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ꜟכ◒☻▬fi☻Ɫ◄▬◘כⱤכ☻  

 

│∂╘⌐ 

 

 

   

 

ꜟכ◒☻▬fi☻Ɫ◄▬◘כⱤכ☻─ │ ≤⇔≡

╟╡ ╩ ↑╕⇔√⁹ ⌐ ⇔≡ ─ ≢│ ─ ≤™℮↓≤╩ ™

№╢ ≢№╢≤ ↑ ╘╢≤ ⌐⁸↓─ ─ ⌐ ⅎ╢═ↄ ╩ →≡─ ≤⇔≡ ╩

╘╢ ╩ ─ ⌐ ⇔╕⇔√⁹ 

┼ ⇔╟℮≤™℮ │ ─ ─ ╣≢⇔√⁹ ⌐ ⅜ ╠─꜠ⱬꜟ

▪♇ⱪ≤™℮ ™ ╩ ∟⁸ ╩ ↄ ⇔√↓≤≢ ⅜ ⅝ ⇔√─≢∆⁹ 

⁸ ≢│⁸ ⌐ ╡⁸ ╩ ⌐ ה ⇔≡⅔╡╕∆⁹∕

─ ─ ≤ ─ ─ ⌐ ⇔√ ⅜↓─ ≢№╢≤ ⇔ ⇔╕⇔√⁹ 

─ │ ⱪכꜟ◓╡╟⌐ ⌐ ⇔≡⅔╡╕⇔√⅜⁸ ≢─ ─

╩ ™⁸ │⁸ ≥╙⅜ ─ ⌐ →≡™╢ ™ ≢─ ─ ה ה

ה ─ ╩ ∆╢⌐ ╙┤↕╦⇔™ ≢№╢≤ ↄ ∂≡⅔╡╕∆⁹ 

≢│ ─ ⌐₈ ╠ ┬ ₉ ⅛╠ ┬ ─ ⁸ ≢ ┬ ─ ⌐

← ╩ →≡⅔╡╕∆⅜⁸╕↕⌐ ─ ─ ≈₈ ⌐ ⇔ ∆╢ ─ ₉

⅜↓╣⌐№√╢≤ ⅎ≡⅔╡╕∆⁹ 

₈ ◘▬◄fi☻₉↓╣⅜ ─ ─ ─ ─ⱪכꜟ◓ ≢∆⁹ 

⌐ ⇔ ╩ ⇔√≤↓╤ ╩ ⅎ╢ ─ ⅜ ╕╡╕⇔√⁹ 

─ ╩ ⌐ ⌐ ≠™√ ─ ─ ⌐ ╡╕⇔√⁹

⅛╠─↔ ⌐╟╢ ─ ┼─ ⌂ ╩ ⇔√ ⁸ ה ⌐↓─

⌐ ╡ ╗ ⅜ ₁ ↄ⌂╢↓≤≤⌂╡╕⇔√⁹ 

 ⅜ ─ ≤∕─ ≤∆╢ ⌐ ╩ ⇔≡™╢↓≤ 

 ─ ⌂ ╩ ⌐∆╢↓≤ 

 ─ ⅛╠ ─ ╡ ╖┼≤ ⇔≡™ↄ↓≤ 

 ─ ╡ ⅜√⇔♩כ♃☻≡⇔≥╖ ─ │ ⁸ ╙ ⅝ↄ ↕╣ 

╩ ↑╢↓≤ 

ה  ≤─ ⅜ ⇔≡™ↄ↓≤ ─ ⁸ ⁸ ┼─ ה

⌂≥  

⇔⅛⇔⌂⅜╠⁸ │ ⅜⁸ ⌐ ╡ ╗↓≤⌐ ≢⁸╕∞╕∞ ↄ─ ╩ ⅎ

≡™╢─⅜ ≢∆⁹ │⁸ ─ ₁ ╛ ─↔ ╩ ⅝⌂⅜╠ ┼─ ╩

↕∑╢ ↄ─ ╩ ≤⌂╡ ⇔√™≤ ⅎ≡⅔╡╕∆⁹ 

│ ≤™℮ ╩ ⅛⇔ ≢ ╖ →≡⅝√ ≤∕─ ╩⁸ ─ ≢

№╢ ╕≢ ⅝ ™≢ ↄ↓≤⅜ ╕∆⁹ 

⌐ ⌐ ⇔√ ┼ ╡ ╗ ⁸ ⌂ ─ ╩ ↑√ ─ ⌐ ⅝ ⅝≤

╡ ╗ ─ ╩ ≡™╢≤⁸ ─ ⌂ ┼─ ╡ ╖≤ ⅜ ™⌐ ≢⅝╢

─≢│⌂™⅛≤ ⅎ≡⅔╡╕∆⁹ 

⌐⁸ ─ ⁸ ⌐ ─ ╩│∂╘⁸ ↄ─ ⁸ ⁸

⁸ ─ ─ ⌂╢↔ ↔ה ╩ ╘≡⅔ ™ ⇔ →╕∆⁹ 
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ꜟכ◒☻▬fi☻Ɫ◄▬◘כⱤכ☻  

 

ᵑ   

 ⌐ ⇔ ∆╢ ╩ ∆╢ ─ ⁹ 

 ⇔√ ╩ ≈ ╩ ∆╢√╘─ ⁹ 

ה  ⌐⅔™≡ ─ ╢ ╩ ∆╢ ─ ⁹ 

ה  ≤ ≤─ ⁹ 

╩ ∂√ ╩ ∆╢ ⁹ 

─ ⁹ 

ᵒ ─   

 ≢№╢ │⁸ 2 75 ╩ ⌂ ⌐⇔√₈ ◘▬◄fi☻₉⌐⅔™≡ ╩ ⌐

⇔√ ╩ ⇔⁸∕─ ≢ ☻◐ꜟ⁸ ☻◐ꜟ⁸ ⌂≥─ ╩ ⇔√⁹1 │ ⅜

╛ ⁸ ╩ ⅎ╢ ≢ ⇔⁸↓╣⅛╠─ ─ ╩ ⅎ√⁹ ⅜ ⌐ ™√≤↓╤≢⁸

─ ─ ⌐ ╡ ⅛╢√╘⁸ ⁸ ⁸ ⁸ ⁸ ⌂≥╩ ╖

⌐ ⇔≡ ╩ →⁸ ⁸ ⌐ ∆╢ ≠↑─ ╩ ∫√⁹∕─ ⁸ ─ ⇔√ ⌐

╡ ╪∞⁹∕─ ⌐ ╩ ╡ ╖⁸ ⌐ ⅝ ☻◐ꜟ▪♇ⱪ⌐ ╡ ╪∞⁹ ◘

▬◄fi☻─ ╡ ╖⌐╟╡ ─ ⅜ ↕╣√─≢⁸ ⌐ ⇔ ─ ╩

≢ ⇔√⁹╕√ ─ ⌐╟╡ A─ ≢ ─ ╩ ╖√⁹ 

╡ ╖ ≤─ ─ ╡ ╖╩ ∆╢⁹ 

ᵓ   

  ╩ ≤∆╢⁹ 

  ⌐ 2 75 ╩ ⌐ ⱪ꜡◓ꜝⱶ₈ ◘▬◄fi☻₉ ∆╢⁹ 

ᵔ   

ủ  

1   

(▪)  ╩ ≤⇔√ ─ ⱪ꜡◓ꜝⱶ₈ ◘▬◄fi☻₉─⌂⅛≢⁸ ה

ה ☻◐ꜟ╩ ⌐≈↑↕∑⁸ ╩ ≡╢⁹ 

(▬)  ─ ╩ ⇔⁸ ─ ┼─ ╩⅛⅝√≡╢≤≤╙⌐╦⅛╡╛∆™

╩ ∆╢⁹ 

(►)  ⌐ ╡ ╗⁹ 

(◄)  ⌐ ╡ ╗⁹ 

(○)  ⌐ ╡ ╗⁹ 

(◌)  ╩ ℮⁹ 

(◐)  ○ꜞfiⱧ♇◒ ⌐ ╡ ╗⁹ 

(◒)  ◒ꜝⱩ ─ ╩ ∆╢⁹ 

2   

(▪)  1 ⌐ ≢№∫√₈ ◘▬◄fi☻₉╩ 2 ☻כ◖ ≤⇔≡⁸

╩ ≤⇔√ⱪ꜡◓ꜝⱶ╩ ∆╢⁹ 

(▬)  ◒ │ 1 ⌐ ∂ 

3   

▪ ◒ │ 2 ⌐ ∂⁹ 

◐ ≤─ ⁸  

4  3 ╕≢─ ╩ ╕ⅎ ⌂╢ ╩ ╖╢⁹ 

5  4 ╕≢─ ╩ ╕ⅎ ─ ╩ ∆⁹ 

 

ủ ─ ─ ─ ∆═⅝  

⌂⇔ 

 

ủ 21 ─ ─  
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─ ╡ ⁸ 1 ⁸ 2 ⁸ 3 ⁸ 22 ╟╡ 6 ⌐⌂╢√╘

⅜ ⌐╟╡ ╦╡╕∆⁹  

 

ủ ⌂  

(▪) ה  ◒ⱪꜝfiה ה ⅛╠─ ה ─   ה

      ◓ꜝⱶ  ◦ⱨ♫ⱶה

◘▬◄fi☻ ⌐ ⁹ ⁸ ⁸ ≡─ ⌐⅔™≡∕─ ⌐

⌂ ╩ ∆↓≤≢⁸ ⁸◓ꜝⱨ ♃כ♦⁸ ⁸ ⁸ ⁸⸗♦ꜟ

⌂≥╩ ה ⇔√⁹ 

─√┘⌐꜠ⱳכ♩ ≤ ╩ ≈↑ ☻◐ꜟ╩ ⌐≈↑╢⁹ ⌐

╩ ⇔≡ ⌐ ╣╢ ╩ ∫√⁹ 

(▬)   

◘▬◄fi☻ ⌐ ⁹ ╖ ─ ╪∞ ⌐ ╡ ╖ ╩∆╢⁹

╛ ─▪♪Ᵽ▬☻╩ ╢↓≤⅜≢⅝╢⅜⁸▪♪Ᵽ▬☻│ ╩╕≤╘╢√╘─

⌐≤≥╘⁸ ─꜠ⱬꜟ≢ ⅜ ≢⅝⁸ ≢ ≢⅝╢ ╩ ┌∑√⁹ ┘

╩∑∏ ─ ⌐ ∫√ ⅜ ─ ≢№╢⁹ 

(►) ה  ה ה ⱨ▫ה♪ꜟכ ה  

◘▬◄fi☻ ≤ 3 ⌐ ⁹ ◘▬◄fi☻ ⌐│ ▬ ≢

╦╣╢ ⌐ ↑≡─ ⇔─⅝∫⅛↑╩ ∆╢↓≤╩ ≤⇔√⁹╕√ ⅜

2 ⌐ ↕╣╢√╘⌐⁸ ─ ⌐╙⌂╢╟℮⁸ⱪ꜡◓ꜝⱶ⇔√⁹ 3

⌐│ ≤ ≢─ ╩ ╦∑√ⱪ꜡◓ꜝⱶ╩ ⇔≡⁸ 3 ꜠ⱬꜟ─

╩ ⇔√⁹ 

(◄) ה   

◘▬◄fi☻ ⌐ ⁹ ≤─ ⌐ ╡ ╪∞⁹ │ ≢≥─╟℮⌂

╡ ╖⅜ ╦╣≡™╢─⅛╩ ∆╢ ≢ ⇔√⁹ 

(○)   

◘▬◄fi☻ ⌐ ⁹ ▬ ≢ ╦╣╢ ⌐ ↑≡─ ⇔─⅝∫⅛↑

╩ ∆╢↓≤╩ ≤⇔√⁹ 

(◌) ה   

◘▬◄fi☻ ⌐ ⁹ ─ ⌐ ╣╢ ⌐╟╡ ⌂

≤ ╦╣╢ ╩ ≢ ⇔ ∆╢↓≤╩ ≤⇔√⁹ 

(◐) ה  

◘▬◄fi☻ ⌐ ⁹ ─ ⅜≥─╟℮⌐ ╦╣╢─⅛╩⁸ ⌂

╩ ≢ ╡ ╗↓≤⌐╟╡ ╪∞⁹╕√⁸ ≢│ ה ─ ≤ ─ ⅜™⅛

⌐≈⌂⅜∫≡™∫√⅛╩ ╙ ╕ⅎ ╡ ╪∞⁹ 

(◒)◘▬◄fi☻♄▬▪꜡◓ 

◘▬◄fi☻ ⌐ ⁹ ⌐ ∆╢ ╩ ─╖╩ ⇔≡ ∆╢↓≤≢

⌐ ╣╢↓≤╩ ≤⇔√⁹ 

(◔) ─  

3 ⌐ ⇔√⁹ ─ ─ ≢│ ⌂ ⌐ ∆╢

╩ ╩ ⇔ ⇔√⁹ ⌐ ⇔≡™≡╙ ⌂ ⌐ ™ ⅜ ™─⅜

─ ∞⅜⁸ ⌐ ⇔≡ ⌐ ╩ ╘↕∑╢↓≤⌐ ⇔√⁹ 

(◖) ○ꜞfiⱧ♇◒  

1 ⁸ ⌐ ∫√⁹2 ♥☻♩ ╩ ↑ ה ה

ה ה ה ─ ─ ╩ ⌐ ∫√⁹61 ─ ⅜ ⌐ ╡ ╪

≢™╢⁹ 

(◘) з ─ ╡ ╖  

2 ⌐ ∫√⁹ ◘▬◄fi☻─ ╡ ╖⌐╟╡ ╠╣√ ╩ 2

⌐ ⇔√⁹ ─ ⌐ ╡ ╕∑╢↓≤≢ ─ ≤⁸ ≢─

┼─ ≤⇔√⁹ 
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(◦) ─ ╡ ╖ 

1 ╩ ⌐ ─☻fi☿כ☺כ▬⁹√∫ ╩ ╡⁸ ⅛╠─ ─

≤∆╢↓≤⌐⇔√⁹ 

(☻) ┼─  

╖ ─ ╩ ⌐ ╩ ≤⇔≡ ↑╢↓≤╩ ╘√⁹40

─ ⌂ ⅜ ⇔≡™╢⁹ 

(☿)   

⅜ ╩ ∆╢↓≤≢ ─ ╡ ╖╩ ╪∞⁹ 

(♁)  

₈ ₉≤ⱡכ♩ꜟ♄ⱶ ₈ ╕╣  ⌐╟╢

₉⌐ ⇔√⁹ 

ᵕ ─ ≤   

ủ ⌐╟╢ ≤∕─  

≢№╢ │⁸ 75 ╩ ⌐ ⇔≡⅝√⁹ ⌐ ⌐ ≤⇔≡ ╡ ╗

↓≤│⁸ ─↓╣╕≢─ ╡ ╖⌐│⌂⅛∫√ ─ ╖≢№╢⁹ 

⌐⅔↑╢ ─ ╩ ∂≡⁸ ☻◐ꜟ⁸ ☻◐ꜟ╩ ↕∑╢ ╡ ╖╩⇔≡⅝√⅜⁸

╙⌂ↄ ╩ ∂≡ ⌐ ⌐ ╡ ╗ ⅜ ╠╣√⁹ ╩ ∆╢↔≤⌐ ▪fi◔כ

♩╩ ⇔≡∕─ ╩≈⅛╪∞⅜⁸ ⌂≥⌐≈™≡│ 90 ─ ⅜ ⇔√≤™℮ ╩

∫≡™╢⁹╕√⁸ ⌐≈™≡╙ 95 ─ ⅜≥─╟℮⌂↓≤⅜ ↓∫≡™╢⅛ ⇔ↄ ╠ⅎ╢↓

≤⌐ ⇔≡™╢⁹╕√⁸85 ─ ⅜ ⅜ ⇔√≤№╡⁸ⱪ꜡◓ꜝⱶ⅜℮╕ↄ ⇔√≤ ╦╣

╢⁹ ⁸ ╛ ╩ ≢⅝√⅛≤™∫√ ™⌐│⁸50 ↄ─ ⅜ ╩ ⅎ≡⅔╡⁸ ╠╣

√ ≢─ ─ ⇔↕⅜ ⅝ ╡⌐⌂∫√⁹⇔⅛⇔↓─↓≤│⁸ ⌐≤╠ⅎ╢↓≤╙≢⅝⁸ ⌐ ╡

╗№╕╡ ⅜ ╡⌂ↄ ∂╢≤ ℮↓≤≢№╡⁸ ─ ╩ ⅝ↄ ⇔√ ≢№╢≤ ⅎ╠╣

╢⁹ ⌐≈™≡│ 95 ─ ⅜ ─ ─ ⌐⌂∫√≤ ⇔≡™╢⁹≈╕╡⁸ ∆╢↓

≤⅜ ⌐ ↑≡─ ⅝⌂ ⌐⌂╢↓≤⅜ ↕╣√⁹╕√ 71 ─ ⅜ ─⸗♅ⱬכ◦ꜛ

fi▪♇ⱪ⌐≈⌂⅜∫√≤⇔≡™╢⁹ ─ⱪכꜟ◓ ⅝ ╡⅜≢⅝≡™⌂™⁸ ≢ ∆╢↓≤⅜

⌐≈⌂⅜∫≡™⌂™⌂≥─ ⅜ ↄ ╠╣√⁹ ⌐ ⌐ ╦╣√◘▬◄fi☻♄▬▪꜡◓≢╙⁸

⅝ ╡⌐≈™≡ ⅜№╡⁸ ╩╟ↄ ≢⅝⌂™ ⅜ ⇔√⁹⇔⅛⇔⁸88 ─ ⅜ ⅜№╣┌╕

√ ─ ╩ ⅝√™≤ ⇔≡™√─≢⁸ ≢⅝⌂ↄ≤╙ ⅝⌂ ⌐⌂∫≡™√≤ ╦╣

╢⁹ 

ה ה ⌐≈™≡│⁸ ≤⇔≡╟ↄ ↕╣⁸⌂⌐╟╡ ─ ─ ⅝⌂

⌐⌂∫√↓≤⅜▪fi◔כ♩⌐╟╡ ↕╣√⁹╒╓ ≡─ ⅜ 80 100 ─ ╩ ≡™╢⁹ 

≢│ ≢─ ╩ ⇔≡™⌂⅛∫√⅜⁸ ≢ ≈⁸╕

√⁸ ◖fi♥☻♩≢│ ─ ◖fi♥☻♩≢ ╩≤╢⌂≥⁸ ⅜ ╣√⁹ 

─ ⌐≈™≡│⁸ ⇔™ ╩ ╘╢─≢│⌂ↄ⁸ ─ ≤™℮꜠ⱬꜟ≢ ⇔≡™

╢⁹ ⅜ ≢⅝╢ ⌐│⌂∫√─≢⁸ ╩ ≢↓⌂∆≤™℮ ⌐ ™≡ ⇔≡™╢≤

⇔≡™╢⁹ 

─ ◘▬◄fi☻─ ╩ ⌐⁸ ─ ≢ ─ ⌐ ╡ ╗ ╖╩ ╘

√⁹╕√ ╖ ╩ ⌐ ⁸ ⌐╙ ─ ╩ ⅎ√≤↓╤⁸ ╩

ⅎ╢ ⅜ ╣√⁹↓╣╠╟╡⁸ ─ ⅜ ⌐ ⅝™↓≤⅜ ↕╣√⁹╕√⁸

─ ○ꜞfiⱧ♇◒ ╙ 60 ╩ ⅎ╢ ⅜≢≡⁸ ╩⇔≡™╢⁹ │╕∞ ≡™⌂™

⅜⁸ ╕≢─ ≤™℮ ≤ↄ╠═╢≤ ─ ≤™℮ ≢ ⅝ↄ ⅜ ⅜∫√≤ ⅎ

╠╣╢⁹ 

ủ ─ ≤ ─  

⌐ ⇔≡⅝√₈ ◘▬◄fi☻₉╩ ⌐⇔⁸200 ─ ⌐ ╩↕

∑╢⁹ │ ⌐ ↄ╕≢ ↕∑╢ ⅜ ╡⌂™─⅜ ≢№∫√⁹ ⌐ ─ ─

⌐≈™≡│⁸ ╕≢─ ⁸ ─ ⌂≥ ⌐ ⅜⅛⅛∫≡⇔╕∫√─≢⁸∕╣

╠─ ╩ ≢◖fi♩꜡⁹™⌂╠⌂┌╣↑⌂⇔ꜟכ 

│ ∞↑⌐ ∑≡⅔ↄ≤ ∆╢─≢⁸ ⌐ ⌐℮╕ↄ ∆╢ ⅜№╢⅜ ─
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╙ ≢№╢⁹ 

╕√⁸ ⌂≥ ≤─ ⌐ √∫≡│⁸꜠ⱳכ♩ ה ╩ ╪∞ ≢ ⅛╩

⌐ ╢ ≢─ⱪ꜡◓ꜝⱶ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 ╕√⁸ ╩ ╪∞ ─ ╙ ⌂ ≢№╡⁸ ה ─ ◌ꜞ◐ꜙꜝⱶ─ ≢

⇔≡™⅛⌡┌⌂╠⌂™⁹ 

 ○ꜞfiⱧ♇◒ ≢│ ─ │≢⅝√─≢⁸ ╢№≢☺כ♥☻─ ⅜ ─

≢№╢⁹ ╛◖fi♥☻♩≢│↕╠⌂╢ ─ ╩ ™√™⁹ 

 ─ ⌂≥│ ╘√┌⅛╡≢⁸ ⅜ ≡™⌂™⅜⁸ ∆╢↓≤≢ ╩ ⇔≡™⅝√™⁹ 
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ꜟכ◒☻▬fi☻Ɫ◄▬◘כⱤכ☻ ─ ≤  

 

ᵑ ─ ♃כ♦╢⌂≥  ╩ ₈ᵔ ₉⌐ ∆╢↓≤  

≢№╢ │⁸ 75 ╩ ⌐ ⇔≡⅝√⁹ ⌐ ⌐ ≤⇔≡ ╡ ╗

↓≤│⁸ ─↓╣╕≢─ ╡ ╖⌐│⌂⅛∫√ ─ ╖≢№╢⁹ ⌐⅔↑╢ ─ ╩ ∂≡⁸

☻◐ꜟ⁸ ☻◐ꜟ╩ ↕∑╢ ╡ ╖╩⇔≡⅝√╦↑∞⅜⁸ ╙⌂ↄ ╩ ∂≡ ⌐

⌐ ╡ ╗ ⅜ ╠╣√⁹ ╩ ∆╢↔≤⌐ ▪fi◔כ♩╩ ⇔≡∕─ ╩≈⅛╪∞

⅜⁸ ⌂≥⌐≈™≡│ 90 ─ ⅜ ⇔√≤™℮ ╩ ∫≡™╢⁹╕√⁸ ⌐≈™≡╙

95 ─ ⅜≥─╟℮⌂↓≤⅜ ↓∫≡™╢⅛ ⇔ↄ ╠ⅎ╢↓≤⌐ ⇔≡™╢⁹╕√⁸85 ─

⌐ ⅜ ⇔√≤№╡⁸ⱪ꜡◓ꜝⱶ⅜℮╕ↄ ⇔√≤ ╦╣╢⁹ ⁸ ╛ ╩ ≢⅝

√⅛≤™∫√ ™⌐│⁸50 ↄ─ ⅜ ╩ ⅎ≡⅔╡⁸ ╠╣√ ≢─ ─ ⇔↕⅜ ⅝ ╡⌐

⌂∫√⁹⇔⅛⇔↓─↓≤│⁸ ⌐≤╠ⅎ╢↓≤╙≢⅝≡⁸ ⌐ ╡ ╗√╘⌐ ⅜ ╡⌂ↄ ∂╢≤

℮↓≤≢№╡⁸ ─ ╩ ⅝ↄ ⇔√ ≢№╢≤ ⅎ╠╣╢⁹ ⌐≈™≡│ 95 ─

⅜ ─ ─ ⌐⌂∫√≤⇔≡™╢⁹≈╕╡⁸ ∆╢↓≤⅜ ⌐ ↑≡─ ⅝⌂ ⌐⌂╢

↓≤⅜ ↕╣√⁹╕√ 71 ─ ⅜ ─⸗♅ⱬכ◦ꜛfi▪♇ⱪ⌐≈⌂⅜∫√≤⇔≡™╢⁹

─ⱪכꜟ◓ ⅝ ╡⅜≢⅝≡™⌂™⁸ ≢ ∆╢↓≤⅜ ⌐≈⌂⅜∫≡™⌂™⌂≥─ ⅜

ↄ √╣√⁹ ⌐ ⌐ ╦╣√◘▬◄fi☻♄▬▪꜡◓≢╙⁸ ⅝ ╡⌐≈™≡ ⅜№╡⁸ ╩╟ↄ

≢⅝⌂™ ⅜ ⇔√⁹⇔⅛⇔⁸88 ─ ⅜ ⅜№╣┌╕√ ─ ╩ ⅝√™≤ ⇔≡™

√─≢⁸ ≢⅝⌂ↄ≤╙ ⅝⌂ ⌐⌂∫≡™√≤ ╦╣╢⁹ 

ה ה ⌐≈™≡│⁸ ≤⇔≡╟ↄ ↕╣⁸⌂⌐╟╡ ─ ─ ⅝⌂

⌐⌂∫√↓≤⅜▪fi◔כ♩⌐╟╡ ↕╣√⁹╒╓ ≡─ ⅜ 80 100 ─ ╩ ≡™╢⁹ 

⌐≈™≡│ ≈─ ╩ ⇔√⁹℮∟ ≈─ ⅜ ╩ ℮╙─≢№∫√⁹

≈│ ╙№╦∑√ ⌐⌂∫≡™╢⁹ ≤╙⌐▪fi◔כ♩ │╟™⅜⁸ ╩ ∫√ⱪ꜡

◓ꜝⱶ⌐ ⇔≡│ ⌐ ™ ⅜ ╠╣√⁹ 

⌐≈™≡│ ≈─ ≢ ⇔√⁹⅔⅔╗⌡ ≢№∫√⅜⁸ ⅜ ⅛∫√ ≤⇔≡⁸

─◦☻♥ⱶ≤ ─◦☻♥ⱶ⅜ ℮√╘⌐ ⅜ ⌂⅛∫√↓≤⅜ →╠╣╢⁹ ⌐≈™≡

│↕╠⌂╢ ⅜ ≢№╢⁹ 

⌐≈™≡│⁸ ─ ⌐≈™≡ ╩ ╗↓≤⅜≢⅝≡ ─ ╙ ⅛∫√⁹

─ ╩ ⇔√ ≢ ─ ≤ ∫≡⅔╡⁸ ─ ⌐⌂╢⁹ 

≢│ ≢─ ╩ ⇔≡™⌂⅛∫√⅜⁸ ≢ ≈⁸╕

√⁸ ◖fi♥☻♩≢│ ─ ◖fi♥☻♩≢ ╩≤╢⌂≥⁸ ⅜ ╣√⁹ 

─ ⌐≈™≡│⁸ ⇔™ ╩ ╘╢─≢│⌂ↄ⁸ ─ ꜠ⱬꜟ≢ ⇔≡™╢⁹

⅜ ≢⅝╢ ⌐│⌂∫√─≢⁸ ╩ ≢↓⌂∆≤™℮ ⌐ ™≡ ⇔≡™╢≤ ⇔

≡™╢⁹ 

─ ◘▬◄fi☻─ ╩ ⌐⁸ ─ ≢ ─ ⌐ ╡ ╗ ╖╩ ╘

√⁹╕√ ╖ ╩ ⌐ ⁸ ⌐╙ ─ ╩ ⅎ√≤↓╤⁸ ╩

ⅎ╢ ⅜ ╣√⁹↓╣╠╟╡⁸ ─ ⅜ ⌐ ⅝™↓≤⅜ ↕╣√⁹╕√⁸

─ ○ꜞfiⱧ♇◒ ╙ 60 ╩ ⅎ╢ ⅜≢≡⁸ ╩⇔≡™╢⁹ │╕∞ ≡™⌂™

⅜⁸ ╕≢─ ≤™℮ ≤ↄ╠═╢≤ ─ ≤™℮ ≢ ⅝ↄ ⅜ ⅜∫√≤ ⅎ

╠╣╢⁹ 
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ᵒ ─ ♃כ♦╢⌂≥  ╩ ₈ᵔ ₉⌐ ∆╢↓≤  

⌐ ⇔≡⅝√₈ ◘▬◄fi☻₉╩ ⌐⇔⁸200 ─ ⌐ ╩↕

∑╢⁹ │ ⌐ ↄ╕≢ ↕∑╢ ⅜ ╡⌂™─⅜ ≢№∫√⁹ ⌐ ─ ─

⌐≈™≡│⁸ ╕≢─ ⁸ ─ ⌂≥ ⌐ ⅜⅛⅛∫≡⇔╕∫√─≢⁸∕╣╠─

╩ ≢◖fi♩꜡⁹™⌂╠⌂┌╣↑⌂⇔ꜟכ 

─ ™ ─ ╩⅛⅝ ≡╢ⱪ꜡◓ꜝⱶ─ ╙ │ ⌐⌂╢⁹ 

│ ∞↑⌐ ∑≡⅔ↄ≤ ∆╢─≢⁸ ⌐ ⌐℮╕ↄ ∆╢ ⅜№╢⅜ ─

╙ ≢№╢⁹ 

╕√⁸ ⌂≥ ≤─ ⌐ √∫≡│⁸꜠ⱳכ♩ ה ╩ ╪∞ ≢ ⅛╩

⌐ ╢ ≢─ⱪ꜡◓ꜝⱶ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 ╕√⁸ ╩ ╪∞ ─ ╙ ⌂ ≢№╡⁸ ה ─ ◌ꜞ◐ꜙꜝⱶ─ ≢

⇔≡™⅛⌡┌⌂╠⌂™⁹ 

 ○ꜞfiⱧ♇◒ ≢│ ─ ≢⅝√─≢⁸ ⅜ ─ ≢№╢⁹ 

╛◖fi♥☻♩≢│↕╠⌂╢ ─ ╩ ™√™⁹ 

 ─ ⌂≥│ ╘√┌⅛╡≢ ⅜ ≡™⌂™⅜⁸ ∆╢↓≤≢ ╩ ⇔≡™⅝√™⁹ 

◘▬◄fi☻♄▬▪꜡◓≢│ ─ ⅜ ≢№╢⁹ 

│ ≤ ╙⇔ↄ│ ─ ≤ ⅜ ⅛╣≡™≡│ ⅜ ™─≢⁸ ─

⅜ ≢№╢⁹ 

─ ╩┤╕ⅎ√ ┼─ ╡ ╖⅜ ≢№╢⁹ 
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1. ─  
 

≢ ⇔√ │ ─╙─≢№╢⁹ 

⌐ ⇔ ∆╢ ╩ ∆╢ ─ ⁹ 

   ⇔√ ╩ ≈ ╩ ∆╢√╘─ ⁹ 

ה    ⌐⅔™≡ ─ ╢ ╩ ∆╢ ─ ⁹ 

ה    ≤ ≤─ ⁹ 

╩ ∂√ ╩ ∆╢ ⁹ 

─ ⁹ 

─℮∟ ─ ≢№╢ ≤─ ╩ ⅝⁸ ≢ⱴכ♥─ ╩ ╘√⁹ 

 

ה  ◒ⱪꜝfiה ה ⅛╠─ ה ─ ה  ◦ⱨ♫ⱶה

◘▬◄fi☻ ⌐ ⁹ ⁸ ⁸ ≡─ ⌐≈™≡∕─ ⌐

⌂ ╩ ∆↓≤≢⁸ ⁸◓ꜝⱨ ♃כ♦⁸ ⁸ ⁸ ⁸⸗♦ꜟ

⌂≥╩ ה ⇔√⁹ 

─√┘⌐꜠ⱳכ♩ ≤ ╩ ≈↑ ☻◐ꜟ╩ ⌐≈↑√⁹ ⌐

╩ ⇔≡ ⌐ ╣╢ ╩ ∫√⁹ ─ ⅜ ⅜∫√⁹ 

  

◘▬◄fi☻ ⌐ ⁹ ╖ ─ ╪∞ ⌐ ╡ ╖ ╩∆╢⁹

╛ ─▪♪Ᵽ▬☻╩ ╢↓≤⅜≢⅝╢⅜⁸ ╩╕≤╘╢√╘─ ⌐≤

≥╘⁸ ⅜ ≢ ≢⅝⁸ ≢ ≢⅝╢ ╩ ┌∑√⁹ ┘╩∑∏ ─ ⌐ ∫

√ ⅜ ─ ≢№╢⁹ 

ה  ה ה ⱨ▫ה♪ꜟכ ה  

◘▬◄fi☻ ≤ 3 ⌐ ⁹ ◘▬◄fi☻ ⌐│ ▬ ≢ ╦

╣╢ ⌐ ↑≡─ ⇔─⅝∫⅛↑╩ ∆╢↓≤╩ ≤⇔√⁹╕√ ⅜

2 ⌐ ↕╣╢√╘⌐⁸ ─ ⌐╙⌂╢╟℮⁸ⱪ꜡◓ꜝⱶ⇔√⁹ 3

⌐│ ≤ ≢─ ╩ ╦∑√ⱪ꜡◓ꜝⱶ╩ ⇔≡⁸ 3 ꜠ⱬꜟ─

╩ ⇔√⁹ ⌐│ ⌐ ⌐ ∫√ ⌐⌂∫√⁹ 

ה   

◘▬◄fi☻ ⌐ ⁹ ≤─ ⌐ ╡ ╪∞⁹ │ ≢≥─╟℮

⌂ ╡ ╖⅜ ╦╣≡™╢─⅛╩ ∆╢ ≢ ⇔√⁹ 

  

◘▬◄fi☻ ⌐ ⁹ ▬ ≢ ╦╣╢ ⌐ ↑≡─ ⇔─⅝∫⅛

↑╩ ∆╢↓≤╩ ≤⇔√⁹ ⌐│ ⌐ ⌐ ∫√ ⌐⌂∫√⁹ 

ה   

◘▬◄fi☻ ⌐ ⁹ ─ ⌐ ╣╢ ⌐╟╡ ⌂

≤ ╦╣╢ ╩ ≢ ⇔ ∆╢↓≤╩ ≤⇔√⁹ 

 ↓↓≢─ ╩ ─ ⌐╦√╡ ∆╢ ─ ⌂≥⁸ ⅜ ⅜∫√⁹ 

ה  

◘▬◄fi☻ ⌐ ⁹ ─ ⅜≥─╟℮⌐ ╦╣╢─⅛ ⌂

╩ ≢ ╡ ╗↓≤≢ ╪∞⁹╕√⁸ ≢│ ה ─ ≤ ─ ⅜™⅛⌐≈⌂

⅜∫≡™∫√⅛╩ ╙ ╕ⅎ ╡ ╪∞⁹ ─ │ ─ ╩ ⅝ ⇔⁸

╙ ╩ ┬ ⅜≢╢⌂≥⁸ ⅜ ⅜∫√⁹ 

◘▬◄fi☻♄▬▪꜡◓  

◘▬◄fi☻ ⌐ ⁹ ⌐ ∆╢ ╩ ─╖╩ ⇔≡ ∆╢↓≤≢

⌐ ╣╢↓≤╩ ≤⇔√⁹ ⌐ ∆╢ ™ ⌐⌂∫√⁹ 

─   

3 ⌐ ⇔√⁹ ─ ─ ≢│ ⌂ ⌐ ∆╢
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╩ ╩ ⇔ ⇔√⁹ ⌐ ⇔≡™≡╙ ⌂ ⌐ ™ ⅜ ™

─⅜ ─ ∞⅜⁸ ⌐ ⇔≡ ⌐ ╩ ╘↕∑╢↓≤⌐ ⇔√⁹ 

○ꜞfiⱧ♇◒  

1 ⁸ ⌐ ∫√⁹2 ♥☻♩ ╩ ↑ ה ה

ה ה ה ─ ─ ╩ ⌐ ∫√⁹61 ─ ⅜ ⌐ ╡

╪≢™╢⁹ ⌐ ⇔√⁹ 

з ─ ╡ ╖ 

2 ⌐ ∫√⁹ ◘▬◄fi☻─ ╡ ╖⌐╟╡ ╠╣√ ╩ 2

⌐ ⇔√⁹ ─ ⌐ ╡ ╕∑╢↓≤≢ ─ ≤⁸ ≢─

┼─ ≤⇔√⁹ ⌐ ⌐ ⅝⌂ ╩╙√╠⇔√⁹ 

─ ╡ ╖ 

1 ⌐ ─☻fi☿כ☺כ▬⁹√∫ ╩ ╡⁸PC ─ ╩ ⇔ ⅛

╠─ ─ ≤∆╢↓≤⌐⇔√⁹ 

┼─  

╖ ─ ╩ ⌐ ╩ ≤⇔≡ ↑╢↓≤╩ ╘√⁹

40 ─ ⌂ ⅜ ⇔≡™╢⁹ 

 

⅜ ╩ ∆╢↓≤≢ ─ ╡ ╖╩ ╪∞⁹ 

 

₈ ₉≤ⱡכ♩ꜟ♄ⱶ ₈ ∞↑─ ₉ ⌐ ⇔

√⁹ ╩ ≈╙╠℮↓≤⅜≢⅝√⁹ 

─√╘─  

─√╘─ ⌂ ─  

 

2. ─  
 

ה  ◒ⱪꜝfiה ה ⅛╠─ ה ─ ה  ◦ⱨ♫ⱶה

─℮∟⌐ ⇔√ 75 ╩ ⌐ ⇔√⁹ 

│ ─ ≈⌐ ⅛╣⁸↕╠⌐ │ ≈⁸ ה │ ≈─ ⌐ ⅛╣ ⁹

│ ⅜ ⌐⌂╢╟℮⌐ ↑√⁹ ⁸ ─ │ ≢ ⁹ ⅜ ∆╢↔≤⌐

╩ ↑√⁹ 

4 14  ●▬♄fi☻ 

⁸ ⁸ ─ ⱪכꜟ◓⁸ ↑

⁸ ─ ⱪכꜟ◓⁸

↑│ ⌐ ∑╢⁸  

  

4 21 ⱪכꜟ◓   ≢ⱪכꜟ◓√⇔↑    

4 28      

5 12   ╩ ⁸ⱳ☻♃כ☿♇◦ꜛfi   

5 19      

       

6 2      

6 9   ╩ ⁸ⱳ☻♃כ☿♇◦ꜛfi   

6 16      
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6 23     

6 30   ╩ ⁸ ∟ ╦∑  

       

7 10    
 

 

7 16   ⌐╟╢ ⁸  
or  

 

 

  

╖ ⌐ ╩ ≠↑√⅜⁸ ─ │ ╕╠⌂™─≢⁸ ─ ╒≥╩ ∫≡ ⇔⌐≈™

≡─ ╩ ↑√⁹╕√⁸SSH ≢ ⇔√ ─ ╡ ™ ⌂≥─ ╩ ∫√⁹ 

9 1    

9 8    

9 15     

9 26     

9 29     

10 6   ◘▬◄fi☻♄▬▪꜡◓⁸ ™ↄ≈⅛─◓ꜟכⱪ│ ∟ ╦∑ 

10 13    

10 27    

11 10     

11 17     

11 24 ─ⱪכꜟ◓ 1  ⅜  

11 27 ─ⱪכꜟ◓ 2  ╡ ⅜  

12 1     

1 12     

1 19     

1 26    

2 2     

2 9    

 

2 23     

 

3 18   ⌐ ⇔√ ⁹ ⌂≥⁹ 

3 26  
 

─ ⁸ ⁸ ─ ⁹ 
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ה  ה ה ⱨ▫ה♪ꜟכ ה  

╖ ╩ ™≡ ⇔√⁹ ה ≢─ ⌐ ⇔≡│ ⌐ ≢ ╩

↕∑≡⅛╠ ⌐ ╪∞⁹ 

│ ─╙─≢№╡⁸ ≢ ∆╢╙─≢№╢⁹ 

   

7/9 
 

ה  

 6-6  

7/14 

10:00 17:00 

─ ─  

─ ⌂ ╩ ╘ ⌐╟╡∕╣╩ ⅛╘╢⁹ 

7/23 

13:00 15:00 

 

 

─ ⁹ 

≢ ╩ ╢  

7/24 

15:00 18:00 

 

 

 

─ ╣╩ ∆╢  

◐ꜗfiⱤ☻ 

ᵑ ╛  ᵒ ≢  

ᵓ ─ ╛ ─ⱳ☻♃כ ≢─  

ᵔ ─ ╘ ─▪♪Ᵽ▬☻╛  

7/27⁸7/30 

13:00 17:00 

 

 

ⱨ▫כꜟ♪ ☿fi♃כ( ─ ◐ꜗfiⱤ☻)⌐≡

ה ╩ ℮ 

⅛╠─ ─  

7/30⁸7/31 

13:30 17:00 

 

 

⁸  

─  

─ ╠⅛♃כ♦ ╠╣╢ ─  

8/3 

10:00 14:00 

 

 

╩  

☿fi♃כ┼ ⅛╠╖╢  

 

ה   

╖ ╩ ™≡ ⇔√⁹ │ ─╙─≢№╡⁸ ≢ ∆╢╙─≢№╢⁹ 

   

8/20 

13:00 17:00 

 

 

⅛╠ ↕╣╢ ─ ☿fi♃כ ╩כ♃fi☿ꜟכ◖⌐┘ ⇔

√ ⁸ ─ ⁸Ɽ♁◖fi ─ ⌂≥╩ ⁹ 

8/5 

13:15 16:00 
 

─ ⅔╟┘ ─ ┘⌐⁸ ╟

╡ ⌐╟╢₈ ─ ₉ ─ ⁹ 

 

  

╖ ─ ╩ ™≡ ⇔√⁹ │ ─╙─≢№╡⁸ ≢ ∆╢╙─≢№╢⁹ 

   

8/24 

14:00 16:30 
 

ᵑ ─  

ᵒ ─ ≤⌂╢ ─  

ᵓ ─ ╘ ╛▪♪Ᵽ▬☻⌂≥ 

 

ה   

   

8/5 8/7  ─ ─ ⁸Ⱪ♫ ⁸ⱴ♃◑─⅔ ╩ ↄ 

12/19   ≢─꜠◐─ ╩ ═╢ 

 

ה  

   

7/14 

8:50 12:40 
 

₈ꜝ▬ⱨꜟ ─ ⌐≤╙⌂℮ ─ ₉ 

ꜝ▬ⱨꜟ ─ ⌐╟╢ ─ ≤∕─ ⌐≈™≡─  

≤ꜝ▬ⱨꜟ ─ ─ ≤  

─꜡☻⁸ ─ ⁸☺ꜗ▬꜡ ⌐≈™≡  

7/21 

8:50 12:40 
 

Ⱪ꜡♇◒─ ⅝ ╘Ɽ☼ꜟ╛⁸64 ─ ╩ ─ ⌐ ⇔ ⅎ╢≤ │

⇔ ╩ ⅎ╢≤ ℮ ─Ⱪꜝⱨⱴכ─ ─ ╩ ╩ ⇔ ⇔⌂⅜

╠ ─ ╩ ∆╢ ╩ ╗⁹ 
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◘▬◄fi☻♄▬▪꜡◓  

  

7/19 

15:40  

ⱱכꜟ 

─ ♩כ▪≥ ה ה  

The science and art of cultured neurons: learning, memory, and creativity.  

Douglas Bakkum  

7/19⌐ ≢ ═╩⇔√ │⁸ⱷ⁹√╘≤≥⌐╡≥╡╛─≢ꜟכ 

 

─   

─ ⌐№╦∑≡⁸ ─ ™√ ╩ ∫≡⁸ ╩ ∫√⁹

│∆≢⌐ ≢ ╣╠╣≡™╢╙─≢№╢⁹ 

  

11/18 11/19 

13:00 17:00 

 

Ⱶꜞ◌fi─  

─  

♫♩ꜞ►ⱶ─ ╩ ∆╢  

 

ⱱכꜟ  

◖fi♦fi◘כ─≈⌂⅞ ⅎ≤  

 

○ꜞfiⱧ♇◒  

─ │ ○ꜞfiⱧ♇◒─ ╙⇔ↄ│⁸ ╩ ⌐ ∫√⅜⁸ ╡─ ≢№╡⁸

╙⌂⅛∫√⁹∕↓≢ │ ○ꜞfiⱧ♇◒ ⌐ ↑≡─Ɑכ☻ⱷכ◌כ⌐⌂╢↓≤

╩ ™⁸ ⌐ ─ ╩ ↄ↓≤≢ ╩ ⇔≡ ╩ ⇔√⁹ ⅜ ↄ⁸ ⅜ ↕╣

╢─│ ≢№╢≤ ╦╣╢⁹ 

11 10   

11 17   

11 24   

11 27   

12 1   

1 12   

1 19   

1 26   

2 2   

2 9   

 

з ─ ╡ ╖ 

⅜ ⌐ ⌐⌂╢─≢⁸↓╣╕≢⌐ ╡ ╪∞ ╩↕╠⌐ ⌐ ╡ ╪≢╖

╢↓≤⌐⇔√⁹ ≢ ⌐ ╡ ╖ │ ─ ⌐ ∫√⁹ 

 

─ ╡ ╖ 

─ ◘▬◄fi☻ ╩ ⌐ ☻fi☿כ☺כ▬⌐☻ꜝ◒ ╩ ╖√⁹ 

⅛╠⁸ ≡≢ ⁹ 
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┼─  

─ ╟╡⁸ ≤⇔≡ ─ │ⱴ⁸╙⇔ↄכ♥™ ™☻◐ꜟ╩ ⇔√ ⌐

╩ ╘√⁹ ⌐⁸ ╙ ™ ─ ⌐ ╩⇔√⁹ 

 

11 10   

11 17   

11 24   

11 27   

12 1   

1 12   

1 19   

1 26   

2 2   

2 9   

 

 

⅜ ╩ ∆╢↓≤≢ ─ ╡ ╖╩ ╪∞⁹ 

 

 

  

9/26    

10/31 
ⱡכ♩ꜟ♄ⱶ   

₈ ╕╣  ⌐╟╢ ₉ 

 

─√╘─  

╩ ∂≡ ⇔√ ≢ ╩⇔√⁹ 
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3. ─  

3-1  

 

    

⅜ ⌂ ☻◐ꜟ╩ ⅎ╢ ╩∆╢↓≤≢⁸ ⌐ ╡ ╗√╘─ ╩☻ⱶכ☻⌐ ⅎ╢

≤ ⅎ√⁹╕√ ─ ╩ ⅎ╢↓≤≢⁸ ⌐ ≠↑╕√⁸ ⅜ ∆╢≤ ⅎ√⁹ 

 

↔≤─ ⅜ ⌐ ↕╣╢⁹ 

─ ⌐╟╢ ⁹꜠ⱳכ♩ ⌐╟╢ ⁹ ─ ⌐╟╢ ⁹ 

   

↔≤─ ⅜ ⌐ ↕╣╢⁹ 

⌐ⱳ☻♃כ ╩ ⇔√⁹ 

꜠ⱳכ♩ ╩ ∫√⁹ 

й ─ ⌐≈™≡│ ⅜╕∏ ╩ ⇔⁸ ╩ ≤∆╢ ⌐ ⇔≡╙╠℮⁸≤™

℮ ╩ ╡ ⇔√⁹ 

⌐╟╢ⱳ☻♃כ ╩ ∫√⁹ 

╕≤╘─ ╩ ∫√⁹ 

   

↔≤─ ⅜ ⌐ ↕╣╢⁹ 

☻◐ꜟ⌐≈™≡│ ⌐ ⇔√╟℮∞⅜⁸ ≢ ⅎ≡™ↄ↓≤⌐ ⇔≡│ ╖ ─ ≤⌂∫√⁹ 

ⱳ☻♃כ ⌐≈™≡│꜠ⱳכ♩╩ ∆╢↓≤≢ ∆╢↓≤⌐⇔√⅜⁸ ╩ ℮↔≤⌐ ─ ⌐

⇔√ⱪ꜠♀fi♥כ◦ꜛfi╩ ∆╢ ⅜ ↄ⌂∫≡™∫√⁹│∂╘│ ⅛∫√ ╙≥℮∆╣┌╦⅛╡╛∆

ↄ⌂╢⅛╩ ∆╢╟℮⌐⌂╡⁸ │ ⇔≡⅝√⁹ ⅜ ╕∫≡™∫√─╩ ∂╢⁹ 

⌐≈™≡│⁸ ─꜠ⱳכ♩│╒≤╪≥ ⅝ ⇔≤™∫√ ≢№∫√⁹╕√ ⌐⅔™≡│ ⱪכꜟ◓

─ ╩ ⅝ ╣⌂™ ⅜ ⇔⁸ ⌐╟╢◖Ⱶꜙ♬◔כ◦ꜛfi≤≤╙⌐ ≢─ⱪ꜠♀fi♥כ◦ꜛfi╙

∆╢ ╩ ∂√⁹ 

≤⇔≡│ ⌐ ╡ ╪∞ │↓╣╕≢ ↄ⌂⅛∫√⅜⁸ ─ ↄ⌂™ ≢─ ╛⁸

⌂ ┼─ ⌂≥⁸ ╩╖│╢ ≢№∫√⁹▪fi◔כ♩ ╙ ⌐ ≢№╡⁸ ⌐

≢⅝∕℮∞⁹ 

 

 

 

3-1-1  

  

   

⌂ ╩כ♃כ♦⁸⌐≥╙╩ ╘╢⁹Ⱶ◒꜡⌂ ≤ⱴ◒꜡⌂ ─≈⌂⅜╡╩ ∆╢⁹ 

⸗♦ꜟ╩√≡≡ ╩ ∆╢⁹⌂≥╩ ↕∑⁸ ─ ─ ≤↕∑╢⁹ 

   

 

  ⱦ⁸☼כ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸◌ⱷꜝ 

 ╩ ↕∑ ─ ⅜ ⌐⌂∫≡™╢↓≤╩ ≈↑↕∑╢⁹ 

 ≥─╟℮⌐ ↕∑╢⅛⁸≥─╟℮⌐ ╩ ╢⅛╩ ⅎ↕∑⁸ ⇔⁸ ╩ ╡ ⅎ

↕∑√⁹ 

╕√⁸ ─ ╩ ≢ ↕∑⁸ ╡ ⅝─☻ꜝ▬♪◓ꜝ☻─ ™ ⌂≥╩

⇔√⁹ 
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 ─╖ 

 ╕∏⁸ ⅜ ∞∫╠≥℮⅛╩ ⅎ↕∑√⁹ 

 ⌐ ─ ≤ ─ ╩ ↕∑√⁹ 

╩ꜟ♦⸗ⱴ♩fi♩כ○⁸⌐  ⌐ ⇔≡ ≢ꜟכꜟ⌂ ─ ⅜ 

≢⅝╢ ╩╒─╘⅛∆⁹ ╩ ⅎ√╠≥℮⌂╢⅛⁸ꜟ ╩ꜟכ ⅎ√╠≥℮⌂

╢⅛╩ ⅎ↕∑√⁹ 

ꜟכꜟ─ⱴ♩fi♩כ○   

(1) ≈─ ⇔√ ─ ↕─ │ ╩ ⅎ≡│⌂╠⌂™⁹ 

(2) ≤─ ↕─ ⅜ ╩ ⅎ√≤⅝│⁸ ≈─☿ꜟ⅛ ⌐ ∆╢⁹ 

j.♦ꜙꜝfi ─   

 

 

 

─  

 ╩↕∑⌂⅜╠ ⌐ ⅛╘↕∑╢↓≤╩ ╡ ↕∑√⁹ ─ ≤⇔ ≈⌐⇔≡╙ ⅜ ≢№╡⁸

⌐╟∫≡│ ↕╩ ⅎ√╡⁸ ─ ╩ →√╡ ╩ ╠⇔≡™√⁹ 

─ꜟ♦⸗ⱴ♩fi♩כ○  ⌐│ ∫√╟℮≢№╢⁹ ⌂⸗♦ꜟ≢ ⅛╘╢─⌐ ╒≥⅛⅛╡⁸

╩ ↕∑╢↓≤│ ≡─ ≢ ─ꜟכꜟ⁸⅜√⅝≢ ╕≢ │ⱪכꜟ◓√⇔ ⌂⅛∫√⁹ 

   

 ─ ╩ꜟ♦⸗ⱴ♩fi♩כ○≥ ╦∑≡ ╩ ⅎ↕∑╢─⅜ ─ ∞∫√⁹ ─ ╩ꜟכꜟ≥ ─

─ ⌐ ℮╟℮⌐ ╩ ⱪ╙№∫√⁹כꜟ◓√╘ ╛ ≤─ ⌂≥│ ⇔⌂⅛∫√⅜⁸

╖ ─ ⱪ꜡◓ꜝⱶ≢⁸ ─ ≤ ⇔√ │⁸ ≢─ ─ ⌐╟╡⁸

≤ ─ ⌂≥─ ╙ ╘√⁹ 

 ⌐≢⅝╢ ≢№╡⁸ ↕│⌂™⅜⁸ ╩כ♃כ♦⌐ ╖ →╢↓≤⁸ ≢⅝╢∞↑─ ╩

╢⌐│ ⅜⅛⅛╢↓≤⁸ ≢ꜟכꜟ╛ ⅜ ↄ ╦∫≡⇔╕℮↓≤⌂≥╩ ┌∑╢ ™ ∞∫

√≤ ℮⁹ 

 ₈ ₉≢ ╩♩כⱪ─꜠ⱳכꜟ◓√∫≥╩ ⇔╕∆⁹ 
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3-1-2 ╡ ─  

  

   

⌂ ╩כ♃כ♦⁸⌐≥╙╩ ╘╢⁹ ╩∆╢⁹ ─◓ꜝⱨ╩ ℮↓≤≢ ╩ ∆╢⁹

╩ ∫√ ⌂≥╩ ┬⁹⌂≥╩ ↕∑⁸ ─ ─ ∆╢⁹ 

   

 

  √↓ ⁸20g≤ 30g─⅔╙╡⁸☻♩♇ⱪ►◊♇♅⁸ ⁸ ◓ꜝⱨ 

  ╡ ─ ╩ ╦∑⁸ ⌐ ∫≡™╢ ⅜ ╡ ∫≡™╢↓≤╩ ⅛╘ 

↕∑√⁹↓─≤⅝ ╩≥↓╢≥╩כ♃כ♦─ ⇔⁸ ∆╢ ⌂≥╩ ⅎ↕∑√⁹ 

⌐ ⌐ ⇔√ ⌐ ╡ ╩ ↕≤ ─ ℮ ╡ ╩ ╡ ↑⁸ ╩ ⅛╘↕∑√⁹

⁸⅔╙╡─ ⁸∕─ ╩ ╡⌐ ⅛╘↕∑√⁹ ⅜ ╦∫≡™ↄ ╩

↕∑⁸∕─ ╩ ≤⇔≡ ⇔√⁹↓─ ≢ │ ₁⌂Ᵽꜞכ◦ꜛfi╩ ⇔

╘√⁹ 

 

 

  √↓ ⁸20g≤ 30g─⅔╙╡⁸☻♩♇ⱪ►◊♇♅⁸▪◒ꜞꜟⱤ▬ⱪ⁸  

 ⁸▪ꜟⱵ ⁸ ⁸ ◓ꜝⱨ 

 fi⅜№╢⁹ꜛ◦כ◄ꜞⱪ⌐╟╡™ↄ≈⅛─Ᵽכꜟ◓│╠⅛↓↓  

ᵑ ⇔≡№╢ ⌐ ╡ ╩ ╡ ↑╢ ≤ ─ ╩ ═╢⁹ 

ᵒ ─ ╦╡⌐▪◒ꜞꜟⱤ▬ⱪ╩ ∆╢↓≤≢ ⌐ ╩ ↓∑╢↓≤╩ ⅎ√ ⁸

─ ╩ ₁⌂ ⌐≈™≡ ↕∑≡⁸◓ꜝⱨ ⇔ ↕∑√⁹ 

(▪) A⁸B─⅔╙╡─ ╩ ⅎ╢⁹ 

(▬) C─ ↕╩ ⅎ╢⁹ 

(►) D ─ ⌐ ╩ ╣╢↓≤≢ ╩ ⅎ╢⁹ 

(◄) E ─ ↕╩ ⅎ╢⁹ 

(○) AB ─ ╩ ⅎ╢⁹ 

(◌) ─ ╩ ⌐ ⅎ⁸∕─ ⌐ ╩ ⇔≡ ─ ╩ ∆╢⁹ 

BA

C

D

E

 

─  

 ⅜ ≢─ ⁸⇔⅛╙ ─ ╙™╢√╘⁸ ─ ╩ ∆╢↓≤╟╡⁸∆≢

⌐ ╠╣≡™╢ ─
g

l
T p2= ╩ ⅛╘↕∑╢ ≢─ ≤⇔√⁹ ╡ ─ ↕╩ ⅎ√≤⅝─

─ │├∫√╡ ≡ↄ╢─≢⁸↓↓≢ ─ ╩ ↄ ╠ⅎ╢↓≤⅜≢⅝√⁹ 
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╩ ╢ │™⌂⅛∫√─≢⁸ ─ ⌐ ─ ≤ ─ ⅜ ∆╢≤

⅜ ↓╡╛∆ↄ⌂╢↓≤ ╩ ≤⇔≡ ⇔⁸∕╣ ⅛╘≡╖╟℮≤ ∫√≤↓╤ ⌐≈⅛

╖⅜ ⅛∫√⁹ 

⌐ ╩ ⅛╘╢≤ ⌐ ╩ ∟⁸ │ ∫≡⅔™≡╙ ─ ↕╩ ⅎ√╡⁸ ╩ ⅎ√

╡⁸ ╣ ╩ ⅎ√╡≤ ⌐ ╩ ╘√⁹ ─ ╩⇔∫⅛╡ ⇔≡⅔↑┌⁸ ─

⌐ ∑≡╙ ⌂╟℮≢№╢⁹ 

כ♃כ♦─≡™≈⌐ ≢│ ≤ ─ ⌐≈™≡ ⅎ↕∑√⅜⁸ ─ ⌐ ╣≡⅔╠∏

↕∑╢─⌐│ ╩ ∫√⁹⇔⅛⇔ ╩ ∫√ ─ ⌐│ ╕≢ ⇔≡ ⇔≡⅝√╙─╙™

√⁹ 

─ ─ │⁸ ─ ╡ ╩≈⌂→√ ⌐ ╩ ⇔√ ⅜ ↄ⁸ ⅜ⱪכꜟ◓─ ╩ ™

⅛↑√⅜⁸ ≢ ≢⅝∏⌐ ⇔√⁹ 

⌐ │⌐ⱪכꜟ◓╢№─ ─ ⌂ ╩ ╖≤ ⌐ ⇔√⁹ 

 ̧ ╡ ⅜ ≤™╦╣╢ ≢⁸ xx 2w-=## ≤™℮ ≢ ↕╣╢↓≤⁹ 

 ̧ ─ ⅜ ( )dw+= tCx sin ≢ ∑╠╣╢↓≤⁹ 

 ̧ ─ ⅜ tAxx ww ¡+-= sin2## ≢№╢↓≤⁹ ⌐ ╢≤ ≢╣↓│☻כ◔─ ≢⅝∕

℮⌂↓≤⁹ 

 ̧ ⌂ ≢ ─ ╩ ⅝⁸
ý
ü
û

í
ì
ë

¡+
¡

-
¡-

= tt
A

x ww
w

w

ww
sinsin

22
⅜ ╠╣╢↓≤⁹ ─

≢ ⅜ ∆╢↓≤│╒╓ ↕╣√⁹ 

 ̧ ─ ⌐ www D+¡= ╩ ⇔≡Ⱥɮќ ⌐∆╢≤⁸
22 2

sin
cos

2 ww

w
w

w ¡
º
ý
ü
û

í
ì
ë

¡

¡
+¡-

¡
=

Att
tt

A
x ⅜ ╠

╣ ⌐╟╢ ╩ ≢⅝╢⅜⁸↓╣│ ─ ⌐│┤↕╦⇔ↄ⌂™─≢ ⇔√⁹ 

 ╩ ⇔√ ╡ ⌐╟╢ │⁸ ⌐℮⌂╡≢№╡⁸ ─ │ 

( )
l

g

Tl

mga

3
321 +-=w  ≤ ( )

l

g

Tl

mga

3
321 --=¡w ≤⌂╢ ─♪כ⸗─≈ ⌡ ╦∑⌐⌂╢⁹ T

│ ∫≡⅔╙╡─ ⅜№╢╦↑∞⅜⁸╙≤╟╡↓─ ─ ⌐│ ─ ⅜ ⌐⌂╢⁹↓

─ │ ⌐│ ⅎ∏⁸m,l ─ ╩◓ꜝⱨ⌐ ⅛∑ ⅛╘↕∑╢↓≤⌐⇔√⁹ 

 

a a
a

l l

mm

 

╕√⁸ ⌐│₈ ─ ₉╩ ⌐ ⇔≡ ⌂ ╩ ∑╢╟℮⌐ ⇔√⁹ 

   

─ ≢№╢ ☻◐ꜟ─ │℮╕ↄ ↕╣√≤ ╦╣╢⁹╕√⁸ ⇔ ↄ↕╣√

─≤↓╤≢╙⁸ ─Ɽꜝⱷכ♃כ╩ ∆╢↓≤≢ ─ ≤⇔≡┤↕╦⇔™ ⌐ ⅎ╠

╣╢↓≤⅜╦⅛∫√⁹ 

─ ╩ ╢⌐⁸ ─ ─ ─ ≢│↕⇔≡⅔╙⇔╤ↄ⌂↕∕℮≢№∫√⅜⁸₈↓↓⅛

╠│ ⅎ⅜⌂™⁸ ─ ≢№╢₉≤ ∆╢╛ ─ ⅜ ╦╡⁸ ₁⌂♩ꜝ▬╩ ╘√⁹ │

≤⇔⁸∕╣⌐ ⅎ╢√╘⁸╒≤╪≥─◓ꜟכⱪ⅜↕╠⌐ ╩ ╖ ─≤↓╤ ⅛↑

 ⱪ⅜╒≤╪≥≢│⌂⅛∫√╤℮⅛⁹כꜟ◓√
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│ ╩ ╦∑╢↓≤⅜ ≢№∫√─≢⁸№╢ ⅜ ╢╟℮⌐ ≡─ ╩ ⅎ≡⅔™√

⅜⁸ ⅜ ╗⌐≈╣≡ ─ ╛ ⅜ ╠╣√⁹ ⌐ ╩ ─ ⌐ ⅎ≡ ⇔√ │⁸ ⌂

⅜ ↓∫≡™╢─≢│⌂™↓≤─ ⌐⁸ ╩ ∫√ ⌐ ⅜≈™≡™╢ ╡ ─

g

l

mM

M
¶

+
p2 ⌐ ⇔≡™╢↓≤⁸ ╡ ≤─ ⌂≥⌐ ╖ ╪≢ ≢⅝╢╟℮⌐⌂∫√⁹ 

─ ⌐ ≢ ∂ ╩╛╠∑╢ │⁸ ╩ ℮↔≤⌐ ↕∑╢╟℮⌂ ⅜ ≢№╢↓≤⅜

╦⅛∫√⁹ 

≤⇔≡ ─꜠ⱳכ♩╩ ⇔╕∆⁹↓─ │ ╩ ⅎ⌂⅜╠ ₈

₉⌐≡ ⁸ ₈ ─ ₉≢ ╩ ⇔╕⇔√⁹ 

 

 

3-1-3 ⱪꜝfi◒  

  

   

⌐⅔™≡ ─ ≈≢№╢ⱪꜝfi◒ ╩ ╩♪כ○▬♄ ™≡ ∆╢⁹↓─ ╩ ⇔

≡⁸ ⌂ ─ ╡ ─♃כ♦⁸ ⁸ ⁸ ≤™℮ ─ ╩ ∆╢⁹ 

   

 

⁸♪כ○▬♄      ⌂ ⁸ ⁸♦☺♃ꜟⱴꜟ♅♥☻♃⁸כ 

 

     ⌂─≢⁸ ≤ ⁸ ≤ ─ ≢№╢ⱪꜝfi◒ │╕∞ ⇔≡™⌂

™⁹∕↓≢ ─ ≤⇔≡ ⌂ ╩ ∆╢≤↓╤⅛╠ ╘√⁹ ⁸

─◄Ⱡꜟ◑כ─  

                 uhE=   

       ─ ⌐≈™≡─  

                 
u

l
c
=   

─♪כ○▬♄        ╖≤ ⌐⅔™≡ ╠⅛♪כ○▬♄ ≡ↄ╢ ─◄Ⱡꜟ◑כ─

 

               0eVhE ==u   

─ ⌐≈™≡ ⌂ ╩ ∫√ ⌐⁸ ╩ ⇔√⁹ 

       ╕∏ ╘⌐ ╩ ╡⁸ ⌐♪כ○▬♄ ╦╢ ╩ ₁⌐ ↕∑⁸╦∏⅛⌐ ⇔ ╘

╢≤⅝─ 0V ╩ ╘╢ ╩ ∫√⁹ ⁸ ⁸ ─ ─ ≡™≈⌐♪כ○▬♄

↕∑⁸◄Ⱡꜟ◑כ≤ ─ ─ ╩◓ꜝⱨ ⌐ ⅛∑≡⁸∕↓⅛╠ⱪꜝfi◒ ╩ ╘

↕∑√⁹ 

 

               

 

                    

 

A 

V  
V 
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⁸♪כ○▬♄      ⌂ ⁸ ⁸♦☺♃ꜟⱴꜟ♅♥☻♃⁸כ 

       ⁸ ◓ꜝⱨ 

─♪כ○▬♄      ה ╩ ╘↕∑╢ ╩ ℮⁹ 

↓─≤⅝ ◓ꜝⱨ╙ ™≡◓ꜝⱨ╟╡ 0V ╩ ╘⁸ ╘≡◄Ⱡꜟ◑כ≤ ─ ─

╩◓ꜝⱨ ⌐ ⅛∑≡⁸∕↓⅛╠ⱪꜝfi◒ ╩ ╘↕∑√⁹ ⌐⁸ ♪כ○▬♄

╩♦☺♃ꜟⱴꜟ♅♥☻♃כ⌐ ≈⌂⅞⁸ ╩ ↕∑⁸ ⅜ ∆╢↓≤╩ ⇔∕

─ ╩ ↕∑√⁹ 

 

─  

≢№╢√╘⁸ⱪꜝfi◒ ⌐≈™≡╕∞ ⇔≡™⌂™⁹∕↓≢ ⌂╠┘⌐ ♅ꜗ꜠fi☺

≢ ↕╣√ ╩╙≤⌐ ⁸ ─◄Ⱡꜟ◑כ─  

                 uhE=   

─ ⌐≈™≡─  

                 
u

l
c
=   

─♪כ○▬♄ ╖≤ ⌐⅔™≡ ╠⅛♪כ○▬♄ ≡ↄ╢ ─◄Ⱡꜟ◑כ─  

               0eVhE ==u   

─ ⌐≈™≡ ⌂ ╩ ∫√ ⌐⁸ ╩ ⇔√⁹ 

⅜♪כ○▬♄ ⇔ ╘╢ ╩ ≢ ╠ⅎ⁸∕─≤⅝─ ╩ ∆╢ ╩ ∫√⁹↓─ ≢ ╠

╣√ⱪꜝfi◒ │ ─ ⅝™ ─╖∞∫√─≢⁸ ─♪כ○▬♄ ה ╩ ╘╢ ╩

↕∑√⁹↓─ ≢│ ↄ─◓ꜟכⱪ⅜♄▬○כ♪─ ⌐≈™≡╟ↄ ≢⅝√╟℮≢№╢⁹↓─≤⅝

◓ꜝⱨ╩ ╩♃כ♦≡⇔ ╩♃כ♦⁸⇔⌐ ↕∑√⁹∕─ ∆╢≤↓╤╙ ⇔ↄ ⅎ╢↓≤⅜≢

⅝√╟℮≢№╢⁹⇔⅛⇔∕─ ≢ⱪꜝfi◒ ╩ ╘╢≤⌂╢≤╛│╡ ⅜ ⅛∫√╟℮≢⁸℮╕ↄ ╩

╙ⱪכꜟ◓™⌂∑ ╠╣√⁹ 

⌐♪כ○▬♄╩  ≈⌂™≢ ╩ ⇔√ │⅛⌂╡ ╩ ⇔√⁹ ╩♪כ○▬♄─

⇔≡ ╩ ⇔⁸∕─ ™⌐≈™≡ ─ ≤ ═√↓≤⌐ ≠™√ ╩ ═≡™√⁹ 

 ⌐∕╣╒≥ ╩⅛↑≡™⌂™ ⌐│⁸ │∕╣⌂╡⌐ ⇔⌂⅜╠ ╩ ╘≡™√─≢⁸≥

─ ⌐ ⇔≡╙∕╣╒≥ ╩ ∆ │ ⅛∫√⁹ 

   

⌂ ─ ╡ ─♃כ♦⁸ ⁸ ⁸ ≤™℮ ─ ╩ ⌐ ↑╢↓≤│≢⅝

√≤ ╦╣╢⁹√∞⁸ ⌐ ╙ ↄ ⌂─≢ └≤≈Ⱨfi≤↓⌂™ ╙ ⅛∫√─⅜ ≢№

╢⁹⇔⅛⇔ ⌐│⁸⅝∟╪≤ ⅛∫≡↓⌂∑╢↓≤⅜≢⅝╣┌ ™≤™∫√ ╙ ⅛╣√⁹∕─╟℮

⌂ │╙∫≤ ╩⇔≡⁸↕╠⌐ ╩ →≡╖√™≤ ═≡™√⁹⇔√⅜∫≡⁸ ─ ╕√│

─ ⌐╟∫≡ ─ ⌂ ┼≤ ⅎ╢↓≤⅜ ≢№╢ ∞≤ ⅛∫√⁹ ⌂ ♪כ○▬♄

╩ ™√ ⌂ ≢№╢─≢ ─ ⅛╠ ╘╢─╙╟⅛∫√⅛╙⇔╣⌂™⁹⌂−⌂╠∕╣⌐

╟∫≡ ─ ╖ ╡╛ ─ ╩ ≢⅝╢≤ ╦╣√⅛╠≢№╢⁹ 

 

 

3-1-4 ⅛╠─  

  

   

⌂ ≢№╢ⱷ꜡fi◦꜡♇ⱪ⅛╠ ╩ ∆╢⁹ ─ ─ ≤⇔≡│⁸4

─ ╩ ⌐ ⇔⁸2 ≢ ⁸ ╡─ 2 ≢ ─ ─ ╩ ℮⁹ ⌂ כ♦╛

♃ ⌂≥│ ⌐ ─ ─ ≢ ™⁸ ≢│⁸ ─ ╩ ∫≡™ↄ ≢ ⌂⁸ ⁸

⌂≥─ ⌂ ─ ≤⁸◒꜡ⱴ♩◓ꜝⱨ▫כ⌐╟╢ ╩ ┬↓≤╩ ≤∆╢⁹ 

   

ₒ ₓ ⁸ⱦ⁸כ◌כ●ꜝ☻ ⁸↓╕↔╘ⱧⱭ♇♩⁸ 30 mm  

≡⁸◗ⱶ ⁸ ⁸☿ꜝⱵ♇◒ ⅝ ⁸ ⁸◒꜡ⱴ♩◓ꜝⱨ▫כ ╤ ⁸
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◦ꜞ◌◕ꜟⱪ꜠⁸♩כ ⇔√ ⁸●☻Ᵽכ♫כ 

ₒ ₓ ⱷ꜡fi◦꜡♇ⱪ⁸ 1 mol/l ⁸▪fi⸗♬▪ 1 ⁸ 0.1 mol/l  

n΅Ⱪ♃ⱡכꜟ ◄♃ⱡכꜟ 1 ▪fi⸗♬▪ 6 2 3  

4 0.1 ⁸ 1 0.1  

 ─  

ᵑ ⱷ꜡fi◦꜡♇ⱪ╩ ⌐ 1/4ↄ╠™ ╣╢⁹ 

ᵒ ⱷ꜡fi◦꜡♇ⱪ─ ∫√ ᵑ⌐⁸ ╩↓╕↔╘ⱧⱭ♇♩≢ 1 ml ⅎ╢⁹ 

ᵓ 10 cm╩ᵒ─ ⌐ ╣≡●ꜝ☻ ≢╟ↄ⅛⅝ −╢⁹ 

ᵔ ⱦכ◌כ⌐ ╩ ╣≡⁸ 1─╟℮⌐ ⇔≡⅔™√╙─⌐⁸ᵓ─ ╩ ╣╢⁹ 

ᵕ ╟ↄ⅛⅝ −⌂⅜╠ 5 √∫√╠ ╩ ⅛╠ ╡ ⇔⁸╟ↄ ™

╩∆╢⁹↓─≤⅝⁸ ⌐≈™√ ⅜ ⌐ ∟⌂™↓≤╩ ⅛╘╢⁹ 

 

 ─  

ᵖ ᵕ─ ╕∫√ ╩ ⇔™ ⌐ ╣≡⁸▪fi⸗♬▪ ╩ 5 ml ⅎ╢⁹ 

ᵗ ┘ 1 ─╟℮⌐⇔≡ 5 6 ∆╢⁹ ▪ꜟ◌ꜞ ⌐⇔≡ ∆╢↓≤≢

⅜≤╣≡™ↄ  

ᵘ ╩ ╡ ⇔≡⁸ ∫√ ╩ ⌐ ⇔≡⁸ ∆╢ ↓─≤⅝⁸

⇔∆⅞⌂™╟℮⌐ ⇔⁸ ╘⌐ ╩ ╘ ≢ ╘╢╟℮⌐∆╢ ⁹ 2  

ᵙ ╤ ╕√│ ⱪ꜠כ♩─ ⅛╠ 2 cm─≤↓╤⌐⁸ ≢ ╩ ↄ⁹  

ᵚ ⇔√ ─ ≤⁸ ─ ≤⇔≡ 1 ⁸ 4 ╩ 3─╟℮⌐☻ⱳ♇

♩∆╢⁹ 

ᵛ ╤ ─ ╩◗ⱶ ⌐│↕╖⁸ 2 ml ─ ∫√ ⌐◗ⱶ ╩≈↑⁸╤ ╩≈╢∆⁹

4  

ᵜ ⅔╟∕ 10 15 ↄ╠™ ⇔⁸ ⅜ 10 cmↄ╠™╕≢ ⅜∫√╠⁸╤ ╕√│ⱪ꜠כ♩╩ ╡

⇔⁸ ⅜ ⅛⌂™℮∟⌐ ─ ╩ ≢ ╩≈↑╢⁹ 

ᵝ ⅛╠ ─ ╕≢─ ⁸ ⅛╠ ╕≢─ ╩ ╡⁸ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

100 ml  

ⱦכ◌כ 

20 cm 

1 cm 

1 cm 

10 cm 

 

─☻ⱳ♇♩ 

 

 

 

 

 

⇔
√

   

 
3 cm 
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ᵞ 2 ml ⌐ 0.5 mol/l ▪fi⸗♬▪ ╩ ∆╢⁹ 

ᵟ ᵕ≢ ╩ ╡ ⇔√ ─ ─ ─ ╩ 1 2 ⅎ╢⁹ 

ᵠ 60 70ϴ─ ⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

─  

⌐ ╩ ∫≡╙ 1 │⅛⅛╢√╘⁸ ╘⌐ ⌂ ╛ ⌐≈™≡ ⇔√ ⁸

∆←⌐ ╩ ⇔⁸ ™√ ╛ ∟ ⌐⁸∕╣∙╣─ ≢ ⌐⁸ ─ ╛◒꜡ⱴ♩◓ꜝ

ⱨ▫כ⌐╟╢ ⌂≥⌐≈™≡ ⅎ↕∑⌂⅜╠ ╩⇔√⁹ 

╛ ─ │↕╒≥ ⇔™╙─≢│⌂™√╘⁸ │ ⌐ ∫≡ ⌐ ╩ ∫≡

™√⁹√∞⇔⁸ ⌐│ ╦╣≡™╢╙──⁸ ≢│◒꜡ⱴ♩◓ꜝⱨ▫כ⌐№╕╡ ╣╢ ⅜

⌂™─≢⁸∕─ ⌐≈™≡│ ╣⌂™ ≈⅝≢↓╦↔╦≤ ∫≡™√╟℮≢№╢⁹ 

◌ⱨ▼▬fi⌂≥╩ ∆╢ ≤ ═≡⁸ ╩ ∆╢ ─√╘⁸ ─ ⅛╠ ─ ⱷ꜡fi◦

꜡♇ⱪќ ќ▪fi⸗♬▪ ⅜╦⅛╡╛∆ↄ⁸ √∟╙ ↄ ╩ ⇔≡™√╟℮≢№╢⁹╕√⁸

⅜ ↑≡ ⌐⌂∫√ ≢ ╩ ℮↓≤⌐╟╡⁸ⱷ꜡fi◦꜡♇ⱪ⅜ ₁ ╛▪fi⸗♬▪ ⌐

⇔√─≢│⌂ↄ⁸ ⅜ ↕╣⁸ ⌂≥│ ─ ⌐ ↕╣≡™╢↓≤⅜ ⅛╘╠╣√⁹ 

◒꜡ⱴ♩◓ꜝⱨ▫⁸│≡™≈⌐כ ≢ ╠╣╢ ─ ─╒⅛⌐⁸₈ ─√╘⌐₉≤∞↑ ∫≡

1 ≤ 4 ╩☻ⱳ♇♩↕∑√⁹↓─ ≢ ─ │ ⅜ ≤ ⌐ ⅛╣╢↓≤╩ ≢⅝√╟℮

∞⅜⁸ ↄ─ │ ⌐ ─ 2≈─☻ⱳ♇♩─ ╩ ⇔√╟℮≢№∫√⁹ 

꜠ⱳכ♩─ ⌐⅔™≡│⁸ ─ ╛⁸Rf ─ ≤ ⁸ ─◒꜡ⱴ♩◓ꜝⱨ▫כ⌐≈™≡

═╢↓≤ ╩ ─ ≤⇔≡ ⇔√⁹ 

   

─ ≤⇔≡⁸ ⌂ ≤ ⌂ ─ ה ⌐≈™≡№╢ ≢⅝√≤ ╦

╣╢⁹꜠ⱳכ♩─ ─ ⌐╙⁸ ╕≢ ─ ⅜ ∫≡™╢≤ ∫≡™√ⱷ꜡fi◦꜡♇ⱪ⅜⁸ │

≤ ─ ≢№╢↓≤⁸∕⇔≡∕╣╩ ⌐ ≢⅝╢↓≤⌐ ™√≤™℮ ⅜ ⅛∫√⁹↕╠⌐⁸

⌐№╢╟℮⌂ ≢│⌂ↄ⁸ ⌂ ⅜ ╛ ─ ≤⌂╡℮╢ ─ ⌐⅔™≡⁸

─ ⅜ ⌂ ⌐ ∆╢ ╩ ∫√↓≤⌐≈⌂⅜∫≡™╢≤ ╦╣╢ ↓≤⅜╦⅛∫√≤™℮

╛⁸ ╛◦ꜗfiⱪכ⌂≥─ ╩ ╢╟℮⌐⌂∫√≤™℮ ╙ ⅛╣√⁹ 

⇔⅛⇔⌂⅜╠⁸ ⌐ ⅜ ⅛╠ ⅛╩ ∆╢╟℮⌂ ≢│⌂™√╘⁸ ⇔™ ╛

─ ┼∕─╕╕≈⌂→≡™ↄ↓≤⅜≢⅝⌂™↓≤ ⁸ ─ ⅜№╢≤ ╦╣╢⁹

│ ─ ─ ⅛╠⁸ ≢ ™╢ ─ ╩ ⅎ↕∑≡ ⌐ ↕∑√╡∆╢↓≤⅜ ⇔™

╙№╢⅜⁸ ─ ≤⇔≡™⅝√™⁹ 

⌂⅔⁸ ⌐ ∫√ ≢│⌂™⅜ ─ ≢꜠ⱳכ♩╩ ↕∑╢↓≤╩ ∂⁸ ⌐

₈Wikipedia ╟╡₉≤ ™≡ↄ╢ ⅜⅛⌂╡ ™↓≤⌐ ™√⁹ ╩ ™≡╖╢≤⁸ ⌂╠┌∆═⅝

╩ ╩⇔≡ ╕∑√╡⁸ ⌂─≢↕╓╤℮≤⇔≡ ⌐╛∫√≤™℮ │╒≤╪≥╖╠╣⌂⅛∫√⁹

0.5 mol/l NH 3  

2 3  

0.1 mol/l  

AgNO 3 

2 ml  

2 3  

 

NH 3 ╩2 3 ∏≈
ⅎ≡ ╡ −╢⁹ 

╩ ╡ ⇔√ ─ 

─ ─  
 

60 70ϴ 

─  

60 70ϴ─ ⌐ ∆⁹ 
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─ ꜠ⱳכ♩─꜠ⱬꜟ≢№╣┌⁸ ╛ ⌂≥╩ ⌐ ↄ↓≤⅜≢⅝╢√╘⌐ ⅜≈⅛⌂⅛∫

√⅜⁸ ⅎ┌◒꜡ⱴ♩◓ꜝⱨ▫כ⌐≈™≡ ═√╡ ⇔√╡≤™∫√ ─ ⌐⌂╢≤⁸ ╠⅜╕

∏ ╢─│▬fi♃כⱠ♇♩≢№╡⁸∕─ ≢╙ ⌐ Wikipedia │ ∫√↓≤⅜ ™≡™⌂™⁸ ≢⅝╢

≢№╡⁸ ─ ≢ ≤⇔≡ ™√≤ ⇔≡╙ ∏⅛⇔ↄ⌂™≤ ⇔≡™╢╟℮≢№╢⁹∕╣

╠│ ═ ─ ⌐│⌂╢⅜⁸ ╛ ה ⌂≥⌐⅔™≡│ ≢⅝╢ ╩ ⌐∆╢═⅝≢№╢↓

≤⌂≥⁸▬fi♃כⱠ♇♩╩ ╘√ ─ ה ─ ─ ╩⁸ ⌐ ╠∏ ⌂≥╙ ╘√

─ ≤⇔≡ ∆╢↓≤⅜≢⅝√⁹ 

 

Γ  31  1 Δ  1983  

 

 

3-1-5 ─  

  

   

 ᵑ▪Ⱳ●♪꜡─ ╟╡⁸₈ ─╙≤≢⁸ ─ ─ │⁸ ─ ⌐ ⇔™₉≤╙

™ⅎ╢⁹≈╕╡⁸2 ─ ─℮∟⁸≥∟╠⅛ ─ ─ ⅜╦⅛∫≡™╣┌⁸ ─ ╩

╘╢↓≤⅜≢⅝╢↓≤╩ ⅛╘↕∑╢⁹ 

 ᵒ ⇔√ ≤ ≤─ ⁸ ∆╢ ─ ╩ 1/10⌐⇔√ ⌐ ∂╢ ⁸ 

  ⇔√ O2─ ╟╡ ↄ⁸╕√│⁸ ⌂ↄ ⇔√≤⅝⌐ ∂╢ ⁸CO2≤ ─∏╣⅜ ∂╢

╩ ⅎ↕∑⁸ ╩♃כ♦⌂ ╘╢ ⇔↕≤ ↕╩ ┬⁹ 

 ᵓ ─ ─ ╩ ╘√≤⅝⌐⁸ ∂ ≢╙ ⅜ ⌂╢╙─⅜ ∆╢↓≤╩ ↕∑⁸

≥℮∆╣┌ Y ≢№╢≤ ∆╢↓≤⅜≢⅝╢⅛⁸ ─ ─ ™╩ ≢ ⅎ⌂⅜╠⁸ ╩

™ ⌐ ⅛╘╢≤™∫√⁸ ⌐ ⅎ╢ ─ ╩ ↕∑≡™ↄ⁹ 

   

  ●☻Ⱳfiⱬ( ⁸ X(◌☿♇♩◖fi꜡ Ⱪ♃fi●☻)⁸CO2⁸ Y)  

     ⁸ ┘╪( 10mg)⁸200cm3ⱷ☻◦ꜞfi♄⁸כ  

ᵑ Ⱳfiⱬ⁸X─Ⱳfiⱬ─∕╣∙╣─ W1⁸W2╩ ╢⁹ 

    W1       g W2       g 

   ᵒ Ⱳfiⱬ⅛╠ ≢ ╩ √⇔√ⱷ☻◦ꜞfi♄כ⌐ 200cm3─ ⌂ ─ ╩ ╘

⌐ ∆╢ ⁹↓─≤⅝⁸ⱷ☻◦ꜞfi♄כ ─ ⅜ ∂ ↕⌐⌂╢╟℮⌐⇔≡⁸ ≤

∂ ─ ╩ ╘╢╟℮⌐∆╢⁹  

 ᵓ X─Ⱳfiⱬ⅛╠⁸ᵒ≤ ⌐⁸ ╘√ ≤ ─ X╩ⱷ☻◦ꜞfi♄כ⌐  

    ╘╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   ᵔ ᵒ⁸ᵓ╩ ⅎ√ ⁸X─Ⱳfiⱬ─∕╣∙╣─ W3 W4╩ ╢⁹ 

     W3       g W4       g 

   ᵕ Ⱪ♃fi C4H10⅜ ⇔√╠⁸CO2≤ Y╩Ⱪ♃fi≤ ⌐ ⇔⁸ ╩ ╘╢⁹ 

ᵒ ᵓ 

O2─  

     mL  

      

mL  

  



26 

 

─  ⅜ ─ X─ M ╩ ╘╢⁹ 

 6.0×1023  ќ 32.0 g        X 6.0×1023  ќ M  g 

 1     ќ         gΝᵑ  X     ќ        gΝᵒ 

   WO2 W1 W3                ₡g₢ 

   WX W2 W4                ₡g₢ 

 

   ᵑ ᵒ WO2 WX╟╡M ╩ ╘╢⁹M           

 ⌐⁸CO2─ Ν         Y─ Ν 

─  

 ⅜ ≢─ ≢№╢√╘⁸ ≢ ⇔√ ╩ⱴכ♥╠⅛ ┘⁸⅛≈⁸ ⌐

╩ ⅎ╠╣╢╟℮⌂ ╩ ⇔√⁹ 

 ≢─ ─ │⁸↓─ ─ ╩ ↄ ≢⅝⌂⅛∫√ ≢№╡⁸ ⌂ ↑╕≢≤

│™⅛⌂⅛∫√╟℮⌐ ⅎ╢⁹⇔⅛⇔⁸ ╩ ™⁸ ⅜ ╦╢↔≤⌐ ─ ⅜ ∆╢≤≤╙⌐⁸

≢ ⅎ⌂⅜╠⁸ ⌂ ╩ ╘╢ ⇔↕⁸ ─ ╩ ╘≡™ↄ ⇔↕╛⅔╙⇔╤↕╩ ⇔⁸

↑⌐≈⌂⅜∫√ ≢№∫√⁹ 

   

(1) X⅜Ⱪ♃fi C4H10≢№╣┌⁸ │ 58≢№╢⁹X─ M ─ ≤ ∑╟⁹╙⇔⁸ ⅝ↄ ⌂

╢ │ ─Ⱶ☻╙ ╘≡⁸∕─ ╩ ⅎ≡╖╟⁹ 

(2) (1)⌐⅔™≡─ │ ─╖≢№∫√─≢⁸ ⌐ ─ ╩ ⇔ ⅎ√ ─ M ╩ ⇔≡

╖╟⁹╕√⁸M ─ │(1)≤ ⇔≡≥℮⌂╢⅛⁹ 

(3) ᵓ⌐⅔™≡⁸ⱷ☻◦ꜞfi♄כ⌐ ╘√ X─ ⅜⁸ ∫≡ ╟╡ ⅛∫√ ⁸X─ │ ⇔™

╟╡╙ ⅝ↄ ↕╣╢⅛⁸∕╣≤╙ ↕ↄ ↕╣╢⅛⁹ 

(4) ᵓ⌐⅔™≡⁸ⱷ☻◦ꜞfi♄כ⌐ ╘√ X─ ⅜⁸ ∫≡ ╟╡ ⌂⅛∫√ ⁸X─ │ ⇔™

╟╡╙ ⅝ↄ ↕╣╢⅛⁸∕╣≤╙ ↕ↄ ↕╣╢⅛⁹ 

(5) CO2─ ╩↓─ ≤ ∂ ≢ ╘╢≤⁸ ⅜ ∂╛∆™⁹∕─ ╩ ⅎ╟⁹ 

(6) Y─ ⅛╠ ↕╣╢ ╩ ⅎ⌂↕™⁹ ╙ ⌐ ∑⁹ 

(7) з─ ⌐⌂╢⅜⁸ ╩ ╘╢ │ ⌐╙ ⅛ ∆╢⁹∕─℮∟⁸ ─

╩ ╘╢ ⌐≈™≡ ═╟⁹ 

 

(1)│ ⌐╟∫≡ ⅜ ⌂∫≡™√⅜⁸ ⌐ ≠↑╢√╘⌐│≥℮∆╣┌╟™⅛⁸ 

ⅎ┌ⱷ☻◦ꜞfi♄כ─ ╖≤╡ ╩╟╡ ⌐ ─Ⱪכꜙ♅⁸╡√∫ ─ ╩≢⅝╢∞↑ ⌐ ╣√╡⁸

╩ ⌐ ∫≡™↓℮≤⇔√ ⅜ ↑╠╣√ │╟⅛∫√≤ ℮⁹ 

(2)│ ⇔√ ⅜ 1/10 ≢╙ ⌐│ ╦╠⌂™≤ ═≡™√⅜⁸ ─⅛ⱪכꜟ◓ ⅛╠│ 1/10 ∞≤

⌐ ╢ ⅜ 1/10⌐⌂╡⁸ ⅜ ⌐⌂╢ ╩ ∆╢ ⅜ √↓≤│╟⅛∫√⁹ 

(3)⁸(4)│ ⅜ ↑╣┌ ⅜ ⅝ↄ⌂╢⁸ ⅜ ⌂↑╣┌ ⅜ ↕ↄ⌂╢ ⅛╠ ─ ─ ─

╩ ⇔≡⅔⅔╗⌡ ⅎ╠╣≡™√╟℮⌐ ╦╣╢⁹ 

(5)│ ≢ ∫√ ╩ ⇔⁸ │ ⌐ ↑╛∆™√╘⁸200cm3╩ ⇔≡╙⁸ │∕╣

─ ⅜ ≡™╢↓≤╩ ⇔√ ⅜ ↑≡™√⁹ 

(6)│⁸ ⅛ ╩ ℮⌐≈╣≡ ⅜ 28 ⌐⌂╢↓≤⅜ ⅛╡⁸ Y│ N2≢№╢≤∆←⌐ ⅎ≡

™╢ ⅜™√⅜⁸↓↓≢ ╦∫≡│ ⅜⌂™≤ ™⁸ 

₈≢│⁸ ⌐ ⅜ 28 ⌂─│ N2∞↑⌂─⅛⁸ ═≡⅝⌂↕™⁹₉ 

≤ⱥfi♩╩ ⅎ╢≤⁸▬fi♃כⱠ♇♩⌂≥≢ ⇔⁸∕╣ ─ ⅎ┌ CO⁸C2H4⁸C2H2⁸NO ⌂≥

╙ ═ →⁸N2 ─ ─ ─ ╩ ∆ ╩ ∫≡™√⁹∕⇔≡⁸ ₁⌂ ╩ ⇔√ ⁸
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⌐│ N2≢№╢↓≤╩ ⅜ⱪכꜟ◓√∫™≡⇔ ↄ ↑╠╣√ ╩ ⅎ╢≤⁸ ─ │ ↕

╣√─≢│⌂™⅛≤ ℮⁹ 

 ─ │ ≢№╡⁸ ≢─ⱳ☻♃כ │≢⅝⌂⅛∫√⅜⁸ ─ ↕╩ ↕

∑╢⌐│╟™╙─≢№∫√⁹√∞⁸▪fi◔כ♩ ≢│ ╩№╕╡ ≡⌂⅛∫√ ╙ ⌂⅛╠∏™√√╘⁸

↓─╟℮⌂ ─ ↕╩╙∫≤ ↕∑╢╟℮⌂ ⅜ ⌐│ ≤ ∂╢⁹ 

 

 

3-1-6 ◓ꜝⱶ ⌐╟╢ ─  

  

   

⌐ ⌐∆╢╙─⁸ ⌐∆╢╙─⅛╠ ╩ ∆╢↓≤≢⁸ ⌐ ⅜™╢↓≤╩ ↕∑╢≤≤

╙⌐⁸ ─ ╩ ↕∑╢⁹╕√⁸ │ ⌐╟╢ ─ ╩↕∑√⅜⁸≥─╟℮⌂ ≢ ╩

∆╢⅛╩ ⌐ ┌∑╢↓≤≢⁸ ─ ╩↕∑√⁹ 

   

♀ⱶ◒ꜞ♇ⱪ ⁸▪ꜟⱵ ⁸⅝╣™⌂☻ꜝ▬♪●ꜝ☻⁸●☻Ᵽ⁸כ♫כⱴ☺♇◒⁸ 

Ⱨfi☿♇♩⁸ ◗ⱶ ⁸Ɽ☻♠כꜟⱧⱭ♇♩  

⁸ ◕fi♅▪♫Ᵽ▬○꜠♇♩⁸ꜟ◗כꜟ ⁸◘ⱨꜝ♬fi │ⱨ◒◦fi ⁸ 

◄♃ⱡכꜟ 

 

Ⱪꜟ●ꜞ▪ꜜכ◓ꜟ♩ ⁸  

╠⅛♩ꜟ◓כꜜ│ ⁸ │ⱪ꜠כ♬꜡◖╠⅛♩כ─ ╩ ∫≡⁸◓ꜝⱶ ╩ ∫

√⁹ ⁸ ꜠fi☼ 100 ≢ ⇔⁸☻◔♇♅↕∑√⁹ │◓ꜝⱶ ≢⁸Ⱪꜟ●ꜞ▪

│⌐♩ꜟ◓כꜜ ─Ⱪꜟ●ꜞ▪ ≤ ☻ꜝ▫ⱨ⸗כ◘─ ⅜ ╦╣≡⅔╡⁸ │◓ꜝⱶ

─ ≢№╢√╘⁸↓╣╠╩ ∆╢↓≤≢⁸ ⌂ ─ ╩ ╡ ╢↓≤⅜≢⅝╢⁹ 

 

 

 

   ⅜ ╦∫√≤↓╤≢ ⌐ ─ ∫√ⱪ꜠כ♩╩ ⇔⁸◘fiⱪꜞfi◓↕∑√⁹

≥↓╩◘fiⱪꜞfi◓∆╢⅛│ ⇔ ∫≡ ╘╢╟℮⌐↕∑√⁹ 

 

 

  ◘fiⱪꜞfi◓⇔√ⱪ꜠כ♩ 

  ⱪ꜠כ♬꜡◖─♩כ─ ≤ ╩ ↕∑⁸™ↄ≈⅛─◖꜡♬כ⌐≈™≡│◓ꜝⱶ ⇔≡ ⇔

√⁹ 

 

 

 

 

 

 

 

☻ꜝ▬♪●ꜝ☻ 

 ♩ꜟ◓כꜜ
◓ꜝⱶ  

 
◓ꜝⱶ  

☻ꜝ▬♪●ꜝ☻ 

 ♩ꜟ◓כꜜ
◓ꜝⱶ  

 
◓ꜝⱶ  

⇔√  
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─  

₡1 ₢ 

╕∏│ ╩ ℮ ─ ⌐≈™≡ ⇔⌂⅜╠ ─ ╩ ╘√⁹ 

ủ ∆╢ │ ─ ⌐ ∆╢⁹ 

ủ ╩ ↄ │▪ꜟⱵ ╩ ™√ ╙ ∆╢⁹ 

ủ ⇔√ │ ⌐│ ™ ≡╢⁹ 

 ◖fi♃ⱵⱠכ◦ꜛfi⌐ ⇔⌂↑╣┌⌂╠⌂™ │↓╣╕≢⌐ ∫√↓≤⅜⌂ↄ⁸∕─╟℮⌂↓≤╩

∆╢ ⅜№╢≤™℮ ⅎ ⅜ ⌐│ ∞∫√╟℮∞⁹ ⌐ ⌐ ╩ ╘≡™√⁹ 

 ⌐◘fiⱪꜟ─ ≤◓ꜝⱶ ╩ ∫√⁹ 

ᵑ ◘fiⱪꜟ╩ ╡⁸☻ꜝ▬♪●ꜝ☻ ⌐ ∑√ ⌐ ⇔⁸ ↕∑╢⁹ 

ᵒ ⇔⁸◓ꜝⱶ ∆╢⁹ │ ↕∑╢⁹ 

 ≤⁸ ─ ─ ⌐ ⅜№╢─≢⁸∕─ ⌐ ─ ⁸ ─ ה ה

☻Ⱨ꜡Ⱬכ♃ ╛◓ꜝⱶ ─ⱷ◌♬☼ⱶ ⌐≈™≡─ ╩ ∫√⁹ │◕fi♅▪♫Ᵽ▬○

꜠♇♩≤ⱨ◒◦fi≢ ╘√⅜⁸ⱨ◒◦fi─ ╕╡⅜ ↄ⌂⅛∫√─≢⁸◘ⱨꜝ♬fi⌐ ⅎ√≤↓╤⁸ ⌂

╩ ╢↓≤⅜≢⅝√⁹↓╣╕≢ ○ꜟ☿▬fi─╟℮⌂ │ ∫√↓≤⅜№╢⅜⁸◓ꜝⱶ ─╟℮⌐

─ ╩ √ ╩ ∫√ │⌂ↄ⁸ ⌐ ╡ ╪≢™√⁹ 

 ⌐ ≢─ ╩ ∫√⅜⁸™ↄ≈⅛─ ≢↓╣╕≢ ⅜ ∫≡⅝√ ≤│ ⌂∫≡™√⁹ 

ủ ⇔√ ─ ⅜↓╣╕≢ ∫≡™√╙─≤│ ⌂∫≡™√⁹ ⁸ⱷ◌♬◌ꜟ☻♥⁸☺כ ⅜

ꜝfiⱪ≢№╡ ╩ ≢⅝╢↓≤⁸ ≤ ─ 2 ─ ⌡∂⅜№╢↓≤⌂≥⁹ 

ủ ⱪ꜠Ɽꜝכ♩⌐◌Ᵽכ●ꜝ☻╩⅛↑∏⌐ ╩ ℮↓≤⁹ 

ủ ꜠fi☼⅜ 100 ≢№╢↓≤⁹ 

ủ ≢ ⇔√↓≤⁹ 

 ⅜ ╙ ⇔√─⅜ ─ ⅜ ⌂∫≡™╢↓≤∞∫√⁹╕∏│ ≢ ⌂ ─ ╩

ⅎ⁸∕╣⅛╠ ≢◘fiⱪꜟ─ ╩ ╦∑√⁹ ꜠fi☼ 100 ⁸⇔⅛╙○▬ꜟ≢꜠fi☼≤ⱪ꜠Ɽꜝכ♩

─ ⅜ ⅛╠⌂™ ≢Ⱨfi♩╩ ╦∑╢─⌐ ⇔≡™√⁹Ⱨfi♩ ╦∑⌐ ⇔≡│ ⅜≢⅝╢≤↓╤╕

≢│™⅛⌂⅛∫√⁹╕√⁸ ꜠fi☼ 100 ⅜≈™≡™╢ ⅜ ⇔⅛⌂ↄ⁸ ⌐ ≤™℮

≢⁸ ⅜ ─ ╩ ⌐≢⅝√≤│™ⅎ⌂⅛∫√⁹ 

 ⌐⁸ ⌐ ⇔≡™√ ─ⱪ꜠כ♩╩ ⇔⁸↓╣≢ ⅝⌂ ─ ╩◘fiⱪꜞfi◓∆╢

╟℮ ⇔√⁹ ─ ╩ ╢ ⁸ ─ ⌂╢ ≢ ─ ╩ ╢ ⁸ ╛ ─ ─ ╩

╢ ⌂≥⁸∕╣∙╣ ⇔ ™⌂⅜╠ ╘≡™√⁹╕√ⱪ꜠כ♩⅜ ≢│ ╠∏⁸╙∫≤ ⇔™≤™℮ ╙№

╡⁸ⱪ꜠כ♩─ ⌐ ⅜№╢≤⅝│ ⇔√⁹ⱪ꜠כ♩│ ϴ─▬fi◐ꜙⱬכ♃כ≢ ⇔⁸∕─ │

≢ ─ ╕≢ ⇔√⁹ 

₡ ₢ 

 ◘fiⱪꜞfi◓⇔√ⱪ꜠כ♩╩ ∑⁸◌ⱦ≤ ─כ♬꜡◖─ ™╩ ⇔√ ─כ♬꜡◖⁸ ╛ ╩

⇔√⁹╕√◘fiⱪꜞfi◓─ ⅛╠≥─╟℮⌂↓≤⅜ ⅛∫√─⅛╩ ⇔ ╦∑≡⅛╠⁸™ↄ≈⅛─◖꜡

╩כ♬ ╪≢◓ꜝⱶ ╩ ∫√⁹◓ꜝⱶ ⌐≈™≡│ ∫≡™╢√╘⁸∞™┬ ╣√ ≢ ∫≡™

√⁹ ≢ ≤ ╩ ⌐ ∆╢ ⅜№╢√╘⁸ ⌐│ ⅛⇔כ♬꜡◖─ ≢

⅝⌂⅛∫√⁹ⱪ꜠כ♩─ ╛ ╩ ─◌ⱷꜝ╩ ∫≡ ⇔≡™╢ ⅜ ⅛∫√⁹ 

   

  ╩ ℮≤⅝─ ⌂ ╛⁸ ⇔ ─⅛⅛╢ ⌂≥╩ ⌐ ┌∑╢↓≤⅜≢⅝√≤™℮

≢│⁸ ⅜№∫√⁹√∞⇔⁸ ─ ⅜ ⌂⅛∫√↓≤│ ∞∫√⁹ ─ ≤™℮

≢│ ─ ─╖⌐≤≥╕∫√⁹ │ ⌐Ⱳꜞꜙכⱶ⅜ ↄ⁸ ─ ⌐ ⌂ ⅜≤╣⌂

⅛∫√⁹∆═≡─ ≢ ╩ ⇔≡ ⅞╡⅞╡╕≢ ╡ ╪≢™√⅜⁸≥↓╙ ⌐ ╡ ╪≢

™√↓≤⅜ ⌐ ∫√⁹ │◘fiⱪꜞfi◓─ ╩ ╢╕≢│ ⅛∫√⅜⁸∕↓⅛╠ ╩ ∆╢⅛

≤™℮ ⌐⌂∫≡∏™┬╪ ⇔√╟℮≢№╢⁹ ⌐◓ꜝⱶ ≢ ⅜ ⅛╢─⅛≤™℮ ≢ ╪≢™╢

⅜ ⅛∫√⁹ √∟≢▪꜠fi☺≢⅝╢ ╩ ∫√↓≤│⁸ ─ ⱴכ♥─≢ ⌐

∫√≤ ⅎ╠╣╢⁹ 
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3-1-7 ⱨ♫ⱶ◦─  

  

   

ⱨ♫ⱶ◦≤™∫√⁸ ≢│№╢⅜ ⌐≤∫≡│ ╖─ ™ ╩ ≤⇔≡⁸  ה

☻◔♇♅≤™∫√ ╩ ⌐≈↑╢⁹↕╠⌐⁸ ╠─ ≢ ╩√≡⁸ ה ╩ ℮↓≤⌐╟

╡ ⌐ ↑≡─ ╩ ┬⁹ 

   

ₒ ₓ 

 ™⌂→─ ≢⁸ ─ⱨ♫ⱶ◦─ ╩ ∫√⁹↓↓≢│ ↄ─ⱨ♫ⱶ◦

⅜ ⌐ ⇔≡™√⁹ ─ⱨ♫ⱶ◦─ ╛ ╩ 1 ╒≥ ⇔√ ⁸ ─ ─ ≤Ɑ♇♩Ⱳ♩

ꜟ⌐╟∫≡ ⇔√ ╩ ⇔≡⁸2 ≢⅔╟∕ 30 ─ⱨ♫ⱶ◦╩ ⇔√⁹ ⇔√ⱨ♫ⱶ◦│⁸

─ ≢ ™⁸꞉◌ⱷ╩ ≤⇔≡ ≡√⁹ 

ₒ ₓ 

ה   ⱨ♫ⱶ◦⁸ ⁸꜠כꜗ◦⁸☻כ◔ ☻♃fi♪⁸ ☻כ꜡◒☻⁸ ⁸  

     ᵑⱨ♫ⱶ◦─ ─ ┘☻◔♇♅⁹ 

ᵒ ⌐꜠כꜗ◦≢ ╣√ ⁸ ╩ ╣√ ∕╣∙╣─ ⁹ 

ᵓ ─ ⁹ ≢ⱪכꜟ◓ │ ⌂╢⁹ 

 ☻♃fi♪⌐╟╢ ─ ⁹ 

 ╠∑√ ⌐╟╢ ─ ⁹ 

☻כ꜡◒☻╛  ⌐╟╢ ─ ⁹ 

ᵔ ─ ─ ⁹ 

 

ₒ ₓ 

ה   ⱨ♫ⱶ◦⁸ ⁸ꜟכfiⱲ♄⁸꜠כꜗ◦⁸☻כ◔ ☻♃fi♪⁸ꜝ◦ꜗ ⁸ 

 

─≥↔ⱪכꜟ◓      ⁹ ≢ⱪכꜟ◓ │ ⌂╢⁹ 

⌐╟╢ Ɽ♃כfi╩ ═╢  

♄fiⱲכꜟ≢ ─ ─╟℮⌂ ╩ ⇔⁸ ⌐ ⅜∫√ ≤⁸ ⌐  

⅜∫√ ⌐ ⅜№╢⅛≥℮⅛╩ ═√⁹ 

 

 

 

 

      

 

 

 

        

  

 

 

  

  

 

 

  

 

 

 

 

╩ ═╢  

ⱨ♫ⱶ◦╩ ⌐ⱪכꜟ◓─≈2 ↑⁸∕╣∙╣╩ ⌐꜠כꜗ◦─₁ ╣⁸ │ ⁸

╙℮ │ ⌐⇔≡ 1 ⅔⅝⁸ ─ ╩ √⁹ 

 

─  

│⁸╕∏ ─ⱨ♫ⱶ◦⌐ ╣╢↓≤⅛╠ ╘⁸1 ╩ ≤☻◔♇♅⌐ ╛⇔√⁹ │ⱨ

♫ⱶ◦─ ╛ ⅝⌐ №╢ ⅜╒≤╪≥≢№∫√⅜⁸ ╩ ↑╢⌐≈╣⁸∕─ │ ╠™≢™∫√

╟℮≢№╢⁹2 ⌐│⁸ ─ ⌂ ╩ ∫√ ⁸ ─ ╩ ∫√⁹ ⅜ ⌐ ╣∏⁸

≢⅝⌂⅛∫√ ╙№∫√⅜⁸™ↄ≈⅛─ ⅜ ≢⅝√⁹∕─ ⁸2 ─ ╩ ≡√⁹

√∟≢ ╩ ≡╢↓≤⌐ ╣≡™⌂™√╘⌐⁸ ─ ™⅜№∫√ ╙ ╠╣√⅜⁸ ⌂≥≢ ╦
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╣√ ╛⁸ ∂ ≢№╢♄fi◗ⱶ◦─ ╩ⱥfi♩≤⇔≡ ⇔√↓≤⌐╟∫≡⁸ ⌐ 2 ─○ꜞ☺

♫ꜟ─ ⅜ ∫√⁹ 

│⁸ ⌐ ≡√ ⌐ ≠⅝ ╩ ∫√⁹ 

⌐╟╢ Ɽ♃כfi╩ ═╢ ≢│⁸ ⅜♄fiⱲכꜟ⌐╟∫≡ ⇔√ ╩ ™≡⁸ ─

⅝ ╡≢│ ≥∟╠⌐ ⅜╢─⅛⁸╕√⁸ ─ ⅝ ╡≢│≥∟╠⌐ ⅜╢─⅛╩ ═√⁹↓╣│⁸ ∂

─♄fi◗ⱶ◦⅜⁸ ⌐⅔™≡ ⌐ ⅜∫√ ≤ ⌐ ⅜╢ ≢│ ⌂╢≤™℮ ⌐

≠™≡ ∫√╙─≢№╢⁹3 ─ⱨ♫ⱶ◦≢ 10 ∏≈ ™⁸ ♩כ♃☻╩ ≤⇔⁸▪ ◄─≥─

╩⅛─╢∆ꜟכ◗⌐ ═√ ⁸ ─ ─╟℮⌐⌂∫√⁹  

▪  

▬  

►  

◄  

 

╩ ═╢ ≢│⁸ ─ ╩ ⌐ ⅝⁸ ☻♃fi♪≢ ╢ↄ⇔√◦ꜗ⁸≥꜠כ ─

╩ ⌐ ⅝⁸ꜝ◦ꜗ ≢ ─꜠כꜗ◦√⇔ 2 ╩ ⇔⁸∕╣∙╣ 2 ∏≈─ⱨ♫ⱶ◦╩ ╣⁸1

⅔™√⁹∕⇔≡⁸ ⌐ ™√ⱨ♫ⱶ◦│ ⅜ ⌐⌂╡⁸ ⌐ ™√ⱨ♫ⱶ◦│ ⅜ ⌐⌂╢

↓≤╩ ⇔√⁹ ⌐ 1 ⁸ ─ ⌐ ∆≤⁸4 ≤╙∆═≡ ─ ⌐ ∫√⁹ 

√∟│⁸ ╕≢∕╣╒≥ ↄ─ ╩ ⇔≡™⌂™√╘⁸ ⌐│ ╙ ↄ ╠╣√⁹ ⅎ┌

⌐⅔™≡│⁸ ─ ─ ⌂≥⁸ ⌂╠ ∆═⅝ ╩ ≢⅝⌂⅛∫√╡⁸ⱨ♫ⱶ◦─

╩ ⇔ ↔≤⌐ ╩ ∆╢↓≤╩⇔⌂⅛∫√ ⌂≥≢№╢⁹⇔⅛⇔⁸ ⅎ≡↓∟╠⅛╠─ ╡

╡≤™∫√ ⇔™ │ ⅎ∏⌐⁸≥℮⇔≡╙ ⅝ ∫≡ ∫√≤⅝⌐∞↑ⱥfi♩╩ ⅎ╢╟℮⌐⇔√⁹

⌐≤∫≡│⁸ ≥⅔╡─ ─│∫⅝╡⇔√ ≢│⌂™√╘⌐⁸ ≤ ⅝ↄ ⌂╢ ⅜ √╡⁸

│∫⅝╡≤⇔√ ⅜ ╣⌂⅛∫√╡≤ ℮ ╙╖╠╣√⁹꜠ ⱳ⁸╙♩כ │▬fi♃כⱠ♇♩─◖Ⱨכ

Ɑכ☻♩─╟℮⌂ ⌂╙─≢№∫√⅜⁸ ⌐ ─ ⅎ╩ ↑╢╟℮⌐⌂∫≡⅝√⁹╕√⁸ ─

⌐╙ ╩ ℮ ╙™ↄ≈⅛ ╠╣√⁹ ↄ─ ⅜╙∫≤ ╩⅛↑≡ ⇔√⅛∫√≤─↓≤∞∫√⁹ 

 

   

ⱨ♫ⱶ◦│ ─ ≢ ↄ ╠╣╢√╘⁸ ⌂ ≢│№╢─∞⅜⁸ ↄ─ ⅜ ∆╢ ⅜⌂

⅛∫√ ≢╙№╢⁹ ╩ ∑╢ ⌐⁸ⱨ♫ⱶ◦⌐≈™≡ ∫≡™╢ ╩ ⌡√≤↓╤⁸◗◐Ⱪꜞ≤

⅜≈™≡™⌂⅛∫√╡⁸ ╛ ⌂≥≤ ⇔≡™√╡∆╢ ╙ ⅛∫√⁹∞⅜⁸∕╣ ⌐ ⌐

∆╢ ≤™℮↓≤≢⁸ ─╛╡⅜™╩ ∂≡™╢ ╙™√⁹ 

⌐ ─ ╩ ℮ ⌐│⁸ ─ ≤ ⅜ ≢№╡⁸ ─ ≢│ ≤™℮⌐│

≢№∫√⁹⇔⅛⇔⌂⅜╠⁸ ╠╣√ ─ ≢⁸ ≢ ╩ ≡⁸ ─ ╩ ∫≡꜠ⱳכ♩

≤⇔≡╕≤╘╢↓≤⌐ ⇔⌂⅜╠╙⁸ ╡─ⱪ꜡☿☻⅜↓⌂∑√↓≤≢⁸ ┼─ ≤™℮

⌐⅔™≡─ │ ↕╣√≤ ╦╣╢⁹ 

─ ⅛╠⁸ ⌐ ⅜∫√ ≤ ⌐ ⅜╢ ⅜ ⌂╢ ⅜ ↄ⁸╟╡ ↄ┼≤ →╢↓≤

⅜≢⅝√╡⁸ ⌐╟╡ ─ ≤ ╦∑≡ ⅛╠ ≈⅛╡⌐ↄ∆╢≤™∫√⁸ⱨ♫ⱶ◦⅜ ≢

⅛╠ ╩ ╢√╘─ ╖╛ Ɽ♃כfi⅜ ≢⅝√⁹↓╣╠─ │⁸ ─ ⌐ →╢↓≤─≢

 ⱴ≢╙№╢⁹כ♥╢⅝
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─  

3-2  

 

   

⅜↓╣╕≢─ ╛⁸ ⌂≥≢ ≡⅝√ ╩╙≤⌐ ─ ╩ ∆↓≤≢⁸ ⌐ ╩

℮↓≤≢ ─☻◐ꜟ▪♇ⱪ⅜≢⅝╢≤ ⇔√⁹  

   

╩ ∆╢⁹ 

↔≤─ │ ╩↔ ™√∞⅝√™⁹ 

   

↔≤─ │ ╩↔ ™√∞⅝√™⁹ 

≤ ┼─ ╩ ≤∆╢⁹ 

≢ ─ ⌂≥╩ ⌐ ∆ ≤⇔√⁹ 

─ ╩⌂╢═ↄ ↄ ⌐ ⅎ╢╟℮⌐⇔√⁹ ⁹ 

 

 ⱴכ♥ 

 

─  

↑╪ ─  

─≈┌↕⌐⅔↑╢ ─  

≤∕─  

─  

─  

─ ╩ ═╢ 

 

─ ⌐╟╢  

₁⌂ ╩ ™√  

─ ╣─  

─  

Ᵽ▬○◄♃ⱡכꜟ─  

☻ⱳכ♠ ─ ᵑ 

☻ⱳכ♠ ─ ᵒ 

ⱪꜝ☻♅♇◒─ ≤  

 

─ ⅜ ⌐ ╓∆  

₁⌂ ≢─ ─  

─ ─  

ⱪꜝ♫ꜞ▪─  

ⱷ♄◌⅜◌♄ꜘ◦⌐ ≈ ≤│  

─ ─ ⌐ ∆╢  

≤ ─ ─  

ⱨ꜡ꜞ♄ⱴⱵ☼ꜜ◖◄ⱦ─  

⅜ⱷ♄◌─ ⌐ ╓∆  

 
꜠◐─ ה ⌐⅔↑╢ ⌐ ∆╢ ─  

╩ ≢ ∆╢ 

 ≢Ɽ☼ꜟ╩ ∆╢ 
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─◖ⱷfi♩ ╩ ⌐ ∆╢⁹ 

▬fiⱨꜟ◄fi◙ ⌂≥ ─ ⌐╟╢♄ⱷכ☺⅜ ⅝⅛∫√⁹ 

─ ≢ ⅜ⱪכꜟ◓╢╦ ⅛∫√⅜⁸ ─ ╢ ╩ ⅜╛╠∑≡™√╦↑≢│⌂ↄ⁸ ─

╩ ↕∑╢↓≤⅜ ≢№∫√─≢⁸ ⌂ │╒╓ ≢⅝√⁹ 

 ♩ⱴ ⌐≈™≡─◖ⱷfiכ♥ 

 ─  

ה ≤ ⸗♦ꜟ─ │≥─╟℮⌐⌂╢─≢⇔╞℮⅛  

ה ≢ ╩ ↑╢≤™™⁹ 

ה ╢╟⌐♃כ♦ ⁹ 

ה ⸗♦ꜟ⁸ ≢™™─⅛ ≤─ ⁹ ↄ╠

™⌂╠ ↑╢─≢│⁹ⱪꜞfi≤≥℮≈↑╢─⅛ ⱪꜞfi─◖fi♩

 ⁹ꜟכ꜡

 ↑╪ ─  

ה ╩ ↄ ∫≡ ⇔™⁹ 

ה ↄ⁸⌂≢♃כ♦─ ≢ ╩ ∆⁹ 

ה ⌐ ⇔≡╙⁸ ⅜♃כ♦⌂ ⇔™⁹ 

ה ─ ≥℮™℮ ╩ ∫≡™╢─⅛ ⅜╦⅛╡⌐ↄ™⁹

╩ ╣≡ ╩⁹ 

ה ╩ ⅎ≡ ⅜ ╠╣╢─⅛  

ה ─ ⅜ ⁹└╙─ ╙ ╣√╒℮⅜ ⅛∫√⁹ ─

╩╙∫≤ ═╢⁹≥↓≢ ⅜♀꜡⌐⌂∫√⅛⁹ 

 
─≈┌↕⌐⅔↑╢

─  

ה ⌐ ⇔≡ ⌂ ╩⇔⌂™≤ ╠╣√ ─⌂⅛≢

⌂ ⅜ ⌂™⁹ 

─™╠ↄ╣≤ה ─ ↕≢⁸⅛≈ ⌐⌂╢╟℮⌐∆╢√╘─

╩ ∫≡╒⇔™⁹ 

ה ≢ ─ ⅝⅜ ∫≡™╢↓≤╩≥─╟℮⌐ ⅛╘╢─⅛⁹ 

ה ™ ╖ ⁸ ⅝ ⇔ ─ⱷꜞ♇♩ה♦ⱷꜞ♇♩ 

╙⧵╙⧵ה ╩╛╡√™─⅛⁹ ─√╘─ ⁹ ⅜№╢≤

∫√⅜⁸ ─ │⌂™─≢│ ⌂− ─ ⅜ ⌂─⅛  

╪∑ה ⅜ ⌐ ⅛╣≡╙™™─⅛ Ɽ▬ⱪ─ ↕─ │ ═√

─⅛  

 Ɑꜟ♅▼ ⌐≈™≡ 

ה ═ ≢ ╦╠∑⌂™√╘⌐╙⁸ ─№╢ ╩ ⇔

≡ ≡ↄ∞↕™⁹ 

─╠⅛╣↓ה ќ≥╣ↄ╠™─ ─ ⌐⌂╢─⅛╩

⇔≡╙╠™√™⁹ 

▼♅ꜟ₈Ɑה ╩≈ↄ∫≡╖╕⇔√₉≢ ╦∫≡™╢⁹≥℮

╩ ∆⅛⅜ ⇔™⁹ 

ה ╩╙℮ ⇔ ⇔ↄ⁸ ─ ╩ ≢⅝⌂™⅛  

ה ╩╛╡√⅛∫√─⅛ ╟ↄ ╠╣≡™╢↓≤⌂─≢╙∫≤ ═

≡╛∫≡ ⇔™⁹ 

 ─  

ה ╩⅝∟╪≤ ™⁸ ↕™ ≢ ╩ ℮╟℮⌐⇔≡ↄ∞

↕™⁹ 

ה ╩ ⇔≡ ╩⇔√™─⅛ ╩ ⇔√ ╩

ⅎ≡╙╠™√™⁹ 

☻כ꜡◒☻ה ⅜ ╩ ∆─│ ⁹ ≥⅔╡─

│ ≢│⌂™─≢⁸ ₁⌂ ⌐ ╕╣╢▪Ⱶⱡ ⌂≥≢ ═

≡╖≡│  

ה ╩╙∫≤ ₁⌂ ╩♃כ♦⁸≢ ╡⌂⅜╠ ℮≤ ™⅛╙⁹ 

ה ∕─╙─│√ↄ↕╪ ⅜№╡⁸™ↄ╠≢╙╛╠╣≡™╢ 

ќ ⅛╠ ╩╙╠∫≡ↄ╢ ─℮╤↓≤⅛⁸⌡┌⌡┌≤

⅛⁹ ⌐≈™≡╛╢─⅛ ≡™≈⌐☻כ꜡◒☻ ∞↑ ≤

⅛ ∆╢⁹ 

  
ה ─ⱪכ♥ ╖ ™√╙─≤ ™√

─ ⅜ ≤⇔⌂™⁹ќ≥─ↄ╠™─ ╩ ╣┌™™─⅛  

ה ⅜ ™ 
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⌐≢∆ה ↕╣≡™╢╙─╩ ═≡╙ ⇔™╙─│ ⌂™⁹

─ ─ ╩ ═╢≤⅛∆╢≤ ⌐ ⁹ 

ה ╩⇔√™─  

⅜≥↓℮™℮≤ה ⅛ ⁹ ╩≤╡№ⅎ∏─◗כꜟ≤∆╢⅛

ⅎ╢═⅝⁹ 

ה ⅜╤↓≥╢™≡⇔⌐ⱴכ♥╩≥↓⌂ ╠⇔ↄ≡ ™≤

∫√⁹Ɽ꞉כⱳ▬fi♩─ ╡ ─ ╩╙℮ ⇔

⇔╟℮  

 ─  

ה ─ ╩ ⅜ ╣╢─⅛ ќ ⌐ ™ ≢№∫√⁹

╙⅝╦╘≡ ≤⇔≡™√  

ה ≢◓ꜝⱨ⅜ ╢─│⌂− ≥ⱪⱭfiכꜗ◦ ≢ ™⅜

≢╢─│⌂− │ ™▪▬♦▫▪⁹ ╩⅛↑√ ╙ ═

╟⁹ 

≥╡√∫│ה ™≢↔╕⅛⇔≡ ╩ ╠⌂™╟℮⌐⁹

⌐♃כ♦⁸ ≠™≡ №╢ ╩⁹ 

ה ⅛╠ ╕≢─ ╩ ⌐ ⇔√─│⌂−  

ה ₁≤⇔≡™≡∆┌╠⇔™≤ ™╕⇔√⁹ │⁸

25,33,50,66,75 ≢ ∫√≤ ™╕∆⅜⁸╙℮ ⇔ ╩ ⅛ↄ

⇔≡╙ ™≤ ∫√⁹₈ ₉≢│⌂ↄ₈ ₉≢∆⅛  

 
₁⌂ ╩ ™√

 

ה ─ ╩ ╘╢ ╙⇔ↄ│ ─ ⌐≈™≡ ⌐ ═╢

╩⇔⌂™≤ ─  ⁹∆╕⇔≡∫⌂⌐♃כ♦™

ה ●ꜝ☻≢╛∫≡╖╢≤≥℮⅛ ≤ ─ ⁹

╩ ⌐ⱪꜝ☻♅♇◒≤ ⇔√⅛╩ ⅎ⌂⅜╠ ⁹ 

ה ⌂≥ ─ ╩╙∫≤ ═╢⁹ ⌂⇔≢∕℮

∆⌂™─≢│  

ה ⇔™ │ ⌐ↄ™⁹ ≡╪↕™ ⁹↓╣╠─ │ ╠╣

≡™╢─⅛ כꜙ♬ꜝ◓ ≤⅛⁸ ⇔⌂™─│⌂−⁹

─↓≤⌂≥№∫√╠ ⇔≡╖╢⁹ ≤⅛ ╩♃כ♦⅛≥

⇔∫⅛╡≤╡╕⇔╞℮⁹ 

℮╙ה ╩♃כ♦⇔ ⇔⁸∕↓⅛╠ ╖ ╣╢ ╩ ⅎ≡│  

 ─ ╣─  

ה ⌐ ∆╢ ╩ ⌐ ∟⌂⅜╠ ⌐ ≢⅝╢≤╟

™⁹ 

ה ─ ⁸ ≤─ ⁸ ≤ ╣─ ⁸ ─ ─ⱳ▬fi

♩ ┘⁹ 

ה ╣─ │ log─ ⅛╠ ⇔√ ⅜ ™⁸ כ♦╙≢

♃╩⁹ 

₈ה ↕₉≤│ ╩↕∆─⅛ ─ ≤ ⁸ ™ ╣⅜

№╡ ╣ќ ™⁸ ќ⅝╣™ ⌂−  

≢כ♃ꜟ▫ⱨה ╘√ ╣─ ⁹ 

 ─  

ה │≤≡╙ ⱴ⌂─≢⁸כ♥⌂ ₁⌂ ≢ ⅜ ╘

╠╣≡™╢─≢⁸≥─╟℮⌂ ⅜⌂↕╣≡™╢⅛ ⇔≡⁸

─ ╩ ∑╢╟℮ ∫≡ↄ∞↕™⁹ 

NaOH mol/lה  ☿ꜟ─ │ ⇔™ Ҟ ⌐ √∞⇔⁸

─ ≤─ ⌡ ™  

ה ╩ ∫≡ ═╢╙─╩ ╘≡™ↄ⁹ 

ה ⇔™↓≤╩╛∫≡™╢≤│ ⅎ⌂™⁹♅ꜗ꜠fi☺│™™─∞⅜

↓─ │ ⇔™⁹ 

ה ⌂╙─≢ ↄ─♦כ♃╩ ╘≡╖≡│  

 Ᵽ▬○◄♃ⱡכꜟ─  

ה ╩ ⌐ ∆╢─⅛≤⁸∕─ ⌐ ⇔√ ╩ ↕∑

⌂™ ╡ ⌐⌂╠⌂™─≢ ⇔≡ↄ∞↕™⁹ 

ה │№╡⅝√╡⁸ ─ ꜝ♇♩ ה ⁸

─ ⌐ ╘√♪ꜞfi◒─ │  

ה ─ ≤ ─ ⁹ 

ה ╩╙∫≡⇔≡☻ⱳכ♠ ≤∆╢─⅛ ─ ≤⇔≡─

╩ ∆⁹ ∞↑∂╚⌂™⅛  

ה ╩⇔╓∫≡ ≈ ≈ ═≡╖≡│  
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 ☻ⱳכ♠♪ꜞfi◒─  

ה ─☻ⱳכ♠♪ꜞfi◒─ ќ▪◒◄ꜞ▪☻ ─ ╩∆

╢⁹⌂− ⇔™☻ⱳכ♠♪ꜞfi◒╩ ╠⌂↑╣┌⌂╠⌂™─⅛

⌂◖fi☿ⱪ♩  

ה ─ ∆♪ꜞfi◒⁸ ─ ∆♪ꜞfi◒⁸ ┌⅛╡≢

⁹™⌂⅜♃כ♦⌂ ⌐♦Ⱪ⌐⌂╢♪ꜞfi◒≤⅛⁸☻♩꜠☻─

∆╢♪ꜞfi◒⁹ ─↓≤╩╛∫√╠≥℮⌂─⅛ ⌐ ∆

╢─│ ⇔™⁹ 

ה ⌐≈™≡╙ ═≡⁸ ⌐№╦∑√ ─ ╩⇔≡│™

⅛⅜⅛⁸ ─ ╩  

ה ─☻ⱳכ♠♪ꜞfi◒≤≡⁸≥╪⌂ ─╙─╩ ╢↓≤⅜

⁹ ╩ ═≡╖≡ↄ∞↕™⁹ 

─ ⁸▪◒◄ꜞ▪☻╩ ⅎ╢╙─╩ ╤℮≤⇔≡™╢─

⅛ ⅜ ⌐№╖∞⇔√ ⅜∆≢⌐№╢  

ה ≥∞ⱴכ♥™ ™╕∆⁹ ™╤™╤⌂↓≤╩ ═

╩⇔≡™ↄ↓≤≤⌂╢⅛≤ ™╕∆⅜ ∫≡ↄ∞↕™⁹Ɽ

꞉כⱳ▬fi♩⅜ ╛∆⅛∫√⁹ 

 
ⱪꜝ☻♅♇◒─

 

─◒♇♅☻ꜝⱪה ≤│ ќ♃♇♅ⱤⱠꜟ─╟℮⌂╙─╩ ╢

₁⌂ ⌐ ≢⅝╢ ⁹⌂−♃♇♅ⱤⱠꜟ╩ ╠⌂↑╣┌⌂

╠⌂™⅛ ╕≢─♃♇♅ⱤⱠꜟ≤─ ™│  

─ꜟכ꜡ⱳꜞⱧה ⌐│ └≤≈ ╩⇔≡╖╢⁹↓─ │

⌂─≢ ⌐ №√╢─⅜╟™⁹↓℮™∫√ ╩╙≈

╙─╩ ≡ ═≡∟╞∫≤ ∫√╙─⌐♩ꜝ▬⇔√╠≥℮⅛  

ה ⅜ ™⁹ 

ה ⌂™╣⅝∏╕ⱴ≢∆⁹כ♥™ ╩ ╢↓≤⅜ ⁹ ╩

═≡╖≡ↄ∞↕™⁹ 

─ꜟⱤⱠ♅♇♃₈ה ₉─ ≤│ ╩ ∆  

ⱳ▬fi♩│⌂╢═ↄכⱤ꞉ה ╩ ⌂ↄ⇔√╒℮⅜ ╛∆™≢

∆⁹ 

 ≤ ─  

─ꜟ▫ⱨ꜡꜡◒ה ⌐ ⅜≤≡╙ ≢№╢⁹ ⅜™╕™

∟ ⅛╠⌂™⁹ 

ה ╩ ┬↓≤⁸ ─ ▬○fi≤─ ⁹ 

│fiꜛ◦כⱬ♅⸗ה ⅛∫√⁹╙∫≤ ─ ⌐ ⅝⌐™ↄ≤™

™⁹ ╩ ╣√↓≤≢⁸ ─ ─ ─ ≤ ⇔≡™╢↓≤│

⌂™─⅛ ◌▬꞉꜠⅜ ⅛∫√─ ◦꜡▬♯♫☼♫≤⅛⅜ ™

─≢│ ≤⅛─ ⅜ ™─≢│  

ה ╩ ⁸ ▬○fi─ ⅜ ╢ ╩ ℮≤ ⌐ ─

╙ ⇔≡ↄ∞↕™⁹ 

ה ╙ ⁹ ╩ ⇔≡ ⇔╟℮≤∆╢ │ ™≤

™╕∆⁹ 

ה ⅜№╢≤⅝≤⌂™≤⅝≢₈ ⅜⌂⅛∫√₉≤ ↑≡ ™─⅛

≤ │ ⇔⌂™─⅛ ▪ꜟ◌ꜞ ─ │ ≤

⇔≡√│∏  

ה ─ ╩⇔∫⅛╡≤ ⇔≡™≡ ⅛∫√≢∆⁹ ─ ╩

∫≡ ↕╩ ∫≡™╢☻ꜝ▬♪│ ↄ≡╙ ™≤ ℮⁹ 

 
≤ ─

─  

ה ќ ⇔™ │ ↕╣╢─≢│⌂™⅛ ─ ₁

™√ ⅛─╢№│♃כ♦─  

ה ─  

ה ⇔≡ ⇔≡ↄ∞↕™⁹ⱪꜝfi◒♩fi╙╛∫≡╒⇔™⁹

™↑─Ⱬꜞ≢ ─ ⅜№╢╟℮⌂ ⅜∆╢⅜≥╪⌂╙─

⅛ ╕╦╡─ ╩ ∫≡ ⅜≥℮⌂∫≡™╢⅛ ═≡╖≡

⇔™⁹○♃ⱴ☺ꜗ◒◦⅜™╢─│ ⌂─⅛ ╕╦╡─ ⅝ ≤

⅛╩♅▼♇◒⁹ 

ⱨꜝ◓⁸♪▬ꜝ☻ה ╩ ™≡╕≤╘╢≤ ⅎ≡ↄ╢╙─⅜№╢≤

™╕∆⁹ │ ≤ ™╕∆⁹ 

ה ─ ─▪▬♦▪│ ↄ ⇔╖≢∆⁹ 

ה ─№─ ─≤↓╤ ╩ ╪∞─│⌂−⅛  
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ה ⇔≡∕─ ⌐≥℮™∫√ⱷꜞ♇♩⅜№╢⅛╩ ⌐ ∑╢≤

╟™≤ ™╕∆⁹ │ ─ ╩ ≡≢⅝╢≤™™≢∆⌡⁹

╩ ⌂™≢ ⅜ ╢─│ ╠⇔™↓≤∞≤ ™╕∆⁹ 

 
ⱨ꜡ꜞ♄ⱴⱵ☼ꜜ◖◄ⱦ

─  

ה │ ╩ ≤⇔≡ ╩ ↑╢─⅛  

ה ™⅜⁸ⱪ꜠♀fi─ ⅜ ⁹ 

ה ™≤™℮↓≤│⁸ ⌐≈™≡│ ═╠╣⌂™─⅛

╩ ═≡™╢ ⌐ ™⇔⌂™─⅛ ▬○fi≤─ ≤

⅛╩ ═√╠ ™⅛╙⁹ 

ה ≤─ ⁸ ⌐№╢ ≤─ ⁸┤ ה

╙⁹ 

ה ─ ⁸ │ ↄ ≡™╕∆⁹ ╩ ≡≡ ∆╢╛

╡ │ ⁹ 

ה ⌐│╟ↄ ═√╡ ⇔≡™≡ ™⁹ 

℮╙ה ⇔╝∫ↄ╡ ⇔√ ⅜™™≤ ™╕∆⁹ 

 
⅜ⱷ♄◌─

⌐ ╓∆  

ה │ ⅛  

ה ⌐≈™≡⅛⁸ ⅜ ∆⅞╢─≢⁸≥↓≢ ⇔™╙─╩

∆⅛│ ⇔™⁹ │ ╩ ∫√─⅛ ╙∫≤│∫⅝╡↕∑

╢⁹ ─ │ ™⅛╙⇔╣⌂™⁹ 

 

꜠◐─ ה ⌐⅔↑

╢ ⌐ ∆╢ ─

 

ה ⅜ ≤≡╙ ↕╣≡⇔╕℮─≢⁸ ⌐ ≈

⌐№∫√ⱬ☻♩⌂ ╛ ─ ╩ ⅜↑≡ↄ∞↕™⁹ 

ה ─№╢≤↓╤≢│⁸≥℮⌂∫≡™╢─⅛  

 
⌐⅔↑╢ ─

 

ה ╙№╢╟⁹CO ∞↑ ⇔─ │≈╠™─≢≥℮╛╢

⅛ ⅎ≡╖╟℮⁹ 

ה ⁸ ⅝↕≢─ ╩⁹ ─ ⅜ ™⁹ 

ה ⅜ ≡⅝√─≢⁸ │ ─♃כ♦ ╩ ╩

ⅎ≡╖≡ ↕™⁹ 

 ≢Ɽ☼ꜟ╩ ∆╢ 

⌐⅛™ה ⌐ ┬⅛ 

 ⱴ≢∆⌡⁹כ♥™╟ה

ה ⁸ ⌐ ╠⇔≡○ꜞ☺♫ꜞ♥▫│№╢─≢∆⅛  

ה ─ ╩ ⇔╕∆⁹ 

ה ─ ⌐ ⅜№╢≤╟™≤ ™╕⇔√⁹₈ ─⅔╙∟╚

₉╩ ╪≢╖√™≤ ™╕⇔√⁹ 
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─  

3-3  

 

    

╩ ∑╢ ╩ ↑⁸ ─ ה ─ ≠↑⌐⌂╢≤ ⅎ√⁹╕√ ─ ╙ ⇔√⁹ 

   

─ ╩ ⁹ 

   

─ ╩ ⁹ 

   

─ ╩ ⁹ 

↓╣╠─ ≢™√∞™√▪♪Ᵽ▬☻╩╙≤⌐⁸2 ─ ╩⇔≡╙╠℮≈╙╡∞∫√⅜⁸ ⌐

│ ⅜╖─≤╒ⱪכꜟ◓3 ≢ ↕╣√ ╩ ⇔⁸ │ ≢ ⅎ√ ╩ ⇔√⁹ ┘≤™℮

≢│ ⅛∫√⅜⁸▪fi◔כ♩ ⅛╠╙ ≤⇔≡™╢╟℮⌐ ⌐ ⅝⌂ ╩ ╠⌐ ⅎ╢↓≤⅜≢

⅝√⁹ 

 

 

3-3-1  

 ( )⁸14  ( )  

  

 ⁸  

   45: 9 ꜟכꜙ☺◔☻

10:00   

12:00   

13:00   

16:10    

16:40   

 

ה  

X ─ ╩ ⇔≡⁸ ─ ╩ ▪ⱪ꜡כ♅⌐╟╡ ™⁸ ₁ ⇔≡™

╢ ─⅝╦╘≡ ⌂ ≢↕ⅎ╙⁸ ─ ╩ ∆╢─⌐ ⌂ ≤⇔≡ ≢

№╢↓≤╩ ⇔⁸ ₁─ ⌐ ⌂╢ ╩ ≢⅝╢↓≤╩ ⇔√⁹╕√ ⌂ ─ ─ ⅛

╠⁸ ⌂ ╩ ⇔≡⁸ ─ ╩ ™⁸ ꜠ⱬꜟ─ ╩ ⇔≡⁸ ⌂ ─

╩ ℮↓≤╩ ≤⇔√⁹ 

 

 

  

⌐⅔↑╢⁸ ─ ╩ ∆╢√╘⁸ ─ ⁸ ⁸ ⁸Bragg ─ ╩ ⇔⁸↕

╠⌐Ⱶꜝכ ⌐≈™≡⁸ ╛ ≤ ─ ─ ⁸ ─ ⁸ ─ ⁸

─ ⁸ ─כꜝ▬○≥ ⁸ ≤ ⁸ ה ה

─ ─ ⁸ ⌐≈™≡ ⇔⁸↕╠⌐ ≢─ ─ ≤ ╘ ⌐

╡ ╗ ╩ ⇔√⁹ 

 

 

   TA TA  

NaCl, KBr, KCl, KI ─◘fiⱪꜟ ≤ XRD ╩ ⇔√ ╩ ™⁸ ⌐ ─

─ ≤⁸ ╠╣√◘fiⱪꜟ─ XRD ⱪ꜡ⱨ□▬ꜟ╩ ⇔√ ╩ ∫√⁹∕⇔≡ ⇔√
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≈─▬○fi ─ XRD ⱪ꜡ⱨ□▬ꜟ╩ ⇔≡⁸▪♬○fiה◌♅○fi─ ⌐╟╡ ⌐Ⱨכ◒

─ ⅜ ↕╣╢↓≤╩ ⇔√ ⁸ ⌐⅔↑╢ ≤ ─ ╩ ∫√⁹ 

   

▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

│ ≢⅝╕⇔√⅛ 7 12 0 0 0 

│ ≢⅝╕⇔√⅛ 11 8 0 0 0 

♃כ♦ │ ≢⅝╕⇔√⅛ 8 10 0 0 1 

⌐ ∆╢ │ ⇔╕⇔√⅛ 16 3 0 0 0 
⌐ ∆╢ ↑⌐⌂╡

╕⇔√⅛ 11 8 0 0 0 
⌐ ∆╢ ↑⌐⌂╡

╕⇔√⅛ 13 5 1 0 0 

─ │  

◖ⱷfi♩  

⌐ ∫√↓≤╩ ™≡ↄ∞↕™ 

KCl │( )111 ⅜ ⇔⌂™↓≤⁹ ─ ⅜∆↔⅛∫√⁹ ⅜ ⌐╙≤─ ≤ ≡│╕∫≡™

≡ ⇔⅛∫√⁹ ⅜∆↔ↄ ↄ≡⅔™⇔⅛∫√⁹ ≤ ≤ ─ ⅜№™╕™⁹ ⇔™⁹ ⅜

∆∫↔™ ⇔⅛∫√↑≥⁸╦⅛∫≡ↄ╢≤∆↔ↄ ⇔™⁹ ₁⌂ ⁹ ╩ ⅎ╢ ≢╖╪⌂≢ ⇔ ∫

√↓≤⁹ ╩ ≡ ╢↓≤⅜≢⅝√↓≤⁹X ≢│ ⅜ ⁹Ⱶ◒꜡⌂ │ ⅜ ™╪∞⌂№∫

≡ ™╕⇔√⁹ ≈ ≈─ │≈⌂⅜∫≡™╢≤™℮↓≤ ⅜ ⌐ ⅝ ⅎ╢↓≤⅜≢⅝╢≤⁸™≈╙

≢ ⇔≡⅝√↓≤⅜≤≡╙ ⌐ ∂√≤™℮↓≤ ⅜≤≡╙ ⇔╕⇔√⁹ ≤ ≤ ⅜ ↄ

┘≈™≡™╢≤™℮↓≤⁹ 

√╘⌐⌂∫√↓≤╩ ™≡ↄ∞↕™ 

─≤⅝│ ╩⅝∟╪≤∆╡≈┬↕⌂™≤™↑⌂™↓≤⁹ ≢≥╪⌂ ╩∆╢─⅛⅜ ⅛∫≡╟

⅛∫√⁹ ≤│ ℮⌂≤ ∫√⁹ ⌐⌂╡√™≤∆↔ↄ ™⁸ ╖⌐ ╤℮≤↕╠⌐ ⅜

UP⇔╕⇔√⁹( )hkl ≤⅛ ⇔⅛∫√↑≥⁸√╘⌐⌂∫√⁹ ─ ≤⅛ X ─ ⌐≈™≡▬ⱷכ☺⇔╛∆

ↄ⌂∫√⁹╖╪⌂≢╛╢ ─ ⇔↕⅜ ⅛∫√⁹ ≡⅜√╘⌐⌂∫√≤ ™╕∆⁹ ⌐ ⅎ┌ ⅜ ≢

ⅎ√↓≤≢∆⁹Bragg─ ╩ ∫≡ ⌐ ≢ ⇔√↓≤⁹ ─ ≢ ∆╢↓≤⅜ ⇔™≤ ⅛∫

√⁹╖╪⌂─ ≢ ∆╢↓≤⅜™⅛⌐ ⇔™⅛ ⅛∫√⁹ ꜠ⱬꜟ─ ⅜≢⅝≡⁸ ─ ╙ ↑≡⁸

₈ ⌐ ↄ₉ ⅜∆↔ↄ ⇔╖⌐⌂∫√↓≤⁹╕√⁸ ╛∫≡™╢ ⅜ ≢ ⅛∑╢≤ ≢⅝√↓≤⁹

≤ ∑√↓≤⁹ ─ ⅜∆∆╖∕℮≢∆⁹ ╪≢™╢↓≤⅜ ⌐ ≈≤ ≢⅝√⁹ ⌐ ∆

╢ ⅜ ⇔√⁹ ╩ ⇔≡ ≤⅛ ≤⅛ ≤⅛™╤™╤⌂ ⌐⌂∫√⁹ ─ ⌐ ⌐

╩ ╣⌂™≤ ⅛╠ ⅜ ╖ ╣⌂™≤™℮↓≤╩ ╪∞↓≤⁹ ─ ≢│⁸ ─ ∞≤⇔≡

╙ ╛ ─ ⅜ ⅝ↄ ╦∫≡™╢≤™℮↓≤╩ ╪∞⁹ ꜠ⱬꜟ─ ╙ ╣┌ ≢⅝╢↓≤

⅜ ⅛∫≡╟⅛∫√⁹ ≤ ⅜ ≢⅝√⁹ 

∆═⅝ ╩ ™≡ↄ∞↕™ 

∟ ⅜ ⅛∫√⅛╠⁸∕─ ⌐ ⅛∆╢↓≤⅜№∫√╠ ⅛∫√⌂≤ ⇔ ℮⁹ ⅛∫√⁹ ⌐

│ ≢⅝⌂⅛∫√─≢⁸ ─ ╩ ⅎ≡™╢≤│™ⅎ ╩∆╢─⅛│∫⅝╡↕∑≡⅛╠⅜ ⅛∫√≤

℮⁹╙℮ ⇔ ─ ⅜╒⇔⅛∫√⁹ 

⅛↑≡╙∫≤ ⌐╛∫≡╒⇔™⁹╙∫≤ ⅜ ∆╢╟℮⌂ ╩⇔≡╒⇔™⁹ ⅜∆↔∆⅞≡

№╕╡∆╢↓≤⅜⌂⅛∫√↓≤⁹ 

─  

 ─ ─ ≤ ⁸ ⁸Bragg ─ ⌐≈™≡ ⇔√ ⌐⁸Bragg ─ ─Ɽꜝⱷכ♃ ╩

↕∑╢√╘─₈ ₉─ ─ ≤∕─ (Ⱶꜝכ )⌐≈™≡ ╩⇔⁸Ⱶꜝכ ⅛╠

╩ ∆╢ ╩ ∫√⁹↕╠⌐♩ⱶ♁fi ─ ⅛╠ ╩ ⇔⁸∕─ ╩ ⇔√ ⁸

⌂ ─ ≤№╦∑≡⁸ X ─ ─ ⌐≈™≡ ⇔√⁹ ─ ╩ ∆

─כꜝ▬○≡∫√№⌐╢ ⌐≈™≡ ⇔⁸ ─ ─ ⌐≈™≡ ⇔√ ⁸ X ─

⅜∕─ ─ 2 ⌐ ∆╢ ⌐ ⇔⁸ ╩ ∆╢√╘⌐│ ─ ╩ ⇔√ ─
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⅜ ≢№╢↓≤╩ ⇔⁸ ─√╘─ ≤⇔≡⁸ ─ ╩ ∫√⁹∕⇔≡ ≤⇔≡

╛ ⁸ ⌐ ⇔≡ ╩ ⇔√⁹↕╠⌐⁸ ╠╣√ ₁─

⌐ ⇔≡⁸Ⱶꜝכ (hkl)─Ɽꜞ♥▫⌐╟╡ ⌐≈™≡ ⇔⁸∕╣╠─ ⅛╠ ─Ⱨכ

◒─ ─ ╩ ⇔⁸ ⱪ꜡ⱨ□▬ꜟ≤ ─ ⌐≈™≡ ╩ ╘√⁹ 

∕⇔≡⁸₈ ∂ ╩╙≈ ⌐ ∆╢р ⱪ꜡ⱨ□▬ꜟ│⁸ ⅜ ⇔™─≢ ╙ ∂

⌐⌂╡⁸ ⅜ ⌂╢╙──⁸ ─ⱪ꜡ⱨ□▬ꜟ╩ ∆⁹⇔⅛⇔⁸ ∂ ╩≤╢ ≈─▬

○fi NaCl, KBr, KCl, KI ⌐ ⇔≡ X ╩ ℮≤⁸KCl ─╖ ─╙─≤│ ⌂╢ Ɽ♃כ

fi╩ ∆⁹₉≤™℮↓≤─ ╩↓╣╕≢─ ╩ ╕ⅎ≡ ⌐ ⇔√⁹ 

   

 │ ⅜ ⌐≡ ∟ →⁸ ≢╙ ↑─ ≤⇔≡ ↕╣≡™╢╙

─≢№╡⁸╕↕⌐ ↑─ ┘ ≢№╢⁹ ⌐│ ─ SSH ≢╙ ╩ ⌐ ∫

√⅜⁸ ╛ Bragg ─ ∆╠╙ ≢№╡⁸ ─ ™╙─≤⌂∫≡⇔╕∫√⁹∕↓≢ │ ╩

⌐ ⇔√↓≤≤⁸ ≤™℮ ≢ ─ ─√╘─ ╩ ╩ⱪ♦▫☻◌♇◦ꜛfiכꜟ◓⁸™

∫√↓≤≢⁸ ⌂ ≢№╡⌂⅜╠╙⁸ ™ ╩ ╠╣√⁹⇔⅛⇔⁸ │ ╕⅛∑⌐

⌂∫≡⇔╕℮√╘⁸ ≢─ ─ ╩ ─ ≤⇔≡ ⇔≡⅔ↄ↓≤≢ ╩ ⌐

≢⅝√≤ ⅎ╠╣╢⁹ 

 ─ ╩ ⇔≡⁸ ─ ─ ⌐ ⇔⁸ ⁸ ⁸ ⁸ⱬ◒♩ꜟ ⁸

╩ ⇔√↓≤≢⁸ ≢ ⇔≡™╢ ⅜ ⁸ ה ╩ ⇔≡™ↄ ≢ ≢№╢↓≤

╩ ↕∑╢≤ ⌐⁸ ₁⅜ ≡╢ ╩ ⇔ ╩ ⌐ ⁸ ≢⅝√↓≤≢ ↄ─ ╩ ╠╣

√↓≤⅜ ≢№∫√⁹ ╙ ⌂╢ ≤⁸ √⌂ ─ ╩ ∂√⁹ 

⌂ ⌐≈™≡ ∆╢ ⱪכꜟ◓⁸╙ ╛꞉כ◦◒כ♩─ ≢ ╩ ╦∏⌐ ⅜ ⅎ╢

≤™℮↓≤⅜ ≢⅝√⁹ 

⌂ ╩ ℮ ≢╙⁸ ⅜ ⌐ ≢⅝╢╟℮⌐∆╢─│⁸4⁸5 ─ ≢─ ⅜ ≢

№╢≤ ⅎ╠╣╢⁹ 

 

 

3-3-2  

    

  

   

   12:40 ꜟכꜙ☺◔☻

13:00  ⁸  

כ◙כ꜠  14:00 ╩ ™√  

15:00  ⁸  

16:00  ─ ─  

17:00   

 

ה  

─ ╩ ⇔≡™√∞⅝⁸ ╩ ╘╢⌐№√∫≡─ ⅎ╩ ⅎ≡™√∞ↄ⁹ 

ה  

⌐╟╢  

₈ ⌐ ≈ ─ ┘ ≢ⱴכ♥℮™≥₉ ─ ╩⇔≡™√∞™√⁹ ⌐ ─ ╖│⁸

⌂╙── ╩⇔≡⸗♦ꜟ ∆╢↓≤⁸∕⇔≡⁸ ⌐ⱪ꜠♀fi♥כ◦ꜛfi╩ ≢⅝╢↓≤⁸∕

⇔≡ ⌐ ⇔╛∆™↓≤⌂≥≢№╢⁹ 

⌐┤╣╢⌐ √∫≡─ ⅎ≤⇔≡⁸ ─ ⌐ SEED⅜ ≢№╢↓≤╩ ↕╣√⁹

Study,Experience,Evidence,Discover  

╕√⁸ ≢ ╦╣≡™╢ ─ ╩↔ ╩⇔≡™√∞⅝⁹∕↓≢│⁸ ה ─ ⁸
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ה ─ ↑⁸ ⅛╠ ┬⁸ ─ ⌂≥╩ ⌐№→≡™╢↓≤╩ ∫√⁹ 

─ ≈↑ ⌐≈™≡│⁸╕∏₈◌fi₉⅜ ≢№╢↓≤⁹∕╣⌐│ ⇔⅛∫√↓≤⁸ ⌐ ∫√↓

≤⁸ ∂√↓≤⌂≥╩ ™ ↕∑⁸∕↓⅜ ⌐⌂╢↓≤⌂≥≢№╢⁹ 

│ ─ ⌐⌂╡⁸ ≤ ─ │≥℮╛∫≡ ∫√⅛ ─ ⅛╠ Ⱪ⁸כꜙ◐כ♫כ◖⁸╡╕

─ ⌂≥ ⌐ ⅎ↕∑≡ ╩ ≈↑ ↕∑√⁹ כ◙כ꜠≥Ⱪכꜙ◐כ♫כ◖⁸≥№─ ╩

⌐ ─ⱪכ◖☻꜡◦○≡⇔ ─∏╣⅛╠ ╩ ╢ ╩ ⇔≡ ⌐ ↕∑√⁹ ⌐

╩ ⌐ ↕∑≡ ≤⌂∫√⁹ 

╡ ≡™⅔⌐ⱶכꜟfiכꜞ◒⁸⌐ ─ ╩ ⇔√⁹ 

   

▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 8 3 0 0 0 

⌐ ∆╢ │ ⇔╕⇔√⅛ 9 2 0 0 0 
⌐ ∆╢ ↑⌐⌂╡╕

⇔√⅛ 8 2 1 0 0 

─ │  

◖ⱷfi♩  

 ̧ √ ⌐ ╩ ↕∑╠╣╢↓≤⅜ ⌐ ∫√⁹ 

 ̧ ╩ ∫≡ ≤ ─ ╩ ╢↓≤⁹ 

 ̧ ⅜ ≢≥─╟℮⌐ ╦╣≡™╢─⅛╦⅛∫√⁹ 

 ̧ ⌂ ≢╙ ⅎ╩ ∆↓≤⅜ ⇔™↓≤⅜╦⅛∫√⁹ 

 ̧ ─ ↕╩ ≢ ⅛╘╢↓≤⅜≢⅝≡ ⇔√⁹ 

 ̧ ─ ╩ ⇔≡™⌂™≤⁸∕╣╩ ⅎ⌂™↓≤⅜╦⅛╡╕⇔√⁹ 

 ̧ ⌐ ╗⌐│ ⅎ╢ ⅜ ∞≤ ℮↓≤⁹ 

 ̧ ⌐╙ ╩ √⌂↑╣┌⌂╠⌂™↓≤╩ ┘╕⇔√⁹ 

 ̧ ╩╖╢↓≤≢ ⅜⅛⅝ ≡╠╣√⁹ 

 

   

 ̧ⱷ⸗╩≤╠⌂™ ⅜ ↄ ─ ╩ ∂√⁹ 

 ̧ ⌐│ ⌐♩ꜝ▬⇔≡™√⁹ 

 ̧ ⌂ ≢│⁸ ⌂ ⌐∆╠ ≢⅝⌂™↓≤╩ ╪∞⁹ 

 ̧ ⌂ ⅜╖╠╣√⁹ 

 

 

 

3-3-3  

  

  

   

   14:30 ꜟכꜙ☺◔☻

15:00   ●▬♄fi☻ 

⌐ⱪכꜟ◓  15:10 ↑≡ ─  fiꜛ◦כ♥כ꜡╩

⌐╟╢ ⌐≈™≡─  

⌐╟╢ ⌐≈™≡─ ה◒כⱪ꞉כꜟ◓ה  

⁸  

ה  17:00 ≤─  

18:00   
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ה  

─ ╩ ⇔≡™√∞⅝⁸ ⌂≥≢ ╩ ⅎ╢ ─ ⌂ ⅎ ╩

℮⁹ 

ה  

 ̧ ◐ꜗfiⱤ☻  

 ̧ ─ ה ─  

 ̧ ה  

 ̧ ה  

 ̧ ה ≤─  

 

3 ≤™℮ ™ ⌐╙⅛⅛╦╠∏⁸ ─◐ꜗfiⱤ☻ ╛ ─◦☻♥ⱶ─ ⁸

─ ⁸ ⁸ ─ ⌂≥⁸ ╡∞ↄ↕╪─ ≢№∫√⁹ ⅜ ⅛∫√√╘⁸

╩ ↄ ─ ╩⁸ ╩ ≡∑↕fiꜛ◦כ♥כ꜡≡↑ ∫√⁹ 

─ ─ │⁸ │ ⌐≤╠ⅎ╢≤ ∫√ ⅜ ╛∆™─≢ ₁⌂ ╩

⇔≡ ⌐ ⅎ╢═⅝≢№╢≤™℮ ╛⁸∕─ ⅎ ╩ ╕ⅎ≡⁸№╢ ≢ ↓∫√ ⌂ ⌐≈™≡

ⅎ≡ ╢≤™∫√╙─≢№∫√⁹ 

↕╠⌐⁸ ─ ╩ ╘╢ ╩ ™≡⁸ ╩≥─╟℮⌐ ╩◒כⱪ꞉כꜟ◓─⅛╢∆ ™⁸

╛ ─ ⌂≥≤─ ╩ ⌐ ∫≡™√⁹ 

  

▪fi◔כ♩  

 ─ │   ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 22 8 0 0 0 

⌐ ∆╢ │ ⇔╕⇔√⅛ 23 5 2 0 0 
⌐ ∆╢ ↑⌐⌂╡

╕⇔√⅛ 20 7 3 0 0 

─ │  

◖ⱷfi♩  

 ̧ ⌐ ∫√↓≤ 

 ̧ ≤─ ⇔ ™ 

 ̧ ⇔√ ⅜ ─ ╣⌐ ∫≡ ⅛╠ ⌐ ╢↓≤ 

 ̧ ─ ─ √∟⅜ ⇔⅛∫√↓≤ 

 ̧◐ꜗfiⱤ☻ ╩ ╠╣√↓≤ 

 ̧ ─ √∟≤ ∑√↓≤ 

 ̧ ─ ─∆↔↕ 

 ̧ ⌐≈™≡≥╪⌂↓≤╩ ⇔≡™╢─⅛╦⅛∫√ 

 ̧ ≤ PC ⅜ ⅛∫√↓≤ 

 ̧ ─↓≤⁸ ≢≢⅝╢↓≤⌂≥╩ ↑√↓≤ 

 ̧  √∫⅛╟≡∫⅛╦≡™≈⌐כ◑ꜟ꜠▪─

 ̧ ─ ₁⅜⁸≤≡╙ ⇔∕℮∞∫√↓≤ 

 ̧ ⌐™╤™╤⌂ ⅜№∫√↓≤ 

 ̧ ⌐ ╩ ⅎ╢↓≤ 

 ̧ ─◐ꜗfiⱤ☻⅜ ╣√↓≤ 

 ̧ ╢ ─ ⌐≈™≡ ™√╡⁸ ╩ ╢↓≤⅜≢⅝√↓≤ 

 ̧ ╛ ─╟℮⌐⁸ ה ≢ ╩│∫⅝╡≤ ╘∏⌐ ╩ ┬ ⅜№╢↓≤╩│∂╘≡

∫√ 

 ̧ ⅜ ⇔≡™≡⁸ ⅛∫√↓≤ 

 ̧ ─ √∟⅜─┘─┘⇔≡™√↓≤ 

 ̧ ─ ⌐≈™≡ 

 ̧1≈─ ⌐≈™≡⁸™╤™╤⌂ ⅛╠ ⅎ╢≤™℮↓≤╩⇔√↓≤ 

 ̧ ─ ╩ ╢↓≤⅜≢⅝√↓≤ 

 ̧ │ ⅜ ∞∫√↓≤ 
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 ̧Ɽ♁◖fi ⅜ ⅛∫√↓≤ 

 ̧ ─ ╣╩ ═╢  

 ̧ ┼─ ≤  

 ̧ ─ ⌐ ╕╣≡™╢ ╩ ═╢ ⅜ ⅛∫√ 

 ̧ ─ ₁≤─  

 ̧ ⌐ ↕╣≡™√  

 

√╘⌐⌂∫√↓≤ 

 ̧ ╛ ⅜ ⇔∕℮∞≤ ∂√ 

 ̧VOC ⌐≈™≡ ∫√↓≤ 

 ̧ ─ ─↓≤⅜ ↄ╦⅛∫√↓≤ 

 ̧ ≢─ ─ ╩ ⅜╛∫≡™╢≤ ╠⌂⅛∫√─≢ ™√⁹ 

 ̧ ≢≢⅝╢↓≤╩™╤™╤ ╢↓≤⅜≢⅝√ 

 ̧ ≤ ⅜≢⅝√↓≤ 

 ̧ ⌐≈™≡ ⅜╦™√ 

 ̧ ─ ╖⅜ ⇔╦⅛∫√↓≤ 

 ̧™╤™╤⌂ ╩ ⅛╠ ⇔ↄ ↑√↓≤ 

 ̧ ─↓≤╛⁸ ─ ─↓≤─ ⌂ ╩ ↑√↓≤ 

 ̧ ⁸ ─ ₁≤ ∑√─│⁸╕∞ ⅜│∫⅝╡ ╕∫≡™⌂™ ⌐≤∫≡√╘⌐⌂∫√ 

 ̧ ─ ╩⇔≡™╢ ─ ╩ ↄ↓≤⅜≢⅝√↓≤ 

 ̧ ╛™╤™╤⌂ ╩ ⇔≡™╢ ₁⌐ ↑√↓≤ 

 ̧ ─ ₁⌐ ⅜ ↑√↓≤ 

 ̧ ─ ╖⌐≈™≡ ∫√↓≤ 

 ̧ ⌐⁸ ─ ה♩▬Ᵽ╛ꜟ◒כ◘⌐ ⌂≥╩ ↄ↓≤⅜≢⅝√↓≤ 

 ̧ ⌐≈™≡─ ≤™∫≡╙™╤™╤⌂ ⅜№╢↓≤⅜╦⅛∫√↓≤ 

 ̧ ─ ╙⌐≤⌂☻ⱪfi◐ꜗfiⱤכ○─ ⅜ ≡⅝√ 

 ̧ ⅜ ∫≡™╢ ⌐╙ ⌐ ≈ ⅜№∫√ 

 ̧ ─ ⅎ ⁸ ⅎ │ ₁≢№╢≤™℮↓≤ ╩⅝∟╪≤ ℮↓≤│ ∞≤™℮↓≤ 

 ̧ ⌐ ⇔≡ ≤ ─ ™╩ ∂╢↓≤⅜≢⅝≡╟⅛∫√ 

 ̧ ─ ⅜∆↔™↓≤⅜╦⅛∫√↓≤ 

 ̧ ⌐ ╣┌™╤™╤⌂↓≤⅜≢⅝╢↓≤⅜╦⅛∫√↓≤ 

 ̧ ─ ╩ ∫√↓≤ 

 ̧ ─™╤™╤⌂ ─ ↕╩ ╢↓≤⅜≢⅝√ 

 ̧ ⅜≥─╟℮⌂ ⌂─⅛⅜ ↄ╦⅛∫√ 

 

∆═⅝  

╩╙∫≤ ↄ⇔≡╒⇔™⁸ ↄ⇔≡╒⇔™⁸ ⅜ ™⁸ ╩ ─ ╡ ⌐⇔≡╒⇔™

⌂≥─ ⅜ №∫√─╖≢⁸ ⌐ ∆╢ ∆═⅝ ─◖ⱷfi♩│ ⇔ 

 

   

─▪fi◔⁸│╠⅛♩כ ה ≤─ ⅜ ⌐ ⌐ ∫√↓≤⅜╦⅛∫√⁹ ⌐≤∫

≡│⁸ ⅛╠─ ╛ ⁸ⱱכⱶⱭכ☺⌂≥⅛╠─ ⅜ ≢⁸ ⌐ ⇔≡™╢ ⅛╠ ╩

ↄ │ ⌐ ⌂™↓≤⅜℮⅛⅜╦╣╢ ⅎ┌○כⱪfi◐ꜗfiⱤ☻⌂≥⌐ ⇔≡╙⁸ ╛ ≤

╩ ╘≡ꜞꜝ♇◒☻⇔≡∂∫ↄ╡ ⇔ ℮ │ ⌂™≤ ╦╣╢ ⁹ 

╕√⁸ ≤™℮⁸ ≢│№╕╡ ╦⌂™ ⌐ ⇔⁸ ╩ ↑≡⇔∫⅛╡ ⅎ╢ ⅜ ⅎ

╠╣√─│⁸╒≤╪≥─ ⌐≤∫≡⅔∕╠ↄ ╘≡─ ≢№╡⁸ ─ ─ ╩ ⅎ≡ ╩

ⅎ≡™ↄ ≢ √╘⌐⌂∫√╟℮≢№╢⁹ 

≢─ ⌐≈™≡╙⁸ ╛ ⅜ ─ ⌐ ╦∫≡™╢↓≤╩ ╠⌂™ ╙ ↄ⁸

↕╕↨╕⌂ ╛ ╩ ⅜ ↑⌐ ⌐ ⇔≡™╢ ⌂≥╩ ─ √╡⌐⇔≡⁸

≢ ┘⁸ ⇔≡™ↄ≤™℮↓≤⌐ ∆╢ √⌂ ⅜ ╠╣√─≢│⌂™⅛≤ ╦╣╢⁹ 

∆═⅝ ─ ⌐│ ⌂≥─ ⅛⌂ ⅜ №∫√∞↑≢№╡⁸ ≤⇔≡│

╙ ⇔≡⅔╡⁸ ⌐ ╦∫√≤™ⅎ╢─≢│⌂™∞╤℮⅛⁹ ╙−└ ⇔≡™⅝√™

≤ ⅎ╢⁹ 
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3-3-4 ⱨ▫כꜟ♪ ☿fi♃כ 

 ⁸  ╩

⌐ ↑≡  

ההה  ⁸ ההה  

   

─  12:45 ꜟכꜙ☺◔☻ ◐ꜗfiⱤ☻  

13:00    

14:00  ≢─ⱨ▫כꜟ♪꞉כ◒ 

14:30   

17:00    

 

ה  

 ̧ ⌐ ╕╣╢ ─ ╩ ™⁸ ☻◐ꜟ╩ ⌐≈↑╢ 

 ̧ ≤ ─⅛⅛╦╡⌐≈™≡ ∆╢ 

ה  

ᵑ ה ⌐ ∆╢   

ᵒ ≢─ⱨ▫כꜟ♪꞉כ◒  

─ ≤⌂╢ ─  

ᵓ   

ⱴ○►⅛╠─◄ⱨ▼♪ꜞfi─  

─  

   

▪fi◔כ♩  

 

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 4 3 0 0 0 

⌐ ∆╢ │ ⇔╕⇔√⅛ 4 3 0 0 0 
⌐ ∆╢ ↑⌐⌂╡╕

⇔√⅛ 5 2 0 0 0 

─ │  

 

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 7 11 1 0 0 

⌐ ∆╢ │ ⇔╕⇔√⅛ 13 5 1 0 0 
⌐ ∆╢ ↑⌐⌂╡╕

⇔√⅛ 13 5 1 0 0 

─ │  

◖ⱷfi♩  

 ̧ ⅜⅛╠∞⌐ ™ ╛ ╖⅜ ↄ╦⅛∫√⁹ 

 ̧ │ ⌐ ⅛╠ ╩ ↑≡™╢↓≤⅜╦⅛∫√⁹ 

 ̧ ─ │ ≡≈⌂⅜∫≡™╢↓≤⅜╦⅛∫√⁹ 

 ̧ ≤ ─⅛⅛╦╡╩ ⇔√⁹ 

 ̧ │⅝∟╪≤ ↕╣≡™√╙─≢№╢≤™℮↓≤⌐ ≠™√⁹ 

 ̧ ≤ ≤─ ⅜╦⅛∫√⁹ 

 ̧ ─√╘⌐ ⅜ ⇔™↓≤⌐♅ꜗ꜠fi☺∆═⅝∞≤ ≠™√⁹ 
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 ̧ ⇔™ ─ ╩ ∂√⁹ 

 ̧ ☻◐ꜟ─ ⅜ ≢⅝√⁹ 

 

   

─ │ ─ ⅜ ≢№╡⁸ ↑─ ╙ ╕╣≡™√⅜⁸╦⅛╡╛∆ↄ ⇔≡™√

∞™√─≢⁸ ╙ ≢⅝╢╙─≢№∫√⁹ │ⱷ⸗╙╟ↄ≤∫≡™≡⁸ ╙ ≢№∫√(

⌐ )⁹ 

ⱨ▫כꜟ♪꞉כ◒╛ ⌂≥⁸ ⅜ ⌐ ╩ ⅛∆ ⅜ ⅛∫√─≢⁸ ─ │ ⌐ ⅛∫√⁹ 

─ ⅝ ⌐│⁸ ⌐ ╛ ─ ⌂≥╙ ⅎ≡ ⅝⁸ ╙ ⌐ ╩ ∫≡™√⁹ 

 

 

3-3-5  

 ⁸  

  

   

    13:15 ꜟכꜙ☺◔☻

13:30    

13:40  ⌐≡⁸ ⁸ ה ⌐╟╢  

15:00  ⅔╟┘ ─ ⌐ ∆╢  

16:00    ₈ ₉  β31 ─╖  

17:00   

 

ה  

─ ⌐≈™≡─ ≤ ⌐≈™≡▪♪Ᵽ▬☻╩™√∞ↄ⁹ 

ה  

─  

₈ ₉⌐≈™≡ ╒≥ ⇔≡™√∞™√⁹⌂− ≢ⱴכ♥℮™≥ ╩ ╘√─⅛⁸∕─

⅛╠ ⅛∫√↓≤╕≢ ⇔≡™√∞™√⁹ 

─  

₈▬♩◌꞉₉⌐ ∆╢ ⁸ ⌐ ∆╢≤ ⅎ╠╣≡™╢ ⌐≈™≡─ ⌐≈™≡ ⇔≡™

√∞™√⁹ 

≤ ⌐ ⇔≡ ⅎ╢─│⁸╕∏ ⅜ ≢№╡⁸∕─ ⅜ ╘≡◦fiⱪꜟ≢№╢

≤™℮↓≤≢№╢⁹ ⅛╠ ╩♃כ♦╢╣╠ ⇔⁸∕╣╩◓ꜝⱨ ⇔⁸∕↓⅛╠ ↄ─ ╩ ⅝ ∆

≤™℮↓≤≢№╢⁹ ─ ╩♃כ♦⌂℮╟─≤╙≢╠⅛ ╢⅛⌐╟∫≡⁸↕╕↨╕⌂ ⅜ ╠╣╢↓≤

│⁸ ⌐≤∫≡╙ ⅝≢№∫√╟℮≢№╢⁹∕⇔≡∕╣╩ ⌐ ⅝ ╘≡™ↄ │ ⌐≤∫≡⁸

─ ≤⌂∫≡™√⁹ 

∕─ ⁸ ⌐≈™≡─ ⌐ ╡⁸∆≢⌐ ⅜ ╕∫≡™╢ ⅛╠ ⌂ ⅜ ↕╣⁸

⅛╠╙ ⌂ ╩™√∞™√⁹╕√⁸╕∞ ⅜ ╕∫≡™⌂™ ↑⌐╙⁸ ≤

┘≈ↄ╟℮⌂⁸ ⌐ ™ ╩™ↄ≈⅛ ⇔≡™√∞™√⁹ ≢╙ ╩♩כ꜠◖ꜛ♅⌂ ⇔√

─ ⌂≥ ⌐ ™╙─╙№∫√⁹ │ ⌂ ╩ ∫≡⌂⅛⌂⅛≢⅝⌂™╟℮⌂ ⅜

↕╣╢≤↓╤⌐ ™≡™√╟℮≢№╢⁹ 

∕⇔≡ ╡ ⁸ ─ ≢ ╦╣≡™╢₈ ₉⌐╕≈╦╢ ⁸╕√ ╩ ⁸ ↕∑

≡ ⅝ ≤⌂∫√⁹ 
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▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 8 2 0 0 0 
⌐ ∆╢ │ ⇔╕⇔√⅛ 8 0 0 0 0 

⌐ ∆╢ ↑⌐⌂╡╕

⇔√⅛ 9 1 0 0 0 

─ │  

◖ⱷfi♩  

 ̧↓╣⅛╠─ │ ╛ ⌂≥╩ ⅛╠ ∫≡™ↄ─≢│⌂ↄ≡⁸ ⌐⌂╢≢№╤℮≤™

℮↓≤⁹ 

 ̧ ⌂≥─ ─ ╩ ⅎ≡╙╠∫√↓≤⁹ 

 ̧ ⌐≈™≡™╤™╤⌂ ⅜ ↑√↓≤⁹ 

 ̧ ⅜≥─╟℮⌐ ╩ ╘≡™╢⅛ ⅛∫√↓≤⁹ 

 ̧ ─ ─ ⅜ ∞∫√↓≤⁹ 

 ̧ ─↓≤≢⁸ ≢│ ↑⌂™╟℮⌂↓≤╩ ⇔√╡ ↑√↓≤⁹ 

 ̧ ⌐ ⅜№╢≤™℮ ≢√ↄ↕╪ ⅎ⅜№╢≤™℮↓≤⁹ 

 ̧╕∞ ⅛∫≡™⌂™↓≤⌐ ⇔⁸╖╪⌂ ⌂ ≢ ⅎ≡™√─≢ ╙∕℮™℮ ⅜≢⅝√╠™™

⌂≤ ∫√⁹ 

 ̧ ─ ⅜ ⌐ ™⁹ 

⌂╕↨╕↕╙╠⅛♃כ♦⌂⅛∏╦̧  ⅛╠ ∆╢↓≤≢ ↄ─ ⅜ ⅛╢↓≤⁹ 

 ̧╙∫≤ ∆ ⅜╒⇔™⁹ 

 ̧ ╩ ═╢↓≤⅜ ≢№╢⁹ 

 ̧ ⌂ ╙ ≢№╢≤™℮↓≤⁹ 

 ̧╛│╡ ≢│ ─ ⅜ ╦╣≡™≡⁸ ╙ ∫≡™√↓≤⁹ 

 ̧ ⌐≈™≡ ⌐╙⁸ ╛ ─Ᵽ▬♩╩⇔≡™√ ⌐≈™≡─ ╩ ↄ↓≤⅜≢⅝√↓≤⁹ 

 ̧╙∫≤ ╩ ⌐ ╘≡™╣┌⁸ ⇔™ ⅜≢⅝√⅛╙⇔╣⌂™⁹ 

 ̧ ⁸ ⌂≥─ ─ ─ ⅜╟⅛∫√⁹ 

 ̧ ─ ≢⁸╕∞ ⅜ ↕╣≡™⌂™↓≤⅜ ™↓≤≤⅛⁸™╤™╤⌂ ─ ⅜ ∞≤ ∫√⁹ 

 ̧ ─ ⌐≈™≡ ⇔≡ↄ╣√↓≤⁹ 

 

   

╕∞ ⅜ⱴכ♥─ ╕∫≡™⌂™√╘⌐⁸ ⌂▪♪Ᵽ▬☻╩™√∞↑╢ ⅜ ⌂⅛∫√↓≤⁹⇔

⅛⇔ ╕∫≡™╢ │ ⌐▪♪Ᵽ▬☻╩⇔≡™√∞™√⁹∕─ ⌐ ∆╢ ╙№╢

∞≤™℮↓≤⁹ ⌐ ╛ ⌐≈™≡ ⇔≡™╢≤↓╤⌂─≢⁸ ⌂ ↄ╠™│ ∞≤ ∫√⁹

⌐ ⇔≡ ⌐ ╩∆╢ ⅜™√↓≤⁹ 

 

 

3-3-6  

  

  

 ⁸ ⁸  

   12:20 ꜟכꜙ☺◔☻

☻ⱪfi◐ꜗfiⱤכ○  12:40  

15:00  Ᵽ☻≢ ☿fi♃כ ┼  

15:30  ☿fi♃כ  

16:30   

ה  17:30  

 

ה  

─ ╩ ∆╢↓≤≢⁸ ⌐ ∆╢ ─⸗♅ⱬכ◦ꜛfi▪♇ⱪ╩ ╢⁹ ⌐↔

─ ╩ ⇔≡™√∞ↄ↓≤≢⁸2 ─ ─ⱥfi♩╩ ╢⁹ 
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ה  

─☻ⱪfi◐ꜗfiⱤכ○  

─№╢ ◐ꜗfiⱤ☻≢⁸○כⱪfi◐ꜗfiⱤ☻╩ ⁹ ≢ⱪ꜡◓ꜝⱶ╩ ⌂⅜╠ ⌐

∫√⁹ ─ ⅜ ⅛╣√ⱳ☻♃כ ≢│ ─№╢ ⌐≈™≡ ⌐ ⇔≡™╢ ─

⅜ ╠╣√⁹ 

☿fi♃כ ─  

≤ ─ ⅜ ∫≡™╢ ┼ ⇔⁸ ─●▬♪≢ ─ ╩ ∫

√⁹ ⅛╠⁸ ┼─ ╩ ⇔√ ╕≢⁸ ₁⌂╙─⅜№╡⁸∕╣∙╣⌐ ╩⅛⅝ ≡╠

╣╢ ∞∫√⁹ 

⌐╟╢ ≤  

╩ ⇔≡™⌂™ ╙™√√╘⁸ ─ ⌂ ≤ ─ ⅛╠ ╕∫√⁹↕╠⌐ⱥ♩◕ⱡⱶ

─ ╩ ─☻fi◄◒כ◦≡⇔ ⅜™⅛⌐ ⇔√⅛⁸ ─ ⌐│ ─ ⅜ ⅛∑⌂™≤™℮

⅛╠ ─ ┼─ ╩ ≤ ⇔≡ ∂≡™√∞™√⁹ 

╕√⁸ⱴ◓꜡ ─ ╩ ≢כⱤכ☻≢≥↓╢∆ ∫≡™╢ ╡ ─ⱴ◓꜡─ ╩ ⅝ ╘╢↓≤

⅜≢⅝╢≤™℮ ⅛╠⁸ ☻fi◄◒כ◦√⇔ │ ⌐╙ ≢⅝╢↓≤╩⁸ ⅎ≡™√∞™√⁹ 

↕╠⌐ ⌐≈™≡⁸ ≢ ≢⅝╢ ─ │↔ↄ ╠╣≡™╢↓≤⁸ ↄ─ │ ≤

╩ ⅝⁸ ⌂ ╩≈ↄ∫≡™╢↓≤⌂≥ ─ ≢╙ ─ ⅜№╢≤™℮↓≤╩

ⅎ≡ ™√⁹∕⇔≡ ≢⅝⌂™ ⌐≈™≡╙ ╩ ∫≡⅝≡ ∆╢≤™℮ⱷ♃◕ⱡⱶ⌐≈™

≡ ⇔⁸ ≢ ╢↓≤─≢⅝⌂™ ─ ╩ ╠⅛⌐∆╢ ╩ ⅎ≡™√∞™√⁹↓─ ⌐≈™

≡─ │ ⌐ ℮↓≤⅜≢⅝╢╙─≢№∫√√╘⁸ √∟╙ ↄ ™√╟℮≢⁸ ⌐

⌐ ⌂ ╘ ⌐≈™≡ ⇔≡™╢ ⅜™√⁹ 

   

▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 3 13 13 1 4 

⌐ ∆╢ │ ⇔╕⇔√⅛ 8 12 11 1 2 
⌐ ∆╢ ↑⌐⌂╡

╕⇔√⅛ 4 18 9 1 2 

─ │  

◖ⱷfi♩  

 ̧ ⅜ ⌂╢≤™╤™╤⌂↓≤⌐ ⅜ ╢↓≤⁸╕√∕─ ╙№╢↓≤⅜╦⅛∫√⁹ 

 ̧ ⅜⅝╣™∞∫√⁹ 

 ̧ ╩ ⇔≡™⌂™√╘⁸ ╛ ─ ⅜ ⇔ↄ⁸╟ↄ╦⅛╠⌂⅛∫√⁹ 

 ̧ ⌐ ℮ ─ ⌐≈™≡╟ↄ╦⅛∫√⁹ 

 ̧ ⌐ ╩ ≢⅝√↓≤⅜╟⅛∫√⁹ 

 ̧ ╩╙℮ ⇔ ↄ⇔≡ ⇔™⁹╕√ ⇔ ∆⅞√⁹ 

 ̧−└↓─ ─ ≢ ╩⇔√™⁸≤ ℮╒≥ ╩ ≈↓≤⅜≢⅝√⁹ 

 ̧ ─ ╘ ⌂≥⅜ ⌐⌂∫√⁹ 

 

   

◐ꜗfiⱤ☻≢─ ─ ⁸Ᵽ☻≢ ┼ ⁸ ≢│ ™ ─ ╩ ≢

⅝ ╢⌂≥ ─ ™ ≢─ ⅜ ⅝⁸ ─ⱷ▬fi─ ╕≢ ─ ⅛⌂⅛∫√ ⅜ ⅛∫√⁹

™╤™╤⌂╙─╩ ∑╟℮≤ ⇔√⅜⁸ ⌐ ⌐⌂∫≡⇔╕∫√ ⅜№╢⁹╕√⁸ ─ ╙Ɽ꞉כ

ⱳ▬fi♩╩ ∫√ ∞∫√√╘⁸ ⌐ ⌂≥╩ ⇔√ ─ ⌐│ ╡⌂⅛∫√╟℮∞⁹

│Ⱳꜞꜙכⱶ╩ →≡ ─╖⌐ ╡⁸ ─ ╙ ─ ╛ ╩ ∑╢⌂

≥─ ⅜ ≢№╢≤ ∂√⁹√∞⁸ ─╡⅛┌√⇔ⱪfiכ○ ─ ≢ ╩⇔≡™╢ ╩ ╢

↓≤⅜≢⅝√↓≤│⁸ √∟⌐≤∫≡│ ⅝⌂ ⌐⌂∫√╟℮∞⁹№─ ≢ ⌂≥⅜ ≢⅝╣

┌ √∟╙ ≤™℮╙─⌐ ∆╢▬ⱷכ☺╩╟╡┤ↄ╠╕∑╢↓≤⅜≢⅝╢─≢│⌂™∞╤℮⅛⁹ 
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─  

3-4  

 

3-4-1  

  

  

  ⁸   

    13:15 ꜟכꜙ☺◔☻

14:00  ─ ⅔╟┘ ─  

15:30  ⌐╟╢ ה  

16:30   

 

ה  

 ̧ ─ ╩ ∆╢⌂⅛≢⁸ ╩ ≈↑╢⁹ 

 ̧∆≢⌐ ╩ ⌐ ╪≢™╢ ⌐ ™ ╩ ⅎ╢⁹ 

 ̧ ≤ ╩ ≈⁹ 

ה  

─ ╩ ↑⌂⅜╠ ⇔√⁹ 

─⅛╠ ⌐≈™≡─ ≢│⁸∕─ ⅛╠ ╕╡⁸ ⁸ ↕╣╢╙──

⁸◄Ⱡꜟ◑כ ⁸ ⌂≥╩ ⅎ≡™√∞™√⁹ 

   

▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

─⅔ │ ≢⅝╕⇔√⅛ 6 14 2 2 0 

⌐ ∆╢ │ ⇔╕⇔√⅛ 10 11 3 0 0 
⌐ ∆╢ ↑⌐⌂╡

╕⇔√⅛ 8 9 6 0 1 

─ │  

◖ⱷfi♩  

 ̧ ─ ⌐ ⇔√⁹ 

 ̧ ⅜ ∞∫√⁹ 

 ̧ ─◄꜠ⱬכ♃כ⌐ ꜞ♬▪ ⅜ ╦╣≡™╢↓≤⌐ ⇔√⁹ 

 ̧ ─ ╩ ⅝≢ ≢⅝≡╟ↄ ≢⅝√⁹ 

 ̧ ≈ ╩√ↄ↕╪╖╢↓≤⅜≢⅝≡ ⌐⌂∫√⁹ 

 ̧ ≢ ⅎ╢▬fi◒⌂≥ ╩╙∟ ⇔√™≤ ∫√⁹ 

 ̧ ⅜ ∟∞≤ ℮↓≤╩ ╘≡ ┘╕⇔√⁹ 

 ̧ ⅝╩ ∞↑⅛╠◐ꜗⱪ♅ꜗכ∆╢ │∆↔™≤ ∫√⁹ 

 ̧◄Ⱡⱨ□כⱶ╩ ⌐╙≈↑√™⁹ 

 ̧ ⅜ ╙ ⌐ ↕╣≡™√↓≤⁸∕─ ─ ⅜ ⅛∫√↓≤⌐ ⇔√⁹ 

 ̧ ─ │ ⌐⌂∫√⁹ 

 ̧ ─ ╖⅜╦⅛∫√⁹ 

 ̧ ─ ─ ↕⌐ ™√⁹ 

 ̧ ⅜ ─ⱷꜞ♇♩∞↑≢⌂ↄ⁸ ⌐⌂∫≡™╢↓≤⁹ 

 ̧ ─ ↕╩ ╘≡ ⇔√⁹ 

 ̧ ─ │ ⌐⌂∫√⁹ 

 ̧ ≤ ╩ ⌐⇔√ ⅜╟⅛∫√⁹ ≢ ⅝ ∫√ ─ │ ╣╢  

 ̧ ─⅛╠ↄ╡ ⅜ ─ ∟ ↑╕≢ ≢⅝╢↓≤⌐ ™√⁹ 
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⁸ ⌐꜠ⱬꜟ⅜ ↄ ⌐⌂∫√⅜⁸ ⌐ ↑ ⌐⌂∫≡⇔╕™⁸ ⅜ ⌐ ≢⅝

╢ ⅜⌂⅛∫√⁹ 

≤─ │ ∟ ╦∑⅛╠⅛⌂╡ ⌐⁸⇔⅛╙ ⅛╠─ ╩ ₁ ⌐ ╡ ╣≡╙╠℮

⅜№╢≤ ∂√⁹ 

 

 

 

3-4-2   

  

  

 ⁸ ⁸  

     12:00 ꜟכꜙ☺◔☻

12:30   

13:00  ─  

14:00   

14:50   

15:00   ┼─ ╡ ה╖ ⱪ꜠♀fi☻⌐≈™≡ 

16:40   

17:00   

 

 

ה  

ᵑ ⌐ ↑╢ ≤ ◘▬♪⅛╠ ─☻ⱦכ◘√  

≡⇔≥☻כ◔   Ɽ♁◖fi─ ╩ ∆╢  

ủ ⌐⅔↑╢ ─ ≤ ─№╡ ─  

ủ ◘♇ⱳכ♩☿fi♃כ─ ⌐≈™≡ ╩ ╘╢ 

─≥כ◙כꜚ ⱴכꜙ◦fi◖ה ─ ─☻ⱦכ◘  

ủ ⱷכ◌כ ≤⇔≡ ─ ≤│ ⅛╩ ∆╢ 

ᵒ ─ ≤⇔≡─ ⅛╠─◐ꜗꜞ▪  

   ⅜  

ה  

 ₈ ≤ ─↔ ₉ 

      

ủ ⌐╟╢ ⇔™ ─ ⅜ⱦ☺Ⱡ☻⌐≈⌂⅜╢ 

ủ ─ ќ ∆╢ ╩ ⇔≡ ⇔™ ─ ⅜  

ủ ─ ≤  

 ₈ │ ╟╡ ┬₉₈ │™≈╙ ќ∕⇔≡ ה ╩ ⅎ≡⅝√⁹  

      

ủ ─ ─ ╡ ה╖ ≤⇔≡─ ╡ ה╖ ┼─ ╡ ╖ 

 ₈ ⱡכ♩ ─ⱴכ◔♥▬fi◓₉ 

   ⱴכ◔♥▫fi◓ ⱪכꜟ◓    

ủ ─  

⁸  ⱦꜞ♥▫⁸☿◐ꜙꜞ♥▫ ⁸◙כꜚ⁸

◘ⱳכ♩  

 

 ₈ כ♃ⱦ☻☿fiכ◘ ₉ 

כ♃ⱦ☻☿fiכ◘      
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ủ ה ה ─ ⇔√ⱪ꜡☿☻─ ≢⁸ ⌐ ╩ ╡ ╗ 

╩∕─ ╡ ╖⁹ 

ủ ⸗Ᵽ▬ꜟ ─  

ủ ┼─⅝╘ ⅛™  

 

 ₈ ◘ⱳכ♩☿fi♃כ ₉ 

   ◌☻♩ⱴכ◘ⱳכ♩   

ủ ◘▬♪⌐√∫√◘ⱳה ⁹♩כ ⁸⅔ ─  

◘ⱳכ♩☿fi♃כ  

ủ ◖כꜟ☿fi♃כ◙כꜚ כ≤ ה ≢─◘ⱳכ♩ 

ủ ☿fi♃כ ☻ⱦכ◘  

   

ⱪ꜠♀fi♥כ◦ꜛfi⅜ ╣≡™√⁹ ◘▬♪─ ⅜ ↄ⁸ ⌐ ⌂≥⅜ ⌐ↄ⅛∫√ ⅜№╢⁹↓

╣⌐ ⅎ≡⁸ ⌂≥─ ╩ ╛∆≤ ⅛∫√⁹ ─ ┼─

╡ ╖ ⅜ ⌐ ≢⅝√⁹ 

⌐ ╡ ╪≢ↄ╣√⅜⁸ ╩ ™≡™╢ ⅜ ↄ⁸ ╖ ≤™℮ ╙ ⌂╡ ╩ ╠

∆ ⅜™√⁹ⱪ꜠♀fi♥כ◦ꜛfi─╛╡ ⌂≥╙ ⌐⇔≡™⅝√™⁹ 

⌐ ⌐ ⌂≥╩ ™≡∕╣⌐ ≠™√ ה ⌂≥╩ ╩ ⇔≡⅔ↄ ⅜

≢│⌂™⅛⁸ │ ∑∆⅞√ ∂⅜∆╢ │ ╩ ╘√™⁹ 

─ ⌂≥ ה ≈⁸ ⌂ ─ ≤⁸∕─ ⌂≥─ ⅜ ≢⅝╣┌⁸

₈ ₉≤ ℮ ≤₈ ─☻ⱦכ◘ ₉≤™℮ ─◘▬◒ꜟ┼─ ⅜⁸╟╡ ╕╢─≢│

⌂™⅛≤ ∂√⁹ 
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─  

3-5  

 

    

   

 5  

  

 ⁸  

♩כ◕ 13:40 ꜟכꜙ☺◔☻  

14:00 ⌐≡  

ה     ─ ≤⌂╢ ⌐≈™≡ 

ה     ≤ ≤ ⌐≈™≡ 

─⧵ה      

    ─ ╘ ╛▪♪Ᵽ▬☻ 

15:30  

ה     ☿fi♃כ─ ╡ ╖ ┘ ─  

ה     ⌐ ™≡ ─  

16:30 ⌐≡ ┘ ⌐ ⇔≡─  

    ▪fi◔כ♩  

17:20 ⌐≡  

 

ה  

╖─ ╩ ⇔≡⁸ ╩ ⇔⁸ ≤∕╣╩ ╡ ↄ │⁸ ↄ─ ⅜

⌐ ╖ ∫≡ ↕╣≡™╢↓≤╛⁸ ⅜ ⁸ ┘⁸ ⇔≡™╢ ─ ⌐≈™≡ ╩ ╘

╢ ≤∆╢⁹ 

ה  

 

    

 

☿fi♃כ      ⌐╟╡ 

¶ ─  

¶ ─ ≤⌂╢ ⌐≈™≡ 

¶ ≤ ⌐ ∆╢ ה ─ ≤ ⌐╟╡⁸∕─ ╩ ⇔⁸ ∆╢↓≤─ ╩

↕╣√⁹ 

¶ ♩ⱦ◔ꜝ ─  

¶ ⌐⅔↑╢ ⱨ꜡ꜞ♄ⱴⱵ☼ꜜ◖◄ⱦ─ ≤  

◐♪⸗►꜡◗ⱪ◕fiכꜗ◦ ¶ ⁸ ─  

¶ ≤ ─ ⌐≈™≡ 

¶ ─ ⌐≈™≡ 

¶ ─ ≤ ⌐≈™≡ 

¶ ☿fi♃כ─ ╡ ╖⌐≈™≡ 

¶ ─ ╘ ╛▪♪Ᵽ▬☻ 

 

 

¶ ┘ ─  

¶ ⌐ ™≡ 

¶ ─ ≤∕─ ≤ ─♃▬ⱪ ─ ≤⌂╢ ⌐≈™≡   
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▪fi◔כ♩  

 ↄ∕℮ ℮  ╛╛∕℮ ℮  ┤≈℮  
╛╛∕℮ ╦⌂

™ 

ↄ∕℮ ╦⌂

™ 

─⅔ │ ≢⅝╕⇔√⅛  5 3 1 0 0 

⌐ ∆╢ │ ⇔╕⇔√

⅛  5 3 1 0 0 

⌐ ∆╢ ↑⌐⌂

╡╕⇔√⅛  3 6 0 0 0 

─ │  

◖ⱷfi♩  

 ̧ ─ ─ ╛ ─ ה ─ │ ≈─ ≢│ ≢⅝⌂™≤™℮↓≤⅜ ⌐ ∫

√⁹ 

 ̧ │ ╣⌂™ ─ ⌐ ∫≡╖≡⁸ ≢≥─╟℮⌂ ⅜ ╦╣≡™╢─⅛ ⅛∫≡™™

⌐⌂∫√⁹ 

 ̧♃▬ⱪ ╛○○◌Ⱶ─ ⁸ ⌂ ╩ ╢↓≤⅜≢⅝≡ ⇔√⁹ 

 ̧™╤™╤⌂ ╛ ─ ╩ ∆╢↓≤⅜≢⅝⁸ ⌐ ∆╢ ⅜ ⇔√⁹ 

 ̧ⱨ꜡ꜞ♄ⱴⱵ☼ꜜ◖◄ⱦ─ ⌐⅔↑╢ ─ ⌂ ⌐ ╩ ∫√⁹ 

 
   

⁸ ┘ ╩ ⇔⁸∕─ ⅛╠⁸ ⌐ ╩ ⌐ⱴכ♥√∫ ⇔≡⁸ ≢⅝╢╟℮⌐

⇔√⁹ 

⌐╟╢Γ Δ⌐ ╕╡⁸Γ⅔ Δ⌐ ╦╢ ⁸ ╠ ⌐⁸↓─ ╩ ∆╢↓≤≢⁸

─ ┼─ ╩ ⌐≈↑╢╟℮⌐ ╩⇔√⁹ 

│⁸ ┘ ⌐≡ ⌐ ⇔≡™√⁹ ─ ⅜ ⇔╖≢№╢⁹ 
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─  

3-6  

 

3-6-1 ⌐⅔↑╢  

  

⌡╠™ 

≢№╢ ≢⁸Ⱪ♫ ╩│∂╘≤∆╢ ⌂ ╩ ∆╢≤ ⌐⁸∕↓╩ⱨ▫כꜟ♪≤⇔

≡ ╩ ℮↓≤≢⁸ ─ ≢│ ⌐ ∆╢↓≤⅜≢⅝⌂™ ≢─ ╩ ⇔⁸ ─

⌐ ≡╢↓≤╩ ≤⇔√⁹╕√⁸ ⌐≈™≡│ ◘▬◄fi☻≢│ ∫≡™⌂™ ─

≤⇔√⁹ 

 

 21 8 5  

 

 ⁸  

 

 ⁸ ⁸  

 כ◙▬Ᵽ♪▪ה♪▬●

 ⁸ ⁸  

 

 

₈ ⌐⅔↑╢ ─ ─ ₉ 

 

 ⌐ ╘╠╣╢ ⌐≈™≡⁸ ─ ⌐⅔↑╢ ─ ╩ ╠⅛⌐∆╢ ⌐⁸

─ ≢─ ⌐ ⇔⁸ ⌐╟╢ ┼─ ⌐≈™≡ ∆╢  

 

⁸◒כꜛ♅  4 m × ⱪכ꜡⁸ 50 cm ─ ╡ ⅝⁸4 m × ⁸ ╣ × ♃כ♦⁸

⁸A♩כ◦ ◒ꜞ♇ⱪⱲכ♪× ⁸ ⁸◘fiⱪꜟ ⁸ ⱴ☺♇◒⁸1/25,000 ⁸

⁸ ⁸ ⁸ꜞꜙ♇◒  

 

  

─ ≢ ⅔⅔╟∕ ⌐ ∆╢ ─ ≢ ℮ №╡  

 ─  

4×4 m ─ ≢⁸50 cm ─◓ꜞ♇♪ ⌐ ⇔≡™╢ ⁸  81 ╩ ≤∆╢ Wolman 

sampling; Wolman, 1954  

  

  ─ ╩╙∫≡ ≤∆╢  

Pettijohn (1975) ⌐╟╢ ─ ╩ ⌐ ╩ ℮  

∕─ ≢─ │ ╦∏⁸ ≤ ∆╢ ∕╣∙╣ ∏≈ ⇔⁸ ⁸ 

╩ ™≡ ℮  

♃כ♦   

   ⌐≈™≡⁸ ↔≤─ ╩ ∆╢ │⁸Russel and Taylor (1937) ⌐⇔√

⅜™⁸ ⇔≡ ∆╢ ↓╣╠⌐ ≠™≡⁸ ╩ ℮  



52 

 

 

 

  ⌂ ─ ╡ ⇔∞∫√⅜⁸ │ ⌐ ╡ ─♃כ♦⁹√™≢╪ │ ┼ ∫≡⅛╠

℮ ∞∫√⅜⁸ ⅜Ɽ♁◖fi╩╙∫≡⅝≡⅔╡⁸∕─ ─♃כ♦⌐∟℮─ ∟ ╖⁸ ╡─ ─

≢⁸◓ꜝⱨ ─ ⌂≥⁸ ♃כ♦╓╒≢ ╕≢ ╦∫≡⇔╕∫≡™√⁹ ─⸗♅ⱬכ◦ꜛfi│

ↄ⁸ ⌐ ╣┌ ⌂ ≤⌂∫√≤ ⅎ╟℮⁹ 

 

 ⌐ ╣┌ ≢№∫√⅜⁸∕─ ─ ╩ ╢≤╕∞ ⅜ ╢⁹ ⌐ ╩ →╢⁹ 

ᵑ ─ ╩ ≢ ∫√↓≤ 

ᵒ ⁸ ⌐ ↑√⸗♅ⱬכ◦ꜛfi─  

ᵓ ♥כⱴ ╩↓∟╠≢ ∫√↓≤ 

 

 ᵑᵒ│ ⇔≡™╢≤ ⅎ╠╣╢⁹ ≢ ⇔√√╘⁸ ╛⸗♅ⱬכ◦ꜛfi─ ⌂╢ⱷfiⱣכ⅜ ╕∫

≡⇔╕∫√⁹∕─√╘⁸ ♃כ♦─ ╛ ⌐ ↑≡─ ⅜ ⌂╢─│ ─ ⅛╙ ╣⌂™⁹

∕─ ⁸ ╩╕≤╘╢─⌐ ⅜⅛⅛╡⁸ ╩ ╘╢↓≤⅜≢⅝⌂⅛∫√↓≤│ ∞∫√⁹√∞⇔

↓─ ≤⇔≡│ ≤™℮ ≢ ⌐ⱴכ♥─≈ ╡ ╕∑√↓≤⁸ ⌐⌂╡ ◘▬◄fi☻─

⅜ ╕∫√√╘ ╩ⱴכ♥─≈ ⌂╢ⱷfiⱣכ≢ ⌐ ╘⌂↑╣┌⌂╠⌂⅛∫√↓≤⌂≥ ─ ⅜

╪≢™╢≤ ╦╣╢⁹ 

 ᵓ⌐≈™≡│⁸ ≤™℮↓≤╙№∫≡⁸ ∆╢ ⅜▬ⱷכ☺╩≈⅛╗√╘⌐│ ≢№∫√⅜⁸

│ ∆╢ ⅜№╢⁹ 

 ⅛╠│ ≢ ⌐ ╩ⱴכ♥ ↕∑⁸∕╣⌐╟∫≡ ╩ ℮↓≤≢⁸↓╣╠─ ─

ↄ│ ≢⅝╢╙─≤ ╦╣╢⁹ 

 

 ⌂⅔⁸↓─≤⅝─ ⌐≈™≡│ ⌐⅔™≡ ⇔⁸↕╠⌐∕↓≢ ↕╣√ ╛

─ ╩╕≤╘ ⇔⁸ⱡכ♩ꜟ♄ⱶ ─₈ ╕╣ ₉⌐⅔™≡ ⇔√⁹ 
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3-6-2 ⌐⅔↑╢  

  

   

╩ ∆╢ ⌐≈™≡ ┘⁸ ─ ≤∕─ ⌐≈™≡─ ╩ ╘╢ 

 

   

3 9◒ꜝ☻(1◒ꜝ☻№√╡ 42 ) 

 

   

22 2 3 ─ (50 ) 

 

   

 4 1444 8  

 

∟  

⁸ⱷ⸗ ⁸ ⁸ ⁸  

 

⅔╟┘꜠ⱳכ♩  

 ─ ╩⁸꜠ⱳכ♩ ⌐ ↄ↓≤⁹ ─ ⌐│ ⅜ ⌐ ╩ ↑√↓≤⁸ ⅜ ⇔√

↓≤⁸⌂╠┘⌐ ⌐╟╡ ⅜ ∫√↓≤╩ ⌐ ↄ↓≤⁹Ɽfiⱨ꜠♇♩─ ╩∕─╕╕ ⅝ ⇔√╡⁸

Ɽfiⱨ꜠♇♩╩ ╡ ∫≡ ╡ ↑╢╟℮⌂↓≤│⇔⌂™⁹ 

  

ᵑ ₈  ꜠ⱳ₉♩כ 

ᵒ ꜠ⱳכ♩ ה ה  

ᵓ  

ᵔ ≤  

ᵕ  

  

ᵑ ₈ ╩ ∆╢ ⌐≈™≡ ┘⁸ ─ ≤∕─ ⌐≈™≡─ ╩ ╘╢₉ 

ᵒ ≢№╢ ⌐≈™≡─  

ᵓ  

   ⇔√ ⌐≈™≡⁸ ─ ╦⅛∫√∕─ ─ ה ה ה↕⅝ ה ⌂≥

╩╕≤╘╢⁹ 

ᵔ  

 



54 

 

─   

3-7  

 

  

  

    

 

ה  

⌐⅔™≡ ─ ╩ ∆╢ ╩ ה ∆╢↓≤╩ ⌐⇔⁸ ─ ≢│⁸

─ ╩ ╘╢ ≢─₈ ⁸ ₉─ ≤⁸ ⌐ ∆╢ ─

⌐╟╡ ─ ╩ →╢↓≤╩ ≤∆╢⁹ 

ה  

  Ɫⱡ▬─  

    ⌐Ɫⱡ▬─ ─⸗♦ꜟ≢ ╩ ╦∑╢↓≤≢⁸ ─ ≤ ─ ─ ╩

ⅎ↕∑ ↕∑╢⁹╕√⁸ ╩ ∆╢↓≤⅜≢⅝⌂™⅛╩ ⌐ ™⁸ ⇔√Ɫⱡ▬─ ⌐≈

™≡ ⅎ╢⁹ 

  Tromino ⌐╟╢  

1×1─ 3 ╩ L ⌐≈⌂→√ Tromino ╩⁸
nn 22 ³ ─ ⅛╠ 1×1─ ╩ ≈─

⅛╠ ╡ ™√ ⌐ ⇔≡ ⅛≥℮⅛╩ 1=n  , 2  , 3─≤⅝⌐≈™≡ ⌐ ╩ ╦

∑╢↓≤≢ ⅎ↕∑╢⁹╕√⁸ ╩ ∆╢↓≤⅜≢⅝⌂™⅛╩ ⌐ ™⁸ ⇔√ Tromino

⌐╟╢ ⁸ ⌐≈™≡ ⅎ╢⁹ 

─  

  Ɫⱡ▬─  

Ⱪꜝⱨⱴכ─ ─ ╩ ⇔√─∟⁸Ɫⱡ▬─ ╩ ™ ≢ ╩⇔√⁹ ─ n≤

)(nf ─ ≤⇔≡⁸ 

  12)( -= nnf  

╩ ⁸ ⌐≡ ─ ╩ ∫√⁹ ⅛╠ ⇔≡⅝√ │╕∞ ╩ ⇔

≡™⌂⅛∫√√╘⁸ ─ ╖╩ ⇔⌂⅜╠ ╩ ∫≡™∫√⁹↕╠⌐ ≤⇔≡⁸

╩ ⇔√ ─ ╛⁸ ⅜ ⇔√ ─ ≢№╢ 

 

() () () ( )nnfffnf +-+++= 121 3  

 

⌐≈™≡─ ⌐╙ ╡ ╪∞⁹ 

Tromino ⌐╟╢  

⌐ ╡ ╗ ⌐⁸ ⌐≈™≡─▬ⱷ⁸╘√╢∑⅛╦╩☺כ ↄ⅛╠ ╠╣≡™╢

─♃▬ꜟ⌐╟╢ ⁸ ─♃▬ꜟ⌐╟╢ ⁸ ─ ≤⇔≡ ⌂ Penrose 

Tiles ╛⁸ ─ Voderberg Tiles ⌂≥─ ╩⇔≡ ⌐ ╩ √∑√ ⌐ Tromino ⌐╟

╢ ╩ ∫√⁹ 

1×1─ ╩ L ⌐≈⌂→√Tromino ⌐╟╢
nn 22 ³ ─ ⅛╠ 1×1─ ╩ ≈

─ ⅛╠ ╡ ™√ ┼─ ⅜ 1=n  , 2  , 3─≤⅝≢№╣┌ ╩ ⇔≡ ≢№╢

↓≤⁸╕√ ─n⌐≈™≡ ∆╢↓≤╩ ╩ ™≡ ∆╢↓≤⅜≢⅝√⁹↕╠⌐⁸

≥─╟℮⌂ ≢№╣┌ ⌂─⅛⁸ ⌂─⅛⌐≈™≡ ⁸ ╩ ∫√⁹ 

─⌂⅛⌐│ ⌐≈™≡ ⅜√∫№╙ⱪכꜟ◓√™≡∑↕ ─ ≢ ≤⇔≡

╡ →╢↓≤⅜≢⅝⌂⅛∫√⁹ 
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▪fi◔כ♩  

 ↄ∕℮ ℮ ╛╛∕℮ ℮ ┤≈℮ ╛╛∕℮ ╦⌂™ ↄ∕℮ ╦⌂™ 

│ ≢⅝╕⇔√⅛ 6 3 3 1 0 
⌐ ∆╢ │ ⇔╕⇔√⅛ 8 3 1 1 0 

SSH │ ⅛∫√≢∆⅛ 10 2 0 1 0 

─ │  

◖ⱷfi♩  

⌐ ∫√↓≤ 

¶ ⌐ ⅜ ↕∑╠╣√─⅜╟⅛∫√ 

¶  

ה ¶ () () () ( )nnfffnf +-+++= 121 3  ⌂≥⁸ ─ ↕ 

¶ ╕≢ √↓≤─⌂™╟℮⌂ ≢ ⌐ ╡╕⇔√⁹ 

¶ Ɫⱡ▬─ ─ ─  

¶ │ ₁⌂↓≤⌐ ≢⅝╢≤™℮↓≤ 

¶ ⌐ ⅎ╢↓≤≢╙ ∞≡≡™↑┌⅝∟╪≤ ≢⅝╢≤™℮↓≤ 

¶ L Ⱪ꜡♇◒⅜ ⇔⅛∫√≢∆ 

¶ ╡≢ ⌐ ≠↑√─⅜ ⅎ√↓≤⌂⅛∫√─≢⁸ ╩ ⅎ╢─⅜  

¶ ∞≤╦⅛∫√⁹ 

¶ L Ⱪ꜡♇◒─ ─ ≢ ╩ ™√↓≤ 

 

⅜╦™√↓≤⅜№╣┌∕─↓≤⌐≈™≡ ™≡ↄ∞↕™  

¶ ─ ─↕∑  

¶ L Ⱪ꜡♇◒ 

¶ 4  

¶ Ɫⱡ▬─ ─ ╩ ╛∆↓≤ 

¶  

¶ Ɫⱡ▬─ ≢ ≢⌂™ ⅛⇔ ⌂≥ 

¶ ─≤⅝─ ╩ ⅎ√╠ ™⅛╙⁹L ∞↑≢⌂ↄ ─ ∞∫√╠    

¶ ™⅛╙ 

¶ ─  

∆╢═⅝ ╩ ™≡ↄ∞↕™ 

¶ ╩╕∞ ⇔≡™⌂™◒ꜝ☻⌐│⅝≈™ 

─ ≢ ⌂╡─ ⁸ ⅜№╣┌ ™≡ↄ∞↕™ 

ה ¶
nnn 222 ³³ ─ ⅛╠ 11³─ ╩≤∫√ │ L Ⱪ꜡♇◒≢  

¶ ⌐≥─ ⌂ ≢ ╩ ≢⅝╢⅛ 

¶ ≢│ ₁⌂↓≤╩ ⇔≡™╢⅜⁸ ≢⅝⌂™≤™℮↓≤╩ ≢⅝╢⅛≤™℮↓≤ 

¶ ⌂− ─ ⅜ ╕╣√─⅛ ⅛╠⌂⅛∫√ 

¶ ─ ╩ ≈↑╢ 

 

   

Ⱪꜝⱨⱴכ─ ─ ≤⁸Ɫⱡ▬─ ─ ─ ╙╡ ╩ ⇔√ ⌐⁸ ─ ≢Ⱪꜝⱨ

ⱴכ─ ─∆═≡─ ╩ ↕∑╢≤ ⅜ ∆╢≤ ╦╣≡™╢ ╩⁸ ה ╩ ™

≡ ⇔╟℮ ⌐ ≢⅝√↓≤╛⁸ ─ ≤ ─ ⌐≈™≡ ╩ ≈↑ ⇔↕╠

⌐∕╣╩ ≢⅝√↓≤⁸╕√Ɽ☼ꜟ╩ ⇔√ ─ ⌐ ╡ ╪≢™╢ ⌐⁸ ─

┼─ ⌐ ╩ ∫√↓≤⌂≥⁸₈ ⁸ ₉─ ⌐≈⌂⅜╢ ╩ ≢

⅝√≤ ⇔≡™╢⁹ 

    ╕√⁸ ╩ ⅛⇔≡ ⅎ≡™ↄ ─ │⁸ ⌐≤∫≡ ─ ⌐ ⇔≡ ╩ ∆∞↑≢⌂

ↄ⁸ ⌂╢ ⌐ ⇔≡ ╩ →╢ ⇔™ ≢№∫√─≢⁸ ╙∕─╟℮⌂ ╩ ⅎ⁸ ╩

⅛⇔⌂⅜╠ ⅎ╠╣╢♥כⱴ╩ ≈↑≡ ╩⇔≡™ↄ═⅝≤ ⅎ╢⁹ 
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─  

3-8  

 

  

  

     

 

ה  

─ ≢ ─ ⅜ √⇔≡⅝√ ⌐ ⇔⁸ ─ ≤ ─ ⌐≈™≡⁸ ╩ ╡

∫≡ ∆╢⁹↓╣⌐╟╡⁸ ─⌂⅛⌐ ╩ ╖ ⌂◒כ♬ꜚ⁸≢╪ ╩ ≢⅝

╢ ╩ ∆╢↓≤╩ ≤⇔√⁹ 

ה  

≢│⁸ ─ ≤ ─ ⌐≈™≡ ⇔√⁹ ─ ⁸ ⌐⅔↑╢⁸ ⌐ ∆

╢↓≤─ ⁸ ─ ⌐╟╢ ─ ⁸ ⌐⅔↑╢ ≤ ─ ╩ ≤⇔≡⁸

≢⁸ ⅛╠ ⇔√ ─ ⌐╟∫≡ ⅜ ⇔⁸ ⅜ ⁸ ─ ⌐ ╩≈

↑√↓≤⁸↕╠⌐│⁸ ⌐⁸ꜝ▬ⱨꜟ ⅜ ↕╣√↓≤⌐╟∫≡⁸ ⅜ ⌐ ⇔

√↓≤╩ ╪∞⁹╕√⁸ ⅎ┌⁸ ꜝ▬ⱨꜟ─ ≢⁸ ─ ⅜ ↕╣╢

─ ╛⁸ ה ⌐ ╣√ ─ ─ │ ≢№╡⁸↓─╟℮⌂

─ ≤ ─ ⌐≈™≡╙ ⇔√⁹ 

≢│⁸ ─ ⌐≈™≡ ⇔√⁹∕─ ≢⁸ ╩ ⌐ ⅎ⁸ ╩ ⇔√⁹∕─ ⁸

ꜝ▬ⱨꜟ─ ╩☺ꜗ▬꜡ ≤ ≠↑≡ ⅎ⁸ ∆╢↓≤≢ ─ ⅜ ∆╢↓≤╩

⌐ ╠ⅎ⁸ ⌐≈™≡ ╣√⁹ⱬ◒♩ꜟ─ ╩ ∆╢ ╙№╢√╘⁸ ⌐ ℮↓≤│ ╕⇔ↄ

⌂™≤ ⇔√⁹ 

   

⇔≡ ─ ≢ ╦∫≡⇔╕∫√ │⁸ ™⌐ ∆═⅝ ≢№╢⁹╕√⁸ ─⌂⅛≢⁸

⌂ ╛ ⇔™ ╩ ≢⅝√─⅛≤™℮ ╙ ⅜ ╢⁹⇔⅛⇔⁸ ≤ ≤™℮⁸ ≢│№╕

╡ ⌐ⱴכ♥™⌂⇔ ╣√↓≤≢⁸ ⌂╡≤╙ ⅜ ⅜╡⁸ ⌐ ∆╢ √⌂ ⅜ ≢⅝√

≤│ ∂≡™╢⁹ 

╕√⁸ ≢№∫√≤│™ⅎ⌂™⌐⇔╤⁸ ≤ ╩ ⇔√ ╩ ⇔╟℮≤⁸ ⌐ ⇔√

⅛╠│⁸⅔⅔⅝⌂ ⅜ ╠╣√⁹↓─╟℮⌐⁸ ⌐ ─ ─ ⅜ ╩ ⌡╢↓

≤│⁸ ™ ≢№∫√⁹ 
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─  

3-9 ◘▬◄fi☻♄▬▪꜡◓ 

    

╩ ∑╢ ╩ ↑⁸ ─ ה ─ ≠↑⌐⌂╢≤ ⅎ√⁹ 

 

ה  

◘▬◄fi☻   ⱱכꜟ 

 

The science and art of cultured neurons: learning, memory, and creativity. 

Douglas Bakkum 

The University of Tokyo 

Kanzaki- Takahashi Laboratory 

Japan Society for the Promotion of Science (JSPS) Post- doctoral Fellow 

 

Abstract 

The brain's unique mental abilities are thought to emerge from the processing of information by networks 

of neurons. To study this, isolated neurons were grown over glass dishes embedded with multiple 

electrodes (multi -electrode arrays, o r MEA). Neurons use electricity as one method to communicate with 

each, and an MEA can be used to both record and stimulate nearby neurons, thus providing 2 -way access 

for a researcher. Using these tools, we look for answers as to how can cognition arise f rom the activity of 

neurons in a network: learning, memory, creativity, etc. By providing the neurons with an artificial body 

(embodiment), we see if the neurons can learn anything about their new body and/or the environment 

with which they now interact. A  special example will be presented: neurons and an MEA were combined 

with a robotic drawing machine developed in collaboration with two Australian artists. The system was 

termed MEART (MEA + aRT) and provided a foundation from which to address both scienti fic and artistic 

inquiries.  

KEYWORDS 

neuroscience physiology / neuro -physiology  amplifier  

amplify   electricity    stimulation  

voltage  voltage pulse -- used to stimulate neural activity  

voltage recording -- used to record neural activity  

flourescence 

flou rescent staining -- adding flourescent dyes into a cell  

flourescent imaging -- using a microscope to image the flourescent cells  

cultured neurons / 'in vitro' -- neurons growing in a dish  

multi -electrode array  neuron  axon dendrite  soma / cell body 

inhibito ry neuron  excitatory neuron  cortex / cortical   

Glia    feedback embodied / embodiment -- providing a body for the cultured 

neurons  learning   memory   creativity  
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⅛∫√  

¶ ╩ ⅎ√ ≢ ⅛∫√⁹ 

¶ ⅜ ⅛╠⌂™≤↓╤╙⁸☻ꜝ▬♪─ ≢ ⅛∫√⁹ 

¶ ☻ꜝ▬♪⅜╛│╡ⱪ꜡ⱨ▼♇◦ꜛ♫ꜟ≢≤≡╙ ⅛╡ ™╙─∞∫√⁹ 

¶ ⅜Ɽ꞉כⱳ▬fi♩─ ⌐№∫≡ ⅛╡ ⅛∫√⁹ 

¶ Ɽ꞉כⱳ▬fi♩⅜ ≢─ ⅜№∫√ ⁹ 

¶ ⅜ ↄ≡ ⇔╛∆⅛∫√⁹ 

¶ ⌂ │ ⅛╡ ™ ≢ ⅎ≡ↄ╣√⁹ 

¶ ∫√╟╡ ⅜ ≢⅝≡℮╣⇔⅛∫√⁹ 

¶ ─ ⅜ ⇔≡ↄ∞↕∫√─≢⁸ ∫≡ ↓℮≤ ⅎ√─≢╟⅛∫√⁹ 

¶ ─ ⅜≤≡╙ ⅛∫√⁹ 

¶ ⅜ ∆╢ ⅜≤≡╙ ╩╙≡╕⇔√⁹ 
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¶ │ ⇔⅛∫√↑≥⁸Ɽ꞉כⱳ▬fi♩⅜ ⅛╡ ⅛∫√⁹ 

¶ ™ ≢╟⅛∫√⁹ 

¶ ⅜∕↓╕≢ ↄ⌂ↄ⁸№╢ ⅝ ╢↓≤⅜ √⁹ 

¶ ╙∕↓╕≢ ⇔ↄ⌂⅛∫√─≢⁸ ⇔╛∆⅛∫√⁹ 

¶ ─ ≡™≈⌐☻fi╛◦♫ⱪ꜡כꜙ♬⁸≢ ╪≢™√⇔⁸Ɽ꞉כⱳ▬fi♩⅜ ⅜ ↄ⁸ ∞∫√

√╘ ∫√╟╡╙ ⌂ↄ ↄ↓≤⅜≢⅝√⁹ 

¶ ─ ╩ ↑╢ │ ⌐⌂™─≢⁸ ™ ⌐⌂∫√⁹ 

¶ ≢ ⅜ ↑≡╟⅛∫√⁹ 

¶ √∟─ ╩╙∫≤ ⌐⇔√™⁹ 

¶ ╩ ⅛╡ ↄ ⅎ≡™√∞↑√─⅜ ⅛∫√⁹ 

¶ Ɽ꞉כⱳ▬fi♩⌐ ╙ ™≡№∫√√╘⁸ ⅝ ╣⌂⅛∫√ ╙ ⇔ ≢⅝≡╟⅛∫√⁹ 

¶ ╛ ╩ ™≡─ ≢№∫√√╘⁸ ⅛╡ ⅛∫√⁹ 

⅜fi꜡כꜙ♬ ¶ ∆╢ ╩ ╠╣√─│ ⅛∫√⁹ 

¶ ◓ꜝⱨ╛ ╩√ↄ↕╪ ∫≡™√─≢ ⅛∫√⁹ 

¶ ≢ ∆╢≤⅝≤⁸ ≈∞↑─≤⅝─ ⅜∆↔ↄ ⅛╡ ⅛∫√⁹ 

¶ ─ ≢ ∫≡™√↓≤╙№∫√⅜⁸ ╩ ╣╢ ╩ ∫≡ ⌐ ∆╢≤↓╤⅜

⅛∫√⁹ 

¶ ⌐ ⅜№╡⁸ ─ ⌐ ⅜ ╢⁹ 

¶ ╙ ⌐ ⅎ≡™√∞↑≡ ⌐⌂∫√⁹ 

¶  

ↄ⌂⅛∫√  

¶ │№∫√─∞⅜⁸ ⅜ ⇔⅛∫√⁹ 

¶ │ ⌐ ≡╢√╘⌐ ⇔≡™╢⅛╩╙∫≤ ╡√™⁹ 

¶ ⅛⌂╡ ⌐ ⅜№╡⁸ ⅝ ╢↓≤⅜№╕╡ ⌂⅛∫√⁹ 

¶ │╙∫≤ ⅜ ≢⅝╢╟℮⌐⌂∫≡╙℮ ⅝√™⁹ 

¶ Ɽ꞉כⱳ▬fi♩⅜ ⅛╡ ⅛∫√⅜⁸ ⅜ ∞∫√─≢ ≢⅝⌂⅛∫√⁹ 

¶ ─ꜞ☻♬fi◓ ⅜ ⅛∫√─⅜ ⅛∫√⁹ 

¶ ╣┌╙℮ ⇔ ⌐⇔≡╒⇔™⁹ 

¶ ⅜╙∫≤ꜞ☻♬fi◓≢⅝╣┌╟⅛∫√⁹ 

¶ ⅜≤╪≢⇔╕∫√⁹ 

¶ ─ ─⌂↕─√╘⁸№╕╡ │╦⅛╡╕∑╪≢⇔√⁹ 

¶ ─Ɽ꞉כⱳ▬fi♩╩╙∫≤ ⇔ↄ ™≡ ⇔™⁹ 

⅜fiכꜞ◒☻ ¶ ⅎ≠╠⅛∫√⁹ 

¶ ☻ꜝ▬♪⌐ ⅜ ™≡№∫√─≢ ⅛╠⌂™↓≤╙⌂⅛∫√⁹ 

¶ ⌐ ⌐≈™≡ ⅜№∫√ ⅜ ⅛∫√⁹ 

¶ ⅜ ↕ↄ≡Ɽ꞉כⱳ▬fi♩⅜ ╖≠╠⅛∫√⁹ 

¶ ⅜ ™─≢╙℮ ⇔╛↕⇔™ ⅜⌂™≤ ⅛╠⌂™⁹ 

¶ ⱴ▬◒─ ⅜⅝⅝⌐ↄ™⁹ 

¶ ╙∫≤╝∫ↄ╡∞∫√╠ ⅛∫√⁹ 

¶ ≢─ ╩ ⇔ ╣≡ ⇔⅛∫√⁹ 

¶ ⅜ ↄ⁸ │ ⅛╠⌂™↓≤╩ ↑√ 

¶ ≢ ⅜ ∂√⁸∕╣⌐ ↄ ⅎ≡ↄ╣√⁹ 

¶ ♅ꜗ▬ⱶ │ ∫≡⅔ↄ═⅝⁹ 

 

   

▪fi◔כ♩ ⅛╠╦⅛╢╟℮⌐⁸ ⌂ ╩ ⅎ╢↓≤⅜≢⅝√⅜⁸ ⌂⅜╠ ⅝ ╡ ⅜ ↄ⁸

╩≈⅛╘⌂⅛∫√╟℮∞⁹ ⅛╠─│ ─ ⅜ ╢⌂≥ ⌂ ╙№∫√⅜⁸∕╣│ ⌐

╠╣≡™√⁹ 
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─  

3-10 ─  

 

ה  

 ─ ─ ╩ ⅎ√ ⁸ ─ ╩ ⌐ ─ ─ ╩ⱴ♬ꜙ▪ꜟ

≢⌂ↄ⁸ ╠ = ☻♃▬ꜟ≢ ℮ ╩ ⅛ⅎ≡™╢⁹ ─ ─╟℮⌐ ╛ ─ ╩⅛↑√

≢│⌂™⅜ ≢│ ╙∆╢ │ ≤⇔≡∕╤ⅎ╢↓≤│≢⅝∏⁸ │ ≢

╩♃כ♦√ ∫≡⅔™≡ ╩ ∑⌂⅜╠ ∆↓≤⇔⅛≢⅝⌂™─∞⅜⁸ ⁸∕℮⇔√ ╩ 10 ☿♇

♩⇔⁸ ⌐ ⌐ ─ ⅎ╩╙∫≡ ⇔≡╙╠∫√⁹20 ⁸ ≢│ ⌐ ⇔

≡⅝√ ⌂ ╩ ╠ ⌐ ╡ ╪∞ │ ╠─ ⌐ ─ ≤≤╙⌐ ↄ ╕╣╢↓≤≤ ™⁸

∫√ ╡ ╖≢№╢⁹ 

 

ה  

10 ─ ⅜ ⌐≢⅝╢╟℮⁸ ╩כ♫כ◖─╣∙╣⧵⌐ ╡ ═⁸ 2₩3 ≢⁸∕╣∙╣

∆╢ ⌐ ╡ ╪≢╙╠℮⁹ ∫√─│ ⅜◌♇♩↕╣╢ ─ ⁸ │∕╣╠ ╩⁸

↓─ ─√╘⌐ ⇔√ ╩ ╖⌂⅜╠⁸ ╘√⁹⅔⅔╟∕⁸ ≢ ⅎ╢≈╙╡≢ ╪≢

╡ ╗╟℮ ⇔√⁹ ─ │⁸ P110 119⌐ →╢⁹ 

 

   

⌐│⅛⌂╡─ ≤ ╩ ⇔√⁹╕√⁸ ╙↓╣╕≢│ ╡⌐ ╩♃כ♦⇔ ╢ ─ ⇔

⅛⇔≡↓⌂⅛∫√√╘⁸ ⇔√ ╡ ╖│ ↕╣√⅜⁸ ⌐ ╠⌐≤∫≡ ⌐ ≢№∫√╟℮∞⁹

↓∟╠⅛╠ ╢≤ ⌂≤↓╤╙ ⌂⅛╠∏ ⌐⌂∫√⅜⁸ ⌐ ה ⌐ ╡ ╖⁸ ⇔≡╙╠

ⅎ√⁹⌂⅔⁸P120─╟℮⌂ ╩ ⌐ ⇔≡╙╠∫√⁹∕─ │ ─ ╡≢№∫√⁹ 

 

↓─ ╩ ∫≡╟⅛∫√≢∆⅛  

ↄ ⅜ ∂╠╣⌂⅛∫√  

⇔≡√╘⌐⌂╠⌂⅛∫√  

╕№╛∫≡ ⅛∫√  

⌐ ⅛∫√  

≢⅝≡ ⇔√  

 

│ ≢⇔√⅛ 

≥℮⇔≡╟™⅛ ╩⇔≡™╢⅛ ↄ ⅛╠⌂⅛∫√  

⅛⌂╡ ⇔⅛∫√  

╕№ ≤⅛⌂╢ ≢№╢  

≢№∫√  

∆⅞≡⅜∫⅛╡⇔√  

 

╩⇔≡∕─ ⅜╟ↄ ≢⅝╕⇔√⅛ 

ↄ   

⇔⅛∫√  

╟ↄ ≢⅝√  

⇔⅛∫√  

╛↕⇔ ⅞╢ ∞∫√  

 

│℮╕ↄ™⅝╕⇔√⅛ 

ↄ≥℮⌐╙⌂╠⌂⅛∫√  

№╕╡ ™ ⅜ ∑⌂⅛∫√  

⁸ ⌐ ⅜≢√  

℮╕ↄ™∫√  

╠⇔™ ╩ ∑√  
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⌐≈™≡ ╩ ≢ ™≡╖≡ↄ∞↕™ feeling ≢    84  

 

─ ⁸∕─ ⅛ ╛ ⅜№╣┌ ™≡ↄ∞↕™ 

─ ה ⌐≈™≡─ ⅜╛╡√™ 

≥∫╙ ה ─ ╩ ╛⇔≡╒⇔™ 

≥ ה ─ ⅜ ⌐ ≢ ∂╢↓≤⅜ ≡≤≡╙ ⇔⅛∫√ 

≥∫╙ ה ⌂ ≢ ⇔√™ 

⅜ ה ™─≢⁸╙℮ ⇔ ⌂╘⌐ ╩ ↄ⇔≡╒⇔™ ♥◐☻♩  

≡∫™ↄ╕℮╡⌂⅛ ה ⇔⅛∫√ 

╡ↄ∫╝≥∫╙≥∫╙ ה ╩ ╣≡ ⇔√™ 

 √∫∞™╣⅝╙≡≥⅜─√™≡∫⌂⌐ ה

≥∫╙ ה ₁⌂ ╩ ∫≡ ⇔√™ 
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─  

3-11 ○ꜞfiⱧ♇◒  

   

○ꜞfiⱧ♇◒ ╩ ≢∆╢↓≤⌐╟╡⁸ ─ ╩╙√╠⇔⁸ ⇔√ ╩ ≈ ╩ ∆

╢↓≤⅜≢⅝╢≤ ⇔√⁹ 

ה  

─ ╩ ↕╣√™⅜⁸ ⌐│ ─ ╩ ∆╢ ≢ 

ⅎ≡™╢⁹ ╩ ⌐ ╘⁸ ─▪♪Ᵽ▬☻╛ ─ ⁸ ╛ ⌂≥╩ ∆

╢⁹↓╣⌐╟╡ ─ ⁸ⱬfi♅ⱴ⁹√⇔≥◒כ 

   

─ ╩ ↕╣√™⅜⁸ ╩ ╢ ╩ ⅎ╢ ≤⁸ ⌐ ─ ⅜ ™

─⅜ ≢№╢⁹ ≢─ │ ≢⅝⌂™⅜⁸ ⅛╠ ╩ ↑√ ⅜ ⌐ ╩ →≡

ↄ╣∕℮≢№╢⁹ 

 

 

○ꜞfiⱧ♇◒  

3-11-1  

 

  ⁸  

  ♅ꜗ꜠fi☺♩ꜝ▬─ ─ ╩ ⌐≈↑↕∑╢ 

  

 

♅ꜗ꜠fi☺─ │ ꜠ⱬꜟ⅜ ⌐⌂╢─≢⁸╕∏ ⌐

─ ╡ ╩∆╢↓≤╩ ⇔√⁹ ─₈ ╩↓⌂∑╢↓≤ ₉─ │

╩ ↕∑≡⅛╠ ╡ ╕∑╢↓≤⌐⇔√⁹ 

│∆≢⌐ ╩ ⇔≡™√─≢ ─ ╩⁸ ⌐│ и─ ╩

⇔√⁹ 

 ─ │ ⌐ ∑⁸ ╩ ↑ ↑╢↓≤⌐⇔√⁹╕√⁸ ↔≤─ ╩ ⌐⅔↓⌂℮↓≤

╙ ⌐ ╗√╘─ ⌂ⱳ▬fi♩≢№╢─≢⁸ ─ ⌐ ╦∑≡ ╩ ∫√⁹ 

 

10/27  ●▬♄fi☻ 

 

11/10  ♃▬ⱴכ─  

╕≢  

11/17    ⌐ ∂╢  

11/24    ─ ⁸ ה ⁸ⱣⱠ ─  

◄Ⱡꜟ◑כ ╕≢  

ה ╕≢  

1/12   ─ ─  

1/19   ╡  

2/2     

2/9     

2/16    

2/23    

≢─ ꜠ⱬꜟ≤ ─  

│ ⌐≈™≡≤⁸◄Ⱡꜟ◑כ ⁸⅔╟┘ ─ ╕≢ ≢⅝√⁹

│™╦╝╢ и─ ╩ ⇔≡™╢⁹ ⌐ ⅜ ╪≢™╢⁹ │ ╩╘≥⌐

⌐♩ꜝ▬∆╢꜠ⱬꜟ⌐ ∆╢↓≤⅜≢⅝╢≢№╤℮⁹ │ ♩ꜝ▬⌐↕╠⌐ ⅛⅛╢

≤ ╦╣╢⁹ ⁸ ⌐≈™≡─ ⅜ ╡⌂™─≢⁸∕─ ╩∆╢ ⅜ ⇔≡⅝√⁹ 
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○ꜞfiⱧ♇◒  

3-11-2  
 

  ⁸  

  ○ꜞfiⱧ♇◒⌐ ↑≡─ ╛⁸ ─ ╩∆╢ 

  

      

з─ ⁸ ⁸ ─ ⌂≥ 

◓ꜝfiⱪꜞ⁸○ꜞfiⱧ♇◒≤╙⌐ ꜠ⱬꜟ─ │ ≤⌂╢√╘⁸

╕∏│ ⌐│ ─ ⅜ ╦╡ ┼⁸ │∕─╕╕ ╩ ╡ ∆╢╟℮

⌐ ⇔√⁹ │ ─ ⅜ ╦╡ ╕≤╘♥☻♩╩ ↑⁸ ╩ ⌐⇔≡ ⌐│

─ ╩ ⇔√⁹ ⌐ ⇔≡│⁸ │∕─╕╕ ─ ╡ ╩⇔≡╙╠™⁸╙℮ │

꜠ⱬꜟ─ ─ ⱴ◒ⱴꜞכ ╩ ⇔√≤─↓≤∞∫√─≢⁸ ─ ╙№╡⁸꞉fiꜝfi◒ ─Ⱳ

ꜟⱢꜟ♩◦ꜛ▪כ ╩ ⇔≡ ⇔≡╙╠℮↓≤⌐⇔√⁹ 

 ╕√ 12 │ ≤ ─♥☻♩╩ 1 ∏≈ ∫√⁹ │ ꜠ⱬꜟ ─╙─╩

⌐ ∫√⁹ ─♥☻♩⌐ ⇔≡│⁸ ₁⌂ ≢ 111◖╩ ⅎ≡™ↄ╟℮⌂♥☻♩╩ ⇔⁸

─╖ ─ ─♥☻♩╩ ↑╠╣╢≤™℮ ╩≤∫√⁹ 

 ─ │ ⌐ ∑⁸ ♅▼♇◒─ ⌂≥⌐ ╩ ↑ ↑╢↓≤⌐⇔√⁹╕√⁸№╢

╪∞≤↓╤≢ ╩ ∆╢√╘─♥☻♩╩ ™⁸ ╩ ⌐ ⅜ ≡™╣┌⁸ ⌐ ╪≢╙╠℮≤

™℮ ≢ ╩ ∫√⁹ 

 

10/27  ●▬♄fi☻ 

11/10  ⱷfiⱣכ ≢ ∟ ╦∑ ╘ ⌂≥  

11/24   ♅▼♇◒ 

12/ 8   ♅▼♇◒⁸ ∟ ╦∑⁸[ ╕≤╘♥☻♩ ]  

12/15   ♅▼♇◒⁸ ─ ─ ⁸[ ╕≤╘♥☻♩ 1 ]  

12/22   ₒ ₓⱨ▼ⱡכꜟⱨ♃꜠▬fi─ ⁸▪fi⸗♬▪─  

1/ 12   ♥☻♩ ⁸꜠ⱳכ♩  

1/ 19   ♅▼♇◒ 

2/2    ♥☻♩ ⁸ ♅▼♇◒ 

2/9    ♅▼♇◒⁸ ∟ ╦∑ 

2/16   ₒ ₓ ─ ⁸ ♥☻♩ ╘  

2/23   ♥☻♩⁸꜠ⱳכ♩  

3/17    ₒ ₓ 

 

≢─ ꜠ⱬꜟ≤ ─  

│╕∞ ─ ⅜ ╦╠∏⁸ ─♥☻♩╙╒≤╪≥ ≡™⌂™ ≢№╢⁹ │

⌐ ⇔⁸꜠ⱳכ♩╙⅝∟╪≤ ╩⇔≡│™╢⅜⁸ ⅜ ℮╟℮⌐ ╪≢™⌂™⁹ │

≤ ⇔ ™⁸ ─ Ɑכ☻╩ →≡™⅛⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

│ ╩ ⌐ ⅎ⁸ ♥☻♩╙⅛⌂╡ ↄ≢⅝≡™╢⁹ ⌐│ ─ ⅛╠

┼ ╢ ≢№╢⁹ ⌐ ∫√ ⌐│⁸ ╕≢ │⁸ ─№√╡╕≢ ╘╠╣╢─

≢│⌂™⅛≤ ╦╣╢⁹ 

 │ ⅜ ≤ ⌐ ╩ ⌐ ⅎ≡™╢⁹ ╙ ⌐ ∫≡™╢⁹

─ │ ⌐╟∫≡ ⌂╡⁸ ™ ≢ ╕≢⁸ ™ ≢ ─№√╡╕≢ ⇔≡

™╢⁹ 

│ ╟╡╙╛╛ ╪≢™╢ ─Ɑכ☻≢ ╩ ∫≡™╢╟℮⌂─≢⁸ ≢│ ה

⅛╠ ⌐ ╢№√╡╕≢ ⇔≡™╢⁹╙℮ 1 ─ⱲꜟⱢꜟ♩╩ ╪≢™╢ │⁸ ꜠ⱬꜟ─

╩ ⌐ ╩ ∫≡⅔╡⁸ ╙↓─ ╩ ⇔≡™ↄ ≢№╢⁹ 



64 

 

○ꜞfiⱧ♇◒  

3-11-3  

 

  ⁸  

  ♅ꜗ꜠fi☺( ○ꜞfiⱧ♇◒─ )♩ꜝ▬─ ─ ה ╩ ⌐≈↑↕∑╢⁹ 

1 7  2 1  3  1 2  16  

◐ꜗfiⱬꜟ ⁸ ⁸ ○ꜞfiⱧ♇◒  

 

з ─ ╩ ⇔⁸ ≢ ∆╢╟℮⌐ ⇔√⁹ ─ ≤⇔≡ ⁸ ⌐

│ ─ и ─ ╩⁸ ⁸ ⌐│ ꜠ⱬꜟ─ ─ ╩ ∆╟℮⌐

⇔√⁹ 

и ♦▫☻◌♇◦ꜛfi ⌐ ⌐ ↕∑₈ ₉≤ ⇔≡⁸ 10 ♦▫☻◌♇◦ꜛfi╩ ∫

√⁹ ≤ │ ⅜⁸ ≤ │ ⅜ ⇔≡™╢⁹ │⁸ ⌐ ─ ≈⁹ 

ה з⅜≥─ ╪≢™╢⅛⁹ 

⁹♩☻♥◒♇▼♅ה ⅎ┌₈ ╩ 10 →⁸∕╣∙╣─ ╩ ⌐↓─ ≢ ═╟₉⌂≥⁹ 

ה ─ ─▪♪Ᵽ▬☻ 

ה ⅛╠─  

й ♅ꜗ꜠fi☺─ ⅔╟┘⸗♅ⱬכ◦ꜛfi╩ ↕∑╢↓≤╩ ⌐⁸1ﬞ ⌐ 1

⁸ ╩╛╠∑≡™╢⁹ ⌐ ─ ⌐ ≡™╢ ╩╛╠∑≡™╢⅜⁸ ≥─╟℮⌂

⅜ ↕╣≡╙₈┘┘╠⌂™₉≢ ╡ ╘╢↓≤⅜ ∞≤ ⅎ≡™╢─≢⁸ ⅛╠ ⌂

╙─╕≢ ↄ ⇔√⁹ ─ ╣│ ─ ╡⁹ 

  ⱪꜞfi♩╩ ╡⁸ ╗ ќ ⌐ ⇔≡№╢ ה ╩ ╡⌐ ⅝⁸ ≢ ╘╢ ќ 

⅜ ╡⌂⅜╠▪♪Ᵽ▬☻╩ ⅎ╢ ќ ⱪꜞfi♩⌐ ⇔√ ⌐ ╡ ╗ ќ  ќ 

1 ╕≢⌐꜠ⱳכ♩╩  ќ ⅜ ⇔ ⁹ 

 

11/11   

11/17   

11/19  ⱨ♫─  

12/1    

12/11  DNA  

12/18   

12/22  ▪ⱨꜞ◌♠ⱷ●◄ꜟ─  

1/12   ◐▬꜡◦ꜛ►☺ꜛ►Ᵽ◄─ ─  

2/2    ♂►ꜞⱶ◦≤Ⱶ☺fi◖─  

2/16    

2/23    

3/17   ►♬─ ─  

≢─ ꜠ⱬꜟ 

─ │╕∞╕∞≢№╢⁹ ╛ ≢⁸ ⅜ ╠⌂™≤™℮─⅜ ≢№╢⁹⇔⅛⇔ │

⇔≡™╢⁹ ⌐ │ ╣√ ⅜№╢⁹꜠ⱳכ♩─ ⅝ ╙ ⇔≡™╢⁹ 

─  

2 │ ─√╘⁸ ꜠ⱬꜟ─ ⇔⅛ ∟ ╦∑≡™⌂™─⅜ ⁹ ⅎ≡ │ ≢

╩ ⇔⌂™≤─↓≤ ◒ꜝ☻ ⁹√∞ │ ⇔™≤ ∫≡™╢⁹ ⌐ ∆╢ ╙№╢⁹ │

♥☻♩╩ ⇔⁸∕╣⌐ ↑√ ╩↕∑╢≈╙╡≢№╢⁹ 

│⁸ ™ ⌐ ⅛∫≡™╢⁹√∞⇔ ♩ꜝ▬⌐№≤ 1 ⅛⅛╢≤ ╦╣╢⁹ 

ה ⌐│≤⌐⅛ↄ │ ⇔™⁸≤™℮↓≤╩ ⌐ №╦∑╢↓≤⅜ ─ ≢№╢≤ ⅎ╢⁹ 

─ ─ ꜠ⱳכ♩╟╡  
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- 11 ◦ꜛ►☺ꜛ►Ᵽ◄─ ─  

 ◦ꜛ►☺ꜛ►Ᵽ◄─ ╩⇔≡╖≡⁸ ≤ ⅜ ≢☻◔♇♅∆╢─⅜ ∞∫√⁹ ⌐◌Ⱪ♩ ╩

∫≡™≡⁸◦ꜛ►☺ꜛ►Ᵽ◄⅜ ⌐ ⇔ ∫√⅜⁸↓╪⌂ ≢ ∫≡™╢↓≤╩ ╡⁸ ™√⁹╕√⁸

◦ꜛ►☺ꜛ►Ᵽ◄⌐≈™≡ ═≡™≡⁸ │◦ꜛ►☺ꜛ►Ᵽ◄│ ─ ⌐│⌂╠⌂™≤™℮↓≤╩ ╡⁸

≤≡╙ ™√⁹ ╕≢ ™≤™℮▬ⱷ⁸≢─√∫∞☺כ ≢ ℮─⌐ ⅜№∫√⅜ ⅎ╩ ╘╟℮≤

∫√⁹ 

1- 11 DNA  

 ╙ ⌐≤∫≡ ╘≡─ ≢⇔√⁹ ╤≢♀כ●⌐ ∆╢≤↓╤≢ ⅜⅛⌂╡ ≡⇔╕∫≡≤≡

╙ ≢⇔√⁹ ╙ ⅜⅛⅛╡⁸℮╕ↄ™∫√─⅛≤≡╙ ≢⇔√⁹ ─ ≢◄♃ⱡכꜟ╩ ╣√

⁸ ╪ ⌐ ™╙╛╙╛⅜ ≡⁸DNA∞≤╦⅛∫√≤⅝⌐│∆↔ↄ℮╣⇔⅛∫√≢∆⁹ ⅜№∫√╠╕

√⇔≡╖√™≤ ™╕⇔√⁹ 

3- 2 ⱨ♫─  

 │∂╘│⁸ⱨ♫⅜⅛╦™∕℮∞⇔⁸ ≤⅛◓꜡™⇔ ™⇔ ™⇔ ╛╡√ↄ⌂™⌂כ≤ ∫≡╕⇔√⁹

≢╙ ≤⅛ ╣≡ ≤ ⇔⅛∫√⇔⁸№╪⌂⌐ ↕™ ⌐™╤™╤⌂ ⅜ ≥כ⌂™↔∆≡™≡∫ ™

╕⇔√⁹ │ ⅜ ╣⌂⅛∫√─≢ ⅜⌂ↄ≡ ⁸ ∆╢≤⅝│ ⅜ √™≢∆⁹№≤⁸╙∫≤

™ ∫≡⁸ ╟ↄ ≢⅝╢╟℮⌐⌂╡√™≢∆⁹ⱨ♫⌐ ╩ ≈◐♇◌◔⌐⌂∫≡╟⅛∫√≢∆⁹ 

 

○ꜞfiⱧ♇◒  

3-11-4  

 

  ₁  

  ○ꜞfiⱧ♇◒─ ─ ╩ ⌐≈↑↕∑╢ 

 

⌐⌂⇔ 

 

○ꜞfiⱧ♇◒─ │ ꜠ⱬꜟ⅜ ⌐⌂╢⁹ ╡ з─ ╩

≢ ╦╠∑≡™╢≤│™ⅎ⁸ ⌂ ─╖⌂─≢⁸™╤™╤≤ ⅎ╢ ╩≈╕∑√™≤ ⅎ√⁹ 

 ↕╠⌐⁸ ⌐ ∆╢↓≤⅜ ≢№╢─≢⁸ ╣╠╣╢╙─⌐│ ╣↕∑√™≤ ⅎ⁸ ─ ╩™

ↄ≈⅛ ∑⌂⅜╠ ≤ ╩ ∫√⁹ 

 

1/19  ●▬♄fi☻≤  

─ ≤ ─ ⌐≈™≡ 

 ─ ╩ ⅎ⁸꜠ⱳ⁹√∑↕♩כ 

 ᵑ ─◘fiⱪꜟ╩ ⌐ ⇔⁸∕─ ⅜ ⅛╩ ∆╢↓≤⁹ ∫√

╩ ╠⅛⌐⇔⁸ ═╢ │ ≤⇔√⁹ 

 ᵒ ◘fiⱪꜟ─ ⌂ ─ ╩ ═⁸꜠ⱳ⁹√∑↕♩כ 

1/25  ─ ⅎ ╦∑ 

        ─ ≤  

        ─ ╩⁸ ─ ╩ ⅎ⌂⅜╠ ⇔√⁹™ↄ≈⅛─◘fiⱪꜟ≤≤╙⌐

⌂ ≢─ ⁸ ⌂≥ ╩ ⇔√⁹ 

2/15   ─ ⅝↕─ ᵑ 

╩ ™≡⁸│⅛╣╢ ≢╕∏│ ⁸⌐≥╙╩♃כ♦─↓⁹╢∆⌐≥↓╢╖≡⇔

╩ →╢ ╩ ⅎ↕∑╢⁹ 

2/15   ─ ⅝↕─ ᵒ 

─ ╩╙≤⌐⁸ ╩⇔ ╩ ⇔≡╖╢⁹ 
╩ →╢ ─ ≈≤⇔≡⁸◘fiⱪꜟ─ ╩ ─♃כ♦⁸∆╛ ≤™∫√ ─

⌐≈⌂→≡™⅝√™⁹ 
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≢─ ꜠ⱬꜟ≤ ─  

≢│⁸ ⅜ ⇔ↄ ⌐⌂╠⌂™⁹ │ ∕─╙─≢№╢─≢⁸ ⅜ ≢⅝

≡™╢↓≤╩ ≤⇔≡™╢↓≤⅜ ™⁹ ≢─ │⌂⅛⌂⅛ ⇔™≤ ╦╣╢─≢⁸ ⌂

╛⁸ ─ ⌂≥╩ ⅎ╢ ⌐⇔√™⁹ 

 

○ꜞfiⱧ♇◒  

3-11-5  

 

    

  ⱪ꜡◓ꜝⱵfi◓─ ה ⌂ ≤ ─  

1  2   2  7   3  5   14  

│∂╘≡─ CGⱨꜞכ►▼▪ POV-Ray≢ ℮ 3DCG─ CG ARTS  

C ꞉כ◒Ⱪ♇◒ ◌♇♩◦☻♥ⱶ  

▪ꜟ◗ꜞ☼ⱶ─ ▪fi◒ ⌐⌂⇔ 

 

─ ⌐│ⱪ꜡◓ꜝⱵfi◓ ╙ ™╢↓≤⅛╠⁸ 21 │ⱪ꜡◓ꜝⱵfi◓─ ⌂

╩ ≤⇔⁸ⱨꜞכ►▼▪ 3DCG ꜠fi♄ꜞfi◓♁ⱨ♩₈POV-Ray₉╩ ⇔√ⱪ꜡◓ꜝⱵfi◓ ╩ ∫

√⁹ ♥◐☻♩≢│ ⅎ⌂™ ⌂ ⌂≥│⁸ ⅜ ⇔√꜠☺ꜙⱷ╩ ⌐ ╩ ⇔√⁹ 

⅜ ↑ 22 1 ⅛╠│⁸ ─ⱪ꜡◓ꜝⱵfi◓╙ ꜠ⱬꜟ⌐ ⇔√≤ ⇔⁸ⱨꜞכ─♥

◐☻♩◄♦▫♃≤◖fiⱤ▬ꜝ╩ ⇔⁸C ⌐╟╢ ⌂ⱪ꜡◓ꜝⱵfi◓ ╩ ∫≡™╢⁹ 

 

21  

10/27   ●▬♄fi☻ 

11/16   ⱪ꜡◓ꜝⱵfi◓ ה ─  

11/26   ⱪ꜡◓ꜝⱵfi◓ ה ─ ╡ ↑ 

11/30   ─ ה ה  

הꜗ♅☻◒♥   12/11 ─ ╡ ↑ 

22  

 1/19   C    

 1/26   ─ ≤  

 2/2    ─  

 2/10       

 2/17   if  

 2/23   if  

 3/3       ╡ ⇔ for  

 3/11   ╡ ⇔ while  

 ⱪכꜟ    3/17 

≢─ ꜠ⱬꜟ≤ ─  

 21 ⌐ 3DCG ╩ ╡⌂⅜╠ⱪ꜡◓ꜝⱵfi◓ ╩ ╘√ ⁸Γ ┘Δ⌂⅜╠ ↄ ⇔ↄ

⌐ ∆╢↓≤⅜≢⅝√√╘⁸ ה ⌂ ≤ ╩ ⌂™ ─ ≢ ↕∑╢↓≤⅜≢⅝√⁹

∕─ ⁸ ↑─ 22 ⅛╠☻ⱶכ☼⌐ C ⱪ꜡◓ꜝⱵfi◓─ ⌐ ╢↓≤⅜ ≤⌂∫√⁹ 

─ ─꜠ⱬꜟ│⁸₈C ⌐╟╡ ⌂ⱪ꜡◓ꜝⱶ⅜ ╘╢₉ ≢№╢⅜⁸ ⌐│₈2

─ⱪ₉כꜟ ╕≢ ╩ ╘╢ ≢№╢─≢⁸№╢ ⌂ⱪ꜡◓ꜝⱶ╩ ╘╢╕≢─꜠ⱬꜟ⌐ ∆╢

≢№╤℮≤ ╦╣╢⁹ 

╕√⁸ ─ ⌐│ ≢ PC ╩ ∫≡ⱪ꜡◓ꜝⱵfi◓╩ ∫≡™╢ ╙⅔╡⁸₈ ₉─

─ ⁸ ꜠ⱬꜟ ─ →⌐ ⇔≡ↄ╣≡™╢⁹ 
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3-12 ⌐⅔↑╢ ה ─  

 

   

 ─ ╩ ⇔⁸ ⁸ ╩ ∆╢⁹ 

 

   

▬)  

 з─  

꜡) 11  

ᵑ●▬♄fi☻ 

♪▬ꜝ☻ה  ╩ ∑⌂⅜╠ 3 ─

─ ⁸ ─  

4ה  5 ⅜ 1 ≤⌂╢╟℮⌐ ↑ 

ᵒ ─  

 ─ ⁸ ⁸ ⁸ ⌂≥ ─

╩∆╢⁹ 

ᵓ  

 ⁸ ─ ≤ ─ ╩ ∆╢⁹ 

ᵔ  

 2 ⌐ ℮ ─√╘⁸ ─ ╩ ⅛⇔√ ⌐∆╢⁹ 

ᵕⱳ☻♃כ ●▬♄fi☻ 

 ⱳ☻♃כ ─ ⁸ ╩  

ᵖ꜠ⱳה♩כⱳ☻♃כ  

ᵗ꜠ⱳה♩כⱳ☻♃כ  

 ╖ ⁸ ⌂≥╙ ∫≡ ╩↕∑√⁹ 

ᵘ  

ᵙ  

 ⅜ ≢⅝╢╟℮⌐ ╩ ╪∞⁹  

ᵚ  

 ╡ ╩♩כ◦╡ ⅛∑√ 

ᵛ  

 

   

 ↓─ ╡ ╖≢ ⌐⌂∫√─│⁸╙∟╤╪ ─ ≢№╢⁹

≢ ╦╣╢ │⁸ ─ ⌐ ∫≡ ╦╣⁸∕─ ╛

╙ ≢ ∫≡™╢↓≤⅜ ↄ⌂™⁹ ⅛╩ ∆╢≤™℮ │

⌐ ↕╣╢⁹⇔⅛⇔⁸↓─ ╡ ╖╩ ∂≡⁸ ─ ╩

ⅎ╢ ⅜ ≡⅝√⁹≥─╟℮⌂ ≢ ╦╣≡⁸ ╩∆╣┌∕╣⅜

⅛╘╠╣╢─⅛⁹ ∫≡™╢ ≢│ ╩ ≢⅝⌂™─≢│

⌂™⅛⁹↓─╟℮⌐ ⅎ ╘╢≤⁸ ─ │≤╕╠⌂™⁹≤╡№

ⅎ∏╛∫≡╖╟℮≤ ⌐ ↄ ╛⁸ ╩ ⇔≡⅝≡ ╩

≡ ⇔≡⅛╠ ∆╢ ⌂≥⁸ ⌐ ⌐ ╡ ╪≢™╢≤

∂╢↓≤⅜≢⅝√⁹ ⁸↓─ ╡ ╖│№╢ ─ ─ ⌐

╡ ≈╙─∞≤ ∂√↓≤╙ ≢№╢⁹ 2 ≢ 1 ╩

≡ ⇔√ ∞⅛╠⁸ ╠ ⅎ⁸ ≢⅝√─∞≤ ⅎ╢⁹ 

╟∫≡⁸ ≤⇔≡│ ─╕≤╘⌐ ∫≡ↄ╢─⅜ ≢№╢≤ ⅎ╢⁹ 

 

 

 



68 

 

3-13 ₈ ₉PC ─  

 

   

 ╩ ─℮∟⅛╠ ∆╢↓≤≢⁸ ─ ╣╩ ≢⅝╢≤ ⇔√⁹╕√ ─

╛ ─ ⅜ ≢№╢↓≤⅛╠⁸ ─ ה ⅜ ∆╢≤ ⇔√⁹ 

   

─  

 ≢│◖fiⱧꜙכ♃כ ╩ ≢≈⌂™∞⁹ⱪꜞfi♃כ│ ⌐ ⇔≡ ⱪꜞfi♃⁹√⇔≥כ 

PC

PC

PC

PC

PC PC

PC

PC

PC

PCPC

H

U

B

PRT

PRJ

 

 

☻fi☿כ☺כ▬  

☿fi◘⁸כ ☿fi◘⁸כ ☿fi◘כ 

☿fi◘⁸כ ☿fi◘⁸כ ☿fi◘כA B 

☿fi◘כA,B⁸ ☿fi◘⁸כ ☿fi◘כ 

☿fi◘⁸כpH ☿fi◘⁸כ ☿fi◘כ 

 

─  

◒ꜝ☻┼─ │ ≤⇔≡⁸ ◒ꜝ☻╩ ⇔≡ ╩ ═√⁹ ⌐ ∆╢₈

╩ ∫√ ᵑᵒ₉⅜ ↕╣√◒ꜝ☻─ ─ ≢№╡⁸₈ ╩ ∫√

ᵓ₉⅜ ⌐ ◒ꜝ☻⌐ ↕╣√ PC ─ ≢№╢⁹ 

 

╩ ∫√ ᵑ 

◄Ⱡꜟ◑כ ─  

⌐ ⅛╣√ⱣⱠ─  

∆╢╙─ 

⁸ⱣⱠ ☻fi☿כ☺כ▬⁸ ☿♇♩ ⁸ ⁸ ☿fi◘כ ⁸ ☿fi◘⁸כ ⇔⁸ 

◒ꜝfiⱪ  

 

╕∏ ╩ ┘ⱣⱠ⌐≈⌂←⁹ 

◒ꜝfiⱪ⌐ ╩≈⌂⅞⁸ⱣⱠ─ ⌐ ☿fi◘כ╩ ╡ ↑╢⁹ 

╩☻fi☿כ☺כ▬ ∟ →╢ 

(▪) ⱷכ♃כ╩ ┬ 

(▬) ─ ™≈╕╖≢ ╩∆╢ ⌐№╦∑╢ │⌂™  

☿fi◘כ╩ ⅝⌂⅜╠ⱣⱠ─ ≤ ─ ╩ ╖ ╡◓ꜝⱨ ∆╢⁹ ⇔╩ⱣⱠ⌐ ⌐ ≡╢↓

≤⌐  

◓ꜝⱨ⅛╠ⱣⱠ ╩ ╘╢⁹ 
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☿fi◘כ╩ ⌐ ╡ ⅎ╢⁹ 

☿fi◘⁹╢∆♩♇☿╩כ 

╩◓꜡כ☺כ▬ (▪) ┬ 

ќꜟכ♠ (▬) ќⱪ꜠☿♇♩ ќ ќ  

(►) ₈ ₉╩ ╪≢™ↄ≤ ─ ╩ ┬ ⅜ ≡ↄ╢─≢ m/s ╩ ∆╢⁹ ↕╣╢ │

mm/s ≢№╢↓≤⌐  

⌂ ↕⌐─┌⇔≡⁸ ╩ ∆⁹ 

◓ꜝⱨ⅛╠ ┘≤ ╩ ╖ ╢⁹ 

 ◄Ⱡꜟ◑כ ─ ⅜ ╡ ∫≡™╢─╩ ⅛╘╢⁹ 

 

 

╩ ∫√ ᵒ 

 

 

ⱣⱠ ╡ ─◄Ⱡꜟ◑כ ─  

☻♃fi♪⌐ⱣⱠ╩≈╢⇔ 20g≤ 30g─⅔╙╡╩ ╖ ╦∑⁸10g↔≤⌐

─┘╩ ∆╢⁹ 

─ ╩ ⇔≡◓ꜝⱨ╩ ⅝⁸ ⅝⅛╠ⱣⱠ ╩ ╘╢⁹ 

╩☻fi☿כ☺כ▬ ╡╟⁹ủ○ⱪ◦ꜛfi♪כ⸗◓꜡כ☺כ▬⁹╢∆

ủ ủ ╩ ┬⁹◓ꜝⱨ ╩ ≈⌐ ⇔≡⁸○Ⱪ☺▼

◒♩─ ≢ ╩ ⁸ ╩ ⌐∆╢⁹ 

⅔╙╡╩≈↑√ⱣⱠ╩─┌⇔⁸ ⅛⌐ ⇔⁸ ⌐ ↕∑╢⁹ 

╡◓ꜝⱨ╩≤╣√╠⁸ ─↓≤╩ ⅛╘╢⁹ 

(▪) ⅔╙╡╩ ∆ ╩ ⅎ≡╙ ─ ⅜ ╦╠⌂™↓≤⁹ 

(▬) ⅔╙╡─ ⅜ ╦╢≤ ⅜ ╦╢↓≤╩ ⅛╘⁸ ⅝ↄ⌂╢

⅛ ↕ↄ⌂╢⅛╩ ─ ⅛╠ ⌐ ⇔≡╖╢⁹ 

◓ꜝⱨ⅛╠ ≤ ╩ ╖ ╡⁸◄Ⱡꜟ◑כ ─ ╩ ⅛╘╢⁹ 

x

☻fi☿כ☺כ▬ ☿fi◘כ
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╩ ∫√ ᵓ 

─ ⅜╡  

◖♇ⱪ⌐⅔ ╩ ╣ ─ ⅜╡ ╩ ═╢⁹ 

╩☻fi☿כ☺כ▬ (▪) ∆╢ 

ᵑ ○כⱣכ⸗▬꜠כ♪ќ ∂◓ꜝⱨ⌐ ╙ ╩ ∑╢↓≤⅜≢⅝╢ ⁹ 

ᵒ ▬כ☺כ꜡◓ │ ≢ ↕╣╕∆ ⁹ 

(▬) ⱳ♇♩⅛╠ ≤∫√╙─≤⁸ ╩ −≡ ╩ →√╙─╩ ≈ ═≡ ─ ⅜╡ ⅜≥℮ ℮

⅛ ╩ ≡≡⅛╠ ╩ ℮⁹ 

⅔ ⅔

 

▪ꜟⱵⱱ▬ꜟ≢ ≡ ∫√ ⁸ ≤ ∞↑╩ ∫√ ⁸ ↄ ∫≡™⌂™ ⌐≈™≡

⅜≥℮⌂╢⅛╩ ⇔≡⅛╠⁸ ╩ ℮⁹╕√∕─ ⅛╠≥─╟℮⌂↓≤⅜™ⅎ╢⅛ ╩∆╢↓≤⁹ 

▪ꜟⱵⱱ▬ꜟ≢ ≡ ℮

▪ꜟⱵⱱ▬ꜟ≢ ≤ ╩ ℮

╦⌂™
▪ꜟⱵⱱ▬ꜟ≢┤√╩∆╢

 

│ ∆╢⁹꜠ⱳכ♩ │ ─ ⌐≡⁹ 
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─ ∫√ │ ─ ╩ ™⁸ ⌐ ─ ⅜╡ ╩ ∆╢⁹ 

⌐ ↄ ⌐ ╣╢ ⌐ ╣╢ ⌐ ╣╢ ⱡ

 

─ ╩⇔⌂⅜╠⁸ ⌐№╢ ≢ ─ ⅜Ⱪꜝ►fi ⌐╟╡ ™≡™╢↓≤╩

∆╢↓≤⁹ 

 

   

PC ⅜ ⇔™↓≤╙№∫√≤ ℮⅜⁸ ─ ™≈⅝│ ╠⇔ↄ ⅛∫√⁹꜠ⱳכ♩ ─ ⌐

⇔≡╙⁸◓ꜝⱨ⅜ ⌐ ↕╣ ╙ ≢№╢√╘⅛⁸ ⌐ ↄ⌂∫√⁹ ⅜ ⌐≢⅝╢↓≤⅛

╠Ɽꜝⱷכ♃כ╩ ⇔√ ╩ ⌐ ≢⅝⁸ ⌐ ∫√↓≤╩ ⌐ ≢⅝╢⁹╕√⁸◓ꜝⱨ─

╩╖⌂⅜╠꜠ⱳכ♩ ⌐ ∆╢ ╩╟╡ ⌐⅔↓⌂℮↓≤⅜≢⅝╢⁹ ↕╣╢♩ꜝⱩꜟ ╛

⌐≈™≡─ ╩ ⌐ ∟ ╦∑≡⅔↑┌⁸ ≢ ╩ →╢↓≤⌂ↄ ⌂ ⅜ ≢№╢⁹

╕√⁸ ⌐╟╡ ╛ ─↕∑ ⌂≥⁸ ™ ≢ ─ ╩ ∆↓≤⅜≢⅝╢⁹ 

≤⇔≡│⁸ ╣╢╕≢⌐ ⅜⅛⅛╢↓≤⁹ ⌐♩ꜝⱩꜟ⅜ ∆╢≤∕─ ─ ⅝⅜≤╣⌂ↄ

⌂∫≡⇔╕℮↓≤≢№╢⁹∕─╟℮⌂ ≢│Ɫ⁸▪▼►♪כ♁ⱨ♩►▼▪ ─ ─♅▼♇◒│ ⌐

≢№╢⁹ 

─כ♃כ♦ ─ ⅜ ⌐⌂∫≡™ↄ≤ ╦╣╢⁹ ⅜♃כ♦─ ∫≡™╢≤⁸ ╩

╛╠⌂ↄ≡╙ ╩ ╢↓≤⅜ ∞⅛╠∞⁹↓╣╠╙ ⌐ ⅜ ╩≈↑≡ ╩⇔≡™⅛⌡┌⌂

╠⌂™⁹ 

╕√⁸ ⌐⌂∫√⅜ ─כ♃כ♦⁸⌐ ╩≈⅛╗↓≤⅜ ⇔ↄ⌂∫√⁹√≤ⅎ┌ ─ ⌂≥

╩ⱪכ♥│ ∫√ ⌂ ╙ ≢№╢⁹ 

 

≡ ∫√ 

∞↑ ∫√ 

╦⌂⅛∫√ 
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3-14  

 

   

─ ╡ ╖╩ ⅜ ┬↓≤≢⁸∕╣╩ ─ ⌐ ⅛∑╢≤ ⇔√⁹ 

ה  

─ ╩ ⇔≡⁸ ╩╕≤╘∕╣╠╩☻♃♇ⱨ ≢ ∆╢⁹ ⌐╟∫≡│ ─☻♃♇

ⱨ ∟ ╦∑─ ≢ ╩∆╢⁹ 

   

╩ ∂≡ ⌐ ™⁸≤≡╙ ⌐⌂∫√⁹ ─ ╛ ─ ─ ⅝⌂ ⌐⌂∫√⁹ 

 

  

   

   

   

    

   

   

   ─ ◦fiⱳ☺►ⱶ 
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3-15 ┼─  

 

    

 ─ ⌐ ⌐ ╣╢ ⅜ ↄ⁸▪fi◔כ♩⌐╙↓℮™∫√ ╡ ╖⌐ ↄ⅛╠ ⇔√™

≤™℮ ⅜ ↄ ⅛╣√⁹ ╖ ╩ ≤⇔≡ ╘≡™╢⅜⁸↓╣╕≢│ ה ⌐≤≥╕

╢ ≢№∫√⁹∕↓≢⁸ ╩⇔√™ ╩ ∆╢≤≤╙⌐⁸ ─ ≢ ─№╢ ╡ ╖╩

⇔√ ⌐ ╩ ╘╢ ≢ ╡ ╖╩ ╘√⁹ 

ה  

 ◘▬◄fi☻─ ⅜ ⇔≡™╢ ≢ ⌐ ∆╢↓≤⌐⇔√⁹ 

─ ╩ ∫≡ ╩∆╢↓≤⁸ ─ ⌐╟╡꜠ⱬꜟ▪♇ⱪ⇔√ ⌐ ╡ ╗╙─≤ ⌐ →

╢ ⅜≢√⁹─═ ╩ ╢ ⅜ ⇔≡™╢⁹ ⌐ ⅜ ↄ ⇔≡™╢─⅜ ∞⁹ 

◖fiⱧꜙכ♃כ≢ ∆╢ ꜡Ⱳ♇♩ 

∂╪ ─  

◄Ⱡꜟ◑כ⌐╟╢  

⌐⅔↑╢Ɑ◓─  

─ ≤ ─ ∟ ═ 

≠ↄ╡⁸ ─ ™ 

 

≤ ─ │≥℮∟⅜℮─⅛  

─  

⌐ ⅎ⌂™  

─ ─ ⌐≈™≡ 

Ɫ◙כ♪ⱴ♇ⱪ─  

╩ ╘╢≤⅝⌐⅔⅝≡™╢↓≤ 

 

⌐╟╢ ─ ─  

◗ꜟⱨⱲכꜟ─ ⅜╡ 

─ → ─  

 

   

 ⌂ ╡ ╖╩⇔≡ↄ╣≡™╢⁹ ─ ⅜∕─ ─ ≤™ⅎ╢─≢│⌂™⅛⁹ ⌂

╩ ≡╢ ╖≢№╡⁸ ╙ ⇔⌂↑╣┌⌂╠⌂™≤ ╦╣╢⁹ 

 ╕√⁸↓─ ╩ ∂≡⁸ ⅛╠↔ ╩ ⅞⁸ ─┼פֿ ╙ ≢№╢⁹ ⅜╛╠∑╢

╙ ∞⅜⁸ ⅜ ⌐ ™≡™ↄ ╩ ∆╢↓≤≢╙ ה ⅜ ∆╢≤ ╦╣

╢⁹ 
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3-16  

 

    

─ ⌐ ∆╢↓≤≢⁸ ─⸗♅ⱬכ◦ꜛfi╩ ╘⁸ ⌐ ∆╢ ⅜ ∆╢≤ ⇔√⁹ 

 

ה  

₈ ₉⌐₈ ◘▬◄fi☻ ₉  

₈ ╡ ─ ₉     

₈ ⅜ ⌐ ╩ ∆╢ⱷ◌♬☼ⱶ₉  

 

ⱡכ♩ꜟ♄ⱶ ₈ ╕╣  ⌐╟╢ ₉⌐ 

₈ ◘▬◄fi☻ ₉⅜  

 ₈ ⌐⅔↑╢ ─ ≤ ₉  

 

₈ ₉⌐₈ ◘▬◄fi☻ ₉⅜  

 

₈ ◒ꜝⱩ ₉⌐ ◒ꜝⱩ⅜  

 

 

ה   

    ₈ ⅜ ⌐ ╩ ∆╢ⱷ◌♬☼ⱶ₉ 

    ₈ ─ ₉ 

 

₈ ─ ₉   

    ₈ ─ ₉ 

 

ⱡכ♩ꜟ♄ⱶ   

₈ ╕╣  ⌐╟╢ ₉ 

    ₈ ⌐⅔↑╢ ─ ≤ ₉ 

 

   

 ⅛╠ ⌐ ≢⅝╢ ⅜ ╠╣√⁹↓╣╕≢│ ⌐⁸ ⌂≥⌐ ≤™∫√

│№╢⅜⁸ ⌂ ╡ ╖≢ ⇔≡⅝√↓≤│⌂⅛∫√⁹↓℮™∫√ ≢⁸ ◘▬◄fi☻─ ╡ ╖

│ ⌂ ⅜№∫√⁹ 

 ╕√⁸↓╣╠─ ⌐ ⌐ ╡ ╘╢ ─ ⅜≢⅝√≤™℮ ≢⁸ ◘▬◄fi☻─ ╡ ╖│

≢⅝╢≤ ╦╣╢⁹ 
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3-17 ─√╘─  

 

   

─ ⅜ ≢№╢≤ ⇔√⁹ 

 

ה  

─ ⌐ √∫≡─ │ ─ ╡≢№╢⁹ 

 

 

 ⁸ ⁸ ⁸ ⁸ ⁸ ⌐╟╡ ↕╣╢⁹ 

 ─ ⌂ ╩ ╢⁹ 

 

 

ה  ⅛╠⅔™≢™√∞ↄ ⌐╟╡ ↕╣╢⁹ 

 ⌐↔ ↄ ≢ ↕╣⁸ │ ≤ ─ ╦╣╢⁹ 

 

  

 

  

 

 

 ⌐╟╡ ↕╣╢⁹ ╦╣╢ ⌐╟╡ ─ ⅜ ╦╣╢⁹ 

 

 

 ⁸ ⁸ ⁸ ⁸ ⌐╟╡ ↕╣╢⁹ 

╩╕√⅜╢ ≢ ↕╣⁸ ╩ ∆╢ ⁹ ─№≤ ╩ ≈⁹ 

 

 

  ⌐╟╡ ↕╣╢⁹ 

 ⁸ ╩ ╢ ⁹ ⌐ ⇔≡│ ▪fi◔כ♩─ ≢ ⁹ 

 

 

  ─ ⌐╟╡ ↕╣╢⁹ 

─ ╛ ⌐ ╦╠⌂™ ⌐╟╡ ↕╣⁸ ╟╡ ╩ │≢⅝╢⅛⁸⌂≥╩

⌐ ∫√⁹ 

 

 

   

⁸ ─ ╩ ⁹ 

╩ ∂≡ │╟ↄ ⇔√⁹ ≢ ╩│∫⅝╡↕∑╢≤ ─ ⅜ ↄ⌂╢⁹ 
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4. ─ ≤∕─  
 

≢№╢ │⁸ 75 ╩ ⌐ ⇔≡⅝√⁹ ⌐ ⌐ ≤⇔≡ ╡ ╗↓

≤│⁸ ─↓╣╕≢─ ╡ ╖⌐│⌂⅛∫√ ─ ╖≢№╢⁹ ⌐⅔↑╢ ─ ╩ ∂≡⁸

☻◐ꜟ⁸ ☻◐ꜟ╩ ↕∑╢ ╡ ╖╩⇔≡⅝√╦↑∞⅜⁸ ╙⌂ↄ ╩ ∂≡ ⌐ ⌐

╡ ╕╣√⁹ ╩ ∆╢↔≤⌐ ▪fi◔כ♩╩ ⇔≡∕─ ╩≈⅛╪∞⅜⁸ ⌂≥⌐

≈™≡│ 90 ─ ⅜ ⇔√ ╩ ∫≡™╢⁹╕√⁸ ⌐≈™≡╙ 95 ─ ⅜≥─╟℮⌂

↓≤⅜ ↓∫≡™╢⅛ ⇔ↄ ╠ⅎ╢↓≤⌐ ⇔≡™╢⁹╕√⁸85 ─ ⌐ ⅜ ⇔√≤№╡⁸

ⱪ꜡◓ꜝⱶ⅜℮╕ↄ ⇔√≤ ╦╣╢⁹ ⁸ ╛ ╩ ≢⅝√⅛≤™∫√ ™⌐│⁸50

ↄ─ ⅜ ╩ ⅎ≡⅔╡⁸ ╠╣√ ≢─ ─ ⇔↕⅜ ⅝ ╡⌐⌂∫√⁹⇔⅛⇔↓─↓≤│⁸ ⌐

≤╠ⅎ╢↓≤╙≢⅝≡⁸ ⌐ ╡ ╗√╘⌐ ⅜ ╡⌂ↄ ∂╢≤ ℮↓≤≢№╡⁸ ─ ╩ ⅝

ↄ ⇔√ ≢№╢≤ ⅎ╠╣╢⁹ ⌐≈™≡│ 95 ─ ⅜ ─ ─ ⌐⌂∫√≤⇔≡™╢⁹

≈╕╡⁸ ∆╢↓≤⅜ ⌐ ↑≡─ ⅝⌂ ⌐⌂╢↓≤⅜ ↕╣√⁹╕√ 71 ─ ⅜

─⸗♅ⱬכ◦ꜛfi▪♇ⱪ⌐≈⌂⅜∫√≤⇔≡™╢⁹ ─ⱪכꜟ◓ ⅝ ╡⅜≢⅝≡™⌂™⁸ ≢

∆╢↓≤⅜ ⌐ ⌐≈⌂⅜∫≡™⌂™⌂≥─ ⅜ ↄ √╣√⁹ 

 

 

4-1 ◘▬◄fi☻ ▪fi◔כ♩ 

▪fi◔כ♩ з й  

   
5/12 6/9 7/10 

      

 

 

 5 0 3 2 3 1 

 4 1 2 3 1 3 

 4 1 5 0 4 0 

 1 1 0 5 4 0 

 4 1 3 2 4 0 

 3 2 5 0 2 2 

 2 3 5 0 4 0 

 2 3 2 3 0 4 

 2 3 4 1 1 3 

 3 2 4 1 4 0 

  30 17 33 17 27 13 

 

 9 1 9 1 10 0 

 5 5 2 8 6 4 

 10 0 10 0 9 1 

 5 5 5 5 9 4 

 5 5 4 6 9 1 

 8 2 10 0 8 2 

 7 3 7 3 5 5 

 4 6 4 6 6 4 
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 6 4 1 9 4 6 

 9 1 10 0 8 2 

  68 32 62 38 74 29 

 

 9 1 6 4 9 0 

 8 2 8 4 6 3 

 10 0 8 2 5 4 

 8 2 1 9 4 5 

 9 1 6 4 7 1 

 10 0 10 0 8 1 

 9 1 10 0 6 3 

 7 3 6 4 4 5 

 6 4 9 1 6 3 

 7 3 9 1 9 0 

  83 17 73 29 64 25 

  181 66 168 84 165 67 

 

 

 12 0 13 2 10 1 

 7 5 11 4 9 2 

 10 2 14 1 11 0 

 10 2 13 2 8 3 

 9 3 11 4 7 4 

 10 2 14 1 11 0 

 7 5 11 4 10 1 

 4 8 7 8 8 3 

 6 6 9 6 6 4 

 10 2 12 3 11 1 

  85 35 115 35 91 19 

 

 13 0 9 1 8 0 

 5 8 7 3 8 0 

 13 0 9 1 8 0 

 7 6 6 4 7 1 

 8 5 5 4 6 2 

 8 5 7 3 7 1 

 4 9 6 4 8 0 

 5 8 3 7 5 3 

 6 7 5 5 7 1 

 11 2 6 4 7 1 

  80 50 63 36 71 9 

  165 85 178 71 162 28 

 
 

 14 1 12 3 15 0 

 5 10 8 7 6 9 

 14 1 15 0 13 2 
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 8 7 5 10 6 9 

 11 4 11 4 10 5 

 15 0 11 4 14 1 

 13 2 7 8 14 1 

 7 8 8 7 5 10 

 7 8 9 6 8 7 

 14 1 13 2 14 1 

  108 42 99 51 105 45 

 

 10 0 5 5 10 0 

 7 3 0 10 2 8 

 8 2 6 4 9 1 

 10 0 1 9 6 4 

 10 0 3 7 8 2 

 10 0 7 3 9 1 

 10 0 6 4 9 1 

 7 3 2 8 2 8 

 9 1 4 6 5 5 

 9 1 7 3 9 1 

  90 10 41 59 69 31 

  198 52 140 110 174 76 

 544 203 486 265 501 171 

 

 

 

 
5/12  6/9  7/10  

      

 72 3 57 18 65 2 

 41 34 38 39 38 29 

 69 6 67 8 59 8 

 49 23 31 44 44 26 

 56 19 43 31 51 15 

 64 11 64 11 59 8 

 52 23 52 23 56 11 

 36 39 32 43 30 37 

 42 33 41 34 37 29 

 63 12 61 14 62 6 
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0% 20% 40% 60% 80% 100%

 

0% 20% 40% 60% 80% 100%

 

0% 20% 40% 60% 80% 100%
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▪fi◔כ♩  й ─   

 

      

 

       

 0 4 4 6 6 3 

 4 0 7 3 9 0 

 0 4 3 7 1 8 

 3 1 4 6 6 3 

         

       

 

       

 5 6 1 7   

 11 0 8 0   

 1 10 3 5   

 10 1 6 2   

         

       

 

       

 6 9 6 4   

 15 0 8 2   

 3 12 2 8   

 11 4 8 2   

         

         

 

       

 28 39     

 62 5     

 13 54     

 48 19     

 

0% 20% 40% 60% 80% 100%
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ה ▪fi◔כ♩  з й  

 

  
5/12  6/9  7/10  

      

1  2 1 7 1 18 1 

2 
 

4 0 7 0 19 0 

3 
 

2 2 6 2 17 2 

4 
 

3 0 6 1 19 0 

5  3 0 7 0 16 3 

6  2 0 7 1 16 3 

7  3 0 6 0 15 4 

8  2 0 4 1 18 1 

9  2 0 5 2 18 1 

10  2 1 5 1 13 6 

    25 4 60 9 169 21 

 

 

▪fi◔כ♩  й ─   

 

    

1  13 6 

2  15 4 

3  18 1 
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◖ⱷfi♩  з и  

 

 

ה ⅜ ╡⌂™ 

ה ה ה ⌐≈™≡│⁸™™ ⅜ ≡ ⅛∫√ 

ה ⌐ ⇔√╠₈═⅝ ─ ₉≢ ⌐≈™≡ ⅎ√™ 

⅜כ♃☻ⱳה ╕≢⌐ ⇔≡╟⅛∫√ 

ה ⇔╛∆⅛∫√ 

ה ⅛™ ⅜ ↄ ⅛╠⌂⅛∫√ 

ↄ╕℮ה ≢⅝⌂⅛∫√ 

ה ↄ⇔∫⅛╡ ═╠╣⌂⅛∫√ 

 

 

╩ꜟⱦה ⇔√⅛∫√ 

ה │ ⇔™ 

ה ⅜ ╡⌂™ 

ה ⇔™ 

 

ⱪꜝfi◒  

ה ⇔⅛∫√ 

ה ⅜ ╡⌂™ 

ה ╖⅜╦⅛╠⌂⅛∫√ 

 

⅛╠─  

─ ∟ ╦∑╩╙∫≤⇔√⅛∫√ 

 

─  

╙∫≤ ⇔√⅛∫√ 

 

◓ꜝⱶ  

ה ≢│⅝≈⅛∫√ 

ה ≢ │  

ה ⌐ ⇔√ 

ה ⅜ ╡⌂™ 

ה ⅛™ ⌐≈™≡╙ ═╢↓≤⅜ √ 

ה ╖╪⌂≢ ╕╡ ⇔ ™⅜≢⅝√ 

ה ╩╙∫≤⇔≡⅔⅝√⅛∫√ 

≥∫╙ה ╩ ╛⇔√ ≢ ⇔√⅛∫√ 

ה ─ ⅛ ⅛╠⌂⅛∫√ 

 

ⱨ♫ⱶ◦  

≢ │ ⁸ ⅜ ╡⌂⅛∫√ 

 



83 

 

ה ◖ⱷfi♩  з и  

 

¶ ₈↓╣₉₈∕╣₉≤™℮ ⅜ ™─≢⁸ ⌐ ⇔⌂⅜╠≤™℮ ≢─ ⅛╡ ™ ─ⱪ꜠♀fi

⌐ ⇔√™  

¶ ⅛⅜ ╕∫√ ≢⁸ⱪ꜠♀fi╩⇔≡─═ ╩ ╠⇔≡╒⇔™  

¶ ╝∫ↄ╡≡™⌡™⌐⁸ ↕╠⌐ ⌐ ╦╢ⱪ꜠♀fi╩ ⇔╕∆  

¶ ⅜ ⅛∫√  

¶ ─ ╩╙℮ ⇔ ⅝ↄ⅔ ™⇔╕∆  

¶ ⅜ ™⁹ ⅜  

¶ ⅝╣™⌐ ⇔√╙─│ ⅛∫√⅜⁸ ⅝─ ╡ ⅝╩₈ ₉≤│ ⅎ⌂™⁹  ה

¶ ⅜№╢ 

¶ ╙℮ ⇔ ↄ─ ╩ ⅎ√╒℮⅜ ™ 

¶ ⌐ √─≢∆═≡╩ ╣⌂⅛∫√⁹№≤ ⅛↓─╟℮⌂ ╩ ↑╢≤ ╙ ╣╙∫≤

™╙─⌐⌂╢≤ ℮  

¶ ─√╘⌐∕─ ╩∆╢─⅛⁸╙∫≤ ≢⅝╣┌╟™≤ ℮  

¶ I would like to ma ke several comments about yesterdayõs poster presentations. 

First, I was impressed with the studentsõ scientific rigor. Many of their investigations seemed to 

have been well developed.  

Second, their enthusiasm was great. The students I spoke with seemed qu ite excited to share their 

insights into science with me.  

Third, even though yesterday was not an òEnglishó day for them, the students made great efforts 

trying to use their English to explain their experiments. I was happy to see that. It is true that som e 

students struggled more than others but overall they did well. If I may add one other comment, it 

would be that many of the students need lists of English technical terms ð nouns and verbs in 

particular.  

I understand that in three weeks time the students  will have to make presentations in English. If I 

can help you or the students in anyway, please just ask. It would be my pleasure to help.  Regard, 

J-P Richard  

 

ה ◖ⱷfi♩  з и  

 

¶ ─ ⅜ ↕™⁹ 

¶ ₈▪Ⱳ●♪꜡─ ₉ ╘≡ ™√⅜╟ↄ ⇔≡™√∞™≡ ⅛╡ ⅛∫√⁹ 

¶ ⅜ ⇔ ™⁹ 

¶ │ ╘√↑╣≥⁸ │ ⅛╠⌂⅛∫√⁹ 

¶ ─ ─ ─ ⅜ ⅛ ⅛╣┌╙∫≤ ⅛∫√⁹ 

¶ ⇔╕⇔√⁹ ╙◖◖≢ ↕∑√™⁹  
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  ▪fi◔כ♩ 

 

 
      

5 4 3 2 1   

 
28% 38% 28% 5% 0%   

 
23% 47% 23% 7% 0%   

 
20% 43% 23% 11% 1%   

 

 
32% 41% 16% 8% 1%   

 45% 31% 15% 7% 3%   

 
24% 41% 28% 5% 1%   

 30% 28% 30% 8% 4%   

 31% 32% 22% 12% 3%   

 31% 39% 19% 9% 1%   

 41% 30% 24% 4% 0%   

 11% 20% 31% 22% 16%   

 9% 24% 54% 9% 3%   

 
45% 28% 19% 7% 1%   

  

 

 
 

 

  

 

 

 

  

6% 8% 3% 11% 28% 41% 2% 
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 ◖ⱷfi♩  

¶ ⅜ ⇔⅛⌂™≤™℮↓≤≢ ╡⌂⅛∫√⁹ 

¶ ⁸ ⁸ ─ ╩ ∞↑≢ ↓⌂↕⌂↑╣┌™↑⌂⅛∫√─≢ ≈ ≈ ╣⅜ ↄ

⌂∫≡⇔╕∫√⁹ 

¶ ⇔≡ ⅜ ╩ ∫≡™╢─⅛ ⅛╡╕∑╪≢⇔√⁹ ┌⇔╕⇔√⁹∆↔ↄ ∞∫√─

⌐ ─ ↕╪↔╘╪⌂↕™⁹ ⅜╪┌╡╕∆⁹ 

¶ ≈─ ⌐≈™≡ ≢ ╕≢╙∫≡™ↄ─⅜ ∞∫√⁹ 

¶ ≤⇔≡ ┌╣≡ ⇔≡™╢ ⁸⅝∟╪≤ ⇔≡ ⇔≡ ⇔™≢∆⁹ │⇔╞℮⅜⌂™↑╣

≥⁸№╕╡⌐ ∆⅞╢⅛⌂⁹ 

¶ ₁⌂☺ꜗfiꜟ─♥כⱴ⌐≈™≡ ┬↓≤⅜≢⅝√⁹ ─ ⌐╙ ∟∕℮≢№∫√⁹ 

¶ ╣√⁹ 

¶ ™™ ⌐⌂∫√⁹ ─ ⁸ ⁸∕⇔≡ ─ ⌂≥╩∆╢↓≤⅜ ≡ ⌐™⅛∑

╢∞╤℮≤ ℮⁹╕√ │ ⅛∫√⁹ 

¶ ─╒℮┌⅛╡ ≡⇔╕∫√⁹ ≢ ⇔≡⇔╕™⁸ ↄ ∑⌂⅛∫√⁹ꜝ▬♩≢ ╩ ╠⇔⌂

⅜╠ ≢⅝⌂⅛∫√⁹∕╣⅜ ╡⁸ ≢∆⁹↓─╟℮⌂ ⅜№╣┌⁸╙∫≤ ₁≤Ɫ♇◐ꜞ

≢⅝╢╟℮⌐ ╡√™≢∆⁹ 

¶ ₁⌂ ⅜ ≡╟⅛∫√⁹ 

¶ ╛∫┐╡ │ ≢ ∆╢╟╡╙⅝⅝⅔≤╡∆╢≤ ℮⁹ ⌐ ╙℮∟╞∫≤☻◐ꜟ▪♇

ⱪ⇔√™⁹ 

¶ ⅜⌂™⅜⁸ ⌐⁸꜠ⱳכ♩ │ ™⁹ ⇔⅝╣⌂™⇔⁸ ⌐♥☻♩≤⅛┬╢─≢

⌐⌂∫≡⇔╕℮⁹ 

¶ ⌐ ⇔≡ ╙ ↄ ⅎ∏⌐ ⇔√↓≤⅜Ⱶ☻∞∫√⁹ │ ↄ ⅎ≡ ⇔√™⁹ 

¶ ─ │╛│╡ ⇔⅛∫√⁹ ♥☻♩≤ ⅜№™≡⌂⅛∫√─≢ ⇔ ∞∫√≤ ℮⁹ 

¶ ⅜ ⇔⅛∫√⁹ 

¶ ≈─ ⌐≈™≡⁸╙∫≤ ⇔ↄ╛╡√™⁹ 

¶ ⅜ ⌐ ⇔√≤↓╤│ ↄ ⅛∫√⅜⁸ ⇔⌂⅛∫√≤↓╤│ ⅛╡≠╠⅛∫√⁹ ╩

ↄ ⌐⁸≥─╟℮⌂ ⌂─⅛╩ ∫≡⅔⅝√⅛∫√⁹ │ ⅝ ╡⌐ↄ⅛∫√⁹ ─ ⌐

≢ ∆╢◓ꜝⱶ ─ ⅜ ⅛∫√⁹ 

¶ ⅜ ⇔⅛∫√≢∆⁹ 

¶ ∆╢ ⅜ ╦╢≤⅝⌐⅛⌂╡ ⅜№™≡™√⁹ 

¶ ⅜№╕╡℮╕ↄ™⅛⌂⅛∫√─≢⁸╙⇔╕√ ∆╢ ⅜№∫√╠⁸ │╙∫≤ ≤ ∑╩

⇔≡ ↄ ╢╟℮⌐⇔√™⁹ 

fiכꜞ◒☻ ¶ ⌐ ╩ ⅛ↄ ™≡™╢ ⅜№╡╕⇔√⅜⁸ ⅜ ↕∆⅞≡ ≥ ╘⌂⅛∫√⁹ ⌐

─ │⁸№╠⅛∂╘ ╩╕≤╘√ⱪꜞfi♩⌂≥╩ ⇔≡╙╠ⅎ╣┌⁸ ⅜≈™≡ ⅛

╡╛∆⅛∫√⅛╙ ╣⌂™⁹ 

¶ ≈─ ╩╙∫≤ ™ ™√⅛∫√⁹ ≡─ ≢ ≢⅝√─│ ⅛∫√⁹ 

¶ │ ≢∆⁹ 

¶ ⅜╕∞ ╡≡™⌂⅛∫√⁹ ⅜⇔∫⅛╡ ↕╣≡™⌂⅛∫√⁹ 

¶ ╙∫≤ ─⅝ↄ ╩╛╡√™⁹ 

¶ ≥─╟℮⌐╕≤╘√╠™™─⅛⁸≥─╟℮⌐ ⇔√╠™™─⅛⁸≥─╟℮⌐ ⇔≡™↑┌™™─⅛

⅜ ⅛╡╕⇔√⁹ 

¶ ≢│ ⌐ ⅜ ↕╣≡™≡⁸ ≢⇔√⅜⁸ ⇔ ╡╕∑╪≢⇔√⁹ │ ─ ∫≡™

╢╙─ ≡╩ ⅞ ╖⁸╕√ ≤ ⌐ ⌐⌂∫≡ ≡™ↄ≈╙╡⁹ 

¶ ⁸ ⁸ ⌐ ─ ≢│╛╠⌂™ ╩ ™⁸ ╩ ⌡╢↓≤⌐╟∫≡╟╡ ™ ⅜

╠╣√⁹ 
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¶ │ ≢│⌂™─≢⁸ ⇔™ ╙№╢≤│ ™╕∆⅜⁸∕─ ⌐ ╡ ╗ ⁸ ⅜ ⅛╠

⌂ↄ≡⁸ ╩ ╡√™─⅛≤™∫√ ╩╙℮ ⇔ ⇔ↄ ⇔≡ ⇔™≤ ∫√⁹ 

¶ ─ ─ ╩ ⅎ╢≤⁸ ─ ⌐⁸ ╕≢─ ─ ╛ ∆═⅝ ⁸ ─ ≤™∫√

╙─╩ ╖ ╪≢™ↄ≤⁸╟╡ ↄ⌂╢─≢│⌂™⅛⁹ 

¶ Students need to look at the audience when talking.  

¶ Students must not read bu t speak.  

¶ Students need to practice their pronunciation, when for basic vocabulary.  

¶ Students in the audience need to respect the speakers and remain quire wile listening.  

¶ Often spoke too fast.  

¶ Some students need to take eyes off paper or need to memorize be tter.  

¶ Need to better match movements with speaking. Use red pointer as you speak, not after you speak.  

¶ Graphs, etc were well done.  

¶ Explanations need to be simpler (too many repeats)  

¶ Students need to practice presentation skills body language, eye contact, speaking speed. 

¶ Pictures and diagrams good and helped understanding.  

¶ Presentation which mixed Japanese and English were best.  

¶ Make a list of basic words (English) that are often used in scientific presentations ð  

ACC students get and learn. (Including pr actice pronunciation)  

¶ ˈpictures/ diagrams 

¶ ˈwords explanation (dictionary for difficult English words / phonies) 

¶ ˈMemorizing ð easier to hear and eye contact is great.  

¶ ˈKey points shown in Japanese. 

¶ × long written explanations.  

¶ × bilingual = viewer will not  try and listen to English because they know Japanese will follow.  
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─ │ ⅜ ╡⌂™ ≢№∫√⅜⁸ │ ∆╢↓≤⅜≢⅝√⁹ ≢≤≥╕╡

⌐ ╙ⱪכꜟ◓√∫⅛⌂╣ ₁№∫√⁹ │∕╣╠ ┼─ ┼─ ─◖ⱷfi♩ ≢№╢⁹

│↓╣╠╩ ⌐ ⌐ ↑≡─ ⌐ ∫√⁹ ↄ─ ⌐╟╢◖ⱷfi♩╩ ≡ ™⌐ ╩

ⅎ≡™ↄ↓≤│ ™ ⌐ ⅛∫≡ ↄ ≈─⅝∫⅛↑∞≤ ℮⁹ 

 

 ▪fi◔כ♩  

         

 69% 31% 

 

 

 

 

 15% 85% 

 

 

 

 

 

 

 

 

 87% 13% 
 

 42% 58% 
 

 

 58% 42% 
  

 75% 25% 
 

 

 

 63% 37% 
 

 27% 73% 

 

 

 

 

 54% 37% 

 

 

 

 

 

 

 

 

 

 67% 33% 
 

PC  

 
87% 13% 
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 ▪fi◔כ♩  

         

 14% 86%  

 43% 57%  

 14% 86%  

 100% 0% 
 

 

 100% 0%   

 57% 43%  

 57% 43% 15  

 71% 29% 
 

 

   

  

 

 

 

 

 

 ▪fi◔כ♩  

         

 84% 16%  

 26% 74%  

 84% 16%   

 37% 63%  

 53% 47%   

 95% 5%   

 87% 13%   

 39% 61% 
 

 

 50% 50%   

 82% 18%   

 89% 11%   

 

 ▪fi◔כ♩  

         

 33% 67%  

 33% 67%   

 
17% 83%  
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 100% 0%  

 100% 0%   

 67% 33%   

 100% 0%  

 83% 17%   

   
  4  

 

 

 

⌐ ╦╣√◘▬◄fi☻♄▬▪꜡◓≢╙⁸ ⅝ ╡⌐≈™≡ ⅜№╡⁸ ╩╟ↄ ≢⅝⌂™ ⅜

⇔√⁹⇔⅛⇔⁸88 ─ ⅜ ⅜№╣┌╕√ ─ ╩ ⅝√™≤ ⇔≡™√─≢⁸ ≢⅝

⌂ↄ≤╙ ⅝⌂ ⌐⌂∫≡™√≤ ╦╣╢⁹ │◘▬◄fi☻♄▬▪꜡◓─ ╩  

ה ה ⌐≈™≡│⁸ ≤⇔≡╟ↄ ↕╣⁸⌂⌐╟╡ ─ ─ ⅝⌂

⌐⌂∫√↓≤⅜▪fi◔כ♩⌐╟╡ ↕╣√⁹╒╓ ≡─ ⅜ 80 100 ─ ╩ ≡™╢⁹ │

ה ה ─ ╩  

⌐≈™≡│ ≈─ ╩ ⇔√⁹℮∟ ≈─ ⅜ ╩ ℮╙─≢№∫√⁹

≈│ ╙№╦∑√ ⌐⌂∫≡™╢⁹ ≤╙⌐▪fi◔כ♩ │╟™⅜⁸ ╩ ∫√ⱪ꜡◓

ꜝⱶ⌐ ⇔≡│ ⌐ ™ ⅜ ╠╣√⁹ 

⌐≈™≡│ ≈─ ≢ ⇔√⁹⅔⅔╗⌡ ≢№∫√⅜⁸ ⅜ ⅛∫√─│⁸ ─

◦☻♥ⱶ≤ ─◦☻♥ⱶ⅜ ℮√╘⌐ ⅜ ⌂⅛∫√√╘≢№╢≤ ╦╣╢⁹ ⌐≈™≡│↕

╠⌂╢ ⅜ ≢№╢⁹ 

⌐≈™≡│⁸ ─ ⌐≈™≡ ╩ ╗↓≤⅜≢⅝≡ ─ ╙ ⅛∫√⁹

─ ╩ ⇔√ ≢ ─ ≤ ∫≡⅔╡⁸ ─ ⌐⌂╢⁹ 

≢│ ≢─ │ ⇔≡™⌂⅛∫√⅜⁸ ≢ ≈⁸╕

√⁸ ◖fi♥☻♩≢│ ─ ◖fi♥☻♩≢ ╩≤╢⌂≥⁸ ⅜ ╣√⁹ 

─ ⌐≈™≡│⁸ ⇔™ ⅜ ╢≤™℮↓≤≢⌂ↄ⁸ ─ ꜠ⱬꜟ≢│ ⇔≡™

╢⁹ ⅜ ≢⅝╢ ⌐│⌂∫√─≢⁸ ╩ ≢↓⌂∆≤™℮ ⌐ ™≡│ ⇔≡™╢≤

⇔≡™╢⁹ 

─ ◘▬◄fi☻─ ╩ ⌐⁸ ─ ≢ ─ ⌐ ╡ ╗ ╖╩ ╘√⁹

╕√ ╖ ╩ ⌐ ⁸ ⌐╙ ─ ╩ ⅎ√≤↓╤⁸ ╩ ⅎ╢

⅜ ╣√⁹↓╣╠╟╡⁸ ─ ⅜ ⌐ ⅝™↓≤⅜ ↕╣√⁹╕√⁸ ─ ○

ꜞfiⱧ♇◒ ╙ 60 ╩ ⅎ╢ ⅜≢≡⁸ ╩⇔≡™╢⁹ │╕∞ ≡™⌂™⅜⁸ ╕

≢─ ≤™℮ ≤ↄ╠═╢≤ ─ ≤™℮ ≢ ⅝ↄ ⅜ ⅜∫√≤ ⅎ╠╣╢⁹ 
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4-2 ▪fi◔כ♩ 

ᵑ ─♃כ♦ ⌐≈™≡ 

 

∆╢√╘⌐ ─ ≥♃כ♦ ⇔≡™╢⁹ 

─ ≤≤ ∆╢≤₈ ₉₈ ₉╩ ≤⇔≡ ⌐ ⇔∏≈ ╩ ∫≡™

╢⁹₈╦⅛╡╛∆↕₉₈ ₉₈ ₉₈ ₉─Ᵽꜝfi☻│ ™ ⌐№╢≤ ⅎ╢⁹↓↓⅛╠

⌐ ╩ ╘╢√╘⌐│₈╦⅛╡╛∆↕₉₈ ₉╩ ⇔√ ⅜ ≢№╢≤ ⅎ╢⁹ 

 

▪fi◔כ♩─  

 №⌂√⌐≤∫≡ ─ │ ⌐ ↑╢↓≤⅜ ╢ ≢∆⅛ ≈  

1.  ╒╓ ⁸ ⌐ ╩ ↑╢↓≤⅜≢⅝╢ 

2.  ≥∟╠⅛≤™ⅎ┌⁸ ⌐ ╩ ↑╢↓≤⅜≢⅝╢ 

3.  ≥∟╠⅛≤™ⅎ┌⁸ ⌐ ╩ ↑╢↓≤⅜≢⅝⌂™ 

4.  ╒╓ ⁸ ⌐ ╩ ↑╢↓≤⅜≢⅝⌂™ 

 ─ │╦⅛╡╛∆™≢∆⅛ ≈  

1.  ╦⅛╡╛∆™ 

2.  ≥∟╠⅛≤™ⅎ┌╦⅛╡╛∆™ 

3.  ≥∟╠⅛≤™ⅎ┌╦⅛╡⌐ↄ™ 

4.  ╦⅛╡⌐ↄ™ 

 №⌂√│↓─ ⌐ ╩ ∫≡™╕∆⅛ ≈  

1.  ⅛╠ ⅝⌂ ≢№╡⁸ ─ ╩ ↑≡╙ ╙ ⅜╙≡╢ 

2.  ⅝⌂ ≢│⌂⅛∫√⅜⁸ ─ ╩ ↑≡ ⅜╙≡╢╟℮⌐⌂∫√ 

3.  ⅝⌂ ≢№∫√⅜⁸ ─ ╩ ↑≡ ⇔ ⅜⌂ↄ⌂∫√ 

4.  ⅛╠ ⅝⌂ ≢│⌂⅛∫√⅜⁸ ─ ╩ ↑≡╙ ⅜╙≡⌂™ 

 №⌂√│ ─ ─ ╩≥─ↄ╠™⇔≡™╕∆⅛ ≈  

1.  ⌐ ↑≡⁸ ∏ ╩⇔≡™╢ 

2.  ⌐ ↑≡⁸ ₁ ⇔≡™╢ 

3.  ⌐ ↑≡⁸╒≤╪≥ ⇔≡™⌂™ 

4.  ↓─ ─ │⇔≡™⌂™ 

 

    
 

 

            

 

1+2 - 3+4  
 51%  51% 62% 50% 70% 60%  2%  - 8% 

 

1+2 - 3+4  
 60%  60% 71% 57% 76% 68%  3%  - 7% 

 

1+2 - 3+4  
 43%  43% 50% 42% 68% 52%  0%  - 9% 

 

2- 3 
 16%  16% 26% 20% 29% 25%  - 5%  - 9% 

 

1+2 - 3+4  
 - 42%  - 42% - 33% - 47% - 27% - 36%  5%  - 6% 

 

1+2 - 3+4  
 - 6%  - 6% - 11% - 16% 12% - 6%  10%  0% 

 

(1+2)- (3+4) 
 51%  51% 59% 49% 69% 58%  2%  - 7% 

 

1+2 - 3+4  
 64%  64% 74% 63% 77% 71%  1%  - 7% 

  237%  237% 298% 219% 374% 291%  18%  - 54% 
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 №⌂√│ ─ ─ ╩≥─ↄ╠™⇔≡™╕∆⅛ ≈  

1.  ─ ⁸ ∏ ╩⇔≡™╢ 

2.  ─ ⁸ ₁ ╩⇔≡™╢ 

3.  ─ ⁸╒≤╪≥ ⇔≡™⌂™ 

4.  ↓─ ─ │⇔≡™⌂™ 

 ─ ╩℮↑╢↓≤≢⁸№⌂√⅜ ╛ ⁸ ⌐ ╩ ∂╕⇔√⅛ ≈  

1.  ⁸ ⁸ ⅜ ╕∫√╟℮⌐ ∂╢↓≤⅜ ⌐ ™ 

2.  ≥∟╠⅛≤ ⅎ┌ ⁸ ⁸ ⅜ ╕∫√╟℮⌐ ∂╢ 

3.  ≤∟╠⅛≤ ⅎ┌ ⁸ ⁸ ⅜ ╕∫√╟℮⌐ ∂⌂™ 

4.  ⁸ ⁸ ⅜ ╕∫√╟℮⌐ ∂╢↓≤│╒≤╪≥⌂™ 

 ─ ─ ⌐ ≡│╕╢ ╩∆═≡ ╪≢ↄ∞↕™⁹  

1.  ╩ ╘╢☻Ⱨכ♪⅜│╛™ 

2.  ╩ ╘╢☻Ⱨכ♪⅜⅔∕™ 

3.  ⇔ ⅜│∫⅝╡⇔≡™╢ 

4.  ⇔ ⅜│∫⅝╡⇔≡™⌂™ 

5.  ⅜╦⅛╡╛∆™ 

6.  ⅜╦⅛╡⌐ↄ™ 

7.  ⌐ ⌐ ≢⅝╢╟℮⌐ ₁⌂ ╩⇔≡ↄ╣╢ 

8.  ⌐ ⌐ ≢⅝╢╟℮⌂ ╩╒≤╪≥⇔≡ↄ╣⌂™ 

9.  . ╩℮╕ↄ ⇔≡™╢ 

10.  ╩№╕╡ ⇔≡™⌂™ 

11.  ⅜ ⇔™ 

12.  ⅜╛↕⇔™ 

13.  ⁸ ─ ╩ ⇔≡ↄ╣╢ 

14.  . ⁸ ─ ╩ ⇔≡ↄ╣⌂™ 

15.  ≥─ ⇔≡™╢⅛╩╦⅛∫≡ↄ╣≡™╢ 

16.  ≥─ ⇔≡™╢⅛╩╦⅛∫≡ↄ╣≡™⌂™ 

17.  ∆═⅝ ≢ ╩⇔∫⅛╡ ⇔≡ↄ╣╢ 

18.  ∆═⅝ ≢╙ ╩ ∆╢↓≤│╒≤╪≥⌂™ 

 ⌐ ⇔≡№⌂√│≥─╟℮⌐ ∫≡™╕∆⅛ ≈ ╪≢ ↕™⁹ ≈  

1.  ⇔≡™╢ 

2.  ≥∟╠⅛≤™ⅎ┌ ⇔≡™╢ 

3.  ≥∟╠⅛≤™ⅎ┌ ⇔≡™⌂™ 

4.  ⇔≡™⌂™ 

5.  ⇔≡™⌂™ 

 

ᵒ ─ ≤ ─ ™ ⌐≈™≡ 

─ ≤ ─ ™  
2009  SSH  

2009  

 
 

+ -  + -  + -  

⁸ ─ ╩ ⇔≡ↄ╣╢ 15% 3% 15% 2% 0% 1% 

≥─ ⇔≡™╢⅛╩╦⅛∫≡ↄ╣≡™╢ 16% 5% 15% 6% 1% - 1% 

╩℮╕ↄ ⇔≡™╢ 25% 3% 20% 3% 5% 0% 

⌐ ⌐ ≢⅝╢╟℮⌐ ₁⌂ 

╩⇔≡ↄ╣╢ 
24% 5% 22% 4% 2% 1% 

∆╢√╘⌐ ─ ≥♃כ♦ ⇔≡™╢⁹ 

 

⌐ⱴ▬♫☻ ─ ⅜ ↄ⁸ⱪꜝ☻ ⁸ⱴ▬♫☻ ─Ᵽꜝfi☻│ ™ ⌐№╢⁹ ─

≤ ∆╢≤ⱴ▬♫☻ │╒≤╪≥ ⅜ ╠╣⌂™⅜⁸ⱪꜝ☻ ⅜ ⇔∏≈ ╢ ⅜ ≡™╢⁹
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│₈≥─ ⇔≡™╢⅛╩╦⅛∫≡ↄ╣≡™╢₉₈ ⁸ ─ ╩ ⇔≡ↄ╣╢₉⌂≥─ⱪꜝ

☻ ╩ ⇔≡ ⌐ ╡ ╪≢™⅝√™⁹ 

 

⌐ ╦╣√ ─▪fi◔כ♩ ≤ ⇔⁸∕─ ╩ ∫√⁹ ủủ │ ╟╡ ⅜ ⅜∫√↓≤⁸

ủủ │ ╟╡ ⅜ ⅜∫≡™╢↓≤╩ ∆⁹ 

─ ⌐⅔↑╢ ─  

      

  
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 

 

/(1+2)- (3+4) 
6% 11% 5% 9% 33% 17% 2% 17% 2% - 23% 3% - 5% 11% - 16% - 3% - 2% 

 

/(1+2)- (3+4) 
- 5% 3% 4% 2% 32% 4% - 2% 12% - 3% - 24% - 5% - 10% 14% - 17% - 12% - 4% 

 

/(1+2)- (3+4) 
3% 8% 2% 5% 34% 17% 8% 19% 1% - 18% 6% - 3% 9% - 11% - 1% 0% 

 

/2 - 3 
- 3% 4% 3% 2% 4% 0% 1% 6% - 9% - 9% 0% - 7% - 6% - 3% - 4% - 4% 

 

/(1+2)- (3+4) 
14% - 4% 8% 7% 6% 9% 15% 9% 36% 27% - 3% 25% 36% - 24% 19% 10% 

 

/(1+2)- (3+4) 
7% 1% 7% 4% 15% 19% 13% 16% 12% 11% - 7% 9% 34% 2% 4% 17% 

 

/(1+2)- (3+4) 
7% 0% - 2% 3% 31% 12% 7% 16% 8% - 13% - 3% - 1% 14% - 13% - 3% 1% 

 

/(1+2)- (3+4) 
2% 7% 2% 5% 28% 12% 1% 15% 5% - 19% 0% - 3% 3% - 11% - 15% - 6% 

 31% 29% 27% 36% 179% 95% 42% 109% 53% - 67% - 11% 4% 115% - 91% - 16% 11% 

 

 

─ ⌐⅔↑╢ ─  

      

  
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 
 
 

 
 

 
 

 

 

/(1+2)- (3+4) 

- 18% 27% - 19% - 13% 58% 10% - 23% 24%   7% 10% 19%   26% 6% 34% 

 

/(1+2)- (3+4) 

- 22% 19% - 34% - 20% 69% 11% - 41% 25%   18% 7% 29%   28% 6% 41% 

 

/(1+2)- (3+4) 

- 20% 24% - 16% - 14% 60% 11% - 21% 26%   7% 10% 21%   46% 26% 58% 

 

/2 - 3 

- 4% 4% - 10% - 4% 20% - 13% - 2% 6%   - 5% 1% - 3%   30% 35% 35% 

 

/(1+2)- (3+4) 
- 2% 10% 7% 3% 9% 39% 5% 17%   - 1% 24% 7%   - 10% 102% 72% 

 

/(1+2)- (3+4) 
- 9% 20% 8% 2% 4% 27% - 4% 10%   13% 26% 17%   - 14% 34% 30% 

 

/(1+2)- (3+4) 
- 20% 23% - 15% - 13% 49% 15% - 34% 19%   7% 7% 17%   25% 9% 35% 

 

/(1+2)- (3+4) 
- 20% 11% - 22% - 17% 42% - 13% - 35% 7%   - 2% 5% 11%   20% 3% 29% 

 - 115% 138% - 100% - 74% 311% 86% - 156% 134%   44% 90% 119%   151% 221% 335% 

 

 

 ─ ≤ ─ ⅜ ↄ ≡™╢⅜⁸↓╣╠│ SSH ≤╙ ⅝ↄ ╦╢ ≢№╢⁹∕─√╘ SSH

⅛╠─ ⅝⅛↑≢↓╣╠─ ╩ →╢↓≤⅜≢⅝╢⅛≥℮⅛ ∆╢ ⅜№╢≤ ╦╣╢⁹ 

⌐≈™≡ ⌂ │⁸ ≤╙ ─ ⅜ ≤ ═≡ ⅝ↄ ⇔≡™╢ ⌐№╢⁹ ╩

╢≤₈ ⌐ ∆╢ ₉₈ ⌐ ∆╢ ₉₈ ₉⌂≥⅜™∏╣╙ ⇔≡⅔╡⁸ ⅜

⌐ ⌐ ╡ ╪≢™╢↓≤⅜ ⅛╢⁹↓─ ─ ≈─ ≤⇔≡₈ ◘▬◄fi☻₉─ ⅜ ⅎ╠

╣╢⁹ ◘▬◄fi☻─ ⌐≈™≡│ ╙▪fi◔כ♩╩ ⇔≡⁸ ⌐ ∫≡─ ╩ ∫

≡™⅝√™⁹ 
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4-3 ↓╣╕≢─ ≤ ⅔╟┘ ─  

 

⌐≈™≡─  

 

 ќ ủ │╒╓ ↕╣√⁹ ↄ─ №╡⁹ 

 

 

 

Ἒ◦ꜝⱣ☻─  

╢╟⌐ⱪכꜟ◓ ⅜ ≢№╢↓≤⅜ ◘▬◄fi☻─ ≢ ╠⅛⌐⌂∫≡⅝√⁹ 

─ ⌐ ∆╢ ─ ⅜ ╠╣╢⁹ 

↓╣╕≢⁸ ⅎ╩ ⅎ≡⅛╠ ╩⇔≡™√⅜⁸ ╩ ⌐ ⇔≡⅛╠∕╣╩ ↕∑╢ ⌐

╩ ™∞∑√⁹ 

─ ⌐╟╡ ─ ☻◐ꜟ⅜ ⇔≡™╢⁹ 

  

╩ ⌐◦ⱨ♩  

 

  ⱪ꜠  

 

 ⁸ ⁸ ⁸ ⁸  

╩ ⇔√  

 

з  

≢─ ╩ ⌐  

 

з  

⌐ ╩  

 

  

╩ ≤⇔√ ─  

 

 

 ќ ủ ⅝ ╡⁸ ∆↓≤⌐ ⇔≡  

   ѝ 

 

 

¶ ⌐ ╡ ╗↓≤╩  

¶ ─ ╩ ≢  

 ќ ủ ⌐ ╡ ╘√⁹ ⌂⅛∫√ ⅜  

   ѝ 

 ¶ ∆╢ 

ה ה  ќ ỏ ⌐ ≢№∫√⅜⁸ ⌐ ≠ↄ ≢│ ╡

╖⅜  

   ѝ 

 ¶ ─ ─ ╩ ╛∆ 
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≤─  ќ ỏ ≢─ ⅜ ⌐ ╕╢⁹ 

ה ╩ ╘╢ ╙ ⁹ 

₁⌐ ╡ ⅜╡╩ ∑╢⁹ 

   ѝ 

 ¶ ◘▬◄fi☻ ⌐ ™ ─ ╩ ⌐∆

╢ 

⇔√ ─  ќ ỏ ◖fi♥☻♩ ⇔⁹ ╕≢ ╢ ─ ╩ ⁹ 

   ѝ 

 ¶ ⌐ ○ꜞfiⱧ♇◒ ╩ ╘╢↓≤⌐

⁹ 

─  ќ ỏ ═ ⌐ ⇔≡™╢꜠ⱬꜟ∞⅜⁸ ┼─ ⅜

╕∫≡⅝≡™╢⁹ 

   ѝ 

 ¶ ◘▬◄fi☻─ ≢ ⇔≡ ─ ╩ ←⁹ 

 ќ ủ ─╙─⌐⇔⅛ ≡™⌂™⅜⁸ ↔√ⅎ╩ ∂√⁹ 

⌐≡ ⌐  

   ѝ 

 ¶ ≢ ⌐ ↕∑≡™ↄ 

¶  

¶ ☺ꜙ♬▪☿♇◦ꜛfi 

¶ ☺ꜙ♬▪☿♇◦ꜛfi 

─  ќ Ừ ⌂ ⅝⅜ ╠╣╢╟℮⌐⌂∫√⁹ 

   ѝ 

 ¶ ⌐ ⇔≡ ⌐ ⅛∫√⁹ ⅜ ╠⅛⌐

⇔≡™╢⁹ ⌐ ╘≡ ↄ─ ╩ ∆╢ ⅜

≡™╢⁹ ╙ ™⌐ ⇔≡₈Ichikawa õs way₉╩

╡ →≡™ↄ⁹ 

¶ ⱷ▬fi ≢│⌂™ ╙ ⌐ ⌐

╢╟℮⌐⇔√⁹ 

¶ ╙ │ ∞⅜ ⁸ ○ꜞfiⱧ♇

◒ ⌐ ╢╟℮⌐⇔√⁹ 
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5. ─ ⅔╟┘ 

─ ─ ה ─  
 

 ⌐ ⇔≡⅝√₈ ◘▬◄fi☻₉∞⅜⁸ ─╖╩ ≤⇔√ │ ─ ╩

→╠╣√≤ ╦╣╢⁹⇔⅛⇔⁸ ─ ≢№╢◌ꜞ◐ꜙꜝⱶ─ ≤™℮ ⌐√≡┌⁸╟╡ ↄ─

╩ ≤⇔≡∕─ ╩ ⅛╘⌂↑╣┌⌂╠⌂™⁹∕─√╘⌐₈ ◘▬◄fi☻₉╩ ⌐∆╢⁹

↓─↓≤⌐╟╡⁸200 ─ ⌐ ╩ ≤⇔√ ╡ ╖╩↕∑╢⁹ 

─ ≤⇔≡⁸ ⌐ ↄ╕≢ ↕∑╢ ⅜ ╡⌂⅛∫√⁹ ⌐ ─ ─ ⌐

≈™≡│⁸ ╕≢─ ⁸ ─ ⌂≥ ⌐ ⅜⅛⅛∫≡⇔╕∫√─≢⁸∕╣╠─

╩ ≢◖fi♩꜡⁸⌐╘√─⧵⁹™⌂╠⌂┌╣↑⌂⇔ꜟכ ─ ⁸ ╩ ≢ ◘▬◄fi☻

≤⇔≡ ∆╢↓≤⌐⇔√⁹ │∕─╕╕ ╙ ∫≡ ╩ ↑╠╣╢─≢⁸ ─™ↄ ╩

╢↓≤⅜≢⅝╢∞╤℮⁹╕√⁸ ─ ⌐ √∫≡│⁸ ⌐ ↄ─ ╩ ⇔ ⌐∕─ ⅛

╠ ⌐ ╩ ┌∑╢ ⅜ ≢№╢≤ ⅎ≡™╢⁹╕√⁸ ⌐ ⅜ ↄ ─ ╩ ╘≡™╢

⌐│∕─ ╩ ╘╢↓≤╩ ⇔≡™╢⁹™∏╣⌐∑╟⁸ ™ ⌐⁸ ─ ╩™√∞⅝⌂⅜

╠ ⇔≡™ↄ↓≤⅜ ≢№╢≤ ╦╣╢─≢⁸∕╣╩ ⇔≡╖╢⁹ 

─ ™ ─ ╩⅛⅝ ≡╢ⱪ꜡◓ꜝⱶ─ ╙ │ ⌐⌂╢⁹ 

│ ∞↑⌐ ∑≡⅔ↄ≤ ∆╢─≢⁸ ⌐ ⌐℮╕ↄ ∆╢ ⅜№╢⅜⁸∕╣╠ ⅝⅛↑

─ ╙ ≢№╢⁹↓╣│ ╒≥ ⇔√ ─ ╩ ⌐ ╡ ╕∑╢↓≤≢⅛⌂╡ ≢

⅝╢≤ ⅎ≡™╢⁹ 

╕√⁸ ⌂≥ ≤─ ⌐ √∫≡│⁸ ─ ╩ ≡│™╢⅜⁸ ⌂ ╩↕

╠⌐ ╖ ╪∞ ╩ ⇔≡∕─ ╩ ⇔√™⁹∕╣⌐│⁸꜠ⱳכ♩ ה ╩ ╪∞ ≢ ⅛

╩ ⌐ ╢ ≢─ⱪ꜡◓ꜝⱶ╩ ⇔⌂↑╣┌⌂╠⌂™≤⅔╙╦╣╢⁹ 

 ╕√⁸ ╩ ╪∞ ─ ╙ ⌂ ≢№╡⁸ ה ─ ◌ꜞ◐ꜙꜝⱶ─ ≢ ⇔

≡™⅛⌡┌⌂╠⌂™⁹ ⌐⅔™≡ ─ ◦ꜝⱣ☻╩ ≢№╢⁹ 

 ○ꜞfiⱧ♇◒ ≢│ ─ │≢⅝√⅜⁸ ⅜ ─ ≢№╢⁹ ─ │

─Ɑכ☻╩ ⌐⇔≡ ⌂™⇔ ─ ╡⌐ ⇔≡™╢─≢ ≢

⅜≢⅝╢╟℮⌐Ɑכ☻╩ ⅎ≡╛╢ ⅜№╢⁹ 

╛◖fi♥☻♩≢│↕╠⌂╢ ─ ╩ ™√™⁹ ⌂⅜╠ │ ◖fi♥☻♩≢

⌐ ╢↓≤⅜≢⅝⌂⅛∫√⁹ │ ─ ╩↕╠⌐ ↄ↓≤╩ ⇔≡╖√™⁹ 

 ─ ⌂≥│ ╘√┌⅛╡≢ ⅜ ∑≡™⌂™⁹ ≤ ∆╢↓≤≢ ⅜ ≢⅝╢≤

╦╣╢─≢⁸↕╠⌐ ⇔≡™⅝√™⁹ 

◘▬◄fi☻♄▬▪꜡◓⌐ ⅝ ⅝ ╡ ╗⅜⁸ ─ ⅜ ≢№╢⁹≥─╟℮⌐ ╩ ⅎ╢⅛⁸

⌐⅛™╩ⱶכ♃ꜟ◌♬◒♥ ↕∑╢⅛⁹ │ ™⁹ │ ╩ ∆╢ ≢№╢⁹ 

│ ≤ ╙⇔ↄ│ ─ ≤ ⅜ ⅛╣≡™√─≢│ ⅜ ™─≢⁸ ─

⅜ ≢№╢⁹ 

─ ╩┤╕ⅎ√ ┼─ ╡ ╖⅜ ≢№╢─≢ │ ╛◦Ⱶꜙ꜠כ◦ꜛfi

╩⇔≡™⅛⌡┌⌂╠⌂™⁹ 
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6.  

6-1 ─  

 

  
 2009 11 27  17:40 19:00 

   

 

         

        

       

      

       

       

    

     

    

    

     ⁸  ⁸  ⁸  ⁸  ⁸   

      

      

      

      

     ⁸   

 

◘▬◄fi☻ ╩ ⅎ≡ 

¶ a sence of wonder ╩╙∫≡™⌂™ ⅜ ™√╘⁸™⅛⌐ ╩ ╛∆⅛╩ ⇔≡™ↄ↓≤⅜ ⁹ 

¶ ⅜ ┌∆↓≤⅜≢⅝≡™⌂™─∞≤ ℮⁹∕╣│ ⌐ ╦╢ ⱴ─│∏∞⁹כ♥─  

¶ ⅜ ↄ≡ ⌐⌂∫≡™╢─⅛╙⇔╣⌂™⁹ ╩⇔√™─⅛⁸ ≢╛╢─⅛╩╦⅛╠∑╢ⱪ꜡

◓ꜝⱶ╩ ∆═⅝  

¶ ⅜╦⅛∫≡™⌂™⁸ ⅜╦⅛∫≡™⌂™⁹∞⅛╠↓∟╠─ ⌐ ⅎ╠╣⌂™⁹╙∫≤

╩ √∑≡ ↕∑≡⌂− ⅜↓╣╩ ╪∞⅛╩ ⅜ ⅎ≡╛╢═⅝⁹ ה  

¶ ≢│ ↄ╕≤╕∫≡™╢─│ ─ ↕⅜ ⅎ ╣⇔≡™╢⁹⇔⅛⇔⁸↓╣│ ≢

⅝⌂™⁹ │╙∫≤ ™ ╩ ∫≡⅔╡⁸ ⌐│⌂™ ⅜№╢⁹≥℮╛∫≡∕╣╩ ↕

∑≡™ↄ⅛⁹♦▫☻◌♇◦ꜛfi⅜ ⌐⌂╢∞╤℮⁹ ╙⌂™≤↓╤⌐ ╩ ↄ─⅜ ≢∕╣│

⇔™─∞⁹  

¶ │ │ ∆╢╙─∞⁹ ⇔≡╙ ⇔≡╙ ⌐⌂╢ ┘╩⁹  

¶ │ ⇔≡ ⅜ ™ ∞⅜⁸ ≤⇔≡ ↄ ╩⇔≡™╢ ≢№╢  

⌐ ⇔≡ 

¶ ═ ╙ ⌂ ≢№╢⁹ ⇔≡™ↄ√╘⌐╙ ═╢ ╙ ⁹  

¶ ⅔⅔↨∫┐⌂ ≢╙ ™⁹ ⇔≡ ↄ ⅜ ⁹  

¶ ⌂─∞⅛╠ ⌐╙ ╩ ⇔√╠≥℮∞╤℮⅛⁹  

¶ │≥℮⌂∫≡™╢─⅛⁹  

¶ ⅛╠ √ ≢│ⱪ꜠♀fi♥כ◦ꜛfi │ ⁹ │™™⅜⁸∕╣╟╡ ─√╘⌐ ╩╛╠∑╢

⅛⅜ ⁹ 

│♩כ◦ ¶ ≤⇔√╙─╩ ⇔≡™ↄ ╩ ∆╢╙─≢№╢  

⌐≈™≡ 

¶ │ ≢╛╠∑╢≤ ─ ⅜ⱪכꜟ◓℮╕⇔≡∫╛⅜ ⇔≡⁸ ─ ⅜ ↄ

⌂╢⅛╙⇔╣⌂™  

¶ │ ─☿fi☻⅜ ⇔≡ↄ╢╙─≢№╡┌╠≈⅝⅜ ∆╢─│ ⅜⌂™⁹  

¶ ≢╛╠∑╢ ⅜№╢─⅛⁸ ∏⇔╙ ≢│⌂™─≢│  
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⅜◓fi♬כ꜠♩─╡⌂╣⧵╠⌂╢╛≢ ¶ ≢⁸ ╩ ⌐ ╖ ╖↕∑╢≤⅛↕∑⌂™≤

⁹  

╕≤╘ 

¶ │ ╘│ ─↓≤≤№╕╡⌐ ℮↓≤⅜╦⅛∫≡™⌂™─≢₈ ↄ₉╛╤℮≤∆╢⁹⇔⅛⇔⁸

℮╕ↄ╛╢↓≤│ ∏⇔╙ ≢│⌂™⁹  

¶ ─ ─ ⌐ ╙ ∫≡™╢⁹↓╣╠─ │ ╩ →╢√╘⌐╙ ⌂ ≢№

╢⁹  

 

 

 
 2009 11 27  17:40 19:00 

   

 

        

      

      

      

  

     

    

     

    

    

   ⁸  ⁸ ₁  ⁸  ⁸  ⁸ 

 ⁸  ⁸   

     ⁸  ⁸   

    

    

      

     ⁸   

 

1.  ┼─ ╡ ╖ 

ה   .2 ≢─  

─≢ פֿ  

3. ₈ ─ ₉ 

4. ⅜ ⌐ ╩ ∆╢ⱷ◌♬☼ⱶ 

5. ─  

6. ⌐⅔↑╢ ─ ≤  

 

 

⅜ ה ╕∫≡⅛╠ ╕≢⁸ ─ ﬞ ∞∫√⁹ 

╩╖ ה ≤⇔≡ ה ה ─ ⌂≥⁸ ╘≡─♩ꜝ▬▪ꜟ⅜ ™√⁹ 

─≥ ה ⅜ ⅎ⁸∕─ ≢ ⌂≥╩ ↄ↓≤≢⁸╛╢═⅝↓≤⅜ ⅎ≡⅝√⁹ 

│ ה ⇔∏≈≢│№╢⅜⁸ ⅎ╩ ∂≡™╢⁹ ╩ ⇔≡⁸ ™ ╩ ┌⇔≡™⅝√™⁹ 

 

 

╖─ ╡ ╖ 

ủ ⌂ ╣  

╖│ ─ ─ ⌐⌂╢╟℮⌐⁸ ⌂ ╩ ⇔√⁹ ⌐╙ ╛

≤─ ⁸ ╙ ─╙─╛⁸◐ꜗfiⱤ☻♠▪כ╩⅛╠╘√ ⌂≥≤⇔√⁹╕√⁸

≤ ─ ╩ ⇔⁸ ─ ─ ≢ ╡ ╕∑√⁹ 
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ủ  

╢╟⌐ ה ╩ ∫√⁹ 

─≈ ה ╩ ∆╢⌐│⁸ ╛ ╩ ⅎ√ ™ ⅜ ≤⌂╢⁹ 

≥ ה ⌐≈™≡⁸ ─ ╩ ∫≡ ╪∞⁹ 

⅜ ה ↄ⁸ ∫√ ⅜ ⅛∫√─≢⁸∕─ ⌐╛╢↓≤⅜№╣┌╟⅛∫√⁹ 

ủ  

─≡™≈⌐ ה ╩ ⇔≡╙╠™⁸∕─ ⁸ ─ ╣─ ╩ ∫√⁹ 

⅜ ה ⌐≈⌂⅜∫√√╘╟⅛∫√⁹ 

│ ה ─♃כ♦√╣╠ ⌂≥╩ ℮ ⌐ ≤ ⇔≡™⅝√™⁹ 

ủ  

─ ה ≢№╢ ↕╪─ ⌐╟╡ ∆╢↓≤⅜≢⅝√⁹ 

─ ה ⅜ ╢↓≤⅜≢⅝⌂™ ╩ ∆╢↓≤⅜≢⅝√⁹ 

ה◓fi▫♥◔כⱴ ה ≢כ♃fi☿♩כⱳ◘הכ♃ⱦ☻☿fiכ◘ ⌐≈™≡─ ⁹

⌂≥╩ ╢↓≤⅜≢⅝√⁹ 

⌐8/20 ה ∫√√╘⅔ ╖╩ ╪≢⇔╕™⁸ ⅜ ™√√╘⅛⁸ ⌐ ╣⅜ ⅎ√⁹ 

ủ  

─ ה ╟╡ ─ ⌂ ⌐≈™≡⁸ ─ ≤™℮ ⅛╠ ╩ ↑⁸∕

─ ⁸ ⌐≈™≡─ ╩ ↑√⁹ 

╢№≢ ה ☿fi♃כ ⌐╟╢ ─ ⁹ 

⌐ ה ╡⁸♃▬ⱪ ⌂ ╩ ⇔√⁹ 

ủ  

⌐ ה ≤⇔≡ ╡ ╗ ─ ╩ ≤⇔⁸ ה ╩ ⅝ ∆╟℮⌂ ╩

⇔√⁹ 

─ ה ≢│ ⅜⌂⅛∫√√╘⁸ ─ ─ ╩ ∫≡╙╠℮↓≤╙ ─ ≈≤⇔√⁹ 

│ ה ╩ ⅛∑╢ ─ ⅜ ╡ ╖╛∆™╟℮∞⁹ 

⅜╠∟↓ ה ⇔⌂™▪▬♦▪⅜ ⅛╠ ≡⅝√⁹ 

≥√⅝≢⅜≥↓™ ה ℮⅜⁸ ⅜ ⅛∫√⁹ 

ủ  

⁸│ ה ─ ─ ⌐≈™≡ ⁸ │ ─ ≤ ╪≢⁸ ⌐≈™≡

⌂ ⅛╠▪ⱪ꜡⁸⅜√⇔≥℮╟⇔♅כ ⅛╡╛∆↕╩ ╘√ ⁸ ™ ≤⌂∫≡⇔╕∫

√⁹ 

─ ה ┼≈⌂→√⅛∫√⅜⁸ ─ ⅜ ╡∏⁸∕↓╕≢│ ╠⌂⅛∫√⁹ 

™╟│≥↓√⅝≢⅜ ה ≤⌂∫√⁹ ╖≤⇔≡│╟⅛∫√⁹ 

─ ╡ ╖ 

ủ ⌂ ╣  

─╠⅛ ה ◘▬◄fi☻│ ≢ ╩ ⇔⁸ ╩ ╘≡™ↄ⁹ 

9/29 ה ⌐▬fiⱨꜟ◄fi◙ ⌐ ℮ ⁸10/6 ⌐◘▬◄fi☻♄▬▪꜡◓⅜№∫√√╘⁸ │

(11/27)╕≢ ∞∫√⁹ 

╡ ה ╩ ™⁸∕╣⅛╠ ─ ╩ ╘⁸3/18⌐ ⁹ 

╩ ה 12 ⌐ ⁹ 

ủ ◘▬◄fi☻♄▬▪꜡◓  

☻ꜝ◓♄─ ה Ᵽ♇◌ⱶ⌐╟╢ ⌐≈™≡─ ⁹ 

™⇔ ה ─ ≢╙№╡⁸∕╣╩ ≢ ↑√√╘⁸ ⌐│ ⌂ⱪ꜠♀fi∞∫√⁹ 

⅜♩ⱳ▬fiכⱤ꞉ ה ≢≈ↄ╠╣≡⅔╡⁸ ⅜ ⅛╠⌂™ ≢╙№╢ ⅜ ⅛∫√⁹

⅜ ≢ ⌐♅ꜗ꜠fi☺∆╢⌂≥⁸™╤™╤⌂꜠ⱬꜟ─ ⅜≤╙⌐ ╩ ↑╠╣╢╟℮

⌂ ™ ╡ ╖∞∫√⁹ 
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ủ ▪fi◔כ♩⌐≈™≡  

≢ ה ∫≡™╢ ▪fi◔⁸≡™≈⌐♩כ │ ◘▬◄fi☻⌐ ⇔≡™╢ ≤ ⇔

≡™⌂™ ╩ ⇔⁸ ◘▬◄fi☻⌐ ∆╢↓≤≢⁸ ⌐ ∆╢ ╛ ⅜ ∆╢⅛≤

™℮ ╩ ⇔√⁹ 

≢ ה ∆╢≤⁸ ◘▬◄fi☻⌐ ⇔≡™╢ ─ ⅜ ≢│№╢⅜╒≤╪≥─

⌐⅔™≡ ╩ ∫≡™╢⁹√∞⇔⁸ │ ≢ ∫≡™╢√╘⁸╙≤╙≤⸗♅ⱬכ◦ꜛ

fi─ ™ ⅜ ╕∫√≤ ⅎ╢↓≤╙≢⅝╢⁹ ⁸ ╩♃כ♦─╠⅛≡⇔ ⌂™≤ │

∑⌂™⁹ 

ủ ⌐ ⇔≡  

│─√⇔ ה ⁸⇔⅛╙ ┌⅛╡∞∫√⁹ ⅛╠ ≡™╢ ╙№∫√⁹ 

─⧵ ה ≢⁸ ⌐⅔↑╢ ─ ╡ ╖⌐≈™≡ ⇔√⁹ 

™⇔ ה ╙╙╠∫√⁹ 

ủ  

│╠⅛ ה ─ⱳ☻♃כ ╩ ⇔√⁹ 

─ ה ─ ≢ ╩ ↑⁸∕╣╩╕≤╘√ ⅜ ╩ ⁹ 

⌂℮╟─↓≢ ה ⌐ ⇔√─│ ╘≡⌐ ↄ⁸ ⌐│╟™ ⌐⌂∫√⁹ 

╢╛ ה ─№╢ ⅜ ↄ⁸ ╩⅛↑╢≤ ≈ ≢ ⇔≡ↄ╣√⁹ ⌐ ⇔≡ ─ ⅜ ─

⁹ 

ủ ⱡכ♩ꜟ♄ⱶ  

╩↑∞ ה ╘≡ ╩ ℮ ⁹ 

│ ה ╩∆╢≤⅝╙ ↄ≤⅝╙ ≢⁸ ⌐ ⇔≡™√⁹ 

╙ ה ─ ≤ ⅜≢⅝≡ ∞∫√⁹ 

⌐℮╟─↓ ה ⌐ ≡™ↄ↓≤│⁸ ⌐≤∫≡╙ ⌐≤∫≡╙ ╢╙─⅜ ™≤™℮↓≤╩ ↄ

∂√⁹ 

ủ ─  

⌐ ה ─ ─ ╩ ∫≡ ⁹10 ─ ╩ ⇔≡ ∫√⁹ 

│℮≈┤ ה ╩ ∑≡ ╦╢ ∞⅜⁸∕╣╩ ⌐ ⌐ ╦∑≡ ╩ ∫√⁹ 

100 ה ⌂╠ⱡכⱬꜟ ─ ─ ⁹ 

≢ ה ╦╢─≢│⌂ↄ⁸ ─ ─ ╙ ⇔≡ ℮ ⅜№╢≤ ∂√⁹ 

≤ ─  

─ ה │ ≢⅝√⁹ 

⌐ ה ⌐ ╡ ╖™╤™╤⌂↓≤⅜ ⅛∫≡⅝√⁹ │↓↓≢ √↓≤╩≥─╟℮⌐

┼ ⇔≡™ↄ⅛⅜ ⁹ 

⁸│≡™≈⌐ ה ─ ∟ ╦∑⅜ ∞∫√⁹ 

⁸╙≡™≈⌐ ה ─ ⅜ ≢№╢⁹ 

─≥ ה ⌐≈™≡│№╢ │≢⅝√⅜⁸ ⌐╕≢│ ≢⅝≡™⌂™⁹ 

√⇔ ה ─ ⌐≈™≡│⁸ ○ꜞfiⱧ♇◒─ ⌐ ╪∞ ⅜ ⌂⅛∫√⅜⁸ │

⌐ ○ꜞfiⱧ♇◒ ╩ ╘╢↓≤⌐ ⁹ 

│ ה ─ ⅜ ⅝⌂ ≤⌂╢⁹↓╣╩ ⌐⇔≡ ╡ →≡™⅝√™⁹ 

╩☻fi◄▬◘ ה ╘≡⅛╠─ ─ │ ⇔ↄ⁸ ─⸗♅ⱬכ◦ꜛfi─ ↕⅜ ≈⁹↓╣╩

↕╠⌐ ╡ →╢√╘⌐ ⌐ ╩ ⌐ ⇔√≤↓╤⁸ ╩ ⌐ ⅜№∫

√⁹ 

fiⱳ☺►ⱶ⁸◦ ה ─√╘─ ⁸ ⌂≥ ⅛╠ ⌐ ─ ⅜

≡⅝≡™╢⁹ 

─ ⌐≈™≡ 

ủ  

≢ ה ╡ ╪≢™╢≤™℮ ╩ ↑√⁹ 

─ↄ ה ⅜ ≡╠╣≡™╢⅜⁸↓─╟℮⌂ │ ⅛∑╢↓≤⅜ ≢№╡⁸ ∑∏◘▬◄fi

☻⅜ ↄ≤™™≤ ∫≡™╢⁹ 

─≡⇔≥ ה ⅜ ∂╠╣⁸∕╣∙╣─ ╖⅜≥℮⌂∫≡™ↄ─⅜ ⇔╖∞⁹ 
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ủ  

⌐ ה ⇔≡⁸ ⌐ ╡ ╗ ╩ ╢↓≤⅜≢⅝╟⅛∫√⁹ ℮╟℮⌂ ⅜ ∏⌐

⇔≡™√⅜⁸╙℮ ╡ ⅎ╣┌╟╡╟™ ≤⌂╢⁹∕↓⌐ ⅜ ™ ╩ ⅎ≡№→╠

╣╢≤™™≤ ∂√⁹ 

│≢ ה ⅝≤™℮ ─√╘─ ⅜№╢⁹∕↓≢│™⅛⌐ ⅜ ⅝⅛⁸ⱪ꜠♀

fi╩ ℮⁹∕─╟℮⌂ ⅜№╢↓≤╩ ╣┌ ⌐≤∫≡╙ ╖⌐⌂╢─≢│⌂™⅛⁹ 

ủ  

╩ ה ≡™≡⁸ ⌐ ⇔≈↑╠╣√─≢│⌂ↄ ⅜ ℮™≥╢№≢ⱴכ♥∞╪

╩ ↑√⁹∕⇔≡∕╣⌐ ⇔≡ √∟≢ ╡ ╪≢™╢⁹ 

─ ה ≢⁸ ╩⇔≡ ⇔≡ ╦∫≡⇔╕℮╙─⅜╒≤╪≥∞∫√⁹╙∫≤ ╩

╦∑╢╟℮⌂ ╛ ╡ ╖⅜№╣┌™™≤ ∂√⁹ 

ủ  

╩ ה ≡⁸ ⅜ ⌐ ⌐ ╡ ╪≢™√⁹ ≢ ⅜ ╦↕╣√↓≤⅛

╠╙ ─ ↕⅜ ⅛╢⁹ 

│≢ ה ⅜ ⌂≥⌐ ↕╣╢√╘⁸⸗♅ⱬכ◦ꜛfi⅜ ⅜╢─│ ⅛╢⅜⁸ √∟─⸗

♅ⱬכ◦ꜛfi─ │ ∞╤℮⅛  

ќ ה ⌐⅔╙⇔╤™─≢│⌂™⅛⁹╕√⁸ ≤™℮ ─ ⅜∕╣╕≢⌐ ⅜

⇔√↓≤⅜⌂ↄ⁸∕↓≢ ™ⱪ꜠♀fi╩∆╢↓≤⅜ ≈─ ⌐⌂∫≡™╢─⅛╙⇔╣⌂™  

│◒♇fiⱧꜞ○ ה ≈─ ⌐⌂╢≤ ℮⁹⅜╪┌∫≡╒⇔™⁹ 
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6-2 ─  

 

 ̧ 2009 12 11 16:30 17:30 

 ̧  

 ̧  

 ꜚ♬♦fi ה  

 

ה      ה  

ה  

 

 

≢│ ─ ╩☻♥♇ⱪ▪♇ⱪ⇔√™≤™℮ ≢ ⇔√⅜⁸ ≢│ ─ ╩ ⅎ≡

⌐ ⇔√⁹ ≤─ ╩SSHה ─ ╡⌐⇔⁸ ∫≡™╢ ⌂≥╩ ⌐ ⇔≡™⅝√™⁹

╙ ₁⌐ ╕∫≡⅝√ ≢⁸ ∞↑≢⌂ↄ ⌐╕≢ →╟℮⇔≡™╢⁹∕╣≤≤╙⌐ ─

╙╟╡ ↕∑≡™⅝√™≤ ⅎ≡™╢⁹ │ ⌂™↔ ╩ ™⁸ ⌐ ⅛⇔≡™⅝√™⁹ 

 

 ≡™≈⌐╖SSH─⇔ↄ ה

│ ה 75 ╩ ⌐ ⁹ 

│ ה ה ה ─ ╩ ╡ ™⁸∕╣∙╣ ╦∫√╠ ∆╢⁹ ≢│↓╣╕≢

╩╒≤╪≥ ∫≡⅔╠∏⁸ ™ ≢№╢⁹ │⅔⅔╗⌡ ▪fi◔כ♩⅛╠ ⁹ 

─ ה ╡ ╖╩ ⇔≡⁸™ↄ≈⅛─ ≢ ─ ╡ ╖╩ ⇔√⁹ 

ᵑ 1 ≢⁸ ╩ ⇔⁸ⱪ꜠ SSH╩ ⁹ 

ᵒ 2 ≢ ╩ ⁹ 

ᵓ ⁸ ╩ ⁹ 

ᵔ 3≢│ ─ ⁹ 

∞╕⁸│≡™≈⌐ ה ─ ╩ ⅝ ╣╢꜠ⱬꜟ≢│⌂™⁹ ♦▫☻◌♇◦ꜛfi╩≢⅝╢꜠ⱬ

ꜟ≢╙⌂™⁹√∞⁸ ╩ ┌⌂↑╣┌≤ ℮⸗♅ⱬכ◦ꜛfi─▪♇ⱪ⌐│⌂∫√⁹ 

 

│ⱴכ♥─ ה ⅛╠ ∆─⅛ќ │ ⅜ ♃כ♦⁹╢∆ ╛ ─

⌂≥ ⌂☻◐ꜟ─ ⅜ ™⁹ 

│ⱴכ♥─ ה ⅜ ╘╢─⅛⁹ќ ⌐│ ⅜ ╘╢⅜⁸ ⌐│ ⅛╠╙

 ⱴ╙№╢⁹כ♥√∫╠

ה ה  

ה ה ה ≤─ │ ⌐ ℮↓≤⅜ ⇔⅛∫√√╘⁸ ╖⌐ ⇔√⁹ ↄ─

⅜ ↕╣√√╘⁸↓↓≢│™ↄ≈⅛─Ɽ♃כfi╩ ⁹ 

ᵑ ќ ≢ ⇔≡⅛╠ ⌐ ╪∞⁹꜠ ⱬꜟ│ ™⅜ │ ⅛∫√ ▪fi◔כ♩⅛╠ ⁹

─ │ ─ ╩ ↑√⅜⁸ ≢↓─ ⌐≈™≡™╤™╤ ⅛╣⁸ ─ ⅜

™↓≤⅜ ⅛∫√⁹ │↓─ ⁸ ⅜ ⌐ ⇔√⁹ 

ᵒ ќ○כⱪfi◐ꜗfiⱤ☻≤ ∑≡ ה ╩ ↑√⁹ ≤◖Ⱶꜙ♬◔כ◦ꜛfi

╩ ╢ ⅜№╡⁸ ⇔⅛∫√≤™℮ ⅜ ⅛∫√⁹ 

ᵓ ќ ≢ ∫≡™╢↓≤╩ ╢↓≤⅜≢⅝⁸ ⌂ ╩ ↑√⁹√∞⇔ ╡─ ⅜

ↄ(8/20)⁸ ⅜ ╖ ↑≢ ╣≡⇔╕∫≡™√⁹╕√⁸╙∫≤ ─ ╩ ╡ ╦⌂↑╣┌

™↑⌂™≤ ∂√⁹ 

ᵔ ה ─ ќ │ ∞↑∞∫√─≢⁸ ╖╩ ⇔≡ ╩ ∫≡ ∫√⁹

≤╙ ™ ≢⁸ ⌐│ ⅝⌂ ≤⌂∫√⁹ ⌐ ─ │ ╛ ⅜

─ ⌐≥℮ ⌂℮╟─↓ⱴ≢⁸כ♥℮™≥⅛√∫╦ ╩ ╛∆≤ ≢─ ╡ ⅜╡⌐

≈⌂⅜╢≤ ∂√⁹ 



102 

 

ќ ה ⱶכ♅√∫┌╪⅜⌐ 3 ╩ ⁹ │ ─ ╩ כ♅√∑↕

ⱶ≢ ╩ ∫√⁹ │ ─ ─ ⁹↓─╟℮⌂ ┼│ ∞∫√⅜⁸

│ ⅜℮╕ↄ ─ ╙ ™≡™√⁹ ─∟℮─ⱶכ♅ │ ⌐│ ⅜◒ꜝ☻─

∞∫√⅜⁸ │ ⌐ ⅜∫≡⅝≡⅔╡⁸↓╣│ ◘▬◄fi☻─ ≤ ╦╣╢⁹ 

 

⌂╤™╤™⌐℮╟─↓ ה ⅜№╡⁸ ⅜℮╠╛╕⇔™⁹√∞⁸ ─ ⌐ ─ ™

⅜™√≤™℮╙─⅜№∫√⅜⁸↓╣│≥─╟℮⌂╙─⅛⁹ќ ─ ⌐ ⇔≡ⱡכ♩╩ ╠∏⌐

Ⱳ⁹√™⅜─╙╢™≡⇔≥♇כ╕√ 8/20─ ≢│ ⅜◐ꜗfi☿ꜟ⇔√⁹ 

─ ה ™ ⌐≈™≡ │⇔√─⅛⁹ќ⇔≡™⌂™⁹ќ ─ ╩⇔√ ⅜

╟™ ⁹ ≢│♪♃◐ꜗfi╛ │ ⁹ ≢№∫≡╙ ∆═⅝ ⁹ 

─ ה │ ⌐ ⅜ ™ ⅜ ╣≡™╢≤↕╣≡™√⅜⁸ ™≡╖╢≤ ⌐≢

⅝√ ╟╡╙№╢ ⌐ ⇔√☻Ɑ◦ꜗꜞ☻♩─ ⅜ ™≤™℮↓≤⅜ ⅛∫≡⅝√⁹SSH⌐│☻

Ɑ◦ꜗꜞ☻♩╩ ╖ ∆≤™℮ ╙№╢─∞╤℮⅛⁹ќ ≢│₈ ⇔√ ─ ₉╙ →

≡™╢⁹ ⅜ ≢╙ ○ꜞfiⱧ♇◒┼─ ⌂≥╩ ∂≡∕╣╩ ⇔≡™⅝√™⁹ 

─SSH ה ╩ ↑≡™↑┌⁸⅔∕╠ↄ ⅜ ┘╢─≢│⌂™⅛⁹ 

╙ ה ⌐ ⅛⌐ ⇔≡™╢─≢│⌂™⅛⁹▪ⱷꜞ◌─ ╩ √↓≤⅜№╢⅜⁸

⇔ ╦∫≡™≡╙ ↑ ╣╠╣╢⁹ ≢│∕╣│╙∫≤ ⌂─≢│⌂™⅛⁹ 

 

╠⅛ ה ╩ⱴכ♥╣∙╣⧵⁸ ╘√№≤⁸ ╩ ∫≡ ╩ ™√⁹ 

─ ה ⅜ ⌂™ ⌐│ ⌐⌂∫≡™√─⅜ ⅝∞∫√⁹ ─꜠ⱬꜟ─ ↕⅜ ⅛∫√⁹ 

│ ה ─ ╩ ⌐™⅛⌐ ↕∑╢⅛⅜ ₁─ ⁹ 

⌐ ⇔≡  

⅜ ה ⌂≤↓╤⅜∆┌╠⇔™⁹√∞⁸ ╩ ≡™≡ ─ ⅜₈↓╣⅛╠│

╩╛╢═⅝₉≤™℮ ∂≢ ⇔≈↑≡™╢ ╩ ↑√⁹№ⅎ≡ ∫√ ╩┬≈↑≡ ⅜

ⅎ╠╣╣┌√™⇔√╙─⁸∕℮≢⌂ↄ≡╙ ⌐≈⌂⅜╢─≢⁸∕─╟℮⌂ ≢ ⅎ┌╟™─≢│

⌂™⅛⁹ 

╩≥↓⌂℮╟─↓ ה ℮≤ ⅜ ┘╢⅜⁸∕╣⌐ ∫≡ ╙ ┘╢≤ ℮⁹↓╣⅛╠

│≥╪≥╪ ┘╢─≢│⌂™⅛⁹℮╠╛╕⇔™⁹ 

─ ה ╩≈↑╢≤™℮ ⅜№╢⅜⁸ ─ │ ⌐ ╩ ™∆⅞⌐⌂∫≡™⌂™⅛⁹

│ ⅜ ≢⁸ ⅜ ⇔ ∫≡™≡╙≥╪≥╪ ∆↓≤⅜ ∞⁹ ╩ ™≡╖

√™⁹ 

╩ ה ⇔√≤⅝│⁸Ⱡ▬♥▫Ⱪ─ ⅜ ⌐ ⌐ ⌐ √∫≡ↄ╣√⁹ ⇔™

╩№ⅎ≡ ⌐ ⅎ╢⌂≥ ⌐⌂∫√⁹ 

─₁ ה │ ⁹ ⌐ ∫√ ─ ⌐ 10 ╦∫√⅜⇔╚═╣╢╟℮⌐

│⌂╠⌂⅛∫√⁹╛│╡ ╦⌂ↄ≡│♄ⱷ⁹ 

╩ ה ≢ ⇔≡™≡│♄ⱷ⁹ ╩ ≢ ↕⌂™≤⁹ 

≤⌂ ה ™╢Ⱡ▬♥▫Ⱪ≢│ ⅛╠⌂™↓≤╙№╢√╘⁸Ⱡ▬♥▫Ⱪ≢ ─ ⅛╢

╩ ⇔≡™╢⁹ 

⌂℮╟─↓ ה ╡ ╖⌐≈™≡ ⇔≡™╢⁹ │ ∑∞≤ ∂√⁹ 

  

│⁸⇔≈↑⌂≥™╤™╤⌂ ⅛╠↔ ╩ ↄ↓≤⅜≢⅝⁸ №╡⅜√™≤ ∂

≡™╢⁹ │ SSH─ ╩ ∂≡⁸ ⅝ↄ ╦∫≡⅝√⁹ ⅎ┌ ╩ ┼ ⇔≡ ─ ╩ ⅎ╢⁸

⅜ ─ ╩ ⌐ ↄ⌂≥↓╣╕≢│╒≤╪≥ ∫≡™⌂⅛∫√↓≤╩ ╘╢╟℮⌐⌂∫√⁹╕√⁸

↓╣╕≢│ input ⅜ⱷ▬fi≢ output │ ⅛∫√⁹⇔⅛⇔↓╣⅛╠│ output ≢⅝╢╟℮⌐⌂╠⌂™≤

∟≢⅝⌂™⁹SSH ⅜∕─ ≈─ ⌐⌂╢≤ ∫≡™╢⁹↓╣⅛╠╙ ─ ─√╘⌐≥╪≥

╪ ╩ ⅝√™⁹ 


















