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ה ─  

 

 ─ ≤ ─  

─ ⌐⅔↑╢ ≤ ─ │⁸ ─≤⅔╡≤∆╢⁹ 

⌂⅔⁸ ─℮∟ ⌐ ⇔≡│⁸ ⌐ ↕╣√ ─₈ ⅝╞ ⌐

⅔↑╢ ה ●▬♪ꜝ▬fi₉ ⁸₈●▬♪ꜝ▬fi₉≤™℮⁹ ⅛╠ ⇔≡™╢⁹ 

─  

  
1- 1 ─ ה  



3-2 

 

 

 

─  

─ ה ⅛╠ ╕≢─ ╩ 1- 2⌐ ∆⁹ 

 

1- 2 ─ ה ⅛╠ ─   

 

─ ┘ ─ ⌐ ∆╢ ─ ⁹ 
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─ ⌐ ⇔⌂™₈ ₉─ │ ─ №╢™│ ⅎ╩ ℮↓

≤⁹ ⌐│⁸₈ ₉≤₈ ₉≤⅜№╢⁹ 

ᵑ  

₈ ₉─ ─ №╢™│ ⅎ╩ ℮↓≤⁹ 

ᵒ  

₈ ₉─ ─ №╢™│ ⅎ╩ ℮↓≤≢№∫≡⁸ №╢™│

β⌐ ╘╢ ─ ╡ ⅎ ⌐╟╡ ─☻♩♇◒╩ ⇔⁸ ─

⌐ ∆╢ ≢№╢⁹ ⌐│⁸ ─ ╩ √∆╙─≤∆╢⁹ 

ה ≤⇔≡ ─ ⅛╠ ⅎ≡ ⌐ ╘╢ ─ ╩

≢⅝╢ ╩™℮⁹ 

ה ╩ ⇔√ ⌐⅔™≡⁸ ╩ ⇔⌂™ ╟╡╙ ⅜

⌐⌂╢ ╩ ℮⁹ 

β ₈ ─ ⌐≈™≡₉ 4 4 1 67 ה

 

⌂⅔⁸ ╩ ─ ≤∆╢⌐│⁸ ─ ─ ⅜⁸₈ ⌐ ╢

─ ─ ⌐ ∆╢ ₉ 30 255 14 ─ ⌐ ≠⅝

⅜ ╘╢ ╩ ⇔≡⅔╡⁸₈ ₉─ │↕╠⌐⁸ ⅜ ∆

╩ ⇔≡™╢↓≤ ⌂ ⌐╟╡ ⅜ ≤⌂∫√ │ ↄ⁹ ⅜

≢№╢⁹╕√⁸₈ ₉─ │⁸ ╩ ⇔≡™╢↓≤⌐ ⅎ≡⁸

β ⅜ ⇔≡™╢√╘⁸ ╩ ╡ ↑≡ ⇔√

─ ┘ ─

─ │ ⁸ №╢™│ ⅎ

─☻♩♇◒ ⁸ ─ ⌐ ∆╢

─ ⁸ ─

─ ה ⅎ ╩ ↄ

─ ⌐ ⌂

β ─ ≢─ ⌐╟╢ ─
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☻♩♇◒ⱴⱠ☺ⱷfi♩ ⌐ ≠ↄ₈ ☻♩♇◒ⱴⱠ☺ⱷfi♩ ₉⌐ ≠↑╠╣

≡™╢↓≤⅜ ≢№╢⁹ 

↕╠⌐⁸ ≢│⁸ ─ ─ │⁸∕─ ╛ ⅜

◦☻♥ⱶ GIS ╩ ╡╟⌐ⱶ♥☻◦☻כⱬ♃כ♦√⇔≥ ↕╣≡™╢↓≤╩

─ ≤⇔≡™╢⁹ 

ᵓ  

⅝╞ ─ ⅜ ─ ≢ ⌂ ⅜ ╦╣≡™╢ ─ ⌂

┘ ↔≤─ ⌐ ⇔√╙─≤⇔≡ ⇔√ ╩™℮⁹ 

⅜ ≤⇔≡ ⇔√ │⁸ ≢│ⱴfiⱱכꜟ─ ≤ ╩ ™≡∆═≡ 50 ≢№

╢⁹ ⱴ♬ꜙ▪ꜟ 2023─ P21╩  

ᵔ  

≤⇔≡ ╡ ⅎ╢ ⁸ ─ ╛ ⌐ ╩ ╓↕⌂™ ╕√│ ─ ─

≢ ─ ╩™℮⁹ ⱴ♬ꜙ▪ꜟ 2023─ P21╩  

⅝╞─ │⁸ ╡ ℮ⱴfiⱱכꜟ ─ ☻Ɽfi⅜ ─ ≤⌂╢⁹ 

ᵕ  

╕√│ ─ ⅜ ⅛╕√│ ≤⌂╡⁸ ─ ╕√│ ╩ №

╢™│ ╡ ⅎ╢╕≢⌐ ⇔√ ╩™℮⁹ 

129  

₈ ₉─ ─ №╢™│ ⅎ ╩ ℮↓≤ √∞⇔⁸ ⌐ ∆╢╙

─╩ ↄ ⁹ 

 

─ ⁸ ─ ⁸ ⁸ ─ ╩ ∆╢√╘─ ⌂

≢ ╩ ╦⌂™╙─╩™℮⁹ 

 

─ ⌐ ⌂ ⅜ ∂⌂™╟℮⁸ ₁─ ─ ≢─ ⌐

╟╢ ─ ╩ ≤⇔⁸ ⌐⅔↑╢ ─╒⅛⁸ ─ ⌐╟╡⁸ ₁─

─ ╩ ∆╢√╘⌐ ∆╢ ─Ɫכ♪ ⁸ ┘ ╩

™℮⁹ 

 

 ─ ₒ ⅛ ⅛ₓ 

₈ ─☻♩♇◒ⱴⱠ☺ⱷfi♩ ⌐ ∆╢●▬♪ꜝ▬fi 2015 ₉ ₈☻♩♇◒●▬♪ꜝ▬fi₉≤™

℮⁹╟╡  

ה ─  

ה ─ │⁸ ⌐ ╦╢ ─ ה ⅔╟┘ ⁸ ╛

⌐╟╡ ╘╠╣╢ ╙ ⇔≡⁸ ∆╢↓≤⅜ ≢№╢⁹ 

⌂⅔⁸ │⁸ ⌐☻Ɽfi ⱴfiⱱכꜟ ─ №╢™│ ╡ ⅎ≢№╡⁸

│⁸ ─ ─╖╩ ⌐ ה №╢™│ ╡ ⅎ╢╙─≢№╢⁹ 

 



3-4 

 

 

 

 

2- ה 1 ─ ⱨ꜡כ 

 

 

 

№╢™│♥꜠ⱦ◌ⱷꜝ ⌐╟╢ ⅝╞─ │⁸ ⁸ ─√╢

╖⁸ ⁸◒ꜝ♇◒⁸ ⅞ ☼꜠⅔╟┘ ≤∆╢⁹↓─╒⅛─ ≢№╢ ↑ ─

⇔⁸ ─ ⁸ ─ ⁸⸗ꜟ♃ꜟ─ ⌐ ⇔≡│⁸ ─ ⌐╟╡ ⅜ ⌂╢

⅜⁸ ↔≤⌐ ⅜≤╣╢√╘ ≤⇔≡ ≢ ∆╢⁹√∞⇔⁸ ⅜≢⅝⌂™

│ ∆╢⁹ 

─ ⌐№√∫≡│⁸ ─ ─ ⅎ ╩╙≤⌐⁸ ⌐ ∂≡ ─

╩ ∫≡ ∆╢⁹ 

─  

─ │⁸ ≤ ─ ⅜ ⌂╦╣√ ⅎ┌ ⅜ ⌐ ⇔≡™╢

≢⁸ ⅝╞─ ⅜ ⇔ ⅜ ╕√│ ⇔⁸∕─ ⅛╠ ╛ ─

╩ ⅝⅛⌡⌂™⁹↓─╟℮⌂ │⁸ ≤∆╢⁹ 

─√╢╖ 

─√╢╖│⁸ ─ ⌐╟╡ ⅝╞⌐ ⅜ ∂≡™╢ ≢№╢⁹

─ ╛ ⌐╟∫≡│ ─™∫( ) ─ ≤⌂╢⁹↓─╟℮⌂ │ ≤∆╢⁹ 

 

│⁸₈ ₉pp.113 114⌐ ↕╣≡™╢ ⌐ ⇔⌂™

⅜⁸∕─ ─ ≤⇔≡ ∆╢ ⅜№╢ ≢⁸ ⅜ ⇔≡™╢ ≢№╢⁹

─ ╛ ⌐╟∫≡│ ─™∫ ─ ≤⌂╢⁹↓─╟℮⌂ │⁸ ≤

∆╢⁹ 

ⱴfiⱱכꜟ ≢─  

ⱴfiⱱכꜟ ≢─ │⁸₈ ₉pp.113 114⌐ ↕╣≡™╢

⌐ ⇔⌂™⅜⁸∕─ ─ ≤⇔≡ ∆╢ ⅜№╢ ≢⁸ ─ ⅝╞⅜

─ ⅝╞╟╡ ↄ⁸☼꜠ ⅜ ∂≡™╢ ≢№╢⁹ ─ ╛ ⌐╟∫≡│

─™∫( ) ─ ≤⌂╢⁹↓─╟℮⌂ │⁸ ≤∆╢⁹ 

⌂⅔⁸ ─√╢╖⁸ ⅔╟┘ⱴfiⱱכꜟ ≢─ ⅜ ∂≡™╢ │⁸

☻Ɽfi─ ☻Ɽfi╩ ╘√ ╩ ⇔⁸ ⅝╞─ ⅜ ╩ ╢⅛

≥℮⅛ ∆╢⁹ 



3-5 

 

 

 

─  

─ │⁸ ⅛╠─ ╛ ─ ≤⌂╡⁸ ∆╢↓≤≢ ⌐ ⅜

≢⅝⁸ ─ ⌐ ╩ ⅎ╢ ╣⅜ ∂⁸╕√ ─╟℮⌂ ⌐ ⅜ ⅝ↄ

⌐⅛⅛╦╢ ╩ ⅝⅛⌡⌂™⁹ 

─ ⌐ ⇔≡│⁸ ─ ╩ ™ №╢™│ ╩ ∆╢⁹ 

─◒ꜝ♇◒ 

─◒ꜝ♇◒│⁸◒ꜝ♇◒ ≤ ↕⅜ ⅝ↄ⌂╣┌ ⅝╞─ ⅜ ⇔⁸ ⅜

╕√│ ⇔⁸∕─ ⅛╠ ╛ ─ ╩ ⅝⁸ ≤ ⌂ ╩ ⅝⅛⌡⌂™⁹ 

─◒ꜝ♇◒⌐ ⇔≡│⁸ ─ ╩ ™ №╢™│ ╩ ∆╢⁹ 

─ ⅞ ☼꜠ 

─ ⅞ ☼꜠│⁸ ⅞ ⅜ ⇔≡™╢⌂≥─ ⌐☼꜠√ ⅛╠ ╛ ─

╩ ⅝⁸ ≤ ⌂ ╩ ⅝⅛⌡⌂™⁹ 

─ ⅞ ☼꜠⌐ ⇔≡│⁸ ─ ╩ ™ №╢™│ ╩ ∆╢⁹ 

 

│ ⅛╠ ─ ╩ ⅝⁸ ╩ ∆↓≤≤⌂╢⁹∕─ ─ ⌐

╩ ⅎ╢⅔∕╣⅜ ∂⁸╕√ ─╟℮⌂ ⌐ ⅜ ⅝ↄ ⌐⅛⅛╦╢ ╩

⅝⅛⌡⌂™⁹ ⌐ ↕╣√ ⅝╞ ⅛╠─ ⌐ ⇔≡│⁸ ─ ⅜

∕╣╒≥ ╪≢™⌂™≤ ⅎ╠╣╢─≢⁸ ─ ┼─ ⅜ ≢№╢⁹⇔⅛⇔⁸

⌐╟╢ ⅜ ╪≢™╢ ⅝╞─ ⁸ ⇔≡™╢ ╩ ∆╣┌⁸ ─

╣⅜ ╘╠╣ ⅜ ⇔⁸ ⅜ ⇔≡ ─ ⅛╠ ⇔≡ↄ╢↓≤⅜ ↄ ╠╣╢⁹↓

─↓≤⅛╠⁸ ─ ⌐⅔↑╢ ─╖≢⌂ↄ⁸☻Ɽfi ╩ ↕∑√ ╩

↕⌂↑╣┌⌂╠⌂™↓≤╙№╢⁹ 

⌐ ⇔≡│⁸ ─ ╩ ™⁸ №╢™│ ╩ ∆╢⁹ 

 

2- 1 ─ ≤  

 ⅜ ⌂  ─  

─  
≤ ─ ⅜ ⌂╦╣√ ⅎ┌ ⅜

⌐ ⇔≡™╢  
Ί 

─√╢╖ ─ ╛ ─™∫ ─ ≤⌂╢   

 ⅝╞─ ⅜ ™  Ί 

ⱴfiⱱכꜟ ≢─  ─ ╛ ─™∫ ─ ≤⌂╢  Ί 

─  ─ ╩ ™⁸ ה ╩ ∆╢ ủ 

─◒ꜝ♇◒ ─ ╩ ™⁸ ה ╩ ∆╢ ủ 

─ ⅞ ☼꜠ ─ ╩ ™⁸ ה ╩ ∆╢ ủ 

 ─ ╩ ™⁸ ה ╩ ∆╢ ủ 

─☻♩♇◒ⱴⱠ☺ⱷfi♩ ⌐ ∆╢●▬♪ꜝ▬fi 2015 4 3 49╩
 ─╙√╘≥╕ה

 

⅝╞ ─  

⅝╞ ─ ⱴfiⱱ⁸ꜟכ ↑ ⌐≈™≡│⁸ ⌐ ∂≡⁸ ⅛ ⅛╩

∆╢⁹ 
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─  

─ │ ─≤⅔╡≢№╢⁹ 

 

 

 

 

∕─  
 

 

 

⌐ ⇔√ ─ ╛ ⁸№╢™│↓╣╠─ ⌐╟╡ ⌐ ∂√

╖∟╛ ─╝╢╖⁸↕╠⌐ ╩ ∆╢↓≤⌐╟╡ ╩ ╡⁸ ∆╢↓≤╩ ⌐

™╠╣╢ ≢⁸ ─ 3 ⌐ ↕╣╢⁹ 

◌♇♩  

 

ꜞfi◓  

⌐ ⇔√ ─ ╛ ⁸№╢™│↓╣╠─ ⌐╟╡⁸ ⌐

∫≡ ∂√ ╖∟╛ ─╝╢╖⁸ ⌐ ╩ ∕ↄ∆╢↓≤⌐╟╡⁸ ╩ ╡

∆╢↓≤╩ ⌐ ™╠╣╢ ≢№╢⁹╕√ ╛ ─ ™⌐╟╡⁸V◌♇♩

⁸ ⁸ꜞfi◓ ⅜№╢⁹ 

◌♇♩  

ɫ800mm ─ ⁸ⱴfiⱱכꜟ─ ⌂≥≢⁸ ⌂≥⅜ ╠╣╢

☼꜠⁸◒ꜝ♇◒⁸ ⌐ ⇔⁸Ⱨ♇◒Ɫfiⱴ⁸כⱡⱵ ⌐╟╡ ─ ╩ │

⌐│≈╡⁸∕─ ⌐◖♥╛ ●fi ≢ ╩ ⇔⁸ →⇔≡ ∆╢ ≢

№╢⁹ ⅝╞ ┘ⱴfiⱱכꜟ ─ ה ⌐ ∂≡ ≢⅝⁸ ⅜ ™⁹ 

  

3- 1 ◌♇♩ ─  

 

 

│⁸ ⌐ ∆╢ ╩ ☼꜠⁸◒ꜝ♇◒ ⌐ ⇔≡⁸ ↕╣

√ ╖∟╛ ╩ ∕ↄ↕∑⁸╕√ ╩ ∆╢↓≤⌐╟╡⁸ ╩ ↕∑╢↓

≤╩ ≤∆╢ ≢№╢⁹ ⅝╞ ┼─ ╛ ─ ⌂ ⌐ ⅜№╢⁹ 
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⅝╞─ ≢ ↕╣≡™╢ │⁸ ≤ ⌂╡ ⅝╞ ⌐

↕╣√ ≢⁸ ∆╢ │ ⅜╟ↄ⁸ ™◒ꜝ♇◒╛ ⌂ ≢╙ ⌐ ╣≡™

╢⁹√∞⇔⁸ ≢ ↕╣╢ │⁸ ╛⅜ ⌐ ↄ⁸╕√ ─ ⅜

™─≢⁸ ─ │⁸ ⌐ ⇔≡ ∆╢─⅜ ╕⇔™⁹ 

ᵑ Ɽ♇◌כ  

700mm 800mm ─ ⁸ ↑ ⁸ ─ ╩⁸ Ɽ♇◌כ

╩ ™≡ ⅛╠ ╩ ⇔≡ ⌐ ∆╢ ≢№╢⁹ ⌐♥꜠ⱦ◌

ⱷꜝ╩ ™≡ Ɽ♇◌כ╩ ⇔⁸1 ↔≤⌐ ∆╢⁹                 

 

3- 2 Ɽ♇◌כ  

 

ᵒ  

⅝╞╛ⱴfiⱱכꜟ⌐ ╩ ℮ ─ ⌐ ↕╣╢ ≢№╢⁹ ⌐

╡ ↑√ ─ ⅛╠⁸ ≤ ─ 2 ╩ ⌐ ∆╢↓≤⌐╟╡ ∆╢⁹

─ →│ ☿ⱷfi♩╛⸗ꜟ♃ꜟ ≢ ℮⁹ 

800mm ─ ⅝╞ ⅞ ⁸◒ꜝ♇◒⁸ ⁸ⱴfiⱱכꜟ ה

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3- 1 ─  
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⁸◒ꜝ♇◒⁸ ⁸ⱴfiⱱכꜟ ◒ꜝ♇◒⁸ ⅜ ≤⌂╢⁹ 

⅝╞ ┘ⱴfiⱱכꜟ ─ ה ⌐ ∂≡ ≢⅝╢⁹ 

 

3- 3 ─  

 

ꜞfi◓  

⅜ ╠╣╢ ─ ⌐ ≢ ↕╣√ ◗ⱶⱤ♇◐fi╩⁸ ─☻♥fi

≢Ⱪכꜞ☻☻꜠ ⅛╠ ∆╢↓≤⌐╟╡⁸ ⅝╞ ⅔╟┘ⱴfiⱱכꜟ ┼─ ╛

─ ╩ ∆╢ ≢№╢⁹ ⅝╞⅜ №∫≡╙ ⅜ ≢№╢⁹ⱴfiⱱכꜟ 900mm

1800mm ≢ ≢⅝╢⁹ ⌐ ⅜⌂™√╘⁸ ה ⁸ 20mm │

≢─ ⌐ ↑╢⁹⌂⅔⁸ ⁸ ∞↑≢⌂ↄ⁸ ─ ™ ⌐╟╡ ⌐ⱴfiⱱ

ꜟכ ⌐ ∆╢ ─ ↑ ⇔⅔╟┘ ⌐ ∆╢ ╩ ⇔√ꜞfi◓ ╙

↕╣≡™╢⁹ 

 
3- 4 ꜞfi◓ ─  

 

  

3- 2 ꜞfi◓ ─  

 

 

  ⅝╞ ─ ⌐ ⇔√ ╩ ∆╢√╘⁸ ╟╡╙ ⁸ ⁸ ─

╩ ╢↓≤╩ ⌐ ℮⁹ ∞↑≢⌂ↄ⁸ ≤ ↑ ─ ╩ ∆╢ ╙№╢⁹ 
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ₒ ₓ 

│⁸ ⁸●ꜝ☻ ⱴ♇♩⁸◔ⱪꜝכ ⱴ♇♩ ⌐ ╩

↕∑√ ╩⁸ⱴfiⱱכꜟ⅛╠ ╩ ™≡ ⅝╞ ─ ⌐ ⅝ ╖⁸ ≢ ⅝╞

⌐ ↕∑√ ⁸ ╩ ↕∑ ∆╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

3- 5 ─  

 

 

3- 6 ≤ ⌐╟╢ ─  

 

3- 3 ─  

 
◌ⱷꜝ

►▬fi♅

◌ⱷꜝ



3-10 

 

 

 

─ ⌐│⁸ ♃▬ⱪ⁸ ♃▬ⱪ⁸ ♃▬ⱪ─ 3≈⌐ ↕╣⁸

│ ─≤⅔╡≢№╢⁹ 

ᵑ ♃▬ⱪ 

♃▬ⱪ│⁸●ꜝ☻ │ ⌐ ╩ ↕∑√ ╩⁸ ─

⌐ ↑⁸ ⱴfiⱱכꜟ⅛╠ ⅝╞ ─ ⌐ ⅝ ╖⁸ ⌐╟╡ ⅝╞ ⌐

↕∑╢⁹ ⌐⁸ ─╕╕ ╛ ⌐╟╡ ∆╢↓≤≢ ╩ ↕∑⁸

⅝╞─ ⌐ ╦∑√ FRP ╩ ∆╢╙─≢№╢⁹ 

ᵒ ♃▬ⱪ 

♃▬ⱪ│⁸ ╘ ≤ ╩ ≢ ה ⇔√ ╩⁸

─ ⌐ ⅝ ↑⁸ ⱴfiⱱכꜟ⅛╠ ⅝╞ ─ ╕≢ ⅝ ╖⁸ ⌐╟╡ ⅝

╞ ⌐ ↕∑╢⁹ ⌐⁸ ─╕╕ ╛ ╩ ∆╢↓≤≢ ╩

↕∑⁸ ⅝╞─ ⌐ ╦∑√ FRP ╩ ∆╢╙─≢№╢⁹ 

ᵓ ♃▬ⱪ 

♃▬ⱪ│⁸●ꜝ☻ │ ⌐ ╩ ↕∑√ ╩⁸ ─

⌐ ⅝ ↑⁸ ⱴfiⱱכꜟ⅛╠ ⅝╞ ─ ⌐ ⅝ ╖⁸ ⌐╟╡ ⅝╞

⌐ ↕∑╢⁹ ⌐⁸ ⇔√ ≢ ╩⅛↑⁸ ⅛╠ ╩ ⅎ╢↓≤⌂ↄ ╩

↕∑⁸ ⅝╞─ ⌐ ╦∑√ FRP ╩ ∆╢╙─≢№╢⁹ 

 

 

◖fi◒ꜞכ♩ ─ │⁸◖fi◒ꜞכ♩─ ┘ ⌐╟╢ ─ ╩

≤⇔√ ≢№╢⁹ 

⅝╞─◖fi◒ꜞכ♩ ─ ⌐│⁸ ─╙─⅜ ≢№╢⁹ 

 ⸗ꜟ♃ꜟ  

 FRP ≤ ⸗ꜟ♃ꜟ⌐╟╢  

ₒ ₓ 

⅝╞│⁸ ⌐╟╢ ─╒⅛⁸ ╛ ⌐╟╡ ∆╢↓≤⅜№╢⁹↓─℮

∟ ⌐╟╢ ─ ╛ ⌐╟╢ ╩ ∆╢√╘⁸⸗ꜟ♃ꜟ⌐╟╢

╩ ™╢⁹ 

 ⸗ꜟ♃ꜟ  

⸗ꜟ♃ꜟ ─ │⁸ ⌐ ☻ꜝ◓ ─⸗ꜟ♃ꜟ⅜ ™╠

╣≡™╢⁹ ☻ꜝ◓ ╩ ™√◖fi◒ꜞכ♩─ 5 1ה ─

⌐≈™≡⁸( ) ─ ≢│⁸™∏╣─ ⁸ ⁸ ⁸ ─

≤╙⁸ ─◖fi◒ꜞכ♩ W/C 55 ⌐ ⇔≡⁸ ⅜ ⅝™↓≤⅜ ╘╠╣≡⅔

╡⁸◦ꜞ◌ⱨꜙכⱶ≤ ∆╢≤ ⅜↕╠⌐ ∆╢↓≤⅜ ↕╣≡™╢⁹ 

↓─√╘⁸ 5ppm ─ ≢│⁸ ╩ ☻ꜝ◓ ─⸗ꜟ

♃ꜟ≢ ℮↓≤≢⁸ ≢№╢⁹ 

 FRP ≤ ⸗ꜟ♃ꜟ⌐╟╢  

⌐ ↕╣╢◖fi◒ꜞכ♩ ─ ≤⇔≡⁸FRP ≤ ⸗ꜟ♃ꜟ⌐
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╟╢ ה ⅜№╢⁹ 

│⁸ ⁸ ⁸ ⁸ ─ ─◖fi◒ꜞכ♩ ┘ ⌐ FRP ╩ ⇔

≡⁸⸗ꜟ♃ꜟ⌐╟╡ ◖fi◒ꜞכ♩≤ ∆╢↓≤≢⁸ ╛ ─ ┘ ╩ ╢

≢№╡⁸ ⌐Ⱳ♇◒☻◌ꜟⱣכ♩╛ ⱴfiⱱכꜟ ─◖fi◒ꜞכ♩ ─ ≢ ™

╠╣╢⁹ ⌐ √∫≡│⁸ ⁸ ⁸ ─ ╩ ⌐ ∆╢↓≤⅜

≢№╢⁹ 

 

 

 │⁸ ●☻ ⌐╟╢◖fi◒ꜞכ♩ ╛◖fi◒ꜞכ♩─ ╩

≤⇔√ ≢⁸ ─╙─⅜№╢⁹ 

 ꜝ▬♬fi◓   

◓fi♬▬ꜝ♩כ◦   

 ⸗ꜟ♃ꜟꜝ▬♬fi◓  

ₒ ₓ 

│ ⌐ ↕╣╢⁹ 

 3- 7 ─  

 ⱴfiⱱכꜟ ה ⌐ ∆╢  

 

 ꜝ▬♬fi◓  

ꜝ▬♬fi◓ │⁸ ⅝╞ ─◒ꜝ♇◒╛ ╩⸗ꜟ♃ꜟ ≢ ⇔⁸ ◄

ⱳ◐◦ ⁸ⱳꜞ◄☻♥ꜟ ─ ╩Ɫ◔⁸☻ⱪ꜠כ꜡⁸♥◖⁸כꜝ ≢ ה

⇔≡ ∆╢ ≢№╢⁹ 

Ῥ

ἷжϱИрϽῬ

Є˔ЕжϱИрϽῬ

ЯиЌижϱИрϽῬ

Ῥ

Φ ΪῬ

Ϥ Ϊἷ

Φ Ϊἷ

ἷ Ῥ

ῇ ϤῬ

₮ḂῬ
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3- 4 ꜝ▬♬fi◓ ─  

◓fi♬▬ꜝ♩כ◦  

≢ ↕╣√ ♩כ◦ ≤◖fi◒ꜞכ♩ ≤─ ⌐◖fi◒ꜞכ♩╛ ╩

⇔≡ ↕∑╢⁹ ⌐│ᵑ ⁸ᵒ ╡ ⅜№╢⁹ 

⸗ꜟ♃ꜟꜝ▬♬fi◓  

⸗ꜟ♃ꜟꜝ▬♬fi◓ ⌐ ™╠╣╢ ⸗ꜟ♃ꜟ│⁸▪ꜟⱵ♫☿ⱷfi♩╛ ☻ꜝ◓

⌂≥─ ╩ ™⁸ ⌂◖fi◒ꜞכ♩ ─ ⌐ ™╠╣╢⸗ꜟ♃ꜟ⌐ ═≡⁸

™ ╩ ∆╢ ≢№╢⁹ ⌐◖fi◒ꜞכ♩ ⌐ ─ ⅜ ⇔≡╙⁸

⅜ ∆╢⌂≥─ ─ ╩ ↓∆↓≤⅜⌂™⁹ 

 

∕─  

∕─ ─ ≤⇔≡ ⅜№→╠╣╢⁹ 

  

 ↑  

 

⅜ ↕╣√ ⅝╞╩⁸☻Ɽfi ≢│⌂ↄ ⅜ ↕╣╢ ╩ ≤⇔≡ ⌐

ⅎ╩⅔↓⌂℮ ≢№╢⁹ 

↑  

↑ │⁸ⱴfiⱱכꜟ ╩ ∆╢─⌐ ⌂ⱴfiⱱכꜟ ≢№╢⅜⁸ⱴfiⱱכꜟ

─ ≢│ ─ ⅜ ╙ ™╙─≢№╢⁹∕─√╘⁸ ╡ ⅎ╙ⱴfiⱱכꜟ─ ╟

╡╙ ⌐ ℮ ╙ ↄ⁸╕√⁸ⱴfiⱱכꜟ─ ╛ ⌐ ⇔≡ ╦╣╢↓≤╙№╢⁹ 

 

 ⱴfiⱱכꜟ ↑ ─ ⌐│ ─╙─⅜№╢⁹ ⅜ ⇔⁸ ─ ╣─№╢

≢│ ─№╢ ╩ ™╢⁹ 

ה ⌐ ╩ ⇔√  

ꜟ▬♃◒♄ה ─╙─⌐ ╩ ⇔√╙─ 

☻꜠fi♥☻ה ⌐ ╡ ╘ ╩ ⇔√╙─ 

☻꜠fi♥☻ה ⌐ⱳꜞⱪ꜡Ⱨ꜠fi ╩ ⇔√╙─ 

 

 ↑ ─ ⌐│⁸ ─ ⅜№╢⁹ 
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 3- 2 ↑ ─ ┘  

ה    

♪ꜞꜟ  
◘fi♄כ⌐╟╢ ⌐⁸Ɫfiⱴכ♪ꜞꜟ╛◖▪♪ꜞꜟ ⌐╟╡ ╩ ™⁸

⌐╟╡ ↑ ╩ ↕∑╢ ≢№╢ 

☻♥♇ⱪ ☻♥♇ⱪ╩▪fi◌כ⌐╟╡ ╡ ↑╢ ≢№╢ 

♠▬fi♪ꜞꜟ  

⌐ ↕╣≡™╢ 2 ─ ♪ꜞꜟ⌐╟╡ ⌐ ⇔⁸∕─ ⌐

≥Ⱪכꜞ☻ ╩ ↕∑√☻ⱳfi☺╩ ™≡ ↑ ╩ ⇔⁸

∆╢ ≢№╢ 

ⱴfiⱱכꜟ  

◖▪♪ꜞꜟ◦☻♥ⱶ 

─ ◖▪♪ꜞꜟ╩ ™≡ ⇔⁸ ↑ ╩ ⌐╟╡ ∆╢

≢№╢ 

 
↑ ╩ ⁸ ⅛╠ ─ ↑ ╩ ™≡⁸ ⁸

↑ ─ ה ╩ ≢ ℮ ≢№╢ 

   

3- 5 ⱴfiⱱכꜟ─         3- 6 ⇔√ ↑  

 

 

  

 │⁸ ⅝╞⁸ⱴfiⱱ⁸ꜟכⱴfiⱱכꜟ≤ ⅝╞─ ─ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 (1) ⅝╞ 

 (2) ⱴfiⱱכꜟ 

 (3) ⱴfiⱱכꜟ≤ ⅝╞─  

≤│⁸ ─ ⌐ ⌂ ⅜ ∂⌂™╟℮⁸ ₁─ ─ ≢─

⌐╟╢ ─ ╩ ≤⇔ ⌐⅔↑╢ ─╒⅛⁸ ─ ⌐╟╡⁸

₁─ ─ ╩ ∆╢√╘⌐ ∆╢ ─Ɫכ♪ ⁸ ┘

╩ ℮↓≤≢№╢⁹ 

─╙∫≤╙ ⌂ │⁸ ⌂≥╩ ™√ ⅎ≢№╢⁹ ⅎ⅜

⌂ ⌐│⁸ ╩ ∆╢ ╩ ∆╢↓≤⅜ ╕⇔™⁹⇔⅛⇔⁸ ⅎ⅜ ≢

№╢ ⅜ ™↓≤⅛╠⁸∕─ ⌐│ ⌐╟╢ ╩ ⌐ ∆╢⁹ 

⅝╞─  

1)  
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╩ ∆╢ ╩ ™╢↓≤⌐╟╡⁸ ⅝╞⌐ ╩ ∆╢↓≤⅜≢⅝╢⁹

│₈ ⅝╞ ⌐⅔↑╢ ה ●▬♪ꜝ▬fi 29 7 ₉( )

╩ ─↓≤⁹ 

2) ꜞfi◓ ⱴfiⱱכꜟ≤ ⅝╞─ ♃▬ⱪй  

⅝╞─ⱴfiⱱכꜟ ⌐ ╖╩ ╣≡⁸ ꜞfi◓╩ ↑≡ ∆╢ ≢№╡⁸↓↓

⌐ ─ ╩ ↕∑╢↓≤≢ ⅝╞─ ─ ╩ ∆╢╙─≢№╢⁹↓─

│⁸ ╛ ↑ ⇔⌐ ≢№╢⁹ ╩ ∆╢ ╩ ™╢↓≤⌐╟╡⁸

⌐ ╩ ∆╢↓≤⅜ ╢⁹ │₈ ⅝╞ ⌐⅔↑╢ ה ●▬♪

ꜝ▬fi₉ 29 7  ╩ ─↓≤⁹ 

ⱴfiⱱכꜟ─  

ⱴfiⱱ⁸│ꜟכ∕─ ⅜ ≤⌂∫≡⅔╡⁸ ⅜ ↄ ↕╣≡™╢↓≤⅛╠⁸

─ ─ ─ ⌐╟╡ ∆╢↓≤⅜ ↄ ╠╣≡™╢⁹↓╣╩ ∆╢√╘─ ≤

⇔≡│⁸ ─ 4≈⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 ♃▬ⱪ 

─ ─ ╩☿ⱷfi♩ה ─ ⌐╟╡ ⇔√╡⁸ ⌐╟

╡ ╩ ╘√╡∆╢↓≤≢⁸ ─∑╪ ╩ ↕∑≡ ─ ╩ ∆╢⁹ 

♃▬ⱪ 

╢╟⌐fiכ꜠♪ ╩ ⇔⁸ ╩ ─ №╢™│ⱴfiⱱכꜟ ┼ ↕∑⁸

─ ─ ╩ ∆╢⁹ 

 ▪fi◌כ♃▬ⱪ 

╕√│ ⅛╠ ─ ┼▪fi◌כ╩ ⇔⁸ ⌐╟╢ ─ ⅝

⅜╡⌐ ∆╢⁹ 

 ♃▬ⱪ 

⅝╞╩◖fi◒ꜞכ♩ ⌂≥≢ ╩ ╛⇔√╡⁸ⱴfiⱱכꜟ─ ╩ ⇔ ∟⇔√╡⁸

⌐ ╩ ⇔≡◌►fi♃כ►◄▬♩─ ╦╡⌐⇔≡⁸ ⌐╟╢ ⅝ ⅜╡⌐

∆╢⁹ 

ⱴfiⱱכꜟ≤ ─ ─  

⌐ ⅜ ↑╢ │ⱴfiⱱכꜟ≤ ⅝╞─ ⌐ ↄ ╠╣╢↓≤⅛╠⁸

⌐ ≤℮ ⅞ ╩ ∆╢↓≤⅜ ≢№╢⁹↓─ ⁸ ⅛╠ ∑∏⁸ⱴfiⱱכꜟ─

⅛╠ ∆╢ ⌂ ≤⇔≡⁸ ─╟℮⌂ 3♃▬ⱪ─ ⅜ ↕╣≡™╢⁹ 

♃▬ⱪз 

ⱴfiⱱכꜟ─ ╩ ⇔≡⁸↓↓⌐ ≤℮ ╩ ⅝ ≡╢ ≢№╡⁸ ╛ ↑ ⇔⁸

⇔⌐ ≢⅝╢ ╩ ∆╢╙─≢№╢⁹ 

♃▬ⱪи 

⅝╞─ ╩ ⇔≡⁸↓↓╩ ≤℮ ≢ ∆╢ ≢№╡⁸ ⅝╞ ≤

⇔≡ ↕╣╢↓≤⅜ ™⁹ⱴfiⱱכꜟ─ ╩ ⇔≡ ╛ ↑ ⇔⁸ ⇔⌐ ≢⅝
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╢ ╩ ∆╢╙─≢№╢⁹ 

♃▬ⱪй 

─ⱴfiⱱכꜟ ⌐ ╖╩ ╣≡ ≤⇔ ꜞfi◓╩ ↑≡ ∆╢ ≢№╡⁸

↓↓⌐ ─ ╩ ↕∑╢↓≤≢ ─ ─ ╩ ∆╢╙─≢№╢⁹↓─ │

╛ ↑ ⇔⌐ ≢№╢⁹ 

 

4- 1 ⱴfiⱱכꜟ─ ─  

╘,

 ,

  

(RC )

─

⇔ ∟
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 4- 1 ♃▬ⱪз            4- 2 ♃▬ⱪи           4- 3 ♃▬ⱪй 

─ ≤ 2014  

 

 

  

─  

☻Ɽfi ─ ⌐│⁸ ┘ ⅜№╢⁹ 

 

 

         

            

 

 

 

 

 

5- 1 ⅝╞─ ─  

 

⅝╞╩ ≤ ╣ ⅎ∆╢╙─⁹ ─ ⌐│ ≤ ⅜№╢⁹

₈ ₉≤│⁸ ⌐ ≢ ↕╣⁸( ) ≢ ↕╣√ ⅝

╞╩™℮⁹ 

ᵑ  

╟╡ ╘≤ ╩ ⇔⌂⅜╠ ╩ ⇔⁸ ⁸ ⅔╟┘ ⅜ ╪≢™╢

⅝╞ ╩ ⌐╕√│⁸☻Ɽfi ≢ ≤ ╣ ⅎ∆╢ ≢№╢⁹∕─ ⁸ ╘ ⇔

≡ ╩ ∆╢⁹ ™ ⅝╞⌐ ↄ ™╠╣╢⁹ 

ᵒ  

⅝╞─ ⌐ ↕╣╢ ─ ≢⁸ ⇔ ⅝╞╩ ⇔≡ ╩

∆╢⅛⁸ ⅝╞╟╡└≤╕╦╡ ⅝™ ⅝╞╩ ⌐ ⅎ ╗ ≢ ⇔⁸

─ ⅝╞╩ ∆╢ ⁹ ─ ⁸ ⅝╞─ ⅜ ≢№╢⁹ 

√∞⇔⁸ ↑ ⅜№╢ │⁸ √⌐ ⌐╟╢ ↑ ─ ⅎ╩ ℮ ⅜№╢⁹ 

 

⅝╞ ⌐ √⌐ ╩ ∆╢ ⁹ ─ ⌐│⁸ ⁸ ⁸

⁸ ⁸ ⁸↕╛ ⅜№╢⁹●▬♪ꜝ▬fi≢

│ ≤ ╩ ≤⇔≡™╢⁹ 

≤℮ ≤℮

╖+ ꜞfi◓

ᵠ

Ῥ   Ῥ

ᵫ⌡Ῥ ᵠ Ῥ
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─  

   

ה  ─ ─ ⌐ ↕╣∏ ⌂ ⅜≢⅝╢⁹ 

ה ╛ ─ ⅜ ≢№╢⁹ 

ה ─ ⅜ ╘╢⁹ 

ה ─ ─ ⌐╟∫≡│ ⅜ ⌂ ⅜№╢⁹ 

ה ─ ╘╩ ℮ ⅜ ↄ⁸ ─ ≤⌂╢⁹ 

ה  ⁸ ┘ ↑ │ ╩ ╦⌂™√╘⁸

≤ ⇔≡ ╛ ─ ⌐╟╢ │ ⌂™⁹ 

ה ≤ ─ ⅜ ╠╣╢√╘⁸ ⌐ │⌂™⁹ 

ה ↑ ⅜№╢ │⁸∕─ ⅎ⅜ ≢№╢⁹ 

ה ⌐ ⇔≡ ≢№╢⁹ 

ה  ╩ ℮ ≢╙ⱴfiⱱכꜟ ─ ─╖≢⁸ ─

╛ ┼─ ⅜ ⌂™⁹ 

ה ≤ ⇔≡ ⅜ ™√╘⁸ ╛ ┼

─ ⅜ ⌂™⁹ 

ה ─ │ ⅜ ≢№╢⁹ 

ה ⅜ ⌂™√╘⁸ ⌂ ⌐ ∆╢ │⌂™⁹ 

 

 

.  ─ ≤  

⅝╞⌐ ⁸◒ꜝ♇◒⁸ ⅜ ⇔⁸₈ ₉⁸₈ ₉─ ┘ ⅜

≢⅝⌂ↄ⌂∫√ ⁸ ⅝╞ ⌐ √⌐ ╩ ⇔≡ ⅝╞─ ┘ ─ ╩

℮╙─⁹ ─ ⌐│⁸ ⁸ ⁸ ⁸

⁸ ⁸↕╛( ) ⅜№╢⁹ 

 ₈ ⅝╞ ⌐⅔↑╢ ה ●▬♪ꜝ▬fi- 2017 -₉( ) ≢│⁸

─℮∟ ≤ ╩ ≤⇔≡™╢⁹ 
 

─  

│⁸ ─ ⁸⅔╟┘ ─ ™⅛╠ ─╟℮⌐ ↕╣╢⁹ ⌐≈

™≡│⁸₈●▬♪ꜝ▬fi₉╩ ⌐⇔≡™╢─≢⁸ ⌐≈™≡│●▬♪ꜝ▬fi╩ ∆╢↓≤⁹ 

─  

ᵑ  

ᵒ  

ᵓ  

 ⌐╟╢  

ᵑ  

ᵒ ♃▬ⱪ⁸ ♃▬ⱪ⁸ ♃▬ⱪ  

ᵓ  
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ᵔ ↕╛  

─  

JIS ⌐╟╢  

ᵑ  

ᵒ  

ᵓ ╠  

ᵔ  

ₒ ₓ 

─  

│⁸ ─ ─ ™⌂≥⅛╠⁸ ⁸ ⁸ ⌐ ↕╣╢⁹ 

ᵑ  

─ │⁸ ⅔╟┘ ⌐ ⇔≡ ─ ╩ ∑∏⁸ ╠≢ ∆╢╙─

≢№╡⁸₈ ₉≤ ─ ⁸ ╩ ∆╢╙─≢№╢⁹ ∆╢ ⅛

╠⁸ │ ≤℮ ≤⇔≡ ╡ ╦╣⁸ ≤ ⅜ ≤⌂╢⁹   

                   

 

5- 2 ─  

 ⅝╞ ⌐⅔↑╢ ה ●▬♪ꜝ▬fi- 2017 -  P1- 9 ( )  

 

ᵒ  

╩ ∆╢ ⅝╞≤∕─ ─ ─

≢ ╩ ∆╢╙─≢№╢⁹ ⌐│⁸

╛ ─ ≤⇔≡ ↕╣╢⁹ ─

≤⇔≡⁸ ⁸ ⅜№╢⁹ 

⌂⅔⁸ │⁸ ⌐ ∆╢ ╛

⌐╟╢ ─ ─ ⅎ ⅜ ≤ ⌂╡⁸

⌂ ⅜⌂↕╣╢╕≢⌐│ ╠⌂⅛∫√√╘⁸ 5- 3 ─  
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●▬♪ꜝ▬fi─ ≤⌂∫≡™╢⁹                         

 

ᵓ  

│⁸ ─ ╩ ⇔⁸

≤ ⅜ ⌐ ≤⇔≡ ≤

─ ┘ ╩ ∆╢╙─≢№╢⁹

│⁸ 5- 4⌐ ∆╟℮⌐ ─ ⅛

╪ ⅜∕─ ─ ≢ ⌐ ™

╖⁸ ⅜ ⌐ ∆╢↓≤≢⁸ ה

ה ─ ⅛╪ ⅜

⇔⁸ ╩ ∆╢⁹ 

≤∕─ ─ ⅜ ≤⌂∫≡

─ ⌐ ∆╢↓≤│⁸ ⌐╟∫≡ ∆╢ ≤ ─ ⌐⅔↑╢└∏╖─

⅜ ≤ ⇔⁸⅛≈⁸ ⌐⅔™≡ ≤ ─ ≢⌂ↄ ≢ ∆╢

╩™℮⁹ 

≢№╢ ╩ ─ ≤∆╢↓≤⁸╕√⸗ꜟ♃ꜟ ─ ╩ ∆╢↓≤⅛

╠⁸ │ ≤⇔≡ ╡ ╦╣⁸ ⌐ ⅜ ≤⌂╢ ⌐╟∫≡│⁸

╙ ⁹ 

 

⌐╟╢ ─      

  Ῥ

Ῥ Ἱ Ῥ ḚῬ ήϞḚῬ

ᴟЌϱФ ΊᴟЌϱФ Ἱ ЌϱФ
 

5- 5 ≤ ⌐╟╢ ─  

ᵑ ♃▬ⱪ  

≢ ∆╢ ╩ ↕∑√ ─ ╩ ─ⱴfiⱱכꜟ⅛╠ │

⌐╟╢ ⌐╟╡ ⌐ ⇔⁸ ≢ ≢ ╛

≢ ╩ ↕∑≡ ⅝╞╩ ∆╢╙─≢№╢⁹JIS A 7511─ ≢│ ≤

™℮⁹ 

₈ ₉≤│⁸ ∆╢≤ ≤⌂∫≡⁸ ─ ⌐ ∆╢ ╩

™℮⁹ ⌐ ↕╣≡™╢ ⌐│⁸ ⱳꜞ◄☻♥ꜟ ⁸◄ⱳ◐◦ ⁸ⱦ♬ꜟ◄☻

♥ꜟ ⅜№╢⁹ 

₈ ₉≤│⁸ ⌐ ╩⇔╖↓╕∑╢↓≤⁹ ─ ⁸ ╩

●ꜝ☻ ⁸ ⌐⇔╖↓╕∑╢ ╩™℮⁹ 

5- 4 ─  
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5- 6 ♃▬ⱪ ─  

  

5- 1 ♃▬ⱪ ─  

ᵒ  

╩ ↕∑√ ╛ ≢ ⇔√ ╩ⱴfiⱱכꜟ⅛╠ ╖⁸ ⇔⁸

ה ⁸ ╛ ∆╢↓≤≢ ⅝╞╩ ∆╢╙─⁹ 

▪  ♃▬ⱪ 

●ꜝ☻ │ ⌐ ╩ ↕∑√ ─ ╩

⌐╟╡ ⅝╞ ⌐ ⇔⁸ ⅛╠ ╛ ≢ ⅝╞─ ⌐ ⇔√

─╕╕⁸ ╛ ≢ ╩ ↕∑≡ ⅝╞╩ ∆╢ ≢№╢⁹ 

 

 

5- 7 ♃▬ⱪ ─  
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5- 2 ─  

▬  ♃▬ⱪ 

╩ ↕∑√ ─ ╩ ⌐ ⅝ ╖⁸ ≢ ה ↕∑√

⌐ ╩ ⇔≡ ╩ ↕∑╢↓≤≢ ⅝╞╩ ∆╢╙─≢№╢⁹ 

⌐ ↕╣≡™╢ │⁸ ⱳꜞ◄☻♥ꜟ ≢№╢⁹ 

JIS  A 7511─ ≢│ ≤™℮⁹ 

 

 

5- 8 ♃▬ⱪ ─  

► ♃▬ⱪ 

⅝╞ ⌐ ⌂ ⌐↕∑√ Ɽ▬ⱪ ⱦ♬ꜟ ⁸

ⱳꜞ◄♅꜠fi ╩ ≢ ↕∑ ⌐╟╡ ⅝╞ ⌐ ⇔⁸ ─╕╕

≢ ה ↕∑⁸ ⅝╞─ ⌐ ⇔√ ─╕╕ ∆╢↓≤≢

⅝╞╩ ∆╢ ≢№╢⁹ 

≤│⁸ ∆╢≤ ⌐ ╩ ∂⁸ ∆╢≤ ⌐ ∆╢ ╩ ≈

⁹ ⌐ ↕╣≡™╢ ⌐│⁸ ⱦ♬ꜟ ╛ ⱳꜞ◄♅꜠fi

⅜№╢⁹ 




