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 ⱥ♪꜡◐◦ꜟ▪Ⱶfi   13 ─10 

 

 ─ ─  

  

(1)  ─ │ ⌐╟╢╙─≤⇔⁸ ⌐╟╢↓≤⁹ 

▪ ⅜ ─ │⁸ ─ ⅛╠≤∆╢↓≤⁹√∞⇔⁸

─ ⅛╠ ⇔≡™╢ │└↕⇔ ⅜ ⱷכ♩ꜟ ─ ⌐ ╡⁸

─ ⅛╠≤∆╢↓≤⅜≢⅝╢↓≤⁹ 

▬ ╩ ╗⁹ ─№╢ │⁸ ─ ⅛╠≤∆╢↓

≤⁹ 

► ⅜ ▬⅛╠Ⱬ╕≢⌐ ╘╢ ₈ ₉

≤™℮⁹ ≤ ⌐№╡⁸⅛≈⁸ ↓╣╠≤ ⌂ ⌐№╢╙─≢⁸

─⌂™ │⁸ ╩ ⇔∕─ ╩ ∏╢↓≤⅜≢⅝╢╙─≢

№╢↓≤⁹β  

(2)  √∞⇔ ⌐ ∆╢ ╩ ∆╢↓≤⅜≢⅝╢₈

⌂ ↓─ ⌐⅔™≡₈ ₉≤™℮⁹ ₉⌐≈™≡│ ⌐╟╢↓≤⁹ 

▪ ─ │⁸ ─ ≤∆╢↓≤⁹ 

▬ ─ │⁸ ⅛╠ ⱷכ♩ꜟ ─ ⌐ ∆╢ │⁸ ≤∆╢

↓≤⁹ 

► ─ ↕│⁸ ─ │ ⅛╠ ─ │ ╩ ┬

─ ↕≤∆╢↓≤⁹√∞⇔⁸ ⱷכ♩ꜟ ─ ↕≤∆╢↓≤│≢⅝⌂™↓≤⁹ 

◄ ─ ↕│⁸ ⅛╠ ─ ⌐№╢ ╩ ⌐╟╡ ∆

╢↓≤⅜≢⅝╢ ↕ ≤∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  
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3-1-1ᶫ ḽǵ ǜǵ͈ 

 Ǥǵ  

 

 

 

 

 

 

 Ǥǵ  

 

 

 

 

 

 

 

3-1-2ᶫ ḽǵ₦ǵ͈ 

 

 

 

 

  

 

 

 

 

 

○ ₈ ⌂ ╩ ↑╢↓≤ ₉⌐│⁸♪꜠fi♅ꜗכ │

─₈ ♃fi◒ ⌐ ╢ ┘ ⌐ ∆╢ ₉╩ ⅜ ╕╣╢╙

─≢№╢↓≤⁹ 

◌ ─ ⅜ ≤⌂╢╙─⌐≈™≡│⁸ ─ ⅜≢⅝⌂™╙─≢

№╢↓≤⁹ 

(3)  ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ ₈ ₉≤│⁸ ─ ≢№∫≡ ─ ─ ─√╘─ ⁸

╩ ∆╢╙─╩ ╗⁹ │ ⇔⌂™╙─≢№╢↓≤⁹β  

▬ ₈∕─ ─ ₉≤│⁸ ⁸ Ᵽ☻ ≢ ⌐ ™╠╣╢╙─⅜ ∆╢╙─≢№

╢↓≤⁹ 



 ─  

3-1-3 

► ₈ ⁸ ⁸∕─ ─ ╩ ∆╢ ₉≤│⁸ ∕─ ⌐ ∆╢

─ │⁸ ─╒⅛ ⁸ ⁹ ─ │⁸ ─╒⅛ꜞⱢⱦꜞ☿fi♃⁸כ

╩ ╗⁹ ╩™™⁸ ⁸ ⁸ ⁸ √╢ ⌐ ⌐

∆╢≤╖⌂↕╣╢ │ ╕╣⌂™↓≤⁹ 

◄ ₈ ₉≤│⁸ ( ) ─ ⌐ ╘╢

─ ╩ ∆╢ ⅜ ∆╢↓≤⁹ 

○ ₈∕─ ─ ╩ ∆╢ ₉─℮∟ ⌐ ∆╢₈∕─ ↓

╣╠⌐ ∆╢ ₉≤│⁸ ⁸ ⁸ ╩™℮╙─≢№╢↓≤⁹ 

 

  

(1)  │⁸ │ ─№╢ ⌐ ∆╢↓≤⁹√∞⇔⁸ ─

│ ╩ ≢⅝⌂™ │⁸ ─ ≤ ∕─ ─ ╩ ⇔⌂™ ─

╩ ∆╢↓≤ ⌐╟╡⁸ ─ ⅜ ↕╣╢ ⌐ ╘╠╣╢╙─≢

№╢↓≤⁹β  

(2)  │⁸ ─ ⌐ ↕╣╢ ≢№╢↓≤⅛╠⁸ ≢⁸⅛≈⁸ ≢⌂™╙

─≢№╢↓≤⁹ 

(3)  ─ ─ │⁸ (1)▪ ┘▬─ ⌐╟╢↓≤⁹ 

(4)  ─ ⌐ ─ ≤ ⇔≡ ∆╢ │⁸ ⌐╟╢↓≤⁹ 

▪ ─ ⌐≈™≡│⁸∕╣∙╣⅜ ∆═⅝ ─℮∟ ⌂╢ ╩ ∆╢

↓≤╩╙∫≡ ╡╢↓≤⁹ 

▬ ⅜ ╩ ↑╢ ♃fi◒ ≤ ∆╢ │⁸ ▪⌐╟╢╒⅛⁸

─ ╕≢─ ⌐ ─ ╩ ∆╢↓≤⁹ 

3-1-3ᶫ ͪ ᷂ǵ͈ 
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(5)  ─ ⌐ ╩ ℮↓≤⅜≢⅝╢ ⌐≈™≡│⁸ ─≤⅔╡≢№╢↓≤⁹β  

▪ ⌐ ≢⅝╢  

⌐ ∆╢ │⁸ ─ ≤⌂╠∏⁸⅛≈⁸ ≤⌂╠⌂™



 ⁸ ┘ ─ ─  

3-1-4 

─ ┘ ↕⅜ ⌡ ☿fi♅ⱷכ♩ꜟ ─ ≢№╢↓≤⁹╕√⁸

⌂ ⌐ ↄ─ ╩ ╖⁸⅛≈⁸ ⌐⅔™≡╙∕─ ⅜ ≢⅝╢ ─

⌐≈™≡│⁸ ⅎ ╩ ⌐ ™ ⅎ∏ ≤⌂╠⌂™ ╩ ℮

⌐№∫≡│⁸ ─╙─≤∆╢↓≤⅜≢⅝╢⁹ ≢№╢↓≤⁹⌂⅔⁸ ─

│ ─ ⌐ ╢╙─≢№╢↓≤⁹ 

3-1-2  ├ ʣ ҧǱ ǵ͈ 

─                     

    

ⱴ◘◐⁸☺fi♅ꜛ►◕⁸♫꞉◦꜡◓Ⱶ⁸ⱴꜟⱣ◦ꜗꜞfiⱣ▬⁸♅ꜗ⁸ⱴfi

ꜞꜛ►⁸▪○◐⁸◘♠◐⁸ⱥ◘◌◐⁸♩ⱬꜝ⁸▬♯♠◕⁸◒♅♫◦⁸◐ꜗ

ꜝⱲ◒⁸♩◐꞉◘fi◙◦⁸ⱥ▬ꜝ◑♫fi♥fi⁸♠♠☺ ⁸ꜘⱩ◖►☺  

   

( ⌐ ╢)  

   
─ ◔fi♃♇◐כⱩꜟכ◓ꜝ☻ⱨꜞכ♄ⱶ ⁸Ɑ♅ꜙ

♬▪⁸ ⱱ꞉▬♩ ◔◗▬○▪⁸כⱣכ꜡◒  

 ⁸꜠fi◕  

    │⁸ ↕⅜ ⌡ ☿fi♅ⱷכ♩ꜟ ⌐ ≢⅝╢╙─⌐ ╢⁹ 

 

▬ ─  

∆╢ │⁸ ─ ╩ ∆╢╙─≢№╢↓≤⁹ 

( )  ⁸ ™ ─ ─ ≤⌂╠⌂™ ≢№╢↓≤⁹ 

( )  ─ ⁸ ⌐ ⌂ ⅜ ↕╣╢↓≤⁹ 

( )  ⅛╠─ ─ ≤⌂╠⌂™↓≤⁹ 

( )  ─ ─ ≤⌂╠⌂™↓≤⁹ 

( )  ─ ≤⌂╠⌂™↓≤⁹ 

( )  ∕─ ⁸ ─ ╩ ⇔ ⁸ ┘ ≤⌂╠

⌂™↓≤⁹ 

►  

⇔√ ⅜⁸ ╣≡ ≤⌂╠⌂™╟℮⁸╕√⁸ ⌐╟╡ ▬─ ╩

⇔⌂™↓≤≤⌂╠⌂™╟℮ ⌂ ⅜ ╦╣╢╙─≢№╢↓≤⁹╕√⁸ ─

≢№∫≡╙ ∆╢╙─≢№╢↓≤⅛╠⁸ ⌐ ≤⌂╢ ∟ ─ ⅜ ╦╣

╢≤≤╙⌐⁸ ⅎ╩ ≤∆╢ │↓╣⅜ ⌐ ↕╣╢╙─≢№╢↓≤⁹ 

(6)  √∞⇔ ⌐ ∆╢₈ ⌂ ₉⌐≈™≡│⁸ ⌐╟

╢↓≤⁹ 

▪ │⁸ ⌐ ∆╢ ≤∆╢↓≤⁹ 

▬ ⌐ ↑╢ ─ ⌂╙─≢⁸ ╩ ↄ⁹ │⁸

─ ⅝↕≤⇔ ─ ≤∆╢↓≤⁹√∞⇔⁸ ≤∆╢↓

≤⅜≢⅝⌂™ ≢ ⅜ ⇔⌂™ ─ ⌐ ╡⁸ ⁸ │

ⱥꜙכ☼ ≤ ∆╢ ╩ ∆╢ ≤∆╢↓≤⅜≢⅝╢⁹ 

 



 ─  

3-1-5 

 ┘  

(1)  ┘ │⁸ ─ ─ ⅛╠ ╛∆™ ⌐ ∆╢↓≤⁹ 

(2)  ┘ ─ │⁸ ─ │∕─ ─ ≢⁸ ⁸ ⅜

№╢╙─≤⇔⁸╕√⁸∕─ │⁸ ⌐╟╡ ⌐ ⇔√╡ ⅎ╢↓≤⅜⌂™╙─≢

№╢↓≤⁹ 

(3)  ┘ ⌐ ∆╢ │⁸ ─₈ ┘ ─ ₉─ ⌐╟╢

↓≤⁹ 

(4)  ┘ │⁸ ─ ⌐ ∆╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹ 

 

 ─ ⅛╠ ╕≢  

(1)  ⌐ ∆╢₈ ─⅔∕╣─№╢ ₉⌐≈™≡│⁸ ⌐╟╢

↓≤⁹ 

▪ ₈ ─⅔∕╣─№╢ ₉≤│⁸ ⁸ │ ─ ─

─ ⅛╠⁸ ⌐≈™≡│ ⱷכ♩ꜟ ─ ↕⅜ ⱷכ♩ꜟ ─

│⁸ ≤╖⌂∆⁹ ⁸ ⌐≈™≡│ ⱷכ♩ꜟ ⌐№╢ ─

╩™℮⁹√∞⇔⁸ ⌂ ⁸ ⁸ ─ ⇔ↄ│ ∕─ ↓╣╠

⌐ ∆╢╙─⌐ ∆╢ ─ ╩ ↄ⁹β  

▬ ₈ ─⅔∕╣─№╢ ₉⌐ │ ─ ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

( )  ╩ ∆╢√╘─ ╩ ⌐ ∆╢ │⁸ ≤ ─∆⅝ ╩⸗

ꜟ♃ꜟ∕─ ─ ≢ ╘ ∆↓≤⁹ 

( )  ╩ ↑╢ │⁸ ⌐ ⌐ ⱥꜙכ☼ ≢

∆╢╙─ ⅝─ ♄fiⱤכ ₈ ♄fiⱤכ ₉≤™℮⁹ ╩ ↑╢↓≤⁹ 

(2)  ⌐ ∆╢ ─℮∟⁸ ⌐≈™≡│ כ♃♇ꜗ◦

╙ ╕╣╢⁹β  

( 3)  ⌐ ∆╢₈ ●ꜝ☻₉─℮∟⁸ ─ ≢

╩ ⇔⁸ │ ╡ ℮ ─ ┘ ⌐ ↑╢ ●ꜝ☻⌐≈™≡│⁸ ╩

⇔⁸ │ ╡ ℮ ⇔ↄ│ ⌐ ∆╢↓≤⅜≢⅝╢↓≤⁹ 

3-1-4ᶫ ЊȪɧȷǵ ͈ 

 

 

 

 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-1-6 

 

 

( 4)  ⌐ ╩ ∆╢ ⌐№∫≡│⁸ 24 ─₈ ⌐

╩ ∆╢ ─ ⌐ ∆╢●▬♪ꜝ▬fi₉─ ⌐╟╢↓≤⁹ 

 

 ⁸ ┘ ⁸  

(1)  ⌐ ∆╢₈ ⅜ ⇔⌂™ ₉≤│⁸◖fi◒ꜞכ♩∕

─ ↓╣≤ ─ ╩ ∆╢╙─≢№╢↓≤⁹ 

(2)  ─ │ ⌐ ╩ ↄ │⁸ │ ╩ ∆╢ ╩ ∆╢

↓≤⁹ 

(3)  ─ ─ ⅜№╢≤ ╘╠╣╢ ≤│⁸ ─≤⅔╡

≢№╢↓≤⁹ 

▪ ╩ ╡ ℮ ─ ─ ⌐ ⌂ ╩ ↑╢  

▬ ╩ ╡ ℮ ─ ⌐ ⌂∑⅝ │ ™╩ ↑╢  

(4)  ⌐ ∆╢₈ ⌐ ↑⌂™╙─₉≤│⁸ ─ 100◓

ꜝⱶ⌐ ∆╢ ⅜ ◓ꜝⱶ ≢№╢╙─╩™℮⁹β  

(5)  ─ ⅝↕│⁸ ┘ ↕⅜∕╣∙╣0.1ⱷכ♩ꜟ ≤⇔⁸ ⇔⌂™╟℮⌐

⌐ ⅛∫≡↓℮ ╩≈↑╢↓≤⁹ 

(6)  ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ ≤│⁸ ╩ ⌐ ∆╢ ╩™™⁸↓╣⌐│√╘╕∆─╒⅛

⅜ ∆╢↓≤⁹β  

▬ √╘╕∆─ ⅝↕│⁸ ⁸ ┘ ↕⅜∕╣∙╣0.3ⱷכ♩ꜟ ≤⇔⁸ ⅜ ⇔

⌂™ ≤∆╢↓≤⁹ 

► ─ ─ ⌐ ↑╢ ─√╘╕∆⌐≈™≡│⁸ ∕─ ─

⌐╟╡ ⌐ ↑╢√╘╕∆⌐ ∏╢ ╩╙∫≡ ╡╢↓≤⁹ 

◄ ─ │ ─≤⅔╡≤∆╢↓≤⁹ 

( )  │⁸ ╩ ↄ⁹ ≤∆╢↓≤⁹β  

( )  ⅝↕│⁸ ≤⇔≡ √╡ ⁸ ┘ ↕⅜∕╣∙╣0.5ⱷכ♩ꜟ ≤∆╢↓

≤⁹ 

3-1-5ᶫ ѝ ǵ͈ 

 

 

 

 

 

 



 ─  

3-1-7 

 

 

3-1-6ᶫ ֗ǺǦȈȅǠǵ͈ 

 

 

 

 

 

 

 

 

 ┘  

(1)  ⌐ ∆╢₈ ⌂ ⁸ ₉⌐≈™≡│⁸

⌐╟╡ ⌂ ⅜ ↕╣≡™╢ ⌐ ╡⁸ ╩ ↑⌂™↓≤⅜≢⅝╢⁹ 

(2)  ╩ ⌐≤╢ ⌐│⁸ ─⅔∕╣─ ⌂™ ≢⁸⅛≈⁸ ─ ⅝↕

≤∆╢↓≤⁹ 

 

 ⁸  

(1)   

⌐ ∆╢₈ ─ ₉⌐≈™≡│⁸

≤ ⌐╟╡ ↕╣╢╙─ 3- 1- 7 ⁸ ≤ │

ⱬfi♅꜠כ♃כ⌐╟╡ ↕╣╢╙─  3- 1- 8 │

≤ ⌐╟╡ ↕╣╢╙─  3- 1- 9 ⅜№╢↓≤⁹ 

3-1-7ᶫ ρǵ͈ 

 

 

 

 

 

 

 

3-1-8ᶫ ▌Ѱ ρǵ͈ 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-1-8 

 

 

3-1-9ᶫ Ҳ▌Ѱ ρǵ͈ 

 

 

 

 

 

 

 

▪  

( )  │⁸ 150 ⱷכ♩ꜟ↔≤⌐ ─ ≢ ↑╢╙─≤⇔⁸∕─

│ ╩ ≤∆╢↓≤⁹ 

3-1-3  ֥ǵ ҧ  

 ─  

30m2    75cm2 

30m2   60m2  150cm2 

60m2   90m2  300cm2 

90m2   120m2  450cm2 

120m2   150m2╕≢ 600cm2 

 

( )  ⌐│⁸ 40ⱷ♇◦ꜙ ─ ╩™℮⁹ ∂⁹ ╩ ↑╢ ─

╩ ∏╢↓≤⁹ 

( )  │⁸ ─⅔∕╣─№╢ ╩ ↑⁸⅛≈ ⌂ ⅜≢⅝╢ ⌐ ↑╢↓

≤⁹√∞⇔⁸╛╗╩ⅎ∏ ─⅔∕╣─№╢ ⌐ ↑╢ │⁸ ♄fiⱤכ ╩

↑╢↓≤⁹ 

( )  ╩ ⇔⁸ │ ╡ ℮ ⌐ ↑╢ ⌐│⁸ⱨכ♪╩ ↑╢ ⁸

⅜ ⇔⌂™ ≤∆╢↓≤⁹ 

▬ ⁸ⱬfi♅꜠כ♃כ  

│⁸ ⅜ ⌐ ╦╣╢╟℮⌐ ↑╢╙─≤∆╢≤≤╙⌐⁸ │∕─

⅜ ⱷכ♩ꜟ ─ ↕⌐ ↑╢↓≤⁹ 

► ♄◒♩⁸  

♄◒♩⁸ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

( )  ♄◒♩─ ─ │⁸ ⅛╠1.5ⱷכ♩ꜟ ∆↓≤⁹ 

( )  ♄◒♩╩ ─ ╩ ⇔≡ ∆╢ │ ≤⇔⌂↑╣┌⌂╠

⌂™ ⌐ ╩ ↑╢ ⌐│⁸ ⱥꜙכ☼ ⅝─ ♄fiⱤכ╩ ↑╢↓≤⁹ 

(2)   

⌐ ∆╢₈ ─ ⌐ ∆╢ ₉⌐≈™≡│⁸



 ─  

3-1-9 

ⱬfi♅꜠⁸כ♃כ ♄◒♩⁸ⱨכ♪ ⌐╟╡ ↕╣╢╙─ 3- 1- 10

│ ⁸ ♄◒♩⁸ⱨכ♪ ⌐╟╡ ↕╣╢╙

─ 3- 1- 11 ⅜№╢↓≤⁹ 

3-1-10ʟ  ▌Ѱ ї ρǵ͈ 

 

 

 

 

 

 

 

3-1-11ʟ  Ҳ▌Ѱ ї ρǵ͈ 

 

 

 

 

 

 

 

▪ ₈ ⅜ ∆╢⅔∕╣─№╢ ₉≤│⁸ ⌐ →╢ ╩ ⇔⁸ │

╡ ℮╙─⅜ ∆╢↓≤⁹ 

( )  ⅜ ─  

( )  ⅜ ─ ≢№∫≡╙ ─ ⌐№╢╙─ 

▬ ─ │⁸ №√╡ ─ ⅜≢⅝╢╙─≤∆╢↓≤⁹ 

► ♄◒♩⁸  

♄◒♩⁸ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

( )  ♄◒♩─ │⁸ ≤∆╢↓≤⁹ 

( )  ♄◒♩─ ─ │⁸ │ ─ ⅛╠1.5ⱷכ♩ꜟ

∆↓≤⁹ 

( )  ♄◒♩╩ ─ ╩ ⇔≡ ∆╢ │ ≤⇔⌂↑╣┌⌂╠⌂

™ ⌐ ↑╢ ⌐│⁸ ⱥꜙכ☼ ⅝─ ♄fiⱤכ╩ ↑╢↓≤⁹ 

( )  ♄◒♩─ ─ ↕│⁸ ─ ─ ↕≤∆╢↓≤⁹ 

◄ │ ⅜ ↕╣╢ ⅜ ⌐ ↕╣╢ ⌐│⁸∕─ ─╖╩

⌐ ≢⅝╢ ≤∆╢↓≤⅜≢⅝╢↓≤⁹ 

○ │⁸ ↕∑≡⅔ↄ↓≤⁹√∞⇔⁸ ⌐

│ ⅜ ∆╢⅔∕╣─⌂™ ─ ⌐≈™≡│⁸↓─ ╡≢⌂™⁹ 

◌ ╩ ∆╢↓≤⌐╟╡⁸ ─ ╩ ⌐ ℮↓≤⅜ ╘╠╣╢ ⌐



 ⁸ ┘ ─ ─  

3-1-10 

│⁸ ╩ ∆╢ │⌂™╙─≢№╢↓≤⁹ 

 

 ─╙╣⁸№┤╣ ─  

(1)  ⌐ ∆╢₈ ─╙╣⁸№┤╣ │ ⌐╟╢ ╩

∆╢√╘─ ₉≤│⁸ ⁸ ╡ ⁸ ⇔⁸ⱨ꜡⁸♅♇▬☻♩כⱩ⁸☻כ ↑

─ ╩™℮↓≤⁹ 

(2)  ⅝ ╣⁸ ⁸ ╩ ╡ ℮ ≢⁸⅛≈⁸ ⌐ ∆╢

─ ⇔ↄ│ ╩┤√⌐╟∫≡ ℮ ─╙─ │┤√╩ ⇔⌂™ ─╙─

₈ ₉≤™℮⁹ ≢⁸ ⌐╟╡ ⅜ ⌐™≈ ∆╢⅔∕╣─№╢╙─

│⁸ ∆╢ ─ ─ ↕╩ ↄ∆╢⅛⁸ │ ─ ╩ ↄ∆╢ ™≈

╩ ∏╢≤≤╙⌐⁸∑⅝ ─ ╩ ∏╢↓≤⁹ 

 

  

⌐ ∆╢₈ ╩ ∆╢√╘─ ₉≤│⁸ ╩

™╢ ⅜ ─╙╣⁸№┤╣ │ ⌐ ⇔≡ ⌐ ╣⌂™╟℮⌐ │ ∆

╢ ≢№╡⁸ ─ ⌐ ⇔≡ ─ ≢ ╠╣≡™╢ ≤∆╢↓≤⁹ 

 

10  

⌐ ∆╢ ⌐≈™≡│⁸ ╩ ╡ ℮ ─ ⁸

─ ⁸ ™ ╩ ⌐ ⇔⁸∆╖╛⅛⌐ ⌂ ≤∆╢↓≤⅜≢⅝╢

╙─≤⇔⁸ │ ─ ⅜ ≢№╢ ⌐ ╡ ≢⅝╢↓≤⁹ 

 

11  

─ ⌐≈™≡│⁸ ─₈ ─ ₉ ┘ ─₈

⌐⅔↑╢ ─ ∆╢⅔∕╣─№╢ ⌐ ∆╢ ⌐≈™≡₉─ ⌐╟╢↓

≤⁹ 

 

12  

(1)  ⌐ ∆╢₈ ⅜ ∆╢⅔∕╣─№╢ ₉≤│⁸

≤⇔≡ 10 ☻ⱷfiכ☺ ⱷכ♩ꜟ ─ 3- 1- 4 ╩ ╡ ℮ ≤

∆╢↓≤⁹ 



 ─  

3-1-11 

3-1-4  ֺ ̱ǵᾚ  

         
s/m  

 │ ϴ 

       

 │ ϴ 

▪☿♩▪ꜟ♦ⱥ♪ 

▪☿♩fi 

▪♬ꜞfi 

◄♃ⱡכꜟ 

◄♅ꜟⱷ♅ꜟ◔♩fi 

◄♅꜠fi◓ꜞ◖כꜟ 

◄♅꜠fi☺▪Ⱶfi 

◐◦꜠fi 

 

 

 

◄♅ꜟ 

 

♩ꜟ◄fi 

♬♩꜡ⱬfi♀fi 

Ⱨꜞ☺fi 

Ⱬ◐◘fi 

ⱬfi♀fi 

ⱱꜟⱶ▪Ⱶ♪ 

 

 

ⱷ♃ⱡכꜟ 

1.20×10   ( 0)  

   1×10   (25)  

2.4 ×10   (25)  

1.35×10   (25)  

3.6 ×10  

1.07×10   (25)  

   9×10   (25)  

 1×10  

 

 

   6×10   (25)  

  10×10   (25)  

   4×10  (18)  

   1×10  (35)  

   2×10   (25)  

   3×10   (25)  

   1×10  (18)  

 3.8×10  (20)  

 2×10  

4.15×10   (18)  

4.78×10   (25)  

 1.5×10   (25)  

   21.1   (21)  

   20.7   (25)  

    7.06  (20)  

   24.30  (25)  

   18.51  (20)  

   37.7   (25)  

   14.2   (20)  

o-   2.568 (20)  

m-   2.374 (20)  

p-   2.270 (20)  

    6.17  (20)  

    6.02  (25)  

    2.238 (20)  

    2.379 (25)  

   34.82  (25)  

   12.3   (25)  

    1.890 (20)  

    2.284 (20)  

  111.0   (20)  

   78.54  (25)  

   20.7   (19)  

  32.63   (25)  

 

(2)  ╩ ⌐ ∆╢ │⁸ ╡ ℮ ┘ ╩ ⇔⁸ ─ ╩

⇔ↄ│ ╖ ╦∑≡ ™╢↓≤⁹ 

▪ ─ ꜟכ◦╢╟⌐☻●  

▬ ─ ≤⇔⁸ ∆╢ 

► ─ ─  

◄ ─ ─▬○fi  

○  

◌ 75Ɽכ☿fi♩  

◐ ┼─  

 

13  

(1)  √∞⇔ ⌐ ∆╢₈ ─ ⌐╟∫≡ ⅜⌂™

₉≤│⁸ ─ ╩ ⌐∆╢ ≢ ⁸ ─ ╩ ⇔≡

™╢ ╩ ╗⁹ ⌐№╢ ─ ⌐ ∆╢ ─ ⌐ ⅜

╕╣╢ ≢№╢↓≤⁹ 

(2)  ⌐≈™≡│⁸ ─ ⁸ ♃fi◒⁸∕─ ─ ╙ ≤∆╢↓≤⁹ 

(3)  ─ ꜠ⱬꜟ│⁸ ≤⇔≡з≤∆╢↓≤⁹√∞⇔⁸ ─ ⅛╠─



 ⁸ ┘ ─ ─  

3-1-12 

╩ ⇔√ ⌂ ⌐╟╡ ↕╣≡™╢ ⌐№∫≡│⁸ ꜠ⱬꜟ╩и≤∆╢↓≤

⅜≢⅝╢↓≤⁹β  

(4)  ♃fi◒╩ ◦☻♥ⱶ≤⇔≡ ∆╢↓≤│⁸ ≤⇔≡ ⇔ ⅎ⌂™↓≤⁹

β  

(5)  ≤↕╣╢ │ ◦☻♥ⱶ─ ≤⇔⁸ ⌐ ∆╢ ╩

℮↓≤⁹β  

 

14 ♃fi◒  

(1)  ♃fi◒─ β  

♃fi◒≤│⁸ ╩ ⌐ ⇔⁸ │ ↕∑╢♃fi◒≢№∫≡ ⌐ →╢

╙─≤∆╢↓≤⁹ 

▪ ─ ─ ╩ ℮♃fi◒ 

▬ ╩ ℮♃fi◒ 

► ⌂ ╩ ℮♃fi◒ 

⌂⅔⁸ ♃fi◒─ ⌐№∫≡│⁸ ─ ⌐ ∆╢↓≤⁹ 

( )  ♃fi◒⌐ ∆╢╙─≢№╢⅛≥℮⅛─ │⁸ ⌐│⁸♃fi◒─ ⁸

│ ⁸☺ꜗ◔♇♩ ─ │ ⇔⌂™╙─≢№╢↓≤⁹ 

╕√⁸♃fi◒─ ⅜ │ ─ ⌐№╢⅛≥℮⅛≢ ∆╢╙─≢⌂

™↓≤⁹ 

( )  ╩ ⌐ ⇔⁸ │ ↕∑╢♃fi◒≤│⁸ ⌐⅔™≡ ─

│ ─ ⌐ ⇔√ ⌐⁸ ♃fi◒⁸ ♃fi◒ ≤ ─ ╩

⇔⁸⅛≈⁸ ─ ╩ ∆╢╙─╩™℮╙─≢№╢↓≤⁹ 

⇔√⅜∫≡⁸ ⅜№∫≡╙ ─ ╩ ⅎ╢╟℮⌂ ≢ ╩ ╡

℮╙─│⁸ ⌐│ ♃fi◒⌐│ ╕╣⌂™╙─≢№╢↓≤⁹ 

( )  ─ ╩ ℮♃fi◒≤│⁸ ⁸ ⁸ ─ ╩ ≤⇔√╙─╩™™⁸

♃fi◒⁸ ♃fi◒⁸◘כⱦ☻♃fi◒⁸ ♃fi◒ ≤ ≤⇔√

─╙─╩ ↄ⁹ ⅜↓╣⌐ ∆╢╙─≢№╢↓≤⁹ 

( )  ╩ ℮♃fi◒≤│⁸ ⁸ ─ ╩ ≤∆╢╙─╩™™⁸

╩ ╗⁹ ♃fi◒⁸ ♃fi◒ ⅜↓╣⌐ ∆╢╙─≢№╢↓≤⁹ 

( )  ⌂ ╩ ℮♃fi◒≤│⁸ ⁸ ─ ─√╘⁸ │ ⌐

⅔™≡ ⇔™ ╩ ╦⌂™ ╩ ℮╙─╩™™⁸ ♃fi◒⁸ ♃fi◒ ⅜↓╣

⌐ ∆╢╙─≢№╢↓≤⁹ 

(2)  ♃fi◒⌐ ⇔⌂™  

▪ ♃fi◒⌐ ⇔⌂™ ╩ ╡ ℮ ≤⇔≡│⁸ ─╟℮⌂╙─⅜ ∆

╢╙─≢№╢↓≤⁹β  

( )  ⁸ ⁸  

( )   



 ─  

3-1-13 

( )  ⁸╤ ⁸  

( )  ⁸  

( )  ⁸ ⁸  

( )  ≤ ≤⇔√ ─ ♃fi◒ 

( )  ≤ ≤⇔√ ─ ♃fi◒ │ ♃fi◒β  

( )  ⅝ ╣ ⁸ ⁸ ⅜ ⁸ ╩ ⇔≡ ∆╢ ─╙─

 β  

▬ ♃fi◒⌐ ⇔⌂™ ⌐≈™≡│⁸ ─ ⁸ ╩

⇔⁸ ⁸ ⁸ ─ ╩ ℮≤≤╙⌐ ⌐ ∂⁸ ─ ╩

∆╢↓≤⁹ 

(3)  ♃fi◒─  

♃fi◒─ ⁸ ┘ │⁸ ⌐╟╢↓≤⁹ 

▪ ♃fi◒┼─◘▬♩◓ꜝ☻─ ⌐≈™≡β  

♃fi◒│ ↕3.2mm ─ ≢ ╢↓≤≤↕╣≡™╢⅜⁸ ─( )⅛╠( )╕≢⌐

∆╢ ⌐│⁸ ─ ╩ ⇔⁸♃fi◒─ ⌐◘▬♩◓ꜝ☻╩ ⇔≡

⇔ ⅎ⌂™↓≤⁹ 

( )  ◘▬♩◓ꜝ☻│⁸ ⅛╠─ ⌐╟╡ ⌐ ⇔⌂™ ─╙─≢№╢↓≤⁹

─ ≤⇔≡│⁸◘▬♩◓ꜝ☻─ ⌐ ⁸ ╩ ↑╢↓≤⌐╟╡⁸◘▬♩◓ꜝ☻⅜

╩ ↑⌂™ ≤⌂∫≡™╢╙─⁸ ↕╣╢ ⅛╠─ ⌐ ⇔≡ ⌂

╩ ∆╢ ●ꜝ☻ ⅜ ™╠╣≡™╢╙─ ⅜№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻│⁸ ⅛╠─ ─ ⌐╟╡ ⇔⌂™ ─╙─ │ ⅛╠─

─ ╩ ↑⌐ↄ™ ⌐ ↕╣╢╙─≢№╢↓≤⁹ ─ ≤⇔≡│⁸◘▬♩

◓ꜝ☻─ ⌐ │ ↕╣╢ ╩ ↑╢╙─⁸◘▬♩◓ꜝ☻╩♃fi◒─

⌐ ∆╢╙─ ⅜№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻─ ⅝↕│ ─╙─≢№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻ ┘Ɽ♇◐fi ─ │⁸♃fi◒≢ ╡ ℮ ⌐╟╡ ↕╣⌂™╙

─≢№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻─ │⁸◘▬♩◓ꜝ☻─ ╩ ∆╢↓≤⅜≢⅝╢╙─≢№╢

↓≤⁹ ─ ≤⇔≡│⁸◘▬♩◓ꜝ☻─ ⌐Ɽ♇◐fi ╩ ╪≢Ⱳꜟ♩⌐╟╡ ╡

↑╢╙─ ⅜№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻─ ─ ╣ │ ⌐ ╢ │⁸♃fi◒─ ⌐ ↑╠╣╢◘

▬♩◓ꜝ☻⌐№∫≡│ ⌐╟╡⁸♃fi◒─ ⌐ ↑╠╣╢◘▬♩◓ꜝ☻⌐№

∫≡│ ⌐╟╡ ╦╣╢╙─≢№╢↓≤⁹ 

▬ ♃fi◒─ ─ ⌐≈™≡β  

─ ♃fi◒─ │⁸ ◖fi◒ꜞכ♩ ⁸ ◖fi◒ꜞכ♩ ∕─ ↓╣≤

─ ╩ ∆╢╙─≤↕╣≡™╢⅜⁸ ⱪꜝfi♩ ⌐№╢ ♃fi◒─

⌐≈™≡⁸ ─ ≢ ⇔√ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ─



 ⁸ ┘ ─ ─  

3-1-14 

⅜ ↑╠╣≡™╢ ⌐│⁸ ─ ╩ ⇔⁸ ╩ ≤⇔⌂™

↓≤⅜≢⅝╢↓≤⁹ 

► ♃fi◒─ ⌐≈™≡β  

─ ♃fi◒│ ╩ ∆╢↓≤≤↕╣≡™╢⅜⁸ │ ─

╩ ╡ ℮ ♃fi◒⌐≈™≡⁸ ─( )⅛╠( )╕≢⌐ ∆╢ ⌐│⁸

─ ╩ ⇔⁸ ≤⇔⌂™↓≤⅜≢⅝╢↓≤⁹ 

( )  ♃fi◒ ⌐⅔↑╢ ™│⁸ ─ ⌂ ⌐╟╡♃fi◒─ ⅜

⌐ ⇔ⅎ⌂™╙─≢№╢↓≤⁹ 

( )  ♃fi◒─ ⌐ ●☻⅜ ↕╣≡™╢ ●☻─ ⅜

⇔√ ⌐⅔™≡╙ ─ ●☻─ ⅜ ⇔⌂™╙─⁹ ⌂≥⁸ ≢

╩ ⇔ⅎ⌂™ │ ╩ ∆╢↓≤⁹ 

( )  ⱨ◊כⱶⱫ♇♪ ─ │ ⅜ ⌐

↕╣≡™╢⌂≥⁸♃fi◒─ ≢ ⅜ ⇔√ ⌐⅔™≡♃fi◒╩ ∆╢↓≤⅜

≢⅝╢ ⅜ ↑╠╣≡™╢↓≤⁹ 

◄ ╩ ∆╢ ≢ ╠╣√♃fi◒─↕┘ ╘ ⌐≈™≡β  

♃fi◒─ ⌐│↕┘ ╘─√╘─ ╩∆╢↓≤≤↕╣≡™╢⅜⁸☻♥fi꜠☻

∕─ ─ ╩ ∆╢ ≢ ╠╣√♃fi◒⌐≈™≡│⁸ ─ ╩

⇔⁸↕┘ ╘ ╩⇔⌂™↓≤⅜≢⅝╢⁹ 

○  

( )  │⁸ . .13─ ♃fi◒ ─₈ ₉─ ⌐╟╡

↑╢↓≤⁹ 

⌂⅔⁸ ─ ╩ ╡ ℮╙─≢⁸ ╩ ↑╢↓≤⅜ ⌂╙─⌐

№∫≡│⁸ ⌐ ⅎ≡♃fi◒⌐ ↕╣≡™╢ ─ ⅜ ≢⅝╢ ─

╩≤╢↓≤⅜≢⅝╢↓≤⁹ 

( )  ⅜ ⌐ ↕╣╢↓≤⌐╟╢ ─ ⅎ™╩ ∆╢↓≤⅜≢⅝╢

│ ╩ ∆╢♃fi◒⌐≈™≡│⁸ ─ ╩ ⇔⁸ ╩ ↑⌂

™↓≤⅜≢⅝╢⁹β  

≤⇔≡│ ─╙─⅜№╢↓≤⁹ 

 ─ ─ ⅜ ♃fi◒⌐ ↕╣╢⅔∕╣⅜⌂™ ╩ ∆╢20

♃fi◒─ ⅜ ↑╠╣≡™╢╙─  

♃fi◒⌐ ─ ⅜ ↕╣√ ⁸ ─ ╩ ∂

≡ ╢↓≤⌂ↄ ♃fi◒ ♃fi◒ ⌐ ⅜ ↕╣⁸ ♃fi◒─

⅜ ─ ╩ ⅎ╢↓≤─⌂™ ─╙─⁹ 



 ─  

3-1-15 

3-1-12ʟ  

 

 

 

 

 

 

 ─ ─ ⅜ ♃fi◒⌐ ↕╣╢↓≤╩ ∆╢↓≤⅜≢⅝╢

─ │ ╩ ∆╢ ♃fi◒─  

(a)  ☿fi◘כ╩ ⇔⁸ ☿fi◘כ⅛╠ ∑╠╣╢ ⌐╟╡ ╩

ⅎ≡ ⅜ ↕╣╢↓≤╩ ∆╢╙─ 

3-1-13ʟ  

Ӿ Њ ɛɱɕșα ǜǢȒ ρǓ ǘȐȓǭǋȒȉǵ  

 

 

 

 

 

 

 

3-1-14ʟ  

Ӿ Њ ɛɱɕșα ǜǢȒ ρǯʺȽɱȭ ͑ ϷȽɱȭ  

ǵϷ╓ș ǠȒ ρǓǤȓǥȓ ǘȐȓǭǋȒȉǵ  

 

 

 

 

 

 

 

3-1-15ʟ  

Ӿ Њ ɛɱɕșα ǜǢȒ ρǯʢ ╓șѰⱣǠȒǚǯǲȏȑ 

ʝὑ ̊ʣǵӾ ǵ Њș ǠȒ ρǓǤȓǥȓ ǘȐȓǭǋȒȉǵ  

 

 

 

 

 

 

 

S1S2

S2S1

S1S2



 ⁸ ┘ ─ ─  

3-1-16 

(b)  ♃fi◒┼─ ≤ ♃fi◒⅛╠─ ╩∕╣∙╣ ⇔⁸↓╣╠─

⅛╠♃fi◒ ⌐№╢ ─ ╩ ⇔⁸ ⅜ ≤⌂∫√ ⌐♃fi

◒┼─ ⱳfiⱪ╩ ↕∑╢ ≤ ☿fi◘כ⅜ ∆╢ ⌐╟╡ ♃fi◒

♃fi◒ ─ ╩ ∆╢ ⅜∕╣∙╣ ↑╠╣≡™╢╙─ 

3-1-16ʟ  

 

 

 

 

 

 

(c)  ♃fi◒┼─ ─ ⅜ ♃fi◒⅜ ≢№╢ ⌐─╖ ╦╣╢♃fi

◒≢⁸♃fi◒┼─ ╩ ⌐ ∆╢ ≤ ☿fi◘כ⅜ ∆╢

⌐╟╡ ♃fi◒ ♃fi◒ ─ ╩ ∆╢ ⅜∕╣∙╣ ↑╠╣≡™╢

╙─⁹ 

3-1-17ʟ  

 

 

 

 

 

 

◌  

│⁸ 16─ ♃fi◒ ─₈ ₉─ ⌐╟╡ ↑╢↓≤⁹ 

◐ ─  

( )  ⌐№╢♃fi◒─  

─ │⁸ ─ ─ ⌐╟╡ ↑╢ ─

⅜ ⌐♃fi◒⌐ ∆╢ ─ ─ ⌐ ♃fi◒⅜№╢ ⌐│

♃fi◒─℮∟ ⌐ ∆╢ ─ ⅜ ≤⌂╢♃fi◒─ ⌐ √⌂™╙─⌐№

∫≡│⁸∕─ ╩ ≢⅝╢╙─≤∆╢↓≤⁹ ─ ⌐≈™≡│⁸

21─ ♃fi◒ ─₈ ₉─ ⌐ ∏╢↓≤⁹ 

( )  ⌐№╢♃fi◒─ ─  

⌐№╢♃fi◒─ ⌐│⁸ ⅜ ╣√ ⌐∕─ ╩ ∆╢√╘ ( )

⌐ ∂√ ╩ ∏╢↓≤⁹√∞⇔⁸ ( )⌐ ∂√ ╩ ∏╢↓≤⅜ ⇔ↄ ⌂

│⁸ ─ →⌐╟╢↓≤⅜≢⅝╢↓≤⁹ 

( )  ─ ↕β  

 ─ ♃fi◒─ ₈ ₉≤™℮⁹ ⌐≈™≡│⁸ ↕╩0.

S1

F1 F2

S1

F



 ─  

3-1-17 

5m ≤∆╢↓≤≤↕╣≡™╢⅜⁸ ⱪꜝfi♩ ⌐№╢ ♃fi◒≢№∫≡⁸

♃fi◒─ ⅛╠⁸ 3- 1- 5 ─♃fi◒ ─ ⌐ ∂∕╣∙╣ ⌐ ╘╢

─ ╩ ∆╢ ─ ⌐≈™≡│⁸ ─ ╩ ⇔⁸ ↕╩0.1

5m ≤∆╢↓≤⅜≢⅝╢⁹ 

3-1-5  

♃fi◒

─  
10kl 

10kl 

50kl 

50kl 

100kl 

100kl 

200kl 

200kl 

300kl 

 0.5m 5.0m 8.0m 12.0m 15.0m 

 

( )  ⅜ ↑╠╣╢ ─ ─ ─ ⌐ ↑╢ ™⌐≈™≡

β  

─ ─ ⌐│ ↕0.15m ─ ™╩ ↑╢↓≤≤↕╣≡™╢⅜⁸

─ ⌐ ( )⌐╟╡ ↕╩0.15m ≤⇔√╙─╩ ╗⁹ ⅜

↑╠╣╢≤≤╙⌐ ─ ┘ ⌐ ∆╢ ⁸ │⁸ ⅜ ♃fi◒

╩ ╗⁹ ⌐ ╠╣╢≤≤╙⌐∕─ ⌐ ⅜ ↑╠╣≡™╢ ⌐│⁸

─ ╩ ⇔⁸ ─ ⌐ ™╩ ↑⌂™↓≤⅜≢⅝╢⁹ 

 ─ ─ ⅜◖fi◒ꜞכ♩∕─ ⅜ ⇔⌂™ ≢ ╦

╣≡™╢↓≤⁹ 

 ─ ─ ⌐ ⌂ ┘√╘╕∆⅜ ↑╠╣≡™╢↓≤⁹ 

( )  ⌐ ↑╢ ⅝ ⌐≈™≡β  

⌐│ ⅝ ┘↓╣╩ ∆╢ ╩ ↑╢↓≤≤↕╣≡™╢⅜⁸ ─

┘ ⌐ ∆╢ ⌐│⁸ ─ ╩ ⇔⁸ ⅝ ╩ ↑⌂™↓≤

⅜≢⅝╢⁹ 

 ─ ≢⁸ ─ ⌐ ↑⌂™╙─⌐ ╢⁹ ─

⅜ ╡ ╦╣⌂™╙─≢№╢↓≤⁹ 

 ─ ♃fi◒─℮∟⁸∕─ ⅜ ≢№╢♃fi◒─ ─

╩ ∆╢ ╩ ∆╢ ⅜ ↑╠╣≡™╢↓≤⁹ 

(4)  ╡  

ⱦ☻♃fi◒⌐≈™≡│⁸כ◘ ╩ ⌐ ∆↓≤⅜≢⅝╢ ╡ ⌐

╟╢ ⌐№∫≡│⁸ ─ ─⅔⅔╗⌡1.5 ─ ╩ ∆╢╙─≤⇔⁸⅛≈⁸ ╩ ↑

⌂™╙─≤∆╢↓≤⁹ ╩ 3- 1- 18 ⅛╠ 3- 1- 21 ─ ⌐╟╡ ∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-1-18 

3-1-18ʟ  ѝΉ  

 

 

 

 

 

 

 

3-1-19ʟ  ˘ ɓɫɶɆȷȢɁȿǲȏȒ ╓ 

 

 

 

 

 

 

 

3-1-20ʟ  ˘ ɓɫɶɆȷȢɁȿǲȏȒɛɱɕα  

 

 

 

 

 

 

 

3-1-21ʟ  ▌Ѱ Ǟᾐ ֗Ǻ ל ╓ 

 

 

 

 

 

 

 

15  

(1)  ♩⌐ ∆╢ ≢ ╘╢ ≤⇔≡⁸

─ √∞⇔ ⌐ ∆╢₈ ⌐╟∫≡ ⅜ ∆╢⅔∕╣─⌂™ ₉

⌐│⁸ ─╙─⅜ ∆╢↓≤⁹ 

▪ ─ ↕⅜1.5ⱷכ♩ꜟ ≢⁸ ≢ ╠╣√╙─≢№╢ β  

S



 ─  

3-1-19 

▬ ⅜ ─ ∆╢ ─ ⌐ ↕╣√⁸ ≢ ╠╣√╙─≢⁸

─™∏╣⅛≢№╢ β  

( )  ∕─ ∆╢ ─∆═≡⅜ ╩100 ─ ≢ ╡ ℮╙─ 

( )  ∕─ ∆╢ ─∆═≡⅜ ─ ╩ ╡ ℮ ≢№∫≡⁸

⌐ ╩ ╡ ℮ ─ ⇔⌂™╙─ 

( )  ⌐ ╩ ⇔⁸ │ ╡ ℮ ┘ ╩ ╡ ℮ ─ ⇔⌂™╙─ 

► ⅜ │ ≢ ╠╣⁸ ⌐ ⅜ ↑╠╣≡™╢

╩ ∆╢╙─ 

◄ ⌐╟╢ ─ ≢№╢ ─ ⅜ ⇔√≤⅝⌐⁸ ─

─ ⌐╟╡ ─ ⅜ ↕╣╢ β  

○ ⌐⅔↑╢ ─ ─ ╩ ∆╢√╘⁸ ⌂ ╩ ↑√ β  

(2)  ─ ⌐ ∆╢ ─ ─ ⌐≈™≡│⁸ ─

│ ⌐ ↑╢╙─ ⇔ↄ│ ⌐ ↑╢╙─⌐≈™≡│ ⇔⌂™↓

≤⅜≢⅝╢↓≤⁹ 

(3)  ▬⌐ ∆╢₈∕─ ↕╣╢ ┘ ↕╣╢ ⌐ ╠

⇔≡ ⌂ ╩ ∆╢╙─₉─℮∟⁸ ─╙─⌐│⁸ ─ ⌐ ∆╢ ≤

∆╢↓≤⁹ 

3-1-6   

JIS G 3101  SS 

3103 Ⱳ▬ꜝכ  SB 

3106  SM 

3452  SGP 

3454  STPG 

3455  STS 

3456  STPT 

◒כ▪ 3457  STPY 

3458  STPA 

JIS G 3459 ☻♥fi꜠☻  SUS-TP 

3460  STPL 

4304 ☻♥fi꜠☻  SUS-HP 

4305 ☻♥fi꜠☻  SUS-CP 

4312  SUH-P 

JIS H 3300 ┘  C-T 

C-TS 

3320 ┘  C-TW 

C-TWS 

4080 ▪ꜟⱵ♬►ⱶ ┘ 

▪ꜟⱵ♬►ⱶ  

A-TES 

A-TD 

A-TDS 

4090 ▪ꜟⱵ♬►ⱶ ┘ 

▪ꜟⱵ♬►ⱶ  

A-TW 

A-TWS 

4630 ♅♃fi  TTP 

 



 ⁸ ┘ ─ ─  

3-1-20 

(4)  ⱨꜝfi☺│ ─ ⌐ ∂⁸JIS B2201₈ ⱨꜝfi☺─ ₉⌐ ∆╢╙─

│↓╣≤ ─ ╩ ∆╢╙─╩ ™╢↓≤⁹ 

(5)  ⌐ ╩╙√∑╢ │⁸ ─ │∕─ ─ ╩

≤⇔√ ╩ ↑╢╙─≤⇔⁸ ─№╢╙─ ┘ ⌐╟╡ ⅜ ∆╢↓≤─⌂

™╙─╩ ™╢↓≤⁹ 

(6)  ⌐ ∆╢ ─℮∟⁸ ─ ≤⇔≡☻♥fi꜠☻ ⁸ ⱷ♇◐ ⌂

⅜№╢ ╩ ™╢╙─⁸ │ ⌐ ∆╢ ₈ ₉≤™℮⁹ ─

⌐╟╡ ─ ╩ ∏╢╙─│⁸ ╩ ∆╢√╘─ ╩⇔⌂™↓≤⅜≢

⅝╢↓≤⁹ 

(7)  ╩ ∆╢≤⅝│⁸ ⌐╟╢↓≤⁹ 

▪ ┘Ⱨ♇♩ ≢ ∆╢↓≤⅜≢⅝⌂™╙── │⁸

⌐№∫≡│ ⁸ ⌐№∫≡│ ⌡ ╦∑ ≤⇔⁸∕╣ ─ ⌐№∫

≡│ ⌐╟╡ ╩ ↑╢↓≤⁹ 

√∞⇔⁸ ⌐≈™≡│⁸(8)─ ⌐╟╡ ↑╢↓≤≤∆╢⅜ ⅝ ╦∑ │⁸

⌡ ╦∑ │ⱨꜝfi☺ ⌐╟╢ ≤ ═≡ ─ ╩ ∆╢↓≤⅛╠⁸ ⅝

╦∑ ≢⇔⅛≢⅝⌂™ │⁸ ⌡ ╦∑ │ⱨꜝfi☺ ≤∆╢╟℮

∆╢↓≤⁹ 

( )  │⁸ ◖fi◒ꜞכ♩ │ ≤∆╢≤≤╙⌐⁸ ⅜ ⌐≢⅝╢ ⅝

↕≤∆╢↓≤⁹ 

( )  │⁸ ┘ ⅜ ⌐ ⇔⌂™╟℮⌐ ╩ ∆╢┤√╩ ↑╢≤

≤╙⌐ ⅜ ⇔⌂™ ≤∆╢↓≤⁹ 

 

3-1-22ʟ  ǵ͈ 

 

 

 

 

 

 

 

 

 

 

 

▬ ─⅔∕╣─№╢ ⌐ ╩ ∆╢≤⅝│⁸Ⱨ♇♩ ⌐ ∆╢ ─ ╩

⇔≡ ╩ ∆╢↓≤⁹ 

► ⅜⁸ ─ ╩ ⁸∕─ ⅛╠ ╩ ↑╢⅔∕╣─№╢ │⁸

G.L.



 ─  

3-1-21 

◖fi◒ꜞכ♩ ─ ⁸♩꜠fi♅ │ ⌐╟╡ ⌐ ∆╢↓≤⁹√∞⇔⁸

⅜◖fi◒ꜞכ♩ ≢№╡⁸ ⌐ ⅎ╢ │⁸↓─ ╡≢⌂™⁹ 

◄ ─ ∟ ⅜╡ ⌐│⁸ ─ ⁸ ⁸ ⌂ ╩ ∂

╢↓≤⁹ 

○ ♬⌐ ∆╢₈ ⌐ ─ ╩ ∆╢√╘─ ₉

≤│⁸ ⁸ ─ ┘ ─ ╘⌐╟╢╒⅛ ─₈ ─

─ ₉ ┘ ─₈ ⌐ ↑╢ ─ ⌐ ∆╢ ₉

⌐╟╢↓≤⁹ 

(8)  ╩ ╡ ℮ ┘ ⌐ ≢⅝╢ ─ ≤⇔≡│⁸ ⱪꜝ☻♅

♇◒ ⅜№╢↓≤⁹β  

(9)  ⌐ │ ─√╘─ ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

▪ │ ─√╘⌐ ╩∆╢ ─ │⁸ │↓╣≤ ─

╩ ∆╢╙─╩ ™╢≤≤╙⌐⁸ ⅜ ⇔⌂™╟℮⌐ ≢ ∆╢↓≤⁹ 

▬ ╩ ↑╢ ⌐│⁸ ┘ ⅜™╢ ⌐ ↕╣╢

⅜ ≢⅝╢ ╩ ↑╢↓≤⁹ 

► ⌐╟╢ ╩ ∆╢ │⁸ ─ ⌐╟╢ ≤ ─∏╣⅜ ↓╡

™ ┘ ≤∆╢↓≤⁹ 

◄ ┘ │⁸ ─ ⌐ ╩ ⅎ⌂™╟℮⌐ ↑╢↓≤⁹ 

○ │⁸ ⌐ ⌐ ⇔⌂™ ─╙─≢№╢↓≤⁹ 

◌ ─ │⁸ ≤⇔≡ │ ≤∆╢↓≤⁹√∞⇔⁸ ╛╗╩ⅎ

∏ ≤∆╢ │⁸ ⌐╟╢↓≤⁹ 

( )  ⁸ ⁸ ─ ⌐│⁸ ╩ ∆╢≤≤╙⌐↓╣≤ ⇔≡ ⌐

╩ ≢⅝╢ ≤∆╢↓≤⁹ 

( )  │⁸ ⌐⅔™≡ ⌐ │ ⇔⌂™ ≤∆╢↓≤⁹ 

( )  ⅜ ↑╠╣≡™╢ ≢⁸ ╩ ╘╢↓≤⌐╟╡ ⅜ ⇔≡ ─

⅜ ∆╢⅔∕╣⅜№╢ │⁸ ─ ╩ ← ╩ ↑╢↓≤⁹ 

(10)  ╩ ╡ ℮ ─ ┼⁸◘▬♩◓ꜝ☻╩ ∆╢≤⅝│ ⌐╟╢↓≤⁹β  

▪  

( )  ◘▬♩◓ꜝ☻─ ⅝↕│ ─╙─≢№╢↓≤⁹ 

( )  ◘▬♩◓ꜝ☻│ ⅛╠─ ⌐╟╡ ⌐ ⇔⌂™ ─╙─≢№╢↓≤⁹ 

▬  

◘▬♩◓ꜝ☻ ┘Ɽ♇◐fi─ │⁸ ╡ ℮ ⌐╟╡ ↕╣⌂™╙─≢№╢↓≤⁹ 

►  

( )  ◘▬♩◓ꜝ☻│⁸ ⅛╠─ ─ ⌐╟∫≡ ⌐ ⇔⌂™ ─╙─≢№╢

↓≤⁹ 

( )  ◘▬♩◓ꜝ☻─ │⁸◘▬♩◓ꜝ☻─ ╩ ≢⅝╢╙─≢№╢ ≤∆╢

↓≤⁹ 



 ⁸ ┘ ─ ─  

3-1-22 

◄ ─ ─ ™ 

⌐◘▬♩◓ꜝ☻╩ ∆╢ ⌐│⁸ ◘▬♩◓ꜝ☻─ ╩ ─

∕─ ─ ─⅔∕╣⅜⌂™≤ ╘╠╣╢ ⌐╟╢ ─

≤ ⌐ ╡ ℮↓≤⁹ 

○ ∕─  

◘▬♩◓ꜝ☻│⁸ ⌐ ⁸ ┘ ⅜≢⅝╢ ≤∆╢≤≤╙⌐⁸◘▬♩◓

ꜝ☻⅛╠ ─ ⅜ ⇔√ ⁸ ╩ ≤∆╢↓≤─≢⅝╢ ≤∆╢↓

≤⅜ ╕⇔™↓≤⁹ 

 

 ╩ ╡ ℮ ─ ─  

 ─  

─ ⁸ ⁸ ⌐≈™≡│⁸ ─ ─₈ ₉─

⌐╟╢↓≤⁹ 

 

 ─  

⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

 ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ ┘▪☿♩▪ꜟ♦ⱥ♪ ╩ ╡ ℮ ─ ─

 

 ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ ╩ ╡ ℮ ⌐№∫≡│⁸ ┘ ─ ╩ ⇔⁸

∕─ ⁸ ┘ │ ⌂╙─≤∆╢↓≤⁹ 

 

 ▪☿♩▪ꜟ♦ⱥ♪ ╩ ╡ ℮ ⌐№∫≡│⁸ ┘ ─ ╩ ⇔⁸∕─

⁸ ┘ │ ⌂╙─≤∆╢↓≤⁹ 

 

 ─ ╩ ∆╢ │ ─ │ ╩ ∆╢  

─ ╩ ∆╢ │ ─ │ ╩ ∆╢ ≤│⁸ ─

│ ─ ⌐ ⇔⁸ ⅜ ∂√ ⌐⁸ ⌐╟╡ ⇔⁸

│ ⌐╟╡ ─ ╩ ⇔√ ●☻ │ ╩ ∆╢↓≤⅜≢⅝╢ ╩

™℮╙─≢№╢↓≤⁹ 

√∞⇔⁸ ∆╢ ─ │⁸ ╩ ╡ ℮ ─ ≤∆╢↓≤⁹ 

 

 ⱥ♪꜡◐◦ꜟ▪Ⱶfi ╩ ╡ ℮ ─ ─  

 ⱥ♪꜡◐◦ꜟ▪Ⱶfi ─ ─ ⌐╟╢ ⌂ ╩ ∆╢√╘─ β  

─ ⌐╟╢ ⌂ ╩ ∆╢√╘─ ≤⇔≡│⁸ ─ │

─ ╩™℮╙─≢№╢↓≤⁹ 

 



 ─  

3-1-23 

 ⱥ♪꜡◐◦ꜟ▪Ⱶfi ─ ─ ⌐╟╢ ⌂ ╩ ∆╢√╘─  

─ ⌐╟╢ ⌂ ╩ ∆╢√╘─ ≤⇔≡│⁸ⱥ♪꜡◐◦ꜟ▪Ⱶfi ─

⅜ ─ ≤⌂∫√ ⌐ ⌐ ∆╢ ╩™℮╙─≢№╢↓≤⁹ 

 

 ▬○fi ─ ⌐╟╢ ⌂ ╩ ∆╢√╘─  

▬○fi ⌐│⁸ ⁸ ⌂≥─ ─▬○fi⅜ ╕╣╢╙─≢⁸ ⌂ ╩ ∆╢√╘

─ ≤⇔≡│⁸◗ⱶ⁸●ꜝ☻ ⌐╟╢ fi◓⁸▫♥כ◖ ⱪꜝ☻♅♇◒ ─

─ ⁸ │☻♥fi꜠☻ ─ ▬○fi ⅜ ⇔⌐ↄ™ ─ ⌐╟╢ ▬○fi

⌐№╦∑≡⁸ ▬○fi ─ ╩ ⌐ ∆╢ ╩™℮╙─≢№╢↓

≤⁹ 



 ⁸ ┘ ─ ─  

3-1-24 

β  37  ₈ ≤ ⌐№╢ ●☻ ≤─ ₉   

    38 10  ₈ ♃fi◒ ≤ ●☻≤─ ₉   

β  37  ₈ ─ ™₉   

β  37  ₈ ⌐ ∆╢ ─ ₉   

β  13  ₈ ─ ⌐ ╢ ⌐≈™≡₉   

β   ₈ ─⅔∕╣─№╢ ₉   

β   ₈ ─⅔∕╣─№╢ ─ ┘ ₉   

β   ₈ ⌐ ↑⌂™╙─₉⌐≈™≡₉   

β  37  ₈ ₉   

β  58  ₈ ┘ ⌐⅔↑╢ ╩ ╡ ℮ ⌐≈™≡₉   

β  58 11  ₈ ┘ ⌐⅔↑╢ ╩ ╡ ℮♃fi◒─ ⌐≈™≡₉   

β  58 11 29  ₈ ┘ ⌐⅔↑╢ ╩ ╡ ℮♃fi◒─ ⌐≈™≡₉   

β   ₈ ─℮∟ ╩ ⇔⌂™ ─ ₉   

β  12 21  ₈ ─ ╩ ⇔⌂™ ─ ₉   

β  22  ₈ ─ ─ ─⅔∕╣─⌂™ ₉   

β  10 11  ₈ ╩ ╡ ℮ ≤⇔≡ ™╢ ⱪꜝ☻♅♇◒ ⌐ ╢ ⌐≈™≡₉    

21  ₈ ╩ ╡ ℮ ≤⇔≡ ™╢ ⱪꜝ☻♅♇◒ ⌐ ╢ ⌐≈™≡─ ⌐≈™≡₉  

   

β  13 28  ₈ ╩ ╡ ℮ ─ ┼─◘▬♩◓ꜝ☻─ ⌐≈™≡₉   

β  13 10 11  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  1 14  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  10 16  ₈ ┘ ─ ╩ ╡ ℮♃fi◒⌐ ∆╢ ⌐≈™≡₉   

β  18 10  ₈ ─ ─ ⌐ ╢ ─ ⌐≈™≡₉    

β   ₈ ⌐ ∆╢ ─ ⌐≈™≡₉  



 ─  

3-2-1 

 ─  

  

─ ⁸ ⁸ ⌐ ∂⁸ 3- 2- 1 ⌐ ∆ ⅜ ↕╣╢╙─≢№╢⁹ 

 

3-2-1  ֺ ǵᾶК ǲ ǜȓȒḨ  

                   

 ─  10    

   10 ⁸41  72   

   10  16 ─ ─   

  ⌐╟╡ ∆╢╙─ 10  16 ─ ─   

   10  16 ─ ⁸16 ─   

  ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ  10  16 ─ ⁸16 ─   

  ⱥ♪꜡◐◦ꜟ▪Ⱶfi  10  16 ─ ⁸16 ─   

   10  16 ─ ─   

    10  16 ─ ─   

        10  16 ─ ─   

 ─  10    

   10  16 ─ ─   

 ╩ ∆╢ ⌐ ∆╢╙─ 10    

 

 ─ ─ ─  

  

⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

  

⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─ ⌐╟

╢↓≤⁹ 

 

  

⌐ ╘╢₈ ₉≤│⁸ ⅛╠ ─ │↓╣⌐

╦╢ ╩ ∆╢ ⁸ →√ │ ─ ╕≢─ ↕╩™℮⁹ 

 



 ⁸ ┘ ─ ─  

3-2-2 

 ─ ⅛╠ ╕≢  

─ │⁸ ─ ─₈ ─ ₉─ ⌐╟╢╒⅛⁸

⌐╟╢↓≤⁹ 

(1)  ⌐ ╩ ↑╢ │⁸ │ ╩ ⇔⌂™ ≤∆╢≤≤╙⌐⁸

╕≢ ⌐ ∆╢↓≤⁹ 

(2)  ┘ ╩ ↑╢ │⁸ ─ ⅝↕≤∆╢↓≤⁹ 

(3)  ⌐ ∆╢₈ ⅜ ⇔⁸ │ ⇔⌂™ ₉≤│⁸

╩ ─ ╟╡ ↄ∆╢ ╩™℮↓≤⁹ 

 

 ─ ⁸  

─ │⁸ ─ ─ ⌐╟╢╒⅛⁸ⱨ◊כ◒ꜞⱨ♩ ⅜ ╡∆

╢√╘ ─ ⌐┤√╩ ↑╢ ◓fi♅כ꜠◓⁸│ ─ ╩ ⌂╦⌂™╟℮

⌐ ↑╢↓≤⁹ 

 

 ─  

(1)  │⁸ 10 (12)─₈ ₉⌐ ⇔⌂™ ─╙─≢№╢↓≤⁹ 

(2)  ─ ─ ⌐ ∆╢₈ ⅜ ⌐ ⇔⌂™ ₉≤│⁸

⌐ ≢≢⅝√ ╩ ↑╢↓≤⌐╟╡⁸ ⌐╟╢ ─ ╩ ∆╢√

╘─ ╩™℮↓≤⁹β  

(3)  ⌂ ╩ ∆╢ ⌐≈™≡│⁸ (1) ┘(2)─ ╘⌐╟╢╒⅛⁸ ⅜

≢ ⌐ꜟכ꜠♪כ●─ ↕╣╢ ⌂ ─╙─≤∆╢≤≤╙⌐⁸ ╩ ⇔

╣∆╢√╘⌐ ╩ ∆╢≤⅝╩ ⅝⁸ ⌐ ⌐ ≢⅝╢ ─╙─

≤∆╢↓≤⁹ 

3-2-1ᶫ ʣʤ ᾍǵɪɶɩǮ ǜȓȒ Ҳ╛ǵ ș ǠȒ ְǵ͈ 

 



 ─  

3-2-3 

(4) ⌐ ∆╢ β  

   ─ ─ ⌐ ∆╢₈ ⌐ ⇔⌂™ ╩ ∆╢╙─₉≤│⁸ ─™∏╣

⅛─ ╩ √∆╙─ │↓╣≤ ─ ╩ ∆╢╙─⅜ ⅎ╠╣╢⁹▬ ┘►─

⌐№∫≡│⁸ │ ╩ ℮╟℮ ∆╢↓≤⁹ 

   ▪ ─ ╩ꜟכ꜠♪▬●⌐ ↑√╙─⁹ 

ꜟכ꜠ ▬    ⌐№╢ ─ ╩ ∆╢↓≤⅜≢⅝╢╙─⁹ 

   ► ╩ ↕∑╢√╘─ ╩ ∆╢↓≤⅜≢⅝╢╙─⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─

⌐╟╢↓≤⁹ 

 

  

┘ ⌐≈™≡│⁸ ─ ─₈

₉─ ─ ⌐╟╢↓≤⁹ 

 

10  

⌐≈™≡│⁸ 11─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

11  

⌐≈™≡│⁸ 13─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

12 ─  β  

(1) ╩ ∆╢  

─╟℮⌂ ─ ─ ⌐≈™≡│⁸ ΐ ┘ ΐ ⌐≈™≡⁸

┘ ─ ⌐ ╩ ⇔⁸∕─ │

╘╠╣╢╙─≢№╢↓≤⁹╕√⁸ ⌐ ╩ ╣≡ ─

╖⅔╤⇔╩∆╢ ⅜≢⅝╢╙─≢№╢↓≤⁹ 

⌂⅔⁸ ╖⅔╤⇔ ⌐│ ─ ╩ ↕∑≡⅔ↄ↓≤⁹ 

 



 ⁸ ┘ ─ ─  

3-2-4 

ₒ ╩ ∆╢ ─ ₓ 

▪ ─ │◖fi◒ꜞכ♩ ≢ ─ ╖⅔╤⇔ ≤⇔≡ ⇔⁸ ─

╛ ─ ⌐ ∆╢↓≤⅜⌂™╙─≢№╢↓≤⁹ 

▬  a aΩ ≤ b bΩ ─ │ ↑⌂™↓≤⁹ 

(2) └↕⇔ │ ╩ ↑╢  

⌐╟╢ ─ ╖⅔╤⇔ ⌐ 1 ┘⌐ 2─ ⌐└↕⇔╛

╩ ↑╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹↓─ ⌐⅔↑╢ │⁸ ─

≤⇔⁸└↕⇔│⁸ ⌐ ∆╢ ⌐╟╡ ∆╢↓≤⁹ 

 

 

ₒ└↕⇔ │ ╩ ↑╢ ─ ₓ 

▪ ⁸  

   ( ) │⁸ ◖fi◒ꜞכ♩Ⱪ꜡♇◒≤∆╢↓≤⁹ 

   ( ) │╡│⁸ ≤∆╢↓≤⁹ 

   ( ) ┘└↕⇔│⁸ ≤∆╢↓≤⁹ 



 ─  

3-2-5 

( ) │⁸ ≤∆╢↓≤⁹ 

▬ ─ ─ │ ⇔≡™╢↓≤⁹ 

 

 ╩ ∆╢ ⌐ ∆╢ ─ ─  

 ╩ ─ ⌐⅔™≡ ↑╢ │⁸ ⇔≡ ↑⌂™↓≤⁹β  

 

 ⌐ ∆╢₈ ₉│⁸ ⌐ ∆╢ ⅜⌂™↓≤⁹β  

 

 ⌐ ∆╢₈♄fiⱤכ ₉⌐≈™≡│⁸ ─

─₈ ₉─ ⌐╟╡ ↑╢↓≤⁹ 

 ₈ ─ ╩ ╘╢ ₉ 12 1399 ⌐ ∆╢

┘ ⌐ ∆╢ ┘ ┘⌐ 107 ┘

⌐№∫≡│⁸ ─ ⌐╟╢ ⅜ ⅎ╠╣√ ─╙─⌐ ╢⁹ ─

⌐ ∆╢╙─≤⇔≡ ─ ╩ ↑√ ≢№╢ ┘ │⁸

⌐ ∆╢₈↓╣≤ ─ ╩ ∆╢ ₉─ ┘ ≤⇔

≡ ⇔ ⅎ⌂™β  

 

 

 ⌐╟╡ ↕╣╢ ─╖╩ ⇔⁸ │ ╡ ℮

β  

 16 ─ ─ ⌐ ∆╢₈ ⅜ ∆╢ ₉≤│⁸ ⅎ┌ Ⱳכꜟ

⅜ →╠╣╢↓≤⁹ 

 16 ─ ─ ꜡ ┘Ɫ─Ɽ꜠♇♩─ │⁸ ─╙─╩

∆╢╟℮ ↕╣√™↓≤⁹ 

 16 ─ ─ Ɫ⌐╟╢ ─ │ 3- 2- 3 ≤∆╢⁹ 

 ─ ─ Ɫ ⌐⅔™≡∕─ ⌐╟╢ ╩ ╗⁹ ⌐

∆╢₈∕─ ─ ⌐╟╢ ─ ≤⌂╢ ₉≤│⁸ ◄꜠ⱬכ♃כ─ ꜡

ⱦ⁸כ ─ ⅜№╢⁹β  

 



 ⁸ ┘ ─ ─  

3-2-6 

 

β   ₈ ⌐ ∆╢ ╩ ↄ⁹ ─ ⌐≈™≡₉   

β   ₈ ─ ⌐≈™≡₉   

β   ₈ ⌐ ∆╢ ─ ⌐≈™≡₉   

β   ₈ ─ ⌐ ∆╢ ─ ⌐ ℮ ⌐╟╡ ↕╣╢ ─╖╩ ⇔⁸ │ ╡ ℮

─ ⌐≈™≡₉   

β  27  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉  

3 - 2 - 2 ᶫ 



 ♃fi◒ ─  

3-3-1 

 ♃fi◒ ─  

  

─ ⁸ ⁸ ⌐ ∂⁸ 3- 3- 1 ⌐ ∆ ⅜ ↕╣╢╙─≢№╢⁹ 

 

3-3-1  ֺ ǵᾶẆȽɱȭ ǲ ǜȓȒḨ  

                               

 ♃fi◒  11 1    

  ⅝ ⅝ ♃fi◒ 11 2  22 ─2⁸22 ─2─2  

   11 3  22 ─2─3  

  ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ  11 4  22 ─2─4⁸22 ─2─5  

  ▪☿♩▪ꜟ♦ⱥ♪  11 4  22 ─2─4⁸22 ─2─6  

  ⱥ♪꜡◐◦ꜟ▪Ⱶfi  11 4  22 ─2─4⁸22 ─2─7  

  ♃fi◒ 11 5  22 ─2─8⁸22 ─3  

  ♃fi◒( ♃fi◒)  11 5  22 ─2─8⁸22 ─3─2  

  ♃fi◒( ♃fi◒)  11 5  22 ─2─8⁸22 ─3─3  

 

 ♃fi◒ ─ ─  

  

─ │⁸ ♃fi◒─ ⅛╠≤∆╢↓≤⁹β  

⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

 ─  

─ √∞⇔ ⌐ ∆╢ ─ ⌐≈™≡│⁸ ⌐╟

╢↓≤⁹ 

(1)  ─ ┘ ⌐ ∆╢₈ ≢ ∫√ ⌂┼™₉

┘₈ ⌂ ₉│⁸ ─₈ ♃fi◒ ⌐ ╢ ┼™ ┘

⌐ ∆╢ ₉⌐╟╡ ↑╢↓≤⁹ 

(2)  ─ ⌐ ∆╢₈ ⅜ ∂√ ⌐⅔™≡╙ ─⅔∕╣

⅜ ⌂™₉ ┘ ⌐ ∆╢₈ ─ ⌐⁸ ≢ ╘╢ ⅜ ∆╢

⌐│⁸ ╠⅛─ ╩ ∂⌂ↄ≡╙⁸ ⅜ ╘√ ≤∆╢↓≤⅜≢⅝╢↓≤⁹

√∞⇔⁸₈ ⌐ ╘╢ ₉≤⇔≡ ─ ─ ⌐ ∆╢ ⌐№

∫≡│⁸ ♃fi◒ ─ ∆╢ ─ ─ ⌐ ∆╢ ─ ⅛╠

⅜ ↕╣≡™⌂™≤ ↕╣╢╙─⌐≈™≡│⁸ ⇔⌂™╙─≤⇔≡ ∆╢↓≤⁹ 

↓─ ⌐⅔™≡⁸₈ ⅜ ∂√ ⌐⅔™≡╙ ─⅔∕╣⅜ ⌂™₉╙─≤

⇔≡│⁸ ♃fi◒ ─ ∆╢ ─ ⌐ ⇔≡ ─™∏╣⅛─╙─⅜ ∆╢



 ⁸ ┘ ─ ─  

3-3-2 

≢№╢↓≤⁹⌂⅔⁸↓╣╠─╙─⅜ ⇔≡ ∆╢ ╙ ≢№╢↓≤⁹β  

▪ ⁸ ⁸ │  

▬ ─ │ ≤⌂╢↓≤⅜ ≢№╢ ─  

⌂⅔⁸₈ ⅜ ∂√ ⌐⅔™≡╙ ─⅔∕╣⅜ ⌂™₉╙─≤⇔≡⁸

─ ⁸ │ ╘╠╣⌂™╙─≢№╢↓≤⁹β  

(3)  (2)⌐ →╢ ≢⁸ ╩ ↕∑╢ ⌐│⁸ (1)─ ─

⅜ ≢№╢↓≤⁹ 

⌂⅔⁸ ─╙─╩™℮⁹ ⁸ ⁸

─ ─ ⌐ ∆╢ ─╙─╩™℮⁹ ⅜ ⌐ ∆╢ ⌐⅔™≡

╙⁸ ⌂┼™⁸ ╩ ⇔⌂↑╣┌⁸ ╩ ∆╢↓≤⅜≢⅝⌂

™╙─≢№╢↓≤⁹β  

 

  

⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╢╒⅛⁸ ⌐╟╢

↓≤⁹ 

(1)  ⌐│⁸ ⁸ ♃fi◒⌐ ∆╢ ┘ⱳfiⱪ ∕─ ─

─ ⅜ ↑╠╣≡™⌂™↓≤⁹√∞⇔⁸ ⁸ ⁸ ─ ⁸

⅜ ≢ ╠╣⁸⅛≈⁸ ⅜⌂™≤ ╘╠╣╢╙─⌐≈™≡│↓─ ╡

≢⌂™⁹ 

(2)  √∞⇔ ┘ ⌐ ╘╢ ─ │⁸

⌐╟╢↓≤⁹ 

▪ ⌐ ─ ⌐╟╢ ╩ ↑√ ♃fi◒

⌐⅔™≡₈ ─ ♃fi◒ ₉≤™℮⁹ ⌐≈™≡│⁸ ⌐╟╡

╩ ↑≡™√ ⌐ ╘╢ ╩ ≢⅝⌂ↄ⌂╢≤⅝│⁸

⅜ ╘╠╣⌂™╙─≢№╢↓≤⁹ 

▬ ⌐ ─ ⌐╟╢ ╩ ↑≡™√ ♃fi

◒ ⌐№∫≡│⁸ ⌐╟╢↓≤⁹ 

( )  ⅜10,000◐꜡ꜞ♇♩ꜟ ─♃fi◒⌐№∫≡│⁸ ─ ♃fi◒ ─ │

─ ─ ╩ ∆╣┌ ╡╢⁹√∞⇔⁸ ⱷכ♩ꜟ ≤∆╢↓≤│≢⅝⌂

™⁹ ⅜ ↕╣╢╙─≢№╢↓≤⁹β  

( )  ⅜10,000◐꜡ꜞ♇♩ꜟ ─♃fi◒≢⁸ 11 ─₈♃fi◒

─ ₉⌐╟╡ ♃fi◒⌐ ⅜ ↑╠╣⁸ ⅜ ≢№╢≤

╘√╙─⌐≈™≡│⁸ ─ ⅜ ↕╣╢╙─≢№╢↓≤⁹β  

( )  ⌐≈™≡│⁸ ─ ⌐ ∆╢ ≢ ╘╠╣╢╙─≢№╢↓≤⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─ ⌐╟



 ♃fi◒ ─  

3-3-3 

╢╒⅛⁸ ⌐╟╢↓≤⁹ 

─ ♃fi◒ ╩ ∆╢♃fi◒ ⌐ ↑╢ ┘ ⌐≈™≡│⁸ ⇔⁸

│ ╡ ℮ ─ ┘ │ ╩∕╣∙╣─♃fi◒⌐ ⇔√ │⁸♃fi◒

↔≤⌐ ⇔≡ ↑╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹β  

 

 ♃fi◒─ ┘ ─  

♃fi◒─ ┘ ─ ↕⌐≈™≡│⁸ ⌐╟╢↓≤⁹β  

(1)  ─ ▬⌐ ╘╢ ─ ↕╩ ∆╢√╘─ ╩ ℮

│⁸ ─ ⅜ ≤ ∆╢ ≢ ╕╣√ ⌐≈™≡ ─ ⅛╠ ⇔

≡ ╩ ℮↓≤⅜ ≢№╢≤ ╘╠╣╢ ≤∆╢⁹↓─ ⌐⅔™≡⁸

╩ ℮ │⁸ ≤∆╢↓≤⁹ 

(2)  ─ ꜡(3)⌐ ╘╢ ─ ↕╩ ∆╢√╘─ ─

╩ ↄ⁹ ┘ ╩ ℮ │⁸ ⌐╟╢↓≤⁹ 

▪ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

( )  │⁸ ⌐ ╩ ⇔⁸ ─ ╩ ∆╢ ₈

₉≤™℮⁹ ⌐╟╡ ℮↓≤⁹√∞⇔⁸ ⌐╟∫≡ ╩

∫≡™╢ ⌐⅔™≡⁸ ⌐╟∫≡ ─ ╩ ∆╢↓≤⅜

≢№╢≤ ╘╠╣╢≤⅝│⁸ ⌐⅔↑╢ ╩ ⇔⁸↓╣⌐≈™≡

╩ ∆╢⌐ ╢ ╩∆╢↓≤⌐╟╡ ╩ ∆╢↓≤⅜≢⅝╢╙─≤∆╢↓≤⁹ 

( )  ╩ ℮ │⁸ ─ ┘ ─ ↕─ ⌐≈™≡ ℮ ╩

─ ₈ ₉≤™℮⁹ ≤⇔⁸ ─ ─ │⁸

─ ⁸ ⁸ ⅛╠ ⇔≡ ╩ ℮↓≤⅜ ≢№╢≤

╘╠╣╢ ≤∆╢↓≤⁹ 

↓─ ⌐⅔™≡ ⌐⅔↑╢ ─ ┘ ─ ↕─ │⁸

⌐ ⇔√ ≤∆╢↓≤⁹ 

▬ ╩ ℮ │⁸ ─ ⁸ ⁸ ⅛╠ ⇔≡⁸

╩ ℮↓≤⅜ ≤ ╘╠╣╢ ≤∆╢↓≤⁹ 

(3)  ─ ⌐ ╘╢ ─ ↕╩ ∆╢√╘─ ╩

℮ │⁸ ⌐╟╢↓≤⁹ 

▪ ♃fi◒ ─ ─ ─ ♃fi◒ ─ ⌐ ╩ ∆╢√╘─ ╩ ∂

√╙─╩ ↄ⁹ ⌐≈™≡│⁸ ♃fi◒─ ⌐⅔⅔╗⌡ ⱷכ♩ꜟ─ ⌐≤

∫√ ≤∆╢↓≤⁹ 

▬ ▪⌐╟╢╒⅛⁸ ─ ╩ ⅜⅔⅔╗⌡ ⌂™⇔ ⱷכ♩ꜟ─ ≢

╦╣╢╟℮⌐ ⇔⁸ ≢ ╕╣√ ↔≤⌐ ─ ─ ≤∆╢↓≤⁹ 

► ▪ │▬─ ⅜∕╣∙╣ ⌐ √⌂™≤⅝│⁸∕╣∙╣ ≤∆╢↓≤⁹ 

(4)  ─ ⌐ ╘╢ ꜞfi◓─ ↕╩ ∆╢√╘─

╩ ℮ │⁸ ꜞfi◓─ ⌐⅔⅔╗⌡ ⱷכ♩ꜟ─ ⌐≤∫√



 ⁸ ┘ ─ ─  

3-3-4 

⅜ ≤⌂╢≤⅝│ ≤∆╢⁹ ≤∆╢↓≤⁹ 

 

 ♃fi◒ ─  

(1)  ♃fi◒ ─ ↕│⁸⅔⅔╗⌡ ⱷכ♩ꜟ ≤⇔⁸ ↕─ │ ─ ⅛╠

╕≢≤∆╢↓≤⁹ 

⌂⅔⁸♃fi◒─ ↕≤│ ⅛╠♃fi◒ ─ ╕≢╩™™⁸ ─ ♃fi◒

≢⁸ ♃fi◒⅜ ─ ⌐ ↑╠╣╢ ⌐№∫≡│⁸ ⅛╠─ ↕⅜⅔⅔

╗⌡ ⱷכ♩ꜟ ≤∆╢↓≤⁹ 

(2)  ⌐ ∆╢₈ ♃fi◒₉≤│⁸ ⅜ 500Ⱶꜞ

ⱷכ♩ꜟ╩ ⅎ╢ ⅜⅛⅛╢╙─≤∆╢⁹β  

(3)  ♃fi◒─ │⁸Ⱳ▬ꜝכ ┘ ⌐ ≠ↄⱲ▬ꜝכ

─ ╩ ↑≡™╢ ₈Ⱳ▬ꜝכ ₉≤™℮⁹ │ ⅜ ∆╢

─ ─ ╩ ↑≡™╢ ₈ ₉≤™℮⁹ ⌐╟╡ ℮↓≤⁹↓

─ ⌐⅔™≡⁸ │⁸Ⱳ▬ꜝכ │ ─ ⌐ ↕╣

≡™╢ ─ ─ ≤∆╢↓≤⁹β  

(4)  ♃fi◒─ │⁸ 12 ─₈ ₉

⌐╟╡ ↕╣√╙─≢№╢↓≤⁹ 

 

 ♃fi◒─ ─  

(1)  │⁸ ⌐╟╢↓≤⁹β  

▪ ⌐⅔™≡ ╩ ↑⁸ │ ⅜↕╣≡™√

♃fi◒ ⌐≈™≡⁸ ♃fi◒─ ⌐ ╢ ╩ ℮ │⁸

⌐ ∆╢ ─ ⅜№╢↓≤⁹ 

▬ ─ ─ │⁸ │ ₈ ₉≤™℮⁹ ─

≤∆╢↓≤⁹√∞⇔⁸ ─ ⌐№∫≡│ ⅜ ⇔√

⇔√ ≤∆╢↓≤⁹ 

► ▪♬ꜙꜝ ▪♬ꜙꜝ ╩ ↑⌂™╙─⌐№∫≡│ ╩™℮⁹ ∂⁹ ≤ ≤

─♃fi◒ ─ ─ ⌐≈™≡│⁸ ▬⌐╟╢╒⅛ ─ ╙

∆╢↓≤⁹ 

◄ │⁸ ⅜ ⇔√ │↓╣≤

─ ╩ ∆╢ ⅜ ℮╙─≤∆╢↓≤⁹ 

○ │ ╩ ℮ │⁸ ⌐ →╢ ╩ ≤∆╢↓≤⁹

↓─ ⌐⅔™≡⁸ ─ ⅛╠ ⇔≡ ╩ ∆╢↓≤⅜≢⅝╢↓≤⁹ 

( )  ─ ↕⁸ ┘ ⅜ ≢№╢ ─ ⱷכ♩ꜟ

↔≤⌐ ─ ⅛╠  

( )  ( )⌐ →╢╙──╒⅛⁸ ⌐ →╢ ─ ↕─ ⁸ ─ ↔≤⌐ ╘

╠╣√ ─  



 ♃fi◒ ─  

3-3-5 

3-3-2  

─ ↕ 
─                          

          ─          

10Ⱶꜞⱷכ♩ꜟ  
─ ↔≤⌐ ─ ⅛╠

 

─ ↔≤⌐ ─ ⅛╠

 

10Ⱶꜞⱷכ♩ꜟ╩

ⅎ25Ⱶꜞⱷכ♩ꜟ

 

(1) ─ ↔≤⌐ ─ ⅛

╠  

(2) ─ ↔≤⌐ ⌐ ™

─ ⅛╠  

(1) ─ ↔≤⌐ ≤─

 

(2) ─ ↔≤⌐ ─ ⅛

╠  

25Ⱶꜞⱷכ♩ꜟ╩

ⅎ╢╙─ 
─∆═≡─  ─∆═≡─  

 

( )  ┘ ⅜ ≢№╢ ─ ⱷכ♩ꜟ↔≤⌐ ─

⅛╠  

◌ │ ╩ ℮ │⁸ ⌐ →╢ ╩ ≤∆╢↓≤⁹↓─

⌐⅔™≡ ─ ⅛╠ ⇔≡ ╩ ∆╢↓≤⅜≢⅝╢↓≤⁹ 

 

3-3-3  

┘▪♬ꜙꜝ ─ ⁸▪♬ꜙꜝ ─

∑ ⁸▪♬ꜙꜝ ─ ⅛╠♃fi◒─

⌐ ⅛∫≡ ╡ ⇔≡™╢▪♬ꜙꜝ ─ ⅜ ⱷכ

♩ꜟ ─╙─⌐ ╢⁹ ┘ ─  

 ─ ─∆═≡─  

≤ ≤─ ─℮∟⁸ ⌡ ┘

∑  
 ─ ─∆═≡─  

▪♬ꜙꜝ ─ ⅛╠♃fi◒ ⌐ ⅛∫≡

╡ ⇔≡™╢▪♬ꜙꜝ ─ ⅜ ⱷכ♩ꜟ╩ ⅎ╢╙─

⌐ ╢⁹ ┘ ─  

─ ─℮∟ ⌡

┘ ∑ ─

∆═≡─  

≤ ≤─ ─℮∟ ─ ─

≢№∫≡⁸ ┘ ⅜ ≢№╢╙

─ 

─ ─℮∟ ─

⅛╠  

☺◓ ↑ ≢ ╩ ℮↓≤⅜ ≤ ╘╠╣╢

 
─  

 

◐ ∆╖ ─ ⌡ ↕⌐≈™≡│⁸ ╩ ℮═⅝ ⌐ ⇔⌂™╙─≢№╢

↓≤⁹ 

◒ ─ ⌐ ∆╢ ╣ │⁸ ⌐ →╢ ⌐╟╡ ℮↓≤⁹ 

( )  ⌐╟╢  

│⁸ ╩ 0.5 ≤⇔⁸ ─ ⌐№╠⅛∂╘ ↕╣√

⅜ ∆╢⅛ ⅛⌐╟╡ ╣─ ╩ ∆╢╙─≢№╢↓≤⁹ 

( )  ╣ ⌐╟╢  

╣ │⁸♃fi◒ ⌐ 50Ⱶꜞⱷכ♩ꜟ ─ ╩ ⅎ╢↓≤⌐╟╡⁸

─ ⌐№╠⅛∂╘ ↕╣√ ⅜ ∆╢⅛ ⅛⌐╟╡ ╣─

╩ ∆╢╙─≢№╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-3-6 

( )  ╣ ⌐╟╢  

╣ │⁸ ╩ ⅛╠ ─ ⁸

⌐ ⇔√╙─ ╩ ⇔⁸ ╩ ⇔√ ─ ⌐ ⅜ ⇔

≡ↄ╢⅛ ⅛⌐╟╡ ╣─ ╩ ∆╢╙─≢№╢↓≤⁹ 

( )  JIS Z 2330₈ Ί ╣ ─ ┘∕─ ₉ 

JIS Z 2330₈ Ί ╣ ─ ┘∕─ ₉⌐ ∆╢ ╣ │⁸

20 ─ ⌐ ∆╢₈ ⁸ ╣ ⁸ ╣ ₉⌐ ╕╣╢

╙─≢№╢↓≤⁹β  

◔ ─ ⌐ ∆╢ ─ ⌐ ℮ ─ ┘ ─

─ ₈ ₉≤™℮⁹ │⁸ ⌐╟╢↓≤⁹ 

( )  ─ ─ │⁸ ⁸ ╡ ⌐╟╡ ℮↓≤⁹↓─ ⁸

│⁸ ≢№∫≡⁸♃fi◒─ ─ ⌐ ⇔ ≤⌂╢ ╩ ⌂™⇔ ⱷ

─ꜟ♩כ ≢ ∫√ ╩ ≤∆╢↓≤⁹ 

⌂⅔⁸ ⌐№√∫≡⁸∕─ ≤⌂╢ ⌐│⁸ ⌐ ⇔⌂™ ╩ ↑╢≤

≤╙⌐⁸ ─ ⌐≈™≡╙ ∆╢↓≤⁹ 

( )  ─ ─ │⁸♃fi◒ ⌐ ╩ ╢ ⁸Ⱨ▪ⱡ ╩ ╢ ⌐╟╡

℮↓≤⁹ 

↓─ ⁸ │⁸ ─ ⌐ ─ ⌐ ≤⌂╢ ╩ ⱷ

─ꜟ♩כ ≢≤∫√ ⅜ ≤⌂╢≤⅝│ ≤∆╢⁹ ┘♃fi◒─

─ ╩ ≤⇔≡ ⱷכ♩ꜟ╩ ∆↔≤─ ╩ ⅝⁸

─ ⅜ ≤⌂╢≤⅝│ ≤∆╢⁹ ≤ ─ ⌐ ≤⌂╢ ╩ ╪∞ ≤─

╩ ≤∆╢↓≤⁹ 

( )  ⌐№√∫≡│⁸ ╩ ⇔√ ╩ ↕∑╢≤≤╙⌐⁸

│⁸ ♃fi◒ ─ ─ ⌐ ⌐ ↕∑

╢↓≤⁹ 

 

 ┘  

♃fi◒─ ┘ ⌐ ⅎ╢↓≤⅜≢⅝╢ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

(1)  ─₈ ┘ ⌐ ⅎ╢↓≤⅜≢⅝╢ ₉⌐≈™≡│⁸

13 ─₈ ⌐╟╢ ┘ ⌐ ∆╢ ┘ ╡─ ₉─ ⌐╟

╢↓≤⁹ 

(2)  ─√╘─Ⱳꜟ♩ ╩♃fi◒ ⌐ ∆╢ │⁸ ♃fi◒─ │ ⌐

∆╢↓≤⌂ↄ⁸ ≤⇔≡♃fi◒ ⌐≤╡≈↑√Ⱪꜝ♇◔♇♩ ⌐╟╡ ⌐ ∆╢↓

≤⁹ 

 

 

 



 ♃fi◒ ─  

3-3-7 

 

3-3-1ᶫ Ώș ǠȒǦȈǵȠɱȩɶɚɩɆǵ ͈ 

 

  

⌐ ∆╢₈ ₉≤│⁸ ♃fi◒─ ⌐ ↑╠╣╢

╩™™⁸₈↓╣╠≤ ─ ╩ ∆╢╙─₉≤⇔≡│⁸ ⌐ →╢╙─⅜№╢↓

≤⁹β  

(1)  ╩ ↕⅜ ☿fi♅ⱷכ♩ꜟ ╩ ™√╙─│ ☿fi♅ⱷכ♩ꜟ ─

⸗ꜟ♃ꜟ≢ ∫√╙─ 

(2)  ╩ ↕⅜ ☿fi♅ⱷכ♩ꜟ ╩ ™√╙─│ ☿fi♅ⱷכ♩ꜟ ─◖

fi◒ꜞכ♩Ⱪ꜡♇◒ │ ↕ ☿fi♅ⱷכ♩ꜟ ─꜠fi● ⇔ↄ│ ≢ ∫√╙─ 

(3)  ╩ ↕ ☿fi♅ⱷכ♩ꜟ ─ ⅛↕ ⅜0.3 ─╙─ ≢ ∫√╙─ 

 

10 ♃fi◒─  

⌐ ∆╢₈ ─ ⌐╟╡♃fi◒ ─ ⅜ ⌐

⇔√ ⌐ ─●☻ │ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ₉≤│⁸ ⌐╟╢↓≤⁹ 

(1)  ♃fi◒ 

▪ ╩ ╟╡ ↄ⇔⁸ ⌐ ⇔⌂™╙─≢№╢↓≤⁹ 

▬ ≤ ≤─ ╩ ∆╖ ≤⇔⁸⅛≈⁸ │ ≤ ─ ╟

╡ ↄ⇔√╙─≢№╢↓≤⁹ 

► ≤ ⌐│⁸ ∆╢√╘⌐ ⌂ ─ ∆╡ ╩

↑⌂™╙─≢№╢↓≤⁹ 

(2)  ♃fi◒ 

╩ ∆╢√╘⌐ ⌂ ╩ ∆╢ ⌐ ™ ╩ ↑√╙

─≢№╢↓≤⁹ 

 

11 ♃fi◒ ─ ─ ─  

─ ⌐ ∆╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  ─ ⌐ ∆╢₈▪☻ⱨ□ꜟ♩◘fi♪ ₉≤│⁸▪☻ⱨ□ꜟ♩◘fi

♪ │▪☻ⱨ□ꜟ♩⸗ꜟ♃ꜟ ╩™™ ○▬ꜟ◘fi♪│ ╕⌂™⁹ ⁸ ↕50Ⱶꜞⱷכ♩ꜟ

™√╙─≤∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-3-8 

(2)  ♃fi◒ ╩ ⌐ ⇔≡ ↑√ ♃fi◒⌐№∫≡│⁸ ♃fi◒─ ─▪♬

ꜙꜝ ─ ╡ ⇔ ⅛╠▪♬ꜙꜝ ─ ┼ ⅜ ∆╢─╩ ∆╢√╘─

₈ ₉≤™℮⁹ │⁸ ⌐╟╢ ⌐╟╡ ℮↓≤ 3- 3- 2 ₈

₉╩ ⁹β  

▪ ╡ ─ │⁸ ⌐╟╢↓≤⁹ 

( )  │⁸ ─ ⌐ ∂⁸ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ≤∆

╢↓≤⁹ 

( )  │⁸ ╡ ─ ─ ⌐ ℮↓≤⁹ 

▬ │⁸ ╩ ∆╢≤≤╙⌐⁸ ⌂ ⁸ ⁸ ┘ ╩

∆╢╙─≢№╢↓≤⁹ 

► │⁸ ─ ⌐╟╡ ℮↓≤⁹ 

( )  ≤▪♬ꜙꜝ ┘ ╡ ≤─ │⁸ ⅜ ⇔⌂™╟℮ ⌂

╩ ∏╢↓≤⁹ 

( )  ♃fi◒─ ⌐╟╡▪♬ꜙꜝ ≤ ≤─ ⌐ ╩ ∏╢⅔∕╣⅜

№╢ │⁸ ─ ╩ ∆╢√╘─ ╩ ∏╢↓≤⁹ 

( )  ↕│⁸ ∆╢ ─ ⌐ ∂⁸ ╩ ⅞⁸ ─ ╩ ∆╢─⌐

⌂ ↕≤∆╢↓≤⁹ 

( )  │⁸ ⌂ ╩≈↑╢≤≤╙⌐⁸ ⌐ →╢↓≤⁹ 

( )  ▪♬ꜙꜝ ⇔ ─ ╩ ∏╢ ⌐ ╘ ╩ ™╢ │⁸ ⁸

⌐ ╩ ⅎ⌂™╙─≢№╢↓≤⁹ 

( )  ⱬ▪ꜞfi◓ⱪ꜠כ♩╩ ∆╢ ♃fi◒⌐№∫≡│⁸ⱬ▪ꜞfi◓ⱪ꜠כ♩

⇔ ⌐≈™≡╙⁸ ( )⅛╠( )╕≢⌐ →╢ ⌐ ∂≡ ∆╢↓≤⁹ 

3-3-2ᶫ Њ ͈ 

 (Ǥǵ ) 

 

 

 

 

 

 

 

 (Ǥǵ ) 

 

 

 

 

 



 ♃fi◒ ─  

3-3-9 

 

 (Ǥǵ ) 

 

 

 

 

 

 

 

12  

(1)  Ɫ⌐ ∆╢₈ ─ ⌐╟╢ ₉≤│⁸

⅜70 ─ ╩ ∆╢ ♃fi◒⌐№∫≡│40ⱷ♇◦ꜙ 40ⱷ♇◦ꜙ

≤│ ▬fi♅─╕∆⌐1,600─ ⅜№╢╙─╩™℮⁹ ⁸ ⅜70 ─ ╩

∆╢ ♃fi◒⌐№∫≡│20ⱷ♇◦ꜙ ≤∆╢↓≤⁹ 

(2)  ─ ─ ⌐№√∫≡│⁸ ─ ⌐╟∫≡ ♃fi◒⌐ ╩⅔╟

╓↕⌂™╙─≤∆╢↓≤⁹ 

 

13  

⌐ ∆╢₈ ─ ╩ ⌐ ∆╢ ₉⌐│⁸ ─

╙─⅜№╢↓≤⁹ 

(1)  │ ⅜√╛∆ↄ ⇔⌂™ ─╙─  

(2)  ⁸ ⱪכ♩♁▬▪○☺ꜝ│ ⌐╟╢╙─  

(3)   

─ │⁸ⱴ◓Ⱡ♇♩ ╩ ™√ ╩☺כ◕☻ꜝ●⁸⇔≥ ⇔⌂™

↓≤⁹√∞⇔⁸ 40 ─ ╩ ∆╢♃fi◒⌐ ╩☺כ◕☻ꜝ●╡ ↑╢↓≤

⅜≢⅝╢⁹∕─ │⁸ ≢ ⇔√ ●ꜝ☻ ≢ ╠╣⁸⅛≈⁸ ☺כ◕☻ꜝ●

⅜ ⇔√ ⌐ ─ ╩ ⌐ ≢⅝╢ Ⱳכꜟ ⅜ ╡

↑╠╣≡™╢╙─⌐ ╠╣╢↓≤⁹ 

 

14  

⌐ ∆╢₈ ₉│⁸ ⌐╟╢╙─≤∆╢⁹ 

(1)  │⁸♃fi◒≤─ ⌐ ⌂ↄ♃fi◒─ ≤⇔≡ ∆╢↓≤⁹ 

(2)  ─ ≢ ─♃fi◒⌐ ╩ ∆╢ ⁸ ╩™∏╣─♃fi◒─

≤∆╢⅛│⁸ ─ ⌐╟╢⁹ 

▪ ⅜ ⅝™♃fi◒ 

▬ ∆╢ ─ ─ ™♃fi◒ 

► ∕─ ≤ ╘╠╣╢♃fi◒ 



 ⁸ ┘ ─ ─  

3-3-10 

(3)  │⁸ ⅜ ∆╢⅔∕╣⅜№╢ ⁸♪ꜝ▬◄ꜞ▪ ╩ ↑√ ≤∆╢↓≤⁹ 

(4)  ⌐│⁸ ╣√ ⅜ ⇔⌂™╟℮⁸ ⌐ ∂≡ ╩ ↑

╢↓≤⁹ 

(5)  ⌐ ↑╢ │⁸ ∟╜℮∕─ ⌐╟╢ ╩ ⇔ ™ ≢ ╡⁸

│⁸⌡∂ ╖ ⁸ ╘ ⁸ ╘ ┘ⱨꜝfi☺ ≤ ╘╠

╣╢╙─≤∆╢↓≤⁹ 

(6)  ─ ⌐⅔™≡⁸ ♃fi◒─ ─ ╩ ∆╢↓≤⅜ ⌂ ⌐│⁸

─ ⌐ ⌐ →╢ ╩ ↑╢↓≤⁹ 

▪  

▬  

(7)  ♬─₈∕─ ⌐╟╢ ⅜ ∆╢⅔∕╣─№╢

─ ₉│⁸ ⁸ ┘ ≤∆╢↓≤⁹ 

(8)  ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

ⱶכ○⁸1,000│ ▪ ≤∆╢↓≤⁹ 

▬ ≤ ─ │⁸Ɫfi♄ ↑ ⌐╟╡ ⌐ ∆╢↓≤⁹ 

► │⁸ ⌐ ⌂ ╩ ∆╢ ↕≤∆╢↓≤⁹ 

◄ │⁸ ♃fi◒─ ─◒ꜞ♇ⱪ ⅜ ⌐ ≢⅝╢ ≤∆╢↓

≤⁹ 

○ ─ │⁸ ∕─ ─ ┘ ─№╢ ╩ ™╢↓≤⁹ 

3-3-3ᶫ ᷂ ǵ͈ 

͈  

 
͈                ͈  

 



 ♃fi◒ ─  

3-3-11 

(9)  ─ ⅜ ⌐ ↕╣≡™╢ ≢⁸ ╩ ↑⌂↑╣┌⌂╠⌂™≤⅝│⁸

⌐ ≈─ ╩ ↑╢↓≤╩╙∫≡ ╡╢↓≤⁹↓─ ⁸ ─ ⅜

∆╢≤⅝│⁸ ─ ╩ ⇔√ ╩ ↑╢↓≤⁹β  

(10)  ⱱ√∞⇔ ─₈ ⅜ ─ ╩

↑╢ ─⌂™≤ ╘╢ ₉⌐│⁸ ⅜ ♃fi◒─ ⌐№╡⁸ ♃fi

◒─ ≢№╢↓≤⅜ ╠⅛≢№╢ ⁸ ─ ⅜ ╡⇔⌂™ ⌐№╢

⅜ ∆╢↓≤⁹β  

 

15 ⱳfiⱪ ─  

♃fi◒ ─ⱳfiⱪ │⁸ ─≤⅔╡≤∆╢⁹ 

(1)  ⱳfiⱪ │ ⌐ ↑⌂™↓≤⁹β  

(2)  ⱳfiⱪ ─ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ ─ ▬⌐ →╢₈ ⌂ ₉≤│⁸ ⌐

↑╠╣√ ─ ─ ╩™℮╙─≢№╢↓≤⁹ 

▬ ─ ▬─ ⌐⅛⅛╦╠∏⁸ ⌐ →╢ⱳfiⱪ ↓─

─ⱳfiⱪ ≤│⁸ ⁸ ⅜≢⅝╢ ⅝↕─╙─╩™℮⁹ ╩ ↑╢ ⌐│⁸

─ ╩ ⇔⌂™↓≤⅜≢⅝╢╙─≢№╢↓≤⁹ 

( )  ─ ≤∆╢↓≤⁹ 

( )  ╩ ⌐│ ╩ ↑╢⁹ ≤∆╢↓≤⁹ 

► ⱳfiⱪ ⌐≈™≡│⁸ ─ ╩ ⇔⌂™↓≤⅜≢⅝╢↓≤⁹ 

(3)  ⱳfiⱪ⅜ ≤⇔≡ ∆╢ ⁸ⱳfiⱪ ╩™∏╣─♃fi◒─ ≤∆╢⅛│ 14(2)

─ ─ ⌐╟╢╙─≢№╢↓≤⁹ 

(4)  ─ ꜞ⌐ ∆╢₈ ⁸ ┘ ─ ₉ ┘

♯⌐ ∆╢₈ ╩ ─ ⌐ ∆╢ ₉│⁸ ┘ ─

─ ⌐╟╢↓≤⁹ 

(5)  ─ ꜟ─₈ ─ ⅜№╢≤ ╘╠╣╢ ₉⁸

₈ ⌐ ↑⌂™╙─₉⁸₈ ₉⁸₈ ₉│⁸ ─ ─ ⌐

╟╢↓≤⁹ 

(6)  ⱳfiⱪ ⌐ ╩ ↑╢ │⁸ 14(9)─ ⌐╟╢↓≤⁹β  

(7)  ─ ꞌ√∞⇔ ─ ⌐╟╡ ╩ ↑╢ ⅜⌂™≤

╘╢ ≤│⁸ 14(10)─ ⌐╟╢╙─≢№╢↓≤⁹ 

(8)  │⁸ ⌐ ⌂ↄ⁸⅛≈⁸ ─ ⌐╟╡ ⇔⌂™╟℮⌐ ↑╢↓≤⁹ 

 

16  

(1)  ≤│⁸♃fi◒─ ─ ╙ ╕╣╢╙─≢№╢↓≤⁹β  

(2)  ─╙─╩ ™╢ │⁸ ⌐ →╢╙─ │↓╣≤ ─ ╩

∆╢ ≤∆╢↓≤⁹β  



 ⁸ ┘ ─ ─  

3-3-12 

3-3-4  ֕Ƕֿ ̊ʣǵ ר ș ǠȒ  

JIS G3201 SF  

G5101 SC  

G5111 ┘ SCC  

G5121 ☻♥fi꜠☻ SUS  

G5122 SCH  

G5502 ⁸ FCD400⁸FCD450  

G5702 ⁸ FCMB340⁸FCMB360  

 

(3)  ─ ╩ ∆╢ ♃fi◒─ │⁸ β ∕─ ꜝ▬♬fi◓⇔√JIS G

5501 ⌡∏╖  FC200⁸FC250⁸FC300⁸FC350 ─ ⅛╠ ╕≢─ │↓╣

≤ ─ ⁸ ┘ ╩ ∆╢╙─╩ ™╢↓≤⅜≢⅝╢⁹ 

 

17 ─  

(1)  ⌐ ↑╢  

─ √∞⇔ ─ ⌐╟╡⁸♃fi◒─ ⌐ ♃fi

◒─ ╩ ↑╢↓≤⅜≢⅝╢ ≤⇔≡│⁸ ⌐ ↑╠╣╢♃fi◒ ⁸♃fi◒─

≤ ≤─ ⌐ ⌂ ⅜ ↑╠╣≡™╢╙─⌐ ╠╣╢╙─≢№╢↓≤⁹β  

(2)  ⌐ ↑╢  

♃fi◒─ ⌐ ≢ ╩ ∆╢ ⌐│⁸ ─ ╩ ⌐∆

╢√╘⁸ ♃fi◒ ≢ⱨꜝfi☺ ⌐╟╡ ╡ ⇔╩ ⅎ╢ ≤∆╢↓≤⁹ 

♩כ꜠ⱪ☺כ◕⁸√╕ ⌐≈™≡│⁸Ⱳꜟ♩ ╘ ⌐╟╡ ╡ ⇔╩ ⅎ╢ ≤∆╢↓

≤⁹β  

 

18 ⅝ ─ ─  

⅝ ♃fi◒ ⅝ ⅝─♃fi◒╩ ╗⁹ ─ │⁸ ⌐╟╢↓≤⁹ 

(1)  │⁸ ≤⇔≡♃fi◒ ⌐ ⇔⌂™ ≤∆╢↓≤⁹√∞⇔⁸ ╟↑

─ ╩ ⅝ ─ ⌐╟∫≡╙ ⌐ ╩ ⅎ╢⅔∕╣─⌂™ ≤⇔√ │⁸

↓─ ╡≢⌂™⁹ 

(2)  │⁸ ⌐ ⇔⌂™ ≤∆╢↓≤⁹ 

(3)  Ɫ꜡◕fi │⁸ ⁸ⱡ☼ꜟ⁸ ⅜⁸ ⅝ ꜞⱶ╟╡ ⌐ ↑

⌂™↓≤⁹ 

(4)  │⇔↔ ─∑⅝ │⁸ │⇔↔≤ ⇔≡╙ ⇔⌂™ ≢ ╢⅛ │ ℮↓

≤⁹ 

(5)  │⇔↔─ │⁸ ≤ ⇔≡╙ ⇔⌂™ ─ ≢ ╢⅛ │ ℮↓≤⁹ 

(6)  ⁸ ─ ┘◘fiⱪꜞfi◓ ⱶכfi◓ⱱ☺כ◕ │⁸ ⅝ ─

⌐╟∫≡╙ ⇔⌂™ ≤∆╢↓≤⁹ 

 

19 ─ ─  



 ♃fi◒ ─  

3-3-13 

─ ⌐ ∆╢₈ ╩ ⅎ⌂™╟℮⌐ ∆╢₉ ≤⇔

≡⁸ ╩ ∆╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  │⁸ ≤⇔≡ ⅜ ⱷ●Ɽ☻◌ꜟ ─ ⌐ ↑╢↓≤⁹β  

(2)  │⁸ 15 ─₈ ⌐ ∆╢ ─ ₉⌐ ∆╢╙─≢№

╢↓≤⁹β  ╩ ∆╢ │⁸≢⅝╢∞↑ ☿fi♃כ─

│ ╩ ∫√ │ ╩ ™╢↓≤⁹ 

(3)  ⱨ꜠◐◦Ⱪꜟⱷ♃ꜟⱱ⁸☻כꜚ♬Ᵽכ◘ꜟ ⱬ꜡כ☼ ─

⅜ ╘≡ ↕™ │⁸ ─ ╩ ⇔√ ─ ≤─ ╖ ╦∑ ⌐

╟╡ ⌐⅔↑╢ ╩ ≢⅝╢╟℮ ∆╢↓≤⁹β  

(4)  ⱬ꜡כ☼╩ ™╢ │⁸ ∆╢ ─ ⌐ ∂≡ ─⅔∕╣─⌂™

─ⱬ꜡כ☼╩ ™√╙─≢№╢↓≤ 3- 3- 4 ⁹β  

3-3-4ᶫ ǵᾳ ǲȏȒ ׄẀ̬ ǵ֛ט ͈ 

 

(5)  ─ │ ⌐╟╢↓≤⁹β  

▪ │⁸ │ ⇔≡ ™⌂™↓≤⁹ 

▬ │⁸ ⌐⌡∂╣⅜ ∂⌂™╟℮ ╡ ↑╢↓≤⁹ 

► │⁸ ─ ⌐╟╢ ╩ ∆╢√╘⁸ ⌐ ∂ ⌂

⌐╟╡ ∆╢↓≤⁹ 

◄ │⁸ ⌐╟╡ ─ ⅜ ⇔ↄ ∆╢⅔∕╣─№╢

⌐│ ↑⌂™↓≤⁹ 

 

20  

⌐ ∆╢ │⁸ 13─ ─₈

₉─ ⌐╟╢↓≤⁹ 

 

21  

(1)   

─ ─ ⌐№√∫≡│⁸ ⅜ ≢№╢♃fi◒ ─♃fi◒─ ─ ↕

─ ─ ⁸ ⌐№╢∆═≡─♃fi◒─ ⁸ ─ ┘



 ⁸ ┘ ─ ─  

3-3-14 

─ │⁸ ─ ⌐ ⇔⌂™≢ ∆╢↓≤⁹β  

 

3-3-5ᶫ Ḵǵὦ ǵ ὑ ǵ͈ 

 

ρ  Ḵǵὦ ǶƲ ѝǓ ►ǠȒƳ 

(2)  ─  

▪ ⌐ ∆╢₈ ₉≤│⁸ ⱷכ♩ꜟ ─

╩ ∆╢╙─╩™™⁸ ≤⇔≡∆ⱬ≡─ ⌐ ∆╢╟℮⌐ ↑╢↓≤⁹ 

▬ ─ ⌐│⁸ ╩ ↑⌂™↓≤⁹√∞⇔⁸ ─ ⅜

─ ⅛╠ ⱷכ♩ꜟ ─ ╩ ⇔≡ ─ ╩ ∆╢↓≤≤⌂╢

│⁸↓─ ╡≢⌂™⁹ 

► ⅜50◐꜡ꜞ♇♩ꜟ ─♃fi◒⌐≈™≡│⁸ ─ ─ │ ⌐

∆╢╙─≢№╢↓≤⁹ 

(3)  ─  

▪ ─ │⁸ 16 ─₈ ─ ⌐ ∆╢ ₉─ ⌐╟╢↓≤⁹

β  

▬ ─ ╩ ≤⇔≡ ∆╢↓≤│⁸ ⇔ ⅎ⌂™↓≤⁹β  

↓─ ⌐⅔™≡⁸ ≤ ─ ≤─ ↑ ─↓℮ │⁸ Ɽכ☿fi♩

≤∆╢↓≤⁹ 

► │⁸ ≤⇔≡ ⇔√ ≤∆╢↓≤⁹ 

√∞⇔⁸ ─ ┘ⱳfiⱪ │⁸↓─ ╡≢⌂™⁹ 

◄ ≤ ♃fi◒─ ⅜ ◖fi◒ꜞכ♩ ─╙─⌐№∫≡│⁸ ⌐╟

╢↓≤⁹ 

( )  ─∑╪ ⅜⁸ ─ ∑╪ ≢№╢ │⁸ 16

─₈ ─ ⌐ ∆╢ ₉─ (5)▪⌐ ∆╢₈ ─ ∑₉ ┘▬

⌐ ∆╢₈ ⌐ ∆╢ ₉⌐≈™≡│⁸ ≢⅝╢╙─≢№╢↓≤⁹ 

( )  16 ─₈ ─ ⌐ ∆╢ ₉─ (5)►( )⌐ ∆╢₈ ₉

⌐≈™≡│⁸ כ─ ─ ↕⅜⅔⅔╗⌡20ⱷכ♩ꜟ ─ │⁸ ⌐╟╠

∏ ⅝ ╩ ↑╢ ╩╙∫≡ ╡╢╙─≢№╢↓≤⁹ 

○ ─ ─ ─ ╩ ⅜ ∆╢ ─ │⁸ 16 ─₈

─ ⌐ ∆╢ ₉─ ─ ⌐╟╢↓≤⁹β  



 ♃fi◒ ─  

3-3-15 

(4)  ─ ─  

▪ √∞⇔ ─ ╩ ∆╢ ⌐≈™≡│⁸ⱳfiⱪ

⌐╟╡ ─ ↕⌐ ⅜№╢√╘⁸ ╩ ↕∑╢↓≤⅜ ⌂ ⌐

╠╣╢╙─≢№╢↓≤⁹ 

▬ ─ ─ │⁸ 16 ─₈ ─ ⌐ ∆╢ ₉

─ ─ ⌐╟╢↓≤⁹β  

(5)  ─  

─ ─╙─╩ ↄ⁹ ╩ ∆╢♃fi◒─ ─ ⌐│⁸

╩ ↑√ ⌐ ∆╢╙─≢№╢↓≤⁹ 

 

22 ─♃fi◒  

─ ♃fi◒─ ♃fi◒│⁸ ┘ ⌐ ⇔≡ ⌂╙─≤⇔⁸

⁸ ≤⇔≡Ᵽfi♪ ⌐╟╡ ⌐▪fi◌כⱲꜟ♩ ≢ ∆╢↓≤⁹ 

 

23 ⅝ ⅝ ♃fi◒⌐ ╢ ─ ⁸ ─ ─  

  ⌐╟╢↓≤⁹ 

 

24 ⁸  

(1)  ─√╘⌐ ⌂ │⁸ ♃fi◒↔≤⌐ ↑╢↓≤⁹ 

(2)  ♃fi◒ ⌐⁸ │ ↑⌂™↓≤⁹ 

 

25  

♃fi◒⌐ ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  ─ ⅛╠ ⅜ ∆╢─╩ ∆╢√╘─ ⌂ ╩ ∏╢↓≤⁹ 

(2)  ─ ╩ ∆╢√╘⌐ ⌂ │⁸ ╩ ╦⌂™↓≤⁹ 

(3)  ►꜠♃fiⱨ◊כⱶ⌐╟╢ │⁸ ⌐╟╢↓≤⁹β  

▪ ►꜠♃fiⱨ◊כⱶ│⁸ ─╙─⌐ ╡ ≢⅝╢↓≤⁹↓─ ⁸►꜠♃fiⱨ◊כ

ⱶ╩ ∆╢√╘⁸►꜠♃fiⱨ◊כⱶ─ ╩Ɫ꜡◕fi │╡╪ ⇔√╙─ │

►꜠♃fiⱨ◊כⱶ─ ⌐ ─ ≤⇔≡Ɫ꜡◕fi │╡╪ ╩ ⇔√╙

─╩ ™⌂™↓≤⁹ 

▬ ►꜠♃fiⱨ◊כⱶ─ ⌐№√∫≡│⁸►꜠♃fiⱨ◊כⱶ╩ ⅝ ↑╢ ⌐◘fi♪Ⱪꜝ

☻♩⁸꞉▬ꜘⱱ▬ꜟ ─ ⌂ ╩ ℮↓≤⁹ 

► ▬─ │⁸☺fi◒ꜞ♇♅Ɑ▬fi♩ ╩↕┘ ╘─ ≤⇔⁸∕─ ⌐◄ⱳ

◐◦ ⁸ⱨ▼ⱡכꜟ ─ ⌐╟╡⁸ ╡─ ╩∆╢↓≤⁹ 

◄ ►꜠♃fiⱨ◊כⱶ─ ⅝ ↑│⁸ ♃fi◒ ⅛╠⅔⅔╗⌡500Ⱶꜞⱷכ♩ꜟ

╕≢─ ⌐≈™≡│↓╣╩ ╦⌂™↓≤⁹ 

○ ►꜠♃fiⱨ◊כⱶ─ │⁸ ⌐╟╡ ─ ╩ ∏╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-3-16 

( )  ►꜠♃fiⱨ◊כⱶ─ ⌐│⁸Ⱪ♅ꜟ◗ⱶ ─ ─ ╩ ∆╢ ╩ ∏

╢↓≤⁹ 

( )  ( )─ ─ ⌐│⁸ ╩ ∆╢ ╩ ∏╢↓≤⁹ 

( )  ( )─ ─ ⌐│⁸ Ɑ▬fi♩⌐╟╢ ╩∆╢↓≤⁹ 

⌂⅔⁸↓─ │⁸⅔⅔╗⌡ ⌐ ╩ ∆╢√╘─ ╩∆

╢↓≤⁹ 

 

26 ─  

(1)  ☻◒ꜝ♇ⱪ▪fi♪ⱦꜟ♪⌐╟╢  

─ ♃fi◒ ⌐≈™≡⁸ ─ ─ ⌐╟╢ ╩⇔√ ⌐

⌐ ╢ ♃fi◒─ ⌐⁸ √⌐ ♃fi◒╩ ∆╢ ⌐⅔™

≡⁸ ─∆═≡⌐ ∆╢ │⁸ ┘

⅛╠ ╕≢ ┘ ─ ⌐ ╢╙─⌐ ╢⁹─ ⌐≈™≡⁸

─ ╩ ⇔⁸ ─ ♃fi◒─ ⌐ ─ ♃fi◒

╩ ∆╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹β  

▪ ─ ♃fi◒─ ┘ ↕⅜ ─ ♃fi◒─ ┘ ↕≤

─╙─≢№╢↓≤⁹ 

▬ ─ ♃fi◒⌐⅔™≡ ∆╢ ⅜ ─ ♃fi◒⌐⅔™≡ ⇔

≡™√ ─ ─ ╩ ∆╢╙─≢№╢↓≤⁹ 

► ─ ♃fi◒⌐│⁸ 11 ─₈♃fi◒ ─ ₉⌐╟╡

╩ ↑╢╙─≢№╢↓≤⁹√∞⇔⁸ ⅜ ─ ╩ ⇔⁸

│ ╡ ℮ ♃fi◒⌐№∫≡│⁸ ⌂ ╩ ↑╢↓≤⅜≢⅝

╢╙─≢№╢↓≤⁹ 

◄ ─ ♃fi◒─ ⅜ ─ ─ ⌐ ∆╢

╙─≢№╢↓≤⁹ 

(2)  ⌐╟╢  

─ ♃fi◒ ⌐≈™≡⁸ ⌐ ∆╢ ⌐╟╡⁸

♃fi◒ ─♃fi◒ ─╖╩ ≡ ⅎ╢ │⁸ ≡ ⅎ ─ ♃fi◒─

─♃fi◒⌐№∫≡│⁸√≡ ┘ ─ ↕╩™℮⁹ ┘ ↕⅜⁸ ≡ ⅎ ─

♃fi◒─ ┘ ↕≤ ≢№╢↓≤⁹β  

 

27 ∕─  

♃fi◒ ─ ™ ⇔ ⌐≈™≡│⁸∕─ ⌐╟╡ ⁸ │

─ ╩ ↑╢╙─≤∆╢⁹ 

 

 



 ♃fi◒ ─  

3-3-17 

β  56 12 15  ₈ ♃fi◒ ─ ⌐≈™≡₉   

β  51  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  53 15  ₈ ♃fi◒ ─ ₉   

β  37  ₈ ♃fi◒ ─ ╕√│ ─ ⌐≈™≡₉   

β  52 30  ₈ ─ ⌐ ∆╢ ┘ ─ ╩ ∆╢ ─ ⌐≈™≡   

β  40 10 26  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  54 12 25  ₈ ♃fi◒ ─ ⌐≈™≡₉   

β  56 19  ₈ ♃fi◒─ ─ ⌐≈™≡₉   

β   ₈ ≤ ─ ╩ ∆╢ ≢ ╠╣√ ₉   

β  37  ₈ ♃fi◒─ ₉   

β  56  ₈ ─ ⌐ ∆╢ ⌐≈™≡₉   

β  51 16  ₈ ♃fi◒ ─ ⌐ ∆╢ ⌐≈™≡₉   

β  52 11 14  ₈ ─ ⌐ ∆╢ ⌐≈™≡₉   

β  53 10 24  ₈ ─ ⌐≈™≡₉   

β  51  ₈ ≤⇔≡►꜠♃fiⱨ◊כⱶ╩ ∆╢ ♃fi◒ ─ ™⌐≈™≡₉   

β  51 10 30  ₈ ─ ♃fi◒─ ⌐ √⌐ ♃fi◒╩ ∆╢ ─ ™⌐≈™≡₉  

             

β  14 21  ₈ ♃fi◒─ ⅛╠─ ⌐≈™≡₉   

β  11 15  ₈ ⌐ ∆╢ ♃fi◒ ┘ ─ ⌐≈™≡₉  

β   ₈ ⌐ ∆╢ ─ ⌐≈™≡₉  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-3-18 

 



 ♃fi◒ ─  

3-4-1 

 ♃fi◒ ─  

  

─ ⁸ ⌐ ∂⁸ 3- 4- 1 ⌐ ∆ ⅜ ↕╣╢╙─≢№╢⁹ 

 

3-4-1  ֺ ǵᾶКȽɱȭ ǲ ǜȓȒḨ  

                 

─ ⌐ ∆╢╙─ 12   

 ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ  12  22 ─  

 ▪☿♩▪ꜟ♦ⱥ♪  12  22 ─  

 ⱥ♪꜡◐◦ꜟ▪Ⱶfi  12  22 ─10 

─ ─ ∆╢╙─ 12   

 

 ─ ⌐ ∆╢ ♃fi◒ ─ ─  

 ♃fi◒≤ ─  

♃fi◒≤♃fi◒ ─ ⅜№╢ │ ─ ≤─ │⁸0.5ⱷכ♩

ꜟ ≤∆╢↓≤⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─ ⌐╟

╢↓≤⁹ 

 

 ♃fi◒─  

♃fi◒ ─ │⁸ ─♃fi◒ ⌐№╢♃fi◒─ ─ ╩™

℮╙─≢№╢↓≤⁹ ∫≡⁸ ─♃fi◒ ⌐ ─ ╩ ∆╢♃fi◒⅜

№╢ ≢№∫≡╙⁸∕─ ─ ⅜ ≢№╢ │⁸ ♃fi◒ ⌐

∆╢╙─≢№╢↓≤⁹β  

 

 ♃fi◒─  

♃fi◒─ │⁸ ─ ♃fi◒ ─₈ ┘ ₉

─ ⌐╟╢╒⅛⁸ ♃fi◒│⁸ ⌂ ◖fi◒ꜞכ♩ │↓╣≤ ─ ╩

∆╢╙── ⌐▪fi◌כⱲꜟ♩ ≢ ∆╢↓≤⁹ 

 

  

⌐≈™≡│⁸ 12─ ♃fi◒ ─₈ ₉─ ⌐╟╢↓

≤⁹ 

ꜟכ◖ꜟ▪⁸⅔⌂ ╩ ∆╢♃fi◒⌐ ↑╢╙─⌐№∫≡│⁸



 ⁸ ┘ ─ ─  

3-4-2 

⌐ ∆╢ ⌐│ ≤∆╢↓≤⅜≢⅝╢⁹β  

 

  

⌐ ∆╢₈ ─ ╩ ⌐ ∆╢ ₉⌐≈™≡│⁸

13─ ♃fi◒ ─₈ ₉─ ⌐╟╢↓≤⁹ 

 

 ⱳfiⱪ ─  

ⱳfiⱪ │⁸ ⌐╟╢↓≤⁹ 

(1)  ♃fi◒ ─ ⌐ ↑╢ⱳfiⱪ │⁸ 15(5)⅛╠(7)╕

≢─ ♃fi◒ ─₈ⱳfiⱪ ₉─ ⌐╟╢↓≤⁹ 

(2)  ─ ⱱ⌐ ∆╢ⱳfiⱪ ─ ┘ ⌐ ↑╢₈♄fiⱤכ

₉⌐≈™≡│⁸ ─ ─₈ ₉─ ⌐╟╡ ↑╢↓≤⁹ 

(3)  ⱳfiⱪ ─ ⌐│⁸ ה ─√╘⌐ ⌂ ╩ ∆╢↓≤⁹ 

 

 ⁸ ─  

⌐≈™≡│⁸ ─ ─₈ ₉ ┘ ─ ♃

fi◒ ─₈ ─ ₉─ ⌐╟╢╒⅛⁸♃fi◒ ─ ╩ ⅜ ∆╢

⌐│⁸ ⅜⌂™ ≤∆╢↓≤⁹ 

 

 ♃fi◒ ─  

⌐ ∆╢♃fi◒ ─₈ ─⅔∕╣─№╢ ₉⌐≈

™≡│⁸ ─ ─₈ ─ ₉─ ─╟╢╒⅛⁸♃fi◒ ─

⇔⅝™⁸ ┘ │⁸ ┘ ╩ ↑╢↓≤⌂ↄ⁸ ⅜ ⇔⌂™

≤∆╢↓≤⁹ 

 

10 ─  

─ ─ ♃fi◒╩ ∆╢♃fi◒ ─ ┘ │⁸

─ ─₈ ⁸ ┘ ₉─ ⌐╟╢↓≤⁹ 

 

11 ─⇔⅝™  

─ ⌐╟╡ ↑╢₈♃fi◒ ─ ─⇔⅝™₉│⁸

─ ╩ ≢⅝╢⇔⅝™─ ↕≤∆╢⅛⁸ ⇔ↄ│↓╣⌐⅛╦╢∑⅝╩ ↑╢╙

─≤∆╢↓≤⁹ 

↓─ ─∑⅝│⁸ ◖fi◒ꜞכ♩ ⁸╕√│ ◖fi◒ꜞכ♩Ⱪ꜡♇◒ Ⱪ꜡♇

◒─ ╩ ⸗ꜟ♃ꜟ≢ ⇔√╙─ ≤∆╢╒⅛⁸ ♃fi◒≤─ ⌐0.5ⱷכ♩ꜟ─

─ ╩ ≈↓≤⁹ 



 ♃fi◒ ─  

3-4-3 

3-4-1ᶫ Ǣǔș ǘȒ͈ 

 

 

 ─ ⌐ ∆╢ ♃fi◒ ─ ─ ( )  

 ─ ╩ ∆╢  

⌐ ∆╢ ⌐ ↑╢₈ ─ ╩ ∆╢ ₉

⌐│⁸ ⌐ ─ ⅜ ↕╣╢ ⁸ ↕╣╢ ─ ⅜ ⌐ ⇔√

⌐ ╩ ∆╢ ⁸ ↕╣╢ ─ ╩ ∆╢↓≤⅜≢⅝╢ ⅜ ∆╢

╙─≢№╢↓≤⁹β  

 

 ─♄fiⱤכ  

⌐ ∆╢♃fi◒ ─ ┘ ⌐ ↑╢₈♄fiⱤ

כ ₉≤│⁸ ─ ─₈ ₉─ ⌐╟╡ ↑╢↓≤⁹ 

 

 ─⇔⅝™  

⌐ ∆╢₈ ♃fi◒⅛╠ ╣√ ⅜♃fi◒

─ ⌐ ⇔⌂™╟℮⌂ ₉≤│⁸ ─⇔⅝™─ ↕╩ ↄ∆╢⅛ │♃fi◒

⌐∑⅝╩ ↑╢ ─ ≤⇔⁸♃fi◒ ⌐ ↕╣≡™╢ ─ ⅜

≢⅝╢╙─≢№╢↓≤⁹β  

 

 

β  10    ₈ ─ ⌐ ∆╢ ₉   

β  37 10 19 ꜟכ◖ꜟ▪₈  ♃fi◒⌐│ ╩ ↑⌡┌⌂╠⌂™⅛₉   

β  46 27  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

 

 

 

 

 





 ♃fi◒ ─  

 

3-5-1 

 

 ♃fi◒ ─  

  

─ ⁸ ⌐ ∂⁸ 3- 5- 1 ⌐ ∆ ⅜ ↕╣╢╙─≢№╢⁹ 

 

3-5-1  ֺ ǵ᷂ʤȽɱȭ ǲ ǜȓȒḨ  

    

♃fi◒ 13    

♃fi◒ 13    

 

♃fi◒  
13

 
  

 

♃fi◒

SS 

13 ⁸

⁸  

24─ ─

⁸  

─48

 

ⱪꜝ☻♅♇

◒ 

♃fi◒ SF 

13 ⁸

⁸  

24─ ─

⁸ ⁸

24─ ─  

─48

 

ⱪꜝ☻♅♇◒  

♃fi◒ FF 

13 ⁸

⁸  

24─ ─

⁸ ⁸

24─ ─ ⁸ 24

─ ─  

 

♃fi◒  
13

√∞⇔ ⅝ 
  

 

♃fi◒

SS 

 

13 ⁸

⁸  

24─ ─

⁸  

─48

 

ⱪꜝ☻♅♇

◒ 

♃fi◒ SF 

13 ⁸

⁸  

24─ ─

⁸ ⁸

24─ ─  

─48

 

ⱪꜝ☻♅♇◒  

♃fi◒ FF 

13 ⁸

⁸  

24─ ─

⁸ ⁸

24─ ─ ⁸ 24

─ ─  

 

─ ╣  13  
23─ ⁸

24─ ─  

─48

 

▪☿♩▪ꜟ♦ⱥ♪  13  
24─ ─ ⁸

24─ ─  
 

ⱥ♪꜡◐◦ꜟ▪Ⱶfi  13  
24─ ─ ⁸

24─ ─  
 

      

β ⌐╟╢ ─ ⌐ ™⁸ ♃fi◒ ┘ ─ 

╣╩ ∆╢ ⌐╟╢♃fi◒ ─ ♃fi◒⌐≈™≡│⁸♃fi◒ ╩ ⇔√  

⅜ ╘╠╣⌂ↄ⌂∫√↓≤⅛╠⁸ ⌐╟╢ ─ ₈ ─ 

₉≤™℮⁹ ─ ⌐╟╡♃fi◒ ⌐ ↕╣√ ─ ♃fi◒ 

₈ ─ ⌐╟╡ ↕╣√ ♃fi◒₉≤™℮⁹ ⌐ ╢ ─ ⌐≈™ 

≡│⁸ ┘ ╩ ≤∆╢↓≤⁹╕√⁸ ─ ─ ⌐╟╡♃fi◒ ⌐ 

↕╣√ ─ ♃fi◒⌐≈™≡│⁸ ┘ ╩ ≤∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-2 

 

⌂⅔⁸ ⌐ ╘╢ ─⅔∕╣⅜ ⌐ ™ ♃fi◒ │ ─⅔∕╣⅜ 

 ™ ♃fi◒⌐ ∆╢ │⁸ ≢ ◓fi▫♥כ◖╢╘ ─  

 ⌐ ╢ ─ ╩ √∆ ⅜№╢↓≤⁹β ⁸β  

 

 ♃fi◒╩ ∆╢ ♃fi◒ ─ ─  

 ♃fi◒─  

(1)  ♃fi◒│⁸ ♃fi◒─ ⅜ ⌐ ⅎ╢╟℮ ⌐ ⌂ ⅜ ≢⅝╢

⌐ ∆╢↓≤⁹β  

(2)  ♃fi◒│⁸ ⌂ ─ ┘ ─ ⌐ ⇔⌂™↓≤⁹ 

(3)  ♃fi◒╩ ─ ⌐ ∆╢ ─ │⁸ ⁸ │

≤∆╢↓≤⁹ 

 

 ♃fi◒ ─  

─ ╩ ↑≡™╢ │⁸ ≤ ≤⇔≡ ⌐ ⅎ≡ ™╢

↓≤⅜≢⅝╢↓≤⁹⌂⅔⁸ ─ ╩ ↑≡™╢ ─ ≤⇔≡│⁸ ⁸

ꜝ▬○ꜝ▬♩⁸ⱦꜟ♩fi⁸☿▬ꜝ▬♩⁸▪◘◒ꜝ▬♩⁸ⱷ◘ꜝ▬♩⁸♥♅ꜝ▬♩ ⅜ ∆╢

╙─≢№╢↓≤⁹ 

 

 ♃fi◒─  

⌐ ∆╢₈ ♃fi◒─ ₉≤│⁸ ─♃fi

◒⌐№∫≡│♃fi◒ ─ ╩™™⁸ⱴfiⱱכꜟ │ ╕⌂™╙─≢№╢↓≤⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─ ⌐╟

╢↓≤⁹ 

 

 ♃fi◒─  

─♃fi◒╩ ╡∆╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  │⁸♃fi◒ ≤ ─ ┘ ≤∆╢↓≤⁹ 

(2)  ╡↕╣√♃fi◒↔≤⌐ ∆╢─⌐ ⌂ ╩ ↑╢↓≤⁹ 

(3)  ♃fi◒⌐№∫≡│⁸♃fi◒╩ ╢↓≤│≢⅝⌂™╙─≢№╢↓≤⁹ 

 

 ♃fi◒⌐ ∆╢ ┘  

♃fi◒⌐ ∆╢ ┘ ⌐≈™≡│⁸ ⌐ ⌐╟╡ ∆╢↓≤⅜

≢⅝╢╙─≢№╢↓≤⁹β  

⌂⅔⁸ ⌐ ╩ ∆─≢⁸ ≤∆╢↓≤⁹β  



 ♃fi◒ ─  

 

3-5-3 

 

(1)  ∆╢  

▪  

( )  ♃fi◒ ┘∕─ ─  

W1 N  

( )  ∆╢ ─  

W2=ɘ1 V 

W2 N  

ɘ1 ─ ─ N/mm3  

V ♃fi◒ mm3  

( )   

P1=PG+PL 

P1 :N/mm2  

PG ─ ─♃fi◒⌐№∫≡│⁸ ∆╢ ⅜⌂™) :N/mm2  

PL :N/mm2  

P │⁸ ─≤⅔╡ ╘╢⁹ 

PL=ɘ1 h1 

ɘ1 ─ ─ N/mm3  

h1 ⅛╠─ ↕ mm  

( )   

♃fi◒ ⌐♃fi◒⅜ ↕╣≡™╢↓≤⅛╠⁸♃fi◒ ╕≢─ ─

≤⇔⁸∕─ ─ ─ │ ⇔⌂™↓≤≤⇔≡╟™⁹ 

P2=ɘ2 h2 

P2 N/mm2  

ɘ2 ─ N/mm3  

h2 ╡ ↕ ♃fi◒ ─ ─ ⅛╠ ♃fi◒ ╕≢─ ↕ mm  

▬  

( )  ─  

⌐ ≠ↄ ⌐╟╢♃fi◒ ⌐ ∆╢ ╩

∆╢↓≤≤⇔≡╟™⁹⌂⅔⁸ ⌐≈™≡│⁸♃fi◒ ⌐ ↕╣≡™╢↓≤⅛

╠ ⇔⌂™⁹ 

FS=Kh(W1+W2+W3) 

FS ♃fi◒─ ⌐ ∆╢ N  

Kh 4 ─23⌐╟╢  

W1 N  

W2 N  

W3 ♃fi◒─ ⌐ ∆╢ ─ N  

( )   

⁸ ╩ ℮ ─ ≤∆╢⁹ N/mm2  

(2)   

─ ♃fi◒─ ⁸ ⌐ →╢ ╩ ™╢↓≤⅜≢⅝╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-4 

 

▪ ─ ⌐╟╢  

ɨS1=Pi (D/2t1) 

ɨS1 N/mm2  

Pi ⁸ ─ N/mm2  

D ♃fi◒ mm  

t1 ─ mm  

▬ ─ ⌐╟╢  

ɨS2=Po (D/2t1) 

ɨS2 N/mm2  

Po ⁸ ─ N/mm2  

D ♃fi◒ mm  

t1 ─ mm  

► ─ ⌐╟╢  

ɨk1=Pi (R/2t2) 

ɨk1 N/mm2  

Pi ⁸ ─ N/mm2  

R ≢─ mm  

t2 ─ mm  

◄ ─ ⌐╟╢  

ɨk2=Po (R/2t2) 

ɨk2 N/mm2  

Po ⁸ ─ N/mm2  

R ≢─ mm  

t2 ─ mm  

○ ♃fi◒ ─  

♃fi◒ ─ ⌐ ⇔≡⁸ ♃fi◒ ⅜⁸ ⌐♩ⱷfiכ⸗⌂

ⅎ╢ ≤∆╢√╘⁸ ─ ╩ √∆↓≤⁹ 

FS L֔R l 

FS ♃fi◒ ⌐ ∆╢ N  

L FS⅜ ∆╢ ⅛╠ ╕≢─ ↕ mm  

R ⌐ ∆╢ N  

l ─ ─ ─ mm  

 

 

 

 

 

 

 

 

 



 ♃fi◒ ─  

 

3-5-5 

 

 ♃fi◒─  

(1)  ♃fi◒─ │⁸ ⌐ ∆♃fi◒─ ⌐ ⇔√ ≢ ↕╣≡™╢↓≤⁹ 

3-5-2  ȽɱȭǵẆ ͪ  

 

♃fi◒─  

 

 

 

 

 

 

 

♃fi◒  

 

♃fi◒  

 

─ ╣

 

♃fi◒ 

ⱪꜝ☻♅♇

◒ ♃fi◒ 

ⱪꜝ

☻♅♇◒

╩ ⇔

√  

ⱪꜝ

☻♅♇◒

╩ ⇔

≡™⌂™

 

() ♃fi◒─ ⌐↕┘≥╘ ╩∆╢↓≤⁹

─  
× × ủ × × 

() ♃fi◒ ⌐ⱪꜝ▬ⱴכ╩ ⇔⁸∕─ ⌐●

ꜝ☻ ╩ ≤⇔√ ⱪꜝ☻♅♇◒⌐╟

╢ ╩ ↕2mm ⌐ ∆╢╕≢ ℮↓≤⁹

─  

ủ ủ × ủ ủ 

() ♃fi◒─ ⌐ⱪꜝ▬ⱴכ╩ ⇔⁸∕─ ⌐

╩ ⅝ ↑√ ⁸◄ⱳ◐◦ │►꜠♃

fi◄ꜝ☻♩ⱴכ ⌐╟╢ ╩♃fi◒─ ⅛

╠ ↕2mm ⌐ ∆╢╕≢ ℮↓≤⁹↓─

⌐⅔™≡⁸ │⁸JIS G3491₈ ▪☻

ⱨ□ꜟ♩ ₉⌐ ╘╢ⱦ♬꜡fi◒꜡☻

│Ⱬ♇◦ꜗfi◒꜡☻⌐ ⇔⌂↑╣┌⌂╠⌂™⁹

─ ▬  

ủ ủ × × ủ 

() ⁸ ♃fi◒≤─

⁸ ┘ ⅜ 4 ─48

2 2 ⌐ →╢ ≤ ─ ╩

∆╢ 4 ─48 1  

ủ × × × × 

 ủ │⁸♃fi◒─ ⌐ ⇔√♃fi◒─ ≢№╢⁹ 

 

(2)  ─ ⌐ ∆╢₈ ─ ╩ ∆╢₉↓≤─ │⁸

─ ─ ╩ ⌂⅔℮≤∆╢ ─ ┘ ⌐╟╡ ⇔√ ╩

™≡⁸ ⌐ ∆ ⌐╟╢↓≤⁹β  

▪ ⇔√ ⅜ ♃fi◒─ ⌐ ∆╢↓≤╩ ←√╘─  

ⱪꜝ☻♅♇◒◦כ♩ ♩כ◦ ─ ⌐ ⇔√ ╩ ⌐ ⅜∆↓≤⅜≢⅝

╢╙─ ─ ⌐⁸ ─ ╩ ⌂⅔℮≤∆╢ ⌐╟╡ ╩ ⇔ ↕∑√ ⁸

♩כ◦ ⅛╠ ⅜⇔√╙─╩ ≤⇔≡⁸ Z0208₈ ─

◌♇ⱪ ₉⌐ ∫≡ ╘√ ⅜⁸2.0g/ה ≢№╢↓≤⁹⌂⅔⁸

│⁸ 25ϴ±0.5ϴ⁸ 90±2 ≤∆╢↓≤⁹ 

▬ ♃fi◒≤ ≤─ ⌐ ⅜ ∂⌂™√╘─ ♃fi◒≤─  

K5600-6-2₈ ─

∑⅝ ₉⌐ ∫≡⁸40ϴ─ ⌐ ﬞ ∑⅝↕∑√ ⌐⁸ K5600-5-

7₈ ─ ⱪꜟ○ⱨ ₉⌐ ∫≡

╘√ √╡─ ↕ ⅜⁸2.0Mpa ≢№╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-6 

 

► ♃fi◒⌐ ⅜ ╦∫√ ⌐⅔™≡⁸ ⅜ ⇔⌂™√╘─  

5ϴ ┘ 23ϴ─ ≢ ⇔√ ─ ╩ ™≡⁸

K5600-5-3₈ ─ ⅔╙╡ ₉ ─

│₈♦ꜙⱳfi ₉≤∆╢⁹ ⌐ ∫≡⁸500 ─ ↕⅛╠⅔╙╡╩ ≤⇔⁸ ⌐╟

╢ ≢ ╣ │ ⅜╣⅜ ∂⌂™↓≤⁹↕╠⌐⁸ ─ ╩

K5600-7-1₈ ─ ₉⌐

∫≡ ─ ╩ ™⁸↕┘─ ⅜⌂™↓≤⁹ 

◄ ∆╢ ≤─ ⌐╟╢ ⁸ ⅜ ∂⌂™√╘─  

K5600-6-1₈ ─

₉ ⌐≈™≡│⁸ ∑⅝ ⌐╟╢⁹ ⌐ ∫≡⁸ ∆╢

╩ ™≡ ∑⅝⇔⁸ ─ ⁸ ─ ⅜ ↕╣⌂™↓≤⁹⌂

⅔⁸ ∆╢ ─ ─ ⁸ ⌐ ⅎ╢ ⅜⁸ ─ ╩ ∂╢≤

↕╣╢ ⌐⅔™≡│⁸ ∆╢ ⌐ ╦╢ ╩ ™≡ ╩ ∆╢

↓≤≤⇔≡ ⇔ ⅎ⌂™╙─≢№╢↓≤⁹ 

 

  

⌐≈™≡│⁸ 12─ ♃fi◒ ─₈ ₉─ ⌐╟╢╒

⅛⁸ ⌐╟╢↓≤⁹ 

(1)  ─ │⁸ ╩ ╡ ℮ ⌐ ∏╢≤≤╙⌐⁸ ╩ ∏

╢↓≤⁹ 

(2)  │⁸♃fi◒ ⌐ ⅜ ╢╟℮⌐ ╩≈↑╢↓≤⁹ 

 

 ─  

─ ⌐ ∆╢₈ ─ ╩ ⌐ ∆╢ ₉≤│⁸

╩ ↑╢↓≤⌂ↄ ╩ ≢⅝╢ⱨ꜡כ♩ ⁸◄▪Ɽכ☺ ⁸ ─ ╩

™℮↓≤⁹ 

 

10  

⌐≈™≡│⁸ 14─ ♃fi◒ ─₈ ₉─ ⌐╟╢╒⅛⁸

⌐╟╢↓≤⁹ 

(1)  ⌐╟╢ ⅜ ∆╢⅔∕╣─№╢ ╩ ∆╢♃fi◒─ │⁸♃fi◒

│∕─ ╕≢ ∆╢ ↕≤∆╢↓≤⁹β  

(2)  ╩♃fi◒ ⌐ ↑╢ │⁸ 3- 5- 1 ─ ⌐╟╡ ╣√ ⅜ ⌐ ⇔⌂

™ ≤∆╢↓≤⁹ 



 ♃fi◒ ─  

 

3-5-7 

 

3-5-1ᶫ ɕɫɄȭȽɶ ǵ͈ 

 

 

 

 

 

 

 

(3)  ⌐№∫≡│⁸ ╣√ ⅜ ⌐ ⇔⌂™ ≤∆╢≤≤╙⌐⁸┤√─№

╢ ─Ⱳ♇◒☻ ⌐ ↑╢↓≤⁹ 

(4)  ─ ⌐│ ♃fi◒─ ─ ╩ ⌐ ∆╢↓≤⅜≢⅝╢ ╩ ↑

╢↓≤⁹√∞⇔⁸ ♃fi◒─ ⅛╠ ⇔─⅝ↄ │↓─ ╡≢│⌂™⁹ 

 

11 ⱳfiⱪ ─  

♃fi◒─ⱳfiⱪ ⌐≈™≡│⁸ 15─ ♃fi◒ ─₈ⱳfiⱪ ₉

─ ⌐╟╢╒⅛⁸ ─ ⌐ ╘╢ ⱳfiⱪ ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹

β  

(1)  ─ ─  

▪ │⁸ ─ ⌐⅔↑╢ ─ ┘ ⌐ ∆╢↓≤⌐╟╢◖▬

ꜟ─ ⁸ ╩ ∆╢√╘⁸ ─ ⌐ ⇔⁸⅛≈⁸ ⌐ ↕╣⌂

™ ╩ ⌐ ∆╢↓≤⁹ 

▬ ─ ꜡⌐ ∆╢₈ ⌐ ⅜ ↕╣╢ ₉≤│⁸

─ ⌐ⱳfiⱪ⅛╠ ↕╣√ ╩ ↕∑╢ │ ╩ ↕∑╢

╩™℮╙─≢№╢↓≤⁹ 

► ─ Ɫ⌐ ∆╢₈ ─ ⌐ ⅜ ⇔⌂™ ₉≤│⁸

⅜ ⇔⌐ↄ™ ≤⇔⁸ ─ ⌐ⱳfiⱪ⅛╠ ↕╣√ ╩ ↕∑≡

╩ ∆╢ │ ─ ⌐ ●☻╩ ∆╢ ╩™℮╙─≢№╢↓≤⁹

↓─ ⌐⅔™≡⁸ ─ ≤│⁸ ─ ─ ╩™℮╙─≢№╢↓≤⁹ 

3-5-2ᶫ ʴɛɱɕ ρǵ͈ Ҳ ǵК ǲӾ ș ǜǢȒḹֻ  

 

 

 

 

 

 

 

 

G.L. G.L. G.L.



 ⁸ ┘ ─ ─  

 

3-5-8 

 

(2)  ⌐ ↕╣╢ ─  

▪ ⇔⁸ │ ╡ ℮ ⌐ ↕╣⌂™ ≤│⁸ ⇔⁸ │ ╡ ℮ ⌐

↕╣⌂™ ≢ ↕╣√ ╩™℮╙─≢№╢↓≤⁹ 

▬ ⌐ ↕╣╢ ⅜ ⌐ ╣⌂™╟℮ ∆╢ ≤│⁸ ⇔⁸ │

╡ ℮ ⌐ ↕╣⌂™ ─ ⌐ ╩ ↑╢ ╩™℮╙─≢№╢↓≤⁹ 

(3)  ─ ─  

⌐╟╢ ─ ─ ╩ ∆╢√╘─ ≤│⁸ ─ ⌐ⱳfiⱪ⅛

╠ ↕╣√ ╩ ↕∑╢ ⌐╟╡ ╩ ∆╢ ⌐№∫≡│⁸ⱳfiⱪ

─ ⅜ ╩ ⅎ≡ ⇔√ ⌐ ╩ ⌐♃fi◒⌐ ∆√╘─

┘ ╩ⱳfiⱪ ⌐ ↑╢ ╩™℮╙─≢№╢↓≤⁹ 

(4)  ╩ ∆╢ ─  

▪ ─ ⅜ ⇔ↄ ⇔√ ⌐⅔™≡ ╩ ∆╢ ≤│⁸ ─

╩ ⇔⁸ ⌂ ⌐ ∆╢ ⌐ ─ ╩ ∆╢ ╩ ↑╢↓≤╩™℮╙─

≢№╢↓≤⁹ 

▬ ⱳfiⱪ─ ⅜ ⇔√ ⌐⅔™≡ ╩ ∆╢ ≤│⁸♃fi◒ ─ ╩

⇔⁸ ⅜ⱳfiⱪ─ ─ ∆╢ ↕⌐ ⇔√ ⌐ ─ ╩ ∆

╢ ╩ ↑╢╙─╩™℮╙─≢№╢↓≤⁹ 

(5)  ⱳfiⱪ ─ ─  

▪ ─ ꜡⌐ ∆╢₈ ₉≤│⁸ ⱳfiⱪ ─℮∟♃fi◒

⌐ ↑╠╣╢ ╩ ⁸ ⅛╠ ∆╢√╘⌐ ↑╠╣╢♃fi◒⌐ ↕╣╢

─ ╩™℮╙─≢№╢↓≤⁹⌂⅔⁸ ─ ⅜ ⌂ ╩ ∆╢ ⌐│⁸

⌐ ↑╢ ⅜⌂™↓≤⁹ 

▬ ─ ⅎ™╩ ∆╢↓≤⅜≢⅝╢ ⅜ ∂╠╣√ ⌂ ╩ ∆╢Ⱨ

♇♩│⁸ ⅛╠─ ⅜ ⌂ ↕↕─◖fi◒ꜞכ♩ │↓╣≤ ─ ╩

∆╢ ─ ≤⇔⁸⅛≈⁸┤√⅜ ↑╠╣≡™╢↓≤⁹ 

3-5-3ᶫ ʴɛɱɕ ρǵ ͈ 

 

 

 

 

 

 

 

 

 

 

 



 ♃fi◒ ─  

 

3-5-9 

 

(6)  ∕─  

▪ ⱳfiⱪ ⌐ │ ╩ ↑╢ ⌐│⁸ ⅜™╢ ⌐ ∆╢

↓≤⁹ 

▬ ⱳfiⱪ ─ │⁸♃fi◒ ─ ⁸ ─ ⌐╟╢ⱳfiⱪ │ ─

╩ ∆╢√╘⁸♃fi◒─ ⅛╠ ⇔≡ ↑╢↓≤⅜ ╕⇔™↓≤⁹ 

► ⱳfiⱪ ⌐│⁸ ─ ⅎ™╩ ⇔⁸ ╩ ∆╢ │ ┼─

─ ╩ ∆╢ ╩ ↑╢↓≤⅜ ╕⇔™↓≤⁹ 

◄ ⱳfiⱪ ⌐│⁸ ─ ⅜ ⇔ↄ ⇔√ ⁸ⱳfiⱪ─ ⅜ ⇔√

⌐ ╩ ∆╢ ╩ ↑╢↓≤⅜ ╕⇔™↓≤⁹ 

 

12  

╩ ╡ ℮ ⌐≈™≡│⁸ 15─ ─₈ ₉─ ⌐╟╢↓

≤⁹ 

 

13 ⱴfiⱱכꜟ ─  

♃fi◒⌐ⱴfiⱱכꜟ │ⱪ꜡♥◒♃כ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  ⱴfiⱱכꜟ─ │⁸♃fi◒≤─ ⌐ ─ ◗ⱶ ╩ ⇔≡Ⱳꜟ♩ ≢ ╡ ↑⁸

⌐ │ ⅜ ⇔⌂™ ≤∆╢↓≤⁹ 

(2)  ⱪ꜡♥◒♃כ─ │⁸ ⌐⅛⅛╢ ⅜ ⱪ꜡♥◒♃כ⌐⅛⅛╠⌂™╟℮⌐ ↑╢≤≤

╙⌐⁸ ⅜ ⇔⌂™ ≤∆╢↓≤⁹ 

(3)  ⱪ꜡♥◒♃⁸│כ ╣√ ⁸ ⅜ ⌐ ⇔⌂™ ≤∆╢↓≤⁹ 3- 5- 1

 

(4)  ⅜ⱪ꜡♥◒♃כ╩ ∆╢ │⁸ ∆╢ ⌐ ╩ ∆╢√╘─ ╩∆╢

↓≤⁹ 

 

14  

─ ╣╩ ∆╢√╘─ │⁸ ⌐╟╢↓≤⁹ 

(1)  │⁸ ≤∆╢↓≤⁹ 

(2)  ─ │⁸ │ ⱦ♬כꜟ ⌐ ↕╣⌂™╙─≤∆╢↓≤⁹ 

(3)  ─ │⁸ ≤⇔≡40Ⱶꜞⱷכ♩ꜟ ≢№╢↓≤⁹ 

(4)  ─ ↕│⁸ ⅛╠♃fi◒─ ♃fi◒ ─ ─ ⌐ ∆╢ ↕≤∆╢↓

≤⁹ 

(5)  ─ ⌐│⁸ ╩ ↑⁸ ─ ⇔⌂™ ≤∆╢↓≤⁹ 

(6)  ─ ┘ ⌐ ↑╢ │⁸ ≤⇔≡ ⅛╠♃fi◒ ╕≢≤∆╢↓≤⁹

√∞⇔⁸ ─ ™ ≢│⁸ ─ ╕≢ ╩ ↑╢↓≤⁹ 

(7)  │⁸♃fi◒ ⌐≈⅝ ≤∆╢↓≤⁹√∞⇔⁸ ─♃fi◒╩ ⌡ ⱷכ

♩ꜟ ⌐ ⇔≡ ↑╢ │⁸ 3- 5- 5 ─ ⌐╟╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-10 

 

3-5-4ᶫ ǵ ᶫǵ͈ 

 

3-5-5ᶫ ǵ ͈ 

 

 

 

 

 

 

 

15 ♃fi◒  

♃fi◒ ─ ⌐≈™≡│⁸ ⌐ ∆≤⅔╡≢№╢⅜⁸ ⌐ ╩ ∆─

≢⁸ ≤∆╢↓≤⁹β  

(1)  ♃fi◒ ─ ⌐≈™≡⁸ ♃fi◒ ─ ⁸ ♃fi◒ ┘∕─ ┘⌐

∆╢ ─ ⁸ ⁸ ─ ┘⌐ ⁸ ─ ─

⌐╟∫≡ ∂╢ ┘ ⌐ ⇔≡ ⌂╙─≤⇔⌂↑╣┌⌂╠⌂™⅜⁸♃fi◒ ⌐

∆╢ ┘ ⌐≈™≡│⁸ ⌐ ⌐╟╡ ∆╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹

β  

▪ ∆╢  

( )   

 ♃fi◒ ─ ⁸ ♃fi◒ ┘∕─ ─  

W4 N  

 ∆╢ ─  

W2=ɘ1 V 

2 N  

ɘ1 ─ ─ N/mm3  

V ♃fi◒ mm3  

1m



 ♃fi◒ ─  

 

3-5-11 

 

  

P3=KA ɘ3 h3 

P3 N/mm2  

KA ⌐0.5  

ɘ3 ─ N/mm3  

h3 ─ ↕ mm  

  

P4=ɘ4 h4 

P4 N/mm2  

ɘ4 ─ N/mm3  

h4 ⅛╠─ ↕ │⁸ ≤⇔≡ ⌐╟╢ mm  

( )   

  

│⁸ ≤⇔≡ ↕╣╢ ─ ─ ≤∆╢ 250 ─ ─

⁸ ≢100 ╩ ∆╢⁹  

 ─  

─ │⁸ ⌐≈™≡ ∆╢⁹ 

P5=KE ɘ4 h4 

P5 N/mm2  

KE  

KE│⁸ ⌐╟╢↓≤⅜≢⅝╢⁹ 

( )

( )
2

2

2

E

cos

sinsin
1cos

cos
K

ö
ö

÷

õ

æ
æ

ç

å -Ö
+

+
=

q

qff
q

qf

 
ɫ ─  

ɝ  

ɝ tan-1Kh 

Kh 4 ─23⌐╟╢  

ɘ4 ─ N/mm3  

h4 ─ ↕ mm  

▬  

│⁸ ─ ⁸ ┘ ⌐ ∂⁸ ↕╣√ ⱷfiכ⸗→

♩⁸ ┘∑╪ ─ ⌐≈™≡ ∆╢↓≤⁹ 

↓─ ⌐⅔™≡⁸ ≤⇔≡ ⅜┤√╩ ∆╢ ≢│⁸┤√─ ╩ ┌

╡ │ ≤╖⌂⇔⁸ ≤ ⅜ ≤⌂╢ ≢│⁸ ╩ ┌╡⁸ ╩

┌╡≤╖⌂⇔≡ ╩ ⇔≡ ⇔ ⅎ⌂™⁹ 

(2)  ─ ⌐♃fi◒ ╩ ↑╢ │⁸ ─ ─☻ꜝⱩ╩ ♃fi◒ ─

┤√≤∆╢↓≤⅜≢⅝╢⁹ 

(3)  ♃fi◒ ─ │ ⌐╟╢↓≤⁹β  

▪ 24 1 ⌐ ↕╣≡™╢₈ ◖fi◒ꜞ⁸│≥₉♩כ ⌐ ╩ ⇔⌐ↄ



 ⁸ ┘ ─ ─  

 

3-5-12 

 

ↄ⁸ ⅜ ⇔⌐ↄ™◖fi◒ꜞ⁸╡№≢≥↓─♩כ ⌐⁸ ☿ⱷfi♩ │⁸55 ≤

⇔⁸ ⇔ↄ│ │ⱨꜝ▬▪♇◦ꜙ ⇔ↄ│ ☻ꜝ◓ ─ ╩

™√◖fi◒ꜞ⁹≥↓℮™╩♩כ 

▬ 24 2 ⌐ ↕╣≡™╢₈♃fi◒ ─ ⌐ ⇔⌂™ ₉≤│⁸

⌐╟╢ ⁸ ⌐╟╡ ⇔⌂™ ┘ ╩ ∆╢◗ⱶ │

◦ꜞ◖fi ─ ╩ ≡╪∆╢↓≤ ─ ⅜№╢↓≤⁹ 

(4)  ♃fi◒ ─ ≤ ≤─ ⌐ ╩ ↑╢⅛⁸ │ 3- 5- 6 ─ ⌐╟╡ ╩

↑╢ ⌐╟╡♃fi◒⅛╠─ ─ ╩ ⌐ ∆╢↓≤⅜ ⌂ ≤∆╢⁹ 

3-5-6ᶫ Ƚɱȭ⅝ ǵ ǵ͈ 

 

 

 

 

(5)  ♃fi◒ ⌐ ↑╢♃fi◒⌐≈™≡╙Ᵽfi♪ ⌐╟╡♃fi◒ ─ ≤ ∆╢↓≤⁹ 

 

 ♃fi◒╩ ∆╢ ♃fi◒ ─ ─  

 ┤√─ ▬  

(1)  13 2 2 ▬⌐ ∆╢ ◖fi◒ꜞכ♩ ─┤√─ ⅝↕⌐≈™≡⁸

₈ ♃fi◒⅜∕─ ─ ┘ ╟╡∕╣∙╣0.6ⱷכ♩ꜟ ⅝ↄ₉≤│⁸

⁸ ≤╙ ⁸∕╣∙╣ ♃fi◒─ ⅛╠ 0.3ⱷכ♩ꜟ ∏≈ ⅝™╙─

≢№╢↓≤⁹β  

(2)  ♃fi◒ ─ ⅜ ≤⌂╢ │⁸┤√─ ╩ ⌐╟╡ ∆╢╙─

≢№╢↓≤⁹ 

 ┤√⌐⅛⅛╢ ⅜ ♃fi◒⌐⅛⅛╠⌂™ ꜡  

13 2 2 ꜡⌐ ∆╢₈ ♃fi◒⌐⅛⅛╠⌂™ ₉≤│⁸

⌐ →╢╙─≢№╢↓≤⁹√∞⇔⁸♃fi◒╩ ∆╢ ─ ⅜ ≢№∫≡⁸┤√⌐⅛

⅛╢ ⅜ ⌐╟∫≡ ⌐ ⅎ╠╣ ╩ ↑╢ ⅜⌂™≤ ╘╠╣╢ │⁸↓

─ ╡≢⌂™↓≤⁹ 

(1)  ─ ™ ⅔⅔╗⌡ 1ⱷכ♩ꜟ │ ╩ ╕⌂™≤ ╣⌂™

╟℮⌂ ╩™℮⁹ ─ ⌐ ↑╢ ⌐│⁸ ╩ ↑╢╙─≤⇔⁸∕─ ─ │⁸

⌐╟╢↓≤⁹ 

▪ │⁸ ◖fi◒ꜞכ♩ │ⱥꜙכⱶ ≤∆╢↓≤⁹ 

▬ ─ │⁸♃fi◒1 ⌐≈⅝4 ≤∆╢↓≤⁹⌂⅔⁸♃fi◒ ⌐№∫≡│⁸ 3-

5-7 2⌐╟╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹√∞⇔⁸►⌐ ∆ ≤∆╢↓≤

│≢⅝⌂™⁹ 

 



 ♃fi◒ ─  

 

3-5-13 

 

3-5-7ʟ  Ƚɱȭ ǵ ǵ͈ 

 

 

 

 

 

 

 

► ─ │⁸┤√─ ≤┤√⌐⅛⅛╢ ≤─ ╩ 1 №√╡─

≢ ⇔√ ≤∆╢⁹ 

OP

20L
֕─  

L ┤√─  t  

PO  t  

 

( )  ╩ ≤⇔√  

 )AA85.0(
3

P S'SYCCko s+s
a
=  

 Po   kg 

 ɨCk ◖fi◒ꜞכ♩─  N/mm2  

 AC ─◖fi◒ꜞכ♩  cm2  

 ɨSYô ─  N/mm2  

 AS ─  cm2  

 ɖ ≢ ⌐╟╢  

   he/d֔15─≤⅝ɖ=1 

   15he/d֔40─≤⅝
d

he
0.03-1.45=a  

 he  ─ ↕  cm  

 d  ─  cm  

( )  ⱥꜙכⱶ ╩ ™√ ─  

│⁸ ─ ⌐╟╡ ∆╢⁹√∞⇔⁸ ()─ ⌐⅔↑╢

AC│⁸ ⌐╟╡ ╘╢⁹ 

2
C D

4
A

p
=  m  

D ⱥꜙכⱶ ─  m  

◄ ─ ↕│⁸ ⌐⅛⅛╢ ⌐ ∂⁸ ⌐№∫≡│ ─ ↕20☿fi♅ⱷכ♩ꜟ

⁸ ⌐№∫≡│ 20☿fi♅ⱷכ♩ꜟ ≢№╢↓≤⁹ 

○ ◖fi◒ꜞכ♩ ─ │⁸ │╠ ≤⇔⁸ ⌐╟╢↓≤⁹ 

( )  ─ │ ≢ 12Ⱶꜞⱷכ♩ꜟ │↓╣≤ ─ ╩ ∆╢ ≢⁸

↔≤⌐4 │↓╣≤ ─╙─≤∆╢↓≤⁹ 

( )  ─ │ ≢ 6Ⱶꜞⱷכ♩ꜟ │↓╣≤ ─ ╩ ∆╢ ≢⁸∕

─ │ ─ ⁸ ─ ─12 │ ─ ─48─℮∟⁸

͈  ͈  

0.3m0.3m



 ⁸ ┘ ─ ─  

 

3-5-14 

 

∕─ ⅜ ╙ ↕⌂ ≢№╢↓≤ 3-5-8 ⁹ 

3-5-8ʟ  ȱɱȭɨɶɆ ǵ  

 

( )  │ ┘┤√─ ≤ ∆╢↓≤⁹ 

◌ ⱥꜙכⱶ ─ │⁸∕─ ⌐⁸ ┘┤√─ ≤ ⇔√ ≢ 9Ⱶ

ꜞⱷכ♩ꜟ │↓╣≤ ─ ╩ ∆╢ ╩ 4 ╣⁸◖fi◒ꜞכ♩╩

≡╪∆╢↓≤⁹ 

(2)  ┤√ ┘┤√⌐⅛⅛╢ ╩ ─ ≢ ⅎ╢ │⁸ ⌐╟╡ ⅜ ⌐⅛

⅛╢ ╩ ⅎ╢ ≤∆╢⁹ 

3-5-9ʟ  ǼǦǲǒǒȒ  

 
Sc=L1ĬL2    Sc  ◖fi◒ꜞכ♩─┤√─  m2  

L1  ◖fi◒ꜞכ♩─┤√─ ↕  m  

L2  ◖fi◒ꜞכ♩─┤√─  m  

V=ScĬL3     V  ◖fi◒ꜞכ♩─┤√─  m3  

L3  ◖fi◒ꜞכ♩─┤√─ ↕  m  

Wc=VĬdl     Wc  ◖fi◒ꜞכ♩─┤√─  tf 

dl  ◖fi◒ꜞכ♩─ 2.4 

Wt=Wc+Wl   Wt  ⌐⅛⅛╢  

Wl  20,000L─ ♃fi◒ ─  tf 

Sa=L4ĬL5    Sa   m2  

L4  ─ ↕  m  

L5  ─  m  

Ss=Sc-Sa   Ss   m2  

Ff=SsĬF    Ff   

F  ─ 10 

 



 ♃fi◒ ─  

 

3-5-15 

 

 ♃fi◒─ 13 2 2 Ɫ ┘  

  

 ▪ ♃fi◒─  

( ) ♃fi◒─ │⁸ ↕20☿fi♅ⱷכ♩ꜟ ─ ◖fi◒ꜞכ♩ ─ │⁸♃fi

◒ ─ ⌐ ∏╢↓≤⁹ ≤⇔⁸ ⌐♃fi◒╩ ∆╢√╘─▪fi◌כⱲꜟ♩╩

∆╢↓≤⁹ 

( ) ♃fi◒─ ⌐╙ ╩ ╣╢╙─≤⇔⁸ ╩ (1)⌐ →╢ ≤ ∆╢

↓≤⁹ 

( ) ♃fi◒─ ≤♃fi◒≤─ │⁸10☿fi♅ⱷכ♩ꜟ ─ ╩ ≈↓≤⁹ 

▬ ♃fi◒─ 13 2 2 Ɫ  

( ) ⇔√ ╘ ↑Ᵽfi♪⁸Ⱳꜟ♩ ⌐╟╡ ⌐ ∆╢↓≤⁹ 

( ) ▪fi◌כⱲꜟ♩│ ╩ ↕∑√╙─≤⇔⁸♃fi◒─ ─ ╖─ ╕≢ ∆╢↓

≤⁹ 

( ) ♃fi◒⅜ ⌐╟∫≡ ⅝ ⅜╠⌂™ ≤∆╢↓≤≤⇔⁸ ⌐╟╢ ╩ ℮↓

≤⁹ 

ₒ ⌐ ∆╢ ₓ 

   ⇔⌂™  

♃fi◒⅜ ⇔⌂™√╘⌐│⁸ ┘ ⅜♃fi◒⌐ ↑╢ ╟╡ ≢⌂↑

╣┌⌂╠⌂™⁹ 

Ws ─ ⌐ ∆╢  

Ws Wc F   Wc ─ ⌐ ∆╢  

         F ♃fi◒─ ↑╢  

(a)♃fi◒─ ↑╢ F  

♃fi◒─ ↑╢ │⁸♃fi◒─ ∆╢ ─ ⅛╠⁸♃fi◒─ ╩ ∂√╙─

≢№╢⁹ 

 F Vt×dl Wt 

    F ♃fi◒─ ↑╢  

   Vt×dl ♃fi◒─ ∆╢ ─  

      Vt ♃fi◒─  dl ─ 1  

    Wt ♃fi◒─  

 ö
÷

õ
æ
ç

å
+=

3
rV 212

t

??
?p  

 Wt 2ŕ?t1 2ŕ2t2 ńr2t3 ×d2 
     ́ 3.14       d2 ─ 7.8 

   ? ♃fi◒─   r  ♃fi◒─  

    t1 ─ ╖  
1?⁸ 2?  ♃fi◒─ ─  

   t3 ─ ╖  t2  ─ ╖ 

   n ─  

 

 



 ⁸ ┘ ─ ─  

 

3-5-16 

 

(b) ─ ⌐ ∆╢ WS  

 ─ ⌐ ∆╢ ≤│ ─ ⅛╠ ⅜ ∆╢ ─ ╩ ∂√

╙─≢№╢⁹ 

Ws Vsהds Vsהd1 Vsה ds d1  

  Ws ─ ⌐ ∆╢   Vs ─  

  ds ─ 1.8        d1 ─ 1  

 Vs L1הL2הH1 Vt 0.7n1הL2הh1הT  

  Vs ─  

0.7 ─ ╩ ∆╢√╘─  

Vt ♃fi◒─  

n1 ─  

L1⁸L2⁸H1⁸h1⁸T│ 3-5-10⁸ 3-5-11⌐╟╢⁹ 

 

3-5-10ʟ  ḛᶽǵ ҘǲᾍǠȒ ҧΙ Ḩ  

 

3-5-11ʟ  ḛᶽǵ ҘǲᾍǠȒ ҧΙ  

 

 

(c) ─ ⌐ ∆╢ WC  

─ ⌐ ∆╢ ≤│⁸ ⅛╠ ⅜ ∆╢ ─ ╩ ∂√

╙─≢№╢⁹ 

Wc Vcהdc Vcהd1 Vcה dc d1  

 Wc ─ ⌐ ∆╢  

 Vcהdc ─ Vc ─   dc ◖fi◒ꜞכ♩─ 2.4 

 Vcהd1 ⅜ ∆╢ ─ Vc ─  d1 ─ 1  

Vc=L1הL2הh2 0.7n1הL2הh1הT 



 ♃fi◒ ─  

 

3-5-17 

 

 Vc ─  n1 ─  

 L1⁸L2⁸h1⁸h2⁸T│ 3-5-10⁸ 3-5-11⌐╟╢⁹ 

 Ᵽfi♪─  

 ♃fi◒╩ ⌐ ∆╢√╘─Ᵽfi♪│⁸♃fi◒⅜ ↑╢ ⌐╟∫≡ ↕╣⌂™

∞↑─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

N2

)WF(
S B

s
֕  

 S Ᵽfi♪─ Ᵽfi♪╩ ∆╢√╘─Ⱳꜟ♩╩ ↑╢ ─℮∟⁸

Ⱳꜟ♩─ ╩ ™√ ─  

F ♃fi◒─ ↑╢  

ɨ Ᵽfi♪─ SS400╩ ™╢ │⁸156.8N/mm2  

 N Ᵽfi♪─  

WB 3-5-11⌐ ∆B ─ ─ ⌐ ∆╢  

( ) ( )1S
21

2

212B dd
32

r
rH2W -

ý
ü
û

í
ì
ë

öö
÷

õ
ææ
ç

å +
+-++

??
????

p
 

 r ♃fi◒─      H2 3-5-11⌐╟╢⁹ 

 ? ♃fi◒─   
1?⁸ 2? ♃fi◒─ ─  

 

 ▪fi◌כⱲꜟ♩─  

Ᵽfi♪╩ ⌐ ∆╢√╘─▪fi◌כⱲꜟ♩│⁸Ᵽfi♪⌐ ↄ ⌐╟∫≡ ↕╣

⌂™∞↑─ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹ 

tN2

WF
1.128d B

s

-
֕  

d ▪fi◌כⱲꜟ♩─  

F ♃fi◒─ ↑╢  

ɨt ▪fi◌כⱲꜟ♩─ SS400╩ ™╢ │⁸117.6N/mm2  

N Ᵽfi♪─  

WB 3-5-11⌐ ∆B ─ ─ ⌐ ∆╢  

β  

⌐≈™≡│⁸   ─ ╩ ─↓≤⁹ 

 

 ♃fi◒ ♃fi◒  

(1)  ♃fi◒─ β  

▪ ♃fi◒│⁸♃fi◒ ⌐ ∆╢ ╩ ⅝⁸ ▬

⅛╠Ɫ╕≢─∆═≡⌐ ∆╢↓≤≤↕╣≡™╢⅜⁸∕─ ≤⇔≡│ 3- 5- 12 ┘ 3-

5- 13 ⌐ ∆ ─╙─⅜№╢↓≤⁹ 

⌂⅔⁸ │ ─ ⌐│√╠⅝⁸☻Ɑכ◘כ╩ ⇔≡♃fi◒⌐ ⅎ╠╣╢↓≤≤

⌂╢⅜⁸↓╣╠─ ⌐⅔↑╢♃fi◒⌐≈™≡│⁸ ⌐ ∆╢ ⅜ ╩ ⅎ

⌂™↓≤⅜ ⌐ ┘ ⌐╟╡ ↕╣√╙─≢№╢↓≤⅛╠⁸↓─ ⌐╟╡

∆╢ ⌐│⁸ │ ⌐ ─ ─ ╩ ⇔⌂™╙─≢

№╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-18 

 

3-5-12ᶫ Ǥǵ  ˘ Ƚɱȭ 

 

3-5-12ʟ Ǥǵ  ˘ ȽɱȭǵȦȠɶ ǔ  

 

3-5-12ʟ Ǥǵ  ˘ Ƚɱȭǵ  

 

 



 ♃fi◒ ─  

 

3-5-19 

 

3-5-12ʟ Ǥǵ  ˘ Ƚɱȭǵʝ  

 

 

3-5-12ʟ Ǥǵ  ˘ Ƚɱȭǵ  

 



 ⁸ ┘ ─ ─  

 

3-5-20 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭ ǵ͈ 10kL  К♄ 1440  

 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭֺ ǵ͈ 10kL  К♄ 1440  

 



 ♃fi◒ ─  

 

3-5-21 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭ ǵ͈ 10kL  К♄ 2100  

 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭֺ ǵ͈ 10kL  К♄ 2100  

 



 ⁸ ┘ ─ ─  

 

3-5-22 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭ ǵ͈ 20kL  К♄ 2100  

 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭֺ ǵ͈ 20kL  К♄ 2100  

 

 



 ♃fi◒ ─  

 

3-5-23 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭ ǵ͈ 25kL  К♄ 2100  

 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭֺ ǵ͈ 25kL  К♄ 2100  

 

 



 ⁸ ┘ ─ ─  

 

3-5-24 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭ ǵ͈ 30kL  К♄ 2100  

 

 

3-5-13ʟ Ǥǵ ǵ  ˘ Ƚɱȭֺ ǵ͈ 30kL  К♄ 2100  

 

▬ ♃fi◒─♃fi◒ │⁸ ┘ ≤╙JIS G 3101≢ ↕╣√SS400 ⁸ ┘↓

╣≤ ─ ─╙─≤∆╢↓≤⁹ 

► ♃fi◒≤ ♃fi◒│⁸ Ⱶꜞⱷכ♩ꜟ─ ╩ ∆╢√╘⁸

₈☻Ɑ℮⁹™≥₉כ◘כ ╩ ⌐ ∆╢↓≤⁹ 

◄ ♃fi◒ ─ ⅝ │⁸ ≢ ↕╣√ ─ ╩



 ♃fi◒ ─  

 

3-5-25 

 

∆╢↓≤⁹ 

(2)  ♃fi◒ ⌐  כ◘כ║☻╢↑

▪ │ ≤⇔≡ ♃fi◒─ ≤ ─ ≤∆╢↓≤⁹ 

▬ ☻Ɑכ◘כ≤ ♃fi◒─ ≤─ │⁸ ∆╖ │ ≤∆╢↓≤⁹⌂

⅔⁸ ≤∆╢ │⁸ ─ ⱦ25│♪כⱵꜞⱷכ♩ꜟ ≤∆╢↓≤⁹ 

► ☻Ɑכ◘כ╩ ╡ ↑╢ │⁸ ♃fi◒─ ⌐ ↕∑╢╙─≤⇔⁸ ╩

╕√←↓≤─⌂™╟℮ ∆╢↓≤⁹ 

◄ ♃fi◒─ ⅎ ↑⌐№√∫≡│⁸☻Ɑכ◘כ─ ⅜ ─ ≤ ∆╢╙─

≢№╢↓≤⁹β  

(3)  ♃fi◒─ ─  

♃fi◒≤ ─ │⁸ ⌐╟╢ ╩ ∆╢√╘⁸ ⌐╟╢ ╩ ∆↓≤⁹ 

▪ ♃fi◒≤ ⱡ☼ꜟ─ │⁸ ╩ ∆╢√╘─ ╩ ╡ ↑╢↓≤⁹ 

▬ ⱡ☼ꜟ ─♃fi◒ⱪ꜡♥◒♃⁸│כ 3.2Ⱶꜞⱷכ♩ꜟ ≤⇔⁸♃fi◒ │

ⱴfiⱱכꜟ⌐ ∆╢↓≤⁹ 

(4)  ⅎ™  

♃fi◒⌐ ↑╠╣╢ ─ ─꜠ⱬꜟ─ ╩ ∆╢√╘─

₈ ⅎ™ ₉ │⁸ ⌐╟╢↓≤⁹ 

▪ ⅎ™ │⁸ ─ ─꜠ⱬꜟ─ ╩ ⅛╠ ⌐╟╡ ╖ ╢↓≤⅜

≢⅝╢ ⁸ ≤ ♃fi◒─ →⅝≤╩ ∆╢ ┘ ─ ─

꜠ⱬꜟ⅜ ─ ╩ ⅎ≡ ⇔√ ⌐ ╩ ∆╢ ⌐╟╡ ↕╣╢╙─≤

⇔⁸∕─ ─ │ 3- 5- 14 ─≤⅔╡≢№╢↓≤⁹β  

3-5-14ʟ Ǥǵ  ˘ Ƚɱȭ ȓ ȵȷɄɞǵ͈ 

 



 ⁸ ┘ ─ ─  

 

3-5-26 

 

3-5-14ʟ Ǥǵ  ȓ ǵ͈ 

 

3-5-14ʟ Ǥǵ  ȓ ǵ͈ Ƚɱȭǵḹֻ  

 

▬  

( )  ─ │⁸ │ ≤⇔⁸ ╩ ∆╢╙─≤∆╢↓≤⁹ 

( )  ─ ⅝↕│⁸ ╩ ꜞ♇♩ꜟ ≢⅝╢ ⅝↕─╙─≤∆╢↓≤⁹ 

( )  │⁸ ♃fi◒ ─ ⅛╠ ╕≢─ ↕⅜ ⱷכ♩ꜟ ≤⌂╢╟



 ♃fi◒ ─  

 

3-5-27 

 

℮ ∆╢↓≤⁹ 

( )  │ ⅜ ⌐ ─ ╩ ≢⅝╢ ⌐⁸ │ ⅜

⌐ ╩ ∆╢↓≤⅜≢⅝╢ ⌐ ↑╠╣≡™╢↓≤⁹β  

√∞⇔⁸ ⅜ ™╢ ⌐ ⅎ™ ─ ─ ╩ ╠∑╢

┘ ⅎ™ ⅜ ⌐ ⇔≡™╢↓≤╩ ≢⅝╢ ⅜ ↑╠╣≡™╢

⌐№∫≡│⁸ ⅎ™ ╩ ⁸ ─ ⁸ ⌐ ↑╢↓≤

⅜≢⅝╢⁹ 

► │⁸ ╩ ↑╢ ⌐╟╡ ┘ ╩ ∆╢ ╩ ∂╢≤≤╙⌐⁸

─ ╩ ∆╢√╘─ ╩ ∂╠╣√╙─≢№╡⁸ ─№╢ ≥Ⱪכꜙ♅

∆╢↓≤⅜≢⅝╢↓≤⁹β  

◄  

│◄♅꜠fi◓ꜞ◖כꜟ╩ ≢ ⇔√╙─≤⇔⁸◄♅꜠fi◓ꜞ◖30╩ꜟכⱤ

♩fi☿כ ≤⇔√ ─╙─╩ ∆╢↓≤⁹ 

(5)  ─  

▪ ♃fi◒⌐ ↑╠╣√ →⅝⅜ ⌐ ╠╣≡™╢⅛≥℮⅛─ │⁸

→⅝⌐70 Pa ─ ≢ ─ ─ │ ─ ╩ ™≡

℮ ╩ ╗⁹ ╩ ∫√≤⅝⁸ ╣∕─ ─ ⅜⌂™↓≤╩ ∆╢↓≤⌐╟╡

⅜ ℮↓≤≤⌂╢⅜⁸ ⌐⅔™≡│⁸ ⌐⅔™≡ ⅜⌂⅛∫√ ─

╩ ↕∑≡ ╩ ℮↓≤⁹β  

▬  

♃fi◒─ Ᵽfi♪─ ⌐№√∫≡│⁸ ⌐ ─ ⌐≈™≡╙

╩ ∆╢↓≤⁹ 

 

 ⱪꜝ☻♅♇◒ ♃fi◒ ♃fi◒  

(1)  ⱪꜝ☻♅♇◒ ♃fi◒─ β  

▪ ⱪꜝ☻♅♇◒ ♃fi◒─ │⁸ ─≤⅔╡≢№╡⁸∕─ ─ │

3- 5- 15 ⌐ ∆≤⅔╡≢№╢↓≤⁹ 

⌂⅔⁸ ⱪꜝ☻♅♇◒ ♃fi◒╩ ⌐ ⇔√ ⌐⅔↑╢ ♃

fi◒⌐ ╢ │⁸ ⱪꜝ☻♅♇◒╩ ⇔≡ ─♃fi◒⌐ ⅎ╠╣╢ ≤⌂∫≡

™╢↓≤⁹ 

( )  ♃fi◒─ ⅛╠ ─ ╩ ⅎ╢ ╕≢─ ⌐ ↕ Ⱶꜞⱷכ♩ꜟ

─●ꜝ☻ ╩ ≤⇔√ ⱪꜝ☻♅♇◒╩ ⌂ 0.1Ⱶꜞⱷכ♩ꜟ

╩ ∆╢╟℮⌐ ∆╢↓≤⁹ 

( )  ♃fi◒⌐ ↕╣√ ⱪꜝ☻♅♇◒≤ ♃fi◒─ ⌐ ╣√ ╩ ≢

⅝╢ ╩ ↑╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-28 

 

3-5-15ʟ  ▌ӓɕɧȷȿɁȭ ˘ Ƚɱȭ 

 

▬ ⱪꜝ☻♅♇◒─ │⁸ ─≤⅔╡≤∆╢↓≤⁹ 

( )  │⁸▬♁ⱨ♃ꜟ ⱳꜞ◄☻♥ꜟ ⁸ⱦ☻ⱨ▼ⱡכꜟ ⱳꜞ◄☻

♥ꜟ ⁸ⱦ♬ꜟ◄☻♥ꜟ │◄ⱳ◐◦ ≤∆╢↓≤⁹ 

( )  ●ꜝ☻ │⁸●ꜝ☻♅ꜛ♇ⱪ♪☻♩ꜝfi♪ⱴ♇♩ JIS R 3411 ⱦfiכ꜡☻ꜝ●

◓ JIS R 3412 ⁸ ●ꜝ☻◒꜡☻ JIS R 3416 ☻꜡◒◓ⱦfiכ꜡☻ꜝ●│ JIS

 R 3417 ≤∆╢↓≤⁹ 

► ⱪꜝ☻♅♇◒⌐ ↕╣╢●ꜝ☻ ─ │⁸ ⱪꜝ☻♅♇◒─ ─30Ɽכ

☿fi♩ ≤∆╢↓≤⁹ 

◄ ♃fi◒⌐ ⇔√ ⱪꜝ☻♅♇◒─ │⁸₈ ●ꜝ☻ ⱪꜝ☻♅

♇◒₉ JIS K 7011 з GL-5 ≢№╢↓≤⁹ 

○ ⱪꜝ☻♅♇◒⌐ ⁸ ╩ ∆╢ ⌐№∫≡│⁸ ┘ ─

⌐ ╩ ⅎ⌂™╙─≢№╢↓≤⁹ 

(2)  ⅎ™ ─ β  

ⅎ™ │⁸ ⌐╟╢↓≤⁹ 

▪ ⅎ™ │⁸♃fi◒─ ⌐╟╡ ⌐ ⅜ ╣√ ┘ ⱪꜝ☻



 ♃fi◒ ─  

 

3-5-29 

 

♅♇◒─ ⌐╟╡ ⅜ ⌐ ⇔√ ⌐⁸↓╣╠─ ╩ ∆╢√╘─

⌐ ∆╢ ⌐ ↑╠╣√☿fi◘כ ┘ ☿fi◘כ⅜ ⇔√ ⌐

╩ ∆╢ ⌐╟╡ ↕╣√╙─≢№╢↓≤⁹ 

▬ │⁸ ⌐╟╡ ↑╢↓≤⁹⌂⅔⁸ ⱪꜝ☻♅♇◒ ♃fi◒⌐ ╢♃

fi◒─ │⁸ ╩ ╡ ↑√ ⌐ ℮↓≤⁹ 

( )  │⁸♃fi◒─ ⅛╠ ╕≢ ↕∑⁸ ⌐ ∆╢↓≤⁹ 

( )  │⁸ ⌐ ╣√ ┘ ⇔√ ₈ ╣√ ₉≤™

℮⁹ ╩ ⌐ ≢⅝╢ ⌐ ↑╢↓≤⁹ 

( )  │⁸ 100Ⱶꜞⱷכ♩ꜟ ─ ─ ≤⇔⁸∕─ ⌐│↕┘≥╘ ╩∆

╢↓≤⁹ 

( )  ─ ⌐│⁸ №⅝ ╩ ↑╢↓≤⁹ 

( )  ─ ⌐│⁸┤√╩ ↑╢≤≤╙⌐⁸ ─ ╩ ℮√╘─ ⅜

≢⅝╢ ≤∆╢↓≤⁹ 

( )  │⁸☿fi◘כ─ ⁸ ⅜ ⌐ ⅎ╢ ≤∆╢↓≤⁹ 

► ⌐ ╣√ ╩ ∆╢√╘─☿fi◘⁸│כ ⱨ꜡כ♩☿fi◘כ │

≤⇔⁸ ⌐ ╣√ ⅜⅔⅔╗⌡ ☿fi♅ⱷכ♩ꜟ≤⌂∫√ ⌐ ≢⅝

╢ ╩ ∆╢╙─≢№╢↓≤⁹ 

◄ │⁸☿fi◘כ⅜ ╣√ ╩ ⇔√ ⌐⁸ ╩ ∆╢≤≤╙⌐

⅜ ⌐ꜞ☿♇♩≢⅝⌂™ ≤∆╢↓≤⁹ 

⌂⅔⁸ ─ ⱪꜝ☻♅♇◒ ♃fi◒╩ ∆╢ ⌐№∫≡│⁸ ╩

⇔√☿fi◘כ⅜ ↑≡№╢ ⱪꜝ☻♅♇◒ ♃fi◒⅜ ≢⅝╢╙─≤∆

╢↓≤⁹ 

(3)  ⱪꜝ☻♅♇◒─ β  

▪ ♃fi◒⌐ ⱪꜝ☻♅♇◒╩ ∆╢ │⁸Ɫfi♪꜠▬▪♇ⱪ ⁸☻ⱪ꜠▬▪♇

ⱪ │ ♩כ◦ ╡ ⌐╟╢╙─≤⇔⁸ ⌐ ≢⅝╢╙─≤∆╢↓≤⁹ 

▬ ⱪꜝ☻♅♇◒╩ ∆╢ ─♃fi◒─ │⁸ ∆╢ ⱪꜝ☻♅♇◒ ⌐

╩ ⅎ⌂™╟℮⌐⁸ ⌐ →╢↓≤⁹ 

► ♃fi◒─ ⅛╠ ─ ╩ ⅎ╢ ╕≢⌐ ↑╢ │⁸♃fi◒≤

ⱪꜝ☻♅♇◒─ ⌐⁸ⱪꜝ☻♅♇◒⅜ ∆╢ ⌐ ∆╢ ⌐╟╡⁸╝⅜╖⁸⇔╦

⅜ ∂⌐ↄ™ ⱦ♬ꜞ♦fi ♩כ◦─ │ ─ ╩ ↑⌐ↄ™ ≢ ╠╣√☻Ɑ

♩♇Ⱡכ◘כ ╩ ∆╢↓≤⌐╟╡ ╢↓≤⁹⌂⅔⁸ ♩כ◦ ╡ ⌐╟╢ ⌐│⁸

─♩כ◦ ╩ ♩♇Ⱡכ◘כⱭ☻⁸♩כ◦⁸⅝ │ ⌂™╙─≢№╢↓≤⁹ 

◄ ⱪꜝ☻♅♇◒⌐ ™╢ ─ ⌐ √∫≡│⁸ ⌐╟╢↓≤⁹ 

( )  ⁸ ╩ ∆╢ ⌐№∫≡│⁸ ⌐ ∆╢↓≤⁹ 

( )  ⌂ⱳ♇♩ꜝ▬ⱨ ⇔√ ╩ ∆╢↓≤⅜≢⅝╢ ≢ ∆╢↓≤⁹ 

○ ⱪꜝ☻♅♇◒⌐ ↕╣╢●ꜝ☻ │⁸ ⌐ ⇔⁸⅛≈⁸ ⌐ ⇔⌂

™╟℮⌐∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

 

3-5-30 

 

◌ ⱪꜝ☻♅♇◒│⁸ ─ ⁸ ⁸ ⅜⌂ↄ⁸⅛≈⁸∕─ ⌐

⇔™ ⁸ ⅜⌂™╟℮⌐∆╢↓≤⁹ 

◐ ⱪꜝ☻♅♇◒│⁸ ─ ╩ ∆╢╟℮⌐ ∆╢↓≤⁹ 

◒ ♃fi◒⌐≈╡ → ╩ ╡ ↑╢ ⌐№∫≡│⁸ ⅜ ↑╠╣≡™⌂™

⌐ ╡ ↑╢↓≤⁹ 

◔ ⱪꜝ☻♅♇◒─ ⌐ ╢ ⌐│⁸ ─ ╩ ∆╢↓≤⁹ 

( )  ⌐╟╡  

ⱪꜝ☻♅♇◒⌐ ╖⁸┤ↄ╣⁸ ⁸ ⁸№⌂⁸ ─ ⅝ ╖⁸ ─ ⅝

♩כ◦⁸╖ ⅜⌂™↓≤⁹ 

( )  ⱪꜝ☻♅♇◒─ ↕ ╩ ™≡  

ⱪꜝ☻♅♇◒─ ↕⅜ ≢№╢↓≤⁹ 

( ) כ◌♇▼♅  ╩ ™≡  

 ⁸ ╩ ↑╢↓≤≤⇔≡™╢ ⌐ ⌐ ⅜ ∆╢↓≤⁹ 

( )  Ⱨfiⱱכꜟ Ⱨfiⱱכ♃☻♥ꜟכ ╩ ™≡  

ⱪꜝ☻♅♇◒⌐Ⱨfiⱱ⁹≥↓™⌂⅜ꜟכ 

( )  ╩ 20KPa ⇔⁸ ╩ ⇔≡

⅜⌂™↓≤⁹ 

(4)  ⁸ ⁸ ─ β  

▪ ⱪꜝ☻♅♇◒ ♃fi◒╩ │ ∆╢ ⌐№∫≡│⁸ ⱪꜝ☻

♅♇◒╩ ↕∑⌂™╟℮⌐ ℮↓≤ 3- 5- 16 ⁹ 

⌂⅔⁸ ⱪꜝ☻♅♇◒ ♃fi◒╩ ∆╢ ⌐№∫≡│⁸ ♃fi◒─

╩ 20KPa ⇔≡⅔ↄ↓≤⅜⁸ ╩ ∆╢ ⅛╠ ≢№╢↓≤⁹ 

3-5-16ʟ Ǥǵ  ֽȑʤǙ̸ ǵ͈     3-5-16ʟ Ǥǵ  ǵ͈ 

 

 

▬ ⱪꜝ☻♅♇◒ ♃fi◒─ ⅜ ∆╢ ⁸ Ᵽfi♪ ─ ⌐

│⁸ ↕10 ─◗ⱶ ♩כ◦ ╩ ╖ ╖⁸ ─ ╩∆╢↓≤ 3

- 5- 17 ⁹ 



 ♃fi◒ ─  

 

3-5-31 

 

3-5-17ʟ  ǵ͈ 

 

 

► ⱪꜝ☻♅♇◒ ♃fi◒╩ ∆╢ ⌐№∫≡│⁸ ♃fi◒╩

⌐ ⅎ ↑⁸ Ᵽfi♪ ≢ ⇔√ ⌐⁸ ╩ 20kpa ⇔⁸ ╩

⇔ ⅜⌂™↓≤╩ ∆╢↓≤⁹ 

◄ ⱪꜝ☻♅♇◒ ♃fi◒╩ ⌐ ∆╢ ⌐№∫≡│⁸ ⁸

⌂ ╩ ╕⌂™ ╩ ™╢≤≤╙⌐⁸ ⱪꜝ☻♅♇◒ ⌐ ╩ ⅎ⌂™╟

℮⌐ ╩∆╢↓≤⁹ 

○ ─ ╩ ∆╢ ⌐№∫≡│⁸ ⌐╟╢↓≤⁹ 

( )  ─ ≤♃fi◒ ─ ⌐◗ⱶⱴ♇♩╩ ⅝♃fi◒╩ ↕∑╢↓≤⁹ 

( )  ♃fi◒─ ⌐ ∂√ ⁸ ↕╩ ⇔≡™╢↓≤⁹ 

( )  ⌐╟╡♃fi◒─ ╩ ∆╢↓≤⁹ 

◌ │⁸ ─™╢ ⌐ ↑╢↓≤⁹ 

(5)  ─ β  

ⱪꜝ☻♅♇◒ ♃fi◒⌐ ╢ ╩ ℮ ⌐№∫≡│⁸ ─ ⌐

⇔≡ ℮↓≤⁹ 

▪ ⱪꜝ☻♅♇◒ ♃fi◒─ ⱪꜝ☻♅♇◒─ ⌐ ╢ ≤⇔≡

│⁸ (3)◔( )⅛╠( )╕≢⌐ →╢ ⌐≈™≡ ∆╢↓≤⅜ ≢№╢↓≤⁹ 

▬ ─ ⌐≈™≡│⁸ ⱪꜝ☻♅♇◒ ♃fi◒╩ ⌐ ⇔

√ ⌐⁸ ╩ 20kPa │ 20kPa ⇔⁸ ╩

⇔ ⅜⌂™↓≤╩ ∆╢↓≤⁹ 

 

 ⱪꜝ☻♅♇◒ ♃fi◒ ♃fi◒  

(1)  ⱪꜝ☻♅♇◒ ♃fi◒─ β  

▪ ⱪꜝ☻♅♇◒ ♃fi◒│⁸♃fi◒ ┘ ♃fi◒⌐ ↕╣√ ⱪꜝ☻♅

♇◒ ₈ ₉≤™℮⁹ ⅜ ≤⌂∫≡ ⱪꜝ☻♅♇◒ ♃fi◒⌐

∆╢ ⌐ ⇔≡ ⌂ ╩ ∆╢╙─≢№╡⁸∕─ ╩ ∆≤ 3- 5- 18 ⌐ ∆≤



 ⁸ ┘ ─ ─  

 

3-5-32 

 

⅔╡≢№╢↓≤⁹ 

3-5-18ʟ  ▌ӓɕɧȷȿɁȭ ˘ Ƚɱȭǵ ͈ 

 

 

╕√⁸ ─ ─ ⌐ ╘╢ ⌂ ⌐≈™≡│⁸ ─ ┘

⌐╟╡ ↕╣╢╙─≢№╢↓≤⁹ 

⌂⅔⁸ ⱪꜝ☻♅♇◒ ♃fi◒╩ ⌐ ⇔√ ⌐ ♃fi◒⌐

∆╢ ⁸ ─ ⌐ ⇔ ⌂ ≤∆╢℮ⅎ≢─♃fi◒ ┘ ─ ≤⇔≡│⁸

─╙─⅜№╢↓≤⁹ 

( )  ⌐╟╢ ┘ ⌐╟╢ ⌐ ⇔≡ ┘♃fi◒─ ≢ ╩

∆╢╙─ 

( )  ─ ⌐ ⇔≡│ ≢⁸ ⌐╟╢ ⌐ ⇔≡│♃fi◒≢∕╣∙╣

╩ ∆╢╙─ 

▬ ⱪꜝ☻♅♇◒ ♃fi◒⌐ ↑╠╣√ →⅝ ₈ ₉≤™℮⁹ │⁸

⌐╟╢♃fi◒≤ ─ ⌐╟╡ ⅜ ╩ ↑⌂™╙─≤∆╢↓≤⁹ 

⌂⅔⁸ ─ ⅝↕│ ⌐ ↕╣≡™⌂™⅜⁸ ⌐╟╢ ⅎ™ ╩ ™

╢ ⌐№∫≡│⁸ Ⱶꜞⱷכ♩ꜟ ≤∆╢↓≤⁹ 

► ⱪꜝ☻♅♇◒─ ─℮∟●ꜝ☻ ⌐≈™≡│⁸ ─ ─

꜡⌐ ╘╢╙── ─ ╖ ╦∑⌐╟∫≡╙ ⇔ ⅎ⌂™↓≤⁹ 

◄ ⱪꜝ☻♅♇◒⌐ ≡╪ ⁸ ╩ ∆╢ ⌐№∫≡│⁸ ┘ ─

⌐ ╩ ⅎ⌂™╙─≢№╢↓≤⁹ 

○ ⱪꜝ☻♅♇◒ ♃fi◒─ ┘ │⁸ ⌐

╟╢↓≤⁹ 



 ♃fi◒ ─  

 

3-5-33 

 

◌ ⱡ☼ꜟ⁸ⱴfiⱱכꜟ ─ │⁸♃fi◒ ≤ ─ ╩ ∆╢╙─≢№╢↓

≤⁹ 

(2) ⱪꜝ☻♅♇◒ ♃fi◒─ ⌐ ™╢ ⱪꜝ☻♅♇◒─ β ⁸β  

ⱪꜝ☻♅♇◒ ♃fi◒─ ⌐ ⱪꜝ☻♅♇◒╩ ™╢ │⁸ ♃fi◒

⌐⅔™≡ ⇔ │ ╡ ℮ ─ ●♁ꜞfi⁸ ⁸ │ ⌐

╢ ╩ ↄ⁹ ⌐ ∂≡⁸ ₈ ⱪꜝ☻♅♇◒─ ₉

⌐ ╘╠╣≡™╢ ≢⁸ ₈●ꜝ☻ ⱪꜝ☻♅♇◒ ₉

⌐ ∆╢ ⌐ ⇔≡™╢↓≤╩ ⌐╟╡ ∆╢↓≤⁹ 

( 3)  ⅎ™ ─ β  

─ ╣╩ ≢⅝╢ ₈ ⅎ™ ₉≤™℮⁹ │⁸ ⌐╟╢↓≤⁹ 

▪ ⅎ™ │⁸♃fi◒⅜ ⇔√ ⌐ ╣√ ╩ ∆╢√╘─☿fi◘כ

┘ ☿fi◘כ⅜ ⇔√ ⌐ ╩ ∆╢ ⌐╟╡ ↕╣√╙─≢№╢↓≤⁹ 

▬ ╩ ↑╢ ─ ┘ ⅎ™ │⁸ ⌐╟╢↓≤⁹⌂⅔⁸ ⱪꜝ☻

♅♇◒ ♃fi◒─♃fi◒─ │⁸ ╩ ╡ ↑√ ⌐ ℮↓≤⁹ 

( )  │⁸♃fi◒─ ⅛╠ ╕≢ ↕∑⁸ ⌐ ∆╢↓≤⁹ 

( )  │⁸ ⌐ ╣√ ╩ ⌐ ≢⅝╢ ⌐ ↑╢↓≤⁹ 

( )  │⁸♃fi◒≤ ≢ ╠╣√ Ⱶꜞⱷכ♩ꜟ ─ ≤∆╢↓≤⁹ 

( )  ─ ⌐│┤√╩ ↑╢≤≤╙⌐⁸ ─ ╩ ℮√╘─ ⅜

≢⅝╢ ≤∆╢↓≤⁹ 

( )  │⁸☿fi◘כ─ ⁸ ⅜ ⌐ ⅎ╢ ≤∆╢↓≤⁹ 

( )  ⌐ ╣√ ╩ ∆╢√╘─☿fi◘⁸│כ ⱨ꜡כ♩☿fi◘כ │

≤⇔⁸ ⌐ ╣√ ⅜ ⌡ ☿fi♅ⱷכ♩ꜟ≤⌂∫√ ⌐ ≢⅝╢

╩ ∆╢╙─≢№╢↓≤⁹ 

( )  ⅎ™ │⁸☿fi◘כ⅜ ╣√ ╩ ⇔√ ⌐⁸ ╩ ∆╢≤≤╙

⌐ ⅜ ⌐ꜞ☿♇♩≢⅝⌂™ ≤∆╢↓≤⁹ 

⌂⅔⁸ ─ ♃fi◒╩ ∆╢ ⌐№∫≡│⁸ ╩ ⇔√☿fi◘כ⅜ ↑

≡№╢ ♃fi◒⅜ ≢⅝╢╙─≤∆╢↓≤⁹ 

► ⌐╟╢ ⅎ™ ╩ ™╢ ⌐№∫≡│⁸ ─ ♃fi

◒─₈ ⅎ™ ₉─ ⌐╟╢↓≤⁹↓─ ⌐⅔™≡⁸♃fi◒ ┘ ─ ⱪꜝ

☻♅♇◒⌐ ™╢ │⁸ ⌐╟╡ ↕╣⌂™╙─≤∆╢↓≤⁹ 

( 4)  ⱪꜝ☻♅♇◒─ β  

▪ ⱪꜝ☻♅♇◒╩ ∆╢ │⁸Ɫfi♪꜠▬▪♇ⱪ ⁸☻ⱪ꜠▬▪♇ⱪ ⁸

♩כ◦ ╡ ⁸ⱨ▫ꜝⱷfi♩꞉▬fi♦▫fi◓ ─™∏╣⅛ │↓╣╠─ ╖ ╦∑

⌐╟╢↓≤⅜≢⅝╢⅜⁸ ⌐ ≢⅝╢╙─≤∆╢↓≤⁹ 

▬ ⱪꜝ☻♅♇◒⌐ ™╢ ─ │⁸ ⌐╟╢↓≤⁹ 

( )  ⁸ ╩ ∆╢ ⌐№∫≡│⁸ ⌐ ∆╢↓≤⁹ 

( )  ⌂ⱳ♇♩ꜝ▬ⱨ ⇔√ ╩ ∆╢↓≤⅜≢⅝╢ ≢ ∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  
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► ⱪꜝ☻♅♇◒⌐ ↕╣╢●ꜝ☻ │⁸ ⌐ ⇔⁸⅛≈⁸ ⌐ ⇔⌂

™╟℮⌐∆╢↓≤⁹ 

◄ ⱪꜝ☻♅♇◒│⁸ ─ ⁸ ⁸ ⅜⌂ↄ⁸⅛≈⁸∕─ ⌐

⇔™ ⁸ ⅜⌂™╟℮⌐∆╢↓≤⁹ 

○ │⁸ ─ ┘ ╩ ∆╢╟℮⌐ ↕╣≡™╢↓≤⁹ 

◌ ⱪꜝ☻♅♇◒ ♃fi◒⌐≈╡ → ╩ ╡ ↑╢ ⌐№∫≡│⁸

⌐≈™≡ ⌐╟╡ ⅜ ↕╣≡™╢╙─≤∆╢↓≤⁹ 

◐ ⱪꜝ☻♅♇◒ ♃fi◒─ ⌐│⁸ ─ ╩ ∆╢↓≤⁹ 

( )  ⌐╟╡  

ⱪꜝ☻♅♇◒⌐ ╖⁸┤ↄ╣⁸ ⁸ ⁸№⌂⁸ ─ ⅝ ╖⁸ ─ ⅝

╖ ⅜⌂™↓≤⁹ 

( )  ⱪꜝ☻♅♇◒─ ↕ ↕ ╩ ™≡  

ⱪꜝ☻♅♇◒─ ↕⅜⁸ ≢№╢↓≤⁹ 

( )   

⇔√ →⅝⅜ ∆╢↓≤⁹ 

( )  ─ ⌐╟╡  

⅜ ≢№╢↓≤⁹ 

( 5)  ∕─ ─ β  

▪ ⱪꜝ☻♅♇◒ ♃fi◒╩ ⇔⁸ │ ∆╢ │⁸ ⱪꜝ☻♅♇◒╩

↕∑⌂™╟℮⌐ ℮↓≤⁹ 

▬ ⱪꜝ☻♅♇◒ ♃fi◒╩ ∆╢ ⌐│⁸ ─ ⌐╟╡

╩ ∆╢↓≤⁹ 

► │⁸ ─™╢ ⌐ ↑╢↓≤⁹ 

( 6)  ─ β  

ⱪꜝ☻♅♇◒ ♃fi◒⌐ ╢ ╩ ℮ ⌐ ∆═⅝ ≤⇔≡

│ ─╙─⅜№╢↓≤⁹ 

▪ ⱪꜝ☻♅♇◒ ♃fi◒─ ≤⇔≡ ℮ │⁸ ⁸ ╘

─ ┘ⱡ☼ꜟ ╩ ↑╢ ⌐│⁸ ╩ ╗⁹ ╩ ⇔√

≢ ⇔≡ ⇔ ⅎ⌂™╙─≢№╢↓≤⁹ 

▬ ⱪꜝ☻♅♇◒ ♃fi◒─ ⌐⅔™≡│⁸ ─ ─ ⌐

╘╢ ⌂ ┘ (3)◐⌐≈™≡ ∆╢↓≤⁹ 

⌂⅔⁸ ⌂ ─ ⌐≈™≡│⁸ ⁸ ⁸ ─♃fi◒⌐╟∫≡⁸

⌐ ↕╣√ ─ ╩ ≢⅝╢╙─≢№╢↓≤⁹ 

 

 

 

 

 



 ♃fi◒ ─  
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ⱪꜝ☻♅♇◒ ♃fi◒─ ─  

 

 ⌐ ∆╢ ⌐ ╢⁹  

(1) │⁸ ♃fi◒─ ⅛╠ ╡ ⇔√╙─ │ ♃fi◒─ ≤ ≢ ⇔√╙─

╩ ™╢↓≤⁹ 

(2)  

▪ │⁸ ↕ ┘ ╩∕╣∙╣ ─ ⌐≈™≡⁸JlS K7054₈●ꜝ☻

ⱪꜝ☻♅♇◒─ ₉⌐╟∫≡ ™⁸ ╩ ╘╢↓≤⁹↓─ ⌐⅔™≡ │⁸

≤⇔≡ ─ ≤∆╢↓≤⁹ 

⌂⅔⁸ ↕⌐≈™≡│⁸ ╩ ╘╢↓≤⁹ 

ⱳ▪♁fi ⌐≈™≡│⁸ ─ ⌐⅔™≡ ⇔√ ⌐╟╡ ╘╢↓≤╩ ≤∆╢⅜⁸

─ ⅛╠ ⅜ ⌂ │↓╣⌐╟╢↓≤⅜≢⅝╢↓≤⁹ 

▬ → │⁸ → ↕ ┘ → ╩∕╣∙╣ ─ ⌐≈™≡⁸JlS K7055₈●ꜝ☻

ⱪꜝ☻♅♇◒─ → ₉⌐╟∫≡ ™⁸ ╩ ╘╢↓≤⁹ 

⌂⅔⁸ → ↕⌐≈™≡│⁸ ╩ ╘╢↓≤⁹ 

(3) ─  

   ⌐ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

( )
4

S2X
f tt
t

Ö-
=

 
( )

4

S2Xb
f b
b

Ö-
=

 
↓↓⌐⁸ft ╡─  

fb →─  

Xt ↕─  

Xb → ↕─  

St ↕─  

Sb → ↕─  

 ┘  

┘ │∕╣∙╣ ⌐╟∫≡ ™⁸∕─ ⌐⅔™≡└∏╖ ┘ ╩ ⇔⁸ ─

─ ≤№╦∑≡(3)─ ─ ╩ ™⁸╕√⁸ ⌐⅔™≡ ⌐╟∫≡ ─

─ ─ ╩ ℮╙─≤∆╢↓≤⁹ 

┘ │⁸ ─ ⱪꜝ☻♅♇◒ ♃fi◒╩ ™≡ ℮↓≤⁹ 

↓─ ⌐⅔™≡⁸ ┘ ─ │⁸≥∟╠⅜ ≢╙ ⇔ ⅎ⌂™↓≤⁹ 

(1) ─ ─ ⌐ ╘╢ ⌂ ─  

▪  

│⁸ Pa ─ ≤∆╢↓≤⁹√∞⇔⁸ ♃fi◒⌐№∫≡│⁸ ─1.5

≤∆╢↓≤⁹ 

▬  

♃fi◒ ┘ ⌐ ⅝⌂ ⅜ ∆╢≤ ↕╣╢ ─ ⌐ ╩☺כ◕╖∏└

╡⁸♃fi◒╩ ∆╢ ≤ ∂ ─ ⌐ ⇔⁸♃fi◒⌐ ╩ ⇔≡ ⇔⁸ ─ ≢

─└∏╖ ┘ ╩ ∆╢↓≤⁹⌂⅔⁸ │⁸ ℮↓≤⁹ 

↓─ ⌐⅔™≡⁸ ─ ⌐ ∆╢↓≤⁹ 

ᵑ ╩ ⁸ ≤⇔⁸ ─ ∂ ─╙─╩ ≤⇔≡ ≤∆╢↓≤⁹ 

ᵒ ⅜ ─ │⁸ ≡∫╟⌐☺כ◕ └∏╖╩ ╘╢↓≤⁹ 

ᵓ │⁸ ⌂ ≢⁸⅛≈⁸ ⇔⁸ mm ─ ╩

™≡ ⌐⅔™≡ ∆╢↓≤⁹ 

ᵔ ⌐╟╢ ⅜ ∂⌂™╟℮ ╩ ℮⅛⁸ │ ╩ ∆╢↓≤⁹ 

ᵕ │⁸ ╩ ⌡ ≤∆╢↓≤⁹ 

ᵖ │⁸ ⌐⅔™≡ ≤∆╢↓≤⁹ 

► ─  

( ) └∏╖─  

⁸ ─ └∏╖≤ →└∏╖│⁸ ↕╣√ └∏╖╩ ™⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

( )
2

xoxf
tx

e+e
=e

 



 ⁸ ┘ ─ ─  

 

3-5-36 

 

( )
2

yoyf
ty

e+e
=e

 
( )

2

xoxf
bx

e-e
=e

 
( )

2

yoyf
by

e-e
=e

 
↓↓⌐⁸ ɚtx⁸ɚty x⁸y ─ └∏╖ 

ɚbx⁸ɚby ⁸ ─ →└∏╖ 

ɚxf⁸ɚxo ⌐⅔↑╢ ─ └∏╖ 

ɚyf⁸ɚyo ⌐⅔↑╢ ─ └∏╖ 

( ) ─  

≤ → │⁸ ─ ─ ⌐⅔↑╢ ┘ⱳ▪♁fi ╩ ™⁸ ─ ⌐

╟╡ ∆╢↓≤⁹ 

( )
( )2

tytx
tx

1

Et

n-

nÖe+e
=s

 
( )
( )2

txty
ty

1

Et

n-

nÖe+e
=s

 
( )
( )2

bybx
bx

1

Eb

n-

nÖe+e
=s

 
( )
( )2

bxby
by

1

Eb

n-

nÖe+e
=s

 
↓↓⌐⁸ ɨtx⁸ɨty x⁸y ─  

ɨbx⁸ɨby x⁸y ─ →  

Et⁸Eb ⌐╟∫≡ ╘√ ┘ →  

ɢ ─ⱳ▪♁fi  

(2) ─ ─ ⌐ ╘╢ ⌂ ─  

▪  

♃fi◒╩ ∆╢ ≤ ∂ ─ ╩ ⌐ ↑⁸ ⌐♃fi◒╩ ⇔⁸ ⌐ ╩

⇔⁸ ─ ≢ ─└∏╖ ┘ ╩ ∆╢↓≤⁹ 

│⁸♃fi◒─ ─ ─ ⅛╠ cm ─ ↕≤⇔⁸♃fi◒ ⅛╠ ╕≢

╩╒╓ ⇔√ ↕─ ↔≤⌐ ∆╢↓≤⁹ 

╕√⁸ │⁸ ⌐⅔™≡ ≤∆╢↓≤⁹ 

⌂⅔⁸↓─ ⌐⅔↑╢ │⁸(1)▬─ᵑ⅛╠ᵔ╕≢≤ ≢№╢↓≤⁹ 

▬ ─  

└∏╖ ┘ ─ │⁸(1)►─ ⌐╟╢↓≤⁹ 

(3) ─  

▪ ─  

┘ ⌐⅔™≡⁸ ⅜ ♃fi◒─ ─ ≢№╢↓≤⁹↓─ ⌐

⅔™≡⁸♃fi◒ ⅜ ─ ⌐№∫≡│⁸ ─ ╩ ∆╙─≢№╢↓≤⁹ 

⌂⅔⁸↓─ ─ ⌐⅔™≡│⁸ ⅜ ⌂™√╘⁸ ⅜ ♃fi◒─ ─

╩ ⅎ√ │⁸ ─ ╩ ≤⇔≡ ╩ ™⁸ ⅜ ♃

fi◒─ ─ ≢№╢↓≤╩ ∆╢↓≤⁹ 

▬ ─  

┘ ⌐⅔™≡ ↕╣√ ɨtx⁸ɨty⁸ɨbx⁸ɨby ┘ ft⁸fb

⅜⁸∆═≡─ ⌐≈™≡⁸ ─ ╩™∏╣╙ √∆↓≤╩ ∆╢↓≤⁹ 

1.0
fbft

bxtx ֔
s
+

s

 

1.0
fbft

ybyt
֔

s
+

s
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ⱪꜝ☻♅♇◒ ♃fi◒─  

 

 ♃fi◒⌐⁸ Pa─ ╩ ⅎ╢↓≤⁹ 

 ╩ ⇔⁸ ─⌂™↓≤╩ ∆╢↓≤⁹ 

 ⌐ ╩ ⅎ⁸ ≤♃fi◒ ╩ ⌐ ⇔√ ≤∆╢↓≤⁹ 

⌂⅔⁸↓─ ⌐ ┘♃fi◒ ⅜≤╙⌐ Pa─ ≤⌂╢╟℮ ∆╢↓≤⁹ 

 ╩ ⇔⁸ ⅜⌂™↓≤╩ ∆╢↓≤⁹ 

 

 

 ♃fi◒╩ ─ ╣ ⌐╟╡ ∆╢ ♃fi◒ ─ ─

 

⌐ ∆╢ ─ ╣╩ ∆╢↓≤─≢⅝╢ │⁸ ⌐╟╢↓

≤⁹ 

 

 ╣ ─  

─ ╣╩ ≢⅝╢ ≤⇔≡│⁸♃fi◒╩ ⌂ ─ ╩ ∂√ ↕ ☿fi

♅ⱷכ♩ꜟ ┘ ⌐№∫≡│⁸ ☿fi♅ⱷכ♩ꜟ ─◖fi◒ꜞכ♩≢ ⇔⁸

⅛≈⁸♃fi◒─ │ ─ ⌐ →╢™∏╣⅛─ ⌐╟╡ ⇔⌂

↑╣┌⌂╠⌂™⅜⁸∕─ ≤⇔≡│⁸ 3- 5- 20 ⌐ ∆╙─⅜№╢↓≤⁹⌂⅔⁸↓

─ ⌐ ∆ ◖fi◒ꜞ⁸♩כ♃fi◒ ─┤√─ ⌐≈™≡│⁸ ◖fi◒ꜞ⁸♩כ

☻ꜝⱩ ⌐ ∆╢ ⌐ ⇔≡⁸ ⅜ ╩ ⅎ⌂™╙─≢№╢↓≤⅜

⌐╟╡ ↕╣√╙─≢№╢─≢⁸↓─ ⌐╟╡ ∆╢ ⌐│⁸ │

⌐ ─ ─ ╩ ⇔⌂™╙─≢№╢↓≤⁹β  



 ⁸ ┘ ─ ─  
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3-5-20ʟ  ȓ ǵ͈ 

͈ 30kL ʴ˿ў15:15 ♄2.4m  

 ȱɱȭɨɶɆ Ƚɱȭḛ ᶫ 

 

 ȱɱȭɨɶɆ Ƚɱȭ ᶫ 

 



 ♃fi◒ ─  
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͈ 30kL ʴ˿ў15:15 ♄2.1m  

 ȱɱȭɨɶɆ Ƚɱȭḛ ᶫ 

 

 ȱɱȭɨɶɆ Ƚɱȭ ᶫ 

 

 



 ⁸ ┘ ─ ─  
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͈ 20kL ʴ˿ў10:10 ♄2.4m  

 ȱɱȭɨɶɆ Ƚɱȭḛ ᶫ 

 

 ȱɱȭɨɶɆ Ƚɱȭ ᶫ 

 



 ♃fi◒ ─  
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͈ 20kL ʴ˿ў10:10 ♄2.1m  

 ȱɱȭɨɶɆ Ƚɱȭḛ ᶫ 

 

 ȱɱȭɨɶɆ Ƚɱȭ ᶫ 

 

 



 ⁸ ┘ ─ ─  
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͈ 20kLƲ30kL В ♄2.1mƲ2.4m  

 ȱɱȭɨɶɆ Ƚɱȭ ᶫ 

 

 ∕─  

(1)  ♃fi◒╩ ∆╢ │⁸♃fi◒ ─ ⌐ ∆╢ ⌂ ╩ ∆╢≤≤╙⌐⁸

┘ ⌐ ∆╢ ╩ ∆╢╙─≢№╢↓≤⁹β  

(2)  ─ │⁸ Ⱪכꜞ☻≡⇔≥ ⌐╟╢↓≤⁹ 

(3)  ♃fi◒ ─ ⌐≈™≡│⁸ (3)▬─ ♃fi◒╩ ∆╢ ♃fi◒

─₈♃fi◒ ₉─ ⌐╟╢↓≤⁹ 

(4)  ◖fi◒ꜞ⁸│♩כ♃fi◒ ─ ╩ ⇔⌂⅜╠⁸◖fi◒ꜞכ♩─ ╩ ⇔⁸

╝∫ↄ╡ ⇔≡ ∆╢↓≤⁹╕√⁸ ⇔≡ ∆╢ ⌐│⁸ ∟ ⌐ ⅜ ∂

⌂™╟℮⌐ ∆╢↓≤⁹ ⌐♃fi◒─ ─ ₁╕≢◖fi◒ꜞכ♩⅜ ⅝╦√╢╟℮⌐

∆╢≤≤╙⌐⁸◖fi◒ꜞכ♩ כ▪◄─ ⅝╩ ⌐ ℮↓≤⁹β  

(5)  ⌐ ™╢◖fi◒ꜞ⁸│♩כ ─ ⅝™╙─≤⇔⁸└┘ ╣⅜ ⌂™╟℮⁸

┘ ⌐ ∆╢≤≤╙⌐⁸ ⁸◖fi◒ꜞכ♩ ╩ ⇔⁸◖fi◒ꜞכ♩ │⁸

Ᵽ▬Ⱪ꜠כ♃כ ╩ ⇔≡ ◖fi◒ꜞכ♩─ ╘╩ ⌐ ℮↓≤⁹β  

(6)  ◖fi◒ꜞכ♩ ∟ ╖ │⁸ ∕─ ─ ≢ ╩ ≈╟℮ ∆╢≤≤

╙⌐⁸◖fi◒ꜞכ♩─ ⅜ ϴ╩ ╠⌂™╟℮⌐ ⇔⁸↓─ │⁸ ⌂ ┘

╩ ⅎ⌂™╟℮⌐ ∆╢↓≤⁹β  



 ♃fi◒ ─  
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β  49 16  ₈ ♃fi◒ ─ ₉   

β  45 17  ₈ ─ ┘ ♃fi◒─┤√─ ₉   

β  37  ₈ ─ ₉   

β   ₈ ⱳfiⱪ ⌐ ╢ ─ ⌐≈™≡₉   

β  30  ₈ ♃fi◒⌐ ╢ ─ ⌐≈™≡₉   

β   ₈ ⱪꜝ☻♅♇◒ ♃fi◒⌐ ╢ ─ ⌐≈™≡₉   

β  28  ₈ ⱪꜝ☻♅♇◒ ♃fi◒⌐ ╢ ─ ⌐≈™≡₉   

β  62 28  ₈ ♃fi◒─ ╣ ⌐≈™≡₉   

β  17 24  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  17 13  ₈ ♃fi◒─ ⌐ ™╢ ─ ─ ⌐≈™≡₉   

β  18  ₈ ♃fi◒ ┘♃fi◒ ─ ⌐≈™≡₉   

β  22 28  ₈ ─ ⌐ ∆╢ ─ ╩ ∆╢ ─ ⌐≈™≡₉   

β  22  ₈ ─ ♃fi◒⌐ ∆╢ ⌐ ╢ ⌐≈™≡₉   

β  29 12 15  ₈ ♃fi◒─ ⌐╟╢ ⌐≈™≡( )₉─ ⌐≈™≡     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 ♃fi◒ ─  

3-6-1 

 ♃fi◒ ─  

 

 ♃fi◒─  

⌐ ∆╢₈ ─ ₉≤│⁸ ─ ⅜ ∂≢№∫

≡╙⁸ ─ ⌂╢╙─│ ╕╣⌂™↓≤⁹√≤ⅎ┌⁸○◒♃fi ─ ⌂╢●♁ꜞfi│⁸

≤│⌂╠⌂™⁹ 

 

 ┘  

┘ ⌐≈™≡│⁸ ─ ─₈ ┘ ₉─ ⌐╟

╢↓≤⁹ 

 

 ♃fi◒─ ┘  

(1)  ⌐ ∆╢₈ ₉│⁸ ╘ │ ⌐╟╢ ⌐╟╢↓≤⁹ 

(2)  ⌐ ∆╢₈ ₉│⁸ ⌐╟╢↓≤⁹ 

▪ (1)─ ─₈ ⁸ ┘ ₉─ ⌐╟╡◖fi◒ꜞ

♩כ ≢ ⇔⁸ ⅜ ⇔⌂™ ⌐∆╢↓≤⁹ 

▬ ─ ⌐ ┘ ╩ ↑╢↓≤⁹╕√⁸ ╩ ⌐ ∆╢

│⁸ ⌐ ╩ ↑╢↓≤⁹ ┘ ─ │⁸

(5)─ ─₈ ⁸ ┘ ₉─ ⌐╟╢↓≤⁹ 

 

  

│⁸ ♃fi◒ ─ ⅛╠ ─ ╕≢⅜1.5ⱷכ♩ꜟ ≤⌂╢╙─⌐№

∫≡│⁸◖fi◒ꜞכ♩ ─ ╩ ↑⁸ ⅛╠ ─ ╕≢─ ↕⅜1.5ⱷכ♩ꜟ

≤⌂╢╟℮⌐∆╢↓≤⁹ 

 

 ♃fi◒ 

◖fiⱪ꜠♇◘כ⅛╠ ╩ ╡⁸∕─ ⌐╟∫≡ ╩ ↕∑╢ ♃fi◒

≢ ─∆═≡⌐ ∆╢╙─│⁸ ⌐ ∆╢ ♃fi◒≤⇔≡ ╘╠╣╢

╙─≢№╢↓≤⁹β  

(1)  ♃fi◒│⁸ ┘ ⌐ ∆╢ ⌐ ∆╢↓≤⁹ 

(2)  ♃fi◒│⁸ ↕3.2Ⱶꜞⱷכ♩ꜟ ─ ≢ ⌐ ╢≤≤╙⌐⁸ ─1.

5 ─ ≢⁸10 ℮ ⌐⅔™≡ ╣ │ ⇔⌂™ ≢№╢↓≤⁹ 

(3)  ♃fi◒⌐│⁸ ─1.1 ─ ≢ ⇔⁸⅛≈⁸ ∆╢◖fiⱪ꜠♇◘כ≤

─ ⌐⅔™≡ ⌂ ╩ ∆╢ ╩ ↑╢↓≤⁹ 

(4)  ⱱכ☻─ ⌐│⁸ ╩ ℮≤⅝ │⁸ ⱱכ☻≤♃fi◒≤─ ─ ╩

≢⅝╢ⱣꜟⱩ ╩ ↑╢↓≤⁹ 

(5)  ╩ ∆╢ ─ ⌐│⁸ ─ ⌐ ⌐ ─ ╩ ≢⅝╢Ᵽ



 ⁸ ┘ ─ ─  

3-6-2 

ꜟⱩ ╩ ↑╢↓≤⁹ 

(6)  ♃fi◒│⁸ ⌐ ⇔⌂™╟℮⌐ ⌐ ∆╢↓≤⁹ 

(7)  ⌐╟╡ ⅜ ⌐ ⇔√ │⁸∕─ ╩ ∆╢√╘─ ╩ ↑

╢↓≤⁹ 

(8)  ♃fi◒⌐│⁸ ╩ ↑╢↓≤⁹ 

(9)  ╩ ⅛⌂↑╣┌⁸ ╩♃fi◒⌐ ≢⅝⌂™ ≤∆╢↓≤⁹ 

 

 

β  38  ₈ ♃fi◒₉   

 



 ♃fi◒ ─  

3-7-1 

 ♃fi◒ ─  

 β  

─ ⁸ ⁸ ⌐ ∂⁸ 3- 7- 1 ⌐ ∆ ⅜ ↕╣╢╙─≢№╢⁹ 

 

3-7-1  ֺ ǵ ҲȽɱȭ ǲ ǜȓȒḨ  

                               

 ─╙─ 15    

  ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ  15  24 ─   

  ▪☿♩▪ꜟ♦ⱥ♪  15  24 ─   

  ⱥ♪꜡◐◦ꜟ▪Ⱶfi  15  24 ─ ─   

♪כ◖    15  24 ─ ─   

 ─╙─ 15  24 ─   

  ▪ꜟ◐ꜟ▪ꜟⱵ♬►ⱶ  15  24 ─   

  ▪☿♩▪ꜟ♦ⱥ♪  15  24 ─   

  ⱥ♪꜡◐◦ꜟ▪Ⱶfi  15  24 ─ ─   

♪כ◖    15  24 ─ ─   

 ♃fi◒  15  24 ─   

 

 ♃fi◒ ─ β  

♃fi◒ ─ ≤⇔≡│⁸ 3- 7- 1 ┘ 3- 7- 2 ⌐ ∆╟℮⌐⁸ ─╙

─ ⌐♃fi◒꜡כꜞכ≤ ↕╣≡™╢╙─ ⁸ ↑╪ ─╙─ ⌐☿Ⱶ♩꜠כ

ꜝ≤ ↕╣≡™╢╙─ ⅜№╡⁸∕─ ₁⌐ ─╙─≤ ─╙─ ♃fi◒◖fi♥

♫╩ ∆╢╙─ ⅜№╢↓≤⁹ 

⇔√⅜∫≡ ─╟℮⌐ ↕╣╢⁹ 

3-7-1ᶫ ҲȽɱȭ ǵӢѝ 

 

↑╪  

 

♃fi◒  

 

 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-7-2 

3-7-2ᶫ ҲȽɱȭ ǵ  

ƱӴʝ ◐╛Ǯ ╛̊Ẇǵ ҲȽɱȭ ǵ͈

͈ ͈

Ʊ ǘȚ╠ ◐╛Ǯ ╛̊Ẇǵ ҲȽɱȭ ǵ͈

Ʊ ǘȚ╠ ◐╛Ǯ ╛ǵ ҲȽɱȭ ǵ͈

ƱӴʝ ◐╛Ǯ ╛ǵ ҲȽɱȭ ǵ͈

͈ ͈

͈ ͈

 

 

 ♃fi◒─ ⁸ ⁸ ┘ β  

♃fi◒─ ┘ │⁸ ┘ ─ ⌐ ≠⅝ ∆╢╙─≢№

╢⅜⁸ ⌐№√∫≡│ ─ ⌐ ⇔ ∆╢╙─≤∆╢⁹ 

(1)   

▪ │⁸ ⁸♃fi◒─ ⌐╟╡ ∆╢↓≤⁹ 

▬ ⁸ ─ ⌐≈™≡│⁸ ─ ⌐№√∫≡ ⅛⌂™╙─≢№╢↓

≤⁹ 

► ♃fi◒ ⌐ ─ ╩ ↑╢♃fi◒⌐№∫≡│⁸↓╣╠─

─ ╩ ↄ↓≤⁹ 

(2)   

♃fi◒─ │⁸♃fi◒─ ─ ≤↕╣≡™╢⅜⁸ ∆╢

─ ⌐ ╩ √⇔≡ ∆╢ ♃fi◒ ─ │⁸∕─ ⅜ √↕╣≡™╢

╙♃fi◒─ ⌐ ╘╢↓≤ ⅎ┌⁸ ─ ♃fi◒ ⅜↓╣⌐ √

╢⁹ ⁹ 

 

 

 



 ♃fi◒ ─  

3-7-3 

 ♃fi◒ ─ ─ β  

  

♃fi◒ ╩ ∆╢ │⁸ ─ ⌂ │ ⁸ ⁸│╡ ┘ ╩

≤⇔⁸ ⇔ↄ│ ≢ ∫√ ─ ≤↕╣≡™╢⅜⁸ ─ ⌐№∫

≡╙ ⌂ ≤∆╢╙─≢№╢↓≤⁹ 

╕√⁸ ⌐⅔™≡ ─ ♃fi◒ ╩ ∆╢ ⌐№∫≡│⁸ ♃fi◒

─ ⅜⁸ ─ ⌐ ⇔≡ ≢№╢↓≤╩ ∆╢↓≤⁹ 

(1)  ─ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ │⁸ ╩ ∆╢ ⅛╠ ⌂ ╩≤╢↓≤⁹ 

▬ ⌐⅔™≡│⁸ ≤⇔≡ ♃fi◒╩₈ ₉─ ≢ ∆╢↓≤⁹ 

(2)  ─ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ ─ │⁸ ≤⇔≡ ⌐ ♃fi◒ ─ ⅜ ⇔√ ≤∆

╢↓≤⁹ 

▬ ∕─ ─ ⌐≈™≡│⁸ ─ ─ ⌐╟╢↓≤⁹ 

(3)  ┘ ⌐≈™≡│⁸ ≤ ╘╠╣⌂™⁹ 

 

 ♃fi◒─ ⁸ ┘  

♃fi◒─ ⌐≈™≡│⁸ ─≤⅔╡≢№╢↓≤⁹ 

(1)  ♃fi◒─ ┘  

♃fi◒─ ┘ │⁸ ⌐ ╘╢ ↕3.2mm ─

─ ╩JIS G 3101⌐ ↕╣╢ ─℮∟─SS400 ₈SS400₉

≤™℮⁹ ≤⇔⁸↓╣≤ ─ ╩ ∆╢ SS400 ─ ≢ ╢

─ ↕│⁸ 3- 7- 2 ⌐ →╢ ⌐№∫≡│ ⌐ ∆ ⁸∕╣ ─

⌐№∫≡│ ─ ⌐╟╡ ↕╣√ ─ │ ╡ →╢⁹

≢⁸⅛≈⁸2.8mm ─ ↕≢ ╢╙─≤∆╢↓≤⁹√∞⇔⁸ ⅜20kL╩ ⅎ╢♃

fi◒╩▪ꜟⱵ♬►ⱶ ≢ ╢ ─ ↕│⁸ ─ ⌐1.1╩ ∂√╙─≤∆╢↓≤⁹⌂

⅔⁸SS400 ┘ 3- 7- 2 ⌐ →╢╙─ ─ ╩ ∆╢ ⌐│⁸ ↕⁸ ┘ ╩

⌐╟╡ ∆╢↓≤⁹ 

 

     ὸ σȢς 

t ∆╢ ─ ↕ mm  

ů ∆╢ ─ ↕ N/mm2  

A ∆╢ ─ ┘  

 

 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-7-4 

3-7-2  SS400̊ Ẇǵ ι ș ǋȒḹֻǵ Ԍǵⱳ ᾛΙ 

 JIS  
↕ 

( /mm2) 

┘ 

( ) 

(mm) 
─

(mm) 

20kL 

 
20kL  

20kL 

 
20kL  

☻ ♥ fi ꜠ ☻  

SUS304 520 40 2.37  2.8 2.8 

SUS304L 480 40 2.43  2.8 2.8 

SUS316 520 40 2.37  2.8 2.8 

SUS316L 480 40 2.43  2.8 2.8 

▪ꜟⱵ♬►ⱶ  

A5052P-H34 235 7 5.51 6.07 5.6 6.1 

A5083P-H32 305 12 4.23 4.65 4.3 4.7 

A5083P-0 275 16 3.97 4.37 4 4.4 

A5083P-H112 285 11 4.45 4.89 4.5 4.9 

A5052P-0 175 20 4.29 4.72 4.3 4.8 

▪ ꜟ Ⱶ ♬ ► ⱶ  A1080P-H24 85 6 8.14 8.96 8.2 9 

 
SM490A 490 22 2.95  3 3 

SM490B 490 22 2.95  3 3 

 SPA-H 480 22 2.97  3 3 

 

(2)  ♃fi◒─  

♃fi◒│⁸ ⌐ ╡⁸⅛≈⁸ ♃fi◒ ─♃fi◒│70kPa ─ ≢⁸ ♃fi◒

│ ─1.5 ─ ≢∕╣∙╣10 ℮ ⌐ ∆╢╙─≢№╢↓≤⁹ 

▪ ─  

♃fi◒─ │⁸ ♃fi◒ ─ⱴfiⱱכꜟ ╕≢ ╩ √⇔⁸ ─ ╩ ⅎ

≡ ℮↓≤⁹↓─ ⌐⅔™≡ ╩ ∆╢ ♃fi◒─ ─

⌐ ≠ↄ │⁸ ♃fi◒─∆═≡─♃fi◒ ⌐ ⌐ ─ ╩⅛↑√

≢ ⇔⁸ ╣ │ ⅜⌂™↓≤╩ ∆╣┌ ╡╢⁹ 

▬ ♃fi◒≤ ♃fi◒ ─♃fi◒─  

♃fi◒≤│⁸ ⅜70/1.5kPa(ԇ46.7kPa) ─ ♃fi◒╩™™⁸

♃fi◒ ─♃fi◒≤│ ⅜70/1.5kPa(ԇ46.7kPa) ─ ♃fi◒

╩™℮⁹ 

► ♃fi◒ ─  

♃fi◒ ( )│⁸ꜞ ⱬ♇♩ │ ⌐╟∫≡♃fi◒⌐ ⌐ ╡ ↑╢↓≤⁹

♃fi◒ ( )─ │⁸ ≤⇔≡♃fi◒ ─ ─ ≤∆╢↓≤⁹

√∞⇔ ─( )⅛╠( )⌐ →╢ ♃fi◒ ─╟℮⌐♃fi◒ ─ ─

⌐♃fi◒ ( )╩ ╡ ↑╢↓≤⅜ ≢⌂™╙─⌐№∫≡│⁸ ─♃fi◒ ⁸

♃fi◒ⱨ꜠כⱶ( ) │ ─ ╛∆™ ≤∆╢↓≤⅜≢⅝╢⁹ 

( )  ♃fi◒ ≢ ♃fi◒╩ ╣ ⅎ≡ ∆╢╙─ 

( )  ⇔ↄ│ ╩∆╢╙─ 

( )  ♃fi◒─ ⌐╤ ⁸ⱱכꜞ☻כꜟ ─ ╩ ↑╢╙─ 

◄ ♃fi◒ ─  



 ♃fi◒ ─  

3-7-5 

↑╪ ─ ♃fi◒ ─♃fi◒ ─♃fi◒─ ─╙─╩ ↄ⁹

─ 3- 7- 4 ─ ⌐│⁸ ⇔™ ╩ ∂╢⅔∕╣─№╢ ╩ ↑⌂™↓≤⁹ 

 

3-7-4ᶫ Ƚɱȭ ̱ǵꜘҘ ʴ ᶪ 

 

 

 ⁸  

⌐≈™≡│⁸ ─≤⅔╡≢№╢↓≤⁹ 

(1)  ─  

│⁸∕─ ⅜ ≢⅝╢╟℮⁸ ⌐ ⅜≢⅝⁸⅛≈⁸ ⇔√ ⌐

─ ⌐ ╩⅝√↕⌂™ ≢№╢↓≤⁹ 

(2)  ─ ─  

⌐ ╘╢ ─ ─ ≤│⁸♃fi◒ ─ ─

⌐╟╡ ─ ⅜ ⅝ ╘√≤⅝⌐ ⌐ ╦∫≡™╢ ╩™℮╙─≢№╢↓

≤⁹ 

(3)  ⇔  

⌐ ╘╢ ⇔ ≤│⁸♃fi◒ ─ ⅜ ⌐

⅝ ╢√╘⌐ ⌂ ─ ╩™℮╙─≢№╢↓≤⁹⌂⅔⁸ ⇔ │⁸ ⁸

─ ┘ ꜞⱨ♩─ ⌐╟╡ ∆╢⅜⁸ ┘ ꜞⱨ♩─ ⌐

╠∏⁸∕─ ─ ⌐≈™≡╙∕─ ⅜ ⇔ ≤⌂∫≡│⌂╠⌂™

╙─≢№╢↓≤⁹╕√⁸ ─ ≢│ ⇔ ⅜ ∆╢ │⁸ ─

⌐╟∫≡ ∆╢↓≤⅜≢⅝╢╙─≢№╡⁸↓─ ⌐│⁸∕╣∙╣─ ─

⇔ ─ ⅜ ─ ⇔ ≢№╢↓≤⁹ 

─ ─ │ ⌐╟╡ ╘╢↓≤⁹↓─℮∟ ≤⌂╢ ─

⅜ ⇔ ≤⌂╡⁸ ≢№╢↓≤⁹ 

▪ ─ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

 
2d

4
A
p
=  

A ─ cm2  

d ─ cm  

▬ ꜞⱨ♩─ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-6 

    A1 d́s 

    A1 ꜞⱨ♩─ cm2  

    d ─ cm  

      s ꜞⱨ♩─ ↕ cm  

fiכꜞ◒☻ ► ─ ─ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

100

abnf
A 2 =  

 A2 cm2  

  a cm  

  b cm  

  n  

    

◄ ─┤√─ │⁸ ─ ⌐╟╡ ∆╢↓≤⁹ 

( )
4

dC
A

2
1

2

3

-
=
p

 

A3 ─┤√─ cm2  

C ─ cm  

d1 ─ cm  

 

 

3-7-5ᶫ ὄЋ╓ǵ  

 

 

(4)   

 ─ ⇔ ⌐│⁸ ⅜ ↑╠╣≡™╢↓≤⁹ 

 ⌂⅔⁸ ╩ ≤∆╢ │⁸ ⱷ♇◦ꜙ─╙─≤∆╢↓≤⁹ 

 

 ⁸ ─ ─  

 ⌐≈™≡│⁸ ─≤⅔╡≢№╢↓≤⁹ 

(1)  ┘  

 ─ ┘ │⁸ ⌐ ╘╢ ↕1.6mm ─ ─

╩JIS G 3131⌐ ↕╣╢ ─℮∟SPHC ₈SPHC₉≤™℮⁹ ≤

⇔⁸↓╣≤ ─ ╩ ∆╢ SPHC ─ ≢ ╢ ─ ↕│⁸

3- 7- 3 ⌐ →╢ ⌐№∫≡│ ⌐ ∆ ⁸∕╣ ─ ⌐№∫≡

│ ─ ⌐╟╡ ↕╣√ ─ │ ╡ →╢⁹ ─ ↕

≢ ╢╙─≤∆╢↓≤⁹⌂⅔⁸SPHC ┘ 3- 7- 3 ⌐ →╢╙─ ─ ╩ ∆╢



 ♃fi◒ ─  

3-7-7 

⌐│⁸ ↕ ╩ ⌐╟╡ ∆╢↓≤⁹ 

 6.1
270

t ³=
s

 

t ∆╢ ─ ↕ mm  

ɨ ∆╢ ─ ↕ N/mm2  

 

3-7-3  SPHC̊ Ẇǵ ι ș ǋȒḹֻǵ Ԍǵⱳ ᾛΙ 

 JIS  
↕ 

(N/mm2) 

 

(mm) 

─  

(mm) 

 SPCC 270 1.60 1.6 

☻ ♥ fi ꜠ ☻  

SUS304 520 1.16 1.2 

SUS316 520 1.16 1.2 

SUS304L 480 1.20 1.2 

SUS316L 480 1.20 1.2 

▪ꜟⱵ♬►ⱶ  

A5052P-H34 235 1.72 1.8 

A5083P-H32 315 1.49 1.5 

A5052P-H24 235 1.72 1.8 

A6N01S-T5 245 1.68 1.7 

▪ ꜟ Ⱶ ♬ ► ⱶ  A1080P-H24 85 2.86 2.9 

(2)   

│⁸ ⌐╟╡ ╡⁸⅛≈⁸ ∆╢ ─ ⌐╟╡ ⌐ ⇔⌂™

≤∆╢↓≤⁹ 

(3)   

│⁸♃fi◒ ─ ⌐∕─ ≤ ⌐⁸ ↕ │ ⅛╠─

╩ ⌐⇔≡ ↑╢↓≤⁹ 

(4)   

♃fi◒ ─ ⌐ ∆╢ │⁸♃fi◒ ─ ⌐ ∂⁸ ─ ⌐

╟╡ ∆╢↓≤⁹⌂⅔⁸ ─ ─♃fi◒ ─ │⁸ ⌂ ⌐╟╡

╩ ∆╢↓≤⁹ 

▪ ≤ ≤≢ ╕╣√♃fi◒ ≢⁸ ⅜ ⌐ ╡ ⇔≡™╢

 

3-7-6ᶫ 

 

h
22

A 21 ³ö
÷

õ
æ
ç

å
++=
??

?  

           A  
           L ♃fi◒ ─ ─ ↕ 

           
1? ┘

2? ┘ ─ ⇔  

           h ♃fi◒ ─  

 



 ⁸ ┘ ─ ─  

3-7-8 

▬ ≤ ≤≢ ╕╣√♃fi◒ ≢⁸ ⅜ ⌐ ╡ ⇔≡™╢

 

3-7-7ᶫ 

 

h
22

A 21 ³ö
÷

õ
æ
ç

å
-+=
??

?  

           A  
           L ♃fi◒ ─ ─ ↕ 

           
1? ┘

2? ┘ ─ ⇔  

           h ♃fi◒ ─  

► ≢ ╕╣√♃fi◒ ─  

3-7-8ᶫ 

 

hA ³=?  

           A  

           ?  

           h ♃fi◒ ─  

 

◄ ≤ ≤≢ ╕╣√♃fi◒ ─  

3-7-9ᶫ 

 

h
2

A 1 ³ö
÷

õ
æ
ç

å
+=
?

?  

           A  

           ? ♃fi◒ ─ ─ ↕ 

           
1? ─ ⇔  

           h ♃fi◒ ─  



 ♃fi◒ ─  

3-7-9 

 ⱴfiⱱכꜟ ┘ ─┤√  

ⱴfiⱱכꜟ ┘ ─┤√─ ┘ │⁸ ⌐ ╘╢ ↕

3.2mm ─ ─ ╩SS400≤⇔⁸↓╣≤ ─ ╩ ∆╢ SS400

─ ≢ ╢ ─ ↕│⁸ 3- 7- 4 ⌐ →╢ ⌐№∫≡│ ⌐ ∆

⁸∕╣ ─ ⌐№∫≡│ ─ ⌐╟╡ ↕╣√ ─

│ ╡ →╢⁹ ≢⁸⅛≈⁸2.8mm ─ ↕≢ ╢╙─≤∆╢↓≤⁹ 

⌂⅔⁸SS400 ┘ 3- 7- 5 ⌐ →╢╙─ ─ ╩ ∆╢ ⌐│⁸ ↕⁸ ┘

╩ ⌐╟╡ ∆╢↓≤⁹ 

 

2.3
A

21400
t 3 ³

³

³
=
s

 

t ∆╢ ─ ↕(mm) 
ɨ ∆╢ ─ ↕(N/mm2) 

∆╢ ─ ┘  

 

3-7-4  SS400̊ Ẇǵ ι ș ǋȒḹֻǵ Ԍǵⱳ ᾛΙ 

 JIS  
↕ 

( /mm2) 

┘ 

( ) 

 

(mm) 

─  

(mm) 

☻ ♥ fi ꜠ ☻  

SUS304 520 40 2.37 2.8 

SUS304L 480 40 2.43 2.8 

SUS316 520 40 2.37 2.8 

SUS316L 480 40 2.43 2.8 

▪ꜟⱵ♬►ⱶ  

A5052P-H34 235 7 5.51 5.6 

A5083P-H32 305 12 4.23 4.3 

A5083P-0 275 16 3.97 4.0 

A5083P-H112 285 11 4.45 4.5 

A5052P-0 175 20 4.29 4.3 

▪ ꜟ Ⱶ ♬ ► ⱶ  A1080P-H24 85 6 8.14 8.2 

 
SM490A 490 22 2.95 3.0 

SM490B 490 22 2.95 3.0 

 SPA-H 480 22 2.97 3.0 

 

  

♃fi◒⌐ ╩ ↑╢ │⁸ ⌐╟╢↓≤⁹ 

(1)  ♃fi◒⌐ ╩ ∆╢√╘─ ╩ ↑⁸ ⌐ ╩

∆╢√╘─ⱱכ☻ ₈ ⱱ℮⁹™≥₉☻כ ╩ ∆╢ ─

⌐№∫≡│⁸ ⌐╟╡ ↑╢↓≤⁹ 

▪ │⁸ ♃fi◒─ ⌐ ↑╢↓≤⁹ 

▬ ⌐│⁸ ⱱכ☻╩ ∆╢√╘─ ₈ⱱכ☻ ₉≤™℮⁹ ╩

↑╢↓≤⁹ 

► ⱱכ☻ ⌐│⁸ ⱱכ☻╩ ⇔√ ⌐ ╡ ∆╢ ∕─ ─

─╙─⌐ ╢⁹ ╩ ↑╢↓≤⁹ 

◄ ⱱכ☻ ─ ⱱכ☻ ⌐│⁸┤√╩ ↑╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-10 

○ ⱱכ☻ ─ │⁸ ⅜ ╣⌂™╙─≢№╢↓≤⁹ 

◌ ⱱכ☻ │⁸ ∟╜℮∕─ ⌐╟∫≡ ╩ ⇔ ™ ≢ ╠╣≡™╢

↓≤⁹ 

◐ ⱱכ☻ ─ ≤ ─ ≤─ │⁸50mm ≢№╢↓≤⁹ 

(2)  ♃fi◒─♃fi◒ ↔≤⌐ ↑╠╣╢ ─ ⌐ ∆╢ ₈

₉≤™℮⁹ ╩ ↑⁸ ⌐ ⱱכ☻╩ ∆╢ ─ ⌐№

∫≡│⁸ ⌐╟╢↓≤⁹ 

▪ ─ │⁸(1)▪─ ⌐╟╢╙─≢№╢↓≤⁹ 

▬ ⌐│⁸∕╣∙╣ ₈ ₉≤™℮⁹ ╩ ↑╢↓≤⁹↓─ ⌐

⅔™≡⁸ │⁸ ╩ ∆╢♃fi◒ ⌐ ↑╢╙─╩ ⅝⁸ ─

≤ ⇔≡ ∆╢╙─≤∆╢↓≤⁹ 

► ≤ ─ │⁸ⱨꜝfi☺ ⁸ ⌐╟╡ ℮↓≤⁹ 

◄ ─ ⌐│⁸ⱱכ☻ ╩ ↑╢↓≤⁹ 

○ ⱱכ☻ │⁸ (1)▬⅛╠○╕≢─ ⌐╟╢╙─≢№╢↓≤⁹ 

◌ ⌐ ↑╢ ┘ │⁸ ⅜ ╣⌂™╙─≢№╢↓

≤⁹ 

◐ ⌐ ↑╢ ┘ │⁸ ∕─ ─ ─╙─≤∆╢↓

≤⁹√∞⇔⁸ ⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

◒ ⌐ ↑╢ │ ─ ≤ ─ ≤─ │⁸50

mm ≢№╢↓≤⁹ 

 

 ⁸ ─  

⌐≈™≡│⁸ ─≤⅔╡≢№╢↓≤⁹ 

(1)  ╩ ↑⌂™↓≤⅜≢⅝╢ ♃fi◒ 

ⱴfiⱱ⁸ꜟכ ⁸ ⅜♃fi◒ ⌐ ⇔≡™╢♃fi◒⌐│⁸ ╩ ↑⌂

™↓≤⅜≢⅝╢↓≤⁹ 

(2)  ─  

─ │⁸ │∕─ ─ ⌐╟╢ ₈ ₉≤™℮⁹ │ ⌐

╟╢ ₈ ₉≤™℮⁹ ≤∆╢↓≤⁹ 

⌂⅔⁸ ⅜10kL ≢⁸⅛≈⁸ ⌐ ─ ⅜ ─ ♃fi◒⌐

↑╢ ⌐№∫≡│⁸ ─╙─≤∆╢↓≤⁹ 

▪ ─ ─ │⁸ ⌐╟╢↓≤⁹ 

( )  ─ │⁸ ↕3.2mm ─SS400≢ ╢↓≤⁹SS400 ─↓╣≤ ─

╩ ∆╢ SS400 ─ ≢ ╢ ─ ↕│⁸ 3- 7- 5 ⌐ →╢

⌐№∫≡│ ⌐ →╢ ⁸∕╣ ─ ⌐№∫≡│ ─

⌐╟╡ ↕╣√ ─ │ ╡ →╢⁹ ≢⁸⅛≈⁸2.

8mm ─ ↕≢ ╢╙─≤∆╢↓≤⁹ 



 ♃fi◒ ─  

3-7-11 

⌂⅔⁸SS400 ┘ 3- 7- 5 ⌐ →╢╙─ ─ ╩ ∆╢ ⌐│⁸ ↕

╩ ⌐╟╡ ∆╢↓≤⁹ 

2.3
400

t ³=
s

 

 t ∆╢ ─ ↕(mm) 
 ů ∆╢ ─ ↕(N/mm2) 

3-7-5  SS400̊ Ẇǵ ι ș̓ ǠȒḹֻǵ Ԍǵⱳ ᾛΙ 

 JIS  
↕ 

( /mm2) 

 

(mm) 

─  

(mm) 

☻ ♥ fi ꜠ ☻  

SUS304 520 2.81 2.9 

SUS316 520 2.81 2.9 

SUS304L 480 2.93 3.0 

SUS316L 480 2.93 3.0 

▪ꜟⱵ♬►ⱶ  

A5052P-H34 235 4.18 4.2 

A5083P-H32 315 3.67 3.7 

A5083P-0 275 3.86 3.9 

A5083P-H112 285 3.80 3.8 

( )  ─ ─ │⁸ 3- 7- 6 ⌐╟╢↓≤⁹ 

3-7-6  ζ ǵ ǵ₦ 

♃fi◒─  ─ ─ L mm  

20kL╩ ⅎ╢ 350  

10kL 20kL  250  

5kL 10kL  200  

5kL  150  

 

▬ ⌐╟╢ ─ ─ │⁸ ⌐╟╢↓≤⁹ 

( )  ⌐╟╢ ─ ─ ┘ │⁸ 3- 7- 7 ⌐ →╢ ♃fi◒─

─ ⌐ ∂√ ┘JIS ⌐ →╢ ⌐ ∂≡ ⌐ ∆

─╙─≤⇔⁸∕╣ ─ ╩ ™╢ ⌐№∫≡│⁸ ─ ⌐╟╡

↕╣√ ─ │ ╡ →╢⁹ ─ ↕≢ ╢╙─≤∆╢

↓≤⁹ 

 

t
400

t 0 ³=
s

 

 t0 ∆╢ ─ mm  
 t SS400─ ─ mm  
 ů ∆╢ ─ ↕ N/mm2  

 

 

 

 

 

 

 

 

 

 



 ⁸ ┘ ─ ─  

3-7-12 

3-7-7  ◐ǵζ ǵ◐ ǵᾋ ֗Ǻ Ԍǵⱳ ᾛΙ 

 JIS  
↕ 

( /mm2) 

─ ┘  aĬbĬtmm  

♃fi◒─  

10kL  
5kL  

10kL  
5kL  

 SS400 400 100Ĭ50Ĭ6.0 100Ĭ50Ĭ4.5 90Ĭ40Ĭ3.2 

☻ ♥ fi ꜠ ☻  
SUS304 

520 100Ĭ50Ĭ4.7 100Ĭ50Ĭ3.5 90Ĭ40Ĭ2.5 
SUS316 

▪ꜟⱵ♬►ⱶ  
A5052P-H34 235 100Ĭ50Ĭ10.3 100Ĭ50Ĭ7.7 90Ĭ40Ĭ5.5 

A5083P-H32 315 100Ĭ50Ĭ7.9 100Ĭ50Ĭ6.0 90Ĭ40Ĭ4.2 

    

 
 

 

 

 

( )  ─ ─ ┘ ⌐│⁸ ⌐╟╡ ┘ ╩ ↑╢

↓≤⁹ 

 3- 7- 10 ─ ┘ 3- 7- 10 ─ │⁸ ↕3.

2mm ─SS400 │ 3- 7- 6 ⌐ →╢ ─ ⌐ ∂√ ─

≤∆╢↓≤⁹∕╣ ─ ⌐№∫≡│⁸ ─ ⌐╟╡ ↕╣√

─ │ ╡ →╢⁹ ≢⁸⅛≈⁸2.8mm ─╙─≤∆╢↓≤⁹ 

⌂⅔⁸SS400 ┘ 3- 7- 5 ⌐ →╢╙─ ─ ╩ ∆╢ ⌐│⁸ ↕

╩ ⌐╟╡ ∆╢↓≤⁹ 

 

2.3
400

t ³=
s

 

 t ∆╢ ─ ↕(mm) 
 ů ∆╢ ─ ↕(N/mm2) 

 ─ ⅝↕│⁸ ─ ┘ ─℮∟™∏╣⅛ ™ ─

─ 1/2 ─ ↕╩ ≤⇔√╙─≤∆╢↓≤⁹ 

 ─ ⅝↕│⁸ ─ ─ ─1/2 ─ ↕╩ ≤⇔

√╙─≤∆╢↓≤⁹ 

 ─ │⁸30mm ╡ →╢↓≤⁹ 



 ♃fi◒ ─  

3-7-13 

3-7-10ʟ  ◐ǵζ ǵ  

Ū 

 

ū 

 

ᵓ 

 

 

   
1?

 

2?  

3?⁸ 4?  

 



 ⁸ ┘ ─ ─  

3-7-14 

( )  ─ ♬⌐ ╘╢ ─♃fi◒─ ╩ ∆╢√╘─ ≡

│⁸♃fi◒⌐ ⌐╟╡ ╡ ↑╢≤≤╙⌐⁸ ─ ≤∆╢↓≤⁹ 

 ≡ │⁸ ↕3.2mm ─SS400≤∆╢↓≤⁹╕√⁸↓╣≤ ─

╩ ∆╢ SS400 ─ ≢ ╢ │⁸ 3- 7- 5 ⌐ →╢

─ ↕≤⇔⁸∕╣╠ ─ ⌐№∫≡│⁸ ─ ⌐╟╡ ↕╣√

─ │ ╡ →╢⁹ ≢⁸⅛≈⁸2.8mm ─╙─≤∆╢↓

≤⁹ 

2.3
400

t ³=
s

 

 t ∆╢ ─ ↕(mm) 
 ů ∆╢ ─ ↕(N/mm2) 

 ≡ │⁸ ─ ↑ ⅛╠20mm ╡ ∆╙─≢№╡⁸ ─ ⌐

↑╢ ≡ ⌐№∫≡│ 3- 7- 11 ⌐⁸ ─ ⌐ ↑╢ ≡ ⌐№∫≡│ 3-

7- 12 ⌐ ∆╟℮⌐ ≡ ╩ ╡ ↑╢╙─≤∆╢↓≤⁹ 

3-7-11ʟ  ◐ǵζ ǲ ǘȒ►ǭ ǵ֝̂  

 

3-7-12ʟ  ◐ǵζ ǲ ǘȒ►ǭ ǵ֝̂  

 

(3)  ─  

▪ ─ ─ │⁸ ─ Ɫ⌐ ╘╢ ♃fi

◒─ ┘ ⅛╠ ≢ ≤↕╣≡™╢⅜⁸ ≡ ╩ ↄ ⅜

≢⁸⅛≈⁸ 3- 7- 13 ⌐ ∆╟℮⌐ ♃fi◒─ ─1/4─ ≤∆╢↓

≤⁹ 



 ♃fi◒ ─  

3-7-15 

3-7-13ʟ  Ӵʝ ◐╛ǵ ҲȽɱȭ ǵζ ǵ̬֝̂  

 

▬ ↑╪ ─ ─ │⁸ ─ Ɫ─ ⌐╟╡▪─

╩ ⅎ√ ⌐ ↑╢↓≤⅜≢⅝╢≤↕╣≡™╢⅜⁸ 3- 7- 14 ⌐ ∆╟℮⌐

♃fi◒─ ┘ ⅛╠ ≡ ╩ ↄ ⅜ ♃fi◒─ ─1/3─

≤∆╢↓≤⁹ 

3-7-14ʟ  ǘȚ╠ ◐╛ǵ ҲȽɱȭ ǵζ ǵ̬֝̂  

 

► │⁸ ─ ▬⌐ ╘╢ ♃fi◒ ─ ⌐⅔™

≡⁸ ─ ≤ ♃fi◒ ─ ≤╩ ┬ ₈ ₉

≤™℮⁹ ≤ ≤─⌂∆ ₈ ₉≤™℮⁹ │ 3- 7- 15 ⌐ ∆ɗ╩™

™⁸ ─ ╩ ⇔√ ⌐⅔↑╢ ♃fi◒ ─ 3-

7- 15 ⌐ ≢ ∆⁹ ₈ ₉≤™℮⁹ ≤ ─ ≤╩ ┬

≤ ⅛╠ ⌐⅔╤⇔√ ≤─⌂∆ ₈ ₉≤™℮⁹

│ 3- 7- 15 ⌐ ∆ɖ╩™℮╙─≢№╢↓≤⁹↓─ ─ ⁸ │⁸ ⌐

╟╡ ∆╢↓≤⁹ 

3-7-15ʟ  ᷂ ↓֗Ǻ֝̂ ↓ 

 

( )  │⁸ 3- 7- 16 ⌐ ∆╟℮⌐ ≤♃fi◒ ⁸♃▬ꜘ │☻♥♇ⱪ╩

┬ ─℮∟ ╙ ≤⌂╢╙─≤∆╢↓≤⁹⌂⅔⁸ⱨ▼fi♄⁸ ╡ ⇔ ⌂ⱱכ☻Ⱳ



 ⁸ ┘ ─ ─  

3-7-16 

♇◒☻⁸│⇔↔ ⌐ ∆╢ ⅜ ─ ⌐№╢ ≢№∫≡╙⁸↓╣╠

≤ ╩ ┬ ╩ ♃fi◒ ─ ≤⇔⌂™↓≤⁹ 

3-7-16ʟ  Ẇζ ǵ ὑ  

Ū ζ ǯȽȢɢζ ș ǽ ș Ẇζ ǯǠȒ ҲȽɱȭ  

 

ū ζ ǯȷɄɁɕ ǯș ǽ ș Ẇζ ǯǠȒ ҲȽɱȭ  

 

Ŭ ζ ǯȽɱȭζ ǯș ǽ ș Ẇζ ǯǠȒ ҲȽɱȭ  

 

( )  ─ │⁸ ⌐╟╡ ∆╢↓≤⁹√∞⇔⁸ ↑╪ ─ ─

─ │⁸↑╪ ╩ ╪∞ ≤∆╢⁹ 

21

2211

WW

HWHW
H

+

³+³
=  

H1 ─ ⌐╟╡ ╘√ mm  

( )

1
1

W

hiwi
H

ä ³
=

 
wi ─ kg  

hi i ─ ─ ⅛╠─ ↕ mm  

H2 mm  ⌐⅔↑╢♃fi◒ ─ ─ ⅛╠─ ↕≤ ∂⁹  



 ♃fi◒ ─  

3-7-17 

W1 ─ kg  

W2 kg  

W2─ ⌐ √∫≡─ ─ │⁸ ⌐╟╢ ≤∆╢↓≤⁹√∞⇔⁸ ─

⌐≈™≡│ ⌐╟╠∏⁸ ─ ⌐╟╢↓≤⅜≢⅝╢⁹ 

                ●♁ꜞfi     0.75 

                       0.80 

                       0.85 

                       0.93 

                      0.95 

 0.80    ꜟכ◖ꜟ▪                

 

◄ ─ ↑│⁸ ⌐╟╢↓≤⁹√∞⇔⁸ │ ─√╘⌐ ╩

∆╢ ♃fi◒ ⌐ ♃fi◒⌐ ⌐╟╡ ╡ ↑╢↓≤⁹ ╩

↑⁸↓╣⌐Ⱳꜟ♩⌐╟╡ ∆╢ ⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

○ │ ╩∆╢ ♃fi◒≢⁸∕─ ╩ ≢ ∆╢╙── ↑│⁸

⌐╟╢↓≤⁹ 

( )  ⅜⁸ (1)⌐ ╘╢ ≢ ↕╣≡™╢ │⁸ ╩ ⌐

╡ ↑╢↓≤⅜≢⅝╢↓≤⁹ 

( )  ⅜( ) ─╙─≢ ↕╣╢ ⌐№∫≡│⁸ ─™∏╣⅛─ ⌐╟╢↓≤⁹ 

 ♃fi◒─ ⌐ ╩ ╡ ↑╢ │⁸ 3- 7- 17 ⌐ ∆ ⌐

╟╢↓≤⁹ 

3-7-17ʟ  Ƚɱȭ ǲ ֝ȑ̂ǘȒζ ǵ  

 

 ♃fi◒─ ⌐ ╩ ╡ ↑⌂™ │⁸ ♃fi◒⌐ (2)

►⌐╟╢ ≡ ╩ ↑⁸ ≡ ⌐ ─ ⌐ ∆ ╩ ⇔⁸ ⌐

⇔√ ─ ⌐ ∆ ⌐ ╩ │ ─ ⌐ ∆Ⱳꜟ♩⌐╟╡Ⱳꜟ♩

╘ ∆╢↓≤⁹⌂⅔⁸ ≤ ╩ ∆╢ │⁸ 3- 7- 18 ⌐ ∆

⌐╟╡⁸Ⱳꜟ♩ ╘ ⌐╟╢ │⁸ 3- 7- 19 ⌐ ∆ ⌐╟╡ ╡ ↑╢↓≤⁹ 

3-7-18ʟ   ǵʤ ǲ ▌ ș ǘƲζ ǯ ▌ ș ֻǠȒḹֻǵ֝̂  

 



 ⁸ ┘ ─ ─  

3-7-18 

3-7-19ʟ  Ẇ ǵʤ ǲ ▌ ș ǘƲζ ǯ ▌ șɚɩɆ Ȉǲȏȑ ֻǠȒḹֻǵ֝̂  

Ū ◐ǵζ ǵḹֻ 

 

ū ◐ǵζ ǵḹֻ 

 
(a)   

─ ┘ │⁸ (2)▬( )⌐╟╢↓≤⁹ 

(b)   

─ ┘ │⁸ (2)►( )⌐╟╢↓≤⁹╕√⁸ ─ ⅝↕│⁸ 3

- 7- 20 ⌐ ∆╟℮⌐⁸ ─ ↑ ⅛╠20mm ╡ ∆≤≤╙⌐⁸

≤ ─ ↑╩ (2)►( )─ ≡ ─ ⌐ ∂≡ ℮╙─≤∆╢↓≤⁹ 

3-7-20ʟ  ▌ ǵ֝̂↔ǵẎǔǜ 

 

 



 ♃fi◒ ─  

3-7-19 

(c)  ↑Ⱳꜟ♩ 

ᵑ ↑Ⱳꜟ♩│⁸ Ⱳꜟ♩ JIS B 1180 ─M12 ─╙─╩ ∆╢↓

≤⁹ 

ᵒ ↑Ⱳꜟ♩─ │⁸ SS400 │☻♥fi꜠☻ SUS304

≤∆╢↓≤⁹ 

ᵓ ↑Ⱳꜟ♩─ │⁸ ⌐╟╢↓≤⁹ 

─ ה ─ │⁸ ⌐≈⅝⁸ 3- 7- 8 ⌐ ╘

╢ ♃fi◒─ ─ ⌐ ∂√ ─ ≤⇔⁸ │ ─

⌐ ∆╟℮⌐ ─Ⱳꜟ♩⌐ ⅜ ⇔⌂™ ≤∆╢↓≤⁹ 

3-7-8  ̂ǘɚɩɆǵ  

♃fi◒─ 

 

↑Ⱳꜟ♩ 

 
↑Ⱳꜟ♩  

10kL  7 

 

 ừ ừ ừ ừ ừ ↑Ⱳꜟ♩ 

 ừ 
 

ừ  

  

5kL  

10kL  
6 

 

 ừ ừ ừ ừ ↑Ⱳꜟ♩ 

 ừ 
 

ừ  

  

5kL  5 

 

 ừ ừ ừ ↑Ⱳꜟ♩ 

 ừ 
 

ừ  

  

 

─ ה ─ │⁸ ⌐≈⅝ ≤∆╢↓≤⁹

↓─ ─ ↑Ⱳꜟ♩─ │ 3- 7- 21 ⌐ ∆╟℮⌐ ─Ⱳꜟ♩⌐ ⅜

⇔⌂™ ≤∆╢↓≤⁹ 

3-7-21ʟ  ǵ ̂ǘɚɩɆǲꜘҘ ʴǓ ǞǱǋ ̂ǘ Ѧ  

ừ  ừ 
   

  ừ   

ừ  ừ 

 

 ⁸ ─  

ⱴfiⱱכꜟ ┤√╩ ╗⁹ ⁸ ┤√╩ ╗⁹ ⁸ ┤√╩ ╗⁹ ⁸

⁸ Ɫfi♪ꜟ⁸ ●☻ ⁸ ⁸ ╩ ╗⁹ ⁸ ⅔╤⇔

⁸ ⁸ ╩ ╗⁹ ⁸ ⁸ ⁸ ⁸ ╩

╗⁹ ♃fi◒ ⌐ ↑╠╣≡™╢ ╩™℮⁹ ⅜⁸ 3- 7- 22 ⌐ ∆╟℮⌐⁸♃fi◒ ⌐

50mm ⇔≡™╢╙─⌐│⁸ ╩ ↑⌂™↓≤⅜≢⅝╢╙─≢№╢⁹ 

∕╣ ─ ♃fi◒⌐ ↑╢ ⌐ ╘╢ │⁸ ⌐╟

╢↓≤⁹ 

 

 

Ⱳꜟ♩ 



 ⁸ ┘ ─ ─  

3-7-20 

3-7-22ʟ  ș ǘȒǚǯǓǮǔȒ ι Ǔ ǞǭǋȒȽɱȭǵ  

 

 
(1)  ─  

│⁸ 3- 7- 23 ᵑ⌐ ∆ ─ ≢ ╩ 3- 7- 24 ⌐ ∆ ⇔ ╩ ∫√

─ ⅜120mm ─ ≤⇔√╙─ ₈ ₉≤™℮⁹ ≤∆╢↓≤⁹ 

√∞⇔⁸ ♃fi◒─ ⌐ ⌐ ↑╢ ─ ↕⅜⁸ ♃fi◒─ ↕─ 

2/3 ─ ↕≤⌂╢╙─⌐№∫≡│⁸ ♃fi◒─ ⌐ ⌐ ↑╢ ─ ╩

⇔ ╩ ∫√ ─ ⅜120mm ─ ≤∆╢↓≤⅜≢⅝╢⁹⌂⅔⁸ ⅜20k

L ─ ♃fi◒│⁸ ╩ 3- 7- 23 ─ᵒ⅛╠ᵕ⌐ ∆ ╡ → │Ɽ

▬ⱪ ≤⁸ ⅜20kL╩ ⅎ╢ ♃fi◒│⁸ 3- 7- 23 ᵔ │ᵕ⌐ ∆

╩ ─ ╡ → │Ɽ▬ⱪ╩50mm ≤⇔√ ╡ → │Ɽ▬ⱪ

≤⇔⁸ ╩ ─ ⇔ↄ│ᵒᵓ⌐ ∆ ≤⇔√╙─ ₈ ₉≤™℮⁹ ≤

∆╢↓≤⅜≢⅝╢⁹ 

3-7-23ʟ  ǵ  

Ū ᶤ ῇ◐ǵȉǵ 

 



 ♃fi◒ ─  

3-7-21 

ū ˘ ῇ◐ ῇ◐ ѝʝ ȑ ǵȉǵ 

 
Ŭ ˘ ῇ◐ ῇ◐ ѝ ǕֻǢ ȑ ǵȉǵ 

 
ŭ ˘ ῇ◐ ῇ◐ ѝʝ ȑ ǵȉǵ 

 
Ů ˘ ῇ◐ ῇ◐ ѝʝ ǕֻǢ ȑ ǵȉǵ 

 
 

 

 

 



 ⁸ ┘ ─ ─  

3-7-22 

3-7-24ʟ  ǵ Ǟ ▌  

 

(2)  ─ ↕ 

─ ↕│⁸∕─ ⅜ ╟╡50mm ─ ╩ ≤∆╢⅜⁸ ╩

│ ∂╪◌Ᵽכ≢ ℮ ♃fi◒⌐№∫≡│⁸ 3- 7- 25 ⌐ ∆╟℮⌐ │

∂╪◌Ᵽכ─ ↕ │ ∂╪◌Ᵽכ─ ꜟכ►☻ꜝ◓⌐ ─ ⌐ ∆╢

╩ ╡ ↑√ ─╙─≢№╢ │⁸ ─ ↕ t0 ╩ ↄ⁹ ⌐50mm╩ ⅎ√

≤∆╢↓≤⁹ 

↓─ ⁸ │ ∂╪◌Ᵽכ─ │⁸ ─ ╩ ⅎ⌂™╙─≤∆╢↓≤⁹ 

3-7-25ʟ  ֕Ƕ ǟȚȩɎɶș ǘȒ Ҳ Ƚɱȭǵ  

Ū Кζǲ Ǔ█ȑ̂ǘȐȓǭǋǱǋȉǵ 

 
ū Кζǲ Ǔ█ȑ̂ǘȐȓǭǋȒȉǵ 

 
Ŭ ֕Ƕ ǟȚȩɎɶǵ ǲ Ǔ█ȑ̂ǘȐȓǭǋȒȉǵ 

 



 ♃fi◒ ─  

3-7-23 

(3)  ─ ┘  

─ ┘ ⌐≈™≡│⁸ ↕2.3mm ─ ─ ╩SPHC≤⇔⁸↓╣≤

─ ╩ ∆╢ SPHC ─ ≢ ╢ ─ ↕│⁸ 3- 7- 9

⌐ →╢ ⌐№∫≡│⁸ ─ ⌐ ∂√ ⁸∕╣ ─ ⌐№

∫≡│⁸ ─ ⌐╟╡ ↕╣√ ─ │ ╡ →╢⁹

─ ↕≢ ╢╙─≤∆╢↓≤⁹ 

⌂⅔⁸SPHC ┘ 3- 7- 9 ⌐ →╢╙─ ─ ╩ ∆╢ ⌐│⁸ ↕ ╩

⌐╟╡ ∆╢↓≤⁹ 

 3.2
270

t ³=
s

 

t ∆╢ ─ ↕ mm  

ɨ ∆╢ ─ ↕ N/mm2  

3-7-9  SPHC̊ Ẇǵ ι ș ǋȒḹֻǵ Ԍǵ ᾛⱳ Ι 

 JIS  
↕ 

(N/mm2) 

 

(mm) 

─  

(mm) 

 SPCC 270 2.30 2.3 

☻ ♥ fi ꜠ ☻  

SUS304 520 1.66 1.7 

SUS316 520 1.66 1.7 

SUS304L 480 1.73 1.8 

SUS316L 480 1.73 1.8 

▪ꜟⱵ♬►ⱶ  

A5052P-H34 235 2.47 2.5 

A5083P-H32 315 2.13 2.2 

A5083P-O 275 2.28 2.3 

A6063S-T6 206 2.64 2.7 

▪ ꜟ Ⱶ ♬ ► ⱶ  A1080P-H24 85 4.10 4.1 

 

(4)  ─  

▪ │⁸ⱴfiⱱכꜟ ─ ⅜ ─ ⌐⌂╢ ⌐ ↑╢↓≤⁹ 

▬ ╩ ⇔ ⇔ ─ ≤⇔√╙── ↑│⁸ ⌐╟╢╙─≤∆╢↓

≤⁹√∞⇔⁸ ─ ⇔ │⁸☻ⱳ♇♩ │ ⌐╟╢↓≤⅜≢⅝╢⁹↓

─ ⌐⅔™≡⁸ ─ │250mm ≤∆╢↓≤⁹ 

► │ ╩ ≤∆╢ ♃fi◒≢⁸∕─ ╩ ≢ ∆╢╙──

─ ↑│⁸ ⌐╟╢↓≤⁹ 

( )  ⅜ (1)─ ─ ≢ ↕╣≡™╢ │⁸ ╩ ⌐

╡ ↑╢↓≤⅜≢⅝╢↓≤⁹ 

( )  ⅜( ) ─╙─≢ ↕╣≡™╢ │⁸ 3- 7- 26 ⌐ ∆╟℮⌐ ─

⌐ ─( )⌐ ∆ ╩ ↑⁸↓╣⌐ ╩ ╡ ↑╢⅛⁸╕√│⁸ 3- 7- 27

⌐ ∆╟℮⌐⁸ ♃fi◒─ ⌐ ╩ ╡ ↑√℮ⅎ≢ ┘

╩ ╡ ↑╢ ≤∆╢↓≤⁹ 

⌂⅔⁸ ╩ ↄ∆╢√╘ ⌐ ╡ ⅝╩ ↑╢ ─ ╩ ∆╢

─ ─ ↕│⁸ ─ ─ ─ ↕─2/3 ≤∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-24 

3-7-26ʟ  ǵʤ ǲ ▌ ș ǘȒ ǵ ֻ  

Ū ǵʤ ǲ ▌ ș ǘȒ Ǯ ▌ ǯ ǲȏȒ ֻ 

 
ū ǵʤ ǲ ▌ ș ǘȒ Ǯ ▌ ǯɚɩɆǲȏȒ ֻ 

 
3-7-27ʟ  Ƚɱȭ ǲ ֝ȑ̂ǘȒ  

 
( )  │⁸ ≤ │ ⌐╟╡

⇔⁸ ⌐ →╢ ≢ ╢↓≤⁹ 

 │⁸ ⅜25mm ─ ≢ ╢≤≤╙⌐⁸ ┘ ⌐≈™≡│⁸S

S400≢⁸⅛≈⁸3.0mm ≤⇔⁸SS400 ─ ╩ ™≡ ╢ │⁸ ─

⌐╟╡ ↕╣√ ─ │ ╡ →╢⁹ ─ ↕─╙

─≤∆╢↓≤⁹ 

 3
400

t 0 ³=
s

 

t0 ∆╢ ─ ↕ mm  

ɨ ∆╢ ─ ↕ N/mm2  



 ♃fi◒ ─  

3-7-25 

3-7-10  ▌ ǵᾋ ֗Ǻ Ԍ 

─  ┘   a×b×t mm  

 

L25×25×3 

 

 

 

 │⁸♃fi◒ ⌐ ─ ≢ ∆╢≤≤╙⌐⁸ ≡

╩ ⇔≡♃fi◒ ≤ ∆╢↓≤⁹↓─ ⌐ ≡ ≤ │

≤⇔⁸ ≡ ─ ⅝↕│ 3- 7- 28 ⌐ ∆╟℮⌐ ─ ⅛

╠20mm ╡ ∆╙─≤∆╢↓≤⁹ 

3-7-28ʟ  ▌ ►ǭ ǵẎǔǜ 

 

 ≤ ≤─ │⁸ │ ⌐╟╡Ⱳꜟ♩ ╘⌐╟╡ ℮↓≤⁹⌂⅔⁸

╩ ⌐╟╢ │ 3- 7- 26 ᵑ⌐╟╡⁸ ╩Ⱳꜟ♩ ╘⌐╟╢ │ 3- 7-

26 ᵒ⌐╟╡ ∆╢↓≤⁹ 

(a)  ↑Ⱳꜟ♩│⁸ Ⱳꜟ♩ JIS B 1180 ─M8 ─╙─╩ ∆╢↓≤⁹ 

(b)  ↑Ⱳꜟ♩─ │⁸SS400 │☻♥fi꜠☻ SUS304≤∆╢↓≤⁹ 

(c)  ↑Ⱳꜟ♩│⁸250mm ⌐ ─ ≢ ↑╢↓≤⁹ 

 

  

♃fi◒─ ─ ⌐ ↑╢ ─ │⁸ ─ ≤ ≤⌂∫

≡™╢╙─≤∆╢↓≤⁹ 

 

10 ─ ┘ ⁸ ─  

─ │⁸ ⌐╟╡ ↑╢↓≤⁹ 

(1)  ─  

─ ⌐ ╘╢ ─꜠Ᵽכ ₈ ꜠Ᵽ℮⁹™≥₉כ ╩

⌐ ↄ↓≤⌐╟╡⁸ ⅜ ∆╢╙─≢№╡⁸ ⌐╟╢╙─≢№╢↓≤⁹ 

▪ ─ ⌐ ╘╢ ↕150mm ─ ꜠Ᵽ⁸│≥כ 3- 7- 29 ᵑ⌐

∆ ꜠Ᵽכ─ ⅜꜠Ᵽכ─ ╡⅛╠ ╟╡ ╣√ ⌐№╢ ⌐№∫≡│⁸꜠

Ᵽכ─ ╡⅛╠ ╕≢─ ⁸ 3- 7- 29 ᵒ⌐ ∆ ꜠Ᵽכ─ ⅜꜠Ᵽכ─ ╡⅛

╠ ─ ⌐№╢ ⌐№∫≡│⁸ ꜠Ᵽכ─ ╡⅛╠ ╕≢─ ⅜150mm ≢№

╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-26 

3-7-29ʟ ɪɎɶǵל   

Ū ȑ ǯ̸Ҳ ǵ ǲ ǓǉȒḹֻǵɪɎɶǵ ǜ 

 
ū ȑ ǯ ǵ ǲ̸Ҳ ǓǉȒḹֻǵɪɎɶǵ ǜ 

 
▬ ꜠Ᵽכ─ │⁸ ⌐ →╢ ─ ⇔╛∆™ ≤∆╢↓≤⁹√∞⇔⁸

♃fi◒ ≢ ♃fi◒╩ ╣ ⅎ≡ ∆╢╙─⌐№∫≡│⁸™∏

╣─ ⌐╙ ꜠Ᵽכ─ ⅜ ⌐ →╢ ⌐№╢↓≤⁹ 

( )  ─ ⅜ 3- 7- 30 ᵑ⌐ ∆♃fi◒─ ─ ⁸ │ ⌐№

╢ ⌐№∫≡│⁸♃fi◒ ─  

( )  ─ ⅜ 3- 7- 30 ᵒ⌐ ∆♃fi◒─ ─ ⁸ │ ┘

⌐№╢ ⌐№∫≡│⁸♃fi◒ ─ ┘♃fi◒ ─  

( )  ─ ⅜ 3- 7- 30 ᵓ⌐ ∆♃fi◒─ ⌐─╖№╢ ⌐№∫≡│⁸♃fi◒

─  



 ♃fi◒ ─  

3-7-27 

3-7-30ʟ ї֥ǵ̬׃ɪɎɶ֗Ǻל   

Ї ꜠Ᵽכ─  ꜠Ᵽכ ┘ ─  

ᵑ ♃fi◒ ─  

 

ᵒ ♃fi◒ ─ ┘♃fi◒ ─  

 

ᵓ ♃fi◒ ─  
 

 

(2)  ─  

▪ │⁸ ♃fi◒ │∕─ ⅜ ≤⌂╡⁸ ♃fi◒─

⅜ ╩ ↑√ ⌐⁸ ─ ⌐╟╡⁸ ⅜ ⌐ ∆╢╙─≢№╢↓≤⁹ 

▬ ─ ╩ ∆╢ ₈ ₉≤™℮⁹ │⁸ ─꜠Ᵽכ

│ ꜠Ᵽכ─ ⌐ ↑⁸⅛≈⁸ ╩ ∆╢ ╩ ∆╢ ≤⇔⌂™╟

℮⌐ ↑╢↓≤⁹ 

► │⁸ ∕─ ─ ⌐╟╡ ⌐ ∆╢ ╩ ™╢ │⁸

─ ⅜⁸100ϴ ─╙─≢№╢↓≤⁹ 

◄ ╩ ↑⌂™↓≤⅜≢⅝╢ │⁸ ─≤⅔╡≢№╢↓≤⁹ 

( )  ⅜40mm ─ ⌐ ↑╢  

( )  ⅜70ϴ ─ ─ ─ ⌐ ↑╢  

(3)  ꜠Ᵽכ─  

⌐ ╘╢ │⁸ ⌐╟╡ ℮↓≤⁹ 

▪  

│⁸ ╩ ꜠Ᵽכ ⌐ ↄ ≤⇔⁸ ╩ ⅝⇔√ ⅝↕63mm×125m

m ≤∆╢↓≤⁹╕√⁸ ┘ ⅝│⁸ ⁸ ─ ♩כ◦ ─

╩ ∆╢ ≢ ∆╢↓≤⁹ 

▬ ─  

│⁸ ♃fi◒ ⌐ ℮⅛ │ ⇔ↄ│◦כ♩⌐ ℮↓≤⁹ 

► │ ─♩כ◦  

─ │⁸ │ ≤⇔⁸ ─♩כ◦ │⁸ ≤∆╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-28 

◄ ─  

─ │⁸ ꜠Ᵽכ─ ─ ╛∆™ ≤∆╢↓≤⁹ 

○ ─  

╩ ⌐ ℮ │⁸ ⁸ꜞⱬ♇♩⁸⌡∂ ⌐╟╡ ╩ ⌐ ╡ ↑╢

↓≤⁹ 

 

11 ⅛╠─ ⌐╟╢ ─ ╩ ∆╢√╘─  

⅛╠─ ⌐╟╢ ─ ╩ ∆╢√╘─ │⁸ ─(1)⁸(2) │↓─ ∑⌐

╟╢╙─≢№╢↓≤⁹√∞⇔⁸ ─ ─ ⌐ ≠⅝ ↕╣╢

♃fi◒ │⁸ ⅛╠─ ╩ ∆╢√╘─ ⅜ ∂╠╣≡™╢╙─≤╖⌂∆↓≤⁹ 

⌂⅔⁸ ─ │⁸ 3- 7- 31 ⌐ ∆ᵑ │ᵒ─™∏╣⅛─╟℮⌐ ╩ ™

≡◘Ⱪⱨ꜠כⱶ ⌐ ⌐ ∆╢↓≤⁹ 

3-7-31ʟ ї֥̂׃  ǵ ǵᶭὑ  

Ū ₑǲȏȒᶭὑ 

 
ū ɚɩɆǲȏȒᶭὑ 

 
(1)  ⌐╟╢  

⌐╟╢ │⁸ ⌐ ⅜ ╦╠⌂™╟℮⌐⁸ 3- 7- 32 ⌐ ∆╟℮⌐

╩ ↕∑╢╟℮ ≤ ─ ─ ─ ⌐ ─ ╩ ↑╢↓≤⁹ 

3-7-32ʟ  ǲȏȒ⅝╓ǲ ǓқȖȐǱǋ  

 



 ♃fi◒ ─  

3-7-29 

(2)  ⌐╟╢  

│⁸ ─ ⌐ ∆╢╙─ │ ─ ╩ ∆╢╙─≢№╢↓≤⁹ 

▪ ⌐╟╢ │⁸ ⌐ ⅜ ╦╠⌂™╟℮⌐ ≤ ─ ─∆═≡

─ ─ ⌐ 3- 7- 33 ⌐ ∆ᵑ │ᵒ─™∏╣⅛─ ╩ ↑╢↓≤⁹ 

3-7-33ʟ  ǲȏȒ⅝╓ǲ ǓқȖȐǱǋ  

Ū ɓɪȫȵɔɩȿɣɶɔǲȏȒ  

 
ū ֯ ֻ ЕǲȏȒ  

 
 

▬ ─ │⁸ⱨ꜠◐◦Ⱪꜟ♅ꜙכⱩ⌐№∫≡│ ≢⁸ │

╩◗ⱶ ─ ⌐ ╗ ≢ ⇔⁸∕─ ─ ─ ™ ≢ ╠╣⁸⅛≈⁸

─ │ ─ ⌐ ⇔≡ ╩ ∆╢╙─≢№╢↓≤⁹ 

 

12  

(1)  ⅜ ∆╢⅔∕╣─№╢  

⅜ ∆╢⅔∕╣─№╢ ⌐ ↑╢ │⁸ ⌐ ⇔⌂™

≤∆╢↓≤⁹⌂⅔⁸ ⅜ ∆╢⅔∕╣─№╢ ≤│⁸ ╩ ≢ ∆

╢╙─⌐№∫≡│⁸ ⅜40ϴ ─╙─╩ ╡ ℮ ♃fi◒─♃fi◒ ⁸

⁸ ╩ ™ ≢ ⇔√ ↕╣√ ≤∆╢↓≤⁹√∞⇔⁸

⌐ ∆╟℮⌂ ⅜ ™ │ ⅜ ╦╣≡™╢ │⁸ ↕╣√ ≤╖⌂↕∏⁸



 ⁸ ┘ ─ ─  

3-7-30 

⅜ ∆╢⅔∕╣─⌂™ ≤⇔≡ ╡ ℮╙─≢№╢↓≤⁹ 

▪ ─ ™─╖≢ ⌐ ─⌂™  

▬ │ ⌐ ⅜№∫≡╙ ─ ⅜ ↕╣≡™≡ ⌂ ⅜ ╦╣╢

 

► ⌂ ⅜ ↕╣ ⌂ ⅜ ╦╣╢  

(2)  ─  

▪ ♃fi◒─ ─  

( )  │⁸ ⁸ │ ≤∆╢↓≤⁹ 

( )  │⁸ ≤↕╣╢ ─ ╩ ≢⅝╢ ⌂◘▬☼≤ ╩ ∫√╙─≤

∆╢↓≤⁹╕√⁸ ↑⌐ ⇔≡│⁸ ⌂ ⅛╠ ∆╢ ≤⇔⁸◐ꜗⱩ♃▬

ꜟⱩכ◔ꜘ ─ │ │ⱨ꜠◐◦Ⱪꜟ♅ꜙכⱩ ≢ ∆╢↓≤⁹ 

▬ ↕╣√  

( ) ♅♇▬☻⁸כ♃כ⸗  │ ─ ≤∆╢↓≤⁹√∞⇔⁸

─ ⌐ ↕╣≡™╢☻▬♇♅⁸ ─ꜟכꜞ │⁸↓─ ╡≢⌂

™⁹ 

( )  │⁸▪( )⌐╟╢↓≤⁹ 

( )  │⁸ ≢ ⇔ ™ ◌Ᵽכ ⅝ │

≤∆╢↓≤⁹ 

( )  │⁸ ≢◌Ᵽ⁹≥↓╢∆כ 

 

13  

⌐ ≠⅝ ↑╢ │⁸ ─ ╩ ∆╢╙─≢№╢↓

≤⁹ 

(1)  │⁸ ─ ╩ ™⁸ⱦ♬כꜟ ─ ≢ ∆╢↓≤ │↓╣≤

─ ⁸ ┘ ⌐ ∆╢ ╩ ∆╢╙─≢№╢↓≤⁹ 

(2)  ≤ ∆╢↓≤⅜≢⅝╢◒ꜞ♇ⱪ ╩ ╡ ↑√╙─≢№╢↓≤⁹ 

(3)  │⁸ ⌐ ╩ ⅎ╢↓≤─⌂™ ╡ ⌐ ∆╢↓≤⁹ 

 

14 ⱱכ☻  

⌐ ╘╢ ⱱ⁸│☻כ ⌐╟╢╙─≢№╢↓≤⁹ 

(1)   

▪ ⱱכ☻─ │⁸ ⌐╟╢↓≤⁹ 

( )  │⁸ ╡ ℮ ⌐╟∫≡ ↕╣╢⅔∕╣─⌂™╙─≢№╢↓≤⁹ 

( )  ⌐ ╪∞╙─≢№╢↓≤⁹ 

( )  ─ ™ ─ ⌐ ⅎ╢ ╩ ∆╢╙─≢№╢↓≤⁹ 

( )  ┘ │⁸ ≢ ⁸ ⅜⌂™╙─≢№╢↓≤⁹ 

▬ │⁸ ⌐╟╢↓≤⁹ 



 ♃fi◒ ─  

3-7-31 

( )  │⁸ ─ ™ ⌐ ⅜ ╣╢⅔∕╣─⌂™ ─╙─≢№╢↓≤⁹ 

( )  ─ ⌐ ™╢Ɽ♇◐fi│⁸ ╡ ℮ ⌐╟∫≡ ↕╣╢⅔∕╣⅜⌂

ↄ⁸⅛≈⁸ ⌐╟╢ ⌐ ⅎ╢ ╩ ∆╢╙─≢№╢↓≤⁹ 

( )  ─ ⌐ ∆╢ ⱡ☼ꜟ ₈ ⱡ☼ꜟ₉≤

™℮⁹ ╩ ↄ⁹ │⁸ ─ ⌐ ∆⌡∂ ⁸ ⌐ ∆ ∑

│↓╣≤ ─ ╩ ∆╢╙─≢№╢↓≤⁹ 

 ⌡∂ ╩ ™╢ ⌐№∫≡│⁸ ⌐╟╢↓≤⁹ 

(a)  ⌡∂│⁸∕─ ┘⅜50 ─╙─⌐№∫≡│JIS B 0202₈ ⌡∂₉⁸∕─

─╙─⌐№∫≡│JIS B 0207₈ⱷכ♩ꜟ ⌡∂₉─℮∟⁸ 3- 7- 11 ⌐ →╢╙

─≤∆╢↓≤⁹ 

3-7-11  ɟɶɆɩ Ǵǟ JIS B 0207  

⌡∂─ ┘ Ⱨ♇♅ 

╘⌡∂ 

─ mm  mm  mm  

⅔⌡∂ 

mm  mm  ─ mm  

64 3 64.000 62.051 60.752 

75 3 75.000 73.051 71.752 

90 3 90.000 88.051 86.752 

110 3 110.000 108.051 106.752 

115 3 115.000 113.051 111.752 

 

(b)  ─⌡∂ │⁸╘⌡∂ ⁸⅔⌡∂ ≤∆╢↓≤⁹ 

 ∑ ╩ ™╢ │⁸ 3- 7- 34 ⌐ ∆ᵑ │ᵒ─™∏╣⅛─╟

℮⌐ ⌐ ≢⅝╢ ─╙─≢№╢↓≤⁹ 

3-7-34ʟ  ֻǢᶭὑ╛ ֻ Еǵ  

Ū 

 
 

 

 

 

 

 

 

 

ū 

 

 

 

 

 

 

◄ ⱡ☼ꜟ│⁸ ─ ™⌐ ⇔⁸ ─ ⅜ ≢⁸⅛≈⁸ ⅜

╣╢⅔∕╣─⌂™ ─╙─≢№╢≤≤╙⌐⁸ⱡ☼ꜟ─ ⌐ ╩ ↕⌂™╙─



 ⁸ ┘ ─ ─  

3-7-32 

⌐№∫≡│⁸ ≢ ∆╢ ╩ ↕⌂™╙─≢№╢↓≤⁹ 

○ ⇔ ⌐ ⌐╟╢ ─⅔∕╣─№╢ ─ 15(1) ╩ ╡ ℮

ⱱכ☻ ─ │⁸ ⅜ ⌐╟╡ ⌐ ↕╣≡™╢╙─≢№╢↓≤⁹ 

◌ ⱱכ☻─ ↕│⁸ ─╙─≤∆╢↓≤⁹ 

◐ ⱱ⁸│⌐☻כ ┘ ™∏╣╙ ⌐╟╢ ╩ ╗⁹ ⅜

⌐ ⅎ⌂™╟℮⌐ ↕╣≡™╢╙─≢№╢↓≤⁹ 

(2)  ⱱכ☻─  

♃fi◒ ⌐│⁸ ⱱכ☻ ⱱכ☻╩ ∆╢↓≤⌂ↄ ∆╢↓

≤⅜≢⅝╢ⱱכ☻Ⱳ♇◒☻⁸ⱱכꜞ☻כꜟ ─ ╩™℮⁹ ∂⁹ ╩ ↑⁸ ─

™ │⁸ ⱱכ☻╩ ⱱכ☻ ⌐ ∆╢↓≤⁹↓─ ⌐⅔™≡⁸

ⱡ☼ꜟ╩ ⅎ⌂™ ⱱ⁸│☻כ ♃fi◒─ ⅛╠ ╡ ⇔≡ ∆╢↓≤⁹ 

√∞⇔⁸ ─ ⅜ ─ ╩ ∆╢ ─╙─≢№╢≤⅝│⁸ ⱱכ☻╩ ⌐

⇔√ ≢ ∆╢↓≤⅜≢⅝╢⁹ 

▪ ⅜40ϴ ─ ╩ ⇔⁸ │ ╡ ℮ ♃fi◒ ⌐ ↑╠╣╢╙─

≢⁸ ┘ ⱱכ☻ ─ ╩ ∆╢↓≤─⌂™╟℮ ⌐╟╡ ∆╢↓

≤⅜≢⅝╢ 3- 7- 35 ⌐ ∆ᵑ⁸ᵒ │ᵓ─™∏╣⅛─  

▬ ⅜40ϴ ─ ╩ ⇔⁸ │ ╡ ℮ ♃fi◒ ⌐ ↑╠╣╢╙─

≢⁸▪─™∏╣⅛─ ─╙─ │ ─ ╩ ∆╢↓≤─⌂™╟℮ ⅝ ╢↓

≤⅜≢⅝╢ 3- 7- 35 ⌐ ∆ᵔ │ᵕ─™∏╣⅛─  

3-7-35ʟ  ϼ ǵ  

 Ū                          ū 

 

 

 

 

 

 
 Ŭ                          ŭ 

 

 

 

 

 

 

 

 
 Ů 

 

 

 

 

 

 



 ♃fi◒ ─  

3-7-33 

15 ─ ⌐╟╢ ╩ ∆╢√╘─  

─ ⌐╟╢ ╩ ∆╢√╘─ ₈ ₉≤™℮⁹ ⌐≈

™≡│⁸ ⌐╟╢↓≤⁹ 

(1)  ╩ ↑⌂↑╣┌⌂╠⌂™ ─  

⌐ ↕╣╢ ⌐╟╢ ⅜ ∆╢⅔∕╣─№╢

─ │⁸ ⌐ →╢╙─≤∆╢⁹ 

▪  

▬  

►  

(2)   

▪ ╩♃fi◒⌐ ∆╢╙─ ₈ ₉≤™℮⁹ ⌐№∫≡│⁸

⅜♃fi◒ ⌐ ↑╢ ↑ ≤ ∆╢╙─⁸ │ ⁸ ⱣⱠ ─ ⌐╟╡♃fi◒

≤ ≢⅝╢╙─≢№╢↓≤⁹↓─ ⌐⅔™≡⁸ ⁸ ⱣⱠ ⌐╟╢♃fi◒ ≤

─ │⁸ ⁸ ⱣⱠ ⅜♃fi◒ ⌐ ╣≡™╣┌ ╡⁸ ∆╢↓≤╩ ↕⌂™╙

─≢№╢↓≤⁹√∞⇔⁸ ●☻╩ ∆╢♃fi◒≢⁸ ●☻╩ ⇔√ ≢

≢⅝╢╙─⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

▬ ─╙─⌐№∫≡│⁸ ─ ⌐ ∆╢╙─≢№╢↓≤⁹ 

( )  │⁸ ─ ₈ ₉≤™℮⁹ ≢ ™⁸⅛≈⁸ ─ │⁸

▪─ ⌐╟╡♃fi◒ ≤ ≢⅝╢╙─≢№╢↓≤⁹ 

( )  │⁸ 100mm ≤⇔⁸⅛≈⁸ ⅜ ⌐ ⇔ ╣∆╢↓≤⅜≢⅝╢╙─≢

№╢↓≤⁹ 

( )  ⌐│⁸ ♃fi◒⌐ ∆╢ ─ ╩ ⌐∆╢√╘─ ⅜ ↑╠╣

≡™╢↓≤⁹ 

 

16 ┘  

(1)  ⁸  

⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪ ─ ┘  

( )  ─ │⁸ │ ≤∆╢↓≤⁹ 

( )  │⁸ ⁸ ─ ♩כ◦ ─ ╩ ∆╢ ≢ ∆╢↓≤⁹ 

( )  ─ ─ ⅝↕│⁸ ─ ⅝↕⌐ ∂√╙─≤∆╢↓≤⁹ ─ ─ ⅝↕

│ ─ ─≤⅔╡≢№╢↓≤⁹β  

3-7-12  

─ ⅝↕ ─ ⅝↕ 

300mm  250mm  

350mm  275mm  

400mm  300mm  



 ⁸ ┘ ─ ─  

3-7-34 

▬ ─  

─ │⁸ ≤⇔≡ ─ ─ ⱣfiⱤ≤∆╢⅜⁸ ↑╪ ─

♃fi◒ ≢ ⌐↑╪ ─ ⌐ ╩ ╡ ↑╢╙─⌐№∫≡│⁸ ♃fi

◒─ ─ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹√∞⇔⁸ⱣfiⱤ⌐ ╡ ↑╢↓≤⅜

⌂╙─⌐№∫≡│⁸ⱣfiⱤ ─ ™ ⌐ ╡ ↑╢↓≤⅜≢⅝╢⁹╕√⁸Ⱳfi

Ⱡ♇♩ ⌐ ╩♩כ◦√⅝≢≢ ∆╢ │⁸ ─ ╩ ∆╢╙─≢№╢

↓≤⁹ 

( )  │⁸ ─ ≢⅝╢ ≤∆╢↓≤⁹ 

( ) │♩כ◦  ⌂ ╩ ∆╢↓≤⁹ 

( )  │⁸ ⁸ ⁸ ⌐ ╣√╙─≢ ╠╣≡™╢↓≤⁹ 

► ─  

│⁸ ⁸⌡∂⁸ꜞⱬ♇♩ ≢ │♃fi◒⌐ ⌐ ╡ ↑╢↓≤⁹ 

(2)  ─ ⁸ ┘ ─  

─ ⁸ ┘ ─ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

▪  

( )  ∆╢ ─℮∟⁸ ─╖≢│ ⅜ ╠⅛≢⌂™╙─ ⅎ┌⁸

⁸ ⌐≈™≡│⁸ ─╒⅛⌐ │ ╩ ∆╢↓≤⁹ 

( )  ∆╢ ─℮∟⁸ ⌐≈™≡│⁸ ⅜ ≢ ↕╣≡™╢ ─╙

─⌐№∫≡│kL≢⁸ ≢ ↕╣≡™╢ ─╙─⌐№∫≡│kg≢ ∆╢↓≤⁹ 

( )  ─ ♃fi◒⌐ ─ ─ ╩ ₈ ₉≤™℮⁹ ∆╢╙─

⌐⅔↑╢ │⁸♃fi◒ ↔≤─ ─ ⁸ ┘ ╩ →╢↓≤⁹ 

▬ ─  

│⁸ ♃fi◒─ ⌐ ℮⅛ │ ╩ ↑≡ ℮↓≤⁹ 

► ─  

( )  ─ │⁸♃fi◒ ─ │ ♃fi◒ ─ ≤∆╢↓≤⁹√

∞⇔⁸ ♃fi◒ ─ ⁸ ⌐ ∆╢↓≤⅜≢⅝⌂™╙─⌐№∫≡│⁸

─ ╛∆™ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

( )  ♃fi◒ ≢ ♃fi◒╩ ╣ ⅎ≡ ∆╢╙─⌐№∫≡│⁸

⌐ ⅜( )─ ≤⌂╢╟℮⁸ ⌐ ↑╢↓≤⁹ 

◄ ─  

─ │⁸ │ ≤∆╢↓≤⁹ 

○ ─  

│⁸ ►⌐ ╘╢ ⌐ ⁸ꜞ ⱬ♇♩⁸⌡∂ ⌐╟╡ ⌐ ╡ ↑╢↓≤⁹ 

 

17 ⁸  

─ ⌐≈™≡│⁸ ⌐╟╢↓≤⁹ 

(1)  ─  



 ♃fi◒ ─  

3-7-35 

─ │⁸ ─ ┘ ─ ⅛╠ ⌐ ╡ ∆↓≤⅜≢⅝╢

≤∆╢↓≤⁹ 

(2)  ─  

│⁸ ⁸ ─ ⌐╟╡ ─ ─ ≤⌂╠⌂™╟℮⁸ ⁸

│ ─ │ ™⌐ ⇔⁸⅛≈⁸ ⌐ ╡ ∆↓≤⅜≢⅝╢╟℮⌐ ╡ ↑╢

↓≤⁹ 

(3)   

╩ ∆╢ │ ™⌐│⁸₈ ₉≤ ∆╢↓≤⁹ 

 

18 ⌂ ♃fi◒ ⌐ ╢  

(1)  ⅜20kL╩ ⅎ╢ ♃fi◒  

▪ ♃fi◒ ─ │⁸ ─ ⱣfiⱤ ⅛╠300mm ╣≡™╢↓≤⁹ 

▬ ♃fi◒ ─ │⁸ ⅛╠│╖ ⇔≡™⌂™↓≤⁹ 

3-7-36ʟ  Ẏὦ Ǔ20kLș ǏȒ ҲȽɱȭ ǵȽɱȭǵ̬  

 

(2)  Ⱳ♩ⱶ꜡כ♦▫fi◓ ─ ╩ ∆╢ ♃fi◒  

▪ ♃fi◒ ⌐ ⌐ ╢⁹ ⅜ ↑╠╣≡™╢↓≤⁹ 

▬ ♃fi◒ ⌐ ⌐⌂∫√ ⌐ ┼ⱳfiⱪ ╩ ∆╢↓≤─≢⅝

╢ ☿fi◘כ ┘ ╩ ↑╢↓≤⁹ 

► ╩ ⌐ ─ ≤∆╢≤≤╙⌐⁸ ⌐ ⅛╠ ╩ ⅎ⌂™╟℮⌐

╩ ↑╢↓≤⁹ 

◄ │⁸♃fi◒─ ≤ ≢ ╩ ∆╢↓≤⁹ 

(3)  ╩ ⇔√ ↑╪ ♃fi◒  

▪ ⇔√ ⌐ ⅜ ╡≢⅝╢ ⱴfiⱱכꜟ╩ ↑╢↓≤⁹ 

▬ ⇔√ ─ ⌐ ─ ╩ ↑╢↓≤⁹ 

► ⇔√ ⌐ ⅛╠ ─≢⅝╢ ╩ ↑╢↓≤⁹ 

◄ ⇔√ ⌐ ∆╢↓≤─⌂™╟℮ ╩ ↑╢↓≤⁹ 

(4)  Ᵽ◐ꜙכⱶ ─ ♃fi◒ β  

Ᵽ◐ꜙכⱶ ─ ♃fi◒ ≤│⁸ ♃fi◒⌐⁸ ╩ ∆╢

⌐⁸ ⱳfiⱪ ⌐╟╡ ⇔⁸ │ ⌐╟╡ ╩ ╡ ∆



 ⁸ ┘ ─ ─  

3-7-36 

⌐╟╡ ╩ ™⁸ ╩ ⇔ │ ╡ ℮ ╟╡ ╩ ⇔⁸ ┼

∆╢ ╩™℮⁹ 

▪ ≢⅝╢ │⁸ ⅜70 ─ ⌐ ╢↓≤⁹ 

▬ ⌐│⁸ ─ ╩ ∆╢↓≤⁹ 

( )  ─ ⌐│₈ ♃fi◒ Ᵽ◐ꜙכⱶ ₉≤ ∆╢↓≤⁹ 

( )  ≢ ∆╢ ╩₈∕─ ⌂ ₉ ⌐ ∆╢↓≤⁹ 

► ─ ┘ ─ │⁸ ─╙─≢№╢↓≤⁹ 

√∞⇔⁸ │ ⁸ ─◗ⱶ ┘ ─ ◐ꜗ♇ⱪ │⁸

─╙─╩ ™╢↓≤⅜≢⅝╢⁹ 

◄ ♃fi◒⌐│⁸ ╩ ♃fi◒⌐ ⇔⁸ ⌐

∆╢≤ ⌐ ⅜ ⇔⁸ ⅜∕╣ ♃fi◒⌐ ⇔⌂™ ─╙─⁹

╩ ↑╢╙─≤⇔⁸⅛≈⁸ ⅜ ⇔√ ⌐⁸∕─ ╩ ╠∑╢

⁸ꜝfiⱪ─ ╩ ⌐ ≢⅝╢ ⌐ ↑╢↓≤⁹ 

○ ⱱכ☻─ ⌐│⁸ ─ ⅜ ⇔⌂™╟℮⌐ ╩ ↑╢↓≤⁹ 

(5)  ♃fi◒ ⱶכ♅☻⌐ ╩ ↑╢ ♃fi◒  

♃fi◒ ⱶכ♅☻⌐ ╩ ↑╢ ♃fi◒ ⌐≈™≡│⁸ ⌐≈™≡

▬─ ─ ⌐╟╡⁸ ╩ ℮↓≤⁹



 ♃fi◒ ─  

3-7-37 

 ♃fi◒ ─ ─ β  

♃fi◒ ⌐ ∆╢ ♃fi◒ ╩™℮⁹

─ ─ │⁸ ─≤⅔╡≢№╢⁹ 

ᵑ ╩ ∆╢ ♃fi◒  

─ ⁸ ┘ ⌐ ╢

⌐ ╢⁹ ⁸ ⁸ ┘ ╩ ↄ⁹  

ᵒ ᵑ ─ ♃fi◒  

─ ┘ ╩ ↄ⁹  

╩ ∆╢ ┘ ⁸ ─ ⌐≈™≡│⁸

♃fi◒ ─ ─ ─ ⁸ ┘ ─ ⌐╟╢

↓≤⁹ 

 ∆═≡─ ♃fi◒ ─ ⁸ ─  

(1)  ⅎ ─  

ⅎ ⌐ ♃fi◒ ⌐╟∫≡ ∏╢ ┘ ⌐ ⇔≡ ⌂╙─≢№╢↓

≤─ │⁸ ⌐╟╡ ℮↓≤⁹√∞⇔⁸ ♃fi◒ ─ ─ ⌐╟

╢≈╡ → │ ♃fi◒ ─1.25 ─ ⌐╟╢ ∟ → ⌐╟∫

≡ │ ⇔⌂™╙─≢№╢↓≤⅜ ≢⅝╢ ⌐≈™≡│⁸ ⌐╟╢↓

≤⅜≢⅝╢⁹ 

(2)   

♃fi◒ ⌐│⁸ ♃fi◒ ─ ─∑╪ ⌐ ⅎ╢↓≤⅜≢

⅝╢ ┘∆╖ ╩ ↑╢↓≤≤↕╣⁸ ⅜6,000L ─ ♃fi◒╩

∆╢ ♃fi◒ ≢│ Ⱳꜟ♩≢╙ ⇔ ⅎ⌂™≤↕╣≡™╢⅜⁸↓╣╠─ ─

│⁸ ─ ⌐╟╡ ℮↓≤⁹√∞⇔⁸JIS ⌐ ≠⅝ ╠╣√ ┘∆╖ ≢⁸

♃fi◒ ⅜JIS⌐⅔↑╢ ╩ ⅎ⌂™╙─⌐№∫≡│⁸↓─ ╡≢⌂™⁹ 

4W֔P×S 

W ♃fi◒  

 W 9.80665 W1 W2×ɘ  

    W1 ♃fi◒─  

    W2 ♃fi◒  

    ɘ ─  

 P №√╡─ ∑╪  

Sf
2

1
P=  

     fS ─ ↕ N/mm2  

 S ─  

  S nS1 

     n ─ Ⱳꜟ♩─ │2n  

     S1 ─ cm2⁸Ⱳꜟ♩─ │  



 ⁸ ┘ ─ ─  

3-7-38 

3-7-37ʟ  ǲȏȒ▌↓ ș Ǎⱳ ǵǱǋ Е֗ǺǠȆ Е 

Ū JIS Z 1617Ƽᶮ Ẏ◐ȱɱɄɈ ǫȑʣǙ Е֗Ǻ ЕƽǲȏȒ Е 

 
ū JIS Z 1616Ƽᶮ Ẏ◐ȱɱɄɈǵǠȆ ЕƽǲȏȒǠȆ Е 

 
Ŭ JIS Z 1610ƼẎḌʝ ȱɱɄɈƽǲȏȒ Е 

 
(3)   

▪ ♃fi◒⌐│⁸ 3- 7- 38 ⌐ ∆╟℮⌐ ♃fi◒─ │ ─ ╛∆™

⌐₈ ₉─ ⁸ ♃fi◒ ─ ⌐ ╢ ─ ⌐ ╢╙

─│₈ ₉≤ ∆╢⁹ ┘ ─ ╩ ⅝≢ ∆╢↓≤⁹⌂⅔⁸ ─

│ ≤⇔⁸ │ ≤∆╢↓≤⁹ 

3-7-38ʟ  ֯Ǔӧ ⁸ ǵḹֻǵ͈  

 

 

 

 

 

▬ ♃fi◒╩ ╣ ⅎ≡ ∆╢╙──℮∟ ♃fi◒─ ⌐ ∆╢╙─

⌐№∫≡│⁸▪─ ╩ ⌐ ℮↓≤⁹ 

 

 ╩ ∆╢ ♃fi◒ ─ ┘ ─  

(1)  ≤ ≤─  

│⁸ ─ ≤─ ⌐50mm ─ ╩ ≈↓≤≤↕╣≡™╢⅜⁸∆╖

⅝─ ⌐№∫≡│⁸∆╖ ─ ╩ ─ ≤∆╢↓≤⁹⌂⅔⁸↓↓≢™℮

≤│⁸ⱴfiⱱ⁸ꜟכ ⁸ ⁸ ⁸∕╣╠⅜ ∆╢≤ ─ ╣⅜

∂╢⅔∕╣─№╢ ╩™™⁸↓─⅔∕╣─⌂™ ⁸ⱣꜟⱩ ─ │ ╕╣

⌂™╙─≢№╢⁹ 

(2)  ─  

 

    ẽ  0.15m 

0.4m   



 ♃fi◒ ─  

3-7-39 

─ ─ ♃fi◒─ ⌐ ─╙─ ┘ ─╙

── ⁸ ♃fi◒─ ⌐ ─╙── ♃fi◒ ─ ⌐

ⅎ╢↓≤⅜≢⅝╢ ─ ╩ ∆╢√╘─ │⁸ ─ │ ⌐

∂√ ⌐╟╢↓≤⁹ 

ɨc֔ c' 

  ɨc  

   ɨc W/A 

     W t  

        W 2×R ♃fi◒─ ⌐ ─╙─ ┘ ─╙──  

W R ♃fi◒─ ⌐ ─╙──  

          R ♃fi◒ ♃fi◒ ⁸ ╩ ╗⁹  

┘ ─ ╩™℮⁹  

   A ⌐ ∆╢ ─ JIS  

  fc' 1.5fc 

    fc ≢⁸( ─ ( 48 5 1

5 2 ⌐╟╢╙─≤∆╢⁹⌂⅔⁸ ≢ ™╢ ɠ│⁸ ↕ɞk

─ ╩⁸ ⌐ ⇔≡₈ ₉⁸ ⌐ ⇔≡₈ ₉≤⇔⁸ ─

↕╩ ɞ≤⇔≡ ∆╢↓≤⁹ 

(3)  ♃fi◒─  

♃fi◒│⁸♃fi◒─ │ ⅜1.8 ─╙─⌐№∫≡│⁸5mm

─ │↓╣≤ ─ ╩ ∆╢ ≢ ╢↓≤≤↕╣≡™╢⅜⁸♃fi◒─

│ ≤│⁸♃fi◒─ ╩™℮╙─≢№╢↓≤⁹ 

 

 ─ ™ 

♃fi◒ ─ ⌐ ╢ ™⌐≈™≡│⁸ ⌐╟╢↓≤⁹β  

(1)  ♃fi◒ ⌐ ∆╢ ♃fi◒ ≤⇔≡─ │⁸ ─ ≤

≢№╢↓≤⁹ 

(2)  ♃fi◒ ─ ⌐ ⌐ ∆╢↓≤⅜≢⅝╢♃fi◒◖fi♥♫─ │⁸♃

fi◒◖fi♥♫─ ─ ⅜30,000ꜞ♇♩ꜟ ≤⌂╢ ≤∆╢⅜⁸↕╠⌐ ⅜∕─

─ ─♃fi◒◖fi♥♫ ₈ ♃fi◒◖fi♥♫₉≤™℮⁹ ╩ ⇔⁸⅛≈⁸

⌐ ♃fi◒◖fi♥♫╩ ⇔╟℮≤∆╢ │⁸ ⌐╟╢↓≤⁹ 

▪ ♃fi◒ ⅜ ╩ ↑╢ ⌐№∫≡│⁸ ♃fi◒◖fi♥♫╩

╘≡ ♃fi◒ ─ ╩ ↑╢↓≤⁹ 

▬ ╩ ↑√ ⌐№∫≡│⁸ ♃fi◒◖fi♥♫╩ ⇔╟℮≤∆╢ ⌐⁸

♃fi◒ ─ ╩ ↑╢↓≤⁹ 

(3)  (2)─ ╩ ↑√ ♃fi◒ ─♃fi◒◖fi♥♫│⁸ ─ ♃fi

◒ ─♃fi◒◖fi♥♫≤ ♃fi◒◖fi♥♫≤⅜ ⌐ ╩╙≈╙─≢№╢

⌐│⁸ ⌐ ╩ ↑√ ─ ♃fi◒ ─ ⌐╙ ∆╢↓≤⅜≢⅝

╢↓≤⁹↓─ ⌐⅔™≡⁸ ♃fi◒◖fi♥♫│⁸ ─ ♃fi◒ ─

♃fi◒≤╖⌂↕╣╢╙─≢№╢↓≤⁹ 



 ⁸ ┘ ─ ─  

3-7-40 

3-7-39ᶫ ˧ ȱɱɄɈǵ֝ ǋ 

 

 ǲֿʝרǓǉȓǷƲ ǱȒ ֯ ʰǿǵ ǏǓ֯ ǮǉȒƳ 

(4)  ♃fi◒ ⌐⅔™≡ ∆╢ ─ ┘ ⅜♃fi◒◖fi♥

♫╩ ∆╢√┘⌐ ⌂╢↓≤⅜ ↕╣╢ │⁸ ⌐╟╢↓≤⁹ 

▪ ♃fi◒ ⅜ ╩ ↑╢ ⌐№∫≡│⁸ ∆╢↓≤⅜ ↕

╣╢∆ⱬ≡─ ┘ ⌐≈™≡⁸ ♃fi◒ ⌐⅔™≡

∆╢ ─ ┘ ≤⇔≡ ╩ ↑╢↓≤⁹ 

▬ ╩ ↑√ ⌐№∫≡│⁸ ∆╢↓≤⅜ ↕╣╢∆═≡─ ┘

⌐≈™≡⁸ ─ ⌐ ╘╢ ⁸ │ ─ ─ ╩∆╢

↓≤⁹ 

(5)  ♃fi◒ ─♃fi◒◖fi♥♫─ ⁸ │ Ⱬ─ ╖ │ ╤⇔

⌐ ℮ ♃fi◒◖fi♥♫─ ™│⁸ ♃fi◒ ─ ─ ⌐ ℮

™≤ ↕╣╢↓≤⁹ 

(6)  ♃fi◒ ─ ⅛╠♃fi◒◖fi♥♫╩ ⇔⇔√ ⌐⅔™≡ ┘♃fi◒◖

fi♥♫╩ ∆╢╕≢─ ⁸ ╩ ─ ≤⇔≡─ ⌐ ∆╢ │⁸

♃fi◒ ⌐≈™≡ ─ ⌐ ╘╢ ─ ╩ ∆╢↓≤⌂

ↄ⁸ ╩ ─ ⌐ ∆╢↓≤⅜≢⅝╢╙─≢№╢↓≤⁹ 

↓─ ⁸ ♃fi◒ ─ ⌐ ⁸ ╩ →√╕╕≢№∫≡╙ ⇔

ⅎ⌂™↓≤⁹ 

(7)  ♃fi◒ ─♃fi◒◖fi♥♫╩ ⁸ ⁸ ╩ ⇔≡ ⇔⁸

≢ ─ ⌐ ╖ ⅎ╢ ⌐⁸ ─ ⌐⅔™≡ ╩ ↑√ ♃fi◒




























































































































































































































































































































































