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│∂╘⌐ 

 

 2018 ⌐ ⇔√ 30 ⌐ ™⁸ ◄ꜞ

▪⌐⅔™≡⁸1951 ─ 1972 ─ 10 ≢│ ⅜ ≤⌂╢

◄ꜞ▪ ⌐ ┬ ₈Ⱪꜝ♇◒▪►♩₉≤™℮ ⅜ ⇔√⁹ 

 ↓╣⌐ ™⁸2018 11 ⁸ ╟╡⁸ ≤

₈ ₉≤™℮⁹ ⌐ ⇔⁸ ─Ⱪꜝ♇◒▪►♩─ ⌐≈™≡

─ ⌐ ∆╢╟℮ ⅜⌂↕╣√⁹ 

↓─ ╩ ↑√ ⌐╟╡⁸ ה ⌂ ≢⁸ ⌐♃כ♦⌂ ≠⅝⁸

╩ ⅎ√ ─ ™ ⌂ ╩ ∫≡™ↄ√╘⁸₈ ⌐

℮ ⌐ ∆╢ ₉ ₈ ₉≤™℮⁹ ⅜ ↕╣√⁹╕√⁸

─ ╘√ ⌐↓√ⅎ╢√╘⁸ │ ╩ ╘≡⅝√⁹ 

⌐⅔↑╢ ╕≢─ ⌐╟∫≡ ─ ╛ ─ ™

⇔⅜ ⌡ ⇔√↓≤⅛╠⁸ ☻●ה ⌐⅔™≡ ↕╣≡™╢≤⅔

╡⁸ 10 ╩ ⌐ ╠⅛─ ⅜ ╘╠╣≡™╢↓≤╩ ╕ⅎ⁸↓↓⌐

╩ ╡╕≤╘≡ ∆╢↓≤≤⇔√⁹ 

 

≢│⁸ ─ ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢╕≢≤⁸∕─ ─Ⱪꜝ♇◒▪►

♩⅛╠ ─ 300 kW ⌐ ╢╕≢⁸∕╣∙╣⌐≈™≡⁸↓╣╕≢─

≢ ⇔√ ╩ ⌐ ◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ╙ ╘⁸ ≤⇔≡ ⅛╠

∕─ ⌐≈™≡ ≤ ╩ ℮⁹ 

 

⌂⅔⁸∕─ ≤⇔≡│⁸ ⌐ ↑≡ ⌐ ∆═⅝ ─╖⌂╠∏⁸ ⁸

⌐⅔™≡ ─ ╩ ╕ⅎ√ ⌂ ─ ─ ⅜ ≤⌂╢╟℮⁸

⌂ ╡ ⌂ ⌐≈™≡ ⇔⁸↓─ ⌐≡⅔ ⇔∆╢↓≤╙

─ ≢№╢≤ ⅎ⁸ ∑≡↓↓⌐ ≤ ╩ ∫≡™╢⁹ 

 

╕√⁸ ≢ ╡ →√ ≢№∫≡╙⁸ ─ ⅜ ≢№∫≡⁸

≢│ ⌂ ⅜ ⌂╙─╙№╢⁹↓─╟℮⌂╙─⌐≈™≡│⁸ ⁸

─ ╩ ╘√ ≢⁸ ⌐⅔™≡∕─ ╩ ∆╢↓≤≤⇔√™⁹↓─╟℮⌐⁸

⌐ ↑≡ ⌐ ⅜ ⌂ ⌐≈™≡│⁸ ─ ≢∕─ ╩

∆╢↓≤≤⇔≡™╢⁹ 
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 ─ ≤ ⅎ  

 

─ ⌐≈™≡  

 

─ ⌐≈™≡ ∆╢√╘⁸ ─ 41 ─ ⌐ ≠⅝⁸ 

169 ⌐⅔™≡⁸₈ ⌐ ℮

⌐ ∆╢ ₉⅜ ↕╣√⁹ 

 

─ ⌐⁸ ╟╡ ↕╣√ │ ─≤⅔╡⁹ 
 

ᵑ ⌐ ┬Ⱪꜝ♇◒▪►♩─ ─ ─

⁸ 25 ─ ╕≢  
 

ᵒ ⁸ ─ 300 kW ⌐ ╢ⱪ꜡☿☻

┘ ⌐⅔↑╢ ⌂ Ⱪꜝ♇◒☻♃כ♩ ─ ∟ →   
 

ᵓ ◄ꜞ▪ ⌐⅔™≡ ∂╠╣╢═⅝ ╗ ─

  

  

─   

  

│⁸↓╣╕≢⌐ ─⌂™◄ꜞ▪ ≢ ⅛╠ ⅜ ∆╢Ⱪ

ꜝ♇◒▪►♩⅜ ⇔√↓≤╩ ╕ⅎ⁸ ─ ╩ ╠⅛⌐⇔⁸ ≤↓╣╩

≤⇔√ ╩ ∆╢↓≤╩ ≤⇔≡™╢⁹√∞⇔⁸ ⌐╟╢

│⁸ ╩ ≤∆╢╙─≢│⌂™⁹  

 

─   

 

ⱷfiⱣכ│ ─≤⅔╡⁹ 

       

       ◦☻♥ⱶ  

        

           

  

⌂⅔⁸○Ⱪ◙כⱣ⁸≡⇔≥כ ⁸ ◄Ⱡꜟ◑כ

⁸ ⁸ ⅜ ⇔√⁹ 

╕√⁸ │ ⅜ ⇔√⁹ 
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─   

 

│⁸ ─ ┘ ⌂ ╩ ℮⌐№√∫≡⁸ ⌐ ∆╢⁹  

 ̧ ╟╡ ╢╟⌐♃כ♦⌂ ╩ ℮√╘⁸ ─ ╩♃כ♦ ™≡

╩ ™⁸ ─ ⅛╠ ⌐ ™≈⌐♃כ♦√╣↕

≡│ ⌐╟╢ ─∏╣╛ ⅜ ∂╢√╘ │≡⇔≥♃כ♦─ ™⌂

™⁹√∞⇔⁸ ─ ⅜♃כ♦ ─⅛╢™≡∫⌂≥♃כ♦⌂ ⌐

™╢↓≤≤∆╢⁹ 

 ̧ ─ ⱨꜝ◓│♃כ♦⁸╘√─ ↕╣√╙─∞↑≢⌂ↄ⁸ ╩♃כ♦

╩♃כ♦⁸⇔∞√⁹╢∆ ⇔√ ⌐╟╡ ─☼꜠╛ ꜡☻ ⌐

⅜ ─♃כ♦⁸╠⅛≥↓╢ ╩ ╠⅛⌐∆╢⁹ 

 ̧ ≢♃כ♦⁸│≡™⅔⌐ ⌂ ─ ™ ∞↑≢⌂ↄ⁸ ─

╛ ⅛╠ ⅜ ⌐⌂╢ ⅜№╢⁹↓─√╘⁸ ≤ ╩ ⇔⌂

™╟℮ ∆╢⁹ 

 ̧ │ ⌂ ⅛╠↔ ™√∞ↄ⅜⁸ ⌐│ ╩ ↑╢

⁸ ─ ₁┼─ ⌐ ╘╢⁹ 

 

─   

  

│⁸ 30 21 ─ ⁸↓╣╕≢⌐⁸ ⌐

╦√╡ ╩ ⇔⁸ ╩ ∫≡⅝√⁹ 

│⁸ ≤⇔≡ ╩ ∂⁸ ⁸ ⅛╠ ─ ╩

↑≡↓╣╠╩ ⇔√⁹ 

 

─ ─   

  

│⁸ 30 ⌐ ℮ ─ ⌐ ∆╢

⌐≈™≡⁸∕─ ╙ ╘≡⁸ ⌐ ─ ≤⇔≡™╢⅜⁸ ─

≤ ⇔⌂™ ⁸ ⅎ┌⁸ ─ ╛ ≤™∫√ ─ ⌐

≈™≡│⁸ ─ ≤│⇔≡™⌂™⁹ 

⇔⅛⇔⁸ │⁸ ─ ⌐ ⅎ╢≤™℮ ≢⁸Ⱪꜝ♇◒▪►♩─

⌐ ∆╢≤ ╦╣╢╙─⌐≈™≡│⁸∕─ ⌐№╢─≢│⌂™⅛≤ ╦╣╢

╙ ╘≡⁸ ↄ ─ ≤⌂╢╟℮ ╘√⁹ ⅎ┌⁸ ─ ─

ⅎ ⌐≈™≡╙ ╡ →≡™╢⁹↕╠⌐⁸ ╩ ∆╢√╘─

⌐≈™≡│⁸ ≤⇔≡⁸ ─ ─ ─╖⌂╠∏ ◄Ⱡꜟ

─כ◑ ─ ⌐ ╙☻כ◔⌂ ⇔≡ ⇔≡™╢⁹  
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 ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢ ⌐≈™≡ 

 

─ ⌐≈™≡ 

 

≢│⁸ 30 ⌐╟╡ ⇔√ ─Ⱪꜝ♇

◒▪►♩⌐≈™≡⁸ ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢╕≢─ ─ ≤

⌐╟╢ ⁸ ─ ⌐⅔™≡ ≢ ∆╢ ─ ⁸↓╣

╠⌐╟∫≡ ∂╢ ─ ⌐≈™≡ ∆╢↓≤≢⁸ ⅝√ ╩ ≈∏

≈ ╠⅛⌐⇔√⁹ 

↓─√╘⁸ ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢╕≢─ ⌐≈™≡⁸ ≤⇔≡

─ Ᵽꜝfi☻╩ ╖ ↄ↓≤─≢⅝╢ ╩ ⌐⁸ ≢ ⅝√ ⌐≈

™≡ ⌐ ∆╢≤≤╙⌐⁸ ↔≤─ ─ ⁸ כ꜠ꜞ UFR

─ ─ ╩ ה ╩♃כ♦╢∆ ∆╢↓≤≢⁸ ⌐⅔™≡

⌂ ╩╙≤⌐ ⇔√ ⁹ 

 

 Ⱪꜝ♇◒▪►♩⌐ ╢╕≢─ ≤ ─  
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√∞⇔⁸↓╣╠ ⌐≈™≡ ≡─◄ⱦ♦fi☻⅜ ∆╢╙─≢│⌂™↓≤⅛╠⁸

─╟℮⌂ ⅎ ─╙≤≢ ⇔⁸ ╩⇔≡⁸ ⌐⅔↑╢ ╩

⅝ ↑√⁹ 

 

╛ ⅜ ╠⅛≢№╡╒╓ ™─⌂™ ≤⇔≡ ╘╠╣╢↓≤ 

Ҝ ₈ ≢№╢ ≢№∫√ ⁹₉⁸₈ ⇔≡™╢ ⇔≡™√ ⁹₉ 
 

╠⅛♃כ♦ ⅎ≡ ╩ ╗⅜ ─ ™ ≤⇔≡ ╘╠╣╢↓≤ 

Ҝ ₈ ≤ ⅎ╠╣╢⁹₉ 
 

⁸™⌂⅜♃כ♦ ╩ ⅜≢⅝⌂™ │ ⅝ ╡╩ ⇔≡™╢ ⁸

≢ ╠⅛≢│⌂™⅜ ─№╢ │ ╩ ≢⅝⌂™↓≤ 

Ҝ ₈ ─ ⅜№╢⁹₉ 

 

⌐ ™√  ≡™≈⌐♃כ♦⌂

 

─ ⌐≈™≡⁸ ⅛╠ ⌐ ╩♃כ♦─

⇔√ ≢⁸ ⌐≈™≡ ╩ ∫√⁹ 

√∞⇔⁸ ┘ ♦│⌐ⱶ☻♃fiⱪ▬♃─♃כ♦╢↑⅔⌐

♃כ ה ⅜ ╕╣╢↓≤⅛╠⁸ ─ ⅜№╢↓≤⌐╙ ⇔≡

╩ ∫√⁹ 

 

 ⌐ ─♃כ♦√™  

 

 

 

 

 

 

 

 

β ⌐ ╖─♃כ♦⌂  

  



 

6 

 

─  

 

─ ≤⇔≡⁸ ─ ⌐≈™≡⁸ ─ ⅜

↕╣√ ┘ ⁹ 

 

 ̧ ─ │⁸ ⌐ ╦∑≡ ⇔≡⅔╡⁸ ≢─ ⅜

⌂™↓≤⅛╠⁸ ─ ⌐Ⱪכ◌ ╦∑≡ 

ה ה ⁸ ╩  

ה ╛ ה │ ╩  

∆╢ ≢№∫√⁹ 

 ̧ ─ │⁸ⱷꜞ♇♩○כ♄כ ⌐ ⇔≡⅔╡⁸ ╩ ⁸

∕─ ─ │ ≤⇔≡™√⁹ 

 ̧ ◄ꜞ▪─ │ 3,087MW ⌐ ⇔⁸ │

⁸ 175MW ⅜ 61MW⁸ ⁸

350MW ⅜ 76MW⁸ ⁸ 350MW ⅜ 338MW⁸

⁸ 600MW ⅜ 556MW⁸

⁸ 700MW ⅜ 598MW⁸ ⁸

350MW ⅜ 96MW⁸ ה ⁸ ⁸ ⁸ ה

⁸ 361MW ⅜ 69MW⁸ ה ⁸ ה

⁸ ה ⁸ ה ⁸ ה ╩ ↄ ⅜ 711MW⁸

⌂ 319MW ⅜ 166MW⁸∕─ ⅜ 344MW⁸

600MW 570MW ⅜ 72MW ≢∕╣∙╣ ≢

№╢⁹ 

 ̧ ⁸ ⁸ 125MW ⅜ 11 ⌐

⁸ ⁸ 125MW ⅜ 14 ⌐ ⁸

⁸ 175MW ⅜ ⌐ ≢

№∫√⁹ 

 ̧ ╕√⁸ ה ●☻ ⁸ 250MW ⅜

⁸ ⁸ 250MW ⅜ ⁸

⁸ 350MW ⅜Ᵽꜝfi☻ ⁸ ה ⁸

148MW ⅜Ᵽꜝfi☻ ⁸ ה ⁸ ⁸

⁸ 521MW ⅜ ≢№∫√⁹ 
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 ─ ─  
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 ─ ─  

   

 ─  

   β  ₈ ₉≤│⁸ ⌐╟╡ ⇔√  

β  ₈Ᵽꜝfi☻ ₉≤│⁸ Ᵽꜝfi☻≢ ⇔√  

β  ⌐≡♥꜠ⱷכ♃ ╩ ⇔≡™╢ ה  

β  ₈∕─ ₉│⁸ ⅛╠ ה ה ⌂ ה ─ ╩ ⇔

™√  
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ᵑ ⅛╠

╕≢  
 

ᵑ ⅛╠ ╕≢ ─  
 

ᵑ ⅛╠ ╕≢ ─ ≤⇔≡⁸

≤ ─ ⌐≈™≡⁸ ─ ⅜ ↕╣√⁹ 

 ̧ ה ⱦfiכ♃⅜ ╩ ⇔ ⇔√↓≤⌐╟╡ ⅜

⇔√⁹↓╣⌐╟╡⁸ ⅛╠─ 49.62Hz ≢ ╛

╩ ℮ כ꜠ꜞ UFR 1 Ỏ130 kW ⅜ ⇔√ ⁸

⅜ ⇔√ Ỏ17 kW ⁹ 

 ̧ ╕√⁸ ⅜ ⌐╟╢ ≢ ⇔⁸ ◄ꜞ▪ ⅜

Ỏ 13 kW ⇔⁸ ⅜ Ỏ37 kW ⇔√⁹⌂⅔⁸

∕─ ╩ ╘⁸ ≢ 43 kW ─ ⅜ ⇔≡™╢⁹

─ ⁸ │ 46.13Hz ≢ ╕╡ ⌐ ╡ ╦╡⁸

─ AFC ⌐╟╡ 50Hz ≢ ⌐Ᵽꜝfi☻⇔√⁹ 
 

 ≤ ⅛╠ ╕≢  

   

 

 

 

 

 

 

 

 

 

 

ᵑ ⅛╠ ╕≢

─ ≤⇔≡⁸ ≤ ─ ⌐≈™≡⁸ ─

⅜ ↕╣√⁹⌂⅔⁸ ─ ⅛╠ │ ⌐ ─ ⅜ ⇔≡

∂≡⅔╡⁸ ⌐ ─♃▬Ⱶfi◓╩ ┘♥꜠ⱷכ♃ ⅛╠ ⇔ ═√╙

─≢№╢⁹↓─√╘⁸ ─ ╛ ⌐╟╡ ⌐ ⅎ√ ⌐≈™≡│⁸

↓─ ⌐╟╠⌂™⁹ 

                                                   
1 כ꜠ꜞ UFR Under Frequency Relay ≤∕─ ╩

↔≤⌐ ╘ ⇔⁸ ⌐ ™ ⌐ ╩ ∆╢ ⁹ 
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 ⌐╟╡ ⅜ ╦╣√ ᵑ 

       

1. 2,4 ( Ỏ116kW:♃כⱦfi ) ⌐╟╡ ⅜ ⇔√ 
 
2,4 ─ ⌐≈™≡│♥꜠ⱷכ♃ ─ ⅛╠ ⁹ 1 ─ ⌐≈™≡│⁸

╟╡ 1 ─ ≤ ( )─ ⅜ ⇔≡⅔╡⁸ ─
⅜ ╦╣╢√╘⁸ ╩ ⁹ 

2,4 ─ ⌐≈™≡│ ⅛╠─ ⅝ ╡⌐╟╡ ⁹⌂⅔⁸ 1 │⁸
╩ ⇔≡™⌂™↓≤╩ⱥ▪ꜞfi◓⌐≡ ⁹ 

 
⅛╠ │ 2,4 ⌐╟╢╙─≤⇔≡ ⌐ ≢№╡⁸╒╓ ™⌂™ ≤ ╘╠╣╢⁹ 

2. ⅛╠ ⌐ ╩ ⇔√ 
 

┘ ה ⌐≈™≡│⁸♥꜠ⱷכ♃ ─ ╩⁸ ╩ ∆╢ ⅛
╠ Ᵽ♇◒♅▼♇◒⁹≢♃כ♦√∫№─ ─ AFC ⅜ 49.62Hz≢ ⇔√↓≤╩ ⁹ 

 
⅛╠ ⅜ ⇔√↓≤│╒╓ ™⌂™ ≤ ╘╠╣╢⁹ 

3. ─ ⌐╟╡ ╩ ∫√( Ỏ130kW) 
 
⌐ ⇔≡ ⌐ ⅝⌂ ⅜ ╦╣√↓≤⌐╟╡⁸ כ꜠ꜞ UFR ⅜ ⇔≡™╢⁹ ⅛╠

48.5Hz≢ 0.1 ⅛╠ 21 ⁸48.0Hz≢ 0.1 ⅛╠ 6 ─ ≢ כ꜠ꜞ ⅜ ↕╣≡™╢↓≤╩ ⁹UFR
─ │ ─ ⌐≡ ⁹⌂⅔ 6 kW │ ─Ⱶ☻⌐╟╡ ↕╣√↓≤╩ⱥ▪
ꜞfi◓⌐≡ ⁹ 

 
─ ⌐ ™⁸ AFC ⌐ UFR─ ⁸⇔♩כ♃☻⅜ ⅜ ⇔≡⅔╡⁸ 130 kW─

⅜ ╦╣≡™╢↓≤│╒╓ ™⌂™ ≤ ╘╠╣╢⁹ 

4. ─ ⌐╟╡ ⅜ ⇔√( Ỏ17 kW) 
 

─ ⌐≈™≡│♥꜠ⱷכ♃ ─ ⅛╠ ⁹√∞⇔⁸ Ỏ17 kW─ ≢⅝√ ⅛╠
⇔√ ─╖─ ╖ →⁹ │ ≢⅝⌂™⁹ 

 
⅛╠ ⌐ 17 kW─ ≢ ⇔≡™√ ⅜ ⇔√↓≤⌐≈™≡│╒╓ ™⌂™ ≤⇔≡ ╘╠╣

╢⁹ 

5. ⁸ ⁸ ─ ⌐╟╡⁸ ◄ꜞ▪ ┘ ◄ꜞ▪⅜ ( Ỏ 13 kW)⁸ ⅜
⇔√( Ỏ37 kW(∕─ ╩ ╘ ≢ 43 kW)) 

 
│ ⁸ ⁸ ─ ⌐╟╢ ╩ ⁹ ─ ⁸ ⇔√ ≡─ ⌐⅔™

≡ ◒כ▪⌂ ⅜ ↕╣≡⅔╡⁸∕─ │☺ꜗfiⱤכ ≤ ─ ⌐╟╢ ≤ ⅎ╠╣╢⁹ ─
⌐╟╡ ◄ꜞ▪ ┘ ◄ꜞ▪│ ⅜ ⁹↓╣⌐ ™ ⅜ ⇔ ◄ꜞ▪ ┘ ◄ꜞ▪⅜ ⇔√⁹UFR

⌐ ∫≡™√ 13 kW ⅛╠─ ─ ⅜ ⇔√↓≤⌐≈™≡♥꜠ⱷכ♃ ≢ ⁹
ⅎ≡ ≢ 43 kW⅜ ⇔≡™╢↓≤╩♥꜠ⱷכ♃≢ ⁹ 

 
╛○◦꜡◓ꜝⱨ─ ◒כ▪⁸ ⌂≥⅛╠ ≢ ⅜№∫√↓≤│╒╓ ™⌂™ ≤⇔≡ ╘╠╣╢⁹

╕√⁸ ⌐╟╡ ◄ꜞ▪ ⅜ ≤⌂╡⁸ ⌐╟╡ ⅜ ⇔√↓≤│╒╓ ™⌂™ ≤⇔
≡ ╘╠╣╢⁹ 

6. ─ ⅜ 46.13Hz≢ ╕╡⁸ ⌐ ╡ ╦∫√ 
 
─ ↄ│ 46.0Hz ⅜כ꜠ꜞ≢ ∆╢↓≤╩ ⇔≡⅔╡⁸ ⅜™ↄ≈╕≢ ⅜∫√⅛╩ ⌐ ∆╢

⅜№╢⁹↓─√╘⁸20Ⱶꜞ 0.02 ≢ ⇔√ ╡╟⌐♃כ♦ ╩ ™⁸46.13Hz⅜ ≢№╢↓≤╩
⁹ 

 
─ ⅜ 46.13Hz≢№∫√↓≤│⁸ ⅛╠╒╓ ™⌂™ ≤⇔≡ ╘╠╣╢⁹ 

7. ╟╡Ᵽꜝfi☻ ─ ה ⌐ ╩ ∫√ 
 
─ ≢№∫√ ─ ╩ ╘╢↓≤⁸ ─ ⁸ ⁸ ⁸ ⌐≈™

≡╙ ⅛╠ ─ ⅜ ≡™√↓≤╩ ─ ≢ ⇔√⁹⌂⅔⁸ ╠╣√ ─ ≢ ∟ →╩ ╖√⅜
╩ ⅝ ∟ ⅜╢ ⌐Ⱪꜝ♇◒▪►♩⌐⌂∫≡™╢⁹⌂⅔⁸Ᵽꜝfi☻ ─ │ ⅜ ≡™√⅜⁸ ⌐
⅜ ⇔√↓≤⅛╠⁸ ⌐ ⅜ ↕╣√⁹ 

 
⅛╠ ⅛╠─ ⌐╟╡⁸Ᵽꜝfi☻ ─ ה ⌐≈™≡ ╩ ↕╣≡™╢↓≤│⁸╒╓ ™─⌂™
≤ ╘╠╣╢⁹ 

8. ─ AFC ⌐╟╡ ⅜ ⌐ 50Hz≢Ᵽꜝfi☻⇔√ 
 

⅛╠─ │ ─ ⅜ ≢№∫√√╘⁸ ⅛╠ ┼─ ⅜ ≢⅝⌂⅛∫√⅜⁸
∆←⌐ ⌐ ╡⁸ ╩ ⅎ╢√╘⌐│ ≢№∫√√╘ 7 kW⅛╠ ─ 57 kW + 50 kW
╕≢ ₁⌐ ⇔≡™╢⁹ ─ ─ ∟≤ ─ ─ ⅜ ≢⅝╢⁹ 

 
⌂ↄ≤╙ ⅜ ╩Ᵽꜝfi☻↕∑√ ≢№∫√↓≤│⁸╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 
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 ᵑ ─ ─  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

◄ꜞ▪─  

◄ꜞ▪ ⌐ ╢ ─ │ ─≤⅔╡≢⁸

╛○◦꜡◓ꜝⱨ─ ⁸ ─ ⌐ ◒כ▪√™≡∫ ⅛╠

≢ ⅜№∫√↓≤╩ ⇔√⁹ ⌐  

 ◄ꜞ▪─  
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─ ≤⇔≡│⁸ ─ ⁸ ─≤⅔╡ ≡─ ⌐⅔

◒כ▪≡™ ⅜ ↕╣≡⅔╡⁸∕─ │☺ꜗfiⱤכ ≤ ─ ⌐╟

╢ ≢№∫√⁹ 

 

 ◄ꜞ▪─ ─  

    

 

─ ╙ ╘⁸ ◄ꜞ▪─ ─ │ ⁸

─≤⅔╡≢№╡⁸∕─√╘⁸ ה ◄ꜞ▪

⅛╠ ╕≢ ╕≢─ │⁸ ─≤⅔╡≤ ⅎ╠╣

╢⁹ 

(▪) ה  ќ ─ ⅜ ∆╢ 

(▬) UFR ⌐╟╢  ќ ◄ꜞ▪⅜ ≤⌂╢ 

(►) ⁸ ⁸ ⌐╟╡ ◄ꜞ▪⅜

↕╣ ≤⌂╢⁹ 

Ҝ  ◄ꜞ▪─ ⅜ ∆╢ 

(◄)  ⌐╟╡⁸ ◄ꜞ▪─ ⅜ OFR2  

       Ҝ  ◄ꜞ▪─ ⅜ ∆╢ 

Ҝ ◄ꜞ▪⅜ ≤⌂╢  

                                                   

2 OFR Over Frequency Relay( כ꜠ꜞ ⅜ ╡⁸ ⅜ ⁸

≤⌂∫√ ⌐ OFR⅜ ⇔⁸ ╩ ⅛╠ ╡ ∆⁹ 
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 ◄ꜞ▪─  

 

 

 

 

 

 

 

    

 

 

 

 

 

 ◄ꜞ▪─  

     

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ṗ 
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⌂⅔⁸ ≤⌂∫√ ◄ꜞ▪─ ─ ≤⇔≡│⁸OFR⅜

⇔≡™⌂™ ⌐⅔↑╢ ─ ╩

⇔√ ⌐╟╡⁸52.0Hz │ ⅎ≡™╢≤ ⅎ╠╣╢⁹ 

 

 ◄ꜞ▪─ ─  
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ᵒ  

⅛╠ 24 ╕≢  

 

ᵒ

⅛╠ 19 ╕≢  

 

ᵒ

⅛╠ 19 ╕≢ ─ ≤⇔≡⁸ ≤ ─ ⌐≈™≡⁸

─ ⅜ ↕╣√⁹ 

 ̧ ─ ⁸ ─√╘─ ⱦ꜠♥ה ⌐╟╢╙─∞

↑≢⌂ↄ⁸ ─ ⌐╟╢ ╙ ≤ ↕╣╢

⌐╟╡ ⅜ ₁⌐ ⇔√⁹3 

 ̧ ⅛╠ ┼ ╩ ה ⇔⁸ ⅜

≤⌂∫√⁹ 

 

 ≤ ⅛╠ 19 ╕≢  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵒ

⅛╠ 19 ╕≢ ─ ≤⇔≡⁸ ≤ ─ ⌐≈™≡⁸

─ ⅜ ↕╣√⁹ 

 

                                                   
3 ─ ⌐╟╡ ⅜ ⇔≡™╢√╘⁸ ─ ⅜ ⌐ ⅎ╢ ⅜ ⅝ↄ⌂

╢⁹ 

ẑ 

 
ẑ 
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 ⌐╟╡ ⅜ ╦╣√ ᵒ 

       

9. ⁸ ⁸ ╒⅛─ ⌐╟╡ ◄ꜞ▪⅜ ⇔√ 

 

⌐ ╩≈⌂← ⌐ ⇔≡⅔╡⁸↓╣│ ≢ ╦╣≡™╢↓≤╩ ─

─ ─ ⅛╠ ⁹↓╣⌐╟╡⁸ ─ ⅛╠ 13 kW─ ≤

◄ꜞ▪─ ⅜ ⇔≡™╢↓≤⅛╠ ⌂ ≤ ⅜ ⌐ ∫≡™╢⁹⌂⅔⁸ ⌐≈™≡

│≥─ ⇔√─⅛ ─ ╩ ⌂™╙─≢№╢⁹ 

 

⅛╠ ⅜ ╦╣√↓≤⌐≈™≡│⁸╒╓ ™─⌂™ ≤ ╘╠╣╢⁹╕√ ⅜ ∫√↓

≤⌐≈™≡│⁸ ⅜№╢↓≤⅛╠ ⅜ ⇔√↓≤╕≢⅜╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 

10. ⌐╟╡ ₁⌐ ⅜ ⇔√ 

 

─ │ ⇔≡™⌂™√╘⁸ ⅜ ⇔≡™╣┌ ─ ╩ ≤╖⌂⇔≡™╢⁹↓─

√╘ ⅜ ∂√ │⁸ ⅜ ⇔√≤ ⅎ╢─│ ≢№╢⁹ ⌐≈™≡ ⇔√ ⁸

⅜ ─ ╙↕╠⌐ ⇔≡™╢╟℮⌐ ⅎ╢⁹↓╣│ ─ ⌐⅔↑╢

─ ⅛╡─ ⁸♥꜠ⱦ⌐╟╢ ─√╘─ ─ ⌐ ⅎ⁸ ─ ⌐╟∫≡ ⅜

⇔√ ╙№╢≤ ⅎ╠╣╢⁹ 

 

≤⇔≡ ─ │ ⅜ ∆╢≤ ↕╣╢⁹ ∑≡⁸ ⌐╟╢ ─

╙№╢≤ ↕╣╢⁹↓╣⌐╟╡ ─ ⅜ ≢⅝╢⅜⁸ ⌐ ≥↓™⌂⅜♃כ♦√⇔

⅛╠⁸ ⌐╟╡ ⅜ ⇔√ ⅜№╢≤ ╘╠╣╢⁹ 

11. ─ ⌐╟╡ ─ ⅜ ⇔√ 

 

─ ╩ ⇔√≤↓╤⁸ ⌐≈™≡│ ⅛╠ ╩ ⁹ 1 ⌐≈

™≡│ ⅛╠ ⌐ ⁹ ⌐≈™≡╙ ─ ⅛╠ ╣≡™√√╘ ⇔√≤↓╤Ⱳ▬

כꜝ ─√╘⁸ ⅜ ≢⅝⌂™↓≤╩ ⇔≡™√⁹ → ⅜≢⅝╢ ⌐ ⇔≡⁸ ≡

─ ╩ ⇔≡™╢⁹ 

 

─ ⁸♥꜠ⱷכ♃─ ⅛╠ ⌐╟╢ ─ │╒╓ ™─⌂™ ≤

╘╠╣╢⁹ 

 

 

ᵒ

20 ⅛╠ 24 ╕≢  

 

ᵒ

20 ⅛╠ 24 ╕≢ ─ ≤⇔≡⁸ ≤ ─

⌐≈™≡⁸ ─ ⅜ ↕╣√⁹ 

 ̧ ─ ⅜ ∑∏⁸ ₁⌐ Ỏ20 kW

⇔√√╘⁸ ⅜ ⇔√⁹ 

 ̧ ─ ≢│ ⅜ ⅛∫√√╘⁸ ∞∫√UFR⅜ ∫

≡⅔╡⁸∕╣⅜ ─ ≢│ ≤⌂∫√√╘ ⇔⁸

Ỏ16 kW ╩ ∫√⁹↓╣⌐╟╡⁸ │ ≤⌂∫√

⅜⁸ ╩ ≢⅝⌂⅛∫√⁹ ẑ 
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 ≤ 20 ⅛╠ 24 ╕≢  

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ᵒ

20 ⅛╠ 24 ╕≢ ─ ≤⇔≡⁸ ≤ ─

⌐≈™≡⁸ ─ ⅜ ↕╣√⁹ 

   

 ⌐╟╡ ⅜ ╦╣√ ᵓ 

       

12. 1 ─ ⅜ ⇔√( Ỏ20 kW  3:20 3:23)  

 

─ ⌐≈™≡│⁸ ─♥꜠ⱷכ♃≢ ⁹ ─ ⌐╟╡⁸Ⱳ▬ꜝכ ⅜

∆╢≤≤╙⌐⁸♪ꜝⱶ┼─ ─ ≢№╢ ─ ⅜ ⇔√√╘⁸♪ꜝⱶ

┼─ ⅜ ⇔⁸♪ꜝⱶ ⅜ ⇔√⁹⌂⅔⁸↓─≤⅝ │ ─ ≤⇔≡⁸

─ ⅔╟┘ ┼ⱦfiכ♃ ╢ ─ ─ ╩ ⇔√⁹↓╣╠⌐╟╡ ⅜ ⇔√⁹ 

 

─ ⌐≈™≡│ ⅛╠╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 

13. ─ ⌐╟╡ ╩ ∫√( Ỏ16 kW) 

 

─ ╢╟⌐כ꜠ꜞ ─כ꜠ꜞ╙≡™≈⌐ ⌐ ™ ⇔≡™╢↓≤╩

⇔√⁹ │ 16 kW≤⌂╡⁸49.5Hz ╕≢ ⇔√↓≤╩ ⁹ 

 

⅛╠ ╢╟⌐כ꜠ꜞ │╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 
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 ᵒ ─ ─  

   

 

  



 

19 

 

⅛╠Ⱪꜝ♇◒▪►♩╕≢ 24 ⅛╠ 25

╕≢  

 

⅛╠Ⱪꜝ♇◒▪►♩╕≢ 24 ⅛╠ 25 ╕≢

─ ≤⇔≡⁸ ≤ ─ ⌐≈™≡⁸ ─ ⅜ ↕╣

√⁹ 

 ̧ ⅜ ⇔√√╘⁸ ┘ ⅜ ⇔√⁹ 

 ̧ ─ UFR ⌐╟╢ ⌐ ∫≡ ↕╣√ ⅜№╡⁸↓─

≢ ⁸ ( Ỏ6 kW )⅜ ╦╣√⅜⁸ ─

╩ ╘╢ ≢│⌂⅛∫√⁹ 

 ̧ ⌐╟╡⁸ ─ ┘ ⅜ ─√╘ ∆╢≤≤╙⌐⁸

⅜ ≤⌂∫√⁹ 

 ̧ ⌐╟╡ ⅜ ⇔ ⌐Ⱪꜝ♇◒▪►♩⌐ ∫√⁹ 

 

 ≤ 24 ⅛╠ 25 ╕≢   

 

 

 

  

 

 

 

 

 

 

 

 

⅛╠Ⱪꜝ♇◒▪►♩╕≢ 24 ⅛╠ 25 ╕≢

─ ≤⇔≡⁸ ≤ ─ ⌐≈™≡⁸ ─

⅜ ↕╣√⁹ 
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 ⌐╟╡ ⅜ ╦╣√ ᵔ   

       

14. 1 ( Ỏ10 kW  3:24 3:25 ⇔√√╘ ┘ ⅜ ⇔√ 
 

│ ≢ 3:25 ⌐ ⇔√↓≤╩ ⁹ ─ ⌐≈™≡│♪ꜝⱶ─ ≤─ ╩
⅛╠ⱥ▪ꜞfi◓≢ ⇔√⁹ 

 
⅛╠ ─ ⌐≈™≡│╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 

15. ─ ⌐╟╡ ╩ ∫√( Ỏ6 kW) 
 
─ ╢╟⌐כ꜠ꜞ ⁹ ⅜כ꜠ꜞ√™≡∫ ⇔√↓≤╩ ⁹ ─ ╩ ╘

╢ │ ∫≡⅔╠∏⁸ ─ ≤⌂∫√⁹⌂⅔⁸ ⇔√ ⅜ ⇔⁸ ⇔≡™√↓≤
╩ ⁹ 

 
─ ⅛╠╙╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 

16. 1 ⁸ 2 ⁸ 1 ⅜ ⇔√( Ỏ34 kW) 
 

─ ≢│ ≤⌂∫≡™╢⁸√∞⇔⁸ │ ─ ⌐╟╡ ⇔≡⅔╡⁸ 3 ⅜ ⁹ 
 
⅛╠⁸ ⌐╟╡ ⅜ ⇔√↓≤│╒╓ ™─⌂™ ≤ ╘╠╣╢⁹ 

17. ─ ⌐╟╡ ( ⌐ 46Hz ) ⅜ ∆╢≤≤╙⌐ ⅜ ≤⌂∫√ 
 
─כ꜠ꜞ ⌐╟╡ ⅜ ≤⌂╡⁸◄ꜞ▪ ─ ⅜⌂ↄ⌂∫√↓≤⅛╠ ⌐≈™≡╙

⇔√╙─≤ ⅎ╢⅜⁸16⁸17─ ⌐≈™≡│ ─ ⅜♃▬ⱶ☻♃fiⱪ ╡≤│ ∏⇔╙ ⅎ⌂™⁹ 
 
⅛╠⁸ ⅜ ⇔√╒╓ ™─⌂™ ≤ ╘╠╣╢⁹√∞⇔ ⁸ ⁸ ≤™℮ ≢

№∫√⅛⌐≈™≡│ ⌂ ⅜⌂™↓≤⅛╠↓─ ∞∫√ ⅜№╢≤™℮↓≤⌐ ╕╢⁹ 

18. ◄ꜞ▪⅜Ⱪꜝ♇◒▪►♩⌐ ∫√ 

 

 

 Ⱪꜝ♇◒▪►♩╕≢ᵓ ─ ─  
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↕╣√ ≤∕─ ⌐≈™≡ 

↕╣√ ⌐≈™≡ 

⌐╟╡ ⅜ ╦╣√ ⌐≈™≡ ⌐≤╡╕≤╘≡ ⇔√⁹ 

 

   

 
⌐
╟
╡

⅜
╦
╣
√
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●Ᵽ♫ⱨꜞכ ┘ AFC≢─ ⌐≈™≡ 

─ ⌐ ⇔ ╩ ∆╢ ⌐ⱦfiכ♃⁸≡⇔≥ ↕╣

√ ⌐╟∫≡∕╣∙╣─ ↔≤⌐ ╩ ∆╢●Ᵽ♫ⱨꜞכ

GF ≤⁸ ⅛╠─ ⌐╟∫≡ ╩ ∆╢ AFC

⅜№╢⁹ 

│⁸ ⌂ ≤⇔≡⁸ 

 ̧ ●Ᵽ♫ⱨꜞכ GF │◄ꜞ▪ ─ ⌐ ≢  

 ̧ AFC │◄ꜞ▪ ─ ≢  

╩ ∆╢↓≤≤⇔≡™╢⁹ 

─ GF AFCה │ ─≤⅔╡≢№╡⁸ ─ ⌂

╩ √⇔≡™√⁹ 

 

 ─ GF ┘ AFC  

 

 

 

 

 

 

 

 

 

 

 

    

 

⌐╟╡⁸ ⌂ ⅜ ⇔√√╘⁸ 

 ̧ GF ─ │⁸ ⌂ ⁸ ┘ ─ ≤

⌂∫√⁹ 

 ̧ AFC ─ │ ₈♀꜡₉≤⌂╡ ⅜⌂ↄ⌂∫√⁹ 

↓─√╘⁸ ─ ⌐ ─ AFC ⅜⌂ↄ⌂╢≤⁸

╩ ⌐ ≈↓≤⅜ ≤⌂∫√⁹ 
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 ─ GF ┘ AFC  

 

 

 

    

 

 

 

 

 

 

 

 

∕─ ─ GF ─ ⌐≈™≡⁸ 

 ̧ │ ⅜ ⇔≡Ⱳ▬ꜝכ⅜ ≢№∫√↓≤⅛╠⁸

12 ⅛╠ GF ╩ ╡ ╘√⁹ 

 ̧ │Ⱳ▬ꜝכ ≢№╡ │≢⅝⌂⅛∫√⅜⁸

≢ GF ╩ ⇔√⁹ 

∕─ ⁸ │ ⌡ ─ ⌐ ∂≡ ( GF ≤⇔≡ )⇔√

≤ ⅎ╠╣╢⁹ 

 GF ─  
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   ─●Ᵽ♫ⱨꜞכ ─ ─ │⁸ ─≤⅔╡⁹ 

 ̧ │⁸ ≤ ≢ ╩ ⇔⌂⅜╠⁸ ⁸

↕∑√⁹ 

 ̧ │⁸ ⅛╠─ ⅜≢⅝⌂⅛∫√√╘⁸ ⌐

→ ╩ ™⁸ ≢ꜚ♬♇♩─ ╩ ⇔⌂⅜╠⁸ ⌐╟╡

₁⌐ ╩ ↕∑√√╘⁸ ⅜ ↄ⌂∫√⁹ 

 ∕─ ─  

    

 

 

 

 

 

 

 

  

 

 

 

  

─ ⅛╠ AFC ⌂ ─ │ ─≤⅔╡

≢⁸ ╛⅛⌂ ⅜ ⅎ⌂⅛∫√⁹ 

 ̧ ⌐ ⇔≡™√ AFC ( kW )│⁸ ⌐│₈♀꜡₉⌐⌂∫

√⁹ 

 ̧ ⌐ ™⁸Ᵽꜝfi☻ ╩ ╗ ⌂ ⌐ ⇔≡⁸

⅛╠ ⌐ ⌐₈49.5Hz ≢ ⁸49.0Hz

≢ ₉─ ⅜ ≡™√⅜⁸ ⅜ ∆╢≤⁸

⌐ ⅜ ↕╣√⁹ 

 ̧ │ ⇔√⅜⁸ ◄ꜞ▪─ ─ ≢ ⌂ ⅜

⇔√√╘⁸AFC ⅜ ⇔⌂⅛∫√⁹ 

─╟℮⌐⁸ ─ ≤⇔≡│⁸ ⁸ 50Hz ╕≢ ⇔

√ │ 11 ⅛╠ ─ ⌐╟╡ ╩ ⇔√≤↓╤≢№╡⁸

↓╣⌐ ⇔⁸ ─ ─ ╩ ∫√⅜ ─ ╩ ≈↓≤│ ⌂

⅛∫√⁹↓╣│ ─ │ ╟╡ ↄ⁸ ─ ─ ⌐╟╡⁸

⌐ ⇔≡™√ ─ AFC ⅜ ≡ ╦╣√↓≤⌐╟╢╙

─≤ ⅎ╠╣╢⁹  
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 ─  

 

 

    

 

 

 

 

 

 

 

 

 

 

 

┼─ ⌐≈™≡ 

─ ─ │⁸ ─≤⅔╡⁹ 

 ̧ ╩ ∫≡™√ ─ ─ ─╒⅛⁸ ╛ ◄

ꜞ▪─ ◄ꜞ▪─ ⌐ ™ ─№╢ ꜞ▪◒♩

ꜟ⅜ ⇔≡™√ ⌐╟╡ ⅜ ⇔√⁹ 

 ̧ ⅛╠─ ꜞ▪◒♩ꜟ ⌐╟╡⁸ ⅜ ₁⌐ ⇔√

≤ ↕╣╢ │⁸ ⅜ ⇔√√╘⁸ ⌐

⇔≡™√≤ ↕╣╢⁹ ⁹ 

 ̧ ⌐╟╡ ⅜ ∆╢↓≤⅛╠⁸↕╠⌂╢ ≤

⌂╢─≢⁸ ╩ ꜞ▪◒♩ꜟ ⌐╟∫≡ ⇔√↓≤│⁸

─ ≤≤╙⌐⁸ ─ ⅛╠╙ ⌂ ≢№∫√≤

≢⅝╢⁹ 

    

 

 

  



 

26 

 

 ─  

 

 

 

 

 

 

 

 

 

 

 

 

─ ─ ⅔╟┘ │⁸ ─≤⅔╡⁹ 

 ̧ │ ─ ⅜ ⇔√√╘⁸ →╢ ⌐ ╩

⇔≡™╢ ⅜ ⅛╢⁹ 

 ̧ ∕─ ⁸ ─ ꜞ▪◒♩ꜟ ⌐╟╡ ⅜ ⇔√√╘⁸

╩ ╠⇔√≤ ⅎ╠╣╢⁹ 

 ─  
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 275kV ─  
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⅜ ⌂ ⌐≈™≡ 

 

│⁸ ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢╕≢─ 17 ⌐ ⅝√ ╩◦Ⱶ

fi⌐╟╡⁸ꜛ◦כ꜠ꜙ ⇔√ ≢⁸ ─╟℮⌂ ⅜ ⌂ ≤

⌂╢⅛╩ ∆╢↓≤⌐⌂╢⁹ 

⌐≈™≡│⁸ 

ᵑ ⌐╟╡ ╦╣√ ╩⁸≥─╟℮⌐ ⇔⁸ ╩ 50.0Hz ⌐ ↕∑

╢⅛ 

ᵒ 50.0Hz ⌐ ⇔√ ╩⁸∕─ ─ ⌐╙≥─╟℮⌐ ⇔⁸

↕∑╢⅛ 

≤─ ⅛╠⁸ ─ ╩ ∆╢⁹ 

 

 

 ̧ UFR─ ╩ ╛∆ ╙  

 ̧ ╩ ∆╢ ⌐│AFC ─ ⁸ ⌐│ UFR

⌐╟╢  

 ̧ ╩ ∆╢ 2019  GF ≤ AFC ─

 

 ̧ ╩ ∆╢ 2019  AFC ─  

                                   

↓─ ⌐⅔™≡│⁸ ⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢╕≢─ ╩ ⇔

√◦Ⱶꜙ꜠כ◦ꜛfi╩ ™⁸↕╠⌐↓─ ╩ ™≡ ─ ─

≤⇔≡⁸ 

ה ה ⅜ ≢⅝╢ ≢№╢↓≤╩ ⌐ ╩  

≡⇔≥ ה ≢№╢ UFR ╩ 35 kW 309

kW  

  ≤™∫√ ─ ⌐≈™≡ ⇔√⁹  ₈ ₉  

 

  ╕√⁸ ╕≢⌐│⁸ ╩ ∆╢ 2019 GF

≤ AFC ─ ⁸ ╩ ∆╢ ⌐≈™≡ ╩ ℮ ⁹ 
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⅛╠Ⱪꜝ♇◒▪►♩⌐ ╢ ⌐≈™≡⁸ ⌐≡∕─ ⁸ ╛

⌐≈™≡ ⇔≡⅝√⅜⁸ ⌐│ ─╟℮⌂ ≢№∫√⁹ 

 

─ │ 309 kW ≢№╡⁸ ≤⇔≡│ ≢

⅜ ⇔≡™√╒⅛⁸ ≢─ Ᵽꜝfi☻╩ ≈√╘⁸ ─ ⌂

╩ ↄ ─ ⅜Ᵽꜝfi☻ ⁸ ─ │ 30 ─ ⌐ ↑

√ ≢№∫√⁹ 

⌐ ⅜ ⇔⁸ ⌐ ה ⱦfiכ♃│ ╩ ⇔ ⁸

│ ∆╢ ╩ ⇔≡™⌂⅛∫√↓≤⅛╠ ⌐│ ╠⌂⅛∫√ ∕─

25 ⌐ ⁹↓╣╠⌐╟╡ ⅜ ⌐ ⇔⁸ ⅜ ⇔√⁹↓

─ ⌐╟╡⁸ │ 49.62Hz ≢ ╩ ⇔⁸48.5Hz ⅛╠

⌐ ╩ ℮◦☻♥ⱶ UFR ⅜ ⇔ 130 kW ─ ╩ ∫√⁹↓╣

≤╒╓ ⌐ ─ ⌐╟╡ 17 kW ─ ⅜ ⇔√⁹ 

╕√⁸ ⌐│ ⌐⅔™≡ ─ ╣⌐╟╢ ⅜

⇔⁸ ◄ꜞ▪ ⅜ ⌐ ≤⌂∫√ ⌐ │ ⇔ │

⁹↓─ ⌐╟╡ ◄ꜞ▪ ≢│ ⅜ ╩ ∫√√╘ ⅜

⇔⁸37 kW ─ ⅜ ⇔ ≢│ 43 kW ─ ⅜ ─ ⌐╟╡ ⁸

◄ꜞ▪ ⅜ ⇔√⁹ 

↓╣╠─ ⅜ ⇔√ ⁸ │ 46.13Hz ≢ → ╕╡ ⇔⁸

│ ╩ ⌐ ∆╢√╘⌐ ─ ╩ ™⁸ ⅛╠

1 ⌐│ ⅜╒╓ 50Hz ╕≢ ⇔√⁹ 

50Hz╕≢ ⇔√ │ 11 ⅛╠ ─ ⌐╟╡ ╩ ⇔√⁹

↓╣⌐ ⇔⁸ ─ ─ ╩ ∫√⅜ ─ ╩ ≈↓≤│ ⌂⅛∫√⁹ 

↓─√╘⁸ ─ ≢│ ⅜ ⅛∫√√╘⌐ ∑∏ ∫≡

™√ UFR ⅜ ≡ ⇔≡╙⁸∕─ ─ 1 ─ ⅔╟┘ ⌐╟╢

╩ ⅞⅝╣∏⁸ ₁≤ ⁸ ⁸ ⅜ ⇔Ⱪꜝ♇◒▪►♩⌐

∫√⁹ 

 

─≤⅔╡⁸ ─ │ ≤⇔≡ ה ה ─ N-3 ⌐ ⅎ⁸

2 ─ N-4 ⌐ ℮ ─ ⌐╟╡ ⌐

AFC ⅜ ⇔√↓≤⅜ ≤⌂╡ ⇔√╙─≤ ⅎ╠╣╢⁹ 

⌐≈™≡│◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╢ ≢ ╩ ℮⅜⁸ ≢│⁸

⌂ │╒╓ ≢⅝√≤ ⅎ╢⁹  
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 Ⱪꜝ♇◒▪►♩⅛╠ ─ 300 kW ⌐ ╢

┘ ⌐≈™≡ 

 

─ ⌐≈™≡ 

 

│⁸ 30 ⌐╟╡ ⇔√ ─Ⱪꜝ♇◒

▪►♩⌐≈™≡⁸Ⱪꜝ♇◒▪►♩ ⅛╠ ─ 300 kW

⌐ ╕≢─ ⌐≈™≡⁸₈ ─ ₉─ ⅛╠ ∫√⁹ 

⌐│⁸₈Ⱪꜝ♇◒▪►♩ ⅛╠ ╕≢─ ₉⁸₈Ⱪꜝ♇◒

▪►♩⌐ ⅎ√ ─ ≤ ─ ₉⌐≈™≡⁸ ꜡◓ כ♦

♃╩╙≤⌐ ⌐ ⇔⁸ ⌐ ∆╢≤≤╙⌐⁸ ∑≡⁸ ⅛╠─

⅝ ╡╩ ⅎ ⇔√⁹ 
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Ⱪꜝ♇◒▪►♩⅛╠ ─ 300 kW ⌐ ╢  

⌐ ╢╕≢─ ⌐⅔↑╢  

▪ Ⱪꜝ♇◒▪►♩⅛╠ ─Ⱪꜝ♇◒☻♃כ♩╕≢ 25 ⅛╠

57 ╕≢  

 

Ⱪꜝ♇◒▪►♩⅛╠ ─Ⱪꜝ♇◒☻♃כ♩╕≢ 25 ⅛╠

57 ╕≢ ─ ꜟ◌כ꜡┘╟⅔ Ⱪꜝ♇◒☻♃כ♩─ ⌐≈™≡⁸

┘ ─ ⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵕ 

    

1. ể  

 

Ṯ ṯ 

 3:27 Ṍ31  

ẑ  

ẑ

ṕ

Ṗ 

 2

1  

 ṕ5

1 Ṗ  

 3:55  ể ṕ ṕ ṖṖ  

ṕ

Ṗ 

   

 Ⱪꜝ♇◒▪►♩⅛╠ ─Ⱪꜝ♇◒☻♃כ♩╕≢ 25 ⅛╠ 57 ╕≢ ─  
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▬ ─Ⱪꜝ♇◒☻♃כ♩⅛╠ 275kV ⱪכꜟ ╕≢

00 ⅛╠ 31 ╕≢  

 

─Ⱪꜝ♇◒☻♃כ♩⅛╠ 275kV ⱪכꜟ ╕≢ 00 ⅛

╠ 31 ╕≢ ─ ─ ⌐≈™≡⁸ ┘ ─

⅜ ↕╣√⁹ 

 

 ⌐╟╡ ⅜ ╦╣√ ᵖ 

    

2. ṕ Ṗ 

 

Ṯ ṯ 

 4:00  1  

 4:12  1  

 4:21  1  

 4:33  1  

  

 

1  

 ṕ5

Ễ Ệ Ṗ  

 4:01  1 ṕ ṕ ṖṖ  

 4:39  1 ṕ ṕ ṖṖ  

 4:47  ṕ Ṗ  

 5:30  1 ṕ ṕ ṖṖ  

3. ṕ187kVẓ275kVṖ  

Ṯ ṯ 

 4:49   

 4:56    

 1  

4. 275kV

 

Ṯ ṯ 

 5:01 Ṍ5:31  

275kV  

 Ễ 1

2 6  
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   ─Ⱪꜝ♇◒☻♃כ♩⅛╠ 275kV ⱪכꜟ ╕≢ 00 ⅛╠ 31 ╕≢ ─  
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► 275kV ⱪכꜟ ⅛╠ ─Ⱪꜝ♇◒☻♃כ♩ ╕≢

36 ⅛╠ 21 ╕≢  

 

275kV ⱪכꜟ ⅛╠ ─Ⱪꜝ♇◒☻♃כ♩ ╕≢ 36

⅛╠ 21 ╕≢ ─ ─ ⌐≈™≡⁸ ┘

─ ⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵗ 

    

5.  

Ṯ ṯ 

  

5:42 1L  

6:07 1L  

6:09 1  

6:10 2  

6:19 3  

6:19  

6:21 1L 1L  

6:21   

  

5:52 1 2  

4 4  

   275kV ⱪכꜟ ⅛╠ ─Ⱪꜝ♇◒☻♃כ♩ ╕≢ 36 ⅛╠ 21 ╕≢ ─  
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◄ ─Ⱪꜝ♇◒☻♃כ♩⅛╠ ╕≢

25 ⅛╠ 25 ╕≢  

─Ⱪꜝ♇◒☻♃כ♩⅛╠ ╕≢ 25 ⅛

╠ 25 ╕≢ ─ ─ ⌐≈™≡⁸ ┘ ─

⅜ ↕╣√⁹ 

 

 ⌐╟╡ ⅜ ╦╣√ ᵘ 

    

1. Ễ  

Ṯ ṯ 

 6:25 Ṍ6:31  

 ṕ Ṗ 

 ẓ 1,2 ṕ1Ṗ 

ṕ Ṗ 

 1,2  

3 50 ṕ5 10

Ṗ  

ṕ5 13 Ṗ  

 ṕ1 6 27 2 6 34 Ṗ  

2.  

 

ṕ187kVẓ275kVṖ  

 

Ṯ ṯ 

 6:30 1  

 6:37 2  

 

 

 1  

 7:00   

 7:02 Ṍ06  ṕ

1 ṕ 2 Ṗ

Ṗ 

 7:13   

 1  

 1 ṕ 2 Ṗ

187kV  
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3. ( Ṗ 

Ễ ṕ Ṗ 

 

Ṯ ṯ 

 7:20 Ṍ7:53  

275kV  

 ể Ễ  

  2 1 ṕ

4 Ṗ  

 7:49  2  

 ṕ5

5 Ṗ  

 7:41  1 ṕ ṕ ṖṖ 

4.    

Ṯ ṯ 

 8:37 1L  

 8:52 1L  

 8:58 1   

ṕ9:57 Ṍ12:51 1 Ṗ 

 9:01 2  

ṕ10:01 Ṍ13:00 2 Ṗ 

 9:05 3  

ṕ10:06 Ṍ12:13 3 Ṗ 

 13:00   

ṕ 3 Ṗ 

 9:20 Ṍ25   

  1  1

ṕ 6 Ṗ  
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   ─Ⱪꜝ♇◒☻♃כ♩⅛╠ ╕≢ ⅛╠ ╕≢ ─  
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○ ⅛╠ ┘ ≤─ ╕

≢ 10 20 ⅛╠ 13 35 ╕≢  

 

⅛╠ ┘ ≤─ ╕≢

10 20 ⅛╠ 13 35 ╕≢ ─ ─ ⌐≈™≡⁸

┘ ─ ⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵙ 

    

5. ṕ Ṗ  

Ṯ ṯ 

 1  

  

 ṕệ ể Ễ Ṗ  

 12:02  ṕ Ṗ  

 13:01  ṕ Ṗ  

  

  10:37   

  10:54  ṕ Ṗ  

          ṕ 4:47 ṕ Ṗ 12:02

Ṗ 

  11:26   

  13:35   3  

  

11:43

 

ṕ Ṗ  
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   ⅛╠ ┘ ≤─

╕≢ 10 20 ⅛╠ 13 35 ╕≢ ─  
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◌ ╢ ≤─ ╕≢ 14 15 ⅛╠ 23 48 ╕≢  

 

╢ ≤─ ╕≢ 14 15 ⅛╠ 23 48 ╕≢ ─

─ ⌐≈™≡⁸ ┘ ─ ⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵚ 

    

5. ṕ Ṗ  

Ṯ ṯ 

 ể

 

 14:15 Ṍ16:01  

 

 (5 ễ Ṍệ )

 

 15:37  ṕ Ṗ  

 16:11  ṕ Ṗ  

 17:32  ṕ Ṗ ṕ Ṗ 

  

15:17   

  

20:10   1  
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 ╢ ≤─ ╕≢ ⅛╠ ╕≢ ─  
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◐ ≤─ ⅛╠ ⌐╟╢ ╕≢ 20

⅛╠ 30 ╕≢  

 

≤─ ⅛╠ ⌐╟╢ ╕≢ 20 ⅛╠

30 ╕≢ ─ ─ ⌐≈™≡⁸ ⁸ ─

⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵛ 

    

6. ṕ Ṗ 

Ṯ ṯ 

   

0:20 2  

0:57 4  

2:04   

3:04 1  

3:46 1  

4:24 1  

 1:59 Ṍ3:26  

 0 Ṍ2 1 2

3 1

 

 ể Ễ ể 9/7 

5:30 7:30 30 kW

 

 ≤─ ⅛╠ ╕≢ ⅛╠ ╕≢ ─   
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◒ ╕≢ 20 ⅛╠ 13 ╕≢  

 

╕≢ 20 ⅛╠ 13 ╕≢ ─

─ ⌐≈™≡⁸ ─ ⅜ ↕╣√⁹ 

 ⌐╟╡ ⅜ ╦╣√ ᵜ 

    

7. ṕ Ṗ 

Ṯ ṯ 

 6:36 1  

   

9:08  Ễ  

11:17  ể  

19:18  Ễ  

 1 1 2 60 kW

 

 9/7 21:00 24:00 60 kW

 

 

9/8 0:13  

 

 ╕≢ ⅛╠ ╕≢ ─  
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0
:0

0
0
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:0

0
1

2
:0
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1

8
:0

0
0

0
:0

0
0

6
:0

0
1

2
:0

0
1

8
:0

0
0

0
:0

0
0

6
:0

0
1

2
:0

0
1

8
:0

0
0

0
:0

0

MW

β

β

β

β

9
/6

9
/7

9
/8

9
/9

Ⱪꜝ♇◒▪►♩⅛╠ ╕≢⌐ ╢

25 ⅛╠ 13 ╕≢  

 Ⱪꜝ♇◒▪►♩⅛╠ ─ ⌐ ╢╕≢─ ⌐⅛⅛╢ ─

25 ⅛╠ 13 ╕≢─ ─  
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Ⱪꜝ♇◒▪►♩⅛╠ ⌐ ╢╕≢ 25 ⅛╠

13 ╕≢ ─ ⌐ ∆╢ ─ⱳ▬fi♩ 

 

Ⱪꜝ♇◒▪►♩⅛╠ ⌐ ╢╕≢ 25 ⅛╠

13 ╕≢ ─ ⌐ ∆╢ ─ⱳ▬fi♩│⁸ ─≤⅔╡⁹ 

 ̧ ≥⅔╡⌐ ╩ ╘√⅛                 

 Ҝ ≤ ⌂╢ ≢ ╩ ∫√ ∕─ │ ⅛⁸ 

╕√ ≢№∫√⅛⁹ 

 ̧ ⌐ ⅜⅛⅛╡∆⅞≡™⌂™⅛⁹ 

Ҝ ─Ⱪꜝ♇◒☻♃כ♩─ ─ │ ⅛⁹ 

 ╕√⁸ ⅜ ↑╣┌ │ ╕∫≡™√⅛⁹  

Ҝ ⅛╠─ │╙∫≤ ↄ≢⅝⌂⅛∫√─⅛⁹ 

                                 

 

 ≥⅔╡⌐ ╩ ╘√⅛ ⱳ▬fi♩ᵑ                       

≥⅔╡⌐ ╩ ╘√⅛⌐≈™≡ ⇔⁸╕√⁸ ≤ ⌂╢ ≢

╩ ∫√ ⁸∕─ │ ⅛⌐≈™≡ ⇔√⁹ 

 

   ─Ⱪꜝ♇◒▪►♩⅛╠─ ₈ ─

≤ ₉  

 

 

ṕ 7 Ṗ 

2  

  

275kV

 

 

 

 

ṕ Ṗ  

 

3,000kW  
ṕ Ṗ 

 

  

ⱳ▬fi♩ᵑ 

ⱳ▬fi♩ᵒ 

ⱳ▬fi♩ᵓ 
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   Ⱪꜝ♇◒☻♃כ♩ ≤ ≢ ⌂╢ ╩ ∫√ ⁸ ≤─ ™ 

       

 

 

 

ể  

 

  

  

ể  

Ễ  

  

 1  

1

 

Ễ

 ( )  

ể  

ể  

ể  

Ễ  

 

 

 
 

 
 

 

ể  

ể  

ể  

ể  

ṕ Ṗ 

ể  

ể  

Ễ  

ể  

ṕ Ṗ 

 

 

ể  

Ễ  

ễ  

ễ  

ṕ Ṗ 

ể  

Ễ  

 

ễ  

 

ễ ễ 3

1

2 3  

1 3

 

 

┘ ╟╡ ⇔√ │⁸ ─≤⅔╡⁹ 

 ̧ │⁸⅔⅔╟∕ ─≤⅔╡⌐ ↕╣≡™╢⁹ 

 ̧ Ⱪꜝ♇◒☻♃כ♩─ ≢№╢ ⅜⁸Ⱪꜝ♇◒▪►♩ ≢│

─ ⌐╟╡∆←⌐│ ≢⅝⌂⅛∫√√╘⁸ ≢№∫√

⅛╠⁸ ⌐ ™Ⱪꜝ♇◒☻♃כ♩╩ ⇔√⁹  

 ̧ ─Ⱪꜝ♇◒☻♃⁸│♩כ ≢ ≤⌂∫√ ⅛╠

╩ ⇔⁸ ─ ─ ╙ ⅛⇔⌂⅜╠⁸╒╓ ≥⅔╡⁸

╩ ⇔√⁹ 

 ̧ ⁸ ≤╙ ─ ≢⁸ ≥⅔╡⌐ ⌐ ╩ ⇔

√⁹ 

 ̧ ─ ⌐№√∫≡│⁸Ⱳ▬ꜝכ─ ⇔≡™⌂™

─ ╩ ⱦfiכ♃⁸⅜√╖ ≢ ⇔√√╘⁸ ─ │ ⇔

√⁹⌂⅔⁸ ⌐≈™≡│⁸ ─ ≤ ⇔≡

╩ ⁹ 
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╕√⁸ ⇔√ ⌐≈™≡ ╩ ⇔√ │⁸ ─≤⅔╡⁹ 

 ̧ 25 ─Ⱪꜝ♇◒▪►♩ ⁸ 27 31 ⌐│⁸ │

╩ ≤⇔≡Ⱪꜝ♇◒☻♃כ♩╩ ∆╢↓≤╩

⌐ ⇔≡⅔╡⁸ ⅜ ─Ⱪꜝ♇◒☻♃כ♩⌐ ≢⅝⌂⅛∫

√↓≤│⁸ ─ ≤│⌂∫≡™⌂™⁹ 

 ̧ ╕√⁸ ─ ≤ ⇔≡⁸ ─

╩ ⇔≡⅔╡⁸ ─ ╩ ╖√↓≤│⁸

─ ≤│⌂∫≡™⌂™⁹ 

 ̧ ≤ ⌂∫≡™╢ ⅜№╢⅜⁸ ─Ⱪꜝ♇◒☻♃כ♩⌐⅔™

≡│⁸ ─Ⱪꜝ♇◒☻♃כ♩ ─ ╩ ∆╢ ⁸∕─

│ ≢№╢⁹ 

 ̧ ≤ ⌐⁸ ─ ⌐╙ ⌐ ╩ ⇔≡⅔╡⁸

─ ─√╘⌐ ⌐ ╩ ∆╢↓≤│⁸ ⌡ ≢№╢⁹ 

 

 ⌐ ⅜⅛⅛╡∆⅞≡™⌂™⅛ ⱳ▬fi♩ᵒ⁸ᵓ  

₈ ⌐ ⅜⅛⅛╡∆⅞≡™⌂™⅛₉≤─ ≢ ╩ ™⁸ ╩ ⇔√≤

╦╣╢ ─ ≈─ ⌐≈™≡⁸ ╩ ⁹ 

▪ Ⱪꜝ♇◒☻♃כ♩ ─  

  ⱳ▬fi♩ᵒ Ⱪꜝ♇◒☻♃כ♩ ─ ⌐≈™≡ 

▬ ⅛╠─ 30 kW ─ ╣ 

  ⱳ▬fi♩ᵓ ⅛╠─ ─♃▬Ⱶfi◓ 

 

▪ ⱳ▬fi♩ᵒ Ⱪꜝ♇◒☻♃כ♩ ─ ⌐≈™≡ 

─ ⅜ ⇔≡™╢⅜⁸∕─ │ ⅛⁸╕√⁸ ⅜ ↑╣┌⁸

│ ╕∫≡™√⅛⌐≈™≡ ⇔√⁹ 

─Ⱪꜝ♇◒☻♃⁸│≢♩כ ≢ ─ ╩ (4:00)⇔√

⁸ ⌐ ╡⁸ ⁸ ─ ╛ ╩ ∆╢√

╘─ ┼─ ⌐ ↑≡ ╩ ╘≡™√⅜⁸ ≢

⌐ ⇔√(6:19) ⁸╦∏⅛ ≢Ⱪꜝ♇◒☻♃כ♩ ⅜ ⇔√

(6:21)⁹∕─ ≢│ ⅜ ⇔⁸Ⱪꜝ♇◒☻♃כ♩ ⅜ ⇔√⁹ 

   

 

 

 

 

 

 

 

6:19 3 ṕ Ṗ  

6:19  

6:21  

 

6:21  

β │⁸◦Ⱶꜙ꜠כ◦ꜛfi ⅜ ⁹ 
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╕√⁸ ⇔√ ⌐≈™≡ ⇔√ │⁸ ─≤⅔╡⁹ 

 ̧ Ⱪꜝ♇◒▪►♩─ ⁸ ─ ╕≢│ 35 ≢ ↕

╣≡⅔╡⁸∕─ ╙⁸ ─ ╛ ╩ ∆╢√╘

─ ┼─ ⌐ ↑√ │⁸ ⅛≈ ⌐ ╘╠╣≡™

√⁹ 

 ̧ 3 ⌐ ─ ⌐ ⅜ ⇔≡™╢⅜⁸

┼ ⇔√ ⌐ ⅜ ╣╢ │⁸Ⱪꜝ♇◒☻♃כ♩ ⌐ ╠∏⁸

╕√⁸≥─ ≢╙⁸ ⁸ ↓╡ ╢↓≤≢№╢⁹ │⁸Ⱪꜝ♇

♩כ♃☻◒ ─ ≢ ╙ ↕⅛∫√↓≤⅛╠⁸↓─ ⅜

┼↕╕↨╕⌂ ╩ ⅎ√╙─≤ ↕╣╢╙──⁸ ⌂

≢№╡⁸ ∆╢↓≤│ ⁹ 

 ̧ ╟∫≡⁸ ≤⇔≡╖╣┌⁸ │ ╘╠╣√ ⌐ ≠⅝ ⌐

╦╣≡™√≤ ≢⅝╢⁹ ⁸ ≢ ⇔√ ─ ╙

⇔√℮ⅎ≢⁸ ╩ ↕∑╢↓≤⅜ ╕╣╢⁹ 

 

 ─Ⱪꜝ♇◒☻♃כ♩⌐ ∆╢  

   

 

▬ ⅛╠─ ─♃▬Ⱶfi◓⌐≈™≡ ⱳ▬fi♩ᵓ  

⅛╠─ │╙∫≤ ↄ ⌂⅛∫√─⅛⌐≈™≡ ⇔√⁹ 

─ ⅜ ∞≤⁸ ⅜ ⇔≡⇔╕℮⅔∕╣⅜№╢√

╘⁸№╢ ╩ ⅝ↄ∆╢ ⅜№╢⁹ ⌐ ∆╢√╘⌐ ⌂

─ ⅝↕╩ ⇔⁸ ⅜ √↕╣√↓≤╩ ⇔√℮ⅎ≢ ╩ ⁹ 

│⁸ ─ ⁸ ─ ≤⁸




















































