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אאW 
 

אאW 
אW 

١K אאאK 
٢K אאאאאא

אאK 
 

٣K אאאאאאK 
 

אאאW 
 

אאW١٢ 
 

אאW 
١K אאאK 
٢K אא 
 

אאW 
אאאK 
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אא 
١ J١אאאW 

  א א  א א  אא
אאאאא
אאא، א 

אאא : 

• אאThree phase single circuit system K 

• אאThree phase double circuit systemK 

אאא
FEאאאאKאא

אאאאאאא،
אאK 

אאאאאאאא
،،א،א

אאאאא،א
אאאאK 

١ J١ J١WאאאW 
 אאאאאאאא

אאאאאא(R)،אאא(G)
،אא(XL)،אא(C)K 

אאR
אאLאCאGF١ J١Eא

אאGאK 
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F١ J١E–אK 

 

K אא(R)Wאאא(Ω) 
אאאאאאאא

،אאאאא
אאאW 

R =  ρ / A            (1.1) 
WRאאאΩ/m   

ρאאאאΩ.m   

            A  אאא    m2 

אאאאACSRא
אאאאא،אא

אאאאK 

אאאאאאא
אאאא،אאאא

א،אאאK 

θs  
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- ٤  -  

אאאאאRאאאGא
אאאאאאאא

אK 

K אאא(G)WאאאFאEאא
،אאאאא

אאאאאאא
אאאK 

K אא(XL)Wאאאאא
،אאאאאא

אאאאאאXL= ω.L  אא
אK 

אFאאאEא
אאא،אאאא

אאW 

) 
r
Dln   

4
1 ( 

 2
  L o +

π
= µ             (1.2) 

 
WLאאאH/m   

       = 4 π x 10-7  H/moµ   אאאK 
  DאאאFmEK 
  rאאFmEK 

F١אא J٢E،
אאאאאK 

 

321 D . D . D  D =          (1.3) 
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F١ J٢E–אאK 

١ J١W 
 אאאאא

D = 5 mאr = 1.5 cmf = 60 HzK 

אW 

אW      ) 
r
D ln  

4
1 ( 

 2
  L o +

π
=

µ
  

        

           
 

 

XL = ω . L = 377 * 12.12 * 10-7  = 0.457      Ω/km 
 

אאאאאאא
R = 0.074  Ω/kmאאאא

אRXL
אאאאאאאK 

 

K אא(C)Wאאאא
אאאאא،אאאא

אאא،אאאאא
אאK 
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אאאאא
،אאאאאא

א100א kmאאא300 kVK 

אאאאא
אאאW 

 

r
D ln

  2   C 2  C o
n

επ
==         (1.4) 

 
WCאאאאאF/m   

= 8.854 x 10-12  F/moε   אאאK 
  DאאאFmEK 
  rאאFmEK 
 

אאF١ J٣E،
אאאאאאK 
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F١ J٣E–אאאK 
 
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  א אCapacitive reactanceאא אא 
אW 

 Xc = 1 / ω Cn = 1/ 2 π f Cn          Ω/m      (1.5) 

   א א א א א   Capacitive admittance،
אאאאאW 

 Y = j 1 / Xc = j ω Cn  = j 2 π f Cn          siemens/m    (1.6) 

 
١ J٢W 

אאאאא200 km
אD = 5 mא3 cmf = 60 HzK 

א 

אאאW 

F/m           10x  9.577  

5.1
500ln

10x  8.854x   2   

r
D ln

  2
   C 2  C 12-

12-
o

n =
π

=
επ

==  

אאאאW 

Cn = 9.577 x 10-12 x 200 x 103 = 1.915 x 10-6         F. 

אאW  

Xc = 1 / ω Cn = 1 / ( 377 x 1.915 x 10-6 ) = 1385   Ω 

אאW  

Y = j ω Cn = j 377 x 1.915 x 10-6  = 722 x 10-6  ∟90°  siemens 
 

 
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١ J١ J٢WאאW 
אאא60 kmאא

FאאCאאYEאאRאאXL
،אאאא

F١ J٤EאאK 
 

 
 

F١ J٤E–אאאK 
 

אאאאאאאאא
،אאאW 

 
F١ J٥E–אאאאאK 
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W 
Vs אא  Sending end voltage per phase     
Ss אאא  Apparent power at sending end     
Ps אאא  Active power at sending end         
Qs אאא  Reactive power at sending end      

Cos φs אא   Power factor at sending end          
VR אא   Receiving end voltage per phase   
SR אאא   Apparent power at receiving end   

PR אאא  Active power at receiving end        
QR אאא  Reactive power at receiving end    

Cos φR אא  Power factor at receiving end        
IL א    Line current                                      
R  א   Line resistance per phase            
XL אא  Line reactance per phase                
∆V אאLine voltage drop per phase                  

 
אאאאF١ J٥EאאW 

אאW 

 Vs = VR + ∆V          (1.7) 

אאW 

 ∆V = ZL IL = IL . R + j IL . XL       (1.8) 

W ZL = R + j XLאLine impedance 
IL . R אאאא

אאResistive drop in phase with IL 
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IL . XL אאאאא
אאReactive drop in quadrature 

with IL 
(1.7)אאאאאא

F١ J٦KE 

 
F١ J٦E Jאאאאא 

 

אאאאאOMAאW 

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

 

    (1.9) 

• אאאאאWאא
sθ OM،OFאא،OM = OF

אW 
OM = OD + DF = OB + BD + DF 



٢٦٢ א אא 

א אא אא 
 
 

- ١١ -  

VS = VR + BD + DF = VR + IL R cos φR + IL XL sin φR    (1.10) 

אאאW 

∆V = VS – VR = IL R cos φR + IL XL sin φR      (1.11) 

• אאאאאאא
אComplex numbers،אאVR

Reference vectorאאאאא
F١ J٦EאW 

VR = |VR| + j 0 = |VR| ∟0°         (1.12) 

IL = |IL| (cos φR – j sin φR) = |IL| ∟-φR°       (1.13) 

ZL = R + j XL = |ZL| ∟θ° 

אאLagging،אאא
אא،אW 

∆V = ZL . IL ∟(θ – φR)°         (1.14) 

אאW       VS = VR + ∆V 
VS = VR + ZL . IL ∟(θ – φR)° 

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

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

 

   (1.16) 

אLeadingא،אא
W 

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

אאW   VS = VR + ZL. IL ∟(θ + φR)° 
VS = VR + |IL| (cos φR + j sin φR) (R + j XL) 
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VS = VR + (R IL cos φR - XL IL sin φR) + j (XL IL cos φR + R IL sin φR) (1.18) 

2
RLRLL

2
RLLRLRs )sinI R  cosI X()sinI X - cosI RV(V ϕ+ϕ+ϕϕ+=  

אאאW 

φS = φR + θS            (1.19) 

אאLine voltage regulation Wאאא
אאW 

V.R % = 100x  
V

V - V
    100x  

V

V V

R

RS

R

RR

L

LL.n =
−

      (1.20) 

 א א א אאא Fא Eא
אאאFאאEאאW 

• אאW 

SsLS
*
LSS Q j  P  I V 3  I V 3  S

L
+===        (1.21) 

SLSSLSS  cosIV 3   cosI V 3  P
L

ϕ=ϕ=        (1.22) 

SLSSLSS sin IV 3  sin I V 3  Q
L

ϕ=ϕ=        (1.23) 

• אאW 

RRLR
*
LRR Q j  P  I V 3  I V 3  S

L
+===       (1.24) 

RLRRLRR  cosIV 3   cosI V 3  P
L

ϕ=ϕ=       (1.25) 

RLRRLRR sin IV 3  sin I V 3  Q
L

ϕ=ϕ=       (1.26) 

 אRאאXLאאאא
אאא،אאאאPLoss

 א אא QLossא ، א א
אW 

PLoss =  3 R IL
2  = PS - PR         (1.27) 
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QLoss =  3 XL IL
2  = QS - QR         (1.28) 

 
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א
אאאאאאאK 

אTransmission Line Efficiencyאא
אאאאאאאאאא

אאW 

100 * 
P
P

    %  
S

R=η           (1.29) 

١ J٣W،א f = 60 Hz،R = 5 Ω،
L = 30 mHאאא،P = 1000 kW

0.811 kVא،אאW 
 –אאאK 
  JאK       
  JאK 
  JאאK 

א 

אאW 

V.     6350    
3

11000    
3

V
    V LR

R ===  

אW   A.65.6    
0.8 * 6350 * 3

10 * 1000    
 cosV 3

P
    I

3

RR

R
L ==

φ
= 

 
φR  =  cos-1 (0.8)  = 36.87°       lag 
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IL = |IL| ∟φR°  =  65.6 ∟-36.87°     A. 
         אW 

ZL = R + j XL = 5 + j 2 π * 60 * 0.03  =  5 + j 9.4  = 10.65∟62°    Ω. 

אאW 
∆V = ZL . IL  = (65.6 ∟-36.87°) (10.65∟62°)  =  698.64∟25.13°    V. 

–אאW 
VS = VR + ∆V  =  6350 + (698.64∟25.13°)  =  6988∟2.4°    V. 

VSL =  √3 VS  = √3 * 6988  =  12100  V.  =  12.1   kV. 

אאW 
φS = φR + θS  =  36.87 + 2.4  =  39.3°        lag 

cos φS  =  0.774     lag 
–אאאאW 

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

אאאW 
PS = PR + PLoss = 1000 + 64.55 = 1064.55    kW 

אW 

% 93.94   100 * 
55.1064

1000  100 * 
P
P

    %  
S

R ===η    

–אאW 

V.R % = % 10  100*
11

11 - 12.1  100 * 
V

V - V
    100 * 

V

V V

R

RS

R

RR

L

LL.n ===
−
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١ J١ J٣WאאW 
אאא60 → 120 kmא

אCאאYא،
אאRאאXLאFTE

אאFאRאאXLEא
אאאאאאF Π 

E،אאW 
 

אאאאאT      ( T- RepresentationEW 

 אאאאאא
אאאאאT،אאא

،אאאאאאא
אאF١ J٧EW 

 

 
 

F١ J٧E–אאאאאTK 
 

אאאאאאאא
TאF١ J٨EK 

 
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F١ J٨E JאאאאאאTK 

  
אאאאF١ J٧EאאF١ J٨E
אאאIR אICW 

Is = IR + IC            (1.30) 

IC = Y V1 = j ω C V1          (1.31) 

אאאאאW 

L
L

L
L

R I .
2

XjR  I .
2

Z  V +
==∆          (1.32) 

אאW 

R
L

RRR1 I 
2

Z  V  V  V  V +=∆+=         (1.33) 

אאאאאW 

S
L

S
L

1 I .
2

XjR  I .
2

Z  V +
==∆          (1.34) 

א(1.33)א(1.31) , (1.30)W 

R
L

RS I )
2
 ZY  (1  V Y  I ++=          (1.35) 
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אאאאאאאא
W 

VS = VR + ∆VR + ∆V1 = R
L

LR
L I )

4
 ZY1(  Z V )

2
 ZY1( +++    (1.36) 

אאLine voltage regulation Wאאא
אאW 

V.R % = 100 * 
V

V - V
    100 * 

V

V V

R

RS

R

RR

L

LL.n =
−

     (1.37) 

 א א א אאא Fא Eא
אאאFאאEאאW 

• אאW 

SsSS
*
SSS Q j  P  I V 3  I V 3  S

L
+===        (1.38) 

SSSSSSS  cosIV 3   cosI V 3  P
L

ϕ=ϕ=        (1.39) 

SSSSSSS sin IV 3  sin I V 3  Q
L

ϕ=ϕ=        (1.40) 

• אאW 

RRRR
*
RRR Q j  P  I V 3  I V 3  S

L
+===       (1.41) 

RRRRRRR  cosIV 3   cosI V 3  P
L

ϕ=ϕ=       (1.42) 

RRRRRRR sin IV 3  sin I V 3  Q
L

ϕ=ϕ=       (1.43) 

 אRאאXLאאאא
אאא،אאאאPLoss

 א אא QLossא ، א א
אW 
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PLoss =  3 (R/2) ( IS
2 + IR

2 ) = PS - PR       (1.44) 

QLoss =  QS - QR           (1.45) 

אאאאאאא
אאK 

אTransmission Line Efficiencyאא
אאאאאאאאאא

אאW 

100 * 
P
P

    %  
S

R=η           (1.46) 

אאאאאΠ      ( Π - RepresentationEW 

 ،אאאאא
אאאאאאאא

אאאאאאאΠ،אא
אאאאאאאא،

אאF١ J٩EW 

 
 

F١ J٩E–אאאאאΠK 
 

אאאאאאאא
πאF١ J١٠KE 
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 
  

F١ J١٠E JאאאאאאΠK 
  

אאאאF١ J٩EאאF١ J١٠E
אאIR אאIC1

W 

IL = IR + IC1           (1.47) 

אאאאW 

IC1 = (Y/2) VR = j (ω C/2) VR        (1.48) 

אאאW 

IC2 = (Y/2) VS = j (ω C/2) VS        (1.49) 

אאאW 

∆V = ZL . IL = (R + j XL) . IL          (1.50) 
אאW 

VS = VR + ∆V = VR + ZL . IL = VR + ZL ( IR + IC1)     (1.51) 

 
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א(1.48)א(1.51)W 

VS = VR + ∆VR + ∆V1 = RLR
L I  Z V )

2
 ZY1( ++      (1.52) 

אאW 

IS =  IL + IC2  =  IR + IC1 + IC2 = IR +(Y/2) VR + (Y/2) VS    (1.53) 

א(1.52)א(1.53)W 

R
L

R
L

S I )
2
 ZY  (1  V )

2
 ZY  (1 Y  I +++=        (1.54) 

אאLine voltage regulation Wאאא
אאW 

V.R % = 100 * 
V

V - V
    100 * 

V

V V

R

RS

R

RR

L

LL.n =
−

     (1.55) 

 א א א אאא Fא Eא
אאאFאאEאאW 

• אאW 

SsSS
*
SSS Q j  P  I V 3  I V 3  S

L
+===        (1.56) 

SSSSSSS  cosIV 3   cosI V 3  P
L

ϕ=ϕ=        (1.57) 

SSSSSSS sin IV 3  sin I V 3  Q
L

ϕ=ϕ=        (1.58) 

• אאW 

RRRR
*
RRR Q j  P  I V 3  I V 3  S

L
+===       (1.59) 

RRRRRRR  cosIV 3   cosI V 3  P
L

ϕ=ϕ=       (1.60) 

RRRRRRR sin IV 3  sin I V 3  Q
L

ϕ=ϕ=       (1.61) 
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 אRאאXLאאאא
אאא،אאאאPLoss

 א אא QLoss، א אא 
אW 

PLoss =  3 R IL
2  = PS - PR         (1.62) 

QLoss =  QS - QR           (1.63) 

אTransmission Line Efficiencyאא
אאאאאאאאאא

אאW 

100 * 
P
P

    %  
S

R=η           (1.64) 

 

אאאאאW 
 אאאאאאאאא

אFאאאEFאאאE،
אאאאאאא

F١ J١١WE 

  

F١ J١١E–אאאא 
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VS =  A VR  +  B IR          (1.65) 

IS  =  C VR  +  D IR          (1.66) 

א،אאאאאאא
،אאאאאאאא

אאאאאW 

• אאאTW 

אא(1.36)אא(1.35)
א(1.66) , (1.65)אאאאW 

VS = R
L

LR
L I )

4
 ZY1(  Z V )

2
 ZY1( +++  

R
L

RS I )
2
 ZY  (1  V Y  I ++=   

A  =  D  =  )
2
 ZY  (1 L+          (1.67) 

B  =  ZL )
4
 ZY  (1 L+           (1.68) 

C  =   Y            (1.69) 

• אאאΠW 

אא(1.52)אא(1.54)
א(1.66) , (1.65)אאאאW 

VS = RLR
L I  Z V )

2
 ZY1( ++  

R
L

R
L

S I )
2
 ZY  (1  V )

4
 ZY1(  Y  I +++=   

A  =  D  =  )
2
 ZY  (1 L+          (1.70) 

B  =  ZL            (1.71) 
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C  =   Y )
4
 ZY  (1 L+           (1.72) 

• אאאW 
אאאאאאאXC

אאאא،
אאאאאא

Ferranti Effectאאאא
אF١ J١٢E،F١ J١٣WE 

  
  

F١ J١٢E–ΠK 
 

 
F١ J١٣E–אΠK 

אאאאW 
 

2
C1

2
C1LRS ) IR  (  ) I  X- V (     V +=        (1.73) 
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١ J١ J٤WאאW 

אא120 kmאא
CאאY،א،

אאאאRאאXLא،
אאאאאאאא

אא،אF١ J١٤EW 

 
F١ J١٤E–אאאאאK 

 

אאאאאאא
אאאאאאאאאאאא

F١ J١٥EW 

  
F١ J١٥E–אאאאאאאא 
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      א א  א   א א 
אW 

VS =  A VR  +  B IR          (1.74) 

IS  =  C VR  +  D IR          (1.75) 

אאאאאאא
אF١ J١٦KE 

 
  

F١ J١٦E JאאאאאK 
  

אאאאאאא،אא
אאאW 

A  =  D  =  
6
 ZY

  
2
 ZY  1 

2
L

2
L ++         (1.76) 

B  =  ZL . )
24
 ZY  

4
 ZY  1 (

2
L

2
L ++         (1.77) 

C  =   Y . )
24
 ZY  

4
 ZY  1 (

2
L

2
L ++         (1.78) 

 
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אאLine voltage regulation Wאאא
אאW 

V.R % = 100 * 
V

V - V
    100 * 

V

V V

R

RS

R

RR

L

LL.n =
−

     (1.79) 

 אא א א אא Fא Eא
אאאFאאEאאW 

• אאW 

SsSS
*
SSS Q j  P  I V 3  I V 3  S

L
+===        (1.80) 

SSSSSSS  cosIV 3   cosI V 3  P
L

ϕ=ϕ=        (1.81) 

SSSSSSS sin IV 3  sin I V 3  Q
L

ϕ=ϕ=        (1.82) 

• אאW 

RRRR
*
RRR Q j  P  I V 3  I V 3  S

L
+===       (1.83) 

RRRRRRR  cosIV 3   cosI V 3  P
L

ϕ=ϕ=       (1.84) 

RRRRRRR sin IV 3  sin I V 3  Q
L

ϕ=ϕ=       (1.85) 

 אRאאXLאאאא
אאא،אאאאPLoss

 א א  אQLoss ، א אא 
אW 

PLoss =  3 R IL
2  = PS - PR         (1.86) 

QLoss =  QS - QR           (1.87) 

אTransmission Line Efficiencyאא
אאאאאאאאאא

אאW 

100 * 
P
P

    %  
S

R=η           (1.88) 
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١ J٢WאאW 
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
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א
K 

אאאאW 
• 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אאאא
א אאא  א אא

אאK 
 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א،
אאא



٢٦٢ א אא 

א אא אא 
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  אא   Kא א  
Kאאאאא 

١ J٢ J١WאאאאW 
 אאאאאאאא

אאא
אא

250אאאא?spanK? 

 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W 
• 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א 
• אאאאא

אאאאאאאאK 
 

 אאאאאאא،
אאאא

FאאאאאEאאFE
אאאאא،אא

אאאאW 



٢٦٢ א אא 

א אא אא 
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 JאConductivityW 
 אאאא

אאאאאKאא
FPLEאW 

RI3P 2
L =          (1.89) 

a.
LR

σ
=          (1.90) 

WR אאא)ΩE 
L  אאFmE 
FaEאאFm2E 

FσEאאאKΩ.m)E 

אא(1.90)אאאאא
אא،אאאאא

אאאK 

 JאאMechanical StrengthW 
 א،אאאא

אאאאאא
אK 

 JאModulus of Elasticity 
 אFYoung’s CoefficientEאאא

אאאFKאאאאא
אE،אאאאא

אא،אאאא
אאK 

 



٢٦٢ א אא 

א אא אא 
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 JאאאHeat expansion coefficientW 
 אאאאאאא

אאאאא40
50אאאאא،א

אאא
אאאאא،אא

אאאK 
 

 JאCostW 
 אאאאאאא

،אאאאא
אK 

 אאאאא
אאאאאאK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אאא،
אאאאא،א

אאFאאאאא
אEאאא

אאאאא
אאאאאאא

אK 
 אאאאאאאא

אא60%



٢٦٢ א אא 

א אא אא 
 
 

- ٣١ -  

،אאאאאאא،
אאאא

אאאאאK 
 

١ J٢ J٢WאאאאאאW 
 אאאאא

אאאא
אאאאאא

F١ J١٧E،אאאא
אאאאאאאא

אאאאאK 
 

–אAll Aluminum Conductor AAC 
 אא

אאאאא
אאK 

  

 JאאAluminum Conductor Steel Reinforced ACSR 
 אא

אאאא،
F١ J١٨Eא،

אאאאא
26/7א267א

אאאK אא
אא 

אאאאאא
אאא

 اتجاه جدل السلك) ١٧ - ١(شكل 

  أسلاك الألومنيوم) ١٨ - ١(شكل 
 المقوى بالصلب                   
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א אא אא 
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אאאאאא
אK 

 

 JאAll Aluminum Alloy Conductor  AAAC 
 אאאאאא،

אאAAC , ACSRאF
LאEאאאאא

אאאאאאאאKאא
אאא،

ACSRאאאאא
אאאK 

 

 JאאאAluminum Conductor Alloy Reinforced ACAR 
 ACSRאאאא

אא
אאא

K 
 

 JאאאAluminum Alloy Conductor Steel Reinforced AACSR 
    ACSR 

    אא   א،
 א       א א

   א  א א א  
אK 

١ J٢ J٣WאאאW Power Poles and Towers 
 אאאאאא

 אאאאאא  א
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אא،אאאאאא
אאW 

١K אאW  Wooden Poles 
 אאאאאא

 אאאא א25130א
א٥אKאאא

   א  א    א  א א 
א،אא

אאאאאK 

 א אאאאא
 א א  א–א  J  א    

 א40 א J50א א    אאא 
אK 

 
 

F١ J١٩E–אא 

  لخطموصل ا

محول محمول على 
  العمود

  عازل الخط

  عامود خشبي



٢٦٢ א אא 

א אא אא 
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 אאאאאא
F١ J١٩EHF١ J٢٠EKא

אאאאאאא
אאאK 

 Hא
    אא       

،אאא
אאK 

 
 א א א     

،אאK 

אאאאא
א    ،א א א     א 

אאאאK 

F١ J٢٠E–H 



٢٦٢ א אא 

א אא אא 
 
 

- ٣٥ -  

٢K אאW  Concrete Poles 
 אא–א JאF

E،אאאא
אאKאאאאאא

אK–8 Jא
אאאאאאא

אאאאא،
אאKאא

אאאאא
אאאאאא

Kאאאאא
אאאאאK 

אאW 
• א            א א  

אK 
• א 
• אאאאאאאא

א 
• אאאאLאאא

א 

      

F١ J٢١E 
אא 



٢٦٢ א אא 

א אא אא 
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٣K אאW Metallic Poles 
 אאאאא،

אא–א Jא،
،אאאא،א

אא،K 
 אאאאאאא

25א30אא40–50
אאאאKאא

אאאא90–130،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،

K 
אאאאאא

אאאא،
אאאאאאא

אאאאאK 
 

٤K אאאW   Steel Towers 
 אאאא

אאא،אאאאאאW 
• אאLא 
• אאא 
• אא 

אא K
א–אאאאא Jא،א

אKאאאW  
 



٢٦٢ א אא 

א אא אא 
 
 

- ٣٧ -  

 JLsuspension/support tower 
 אאLאאאאא

אאאאא،L
אאאKאאא

א،אאא
אאאאF١ J٢٢E

אאאK 
  

  
  

F١ J٢٢E–K 
  

 JאTension tower  
 אאאא

א    א  א א    א א 
F١ J٢٣EKאאא–אא–
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  אאא Kאא  א 
 א אL אא     א  א     

אאאK
אאאאאאאאK

אאK 
  

  
  

F١ J٢٣E– 
  

_אאAngle tower  
 אאא

 א        א א    א א
אאK 

_אEnd tower 
 אאאאאאא 

אאאאK            
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١ J٢ J٤WאאאW 
 אאאאאא

אאאאא،א
–אא–א

אF(Catenary’s curve،F١ J٢٤Eא
אאאאKא

אאאKא
אאאאאא

אאאאאא
אK 

 

 
F١ J٢٤E–אאא 

 
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١ J٢ J٤ J١WאאאאW 

אאאW 

١K אFwcEא،אא
אאא 

٢K אאFאLEאאאאא 
٣K אאFTEאאאאאאאאא

אא 
٤K אאאאאאאא

 
٥K אאW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א،אא

אאאאאא
אאאאK 

 

١ J٢ J٤ J٢WאW 
 אאאא

אאKא
אאאא،א

אאאאא،W 

T2
x wy

2
c=            (1.91) 

wcאאאL    
Tאאאא 

   x, yאאא 
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F١ J٢٥EFDEFyEx = L/2L
אאW 

 

 
F١ J٢٥E–אאא 

 

T8
Lw

D
2

c=            (1.92) 

אאאאW 
C = H – D            (1.93) 

HאאאK 
 

 ١ J٣Wאא160 mא،0.75 kg/m
אא600kg،אאאH=20 mאא

אאK 
 
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א 

אZאא–א 
C = H - D 

אאW 

 
6008

)160(75.0
     

T8
Lw

D
22

c
×
×

== =  4  m. 

א 
C = 20 - 4 = 16 m 

 

١ J٤Wאאא275א
 א א  0.85L  א    8000א  

2אK 
א 

אאאW 

  المسموح الشد  
ÇáÃãÇä ãÚÇãá
 شدأقصى

= 

kg 4000    
2

8000T ==  

אwc= 0.85 kg/m ,  L = 275 m , T = 4000 kg   
 

 m   2    
40008

)275(85.0     
T8
L wD

22
c =

×
×

==  

١ J٢ J٤ J٣WאאW 
אאFtEאF١ J٢٦E

אאאא،
אאKאאאאאאאK 

 
 

 معامل الأمان



٢٦٢ א אא 

א אא אא 
 
 

- ٤٣ -  

 
 
 
 
 
 
 
 
 
 

F١ J٢٦E–אאא 
 

אאאLViW 

t).td(  V

t2).t2d2(
4

       )d)t2d((
4

  V

i

22
i

+π=

+
π

=−+
π

=
 

d אK 
אאאwiאאאρW 

 

t).td.(. wi +ρπ=          (1.94) 
 

אאא
אאאאאאאא

אא،W 
 

we = wc  + wi           (1.95) 
 
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١ J٥Wאאא180אא
אא0.624Lאא1220אא

אא0.3אא910L٣א،0.94K 
א 

אאאאFwiE 

m/kg106.0w
10*3.0*10*)3.094.0(*910*       

  t).td.(. w

i

22
i

=
+π=

+ρπ=
−−

 

אא 
106.0624.0   w  w w ice +=+=  =  0.73   kg/m. 

אW 

m  2.42    
1220*8

)180(*73.0     
T8
Lw

D
22

e ===  

١ J٢ J٤ J٤WאאW 
 אאP kg/m2א

אאאKאא
FApE JאאF١ J٢٧EאK 

 
F١ J٢٧E–אאאא 

W         2
p  m      1 d .  A = 

אאאאW 
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m/kg d . P     . P  A w pw ==  
אאאאW 

2
w

2
ce ww  w +=           (1.96) 

אאאאDeW 

   
T8
Lw

D
2

e
e =        (1.97) 

אאאθא،W 

     )
w
w(tan

c

w1−=θ        (1.98) 

אאDאאאDhDeאא
אאW 

 )θ=               ,)θ= (sin  D D               (cos  DD ehe    (1.99) 

אאאאW 
2
w

2
ice w)ww(  w ++=               (1.100) 

wcאL 
 wiאאאL 
wwאL 

אאאאאW 
m/ . p    kg)t2d(  w w +=  

אאW 

   
T8
Lw

D
2

e
e =  

אאאאאW 

 )θ=               ,)θ= (sin  D D                 (cos  DD ehe  

אאאאW 
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)
ww

w
(tan

ic

w1
+

=θ −  

١ J٦W  אאאW 
אא160 m 

א0.95 cm 
א0.65 kg/m 

אא602.5 kg 
אאאאאאאאא40 kg/m2 

א 
אאW 

m/kg  38040*1*10*950p*1* d w 2
w  . =  . =  = −  

אאW 
m/kg   7529.0    )38.0()65.0(    ww  w 222

w
2
ce =+=+=  

אDeאאאθW 

o30.31    
65.0
38.0  tan  

w
w  tan   

m.   4    
602.58

(160)0.7529     
T8
Lw  D

1-

c

w1-

22
e

e

=⎟
⎠
⎞

⎜
⎝
⎛=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
=θ

=
×

×
==

 

אאW 
 =×=)θ= m.     3.45    cos(30.31)  4    (cos  DD e  

אאאW 
. m     2.02    )31.30sin(   4    (sin  D D eh =×=)θ=  

  
١ J٧W  אאאW 

אא275 m 
א19.5 mm 

א0.85 kg/m 
אא4000 kg 
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אאאאאאאאא39 kg/m2
אאאא13 mm א،910 kg/mK 

א 

אאdoאW 
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