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1 ₒ ─  x

₡  ₢ │⁸ ─ ─ ⁸ ≤™℮⁹ ⌐ ╦╣╢ ─℮∟⁸ ⌐ ™╠╣╢

⌂ ─ ╩ →√╙─≢№╢⁹ 

 

  JEC-0222-2009≢│⁸₈ ─ ₉≤⇔≡ ─╟℮⌐ ╘╠╣≡™╢⁹ 

 JEC- 0222- 2009  

1  

 ↓─ │⁸ ⌐ ∆╢⁹ 

2. ─  

 2.1 ─   ∕─ ╩ ∆╢  

 2.2 ─   ∕─ ⌐ ∆╢ ─  

3.  

 3.1 ⅜1,000V╩ ⅎ╢ ─ ┘  

 ⅜1,000V╩ ⅎ╢ ─ ┘ │⁸ 1.1 ─ ╩ ≤∆╢⁹√∞⇔⁸

⌐╟╢ ─ ┘ │⁸╛╗╩ ⌂™ ⌐⅔™≡│⁸↓╣⌐╟╠⌂ↄ≡╙╟

™⁹ 

1.1  

V V  

3,300 

6,600 

11,000 

22,000 

33,000 

66,000 

77,000 

110,000 

154,000 

187,000 

220,000 

275,000 

500,000 

 

1,000,000 

3,450 

6,900 

11,500 

23,000 

34,500 

69,000 

80,500 

115,000 

161,000 

195,500 

230,000 

287,500 

525,000, 550,000 

╕√│600,000 

1,100,000 

 

 

 

 

 

 ⌐⅔™≡│⁸™∏╣⅛─ ─╖╩ ∆╢⁹ 

 

 ⌐⅔™≡│⁸™∏╣⅛─ ─╖╩ ∆╢⁹ 

 ⌐⅔™≡│⁸™∏╣⅛─ ─╖╩ ∆╢⁹ 

 │⁸ ↔≤⌐3 ─℮∟™∏╣⅛1 ╩ ∆╢⁹ 

 

 

  3.2 ⅜1,000V ─ ─  

 ⅜1,000V ─ ─ │⁸ 1.2 ─ ╩ ≤∆╢⁹ 
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1.2  

V 

100 

200 

100/200 

230 

400 

230/400 

 

 

 │⁸ ∕─ ─ ─↓≤≢│⌂ↄ⁸ ─ ≢∕─ ⌐ ╦╢ ─ ─

↓≤≢№╡⁸∕─ ⌐ √∫≡│⁸ │ ─ ─ ╩ ⌐ ╣≡™╢⁹ 

 ⌐│⁸ ▬ │꜡─ ⌐╟╡ ╩ ∆╢⅜⁸ │ ⌐╟╡ ↕╣╢ ─ ⅜

╢ │⁸∕─ ╩ ≤∆╢↓≤╩⁸ Ɫ≢ ⇔≡™╢⁹ 

 

 ╩ ∆╢√╘─ ⅜ ↕╣≡™╢ ⅜ ─ │⁸∕─ ╩ ≈─ ≤ ⅎ╢⁹

─ │⁸ ⅜ ≢⌂™⅜⁸∕─ ↕⌐ ⌂ↄ ≈─ ≤⇔≡╕≤╕∫≡™╢╙─│⁸ ≈─

≤ ⅎ⁸ ⅎ┌ ─ │⁸ ≈─ ≢№╢⁹╕√⁸₈1─ ╩⌂∆ ₉≤⇔≡⁸1 ─ ╩

≈─ ≤ ⅎ╢↓≤⅜≢⅝╢⁹ 

 │⁸ ⁸ │ ⁸ ⇔ↄ│↓╣╠⌐ ∏╢ ⁸ ╩™℮⁹

─ ╩™℮⅜⁸ ⅎ┌ ⱶ≤™∫√⁸כꜟ☻ⱦכ◘╢↑⅔⌐ ∕─╙─≤─ ⌐ ─≈⌂⅜╡─

⌂™╙─⌐≈™≡│⁸ ≤ ⅎ╢⁹ 

 

 │⁸ ⁸ ⁸ ⁸ ≤ ⌂╙─≤↕╣⁸ ⁸ ⌐ ∏╢ ⁸ ⌐

∏╢ ⅜ ╕╣╢⁹ 

⌐ ∏╢  

 ⌐ ∏╢ ≤│⁸ ─ ⌐⅔™≡⁸ │ ─ ╩ ⇔⁸ ⇔≡

™╢ ╛ ╩ ∆⁹↓─╟℮⌂ │⁸ ⌐ ∆╢ ╩ ╘╢ 9

52 ⁹ ⁸ ≤™℮⁹ 1 ─₈ ₉─ ⌐⅔↑╢₈ ⇔√ ╩↕╠⌐ ┼ ∆╢₉⌐

≡│╕╠⌂™─≢⁸ ┘↓─ ⌐⅔↑╢₈ ₉≢│⌂™ 7 77

1 2 ⌐ ↕╣≡™╢ │⁸ ─ ⅛╠ 10 V ─ ╩ ↑≡↓╣╩ ∆╢

╙ ╪≢⅔╡⁸↓─ ┘ ⌐⅔↑╢ ≤│ ⅜ ⇔ ⌂╢⁹⁹ 1 ─ ≢╙ ═≡™╢≤⅔╡⁸

26 ─ 35,000V ─ ─ ⌐ ∆╢╙─ ─ ╛ ─ │⁸

≤│╖⌂↕⌂™↓≤≤⇔≡⅔╡⁸↓╣⌐ ⇔√ ⅜ ─ ⌐ ↕╣√ │⁸₈ ⌐ ∏╢

₉⅛╠ ⅛╣≡™╢≤ ⅎ╢⁹⇔⅛⇔⁸↓─ ≢│⁸ ─ ┘ ─ ⌐╟∫≡⁸ ─

№╢ ≢ ™╠╣≡™╢ ╙№╢√╘ ⅜ ≢№╢⁹ 

 ⌂⅔⁸ 1 ≢₈↓╣╠⌐ ∆╢ ≤™℮ │₈ ₉─ ╩ ⅎ≡⅔╡⁸↓─ │⁸

─ 35,000V ─ ─ ⌐ ∆╢╙─ ─ ╛ ─ │₈

∆╢ ₉⌐ ╕╣≡™╢≤ ⅎ╢⁹ 

⌐ ∏╢  

 ⌐ ∏╢ ≤│⁸ ⌐ ∏╢ ≤ ⌐⁸ ─ ─ ╩ ∆

⅜⁸ ╩ ∆╢ ⅜⌂ↄ⁸ ╩ ∆╢ ─╖╩ ≈╙─⅜↓╣⌐ ∆╢⁹⌂⅔⁸ 1 ─ ≢╙

═≡™╢≤⅔╡⁸ ⌐ꜝ▬fi☻▬♇♅─╖╩ ⇔√ ─ ⌂≥│⁸ ⌐ ╘⌂™↓≤⌐⌂∫≡™

╢─≢⁸↓╣⌐ ⇔√ ⅜ ─ ⌐ ↕╣√ │⁸₈ ⌐ ∏╢ ₉⅛╠ ⅛╣≡™╢╙─≤

ⅎ╢⁹⇔⅛⇔⁸↓─ ≢│⁸ ─ ┘ ─ ⌐╟∫≡⁸ ─№╢ ≢ ™╠╣≡™╢

╙№╢√╘ ⅜ ≢№╢⁹ 

 ⁸ ⁸ ⌐ ∏╢ ⁸ ⌐ ∏╢ ─ ─ ╩ 1.1 ⌐ ∆⁹ 
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1.1  

 

 

 3 2 ─⅛∫↓ ⅝≢ ⅛╣≡™╢╙─≤ ≢№╢⁹ 

 

 ─ ⅛╠ ─ ╩ ∏⌐ ─ ↑ ⌐ ╢ ─ ≢⁸ ⅎ┌ 1.2

⌐⅔™≡ ⇔≡™╢╟℮⌂ ╩™℮⁹ 

 ⌂⅔⁸ ╖╩∆╢ ⌐ ─ ─ ─ ⌐ ₈℮╕₉≤ ╦╣╢╙─╩ ↑≡ ─ ╩ ∆╢ ╙№

╢⅜⁸℮╕ │⁸ ⁸ ◖fi◒ꜞכ♩ ⁸ ─╟℮⌐⁸ ⌐ ⌐ ↕╣╢╙─≤│ ⌂╡⁸ ⌐

⇔⌂™√╘⁸↓─╟℮⌂ ⌐⅔™≡╙ ⅛╠ ↑ ╕≢─ ⅜ ⌐⌂╢⁹ 

 

 ╩ ⇔≡ ─ ⌐ ∆╢╙─ ╙⁸ ⌐ ╕╣╢⁹ 

 ⌂⅔⁸ ⇔ ≤™℮ │ ⇔≡⅔╠∏⁸™╦╝╢ ⇔ │ ⌐ ╕╣╢⁹ ≤ ─ ⌐

≈™≡│ 1.2 ─╟℮⌐⌂╢⁹ 

 
1.2  

 

 

 │⁸ ─ ⁸ ⁸ ─ │ ╕⌂™⁹ ⌐ ⇔≡ ↕╣╢ ≢№╢

⅜⁸ ⁸ ─╙─│ ™≡™╢⁹ 

ה ─ ─ ─ ┘ ⌐ ─ ⌐ ╢ ⌂ ╩™℮⁹  

ה ќ ─  

☻◒♇◄ה ─  

ה ⌐ ↕╣╢ ─  

ה ⇔≡ ∆╢ ⌐ ╩ ∆╢√╘─  

ה ─  

ה ─  

ה 60V ⁸5A ─  

 

 

   

 

 

 

 

 

 

 
1  

 
1  

 ה
  

 

  

 ⌐ 

 ∏╢ 
  

 ⌐ 
 ∏╢ 
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ה ─  

 

 ќ ─ │ ⌐ ∆╢ ⌐ ⅜№╡⁸↓╣⌐ ╩ ∆╢√╘─ ╩

─ ⌐ ⇔≡ ∆╢ │⁸ ≤⇔≡ ╦╣╢⁹ ─ ⅜ ⅛╣≡™╢─│⁸

≤ ∂ ≢№╢⁹ 

 

 ⌐ ↕╣╢ ─℮∟ ─╙─╩ ⇔⁸ ─ ∕─ ⌂ ⅜ ⅛╣╢─│⁸

─ ≤ ≢№╢⁹ 

 

 │ ⅛╠ ╕≢─ fiⱪꜝכ꜡◓⁸≡∫⅜√⇔⁸™™╩ ╙ ╕╣╢⁹⌂⅔⁸

≤™℮≤⅝│⁸ ╙∕─ ⌐ ╕╣╢⁹ 

 

 ↓─ ⌐⅔™≡│⁸ ⌐ ─ ќ 181 ┘ ─ ќ 182 ╙ ╗

╙─≤⇔≡™╢⁹↓╣│⁸ ┘ │⁸∕─ ⅜∕─ ─ ≤─ ⁸

─ ⌐⅔™≡ ≤ ∂≢№╢√╘≢№╢⁹ 

⁸  

 ⁸ ⌐│ ⱨ□▬Ᵽ◔כⱩꜟ╩ ╕⌂™√╘⁸ ┘ ⱨ□▬Ᵽ◔כⱩꜟ ⌐

≈™≡ ∆╢ │⁸ ≤™℮ ╩ ™≡™╢⁹ 

 

 │⁸™╦╝╢Duplex 2 ─╙─ ⁸Triplex 3 ─╙─ ≤ ┌╣╢╙─≢⁸ ≢ ⇔√ ╩1

─ ─ ⌐№╢ ─Ⱨ♇♅≢╠∑╪ ⌐ ⅝ ↑√╙─≢№╢⁹∕─ ╩⁸ 1.3 ⌐ ∆⁹↓─ │⁸

⌐⁸▪ꜟⱵ ╩ ≤∆╢ ─ ≤⇔≡ ⅎ ↕╣√╙─≢⁸ ↕╣√▪ꜟⱵ ─

─ ╩◌Ᵽ⁸╘√╢∆כ ↕╣≡™⌂™ ▪ꜟⱵ╟╡ ╩ ⅎ≡⁸↓╣⌐ ─ ╩ √∑╢╙─≢№╢⁹ 

 

1.3  

 

∟╞℮  

 ∟╞℮ ╩ꜟⱩכ◔⁸│ ≤⇔≡ ∆╢ ꜟⱩכ◔⁸⌐ ⌐ ⌐ ╩⅛↑⌂™╟℮⌐∟╞℮

∆╢√╘⌐ ∆╢ ≢№╢⁹ 

ꜟⱩכ◔  

 ≤ ≤╩ ⌡√╙── ⌐ ╩ Ⱪꜟ╩₈כ◔√⇔ ≥Ⱪꜟ₉כ◔ ⇔≡⅔╡⁸

⅜№╢╙─ ╩ ⇔⌂™ ⱨ□▬Ᵽ◔כⱩꜟ╩ │ ⌐ꜟⱩכ◔ ╖ ╪∞╙─│⁸↓─ ─ ◔

│⌐ꜟⱩכ ⇔⌂™⁹ 

 

 ↓─ ≢│⁸ ≤™℮ ─ ╩ ⇔≡™╢⁹ ⌐│⁸ ⁸ ┘ ⅜№╢⅜⁸↓╣╠─

≤─ ╩ ∆╢≤ 1.4 ─╟℮⌐⌂╢⁹╕√⁸ ─ ≢╙⁸ ⅜ ─ ─ │ ⌐⅔™≡

∆╢ ─ ╩₈ ₉ ќ 49 ≤⇔≡ ⇔≡™╢⁹ 
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1.4  

 

 

 ↓─ ⌐⅔↑╢ ≤│⁸ ─╙─ ≡╩ ⇔⁸ ╛ ⌂≥ ⌐ ∆╢╙─ ─ ≡─ ╩™℮⁹

√∞⇔⁸ ⅜ ≤⌂∫≡™╢⁸ ╛ ╤℮│ ≢№╢⁹ 

 

 ↓─ ⌐⅔↑╢ │⁸ ─₈ ₉╟╡╙ ™ ≢ ⇔≡™╢⁹ 

 

 ↓─ ⌐⅔↑╢ ≤│⁸ ─℮∟⁸ ⅜ ⇔ↄ│ ∆╢╙─⁸ │ ⌐ ╡ ⇔ↄ│ ∆╢

╙─╩™℮⁹ ≢№╢⅛ ⅛─ ─ ≤⇔≡⁸ ≤⇔≡ ╡ ℮╙─≤ ≤⇔≡ ╡ ╦⌂™╙──

╩ ⌐ ∆⁹ 

≤⇔≡ ╡ ℮╙──  

ᵑ ─ ⌐⅛⅛╦╠∏ ─ ╩ ≤⇔≡ ≡╠╣√  

ᵒ ─ ⌐⅛⅛╦╠∏ ─ ╩ ≤⇔≡ ≡╠╣√ ⁸  

ᵓ ⁸ ≤ ⇔√ ⁸ ⁸ ⁸ ⁸ ⁹√∞⇔⁸ ─ ⌐ √⌂™ ⌂╙

─│⁸ ≤⇔≡ ╡ ╦⌂™⁹ 

ᵔ ⁸ ⌐ ⇔≡™⌂™ ≢№∫≡╙ ⅜ ⌐ ╡∆╢╙─ 

 ≤⇔≡ ╡ ╦⌂™╙──  

 ŋ ─ ⅜⌂ↄ⁸ ⇔⁸ │ ─ ╩ ℮ ⁸ ⁸ ─ ⁸

 

 o ─ │ ╡⌐ ⌂™ Ⱳ♇◒☻⁸ ─ ⁸ ⌂  

 ɔ ⅜ ∑∏ ─ ⌂™Ᵽ☻─ ⁸ ⁸◖▬fi ⁸ ⌂  

 ᴖ ⅜ ∑∏ ─╖ ∆╢ ⁸  

 ᴗ  

 p ≤ ⇔⌂™ ⁸ ⁸ ⁸ ╩ ↄ⁹⁸ ⁸ ╡  

 tⱦ♬ꜟ♩♃fi ╡ ─ ⌂ ─ ⁸ ⁸ ┘ ⌂ ─ ─ ≢№∫≡⁸

─ ╩ ∆╢╙─ 

ה ⅜ │ ─№╢ ─ ⌐╟╡ ↕╣≡™╢↓≤⁹ 

ה ⌐ ⅜⌂ↄ⁸⅛≈⁸ ─ ™╙─≢№╢↓≤⁹ 

↕╠⌐⁸ ╩ ≤⇔≡ ∆╢╙─⌐№∫≡│⁸ 

ה ⅜1≢№∫≡ ⌐│ ⌐ ∂╢ ⅜№╢↓≤⁹ 

ה ⅜3,000m2 ≢№╢↓≤⁹ 

 u ─ ╩ ≤∑∏⁸ ─ ⅜⌂ↄ⁸⅛≈⁸ ≤ ⇔⌂™  

 

 ↓─ ⌐⅔↑╢ │⁸ ⁸ ⌂≥─ ─ ≢ ∆╢ ≤│ ⅜ ⌂╡⁸ ≢№╢⅛

≢№╢⅛│ ╦⌂™⁹ ╩ ™≡™╢─│⁸ 68 ≢ ⌐ ⇔≡ ⌐ ⇔≡™╢⅛╠≢№╢⁹

╕√⁸ ─ ↕ │ ≤ ─ ╩ ∆╢ ⌐⁸ ⌐ ∂≡ ⅛╠ ─ ⅜╕╣

⌂╙─ ╩ ⇔≡™╢ ќ 68 ⁸ 72 ⁹ 

─№╢ ⁸ ─ ™ ⁸ ⇔√  

 ₈ ─№╢ ₉⁸₈ ─ ™ ₉⁸₈ ⇔√ ₉ ┘ ≢│ ╩⇔≡™⌂™⅜⁸↓─ ≢ ™╠╣╢

₈ ⌐↕╠↕╣╢ ₉⁸₈ ⌐↕╠↕╣⌂™ ₉⌐≈™≡⁸∕╣∙╣─ ╩ 1.5 ⌐ ∆⁹ 
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1.5  

 

 ↓─℮∟⁸ ─№╢ ≤│⁸ ⁸ ∕─ ╩ ℮ ⁸ ╩ ℮ ─ ∕─ ⅜ ┘ ╢⅔∕╣

⅜№╢ │ ─╟℮⌐ ⅜ ⇔ ⇔ↄ│ ∆╢ ╩ ⇔⁸ ⌐│ ─ ⌐╟╢

─ ╙ ™ ≤ ⅎ╢⁹ 

 ─ ™ ≤│⁸ ⇔ↄ│∕┌ ─ ─╟℮⌐ ⅜ ∆╢ ⁸ │ ⇔ↄ│ ⁸⇔╞℮╝

─ ⇔ↄ│ ∕─ ↓╣╠⌐ ∆╢ ─ ™ ╩ ⇔≡™╢⁹ 

 ⌐↕╠↕╣╢ ≤ ⌐↕╠↕╣⌂™ ─ │⁸ ─ ⌐╟∫≡ ⌂╢⅜⁸ ╩ 1.6 ⌐ ∆⁹ 

 

1.6  

 

≢⅝⌂™ ║™ ⁸ ≢⅝╢ ║™ ⁸ ⇔√  

 ∕╣∙╣─ ╩ 1.7 ⌐ ∆⁹ ≢⅝⌂™ ║™ ⁸ ≢⅝╢ ║™ ⌐≈™≡│⁸∕╣∙╣ ∆╢

≤⅔╡─ ╩ ⇔⁸ ⇔√ │⁸ ╙ ╢╙─⅜⌂ↄ ╩ ≢⅝╢ ≢№╢⁹ 

 

 

 

 

 

1.7  

 

⁸ ─№╢ ⁸ ⁸  

 ↓─ ⌐⅔↑╢ ⌐ ╢ ─ ╩ 1.8 ⌐⁸∕╣∙╣─ ╩ ≈ ─ ╩ 1.3 ⌐ ∆⁹ 

 

⌐↕╠↕╣╢ 

 

⌐↕╠↕╣⌂™ 

 

─№╢ 

 

─№╢ 

 

─⌂™ 

 

─ ™ 

 

⇔√ 

 

─№╢ 

 

─⌂™ 

 

─ ™ 

 

⇔√ 

 

 

⌐↕╠↕╣╢ │⁸ ⅜№╢─≢

⌐ ─№╢ ⌐⌂╢⁹ 

≤⁸ ─ ⌐↕╠↕╣⌂™ ─ ⅎ │ ∂ 

⇔√  

║™  

≢⅝╢ ║™  

≢⅝⌂™ ║™  
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                                     1.3  

 ◗ⱶ  

─№╢  
ⱦ♬ꜟ ⁸ⱳꜞ◌כⱲⱠ

♩כ  

 
◖fi◒ꜞ⁸⅜╪╣⁸♩כ ⁸ ⁸

▪ꜟⱵ♬►ⱶ⁸●ꜝ☻⁸⸗ꜟ♃ꜟ  

 ◖fi◒ꜞכ♩  

          1.8  

 

 

 ≤│⁸ ⌐ ⅜ ⇔⌂™╟℮⌐ ∂╢ ≢№╡⁸▬ │꜡─™∏╣⅛╩ ∆╣┌╟™⁹ 

 ▬│⁸ ╩ ⌐ ⇔≡ ⌐ ∆╢ ⌐≈™≡ ⇔≡™╢⁹₈ ⅜ ╢ ⅛╠ ╩ ┌⇔≡╙ ╣╢

↓≤─⌂™ ⌐₉≤ ⇔≡™╢─│⁸ ≢№∫≡╙⁸ ─ ╛ ⅛╠ ╩ ┌⇔≡ ╣╢↓≤─≢⅝

╢╟℮⌂ ≢│⁸ ⅜№╢⅛╠≢№╢⁹ 

 ꜡│⁸ ⌂ ╩ ℮ ╩ ⇔≡⅔╡⁸ ⌂ ╩ ⌐ ∆⁹ 

ה ⁸ ⁸♩ꜝⱨ⁸♄◒♩⁸ Ⱳ♇◒☻⌂≥⌐ ╘╢⁹ 

ↄ⁸┼™⁸↕ה ∆╡⁸ ⌂≥╩ ↑╢⁹ 

ה ╩ ⇔≡™╢ ╩ ⌐∆╢⁹ 

 ─ │⁸ ─ ╛ ╘╠╣╢ ꜠ⱬꜟ╩ ⇔⁸ ⌂ ≤∆╢↓≤⅜ ≢№╢⁹ 

 ⌂⅔⁸↓─ ≢│⁸▬ │꜡─≥∟╠≢╙ ⌂ ⌐─╖ ≤™℮ ╩ ™≡⅔╡⁸

─ ќ 198 ─ ─╟℮⌐⁸꜡⇔⅛ ⇔ ⌂™ │⁸ ≤™℮ ╩ ™∏⌐⁸ ─

╩ ⇔≡™╢⁹ 

 

 ≤│⁸ ⌐ ⅜ ⌐ ⇔⌂™╟℮⌐ ∂╢ ≢№╡⁸ ⅎ │ ≤ ≢№╢

⅜⁸▬⌐≈™≡│⁸ ╟╡╙ ↕ ╩ ╛⅛⌐⇔≡™╢⁹ 

  

⅜ 1 ≢ ↕╣╢ ≢№╢⅜⁸ ⌐⁸ 1 ≢ ⇔≡™╢ ─℮∟⁸ ─ ⌂ ⌐

≈™≡ ╩ ⅎ╢⁹ 

1  

 │⁸ ─ ≤⌂╢ ─ ≢№╢⅜⁸ ⌂ ╩ ⌐ ∆√╘⁸ ⌡ ─╟℮⌐ ™

↑≡™╢⁹ 

 ŋ ↔≤⌐ ⌂ ⌐≈™≡│⁸ ─ ⁸ ⁸ ⁹ 

 o ∆╢ ⌐≈™≡│⁸₈ ₉⁹ 

 ɔ ╖ ╦∑⌐╟╢╙─⌐≈™≡│₈ ₉ ⅜ ─ ╩ ╗⁹⁹ 

 ᴖ ─ ⌐≈™≡│⁸₈∕─ ─ ₉ │₈∕─ ↓╣⌐ ∆╢ ₉⁹ 

 ᴗ ⌐ ∆╢ ⁸ ⌐≈™≡│₈ ₉ ╩ ⁹ 

1  

 ≤™℮ │⁸ 40 206 │ ⌐⅔™≡│⁸ ⌂ │

⌂™⅜⁸♄ⱶ⁸ ─ ╩ ╪∞╙─╩ ⇔≡™╢⁹ ⁸ ┘↓─ ⌐⅔™≡│⁸ ┘

⁸ ⁸ ⁸ ─ ⅜ ↕╣≡™╢ ⁸∆⌂╦∟ ─№╢ ─╖╩ ⇔≡

™╢⁹ 

1  

 ≤│⁸₈ ⌐ ⇔√ ⌐╟╡₉⁸ ↕╠⌐ ⌐ ∆╢₉≤™℮ ⅜ ≢№∫≡⁸ ⌂

─ │↓─ ⌐│ ╕╣⌂™⁹╕√⁸ 26 ─ ─ │⁸ ≤│

╖⌂↕⌂™⁹ 

 ⌂⅔⁸ ╩ ╖ ⅜2 ⌐ ꜟⱩכ◔⅜╠╣↓⁸╣⅛ ⌐╟∫≡ ↕╣≡™╢╟℮⌂ │⁸1 ⌐ ∏

╢╙─≤╖⌂⇔⁸∕─ │ ≤⇔≡ ╡ ╦╣⌂™⁹ 

1  

 ≤│⁸ ⌐⅔™≡⁸ ─ ╩∆╢≤↓╤╩ ⇔⁸ ⌐ꜝ▬fi☻▬♇♅─╖╩ ⇔√ ─

 

 

 

─№╢ 
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│⁸ ⌐│ ╕╣⌂™⁹ 

1  

 ↓─ ┘ ⌐⅔™≡ ⌐ ≤™℮≤⅝│⁸ ─ ─ ⌐ ∆╢╙─╩ ⇔≡™╢⁹

⌐™ⅎ┌⁸ ה ─ ⌐ ↕╣╢ ─╙─⅜ ≢№╡⁸∕╣ ─╙─⅜

≢№╢⁹ ה ─ ≢│⁸ ─╟℮⌂╙─╩ ≤ ⅎ╢⁹ 

 ŋ▬fi♃כⱱfi⁸ ─ ─  

 o │Ɽꜟ☻⌐╟╢ ─  

 ɔ ⅜10V ≢ ⅜5A╩ ⅎ⌂™  

 ᴖ ⅜1mA ─  

 ᴗ ─ ⅜60V ─ ≢ 181 ⌐ ∆╢ ⌐ ∂√╙─ 

 p ≢№∫≡⁸ ⅜110V ≢ ⅜100mA ─  

1  

 Ɽfi♃◓ꜝⱨ ⅜ ∆╢ ╩│∂╘⁸ ⌐ ꜟכ꜠ⱡ⸗⁸ꜟכ꜠♪כ◘╢╣╦ ─ ⅜ ╕╣⁸

∕─ ⁸ כ◌ꜟⱩכ◔ ─ ⌐ ≢│⌂™⁹╩ ∆╢ ╙ ╕╣≡™╢⁹

⌂⅔⁸ ќ 189 ─ │ ╕╣⌂™⁹ 

1  

 │⁸ ⌂ ╩⌂∆ ╩ ⌐╟╡ ∆╢╙─≢№╢⁹ ⌂ ╩⌂∆ ─℮∟⁸₈

⁸ ⁸ ⁸ ⌐ ∆╢ ₉≤│⁸ ⅎ┌⁸ 26 ─ ⌐╟╢ ─ ⁸

⌐⅔↑╢ ⁸ ─ ⁸ ─ ─╟℮⌂≤↓╤╩™℮⁹╕√⁸ │ ≤

∕╣╩ │ ∆╢ ⅛╠⌂╢⁹₈ ∆╢ ₉≤│⁸ ╩ꜟⱩכ◔≡™≈⌐ ╘╢ ⅝╞⁸ ⁸

╩ ⇔≡™╢⁹ │⁸↓╣╩∕─ ⅛╠ ∆╣┌⁸ ⁸ ⁸⅝ ⌐ ≢⅝

╢⅜⁸ ≤ ≤─ ⌐│ ─ ⅜⌂ↄ⁸⇔√⅜∫≡⁸∕─ ╙ ↑╠╣≡™⌂™⁹ 

1  

 │⁸ ─ ╩ √╢ ≤∆╢╙─≢№╡⁸ ╩ ⅝ ╪∞ ─ ╛←╠─℮∟⌐│⁸ ⁸

⌐ ∆╢ ≤™ⅎ╢╙─⅜№╢⅜⁸ √╢ │ ╩ ∆╢↓≤≢│⌂™─≢⁸ ≢│⌂™⁹

┘ │ ⌐│ ╘⌂™≢ ⌐ ╡ ℮⁹ 

 

2 ₒ  x

₡  ₢ │⁸ ≤ ─ ╩ ↑╢√╘⁸ ⁸ │

⅜ ↕╣╢ │↓╣╠─ ⅜ ↕╣╢ ⌐ ⇔≡│⁸↓─ ─ ⅜ ↕╣╢↓≤╩

⌐ ⇔≡™╢╙─⁹ ⌐⅔™≡ ↕╣╢ ⅜ ↕╣√ ⌐≈™≡│⁸₈ ⌐ ∆╢ ─ ╩

╘╢ ₉ 13 151 ┘ ⌐╟╡↓─ ≤ ─ ⅜ ↕╣≡™╢⁹ 

 ≢ ↕╣╢ ─ ⌐≈™≡│⁸ 2.1 ⌐ ∆╟℮⌐⁸ ⁸ │ ─ ≢

№∫≡╙⁸↓─ ─ ⅜ ↕╣╢ ⅜№╢⁹ 

 

 

 

 

 

 

2.1  

 

 ⌐ ∆╢╙─⌐≈™≡│⁸ ⌐ ╦╢ ќ 31 ⁸ 39 ┘ 3 ─ ─

⅜ ↕╣≡™╢⅜⁸ ⌐ ∆╢ ќ 51 ⁸ 52 ┘ 124 ⁸ ┘ ─ ╛

⌐ ∆╢ ⌂ ќ 56 ⁸ 57 ┘⌐ 58 ┘ 59 ─ ⁸ 88 ─

⌐⅔↑╢ ⌐≈™≡│⁸↓─ ─ ╩ ↑╢⁹╕√⁸ ⌐ ∆╢ 206 ⌐ ∆╢

─ ⁸ 207 ≤ ≤─ │ ⁸ 208 ⌐

∆╢ ─ ⁸ 216 ⌐ ∆╢ ─ ⌐≈™≡╙⁸ ─╙─⌐≈™≡│

↕╣≡™╢⁹ 

 ⌂⅔⁸ ⌐≈™≡│⁸ ⌐│ ≢│⌂™⅜⁸ ⌐ ∆╢ ╡ ≤╖⌂∆⁹ 

 

╩ ∆╢ ─  

 

↕╣╢╙─ 
↕╣⌂™╙─ 
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 ⁸ │ ⅜ ↕╣ │ ↕╣╢ ⁸│≡™≈⌐ꜟכ꜠┘ ┌⅛╡≢

⌂ↄ ⌐№╢╙─≢╙ ↕╣╢⁹ 205 ─ │⁸ ─ ⌐ ∆╢ ≢

─ ⌐ ⌂ ⅜№╢↓≤⅛╠ ≢ ∆╢↓≤⅜ ≤ ↕╣√╙─≢№╢⁹ 214 ┘ 215

│⁸ ≤ ─ ≤─ ─ ≢№╢⅜⁸ │ ⌐ ∆╢↓≤⌐⌂∫≡™╢ ќ

211 √╘⁸╕√⁸ 217 │ ─ ≢№╢⅜⁸↓╣╙ ⌐ ╢↓≤│ ⅎ╠╣⌂™√╘⁸ ⌐

⌐ ╢↓≤╩ ∆╢ ╙⌂™─≢ ≤⇔≡™╢⁹ 

 ─ ≤⇔≡⁸ ⌐ ╦╢ ќ 39 ┘ ╩⇔⌂™ ─ ─

ќ 48 ⅛╠ ╕≢ │⁸ ≢ ╘╢↓≤⅜ ≢№╢≤─ ⌐ ≠ↄ╙─≢№╢⁹ 

 

2   
3 ₒ ─ ─  x

₡  ₢ │⁸ ─ ─ ╩ ⇔≡™╢⁹ 1 ─ ≢ ═≡™╢╟℮⌐⁸ ≤│⁸

─ ╩ ≤⇔√ ⁸ ≢ ⇔√ ⁸ ⁸

♪כ◖┘ │ ≢ ⇔√ ╩ ⇔√ ꜟⱩכ◔ꜘ▬♃Ⱪꜟ⁸◐ꜗⱩכ◔ ≢№╢⁹

≤⇔≡ ≢⅝╢ ─ ┘∕─ │⁸ 1 2 ≢╕≤╘≡ ⇔≡™╢⁹⇔√⅜∫≡⁸ 1 2 ─

╩ ⇔≡™╢ │⁸ ⁸ ⁸ ⌐⅔↑╢ ⌐ ≢⅝╢⁹ 

 4 ⅛╠ 11 ╕≢─ ≢│⁸ ─ ⌂ ┘ ╩ ⇔≡™╢⁹↓╣╠─ ≢│⁸ ≤ ╩

⇔≡™╢╙─⅜№╢⅜⁸↓╣⌐≈™≡│⁸ ≢₈↓─ ⌐⅔™≡⁸ ╩ ⇔≡™╢╙─≤ ╩ ⇔≡

™╢╙─≤╩ ⇔≡ ⇔≡™╢╙─│⁸™∏╣⅛─ ╩ √∆↓≤⌐╟╡⁸ ╩ ∆╢↓≤╩ ⇔√╙

─≢№╢⁹₉≤ ⇔≡™╢≤⅔╡≢№╢⁹↓╣╠─ ─ ╩ ⇔≡™╢ │⁸H9 ⌐╟╡ √⌐ ↑╠╣√

╙─≢№╡⁸ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ ─ │⁸ 

a  

b  

c  

⌐ ↕╣╢⅜⁸ │⁸ ─ ⌐ ∆╢√╘⁸ ─ ⌐ ⌡≡™╢⁹∕─√╘⁸ ≢│

⁸ ╩ ⇔⁸ ⌐ ╩ ∆╢ ⅜№╢ ⅎ┌⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⌐⁸

╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ 5 ≢ ⌐ ↕╣≡™╢ ─ ⌐≈™≡│⁸ ⌐⁸ ╙ ∆╢↓≤⅜ ╘╠╣╢⁹ ⅎ┌⁸

10 ─ │ꜟⱩכ◔ ─ ⁸ ⌐╟╡ ↑∕─ ─ ⌐╟╡ ─ ⅜≢⅝╢↓≤⅜ ╘╠╣

╢⁹ 

 S47 ≢│⁸ ⌐ ─ ⅛╠ ─ ─ ┘ ⅜⌂↕╣√⁹ 

a ╩∕╣∙╣─ ⅛╠ ⁸∆⌂╦∟ ╩ ∆╢╙── ≤⇔√ ≤∆╢⁹ 

b a─ ≤∆╢⌂⅛≢⁸ ⁸ ┘ ─ ─ ∑╩ ⌐⇔⁸∕╣╠─ ⌂ ─ ╩

╛∆⁹ 

c ─ ⌂ↄ⌂∫√ ╩ ∆╢⁹ 

d ─ ⁸ ─ ↕ ─ ╩ ₁─ ⅛╠ ⌐ ⇔⁸↕╠⌐ ─ ה↕ ┘⁸ ─

↕ ─ │ ─ ↕⅜Ɽꜝⱷ⁸⅜╢™≡∫⌂≥♃כ↓─ ⁸ │ ─╙─∞↑⅜ ↕╣≡™√⅜⁸№

╠╝╢◘▬☼─ ⌐ ≢⅝╢╟℮⌐ ─ ↕─Ɽꜝⱷכ♃⌐ ╩╙√∑⁸™╦╝╢ ─ ≤⇔≡

─ ⌂ ─╙─╩ ╠∆⁹ 

e ⌐ ╩≤╡ ╣╢⌂≥ ╩│⅛╢≤≤╙⌐⁸ ╩ ∆╢⁹ 

 ↓↓≢⁸ ⌐ ∆╢ ─℮∟⁸↓─ ─ꜟⱩכ◔╢↑⅔⌐ ™⌐≈™≡ ⌐ ═╢⁹ 

≥ꜟⱩכ◔⌐  ⅎ┌⁸ ╙ꜟⱩכ◔ ╕╣≡™╢╙─≤ ↕╣╢⁹⇔⅛⇔⁸ ≤⇔≡ ─ ⌐

∆╢╙─⌐≈™≡│ 9 ⁸ ─ ⌐ ∆╢╙─⌐≈™≡│ 10 ≢ ∆═⅝ ⅜ ↕╣≡™╢√╘⁸

⌐│ ⅜ꜟⱩכ◔ ⅎ⌂™⁹ ⌐ ∆╢╙─⌐≈™≡│⁸ ⅜ 1 ≢─ ─ ≢│⌂

™─≢⁸ 17 1 Ɫ⌐⅔™≡│ ꜟⱩכ◔₈⌐ ╩ꜟⱩכ◔ ↄ⁹₉≤ ⇔≡™╢⁹╕√⁸ ⌐

Ⱪꜟ≤™℮─│⁸כ◔ ⅜ ─ ─ ⌐ ℮™≥ꜟⱩכ◔╢⅝≢⅜≥↓╢∆ ≢⁸ ⅜

┘ ─ ⌐ ╩ꜟⱩכ◔╢⅝≢ ≡⇔≥ꜟⱩכ◔ ⌐ ⇔≡╙ │⌂™⁹↓╣│⁸ כ◔

Ⱪꜟ≤ ─ꜟⱩכ◔ ⌐≈™≡╙ ≢№╢⁹ 

 



10 

4 ₒ  x

₡  ₢ ╩ ∆═⅝ ⁸∆⌂╦∟⁸ ⌐ ∆╢ ⁸ ⁸ ⁸ ⁸ ⁸

─ ⌐│⁸∕╣ ─ ╩ ∆╢╙─╩ ∆╢ ⅜№╢⁹ ≢│⁸↓╣╠⌐

∆╢ ─ ╩ ⇔≡™╢⁹₈∕─ ─ ₉≤™℮─│⁸ ─ ⁸ ⁸ Ⱪꜟ⁸כ◔

℮╞∟─≤⌂ꜟⱩכ◔ ⱷ♇☿fi☺ꜗכ꞉▬ꜘ ⁸ 100 5 ─ ⌐╟╡ ≤

│ ≤⅜ ∆╢ ⌐⁸ ─ ─ ⌐ ∆╢D

╩ ⇔√ ╩ ∆⁹ 

 ≢╙⁸Ᵽ☻♄◒♩⌐ ↕╣╢ ⁸▪ꜟⱵ ⁸ ╖╦√⌂℮╟─כꜞ꜡♩ ™ ╛⁸ ↕ↄ─ ─

╟℮⌐ ™ ≢ ↕╣⁸⅛≈⁸ ⌐ ⇔≡╙ ─⌂™╙─⌐≈™≡│⁸ ╩ ∆╢ ⅜

⌂™─≢ ⇔≡™╢⁹Ᵽ☻♄◒♩⌐ ↕╣╢ ≤ ⌂√╦╖ ™ ╩ ≤⇔≡ ∆╢ ╙⁸

⌐ ↕╣╢⁹╕√⁸ꜝ▬♥▫fi◓♄◒♩─ ⌐≈™≡│ 165 3 ⁸ כꜞ꜡♩ ⌐≈™≡│ 173 6 ≢

∕╣∙╣ ⇔≡™╢─≢⁸ ≢│ ⇔≡™╢⁹ 

 ─ ⌐≈™≡│⁸ ─ ≢ ╘╠╣╢╙─≢№╢⅜⁸

⌂ ⌐│⁸ ⅎ┌⁸ 100 5 ▬╛ 207 Ɫ─╟℮⌐⁸ ─ ┼─ ─ ≤

⇔≡⁸ ⌐ ⇔≡™╢↓≤⅜№╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹↓↓≢ ℮₈ ─ ⌐⅔↑╢ ₉≤│⁸ ─ ┘

─ ╩ ⇔√ ╩ ⇔≡™╢⁹ 

 │ ─⁸ ┘ │╟╡ ─ ╩∕╣∙╣ ⇔≡™╢⁹ 

 ↓─ ≢ ─ ↕≤™℮─│⁸ ─ ╡⌐ ∆╢ ─ ╩ ™⁸ ⅜ ≈ ─ ≈╩ ∆

╙─≢№╢ ⌐ │⁸ N ≤⇔⁸ √╡─ ↕─ │⁸ N/mm2 ≤∆╢⁹⁹╕√⁸ ─

≤™℮─│⁸ ⌐⅛⅛╢ ╡ ─ ╩™℮ ⌐ N ╩ ≤∆╢⁹⁹⌂⅔⁸ JIS ≢

⌐ ─ ╩ ∆ ⌐│⁸₈ ↕₉│ √╡─ ↕ N/mm2 ╩ ∆ ⌐ ⇔⁸₈ ₉

│ ─ N ╩ ∆ ⌐ ⇔≡™╢─≢⁸ ∆╢ ⅜№╢⁹ 

 ╕√⁸↓─ ≢│⁸ ╩ ∆═⅝ ─ ─ ╩ ∆╢ ⌐│⁸₈ ↕5.26kN ─

╙─ │ 4mm ─ ₉≤™℮╟℮⌐ ⇔≡™╢⁹↓─ ⁸ ≢№╣┌ ⅜4mm ╟╡ ─ │⁸

4mm─╙─≤ ─ ⁸∆⌂╦∟12.57mm2 ─ ╩ ∆╢╙─ ⁸ ─ ─ ≢№╣┌

↕5.26kN─╙─╩ ∆╣┌╟ↄ⁸™∏╣╙ ↕⅜5.26kN ≢№╢↓≤╩ ⇔≡™╢⁹ 

 4- 1 ⌐ ∆ ╩ ≤⇔≡ ∆╢ ─ ↕│⁸ ─ √╡─ ↕─ ⌐ ↕╣╢

│ ↕╣√ ─ ⌐ ↕╣╢ ⌐⁸ ╩ ∂√ ╩≤╣┌╟™⁹ 

 ╟╡ ─ ↕│⁸ ꜡⌐ ╩ ⇔≡™╢╟℮⌐⁸ ─ ↕─ ⌐⁸4- 3 ⌐ ↕╣╢ ↕

╩ ∂≡ ╘╢⁹▪ꜟⱵ ─╟╡ ⌐│⁸ ⅜ ↕╣√╙─⅜№╡⁸↓╣╠│∕─ ─ ⅜ ╛

≢№╢─≢⁸↓─ ─ ─ ↕│⁸∕─ ≤ ⇔™ ─ ⌐⌂╢ ─ ─ ↕≤ ⇔™

≤╖⌂∆⁹ ▬(꜡)⁸(Ɫ)≢ ⇔≡™╢─│ ╟╡ ≢⁸ ⅝ↄ ↑≡ ╩ ≤⇔≡ ∆╢╙─≤⁸▪

ꜟⱵ╩ ≤⇔≡ ∆╢╙─≤─2 ⅜№╢⅜⁸ ≤╙⁸ ⌐╟∫≡ ╩ ╢↓≤⌐ ╦╡│⌂™⁹↓─℮

∟▪ꜟⱵ╩ ≤⇔≡ ∆╢╙─│⁸ ⌐ ▪ꜟⱵ╟╡ ACSR⁸ ▬ ▪ꜟⱵ╟╡ IACSR ≤ ┌╣≡

™╢╙─≢⁸▪ꜟⱵ ╩ ─ ─№╢ ⌐ ∆╢╙─│⁸ ─ ╩ ∆╢ ⌐│ ↕

╣⌂™⁹↓╣╠─ ╟╡ │⁸∕╣∙╣─ ─ ╩ ⅛⇔≡ ↕╣╢⁹ 

 ⌂⅔⁸ ⅜ ↕╣√ ─ ⌐≈™≡│⁸ 1⅛╠ 3╕≢⌐ ↕╩ ⇔≡⅔╡⁸ ─ ≤⌂╢

─│↓╣╠─ ─ ≢№╢⁹ ─ ─ ↕│⁸ ─∕╣╟╡ ↕ↄ⌂╢─⅜ ≢№╢⅜⁸

↓─ ≢│ ≤╖⌂⇔≡™╢⁹ 

 ⁸ ⌐≈™≡ ═╢⁹ 

ᵑ  ⌐⁸ ⌐ ≤™ⅎ┌⁸ ┘╟╡ ─ ╩ ∆⁹╟╡ │⁸ ∂ ─ ⌐ ═≡

⁸ ↕ ≢│ ╢⅜⁸ ≤℮ ⅜ ⅝™─≢ ↕™ ⌐ ⇔≡ ↄ⁸⅛≈⁸ ™ ─ ⅜ ⅝™─≢⁸

─ ™ ╩ ∆╢ ╛⁸ ╩ ⌐╟∫≡ ∆╢ ⌐│⁸╟╡ ╩ ∆╢

↓≤≤⇔≡™╢ ─ ⌐≈™≡╙ ⁹ 

 ─ ↕│⁸  JIS C 3101 1965₈ ₉⅛╠ ∫√╙─≢№╢⁹ 1─

≢│⁸╟╡ ─ ⌐ ↕╣╢╙─╩ ⇔≡ 0.4mm ─╙─⅛╠ ⇔≡™╢⁹⌂⅔⁸ ≤⇔≡ ↕╣

╢─│ 5mm╕≢≢⁸ ⌂╙─╩ ⅝⁸↓╣╟╡ ™╙─╩ ∆╢≤⅝│ ≤℮ ─№╢╟╡ ⅜ ↕╣╢⁹

╟╡ ⌐│⁸  JIS C 3105 1994₈ ╟╡ ₉⅜№╢─≢⁸ ⌐│⁸↓╣⌐ ∆╢╙─⅜ ↕

╣╢⁹ 
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ᵒ  │⁸ ⌐ ─№╕╡⅛⅛╠⌂™ ⌐ ↕╣╢⁹ ↕⌐ ⅜№╢─│⁸ ≤

∆╢√╘≢№╢⁹ ⌐≈™≡│⁸  JIS C 3102 1984₈ ₉⅜ ╘╠╣≡™╢─≢⁸↓

╣⌐ ∆╢╙─⅜ ↕╣≡™╢⁹ 

ᵓ↑™  ↑™ │⁸ ⌐1.5% 0.8% ─∆∏ ≤⅝⌐│ ⌐ ┘ ≤⇔≡ ─↑™ ╩

ⅎ≡ ↕╩ ↕∑√ ≢№╢⁹ │ ╩ ∆╢ ⌐⁸╟╡ │ ⅎ⁸ ⅎ⁸ ⅎ⌂

≥─ ─√╘ ╩ ∆╢ ⁸ ⌐ ↕╣≡⅝√⅜⁸ ≢│№╕╡ ↕╣≡™⌂™⁹ 

ᵔC  C │⁸ ⌐♬♇◔ꜟ╩╕−≡ ↕╩ ↕∑√╙─≢⁸ ⅜35% ⁸40% ⁸45% ─3 ─

╙─⅜№╢⁹C ─ │⁸↑™ ≤╒╓ ∂≢№╢⁹ 

ᵕ◌♪Ⱶ►ⱶ  ◌♪Ⱶ►ⱶ │⁸ ⌂ ⌐ ─◌♪Ⱶ►ⱶ╩ ⅎ√╙─≢⁸ ⌐ ═≡

│╛╛ ↄ⌂╢⅜⁸ ↕⅜ ⅝™ ꞉▬ꜘ⁸כꜞ꜡♩⁹╢№≢ ─ ⁸ ⁸ ⱨ▫

⌐≤⌂ꜘ▬꞉כꜗ☺⁸ⱷ♇☿fiכ♄כ ↄ ™╠╣≡⅝√⁹ 

ᵖ  │⁸ ⌂ ⌐ 0.12 0.18% ─ ╩ ⅎ√╙─≢⁸ ⌐ ═≡ │

1% ↄ⌂╢⅜⁸ ↕│ ≤ ≢№╢⁹⇔⅛╙ │ ⅜90ϴ╩ ⅞╢≤ ↕⅜ ∆╢⅜⁸

│ ⅜200ϴ╩ ⅞≡╙ ↕─ │ ╘≡ ⌂™⁹⇔√⅜∫≡⁸ ╩∕─╕╕ ⇔≡

╩ ⇔╟℮≤∆╢ ⁸ │↓℮ ⅜ ↄ⁸ ⌐╟╢ ╟╡╙ ⌐ ∆╢ ─ ⅜ ⅝™

⌂≥⌐⁸↓╣⅜ ↕╣╢⁹ 

ᵗ ▪ꜟⱵ  ▪ꜟⱵ │⁸ ▪ꜟⱵ♬►ⱶ  JIS H 2110 ⅛╠ ↕╣╢╙─≢ ⌂

≤ ⅜№╡⁸╕√ ⅜ ™√╘ ╙ ≢№╢⁹ ▪ꜟⱵ ⌐≈™≡│⁸ JIS C 3108

1994₈ ▪ꜟⱵ♬►ⱶ ₉⅜ ╘╠╣≡™╢─≢⁸↓╣⌐ ∆╢╙─⅜ ↕╣≡™╢⁹↓╣╠│ ≤⇔≡

⅝ ⁸ ≤⇔≡ ™╠╣╢⁹∕─ ╩⁸ ▪ꜟⱵ ≤ ∂ ╩ ∆╢ ≤ ∆╢≤⁸

4.1 ─╟℮⌐⌂╢⁹ 

4.1  ≤ ▪ꜟⱵ ─  

  ▪ꜟⱵ  ▬ ▪ꜟⱵ  

 

 

 

↕ 

┘ 

1.0 

1.0 

1.0 

1.0 

1.0 

1.6 

1.3 

0.5 

0.6 

 

1.9 

1.4 

0.6 

1.4 

5.0 

 

ᵘ▬ ▪ꜟⱵ  ▬ ▪ꜟⱵ │⁸ ▪ꜟⱵ♬►ⱶ ⌐ ⇔╒≤╪≥ ⌐ ─⌂™↑™ ┘ⱴ◓Ⱡ

◦►ⱶ╩ ⅎ⁸▪ꜟⱵ♬►ⱶ⁸ⱴ◓Ⱡ◦►ⱶ ┘↑™ ─ ≤⇔√╙─≢⁸ ╩ ℮↓≤⌐╟∫≡

╩ ⇔ↄ ↕∑≡™╢⁹▬ ▪ꜟⱵ │⁸↓╣╩ ⇔√╙─≢⁸ │52% ≢ ▪ꜟⱵ ╟╡

9% ∆╢⅜ ≢№╡⁸ ↕│309N/mm2≢ ▪ꜟⱵ ─ 2 ≢№╢⁹ ⌐╙ ⌐╙ ╣√ ╩ ⇔⁸

⌐ ╦∫≡ ⁸ │ ⅝⌂ ↕╩ ≤⇔⌂™ ⌂≥⌐ ↕╣╢⁹▬ ▪ꜟ

Ⱶ ─ │⁸  JEC- 3405- 1995₈▬ ▪ꜟⱵ ₉⌐╟╢╙─≢№╢⁹▬

▪ꜟⱵ ≤ ∂ ╩ ≈ ≤╩ ∆╢≤⁸ 4.1 ─╟℮⌐⌂╢⁹ 

ᵙ ▪ꜟⱵ  ▪ꜟⱵ │⁸ ↕⅜ 2─ ▪ꜟⱵ ─ ≢⁸▬ ▪ꜟⱵ ≤ ▪

ꜟⱵ ≤─ ─ ≢№╡⁸ │53% ≢⁸▬ ▪ꜟⱵ ⌐ ═≡⁸ ⌐⅔™≡1 ╢√╘

≤⌂╢⁹ │⁸▪ꜟⱵ ╛▬ ▪ꜟⱵ ≤╒≤╪≥ ≢№╢⁹ 

ᵚ ▪ꜟⱵ  ▪ꜟⱵ │⁸▬ ▪ꜟⱵ ⅜▪ꜟⱵ♬►ⱶ⌐ⱴ◓Ⱡ◦►ⱶ ╩ ∆╢─⌐ ⇔2⁸

3─ ╩ ⇔√╙─≢⁸ │57% ≢ ▪ꜟⱵ⌐ ═╦∏⅛⌐ ╢⅜⁸ ╩ ↕∑√ ⇔ ™▪ꜟ

Ⱶ ≢№╢⁹ ▪ꜟⱵ ≢│150ϴ≢ ↕⅜7 8% ∆╢⅜⁸ ▪ꜟⱵ ≢│╒≤╪≥ ╦╠⌂™─≢⁸

∂ ↕─ ▪ꜟⱵ ⌐ ═ ╕≢ ∆╢↓≤⅜≢⅝⁸ ╩ ⅝ↄ≤╢↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ ⅜

▪ꜟⱵ ⌐ ═ ⇔ ∆╢─≢⁸ ⅜ ⅝ↄ⌂╢↓≤⅜ ⅎ╠╣╢⁹ ─ ⅛╠ ╩∕─╕╕ ⇔≡

╩ ⇔╟℮≤™℮ │↓℮ ⅜ ↄ⁸ ⌐╟╢ ╟╡╙⁸ ⌐ ∆╢ ─ ⅜ ⅝

™ ⌐⁸ ▪ꜟⱵ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

ᵛ ▪ꜟⱵ  ▪ꜟⱵ │⁸ ▪ꜟⱵ ⌐ ╩╙√∑√╙─≢⁸ ⌐│ ─

╩ ∆╢╙─≢№╢⁹ ↕⁸ │⁸™∏╣╙ ▪ꜟⱵ ≤ ∂≢№╢⁹ ▪ꜟⱵ │⁸

─ ⅎ ─ ⌂≥ ⁸ ╩ ↕╣╢ ⌐ ↕╣╢⁹ 

ᵜ  ⌐│◌♇Ɽכ►▼ꜟ♪ ≤ ╘∫⅝ ◌♇Ɽכⱪꜝ▬ ≤ ┌╣⁸ ⇔≡⁸CP ≤╙™℮⁹
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⅜№╢⁹◌♇Ɽכ►▼ꜟ♪ │⁸ ─ ⌐ ⌐ ╩ ⇔√╙─≢⁸↓─ ─ │ ⌐

⇔≡⅔╡⁸ │ ╩ ╢√╘─╙─≢⁸ │ ─ ─ ↕⌐╟∫≡ ╕╢⁹↓╣│⁸ ╩ ∆╢

⁸ ⁸ ⌂≥⌐ ↕╣╢⁹◌♇Ɽכ►▼ꜟ♪─╖─╟╡ │⁸ ⌐⁸ ─ ⌐ ™╠╣╢⁹CP

│⁸ ⌂ ╘∫⅝ ⅎ┌◔fi⸗▪ ⌂≥ ⌐╟∫≡ ─ ⌐ ╩ ⁸⅛≈⁸ ─ ↕⌐

⇔√ ≢⁸ ─ ∆╢ ∂╪ ≤ ─ ∆╢ ⁸ ≤╩ ⇔√ ≢№╢⁹ ─ │⁸

─ ↕⌐╟╡ ╕╢⁹CP │⁸ ≤⇔≡│ ⁸ ─ ⁸ ⁸ ⁸ⱷ♇☿fi☺

╛ꜘ▬꞉כꜗ ≤⇔≡ ≢№╢⁹ 

ᵝ▪ꜟⱵ ▪ꜟ⸗►▼ꜟ♪ ╩ ╗⁹  ▪ꜟⱵ │⁸ ⌐▪ꜟⱵ╩ ↕∑√╙─ │ ─

∏╖ ─ ╩ ⌐⇔⁸∕─ ⌐ ⌐╟╢ ▪ꜟⱵ─ ╩ ─ ↕⌐ ⇔√ ⁸ ™ ≤

⌂ ⌐╟╡ ⌐ ⇔≡ ╩ ∆╢⁹↓─ ╩ ♄▬☻⌐╟╡ ↕∑√╙─≢⁸▪ꜟⱵ╩

⌐╘∫⅝⇔√╙─│ ╕⌂™⁹ 

 ▪ꜟⱵ ⌐│⁸ ▪ꜟⱵ ⁸ ▪ꜟⱵ ⁸ ▪ꜟⱵ ⁸ ▪ꜟⱵ ⅜№╢⁹

▪ꜟⱵ │⁸ ≤⇔≡ ⅜9%⁸ ↕⅜1,670 1,770N/mm2─╙─╩ ™√╙─≢№╢⁹⇔√⅜∫≡⁸

↓─ ─ ┘ ↕│⁸↓─ ≤ ▪ꜟⱵ ─∕╣∙╣─ ⅛╠ ─ ⌐╟∫≡ ╘╠╣╢⁹ 

21

21 961

SS

SS  

↕
21

21

SS

SS ─ ↕▪ꜟⱵ ─ ↕ ³³  

S1 ▪ꜟⱵ ─ ⁸S2 ─  

 

 ▪ꜟⱵ │⁸ ≤⇔≡ ↕⅜1,570N/mm2─╙─╩ ™√╙─≢№╡⁸╕√ ▪ꜟⱵ │⁸

≤⇔≡ ↕⅜1,370N/mm2─╙─╩ ™√╙─≢№╢⁹ 

ᵞ▪ꜟⱵ╘∫⅝  ▪ꜟⱵ╘∫⅝ │⁸ ╘∫⅝ ⌐╟∫≡ ⌐▪ꜟⱵ╩╘∫⅝⇔√╙─≢⁸▪ꜟⱵ─ ⅜

⌐ ═≡ ™√╘⁸▪ꜟⱵ╘∫⅝ ─ ↕│ ╘∫⅝ ╟╡ ╢⁹⇔⅛⇔⁸▪ꜟⱵ╘∫⅝ │⁸▪ꜟⱵ

╘∫⅝─ ⌐ ⅜≢⅝╢√╘⁸ ╘∫⅝ ╟╡╙ ⌐ ⇔≡│ ╣≡™╢⁹▪ꜟⱵ╘∫⅝ │⁸ ≤

⇔≡ ▪ꜟⱵ╟╡ ─ ≤⇔≡ ↕╣╢⁹ 

ᵟ▪ꜟⱵ ▬fiⱣכ ┘ ╘∫⅝▬fiⱣכ  ▪ꜟⱵ ▬fiⱣכ │⁸▬fiⱣכ ⌐▪ꜟⱵ╩ ↕∑√╙─⁸

╘∫⅝▬fiⱣכ │⁸▬fiⱣכ ⌐ ╘∫⅝─↕┘ ╘╩ ⇔√╙─≢№╢⁹▬fiⱣכ │⁸♬♇◔ꜟ╩ ↄ ╗

≢⁸ ⅜ ≤ ═1/5 ≤ ↕ↄ⁸ ▪ꜟⱵ╟╡ ≤ ╖ ∑≡ ∆╢↓≤⌐╟╡⁸

╩ACSR⌐ ═ ↄ≢⅝╢ ╩ ∫≡™╢⁹ 

ᵠ ╘∫⅝  ╘∫⅝ │⁸∕─ ↕⌐╟╡⁸ ╘∫⅝ ⁸ ╘∫⅝ 1 ⁸

2 ≤ ╘∫⅝ 1 ⅛╠ 3 ╕≢ ⇔≡™╢⁹ ╘∫⅝ │ ⅜ ╢─≢⁸ ╘∫⅝

│ ▪ꜟⱵ╟╡ ─ │ ⌐ ↕╣⁸ ╘∫⅝ │ ⁸∟╞℮ ⁸ │

⌐ ↕╣╢⁹⌂⅔⁸ ╘∫⅝ ─ │⁸  JIS G 3537 1962₈ ╘∫⅝ ╟╡ ₉

╩ ⌐ ╘√╙─≢№╢⁹ 

ᵡ  │⁸∕─ ↕⅜294N/mm2 ─╙─≢№╢ ⅜№╢⁹ ─ │ ↕╣ ™─≢⁸ ∏ ╘

∫⅝∕─ ─↕┘ ╘╘∫⅝╩ ∆ ⅜№╢⁹ ⅜ ╢─≢⁸ ≤⇔≡ ↕╣╢↓≤│╒≤╪≥⌂ↄ⁸

│ ⌐ ↕╣╢⁹ 

 

5 ₒ  x

₡  ₢ │⁸ ⌐ ╘╠╣╢ ┘ ⌂ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸ 2 ┘ 4

≤ ⌐⁸ 3 ╙ ∆╢ ⅜№╢⁹ 

 1 ≢│⁸ ≤─ ╩ ↑╢ ─ ╩⇔≡™╢⁹ ⌐ ⌐≈™≡│⁸

─ ⅛╠ ⌐⌂╢╟℮⌂ ┘∕─ ⅜ ↕╣≡⅔╡⁸∕─ ⅛╠ ╣╢╙─⌐≈™≡⁸ 1

≢ ⌂ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ─ ╩ ↑╢╙─⌐≈™≡│⁸ 10 1 ─

   ─ ⁸ ⁸ ─ ⌐№∫≡│⁸    ─ ⁸

⅜ ↕╣≡™╢⅛ ⅛⌐⅛⅛╦╠∏⁸ ─ ╩ ⇔⌂™⁹↓╣│⁸ 28 1 ─ ─

≤ ∆╢⅛╠≢№╢⁹ 28 1 ─ │⁸ ╩ ⅝ ⅜ ↕╣≡™⌂™ ╩ ∆╢↓≤╩

⇔≡™╢⁹╕√⁸ ─ ╩ ↑╢╙─⌐≈™≡│⁸∕─ │ ⌐⅛⅛

╢⅜⁸ ≢ ⌐ ⇔≡™╢╟℮⌐⁸↓─ ─ │∕─ ─ ≈╕╡ ↕╣√ ≢∕─

E 
P S 

E 
P S 
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≤⌂╢ ⌐ ∑╠╣≡™╢⁹ 

 ⌂⅔⁸ ─ ╩ ↑╢ ≤│⁸ ⌐ ∆ ≢№∫≡⁸ ─ ⅜100mm2 ─

╙─≢⁸⅛≈⁸ ⅜100V 600V ─╙─ ↑™ ⁸Ⱡ○fi ╩ ↄ⁹ ≢№╢⁹ 

a ◗ⱶ  600V◗ⱶ  

b  600Vⱦ♬ꜟ ⁸600Vⱳꜞ◄♅꜠fi ⁸∕─ ─  

c ↑™  

d Ⱡ○fi  

 ↓─ ─∕╣∙╣─ ≢600V◗ⱶ ⁸600Vⱦ♬ꜟ ≤™℮ │⁸↓─ ≢ ∆╙─∞↑≢│

⌂ↄ⁸ ≢ ⇔≡™╢600V◗ⱶ ⁸600Vⱦ♬ꜟ ╩╙ ╘≡ ⅎ╢═⅝≢⁸ ─

⌐≈™≡╙ ≤ ⌐⅔™≡ ─ ╩⇔√╙─⌐≈™≡│⁸ ─ ╩ ╦⇔≡™╢⁹ 

 ╕√⁸ ⌐℮╟─ꜟⱩכ◔⁸│ ≤ ≤⅛╠⌂╢ ╩╕≤╘√╙── ⌐ ╩ ∆≤™℮╟℮⌂↓

≤⅜⌂™─≢⁸ ⁸2 ⁸3 ≤™℮ │≢⅝⌂™⁹ 

 1 √∞⇔ │⁸ → ќ 3 ⁸ ќ 181 │ ќ

182 ⌐ ∆╢ │⁸ ⌂ ─ ≤⇔≡⁸∕╣∙╣─ ≢⁸ ╩ ⇔⁸∕─ ⌐

∂√ ┘ ╩ ⇔≡™╢─≢⁸ ─ ≤∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ ─₈ ─ ⌐⅔↑╢ ₉≤│⁸ ─ ┘

─ ╩ ⇔√ ╩ ⇔≡™╢⁹ 

 │ ─ ╩ ⇔≡™╢⁹ 

 │ ─ ─ ↕╩∕╣∙╣ ⇔≡™╢⁹↓╣│⁸ ─ ⁸ ⌐ ⇔≡™╢

┘ ─╖≢│ ⅜ ╘≡ ↄ≡╙ ╩ ≢⅝╢⅜⁸∕─ ⁸ ⌐ ∆╢ ╩ ∆╢↓

≤⅜ ⇔ↄ⌂╢√╘⁸ ─ ↕╩ ≤⇔≡ ⇔≡™╢╙─≢№╢⁹ 

 │⁸ ─ ╩ ≤ ⌐╟╡ ⇔≡™╢⁹ 6─ │⁸ ─

⌐ ↕╣≡™√ ─ ↔≤─ ─ ╟╡⁸ ≢─ ╩ ⇔√╙─≢№╢⁹ 

 2 │⁸ 1 ⌐ ∆ ╩ ∆╢ ─ ≢№╢⁹ 

 ─ ╩ ↑╢╙─ ─⁸600Vⱦ♬ꜟ ⌐Indoor PVC─ ╩≤∫≡IV ≤╙™

╦╣╢⁹⁸600Vⱳꜞ◄♅꜠fi Indoor Crosslinked Polyethylene ─ ╩≤∫≡IC ≤╙™╦╣╢⁹⁸600V

┤∫ ⁸600V◗ⱶ ⌐Rubber Braid─ ╩≤∫≡RB ≤╙™╦╣╢⁹⁸ ⱦ♬ꜟ

Outdoor≤Weather Proof─ ╩≤∫≡OW ≤╙™╦╣╢⁹⁸ ⁸ ─7 ╩

⌐ ⇔≡™╢⁹ ↕╣≡™√1 ┘2 ⌐≈™≡│⁸ ⌐ ╡⁸⅛≈⁸ⱦ♬ꜟ

─ ≤≤╙⌐ ⅜⌂ↄ⌂∫√↓≤⅛╠⁸ 37 8 ─ ─

⌐ ⇔≡⌂↕╣√ ₈ ₉≤™℮⁹ ─ ⁸↓╣╠╩ ⇔√⁹ 

 600Vⱦ♬ꜟ ─ │⁸  JIS C 3307 2000₈600Vⱦ♬ꜟ IV ⅛╠ ⌂╙

─╩ ∫√╙─≢№╢⁹ 

 600Vⱳꜞ◄♅꜠fi ─ │⁸  JIS C 3605 2002₈600Vⱳꜞ◄♅꜠fi◔כⱩꜟ₉─ ╩

∆╢ ↕⌐ ⇔√ ≤⇔≡™╢⁹ 

 600V┤∫ ─ │⁸ ≢ ⇔≡™╢600V┤∫ ─ ╩ ↕∑√╙─

≢№╢⁹ 

 600V◗ⱶ ─ │⁸  JIS C 3304₈600V◗ⱶ ₉⅛╠ ⌂╙─╩ ∫√╙─≢№╢⁹

≢│⁸ ⌐ ™╢╟╡ │ ⌐ ╠∏⁸↓╣≤ ≤ ⅎ╠╣╢ ╩ ™╢↓≤⅜≢⅝╢⁹ 

 ⱦ♬ꜟ │⁸ ⌐⅔™≡ 30 2 ⌐OW ≤⇔≡ ↕╣√ ≢⁸

⌐ ⌐ ∆╢√╘⌐ ↑╠╣√╙─≢⁸ ─ ↕│600Vⱦ♬ꜟ ─50 75%≤⌂∫≡™╢─≢⁸

600Vⱦ♬ꜟ ≤ ⇔⌂™╟℮⌐ ↕╣√™⁹⌂⅔⁸ ─ ↕⌐≈™≡│ 4⌐ ⇔≡™╢⅜⁸ ⌐

ⱦ♬ꜟ ⌐ ∆╢ ⅜100mm2 ⌐ ↕╣≡™╢─│⁸100mm2 ─╙─⌐≈™≡│ ─

╩ ↑≡™╢√╘≢№╢⁹ ⅜╒≤╪≥⌂™⅜⁸400mm2╩ ⅎ╢╙─⌐≈™≡│⁸600Vⱦ♬ꜟ ╖─

↕≤⇔≡™╢⁹ 

 ≤⇔≡│⁸↓─╒⅛⌐ ⱦ♬ꜟ ⌐Drop Service Wire ≤Polyvinyl ⅛╠DV ≤╙™

╦╣╢⁹ ╛ ⱳꜞ◄♅꜠fi ⌐Drop Service Wire ≤Polyethylene⅛╠DE ≤╙™╦╣╢⁹ ⅜№

╢⅜⁸ ─≤↓╤ ─ ⅜100mm2╩ ⅎ╢╙─│⌂ↄ⁸ ─ ─╙─⌐ ╠╣≡™╢↓

≤⅛╠⁸ ≢│ ╘≡™⌂™⁹ 

⌂⅔⁸ ⱳꜞ◄♅꜠fi ─ │⁸ 26 9 ⌐ ─ ─ ╩ ╘╢ ─ ⌐ ↕╣
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√⁹ 

 ⌐≈™≡│⁸ 5⌐⅔™≡⁸ ─ ↕│ 500mm2╕≢ ─ꜟⱩכ◔ ─ ↕─

2/3≤⇔⁸500mm2╩ ⅎ╢ │ ─ꜟⱩכ◔ ↕⌐ ∂√ ≤⇔≡™╢⁹ 

 ⌐≈™≡│⁸22 (33) kV ─ ┼─ ⌐ ™⁸S57 ≢ √⌐ ⇔√╙─≢№╡⁸∕─

│ ─≤⅔╡≢№╢⁹ 

a  ⁸ ⅜ ╣≡⅔╡⁸ ♃כ♦ ╙ ⌂ ⱳꜞ◄♅꜠fi ⌐ ∆╢↓≤≤

⇔√⁹ 

b ─ ↕ ⁸ ♩ꜝ♇◐fi◓ ⁸ ─ ⁸ ─ ⅛╠⁸ ⌐

∂2.5mm 3.5mm≤⇔≡™╢⁹5- 3 ⌐⅔™≡│ ─ ⅜22mm2 ≤⌂∫≡™╢⅜⁸↓╣│ 84

⌐ ∆╢ ⌐⅔™≡⁸ ⌐│ ↕8.71kN ─╟╡ │ ⅜22mm2

─ ╟╡ ╩ ∆╢↓≤≤⇔≡™╢√╘≢№╢⁹ 

c  ─ ┘ ─ ↕╩ ⇔⁸25kV≤⇔√⁹ 

 │⁸ ⌐≈™≡─ ≢⁸ ⅜◄♅꜠fiⱪ꜡Ⱨ꜠fi◗ⱶ ⌂≥ ╩ ∆╢╙─⌐№∫≡│⁸

⅜ ≢№╢≤⅝│∕─ ─ ╩ ∆╢√╘⁸ ⌐∆∏ ⇔ↄ│ │↓╣╠─ ─╘∫⅝╩ ∆↓≤

≤⇔≡™╢⁹√∞⇔⁸▪ꜟⱵ ≢│ ─▪ꜟⱵ♫ ⌐╟╢ ≢ ─⅔∕╣⅜⌂™─≢⁸╘∫⅝╩ ∆↓≤╩

⇔⌂™⁹╕√⁸ ─ ↕╩⁸ 1⁸ 2⁸ 3⌐⅔™≡ ─ ≢ ⌐ ∆╢↓≤⌐╟∫≡⁸

⅜ ↕╣√╙─╩ ╗⁹ ─╙─≢№╢↓≤╩ ⇔≡™╢⁹ ─ ⌐≈™≡│⁸ ⌐

▪ꜟⱵ ╩ ⇔≡⁸▪ꜟⱵ ⌐≈™≡─╖ ⇔≡™╢⁹ 

 │⁸ ⌐≈™≡─ ≢№╢⁹ ⌐ ↕╣╢ ─ ⌐≈™≡│⁸ ≢│⁸∕─

─ ╩ ╘╢ ≢⁸ ↕ ┘ ┘⁸ ↑ ⁸ ↑⁸ ⁸ ⁸ ⁸

─ ⅜№╢⅜⁸↓─ ≢│⁸ ┘ ⌐ ↕╣╢ ⌐≈™≡│⁸∕╣╠─ ─℮∟ ╙ ⌂

↕ ┘ ┘─ ∞↑⅜ ↕╣≡™╢⁹▬─ ⌐⅔↑╢ ┘ ┘─ │⁸R7 ╟╡⁸

≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣

≡™╢⁹ │ ─ ─ ╩ ╘╢ ─ (20130605 3 ) ↕⅔╟┘

┘─ ╩ ⇔≡™√⅜⁸ 6 5 31 ⌐ ─ ─ ╩ ╘╢ ─ ─ ⌐╟╡⁸

⅜ ∆╢ JIS C 3010 2019₈ ┘ ─ ⌐ ∆╢ ₉─ CF

┘ ┘ ⌐ ⇔√√╘⁸ ─ ╩ ⇔√ ⁸JIS C 3010 2019 ─ CF≤ ↑╩ ∫√⁹ 

 ─ ↕│⁸ ⌡ ─ ⅛╠ ↕╣╢⁹ 

a ↕ ⁸ ─ ⁸ ⌐ ∆╢ ─  

b ⌐⅔↑╢ ⁸ ⌐⅔↑╢ ┘  

c ─Ᵽꜝ♠◐ 

d  

e  

 ⅎ┌⁸ ─ ⁸ 30 3 1974 ⌐╟╣┌⁸ ⅛╠─ ↕│

─ ≢ ↕╣⁸ ∑≡ ♩ꜝ♇◐fi◓ ⁸ ─ ⁸ ─ ╩ ⇔√ ─ ↕≤⇔≡

™╢⁹ 

t ×K1×K2 ─ K3 

t ⅛╠ ╕╢ ↕ mm  

33kV─ ⁸34.5 ӏ3 kV  

K1 ─ ─ 1.1 

K2 ∕─ ⌐ ∆╢ 1.1 

K3 ⌐ ∆╢ ⌐⅔↑╢ ┘  

─ ⅛╠12 kV/mm  

 ꜡≢ ⇔≡™╢ ─ ↕─ │⁸ ⌐⅔↑╢Ᵽꜝ♠◐─ ≢№╢≤ ⌐⁸

─℮∟ ╩ ⇔√╙─╩ ╗⁹ ╩ꜟⱩכ◔╛ ∆╢ ─♅▼♇◒ ⌐⌂╢╙─≢№╢⁹ 

─ ⌐⅔↑╢ ⅝ │⁸R7 ╟╡⁸ ≤⇔≡ ⌐ ↕╣√

ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ ─ ─ ╩ ╘╢ ─

(20130605 3 ) ╩ ⇔≡™√⅜⁸ 6 5 31 ⌐ ─ ─

╩ ╘╢ ─ ─ ⌐╟╡⁸ ⅜ ∆╢ JIS C 3010 2019₈ ┘

─ ⌐ ∆╢ ₉─ CQ ⅝ ⌐ ⇔√√╘⁸ ─ ╩ ⇔√ ⁸JIS C 3010 2019



15 

─ CQ≤ ↑╩ ∫√⁹ 

 ≢│⁸ ⌐≈™≡ ⇔≡™╢⁹ 

 ⌐≈™≡│⁸ ↔≤⌐∕─ ─ ↕⌐ ∂≡ ⅛╠ ↕╣√ ⅜ ↕╣≡™√⅜⁸

S47 ≢ ≢ ∆↓≤⌐⌂∫√⁹╕√⁸ ╩ ⇔≡™╢─│⁸ ─ ≢╙№╢─≢⁸

≤⇔≡ ⇔√ ─╖─ ╩ ∆╢↓≤⅜ ≢№╢⁹ 

 ─ ⌐⅔↑╢ │⁸ 600V◗ⱶ ≤600Vⱦ♬ꜟ ≢│ ⅜№∫√⅜⁸S47

≢│⁸600Vⱳꜞ◄♅꜠fi ⁸600V┤∫ ─ ⌐ ™⁸ ─ ≤ ™ ─

≤⇔≡ ∂ ⅜ ↄ⌂╢ │ ↄ⌂╢⁹ ≤⇔√⁹√∞⇔⁸ ⅜ ↕╣╢

ⱦ♬ꜟ ⌐≈™≡│⁸ ─╙─⌐ ═≡ ↄ⌂∫≡™╢⁹╕√⁸ ⌐ ⇔√ ≤⇔≡600Vⱦ♬

ꜟ ─ ╦╡⌐ ↕╣≡™╢ ⱳꜞ◄♅꜠fi ⌐≈™≡│⁸ ⌐ⱦ♬ꜟ ≤ ─

≤⌂∫≡™╢⁹ 

 3 ┘ 4 │⁸ → ─ ┘ ⌐≈™≡ ⇔≡™╢⁹ ⌐≈™≡│⁸ 1 ┘

2 ─ ╩ ↕╣√™⁹ 

 

6 ₒ  x

₡  ₢ │⁸ ⌐ ╘╠╣╢ ┘ ⌂ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸ 2 ≤

⌐⁸ 3 ╙ ∆╢ ⅜№╢⁹ 

 │⁸300V ─ ─╖⌐∕─ ⅜ ╘╠╣⁸ ─ │⁸B ╩ ⇔√

⇔ↄ│ ⁸ │D ╩ ⇔√∟╞℮ ⌐ ↕╣≡™╢ ќ 65 1 ⁹╕√⁸ ⌐⅔

™≡│⁸ ≢ ⇔√ │ ≤⇔≡─ ╩ ↑╢↓≤⌐⌂╢⁹ 2 ꜡ ▬ ─ ⌐⅔↑

╢ ┘ ┘─ │⁸R7 ╟╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩

≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ 5 2 ▬─ ╩ ↕╣√™⁹ 

 

7 ₒ◖כ♪  x

₡  ₢ ─ ⁸│♪כ◖╢⌂≥ ⅜100V 600V ─╙─⌐ ╠╣╢⁹ ⌐

♪כ◖ⱶ◗⁸│⌐♪כ◖╢™≡╣↕ ⁸╟╡ ∑⁸ ∟⁸ ∟ ⁸ⱦ♬ꜟ◖כ♪ ⁸╟╡ ∑ ⁸◗ⱶ◐ꜗ

Ⱪ♃▬ꜘ◖⁸♪כⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ◖⁸♪כ  ⁹╢№⅜≤⌂♪כ◖

 ⌂⅔⁸ ╩♪כ◖ ⅛╟╡ ∑≡ ♪כ◖ ─ ™ ╩∆╢↓≤│ ↕╣≡™⌂™⁹ 

 H20 ⌐⅔™≡⁸↓─ ≢ ⁸≡⇔≥♪כ◖╢╣↕ ⱳꜞ○꜠ⱨ▫fi◖כ♪ ┘ ⱳꜞ○꜠ⱨ▫fi◐ꜗ

Ⱪ♃▬ꜘ◖כ♪╩ ⁸│♪כ◖─╠╣↓⁹√⇔ ┘ ─ ⌐ ╛Ɫ꜡◕fi ╩ ╕∏⁸ ⌐ ⇔

√╙─≢№╢⁹ ⱳꜞ○꜠ⱨ▫fi◖⁸│♪כⱦ♬ꜟ◖⁸≥♪כ ⱳꜞ○꜠ⱨ▫fi◐ꜗⱩ♃▬ꜘ◖⁸│♪כⱦ♬

ꜟ◐ꜗⱩ♃▬ꜘ◖⁸≥♪כ∕╣∙╣ ─ ╩ ∆╢╙─≤ ≠↑≡™╢⁹ 

⁸♪כ◖ꜟ♬⁸ⱦ∟℮─♪כ◖  ⱳꜞ○꜠ⱨ▫fi◖⁸♪כⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ◖כ♪ ┘ ⱳꜞ○꜠ⱨ▫fi

◐ꜗⱩ♃▬ꜘ◖כ♪│ ⁸ꜝ☺○ ⁸ ⁸ Ᵽꜞ◌fi⁸ ☻♃fi♪ ─ ╩ ≤⇔≡ ⇔⌂™

┘ ─ ™ ≤ ≤─ ─ ⅜80ϴ ≢№∫≡⁸⅛≈⁸

─ ─ ⅜100ϴ╩ ⅎ╢⅔∕╣⅜⌂™╙─⌐ ╢⁹⁸ ∕℮ ⌐ ∆╢↓≤≤⇔⁸ ┘ ≢

∆╢ ⌐│ ⇔⌂™↓≤≤⇔≡™╢ ќ 170 ⁸ 171 ⁹⌂⅔⁸ ⁸│♪כ◖ └→∕╡⁸ Ᵽꜞ

◌fi ─ ⌂ ⌐ ╡ ∆╢↓≤⅜≢⅝╢ ќ 171 1 ▬ ⁹ 

─♪כ◖  ↕│⁸ ╩♪כ◖ ⅝⁸ 0.75mm2 ≤⇔≡™╢ ќ 171 ⁸ 172 1 ⁹ 

 

8 ₒ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ  x

₡  ₢ │⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ⌐ ╘╠╣╢ ┘ ⌂ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸

2 ≤ ⌐⁸ 3 ╙ ∆╢ ⅜№╢⁹ ≤─ │⁸ 5 ⌐ ⇔√≤⅔╡≢№╢⁹ 

 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸ ≤⇔≡ ⁸ ⁸ ≢ ↕╣╢ ┘↓╣⌐ ∆╢ ⌐ ↕

╣╢ ⌐ ↕╣╢╙─≢⁸ ⁸ ⁸ ⌐ ╣≡⅔╡⁸╕√⁸ ╩ ⇔≡™╢⁹

─◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ │⁸ ─ ─ ⌐╟∫≡ ─4 ⅜№╡⁸ ─╙─⌐≈™≡│⁸∕─ ⌐

╟∫≡1 ⅛╠4 ╕≢⌐ ↕╣╢⁹ ќ 8.1 ⁹ 
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8.1  

 

a ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ─ ─╙─⌐ ╠╣≡⅔╡⁸ ⅜ ◗ⱶ ─╙─≢⁸1

⅛╠4 ╕≢№╢⁹  

b ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⅜◒꜡꜡ⱪ꜠fi◗ⱶ ─╙─≢⁸2 ⅛╠4 ╕≢№╢⁹  

c ◒꜡꜡☻ꜟⱱfi ⱳꜞ◄♅꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⅜◒꜡꜡☻ꜟⱱfi ⱳꜞ◄♅꜠fi◗ⱶ ─╙─≢

№╡⁸2 ⅛╠4 ╕≢─╙─⅜№╢⁹  

d ◄♅꜠fi◗ⱶ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⅜ ◄♅꜠fi◗ⱶ ─╙─≢⁸2 ┘3 ⅜№╢⁹  

e ⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⅜ⱦ♬ꜟ ─╙─  

f ⱳꜞ○꜠ⱨ▫fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⅜ ⱳꜞ○꜠ⱨ▫fi ─╙─  

 ↓─℮∟⁸1 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸◖כ♪⌐ ∏╢ ─ ≢№∫≡⁸ ⌂ ⌐ ↕╣╢⅜⁸↓─

≢│ ┘ ─ ≤⇔≡1 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ╩ ∆╢↓≤│ ╘≡™⌂™⁹ 

 2 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ┘2 ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸1 ≤ ≢◐ꜗⱩ♃▬ꜘ◗ⱶ ⅜╟™

╙─≢№╢⁹ⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸2 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤ ─ ™≢№╢⅜⁸ ⌐ⱦ♬ꜟ◖כ♪≤

─ ─ ╩ ↑╢⁹ 

 3 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ┘3 ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸◐ꜗⱩ♃▬ꜘ◗ⱶ ⌐ ─№

╢ ⌂╙─≢№╡⁸4 ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ┘4 ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸◐ꜗⱩ♃▬ꜘ◗ⱶ

⌐ ⅜№╡⁸↕╠⌐ ⌐╙◗ⱶ ─№╢⅝╦╘≡ ⌂╙─≢№╢⁹∕─√╘⁸ ╛ ─

⁸ ⌐ ─ ↕╣╢≤↓╤⌐ ∆╢◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸3 ┘4 ⌐ ╠╣≡™╢ ќ 127

⁸ 179 ⁹ 

 ◒꜡꜡☻ꜟⱱfi ⱳꜞ◄♅꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤╒╓ ─ ╩

∆╢╙─≢№╢⅜⁸ ⌐↓╣⌐ ═≡ ⌐ ⌐ ╣╢╙─≢№╡⁸∕─ ⌐│⁸2 ⁸3 ┘4 ⅜№╢⁹ 

 ◄♅꜠fi◗ⱶ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ┘ ⱳꜞ○꜠ⱨ▫fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸H20 ≢ √⌐

⇔√╙─≢№╢⁹ ⌐EM ◄◖ⱴ♥ꜞ▪ꜟ ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤ ┌╣≡⅔╡⁸ ⌐ ⇔⁸ ┘

─ ⌐ ╛Ɫ꜡◕fi ╩ ⇔≡™⌂™ ≢№╢⁹ ◄♅꜠fi◗ⱶ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸◒꜡꜡ⱪ꜠

fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤⁸ ⱳꜞ○꜠ⱨ▫fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸ⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤⁸∕╣∙

╣ ─ ╩ ∆╢╙─≤ ≠↑≡™╢⁹ 

 ─◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ │⁸ 8.1 ─╟℮⌂2 ≤3 ─ ─╙─≤⌂╢⁹ ─4 ◒꜡꜡

ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─╟℮⌐ ⌐◗ⱶ ╩ ↑√╙─≢№∫≡╙⁸ ─ ⌐ ∆╣┌ ∆╢↓

≤⅜≢⅝╢⁹ 
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 ─3 ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│⁸ ⌐ ─ Ɽ꞉כ◦ꜛⱬꜟ╛ ─ ─≤⌂fiכ꜠◒

≤⇔≡ ↕╣⁸∕─ ⅜ ≢№╢↓≤⅛╠⁸ ─ │Ⱪ♅ꜟ◗ⱶ │◄♅꜠fiⱪ꜡Ⱨ꜠fi

◗ⱶ ⌐ ╠╣⁸ ─ ─ ⌐│ ╩ ↑⁸ ⌐∕─ ⌐ ⱪכ♥ │ ╩ ⅝⁸

⅜ ∂⌂™╟℮⌂ ╩⇔≡™╢⁹ │ ⁸ ○♂fi ⁸ ⌐ ╣√◒꜡꜡ⱪ꜠fi◗ⱶ

│◒꜡꜡☻ꜟⱱfi ⱳꜞ◄♅꜠fi◗ⱶ ⌐ ╠╣⁸∕─ │ ─3 ◒꜡꜡ⱪ꜠fi◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤

⌐⁸◐ꜗⱩ♃▬ꜘ◗ⱶ ⌐ ─№╢╙─≢№╢⁹ ⌐⌂╢≤⁸ ⌐╟╡ ⌐ ╩ ╓

∆─≢⁸↓╣╩ ∆╢√╘⁸ ꜟⱩכ◔⌐ ─ ╩ ⌐⇔≡ ─ ╩ ∆╢√╘⁸ ┼™ ╩ ↑╢

⅜№╢⁹ 

 S47 ≢│⁸ ─ ↕╩ ⌐ ⇔√⁹↓╣│ ─ ≤ ─ ⌂Ᵽꜝfi☻╩ ⇔√≤⅝⁸

◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ⅜ ↄ⌂╢⌐ ∫≡∕─ ─ ↕⅜ ⌐ ↄ⌂╡⁸∕─ ≤℮ ⅜ ⌂╦╣╢↓≤⁸

●fi♩ꜞכ꜠◒כfi⌂≥≢ ™╙─⅜ ↕╣╢╟℮⌐⌂∫√↓≤╩ ≤⇔≡⁸ ─ ⅜ ⅝™╙─│⁸ ─

↕╩ ↄ⇔√⁹ ⁸ ─ ⅜ ↕™╙─│⁸∕─ ─ ↕╩ ⌐ꜟⱩכ◔⁸≡⇔ ═≡ ⇔√⁹ 

 ⌂⅔⁸S47 ≢│⁸ ⌂≥≢ ─ ™1,000V ─ ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ╩ ↑√⁹∆⌂╦∟⁸

⅜1,500V ─╙─⌐ ╡ ┼™⌐≈™≡ ─ ─╙─╩ ╘⁸↕╠⌐ ┘ ─ ↕⁸

⌂≥╙ ⇔√⁹ 

 1 ≢│⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─℮∟⁸ ─ ╩ ↑╢◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ⌐ ╠⌂

™╙─⁸∆⌂╦∟ ⅜100V ─╙─⁸600V╩ ⅎ╢╙─⁸ ─ ⅜100mm2╩ ⅎ╢╙─ ┘

⅜7 ╩ ⅎ╢╙─⌐≈™≡ ╘≡™╢⁹ 

 │⁸ 5 1 ≤ ─ ≢⁸ ─ ╩ ╘≡™╢⁹ 

 ⁸ │⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ╩ ╘≡™╢⁹ 

 ≢│⁸╕∏▬≢⁸∕─ ─ ⌐╟╡⁸ⱦ♬ꜟ◐ꜗⱩ♃▬ꜘ⁸ ⱳꜞ○꜠ⱨ▫fi◐ꜗⱩ♃▬ꜘ⁸2 ⁸3

⁸4 ─ ↑╩⇔≡™╢⁹▬─ ⌐⅔↑╢ ┘ ┘─ │⁸R7 ╟╡⁸ ≤⇔≡

⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ 5

2 ▬─ ╩ ↕╣√™⁹ ─ │⁸₈↓╣≤ ─ ╩ ∆╢╙─₉≤ ⇔≡™╢

≤⅔╡⁸ ╩ ⇔√╙─≢№╡ ─ ⌐ ∆╢╙─≢│⌂™⁹꜡≢│⁸3 ┘4 ◐ꜗⱩ♃▬ꜘ

│⌐ꜟⱩכ◔ ⌐ ╩ ↑╢↓≤╩ ⇔≡™╢⅜⁸↓─ ⌐≈™≡╙ ↕1mm ─ ╩ ≤⇔

√ ╩ ⇔√╙─≢№╢⁹ 

 │⁸▬ ┘꜡≢ ─ ╩⁸Ɫ≢◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ─ ≤⇔≡ ─ ╩∕╣∙

╣ ⇔≡™╢⁹⌂⅔⁸Ɫ⌐⅔↑╢ │⁸R7 ╟╡⁸ ≤⇔≡ ⌐ ↕╣√

ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ ─ ─ ╩ ╘╢ ─

(20130605 3 ) 1(7)  (◐ꜗⱩ♃▬ꜘ◔כⱩꜟ)╩ ⇔≡™√⅜⁸ 6 5 31 ⌐ ─

─ ╩ ╘╢ ─ ─ ⌐╟╡⁸ ⅜ ∆╢ JIS C 3010 2019₈ ┘

─ ⌐ ∆╢ ₉─ AF ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⌐ ⇔√√╘⁸ ─ ╩ ⇔√ ⁸

JIS C 3010 2019 ─ AF≤ ↑╩ ∫√⁹ 

 2 │⁸ 1 ⌐ ∆◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ╩ ∆╢ ≢№╢⁹ ─╒⅛⁸ ⌐ 3 ╙

∆╢ ⅜№╢⁹ 

 

9 ₒ ꜟⱩכ◔  x

₡  ₢ │⁸ ⌐ꜟⱩכ◔ ╘╠╣╢ ┘ ⌂ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸ 2 ⁸

4 ≤ ⌐⁸ 3 ╙ ∆╢ ⅜№╢⁹ ≤─ │⁸ 5 ⌐ ⇔√≤⅔╡≢№╢⁹ 

 1 │⁸ Ⱪꜟ⌐│⁸כ◔ ─ ╩ ↑╢╙─⁸ │ ≢ ∆ ╩ ∆╢╙─╩ ∆╢↓

≤╩ ⌐ꜟⱩכ◔─╠╣↓⁸√╕⁹╢™≡⇔ ™⅜─ꜟⱩכ◔ ╩ ╛♩כꜙ☺─╘√╢∆ ⅜™

│ ─ ─√╘─◒꜡꜡ⱪ꜠fi ⌂≥╩ ∆⁹ ╩ ⇔√╙─╙ ⌐ꜟⱩכ◔ ╘≡™╢⁹↓↓≢₈⅜™

╩ꜟⱩכ◔⁸│≥₉ ∆╢₈ ₉≢│⌂ↄ⁸◔כⱩꜟ─ ─ ╩ ℮₈ ₉≢№╢⁹ 

 ─ ╩ ↑╢ Ⱪꜟ≤│⁸כ◔ ⅜100V 600V ⁸ ⅜100mm2 ⁸

⅜7 ─╙─≢№∫≡⁸ ⅜ ◗ⱶ │ ─╙─≢№╢⁹ ♥꜠ⱦ☺ꜛfi ꜟⱩכ◔

│⁸ ⅜100V ≢№╢√╘⁸ ─ ╩  Ⱪꜟ≢№╢⁹כ◔™⌂↑

 ╕√⁸√∞⇔ ⌐ ∆⁸◄꜠ⱬכ♃ ꜟⱩכ◔ ќ 172 3 ⁸ ꜟⱩכ◔ ќ 172 4 ⁸ ќ

181 ⇔ↄ│ ќ 182 ≢ ∆╢ Ⱪꜟ⁸כ◔ ꜟⱩכ◔ ќ 190 2 │

ꜟⱩכ◔ ќ 195 ⌐≈™≡│⁸ ⌂ ╣∙╣⧵≡⇔≥ꜟⱩכ◔─ ─ ≢ ⇔≡™╢ ⌐
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∫≡ ∆╢↓≤≤⇔≡™╢─≢⁸ ─ ≤⇔≡™╢⁹ 

 │⁸ 5 1 ≤ ─ ≢⁸ ─ ╩ ╘≡™╢⁹ 

 │⁸ ─ꜟⱩכ◔ ╩ ⇔≡™╢⁹√∞⇔ │⁸ ─ꜟⱩכ◔ │ ╩ ↑∏⌐ ⅜™ ≢

⇔√ ─╙─⅜№╢√╘≢№╢⁹ 

 │⁸ ─ ↕ ќ 5 1 ⁸ │⁸ ─ ╩ ⇔≡™╢⁹ 

 2 │⁸ ∟℮─ꜟⱩכ◔ ⌐ ↕╣╢ Ⱪꜟ⁸▪ꜟⱵכ◔ Ⱪꜟ⁸◒꜡꜡ⱪ꜠fiכ◔ Ⱪꜟ⁸ⱦכ◔

♬ꜟ Ⱪꜟ⁸ⱳꜞ◄♅꜠fiכ◔ Ⱪꜟ⌐≈™≡⁸כ◔ 1 ⌐ ∆ ╩ ∆╢╙── ╩ ⇔≡™╢⁹

┘ ⌐⅔↑╢ ┘ ┘─ │⁸R7 ╟╡⁸ ≤⇔≡ ⌐ ↕

╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ 5 2 ▬─ ╩ ↕

╣√™⁹ ⌐⅔↑╢ ─℮∟▪ꜟⱵ ⁸ ⌐≈™≡│⁸ 5 ─ ╩ ↕╣√™⁹ 

 3 │⁸MI◔כⱩꜟ─ ╩ ⇔≡™╢⁹MI◔כⱩꜟ│⁸Mineral Insulation ─ ⅛╠≤∫√

≢⁸↓─ │ British Standard ╩ ≤⇔⁸ ≢│  JCS 4316 1995 ⌐ ≠

⅝ ↕╣≡™╢⁹↓─ ≢BS ─₈Light Duty ₉─ 600V◒ꜝ☻─╙─╩₈ ⅜300V ─ ─

MI◔כⱩꜟ₉⌐⁸₈Heavy Duty₉─ 1,000V◒ꜝ☻─╙─╩₈ ⅜300V╩ ⅎ╢ ─MI◔כⱩꜟ₉⌐

Ⱪꜟ│⁸כ◔─↓⁹╢™≡∑↕ ─ ⌐№╠⅛∂╘ ─ ≤ ≤⇔≡ ─ ⱴ◓Ⱡ◦►ⱶ∕─

─№╢ ╩ ≡╪⇔≡⅔™≡⁸↓╣╩ ⇔√─∟ ⇔≡ ╢╙─≢№╢⁹↓─ ⅜│∂╘≡ ↕╣√

─│⅛⌂╡ ↄ⁸ ≤⇔≡ ⌐ ╦╣≡⅝√ ќ 9.1 ⁹ 

 
9.1  

 

Ⱪꜟ⌐│⁸כ◔─↓  ─╟℮⌂ ╣√ ⅜№╢⁹ 

ᵑ ╩ ⇔≡™⌂™─≢ ⅎ╢↓≤⅜⌂ↄ⁸ ≢№╢⁹⇔√⅜∫≡⁸ ─ꜟⱩכ◔╙≡⇔ ⅜ ─

⌐ ⇔⌂™⁹ 

ᵒ ⌐ ╣≡™╢⁹↓─ ⌐ ↕╣╢ ┘ ─ ─ │1,083ϴ⁸ ⱴ◓Ⱡ◦►ⱶ─ │

2,800ϴ≢№∫≡⁸ │ ⇔ↄ ⅝ↄ⁸250ϴ╕≢│ ⅜ ≢№╢ 250ϴ╩ ⅎ╢≤⁸ ─

⅜ ╕╢⁹⁹ ⌐│⁸1,000ϴ╕≢ ∆╢↓≤⅜≢⅝╢⁹ 

ᵓ ⌐ ╖⁸ ╛ ⌐ ⇔≡ ™⁹⅛⌂╡ ⇔≡╙⁸ ─ ⅜ ⌐ ⇔≡ ⇔⌐ↄ™⁹ 

ᵔ∕─ ⁸ ⅜ ≢№╢√╘ ⁸ ⁸ ⁸ ╩╙∫≡™╢⁹╕√⁸ ╩ ⇔≡™╢─≢⁸

─ ≢ ⌐ ╣≡™╢⁹ 

 ─╟℮⌂ ⌐╟╡⁸ ─╒⅛⁸ │ ─╟℮⌂ ─ ⌐ ™ ≢ ↕╣

ꜟⱩכ◔⁸√╕⁹╢ ⅜ ─ ⌐⌂╢↓≤⅜⌂™─≢ ╩ ╣╢ ─№╢ ⌂≥⌐ ↕╣≡

™╢⁹ 

 │⁸ ─ ⁸ │⁸MI◔כⱩꜟ╩ ∆╢ ⌐╟╢ ⁸ │ ─ ↕╩∕╣

∙╣ ⇔≡™╢⁹ │⁸▬⁸꜡≢ ─ ╩⁸Ɫ⁸♬≢│⁸ ≢№╢√╘⁸ ⌐ ╩

⇔≡™╢⁹ 

 4 │⁸ 3 ⌐ ∆MI◔כⱩꜟ─ ╩ ∆╢ ≢№╢⁹⌂⅔⁸ ⌐⅔™≡│⁸JIS─ ⌐ √∫≡⁸

JIS⌐ ∆╢ ╩ ⇔≡⅔╡⁸ ∆╢↓≤⅜ ≢№╢≤ ↕╣√╙─╩ ∆╢↓≤≤⇔≡™╢⁹R4 ╟

╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺

⌐≡ ↕╣≡™╢⁹ 

 5 ─ ♥꜠ⱦ☺ꜛfi Ⱪꜟ│⁸כ◔ ⅜100V ─ ≢⁸ ╩ ↕∑╢⅜↓─

≢│ ─ │ ⇔⌂™⁹ ⌐ ╩╙√⌂™√╘⁸ ≢ ╩ ⇔≡ ™╢╙─≤⇔

≡™╢⁹ ⌐ ⅜⌂™⅜ 90V ⁸ 15A ≤⇔√─≢⁸ ─№╢ ╩ ∆╢╙─≢

№╢↓≤⅜ ╘╠╣≡™╢⁹ ♥꜠ⱦ☺ꜛfi Ⱪꜟ⌐≈™≡│⁸R6כ◔ ╟╡⁸ ≤

⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢ ќ
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9.2 ⁹ 

 ⌂⅔⁸ 181 ─ ⌐ ∆╢ │ ─ ≤⇔≡ ╡ ℮⁹ 

 

9.2  

 

10 ₒ ꜟⱩכ◔  x

₡  ₢ │⁸ ⌐ꜟⱩכ◔ ╘╠╣╢ ┘ ⌂ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸ 2 ⁸

3 ⁸ 4 │ 6 ≤ ⌐⁸ 3 ╙ ∆╢ ⅜№╢⁹ ≢│⁸ Ⱪꜟ≤⇔≡⁸כ◔ Ⱪꜟ⁸▪ꜟⱵכ◔

ꜟ♬Ⱪꜟ⁸ⱦכ◔ Ⱪꜟ⁸ⱳꜞ◄♅꜠fiכ◔ Ⱪꜟ⁸◒꜡꜡ⱪ꜠fiכ◔ ꜟⱩכ◔ ┘CD◔כⱩꜟ─6 ─╒⅛⁸

Ⱪꜟ⁸כ◔ ▪ꜟⱵ Ⱪꜟ⁸כ◔ ◒꜡꜡ⱪ꜠fi כ◔

Ⱪꜟ⁸ ⱦ♬ꜟ ꜟⱩכ◔ ┘ ⱳꜞ◄♅꜠fi ─ꜟⱩכ◔ ≈⌐ꜟⱩכ◔

™≡╙ ⌂ ╩ ⌐ꜟⱩכ◔─╠╣↓⁸√╕⁹╢™≡⇔ ╩ ⇔√╙─╙ ⌐ꜟⱩכ◔ ╘≡™╢⁹ 

 ⌂⅔⁸ Ⱪꜟ│⁸כ◔ ⌐ ╩ ╦∑√ ⁸ ⌐╟╡ ⌐ ⅜ ⇔⁸

≢№∫≡╙ ⌐ ≢№╢√╘⁸ ─ │⁸ ─ ╩ ⌐ ∆╢ ⅜ ∆╢

⌐ ⇔≡™╢⁹ 

 1 √∞⇔ ≢│⁸ ∟╦⌂∆Ⱪꜟ⁸כ◔⌂ ꜟⱩכ◔ ќ 46 1 √∞⇔ ⁸ 2 √

∞⇔ ┘ 154 ─2√∞⇔ ⁸ ─ ⌐ ↕╣╢ ∟╞℮ ꜟⱩכ◔ ќ 65 2

┘ ⌐⅔↑╢ ⁸ ∕─ ─ ⌂≥⌐ ∆╢ ꜟⱩכ◔ ќ 188 2

⌐≈™≡│⁸∕╣∙╣ ╩ ⇔≡ ⌐ ─ꜟⱩכ◔√∂ ╩ ⇔≡™╢─≢⁸ ─ ≤⇔≡™

╢⁹╕√⁸ ─ ⌐ ∆╢ ꜟⱩכ◔ ќ 127 ⌐≈™≡╙⁸ ─ ≤⇔≡│™⌂™╙──⁸

⌐ ╩ ⇔≡ ⌐ ∂√ ╩ ⇔≡™╢⁹ 

 1 ≢│⁸ ꜟⱩכ◔ ─ ─ꜟⱩכ◔ ╩ ⇔≡™╢⁹ 

 │⁸ 5 1 ≤ ─ ≢⁸ ─ ╩ ╘≡™╢⁹ 

 │⁸ ─ꜟⱩכ◔ ╩ ⇔≡™╢⁹ ⌐⌂╢≤ ⌐╟╡ ⌐ ╩ ╓∆─≢⁸↓╣╩

ꜟⱩכ◔⁸≈⅛⁸⇔ ─ ╩ ⌐⇔≡ ─ ╩ ∆╢√╘ ┼™ ╩ ↑╢ ⅜№╢⅜⁸ ⅜

≢№╢ ꜟⱩכ◔ ┘▪ꜟⱵ ꜟⱩכ◔ │⁸ ─ ┘▪ꜟⱵ ⅜∕─ ╩∆╢─≢↓╣╩

↑╢ │⌂™⁹ │ꜟⱩכ◔ ⁸ ┼™ ╩ ⇔⌂™╙─≤∆╢↓≤⅜≢⅝╢≤⇔≡™╢⅜⁸↓╣│⁸

⅜™ ⌐╟╢ ⅜ ╘╠╣≡™╢↓≤≤ ⅜ ≢№╢√╘ ─ ⌐╟╡ ┼™↕╣╢√╘≢№╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ 

 2 │⁸ 1 ⌐ ∆ ╩ ∆╢ Ⱪꜟ─℮∟⁸כ◔ ⌐ ╩ ∆╢ Ⱪꜟ⁸▪ꜟⱵכ◔ כ◔

Ⱪꜟ─ ⁸ 3 │⁸ 1 ⌐ ∆ ╩ ∆╢ Ⱪꜟ─℮∟⁸כ◔ Ⱪꜟ⁸▪ꜟⱵכ◔ ≢ꜟⱩכ◔ 2

⌐ ∆╢╙─ ─╙─⁸ ┘⌐⁸ⱦ♬ꜟ Ⱪꜟ⁸ⱳꜞ◄♅꜠fiכ◔ ꜟⱩכ◔ ┘◒꜡꜡ⱪ꜠fi Ⱪכ◔

ꜟ─ ≢№╢⁹ 3 ─ ┘ ⌐⅔↑╢ ┘ ┘─ │⁸R7 ╟╡⁸ ≤⇔

≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │

5 2 ▬─ ╩ ↕╣√™⁹ 

 │⁸ ⌐≈™≡ ⇔≡™╢⅜⁸ ⅜◗ⱶ ≢№╢ │⁸ ┼™ ⅜ ─ ⌐ ∆╢↓≤╩ ←

√╘⁸∕╣╠⌐∆∏ ⇔ↄ│ │∕╣╠─ ─╘∫⅝╩ ∆↓≤⅜ ≤↕╣╢⁹ 

 │⁸ ⌐≈™≡─ ≢№╢⁹ Ⱪꜟ⌐⌂╢≤⁸כ◔ ─ ⌐ ∆╢ ⌐│⁸ ⌐│

⅜ ↑╠╣⁸ ⌐ ∆╢ ─ ╩ ꜟⱩכ◔⁸≡⇔⌐⅛╛ ≢─◖꜡♫ ─ ╩ ∆╢⅜⁸↓─

─ ↕│ ─ ⌐ ╘≡ ⅎ╢↓≤⅜≢⅝╢⁹ 

 3 │⁸ ┼™⌐≈™≡─ ≢№╢⁹S47 ≢ ┼™⌐ ⅝ ╩ ╘√⁹↓╣│ ┼™ ─

≤℮ ╩ ℮↓≤⌂ↄ⁸ ┼™ ⅜ ─ ╩ⱪכ♥ ⌡ ⅝⇔√╙─≤ ≢№╢↓≤⁸╕√▪ⱷꜞ◌≢╙ ↄ

─ ╩ ∫≡™╢↓≤⌐╟╢╙─≢№╢⁹╕√⁸ │ ≢╙ ╘╠╣≡⅔╡ ┼™ ╙

ⱪכ♥ ≤ ≢№╢↓≤⌐╟╡ ⇔√╙─≢№╢⁹ 

 2 ┘ 3 │⁸ ⌐≈™≡ ⇔≡™╢⁹ ─ ↕│⁸ ꜟⱩכ◔ ┘▪ꜟⱵ ꜟⱩכ◔ ≤
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╙⌐ ─╙─╩ ↄ⁹ ⌐№∫≡│⁸ ≥╣⧵─ꜟⱩכ◔ ↄ ─ ⌐╟╡ ╘╠╣╢⁹ 

 4 │⁸ 1 ⌐ ∆ ╩ ∆╢ ─ꜟⱩכ◔Ⱪꜟ─℮∟⁸CDכ◔ ≢№╢⁹ 

 CD◔כⱩꜟ│⁸ ┘ │◒꜡꜡ⱪ꜠fi ꜟ♬Ⱪꜟ⁸ⱦכ◔ ≥≤⌂ꜟⱩכ◔ ╦╢≤↓╤⅜⌂™⅜⁸

⌐ ∆╢ ⅜♄◒♩≤⌂∫≡⅔╡⁸↓─♄◒♩≤ ≤─ ⅜ ≤⌂∫≡™╢⁹ ▬─♄◒♩⌐⅔↑╢

┘ ┘─ ─ ♄fiⱬꜟ │⁸R7 ╟╡⁸ ≤⇔≡ ⌐

↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ 5 2 ▬─ ╩

≡™⅔⌐◌ꜞⱩꜟ│⁸▪ⱷכ◔─↓⁹™√╣↕ ⌂ⱪꜝ☻♅♇◒ ╩ ⌐ ↕╣√╙─≢⁸∕─

⌂ ≤ ─◖☻♩ ╩ ⅝⌂ ≤⇔≡▪ⱷꜞ◌ ⌐ ↄ ↕╣≡™╢⁹⌂⅔⁸CD─ │Combine 

duct ⅝ ─ ≢№╢⁹ 

 CD◔כⱩꜟ│⁸ 120 4 ≢⁸◖fi◒ꜞכ♩ ─♩ꜝⱨ⌂⇔≢ ≢⅝╢↓≤⅜ ↕╣≡™╢⁹⇔√⅜

∫≡⁸♄◒♩─ │⁸ 1.2m─ ┘∕─ ╩20t♩ꜝ♇◒2 ⅜ ⇔≡ ∆╢ ─ ─2.5

─ ⌐ ⅎ⁸⅛≈⁸ ⌐ ╩ ⅎ╢↓≤─⌂™╟℮⌐ ↕╣≡™╢⁹ 

 5 │⁸ ─ꜟⱩכ◔ ╩ ⇔≡™╢⁹ 

 ⅜ ⌂╢ ⁸ ⁸ ⅜ ─ ⌐╟∫≡ ↕╣╢ Ⱪꜟ│⁸S61כ◔ ≢⁸ ≤

≤⅜ ─ ⌐╟∫≡ ↕╣╢╙─⅜ ↕╣√⅜⁸ ≤ │ ⁸ ≤ ⁸ ≤

≤⅜ ─ ⌐╟∫≡ ↕╣╢╙─│⁸╕∞ ↕╣≡™⌂™─≢ ⌐ ↕╣≡™⌂™⁹ 

Ⱪꜟ│⁸כ◔  ─ ─ꜟⱩכ◔ ─ ⌐ 2 ╩ꜟⱩכ◔ ╣√ ─╙─≤⁸ ꜟⱩכ◔

⌐ 2 ╩ꜟⱩכ◔ ⌡√ ⌐ ╩ ⇔√ ─╙─⅜№╢ ќ 10.1 ⁹ 

 

10.1  

 

 │⁸ 5 1 ≤ ─ ≢⁸ ─ ╩ ╘≡™╢⁹ 

 ≢│⁸ ─ꜟⱩכ◔ ≤⇔≡⁸▬⌐ ╩⁸꜡⌐ ╩∕╣∙╣ ꜟⱩכ◔⁹╢™≡⇔ ─

⌐ ╩ ⇔√╙─⅜ ≢№╡⁸ ─ ⌐ ⇔√╙─⅜ ≢№╢⁹ ─ꜟⱩכ◔ │ 1 ≤

∂≢№╢⁹ 

 ≢│⁸▬⌐ ─ ⅜⁸꜡⌐ ─ ⅜ ↕╣≡™╢⁹ 

 6 │⁸ 5 ⌐ ∆ ╩ ∆╢ ─ꜟⱩכ◔ ≢№╢⁹ ♬─ ⌐⅔↑╢ ┘ ┘─

│⁸R7 ╟╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸

─ Ɑכ☺⌐ ↕╣≡™╢⁹ │ 5 2 ▬─ ╩ ↕╣√™⁹ 

 

11 ₒ ꜟⱩכ◔  x

₡  ₢ ─ │⁸ ⌐ ─꜠ⱬꜟ≢ ╙ ⌐ ↄ≤╠╣╢─⅜ ≢№╢↓≤⅛

╠⁸ Ⱪꜟ⌐≈™≡│⁸כ◔ ⌂ ╩ ∆─╖≤⇔⁸ ┼™ ─№╢╙─╩ ∆╢↓≤≤™

℮ ⌂ ─≡™≈⌐─╙─⧵ꜟⱩכ◔⁸╘≤≥⌐ │⌂™⁹√∞⇔⁸ 15 ─ ⌐ ⅎ╢

╙─≢⌂↑╣┌⌂╠⌂™─≢⁸↓─ ⅛╠─ ╩ ↑╢↓≤⌐⌂╢⁹ 

 ─ ⌐│⁸ ⌐ ╦╢ ─ ⅜№∫√⅜⁸ ⅜ ╖⁸ ─ │ ⌂™≤─ ⅛╠⁸

H23 ≢ ⇔√⁹ 

 │⁸ 5 1 ≤ ─ ≢⁸ ─ ╩ ╘≡™╢⁹ 

 │⁸ ─ ≤⇔≡⁸ ┼™ ⅜ ⌂↓≤╩ ⇔≡™╢⁹ ≡™≈⌐ꜟⱩכ◔

│ 1 ≤ ─ ⌐╟╡⁸ ┼™ ╩ ⇔⌂™╙─≤∆╢↓≤⅜≢⅝╢⁹ 
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 ⌐ ↕╣≡™╢ ─ꜟⱩכ◔ ≤⇔≡│⁸ Ⱪꜟ⁸Ɽ▬ⱪכ◔ Ⱪꜟ⁸כ◔ כ◔

Ⱪꜟ ┘▪ꜟⱵ Ⱪꜟ⅜№╡⁸כ◔ ⌐↓╣╠─╙─⌐ ⌐ꜟⱩכ◔ ═ ꜠ⱬꜟ⅜ ⅜╢≤ ⅎ╠╣╢╙

─╩ ⇔√╙─╙№╢⁹ Ⱪꜟ⌐│⁸כ◔ ⅜∕╣∙╣ⱳꜞ◄♅꜠fi ⁸Ⱪ♅ꜟ◗ⱶ ⁸◄♅

꜠fiⱪ꜡Ⱨ꜠fi◗ⱶ ≢№╢⁸ⱳꜞ◄♅꜠fi ⱦ♬ꜟ Ⱪꜟ⁸Ⱪ♅ꜟ◗ⱶכ◔ ◒꜡꜡ⱪ꜠fi Ⱪꜟ⁸כ◔

◄♅꜠fiⱪ꜡Ⱨ꜠fi◗ⱶ ◒꜡꜡ⱪ꜠fi ꜟⱩכ◔ ⅜№╢⁹ 

⌐ꜟⱩכ◔⁸⅔⌂  ╩ ⇔≡™╢─│⁸ │ ─ ╩ ←≤≤╙⌐ ─ ╩ ⌐⇔⁸⅛

≈⁸ ┼─ ╣ ─ ╩ ←√╘≢№╢⁹ Ⱪꜟ│⁸כ◔─ ─╙─≤ ™⁸ ╩ ⇔

≡™⌂™√╘ ─ ⅜⌂ↄ⁸ ─ ╩ ⌐⇔⁸ │ ┼─ ╣ ─ ╩ ←⌐│ ⱪכ♥

⌐╟╢ ┼™ ⅜№╣┌∕─ ╩ ∆╢⁹ 

 │⁸ Ⱪꜟ≤⇔≡154kVכ◔ 275kV ─╙─│OF◔כⱩꜟ⅜ ≢№∫√⅜⁸ ⱳꜞ◄♅꜠fi ◔

─ꜟⱩכ ⅜ ╖⁸275kV500הkV ≢╙ ≤⇔≡ ↕╣≡™╢⁹ 

 │⁸ │≢ꜟⱩכ◔ ≢№∫≡╙ ⅜ ⇔≡ ⌐ ≢№╢√╘⁸ ─

│⁸ ─ ⅜ ⌐№╢ ⅜ ∆╢ ⌐ ∆╢ ≢№╢⁹ 

 

12 ₒ ─  x

₡  ₢ │⁸ ╩ ∆╢ ─ ⌂ ╩ ⇔≡™╢⁹∆⌂╦∟⁸ │ ╩ ⌐ ∂╢↓≤⅜

─ ≢№╢─≢⁸ ⌐⅔™≡ ⅜ ─ ╟╡╙ ⇔⌂™╟℮⌐∆╢ ⅜№╢⁹ 

 ⌂⅔⁸ 181 ┘ 182 ⌐╟╡ ∆╢ ┘ ─ │⁸ ≢№╢⅜⁸ ⅜

ↄ ╙ ↕╣≡™╢√╘⁸╕√⁸ 192 ⌐╟╡ ∆╢ ↕ↄ─ │⁸ ─ ⌐─╖ ⌐

⅜ ╣╢╙─≢№╢√╘⁸ ─ ╕≢ ∆╢ ⅜⌂™↓≤⅛╠⁸ ⅛╠ ⇔≡™╢⁹ 

 ≢│⁸ │ ≤ ⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ⇔ↄ│◔כⱩꜟ≤╩ ∆╢ ⌐≈™≡

⇔≡™╢⁹ 

 ⌂⅔⁸ ≢│⁸ ─ ⌐ ⇔≡─╖⁸ ─ ≢ ⇔≡™⌂™ │ ≤⇔≡⁸

─ ≢ ⇔√ │ ≤⇔≡ ╡ ∫≡™╢⁹╕√⁸ ⌐≈™≡│⁸ 165 4

⌐⅔™≡ ⇔≡™╢√╘⁸ ⅛╠│ ™≡™╢⁹ 

 ▬≢│⁸ ⅜ ⌐ ≤⌂╢↓≤╩ ↑╢ ⅜№╢─≢⁸ ─ ↕╩20% ↕∑⌂™

↓≤╩ ⇔≡™╢⁹ ↕─ ⌂╢ ╩ ∆╢ │⁸ ↕─ ↕™ ─ ╩ ≤⇔≡⁸20%

↕∑⌂™╟℮ ∆╢ ⅜№╢⁹√∞⇔ │⁸ ⌐⅔↑╢ ⅜ ─ ↕⌐ ═≡ ⇔ↄ ↕™

⁸ ⅎ┌⁸☺ꜗfiⱤכ ⌐ ╩ ↑╢ ⌂≥│⁸ ⌐ ↕─ ╩ ⌐∆╢ ⅜⌂™↓≤⅛╠ ™≡

™╢⁹ 

 ꜡│⁸ ╩ ↕∑⌂™√╘⌐ ⌐│ ─╟℮⌂ ⌂ ╩ ∆╢⅛⁸╤℮ ↑∆╢

⅜№╢↓≤╩ ⇔≡™╢⁹↓↓≢⁸ ∕─ ─ ≤│⁸ 12.1 ─╟℮⌂S Ⱪ⁸כꜞ☻◓Ⱪ⁸ꜞfiכꜞ☻

∂⌡Ⱶ♫ꜟ⁸כ♃ ╖ ◖Ⱡ◒♃ ╩ ⇔⁸ ─☺ꜗfiⱤכ ≢ ↕╣╢☺ꜗfiⱤכ

─▪ꜟⱵⱤ▬ⱪ╙ ╕╣╢⁹ 
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12.1  

 

 ─ │ ꜟⱩכ◔ꜘ▬♃Ⱪꜗ◐⁸♪כ◖≥ ⇔ↄ│◔כⱩꜟ≤╩ ∆╢ ⌐│⁸

⌐ ∆ ↕─ ┘ ╩ ↕∑⌂™↓≤─╒⅛⌐⁸ ─ ─ ╩ ∆╢√╘⌐

─ ─ ≤ ─ ─№╢ ╩ ⇔⁸ │ ╩∕─ ─ ≤

─ ─№╢╙─≢ ∆╢ ⅜№╢↓≤╩ ⇔≡™╢⁹ ≤ ≤╩ ⌡ ⅎ√ ╛

─◐ꜗ♇ⱪ⅜ ↕╣╢ │⁸ ╘≡◗ⱶ♥כⱪ ≢ ∆╢ │⌂™ ꜟⱩכ◔ ─ ⌐Ⱳ♇◒☻⁸☺ꜛ▬

fi♩Ⱳ♇◒☻ ≢↓─ ─ ╩ ™╢ │⁸ ─ ─ ≤╖⌂∆⁹⁹ 

♪כ◖⁸│  ⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ ꜟⱩכ◔⁸ │↓╣╠─╙─ ╩ ∆╢ ⌐≈™≡⁸

⌐│⁸ ∆═⅝≢│⌂™↓≤╩ ♪כ◖⁹╢™≡⇔ ╩ ∆╢ ⌐ ∆═⅝≢⌂™─│⁸

⅜ ↄ ─ ⅜ ╠╣⌂™√╘⁸ │ꜟⱩכ◔⁸⇔∞√⁹╢№≢╠⅛™∆╛╖ ⅜ ⌐ ↄ⁸◐ꜗⱩ♃

╙≢ꜟⱩכ◔ꜘ▬ ⅜8mm2 ─╙─│ ™ ≢ ↕╣≡™╢─≢⁸ ⇔≡╙ ╖ ↄ⁸◖כ♪

╩ ∆╢ │⌂™⁹↓╣╠─ ≢╙ ↕╩20% ↕∑⌂™╟℮⌐⇔⁸ ⌐ ─◔

ꜟⱩכ │◐ꜗⱩ♃▬ꜘ◔כⱩꜟ≤ ─ ⅜№╡⁸ ╩ ↕∑⌂™ ∕─ ─ ╩ ⇔⁸

│╤℮ ↑⇔≡ ╩ ↕∑⌂™╟℮⌐∆╢≤≤╙⌐⁸ ⌐ ╩ ∆ ⅜№╢⁹◐ꜗⱩ♃▬ꜘ◔כ

Ⱪꜟ─ ─ ⌐│⁸ ≢│ ⌐ ╩ⱪכ♥ ™√ ⌂ ≢ ╩ ╪≢ ∆╢ ⁸ │

─ ⌐ ⌐ ─ ╩ ↑╢ ╩≤∫≡™╢⁹⌂⅔⁸ ╩ⱪכ♥─ ∆╢ ⌂≥

∆╢ ⅜⌂™╙─│ ∆╢↓≤╩ ⇔⌂™⁹ 

 │⁸ ─ ─ ⌐ ⇔≡ ⇔√╙─≢№╢⁹ ⅎ┌▪ꜟⱵ≤ │ ⌐⅔

™≡▬○fi ⌐╟╢ ⅜ ∂╢√╘⁸▪ꜟⱵ≤ ≤⅜ ⇔⁸∕─ ⌐ ⌂≥─ ⅜ ∆╢≤⁸

▪ꜟⱵ⅜ ↕╣╢⁹⇔√⅜∫≡⁸▪ꜟⱵ ≤ ≤─ ⌐ √∫≡│⁸▪ꜟⱵ ─ ◖Ⱡ◒♃⁸

Ⱪכꜞ☻ ╩ ⇔⁸∕─ ⌐│⁸ ⌐∕─ ⌐ ⅜ ↕╣≡ ⅜ ∆╢↓≤ ┘

⌂≥⅜ ∫≡ ╛ ╩ ↓∆↓≤⌂≥╩ ∆╢ ≢◖fiⱤ►fi♪╩ ∆╢ ⅜№╢⁹ 

 ▪ꜟⱵ╛▪ꜟⱵ │⁸ ⌐ ═≡ ─ ╩ ⅝ↄ∆╢≤ ⅜ ↕ↄ⌂∫≡ ↕╣╢ ⅜ ⌐ ↕

ↄ⌂╢ ⱴ☻▪ⱡכ♪ ⅜№╢─≢⁸ ⌐▪ꜟⱵ╩ ∆╢ │⁸↓─ ╩ ™≡ ⌐ ═

≡▪ꜟⱵ─ ╩ ⅝ↄ⇔⁸ ⌐ ╩ ∆╢√╘⁸ ≤▪ꜟⱵ ─ ⌐▪ꜟⱵ ─ ☻Ɑכ◘ ╩ ™≡⁸

⅜ ⇔⌂™╟℮⌐↕╣≡™╢⁹ 

 │⁸ ⌐⅔™≡ ╩ꜟⱩכ◔│ ∆╢ ─▪ꜟⱵ ┘▪ꜟⱵ ≤ ≤

─ ⌐ ∆╢ ◖Ⱡ◒♃⁸☻ꜞכⱩ ─ ⌐ ⇔≡ ⇔≡™╢⁹ ⌐ ⌐ꜟⱩכ◔≥ ⇔⁸

Ᵽ☻♄◒♩─ ⌂≥ ╩ ∆╢ ╩ ⇔≡™╢─│⁸ ─ ⌐ ™ ─ ┘

─ ⅜⌂ↄ⁸ ─ ─ ╩ ∆╣┌ ≢№╢≤ ⅎ╠╣╢⅛╠≢№╢⁹ 41 11 ─ ─

─ ╩ ╘╢ ─ ⌐╟∫≡⁸ ─ꜟⱩכ◔┘ ⌐22mm2 ─▪ꜟⱵ ╩ ™╢↓≤⅜ ╘╠

╣≡ ⁸ ⌐⅔™≡▪ꜟⱵ ⅜ ↕╣╢╟℮⌐⌂∫√⁹ ⅎ┌▪ꜟⱵ ≤ ≤─ │⁸
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─ ≢ ═√╟℮⌐ ⅜ ∂╢⅔∕╣⅜№╡⁸↕╠⌐⁸▪ꜟⱵ ─ ⌐≈™≡╙⁸▪ꜟⱵ ─

⌐╟╢ ─ ⌐╟∫≡⁸ ─ ⅜ ⇔⁸ ─ ─ ┘ ─ ≤™∫√ ╩

ↄ⅔∕╣⅜№╢√╘⁸ ⌐▪ꜟⱵ ╩ ∆╢◖Ⱡ◒♃⁸☻ꜞכⱩ ⌐≈™≡ ╩ ⇔√╙─≢№╢⁹ 

 ⱥכ♩◘▬◒ꜟ ─ │⁸ ◖Ⱡ◒♃⅜ ─ ╩ ↑≡╙⁸∕─ ⌐ ╩ ↓↕⌂™↓≤╩

⅛╘╢↓≤⌐№╡⁸ ◖Ⱡ◒♃─ ╩ ∆╢─⌐ ⌂ ╩╙∫≡™╢⁹ 

  JIS C 2810 1984₈ ◖Ⱡ◒♃ ₉│1995 ⌐ ↕╣⁸JIS C 2810≤JIS C 2814⌐

↕╣√⁹ ꜡│⁸₈▪ꜟⱵ ─ ⌐╟╢ ─ ₉⌐ ╢ⱥכ♩◘▬◒ꜟ ⌐≈™≡ ⇔≡

⅔╡⁸JIS C 2814│ ─ ⌐ ∆╢ ≢№╢√╘⁸JIS C 2810─ ∆╢ ─╖╩ ╡ ╣√⁹ 

 

3  ─ ┘  
13 ₒ ─  x

₡  ₢ │⁸ ⌐ ↕╣≡™⌂↑╣┌⁸ ╣ ⌐╟╢ ╛ ─ ╩ ∂⁸ ⅜ ∆╢

─ ₁─ ╩ ∂╢─≢⁸↓─ ≢│⁸ │⁸∕─ ⌐ ∂≡ ⌐ ∆╢↓≤⁸∆⌂╦∟⁸

─ ╩ ⇔≡™╢⁹⇔⅛⇔⁸ ─ ≤│ ⌐ ─ ╛∕─ ⅛╠⁸≥℮⇔≡╙ ∆╢↓≤⅜≢

⅝⌂™ ⅜№╢─≢⁸∕╣╩ ⌐ →⁸↓╣╩ ─ ⅛╠ ⇔≡™╢⁹ 

 │⁸ ⌐ ∆╢ ─ ≤ ≤─ ≢№╢⁹↓↓≢ ⇔⌂↑╣┌⌂╠⌂™─

│⁸ ∞↑╩ ⇔≡™╢─≢№∫≡⁸ ─ │ ⇔⌂↑╣┌⌂╠⌂™⁹ 

 ⌐ →╢╙─│⁸ ⌐ ─ ╩ ⅛╠ ⇔⌂™≢ ∆╢↓≤⅜╛╗╩ ⌂™╙─⁸ │

∆╢↓≤⅜ ⁸ ⌐ ⇔ↄ ⌂╙─≢⁸↓╣╠─╙──℮∟ ≢⅝⌂™↓≤⅜╛╗╩ ⌂™ ⌐

∫≡⁸ ─ ⅜ ╘╠╣╢⁹ ⌐ ╩≤╣┌⁸ │╛╗╩ ⌂™ ≢№╢⅜⁸ ⌐ ╢ │

╛╗╩ ⌂™ ≤│ ╘╠╣⌂™⁹ 

 

14 ₒ ─  x

₡  ₢ ─ ќ 5 ⌐╟╡ │ ⅛╠ ⇔⌂↑╣┌⌂╠⌂™⅜⁸↓─ ⁸ ─

⌐ ∆╢ ─ ⅜ ≢№╢⁹∕─ ≤⇔≡⁸ ⌐ ╦╣≡™╢ ⌐│⁸ ≤

⅜№╢⁹ │⁸ ⌂≥≢∕─ ╩ ∆╢ ≢№╢⅜⁸↓─ ≢│

≢ ╘≡™╢ ─꜠ⱬꜟ⌐≈™≡⁸ ∏⇔╙∕─ ╩ ⌐ ⇔ ╢≤│™ⅎ⌂™⁹ ─꜠ⱬꜟ─ │⁸

⌐⅔↑╢ ≤ ⌐╟╢↓≤⅜ ╙ ≢№╢⁹⇔⅛⇔⁸ ⌐╟╢ │⁸ ─ ⁸

─ ╛ ⌐ ⇔≡│∕─ ⅜ ≢№╡⁸ ⌐╟╢ ─ ⌐ ⌂ ≤⌂╢╙

─≢№╢─≢⁸ ⌐↓╣⌐╟╢ ⅜ ╠╣≡™╢⁹ 

 1 │⁸ 58 ─ ≤⇔≡⁸ ⌐⅔↑╢ ─ ⌐≈™≡ ⇔≡™╢⁹ 58 │⁸

™╦╝╢ ─ ⁸ ─ ╩ ╘≡™╢╙─≢⁸ ─ ⅛╠ ⇔√ ќ

13 ⁸ 16 ≢ ∆╢ ⁸ ⁸ ⁸ ⁸ ⁸ꜟכꜙ☺⸗ ─ │⁸ ≢№╢⁹

╕√⁸ ─ ┘↓╣⌐ ╩ ∆╢ ќ 189 ⁸ ќ 205 ⁸

─ ќ 217 │⁸∕╣∙╣─ ⌐⅔™≡ ─ ⅜№╢─≢⁸™∏╣╙ ─ ⅛╠ ⅛╣≡

™╢⁹ 

 │⁸ 58 ⌐╟╢↓≤≤⇔≡™╢⁹ 

 │⁸ ≢│ ⇔≡ ℮ ─ ⅜ ⌐⌂∫≡⅝√√╘⁸ ∑∏⌐ ╩

∆╢ ⅎ™ I 0 ⌐╟╢ ╩ ⌐⇔√╙─≢№╢⁹ ╣ ⌐╟╡ ∆╢₈ ⅎ™ ₉

│⁸ᵑ ⌐╟╢ I 0r ─ ⌐ ⌐╟╢ (I 0C)⅜ ╕╣╢↓≤⁸ᵒ ─ ⅜

≢⅝⌂™↓≤ ⌐╟╡⁸ ∏⇔╙ ⌐ ≢⅝⌂™⁹⇔⅛⇔⁸ ⌐╟╢ ─ ╩ ╘√

ⅎ™ ⅜1mA ─ │⁸ ⌐╟╢ │ ⌐↓─ ╟╡ ↕ↄ⌂╡⁸ 58 ≢ ╘╢

─ ≤ ─ ╩ ⇔≡™╢╙─≤╖⌂∆↓≤⅜≢⅝╢⁹ 

╕√⁸₈ 2 ₉⌐⅔™≡⁸ ⌐╟╢ ╩ ⇔√ ⅜1mA ─

│⁸ 58 ≢ ╘╢ ─ ≤ ─ ╩ ⇔≡™╢╙─≤ ∆╢↓≤─ ⅜ ↕╣

√⁹↓╣╠─ │⁸ ⌐1mA ─ ⅎ™ ⅜№∫≡╙ ⌐ ∆╢ ─ │⌂ↄ ⌐ ∂╢ ╩

⅛╠ ⇔≡™ↄ≤1mA ≢│∂╘≡ ∂╢⁹⁸↓─ ─ ╣ ≢│⁸ ⌐↓╣⅜1 ⌐ ⇔√≤⇔≡╙

─ ⌐ ╠⇔≡ ─ │╒≤╪≥ ⅎ╠╣⌂™≤™℮ ⌐ ≠™≡ ╘╠╣√╙─≢№╢⁹ 
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14.1  

 

 

14.2  

 

 

 2 │⁸ ╛ ⁸ ⌂≥ ─ ⌐⅔↑╢ ⌐≈™≡╙⁸ ─ ⌐

⌐╟╢ ⅜ ≢⅝╢↓≤╩ ⇔√╙─≢№╢⁹ 

 

15 ₒ │ ─ ─  x

₡  ₢ │⁸ ┘ ─ ─ ⌐≈™≡ ╘≡™╢⁹ ─ ⅛╠ ⇔√ ќ

13 ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ꜟכꜙ☺⸗ ─ ќ 16 ┘

ќ 205 ─ │ ≤⇔≡⅔╡⁸ │ ─ ⁸ ⁸ ⁸

⁸ ⁸ ⌂≥⅜ ─ ≢№╢⁹ 

 ┘ ─ ⌐≈™≡│⁸ │ ≈─ ≤⇔≡│ ⅜№╢⅜⁸ ⅜ ↄ⌂╢≤

⌐∕─ ╩ ∆╢↓≤⅜≢⅝⌂™─≢⁸ ⌐╟╡ ─ ╩ ╘≡™╢⁹ ─ ⅜ ≢№╡⁸

⌐ ⇔√ ⁸ ╩ ↓∆↓≤⅜⌂™↓≤╩ ∆╢ ≤⇔≡⁸ ─ ⌐╟╢ ⌐ ⅎ╣

┌╟™↓≤╩ ⇔√╙─≢№╢⁹ 

 ⌂⅔⁸ ╩│∂╘⁸↓─ ≢ ∆╢ ─ ≤™℮─│⁸ ─ ∆═⅝ ⌐≈™

≡ ⇔≡™╢─≢№∫≡⁸ ╩ ℮↓≤╩ ≠↑≡™╢╙─≢│⌂™⁹⇔√⅜∫≡⁸↓─ ≢│₈Ν

╩ ∆╢↓≤⁹₉⁸₈Ν ⅎ╢ ╩ ∆╢↓≤⁹₉≤™℮ ╩ ™≡™╢⁹ 

 ⌐ ╦╢ ⌐│⁸ ─ ─ ─╒⅛⌐⁸1 ─ ─ ⁸ ─ │ ─

⁸ ─ ⌐╟╢ ⅜№╡⁸ ─ ↄ│⁸↓╣╠─ ⅜ ≤⌂∫≡ ↓╢╙─≢

№╢⅛╠⁸ ─ │⁸ ⌐ ⅎ╢∞↑≢⌂ↄ⁸↓╣╠─ ╩ ⇔≡ ╘⌂↑╣┌⌂╠⌂™⁹⇔⅛⇔⁸

⌐ ∆╢ ─ ╩ ▬fiⱤꜟ☻ ⌐╟∫≡ ∆╢↓≤│⁸ ≤⇔≡│ ∞⇔ↄ ≢№╢

─≢⁸ ⌐ ⇔≡│ ─ ќ 37 ╩ ∆╢⌐≤≥╘⁸ ─ ╩ ∆╢ │⁸

╛ ─ ─ ─ ╩ ≤⇔≡ ╘╠╣≡™╢⁹⇔⅛⇔⁸↓╣╠─ ⌐ ∆╢ ─

╩ ≤⇔≡ ⅎ╢↓≤│ ≢№╢─≢⁸15- 1 ⌐ ∆╢ ╩ ⇔≡10 ⅎ√≤⅝⁸↓╣⌐

ⅎ╢ ╩ ∆╢╙─≢№╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ─ │ ─ꜟⱩכ◔ ⌐│⁸ ⅜ ⅝ↄ⌂╡⁸ ╩ ™≡

╩ ℮⌐│⁸ ─ ⅜ ≤⌂∫≡∕─ ⅜ ⌂ ⅜ ™√╘⁸↓─╟℮⌂ ⌐│◔ⱡ♩꜡fi ╩

⇔≡⁸ ⌐ ⇔ ╢ ╩ ∫≡╙╟™↓≤≤⇔≡™╢⁹╕√⁸↓─ ─ │
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─2 ⌐ ⅎ╣┌ ≢№╢≤ ⅎ≡™╢⁹ 

 15- 1 │⁸ ─ ⌐ ∂√ ╩ ⇔≡™╢⅜⁸∕─ ╩ 15.1 ⌐ ∆╟℮⌐ ⇔≡ ∆╢⁹ 

15.1  

─   

⅜

7,000V ─  

─  A 

─  B 

⅜

7,000V╩ ⅎ⁸

60,000V ─  

⅜15,000V ─ ╩ ∆╢╙─≢№∫≡⁸∕

─ ⌐ ∆╢╙─⌐ ╢⁹  
C 

 D 

⅜

60,000V╩ ⅎ╢  

⌐

∆╢ ─╙

─ 

 E 

 

⅜170,000V╩

ⅎ╢╙─ 

⅜ ↕╣≡™╢ ⁸

│ ⇔ↄ│↓╣⌐ ∏╢ ⌐

∆╢╙─ 

F 

─  G 

 H 

⌐

∆╢╙─ 

┘  I  

─ │ ≤⌂╢  J 

 

 A⁸B│⁸ ⌐≈™≡≢№╡⁸H23 ≢B─ ─ ╩ ⇔√⁹ 

 C│⁸6kV ─ ╩ ⇔≡11.4kV ӏ3×6.6kV 4 ─ ≤⇔√╙──℮

∟⁸ ⌐≈™≡│⁸1 ─ ─ ⅜⁸ ─80% ⁸∆⌂╦

∟ ─1.4 ⌐ ⇔ ╢ ≢№╢↓≤⅛╠⁸ ─0.92 ─ ≢

≤ ╩ ⇔√≤⅝10 ↓╣⌐ ⅎ╣┌╟™↓≤≤⇔≡™╢⁹↓─ │⁸

─ ≢ ↕╣≡ ╩ √╙─≢№∫≡⁸ ─ ⌐№∫≡│⁸1

─ k1 1.4/ ӏ3 ⁸ ╩2.0 ≤⇔≡ 10 ⌐ ∆╢ k2 0.72 ⁸

⌐╟╢ k3 1.05 ⁸ k4 1.5 ─ ≤⇔≡0.92≤™℮ ⅜ ↕╣≡™╢⁹ 

 E⁸F⁸G⁸H─ ⅜60kV╩ ⅎ╢ ⌐≈™≡│⁸ ≢№╢√╘ ─ ╩ ⅝ↄ≤╢↓≤│

╙ ⅝™↓≤⅛╠⁸™ↄ≈⅛─ ⌐╟╡ ╩ ⇔≡™╢⁹ 

 ⅜ ↕╣≡™╢╙─│⁸ ─ ⅝↕⅜ ⌐ ↕™↓≤⅛╠⁸ ─1.1 ╩ ─

≤⇔≡™╢ H⁹√∞⇔⁸ ─╖≢ ╩ ⇔√ │⁸ ─ ┘ ⅜ ⌐ ╦╣≡╙⁸

╩ ∆╢↓≤│≢⅝⌂™─≢⁸ ⌐│ ╘⌂™↓≤⌐⇔≡™╢⁹ ─60kV ─ │⁸

ↄ│ │ ꜞ▪◒♩ꜟ ≤⌂∫≡™╢─≢⁸↓─ ⅜ ↕╣╢ ⅜ ™⁹ 

 F⁸G│⁸ ⌐ ∆╢ ⌐≈™≡≢№╢⁹ 

 G─0.72 ≤™℮ │⁸1 ─ ─ k1 1.4/ ӏ3 ⁸ ╩0.2 ≤⇔≡

10 ⌐ ∆╢ k2 0.55⁸v t ⌐│Bellaschi Teague ─1/4" ⌐╟╢╙─╩ ∫≡™╢⁹⁸

⌐╟╢ k3 1.35 ┘ k4 1.2 ─ ⌐╟╡ ╠╣√╙─≢№╢⁹ 

 F│⁸ ⌐⅔™≡G─ 0.72 ─ ≤⌂∫√ ─ ⇔╩ ™⁸∕─

⌐ ≠⅝⁸S51 ≢ √⌐ ↑╠╣√╙─≢№╢⁹∆⌂╦∟⁸ ≢ ┘ ─

⌐≈™≡ ╩ ™⁸1 ─ ─ k1│⁸∕─ ⅜ ↕╣≡™╢ ⌐

≈™≡│⁸1.25/ӏ3╩ ⅎ╢↓≤│⌂ↄ⁸k2⁸k3⁸k4⌐≈™≡│⁸ ─ ≢ ⌂╙─≤↕╣√⁹↓─ ⁸∕─

⅜ ↕╣≡™╢ ⌐≈™≡│⁸ ─ ╩k1הk2הk3הk4 1.25/ӏ3×0.55×1.35×1.2 0.64

≤⇔√╙─≢№╢⁹ 

 ∆╣┌⁸↓↓⌐™℮ │⁸1 ─ ─ ╩ ─1.4/ ӏ3 ⌐

∆╢≤≤╙⌐⁸ ⌐∕─ ⅜ ↕╣≡™╢ ⌐≈™≡│1.25/ӏ3 ⌐ ⇔ ╢

≢⁸ ⅜ ™ ⅔⅔╗⌡0.2 ╙─≤™℮↓≤⌐⌂╢⁹ 

 I⁸J│⁸ ⌐ ∆╢ ╩ ⇔≡™╢⁹∕─ │⁸₈ ⌐ ∆╢ ─ ⌐≈

™≡₉  54 7 ╩ ╕ⅎ╢≤≤╙⌐⁸ ⌐ 4 ₒ ⌂ ⌐╟╢ ₓ

┘ 5 ₒ ₓ─ ⌐╟╡ ₈ ₉≤™℮⁹ ⇔⁸ ↕╣≡™╢ ≤

∂╙─≢№╢⁹ 
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 I─1.1 ≤™℮ │⁸ │ ─ ⌐╟╢ ─ k1=1.7 ⁸ ╩0.1

≤⇔≡ 10 ⌐ ∆╢ k2=0.5⁸V- t ⌐│Bellaschi -Teague─1/4Δ ⌐╟╢╙─╩≤∫≡™

╢⁹⁸ k3=1.2 ─ ≢№╢1.02ԇ1.1≤⇔≡ ╘√╙─≢№╢⁹ 

 ↓↓≢ Vm│⁸ ─≤⅔╡≤∆╢⁹ 

 ─ ⁸ ─ ⁸ ╩E≤∆╢≤⁸ │⁸ 

 1 ╖ 6 ─  Vm=E 

 2 ╖ 12 ─  Vm=1.93E  

≤⌂╢⁹ 

2 ─ - ≤ -ỏ ⌐30°─ ⅜№╢√╘⁸Vm=2Ecos15°=1.93E 

 

15.1  

 

 ─ ⁸ ─ ─ ⁸ ╩ ≤∆╢⁹ 

 J─₈ ─ │ ≤⌂╢ ₉ ─ │⁸ ⅜ ─ ⁸

╛ ⌐ ⅝ↄ ↕╣╢∞↑≢⌂ↄ⁸ ⅛╠─ ⌐╟∫≡ ≢ ∆╢ ⁸ ⅜ ™√╘⁸

╩ ⌐ ↕∑≡ ⌐ ╘╢↓≤│ ⌂─≢⁸ ⌐⅔™≡ ∆╢ ⌐ ∫√ ≤

∆╢↓≤≤⇔≡⁸ ╩ ╘≡™╢⁹↓↓≢⁸1/ӏ2│ ╩ ⌐ ∆╢ ⁸0.5│ ╩0.1

≤⇔≡⁸ 10 ⌐ ∆╢ ⁸1.2│ ≢№╢⁹⅛∫↓ ⅝≢ ⇔≡™╢ FC ╛

BTB ─╟℮⌂ ⌐≈™≡│⁸ ╩╙√⌂™╙─╙№╡⁸∕─ │⁸ │

⅛╠↔ↄ ↄ≢⁸ ─ │╒≤╪≥⌂™↓≤⅛╠⁸ ╩ ≢⅝╢⁹ 

 ⌂⅔⁸ ╩ꜟⱩכ◔⌐ ∆╢ │⁸ ─ ⌐╟╡⁸ ≢ ╩⇔≡╙╟™⁹ 

 │⁸H9 ⌐⅔™≡ √⌐ ╘√╙─≢⁸ ⅜170kV╩ ⅎ╢ ⅜ ↕╣≡™╢

⌐≈™≡│⁸15- 1 ─₈ ⅜ ↕╣≡™╢ ⁸ │ ⇔ↄ│↓╣⌐ ∏╢ ⌐

∆╢╙─₉⌐ ∂≡ ╩ ─0.64 ≤∆╢↓≤╩ ≢⅝╢╟℮⌐⇔√╙─≢№╢⁹ 0.64

≤™℮ │⁸ ꜟⱩכ◔ ─ ꜟⱩכ◔₈─ ⌐⅔↑╢ ≤ ₉ 6 12

⌐⅔™≡⁸ ⅜ ↕╣≡™╢ ╙⁸ k1⅜1.25/ӏ3╩ ⅎ╢↓≤⅜⌂™↓≤⅜ ↕╣√

√╘⁸↓─ ─ ╩F≤ ⌐1.25/ӏ3×0.55×1.35×1.2=0.64≤⇔≡™╢⁹╕√⁸ ⌐≈™≡│⁸G─

0.72 10 ≤ ∂꜠ⱬꜟ⌐⇔√⁹ 

 │⁸H10 ≢  JESC E7001 1998 ╩ ⇔ √⌐ ╘√ ≢№╢⁹R4 ╟

╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺

⌐≡ ↕╣≡™╢⁹ 

 ⁸ ⌂≥─ ⌐≈™≡│⁸ JEC⁸ JIS ⌐

⅔™≡ ─ ⅜ ╘╠╣≡⅔╡⁸↓╣⌐ ⅎ√╙─│⁸ ≢ ∆╢ ╩ ⇔ ⌐ ∆╢╙

─≤ ≢⅝╢│∏≢№╢⅜⁸JEC⁸JIS⌐ ╘╢ │ ╩╙≈╙─≢│⌂™↓≤⁸ ╛ ─

⅜ ⌐ ∆╢↓≤╙№╢≤─ ⅛╠⁸ ─ ꜠ⱬꜟ╩ ∆╢ ≤⇔≡⁸15- 1 ⌐ ≠™

√ ⌐╟╢ ⌐ ⅎ╢ ╩ ∆╢↓≤╩ ⇔≡⅝√⁹↓╣⌐ ⇔⁸ ⌐≈™≡│⁸ 

ה │⌂™⅜⁸JEC⁸JIS⌐ ≠⅝ ⌐⅔™≡15-1 ─ ╩ ╢꜠ⱬꜟ≢─ ╩ ⇔≡™

╢↓≤⁹ 

ה ⌐ ∆╢ ─ ≤ ─ ⁸ ─ ↕⌐ ⇔√ ⌂≥ ─ ⁸

─ ⁸ ─ ⌐╟╢ ─ ⌐ ™⁸ ─ │ ─ ╩

√≥∫≡⅔╡⁸ ≢╙ ⌐ ∆╢ │ ⌐ ⇔≡™╢↓≤⁹ 

⌐╟╡⁸ │ ⌐ ↕╣╢╟℮⌐⌂∫≡⅝≡™╢ ⌐≈™≡│⁸ 53 4 ₈

─ ₉ ┘ 69 2 ₈ ─ ה ₉╩

↕╣√™⁹⁹↓℮⇔√↓≤⅛╠⁸ ╩ ∆╢1≈─ ≤⇔≡⁸JEC⁸JIS⌐ ≠⅝ ≢ ╩ ⇔

√╙─⌐≈™≡⁸∕─ ⅜ ⌐ ↕╣╢╟℮⌐ ↕╣ ≢⅝≡™╢↓≤─ ⌐⅔↑╢ ≤

⇔≡⁸ ╩10 ∆╢↓≤≢⁸15- 1 ⌐ ≠ↄ ≤ ≢№╢≤ ∆╢↓≤⌐⇔√╙─

≢№╢⁹ ─ │⁸ ⌐ ⅜ ⇔≡ ↕╣⁸ ⌐ ⅜⌂™↓≤╩ ≢
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⅝╢ ≤⇔≡⁸ ⅛╠ ─№╢10 ≤⇔√⁹╕√⁸₈ ₉≤│⁸ ─ ≢ ─ ≤

≤─ ⌐ ╦╢ ╩™℮⁹ 

 ⌂⅔⁸ ⌐⅔™≡⁸ ⌐№∫≡│⁸ ─ ⌐╟╡ ─ ┼

⅜ ∆╢↓≤╙№╢─≢⁸ ⌐ ∆╢ ⌐ ℮↓≤╙1≈─ ≢№╢⁹ 

ꜟⱩכ◔  ┘ ─ ⌐≈™≡│⁸  JEC- 3401- 1986₈OF◔כⱩꜟ─

₉ ┘JEC- 3408-1997₈ 11kV 275kV ⱳꜞ◄♅꜠fi◔כⱩꜟ ┘ ─ ₉⌐

⇔ↄ ↕╣≡™╢─≢⁸ ↕╣√™⁹ 

 ─ │⅜™⇔⌐╟∫≡ ↕╣╢⅜⁸ ⌐⅜™⇔│ ⇔≡ ↕╣╢↓≤⅜ ↄ⁸ ─

╩∕─1≈1≈⅜ ⇔≡ ╩ ⇔≡™╢↓≤⅛╠⁸⅜™⇔1 ─ │15- 1 ⌐ →╢ ╟╡╙

⅛⌂╡ ↕⌂ ≤⌂╢⁹⇔⅛⇔⁸JESC E 7001≢ ⇔≡™╢JIS⌐⅔↑╢ │↓─ ╩ ⌐ ╢╙

─≢№╢↓≤⅛╠⁸↓╣⌐ ∆╢⅜™⇔╩ ∆╢ │⁸ ╩10 ∆╢↓≤≢╙╟™↓≤≤⇔≡

™╢⁹╕√⁸JESC E 7001⌐ ∆JIS ─⅜™⇔≢№∫≡╙⁸↓╣╠ ─№╢⅜™⇔⌐ ∆╢

⌐╟∫≡⁸ ╩ ⇔√╙─⌐≈™≡│JIS ≤ ─╙─≤⇔≡ ⅎ╢⁹ 

 

16 ₒ ─ ─  x

₡  ₢ │⁸ ⁸ ⁸ ⁸ ⁸ ─⧵ꜟכꜙ☺⸗ ↓╣╠─ ─ ┘

⌐ ┘ ─ ─ ╩ ╘√ ≢№╢⁹ 

 ↓╣╠─ ⁸ ─ ⌐│⁸ ⌐ ∆╢ ⁸ꜞ▪◒♩ꜟ ─ │ ⅜ ╦╠⌂™╙─╙№╢⁹

↓╣╠ ≢⌂™╙─⌐ ⌐╟╢ ─ ╩ ∆╢↓≤│ ≤│™ⅎ∏⁸ ⁸ 19 2 ⌐⅔™≡

─ ≤⇔≡─ ╩ ↑≡™╢↓≤⁸ │ ╩ ≤⇔√ ⌐╟∫≡ ⇔≡⅝√

↓≤⅛╠⁸H4 ≢ ─ │₈ ₉⌐ ∆╢╙─≢№╢ ╩ ╠⅛⌐⇔√⁹ 

 1 │⁸ ─ ─ ─ ⌐ ∆╢ ≢№╡⁸ ↔≤⌐ ╩ ⇔⁸ ≤⇔≡─ ╩

⇔≡™╢⁹ ⁸◄♇◒☻ ⁸ ⁸ ─ ⌂ ⌐ ↕╣╢

⌐≈™≡│⁸∕─ ┘ ⅜ ─ ≤ ⌂∫≡™╢─≢⁸ ⅛╠ ⇔√ ↓─ ≢│ ⌐

≤™℮ ⌐│⁸↓╣╠─ ╩ ↄ↓≤⌐⇔√⁹⁹↓╣╠─℮∟⁸◄♇◒☻ ⌐≈™≡│ 194

⅜⁸ ⌐≈™≡│ 185 4 ┘ ⅜∕╣∙╣ ↕╣╢⁹ │⁸ ≤

│ ⅎ∏⁸∕─ │ 6 ⌐ ⇔≡™╢⁹ 

 │⁸ ≤⇔≡⁸ ╩ ⅎ√≤⅝↓╣⌐ ⅎ╢ ╩ ∆╢↓≤╩ ⇔≡™╢⁹₈ ╩

ⅎ╢₉ ≤⇔≡│⁸ ⌐╟╡ ╩ ⇔≡↓╣╩ ∆╢↓≤┌⅛╡≢⌂ↄ⁸ ╠ ⌐╟╡

⌐ ╩ ↕∑╢™╦╝╢ ╙ ⅎ╠╣╢⁹16- 1 ⌐ ─ ─ ⌐ ∂√ ┘

╩ ⇔≡™╢⅜⁸∕─ ╩ 16.1 ⌐ ∆╟℮⌐ ⇔≡ ∆╢⁹ 

16.1  

─ ─   

⅜7,000V ─╙─ A 

⅜

7,000V╩ ⅎ

60,000V ─╙─ 

⅜15,000V ─╙─≢№∫≡⁸ ╩ ∆╢╙─≢№

∫≡⁸∕─ ⌐ ∆╢╙─⌐ ╢⁹ ⌐ ∆╢╙─ 
B 

─╙─ C 

⅜

60,000V╩ ⅎ╢╙

─ 

⌐

∆╢

─╙

─ 

⌐ ∆╢╙─ D 

⌐ ∆

╢╙─ 

─╙─ 
⌐ ∆╢

╙─ 

╩

∆╢

╙─ 

⅜170,000V ─

╙─ 
E 

⅜170,000V╩ ⅎ

╢╙─ 
F 

⌐ ╩ ∆╢╙─ G 

─╙─≢№∫≡⁸ ⌐ ╩ ∆╢╙─ 

H ☻◖♇♩ ─╙─≢№∫≡⁸T ≤ ─ ⌐ ╩

∆╢╙─ 

─╙─ I  

⌐ ∆╢╙─ J 
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 B│⁸™╦╝╢ 4 ─11.4kV ─℮∟⁸ ─ ⌐ ↕╣╢ ─

─ ≢⁸ ⌐ ↕╣╢ ─2 ≤ ─1 ⅜↓╣⌐ ∆╢⁹

⌐≈™≡│⁸ 15 ─ 15.1 ─C ╩ ↕╣√™⁹ 

 D⅛╠I╕≢─ ⅜60kV╩ ⅎ╢ ─ ⌐≈™≡│⁸ ⌐ 15 15.1 ─E⁸F⁸G⁸H

≤ ∂ ⅎ ≢№╢⁹ 

 E│⁸H23 ≢ ⇔√╙─≢№╡⁸∕╣╕≢ ≢⌂⅛∫√ ⅜170kV ─ ⌐

↕╣╢ ─ ╩ ⌐⇔√╙─≢№╢⁹ ⅜170kV╩ ⅎ╢╙─⌐≈™≡│F≢ ─

0.64 ≤⇔≡™╢⅜⁸∕─ ≤⌂∫≡™╢ ╩ ⅜170kV ─╙─┼ ⌐ ∆╢↓≤│≢⅝⌂

™√╘⁸ ─ ⌐ ≠⅝⁸ ─0.72 ≤⇔√⁹ 

 F│⁸™╦╝╢ ╩ ≤⇔√╙─≢№╢⁹F─ │⁸ 15 ─ 15.1 ─F ≢ ∆≤⅔

╡⁸G─ 0.72 ─╙≤≤⌂∫√ ─ ⇔ ⌐ ≠ↄ╙─≢№╢⁹ 

G─ ─ │⁸ ⅜ ─ ⌐ ⇔⁸

⇔√ ≢№╢⁹0.72 ≤™℮ │⁸1 ─ ─ k1 1.4/ ӏ3 ⁸ ╩0.2 ≤⇔

≡ 10 ⌐ ∆╢ k2 0.55⁸v t ⌐│Bellaschi Teague ─1/4" ⌐╟╢╙─╩ ∫≡™╢⁹⁸

⌐╟╢ k3 1.35 ┘ k4 1.2 ─ ⌐╟╡ ╠╣√╙─≢№╢⁹ 

 G≢⁸ ╩ ∑∏⌐ ╩ ∆╢─│⁸ ─ ⌐ ∫≡⁸ ─ ⅜ ∆╢ ⌐

№╡⁸ ⌐ ∆╢ ─ ⅜ ⅝ↄ⌂╢√╘⁸ ─ ─╖≢│ ≢⅝⌂™ ╙

↕╣╢─≢⁸ ╩ ∆╢√╘⌐ ℮╙─≢№╢⁹√∞⇔⁸ ╩ ∑∏⌐ ╩ ⇔√

╩ ≢ ╛ ╩ ℮≤⁸ ⌐╟∫≡│ ╩ ∂⁸ ⌂ ╩ ∆╢⅔∕╣

╙№╢─≢⁸ ─ ╛ ⌐№√∫≡│ ⌐ ∆╢ ⅜№╢⁹ 

 F │G─ β2 │β3 ╩ ≤⇔≡ ─2 ╩ ∆╢≤⁸ 16.1 ─≤⅔╡≢№╢⁹ 

       
16.1 a                       16.1 b  

 

 

16.1 c  

 

 16.1  (b) ─ ≢╙╦⅛╢╟℮⌐⁸ ─ │ ∆╢ │⌂ↄ⁸ ≤ ≤─ ⌐

─ ⅜ ╦╣┌╟™─≢№╡⁸F⌐≈™≡│ ─ ╩ ╘≡™⌂™⁹√∞⇔⁸ 16.1  (b) ─

⌐╟╢ ⁸ ⅜ ╟╡ ↄ─≢⁸ ─ ꜠ⱬꜟ≤─ ⌐⅔™≡ ╩ ⇔⌂↑╣┌⌂╠⌂™⁹

╕√⁸ 16.1  (b) ─ ⌐╟╢ │⁸ ╩ ⅎ≡1≈─ ⌐≈⅝3 ╩ ℮ ⅜№╢⁹ 

 G─ │⁸1 ─ ─ ─ ╩ ∆╢ ⅜№╢⅜⁸↓─↓≤⌐ ⇔≡⁸

≢ ⇔√ ⁸ ─ │⁸ ─ ⌐╟╡ ─0.3 ─

≢ ∆╣┌╟™≤™℮↓≤⌐⌂∫√⁹∆⌂╦∟⁸ ⅜ ↕╣╢ ≢│⁸1 ─
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─ │⁸ ─ ─0.8 ≢№╢⁹╟∫≡⁸ 16.1  (c) ─╟℮⌂ ╩ ⅎ╢≤⁸

─ ─ │⁸0.34E╩ ⅎ╢↓≤│⌂™─≢⁸ ─ │⁸ ─ ⌐↓─

─ ╩ ∂≡ ╘╢⁹≈╕╡⁸ 

0.72E×0.34 0.8 0.306E 

≤⌂╢⁹ ─ ≤⌂∫√0.72E│⁸ ⅜ ╕╣≡™╢─≢⁸0.3E≤⇔≡╙ ⌐ ⌂™⁹ 

 H│⁸S30 ≢ ↕╣√╙─≢№╢⁹ │ ─ ⁸ ─ ╩ ╢√╘⁸ ─

╩ ─ ─1/ӏ3 ⌐ ⇔⁸ ▬fiⱤꜟ☻ ⌐╟╢ ⌐ ⇔≡│⁸∕─ │ ⅜

⌐ ↑╢ ─ ─1/ӏ3 ─ ╩ ∆╢↓≤⌐╟∫≡ ∆╢╙─⅜ ↄ ↕╣≡™╢⁹

↓─╟℮⌂ │⁸I⌐ ∆╢ ⌐╟╡ ╩ ⅎ⌂™─≢⁸∕─ ╩₈β4₉≤⇔≡ ⇔≡™╢╦↑≢№╢⁹

β4│⁸ ╕⇔™↓≤≢│⌂™⅜⁸ ⁸ ─ 16.2 │∕─ ≢№╢⁹╩∕─╕╕ ⇔≡™╢⁹ 

       
16.2 a                    16.2 b  

 

 

16.2 c ⌐╟╢ a ─  

 

 

16.2 d ⌐╟╢ ─  

 

 

16.2 e ☻◖♇♩ ─T ≤ ─ ─  

 

 S43 ≢√∞⇔ ⅜ ⅎ╠╣⁸ ─ ≢ ℮↓≤⅜ ⌂ │⁸ ≢ ≢⅝╢↓≤╩ ⌐

⇔≡™╢⁹↓╣│ ⌐ ╦╣≡™╢ ≢№╢⅜⁸ ≢ ≤⌂╢↓≤╙ ⅎ╠╣√─≢ ⇔√╙─≢

№╢⁹ 16.2  (a) ┘ (b)│ ≤⌂∫≡™╢ ─ ⌐╟╢ ≢№╢⅜⁸ ─1
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≤™℮ ─ │₈≥─ ≢╙₉≤™℮↓≤⌐⌂╢─≢⁸ ─ ⌐ ⇔≡│⁸ ⌐ ─ ╩ ╡

ⅎ≡ 2 ∆╢ ⅜№╢⁹⌂⅔⁸↓─ ⁸ ─ ─1 ╩ ∆╢─│⁸ ─ ≤

─ ≤─ ─ ╩╙ ∆╢√╘≢№╢⁹ 16.2  (c) ┘ (d) │⁸ ⌐╟╢ ≢№╢⁹

│ ⌐╟╡ ↕∑╢ ╙№╣┌⁸ ─ ⌐╟╢ ╙№╢⁹ 16.2  (c) ─╟℮⌐

a ⁸b ⁸c ─ ∕╣∙╣⌐ ™⁸ ⌐ 16.2  (d) ─╟℮⌐ ⌐ ℮⁹ 16.2 (b) ≢│⁸

─Eה1.1/2│⌐ ⇔⅛ ↕╣⌂™─≢⁸ ⁸ ⌐1.1/ ӏ3הE─ ─ ╩ ⅎ╢ ⅜№╢⁹

─0.64 ┘0.96│⁸1.1/ ӏ3 0.64⁸ӏ3/2×1.1 0.96─ ≢№╢⁹S43 ≢│⁸ ─ ∞↑≢⌂

ↄ⁸ ⌐≈™≡╙⁸╕√⁸S51 ≢│⁸☻◖♇♩ ─T ≤ ─ ─ ╩ ⇔√

ќ 16. 2  (e) ╙⁸H─ ┘ ╩ ≢⅝╢↓≤≤⇔√⁹ 

 J│⁸ ⌐ ∆╢ ⌐ ∆╢ ≢⁸↓─ ⌐≈™≡│⁸ 15 ─ ╩ ↕╣√™⁹ 

 ⌂⅔⁸ ⌐ ↕╣≡™╢ │⁸ ╩ ∆╢1≈─ ≢№╡⁸↓─ ⌐╟╡ ╩

℮↓≤╩ ∏⇔╙ ⇔≡™╢╙─≢│⌂™⁹ 

 │⁸JIS⁸JEC⌐ ≠™≡ ↕╣√ ⌐ ∆╢ ⌐╟╢ ─ ⌐≈™≡ ═√╙─≢⁸

⌐≈™≡│⁸ 15 ─ ╩ ↕╣√™⁹R4 ╟╡⁸ ≤⇔≡ ⌐

↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 

 2 │⁸ ─ ╩ ╘√╙─≢№╢⁹ ⌐ ╦╢ ┘ ⌐ ∆╢ ⅎ ⌐≈™≡│⁸

15 ─ ╩ ↕╣√™⁹ ─ ⌐≈™≡╙⁸ ─╙─≢│ ─ ⅜ ⌂™↓≤ ┘ ─ ╙

⌐ ⇔≡™╢↓≤ ╩ ⇔≡⁸ ─╙─╟╡╙ ─ ╩ ↕ↄ⇔≡™╢⁹ ─ ╩500V

≤⇔√─│⁸ ≤⇔≡ ╩ ∆╢ │⁸ ─ ╩ ⅎ≡ ↓─ ─ ╩ ≤

∆╢⅛╠≢№╢⁹⌂⅔⁸ 1 ─ ─ ⌐│⁸60,000V╩ ⅎ╢ ─ ─ ⅜№╢

⅜⁸ ⌐⅔™≡↓─╟℮⌂ ™ ╩ ∆╢↓≤│ ≢⌂™─≢⁸ ⌐│ ⇔≡™⌂™⁹ 

 ─ ⌐⁸ ─ ⌐ ⇔™ ╩ ⅎ╢↓≤│⁸ ӏ2× ─ ⅛

╠⁸ ─ ─ӏ2=1.414 ╩ ⅎ╢↓≤⌐⌂╡⁸ ╛ ⌂≥─1.5 ≤╒╓ ∂ ╩ ∆╢↓≤≤

⌂╢ ⅛╠ ╣┌⁸ ӏ2 ─ ≢ ∆╢↓≤⌐⌂╢⁹⁹ 

 │⁸H4 ≢⁸ ─ ─ │ ⅜ ⅝ↄ⌂╡⁸ ≢ ╩ ℮⌐│ ─

⅜ ≤⌂∫≡⁸∕─ ⅜ ⌂ ⅜ ™↓≤⅛╠⁸ ⌐ ≢⅝╢ ⌐╟╢↓≤⅜≢⅝

╢╟℮⌐⇔√⁹↓─ ─ │ ─1.6 ≤⇔⁸↓╣⌐ ⅎ╣┌╟™↓≤≤⇔√⁹ ─1.6

│⁸  JEC- 114- 1979₈ ₉ 2000 ⌐JEC- 2130≤⇔≡ ⌐ ∂≡™╢⁹  

 │⁸JIS⁸JEC⌐ ≠™≡ ↕╣√ ⅜7,000V ─ ⌐ ∆╢ ⌐╟╢

─ ⌐≈™≡ ═√╙─≢⁸ ⅎ │ 15 ─ ≤ ≢№╢⁹ 

 3 │⁸ ─ ╩ ╘√╙─≢⁸ ⅎ │ 2 ≤ ≢№╢⁹╕√⁸ ─ ⌐≈™≡

│⁸ 15 ─ ╩ ↕╣√™⁹ 

 4 │⁸ ─ ╩ ╘√╙─≢№╢⁹ │⁸ ─1.5 ─ │ ⌐ ∆

╢ ─ ─√╘1 ─ ≤⇔√⁹ ─1 ─ ≤⇔√─│⁸ ӏ2×

ԇ1.5× ≤⌂╡⁸ ─ ╩ ∆╢↓≤⌐⌂╢√╘≢№╢⁹ 

 5 │⁸ ─ꜟכꜙ☺⸗ ╩ ╘√╙─≢⁸ ─ ─ ⅎ │ 4 ≤ ∂≢№╢⁹

│⁸ ⅜ ─ ⁸ JIS C 8918 2013 │JIS C 8939 2013 ⌐ ⇔√ ⁸ 58 ─

⌐ ∏╢↓≤⌐╟╡ ≢⅝╢↓≤╩ ⇔≡™╢⁹H18 ≢│ ─ ⌐ ≢⅝╢ ≢№∫√⅜⁸

H25 ≢⁸ ⅜ ─ ⌐╙ ≢⅝╢≤ ⇔√⁹ 

↓╣╠─ ≢│⁸  │ꜟכꜙ☺⸗

2× ◦☻♥ⱶ 1,000V 

─ ≢1 ─ ⌐ ⅎ╢↓≤≤⌂∫≡⅔╡⁸↓╣⌐ ⇔√ ⁸┌╣№≢ꜟכꜙ☺⸗ ─ ⌐╙

ⅎ╢╙─≤ ⅎ╠╣╢⁹ 

 6 │⁸ 1 ⅛╠ 5 ╕≢≢ ╩ ╘≡™╢ ─ ╛ ⁸ ─ ─ ╩

╘√╙─≢⁸∕─ │⁸ ─ ⌐ ∆╢ ≢№╡⁸ ╩ ∆╢ ─ ≢№╢⁹S40 ≢│⁸

₈ ─ ₉≤⇔≡™√╙─╩S43 ≢₈Ν ∕─ ─ ₉≤⇔√⁹↓↓≢™℮₈∕─ ─

₉│⁸ ⁸ ─ ╟╡╙ ─ ™ ≢№╢⅜⁸ ⅜ ─ ⌐≈™≡│

58 ⅜ ↕╣╢↓≤⅛╠⁸H23 ≢₈ Ν ⅜ ─ ╩ ↄ⁹₉≤⇔√⁹ 

 ⅛╠ ╕≢─ ⅎ │⁸ 15 ┘ 1 ⅛╠ 5 ╕≢≤ ∂≢№╢⁹ 1 │⁸ ─ ⌂─≢⁸

│ ≢№╢⅜⁸ │⁸ ─ ⌐≈™≡╙ ↕╣╢╙─≢№╡⁸ ─ ⁸ ⌐≈™≡
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│⁸ ≢ ⇔√ ⌐ ⅎ╢╙─≢№╢↓≤≤⇔≡™╢⁹ 

 ≢⁸ 7,000V ─ ⌐≈™≡│⁸ ┘ ─ ⌐╟╡

⁸ ♪כ○▬♄ ─ ─√╘⌐ ↕╣╢╙─ ⁸ ╩ ∆╢ ⅜ ∆╢

↓≤⅛╠⁸ ⌐ ∆╢ ─ ─√╘ ⌐≈™≡╙ ─ ╩ ⇔√⁹▬─⅛∫↓ ⅝│⁸

Ⱪꜟ⌐╟∫≡│⁸1כ◔ ≤ ≤─ ─ ╟╡╙⁸ ─ ─ ⅜ ™ ╙№╡ ╢─≢⁸ ─

╩╙ ╘√╙─≢№╢⅜⁸SL◔כⱩꜟ─╟℮⌐ ╩ ─ ≢ ∫√╙─≢│⁸ ≤ ≤─

─ ⅜ ≢№╣┌⁸ ╙ ≢№╢↓≤│ ≢№╢⁹ 

 │⁸ ╕≢≤ ⌐⁸ ─ ╩ ⇔≡™╢⁹ 

 ▬⌐ ∆ ◖fi♦fi◘ ╩ ╗⁹ ┘꜡⌐ ∆ ◖fi♦fi◘│⁸

⌐⁸ ─ ╩ ⇔≡™╢↓≤⁸◖fi♦fi◘ ─ ╩ ↑ ≢─ ⅜ ≢№╢↓≤ ─

⌐╟╡⁸∕╣∙╣ ─ ╩ ⇔≡™╢⁹Ɫ⌐ ∆ ꜞ▪◒♩ꜟ│⁸ ≤ ⌐

⇔≡⁸ ─ ─ ⌐ ™╠╣╢╙─≢№╢⁹♬⌐ ∆ ☺כ◘ ◖fi♦fi◘⁸ ◖fi♦fi

◘ ┘ ◖fi♦fi◘│⁸ ≤ ⌂ ≢⁸H7 ⌐⅔™≡ ↕╣√⁹ 

 ⌐≈™≡╙⁸∕─ ⅜ ↕╣╢ │ 10ɡs─↔ↄ ≢№╡⁸10 │ ⁸

⌐ ╩ ⅎ⁸ ─ ⁸ ─ ⌂≥─⅔∕╣⅜№╢─≢⁸ⱱ≢∕─ ╩ ⇔≡™╢⁹╕

√⁸S61 ≢ ⁸H23 ≢ ⌐≈™≡─ ╩ ⇔√⁹ 

 ⌂⅔⁸↓─ ≢│⁸ ⌐ ≢ ≢⅝╢ ≢ ─ ╩ ⇔≡™╢⅜⁸ ─

⌐≈™≡│⁸ ─ ⌐ √∫≡ ─ ⅜№╢√╘⁸╛╗╩ ∏ ⌐╟╢ ≢ ≤⇔≡─

╩ ⇔√╙─≢№╢⁹ 

 │⁸H25 ≢ ↕╣√╙─≢№╢⁹1500V ─ ⌐ ↕╣╢ ─ ⌐≈™≡│⁸

JEC- 2470 2017 ( JEC- 2470(2018)⌐≡ )⌐╟╢ ┘ ─ ⌐╟╡ ≢⅝╢↓≤╩

⇔≡™╢⁹ 

 

17 ₒ ─ ┘  x

₡  ₢ ↓─ ≢│⁸ ™╤™╤⌂ ⌐ ╩ ∆═⅝↓≤╩ ⇔≡™╢⅜⁸ ≢│⁸

─ │⁸A ⁸B ⁸C ┘D ─4 ≢№╢↓≤╩ ∆≤≤╙⌐⁸↓╣╠─ ⌐≈™≡⁸ ⁸ ∆

╢ ─ ┘ ╩ ⌐ ⇔≡™╢⁹ │⁸ ≤ ≤─ ─ ≢№╢─≢⁸

─ ─ ─ ╛ ⌐╟∫≡ ⌂╢⅜⁸ ⌐ ↕╣≡™╢ ⌐∆╢ ⅜№╢⁹ 

 ⌂⅔⁸ 13 ▬─ ╩ ∆╢ ⁸ 19 ─ ⌐╟╡ ─ ╩ ∆╢ ┘

─ ⌐⅔™≡ ∆╢ ⁸ 37 3 ≢ ⇔≡™╢JESC E2018 2008₈ ⌐ ∆╢

─ ₉─ ⌐╟╡ ╩ ∆ ⁸ ┘⌐ ╩ ⌐ ∆╢ │⁸ ⌐

∆ ─ ⌐╟╠⌂™↓≤⌐⌂╢⅜⁸∕╣╠⌐≈™≡│ ⌐ ⇔≡™╢⁹ 

 1 │⁸A ─ ╩ ⇔≡™╢⁹A │⁸ ─2 ќ 28 2

⁸ │ ─ ќ 29 1 ─ ⁸ ─ ─⅔∕╣⅜№╡⁸⅛≈⁸

─ ™ ⌐ ↕╣╢╙─⌐⅔™≡ ∆╙─≢№╢⁹ ≢│ ⁸ ≢│ ─ ╩ ⇔≡

™╢⁹ ∆╢ ⌐│⁸ ╩ ⇔≡ ⅜ ↄ ™╠╣╢⁹ ≢│⁸ ⌐ ⌐ ⅜

╣╢≤⁸ ─ ⌐╟∫≡ ≤─ ⌐ ╩ ∂⁸ ╩ ≤⇔≡ ⌐ ⅜ ╣╢─≢ ќ

17.1 ⁸ ⅜ ╣╢⅔∕╣⅜№╢ ⌐A ─ ╩ ∆╢ ⌐│⁸ ╩ ⌂ ↕⌐ ⇔⁸

⅛≈⁸ ⅛╠ ╕≢─ ╩ ⅛╠ ⌐ ∆╢↓≤≤⇔⁸∕─ ╩ ⇔≡™╢ ќ 17.2 ⁹

⁸ ⁸ ⌂≥─ ⌐⅔™≡⁸ ⌂≥≢ ⇔≡№∫≡⁸ ─ ─ ≤─ ⌐ ∂╢

⌐╟╡ ╩ ╓∆⅔∕╣⅜⌂™≤⅝│⁸ ─ ╩ ≢⅝╢⁹ 

▬─ ─ ↕│⁸ 19.6 ╩ ≤⇔≡S24 ≢

↕╣√╙─≢№╢⁹⇔⅛⇔⁸↓╣│ ↕╣╢ ↕≢№∫≡⁸ ⅎ┌ ─ ⅜ ⇔√ ⌐

│ ≤│™™ ™⁹ ─ ⌐ √∫≡│⁸ ─ ╣─ ↕≤⇔≡ 1.1m │ ∆╢↓≤⅛╠⁸

⌐│⁸ ─ ↕│∕╣ ≤⇔≡™╢⁹ 

 ꜡│⁸ ⌐⅔™≡ ≢ ─ ⅜ ⌐ ╦╡⁸↓╣⌐╟∫≡ ⌐ ⅜ ╣⁸

┘ ⅜ ∆╢⅔∕╣⅜№╢─≢⁸↓╣╩ ∆╢√╘─ ≢№╢⁹H4 ≢⁸ ─ ╩ ╕

ⅎ≡⁸ ≤ ─ ⌐≈™≡⁸ ↕╩ ⅛╠30cm ≤∆╢↓≤⅜≢⅝╢↓≤≤⇔√⁹ 

 Ɫ ┘♬│⁸ ⌐⅔™≡ ─ ⅜ ⌐ ╦╢↓≤╩ ∆╢√╘≤⁸ ─ ╩

⌂ↄ∆╢√╘ ┘ ─ ╩ ∆╢√╘⌐ ╩ ⇔≡™╢⁹ 
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 Ɫ⌐⅔™≡⁸ ⌐ ∫≡ ∆╢ │⁸ 60cm╩ ⅎ╢ ─ ─ ⌐≈™≡ ↕╣≡

™╢⅜⁸ ≤ ∆╢ │ ╩ꜟⱩכ◔│ ∆╢↓≤⅜ ≢№╡ ќ 81 ⁸∕╣

─ ≢╙ ⌐⅔↑╢ ─ ╩ ⇔≡⁸ ⌐│ ⅜ ↕╣╢⁹╕√⁸H9 ≢ ⅜ ↕

╣⁸◐ꜗⱩ♃▬ꜘ◔כⱩꜟ│₈ ꜟⱩכ◔ ⌐Ⱪꜟ₉כ◔─ ╕╣╢√╘ ↕╣√⁹ 

 ♬⌐≈™≡│⁸ ⌐ ─╟℮⌂ ⌐№∫≡│⁸ ⌐ ⇔√ ⅜ ∆╢↓≤⌐╟╢

─ ╛⁸ ─ ─⅔∕╣⅜ ™↓≤⅛╠⁸ ◐ꜗ♇ⱪ─ ∕─ ⌐│ ⌂ ↕╩ ∆

╢⁹₈ ─ ┘ ↕─№╢╙─≢ ℮₉≤│⁸S47 ⌐ ↕╣≡™√ ─

─≤™⌐ ╩ ╘⁸ 60cm╕≢─ │ ≤≤™≤─ ⌐ ╩ ╘╢↓≤⅜ ↕╣⁸

ⱦ♬ꜟ S47 ≢⁸↓─ ─ │ ↕╣⁸ ⌐ ─ ⅜№╢⅜⁸ ─ⱦ♬ꜟ ≥ꜟⱩכ◔

⇔≡ ╦╣╢↓≤⌐⌂∫√⁹ ꜟⱩכ◔│ ╩ └⌐ ╘╢ │⁸ ╩ ╘⌂ↄ≡╙╟™╟℮⌐ ↕

╣≡™√⁹ ≢╙ ™≤™℮ ≢№╢⁹ 

 
17.1  
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17.2  

 

 │⁸ ⌐≈™≡╙ ≢ ═√↓≤≤ ⌂ ⅜№╢┌⅛╡≢⌂ↄ⁸ ─ ⌐ ⌐ ⅝⌂

⅜ ╣⁸ ╩ ∂≡ ⅜ ─ ⌐ ⇔≡⁸ ╩ ↕∑╢ ─ ⅜№╢─≢⁸↓╣╩

∆╢√╘─╙─≢№╢⁹ 

 2 │⁸B ─ ╩ ⇔≡⅔╡⁸ ≢│ ╩ ⇔≡™╢⁹B │⁸ │

⅜ ≤ ∆╢⅔∕╣⅜№╢ ⌐ ─ ─√╘⌐ ↕╣╢╙─≢ ќ 24 ⁸ ─ ⌐⁸

⌐ │ ─ ⅜ ╣√ ─ ⌐╟╢ ─ ╩ ∆╢√╘⁸ ─

⅜150V 1 ⅜ │35kV ─ ≢№∫≡⁸150V╩ ⅎ√≤⅝⌐1 ╩ ⅎ2 ⌐ ⌐ ∆╢

│300V⁸1 ⌐ ∆╢ │600V ╩ ⅎ⌂™╟℮⌐⇔√╙─≢№╢ ќ 24.1 ⁹ 

 S43 ≢⁸ ⌐2 ⌐ ⌐ ∆╢ │⁸ ─ ─ ╩300V╕≢ ⇔√⁹↓

╣│⁸B ⅜ ─ ─√╘─╙─≢№╡⁸ ⌐300V─ ⅜ ⇔≡╙ ⌐ ↑╣┌

─ ⌐ ╩ ↓↕⌂™≤™℮↓≤⅛╠ ╘╠╣√╙─≢⁸↓─ ⌐ ⇔≡│

≢ ─ ↄ─ ╩ ≤ ⌐╟╡ ⇔≡ ⇔√ ⌐╟╢╙─≢№╢⁹↕╠⌐⁸S57 ⌐⅔™

≡⁸∕─ ─ ─ ⁸ ─ ⌐ ™⁸ ≢ ↄ─ ─ ╩ ∫√

⌐ ≠⅝⁸ ⌐1 ⌐ ⌐ ∆╣┌ ─ ╩600V╕≢ ╘╢↓≤≤⇔√⁹ 

 ⌂⅔⁸300V 2 ⁸600V 1 ─ │⁸ ⅜ ╣√ ⌐│ ⌂ ≤⌂╢─≢⁸↓─╟℮⌂B ⅜ ⇔≡№╢

⌐⁸D ≤ ∆╢↓≤│ ⅜ ℮─≢ ╩ ∆╢ ќ 29 1 ⁹ 

 ≢│⁸B ─ ╩ ∆╢ ≤⌂╢1 ╩ ⇔≡⅔╡⁸꜡≢│ ⌐⅔↑╢

╩ ⇔≡™╢⁹ 

 ─1 │⁸17- 2 ⌐ ∆ ⌐╟╡⁸ ─ ≤ ↕⌐╟∫≡ ↕╣╢⁹

≢│⁸ ⌐ ⅜ ⌂™⅜⁸™⅛⌂╢ ≢╙2A ≤∆╢↓≤╩ ⇔≡™╢⁹ ─ ╩3kV

│6kV─ ─ ⌐≈™≡ ∑┌⁸ 17.3 ─╟℮⌐⌂╢⁹∆⌂╦∟⁸ 

ᵑ 6.6kV─ ─ │⁸ 125km ─╙─≢│2A⁸125km╩ ⅎ╢╙─≢│75km │∕─

╩ ∆↔≤⌐1A╩ ⅎ╢⁹ 

ᵒ 6.6kV─ ─ │⁸ 1.5km ─╙─≢│2A⁸1.5km╩ ⅎ╢╙─≢│1km │∕─

╩ ∆↔≤⌐1A╩ ⅎ╢⁹ 
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17.3  

 

 ─3.3kV─ ⌐⅔™≡ ⇔√ ⌐╟╣┌ ╩ꜟⱩכ◔ ╗╙─⅜ ™⁹⁸ ≢10A ⁸ ≢5

8A⁸ ≢│5A ⅜ ™⁹ 

 ↓↓≢ ╩ ∆╢↓≤│⁸L│ ─ ⌐ ↕╣╢ ≡─ ╩ꜟⱩכ◔ ∆╢╙─╩ ↄ⁹ ─

≢№╡⁸ ─ ⅛╠ ─ ⅜ ≡™╢ ⌐│⁸∕─ ─ ⌐≈™≡ 3 ─ │

3 ⁸ 2 ─ │2 ⇔√╙─≢№╡⁸LΩ│ ⌐ ╩ꜟⱩכ◔╢™≡╣↕ ∆╢ ─

≢⁸↓─ ≢│3 ⅜ꜟⱩכ◔ ⌐ ↕╣≡™╢ ─ꜟⱩכ◔⁸╠⅛ ─ ≢╙3 ⇔⌂™⁹ ╩≤╢

╙─≤⇔√⁹↓╣│⁸ ╩ꜟⱩכ◔ ∆╢╙─╩ ↄ⁹ ⌐≈™≡│⁸1 ╩ ⇔√ ╩ ≤⇔⁸

↓╣╩60Hz⌐ ⇔√╙─⅛╠ ⇔√╙─ 50Hz ╩ꜟⱩכ◔⁸╡№≢⁹╢™≡∫⌂⌐≥↓╢╟⌐╣↓╙≢ ∆╢

ꜟⱩכ◔⁸│≡™≈⌐ ─ ∆╢ ⌐ ≠™≡50Hz ⌐ ∆╢ ─ ╩≤∫√╙─

60Hz ≢╙↓╣⌐╟╢↓≤⌐⌂∫≡™╢⁹ ≢№╢⁹ 

 ─1 │⁸ ─ ⌐ ∆╢ ⌐ ≠ↄ ≤⁸ ⌐ ╣

╢ ─ⱬ◒♩ꜟ ⌐⌂╡⁸17- 2 ─╟℮⌂ ≤⌂╢ ќ 17.4 ⁹ 

 

17.4  

 

 ⌐⅔™≡ ⅛╠ ∑∏⌐ ∆╢ Ⱳ▬ꜝכ╛ ⅜ ╩ ↕∏⌐ ↕

╣≡™╢ │⁸∕↓≢ ─ ⅜ ↕╣≡™╢↓≤≤⌂╢─≢⁸∕─ ⅛╠ ╩ ╘≡⁸
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⌐ ∂≡ ╩ ╣╢ ≤ ─ ≤─ⱬ◒♩ꜟ ╩ ∆╢ ќ 17.5 ⁹ 

 

17.5  

 

 ꜞ▪◒♩ꜟ │№╕╡ ↕╣⌂™⅜⁸B ⅜ ╠╣⌂™ ≢│⁸1 ╩

⌂ↄ∆╢ ⅜№╢↓≤⅛╠⁸↓─╟℮⌂ ─ ╙ ↕╣≡™╢⁹↓─ │⁸ ╩ ∂≡ ╣╢ │⁸

⌐ ∆╢ꜞ▪◒♩ꜟ─ ⌐╟╡ ⌂╢⅜⁸ ─ ─ ≤ 180°─ ⅜№╢

─≢⁸1 │17- 2 ─╟℮⌂ ≤⌂╢ ќ 17.6 ⁹ 

 
17.6  

 

 ⌂⅔⁸▬≢ ⇔≡™╢╟℮⌐⁸17- 2 ─ ─ ⌐╟╠⌂™≢⁸1 ╩ ∆╢╟℮⌂ ⌐│⁸∕─

⌐╟╢↓≤⅜≢⅝╢⁹ 

 Ɫ≢│⁸ ─1 │⁸ ⌐╟╢⅛⁸∕╣⅜ ⌂ │⁸ ₁─ ─ ⌐╟∫≡

╩ ╘⁸∕╣⌐ ≠™≡ ∆╢↓≤╩ ⇔≡™╢⁹ 

 B ─ ─ ≤⌂╢ │⁸ ⌐№╠⅛∂╘ ↕╣╢ ─

╩ ╗⁹ ─ ┘ ™ ─ ╩ ─ ⁸∕─ ↔≤⌐ ∆╢⁹ ⅎ┌⁸ ⌐≈™≡│⁸ ─

≢ ⇔≡⅔╡⁸ ─ ⌐ ∆╢ ⌐≈™≡╙↓─ ≤⇔≡™╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ 

 │⁸B ⌐≈™≡⁸A ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹B ─ ⌐│⁸

∞↑≢⌂ↄ⁸ ─ ╣ ⅜ ╣≡ ⌐ ⅜ ╣⁸ ┘ ⌐ ╩ ↓

∆↓≤⅜№╢─≢⁸A ≤ ─ ≤∆╢↓≤≤⇔≡™╢⁹ 

 3 │⁸C ─ ╩ ⇔≡™╢⁹C │⁸300V╩ ⅎ╢ ─ ─ ќ

29 1 ⌂≥ ⌐╟╢ ─ ─ ⅝™ ⌐ ↕╣╢╙─≢⁸ ⌐⅔™≡ │10Ɏ ≤

∆╢↓≤╩ ⇔≡™╢⁹ 

 S47 ≢⁸C ─ ╩⁸ ⌐ ─ ╩ ⇔≡№╣┌⁸500Ɏ╕≢

⇔√⁹↓╣│⁸ ⌐ ↕╣╢ ─ ⅜100mA ≢№╢≤ ⅎ⁸∕─ ─ ╩50V

⌐ ⅎ╢↓≤⅜≢⅝╢ ─ ≤ ⅎ≡™╢⁹ ╩0.5 ≤⇔√─│⁸ ─ │

™ ⅜ ╕⇔™⅜⁸Ᵽ☻♄◒♩─ ⌐ ∆╢ ⌐ ─ ⌐ ∆╢ ≤─ ⅜

≤⌂╢↓≤╩ ⇔√╙─≢№╢⁹ 

 │⁸C ─ ─ ╩ ⇔≡™╢⁹Ɫ≢│⁸ ─ ≤℮ ╩ ≤∆╢ ⌐⁸ ─

⅜0.75mm2 ─ ♪כ◖ ⇔ↄ│ ◐ꜗⱩ♃▬ꜘ◔כⱩꜟ─ ╩ ≤⇔≡ ∆╢⁸ │ ╩ ™╛
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∆ↄ∆╢√╘⌐⁸1.25mm2─╟╡ 0.75mm2─2 2╩♪כ◖ ╦∑≡1 ─ ≤⇔≡╙╟™⁹ ╩ ∆╢↓≤╩

⇔≡™╢⁹ 

 4 │⁸D ─ ╩ ⇔≡™╢⁹D │⁸300V ─ ─ ─ ќ

29 1 ⌂≥⁸ ─ ⌐⁸ ⌂╙─≢╙ ╩ ⇔≡№╣┌⁸↓╣⌐╟∫≡ ─ ╩ ↕∑╢↓≤

⅜≢⅝╢ ⌐ ∆╙─≢⁸ ⌐⅔™≡⁸ │100Ɏ ≤∆╢↓≤╩ ⇔≡™╢⁹S47 ≢⁸C

≤ ∂ↄ⁸ ⌐ ─ ╩ ⇔≡№╣┌⁸ ╩500Ɏ╕≢ ⇔√⁹ ≢│⁸

D ─ ─ │⁸C ⌐ ∂╢↓≤╩ ⇔≡™╢⁹ 

 5 ⁸ 6 │⁸C ┘D ─ ⌐ ∆╢ ≢№╢⅜⁸ │ ◖fi◒ꜞכ♩ ╡─

─ ⁸ ─ ⌂≥│⁸№ⅎ≡ ╩ ↕⌂ↄ≡╙⁸ ⌐ ⌐ ⇔≡⅔↑┌ ™

⌐ √╣⁸ ╩ ⌐≢⅝╢ ⅜ ™√╘⁸↓─ ⅜ ↑╠╣≡™╢⁹√∞⇔⁸ ◖fi◒ꜞכ♩ ╡─

─ ⁸ ─ ⅜ ⌐│ ⇔≡™⌂™ ╙№╢√╘ ╩ ∆╢⁹ 

⌂⅔⁸H9 ≢ 1 ⁸ 2 ⁸ 3 ┘ 3 ─ ╩∕╣∙╣⁸A ⁸B ⁸D ┘C ⌐

⇔√ 3 ⅜D ┼⁸ 3 ⅜C ┼ ≤⌂∫√√╘ ∆╢⁹⁹ 

1    ќ A  

2    ќ B  

3  ќ C  

3    ќ D  

 

18 ₒ ─ ╩ ⇔√  x

₡  ₢ 1 │⁸H23 ≢IEC ─ ⌐╟╢ ╩ ╡ ╣√╙─≢№╡⁸ ⁸ ◖fi◒ꜞכ

♩ │ ◖fi◒ꜞכ♩ ─ ⌐⅔™≡⁸ ─ │ ∕─ ─ ⌐ Ⱳfi♦▫fi◓╩ ∆

⌐⁸↓─ ╩ 17 ⌐ ╘╢A ⁸B ⁸C ┘D ┘⌐ 19 1 ⌐ ╘╢ ─ ─ ─

─ ≤⇔≡ ∆╢↓≤╩ ╘╢╙─≢№╢ ќ 18.1 ⁹ 

 Ⱳfi♦▫fi◓≤│⁸ ─ ╩ ⌐ ∆╢≤≤╙⌐⁸ ┘ ⌂≥

╙ ╘⁸ ⅜ ╣╢⅔∕╣⅜№╢ ⌐№╢ ≡─ ╩ ─ ⌐ ⇔≡⁸ ╩ ∆

╢╙─≢№╢⁹ ⁸●☻ ─ ≤─ ⌐⅔™≡│⁸∕─ ≤ ∟ ╦∑╢ ⅜№╢⁹

⌂⅔⁸ Ⱳfi♦▫fi◓⌐⅔↑╢ ─ ⌂ ⌐≈™≡│⁸  JIS C 60364- 5- 54╩ ↕

╣√™⁹ 

 ⅛╠ │⁸ ╩A │B ─ ≤⇔≡ ∆╢ ─ ╩ ⇔≡™╢⁹

─ ┘ ↕⌂≥⌐≈™≡│⁸ 17 ─ ⌐╟╡ ∆╢ ⅜№╢⁹⌂⅔⁸ ─ ┘

⌂≥─ │⁸₈ 21 ₉ ќ ►▼Ⱪ◘▬♩⌐  

http://www.meti.go.jp/meti_lib/report/2010fy01/0020429.pdf ╩ ↕╣√™⁹ 
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18.1  

 

 2 │⁸ ⱦꜟ ≢│∕─ ≤ ≤─ ╙ ⅝ↄ⁸╕√ ⅜╡╙ ⅝™─≢⁸ ⌐№╠╦╣╢

⅜ 17 ─ ≢ ═√ ─ ╟╡╙ ↕ↄ⌂╢ ⅜ ™⁹⇔√⅜∫≡⁸∕─ ╩1 ─

↕™ ⌐ ∆╢A │B ─ ⌐ ∆╢↓≤╩ ╘≡™╢⁹⇔⅛⇔⁸ ─

╩ ⇔≡⁸ ─ ╩50 60V ⌐ ∆╢√╘ ≤ ≤─ ─ ╩2Ɏ ≤⇔≡™╢⁹ 

 3 ≢│⁸ ─ ╣╢⅔∕╣⅜№╢ ⌐ ╩ ∆╢ ─A │B ⌐≈™≡⁸ ╛ ─

─ ─ │ ⅜ ↄ⁸ ⌐ ⌂ ⅜ ∆╢⅔∕╣⅜⌂™─≢⁸ ─ ↕╛

⌐ ╘╢↓≤╩ ⌐ ∑∏⁸A ┘B ─ ╩ ⇔⁸ ꜟⱩכ◔╩ S47 ≢ ─₈

ⱦ♬ꜟ ₉│ ─ⱦ♬ꜟ ≡⇔≥ꜟⱩכ◔ ╡ ╦╣╢╟℮⌐⌂∫√─≢⁸∕─ ╩ ⇔≡╙ ⇔

ⅎ⌂™⁹ ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹ 

 

19 ₒ │ ⌂ ⌐⅔↑╢ ─  x

₡  ₢ │⁸ ─ ⅛╠ ≢⅝╢ ќ 13 1 ─℮∟⁸ │ ─ ⅛╠

⌐ ╩ ∆↓≤⅜≢⅝╢ ─ ≤∕─ ╩ ⇔≡™╢⁹ 

 1 │⁸ ─ ╛⅛⌂ ≤™∫√ ─ ⁸ ⌐│ ─ ─ ≤™∫√ ⅛╠⁸



38 

⅛╠ ⌐ →╢ ⌐ ╩ ∆↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ⌐ ⁸ꜞ▪◒♩ꜟ ╩ ∂≡ ⇔⁸ │ ⌐╟╡ ∆╢ ╩ ⇔≡⅔╡⁸

─ ▬fiⱧכ♄fi☻─╙─╩ ∂≡ ∆╢ │⁸ ⌐│ ⇔⌂™ ќ 15 ⁹ 

 │⁸ ⅜ ↕╣≡⅛╠ ─ ⅜№╢↓≤╛ ─ ─ ╙ ⇔⁸₈

⌐ ∆╢ ─ ⌐≈™≡₉  54 7 ╩ ╕ⅎ⁸H7 ≢ ⇔√╙─

≢№╢⁹ 

 │⁸ ⁸ ─ ⌐ ╩ ∆╢↓≤⌐⌂╢─≢⁸ │ ─ ─ ─

≢╙⁸ ⌐ ∆╢ ─™∏╣≢╙╟™↓≤≤⇔≡™╢⁹ 

 2 │⁸ ─ ⌐╟╡ ⌐ ╩ ∆ ─ ╩ ⇔≡™╢⁹ 

 ─ ⌐│⁸ ∞↑≢⌂ↄ ─ ╙ ∆╢⁹↓─ ⌐⅔™≡⁸ ⇔ↄ│ │ ─

⌐ ╩ ╓∆⅔∕╣⅜⌂™╟℮⌐ ∆╢↓≤≤│⁸ ⌐ ⁸ ╩ ↄ ⅎ╢╒⅛⁸

─ ╩ ⌐ ⅎ⁸ ⁸ ⌂≥ ─╙─≤─ ⌐ ╩ ∂⌂™╟℮⌐ ∆╢↓≤╩ ∆╢⁹ 

 ⁸ ⌐≈™≡│⁸↓╣╩™ↄ╠⌐∆═⅝⅛≤™℮ ⇔√ │ ↕╣≡™⌂™⅜⁸ ≤⇔≡⁸

AIEE ▪ⱷꜞ◌ ─ ≤⇔≡ ─╟℮⌂ ⅜ ↕╣≡™╢ C.F. Dalaziel ⌐╟╡⁸ ⅜ ⅎ

╢ ─ ≤⇔≡ ↕╣√╙─⁹ќ 19.1 ⁹ 

 

19.1  

 

 ⌂⅔ ⌐ ─⌂™ ≤⇔≡│⁸♪▬♠≢65V⁸☻▬☻≢50V⁸▬◑ꜞ☻≢40V≤™℮╟℮⌂ ™ ⅜≤╠

╣≡™╢⁹ ⅜ ─ ─ ─ ≢│⁸ │⁸◗ⱶ ╩│™≡⅔╡⁸ ╙

™↓≤⅛╠⁸ ⌐⁸ ╛ ≤⇔≡│⁸150V⅜ ≤↕╣≡™╢⁹ 

 ⁸ │⁸ ─ ╩ ⌐∆╢↓≤⌐╟╡ ⌐↓─ ⌐∆╢↓≤⅜≢⅝╢⅜⁸ ⌐≈™

≡│⁸ ↓─ ╩ ⅎ╢↓≤⅜№╡⁸↓─╟℮⌂ ⁸ ╡ ╦╣╢ ─ ─ ─ ╩ ↄ∆╢ ─

⌐╟╡ ─⅔∕╣⅜⌂™╟℮⌐ ⇔≡™╢⁹↕╠⌐⁸ ─ ≤ ≤─ ≢│⁸ ⅜ ∆╢

⅔∕╣⅜№╢─≢⁸ ⌐ ─ ⁸ ─ ╩ ╢ ⅜№╡⁸ ≢│⁸ ╩ ⌐╙ ┌

⇔⁸ ₁⌐ ↄ ╘╢ │↕ↄ⁸ ≤ ╡ ∆ ─ ╩ ∂╢↓≤⅜ ≢№╢⁹ 

 ─ ─ ⅜ ⇔√ ⌐⁸ ⅛╠ ∫≡⅝≡™╢ ─ ╛ ⅛╠ ∫≡™╢ ╩

∫≡ ™ ⅜ ⌐ ╢≤™℮↓≤╩ ∆╢√╘⌐⁸ ⌐ ─╟℮⌂ ╩ ∂≡™╢⁹ 

ᵑ ─ ╩ ⇔⁸ ─ ╩1,000V ⌐ ⅎ╢⅛⁸ ─ ⅝™ ╩ ™⁸ ⌂ↄ≤

╙ ⌐ ⅜ ∆╢↓≤╩ ←⁹ 

ᵒ │⁸ ≤⇔≡ ⅛╠ ⅝ ╣⌂™⅜⁸ ⅝ ╣╢ │⁸ ⌂ ↕─ │ ⱦ♬ꜟ ╩ ⇔⁸

─ ≤ ∆╢⁹ 

 ⌐≈™≡│⁸ ≢⁸ ⌐│ ─╟℮⌐ ⇔╛∆™ ╩ ∑∏⁸⅛≈⁸ ⌐ ╣╢

⌐╟╡ ∆╢⅔∕╣⅜⌂™╟℮⌐ ⌂ ↕─╙─╩ ∆╢↓≤╩⁸╕√⁸ ≢⁸ ⅛╠─ ⌐╟

╡ ≈↑╠╣╢⅔∕╣⅜⌂™╟℮⌐ ⇔⌂↑╣┌⌂╠⌂™↓≤╩ ⇔≡™╢⁹ 
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 ≢│⁸ ⌐ ∆╢ ╛ꜞ▪◒♩ꜟ ⌐≈™≡╙⁸ ⌐ ╣╢ ╩ ⌐ ∂╢↓≤⅜≢

⅝╢╙─≢№╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ╩ ─ ⅝≤≥ↄ ⌐ ∆╢ ⅜№╡⁸ ─ ⅜ ╣╢⅔∕╣⅜⌂™╟℮⌐ ∆

╢ ⅜№╢↓≤╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ ┘ ─ ─ ⌐ ℮ ≤⇔≡│⁸ ⌐ ╣╢ ⌐╟╢ ⅜№╢

⅜⁸↓─ ⌐≈™≡│ 52 ⌂≥⌐ ↕╣≡™╢⁹ 

 3 │⁸ ╛ ⱦꜟ⁸ ⌐⅔™≡415/100⁸200V ╩ ∆╢ ╛⁸ ⌐ ∆╢ꜝ▬

fiⱨ▫ꜟ♃⌐╟╢ ─ ┼─ ╩ ∆╢√╘⁸ ╩ ⇔≡™╢ ╩ ⇔≡™╢⁹↓╣╠─

─2 ≢─ ─√╘⁸ ⌐ ╩ ⇔⌂↑╣┌⌂╠⌂™ ⌐⁸∕─ ⌂

─ ╩ ╢√╘ ╩ ∆↓≤⅜≢⅝╢ ╩ ⇔√╙─≢№╢⁹ 

 4 │⁸ ─ ⌐≈™≡⁸ ─ ⅛╠ ⌐ ⅜№╢ ⌐│⁸A ⌐╟╡ ≢⅝

╢╟℮⌐⇔√╙─≢№╢⁹↓↓≢™℮₈ ─ ⇔ↄ│ │ ─ ₉│⁸

⌐ ↄ ∑∏⌐ ∆╢╙─≢№╡⁸ ⌐ ∆╢ │⁸ ∆╢↓≤│≢⅝⌂™─≢ ╩ ∆╢⁹ 

 5 │⁸ ≢ ⌐ ↕╣≡™╢ ─ ⌂╢ ─ ≢⁸ 24 ⌐ ∆╢B ⌐

ⅎ≡⁸ ─ ⌐ ↕╣≡™╢ ≤─ ─ ⅜3Ɏ ─ ╩ ∫≡™╢ ─ ╩

≤⇔≡⁸ ╩ ∆↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹↓╣│⁸ ⌐ ∆╢ ─ ⌐╟╢

─ ╩ ⌂ↄ∆╢↓≤⅜≢⅝⁸╕√⁸B ─ ╩╟╡ ↄ∆╢↓≤⌐╟╡⁸ ─

─ ╩ ⅎ╢↓≤⅜≢⅝╢⅛╠≢№╢⁹ ─ ─ ╩ ╢↓≤│ ↕╣≡™⌂™⅜⁸ ─ ≢№

╢ ⁸∕─ ╩ ╢↓≤│ ⌂↓≤≢№╢⁹ 

 │⁸ ─ ↕⁸ ↕⌐≈™≡ ⇔≡™╢⅜⁸ ╩ ∆╢ ⌐≈™≡│⁸ ≤─ ⅛

╠ ─ ↕─ ⅜ ↕╣╢⁹ 

19.1  

─ ↕  

   14mm2    2.6mm 

   38mm2  n   3.2mm 

  100mm2  n    14mm2 

  250mm2  n    22mm2 

  250mm2╩ ⅎ╢╙─    38mm2 

 

 │⁸ 18 4 ≤ ≢№╢⁹ 

 6 │⁸ ⌐╟∫≡ ⌐ ↕╣√ NC ⁸ⱪ꜡☿☻ ─ ─

⁸CATV ─ ⌐ ↕╣╢ ─ ╩ ⇔⌂™≢⅔ↄ↓≤│⁸ ∕─ ⌂

╙№╢─≢⁸150V ─ ⌐ ∫≡ ╩ ∆↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹∕─╒⅛⁸ ╩ ∂╢↓≤

⅜⌂™ ⌐│ ⌂ ⌐≈™≡⁸ ─ ⅛╠ ⇔≡ ╩ ∆↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 

4  ─  
20 ₒ ─  x

₡  ₢ │⁸ ─ ╩ ∆╢╙─│⁸∕─ ╙ ╗⁹ ⌐⅔™≡⁸ ⌐ ∆╢

⅛╠ ⇔√ ⌐╟╡⁸ ╛ ⌂≥─ ⅜ ∆╢↓≤ │ ⅜ ⅝ ↓↕╣╢↓≤⅜⌂™╟℮⌐∆

╢√╘⁸ ─ ∆═⅝ ⌐≈™≡H11 ⌐⅔™≡ ⇔√╙─≢№╢⁹ 

 │⁸ 8 ─ ⌐ ⇔≡™╢ ╩ ∆╢√╘⌐⁸ ─ ⌐

≢ ╩ ⇔⁸ ≢ ⅜ ⇔⁸∕─ ⅜JEC⁸JIS ≢ ╘╠╣≡™╢

≢№╢↓≤╩ ⇔≡⅝√⁹⇔⅛⇔⌂⅜╠⁸ ⌐⅔↑╢ ─ ⌐≈™≡│⁸ ─ ≤

─ ⁸ ─ ⌐╟╡⁸ ─ ⌐ ╢ │⁸ ≤

ⅎ ↑ ≢ ⅜⌂ↄ⌂∫≡™╢⁹↓℮⇔√↓≤⅛╠⁸JEC⁸JIS ⌐ ≠⅝ ⌐⅔™≡ ╩ ⇔√╙─│⁸

8 ⌐ ╘╢ ─ ⌐ ∆╢╙─≤⇔⁸ ⌐⅔↑╢ ╩ ≢⅝╢╟℮ ⇔√

╙─≢№╢⁹⌂⅔⁸R4 ╟╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑

╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 

 ⅜ ⌐⅔™≡ ╩ ∆╢ ⌐≈™≡╙⁸↓╣⌐ ⇔√ ⌐≈™≡│ ─↓≤

⌂⅜╠ ⌐ ∆╢╙─≤⇔≡ ╡ ℮↓≤⅜≢⅝╢⁹ 
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21 ₒ ─ ─  x

₡  ₢ │ ≤⇔≡ ╩ ≤⇔≡⁸ ┘ ─ ─ ⌐╟╢ ─╒⅛⌐⁸

─ ⌐╟╢ ≤™℮ ⅛╠ ─ ⁸ ⁸ ⁸ ♪כꜞ⁸ ⌂≥╩⁸

─ ⌐ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 │⁸ ─ ╩ ⌐ ∆╢ │⁸ ─ ⅜ ╡≢⅝⌂™╟℮⌐∆╢↓≤╩ ⇔≡

™╢⁹ 

 │⁸ ─ ⇔√ ⅎ┌⁸ ╩ ⌐ ∆╢ ⌐≈™≡ ⇔≡™╢⁹√∞⇔

│⁸ ⌂≥ ─ ─ ⁸ ⁸ ⌂≥⌐ ∆╢ ⌐│⁸ ─ ⅜ ≠ↄ ╙ ⌂™─≢⁸

꜡ ┘Ɫ─ ⌐╟╠⌂™↓≤⅜≢⅝╢↓≤≤⇔≡™╢⁹ 

 │⁸™╦╝╢ ⁸ ─ ≢№╢⅜⁸ │ ⌐ ⌐ ↕╣╢─⅜

≢⁸ ─ ↕ ╩ ⅎ≡ ⌐ ─⌂™╟℮⌐ ⅛╠ ⅜ ⇔⌂™ ─ ↕≤⇔≡ 4m⁸

─ ─ ↑ ↕│⁸↓╣⌐0.5m╩ ⅎ≡4.5m≤⇔≡™╢⁹ ≢│ ─ ⅜ ™─≢⁸4.0m╕≢

⇔≡™╢⁹ 

 ↓↓≢⁸ ⌐ ∆╢ ≤│⁸ ─ ─ ─ ↕ ⌐ ↕╣╢ ™╦╝╢

╩ ⇔⁸↓─ ⌐╟╢ ╛ ╩ ⌂ↄ∆╢√╘⌐⁸ → ќ 5

│ ꜟⱩכ◔ ќ 10 ≢№╢ ⅜№╢⁹ 

 ┘ ▬│⁸ ⌐ ⅜ ╣⌂™╟℮⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 ꜡│⁸ ⌂≥─ ⌐ ↕╣╢⁸ ≢ ↕╣╢ ⁸ ─ ╩ ─ ╩

⇔≡ ╖ ╕╣√╙─ Ɽ♇♪ⱴ►fi♩ │ ≤ ↕╣╢╙─⁹ │ ─ ─ ⌐ ↕

╣╢ ⌂≥≢⁸↓╣╠─ ⌐↕ↄ ╩ ↑⌂™ ⅜⁸↓╣⌐ ∆╢⁹ 

 ↓╣╠─ │⁸ ⅜ ∆╢⅔∕╣⅜№╢ ─ ╩⁸ ─ ≤ ⌐╟╢ ╩ ⇔

≡╙ ─ ⌐ ╩ ⅎ⌂™╟℮⌐ ⌐│⁸80ϴ ∆╢ ⅜№╡⁸╕√⁸↓╣╠─ │ 29

⌐╟╡A ╩ ∆ ⅜№╢↓≤≤⇔≡™╢⅜⁸ ─ ─1 ⅜ ⅝™ │⁸ ─ ─

⁸ ╩ ⇔√ ≢ ∆╢↓≤ ќ 19 ⅜ ╕⇔™⁹ 

 

22 ₒ ─ ─  x

₡  ₢ 1 │⁸ ─ ◖fi♦fi◘⁸ ⁸ ⁸ 26 ⌐1 ⁸

─ ⅜№╢ ♪כꜞ⁸ ⌂≥│ ⅜ ™─≢⁸ ≤ ─ ≢⁸ ─ ⌐ ∆╢

⌐≈™≡ ⇔≡™╢⁹⌂⅔⁸ ∂╪ ┘◄♇◒☻ ⌐≈™≡│⁸ 191 ┘ 194 ⌐ ⇔≡™

╢─≢⁸ 1 ─ ╩ ⇔≡™╢⁹ 

 │⁸ ─ ╩ ⌐ ∆╢ │⁸ ─ ⅜ ╡≢⅝⌂™╟℮⌐∆╢↓≤╩

⇔≡™╢⁹ 

 ┘ │⁸ ─ ⇔√ ─ ⁸ ⅎ┌⁸ ⁸  כ꜠ꜞ

⁸ ⌐ ™╢ ─ ◖fi♦fi◘⁸ 26 ─ ╩ ⁸ │

⌐ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ ─ ─Ⱪ♇◦fi◓ ┘ ─ ≢ ∆╢ ─

─ ↕ │↕ↄ─ ↕≤↕ↄ⅛╠ ╕≢─ ≤─ 22.1 ─d ⌐≈™≡│⁸ ─↕ↄ⁸

┼™ ─ ─ ќ 38 ⌐⌂╠∫≡™╢⁹ 
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22.1  

 

 │⁸ ⌂≥ ─ ─ ╩ ╘√ ↕╣√ │ ─ ─ ⌐≈

™≡ ⇔≡⅔╡⁸ ⅜ ⇔≡│⌂╠⌂™─≢⁸↓╣⌐ ∆╢ │  Ⱪꜟ≤⌂╢⁹כ◔≡

 ─ ≤⇔≡│⁸ 26 ─ ─℮∟⁸ ⅜ ⇔⌂™╟℮⌐⇔√╙─ │

─ ─ ⅜ ⅎ╠╣╢⁹↓─ ⁸ ⅜ ⇔≡™⌂™ ≢№∫≡╙ │ ─

─ ⅜ ⅎ╠╣╢─≢⁸ ╩ ∆↓≤≤⇔≡™╢⁹ 

 │⁸15kV ─ ⌐ ∆╢ ≤⇔≡⁸ ⁸ │ ⌐⅔™≡

─ ≤╒≤╪≥ ╦╡⌂™─≢⁸ ─ ─ ─ ╩ ⇔≡™╢ ќ 108 ⁹ 

 │⁸H11 ≢ √⌐ ╘╠╣√╙─≢⁸ JESC E2007⌐ ∆╢ ⌐ ∆

╣┌35kV ─ ╩ ┼ ∆╢↓≤╩ ╘√╙─≢№╢⁹⌂⅔⁸↓─ ⌐╟╡ ∆╢ ⌐

│⁸ ─ ⌐≈™≡ ∆╢ ⅜№╢⁹ 

ᵑ ─ ╩80ϴ ⌐ ⅎ╢⁹ 

ᵒ ─ ─ ⌐╟╢ ┘ ╩⁸ ─ ≢ ⌐ ⇔≡™≡╙ ⌂

≤⇔≡™╢50V ⌐ ⅎ╢⁹ 

 2 │⁸ │ ≢№╡⁸⅛≈⁸ ⅛╠╙ ⌂─≢⁸ ⅛╠ ⌐ ∆╢╙─╩

⅝⁸₈ ⁸ │ ⁸ ⇔ↄ│↓╣╠⌐ ∏╢ ₉ ─ ⌐│ ⇔≡│⌂╠⌂™↓≤╩

⇔≡™╢⁹ 

 ⌂⅔⁸ 26 ⌐ ∆╢ ┘ 108 ─15kV ─ ⌐ ∆╢ │⁸∕

─ ╛ ⅜ ⌐ ∆╢╙─⌐ ═≡ ⌐ ↕™─≢⁸ ™≤⇔≡™╢⁹ 

 

23 ₒ▪כ◒╩ ∂╢ ─  x

₡ ╩◒כ▪ ₢  ∂╢ ─ ⌐≈™≡ ⇔≡⅔╡⁸ ─╙─⌐ ⅜ ╠⌂™╟℮⌂ ╩

⇔≡™╢⁹ 

 ─ ⌐≈™≡│⁸ │ ─ ⁸ ⁸ ─╒⅛⌐⁸↓╣╠⌐ ∆╢ ≢№∫≡

╩◒כ▪⌐ ∂╢╙─⁸ ⅎ┌ 25 ─ ╙ ╕╣╢⁹√∞⇔⁸↓╣╠⌐ ∆╢╙─≤│ ⅎ⌂™

◒כ▪╛ ≢│⌂™ │⁸ ╕╣⌂™⁹ 

│⁸●☻ ╩◒כ▪⁸⌐℮╟─ ∂╢ ╩ ─╙─≢ ╗↓≤╩ ⇔≡™╢⁹ 

╩◒כ▪⁸│ ∂╢ ≤ ─ │ ∕─ ─ ─╙─≤─ ╩ ⇔≡™╢⁹↓↓≢⁸

⅜35kV ─ ─ ─fiכⱱ◒כ▪⁸│≡™≈⌐ ╛ ─◒כ▪╡╟⌐ ┘ ↕

╩ ⇔⁸ ⅜ ⇔⌂™╟℮⌐∆╢ │⁸ ╖⌐ ⅛╠1m ∆↓≤≤⇔≡™╢⁹ 

 

24 ₒ │ ≤ ≤─ ⌐╟╢  x

₡  ₢ ⌐ │⁸ ─ │ ─ ─ ─ ⌐ │ ≤─ ╩

↓⇔⁸ │ ─ ⅜ ⇔≡ ≤⌂╢⅔∕╣⅜№╢⁹ │⁸↓─╟℮⌂ ─ ─ ≤⇔≡B

ќ 17 ╩ ∆═⅝↓≤╩ ⇔√╙─≢⁸ ─ ⌐ ⌐ ╣╢ │ ─1

⌐╟╢ ─ ⅜150V 1 ╩ ⅎ2 ⌐ ∆╢ │300V⁸1 ⌐ ∆╢ │600V ╩ ⅎ⌂™
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╟℮⌐∆╣┌⁸ ⌐ ↕╣╢ ⌐ ⌂ ╩ ⅎ╢↓≤⅜ ⌂™≤ ⅎ╠╣╢⁹⇔⅛⇔⁸↓─

│ ≢№╢≤™℮ ≢│⌂™⅛╠⁸ ⅜ ∑┌ │≢⅝╢ ╡ ↄ∆╢↓≤⅜ ╕⇔™⁹

│⁸400V ⅜ⱦꜟ╛ ⌂≥⌐ ⇔⁸22kV │33kV⅛╠ 400V⌐ ∆╢ ╙ ↄ⌂∫≡⅝√─≢⁸S43 ≢

│⁸↓╣╠─╙─╙ ╘≡⁸ ⌐ ⇔√⁹ 

 1 ≢│⁸B │ ≤⇔≡ ─ ─ ⌐ ∆═⅝≢№╢⅜⁸100V ─

─╟℮⌐ ╩ ╡ ∑⌂™╙─╛⁸ ⅎ┌ 3 ╩ ™ỏ ∆╢ 3 ≢

─ ╩ ⇔ ™╙─≢│⁸꜡ ─≤⅔╡ ─1 ⌐ ⇔≡╙╟™↓≤≤⇔≡™╢⁹↓╣│300V ─ ≢│

⌐ ∆╢ ⅜ ™─≢⁸ ⅛╠ ╩ ∂≡ ⌐ ╣╢ ╙ ⌂ↄ⁸ ⅜ ⌐⌂╠

⌂™⅛╠≢№╢ ќ 24.1 ⁹ 

 

24.1  

 

 400V ─ ⌐│⁸∕─ ╩ỏ ≤⇔≡1 ⌐ ╩ ∆↓≤│⁸400V⌐╙⌂╢≤ ╙ ↄ⌂╡

⅜ ╢↓≤╙ ⅎ╠╣╢─≢⁸ 400V │ ∏ ≤⇔≡⁸∕─ ⌐B ╩ ∆↓≤≤⇔√⁹

↓╣│ ⅛╠╙ ╩1/ӏ3⌐∆╢↓≤⅜≢⅝╢─≢ ╕⇔™╦↑≢№╢ ќ 24.2 ⁹⇔⅛⇔⁸400V

╩ ⌐ỏ ⌐∆╢ ⅜№╢ │⁸ ⅝ │ ≤ ≤─ ⌐

─ ╩ ↑⁸ ─ ⌐ │ ⅜ ⌐ ⇔⌂™ ─╙─╩™℮⁹ ╩ ⇔⁸ 5

⌐╟╡ ∆╢↓≤⌐⌂╢⁹ 

 

24.2  

 

 ⌂⅔⁸200V─ ⅛╠ ↕╣≡™╢ ╛ ⅛╠ 415/200V⌐ ⇔≡⁸ ⌐415/200V⅛╠200/100V⌐

∆╢ ─ ─╟℮⌐⁸ ⌐ ─⌂™ ⌐│⁸↓─ │ ↕╣⌂™⁹↓╣╠─ │

13 ⌐╟╡⁸ ╩ ≤⇔≡ ⅛╠ ∆╢↓≤≤⇔≡™╢⅜⁸415/100V⁸200/100V ─ ─2

⌐≈™≡│⁸ ─ ⌂ ─ ╩ ╢√╘ ⌐ ⅜№╢ │⁸ 19 ⌐╟╡ ∆╢↓≤⅜≢⅝╢⁹ 

⁸ ⌐ ╩ ∆↓≤⌐╟╡⁸ │ ⌐╟╢ ─ ⅜ ─ ⌐ ⇔≡ ↄ

⌂╢↓≤│ ≢⅝⌂™⁹ ⁸ ≢│⁸ │ ⌐╟╢ ⅜ ↄ ⇔⁸↓╣╠╩ ∆╢↓≤⅜╟╡

⌂ ╩╙≈─≢⁸ ⅝ ╩ ⇔⁸ │ ╩כ꜠ꜞ⌂ ⇔≡ ╩ ≤∆╢ ⅜

№╢⁹ │⁸ ╩ ↓↕⌂™╟℮⌐ ∆╢╙─≢№╡⁸ │ ╩ ↓⇔√ ⁸ ─כ꜠ꜞ

⌐╟∫≡ ╩ ⇔╟℮≤∆╢╙─≢№╢⁹↓─ ⁸│≡™≈⌐כ꜠ꜞ ∆╢╒≥─ ⅜╕∞

≢│⌂™√╘⁸ Ɫ≢│⁸ ─ ─╖ ⇔≡™╢⁹ 
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 ⅝ ╩ ∆╢ │⁸ ⌐B ╩ ∆↓≤≢⁸ ≢ │ ⅜

⌐ ∆╢↓≤╩ ⇔⁸√≤ⅎ ╩ ⇔≡ ╩ ∂≡╙⁸ ⌐╟╢ ─ ╩150V

1 ╩ ⅎ2 ⌐ ∆╢ │300V⁸1 ⌐ ∆╢ │600V ≤∆╢↓≤⌐╟╡ ╩ ≤

∆╢↓≤⅜≢⅝╢⁹ 

 ⌂⅔⁸ ⅝ ─B │ ⌐ ∆╙─≢№╡⁸ ⅜ ≢№╢↓≤⅛╠⁸ ─B

≢ ↕╣╢₈ ─ ⅎ™ ₉⅜ ╣╢↓≤│⌂ↄ⁸ ≢─ ⌐⅔↑╢ ─

B × ⅎ™ ╩ ∂╢⅔∕╣⅜⌂™⁹ 

 ⅝ ─ ⁸ ≤ ─ ╩ ⌐ ≢⅝⌂™ │⁸ ─B

≤ ─A ╩ ∆╢↓≤⅜≢⅝╢⅜⁸∕─ │⁸A ≤B ⌐⅔™≡⁸

⁸ ─ ↕ ┘ ↕╩ ∆╢ ⅜№╢⁹ 

≢│⁸1 ─ ≢ ╘≡ ™ ╩ ╢↓≤│ ⌂↓≤≢│⌂™─≢⁸ ─B ╩

∆ ⌐│⁸ 17 2 ─ ⌐╟╢ ≢ ╘√ ⅜5Ɏ ≤⌂∫≡╙⁸5Ɏ ≤⇔⌂ↄ≡╙╟™↓≤

≤⇔≡™╢⁹ 

 ≢│⁸ ⌐ ⅛╠ ⌐ ∆╢ ⌐ ∆B │⁸ ─ ─ ⌐ ∆╢

─ ⅜ ⅝™√╘⁸ ≢ ╘√ ⅜10Ɏ╩ ⅎ╢ ≢№∫≡╙⁸10Ɏ ≤⇔≡™╢⁹ ⅜10

Ɏ ⁸ ⅎ┌8Ɏ─ │8Ɏ ≤∆╢⅜⁸ ⌐╟╡5Ɏ ≤∆╢ │⌂™⁹ 

 ⅜ 108 ─ ⌐ ∆11.4kV─ ─ ≢№╢ │⁸↓─ ⅜ ─ ⅜ ↕╣√╙

─≢№╡⁸ ⅜ ⇔√ ⌐2 ≢ ⌐ ≢⅝╢↓≤╩ ⇔≡⁸╕√ ⅜35kV ─ ⌐

≈™≡╙⁸ ⌐ ╩1 ⌐ ∆╢╙─⌐№∫≡│⁸ ─ ≤ ⌐ ℮↓≤≤⌂∫≡™╢⁹ 

 2 │⁸ ─ ╩ ⇔≡™╢⁹ 

─ │ ─ ⌐≈™≡│⁸ ⅜ ≢№╢↓≤⅛╠⁸ ─ ⌐╟╠⌂™↓≤≤⇔

≡™╢⁹ 

─ │⁸ ⌐ ─ ╩ ⅛╠ ∑∏⌐ ∆╢╙─≢№╡⁸ ↄ─ │ ≢ ⅜

↕╣╢⁹╕√⁸ ⌐│ ─ ⅜ ↄ⁸ ─ ≢№╢↓≤⅛╠ ⇔⌂™≤⅝⌐│⁸ ⁸

─1 ≢ ⅛╠ ╡ ↕╣╢⁹↓─╟℮⌐ ≢№╡⁸⅛≈⁸ ⌐ ╩ ∆≤ ⅜ ╣≡⅛ⅎ∫≡ ╕

⇔ↄ⌂™ ─ ⌐╟╡⁸ ⌐B ╩ ∆↓≤╩ ≢⅝╢↓≤≤⇔√╙─≢№╢⁹ 

3 ≢│⁸ │ ≤⇔≡ 24.3 a ─╟℮⌐⁸ ─ ↔≤≢ ℮↓≤≤⇔≡™╢⁹ 

│⁸ ─ ⌐╟∫≡∕─ ≢ ─ ⅜ ╠╣⌂™ ⌐│⁸ 24.3 b ─╟℮⌐⁸

⅛╠200m ─ ╕≢ ╩ ⇔≡⁸ ╩ ∑┌╟™↓≤╩ ⇔≡™╢⁹ 

 ▬│⁸ ─ ╩ ≤∆╢ ⌐│⁸ ╣ ™≤ ⅎ╠╣╢ ↕5.26kN ─╙─ │

4mm ─ ╩⁸ ⁸ ─ ↕⁸ ≤─ ┘ ⁸ ⁸ ⁸ ⁸

≤─ │ ∆╢ ⌐⅔↑╢ │ ─╒⅛│ ╩ ⇔⌂™─≢⁸ │ ╩

⇔⌂ↄ≡╙╟™⁹ ╩ ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹ 

 ꜡│⁸ ─ ⌐│⁸ 120 ⌐ ╩ꜟⱩכ◔⅝≠ ⇔⁸ ─ ⁸ ≤ │ ∆╢

│⁸ 125 ─ ─ ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹ ─ │⁸ ≤ ⌂╡

⅜⅛⅛╢╙─≢│⌂™√╘ ─ ↕╩ ⇔≡™⌂™⅜⁸ 120 ─ ⌐ ∂≡ ∆╢↓≤≢ ⌂

╩ ╢↓≤≤⇔≡™╢⁹ 

 ≢│⁸ ─ ⌐╟╡ ─ ─ ⌐∕╣∙╣ ╩ ∆↓≤⅜ ⌐ ⌂ │⁸

24.3 c ─╟℮⌐⁸ ╩ ↑≡ ╩2 ─ ─ ≢ ⇔≡╙ ™↓≤≤⇔⁸∕─

⌐≈™≡ ⇔≡™╢⁹ 

▬ ┘꜡│⁸ ╩ ─ │ ≤ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

Ɫ│⁸ ⅜ ⇔√ ⌐⅔™≡╙⁸ ≤⌂╢ ⅜⌂™╟℮⌐⁸≥─ ⌐≈™≡╙∕─

⅛╠200m─ ─ ⌐ ⅜ ↕╣≡™╢╟℮⌐⇔√╙─≢№╢ ќ 24.3  (c) ┘ 24.4 a ⁹ 

 ♬ ┘ⱱ≢│⁸ 24.4 b ─╟℮⌐⁸ 1km ─ ↔≤⌐⁸ ≢B ─ ╩ ≈↓≤

╩ ⇔≡™╢⁹ ╩1km ⌐╦√∫≡ ∆╢↓≤╩ ⇔√ ≤⇔≡™╢─│⁸ ⅜ ⌐

∆╢ ╟╡╙⁸ ─ ╩ ∆╢ 1km─ ╩ ∆╢↓≤⌐╟╡⁸ ⌐ ⅜ ∆╢ ─ ⅜

™⅛╠≢№╢⁹ 
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24.3  

 

 

 

 

 

 

 

 

                           

24.4  

 

 │⁸ ќ 24.5 ⌐ ⇔≡─ ≢№╢⁹↓─ ─ ≢│⁸ ⌐ ═⁸1

⅜ ⌐ ⅝ↄ⁸╟╡ ↕™B ⅜ ≤⌂╡⁸ ─ ─ ⌐╟∫≡╙⁸⌂⅔

╩ ╢↓≤⅜ ⌂ ⅜№╢⁹∕↓≢⁸ ╩ ⇔≡⁸ 1km─ ╟╡ ⌐╦√∫≡╙ ─

⅜ ╠╣╢╟℮⌐∆╣┌ ™↓≤╩ ⇔≡™╢⁹↓─ ─ ─ ─ │150n I g ⅜

⌐ ⇔≡ ╣╢≤ ⇔√ ─ ≢№╣┌⁸ ≤⇔≡ ⌐⌂╢⅜⁸ ╙ ⇔ↄ

ↄ⌂╡⁸ ─ ∕─ ─ ╙ ⅎ≡⁸ ₁─ │300Ɏ╩ ⅎ⌂™↓≤≤⇔≡™╢⁹ 

 ─ ⌐⅔™≡╙⁸ ─ │⁸ ─ ≤ ∂ↄ ⌐≈™≡⁸↓╣╩

≤∆╢ 400m ─ ⌐⅔™≡∕─ ⌐ ∆╢ ⅜№╢⅜⁸ ⅜ ↕╣≡™╢ ≢│

⌐╟╢ ─⅔∕╣⅜№╢─≢⁸ ─ ⌐⅛⅛╦╠∏ ™─ ≢300m ↔≤⌐ ╩ ↑╢↓

≤≤⇔≡™╢⁹ 

a ─ ⌐ 

   ╩ ∆  
b ╩ ∆╢  

200m  

╩ ⌐ 

400m ─ 
⌐  

─ ⌐ 
 

c ╩ ∆╢  

 

 

200m 200m 

a ≤ ─  

1km 

1km 

1km 

 

 

b ≢B ─ ╩ ≈  
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24.5  

 

 4 │⁸ │ ─ ╩ ≢ ↑╢↓≤│ ⌐ ⌂ ⅜ ™─≢⁸ ╩ ≢

№╢ │ ─1 ⌐ ≢⅝╢↓≤╩ ⇔√╙─≢№╢⁹ ↕╣╢ │

│⁸ 3 │ ⌐ ∆╢ ≤⇔≡─ ╩ √∆↓≤⅜ ≢№╢⁹╕√⁸₈ ∆╢₉≤™

℮ ╩ ™≡ 1 ─ ≢│⌂™↓≤╩ ⇔≡™╢⁹ 

 5 │⁸ ⅝ ╩ ⇔⁸ ≤⇔√ ─ ╩ ⌐ ∆╢ │⁸ ─

⌐╟╢ ╩ ⇔≡╙⁸ ─ ≤⇔≡ ─ ⅜ ⅎ╠╣╢⁹ ⌐⅔™≡⁸ │

≤ ⅜ ╩ ∂≡│ ⅜⌂™─≢⁸↓╣╩ ∆╢√╘─ ≢№╢⁹ 

⌐ ∆╢ ⌐≈™≡│⁸ ─ ⌐╟∫≡╙ │ ⌂ ⌐ ╠╣╢⁹≤

≤⅜ ╩ ∂╢↓≤│╒≤╪≥⌂™√╘⁸ ⌐ ─ ╩ ⇔≡™⌂™⁹ 

≢ ╩1 ≤⇔≡™╢─│⁸ ⌐╦√∫≡ ↕╣╢ ⁸∕─ ─ ≤ │ ⇔≡

↕╣╢ │ │⁸ ⌐│ ⅜ ⌂╡⁸↓╣╠ ─ ╩╟╡ ⌂╙─⌐∆╢↓≤⅜ ⇔

™ ╙№╡⁸⅛≈⁸ ─ ≢╙ ⌐ ═ ⌂ ╙№╢≤ ⅎ╠╣╢√╘≢№╢⁹ 

≢⁸ │ ╩ꜟⱩכ◔⌐ ∆╢↓≤≤⇔⁸ ≢⁸ ≤⇔≡ │ ─

≤ ⇔⌂™↓≤≤⇔≡™╢─╙⁸↓╣╠─ ─ ╩⌂╢═ↄ ⌂ↄ∆╢√╘≢№╢⁹ 

 

25 ₒ ≤ ≤─ ⌐╟╢  x

₡  ₢ ⌐╟∫≡ ⌐ ↕╣╢ ≢│⁸ ─ ─ ≤─

┘ ⌐ ∂√ ⅜ ╩ ⇔≡ ⌐ ∆╢↓≤╩ ⇔≡⁸ ╩ ↑╢↓≤≤⇔≡™╢⁹ 

 ↓─ │ ≤ ⌂╡⁸ ─ ⅜ ∆╢ │ ╩ ↑╢↓≤⅜ ≢№╡⁸ ╙∫┐╠

⅜ ↕╣√⅜⁸S24 ≢│ ─1.5 ─ ≢ ∆╢ │2mm≢№∫√√╘∕─ ⅜ ⇔ↄ⁸

⅛ⅎ∫≡ ─ ≤⌂╡╛∆™─≢⁸S29 ⅛╠│3 ─ ⌐ ╘╠╣√⁹ 

 │⁸ ≤│ ╩ ⌐∆╢⅜ ќ 37 ⁸ ≤ ≤─ │ ⌂ↄ⁸

⅛≈⁸ │ ⅛╠─ ⌐ ⇔≡ ⌐ ∆╢ ╩ ∆╢─≢⁸ ─
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─ ⌐⁸∕─ ─3 ─ ≢ ∆╢ ⅜ ↑╠╣≡™╢ │⁸↓╣╩ ⌐ ≢⅝╢

↓≤≤⇔√⁹⌂⅔⁸ │ ⅛╠ ∆╢ ⌐ ∆╢ ≢№╢⅛╠⁸∕─ │ ╩ ≤

⇔≡™╢⁹ ⁸ ─ │⁸ ≢─ ≤─ ┘ ╩ ∆╢↓≤╩ ≤∆╢√╘⁸

─ ─ ↄ⌐ ∆═⅝╙─≢№╢⁹⇔√⅜∫≡⁸ ⌐ ⇔√ ⌐≈™≡│⁸ ≢⅝╢↓≤≤⇔√⁹ 

 ─ ≤│⁸ ⅜ ⌐ ╦∫√ ⌐ ╩ ⇔≡ ╩ ∆ ╩™™⁸ ◑ꜗ♇ⱪ╩

⇔⌂™ ⌐⅔™≡│⁸ ╩ ⅎ╢ ⅜ ╦╢≤ ⅜ ⇔⁸ ◑ꜗ♇ⱪ⌐⅔↑╢ ≤ ─

⌐⌂╢⁹∕─√╘⁸ ╩ ─ ≤ ⇔≡╟™⁹ 

 

26 ₒ ─  x

₡  ₢ │⁸ 22 ⌐╟∫≡ ⁸ │ ⁸ ⇔ↄ│↓╣╠⌐ ∏╢ ⌐

⇔⌂↑╣┌⌂╠⌂™↓≤≤⇔≡™╢⅜⁸ │⁸ 22 ─ ⁸ ⁸ ┘ⱴfiⱱכꜟ ⌐

∆╢ ⌐ ─ 35,000V ─ ⌐ ∆╢╙─ ⌐≈™≡ ⇔≡™╢⁹ 

 │⁸ ─ ─ ╩ ╘√╙─≢⁸ ⌐ ═ ⌐ ╙ ↕ↄ⁸╕√⁸ ⌐

⅜ ┬ ╩ ∆╢≤™℮ ⅛╠⁸1 ╩35kV ≤⇔≡™╢⁹2 ⌐≈™≡│⁸ │ ≤⇔≡

™╢⁹⌂⅔⁸ ≤∆╢ │⁸ ⌐╟╢ ⅜№╢⁹ 

│⁸S57 ≢∕╣╕≢ ─ ─╖⌐ ↕╣≡™√ ⌐≈™≡⁸ ─

⌐ ™⁸ ⌐ ╩ꜟⱩכ◔│ ∆╢↓≤╩ ≤⇔√ ≢⁸∕─ ╩

╕≢ ⇔√╙─≢№╢⁹╕√⁸ ⌐ ∆╢22 (33) kV ⌐≈™≡╙⁸ ≤ ╦∑⁸

╩ꜟⱩכ◔│ ∆╢↓≤≤⇔√⁹ 

 H20 ≢⁸ ≢№∫≡⁸ ⅜ ⌐ ∟ ╢⅔∕╣⅜⌂™ ⌐⅔™≡│⁸ ─⅔∕╣⅜⌂ↄ⁸

─ ⅜⌂™↓≤⅛╠⁸ ╩ ∆╢↓≤⅜≢⅝╢╟℮⌐⇔√⁹ 

 ⌂⅔⁸ ⌐⅔™≡ ⅜ ⌐ ∟ ╢⅔∕╣⅜⌂™ ≤│⁸ ⌐ ─ ╡╩↕ↄ⁸┼™ ⌐╟╡

∆╢─≢│⌂ↄ⁸ ─ ⌐╟╡ ─ ∟ ╢⅔∕╣⅜⌂™≤ ↕╣╢ ╩™℮⁹ 

 │⁸ ─ ⌐ ┘ ╩ ∆╢↓≤≤⇔≡™╢⅜⁸ ≤ ─

╩ ⇔≡™╣┌⁸ ∏⇔╙2 ─ ╩ ∆╢ │⌂™⁹ 

≢│⁸Ⱡ♇♩꞉כ◒ ◒כⱠ♇♩꞉כꜝꜙ◑꜠╢╝╦™ ⌐╟╡ ╩ ∆╢ │⁸2

─ ⅜ ↔≤⌐ ⌐ ↕╣╢√╘⁸1 ⅜ ⇔≡╙ ─ ⌐ ⅜⌂ↄ⁸╕√⁸2

⌐ ┘2 ⅛╠1 ┼─ ╩ ∆╢ ⌐│⁸ ⅜כ꜠ꜞ ↕╣≡™╢⁹╩

∆╣┌⁸2 ⌐ ⅜ ⇔√ ⌐╙ ⌐ ≢⅝⁸1 ┼─ ╙⌂™─≢⁸▬⁸꜡ ┘Ɫ⌐

∆╢ ⌐│ ⌐ ∆╢ ╩ ≢⅝╢↓≤≤⇔≡™╢⁹ 

 ⌂⅔⁸ ⌐╟╡ ∆╢ ─ ⌐≈™≡│ 22 ─ ⌐╟╡ ∆╢↓≤≤⇔≡™╢⁹ 

 

27 ₒ ╩ ⌐ ∆╢ ─  x

₡  ₢ ≤ ≤╩ ↕∑╢↓≤│⁸ ⌐ ⅜ ⌐ ╡ ╗↓≤⅜№∫≡ ≢

№╢⁹ │⁸ ↄ ─ ⌐ ™╠╣ ⁸ ≤ ⌂ ⅜№╡⁸⅛≈⁸∕─ ─ ╙

╩ ⌐⇔√╙─≢№╢√╘⁸ ⅛╠ ⌐ ⇔⁸ ⌐ ⅛╠ ⌐ ∆╢─⅜ ≢№╢⁹⇔⅛⇔⁸

⌂ ─ ⌐≈™≡│⁸↓─╟℮⌂ ╩ ╢↓≤⅜ ⁸ ⌐ ∏⇔╙ ≢⌂™ ╙№╢─≢⁸

│⁸↓╣╠⌐≈™≡ ⇔√╙─≢№╢⁹ 

 │⁸ │ ─ ╛ ⁸ ⇔ↄ│↓╣╠⌐ ∏╢ ─ ≤™℮

─ ⌐ ↕╣╢╙─≢№╡⁸ ≤│ ⅜⌂™√╘⁸ ≤⌂╠⌂™╙─≢№╢⁹ 

⌐≈™≡│⁸ ─ ⌐╟╡⁸66kV │77kV ≤⌂╢ ⌐⁸ ╩ ⅎ≡⁸3 ╩

⇔≡⁸400V╛200V⌐ ∆╢ ⅜№╢⁹╕√⁸ ┘ ה ⅜ ∆╢ ⌐≈™≡╙66kV

╛77kV⅛╠ ⌐ ∆╢ ⅜№╢⁹↓╣╠─ ⌐≈™≡│⁸B ╩ ⇔√ ╩ ⌐

╣╢↓≤⌐╟╡ ⅜ ≤╣╢↓≤⅛╠⁸1 ⅜100kV ─╙── ╩ ╘≡™╢⁹ 

│⁸ ≤ ≤⅜ ⇔√ ⌐ ⌐ ∆╣┌ ≢⌂™↓≤⅛╠⁸ ™≤↕╣≡™╢⁹

⇔√≤⅝⌐ ⌐ ∆╢ ≤│⁸ ⌐ ╩ ⇔≡№╡⁸ ⅜ ⇔√≤⅝⌐

⅜ ∆╢╟℮⌐⌂∫≡™╢ ╙ ╕╣╢⅜⁸ ╩ ⅎ≡⁸ ─ ⅜כ꜠ꜞ ≤⌂╢⁹

╩35kV ⌐ ⇔√─│⁸↓╣ ─ ⌐⌂╢≤⁸ ↓℮ ╙ ↄ ╙ ⅝ↄ⌂╢─≢⁸

⅜ ∆╢≤⁸ ─ ⅜ ⅝ↄ ≢№╢⅛╠≢⁸↓─ ≢│ ⌐╙↓─ ⅜№╡⁸ ─

≈─ ≤⇔≡™╢⁹ 
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│⁸ ─╟℮⌐ ╩ ≤∆╢╙─│⁸∕╣∞↑≢ ╩ ∆╢─≢⁸ ╩2 ↑≡ ⌐

─ ╩⅔ↄ↓≤│⁸ ⁸ ∞↑≢⌂ↄ⁸ ∕─ ─ ⅛╠╙ ⇔ↄ ⌐⌂╢⁹╕√ │⁸

⌐ ⅛╠ ↕╣≡™⌂™√╘⁸ ≢ ≤ ≤⅜ ⇔≡╙ ─ │ ≢

№╡⁸⅛≈⁸ ≢ ∟⌐ ⌐╟╢ ⅜≢⅝╢⁹⌂⅔⁸ ─ ╙ ╩ ∆╢╙─≢№

╢⁹ 

 ⌐ ↕╣≡™╢ ⌐≈™≡│⁸ ─ ╩ ∆╢√╘⌐ ╩ ≤

∆╢ ⅜№╡⁸ ─ ≤ ≤─ ⌐ ─ ╩ ↑≡™╢⁹╕√⁸ ⌐ ─

⅜ ↕╣╢↓≤╙⌂™─≢⁸ ™≤⇔≡™╢⁹ 

 │⁸ 108 ─ ⌐ ∆11.4kV─ ⌐ ∆╢ │⁸ ╩ ⇔≡

∆╢╙─≢№╡⁸⅛≈⁸ │ 24 ⌐╟╡ ╩ ∆↓≤≤⇔≡⅔╡⁸∕─ ⌐⅔™≡

≤╒≤╪≥ ™⅜⌂™─≢⁸ ™≤⇔≡™╢⁹ 

 

28 ₒ ─2 ─  x

₡  ₢ ≢│⁸ ≢─ ⌐╟╢ ─ ─√╘⁸∕─2 ⌐ ╩ ∆↓≤≤⇔

≡™╢⅜⁸ ─ ќ 24 ≤ ⌂╡⁸ ⌐≈™≡│2 ≤™℮ ⌐≤≥╘⁸ ⌐ ⇔≡™⌂

™⁹ 

 1 ≢ ─ ╩D ≤⇔≡™╢─│⁸ ─2 │ ⌐ ─╟℮⌐ ─

⅜ ∟ ╠⌂™ ⌐ ↕╣╢√╘≢№╢⁹ 

 ⌂⅔⁸ ─ ⌐ ™╠╣╢ EXTr │ ≢│⌂ↄ⁸ ─ ╩ ↑⌂™⁹

│⁸2 ╩ ⇔√ ⁸ ↕╣≡™╢ ≤─ ⌐ ⅜ ∂≡⇔╕

℮√╘⁸2 ─ ⅜≢⅝⌂™⁹∕─ ─ ≤⇔≡│⁸ 24 ⌐ ∂≡ ⌐B ╩

⇔√ ╩ ↑╢ ⅜№╢⁹ 

 

29 ₒ ─ ─  x

₡  ₢ ─ │⁸ ≤ ⅎ ⌐ ╘⌂™⁹ ≢│⁸ ⌐ ≤

─ ⁸ ≤─ │ ↕╣≡™╢⅜⁸ ⁸Ⱪ♇◦fi◓ ─ ⅜ ⇔≡↓╣╠─ ⌐ ⇔≡ ╩

∂╢↓≤⅜№╢√╘⁸↓─ ╩ ∆╢√╘⌐ ╩ ∆↓≤╩ ⇔≡™╢⁹ 

 1 │⁸ ╣ ⌐╟╢ ╩ ∆╢√╘⌐ ─ ┘ ╩ ∆╢↓≤╩ ⇔≡™╢⁹√∞⇔ ─

│⁸ ⌐ ↕╣╢ ─◖fi♦fi◘╛ ─╟℮⌂╙─│⁸ ⌐ ≢⅝⌂™√╘⁸

⌐ ⌂↕ↄ╩ ↑╢⌂≥⇔≡⁸ ⅜ ╣╢⅔∕╣⅜⌂™╟℮⌐ ⇔ │ ╩ ↑≡ ─⅔∕╣⅜⌂™╟

℮⌐ ∆╣┌╟™⁹ 

 300V ─ ─ ⌐≈™≡│⁸D 100Ɏ ⁸ќ 17 ╩ ∑┌╟™↓≤≤⇔≡™╢⅜⁸

│ ™ ≢№╢╒≥ ⌐ ⌐ ╣╢ ⅜ ↄ⌂╡⁸ │ ↕╣╢⁹ 

⌂⅔⁸ 300V ─ ⌐⅔™≡│⁸ ≢B ⅜ ↕╣╢─≢ ќ 24 ⁸ 29.1

─ ─╟℮⌐ ─ ≢ ⇔√ ⌐ ⌐╟∫≡ ⌐ ╣╢ │⁸∕─

≤B ─ ≤─ ⌐╟∫≡ ╕╢⁹ 

 

29.1  

 

 300V╩ ⅎ╢ ─ ⌐≈™≡│⁸300V ─╙─⌐ ═ ⅜ ™─≢ │10Ɏ ≤∆╢↓≤

╩ ⇔≡™╢⅜⁸↓─ ─ ─ │⁸600V╩ ⅎ╢╙─╟╡ ⅜ ™─│╙∟╤╪─↓≤⁸ ⌐

─ ⌐ ∫≡ ∆╢╙─≢│⌂ↄ⁸↓╣⌐A ╩ ∆╢↓≤│ ╙ ⅝ↄ⌂╢─≢⁸

─ ⌐≈™≡│D ╖─╙─≤⇔≡C ќ 17 ╩ ⇔≡™╢⁹D ─ ≤ ⁸
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│ ™ ≢№╢╒≥ ⌐ ⌐ ╣╢ ⅜ ↄ⌂╡⁸ │ ↕╣╢⁹ 

 │ ─ ≢ ∆╢ │⁸ ⅜ ⌐ ╣╢⅔∕╣⅜⌂™╟℮⌐ ∆╢↓≤⌐⌂╢⅜ ќ

21 ⁸ 22 ⁸ ⇔⁸⅛≈⁸ ⇔≡™√ ─ ╩ ∆╢√╘⌐⁸A ╩ ∆↓≤╩ ⇔≡™

╢⁹A ╩ ⇔≡™╢─│⁸ ⅜ ↄ ╙ ⅝™√╘⁸ ⌐ ⌐ ╣╢ ╙

⅝ↄ⌂╢⅛╠≢№╢⁹ 

 2 │⁸ ⇔≡™≡╙ ⅜ ⌂™ ⌐≈™≡⁸ ╩ ∆╢√╘⌐ ─ ╩ ╘≡™╢⁹ 

 │⁸ ⇔≡™╢ ≢│ ≤ ≤─ ─ ⅜ ⅝ↄ⁸ ⅜150V ≢№╣┌⁸ ⌂

╩ ↑╢↓≤⅜ ⌂™⅛╠≢№╢⁹⌂⅔⁸ ⅜ ─╙─≢ ≤─ ─ ⅜ ™ │⁸ ⅜⌂™

√╘⁸ ⇔≡™╢ ≤│ ╦⌂™⁹ 

 │⁸ ⅜150V╩ ⅎ╢ ─ ≢№∫≡╙⁸ ─№╢╙── ≢⁸∕─ ╩ ╡ ℮

⌐│ ╣ ⌐╟╢ ⅜ ⌂™─≢ ╩ ╘≡™╢⁹ ─№╢╙─≤│⁸ ─ ⁸ ⁸ꜞⱡꜞ►ⱶ ╡

─ ⁸ ≢ ⇔√╙─╩™™⁸◖fi◒ꜞכ♩─ │ ╕╣⌂™⁹⌂⅔⁸ ─№╢╙─╩ ™√ ≢№∫≡╙⁸

╣╢↓≤⅜ ™ │ ╩ ≢⅝⌂™√╘⁸ │ ≢⅝⌂™⁹ 

│⁸ ⇔≡ ∆╢ ќ 142 ≢№∫≡⁸ ─√╘⌐2

╩ ╗⁹↕╣√╙─│⁸ ≢╙ ╩ ∆╢↓≤⅜ ╘╠╣≡™╢─≢⁸ ⌐⅔™≡╙ │

≤⇔≡™╢⁹√∞⇔⁸2 ≤™℮ ⅜≥─╟℮⌂╙─⅛ ⌐ ╘╢↓≤⅜ ⇔™─≢⁸ ≢│⁸

≢2 ≤⇔≡ ╘╠╣√╙──╖⌐ ⇔≡™╢⁹ 

│⁸ ⅜ ™ ≢│⁸∕─ ─ ⌐ ⅜ ╣≡╙⁸ ─ ⅜ ↕╣⌂

™─≢⁸ ⌐│ ≢№╢⁹⇔⅛⇔⁸ ─2 ⌐ ↕╣╢ ⅜ ─╙─≢№╢ ⁸ │

⅜ꜟⱩכ◔╢╣↕ ™ ⌂≥⌐│⁸ ≤ ≤─ ⅜ ⅝ↄ⌂╡⁸∕─ ⌐╟∫≡ ╩ ↑╢

↓≤⅜№╢⁹⇔√⅜∫≡⁸ ─ ╩3kVA ⌐ ⇔≡™╢⁹⌂⅔⁸↓─ │⁸1 ⅜ │

≢№╢ │⁸ 24 ─ ⅝ ≤∆╢ ⅜№╢⁹ 

│⁸ ─№╢ ⌐⅔™≡ ╩ ⇔√ ⌐ ⅜ ↓╡⁸↓╣⌐ ⅜ ╣√≤⅝⁸ ╩ ⇔

≡ ╩ ↕∑╢↓≤≤⌂╡⁸ ⌐ ═╢╟℮⌂ ⌐ ╩ ↕∑√≤⅝⁸ ─ ╩

╦⌂™ ─ ─↓≤≢⁸ ≤╙™℮⁹╩ ⅎ╢ ⅜ ⌐ ╣╢⅔∕╣⅜№╢─≢⁸ ─№╢

⌐ ∆╢╙─⌐≈™≡─ │ ≢⅝⌂™⁹ 

 ↓↓≢⁸ ─ ╩ ↑╢╙─≤⇔≡™╢─│⁸ 300V ⁸ 100A ─╙─≤™℮

╙ ╕∑╢√╘≢№╡⁸╕√⁸ ⌐ ⇔≡™╢─│⁸ ─╙─│⁸ ─ ⌐ ╩

↕⌂↑╣┌ ≢⅝⌂™╙─≢№╢⅛╠≢№╢⁹ ╩15mA ≤⇔≡™╢─│⁸ ⁸ │

─1/2≢│ ⇔⌂™↓≤⌐⌂∫≡⅔╡⁸↓─ ≤ ≤╩ ↕∑╢√╘≢№╢⁹↓─

│▪ⱷꜞ◌─◌ꜞⱨ◊ꜟ♬▪ ≢№╢Dalziel ─ ⌐╟╢≤ 29.2 ─╟℮⌂ ╩ ≡

™╢⁹↓─ ⌐⅔™≡ ─ ₁─ ≤ ⅎ╠╣╢0.5% ⅜⁸ ─⌂™ ≤⇔≡ ⌂ ≤↕

╣╢═⅝≢⁸↓─ ⅛╠↓─ ⌂ │⁸ ≢9mA⁸ ≢6mA ≢№╢≤ ⅎ╠╣≡™╢⁹ 
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29.2  

 

 │⁸ ≢ ∆╢ ─╙─╟╡⁸ ≢⁸∕─ ─ ⌐ ∂√ ─ ≢

╩ ╡ ℮ ≢№╢⁹ 

│⁸◗ⱶ╛ⱪꜝ☻♅♇◒≢⸗כꜟ♪↕╣√ ─ ⌐│⁸ ⅜ ⇔ ™─≢⁸ ≤⇔≡™

╢⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ 21 ⁸ 22 │ 150 ─ ⅜ ↕╣╢⁹ 

 │⁸ ╩ ⅜ ╣⌂™╟℮⌐ ─ ™ ╛ ─ ⌐ ⇔⁸⅛≈⁸ ⅜ ╩ ⇔⁸ ⅜ ╣

≡╙ ╩ ╓∆⅔∕╣⅜⌂™ ╩ ≤⇔≡™╢⁹ 

⌂⅔⁸ ≢№╢ ⌐≈™≡│⁸ ⌐ ∆╢ ≢№∫≡╙⁸ ─

─ │ ╘╠╣⌂™⁹↓╣│⁸ ─ ⌐≈™≡│⁸ ⌐ ↕╣╢ ⌐ ↕╣⁸╕√⁸

─√╘ ≢ ╩ ⇔≡™╢↓≤⅛╠⁸ ⅜ ⅜ ┼ №╢™│ ⇔⁸ ≤ ─

⅜ ⇔√ ⌐⅔™≡╙⁸ ╩ ∆╢√╘≢№╢⁹ 

3 │⁸H22 ≢  JESC E20192015 ╩ ⇔ √⌐ ╘√ ≢№╢⁹↓─ │⁸

─ ─ ┘ ⌐ ∆╢ ⌐≈™≡ ╩ ∫√⁸ ₈ ─

₉ 19 5  63 1 ⌐⅔™≡⁸ │ ─ ≤ ─ꜟⱩכ◔ ─ ┼™

≤╩ ⇔ ╩ ∆╢ ⌐⁸∕─ ╩A ─ ≤∆╣┌⁸ ─ ≤

─ ⅜№╢↓≤⅜ ↕╣√↓≤⅛╠ ↕╣√╙─≢№╢⁹ 

 4 │⁸ 450V─ ▪꜠▬╛ ⁸ ─ ╩ →╢↓≤≢⁸

─ ⅜ ⅜╡⁸ ╛ ─ ⅜ ╣╢⁹ ⌐ ™⁸ H18│≡™≈⌐ꜟכꜙ☺⸗ ≢⁸

╛ ⌐≈™≡│H29 ≢ √⌐ ↑√ ≢№╢⁹↓╣╠─ ≤ ∆╢ ⌐ ↕╣╢ ─

╛ ⌐≈™≡│⁸ 10Ɏ ─C ╩ ∆↓≤⅜ ≢№∫√⅜⁸ ≢C

╩ ∆╢↓≤│ ⌂ ⅜№╢↓≤⅛╠⁸∕─ ╩ ╘√╙─≢№╢⁹ 

─≤⅔╡ ⅜ ≢№╡⁸⅛≈⁸ ─≤⅔╡ ─ ⌐ ⅜ ↕╣≡™╣

┌⁸ ⌐ ⅜ ╣≡╙ ─ ⅜ ↕╣⌂™√╘ ⌐ ≢№╢⅜⁸ ⅜ ⅝™

≤ ⌐╟╢ ─⅔∕╣⅜№╢√╘⁸ ╩ ∆╢ ⅛╠⁸ ⅛╠ ⌐≈™≡╙ ≤⇔≡™

╢⁹UL1741 Inverters, Converters, Controllers and Interconnection System Equipment for Use with Distributed 

Energy Resources ─11 Electric Shock ⌐╟╢≤⁸ 450V≢ ↕╣√ ⅛╠ ↑╢ │⁸

⅜1.99ɡF ≢№╣┌ ⌐ ⌂™≤↕╣≡™╢⁹ 10kW─ ─ꜟכꜙ☺⸗ │⁸ ─

0.25ɡF ≢№∫√⁹ ⁸ ╛ │⁸ ⅜ ↕╣≡⅔╡⁸ ⅎ╠╣╢ │⌂™

√╘⁸∕─ ⌐≈™≡│⁸ ≤Ɽ꞉כ◖fi♦▫◦ꜛ♫≤─ ─ ⅜ ╙ ∆╢≤ ⅎ╠╣╢⁹

∕↓≢⁸ ╩ ∆╢ ⌐ ⅜ ⌐ ⇔≡™╢8mm2CV◔כⱩꜟ30m╩ ⇔⁸ ⌐ ⅎ╠╣╢

⅜ ╙ ⅝ↄ⌂╢≤ ⅎ╠╣╢ ─ ╩ ⇔√≤↓╤⁸ │0.002ɡF≢№∫√⁹ ─ ╟╡⁸
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⅛╠ ╩ √∆╙─⌐≈™≡│⁸ ╩ ⇔≡╙ ≤ ⅎ╠╣╢⁹⌂⅔⁸ ─ ⌐≈™≡│⁸

143 ╩ ↕╣√™⁹ 

 

30 ₒ ─ ─  x

₡  ₢ ⌐⅔™≡│⁸ │ ─ ⅜ ▬fi♃כⱱfi ─ ─

≤⇔≡ ↕╣╢↓≤╩│∂╘≤⇔≡⁸ ─ ⌐╟╢ ≤⇔≡─ ⌐╙ ↕╣≡™╢⁹

⁸ ⌐⅔™≡╙⁸ ─ ⁸ ─ ⁸ ─ ⁸ ─

─√╘⌐ ╩ ≤∆╢ ⅜ ╦╣≡™╢⁹ 

 ↓╣╠╩ ⌐ ∆╢↓≤│⁸ ⌐ ↕╣╢ ⌐╟╡⁸ ™⌐∕─ ⌐ ╩ ╓∆⅔∕╣⅜№╢⁹ 

 ↓╣╠─ ╩ ─ ≤⇔≡ ∆╢╙─│⁸ ⌐ ⅜⌂ↄ ⌐ ↕╣╢ ≤⇔≡⁸

─ ╩ ∆╢Ⱪ꜡♇◒ ╩ ─ ⌐ ⇔⁸ ⅛╠─ ⅎ™╩ ∆╢ Ⱪ꜡♇◒

≤⁸ ⅎ™⅜№∫≡╙ ⌐│ ⌐ ╩ ⅎ⌂™╟℮⌐ ≢ ─ ╩ ™⁸∕╣

∙╣─ ╩ ⇔≡ ⅜ ╩ ℮ ≤⅜№╡⁸╕√⁸↓╣╠─ ╩

∆╢ ╙ ⅎ╠╣≡™╢⁹ 

 ─ ⌐ √∫≡│⁸ ⌐╟╡ ⌐ ⅜⌂™╟℮⌐ ╩ ℮ │⁸₈ ╩ ╓

∆⅔∕╣⅜№╢ ₉⌐ ⇔⌂™─≢ ─ ≢№╡⁸ ─ ╩ ╦⌂™ │ ─

╩ ∫≡╙ ⌐ ─ ╩ ∆╢ ⌐ ─ ╩ ↑╢⁹ 

 ⅎ™∆╢ ⌐╟╢ ╩ ∆╢√╘⌐│⁸ ⅎ™╩ ⌐∆╢↓≤⅜ ≢№╢⅜⁸↓╣│ ⌐

≢№╢─≢⁸ ⅎ™⇔≡╙ ─⌂™ ꜠ⱬꜟ╩ ⅎ™ 30dB ≤⇔≡™╢⁹ 

 

31 ₒ ⅛╠─ ⌐╟╢ ─ ─  x

₡  ₢ │⁸ ⁸ ┘ ⅛╠ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ ─ ⌐≈

™≡│⁸ 27 ─2─ ≢ ═√≤⅔╡≢№╢⁹ 

 1 √∞⇔ ≢│⁸ ─ ⅜ ∟ ╢↓≤⅜≢⅝⌂™ ⁸ ⌂≥⁸ ┘⌐⁸↔ↄ ╠╣√ ─╖⅜ ∟ ╢

╟℮⌂ ┘ ⌂≥⁸ ─ ⅜ ⌂™ │ ⇔≡™╢⅜⁸ ↄ ⌐ ↕╣≡™╢ ┘ ┘⌐

⌂≥│ ─ ─ ⌂™ ⌐│ ╕╣⌂™⁹↓─ ≢│⁸ │ ≢⁸ │ 39 ≢⁸

│ 50 ≢⁸∕╣∙╣ ⌐╟╢ ─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

 2 │⁸ ⌐ ╘╠╣╢ ⌐≈™≡ ⇔≡™╢⁹ │⁸ JIS C 1910 2004 ≢ ╘╠

╣√ ⁸ ⌐ ╢ ╩ ∆╢ ⅜№╢⁹R4 ╟╡⁸ ≤⇔≡

⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 

 3 │⁸ ⌐≈™≡ ⇔≡™╢⁹ ⌐╟∫≡ ╘╠╣╢ ─ ⌐ ∆╢ ─ ⌐ ⇔

≡│⁸IEC62110 2009 ≢ ↕╣≡⅔╡⁸ ⌐╟╣┌⁸ │ ─ ⅜ ≢№╢⅛ ≢№

╢⅛≢ ⌂╡⁸ ≤ ≤⅜ ╣≡™╢ ⌐│ ≤ ⌂⇔≡1 ╩⁸∕╣ ─ │ ≤

⌂⇔≡3 │5 ╩ ⇔≡™╢⁹ 

≢│⁸IEC ⌐ ™⁸31- 1 ⌐ ─ ⌐╟╢ ─ ╩ ⇔√⁹⌂⅔⁸ ⌐ ∆╢

─ ⌐⅔↑╢ ⇔ↄ│ │ ⇔ↄ│ ≢№∫≡⁸ ─ ─ ↕≤ ─ ⅜

№╢ ⌐│⁸ 3 ⌐ ∂≡ ∆╢↓≤╙ ⌂™╙─≤ ⅎ╠╣╢⁹ ⌐ ⇔⌂™ │⁸

┘IEC ─ ╩ ≤⇔≡ ╩ ∆╢↓≤≤⌂╢⁹ 

 

32 ₒⱳꜞ ⱦⱨ▼♬ꜟ ┘ ─  x

₡  ₢ ₈ ─ ┘ ⌐ ∆╢ ₉⅜ 10 6 17 ↕╣⁸ ⌐⅔™≡⁸ⱳ

ꜞ ⱦⱨ▼♬ꜟ ₈PCB₉≤™℮⁹ ╩ ∆╢ ⌐ ╢ ⅜ ╘╠╣√⁹ 

 │⁸↓╣⌐ ⇔√╙─≢№╢⁹╕√⁸₈ ⅛╠─ ─PCB⅜ ↕╣√ ⌐≈™≡₉ 16 2

17 040217005⌐⅔™≡⁸ ≢│⁸ ↔≤⌐ ⇔√ ⌐ ↕╣

√ ─PCB ⅜ ─ ≢№╢0.5mg/kg ≢№╢≤⅝│⁸ │⁸PCB ⌐ ⇔⌂

™╙─≢№╢↓≤⅜ ↕╣≡™╢⁹ 

 28 8 ⁸ ↕╣√ⱳꜞ ⱦⱨ▼♬ꜟ ─ ⌂ ─ ⌐ ∆╢ 13

215 4 ⌐╟╡⁸ PCB ─ ≤⇔≡⁸ ⌐ ╕╣≡™╢PCB─ ─ ─ ╩ ∆╢↓

≤≤⌂∫√⁹∕↓≢⁸↓─ ⌐⅔™≡╙↓╣⌐ ⇔⁸H28 ⌐⅔™≡⁸PCB ─ ⌐ ⌐ ╕╣╢PCB─

─ ─ ╩ ™╢↓≤≤⇔⁸⅛∫↓ ─≤⅔╡⁸ ╩ ∆╢↓≤≤⇔√⁹ 



51 

 ⌂⅔⁸ ─ ╣ ⅎ╩ ℮⁸₈ PCB ₉ 27 3 31  

⁸ ⱪכꜟ◓ ⁸ ꜟ◒▬◘ꜞה

⌐ ≠ↄ ⌂ ╩ ∫√ ⌐№∫≡│⁸PCB ⌐ ⇔⌂™╙─≤∆╢

─ ≈≤⇔≡⁸ ─ ⌐ ╕╣╢PCB─ ⅜0.3mg/kg ≢⌂↑╣┌⌂╠⌂™↓≤≤↕╣≡™╢⁹ 

 

5  ⁸ ┘ ⌐ ∆╢  

33 ₒ ⌐ ∆╢ ─  x

₡  ₢ ≤│⁸ ⌐ ╩ ∂√≤⅝⌐ ⌐ ╩ ∆╢ ╩™™⁸↓─ ⌐⅔↑╢

≤│⁸ ┘ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ⌐⅔↑╢ ⌐│⁸ⱥꜙ⁸☼כ

┘ 3 ⌐ ∆╢ ≤ │ ⱥꜙכ☼╩ ╖ ╦∑√

⅜ ∆╢⁹ 

 ⱥꜙ⁸☼כ ┘ ≤ │ ⱥꜙכ☼╩ ╖ ╦∑√ │⁸

┘ ⌐╟∫≡ ┘ ⅜ ⁸ ∆╢─╩ ∆╢√╘⌐ ↑╢╙─≢№╡⁸ ≢│

∕─ ≤ ⌐≈™≡ ⇔≡™╢⁹ⱥꜙכ☼≤ ┌╣╢╙──⌂⅛⌐│⁸♃▬ⱶꜝ◓ⱥꜙכ☼ ─╟℮⌐⁸ ⌂

╩ ≈╙─╙ ↕╣╢╟℮⌐⌂∫≡⅝√⅜⁸↓↓≢ ⇔≡™╢ⱥꜙ⁸│☼כ ─ ⌐⅔↑

╢ ќ 148 1 │ ⌐⅔↑╢ ќ 149 1 ─╟℮⌐⁸↓─ ≢

≤⇔≡ ╩ ∆╢╙─⌐≈™≡≢№∫≡⁸ ⌂ⱥꜙכ☼ ┘ ─ ╩ ⇔≡™╢╙

─≢│⌂™⁹ 

 1 ≢│⁸ ─ ↑ ⌐⅔↑╢ ⌐ ⅎ╢∞↑─ ╩ ∆╢╙─╩ ∆╢↓≤≤

⇔≡™╢⁹₈ ∆╢ ╩ ∆╢ ╩ ∆╢ ╩ ∆╢╙─₉≤⇔≡™╢─│⁸ ⁸ ╩

╦∏⁸ ─ ⅜ ⇔ↄ ⇔ ⅜ ⅝ↄ⌂∫√ ⁸ ─ ≢│ ⅜ ∆╢─≢⁸ⱥꜙ

☼כ ─ ≤ ⱥꜙכ☼≤╩ ╖ ╦∑≡1─ ≤⇔≡ ⅜☻כ◔╢╣↕ ⇔≡⅝√√╘≢№

╢⁹ 

 ↓↓≢₈ ╩ ∆╢ ₉≤│⁸ ─ ╩ ∆╢ ─↓≤≢№╡⁸ ─ ╩

∆╢ │ ╩ ∆╢ ≢№╢₈ ₉╩ ⇔≡™╣┌⁸∕╣ ─ ╩ ∆╢↓≤│

≢№╢⅜⁸2 ─ ╩ ╖ ╦∑≡1─ ≤⇔≡ ∆╢ │⁸ ╩ ∆╢

≢№╢ ╩ ⇔≡™╢┌⅛╡≢⌂ↄ⁸ ─ ⅝™ ≤ ─ ↕™ ≤─

⅜≤╣≡™╢↓≤╩ ⇔≡™╢⁹ 

 ≢│⁸ ⅎ┌⁸ ⌐⅔™≡⁸2 ─ ╩ ╖ ╦∑≡1─ ≤⇔≡

∆╢ ≤⇔≡⁸  ŋ ⱥꜙכ☼≤ ≤─ ╖ ╦∑⁸  o ≤ ≤─ ∑⅜

№╢⁹ 

ᵑ ⱥꜙכ☼≤ ≤╩ ╖ ╦∑╢ ќ 33.1 │⁸ ─ ╩ ↕∑╢ ⅜№╢⁹ 

(a)ⱥꜙכ☼─ ⅜ ─ ≢№╢↓≤⁹ 

(b)ⱥꜙכ☼─ ꜟכꜙ☺ I 2t ⅜ ─ ≢№╢↓≤⁹ 

(c) ─ ╟╡ ↕™ ⌐⅔™≡⁸ 33.1 ⌐ ∆╟℮⌐ⱥꜙכ☼─ B⅜

─ A≤ ∆╢↓≤ ⌂⅔⁸↓─ ≢│ ⇔≡™⌂™⅜⁸ⱥꜙכ☼─ ⅜

C≤⌂╢ │⁸ ─ ─ ≢ⱥꜙכ☼⅜ ∆╢─≢ ╩ ∆╢⁹⁹ 

ᵒ ≤ ≤╩ ╖ ╦∑╢ ќ 33.2 ≢│⁸ ─ │ ─ 3

7ms ⌐ ⇔⁸ ↄ≤╙20ms ⌐ ╩ ∆╢⅜⁸ Ᵽ♇◒▪♇ⱪ ─ ↕™ ─

⅜ ╩ ╘√ ⁸Ᵽ♇◒▪♇ⱪ ─ ⅝™ ─ │⁸↓╣⌐ ∆╢╟℮⌐ ╩ ╘⁸

╩כ◑ꜟⱠ◄◒כ▪ ─ ⅜ ⇔≡⁸2 ─ ≢ ╩ ∆╢⁹ Ᵽ♇◒▪♇ⱪ ─ ⌐

│ ─ │№∫≡╙⁸Ᵽ♇◒▪♇ⱪ ─ ⌐╟╡ ⌐⌂╢≤™℮↓≤│ ↓╠⌂™─⅜ ≢№

╢⁹ ⌐ⱨ꜠כⱶ │1 2 ⅜ ╕⇔ↄ ⅎ┌⁸30Aⱨ꜠כⱶ≤100Aⱨ꜠כⱶ⌂≥ ⁸ ⅜ ∆╢

√╘⌐│⁸ ─ ╩ ∆╢ ⅜№╡⁸ ∑│ ─ⱷכ◌כ─ ∆╢╙─⌐ ↕╣╢⁹ 

(a)Ᵽ♇◒▪♇ⱪ ─ ⅜ Ᵽ♇◒▪♇ⱪ ─ ≢№╢↓≤⁹ 

(b) ─ ꜟכꜙ☺ I 2t ⅜ Ᵽ♇◒▪♇ⱪ ─ ≢№╢↓≤⁹ 

(c) Ᵽ♇◒▪♇ⱪ ─ 33.2 ─A ≤Ᵽ♇◒▪♇ⱪ ─ 33.2

─B ─ ─ ≤─ ◒꜡☻ⱳ▬fi♩ ⅜ Ᵽ♇◒▪♇ⱪ ─ ≢№╢↓≤⁹ 
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33.1                         33.2  

 

 ╕√⁸ 1 ─₈ ∆╢ ╩ ∆╢ ₉ │⁸ ≢│ ⌐ ─╟℮⌐ ╦╣╢⁹ 

₡A₢ ─  

ᵑ  

 ─ ╕≢─ ⅜ ꜟⱩכ◔⁸ │ ╩ ⇔√Ᵽ☻♄◒♩⌐╟╡ ↕╣╢ │⁸∕─

⌐⅔↑╢ ⌐ ⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

 ∕─ ⅜ Ᵽ☻♄◒♩─≤⅝╩ ╗ ⌐╟╡ ↕╣╢ │⁸∕─ ─ ⌐⅔™≡

⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

ᵒⱨ▫כ♄כ  

 ⌐ ╢ⱨ▫כ♄כ⅜ ꜟⱩכ◔⁸ │ ╩ ⇔√Ᵽ☻♄◒♩⌐╟╡ ↕╣╢ │⁸

⌐⅔™≡ ⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

 ⱨ▫כ♄כ⅜ Ᵽ☻♄◒♩─ ╩ ╗ ⌐╟╡ ↕╣╢ │⁸∕─ⱨ▫כ♄כ ─

⌐⅔™≡ ⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

ᵓ  

  ∕─ ⌐⅔™≡ ⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

ᵔ  

  1▪►♩꜠♇♩ 1 ⌐⅔™≡ ⅜ ↓∫√≤⅝─ ⌐╟╢⁹ 

₡B₢300kVA ─ ⅛╠ ↕╣╢ ─  

  100V ┘200V ─ ┘3 ─ ≢│⁸∕─ ≢⅝⌂™↓≤⅜ ™⅛╠⁸ ─╟℮⌐ ⅎ≡╟™⁹  

33.1  
 

─  A  A  

з ─ ⅛╠ ↕╣╢ ─  
30 ─╙─ 1,500    β 

30╩ ⅎ╢╙─ 2,500 

и 

з ─╙─≢ │

─ ⌐ ∆╢

⌐╟╡ ↕╣╢  

Ᵽfi◒ 100kVA ─ ⅛╠

↕╣╢  

30 ─╙─ 1,500 

30╩ ⅎ╢╙─ 2,500 

Ᵽfi◒ 100kVA╩ ⅎ300kVA ─

⅛╠ ↕╣╢  

30 ─╙─ 2,500 

30╩ ⅎ╢╙─ 5, 000 

β100V 2 ⌐ ∆╢◌♇♩▪►♩☻▬♇♅⁸◌Ᵽכ ♫▬ⱨ☻▬♇♅ ┘2 1 ─ ⌐≈™≡

│⁸1,000A≤∆╢↓≤⅜≢⅝╢⁹ 

 

 ⌂⅔⁸ ⱥꜙכ☼│ ⌐ ⌐ ╘≡ ∆╢─≢ ќ 150 2 ⁸ ⌐ ╘√ ≢─ ⅜

ⱥꜙכ☼─ ≢№╡⁸ⱥꜙכ☼╩ ╘╢ ─ ⅝↕╛ ⌐╟∫≡ ⌂╢⁹ 

 1 √∞⇔ │⁸ ─ ⌂╢ ⌐ ↕╣√2 ─ ⁸ ⅎ┌⁸ 33.3 ─ᵒⱨ▫כ♄כ

≤⁸ᵓ ≤≢ ♪כ◔☻◌℮ Ᵽ♇◒▪♇ⱪ ⌐≈™≡ ⇔≡™╢ ⌂⅔⁸

33.3 ─ᵓ ≤⁸ᴖ ≤≢ ♪כ◔☻◌℮ ⌐≈™≡│⁸ 1 ─₈↓╣╩
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∆╢ ╩ ∆╢₉─ ─ ≢ ⅎ≡╟™⁹⁹ 

 
33.3  

 

 ↓↓≢ ─ │⁸ⱥꜙכ☼ │ ─™∏╣≢╙╟™⅜⁸ ─ ╩₈ ₉⌐

⇔√─│⁸ ♪כ◔☻◌─ ─3 ─ ⁸∆⌂╦∟⁸ ─ ╩ ⇔√╙─≢№╢⁹ 

♪כ◔☻◌⁸√╕  ╩ ─ ⌐⅔↑╢₈ ⅜10,000A╩ ⅎ╢ ₉⌐ ⇔√─│⁸

⌐⅔™≡ ⅜10kA╩ ⅎ╣┌ ⌐╙ ⌐╙╛╗╩ ⌂™≤ ⅎ╠╣╢√╘≢№╢⁹

⅜10kV ─ ≢│⁸ ♪כ◔☻◌│⌐ ⌐╟╢ ─ ⅜ ≢№∫≡╙⁸ ─≤↓╤ⱷ

╣∙╣⧵⌐≥↔כ◌כ ⅜ ⌂∫≡™╢↓≤╛⁸ ⌂╢ ♪כ◔☻◌─≢ ╩ ∆╢ כ◙כꜚ⌐

─ ─ ™⅜ ↓╢⅔∕╣⅜№╢⁸≤™℮ ⌂≥╩ ♪כ◔☻◌⁸⇔ ╩ ╘≡™⌂™⁹ 

2 │⁸↓─ ─ ⌐╟╡ ∆═⅝ⱥꜙכ☼─ ≢№∫≡⁸ ⱥꜙכ☼ ⱥꜙ⁸☼כⱪꜝ◓ⱥꜙכ☼

┘ ⱥꜙכ☼ ≈╘ ⅝ⱥꜙכ☼ ─ ∆═⅝ ╩ ╘≡™╢⁹↓↓⌐ →╠╣≡™╢ │⁸

 JIS C 8352 1983₈ ⱥꜙכ☼ ₉─ ╩ ⇔√╙─≢№╢⁹JIS─₈ ⱥꜙכ☼ ₉─

₈6 ┘ ₉≢│⁸A ⱥꜙכ☼│ ─110%⁸B ⱥꜙכ☼│ ─130%─ ╩ ∂√≤⅝↓╣⌐

ⅎ╢╙─≢№╢↓≤⅜ ↕╣≡™╢⁹ 

 ≢│⁸ ─1.1 ─ ⌐ ⅎ╢↓≤≤⇔≡™╢⅜⁸B ─╙─│1.3 ─ ⌐ ⅎ╢╙─≢№╢⅛╠

1.1 ─ ⌐╙ ⅎ⁸ ─ ⌐ ∆╢⁹╕√⁸JIS≢│⁸A │ ─135%⁸B │ ─160%╩

⇔√≤⅝⁸33- 1 ─ ⌐ →╢ ⌐ ∆╢↓≤⌐⌂∫≡™╢⅜⁸ ≢│ ─1.6 ─ ╩ ∂√≤

⅝⌐⁸33- 1 ─ ⌐ →╢ ⌐ ∆╢↓≤⌐⌂∫≡™╢⁹A ─ⱥꜙכ☼│ ─135%≢ ∆╢↓≤⌐⌂

∫≡⅔╡⁸ 160%─ ≢╙ ∆╢─≢⁸↓╣╠2 ─ⱥꜙכ☼│ ≡ ⌐ ∆╢⁹ ≢│⁸↓─A ≤B

─ⱥꜙכ☼─ ⅜ ╘╠╣≡™╢⁹ 

 ⌂⅔⁸ ≢│⁸ ─ ╩ ↑╢╙─⌐≈™≡│⁸ ─ ╩ ↑╢─≢ ⇔≡™╢⁹ 

 ╕√⁸ ≤ ╖ ╦∑≡1─ ≤⇔≡ ∆╢╙─≤⇔≡│⁸ ─ ╩ ℮√

╘⌐ ≤ ⌐ ↕╣╢ⱥꜙ⁸∟╦⌂∆⁸☼כⱣ♇◒▪♇ⱪ ⌐ ↕╣╢ ⱥꜙכ☼⅜ ∆╢⁹↓

─ⱥꜙכ☼│ 1 ≢ ═╢ ≤ ⌐⅔↑╢ ⅜≤╣≡⅔╣┌╟ↄ⁸ ─ ⌐╟╠⌂ↄ

≡╙╟™─≢ ™≡™╢⁹ 

 3 │⁸↓─ ─ ⌐╟╡ ≤⇔≡ ∆╢ ─ ⇔ ⌐≈™≡ ╘≡™╢⁹↓

↓⌐ →╠╣≡™╢ ⇔ ⌐≈™≡│⁸ ⅜2,500A ─╙─⌐№∫≡│  JIS C 8370

1991₈ ₉─ ╩ ⇔⁸ ⅜2,500A╩ ⅎ╢╙─⌐№∫≡│▪ⱷꜞ◌─NEMANational Ele ctrical 

Manufacturers Associations ▪ⱷꜞ◌ ≤UL Underwriters Laboratories ▪ⱷꜞ◌

─ ╩ ≤⇔≡ ⇔√╙─≢№╢⁹⌂⅔⁸NEMA≤UL─ │JIS≤ ⇔√ ⁸JIS≤ ─ ≤⌂∫≡™╢⁹ 

 4 │⁸ ⌂≥─ ─ ⅜ ⇔⁸ ─ ⅜ ⇔≡⅝√√╘⁸

⌐ ╢ ⌐⅔™≡⁸ ╩ ∆╢ ╩ ∆╢ ⅜ ─ ќ 1

╩ ⅎ╢ ⅜≢≡⅝√↓≤≤⁸ 153 ─ ─ ─ ⌐╟╡ ∆╢╙

─╩™℮⁹≤ ≤─ ╩ ↕∑╢↓≤⅜ ⌂ ⅜№╢↓≤⅛╠⁸ ≤

│ ⱥꜙכ☼≤╩ ╖ ╦∑√ ╩ ─ ≈─ ⌐ ╘√ ⌐ ╡⁸ ─ ─╖⌐

╢ ⌐ ∆╢ ≤⇔≡ ╘╢↓≤≤⇔√ ќ 33.4 ⁹ 
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33.4  

 

 ⅛╠ ≢│⁸ ⁸ ┘ ⱥꜙכ☼─ ┘

≤ │ ⱥꜙכ☼ ─ ╩ ⇔√⁹ 

 ≢│⁸1─ ─ ⌐ ╘≡ ∆╢↓≤≤⇔≡™╢⁹↓╣│⁸ ⌐╟∫≡ ─ ╩⇔≡™╢↓≤⁸

─ ⅜ ™ ⌐⁸↓─ ≢ ⅜ ↓╢ │ ∏⇔╙ ─ ⅜≢⅝╢≤│ ╠⌂™√╘≢№╢⁹⌂⅔⁸

≤ │ ⱥꜙכ☼╩ ╖ ╦∑╢ │⁸ ⅜ ≤⌂

╢╟℮⌐ ∆╢ ⅜№╢⁹ 

 5 ≢│⁸ ⌐ ⱥꜙ⁸│☼כ ─ ⌐╟∫≡∕─ ⅜ ™⌐ ⌂╡ ⅜ ≤⌂╢─≢⁸↓─

≢ ≤⇔≡ ╩ ∆╢ⱥꜙכ☼⌐ ╠∏⁸ ⌐ ⱥꜙכ☼╩ ∆╢ │⁸ ≤⇔≡≈╘

⅝ⱥꜙכ☼╩ ∆╢↓≤≤⇔≡™╢⁹⇔⅛⇔⁸ ♩♇♀כ꜡─ ─ ⌐ ╡ ↑╢5A ─╙─│⁸ ↑

⅜ ™√╘ ⌐≈╘ ⅝ⱥꜙכ☼─ ⅜ ≢№╢↓≤⁸↕╠⌐∕─ ╩∕╣╒≥ ↕╣≡™⌂™↓≤

⌐╟╡⁸ ⅛╠ ↕╣≡™╢ ќ 150 2 ⁹ 

 │⁸ ─ ⅜ ™─≢⁸ ─ ─ ⅜ ⌂™√╘⌐⁸≈╘⅜ ≢⅝╢↓≤╩

⇔≡™╢⁹ 

 

34 ₒ │ ─ ⌐ ∆╢ ─  x

₡  ₢ ≤│⁸ ⌐ ╩ ∂√≤⅝⌐ ⌐ ╩ ∆╢ ╩™℮⁹↓─ ⌐⅔↑╢

≤│⁸ ≤ ─ ╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ┘ ─ ⌐⅔™≡│ⱥꜙכ☼

┘ ≡∫╟⌐כ꜠ꜞ ∆╢ ⅜↓╣⌐ ∆╢⁹ 

 ⱥꜙ⁸│☼כ ┘ ⌐╟∫≡ ┘ ⅜ ⁸ ∆╢─╩ ∆╢√╘⌐ ↑╢╙─≢

№╡⁸ ≢│∕─ ≤ ⌐≈™≡ ⇔≡™╢⁹ⱥꜙכ☼≤ ┌╣╢╙──⌂⅛⌐│⁸♃▬ⱶꜝ◓ⱥꜙכ☼ ─╟

℮⌐⁸ ⌂ ╩ ≈╙─╙ ↕╣╢╟℮⌐⌂∫≡⅝√⅜⁸↓↓≢ ⇔≡™╢ⱥꜙ⁸│☼כ ─

⌐⅔↑╢ ќ 148 1 │ ⌐⅔↑╢ ќ 149 1 ─╟℮⌐⁸

↓─ ≢ ≤⇔≡ ╩ ∆╢╙─⌐≈™≡≢№∫≡⁸ ⌂ⱥꜙכ☼ ┘ ─ ╩

≤⇔≡™╢╙─≢│⌂™⁹ 

 1 │⁸ ─ ќ 33 1 ─ ≤ ≢№╢─≢⁸ ─ ╩ ↕╣

√™⁹⌂⅔⁸ ─ ╩ ≢ ∆╢ │⁸ ⌐│ ≤│ ↕╣⌂™⅜⁸ ⇔ ─№

╢ ≤ⱥꜙכ☼≤╩ ╖ ╦∑╢ ⌐⅔™≡⁸∕─ ≤ⱥꜙכ☼≤─ ⅜ ≤╣≡™╣┌⁸

∕─ │⁸↓─ ─ ─ ≤╖⌂∆↓≤⅜≢⅝╢⁹⇔√⅜∫≡⁸ 2 ─ ⌐⅔↑╢ JEC-175

₈ ⱥꜙ₉☼כ─℮∟и ⱥꜙכ☼ ⌐Ᵽ♇◒▪♇ⱪⱥꜙכ☼≤™╦╣≡™╢ ⅜ ≢⅝╢⁹⇔⅛⇔⁸ ⇔

─⌂™ ≤ⱥꜙכ☼≤╩ ╖ ╦∑╢ │⁸↓─ ≢™℮ │ⱥꜙ⁸≢╖─☼כ∕─

│ ─ ≤│╖⌂↕╣⌂™⁹⇔√⅜∫≡⁸↓─ ─ⱥꜙכ☼│ 2 ─ ≢ ═√ JEC- 175₈

ⱥꜙ₉☼כ─℮∟з ⱥꜙכ☼ ⌐ ⱥꜙ⁹╢™≡╣╦™≥☼כ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 │⁸ │ ─ ≢⁸ ╩ ⌐ ≢⅝⌂™╙─│⁸ ⅜ ↕╣≡™╢⅛ ⅛

⅛╠⌂™ ⅜№╡⁸╕√ ─ ⅜ ≢⌂ↄ⁸ ─ ⌐╙⌂╢─≢⁸ ⌐↓╣≤ ⇔≡ ╩

∆╢ ╩ ⇔⌂↑╣┌⌂╠⌂™↓≤╩ ⇔√╙─≢№╢⁹√∞⇔ │⁸ ⅛╠ ⌐ ╩ ≢⅝╢╙

─╩ ∆╢╙─≢№╢⁹ 
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 2 │⁸ ─ ⱥꜙכ☼⌐≈™≡ ⇔≡™╢⅜⁸ ⌐│3,000V ┘6,000V ─⁸™╦╝╢ ⱥꜙכ☼

╩ ⇔≡™╢╙─≢⁸ │ JEC- 175-1968₈ ⱥꜙ₈─₉☼כз

₉─ ╩ ⇔≡™╢⁹ ─  JEC-2330-1986₈ ⱥꜙ₈│≢₉☼כ G

₉⌐ ↕╣╢╙─≢№╢⁹⌂⅔⁸ⱥꜙכ☼ ─ ≤ ╖ ╦∑≡1─ ≤⇔≡ ∆╢╙

─⌐│⁸ JEC- 175₈ ⱥꜙ₉☼כ─и ⅜ ∆╢⁹ 

34.1 ₈ ⱥꜙכ☼─ ₉─  

 JEC-175-1968 JEC-2330- 1986 

 

з  и  T  M  G  

 

─1.3 ─ ≢2

⌐ ⇔⌂™↓≤⁹⅛≈⁸

─2 ≢2 ⌐

∆╢↓≤⁹ 

─

╙─ 

 

 

─1.3 ─ ≢2 ⌐ ⇔⌂™↓≤⁹ 

   
   

─ ╩  

 

 ╕√⁸ ─ ≤ ─ ⱥꜙכ☼─ ─ ┘⌐ ┘ ─ ≤─ ─

─ ╩ ╢√╘⁸ ⌐JIS C 4604≤⇔≡₈ ⱥꜙ₉☼כ─ ⅜ ╘╠╣≡™╢─≢⁸↓╣╩

⇔≡⁸JIS ╙ ≢⅝╢↓≤≤⇔√⁹R4 ╟╡⁸ ≤⇔≡ ⌐ ↕

╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 3 ─ ─ ⱥꜙכ☼⌐≈™

≡│⁸ │ ↕╣≡™√ ─ⱥꜙכ☼─ ╩∕─╕╕ ⇔≡™╢⁹⅜™⇔ ⌐ ↕╣╢ⱥ

☼כꜙ │⁸ ─ ╩ ↑╢╙─≢№╢⁹ 

 

35 ₒ ─ ─  x

₡  ₢ 1 ⌐ →╠╣≡™╢ │⁸ ⌐╟∫≡ ↕╣╢≤ ─ ⅜⌂ↄ⌂╢√╘⁸↓─

⌐ ╩ ╡ ↑≡│⌂╠⌂™↓≤│ ╠⅛≢№╢⅜⁸ ⌐ ╩ ∆√╘ ⇔⌂™↓≤≤⇔≡™

╢⁹ 

 2 │⁸ ⌐ →╠╣≡™╢ ≢№∫≡╙⁸ ╩ ≢⅝╢ ╩ ⇔≡™╢⁹ ≢│⁸

⌐ ─ ⌐╦↨╦↨ ╩ ∆╢↓≤│ ⅎ╠╣⌂™⅜⁸ ⅎ┌ 3 ─ ⌐3 Ⱪ꜠כ◌

╩≤⌂כ ╡ ↑╢ ⁸3 3 ─╙─╩ ∆╢≤⁸ ⌐ ⅜ ↕╣╢↓≤⌐⌂╢⁹⇔⅛⇔⁸

─ ⅜ ⇔≡╙3 ⌐ ∆╣┌ ╠ ╩ ∂⌂™─≢⁸↓─╟℮⌂ │⁸3 3 ─╙─╩

≢⅝╢↓≤╩ ⌐⇔≡™╢⁹ 

 │⁸ ⇔ↄ│ ─ │ ─ ⇔ↄ│ ─ ─ ќ 19 1

⌐ꜞ▪◒♩ꜟ ┘ ╩ ∆╢ ≢№∫≡⁸∕─ ⌐ ╩ ⇔≡ ⅎ╩ ℮≤⅝│⁸ ⌐

╙ ⅜ ⌐ ╢↓≤⌐⌂╢⅜⁸↓─╟℮⌂≤⅝│ ⌐ ⅜ ╢↓≤╙╛╗╩ ⌂™─≢⁸

≤⇔≡™╢⁹ 

 ⌂⅔⁸ │ ⌐ ⌐ ⇔⁸ ⌂╙─╩ ⅝⁸ ╩ ⌐ ≢⅝╢╙─⅜ ╕⇔™⁹

⌐≈™≡│⁸ 148 1 ┘ 149 1 ⌐⅔™≡ ─ ╩ ⅝ ⌐ ╩

∆╢↓≤╩ ⌐⇔≡™╢⁹ 

 

36 ₒ ─  x

₡  ₢ │⁸ ─ ⌐╟╢ ─ ⅛╠⁸ ─ ⌐≈™≡ ⇔≡™╢╒⅛⁸ │

⌐≈™≡│ ─ ⌐ ╩ ⅎ⌂™≤™℮ ⅛╠ ⌐≈™≡ ⇔≡™╢⁹ 

 1 │⁸ ─ ╩ ∆╢ ⌐ ∆╢ ⌐⁸ ─ ╩ ∆╢↓≤≤⇔≡

™╢⁹ ⅜60V╩ ⅎ╢ ╩ ≤⇔√─│⁸ ⅜60V ─ │ ⌂ ≢⌂↑╣┌⁸

≤ ⌂∑╢ ≢№╡⁸╕√ ќ 181 ┘ ќ 182 ⌐ ∆╢ ╩

─ ⅛╠ ∆╢√╘≢╙№╢⁹ 

 ╩ ∆╢ ⌐│⁸ ⌐╟╢ ╩ ∆╢√╘⌐⁸ 29 ⌐⅔™≡ ╩ ∆↓≤⌐⌂∫≡

™╢√╘⁸ √∞⇔ ─ ≢⁸ ─ ⌂™ ⌐ ─ ⅜≢⅝╢↓≤≤⇔≡™╢⁹ 

⌂⅔⁸ ⌐ ≠ↄ ⌐⅔™≡⁸ │ ─ ─ ⌐╟╢ ─

╩ ⇔≡™╢⅜⁸ √∞⇔ │⁸∕╣╩ ∆╢╙─≢│⌂™⁹ 

1 ─ │⁸ ⌐ 149 ─ ─ ┘ ─ ⌐ ↕╣╢⁹↓↓≢⁸₈
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∆╢ ₉≤™℮ ⌐⇔≡™╢─│⁸ ─ ⌐╟╢ ≤─ ─ ╩ ↑╢√╘≢№

╢⁹ 

╕√⁸ ─ ⌐≈™≡│⁸ ⌐ ⇔≡™⌂™⅜⁸ ⌐ ╡ ↑╢╙─≢│ ⌂ ╩ ↑╢

√╘⁸ ─╙─⌐№∫≡│ ⅜15 50mA ─╙─⅜ ⌐ ™╠╣≡™╢⁹⌂⅔⁸ │⁸

 JEAG8101-1971₈ ₉╩ ↕╣√™⁹ 

│⁸ ╩ ∆ ⌐│⁸ ⅜ ⌐ ╣╢⅔∕╣⅜⌂™↓≤⅛╠⁸ ─ ╩

≤⇔≡™╢⁹ 

 │⁸ ─ ⅜ ≢⅝╢ ╩ ⇔≡™╢⁹ 

▬│⁸ ⁸ │ ⇔ↄ│↓╣⌐ ∏╢ ─╟℮⌐ ⌐ ∆╢ ╩ ∆╢ ∞↑⅜ ╡

∆╢╟℮⌂ ≢⁸ ─ ⅜ ⌐ ╣╢ ⅜⌂™ ⌐≈™≡⁸ ⇔≡™╢⁹ 

 ꜡│⁸ ⇔√ ќ 1 │ ─ ⌐╟╢ ⅜ ™↓≤⅛╠⁸ ─ ╩

≤⇔≡™╢⁹ 

 Ɫ│⁸ ⅜ ╣√ ≢ ⌐ ∆╢╟℮⌂ ─№╢ ≢│ ─ ⌐╟╢ ⅜ ™√╘⁸∕

╣ ─ ⌐≈™≡ ─ ╩ ≤⇔≡™╢⁹ 

 │⁸ ─ ⅜ ≢⅝╢ ╩ ⇔≡™╢⁹ 

▬⌐≈™≡│⁸ 29 2 ─ ≢ ═√≤⅔╡≢№╢⁹ 

 ꜡≢│⁸◗ⱶ⁸ ─ ╩ ⇔≡™⌂™⅜⁸ 29 ─ ╩ ⇔≡№╣┌⁸ ─№╢ ≢╙

⌂ ╩ ↑╢↓≤⅜ ⌂™√╘≢№╢⁹ 

Ɫ│⁸ ─ ⌂≥⅜↓╣⌐ ⇔⁸ ─ ─ ⌐ ╡2 ⌐ ⅜ ↕╣╢╙─≢

№╡⁸ ─ │ ≤⌂╢╟℮⌂ ⅜ ↕╣≡™⌂™√╘≢№╢⁹ 

♬│⁸ ─ ╩ ⅛╠ ⇔⌂™≢ ⇔≡™╢√╘⁸ ╩ ⇔≡╙ ⅜⌂™√╘≢№╢⁹ 

 │⁸ ⌐ ↕╣√ ─ ⅜ ↑╣┌⁸ ─ ─≤⅝⌐╙ ─ ⌐ ∆

╢ ╩⅛⌂╡ ↄ ⅎ╢↓≤⅜≢⅝╢⅛╠≢№╢⁹ 

 │⁸ ≢│⁸ ─ ⌐ ⅜ ╣√ ≢╙⁸ ─ ⅜ ↕╣∏⁸ ⅜ ™

─ ≤⇔≡ ⌂√╘≢№╢⁹⇔⅛⇔⁸ ≤ ≤─ ─ ⅜ ⅝ↄ⌂╢≤⁸∕─ ⌐╟∫≡

╩ ↑╢↓≤⅜№╢⁹∕─√╘⁸ 29 2 ⌐⅔™≡⁸ ─ ⅜3kVA╩ ⅎ╢ ⌐│⁸

─ ⌐D ╩ ∆↓≤≤⇔≡™╢⁹ 

 │⁸ ╩ ⇔√ ╩ ⅜ ╩ ↑╢⅔∕╣⅜⌂™╟℮⌐ ∆╢ │⁸ ─

─ ─ ╩ ≢⅝╢↓≤╩ ⇔≡™╢⁹  

 │⁸ 450V─ ▪꜠▬─ ⌐ ™⁸H18 ≢ ╘╠╣√ ≢№╢⁹ ⌐ꜟכꜙ☺⸗

∆╢ ⅜ ≢№╡⁸⅛≈⁸ ─ ⌐ ⅜ ↕╣≡™╣┌⁸ ⌐ ╩ ∂

≡╙ ─ ⅜ ↕╣∏⁸ ⅜ ⇔≡ ╣⌂™√╘ ─ ─⅔∕╣⅜⌂™⁹╕√⁸ 29 ⌐ ≠

⅝⁸ ─ ⌐│ ⅜ ↕╣╢ ─⅔∕╣⅜⌂™≤⇔≡ ╩ ≢⅝╢ ╩ ↄ⁹ √╘⁸

─⅔∕╣╙⌂™⁹⇔√⅜∫≡⁸↓─╟℮⌂ ⌐≈™≡│⁸ ─ ╩ ≢⅝╢⁹ 

 │⁸ ⌐⅔↑╢ ─ ╩ ≤⇔≡™╢⁹ 

 2 │⁸ 1 ─ ╩ ⇔≡™╢⁹ 

 3 │⁸400V ─ ⌐⅔™≡│ ⅛╠ ─ ⌐ ╩ ⇔⁸ │ ⌐ ╛

כ꜠ꜞ ╩ ⇔≡ ╩ ≢⅝╢╟℮⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 4 ≢│⁸ │ │⁸ ╛ ⌐ ↄ ™╠╣⁸ ⁸ ≤─ ⅜ ≢⁸ ⁸

⌐ ⇔≡│ ⌂ ╩ ≤⇔⁸╕√⁸ ⌐╟╢ ─ ╩≢⅝╢∞↑ ™ ⌐≤≥╘╢√╘⁸

╛ כ꜠ꜞ ╩ ⇔≡⁸ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

 36- 1 │⁸ ╩ ∆╢ ╩ →≡⅔╡⁸ ⁸ ⌐ ⌂≤↓╤╩ ⇔≡™╢⁹ 

36-1 ─₈ ⁸ │ ⇔ↄ│↓╣⌐ ∏╢ ─ ₉⌐ ╩ ∆╢─│⁸

⅜ ≡ ↄ ⌐⌂╢ ≢№╢⅛╠≢№╢⁹ ⅜ ⅝ ↕╣≡™╢ │⁸ ⌐∕╣∙╣ ╩

╡ ↑╢↓≤≤⌂╢⅜⁸ 4 ⌐₈36- 1 ─ ⌐ →╢ │↓╣⌐ ∆╢ ₉≤⇔≡ ⌐

╩1 ╡ ↑≡⁸∕─ ╩ ↕∑╢↓≤╙≢⅝╢≤⇔≡™╢⁹ ─ ⅛╠│⁸ ⱨ▫כ♄

╩כ ∆╢↓≤⅜ ≢№╢⁹ 

 ╕√⁸ ─ ─ ⅜ ─ ≤╖⌂↕╣╢╙─⌐≈™≡│⁸ ₁─ ⌐ ╩ ∆╢

↓≤⅜ ≢│⌂™√╘⁸36- 1 ⌐⅔™≡ ⌐ ╩ ∂√ ⌐ ─ ╩ ∆╢ ╩

∆╢ ─ ╩ ⇔≡™╢⁹ 
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 ⌂⅔⁸ ⌐ ∆╢ │⁸ Ɏ─ ⅜ ─כ꜠ꜞ⁸⅜╢™≡∫⌂⌐℮╟╢⅝≢ ╩ ↄ∆╢≤

─ ⌂ ⌐⅔™≡╙⁸∕─ ≤⌂╡⁸ ─ ─ ⅛╠│ ∏⇔╙ ─ ≤ ⇔⌂

™─≢⁸ ╩ ↕ↄ mA ∆╢≤≤╙⌐⁸ ╡╟⌐כ꜠ꜞ ⅜1 2 ⇔√ ⌐ ╩

∆╢↓≤⅜ ≢№╢⁹ ⁸3,500V ─╙─│ ≢╙╟™↓≤⌐⌂∫≡™√⅜⁸ ─ ─

╩ ⅎ╢≤⁸↓╣⌐ ∆╢↓≤│ ╕⇔ↄ⌂™─≢⁸S47 ≢ ⅜ ⇔√ ⌐│⁸ ╩

⌐ ∆╢↓≤≤⇔√⁹ 

 36- 1 ─₈ ─ ⅛╠ ╩ ↑╢ ₉⌐ ╩ ∆╢─│⁸ ─ ─ ⌐ ∂√

╩ ─ ╟╡ ↄ ⇔⁸ ⌐ ╩ ⅎ⌂™√╘≢№╡⁸ ─ ╩ ╠⅛⌐⇔╟

℮≤∆╢╙─≢№╢⁹⇔⅛⇔⁸ ⅜ ⌂╙─≢№╢ │⁸ ⅜ ∆╢↓≤╙ ⌂ↄ⁸╕√⁸

─ ╩ ∆╢↓≤⅜ ⌐⁸ ─ ╩ ╘╢↓≤⌐╙⌂╢─≢⁸36- 1 ⌐⅔™≡⁸₈ ─ ⅛╠ ╩

↑╢ ╩ ≡∕─ ⌐ ∆╢ ⌐⅔™≡ ⇔⁸ │ ∆╢ ₉⁸∆⌂╦∟⁸ ⅛╠ ─

─ ⅜ ⅝ ↕╣≡™⌂™ ⌐⅔™≡⁸ ╩ ⇔⌂ↄ≡╙╟™↓≤╩ ⇔≡™╢⁹↓↓≢₈ ⌐

∆╢ ⌐⅔™≡ ∆╢ ₉≤│⁸ ⅎ┌⁸ ⱦꜟ⌂≥≢ ─ ≤ ≤⅜ ⌐ ↕╣≡

™╢╟℮⌂ ╩ ⇔≡™╢─≢⁸ ╕≢≤ ⅎ╠╣╢⁹⌂⅔⁸ ╩ ∆╢ │⁸ ─ 8

╩ ↕╣√™⁹ 

 36- 1 ─₈ ─ ₉⌐ ╩ ∆╢─│⁸ ⌐ ╩ ⇔≡™

╢ ⌐│∕─ ─ ⌐ ╩ ∂√≤⅝⌐⁸ ─ ╛ ⁸ ⌐⅔™≡ ╩ ⇔≡

╩ ∆╢↓≤⅜≢⅝⌂™√╘≢№╢⁹↓─ ⁸ ╩ ∆╢ ╩ ─2 ⌐ ⇔⁸ ╩

─1 │2 ⌐ ∆╢⁹╕√⁸36- 1 ⌐⅔™≡⁸₈ ─ ⌐ ╩ ∂√ ⌐⁸

─ ─ ─ ⁸ │ ≢ ╩ ∆╢ ╩ ∆╢≤⅝₉⁸∆⌂╦

כ꜠ꜞ▪ꜞꜗ◐⁸∟ ≢ ─ ─ ≢ ≢⅝╢╟℮⌐ ∆╢ ⌐│⁸ ─

╩ ≤⇔≡™╢⁹ 

 5 │⁸ ⌐⅔™≡⁸ ─ ⅜ ─ ─ ⌐ ╩ ⅎ╢⅔∕╣─№╢ │⁸ ≢╙

╟™↓≤╩ ⇔≡™╢⁹⌂⅔⁸↓↓≢™℮₈ ─ ₉⌐│⁸ ™ ≢⁸ ─╖⌂╠∏⁸1 ─ ─

≤™℮ ╙ ╕╣≡™╢⁹ 

 

37 ₒ ─  x

₡  ₢ ⌐ ∆╢ ╩ ⅛╠ ∆╢√╘⁸ ⌂ ⌐ ╩ ⇔≡⁸ ╩

⇔⁸ ─ ⌂≥─ ╩ ∆╢╟℮⌐ ⇔√╙─≢№╢⁹ ≢™℮ ≤│⁸ ⌐ ∆╢

⌐╟╢ ⌐ ⇔⁸∕─ ╩ ⌐ ⇔⁸ ╩ ∂╢↓≤⌂ↄ ⌐ ∆╢ ╩ ∆

╢ ≢№╡⁸ ─╟℮⌐ ─ ↕™╙─│ ≤│ ⅎ⌂™⁹ 

 1 ⌐⅔™≡₈ ─ ⌐ →╢ │↓╣⌐ ∆╢ ₉≤⇔√─│⁸ ⌐╟∫≡ ∆═⅝ ─ ⁸

⁸ ⅛╠ ⅎ≡⁸ ╩ ∆═⅝ │╕∟╕∟≢⁸ ⌐ ≤ ╘╢↓≤⅜≢⅝⌂™√╘

≢№╢⁹ 

 │⁸ ─ ⅜500kW ─ ─ ⌐ ∆╢↓≤≤⇔≡™╢⁹ ─ ⌐ ╩

∆╢ │⁸ ─ ╩ ∆╢↓≤≢№∫≡⁸ ─ │ ⅛╠ ╣√ ⌐ ∆

╢≤ ∆╢↓≤⅛╠⁸ │ ─ ⌐ ↕╣╢─⅜ ≢№╢⁹⌂⅔⁸ ⅛╠ ╩

↑╢500kW ─ ─ ┘ ∆╢ ⌐≈™≡╙⁸ ⌐╟╡ ⌐ ─⅔∕╣⅜№╢

⌐│⁸ ─ ∕─ ⌂ ╩ ∂╢↓≤⅜ ≢№╢⁹ 

 2 │⁸ ─ ╩ ⇔≡╙⁸ ─ ─⅔∕╣⅜╒╪≥⌂™ ─ ≢№╢⁹ 

 │⁸ ─ ⌐ ∆╢ ⁸ ∆╢ ⅜ ™ ⌐│⁸ ─ ∆╢ ⅜ ⇔ↄ ⌂™─≢⁸

↓╣╩ ⇔≡™╢⁹ 

 ≢│⁸ ≢№∫≡⁸⅛≈⁸ ⌐ ⌐ ─ ⅜ ↕╣≡™╢ │⁸↓╣╠─ ▬☺כ◘─

fiⱧכ♄fi☻⌐╟∫≡⁸ ⇔√ ⅜ ∆╢⁹ ∆╢ ╩ ─⅜™⇔─50%∑╪ ≤∆╣┌⁸60kV

─ ≢│ ⇔√ │ ─ ╟╡╙ ↄ⌂╡⁸ ⅜ ≢│⌂™√╘⁸ ⇔

≡™╢⁹ ─ ╩ ⇔√─│⁸ ⌐ ∆╢ ≢│⁸ ⌐ ⌐ ⅜ ∆╢↓≤⅜№

╢√╘≢№╢⁹₈ ↕╣≡™╢₉≤⇔√─│⁸ ─ ↑ ⌐╟╡ ⅜ ⅛╣╢╟℮⌂ ╩ ∆╢√╘

≢№╢⅜⁸ ↕╣╢ ≢╙ ╛ ─√╘⌐ ⅜ ⅛╣╢ ╩ ⇔⁸ ─ ⌐│

⌐⅔™≡1⁸ ⌐⅔™≡2─ ⅜ ╕╣≡™╢⁹⌂⅔⁸ ⌐≈™≡│⁸ ₈ ⅔╟

┘ ─ ●▬♪₉ T40 7 12 ╩ ↕╣√™⁹ 
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 3 │⁸ ┘ ─ ─ ╩A ќ 17 ⌐╟╢↓≤≤⇔≡™╢⅜⁸ ⌐ ∆╢

╩ ⌐∆╢√╘⌐│⁸10Ɏ╟╡ ⌐ ™ ≤∆╢ ⅜ ™⁹ ─ │⁸ ─ ─ ≤

⇔≡⁸ ≤∆╢─⅜ ≢№╢⅜⁸ ─ ⌐╦√╢ ╩ ─ ≤⇔≡ ⇔√

⅜⁸ ⅜ ⅜╢ ╙№╢─≢⁸ ⌐ ╩ ≤∆╢↓≤≤│⇔≡™⌂™⁹ 

 1 ─ ⌐╟╡ ╩ ∆╢ │⁸ ⌐ ⌂ ⅜№╢ ≢№╡⁸ ─ ⌐╟╡∕╣╠─

⅜ ∆╢↓≤│ ─ ┘ ─ ⅜№╢─≢⁸↓╣╩10Ɏ ─ ™ ≢ ∆

╢ ⅜№╢⁹╕√⁸ ⌐ ∆╢ ─ ⌐≈™≡│⁸∕─ ⌐╟╢ ╩ ⌐ ∆╢

⅜№╢⅜⁸∕╣ ⌐ ─ ⌐⅔↑╢ ─ ⌐≈™≡ ⌐ ∆═⅝≢№╢⁹ 

 ≈╕╡⁸ ┘↓╣⌐ ↕╣╢ ╩ ∆╢√╘─ ─ │⁸ ⌐ ─ ≤

╩ ⌐ ─ ⌐⅔↑╢ ┘ ─ ⌐≈™≡ ∆═⅝≢№╢⁹↓─ ⌐ ≠⅝⁸

⌐ ∆╢ ⌐≈™≡⁸ ה ≢ ╩ ™⁸∕─ ╩

↑≡ ╟╡⁸ ⌐ ╡ ╗√╘─ ⅜⌂↕╣√ 40 ⁹ ╩ ╕ⅎ⁸

⌐ ↕╣╢ │10Ɏ ─ ≢⌂ↄ≡╙╟™≤™℮↓≤⌐⌂╡⁸√∞⇔ ⅜ ↕╣√⁹ 

 ≢│⁸ ─ │ ⌐ ─ ≤ ─B ≤─ ≢ ╕╢╙

─≢№╢≤ ⅎ⁸ ≤ ⅜ ⌐№╢≤⅝│ ─ ┘ ─ ⌐ ≠⅝⁸₈

─ ≢ ⅜ ≢⅝⌂™ ⅜№╡⁸╕√ ⌐ ⅜☺כ◘⌂ ∆╢─≢⁸

─ ≤ ─B ≤╩ ⌐∆╢⁹₉≤™℮ ─ ⅎ ┘A ⌐ ╢≤™℮ ⅎ ╩ ╘√⁹ 

 ↕╠⌐⁸╟╡ ⌂ ─ ╩ ≤⇔≡⁸ ─ ⁸ ┘ ⌐ ≠⅝ ╩ ∫

√⁸ ₈ ─ ₉ 19 5  63 1 ⁸ ─ ⌐⅔™≡

≤™℮⁹ ╩ ╕ⅎ⁸  JESC E2018 2015₈ ⌐ ∆╢ ─ ₉

⁸ ─ ⌐⅔™≡JESC ≤™℮⁹ ⅜ ↕╣√↓≤╩ ↑⁸H20 ⌐⅔™≡⁸√∞⇔ ╩JESC ─

╩ ∆╢ ⌐ ╘√⁹JESC ─ ─ │⁸ 37.1 ⌐ ∆≤⅔╡≢№╢⁹ 

 ╕∏⁸ ╩ ⌐ ⇔⌂™ ⌐ ∆╢ ⁸∆⌂╦∟ ─ ⅜ ⌐╦√∫≡ ⇔⌂™

≢⁸ ⁸⅜™⇔ │ ╩ ∆╢√╘⌐ ╩ ∆╢╟℮⌂ │⁸ ╩30Ɏ╕≢ ⇔≡™

╢ ќ 37.1  ⁹ 

 ↓─30Ɏ≤™℮ │⁸V0max / I a 30Ɏ⅛╠ ╘╠╣√╙─≢№╢⁹↓↓≢⁸V0max│ ─ ─

≢№╡⁸Z ─ ─ ≤ ─ ⅛╠ ⌐30kV≢№╢≤ ⅎ≡™╢⁹I a│⁸

⅜ ⌐⅔↑╢ ─ ≢⁸9 ─ ─ ⅝™ ─ ⌐⅔↑╢ ─ ≢│

1,000A ⅜95 98%≢№╡⁸↓─℮∟300A ⅜ 70%╩ ╘⁸ │ 200A≢№╢⁹ ─ ⌐╟╢

╙ ⌂ ─⧵╙≢☺כ◘ ⅛╠ ⅎ≡ ⅜1,000A╩ ⅎ╢╙─│╒≤╪≥⌂™↓≤⅛╠⁸I a ╩

1000A≤⇔≡™╢⁹⌂⅔⁸ ≢│ ⌐╟╢╙─╩ ≤⇔≡™╢⁹ 

 ⌐⁸ ╩ ∆╢√╘⌐ ─ ↄ⌐ ╩ ∆╢ │⁸B ≤─ ⌐⅔™≡

ⅎ╢ ⅜№╢⁹ 

 ─№╢ ⌐ ∆╢ ─ ⌐≈™≡│⁸ ─ ⌐╟╢ ─√╘⌐B

─ ⅜ ⇔√ │⁸↓╣⅜ ╩ ⇔≡ ⌐ ⁹╢⌂≥☺כ◘╢ ─ ≤B ─

⅜ ↕™≤⅝│⁸ ⅜ ─ ⌐ ⇔≡ ⌂ ≤⌂╢─≢ ╩ ∆╢⁹ ─ ⌐ ╩ ⅎ╢ ─

╩E0≤∆╢≤⁸ ─ ─ ─ V0≤─ │⁸ ≢ ↕╣╢⁹ 

E0 ɖV0 ɖIaRAɘ 

↓↓⌐⁸Ia│ ─ ⁸RAɘ│ ─ ⁸ɖ│ ─ ⁸ ≤B ≤─ ⁸

─ ⁸B ┘ ─ ≤ ≤─ ⌂≥⌐╟╡ ╕╢ ≢№╢⁹ 

 ─ ⌐╟╢≤⁸E0│ ≢5kV ≢№╢⁹↓╣╩ ≤⇔≡ ∆╢≤⁸ ⌐ ∆╢╕≢─

│ ╟╡ ↄ⌂╢─≢⁸ ⅜30Ɏ─ │l 1m ≤⇔≡ ⅜⌂™ ≤ ⅎ╠╣≡™╢

ќ 37.1  ⁹ 

 ─ ⅜30Ɏ╩ ⅎ╢ │ ≤B ─ ─ ⅜1m ⌐⌂╢ │⁸ ≤∆╢

ќ 37.1  ⁹ ≤⇔√ ⁸ ⌐ ∂╢ ╢╟⌐☺כ◘ ⅜⁸ ╩ ⇔√ ≤

⌐⌂╢╟℮⁸ ∕─ ─ ⅜ ↕╣≡™╢⁹ ⌐│⁸ ╩ ™╢ ≤

╩ ™╢ ⅜№╢⅜⁸ ⌐⅔™≡ ⌐☺כ◘ ⅜⌂™↓≤⅜ ↕╣√↓≤╩ ↑⁸H20

│ ⌂∫≡™√ ─ ⅜⁸JESC ≢│ ↕╣√⁹ 
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37.1  

 

 ⌂⅔⁸ ⌐ ™╠╣╢ │ │⁸ 24 3 ┘ 4 ─ ╩⁸╕√⁸

│ ⌐ ∆ │⁸ 17 ─A ─ ╩⁸∕╣∙╣ ∆╢╙─≢№╢ ⅜№╢⁹ 

 ─ ≤ ─ ≤╩B ⅜ ↕╣√ ─ ≢ ∆╢ ќ 37.1  

⌐≈™≡│⁸ ─ ⅜ ≤ ⅎ╠╣╢↓≤⁸╕√ ⅜ ↕╣√ ─ ⅛╠ ─

─ ⌐ ⇔≡™╢ ╙№╢↓≤⅛╠⁸ ─ ─ ╩ ╢√╘⌐ ⇔√⁹H20

│⁸ ╩ ⌐ ─ ┘ ─ ╩ ⇔≡™√⅜⁸ ─ ╩ ↑⁸JESC ≢

│ ╩ ≤∆╢╙─⌐ ╘╠╣√⁹ ─ ─ ⅎ │⁸ ─ ─ ≢ ∆╢ ≤

∂≢№╢⁹ 

 ↕╠⌐⁸JESC ⌐⅔™≡│⁸ ─ ⅜ ↕╣√ ⌐ ─ ╩ ∆╢ ⌐│⁸ ─

╩⁸ ⅜ ↕╣√ │ ⌐ ∆╣┌ ™↓≤⅜⁸ √⌐ ↕╣√ ќ 37.1  

⁹ 

 ⌐ ∆╢ ⌐≈™≡│⁸ ₈ ₉ Vol.13⁸No.4 ┘₈

─ ⌐ ∆╢ ₉ ╩ ↕╣√™⁹ 

 

37 ─2ₒ◘▬Ᵽכ☿◐ꜙꜞ♥▫─  x

₡  ₢ ─ │⁸ ─ ⌐╟╢ ┼─ ╛ ─ ─ ≤⁸ ⇔™

─ ≢№╢⁹◘▬Ᵽכ ⌐╟╡⁸↓─╟℮⌂ ⅜ ∏╢⅔∕╣⅜№╢≤∆╣┌⁸ ─ │⁸

⌂ ╩ ∏╢ ⅜№╢⁹≤╡╦↑⁸ ◦☻♥ⱶ╛☻ⱴכ♩ⱷכ♃כ◦☻♥ⱶ│⁸◘▬Ᵽכ ⌐╟╡ ⇔™

⌐≈⌂⅜╢ ╙ ≢⅝⌂™↓≤⅛╠⁸ 27 6 ─ 10

─ ╩ ╕ⅎ⁸ 28 9 ⌐ ╩ ⇔⁸ ⌐⅔↑╢◘▬Ᵽכ☿◐ꜙꜞ♥▫ ╩ ╘╢↓≤≤⇔√⁹ 

┘ │⁸ ⁸ ⁸ ⁸ ┘ ─ ⌐ ∆╢

⌐ ╢◘▬Ᵽכ☿◐ꜙꜞ♥▫─ ⌐ ⇔≡ ⇔√╙─≢№╢⁹ 3 6 ─ ה

WG 6 ⌐⅔™≡⁸ ⌐≈™≡╙ ≤ ─◘

▬Ᵽכ☿◐ꜙꜞ♥▫─ ⅜ ╘╠╣╢↓≤⅜ ↕╣√↓≤╩ ↑⁸R4 ╟╡ ⌐╙ ─ ╩ ∂

╢═⅝↓≤⅜ ↕╣≡™╢⁹ 

│⁸ ─ ⌐ ↕╣╢╙─ ┘ ╩ ↄ⁹⌐ ╢◘▬Ᵽכ☿

◐ꜙꜞ♥▫─ ⌐ ⇔≡ ⇔√╙─≢№╢⁹ ⁸ ⌐⅔™≡│ ─ ┼─◘▬Ᵽכ ╙ ⇔⁸

⌂ ⅜ ∂≡⅔╡⁸╕√⁸ ╙ ╗ ─ ⌐⅔↑╢☻ⱴכ♩ ─ ╙ ╕ⅎ⁸╟╡

™ ⌐ ╩ ╘╢↓≤⅜ ≢№╢⁹∕─√╘⁸ 3 11 ┘ 4 1 ─ ה

WG 8 ┘ 9 ─ ╩ ╕ⅎ⁸R4 ┘R4 ╟

A B 

1m  

30Ɏ  

 

A 

 

30Ɏ  

  300m  

65Ɏ  

20Ɏ  

╕√│ 

 

 

B 

A  

65Ɏ  

16Ɏ  

 

300m  

 
╕√│ 

 

B B  A  

65Ɏ  

16Ɏ  

 

300m  

 
╕√│ 

 

B B 

 B ⅜ ↕╣√  

  ⌐ ⇔⌂™  

 ─ ⅜ ↕╣√ ⌐ 
  ─ ╩ ∆╢  

 B ⅜ ↕╣√ ─  
  ≢ ╩ ∆╢  

 B ⅜ ↕╣√ ─  

  ≢ ∆╢  

 B ⅜ ↕╣√  

  ⌐ ∆╢  
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╡⁸ ⌐⅔↑╢◘▬Ᵽכ☿◐ꜙꜞ♥▫─ ⌐≈™≡⁸ ╩ ╗

╩ ↄ⁹ ┼ ∆╢↓≤≤⇔⁸ 4 10 ╟╡ ∆╢↓≤≤⇔√⁹ 

 ⌐⅔™≡ ╘╠╣╢ │⁸ ≤⇔≡Ɫכ♪ ⌂ ≢№╢⅜⁸♁ⱨ♩ ⌐╟╡↓╣╩ ∆╢ ╙

↕╣╢⁹↓─√╘⁸ ≢│⁸ ≤⇔≡ ↕╣√●▬♪ꜝ▬fi ┘↓╣╩ ⌐⇔

≡ ≤⇔≡ ↕╣√●▬♪ꜝ▬fi ╩ ⇔≡™╢⁹ ⌐⁸₈ 50 2 ─ ⌐

√∫≡─ ⅎ ₉ 20160905 2 ┘₈ 50 3 9 ─ ⌐ √∫≡─

ⅎ ₉ 20220530 1 ⌐⅔™≡╙⁸ ●▬♪ꜝ▬fi ╩ ⇔≡™╢⁹™∏╣⌐⇔╤⁸ ↔≤⌐⁸

─ ─ ╩ ╕ⅎ√ ⌂ ─ ╩ ™⁸ ⌐ ╩ ⇔≡™ↄ↓≤⅜ ╘╠╣╢⁹ 
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2  ⁸ ┘⌐ ⁸ ┘↓╣╠⌐ ∏╢ ─  
38 ₒ ┼─ ─ ─ ─  x

₡  ₢ │⁸ │ ─ ╩ ∆╢ ⌐⅔™≡⁸ ─ ⅜ ⌐ ∟

╠⌂™╟℮⌂ ╩ ∏╢↓≤╩ ⇔≡™╢⁹ 

1 │⁸ │ ─ ╩ ⌐ ∆╢ │⁸ ─ ⌐╟╡ ─ ∟ ╢⅔∕╣⅜

⌂™ ╩ ⅝⁸ ⅛╠ ⌐╟╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ─ ⌐╟╡₉≤™℮─│⁸ ╛ ─╟

℮⌐ ⅜ ∟ ╢⅔∕╣⅜⌂™╙─╩ ⇔≡™╢⁹ 

│⁸ ─ ⌐ ─ ⅜ ∟ ╠⌂™╟℮⌐↕ↄ⁸┼™ ╩ ↑╢↓≤╩ ⇔⁸

⌐ ─ ╩ ∆╢ │⁸ ∕─ ≤─ ─√╘⁸ ≤─ ⌐≈™≡ ≢

⇔≡™╢⁹38- 1 ⌐ ∆↕ↄ⁸┼™ ─ ↕≤↕ↄ⁸┼™ ⅛╠ ╕≢─ ≤─ ⌐≈™≡│⁸ ⅎ

─ ∆╢ ╙№╢⅜⁸ ⌐│ ─ ─ ↕≤ ≢№╢─≢⁸ ∂ ⌐⇔≡™╢ ќ 87 ⁹

↓─ ⁸↕ↄ⁸┼™ ≤ ≤─ ⌐≈™≡│ ⇔≡™⌂™⅜⁸ ≤ ─ ≤─

│ ─ ╩ ↕╣√™ ќ 102 ⁸ 106 ⁹⌂⅔⁸↕ↄ⁸┼™ ≤ ≤─ ⌐≈™≡⁸

≢│ 38.1 ─ ╩ ⇔≡™╢⁹ 

38.1  ↕ↄ⁸┼™ ≤ ≤─  

             

7kV  0. 5m 

7kV╩ ⅎ35kV  1. 5m 

35kV╩ ⅎ80kV  2. 0m 

80kV╩ ⅎ115kV  3. 0m 

115kV╩ ⅎ175kV  4. 0m 

175kV  4m⌐175kV╩ ⅎ╢10kV │∕─ ↔≤⌐0.12m╩ ⅎ√  

 

│⁸ ⌐ ─ ╩∆╢↓≤╩ ⇔⁸ ⌐ ╩ ⇔≡ ∆╢ ⁸ ─ ─

╡╩ ∆╢ ╩ ∂╢↓≤╩ ⌐ ⇔≡™╢⁹₈ ─ ─ ╡╩ ∆╢ ₉⌐│⁸ ⅎ┌

⅜ ╡╩♅▼♇◒∆╢ ╛⁸ ≢─╙⌂℮╟─כ♃♇ꜗ◦ ╩ ╘ ╢ ⌂≥⅜ ⅎ╠╣╢⁹ 

2 │⁸ 1 ≤ ⌐ │ ─ ╩ ⌐ ∆╢ ⌐≈™≡╙⁸ ⌐

─ ⅜ ∟ ╠⌂™╟℮⌐ ╩ ⇔√╙─≢№╢⁹ 

 ─ ⅜ ─ ─ ╩ ⇔≡ │ ─ ╩ ∆╢ ⅜№╢⅜⁸↓

─ ⌐╙ ⅜ ↕╣╢↓≤≤⌂╢⁹∆⌂╦∟ ™ ─ ─ ╩↕ↄ⁸┼™ ≢ ╖⁸∕─ ⌐ │

─ ╩ ∆╢ │⁸ ≤─ │ 1 ─ ⌐╟╢ ⅜№╢⅜ ќ ꜡ ⁸ ⁸

╡ ⌐╟╡ ╕≢ ⌐ ╢ │⁸ ⌐ ─ ╩⇔⁸⅛≈⁸ ─ ─ ╡╩

∆╢ ╩ ∂╣┌╟™↓≤≤⌂╢ ќ ▬⁸ ⁹ 

√∞⇔ │ 1 ─ ⌐╟╢↕ↄ⁸┼™ ─ ⌐№╢ ⌐≈™≡│⁸ ⌐⅔™≡ ─ ⅜ ∟ ╠⌂

™╟℮⌂ ⅜ ∂╠╣≡™╢√╘ ╩ ⇔⌂™↓≤≤⇔≡™╢⁹ 

 ⌂⅔⁸ 1 ┘ 2 │ ╩ ≤⇔√╙─≢№╡⁸ ─ ≤│ ╩ ≤⇔≡™╢⁹⇔√⅜

∫≡⁸ ≤ ─ ╩⇔≡™╢ │ ≤ ≤ ™⁸ 1 ┘ 2 ─ ─ ⌐│ ⇔⌂

™↓≤≤⇔≡™╢⁹ 

 3 │⁸ ⅜ ↕╣≡™╢ ⌐⅔™≡│⁸∕─ ─ ╡⌐ ⌐↕ↄ⁸┼™ ─ ╛

─ ─ ╡╩ ∆╢ ╩ ∂⌂ↄ≡╙╟™↓≤╩ ⇔≡™╢⁹ 

 │⁸↕ↄ⁸┼™ ⌐╟╡ ⅜ ∟ ╠⌂™╟℮⌐⇔≡™╢ ─ ⌐№╢ │⁸ ≢

№╢ ╩ ∆╢≤≤╙⌐Ɫ ┘♬⌐╟╡ ∆╣┌⁸ 1 ┘ 2 ≢ ∆╢↕ↄ⁸┼™ ─ ╛ ─

─ ╡╩ ∆╢ ╩ ∂⌂ↄ≡╙╟™↓≤≤⇔≡™╢⁹ 

 │⁸ ⁸ ≢ ╘╠╣≡™√ ⌐≈™≡⁸∕─ ─ ≢╙ ⌐ ≢⅝╢↓≤╩ ⌐

∆╢√╘⁸H23 ≢ ⇔√╙─≢№╢⁹ ─ │ ⇔ↄ│ ⌐ ∆╢

│ ─ ╩⁸▬⅛╠♬⌐╟╡ ∆╣┌⁸ 1 ┘ 2 ≢ ∆╢↕ↄ⁸┼™ ─ ╛

─ ─ ╡╩ ∆╢ ╩ ∂⌂ↄ≡╙╟™↓≤≤⇔≡™╢⁹ 

⌐│⁸ │ ─ ꜟ◒ⱦכꜙ◐⁸│ ⌐ ⇔≡ ∆╢⅛⁸ ⅜ ⌐ ╣╢⅔∕╣⅜

⌂™╟℮⌐ ─ ⌐ ⇔⁸™∏╣─ ⌐⅔™≡╙ ≢№╢ ╩ ∆╢↓≤≤⇔≡™╢⁹╕√⁸
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╩ ∆╢ ⌐≈™≡│⁸ ≤ ⌐ ∆╢↓≤≤⇔≡⅔╡⁸ ─ ⅜ ─ ⌐ ∟

∫√ ≢╙⁸ ⅜ ↕╣╢╟℮⌐⇔≡™╢⁹ 

 

39 ₒ ⅛╠─ ⌐╟╢ ─ ─  x

₡  ₢ │⁸ │ ⅛╠ ∆╢ ⌐≈™≡ ⇔≡™╢ ќ 31 ⁹ 

 3 ≢│⁸IEC ⌐ ™⁸39-1 ⌐ ─ ⌐╟╢ ─ ╩ ⇔√⁹ ⌐ ⇔⌂™ │⁸

┘IEC ─ ╩ ≤⇔≡ ╩ ∆╢↓≤≤⌂╢⁹ 

 

40 ₒ●☻ ─ ─  x

₡  ₢ ─ ●☻⌐≈™≡│⁸ ●☻ 26 204 ┘ 47

57 ⌐ ≠ↄⱲ▬ꜝכ ┘ 47 33 ⌐╟╡ ╡ ╕╠╣╢⅜⁸ ≤

⇔≡─ ●☻⌐≈™≡│⁸ ●☻ ⌐⅔™≡│⁸ 3 1 ┘ 2 2 ≢₈ ⁸

│ ─√╘⌐ ∆╢ ┘⌐ ─ ─√╘⌐ ∆╢ ⁸ꜞ▪◒♩ꜟ⁸ ┘ ⇔╚

≢№∫≡●☻╩ ⁸ ∕─ ─ ≢ ∆╢╙─₉│ ⌐╟╢ ╩ ↕╣⁸╕√Ⱳ▬ꜝכ ┘

⌐⅔™≡│⁸ 125 ⌐ ≠ↄ ─ ╩ ↑╢Ⱳ▬ꜝכ ┘ │ ─ ⁸

┘ ╩ ⇔⌂™↓≤⌐⌂∫≡™╢⁹ 

 1 │⁸ ⌐ ↕╣╢●☻ ⌐≈™≡⁸ ≤⇔≡─ ─ ┘ ─ ─

⅛╠ ⇔≡™╢⁹ ●☻╩ ⇔√ ≤⇔≡│⁸ ⌐SF6●☻╩ ●☻≤⇔≡ ⇔√ ┘ ⅜

№╡⁸↓╣⌐╟╢◖fiⱤ◒♩ ─ ⅜ ≤⌂∫≡™╢ ⅛╠⁸ ─ ╩S47 ⇔

≡ ⇔√╙─≢№╢⁹ 

 │⁸●☻ ─ ⌐≈™≡⁸ ─1.5 ─ ⌐ ⅎ╢↓≤≤⇔≡™╢⁹⌂⅔⁸

⌂≥≢№∫≡⁸ ╩ √∆↓≤⌐ ↕⌂™╙─⌐≈™≡│⁸ ─ ╦╡⌐ ≢ ╩ ℮↓≤≤⇔≡⅔

╡⁸↓─ ─ │ ─1.25 ≢╟™↓≤≤⇔≡™╢  JIS B 8265 2010 ─₈8.5 

₉ ⁹ ─ ●☻ ─●☻│⁸ ─√╘≢│⌂ↄ ─ ⌐ ⅜ ⇔⁸ ∆╢

─╩ ∆╢√╘⌐ ↕╣╢╙─≢№╡⁸ ≢ ⌐ ⅜⌂™↓≤⅛╠⁸ ⅜100kPa ≢№╢╙

─⌐≈™≡│ ─ ⅛╠ ⇔√⁹⌂⅔⁸SF6●☻ ─ │⁸ ⌐500kPa 2MPa≢№╢⁹ 

 ╕√⁸₈ ╩ ↑╢ ≢№∫≡ ⌐ ∆╢ ₉≤⇔√─│⁸ ⌐╟╢ ╩ ⇔√ ─ ┼

─ ─╖╩ ∑┌ ╢≤ ⇔√√╘≢№╢⁹ 

 √∞⇔ │⁸●☻ ⌐ ⇔≡ ⇔⌂™ ∂⅝╡─●☻ │⁸ ⅜500kPa ≤ ≢№╢↓≤⁸

⅜ ⌂™↓≤⁸◄Ⱡꜟ◑כ─ ╙⌂ↄ ⇔√ ≢ ⇔≡™╢↓≤⁸↕╠⌐ ─ ⌐

⅔™≡ ≢ ⇔⌂™ ה ≢№╣┌⁸ ─ ≢ ∆╢⅔∕╣⅜ ™↓≤⅜⁸

₈●☻ ה ₉ 52 1 ≢ ↕╣≡™╢↓≤⅛╠⁸ ─1.25 ─

≢╙╟™↓≤≤⇔≡™╢⁹ 

│⁸●☻ ╩ ∆╢╙─⌐№∫≡│⁸ ─ ⌐╟╢ ─ ⌐╟╡ ⅜ ⌐

∆╢⅔∕╣⅜№╢─≢⁸∕─ ╩ ∆╢√╘⌐ ╩ ∆╢↓≤╩ ⇔≡™╢⁹●☻ ╩ ⇔⌂™╙─

⌐≈™≡│⁸ ₁⌐ ⌐╟╢ ─ ╩ ⇔⁸ ⇔≡™╢⁹ 

 ⌂⅔⁸●☻ ─ ╩ ↑╢ ─ ─ ⁸ ─ ⁸ ─ ⌐≈™≡│ ⌐ ⇔≡™⌂™

⅜⁸ ╙ ─ ╩ ⌐ ℮ ⅜№╢⁹ 

 │⁸ ●☻─ │⁸ ∑╪ ─ ≤⌂╡⁸ ⌐ ╩ ╓∆⅔∕╣ ┘ ─ ╩ ∂

╢⅔∕╣⅜№╢↓≤⅛╠⁸ ─ ╩ ∆╢ │ ●☻─ ╩ ∆╢ ╩ ↑╢↓≤≤⇔≡™╢⁹ 

 │⁸ ●☻─ ╩ ⇔√╙─≢⁸ ┘ ─╙─≢⌂™↓≤≤⇔√─│⁸ ╛

™ ⌐●☻ ⅛╠●☻⅜ ╣√ ≢╙ ╩ ↕∑⌂™√╘≢№╢⁹ 

 2 │⁸ ⌐⅔™≡ ╙ ⌂ ╩ ╘╢ ┘ ⌐≈™≡⁸∕─ ┘ ─ ≤™℮ ⅛

╠ ┘ ─ ┘ ⌐ ∆╢ ●☻ ─℮∟ ⌐≈™≡ ⇔≡™╢⁹ 

 │⁸ ⌐≈™≡ ⇔√╙─≢⁸ ≤ ≢№╢⁹ 

 ▬│⁸ ─ ♃fi◒─ ╩ ⇔≡™╢⁹  JIS B 8265(2010)₈ ─

₉│⁸ 4 ●☻ ⁸ ⁸●☻ ┘ ⌐⅔↑╢

⁸ ⌂≥ ─ ╩ ╡⁸ ⌐⅔↑╢ ╩ ≤⇔≡ ⇔≡™╢√╘⁸ ♃fi◒─ ⁸

─ ┘ │⁸ JIS⌐ ∂╢↓≤≤⇔√⁹R4 ╟╡⁸ ≤⇔≡

⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 
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 ꜡│⁸ ─♃fi◒ ╩ ⇔√╙─≢№╢⁹⌂⅔⁸JEC≢│ ⌐╟╢ ⌐≈™≡│⁸ 2

⇔≡ ⇔ ╢♃fi◒ ╩ ∆╢↓≤≤⇔≡™╢⁹√∞⇔⁸ ╩ ℮╙─⌐≈™≡│⁸ ∕─ ╩ √

⇔ ╢∞↑─ ╩ ≈ ⅜№╢⁹₈ ⇔≡₉≤™℮─│⁸ ⅛╠─ ─ │ ─ ↕ ⌐╟╡ ╩

↑╢√╘⁸ ∆╢≤ ⅜ ∆╢⅜⁸∕─╟℮⌂ ≢№∫≡╙∆←⌐ ─ ╩ ⅎ╢↓≤╩ ⇔≡™

╢⁹ 

Ɫ│⁸ ─↕┘ ╘ ⌐≈™≡ ⇔√╙─≢⁸☻♥fi꜠☻ ⌂≥ ╩ ⇔√╙─╛⁸ ╘∫⅝╩

⇔√╙─│⁸↕┘ ╘ ≤ ─ ⅜№╡⁸∕─ ⅜⌂™⁹ 

 │⁸ ╩ ∂╢ ⌐≈™≡ ⇔√╙─≢⁸ ─ ⁸ ⁸ ─ │⁸JIS B 8265(2010)

₈ ─ ₉─ B.1 ┘ B.3⌐ ↕╣≡™╢⁹ 

 │⁸♃fi◒╛ ─ ⌐ ⅜ ™≡™╢╟℮⌂ ⌐│⁸ ─ ≤⌂╡ ╢─≢⁸↓╣╩ ∆╢√╘

─╙─≢№╢⁹ 

 │⁸ ⅜ ⌐ ⇔√ ─ ╩ ∆╢√╘⌐ ╩ ∆╢↓≤≤⇔≡™╢⅜⁸ ⅜1MPa

─ │⁸ ⌂ ─ ╩ ≢⅝╢ ⅜№╣┌⁸ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 ⁸ │ ⅜ ∆╢ ↔≤⌐⁸ ⅎ┌⁸ ─ ⁸ ♃fi◒⁸ ─ ⌂≥⌐∕╣∙

╣ ↑╠╣≡™╢─≢№∫≡⁸₈ ╩ ∂╢ ─↓╣⌐ ∆╢ ₉≤│⁸ ♃fi◒─ ─╟℮⌐

⅜ ♃fi◒⌐│⌂ↄ⁸ ╩ ∂╢ ⌐ ╡ ↑√ ─ ⌐№╢ ⌂≥╩ ⇔≡™╢⁹ 

 │⁸ ⌐ ╩ ⌐ ≈╟℮⌐ ⇔√╙─≢⁸ ─ ⅜ ∆╢≤⁸ │ ─ ⅜ ⌂

╦╣╢⅔∕╣⅜№╢↓≤⅛╠⁸ ─ ⌐ ∂ ⌐ ╩ ↕∑╢↓≤≤⇔≡™╢⁹ ⌐│⁸ ─

⌐ ⇔≡ 200kPa ─ ╩╙√∑≡™╢⁹ 

 │⁸ ♃fi◒ │↓╣⌐ ∆╢ ⌐│⁸ ╩ ∆╢↓≤≤⇔≡™╢⁹ ─ ╩

⇔≡™╢─│⁸ ─ ⅜ ∂√ ≢╙ ⌂╙─≢№╡⁸⅛≈⁸ ⌐⅔™≡

⅜ ↕ↄ⁸ ╩ ≢⅝╢╙─≢№╢↓≤╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ │ ─ ↑ ╩ ♃fi◒⌐⇔≡™√⅜⁸  JIS B 8243 1981₈ ─ ₉

1993 ⌐ ∂⁸S61 ≢⁸ ♃fi◒⌐ ∆╢ ≢№∫≡⁸ ♃fi◒─ ⅜ ≢⅝╢ ⌐│⁸

♃fi◒≢⌂ↄ≡╙╟™↓≤≤⇔√⁹╕√⁸  JESC E0003 2000₈ ₉

 JEAC5001- 2000⌐│⁸ ─ ↑ ⌐≈™≡ ⌐ ⇔≡™╢─≢ ↕╣√™⁹ 

 3 │⁸ ─ ╩ ⇔√╙─≢№╢⁹ 

  JIS B 8265 2010₈ ─ ₉≢│⁸ │ ⌐⅔↑╢

⌂≥≢ ╘╢ ⌐╟╢↓≤≤↕╣≡™╢⁹↓╣╩ ↑≡⁸ ⇔≡™√  JIS B 8243 1969₈

⌂⇔ ─ ₉ 1993 ─₈2.1 ₉⌐ ∂⁸H19 ≢ ╩ 30ϴ≤ ⇔√⁹ 

 

41 ₒ ─  x

₡  ₢ │⁸ ─ ⁸ │↓╣╠⌐ ∆╢ ─ ╛ №╢™│

─ ⁸ ⁸ ─ ╛ ⌐≈™≡ ⇔≡™╢⁹ 

 │⁸ ⁸ │ ⌐ ⅜№╢∞↑≢⌂ↄ⁸ ≤ ─ ─ ╩ ↑╢√╘ ≢№╢↓≤╩

⇔≡™╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ 

 │⁸ ─ │ ⅜ ─╙─≢№╡⁸⅛≈⁸√≤ⅎ ⌐ ⅜ ⇔ ╩ ↓⇔

√ ⌐╙⁸∕─ ⌐ ∂╢ ⌐ ⅎ╢ ╩ ∆╢╙─≢№╢↓≤╩ ⇔≡™╢⁹ 

 ⌐ │ 50 70%⅜ ≤™╦╣≡⅔╡⁸●☻ ⅜100kPa─ ─ ─ │700kPa

≢№╢⁹●☻ ⅜ ↄ⌂╣┌∕─ ⌐ ⇔≡ ╙ ↄ⌂╢⅜⁸ ⌐│ │ ╩90% ⌐

≈╟℮⌐⇔≡⅔╡⁸╕√●☻ ⅜ ↄ⌂╣┌ ─ ─ │ ⌂ↄ⁸ │ ⌐ ∆╢√╘⁸ ─ │

●☻─ ⅎ ─ ⌐⅔™≡ ╙ ™↓≤⌐⌂╢⁹ 

 ⌂⅔⁸ ⌐ ⇔√ ─ │⁸ ⅜ ↕╣╢↓≤ ⌐╟╡⅛⌂╡ ∆╢╙─≢⁸↓─↓≤│ ≢╙

⅛╘╠╣≡™╢⁹ ⌐⅔™≡ ╩ ∆╢ │⁸↓─↓≤╛ ╖ ╩ ⇔≡400kPa ─ ≢ ╩ ™⁸

─ ╖─ ⅝↕ ┘ ─ ╩ ═⁸ ╩ ⇔≡∕─ ╩ ⇔≡™╢⁹ 

 │⁸ ─ │ ─ ⅎ™╩ ←√╘⁸ ⌐ ∆╢ ≢ ⌐ ™ ⌐≈™≡│⁸ ⌐

⇔≡ ∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ─ ⅜ ⇔⁸ ─ ⅜ ⅎ™⁸ ⇔⁸ ─ ≤⌂╢↓≤╩ ∆╢√╘⁸

⌐ ●☻╩ ∆╢ │ ⅛╠ ⅎ™⇔√ ╩ ⌐ ⌐ ∆╢ ќ ─ ╩ ↑╢
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↓≤≤⇔≡™╢⁹⌂⅔⁸ ─ ─ │⁸ ⌂ↄ≤╙ ─ ⌐╟╡⁸ ─ ⅜ ⌐ ↕╣⁸

⅛╠ ╣╢⅔∕╣⅜⌂ↄ⌂╢╕≢ ⇔≡ ●☻╩ ≢⅝╢ ⅜ ≢№╢⁹ 

 ≢⁸₈ ⌐ ∆╢₉╛₈ ⌐ ⌐ ∆╢₉≤│⁸ ⌐ ∆╢ ⌐●☻ ╡⅜≢⅝≡ ≤⌂╠⌂

™╟℮⌐ ∆╢↓≤⁸ ●☻─ ⅎ─ ⌐●☻─ ╩ ⌐⁸⅛≈⁸ ⌂ↄ ⅎ╢╟℮⌐ ⌐ ∆╢↓≤⁸

╕√⁸ ⌐ ∆╢ ⌐●☻─ ╩ ⌐⁸⅛≈⁸ ⌂ↄ ⅎ╢╟℮⌐ ∆╢≤™℮↓≤≢№╢⁹ 

 │⁸ ╠⅛─ ≢ ─ ⅜ ⇔√ ─ ╩ ∆╢√╘⌐⁸ ─╟℮⌐ ─ 70%

⌐ ╩╙√∑≡⁸ ⌂ↄ≤╙85%⌐ ⇔√ ⌐│ ╩ ∆↓≤╩ ⇔≡™╢⁹ ⁸ ─ │⁸85

90%⌐⌂∫≡™╢⁹ 

 │⁸ │ ─ ─ ─ │⁸ ⌐ ╩ ╓∆─≢⁸ ⌐ ─ ╩ ∆

╢√╘─ ⁸ ┘∕─ ⅜ ⇔ↄ ⇔√ ⌐↓╣╩ ∆╢ ╩ ↑╢↓≤≤⇔≡™╢⁹ ⅎ┌⁸

─ │ ─80 120%⌐ ↕╣╢⁹ 

 │⁸ ─ ─ ╩ ↑⁸ ─ ─ ╩ ≢⅝╢╟℮⌐∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ 35 ⌐ ∆╢₈ ⅛╠─ ─ ┼─ ⅜ ⌐≢⅝╢╙─≢№╢↓≤₉─

≤⇔≡⁸∕─ ─ ╩ ⌐∆╢√╘⁸ ⌐ ⇔√╙─≢№╡⁸ ≢ ↕╣

√₈ ⱦfiכ♃ ┘ ─ ₉ JEAC 3718- 1991 ─ ●☻ ─ ─ ≤

╒╓ ─ ≢№╢⁹ 

 ▬─₈ ⇔≡ ∆╢₉≤│⁸ ⅛╠ ⌐ ╩ ∆╢↓≤⌐╟╡↕┘ ─ ╩ ∆╢↓≤ ┘

─ ┼─ ╩ ∆╢↓≤ ⌐╟╡⁸ ⌐ ∆╢ ─№╢↕┘ ─ ┘ ─ ╩ ⌂

╡ ≢⅝╢╟℮ ∆╢↓≤╩ ⇔√╙─≢№╢⁹ 

 

42 ₒ ─  x

₡  ₢ │⁸ │↓╣╩ ∆╢ ⌐ ⅜ ∂√ ⌐⁸ ╩ ⌐ ⅛╠ ∆╢

↓≤ ╩ ⇔≡™╢⁹ 

 │⁸ ⌐ ╩ ∂√ ⌐⁸ ⌐ ⅛╠ ∆╢↓≤≤⇔≡™╢⁹↓─ ⌐⅔↑╢ ─

│⁸ ⌐╟╢╙─╩ ⅎ≡™≡⁸ ⌐╟╢ ─ ≤ ┼─ ─

╩ ≤⇔≡⅔╡⁸↓╣╠─ ╩ ≢⅝╢ ─╙─≢№╣┌╟™⁹⇔√⅜∫≡⁸ ─ ╛

╩ ─ ≤ ∆╢↓≤⌐≈™≡│ ⇔≡™⌂™⅜⁸ ⌐ ⅜ ∂√ ⌐

╩ ⅛╠ ╡ ∑╢╙─≢№╣┌╟™⁹⌂⅔⁸ ─ ⌐╟╢╙─│ ≢ ⇔≡™╢⁹ 

 │⁸ ─ ─ ─ ⅜ ⇔√ │ ●▬♪ⱬכfi ⁸ ꜟ♪כ♬

Ɑꜟ♩fi ⁸ ♦ⱨ꜠◒♃ Ɑꜟ♩fi ─ ⅜ ⇔ↄ ⇔√ ⌐⁸ ╩

⅛╠ ∆╢↓≤≤⇔≡™╢⅜⁸ ╩ ∆╢↓≤⌐≈™≡│ ─ ─ 21

41 1 ⌐ ↕╣≡™╢⁹ 

 │⁸ ─ ≢№╢ ─ ─ ⁸ ─ │ Ⱪ꜠כ♪ ─

⅜ ⇔ↄ ⇔√ ⁸ ╩ ⅛╠ ∆╢↓≤≤⇔≡™╢⁹ 

 │⁸ ─☻ꜝ☻♩ ⌐ ╩ ∂√ ─ ≢№╢⅜⁸ ╩ ∆╢↓≤⌐≈™≡│⁸

─ ─ 21 41 1 ⌐ ↕╣≡™╢⁹ 

 ─ │⁸ ─ │ ╩ ⇔≡⅔╡⁸↓╣╠─ ─ ≤⇔≡│ ⌐│ ꜞ

⅜כ꜠ ⅎ╠╣╢⅜⁸ ∏⇔╙↓╣⌐ ⇔≡™╢╙─≢│⌂ↄ⁸ ─ ⌐≈™≡│ ─ ⅎ ≤

≢№╢⁹⌂⅔⁸ │ ╩ⱦfiכ♃ ∆╢↓≤⌐≈™≡│⁸∕╣∙╣ ─ ─

21 41 1 ┘ ─ ─ 19 25 1 ⌐ ↕╣≡™

╢⁹ 

 │⁸ ♩☻ꜝ☻─ⱦfiכ♃ ⌐ │ ⅜ ∂√ ─ ≢№╢⅜⁸ ╩ⱦfiכ♃ ∆╢↓≤

⌐≈™≡│⁸ ─ ─ 19 25 1 ⌐ ↕╣≡™╢⁹ 

 

43 ₒ ─ ┘ ─  x

₡  ₢ │⁸ ─ │ ⌐ ⅜ ∂√ ⌐⁸↓╣╠╩ ⌐ ⅛╠ ∆╢

│ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

1 │⁸Ᵽfi◒ ⅜5,000kVA ─ ⌐≈™≡⁸ ⌐ ∫≡™╢ ─ ⅜ ↄ⁸ ⌐ ╩ ⇔

√ ⌐ ╛⅛⌂ ╩ ∂⌂™≤ ⅝⌂ ╩ ↄ⅔∕╣⅜№╡⁸╕√ ─╙─⌐№∫≡│⁸ ╩

⅝ↄ ∆╢↓≤│ ─ ─ ⌐ ╩⅝√∆↓≤⌐╙⌂╢─≢⁸43- 1 ─╟℮⌂ ╩ ∆═⅝↓
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≤≤⇔≡™╢⁹ 

√∞⇔ │⁸ ─ ⌐⁸ ⌐⅔™≡2 ╩ ⇔⁸⅛≈⁸ ╩ ⌐∆╢⁸ │

2 ⌐ ╩ ⇔⌂™ ⌂≥⌐⅔™≡1 ─╖╩ ∆╢ ⌐│⁸ ⅜ ⅛≈ ⌐⌂

╡⁸ ⅛╠ ⇔√↓≤≤ ≤ ⅎ╠╣╢↓≤⅛╠ ⅜⌂™╙─≤⇔≡ ╦╣╢⁹ 

⌐ ─ │⁸ ─ ⁸ ─ ↕ ┘ ─ ─ ⅛╠ ↕╣╢⁹ 

 │⁸ ⌐ ∆╢ ╩ ⇔≡™╢⁹ ⌐ ∆╢ ⁸│≡⇔≥כ꜠ꜞ ⁸כ꜠ꜞ

Ⱪ♇ⱨⱱꜟ♠ꜞ꜠⁸כ ⅜≤⌂כ꜠ꜞ ⅎ╠╣⁸ │↓╣╠─℮∟™∏╣⅛⅜ ⇔≡№╣┌╟™⁹⇔⅛⇔⁸Ⱪ

♇ⱨⱱꜟ♠ꜞ꜠כ─╖≢│ ∆╢ ⅜№╢─≢⁸ ⌐│ ⌐╙≥≥כ꜠ꜞ ™⁸Ⱪ♇ⱨⱱꜟ♠ꜞ꜠כ│

™≤∆╢↓≤⅜ ™⁹ 

 ─ ╩ ↔≤⌐≢│⌂ↄ⁸Ᵽfi◒ ⌐╟╡ ⇔√─│⁸ │ ≢ ↕

╣╢─≢⁸ ⇔√╙─╩ ≈─ ≤⇔√╙─≢№╢⅜⁸V ─ │⁸2 ─ ─86.6%╩╙∫≡Ᵽfi◒

≤∆═⅝≢№╡⁸ ≢ ↕╣╢╙─│1 ─ ╩╙∫≡Ᵽfi◒ ≤∆╢⁹⌂⅔⁸2Ᵽfi◒─ ╩1

⁸2 ≤╙ ⇔≡ ⇔⁸ ╩ ∆╢╙─ ─╟℮⌐⁸ ⌐1 ≤⇔≡ ↕╣╢╙─≢│⁸1Ᵽfi◒≤

⇔≡ ∆╢⁹  

 │⁸ ─ ⇔™ ⌐ ∆╢ ≤⇔≡⁸ ─ ─ ─ ╩

╗⁹ │ ─ ⇔™ ─™∏╣⅛─ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸

⌐≈™≡│⁸ ─ ⅜ ─ ⌐╟╢ ⅜ ™↓≤⅛╠⁸ ≢│ ⌐ ∆╢ ╩ ⇔

≡™⌂™⅜⁸ ╩⇔⌂™ ⌐⅔™≡│⁸ ⅜ ≤⌂╢ ╙№╢⁹ 

 H4 ≢⁸●☻ ⌂≥─ ─ ⅜ ↕╣╢─⌐ ∆╢√╘⁸ ⁸ ≢

∆╢─╩╛╘⁸ ⁸ ─ ≢ ⌐ ⇔√⁹╕√⁸₈ ₉╩₈ ─ ┘ ╩

∆╢√╘ ⇔√ ╩ ↕∑╢ ₉≤ ⇔√⁹ 

2 ⌐⅔™≡ ╩ ⌐╟╡ ⇔√─│⁸ ≤ ╩ ⇔√╙─≢⁸ ⌐│ ⱥꜙכ

☼╙ ╕╣╢⁹ 

 ⌐≈™≡│⁸ ─ ≤ ≢№╢⁹ ─ ≤⇔≡│⁸Ⱪ♇ⱨⱱꜟ♠ꜞ꜠⁸כ ⁸כ꜠ꜞ

כ꜠ꜞ ⅜№╡⁸∕╣╠─℮∟ ⌂╙── ≈╩ ─ ≤⇔≡™╣┌⁸ ─╙─│ ≤∆╢↓≤⅜≢

⅝╢⁹ 

 ─ ╩15,000kVA ⌐ ⇔√─│⁸15,000kVA ─ ╩ ↑╢↓≤⅜ ⌂ↄ⌂∫√↓≤╩ ⇔√

√╘≤⁸ ≤─Ᵽꜝfi☻╩ ∫√√╘≢№╢⁹ 

 

44 ₒ ─  x

₡  ₢ │⁸ ⁸ │ ⇔ↄ│↓╣⌐ ∏╢ ⌐ ≤⇔≡ ∆╢ │⁸

⌐ ≢⁸ ⅜ ↕ↄ ⅜ ⅝™↓≤⅛╠⁸ ╩ ∂√ ⌐⁸ ╩ ⌐ ⅛╠ ∆╢

╩ ∆╢↓≤≤⇔≡™╢⁹↓↓≢™℮₈ ─ │ ─ ≤⇔≡

™╢╙─╩ ↄ⁹₉≤│⁸ ╛ │ ─ ╩ ≤⇔≡⁸ ╩ ⌐ ⇔⁸ ⌐

∂≡ ⌐ ∆╢√╘─ ╩ ⇔≡⅔╡⁸ ⇔ↄ│ ─Ᵽ♇◒▪♇ⱪ ≤⇔≡ ™╢╙─ │

CVCF ⌂≥ ⱨ꜡כ♥▫fi◓ ≢ ↕╣≡™≡╙⁸ ⅜ ─ │ ⌐ ⅎ╢╙─≢№

╢ │⁸↓╣⌐│ ╕╣⌂™⁹ 

 ⌂⅔⁸ ≤ ⅜ ꜟ◒ⱦכꜙ◐─≈ ⌐ ╘╠╣≡™╢╙─≢│⁸ ⅜ ≢

∆╢ ╩ ⇔⁸ ─ ⅜≢⅝╢╙─≢№╣┌╟™⁹ 

 │⁸ ⌐ ⌐╟∫≡ ∂╢ ╩ ∆╢√╘⌐⁸ ╩ ∂√ ⌐ ╩ ⅛╠ ∆╢↓≤

╩ ⇔≡™╢⁹ 

 │⁸ ⌐╟╢ ─ ≤ ┼─ ─ ╩ ≤⇔√╙─≢№╢⁹ 

 │⁸ ⌐ ⅜ ∂╢≤⁸ ╩ ⌂ ⌐ ∆╢↓≤⅜≢⅝⌂ↄ⌂╢⅔∕╣⅜№╢↓≤⅛╠⁸

↓╣╩ ⇔≡ ⅛╠ ∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸♫♩ꜞ►ⱶ ⌂≥ ⅜ ─╙─⌐≈™≡⁸ ⅜ ⇔√ ⌐⅔↑╢ ╛

─ ╩ ∆╢╙─≢№╢⁹ 

⌂⅔⁸ ⁸ ┘ │₈ ─ ─ ╡ ⌐≈™≡₉ 20 2 ה   

 ꞉כ◐fi◓◓ꜟכⱪ ⌐ ≠⅝⁸H20 ≢ ⇔√╙─≢№╢⁹ 
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44 ─2ₒꜞ♅►ⱶ▬○fi ─  x

₡  ₢ │⁸ ⌐ ∆╢ꜞ♅►ⱶ▬○fi ⌐╟╢ ╩ ∆╢√╘─ ⌐≈™≡ ⇔√╙─

≢№╢⁹ 

 ꜞ♅►ⱶ▬○fi │∕╣ ⅜ ╩ ⅝ ↓∆ ╩ ≈ ≢№╢⁹ ⌐⁸ ⁸

⁸ ⁸ ⁸ ⌐╟╡ ─ ⅜ ⌐ ⇔⁸ ⅜ ↕╣ ●☻⅜ ⇔ ה

⌐ ╢⁹ ⌐⅔™≡│ ꜞ♅►ⱶ▬○fi ╩ ≤∆╢ ⅜ ⇔≡⅔╡⁸ ⌐│ ⌐ ∆╢

╙ ⇔≡™╢⁹ ⌐⅔™≡│ 6 3 ⌐ ─ ⌐ ↕╣√ ⌐⅔™≡

ה ⅜ ⇔≡™╢⁹ ╩ꜟꜝ♩כꜙ♬Ⱳfiכ◌⁸⌐ ⅎ√ ◄Ⱡꜟ◑כ─ ≤ ─

╩ ∆╢√╘⁸ ⌐ ∂≡ ⌐ ≢⅝╢ ─ ⅜ ╕∫≡™╢↓≤⅛╠ ╙ ─

│ ∆╙─≤ ⅎ╠╣╢⁹↓─╟℮⌂ ╩ ╕ⅎ⁸ 6 ─ 20 ה  

  WG─ ╩ ╕ⅎ⁸R7 ⌐⅔™≡⁸ꜞ♅►ⱶ▬○fi ⌐⅔↑╢

╩ ╘╢↓≤≤⇔√⁹ 

 

45 ₒ ─  x

₡  ₢ │⁸ ⌐ ∆╢ꜞfi ⁸ ⁸ ⌂≥─ ⁸ ┘

∕─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

│⁸ ⌐ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ∆╢≤≤╙⌐⁸ ┼─ ●☻

─ ╩ ⌐ ⇔⁸⅛≈⁸ ─ ●☻╩ ⌐ ∆╢ ╩ ∆╢↓≤╩ ⇔≡™╢⁹H16

≢√∞⇔ ⅝╩ ⇔√⁹ 

 ▬│⁸ ⌐⅔™≡ ⅜ ∂√ ╩ ⅎ≡⅔╡⁸ ┼─ ─ ≤ ⌐╟

╢ ─ ─ ╩ ≤⇔≡™╢⁹ ─ ⅎ │⁸ 42 ─ ─ ≤ ≢№╢⁹ 

 ꜡│⁸ ─ ≤ ⅛╠⌂╢ ─ ⌐⅔↑╢ ꜟכ◦─ ⌐╟╡

●☻≤ ⅜ ⇔√ ⌐⁸ ⅜ ⌐╟╡ ⇔⌂™╟℮⁸ ─™∏╣⅛─ ╩ ∆╢↓≤

≤⇔≡™╢⁹ 

ᵑ ─ ─ ╩ ∆╢  

●☻≤ ─ │ ─ ⌐╟╢ ╩ ∆╢↓≤≢⁸ ─ ꜟכ◦─ ⌐ ⅜

∂√↓≤╩ ∆╢╙─≢№╢⁹ ⅎ┌⁸ ─ ╩™ↄ≈⅛─ ⌐ ⌐

⇔⁸ ─ ╩ ∆╢↓≤⌐╟╡ ─ ─ ╩ ∆╢ │ ─

╩ ⇔⁸∕─ ─ ⅛╠ ─ ─ ╩ ∆╢ ⅜№╢⁹ 

ᵒ ─ ●☻ ─ ┘ ─ ─ ●☻─ ╩ ∆╢  

 ●☻ ⌐│ ⅜ ╕╣∏⁸╕√⁸ ⌐│ ●☻⅜ ╕╣⌂™↓≤⅛╠⁸↓╣╠─

╩ ⇔≡ ─ ꜟכ◦─ ⌐ ⅜ ∂√↓≤╩ ∆╢╙─≢№╢⁹ 

 Ɫ│⁸ ⌐⅔↑╢ ●☻≤ ─ ⌂ ⌐╟╢ ╩ ⇔⁸ ─ ⌐ ╢↓≤╩

∆╢↓≤⅜ ≢№╢⁹ ⌐⁸ ─ ⌐╟╢ ─ ─ ╙ ≤⇔≡™╢⁹ 

 ⌐≈™≡│⁸ ⌐╟∫≡ ┘∕╣ ─ ⌐≈™≡ ⇔⁸ ⌐ ∆

╢ ─ ⌐╟∫≡ ┘ ⌐≈™≡ ⇔≡™╢⁹ ─√╘⌐ 45.1 ⌐

─ ≤ ─ ─ ⌂ ╩ ⇔√╙─≢│⌂™⁹ ╩ ∆⁹ 

 │⁸ ┘ │⁸ ─ ⅜ ╣╢↓≤╙ ⅎ╠╣╢↓≤⅛╠⁸ ⅜ ⇔⌂™╟℮

⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ▬─ │Ɽ꞉כ◖fi♦▫◦ꜛ♫ ≢ ⇔≡™╢╙─⅜ ↄ⁸↓─ ⁸ ─ ⌐╟

╢ │ ≢⅝⌂™√╘⁸ ─ ─ ⅛╠ ╘√ ≢№╢⁹꜡│⁸ ≤

≤⅜1─ ⌐ ╘╠╣√ ─╙─⌐≈™≡│⁸ ≢ ⅜ ∆╢⅔∕╣⅜⌂™√╘⁸H23 ⌐⅔

™≡ ↕╣√⁹ 

 │⁸ ─ ⌐╟╢ ╩ ∆╢√╘⁸ ┼─ ─ │ ╤℮⌐⇔⁸ ⌐

⅜ ╦╠⌂™╟℮⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 
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45.1  

 

46 ₒ ─ ─  x

₡  ₢ │⁸ ꜟⱩכ◔ ┘∕─ ─ ⌐≈™≡ ⇔√╙─≢№╢⁹ 

1 │⁸ │ꜟⱩכ◔ ⌐ ┼™ ╩ ∆╢╟℮ ⇔≡™╢≤↓╤ ќ 10 ⁸ ⅜ ⇔√⁸

─ ≢ ꜟⱩכ◔╢∆ ₈PV ◔כⱩꜟ₉≤™℮⁹ ─ ⌐⅔™≡│⁸ ┼™ ╩ ⇔

⌂™╙─≤⇔≡™╢⁹PV ◔כⱩꜟ─ ┼─ ╩⁸ 22 ⌐ ≠⅝ ⇔√⁹

∕─ ⁸H24 ≢ ─ ⅜ ╡≢⅝⌂™╟℮⌐ ⇔√ ⌐ ∆╢ ⌐│⁸√∞⇔ ─ ⌐

∆╢ ─ ╩ ╘╢↓≤≤⇔√⁹ │⁸ │⁸ ─1500 ≢№╢↓≤╩ ╘≡™╢⁹ │⁸

╩ ╘≡⅔╡⁸ ┼™ ─⌂™ ╙ ╘╠╣╢⁹ ≢│⁸ ⁸ ⁸ ┘ ⌐≈™≡⁸

ה ↕ ─ ⁸ ⌂≥⌐⅔™≡ ≤ ↕╣╢ ⁸ ╩ ╘≡™╢⁹↓╣╠│⁸

 JCS4517 ₈ ◦☻♥ⱶ Ɫ꜡◕fiⱨꜞכ◔כⱩꜟ₉⅛╠ ⌂╙─╩ ⇔√╙─≢№╢⁹╕√⁸H25

≢ ╩60mm²╕≢ ⇔√⁹ 

2 │⁸₈ 5 ₉⌐⅔™≡⁸ 1 ⅜ ∆╢ Ⱪכ◔

ꜟ╩ ┼ ∆╢ ╩ ™⁸ 1 ≤ ⌐ ─ ⅜ ╡≢⅝⌂™╟℮⌐ ⇔√ ⌐ ∫≡

╘╢↓≤≤⇔√⁹⌂⅔⁸ ⌐ Ⱪꜟ│⁸כ◔╢∆ 10 ⌐ ↕╣╢ ≥ꜟⱩכ◔ ⁸ ↕╣√ ≢

↕╣╢╙─ ↕╣√ ⅛╠ ⅛∆↓≤⌂ↄ ∆╢╙─ ≢№╢↓≤⅛╠⁸ 199 ─2 3 ≢ ∆╢

ⱪꜝ◓▬fiⱢ▬Ⱪꜞ♇♪ ⁸ ╩ ╗⁹ ⌐ ∆╢ ≡⇔≥ꜟⱩכ◔ ∆╢↓≤│≢⅝⌂

™⁹ 

 

47 ₒ ≤ ⌂ ╩ ⌐ ⅎ╢ ─  x

₡  ₢ 46 1 ⌐⅔™≡⁸ ꜞ☻◒⌂ ⌐≈™≡ ╩ ╗⁹ ∂⁹

⇔⌂™ │ ⇔≡│⌂╠⌂™≤ ⇔≡™╢≤↓╤⁸√∞⇔ ⌐⅔™≡⁸ │ ≤ ─ ⌐

⅔™≡ ℮ ≤ ⌂ ╩ ⌐ ⅎ╢ ⌐≈™≡│⁸ ⅜ ∂√ ⌐ ⅛≈ ⌐

╩ ⌐ ≈√╘⌐ ╩ ℮ ╩ ╗⁹ ↓─ ⌐⅔™≡ ∂⁹∆╢ ╩ ∂╢↓≤⅜≢⅝╢ ⌐

╡⁸ ⌐ ╩ ≤⇔≡™╢⁹↓╣│⁸ ⁸IoT ─ ╛ ⌐╟╡⁸ ─ ─ ≢№╣┌⁸

─ ה ─ ╙ ╘√ ⅛╠─ ה ─ │ ≢№╢↓≤⅜

ה 24 ⌐⅔™≡╙ ╘╠╣√╙─⁹ 

⅛╠ ה ∆╢ ⌐⅔™≡│⁸ ⅜ ∂√ ⌐⁸ ⌐⅔↑╢ ─ ⁸

⅛≈⁸ ⌂ ╩ ∆╢↓≤⅜≢⅝⌂™√╘⁸ ─ ⅛╠⁸ │↓╣≤ ─ ≢ ╩∆╢
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╟╡╙ ⅛≈ ⌐ ∆╢↓≤⅜≢⅝╢╟℮ ─ ╩ ∆╢ ⅜№╢⁹ 

╕√⁸ ─ ⌐≈™≡│⁸ 48 1 ⌐╟∫≡ ⌐ ╩ ↑ ╢ ⌐⁸

₈∕─ ⅜ ─ ⌂ ╩ ∆╢√╘ ⌂╙─≢№╢↓≤⁹₉⅜ ─ ─ ≈≢

№╢↓≤⅛╠⁸ ─ ─╖⌂╠∏⁸ ─ ≤™℮ ⅛╠╙ ⇔√╙─≢№╢⁹ 

⌂⅔⁸ │ ≤ ─ ⌐⅔™≡ ℮ ≤ ⌂ ╩ ⌐ ⅎ╢ ≤⇔≡⁸

⅛╠ ה ⌂ │⁸ ─ ─╒⅛⁸ ─ ה ─ ╩ ⇔≡™╢

↑⌐⁸ ⌐ √∫≡─ ╛ ╩ ⇔√₈ ┘ ⱦfiכ♃☻● ⌐⅔↑╢

─ ⅝₉ ⁸ ⌐⅔™≡₈ ⅝₉≤™℮⁹ ╩ ⇔≡ ⇔≡™√∞ↄ↓≤⅜ ≢№╢⁹₈

⅝₉⌐≈™≡│⁸ ה ꞉כ◐fi◓◓ꜟכⱪ

⌐⅔™≡╙∕─ ה ⅜ ╘╠╣≡™╢⁹ 

≢│⁸ │ ≤ ─ ⌐⅔™≡ ℮ ╩⇔⌂™↓≤─≢⅝╢ ≤⇔≡⁸

╩ ↄ⁹↓─ ⌐⅔™≡ ∂⁹ ┘ 10,000kW ⱦfiכ♃☻●─ ⌐≈™≡ ⇔≡™╢⁹ 

─₈ ₉│⁸ ⅜ ⌐ ⇔⁸ ─ ─ │ ╩

≢ ℮ ≢№╢⁹꜡│⁸ ─ ╩ ⌐ ∆╢ ╩ ⇔≡™╢⁹ 

Ɫ│⁸ ⌐ ∆╢ ⅜№╢ ╩ ⇔≡⅔╡⁸ ▬ ┘ ꜡ ⌐⅔™≡ ─ ╩ ⇔

≡™╢⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ 3 ┘ 4 ─ ⌐╟╢↓≤╩⁸ Ɫ ≢ ⇔≡™╢⁹ 

▬ ─₈ ₉⌐│⁸ ⅛╠ ⁸ ─ ╕≢⅜ ╕╣≡⅔╡⁸ ⅎ┌⁸ ─ ╙

╕╣╢⁹ 

꜡ │⁸ ⌐ ⌂ ─ ┘ ─ ╩ ╘≡™╢⁹↓↓≢⁸ ⅜100,000V

╩ ⅎ╢ ╩ ∆╢ ⌐ ∫≡™╢─│⁸ ╩⇔⌂™ ─ ќ 48 ≤─

╩ ╢√╘≢№╢⁹╕√⁸ ╩ ∆╢ │15,000V ─ ⌐ 108 ⌐ ⇔

≡™╢ ─ ⌐≈™≡│ ∆╢↓≤╩ ╘≡™╢⁹↓╣│⁸↓╣╠─ │

⌐ ∆╢↓≤⅜╒≤╪≥⌂ↄ⁸⅛≈⁸ ⌐ ╩ ⇔√≤⅝│ ─ ⌐ ─ ╩ ∆

╢╙─≢№╡⁸ ─ ⌐ ≢ ∆╣┌╟™⅛╠≢№╢⁹ 

₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⅎ ─╖⌐ ↕╣╢╙─ ┘ ─

⌐ ™╠╣╢ ⅜ ⇔√ ⌐ ⌐ ⅜ ⅝⁸ ╛ ─ ╩ ⇔√ ≢⌂↑

╣┌ ∆╢↓≤⅜≢⅝⌂™╙─ │ ╕╣⌂™⁹ 

2 │⁸ ⅛╠ ∆╢ ─ ─ ┘ ⁸ ╩ ─ ⌂ ⌐

╟╢ ⌂ ╩ ℮√╘⁸ ≤ ⇔≡ │ ≢⅝╢↓≤╩ ⇔≡™╢⁹ 

3 │⁸ ╩ ↄ⁹ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

─ │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩ ∆╢↓≤⅜№╡⁸ ─⅔

∕╣⅜№╢√╘⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ₉≤│⁸

─ ⌐╟╡ ╩ ∆╢ ≢№╡⁸ ⅎ┌⁸ ─ ⌐╟╡ ⌐ ╩ ∆╢ ⁸ⱪ

꜡◓ꜝⱶ ⌐╟╡ ∆╢ ⁸ ─ ⌐╟╡ ⌐ ה ╩ ℮ │ ╩ ∆╢

⅜№╢⁹ ⁸₈ ⱦfiכ♃⁸│≥₉ ─ ─ ⅜ ⌂ │ ⌐⅔↑╢ ─

⅜ ⇔ↄ ⇔⌂™╟℮⌐ ╩ ∆╢ ╩ ⇔≡™╢⁹ 

│⁸▬⅛╠♯╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ─┼ⱦfiכ♃

─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

꜡─₈ ─ⱦfiכ♃ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 15

┘ 25 ≢⁸ ⅜ⱦfiכ♃ ╩ ⅎ√ ⌐⁸ ╩ⱦfiכ♃ ∆╢↓≤≤⇔≡™╢⅜⁸

╩⇔⌂™ ─ ⌐│⁸ ⌐ ╩ ⅛╠ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸ ⌐ ─┼ⱦfiכ♃ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤

≤⇔≡™╢⁹ 

♬│⁸ ─ ⌐╟╡ ⅜ ⇔√ │ ⅜ ⇔√ ⌐⁸ ─ ⅜ ⇔ ⅜

∆╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹₈ ─ⱷ♃ꜟ ╩ ∆╢ │⁸ ─ⱷ♃ꜟ ⅜ ⇔ↄ

⇔√ ≢╙ ™⁹₉≤│⁸ ─ⱷ♃ꜟ ─ ⅜ ⌂ ⱦfi⌐≈™≡│⁸כ♃ │ⱷ♃ꜟ─ ╩

≤∆╢↓≤⅜≢⅝╢↓≤╩ ⇔√╙─≢№╢⁹ 

ⱱ│⁸ ─ ⅜ ⇔ↄ ⇔√ ⌐ ─ ⅝ │ ⅜ ∂╢⅔∕╣⅜№╢√╘ ⇔≡™╢╙─≢№

╢⁹ 
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Ⱬ│⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤⇔≡

™╢⁹ 

♅│⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

ꜞ ┘♯│⁸♪ꜝⱶ ─ ⅜ ⌐ ™ ⌐⁸ ∞⅝⌐╟╢ ─⅔∕╣⅜№╢√╘⁸╕√♪ꜝⱶ ─ ⅜

⌐ ™ ⌐⁸ ╩ ↄ ╪∞ ⅜ ╩ⱦfiכ♃⇔ ↕∑╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬─₈ ⅜ⱦfiכ♃ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ ─ ⌐╟╡ ∆╢ ∞

↑≢⌂ↄ⁸∕─ ─ ≢ ⇔√ ╙ ╕╣╢⁹√∞⇔⁸ⱪ꜡◓ꜝⱶ ⌂≥─ ⌐ ⇔√ ⌐╟╡

⌐ ↕∑╢ │ ╕╣⌂™⁹ 

꜡─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ ⁸ ⌂≥─ ─ ┘

─ ─╒⅛⁸ ─ ⌐ ↕╣╢ ≢№∫≡⁸ ⅜ ⇔√≤⅝ ⅜ ⌐ ⅝

⇔⌂↑╣┌⌂╠⌂™╟℮⌂ ╙ ╕╣╢⁹ ⁸ ─ ≢№∫≡⁸ ─╙─≤ ─╙─⅜2

⌐ ↕╣≡™╢ ⌐⅔↑╢ ─╙─ ┘ ⌂≥⌐ ↕╣╢ ≢№∫≡⁸ ⌐ ⌂≥╩

╡ ↑╢√╘⌐ ™╠╣⁸ ⌐│ ⇔⌂™╟℮⌂╙─│⁸↓╣⌐ ⇔⌂™⁹₈ ─ ⌐╟╡ כ♃

ⱦfi⅜ ∆╢╙─╩ ↄ⁹₉≤⇔≡™╢─│⁸ ╩ ≤∆╢ ╩ ⌐∆╢√╘≢№╢⁹ ⅎ┌⁸

─ ⅜ ⌐╟╡ ∆╢↓≤≢⁸ ─ⱳfiⱪ⅜ ⇔⁸ ≢ ⅜ⱦfiכ♃ ∆╢

⌐│⁸₈ ─ⱦfiכ♃ ₉ ┘₈ ─ ₉≢ ⇔≡ ∆╢ │⌂ↄ⁸₈ ─ⱦfiכ♃

₉⌐╟╢ ─╖≢ ≢№╢⁹╕√⁸₈ ⅜ ⌐ ⇔√ ₉│⁸ ≤│ ⅎ⌂™─≢ ⇔≡

™╢⁹ 

─₈ ─ ╩ ℮ ₉│⁸↓↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⅜≢⅝⌂™

≢│⁸ ─ ╙₈ ─ ╩ ℮ ₉≤⇔≡ ℮⁹ 

⌐│⁸ ⅛╠ ╕≢─ꜞ☻◒ ┘ ⌐ ⅎ⁸ ה ⌐⅔↑╢ ─ꜞ☻◒≢№╢ ≤

≤─ ⁸ ─ ─ ⅜ ⇔√≤⇔≡╙⁸ ─ ─ ≤≤╙⌐⁸

⅛≈ ⌐ ╩ │ ≢⅝╢ ╩ ╘≡™╢⁹ 

4 ⱦfiכ♃☻●⁸│ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸  │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩ ∆╢↓≤⅜№╡⁸ ─

⅔∕╣⅜№╢√╘⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ₉≤│⁸

─ ⌐╟╡ ╩ ∆╢ ≢№╡⁸ ⅎ┌⁸ ─ ⌐╟╡ ⌐ ╩ ∆╢ ⁸ⱪ

꜡◓ꜝⱶ ⌐╟╡ ∆╢ ⁸ ─ ⌐╟╡ ⌐ ה ╩ ℮ │ ╩ ∆╢

⅜№╢⁹ ⁸₈ ₉≤│⁸ ─ ╩ ⇔⌂™╟℮⌐ ─ ╩ ∆╢ ⱦכ♃│

fi ─ ─ ⅜ ⌂ │ ⌐⅔↑╢●☻─ ⅜ ⇔ↄ ⇔⌂™╟℮⌐ ╩ ∆╢ ╩

⇔≡™╢⁹ 

│⁸▬⅛╠ꜞ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⱦfiכ♃☻●⁸⌐╙≥≥╢∆

┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

▬─₈ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ╩ ≢ ↕∑╢√╘─ ╩ ∆

╙─≢№∫≡⁸ꜞ⌐ ⱦfiכ♃☻●╢→ ─ ─ ╩ ∆╙─≢│⌂™⁹ 

─ⱦfiכ♃☻●₈─꜡ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 21

┘ 33 ≢⁸ ─ ╛ ─ ⌂ ─ⱦfiכ♃☻●╡╟⌐ ⅜ ╩ ⅎ√

╩ⱦfiכ♃☻●⁸⌐ ∆╢↓≤≤⇔≡™╢⅜⁸ ⱦfiכ♃☻●™⌂⇔╩ ─ ⌐│⁸ ⌐ ╩

⅛╠ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⅜⁸ ⱦfiכ♃☻●™⌂⇔╩ ─ ⌐│⁸ ─┼ⱦfiכ♃☻●⌐ ─ ╩ ⌐ ∆╢ ╩

∆╢↓≤≤⇔≡™╢⁹ 

♬│⁸ ─ ⌐╟╡ ⅜ ⇔√ │ ⅜ ⇔√ ⌐⁸ ─ ⅜ ⇔ ⅜

∆╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹₈ ─ⱷ♃ꜟ ╩ ∆╢ │⁸ ─ⱷ♃ꜟ ⅜ ⇔ↄ

⇔√ ≢╙ ™⁹₉≤│⁸ ─ⱷ♃ꜟ ─ ⅜ ⱦfi⌐≈™≡│⁸כ♃☻●⌂ │ⱷ♃ꜟ─ ╩

≤∆╢↓≤⅜≢⅝╢↓≤╩ ⇔√╙─≢№╢⁹ 

ⱱ│⁸ ─ ⅜ ⇔ↄ ⇔√ ⌐ ─ ⅝ │ ⅜ ∂╢⅔∕╣⅜№╢√╘ ⇔≡™╢╙─≢№

╢⁹ 

Ⱬ│⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™≤ ↕╣╢╙──⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│
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─ ≤⇔≡™╢⁹ 

♩≢₈●☻─ ⅜ ⇔ↄ ⇔√ ₉─ ≤⇔≡│⁸ ─ ⱦfiכ♃⁸ ─ │ ─

⅜ ⅎ╠╣╢⁹ 

♅│⁸ ⱳfiⱪ │ ⅜ ⇔√ ─ⱦfiכ♃☻●⁸⌐ ─ ⅜ ⇔≡⁸

─ ⅝ │ ⅜ ∂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

ꜞ│⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

ⱦfiכ♃☻●⁸│ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

⅜ⱦfiכ♃☻●₈─▬ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ ꜡≤ ≢№╢⁹ 

꜡─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ ꜡≤ ≢№╢⁹ 

─₈ ─ ╩ ℮ ₉│⁸↓↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⱦכ♃☻●™⌂⅝≢⅜

fi─ ⌐│⁸ ─ ╙₈ ─ ╩ ℮ ₉≤⇔≡ ℮⁹ 

⌐│⁸ ⅛╠ ╕≢─ꜞ☻◒ ┘ ⌐ ⅎ⁸ ה ⌐⅔↑╢ ─ꜞ☻◒≢№╢ ≤

≤─ ⁸ ─ ─ ⅜ ⇔√≤⇔≡╙⁸ ─ ─ ≤≤╙⌐⁸

⅛≈ ⌐ ╩ │ ≢⅝╢ ╩ ╘≡™╢⁹ 

 

47 ─ ₒ ╩⇔⌂™ ─  x

₡  ₢ ┘ ─ ┘⌐ ┘ ─ ─ ─ ╩

≤⇔≡⁸ ─ ⅜ ↕╣≡™╢⅜⁸ │⁸ 47 ─ ─ ≤ ⌂╡⁸ ⅛≈ ꜞ☻◒─

⌐⅔™≡⁸ ⅜ │↓╣≤ ─ ⌐⅔™≡ ╩⇔⌂™↓≤⅜≢⅝╢ ─ ≤⁸

∕─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

 ↓↓≢ ≤ ≤│⁸ ╩ ╪∞ ⌐↕ↄ⁸┼™ ╩ ⇔⁸ ⅜ ∟ ╠⌂

™╟℮⌐ ⇔√╙─╩ ⇔≡⅔╡⁸S7 ≢ ↕╣√╙─≢№╢⁹ 

 ≢│⁸ ╩⇔⌂™↓≤─≢⅝╢ ≤⇔≡ ⁸ ⁸ ⁸ ⁸

⁸ ⱦfiכ♃☻●⁸ ⁸ ◖fiⱣ▬fi♪◘▬◒ꜟ ≤∕─ ╩ ∆╢

Ⱳ▬ꜝכ⌐╟╢ ╩ ≤∆╢ ┘ ⌐ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 ╩⇔⌂™ ⌐⅔™≡│⁸ ⅜ ∂√ ⌐⁸ ─ ⁸⅛≈⁸ ⌂ ╩ ∆╢↓≤⅜≢⅝

⌂™√╘⁸ ─ ⅛╠⁸ ╩∆╢ ╟╡╙ ⌐ ∆╢╟℮ ─ ╩ ∆╢ ⅜№

╢⁹ 

 ╕√⁸ ─ ⌐≈™≡│⁸ 48 1 ⌐╟∫≡ ⌐ ╩ ↑ ╢ ⌐⁸

₈∕─ ⅜ ─ ⌂ ╩ ∆╢√╘ ⌂╙─≢№╢↓≤⁹₉⅜ ─ ─ ≈≢

№╢↓≤⅛╠⁸ ─ ─╖⌂╠∏⁸ ─ ≤™℮ ⅛╠╙ ⇔√╙─≢№╢⁹ 

 │⁸ 1 ⅛╠ 11 ≢ ↕╣⁸ 1 ┘ 2 ≢ ─ ╩⁸ 3 ⅛╠ 11 ≢ ─

╩∕╣∙╣ ⇔≡™╢⁹ 

 1 │⁸ ╩⇔⌂™ ─ ─ ┘∕╣∙╣─ ╩ ⇔√╙─≢№╢⁹ 

 ─₈ ₉│⁸ ╩⇔⌂™ ─ ≢ ╙ ⌂ ≢№╡⁸▬⌐⅔™≡⁸ ⅜

⌂ ╩⅔™≡ ╩ ⇔⁸ ─ ╩ ℮╙─≢№╢↓≤╩ ⇔≡™╢⁹⌂⅔⁸↓↓≢│ ⅜

─ ⌐ ∆╢↓≤╩ ⇔≡™⌂™⅜⁸♄ⱶ │ ─ │ ╩∆╢ │↓↓≢™℮ ⌐│

╕╣⌂™─≢⁸ ⁸♄ⱶ │ ─ ╩ ∆╢↓≤⅜ ≢№╢⁹╕√⁸₈ ⌂ ╩⅔™≡

╩ ₉≤│⁸ ─ ─ ⌐ ↕╣∏⁸ ⅜ ⇔≡™╢ ⅛╠ ⌂ ╩⅔™≡∕─

┼ ™≡⁸ ╩ ∆╢↓≤╩ ⇔≡™╢⁹╕√⁸↓─ ⌐ ⌐ │ ╩ ℮↓≤╙ ⅎ╠

╣╢⁹ 

 ꜡│⁸ ─ ╩ ⇔√╙─≢№╢⁹ ≢│⁸ ⌐╟╡ ⅜ ⇔≡╙ ┼

↕╣∏⁸ ─ ╕≢ ≤⌂╢√╘⁸꜡ ▬ ┘ ꜡ ⌐ ∆╢ ⁸∆⌂╦∟₈ ─ ⌐

╩ ╓↕⌂™₉ ⌐ ╡⁸ ╩ ≢⅝╢╙─≤⇔≡™╢⁹ 
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47.1  

 

 ▬ │⁸ ⌐ ⅜ ∂√ ⌐⁸ ⅛╠ ╩ ↑╢ ⅜ ⇔⌂™↓≤╩ ╘≡™╢⁹ ⅎ┌⁸

47.1 ⌐ ∆╟℮⌂ ⇔ↄ│ ╩ ∆╢ │ ⅛╠ ─ ⌐ ╩ ∆╢

╟℮⌂ ─ ╩ ∆╢ │⁸ ⌐╟╢ ⅜ ⌐ ↕╣∏⁸ ─ ─ ⁸

─ │ ┼─ ╩ ↄ⅔∕╣⅜№╢√╘⁸ ▬ ─ ⌐ ⇔⌂™⁹ 

 ╩ ∆╢ ≤│ ⌐ ⌐≡ ↕╣╢ ≤ ─ ה

╩ ∆╢╙─╩™℮⁹⌂⅔ ⌐≡ ⇔√ ╩ ⌐╟╡ ⇔ ∆╢√╘─

╛ ⌂≥ ⅛╠ ∆╢╕≢⌐ ⌂ ╩ ╗ ─╖≢ ∆╢ │

╩ ∆╢ ⌐│ ⇔⌂™⁹ 

╩ ∆╢ ≤│ ⌐ ⌐≡ ↕╣╢ ≤ ─ ה

╩ ∆╢╙─╩™℮⁹⌂⅔ ⌂ ה ╕√│

⌐≡ ∆╢ │ ╩ ∆╢ ⌐│ ⇔⌂™⁹ 

꜡ │⁸ ─ │ ⌐╟╡⁸ ─ ┘ ─ ⌐ ╩ ╓↕⌂™↓≤╩ ╘≡™╢⁹

↓╣│⁸ ─ ∞↑≢⌂ↄ⁸ ─ │ ⌐╟╡⁸ ┼ ∆╢ ─ ⅜ ∆╢ ╙

∆╢ ⅜№╢√╘≢№╡⁸ ⅎ┌⁸ ─ │ ⌐╟╡ ⌐ ↕╣√ ─ │

⅜ ↕╣≡™╢ ─ ⅜ ∆╢╙─│⁸ ꜡ ─ ⌐ ⇔⌂™⁹ 

↓↓≢₈ ┘ ─ ₉≤│⁸ ─ ⌐⅔™≡ 44 ─ ┘ ─

⌐№∫≡│101±6V⁸202±20V⁸ ⌐№∫≡│ ╩ ⇔≡™╢⁹⌂⅔⁸ ─ ⇔™ │⁸

─ ─ ⅛╠─ ⌐ ┘ ↄ ╙№╢√╘⁸ ⌐⅔™≡⁸ ─ ≤ ╩ ∆╢

─ ≤╩ ⇔≡ ⅜ ↕ↄ⌂™ ⌐│⁸∕─ ™⌐ ∆╢ ⅜№╢⁹ 

Ɫ≢⁸ ─ ╩ ⌐ ∆╢ ─ ⅜170,000V ─╙─⌐ ⇔≡™╢─│⁸

╩⇔⌂™ ─ ќ 48 ≤ ╩ ╢√╘≢№╡⁸H23 ≢ ⇔√╙─≢№╢⁹ 

─₈ ₉│⁸ ┼ ─ ╩ ∆╢ ╩ ⇔⁸ ⅜ ∕─

⌐ ∂≡ ⌐ ⅝⁸ ─ ┘ ─ ╩ ℮ ≢№╢⁹ │⁸ ⅜ │∕─

⌐№╢ ⌐ ⇔⁸ ⌐ ╩ ∆╢↓≤≤⇔≡™√⅜⁸ ╩ ∆╣┌⁸

⅜ ⌐ ⇔⌂ↄ≡╙⁸ ≢ ╩ ∆╢↓≤⅜ ≢№╢↓≤⅛╠⁸H23 ≢

↕╣√╙─≢№╢⁹ 

꜡│⁸ ─ ╩ ⌐ ∆╢ ╩ ⇔≡⅔╡⁸ ▬ ⅛╠ Ɫ ⌐⅔™≡⁸ ─ ╩

⇔≡™╢⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ 3 ⅛╠ 10 ╕≢─ ⌐╟╢↓≤╩⁸♬ ≢ ⇔≡™╢⁹ 

▬ │⁸ ≢ ⅜ ⇔√ │⁸ ⌐ ╩ ⅎ╢√╘─ ┘ ≢─ ⌂ ⅜≤

╣╢╟℮⌐⁸ ╩ ↑╢↓≤╩ ⇔≡™╢⁹√∞⇔⁸ ≢№∫≡⁸ ⇔ↄ│ │↓╣╠⌐ ∏
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╢ ╩ ∆╢ ╩ ∆╢ │⁸ 48 ≤ ╩ ╡ ⇔≡™╢⁹ 

꜡ ─ ─ ⌐≈™≡│⁸ ─ ⁸ ─ │ ─ ⌂≥╩ ⅎ≡

⅔╡⁸ⱨ□fi⸗כ♃כ ─ⱥꜙכ☼─ ─╟℮⌂ ⌂ │ ⅎ≡™⌂™⁹ 

Ɫ ─₈●☻ ─ ●☻─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ⇔≡№╢●☻─ ⌐╟

╡ ∑╪ ─ ╩ ∂╢⅔∕╣⅜№╢ ⌐ ⇔≡™╢⁹ 

Ɫ│⁸ ⅜2,000kW ─ ⌐№∫≡│⁸ ⌐ ∆╢ ╩ ⌐ ∆╢ ≤∆╢↓≤⅜

╘╠╣╢↓≤╩ ⇔≡™╢⁹↓↓≢₈ ₉≤│⁸ ─ ⌐ ⌂ ─ ⅜№╢ ≢№∫≡⁸

─ ≤─ ⅜ ╠⅛≤⌂∫≡™╢ ≢№╣┌╟™⁹ ⅎ┌⁸ ╩ ≤∆╢ ⌐≈™≡╙⁸

⌐╟∫≡ ⅜ ≢№╡⁸ ─ ⌐ ╢ ⅜ ↕╣⁸ ⌂ ⅜ ↕╣≡™╢↓≤

⅜ ╠⅛≢№╣┌⁸ ─ ⌐ ∆╢╙─≤ ≢⅝╢⁹ 

♬≢│⁸ ─ ╩ ⌐ ∆╢ ─ ⅜170,000V ─╙─⌐ ⇔≡™╢⁹

↓╣│⁸ ╩⇔⌂™ ─ ќ 48 ≤ ╩ ╢√╘⌐⁸H23 ≢ ⇔√╙─≢№╢⁹ 

─₈ ₉│⁸ ⅜ ⌐ ⇔⁸ ─ ─ ┘ ╩

≢ ℮ ≢№╢⁹ 

꜡│⁸ ─ ╩ ⌐ ∆╢ ╩ ⇔≡⅔╡⁸∕─ ⅎ │ ꜡≤ ≢№╢⁹ 

Ɫ│⁸ ⌐ ∆╢ ⅜№╢ ╩ ⇔≡⅔╡⁸ ▬ ┘ ꜡ ⌐⅔™≡ ─ ╩ ⇔

≡™╢⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ 3 ⁸ 4 ⁸ 6 ⁸ 8 ┘ 9 ╕≢─ ⌐╟╢↓≤╩⁸Ɫ

≢ ⇔≡™╢⁹ 

▬ ─₈ ₉⌐│⁸ ⅛╠ ⁸ ─ ╕≢⅜ ╕╣≡⅔╡⁸ ⅎ┌⁸ ─ ╙

╕╣╢⁹ 

꜡ │⁸ ⌐ ⌂ ─ ┘ ─ ╩ ╘≡™╢⁹↓↓≢⁸ ⅜100,000V

╩ ⅎ╢ ╩ ∆╢ ⌐ ∫≡™╢─│⁸ ╩⇔⌂™ ─ ќ 48 ≤─

╩ ╢√╘≢№╡⁸H23 ≢ ↕╣√╙─≢№╢⁹╕√⁸ ╩ ∆╢ │15,000V ─

⌐ 108 ⌐ ⇔≡™╢ ─ ⌐≈™≡│ ∆╢↓≤╩ ╘≡™╢⁹

↓╣│⁸↓╣╠─ │ ⌐ ∆╢↓≤⅜╒≤╪≥⌂ↄ⁸⅛≈⁸ ⌐ ╩ ⇔√≤⅝│

─ ⌐ ─ ╩ ∆╢╙─≢№╡⁸ ─ ⌐ ≢ ∆╣┌╟™⅛╠≢№╢⁹ 

 ₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⅎ ─╖⌐ ↕╣╢╙─ ┘ ─

⌐ ™╠╣╢ ⅜ ⇔√ ⌐ ⌐ ⅜ ⅝⁸ ╛ ─ ╩ ⇔√ ≢⌂

↑╣┌ ∆╢↓≤⅜≢⅝⌂™╙─ │ ╕╣⌂™⁹ 

⌂⅔⁸ ⌐≈™≡│⁸ ▬ ⌐⅔↑╢₈ ─ ╩ ∆╢ ₉─ ┘ ꜡ ⌐⅔↑╢₈

⌐ ⌂ ─ ╩ ∆╢ ₉─ ╩∕╣∙╣ ⇔≡™╢⁹↓╣│⁸ ─ │⁸

⅜ ⌐ ⅝⁸ ╩ ⇔⌂⅜╠ ∆╢ ⅜№╢√╘≢№╢⁹ 

2 │⁸H9 ≢ ↕╣√╙─≢№╡⁸ ⅛╠ ∆╢ ─ ─ ┘ ⁸

╩ ─ ⌂ ⌐╟╢ ⌂ ╩ ℮√╘⁸ ≤ ⇔≡ │ ≢⅝╢↓≤╩ ⇔≡

™╢⁹H9 ≢│⁸ ⅜ ⌐╟╡ ⌐ ↕╣≡™╢ ⌐ ╡⁸ ⇔≡ │ ≢⅝╢≤⇔≡™√

⅜⁸H23 ≢ ╩ ⇔√⁹ 

 3 │⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

 │⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 ▬│⁸ ─ ⅜2,000kW ≢№╢↓≤╩ ⇔≡™╢╙─≢№╡⁸H9 ≢500kW ⅛╠2,000kW ⌐

⅝ →╠╣√⁹ 

 ꜡│⁸ │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩≤╢↓≤⅜№╡⁸ ─⅔∕╣

⅜№╢√╘⁸ │ │ ╩ ╗⁹╩ ∆╢↓≤≤⇔≡

™╢⁹√∞⇔⁸ ┘ ─ ╩ ∆╢ ⅜ ≢№╣┌ ⅜ ╕╢√╘⁸ ╩ ⅎ≡ ↕╣

╢↓≤│⌂ↄ⁸↓╣╠─ ⅜⌂ↄ≤╙ ⅜ ≢⅝╢─≢⁸H9 ≢ ╛

│ ╩ ╗⁹ ╩ ≤⇔⌂™ ╩ ⇔√⁹↓↓≢⁸ ⌐⅔↑╢₈

╩ ╗⁹₉≤│⁸ ⌐╟╡ ⌐ ╩ ∆╢ │ⱪ꜡◓ꜝⱶ ⌐╟╡

№╠⅛∂╘ ╘╠╣√≤⅔╡─ ╩≤╢╙─⌂≥⅜ ⅎ╠╣╢╒⅛⁸ ⌐╟∫≡⁸ ⌐ ⁸ ⅜ ╦

╣╢ │ ⅜ ↕╣╢ ╙ ╕╣╢⁹ ⁸₈ ╩ ╗⁹₉≤│⁸●▬♪ⱬכ

fi ⅜ꜟ♪כ♬│ ╕≢ ™√≤⅝⌐⁸ ⌐ ╩≤╢↓≤⅜⌂™╟℮⌐ ╩ ∆╢ ─↓≤╩ ⇔≡™

╢⁹ 
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 Ɫ│⁸ ▬ ⅛╠ Ⱬ ⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─ ─ ╩

⌐ ∆═⅝↓≤╩ ⇔≡™╢⁹↓↓≢⁸₈ ┼─ ─ ╩ ⌐ ∆╢₉≤│⁸●▬♪ⱬכfi כ♬│

♪ꜟ ┘ ╩ ╘≡ ┼─ ─ ╩ ∆╢↓≤╩ ⇔≡⅔╡⁸Ⱪ꜠כ◐⌐╟╡ ∆╢≤↓╤╕≢ ∆╢

╙─≢│⌂™⁹√∞⇔ │⁸ ⌐ ∆╢ ╩ ╘╢ 33 √∞⇔ ⌐ ∆╢╙─≢№

╡⁸ ▬ ⁸ ꜡ │ Ɫ ─ ⌐≈™≡⁸ ╩ ≢⅝╢╕≢─ ⁸ ⅜ ≢№╡⁸⅛≈⁸↓

─ ─ ┼─ ⌐╟╡ ⌐ ╩ ╓⇔ │ ⌐ ╩ ⅎ╢⅔∕╣─⌂™ │⁸ ⅜ ⇔≡™≡╙

╩ ⅛╠ ⌐ ⇔≡⅔↑┌ ⅜⌂™√╘⁸ ╩ ⌐ ↕∑╢ ─ │ ⇔⌂™↓≤≤⇔√⁹

╕√⁸ Ɫ ─ ⌐≈™≡⁸ ╩ ⌐ ⁸⅛≈⁸ ⌐∆╢ ╩ ∆╢ ⌐│⁸ ┼─ ─

╩ ⌐ ∆╢ ╩ ⇔⌂ↄ≡╙╟™↓≤≤⇔≡™╢⁹↓╣│⁸ ⌐ ⅜ ∂╢ ≤⇔≡

⌐╟╢╙─⅜ ™↓≤⅛╠⁸ ⌐ ↕╣╢ ⌐⅔™≡ ⌐ ─ ╩ ⇔ ⌂

╩ ⇔≡⅔⅝⁸ ∟⌐ ≢⅝╢╟℮⌐∆╢√╘─ ≢№╢⁹ ↕╣⌂™

╩ ↄ⁹ ─ ⌐│⁸≢⅝╢∞↑ ╙ ⇔≡⅔ↄ↓≤⅜ ╕⇔™⁹ 

▬ ─₈ ─ ─ │ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ 42 ≢ 500kVA

─ ╩ ∆╢ ─ │ ●▬♪ⱬכfi ⌂≥─ ⅜ ⇔ↄ ⇔√ ⌐

╩ ⌐ ⅛╠ ∆╢ ╩ ∆╢↓≤≤⇔≡⅔╡⁸500kVA ─╙─⌐│ ∏⇔╙ ╩ ⅎ⌂

ↄ≡╙╟™↓≤≤⇔≡™╢⅜⁸ ╩⇔⌂™ ─ │⁸√∞⇔ ─ ╩ ⅝⁸500kVA ─ ⌐

≈™≡╙ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸

₈ ─ ₉≤│⁸●▬♪ⱬכfi ─ ╩ ≢ ∆╢√╘─ ╩ ∆╙─≢№∫≡⁸ 3

Ɫ Ɫ ⌐ →╢ ─ ─ ╩ ∆╙─≢│⌂™⁹ 

꜡ ─₈ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 33 ┘

41 ≢ 500kVA ─ ╩ ∆╢ ⌐ ╩ ↑╢↓≤≤⇔≡™╢⅜⁸ ╩⇔⌂™

─ │⁸√∞⇔ ─ ╩ ⅝⁸500kVA ─ ╩ ∆╢ ≢№∫≡╙⁸ ┼─ ─ ╩

⌐ ∆╢ ╩ ∆╢↓≤≤⇔⁸ ⌐ ╩ ⅛╠ ⌐ ∆╢ ─ ╩ ⇔≡™╢⁹ 

 Ɫ ─₈ ⌐ ⅜ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔

≡™╢⅜⁸ ╩⇔⌂™ ─ │⁸√∞⇔ ─ ╩ ⅝⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸

┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 ♬ √∞⇔ ─₈ ─☻ꜝ☻♩ ⅜ ─⅔∕╣⅜⌂™╙─₉≤⇔≡│⁸ Ɑꜟ♩fi ─☻ꜝ☻♩

⅜ ⅎ╠╣╢⁹ ⱷ♃ꜟ ≤⇔≡◌ⱪꜝfi ꜝⱩכꜙ♅╛ ─ ⌐ ™╠╣≡™╢╙─ ╙ ⅜

∆╢⅔∕╣│⌂™⅜⁸↓╣│☻ꜝ☻♩ ≤⇔≡ ╦⌂™─⅜ ≢№╢⁹ 

ⱱ ─₈ ⅜2,000kVA ─ ─ ⌐ ╩ ∂√ ₉⌐≈™≡│⁸ ⌐ │ ⌐ ╩ ∂

╢⅔∕╣⅜ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤⇔≡™╢⁹ ≤⇔≡│⁸ ⌐│

⅜כ꜠ꜞ ⅎ╠╣╢⁹ 

 Ⱬ ─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼

─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 │⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 ▬│⁸ ⌐╟╡ ∆╢╙─≤ ⁸ │ │

╩ ╗⁹ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 ꜡│⁸ ⌐╟╡ ∆╢╙─≤ ⁸ Ɫ ▬ ⅛╠ ⱱ ╕≢⌐ →╢ ⌐⁸ ╩ ⅛╠

⌐ ⇔⁸⅛≈⁸ ┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸ Ɫ Ⱬ ⌐≈

™≡│⁸ 1 ꜡ ꜡ ≢ ┼ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 Ɫ│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

 ▬ ─₈ ⅜ ⌐╟╡ ⇔√ ₉⌐│⁸꜡─ ⌐╟╡ ∆╢ ∞↑≢⌂ↄ⁸∕─ ─

≢ ⇔√ ╙ ╕╣╢⁹√∞⇔⁸ⱪ꜡◓ꜝⱶ ⌂≥─ ⌐ ⇔√ ⌐╟╡ ⌐ ↕∑╢

│ ╕╣⌂™⁹ 

 ꜡ ─₈ ⌐ ⌂ ₉⌐│⁸ ⁸ ⌂≥─ ─ ┘ ─

─╒⅛⁸ ─ ⌐ ↕╣╢ ≢№∫≡⁸ ⅜ ⇔√≤⅝ ⅜ ⌐ ⅝ ⇔⌂↑

╣┌⌂╠⌂™╟℮⌂ ╙ ╕╣╢⁹ ⁸ ─ ≢№∫≡⁸ ─╙─≤ ─╙─⅜2 ⌐

↕╣≡™╢ ⌐⅔↑╢ ─╙─ ┘ ⌂≥⌐ ↕╣╢ ≢№∫≡⁸ ⌐ ⌂≥╩ ╡ ↑╢√╘

⌐ ™╠╣⁸ ⌐│ ⇔⌂™╟℮⌂╙─│⁸↓╣⌐ ⇔⌂™⁹₈ ─ ⌐╟╡ ⅜ ∆╢╙
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─╩ ↄ⁹₉≤⇔≡™╢─│⁸ ╩ ≤∆╢ ╩ ⌐∆╢√╘⌐H23 ≢ ⇔√╙─≢№╢⁹ ⅎ┌⁸

─ ⅜ ⌐╟╡ ∆╢↓≤≢⁸ ─ⱳfiⱪ⅜ ⇔⁸ ≢ ⅜ ∆╢

⌐│⁸₈ ─ ₉ ┘₈ ─ ₉≢ ⇔≡ ∆╢ │⌂ↄ⁸₈ ─ ₉⌐╟╢ ─

╖≢ ≢№╢⁹╕√⁸₈ ⅜ ⌐ ⇔√ ₉│⁸ ≤│ ⅎ⌂™─≢ ⇔≡™╢⁹ 

 Ɫ ─₈ ─ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ┘ ⁸∆⌂╦∟

─ ─ ╩ ⇔≡™╢⁹ 

 ♬│⁸ ┼ ∆╢ ╩ ⇔⌂™↓≤⅜≢⅝╢ ╩ ⇔≡™╢⁹ 

 │⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 ▬│⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤ ┘∕─

⌐≈™≡⁸ ꜡⌐ ∂╢↓≤╩ ⇔≡™╢⁹ 

Ɫ─₈ ─ ╩ ℮ ₉│⁸↓↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⅜ │

≤™℮╟℮⌂⁸ ─ ⅜≢⅝⌂™ ≢│⁸ ─ ╙₈ ─ ╩ ℮ ₉≤⇔≡

℮⁹ 

4 │⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

▬│⁸ │ ⌐╟∫≡ ─ ╩ ∆╢↓≤⅜№╡⁸ ─⅔∕╣⅜№╢√╘ ⇔√╙

─≢№∫≡⁸ ⅎ┌⁸ ≢ ⌐ ≢⅝╢ ╩ ⅎ√ ⌐ ┘ ╩ ↕∑╢ ⌂≥⅜№

╢⁹ 

꜡│⁸ ▬ ⅛╠ ♩ ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ─ ╩

⌐ ∆╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ─ ╩ ⌐ ₉≤│⁸Ⱪ꜠כ♪─Ⱨ♇♅ ⌐╟╡⁸

─ ⌐ ╢ ╩ ∆╢↓≤╩ ⇔≡⅔╡⁸ ─ ─ ╕≢│ ⇔≡™⌂™⁹ 

▬ ─₈ ─ ─ ⁸ ─ │ ─ ⅜ ⇔ↄ ⇔

√ ₉│⁸ 42 ≢ 100kVA ─ ⌐≈™≡│⁸ ╩ ⌐ ⅛╠ ∆╢ ╩ ∆╢↓≤≤

⇔≡⅔╡⁸100kVA ─╙─⌐│ ∏⇔╙ ╩ ⇔⌂ↄ≡╙╟™↓≤≤⇔≡™╢⅜⁸ ╩⇔⌂™

─ │⁸100kVA ─ ⌐≈™≡╙ ⅛╠ ⌐ ⇔⁸ ⌐ ─ ╩ ⌐ ∆╢

╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸₈ ─ ₉≤│⁸ Ⱪ꜠כ♪╩ ↕∑╢√╘─ ╩

∆╙─≢№∫≡⁸ Ɫ Ɫ ⌐ →╢ ─ ─ ╩ ∆╙─≢│⌂™⁹ 

꜡ ─₈ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 5 ┘

5 ≢⁸ ─ ⅜ ⅜ ∆╢ ⌐ ⇔√ ⌐⁸ ╩ ∆╢↓≤⅜ ↕╣≡

™╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸ ⌐ ╩ ⅛╠ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

Ɫ ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔

≡™╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸ ⌐ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⁹ 

♬ │⁸ ─ │ ⇔ↄ│ ─ ⌐╟╡⁸ ⌐ ⇔™ ⅜ ⇔√ ⌐⁸Ⱪ꜠כ♪ ⅜

⇔ ⌐ ╩ ╓∆⅔∕╣⅜№╢√╘⁸ ⌐ ─ ─ ─ ⅜№╢ ⌐ ↕╣╢ │⁸

⌐ ⇔™ ⅜ ⇔√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ─ ╩ ⌐ ∆╢ ╩

∆╢↓≤≤⇔≡™╢⁹ 

ⱱ ≢│⁸ ♬ ⌐ →╢ ⌐ ∆╢ ─ ╩100kW ─╙─≤⇔≡™╢⁹↓╣│⁸ ⅜

⇔√ ⁸ ⌐ ∂≡Ⱪ꜠כ♪⌐ ╦╢ ⅜ ⅝ↄ⌂╡⁸ ∆╢ ⅜ ╕╢↓≤⅛╠⁸ ─ ╩

⇔≡ ─ ╩ ╘√╙─≢№╢⁹ 

Ⱬ │⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤

⇔≡™╢⁹ 

♩ ─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ─

╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

▬│⁸ ⌐╟╡ ∆╢╙─≤ ⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

꜡│⁸ ⌐╟╡ ∆╢╙─≤ ⁸ ꜡ ▬ ⅛╠ Ⱬ ╕≢⌐ →╢ ⌐⁸ ╩ ⅛╠

⌐ ⇔⁸⅛≈⁸ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸ ꜡ ♩ ⌐≈™≡│⁸

1 ꜡ ꜡ ≢ ┼ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 
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Ɫ│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬ ─₈ ⅜ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤ ≢№╢⁹ 

 ꜡ ─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ꜡ ≤ ≢№╢⁹₈ ─

⌐╟╡ ⅜ ∆╢╙─╩ ↄ⁹₉│⁸ ╩ ≤∆╢ ╩ ⌐∆╢√╘⌐H23 ≢ ⇔√╙─≢№

╢⁹ ⅎ┌⁸ ─ ⅜ ⌐╟╡ ∆╢↓≤⌐╟╡⁸ ─ⱳfiⱪ⅜ ⇔ ⅜ ⇔⁸

│ ─ ⅜ ∆╢↓≤≢ ⅜ ∆╢ ⌐│⁸₈ ─ ₉ ┘₈ ─ ₉

≢ ⇔≡ ∆╢ │⌂ↄ⁸₈ ─ ₉⌐╟╢ ─╖≢ ≢№╢⁹ 

Ɫ ─₈ ─ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ┘ ⁸∆⌂╦∟

─ ─ ╩ ⇔≡™╢⁹ 

♬│⁸ ┼ ∆╢ ╩ ⇔⌂™↓≤⅜≢⅝╢ ╩ ⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

Ɫ─₈ ─ ╩ ℮ ₉│⁸↓↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⅜≢⅝⌂™ ─ ⌐│⁸

─ ╙₈ ─ ╩ ℮ ₉≤⇔≡ ℮⁹ 

5 │⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ ─ │⁸ ↕╣╢ ─

⌐╟╡ ╕╢ ≤⌂╢↓≤│⌂™√╘⁸ ╩ ⇔⌂ↄ≡╙╟™↓≤≤⇔≡™╢⁹ 

─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ─ ╩ ∆╢ ╩ ∆╢

↓≤≤⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

▬│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

꜡ ─₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⁸ ─ ┘ ─

⌐ ↕╣╢ ≢№∫≡⁸ ⅜ ⇔√≤⅝ ⅜ ⌐ ⅝ ⇔⌂↑╣┌⌂╠⌂™╟℮⌂

╙ ╕╣╢⁹ ⁸ ─ ≢№∫≡⁸ ─╙─≤ ─╙─⅜2 ⌐ ↕╣≡™╢ ⌐⅔↑╢

─╙─ ┘ ⌂≥⌐ ↕╣╢ ≢№∫≡⁸ ⌐ ⌂≥╩ ╡ ↑╢√╘⌐ ™╠╣⁸ ⌐│

⇔⌂™╟℮⌂╙─│⁸↓╣⌐ ⇔⌂™⁹₈ ─ ⌐╟╡ ─ ⅜ ∆╢╙─╩ ↄ⁹₉

≤⇔≡™╢─│⁸ ╩ ≤∆╢ ╩ ⌐∆╢√╘⌐H23 ≢ ⇔√╙─≢№╡⁸ ⅎ │ 3 Ɫ

꜡ ≤ ≢№╢⁹ 

6 │⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹▬ ┘꜡≢│⁸ ┘ ╩ ⇔≡™╢⅜⁸

↓╣│ ⌐ ≢№╢ ⌐⅔™≡⁸ ─ ⌐ ∆╢ ⌂ ─ ⅜

≢⅝∏⁸ ─ ─ ╩ ≢ ⇔≡™╢ ⌐ ⇔≡™╢√╘≢№╡⁸ ▬ ┘ ▬

⌐≈™≡╙ ≢№╢⁹ 

▬─₈ ─ ₉⌐≈™≡│⁸H9 ≢╡╪ ─ 500kW ╩ ⇔⁸H13 ≢ ⁸H14

≢ ⁸H18 ≢ ╩∕╣∙╣ ⇔√⁹ ⌐≈™≡│⁸ ⅜ ⌐ ≢№

╢↓≤⅛╠⁸ ─ ⅜ ⌐ ⌐ ╣╢⅔∕╣⅜⌂™╟℮⌐ ⇔√╙─⁸⅛≈⁸ ●☻⌐│

⁸ ┘ ●☻ ⅜ ╕╣ ╙ ™↓≤⅛╠⁸ ∕─ ─ ─⅔∕╣─№╢ ⌐

∆╢╙─⌐№∫≡│⁸ ╩ ⌐ ⇔√╙─⌐ ∫√⁹ 

꜡│⁸H27 ⌐⅔™≡⁸ ─ ╩ √⇔√ ⌐ ∫≡⁸√∞⇔ ≢1MPa ≤⇔√⁹ 

Ɫ│⁸ ⅎ┌ ┘ ╩ⱪ꜡◓ꜝⱶ ⇔⁸ ─ ≤⌂╢ │⁸ ↕∑╢ ⌂≥⅜

№╢⁹ 

♬│⁸ ▬ ⅛╠ Ⱬ ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ∆╢ ╩ ∆╢↓≤≤⇔≡⅔╡⁸

H16 ≢√∞⇔ ╩ ⇔√⁹↓↓≢⁸₈ ₉≤│ ┘ ─ ╩ ⇔≡⅔╡⁸₈ ●☻₉≤│ ╩

∆╙─≢№╢⁹ 

▬ ─₈ ─ ⌐ ⅜ ∂√ ₉≤│⁸ ⅎ┌⁸ ─ ╩ ∆╢◖fiⱧꜙכ♃ │

▬fi♃כ꜡♇◒ ─ ⅜⁸ ─ │ ─ ∕─ ─ ⌐╟╡ ≢⅝⌂ↄ⌂╢ ⅜№╢⁹ 

꜡ │⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

Ɫ │⁸ ─ ─ ⅜ ⇔√ ⌐⁸ ┘ ⅜≢⅝⌂ↄ⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─

≢№╢⁹ 

♬ │⁸ ●☻─ ⅜ ∆╢≤⁸ ⌐╟╡ ∆╢≤⅝⌐ ●☻╩ ≢⅝⌂ↄ⌂╢⅔∕╣⅜№

╢√╘⁸ ⅜ ∆╢ ⌐ ╩ ∆╢↓≤≤⇔≡™╢⁹ ⌐≈™≡│⁸ 45 ┘
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⌐ ∆╢ ╩ ╘╢ 34 ≢ ─ ⅜ ↕╣≡⅔╡⁸ ╩⇔⌂™

⌐≈™≡╙⁸↓╣╠─ ⅜ ↕╣╢⁹ 

ⱱ │⁸ ≢ ⅜ ⇔√ ⌐⁸ ─ ⇔™ ╩ ⇔≡ ╩ ∆

╢↓≤≤⇔≡™╢⁹ 

Ⱬ ─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ∆╢↓≤≤⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ ⌐╟╡ ∆╢╙─≤ ⁸ ♬ ▬ ⅛╠ ⱱ ╕≢⌐ →╢ ⌐⁸ ╩

∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸ ♬ Ⱬ ⌐≈™≡│⁸ 1 ꜡ ꜡ ≢ ┼ ∆╢ ╩

∆╢↓≤≤⇔≡™╢⁹ 

Ɫ│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬ ─₈ ⅜ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤ ≢№╢⁹ 

꜡ ─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 5 ▬ ꜡ ≤ ≢№╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹Ɫ─₈ ─ ╩ ℮ ₉│⁸↓

↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⅜≢⅝⌂™ ─ ⌐│⁸ ─ ╙₈ ─ ╩

℮ ₉≤⇔≡ ℮⁹ 

7 │⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ ▬ ⅛╠ Ⱬ ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼ⱦfiכ♃

─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

꜡ ─₈ ─ⱦfiכ♃ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 15

┘ 25 ≢⁸ ⅜ⱦfiכ♃ ╩ ⅎ√ ⌐⁸ ╩ⱦfiכ♃ ∆╢↓≤≤⇔≡™╢⅜⁸

╩⇔⌂™ ─ ⌐│⁸ ⌐ ╩ ⅛╠ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔

≡™╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸ ⌐ ─┼ⱦfiכ♃ ─ ╩ ⌐ ∆╢ ╩

∆╢↓≤≤⇔≡™╢⁹ 

ⱱ │⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤

⇔≡™╢⁹ 

Ⱬ │⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

Ɫ│⁸ ⌐╟╡ ∆╢ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬ ─₈ ⅜ⱦfiכ♃ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤ ≢№╢⁹ 

꜡ ─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ꜡ ≤ ≢№╢⁹ 

8 │⁸ 11 ─ ⌐╟╡ ∆╢ ╩ ↄ⁹ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩

⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩≤╢↓≤⅜№╡⁸ ─⅔

∕╣⅜№╢√╘⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ₉≤│⁸

─ ⌐╟╡ ╩ ∆╢ ≢№╡⁸ ⅎ┌⁸ ─ ⌐╟╡ ⌐ ╩ ∆╢ ⁸ⱪ

꜡◓ꜝⱶ ⌐╟╡ ∆╢ ⁸ ─ ⌐╟╡ ⌐ ה ╩ ℮ │ ╩ ∆╢

⅜№╢⁹ ⁸₈ ₉≤│⁸ ─ ╩≤╢↓≤⅜⌂™╟℮⌐ ─ ╩ ∆╢ ╩ ⇔

≡™╢⁹ 

Ɫ│⁸ ▬ ⅛╠ ꜟ ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─

─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

▬ │⁸ ─ ─ ⅜ ⇔√ ⌐⁸ ┘ ⅜≢⅝⌂ↄ⌂╢⅔∕╣⅜№╢√╘

⇔√╙─≢№╢⁹ 

꜡ │⁸ ⌐ ∆╢ ╩ ╘╢ 27 ┘ 40 ≢⁸ ⅜500kW╩ ⅎ╢

─ ⅜ ─ ╩ ⅎ√ ⌐⁸ ╩ ∆╢↓≤⅜ ↕╣≡™╢⅜⁸ ╩⇔⌂

™ ─ ⌐│⁸500kW ─ ≢№∫≡╙⁸ ╩ ∆╢↓≤≤⇔⁸ ⌐ ╩ ⅛

╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ ─₈ ⌐ ⅜ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔
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≡™╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸ ⌐ ┼─ ─ ╩ ⌐ ∆╢ ╩ ∆

╢↓≤≤⇔≡™╢⁹ 

ⱱ ≢│⁸ ─ ─ ⌐≈™≡ ⇔≡™╢⅜⁸ ─ ─ ⌐≈™≡│⁸ ♬ ─

─ ≢ ≢⅝╢↓≤ ┘ ─ ─ ⅜ ─ ╩ ⅝ ⌐ ≢№╢↓≤⅛╠

⇔≡™⌂™⁹ 

♅ │⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

ꜞ ─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸

┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

♯ │⁸ ⅜ ⇔√ ⌐⁸ ╩ ⅞ ╩ ⌐∆╢√╘─╙─≢№╢⁹ 

ꜟ │⁸ ⅜ ≤ ═≡ ⇔ↄ ∆╢ ≢№∫≡⁸ ╣─⅔∕╣⅜№╢ ╩ ⇔≡™╢⁹ 

⌂⅔⁸ ꜡ ⁸ ♬ ⁸ Ⱬ ┘ ♩ │⁸ ─ ─ 42 1 ⅛╠ ⌐ ∆╢

╙─≢№╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ Ɫ ▬ ⅛╠ ♅ ╕≢⌐ →╢ │ ⅜2,000kW ─ ─ ⌐ ╩ ∂√ ⌐⁸

╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂

⅔⁸ Ɫ ꜞ ┘ ♯ ⌐≈™≡│⁸ 1 ꜡ ▬ ┘ ꜡ ≢⁸ Ɫ ꜟ ⌐≈™≡│⁸Ɫ Ɫ ≢

┼ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ│⁸ ⌐╟╡ ∆╢ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬ ─₈ ⅜ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤ ≢№╢⁹ 

꜡ ─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ꜡ ≤ ≢№╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹Ɫ─₈ ─ ╩ ℮ ₉│⁸↓

↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ⅜≢⅝⌂™ ─ ⌐│⁸ ─ ╙₈ ─ ╩

℮ ₉≤⇔≡ ℮⁹ 

Ɫ│⁸ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

9 ⱦfiכ♃☻●⁸│ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩ ∆╢↓≤⅜№╡⁸

─⅔∕╣⅜№╢√╘⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓↓≢⁸₈ ₉≤

│⁸ ─ ⌐╟╡ ╩ ∆╢ ≢№╡⁸ ⅎ┌⁸ ─ ⌐╟╡ ⌐ ╩ ∆╢ ⁸

ⱪ꜡◓ꜝⱶ ⌐╟╡ ∆╢ ⁸ ─ ⌐╟╡ ⌐ ה ╩ ℮ │ ╩ ∆╢

⅜№╢⁹ ⁸₈ ₉≤│⁸ ─ ╩ ⇔⌂™╟℮⌐ ─ ╩ ∆╢ כ♃│

ⱦfi ─ ─ ⅜ ⌂ │ ⌐⅔↑╢●☻─ ⅜ ⇔ↄ ⇔⌂™╟℮⌐ ╩ ∆╢

╩ ⇔≡™╢⁹ 

Ɫ│⁸ ▬ ⅛╠ ꞉ ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⱦכ♃☻●⁸⌐╙≥≥╢∆

fi┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

▬ ─₈ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ╩ ≢ ↕∑╢√╘─ ╩

∆╙─≢№∫≡⁸ ꜞ ⌐ ⱦfiכ♃☻●╢→ ─ ─ ╩ ∆╙─≢│⌂™⁹ 

꜡ ─ⱦfiכ♃☻●₈─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 21

┘ 33 ≢⁸ ─ ╛ ─ ⌂ ─ⱦfiכ♃☻●╡╟⌐ ⅜ ╩ ⅎ√

╩ⱦfiכ♃☻●⁸⌐ ∆╢↓≤≤⇔≡™╢⅜⁸ ⱦfiכ♃☻●™⌂⇔╩ ─ ⌐│⁸ ⌐

╩ ⅛╠ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

Ɫ ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔

≡™╢⅜⁸ ⱦfiכ♃☻●™⌂⇔╩ ─ ⌐│⁸ ─┼ⱦfiכ♃☻●⌐ ─ ╩ ⌐ ∆╢

╩ ∆╢↓≤≤⇔≡™╢⁹ 

♬ │⁸ ─ ⌐╟╡ ⅜ ⇔√ │ ⅜ ⇔√ ⌐⁸ ─ ⅜ ⇔

⅜ ∆╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹₈ ─ⱷ♃ꜟ ╩ ∆╢ │⁸ ─ⱷ♃ꜟ ⅜ ⇔ↄ

⇔√ ≢╙ ™⁹₉≤│⁸ ─ⱷ♃ꜟ ─ ⅜ ⌂ ⱦfi⌐≈™≡│⁸כ♃☻●─ │ⱷ♃

ꜟ─ ╩ ≤∆╢↓≤⅜≢⅝╢↓≤╩ ⇔√╙─≢№╢⁹ 

ⱱ │⁸ ─ ⅜ ⇔ↄ ⇔√ ⌐ ─ ⅝ │ ⅜ ∂╢⅔∕╣⅜№╢√╘ ⇔≡™╢╙─
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≢№╢⁹ 

Ⱬ │⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤

⇔≡™╢⁹ 

♩ ≢₈●☻─ ⅜ ⇔ↄ ⇔√ ₉─ ≤⇔≡│⁸ ─ ⱦfiכ♃⁸ ─ │

─ ⅜ ⅎ╠╣╢⁹ 

♅ │⁸ ⱳfiⱪ │ ⅜ ⇔√ ─ⱦfiכ♃☻●⁸⌐ ─ ⅜ ⇔≡⁸

─ ⅝ │ ⅜ ∂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

ꜞ │⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

♯ ─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43

≢ ─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸●☻♃

─┼ⱦfiכ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

ꜟ │⁸ ⅜ ⇔√ ⌐⁸ ╩ ⅞ ╩ ⌐∆╢√╘─╙─≢№╢⁹ 

ꞌ │⁸ ⅜ ≤ ═≡ ⇔ↄ ∆╢ ≢№∫≡⁸ ╣─⅔∕╣⅜№╢ ╩ ⇔≡™╢⁹ 

꞉ ─ⱦfiכ♃☻●⁸│ ╘√╢№⅜╣⧵⅔─◓fi☺כ◘│ ⇔√╙─≢№╢⁹ 

│⁸H9 ≢ ⇔√╙─≢№╡⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

꜡│⁸ Ɫ ▬ ⅛╠ ꜞ ╕≢⌐ →╢ ⌐⁸ ╩ ⅛╠ ⌐ ─┼ⱦfiכ♃☻●⁸≈⅛⁸⇔

─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸ Ɫ ♯ ┘ ꜟ ⌐≈™≡│⁸ 1

꜡ ▬ ┘ ꜡ ≢⁸ Ɫ ꞌ ┘ ꞉ ⌐≈™≡│⁸Ɫ Ɫ ┘ ♬ ≢ ┼ ∆╢ ╩ ∆╢

↓≤≤⇔≡™╢⁹ 

Ɫ│⁸ ⌐╟╡ ⱦfiכ♃☻●╢∆ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬ ⅜ⱦfiכ♃☻●₈─ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤ ≢№╢⁹

꜡ ─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ꜡ ≤ ≢№╢⁹ 

│⁸H23 ≢ ⇔√╙─≢№╡⁸ ⌐╟╡ ∆╢ ⌐≈™≡ ⇔≡™╢⁹Ɫ─₈

─ ╩ ℮ ₉│⁸↓↓≢│ ─ ≢ ⅎ≡⅔╡⁸ ⅎ┌ ─ ─ⱦfiכ♃☻●™⌂⅝≢⅜ ⌐│⁸

─ ╙₈ ─ ╩ ℮ ₉≤⇔≡ ℮⁹ 

10 │⁸ 11 ─ ⌐ ≠⅝H13 ≢ ↕╣√╙─≢№╡⁸ ◖fiⱣ▬

fi♪◘▬◒ꜟ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

│⁸ ◖fiⱣ▬fi♪◘▬◒ꜟ │ ⌐╟╡ ∆╢↓≤╩ ⇔≡™╢⁹ 

│⁸ ◖fiⱣ▬fi♪◘▬◒ꜟ │ ─╖⌐╟∫≡ ↕╣╢≤ ╩ ⅎ≡ ╩ ∆

╢↓≤⅜№╡⁸ ─⅔∕╣⅜№╢√╘⁸ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓↓

≢⁸₈ ₉≤│⁸ ─ ⌐╟╡ ╩ ∆╢ ≢№╢⁹ ⁸₈ ₉≤│⁸

─ ╩ ⇔⌂™╟℮⌐ ─ ╩ ∆╢ ╩ ⇔≡™╢⁹ 

│⁸▬⅛╠ꜟ╕≢⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ⇔⁸⅛≈⁸ ┼─

─ ┘ ─┼ⱦfiכ♃ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

▬│⁸ ┘ ─ⱦfiכ♃ ─ ⅜ ⇔√ ⌐⁸ ┘ ⅜≢⅝⌂ↄ⌂╢⅔∕╣⅜

№╢√╘ ⇔√╙─≢№╢⁹ 

Ɫ─₈ ⌐ ╩ ∂√ ₉│⁸ 42 ≢ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⅜⁸ ╩⇔⌂™ ◖fiⱣ▬fi♪◘▬◒ꜟ ─ ⌐│⁸ ⌐ ┼─ ─ ┘ כ♃

ⱦfi┼─ ─ ╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

ⱱ≢│⁸ ─ ─ ⌐≈™≡ ⇔≡™╢⅜⁸ ─ ─ ⌐≈™≡│⁸♬─ ─

≢ ≢⅝╢↓≤ ┘ ─ ─ ⅜ ─ ╩ ⅝ ⌐ ≢№╢↓≤⅛╠ ⇔≡

™⌂™⁹ 

♩│⁸ ⌐ │ ⌐ ╩ ∂╢↓≤│ ⌂™⅜⁸2,000kVA╩ ⅎ╢╙─⌐≈™≡│ ─ ≤⇔≡

™╢⁹ 

ꜞ│⁸ ─ ⅜ ⇔√ ⌐⁸ ≤⌂╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

♯ ┘ꜟ│⁸♪ꜝⱶ ─ ⅜ ⌐ ™ ⌐⁸ ∞⅝⌐╟╢ ─⅔∕╣⅜№╢√╘⁸╕√♪ꜝⱶ ─ ⅜

⌐ ™ ⌐⁸ ╩ ↄ ╪∞ ⅜ ╩ⱦfiכ♃⇔ ↕∑╢⅔∕╣⅜№╢√╘ ⇔√╙─≢№╢⁹ 

│⁸ ◖fiⱣ▬fi♪◘▬◒ꜟ ⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ 

▬─₈ │ ⅜ⱦfiכ♃ ⌐╟╡ ⇔√ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ▬ ≤

≢№╢⁹ 
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꜡─₈ ⌐ ⌂ ₉─ ⅎ ⌐≈™≡│⁸ 3 Ɫ ꜡ ≤ ≢№╢⁹ 

Ɫ│⁸ ⅜ ⌐ ═ ⇔ↄ ∆╢ ≢№∫≡⁸ ╣─⅔∕╣⅜№╢ ╩ ⇔≡™╢⁹ 

11 │⁸H17 ≢ ⇔√╙─≢№╡⁸ ≢ ⌐ ∆╢ ─ ≢№∫≡⁸

⌐╟╡ ∆╢╙─⌐ ⇔≡ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹↓↓≢₈ ₉≤⇔≡™╢─│⁸

─╒⅛⌐▬ⱬfi♩⌂≥≢ ↕╣╢↓≤⅜№╢√╘≢№╢⁹╕√⁸₈ ₉≤│⁸₈ ∕─ ─

┘⌐∕─ ≤ ≤⌂∫≡ ─ ⌐ ↕╣╢ ┘ ─ ₉─↓≤≢№╢⁹ 

 ⅛╠ ≢│⁸ ≢⅝╢ ⌐≈™≡ ⅜№╡ ⅜ ↕╣≡™╢╙─⌐ ⇔≡™

╢⁹ 

 │⁸ ⅜ ⇔√ ─ ─ ⌂ ╩ ⌐ ∆╢√╘⁸

│ ⅜ ∆╢ ≤ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ─ ⅛╠─ ≢№╡⁸ ─ ≤│ ╩ ≤⇔≡⅔╡⁸ ─

│ ≤ ≤ ⅎ≡╟™⁹⇔√⅜∫≡⁸ ≢ ⌐↕ↄ⁸┼™ ╩ ⇔⁸ ⅜ ∟

╠⌂™╟℮⌐ ⇔≡™╢ ⌐│ ╩ √∆╙─≢№╢⁹ 

 │⁸ ≢╙ ╠╣√ ≢ ⅜ ∆╢╟℮⌐⁸ ╩ ─ ⅛╠ ∆╢↓≤

╩ ⇔≡™╢⁹ 

 ┘ │⁸ ╩⇔⌂™ ⌐⅔™≡│⁸ ⅜ ∂√ ⌐ ─ ⁸⅛≈⁸

⌂ ╩ ∆╢↓≤⅜≢⅝⌂™√╘⁸ ─ ⅛╠ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 ≢│ ╩ ⌐ ∆╢ ⅜№╢ ⌐≈™≡ ⇔≡™╢⅜⁸ │ ─

⌐ ⇔≡⅔╠∏⁸ ⅜ ∆╢↓≤⌐╟∫≡ ─ ╙ ∆╢√╘⁸ ⅛╠ ⌐ ∆╢↓≤

│ ⇔≡™⌂™⁹ 

 ▬─₈ ⁸ ⅜ ⇔ↄ ⇔√ ₉│⁸ ─ ╩ ∆╢ ⅜ ⇔ↄ ⇔√

⌐ ╩ ⌐ ∆╢↓≤≤⇔≡™╢╙─≢№╢⅜⁸ ⅎ┌ ╩ ∆╢ ⅜ ⇔ↄ ⇔√ ⌐☻

ⱪꜞfi◓ ⌐╟╡ ⌐ ╩ ∆╢ ─╙─╙ ╩ √∆╙─≢№╢⁹ 

 ꜡─₈ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ∆╢ ╩ ╘╢ 27 ┘

40 ≢⁸ ⅜500kW╩ ⅎ╢ ─ ⅜ ─ ╩ ⅎ√ ⌐⁸ ╩ ∆╢

↓≤⅜ ↕╣≡™╢⅜⁸ ╩⇔⌂™ ─ ⌐│⁸500kW ─ ≢№∫≡╙⁸ ╩

∆╢↓≤≤⇔≡™╢⁹ 

 Ɫ─₈ ⅜500kW ─ ─ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ─ ⅜ ─

⅛╠ ⇔√ ≢ ╡ ╩ ⇔≡™╢╙─│⁸ ⅜ ⇔ↄ ⇔√ ⌐ ╩ ⌐ ↕∑╢

↓≤╩ ⇔≡™╢⁹ ⌐ ⅜╡ ╩ ⇔≡™╢ ⌐│⁸ ⌐ ⇔≡ ⌂ ⅜№╢╙

─≤⇔≡ ─ ≤⇔√⁹ 

 ♬─₈ ─ ─ ⅜ ⇔ↄ ⇔√ ₉ ┘ⱱ─₈ ─ ─ ⅜ ⇔ↄ ⇔√ ₉│⁸

─ ≢№╡⁸ ─ ⌐╟∫≡ ─ ⅝ │ ╩ ∂╢⅔∕╣⅜№╢⅛╠≢№╢⁹ 

 Ⱬ─₈ ⌐ ⅜ ⇔√ ₉│⁸ ─ ≢ ⅜ ⇔√ ≢№╡⁸ ⅎ┌

⅜ ⇔√ ─ ─ ╩ ≢ ⇔ ≢⅝╢ ─╙─╙ ╩ √∆╙─≢№╢⁹ 

 │⁸▬ │꜡⌐ →╢ ⅜ ∂√ ⌐⁸ ╩ ⅛╠ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™

╢⁹ 

 ▬│⁸ │⁸ ─ ╩ ∆╢≤ ≢─▪▬♪ꜟ ⅜ ≢№╢↓≤⅛╠⁸

╩ ⌐ ↕∑╢↓≤│ ⇔≡™⌂™⁹ 

 ꜡│⁸ ╩ ⇔≡ ∆╢ ⌐│⁸ ⌐ ∆═⅝ ⅜ ⇔√ ⌐ ╩ ⅛╠

⇔⌂↑╣┌⁸ ∆═⅝ ◓fiꜞ♃כ⸗⅜ ≤⌂╢↓≤⅛╠ ⌐ ⅛╠ ∆╢ ⅜№╢⁹ 

 

47 ─ ₒ ╩⇔⌂™ ─  x

₡  ₢ ┘ ─ ┘⌐ ┘ ─ ─ ─ ╩

≤⇔≡⁸ ─ ⅜ ↕╣≡™╢⅜⁸ │⁸ ≤ ⁸ ⅜ │↓╣≤ ─ ⌐⅔™

≡ ╩⇔⌂™↓≤⅜≢⅝╢ ─ ≤⁸∕─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

 ╩⇔⌂™ ⌐⅔™≡│⁸ ⅜ ∂√ ⌐⁸ ─ ⁸⅛≈⁸ ⌂ ╩ ∆╢↓≤⅜≢⅝

⌂™√╘⁸ ─ ⅛╠⁸ ╩∆╢ ╟╡╙ ⌐ ∆╢╟℮ ─ ╩ ∆╢ ⅜№

╢⁹ 

─₈ ₉│⁸ ╩⇔⌂™ ─ ≢ ╙ ⌂ ≢№╡⁸▬⌐⅔™≡⁸ ⅜
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⌂ ╩⅔™≡ ╩ ⇔⁸ ─ ╩ ℮╙─≢№╢↓≤╩ ⇔≡™╢⁹╕√⁸₈ ⌂ ╩⅔™≡

╩ ₉≤│⁸ ─ ─ ⌐ ↕╣∏⁸ ⅜ ⇔≡™╢ ⅛╠ ⌂ ╩⅔™≡∕

─ ┼ ™≡⁸ ╩ ∆╢↓≤╩ ⇔≡™╢⁹╕√⁸↓─ ⌐ ⌐ │ ╩ ℮↓≤╙ ⅎ

╠╣╢⁹ 

 ꜡│⁸ ─ ╩ ⇔√╙─≢№╢⁹ ≢│⁸ ⌐╟╡ ⅜ ⇔≡╙ ┼

↕╣∏⁸ ─ ╕≢ ≤⌂╢√╘⁸꜡ ▬ ┘ ꜡ ⌐ ∆╢ ⁸∆⌂╦∟₈ ─ ⌐

╩ ╓↕⌂™₉ ⌐ ╡⁸ ╩ ≢⅝╢╙─≤⇔≡™╢⁹ 

 ▬ │⁸ ⌐ ⅜ ∂√ ⌐⁸ ⅛╠ ╩ ↑╢ ⅜ ⇔⌂™↓≤╩ ╘≡™╢⁹ 

 ꜡ │⁸ ─ │ ⌐╟╡⁸ ─ ┘ ─ ⌐ ╩ ╓↕⌂™↓≤╩ ╘≡™╢⁹

↓╣│⁸ ─ ∞↑≢⌂ↄ⁸ ─ │ ⌐╟╡⁸ ┼ ∆╢ ─ ⅜ ∆╢ ╙

∆╢ ⅜№╢√╘≢№╡⁸ ⅎ┌⁸ ─ │ ⌐╟╡ ⌐ ↕╣√ ─ │

⅜ ↕╣≡™╢ ─ ⅜ ∆╢╙─│⁸ ꜡ ─ ⌐ ⇔⌂™⁹ 

↓↓≢₈ ┘ ─ ₉≤│⁸ ─ ⌐⅔™≡ 44 ─ ┘ ─

⌐№∫≡│101±6V⁸202±20V⁸ ⌐№∫≡│ ╩ ⇔≡™╢⁹⌂⅔⁸ ─ ⇔™ │⁸

─ ─ ⅛╠─ ⌐ ┘ ↄ ╙№╢√╘⁸ ⌐⅔™≡⁸ ─ ≤ ╩ ∆╢

─ ≤╩ ⇔≡ ⅜ ↕ↄ⌂™ ⌐│⁸∕─ ™⌐ ∆╢ ⅜№╢⁹ 

Ɫ≢⁸ ─ ╩ ⌐ ∆╢ ─ ⅜170,000V ─╙─⌐ ⇔≡™╢─│⁸

╩⇔⌂™ ─ ќ 48 ≤ ╩ ╢√╘≢№╢⁹ 

♬─₈ ─ ─ ⅜ ⇔√ │ ⅜ ⇔ↄ ⇔√ ₉⌐≈™≡│⁸ 43 ≢

─ ⅜ ↕╣≡™╢⅜⁸ ─ ⌐│⁸ ─ ╩ ∆╢ ╩ ∆╢↓≤

≤⇔≡™╢⁹ 

─₈ ₉│⁸ ┼ ─ ╩ ∆╢ ╩ ⇔⁸ ⅜ ∕─

⌐ ∂≡ ⌐ ⅝⁸ ─ ┘ ─ ╩ ℮ ≢№╢⁹ 

꜡│⁸ ─ ╩ ⌐ ∆╢ ╩ ⇔≡⅔╡⁸ ▬ ⅛╠ Ɫ ⌐⅔™≡ ⇔≡™╢⁹ 

▬ │⁸ ≢ ⅜ ⇔√ │⁸ ⌐ ╩ ⅎ╢√╘─ ┘ ≢─ ⌂ ⅜≤

╣╢╟℮⌐⁸ ╩ ↑╢↓≤╩ ⇔≡™╢⁹ 

꜡ ─ ─ ⌐≈™≡│⁸ ─ ⁸ ─ │ ─ ⌂≥╩ ⅎ≡

⅔╡⁸ⱨ□fi⸗כ♃כ ─ⱥꜙכ☼─ ─╟℮⌂ ⌂ │ ⅎ≡™⌂™⁹ 

Ɫ ─₈●☻ ─ ●☻─ ⅜ ⇔ↄ ⇔√ ₉│⁸ ⌐ ⇔≡№╢●☻─ ⌐╟

╡ ∑╪ ─ ╩ ∂╢⅔∕╣⅜№╢ ⌐ ⇔≡™╢⁹ 

ⱱ ─₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⁸ ─ ┘ ─

⌐ ↕╣╢ ≢№∫≡⁸ ⅜ ⇔√≤⅝ ⅜ ⌐ ⅝ ⇔⌂↑╣┌⌂╠⌂™╟℮⌂

╙ ╕╣╢⁹ ⁸ ─ ≢№∫≡⁸ ─╙─≤ ─╙─⅜2 ⌐ ↕╣≡™╢ ⌐⅔

↑╢ ─╙─ ┘ ⌂≥⌐ ↕╣╢ ≢№∫≡⁸ ⌐ ⌂≥╩ ╡ ↑╢√╘⌐ ™╠╣⁸

⌐│ ⇔⌂™╟℮⌂╙─│⁸↓╣⌐ ⇔⌂™⁹₈ ─ ⌐╟╡ ─ ⅜ ∆╢╙─╩

ↄ⁹₉≤⇔≡™╢─│⁸ ╩ ≤∆╢ ╩ ⌐∆╢√╘─╙─≢№╡⁸ ⅎ │ 48 ─2 3 Ɫ ꜡

≤ ≢№╢⁹ 

Ɫ│⁸ ⅜2,000kW ─ ⌐№∫≡│⁸ ⌐ ∆╢ ╩ ⌐ ∆╢ ≤∆╢↓≤⅜

╘╠╣╢↓≤╩ ⇔≡™╢⁹↓↓≢₈ ₉≤│⁸ ─ ⌐ ⌂ ─ ⅜№╢ ≢№∫≡⁸

─ ≤─ ⅜ ╠⅛≤⌂∫≡™╢ ≢№╣┌╟™⁹ ⅎ┌⁸ ╩ ≤∆╢ ⌐≈™≡╙⁸

⌐╟∫≡ ⅜ ≢№╡⁸ ─ ⌐ ╢ ⅜ ↕╣⁸ ⌂ ⅜ ↕╣≡™╢↓≤

⅜ ╠⅛≢№╣┌⁸ ─ ⌐ ∆╢╙─≤ ≢⅝╢⁹ 

♬≢│⁸ ─ ╩ ⌐ ∆╢ ─ ⅜170,000V ─╙─⌐ ⇔≡™╢⁹

↓╣│⁸ ╩⇔⌂™ ─ ќ 48 ≤ ╩ ╢√╘≢№╢⁹ 

─₈ ₉│⁸ ⅜ ⌐ ⇔⁸ ─ ─ ┘ ╩

≢ ℮ ≢№╢⁹ 

꜡│⁸ ─ ╩ ⌐ ∆╢ ╩ ⇔≡⅔╡⁸∕─ ⅎ │ ꜡≤ ≢№╢⁹ 

Ɫ│⁸ ⌐ ∆╢ ⅜№╢ ╩ ⇔≡™╢⁹ 

▬ ─₈ ₉⌐│⁸ ⅛╠ ⁸ ─ ╕≢⅜ ╕╣≡⅔╡⁸ ⅎ┌⁸ ─

╙ ╕╣╢⁹ 
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꜡ │⁸ ⌐ ⌂ ─ ┘ ─ ╩ ╘≡™╢⁹↓↓≢⁸ ⅜100,000V

╩ ⅎ╢ ╩ ∆╢ ⌐ ∫≡™╢─│⁸ ╩⇔⌂™ ─ ќ 48 ≤─

╩ ╢√╘≢№╢⁹╕√⁸ ╩ ∆╢ │15,000V ─ ⌐ 108 ⌐ ⇔

≡™╢ ─ ⌐≈™≡│ ∆╢↓≤╩ ╘≡™╢⁹↓╣│⁸↓╣╠─ │

⌐ ∆╢↓≤⅜╒≤╪≥⌂ↄ⁸⅛≈⁸ ⌐ ╩ ⇔√≤⅝│ ─ ⌐ ─ ╩ ∆

╢╙─≢№╡⁸ ─ ⌐ ≢ ∆╣┌╟™⅛╠≢№╢⁹ 

 ₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⅎ ─╖⌐ ↕╣╢╙─ ┘ ─

⌐ ™╠╣╢ ⅜ ⇔√ ⌐ ⌐ ⅜ ⅝⁸ ╛ ─ ╩ ⇔√ ≢⌂

↑╣┌ ∆╢↓≤⅜≢⅝⌂™╙─ │ ╕╣⌂™⁹ 

 

48 ₒ ╩⇔⌂™ ─  x

₡  ₢ ┘ ─ ┘⌐ ┘ ─ ─ ─ ╩

≤⇔≡⁸ ─ ⅜ ↕╣≡™╢⅜⁸ │⁸ ≤ ⁸ ⅜ │↓╣≤ ─ ⌐⅔™

≡ ╩⇔⌂™↓≤⅜≢⅝╢ ─ ≤⁸∕─ ─ ⌐≈™≡ ⇔≡™╢⁹₈ ╩ ⇔≡ ∆

╢ ⌐№∫≡│⁸∕─ ⇔√ ₉≤│⁸ ─ ⌂ ⌐╟╢ ⌂ ╩ ℮√╘⁸ ≈─

╩2 ─ ⅛╠ ⇔≡ ∆╢↓≤╩ ╘√╙─≢№╢⁹↓╣│⁸ ⇔√ ─ ⌐ ∆╢

─ ⌐ ∂≡⁸ ╩∕╣∙╣ ≢⅝╢↓≤╩ ⇔≡⅔╡⁸╕√⁸∕╣∙╣─ ⅛╠ ⇔≡

∆╢ │⌂™↓≤╩ ⇔≡™╢⁹⌂⅔⁸ ─℮∟ ⁸ │ ⅜

↕╣ │ ↕╣╢╙─│⁸ ≤─ ╩ ↑╢√╘⌐ 2 ⌐╟╡ 1 ⅛╠ ─

│ ↕╣⌂™⁹ 

 ┘ │⁸ ╩⇔⌂™ ─ ╩ ⇔√╙─≢№╢⁹ 

 ▬─₈ ₉│⁸ ⅜ ⌐ ∂≡ ⌐ ⅝⁸ ─ ─ ┘ ─

╩ ℮ ≢№╢⁹ ╩⇔⌂™ ─ ≢ ╙ ⌂ ≢№╡⁸ │ ⌐ ∆╢

─ ⅜100kV ─╙─⌐ ∫≡™╢⁹ │⁸ ⅜ │∕─ ⌐№╢ ⌐

∆╢↓≤≤⇔≡™√⅜⁸ ╩ ∆╣┌⁸ ⅜ ⌐ ⇔⌂ↄ≡╙⁸ ≢

╩ ∆╢↓≤⅜ ≢№╢↓≤⅛╠⁸H23 ≢ ↕╣√╙─≢№╢⁹ 

꜡ ┘Ɫ│⁸ ⅜ ⌐ ⇔⁸ ⌐ │ ┼ ⅝⁸ ─ ─

┘ ─ ╩ ℮ ≢№╢⁹↓╣╠─ ⌐╟╡ ↕╣╢ │⁸ ⅜ ↄ⁸ ┘

≢№╢─≢⁸ ⌐ ⅜ ∂√ ─ ⌂ ⅜ ≤⌂╢√╘⁸ │ ≤

≤─ ╩300m ≤∆╢↓≤╩ ⇔≡™╢⁹ 

 ♬│⁸ ⅜ ⌐ ⇔⁸ ─ ─ ≤ ─ ╩ ≢ ℮ ≢№╢⁹ │

⌐ ╡ ╘≡™√⅜⁸S57 ≢ ─ ⁸ ─ ┘ ─ ⇔™ ╩

≤⇔≡⁸ ⅜170kV╩ ⅎ╢ ⌐≈™≡ ╘√⁹ 

 48- 2 ─₈ ₉≤│⁸ ⌐ ⌐ ┼ ∆╢↓≤⅜≢⅝╢ ╩ ⇔⁸ ─ ⌐ ⌂

─ ⅜№╢ ≢№∫≡⁸ ─ ≤ ⅜ ╠⅛≤⌂∫≡™╢ ≢№╣┌╟™⁹ ⅎ┌⁸ ╩

≤∆╢ ⌐≈™≡╙⁸ ⌐╟∫≡ ⅜ ≢№╡⁸ ─ ⌐ ╢ ⅜ ↕╣⁸ ⌂

⅜ ↕╣≡™╢↓≤ ⅜ ╠⅛≢№╣┌⁸ ─ ⌐ ∆╢╙─≤ ≢⅝╢⁹ 

 ▬─₈ ⌐ ⌂ ₉⌐│⁸ ─ ─╒⅛⁸ ─ ⌐ ↕╣╢

≢№∫≡⁸ ⅜ ⇔√≤⅝ ⅜ ⌐ ⅝ ⇔⌂↑╣┌⌂╠⌂™╟℮⌂ ╙ ╕╣╢⁹ ⁸

⌐ ⌂≥╩ ╡ ↑╢√╘⌐ ™╠╣⁸ ⌐│ ⇔⌂™╟℮⌂╙─│⁸↓╣⌐ ⇔⌂™⁹╕√⁸₈

⅜ ⌐ ⇔√ ₉│⁸ ≤│ ⅎ⌂™─≢ ⇔≡™╢⁹√∞⇔⁸ ⌐ ⇔√ ⌐│ ⅜

⇔≡™╢↓≤╩ ⌐ ╠∑╢ ⅜№╢√╘⁸ ∆╢↓≤≤⇔≡™╢⁹ 

 ꜡─₈ ⅜ ₉≤│⁸ ─ │ ─ ⌐╟╡⁸ ─ ⅜ ⌐⌂╢↓≤╙

ⅎ╠╣╢⁹ 

 Ɫ─₈ ─ ₉⌐≈™≡│⁸ כ꜠ꜞ⅛╒─ ╙ ╕╣╢⁹ 

 ♬│⁸ ─ │ ⅜ ∆╢ ⅜ ⌂ↄ⁸⅛≈⁸ ⅜ ≢⌂™√╘ ╩ ╘≡™╢⁹ 

 ⱱ│ ─ ⅜ ⇔ↄ ⇔√ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡⅔╡⁸ 47 ┘ 47 ─

─ ─ ≤ ⌂╡⁸ ─ ╙ ≤⇔≡™╢⁹↓╣│⁸ │ ≤ ⌂╡ ⌐ ⇔≡

↕╣╢ ⅜№╡⁸ ⌐ ⅜ ↄ ∫≡™╢ ⌐≈™≡│⁸∕─ ⌐ ⇔≡ ⇔™ ⅜ ≤ ↕╣√

√╘≢№╢⁹√∞⇔⁸ ─ ≢│ ∆╢╙─⅜╕╣≢№╢↓≤╩ ⇔≡⁸3,000kVA ─ ─╙─⌐
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≈™≡│ ≤⇔≡™╢⁹ 

 Ⱬ─₈ ⅜ ⇔√ ₉≤│⁸ ─ ⁸ ─ │ ─ ⌂≥╩ ⅎ

≡⅔╡⁸ⱨ□fi⸗כ♃כ ─ⱥꜙכ☼─ ─╟℮⌂ ⌂ │ ⅎ≡™⌂™⁹ 

♩│⁸ ⌐ ⌂≥─ ⌂ ⌐≈™≡ ⇔√╙─≢№╡⁸ ⌐≈™≡│♅≢ ⇔≡™╢⁹ 

ꜞ│⁸ ⌐ ⇔≡™╢●☻─ ⌐╟∫≡ ∑╪ ─ ⅜ ∂╢⅔∕╣⅜№╢ ⌐ ⇔

≡™╢⁹ 

│⁸ │ ─ ─ ⅜ ⌐ ⇔√ ≢ ╩ ∆╢↓≤│ ─ ╩ ℮─

≢⁸ ⅛╠ ╩ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

▬≢│⁸ ╩ ∆╢ │15,000V ─ ─ ⌐≈™≡│⁸

╩ ╘≡™╢⁹↓╣│⁸↓╣╠─ │ ⌐ ∆╢↓≤⅜╒≤╪≥⌂ↄ⁸⅛≈⁸ ⌐ ⌐

⇔√≤⅝│ ─ ⌐ ─ ╩ ∆╢╙─≢№╡⁸ ─ ⌐ ≢ ∆╣┌╟™⅛

╠≢№╢⁹⌂⅔⁸₈ ⌐ ⌂ ₉⌐│⁸ ─ ─ ⅎ ─╖⌐ ↕╣╢╙─ ┘

─ ⌐ ™╠╣╢ ⅜ ⇔√ ⌐ ⌐ ⅜ ⅝⁸ ╛ ─ ╩

⇔√ ≢⌂↑╣┌ ∆╢↓≤⅜≢⅝⌂™╙─ │ ╕╣⌂™⁹ 

│⁸ ─ ⅜170kV╩ ⅎ╢ ╩ ∆╢ ╩ ⌐╟╡

∆╢ │⁸ ⁸ ꜟⱩכ◔ ─ ─№╢ ╩ ♩כꜟ2√⇔ ─

⌐╟╡⁸ ∆╢↓≤≤⇔≡™╢⁹↓╣│ ⅜ ⌐╦√∫≡ ↕╣╢√╘⁸ ⌂≥─ ─

╩ ↑╢⅔∕╣⅜№╡⁸ ─ ╩ ↑√ ⁸ ─ ╩ ∆╢ ⌂ ⌐№∫≡│⁸ ⌐

⅝⌂ ╩ ⅎ╢⅔∕╣⅜№╢√╘≢№╢⁹ ≤∆╢↓≤⅜ ⌂ ≢│⁸ ⅎ┌⁸ 48.1 ⌐ ∆╟℮⌐

─ ╩∕╣∙╣ ⇔≡ ∆╢↓≤≢ ≤╖⌂∆↓≤⅜≢⅝╢⅜⁸∕─╟℮⌂ ⌐│⁸

⌐╟╡ ⌐ ╩ ↑⌂™╟℮ ⌐ ∆╢ ⅜№╢⁹ 

 

─ ⅜ 

⌂  

 

48.1  

 

 │⁸ ╩⇔⌂™ ⌐ ∆╢ ≢№╢⁹ ─ │ ⁸

⁸ ⅜ ↕╣ │ ↕╣⁸↓─╟℮⌂ ⌐╟∫≡ ↕╣╢ ⌐≈™≡│ ╩

↑╢ ≢⁸ 2 ⌐⅔™≡ ─ ⅛╠ ─ │ ↕╣⌂™↓≤╩ ⇔≡™╢⁹ ∫≡⁸ ─ ─

┌⌂™ ╛ ⌂≥─ │ ─ ⅜ ↕╣╢⁹ 

▬│⁸ ⌐ →╢ ─╒⅛⁸ ⁸ ⅎ┌ │↓╣╠─ ⌐ ╩ ∂√

⌐⁸√∞⇔ ─ ╩ ⅝⁸ ⅛╠↓╣╩ ⌐ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 
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꜡│⁸ ⌐ →╢ ─╒⅛⁸ ─ ┘ ╩ ┘ ∆╢ ╩ ∆╢↓≤≤⇔≡™╢⁹ 
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3   
1  ─  

49 ₒ ⌐ ╢ ─  x

₡  ₢ │⁸ 3 ≢ ™╠╣╢ ⌂ ─ ╩ →√╙─≢№╢⁹ 

 │⁸ ⌐ ™╠╣╢ ─ ≢№╢⁹ 

 ⅛╠ │⁸ ◖fi◒ꜞכ♩ ┘ ─ ≢№╢⁹∕╣∙╣─ ╩ 49.1 ⌐ ∆⁹ 

 

 

 

 

 

49.1  

 

 ⅛╠ │⁸ ─ ─ ≢№╢⁹ ≤│⁸ ⅜ ─ ─ │ ⌐⅔™

≡ ќ 1 ∆╢ ≢№∫≡⁸ ─ ─ ⌐⅔™≡ ∆╢ │ ╕⌂™⁹↓╣╠─

⌐≈™≡ ⇔≡™╢─│⁸ ≤ ─ ≤⅜ ⇔⁸ │ ∆╢ ─ ╩ ─ ≤─ ⁸

─ ─ ↔≤⌐ ⇔√↓≤⌐ ™⁸ ─ ⅜ ⌐⌂╢─╩ ↑╢√╘≢№╢ ќ 49.2 ⁹  

 

49.2  

 

─ ≤│⁸ ⅜ ⌐ ╢⅔∕╣⅜№╢ ╩ ⇔≡™╢⁹⌂⅔⁸ ⅜ ⌐ ╢⅔∕╣⅜№╢

⌂≥≢ ─√╘⌐ ─ ⌐ ↑╠╣╢ ∆╡ ⁸↕ↄ │ 126 │ ⅛╠

─ ─ ─ ╩ ≤⇔√╙─≢№╡⁸∕─ ─ ≤ ⅎ≡╟™ ќ 49.3 ⁹╕√⁸ ⅜ ⇔™

⌂≥─ ⅜ ∫≡ ∆╢↓≤⅜⌂™╟℮⌂ ─ ⌐≈™≡│⁸ ≢│№╢⅜⁸∕─ ─ ≤⇔≡

℮↓≤⅜≢⅝╢⁹ 

─ ≤│⁸ ⌐ ⇔√ ⌐ ╩ ╡ ↑⁸ ╛ ╩ ∆╢ ╩ ⇔⁸ ⅎ┌꜡כⱪ►▼▬

⌂≥⅜↓╣⌐ ∆╢⁹ 

◖fi◒ꜞכ♩  
◖fi◒ꜞכ♩ ╩ ╗⁹  

⁸ ╩ ╗⁹  

A  

B  

A  

B  
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49.3  

 

50 ₒ ⅛╠─ ⌐╟╢ ─ ─  x

₡  ₢ │⁸ ⅛╠ ∆╢ ⌐≈™≡ ⇔≡™╢ ќ 31 ⁹ 

3 ≢│⁸IEC ⌐ ™⁸50- 1 ⌐ ─ ⌐╟╢ ─ ╩ ⇔√⁹⌂⅔⁸ ─ ⌐

⅔↑╢ │ ⇔ↄ│ ≢№∫≡⁸ ─ ─ ↕≤ ─ ⅜№╢ ⌐│⁸ 3

⌐ ∂≡ ∆╢↓≤╙ ⌂™╙─≤ ⅎ╠╣╢⁹ ⌐ ⇔⌂™ │⁸ ┘IEC ─

╩ ≤⇔≡ ╩ ∆╢↓≤≤⌂╢⁹ 

 

2  ─  
51 ₒ ─  x

₡  ₢ │ ⅛╠ ∆╢ ⌐≈™≡─ ≢№╢⁹ ⌐≈™≡│⁸ꜝ☺○╛♥꜠ⱦ☺ꜛfi

─ ≤Ⱡ○fi◘▬fi⁸↑™ ─ ╩ ⇔√ ╛ ♪ꜞꜟ⁸ Ᵽꜞ◌fi⁸

Ⱶ◐◘⁸כ Ⱶ◦fi ─ │ ╩ ⇔√ ─ ⁸ ─ ⁸ ╩

∆╢ ─ ⌐ ∫≡⁸ ─ ⅜ ₁ ⇔√√╘ ─ ─ ≢ ⅜ ╦╣≡™

√⁹⇔⅛⇔⁸ ≢ ⇔⌂↑╣┌ ─ ⌂ ╩ ╖ ⌠ ⌐⌂∫√√╘⁸S29 ≢ ─ ─ ⅜

↑╠╣√⁹ ≢│⁸↓╣╠─ ⌐≈™≡╕≤╘≡ ⇔≡™√⅜⁸ ≢│⁸ ⌐≈™≡│

≢⁸ ⌐≈™≡│ 155 ≢⁸ ⌐≈™≡│ 202 ≢∕╣∙╣ ⇔≡™╢⁹ 

 ≢│⁸ ⅛≈ ⌂ ╩ ∆╢↓≤╩ ≤⇔≡⅔╡⁸ ⇔ↄ│ ⌂╙─ │ ⌂

╙─│ ≤⇔≡™⌂™⁹ ─ ≤⇔≡│⁸ᵑ ╛ ⅛╠ ∆╢ ⌐╟╢ ⁸ᵒ

─ ⌐ ⅜ ╕╣╢√╘⌐⁸↓╣⅜ ⌐ ╦╡⁸∕─ ⌐ ↕╣╢ ⌐ ╩

╓∆↓≤⌐╟╢ ⁸ᵓ ⅛╠ ⌐ ╦∫√ ⌐╟∫≡⁸↕╠⌐ ⅛╠ ∆╢ ⌐╟╢

⅜№╢⁹ 

 │⁸ᵑ─℮∟ ⅛╠ ∆╢ ⌐╟╢ ⌐ ∆╢ ≢№╢⁹ ⁸ᵓ─ ⅛╠ ∆╢

⌐╟╢ ╙⁸ ⌐ ∆╢ ⅜ ≢№╢ │ ─ ≤⌂╢⅜⁸ ⌐ ↕╣╢

⅜ ≢№╢ │ ≢ ╩ ∏═⅝ ≢№╢⁹ 

 2 ≢│⁸ ⅛╠ ∆╢ ─ ─℮∟⁸ │ ─ ⅛╠ ∆╢ ─

╩⁸36.5dB ∑╪ ≤⇔≡™╢⁹ ─ ⌐ √∫≡│ᵓ─ ⌐╟╢ ╩ ⌐ ╡ ∆↓≤│ ≢№

╢─≢↓╣╩ ╘≡ ⇔⁸36.5dB╩ ∆ ⌐│ ⌐ ┘ ╩ ℮⁹ ⅛╠─ ⌐╟╢╙─

╩ ™√ ⅜36.5dB ≢№╣┌ ⌐⅔↑╢ │ ≢№╡⁸ ⌐⅔™≡↓╣╩ ∆═⅝

≢№╢⁹ 

 ⌂⅔⁸↓─ ─ ⌐≈™≡│⁸ ─ ─ ⌐╟╡ ╘╠╣√╙─≢

№╡⁸ ≤⇔≡│⁸ 48 ─ ─ ⌐ ∏╢ ─╙─╩ ∆╢↓≤≤⇔≡™╢⁹ 

 

52 ₒ ┼─ ⌐╟╢ ─  x

₡  ₢ ─ ⌐ ∆╢ ⌐╟╢ ─ ⌐│⁸ ⌐ ─№╢

┘ ─ ─ │ ⇔ↄ│ ─ ─ ⌐╟╢ ─ ≈⅜№

╢⁹ │⁸↓╣╠─ ╩ ⇔⁸ │ ∆╢√╘⌐ ↑╠╣≡™╢⁹ ⌐╟╢ ─ ⌐≈™≡⁸

│ ─ ⌐ ∆╢ ─╖╩ ≤⇔≡™√⅜⁸ ≢│⁸ ≡─ ╩
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≤⇔≡™╢⁹⇔√⅜∫≡⁸ ─ ⌐ ↕╣√ ⌐ ⇔≡╙ ─ ╩ ⅎ╢ │⁸

↓╣╩ ∆╢√╘⌐ ╠⅛─ ╩ ∏╢ ⅜№╡⁸↓─ ─ ⌐ ∆╢ ─ ⌐≈™≡│⁸

41 ⌐ ╘╠╣≡™╢ ⌐ ≠™≡ ↕╣╢↓≤⌐⌂╢⁹⌂⅔⁸⅝ ⌐≈™≡│⁸ 204 ⌐ ⇔≡™╢⁹╕

√⁸ ╩ ╗ 3 1 ┘ 2 ─ │⁸ 64 ⌐⅔™≡ │ ⅛╠ ⅛╣≡™╢

┘ 83 ⌐⅔™≡ ⅛╠ ⅛╣≡™╢ ⌐ ⇔≡╙ ↕╣╢↓≤≤⌂╢─≢ ╩ ∆

╢⁹ 

 1 ⌐⅔™≡⁸ │⁸ ⅛╠ ↕╣≡™╢ ќ 13 √╘⁸ ⌐ ┘ ─

─ │⁸ 204 ─ ⌐ ═ ≢№╢⁹ ╩ ⅝ↄ∆╢↓≤│⁸ ⌐╟╢

╩ ∆╢√╘─ ⌂ ─ ≈≢№╡⁸ ≢│ ╩2m ≤∆╢↓≤≤⇔≡™╢⁹ │⁸

⌐╟╢ ─ ─√╘⌐ ╩ ⇔≡™╢⅜⁸ ≢│⁸ ⌐╟╡ ≤

≤─ ╩ ⇔√∞↑≢│ ⌐ ⌐╟╢ ─ ╩ ≢⅝⌂™ ⌐⁸ ⌐ ⌐ ∂≡ ⌂

╩ ∏╢ ╩ ⇔≡™╢⁹ 

 ꜡│⁸⌡╪ ╩ ℮↓≤⌐╟╡ ╩ ↕∑╢ ╩ ⇔≡™╢⁹ 

Ɫ ќ 52.1 │⁸ ⇔√ ─ ⅜ ╩ ⇔⁸╕√ ⌐ ⇔≡╙ ╩ ⌐ ↑╢

↓≤⌐╟╡⁸∕─ ─ ╩ ⅝ↄ∆╢↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 
52.1  

 

♬│⁸ ─ │⁸ ⌐│ ⅝⌂ ⅜ ╣⁸ ≢╙ 3 ⌐╟╡

⌐ ⅜ ╣≡⁸ ─ ⌐ ⇔≡ ⌐╟╢ ─ ╩ ╓∆⅔∕╣⅜№╢─≢⁸↓─╟℮⌂

⌐ ─ ─ ╩ ∆ ─ ⌐╟∫≡ ╩ ⌂ↄ⇔⁸ │ ⅜2 ─ ⌐│⁸

⌐ ╣╢ ╩ ⌂ↄ∆╢╟℮⌐ ╩ ∆╢ ─ ⌐╟╡ ╩ ∆╢ ╩ ⇔

≡™╢⁹ 

 2 │⁸ ─ ⌐╟╠⌂™↓≤⅜≢⅝╢ ╩ ⇔≡™╢⁹ ╩ꜟⱩכ◔⌐ ∆╢ ќ 67

│⁸ 76 ⌐ ∆╢ ≤─ ╩ ∆╣┌⁸ ⁸ ⌐╟╢ ─ │╒≤

╪≥⌂™≤ ⅎ╠╣╢⁹ ⁸ ─ ╩ ╓∆↓≤⅜ ↕╣√╟℮⌂ ⌐│⁸ 1 ⌐ ∏╢↓≤⅜ ╕

⇔™⁹ 

 3 │⁸ ─ ≢│⁸ ─╟℮⌐ ⌐╟╢ ─ ─ ≤⌂╢ ⅜ ™

─≢⁸ ⇔⌂™ ≢№∫≡╙ ⌐ ╩ ╓∆⅔∕╣⅜№╢≤⅝│⁸ ⌐ ∂≡ 1 ⌐

∫≡ ⌂ ╩ ∏╢↓≤╩ ⇔≡™╢⁹ 

 4 │⁸ ─ ⌐╟╢ ─ ╩ ⇔≡⅔╡⁸ ⌐ ╩ ⌐

ⅎ╣┌╟™⁹60kV ─ │╒≤╪≥⅜ ≢№╡⁸20kV⁸30kV ─ ≢╙⁸ ─

╙─⅜ ⌂ↄ⌂™⁹ ╩ ∆╢↓≤│⁸ ─ ╩ ∆╢╒⅛⁸ ⌐ ─ ╩ ™⁸

─ ╩ ╡ ╢ ⅜№╢⅜⁸ ≢ ─ ─ ╛ 4 ─ ─ ⌐

⌐ ╩ ∆╢⁹⌐╟╢ ─√╘⌐ ∆╢ ⌐ ⌂ ╩ ⇔⁸ ╛ ⌐ ╩

ⅎ╢╒⅛⁸ ⌐│ ⌐╟╢ ╩ ↓∆⅔∕╣⅜№╢⁹↓╣╠─ ╩ ∆╢√╘⌐│⁸ ⌐≈

™≡│ ╩ ∆╢⁸ ╩ ─כ꜠ꜞ ╟╡╖√ ─ ⌐∆╢╟℮⌐ ─

─ ╩ ⅝ↄ∆╢⁸ │ ꜞ▪◒♩ꜟ ╩ ∆╢ ─ ⁸ ⌐≈™≡│ ─Ᵽꜝfi☻╩ ╢⁸

│ ╩ ↕ↄ ↑╢ ⌐╟╡ ╩ ↕ↄ∆╢ ╩≤╢ ⅜№╢⁹╕√⁸ ─ ╩

⅝ↄ∆╢⁸ ┘ ♪ꜟכ◦⌐ ╩ ∆╢⁸ │ ⌐ ─╟℮⌂
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⌂ ╩ ╡ ↑╢↓≤ ╙ ⌂ ≢№╢⁹ ∆╢⌐⁸ ≤⇔≡│⁸ ⌐ ╩⇔√ ⅜

⅛≈ ⌂ ╙№╢↓≤⅛╠⁸ ─ ⌐ √∫≡│↓╣╠─ ╩ ⌐ ⇔≡⁸ ╙ ⌐№∫√

╩≤╢↓≤⅜ ≢№╢⁹ 

 1A √╡─ ─  ⁸ ─ ⌐│⁸ ─ ⅜ ™╠╣≡™╢⅜⁸Carson pol-

laczek─ ╙ ≤⇔≡ ™╠╣╢⁹ ─ │⁸ ─≤⅔╡≢№╢ ќ 52.2 ⁹ 

    
( ) î

ý

î
ü

û

î
í

î
ì

ë

+

+

=
100

2

1
2

21

1 l

bb

l
KfV SS  

 V ⌐ ∆╢ V/A  

 ─ Hz  

 b1⁸b2 ≤ ≤─ m 5,000m╕≢⅜ ≤⇔≡ ↕╣╢⁹  

 l 1⁸l 2 ∕╣∙╣b1⁸b2 ┘b2⁸b3 ─ ─↓℮ m  

 K ≢№∫≡⁸ ⁸ ┘ ─ ┘⌐ ≢│⁸ │0.0005⁸ │0.00025

≤⇔⁸ ─ ≢│⁸ │0.0008⁸ │0.0004 

 

 

52.2  

 

⅜ V ≤⌂╣┌ ╩ ≤∆╢⅛│⁸ ╩ ↑╢ ≤ ⅎ╢ ≢ ∆╢ ≢№╢↓≤⅛╠⁸

≢│ ╩ ⇔≡™⌂™⁹ 

 ≢│⁸ ה  5 11 ≢⁸ ⌐ ╩ ≢ ╖

╩∆╢╟℮⌂ ≢⁸ ⅛╠ ┼ ∆╢╟℮⌂ ⌂ ╩ ⇔≡⁸ ─ ⅜ ─ ≤⌂

╠⌂™ ─ ╩ ⇔√℮ⅎ≢⁸ ⅜ ⌐0.06 ≤⌂╢╟℮ ↕╣╢ ⅛╠─

⌐ ⇔≡│⁸650V╩ ≤∆╢↓≤⅜ ≢№╢≤⇔≡™╢⁹ 

 ╕√⁸ ⌐│⁸ITU- T ⅜ K.33 8 10 ╩ ⇔≡⅔╡⁸ ⌐│2,000V⁸

─ ⅜ ─╟℮⌂ ⌂ ⌐⅔™≡│650V╩ ≤⇔≡™╢─≢ ↕╣√™⁹ 

 5 │⁸ ─ ⌐╟╢ ⌐ ∆╢ ─ ≢№╢⁹

─ ⌐ √∫≡│⁸ ─ ─ ╩ ⌐ ⇔⁸╕√ ⌐ ╘√ ⌐╟∫≡

∕─ ─ ╩ ═≡ ⌂ ╩≤╢ ─ ⅜ ≢№╢⁹ │⁸ ≤│ ⌂╡⁸

≤⇔≡ ─ ⅜ ≤⌂╢─≢⁸ ─ ╩ ╓↕⌂™↓≤⅜ ≢№╡⁸ ⌂ │ ⌐

⇔≡™⌂™⁹⌂⅔⁸ ─ꜟⱩכ◔ ℮╞∟─ꜟⱩכ◔⁸│ ⅜ ↕╣≡™╢─≢ ⌐╟╢ │ ⌂

™⁹ 5 ─₈ ⌐ ⇔≡⁸ ─ ⌐⅔™≡⁸ ⌐╟╡ ─ ╩ ╓↕⌂™╟

℮⌐₉≤│⁸ │ ╩ ╓↕⌂™ ─ ⌐ ⇔≡╙⁸ ⌐ ╩ ⇔√ ⌐⌂⅔ ⌐╟╢

─ ╩ ╓∆⅔∕╣⅜№╢≤⅝│⁸ ─⌡╪ ╩ ⌐ ™ │D ╩ ⇔√ ╩ ─

⌐ ⇔≡ ┼™∆╢ ⌐╟╡⁸ ⌐∕─ ╩ ∆═⅝↓≤╩ ⇔≡™╢⁹↓─ ⁸ ⌐⅔™

≡⌡╪ ∕─ ─ ╩ ∂√╒℮⅜ ⅛≈ ⌂↓≤⅜ ⌂ↄ⌂™─≢⁸↓─╟℮⌂ ⌐│ ─

≤ ∆╢ ⅜№╢⁹ 

 ⌂⅔⁸ │ ⁸ ⌐≈™≡╙ ⇔≡™√⅜⁸H9 ≢│⁸∕─ ⅜⌂ↄ⌂∫√↓≤⅛

╠ ⇔√⁹ 

 ▬─ ─ ╩ 52.3 ╩ ≤⇔≡ ⌐ ∆⁹ 

 

 

 

 

 

 



88 

 

 

 

 

 

 

 

 

 

52.3  

 

56

5

6
9

54

5

4
8

4

4

7

2

2

2

21

2

1
1

12

1

2
1 loglog

15

15
log

15

15
logloglog

bb

b

b
l

bb

b

b
l

b

b
l

b

b
l

bb

b

b
l

bb

b

b
l

ä  

15606015 3

6

3

43

21

1

³³³
ä

b

l
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 ꜡─ ─ ╩ 52.4 ╩ ≤⇔≡ ⌐ ∆⁹ 
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5

76

4

54

4

43

3

32

2

21

1

21

1
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bb

l

bb
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⌂⅔⁸ │ 27 1 ┘ 2 ≤ ╩ ⌐╙ ⇔≡™√⅜⁸H23 ⌐⅔™≡ ≤─ ╩

↑╢√╘ ⇔√⁹ 27 1 │⁸500kV ─ ⌐ ∫≡⁸ ⌐ ∆╢ ⌐╟╢ ╩ ∆╢

⅛╠S43 ⌐ ↕╣√ ≢№╢⅜⁸∕─ ⁸ ⌐ ₁ ⅜ ↕╣⁸

⌐╟╢ ┼─ ≤ ⌐≈™≡ ⅜ ╦╣√⁹↓─ ⌐╟╣┌⁸↓─ ─ ≤│⁸

─ ⌐ ↕╣√ ⅜№╢≤ ≤─ ⌐ ╩ ∂╢ ≢№╡⁸↓─ ⌐ ⅜ ╣╢≤

╩ ⇔⁸∕─ ⁸ ⅜ ╩ ∆╢ ≢№╡⁸ ↕╣√ ⌐ ↕╣√ ⅜ ╣√ ╙ ∂≢№

╢⁹↓─ ⌐ ╩ ∆╢ │⁸ ⅜ ─ ⌐⅔™≡│⁸ ─ ⌐⅔↑╢ ⌐ ═│╢

⅛⌐ ™ ⌐№╡⁸ ⌐ ╛ ╩ ╓∆╙─≢│⌂™⅜⁸ ─ ⁸ ⁸ ⌐╟∫≡

╛ ╩ ⅎ╢↓≤⅜№╢≤ ↕╣≡™╢⁹⇔√⅜∫≡⁸S51 ≢│ ⌐ ∆╢ ≤⇔≡⁸

⌐⅔↑╢ ─ ╩ ⇔√⁹⌂⅔⁸ ⅜ ─ ≢ ╩↕⇔≡ ⌐ ─

⌐ ╣╢≤™℮╟℮⌂⁸↔ↄ ╠╣√ ≢ ∆╢╙─≢№╢√╘⁸ ⁸ ┘⌐ ╛ ≢─ ─√

╘⁸↔ↄ ╠╣√ ─╖⅜ ∟ ╢╟℮⌂ │ ⌂≥─ ─ ─ ⌂™ │ ⇔√⅜⁸ ⌐ ↕╣

≡™╢ ⇔ↄ│ │ ≤⌂∫≡™╢ │ ─ ─ ⌂™ ⌐ ╕╣⌂™⁹ ⌐╟╢ ╩

∆╢ ≤⇔≡│⁸ ─ ╩ →⁸2 ⌐⅔™≡│⁸ ─ ╩ ⌐⇔⁸ │ ┼™

l1 

l3 

l6 l7 

l8 

l9 
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l12 

l2 

b2 

b7 b8 
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25m 25m  
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l 5 
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╩ ∆╢↓≤⌂≥⅜ ⅎ╠╣╢⁹ ⌐ ∆╢ ⌂≥│⁸ ♃▬ꜘ╩ ∆╢↓≤⌐╟╡ ⌂ↄ

⌂∫√≤ ╦╣≡⅔╡⁸ ⌐⅔↑╢ ≤⇔≡│↓─╟℮⌂↓≤╙ ⅜№╢⁹ 

 27 2 │⁸ ⌐╟╢ │ ─ ┌⅛╡≢⌂ↄ⁸ ⌐│⁸ ⌐ ⇔≡

⌐╟╡ ─ ╛ ─ ⌐ ─◦ꜛ♇◒╩ ⅎ╢↓≤⅜№╢─≢⁸↓╣╩ ∆╢ ⅜№

╢↓≤╩ ⇔≡™╢⁹ ⅜ ⅛╣≡™╢─│⁸∕╣⅜ 27 3 ⌐⅔™≡ ↕╣≡™╢⅛╠≢

№╢⁹ 

 ⌂⅔⁸ 3 ┘ 4 ≢│⁸ ─╖≢⌂ↄ⁸ ⌐ ⇔≡╙ ∆╢↓≤≤⇔≡™╢⁹

⇔√⅜∫≡⁸ ─ ↄ⌐ ⅜№╢ │⁸↓╣⌐ ⇔≡╙ ─ ╩♅▼♇◒⇔≡

⅔ↄ ⅜№╢⁹ 

 

53 ₒ ─ ─  x

₡  ₢ │⁸ ─ ⌐ ⅜ ⇔⁸ ⌐ ⇔≡ ∆╢ ╩ ∆

╢√╘⌐ ╘╠╣√╙─≢№╢⁹↓─╟℮⌂ │⁸ ⌐└∫⅛⅛∫√₈♃◖₉╩≤╢√╘⌐ ∆╢⌂≥─⁸

⅜ ─ ╕≢ ╢ ╩ ∫≡ ∫√╙─≤⁸ ⅜ ⌂╢™√∏╠≢ ∫√╙─⌂≥⌐ ≢⅝╢⅜⁸

─ │Ɫ◦◗⌂≥─ ╙ ⅜☻כ◔╢╣↕ ↄ⁸↓╣╩ ∆╢↓≤│ ⌐ ⇔™⁹ 

 ⇔⅛⇔⁸ ⅜ ╢ ─ ⌐≈™≡│⁸ ⌐ ╢↓≤⅜≢⅝╢↓≤│ ╕⇔ↄ⌂™─≢⁸ ⅜

⌐│ ╡ ↄ∆╢√╘⁸ ≤⌂╢╟℮⌂ ─ ─ ↕─ ╩ ⇔√╙─≢№╢⁹↓─ │⁸

⅝ↄ∆╢╒≥ ╕⇔™⅜⁸ ─ ─ ⅛╠│ ↄ↓≤─≢⅝⌂™╙─≢№╡⁸ ─ 1.8m≤⇔≡™╢⁹

√∞⇔ │⁸ ─ ⅛╠ ≢⅝╢ ╩ ⅎ≡™╢≤ ⅎ╠╣╢╙─╩ ⇔√╙─≢№╢⁹ 

 

54 ₒ ─  x

₡  ₢ ≢│⁸ ⌐ ╩ ↑╢ ⌐⁸ ⅜ ⌐ ⌂ↄ √╣⁸ ⌐ ⌂√╘⌐│⁸

⇔≡™╢↓≤⅜ ╕⇔™─≢⁸ 54.1 ─╟℮⌐ ─ ≢ ∆╢↓≤≤⇔≡™╢⁹ 

    

54.1                    54.2  

 

≢│⁸ ꜟⱩכ◔ ќ 67 ⁸ 86 ℮╞∟⅜ꜟⱩכ◔⁸⌐℮╟─ ≢∟╞℮ ↕╣≡™≡

⅜ ╦╠⌂™╙─│ ≢ ⇔≡╙╟™↓≤≤⇔≡™╢⁹ 

≢│⁸ ⌐⅔™≡⁸ ⅎ┌ ─ ≢│ ─ ⅛╠ ╩ ∆╢ ⅜ ↕╣⁸

≢ ∆╢↓≤⅜ ⌐ ⌂ ╛ ─ ╩ ∆╢ ⌂≥⌐│⁸ ─ ⌐ ⅜

╦╠⌂™╟℮⌐∆╣┌⁸ ≢ ⇔≡╙╟™↓≤≤⇔≡™╢⁹ ─ ─ ≤⇔≡│⁸

ⅎ┌ ╩∟╞℮ ⇔≡ ∆╢ ⁸ │ 54.2 ─╟℮⌐ ↕╣√ ╩ ≢ ⇔≡ ∆╢

⅜№╢⁹ 
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55 ₒ ─  x

₡  ₢ │⁸ ⌐ ╘╠╣╢ ╩ ⇔≡™╢⁹ ─ │⁸ 1 ┘ 2 ⌐ →╢ ╩

∆╢↓≤⅜ ≢№╢⁹╕√⁸ ─ │⁸ 3 ⌐ →╢ ╩ ∆╢ ⅜№╢⁹ 

 │⁸ ⅜ ⌐ ╢⅔∕╣─⌂™ ╛ ─ ≤ ≤─ ⅜ ⇔√ ⌐⁸

╩ ∆╢√╘⌐ ™╢╙─ ќ 71 3 ⁸ 106 1 ≢⁸S43 22 ─2≢ ─

⌐≈™≡─ ⅜⁸H18 ≢ ─ ⌐≈™≡─ ⅜∕╣∙╣ ↕╣√⁹╕√⁸S47 22 ─2

≢⁸ ⅜ ∆═⅝ ⌂≥⅜ ↕╣√⁹ 

 1 ┘ 2 │⁸ ┘ ─ ─ ≤⇔≡⁸ ┘ ⌐≈™≡ ⇔≡™╢⁹⌂⅔⁸

⌂ ⌐≈™≡│⁸  JESC E2021 2010₈ ⌐ ∆╢ ┘ ₉╩

↕╣√™⁹ 

 3 │⁸ ─ ≤⇔≡⁸ ⁸ ↕⁸ ╩ ⇔≡™╢⁹ ⌐≈™≡│⁸ ┘

↕╩ ∆╢↓≤⌐╟╡∕─ ╩ ⇔≡™╢⁹ 

│⁸ ∆╢ ⌐│⁸ ⁸ ♩ꜝ♇◐fi◓ ⁸ ⁸ ┘ ╩ ⇔≡⁸

─ ⌐╙ ↕╣≡⅔╡⁸⅛≈⁸ ─ ┘◌Ᵽכ ≢ ⌂ ─№╢ⱳꜞ◄♅꜠fi

╩ ™╢↓≤≤⇔≡™╢⁹⌂⅔⁸ ⌐⅔↑╢ ┘ ┘─ ─ ♄fiⱬꜟ │⁸R7

╟╡⁸ ≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑ

⌐☺כ ↕╣≡™╢⁹ │ 5 2 ▬─ ╩ ↕╣√™⁹ 

─ ─ ↕│⁸ ─ ─ ↕⌐ ∂⁸ ⁸ ♩ꜝ♇◐fi◓ ⁸ ⌐

∆╢ ┘ ─ ─ ⅛╠⁸2.5mm≤⇔≡™╢⁹ 

─ │⁸ ─ ќ 5 ╩ ⌐⁸ × ⁸ ⁸∕─

⌐ ∆╢ 10% × ≤ ─ ⌐╟╢ ─ ─ ™╩ ⇔√ 1.1

─╖ ⅛╠ ⇔≡™╢⁹ 

⌂⅔⁸ 4 42 7 15 ≢│⁸₈ │ ≢ ↕╣╢√╘ ─

≢№∫≡╙ ⅜ ≤⌂╢─≢⁸ │ ─╟™╙─∞↑≤⇔√⁹₉≤↕╣≡™╢⁹ 

 

56 ₒ ◖fi◒ꜞכ♩ ─  x

₡  ₢ │⁸ ─ ≤⇔≡ ∆╢ ◖fi◒ꜞכ♩ ─ ≤ ⌐≈™≡ ⇔≡™╢⁹ 

 1 │⁸ ─ ≤⇔≡ ↕╣╢ ∟ ◖fi◒ꜞכ♩ ╩ ⌐⇔√╙─≢⁸ ⌐◖

fi◒ꜞ⁸♩כ ⁸ ⁸ │Ⱳꜟ♩╩ ∆╢ ─ ─ ╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ ─ │⁸  JEC- 127-1979₈ ₉⌐ ≠ↄ╙─≢№

╢⁹ 

 ▬│⁸ ◖fi◒ꜞכ♩ ╩ ∆╢ ⌐ ∂╢ ⅜⁸56- 1 ⅛╠56- 3 ⌐ ∆ ─ ⌐ ╕╢╟℮

⌐ ∆╢↓≤≤⇔≡™╢⁹ 

 ꜡│⁸ ∟ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─ ╩ ⇔≡⅔╡⁸↓╣⌐ ∂╣┌▬⌐ ∆ ╩ ∆╢

≤⇔≡™╢⁹ 

 │⁸ ∟─ ◖fi◒ꜞכ♩ ─ ⌐≈™≡ ⇔√╙─≢⁸ ∟ ◖fi◒ꜞכ♩ ─ ≤⇔≡

ⱪ꜠☻♩꜠☻♩◖fi◒ꜞכ♩ⱳ⁸│≡∫№⌐ꜟכ  JIS A 5373 2016₈ⱪ꜠◐ꜗ☻♩ⱪ꜠☻♩꜠☻

♩◖fi◒ꜞכ♩ ₉⁸ ◖fi◒ꜞכ♩ⱳ⁸│≡∫№⌐ꜟכ JIS A 5309 1971₈ ⱪ꜠☻♩

꜠☻♩◖fi◒ꜞכ♩ⱳכꜟ⅔╟┘ ◖fi◒ꜞכ♩ⱳ₉ꜟכ╩ ⇔≡™╢⁹↓╣│⁸ ◖fi◒ꜞכ♩ⱳכꜟ

─ ╩ 1 ≤ 2 ⌐ ⇔⁸ │ ≤⇔≡ ─╙─⁸ │ ≤⇔≡ ─╙─╩ ≤⇔≡™╢

─≢⁸ ≢│ 1 ⌐ ╢╙─╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ ⌐ ∆ ◖fi◒ꜞכ♩ ≤ ≢ ∆ ∟ ◖fi◒ꜞכ♩ ≤─ │⁸ │ ◖fi◒

♩כꜞ ⌐ ↕╣╢◖fi◒ꜞכ♩ ┘ ⌐≈™≡∕╣∙╣ ╩ ⇔⁸ ⌐ ╦╢ ⌐╟╡ ∂╢

⅜∕╣∙╣─ ─ ⌐ ╕╢╟℮⌐ ∆╢↓≤╩ ⇔≡™╢─⌐ ⇔⁸ │ ₁─ ⌐≈™≡─

╩ ↕∏⁸ ⇔√ ≤⇔≡─ ╩ ⇔≡™╢↓≤≢№╢⁹ 

 ╕√⁸ ≢ ⇔≡™╢JIS A 5309 1971 ⌐≈™≡│⁸1981 ⌐ ↕╣≡™╢⁹⇔⅛⇔⌂⅜╠⁸ ⌐ ≠

ↄ ⅜ №╡ ↕╣≡™╢↓≤⌂≥⁸ ╩ ⇔≡ ╩ ⇔≡™╢⁹ 

 ≢│⁸ ◖fi◒ꜞכ♩ ─ ╩ ⇔≡™╢⁹ ◖fi◒ꜞכ♩ │ 56.1  (a) ─╟℮⌐

◖fi◒ꜞכ♩ ≤ ╩ ╦∑√╟℮⌂╙─≢⁸∕─ ─ ⅜ ◖fi◒ꜞכ♩≢ │ ≤⌂∫≡™╢

╙─⅜ ≢№╢⁹ ◖fi◒ꜞכ♩ │⁸ ─ ╩ ╡ ╣⁸ ≢─ ≡⅜ ≢№╢≤≤╙
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⌐⁸ ⁸ ⌐◖fi◒ꜞכ♩ ╩ ∆╢↓≤⌐╟╢ ─ ⁸ ─ ⌂≥ ⅛╠─

⌐╟╢ ⁸ ─Ɽכ♥│ ↕™ ◖fi◒ꜞכ♩╩ ∆╢↓≤⌐╟╢ ─ ╛ ─ ╩

≤⇔≡ ↕╣╢↓≤⅜ ™⁹↓↓≢⁸ 56.1  (b) ─╟℮⌐ ─ ⅜ ⌐ ─ ⌐ ╢╙─

│ ◖fi◒ꜞכ♩ ≢│⌂ↄ⁸◖fi◒ꜞכ♩ │№ↄ╕≢╙ ≤ ⅎ╢⁹╕√⁸ ─ ◐

ꜗ♇ⱪ╩⅛┬∫√╙─│⁸ ◐ꜗ♇ⱪ│ ─ ≤ ⅎ⁸ ◖fi◒ꜞכ♩ ≤│╖⌂↕⌂™⁹ 

 
56.1  

 

 ≢│⁸ ◖fi◒ꜞכ♩ ⌐ ∆╢ ─ ╩ ⇔≡⅔╡⁸↓╣⌐ ∂╣┌ ⌐ ∆ ╩

∆╢≤⇔≡™╢⁹ 

 ◖fi◒ꜞכ♩ ─ │⁸ ─ ≤ ∟ ◖fi◒ꜞכ♩ ─ ≤╩ ╦∑√╟℮⌂╙─≢⁸

⌐│ ≤⇔≡ ╩ ╘≡™╢JIS─ ≤ ─ ╩ ⌐ ⇔√╙─╩⁸╕√⁸ ◖fi◒

♩כꜞ ⌐│ ∟ ◖fi◒ꜞכ♩ ╩ ∆╣┌╟™↓≤⌐⌂╢⁹√∞⇔⁸ ─ ↕│1mm ≤⇔⁸

─ │ ─ ќ 57.4 ⌐ ∂≡ ™⁸∕─ ─ │ ⅜ ─3 ≢№╢─⌐ ⇔2

≤⇔≡™╢⁹ 

 

57 ₒ ┘ ─  x

₡  ₢ │⁸ ─ ≤⇔≡ ∆╢ ┘ ─ ⌐≈™≡ ⇔√╙─≢⁸ 1 ≢│⁸

┘Ⱳꜟ♩─ ╩ ⇔≡™╢⁹ ⅛╠ ≢│⁸ ≤⇔≡ ↕╣╢ ⁸ ⁸ ⁸ ⁸

◖fi◒ꜞכ♩ │⸗ꜟ♃ꜟ╩ ≡╪⇔√╙─╩ ╗⁹ ┘Ⱳꜟ♩─ ⌐≈™≡ ⇔≡™╢⁹ 

 S38 ╕≢│⁸ │ ≤⇔≡ ∆╢ ╩ ⅝⁸ ≤⇔≡ ≢⅝⌂⅛∫√⅜⁸ ─ ⅜

≢⌂ↄ ⌐ ™ ╙№╢↓≤⁸╕√X ╛ ─ │ ╩ ⇔≡ ∆╢↓≤⌂≥⅛╠⁸ ⌐

∆╢ ⅜⌂ↄ⌂∫√⁹ꜞⱬ♇♩ ⌐≈™≡│⁸ ─ ≤⇔≡ ╦╣⌂ↄ⌂∫√↓≤⅛╠H9 ≢ ⇔

√⁹╕√⁸H4 ≢⁸ ─ ⌐⅔↑╢Ⱳꜟ♩│ ⌐╟╢╙─⅜ ≢№╢↓≤⅛╠⁸ ⁸ ⌐ ╘≡

⅝√Ⱳꜟ♩╩ ≤⇔≡ ↕∑√⁹ 

 ▬≢│⁸ │ ⌐ ∆╢ ⁸ ⁸ ⁸ ⁸ ⁸Ⱳꜟ♩─ ⌐≈™≡ ⇔≡™╢⁹↓

─ ⁸ ⁸ ⁸ → ⁸ ∑╪ ┘ │⁸57- 1 ⌐⅔™≡∕╣∙╣

─ │ ↕⌐╟╡ ∆╢↓≤≤⇔≡™╢⅜⁸ │Ⱳꜟ♩│ ⅛╠ ⌐ ∆ ⌐ ∆

╢╙─≢№╢↓≤⅜ ≢№╢⁹⌂⅔⁸ ⌐≈™≡│⁸ │ ╩ ⌐ ╘≡™√⅜⁸H9 ≢

─№╢ ╩ ≤∆╢√╘⌐ ╩ ⇔√⁹╕√⁸H16 ≢⁸ 57.1 ⌐ ∆ ≢ ∫√Ⱳꜟ♩

─ ┘ ⌐ ≠⅝⁸ ≤⇔≡1.25ɨY ╩ ⇔√⁹⌂⅔⁸ 57.1 ─ ─

≤Ⱳꜟ♩ ≤─ ╩ 57.1 ⌐ ∆⅜⁸↓─ ─ ≤Ⱳꜟ♩ ≤─ ─ ⌐≈™≡│⁸

 JEC- 127- 1965₈ ₉╩ ↕╣√™⁹ 

 

57.1  

     

─ ≤Ⱳꜟ♩ ≤─   2.0 d  
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  1.5 d  

   
 5 mm 

  4 mm 

d│ Ⱳꜟ♩  

 

57.1  

 

 ꜡─ │⁸ ─ ⁸ ─ ⁸ ─ ⌐╟╡ ⌂╢─≢ ≢ ↕╣≡™╢⁹

⌐ ⇔≡│⁸ ⅛╠ ⱨꜝfi☺≢ ↕╣√ ─╟℮⌂ ─ ─ ╩ ⌐

≤↕╣≡™√⅜⁸ ─ ⌐ ™ ⁸ ⁸ ─╟℮⌂ ─ ─ ⅛╠⁸╕√ ⌐

─╙─╟╡╙ ─ ⌂™ ⅜ ™╠╣╢╟℮⌐⌂∫√↓≤⅛╠⁸ ─ ≢│↓╣╠ ─ ─

╩ ⅛≈ ⌐ ╘╢↓≤⅜ ⌐⌂∫√√╘⁸ ≢ ╘╠╣≡™╢⁹ 

 ─Ɂ⁸ɨkao  ⁸ɟ1 ┘ɟ2 │⁸ ─ ≤ ∂╢ ─ ⌐╟╡ ╕╢ ≢№∫≡⁸57- 3

⌐⅔™≡ ⌐ ∆╟℮⌐ ⇔≡⁸∕╣∙╣⌐ ⇔≡ ╩ ⇔≡™╢⁹ 

ᵑ ⁸ ⁸ ─╟℮⌂ ╩╙∟⁸ ─ ⌐ ╩ ∂⌂™╟℮⌐ ⌐ ↕╣√

─ ╘≡ ⌂™  

ᵒ ─╟℮⌂ ╩╙∟ ─ ≢ᵑ╟╡ ≢№╢⅜⁸ ─ │╒╓ ─ ╩ ╢

≤ ⅎ╠╣╢ ─ ⌂™  

ᵓ ⱨꜝfi☺ ─╟℮⌂ ─ ™╙─ 

 ⌂⅔⁸ ┘ ─ ≤⇔≡ ∆╢ ↕690N/mm2 520N/mm2 ⌐≈™≡│⁸

─ ⅜14 ⌐⌂╢≤⁸ ─ ≢│ ╠╣⌂⅛∫√ →⌡∂╣ ─ ⅜ ⅎ╠╣╢↓≤⅛╠⁸ ─

⌐╟╡ ⇔√ ≤ →⌡∂╣ ╩ ⇔≡ ⇔√ ─™∏╣⅛ ↕™ ─ ╩ ≤∆╢↓≤≤⇔

≡™╢⁹ 

  ɠk l k  / r ─ │⁸ ─╟℮⌐ ℮⁹ 

ᵑ 57.2  (a) ─╟℮⌐ ⌐ ╩ √⌂™ ≢│⁸ ─ ╩l k ≤⇔⁸ ─

╩r ≤∆╢⁹ 

ᵒ 57.2  (b) ─╟℮⌂♄Ⱪꜟ꞉כ꜠fi ⌐⅔™≡⁸ ╩∕─ ≢Ⱳꜟ♩ ╘⇔√ ⌐│⁸ ⅛╠

╕≢─ ↕l ─ ⅝™ ╩l k ≤⇔⁸ ─ ╩r ≤∆╢⁹ 

ᵓ 57.2  (c) ─╟℮⌐⁸ ≢ ─╖─ ≢ ↕╣√ ⁸ │ᵔ≢™℮ ≢ ─╖─

≢ ↕╣√ ─╟℮⌐ ─ ⌐ ⇔≡∞↑ ↕╣√ ≢│⁸ │ ⌂ ─

↕─ l ╩l k ≤⇔⁸ ⌐ ⌂ ─╙─╩r ≤∆╢⁹↓─ ⌐⅔™≡⁸ │ ≤

─ ↕l Ω ┘  r  min ⌐╟╢ ─ ⅜ ⅝™ ⌐│⁸↓╣⌐╟╢↓≤⁹ 

ᵔ 57.2  (d) ─╟℮⌐⁸ ╩ ∆╢√╘ ⌐╟╢ ⌂ ╩ ⌐ ≈ ≢│⁸∕─

≤ ─ ≤─ ─ ↕⁸ │∕─ ⅜ ≈ №╢ ⌐│⁸ ─ ↕l ╩l k ≤⇔⁸

╩r ≤∆╢⁹ 

ᵕ 57.2  (e)⁸(f) ─╟℮⌐⁸ ⌐ ⅜ ⇔⌂™ ─╟℮⌐ ─ ≢ ─ ⌐ ⇔≡

↕╣√ ⁸∆⌂╦∟⁸ ∕╣∙╣─ ─ ⅜ ⇔⌂™ ─╟℮⌂ ⌐│⁸ ─ ─ ↕

╩l k ≤⇔⁸∕─ ⌐ ⌂ ─╙─╩r ≤∆╢⁹↓─ ⌐⁸ ─ ↕l Ω ┘  r  min 

⌐╟╢ ─ ⅜ ⅝™≤⅝│⁸↓╣⌐╟╢↓≤⁹ 
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57.2  

 

 l k │⁸ ─ l ╩⁸ ─ ⌐╟╡ ⌐№∫≡│⁸l k 0.9l  ⁸ ⌐№∫≡

│l k 0.8l  ╕≢ ∏╢↓≤⅜≢⅝╢⁹∆⌂╦∟⁸ ⁸ │ ⅜ ↕╣⁸∕─ │ ⌂Ⱨfi

≢│⌂™─≢⁸ ⌐╟╡ l k │ ⌐l ╟╡╙ ⇔⁸ ─ │⅛⌂╡ ∆╢↓≤⅜

⌐ ↕╣≡™╢ ќ 57.3 ⁹ 

 

57.3  

 

 ⅜1 ─Ⱳꜟ♩≢ ↕╣╢ ⌐│⁸2 ─Ⱳꜟ♩≢ ↕╣╢ ⌐ ═≡⁸ ─ │ ∆╢

─≢ ╩ ∆╢⅜⁸ ⅜1 ─Ⱳꜟ♩≢ ↕╣╢─│⁸ ⌐ ╠╣╢─⅜ ≢№╡⁸↓─╟℮⌂ ≢

│⁸ ≤ ≤─ ⌐⅛⌂╡ ⅜№╢ ⅜ ™↓≤╩ ⇔≡⁸ ⌐ ⇔ ⌐l k 0.9l ╩≤╣╢╙

─≤⇔√⁹ 

 ─ ≢⁸ ⅜ ↕╣≡™╢╙─│⁸ ─ ⅛╠l k 0.7l ⌐∆╢↓≤╩ ╘≡™╢⁹ 

 ◖fi◒ꜞכ♩ ⸗ꜟ♃ꜟ╩ ╗ ≡╪ ≢│⁸ ◖fi◒ꜞכ♩ ─ ─ ≤ ⌐ ⌐ ⇔≡◖

fi◒ꜞכ♩─ │ ⅎ⌂™⅜⁸ ⌐ ⇔≡│ ≤ ─ ≢ ≤◖fi◒ꜞכ♩≤⅜ ╩ ∆╢╙

─≤ ⅎ≡⁸ ⌐ ⇔√ ┘ ╩ɨka ─ ⌐ ∆╢⁹ 

 ↓↓≢⁸ Aeq ┘  r eq │⁸ ─╟℮⌐ ╘╠╣╢⁹ 

        
n

AA
E

E
AA

sc

s

c

seq

1
+=Ö+= Ac 

 As ─  

 Ac ◖fi◒ꜞכ♩─  

 Es ─  
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 Ec ◖fi◒ꜞכ♩─  

 n ◖fi◒ꜞכ♩≤ ─  

        
c

s

c

s

eq

eq

eq
A

nA

I

n
I

A

I

r Ö+Ö+==
11

 

 I eq 2 ♩ⱷfiכ⸗
cs

I

n

I
1
+  

 I s ─2  ♩ⱷfiכ⸗

 I c ◖fi◒ꜞ2─♩כ  ♩ⱷfiכ⸗

 ⌂⅔⁸ ─ │⁸ ─ ⁸ ⌂≥⌐≈™≡│⁸  JEC- 128- 1965₈

₉ ┘  JEC- 127-1965₈ ₉⌐ ≠ↄ╙─≢№╢⁹ 

⅛╠ ⌐≈™≡│⁸H4 ≢⁸UHV ─ ─ ─ ≤⇔≡  JIS G 3129 1988₈

₉⁸JIS G 3223 1988₈ ⱨꜝfi☺ ₉⁸JIS G 3474 1988₈ ₉

╩ ⅎ⁸Ⱳꜟ♩─ ≤⇔≡  JIS B 1051 1991₈ ─Ⱳꜟ♩ה ⌡∂─ ₉╩ ⅎ√⁹ ⌐⁸

H14 ≢⁸ ┘ ─ ≤⇔≡  JESC E 3002 2001₈ 690N/mm2

─ ─ ─ ┼─ ₉⌐ ∆╢ 690N/mm2 ╩ ⅎ⁸H16 ≢⁸Ⱳꜟ♩─

≤⇔≡  JIS B 1186 1995₈ Ⱳꜟ♩ה ה♩♇♫ ─☿♇♩₉╩ ⅎ√⁹

√∞⇔⁸ ⅛╠ ™≡™╢ ╩ ⌐ ⅎ╢╙─≢│⌂™⁹⌂⅔⁸₈ 690N/mm2 ─

─ ─ ┼─ ₉⌐ ∆╢ 690N/mm2 ╩ ∆╢ ⌐≈™≡│⁸R3 ╟╡⁸

≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡

↕╣≡™╢⁹ 

 

 2 ≢│⁸ ⌐⅝ │ ╩ ∆╢ ─ ↓─ ⌐│⁸ ─ ≢№╢

─≢⁸ 59 ─ ╩ ↑╢⁹ ≤⇔≡ ™╠╣╢ ⁸ ≤⇔≡ ↕╣╢ ⌂≥─ │⁸ ─

─╙≤⌐ ─ ─╙─⅜ ↕╣≡⅔╡⁸ ─ ╩ ≤⇔≡ ╖ ≡╢ ─╟℮⌐

↔≤⌐ ⌐ ∆╢╙─≢│⌂™─≢⁸↓╣╠─ ╩ ⌐ ∆╢ ⌐≈™≡ 1 ≤│ ⌐ ⇔≡™

╢⁹↓╣╠─ ╩ ─ ≤⇔≡ ∆╢ │⁸ ∟ ◖fi◒ꜞכ♩ ╛ ≤ ∂ↄ

─ ⌐⅔↑╢ ⅜↓─ ╟╡ ⅝ↄ⌂╠⌂↑╣┌╟ↄ ќ 59 ⁸ ↔≤─ │ ⌂

™⁹ 

 ⌐ ⇔≡│⁸ ╩ ∑∏⁸ 2 ≢ ─ ⌐⅔™≡ ─3 ─ ⌐ ⅎ╢↓

≤≤⇔≡™╢⅜⁸↓─ │╙∟╤╪ ─ ≢ ⅎ⌂™⁹↓─ ─ ╩ 57.4 ⌐ ∆⁹ 

 

57.4  

 

58 ₒ ─ ⌐ ™╢  x

₡  ₢ │⁸ ─ ⌐ ™╢ ⌐≈™≡ ⇔≡™╢⁹ ⌐≈™≡│⁸ ⌐⅔™≡

♃כ♦─ ⅜⌂↕╣≡™╢↓≤⁸ ⌐ ─♃כ♦≡═ ⅜ ↕ↄ ╩ ⇔╛∆™↓≤⁸

≢─ ה ─ ⅜ ⅝ↄ⌂ↄ⁸ ╛ ─ ╣─ ╩ ⇔╛∆™↓≤⌂≥⅛╠ ─

⌐╙≤≠ↄ 10 ╩ ™╢↓≤⅜ ≢№╢⁹IEC60826 2017⁸EN50341-1 2012⁸

12 1454 ⌐⅔™≡╙ №╢™│ ⌐ ∆╢ ≤⇔≡10 ⅜ ™╠╣

≡™╢⁹ 
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 1 │⁸ ─ │ ─ ≢№╢⁹ 

│⁸ ─ ⌐⅔™≡ ╙ ⌂ ≢№╡⁸▬⌐⅔™≡ ─ ┘∕╣╠─

─ ≤⌂╢ ↔≤─ ╩ ⇔⁸꜡ ┘Ɫ⌐⅔™≡ ⁸ ┘ ─ ─ ↔≤─ ┘

⁸♬⌐⅔™≡∕╣╠─ ─ ╦╡ ╩ ⇔≡™╢⁹ 

 ⌐™ⅎ┌⁸ │ ⅛╠ ⌐⅛↑≡─ ⌐⅔™≡ 40m/s─ ⅜№╢╙─≤ ⇔√

⌐ ∂╢ ⁸ │ ─ ™ ⌐⅔↑╢ ⅛╠ ⌐⅛↑≡─ ⌐ │⌂™ ⌐⅔

™≡ ⌐ ⅜ ⇔√ ≢ ─1/2─ ╩ ↑╢╙─≤ ⇔√ ⌐ ∂╢ ⁸

│ ─ ↄ⌂™ ⌐⅔↑╢ ╛ ⅜ ↄ ⌂∫≡™╢ ⌐ │ ∆╢ ⌐⅔™≡⁸

─1/2─ ╩ ↑╢╙─≤ ⇔√ ⌐ ∂╢ ⁸ │ ≤∕─

⌐ ⌂ ⅜ ⇔╛∆™ ⌐⅔™≡ ⌐ ⅜ ⇔√ ≢ ─0.3 ─ ╩ ↑╢╙─≤

⇔√ ⌐ ∂╢ ≢№╢⁹ 

 58- 1 ─₈ ◓fi◦כ꜠ⱶ♃▬⁸Ⱪכ▪⁸│≥₉ ⁸ ⁸ ⁸ ╩ ⇔≡⅔╡⁸ ┘

≢│ ─ ≤⌂╢⁹ 

 ≤ ─ ⌐≈™≡│⁸ ≢│ ↔≤⌐⁸ ≢│ ⌐1 ─ ╩ ≈↓≤╩ ≤⇔≡™╢⁹

⌂⅔⁸ │ ⌐ ═≡ ⌐ ⅝⅜ ≢⁸⅛≈⁸ ⅝≤ ↕─ ⅜ ⇔ↄ ↕ↄ⁸ │ ≤⇔≡

≢ ≢⅝⌂™⅜⁸ │ ≢ ⇔≡╙ ⇔ ⅎ⌂™ ─ ╙№╢⁹⇔⅛⇔⁸ ⌂≥⌐╟∫≡ ⌐│ ↑╢↓≤

⅜≢⅝⌂™─≢⁸ ⌐⅔↑╢ ─ ≢│⁸ ─ ╩ √∆╙─⅜ ≢№╡⁸ ─ ⌐ ∆

╢╙─⅜ ≤ ⅎ≡ ⌂™⁹ 

 ₈ ─ ₉≤│⁸ ⌐ ∆╢ ─ ≢№╢⅜⁸ ─ ⌐⅔↑╢ │⁸

≢│ ─ ╩ ⇔≡ ─╖─ ╩≤╡⁸ ⁸⅜™⇔ ┘ ╙ ╩≤∫

≡™╢⁹╕√ ⌐ ∫≡⁸ ─ ╖⌐╟╡ ─ ⅜ ⇔√╙─≤ ⅎ≡ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸

─ │ ⅎ⌂™⁹ ┘ ─ ╩ 58.1 ┘ 58.2 ⌐ ∆⁹ 

               

         58.1                       58.2  

 

 ⅜ ≢ ⌂╢ ≤ ⌂╠⌂™ ⌐≈™≡│⁸ ⌂ ┘ ─ ≤⇔≡♄Ⱪꜟ꞉כ꜠fi⁸◦fi◓ꜟ

꞉כ꜠fi⁸ⱪꜝ♇♩⁸K K⁸Ⱪꜝ▬ⱥ ♠♣Ⱶ ─5 ⅜№╡⁸∕─ │ 58.1 ⌐ ∆≤⅔╡≢№╢⁹ 

 ↓─℮∟◦fi◓ꜟ꞉כ꜠fi│⁸ ┘ ─ ≢│⁸ ≤ ≢ ™⌐ ⌂╠⌂™⅜⁸ ≢│↓─

│ ─ ⌐ ↕╣╢─≢⁸ ⌐ ╦╢ ≤ ─╖─ ≤─ ┘ ⅜

⌐ ↕™⅛╠ ⌐ ⌐ ⇔≡│ ⇔⌂™⁹ ≢│⁸ ┘ ⅜ ─ ≤│ ℮─≢⁸ ─

╟℮⌐ ⌐ ⇔≡ ∆╢↓≤≤⇔≡™╢⁹ 

 

58.1  ┘  

          

♄ Ⱪ ꜟ  

꞉כ꜠fi 

 

⅜ ⅝ↄ 2.5m ╕≢─ ⌐ ∆╣┌

≢⁸ ─ ─ ⌐ ↕

╣╢ ⅜ ™⁹ 

◦fi◓ꜟ 

꞉כ꜠fi 

 

⅜ ↕ↄ⁸ ╙ ⌂™ ⌐ ≢⁸

⁸ ⌐ ↕╣╢ ⅜ ™⁹ 
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ⱪꜝ♇♩ 

 

─ ─ ≢ ⁸ ─ ™ ⌐

™╠╣√ ≢⁸▪ⱷꜞ◌≢│ ╙ ™╠╣≡™╢⁹ 

K 

K  

 

⅝⁸ ─ ─ ⇔ↄ ™ ⁸ │ ─ ™

≢ ⌐ ↕╣╢ ⅜ ™⁹ 

Ⱪꜝ▬ⱥ 

♠♣Ⱶ  

 

140kV ─ ─ ⌐ ↕╣╢ ⅜ ™⁹ 

 

 58- 1 ⌐ ⌐⅔↑╢ ─ ↔≤─ √╡─ ╩ ⇔≡™╢⅜⁸↓─ ─ ⅎ │

─≤⅔╡≢№╢⁹⌂⅔⁸ ↓╣╠ ─ ─ ╙ ⅎ╠╣╢↓≤⅛╠⁸H9 ≢58- 1 ⌐╟╠∏⁸ ─

≤ ≤⌂╢╟℮⌂ ≢ ⇔√ ⌐ ≠⅝ ⌐ ╩ ⇔√ │↓╣╩ ╘╢↓≤≤⇔√⁹ 

a. ┘ │⁸ ⌐ ─ ⌐╟∫≡ ╘╠╣╢⁹ 

pAPCVp =Öö
÷

õ
æ
ç

å
= g

2

2

1
r  

p Pa   P N  

ɦ kgהsec2/m4 Ν ⌐⅔™≡ ─ ⌐╟╢ 960×102Pa⁸

23ϴ ─ ─ 0.115kgהsec2/m4╩≤╡⁸ ⌐⅔™≡ 1,013×102Pa⁸ 15ϴ ─0.125kgה

sec2/m4╩≤╢⁹ 

V m/sec  

C  Ν ─ ⁸ ⅝↕⁸ ⁸ ─ ⌐╟∫≡ ⌂╢┌⅛╡≢⌂ↄ⁸∕─ ⌐╟∫≡│

V ─ ⌐╟∫≡╙ ∆╢ ≢⁸ ─ ⌐╟∫≡ ╕╢⁹ 

A m2  

 ⁸ ⌐ ⌐ ╦╢ ⌐≈™≡╙⁸ ⌐ ≠™≡⁸∕─ ⌐ ∆╢↓≤⅜ ╕⇔™⅜⁸ ⅜

↕↔≤⌐ ⌂╢↓≤╛ ⅜ ↕ ─ ↔≤⌐ ⌂╢↓≤⌂≥⅛╠⁸ ⌐ ⌂╙─≤⌂╢⁹∕↓≢⁸

58- 1 ⌐ ∆╢ ⌐⅔↑╢ ─ ┘ ─ ╩ ∆╢ ─ ≤ ≤─

─ ⅛╠⁸↓╣⌐ ∆╢ ╩ ╘⁸⅛≈⁸ 40m/sec⌐ ⌐⅔↑╢ ─ ╩ ⇔≡

⇔√ ⌐╟╡⁸ ╩ ⌐ ≥♩ⱷfiכ⸗╢∂ ╩♩ⱷfiכ⸗∂ ∂╢╟℮⌂ ⌐ ⇔≡ ⌂

╩ ╘√ ╩ ⅎ≡™╢⁹ 

 ≢│⁸ ⌐ ↕╣╢ 40m─ ⌐ ∆╢ ╩⁸ ⌐⅔↑╢ ≢│2,840Pa⁸

╩ ↄ⁹ ≢│1,670Pa≤ ╘≡⅔╡⁸╕√⁸S61 ≢ ≤⇔≡ ↕╣╢╟℮⌐⌂∫√ ─

℮∟ ─╙─│780Pa⁸ │ ─╙─│1,470Pa≤ ╘≡™╢⁹⌂⅔⁸ │ ≢│⌂ↄ ⅜

⅝™─≢⁸∕─ ─╙─≤ ⌐2,840Pa≤⇔≡™╢⁹ ™ ─ ⁸ ⅎ┌ ─╟℮⌂ ─ ⌐ ⇔≡

│⁸ ╘╠╣√ ╟╡╙ ™ ╩≤╢↓≤⅜ ╕⇔ↄ⁸JEC-127- 1965≢│⁸ ⌐╟∫≡ 58.2 ─ ╩≤∫≡╙

╟™≤⇔≡™╢⁹⌂⅔⁸↓↓≢™℮ ≤│⁸220kV ─ ╩ ⇔≡™╢⁹ 

 Ⱳꜟ♩ ╘─ ─ ⌐ ⇔≡│⁸ ⌐ ⇔≡ ⅜ ↄ⁸ ⅜ ⅝™√╘⁸ │ ─

╟╡⅛⌂╡ ∆╢↓≤⅜ ╠⅛⌂─≢⁸ ⅜ ≢ ⌂╢ │2,160Pa⁸ ⅜ ≢ ⌂╠⌂™ │

─ ╩ ⇔≡2,350Pa≤⇔√⁹ ≢ ↕╣√ ─ ╙⁸ ≤ ─ ≢1,470Pa≤⇔√⅜⁸ ─

│ ─ ╩ ↑╢↓≤⅜ ⌂™─≢⁸ ─ ⅜ ⌂╢ ╙ ⌂╠⌂™ ╙ ─ ≤⇔≡™╢⁹

│ⱥ◦ ─ │ ≢ ⌂╢↓≤│⌂™─≢⁸↓╣╙ ─ ≤⇔≡™╢⁹ ─ ⁸ ◖fi◒ꜞ

♩כ ┘ ⌐≈™≡╙⁸∕╣∙╣ ⅛╠ ⇔√╙─≢№╢⁹ 

 

58.2  │↓╣⌐ ∏╢ ─ JEC-127- 1965 Pa  

  

m  
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40  2,840 3,040 1,670 1,770 

50  3,040 3,240 1,770 1,860 

60  3,240 3,430 1,860 1,960 

70  Ӈ 3,630 Ӈ 2,060 

80  Ӈ 3,820 Ӈ 2,160 

 

b. ─ ⅛╠ ─ C ╩1≤⇔⁸ ─ ɦ 0.115kgהsec2/m4≤∆╢≤⁸

40m/sec≢│902Pa─ ⅜ ╠╣╢⁹ 

 ─ │⁸ ≤ ∂ↄ ─ ≤≤╙⌐ ∆╢↓≤⌐⌂╢⅜⁸ ≢⁸ ─ ⌐╟╡

⌂ ╙ ╘╠╣≡™╢⁹⇔√⅜∫≡⁸ ─ ⌂ ≤⇔≡│↓─ ─ ╙ ⇔≡

⌐ ≢⅝╢╙─≤⇔≡⁸ ⌐980Pa╩≤∫≡™╢⁹⌂⅔⁸ ─ ↕⅜ ⇔ↄ ↄ⌂╢ ⅔⅔╗⌡80m╩ ⅎ╢

╟℮⌂ ⌐≈™≡│⁸ ⌐ ∂≡ ╘╠╣√ ╟╡╙ ⅝™ ╩≤╢↓≤⅜ ╕⇔™⁹ 

 ≢ ─ ─ ⌐ 3 ─ ⌐│⁸2 ∞↑⅜ ⌐⌂╢ ─ ⌐ ↕╣╢ ─ │⁸

─ ⅛╠ ─ ⌐╟╢ ╩ ⇔≡⁸∕─ ⌐≈™≡ ─90%≤⇔≡™╢⁹ 

 ⅜ ↑╢ │⁸∕─ ─ ─ ⅜ ≢⌂™√╘⁸ ─ ⅜ ↑╢ ≤

│ ⌂╡⁸╕√ ─ ─ ╘ ╙ ─ ╟╡ ≢№╢⅜⁸ ▪ꜟⱵ ≢│⁸

⌂ ─ ╘ ≤⇔≡ ─ ╩ ⇔≡™╢⁹ 

ᵑ ⌐⅔™≡│⁸ ≤⇔≡ ─ ╩≤╡⁸↓╣⌐ ≤ ∂ ╩ ∆╢⁹ 

ᵒ ⌐⅔™≡│⁸ ─ ⌐⇔≡ ≤ ∂ ↕─ ┘ ∂ ╩ ∆╢⁹ 

ᵓ↓─≤⅝─ ─ ─≤╡ │⁸ 58.3 ⌐╟╣┌╟™⁹ 

 
58.3  

 

c.⅜™⇔⁸ ⅜™⇔⌐ ╦╢ │⁸⅜™⇔ ─ ⌐╟╢ ─ ╩ ⇔√╙─≢⁸ ─ ⅛╠

╘≡™╢⅜⁸ ┘ ↑ ⌐╟╡ ⅜№╡ ≢│⌂™⁹⇔⅛⇔⁸ ┘ ↑ ⅜ ⌐ ⅎ╢

│⁸ ⅛╠╖╣┌ ↕™─≢ ─ ╩ ⇔≡™╢⁹250mm ⅜™⇔─ │30N/ ≢№╢⁹⅜™⇔ ↑ ─

│⁸∕╣⅜ ↕╣╢╟℮⌂ ≢≤╢↓≤╙№╢⁹⌂⅔⁸ ⅜™⇔╩ ─ ⌐ ∫≡ ™⌐ ⇔≡2

⌐ ∆╢ ⌐ ⌂╢ │⁸1 ─╖─ ╩≤╡⁸↓╣≤ ─ ─ ╩ ∆╢≤⅝│⁸2 ─

╩≤╢⁹ 

 │⁸ ─ │ ─◦fi◓ꜟ꞉כ꜠fi ─ ≤ ∂ ╩≤╡⁸ ─ │ ─

─ ─ 5% ─ ╩≤╢⁹ 

 ⌂⅔⁸ ⁸ ◖fi◒ꜞכ♩ │ ─ ≢│⁸ ╩ ⁸ ╩

≤ ⇔≡⅔╡⁸ ⌐≈™≡│ ⌐ ⇔≡™⌂™⁹ ⌐ ╩≤╢─│⁸ ⌐

⅜ ≢│⁸ ⌐ ╩ ∂╢⅛╠≢№╢⁹ 

 ꜡│⁸ ─ ╩ ⌐ ∆╢ ─ ≢№╢⁹58- 2 ≢₈ ─ ™ ₉≤™℮─│⁸∕─

─ ─ ⌐╟╡ ∆═⅝≢№╢⅜⁸ ─ ≤⇔≡│⁸ ⅛╠ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ⁸

⁸ ⁸ ┘∕─ ⅜ ↄ ⅜ ⇔™ ┘⌐ ⁸ ⁸ ⁸ ⁸ ⁸

⌐ ─ ⅝╛∆™ ╩ ⌐ ⅎ≡™╢⁹╕√⁸₈ ∕─ ─ ⌐ ╩ ∂╢ ₉⌐≈™

≡╙⁸ ─ ⌐╟╡ ∆═⅝≢№╢⅜⁸ ─ ≤⇔≡ ⅛╠ ⁸ ⁸ ⁸ ⁸

⌂≥─ ╩ ⌐ ⅎ≡™╢⁹ 

─ ≢│⁸ ─ │ ⌐ ╘╠╣∏⁸↓─ ≢ ∆╢ ≢╙ ⁸│≡∫╟⌐♩כꜟ─

⅜ ∆╢╙─≤⇔≡ ∆╢ ─№╢ ╙№╢⁹ 

 │ │⁸ ─ ≢№╢⅜⁸ ─ ⁸ ─ ⁸ ⁸ ⁸ ─╟℮⌐

⌐ ⇔√ ≢│ ⌐ ╦╣╢ ⅜ ↄ⁸ ╙ ⇔ↄ ⅝ↄ⁸╕√ ─ ─ ⅜

╠⅛≢⌂™⁹∕↓≢⁸ ⌐ ™ ⌐ ™ ╩ ∆╢ │⁸∕─ ─ ─ ╩ ⇔⁸ ⌐│
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╩ ⌐ ⇔≡™╢⁹ 

Ɫ│⁸ ─ ↄ ⌂╢ ≢│ ⅜ ⌐ ∆╢↓≤⅛╠ ─ ┘ ⁸35kV ─

⌐ │ ╩ꜟⱩכ◔ ∆╢ ─ ⁸ ┘⌐

╩ ∆╢⅜™⇔ ┘ ⌐ ⁸≈╕╡ ─1/2╩ ∆╣┌╟™≤⇔≡™╢⁹22 

(33) kV │⁸ ⌐ ⌐│ ◖fi◒ꜞכ♩ ╩ ⇔⁸ ≤ ─ ≢№

╢↓≤⅛╠⁸6kV ⌐ ╦╢ ⇔™ ≤⇔≡22 (33) kV ⅜ ↕╣≡⅝≡⅔╡⁸S47 ≢35kV ─

⌐ ∆╢ ┘35kV ─ ꜟⱩכ◔ ќ 86 ≤∕─∟╞℮

⌐⁸S57 ≢35kV ─ ≤⇔≡ ∆╢ ќ 5 ⌐⁸ ⌐H9 ≢35kV

─ ─ ⁸ ⁸⅜™⇔ ┘ ⌐╙ ╩ ≢⅝╢↓≤≤⇔√⁹ 

 ♬│⁸↓─╟℮⌂ ⅜ ─ ⌐╟∫≡≥─╟℮⌐ ╦╢⅛╩ ⇔√╙─≢⁸ ─ ╩ ∆╢⌐

√∫≡│⁸ ─ ⌐≈™≡↓─╟℮⌐ ⇔√ ⅜ ⌐ ╦╢╙─≤ ⅎ√ ⌐⁸∕─ ⌐ ∂╢

╩ ╘╢⁹ ⅎ┌⁸ ─№╢ ─ ⌐ ∆╢ │⁸∕─ │╙≤╟╡ ─ ⁸⅜™⇔⁸ ⌐

⅜ ⌐ ╦∫√ ♬─ ⁸∆⌂╦∟ ┘ ─ ⌐⁸∕─ ⌐ ∂╢ ≤ ─

↕─ ⌐╟∫≡ ╕╢╙─≢№╢⁹↓─ ⁸ ┘ ─ ⌐⅔↑╢ ╩ ⇔⁸™∏

╣─ ⌐╙ ⅎ╢ ≢№╢ ⅜№╢⁹ 

⌂⅔⁸ ⌐≈™≡─ │⁸ 20 ₈ ₉╩ ↕╣√™⁹ 

⅛╠ │⁸ ⌐≈™≡─ ≢№╢⁹ │⁸ ⇔≡ ⁸ ≤ ─

⌐ ↄ ┘ ⌐ ↄ ─3 ≢№╡⁸ ↓╣╠⌐≈™≡ ∆╢⁹ 

(a) ─ ⁸ ┘⅜™⇔ ─ ⁸ ─ ⁸╕√ ⌐ ∞⇔ↄ ⅜№╢

⌐│∕╣⌐╟╢ ≢№∫≡⁸ ─ ╩ ∑┌⁸ ─╟℮⌐⌂╢⁹ 

ᵑ ─ ─ ≢№╡⁸ ─ ⌐ ⇔ ─ ⅎ⁸ ─√╘⌐ ─ ╩

∆╢ ⌐│⁸∕─ ─ │ ⌐ ≢⅝╢⅜⁸ ─ │ ─ ⅜ ⌐⌂╢⁹

─ ⌐│⁸ ─↓╣≤ ─ ≢ ↕╣√ ─ ╩ ⇔≡ ∆╢⁹ 

ᵒ ─  

Wc WcΩ×S×g N  

ᵓ⅜™⇔ ┘ ─  

W1 aN I ×g N  

ᵔ ─ Wi │ Wj  

Wi 9ɥt d t ×S×10-4×g N  

Wj 6ɥt d t ×S×10-4×g N  

ᵕ ⌐ ⅜№╢ ─  

Vt T tanə1 tanə2 N  

↓─ ⁸ ─ ⌐ ∂╢ ─ V│⁸ ⌐╟╡ ╘╠╣╢ ќ 58.4 ⁹ 

V Wc W1 Wi Vt  

√∞⇔⁸Wcΐ /m ⁸S 1/2 S1 S2 m⁸g 9.80665m/s2 ⁸N ⅜™

⇔ ⁸a ⅜™⇔1 ─ ⁸I ⅜™⇔ ─ ⁸d ─ mm⁸t ↕ mm⁸T

─ N⁸ə1⁸ə2 ─ ─ ≤∆╢⁹ 

 
58.4  

 

(b) ─ ⁸ ┘⅜™⇔ ─ ⁸ ⌐ ⅜№╢ ⌐│ ─ ⌐╟

╡ ∂╢ ⁸ ─ ⌐╟╡ ∂╢⌡∂╡ ≢№∫≡⁸ ─ ╩ ∑┌⁸ ─╟℮⌐

⌂╢⁹ 
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ᵑ ─ ─ ≤ ⌐ ∆╢╙─≢№╢⅜⁸ ─ ╩ ╙∫≡ ╘⁸ ⌐

╟∫≡ ╕╢ ⌐≈™≡⁸ ↔≤⌐ ╩ ⇔ ◖fi◒ꜞכ♩ ≢│ ⌂╢⁹⁸↓╣⌐

ќ58- 1 ╩ ↑⁸ ⌐⅔↑╢ ≤╖⌂⇔≡ ─ ╩ ℮╙─≢№╢⁹ 

ᵒ ⌐ ⅜№╢↓≤⌐╟╡ ∂╢ ≢№╢⁹ 

ᵓ ─ ⌐╟╡ ∂╢⌡∂╡ ─ ⁸∕─ ⌐╟╡ ─ ⌐⅔™≡ ╩ ∂╢

≤⅝│⁸↓╣⌐╟╡ ─ ⌐⌡∂╡ ⅜ ∆╢⁹ 

(c) │⁸ ─ ≤ ─ ┘↓╣⌐╟╡ ∂╢⌡∂╡ ≢№╢⁹

─ ┘⌡∂╡ ⌐≈™≡│ ─ ─ ≤ ≢№╢⁹ 

(d) ⁸ ┘ B ⁸B ◖fi◒ꜞכ♩ ┘ ⌐ ™╢

─ ─ ∑╩ ⇔√╙─≢№╢⁹ 

(e) ⌐ ⇔™ ⅜№╢ ⌐ ∂╢ ─ ≢№╡⁸ ─ ⌐╟╡ ╕

╢╙─≢№╢⅜⁸ ╩ ™≡ ⌐╟╡ ∆╢⁹ 

Vt T tanə1 tanə2 N  

√∞⇔⁸T ─ N⁸ə1⁸ə2 ─ ─ ° ≤∆╢⁹ 

(f) ⌐ ⅜№╢↓≤⌐╟╡ ∂╢ ≢№╡⁸ ─ ⌐ ≠⅝ ⌐╟╡ ∆╢ ќ

58.5 ⁹ 

H T1sinɖ T2sinɗ 

⌐T1 T2⁸ɖ ɗ ɝ/2─≤⅝⌐⁸H 2T1sinɝ/2≤⌂╢⁹ 

 √∞⇔⁸H N⁸T1⁸T2 ─ N⁸ɖ⁸ɗ⁸ɝ ° ≤∆╢⁹ 

 
58.5  

 

(g) │ ◖fi◒ꜞכ♩ ≢ ╩ ™╢ ⌐ ─ ─ ⌐╟╡ ∂╢ ≢№╡⁸

⌐╟╡ ∆╢⁹ 

Vs Scosə 

√∞⇔⁸Vs N⁸S ─ N⁸ə ≤ ─⌂∆ ° ≤∆╢⁹ 

 

 

 

 

 

 

58.6  

 

(h) ─ ™ ⌐⅔™≡⁸ ⌐ ⇔√ ─ ╩™™⁸ ⌐≈™≡⁸ 0.9⁸ ↕6mm

─ ⅜ ∆╢╙─≤⇔≡™╢⅜⁸↓╣│ ⅜ ™ ─ ⌂╙─≢№╢⁹ 

≢│⁸ ≢⁸ ⌐ 100 250mm ─ 0.1 0.4 ⅜ ∆╢ ─↓≤╙№╢─≢⁸

≢│ ₁─ ⌐ √∫≡ ⇔≡™╢⁹ │⁸ ⌐ ↓╢ ≢⁸ 5m/s ≢ 0ϴ

─ ⌐ ∆╢↓≤⅜ ™⁹ │ ⌐ ╩ ↑╢ ─ ⌂≥⌐⅔™≡ ⇔⁸

≢╙ ⌐ ⇔⌂™⁹ 

 ⌂⅔⁸ ⌐ ∆╢ ≤⇔≡│  JESC E0004 2007₈ ┘ ₉ (

S 

Vs 
ə 

H H 
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)  JEAC 7001- 2007 ─ ₈XIV ₉╩ ↕╣√™⁹ 

(i) ≤∕─ ⌐ ⌂ ⅜ ⇔╛∆™ ⌐ ╩ ∆╢

⌐ ∆╢ ≢⁸ ⌐ ⇔√ ╩™℮⁹ ⌐╟╢ │⁸↔ↄ╕╣⌂ ⌐⅔

™≡ ∆╢╙─≢№╢↓≤⅛╠⁸ ⁸ ⌐╟╡ ⇔≡™√╙─╩H9 ≢ ⇔√╙─≢№╢⁹ 

(j) ⌐ ∂√ ╩ ⇔≡⅔╡⁸ ⌐⅔↑╢ ─ │

JEC- 127-1965₈ ₉⌐ ≠™≡ ╘√╙─≢№╢⁹ ≤™℮ ╩ ™√─│ ─╙─╩ ╘

√√╘≢№╢⁹ ⌐≈™≡│⁸ ≤│ ⌐ ⅎ⁸ │1 ⅜ ∆╢╙─≤⇔≡⁸ ≤─ ∑│

⇔≡™⌂™⁹ ─ ⌐≈™≡│⁸ ╘ ─ │ ⅜ ∆╢╙─≤ ⅎ≡™╢⅜⁸ ╘ ─

≢│ ─℮∟2 ⅜ ∆╢╙─≤ ⅎ≡™╢⁹ 

 ─ ∑╩ ∆╢≤⁸ 58.7 ─╟℮⌐⌂╢⁹ │⁸ ⌐ ═≡ ↕╣≡™╢⅜⁸↓╣│

─ ⅜ ⌂√╘4 │ ⌐⌂╠↨╢╩ ⌂ↄ⌂╡⁸↓─ ⌐ ─ ≢│ ⌐

⇔∆⅞╢↓≤⁸╕√100mm2 ─ ↕─ │ ⅛╠⇔≡╙╒≤╪≥ ╩⇔⌂™≤™℮ ⅛╠≢№╢⁹ 1

Ɫ⌐⅔↑╢₈ ─ ₉≤│⁸ 0ϴ─ ≢ ⌐ ┘ ≤─ ⅜

╦∫√ ─ ─↓≤≢№╢⁹ 

 

58.7  

 

(k) ⌡∂╡ ─ ∕─ ⌐╟╡ ─ ⌐ ∂╢ ⌐╟╢⌡∂╡ ≢№╡⁸ ┘

≢│⁸ ⌐╟╡ ∆╢ ќ 58.8 ⁹ 

P

2B

L
q=  

P

BA

LB
q

221

+
=  

P

BA

LA
q

222

+
=  

 √∞⇔⁸P N⁸q⁸q1⁸q2 ⌡∂╡ N ≤∆╢⁹ 

 ⌂⅔⁸ ─ ⌐│⁸q1⁸q2⌐╟╢ ─ ⅜ ⌐ ∆╢↓≤≤⌂╢⁹ 

 

58.8  

 

 2 │⁸ ─ ⅜ ≢⌂™ │⁸ ⌐⅔™≡╙ ⅜ ╦╢↓≤⅛╠⁸↓─ ╩ ∆╢↓
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≤≤⇔≡™╢⁹ 

 3 │⁸ ─ ↕⌐≈™≡ ⇔≡⅔╡⁸ ╩ ∆╢↓≤⅜≢⅝╢₈ ⌂ ₉≤⇔

≡│⁸ ─╟℮⌂╙─⅜№╢⁹⌂⅔⁸₈ ⱴ♇ⱪ₉⌐≈™≡│⁸ 59 5 ─ ╩ ⁹ 

(1) ─  

 ŋ ꜞfi◓ 

 o☻Ɽ▬ꜝꜟ꜡♇♪ 

 ɔ ─ ♥ⱨ꜡fi♥כⱪ─ ↑⌂≥  

 ᴖ ─⌡∂╣ ─ ◌►fi♃►▼▬♩⁸☻Ɑכ◘─ ↑⌂≥  

 ᴗ   ŋ   ᴖ─ ∑⌐╟╢  

(2)  

 ŋ ─ ⁸ ⌐╟╢ ─  

 o כꜞꜙ◐ ╩ ⌐ ⅝ ↑╢⌂≥  

(3)  

꜠ⱥ ה  

 4 │⁸ ⌐ ∆╢ ─ ┘ ⌐ ⇔≡ ⌐╟╢ ⅜ ⌐ ╘╠╣╢⅔∕╣⅜№╢

─ ⌐≈™≡ ⇔≡™╢⁹ ⌐№∫≡│ ≤⁸ ⌐⅔↑╢ ╩ ═≡⁸ ⅝

™ ─ ╩ ™≡ ╩ ℮↓≤≤⇔≡™╢⁹╕√⁸ 15 ⌐╟╢ ─ ⌐╟╡ ─

╩ ╕ⅎ√ ╩ ∆╢↓≤≤⇔⁸₈ ₉╩ ∆╢↓≤≤⇔√⁹ │⁸

╩ ™╢↓≤≤∆╢⅜⁸ ─ ⅎ ─ ⌐≈™≡│ ♥◒♬◌ꜟ꜠ⱳכ♩ 

JEC- TR- 00007-2015₈ ₉╩ ↕╣√™⁹ 

⌐ ⇔≡ ⌐╟╢ ⅜ ⌐ ╘╠╣╢⅔∕╣⅜№╢ ─ ⌐≈™≡│⁸ ⇔√

╩ ╕ⅎ⁸ ⌐ ∫≡ ™ ─ ↄ │ ⅛╠ ⌐╟╢ ⅜ ⇔ↄ

∆╢ ⌂ ╩ ⇔√╙─≢№╢⁹ │ ⁸ ┘ │ ⁸ │ ה ⇔╞ ⁸

│ ≤ ╩ ⇔≡™╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

              

 

 

⅛╠ │ 3 19 ⌐╟╢ ─ ⌐╟╡ ≤⇔≡╕≤╘╠╣√╙─≢№╡⁸

⌐≈™≡│ ⅜≤╠╣⁸ ─ ⅜⌂⅛∫√╙─ ⁸ ⅜ ⇔√ │ ⇔╩ ╢ ⁹╕√⁸

15 ⌐╟╢ ─ ╩ ↑ ⅜ ↕╣√⁹ 

─ ⌐≈™≡│⁸  JEAC 6001-2018₈ ₉⁸ ♥◒♬

◌ꜟ꜠ⱳכ♩ JEC- TR-00007- 2015₈ ₉⁸ 2 1 21 ╩ ↕╣√™⁹ 

5 │⁸ ⌐ ⇔≡╙ ╩ ∆╢ ⌐⁸ 4 ≢ ⇔≡™╢ ─ ≤ ⌐⁸ ≤⁸

⌐ ∆╢ ╩ ═≡⁸ ⅝™ ─ ╩ ™≡ ╩ ℮↓≤⇔≡™╢⅜⁸

JEAC 7001-2017₈ ₉≢ ↕╣≡™╢ ⌐╟╡ ↕╣√ ≢№╢ │⁸

⌐ ∆╢ ≤ ⇔√ ≢╙ ⌂ ╩ ∆╢↓≤⅛╠↓╣╩ ╘╢╙─≢№╢⁹ 

 ⌐ ∆ ─ ⌐ 32 ≢│⁸ ⌐╟╢ ⁸ ╩ ∆═⅝↓≤╩ ⇔≡™╢⅜⁸ ╟╡⁸

─ │ ╟╡╙ ─ ⅜ ⅝™≤ ↕╣≡⅔╡⁸ 7 1 17 ⌐ ⇔√

ṕ Ṗ ṕ Ṗ 

ṕ Ṗ ṕ Ṗ 
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⌐⅔™≡╙⁸ ⌐≈™≡│ ⌐╟╢ ⌂ │ ╠╣⌂⅛∫√⁹⇔⅛⇔⁸ │ ⅜

≢ ⇔√ ─ ≢╙ ≢№∫√↓≤⅛╠⁸ ╘≡ ─ ╩ ∆═ↄ⁸ ⌐⅔↑

╢ ╩ ⌐⁸ ⌂ ╩ ⇔√⁹∕─ ⁸↓╣╠─ │⁸ ≢ ↕╣

√ ⌐ ⇔≡╙ ⅎ ╢↓≤⅜ ↕╣√ ⌐≈™≡│⁸  JEAC 6001- 2008₈

₉╩ ↕╣√™⁹⁹ 

 ─↓≤⅛╠⁸ ≢│ ⌐⅔↑╢ ⌐≈™≡│⁸ ⌐ ╘≡⅔╠∏⁸⇔√⅜∫≡⁸

⌐ ∆╢ ╙ ─ ⇔≡╙╟™⁹ 

 ⁸ ⌐ ╦╢ ⌐≈™≡ ⇔√⅜⁸↓─ ─ ⌐≈™≡ ∆╣┌⁸ ─≤⅔╡≢№╢⁹ 

(a) ─  ┘ ◖fi◒ꜞכ♩ ≢│ ╩ ∑∏⁸⇔√⅜∫≡ ─

╩ ⅎ≡™⌂™⁹↓╣│⁸ ⅜ ⇔√≤⅝─ ─ ⅜ ⅝™ ∕─ ─ ⌂ ⌐│⁸

╩ ∆╢↓≤⅜ ⌂√╘≢№╢⁹ 

(b) ─  ≢│ ╩ ∂≡─ ╩ ⇔≡™⌂™⁹⇔⅛⇔⁸ 57 ⌐ ∆╢ ─ ⌐

↓─ ⅎ ╩ ╘≡⅔╡⁸ ╩ ⇔√ ╙ ─ │⌂™╙─≤⇔≡™╢⁹∆⌂╦∟⁸ │ ─

≤⇔≡─ ─℮∟SS400╩ ⌐≤╢≤⁸JIS≢│∕─ ↕ɨB╩400 N/mm2 ≤ ⇔≡™╢

─⌐ ⇔⁸ 57 ⁸57- 1 ≢│ ╩ ↕─0.7/1.5 ≤⇔≡™╢⁹™╦╝╢↓─ 1.5/0.7 ԇ2.1⅜

─ ≢⁸ ─ ⌐│⁸1.5/0.7 ×2/3 1/0.7ԇ1.4≤⌂╢⁹ 

(c) ─  1 ꜡ Ɫ ─ ─ ≤│ ⅜™⇔─⅜™⇔ ⅜ ╣╢↓≤⅜ ⌂ ╩™

™⁸ ≢─⇔╜℮ ≤│ ◒ꜝfiⱪ─╟℮⌐ ≢─ ⅜ ⌂ ╩™℮⁹ 

(d) ⌐ ∆╢ ─  ⌐ ∆╢ ─ ⌐⅔™≡│⁸ ─ ≢│ ─

2/3╩ ⅎ≡™╢⅜⁸ ─ ≢│ ─ ⌐ ⅜ ⅝ↄ⌂╢↓≤⅜ ⅎ╠╣╢─≢⁸ ⌐100%─

╩≤╢↓≤≤⇔√⁹ 

 

59 ₒ ─ ─  x

₡  ₢ │⁸ ─ ─ ⌐≈™≡ ⇔≡™╢⁹ ─ ⌐│⁸ 58 ─ ⅜ ↕

╣╢⁹ 

 1 │⁸ ─℮∟ ─ ⌐≈™≡ ⇔≡™╢⁹ ─ │ ⁸ ⁸∕─ ₁⌂ ⌐╟∫≡

⅝ↄ ⇔⁸ ⌐╟╢ ╩ ⌐ ∆╢↓≤│ ≢№╢─≢⁸ ⌐│ ⌂ ╩ ℮↓≤⅜ ≢

№╢⁹ │ ⅜ ⇔ↄ⁸ ⌐╟╡ ─ ⅜ ∆╢⅔∕╣⅜№╢√╘⁸ ⅜ ↕╣≡™╢⁹↓

─↓≤⌐ ⇔≡ ≢ ⇔√ ⁸ ─ ⌐≈™≡│ ─ ─ │ ≤⇔≡

│ ⅝∆⅞╢ ⌐№∫√─≢⁸S43 ≢ ╘╠╣√⁹ ─ ⌐≈™≡│⁸ 15 ─ ─

╩ ╕ⅎ⁸R2 ≢⁸ ◖fi◒ꜞכ♩ ⌐ ∆╢  JIS A 5373 2016 ≢ ≤↕╣╢ 2.0≤ ∂

⌐⇔√╙─≢№╢⁹ 

│⁸ ⌐ ∆╢ ─ ╩ ⇔≡™╢⁹ ─ ⌐ ∆╢ │ ⁸ ≤ ─╙

─⌐ ⅎ╢╟℮⌐ ↕╣≡™╣┌⁸ ─ ⌐ ⇔≡│ ⌐ ⅎ╢⁹⌂⅔⁸ ⁸ ⁸

⌐⅔↑╢ ─ ⌐≈™≡│⁸ 62 ⌐ ∆≤⅔╡ ╩ ↑╢ ⅜№╢⁹ 

 ≤ ─ ─ ⌐ ∆╢ ╩ ⌐ ∆⁹⌂⅔⁸ ─ ⌐≈™≡│⁸ 6 ⌐

∆⁹ 

▬ ╩ ⇔⌂™  

   3

0

32

0

'10

98234390 Ɉ
֕

D

dhSHHD
K

F

P
 

 ꜡ ╩ ∆╢  

   3

0

32

0

'10

985.0117195 Ɉ
֕

D

dhSHHD
K

F

P
 

Ɫ ╩ ⇔⌂™H │A  

   3

0

32

0

'10

985.0234390 Ɉ
֕

D

dhSHHD
K

F

P
 

♬ ╩ ∆╢H │A  

   3

0

32

0

'10

9825.0117195 Ɉ
֕

D

dhSHHD
K

F

P
 

ⱱ ╩ ™╢H │A  
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  59.1 ⌐╟╡ ♩ⱷfiכ⸗→ ┘ ╩ ⇔⁸ ─(▬)─ ┘(꜡)─ ⌐╟╢↓≤⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

59.1  

 

(▬)   
b

b

b

b

A

V

Z

M

F

P
֕       

(꜡)   
c

c

c

c

A

V

Z

M

F

P
֕  

Ⱬ ⌐ ™╢  

   anp  ֕ 3

0 10³h

K
{12.5 S(Ɉ98dh) 4875D0 H 2 2925H 3} cosecɝ 

♩ H │A ⌐ ™╢  

   anp  ֕ 3

0 10³h

K
{12.5 S(Ɉ98dh) 9750D0 H 2 5850H 3} cosecɝ 

S ─ ─ 1/2╩ ⅎ√╙─ m  

 d ∕─ ─ ─ ≢№∫≡⁸ ─ │ ─ ⇔√╙── mm  

 h ∕─ ─ ─ ─ ─ ↕ m  

 H ─ ─ ↕ m  

 D0 ─ ⌐⅔↑╢ ≢№∫≡⁸ ─ ⌐╟╡ ⇔√ cm  

  D0 D 0.9H 

  D ─ ⌐⅔↑╢ cm  

 D0Ω ⌐⅔™≡ ⅜ ⇔≡™╢ ⌐⁸ ─ ⌐⅔↑╢ ⅛╠ ╩ ⇔ ™√

⌐ ⇔™ ─ ─ cm  

 P ─╦╪ ⌐ ∆╢ ≢⁸59- 1 ⌐ ∆╢  

 F ─  

 K ─ ⌐╟╡ ╕╢ ≢№∫≡⁸ ─ │1⁸ │ ─

│0.5 

Mb ─b ⌐⅔↑╢ ♩ⱷfiכ⸗→ Nהcm  

Mc ─c ⌐⅔↑╢ ♩ⱷfiכ⸗→ Nהcm  

Vb ─b ⌐⅔↑╢ ≢№∫≡⁸ ─ ∕─ ─ ╩ ⇔√╙─ N  

Vc ─c ⌐⅔↑╢ ≢№∫≡⁸ ─ ∕─ ─ ╩ ⇔√╙─ N  

Zb ─b ⌐⅔↑╢ cm3  

Zc ─c ⌐⅔↑╢ cm3  

Ab ─b ⌐⅔↑╢ cm2  

Ac ─c ⌐⅔↑╢ cm2  

 a ╟╡ ─  

hΪ 

hΩ 

h 

B 

a b 

c d 

2

T

2

T

─  

( )hh
T

¡-
2

h
T
¡¡

2

 ♩ⱷfiכ⸗→

2

T

2

T

t  t  

t  t  

2

T

2

T

( )hh

Th
t

¡¡-¡2

 

B

Th

2

B

Th

2

B

Th

2

 

( )hh

Th

¡¡-¡2
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 n ─ ╩2.5≤⇔√ ─ ─  

 p ─ ↕≢№∫≡⁸ ─ √╡─ ↕ N/ mm2 ⌐ mm2 ╩ ∂√╙─ N  

 h0 ─ ↑ ─ ─ ↕ m  

≤ ≤─ °  

 

 ▬│⁸ ─⌂™ ─ ─ ≢№∫≡⁸ ⌐ ⅜⌂™ ╩ ⇔≡™╢⁹↓─ │ ─

⌐ ⇔≡ ╦╢ ⌐╟╢ ⱷfi♩≤⁸כ⸗→ ∕─ ─ ⌐ ╦╢ ─ 1/2─ ╩

∆╢╙─≤⇔⁸∕─ ╩≤╢⁹⌐╟∫≡ ─ ↑ ⌐ ╦╢ ⌐╟╢ ─≥♩ⱷfiכ⸗→ ⅜⁸

─ ─ ─╦╪ ⁸∆⌂╦∟ 

ɥ/32ה( D0Ω) 3 × ╦╪ ⌐ ∆╢ ( P )  

⌐ ⇔ↄ⌂╢╟℮⌐⇔⁸↓╣⌐ ╩ ⇔√╙─≢№╢⁹ 

 ₈Ɉ98dh₉─98│ ─ ≢⁸980Pa⌐ ∆╢⁹ 

 D0 D 0.9H │⁸ ─ ╩9/1,000≤╖⌂⇔≡™╢╙─≢№╢⁹ 

 D0Ω│⁸ ⅜ ⇔≡™⌂™ │D0≤ ∂≢№╢⅜⁸ ⅜ ⇔≡⅝√ │⁸ ⇔√ ╩ ╡ ∫√

╡─ ─ ≤™℮↓≤⌐⌂╢⁹ ⅜ ⇔√ │⁸ ⌐│Ɽ▬ⱪ─ ≤⌂╡⁸D0Ω─ ≢│ ─

╩ ↕ↄ ⇔∆⅞╢↓≤⌐⌂╢⅜⁸ ⁸ ⅜ ⇔√ ⌐∕─ ─ ⌂ ⅜⌂™─≢

╩ ╪∞↓≤≤⁸ │ ⅛╠ ∆╢↓≤│ ≢№╢─≢↓─╟℮⌂ ≤⇔√⁹ 

 ─╦╪ ⌐ ∆╢ P │⁸ ─ ⁸ ┘ ⌐╟∫≡ ─ ⅜№╢⅜⁸ ≤⇔≡

 18 2 ╩ 59.2 ⌐ ∆⁹ 

 ─ ⌐ √∫≡│⁸ ⁸ ─ ↕ ┘∕─ ─ ↕⅛╠S ⁸d ⁸h ⁸H ╩ ╘⁸ ∆╢ ─

⅛╠P ╩ ┘⁸ ╩F ↓─ ⌐⅔™≡ ↕╣≡™╢ ╩≤╢⁹ ≤⇔⁸ ─ ⌐╟∫≡K ╩ ┘⁸

⅛╠D0 ╩ ╘≡⁸↓╣╟╡ ─ D ╩ ╘╢─≢№╢⁹ ⌐│⁸ ─ ╩ ╘╢ │◓ꜝⱨ⌐╟╢⅜⁸

↓╣⌐≈™≡│⁸  JESC E0004 2007₈ ┘ ₉

 JEAC 7001- 2007 ╩ ↕╣√™⁹ 

 ⱱ⌐⅔™≡⁸ ╩ ™╢H │A ─ │⁸ ─ ─ ⌐ ≠ↄ╙─≢⁸ ⅎ┌⁸

H ─ ≢│⁸ b │c ⌐⅔↑╢ ⅜ ╙ ⅝ↄ⌂╡⁸↓╣⅜⁸ ╩ ⇔≡b │c ⌐ ⇔ ╢

P/ F ⌐№╣┌⁸↓─H │ ⌐ ⇔≡ ≢№╢⁹ 

 ™╕⁸b─ ─ ─ ╩Db cm≤∆╣┌⁸ 

3

32
bb DZ

ɥ
=  

2

4
),'(

2
bbb DAhh

T
M

ɥ
=-=  

B

Th
Vb

2
= b ╟╡ ─ ─ ─ ─ ↓─ ─ ∆╢  

≤⌂╡⁸b ─ Mb / Zb Vb / Ab │Db ─ ≤⇔≡ ╦↕╣╢⁹≤↓╤≢⁸↓╣⅜P/ F ╟╡ ↕™↓≤⅜ ≢

№╡⁸ ─ ⅛╠ ⇔ ╢ ─Db ╩ ╘⁸ ⌐⇔≡c ⌐≈™≡╙P/ F ⌐ ⅎ╢╟℮⌂ ─Dc ╩ ╘╢⁹⇔

√⅜∫≡⁸ ─╟℮⌐ ─ ╩9/1,000≤∆╢─≢⁸ ─╟℮⌐⇔≡ √Dc  ⅜Db 0.9  hΩ hΪ ╟

╡╙ ⅝ↄ⌂╣┌⁸c ⌐ ╙ ⅝™ ⅜ ╦╢↓≤⌐⌂╡⁸Dc  ⅜ ─ ↕╩ ∆╢⁹∆⌂╦∟⁸Dc D 0.9

 h hΪ ⅛╠ D ╩ ∆╢⁹ 

⌐│⁸ ╩ ⇔≡∕─ ─ ╩ ↕∑≡╙╟™⅜⁸ ⌐ ∆╢ ─ ╩ ↕∑╢ │⁸

Ⱬ │♩─ ⌐╟∫≡⁸ ─ ─1/2 ╩ ⇔ ╢╙─≤∆╢⁹↓─ ─ ─ │⁸ ꜡

─ ╕≢⁸∆⌂╦∟⁸ ▬─ ─1/2╕≢ ∂≡╙╟™⅜⁸™⅛⌐ ™ ╩ ⇔≡╙⁸ ─ ╩↓╣

↕∑⌂™↓≤≤⇔≡™╢⁹ 

Ⱬ ┘♩│⁸ ─ ╩2.5≤⇔√╙─≢№╢ ќ 61 ⁹ 

a ≤p │⁸ 4 1 ⅛╠ ⌐ ↕╣√ ╩ ⇔⁸n │⁸ 61 ─ ⌐╟∫≡⁸ ⅜ ↕

╣≡™╢─≢⁸ │⁸ ≢2.5≤⌂∫≡™╢⁹ ⅛╠│3 ≤⌂∫≡╙⁸3 ≤∆╢⁹ 

 ⌂⅔⁸ ⌐ ∆╢ ─ │⁸⅜™⇔ │ ⌐ ⇔≡╙ 58 1 ⌐ ∆ ⅜

╦╢╙─≤⇔≡ ∆╢⁹ 

  

 │⁸ │ ─ ─ ≤⇔≡ ∆╢ ─ ↕╩ ⇔√╙─≢№╢⁹⌂⅔⁸ ─
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┘ ⅛∑⌐≈™≡│⁸ ─ ≤ ─ ≤≢│ ⌐ ╙№╢─≢⁸↓↓⌐

⇔ↄ ═╢⁹ 

(1) ─ ╣≤  ─ ╣⌐≈™≡│⁸ ─ ⅜15m ─ │ ─1/6⁸15m╩ ⅎ╢ │2.5m

≤∆╢↓≤≤⇔⁸ ⌐ ⅜ ⌂ │ ╤℮⌂ ⅛∑╩ ∆↓≤≤⇔≡™╢ ⅜ ⌐ ™╟℮⌂ │⁸

⌐╟╡ ⅜2 ≢№╣┌⁸ ─1/6╩ ╣∆╢ │⌂™⁹⁹⇔⅛⇔⁸ ─ ╣│⁸

≢ ↕╣√ ⌐╟╢↓≤⅜ ™⁹ ⅎ┌⁸ ─ ⌐│⁸ 59.1 ─ ╣─ ↕≤∆╢

↓≤≤⇔≡™╢⅜⁸ ─ │⁸ ╛ ⌂ ⁸ ─ ╩ ⅝⁸0.3m ≤⇔≡™╢⁹⌂⅔⁸ ╡ ⅛╠1m

─ ⌐ ∆╢ ╙ 59.2  (a) ⌐ ∆╟℮⌐0.3m ⇔≤⇔≡™╢⁹ ќ 19 13 ≢│⁸

59.2  (b)─╟℮⌐ ⇔≡™╢⁹ 

 

59.1  ─ ╣ ↕ 

─ ↕ m  
      

  ⁸  

6₩7 0.9 1.2 1.5 

7.5 1.0 1.3 1.6 

8 8.5 1.0 1.4 1.7 

9 1.2 1.5 1.8 

9.5 10 1.2 1.6 1.9 

11 12 1.4 1.8 2.1 

13 14 1.4 2.0 2.3 

15 16 1.5 2.1 2.4 

17 18 1.5 2.2 2.5 

19 20 1.5 2.3 2.6 

─ ⌐≈™≡│⁸ │⁸ ⁸ ™ │ ─╟℮⌐ ⁸ ╕∂╡ ≢ ⅜⌂ↄ⁸ ─

⅝™ ─╙─⁸ │⁸ ╠⅛™ ⁸ ─ ⌂™ ─╟℮⌐ ≢⁸╛╛ ⅜№╢⅜⁸ ─ ⅝™

─╙─⁸ │⁸ ─ ╟℮⌐ ⅜ ↄ⁸ ─ ↕™ ─╙─⁸ │⁸ ⁸ ⌐ ⌂ ─╟℮

⌐ ⅜ ⌐ ↄ⁸ ─⌂™ ≢⁸ ∟ ╩ ℮ ─№╢ ─╙─≢№╢⁹ 

 

59.2  

 

(2) ⅛∑─  ⁸ ⌂ ⁸ ─ ⁸ ⅛∑ │∂⅝╩ ╖ ⌐ ⅛∑≤™℮⁹ ╩ ∆╢⅜⁸

─ ⌐ ™ ⌐│⁸∕─ ╩ ↑╢√╘⌐ ╩ ↄ⇔≡⁸ ⅛∑─ ╦╡⌐ ╩ ∆╢⁹ 

 59.3 │⁸ ⅛∑─ ╩ ⇔√╙─≢№╢⅜⁸ ⅛∑─ │ ─ ⁸ ⌐╟∫≡ ⌂╙─╩

╪≢™╢⁹ ⅛∑╩ ≢ ⌐ ╡ ↑╢ ⁸ │ ⇔╛∆™─≢⁸ ─ ⌐UⱲꜟ♩╩ ∆╢↓

≤⅜№╢⁹ ⁸ │ ≢№╢⅜⁸ ─ ⌐ ⅝™ ╛⁸ ⅜ ⌐ ↕™ ⌐ ∆╢⁹ ─

─ ≢ ─ ⅜30cm ⌐ ∫≡™╢ ╛⁸ ⁸ ⌂ ⁸ ─ ≢ ─ ⅜30cm ╛

─ ⌐ ∫≡™╢ │⁸ ⅛∑╩ ≤∆╢ ≢╙ │∂⅝╩ ∆╢↓≤⅜≢⅝╢⁹ 

 ⌂⅔⁸ 59.3 ─ │⁸ 62 ⌐⅔™≡ ⇔≡™╢ ─ ≤⇔≡ ⅛∑╩ ∆ ⌐ ⇔ ╢

─ ╩ ⇔≡™╢⁹ 
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59.3  

 

 2 ┘ 3 │⁸ ─ ≤⇔≡ ∆╢A ◖fi◒ꜞכ♩ ќ 49 ┘A ќ

49 ⌐≈™≡ ⇔≡™╢⁹↓╣│⁸ ─ ─╟℮⌐ ⇔√ ╩ ∆╢ ⁸ ─

╩ ₁⌐ ℮↓≤⌂ↄ⁸ ─ ⌐ ∆╢ ╣ ↕ ┘ ⅛∑─ ↑ ⌐╟∫≡ ⇔≡╟™↓≤╩

⇔√╙─≢⁸ ─ ≤ ↔≤⌐⁸ │ ≡⁸ ⅜6.87kN ≢│⁸ ┘ │ ⅜

16m ─╙─⁸ ◖fi◒ꜞכ♩ │ ⅜20m ─╙─⁸ ⅜6.87kN╩ ⅎ14.72kN ≢│⁸ ◖fi◒ꜞ

♩כ ≢ ⅜14m 20m ─╙─╩ ≤⇔≡™╢⁹H4 ≢⁸ ─ ╩ ╕ⅎ≡⁸ ⅜

14.72kN ⁸ ⅜20m ─ ◖fi◒ꜞכ♩─ ╣╩ ⇔√⁹ 

 A ◖fi◒ꜞכ♩ ┘A ─ │⁸ ─≤⅔╡ ─ │ ↕╣≡™╢⅜⁸ ≢

─ ≤⇔≡ ∆╢ ─ ─ ќ 62 ⁸ 96 ⁸ ⌐⅔↑╢ ─ ќ 63 ⁸

70 ⁸ 95 ⌐⅔™≡ ⅜ ↕╣≡™╢─≢ ↕╣√™⁹ 

 ⌂⅔⁸ 2 ┘ 3 ─₈ ∕─ ⅜ ⌂ ₉≤│⁸ 59.2 ⌐⅔↑╢ ╩™℮⁹

╕√⁸ ∟ ◖fi◒ꜞכ♩ ⁸ ⁸ ─℮∟ 2 │ 3 ─ ◖fi◒ꜞכ♩ │20m

⅛≈14.72kN ⁸ ┘ │16m ⅛≈6.87kN ─╙─⅜ ≡A ◖fi◒ꜞכ♩ │A

≤⌂╢─≢│⌂ↄ⁸↓╣╠─ ⌐ ╕╣╢ ≢№∫≡╙ ─ ╩ ⇔≡ ∆╢ │⁸B │B

◖fi◒ꜞכ♩ ≤⌂╢⁹ 

 

59.2   

    ─     N/m4  

 

A ╕∫≡™╢ │ ⁸ ─ ⁸ ╕∂╡─ ⌂≥≢ ™ ─

⌐ ∆╢╙─ 
3.9×107 

B ╕∫≡™╢ │ ⁸ ─ ⁸ ╕∂╡─ ⌂≥≢ ╠⅛™

─ ⌐ ∆╢╙─ 
2.9×107 

 
C ⅜╕∂╠⌂™╙─)  2.0×107 

D ─ ™ ⁸ ⁸ ⌂≥ ⌂ ╩ ↄ )  0.8×107 

 

┘ ─ ≤⇔≡ ∆╢A ◖fi◒ꜞכ♩ ┘A ─℮∟ ◖fi◒ꜞכ

♩ ─ │ ┘ ⌐⅔↑╢ ⁸⅜™⇔ ⁸ ─ ⁸ ⁸

┘ ⌐ ⅎ╢╙─≢№╢↓≤≤⇔≡™╢⁹ 

A ◖fi◒ꜞכ♩ ─℮∟⁸ ◖fi◒ꜞכ♩ ─╖ ╩ ⌐ ╣≡™╢─│⁸∕─ ⅜

◖fi◒ꜞכ♩─ ⌐⅛┬↕╢ ⅜ ↄ⁸ ⌐╟∫≡ ⌐ ╩ ∂ ╩ ∆╢⅔∕╣⅜

↕╣╢⅛╠≢№╢⁹A ≢│⁸ ╛ ◖fi◒ꜞכ♩ ≤ ⌂╡ ╩ ⇔≡™╢⁹↓╣│⁸ ⅜ ╛

◖fi◒ꜞכ♩ ≤ ═⁸ ⌐ ⌐⅔↑╢ ⅜⌂™⅛╠≢⁸ ⇔™ │ ⅜№╢

⌐│⁸ ⌐ ─ ╩ ∆╢ ⅜№╢⁹ 

⌂⅔⁸ ─ ─ ⁸ ─ ╩ ∆╢ ⁸ ╘ ─ ⌐

⇔≡│ 62 ⌐ ∆≤⅔╡ ╩ ↑╢ ⅜№╢⁹ 

↓↓≢⁸ ⌐ ⅎ╢ ╩ ∆╢≤™℮─│⁸ ⌐ ╩ ™⌂™ │∕─ ⅜ ╟╡╙
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⅝™╙─╩™™⁸ ⌐ ╩ ™≡ ─ ╩ ↕∑╢ │⁸ ─℮∟ ⅜ ∆╢ ╟

╡╙∕─ ─ ⅜ ⅝™↓≤╩™℮⁹ 

 4 │⁸ ─ ◖fi◒ꜞכ♩ ┘ ─℮∟⁸B ◖fi◒ꜞכ♩ ќ 49 ┘B

ќ 49 ┘⌐ ─ ⌐≈™≡ ⇔≡™╢⁹ ⌐ ∆╢ ≡─╙─ ┘⌐

⌐ ∆╢ ◖fi◒ꜞכ♩ ┘ │⁸ ⌐ ⅎ╢↓≤≤⇔≡™╢⁹↓─ ─ ╙∕─

─ ⅜ ↕╣≡™╢╙─⌐№∫≡│⁸∕─ ⅛╠ ⇔√╙─╩ ⅎ╣┌╟™⁹⅜

╟╡╙ ⅝™╙─≢№╣┌╟™⁹⌂⅔⁸ ╩ ↑≡↓╣⌐ ─ ╩ ↕∑╢ │⁸∕─ ─℮∟ ⅜

∆╢ ─1/2 ╩ ⅎ╣┌╟™⁹ 

5 ⅛╠ │⁸ ─ ╩ ∆╢ ⁸ ─ ⅛╠ ⌂ ⅜ ↕╣

╢ │∕─ ╩ ∆╢ ⅜№╢↓≤╩ ⇔≡™╢⁹ ⌐╟╢ │⁸↔ↄ╕╣⌂ ⌐⅔

™≡ ∆╢╙─≢№╢⅜⁸ ⇔√ │ ─ ⌂ ⌐ ∆╢⅔∕╣╙№╢↓≤⅛╠⁸ ⁸

62 21 62 1 19 ₈ ─ ⌐≈™≡₉⌐╟╡ ↕╣≡⅝√ ╩H9

⌐ ⇔√╙─≢№╢⁹ │⁸ 4 12 ─ ⌐╟╡ ≢ ⇔√ ─ 5 6 ─

18 ה     WG⁹ ⁸ 18

WG⁹ ─ ⁸ ⌂ ⌐╟╢ ╩ ∆═⅝ ≤⇔≡ ⇔√╙─≢№╢⁹ │⁸ ─ ⱴ

♇ⱪ⌐⅔™≡⁸ ↕⅜35mm≤ ─ ⅜ ↕╣╢ ⌐⅔™≡⁸ ⅜ ⌂ ╟╡╙ ⅝™

≤⌂╢ ⌂ ⅜ ∫√↓≤⌐╟╡⁸ ─ ⌐⅔™≡⁸ ⌐ ⅝⌂ ⅜ ∂√↓≤⅜⁸

─ ≢№╢≤─ ⅜ ╠╣√⁹ ╩ ╕ⅎ⁸ ⌐╟╢ ─ ≤⇔≡⁸ ─

⌐ ∆╢ ─ ⌐≈™≡│⁸ ─ ⅜ ↕╣╢↓≤≤⌂∫√⁹ 

ה ─  

 ŋ ₈ ─ SS21006₉ ⌐⅔↑╢ ⱴ♇ⱪ⌐⅔™≡⁸

↕⅜35mm ≤↕╣≡™╢◄ꜞ▪ 

 o ─ ⅜30m  

 ɔ ╩ ⇔≡™⌂™ ─ ╩ ⌐ ╘≡™⌂™ ⅜™⇔ ╩ ∆╢  

 ᴖ ∆╢ ─ ⅜330mm2  

↓↓≢ ℮⁸ ≤│ ∆╢⁸ ⅜™⇔ ╩ ∆╢ ⌐ ╕╣√ ⌐⅔↑╢ ─

╩ ⇔≡⅔╡⁸∕─ ⅎ ⌐≈™≡│⁸ 59.4 18 WG ╟╡ ╩ ↕╣√™⁹ 

30m

 

59.4  

 

 ╩ ╕ⅎ⁸ ─ ╩ ∆╢√╘⁸35mm ─ ⅜ ↕╣╢ ⌐⅔™≡⁸ ∆╢ ─

⌐╟╡ ⅜ ⇔ↄ ≤⌂╢⅔∕╣⅜№╢ ⌐ ∆╢ ⌐≈™≡│⁸ ⌐╟╢ ╩ ⇔√

╩ ╘╢↓≤≤⇔√⁹∕─ ⁸ 58 3 ⌐ ≠⅝ ⌂ ↕╩ ∆╢ ⅜№╢⁹ 

⌂⅔⁸₈ ↕─ ⅝™ ₉⌐≈™≡│⁸ 93 ─ ╩ ↕╣√™⁹ 

 6 │⁸ ⁸ ◖fi◒ꜞכ♩ │ ⌐ ╩ ↑╢ ─ ≢⁸ ⁸ ◖fi◒ꜞכ♩ ┘ ⌐≈

™≡╙≥─╟℮⌂ ≢№∫≡╙ ⌐ ╩ ↕∑╢↓≤⅜≢⅝╢╦↑≢│⌂™⁹ ≢│⁸ 1 ─ ─

≢ ⌐1/2 ─ ╩ ↕∑≡⁸ ╙1/2 ─ ⌐ ⅎ╢╙─≤⇔≡™╢ ─ ⌐≈

™≡│⁸꜡ ╩ ∆╢ │⁸▬ ╩ ⇔⌂™ ─1/2≤⇔≡™╢⁹⁹╕√⁸ ◖fi◒ꜞכ♩ ┘
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⌐≈™≡╙↓╣⌐ ∂≡⁸∕╣ ≢ ─ ─1/2⌐ ⅎ╢ ⅜№╢≤⇔≡™╢⁹ 

7 │⁸ ⌐ ╩ ↑╢↓≤╩ ≤⇔≡ ⇔≡™╢⁹↓╣│⁸ │ ⌂ ⌐ ↕╣╢ ⅜ ↄ⁸

⅛≈⁸ ⌐ ∂≡ ╩ ∆↓≤⅜≢⅝╢─≢⁸ ╩ ™≡ ─ ╩ ↕∑╢↓≤╩ ∂⁸

≢ ⌂ ╩ ∆╢╟℮⌐ ∆╢↓≤╩ ⇔√╙─≢№╢⁹√∞⇔⁸ ─╟℮⌂ │⁸ ⌐ ╩ ↑╢╒℮

⅜ ≢№╡⁸ ⌐╛╗╩ ⌂™╙─≤⇔≡⁸6◌ ⌐ ╡ ┼─ ─ ╩ 133 ≢ ╘≡™╢⁹ 

ᵑ ─ ⌐⅔™≡⁸ ⅜ ⇔ ⌐ ⅜ ╣╢ ≢№∫≡⁸ ─√╘─

≤⇔≡⁸ ≤│ ⌂╢ ≢ ╩ ∆╢≤⅝ 

ᵒ ╩ ℮ ≢№∫≡⁸ ─√╘⌐ ↑√ ─ ─ ⌐№╢ ─ ⌐ ╩ ∆╢

╩ ∂√≤⅝ 

ᵓ ─ ⌐╟╡ ⅜ ⌐↕╠↕╣√ ≢№∫≡⁸ ⌂ ⅜ ≢№╢≤⅝ 

  

60 ₒ ─ ─ ─  x

₡  ₢ ─ │⁸ ⁸ ≤ ⌐ ─ ┘ ⌂ ≢№╢⅜⁸ │∕─ ─

⌐≈™≡ ⇔√╙─≢№╢⁹ 

 1 │⁸ ─ ─ ⌐ ⌂ ╩ ⇔≡™╢⅜⁸√∞⇔ ⌐╟╡⁸ ─ ─╟℮⌐

⇔√ ╩ ∆╢ ⌂≥⁸ ─ ╩ ₁⌐ ℮↓≤⌂ↄ⁸ ─ ⌐ ∆╢ ╣ ↕ ┘

⅛∑─ ↑⌐╟∫≡ ∆╢╙─│ ⇔≡™╢⁹ 

─ ≤⇔≡⁸ ∟ ─ ◖fi◒ꜞכ♩ │ ≢│⁸ ⅛∑ ќ 59 ─╒⅛⁸ ─ ╩

◖fi◒ꜞכ♩╛ ◖fi◒ꜞכ♩≢ ╪∞╙─⁸ │ ⌐ ≢ ∆╢⅛⁸№╢™│ ╩ ↑╢ ─ ⅜№╢⁹

≢│⁸◖fi◒ꜞכ♩ ┘™⅛╡ ╩◖fi◒ꜞכ♩ │ ◖fi◒ꜞכ♩≢ ╪∞╙─ ┘

⌐ ⅛∑ ╩ ╡ ↑⁸™⅛╡ │ →√ ⌐ ╖ ╦∑√╙─ ⅜№╢⁹ ─◖fi◒ꜞכ♩ ∟│⁸

◖fi◒ꜞכ♩ ≢│ ⌐ ─◖fi◒ꜞכ♩╩ ≤∆╢─⌐ ⇔⁸ │ ≢│⁸  JIS R 5210

1992₈ⱳꜟ♩ꜝfi♪☿ⱷfi♩₉╩ ™╢◖fi◒ꜞכ♩⌐№∫≡│ 8.83N/mm2─╙─╩⁸ ◖fi◒ꜞכ♩≤

∆╢ ⌐№∫≡│15.69N/mm2─╙─╩ ≤∆╢↓≤⌐⌂∫≡™╢⁹ 

 ⁸ ◖fi◒ꜞכ♩ │ ─ │⁸ ⌐ ╦╢ ⌐╟╡ ∂╢ ♩ⱷfiכ⸗ ┘ ⌐ ⇔

≡ ⅜2 ≤⌂╢╟℮⌐ ⇔√╙─≤⇔≡⅔╡⁸ ⌐│⁸ ⌐ ≤™╦╣≡™╢ ─ ⅜ ™

╠╣╢⁹ ⅛∑─№╢ ╛ ─ ─ ⌐≈™≡│⁸  JESC E00042007₈

┘ ₉  JEAC 7001-2007 ─₈205 7 ─ ₉╩ ↕╣√™⁹ 

2

0

4

)(120 tHP

tKD
f o

+
֔ ⅛∑─⌂™

 

f  ─ ─  

Do ─ ─ m  

t ─ ╣─ ↕ m  

H ─ ─ ↕ m  

P ─ ⌐ ⇔√ N  

t 0 ⅛╠ ─ ╕≢─ ↕ m  

tt
3

2
0 =  

K 59.3 ⌐⅔↑╢  

─ │⁸ ⅛╠ ↑╢ ⁸ ┘ ⌐ ⅎ╢╟℮⌐ ∆╢⅜⁸↓─ ⁸ ⁸

─ │∕╣∙╣ ⌐ ⇔≡│2 ─ ⌐ ∆╢ 1.5 × ─ ⌐

∆╢ 1.33 ⁸ ┘ ⌐ ⇔≡│1.33 ─ ⌐ ∆╢

≤∆╢↓≤≤⇔≡™╢⁹↓─ ─ │⁸ ⌐ ═≡ ⌐│ ⌂ ⅜ ™↓≤╩ ⇔≡⁸

─ ─ ⌐ ⇔≡1⁸ ┘ ⌐ ⇔≡2/3 ─2 ≤⇔≡

™╢⅜⁸ ─ ─ │ ─ ⌐ ∆╢╙─≢№╡⁸ ─ │ ⌐ ∆╢╙

─≢№╡ ⌐ ∆╢ ≤⇔≡│⁸ 1.33 ≢№╢⁹ 

⅜ ⌐ ⇔≡2 │1.33 ≤™℮↓≤│⁸ ⌐ ╦╢ ⅜ ─2 │

⇔ↄ│ ─1.33 ≢№∫≡╙⁸ ─ ╩ ⅎ⌂™↓≤╩ ⇔≡⅔╡⁸╕√⁸ ⌐

⌂ ⌐ ∆╢ │⁸ ─1/3≤∆╣┌ ≢№╢≤↕╣≡™╢⁹⌂⅔⁸ ─ │

⌐ ⅝⌂ ╩ ∂╢ ─ ╩1.5≢ ⇔√ ≤⇔≡™╢ ќ 60.1 ⁹ 
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60.1  

 

 ↓↓≢⁸ ≤│ ─ ⌐ ∆╢ ─↓≤≢№╡⁸ ─ ╩ ≤∆╢ ⌐ ╕╣╢

─ ┘∆═╡ ⌐ ∆╢ ┘⌐ ─ ⅛╠ ╕╡⁸ ≤│ ─ ⌐ ∆╢

─ ─↓≤≢№╡⁸ ─ ─ ⁸ ─╒⅛⁸ ⁸ ─ ─ ⁸ ─ ⌐╟∫≡

⇔⁸ ⌡ ╟╡ ╘╠╣√╙─≢№╢⁹╕√⁸ ≤│ ⌐⅔↑╢ ─ ≤ ─ ⌐╟

╢╙─≢№╡⁸ ─ ⇔⁸ ─≈⅝ ╘ ⁸∕─ ─ ╩ ⇔≡ ⌡ ⌐⅔↑╢ ─

1/2 3/2≤⇔≡™╢⁹ 

 ─ ╩ ⌐ ∆╢√╘─ │⁸ ≤⌂╢ ─ ╩ ⌐ ∆╢↓≤≢№╢

⇔⅛⇔⁸ ─ │⁸ ⌐╦√∫≡ ↕╣╢╙─≢ ╙ ↄ⁸ ₁─ ⌐≈™≡ ─

╩ ⌐ ∆╢↓≤⅜ ≢№╢─≢⁸ ⌐│ 60.1 ⌐╟∫≡ ─ ╩ ⇔⁸ ─╟℮⌂ ⌐╟

∫≡ ─ ╩ ℮⁹√∞⇔⁸ ⌂ │ ─ ™ ⌂ ⌂≥⌐ ↕╣╢ ⌐≈™≡│⁸

╩ ⇔⁸  JEC-127- 1979₈ ₉ 62 9 b ⌐ ↕╣≡™

╢ ⅎ √∞⇔⁸ ─ ╡ ™⌐≈™≡│ ⌐╟╢⁹ ⌐╟╡ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 

 

60.1  ─ ⌐ ∆╢ ⁸ ┘ ─  

─  
⌐ ∆╢

(°  

 

(kg/m3)  

 

(kN/m2)  

⁸ ™ │ ─╟℮⌐ ⁸ ╕∂╡

≢ ⅜⌂ↄ⁸ ─ ⅝™ ─╙─ 
30 1,600 588 

╠⅛™ ⁸ ─ ⌂™ ─╟℮⌐ ≢⁸

╛╛ ⅜№╢⅜⁸ ─ ⅝™ ─╙─ 
20 1,500 392 

─ ─╟℮⌐ ⅜ ↄ⁸ ─ ↕™

─╙─ 
10 1,400 196 

⁸≤ↄ⌐ ⌂ ─╟℮⌐ ⅜ ⌐ ↄ⁸

─⌂™ ≢⁸ ∟ ╩ ℮ ─№╢

─╙─ 

0 1,300 98 

 

─ ќ 60.2  

T ֔ɘe VeĭVcΩ g  F1הF2 Vcהɘcהg F1 

─ ќ 60.2  

Z F1הF2 ֕₡C Wc We g₢ B 2 

T ⌐╟╡ ↕╣╢ ⅛╠─ N  

Vc ◖fi◒ꜞכ♩ m3  

VcΩ ─◖fi◒ꜞכ♩ m3  

Ve ─ ─ m3  

ttBtBVe )tan
3

4
tan2( 222 ff++=  ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ  
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)tan
3

4
tan2(

4

222 ff tBtB
t

Ve ++=
ɥ

 ΝΝΝΝΝΝΝΝΝΝΝΝΝΝΝ  

ɘe ─ kg/m3 ќ 60.1  

ɘc ◖fi◒ꜞכ♩─ kg/m3  

ɫ ⌐ ∆╢ ─ ќ 60.1  

g m/s2  

F1 1.5 ─ ⌐ ∆╢ ⌐ ∆╢╙─  

F2 1.33 ─ ⌐ ∆╢ ⁸ ⌐ ∆╢╙─  

√∞⇔⁸ F1הF2 2 

t  ⅛╠ ╕≢─ ↕ m  

Z ─ N/m2  

C ⌐╟╡ ↕╣╢ ⅛╠ ↑╢ N  

Wc ◖fi◒ꜞכ♩─ kg  

We ─ ─ kg  

B 2 ─ m2  

 
60.2  

 

↓─ ─ ─ ™⌐≈™≡│⁸ᴖ ╕≢│ ⌐⅔™≡ ╙ 2≢ ∆╢↓≤≤⇔≡™

√⅜⁸ ─ ⌐│ ⌂ ⅜№╢╙── │ ⌐ ∆╢ ≤⇔≡ ⌐ ╘╢╙─≢№╢

↓≤⅛╠⁸H10 ⌐⅔™≡  JESC E20011998₈ ─ ─ ╡ ™₉╩ ⇔⁸

─ ™╩ ⌐∆╢≤≤╙⌐⁸ ─ ─ ╩ ⇔√⁹ 

 

61 ₒ ─ ┘ ⌐╟╢  x

₡  ₢ ↓─ ≢│⁸ ╩ ℮╙─ ќ 59 ⁸ ╩ ∆╙─ ќ 92 │ ─ ⅝™

ќ 62 ⁸ ќ 63 ⁸ ⇔ↄ│ ≤ ה ∆╢ ─ ∕─ ─

ќ 96 ⌐│⁸ ╩ ↑╢↓≤╩ ⇔≡™╢⅜⁸ ≢│⁸∕─╟℮⌂ ─ ─ ╩ ⇔≡™╢⁹ 

 1 ≢│⁸ ─ ↕│10.7kN ≢№╢↓≤≤⇔≡™╢⁹↓╣│⁸ ─ │⁸ ╩2.5

1 ≤⇔⁸⅛≈⁸ 4.31kN─ ↕ 4 ⌐╟╢ ↕╩ ≢ ⇔√ ╩ ∆╢↓≤≤⇔≡™╢

√╘≢№╢⁹∆⌂╦∟⁸ √╡─ ↕⅜0.34kN/mm2─ ≢│⁸ 4mm─╙─3 0.34×ɥ×22×3

12.82kN ⅜ ≤⌂╢⁹ 

 │⁸ ─ │ ≤⇔≡2.5 ≢№╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⁸ 62 ┘ 70 3 ⌐╟╡

∆╢╙─│⁸ ─ ⁸ ⁸ ╘⌂≥⌐╟╢ ╩ ≡ ⌐ ↑ √∑╢↓≤⅜ ↕╣≡™

╢⅜ ─ ─ │ ↕╣≡™⌂™⁹↓─╟℮⌂ ╩2.5≤∆╢↓≤│⁸ ⌐ ⅜

⇔≡™╢ ⌐ ⇔≡│ ⇔∆⅞╢↓≤⅛╠ ╩1.5╕≢ →≡™╢⁹ 

 │⁸ ╩╟╡ ≤⇔√ ⌐ ⌂ ╩ ⇔≡™╢⁹╟╡ ╩ ∆╢ │⁸ ≤℮ ╩ ⇔≡3

─ ╩╟╡ ╦∑√╙─≢ ⇔⁸ ⌐│ ╛ ╩ ⇔≡⁸ ⅜2mm ≢ √╡ ↕

0.69kN/mm2 ─ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 ≢│⁸ ─℮∟ ↕30cm ─ ┘ ⌐ ↕╣╢ │⁸ ⌐ ⇔╛∆™↓≤⅛╠⁸

─№╢╙─ │⁸ ╘∫⅝╩ ⇔√ ה ╟╡ ╩ ∆╢↓≤≤⇔≡™╢⁹⌂⅔⁸ │⁸ ◖fi◒ꜞכ♩

│ ⌐ ═╣┌∕╣ ─ ⅜ ™─≢⁸ ⌐ ─ │ ↕╣≡™⌂™⅜⁸↓─ ≢╙ ─

┘ ⌐ ∆╢ │5mm ─ ™ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 
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 ≢│⁸ ─ ⅛∑⌐│⁸ ◖fi◒ꜞכ♩ ─╙─ ⇔ↄ│ │ ╩ ∆╢ ╙№╢⅜⁸

│ ╖▪fi◌כ╩ ™╢↓≤⅜ ™⁹ ⅛∑─ ⌐ √∫≡│⁸ ─ ⌐ ∆╢ ─ ќ

58 ╩ ⇔⁸ ─ ⌐ ⅎ╢╟℮⌐∆╢↓≤⅜ ≢№╡⁸ ⌐ 1 2m ─ ↕⌐ ↕

╣╢ ќ 61.1 ⁹ 

        
61.1                      61.2  

 

 2 │⁸ ╩ ∆╢ ─ ─ ↕╩ ⇔≡⅔╡⁸ ─ ≤ ↕∑≡™╢⁹ 

 3 ≢│⁸ ⅜ ≤ ⇔≡ ⌐ ∆╢↓≤⌐╟∫≡ ∂╢ ╛ ─ ─ ─

─ ⌐╟╢ ќ 19 ╩ ∂╢⅔∕╣⅜№╢ ⌐│⁸ ⌐ ⅜™⇔ ╩ ⇔ ⌐ ∆╢

↓≤╩ ⇔≡™╢ ќ 61.2 ⁹ ─ │⁸ ⌐ ⅜™⇔─ ╩ ∆╢≤⁸ ⇔ↄ ⅜

ⅎ╢↓≤⌐⌂╢─≢⁸ ⌐ ⅜ ↄ ─ ™₈ ∕─ ─ ₉⌐ ∆╢╙─╩ ≤⇔≡™╢⁹ 

 4 ≢│⁸ ─ ⌐╟∫≡│ ╩ ∆╢ ⅜ ─╟™ ⅜№╢─≢⁸ ≤ ─ ─№╢╟℮

⌂ ╩ ⇔≡╙╟™↓≤╩ ⇔≡™╢⁹ 

 

62 ₒ ─ ⌐⅔↑╢ ─  x

₡  ₢ │⁸ │ ─ ─ ─℮∟⁸ ⁸A ◖fi◒ꜞכ♩ ⁸A ќ 49

⌐ ╩ ∆╢ ╩ ⇔≡™╢⁹⌂⅔⁸ ⌐╟╡ ∆╢ ─ ⌐≈™≡│⁸ 61 ≢1.5≤ ╘╠╣

≡™╢ ќ 61 ⁹ 

 │⁸5° ─ ╩ ╗ ⌐ ↕╣╢ ⌐⅔↑╢ ─ ⅜ ⇔™ ⌐⁸∕─

⌐ ─ ⌐╟∫≡ ∂╢ ─ ⁸ ─ ⌐╟∫≡ ∂╢⁹⌐ ⅎ╢ ╩

─ ⌐ ∆╢↓≤⌐⇔≡™╢ ќ 62.1  (a) ⁹ ⌐ ╘╢ ─ ─ ⅜ ⅝™ ≤│⁸ ™

⅜75m ≢№∫≡⁸⅛≈⁸∕─ ─ ─ ⅜ ─2/3 ≢№╢ ╩ ⅎ≡™╢⅜⁸∕─╒⅛⁸ ⁸

─ ↕ ┘ ⌐╟╡ ─ ╩ ∆╢ ⅜№╢⁹↓─ │⁸ 61 ─ ⌐╟╡ ≢ ⅎ╢↓≤

⅜≢⅝╢⁹ │⁸ ⌐╟∫≡ ┌⅛╡≢│⌂ↄ ⌐╙ ⅎ╢╟℮⌐∆╢↓≤⅜≢⅝╢─≢⁸↓─

⌐│ ─ ⌐─╖ ∆╢↓≤⅜≢⅝╢⁹ 

 │⁸ ─ ╩ ∆╢ ≢│∕─ ⌐╟∫≡ ∂╢ ─ ─ ─ ⌐

╟∫≡ ╩ ⅝ ∕℮≤∆╢ ⌐ ⅎ╢ ╩ ─ ⌐ ↑╢↓≤╩ ⇔≡™╢ ќ 62.1  (b) ⁹ 

│⁸ ╘ ≢│ ╩ ⅝ ╘╢ ╩ ⅎ⁸ ─ ─ ⌐ ⅎ╢ ╩⁸

╘╢ ─ ⌐ ─ ⌐ ↑╢↓≤≤⇔≡™╢ ќ 62.1  (c) ⁹↓─ ╙⁸ ≤ ⁸ 61 ─

⌐╟╡ ≢ ⅎ╢↓≤⅜≢⅝╢⁹ 
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62.1  

 

63 ₒ ─ ─  x

₡  ₢ │⁸ │ ─ ─ ─ ╩ ⇔√╙─≢№╢⁹ 

 1 ≢│⁸ ─ ↔≤⌐≤╡ ╢ ⌐≈™≡ ╩ ⇔≡™╢⁹ ─ ─ ─

≤⇔≡⁸ ─ 150m≤⇔√─│⁸ ─ │ 100 200m ╕≢№╡⁸ ≤ ∂╟℮⌐ ∆╢A

⌐≈™≡╙↓╣⌐ ∂√╙─≢№╢ ─ ─ │100m⁸ќ 70 ⁹B ─ ◖fi◒ꜞכ♩ │ ≢

│⁸ ⅜200m ╕≢≢№╢↓≤╩ ⇔≡250m ─ ─ │150m⁸ќ 70 ╩ ≤⇔√╙─

≢№╢⁹ ─ │⁸  JESC E2003 1998₈ ─ ─ ₉╩

⇔⁸H10 ╟╡170,000V ≤170,000V ─ ⌐ ⇔⁸∕╣∙╣─ 300m⁸400m─2 ─ ≤⇔≡™╢⁹ 

 2 ≢│⁸ ⅜100m╩ ⅎ╢ │⁸ ⌐≈™≡│⁸↓─ ╩ ∂≡⁸ ∆╢↓≤│⌂™╙─

≤╖⌂⇔≡™╢ ↕8.01kN ─╙─ │ 5mm ─ ќ 65 1 ╩ ⇔⁸ ⌐≈™≡│⁸

⌐ ╩ ↄ⇔⁸2.0 ≤∆═⅝↓≤╩ ⇔≡™╢ ќ 59.1 ⁹ 

 3 │⁸ ╩∆╢ ─ ≢⁸ │ ⁸ │ ─ ↕ │

╩ ∆╢╙─≢№∫≡⁸ ↔≤─ ╩ ┘ ⌐╟╡ ∆╢↓≤⌐╟∫≡⁸ ╩ ∆╢↓

≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 ⌂⅔⁸ ─ │≢⅝╢∞↑ ⌂ↄ∆═⅝≢№╢≤™℮ ⅛╠⁸ ∕─ ╩ ⅎ╛ ⅎ

⌐ ⅛╠ ╩ ⅎ≡™√⅜⁸S47 ≢⁸↓─ ─ ─ ≤™℮ ≤ ─ ─

╩ ⇔≡ ⅎה ⅎ⌐ ╠∏ ה ⌐ ≤∑↨╢╩ ⌂™ ⌐╙⁸ ─ ⌐│8.71kN

─╙─ │ 22mm2 ─ ╟╡ ⁸ ─ ⌐│ ↕21.67kN ─╟╡ │ 55mm2

─ ╟╡ ╩ ∆╣┌↓╣╩ ╘╢↓≤≤⇔√⁹ 

 ▬│⁸ ⌐⅔↑╢ ┘A ─ ─ ╩ ⇔√╙─≢№╢⅜⁸ ─ ↕─ ќ 61

╩ ⌐ ─ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹ ╩ ─ ⌐ ↑╢─│⁸ ─

╩ ⇔√╙─≢№╢⁹ 62 ─ ─ ─ │⁸ №╢™│ ⌐╟╡ ∂╢

⌐╟╢ ⌐ ⅎ╣┌╟™⅜⁸↓↓≢│⁸ ─ ─1/3⌐ ⇔™ ⌐╟╢ ⌐

ⅎ╢↓≤≤⇔≡™╢⁹⇔√⅜∫≡⁸ ⌐ ⌐ ∆╢ ╩ ⇔√ │⁸ 62 ─ ─ ⅝™

─ ╩ ⌡╢↓≤⅜≢⅝╢⁹ 

 ꜡│⁸ ⌐⅔↑╢B ─ ◖fi◒ꜞכ♩ │ ⌐≈™≡ ⇔√╙─≢⁸ ─ ⇔ↄ│↓╣

≤ ─ ╩ ∆╢ ─╙─╩ ∆╢⁸ │ ─ ⌐ ╩ ∆╢↓≤╩ ⇔≡™╢⁹↓─

─ │⁸500m ≤⇔≡⅔╡⁸500m╩ ⅎ╢ ─ │ ╩ ∆╢↓≤⌐⌂╢⁹⌂⅔⁸ ⌐ ⌂

≢│⁸500m ─ ≢№∫≡╙ ⌐╟╢↓≤⅜ ╕⇔™⁹ 

 Ɫ│⁸▬ │꜡⌐≈™≡⁸ ─ ∕─ ⌐╟╡⁸∕─ ⌐ ∆╢↓≤⅜ ⌂ │⁸ ≤⇔≡

⌐ ⇔⁸ ⌐╛╗╩ ⌂™ │⁸ ⅛╠2 ╣√ ⌐ ∆╢↓≤≤⇔≡™╢ ќ 63.1 ⁹ 
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63.1  

 

 │⁸ ╩ ™≡ ╩∆╢ ─ ≢№╢⁹ 

▬│⁸ ─ ⌐ ─ ╩ ∆╢↓≤╩ ⇔≡™╢ ќ 63.1 ⁹ 

꜡│⁸▬⌐≈™≡⁸ ─ ∕─ ⌐╟╡⁸∕─ ⌐ ─ ╩ ∆╢↓≤⅜ ⌂ ⌐│⁸1 │

2 ╣√ ⌐ ∆╢↓≤≤⇔≡™╢⁹ 

 

3  ┘ ─  
64 ₒ  x

₡  ₢ │ ─ ┘ ⌐≈™≡⁸ ⌐⅔↑╢ ╩ ⇔√╙─≢№╢⁹

⌐│⁸ ╛ ќ 132 ⌐ ∆╢ ─1 ─ ќ 64.1 ⁸ 119 ⌐⅔™≡

≤ ⌐ ∆╢↓≤╩ ⇔≡™╢⁹⁸ │ ─ ╙ ╕╣╢⅜⁸↓╣╠⌐≈™

≡│ ⌂≥⌐ ⇔ ™≤⌂╢─≢⁸ ⁸ 110 ⁸ 111 ⁸ 116 ⁸ 117 ⁸ 119 ⌐⅔™≡∕╣∙╣

⇔≡⅔╡⁸⇔√⅜∫≡⁸ ≢│ ≡ ™≡™╢⁹ 

 
64.1  

 

 

 

 

⌐╟╡ ∆╢  

─  

 

 

 

 

 

 

 

 

 

A ⌐ ∆╢

─1 ─  

 

B 132 2 ─ ⌐╟╡

∆╢ ⌐ ∆╢

─1 ─  
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65 ₒ ⌐ ∆╢  x

₡  ₢ │⁸ ─ ↕ ┘ ╩ ⇔√╙─≢№╢⁹ │⁸ ⌐ ⇔≡

↕╣╢ ⅜ ↄ⁸ ⁸ ⅜ ∫≡ ⌐ ⇔≡ ∆╢ ╩ ∆╢√╘⁸S51 ⌐

⅔™≡⁸ ╩ ╘≡™√ ⌐≈™≡⁸ ≤⇔≡∕─ ╩ ╘⌂™↓≤≤⇔√⁹╕√⁸S57 ≢

─ ⅜ √⌐ ↕╣√─⌐ ™⁸ ╩ ⌐ ≢⅝╢↓≤≤⇔√⁹↕╠⌐H10

≢⁸  JESC E2004 2002₈ ─ ₉╩ ⇔≡⁸B ─ ↕╣

√ ─ ╩ ╗⁹ ∂⁹ ┘ ─ ⅜ ⌐ ∟ ╠⌂™ ⌐⅔↑╢

⌐ ╩ ∆╢↓≤╩ ╘╢↓≤≤⇔⁸H20 ≢⁸JESC E 2004₈ ─ ₉─ ⅛

╠ ┼─ ┼≤ ⇔√⁹ 

 1 │⁸ ≤⇔≡ ⌐│ ╩ꜟⱩכ◔│ ∆╢↓≤╩ ⇔≡™╢⅜⁸ ─

⌐ ∫≡│⁸B ╩ ⇔≡№╣┌ ⅜ ╣≡╙ ─⅔∕╣⅜⌂™↓≤⅛╠⁸ ╩ ∑∏⌐

─ ╩ ╘≡™╢⁹╕√⁸ ⌐≈™≡│⁸ ╩ ∆╢↓≤⅜≢⅝╢ ╩ ⇔≡™╢⁹

⌐│⁸ ─ ⅛╠ ╩ ∆═⅝≢№╢⅜⁸ │ ⌐ ═ ⅜ ↕ↄ⁸

⅜ ↑╢ ⅜ ↕ↄ⌂╢↓≤╛⁸ ─ ╩ ↕ↄ∆╢↓≤⅜≢⅝⁸ ⌐⅔™≡ ─

╛ ↕╩ ↄ ⅎ╠╣╢⌂≥ ⌐ ≢№╢↓≤⅛╠⁸ ─ ⅜ ⌂ ⌐ ╡⁸S51 ╙ ќ

15 ╩ ↑√ ⌐ ⇔≡ ∆╢↓≤⅜ ╘╠╣≡™√⁹ 

 9 ─ ≢ ⅜ ↕╣√⅜⁸H10 ⌐⅔™≡⁸ ₈ ₉╩ ↑≡ ⌐ ╩ ⇔

≡™√ ─№╢ ⁸ ┘⌐ ─ ⅜ ⌂ ⁸ ⅎ ┘ ⌐≈™≡│⁸

⅜ ⌐ ╣≡ ∆╢⅔∕╣⅜⌂™ ≢№╡⁸ 21 1 √∞⇔ ─₈ ↕╣╢ ╩

⇔⁸ ─⅔∕╣⅜⌂™ ₉⌐ ⇔⁸ ⅜ ≢⅝╢↓≤⅛╠⁸↓╣╠─ ⌐ ↕╣╢ ⌐ ╡⁸

⌐ ╩ ∆╢↓≤╩ ╘√⁹H20 ⌐⅔™≡⁸ 26 ≤─ ╩ ╡⁸JESC E 2004₈

─ ₉─ ⅛╠ ┼─ ┼≤ ⇔√⁹⌂⅔⁸₈ ⅜ ⌐ ∟ ╢⅔∕╣⅜⌂™ ₉⌐≈™≡│⁸

26 ⌐ ⇔≡™╢⁹ 

 ⌐ ╩ ∆╢ ─ ─ ─ ↕⌐≈™≡│⁸ ⅜ ⌐ ∟ ╢⅔∕╣⅜⌂™ ⌐

∆╢↓≤⅛╠⁸ ⌐ ─ ⅜ ╘╠╣≡™√S51 ─ ─ ≢№╢5m ≢№╣┌

╩ ∆╢↓≤⅜≢⅝╢⁹↓─ │⁸ ─ ⅜ ╘╠╣≡™╢ ─℮∟⁸ 35,000V

─╙─⌐ ⇔≡ ↕╣╢ ↕≤ ∂≢№╢ ќ 87 ⁹╕√⁸ ─ ─ ↕⌐≈™≡│⁸ 68 ⌐

⇔≡™╢⁹⌂⅔⁸ ⌐│ ↕╣≡™⌂™⅜⁸ ⌐ ═ ⌐ ⇔™ ≢ ↕╣≡™╢

╩ ≤⇔≡ ∆╢ ⌐⅔™≡╙⁸ ⁸ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 ⱦ♬ꜟ │⁸ ≤⇔≡ ќ 116 ⌐ ∆╢↓≤╩ ≤⇔≡ ↕╣√╙─≢№∫≡⁸

ⱦ♬ꜟ ≤ ─╙─╩ ≤⇔≡╟╡ ╦∑√ ≤⇔√╙─╙№╢⁹╙─≢№╢⁹ ─

⌐ ≠⅝⁸S40 ⅛╠⁸ ⌐≈™≡╙ ⌐ ≢⅝╢↓≤≤⌂∫√⁹ 

 │⁸S43 ≢ √⌐∕─ ╩ ╘╠╣√ ќ 6 ⁹ 

 ≢│⁸ ─ ─ ╩ ⇔≡™╢⁹ ─ ↕─ │ ⌐ ⅜ ≤⌂∫≡⅔╡⁸

≢│ mm≤™℮ │⁸ ─ ╩ ⇔⁸ mm2≤™℮ │⁸ ╟╡ ─ ╩ ⇔≡™╢⁹⌂⅔⁸

╩ꜟⱩכ◔⌐ ∆╢ │⁸ 67 ⌐ ⇔≡™╢─≢ ⇔≡™╢⁹ 

 ─℮∟300V╩ ⅎ╢ │300V ─ ╟╡ ↕─ ⅝™╙─╩ ∆╢↓≤≤⇔≡™╢⅜⁸↓╣│300V

╩ ⅎ╢ ⌐│⁸ ⌐ ⅎ╢ ⅜ ⅝™≤ ⅎ╠╣╢ ⅛╠∕─ ╩ ↄ ╪∞╙─≢№╢⁹╕√⁸300V╩

ⅎ╢ ┘ ⌐≈™≡│⁸ ≤ ≤⌐ ↑⁸ │ ↕╩ ⇔⁸ ─ ⌐│

↕╩1mm ⇔≡ ╩ ↄ ╪≢™╢⁹⌂⅔⁸ ─℮∟300V╩ ⅎ╢╙─≤⇔≡│400V─ ⅜ ⅎ╠╣╢

⅜⁸ ⌐ ⅛╠400V⌐ ↕╣╢≤ ⅎ╠╣⁸Ᵽ♇◒Ɽ꞉כ⅜ ⅝™√╘ ╖≤ ⅎ≡ ⇔≡™╢⁹ 

 │⁸ │1 ⅜ ≢№╢─≢⁸∕─ │B ⅜ ↕╣√ ⁸ │ ⌐─╖

∆╢↓≤╩ ≤⇔≡™╢⁹⇔⅛⇔⁸3 ╟╡ ∑√ Triplex ╩ ⌐ ⇔⁸ ╩ ≤⇔≡

∑∏⁸ⱷ♇☿fi☺ꜗכ꞉▬ꜘ≤⇔≡ ∆╢ ╙№╢≤ ⅎ╠╣╢─≢⁸↓─ │D ╩ ∆↓≤≤⇔

≡™╢⁹ ╩ ⌐ ⇔√ │⁸ 71 ⅛╠ 77 ╕≢⌐⅔™≡⁸ ≤─ │600Vⱦ♬ꜟ

≤ ⌐ ╡ ╦╣≡™╢─≢⁸ ⌐ ⇔≡│ ╩ ⇔⁸ ─1 │⁸ ⅜ ╣≡╙ ─⌂™

─ ⌐∆╢ ⅜№╢⁹ 

3 ─ ∟╞℮ ╢↑⅔⌐ꜟⱩכ◔ ┘ ─ ┘ ┘─ │⁸R7 ╟╡⁸

≤⇔≡ ⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐
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↕╣≡™╢⁹ │ 5 2 ▬─ ╩ ↕╣√™⁹ 

 

66 ₒ ─ ↕⌐ ∆╢  x

₡  ₢ │⁸ ─ ╩ ⇔√╙─≢№∫≡⁸300V╩ ⅎ╢ ┘ ─ │ ⌐ ⇔

≡™╢⅜⁸300V ─ ─ │⁸ ─ ™ ─ ≢ ─╖⌐ ⇔≡™√⁹⇔⅛⇔S51

≢ ╩ ⇔⌂™↓≤≤⇔√√╘⁸300V ─ ⌐≈™≡│⁸ ─ ─╖⌐ ∆╢↓≤≤⇔√⁹

⌂⅔⁸ ─ │⁸ 1 ⌐ ⅜⅛⅛╢↓≤⌐⌂╢─≢⁸ ≡─ ⌐ ─ ≤ ─ ≤⇔

≡™╢ ќ 2 ⁹ 

 │⁸ ╩ ⅝ↄ∆╢╒≥ ⅜ ⇔⁸ ─ ⌐ ∆╢ ⅜ ∆╢⁹⇔⅛⇔⁸ ⌐ ╩

⅝ↄ∆╢↓≤│⁸ ─ ─ ↕ ќ 68 ⌐╟╡ ╩ ↄ⇔⌂↑╣┌⌂╠⌂™√╘ ≢№╡⁸

↕╠⌐ ⌐╟╢ ╣⌐ ∆╢ ╛ ⌐╟╢ ╣ ╡⁸ ⌡ ╡ ⌐╟╢ ─ ╩ ∆⅔∕╣⅜№╢⁹ 

 ⌐⅔↑╢ ⌐≈™≡│⁸ᵑ ─ │⁸ ≤⇔≡ ≢ ⌐ ╩ ∂╢

╟℮⌐ ╘╢⁸ᵒ ─ ≤ ─ ╩ ≤⇔≡ ⅎ╢⁸ᵓ ⌐⅛⅛╢ ≤⇔≡⁸ ⁸

⁸ ─ ≈╩ ⅎ╢⁸ᵔ ─ ⌐╟╢ ─ ⅜⁸ ⁸ ⌐ ⅎ╢ ╩ ∆╢⁸ᵕ ─

╩ ⌐ ∆╢ ⅜№╢⁹ 

 ─ ⁸ ─ ⌐ ™╢ │⁸ ⌂ ╩ ⅝⁸ ⁸ ╟╡30ϴ ™

┘ ╟╡30ϴ ™ ─ ≈─ ╩ ≤∆╢⁹ │⁸ ⅜ ↕╣╢ ╩

∆╢ ─ ⌐╟╢ ╩™℮⁹ ┘ │⁸ ⅜∕─ ⌐ ∆╢

⌐ ∆╢ ≤⇔≡⅔╡⁸ ─ ⌐╙ ↕╣≡™╢⁹ ⁸ │⁸ ─ ╩ ∆╢─⌐

⇔≡™╢⁹⌂⅔⁸ ⌐≈™≡│₈ ─ ₉ ╩ ⌐⇔≡™╢⁹ 

 1 ꜡ ꜡ ─ ─ │⁸ ╩ ⌐ ╩ ⇔≡™╢⁹ ⁸ ─ │⁸

─ ╩ ≤⇔≡ ╩ ⇔≡™╢⅜⁸ ─ ™ ≢╙ ≢│⁸ ≢ ╩

≤∆╢ ╙№╢⁹↓╣╠─ ⌐ ╦╢ ⌐≈™≡╕≤╘╢≤⁸ 66.1 ─╟℮⌐⌂╢⁹ ─

│⁸ │ ≢│2.2 ≤⇔≡™╢⅜⁸∕─ ─ ≢│⁸↓╣╠⌐ ═≡ ╛ ⅜ ╢

─≢2.5 ≤⇔≡™╢⁹╕√⁸ 24 ─ ≢│ ─ ╩2.0 ≤⇔≡™√─⌐ ⇔⁸ ≢│

↓╣╩2.2 ≤⇔≡™╢⅜⁸ │ ≡ ╩ ≤⇔≡™√√╘≢№╡⁸∕╣│ ╩ ≤⇔√ ─2.2

≤ ⌐│╒≤╪≥ ╦╠⌂™⁹⇔⅛⇔⁸ ─ ⁸ ⁸ ⌐ ╦╢ ≤─ ⌐│⁸ ⌐

∆ ⅜№∫≡⁸ ─ ⅝↕⌐╟∫≡│⁸ ⌐⅔™≡1/2─ ⅜ ╦╢ ─ ⅜ ╟╡╙ ⌂

≤⌂╢↓≤⅜№╢─≢⁸S30 ⌐⅔™≡⁸ ⅜ ↕╣≡⁸™∏╣⌐ ⇔≡╙ ≢№╢╟℮⌐ ╘╠╣√⁹

┘ ▪ꜟⱵ ─ ⌐≈™≡⁸∕─ ╩ ⌐╟╡ ∆╣┌⁸ 66.2 ─╟℮⌐⌂╢⁹ 

 ⌐ ─ ╩ ⇔≡™╢⅜⁸↓╣│ ≢ ─ ↕╩╙ ⁸ќ 12

▬ ╩ ∫√╙─≢№╢⅜⁸ ─ │ ≢ ∂╢⅛╠⁸ ≢ ─ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

22

720

WW

TS

-¡
=

a
 

S m  

T ─ N  

W - 30ϴ ⁸∆⌂╦∟ ─≤⅝─ √╡─ ≤ 

⌐ ∆╢ ≤─ N/m  

W Ω ─≤⅝─ ─ N/m  

ɖ ─  

 

66.1  ⌐⅛⅛╢  

      
       

   
        

─ ™

─  

     ─ ⌐980Pa 
 

 

     ─ ⌐490Pa 
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─ ™

─╙─

╩ ↄ  

     ─ ⌐980Pa 
 

 

 
↕6mm 0.9─

 
↕6mm─ ⌐490Pa 

 

 

─ ™

─℮∟

⌐

╩ ∂╢  

┘

 
    ─ ⌐980Pa 

 

 

 
↕6mm 0.9─

 
↕6mm─ ⌐490Pa 

 

 

⌐⅛⅛╢ ─℮∟⁸ ─ │ 58 ≢ ⇔≡™╢ ─ ╩ ∆╢ ⌐ ∆

╢ ≤ ∂≢№╢⁹⌂⅔⁸ ⅜ ≢№╢ │⁸58- 1 ─≤⅔╡ ─ ⌐╟╢ ⅜

↕╣╢ ⌐ ↕╣√™⁹ 

66.2  

(  )│JIS⌐⅔™≡ ≢⅝╢ ╡ ⇔⌂™↓≤⁹{  }│JIS⌐ ⅜⌂™╙─⁹ 

     ACSR ▪ꜟⱵ╟╡ ⁸HDCC ╟╡ ⁸WC √╡─ ⁸WCΩ √╡─  

     WWΩ 980Pa─ ⁸WW490Pa─  

 

67 ₒ ─ ╢╟⌐ꜟⱩכ◔  x

₡  ₢ │⁸ ╩ꜟⱩכ◔⌐ ∆╢ ꜟⱩכ◔⁸│ ─ ╩ ∆╢ ≤ ⌐ ⅝⌂

⅜№╢√╘⁸S34 ≢ ↕╣√╙─≢№╢⁹ ꜟⱩכ◔ ⌐ Ⱪꜟ│⁸כ◔╢∆ ─╙─│ 9 ⌐⁸

─╙─│ 10 ⌐ ꜟⱩכ◔╢™≡╣↕ 65 2 ⁸ 3 ⌐ ∆╙─╩ ↄ⁹ ╩ ∆╢ ⅜№╢⁹ 

 ┘ │⁸ ╩ꜟⱩכ◔⌐ ∆╢ ─ ╩ ⇔≡™╢⁹ ≢│⁸ ╩⅛↑╢

╩ꜟⱩכ◔™⌂™≡∫⌂≥ ꜟⱩכ◔⁸╡⅔≡⇔≥ ⌐ ⌐ ╩⅛↑≡ ─ꜟⱩכ◔│≥↓╢∆

╟ↄ⌂™─≢⁸ⱷ♇☿fi☺ꜗכ꞉▬ꜘ╩ ∫≡∟╞℮ ∆╢↓≤╩ ⇔≡™╢⁹⇔√⅜∫≡⁸ ꜟⱩכ◔─

ꜟⱩכ◔⁸≡∫№≢ ⅜ ⌐ ∟╞℮ ≢⅝╢╙─⌐≈™≡│⁸ ⅛╠ ⅛╣╢⁹ 

 ⱷ♇☿fi☺ꜗכ꞉▬ꜘ╩ ⇔≡∟╞℮ ∆╢ כꜞ♫♥◌╢╝╦™⁸│ ≢Ɫfi●╩ ∆╢⁹Ɫfi●─ │⁸

≢│ ⌐ ⇔≡™⌂™⅜⁸ ≢│50cm ≤⇔≡™╢⁹ 

 └╞℮√╪ ꜟⱩכ◔ ќ 67.1 ⁸ │ꜝ♇◦fi◓♃▬ⱪ◔כⱩꜟ ќ 67.2 ⁸ 67.3 ⁸ⱷ♇☿fi

ꜘ▬꞉כꜗ☺ ╩ꜟⱩכ◔⅝ כꜞ♫♥◌⁸│⅝≥╢∆ ≢∟╞℮ ќ 67.4 ⇔⌂ↄ≡╙╟ↄ⁸∟╞℮

─ ↕⌐≈™≡╙⁸ ⌂ ╩╙≈ ™ ╩ ∆╢↓≤⅜ ⅎ╠╣╢─≢⁸ ↕⅜5.93kN ─╙─ │

22mm2 ─ ╘∫⅝ ╟╡ ≢№╢⌂╠┌ ≢⅝╢↓≤≤⇔≡™╢⁹ ⅎ┌⁸ ⅜2.6mm─ 1 ╘

∫⅝ √╡─ ↕1,230N/mm2⁸ќ 4 ≢№╣┌⁸ ↕│1,230×1.3×1.3×ɥ=6,530N

6.53kN ≤⌂╡⁸5.93kN ⌂─≢ ≢⅝╢⁹ 

 ⱱ│⁸ ⌐ ─ⱦ♬ꜟ │ⱳꜞ◄♅꜠fi╩ ⇔⁸⅛≈⁸ ─ꜝ♇◦fi◓♥כⱪ ╩ ∆╢↓≤⌐╟

╡ ─ꜟⱩכ◔ ┼™ ╩ ⇔√∟╞℮ ꜟⱩכ◔ ќ 65 2 ⁸ 3 ⌐≈™≡ ⇔≡™╢⁹↓─

 
 

(mm2)  

 

(mm) 

WC 

(kg/m)  

WWΩΩΩ 

(N/m) 

WW 

(N/m) 

WΩ2 = 

W2CΩ 

+W2WΩ 

W2 = 

W2CΩ 

+W2W 

WΩ2  

- W2 
ɖ 

 

 

N  

T 

N  

S 

(T=30ϴ)  

(m) 

ACSR 

 n

 n

 n

HDCC 

 n

 

 

ACSR 

HDCC 

 n

 n

{520}  

410 

330 

240 

(240)  

(240)  

 

 

120 

(180)  

(125)  

75 

31.5 

27.9 

25.2 

22.4 

20.0 

18.5 

(18mm 

)  

16.1 

17.5 

14.5 

11.1 

1.97 

1.54 

1.26 

1.11 

2.15 

1.84 

 

 

0.57 

1.65 

1.13 

0.68 

30.87 

27.34 

24.70 

21.95 

19.60 

18.13 

1080Pa 

17.39 

18.90 

15.66 

11.99 

15.44 

13.67 

12.35 

10.98 

9.80 

9.07 

 

 

7.89 

8.58 

7.11 

5.44 

1,326.18 

975.66 

762.57 

600.38 

828.71 

654.29 

 

 

333.59 

619.03 

368.04 

188.18 

611.62 

414.95 

305.20 

239.05 

540.59 

407.86 

 

 

93.50 

335.44 

173.35 

74.06 

714.57 

560.72 

457.37 

361.33 

288.12 

246.43 

 

 

240.09 

283.59 

194.68 

114.11 

19.5×10-6 

19.5×10-6 

19.5×10-6 

18×10-6 

17×10-6 

17×10-6 

 

 

18×10-6 

17×10-6 

17×10-6 

17×10-6 

150,630 

136,100 

107,200 

99,500 

90,100 

77,570 

 

 

54,300 

69,800 

48,700 

28,600 

60,250 

54,440 

42,880 

39,800 

40,950 

35,260 

 

 

21,720 

31,730 

22,140 

13,000 

266 

272 

238 

238 

267 

248 

 

 

160 

208 

176 

135 



117 

℮╞∟Ⱪꜟ│⁸כ◔ ╩ꜟⱩכ◔≥ ∆╢ ⅜ⱪכ♥ ☻כ▪─ ꜟⱩכ◔┘ ─

─ ≤⌂╢√╘⁸ │∟╞℮ ╩ꜟⱩכ◔≥ ↕∑⁸∕─ ⌐ ╪∑╠╩ⱪכ♥ ⌐ ⅝ ↑╢

⌐ ⇔⁸∕─ ⅝ ↑ ╙6cm ≤⇔≡™╢⁹ 

 ⌂⅔⁸ꜝ♇◦fi◓♥כⱪ─ ↕ ┘∕─ ⌐≈™≡│⁸ ⌐ ⇔≡™⌂™⅜⁸ ─ ╛ ה ⌐╙

⌂ ≤ ╩ ∆╢ ⅜№╡⁸▪ꜟⱵ♥כⱪ╩ ∆╢ ⌐⅔™≡│⁸ ↕1.0mm ⁸ 10mm ≤

∆╢─⅜ ≢№╢⁹ 

   

67.1                       67.2  

     

67.3                       67.4  

 

 ≢│⁸∟╞℮ ─ ╩ ⇔≡™╢⁹⌂⅔⁸∟╞℮ │⁸ 4 ⌐ ∆ ⅜ ↕╣╢↓≤│

─ ≤ ≢№╢⁹ 

 ≢│⁸∟╞℮ ─ꜟⱩכ◔⁸│⌐ ─ ⌐╟╡⁸∟╞℮ ⅜ ↕╣╢ ─ ─√╘⁸D

╩ ∆ ⅜№╢↓≤╩ ⇔≡™╢⁹√∞⇔ │⁸∟╞℮ ⌐ ╩ ∆╢ ⌐│⁸ ╩

∫√─≤ ─ ⅜№╢↓≤⅛╠⁸S57 ≢⁸↓─╟℮⌂ ⌐│ ⅜ ─╙─⌐ ╡ ╩ ≢⅝

╢↓≤≤⇔√⁹⌂⅔⁸√∞⇔ ─₈↓╣≤ ─ ─№╢╙─₉≤│⁸∟╞℮ ╩ fi▫♥כ◖≢

◓⇔√╙─╩ ∆╢↓≤╩ ⇔√╙─≢№╢⁹ 

 │⁸ ⌐ ™╢∟╞℮ ⌐≈™≡ ⇔≡™╢⁹ ≢│⁸∟╞℮ │ ↕⅜5.93kN

─╙─ │ 22mm2 ─ ╘∫⅝ ╟╡ ≢№╢↓≤≤⇔≡⅔╡⁸ Ⱪꜟ≢│↓╣≢╙╟™⅜⁸כ◔™

─ ⌐ꜟⱩכ◔≥╢⌂⌐ꜟⱩכ◔™ ╦╢ ⅜ ⅝ↄ⌂╢─≢⁸ ⌂ ↕╩ ќ 66 1 ∆╢

⅜№╡⁸∟╞℮ ─ ┘ ─ꜟⱩכ◔⁸⌐ ─ ╙ ∆╢↓≤⁹ ⌐ꜟⱩכ◔┘ ╦

╢ ─ ╙ ∆╢↓≤⁹ ╩ ⅎ√ ⌐ ⇔⁸∟╞℮ ─ ⅜2.5 ≤⌂╢╟℮⌐

∆╢↓≤╩ ⇔≡™╢⁹ 

 

68 ₒ ─ ↕  x

₡  ₢ │⁸ ─ ↕⌐≈™≡ ⇔≡™╢⁹ 

 ⁸ ⌐ ∆╢1 ─ ⁸ ┘ ─ ╩ ↄ⁹ќ

64 ─ ⅛╠─ ↕│⁸ ─ │ ⌐ ∆╢ ╛ ─ ╩ ╓↕⌂™↓≤⅜ ╙ ⌂

≢№╢⁹⇔√⅜∫≡⁸ ≢│ ⌐ ∆╢ ∕─ ─ ⁸ ≢│ ─ ─

↕⁸ ™∕─ ─ ≢│ ┘ ⌐ ∆╢ ⌐≈™≡ ⇔≡⁸ ↕╩ ╘≡™╢⁹ 

 ⌂⅔⁸↓─ ⌐⅔↑╢ ─ ─ ↕│⁸ ≤⇔≡ ⅛╠─ ╩ ⇔≡™╢⁹ ≤⌂╢

⅜⁸ ─ ⇔ↄ│ ─╟℮⌂ ≢⌂™ ⁸ ≥♪כ◔כ▪│ ⇔√╟℮⌂ ќ 68.1

─ ⌐≈™≡│⁸  JESC E0004 2017 ₈ ┘ ₉ ( )

 JEAC 7001- 2017 ╩ ♪כ◔כ▪⁸√╕⁹™√╣↕ ⌐│ ─√╘─ ⌂≥⅜

↕╣╢─≢⁸↓─ ⌐ ⇔≡│⁸ ⌂ↄ≤╙ ⌐ ∂√ ╩≤╢↓≤⅜ ╕⇔™⁹ 
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68.1  

 

 1 │⁸ ⌂ ─ ─ ↕╩ ⇔≡™╢⁹ ╛ ╩ ∆╢ │ 6m≢№∫√⅜⁸

─ ⅜5.5m⌐⌂∫≡™╢↓≤⅛╠⁸S40 ≢↓╣⌐ ╦∑╢↓≤≤⇔√⁹ │ ╩ ∆╢ ─

─ ꜟכ꜠⁸│↕ ⅛╠ ∆╢⅜⁸ ꜟכ꜠≥ ≢│⁸50cm ─ ⅜№╢─≢⁸ ⅛╠─ ↕

≤⇔≡│⁸6m ⌐⌂╢⁹↓─ │ ⅛╠╙ ⅜⌂™╙─≢№╢⁹⌂⅔⁸ ─ │ ─∟╞℮

⌂≥≤─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹ 

S43 ≢│⁸ ⅜ ─ ⌐ ↕╣╢ ─ ↕⌐≈™≡ ⌐ ↕╣≡™⌂⅛∫√√╘⁸

√⌐ ⇔√⁹ │⁸ ⅜ ⌐ ╢╙─≢№╢⅛╠⁸ ─ ↕⌐≈™≡ ─ ≤ ⇔≡ ⇔

≡™╢⁹↓─ ↕⌐≈™≡│⁸ ⌂℮╟─כ◐☻╩ ™╙─╩⅛≈™≢ ╢↓≤⌂≥╙ ⇔≡ ⇔√⁹╕

√⁸ ─ ╙ ─ ⌐─╖ ↕╣╢╙─≢№╢↓≤⅛╠⁸ ─ ≤⇔≡ ╡ ╦╣╢ ќ

68.2 ⁹ ─№╢ ≢│⁸ ⅛╠─ ↕│ ≢│⌂ↄ ≤─ ╩ 78 ≢ ∆╢ ≤

∆╢ ⅜№╢⁹⌂⅔⁸ ─ ≤─ ⌐≈™≡│⁸ 72 ⅜ ↕╣╢ ќ 72.1 ⁹ 

 

68.2  

 

 S47 ≢│⁸ ─ ⌐ ∆╢ ╩ ⇔√↓≤⌐ ™⁸ ─ ⌐⅔↑╢

─ │⁸↓╣╕≢─ ≢№∫√₈ ⇔ↄ│◔כⱩꜟ╩ ⇔⁸ ⅜150V

≢ ⌐ ⅜⌂™ ⌐ ╡⁸∕─ ↕╩4m⌐ ∆╢₉ ╩ ⇔√⁹↓─ ⌐⅔™≡⁸ │3m≢№∫√⅜⁸

─ ↕⌂≥─ ⌂ ⅛╠4m≤⇔√⁹ 

 68- 1 ─₈ ─ ⅜╕╣≢№╢╙─₉≤│⁸№™╕™⌂ ≢│№╢⅜⁸ ℮╪ ⁸ ⅜ ∆╢

⌂≥⁸ ─│→⇔ↄ⌂™ ╩ ∆⁹╕√⁸₈ ─ ⌐─╖ ↕╣╢ ₉≤│⁸ ≤ ─ ⅜№╢ ─

│ ⌂≥⁸ ⅜ ⇔⌂™ ╩ ∆⁹ ⌐⅔↑╢ ─ ↕│⁸ ─ ─
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↕╩ ⇔≡ ↕╣≡™╢√╘⁸ ⅜ ⇔⌂™₈ ─ ⌐─╖ ↕╣╢ ₉⌐≈™≡│⁸⅛∫↓ ≢↓╣╩

⅛╠ ™≡™╢⁹ 

 2 │⁸ ⌐ ∆╢ ─ ─ ↕╩ ⌐ ╩ ╓↕⌂™╟℮⌐ ⌂ ↕⌐ ↕∑╢↓≤

╩ ⇔≡™╢⁹ ─╟℮⌐ ⌐⅔↑╢ ↕⅜ ╕╠⌂™╙─⌐≈™≡│⁸ ∕─ ─ ⅛╠ ⅜

↕╣╢ ─ ↕╩ ⇔≡ ─ ↕╩ ∆╢⁹ ╛ ⌐ ╩ ∆╢ │⁸ ⅜

┘∕─ ─ ⌐ ∆╢ │⁸ ─ ⌐╟╡ ─ ⅜ ≢№╡⁸╕√⁸

⌐ ∆╢ │⁸ ─ ⌐╟╡ ─ ⅜ ≢№╢⁹⇔√⅜∫≡⁸↓╣╠─ ≤ ─ ⁸

─ ⌐ ╩ ╓↕⌂™ ↕≤∆╢↓≤⌐╟╡⁸ ╩ ∆╢↓≤⅜≢⅝╢⁹⌂⅔⁸ ⌐≈™≡│⁸

⌐╟╡ ╩ ↑╢ ⅜ ⌂╢√╘⁸ ⌐ ╡─ │ ⌐

™ ╦∑╠╣√™⁹ 

 3 │⁸ ─ ─ ↕⌐≈™≡ ⇔≡™╢⅜⁸ ─ │ ↕╣╢ ⌐╟╡ ⌂╡⁸ ⌐

∆╢↓≤⅜ ≢№╢─≢⁸ ≤ ⁸ ⌐│ ⇔≡™⌂™⁹ 

 

69 ₒ ─  x

₡  ₢ ⌐│⁸ ∕─ ─ ≢ ⅜ ╡ ↑╠╣╢↓≤⅜№╢⅜⁸↓╣⅜ ⇔≡

⌐№╢ ⌐ ∆╢ ⌐╟∫≡ ╩ ↓↕⌂™╟℮⌐⁸ ⌂ │ ╩ ∆╢↓≤≤⇔≡™╢⁹↓─

≢│⁸ ↕5.26kN ─╙─ │ 4mm ─ ╩ ⌐ ⌐ ⇔ ™ ─ ≤╖⌂⇔≡⅔

╡⁸ ─№╢ ≢│⁸↓╣⌐ ≠⅝ ⇔≡™╢⁹╕√⁸ ─ ⌐≈™≡│⁸ ≤ ⌐ ╡

™⁸ 66 ⌐ ∂≡ ╩∆╢↓≤≤⇔≡™╢⁹ ⌐│ ⅜ ╣⌂™─≢⁸ ╛ ─

⅛╠ ╘∫⅝─ ╟╡ ⅜ ↄ ™╠╣╢⁹ 

 ⌐ ∆╢ ─ ┼™ │⁸ᵑ ─ ⁸ ┘ ─ ⁸ᵒ ⌐╟∫≡ ↕╣

╢╙─≢№∫≡⁸ ⌐≈™≡╙ ≤ ─ ⅜№╢↓≤⅛╠⁸H4 ≢⁸ ╩ ⅎ╢╟℮ ╩ ╘√⁹ 

 

70 ₒ ⁸ ┘  x

₡  ₢ 1 │⁸ ⌐≈™≡ ⇔≡™╢⁹ ≤™℮─│⁸ ⅜ ⇔

ↄ│ ─ ≢ ה ∆╢ ќ 74 3 ⁸ 4 │ ─ ─ ≢ ∆╢

ќ 75 6 ⌐≈™≡⁸ ─ ─ ⁸ ─ ⌐╟╡ ⅜↓╣╠─ ⌐

⇔≡ ⌐ ⅜ ╦╢ ╩ ∆╢√╘⁸↓─╟℮⌂ ⌐≈™≡ ⌐ ↕╣≡™╢

╟╡ ∆═⅝ ╩╕≤╘≡ ⇔√╙─≢№╢⁹∆⌂╦∟⁸ ─ ↕ │ ↕⁸ ─ ⌐ ∆╢

⁸ ─ ↕⌐≈™≡ 59 ⁸ 65 ⌐⅔™≡ ↕╣≡™╢╙─╟╡╙ ∆═⅝↓≤╩ ⇔⁸↕╠⌐⁸ ─

╩ ⅎ≡™╢⁹↓╣╠─╒⅛⁸ 74 ┘ 75 ⌐⅔™≡⁸ ⌐ ∂≡ ∆═⅝ ⌐≈™≡

⇔≡™╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ ꜟⱩכ◔ ─ │⁸ 67 ─ ⌐╟╡ ∆╢↓≤≤⇔≡™╢⁹

ꜟⱩכ◔ ─ │⁸300V ─╙─⌐№∫≡│⁸300V╩ ⅎ╢╙─╩ ⌐ ∆╢ ╖─ ↕

5.26kN ─╙─ │ 4mm ─ ⁸300V╩ ⅎ╢╙─⌐№∫≡│⁸ ⌐ ∆╢ ╖─ ↕

8.01kN ─╙─ │ 5mm ─ ─ ╩ ™╢↓≤≤⇔≡™╢⁹╕√⁸ ─ ⌐≈™≡

│⁸300V ─ ⌐ ⇔≡╙ 66 1 ⌐ ∂≡ ∆╢↓≤≤⇔≡™╢⁹ 

 │⁸ ─ ≢№∫≡╙⁸ 59 1 ≢ ↕╣≡™╢ ─ ⌐≈™≡│⁸

─ ≤ ∂2.0 ╩≤∫≡™╢⁹ ≤ ∂ ─ ╩ ∆╢↓≤≤⇔≡™╢⁹ ─ ⌐ ⇔≡

│⁸ 59 ─ ╩ ↕╣√™⁹ 

 │⁸ ─ ≢⁸ ─ ⌐≈™≡│⁸ ⌐│ ─ ↕⅜ ↄ⁸ ─ ─ ↕⌐

╟╡ ⅜ ↕╣╢─≢ ⇔≡™⌂™⅜⁸ ─ │ ≤ │ ∆╢ ⌐│

⅜ ℮─≢⁸ ⌐ ≤ ─ ╩⇔≡™╢⁹70-1 ≢│⁸ ⌐ ↕8.71kN ─╙─ │22mm2

─ ╟╡ ╩ ∆╢ │⁸ ─ ╖─ ≤∆╢↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 66 ─ ⌐⅔↑╢ ⅛╠╙ ╠⅛⌂╟℮⌐⁸ │ ─ ⌐ ∆╢─≢⁸ 66 ─ ╩

∆╢ ≢⁸ ─ ╩ ⅝ↄ∆╢↓≤⌐╟╡⁸ ╩ ┌∆↓≤⅜≢⅝╢⁹⇔⅛⇔⁸ ⅜ ⌐ ⅝™

│ ≤⌂╢ │⁸ ─ ⌐ ∆╢ ⁸ ⌐╟╢ ⅜ ⅝ↄ⌂╢↓≤⅛╠⁸

─ ⌐╟╢ ↕─ ⌂ │ ─ ─ ⌐╟╡⁸ ─ ╩ ⇔≡™╢⁹√∞⇔⁸ ↕ │

─ ⅝™ │⁸↓╣╠⅜ ↕™╙─╟╡╙⁸ ⌐ ∆╢ ⌐╟╢ ⅜ ↕ↄ⌂╢↓≤⅛╠

╩ ╘≡™╢⁹ ≤∆╢ │⁸ ќ 59 ⁸ ќ 60 ⁸ ќ 66 ─
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╩ ≤╢↓≤⅜ ╕⇔™⁹ 

 2 │⁸ ⌐≈™≡ ⇔≡™╢⁹ │⁸ ⅜ ќ 71 ⁸ ⁸

⁸ ⁸ ќ 72 ⁸ ќ 73 ⁸ ⁸ ─ ќ 74 ⁸ ќ 75 ⁸

ќ 76 ⁸▪fi♥♫ ќ 77 ⁸ ─ ќ 78 ≤ │ ∆╢ ⌐⁸ ─

╟╡╙ ∆═⅝ ─℮∟⁸ ∆╢╙─╩╕≤╘≡ ≤⇔≡ ∆╢↓≤≢⁸ ≢─ ╩⌂

ↄ⇔⁸ ─ ╩ ∫≡™╢⁹ 

 │⁸ ─ ╩ ⇔≡™╢⁹ ꜟⱩכ◔ ─ │⁸ 67 ─ ⌐╟╡ ∆╢↓≤≤⇔≡™╢⁹

ꜟⱩכ◔ ─ │⁸ ⌐ ↕╣≡™╢ ↕5.26kN │ 4mm─ ќ 65 ≢│⌂ↄ⁸₈ ↕

8.01kN ─╙─ │ 5mm ─ ₉─ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 │⁸ ─ ⌐≈™≡│⁸ 15 ─ ─ ╩ ╕ⅎ⁸R2 ≢⁸ ◖fi◒ꜞכ♩

⌐ ∆╢  JIS A 5373(2016)≢ ≤↕╣╢ 2.0≤ ∂ ⌐⇔√╙─≢№╢⁹ 

 3 │⁸ ⁸ ─╒⅛⁸ ⌐╟╢ ─ ⁸♩♃fi⁸ ─ ⌐╟╢ ⌐╟╡⁸

│ ─ ─ ╩ ∆╢√╘─ ─ ╩ ⇔≡™╢⁹⌂⅔⁸ ╩ ∆╢ ⌐

≈™≡│ ─ ≢│ ⌐╟╡┌╠≈⅝⅜№∫√√╘⁸ ╙ ⌐≤∫≡™╢ ╩≤╢↓≤≤∆╢⁹╕√⁸

≢№╢≤⇔≡⁸ ⌐ ╘╢ ╩≤╡ ⌂™ │⁸ ╩ ∆╢╟℮ ⌂ ╩ ∂╢↓≤⁹ 

 

71 ₒ ≤ ≤─  x

₡  ₢ │⁸ ≤ ≤⅜ │ ∆╢ ─ ╩ ⇔≡™╢⁹ 

 1 │⁸ ≤ ≤⅜ ќ 49 ⌐№╢ ─ ⌐≈™≡ ⇔≡™╢⁹

≤─ ─ ⌐≈™≡│⁸ ─ ⁸ ┘ ⅜№╡⁸ ┘ ⌐⅔↑╢ ⌐│ 1 ќ

49 ≤ 2 ќ 49 ⌐ ↑≡ ⇔≡™╢⁹ 

 ≢│⁸ │ ќ 70 2 ⌐╟╢↓≤≤⇔≡™╢⁹ 

 │⁸ │ ≤ ─ ≤─ ╩ ⇔≡™╢⁹₈ ₉≤│⁸

─↓≤≢№∫≡⁸ ─ ≤─ ╩ ∆≤⁸ 71.1 ─╟℮⌐⌂╢⁹╕√⁸₈ ₉≤™℮─│ ↕⌂↑╣

┌⌂╠⌂™ ≤™℮ ≢№∫≡⁸ ⌐₈ ₉≤™℮≤⅝│ ╩ ∆ ⌐ ™╠╣⁸₈ ↕⌂↑╣┌⌂╠⌂

™₉≤™℮ ≢│⌂™⁹⇔√⅜∫≡⁸ ≤™℮ │⁸ ─ ⌐╟╢ ─ ╩ ⅎ≡⅔ↄ═⅝≢

№╡⁸ ⅜ ↄ⁸ ─ ⅝™ ⌐⅔↑╢ ≤─ ⌐≈™≡│⁸ ⌂≥⌐╟╢ ╣╩ ∆╢ ⅜

№╢⁹↕╠⌐⁸ ⅜ ∆╢╙─≢№╣┌⁸∕─ ╙ ⇔√℮ⅎ≢⁸ ⌂ ╩≤╢ ⅜№╢⁹ 

 
71.1  

 

 ⅜ ⅜⌂™ ≤ ⌐ ↕╣╢ ⌐ ⌂ ╩ 71.2 ⌐ ∆⁹⌂⅔⁸

≤∕─ ─ ≤─ ⌐≈™≡│⁸ 49 ─ ╩ ↕╣√™⁹ 



121 

 
71.2  

 

 ⁸ │⁸ ⁸ ─ │ Ⱪꜟ─3כ◔⁸ ≢ ⇔≡⅔╡⁸ ⌂ ⅎ

≤⇔≡│⁸ ─ │ ⌐ │ ╩ ™√≤⅝│ ─ ─2/3⁸ כ◔│

Ⱪꜟ╩ ™√≤⅝│ ─ ─1/3╕≢ ╩ ≢⅝╢↓≤≤⇔⁸ ─ │ ⌐ ╩ ™√

≤⅝│ ─ ╩ꜟⱩכ◔2/3⁸─ ™√≤⅝│ ─ ─1/3⌐ ⇔≡™√⁹⌂⅔⁸ ─ ⌐

⅔™≡│⁸ ⅜ ⇔∆⅞╢≤ ⅜ ╣╢ ꜟⱩכ◔⁸≢─╢№╙ ─ │⁸ ꜟⱩכ◔│

╩ ™√ ⌐─╖ ─1/2⌐ ≢⅝╢↓≤≤⇔≡™√⁹⇔⅛⇔⁸S51 ≢ ⌐ ─ ⅜

↕╣√ ќ 65 1 √╘⁸ ⌐ ∆╢ ⅜ ↕╣√⁹ ⌐⁸S57 ≢ ─ ќ 5

⅜ √⌐ ↕╣√↓≤⌐ ™⁸ ⌐ ╩ ∆╢ ─ ╩ ⇔√⁹ 

 ⌂⅔⁸ ⱦ♬ꜟ │⁸600Vⱦ♬ꜟ ┘ ⱦ♬ꜟ ⌐ ═≡ ─ ↕⅜ 2/3≢№∫

≡⁸⅛≈⁸ ⌐⅔↑╢◘fiⱪꜟ─ ⅜3 ─℮∟2 ≢№╣┌╟™⌂≥ ⌐⅔™≡╙ ™⅜№╢↓≤⅛

╠⁸ ≤⇔≡─ ─ ─ ⅛╠ ╩ ∆⌐ √∫≡⁸ ≢│ ⱦ♬ꜟ

OW ╩600Vⱦ♬ꜟ │ ⱦ♬ꜟ ≤ ⇔≡ ╖─ ™╩∆╢↓≤╙№∫√⁹⇔⅛⇔⁸

S47 ≢│⁸ ─OW ─ ⌂≥╩ ⌐ ⇔√ ⁸ ⁸∂╪ ≢20 ╩ ⇔√╙─≢╙⁸

≡ ⌂ ╩ ⇔≡⅔╡⁸ ╣ ⌐≈™≡╙10mA╩ ⅎ╢↓≤│⌂ↄ⁸ ╛ ─ ⌐╙

⌐ ─⌂™↓≤⅜ ↕╣√─≢⁸600Vⱳꜞ◄♅꜠fi ⁸600V┤∫ ⁸600V◗ⱶ ╩

╘≡⁸ ─ ≤─ ⌐ ⇔≡│ ─ ™≤⇔√⁹ 

 71- 1 ─₈ ⅜ ─ ┼ ╩ ┌∆ │ ╩ ╡ ∆↓≤⌂≥⅜≢⅝⌂™ ₉≤│⁸ ⅎ┌⁸ ─ ≢

№∫≡⁸ ⅜⌂™≤↓╤╩ ⇔≡⅔╡⁸ ⅜ ╩ ⇔≡ ⌐ ⌐ ╣╢↓≤⅜⌂™√╘⁸ ─ ╩ ╘≡

™╢⁹ 

 2 │⁸ ⅜ ─ ⌐ ↕╣╢ ⌐≈™≡ ⇔≡™╢⁹ ─ ╩ 71.3 ⌐ ∆⁹ 

 

71.3  

 

 3 │⁸ ⅜ ⌐ ↕╣╢ ⌂ ⅝ ⇔ ≤ ∆╢ ─ ⌐ ∆╢ ≢

№╡⁸ ╩ ⌐ ╘≡ ∆╢ ⁸ ⌐ ╩ ⇔≡™╢⁹ ⁸ⱦꜟ─ ⌐ ™ ⅜

─ ≢ ∆╢↓≤⅜ ↄ⌂∫≡™╢⅜⁸ ⌐ ↕╣╢ ⅝ ⇔ ⌂≥≤ ≤─ ⅜ ∆╢
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√┘⌐ ─ ╛ ─ ↕╩ →╢↓≤⌐│ ⅜№╢⁹∕↓≢⁸ ─ ≢│⌂ↄ⁸ ⌐ ─

│ ─⅔∕╣⅜№╢ ⌐ ∫≡ ⌐ ╩ ™⁸ ⌐ ╩ ⇔╟℮≤∆╢ ⅛╠⁸

─ ⌐ ╘√ ≤⁸ ─ ™≤ ⅎ╠╣╢ ─ ⌂ ⅝ ⇔ ╛ ─ ≤─

│⁸ ⅜ ⇔⌂↑╣┌╟™↓≤≤⇔√ ќ 71.4 ⁸ 71. 5 ⁹ 

     

        71.4                         71.5  

 

72 ₒ ≤ ≤─ │  x

₡  ₢ │⁸ ќ 1 ⁸ ⁸ │ ≤ ⅜ │ ∆╢

⌐≈™≡⁸ 1 ⅜ ќ 49 ⌐№╢ ⁸ 2 ⅜ ─ ≢ ∆╢ ⁸ 3 ⅜

─ ≢ │ ∆╢ ⌐≈™≡ ⇔≡™╢⁹⌂⅔⁸ ⌐≈™≡│⁸ ─ ╩ ↕╣√™⁹╕√⁸

≢│ ─ ⅜╕╣≢№∫≡⁸⅛≈⁸ ─ ⅜╕╣⌂╙─╩ ⅛╠ ™≡™╢ ќ 68 ⁹ 

 ⇔ↄ│ ─ │ ⇔ↄ│ ꜟכ꜠─ ≤ ≤─ │⁸ 68 ⌐⅔™≡

─ ↕≤⇔≡ ↕╣≡⅔╡⁸ 1 │⁸ 68 ≢ ⇔≡™╢ ↕ ─ ╩ ⇔≡™╢╙─≢№╢⁹ 

 ≢ ⇔≡™╢ ─℮∟⁸ ≤─ ╩ ∆╢≤ 72.1 ─╟℮⌐⌂╢⁹⌂⅔⁸

≤ ─ ∆╡ ⁸↕ↄ │ ⌂≥≤─ │⁸ 78 ─ ⌐╟╡ ∆╢↓≤≤⌂╢⁹ 

 

72.1  

 

 2 ⌐⅔↑╢ ⌂≥⅛╠─ ↕⌐≈™≡│⁸ 68 ⌐╟╢↓≤⌐⌂╢⁹ 

 3 │⁸ ─ ⌐ │ ⇔≡ ↕╣╢ ⌐≈™≡ ⇔≡™╢⅜⁸ │ ⌂≥│⁸ │

≢│⌂ↄ⁸ ≤⇔≡ ╡ ∫≡™╢⁹╕√⁸ ≤ ≤─ ⌐≈™≡│⁸ 78 ─ ⌐╟╡ ∆╢↓≤

≤⇔≡™╢⁹ 

 

Ṣ ֕  
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73 ₒ ≤ ≤─ │  x

₡  ₢ │⁸ ќ 49 ≤ ⅜ │ ∆╢ ⌐≈™≡⁸ 1 ⅜

ќ 49 ⌐№╢ ⁸ 2 ⅜ ─ ≢ ∆╢ ⁸ 3 ⅜ ≤ ∆╢ ⌐≈™≡ ⇔≡™

╢⁹⌂⅔⁸ ⌐≈™≡│⁸ 71 ─ ╩ ↕╣√™⁹ 

 ⌐≈™≡│⁸∕─ │ ╘≡™╢⅜ ─ │ ╘≡⅔╠∏⁸ ≤─ ⌐≈™≡│⁸ 78 ⌐╟

╡ ∆╢↓≤≤⇔≡™╢⁹ ≤─ ⌐≈™≡│⁸ ─ ╣⌂≥╩ ∆╢↓≤⅜ ╕⇔ↄ⁸ ⅎ┌⁸2m

─ ⅜ ≤⌂╢ ╙№╢⁹ 

 2 │⁸ ≤─ ≢№╢⅜⁸ ⅜ ≢⌂ↄ⁸∕─ ╩ ∆╢↓≤⅜⁸ ⁸ ≢№

╢↓≤⌂≥⅛╠⁸ ≤⇔≡ ─ ─ ─ ↕─ ⌐ ⇔⌂™↓≤≤⇔≡™╢⁹╛╗╩ ∏ ∆╢

│⁸ ─ ─ ─ ⅜ ∆╢ ╩ ⅎ≡⁸ ╩ ↑╢↓≤≤⇔≡™╢⁹ ≤│⁸ ⅎ

┌⁸ ™ ╩ ╪≢↓╣⌐ ╩⅛┬∑⁸↓─ ↓─ ─₈ ₉⅛╠│⁸ ╩ ╗─⌐ ™╢⅛∆

⅜™⁸ │ ⅛╣╢⁹ ⌐D ╩ ⇔√╟℮⌂╙─╩™℮⁹ 

 3 │⁸ ≤ ∆╢ ⌐│⁸ │ ─ ╩ ─ ⌐⁸ 1 ─ ⌐ ∂≡ ∆╢↓≤≤⇔

≡™╢⁹ 

 

74 ₒ ≤ ─ ≤─ │  x

₡  ₢ │⁸ │ ─ ⅜⁸ ─ │ ─ ≤ │ ∆╢ ⌐≈™≡⁸

─ ┘ ─ │ ─ ─ ≤─ ╩ ⇔≡™╢⁹ 

2 √∞⇔ ┘ 3 │⁸B ╩ ⇔√ │⁸ ⌐⅔↑╢ │ ╕⌂™⁹

⅜ ⅝≡╙∕╣╒≥ ≢│⌂™─≢⁸ 1 ⌐ ∆ ⅜№╣┌⁸ ⌐≈™≡│ ⌐ ⇔⌂ↄ≡╙╟™↓≤

╩ ⇔≡™╢⁹⌂⅔⁸ 3 ─₈ ─ ─ ⁸ ─ ─ ⌐⁸ ⅜

⌐ ∆╢⅔∕╣⅜⌂™₉≤│⁸ 76 ⌐ ∆ ≤─ ─ ≤ ⌐ ⅎ≡╟™ ќ 76.1

⁹ 

 3 │⁸ ⅜ 74.1 ─╟℮⌂ ⌐ ↕╣╢ │⁸ ⅜ ⇔≡╙ ∆╢

⅔∕╣⅜ ⌂™─≢⁸ ќ 70 ─℮∟ ─ ↕╩ ⇔≡™╢⁹ 

 

74.1  

 

 4 │⁸ ╩ ─ ⌐ ≢⅝⌂™↓≤≤⇔≡™╢⅜⁸ ╛╗╩ ⌂™ ≢№∫≡⁸⅛

≈⁸ 3 │ ─ ⌐ ∆╢ ⌐│⁸ ─ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

 

75 ₒ ≤ │ ─ ≤─ │  x

₡  ₢ │⁸ ≤ ⅜ │ ∆╢ ─ ⌐≈™≡ ⇔≡™╢⁹ 

 1 │⁸ ≤ ⇔ↄ│ ─ │ ─ ≤─ ќ 71 ⌐≈™

≡ ⇔≡™╢⁹ 

 3 √∞⇔ ⌐≈™≡│⁸ 74 ─ ╩ ↕╣√™⁹ 

 5 │⁸ ⅜ ─ ─ │ ⌐ ∆╢ ─ ⌐≈™≡ ⇔≡™╢⁹ 
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 ꜡─₈ ─ ─ ─ ⌐⁸ ⅜ ⌐ ∆╢⅔∕╣⅜⌂™₉≤│⁸ 76 ─

≤─ ≤ ⌐ ⅎ≡╟™ ќ 76.1 ⁹ 

 │⁸▬ ┘꜡─ ⌐ ≠⅝ ∆╢ ⌐│⁸ ≤ ≤─ ╩3m ≤∆╢↓≤╩ ╘

≡™╢⁹ ─ ╩ 75.1 ⌐ ∆⁹ 

 

75.1  

 

 ─ ≢│⁸ │ ∆╢ │⁸ ─ ™ ⅛╠ ∆╢↓≤╩ ≤⇔≡⅔╡⁸ ─

│22kV │25kV─ ─ ╩ ⇔≡™╢↓≤⅛╠⁸ ─ ╩ ≤⇔≡ ⇔≡™√⁹⇔⅛⇔⁸↓

─ ≢│⁸ ⌐№╢ ┘∕─ ─ │⁸ ⌐╟╡ ↕╣╢↓≤⌐⌂∫≡™╢

ќ 2 ⁸ ⌐ ⇔≡│⁸ ─ ⅛╠ ╣≡⁸ ⅜ ─ ⌐╟╡ ╩ ↑⌂™╟

℮⌐≤™℮ ⌐ ⇔≡⁸ ╩ ≤⇔≡ ⇔≡™╢⁹╕√⁸ ─ ╙ ↕╣≡™╢↓≤

⌂≥⅛╠⁸H23 ≢⁸ ─₈ ₉╩₈ ─ ₉⌐ ╘√⁹ 

 6 │⁸ ⅜ ─ ─ ⌐⅔™≡ ∆╢ ⌐≈™≡ ⇔≡⅔╡⁸ ≢│

≢ ─ ─ ─ ↕⌐ ∆╢ ⌐ ⇔⌂™↓≤≤⇔≡™╢⅜⁸

─ ┘↓╣╠─ ─ ─ ⌐ ⅜ ∆╢⅔∕╣⅜⌂™ │ ╩ ꜡⌐╟╡

∆╢ ⌐≈™≡│⁸ ≢3m╕≢ ∆╢↓≤╩ ╘≡™╢⁹ 

꜡ ▬ │⁸ ─ ╩ ⇔√╙─≢⁸ ╩ꜟⱩכ◔│≡™≈⌐ ∆╢ │ 67

ꜟⱩכ◔⁸ ─╙─╩ ∆╢ │ 66 1 ⌐╟╡ ╩ ℮↓≤⌐⌂∫≡™╢─≢ │⌂™⅜⁸

66 2 ⌐ →╢╙─ ─ ⌐≈™≡│⁸ ≤ ─ ╩∆╢↓≤≤⇔≡™╢⁹ 

 Ɫ │⁸ ⌐ ∆╢ ─ ⌐≈™≡ ⇔√╙─≢№╢⁹ ─ ⌐≈™≡│⁸ ─

╩ ∆╢╙─⁸∆⌂╦∟⁸↓─ ≢│ ─ ─╙≈═⅝ ⌐≈™≡│⁸ 59 ≢ ⇔≡

™╢ ─ ╩ ∆╢ │ 59 ≢ ⇔≡™╢ ╩ ∆╢ │⁸∕─ ⅎ╢═⅝ ─2.5

─ ↕╩ ∆╢ ⅜ ≢№╢ ќ 59 ⁹ ⁸ ≤─ │ ─ ⌐ ╩ ╘╢√╘⌐

∆╢ ─ ⌐≈™≡│⁸↓─ ≢│ ⌐ ⇔≡™⌂™⅜⁸ 61 1 ─ ≢ ⇔≡™╢4.31kN╩ ≤

⇔⁸ ─ ↑ ┘ ─ ⅝⌐≈™≡│⁸ ⌐ ─ ⅛╠30° ≢ ↕╣≡™╢⁹⇔√⅜∫≡⁸

B ≢№∫≡⁸ ⌐1.96kN─ ╩ ⇔√ ⌐ ⅎ╢╙─│⁸ ╩ ↑√╙─≤ ─

↕╩ ∆╢≤ ⇔≡ ╩ ∆╢↓≤⅜≢⅝╢⁹ 

 7 ≢│⁸ ─ ≤ ≤⅜ ∆╢ ─ ⌐≈™≡ ⇔≡™╢⁹↓─ │⁸

⌐ ⅜ ─ ─ ≤⌂╢⁹⇔√⅜∫≡⁸ ─ │↓╣╠─ ─

─ ⌐⁸ ─ ⌐│ │ ─ ⌐ ⇔≡ ╩ ⅎ⌂™╟℮⁸

─ ⌐│ ⌐ ─ ⅜ ⇔≡ ╩ ╓∆↓≤─⌂™╟℮⌐ ∆╢ ⅜№╢↓≤⅛

╠⁸ ─ ─ ≤ ═ ⇔™ ≤⌂∫≡™╢⁹ 

 │⁸ ─ ⁸ ⁸ ⁸ │ ⌐ ∆╢ ╩ ⇔√╙─≢⁸ │ 106

3 ⌐ ∂≡™╢⁹ 

 ▬│⁸ ꜡ Ɫ ≤ ⁸ ∆╢ ─ ─ ⌐ ∆╢ ╩ ∆╢√╘─

⇔─╙─ ─ ⌐≈™≡ ⇔√╙─≢№╢⁹⌂⅔⁸ ⅜ ─ ⌐ ⇔≡10° ─ ╩

⌂∆ │⁸∕─ ─ ─ ╩ ╘≡™╢⁹ 

 ꜡│⁸ ─ ─ ╩ ⇔≡⅔╡⁸ │4≢№∫√⅜⁸S43 ≢ ─ ─ ≤⇔≡

╘√2≤™℮ ╩≤∫√⁹ ⌐│4 ─ ≤∆╢↓≤⅜ ╕⇔™⁹ 

│⁸ ─ │ ╟╡╙ ⅜ ╩ꜟⱩכ◔⁸╘√™⅝ ⇔⁸⅛≈⁸ 67 ⌐╟╡
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∆╢≤≤╙⌐⁸∟╞℮ ⌐≈™≡│ ↕19.61kN ─╙─ │ ⅜38mm2 ─ ╘∫⅝ ╟╡ ќ

4 ⁸4- 1 ╩ ∆╢↓≤≤⇔≡™╢⁹ ℮╞∟─ꜟⱩכ◔⁸⌐ │ ∆╢ ─ ─ ⌐ ⅝ ╘

≡ ∆╢↓≤≤⇔≡™╢⅜⁸↓╣│ ─ ≢ ╩ ∂√≤⅝⌐ ⅜⇔╜℮ ⇔⁸ ─

⅜ ⅝ↄ⌂╡ ─ ⌐ ∆╢─╩ ∆╢√╘≢№╢⁹ 

 ▬ ▬ │⁸ ╩ꜟⱩכ◔⌐ ∆╢ ─ ╩ ⇔≡™╢⁹↓─ │ ⁸ 67 ─

╩ ↑╢⅜⁸∟╞℮ ⌐≈™≡│ ↕─ ⅝⌂╙─╩ ⇔⁸↕╠⌐ ∆╢ ─ ─ ⌐ ⅝

╘≡ ∆╢↓≤≤⇔≡™╢⁹ 

 ꜡ │⁸ ╩ꜟⱩכ◔⁸│⌐ ∆╢ ╩ ⅝⁸ ↕⅜14.51kN ─╙─ │ 38mm2

─ ╟╡ ╩ ∆╢↓≤≤⇔⁸ ꜡ 3 ≤ ╕∫≡⁸ │ ╣ ⅜╢⌂≥─↓≤╩ ⇔≡™╢⁹ ꜡ 2

≢│⁸ ⌐╟╢ ╩ ꜟⱩכ◔⌐╘√╢∆ ─╙─╩ ∆╢ ─ ╩ ⇔≡™╢⁹ 

 ꜡│⁸ ⅎ™ ⌐╟╡ ⅜ ⇔⁸ ⅜ ∆╢─╩ ∆╢√╘⁸ ─ ⌐│

─╙─╩ ∆╢↓≤≤⇔≡™╢⁹ 

 

76 ₒ ≤ ≤─ │  x

₡  ₢ │⁸ ≤ │ ⱨ□▬Ᵽ◔כⱩꜟ≤⅜ ќ 1

│ ∆╢ ─ ≢№╢⁹ ≤ ─╟℮⌂╙─≤─ │ │⁸ ≤ ≤─

≢№╢⅛╠⁸ ⌐⅔↑╢ 1 ⁸ 2 ⁸ ⌐⅔↑╢ ⁸ ⁸ ⅜ ⅎ╠╣╢⁹⌂⅔⁸

≤ ≤⅜ ⌐ ↕╣╢ ⌐ ≤™℮⁹ќ 80 ⁸ ≤

≤⅜ ⌐ ↕╣╢ ⌐ ≤™℮⁹ќ 81 ⁸ ≤ ≤⅜

⌐ ↕╣╢ ⌐ ≤™℮⁹ќ 134 ⌐≈™≡│⁸ ∆╢ ⌐ ╕╣≡™⌂™⁹ ⌐≈™≡╙

≢№╢⁹ 

 ≤ ≤⅜ │ ∆╢ ⁸↓─ ─ ─ ≤⌂╢─│ ≢№╢⁹⌂⅔⁸

⌐ ⅜ ⇔≡⅝√ ⌐⅔™≡⁸↓─ ⌐ ∆ ╩ ∆╢√╘⁸ ╠⅛─

╩ ∂╢ ⌐ ⌂ ─ ⌐≈™≡│⁸ ⅜ ⇔≡ ∆═⅝≢№╢↓≤╩ 41 ⌐ ╘≡

™╢⁹ │⁸ ⌐ ─ ─╙≤⌐ ⌐ ≠⅝∕─ ─ ⅜⌂↕╣≡

⅔╡⁸ ─ ⌐₈ ─ ─ ₉≤№╢─│⁸∕─ ⌐╟╢╙─≢№╢⁹ ┘

ⱨ□▬Ᵽ◔כⱩꜟ⌐≈™≡│⁸ 1 ─ ╩ ↕╣√™⁹ 

 1 │⁸ │ ∆╢ ─ ⌐≈™≡ ⇔≡™╢⁹ 2 │ ќ 49 ⌐№╢ ⁸

3 │ ─ ≢ ∆╢ ⁸ 4 │ ≤ ∆╢ ⌐≈™≡ ⇔≡™╢⁹ 

 ⌂⅔⁸76- 1 ─₈ ≤ ─ ─№╢₉≤│⁸ ⌐ ∆╢ ⅜ ─ ─

╩ ╘╢ ─ ⅜ ∆╢ JIS C 3010 2019₈ ┘ ─ ⌐ ∆╢

₉─ CF ┘ ┘ ⌐ ∆╢ ќ 5 2 ▬ ╩ ∫√≤⅝⁸↓╣⌐ ⇔⁸

─ ↕⁸ ⁸ ⅜ ─ ќ 5 │ ќ 3 ⁸ 5 ⌐ ∆╢╟℮⌂╙─

─ ╩ ∆╢ ⱨ□▬Ᵽ◔כⱩꜟ≢№∫≡ ─ │ ⌐ ∆╢╙─╩ ╗⁹ ≤ ⇔≡╟™⁹ 

 2 ≢│⁸ ⅜ ≤ ⌐ ↕╣╢ ≢№∫≡⁸ ⅜ ─≤

⅝│ ќ 70 ⌐╟╢╙─≤∆╢↓≤╩ ⇔≡™╢⁹√∞⇔⁸ ⅜ │

─ │↓╣⌐ ∆╢ ⁸ ╩ ⇔≡ ∆╢╙─╩ ╕⌂™⁹≢№

╢ │⁸ ⌐╟╠⌂ↄ≡╟™↓≤⅜ ↕╣≡™╢⁹ 

 3 │⁸ ╩ ─ ⌐ ∆╢ ⌐│⁸ ≤⇔≡ ─ ─

─ ↕⌐ ∆╢ ⌐ ⇔⌂™↓≤≤⇔≡™╢⁹↓─ ─ ╩ 76.1 ⌐ ∆⁹√∞⇔⁸

⌐≈™≡│⁸ ╛╗╩ ⌂™ ≢№∫≡⁸⅛≈⁸ 1 ─ ⌐╟╡ ∆╢ │⁸ ⌐

∆╢↓≤⅜≢⅝╢⁹ ⌐≈™≡│⁸ ╛╗╩ ⌂™ ≢№∫≡⁸⅛≈⁸ 1 ─ ⌐╟╡ ∆

╢╒⅛⁸ ⌐╟╡⁸ ─ ⅜ ↕╣≡™╢ │ ⌐╟╡⁸ ≤

≤─ ⅜2.5m ≢№∫≡⁸⅛≈⁸ ─ ─ ─≤⅝ ⅜ ∆╢⅔∕╣⅜⌂™

76.1 ─ ─ │ ⌐ ∆╢↓≤⅜≢⅝╢⁹ ⌐ ⅜ ─

⌐ ↕╣╢≤™℮↓≤│╕╣⌂↓≤≢№╢⁹ 
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76.1  

 

 │⁸ ─ ⌡ ╡╛ ─ ⌐╟╡ ─⅔∕╣⅜⌂™╟℮⌐ ∆╢↓≤╩ ⇔≡™╢⁹ 

 4 │⁸ ⅜ ─ ≢ ∆╢ ⌐│⁸ 2 ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹

╕√⁸ ⌐│╒≤╪≥⌂™⅜⁸ ╛╗╩ ⌂™ ⌐⅔™≡⁸ 3 │ ⌐ ∆╢ │⁸

╩ ─ ⌐ ⇔≡ ∆╢↓≤╩ ╘≡™╢⁹ 

 

77 ₒ ≤▪fi♥♫≤─ │  x

₡  ₢ │⁸ ≤▪fi♥♫≤─ │ ⌐≈™≡⁸▪fi♥♫╩♥꜠ⱦ▪fi♥♫─╟℮⌂

⌐╟╡ ⇔⌂™▪fi♥♫≤ ⌐╟╡ ∆╢▪fi♥♫≤⌐ ⇔≡ ⇔≡™╢⁹ 

 1 │⁸ ≤▪fi♥♫⅜ ќ 49 ⌐ ↕╣╢ ─ ≢№╢⅜⁸ ⌐⅔

™≡⁸ ⌐╟╡ ∆╢▪fi♥♫⌐ ⇔≡│⁸∕─ ⌐╟╢ ⌡ ╡╩ ⇔≡ ╩ ⇔⁸♥꜠ⱦ▪

fi♥♫⌐ ⇔≡│ ╩ ⇔≡™╢⁹⌂⅔⁸S57 ≢│ ≤⇔≡ ╩ ∆╢ ─

╩ ⇔√ ќ 71 ⁹ 

 2 │⁸ ⅜▪fi♥♫─ ⌐⅔™≡ ∆╢ ─ ≢№╢⅜⁸ ≤⇔≡ ─ ─ ↕⌐

∆╢ ⌐ ⇔≡ ⇔⌂™↓≤≤⇔≡™╢⁹⇔⅛⇔⁸ ⌐♥꜠ⱦ▪fi♥♫⌐│ ™╙─⅜ ⇔⁸

╩ ∆╢↓≤⅜ ⌐ ⌂ ╙№╢─≢⁸ 1 ─ ⌐╟╡ ∆╢╒⅛⁸▪fi♥♫⅜ ⌂

≥─ ⌐ ⌐ ╣⌂™╟℮⌐ ⌂ ─№╢ │ ≢ ∆╢⌂≥ ─⅔∕╣⅜⌂™╟℮⌐ ∆╢

│⁸ ╩▪fi♥♫─ ⌐ ∆╢↓≤⅜≢⅝╢⁹ 

 ⅜ ⌐╟╡ ∆╢▪fi♥♫⌐ ∆╢ │⁸ ⌐ ⅜ ─ ≢

∆╢ ≤ ⌐ ∆╢ │ ≢2.5m №╢╟℮⌂ ≢№∫≡⁸⅛≈⁸ ─ ─ ⌐▪fi♥

♫⅜ ≤ ∆╢⅔∕╣⅜⌂™ ⌐│⁸ 2 ─ ™≤⇔≡™╢ ќ 76.1 ⁹ 

 3 │⁸ ≤ ⌐╟╡ ∆╢▪fi♥♫≤⅜ ∆╢ ─ ≢№╢⅜⁸ │▪fi

♥♫─ ⌐⁸ 1 ─ ⌐ ∂≡ ∆╢↓≤╩ ⇔≡™╢⁹√∞⇔⁸ ╛╗╩ ⌂™ ≢№∫≡⁸ 2

─ ⌐ ∂≡ ∆╢ ⌐│⁸▪fi♥♫─ ≢ ∆╢↓≤⅜ ≢№╢⁹ 

 

78 ₒ ≤ ─ ≤─ │  x

₡  ₢ │⁸ │ ─ ⅜⁸ ⁸ ⁸ ⁸ ⁸ ⁸ ─ │ ─

⁸ ⁸ ⁸▪fi♥♫ ┘ ─ ќ 1 ≤ ⇔≡

↕╣╢ ⁸ │ ─ ─ ≢ ⇔≡ ↕╣╢ ⌐≈™≡ ⇔≡™╢⁹ ≤

≤─ │ ⌐≈™≡│⁸ 100 ⁸ 106 ⌐ ↕╣≡™╢─≢⁸ ⅛╠│ ⅛╣≡™╢⁹∕─ ─╙─

⌐≈™≡│⁸ 71 ⅛╠ 77 ╕≢⌐ ↕╣≡™╢⁹ 

4 │⁸ ⌐⅔↑╢ ╛ ⌐ ↕╣╢ ⌂ ⅝ ⇔ ≤─ ⌐≈™≡─ ≢№

╢⁹↓╣│⁸ 71 3 ─ ≤ ─ ─ ≢№╢ ќ 71.4 ⁸71.5 ⁹ 
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79 ₒ ≤ ≤─  x

₡  ₢ │⁸ ≤ ≤─ ⌐≈™≡ ⇔≡™╢⁹ │⁸ ≤ ⇔≡

╛ ╩ ↓↕⌂™╟℮⁸H9 ≢ ™≡™╢ ╩ ⇔√ ≢⁸ ⌐ ⇔⌂™╟℮⌐ ∆

╢↓≤≤⇔√⁹╕√⁸ ≤─ ⌐ ⇔≡ ⌂ ┘ ╩ ∆╢ ⌐ ╩ ╘╢ ╛⁸

⌐ ╘√ ≤ ─ ┘ ╩ ∆╢ ╩ ∆╢ ⌐│⁸↓╣╩ ≢⅝╢↓≤≤⇔√⁹ 

 ≢│⁸ ╩ ≢⅝╢ ⌐≈™≡ ⇔≡™╢⁹ │ 79.1  (a)─╟℮⌐ ┘

╩ ∆╢ ≤∕─ ⌐ ╩ ⇔√ ≤⇔⁸ ⅜ ⌐ ⇔≡╙ ⌐│ ⇔⌂™╟℮

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

⌂ ≤⇔≡™╢⁹ 

 ╕√⁸ ⅜ ⇔≡ ⅜ ⇔√ ≢⁸꜡─ ▬ ⁸ ꜡ ─ ≤⇔≡─ ⌐ ∆╢≤≤

╙⌐⁸ ≤⇔≡ ⅜ ⇔√ ≢№╢₈◗ⱶהⱪꜝ☻♅♇◒ ₉

─₈ ₉─ ⌐ ∆╢ ≢⁸ 24.5N⌐╟╡ ╩ ∫√≤⅝⁸ 500 ≢ ⌐ ⅜ ⅛⌂™↓

≤≤⇔≡™╢⁹ 40m⁸ 4m/s─ ⌐⅔↑╢ ≤ ─ ⌐╟╢ ╩ ⇔√ ⁸↓─

24.5N 500 ─ │⁸ 13 ─ ⌐ ⇔≡⅔╡⁸↓╣∞↑─ ╩ ⇔≡™╣┌⁸

⅜ ⇔≡ ⅜ ⇔≡╙ ⁸ ∆╢╕≢⌐ ⌂ ⅜№╢↓≤⌐⌂╢⁹ 

 
79.1  

 

 ≢│⁸ ╩ ≢⅝╢ ⌐≈™≡ ⇔≡™╢⁹ │ 79.1  (b)─╟℮⌐⁸ ќ 3 ⁸

5 ─ ⌐⁸ ┘ ╩ ∆╢ ≤ ╩ ⇔√ ≤⇔⁸ ⌂ ↕⌐ ⇔√╙─≤⇔

≡™╢⁹╕√⁸ ≢ ⇔≡™╢ ⁸ ⅜ ⇔√ ≢─ ⌐≈™≡╙ ⇔≡⅔╡⁸

5 1 ─ ─ ╩⁸ 79.1 ─ ⌐ →╢ ─ ≤ ─ ╩ ⅎ

√ ≢ ™⁸↓╣⌐ ⅎ╢↓≤≤⇔≡™╢⁹ ⌐≈™≡╙⁸ ─ ≤ ─ ╩ ∆╢↓≤

≤⇔≡™╢⁹ 

79.1  

 ─  ─   

  
 300mm2  3,000V 

1,500V 
4,500V 

∕─  3,500V 5,000V 

     12,000V 15,000V 27,000V 

 

 │⁸H23 ≢ ⇔√╙─≢№╡⁸ ─ ╩ꜟⱩכ◔⌐ ∆╢ ⌐│⁸ ⌐ ∆╢

─╒⅛⁸  JESC  E2020 2016₈ ╩ ∆╢a ꜟⱩכ◔ ─e ┘ ₉

⌐ ∆╢ ⌐ ╘≡ ∆╣┌⁸ ╩ ≢⅝╢↓≤╩ ╣⧵Ⱪꜟ│⁸כ◔⁹╢™≡⇔ ⅜ ™

╩ ⇔≡⅔╡⁸╕√⁸ ⌐╟╡ ╩ ∂√ ⌐≈™≡╙⁸ ┼™ ⌐╟╡ ≢⅝╢↓≤⅛╠⁸JESC

≢│⁸ ─ ⁸ ┘ ─ ─╖╩ ⇔≡™╢⁹R4 ╟╡⁸ ≤⇔≡

⌐ ↕╣√ ꜞ☻♩≤ ≠↑╠╣⁸ ─ Ɑכ☺⌐≡ ↕╣≡™╢⁹ 

 

80 ₒ ─  x

₡  ₢ ⁸ │∕╣⌐ ™ ≢│⁸ ≤ ≤╩ ⌐ ∆╢ ⅜ ™⁹

│⁸↓─ ─ ┘ ─ ≤ ╩ ╢ ⅛╠ ╩ ⇔√╙─≢№╢⁹ 
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 1 │⁸ ≤ ≤╩ ∆╢ ⌐≈™≡ ⇔√╙─≢№╢⁹ Ɫ─ ≤ ≤─

0.5m≤™℮─│⁸ ─ ∞↑≢⌂ↄ⁸ ─ ⌐≈™≡╙ ∆╢ ⅜№╢⁹↓─ ≢│⁸

│ ╩2 ∆╢ ─ ─ ⌐≈™≡ ⇔≡™⌂™⅜⁸ ─ │

─ ⇔ↄ│ ─ ─ ⅛╠⁸ ⌂ ╩≤∫≡ ∆╢ ⅜№╢⁹ 

 2 │⁸ 1 ─ ─ ─ ⌐ ∆╢ ≢№╢⁹ ╩ ∆╢ ≢№∫≡⁸

─ ↕⅜ ╠╣⌂™╟℮⌂≤⅝│ ─ ⌐ ╡ ↑≡╙╟™↓≤⌐⌂∫≡™╢⅜⁸↓─ ⌐⅔↑╢

╛ ⅜ ™─≢⁸ ⌐ ─⅔∕╣⅜⌂™╟℮⌐ ∆╢ ⅜№╢⁹ 

 3 │⁸ ≤ ─ ╩ ⌐ ∆╢ ≢⁸ ≤

≤╩ ─ ⌐ ∆╢ ќ 107 1 ─℮∟⁸ ќ 107 1 ⁸

─ ↕ ┘ ќ 107 ⌐ ∂╢╒⅛⁸ ╩ ─ ─ ╩ ∆

╢ ─ ⌐ ∆╢↓≤≤⇔≡™╢ ќ 80.1 (a)⁸(b) ⁹ 

 ≤─ ─ │⁸ ╩ ⌐∆╢↓≤≤⇔≡™╢ ќ 107 ⅜⁸ │ ╩ ℮

ꜟכ꜠⁸ ─ ↕⅜ ∏⅛╠ ╠╣≡⅔╡⁸ ⁸ ─ ↕⌐≈™≡│ 68 ≢ ↕╣≡™╢

√╘⁸ ≤⇔≡ ╩ ≤∆╢↓≤╩ ╘≡™╢⁹√∞⇔⁸↓─ ⌐│⁸ ⅜ ∆╢

⌐ ⌐ ∆╢↓≤╩ ⇔≡⁸ ≤ ─ ≤─ ╩ ─1.5 ≤⇔≡ ∆

╢↓≤≤⇔≡™╢⁹ 

 3 │⁸ ╩ ─ ─ ⌐ ∆╢↓≤⅜≢⅝⌂™ ─ ≢⁸ ─ ⁸

─ ↕ ┘ ─ ╩ ⇔≡⅔╡⁸ 80.1 ─(c) ⁸(d)⅜↓╣⌐ ∆╢⁹ 

 

80.1  

 

81 ₒ ≤ ≤─  x

₡  ₢ ↓─ ≢│⁸ │ ≤ ≤│ ─ ⌐ ∆╢↓≤╩ ≤⇔≡

⅔╡ 135 ⌐╟╡ ∆╢ ╩ ─ ⌐ ∆╢ ╩ ↄ⁹⁸↓╣╠⅜ ⇔⁸

│ ∆╢ ⌐│ ─√╘─ ╩ ⇔≡™╢⁹ 

 ⇔⅛⇔⁸ ─ ⁸ ─ ⁸ ─ ─ ⅛╠⁸▪ⱷꜞ◌ ─ ⌐⌂╠∫≡ ≤

≤╩ ⌐ ∆╢⁸™╦╝╢⁸ ∆╢↓≤⅜ ↕╣⁸ ⌐

⅜ ↑╠╣⁸∕─ ⌐ ≠™≡ 24.4.15. 15 ┘

25 2 ⅜ ↕╣⁸S24 ≢│⁸↓╣╠─ ╩ ⇔≡↓╣⌐ ∆
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╢ ╩ ╡ ╣√⁹ ≢│⁸ ─ ⌐ ╩ ≡╢ ⌂≥│ ─ ⌐╟╡ ∆╢↓≤⅜

≤⌂∫≡⅝≡™╢─≢⁸ │∕─ ╩ ⇔≡⅝≡™╢ ќ 26 2 ⁹ 

 ↓↓⌐⁸ ⌐ ∆╢≤™℮─│⁸ ╩ ∆╢─≤│ ⌂╡⁸∕─ ─ ─

⌐⅛⅛╦╠∏⁸ ╩ ≤ ≤⅜ ⇔≡™╢ ≤ ⅎ╢⁹∆⌂╦∟⁸

≢№╡⁸ ⌐ ≢╙№╢╦↑≢№╢⁹ 

 ╕√⁸ ⌐╟∫≡ ↕╣≡™╢ ≤ ⁸ ⁸ ⁸ ⁸ ─ ⁸

≤⅜ ⇔⁸ │ ∆╢ ─ │⁸ ≡ ─ ≤⇔≡⁸↓─ ⅜ ↕╣╢⁹√∞⇔⁸ ↕╣√

≤ ≤─ ⌐≈™≡│⁸ 76 ─ │ ⌐ ∆╢ ⅛╠│ ⅛╣╢ ќ 1 ⁸

76 ⁹ 

 │⁸ ─ ќ 59 ⌐≈™≡ ⇔≡⅔╡⁸ │⁸ ─ ╙ ─ ≤

─ ≤≢ ⅜№∫√⅜⁸S43 ≢ ⌐ ─ ⅜ ↕╣⁸ ќ 70 ─ ≤

⌐1.5 ⌐ ⇔√⁹↕╠⌐R2 ≢ ─ ⅜ ╘≡ ↕╣⁸2.0 ≤⇔√⁹ 

 │⁸ ─ ќ 80 ≤ ∂ ≢№╢⅜⁸ ─ ⅜ ⌂╢─≢⁸

─ ╩ ╓↕⌂™ ≢№∫≡⁸ ⁸ ╩ꜟⱩכ◔│ ∆╢ ─╙

─⌐ ╡⁸↓─ ╩ ⇔⌂™↓≤≤⇔√⁹↓─ ⁸ ─ ─ ╩ ↑╢↓≤│ ≢№

╢⁹ 

 │⁸ ⌐≈™≡ ⇔≡™╢⁹↓─ ─ │⁸ 76 ⌐ ⇔≡™╢ ⅜

≤ │ ∆╢ ─╙─╟╡ ⌐ ⇔™ ≤⌂∫≡™╢⁹↓╣│⁸ ↕╣╢ │ ⅜ ™ ≢

∆╢↓≤╛ ─ ─↓≤╙ ↕╣⌂↑╣┌⌂╠⌂™√╘≢№╢⁹S57 ≢ ┘ ⌐

≤⇔≡ ╩ ∆╢ ─ ╩ ⇔⁸H4 ≢ 65V ─ ♥꜠ⱦ☺ꜛfi

ꜟⱩכ◔ ќ 9 5 ⌐╟╢ ⌐≈™≡⁸ ≤ ─ ⅜ ≢№╢

⌐│ ─ ⅜⌂™╙─≤⇔≡ ⇔⁸ ↄ│ ╩ꜟⱩכ◔ ™ ⌐

≤─ ╩ ╘√⁹ 

 ╕√⁸H4 ≢⁸ 4 ─ ≤ ꜠ⱬꜟ─ ╩ ∆╢ ⌐≈™≡⁸81-1 ─

⌐╟╠⌂™↓≤⅜≢⅝╢↓≤⌐⇔√⁹↓╣│⁸ ─ ─ꜟⱩכ◔ ─ ⅜ ↕╣╢ ⌐│⁸

⌐ ≤ ∂⌐⌂╢⅛╠≢№╢⁹√∞⇔⁸ ─ ≤ ™⁸ ≤

─ ⅜ ⌂╢↓≤⅛╠⁸ ─ ─ ╩ ≤⇔√ ─ ⌐╟╡⁸

─ ─ ╩ ╢↓≤⌐⌂╢⁹ 

 │⁸ ⌐ ∆╢╙─≢⁸ 52 1 ─ ⌂ ⌐╟╢↓≤⅜ ↕╣≡⅔╡⁸

⇔≡ ⌐ ╘╢═⅝≢№╢⁹ 

 │⁸ ≤ ≤╩ ∆╢ ─ ─ ╩ ⇔≡™╢ ќ 81.1 ⁹ 

 ќ 64 ─ ≤│⁸ ─ ─ ⌐⅔™≡ ⅛╠ ⌐╟╡

─ ⌐ ↕╣╢ ┘ ╩™™⁸№ↄ╕≢╙ ─ ≤⇔≡ ╛ ≤─ ─

╙ ↕╣╢⁹ 

 Ɫ│⁸H9 ≢ ⇔√╙─≢№╡⁸ ≤ ─ ⅜ ⌂╢↓≤⅛╠⁸ ⌐

─ ─ ╩ ⇔≡⁸ ⅜ ⁸ ⌐ ╩ ≤⇔√ ─ ⌐╟╡ ꜠ⱬꜟ╩

⇔⁸↕╠⌐ ─ ┘ ⌐ ⇔≡╙ ∆╢⅔∕╣⅜⌂ↄ⁸⅛≈⁸ ⁸ ⌐╟∫≡ ∂╢ ⌐╟

╢ │ ─⅔∕╣⅜⌂™╟℮⌂ ╩ ∆╢ ─ ⌐≈™≡⁸ ┘ ⌐╟

╠⌂™↓≤⅜≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ ─ ▪꜠☻♃⁸ ┘ ⁸B☻כ◔─ ⁸ ⁸⅜™⇔─Ⱨfi⌂≥─

─ ⌐│⁸ ⌐ ─ ─ ╩ ⇔≡⁸ ꜟⱩכ◔│ ќ 9 ⁸ 10 ⁸

11 ╩ ⇔⁸⅛≈⁸ ─ ⌐⅔↑╢ ─ ⅜ ⌐ ∆╢─╩ ∆╢√╘⁸

─ ┘ │ ⌐ ∆═⅝↓≤╩ ⇔≡™╢⁹ 

 │⁸ ⌐ ∆╢↓≤⌐╟╡⁸ ≤ ⅜ ╩ ∆╢↓≤⌐⌂╢√╘⁸

─ ⁸ ┘ ⌐ ╩ ╓∆⅔∕╣⅜⌂™╟℮⌐ ∆╢↓≤╩ ⇔≡™╢⁹ ─ ⌐ √∫

≡│⁸ ⅜ ⇔√₈ ─ ה ⌐ ∆╢●▬♪ꜝ▬fi₉ 13 4 ╩ ↕╣√™⁹ 

∆╢ ╩ ⌐ ∆⁹ 

ᵑ ↕╣╢2 ─ │⁸ ≤⇔≡ ─ ⌐ ∆╢⁹√∞⇔⁸ ─ ╡ ╡

┘ ─ → →⌐ ─⌂™ │↓─ ╡≢│⌂™⁹ 

ᵒ ⌐ ╢ ┘↓╣╠⌐ ∆╢ ─ ─ ─ │⁸
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╩ ╗⁹ ─ ─ ╩ ⇔⌂™╟℮⌐∆╢⁹ 

ᵓ ≢ ╩ ∆╢√╘─ ─ ─ │⁸ ≤⇔≡30 ≤∆╢⁹√∞

⇔⁸ ─ ⌐ ─⌂™ │↓─ ╡≢│⌂™⁹ 

ᵔ ─ │⁸ ≤⇔≡ │ ⌐ ╤℮⌐ ∆╢⁹ 

ᵕ ⌐ ╢ ┘ ╩ ╗⁹ ┘↓╣╠⌐ ∆╢ ─ ┼─ ↑⌐

√∫≡│⁸ Ⱳꜟ♩ ─ ╩ →⌂™╟℮⌐ ∆╢⁹ 

ᵖ ⌐│⁸ ≤⇔≡ ─ ╩ ∆╢ ╩ ∆╢⁹ 

▬ ⅜0.7m ─ ─ ╩ ≤⇔≡ ⇔⁸ ⅛╠ ╩

╗⁹ ─ ╕≢⁸ ─ ⅜ ─ Ⱳꜟ♩ ≤╒╓ ≤⌂╢╟℮ ⌐ ∫≡

↑╢⁹ 

 ꜡ ╩ ⌐ ∫≡ ⌐ ∆╢ ⌐│⁸ ⌐1.5m ⌡╢⁹ 

Ɫ ⌐│⁸ ─ ┘ ─ → →⌐ →≤⌂╢╙─╩ ⇔⌂™⁹ 

 

81.1  

 

82 ₒ ─ ─  x

₡  ₢ │⁸ ─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

1 ≢│⁸ ⌐≈™≡⁸ ⅜300V ≢№∫≡⁸ ⌐╟╡ ∆╢ │⁸ ─

↕ ┘ ─ ⅜ ≢№╢↓≤╩ ⇔≡™╢⁹ │⁸ ⁸ ⌐

∆╢╙─≢№∫≡⁸∕─ ─ ⅜ ↄ⁸↓╣⌐ ⌂ ╩ ∆╢↓≤│ ⌂ ⅜ ⌂ↄ⌂

™⁹↕╠⌐⁸ ─ ┘ ─ ╙ ⌂ↄ⁸ ╙ ≢№╢↓≤≤ ╕∫≡ ┘ ⌐ ╩ ⅎ╢⅔

∕╣⅜ ⌂™─≢⁸ ≢│⁸ ─ ≤─ │ ⌐⅔™≡ ⌐ ─⌂™ ⌐⅔↑╢

─ ⌐≈™≡⁸ ⌐⅔™≡≢⅝╢∞↑ ╩ ∆╢≤≤╙⌐⁸ ⌐⅔™≡ ╩№╕╡ ↕∑⌂
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™ ≢ ╩ ⇔≡™╢⁹ 

│⁸ ─ ⁸ ┘ │⁸ 65 1 ─ ─ ↕ ┘ 68 ─ ─ ↕⌐≈™≡

⇔≡™╢⁹∆⌂╦∟⁸ ─ ↕2.3kN╩1.38kN⌐⁸ ─ ↕2.6mm╩2mm⌐⁸ ─ ↕4m╩3m╕≢

≤⇔≡™╢⁹⇔⅛⇔⁸ ≢ ─ ╩9cm ≤∆╢↓≤⁸ ≢∕─ ╩30m ≤∆╢↓≤⁸

≢ ─ ┘ ╩ ∆╢↓≤≤⇔≡™╢╟℮⌐⁸ ⌐│ ↕╣≡™⌂™ ⌐≈™≡╙ ╩

⇔≡™╢⁹ ─ ⌐≈™≡│⁸ ╩ ∆╢ ⅜ ⌐ ↄ⁸∕─ ≢╙

∆╢↓≤⅜ ⌂™─≢⁸ ⌐ ∂≡ ≢⅝╢╟℮⌐ ⌐ ╩ ∆╢↓≤╩ ⇔≡™╢⁹ 

 2 │⁸ ─ ⌂≥ ⅜ ⌐ ∟ ╢↓≤⅜⌂™ ─300V ─

─ ─ ⌐≈™≡ ⇔≡™╢⁹ 

 │⁸ ⅜ ─ ⁸ 5m╩ ⅎ╢╟℮⌂ ќ 1 ⁸ ⌂≥≤

∆╢ ┘ ─ ─ ↕⌐ ∆╢ ⌐↓╣╠─╙─⅜ ∆╢ ╩ ⅝⁸

─ ─℮∟ 65 1 ─ ─ ↕ ┘ 78 1 ─ ─ ≤─ ╩ ⇔≡™╢⁹ 

 │⁸ 65 ─ ─ ↕╩ ⇔≡™╢⁹ ─ ↕2.3kN ─ │ 2.6mm

─ ─ ⌐ ⇔≡⁸ ↕1.38kN ─ │ 2mm ─ ─ ⅜ ≢⅝⁸↕╠

⌐⁸ ⅜10m ─ │ ↕0.62kN ─ │ 2mm ─ ─ ⅜ ≢⅝╢⁹ 

 │⁸ ≤⇔≡30m ─ ─ │ ≢⅝╢↓≤╩ ⇔≡™╢⁹ 

 │⁸ 78 ≢ ⇔≡™╢ ─ ─ ≤─ ╩ 78 ⌐ ═ ⇔≡™╢⁹⌂⅔⁸S57

≢ ⌐ ╩ ∆╢ ╩ ⇔√⁹ 

 3 │⁸ ─ ↕╩ ⇔≡™╢⁹ 

 │ 5m ─ ≢⁸ ─ ќ 68 ─ 6m╩4m⌐ ⇔⁸ │ ™ ─ ≢⁸

─ ─ 5m╩3m⌐ ⇔≡™╢⁹ 

 

4   
83 ₒ  x

₡  ₢ ≢│⁸ ⌐ ∆╢ ╩ ⇔≡™╢⅜⁸ ─ ≤⌂╢ ⁸

⌐ ∆╢1 ─ ⁸ ⌐ ∆╢1 ─ ⌐≈™≡│⁸

≤⌂╢ ⅜ ↄ№╢↓≤⅛╠⁸ ⌐≡ ─ ╩ ⇔≡™╢⁹ 

 

84 ₒ ⌐ ∆╢  x

₡  ₢ │⁸ ⌐ ∆╢ ─ ⌂ ≤⌂╢ ╩ ⇔≡™╢⁹

│ ⅜ ↄ⁸⅛≈⁸ ─ ⌐⅔™≡ ⌂ ≢№╡⁸ ─ ⌐╟╢ ┘ ─ ⅜ ⅝

™↓≤⌂≥⅛╠⁸ ─ ↕╩ ⇔≡™╢⁹S47 ≢│⁸ ─ ─ ꜠ⱬꜟ╩ ─

3 ─꜠ⱬꜟ╕≢ ⅝ →≡⅔╡⁸ ─ ↕│8.71kN ≢№∫≡⁸ ⌐ ⇔≡ ─

⅔∕╣⅜⌂™╟℮⌂ ≤℮ ─ ╪∞╟╡ ╩ ⇔ │ ⅜22mm2 ─ ╟╡ ╩ ∆╣┌╟™↓≤≤⇔

≡™╢⁹ 

Ⱪꜟ⌐≈™≡│⁸כ◔  ─ ╩ ∆╢ ≤ ⌐⅔™≡ ⅝⌂ ⅜№╡⁸∕─ ⅜ 86 ≢

↕╣≡™╢↓≤⅛╠ ⌐ ⇔≡™⌂™⁹⌂⅔⁸15kV ─ ─ ⌐≈™≡│⁸ 108 ≢ ⇔≡™

╢⁹ 

 ─ ⌐≈™≡│⁸S47 ─ ⌐⅔™≡│ ⌐ ⇔≡™√⅜⁸22 (33) kV ─ ⌐ ™⁸

╩ ⌐ ∆╢ ⅜ ↄ⌂╡⁸ │ ≤─ ╩ ∆╢ ─ ⌐╟╡⁸

⅜ꜟⱩכ◔│ ↕╣╢╟℮⌐⌂╡⁸ ≢∕─ ⅜ ↄ⌂∫√↓≤⅛╠⁸ Ⱪꜟ⌐№∫≡│S47כ◔

≢⁸ ⌐№∫≡│S57 ≢∕─ ╩ ╘√⁹ 

 

85 ₒ ─ ↕⌐ ∆╢  x

₡  ₢ 66 ⌐ ∂╢↓≤≤⇔≡™╢√╘⁸ │ ∆╢ ќ 66 ⁹ 

 

86 ₒ ─ ╢╟⌐ꜟⱩכ◔  x

₡  ₢ ─ ⁸ ⌐╟╢ ─ №╢™│ⱦꜟ─ ⌐╟∫≡⁸ ╩

─ ╕≢ ╡ ╗ ⅜ ╕╢⌐≈╣⁸ ─6.6kV ⌐⅛╦∫≡⁸22 (33) kV ⅜ ↕

╣╢∆℮ ⌐№∫√↓≤⅛╠⁸22 (33) kV ╘∂│╩◌ꜞⱩꜟ│⁸▪ⱷכ◔ ─ ⌂ ╛
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40 ⌐ ⇔√ ⌐⅔↑╢ ⌐ ≠⅝ ⅜ ╠╣⁸S47 ≢∕─

╩ √⌐ ⇔√⁹ 

╢╟⌐ꜟⱩכ◔  ќ 67 ⌐ ⌐ ∂√╙─≢№╢⅜⁸∟╞℮ ─ ↕│⁸ ⅜

↕5.93kN ─╟╡ │ 22mm2 ─ ╘∫⅝ ╟╡ ≢№╢─⌐ ⇔⁸ ≢│ ↕13.93kN

─╟╡ │ 22mm2 ─ ╘∫⅝ ╟╡ ≤⇔≡™╢⁹ 

ꜟⱩכ◔  ⌐⅔™≡ ⅛╠ ╕≢⁸∕─ ⌐⅔™≡│ ⅜⌂™⅜⁸ 65 ╩ ⇔≡™╢∟╞℮

─ ↕─ ⌐№√∫≡│⁸ ⅜ ∆╢ ─ ⌂ ╩ ⇔⁸ ─№╢ ╩≤╢

↓≤⅜ ╕⇔™⁹ 

 

87 ₒ ─ ↕  x

₡  ₢ │⁸ ─ ⁸ ─ ꜟכ꜠⁸ ⁸ ┘ ─ ↕╩

⇔√╙─≢⁸ 1 ≢│ ─ ╩35kV ⁸ 2 ≢│35kV╩ ⅎ160kV ⁸160kV╩ ⅎ╢╙─⌐

↑⁸ ↕╩ ⇔≡™╢⁹↓↓≢ ─ ⌐ ╘≡™╢╙─≤ ⁸ ─ ≤│ ⌂ ─

─ ↕⅜ ≢№╢⅜⁸ ⅜ ↄ⌂╣┌∕╣ ─ ↕⅜ ≤⌂╢⁹↓─ ≤ ─ ↕≤─ ⌐≈

™≡│⁸▪ⱷꜞ◌─National Electrical Safety Code ⁸♪▬♠─VDE⌂≥─ ╩ ⇔⁸⅛≈⁸ ⌐ ↕╣≡

™√ ╩ ⇔√⁹ ─ ⌐≈™≡│ ╩ ⇔⁸ ⌐⁸ 5m─ ⌐ ╢╟℮160kV╩ ≤⇔√╙

─≢№╡ ќ 87.1 ⁸↓─ │№ↄ╕≢╙ ─ ≢⁸ ─ ⌐ ⇔≡─ ─ ↕│⁸ ─

⁸ ≤─ ⌂≥╩ ⇔⁸ ₁─ ⌐╟╡ ⌐ ╕╢╙─≢№╢⁹ 

 

87.1  

 

 ─ ↕⌐≈™≡│⁸S43 ≢│ ≤ ─ ↕≤∆╢╟℮ ╘╠╣≡™√⅜⁸S47

≢ ⅜35kV ╩ꜟⱩכ◔≡™⅔⌐ ∆╢ ─ ╩⁸S57 ≢ ╩ ∆╢ ─ ╩⁸

H9 ≢ ⅜35kV 160kV ╩ꜟⱩכ◔≡™⅔⌐ ∆╢ ─ ╩ ⇔√╙─≢⁸∕─ ⌂ ⅎ

⌐≈™≡│ ─ ≤ ≢№╢ ќ 68 ⁹ 

 ⁸ │ ₁⌂ ╩ ∆╢√╘⁸∕─ ↕│ ⌐ ─╖≢ ╘╠╣⌂™ ⅜№╢⁹ 3 ─

─ ╙∕─ ≢№╢⁹⌂⅔⁸35kV ─ ─ ─ ↕╩5m⌐ ⇔≡™╢─│⁸↓─ ≢│⁸35kV╩

─1≈─ ≤⇔≡™╢─≢⁸ ─ ⅛╠ ╩ ™≡ ╘√╙─≢№╢⁹ 

 3 │⁸ ⌐ ∆╢ ─ ─ ↕╩ ⌐ ╩ ╓↕⌂™╟℮⌐ ⌂ ↕⌐ ↕∑╢↓≤

╩ ⇔≡™╢⁹ ─╟℮⌐ ⌐⅔↑╢ ↕⅜ ╕╠⌂™╙─⌐≈™≡│⁸ ∕─ ─ ⅛╠ ⅜

↕╣╢ ─ ↕╩ ⇔≡ ─ ↕╩ ∆╢⁹ ╛ ⌐ ╩ ∆╢ │⁸ ⅜

┘∕─ ─ ⌐ ∆╢ │⁸ ─ ⌐╟╡ ─ ⅜ ≢№╡⁸╕√⁸

⌐ ∆╢ │⁸ ─ ⌐╟╡ ─ ⅜ ≢№╢⁹⇔√⅜∫≡⁸↓╣╠─ ≤ ─ ⁸

─ ⌐ ╩ ╓↕⌂™ ↕≤∆╢↓≤⌐╟╡⁸ ╩ ∆╢↓≤⅜≢⅝╢⁹⌂⅔⁸ ⌐≈™≡│⁸

⌐╟╡ ╩ ↑╢ ⅜ ⌂╢√╘⁸ ⌐ ╡─ │ ⌐

™ ╦∑╠╣√™⁹ 

4 ≢│⁸ ─ ™ ≢│ ─ ↕╩ ⌐≤╢⅛ ⌐≤╢⅛≢ ─ ⅜ ∂╢─≢⁸
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╩ │ ⅜ ∆╢ ⌐ ⅜ ∂⌂™╟℮⌂ ↕╩≤╢↓≤╩ ⇔≡™╢⁹⇔⅛⇔⁸ ⌂ ─ ⅜№

╢ ╩ ─ ⅜ ∆╢↓≤│╒≤╪≥ ⅎ╠╣⌂™─≢⁸ ⅜ ≢⌂™ │⁸ 3 4m─ ↕╩

≤╣┌ ⌐ ≤│™ⅎ⌂™⁹⌂⅔⁸ ⌐⅔↑╢ ─ ↕│⁸ 88 ⌐ ⇔≡™╢⁹ 

 ─ ⌐ √∫≡│⁸↓─ ─ ↕⅜⁸ ─ ↕╩ ⌐ ∆╢↓≤≤⌂╢⁹∆⌂╦∟

─ ↕─ ≤ ќ 85 ⅛╠⁸ ─ ─ ↑ ⅜ ↕╣╢⁹ ⌐⁸↓─ ─ │

⌐╟╡⁸╕√⁸ │ ╩ ⅎ╢↓≤⌐⇔≡™╢⁹ 

 

88 ₒ ─ ⌐⅔↑╢  x

₡  ₢ │⁸ ⅜ ↄ ≢№╢⅛╠⁸ ≤⇔≡⁸ ─╟℮⌂ ─ ∆╢ ⌐

∆╢↓≤╩ ⇔≡™╢⁹ 

 ⇔⅛⇔⁸ ─ ⌐ ≢№∫√╙─⅜⁸ ─ ⌂ ⌐ ™⁸ ⅜ ⇔≡⅝≡

™╢ ⅜ ↄ⁸↓─╟℮⌂ ⁸↓╣╩ ∟⌐ ⇔⁸ ╩♩כꜟ│ ∆╢↓≤│⁸ │ ⅛╠╙

≢№╢ ≤⁸ ─ ─ ╙ ⇔≡⅝≡™╢↓≤⅛╠⁸↓─ ≢│⁸ ⅜ ⇔√

⌐ ⌂ ╩ ⇔⁸ 1 ⌐╟╡ ∆╢ ⌐│ ≤⇔≡™╢⁹⌂⅔⁸ ⁸170kV ─ ⌐

⇔≡│⁸ ≤⇔≡⁸ ╙ ⌂╙─≢№╢√╘⁸ ─ ─ ⌐ ⅜ ∂╢↓

≤╙ ⅎ╠╣⁸╕√ ─ ⅛╠╙ ─ ┬ ⅜ ⅝™≤ ⅎ╠╣╢↓≤⅛╠⁸ ┼─ ╩ ⇔

≡⅝√⁹⇔⅛⇔⁸170kV ─ │⁸ ⌐ ┼─ ⅜ ╘╠╣≡™╢ ─ ⌐ ═≡ ⌐

┘ ─ ⅜ ⇔≡⅝≡™╢↓≤⁸ ⌐╟╢ ⌐≈™≡│ 52 ⌐⅔™≡ ⌐⅛⅛╦╠

∏∕─ ⅜ ↕╣≡™╢↓≤⁸╕√ ⌐≈™≡╙⁸ ─ ╛ ⌐╟╢ ╩ ∫≡⅔╡⁸

⅛╠ ∆╢ ꜠ⱬꜟ─ ⅝↕│170kV ─ ≤ ≤⌂∫≡⅝≡™╢↓≤⅛╠⁸170kV ─

─ ⌐╕≢ ⅜ ⇔≡⅝≡™╢ ╩ ╕ⅎ⁸H13 ⌐⅔™≡  JESC 

E2010 2000₈ ╩ ⌐ ∆╢ ─ ₉╩ ⇔⁸170kV ─ ─ ╩

╘√⁹ 

 ⌐ ↕╣╢ │⁸S38 ⌐⅔™≡ ⅜80kV ─╙─╕≢ ╘⁸S40 ≢100kV

80kV╩100kV⌐⇔√↓≤│ ─ ─╖≢ ⌂ ≢│⌂ↄ⁸◓ꜞכfiⱬꜟ♩ ─╖170kV ╕≢⁸S43

≢│170kV ╕≢ ╘⁸H13 ≢ ⌐╟╢ ⅜ ↕╣√⁹ 

 ↓↓≢⁸ ─ ⇔√ ⌐ ╩ ∆╢↓≤│⁸ ╕⇔™↓≤≢│⌂™⅛╠⁸ √⌐

╩ ∆╢ │⁸№╠⅛∂╘ ⌂ ╩ ™⁸∕─ ╩ ∂╢ ⅜№╢⁹ 

 ⌂⅔⁸S47 ╩ꜟⱩכ◔⁸≢ ∆╢ ќ 86 │ ─ ╩ ↑⌂™↓≤≤⇔√⁹╕√⁸22 33 kV

╩ ≤∆╢ ⅜ ╩ ⌐ 6kV ⌐ ╦╢ ≤⇔≡ √⌐ ↕╣≡⅝√↓≤⌐

™⁸S57 ≢│ ќ 5 ╩ ∆╢ ─ ⌐≈™≡─ ╩ ⇔√⁹ 

 1 ┘ │⁸170kV ─ ╩ ⌐ ∆╢ ─ ╩ ⇔≡™╢⁹ 

 ─ ─ ↕⌐≈™≡│⁸ ⁸ ╣⌂™ ↕≤⇔≡5mm─ ⅜≤╠╣≡™√⅜⁸S38 ≢⁸ ⌐

╩ ≤∆╢ ќ 95 ⁸ 1 ╢╟⌐◒כ▪⁸│⌐ ─ ⌂ ╩ ↑┌⁸╕∏

∆╢⅔∕╣⅜⌂™╙─≤⇔≡⁸ ─ ⅛╠ ≢55mm2≤™℮ ╩≤╢↓≤⌐⇔⁸ ⅜ ↄ⌂╢⌐ ∫≡╟╡

™ ╩ ∆╢√╘⌐ ™ ╩ ∆╢↓≤≤⇔≡™╢⁹ 

 ─ ─ ─ ↕≤⇔≡│⁸ ≢│⁸ ─ ≤ │ ∆╢ ⅜ ↄ⁸ fiכ꜠◒⌐

─ ⁸ ─ ⌐⅔↑╢ ╩ ⇔≡⁸ ↕╩10m≤⇔√⁹⌂⅔⁸35kV ─

⌐ ╩ ∆╢ ≥ꜟⱩכ◔⁸│ ≤─ ≤⇔≡ ↑⁸8m≤⇔√⁹ 

 Ɫ≢ ⌐ ┘ ─ ╩ ╘≡™⌂™─│⁸ ─ ⌐ ═≡ ⅜ ™↓≤ ┘ ⌐ ⇔≡

™√╘≢№╢⁹ 

 ♬─₈ ≢№╢ ─ ₉⌐≈™≡│⁸35kV ─ ╩ ∆╢ │⁸ ⌐ ∂⁸S57

≢ │ ╦⌂ↄ≡╙╟™↓≤≤⇔√⁹⌂⅔⁸ ⌐ ≤22 33 kV ≤⅜ ↕

╣╢ ⌐│⁸ ─ ⌐╟╢ ╩ ∆╢√╘⁸22 33 kV ─ ⌐│ ╩ ∆╢↓≤

⅜ ╕⇔™⁹ 

 ⱱ│⁸ ⅜ ™≤ ⅜ ⅝ↄ⌂╡ ⅜ ↄ⁸ ─ ќ 58 ⌐╟╡ ─ ⅜

ↄ⌂╢↓≤⅛╠ ╩ ⇔≡™╢⁹A ◖fi◒ꜞכ♩ ⁸A ќ 49 ⌐≈™≡│⁸ ∂╟℮⌐ ∆╢

╙─≢№╢─≢⁸╕≤╘≡ ⇔≡™╢⁹↓╣╠─ │⁸ ⅛╠ ╘╠╣≡™╢ ⌐ ≠ↄ╙─≢№╢⁹⇔⅛⇔⁸

⌐≈™≡╙⁸ ─ ─ ≤ ⇔≡ ⅜ ╖⁸S43 ≢│⁸↓╣╠─ ⅎ ╩ ⇔≡ 250m

⌐ ↕╣≡™√ ─ ╩400m≤⇔√⁹ ─ ⅜4m ≢№∫≡⁸ ╟╡ ╩ ∆╢ ⌐
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⅔™≡│ ─ ⅜55mm2 ≢№╢≤⅝⌐│⁸ ╩400m≤∆╢↓≤⅜ ≤⌂╢⁹↓╣│⁸ ─

≢╕≤╘√₈ ─ ₉ 61 5 ⌐⅔™≡⁸ ─ ╩ ⇔√ ─

╟╡ ⇔√ ≢№╢⁹ 

  2rS
2T

Pr
0.0035U

2

m
֕ +

h
C  

 C h m  U kV  

 P ─ ⌐ ∆╢ Pa  r m  

 T ⌐⅔↑╢ ─  S m  

 ─ │⁸ ─ ⅜ ≢№∫≡⁸⅜™⇔ ⅜⌂™╙─≤ ⇔≡ ↕╣√ ≢№╢⁹ 8m/s

≤⇔≡⁸66kV─ ─ ╩ ∆╢≤ 88.1 ─╟℮⌐⌂╡⁸ ─ ↕⅜55mm2 ≢ ⅜4m

─ │400m ⌐∆╢↓≤⅜≢⅝╢↓≤⅜╦⅛╢⁹ 

 ⌂⅔⁸88- 3 ≢│⁸  JESC E2010 2000₈ ╩ ⌐ ∆╢

─ ₉╩ ⇔⁸ ⌐ ╡ ╩600m╕≢ ╘≡™╢⁹↓╣│⁸170kV ─ ⌐≈™≡╙⁸ ⅜

⇔√ ⌐ ─ ⅜ ⌂ ⅜№╢↓≤⌐ ⇔√╙─≢№╢⁹ 

 
88.1  

 

Ⱬ│⁸ ╩ ∆╢⅜™⇔ ⌐≈™≡─ ≢⁸⅜™⇔ ─50% ∑╪ ─ ⅜⁸ ∆╢ ─ ╩

∆╢⅜™⇔ ─ ─110% ⌐∆╣┌╟™ ╩fiכⱱ◒כ▪┘ ╡ ↑╢↓≤╩⅜™⇔ ─ ≤⇔≡ ╘≡

™╢ ⌐≈™≡│⁸ 95 1 ╩ ↕╣√™⁹ 

 │⁸170kV ─ ╩ ⌐ ∆╢ ─ ╩ ⇔≡™╢⁹170kV ─ │∕─

⅜ ⅝ↄ⁸ ⅜ ⇔√ ⌐ ╩ ╓∆ ⅜ ⅝™≤ ⅎ╠╣╢↓≤⅛╠⁸170kV ─

⌐ ═ ⇔™ ≤⇔≡™╢⁹╕√⁸ ⇔™ ─ ╩ ↑╢ ⅛╠⁸ ─ ⅜2 ─╙

─ │ ⅜ ⇔≡╙ ╡ ⅎ⅜ ⌂╙─ ⁸ ∟⌐ ╩ ≢⅝╢ ⌐≈™≡─╖ ╩ ╘

≡™╢⁹ 

 ⅜™⇔ ╩fiכⱱ◒כ▪⁸│≡™≈⌐ ╡ ↑≡ ∑╪ ⌐╟╢⅜™⇔─ ╩ ∆╢≤≤╙⌐⁸ ─


