ╕

⇔√⅜⁸↓↓≢─ │ ⌐ ≢⇔√⁹≤│™ⅎ⁸ ⅛╠ ─ ╕≢│ 4

╠∏⇔⅛ ↄ⁸ ⌂ ╩ ╢↓≤│ ⌂™─≢⁸ ─ ≢─ⱨꜝ▬♩⁸

≤™℮╦↑⌐│⌂⅛⌂⅛ ⅝╕∑╪≢⇔√⁹ 

 ─♥☻♩ⱨꜝ▬♩≢│⁸ ⌂ↄ ⅜ ⇔√─≢⁸ ⌐ ╢↓≤│

№╡╕∑╪≢⇔√⁹√∞⇔⁸ │ ╩ ⌐ ≈─╙ ⇔ↄ⁸ ←↓≤⌐ ≢⁸

≤ ─ ╙ ≢ ∆╢↓≤⅜ ╕∑╪≢⇔√⁹ │◄꜠ⱬכ♃כ╩

╦∏⁸ⱪ꜡Ɑꜝ─ ∞↑≢ ↕∑╟℮≤⇔√─≢⁸ ⌐ ⇔≡ ∆╢↓≤│⌂™

─≢∆⅜⁸Ɽ꞉כ≤ ─ ─Ᵽꜝfi☻⌐ ⇔√ ≢⇔√⁹ 

 ─ ╕≢│⁸ ⅜ ⇔⌂⅛∫√√╘⁸ ™ ⅜ ⅝╕⇔

√⁹ ─ ⌐ⱨ▼▪ꜞfi◓╩≈↑√╡⁸ ╩ ⇔√╡⇔√⌐╙ ╦╠∏⁸

─ ─ⱨꜝ▬♩≢ ⅜ ╣≡™╢≤ ↕╣≡™√√╘⁸ ╩ ⅎ╢↓≤

⌂ↄⱨꜝ▬♩╩ ↑╢↓≤⌐⌂╡⁸ ⅛⌂™ TF ⅜ ™≡⇔╕™╕⇔√⁹↕╠⌐│⁸ ≤

ⱪ꜡Ɑꜝ─Ⱨ♇♅ ╙ ⌂∫≡™√─≢│⌂™⅛≤™℮ ╙№╡⁸1-2 ─ⱨꜝ▬♩≤

꞉♇♩ ╩ ⌐ ∆╢↓≤⅜ ⌂ↄ⌂∫≡⇔╕∫≡™√─╙ ⅛≤ ™╕∆⁹

⇔⅛⇔⁸Ɽ▬꜡♇♩─ ≤⇔≡│⁸ -2 ─ TF ≤ ⌐ ⌂꞉♇♩ │ ╠⅛⌐

⌂∫≡⅔╡⁸ ∆╢ ╙⁸◄꜠ⱬכ♃כ╩▪♇ⱪ⌐ ╠⌂↑╣┌ ↄ ⇔⌂⅛∫√

↓≤╩ ⅎ╢≤⁸Ɽ▬꜡♇♩⅜ ╩ →╢ ─ ╩⁸╙∫≤ ⌐ ⅛ ╩

∫≡╙╠ⅎ┌╟⅛∫√≤ ∫≡™╕∆⁹ ⁸∕⇔≡ ─Ɽ▬꜡♇♩─≤⅝│⁸☻ꜝ

☻♩⅜ ⌐ ⌂╢ │⁸∕─ ╩ ↄ♅כⱶ⌐ ⅎ≡⁸ ╩ ⇔≡╙╠ⅎ

╢╟℮⌐⇔≡™↑╢≤™™≤ ™╕∆⁹ 

 ─ⱨꜝ▬♩≢│⁸ꜝ♄כ⌐╟╢ S ┘ ┘⅝╡ ה ─ⱨꜝ▬♩≢

│⁸ ─ ≢─ⱨꜝ▬♩⁸ ─ⱨꜝ▬♪≢│⁸◄ꜟ꜡fi⌐╟╢ S ⁸≤ ─
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№╢ ╩ ↄ↓⌂↕∑√≤ ∫≡™╕∆⁹ ⌐⁸ ─ ≢─ⱨꜝ▬♩│⁸

─ ─ ─™™ ⌐⌂╡⁸ ─ ≢≥─╟℮⌐ ╩ ∆╣┌╟™⅛─™™ ⌐

⌂╡╕⇔√⁹ ─ ∞≤⁸ ∞≤™℮ ╙№╢⅛╙⇔╣╕∑╪⅜⁸Ɽ▬꜡♇♩─

≤⇔≡│⁸ ⌂ ∞≤ ⌐כ♄ꜝ⁹∆╕™ ╩כ♄ꜝ⁸│≡⇔ ∫√ ─

≢ ™≡ↄ╢≤─↓≤≢∆⅛╠⁸⌂⅛⌂⅛ꜝ♄כ⅜ ⅛⌂™⅛╠≤™∫≡⁸ ⌐←∫

≤ ∫√╠⁸∕─ ⌐ ⌂ ⌐ ™╕∆⁹◄ꜟ꜡fi⌐ ⇔≡│⁸ │∆←⌐ ↄ│

∏╠⇔™─≢∆⅜⁸ ⅜≈⅝∆⅞≡™√√╘⅛⁸ ─ ⌐ ╙╡╟כ♄ꜝ│≡⇔

⅜ ⅛∫√≢∆⁹ ─ S ≢⁸◄ꜟ꜡fi─ ╡ ╙ ≢⅝╕⇔√⁹S

╩∆╢ │⁸ ⅜╡ ╘√ↄ╠™⌐│⁸ ⌐ ╡ ╘⌂™≤⁸ ⅜╡ ╘╢─⅜

ↄ⁸ ⌐ ∫ ╪≢⇔╕℮─≢⁸S │ ⇔⌂™≤ ™╕∆⁹ 

 ╒╓∆═≡─ⱨꜝ▬♩≢⁸ ─ ⌐◄꜠ⱬכ♃כ╩ ⇔≡™╕⇔√⅜⁸◄꜠ⱬכ♃

╩כ ╢≤⁸ ⅜ ⅎ╢√╘⅛⁸ ∂ ≢╙ ⅜ ╕∑╪≢⇔√⁹◄꜠ⱬכ♃כ

╩ ╣⌂↑╣┌™™≤™℮↓≤⌐⌂╢≤│ ℮─≢∆⅜⁸ ─ ⌐⁸ ◄꜠ⱬכ♃כ

╩ ╣≡⇔╕℮≤⁸ ∆ ⌐ ⅜ ⅜∫≡⇔╕™⁸ ⅜ ⅜╡ ╘≡⇔╕™⁸∕╣⅜

ↄ≡╕√◄꜠ⱬכ♃כ╩ ╣≡⇔╕℮↓≤⅜ ₁№╡╕⇔√⁹◄꜠ⱬכ♃כ ∆≤

⌐⁸ ╩ →≡⁸Ɽ꞉כ╩ ╛∑┌™™─≢∆⅜⁸ ⌐ ℮─│⌂⅛⌂⅛ ⇔™↓

≤≢⇔√⁹ 

 

ה  

 fiꜛ◦כ꜠ꜙⱵ◦ה 

 ╟╖℮╡♥꜠ⱦ─ ◖fi♥☻♩─ ⱱכⱶⱭ⁸⌐☺כⱪꜝ♇♩ⱱכⱶ⅛╠─ 360°

◌ⱷꜝ╩ ≡⁸ ╩ ∂⌂⅜╠⁸ⱨꜝ▬♩─◦Ⱶꜙ꜠כ◦ꜛfi╩⇔≡™╕⇔√⁹ ─

─⅛↑ ⁸ ─◄꜠ⱬכ♃כ─ ⌂≥ ╙ ⇔≡™╕⇔√⁹ ⌐≈™

≡│⁸ ⅛╠─ ™≡™╢⌂╠⁸ ⌐ ╡⌐ ╡⁸ ⌐ ≢ ↕╣≡ⱳ

╩ꜟכ ⌐ ╣╢╟℮⌐∆╢⁸≤─↓≤≢⇔√⁹ 10─ T-MIT ╩ ╕ⅎ≡  

 ⌂ ⅜ ⌐ ⅝ↄ⁸∕─ ╓╒─ⱶכ♅│ ⅜ ⇔≡™╕⇔√⅜⁸

≢ 90 ─ⱨꜝ▬♩│↓⌂∑≡™√─≢⁸ ⌐ ⇔≡│⁸10m ─ ╩ ∫

≡⁸ ≤⅛ ∫≡ ╠╣╢⅛≥℮⅛⁸≤™℮꜠ⱬꜟ≢⇔√⁹ ⅜№╢⌂╠┌⁸◄꜠ⱬכ

⌐fi►♄╩כ♃ ╣≡⁸ ╩ ≤⇔≈≈ ∫≡ↄ╢≤─↓≤≢⇔√⅜⁸↓─ ≢│

─ ⅜ ⅝ↄ⁸∕↓╕≢ ∆╢↓≤│⌂⅛⌂⅛ ╕∑╪≢⇔√⁹ 

 

ה  ⱨꜝ▬♩─ ╕≢ 

≥כⱶ─ⱷfiⱣכ♅  OB ↕╪─ ╠™≢⁸ ╖ ≡⌂≥⌐╙╒≤╪≥ ∆╢↓≤⌂ↄ⁸

└√∆╠╝∫ↄ╡⇔≡™╕⇔√⁹OB ↕╪ ─ ≢ ↕∑≡╙╠℮↓≤╙№╡╕⇔√⅜⁸

⌐│ ╠⅛ⱶכ♅⌐ ╣≡ ⌐⌂╢─│⁸ ─ ╩⇔≡™╢ⱨꜝ▬♩ ─

⌐│ ⌐⅝≈⅛∫√─≢⁸ ≢╖╪⌂≤∏∫≤™√ ⅜╟⅛∫√⁸≤ ™ ⇔≡
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™╕∆⁹ 

 ⅜ ℮ꜞⱳ─ ╩ ∆╢╟℮⌐ ╕╣√─≢∆⅜⁸ⱱ♥ꜟ⌐≈ↄ─⅜ 23

≢⁸ 5 ⌐│ ⇔⌂↑╣┌⌂╠⌂™↓≤╩ ⅎ╢≤⁸ ⅛⅛╢ꜞⱳ─

│ ─ ⌐╛∫≡╙╠∫√ ⅜╟⅛∫√≢∆⁹ 

 

 ♩▬ꜝⱨה 

 ♃▬ⱶ♩ꜝ▬▪ꜟ ─ │ 8:00≢⁸ │ ⁸≥╓╪ ─ ⌐

ⱨꜝ▬♩⅜№╡╕⇔√⁹ ⅜⁸ ⌐ ∫√≤ ∫√╠⁸┤╠┤╠⁸≤∕

─╕╕ ╩ ≤⇔ ⇔√╡⁸≥╓╪ ⅜⁸ⱪꜝⱱ⅛╠ ≡ ⅛╠ ⅜ ™≡™╢

≢⁸ ╡⌐ ╩ ╩♩▬ꜝⱨ⌂℮╟╢∆╡√⇔ꜟכ◗≡╘ ╢ ≢⁸ ♩כꜟ

╩≥∟╠⌐≤╢⅛≢⁸ ⅜ ╕≢ ∫≡™╕⇔√⅜⁸╛│╡ ⅜ ⅛╠ ™≡™╢

≤™℮↓≤≢⁸10 ─ T-MIT ─╟℮⌂ ╩ ←√╘⁸ ⌐ⱳכꜟ⅛╠ ╣√

⌐™≡╙⁸ ⌐ ⌐℮╟╢⅛⅛∫└⌐◒כfiⱴכ♃≡╣↕ ╡⌐ ╢↓≤⌐⇔╕

⇔√⁹∕╪⌂ ⁸ ⌐ⱨꜝ▬♩╩ ∫√WASA │⁸ ╡⌐ ╡⁸ ≢ ╩

≤⇔≡ ⇔≡⇔╕™╕⇔√⅜⁸ ⌐∑∏⁸ ╡≢ ↄ↓≤⌐⌂╡╕⇔√⁹ 

 │⁸ ⇔≡™√≤⅔╡⁸ ⇔≡ ♃▬ꜘ─ ⅜ ⅎ≡ ⅛╠ 0.5 ╒≥⇔≡◄

꜠ⱬכ♃כ╩▪♇ⱪ⌐╦∏⅛⌐ ╡╕⇔√⁹ ↓─ ╡─ │∆═≡ ≢ √

≢╛╡╕⇔√⁹ ⌂ↄ ⌐ ╩fi▬ꜝ♩כ♃☻⁸╡ ⅎ╕⇔√⁹ │

≤№∫√√╘⁸ ה ה ╩ ╢ ⅜№╡╕⇔√⁹ │ 90 ⌐

∟╕⇔√⅜⁸ │ ⇔≡™⌂⅛∫√√╘⁸ │ ≢─ ⌐⌂╡╕⇔√⁹⇔

⅛⇔⌂⅜╠⁸ ╡⌐ ⅜ ™ ≢│⁸ ╩ ≢ ∆╢↓≤│ ⇔ↄ⁸Ⱳכ♩⅛

╠─ ∞↑⅜ ╡≢⇔√⁹ ⅜ ↄ│№╡╕∑╪≢⇔√⅜⁸◖♇◒Ⱨ♇♩ ⅛╠ ≡⁸

⅛╠ ⌐ ⅝ ↑≡™╢─⅜ ∂╠╣╕⇔√⁹╛│╡⁸ ⌐│ ↕╣≡⇔

╕∫√╟℮≢⁸Ⱳכ♩⌐ ∫≡™╢ ⅛╠│⁸a ₑ≤ ╙ ╦╣⁸꜡◓╩ ≡╙╦

⅛╢╟℮⌐⁸ ╩כ♄ꜝ╡√╦⌐ ⌐ ∫≡™╕⇔√⁹↓─ ≢ ⌐ ↕

╣≡⇔╕∫√√╘⌐⁸ ╡─ ╩ ╘⁸ ╡⌐ ∆╢↓≤⌐⇔╕⇔√⁹ⱳ

⅜ꜟכ ≠™≡⅝√≤⅝⌐⁸ ╩כ♄ꜝ ↄ ⇔⁸ ╩ ⌐ ↑⁸∕─ ⌐

◄ꜟ꜡fiהⱨꜟꜝ♄כ≢ ╩ ╘╕⇔√⁹ 

 ⇔⅛⇔⌂⅜╠⁸⌂⅛⌂⅛Ᵽfi◒ ⅜ ⅛∏⁸5 ╒≥◄ꜟ꜡fi╩ ∫≡ ⇔√№≤⁸

5 ╒≥ ╡ ⇔≡⁸Ᵽfi◒ ⅜ ⅝ ╘╕⇔√⁹↓─ ≢ 90° ⇔≡™╕⇔√⅜⁸

╣┌ ╢╒≥Ᵽfi◒⅜ ↄ⌂╢─⅜ ⅛╠≢╙ ∂╠╣⁸Ᵽfi◒⅜≈⅝∆⅞√√╘⁸

⅛╠ₐ ⌐ ∑ₑ≤ ╦╣≡⁸ ⇔≡ ⁸ ≢╖─כ♄ꜝ⌐ ╩ⱪꜝ♇♩ⱱכⱶ

⌐ ↑╕⇔√⁹ 

 ⅜ ∆╢≤⁸ⱪꜝ♇♩ⱱכⱶ ─ⱨꜝ♇◦ꜙꜝ▬♩⅜ ∆╢─≢∆⅜⁸∕─↓

≤╩ ⇔⁸ ╤℮≤⇔√ ⁸ ─ ⅛╠ₐ●♃●♃●éₑ≤ ⅜⇔ ╘╕⇔√⁹

☻ⱪ꜡◔♇♩⅜∏╣≡♅▼כfi≤◖♇◒Ⱨ♇♩─Ɽ▬ⱪ≤⅜ ⇔≡™√ ─╟℮⌂─≢
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∆⅜⁸↓─≤⅝⌐↓─╟℮⌂ │ ∏⁸ ╡│ ⌐ ⇔╕⇔√⁹⇔⅛⇔⁸ ⌐

⅜∆╢ │Ɑ♄ꜟ⅜ ↄ⌂∫√⌂≥─ ╙⌂⅛∫√√╘⁸∕─╕╕◄꜠ⱬכ♃כ╩♄

►fi⌐ ╣≡⁸ ╩  ⁹√⇔╕⇔ꜟכ◗≈≈⇔≥

 ⌐│⁸ ─√╘⅛⁸⌂⅛⌂⅛ ⇔∕℮⌐ ⅛∫√─≢⁸ ™ ∫≡◄꜠

ⱬכ♃כ╩♄►fi⌐ ╣≡⁸ ⌐≈∫↓╖╕⇔√⁹ⱨ▼▪ꜞfi◓ ⅛╠─ ⌂≥│⁸

╘◦Ⱶꜙ꜠כ◦ꜛfi⇔√ ╡⌐ ℮↓≤⅜ ⁸ Ⱳכ♩⌐ ╢↓≤⅜ ╕⇔√⁹ 

│ ─꜡◓─ ╡⁸ ─ 90 ╩ ⌐ ╡⁸85 ≢⇔√⅜⁸

╙ 8.0 ≤ ╡≢⁸ ⅜ ⅜╢↓≤⌂ↄ ∫≡ ╠╣╕⇔√⁹↓─√╘⁸ ⇔

≡ ∫≡ↄ╢↓≤│ ⌐ ⇔™⅛≤ ↕╣╕⇔√⅜⁸ ╕≢ ╩ ⌐ ℮↓

≤⅜ ╢ ─ ╩ ꜟכ◗≡∫ ╕⇔√⁹ ⌐⁸ ─ ₁⅜⁸ⱬ

▪ꜞfi◓─ ⌂≥╩ ∫√╡⁸ ⌐ ─√╘⌐ ™≡™√ ╩┤↕™∞╡⇔√↓≤

⅜ ╩ ⇔√─≢⇔╞℮⅛⁹ 

 

 

ה  ⌐≈™≡ 

  │⁸ ⅜ ↄ№∫≡╙ ⅜⌂™⁸≤™℮ ⅛╠ ה ה ─╖⌐

╠╣≡™╕⇔√⁹ ─ │⁸ ╙ ↄ⁸ ⌐ ─ ╩ ↑⌂↑╣┌

⌂╡╕∑╪⅜⁸ ≢│ ╙ ™√╘⁸ ⅜№╡╕∆⁹ ⌂ ≤⇔≡│⁸

≢│ ╡⌐ ─≥◒כfiⱴכ♃⁸╘√™⌂⅜ ╙ ⇔≠╠™─≢⁸

│ ↕╣≡⇔╕™╕⇔√⅜⁸GPS ─♫ⱦ╩ ∆╢↓≤╙ ⇔≡╟™⅛≤ ™╕

∆⁹ ╩כꜜהꜟכ꜡─ ╢↓≤⅜ ╣┌⁸™∫∕℮™™≤ ∫≡™╕∆⁹╕√⁸
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⌐⁸ ⅜ ╣≡™╢─⅛⁸∕╣≤╙ ⌐ ⌂─⅛╩ ∆╢√

╘⁸ ┘⁸ ─Ɽ▬꜡♇♩─♩꜠כ♬fi◓─√╘⌐⁸ ╩ ↕╣╢↓≤╩

⇔≡™╕∆⁹ 

 

ה ⌐ 

 ─ ≢Ɽ▬꜡♇♩⌐⌂╢↓≤⌐⌂╡⁸ ─ │ ⅜Ɽ▬꜡♇♩≢

№╢≤™℮ ⅜ ⌐ⱶכ♅⁸⌐╘√⅜√™≡↑ ⌂ ╩⅛↑≡⇔╕™╕⇔√⅜⁸OB

─ ╩ ⁸╡╟⌐כ꜡◊ⱨ─כⱶ─ⱷfiⱣכ♅√╘ ≤⅛ ─╟℮⌂ⱨꜝ▬♩╩∆╢↓

≤⅜ ╕⇔√⁹ ≢№∫√↓≤│ ⅜╟⅛∫√─╙№∫√⅛╙⇔╣╕∑╪⅜⁸500m

╩ ⇔⁸ ∆╢↓≤⅜ ≡⇔≥ⱶכ♅⁸│─√ 9 ─ ⁸77 ─ⱨꜝ▬♩╩

™⁸ ╩ⱶכ♅ ╢⁸ ⌂ ⅜↓⌂∑√⅛╠∞≤ ∫≡™╕∆⁹ 

 ≢∆⅜⁸ │ ←∞↑≢│ ┌∏⁸ ⌐ ∆╢ №╡╕∆⁹

─ⱶכ♅─ ≤⇔≡⁸Ɽ▬꜡♇♩⅜ ╛◓fi♬כ꜠♩™⇔ ╩ ∫≡™╢╟℮⌂

√⇔╩◓fi♬כ꜠♩⁸⅜∆╕╡№╙╤↓≥ ∞↑ ⌐ ╣╢ ⅜№╡╕∆⁹ ─

│⁸№ↄ╕≢ ─ⱨꜝ▬♩─╖⌐╟∫≡ ╦╣⁸⌂⅛⌂⅛ ⅝ ←↓≤│ ╕∑╪

⅜⁸ ⌂ ─ ╩↓⌂⇔⁸Ɽ▬꜡♇♩─ ─ ⌐╙ ╩ ↑╢↓≤⅜

≡™≢ⱶכ♅⌂℮╟╢ ⇔™≤ ™╕∆⁹ 

 │⁸ ≢ ⅜Ɽ▬꜡♇♩╩ ╘╢↓≤⌐⌂∫√─≢⁸↓─ ╩ ⌐

⅛⇔⁸ ─ ה ◖fi♥☻♩≢™™ⱨꜝ▬♩⅜ ╢╟℮⌐ ⇔≡™⅝√

™≢∆⁹ 

 ⌐⁸ ⌐≈™≡ ⌂▪♪Ᵽ▬☻ ™√ ─Ɽ▬꜡♇♩─ ╩ ≤⇔√ OB

─ ╩◓fi♬כ꜠♩₁⁸ ∫≡ ↕∫√ ─ ↕╪⁸ ─ ⌂≥

⌂ ╩⇔≡ ↕∫√ ╩ ╘≤∆╢ ─ ₁⁸∕⇔≡ ⌐ ⌐

כⱶ─ⱷfiⱣכ♅√∫╦ ⌐ ─ ╩ ⇔≡⁸11 ─Ɽ▬꜡♇♩ ≤↕∑≡™

√∞⅝╕∆⁹ 
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F-tec 2011  

 

 

2011   

│∂╘⌐ 

 

 ↓─ │⁸2011 ─ ╩╕≤╘⁸ ┼ ↑√ ≤∆╢√╘─╙─≢№

╢⁹↓╣╩ ⌐⇔≡⁸ ╡ ╣╢═⅝≤↓╤│≤╡™╣⁸╕√⁸ ∂ │ ╡ ↕⌂

™╟℮⌐ ⇔≡™√∞↑╢≤ ™≢№╢⁹√∞⇔⁸↓─ │ ⌐≈™≡

≡≡ ™≡│™╢╙──⁸ ─ ╙ ₁№╢≤ ℮⁹ ₁─ ⌐≈™≡│⁸

─₈2011 ⱡכ♩з й₉╩ ⇔≡™√∞⅝√™⁹ 

 

╩ ∂≡ 

  

ⱷfiⱣכ  

 

 ─ │⁸ ⌐│ 4 ⁸ 6 ─ 10 ⁹√⇔♩כ♃☻≢

⌐≈™≡│⁸ ↑─ ≢ ⇔≡™√ 11 ─℮∟ ╩ ⌐ ╡ ↑╢

≤™℮ ⌐⌂∫√⁹↓─ ≤⇔≡│⁸ 

ה ─⌂⅛≢ ─ ⅜ ╙ ™↓≤ 

ה ⅔╟┘ ⌂ ≢⁸ ─ ⅜ ⌐ ═≡ ⌂ↄ⁸╕√

─ ⅜ ⅝™≤ ╙╣╢↓≤ 

ה ↑─ ╦╣╢ 8 ─ ≢│⁸ ₁─ ╩ ⇔ↄ ╙╢↓≤│ ⇔ↄ⁸

╙╡⅜ ∏╣√ ─₈ ₉≤⇔≡─ ╩ ⅜⌐⌂∫≡™╢↓≤ 

⅜№→╠╣╢⁹ 

 

 ꜟכꜙ☺◔☻

 

─ ≢│ ◖fi⅜ ↕╣╢⅛∆╠ ⅛≢│⌂⅛∫√⅜⁸ ─ ≤⇔≡₈

╡ 7 ⌐ ◖fi⅜ ↕╣╢╙─≤ ⇔≡ ≡─ ╩ ╘╢₉≤↕╣≡™√√

╘⁸3 ┬╡─ ≤⌂∫√ 2010 ─ ⌐─∫≤╡⁸ ─╟℮⌂ ╩ ≡√⁹ 

   

8  10   
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9  1  1 ─  

   

11 ה    

 Ɽכ♠  ╖ ╕≢⌐ 

   

2  2  2 ─  

   

3   ♩►▪ꜟכ꜡ 

 TF   

5  TF   

7  ◖fi  

↑∞╢⅝≢╩♩►▪ꜟכ꜡ ╘╢↓≤⌐╟╡ TF─ ╩ ↄ∆╢≤™℮ │ 2010

─≤⅔╡≢№╢⁹╕√⁸2010 │ ⅜ ┘≡⇔╕™ ─ ⌐ ╣⅜ ╢≤™

℮─╙ ≢№∫√⁹∕─√╘⁸2011 ꜟכꜙ☺◔☻₈│ ╡⌐ ╩ ╘╢₉≤™℮

─⅜ ≈─ ⅝⌂ ≢№╡⁸ ⅜ ≤⇔≡ ╙ ⇔√ ≢№╢⁹╗⇔╤⁸↓─↓

≤⇔⅛ ⇔⌂⅛∫√≤ ∫≡╙ ≢│⌂™⅛╙⇔╣⌂™⁹ 

 ─ ─╙≤ ╦╣√ ─ │⁸ ─╟℮⌂ ≢ ╦╣√⁹ 

 ↑   

8/1    

9/5 1   

♠כⱤה  9/6   

10/9   

10/15 Ɽכ♠   

10/27   

10/28 Ɽכ♠    

11/15    ⁿ  ה   

12/5 ⱴ☻♃כꜞⱩ   

Ⱪꜞה 12/24 ╡   

11/30  ⅝  β 

ה 12/15 ⅝  β 

12/28   

1/4   

  │  

2/6   

2/16 2   
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   │  

  ♩►▪ꜟכ꜡ 3/9

β ─ ⌐  

 

─≢╕♩►▪ꜟכ꜡⁸⌡╗⅔⅔  ꜟכꜙ☺◔☻│ ╡⅛⁸∕╣╟╡ ↄ ≢⅝√⁹

↓─ ≤⇔≡│⁸ ⅜ ≈─ ⌐⅛⅛╡⅝╡⌐⌂╢─≢│⌂ↄ⁸№╢ ╩⇔⌂⅜

╠ ─ ─ ╩ ∞≡≡╛╣≡™√↓≤⌐№╢≤ ℮⁹ ≢⁸∕╣∙╣─ ⌐

≈™≡╕≤╘╢⁹ 

 

 

 

⅛╠⁸10 ╕≢─ ⁹ ↓─ │ ─ ─ ╩ ╕ⅎ⁸

√⌂ ⌂≥╩ ╢≤≤╙⌐⁸ №╠√⌐ ⌐ ∆╢↓≤⌐⌂╢ ─

⌐ ≡╢ ≤↕╣≡™╢⁹ 

│ ≤ ≢∕╣∙╣ ─ 4m ╩ ∆╢↓≤⌐⌂∫

≡™√⅜⁸ │ ⅜ ⌐ ╠⌂⅛∫√↓≤⁸ ─ ≤™℮ ⅛╠

│ ─ │∕╣╒≥ ↄ⌂™↓≤⌂≥⅛╠⁸ │ ⌐ ╩

∆╢↓≤⌐⇔√⁹ 

─ ≢ ⇔√ ≤∕─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ☻♅꜠fiⱭכⱤכ → 

 

⅛╠ ╡ ╪≢™╢ ─ ╡ ⇔⌐≈™≡⁸№╕╡⌐╙⅔⅔ↄ─ ≤

≤ ╩ ∆╢↓≤⅛╠ √⌂ ╩ ╢√╘─ ╖≤⇔≡ ∫√⁹ 

 

꜠⸗fi ⱡ ⌐№╢ ≢ ⇔√☻♅꜠fiⱭכⱤ1כ ╩ⱪꜝfi◒

≤⇔≡ ⇔√⁹ │ 1.5mm─ⱪꜝfi◒ →≤╒╓ ≢⁸ ─ ─

╩ ⇔≡ ╡ →⁸ ≢╡─♅☻╛ⱪכ♥ ⇔╟℮≤⇔√⅜⁸ ⌐℮╕ↄ

⅜╠∏⁸ ⅜Ᵽ◐Ᵽ◐ ╣≡⇔╕™ │ ⌂ ⌐ ╦∫√⁹ 

ⱨ▼▪ꜞfi◓─ ⌐☻♅꜠fiⱭכⱤכ⅜ ↕╣≡™√ ⌐╙ⱨ▼

▪ꜞfi◓─ ⌐ ↕╣√ ↓≤⅛╠ ⅜ ↕╣√⅜⁸dae21(chord=889)─

╒≥─ ⌐│ ≢⅝⌂™↓≤⅜ ⅛∫√⁹√∞⇔⁸ ≢│ ☻♅꜠fiⱭכⱤכ

╩ ⇔≡™╢≤↓╤╙№╢⅛╠⁸ ─ ™⅛╪⌐╟∫≡│℮╕ↄ™ↄ─⅛╙⇔╣⌂

™⁹∕↓╕≢─ │⇔⌂⅛∫√⅜⁸ 

∟⌂╖⌐⁸☻♅꜠fiⱭכⱤכ─ │☻♃▬꜡ⱨ◊כⱶ─ ─ 3 ≢№╢─≢⁸

↕⅜ 1 ─☻♅꜠fiⱭכⱤכ≢│ 3mmⱪꜝfi◒≤╒≤╪≥ ⌐ │⌂™⁹╕√⁸

╙ ∫≡╖√ ∂≢│∕╣╒≥☻♃▬꜡≤ ℮≤™℮ ∂│⇔⌂⅛∫√⁹╝ⅎ⌐⁸ ⅜
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╙≤╙≤ ↕╣≡™≡ ╠⅛≢№╢≤™℮ ≤⁸☻ꜝ▬☻─ ⅜⌂™≤™℮ ⅛╠⁸

⌐│ ⱪꜝfi◒≤⇔≡─ │ ↄ│⌂™≤™℮ │ √⁹ ⅜ ☻♃▬

꜡⁸ ⅜ ☻♅꜠fiⱭכⱤכ≤⌂╢≤ √ ⌐ ⅜№╢⅛╙⇔╣⌂™⅜⁹ 

ᵒꜞⱩ ─  

 

─ ≢ ╙╘╪≥ↄ↕™ ≤⌂∫≡™√ꜞⱩ ─ ─√╘⌐ ↕╣

√⁹ 

 

 ∕╙∕╙⁸ ╕≢─ꜞⱩ │⁸ ─ꜞⱩ 2 ╩ 5 5 ╩┬╠ →√

╩ꜞⱩ⌐ ⅛╣√ ⌐ ╦∑╢↓≤≢Ⱨ♇♅ ⌐ꜞⱩ╩ ╦∑⁸ ∆╢ ≢ ╦∑√

⁸∕╣╠╩ ꜞⱩ≤⇔≡⁸ ≡─ꜞⱩ╩ ∆╢ ≢ ∫≡™√⁹∕─ │⁸ 

a. ─ ⌐ ⱨ□ꜟ╩ ≡≡ 2 ─ ⌐≢⅝╢∞↑ ╩⅛↑≡♃◖ ╩ ╡⁸ 

b. ꜞⱩ⌐ ™√ ≤ ⅜ ⌂╢╟℮⌐ ─ ╩ ∆╢⁹ 

c. ∆═⅝ꜞⱩ─ ≤ ─ ╩ ⇔⁸ 

d.ꜞⱩ─ ╩ ⇔≡ ∆╢⁹ ↓↓≢ ⅜ ↄ─≢⁸ ꜞⱩ≤ ─ ⅜∏╣

╢  

β ╡ ⇔ 

≤™℮ ≢ ⇔≡™√⁹a.⅜∕╙∕╙⇔∫⅛╡ ↕╣≡™⌂™ ⱨ□ꜟ⌐ↄↄ╡≈↑

√ ─ ╩ ∆╢≤™℮ ╩╣⧵⁸╡№≢כ◕ ↄ╡⅛ⅎ↕⌂↑╣┌⌂╠⌂™↓

≤⁸ ∆╢≤⅝⌐│╙℮ ⅜ ™≡⇔╕℮─≢⁸ │◌fi⌐ ╠⌂↑╣┌⌂╠⌂™↓

≤⌂≥─ ⅜№∫√⁹ 

 ∕↓≢⁸♃◖ ─ ╩ ╛╠⌂ↄ≡╙ ╗╟℮⌐⁸ ─╟℮⌂ ⁸OYK

ⱴ◦כfi ╩ ⇔√⁹ 

 

OYK ⱴ◦כfi╩ ⌐ ⌐ ⇔≡⇔╕℮↓≤≢⁸ ⅜ ↓℮⅜⁸ↄↄ╡≈↑√♃◖

╙ ⌐ ↄ√╘⁸ ꜞⱩ≤─ ⅜ ╦╠⌂™⁹↓╣⌐╟╡⁸ 2 ≈─ ╩

⌐ ∆╢ ╣╙─∞∫√⁹↓─ ⌐╟╡⁸ꜞⱩ │⅛⌂╡ ⌂ ⌐⌂╡⁸

│ ⌐ ↕╣√⁹ ╠⇔™⁹ 
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√∞⇔⁸ ⌐ ™╙─╩ↄ∫≈↑╢↓≤⌐⌂╢√╘⁸ ─ ╩⅝∟╪≤⇔⌂

™≤ ⌂↓≤⌐⌂╢ ╖ ↓≤╛⁸ ⌐↔ↄ╦∏⅛∏≈ OYKⱴ◦כfi⅜ ⇔

≡⇔╕™⁸ ≢ ⇔√╠ꜞⱩ⅜∏╣≡™╢ ╖ ↓≤⁸ ⌐⅔↑╢

⌂≥⁸ ⅜ ↄ⁸◖כ♪⅜ ↄ⌂∫≡ↄ╢≤ ≤ ╦∑≤╙⌐ ⌐⌂╢↓≤⌂≥⌐

⇔⌂↑╣┌⌂╠⌂™⁹ ─ ⌐ ⇔≡│⁸ ⌐ ↕™╛≈╩≈ↄ╣┌ ∆╢≤

╦╣╢⅜⁹ 

 

⁸ ה ⅝ Ɽ☻▪ꜞה ⌂≥⌐≈™≡│ ⌐ ═╢⁹ 

 

 ─ ⌂ │⁸↕⅝⌐ ═√╟℮⌐⁸ ─ ≢№╢⁹ ∕─

╙─⌐≈™≡│⁸ ╩ ⌡╢↓≤≢℮╕ↄ⌂∫≡™ↄ╙─⌂─≢ ⌐ │⌂™≤ ⅎ

╢⁹╙∟╤╪⁸ ─ ⌂ │ ∞⅜⁹ │⁸ ─ ≢

│∕╣╒≥ ⌐│⌂╠⌂™ ─ ─ ≢№╢≤ ℮⁹ │⁸ ⅜ ≢

№╢↓≤╙№╡⁸ ⌐ ⌐ↄ╢↓≤┼─Ɫכ♪ꜟ│ ™⁹∕⇔≡⁸ ↔

≤⌐ ≤⌂כ◘ │ ⌂╢─≢⁸≥℮⇔≡╙ ⌐ ⅜ ≡ↄ╢↓≤⌐⌂╢⁹

─ │⁸ ─ ⌐≈⌂⅜╡⁸ ≤⇔≡⁸ ─ ─ ≤⌂╢⁹

↔≤─ ─ ⅜ ⇔™≤⁸≥℮⇔≡╙ ─ ⌐ ╩⅝√∆↓≤⌐⌂╡⁸ ⅜

╘≠╠™⁹ │ ⅜ ⌂™√╘↓℮⇔√ │ ↓╡≠╠™⅜⁸ ⅜ ↄ⁸ ≈─

│ ⅛↑≡™≡╙≢⅝≡⇔╕℮ ⌐⅔™≡⁸↓─ │ ⅝╛∆™╟℮

⌐ ℮⁹ 

 │⁸∕℮⇔√ ⅜ ∂╢─│ ─⌂™╙─≤⇔≡⁸≤⌐⅛ↄ☻◔☺ꜙכꜟ

╡⌐ ╩ ╘╢↓≤╩ ↕∑√⁹∕─√╘⌐ ─ ≢ ─ ⌐ ⅜№

∫√ │ ╘⌂™⁹ ⌂ ─ ⌂≥ ⌐≈™≡│ ╩ ╘

≡╛╢─⅜ ≢⁸ │∕℮∆═⅝≢│№╢⅜⁸ ⅜₈ ╩ ╢₉↓≤⌐№

╢─≢│⌂ↄ⁸₈ ╩ ∫≡ ┌⇔⁸ ⌐ ╢₉↓≤⌐№╢⌂╠┌⁸ │ ╩

╩ꜟכꜙ☺◔☻╙≢≡⇔ ↕∑╢═⅝≤ ⇔√⁹ 

 ≥℮™∫√╛╡ ⅜ ⇔™─⅛⁸ │⌂™≤ ℮⅜⁸∕─ ─ ╩ ≈≈⁸

⌐ ∆═⅝≢№╢⁹ 

 

 

 

Ɽכ♠  

 

ᵑꜞⱩ♦ה♃כ  

ꜞⱩ♦⁸│♃כ │ ⅜ ⌐ ≢ ™√⁹♁ⱨ♩│ Jw_cad╩ ™√⁹

╩ ╘╢≤⅝⌐ ─ ⅜ ╦∫≡™⌂↑╣┌ ─ ⅜ ∂≡⇔╕℮─≢⁸
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∕℮⌂╠⌂™╟℮⌐ ⇔≡ ≠ↄ╡╩ ╘╢═⅝≢№╢⁹↓─ ⌐⁸ꜞⱩ ה

ꜞ▪☻Ɽ ─Ⱪꜞה ╖⌂≥⁸ ≤╟ↄ ⇔ ∫≡⅔ↄ═⅝ ⅜™ↄ≈⅛№╢⁹

⅛╠ ≤ ה ─ ╩ ↕╣√ ≢⁸ ─ ╩◦Ⱶꜙ꜠

⁸⇔♩כ ⌐ ⅜ ∂╢╟℮⌂ ≢⌂™⅛╟ↄ ∆╢ ⅜№╢⁹№≤⌐⌂∫≡

─ ╩ ⌂ↄ↕╣√╠™╤™╤≤╛╡ ╣⌂™⁹ 

╕√⁸ ╩ ↄ⌐│⁸ ─ ╩ ⅎ⁸∕╣⌐ ⌂ ╩ ™≡⅔ↄ≤™℮

⅜ ≢№╢⁹∕─√╘⁸≢⅝╣┌↓─ ≢⁸ ≢│⌂ↄ⁸≢⅝╣┌

⅜ ╩♅▼♇◒⇔⁸ ⌂ ╩ ⅝⅔≤⇔≡│™⌂™⅛⁸╕√ ⌐

│⌂™⅛╩ ∆╢─⅜ ╕⇔™⁹ 

│⁸ 2 ─ ─ⱪꜞfi♃╩ ⇔⁸A1◔fi♩ ⌐ ⇔√⁹

╩ ⅎ⌂↑╣┌⅔⅔╗⌡ ⌂™⅜⁸ ⌐ ⁹ 

 

ᵒ ╡ ⇔  

MDF ─ ⌐☻ⱪ꜠כ─╡≢ ╩ ⇔√◔fi♩ ╩ ╡⁸ ─↓≤╛∆╡≢ ─

⌐ ∆╢⁹ ≢ ╢ ─●▬♪≤⌂╡⁸ ╩ ↕⌂↑╣┌⌂╠⌂™─≢⁸ │≢

⅝╢∞↑ ╠⅛⌐⁸ ⌐ →╢⁹ ⌐ ╩ ╡⁸╛∆╢↓≤≢ ╠⅛↕⅜

∆⁹∕─ ⌐ ↄ ∫√▪ꜟⱵ♥כⱪ╩ 2 ⌡≡ ╡⁸⅛√™╙─≢⇔↔™≡ ╩

ⅎ╢⁹◔fi♩ ⅜│⅜╣⌂™╟℮⌐⁸ⱨ▫ꜟⱶ♥≢ ╩ ℮≤╟™ ≢ ↄ ≢⅝⁸

♥╙ ╡╛∆™⁹ 

╩ ↄ ⌐│⁸▪ꜟⱵ♥⌂≥─ ↕╙ ∆╢⁹╕√⁸ɫ0.5─ ╩ ⇔⁸≤

↑⇔╤│ 0.1mm≤⇔√⁹╕√⁸ ⌐ ∫≡╛∆╡╩⅛↑╢≤⅝⌐│ ─ ≢│⌂ↄ ─

╩ ≤⇔√╒℮⅜╛∆╢ ╩ ⇔╛∆™⁹ 

כⱤכ♥─ ⌐⅔™≡│⁸ ╩☻♃▬꜡─Ⱪ꜡♇◒⌐ ⇔≡ ≢│⌂ↄ⁸ ⌐

∏╠⇔≡ ╡∞∆ ⅜№╢⁹∕─ ─○ⱨ☿♇♩ ╩ ⌐№╠⅛∂╘ ™≡⅔ↄ↓≤

≢⁸ ╡ ⇔ ─ ⅜ ↑╢⁹ 

⌐ ∫≡ ╘⌐ ╩ ↑√ ≢№╢⁹╛∆╡│ ⅜≥℮⇔≡╙

≡⇔╕℮─≢⁸№╢ ⅜ ╪∞╠⁸╛∆╢ ≤∕╣ ─ ╩∆╢ ≢ ∆╢

≤ ⅜ ⅜╢⁹ 

≤⇔≡│⁸ ─ ⌐╙ ╩ ↕⌂↑╣┌ ╡ ⇔⅜≢⅝⌂™─∞⅜⁸ ─◔fi

♩ ─ ╩ ⌐ ∆ ⅜№╕╡ ↄ⌂⅛∫√↓≤⅜№→╠╣╢⁹↓─ ⅜ ⌐ ∑⌂

↑╣┌╝⅜╪∞ ⅜ ⅜∫≡⇔╕℮⅜⁸ ─ ╩ ⌐ ⅎ╢⌂≥─

╩⇔⌂↑╣┌⁸ ╩ ⌐ ⌐ ∆─│ ⇔™⁹ 

 

ᵓꜞⱩ  

 A1─◔fi♩ ⌐ ⇔⁸ ⌐ⱨ▫ꜟⱶ♥כⱪ╩ ∫≡⅛╠│↕╖≢ ╡ ⇔√⁹

│↕╖─ │⁸ ⅔╟┘ ⌐╟∫≡ ⅝ↄ∕─ ⅜ ╦╢ ≢№╢√╘⁸≢⅝
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╢ ∞↑⌐ ≡─ꜞⱩ ╩ ∑╢ ≤⌂∫√⁹ │ ⅛╠ ∏≈─ 2

⅜│↕╖╩ ⇔√⅜⁸ ⌐│╙∫≤ ⌐ ↕∑≡╙╟⅛∫√⅛╙⇔╣⌂™⁹

─ ╪ ≢⌂ↄ⁸ ╩ ∫≡ ╢↓≤⌐╟∫≡ ╡ ↕⅜ ∆⁹∕─√╘⌐⁸ꜞⱩ♦כ

♃│ 0.3mm─ ↕╩ ⇔≡ ⇔√⁹ 

 

ᵔⱴ☻♃כꜞⱩ  

 ⅛╠ ╕≢─ⱴ☻♃כꜞⱩ│⁸ ─ꜞⱩ ≤ ™ ∂ ⅛╠ 60 ─ꜞⱩ╩

╡∞∆↓≤⌐⌂╢⁹∕─√╘⁸ ≢┼√╠⌂™╟℮⌐ MDF≢ ╩ ⇔√⁹

│ ≤╒╓ ∂∞⅜⁸▪ꜟⱵ♥כⱪ│ ╠⌂™⁹ 

 │⅛⌂╡ ↄ≤⅜∫√ ⌐⌂╢─≢⁸ ⌐ ⅜ ≢№╢⁹ ⌐ ℮≤

⇔⁸ ╡ ⇔─≈⅛⌂™↓≤⌐⌂∫≡⇔╕℮ ╖ ⁹ 

 

ᵕꜞⱩ ╡ ⇔ 

 5mm─ ↕⌐☻ꜝ▬☻⇔√☻♃▬꜡⌐ꜞⱩ ╩ ╡≈↑⁸ ╩ ⌐│∫√ ╩

™≡ ╡ ∆⁹ ╡ ⇔│ ╣╣┌∞╣≢╙≢⅝╢╟℮⌐⌂╢⅜⁸ │ ≢№╢⁹

╡ ⇔√ ⁸ ⌐ ™≡№╢ ╩ꜞⱩ⌐ ∆⅜⁸↓╣⅜ ⌂ ╩ ∆╢─≢⁸

⌐╛╢ ⅜№╢⁹ │≤ↄ⌐⁸↓─ ─ ⅜ ↕╣╢ ⌐№∫√╟℮

⌐ ℮─≢⁸ ╩ ⇔√™⁹╕√⁸ ╡ ⇔√ꜞⱩ╙⅝∟╪≤ ⇔⌂™≤⁸

⌐ ⇔√╡⇔≡⇔╕℮⁹ 

 

ᵖ☻ꜝ▬☻ 

 ☻♃▬꜡Ⱪ꜡♇◒╩ ⌐ ╘⌐ ≡⅛↑⁸ ╩ ╠∑╢↓≤≢☻ꜝ▬☻∆╢⁹℮╕

ↄ ╡∞∑╢╟℮⌐⌂╢─⌐⅛⌂╡ ⅜ ⌂─≢⁸ │ ╠╣√ ⅛⇔⅛↓─

╩ ∫≡™⌂™⁹╕√⁸ ╩ ∫√ ╙⅛⌂╡ ™╙─≢⁸ √⌂ ─

╙ ╕╣╢⁹ ⌐⅛⌂╡ ∆╢ ⌂─≢⁸ ╡ ⇔√☻ꜝ▬☻─ ↕ │ ⌐⁹ 

 

ᵗⱩ꜡♇◒ ╡ ⇔ 

╡ ⇔ ─☻♃▬꜡Ⱪ꜡♇◒╩ ╡ ∆⁹ ⌐ │ꜞⱩ 2 ⌐ ⇔≡

≈─Ɽכ♠╩ ≡╢─≢⁸ꜞⱩ ⅜ 200mm⌂╠Ⱪ꜡♇◒─ │≤↑⇔╤╩ 2mm≤⇔≡

402mm≤∆╢⁹ ─Ⱪ꜡♇◒╩ ╡ ∆⅜⁸ ≡─ ⅜ ⌐ ≡™╢⅛─ ╩⇔

∫⅛╡≤∆╢↓≤⁹ ╡ ⇔⌐ ⇔√╠╛∆╡╩⅛↑≡ ╩ ∆↓≤╙№╢⅜⁸╛∆╡

≢ ╩ ∆ │ ₁⌐⇔≡ ≢№╢─≢⁸№╕╡⅔∆∆╘│≢⅝⌂™⁹ ≢│ ↄ

═⅝ ↕≢Ⱪ꜡♇◒╩ ∆╢─≢⁸Ⱪ꜡♇◒ ╡ ⇔│◖fi☻♃fi♩⌐╛∫≡⅔ↄ↓≤⁹ 

 

ᵘ  

 ─ ╩ ⌐ ╡ ∆⁹ᵒ─ ╩ᵗ─Ⱪ꜡♇◒─ ⌐ ╡ ↑⁸ ќ


























































































