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אאאא 

٥ J١W 
אאאאאאאא

אKW 

 J אא(skin effect) 
 J אאFCoronaE 
 J אאFlightning strokesE 

אאאאאאאא
אאKאאאאאא

אאK 
אאאאא

אאאאK 
 

٥ J٢Wאא(skin effect) 
 א א   א א     א א 

 א ،       א  א א   א א א
אאאאאאאK

א א  א
אאאא

אאKאאא
אאאKאאאאא

אאאאאאא
אאFאEאאאאאK 

אאאאאא
אאאאאKא
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אאאאאאאא،
אאאאאW 

 
             (5.1) 

 
W µrWאאאא(H/m) 

ρWאאאא(Ω.m) 

fWאאאאא(Hz) 

rWאאא(m) 
mrWאאאאאא 

 

٥ J٢ J١Wאאא 
 א  א א א

  א א א        א אאא
אאאאאK 

٥ J٢ J٢Wאאא 
אאא Kאא

 א א א،א א       
א א    א א א  א א  א א 

אאאאK 

٥ J٣WאאFcoronaE 
אאאאאאאאאאא

אאאאK
אאאאאאא

אאא،אאאאK
אאאאאאאאElectric Field Intensity

8 π2 
* 10-7 

* f * µr * r 
ρ  mr =      
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(E = V/D kV/cm)אאאאא
אאאאא

אאאK 

אאאאאאא
אאאKאאאא

אאאאא
אאאאKאאאFcoronaE

אאKאא
אאאאאאא

אאאאאKאאא
אW 

 J א 
 JאאFא،אא،א،אKKKKKKKE 
 JאאK 

אאאאאאאא،
אא،אrW 

 
             (5.2) 

 
 

אאאאאאאrאW 
 
 

             (5.3) 
 

W 
Ewאאאאא(V/m) 
Ewאאאאאא(V/m) 

d.r  
1 +  

 
EC = 31 m.d  

0.308 

d.r 
1 +  

 
Ew = 30 m.d  

0.301 
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rאאא(m) 
mאא 
dאאאאאW 

 
             (5.4) 

 
WPאאאאFtorrE 

TאאאK 

אאאW 
١ J אאאK 
٢ J אאאK 
٣ J אאאאאK 
٤ J אאאאאא

א(bundle conductors)K 
٥ J אK 
٦ J אK 
 

٥ J٤WאאFlightning strokesE 
אאאאאא

אKאאאא،אאא
אאא،א١٠אK

אאאאK 
K 

3.92 P  
(273 + T)  

d  =   
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٥ J٤ J١Wאאא 
אאאאאא،

אאאאאאאאאאאא
אאאאאאאאKאא

אאאא20010000אא
א3002000Kאאאאא

אאאא100K
אאא102108،

100Lאא10000LאאאK
אאאא250אאKאא

אאאאאאאא
אאא–אא–אאK

אאאאא300L
אא1LאאאK 

 

٥ J٤ J٢Wאאאאאא 
אאאאאאאאאאאK 

אאאאאאW
אאאאאאא،אW

Kאאאא
אאאWאK 

אאאאאא Kא K 
אאאK 

   א א  א א    ،  
אאאא،אאKאא

א  אא א א אא  א א  א  א א
אאאF٥ J١E 
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אא،אאא
    10  K  א א א א א  

F٥ J٢EKאאאאא،
  km/S3000  F  K Eא אא א

אאאא–אא Jא
אאkm/S30000אKא

אkA400אאאאאK
אאbar100K 

אאµs100  µs 150אF٥ J٣،
E،אאאא،אK 

 

 

 

 
 

 

 
 

F٥ J١Eאא 

+ 300 C 

 اتجاه حرآة الغيمة الرعدية

+    +    +    +    +    +    +    +  

+    +    +    +    +    +    +    +   +   
+    +    +    +    +    +    +    +   +    +    + 

א 

 
    -    -    -    -    -    -    -   
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    -    -    -    -    -    -    -   -    -    -   

          
+    -    -    +    +        -   

    -    -    -    -    -    -    -   -    -    - 

    -    -    +  +   +   +   +   +   + 

    -    -    -    -    -    -    -       -   
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א 

- 100 C 

+ 00 C 
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F٥ J٢EWאא 

 

 

 

 

 

 

 

 

F٥ J٣ JWEא 

 

 

V = 30 000 km/S 

- - - -- - - -
- - - -- - -
- - -- -

- - - -- - - -- -
- -

 

א 

++ 
+ ++ + + +
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- - - -

- - - -- -
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---- ---
- -
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---- ----
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++ + 

+
++

+
+
+

+
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+
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  -  -  - 
-   - -   
-  -  - 
-  -  -   -  -  

- - - -
- -

- - - - - -
- - - ----- ---

---- -   - -   - 





אא  



  برق



 30 
 90 µS 

V = 3000 km/S 


V = 3000 km/S 

 

- - - -- - - -

אא

i (kA) 

t (µS) 

∆i 

∆i  

∆t 

20 kA 

5 µS
= 

20 

40 

60 

= 4 kA / µS 

20 40  60  80 100  
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F٥ J٣ JEWא∆i/∆t 

 
אאא،אאא

אאאאK
אאF٥ J٤(Kאאא

K 

אא 

∆i 

∆t 
(kA/S) 

10 20 30 40 50 

20 

40 

60 

80 

100 

% 

7 (kA/S) =  50 % א 
∆i 

∆t 
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F٥ J٤EWאא 

٥ J٤ J٣Wאא 

אאאאאאאK 

 Jאאאא 

אאאאK٣٠٠א
       א   א K   אא 

א אא K40%  א70%
אאאK 

 Jאאא 
 א    א אא  אא   K    

   א   א א א א אא   אK
    א אא   א  א  א אא א

 - - - - - -  - -  
- - - - - - - - - - 

 

- - - 

- - - 
- - - 

- - - 
- - - 

 - - - - - - - - -  
- - - - - - - - 

 

 + + + + + 
 + + + + + + + 

 + + + 
 + + + 
 + + + 

 + + + 

 

 + + + + + 
 + + + + + + + 

+ + + + + 
  أرض

- - - - - 
  أرض

+ + + + + 

  أرض

- -  - 

  أرض
- -  - - 

- - 
- -  - 

+ + 

+ + 
+ + 

  برق موجب بين 
 الأرض والسحابة

  برق سالب بين 
  الأرض والسحابة

  برق سالب بين 
  السحابة والأرض

  برق موجب بين 
  السحابة والأرض

V V 

V V 
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אאKאאאאK
א،אא

אא،אא،אK 

 JאאW 
  אא  אאFא E

      N/m400000א    
אK 

 JאאW 
אאאאK 

٥ J٤ J٤WאW 
אא kA100א Ω5

אאW 
U = i . R = 100 x 103 x 5 = 500 kV       (5.5) 
א אא אא א  א א אא

אאאאאאא
אאK 

Usאאא،א
אF(∆i/∆tאאאאK 

Us = L ∆i/∆t  Us = M ∆i/∆t        (5.6) 

אאאKאאאאK 

٥ J٤ J٥Wאא 

אאF٥ J٥E،אא
 א א   Fא  א E ، א  א א 

אאאאKא
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 F٥ J٦E، א אא،
א     K א    א   א 

אKאאאאאא∆i/∆tאא
אאאK 

א א  א   אא  א א  א א 
 אא א     אK   אא א 

אא 
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F٥ J٦E WאאאאאK 

٥ J٤ J٦WאאאאW 

אאאאא
אאא Kא א  א א

אאאאאאW 

FE אאאאאא 
FE אאאא 
FE א א  א  אאFexpulsion gaps E א 

אאאאאK 
 

 JאאאאאW 

א  א א  אא      א א
 א א א אא     א   א אK

א א  אא אא א   K  א א א
אאאאאאאאK 

     +  +  +   +  +  +
  +  +   +  +    +  +  +  +
  +  + 
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א 

 ٢سحابة 

 تفريغ برقي

 ١سحابة 
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 אאא Kא
 א  א אא א   

אאKאאאא
אא א אא

אאאאאאאא
אאאאאאFcapacitancesE

FV = Q/CE،אאאאא
אאאאK 

 

 JאאאאאאW 

 א  א אא א א 
אא Kאאא  א  

אאאאאKאאא
אאאאKאאאW 

VT = I0ZT/(1+ZT/ZS)          (5.7) 

 ZTאFsurge impedanceEZS אאK
אאאאא

אK 

אא١٥א א٥}٢ ٣Kא
א א א ٥٠א K  אא 

אאאKאאאאא
אKא אא  א  א  א א (counter 

poise wires)  א   א  0.5 1א  א 
   אאא K  א א  50100 K   

אאאאא
 25 K        א   א   
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א Kא  אא   אא      א אא א 
אאאאK 

 JאאאW 

אא       א אא   א 
א א  אא  א K   א א 

 א  אא  א F٥ J٧E Kא א   
אאאאאאאK 

 

 

 

 

 

 

 

 

F٥ J٧WEא 

١ JאאW 

 אא א     א אspark gapsא   א
אאאא א אא Kא

אאאK
אא  אא א K  א א  א א אא  

אKאאאאאאא
אא   א  K  א     א אא 



א 

 

א
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א א אא אא א K  א  א א  
אאאאאK 

٢ JאW 

אאאא
א  א   א   א    אא  א K

אאאאFnonlinear elementEא
א אא  א  א  א אא  אא אא   K

אאאאאאאאאאאK
א  אא א א א א Kא 

אאאאאאאא
 א אא   אא   א  Kא    

 אFflashover voltageEא    א א א א 
אאאאאאאK 

 

٣ JאאW 
א   א א      אא 

אאאאאאאאאא
א א K        א   אא 

אאאאkA10kA20א
אµS)20.8 (אאkA100 kA 250אא
µS)1.5( 
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  א א א  אא      אא  
א   K         אא  

א Fsilicon carbide E א  א    
אאKאאאאKאא

אאW 
I = kVa            (5.8) 

I אVאאאאkaא
אKאאאאFאאאאאKE 

א א אאאאאאאאאא
 א100  300 אא א א5000א א   K

אאאאאאאאאאאאאאא
אאאא אאאא

א א  אא אא   אא  א א אא   א
  א אא   K א א 

אאאאאאאאאKאאא
אאאאא א אא  K

 א א  א א א  Kא  א א 
אאאאאאאא

אאאאK 

א     א אא א א   א  א  
 אא א   א א א  אא  אאא K

אאאאאאאאFא
אאEאK 
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٥ J٤ J٧Wאאאאא 

   א א  א א א א א   
אאא אאאאא

אאא K אאאאא א
אKאאאא

אאאאאאFcurrent 
choppingE    א אא א   אא אא 

אKאאFbasic insulation 
levelEא 30%א אאא א

אאאאK 

א א אא  א  א    א 
אFline shieldingEאKאאאאא

אאאאאאאK
אאאאאאא

א א  Kא א  א  א א אא 
KKKKאאאאKאאאא

אאK 
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א132א kVאK 

 JאאW  132 kV 

 JW  145 kV 

 JW  145x (√2√3)=119 kVpeak 

 JאאאW 3x119 = 357 kVpeak  

FEאאW 

 JאאW   123 kV 

 JאW  510  kVpeak 

 Jא10 kA8/20 µS W 443 kV peak 

FEאW 

 JאאאאW550 kV peak 

 JאאאאW 550 kV rms 

 JאאאאWx100 = 24%z(550 - 443)/443x 

FEאאswitchgear 

 JאאאW  650 kV peak 

 JאאאאאW  650 kV peak 

אאאאאאאא،אא
אאא440א kVF59 E25%

אא2K 
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F١E אאאאK 
F٢E אאאאאאאK 
F٣E אאאאאאאאK 
F٤E אאאא 
F٥E אאאK 
F٦E אאW 
FE אאאאאא 
FE אאאאאK 

 
 
 
 
 
 


