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אא 
  

(5-1) 
אאא

 ، א ،א א א
א  א     א K    

Wאא 
1 JK 
2 JאK 
3 JK 
4 JFאE 
5 JאK 

אאאW 
א J JFאאE 

 

אאאאא
אאאאאא

אאK 
אאאאW 

F5%EKאאאא - أ 
 (I2 R)Kאא -  ب 

 JאאאאאK 
   

(5-2)אא 
אאאאאא

אאאאאאK
 א א  א    K    
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א א  א אא  Fא   
אאאEK(5.1)אאK  

Load 1 Load 2

Motor

+

- 
אF5.1Eאא 

  
  

Load 1

Load 2

230 v

230 v

460 v

+

+
-

-

+

-
 Generator

  
אF5.2Eא 

  

Load 1

Load 2

230 v

230 v

+

+
-

-

Motor

 
אF5.3Eאא 
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 א     א א א   
אאאKא(5.2)א(5.3)אא

אאK 
 

 (5-3)אאא 

(5-3-1)    
א(5-4A)אKא(5.4A)FA-

B E  A א   אא   (i1,i2,i3,i4) 
 א א  (C,D,E,F) א א  אא א (I1,I2,I3,I4)

 א    אא(r1,r2,r3,r4)   א A א 
FC,D,E,FE(R1, R2, R3, R4 )K 
FאZאEא،

אאA-BW 
  

 
  

א 

 
  :الآتينستنتج  (2-3)و  (1-3) المعادلتينمن 

  
VAB = (i1 + i2 + i3 + i4)r1 +  (i2 + i3 + i4)r2 + (i3 + i4)r3 + (i4) r4  

)                             1-(5 r Ir I r I r I  V 4432211AB 3 +++=

44

433

43
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i   I
i  i   I

2)-(5                            i  i  i   I
i  i  i  i   I
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=
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VAB  = i1R1 + i2 R2 + i3 R3 + i4 R4                                                                                        (5-3) 
  

א(5-1)א(5-3)אKא(5-3)
אאW 

 
א A-BZ 

אא A 
 

א E 
 

 VAB  = [i1R1 + i2 R2 + i3 R3 ]+ [i4 + i4 +i5 ….] R3                                          (5-4) 
  
  

 

א EZא E 
Hא E 

א(5-1)(5-3)W 

 

 
 

ρZאאFΩ. mE 
AZאm2)E 

  ilZאאאF (m 
IiZאאאFAE 
iiZאאאK (A) 

)55(lIA
ρV iiAB −∑=

)6(5Α
ρ

V Lii iAB
−∑=
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 
 (5.4C) 

אF5.4Eאאאא 
 

R4

R3

R2

R1

I2

I4
I3

I1

current

Voltage

VAB I1r1+i2 r2+I3r3

        I4r4

I1r1+i2 r2

            I1r1

I1 I2 I3 I4
r1 r2 r3 r4

i1 i2 i3 i4

A C D F BE

(5.4A)شكلال

(5.4B)شكلال
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א(5.4B)אאאאא(5.4C)אאK 
 

F1E 
A-B،،א300 mA،אא

אא A 
 

א 
FE 

אא A
FE 

א

30 
40 

100 
50 

40 
100 
150 
250 

C 
D  
E  
F  

 
אא10 VKא ABK

אאρ=1.78x10-8 Ω.m 
א 

אא(5.5)W 
R4

250 m

R3
150m

R2
100 m

R1
40 m

A C D E F B

   i1   30 A  i2    40 A     i3     100A   i4   50 A  
  )5.5(شكل ال

 
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אא 44332211AB
RiRiRiRiV +++=

 
א )RiRiRiR2(iV 44332211AB +++=

 

ΩA
250x10x1.78

A
LρRR

ΩA
x15010x1.78

A
LρRR

ΩA
x10010x1.78

A
LρRR

ΩA
40x10x1.78

A
LρRR

8

4AF

8

3AE

8

2AD

8

1AC

−

−

−

−

===

===

===

===

 

]iA
ρLiA

ρLiA
ρLiA

ρL2[V 4
4

3
3

2
2

1
1

AB(max) +++=

250]x50150x100100x4040x30[A
10x1.78x2

]iLiLiLiL[A
ρ2

8

44332211

+++=

+++
−

=
 

   

2

24

8

cm1.164
m10x1.164A

32700xA
10x1.78x210

=
=

=
−

−

 

(5-3-2) א 
אאא

א(5.6a)Kא (5.6B) אאאאאKא
(5.6C)א אא Kא (5.6B)   אאא

אאאאKא(5.6C)א
אאאDK 

 
 
 
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א (5.6C) 
א(5.6)אאאאK 

I1r1+I2r2

I3r3+I4r4

     I1r1

I4r4

Voltage

I1

I2

I3

      I4

Current

V1 V1

A B

I1 I2
I3 I4

r1 r2 r3 r4

i1 i2 i3

C D E

(5.6A) شكلال

(5.6B) شكل
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F2E 
 F1F2 א1000 mאאאאא

 א F1 ،א  K א א 
אא؟ 

אא 0.35 cm2אאΩ.cm ρ= 1.764x 10-6  
 

א 
F1FE 100250 500 600 700 800 850 920

אא 
FE 

20 80 50 70 40 30 10 15 

 

א 
אא (5.7) 

אאאF1IKא
אאא (5.7)K 

  
  

I I-20 I-100 I-150 I-220 I-260 I-290 I-300 I-315

100 m 150 m 250 m  100 m 100 m 100 m 50 m 70 m 80 m

20 A 80 A 50 A 70 A 40 A 30 A 10 A 15 A

F2F1

 
א(5.7) 

 

W 

אF1F2א0V
2F1F = 

 

אא 

א      

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

0.35
100x10x1.764

A
lρ

R
8

1
--6

==

Ω/m10x10.0810X5.04X2R 44
2

−- ==
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- ٧٦ -  

∑== IlΑ
ρ0V ii2F1F  

315)]80(I
0)3070(I290)50(I260)100(I220)100(I
150)100(I100)250(I20)150(II[10010x10.8 4

−+
−+−+−+−+
−+−+−+= −

 

         
 
 

אI151.7Aא(5.7)אאא
אאא(5.8)K       

   

  
א (5.8) 

א Aאא F1F2،אא 
AW 
                                                                          

                                                                    IlR ii2∑   =א A

volt48.448020x10x10.08
1.7x10051.7x250131.7x150151.7x100[10x10.08

4

4

==
+++=

−

−

 

 

(5-3-3)  
  

אאאאא
אאאאאK 

151.7 131.7 51.7 1.7 68.3 108.3 138.3 148.3 163.3

     100 m 150 m 250 m  100 m 100 m 100 m 50 m 70 m 80 m

20 A 80 A 50 A 70 A 40 A 30 A 10 A 15 A

A

151.7I
151700I1000

=
=
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 

F3E 
A-BאA 236 V א B   

237 Vא  200 mאאאאאא A 
אאK 

 
 

אאFE אAFE


א 
20  50 C
40  75 D
25  100 E
30  150 F

 

אא0.4 Ω/KmK 
 א  א א א     א  א  א

א؟א 
א 

אאא(5.9)،אאA I
،אאאא(5.9) 
 

236 v 237 v
A I C I-20 D I-60 E I-85 F I-115 B

50 m 25 m 25 m 50 m 50 m
20 A 40 A 25 A 30 A

  
א (5.9) 

אא Ω/m10X41000
0.4

R 4
1

−==

 Ω/m10X4X2R 4
2

−==
                                       

volt1237236VVV BAAB −=−=−= 
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∑=− ii IlR21 
]115)I50(85)(I5060)25(I20)25(II50[10x81 4 −+−+−+−+−=− 

12000]I200[10x81 4 −=− − 
 

  

אאא(5.10) 
 

236 v 237 v
A 53.75 A C 33.75 A D 6.25 A E 31.25 A F 61.25 A B

50 m 25 m 25 m 50 m 50 m
20 A 40 A 25 A 30 A

 
א (5.10) 

 

(5.10)אאאDAא 
 75 mF B 125 mE 

אD   

volt233.182.82236VVV
33.75)x2553.75x50(x108

ilIRV

ADAD

4

i2AD

=−=−=
+=

∑=
− =2.82 volt 

  

F4E 
אא(5.11) 

Eא - أ 
 Fא - ب 

 
  

A   53.75  I =
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      30 A       241.5 v                                      E                 20 A
C
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א (5.11) 

 

א 
אאBDא xאאא
א(5.12) 

      30 A       241.5 v                                      E                 20 A
C

0.
1 

oh
m

   
0.

4 
oh

m

A 0.05 ohm B 0.04 ohm D 0.03 ohm F
250 v

x+30 x x-20

 
א (5.12) 

א  ABC 

 

A800.05
4x

x0.054
31.5x0.05

30X0.130)0.05(x
volt8.5241.5250VAC

==

=
++=
++=
=−=

 

 

א x=80 Aאא(5.13) 
א E 
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 volt 233.3      
16.7-25020x0.4-.040x80-110x0.05  250VE

=
=−=   

  

      30 A       241.5 v                                      E                 20 A
C

0.
1 

oh
m

   
0.

4 
oh

m

A 0.05 ohm B 0.04 ohm D 0.03 ohm F
250 v

110 A 80 A 60 A30 A 20 A

  
א(5.13) 

א F 
  

    volt239.5     
1.8-3.2-5.5-250      

60x0.03-80x0.04 -110x0.05  250VF

=
=

−=
 

F5E 
 AB 1000 mאאאאא 

 

900 800 500 200 
אא

א ) AE 

10 30 20 50 אFE 

אAא  250 V  Bא . 240 V 
אא230 א V، א א

cm.Ω10x1.72ρ 6−= 
א 

א(5.14) א 
אDאFR

Ω/mE 
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 
 

X+50 X 20-X 50-X 60-XC D E F
A

200 m 300 m 300 m 100 m 100 m

50 A 20 A 30 A 10 A

B

240 v 240 v

  (5.14)شكل ال
אאאCDx،אאא(5.14) 

volt10240-250 ==אAD-אBD 

                                                                    
א (I)א 

אא AD 

(II)    20)R(x04.0
x)]3100xR[100(2 20

x]300x)R[200(50  230-250 VAD

+=
++=

++==
 

א (I) א (II) 
0.2520x

7x =+
−  

A  16x
48x3

20x28x-4

=
=

+=
 

אx=16 Aאא(3.15) 
 א(5.15)אDאKא (I)x 

(I)7)R(x- 0.01
70)]x-R[100(10      

x)]-60x-50x3-(60-x)3100xR[(2100      
x)100]-(60x)100-(50x)300-R[(20 -x]30050)200R[(x    

=
=

++++=
++++=
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 
34 A 16 A 4 A 34 A 44 AC D E F

A
200 m 300 m 300 m 100 m 100 m

50 A 20 A 30 A 10 A

B

א(5.15) 
 
 

0.017)-R(16 = 
Ω/m0.00111 R   א =
Ω/m10x5.55  R   אא =−4

א 

22
6

8
mm31.2cm0.31210x5.55

100x10x1.72
R
lρA

A
lρR

===

=

=

−

−
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(5-3-4) אאא (Ring distributor) 
אאאאאאFאEא

א (5.16) (5.17) 
 

 



a

  I

d
i1

i2
c

        I-i1
I-i1-i2

I-i1-i2-i3

i3
b

  

א(5.16)אאא 
 
 

a I d I-i1 c I-i1-i2 b I-i1-i2-i3

I1 I2 I3    
  

HG  (5.17) 
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F6E 
אא (5.18)א 0.2 

Ω/kmאא  B,C,D 
 

A

        I

D
50 A

70 A
C

      I-50

I-120

I-220

100 A
B

240 v

70 m

60 m

80 m

90 m

 
א (5.18)  

 
א 

אאא A, D Iאאא(5.18) 
 

ii

ii

AAAA

Il0
IlR0

0VVV

∑
∑

=
=

== −

 

 

  
  
  
 

A 91 I 
27300  I 300

220)60(I-  120)80(I-  50)90(I-  I 70    

=
=

+++=
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א (5.19)אאאא 

A

  91 A

D
50 A

70 A
C

  41 A

29 A

129

100 A
B

240 v

70 m

60 m

80 m

90 m

  
א (5.19) 

 
 
 
 
 

 

  Cא
 א  B,C, D  א  

W 
 
 
 
 
 
 
 

volt236.93.1240V
volt235.971.48237.5V

volt237.452.55240V

B

C

D

=−=
=−=

=−=
 

 

volt3.1]1000
0.2X60X129[2V

volt093]1000
0.2X80X[292V

volt1.48]1000
0.2X90X[412V

volt2.55]1000
0.2X70X91[2V

AB

BC

DC

AD

==

==

==

==
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F7E 

א (5.20) A אא
אK 

                            
20 A

C

50 A

DE
39 A

A

   B10 A

100 m       I

150 m           I-10

200 m         I-30

250 m

I-80

        I-119     200 m

 
א(5.20) 

 
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א 
אאAB I

ABCDEA 
iiAA Il0V ∑== 

A 57 I      
51300  I900

119)200(I-80)250(I-30)200(I- 10)150(I- I 100       

=
=

++++=
 

 

F5.4Eאאא 
  

 (5-4-1) אאא 
אאאאאא

 אאXאא R،אאא
אאאאK 

אאW 
 

 
  

א (5-7)אW 
 

 
 

P∆VZאא 
 

אאאאVrW 
 

 100%x
V

V∆%∆V
r

= 

 

)7-(5lIA
ρ2V ii∑=∆

)8-(5lI∆V
ρ2A ii

p
∑=
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אאאאPאא
אא אP'אאאW 

 

 
F8E 

אאא(5.21) אאאא 
220 v אא 6 mm2א 1/ρ= 56 

m/Ω.mm2 
 

  P\
1= 2 Kw     P\

2= 1.5 Kw  P\
3= 1.5 Kw P\

4=1 Kw

P1=6 Kw
20 m

P2=4 Kw
10 m

P3=2.5 Kw
10 m

P4= 1 Kw
6 m

 
א (5.21) 

אW 
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 (3-4-2)אאא 
אאאאאאאאX،

אאW 
Kאאא - أ 
Kאא - ب 
 Jאאאאא 

אאאW 
  

 
W 

  iCosΦZא 
  .ويمكن استخدام المعادلة التقريبية.

  

 
  .في الموزعات الحلقية هذه المعادلة ولا يمكن استخدام

 אא א אא Fאא Eאא    
אK 
F9E 

   500 mא א Z=0.02+j0.04 Ω  
א250VאW 

 Jא50 A  pf =1 200 m א 
 Jא100 A  pf= 0.8300 m א 

א50 A  pf =0.6٥٠٠mא 
אאאאאא 

)10(5)]XjR)(Sinj(Cos[I∆V iiiii −+Φ+Φ∑=

)11(5)SinXCosR(I∆V iiiii −Φ+Φ∑=
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א 
Wאא 
   .فرض أن التيارات موزعة آما في الشكلب. أحادي الوجه اًموزع (5.22) الشكل يبين 

  

A IAD D I DC C ICB B

I1
50 A
pf=1

I2
100 A

pf=0.8 lag.

I3
50 A

pf=0.6 lag.

200 m 100 m 200 m

 
א(5.22) 
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volt0.16j0.88
0.016)j40)(0.008j(30∆VCB

+=
+−=  

 אא 
CB∆V∆V∆V∆V DCADT ++= 

0.16)j(0.880.48)j(1.241.76)j2.88( +++++= 
2.4j5+= 

volt2.4j245
2.4)j(50250

V∆VV TAB

−=
+−∠=

−=
 

volt2450118.24524.2245V 2
B ≅=+= 

Wאא 
אאאאאאאא 

   אאאאא(5.23)א 
 

    R1=0.008  ohm

    R2=0.012  ohm

    R3=0.02  ohm

A D C B

50 A 80 A 30 A 
א (5.23) 

  

A30 0.6 x 50 IA  800.8 x 100 IA        50 I 321 ===== 

 אאא 

RIV∆ RR ∑= 

Ω0.016j0.008ZZ
A40j30

0.8)j(0.650II

ADCB

3CB

+==
−=

−==
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volt1.960.02x 300.012x 80  0.008 x 50         =++= 

אאא(5.24) א 

    X1=0.016  ohm

    X2=0.024  ohm

    X3=0.04  ohm

A D C B

0 A 60  A 40 A  
א (5.24) 

 

∑= XI∆V mm 
volt3.04  0.04 x 40  0.024 x 60        =+= 
volt53.041.96∆V∆V∆V mRT =+=+= 

volt2455250
VVV AB

=−=
∆−= T 

  

אאאאאאא٢٤٥ VK 

 

  )10(مثال 

א(5.25)אKאאאאאא
אBCKאאאKאV0250∠ 

 

48-J36 A 45-j22 A 30+j0 A

A x B x-48+j36 A x-93+j58 A

0.15 ohm 0.15 ohm 0.05 ohm

C D

 
א (5.25) 
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א 

אאxIAB = 

36j48x
36)j(48xIBC

+−=
−−= 

A58j93x
22)j(4536)j48(x

III CBCCD

+−=
−−+−=

−=
 

CDCDBCBCABAB

CDBCAB

DAAD

ZIZIZI
VVV

VVV

++=
++=

−=
 

8.3j11.85x-0.35       
2.9j4.65x-0.055.4j7.2x-0.15x 0.15        

58)j930.05(x-36)j480.15(x-x0.15

+=
++++=

++++=
 

אאאאא 

A34  33.857=      x
x  0.35=11.85     

≅
 

 

A58j59I
A58j59

58j93xI

DC

D

−=
+−=
+−=C

 

  

volt244.9
5.1250

0.15x34250
ZIVV ABABAB

=
−=
−=
−=

 

volt2.9j247.05
58)j0.05(59250

ZIVV DCDCD

+=
−−=

−=C
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 

  تمارين
xموزع -١ Jyא א250 V200א m

אאא 

25 30 40 30 אFE 

150 100 75 50 
אא x

אFE
0.3א Ω/kmFאE 

אאא - أ 
 אא - ب

 
٢ J ABא(5.26)אA

א 240 V F 240 V،אאא BKא
K 

 

240 v 12 A 24 A 72 A 48 A
240 v

8 m.ohm 6 m.ohm 4 m.ohm 10 m.ohm 5 m.ohmF
B240 v

A

 
א(5.26) 
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٣ Jאא٢٠٠ V
(5.27)אא،אא 0.02 Ω/100 m 

 J אאאAB 

 J אא 

 J אא؟אא 
 

A

B

16 m

12 A
e

22 m
30 A

  d

    10  m

c 15 A

12 m

8 A
  b

25 m a

20  A

        18 m

 
א(5.27) 

 
٤ J ABA 220 Vא(5.28)

אאBא 
א - أ 
5 ,3 ,1אא - ب 

א0.2 ohm/100 m 
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220 v
8 m 1 4 m 4 m2 3 4 m 4 5 m

A
B

20 A 10 A 15 A 12 A 8 A

 
א(5.28) 

 
٥ Jאאא(5.29)אא 6 

Kw،א25 mm2אא
mx .1078.1 8 Ω= −ρ 

א 
אא - أ 
A אא - ب 

אאאאאא 
١- אאאא 
٢- ٣א 2K 

6 Kw 6 Kw 6 Kw 6 Kw

220 v
8 m 1 6 m 2 6 m 3 8 m

A

 
א(5.29) 

  

٦ JאF10E א א A volt0250VA ∠=  א
0245VB ∠= 

 
٧ JאאאAאאא

א(5.30) 



٢٦١  א   אא  

  אא  אא 
 

  

- ٩٧ -  

  

٨ Jא(5.31)A،אאאאאאK 
  

  20 A
 0.8 lag.
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  0.6 lag.
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70 A
pf=0.8 lag.

120 A
pf=1

      50 A
pf=0.8 lag.

1+j0.6 ohm 0.8+j0.5 ohm

0.8+j0.5 ohm0+j2 ohm
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