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א א
 ٦ אאالوحدة الأولى:

١ J١ אאא ٨  

١ J١ J١ אאא ٩ 

١ J١ J٢ אא ١٧ 

١ J١ J٣ אא ٣٠ 

١ J١ J٤ אא ٤٠ 

١ J٢ אא ٤٢ 

١ J٢ J١ אאאא ٤٣ 

١ J٢ J٢ אאאאאא ٤٧ 

١ J٢ J٣ אאא ٤٩ 

١ J٢ J٤ אאא ٦٤ 

١ J٢ J٤ J١ אאאא ٦٥ 

١ J٢ J٤ J٢ א ٦٥ 

١ J٢ J٤ J٣ אא ٦٨ 

١ J٢ J٤ J٤ אא ٦٩ 

  ٧٦ 

Wאאאאאאא ٨٢ 

٢ J١  ٨٤ 

٢ J٢ אאא ٨٤ 

٢ J٢ J١ אאאאאאאאא ٨٤  
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א א
٢ J٢ J٢ א ٨٥  

٢ J٣ אאא ٨٨  

٢ J٤ אאאאאאא ٨٩  

٢ J٤ J١ אאאאא ٩٠  

٢ J٤ J٢ אאאאא ٩١  

٢ J٤ J٣ אאאאאאא ٩٦  

  ٩٧  

Wאאאא ٩٨  

٣ J١  ١٠٠  

٣ J٢ א ١٠٢  

٣ J٣ אא ١٠٣  

٣ J٤ א ١١٠  

٣ J٤ J١ א ١١١  

٣ J٤ J٢ א ١١٣  

٣ J٤ J٣ אאאא ١١٥  

٣ J٤ J٤ א ١١٥  

٣ J٥ אאא ١١٧  

٣ J٦ אאאאאא ١٢٠  

٣ J٦ J١ אאאא ١٢٠  

٣ J٦ J٢ אאא ١٢٣  

٣ J٦ J٣ אא ١٢٩  

٣ J٧ א ١٣٣  
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٣ J٨ אא ١٣٤  

٣ J٩ אאא ١٣٨  

٣ J١٠ אא ١٤٠  

٣ J١٠ J١ אאא ١٤١  

٣ J١٠ J٢ אא ١٤٢  

  ١٤٣  

Wאאאאאאא ١٤٦  

٤ J١  ١٤٦  

٤ J٢ אא ١٤٦  

٤ J٢ J١ אאא ١٤٧  

٤ J٢ J٢ אאא ١٤٧  

٤ J٣ אא ١٤٨  

٤ J٤ אא ١٥٠  

٤ J٤ J١ אאא ١٥٠  

٤ J٤ J٢ אאאאא١٥١ א  

٤ J٤ J٣ אא ١٥٤  

٤ J٤ J٤ א ١٥٥  

٤ J٤ J٥ א١٥٥ א  

٤ J٤ J٦ אאאא ١٥٧  

٤ J٤ J٧ אאאאא ١٦٢  

  ١٦٤  

 א١٦٥ א  
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אאא
EFאKאאאא

אאאאאאא
Kאא،א 

אאאאאאאא
،א،،
،אאאא

אאאא Sag Calculation K 

١ J١ J١אWWאא 
א אא  א א  א א  א 

 א א    אא א  א   
(R)Resistance  אא א ،(G)  א א ،(XL)

Inductive Reactance אא،(C)CapacitanceK 

אא
RאאLאCאGF١ J٢E

אאאGKא 

 

F١ J٢E–Kא  
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K  אא(R)WLine Resistive 

אאא(Ω)א
אאאאאאא 

،אאא
Wאאאאא 

R=  
ρ

A
            																																																																																													(1.1) 

W RאאאΩ/m  

  ρאאאאΩ.m  

 Aאאאm2

אאאאACSRא
אאא،אא
אאאאא

Kא 

אאאאאא
אא،אאאאא
א،אאאאא

K 

אאאאאRאאאGא
אאאאאא

Kאאא 

K  אאא(G)W 

אאEאFאאא
،אאאאא 
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אאאאאאא
Kאאא 

K  אא(XL)W Inductive Reactance 

אאאאאאא
،אאאא

אאאאאאXL= ω.L
אאFא،א١ J١אאאE

Kא 

F א  ١ J٣ א אא   א  E
60א HzK 


F١ J٣אאאאE 
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F١ J١Eאא60 Hz

 
אkV 

Line Voltage kV 

 ١٣٨ ٣٤٥ ٧٦٥ 

א ١ ٢ ٤ 

אא\ ٥٤\٧٤٥\٧٥٤\١٩ 

א)(in 0.977 1.165 1.424 

אא(ft) 0.0329 0.0386 ٠٤٧٩}٠ 

אא(A) ٧٧٠ ١٠١٠ ١٢٥٠ 

אאא(ft) ٠٥}٢٢٧٦}٣٢٧}٥٦ 

א (H/m × 10-7) 13.02 9.83 8.81 

אא(X
L
 Ω/mil) 0.789 ٥٩٦}٠0.535 

א(F/m × 10-12) 8.84 11.59 12.78 

אא(X
C
 MΩ/mil) 0.186 0.142 0.129 

אא(R Ω/mil) 0.1688 0.0564 ٠٢٠١}٠ 

אא(MVA) 50 415 2268 

 
אEאאאFא

،אאאא
Wאאאאא 

L=
μ°

2π
 (

1

4
+ Ln

D

r
)     																																																																						(1.2) 

  
  
  







 
 

F١ J4،E


 

  



א


L=
μ

2

L=
4

X
L
 =

אא




Kא

D= D1 
3 

K


60 HzK

μ°
2π

(
1

4
+Ln

4π 10-7

2 π 4

= ω . L = 3



H/m 

	μ°= 4 π



K 




.D2 .D3   

א




D

r
) 

1

4
+ Ln

500

1.5

377  12.1

אm

x 10-7  H/

FmEK

FאmKE




              



אא
1.5 c

0

5
= 12.12

12  10-7
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2	 10-7    H
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אאאאאאא
R = 0.074  Ω/kmאאא

אאRXL
Kאאאאאאא 

 

K  אא(C)WCapacitance 

אאאא
אא،אאאאאאאא
אא،אאאא

אאאאאKא
א،אאא
אאאאא

א100 kmאא300א kVאK
F١ J١KאאאאE 

אEאאאFא
 

אאאא
אאWאא 

Cn= 2C = 
2 π	ε°

Ln
D
r

   																																																																										(1.4) 

 
W C אאאאאF/m 

 oε Kאאא	ε°= 8.854 x 10-12  F/m 

 D FאאאmKE 

 r FאאmKE 

 










 
 

F١ J5E


  

K 

א

Capacitiv

א 

אא


אא

D= D1 
3

א

אא 

Xc=
1

ω cn

אve 

  

Y = j
1

Xc






.D2 .D3  

  


Capac 

n
=

1

2 π f cn

א
אא

= j ωCn= 


א



citive Rea

n
        Ω/m
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١ J٢W 

אאאא200א km
א5 mא،3 cm،60 HzK 

Wא 

Wאאא 

Cn=2C=
2πε0

Ln
D
r

2π × 8.854	 	10

Ln
500
1.5

	9.577 x	10 				F/m 

Wאאאא 

Wאא  

Cn = 9.577x 10  x 200 x 103 = 1.915 x 10         F. 

Xc=
1

ω cn
=

1

 (377) (1.915 X 10-6 ) 
=1385 Ω 

Wאא  

Y = j ωCn = j 377 x 1.915 x 10-6  = 722 x 10-6 ∟90°siemens 
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F١-7E–אאאאא  

 
W 

Vs אא Sending end voltage per phase    
Ss אאא Apparent power at sending end    
Ps אאא Active power at sending end 
Qs אאא Reactive power at sending end     

cosφs   אא Power factor at sending end 
VR אא Receiving end voltage per phase  
SR אאא Apparent power at receiving end  
PR אאא Active power at receiving end
QR אאא Reactive power at receiving end

cosφR אא Power factor at receiving end
IL א Line current
R  א Line resistance per phase 
XL אא Line reactance per phase
ΔV אאLine voltage drop per phase
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Fאאאא١ J٧WאאE 

Wאא 

V
S
=V

R
+ ΔV																																																																																																(1.7) 

Wאא 

ΔV = Z
L
I

L
 = I

L
 . R + j I

L
 . X

L
                                     							         (1.8) 

W 
ZL = R + j XLאLine Impedance 

IL . R אאאאא
אResistive Drop in Phase with IL 

IL . XL אאאאא
אאReactive Drop in Quadrature with IL 

 
(1.7)אאאאא

F١א J8KE 

RV

SV

LI
RIL

LLXI

Sθ

Rφ
Sφ

  
F١ J٨E JאPhasor Diagram אאאא 
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אאאאאOMAWא 

OM2=OA2+AM2=   (OK + KA)2 + (AC + CM)2 

OM= (OK+KA)2+ (AC+CM)2 

Vs= (VR cosφR +IL.R)2+ (VR sinφR +IL.XL)2                                 (1.9) 
 

 Wאאאאא
אאθsOM،OF،

אאOM = OFWא 
OM = OD + DF = OB + BD + DF 

V
S
 = V

R
 + BD + DF = VR + I

L
 R cosφ

R
 + I

L
X

L
 sin φ

R
                        (1.10) 

Wאאא 

ΔV = V
S
  – V

R
 = I

L
 R cosφ

R
 + I

L
X

L
 sin φ

R
																																												(1.11) 

 

 אאאאא
אאאComplex Numbersא،

אVRReference Vectorאאא
Fאא١ J٨אE

W 

V
R
 = |V

R
| + j 0 = |V

R
| ∟0°									                                                    (1.12) 

Z
L
 = R + j X

L
 = |Z

L
| ∟θ° 

I
L
 = |I

L
| (cosφ

R
 – j sin φ

R
) = |I

L
| ∟-φ

R

°                                            (1.13)

         



אא 
 

אאאא 
 

 
21 

 

אאLaggingא،א
Wאא،אא 

ΔV = Z
L
 . I

L
 ∟(θ – φ

R
)°                                                                        (1.14)  

  

Wאא 
W      V

S
 =V

R
 + ΔV 

VS = VR + ZL . IL∟(θ – φR)° 

VS = VR + |IL| (cosφR – j sin φR) (R + j XL) 

VS = VR + (R ILcosφR +XL IL sin φR) + j (XL ILcosφR - R IL sin φR)    (1.15)

      

 Vs= VR+R IL cosφR +XLIL sinφR

2
+ XLIL cosφR -R IL sinφR

2
 

Vs= VR
2 +ZL

2 IL
2 + 2  VR ( R IL cosφR +XLIL sinφR )                             (1.16)

             

  א  Leadingא א  ، א  
W 

IL = |IL| (cosφR + j sin φR) = |IL| ∟φR°                                            (1.17)  

אWא 
   VS = VR + ZL. IL∟(θ +φR)° 

VS = VR + |IL| (cosφR + j sin φR) (R + j XL) 

VS = VR + (R ILcosφR - XL IL sin φR) + j (XL ILcosφR + R IL sin φR)     (1.18) 

     V
S
= (	V

R
	 		R I

L
	cosφ

R
-	X

L
 I

L
 sinφ

R
)
2
+	(	X

L
 I

L
 cosφ

R
+ R	I

L
sinφ

R
)2 
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אWאא 

φS = φR + θS                                                                        (1.19) 

אאLine Voltage RegulationאאW
Wאאא 

VReg% = 
VRNL - VRL

VRL

 × 100= 
VS -VR

VR
                                     (1.20) 

 EאF א א א א א א 
WאאEאאFאאאא 

 אWא 

SS = 3 VS IL
*  = √3 VSL

 IL = PS +j QS                                                   (1.21)  

PS = 3 VS ILcos φS  = √3 VSL
 IL cos φS                                               (1.22)  

QS = 3 VS ILsin φS = √3 VSL
 ILsin φS                                                 (1.23)  

 Wאא 

SR = 3 VR IL
*  = √3 VRL

 IL = PR +j QR                                           (1.24)  

PR = 3 VR ILcos φR = √3 VRL
 ILcos φR                                         (1.25)  

QR = 3 VR ILsin φR = √3 VRL
 ILsin φR                                          (1.26)  

אRאאXLאא
א،אאאאאאא

א PLossאאאQLossאא
Wאא، 

(1.27) PLoss = 3 R IL
2  = PS - PR   

QLoss = 3 XL IL
2= QS - QR                                                             (1.28) 
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F١ J٩WE

٩E–אא

 





،
א
א
א


א

א

															

אא
etwork

א
א
א



F١ J٩

א

א
א



א
א



אא
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VS =  A VR  +  B IR                                                                     (1.30) 

(1.31)IS  =  C VR  +  DIL 
،אאאאאאא

،אאאאאאא
Wאאאאא 

VS =  VR  +  ZL IR                                                                       (1.32) 

IS  = IR                                                                                      (1.33) 
A  =  D  = 1                                                                               (1.34) 

B  =  ZL                                                                                                    (1.35) 

C  =   0                                                                                      (1.36)  
 A = D,  AD – BC = 1 ×1-ZL ×	0	=	1 

 

∴ AD – BC =1                                                                           (1.37)  
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١ J٣W 

 ، א15 km 5 MW 11 kV
50 Hz،٨}٠אא12%Kאא

1.1א mH/km/phaseK؟אאK 
Wא

PR=5MW  ; VR=11KV  ;  f =50Hz ;  cosφR =0.8 lag  ;  PLoss=12% PR ; 

XL=(1.1	mH/km)/phase 
 

VS=?? kV   ;  VReg % =?? 
 

VS=IL×R +j IL× XL+  VR 
 

VS=IL×	R +	j IL× XL+  
11×103

√3
 

 

IL=
P

√3 V cosφR

=
5×106

√3 ×11×103×0.8
= 328 A ; cos-1 0.8 =36.8→ -36.8° 

  

R=
PLoss

IL
2 =

12% (PR)

3 × IL
2 =

0.12 5×106

3 × 3282 =1.859 /phase 

  
XL=	2π	f	L=	2	×	π	× 50	×1.1×10-3×15	=	5.184 /phase 

 

∴VS =	IL R +	jXL)	+	
11×103

√3
 

=	328 -36.87° 1.859+j5.184)	+
11×103

√3
=	7921 V 7.21° 

 
∴VSL

=√3	×	VS =	7995	×	√3 =13720 7.21° V  
 

∴VReg %	=
(VS -VR)

VR 
=

(13720-11000)

11000
=	24.73% 
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١ J٤W 

،א50 Hz،5 Ω،
30	mHאאא،1000 kW،0.8،

 11 kVאWא،א 
 JKאאא 
JKא      
 JKא 
 JKאא 

Wא 
f	= 50 Hz, R =5 Ω, L = 30mH, PR =1000 kW, cosφR= 0.8 lag, VRL

=11 kV 

VS=	??,  cosφS=	??,   η %	= ?? ,  VReg% = ?? 

אWא 
 
 J  Wאא 

VS = VR + ΔV  =VR +IL.ZL 
 

= 
V

RL

√3
 +

PR

3 VR cosφR

 ( R + j XL)  

 

= 
11 × 103

√3
 +

1000 × 103

3 
  11 × 103

√3
( 0.8 )

∟- cos-1 (0.80)  ( 5 + j 2 π f L) 

 

= 
11 × 103

√3
+

1000 × 103

3 	6350	 ( 0.8 )
∟- cos-1 (0.80) (5 + j2 π (50)(30× 10‐3) 

 

= 
11 × 103

√3
+65.6 ∟-36.87° ( 5 + j 9.4) = 6988∟2.4°    V 

V
SL

= √3VS  =√3 × 6988  =  12100  V.  =  12.1   kV.	
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Wאא 

φS = φR + θS  =  36.87 + 2.4  =  39.3°        lag  

cosφS  =  0.774     lag 

Wאאאא 

PLoss =  3 R IL
2   = 3 × 5 × (65.6)2  = 64.55   kW	

Wאאא 
PS = PR + PLoss = 1000 + 64.55 = 1064.55    kW 

 J  Wא 

η % = 
PR

PS
 × 100 = 

1000

1064.55
 × 100 = 93 .٩٤ % 

 J  Wאא 
  

VReg % = 
VRN.L - VRL 

VRL 
 × 100 = 

VS - VR

VR
× 100= 

12.1 - 11

11
× 100 = 10 % 

  
  

V6350=RV

V6988=VS

A6.65=IL V632=RIL

V296=XI LL

ο
S 4.2=θ

ο
R 9.36=φ

  

W 

VR = 
VRL

√3
 = 

11 × 103

√3
 = 6350 V  

Wא 

IL = 
PR

3 VR cos φR

 = 
1000 × 103

3 × 6350 × 0.8
 = 65.6 A 

φR  =  cos-1 (0.8)  = 36.87°       lag 
IL = |IL| ∟φR°  =  65.6 ∟-36.87°     A. 
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Wא 

ZL = R + j XL = 5 + j 2 π × 50 × 30 × 10-3  =  5 + j 9.4  = 10.65∟62°    Ω. 
 

Wאא 
 

ΔV = ZL . IL  = (65.6 ∟-36.87°) (10.65∟62°)  =  698.64∟25.13°    V. 

 J  Wאא 

 J   
VS = VR + ΔV  =  6350 + (698.64∟25.13°)  =  6988∟2.4° V 

    V
SL

 =  √3V
S
  = √3× 6988  =  12100  V.  =  12.1   kV.  

Wאא 
 

φS = φR + θS  =  36.87 + 2.4  =  39.3°        lag 

  

 

cosφS  =  0.774     lag 

 J  Wאאאא 

 J   
PLoss =  3 R IL

2  = 3  5  (65.6)2  = 64.55   kW 

Wאאא 
 

PS = PR + PLoss = 1000 + 64.55 = 1064.55    kW 

Wא 

η % = 
PR

PS

 × 100 = 
1000

1064.55
 × 100 = 93 .٩٤ %  

 J  Wאא 

 

VReg % = 
VRN.L - VRL 

VRL 
 × 100 = 

VS - VR

VR
× 100= 

12.1 - 11

11
× 100 = 10 %  
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٥-١W 
WאאאאאA	=	D=1∟0°B	=	11.18∟63.43° Ω	א

7.5 MVA0.85 lagא
א33א kVאאא אא،

؟א 

Wא 
A =	D =	1∟0°, B =11.18∟63.43° Ω, SR=	7.5 MW, cosφR =	0.85 lag, 

VR= 
33 kV

√3 
 

 PS	=	???,  QS= ??? 

PS= 3 VSIS cosφS , VS	= ??, IS	=	??? , cosφS = ?? 

QS= 3 VSIS sinφS,  VS= ??, IS=	??? , sinφS = ?? 

V
S
 =  A V

R
  +  B I

R
=1∟0° ×

33 × 103

√3
+11.18∟63.43° × 

SR

√3V
RL

 

 = 19053.6∟0° + 11.18∟63.43° 7.5 × 106

√3 × 33 × 103  ∟- cos-1 (0.85) 

 = 19053.6∟0° + 11.18∟63.43° × 131.216 ∟-31.85° 

 =  20.318∟2.17°kV 

∴V
SL

= √3V
S
=	√3 × 20.318 = 35.192 kV 

I
S
  =  C V

R
  +  D I

R
 

     =0 V
R
+ 1∟0° × 131.216 ∟-31.85°=131.216 ∟-31.85° A 

cosφS = cos 31.85 + 2.17 =	0.8288 

sinφS = sin 31.85 + 2.17 =	0.5595 

AD – BC = 1 ⇒∴ C = 
AD-1

B
= 

1-1

B
=0 

∴PS= 3 VSIS cosφS = 3 ×20318×131.216  × 0.8288=6.629 MW 

∴QS= 3 VSIS sinφS = 3 ×20318×131.216  × 0.5595 = 4.4749 MVR 
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١ J١ J٣WאאW  Medium Transmission Lines  
אאא80 → 250 km

אאCאאY،
אאאRאאXL

אFTEאFאאR
אאXLאאאאאE

אאFΠE،
Wאא 

 
  الدائرة المكافئة لخط النقل المتوسط على طريقةT : 

Nominal T Model Of A Medium Line)(  

 אאאאא
אאאאאאT،א

אאאאאאאא
אאא،

F١ J١٠EW 

  

F١ J١٠E–אאאאאTK
 
 
 
 








 
 

א

 

א

א
IR

 



אא

אא

אא

אא
א

Is = IR + 

IC = Y V

W 

∆V
R
 = 

Z

2

V1= VR 
   



א



E


IC           

V1 = j ω C 



Z
L

2
 .I

L
 = 

R

R + ∆VR =

 

א

Phasor Dא
TK 

F١ J١٠E


             

V1          

א

R + j X
L

2
.I

L

= VR + 
ZL

2
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١١KE 

Diagram





א

             

              

אא
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IR          

 


F١J

א
א
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א


א
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א
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אאא
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Wאאאאא  

∆V1= 
ZL

2
 IS =  

R + j X
L

2
.I

S
                              									             (1.42) 

א(1.41)א(1.39) , (1.38)W 
IS= Y VR +  ( 1 +

Y Z
L

2
)I

R
                                               													   (1.43) 

            
אאאאאא

Wאא 
VS = VR + ΔVR + ΔV1 = ( 1 +

Y Z
L

2
) V

R
+ Z

L
 ( 1 +

Y Z
L

4
) I

R
        (1.44) 

            

 אאאTW 

Nominal T Model Of A Medium Line As A Tow-Port Network 

 
אא(1.44)אא

(1.43)אא(1.31) , (1.30)אא
Wא 

VS =  A VR  +  B IR 
IS  =  C VR  +  D IR 

VS = ( 1 +
Y Z

L

2
) V

R
+ Z

L
 ( 1 +

Y Z
L

4
) I

R
                            

IS= Y VR +  ( 1 +
Y Z

L

2
)	I

R
                                     

A  =  D  =   ( 1 +
Y Z

L

2
)             											                               										  (1.45) 

B  =  Z
L
 ( 1 +

Y Z
L

4
) I

R
            											              																								 (1.46) 

C  =   Y                                                                              (1.47) 

AD – BC =  1+
Y ZL

2

2

- ZLY  1+
Y ZL

4
=	1																										(1.48) 
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توسط على
ine)

אא
א
א
א
א






F١ J٣

Diagram



 

ط النقل المت


א
א
א
א



א


א

א
א

א

لمكافئة لخط


א
א

،א




Eאאא

א
π
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א
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א
א
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Fאאאא١ J12אאE
F١ J13אאEIRא

אIC1W 

IL = IR + IC1                                                                         (1.49) 
Wאאאא 

IC1
=

Y

2
VR=j 

ω C

2
VR                                                     (1.50) 

אאWא 

IC2
=

Y

2
VS=j 

ω C

2
VS                                                      (1.51) 

           

Wאאא  

ΔV = ZL . IL = (R + j XL) . IL                                                 (1.52)  

Wאא  

 

VS = VR + ΔV = VR + ZL . IL = VR + ZL ( IR + IC1)                    (1.53) 

א(1.50)א(1.53)W  

VS = VR + ΔVR + ΔV1 = ( 1 +
Y Z

L

2
)  VR + ZL IR                     (1.54) 

אWא 

	IS = IL + IC2 = IR + IC1 + IC2 = IR + 
Y

2
VR+ 

Y

2
V

S
   											( 1.55)  

א(1.54)א(1.55)W 

IS= Y ( 1 +
Y Z

L

٤
) VR +  ( 1 +

Y Z
L

2
)I

R
                                    (1.56) 
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 אאאΠW 
Nominal Π Model Of A Medium Line As A Tow-Port Network 

 
אא(1.54)אא

(1.56)אא(1.31) , (1.30)אא
Wא 

VS =  A VR  +  B I 
        IS  =  C VR  +  D IR 

VS= ( 1 +
Y Z

L

2
) VR +   ZL IR   

IS= Y ( 1 +
Y Z

L

٤
) VR +  ( 1 +

Y Z
L

2
)I

R
   

A  =  D  =	 ( 1 +
Y Z

L

2
)																																																																	(1.57) 

                                                                                                  
B = ZL																																																																																									 (1.58)  

C = Y  1+
Y ZL

4
              								                 																											 (1.59) 

AD – BC =  1+
Y ZL

2

2

- ZLY  1+
Y ZL

4
=1                        (1.60) 
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١ J٦W 
 אא אאאא  80 km  ،60 Hz،

א   0.15 + j 0.78 Ω/km א אadmittance 

  Y = j 5 ×  10-6 siemens	/km 
 

Wא 

ZL= 0.15 + j 0.78 
Ω

km
 × 80 × 103km = 12	+	j62.4 Ω 

Y= j5 ×10-6 siemens

km
 × 80 × 103km= j 4×10-4 siemens 

  

 in nominal T model:  

A=D=1+ 
1

2
 YZL= 1+ 

1

2
 j 4 × 10-4  12+j62.4 =0.9875+j 0.0024  

B=	Z × 1+
1

4
 Y  = ( 12+j62.4 ) 1+

1

4
( j 4 × 10-4 )  12+j62.4  

= ( 12+j62.4 ) (0.9937 + j 0.0012)=11.85+j 11.91 Ω 

C	= Y = j 4 × 10-4	siemens 

WאאπFnominal π modelKE 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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١ J٧W 

،א150 km،60 Hzא،200∟80° Ω ،
אאadmittance Y= 0.0013∟90°siemensאא،

א80 MW٨}٠א،220 kVWא، 
JKאאאא 

JKאאא 
 JKא 

 
Wא 

ZL= 200∟80° Ω, Y= j13 ×10-4siemens, PR=80 MW, cosφR =0.8,  

VR= 
220 kV

√3 
 

in nominal T model:  

 J    

A	=	D	=1+ 
1

2
 Y = 1+ 

1

2
 j 13 × 10-4  200∟80° =	1 + 0.13∟170° 

                            =	0.872+j 0.02257=0.872∟1.5° 

B	=	Z × 1+
1

4
 Y  = ( 200∟80°) 1+

1

4
( j 13 × 10-4 )  200∟80°  

= ( 200∟80°) (1 + 0.065∟170°)	=	 200∟80°( 0.936 + j0.0113 ) 

= 200∟80°× 0.936∟0.69°=187.2∟80.69°  Ω 

C = Y = j 13 × 10-4siemens 

 J   

V
S
 =  A V

R
  +  B I

R
 

= 0.872∟1.5° 220 × 103∟0°

√3 
+ 	187.2∟80.69° PR

√3 V
RL

cosφR

∟- cos-1 φR 	

  = (0.872∟1.5°)( 127000) + (187.2∟80.69°) 
 80 × 106

√3  ×220 × 103× 0.8
 ∟- cos-1 (0.8)  

  

  



אא 
 

אאאא 
 

 
38 

  

 

= 110744∟1.5° + (187.2∟80.69°) ( 262.43 ∟-36.87° )	

=	110700 + j2900 + 35446 + j 34015=146146 + j 36915 =15.074∟14.8° kV	

∴V
SL

= √3 V
S
= √3 15.074 =261 kV 

I
S
  =  C V

R
  +  D I

R
 

=  ( j 13 × 10-4) 
220 × 103∟0°

√3
 + (0.872∟1.5°)( 262.43 ∟-36.87°) 

=	j165.1+	228.84∟-35.37°=  0+	j 165.1 + ( 186.6	-	j 132.46  

=189.43 ∟9.92° A 

cosφS= cos (14.8-9.92 ) =0.9964 lag 

   -ج

PS = √3V
SL

I
S
cosφS = √3 × 261 × 103× 189.43 × 0.9964 = 85.33 MW  

%η∴ 	=
PR

PS
× 100= 

80

85.4
 = 93.68 % 

WאאπFnominal π modelKE 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 
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 Wאאא 
אאאאאאא

XC،אאא
אאאאא

אאFerranti Effectאא
Fאא١א J١٤F،E١ J١٥WE 

  
F١٤-١E–Π  

 

F١ J١٥E–אPhasor Diagram
ΠK 

 
Wאאאא 

VS = ( VR - XL IC1 )
2
 + ( R IC1)2                                         (1.61) 
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،

א
א
א


א
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אאא
F١ J17WE

E–אא

א
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א
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א
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א
F
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א
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אאאאא
Wא 

VS =  A VR  +  B IR                                                              (1.62) 
IS  =  C VR  +  D IR                                                              (1.63) 

אאאאאאא
Fא١ J18KE 

 
F١ J18E JKאאאאא 

 
،אאאאאאא

Wאאאאא 

A = D = 1 +
Y ZL

2
 + 

Y2 ZL
2

6
                                          (1.64) 

    

B = ZL( 1 + 
Y ZL

2
 + 

Y2 ZL
2

24
 )                                         (1.65) 

  

C = Y	 	1	 	
Y ZL

4
 + 

Y2 ZL
2

24
	                                         (1.66) 

  

  

  



אא 
 

אאאא 
 

 
42 

١ J٢WאאW 
אאאאאא

אאאאאאא،
אאאא

אאא،
אאאאאא،אאא

אאאאא
אאא،א

אאאאא،א
אאאאאאא

K 
אאאאW 

 אא 

 אאא
א 

 אאאאאא
אא 

 אאאאא
אאא 

אאאאא
אאאאאאא

אKאאא 

א"Sag"אאאאא
אאאא

אא Sag Value אאClearanceאאא 

 

 



אא 
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אאא
אאאאאSag 

CalculationK،א
אאאאא א

אConductor TensionK 

١ J٢ J١WאאאאW 
אאאאאאא

אאאא
א

א250אאא
א?Span? 

אאאא
אאאא،א

א،אאא
אאאאאא

Wאאאאא،א 

 אאאאא 

 א"Tension"א 

 אאאאא 

 ؟אאא 

 אאא 

 אאא 

 אאאאא 

 אאא
אאאאאאאאא

Kא 

 



אא 
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،אאאאאאא
אאא
אEאאאאאFא

FאאאאאאE
אאא،אא

Wא 
 

 J  א Conductivity :  

אאאא
Kאאאאא

FאאPLossWאE 
 

  PLoss = 3 I2 R                     	    							                                   (1.67)  
      	

	R = 

σ A

     											       						     			                                         (1.67)  

   
WRאאא)Ω( 

  אא)m( 
 Aאא)m2( 
 σ KאאאΩ.m)( 

 
אא(1.68)אאא

אאאאאא،אאא
Kאאא 
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 J  אא Mechanical Strength:  

א،אאא
אאאאאא

Kאא 
 

 J  א Modulus of Elasticity:  

א)Young’s Coefficient (א
אאאאאFKאאאאא

،Eאאא
אאא،אאא

Kאאאאא 
 

 J  אאא Heat expansion coefficient:  

אאאאאאא
אאאאא

4050א،א
אאאאא

אאאאאא
אאאא،א

Kא 
 
 JאCost:  

אאאאאא
،אאאאאא

Kא 
 
 
 



אא 
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אאאא
אאאאאא

Kא 
א،אאאא

א،א
אאאאאא
אא،אאא

אאאא
אא،אאאאא
،אאאאא

אאאFאאא
אאEא
אאאאא
אאאאאא

אKא 
אאאאאאא

אאא
60%א،אאא

Fאאא١ J٢E،אאא
אא

Kאאאאא 
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F١ J٢אאאE 
א Copper ) ( אAluminum) ( 

א)Density  (28890   kg / m2 2073א  kg / m2 

א10-8 × 1.724א Ω.m
106× 58אsiemens	
א100 % אא
א

אא 

 א 10-8 2.862א Ω.m 
א)٣٤٫٩٤ ×106	siemens(א

60.24%FאE 

א33   kg / mm2 א16- 20   kg / mm2 
 =2E= 12000   kg / mm2 =5400- 6760   kg / mm2 

א
א(10-6 × 17 per 1 core) 

א
10-8 × 23א (per 1core ) 

אא  
 

 
١ J٢ J٢WאאאאאאW 

 אאאאא
אאא
אאאא

אאאFא١ J١٩،E
אאאאאא
אאאאאא

Kאאאאא 
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 J  א :All Aluminum Conductor AAC  

 אא
א
אאאאא
א

K 
F١ J١٩אאE 

  

 J  אא  :Aluminum Conductor Steel Reinforced ACSR  

      א א 
  א א א   
    ،א   

F١ J٢٠  א    ، E
א א    א  א

 א  26/7    א 26
   7א    א  

Kאאא
אאא 

  
  

F١ J٢٠E
אא  

אאא
אאאאא

אאא
Kאאאאא  

 J  אAll Aluminum Alloy Conductor  AAAC :  

א א  א      א א
אא،אAAC , ACSR

אאאאEאLFא 
 



אא 
 

אאאא 
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אאאאאאאא
אאאאKא

א،ACSR
 א א  א א אא      

Kאא 
 

 J  Wאאא  

 Aluminum Conductor Alloy Reinforced ACAR 

ACSRאאא
אאא
א

Kאא 

  

 Jאאא  
 Aluminum Alloy Conductor Steel Reinforced AACSR 

   ACSR      
 א    א 

אא،א
אאאא
    א   

Kא  

١ J٢ J٣WWאאא Power Poles and Towers 

 אא     א   א  א 
אאאאאא
     אא  א    א א 

Kאאא 

 

 



אא 
 

אאאא 
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 Wאאאאאא 

١K Wאא  Wooden Poles 
 א     א א  א א 

     אF١ J21Eא א א  
א25א130אא٥

אאאKא
אאאאא

 א     ،     א א
אאאא

Kא 


F١ J٢١E–א F١ J٢٢E– 

 א אא אא  א 
 א א  א –א  J   
אא40 א J50אא

Kאאאא 
 



אא 
 

אאאא 
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אאא
،אא

K 

אאאאא
 א א    ،א א א  

Kאאאא 

 
אאאאאא

F١ J٢٢EHF١ J
٢٣FE١ J٢٤אאאKERight-of-wayא

אאאא
Fא،אאא١ J٣E

Kאאאא 

א 

א 

א



F١ J٢٣E–
א13.8א kV / 220-127 V 

F١ J٢٤E–
H 



אא 
 

אאאא 
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F١ J٣אאאERight-of-way of HV lines 

א(m) א(kV) 

٢٩ 
٢٤  
١٥  
١٤  
١٢  
٥  
٥ 

500 
٢٢٠  
١٣٢  
٦٦  
٣٣  
٢٠  
١١ 

  
Hא

אא
،אא

אאאK 
 

٢K Wאא  Concrete Poles  
אא–א JFא

FאE١ J٢٥א،E
אאKאאאאא

אKאאא
–8 Jאא

،אאאאאאא
אאאא

אאKאא
אאאאא

אאא
Kאאא 

 



אא 
 

אאאא 
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אאאאאאא
Kאאא 

Wאא 
 אא

Kאא 

 א 

 אאאאאאא
אא 

 אLאאאא
אאא 

 
F١ J٢٥E Jא115א kV 

 
٣K Wאא  Metallic Poles   
،אאאאא

אא–א J
F١א J٢٦אאא،E



אא 
 

אאאא 
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،אא،א،א
Kא 

אאאאאא
א25א30אא40–50

אאא
אאאאאאK

א90–130 א،אאאא
אאאא

אאאאאאאא،אא 
 

אאא،אאא
K 

 


F١ J٢٦E–א13.8 kV 

 



אא 
 

אאאא 
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אאאאאא
،אאאא

אאאא
אאאאאא

Kאא 
 

٤K אאאW   Steel Towers 
 אאא

Fאאא١ J٢٧אא،E
Wאאאאאא 

 אLאא 

 
 אאא 

 אא 

Kאא
א–אאאאא JKא 

 
 
 
 
 
 
 
 
 
 
 
 



אא 
 

אאאא 
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F١ J٢٧E Jالأبراج الحديدية  

 

 אא(Span Length)Wאא 
  

א א 
١K אא  

Wאא 40 - 60 m 

אHW  70 -150 m 

٢K א200 - 80 א m 

٣K א60 - 40 א m 
٤K אא400 - 200 א m 

 
 WאאאKאא 

 
 



אא 
 

אאאא 
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١K LW  Suspension/Support Tower 

אאאאאLאא
Lאאא،אא
אKאאא

א  אא ، א 
Fא א א١ J٢٨א  E

Fאאא١א J٢٩E
אאKא 

  

F١ J٢٨E–13.8 kV 
 
 
 

 
 



אא 
 

אאאא 
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115 kV 

F١ J٢٩E– 

 
 
 
 
 
 
 
 
 
 
 
 



אא 
 

אאאא 
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٢K אW   Tension Tower 

 אאא
אאאאאא

Fא١ J٣٠EEFEFאאאK
– אא–אאא

LאאאאאK
 א    אא     א  א

 אאא  K
Kאא אא אאא

Kאא 

   
735 kV  115 kV & 13.8 kV  

F١ J30E– EFא 

 
 



אא 
 

אאאא 
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F١ J30E–EFא 
 
 
 
 
 
 
 
 
 
 
 
 
 



אא 
 

אאאא 
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٣K אאW   Angle Tower 

 אאא
Fא١ J٣١אאאאE

Kאאא 
  

   

F١ J٣١E–אא13.8 kV  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



אא 
 

אאאא 
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٤K אW   End Tower 

 א     א א   אא  א א
F١ J٣٢אאאאE

Kא 
  

F١ J٣٢E–א13.8 kV 

 
  
  
  
  
  
  
  
  
  
  
  
  
  



אא 
 

אאאא 
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 אאFDCEאאFACEWאא 
אאאא

א)DC( אא)AC(אאW 
אDCACW 

١E אאא
Kאאאא 

٢E Inductance אאא
א،אCapacitance. 

٣E אא Skin Effect   DC א
K 

٤E אא  DC 
1

√2
  AC א

אKא 

٥E Kאאאאא 

٦E א DC  له Corona Kאאא 

אאאאאא
Kאא 

אאאאACW 

    אאאאאא step-

up transformerאאאאstep-down 

transformer א،K  

  
  
  
  
  
  
  
  

  
















 
 

Sag Calc
א
א

(Catenary









אא

culation in

א



)y’s 

אא
א
א




 




n Transm

א

א
א




א
א

א

W
mission Lin


א

–


א
א
א

אא

א
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אא
ne

א


–


٣٣אE


K

Clearan


–א







 



א
א

א

F١J
K
א

ce

א

F١ J٣٣E–

א

א

אא
،א

א
–


א
א

אא
א

Kא 

F

א

٢ J٤W


א


א
c،




א




אא

 
١ J٢



א


curve

א


א




אא 
 

אאאא 
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١ J٢ J٤ J١WWאאאא 

אWאא 

١K FאWeight of Conductor WcאWE
אאאא،א 

٢K אFאאLength of Span LאאאאWE
א 

٣K אFאTension of Conductor TאאאאאWE
אאאאאא 

٤K אאאאאאא
א 

٥K FאאTemperatureאWEאאאאא
אאאאא 

 אאא
אאאאאאא

،אאאאאא
אאאאא

Kאאאאאא 
 

١ J٢ J٤ J٢WאW 

 אאא
Kאאא
אאא،אא

אאאא،א
Wא 

y = 
wc x2

 T
                             					                                          (1.69) 

 





 
 



x = L/2

 
 

אא

(m)



א

D = 

C =  
  





FyE

א

wcL2

8 T
     

H – D     
 

(kg/m) 

א

DE
W 



                

              
 

K 
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(א

(k 


FD

א



               

Wא 
             

א

 


(kgא

א




–א

               


              
 



	
		א	

א

א
א



J٣٤E


F١ J٣٤E

               

א
             

א

א


	

א

wc
T   א

א

F١J
Lא



           (1

א
         (1.

  

Hא

א

אא

 

      

x, y




 

.70)  

א
71)



א 

 



אא 
 

אאאא 
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١ J٨W 

אא160 mא،0.75 kg/mא
א600 kgאא א،20 m،אא

Kאא 
א 

א=אא–א 
C = H - D 

Wאא 

D = 
wcL2

8 T
 = 

0.73 ×( 1٦0 )
2

8 × ٦٠٠0
 = ٤ m 

אW 
C = 20 - 4 = 16 m 

 

١ J٩W 
אאא275א m

אא0.85 kg/m א 8000 kgא
2אK 

א 

Wאאא 
                  	

	 א

	א	
	 אא  

D = 
wcL2

8 T
 = 

0.73 ×( 180 )2

8 × 1220
 = 2.42 m 

  

T = 
8000

2
 = 4000 kg 

אW 
wc= 0.85 kg/m,  L= 275 m, T = 4000 kg 

D = 
weL2

8 T
 = 

0.85 ×( 275 )2

8 × 4000
 = 2 m 



אא 
 

אאאא 
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١ J٢ J٤ J٣WWאא 

FאאtFאE١ J35E
אא،א

אאאאאKאאאKאא 
 
 
 
 

 
 
 
 
 

LאאאViW 
Vi = 

π

4
( d + 2 t )2d2  = 

π

4
( 2d + 2t ) 2t  

 
Vi = π ( d + t ) t 

 
d Kא 

אאאwiאאאρW 
          

 wi = π ρ ( d + t ) t                                                                      (1.72) 

אאא
אאאאא

W،אאאאא 

F١-35E–אאא  











 

 
 

180 mא
א

0.94 cmK

wi =

we =

D = 


א




אא




אm

= π ρ ( d + 

= wc + wi 

weL2

8 T
 = 


אK
E

א



א
1220א
910،

t ) t = π ×

= 0.624 +

0.73 ×( 18

8 × 122




F١ J36E




0 kg

0 kg/m3

× 910 ( 0.9

+ 0.106 = 0

80 )2

20
 = 2.4

P kg/m2
א


א
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א
א

FwiE
94 + 0.3 ) 

0.73 kg/m

42 m 

W
א2

אא
א

א





 


0.62א

0.3 cm

א
× 102× 0.3

 
m 

א

א

ApE Jא

3E–א

א


4 kg/m

m

אא
3 × 102= 0



W 

Wא
א


Fp

F١ J6

א

 J١٠W 
אא
א

א


א
0.106 kg/m

אא

א

٢ J٤ J٤
 




K 



אא

 
١

א


אא
א


m 

  




 
١ J٢

א

א



אא 
 

אאאא 
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W 

Ap = d.1 m2  

Wאאאא 
ww	 		Ap.P	 	d.P	kg/m 

Wאאאא 
we = wc

2 	 	ww
2                                                                   (1.74)   

           
אאאאDeW 

(1.75) De = 
weL2

8 T
 

  

אאאθW،א 

θ = tan-1(
ww

wc
)                        							                                      (1.76) 

אאDvאאאDhDeא
Wאאא 

DV =Decos(θ),          Dh =De sin (θ)                                       (1.77) 
 

 אאאאW 

we = ( wc + wi )
2  + ( ww )2                                                       (1.78)  

W 
wc Lא 
wi Lאאא 

wwLא 



אא 
 

אאאא 
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Wאאאאא 

 
ww =  ( d + 2t ) P  kg/m 

 
Wאא 

De = 
weL2

8 T
 

Wאאאאא 

DV =Decos(θ),          Dh =De sin (θ) 

Wאאאא 
θ = tan-1(

ww

wc wi
) 

  
  

אF١ J٤KאאאE 

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  



אא 
 

אאאא 
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F١ J٤אאאE 

١E Wא 

 
D = 

wcL2

8 T
 


C = H – D


=אאא 

٢E אWא 

 

ww	 		Ap.P	 	d.P	kg/m 

we = ( wc)2  + ( ww )2

 

 
De = 

weL2

8 T
 

  

θ = tan-1(
ww

wc
) 

DV =De	cos (θ) 
 

Dh =De sin (θ) 
  

٣E WאHא ٤E אאא
W 

ww =  ( d + 2t ) P  kg/m 
wi = π ρ ( d + t ) t 

we = ( wc + wi )
2  + ( ww )2 

De = 
weL2

8 T
 

θ = tan-1(
ww

wi + wc
) 

DV =	De cos (θ),          Dh =	De sin (θ)

  

wi = π ρ ( d + t ) t 
 
we = wc  + wi 

D = 
weL2

8 T
 

 
 
 
 
 
 
 
 



אא 
 

אאאא 
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١ J١١WWאאא 

א160א m 
א0.95 cm 
א0.65 kg/m 

א602.5א kg 
אאאאאאאאא40 

kg/m2 
א 

Wאא 

ww = d × 1 × p = 0.95 × 10-2 × 1 × 40 = 0.38 kg / m	
Wאא 

we = ( wc)2  + ( ww )2= ( 0.65)2  + ( 0.38 )2 = 0.7529 kg/m  

  
אDeאאאθW 

De = 
weL2

8 T
 = 

0.7529 × (160)2

8 × 602.5
 = 4 m 

  

θ = tan-1(
ww

wc
) =  tan-1(

0.38

0.65
) = 30.3° 

Wאא 
DV =	Decos (θ) = 4 cos (30.31) = 3.45          

  

Wאאא 
  Dh =	De sin (θ) = 4 sin (30.31) = 2.02 m 

 
 
 
 
 
 



אא 
 

אאאא 
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١ J١٢WWאאא 

אא275 m 
א19.5 mm 

א0.85 kg/m 
א4000א kg 

אאאאאאאא39 א 

kg/m2אאאא13 mmא،910 kg/m3K 
א 

אאdoWא 
d° = d + 2d = 19.5 + 2 × 13 = 45.5 mm 

א1 א mאW 
Ap = d.1 = 45.5 × 10-3 × 1 = 0.0455  m

2
 

א1 mW 
Ww = Ap× P  0.0455 × 39  × 1 =  1.77	kg/m  

א1 mW 
wi = π ρ ( d + t ) t = π × 910 ( ١٣ + ١٩٫٥ ) 13	× 10-6= 1.207 kg/m 

Wאא 

we = ( wC + wi )
2  + ( wW )2 = ( ١٫٢٠٧ + ٠٫٨٥ )

2
  + ( 1.77 )2= 2.714 kg/m 

Wא 

De = 
weL2

8 T
 = 

2.714 × (275)2

8 × 4000
 = 6.4 m 

  

θ = tan-1(
ww

wi + wc
) =  tan-1(

1.77

0.85 + 1.207
)	 	40.71°  

Wאא 
DV =	Decos (θ) = 6.4 cos (40.71) = 4.85  m          

Wאאא 
Dh =De sin (θ) = 6.4 sin (40.71) = 4.17  m          

 



אא 
 

אאאא 
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אא

אאאאא
אא א  א א א

א،אאאאאאא
 א   אא        א  
אאאאא
 אא    א    א  א  

אK 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



אא 
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١E א،،،אא
 ؟

٢E Wא 

 J  Kאא 

 J  Kא 

٣E אא
؟א 

٤E אWFאא
Eא 

٥E אא،אאאאאאא
אאא،אאא؟ 

٦E אאאאאאאאא،
אאK؟ 

٧E W 
١ J KKKKKKKKKKKKאאאאאאא

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٢ J Wאאאאא 

 J  KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 J  KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

 J  KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 

٣ J אאאאא
W 

٤ J אFKKKKKKKKKKKKKKKKKKKKKKKK–א–א–
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEא 

٨E Wאאאאא 

 



אא 
 

אאאא 
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אא  

אא
אאKא 

AACSR

אאא
אאאאא

Kאאא 
ACAR

         א א 
א א אא ،א      

אא א    א
،   ،     ،

Kא 

AAAC

אאא
Kאא 

אא

אא
Kאאא 

 
אא

        א א 
אא אא

Kאאא 


א
א

אאאא
   ،א    ،א א

אא،אאא 


אא
א

Kאאאאאא AAC 
אאאאא
א ،אאא

א 


א
א

אאא
Kאא 

ACSR 



אא 
 

אאאא 
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٩E F√EאFXEWא 
 J  אא،אאא

Kאאאא 
EF

 J  אאאKאא EF
 J  אאאאאא

Kא 
EF

 J  AACKאאא EF
 J  אאא

Kא،א 
EF

 J  אאאאאאא
Kאא 

EF

 J  ،אאאאא
אKא 

EF

 J  אאאאאאאא
Kאאא،א،א 

EF

 J  אאאאאאא
Kא 

EF

 J  אאאא
Kאאא 

EF

 J  ،אא،אאא
Kא 

EF

 J  אאHאאא
א 

EF

  
  
  
  
  



אא 
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١٠( אא100 Km ،א

4 m ،  0.05 m ،60 Hz ،Wא 

   
 J  Kאאא 

 J  אאKא 

 J  אאא. 

 
١١E ،א60 Hz،10 Ω،

10 Ωאא،S =15000 kVA، 33 kV
،0.75 lagWאK 

 J  אא،אK 
 J  Kאא 

 J  Kאאא،אא 

 J  Kא 

 J  Kאאאא 

 

١٢E ،א60 Hz،10 Ω،
10 Ωא،I

L
= ٢٦٢٫٦∟ -41.41،33 kV

WאK 
 J  Kאא 

 J  Kאא 

 J  Kאא 

 J  אאאFא،אEא 

 J  Kא 

 J  Kאאאא 

 
 
 



אא 
 

אאאא 
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١٣E א0.22 Ω،0.36 ΩאK

אאא؟אא500 kVAא،
א2000 V0.0707K 

[ 2102.37 V, 96.26 % ] 
 

١٤E אאא1100 kW33 kV
0.8 lagאאאא،10 Ω ،א
אא15 ΩW، 

 J  אא 

 J  Kאא 

 J  Kא 
[ 33.71V, 0.794, 98.5 %] 

١٥E א5 ∟60° Ω،3.3 kV،120 A
0.8 lagKאאK 

 
١٦E א10 MW33 kV،

0.8 lagאאאאK3 Ω ،6 ΩKאא
Kאאאא 

[ 35.2 kV, 96.5 %] 
١٧E א5 MW،0.8 lag،

0.5 Ω/kmא،33 kVאא
10 %؟א 

[ 27.9 km ] 

١٨E א132 kV،50 HzW 

R = 12.81 Ω , L = 0.162 H, C = 1.014 × 10-6 F 
אאאA, B, C, DW 

 J  Nominal T Model 
 J  Nominal Π Model 

A=D=0.992 ∟0.1°, B=52.2∟75.95°,  C = 0.00032∟90°siemens

A=D=0.992 ∟0.1° B  =52.1∟75.9°,  C=0.000318∟90°siemens
 



אא 
 

אאאא 
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١٩E א123 kVWאאא 

A = D = 0.99∟0.3°,  B = 70∟69°, C = 4 × 10-4∟90°siemens 
אאאא45א MVA

0.8K 
[ 167.215 kV ] 

 
٢٠E אאאאאאא

א280 m א،א30 mאא،0.65 

kg/m1.2 cmאא1300 kg אא،19 

mאאאאא،0.35 kg/m ،
0.35א kg/m2K؟ 

 
٢١E        א א א א

  300א m א א  ،23 m א   א ،0.6 kg/m
 1.6 cm  א  א1250 kgא     א ،20 m؟

Kא 

 
٢٢( א،אאאאאאאא

א 0.3 cmאא 40 kg/m2 
910   א kg/m3؟. 
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אאאאא 
אא 
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אאW 

אאאאאאאאאאאא
Kא 

אאאW 

 
١K אאאאאאא

Kאא 

٢K אאאKאאא 

٣K אאא
Kאא 

 
 



אא 
 

אאאא 
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אאאאא 
٢ J١WW 

אאאאאאאאא
אאאאאאאאאא

אאאאאאאא
אאאאאאאא

Kאא 
 

٢ J٢WאאאW 
אאאאאאאאא

אאאאא
א،אאאאאא

אא،אאאא
אאאאאא،אא

אאElectric Field Intensity (E=V/D kV/cm)،א
אאאאאא

אאאא
Kאא 

 

٢ J٢ J١WאאאאאאאאאW 
אאאאא،א

אאא
אKאאאאא

אאא،אKאאאא 
 
 



אא 
 

אאאא 
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אאאאאאאW 

١K K 

٢K Kאאאאאא 

٣K Kא 

٤K Kא 

٥K Kאא 

٦K Kא 

 
٢ J٢ J٢אWSulfur hexafluoride SF6 )(W 

א
Kאאאאאאא
אאאאאאאאא

،א،אאא،אא،א
אKאKKKKאא،אאא

Kאאאאאא 
 Wאאאאאאא

22.5אאאאאא
Kאא 

 Wאא 
١K 500K 
٢K אאאא

אאאאא
אאKאא

אאאאא(Electronegative Gas)K 

٣K אאא500K 

 
 



אא 
 

אאאא 
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٤K Kאאאאאא
אאאאאאא

(Al2O3)Kאאא
Kאאא 

٥K Kאאאאא 

٦K אאאאאאא
 אKאא

 Wאא 
١K אאאאא2.35	

אאא30%Kאאאאא 

٢K אאאאא3 kg/cm2
אאאא

אאKאאא 

٣K אאאא،אא
،א،אא،א
אאKאKKKאא،א

א(Paschen's Law)אא
אא

אאVb α pdK 

٤K אאאWאא
Kאא 

٥K אאאW
א

אאFCoronaEאאא
Kא 

 
٦K אאאאאאWאאא

אאאא
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אאאאאאא
אאאאאא
אאאאאKאאא

אאאאאKא
אKאאאאאאאא

Kאאאאא 
אאאאEF

Kאאאאאאאאאא 
Wאאאא 

١K אFParticlesEWא
EFאאאKε1	Particles PrmitivityE

אאε2אאא؛
אאאKאrא

אW 

F = 
1

2
 r3 

ε2 - ε1

2 ε2 + ε1
  E2 

אאאאאא
א

אBreakdownK 
 
 

٢K אאאאאאW
Kאאאאא 

٣K אאאWא
אאKאא

אאFkV/cmEE=
V

d
א

אאאאאאא
אאאאא
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אאאאא
Kא 

  
٢ J٤WאאאאאאאW 

אאאא
אאאאא
אאאאאKאאאא

אאאאאKאאא
Wא 

KאEF 
KאאEF 

KאאEF 
אאEFKאאא 

KEF 
KאאאאאאEF 

KאאאEF 
אאאאEFFpunctureE

אאFflashoverEK 
 

אא،אאאאאאא
אאאאאKאא

אאFאאEאאא
אאאאאאאא

Kא 
 

٢ J٤ J١אאאWאWא 
אאאאאאא

אאEאFKאאא
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אאאאא
אאאאאKאאא

Kא،אאאאאאא 
EFWאא 
אאאאא 60kV/cm

70,000 Kg/cm2500 Kg/cm2Kאאא 
EFWאאא 

אאאאאאא
אאאFannealingEWאאא 

١K א140 kV/cmKא 

٢K Kאא 

٣K Kא 

٤K Kא 

 
EFWאא 

אאאא
Kאאא
אאאאאאא

אאK 
 

 

٢ J٤ J٢WאאאאאW   
١K Kאאא ٢K אא 
٣K Kא ٤K אא 
٥K אאא   

 
 
 
 






 
 

 א
 

 

 

אא

  
،
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25 kV  
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א
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Pin Type I

א 


אE








١-٣E–א

 

)Insulator

 אא 
א
F

FE  

EF

EF
F٣

א

א)
 א א

١  E


א

 Jאא
 

F  ٣J
א

אא

 
WJ


א
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٢E
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אא

אK
א
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א
،
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sion Type


א،
 א
א
א 






 


אא
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א

F٢-٣E

e Insulato

א
א
א 
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א
J٣E

א

א
א
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אא
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א )or
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٥אE

 

Wא
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FE  א


EF

F٣J
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٢ J٤ J٣WאאאאאאאW 

Wאאאאאאא 
١K אWאאאאאא

אאאאאאא
Kאאאאאא אא

אאא
Kאאאא 

٢K Wאא،אא
Kאאאא،א 

٣K Wאאא
אאאאאא
אאאא

Kאא 

٤K Wאאאאאא
אאאאאא
אאא

Kאא 

٥K Wאאאא
Kאאא 

٦K Wאאאאא
Kאא 

٧K Wאאאא
KEאאאאFא 
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١( ؟א؟אאאאא 
 אאאא؟ )٢

٣( אא؟אאאאא 
٤( F√FאEXאEW        

K אאאאאאא
אאא.  

EF

Kאאא .SF6 EF

Kאאא. EF

K אאאאאאא
אאא.  

EF

K אא.  EF

K אאאאאא
א.  

EF

K אאאאא. EF

Kאא
א. 

EF

Kאאאא. EF

K SF6א. EF
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אאW 

אאאא،א
אאא،אאאK 

אאאW 

 
١KאKאאא 

٢KאאאKא 

١K א    א   א א א
K 

 
 

  



אא 
 

אאאא 
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אאאאW 

٣ J١WW 
 א  אא אאא

א     אא א  א א   
אאאאאאאא،א
א          אא א 

    ،א א  א     
 א  אאא
א،אאאא

א،אאאאא
F א     ،א א Cable Trays  א E

אאאאאKאא
אאאאאאאאאאא

אאאאא
אאא א،א 

Kאאאאא 

אאאאאאא
–אאא JWאא 

١( Wא 

אאאאא
אאאאאא
אאאאא

אKא 
 
 



אא 
 

אאאא 
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٢( Wא 

אאאאא
אאאא

אאאאאאאא
،אאא
אאא
אאאאא

אאאאא
אאאאאאא
אא

Kא 
٣( Wא 

Kאאאא 
אאאאא

Kא 

٤( Wא 

אאאא
אאאאאאאא

אאא
Wאא 

 J  אאאאאאא 
 J  אאאאא

אאאא 

 J  אאאא 

 J  אאא 
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 אאא،אאא
אאא

אCapacitanceאאInductanceא
אאאאא

אאאא
אאא.  

 

٣ J٢WאW 
אאא

אאאFאCoreאE
אא،א Jאאא

אאא Jאאא
אאאאאאאKא

Wא 

 FscreeningE
אאאא 

 FאfillerאאאאE
א 

 Fmetallic sheathEאאא
אאאאאאא

א 

 אFarmourEא 

 אאאאאא 

 אאא
אאאאא 
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אאאא 
 

 
102 

 
 

٣ J٣WאאW 
 אא

אאאאאאאא
אאK 

 Wא 
WאאWWא 

١K אאאא Single Core Cable 

٢K אא Multi-Core Cable  

F٣ J١Wאא،אאאE 
 


F٣ J١E Jא 

١. א ٢. EאFא 
٣. אא(XLPE) ٤. EFWא 
٥. Kאא ٦. Kאא 

٧. Kא ٨. Kא 

٩. א
Kא 

١٠. אא( PVC )K 
 

 א     Wאא
אאאאK 

  



אא 
 

אאאא 
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Fא٣ J٢אאאאE

Wאאא 
  

 
F٣ J٢E J 

 
١K Kא ٢K EאFא 

٣K אא(XLPE)K ٤K EFWא 

٥K EFאא ٦K Kאא 

٧K KEFא ٨K K 

٩K KEF ١٠K אא( PVC )K 
  

אאא
 א א    א א   א   

Kאאאא 

אאאאאאאא
אאא،
אאאאאא
אאאאאאאא
אאאאא

Kא 
 



אא 
 

אאאא 
 

 
104 

 
WאאאWאאא

W 
١K אאPaper Insulated CablesW 

אאאאא
אאאאאא
אאאאא،אאאאא

W 
K  Wאאא 

אאאאאאא
אאאא66 kVאא

אאא Kאא
?Belted Cableאאאא?

     א אא  א
 א א  א  א  ،א   א

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

،אאאאאא
אH?H Type Cable?אאHאא

FKא٣ J٣אE
אאאHK 
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אאאא 
 

 
105 

 

  

F٣ J٣אEאאאHא 
  

K  Wאאאא 

אא
אאאאאאאא

א750 kVא،
אא

Kאאאאאא 
 

٢K אאאPolymer Insulated Cables W 
אאאאאאאא

Wאאא 
  

 J  אאPoly Vinyle Chloride ( PVC )W 
אאאאאא

אאאאאאא
PVCאאא 3.3 kV

Kאאא 
 
 
 



אא 
 

אאאא 
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 J  אאCross Linked Poly Eithelen (XLPE)W 
 אא

אאWאאא
אאאאאאא

אאא3.3 kV
 275 kVKאאאXLPE

אאאאא
Kאא 

  
  

 J  Wאאא 
 אEthylene-Propylene Rubber (EPR)

אButyl Rubber (PR)،אא
אאאאXLPEאאא 

  
  

WאWWא 

 אא Low Voltage Cables

 אא Medium Voltage Cables
 אאא High Voltage Cables

،אא
אאאאא
א  א א  א  א    ،א 

)V°(FאאאVKאE 
 

 
 
 
 
 



אא 
 

אאאא 
 

 
107 

 
אWאאאW 

  

١WאאK 

 אאאאא
אאאא40 kVא

אאאאאאאXLPE
275 kVא،

א11 kV33 kVKאא
XLPEאאא

אאאא
Kאאא 

 
٢WאאאK 

 אא
אאא JאPVC Jא

Kאאאאא 
 
٣WאאK 

אאאאאא
Kא 

 
٤WאאאK 

 אאאאאא
PVC 3.3 kVאא

11 kV15 kVאאאא
3.3 kVאאאא

XLPE , EPR11 kVK 
 



אא 
 

אאאא 
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٥WאאאK 

 אאאאאא
אאאאאאא

אאאאא
אאאאא

Kאאאאא 
 

אאאW 
א،אאאא

Wאאאאאא 
 

١K אאאאW
אKא

אאאא
אאאאK 

٢K אאWא
אאאאאא

אא
אאאאאא

אאMeggerK 
٣K אאאאWא

אאאאא١٥
אאאא

אאאאאא
Kא 



אא 
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٣ J٤WאW 
אאאאאא

אאאא،אאאא
Kא،אאא،אאא 

אאא
אאאאא
אאאאאאא

אא،אKאא
אאאאאאא
א،אאאאאא

אאאאאא
אאאInductive ReactanceKאאא

א CapacitanceKאאאא
Wא 

 J א Conductor Resistance

 J א Insulation Resistance

 J א Inductance

 J א Capacitance

 
אאאאאאא

אאאא
אאאאאא

אאאK 
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٣ J٤ J١WאW 
אא)R(א–א

אρ Ω.m A m2( 	mאאא
Wא 

R= 
ρ 

A
																																										                                                  (3.1)  

אאא
אאאאאא

א20א אא،אאא
א Jאאאא

א70 90  JWאאאא 

Rt = R20 ( 1 + α20 ( t - 20 ))                                                            (3.2) 

Rtאא(tempruture t )R20א
20 ،α20אאא20 FאK٣ J١אE

Kאאאאאאא 
 

F٣ J١אאאEאאאא 

א 
אא

אF١٠٠E٪ 
20א  

m.Ω 

אאא


20  
א١.٧٢٤ ١٠٠ א ١٠

٠٠٣٩}٨٠ 

א١.٧٧٧ ٩٧ א ١٠
٠٠٣٩}٨٠ 

א٩٥ א J١.٧٤١ ٩٩ ١.٨١٤ ١٠
٠٠٣٩}٨٠ 

٢.٨٠٣ ٦١ א ١٠
٠٠٤٠}٨٠ 

א١٣.٨٠ ١٢ א ١٠
٠٠٤٥}٨٠ 

٨  א ٢١.٤ 	١٠
٠٠٤٠}٨٠ 



אא 
 

אאאא 
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F٣ J٤E Jאאאאא 
 

 אאא
   א א א  א א    

F  ،א א   א א ٣ J٤   E
אאאאKאאאא

אאאאא
אא،א

 א  א א א  אא     
Kאא 

אאאאאאא
א א    א   א א   א
אאא،

א א א א   
אאאאאא
 א  א א  א    אא   K

אאאאאאא
Kאא 

 

 

 



אא 
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٣ J١ 
א1.5א kmא

א185א mm2אאא،90  
א 

Fא٣ J١אE 
ρ20=1.724 	10-8 Ω.m, α20= 0.0039/˚c 

m1500=1000×5.1= 
A =185×10

-6

m2 

א20 W 

R20=
ρ20

A
= 1500×

1.724 × 108

185 × 106 =0.13978  Ω 

א90 W 
R90= R20 ( 1 + α20( 90 - 20 ) = 0.13978 ( 1+ 0.0039 × 70 ) = 0.17794  Ω 

 
  

٣ J٤ J٢WאW 
 

 אא
אאאאאאאאא
،אאאאא

אאאאאKא
אאאqא

אאאאVqKא 

Fא٣ J٥אEאr
אאאRאאאאKxא

אqאאDW 
 
 
 



אא 
 

אאאא 
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F٣ J٥E Jא 

 
D	= 

q

2π x
 coulomb/m2                                                             (3.3) 

 
Wאאא 

E	=	  
D

2π x
 V/m                                                                  (3.4) 

Wאאאא 

V= E. dx= 
q

2 π ε
Ln

R

r
  V )٣٫٥                                                 

r

R

r

R

 

אC W 

C = 
q

V
 = 

2 π ε

Ln 
R
r

                																																																																					 (3.6) 

ε = ε° εr = 
εr

36 π
 × 109 Wאאא 

C = 
εr

18 × 109 Ln 
R
r

  F/m 																																																														(3.7) 

εrאאאאא 
 
 
 



אא 
 

אאאא 
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٣ J٤ J٣אאWElectrical Field ( E )Wאא 

אאאא
אאאאא

 א    א  א א א א    
    א   אא  ، א א א
אאKאאא

F٤}٣אאאאאאאE
   א   א    אא   א
 Kא אא

אKאאאאאq،
אאאאxא

אאVmW 

E = 
Vm

x . Ln 
R
r

                                                               (3.8) 

Fא א      א  EmaxE 
 xF א      x 	rF א    EEminE

אאאאx	 	RW، 

Emax = 
Vm

r Ln
R
r

 ,      Emin = 
Vm

r Ln
R
r

																																							(3.9) 

٣ J٤ J٤WאW 

אאאאאא
אאאאא90°

אאאאא
Wאאאאא 

Ic = ω CV                                                                             (3.10) 



אא 
 

אאאא 
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W 

 ω =	2 π f    

:fאאFא60 HzE 
 

٣ J٢W 
אאאאא5א cm

אאאא15 cmאאεr= 3א
132 KVא60 Hzא،

Kאאאא 
Wא 

R = 
15

2
  = 7.5 cm,          r =

5

2
  = 2.5 cm  

Wא 

C = 
εr

18 × 109 Ln 
R
r

=   
3

18 × 109 Ln 
7.5
2.5r

= 0.152 × 10-9 F/m 

  
C = 0.152 × 10-6    F/km	

  تيار الشحن
Ic = ωCV  = 2 π f C V	

= 2 π  60  0.152  10-6  132000 
          = 7.549  A/km 

 

אאאאאא 

Emax = 
Vm

r Ln
R
r

 = 
132√2 

2.5 Ln
7.5
2.5

 = 67.97 kV/cm  

 

Emax = 
Vm

r Ln
R
r

 = 
132√2 

٧٫٥ Ln
7.5
2.5

 = 22.66 kV/cm 



אא 
 

אאאא 
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٣ J٥אאWWאא 

אאאא
،אאאאK

אאא
אאאאאאא
אאאאאאKא

אאאאאאא
אאKאאאאא

א–אאאאאא JWאא 
١K אI 

٢K אR 

٣K אאWdWωCV2
mtan(δ) W/m،FδE

אאאאאtan(δ)א
Kאא 

٤K אאאאאאאא
אאאאא،א

אאאאאאא
אLKא)Kelven meter / Watt ºK.m/W(،

אKאאאא
Wאא 

 J אאאאאT1 
 J אאאאאא T2 

 J אאאאT3 

 J אאאאאא
אT4 

٥K אאאn 



אא 
 

אאאא 
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٦K אאאאאאλ1 

٧K אאאאאλ2 

F٣ J٦אאאאE
אאאאKאאאאא

אאאא
،אאאאאא
אאאאאא
אאאאאאאא

אאF٣ J٧KE 

T2 

T3 
I2R wd 

nI2 R.λ1

nI2 R.λ2

مقاومة التربة
T4 

T1 

  
F٣ J٦E Jאאאאאא 

 

I 2 R  

I 2 R  

I 2 R  

T 1 / 2  

T 1 / 2  

T 1 / 2  

T 1 / 2  

T 1 / 2  

T 1 / 2  

T 2  T 3  T 4  

nλ 1 I 2 R

w d  

w d  

w d  

nλ 2 I 2 R

Δ θ
 

F٣ J٧E Jאאאאאאא
אא 
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Fאאאאאא٣ J٧אE

אאאFΔθEW 
 

∆θ=  I2 R+0.5 Wd T1+	  I2 R  1+ λ1 + Wd 	n	T2+  I2 R  1+ λ1+ λ2 + Wd 	n	( T3+ T4) 
 

 

Wאא 
 

I	= 
∆θ  Wd 0.5 T1+n ( T2+ T3+ T4)

R T1+ nR  1+ λ1  T2+  nR  1+ λ1+  λ2  ( T3+ T4 
   

 

 Δθאאאאאא
אאאאאא

אאא،אאא
אKאאא
אאאא،א

אאאאאא
אאאKאאא
אא

Kאאאאא
אא،א
Kאאאא

אאאאאאא
אאאאאא
Kאאאאאאא

אאאאאK 
 
 
 



אא 
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٣ J٦WאאאאאאW 

 

 אאא
אאא

W 

٣ J٦ J١אאWWאא 
Kאאאאא 

١K אאא25 	אא30 	
Kאא 

٢K אא20 mmK 

٣K אא150א cmK 

٤K אאאK 

Fא٣ J٢אE25 	אאא
Kאא 

 

F٣ J٢אאאE 


א 


 

אאאא 

٥٥ ٥٠ ٤٥ ٤٠ ٣٥ ٣٠ ٢٥ 

١٦٥ ٤٧}٠ ٥٨}٠ ٦٨}٠ ٧٧}٠ ٨٥}٠ ٩٣}٠ ١ 

٢٦٥}٠ ٧٢}٠ ٧٧}٠ ٨٤}٠ ٨٩}٠ ٩٤}٠ ١ ٨٠ 

PVC ٥٥}٠ ٦٤}٠ ٧٢}٠ ٨٠}٠ ٨٧}٠ ٩٣}٠ ١ ٧٠ 

XLPE ٦٩}٠ ٧٥}٠ ٨٠}٠ ٨٦}٠ ٩١}٠ ٩٥}٠ ١ ٩٠ 
 

 
אאXLPE  600/1000 V

אאאאאאא
F٣ J٢KE 

 



אא 
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٣ J٣W 

אאאXLPE 600/1000 Vאא
١٨٥mm2אאאאא

٤٠א 
Wא 

F٣ J٣אאEXLPEאא
185 mm2600 Aא،EאאF

אאא25א 

Fא،אא٣ J٢EXLPE
40 

א=٨٦}٠ 
א40א =א40אCא 

  =٦٠٠C٨٦}٠ 
  =516 A 
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F٣ J٣אאEXLPE600/1000 V 

 אא א 


אmm2 

א 
 

٣٤
 

  قلب واحد
٣٤

 ٭ †   

א 

١٦ 
٢٥ 
٣٥ 
٥٠ 
٧٠ 

 
 
 

٢٣٥ 
٣٠٠ 

 
 
 

٢٧٥ 
٣٤٥ 

١٢٠ 
١٦٠ 
٢٠٠ 
٢٤٠ 
٣٠٠ 

١٠٥ 
١٤٠ 
١٧٠ 
٢٠٥ 
٢٦٠ 

 
 
 

٢٣٥ 
٢٩٠ 

 
 
 

٢٤٥ 
٣٠٠ 

١٤٠ 
١٨٠ 
٢١٥ 
٢٥٥ 
٣١٥ 

١١٥ 
١٥٠ 
١٨٠ 
٢١٥ 
٢٦٥ 

٩٥ 
١٢٠ 
١٥٠ 
١٨٥ 
٢٤٠ 

٣٦٥ 
٤٢٥ 
٤٨٥ 
٥٦٠ 
٦٦٠ 

٤٢٠ 
٤٨٥ 
٥٤٠ 
٦٠٠ 
٧٠٠ 

٣٧٥ 
٤٣٠ 
٤٩٠ 
٥٧٠ 
٦٧٠ 

٣٢٠ 
٣٧٠ 
٤٣٠ 
٤٩٠ 
٥٨٠ 

٣٤٥ 
٣٩٠ 
٤٣٥ 
٤٩٠ 
٥٦٠ 

٣٥٥ 
٤٠٠ 
٤٤٠ 
٤٨٥ 
٥٥٠ 

٣٨٠ 
٤٣٠ 
٤٨٠ 
٥٤٠ 
٦٣٠ 

٣١٥ 
٣٦٠ 
٤٠٥ 
٤٦٠ 
٥٣٠ 

٣٠٠ 
٤٠٠ 
٥٠٠ 
٦٣٠ 

٧٥٠ 
٨٦٠ 
٩٦٠ 

١٠٨٠ 

٧٨٠ 
٨٤٠ 
٩١٠ 
٩٨٠ 

٦٣٠ ٦٦٠ ٧٧٠ 
٧٠٠ 
٧٧٠ 
٨٤٠ 

٦١٠ 
٦٤٠ 
٦٩٠ 
٧٤٠ 

٥٩٠ ٧٠٠ 

א 

١٦ 
٢٥ 
٣٥ 
٥٠ 
٧٠ 

 
 
 

١٧٠ 
٢١٥ 

 
 
 

٢٠٠ 
٢٥٥ 

٨٩ 
١٢٠ 
١٤٥ 
١٧٥ 
٢٢٠ 

٧٧ 
١٠٥ 
١٢٥ 
١٥٥ 
١٩٥ 

 
 
 

١٧٥ 
٢٢٠ 

 
 
 

١٨٥ 
٢٣٠ 

١٠٥ 
١٣٥ 
١٦٥ 
١٩٥ 
٢٤٠ 

٨٩ 
١١٥ 
١٣٥ 
١٦٥ 
٢٠٠ 

٩٥ 
١٢٠ 
١٥٠ 
١٨٥ 
٢٤٠ 
٣٠٠ 

٢٦٥ 
٣١٠ 
٣٥٥ 
٤١٠ 
٤٩٥ 
٥٧٠ 

٣١٥ 
٣٦٥ 
٤١٥ 
٤٧٥ 
٥٥٠ 
٦٣٠ 

٢٧٠ 
 

٢٣٥ 
٢٨٠ 
٣٢٠ 
٣٧٠ 
٤٤٠ 
٥٧٠ 

٢٦٠ 
٢٩٥ 
٣٣٠ 
٣٧٥ 
٤٣٥ 
٤٩٠ 

٢٧٠ 
٣١٠ 
٣٤٥ 
٣٩٠ 
٤٤٥ 
٤٩٥ 

٢٤٠ ٢٨٥ 
٢٧٥ 
٣١٠ 
٣٥٠ 
٤١٠ 
٤٦٠ 

Wאא٭ †אאW 



אא 
 

אאאא 
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٣ J٦ J٢WאאאW 

Wאאא 
١K אא15 

٢K אא1.2 אºK.m/W 

٣K אאא180א cm 

٤K א50 cm1 kV،80 cm1 kV 

אאאאאאא
אאאא،אא

Fאאא،א٣ J٤FE٣ J٧אE
Kא 

F٣ J٤אאאE 


א 


 

אא 

٤٥ ٤٠ ٣٥ ٣٠ ٢٥ ٢٠ ١٠ 

١ ٦٥ ٦٣}٠ ٧١}٠ ٧٧}٠ ٨٤}٠ ٨٩}٠ ٩٥}٠ ٠٥}١ 

٢ ٧٣}٠ ٧٨}٠ ٨٣}٠ ٨٨}٠ ٩٢}٠ ٩٦}٠ ٠٤}١ ٧٥ 

PVC ٦٧}٠ ٧٤}٠ ٨٠}٠ ٨٥}٠ ٩٠}٠ ٩٥}٠ ٠٤}١ ٧٠ 

XLPE ٧٧}٠ ٨١}٠ ٨٥}٠ ٨٩}٠ ٩٣}٠ ٩٧}٠ ٠٣}١ ٩٠ 

 
  
  
  
  
  
  
  
  
  
  
  
  
  



אא 
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F٣ J٥אאאE 

Fאmm2E 
אאאºK.m/W 

٠}٣ ٥}٢ ٠}٢ ٥}١ ٠}١ ٩}٠ ٨}٠ 

א        

 ١٥٠ ٦٧}٠ ٧٣}٠ ٨١}٠ ٩١}٠ ٠٧}١ ١١}١ ١٦}١ 

 ١٨٥٤٠٠ ١٧}١١٢}١٠٧}١٩٠}٠٨٠}٠٧٢}٠٦٦}٠
 ٥٠٠ ١٢٠٠ ٦٥}٠ ٧١}٠ ٧٩}٠ ٩٠}٠ ٠٨}١ ١٣}١ ١٨}١ 

א        
١٦ ٠٩}١٠٦}١٠٤}١٩٥}٠٨٦}٠٧٩}٠٧٤}٠

٢٥١٥٠ ١٤}١١٠}١٠٧}١٩٣}٠٨٤}٠٧٦}٠٧٠}٠
١٨٥٤٠٠ ٦٨}٠ ٧٤}٠ ٨٢}٠ ٩٢}٠ ٠٧}١ ١١}١ ١٦}١ 

 

F٣ J٦EאFאE 

א
FmE 

0.6/1 kV 1.9 / 3.3 – 19/33 kV 


50 mm2

٧٠mm2 
300 mm2

أعلى من 
300 mm2  


300 mm2  


300 mm2 

٥٠}٠ 
٦٠}٠ 
٨٠}٠ 
٠٠}١ 
٢٥}١ 
٥٠}١ 
٧٥}١ 
٠٠}٢ 
٥٠}٢ 

٣

٠٠}١ 
٩٩}٠ 
٩٧}٠ 
٩٥}٠ 
٩٤}٠ 
٩٣}٠ 
٩٢}٠ 
٩١}٠ 
٩٠}٠ 
٨٩}٠ 

٠٠}١ 
٩٨}٠ 
٩٦}٠ 
٩٤}٠ 
٩٢}٠ 
٩١}٠ 
٨٩}٠ 
٨٨}٠ 
٨٧}٠ 
٨٦}٠ 

٠٠}١ 
٩٧}٠ 
٩٤}٠ 
٩٢}٠ 
٩٠}٠ 
٨٩}٠ 
٨٧}٠ 
٨٦}٠ 
٨٥}٠ 
٨٣}٠ 

 J J 
 J J 
٠٠}١ 
٩٨}٠ 
٩٦}٠ 
٩٥}٠ 
٩٤}٠ 
٩٢}٠ 
٩١}٠ 
٩٠}٠ 

 J J 
 J J 
٠٠}١ 
٩٧}٠ 
٩٥}٠ 
٩٤}٠ 
٩٢}٠ 
٩٠}٠ 
٨٩}٠ 
٨٨}٠ 

  



אא 
 

אאאא 
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F٣ J٧Eאאא 

 

א 
kV 

א
א 

FאאאmE 

 ٦٠}٠ ٤٥}٠ ٣٠}٠ ١٥}٠ 

0.6/1 

٢ 
٣ 
٤ 
٥ 
٦ 

٨١}٠
٧٠}٠
٦٣}٠
٥٩}٠
٥٥}٠ 

٨٧}٠
٧٨}٠
٧٤}٠
٧٠}٠
٦٧}٠ 

٩١}٠
٨٤}٠
٨١}٠
٧٨}٠
٧٦}٠ 

٩٣}٠
٨٧}٠
٨٦}٠
٨٣}٠
٨٢}٠ 

٩٤}٠ 
٩٠}٠ 
٨٩}٠ 
٨٧}٠ 
٨٦}٠ 

1.9/3.3 
 

12.7/22 
 

٢ 
٣ 
٤ 
٥ 
٦ 

٨١}٠
٧٠}٠
٦٣}٠
٥٩}٠
٥٥}٠ 

٨٥}٠
٧٥}٠
٧٠}٠
٦٦}٠
٦٣}٠ 

٨٩}٠
٨٠}٠
٧٧}٠
٧٣}٠
٧١}٠ 

٩٠}٠
٨٤}٠
٨٠}٠
٧٨}٠
٧٦}٠ 

٩٢}٠ 
٨٦}٠ 
٨٤}٠ 
٨١}٠ 
٨٠}٠ 

19/33 
 

٢ 
٣ 
٤ 
٥ 
٦ 

٨٠}٠
٧٠}٠
٦٤}٠
٥٩}٠
٥٦}٠ 

٨٣}٠
٧٣}٠
٦٨}٠
٦٣}٠
٦٠}٠ 

٨٧}٠
٧٨}٠
٧٤}٠
٧٠}٠
٦٨}٠ 

٨٩}٠
٨٢}٠
٧٨}٠
٧٥}٠
٧٤}٠ 

٩١}٠ 
٨٥}٠ 
٨٢}٠ 
٧٩}٠ 
٧٨}٠ 

 
אאאאאא

Kאאא 
 
 
 
 
 
 



אא 
 

אאאא 
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٣ J٤W 

XLPE600/1000 Vא٣
300 mm2א1.5 mאא،

אא45 cmאא25 אאא
2.5 ºK.m/WKKאאא 

Wא 
Wאאאא 

F٣ J٣E٣300 mm2א
590א AFאאF٣ J٣EE 

Wאאאא
١=אאאאא 

١K אא25 אאא١5 ،
אא،א

F٣ J٤EXLPE25 W 

אאא =٠٫٩٣ 

٢K אא2.5א ºK.m/Wאא
1.2 ºK.m/W،אא،

F٣ J٥Eאא
185 - 400 mm2אF300 mm2Eאאא

אא2.5 ºK.m/WW 

אאא =٠٫٧٤ 

٣K אא45 cmאא180 cm،
F،אא٣ J٧E

600/1000 V45 cm
W 

אא= ٠٫٨٦ 



אא 
 

אאאא 
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٤K א1.5 mFאא50 cm1 

kVFא،אא،E٣ J٦E
0.6/1 kV300 mm21.5 m

W 

אא=٠٫٩١ 

  א א א= א א  א א C
 א א  א C  אא  א  Cא 

אCאא 
אא317.77= 0.91×  0.86×  0.74× 0.93×  590=  א A  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



אא 
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٣ J٥W 
אאאאא 

  
F٣ J٣אאאאEXLPE٣

١٨٥mm2 =350 A 

אאא=٠٣}١FF٣ J٤،EXLPEא
10 E 

  אא א=١ F المقاومية الحرارية للتربة ھنا تساوي القيمة

)القياسية 
אא=٩٠}٠FF٣ J٧E0.6/1 kV،

٣،60 cmE 
אא=٩٤}٠FF٣ J٦E1 m،0.6/1 kV،

 70‐300mm2E 
אאא=350C1.03C1C0.9C0.94 =305 A  

 
 
 
 
 
 



אא 
 

אאאא 
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٣ J٦ J٣WאאW 

Wאאא 

١K אא15  

٢K אא1.2א ºK.m/W 

٣K אאא180א cm 

٤K א50 cm1 kV،80 cm1 kV 

אאאאאאא
،אאאאא

אאאאא
Fאאא٣ J٨FE٣ J١٠אKE

אאאאאאא
Kא 

 
F٣ J٨אאאאE 

Fאmm2E 
אאאºK.m/W 

٠}٣ ٥}٢ ٠}٢ ٥}١ ٠}١ ٩}٠ ٨}٠ 

א        

١٥٠ ١٠}١٠٧}١٠٤}١٩٤}٠٨٧}٠٨١}٠٧٥}٠
١٨٥٤٠٠ ١١}١٠٨}١٠٥}١٩٤}٠٨٦}٠٧٩}٠٧٣}٠
٥٠٠١٢٠٠ ٧٠}٠ ٧٧}٠ ٨٤}٠ ٩٣}٠ ٠٦}١ ٠٩}١ ١٣}١ 

א        
١٦ ٠٥}١٠٤}١٠٣}١٩٧}٠٩٢}٠٨٧}٠٨٣}٠

٢٥١٥٠ ٠٧}١٠٥}١٠٣}١٩٦}٠٩٠}٠٨٥}٠٧٨}٠
١٨٥٤٠٠ ٧٦}٠ ٨٢}٠ ٨٧}٠ ٩٥}٠ ٠٤}١ ٠٦}١ ٠٩}١ 

 
  
  
  



אא 
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F٣ J٩EאFאE 

א
FmE  

0.6/1 kV 1.9/3.3 – 19/33 kV 

א א א א 

٥٠}٠ ٠٠}١ ٠٠}١  J J  J J 
٦٠}٠ ٩٨}٠ ٩٩}٠  J J  J J 
٨٠}٠ ٩٥}٠ ٩٧}٠ ٠٠}١ ٠٠}١ 
٠٠}١ ٩٣}٠ ٩٦}٠ ٩٨}٠ ٩٩}٠ 
٢٥}١ ٩٠}٠ ٩٥}٠ ٩٥}٠ ٩٧}٠ 
٥٠}١ ٨٩}٠ ٩٤}٠ ٩٣}٠ ٩٦}٠ 
٧٥}١ ٨٨}٠ ٩٤}٠ ٩٢}٠ ٩٥}٠ 
٠٠}٢ ٨٧}٠ ٩٣}٠ ٩٠}٠ ٩٤}٠ 
٥٠}٢ ٨٦}٠ ٩٣}٠ ٨٩}٠ ٩٣}٠ 

 ٠٫٩٢ ٠٫٨٨ ٩٢}٠ ٨٥}٠ أو أكثر٣

 
 

  



אא 
 

אאאא 
 

 
130 

 
F٣ J١٠אאאאE

 

א 
kV 

א
א 

FאאאmE 

 ٦٠}٠ ٤٥}٠ ٣٠}٠ 

0.6/1 

٢  
٣  
٤  
٥  
٦ 

٠٫٩٠  
٠٫٨٢  
٠٫٧٨  
٠٫٧٥  
٠٫٧٢ 

٠٫٩٣  
٠٫٨٧  
٠٫٨٥  
٠٫٨٢  
٠٫٨١ 

٠٫٩٥  
٠٫٩٠  
٠٫٨٩  
٠٫٨٧  
٠٫٨٦ 

٠٫٩٦  
٠٫٩٣  
٠٫٩١  
٠٫٩٠  
٠٫٩٠ 

1.9/3.3 
 

12.7/22 
 

٢  
٣  
٤  
٥  
٦ 

٠٫٨٨  
٠٫٨٠  
٠٫٧٥  
٠٫٧١  
٠٫٦٩ 

٠٫٩١  
٠٫٨٤  
٠٫٨١  
٠٫٧٧  
٠٫٧٥ 

٠٫٩٣  
٠٫٨٧  
٠٫٨٤  
٠٫٨٢  
٠٫٨٠ 

٠٫٩٤  
٠٫٨٩  
٠٫٨٧  
٠٫٨٥  
٠٫٨٤ 

19/33 
 

٢  
٣  
٤  
٥  
٦ 

٠٫٨٧  
٠٫٧٨  
٠٫٧٣  
٠٫٦٩  
٠٫٦٧ 

٠٫٨٩  
٠٫٨٢  
٠٫٧٨  
٠٫٧٥  
٠٫٧٣ 

٠٫٩٢  
٠٫٨٥  
٠٫٨٢  
٠٫٧٩  
٠٫٧٨ 

٠٫٩٣  
٠٫٨٧  
٠٫٨٥  
٠٫٨٣  
٠٫٨٢ 

 
 
 
 
 



אא 
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٣ J٦W 

XLPE600/1000 Vא
1500 AאאאK٦אא

45 cmאEאאאF
1.25 mאאאאK1ºK.m/W

א30 KאאאאאאK 
 

Wא 
،אאאאאא
אאאאאאא

אKאאאא 
אאאאאא =1500 ÷6   =250 A 

Wאא 
אא =٠٫٨٩FF٣ J٤EXLPE30 E 

אאא=٠٣}١FF٣ J٨E
25-150 mm2

Eא 
אא= ٨٦}٠FF٣ J١٠E0.6/1 kV٦

45 cmEא 
א=٩٥}٠FF٣ J٩אE0.6/1 kVא

1.25 mE 
אא=אא 

       =0.89  ×1.03  ×0.86  ×0.95  =0.7489439 

אאאא=אאאCאא 
  250       =אא٠٫٧٤٨٩٤٣٩×  א 

אאא333.8=    0.7489439÷  250=         א A 















 
 

٨}٣٣٣

 
אF 

W 

 

W

א



אא



K 

  
 


      1  

Wire Gaug


אא


4/0E





 


 


א

 
squK
٠٠}٠




א

c.mil = 0.

אge


Americ

א


א

310 A 

360 A

1

 
 

א

אא
uare mil

١=١


c.milאE


א

.7854 sq.m

א
א

an Wire 


0000F
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א
W 

א
א

20 mm2

  
 
אא

א
אא

١

Fאאl


אא

mil =  0.78

א

Gauge (A




 


א

95 mm2
120 mm2




א 



 
circula


א
א

א


854 10–6

א


AWG)


א

א

F٣ J٣E




א

W 
א 

א 
KE

א
r mil

א
0.02א،

א
א

א

in2  = 506




א
0.12א



א





א

٧אW
  

  
א

W
Wאא

א
=254 mm

١K
Fsq.milE

א
 

W 
6.71 10–6 

Wא


א
0000 



אא

 



א
א

א
  

٣ J٧



אא

א
א
אא


Fא
אא
א


mm2

א
א

(4/0)





אא 
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א0.12א

Wא،אאאא 

n261.1

105500
  mil) (c  ,a  

FaאEF،אאnאE
אא0000,000,00,0n 0,(1-),(2-),(3-)א

Kא 
 

٣ J٨WאאKVoltage Drop 

 אאא–א
Voltage Drop Jאאאא،א

אאאאאKאאאא
אKאאאאאאאא

אאאאא
אאאא،אאא1000א 

VKאאא
FLLאאאmV/A/mאE

אאא١אא
Wאאאא،א 

Wאאאא       
2 Z = mV/A/m 

Wאאא 
√3 Z = mV/A/m 

ZLאFΩ/kmE 
F٣ J١١אEXLPE600/1000 V

 50 Hz–א60 א Hz Jאאאא
אFKאא٣ J١٢E 

 



אא 
 

אאאא 
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אאאXLPE600/1000 V–א

 50 Hz60 Hzאא
אKאאאא

Kאאאא 
 

F٣ J١١EאFmV/m/AEXLPE600/1000 V 


א

Fmm2E 

  

 

 
٣٤

 

 

 
٣٤

 
   

٥٠  
٧٠  
٩٥  
١٢٠  
١٥٠ 

٠٫٨٦  
٠٫٦٢  
٠٫٤٦  
٠٫٣٧  
٠٫٣٢ 

٠٫٨٧  
٠٫٦٥  
٠٫٥٢  
٠٫٤٥  
٠٫٤١ 

١٫٠٠  
٠٫٧٠  
٠٫٥٢  
٠٫٤٢  
٠٫٣٥ 

٠٫٨٧  
٠٫٦١  
٠٫٤٥  
٠٫٣٦  
٠٫٣٠  

١٫٤٠  
٠٫٩٨  
٠٫٧٢  
٠٫٥٨  
٠٫٤٨ 

١٫٥٠  
١٫٠٠  
٠٫٧٨  
٠٫٦٥  
٠٫٥٦ 

١٫٧٠  
١٫٢٠  
٠٫٨٣ 

١٫٤٠  
٠٫٩٩  
٠٫٧٢  
٠٫٥٨  
٠٫٤٨ 

 
F٣ J٧EWF٣א J١١EאXLPE

600/1000 VWא 
١K 95	  × 3 	mm250 mאא200 A 
٢K 2   × 70 mm2100 mאא250 A 
٣K 1× 120 mm2אא

אא45 m300 A 

Wא 
١K אאא=0.45 mV/A/m 

אא=אאCאCא 
 =0.45  ×50  ×200 = 4500 mV =4.5 V 

٢K אאא=1.2 mV/A/m 
אא=אאCאCא 

 =1.2 ×100  ×150 =18000 mV =18 V 
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٣K אאא =0.37 mV/A/m 

אא=אא×א×א 
 =0.37  ×45  ×300  =4995 mV  =4.995 V  

 
F٣ J١٢אאאEXLPE600/1000 V 



א

Fmm2E 

א א 

אא
90 (Ω/km) 

60א Hz
(Ω/km) 

אא 
90 (Ω/km)

א
60 

Hz(Ω/km)     
١٦ 
٢٥ 
٣٥ 
٥٠ 
٧٠ 

 
 
 
٤٩٤}٠
٣٤٢}٠ 

 
 
 
٨٢٢}٠
٥٦٨}٠ 

 
 
 
١٢٧}٠ 
١٢٤}٠ 

 
 
 
١٧٤}٠
١٩٤}٠ 

٤٧٠}١ 
٩٢٧}٠ 
٦٦٨}٠ 
٤٩٤}٠ 
٣٤٢}٠ 

٤٢٠}٢
٥٤٠}١
١١٠}١
٨٢٢}٠
٥٦٨}٠ 

٠٩٦}٠ 
٠٩٥}٠ 
٠٩٢}٠ 
٠٩١}٠ 
٠٩٠}٠ 

٩٥ 
١٢٠ 
١٥٠ 
١٨٥ 
٢٤٠ 

٢٤٧}٠
١٩٧}٠
١٦٠}٠
١٢٨}٠
٠٩٨}٠ 

٤١١}٠
٣٢٥}٠
٢٦٥}٠
٢١١}٠
١٦٢}٠ 

١١٨}٠ 
١١٥}٠ 
١١٦}٠ 
١١٥}٠ 
١١٠}٠ 

١٨٨}٠
١٨٦}٠
١٨٧}٠
١٨٦}٠
١٨١}٠ 

٢٤٧}٠ 
١٩٧}٠ 
١٦٠}٠ 
١٢٨}٠ 
٠٩٨}٠ 

٤١١}٠
٣٢٥}٠
٢٦٥}٠
٢١١}٠
١٦٢}٠ 

٠٨٨}٠ 
٠٨٨}٠ 
٠٨٨}٠ 
٠٨٨}٠ 
٠٨٨}٠ 

 
אא

Wאאא 
אאאא 

2 Z = mV/A/m 
  

Z= R2+ X2 

Wאא 
√3 Z = mV/A/m 
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F٣ J٨EWF٣א J١١EאXLPE

600/1000 Vאא240 mm2،
אאא؟אאא 

 
Wא 

 
אR= 0.098 Ω/kmא،X = 0.181 Ω/km 

 
אאWאאW 

Z= R2+ X2	= ( 0.098 )2+ ( 0.181 )2=	0.2058 Ω/km 

 
 

אWmV/m/A = 2 0.2058 = 0.4116  mV/m/A                         

                
 

אאWאאW 
mV/m/A = √3 Z = √3 × 0.2058 = 0.3564 mV/A/m  
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אאא 

  

 אאא
אאאאאא

אFאKאא–

א–אא–אאEאא
Kאא 

 
٣ J٩אאאW 

WאW 
Wאאאא 

١K Wאאאאא
אאאאא
אאאא
אאאKא

אאאא
א20 cmא50 cmאK

אאאאCable Locators
Kאא 

٢K אאא
אא

Kא 
 

אW 
 אאאאאא

אאאאאאא
אאאאא،אאא

WאKאאא 
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١K Wאאאא

אEאFאא
אאא
אא

אאאא
K 

٢K Wאאאאאא
אאאאאא

אאאאא
Kאאא 

٣K Wאאא،א
אאאאאאאא

אאאKא
Kאאאא 

٤K אאאאא
Kאאאאאא 

 
אWא 

 אאאאאא
אאאאאאאאא

אאאאK
KאWאאא 

١K אאאאא
אאא 

٢K אאאאאא
אא

אאאא 
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٣K אEאFא

Kאא 

٤K אאאא 

٥K אאאאא
אאא 

 
KאאWא 

 אא
אאא،א

Kאאאאאאא 
 
٣ J١٠WאאW 

 אאא
אאא،א

אאאאאא
אאאאאא

אאאא
אאאאא
אאאKא
Kאא

אאאKאא 
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٣ J٨K

F
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א

א
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١E F√FאEXאE    :    

 J،אאאאא
Kאא 

EF

 Jאאאאאא
Kאאאא 

EF

 JאאאאXLPEK EF
 Jאאאאאא

Kאאאאא 
EF

 Jאאאא
אאאאא. 

EF

 Jאאאא
אא 

EF

 Jאאאאא
Kא 

EF

 Jאאאאאאא
Kאאא 

EF

 JאאאPVCK EF
 Jאאאאאאאא

אאאאאא
K 

EF

  

٢( אאאאאא؟ 
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אאאאא 

אאא 
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אאWאאאאא

אאאאK 

 
אאאW 

 
 Jאאאאאא 
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Wאאאאאאא 
٤ J١W 

אאאאאאא
אWKא 

 J אא(Skin Effect) 

 J אאFCoronaE 
 J אאFLightning StrokesE 

אאאאאאאא
אאאאאKאא

Kאאא 
אאאאא

Kאאאא 
 

٤ J٢אאW(Skin Effect) 
א   א א     א א 

،אאאאאא
אאאאאא
אאאKאאא

   א א    א     
 Kאא א 
 א    א  א  א    

א א   Kאאאאא 
אאאאאא
אאאEאFאאא

Kאא 
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אאאאאא
Kאאאאא
אאאאאאא

،אאאאא
Wאא 

 

mr = 
8 π2 × f × μr× r

ρ
                               																												  (٤.1) 

 
W  μrאאאאW(H/m) 

ρאאWאא(Ω.m) 

fאאאאאW(Hz) 

rאאאW(m) 
mrאאאאאאW 

 

٤ J٢ J١אאאW 
אאאא

אאאאא
Kאאאאאאא 

٤ J٢ J٢אאאW 
אאKאא

،אאאא
א אא  א א  א א א א 

אאKאאאא 
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٤ J٣WאאFCoronaE 

אאאאאאאאא
אאאאא
אאאאאאKא

אא،אאאא
אאאאאאKאא

אאElectric Field Intensity(E = V/D kV/cm) א
אאאאאא

אאאא
Kאא 

אאאאאאא
אאאKאאא

אאאאא
Kאאאאא

אאאFCoronaE
אאאKאא
אאאאאא

אאאאאKאא
Wאא 

K  א 
K  EKKKKKKKא،א،אא،אFאא 

K  Kאא 
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אאאאאאא
א،אא،א

rW 
 

Ew = 30 m × d 1+ 
0.301

√d . r 
																																																							(4.2) 

 
אאאאאאאrWא 

 

Ec = 31 m × d 1+ 
0.301

√d . r 
       																																	           ( 4.3 ) 

   
 

W 

 
Ewאאאאא(V/m) 

Ewאאאאאא
(V/m) 

rאאא(m) 
Mאא 
DWאאאאא 

 

d = 
3.92 P

( 273 + T )
                                                                  (4.4 ) 

 
W  PאאאאFtorrE 

T              Kאאא 

Wאאא 
١ J אאKא 
٢ J Kאאא 

٣ J Kאאאאא 
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٤ J אאאאא
אא(Bundle Conductors)K 

 
 

٥ J Kא 

٦ J Kא 
 

4 J٤WאאFLightning StrokesE 
אאאאאא
،אאאאKא
א،אאאאאא

10 kmאאאK
Kא 

 
K 4 J٤ J١אאאW 

אאאאאא
אאאאאאא،

אאאאאאאאאאא
אאאאאאKאא

200 – 10000 mאאא300 – 2000 mK
אאאאאא

אא10א
2אK

אא10
2

إلى   10
8

V،
10

2

V/mאא10
4

V/mאKאאא
אאא250אkWhאאK

אאאאאאא
אאאא–אא–א
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אאאאKא
3א V/mאא0.01 V/mKאאא 

 
 
 
 

4 J٤ J٢אאאאאאW 
אא אאא אא א

Kאאא 

  אא אא    א       
،אאאאאאאWא

אאאאKW
  W א אא     א

Kא 

Kא Kאאאאאא
Kאאא 

  ،א     א א  א  
אKאא،אאאא

 א א   א א  א  א אא 
     א א  א א א א אא

F٤ J١EK 

אאא،אא
      10 m  Kא א א   

אאF٤ J٢E אאאK
،אא km/sec 3000F

אאאאאאאאKE–א
 א  J  א  א א   

km/sec30000אאKא 



אא 
 

אאאא 
 

 
151 

kA400Kאאאאא
אא bar100K 

 

 

 

אא 100 μsecμsec150א
F٤ J٣ א   א אא ،E ،    ،  

Kא 

  
F٤ J١E Jאא 

 

  
F٤ J٢E Jאא 
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F٤ J٣ JE Jא 

  
F٤ J٣ JE JאΔi/Δt 

،אאא
Kאאאאאאא

Fאא٤ J
٤(KאKאא 
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F٤ J٤E Jאא 

٤ J٤ J٣אאW 

Kאאאאאאא 

 Jאאאא 

Kאאאא m٣٠٠
 אא K       א   א א

Kאאא40%א
70%Kאאא 

 Jאאא 
אאאאאKא

א אא   א   א   א א 
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אא   א  א  א אא א K א
אKאאא

،אKאאא
،אא،אאאא

Kא 

 

 JWאא 
א א   Eא א אF   

      N/m400000 
Kאא 

 JWאא 
Kאאאא 

٤ J٤ J٤אWW 
 א     kA 100א   א     Ω 5

Wאא 
V = I.R = 100 x 103 5 = 500 kV                                                    (4.5) 

אאאאאאאאא
אאאאאא

Kאאאא 

Vsא،אא
אאF(Δi/ΔtKאאאא 

Vs = L Δi/Δt                                                  (4.6)Vs = M Δi/Δt      
אאאKאאא

Kא 

٤ J٤ J٥אאW 
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F         א ٤א J٥ ،E
   ، Eא  אF א א    א א
Kאאאאאאא

    א       F٤ J٦E ،
Kא،אאא

אאKאאאא 

 

אאאאΔi/Δtאאאא
Kא 

אאאאאאאא
א   Kא א  א אא

אאאא 

  
F٤ J٥E-אאא 



אא 
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F٦-٥E-Kאאאאאא 

 
 
 
 

٤ J٤ J٦WאאאאW 

  א  אא   א א   
אאKאאא

   א  א אא  א א א
Wא 

FE  א    א אא א 
א 

FE  אאאא 
FE  אאאאאFExpulsion GapsE

  אא  א  א 
Kאא 

 
 JWאאאאא 

אאאאאא
 אא א אא     א   א א
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Kא א  א א  א א א K א
אאאאאאאא

אאאK 

Kאאא
אאאא
א  א א  K  א א א  א

אאא
  א א  א א א  א   
א   א א א  א   א   א

אאאאFCapacitancesE 

 

 

FV = Q/CE،אאאאא
Kאאאא 

 

 JWאאאאאא 

אאאאא
אאאאKאאא
 Kא  אאאא 

 א    א  א א   א א
WאאאKא 

VT = I0 ZT/(1+ZT/ZS)                                                                             (4.7) 

  ZT  א  FSurge ImpedanceEZS  א  
אאאאKא

Kאא 
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אאא15א mmא 2.5-3 mK
אאאאא50 mאK

אאאKאאאא
א  א  א א Kא  א א 

אאא(Counter Poise Wires)אא
0.5-1 mא   Kאא   א א  א

א5-100 mאאאK
אא25 ΩKא

אאאא Kאא
  א   א אא   אא     

Kאאא 

 

 

 JאאאW 

      א אא   א 
א א  Kא א  אא  א אא

Fאאאא4 J٧KE
אאאאאא 

Kאאא 
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F4 J٧אWE 

١ JWאא 

אאאאאSpark Gaps
 K א א אא   א אא אא
  K  א    א א    א

אKאאאאאא
אאאאKאאאאא
 Kאא   א        א א  א

אאאאאא
 אא   א  א א   K א אא אא

אאאK 

 

٢ JWא 

אאאא
א אאאא

   א  א אא  Kא  אFNonlinear 

ElementEאא א אאא א 
אאאאאא Kאאא אאא
אאאKאאאאא

 א   א א   Kא   אאא  
 א   א    א א א אאא 

אKאאאאא
אFFlashover VoltageEאאאאא

Kאאאאאאא 

 

 



אא 
 

אאאא 
 

 
160 

٣  JWאא 
אא אא

אאאאאאאאא
אאאKאאאא

אאאא kA 

 10 kA20אא20.8 μsecאא kA
100  250 kAאא1.5 μsec 

א א א  אא      אא  
Kאאא

 א    FSilicon CarbideEא  א 
   אא א   Kא א     

אאאאKאW 
I = kVa                                                                                        (4.8) 

 

I אVאאאאkaא
אאאFאאאאKא

KEאא 

 א אאאאאא  אאא א
  א א 100 – 300 Aא  א אא 5000 A א

א א אאא אאאאאא   Kא
      אא א   א א אא 

א   א א   א א  אא א א א
אאאאאאאאאא
אאאאאKא

אKאאאאאאאאאא
אKאאאאאא
א  א א   K א א  א א
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 א   אא   א א אא א 
Kאאאא 

 א אא אא אא
אא א  א א א אא אא

א  Kאאאאאאא
אEאאאFאא

K  

٤ J٤ J٧אאאאאW 

א א  א א א א א    
  א  א  א א  א  
 א Kאא א   א אא

 א אא   Kא     א א 
 

  א  א  א  א  אא   א א
אאFcurrent choppingEאאאא

  א   א א  אא   
אאKFBasic Insulation LevelE

 א 30%א א  א אא  א 
Kאאא 

אאאאא
אאאFLine ShieldingEאאא Kא

אאאאאאא
אאאאKאא

א א   אא    א א אא   K
KאאאאKKKKאאאא

Kאאאאאא 
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א132א kVKא 

 JWאא  132 kV 

 JW  145 kV 

 JW  145x√2√3) =119 kVpeak 

 JWאאא 3 119 = 357kVpeak 

WאאEF 

 JWאא   123 kV 

 JWא  510 kVpeak 

 Jא10 kA8/20 μsecW 443 kV peak 

WאEF 

 JWאאא550א kV peak 

 JWאאאא550 kV rms 

 JWאאאאx100 = 24%z(550 - 443)/443x 

אאEFswitchgear 

 JWאאא  650 kV peak 

 JWאאאאא  650 kV peak 

א،אאאאאאאא
  א אא א    440א kV  F59 cm E

25%אא
2	μsec  
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١E Kאאאא 
٢E   א א א א   א

Kאא 

٣E אא  א א   א א א
Kא 

٤E אאאא 
٥E Kאאא 

٦E Wאא 

FE  אאאאאא 

FE  Kאאאאא 
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