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Â ≤ꜞfi◒ 

 ◒fiꜞה 

 ●☻  

 ●☻  

◖fiⱦ  ◖fiⱦ♫כ♩  

  

  

  

 ●☻  

CTRL ⇔⌂⅜╠◒ꜞ♇◒≢ꜞfi◒ 

 ─ ⁸ ┘ ┘⌐ ─ ⌐ ∆╢

─ ╩ ╘╢  

CTRL ⇔⌂⅜╠◒ꜞ♇◒≢ꜞfi◒ 

 ●☻ ┘ ─ ┘ ⌐≈™≡

 

CTRL ⇔⌂⅜╠◒ꜞ♇◒≢ꜞfi◒ 

 44 16

 

CTRL ⇔⌂⅜╠◒ꜞ♇◒≢ꜞfi◒ 

 

 

─╘√─כ◙כꜚ

●▬♪ 

 |  

 

CTRL ⇔⌂⅜╠◒ꜞ♇◒≢ꜞfi◒ 

 ●☻ 

 ●☻ 

  

 ●☻ 

  

 ●☻ 

ⱨ♇ ⱥ  ⱨ♇ ⱥ ⁸ ⱨ♇ ꜞfi⁸ ⱨ♇ ⁸ ⱨ♇ ⱱ►

⁸ ⱨ♇ ꜞfi⁸ ⱨ♇ ⁸ ⱨ♇ ◔▬  

CE ◖ה♪ꜟכ◄Ᵽⱳ꜠כ♃ 

 

Â ▪fi♄כꜝ▬fi   ─  

30N / ─╖ ─  

 

Â CE⌐ ╢  

─ ⌐ CE ≤⇔≡  

 

 

 

 

https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/ippan_reiji.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/ippan_reiji.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/20211020_hg_02.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/20211020_hg_02.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/20211020_hg_02.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/kihontsutatsu.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/kihontsutatsu.pdf
https://www.meti.go.jp/policy/safety_security/industrial_safety/sangyo/hipregas/files/kihontsutatsu.pdf
https://www.mhlw.go.jp/web/t_doc?dataId=74038000&dataType=0&pageNo=1
https://www.mhlw.go.jp/web/t_doc?dataId=74038000&dataType=0&pageNo=1
https://www.mhlw.go.jp/web/t_doc?dataId=74038000&dataType=0&pageNo=1
https://www.tiis.or.jp/book_list_2/
https://www.tiis.or.jp/book_list_2/
https://www.tiis.or.jp/book_list_2/
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●☻   

─ ⁸ ┘ ─ ─  

   

 

CE  

⁸  
─ ╩ ⇔⁸ ╩ →╕∆⁹ 

 

  

ₒ כ♃כ◊►ה▪◄  ₓפֿ

 

Â │⁸ ●☻╩ ∆╢ ─ ⅜ ⌐╦⅛╢╟℮⌐⇔≡╖∞╡⌐ ∟

╠⌂™╟℮⌐∆╢√╘⌐ ╩ ∆╢≤≤╙⌐⁸ ⌐ ╩ ∆√╘⌐ ⅛╠

╛∆™╟℮⌐ ╩ →╢ ≢№╢⁹ 

ה

 

Â ─ │⁸ ⅛╠╖≡ ─ ⅜ ⌐╦⅛╢╟℮⌐ ⁸ ⁸

╩ ∆╢⅛ │ ⌐Ɑ▬fi♩≢ ╩ ↄ↓≤ ⌐╟╡ ∆╢⁹ 

Â ─ │⁸ ─ ⅛╠ ╛∆™╟℮⌐ ⌐╦⅛╢╟℮⌐ →╢⁹

╕√⁸ ⅜ №╢ │∕╣∙╣─ ≢ ⅛╠ ╛∆™ ⌐ →╢⁹ 

₆ ─ ₇ 

●☻  ủủ●☻     β ≢╙  

 

●☻  

●☻─   

  Nm3/  

    kg 

         

        

    MPa 

  

  

  

  

 

Â ⅜ ↕╣≡™╢ │⁸ ─ ⌐≈⅝╛∆ↄ⁸⅛≈⁸ ─ ⌐⌂╠⌂™

⌐ ╩ ↑╢⁹ 

₆ ─ ₇ 

 

ủủ●☻ ủ 

 ↓─Ɽ▬ⱪ⌐│ủủ●☻⅜ ∫≡™╕∆⁹ 
 ●☻ ╣∕─ ╩ ↕╣√ │⁸
╕≢↔ ↄ∞↕™⁹ 

     
   ủủ ủủ ủủ  
    ủủ-ủủ-ủủ 
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 ה

Â ₈ ⁸ ₉─ │⁸  

─

─

 

⌐╟╢  

1.  ─ │       ⌐╟╡ ↕╣ ⅜⌂™ 

2.  ─ │ ⅛╠ ╛∆™ ⌐ →≡™╢ 

3.  ─ ⌐ ⅜№╢ 

4.  ⱪꜝfi♩◄ꜞ▪⁸꜡כꜞכ─ │       ⌐╟╡ ↕╣⁸ ⅜⌂™ 

 

⌐╟╢  

 

 

 

ἰ ─ ╛ ⅝ ─ ⅜ ↄ⌂∫≡™╢ 

ἰ ⌐╟╡ ⅜ ⇔≡™╢─⌐ ⌐ ─ ⅜ ─╕╕≤⌂∫≡™

╢ 

ἰ ⌐╟╡ ⅜ ≤⌂∫√⅜⁸ ⌐ ─ ⅜ ─╕╕≤⌂∫≡™

╢ 

ἰ ⌐ ↕╣≡™╢ ≤ ↕╣√ ─ ⅜ ⌂╢ 
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CE  

 ●☻ ⅛╠ ─ ╩ ⇔╕∆⁹ 

        kg m3  

       Nm3/  

 

  

   

   

   
 

 

 
ₒ ●☻ ♃כ꜠Ᵽⱳ◄♪ꜟכ◖  ₓ 

 

β CE─ ה ─  

β ▬⌐ ≠⅝⁸ ●☻⁸ ●☻⁸ ─ כ꜡

כꜞ ⅛╠⁸ ⌐ ⇔≡ 15m⁸ ⌐ ⇔≡ 10m─ ⅜ ≢∆⁹ 

β ╙ ↄ∞↕™ 

 

Â │⁸ ●☻─ ⌐╟╢ ╩ ⌐≤≥╘╢√╘⁸ ┘ ─

⅛╠ ╛ ⌐ ⇔≡ ⁸

⌐ ⇔≡ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™ ─ ≢№╢⁹ 

│●☻─ ≤ │ ⅛╠ ↕╣╢⁹ ─╟℮⌂

⁸ │ ≢ ∆═⅝ ─ ⅜≢⅝╢ │⌂™⁹ 

ה

 

Â ┘ ─ L L ─ │ ─≤⅔╡≢№╢⁹ 

 L L ─  

L  ●☻⁸ ●☻─  

L  ●☻⁸ ●☻─ ⁸ ─

 

L  ─ ⁸∕─ ─●☻─  

L  ∕─ ─●☻─  

Â ─ │⁸ ⌐╟∫≡ ∆╢⁹ 

Â ⌐╟╡ ↕╣√ ─ ⌐≈™≡│⁸↓╣╠╩ ⇔√ ⌐ ∂≡

⇔√ ─ ╩∕╣∙╣─ ─ ⅛╠ ∆╢⁹ ⌐≈™≡╙

≢№╢⁹ 
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ה

 

Â ╩ ∆╢ │⁸↓╣╠─ ─ ╩ ⁸ ⌐╟╡ ∆╢↓

≤⅜ ╕⇔™⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ⌐ ⌐≈™≡│⁸ ≢ ∆╢╟℮

⇔≡™╢ ⁹ 

─

─

 

⌐╟╢  

╟╡ ⅜₡ ה ₢ 

   │        

                        

 

⌐╟╢  

 

 

 

 

ἰ ⅛╠ ↕╣≡™╢ ─ ⅜ ↕╣≡™⌂™ 
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ה ─ ⅛╠ ╩ ╡ ℮ ╕≢ ─ ╩

⇔╕∆⁹             

ה ⅜≤╣⌂™√╘⁸ ⁸ ⁸ │ ●☻⅜ ⅎ

™⇔√≤⅝⌐ ⌐╟╡ ∟⌐ ╩ ∆↓≤⅜≢⅝╢

─╙─╩ ⇔╕∆⁹ 

 

 
ₒ ₓ 

 

Â │⁸ ●☻ │ ●☻─ ●☻ │ ●☻⅜

╢ ⌐ ╢⁹ ≤ ≤⌂╡ ╢ ╩ ╡ ℮ ≤─ ⌐ ─ ╩ ⇔⌂↑

╣┌⌂╠⌂™ ─ ≢№╢⁹ 

╕√⁸ ⅛╠ ─╙─⅜ ⅛╣≡™╢─│⁸ ⅎ┌⁸ ⁸●☻ ─

╟℮⌐ ╩ ⇔⌂™≤ ⇔⌂™╙─╕≢ ∆╢↓≤│ ≢№╢√╘≢№╢⁹ 

  ה

Â m ─ ╩ ≢⅝⌂™ ⌐│⁸ ─™∏╣⅛─ ╩ ∂╢↓≤⌐╟╡

╩ ∆╢╙─≢№╢⁹ 

ᵑ ↕ ─ │ ╩ ↑≡⁸ ≤ ╩ ╡ ℮ ≤─ ─

╩ ≤∆╢₈ ₉╩ ∂╢  

ᵒ ●☻ │ ●☻⅜ ⅎ™⇔√≤⅝⌐●☻ ⅎ™ ≢ ⇔⁸

∟⌐ ─ ╩ ∆₈ ₉╩ ↑╢  

Â ₈ ╩ ╡ ℮ ₉≤│⁸ ─ ⁸Ⱳ▬ꜝכ♩☻⁸כⱩ⁸

↕╣≡ ↕╣╢╙─╩™™⁸√┌↓─ ⁸ ─◄fi☺fi─ │ ╕╣⌂™⅜⁸↓

╣╠│⁸₈ ₉⌐ ╕╣╢─≢⁸ 37 ─ ⌐╟╡⁸№╠⅛∂╘ ⅜

╩ ∆╢↓≤⌐╟╡ ∆╢⁹ 

Â ₈ ●☻ │ ●☻─ ●☻ │ ●☻⅜ ╢ ⌐

╢⁹₉⌐│⁸ ●☻ ─●☻ ╙ ╕╣╢⁹ 

Â ╩ ╡ ℮ │⁸ ⌐№╢╙─≢╙ ─ ╩ ↑╢⁹ 

Â ₈ ₉─ │⁸  
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─

─

 

⌐╟╢  

1.  ⅜ ⌐╟∫≡ ↕╣≡™╢ 

2.  ─ ⅛╠ Ⱳ▬ꜝכ♩☻⁸כⱩ⁸ ⌐ ⇔ 8m ↕╣

≡™╢          m 

֘ ⅜≤╣⌂™ ֙ 

1.  ⁸ │◦ꜞfi♄כ◐ꜗⱦⱠ♇♩ │ ⌐╟╡ ─

╩ ∆ ─ ⅜ ∂╠╣≡™╢ 

            

2. ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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ה ●☻ ≤ ─ ●☻ ≤│ ─ ╩

⇔╕∆⁹          

ה ●☻ ≤ ☻♃fi♪≤│ ─ ╩ ⇔

╕∆⁹             

ה ●☻ ≤ ≤│ 10 ─ ╩ ⇔╕

∆⁹               

 

 
ₒ ₓ 

β ╙ ↄ∞↕™⁹ 

 

Â │⁸ ●☻─ ⅛╠─ ⅎ™ ╛ ⌐ ─ ●☻─

╛ ─ ≤─ ─ ╩ ⌂ↄ∆╢√╘⁸ ●☻─ ☻♃

fi♪─ ┘ ╩ ↄ⁹ ⅛╠ ─ ●☻─ ⌐ ⇔≡ m ⁸

☻♃fi♪─ ┘ ⌐ ⇔≡ 6m ⁸ ─ ⌐ ⇔≡ 10m

─ ╩ ∆╢ ≢№╢⁹ 

⌂⅔⁸ 43 ─ ─ ⌐ ∆╢ ⌐≈™≡│⁸ ─ ─ ⅛╠

↕╣≡™╢⁹ 

Â ─ ≢№╢₈ ₉│⁸ ●☻ │ ⅜ ╢ ●☻ ≢№

╡⁸ ●☻ ─●☻ │ ╕╣≡™⌂™⁹ ☻♃fi♪│ ┘

⅜ ≢№╡⁸ ●☻ ≢№╢ ╛ ⅜ ∆╢⅜ │ ╕╣≡™⌂

™⁹ 

⌂⅔⁸™∏╣╙ ⌐╟╢ │ ↕╣≡™⌂™⁹ 

╕√⁸↓─ ●☻⅜ ╢ ●☻ ⅛╠ ●☻ ─ ─ ⌐ ∆╢

™╦╝╢ ≢№∫≡⁸ ●☻⅜ ●☻≢№╢╙─ ⅜ ⅛╣≡™╢⅜⁸

●☻ ≤ │ ⇔≡ ⇔⌂™≤ ⅜ ∆╢─≢⁸↓╣╩ ⇔√╙─

≢№╢⁹ 

ה

 

Â ₈ ₉─ ⌐≈™≡│⁸ ⌐ ⌂╙─≢№╢ ╡│ ∆╢●☻─ ⅜

≢ ⌂╢ ≢№∫≡╙⁸ ⌐╟╡ ↕╣≡™╢ ╩ ≈─ ≤ ⌂∆⁹ 

Â ─ ●☻ ─ ⌐ ⇔≡╙⁸ ─ ╩ ∆╢ ⅜№

╢⁹ 
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─

─

 

⌐╟╢  

●☻ ─ ●☻ ─ ⅛╠ ─ ●☻ ⌐ ⇔⁸ ⌂

⅜ ↕╣≡™╢ 

                m       m 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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ה │ │ ─ ─ 1/4 ─™∏╣⅛ ⅝™ ─

╩ ⇔╕∆⁹ 

No.1     ♃fi◒       

 

No.2     ♃fi◒            

 

     /4      

 

  

ה ⅜≤╣⌂™─≢⁸ ⁸ │ ╩ ⇔╕

∆⁹ 

 

 
ₒ  ₓ◔כ►פֿ

ₒ ₓ 

 

Â │⁸ ●☻─ ⅜ ⇔⁸ │ ⌐⌂∫√ ⌐│⁸ ⇔≡™╢ ─

⌐ ╩ ⅎ╢↓≤⅛╠⁸ ─ ≤ ⌐ m │ ─ ─ 1 4 ─™∏╣⅛ ⌂

╢ ╩ ∆╢ ≢№╢⁹ ─ ≤⌂╢ │⁸ ●☻ │ ─ ⅜

300m3 ●☻│ ♩fi ─╙─≢№╢⁹ 

⌂⅔⁸ ─ │⁸ 50 25 │₈ m │ ─ 1 4₉≢№∫

√⁹ 

Â ⅜ ≢⅝⌂™ ─₈ ┘ ⌂ ₉─ │⁸ ⌐

↕╣≡⅔╡⁸↓╣⌐│ ─ ─ ╩ ∆╢ ╙ ╕╣≡™╢⁹ 

⅜ m⌐ √⌂™  

ᵑ │ ─ m2⌐≈⅝ L  

ᵒ ⅜ 0.35MPa⁸ ⅜ 400L ─╙─╩⁸ ─

30 ⌐≈⅝ ⅛╠ 40 ⌐  

─ ─ 1 4⌐ √⌂™  

ᵑ │ ─ ⌐≈⅝ L  

ᵒ ⅜ 0.35MPa⁸ ⅜ 400L ─╙─╩⁸ ─

35 ⌐≈⅝ ⅛╠ 40 ⌐  

 

 ה

Â ─ │⁸ ⅜ 300m3 ●☻│ 3♩fi ─ ≢№╢⅜⁸↓╣│

√╡─ ≢№╢⁹ 

Â ─ ●☻ │ ─ ⌐ ⇔≡╙⁸ ─ ╩ ∆╢ ⅜№

╢⁹ 
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─

─

 

⌐╟╢  

1.  ●☻─ ─ ⅛╠ ─ ●☻─ │ ─ ╕≢─ │ 1m ⁸

│ ─ ─ ─ 4 ─ 1─™∏╣⅛ ⌂╢╙─⌐ ⇔™ ⅜ ↕╣≡™╢   

      m        m 

2.  ─ ⌐ √⌂™ ⁸ ⌂ ⅜ ↑╠╣≡™╢ 

        ⁸      ⁸      L/min 

3.  │ 30 ⇔≡ ≢⅝╢ ╩ ⇔≡™╢ 

      m3        m3 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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●☻ ─

 

 

●☻ ╩ ⌐ ⅝⇔╕∆⁹ 

 

 
ₒ ◔כ►פֿ ₓ 

 

Â │⁸ ─ ─ ⌐ ─ ⌐╙ ●☻ │ ●☻

─ ≢№╢↓≤⅜ ╢╟℮⌐∆╢ ≢№╢⁹ 

ה

 

Â ⌂ │⁸ ⌐ ─ᵑ ᵓ─™∏╣⅛─ ⌐╟╢↓≤⅜ ↕╣≡™

╢⁹ ⌐ ↕╣√ ⌐ ⇔≡╙ ⅜ ≢№╢⁹ 

ᵑ ─ ⅛╠ ╛∆™ ⌐ ─ ─ 1/10 ─ ≢ ⌐ ●☻⌐№∫

≡│ ⁸ ●☻⌐№∫≡│ ─ ╩ ╡⁸ │ ⌐│⅜╣ ™ ╩

∆╢↓≤⁹ 

ᵒ ⅛╠ ╛∆™╟℮⌐ ●☻─ ╩ ⁸ ●☻─ ╩

≢ ⅝⁸ │ ⌐│⅜╣ ™ ╩ ∆╢↓≤⁹ 

ᵓ ⌐ ↕╣√ ⌐№∫≡│⁸ ●☻ │ ●☻─ ≢№╢↓≤⅜

⌐╦⅛╢ ╩ →╢↓≤⁹ 
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─

─

 

⌐╟╢  

1.  ─ ⅛╠ ╛∆™ ⌐ ─ ─ 1/10 ─ ≢ ⌐ ●☻│ ⁸

●☻│ ─ ⅜№╢ 

2.  ⅛╠ ╛∆™╟℮⌐ ●☻─ ≢№╢ ╩ ⁸ ●☻─ ╩ ≢

⇔≡™╢ 

3.  ⌐ ↕╣√ ⌐│ ⌐╦⅛╢ ⅜№╢ 

 

⌐╟╢  

 

 

 

ἰ ⌐ ↕╣√ ⅜ ↄ⌂∫≡™╢ 

ἰ ∆╢●☻ ╩ ⇔√⅜⁸ ⌐ ↕╣√ ─ ⅜ ↕╣≡™⌂™ 
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CE  

●☻ ─

 

 

 

1,000t  

5t  

ה ⌐│ ╩ ↑╕∆⁹ 

ₒ ─ ₓ 

↕    

 2 3 3 
 

 

 

ₒ  ₓפֿ

 

Â 7 │⁸ ●☻⁸ ●☻ │ ─ ●☻─ ⅜ ⇔≡ ─ ─●☻⅜

ⅎ™⇔√ ⌐⁸∕─ ╩≢⅝╢∞↑ ↄ⇔⁸ ⇔√ ●☻─ ╩≢⅝╢∞↑

↕∑≡ ─ ╩ ∆╢√╘⁸ ─ ⌐ ●☻─ ╩ ∆╢

─ ╩ ∂╢ ≢№╢⁹ ≤⌂╢ ●☻─ ┘ 1 √╡─

│ ─≤⅔╡≢№╢⁹ 

ה ●☻ 1,000 ♩fi  ◖fiⱦ ≢│ 500 ♩fi  

ה ●☻  ♩fi  

ה  1,000 ♩fi  

ה

 

Â ●☻ │⁸ ─ ─™∏╣⅛≤↕╣╢⁹β │

 

⌐ →╢™∏╣⅛─  

ᵑ ─ ⅜ ⁸⅛≈⁸ ⅜Ⱨ♇♩ ≢⁸∕─ ⅜  

ᵒ ⌐ ⇔√ ≢⁸ ⇔√ ⌐∕─ ⅜ ⌐ ≤⌂╢  

ᵓ ⌐ ⌂ ╩ ≢⅝╢ ⁸ ╩ ↕∑⁸ ⌂ ⌐╟╡

ⅎ™⇔√ ●☻╩ ⅝ ╘╢╟℮↓ ⇔√Ⱨ♇♩  

ᵔ ─ ≢№∫≡⁸ ⅜ ≤ ─ ╩ ⇔⁸⅛≈⁸ ─

─●☻╩ ⇔≡ ⅎ™●☻╩ ≢⅝⁸ ⇔√ ╩ ↑√╙─ 

 

⅜☻● ה ⅎ™⇔√ ⁸ ─ ─ ╠╣√ ╩ ⅎ≡ ┼ ∆

╢↓≤╩ ≢⅝╢╙─ 

─ ה ⌐ ∆╢ β β ─  

β  ─ 90  

β  ●☻ ⁸ ⌐╟∫≡│ №╡ 

 < ─ > ─ 60  

  < ─ ╩ ⌐ ∆╢ > 

─ ─ ─ ─ 10  

ה  ה │⁸ ◖fi◒ꜞ⁸♩כ ה ◖fi◒ꜞ⁸♩כ ⁸   

ה │⁸ ●☻⌐ ↕╣⌂™╙─ │ ה ─ ╩ ∂√╙─ 

ה ⌂╙─ 

ה ●☻ ─ ─ ↕│⁸ ⌐ ─⌂™ ⌐⅔™

≡⁸ ⌐√╕╢ ─ ╩≢⅝╢ ╡ ↕ↄ∆╢  ⌂≥ 
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─

─

 

⌐╟╢  

1.  ─ ⌐ ∂ │ ⅜ ∂╠╣≡™╢ 

2.  ─ ⁸ↄ∏╣⁸ ⁸ ─ ⅎ™∕─ ─ ⅜⌂ↄ⁸⅛≈⁸ ─

⅜ ≢⅝╢ ≢№╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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CE  

─ ⌐⅔↑

╢ ─  

 

─ ┘ ⅛╠   ⌐│⁸ ≢ ╘╢╙─

⇔╕∑╪⁹ 

 

 
ₒ  ₓפֿ

 

Â │⁸ ●☻─ ⅎ™ ─ ─ ┘ ╩ ↕∑⌂™√╘⌐

─ ┘ 10m ●☻│ ≢ ╘╢ ⌐│⁸ ⌐ ╘╠╣√╙─

─ │ ≢⅝⌂™ ≢№╢⁹ 

Â ●☻ ─ ─ ≢ ╘╢ ─ │⁸ ⌐

↕╣≡™╢⁹ 

Â ─ ⌐ ≢⅝╢ │ ⌐ ╘╠╣≡™╢⁹ 

Â ─ 10m ●☻│ ≢ ╘╢ ⌐ ∆╢↓≤⅜≢⅝╢ │

2 ⌐ ╘╠╣≡™╢⁹ 

ה

 

Â ─ │⁸ ⌐ ⅜ ╘╠╣≡™╢⁹ 

Â ה ●☻≢№╢ ─ ╩ ⌐ ∆╢ ⁸ ─ ─

│⁸ ⌐№╢ ≡─ ─ ─ ⅛╠ ∆╢⁹ 

─

─

 
⌐╟╢  

─ ┘ ⅛╠ 10m ⌐⁸ ⇔≡│™↑⌂™ │ ⅜⌂™ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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╩ ∆╢

─ ⇔⌂™  

 

╩ ∆╢ │⁸●☻⅜ ⅎ™⇔√≤⅝⌐ ⇔⌂™ ≤⇔

╕∆⁹ 

ה     cm2/m2 

ה             L/min 

 

 
ₒ  ₓפֿ

β ─ ─ ─  

 

Â │⁸ ●☻ │ ●☻─ ⅛╠ ⅎ™⇔√●☻⅜ ⌐ ⇔≡

─ ≤⌂╢↓≤╩ ∆╢√╘─ ≢№╢⅜⁸ ⌐│⁸∕─ ⅜ ↕

╣√ ╩ ⅜ ⌂ ≤⇔⁸ │ ∆╢ ≢№╢⁹ 

ה
 

Â ⌂ ⌐≈™≡│⁸ ☻♃fi♪ │ ⌐ ─╟℮

⌐ ↕╣≡™╢⁹ 

⌂⅔⁸ ⌐⅔™≡│⁸ ⌂ ╩ ∆╢√╘⌐ 11─₈ 1

⌐≈⅝ 300 ₉╩ ⇔≡™╢⁹ 

 

1 ●☻ │ ●☻─ ╩ ∆╢ ⁸ ●☻ │ ●☻─

┘ ●☻─ ╩ ∆╢ ⌐⅔™≡⁸ ●☻⅜ ⅎ™⇔√≤⅝⁸

ⅎ™●☻⅜ ⇔⌂™╟℮⌂ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

1.1  ╟╡ ─ ↕™ ●☻─ ⌐│⁸●☻─ ⁸ │ ∆╢●☻─

⁸ ─ ┘ ─ ↕ ╩ ⇔≡ ⌂ ╩╙∫√ 2 ─

│ ⇔ↄ│↓╣╠─ ⌐╟∫≡ ╩ ⌐⇔√ ≤∆╢↓≤⁹ 

1.2  ╟╡ ─ ⅝™ ●☻ │ ●☻─ ⌐│⁸●☻─ ⁸

│ ∆╢●☻─ ⁸ ─ ┘ ─ ↕ ╩ ⇔≡ ⌂ ╩ ⇔⁸⅛

≈⁸ ╕≢ ⇔√ 2 ─ │ ↄ⌐ ╩ ⅎ√

⇔ↄ│↓╣╠─ ⌐╟∫≡ ≤⇔≡ ⌐ ⇔√ ─ ╩ ⌐⇔√ ≤∆

╢↓≤⁹ 

2 35 ⌐ ∆╢◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ⇔√ │⁸ ─ ⌐⅛⅛╦╠∏⁸

⇔⌂™ ⌐ ∆╢⁹ 
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─

─

 

⌐╟╢  

1.  ●☻─ ⁸ ⌐ ∂⁸ │ ⅜ ⌂ ⌐ ↑╠╣≡™╢ 

2.   ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

ἰ ⌐ ⌂╙─⅜ ⅛╣≡™╢ 
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10  

CE  

●☻ ●☻

╩ ↄ ─  

 

●☻ ●☻ ╩ ↄ │ ⌂ ≤⇔╕∆⁹ 

 

 
ₒ ▪☿♅꜠fiֿפₓ 

β ▪☿♅꜠fi─●☻ ─ ⅎ™ ─  

 

Â 10 │⁸ ●☻⁸ ●☻ ┘ ─●☻ ●☻ ┘ ╛

─ ─ ╩ ↄ⁹ ⌐≈™≡⁸ ⌂ ≤∆╢ ≢№

╢⁹ 

Â ≤⌂╢●☻─ │⁸ ●☻⁸ ●☻ ┘ ≤↕╣≡™╢⅜⁸↓╣╠─●☻│

⅜ ↄ≡╙ ⅎ™⇔√ ⌐ ─ ─⅔∕╣⅜№╢√╘≢№╢⁹ ⁸ ─

●☻─ ●☻ ─●☻ │ ⌂╙─≤⇔≡ ⌂ ─ ⅛╠

⅛╣≡™╢⁹ 

Â ●☻ │ ≢ ╩ ⇔≡™╢√╘ ⅛╠ ⅛╣≡⅔╡⁸ │

─ ⅛╠ ⅜ √╣⌂™√╘ ⅛╣≡™╢⁹ 

ה

 

Â ●☻ ─●☻ ⌐≈™≡╙₈ ─ ₉╩ ⌐ ⇔⁸ ⌐⅔™

≡│ ─ ─ ≢ ⅎ™─ ╩ ∆╢⁹ 

Â ⌐⅔™≡│ KHKS0850- 1 ⌐╟╡⁸ ⅜№╢ ≢⁸ ↑╪ ─

⁸●☻ ⅎ™ ⌐╟╢ │ ╣ ⌐╟╡ ℮⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸CE⅜ ⌐ ●☻

≢ ↕╣╢ ≡ ●☻ ≢ ≤ ↕╣√↓≤╩ ╕

ⅎ⁸↓─ ⌐≈™≡│⁸CE│ ⇔≡™╢⁹ 

Â ╕√⁸ ⌐⅔™≡│⁸ ⅎ┌ ─ⱷ♃fi ╩ ⇔⁸ ─ ╩ ╡

⇔√ ⁸ ⌐╟∫≡ ─ ≤∆╢ ⁸ ─ⱷ♃fi─ ⌐≈™

≡╙⁸ ●☻ ─●☻ ≤╖⌂⇔≡ ≤⌂╢●☻│⁸ ╩ ╘╢ ™

╢⁹ 

 

ₒ ₓ●☻ ●☻ ה ●☻ ─ ≤│ 
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─

─

 

⌐╟╢  

ⅎ™─⌂™ ≢№╢ 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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11  

CE  

●☻ ─

 
●☻ │ ─ 1.5 ─ ≢ ℮ ╩ ⇔

╕∆⁹ ╩ ∆╢↓≤⅜ ≤ ╘╠╣╢≤⅝│⁸ ─

1.25 ─ ≢ ⁸ ─ ╩ ⇔≡ ℮⁹  

 

 
ₒ  ₓפֿ

 

1.2MPa 

1.5MPa  ─√╘ ─ 1.25  

5  

β ╩ ≢ ∆╢ ⁸ ╛ ─ ⌐│⁸ ─ ╩

∆╢ ⅜№╡╕∆⁹ 

 

Â 11 │⁸ ─℮∟⁸ ●☻ │⁸●☻─ ⌐╟╡ ⁸ ⇔⌂™╟℮

⌐⁸ ─ ╩ ∆╢╙─≢№╢≤ ⌐⁸ ─ ⌐ ⅎ╢⅛ ⅛╩ ∆╢

⅜№╢√╘⁸ ⌐ ╘╢╙─╩ ⅝⁸ ─ ≢ ╩ ⇔⁸ ╠╖⁸ ┘⁸

ⅎ™ ─ ⅜⌂™↓≤╩ ∆╢ ─ ≢№╢⁹ 

Â │⁸ ⌐╟∫≡│ ⅜ ∆╢↓≤╙№╡ ╢≤™℮↓≤╩ ⇔≡⁸

7≢ ╘╢ ─ ─ ⁸ ─ ⁸ ╩

∆╢ ─ ╩ ∂╢ ⅜№╢⁹ 

Â ╩ ℮═⅝ ●☻ │⁸ ⅝≢₈ ┘ ⅜ ╘╢╙─╩

ↄ₉≤↕╣≡™╢⅜⁸₈ ₉⌐≈™≡│ ≢ ⅜ ╦╣╢↓≤⅛╠ ⅛

╣≡™╢⁹╕√⁸₈ ⅜ ╘╢╙─₉│ ⌐ ─╟℮⌐ ╘╠

╣≡™╢⅜⁸↓╣╠│ ⁸ ─ ⅜ ⌂√╘≢№╢⁹ 

 

Â ⅜↓╣╠≤ ─╙─≤ ╘╢ ⌐ ⇔√╙─ ™╦╝╢

┘ ⌐ ⇔√╙─│⁸ ─ ⌐ ⇔≡™╢↓≤⅛╠ ─

⅜ ↕╣≡™╢⁹ 

Â ⌐ ╢ ─ │⁸ 28 2 26 ↑

 

ₒ ₓ 

●☻ 6 1 17 ⁸ ●☻ 6 1

11 ┘◖fiⱦ♫כ♩ 5 1 17 ─ ⅜ ╘╢

●☻ │⁸ ─ ⁸ ─ ( ₈ⱷfiⱩ꜠

fi ₉≤™℮⁹) ┘ ●☻ ≤∆╢⁹ 
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Â ₈ ●☻ 1 11 ─ ⌐╟╢ ╩ ℮ ┘ 13

─ ⌐╟╢ ╩ ℮ ─ ⌐≈™≡₉⌐╟╡⁸ │ ⁸ │

│⁸KHK ⅝ⱴ♬ꜙ▪ꜟ─₈ ₉≢ ≤⌂∫

≡™╢⁹ │ ₈ ₉≤™℮⁹ ─

│⁸ 36 ≢ │ 20 ─ 2 ≢ ─

≤⌂∫≡™╢⁹↓╣╠─ ╩ ⅞√╙─⌐≈™≡│⁸ 20 ─ ⌐

╟╡⁸ ⌐⅔™≡⁸ ⁸ ┘ ╩ ℮↓≤≤⌂╢⁹ 

Â ─₈ ≢№∫≡⁸ ─╙─₉≤│⁸ ╩ ↑√

─∟⁸ ╙ ↕╣√↓≤⅜⌂™╙─╩™™⁸ ≢╙ ↕╣√╙─│

─ ≢№∫≡╙⁸ ─ │ ↕╣⌂™≤ ↕╣╢⁹

≢╙ ↕╣√╙─│⁸ ─₈ ⁸ ⁸ │↓

╣╠─ ₉⌐ ⇔⁸ ⌐≈™≡│ ⌐ ≤ ⇔≡⅔

ↄ ⅜№╢⁹ 

 

Â ◖ה♪ꜟכ◄Ᵽⱳ꜠כ♃ ─ │⁸KHK ─₈◖ה♪ꜟכ◄Ᵽⱳ꜠כ

♃ ⱴ♬ꜙ▪ꜟ 9.3₉≢ ─ ⅛╠ ⅛ ≤⌂∫

≡™╢⁹ 

Â │⁸ ∕─ ─ ⌂ ⌐⅔™≡ ─ ╩ ∆╢ │

╩ ∆╢ │ ⅜ 40ϴ╟╡ ™╙─≢№╡⁸ ≢ ∆╢⁹ ╩

∆╢↓≤⅜ ≢№╢⅜⁸╛╗╩ ⌂™ ≢ ╩ √∆↓≤⅜ ⌂ │⁸ ─

─⌂™ ⌐╟╡ ℮↓≤⅜≢⅝╢⁹√∞⇔⁸ ⌐╟╢ ╩ ℮≤⅝⌐│⁸

7 ⌐╟╡ ⌐ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™ ⅜

№╢─≢ ∆╢ ⅜№╢⁹ 

─₈╛╗╩ ⌂™ ₉⌐│ ─╙─⅜ ⅎ╠╣╢⁹ 

ᵑ ⁸ ┘ ⅜⁸ ╩ √∆↓≤⌐ ⅎ╠╣⌂™  

ᵒ ⌂ ≢№╢↓≤⌐╟╡⁸ ─ ⅜ ⌂  

ᵓ ─ ⅜ ∆╢≤⁸ ╛ ⌐ ╩ ⅎ╢  

Â ─ │⁸ ≢ 5 20 ─ ⌐ ∆╢

─ ⌐ ╘╢ ⌐≈™≡│ ─℮∟⁸ ╩ ≤∆

╢ ⌐№∫≡│ 10 20 ≤↕╣≡™╢⁹ 

Â 11 ≢│⁸ ●☻ ─ │⁸ ─

╩ ↑╢♃fi◒⌐≈™≡│⁸ ─ ⌐ ≠⅝ ∫√ ⌐ ╢♃fi◒ ─

╩╙∫≡ ⅎ╢↓≤⅜≢⅝╢↓≤≤↕╣≡™╢⁹ 

 

CE─ ⌐≈™≡ 

⌐ ↕╣√ CE⌐≈™≡│⁸ ⅛╠ ↕╣≡™╢√

╘⁸ ─ ─√╘ ╩ ™≡ ╩ ∆╢ ⅜№╢⁹ 

4  

ה

 

 

1 │⁸ ≤⇔≡ ⌐╟∫≡ ℮↓≤⁹√∞⇔⁸ ─ ╩ ™╢ ⌐

№∫≡│⁸ ⌐ →╢ ⌐ ∆╢╙─≢№╢↓≤⁹  

(1) ∆╢ ⅜⁸ ⌐⅔™≡ ≢№╢↓≤⁹  

(2) ─ │⁸∕─ ⅜ 40ϴ╟╡ ™╙─≢№╡⁸⅛≈⁸ ≢ ∆╢

⌐ ╢⁹  

 ⌐⅔™≡⁸╛╗╩ ⌂™ ≢ ╩ √∆↓≤⅜ ⌂ ⌐│⁸ │∕─

─ ─⌂™ ─ ⌐╟∫≡ ℮↓≤⅜≢⅝╢⁹  
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ה

 

 ╩ ∕─ ─ ⌐╟∫≡ ℮ ⌐│⁸ ─ ╩ ∆╢√╘⁸

─ ⁸ ┘ ⌐№∫≡│⁸∕─ ≢ ╩ ∫√ 160

╩ ⅎ╢ ─ ⌐ ╢ ) ┘ ╩ ╢√╘─ ⌐ ╢ ∑ ⌐╟╢

─ ⌐№∫≡│⁸ ─ ─ 20 ⌐≈™≡ ⌐ JIS 3104(1995)

─ ⌐ ↕╣╢ ⌐╟╡ ╩ ™⁸∕─

⅜ │ ≢№╢↓≤╩ ∆╢↓≤⁹  

√∞⇔⁸ ─ ⁸ ┘ ─ ≢№∫≡ │ ─ ╩

∫√ ⌐⅔™≡ ╩ ™⁸ ─ ⌐╟╡ ≢⅝╢╙─⌐№∫≡│

↓─ ╡≢⌂™⁹  

⌂⅔⁸ ⌐ ∆ ⌐≈™≡│⁸JIS 0565(1992) ─ ┘

─ │ JIS 2343(1992) ┘ ─ ⌐ ↕╣╢

⌐╟╡ ╩ ™⁸ ∕─ ⌐ ⌂ ⅜⌂™↓≤╩ ∆╢↓≤⁹  

(1) ╡ ↕─ ⅜ 570N/ 2 ─ ╩ ⇔√ ●☻ ─   

(2) ─ ↕⅜ 25 ─ ╩ ⇔√ ●☻ ─   

(3) ⁸ ⁸ ╘ ∕─ ─ ╩ ●☻ ⌐ ╡ ↑√ ─

┘ ⌐ ╢╙─╩ ↄ )  

(4) ┘ ─ ⌐ ╢ ≢№∫≡⁸∕─ ≢ ╩ ∫√╙──℮∟

╩ ╦⌂™╙─  

 

  │⁸ ⅜−™ ╩ ↓∆⅔∕╣─⌂™ ⌐⅔™≡ ╦⌂↑╣┌⌂╠

⌂™⁹  

 ╩ ∆╢ │⁸ ─ ─ 1.5 ╩ ∆╢ │

─ ─ 1.25 ≤⇔⁸ │⁸ 20 ╩ ≤∆╢⁹  

√∞⇔⁸ 51 ⁹ ₈ ₉≤™℮ )

17 ⌐ ∆╢ ⌐₈ ₉≤™℮⁹ ┘

☻♃fi♪ ┘⌐ ☻♃fi♪─ ●☻ ≢№∫≡ ⌐ ╢

⌐╟╢ ─ ╩ ℮╙─⌐№∫≡│⁸ ╩ ∆╢ │ ─ ─

1.3 ╩ ∆╢ │ ─ ─ 1.1 ≤∆╢⁹  

 ⌐ ∆╢ │⁸ ⌐ ⌂ ─ ─ ≤⇔⁸ ─ ⁸ ⌂

╩ ↑⁸∕─⅛→≢ ℮╟℮⌐∆╢↓≤⁹  

 ╩ ℮ ┘∕─ │⁸╟ↄ ⇔≡⁸ ─ ─ ─ ╩ ╢≤≤╙⌐

⌂ ┼─ ⅜ ∂⌂™╟℮⌐ ℮↓≤⁹  

 │⁸ ⌐⅔™≡ ╠╖⁸ ┘⁸ ⅎ™ ─ ⅜⌂™≤⅝⁸↓╣╩

≤∆╢⁹  

 ╩ ∕─ ─ ⌐╟∫≡ ℮ │⁸╕∏ ─ │ ─ 1/2

─ ╕≢ ⇔⁸∕─ ─ │ ─ 1/10─ ∏≈ ⌐ ⇔⁸

⌐ ⇔√≤⅝ ⅎ™ ─ ⅜⌂ↄ⁸╕√⁸∕─ ╩ →≡ ─ ⌐

⇔√≤⅝ ╠╖⁸ ┘⁸ ⅎ™ ─ ⅜⌂™≤⅝⁸↓╣╩ ≤∆╢⁹  
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─

─

 

֘ⱨ꜠◐◦Ⱪꜟ♅ꜙכⱩ ─ ֙ 

⌐╟╢  

1.  ●☻ ─ ⌐⁸ ה ⌐ ╩ ╓∆ ⁸ ⁸∕─ ─ ⅜⌂™ 

2.  ─ │ ≤∆╢ ≢№╢ 

┘ │ ─≤⅔╡ 

3.  ─ ⅜₡ ה ₢ 

                               

                                   

     │ ─≤⅔╡ 

4.  ┘ ⌐╟╢ ⁸ │∕─ ⌐╟╡ ⅜⌂™ 

 

⌐╟╢  

 

 

 

 

ἰ ⅜ ≈ ⌐≈™≡ ╩ ⇔≡™⌂™ 

ἰ ─√╘─Ɑfi◐⅜ ⇔≡™╢ 

ἰ ◖fi◒ꜞכ♩Ⱪ꜡♇◒ ╩ ⇔≡™╢ ⌐≈™≡⁸ ה ╩ ℮☻

Ɑכ☻⅜⌂ↄ⁸ⱷfi♥♫fi☻⅜ ╦╣≡™⌂™ ≢ ⅜ ╡ ⅜∫≡™╢ ≢№∫√  

ἰ ⌐ ⅜ ↕╣≡™⌂™ 

ἰ ─ ⅜ ≢№╡⁸ ⇔≡™╢ 

 

 

֘ⱨ꜠◐◦Ⱪꜟ♅ꜙכⱩ─ ֙ 

⌐ ∆╢ ─╙─│ ™─√╘⁸  

 

⌐╟╢  

1.  ⌐⁸ ה ⌐ ╩ ╓∆ ⁸ ⁸∕─ ─ ⅜⌂ↄ⁸ ⅜

⌐ ↕╣≡™╢ 

2.ᵑ ┘ ⌐╟╢ ⁸ │∕─ ⌐╟╡ ⅜⌂™ 

│           │ ─≤⅔╡ 

 ᵒ ─ │ ≤∆╢ ≢№╢ 

┘ │ ─≤⅔╡ 

3.  ⌐⅔™≡ ╠╖⁸ ┘⁸ ─ ⅜⌂™ 

│          

               MPa 

4.  ╛ ─ ⌐╟╢ ╛ ⅜ ∂⌂™╟℮⌐ ↕╣≡™╢ 

│ ─≤⅔╡ 

5.  ⌐ ⅎ╩ ⇔≡™╢⁹ 

│          

 

⌐╟╢  

 

 

 

 

ἰ ⌐ ╢ ╩ ⇔≡™⌂™ 

ἰ ⌐╟╡ ∆╢≤⇔≡™╢⅜⁸ ─℮∟ ∆═⅝ ╩ ⇔≡™⌂™ 

ἰ ╩ ∆╢╙─≤ ╩ ∆╢ ╩ ⌐⇔≡™⌂™ 

ἰ ⅜≢⅝⌂™√╘⁸ ⌐ ╕√│ ╩ ∆╢ ⅜№╢⅜⁸

⇔≡™⌂™ 
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12  

CE  

●☻ ─

 
●☻ │ ─ ≢ ℮ ╩ ⇔╕∆⁹ 

 

  
ₒ  ₓפֿ

 

0.29MPa 

0.8MPa 

10  

 

Â 12 │⁸ ●☻ ⌐≈™≡ ╛ ─ ⌂ ╩ ⇔≡⁸ ─

─ ≢ ╩ ™⁸ ⅎ™⅜⌂™↓≤─ ≢№╢⁹ 

Â ╛ ⌐≈™≡│ ≤ ∂ↄ ─ ⅛╠ ⅛╣≡™╢⁹╕√⁸

─ ⌐≈™≡│ ≤ ≢№╢⁹ 

ה

 

Â │⁸ ─ ≢№╣┌ ⌐ ╣ ─ ─ ≢ ≢⅝╢⅜⁸ ─

⌐≈™≡│⁸ ⁸ ●☻⅜ ⅎ™⇔╛∆™ ⌐ ↑╪ ─ ╩ ⇔≡

ⅎ™─ ╩ ∆╢⁹ 

Â │⁸ ≢ ─ ─ ╩ 10 ⇔√─∟⌐

℮↓≤≤↕╣≡™╢⁹╕√⁸ ⌐⅔™≡╙ ⅜ ∆╢ ⅜№╢↓≤╩ ⇔

≡ ─ ╩ ∂╢ ⅜№╢⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ┘ β ┘⌐ ⌐⅔↑╢ │⁸

≢│⌂ↄ⁸ ≤ ⇔ ╖ →╠╣√ ≢ ℮╟℮ ⇔≡™╢

⁹ 

 β ─ │  

Â ╕√⁸ ⌐⅔™≡│⁸ ─ ⌐Ɑfi◐ ─ ╩⇔√ ≢ ∆╢↓≤╙

≤⇔≡™╢⁹ 

 

CE─ ⌐≈™≡ 

⌐ ↕╣√ CE⌐≈™≡│⁸ ⅛╠ ↕╣≡™╢√

╘⁸ ─ ─√╘ ╩ ™≡ ╩ ∆╢ ⅜№╢⁹ 

 

 

1 │⁸ ≤⇔≡ ∕─ ─ ─⌂™ ─ ⌐╟∫≡ ℮↓≤⁹  

2 │⁸ ⅜−™ ╩ ↓∆⅔∕╣─⌂™ ⌐⅔™≡ ╦⌂↑╣┌⌂╠⌂

™⁹  

3 │⁸ ─ ≤⇔⁸ ⅎ™─ │⁸ ╩ 10 ⇔√

⌐ ℮↓≤⁹  

4 ─ ⌐╟∫≡ ⅜⌂™≤ ↕╣╢ │⁸ ●☻ ⌐╟∫≡ │  
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ה

 

5 ↕╣╢●☻╩ ⇔≡ ╩ ℮↓≤⅜≢⅝╢⁹↓─ ⁸ │ ⌐ →

─⌂™↓≤╩ ⇔⌂⅜╠ ∆╢↓≤⁹  

6 │⁸ ⌐⅔™≡ ⅎ™ ─ ⅜⌂™≤⅝⁸↓╣╩ ≤∆╢⁹  

7 ⌐ ∆╢ │⁸ ⌐ ⌂ ─ ─ ≤⇔⁸ │ ⌂ ╩

↑⁸∕─⅛→≢ ℮╟℮⌐∆╢↓≤⁹ 

8 ╩ ℮ ┘∕─ │⁸╟ↄ ⇔≡⁸ ─ ─ ─ ╩ ╢

≤≤╙⌐⁸ ⌂ ┼─ ⅜ ∂⌂™╟℮⌐ ℮↓≤⁹  

─

─

 

⌐╟╢  

─ ─ ≢ ℮ ⌐⅔™≡ ⅎ™⅜⌂™ 

                    MPa 

 

⌐╟╢  

 

⌐╟╢  

 

 

ἰ ⱣꜟⱩ─ⱨꜝfi☺ה◓ꜝfi♪ ⅛╠ ⅎ™⇔≡™╢ 

ἰ ⱣꜟⱩ─ⱨꜝfi☺ ⌐─╖ ╩ ↑≡⅔╡⁸◓ꜝfi♪ ╩ ╗ⱣꜟⱩ ⌐ ╩

↑≡™⌂™ 
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13  

CE  

●☻ ─  ●☻ │ │ ⌐⅔™≡ ∆╢ ─

⌐ ⇔⁸ ⌂ ╩ ∆╢╙─╩ ⇔╕∆⁹ 

 

 
 

 

 
 

 

 
ₒ  ₓפֿ

 

Â 13 │⁸ ●☻ │ ─ ╛ ⌐ ⇔≡ ⌂ ╩ ⇔⌂↑╣┌⌂╠⌂™

≢№╢⁹ ●☻ ─℮∟ ⅜ ⅛╣≡™╢⅜⁸ │ ⌐╟╡ ─

╩ ↑≡™╢√╘≢№╢⁹ │ ─ ≢ ╕╢↓≤⅛╠⁸

8 ⌐│ ⅜ ↕╣≡™╢⁹ 

Â ⌐≈™≡│ ≢ ╘╢ ⌐╟╡ ⇔√ ╩ ⇔⁸

⌐≈™≡│ ⅜ ╘╢ ⌂ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 
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ה

 

Â ⱳfiⱪ⁸ ⁸ ─℮∟⁸ 8 ─ ⅜ ≢⅝⌂™╙─│⁸

↔≤─ ╘╠╣√ ⌐╟╢ ╛└∏╖ ⌐╟╢ ⅜ 8 ⌐

↕╣≡™╢⁹ 

Â │⁸ ≢ ∆╢↓≤⌐⌂╢─≢⁸ ─ ⌐ ╩ ╘≡

⇔≡⅔ↄ⁹ 

 

 

1 ●☻ ⁸ⱳfiⱪ⁸ ⁸ ∕─ ↓╣╠⌐ ∆╢╙─╩ ↄ⁹ ⁸↓─

⌐⅔™≡ ∂ ─ ─ │⁸ 12 ─ ⌐ ╢ ╩

ↄ⁹ ╩ ∆╢⁹ 

2 ┘ ─ ─ │ ─ ⌐╟╢⁹ 

 

3 ⱳfiⱪ⁸ ⁸ ∕─ ↓╣╠⌐ ∆╢╙── ─ ⌐≈™≡│⁸ ₈1 ●☻

₉─ ⅜ ≢⅝╢╙─⌐№∫≡│⁸↓╣╩ ∆╢╙─≤⇔⁸↓╣⅜ ≢

⅝⌂™╙─⌐№∫≡│⁸ ─™∏╣⅛─ ⌐╟╡∕─ ╩ ∆╢↓≤╩╙∫≡ ─

⌐ ⅎ╢↓≤⅜≢⅝╢⁹ 

3.1  ↔≤⌐ ⌐╟╢ ╩ ™⁸ ─ ─ ─ ⌐ ─ ⌐⅔↑

╢ ─ ⌐ ∆╢ ─ ⌐⅔↑╢ ─ ─ ╩

∂≡ ╠╣╢ ─ ≢ ╩ ∂⌂™╙─≢№╢↓≤⁹ 

3.2  ↔≤⌐ └∏╖ ⌐╟╢ ─ ╩ ™⁸ ─ ⌐⅔™≡ ∏╢

⁸⌡∂ ⌐ ∂╢ ╩ ↄ )⅜ ─ ⌐⅔↑╢ ─

≢№╢↓≤⁹ 

─

─

 

11 ╩ ↄ∞↕™ 

  

t  │ ─ ↕  

D0 │ ─  

P MPa  

ɨa ─ N/mm 2  

ɜ  
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14  

CE  

●☻ ⌐ ∆╢

 
●☻ ⌐ ∆╢ │ ⌂╙─╩ ⇔⁸ ≢ ╘╢ │

⇔╕∑╪⁹ 

 

֘SUS304֙  

 
֘STPG370֙ 

 
֘C1220֙  

β 

ₒ  ₓפֿ

 

Â 14 │⁸●☻ ⌐ ∆╢ │⁸∕─●☻─ ⁸ ⁸ ⁸ ⌐ ∂√

⌂╙─≢⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ─ │⁸ ●☻⁸ ●☻ ┘ │ ●☻ ╩ ╗●☻ ╙ ≢

№╢⅜⁸ ●☻⁸ ●☻ ┘ ─ ●☻⁸ │ ●☻ ─╖⅜

≤⌂∫≡⅔╡⁸ ●☻ ─●☻ │ ⅛╠ ╣≡™╢⁹ 

ה

 

Â │⁸ .⌐ ⅜ ↕╣≡™╢⅜⁸ ☻♃fi♪ ┘

☻♃fi♪ ─ ─ │ ─≤⅔╡≢№╢⁹ │⁸ ╩ ⇔≡

™√∞⅝√™⁹ 

ᵑ ●☻─ ⁸ ⁸ ⌐ ∂≡ ≢⅝⌂™ 0.35 ⁸ ⁸

SM⁸SGP⁸FC⁸FCD⁸FCMB⁸FCMP⁸FCD- S⁸FCMB- S ⅜ ╘╠╣≡™╢⁹ 

ᵒ 0 ≢ 5ϴ⁸ 10ϴ⁸ 30ϴ⁸ 45ϴ⁸ 60ϴ⁸ 70ϴ⁸ 80ϴ⁸

100ϴ⁸ 102ϴ⁸ 110ϴ⁸ 196ϴ⁸ 235ϴ ┘ 269ϴ⌐ ↔≤⌐ ⌂

⅜ ╘╠╣≡™╢⁹⌂⅔⁸ ⌐╟∫≡│ ─ ⅜ ↕╣≡™╢⁹ 

ᵓ ●☻≤ ∆╢ ─ ⅜ ╘╠╣≡™╢ ⅎ┌⁸▪☿♅꜠fi⌐│ ┘ ─

⅜ 62 ╩ ⅎ╢ ─ ⁸ ⌐│ ↕╣≡™⌂™⅜⁸ ⇔√

⌐│♅♃fi ⁹ 

Â ─ ≢│⁸ ⁸ ⁸ ─╟℮⌂ │ ↕╣≡™⌂™⁹

₈ ∞⅛╠ ⌐│ ∆╢│∏₉≤─ ⅜כ◙כꜚ⁸⅜╢№⅜ ╩ ∆

╢ │⁸ ⅜ ∆╢ ─℮∟⅛╠ ⌐ ∆╢╙─╩ ╪≢ ⇔

⌂↑╣┌⌂╠⌂™─≢ ∆╢ ⅜№╢⁹ 
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─

─

 

⌐╟╢  

1.  ┘ ⌐│ ↕╣≡™╢ ⅜ ↕╣≡⌂™ 

2.  0ϴ ─●☻ ⱳfiⱪ⅔╟┘ ╩ ↄ ⌐│ ≢ ↕╣≡™╢

⅜ ↕╣≡™⌂™ 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  

  



 

34 
 

   

15  

CE  

●☻ ─  

100m3 │ t  
●☻ ─ │⁸ ⌐╟╡ ●☻ ⌐ ⌂└

∏╖⅜ ∂⌂™╙─≤⇔⁸ ─ │ │ ─ ⌐ ⇔╕

∆⁹ 

 

 
ₒ כ♃כ◊►ה▪◄  ₓפֿ

β CE─ ─  

 

Â 15 │⁸ ●☻ ─ ⅜ ⇔≡ ⅝⁸∕─ ─ ●☻ ⌐└∏╖

⅜ ∂≡●☻⅜ ⅎ™∆╢ ─ ⅜ ∆╢↓≤╩ ∆╢√╘⁸ ●☻ ─ │

⇔⌂™╟℮⌂╙─≢⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ╕√⁸ √╡─ ⅜ 100m3 ●☻│ 1♩fi ─ ─ │⁸

⇔⌂™╟℮⌐ ─ ⌐▪fi◌כⱲꜟ♩ ≢ ∆╢ ≢№╢⁹ 

ה

 

Â ₈ ●☻ ─ │ ⇔⌂™╟℮⌂╙─₉≤│⁸ ⁸ ┘ ─

√╡─ ⅜⁸ 10 ≢ ╘╢ ≢№╢↓≤╩™℮⁹ 

Â ₈ ─ ₉⌐≈™≡ ∆╢≤ ≤⅔╡≢№╢⁹ 

 

─

─

 

⌐╟╢  

1.  ─ ⅜ ≢№╢ 

2.  ─ │ ⅜ ─ ⌐ ↕╣≡™╢ 

3.  ┘ ─ ⅜⌂™ 

 

⌐╟╢  

 

 

 

ἰ ▪fi◌כⱲꜟ♩⅜ ╪≢™╢╙─⅜№╢ 

ἰ ⌐└┘ ╣⁸ ─ ⅜ ╠╣╢ 
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16  

CE  

─  ⌐│ ╩ ∆╢√╘─ ╩ ∂⁸ ⌐ ╘╢≤↓╤⌐

╟╡ ╩ ⇔⁸ ⇔≡™√╙─⌐№∫≡│ ⌂ ╩ ∂

╕∆⁹ 

 

 
ₒ כ♃כ◊►ה▪◄  ₓפֿ

 

Â 16 │⁸ ─ ⌐╟╡⁸ 100m3 ●☻│ ♩fi ─╙─⅜

≢№╢⁹ │⁸ 10 ≢ ╘╢≤↓╤⌐╟╡⁸ ╩ ⇔⁸ ⇔≡

™√ ⌐│⁸ ⌂ ╩ ∂⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ─ │⁸ 10 ⌐ ╘╠╣≡⅔╡⁸ ≤⇔≡ ⌐ ∆

╢⅜⁸ ⇔√ ≢№╡⁸⅛≈⁸ ⅜ 0.005 0.5 ─╙─⌐№

∫≡│⁸ ⌐ ─ ╩ ╦⌂™ │ 1 ─ ╩ ≢╟™↓≤≤

↕╣≡™╢⁹ 

ה

 

Â 11 ⌐⅔↑╢ ─ ─ │⁸ ─≤⅔╡≢№╢⁹ 

ᵑ ⱬfi♅ⱴכ◒ ╩ ↑╢⁹√∞⇔⁸ 100♩fi ─ ≢ ─ ╩ √∆╙ 

─│⁸ⱬfi♅ⱴכ◒ ─ │ ≢⅝╢⁹ 

ᵒ ─ ─ ⌐ ↑√ ≤ⱬfi♅ⱴכ◒ ≤─꜠ⱬꜟ ⱬfi♅ⱴכ◒  

─ ⅜ ≢⅝╢╙─│ ─꜠ⱬꜟ ╩ ⇔⁸ ─ ⅜ ≤⌂╢꜠ⱬ 

ꜟ mm⁸ h ┘ ─ ─ mm⁸ L ⅛╠ h 

L ╩ ╘╢⁹ 

Â ⌐ ∂√ │⁸ 11⌐ ↕╣≡™╢⅜⁸ ⅜ 0.005 0.5

╩ ⅎ√ ─ ≤⁸0.01 ╩ ⅎ√ ─ ⅜ ↕╣≡™╢⁹ 

 ₆ ─ ₇ 

 ᵑ ⅜ 0.5 ╩ ⅎ√  

▪ ─ ╩ ─ ╩ ⇔≡ ⌂ ─ ╩ ∆╢ ⌐№∫

≡│ ↔≤⌐ ─ ∆╢⁹ 

▬ ▪⌐╟╡ ⇔√≤⅝⁸ ⅜ ⇔≡™╢ ≢№∫≡⁸ ─ ⌐ ─ ⅜

╩ ⅎ╢≤ ╘╠╣╢ │⁸ ⅝ ⅝▪─ ╩ ∆╢⁹ 
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 ᵒ ⅜ ╩ ⅎ√  

▪ ─ ╩ ⇔⁸ ⌐ →╢ ─℮∟ ─ ⁸ ⁸ ⁸ ─

⌐ ∂ ⌂ ╩ ∏╢⁹ 

▬ ╩ ⇔√ │⁸ ─ →⌐ ⇔ ⌐ ╩ ∂√≤ ↕╣╢ ⌐ ⇔⁸

╩ ™⁸ ╣∕─ ─ ⌂ ⅜⌂™↓≤╩ ∆╢↓≤⁹ 

► ╩ ⇔√ ▬─ ╩⇔√╙─│⁸∕─ ╩⇔√ │⁸ ─ ⌐╟╢

┘ ┘⌐ ─ ─ ╩ ™⁸↓╣╠⌐ ⅜⌂ↄ⁸⅛≈⁸ ─

⅜ ╘ ⇔√ ≢№╢↓≤╩ ∆╢↓≤⁹ 

◄ ╩ ⇔√ │⁸ ⌂ↄ≤╙ ↔≤⌐ ⁸∕─ │ ⌐ ╩

⇔⁸ ─⌂™↓≤╩ ∆╢↓≤⁹ 

─

─

 

⌐╟╢  

│ 0.5% ≢№╢ 

 │ ─≤⅔╡ 

 

⌐╟╢  

 

 

 

 

ἰ ─ ╩ ∆ⱬfi♅ⱴכ◒─ ⅜ ⅎ≠╠ↄ⌂∫≡™╢ 

ἰ ⅜ 0.5%╩ ⅎ≡™╢ 
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17  

CE  

ה ה ─

 
●☻ │⁸ ─ ⌐ ⇔≡ ⌂ ≤⇔╕∆⁹ 

 

 

ה

 

Â 17 │⁸ ─ ↕ ─ ⅝─ ⁸ ─ ─ ┘

─ ≤ ─ ⁸ ┘⌐↓╣╠─ ┘ │⁸ ─ ⌐╟

╡⁸ ─ ⌐ ⇔≡ ⌂ ≤⇔⌂↑╣┌⌂╠⌂™ ≢№╢⁹√∞⇔ │⁸

⅜ ≤ ╘╢ ⅜ ≤ ╘╢ⱪ꜡◓ꜝⱶ╩ ∆╢ ⌐│⁸∕─ ╩

∆╢↓≤⅜≢⅝╢ ≢№╢⁹ 

Â ⌂ ─ │⁸ ─₈ ●☻ ₉ ┘ ─₈ ●☻

─ ┘ ⌐≈™≡₉⌐ ╘╠╣≡™╢⁹ 

Â │ ─ ≢ ┘ ⅜↕╣╢─≢⁸ ─ ┘ │⁸

─ ⁸ ⁸ ┘ ⅜ ≤⌂╢⁹ 

ה

 
Â ─ ≤⌂╢  

1.   √╡─ ⅜ 300m3 │ 3♩fi ─╙─ 

2.  ─ ─ ⅛╠ ─ ╕≢─ ↕⅜ ─╙─ 

3.  ●☻ ⌐ ╢ ─ 45mm ≢№≈≡⁸ 

ᵑ ≢ ╠╣√ ─ ⅜ ─╙─ │ 

ᵒ ⅛╠ ╕≢─ ─╙─ 

4.  1. 3.─ ┘  

Â ⌐⅔↑╢ ⁸ ⁸ ▪ꜟ◗fi─ ╩ ∆╢ ─ ●☻─

│⁸ ─≤⅔╡≤∆╢ 1985 60 249 ⁹ 

●☻    ▪ꜟ◗fi 

[ kg/L ]  1.14 0.808 1.40 

 

Â ●☻ ⅜ ⇔≡™╢₈ ●☻ ₉⌐│⁸ ─ ≤

⅜ ↕╣≡™╢─≢ ⌐∆╢≤╟™⁹ 
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─

─

 

⌐╟╢  

1.  ⌐ ⇔™ ┘ ⅜⌂™ 

2.  ▪fi◌כⱲꜟ♩⁸♫♇♩⁸Ⱪ꜠כ☻ ⌐│╝╢╖⅜⌂™ 

 

⌐╟╢  

 

 

 

ἰ ▪fi◌כⱲꜟ♩⅜ ╪≢™╢╙─⅜№╢ 

ἰ ╩ ∆╢ U Ᵽfi♪ ⅜ ⌐╟╡ ⇔≡™╢ 
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18

CE  

 ●☻ ⌐│ ⌂ ╩ ↑⁸ ─ ╩ ⅎ√ ⌐ ∟

⌐ ─ ⌐ ∆↓≤⅜≢⅝╢ ╩ ∂╕∆⁹ 

 

 
ₒ  ₓפֿ

 

Â 18 │⁸ ╩ ℮ ⁸ ⁸ ⁸ ⁸ ⁸ ┘ ─√╘─

●☻ ⌐│⁸ ╩ ⇔⁸ ⌂ ⌐╟╢ ─ ⌐╟╢ ─ ╩ ∆╢

√╘⁸∕─ ─℮∟ ─ ─ ≢─ ╩™™⁸ ⅜№╢ │

∕─ ╩ ⌐⇔⁸ │ ⌐∆╢⅔∕╣─№╢ ↔≤⌐ ╩ ↑╢↓≤⁸

┘ ─ ⅜ ─ ╩ ⅎ√≤⅝⌐│⁸ ∟⌐⁸ ─ ─ ⌐ ∆↓≤

⅜≢⅝╢ ╩ ∂⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ≢⅝╢ ─ │ 12 ⌐ ↕╣≡™╢⁹╕√⁸ │ ─

╩ ⌐ ≢⅝╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

ה

 

Â ₈ ─ ─ ⌐ ∆↓≤⅜≢⅝╢╟℮⌂ ₉≤│⁸ │ ─

╩ ⌐ ≢⅝⁸⅛≈⁸ ─ ─ ╩ ⅎ√ ⌐ Ⱳ♃fi ⌐╟╡ ⌂

⅜ ∂╠╣╢╙─≢№╢⁹ 

Â │⁸ ─╟℮⌂ ⌐ ╩ ∆╢ ≢│⌂ↄ⁸ ●☻

┼─ │ ╩ ⌐ ≢⅝╢ ≢№╢  

Â ⌂⅔⁸ ⌐⅔™≡│⁸CE┼ ─ │ ╘≡™⌂™⁹ 

 

 

│⁸ ─ ─ ⌐ ∂⁸∕─ ⅜ ─ ─ ╩ ⌐

≢⅝╢╙─≢№╢↓≤≤⇔⁸ ⌐ ╘╢╙─╩ ∆╢↓≤⅜≢⅝╢⁹ 

1.  JIS 7411- 1(2014) ●ꜝ☻  

2.  JIS 7411- 2(2014) ●ꜝ☻ │  

3.  JIS 7528(1979)  

4.  JIS 7529(1979)  

5.  JIS 1602(2015) ⁸JIS 1604(2013) ⁸JIS 1605(1995)◦כ☻

│ JIS 1611(1995)◘כⱵ☻♃ ╩ ™⁸ ⌐╟╢ │ ─

╩ ⇔≡ ╩ ⌐ ⇔ ∆╢  
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─

─

 

֘ ֙ 

⌐╟╢  

1.ᵑ ●☻ ─℮∟ ⌂ ⌐ ⅜ ↑╠╣≡™╢ 

 ᵒ ⌐ ⅜⌂™ 

2.ᵑ ≤─ ⅜ ╦╣≡™╢ 

 ᵒ ╡─ │ ╡ ≢№╢ │ ─≤⅔╡ 

 

⌐╟╢  

 

 

ἰ ─ ⅜ⱴכ◒↕╣≡™⌂™ 

 

֘ ─ ─ ⌐ ∆ ֙ 

⌐╟╢  

1.  ⅜ ↕╣≡™╢ 

2.  ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

⌂ ─╖  

 

 

ἰ ⱳfiⱪ⅜ ∑∏⁸ ─ ⅜ ≢⅝⌂™ 

ἰ ─ⱡ☼ꜟ⅜ ⌐╟╡ ╕∫≡™╢ 
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19  

CE  

⁸  ●☻ ⌐│ ↔≤⌐ ╩ ↑⁸⅛≈⁸ ⌂

╩ ↑╕∆⁹ 

 

 
ₒ ⁸◔כ►פֿ  ₓפֿ

β ┘ ╩ ╘⁸ ┘ ◓fi◐כⱪ≢ⱴכ♥⌐╣∙╣⧵

╩ ⁸ ╩ ⇔⁸  ─ ╩ ⌐ ≢⅝╢╟℮⌐∆╢ 

 

Â 19 │⁸ ●☻ ─℮∟ ─ ─ ≢─ ╩™™⁸ ⅜

№╢ │∕─ ─ ─ ╩ ⌐⇔⁸ │ ⌐∆╢⅔∕╣─№╢ ↔≤

⌐ ╩ ↑╢↓≤⁸ ┘ ─ ⅜ ╩ ⅎ√≤⅝⌐│⁸ ∟⌐⁸

⌐ ∆↓≤⅜≢⅝╢ ╩ ↑⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ≢⅝╢ ─ │ 13 ⌐ ↕╣≡™╢⅜⁸ │ ─ ╩

⌐ ≢⅝╢╙─≢⌂↑╣┌⌂╠⌂™⁹ 

ה

 

Â ₈ ₉│⁸ⱣⱠ ⅜ ≢№╢⅜⁸ 13⌐ ↕╣≡™╢╟℮

⌐ ⌐╟∫≡│ ⁸ ╙ ↕╣≡™╢⁹ 

β CE╛ ☻♃fi♪ ≢│⁸ 13─ ⌐ ↕╣╢ ⱨכꜞꜞ

╙ ⅜ ╘╠╣≡™╢⁹ 

Â ▪◐ꜙⱶ꜠כ♃─ ≤⇔≡⁸●☻ ⌐ ╩ ↑╢↓≤│ ╘╠╣╢ 1981

56 201 ⁹ 

Â ₈ ₉─ │ ⌐│ ↕╣≡™⌂™⅜⁸ 18 22 ⌐ ⅛

╠ ─╟℮⌂ ⅜↕╣≡⅔╡⁸ ─ ≤↕╣≡™╢⁹ 

 

 

 

 

 

 

 

Â ─ │⁸ 13.⌐ ↕╣≡™╢⅜⁸ ┘ ⌐╟╡  

Â ≢ ∆╢●☻─ ╛ ⇔ ╩ ⌐ ⅜∆↓≤⅜≢⅝╢ ╩

↑╢↓≤⅜ ↕╣≡™╢⁹ 

Â ⇔ ─ │⁸ ●☻─ ─ ≢ ⁸ ●☻─ ⁸ⱳfi 

ₒ 18 22 ₓ 

⌐≈™≡─ │⌂™⅜⁸ ─ ≢№╢≤ ⅜ ∆╢─

≢⁸ ─ ≢№╢═⅝≢№╢⁹ ≢№╢≤ ⌐

⅜ ∆╢╕≢⌐ ╩ ⅎ√ ⅜ ⇔ ≢№╢⁹╟∫≡⁸ ─ │

─≤⅔╡≤⌂╢⁹ 

─   ─   

β₈ ₉│₈֔₉≢ ↕╣≡™╢ 
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ה

 

Â ⱪה ↔≤⌐ ╘╠╣≡™╢⅜⁸ ⇔ ⅜ ─ ●☻─ ╩ ⅎ╢ │

─ ●☻─ ≤∆╢↓≤⅜≢⅝⁸ ⌐ ∆╢ ⌐≈™≡│ ⇔√

⇔ ─ 30 ≤∆╢↓≤⅜≢⅝╢⁹ 

Â ⅛╠ ∆↓≤⅜≢⅝╢ ⇔ ─ │⁸ ─ ⱣⱠ

⁸ ⁸ ⇔ ↔≤⌐ ╘╠╣≡™╢⁹ 

Â ─ │⁸ ≢⌂↑╣┌⌂╠⌂™⅜⁸ ─ │∕─

≢⁸ ╘ ─ ─ ⅜ ⇔≡⁸ ≢ ─ ⌂ ⅜ ↕╣

╢≤⅝─ ⌐⅔↑╢ ⅜ ≢№╢↓≤╩ ∆╢⁹ 

─

─

 

֘ ֙ 

⌐╟╢  

1.ᵑ ●☻ ─ ⌂ ↔≤⌐⁸ ⅜ ↑╠╣≡™╢ 

ᵒ ⅜⁸ ─ ─ ╩ ⌐ ≢⅝╢╙─≢№╢ 

ᵓ ⌐ ⅜⌂™ 

2.  ─ │⁸ ─ 2 ─ 1 │ ─≤⅔╡ 

 

⌐╟╢  

 

 

 

ἰ ─ ⅜ⱴכ◒↕╣≡™⌂™ 

ἰ ─ ╩ ⌐ ⇔≡™⌂™ 

 

֘ ֙ 

⌐╟╢  

1.ᵑ ●☻ ─ ⌂ ↔≤⌐ ⅜ ↑╠╣≡™╢ 

 ᵒ ∕─ ─ ⅜⌂™ 

2.  ─ ⅜ ⌐ ↕╣≡™╢ 

   │ ─≤⅔╡ 

 

⌐╟╢  

 

 

 

ἰ ─ ⅜⁸ ╩ ⌐ ∫≡™╢ ⅜ ↕╣√√

╘⁸ ≢│⌂™  

ἰ ⅛╠─  ╢№⅜◒כꜞ
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20  

CE  

─  

 

 

⌐│ ╩ ↑⁸ ─ │ ─≤⅔╡≤⇔╕∆⁹  

▬ ●☻ ⌐ ↑√ ─ │⁸ ⅛╠

│ ╟╡ ─ ↕≢№∫≡⁸ ─⌂™ ⌂

⌐ ╩ ↑╕∆⁹ 

꜡ ●☻─ ●☻ ⌐ ↑√ ─ │⁸ ⌐

⇔╕∆⁹ 

Ɫ ∕─ ●☻ ⌐ ↑√ ─ │⁸ ∆╢

─ ↕ ≢ ─⌂™ ⌂ ⌐ ↑╕∆⁹ 

 

 
ₒ ⁸◔כ►פֿ  ₓפֿ

 

Â 20 │⁸ ─ ⌐╟╡ ↑√ │ ●☻⁸ ●☻⁸ ┘

●☻─╙─⌐ ╢⁹ ⌐│⁸●☻─ ⌐╟╢ ╩ ∆╢√╘⁸

╩ ↑╢↓≤⁸ ┘ ─ ─ │●☻─ ⌐ ∂√ ⌂ ≤∆╢↓≤─

≢№╢⁹ 

ה

 

Â ─ ─ ⌐≈™≡│⁸ 14⌐ ⌡ ─╟℮⌐ ↕╣≡™╢⁹ 

ᵑ ●☻ │ ●☻─ ⌐ ↑√ ─ ─ │⁸ ⅛╠ m

│ ─ ⅛╠ m─™∏╣⅛ ™ ≢№∫≡⁸ ⌐ ⱨ꜠▪כ☻♃

♇◒⁸ ⁸ ⁸ ⁸Ⱳ▬ꜝ⁸כ ≢ ╩ ∆╢╙─ │

≤⌂╢╙─╩™℮⁹ ∂⁹ ─⌂™ ⌂ ⇔√●☻⅜ ⇔≡

≤⌂╢ ╩™℮⁹ ∂⁹ ≢№╢↓≤⁹ 

ᵒ ●☻─ ●☻ ⌐ ↑√ ─ ─ │⁸ ─√╘─ ⌐ ⅛

╣≡™╢↓≤⁹ 

ᵓ ᵑ⁸ᵒ ─ ●☻ ─ ●☻ │ ●☻─ ●☻

┘ ─ ●☻ ⌐ ↑√ ─ ─ │⁸ ∆╢ │

│ ⅜ ╩ ╡ ℮ ≢№╢ ⌐№∫≡│ ⅛╠ m ⌐

№╢╙─⁸∕─ ─ ⌐№∫≡│ m ⌐№╢╙─╩™℮⁹ ─ ↕ ─ ↕≢№∫

≡⁸ ⌐ ─⌂™ ⌂ ≢№╢↓≤⁹ 

Â 37 ─ ●☻─ │⁸ ●☻─ ⅜ ↕╣≡™╢⅜⁸ ⌐≈™≡│

↕╣≡™⌂™⁹ 

LNG  

╟╡ 2m

 

 

∆╢

─ ↕  
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─

─

 

⌐╟╢  

1.ᵑ ●☻ │ ●☻─ ⌐ ↑√ ─ │⁸ ⅛╠ m │

⅛╠ m─™∏╣⅛ ™ ⌐№╢ 

 ᵒ ⌐ ─⌂™ ⌂ ⌐ ⅜№╢ 

2.  ●☻─ ●☻ ⌐ ↑√ ─ │⁸ ⌐№╢ 

3.  ∕─ ─ ●☻ ⌐ ↑√ ─ │⁸ ∆╢ │ ─ ↕⅜

№╢ 

 

⌐╟╢  

 

 

 

ἰ ⌐ ⇔≡™╢ ╟↑◐ꜗ♇ⱪ⅜⁸ ⌐╟╡ ⌐ ⇔≡™╢

⌐ ↕╣⌂™⅔∕╣№╡  

ἰ ─ ⅜ ⅛╠ m │ ⅛╠ m ─ ⌐№╢ 
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21  
 

 
●☻ ⌐│⁸ ─√╘─ ⁸ ┘

╩ ↑╕∆⁹ 

 

 
ₒ ₓ 

 

Â 21 │⁸ ●☻ │⁸ ─ ⅜ ─ │ ─ ╟╡

ↄ⌂╢≤⁸∕─ ⌐╟╡ ⅜ ∆╢⅔∕╣⅜№╢↓≤⅛╠⁸ ─ ╟╡ ⇔⌂

™ ╩ ∆╢ ╩ ∂╢ ≢№╢⁹ 

ה

 

Â ╩ ∆╢ ─ │⁸ 15.⌐ ↕╣≡⅔╡⁸ ─ ╩ ⅎ╢↓≤

≤⌂∫≡™╢⁹ 

1  

2  

∕─ ─™∏╣⅛  

2.1   

2.2  ─ │ ⅛╠─●☻  

2.3  ≤ ∆╢ ╩ ↑√  

2.4  ≤ ∆╢ ╩ ↑√  

3 1 3⌐⅛⅛╦╠∏⁸ ─ ⌐ →╢╙─⌐№∫≡│⁸ ╩ ∆╢ ⅜ ∂╠╣√

●☻ ≤╖⌂∆⁹ 

3.1  ●☻ │Ⱳ▬ꜟ○ⱨ●☻─ ⇔⌐⁸ⱳfiⱪ │ ╩ ⇔≡™⌂™╙─

●☻ ─ ─ ⅜ ─ ╟╡ ∆╢⅔∕╣─⌂™╙─ 

3.2  ≤ ─ ⌐ ⅜ ↕╣≡™╢╙─ ┘ ●☻ ⅜ ⌐

ⅎ╢ ⅜⇔≡№╢╙─ 

─

─

 

⌐╟╢  

1.  ⅜ ⌐ ↕╣≡™╢ 

2.  ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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22  

CE  
 ●☻ ⌐│ ╩ ↑╕∆⁹ 

 

 
ₒ ⁸◔כ►פֿ  ₓפֿ

┘ ╩ ╘⁸ ┘ ◓fi◐כⱪ≢ⱴכ♥⌐╣∙╣⧵

╩ ⁸ ╩ ⇔⁸  ─ ╩ ⌐ ≢⅝╢╟℮⌐∆╢ 

 

Â 22 │⁸ ●☻─ ⌐│ ╩ ∆╢√╘⁸ ─ ╩ ↑⌂↑╣┌⌂╠⌂

™ ≢№╡⁸●ꜝ☻ ╩ ↑╢ ⌐│⁸●ꜝ☻─ ╩ ⇔≡ ─ ⅎ™

╩ ∂╢↓≤⅜ ↕╣≡™╢⁹ 

Â ●ꜝ☻ │⁸−™ ≢№╢√╘⁸ │ ●☻─ ╩ ™≡

⅜ ↕╣≡™╢⁹ 

Â ●ꜝ☻ ⌐│⁸ ⌐≢╙●ꜝ☻⅜ ↕╣√╙─╙ ╕╣⁸ ─ ⌐ ↕╣╢

╙─≢│⌂ↄ⁸◒ꜞfi●כ ╙ ╕╣╢⁹ 

ה

 

Â ⌐│⁸ ●ꜝ☻ ⁸ ●ꜝ☻ ⁸ⱨ꜡כ♩ ⁸

⁸ ⁸ ┘ Ⱪכꜙ♅ │ Ⱪכꜙ♅ ⇔ↄ

│☻ꜞ♇ⱪ♅ꜙכⱩ ⅜№╢⅜⁸↓─℮∟⅛╠ ●☻─ ⁸ ─ ⌐

⇔√ ╩ ∆╢╙─╩ ⇔≡ ∆╢⁹ 

Â ●ꜝ☻ ⌐│⁸ ╩ ∆╢√╘⌐ ╩ ∆╢─⌐ ⌂ ─ ╩

─ ≢ ∆╢↓≤⁸╕√⁸●ꜝ☻ ─ ⌐╟╢ ⅎ™╩ ∆╢√╘⌐⁸

●☻⁸ ●☻ ┘ ●☻─╙─⌐ ╢⁹ ≤●ꜝ☻ ≤╩ ∆

╢ ⌐│ ┘ ─ ╘ ┘ ⌐╟∫≡ ≢⅝╢ ≈─ ╩ ⅎ

√ ─ ╘ ≢╙╟™╙─≤∆╢⁹ ╩ ↑╢↓≤⅜ 16.⌐ ↕╣≡™╢⁹ 

─

─

 

⌐╟╢  

1.  ⌐│ ⌂ ⅜ ↑╠╣⁸ ⅜ ⌐ ↕╣≡™╢ 

2.  ≡╪ ─ ⅜№╢  

       cmהLהm3ה% 

3.ᵑ ●ꜝ☻ ⌐№∫≡│⁸∕─ ╩ ∆╢↓≤⅜≢⅝╢ ≢№╢ 

ᵒ ≤●ꜝ☻ ≤╩ ∆╢ ⌐│ ╘ ⅜ ↕╣≡™╢ 

ᵓ ╘ ─ ⅜ ⌐ ↕╣≡™╢ 
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─

─

 

⌐╟╢  

 

 

 

ἰ ≡╪ ─ ⅜ ↄ⌂∫≡™╢ 
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23  

●☻  

ⱨ♇ ⱥ

 

●☻ │⁸ ─●☻╩ ●☻≢ ≢⅝╢

│∕─ ╩ ⌐∆╢↓≤⅜≢⅝╢ ≤⇔╕∆⁹⌂⅔⁸

●☻─ │ ─ ─●☻⁸∕─ ─ ⌐ ●☻╩

∆╢ ≤ ╩ ⌐⇔╕∆⁹ 

 

 
 

ₒ פֿ ₓ 

 

Â 23 │⁸ ●☻ │ ⱨ♇ ⱥ │ ⅜ ⌐ ⅝™√╘⁸ ─●☻╩

●☻ ●☻╩ ↄ⁹ ↓─ ⌐⅔™≡ ∂⁹ ⌐╟╡ ∆╢↓≤⅜≢

⅝╢ │∕─ ╩ ⌐∆╢↓≤⅜≢⅝╢ ≤∆╢ ≢№╢⁹ 

Â ●☻ │ ⱨ♇ ⱥ ─ ( )⅛╠ ╩ ╡ ∆ ⌐ ⌐

≢№∫≡╙ ⅎ™∆╢↓≤─⌂™╟℮⌐⇔⌂↑╣┌⌂╠⌂™⁹∕─ ⌐ ╩

╡ ↑╢ ⌐ ⌐│ ⅜ ∆╢⅜⁸↓─ │ ●☻≢ (Ɽכ☺)⇔⌂™≤

≢ ⇔⁸ ╛ ( )─ ⌐╟╢ⱣꜟⱩ╛ⱨ▫ꜟ♃כ─ ╕╡╩ ↓∆

─ ⌂ ⌐⌂╢⅔∕╣⅜№╢⁹↓─√╘⁸ ─ ↑⁸ ⇔╛ ─

⌂≥⌐│ ∏∕─ ╩ ●☻≢ ⇔≡⅔ↄ ⅜№╢⁹ │⁸ ●☻⌐

╟╡ ™∞∆ ≤ ⅝⌐╟╡ ↄ ≤─™∏╣⅛ │∕─ ╩ ⇔≡™╢⁹ 

Â ─₈↓─ ⌐⅔™≡₉ │⁸ ⅎ┌⁸⸗ⱡ◦ꜝfi─ ╩Ɽכ☺∆╢√╘─

●☻ ≤ ─ ╩Ɽכ☺∆╢√╘─ ●☻ │ ⇔≡│⌂╠∏⁸

⌐⁸ ●☻─ ( ⅛ CE⅛╩ ╦⌂™⁹)╙ ≤⇔⌂↑╣┌⌂╠⌂™⁹ 

β ⌐ ∆╢╙─⌐ ╠╣╢⁹ │⁸ ─●☻ ●☻⁸ ⁸▪☿♅

꜠fi ⁸ ─●☻ ⁸ ⁸ ⁸Ɫ꜡◕fi ⁹ 

ה

 

Â ●☻ ●☻╩ ↄ⁹ ⌐╟╢ ─ │⁸ 17.⌐ ↕╣≡

™╢⁹ 

Â ₈ ●☻₉│⁸ │Ⱬꜞ►ⱶ ─ 18 ─ ╩™™⁸ⱨꜟ○꜡◌כⱲfi

╛ │ ∆╢⅔∕╣⅜№╢√╘ ╕╣⌂™⁹ 

 

●☻ ●☻╩ ↄ ⌐╟╢ │⁸ ─ ─ ⌐╟╡ ℮╙─≤∆╢⁹ 

1 ⌐ ™╢ ●☻ ●☻─ │⁸ ─ ─

≤⇔⁸╕√⁸∕─ │ ─ ⌐ ⌂ ╩ ∆╢↓≤⁹ 

2 ─ ●☻ ⅛╠ ─ ⌐ ●☻╩ ∆╢ ⌐│⁸ 78 ─

⌐╟╢ ╩ ∏╢↓≤⁹ 

3 ⅛╠ ↕╣√●☻⅜ ●☻─ │⁸ ⌐╟╡ ╩ ⇔√ ⁸ 
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 ה

∆╢↓≤⁹ 

4 ⅛╠ ↕╣√●☻⅜ ●☻ ●☻╩ ↄ⁹ ─ │⁸ ●☻╩

⌐ ⁸ ⌂ ┼ ∆╢↓≤⁹ 

─

─

 

⌐╟╢  

1.  ●☻ │ ⱨ♇ ⱥ ─ ⌐│⁸ ╩ ●☻⌐╟╡ ∆╢

│ ╩ ⌐∆╢ ⅜ ↑╠╣≡™╢ 

2.  ●☻⌐╟╡ ∆╢ │ ╩ ⌐∆╢ ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

⅜№╣┌  

 

 

⅜№╣┌  
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24  

CE  

─ ⌐ ↑√Ᵽ

ꜟⱩ 

 

⌐│⁸ ─╒⅛⁸ ─ⱣꜟⱩ╩ ↑╕∆⁹ⱣꜟⱩ─

≈│ ─ ⌐ ↑⁸●☻─ ╡ ⇔ │ ─≤⅝│ ⇔≡

⅔⅝╕∆⁹ 

 

֘ ╣ⱣꜟⱩ֙             ֘ ה⇔ ╡ⱣꜟⱩ֙ 

 

ₒ  ₓ╡╟פֿ

β ─ ─  

 

Â 24 │⁸ ●☻⁸ ●☻ │ ─ ⌐ ╡ ↑√ ⇔ ┘ ╣

⌐│⁸ⱣꜟⱩ─ ♩כ◦╛ ╣⌐╟╢ ⅎ™ ╩ ⇔≡⁸∕╣∙╣─ ⌐ ─

ⱣꜟⱩ╩ ↑╢ ≢№╢⁹⌂⅔⁸↓─ ─℮∟ │ ─ ⌐ ↑ ™╦╝╢

ⱣꜟⱩ⅜ ⇔⁸ │ ⇔≡⅔⅛⌂↑╣┌⌂╠⌂™⁹⁸ ─ ─

√╘─ ╩ ↄ⁹ │ 24 ┘ 18

≢∕─ ≤ ─ ≤╖╠╣╢ ⌐ ╢╕≢─ ⌐ ↑╢↓≤≤↕╣≡™╢⁹ 

Â ⅝ ≢№∫≡⁸∕─ ─ ─ ⌐ⱣꜟⱩ╩ ⇔≡™╢╙─│⁸

─ⱣꜟⱩ─ ─ ⅜ ⅛╣≡™╢⁹↓╣│⁸CE─╟℮⌂ ⅝

│ ⌂╙─≤↕╣≡™╢╙─≢№╢⁹ 

ה

 

Â │⁸₈ ●☻⁸ ●☻ │ ─ ₉⅜ ≢№╢⅜⁸ ─ ╡│⌂

ↄ⁸ ●☻⌐ ╠∏ ●☻─ ⌐≈™≡╙ ↕╣╢⁹ 

Â ─ⱣꜟⱩ─ ╩ ∆╢≤⁸ ─≤⅔╡⁹ 

 

Â ⱳfiⱪ ⅛╠ ┼─ ╡ ⌐│⁸ ─ⱣꜟⱩ⅜ ≢№╢⁹ 
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─

─

 

⌐╟╢  

1.  ⌐ ─╒⅛⌐⁸2 ─ⱣꜟⱩ⅜ ↑╠╣≡™╢ 

2.  2 ─ⱣꜟⱩ─℮∟ 1│ ─ ⌐ ↑╠╣≡™╢ 

3.  ─ⱣꜟⱩ│ ─ ⌐ ╢╕≢─ ⌐ ↑╠╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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25  

CE  

─  

 

5,000L  

─ ╣ ⌐│ ⁸ ╡ ⇔ ⌐│ ╩ ↑╕∆⁹ 

─ │⁸ ╟╡ ╣√ ⌐ ↑╕

∆⁹               

 

    ֘ ≤ ֙              ֘ ֙ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ₒ  ₓפֿ

β ─ ─  

 

Â 25 │⁸ 5,000L ─ ●☻⁸ ●☻ │ ─ ●☻─ ⌐ ╢

●☻─ ⇔ ┘ ╣ ⌐│⁸↓╣╠⌐ ∆╢ ╛ ⅛╠ ●☻⅜ ⅎ

™ ⇔√≤⅝⌐⁸ ╩ ⇔≡●☻─ ╣╩ ∆╢√╘─ ╩ ∂

╢ ≢№╢⁹ 

Â ≤⇔≡│⁸ ╩ ↑╢↓≤⅜ ≢№╢⅜⁸ ┘ ─

≢│⁸ ●☻╩ ↑ ╣╢√╘─╖⌐ ™╠╣╢ │ ╩╙∫≡ ⅎ╢↓≤⅜

≢⅝╢≤↕╣≡™╢⁹↓╣│ ╣ ─ │⁸ ⅜ ∆╣┌ ─ ●

☻⅜ ╩ ⇔≡ ⇔⌂™√╘≢№╢⁹ 
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ה

 

Â 19⌐│⁸ ≤⇔≡─ ─ ⁸ ⁸

⅛╠ m ╣√ ⅜№╢ │ ─ ⌂ ⁸

⅜ ↕╣≡™╢⁹ 

 β ⌂ ─╖  

2 ─ ─ │⁸ ─ ⌐ ∆╢╙─≤∆╢⁹ 

2.1 ─ ⌐│⁸ ─ ⌐ ∂≡⁸ ⁸ ⁸ ⌐

⅔™≡ ⌐╟╡ ≢⅝╢╙─ ) │ⱣⱠ ╩ ≤⇔≡ ™╢↓≤⁹ 

2.2 ─ ╩ ℮ │⁸ ⅛╠ ╣√ ╩

↑≡№╢ │∕─ ≢№╡⁸⅛≈⁸ ↕╣╢●☻─ ⌐ ⇔ ⌂

⌐№╢↓≤⁹ 

2.3 │⁸ ≢№╢≤≤╙⌐ ⁸ ╛⅛⌐ ℮↓≤⅜≢⅝╢╙─≢№╢↓≤⁹ 

3 ─ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

3.1 ╩ ⇔⁸ │ ⇔√ │⁸ │ ⌐⅔™≡⁸JIS 

2003(1994)ⱣꜟⱩ ─ ╘⌐╟╢ ─ ╣ ╩ ™⁸ ╣ ⅜ JIS ≢ ╘

╢ ╩ ⅎ⌂™↓≤⁹ 

3.2 ╡ ↑╠╣√ ─ ⌐≈™≡⁸ ⌐ ─ ⅎ™ ┘

╩ ™⁸ ╣ ⅜ ─⌂™ ⁸●☻─ ⁸ ⁸ ╩

⇔⁸ ─ ⌐ ≢⅝╢ ⅎ™ ╩™℮⁹ ≢№╢↓≤

┘ ⁸⅛≈⁸ ⌐ ╩ ℮↓≤⅜≢⅝╢ ╩ ∆╢↓≤╩ ∆╢↓≤⁹ 

Â ⱳfiⱪ ⅛╠ ┼─ ╡ ─℮∟⁸ ─ ⌐ ∆ ⌐│⁸ ╩ ↑

⌂ↄ≡╟™ 40 11 10 ⁹ 

─

─

 

⌐╟╢  

1.  ⇔ │ ╣ ─ ⌂ ⌐ ╣ ⌐№∫≡│ ╙

⅜ ↑╠╣≡™╢ 

2.  ∕─ ─ ⅜⌂™ 

3.  ⅜ ⌐ ↕╣≡™╢ 

4.  ─ ⅎ™ ⅜ ─⌂™ ≢№╢ 

5.  │ ⌂ ≢⁸ m ╣√ ┘ ⅜ ∆╢ ∕╣∙╣ ﬞ

↑╠╣≡™╢ 

 

⌐╟╢  

 

⌂ ─╖  

 

 

ἰ ─ ─ ⅜ ⌐ ↕╣≡™⌂™ 

ἰ ⅜⁸ ─ ☻▬♇♅⁸Ⱪ꜡כⱣꜟⱩ ╩ ⇔≡™⌂™ 
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26  

─  

▪fi⸗♬▪ ┘

Ⱪ꜡ⱶⱷ♅ꜟ╩ ↄ  

●☻ ▪fi⸗♬▪ ┘Ⱪ꜡ⱶⱷ♅ꜟ╩ ↄ ─ ●☻⌐ ╢

│ ⌂ ╩ ∆╢╙─╩ ⇔╕∆⁹ 

 

 
ₒ ◘◌꞊  ₓפֿ

β LPG─ⱳfiⱪ─ ─  

 

Â 26 │⁸ ●☻⅜ ⅎ™⇔√ ⌐⁸ ─ ⅜ ⌐⌂╢↓≤╩ ←√╘

─ ≤∆╢ ≢№╢⁹ 

Â ●☻⅛╠▪fi⸗♬▪ ┘Ⱪ꜡ⱶⱷ♅ꜟ⅜ ⅛╣≡™╢─│⁸↓╣╠─●☻─ ≤

⇔√ ─ ─ ≤ ─ ⅜ ↄ⁸⅛≈⁸ ─ ⅜ ─ ●☻╟╡

╙ ™√╘≢№╢⁹ 

▪fi⸗♬▪─ 16.0 25.0 ⁸Ⱪ꜡ⱶⱷ♅ꜟ─ 13.5 14.5  

ה

 

Â ─ ⌐≈™≡│⁸ ╛ ⌐ │ ↕╣≡™⌂™⅜⁸₈

₉⁸₈ ●☻ ₉⁸₈

●☻ ─╘√─כ◙כꜚ₉⁸₈ ●▬♪ ●☻ ₉ │₈

●☻ ₉╟╡⁸ ─ ┘●☻─ ↔≤─ ≤

╩ ⇔⁸↓╣╠⌐ ∂√ ─ ╩ ⇔⁸ ∆╢─⅜ ≢№╢⁹

│↓╣╠─ ╩ ⇔≡™√∞⅝√™⁹ 

Â ⌐╟╢ ─ ─ ─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ─ ╩∆╢⁹ 

(a) 0  

⅜ ≢ ⇔ ⌐╦√╡⁸ │ ⌐ ●☻ ⅜ ─

─№╢ ⌐ ∆╢  

(b) 1  

─ ≢ ╩⇔┌⇔┌ ∆╢⅔∕╣⅜№╢  

(C) 2  

─ ≢ ╩ ∆╢⅔∕╣⅜ ⌂ↄ⁸╕√⁸ ⇔≡╙ ⇔⅛

⇔⌂™  

ᵒ ●☻─ ≤ ≢│⁸ ⌐ ≥ⱪכꜟ◓√∂ ⌐

∂√ ╩ ∆╢⁹ 

ᵓ ⁸ ה הⱪכꜟ◓ ⌐ ∂√ ─ ╩

∆╢⁹ 
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─

─

 

⌐╟╢  

1.  ⌐ ⁸ ─ ⅜⌂™ 

2. ⁸כ♃כ⸗  ─ ⌐ ⅜⌂™ 

  │ ─≤⅔╡ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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27  

CE  

 ⌐│ ╩ ⇔⁸ ⌐╟╡∕─ ⅜ ╦╣╢↓

≤─⌂™╟℮⌂ ╩ ∂╕∆⁹ 

 

    ֘ ─ ⱳfiⱪ֙          ֘●☻ Ᵽ♇♥ꜞ֙כ 

 

ₒ ▪☿♅꜠fiֿפₓ 

 

Â 27 │⁸ ⁸ ⁸ ⁸ ─ ─ ╛ ⌐ ⌂ │⁸

⌐╟╡⁸∕─ ─ ⅜ ╦╣╢↓≤⅜⌂™╟℮⌐ ╛

╩ ≢⅝╢ ₈ ₉≤™℮⁹ ╩ ∂╢ ≢№╢⁹ 

Â ↓─ ╩ ∂⌂↑╣┌⌂╠⌂™ │ 9 1 ≢ ╘╠╣≡⅔╡⁸

╕√⁸ ─ │ 20⌐ ↕╣≡™╢⁹ 

 

Â ⅜ ⌂ ☻♃fi♪ │  

ᵑ ┘ ⌂ ⌐ ╢ √∞⇔  

ᵒ ●☻⅜ ⅎ™⇔√≤⅝⌐ ∆╢ ⌐ ╢ 25  

ᵓ ⅜ ∆╢↓≤╩ ∆╢√╘─ ┘ ─ ╩ ∆╢√╘─ ⌐ ╢

28 ⁸ 32  

ᵔ ●☻ ⅎ™ 31  

ᵕ 39  

ᵖ ─√╘─ ⌐ ╢ 40  

ᵗ ─√╘─ ⌐ ╢ 37  

ᵘ ─ ⌂ ⱳfiⱪ 

ᵙ  

Â ─ │⁸ ≡─ ⅜ ≢╙ ≤ ∂╟℮⌐ ≢⅝╢↓

≤╩ ∆╢╙─≢│⌂ↄ⁸ ─ ⅜ ∆╣┌╟™ ≢№╢⁹ 
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ה

 

Â ≢╙ ╛ ╩ ≢⅝╢ ☻♃fi♪ │  

 2

 

 

 

 

 

    

 

 

 

 

 

       

       

       

       

       

       

       

       
 

       

       

─

─

 

⌐╟╢  

1.ᵑ ⌐ ⇔ ⌂ ⅜ ↑╠╣≡™╢ 

 ᵒ ⌐ ⅜⌂™ 

 ᵓ ⅜ ⌐ ↕╣≡™╢ 

2.ᵑ ⅜⁸ ↕╣≡™╢ 

ᵒ ⌐⅔™≡⁸ ≢◄fi☺fi ⌐╟╢ⱳfiⱪ╩ ∆╢╙─⌐№∫≡│☿ꜟ

⅜כ♃כ⸗ ™≡™╢ 

 

⌐╟╢  

 

⌂ ─╖  

 

 

ἰ ⱳfiⱪ─◄fi☺fi⅜ ⇔⌂™ 

ἰ ⅎ™ ─Ᵽ♇♥ꜞכ─ ⅜ ⅞≡™╢ 

ἰ ⌐⅔™≡⁸ ⅎ™ ─Ᵽ♇♥ꜞכ─ ⅜⌂

↕╣≡™⌂™ │∕─ ⅜⌂™ 
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28  

▪☿♅꜠fi ─

 

▪☿♅꜠fi  

▪☿♅꜠fi─ ≡╪ ┘ ⌐│ ⌂ ╩ ⇔

╕∆⁹ 

 

 
ₒ ▪☿♅꜠fiֿפₓ 

 

Â 28 │⁸ ─⅔∕╣─№╢▪☿♅꜠fi●☻─ ─ ┘ ⌐ ╢

─ ─ ⌐╟╢ ─ ╩ ∆╢√╘⌐⁸ ∆╢↓≤─ ≢

№╢⁹ 

Â ↓─ │⁸ ⌐ ╢╙─⌐ ╠╣≡⅔╡⁸ ●☻ ─ │

↕╣≡™⌂™⁹ 

ה

 

Â ─ │ 21 ⌐ ─╟℮⌐ ↕╣≡™╢⁹ 

ᵑ ─ │ 20m3 ≢№╡⁸⅛≈⁸ᵓ─ ╩ 20 ≢⅝╢↓≤⁹√∞

⇔⁸ ⅜ ≢⅝╢ │ 0.8m3 ─ ╩ 20m3─ ⌐ ∆╢⁹ 

ᵒ ─ │⁸ ⅛╠ 100m ≢№╢↓≤⁹ 

ᵓ │⁸0.8m3 ⱳfiⱪ╩ ∆╢ │⁸ ⱳfiⱪ─ ─

╩ ╘╢ ─ B3 ≢№╢↓≤⁹ 

ᵔ │⁸ ⌐╟╢╙─≤∆╢⁹ 

ᵕ ─ │⁸ ⌂ ⌐ ⱳfiⱪ ─ⱱכ☻≤ ≢⅝╢ ╩ 1

↑╢↓≤⁹ 

ᵖ │⁸ ↔≤⌐ ≢ ≢⅝╢╙─≤⇔⁸∕─ ─ │ m3⌐≈⅝

20L ≤∆╢↓≤⁹ 

ᵗ ─ ⅜ ─ │⁸∕─ │ ⅛╠─ ⌐╟╢↓≤⁹ 

ᵘ ─ │⁸ ─ ╩ ⌐ ≢⅝⁸⅛≈⁸ ⅜ ⌐≢⅝╢╟℮⌐

╡ ↑⁸ ≢⅝╢╟℮⌐ ∆╢↓≤⁹ 
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─

─

 

⌐╟╢  

1.  ▪☿♅꜠fi●☻─ ≡╪ ┘ ●☻─ ⌐ ⅜ ↑╠╣≡™╢ 

2.  ⅛╠ ╕≢─ ⅜ 100m ≢№╢    m 

3.  ⅜ 0.8m3/min ≢№╢    m3/min 

4.  │ 20m3 ≢ 20 ⌂ ╩ ⇔≡™╢ 

         m3       m3 

 

⌐╟╢  

 

⌂ ─╖  

ה  

 

 

⅜№╣┌  
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28

─  

⌐ ⇔√

─  

ⱨ♇  

ⱨ♇ ╩ ⌐ ⇔⁸ │ ⇔√ ┼─ ≡╪ ┘

⌐│⁸ ∆╢ ≡╪ ⌐⅔↑╢ ─ ⌐╟╡ ⅜

∆╢↓≤╩ ∆╢√╘⁸ ⌂ │ ╡╩ ⇔╕∆⁹ 

 

 

 

Â 28 ─ │⁸ ⱨ♇ │ ●☻≢№╡⁸⅛≈⁸ ™ ╩ ∆╢●☻≢╙№╢

√╘⁸ ⌐ ⇔⁸ │ ⇔√ ₈ ⌐ ⇔√ ₉≤™℮⁹ ⌐

∆╢ ┘ ⌐ ⇔√ ─ ⌐ ╢ ⌐│⁸ ∆╢ ⱨ♇

╩ ∆╢ ≢─ ─ ≢ ⌐ ⇔√ ⅜ ∆╢↓≤╩ ∆╢√╘─

─ ≢№╢⁹ 

Â ⱨ♇ │⁸ fi◓●☻≤⇔≡⁸♬כꜞ◒▬ꜝ♪⌂ ⌐ ה ─

─ ╩ ⌐ ⌐ ≈√╘⌐ ↕╣≡™╢⁹ 

ה

 

Â ─ │⁸ 21─ 2.⌐ ↕╣≡™╢⅜⁸∕─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ⱨ♇ ╩ ∆╢ ≤ ⌐ ⇔√ ⌐ ∆╢ ─ ⌐│⁸ │

╡╩ ↑╢↓≤⁹ 

ᵒ ⌐ ⇔√ ─ ⌐ ╢ ≤ ∆╢ ⱨ♇ ╩ ∆╢

─ ⌐│⁸ │ ╡╩ ↑╢↓≤⁹ 

ᵓ │ ╡⌐│⁸ ⱨ♇ ╩ ╗ ─ ≢ ⇔⌐ↄ™ ╩ ∆╢↓≤⁹ 

ⱦ♬ꜟ │ ⱨ♇ ╩ ╗ ≢│╟ↄ ∆╢⁹ 

Â ↓─ ─ ⌐│ ─ ⅜№╡⁸ 23 ⌐ ⅜ ↕╣⁸ ─ ⅜

↕╣√⁹ ─ │ᵑ≢№╢⁹ 

ᵑ │ ⌐ ∆╢ ─⧵ה ⌐│ ∆╢ ─

⇔⌐ↄ™ ⁸ ╡  

ᵒ ⱣꜟⱩ│ ⅛⌐ Ⱬ  

ᵓ ≤ ⌂ ─╒⅛⁸ ⌐ ─ ⁸ ┘ ─

─Ɽ♇◐fiה 39 ⁸ Ⱬ⁸♩  

 

ₒ ₓ 23 ─ ≤⌂∫√ ─  

 https://www.khk.or.jp/Portals/0/resources/activities/incident_investigation/hpg_incident/pdf/2009-184.pdf 

β ●☻ ─►▼Ⱪ◘▬♩⌐ꜞfi◒ 

─

─

 

⅜№╣┌  

  

https://www.khk.or.jp/Portals/0/resources/activities/incident_investigation/hpg_incident/pdf/2009-184.pdf
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29  
 

▪☿♅꜠fi  
▪☿♅꜠fi─ ≡╪ ≤ ─ ⁸ ≤ ─ ┘

≤ ≡╪ ≤─ ⌐│ ╩ ↑╕∆⁹ 

30  
 

10MPa  
≤ ●☻ ●☻ ╩ ╦∏ ╩ 10MPa ≢ ⌐ ≡╪∆╢

│ ≡╪ ─ ⌐│ ╩ ↑╕∆⁹ 

 

֘ ≤ ─ ─ ֙ 

 β  

 
ₒ ₓo  ₓפֿ

2
9

 

Â 29 │⁸▪☿♅꜠fi●☻─ ⌐⅔™≡⁸▪☿♅꜠fi●☻─ ⅜ ⇔

√≤⅝⌐⁸ ─ ≤ ┼─ ─ ╩ ∆╢√╘⌐⁸ᵑ ≤

⁸ᵒ ≤ ⌐ ╢ ⁸ᵓ ≤ ⌐ ╢ ─∕╣∙╣

─ ⌐ ─ ╩ ∆╢ ─ ╩ ↑≡ ∆╢ ≢№╢⁹ 

Â ●☻ ⌐ ╢ │⁸ │ ↕╣≡™⌂™⁹ 

Â ─ ⅜ 10MPa ─ ─ ≤│ ⌂╢─≢ ∆╢ ⅜№╢⁹ 

3
0

 

Â 30 │⁸ ⅜ 10MPa ─ ●☻╩ ∆╢ ⌐ ─ ⅜ ⇔√ ≢

╙ ╩≢⅝╢∞↑ ↕∑╢√╘⌐⁸ᵑ ≤ ∆╢ ⁸ᵒ ≤ ⌐

╢ ─∕╣∙╣─ ⌐ ─ ╩ ∆╢ ─ ╩ ↑≡ ∆╢ ≢№╢⁹ 

Â ─ ─ │⁸ ─▪☿♅꜠fi─╟℮⌂₈ ≤ ⌐ ╢

─ ₉│ ↕╣≡™⌂™⁹ 

ה

 

Â ─ ⌐≈™≡│⁸ 22 ⌐ ↕╣≡™╢⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ⌐ ╩ ↑╢↓≤╩ →≡™⌂™⁹ 

 

 β ∆╢ ⌂ ─╖  

Â ─ │⁸ ─™∏╣⅛⌐╟╢╙─≤∆╢⁹ 

ü ◖fi◒ꜞכ♩  

─ ╩ ⁸ 40 ─ ⌐ ⇔⁸ ⌐ ─ ╩ ⌐

⇔√ ↕ 12 ⁸ ↕ ─╙─≢№∫≡ ⌂ ─ ⌐  

ü ◖fi◒ꜞכ♩Ⱪ꜡♇◒  

─ ╩ ⁸ 40 ─ ⌐ ⇔⁸ ⌐ ─ ╩ ⌐

⇔⁸⅛≈⁸Ⱪ꜡♇◒─ ⌐◖fi◒ꜞכ♩⸗ꜟ♃ꜟ╩ ⇔√ ↕ 15 ⁸

↕ ─╙─≢№∫≡ ⌂ ─ ⌐  

ü  

↕ 3.2 ─ ⌐ 30×30 ─ ╩ ⁸ 40 ─ ⌐

≢ ╡ ↑≡ ⇔√╙─ │ ↕ ─ ╩ ⇔⁸∕─™∏╣⌐╙ 1.8

─ ≢ ╩ ↑√ ↕ ─╙─≢№∫≡ ⌂ ─ ⌐  
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─

─

 

⌐╟╢  

1.  ≤ ▪☿♅꜠fi●☻─ ≡╪ ┘ ●☻─ ─ ⌐│ ⅜ ↑╠╣≡

⅔╡ ⅜⌂™ 

2.  ▪☿♅꜠fi●☻─ ≡╪ ≤ ●☻─ ─ ⌐│ ⅜ ↑╠╣≡⅔╡

⅜⌂™ 

3.  ≤ 10MPa ─ ●☻─ ≡╪ ┘ ●☻─ ─ ⌐│ ⅜ ↑╠╣

≡⅔╡ ⅜⌂™ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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31  

●☻ ⅎ™

 

 

⌐│⁸∕─ ⌐ ⌂●☻ ⅎ™ ╩ ⇔╕

∆⁹ 

 

֘ ֙                ֘ ֙ 

 

ₒ  ₓפֿ

 

Â 31 │⁸●☻⅜ ⅎ™⇔≡ │ ─ ⅜ ∆╢↓≤╩ ∆╢√╘⁸

●☻─ ⅎ™╩ ─ ≢ ⇔⁸ ⇔≡ ⌂ ╩ ∂╢↓≤⅜≢⅝╢╟℮

⌐⁸ ●☻⁸ ●☻ │ ≢ ╘╢ ●☻⅜ ⅎ™⇔⁸ ∆╢⅔∕╣─

№╢ ⌐⁸●☻ ⅎ™ ╩ ↑╢ ≢№╢⁹ 

Â ●☻─℮∟⌐│⁸ ≢ ≢⅝⌂™●☻⅜№╢√╘⁸ ─ ≤⌂╢ ●☻≤

⇔≡⁸ 10 ─ ≢ ─╙─⅜ ╘╠╣≡™╢⁹ 

 

ה

 

Â ⌐ ↑╢●☻ ⅎ™ ─ ⁸ ┘ │ 23

⌐ ↕╣≡™╢⅜⁸∕─ ⌂ ─╖ │ ─≤⅔╡≢№╢⁹ 

ᵑ  

(a) │⁸ ●☻ │ ●☻│ ─ 1/4 ⁸ ●☻│

▪fi⸗♬▪⁸ │ ─  

(b) ─ │⁸ ●☻ │ ●☻│ 0 ⁸ ●☻│ 0

─ ─ ╩  

(c) ⅜ ╩ ∆╢⌐ ╢╕≢─ ╣│⁸ ─●☻ ─ 1.6 ─

─●☻╩ ⌐ ⇔ ™⁸∕─ ─ ╣⅜ 30 ≢№╢↓≤⁹ 

( d) ⅛ ⌐ ─ ─ ⁸ ⅛ ⌐ ─ ⁸ ─

●☻─●☻ ⅎ™ │ ⅛ ⌐ ─ ─  

ᵒ  

(a) │⁸ 44 ─ ─ ⌐ ⇔√╙─ 

(b) │⁸ꜝfiⱪ─ │ ≤ ⌐ ╩ ∆╢╙─ 

ᵓ ─  

(a) ─ ⌐ ↕╣√ ●☻ ─ ─ 10m⌐≈⅝ 1  

(b)  ─ ⌐ ↕╣√ ●☻ ─ ─ 20m⌐≈⅝ 1  

(c) ─ ╩ ╗ ─ 20m⌐≈⅝ 1  

(d) │ ╟╡ ™●☻─╖≢ ↕⅜ 2.5m ─╙─╩ ↄ⁹ ─

⌐ 1  

(e) ●☻─ 1 ─ ⌐ 1  

ᵔ ─  
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⅜ ∆╢ ≢№∫≡⁸ ─ ╩ ∂╢─⌐ ⌂  

Â ●☻ ─ │₈ ₉≤₈ ₉≤≢ ⌂∫≡™╢⁹4 ™∏╣⌐╙ ⅜

ↄ⌂ↄ⁸ ≤ ─╖─╙─│ ⌐│ ╕⌂™⅜⁸∕─ ⌐ ╩ ╢ ⅜№╣┌

≤╖⌂∆⁹ 

Â ▪fi⸗♬▪─╟℮⌐ ●☻≢╙№╡ ●☻≢╙№╢╙─│⁸ ─ ™ ─╙

─╩ ∆╣┌╟ↄ⁸2 ─╙─╩ ∆╢ │⌂™⁹ 

─

─

 

⌐╟╢  

1.  ─ ⌐ ∂⁸ ⌂ ─ ⅜ ↑╠╣≡™╢ 

         ⁸        

2.  ⌐ ⅜⌂™ 

3.  ⅜ ⌐ ↕╣≡™╢ 

   │ ─≤⅔╡ 

4.  ─ ─ ⌐│ ⅜™╢ 

 

⌐╟╢  

 

⌂ ─╖  

 

 

ἰ ╩ ⇔≡╙ ⇔⌂™ ⌐╟╢  

ἰ ─ 1.6 ╩ ⌐ ⅎ╢ ─●☻≢ ╩ ∫≡™╢ ⌐╟╢
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32  

CE  

⁸ ─

 

∕─  

●☻ ┘ ⌐│⁸ ⌐╟╢ ╩ ∂╕∆⁹ 

    L/   m2ה

    L/  m2ה

 

 
ₒ  ₓפֿ

 

Â 32 │⁸ ─ ⌐╟╡ ●☻─ ⅜ ↕╣≡●☻─ ⅜ ⌐ ⇔⁸

⅜ ⁸ ⇔⌂™╟℮⌐ ─√╘─ ╩ ↑╢ ≢№╢⁹ 

Â ⁸ │ ─ │⁸ 24 ⌐ ↕╣≡™╢⁹ 

ה
 

Â ↓─ ─ ╩ ↑╢ │⁸ 24 ⌐ ↕╣≡™╢⅜⁸∕─ ╛

│ ●☻⅛ ●☻⅛⌐ ⌂ↄ⁸ ─ᵑ ᵓ─™∏╣⅛⌐ ∆╢╙─≢№╡⁸

⌐╟∫≡│⁸ ●☻ │ ●☻ ─ ╛ ─ ⌐╙ ↕╣╢

⅜№╢⁹ 

ᵑ ●☻─ ┘∕─  

ᵒ ●☻─ ┘∕─  

ᵓ ─(a) │(b)⌐ ∆╢ ●☻ ┘ ●☻ ─ ┘∕─  

(a) ●☻─ ─ ⅜№╢ │ ─ ⅛╠ 10m ⁸ ⅜⌂

™ │ ─ ⅛╠ 20m ⌐№╢╙─ 

(b) ╩ ╡ ℮ ─ 20m ⌐№╢╙─ 

Â ₈ ╩ ╡ ℮ ₉≤│⁸ ⌐ →╢╙─╩ ⇔⁸ ⇔⁸ │ ╡ ℮

≢№╢ 6 1 32 ⁹ 

ᵑ 23 186 1─ 2 ⅛╠ 5 ╕≢─ ─℮∟

─ ⌐ ∆╢ 34 306 3─ ⌐ ╘╢

─╙─ 

ᵒ ─ ⌐ ∆╢ 4─ ⌐ →╢ ─℮∟ ─ ⌐ ╘╢

─╙─ 

Â ⌐│ ⇔⌐ↄ™─≢⁸ 24⌐ ↕╣≡™╢◖fi◒ꜞכ♩ │ ≢

∆╢↓≤⅜ ™⅜⁸ ⌐ ∆╢↓≤⅜≢⅝╢╙─│ ─ │⌂™⁹ 

Â 24─ 2 ⌐│⁸₈√∞⇔⁸ ─√╘ ⅜ ↕╣≡™╢ ≢№∫

≡⁸ ─ ↕⅜ ─ ─ ╩ ⇔√╙─≢№╡⁸⅛≈⁸ ⌂

╩ ∆╢╙─│⁸∕─ ⌐⅔™≡ ─ ─ ╩ ∆╢√╘─ ╩ ∂√╙─

≤╖⌂∆⁹₉≤↕╣≡™╢⅜⁸↓╣│⁸ ─ ≢№∫≡⁸ ⅜

─ ≤⇔≡⁸ 650ϴ30ה ⌐ ⅎ╢ ─ ╩ ∆╢ ╩™

℮⁹⌂⅔⁸ ─ ⌐№∫≡│ 2.5L/minהm2 ─ ─ ⅜ ≤⌂╢⁹ 

Â ≢│ ⅛ ⅛│ ↕╣≡™⌂™⅜⁸ ≤ ⌐ ⌐

∆╢ ⌐≈™≡ ∆╢⁹ 
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─

─

 

⌐╟╢  

1.  ●☻ │ ●☻─ ┘ ⌐≈™≡⁸ ─ │∕─ ⌐ ∂⁸

─ ╩ ∆╢ ⅜ ↑╠╣≡™╢ 

             

            ⁸           

2.  ∕─ ─ ⅜⌂™ 

3.  │ 30 ⇔≡ ≢⅝╢ ╩ ⇔≡™╢ 

      m3⁸       m3  

 

⌐╟╢  

 

⌂ ─╖  

 

 

ἰ ⱳfiⱪ⅜ ∑∏⁸ ─ ⅜ ≢⅝⌂™ 

ἰ ─ⱡ☼ꜟ⅜ ⌐╟╡ ╕∫≡™╢ 
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33  

●☻─ ה

 

 

●☻ ⌐│ ╩ ⇔╕∆⁹╕√⁸ⱳfiⱪ⁸ⱣꜟⱩ ⁸

●☻⅜ ⅎ™∆╢⅔∕╣─№╢ ⌐│₈ ●☻ ⅎ™

₉ ─ ╩ ⇔╕∆⁹ 

 

 
ₒ  ₓפֿ

 

Â 33 │⁸ ●☻─ ⅎ™ ⌐│ ⌐ ⅝⌂ ╩ ⅎ╢⅔∕╣⅜№╢√╘⁸

─ ≤ ⇔≡ ●☻─ ≢№╢↓≤╩ ∆ ╩ ↑╢ ≢№╢⁹ 

Â ⱳfiⱪ⁸ⱣꜟⱩ ┘ ⅛╠ ●☻⅜ ⅎ™∆╢⅔∕╣─№╢ ⌐│⁸

⌐ ⇔≡∕─ ╩ ↕∑╢√╘⁸ ╩ →╢ ≢№╢⁹ 

ה

 

Â ╛ ─ │⁸ 25⌐ ↕╣≡™╢⅜⁸ ─ ⅝↕╛ ⅜

↕╣≡™╢⁹ 

 β ∆╢ ⌂ ─╖  

1.   

●☻─ ─ ─ ╛∆™ ⌐ ─ ╩ ⇔√ ╩ →╢╙─≤∆╢⁹ 

●☻ ủủ  

 (1) ủủ⌐│ ●☻─ ╩ ∆╢╙─≤∆╢⁹ 

(2) ─ ≤│ ⌐ →╢╙─≤∆╢⁹ 

(3) ₈ ₉─ │ ⌐№∫≡│₈ ₉≤∆╢⁹ 

(4) 10 30  

(5) ─ │⁸ ╩ ⁸ ╩ ≤∆╢⁹ 

(6) ─ ⌐ ─ ⌐╟╢ ╩ ∆╢↓≤╩ →⌂™⁹ 

(7) │ ≢╙╟™⁹ 

2.   

●☻⅜ ⅎ™∆╢⅔∕╣─№╢ ⱳfiⱪ⁸ⱣꜟⱩ ┘  ⌐ ─ │↓╣≤

─ ╩ ∆ ╩ ⇔√ ╩ →╢╙─≤∆╢⁹ 

●☻ ⅎ™  

 (1) ─ ⅝↕│ ה ─ ≤⇔⁸10 ╣√ ⌐⅔™≡ ≢⅝╢

╙─≤∆╢⁹ 

(2) ─ │⁸ ╩ ⁸ ╩ ₈ ₉⌐№∫≡│ ≤∆╢⁹ 

(3) ─ ⌐ ─ ⌐╟╢ ╩ ∆╢↓≤╩ →⌂™⁹ 

(4) │ ≢╙╟™⁹ 
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─

─

 

⌐╟╢  

1.  ●☻─ ─ ⌐ ⅜№╢ 

2.  ●☻⅜ ⅎ™∆╢⅔∕╣─№╢ ⌐ ⅜№╢ 

 

⌐╟╢  

 

 

 

ἰ ─ ⅜ ↄ⌂∫≡™╢ 
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35  

●☻ ─  

 
●☻─●☻ ─ ⁸ⱣꜟⱩ ─ │ ⌐╟╢╙─≤⇔╕

∆⁹√∞⇔⁸ ⌐╟╢ ⅜ ⌂ │⁸ ⌂ ╩ ∫√ⱨ

ꜝfi☺ │⌡∂ ⌐╟╢ ≤⇔╕∆⁹ 

 

 
ₒ  ₓפֿ

 

Â 35 │⁸ ●☻─●☻ ⌐ ╢ ⁸ ┘ⱣꜟⱩ─ ⅛╠⁸●☻⅜

ⅎ™∆╢↓≤╩ ∆╢√╘⁸ ≤⇔≡ ⌐╟╢ ≤∆╢ ≢№╢⁹⇔⅛⇔⁸

╛ ─√╘ ∆╢ ⅜№╢ ─ │⁸ ⌐ ⌂ ╩ ∆╢ⱨꜝ

fi☺ │⌡∂ ─ ⅜ ╘╠╣≡™╢⁹ 

ה

 

Â ₈ ⌐╟╢↓≤⅜ ≢⌂™ ₉ ԇ ⌐╟╢ ≢│⌂ↄ⁸ⱨꜝfi☺ ⌐╟╢

≢╙ ≤⌂╢ ⌐≈™≡│⁸ 26.⌐ ⌡ ─╟℮⌐ ↕╣≡™╢⁹ 

ᵑ ⇔┌⇔┌ ⇔≡ ┘ ╩⇔⌂↑╣┌⌂╠⌂™ ╩ ∆╢  

ᵒ ⌐ ⅜ ↓╡╛∆™↓≤⌐╟╡⁸ ╩⇔┌⇔┌ │ ∆╢ ─№╢  

ᵓ ⌐ ⇔≡ ─ ┘ │ ╩⇔⌂↑╣┌⌂╠⌂™ ⁸ ⁸

│ ≤ ∆╢ ⌐ ╢⁹  

ᵔ ⁸ │ ⌐ ─ ╩ ≤∆╢ ╩ ∆╢ ┘ ─

╩ ∆╢  

Â ₈ ⌂ ╩ ∆╢ⱨꜝfi☺ │⌡∂ ₉─ ⌐≈™≡│⁸

26⌐ ↕╣≡™╢⁹ 

Â ─ │⁸ │ ≤ⱣꜟⱩ─ ⌐ ↕╣⁸ ≤ ─ ⌐│

↕╣⌂™⁹ 

─

─

 

⌐╟╢  

1.  ●☻─●☻ ─ │ ⌐╟╡ ╦╣≡™╢ 

2.  ⌐╟╢ ⅜ ≢⌂™ ─ │⁸ ⌂ ╩ ∆╢ⱨꜝfi☺ │⌡

∂ ⌐╟╡ ╦╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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36  

●☻ ─  
ⱨ♇ ⱥ

●☻⁸▪fi⸗♬▪⁸ ⁸

◒꜡ꜟⱷ♅ꜟ⁸ ◄♅꜠fi⁸

◦▪fi ⁸ⱱ☻◕fi⁸

 

●☻ ⌐ ╢ │⁸●☻─ ⁸ ⁸ ─ ⌐ ∂⁸ ⌂

╩ ≤⇔╕∆⁹ 

 

 
ₒ פֿ ₓ 

 

Â 36 │⁸ ●☻ ●☻⁸ ⱨ♇ ⱥ ⁸ ●☻⁸▪fi⸗♬▪⁸

⁸◒꜡ꜟⱷ♅ꜟ⁸ ◄♅꜠fi⁸◦▪fi ⁸ⱱ☻◕fi │ ─●☻ ⌐

╢ │⁸∕─ ⅛╠ ⅎ™⇔√●☻⅜ ⌐ ∆╢↓≤╩ ∆╢√╘⁸

┘ ⅜ ⇔≡™╢ ─ ─ ⌐ ∂≡⁸●☻ ⅎ™

╩ ↑√ ≤∆╢ ≢№╢⁹ 

Â ⌐ ↕╣√ ⌐≈™≡│⁸↓─ ⅜ ↕╣⌂™⁹ 

ה

 

Â ─ │⁸ 27.⌐ ↕╣≡™╢⁹ 

Â ≤∆═⅝ ⌐≈™≡│⁸ ─ ⌐│ ↕╣≡™⌂™⅜⁸

2001 13 ⌐│⁸ ─╟℮⌐ ↕╣≡™√⁹ 

 

 

 

 

 

 

─

─

 

⌐╟╢  

1.  ●☻─ ⌐ ∂≡⁸●☻ ─ ╩ ≤⇔≡™╢ 

2.  ⌐ ↑√●☻ ⅎ™ ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

⅜№╣┌  

 

 

⅜№╣┌  

  

ₒ 18x  

⌐∆╢ ─№╢ │⁸ ●☻─ ●☻⌐ ╢ ≢№∫≡⁸∕─ ╩

⌐╟∫≡ ⇔√ ⁸∕─ ─●☻╩ ─ ⌐ ⌐ ∆╢ ─ ╩

∏╢↓≤⅜≢⅝⌂™ ⌐⅔↑╢ ─●☻─ ⌐ ∂≡⁸ ⅛╠ ╕

≢─ ⅜ 16 │ 17 ─ ⌐╟╢ ⌐ √⌂™ ≤∆╢⁹ 
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37 ⁸

42 ♅ 

⁸  
ⱨ♇ ⱥ

●☻⁸▪fi⸗♬▪⁸

⁸◒꜡ꜟⱷ♅ꜟ⁸ ◄

♅꜠fi⁸◦▪fi ⁸ⱱ☻

◕fi⁸  

●☻ ┘ ●☻─ ⌐│⁸ ⌂ ╩ ∂╕∆⁹ 

 ᵑ ⌂ ╩ ∂╕∆⁹ 

   

 ᵒ ┘ ─  

  ▬  

  ꜡ ─     

─    

   

   

 ᵓ ⌐ ⌂  

─    

   

   
 

 

      ֘ ─ ֙             ֘ ֙ 

 

ₒ פֿ ₓo  ₓפֿ

 

3
7

 

Â 37 │⁸ ●☻ ●☻⁸ ⱨ♇ ⱥ ⁸ ●☻⁸▪fi⸗♬▪⁸ ⁸

◒꜡ꜟⱷ♅ꜟ⁸ ◄♅꜠fi⁸◦▪fi ⁸ⱱ☻◕fi │ ─ ⌐│⁸

●☻⅜ ⅎ™⇔√≤⅝⌐⁸ ⅎ™⇔√●☻─ ┼─ ╩ ⇔⁸ ╛⅛⌐

∆╢√╘─ ╩ ∂╢ ≢№╢⁹ 

Â ─ │⁸ 28. ●☻⁸ ⱨ♇ ⱥ ╩ ↄ ┘

29 ●☻⁸ ⱨ♇ ⱥ ⌐ ↕╣≡™╢⁹ 

 

4
2

♅ 

Â 37 ≤ ⌐ ●☻─ ⌐│⁸ ⅎ™⇔√●☻─ ┼─ ╩ ⇔⁸ ╛

⅛⌐ ∆╢√╘─ ╩ ∂╢ ≢№╢⁹ 

Â ─ │⁸ 28 29.⌐ ↕╣≡™╢⁹ 
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ה

 

Â ⌐│⁸ ─╙─⅜№╢⅜⁸∕─ │ ●☻ ┘ ⱨ♇ ⱥ ≤ ─

●☻≤≢│ ⅜ ⌂╢↓≤⅛╠ ╙ ₁⌐ ╘╠╣≡™╢⁹ 

ᵑ ⅎ™⇔√●☻─ ⌂  

ᵒ ●☻─ ⁸ ┘ ─ ⌐ ∂√ ●☻─ ה ה ─√╘─

┘  

ᵓ ⌐ ⌂ ⱴ☻◒∕─ ─ ─ ⅎ ↑≤ ⌂ ⁸  

Â ●☻ ┘ ⱨ♇ ⱥ ⌐≈™≡│⁸ ≤⇔≡◦ꜞfi♄כ◐ꜗⱦⱠ♇♩

⌐ ╩ ⇔≡ ⇔⁸ ∆╢ │ ∆╢ ⌐╟╡ ∆

╢↓≤⅜ ↕╣≡™╢⁹ 

ה

 

Â 28. ●☻⁸ ⱨ♇ ⱥ ╩ ↄ ⌐⅔↑╢ ─ ─

│⁸ ⅜ ⇔≡ ─ ⅜ ↕╣√ ╩ ≤⇔√╙─≢│⌂ↄ⁸

⌐ 6mm─ ⅜№⅝ ⅜ 10 ⅎ™⇔√ ╩ ⇔⁸ ─ ╩

60 ≤⇔≡ ╘╠╣√╙─≢№╢⁹ 

₆ ⌂ ●☻ ≤ ─ ─ │∕─ 1/2 ₇ 

●☻    ●☻    

 ⅛ ♄כ♁  670kg  ⅛ ♄כ♁  1,140kg 

♄כ♁  870kg ♁כ♄  1,500kg 

 390kg ●☻ ⅛ ♄כ♁  530kg 

ⱱ☻◕fi ⅛ ♄כ♁  390kg ♁כ♄  700kg 

 360kg ─   
 ▪fi⸗♬▪⁸ 

◄♅꜠fi⁸ 
◒꜡ꜟⱷ♅ꜟ 

─   

 

Â ●☻│ ≡ ∆╢↓≤⅜ ╕⇔™⅜⁸ ●☻─ ⌐╟∫≡│ ⌐ ≢⅝⌂

™╙─╙№╢√╘⁸ ≢│ ∆═⅝ ●☻╩ ⇔≡™╢⁹√∞⇔⁸ 20 ─

─ ─ ⌐≈™≡│⁸ ≡─ ●☻⅜ ≢№╢⁹ 

Â ●☻ ┘ ⱨ♇ ⱥ ─ ⅎ™ ─ ─ ⌐≈™≡│⁸∕─

─╖ ⇔⁸ ┘ ⌐ ∆╢ ⌐≈™≡│ ↕╣≡™⌂™⁹ 

Â ⌐ ⌂ ─ ┘ ⌐≈™≡│⁸ 28⁸29≢ ─≤⅔╡

╘╠╣≡™╢⁹ 

 β ∆╢ ⌂ ─╖  

(1) ⁸ ⱴ☻◒ │ ™∏╣╙ ≤∆╢⁹  

(2) ⱴ☻◒  

(3) ┘ ◗ⱶ │  

(4) ◗ⱶ │  

β (1) │(4)─ ⌐≈™≡│⁸ ⌐ ∆╢↓≤≤⇔≡™╢ ⌐ ⌂ ╩

ⅎ√ │ ⌐ ∆╢ 10 ⌐≈⅝ ─ ≢ ⇔√  

(2) │(3)─ ⌐≈™≡│⁸ ●☻─ ™⌐ ⇔≡™╢ ⌐ ⌂ ╩

ⅎ√ │ ⌐ ∆╢ 10 ⌐≈⅝ ─ ≢ ⇔√  

√∞⇔⁸(1)─ ╩ ⌐ ∆╢ ⌐ ∆╢ ╩ ⅎ√ │⁸(2)─

╩ ⅎ⌂ↄ≡╙╟™╙─≤∆╢⁹ 
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─

─

 

⌐╟╢  

1.  ⌂ ⅜ ∂╠╣≡™╢ 

2.  ●☻─ ⌐ ∂≡⁸ ⌂ ⅜ ↕╣≡™╢ 

                 

3.  ─ │ ⌐ ↕╣≡™╢ 

4.  ⁸ │ ⌂ ⅜ ↕╣≡⅔╡⁸∕─ ⅜ ≢№╢ 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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38  
 

 
●☻ ⌐│⁸ ╩ ∆╢ ╩ ∂╕∆⁹ 

 

֘LPG─ Ⱳfi♦▫fi◓֙ 

 

ₒ  ₓפֿ

 

Â 38 │⁸ ●☻ │ ●☻─ ≢│⁸ ─ ╣╛ ⅛╠

∆╢≤⅝⌐ ∆╢ ─ ⌐╟╡⁸ ⅎ™⇔√●☻⌐ ה ∆╢⅔∕╣⅜№╢√

╘⁸ ∆╢ ╩ ⌐╟╡ ∆╢ ≢№╢⁹ 

ה
 

Â ─ │ 30 ⌐ ↕╣≡™╢⅜⁸ │ ─≤⅔╡≢№╢⁹ 

ᵑ ⁸ ⁸ ⁸ ↕╣≡™╢ ≤ ⌐ ↕╣≡™╢╙─╩

ↄ ) ⱬfi♩☻♃♇◒ │⁸ ⌐ ⇔≡⅔ↄ↓≤⁹√∞⇔⁸ ⅜ ⌐ ⇔≡™╢

┘ ≢ ⇔≡™╢ ⌐№∫≡│⁸Ⱳfi♦▫fi◓ ⌐╟╡ ⇔≡

⇔≡⅔ↄ↓≤⁹ 

ᵒ Ⱳfi♦▫fi◓ ┘ │⁸ ─ ≢ ⌐ ╛ ⇔⌂™╙─

╩ ™⁸╤℮ ↑⁸ ⁸ ╩ ∆╢ ⌐╟∫≡ ⌐ ∆╢↓≤⁹ 

ᵓ ●☻ ⇔ↄ│ ●☻╩ ⁸ │ ⌐ ⇔⁸ │ ●☻

⇔ↄ│ ●☻╩ ⅛╠ ∆╢≤⅝⌐ ⌐≈™≡ ╩ ∆

╢ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

(a) ─ ⌐ ∆╢ │ │⁸ ⇔≡⅔ↄ↓≤⁹ │ ⌐

╛ ⇔⌂™╙─╩ ™⁸╤℮ ↑⁸ ⁸ ╩ ∆╢ ≢ ⌐  

(b) ☻♃fi♪⁸♃fi◒꜡כꜞכ ꜟ♪כ◌ ╗ )⁸♃fi◒ ┘ ─

⌐ ∆╢ │⁸ ∆╢ ⌐ ∆╢↓≤⁹ │ 5.5mm2 ─╙─

╩ ↄ)╩ ™⁸ ╩ ⇔ ⌐ ⁸ ⅛╠ ╣√ ⌐  

ᵔ │⁸ 100Ɏ ≤∆╢↓≤⁹√∞⇔⁸ ╩ ↑╢╙─⌐≈™≡│⁸

10Ɏ ≤∆╢↓≤⁹ 

ᵕ ╩ ⌂ ⌐ ∆╢√╘⁸ ─ ⌐≈™≡ ╩ ™⁸ ╩

∆╢╙─≤∆╢⁹ 

(a) ⌐⅔↑╢  

(b) ⌐⅔↑╢ ─  

(c) ⌐⅔↑╢ ⁸∕─ ─ ─  

Â ₈ 100Ɏ₉≤│⁸ ─ ⅛╠ ⌐ ╢ ⌐⅔™≡⁸ ─ ⌐≈

™≡ ⇔√ ( ≢⌂™ )≢╙ ─ ⅜ ─ ≤ ⌐

100Ɏ ≢№╢↓≤╩™℮╙─≢№╡⁸ ─ ─ │ ─ ─ ≢│

⌂™⁹ 

Â │⁸ ─ ╩ ╗ ─ ╩ ⇔√ ≢ ╩

⇔⁸ 100Ɏ ≢№╢↓≤╩ ∆╢⁹ 



 

75 
 

─

─

 

⌐╟╢  

1.ᵑ ⌐ ↕╣√ ⅜ ↑╠╣≡™╢ 

 ᵒ ∕─ ─ ⅜⌂™ 

2.  ⅜ 100Ɏ ╩ ↑√╙─ 10Ɏ ≢№╢ 

   │ ─≤⅔╡ 

 

⌐╟╢  

 

 

 

ἰ ▪כ☻Ⱳfi♦▫fi◓⅜ ⇔≡™╢ 
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39  

CE  

 

 

●☻ ┘ ─ ⌐│⁸ ╩ ↑╕∆⁹ 

 ᵑ ─  

─     

    

    

 ᵒ ─  

─    

   
 

39

─  

 

 
●☻─ ⌐│⁸∕─ ⌐ ∂⁸ ⌂ ╩

⌂ ⌐ ↑╕∆⁹ 

42

♯ 

 

 

⌐│ ╩ ⇔╕∆⁹ 

ₒ ─ ₓ 

─    

   
 

 

֘ ─ ֙ 

 

│⁸ 32 ╩  

ₒ ◘◌꞊  ₓפֿ

3
9

 
Â 39 │⁸ ●☻⁸ ┘ ⱨ♇ ─ ⌐│⁸↓╣╠─ ⅛╠

ⅎ™⇔√●☻⌐╟╢ ⅜ ⇔√≤⅝⌐ ≢ ⇔⁸⅛≈⁸↓╣╠─ ─

≢ ⅜ ⇔√≤⅝⌐∕─ ⅜↓╣╠─ ⌐ ∆╢↓≤╩ ∆╢√╘⁸

╩ ↑╢ ≢№╢⁹ 

Â ₈ ₉≤│⁸ ─ ┘ ╩ ←√╘─₈ ₉≤ ╩ ∆√╘─

₈ ₉≤─ ╩ ╦∑√ ─ ≢№╢⁹ 

3
9

─

 

Â 39 ─ │⁸ ●☻ ⱨꜟ○꜡○꜠ⱨ▫fi 1234yf⁸ⱨꜟ○꜡○꜠ⱨ▫fi 1234ze 

┘ⱨꜟ○꜡◌כⱲfi 32 ⅜ ≢№╢↓≤⅛╠⁸∕─ ⌐│ ─ │

⇔⌂™⅜⁸ ╩ ↑╢ ≢№╢⁹ 

Â ─ │⁸ 31.⌐ ↕╣≡™╢⅜⁸ ●☻≤╒╓ ⌂

─ ⅜ ↕╣≡™╢⁹ 

4
2

♯ 

Â 42 ♯│⁸ ●☻⁸ ●☻⁸ ┘ ⱨ♇ ─ ⌐│⁸

╩ ↑╢ ≢№╢⁹ 

Â ⌐│⁸ 39 ─ ─ ─╟℮⌐ ╕≢│ ╘≡™⌂™⁹ 

Â ─ │⁸ 31 ⌐ ↕╣≡™╢⁹ 
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ה

 

Â ─ ⁸ ⁸ ─ │ 31 ⌐ ↕╣≡™╢⅜⁸∕─

│ ─≤⅔╡≢№╢ 60 12 │ ⁹ 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ѝ Ɑכ☺⌐ ↄ 

Â │⁸ ⁸ ┘ ⁸ ⁸ ┘

╩™℮ )╩™™⁸ ─ ┘ ⌐╟╢ ╩ ∆╢√╘─╙─ │⁸

╩ ∆╢ ┘ ●☻ ●☻╩ ↄ⁹ ⌐╟╢ ╩™™⁸

∆╢√╘─╙─ 

Â ─  

ᵑ │⁸ ⌐ ⇔ ↕╣√ ⱡ☼ꜟ ⅝ ⌐╟╡ ╩ ∆╢ ╩™

™⁸ ─ 2⌐≈⅝ L /  ─ ╩ ≢⅝╢╙─⁹√∞⇔⁸ ↕

25mm ─꜡♇◒►כꜟ≢ ⇔⁸↕╠⌐∕─ ╩ ↕ 0.35mm ─  G 

3302(1970) ≢ ⇔√ ⌐№∫≡│⁸ ╩ 1/2 ⌐ ∏╢↓≤⅜≢⅝⁸╕√⁸

5m╩ ⅎ╢ ⌐№∫≡│⁸ ╩ 5m ─ ≢ ∫≡ ╠╣╢ ⅜

≤⌂╢╟℮⌐ ∫√ ─∕─ ╩ ─ ≤╖⌂∆↓≤⅜≢⅝╢ ᵒ₈

₉⌐⅔™≡ ∂⁹  

ᵒ │⁸ ⌐ ⇔ ↕╣√ №⅝ │ ⱡ☼ꜟ ⅝ ⌐╟╡ ∆╢

╩™™⁸ ─ 2⌐≈⅝ L /  ─ ╩ ≢⅝╢╙─ 

ᵓ │⁸ ⌐ ⇔≡ ⇔≡ ↕╣√╙─≢№∫≡⁸ ⱡ☼ꜟ─

⅜ 0.35MPa ≢№╡⁸⅛≈⁸ ⅜ 400L /  ─╙─ 

ᵔ │⁸ ⌐ ⇔≡ ⇔≡ⱱכ☻⌐╟╡ ⌐ ∆╢╙─≢№∫≡⁸

ⱡ☼ꜟ─ ⅜ 0.35MPa ≢№╡⁸⅛≈⁸ ⅜ 400L /  ─╙─ 

ᵕ │⁸ ⌐ ⇔√╙─⁸ ⌐╟╡↑╪ ∆╢╙─ │ ⌐ ⇔≡

≢⅝╢╙─ ≢№∫≡⁸ ⅜ 1,900L/  ─╙─ 

ᵖ │⁸ ⌐ ↕╣⁸⅛≈⁸ⱱ⁸☻כ ⁸Ɫfi♪ꜟ ─ ╩ ⅎ√╙─≢№∫

≡⁸ ⱡ☼ꜟ─ ⅜ O.35MPa ≢⁸ ⅜ 400L /  ─╙─ 

Â ─  

ᵑ │⁸ │ ─╙─≢№∫≡⁸ B- 10 ─ ─

╩ ╘╢ ⌐ ≠⅝ ╘╠╣√╙─╩™℮ ) ─╙─ 

ᵒ ●☻ ●☻╩ ↄ⁹ ⌐╟╢ │⁸ ⁸ ⌂ ╩ ⌂

≢ ≢⅝╢╙─ 

Â ─  

ᵑ ●☻⁸ ⇔ↄ│ ⱨ♇ ─●☻ ⁸ │ ⌐

│⁸ ─ ⁸ ┘ ─ ⌐ ∂≡⁸ ⁸ │↓─

─ 1.6 ─ ╩ ≢⅝╢ ╩ ∆╢ ⇔ↄ│ ⅛╠ ─

─ 1.6 ─ ╩ ≢⅝╢ ╩ ∆╢ ⁸ ┘ ─℮

∟™∏╣⅛ ⌂ ╩  
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ה

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵒ ⌐ →╢ ☻♃fi♪│ │⁸ ╩ ∆╢↓≤╩ ⇔⌂™⁹ 

(a) │ ⅜ │ ⌐ ⌐ ╣≡™╢  

(b)  

( c) ≢№∫≡⁸∕─ ⅛╠ 20 ⌐ ●☻─ ⁸

⇔ↄ│ ⁸ │ ╩ ╡ ℮ ⅜ ↑╠╣≡™⌂™╙─ 

( d) CE╩ ╗⁹  

(e) ⁸ │ ∆╢↓≤⅜ ⌐ ≤⌂╢ ⅜ ≤⌂╢ ⁸Ᵽכ♫

╩כ ∆╢ ╩♩▬Ᵽכ◌⁸ ∆╢▪☿♅꜠fi─  

(f)  

(g) ♦▫☻Ɑfi◘כ 7 1 ─ ●☻☻♃fi♪⌐ ╢╙──℮∟ 2

9 ─ ╩ ⇔≡ ∂√╙─⁸ 7 ─ 2 1 8 ─ ⅜ ∂╠╣≡

™╢ ●☻☻♃fi♪⌐ ╢╙─ ┘ 7 ─ 3 1 5 ─ ⅜ ∂╠

╣≡™╢ ☻♃fi♪⌐ ╢╙─⌐ ╢⁹  

Â ─  

ᵑ ─ ⁸ ⇔ↄ│ │ ─ ⌐№╢ ●☻⁸

│ ⱨ♇ ─ 10t ●☻⌐№∫≡│ 20t ⌐≈⅝ B- 10 ─

1 ─╙─╩ ⁹↓─ ⁸ │⁸ B- 10 3 

●☻⌐№∫≡│ 2  

ᵒ ⌐№∫≡│⁸ ╩ ⇔≡™╢╙─⌐≈™≡│∕─ ⌐ 75m ↔≤⌐⁸

∕─ ─╙─⌐≈™≡│ ─ ─ ⌂ ⌐⁸ B- 10 ─ 3 ─

╙─╩  

ᵓ ─ ●☻ ⌐№∫≡│⁸ ●☻ ●☻╩ ↄ⁹ ⌐╟╢

⌐╟∫≡ ⅎ╢↓≤⅜≢⅝╢⁹ 

Â  

ᵑ ─ ─℮∟⁸ ╩ ╙ ⌐ ≤∆╢ ╩™

℮⁹ ∂⁹ ┘ ⌐ ∆╢ ─℮∟≢ ╙ ⌐ ╩

≤∆╢╙─⌐ ⇔⁸ ╩ 30 ⇔≡ ≢⅝╢ ╩ ∆╢╙─≢№

╢↓≤⁹√∞⇔⁸ ⌐╟╡ ⌐ ⇔√≤ ⌐ ≢⅝╢ ≢

№∫≡⁸∕─ ⅜ ─ ⌐ ─ ╩ ⅎ√ ≢№╢

│⁸ ⅜ ⌐№╢╙─≤╖⌂∆⁹ 

ᵒ 15m 15m

 

Â ∕─  

ᵑ CE│⁸ ─ ⅛╠ ⅛╣╢⁹ 

ᵒ ─ ╩ ∆╢ ─ │⁸ ╛ ⅜ ≢№╡⁸

─ │ ╕╣⌂™⁹ 

ᵓ ─ │⁸ ┘ ⌐ ∆╢ ─℮∟≢

╙ ⌐ ╩ ≤∆╢╙─≤↕╣≡™╢⅜⁸↓↓≢™℮ ≤│ ⌐╟╡

↕╣≡™╢ ⌐№╢╙─≤∆╢⁹ 
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─

─

 

⌐╟╢  

1.   

ᵑ ─ ⌐ ∂⁸ ⌂ ⅜ ↑╠╣≡™╢ 

                    

ᵒ │ 30 ⇔≡ ≢⅝╢ ╩ ⇔≡™╢ 

      m3⁸       m3 

ᵓ ─ │⁸ ┘ ─ ⅛╠ 15m ╣√ ┘ ⅜ ∆╢

⌐ ↑╠╣≡™╢ 

2.   

 ᵑ ─ ⌐ ∂⁸ ⌂ ─ ⅜ ↑╠╣≡™╢ 

         ⁸       

 ᵒ │ ⌂ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

⌂ ─╖  

ה  

 

 

ה  

 

 

ἰ ⱳfiⱪ⅜ ∑∏⁸ ─ ⅜ ≢⅝⌂™ 

ἰ ─ⱡ☼ꜟ⅜ ⌐╟╡ ╕∫≡™╢ 

ἰ ─ ⅜ ⇔≡™╢ 
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40  

CE  

 ─ ─√╘⁸ ╩ ⅎ╕∆⁹ 

 ─  

▬. ─
⅜ ∆╢

≤ ≤─  
꜡.  

 

  

  

 

 

֘ ֙         ֘ ֙ 

 
ₒ כ♃כ◊►ה▪◄  ₓפֿ

 

Â 40 │⁸ ≢ ⅎ™╛ ─ ⌐ ─ ⌂ ⌐ ⇔⁸ ⌂

╩ ∂╢ ⅜№╢↓≤⅛╠⁸ ─ ╩ ↑╢ ≢№╢⁹ 

ה

 

Â ─ │⁸ 32⌐ ─╟℮⌐ ↔≤⌐ ↑╢═⅝ ⅜

↕╣≡™╢⁹ 

─  ↑╢═⅝ ─ 1 │ 2  

▬ ─ ⅜ ∆╢

≤ ╩ │ ∆╢

⅜ ∆╢ ╩™℮⁹ ∂⁹  

≤─ ⅜ ─ ╩ ↄ⁹  

꜡  

▬ Ɑכ☺fi◓  

꜡  

Ɫ  

♬ ▬fi♃כⱱכfi 

 ▬ Ɑכ☺fi◓  

꜡  

Ɫ ◘▬꜠fi 

♬  

ⱱ ⱷ●ⱱfi ─ ⅜ 1,500m2

─ ⌐ ╢⁹ ─ ⌐⅔™≡ ∂⁹  

─ ─ ⌐⅔↑╢  

 

▬ Ɑכ☺fi◓  

꜡  

Ɫ ♩ꜝfi◦כⱣכ ⌐ ∆╢ ─⌂

™ ⌐ ╢⁹  

♬ ⱷ●ⱱfi 

 

Â ₈ ─ ─ ₉│⁸ ─ ⅜ ™≤ ⅎ╠╣╢⅜⁸ ─ │

∏⇔╙ ⌐ ╠⌂™─≢⁸ ≤ ⇔≡™╢⁹ 
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─

─

 

⌐╟╢  

1.  ─ ⌐ ∂ ⌂ ⅜ ↑╠╣≡™╢ 

ה   ה  

                         

2.  ─ ⅜ ⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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41  

CE  

ⱣꜟⱩ ─ ⌐ ╢

⌂  

▬ ⱣꜟⱩ ⌐│ ⱣꜟⱩ ─ ┘ ╩ ⇔╕∆⁹ 

꜡ ⱣꜟⱩ ⌐ ╢ ⌐│⁸ ─ ─ ┘ ╣ ╩ ⇔

╕∆⁹ 

Ɫ ⌂ⱣꜟⱩ─ ⁸ ⇔⌂™ⱣꜟⱩ│ ─

╩ ∂╕∆⁹ 

♬ ⱣꜟⱩ ─ ⌐│⁸ ⱣꜟⱩ ╩ ⌐ ∆╢√╘

⌂ ╩ ↑╢≤≤╙⌐⁸ ⌂ ╩ ⇔╕∆⁹ 

 

 ֘ⱣꜟⱩ ֙    ֘ⱣꜟⱩ ֙   ֘ ╣ ֙   ֘ ֙ 

 

ₒ ♀○fiֿפₓ 

 

Â 41 │⁸ ⅜ ⌐ ↑√ⱣꜟⱩ⁸◖♇◒ │ Ⱳ♃fi╩ ⇔⁸

─ ⌂ ╛ ╩ ↕∑⌂™╟℮⌂ ╩ ∂╢ ≢№╢⁹ 

ה

 

Â ─ ─ │⁸ 33 ⌐ ↕╣≡™╢⅜∕─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ⱣꜟⱩ │◖♇◒ ₈ⱣꜟⱩ ₉≤™℮⁹ ⌐│⁸∕╣∙╣─ │ⱨ꜡כ◦כ♩⌐

≠ↄ ה ╩ ∆╢↓≤⁹ 

ᵒ ⱣꜟⱩ ⌐│⁸ ( ∆╢↓≤⌐╟╡ ⱣꜟⱩ ⌐ ╢ ⌐ ⌂

╩ ⅎ╢ⱣꜟⱩ ⅎ┌⁸ ╩ ∆╢ⱣꜟⱩ⁸ ⁸ ⁸

│ ●☻─ ⁸ ⁸ ⁸ ⌐№∫≡│⁸

ⱣꜟⱩ ─ ╩ ╗⁹ ╩ ∆╢↓≤⁹ 

ᵓ ⱣꜟⱩ ( Ⱳ♃fi ⌐╟╡ ∆╢╙─╩ ↄ⁹ ⌐ ╢ ⌐│⁸ ⱣꜟⱩ ⌐

∆╢ ⌐⁸ ⌐ ∆╢↓≤⅜≢⅝╢ ⌐╟╡⁸ ─●☻∕─ ─

─ ┘ ╩ ∆╢↓≤⁹ 

ᵔ ∆╢↓≤⌐╟╡ ⱣꜟⱩ ⌐ ╢ ⌐ ⌂ ╩ ⅎ╢ⱣꜟⱩ ─

℮∟ ⇔⌂™╙─ ─ ⌐ ∆╢╙─╩ ↄ⁹ ⌐│⁸ ⁸ │↓╣╠⌐

∆╢ ╩ ∂╢↓≤⁹ 

ᵕ ⱣꜟⱩ ╩ ∆╢ ⌐│⁸ ⱣꜟⱩ ─ ┘ ⌐ ∂⁸ ⱣꜟⱩ ╩

⌐ ∆╢√╘ ⌂ ╩ ↑⁸ ⌂ ╩ ∆╢↓≤⁹ 

Â ─ │⁸ ●☻⅜ ╢ ⌐ ╠∏⁸ ⌐ ╢ ⁸ ●

ⱶ⁸כ♅☻⁸☻ ⁸ ╙ ╕╣╢⁹ 
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─

─

 

⌐╟╢  

1.  ⱣꜟⱩ ─ ⅜ ↕╣≡™╢ 

2.  ⌐│ ─ ┘ ╣ ⅜ ↕╣≡™╢ 

3.  ⌂ ╩ ⅎ╢ⱣꜟⱩ ⌐ ⇔⁸∕─ ─ ⁸ ⇔⌂™╙──

ה ┘ Ⱳ♃fi⁸Ɫfi♪ꜟ ─ ⌐╟╢ ⅜ ∂╠╣≡™╢ 

4.  ⌂ ⁸ ⌐ ⌂ ╩ ∆╢ ⅜№╢ 

 

⌐╟╢  

 

 

 

ἰ ⅜ ∫√╙─⅜ ↕╣≡™╢ 

ἰ ⅜ ╡ ↑╠╣≡™⌂™ 

ἰ ─ ה ⅜↕╣≡™⌂™ 

ἰ ה ╣ ─ ⅜ ↄ⌂∫≡™╢ 
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42

▬ 

─ ה

 
─ ╩ ⇔⁸ ╩ →╕∆⁹ 

 

 
ₒ ◘◌꞊  ₓפֿ

β ⌐ ≠⅝⁸ ≤ ●☻ ╗ │∕╣∙╣ ⇔≡

ↄ ⅜№╡╕∆⁹╕√⁸ ●☻⁸ ●☻⁸ ●☻ ┘ ─ │∕

╣∙╣ ⇔≡ ↄ ⅜№╡╕∆⁹ 

 

Â 42 │⁸ ⌐ ╢ ┘ ─ ─ ⌐ ∆╢ ≢№╢⁹

⌐│▬⅛╠♯╕≢⌐ ↕╣≡™╢⁹ 

Â ▬│⁸ ─ ⅜ ⌐╦⅛╢╟℮⌐∕─ ╩ ∆╢≤≤╙⌐⁸

⌐ ╩ ∆√╘⁸ ─ ⅛╠ ╛∆™╟℮⌐ ╩ →╢ ≢№╢⁹ 

 

Â ─ ─ │⁸ⱨ▼fi☻⁸ ≢ ℮╒⅛⁸ⱪꜝ♇♩ⱱכⱶ≢ ℮↓≤╙№

╢⁹ 

Â ⌐≈™≡│⁸ 1.⌐ ─╟℮⌐ ↕╣≡™╢⁹ 

  

 

 

 

 

 

 

 

 

 

 

 

 

─

─

 

1 ╩ ↄ∞↕™⁹ 

  

─ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

ᵑ │⁸ ─ ⁸ │ ∟ ╢↓≤⅜≢⅝╢ ─ ≢

⅛╠ ╛∆™ ⌐ →╢↓≤⁹↓─ ⁸ │ ∟ ╡≢⅝╢ ⅜ №

╢ ⌐│⁸∕─∕╣∙╣─ ⌐ ⇔≡ →╢↓≤⁹ 

ᵒ ⌐│⁸ ─ ⅜ ≢№╢↓≤╩ ⌐ ≢⅝╢ ⅝↕─ ⅜⌂↕╣

≡™╢↓≤⁹ 

ᵓ ⌐ ↕╣≡™╢●☻⅜ ●☻ │ ●☻≢№╢ ⌐│⁸∕╣∙╣∕─

╩ │ ⌐ ∆╢↓≤⁹ 

ₒ ─ ₓ 

●☻  ủ ●☻  ủ 
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42

꜡ 

─  

 
●☻ ┘ ─ │ ≤⇔╕∆⁹ 

─ │ ≤⇔╕∆⁹ 

 

 
ₒ ◘◌꞊  ₓפֿ

 

Â 42 ꜡│⁸ ●☻ ┘ ─ │⁸ ⌐ ╘╢╙─╩ ⅝⁸ ≤∆╢

≢№╢⁹ 

Â ─╖─ │⁸ ≤∆╢↓≤⅜≢⅝╢⅜⁸ ─ ⅜№╢⁹ 

Â ─╖─ │ ≤∆╢↓≤⅜≢⅝╢⁹↓─ ⁸ ●☻╩ ⌐ ∆╢

╙─╙ ╕╣╢⁹ 

ה

 

Â ─ ≢│⁸₈Ν●☻─ │Ν ⌐ ∆╢↓≤₉≤ ↕╣ 

≡™√⁹↓╣│⁸ ─ ה ─ ⌐ ה ╩ ∆╢╙─ ⅎ╠╣╢⅜⁸ ─  

™ ⌐ ≡─ ╩ ∆╢─⌐│ ⅜№╢ ─ ⅛╠ ─ ≤

⇔≡ 2004 16 ⌐ ≡─ ⅜ ↑╠╣√⁹ ─ ⅜ ↑╠

╣√⅜⁸ │ ⌂™╟℮≢№╢⁹ 

Â ─ │⁸ ꜞ ┘ 11 ─ ⌐ ↕╣≡™╢⁹ 

─

─

 

⅜№╣┌  
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Ɫ 

ה  ─ ⅛╠ ─≤⅔╡ ╩ ⇔╕∆⁹ 

   

     

m2 m m m m 

m2 m m m m 

   
 

 

 
ₒ ₓ 

 

Â 42 Ɫ│⁸ ≢ ⅛╠─●☻ ⅎ™⌐╟╡⁸ ה ─ ⅜

⇔√ ⁸ ─ ┘ ⌐ ─ ╛ ─ ⅜ ┌⌂

™╟℮⌐⁸ ─ ⅛╠↓╣╠─ ⌐ ⇔≡ ─ ⅛╠ ∆╢

┘ ─ ╩ ⇔⌂↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ⅝ ─₈ ₉≤│⁸ ⌐ ↕╣≡™╢╟℮⌐

┘ ⌐╟╡ │ ≤ ↕╣≡™╢ ≢№∫≡⁸ ●☻╩ ●

☻─ ≢ ⇔≡™╢╙─╩™℮⁹ 

Â │⁸ ─ ┘ ─ ╩ ↑╢√╘⁸

Ɫ─ ─ ⅛╠ ⅛╣≡™╢⁹ 

 ה

Â Ɫ⌐╟╡ ┘ ⌐ ⇔≡ ∆╢═⅝ │⁸

≢ ∆╢↓≤⅜ ╕⇔™≤⇔≡⁸ ∆╢ ╙№╢⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ⌐ ⌐ ∆╢ │⁸ ≢ ∆╢╟℮

⇔≡™╢ ⁹ 

─

─

 

⌐╟╢  

─ ⅛╠ ╕≢─        m 

 ─ ⅜ ↕╣≡™╢ 

 1 ₡     m₢  2 ₡     m₢ 

┘  

  1 ₡    m⁸      ₢ 2 ₡    m⁸      ₢ 

 ₡ ה ₢ 

 

⌐╟╢  

 

 

 

 

ἰ ⅛╠ ↕╣≡™╢ ─ ⅜ ↕╣≡™⌂™ 
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♬ 

 ⅜ ≢⅝⌂™√╘⁸ ⌐ ╩ ↑╕∆⁹ 

│⁸ ↕ 12cm ─ ◖fi◒ꜞכ♩ ╡ │↓╣≤ ─

╩ ∆╢ ≤⇔╕∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ₒ ₓo  ₓפֿ

 

Â 42 ♬│⁸Ɫ─ ▬ ┘ ꜡ ─ ⅛╠ ┘

⌐ ∆╢ ⅜⁸ ₈l 1₉ │ ₈l 2₉⌐ √⌂™ ≢∕

╣∙╣₈l 3 ┘ l 4₉ ─ ⅜№╢╙─ ⌐│⁸ ─ ╩ ∆╢ ─ ╩ ↑⌂

↑╣┌⌂╠⌂™ ≢№╢⁹ 

Â ─ ╩ ∆╢ ─ ╩ ↑╣┌⁸ ⌐ ⇔≡ ∆═⅝ ₈l 1₉╩

₈l 3₉⌐ ≢⅝⁸ ⌐ ⇔≡ ∆═⅝ ₈l 2₉╩₈l 4₉⌐ ≢⅝╢ ≢

№╢⁹ 

Â ₈l 3₉│₈l 1₉─ 1/2⁸₈l 4₉│₈l 2₉─ 1/2 ─ ⌐№╢⁹ 

Â ─ ⌐≈™≡│⁸ 22. β ⌐ ↕╣≡™╢⁹ 

 β 22─ │⁸ 29 30ה ─Ɑכ☺⌐  



 

88 
 

ה

 

Â ─ ⅜ ™ ⁸ ╩ ∆╢≤⅝⌐ ⅛╠ ╩ ↑≡⁸ ∆╢═⅝

╩₈l 3₉⁸₈l 4₉≤∆╢ ╙№╢⁹ 

Â 22 ─ 2 ⌐ ↕╣≡™╢₈ │⁸ ╩ ⌐ ≢⅝╢╙

⁸│≥₉הה─ ≢ ⅜ ╣╢╟℮⌐∆╢↓≤≢№╢⅜⁸↓╣⌐ ∆╢ ─

╩ ∆╢⁹ ⇔ↄ│⁸1983 58 226 ⁸ 55 188 ⁸

43 48 ╩ ⇔≡™√∞⅝√™⁹ 

ᵑ 1968 43 11 16 ─ 43 ┘

≢₈ ─ ≤ ─ ╩ ⇔⁸ ⇔√ ⌐ ⅜ ⌐

≢☻כ◔▬Ᵽ☻כ◔⌐℮╟™⌂╠ ↕╣√™⁹₉≤↕╣≡™╢⅜⁸ 

(a) ≤│⁸ ─ ╩ ≤⇔≡ ⌐ ↕╣╢ ─

≤ ⇔≡╟™⁹ 

(b) ─ ⅜ ₈l 1₉₈l 2₉ ⌐№╢ ⁸ ⅜ ∆╢ ─

╩ ∆╢ ↕≤ ─ ⅜ ≤⌂╢⁹ 

ᵒ ─ ↕⅜ ™ ⌐│⁸ ─ ╩ →╢↓≤≢╟™⁹ ⅜╡ │⁸

╩ ⌐ ≢⅝╢↓≤⅜ ≢⅝╢ ╩ ∆╢ ≢№╣┌╟ↄ⁸ ⌐ ∆╢

│⌂™⁹ 

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ⌐ ╩ ↑╢↓≤╩ →≡™⌂™⁹ 

─

─

 

⌐╟╢  

⌂ ⅜ ↕╣ ⅜⌂™ 

         ⁸              

 

⌐╟╢  

 

 

 

ἰ ─ ─ ≤ ╩ ⇔≡™╢ ─ ⅝↕⅜ ⅝ↄ⁸ ≤⌂

∫≡™⌂™⅛ 
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42

ⱱ 
╩ ╢  ⌐│ │ ─ ⌂ ╩ ↑╕∆⁹ 

 

       ֘ ֙               ֘◦ꜞfi♄כ◐ꜗⱦⱠ♇♩֙ 

 

ₒ ◘◌꞊ ₓ         ₒפֿ ₓ 

 

Â 42 ⱱ│⁸ ●☻ ┘ ─ ≢ ⇔≡№╢╙─╩ ↄ⁹ ⌐

╢ ⌐│⁸ ╩ ╢√╘⌐ ≢ │ ─ ⌂

╩ ╩ ↑╢ ≢№╢⁹ 

Â ⌂ ≤↕╣≡™╢─│⁸ ⁸ ─ ≢ ⅜№∫√ ⁸ ⅜ ≢№

╢≤ ⅜ ⌐ ⅜╡ ⌐ ╩ ⅎ╢⅔∕╣⅜№╢√╘≢№╢⁹ 

Â ╩ 35 ≢ ╘╢◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ⇔√ │⁸↓─

│ ↕╣⌂™⁹ 

ה

 

Â ─ ╩ ╢ │⁸ ≢№╣┌ │ ≢♩כ◦─

╩ ℮↓≤⌐╟╡ ≢⅝╢ 34 ⁹ 

Â ◦ꜞfi♄כ◐ꜗⱦⱠ♇♩─ ⁸ │⁸ 35 ⌐ ↕╣≡™╢⁹ 

─

─

 
⌐╟╢  

1.  ─ │ │ ─ ╩ ⇔√ ⌂╙─≢№╢ 

2.  ⅜◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  
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42

Ⱬ 

─

 

 

│●☻⅜ ⅎ™⇔√≤⅝⌐ ⇔⌂™ ≤⇔╕∆⁹ 

 

 
ₒ ◘◌꞊  ₓפֿ

 

Â 42 Ⱬ│⁸ ●☻ ┘ ●☻─ ≢ ⅛╠●☻⅜ ⅎ™

⇔√ ⌐⁸ ⇔≡ ⇔⌂™╟℮⌐ │ ⌐╟╡⁸ ∆╢ ≢№

╢⁹↓─ ─ │⁸ ≤ ∂≢№╢⁹ 

ה

 

Â ⇔⌂™ ─ │⁸ ⌐ ↕╣≡™╢⁹ 

 β 6.─ │⁸  

Â ⌂⅔⁸ ⌐⅔™≡│⁸ ⌂ ╩ ∆╢√╘⌐ 11─₈ 1 ⌐

≈⅝ 300 ₉╩ ⇔≡™╢⁹╕√⁸ ⌐≈™≡│⁸ ⌐⁸ ⅜ ⅛╣╢

≢│ ∑∏⁸ ⅜ ⅛╣╢ ─ⱨ꜡▪ ≢ ↕╣╢ │⁸ ─ⱨ꜡▪

≢ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

─

─

 

⌐╟╢  

1.ᵑ ●☻─ ⁸ ⌐ ∂⁸ │ ⅜ ⌂ ⌐ ↑╠╣≡™╢ 

 ᵒ ─ ⅜ ⌐ ↕╣≡™╢ 

2.  ⅜◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ↕╣≡™╢ 

 

⌐╟╢  

 

 

 

⅜№╣┌  

  

⅜ ⅛╣╢ ─ⱨ꜡▪  

≢ ↕╣╢ │⁸ ─ⱨ꜡▪  

Ҝ ╩ ∆╢ 

 ╩ ↄ  

Ҝ ╩ ⇔⌂™ 
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42

♩ 

☺◦ꜝfi⁸ⱱ☻ⱨ▫fi⁸

⸗ⱡ◦ꜝfi─  

 

☺◦ꜝfi⁸ⱱ☻ⱨ▫fi ┘⸗ⱡ◦ꜝfi─ ⌐│⁸ ה

─ ╩ ⇔╕∆⁹ 

 

֘◦ꜞfi♄כ◐ꜗⱦⱠ♇♩֙ 

 
ₒ  ₓפֿ

 

Â 42 ♩│⁸ ─☺◦ꜝfi⁸ⱱ☻ⱨ▫fi │⸗ⱡ◦ꜝfi─ │⁸∕╣╠─

●☻⅜ ⅎ™ה ⇔√≤⅝⌐⁸ ╛ ⅜ ⇔⌂™╟℮∕─ ╩ ─╙─

≤∆╢ ≢№╢⁹ 

ה
 

Â ♩─ │⁸ 36 ⌐ ─╟℮⌐ ↕╣≡™╢⁹ 

 

 

 

 

 

 

─

─

 

⌐╟╢  

1.  ─ │ │ ─ ≢№╢ 

2.  ⅜◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ↕╣≡™╢ 

 

⌐╟╢  

⅜№╣┌  

 

 

⅜№╣┌  

  

☺◦ꜝfi⁸ⱱ☻ⱨ▫fi │⸗ⱡ◦ꜝfi⅜ ⅎ™⇔⁸ ⇔√≤⅝⌐ ⌂

≤│⁸ ─™∏╣⅛─ ⌐╟╢╙─≤∆╢⁹ 

1 ⌐│ │ ─ ╩ ∆╢↓≤⁹ 

2 35 ⌐ ∆╢◦ꜞfi♄כ◐ꜗⱦⱠ♇♩⌐ ╩ ∆╢↓≤⁹ 
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42

ꜞ 
─  

─ │ ⌐ ∆╢●☻─ ⌐ ∂≡⁸

⅜ ╘╢ ≤⇔╕∆⁹ 

 

 

 

Â 42 ꜞ│⁸꜡√∞⇔ ─ ─ │⁸♬⁸ⱱ ⌐ ╢⁹ ┘Ⱬ─

⌐ ∆╢╒⅛⁸ ⌐ ∆╢●☻─ ⌐ ∂≡⁸ ≢ ╘╢ ≤⇔⌂↑

╣┌⌂╠⌂™ ≢№╢⁹ 

 

Â ─ ⅜ ↑╠╣√⅜⁸ │ ⌂™╟℮≢№╢⁹ 

Â ─ ─ │⁸ 11 ─ ╩ ⁹ 

─

─

 

⌐╟╢  

∆╢●☻─ ⌐ ∂≡⁸ ⌂ ↕⁸ ⁸ ⅜ ↕╣≡™╢ 

 

⌐╟╢  

⅜№╣┌  

 

 

⅜№╣┌  
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43  

▬ 

─  │⁸ ╣⁸ ╣⁸ ─ ─⅔∕╣─№╢ ∕─

⅜ ╘╢ │ ─ ⇔ↄ│ ⌐│ ⇔

╕∑╪⁹ 

 

 

 

Â 43 │⁸ ─ ─ ⌐ ∆╢ ≢№╢⁹ ⌐│▬⅛╠ꜟ╕≢⌐ ↕╣

≡™╢⁹ 

Â 43 ▬│⁸ ─ ╩ ∆╢ ≢№╢⁹ 

ה

 

Â ₈ ₉≤│⁸ 12 ≢₈ ●☻⅜ ∫≡™╢ ≢№∫

≡⁸ ─ ⌐№╢╙─╩™℮⁹₉≤↕╣≡™╢⁹ 

Â ─ ╩ ⌐∆╢√╘⁸ ─ⱣꜟⱩ ≢ ∆╢↓≤⅜ ™⁹ 

Â ╩ ⇔≡│⌂╠⌂™ │⁸ ▬ ┘ 12 ⌐ ↕╣≡™╢⅜⁸

∕─ │ ─≤⅔╡≢№╢⁹ 

ᵑ ╣⁸ ╣⁸ ─ ─⅔∕╣─№╢  

ᵒ ─ ⁸ ─  

ᵓ ∕─ ≢ ╘╢  

─

─

 

⌐╟╢  

 

ה ─ ─ ┘∕─  

 

┘  

 

⇔╞ↄ ┘  

 

 

 

 

⌐╟╢  

 

 

 

 

⅜№╣┌  
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43  

꜡ 

─  ╩ ⌐ ∆╢≤⅝│⁸ ⅛╠ ⇔≡ ⇔⁸⅛≈⁸∕

─ ╛∆™ ⌐ ●☻─ ⁸ ⌐ ╩ ╘√≤⅝─ ∕

─ ⌂ ╩ ⌐ ⇔√ ╩ ↑╕∆⁹ 

 

 

 

Â 43 ꜡│⁸ ⌐ ∆╢ ⌐≈™≡⁸ᵑ ─│⌡⅛ⅎ╡⌐╟╢ ╩

∆╢√╘ ⅛╠ 30cm ⇔≡ ∆╢↓≤⁸ᵒ ─ ╩ ⇔√

╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

ה

 

Â ╩ ⌐ ∆╢ ─ │⁸ 37.⌐ ↕╣≡⅔╡⁸ ─

│⁸ .⌐ ↕╣≡™╢⁹ 

 

37.  β ⌂ ─╖  

1 ─ ─ │⁸ ─ ─ ⌐ ∫≡ ℮╙─≤∆╢⁹ 

1.1 ╣⁸ ╣⌐≈™≡│⁸ ─ ≤ ─ ∕─ ⌐╟╢ ─

╛ ─ ⅛╠ ─⅔∕╣─№╢ ╩ ⇔≡∕─ ╩ ⇔⌂™╟℮⌐∆╢

↓≤⁹ 

1.2 │⁸ ⌐ ⅜ ∫≡ ⇔≡™╢ │∕─⅔∕╣─№╢ ╩ ─

⅛╠ ⇔≡∕─╟℮⌂ ╩ ⇔⌂™╟℮⌐∆╢↓≤⁹ 

2 ╩ ⌐ ∆╢ ⌐⁸ ⅛╠ ∆═⅝ │⁸ ─ ⌐╟╢╙─≤∆╢⁹ 

2.1 ╩ ⌐ ∆╢≤⅝│⁸ ─ ⁸ ┘ ─ ╩ ⇔≡ ⅛╠

0.3 ⇔≡ ∆╢↓≤⁹╕√⁸ ─√╘⁸ ─ ⌐ ∂≡ ꜟכ꜠♪כ●⁸

─ ╩ ∏╢↓≤⁹ 

3 ╩ ⌐ ∆╢ ─ ↕│⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

3.1 ─ ↕│⁸ 0.6 ≤⇔⁸ ⌐⅔™≡│ ─ ┘ ╩ ⇔≡

∆╢↓≤⁹ 

3.2 ─ ─ ⌐ ⇔™ ─ ⌐⅔™≡│⁸ ─ ↕│⁸1.2 ≤∆╢↓

≤⁹ 

3.3 3.1 ┘ 3.2 ⌐⅔™≡ ⌂ ↕⅜ ╠╣⌂™ ⌐│⁸◌Ᵽכⱪ꜠כ◔⁸♩כ◦fi◓

╩ ™⁸ │ ─ ╩ ↕∑╢ ─ ╩ ∏╢↓≤⁹ 

3.4 ─ ⌐⅔™≡ ─ ↕╩ 1.2 ≤⇔⁸⅛≈⁸ ╩◓fi◦כ◔─ ™≡

∆╢↓≤⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 
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43  

Ɫ 

─  ╩ ⌐ ∆╢≤⅝│⁸0.6 ⱷכ♩ꜟ ⅛╠ ⌐

⇔⁸⅛≈⁸∕─ ╛∆™ ⌐ ●☻─ ⁸ ⌐ ╩ ╘√

≤⅝─ ∕─ ⌂ ╩ ⌐ ⇔√ ╩ ↑╕∆⁹ 

 

 

 

Â 43 Ɫ│⁸ ⌐ ∆╢ ⌐≈™≡⁸ᵑ │ 0.6m ⅛╠ ⌐ ∆

╢↓≤⁸ᵒ ─ ╩ ⇔√ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

ה

 

Â ╩ ⌐ ∆╢ ─ │ 37.⌐ ↕╣≡⅔╡⁸ ─

│⁸ 1.⌐ ↕╣≡™╢⁹ 

 

37.  β ⌂ ─╖  

1 ─ ─ │⁸ ─ ─ ⌐ ∫≡ ℮╙─≤∆╢⁹ 

1.1 ╣⁸ ╣⌐≈™≡│⁸ ─ ≤ ─ ∕─ ⌐╟╢ ─

╛ ─ ⅛╠ ─⅔∕╣─№╢ ╩ ⇔≡∕─ ╩ ⇔⌂™╟℮⌐∆╢

↓≤⁹ 

1.2 │⁸ ⌐ ⅜ ∫≡ ⇔≡™╢ │∕─⅔∕╣─№╢ ╩ ─

⅛╠ ⇔≡∕─╟℮⌂ ╩ ⇔⌂™╟℮⌐∆╢↓≤⁹ 

2 ╩ ⌐ ∆╢ ⌐⁸ ⅛╠ ∆═⅝ │⁸ ─ ⌐╟╢╙─≤∆╢⁹ 

2.1 ╩ ⌐ ∆╢≤⅝│⁸ ─ ⁸ ┘ ─ ╩ ⇔≡ ⅛╠

0.3 ⇔≡ ∆╢↓≤⁹╕√⁸ ─√╘⁸ ─ ⌐ ∂≡ ꜟכ꜠♪כ●⁸

─ ╩ ∏╢↓≤⁹ 

3 ╩ ⌐ ∆╢ ─ ↕│⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

3.1 ─ ↕│⁸ 0.6 ≤⇔⁸ ⌐⅔™≡│ ─ ┘ ╩ ⇔≡

∆╢↓≤⁹ 

3.2 ─ ─ ⌐ ⇔™ ─ ⌐⅔™≡│⁸ ─ ↕│⁸1.2 ≤∆╢↓

≤⁹ 

3.3 3.1 ┘ 3.2 ⌐⅔™≡ ⌂ ↕⅜ ╠╣⌂™ ⌐│⁸◌Ᵽכⱪ꜠כ◔⁸♩כ◦fi◓

╩ ™⁸ │ ─ ╩ ↕∑╢ ─ ╩ ∏╢↓≤⁹ 

3.4 ─ ⌐⅔™≡ ─ ↕╩ 1.2 ≤⇔⁸⅛≈⁸ ╩◓fi◦כ◔─ ™≡

∆╢↓≤⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 
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43  

♬ 

─  ╩ ⌐ ∆╢≤⅝│⁸ ⁸ ─ ╩ ↑⌂™╟℮⌂ ↕⌐

↑╕∆⁹ 

 

 

 

Â 43 ♬│⁸ ⌐ ╩ ∆╢ │⁸ ⁸ ─ ╩ ↑⌂™╟℮⌂ ↕⌐ ↑

╢ ≢№╢⁹ 

 

Â ⌐ ∆╢ ─ │⁸ 37 ⌐ ↕╣≡™╢⁹ ─

│ ⌂™╙─≤ ⅎ╠╣╢⁹ 

 

37.  β  

4 ╩ ⌐ ∆╢ ─ ↕│⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

4.1 ╩ ─ ∆╢ ─ ⌐ ∆╢≤⅝│⁸ ─ ⌐╟╢ ╩ ∆╢√

╘⁸ ─ ⅝↕╛ ⌐ ∂≡ ≤ ╘╠╣╢ ↕ ─ ↕⌐ ╩

∆╢↓≤⁹ 

4.2 ⁸ ⁸ ─ ⌐╟∫≡ ≤⌂╢╟℮⌂ ⌐ ╩ ∆╢≤⅝│⁸

⌐⅔↑╢ ─ ╩⁸ ─ ⌐│ ─ ⌐│ ─

⁸ ─ ⌐│ ⌐⅔↑╢ ─ ≤⇔⁸ │▪fi◌כ ⌐

╟∫≡ ─ ╛ ╩ ∆╢ ╩ ∏╢↓≤⁹ 

4.3 ╩ ─ ╩ ↑╢ ⌐ ∆╢≤⅝│⁸ ⁸ ⌐╟╢ ─

╩ ♩כꜞ◒fi◓⁸◖fi◦כ◔⁸╘√╢∆ │ ⌐╟╢ ╩ ∏

╢↓≤⁹ 

4.4 ╩ ⌐╟∫≡ ↕╣╢⅔∕╣─№╢ ⌐ ∆╢ │⁸ ↕╣╢⅔∕

╣─⌂™ ↕⌐ ╩ ∆╢↓≤⁹╕√⁸ ╩ ⅜ ⌂ ⌐ ∆╢≤⅝

│⁸ ⅜ ™ ⌐⅔™≡╙⁸ ™ ─ ≤ ⌐⌂╢╟℮⌐ ∆╢↓≤⁹ 

─

─
 

43 ▬╩ ↄ∞↕™⁹ 
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43  

ⱱ 

─ ה

 
│⁸ ─ 1.5 ─ ≢ ℮ ╩ ∆╢≤≤

╙⌐⁸ ─ ≢ ℮ ╩ ⇔╕∆⁹ 

 

 

 

Â 43 ○│⁸ ─ ┘ ⌐ ∆╢ ≢№╢⁹ 

 

ה

 

Â │⁸ 11 ┘ 12 ≤ ∂≢№╢⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 
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43  

Ⱬ 

─  │⁸ │ ⌐⅔™≡ ∆╢ ─ ⌐ ⇔⁸

⌂ ╩ ∆╢╙─╩ ⇔╕∆⁹ 

 

 

 

Â 43 Ⱬ│⁸ ─ ⌐ ∆╢ ≢№╢⁹ 

 

 

Â │ 13 ≤ ∂≢№╢⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 
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43  

♩ 

─ ⇔╞ↄ╩

∆╢ ≤ ╩

∆╢  

⌐│⁸ ╩ ∆╢√╘─ ┘ ╩ ∆╢√╘─ ╩

∂╕∆⁹ 

  

 

Â 43 ♩│⁸ ─ ⇔╞ↄ╩ ∆╢ ≤ ╩ ∆╢ ╩ ∂╢ ≢№╢⁹ 

ה

 

Â ─ ⇔╞ↄ╩ ∆╢ ┘ ╩ ∆╢ ─ │⁸ 38.⌐

↕╣≡™╢⅜⁸ ⌐ ∆╢ ≤ ⌐ ∆╢ ⌐ ⇔≡⁸∕╣∙╣─

⅜ ↕╣≡™╢⁹ 

Â ⌐ ∆╢ ⌐│⁸ ╡ ╩ ↑≡ ╩ ∆╢↓≤⅜ ™⁹ 

 

38.  β ⌂ ─╖  

1 ─ ╩ ∆╢√╘─ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

1.1 ─№╢●☻─ ⌐ ™╠╣╢ ⌐│⁸ ●☻⌐ ↕╣⌂™ ╩ ⇔⁸ │

─ ⌐ ─ ⌐ ∂≡ ╣⇔╤╩ ↑⁸ ⇔ↄ│◖כ♥▫fi◓ ⌐╟╢

╩ ∏╢↓≤⁹ 

1.2 ↕╣╢●☻⅜ ⌐ ⇔≡ ⅜⌂™≤ ╘╠╣╢≤⅝ ⌂ ╩

∫√╟℮⌂ ╙ ╗ )│⁸ ╣⇔╤│ ≤⇔≡ ⇔⌂ↄ≡╙╟™⁹ 

1.3 ╩ ⌐ ∆╢≤⅝│⁸▪☻ⱨ□ꜟ♩ ꜟⱷ♫◄ꜟכ♃ꜟכ◖│ ─ כꜙ☺≥

♩ Ⱬ♇◦ꜗfi◒꜡☻ ⁸ⱦ♬꜡fi◒꜡☻⁸●ꜝ☻ⱴ♇♩ │●ꜝ☻◒꜡☻ ─ ≤─

∑⌐╟╢ │▪☻ⱨ□ꜟ♩ⱴ☻♅♇◒ ─ ⌐╟∫≡ ─ ╩ ∆╢↓≤⁹ 

1.4 ╩ ⌐ ∆╢≤⅝│⁸ ─ ┘ ─ ⌐╟╡⁸ ⌂ ⌐│

╩ ∏╢↓≤⁹ ╩ ⇔⁸ │↓╣⌐ ⇔≡ ╩ ∆╢≤⅝│⁸

─ ⌐╟∫≡ ╩ ℮↓≤⁹ ╩ │ ─ ™ ⌐ ∆╢

≤⅝│⁸ │ ─ ⌐╟∫≡ ╩ ℮↓≤⁹⌂⅔⁸ ⌐

╩ ℮≤⅝│⁸ ─ ⁸ ┘⌐↓╣╠─ ≤─ ╩ ∆

╢↓≤⁹ 

2 ─ ╩ ∆╢√╘─ │⁸ ─ ─ ⌐╟╢╙─≤∆╢⁹ 

2.1 ╩ ⌐ ∆╢≤⅝│⁸ ╘ ⇔─ ⌐ ≈⅝ ╘╩ ™⁸ ⅜ ⌐⁸⅛≈⁸

⌂ ╩ ∫≡ ⌐ ↕╣╢╟℮⌐∆╢↓≤⁹ 

2.2 ╩ ⌐ ∆╢≤⅝│⁸ ─ ⌐╟╡ ╩ ⇔⁸ ╡ ⱪכꜟ⁸ │ⱬ

☼כ꜡ ⇔ↄ│☻ꜝ▬♪ ─ ╩ ∆╢ ─ ≢ ╩ ∆╢↓≤⁹ 

× × ↕ 

│ ↕╣╢ │ ─ ≤ ─ ≤─ ╩ ∆╢↓≤⁹ 

─ │⁸ ⌐≈™≡│ 11.7×10- ≤⇔⁸ ─ ⌐≈™≡│ ↕

╣√ ╩ ∆╢↓≤⁹ 

2.3 ⌐ ↕╣╢ ╩ ∆╢Ɫfi●⁸כ◘ⱳכ♩ │⁸ ─ ╩ ⇔⌂™╟℮⌂

≢ ╩ ∆╢↓≤⁹√∞⇔⁸ ╩ ∆╢↓≤⅜ ⌐ ⌂ ╩ ∏╢⅔∕╣─

⌂™↓≤⅜ ╠⅛⌂ ⌐│⁸↓─ ╡≢⌂™⁹ 

─

─ 

43 ▬╩ ↄ∞↕™⁹ 

  



 

100 
 

   

43  

♅ 

⅜ ─ ╩

ⅎ⌂™  ⌐│⁸ ─ ╩ ⅎ⌂™╟℮⌂ ╩ ∂╕∆⁹ 

 

 

 Â 43 ♅│⁸ ⌐ ─ ╩ ⅎ⌂™ ╩ ∂╢ ≢№╢⁹ 

ה

 

Â ─ ─ ╩ ⅎ⌂™ │⁸ 39.⌐ ↕╣≡™╢⅜⁸ ─ ╩

ⅎ√ ⌐│●☻─ ™ ⇔╩ ∆╢↓≤⁸ ┘ ⌐ ∆╢ ⌐│ ╩∆

╢↓≤ ⅜ ↕╣≡™╢⁹ 

 

39.  

⌐ ─ ╩ ⅎ⌂™╟℮⌂ ╩ ∏╢↓≤≤│⁸ ─ ─ ⌐╟╢╙─≤∆

╢⁹ 

1 ⌐●☻╩ ∆╢ ⌐│⁸ ─ ╩ ⅎ√ ─●☻╩ ⌐ ⇔⌂™≢

≢⅝╢ ╩ ∏╢↓≤⁹ ⅎ┌⁸ ⌐ ╢╙─⌐№∫≡│⁸ ─ ╩

⇔≡ ╩ ∆╢ ─ ╩ ∏╢↓≤⁹ 

2 ╩ ⌐ ∆╢≤⅝│⁸ ─ ╩ ∆╢√╘⁸ ─ ⌐

╩ ∆╢ ─ ╩ ∏╢↓≤⁹╕√⁸ ╩ ⌐ ∆╢≤⅝│⁸ ─

⌐ ⇔⁸ ╩ ↑╢╟℮⌐∆╢↓≤⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 

  



 

101 
 

   

43  

ꜞ 

╩ ─

⌐ ∆  
⌐│⁸ ─ ⅜ ─ ╩ ⅎ√ ⌐ ∟⌐ ─

⌐ ∆↓≤⅜≢⅝╢╟℮⌂ ╩ ∂╕∆⁹ 

 

 

 

Â 43 ꜞ│⁸ ─ ⅜ ─ ╩ ⅎ√ ⌐ ∟⌐ ─ ⌐ ∆↓≤

⅜≢⅝╢╟℮⌂ ╩ ∂╢ ≢№╢⁹ 

ה

 

Â 43 ꜞ⌐ ∆╢ │ ╘╠╣≡™⌂™⅜⁸ 13.╩ ⌐∆

╢↓≤⅜ ™⁹ 

Â ─ ⇔ │⁸ ─ ⌐│⁸ ─●☻─ ≤∆╢─⅜ ≤ ⅎ╠╣

╢⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 

 

  



 

102 
 

   

43  

♯ 

─ ╩ ∆╢

 

●☻  

│ ●☻ ─⌂™ ╕≢ ↕╣√╙─╩

ↄ⁹ ╩ ∆╢√╘─ ≤↓╣⌐ ∆╢ ╩ ∆╢

⌐≈™≡│⁸ ⌐ ╩ ∆╢╙─⌐ ╢⁹ ≤─ ⌐

│⁸ ╩ ∆╢√╘─ ╩ ∂╕∆⁹ 

 

 

 

Â 43 ♯│⁸ ╩ ∆╢ │ ●☻─ ≤↓╣⌐ ∆╢ ≤─ ⌐

│⁸ ╩ ∆╢ ╩ ∂╢ ≢№╢⁹ 

Â  

ה

 

Â ─ │⁸ 40 ⌐ ─╟℮⌐ ↕╣≡™╢⁹ 

ᵑ ⌐ ╩ ∆╢ ╩ ™≡ ╩ ⌐╟∫≡ ∆╢≤⅝│⁸ ≤

≤─ ⌐ ╩ ↑≡ ╩ ∆╢↓≤⁹ 

ᵒ ●☻╩ ∆╢ ≤↓╣⌐ ∆╢ ≤─ ⌐│⁸ ╩ ↑╢↓≤⁹ 

Â ≢│⁸ ⌐ ╩ ∆╢ ╛ ⅛╠ ╩ ⇔≡ ∆╢ ●☻╩

∑∏⌐ ≢ ●☻╩ ∆╢ │ ⌂™╙─≤ ⅎ╠╣╢⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 

  



 

103 
 

   

43  

ꜟ 

─ ─

 
╩ ∆╢ ⌐│⁸ ⌐ ⌂ ╩ ╛⅛⌐ ℮√╘─

╩ ∂╕∆⁹ 

 

 

 

Â 43 ꜟ│⁸ ╩ ∆╢ ─ ⌐│⁸ ⌐ ⌂ ╩ ╛⅛⌐ ℮√

╘─ ╩∕─ ⌐ ↑╢ ≢№╢⁹ 

 

ה

 

Â │⁸ 41 ⌐₈ ╩ ∆╢ ⌐│⁸ ⌐ ⌂ ─√

╘─ ≤⇔≡⁸ ⁸▬fi♃כⱱfi ╩ ↑╢↓≤⁹₉⅜ ↕╣≡™╢⁹ 

─

─

 

43 ▬╩ ↄ∞↕™⁹ 

 


