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(١ ١) 
אאאאאW

١J א Generation plant 
٢J א Transmission lines 
٣J א Distribution system  

אאאKאא
אאאאאאא

אאאאKא(١}١)אאK
  א א    א    א א א

א ٥٠٪Kאאאאא
אK



(١ ٢)א      Distribution Systems
 א אאאאאא

אאאאאאW
١J א Subtransmission
٢J  Distribution substation 
٣J אאPrimary feeders 
٤J א Distribution transformers 
٥J אא Secondary circuits 
٦J א Service drops 

(٢}١)אאא Kאאא
٤٧}٢ ٢٤٥ kV Kאאא

אאKאאאאא 
١٦}٤  ٥}٣٤ kVאאאאKא

א ١٠ ٥٠٠ kVAאאאK
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אאא
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GSGS

Battery
or fuel cells
1 to 25 MW

Generating plane

Step-up transformers

Circuit breakers

Transformers in bulk
power substation

Subtransmission
system

Distribution
substation

Distribution
transformer

Home
Photovoltaic
power supply
up to 100 kW

Services

One-phase
lateral feeder

sectionalizing
switch

Solar or wind
sources

( 100 kW to 1 MW)

Primary circuits

Three phase primary
feeder

Transmission system

-----

----




(١}١)אא
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Bulk power source
Bulk power source

Sub transmission

Distribution
substation

Primary feeders

Three phase
primary main

       Consumers
   services

     Distribution
       transformers

                Secondary mains

One-phase laterals


(٢}١)א 

 

(٣-١)א  Subtransmission Lines 

אא ٤٧}١٢  ٢٤٥ kVאא
אKאאא  ١٣٨ kV ١١٥ ,٦٩

אאאאאא
אאאK

אאאאאא،
אאא(٣}١)،א(٤}١)

K
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אאא
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אא،א(٥}١)
אאK

א(٦}١)א
אאאאK

 
     Bulk power source bus

Subtransmission
circuit

Distribution
substation

     Distribution
     substation


(٣}١)אא

 
     Bulk power source bus

Subtransmission
circuit

Distribution
substation

     Distribution
     substation

N.o.

N.o.


(٤}١)אא



א٢٥١אא
אאא

 
 

- ٥ - 


     Bulk power source bus

         Subtransmission
  circuit

     Distribution
     substation

  Distribution
  substation


(٥}١)אא


     Bulk power source bus

     Distribution
     substation

  Distribution
  substation

Subtransmission
 circuit


(٦}١)א
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(١ ٤)א Distribution Substations
אאאאאאא

Kא אא(٧}١) (٨}١)א
א،א(٩}١)

١٥L٢٠L٢٨ MVAא ١١٥L١٦}٤ kVא(١٠}١)K
 

אאW

١J Power transformers
٢J אCircuit breakers 
٣J  Disconnecting Switches 
٤J א Station buses and insulators 
٥J א   Current limiting reactors 
٦Jאא Shunt reactors

٧J  Current transformers 
٨J Potential transformers 
٩J  Capacitor voltage transformers 

١٠J Coupling capacitors 

١١J  Series capacitors
١٢Jא Shunt capacitors 
١٣Jא Lighting arresters  
١٤J  Protective relays
١٥Jא  Station batteries
١٦Jא  Earthing system
١٧J Electrical instruments 
١٨J  Line traps
١٩Jאא
 



א٢٥١אא
אאא

 
 

- ٧ - 

 
(٧}١)



 
(٨}١)
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אאא
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(٩}١)




(١٠}١)
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(١ ٥)אאא Substation bus schemes
 א      א א א  א א

אאK
אאאאW

١J (١١}١) Single bus scheme 
٢J (١٢}١) 

Double bus double-breaker  
٣J אא(١٣}١)  

Main-and-tranfer bus scheme 
٤J (١٤}١) 

Double-bus-single breaker sheme 
٥J (١٥}١) 

Ring bus scheme 
٦J (١٦}١) 

Breaker-and-a-half scheme 
 
 
 

Circuit breaker

Line

Bus

Disconnecting
 switch

 
(١١}١)
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Line Line

Bus 1

Bus 2


(١٢}١)


 

Incoming line Incoming line

Outraging
lines

Outraging
lines

Transfer bus

Main bus

Bus
tie

breaker

 
(١٣}١) אא
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Line Line Line Line

Bus 1

Bus 2

Bus
tie

barker

 
(١٤}١)

 
 
 

Line LineLineLine

LineLine

 
  (١٥}١)

 



א٢٥١אא
אאא

 
 

- ١٢ - 

Tie
breaker

Bus 1

Bus 2

Line LineLineLine

Line LineLineLine 

(١٦}١) 

 (١ ٦Eאא  Primary distribution systems
אא א א א  א   

(١٧}١)אאאK

אW
١J Radial distribution system 
٢J Loop/Ring distribution system
٣J Network distribution system
٤Jא  Primary selective distribution system
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one  phase
branch

R

Substation bus

Feed point
Normally open

switch
for emergency

120/240 V

Three phase load

R
        Recloser

Normally open tie
the adjacent feeder

Sectionalizing
switches

Three pole
recloser

Reclosing circuit
breaker

There-phase , four wire
express feeder peak load 6000

kVA

Fuse cutout

Distribution
transformer

Switched
capacitor

bank

Underground
laterial

Three  phase, four wire main
feeder


אא (١٫١٧)شكل 



(١ ٦ ١)  Radial type primary feeder

א(١٨}١)א א،א א
 א   א א          

אאKאאאאאאא
   אא   א  K א א   

אאK



א٢٥١אא
אאא
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 א (١٩}١) א          
א א،Kא א

אK

א(٢٠}١)Kאאא
אאאאK

א(٢١}١)אאא
אאאאאאK



Primary main feeder

Transformer fuses

Distribution
transformer

Laterals

Laterals fuses

Sublaterals


(١٨}١)
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Feeder 1 load area

Feeder 3 load area

Tie switch (normally open)

Sectionalizing
switches

Tie switch (normally open

Feeder 2  load area


(١٩}١)

Distribution transformer
location

Load center

Express
feeder


(٢٠}١)
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Phase C
load area

Phase A
load area

Phase B
load area

Distribution substation LV
bus

Single
phase main

Three phase main

Laterals


(٢١}١)אא

אא

 (٦-١ ٢)  Loop type primary feeders

(٢٢}١)א(Loop / Ring)אאא
     א  F א א   KEא 

אא א،
אאאאאאKא

אאאאאאK
אאאאאאאאאא

אK
אאאאא א

אא Kא אא 
אKאאאאK
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Loop Disconnected
switch

Distribution
transformer

location

Sectionalizing
disconnect

switch

Laterals

Substation  LV bus

Feeder breaker

 
(٢٢}١)

 (١ ٦ ٣) Primary network
(٢٣}١)Kאא

אאK
אאאאאאאאא

אאKאאאאאאאא
אאאאK
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Substation A Substation B

Su
bs

ta
tio

n 
C

S
ub

st
at

io
n 

D

Substation E
 

 

(٢٣}١)
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 (٦-١ ٤)אאא   Primary feeder voltage level  

אאאאאאא
אא  אאא K(١ ١)א

אאKאאאא ١٥ kVK

א(١ ١)אאאא
Class Three phase voltage 
٥}٢ kV ٣    ٢٣٠٠w-∆ 

٣   ٢٤٠٠w-∆* 

٥ kV ٣   ٤٠٠٠w-Y or ٣W-Y 
٣   ٤١٦٠w-Y* 

٣   ٤٣٣٠w-∆ 
٣  ٤٤٠٠w-∆ 
٣   ٤٦٠٠w-∆ 

    ٣   ٤٨٠٠w-∆ 
٦٦}٨kV ٣   ٦٦٠٠w-∆ 

٣   ٦٩٠٠w-∆ or ٤W-Y 
٣   ٧٢٠٠w-∆  or ٤W-Y* 

٤   ٧٥٠٠w-Y 
     ٤   ٨٣٢٠w-Y 

١٥ kV ٣   ١١٠٠٠w-∆  
٣   ١١٥٠٠w-∆  
٣   ١٢٠٠٠w-∆ or ٤W-Y 
٣   ١٢٤٧٠w-∆ * 

٣   ١٣٢٠٠w-∆ or ٤W-Y* 

٣   ١٣٨٠٠w-∆ * 

     ٣   ١٤٤٠٠w-∆  
٢٥ kV ٤   ٢٢٩٠٠W-Y* 

     ٤   ٢٤٩٤٠W-Y* 

٥}٣٤ kV     ٤    ٣٤٥٠٠W-Y* 

Gאאאאא



א٢٥١אא
אאא
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 (١ ٧Eאא Secondary distribution system
א אא אאאא

אאאאאאK
  א א   א   א   א

אאאKאא
אאאאאאFאאאKE

אאאW
١Jאא 
٢JFאE 
٣JFאE 
٤JK
 

 (١ ٧ ١) Radial Secondary system
(٢٤}١)    א 

אאאאK
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R

Distribution substation 11 kV bus

Feeder Circuit breaker

Primary feeder main

Lateral

 Lateral fuse

Lateral

Recloser

Fuse cutout
(primary fuse)

Distribution
transformer

120/240 V

Secondary circuit
(secondary main

Serving 4 to 20 houses
(٢٤}١)



א٢٥١אא
אאא
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 (١ ٧ ٢)   Secondary banking  
אאאאאא

אאKאאא
١K א 
٢K אאאאאK 
٣K אאאאK 
٤K אkVA א ٣٠٪
 (٢٥}١)א  א   K  א א(٢٥}١a) 

אאאאא(٢٥}١b)K


Primary main

Primary
fuse

Distribution
transformer

Secondary
fuse

Banked secondary
mains

Primary main

Primary fuse

Distribution
transformers

Banked
secondary
mains

Secondary
fuse

Services to consumers


 אא (١٫٢٥)شكل 

א(٢٦}١)אאKא(٢٦}١a)
אאאא(٢٦}١b)א

Fאא
אאאאKE

 

a   b 



א٢٥١אא
אאא

 
 

- ٢٣ - 

Primary main

Primary
fuse

Distribution
transformers

Secondary
fuses

Banked
secondary main

Primary main

Primary main

Distribution
transformers

Services to consumers Services to consumers

Secondary
breakers


(٢٦}١)אא

(١ ٧ ٣)  Secondary Network
אאאאאאאאאאא

אאאאאאאאא
אאאאאאאK

א(٢٧}١)،אאF
א   א א E    א א  א

אא(single/double contingency) אאאK
 (١ ٧ ٤) אאא  Secondary voltage level 

א   א  א א  ١٢٠L٢٠٨ V ١٢٠ V  
   א  א  ٢٠٨ א Vא   

אאKאANSIאאא ١٢٠L٢٤٠ 
V ٢٤٠L٤١٦ V ٢٤٠L٤٨٠ VK




a b 



א٢٥١אא
אאא
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Sub station low-voltage bus

Circuit breakers

Primary feeders

Secondary
mains Loads

Network
protector
breaker

Switches

Network
transformers

Network
protector

fuse


(٢٧}١)





א٢٥١אא
אאא
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F١J٨E א  Distribution Transformers
אא א  א  א   (٥}٣٤ ٤}٢kv) א Fא

אE (١٢٠ ٦٠٠ V)א(١ ٢)אא .ANSI
אאאFJEELF (x)אאא (Y)

 אאא א  א
אKאאW



(١ ٢)א kVAאא ANSI
Low voltage High voltages KVA 

Three phase Single phase Three phase Single phase Three phase Single phase 
٢٠٨Y/١٢٠ 
٢٤٠ 
٤٨٠ 
٤٨٠Y/٢٢٧ 
٤٨٠*٢٤٠ 
٢٤٠٠ 
٤١٦٠Y/٢٤٠٠ 
٤٨٠٠ 
١٢٧٧٠Y/٧٢٠ 
١٣٢٠٠L٧٦٢٣٠

١٢٠LL٢٤٠ 
٢٤٠LL٤٨٠ 

٢٤٠٠ 
٢٥٢٠ 
٤٨٠٠ 
٥٠٤٠ 
٦٩٠٠ 
٧٢٠٠ 
٧٥٦٠ 
٧٩٨٠ 

 
 
 

٢٤٠٠ 
٤١٦٠L٢٤٠٠ 
٤١٦٠Y 
٤٨٠٠ 
٨٣٢٠Y/٤٨٠٠ 
٨٣٢٠Y 
٧٢٠٠ 
١٢٠٠ 
١٢٤٧٠/Y/٧٢٠٠ 
١٢٤٧٠Y 
١٣٢٠Y/٧٦٢٠ 
٣١٣٢٠Y 
١٣٢٠٠ 
١٣٨٠٠ 
٢٢٩٠٠ 
٣٤٤٠٠ 
٤٣٨٠٠ 
٦٧٠٠٠ 
 

٢٤٠٠L٤١٦٠Y 
٤٨٠٠L٨٣٢٠Y 
٤٨٠٠Y/٨٣٢٠Y 
٧٢٠٠L١٢٤٧٠Y 
١٢٤٧٠GndY/٧٢٠٠ 
٧٦٢٠L١٣٢٠٠Y 
١٣٢٠٠GndY/٧٦٢٠ 
١٢٠٠٠ 
١٣٢٠٠L٢٢٨٦٠GndY 
١٣٢٠٠ 
١٣٨٠٠L٢٣٩٠٠GndY 
١٣٨٠٠ 
١٤٤٠٠/٢٤٩٤٠GndY 
١٦٣٤٠ 
١٩٩٢٠L٣٤٥٠٠GndY 
٢٢٩٠٠ 
٣٤٤٠٠ 
٤٣٨٠٠ 
٦٧٠٠٠ 

٣٠ 
٤٥ 
٧٥ 

٥}١١٢ 
١٥٠ 
٢٢٥ 
٣٠٠ 
٥٠٠ 

٥ 
١٠ 
١٥ 
٢٥ 

٥}٣٧ 
٥٠ 
٧٥ 
١٠٠ 
١٦٧ 
٢٥٠ 
٣٣٣ 
٥٠٠ 



J אאFאE
J אאW 

١J אאאאK
אאאאא

٢J אאאאאאא
א ( C٢F٦) 



א٢٥١אא
אאא

 
 

- ٢٦ - 

JאאאאW 
١J 
٢Jא (CSP) 
٣Jאא      (CSPB) 

JאאאאW
١J א
٢J 
٣J 

 

 (١ ٨ ١)אPolarity
אאאאאאאאאאא

אKאאW

J א
J אאא 

Jאאא
אאאאאאאK

      א  א א  אא א  
 א   א א    אא א   אא   

אאK
אאא،א

אאאאKאא
א،אW

J אאW
H٣ -H٢ -H١                             אאא  

      x٣ -x٢-x١                                   אאא 
J אאאW

C٢ –B٢ –A٢                             אאא  
      c٢ –b٢-a٢                                   אאא 



א٢٥١אא
אאא

 
 

- ٢٧ - 

JאאW
١U- ١V- ١W                                אאא  

     ٢U ٢V ٢W                                   אאא        
Kאאא

אאKאאאאא
אאאאאאאאאK

אאאW
  (٢٨}١a)    א (٢٨}١b) א  K 

(٢٩}١)אאאאKא(٢٨}١)א(٢٩}١)
אאKאאאאא

אא١٨٠K
 אאאאאא

א،،אאאאא
K

،אאאא
אאאא،אK

 


a                            b               

(٢٨}١)אאא




א٢٥١אא
אאא

 
 

- ٢٨ - 


                                       a                                  b              

(٢٩}١)אאא


(١ ٨ ٢)אPhase sequence
א  א  א    א אא א   Voltage 

phasors א  Current phasors  אאא  א  א K
א א א  אא א    K א    א 

 אאא א  אאאK
אאאאFאEאא

אאאאאאאאאאאאK
 

 (١ ٨ ٣) אאא Transformers Operation in parallel
אאאאאאא

١K אא  Vector group 
אאאאאאאF

אאאאאאאE
٢K אא Turns ratio 

אאאא،
א א   א    א א   א א

אK 
٣Jא Impedance voltage 

אאK

٤JאאאאאKVA١W٣K



 

 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א


א



٢
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- ٢٩ - 

(٢ ١)J
אאאאא

אאאא K
אאאאאאאW

E אאאא
E אאאאאא…KKK
E אאאאאאאאאא

אא…KKK
E אאWאאאאא

אאKאאאאאא
אאאאK


(٢ ٢)Jאא

(٢ ٢ ١)JאW 
אאאאKא

אאאאאאא
Kאאאאאאאאאא

אאאKאאאא
א٢٤אKאא

אאאאאאאK
١אאK

(٢ ٢ ٢)JאW 
אאא

אאK 
אאW
אFZאאאFLEאאE



א٢٥١אא
אאאא

 
 

- ٣٠ - 

(٢ ٢ ٣)JW 
٢٤א אאKא


،א١٥،٣٠אKאאאא١٥٣٠

אאאK
אאאW

١J אאא
٢J K 
٣J אאאK 
אאא

Kאאאאאאא
١٠٠א٪١٢٠٪

K

 (١}٢) אא  





0 4 8 12 16 20 24

Time (hours)

Lo
ad
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אאאא

 
 

- ٣١ - 


   א א  א  א     

א  Kא א א    א א   
אאW

  wCwCp 21 +=                           
WpZ(kW)

WZאאא(kWh)
C١,C٢Zאא

אאאא
   א    ،    אא  א 

 אא  K      א 
אאK

(٤-٢-٢)- א 
 א  א א W  א   א א  

אאKאאאאאאאא
אאKאא

 א אאא    אא
אאK

אאאאאא
אKאאאאא

אW
١J  אאא  אאא

אK
٢J אאאK 

WאאW
٣٦٠W١٠٤٠W٤١٠٠W٥

١٠WK



א٢٥١אא
אאאא

 
 

- ٣٢ - 

אא٣٠٦٥٠WאאK
אWאאאZ٣x٦٠H١٠x٤٠H٤x١٠٠H٥x١٠Z١٠٣٠W

٣٠٦٥٠W
אZ٦٥٠L١٠٣٠Z٦٣١}٠Z١}٦٣٪

(٥-٢-٢)- א 
אאא

אW
אZאאא(kWh)L](kW)xאא(hr)[ 

אאאאW
אאZאאאאLא

∴אאZאאאאFLx٨٧٦٠E
∴אאZאאאאFLx٢٤x٣٠E

אאאאW
אאZאאאאFLx٨٧٦٠E
אאZאאאאFLx٢٤x٣٠E

∴אאZאאאאFLx٢٤E
אאא

K
W(٢}٢)Kאאא
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119)200(I-80)250(I-30)200(I-10)150(I-  I 100       

=
=

++++=
 



F٣J٤Eאאא
 

 (٣ ٤ ١) אאא
אאאאאא

אאXאא R،אאא
אאאאK

אאW


)7-(3lIA
ρ2V ii∑=∆ 

 

א (٣ ٧)אW


)8-(3lI∆V
ρ2A ii

p
∑= 


P∆VZאא



אאאאVrW


 100%x
V

V∆%∆V
r

= 



אאאאPאא
אא אP'אאאW

 

)9-(3LPAV
ρ102V i

\
i

r

3

∑=∆ x 






א٢٥١אא
אאאא

 
 

- ٦٠ - 

F٨E
אאאא (٢١}٣)אאא٢٢٠ v 

  א   א  ٦ mm٢  א  ١/ρ= ٥٦ m/ 
Ω.mm٢

 

  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

 (٢١}٣)
 

 الحل

∑=∆ i
\
i

r

3
LPAV

ρ102V x 

volt5.16

6)x1.010x2.510x420x(6220x6x56
10x2 3

=

+++= 

%2.35

100x220
5.16

100xV
V∆V∆
r

=

=

=

 

 
 (٣ ٤ ٢)אאא

אאאאאאאאX،
אאW

Kאא - أ
Kאא - ب

Jאאאאא
אאW

 



א٢٥١אא
אאאא

 
 

- ٦١ - 

)10(3)]XjR)(Sinj(Cos[I∆V iiiii −+Φ+Φ∑= 


  iCosΦZא
KאאאאK

 

)11(3)SinXCosR(I∆V iiiii −Φ+Φ∑= 
 

אאאאאK
אאאאאFאא Eאא

אK
F٩E

٥٠٠ mאאZ=٠٢}٠Hj٠٤}٠ Ω א
٢٥٠VאW

Jא٥٠ A  pf =١ ٢٠٠ m א
Jא١٠٠ A  pf= ٨}٠٣٠٠ m א

א٥٠ A  pf =٦}٠٥٠٠mא
אאאאאא

א
Wאא
(٢٢}٣) אאKאאאK



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

 
(٢٢}٣)

 

0.8)j 50(0.6  0.6) j 0.8 ( 100  0) j (50          
 I  I I  I 321AD

−+−++=
++= 



א٢٥١אא
אאאא

 
 

- ٦٢ - 

A  100j-160        = 

Ω0.016j0.008

0.04)j(0.02500
200

l
lxZZ

T

AD
TAB

+=

+== 

 

volt1.76j2.88
0.016)j)(0.008100j(160∆VAD

+=
+−= 

 

Ω0.008j.0040

0.04)j(0.02500
100ZDC

+=

+= 

A100j110
0)j(50100)j(160

III 21DC

−=
−−−=

+=
 

 

volt0.48j1.24
0.008)j100)(0.004j(110

ZI∆V DCDCDC

+=
+−=

=
 

 

Ω0.016j0.008ZZ
A40j30

0.8)j(0.650II

ADCB

3DC

+==
−=

−==
 

volt0.16j0.88
0.016)j40)(0.008j(30∆VCB

+=
+−= 

 אא
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 ≅=+= 



א٢٥١אא
אאאא
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Wאא
אאאאאאאא

   אאאאא(٢٣}٣)א

    R1=0.008  ohm

    R2=0.012  ohm

    R3=0.02  ohm

A D C B

50 A 80 A 30 A 
 (٢٣}٣)

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

 אאא


RIV∆ RR ∑= 
volt1.960.02x 300.012x 80 0.008 x 50         =++= 

אאא (٢٤}٣)

    X1=0.016  ohm

    X2=0.024  ohm

    X3=0.04  ohm

A D C B

0 A 60  A 40 A 
 (٢٤}٣)



א٢٥١אא
אאאא
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∑= XI∆V mm 
volt3.040.04x 400.024 x 60        =+= 
volt53.041.96∆V∆V∆V mRT =+=+= 

volt2455250
VVV AB

=−=
∆−= T 

 
אאאאא

אא٢٤٥ VK
 )١٠(مثال 

א(٢٥}٣)אאKאאאאאא
אBCKאאאKאV0250∠



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

 
 (٢٥}٣)

 
א

אאxIAB =

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

+=
++++=

++++=
 



א٢٥١אא
אאאא
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אאאאא

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

 



א٢٥١אא
אאאא
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xJyموزع -١ א     א٢٥٠ V  ٢٠٠א 

mאאא

٢٥٤٠ ٣٠٣٠אFE

١٥٠١٠٠١٠٠٥٠
אא 

xאFE
٣}٠א Ω/kmFאE

אאא - أ
אא - ب

 ABא(٢٦}٣)אAא 
٢٤٠ V F ٢٤٠ V،אאא BKא

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


(٢٦}٣)

 
٢- אא٢٠٠ V

(٢٧}٣)אא،אא ٠٢}٠ Ω/١٠٠ m
ABאאא - أ

Jאא
Jאא؟אא





א٢٥١אא
אאאא

 
 

- ٦٧ - 

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


(٢٧}٣)


٤J ABA ٢٢٠ V(٢٨}٣)א

אBא
א - أ
٥ ,٣ ,١אא - ب

א٢}٠ ohm/١٠٠ m
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

 
(٢٨}٣)

٥Jאאא(٢٩}٣) א ٦ 
Kw،א٢٥ mm٢אא

mx .1078.1 8 Ω= −ρ



א٢٥١אא
אאאא

 
 

- ٦٨ - 

א
אא - أ
A אא - ب

אאאאאא
١- אאאא
٢- ٣א ٢K

6 Kw 6 Kw 6 Kw 6 Kw

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

A


(٢٩}٣)

 
٦J א F١٠E    א       א 

A volt0250VA ∠=  א0245VB ∠=

٧JאאאAאאא

א(٣٠}٣)
 

٨Jא(٣١}٣)A،אאאאא
אK

 



א٢٥١אא
אאאא
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  20 A
 0.8 lag.

B

  15 A
  0.6 lag.

1+j2 ohm

1+j3 ohm            1+j1 ohm

A

 
(٣٠}٣)

 
 

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

A

 
(٣١}٣)

 
 



 

 

 

אא  

 

אאאא  

אאא
æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]ã¹]<gè…‚jÖ] 

אאאא 








א






٤



א٢٥١אאא
אאא

 
 

- ٧٠ - 

(٤ ١)J
אאiאאvW

 F١E     v = Vm sin (ωt + φ )
F٢Ei = Im sin ωt
φאאאאאK

אאW


F٣Ep = v i
אאW



F٤Ep = VmImsinωt sin(ωt+φ)


אאאאW


F٥E p = VI cosφ (١-cos٢ωt) + VI sinφ (sin ٢ωt)


VIאאאW


  V=Vm / √٢  , I = Im / √٢ 
(٤ ١ ١)Jאא

אאאאאאאאא
φאאKאF٥EW


p = VI cos(٠) (١-cos٢ωt) + VI sin (٠) (sin٢ωt)

F٦E= VI – VI cos٢ωt
VIאאא–VIcos٢ωtא

אK(١}٢)אאKאאF٦EVIK


(٧)      Pav = VI = VmIm/٢  



א٢٥١אאא
אאא

 
 

- ٧١ - 

(١}٢)אאאאאא

אאK
(٤ ١ ٢)אאא

אאאאאאא٩٠φ٩٠
אF٥EW
pL = VI cos(٩٠) (١-cos٢ωt) + VI sin(٩٠) (sin٢ωt)

= ٠ + VI sin٢ωt

(٨)pL = VI sin ٢ωt

(٢}٢)אאאאאK


אאאאא
אאאאא

אאאאKאאא
אPL=٠K




P

v

i

π

 (٢٫١)شكل 



א٢٥١אאא
אאא

 
 

- ٧٢ - 



،אאQאא،VI sin φאF١E
W

QL = VI sin φ 
φ٩٠

    QL=VI                                                             (٩) 
(٤ ١ ٣)Jאאא

אאאאאאא٩٠φ٩٠
אF٥EW

pC = VI cos( ٩٠) (١-cos٢ωt) + VI sin( ٩٠) (sin٢ωt)
= ٠ - VI sin٢ωt

(١٠)pC = -VI sin ٢ωt
–VIsin ٢ωtא(٣}٢)א

אאK

P

v

i

π

2π

 (٢٫٢)شكل 



א٢٥١אאא
אאא

 
 

- ٧٣ - 




(٣}٢)
אאאאאא

אאPCZ٠K
אאאאא(٣}٢)אK



(١١)QC = VI


(٤ ٢)Jאא
אאאאאא

אאPאאQאאא
אאאאאKאאא

אאא٩٠אאאא٩٠א
אאאאKאא

אאאאאאאאאאא
אאSK



(١٢)S = VI

P

v

i

π 2π



א٢٥١אאא
אאא

 
 

- ٧٤ - 

(٤ ٣)Jא
אאאאאאא،אא

אאW
     S = P + JQ 

P = P∠٠o ,     QL =QL ∠٩٠o  ,        QC=Qc∠ ٩٠o


אאאWS= P + JQL

 

 
 
 
 
 




(٤}٢a)א(٤}٢b)א



אאאאאאאא
אאאK


(٤ ٤)Jא

אאאאאא(kW)
אאאאאאKאאא

א،א،אאאא…KאKאאא
אא(KVAR)Kאא

אאאאאא(kVA)K


אZcos φZאאLאא
  i.e.        Cos φ = P / S      (١٣) 



P

QL 
SQC 

P 

S 



א٢٥١אאא
אאא
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אאאאאאא
אאאאאא

אKאאאאאא
אאאאKאאאאאאאא

אאאאאא…אK 
 
 
 
 
 
 
 




٥א


אאאאK
אאאאאאא

אאK
E אאאאאא

E אאאאאאא
K

E אאK
E אאK
E אאאאאאK
E אאאאK
E אאK

(٢ ١)אאK


אא (kW) 

אא
     (kVAR)

אא 
(kVA) 

φ



א٢٥١אאא
אאא
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(٢ ١)
אא 

א
א

אא
אאא

א
א
אא

אאא
א

א
אא

א
אFאאאE

 
٠٫٦٥/٠٫٧٥ 
٠٫٧٥/٠٫٨٥ 
٠٫٣٥/٠٫٤ 
٠٫٧/٠٫٩ 
٠٫٧٨/٠٫٨ 
٠٫٣٥/٠٫٦ 
٠٫٦/٠٫٨٥ 
٠٫٧/٠٫٨ 
٠٫٥/٠٫٧ 
٠٫٦/٠٫٧٥ 
٠٫٥٥/٠٫٧ 
٠٫٥/٠٫٧ 
٠٫٣/٠٫٧٥ 

 
(٤ ٥)Jאא

FE אאWאאאאאK
אאZאאxאKאאא

אאאאאאאא
אאא

אK
FE אאWאאאאא

אא(I٢R)א
אאאאאא

אאאK



א٢٥١אאא
אאא

 
 

- ٧٧ - 

FE אWאאא
אאאאאK

אאא
٩٥٪אאאK 

FE אאWאאאאאא
אאאאאאא

אאK
אאאאאא

אאאאאK 
FE אאאWאאאא

(kW capacity)אאאK 
FE אאאאWא

אאאאאא
אאK 

FE אאאאWאאאא
אאאאאאאא(Exciter)

אאאאאK 
FE אאא(prime movers)Wא

אאאאאQא
אאאאאא

אאK
אאK

(٤ ٦)Jאא
אאאאאא

אאאKאאאא
KאאאאW

J אאאאאאK



א٢٥١אאא
אאא

 
 

- ٧٨ - 

J אאאK 
J אאאK 
J אאאK 
J אאK 
J אאאK

(٤ ٧)Jא
א אא    א

אKאא
אKאאאאא

   K     א   א 
אאאKאאKא

אאאאKאאאא
אאא(٦}٢)K


I

IL
Ic

AC

Ic

IL

V V

I

Ic IL


(٦}٢)אא

אאאאILאא٩٠אא
אאאאאאאאIc

אאא٩٠אאאא
אאאאאW

I = IL - IC



א٢٥١אאא
אאא

 
 

- ٧٩ - 

אאIC١٨٠ILKאאאא
W

(١٤)Q = V (IL – IC) = QL - QC
אאאאאא

אאאאKאאאאא
אאK

אאאאא
K

(٤ ٨)Jאא
אאKאא

אאאאאאאאא
אW

  
V
QC =           farad      (١٥) 

QאאVאאK
אאאאאאאK
אW



  
d
A

d
A

C ro εεε
==               farad     (١٦) 

εאאאAאאdאאK
(٢ ٢)אאאאאאאאא

אאאאKאאאK
אאאאאאאאאK





א٢٥١אאא
אאא
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(٢ ٢) 
א אא א

א(MV/m) 
א

א(MV/m)
אא

אא
א

א
אא

א
א

א 

٠٠}١ 
٠}٣٠٠٠ 
٥٠}٦ 
٠٠}٧ 
١٣}٢ 
٦٠}٥ 
٢٠}٢ 
٩٠}٢ 

٢ ٣ 
٣٥}٠ 

١٦ ١٨ 
 

١٦ ١٨ 
٨٠ ١٠٠ 
٤٨ ٥٢ 

not used in a.c. 

٤ ٩ 
٤}٩ 

٢٠٠ ٢٢٠ 
 

٥}٧٦ 
١٥٠ 
٦٥٠ 
١٥٨ 


אאאW


 Q = ٢ π f C V٢ x ١٠ ٩      kVAR     (١٧) 


(٧}٢)אאK


(٤ ٨ ١)Jאאא

אאאאאאאאאא
٠}١٥٠٠kVARאאאאא

אאJאא٣٣אkVKאאא
אאאאאאא

אאאאאאאאאK
אאאאאא

אאK




א٢٥١אאא
אאא

 
 

- ٨١ - 

(٧}٤) 
אאא(VAR)

V
IL



V
IL

V

IL



V
IL

V

IL

 

V

ILIL

IL



V

IL

IL

IL 


אVIL

א٢VIL 

א٢VIL 

√٣VIL 

√٣VIL 



א٢٥١אאא
אאא
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 (٤ ٩)Jא
אאאאאW

FE אא
FEאא


FEאא
אאאאאKאא

אאאאcosφ١cosφ٢
אאאאφ٢φ١(٨}٢)K

OAאא٠}١OROscosφ١cosφ٢
אKPMאאאאcosφ١cosφ٢

PM(Tanφ١-Tanφ٢)K



(٨}٢)אאא


FEאא

אאאאאKאא
אאאאאאcosφ١

cosφ٢אאאφ٢φ١(٩}٢)K

O 
φ١           R               S  A 

N

M

T 
P φ٢ 



א٢٥١אאא
אאא
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  א א  O א OC   C 
אODDDEאOAADEW








(٩}٢)


  CE = Q sin φ١ - Q sin φ٢ 
                              = Q (sin φ١ - sin φ٢) 


אאאאABW

  AB = Q (cos φ١ - cos φ٢) 
 


١Wאאאאאאאא

אK
אWאאWאא=VLZ١Z(٦٠∠٢٠o)L(٣٠∠٤o)Z٣٠∠٥oA 

אא=VxI*=(٦٠∠٢٠o)x(٥∠ ٣٠o)=٣٠∠١٠٠oVA 
אא=١٠٠xcos٣٠=٦}٨٦W
אא=١٠٠xsin٣٠=٥٠VAR

אאWאא=VLZ٢Z(٦٠∠٢٠o)L(٦٠∠٥o)Z٠∠٤oA 
אא=VxI*=(٦٠∠٢٠o)x(٠∠٤o)=٦٠∠٨٠oVA 

אא=٨٠xcos٦٠=٤٠W
אא=٨٠xsin٦٠=٢}٦٩VAR

∴אאא= ٦}٨٦H٤٠=٦}١٢٦W

E

O 
A            B

KVA=Q 

C

D 

φ١ 

φ٢ KVA=Q 



א٢٥١אאא
אאא

 
 

- ٨٤ - 

אאא=٥٠H٢}٦٩=٢}١١٩VA
אאא=FFאאE٢FHאאE٢E١L٢Z((٢}١١٩)٢(٦}١٢٦)+٢)١L٢

=١٧٤VA
אאא=אאLאمتآخر ٠٫٧٢٧ = ١٧٤ / ١٢٦٫٦ = א 

 
 
 

                                                                                I٢                         I١ 
                                                                              

                                                     ٦٠∠٥Ω               ٣٠∠٤Ω     ٦٠∠٢٠V 
 
 
 
 

 (٢٫١٠)شكل 
٢Wאאאא

אאאW
١W٢٥٠VA٥}٠K
٢W١٨٠ watt٨}٠K
٣W٣٣٠٠VA١٠٠VARK



אW١Wאא=P=אאxא=٥}٠x٢٥٠=١٢٥watt
 Cos φ=א=٥}٠∴φ=٦٠o

אא=אאx SinφZ٢٥٠ x٦٠SinZ٢١٦VAR 
٢WאאZאאLאZ١٨٠L٨}٠Z٢٢٥VA

Cos φZאZ٨}٠∴φZ ٩}٣٦o
אאZאאxSinφ Z٢٢٥xSin٩}٣٦Z ١٣٥VAR 

٣Wsinφ =אאLאא=١٠٠L٣٠٠=٣٣٣٣}٠∴φ= ٥}١٩o
אא=אאxφcos=x ٣٠٠cos٥}١٩=٢٨٣watt

∴אאא=١٢٥H١٨٠H٢٨٣=٥٨٨watt
אאא=٢١٦–١٣٥H١٠٠=١٨١VAR

Q=٦٩٫٢VAR

Q٥٠=١VA
R

P٨٦٫٦=١W

P٤٠=٢W



א٢٥١אאא
אאא

 
 

- ٨٥ - 

אאא=]FאאE٢FHאאE[٢ =]F٥٨٨E٢FH١٨١E٢[
=٦١٦ VA

אא=אאLאא=٥٨٨L٩٥٥}٠=٦١٦
 

 
  
 
 
 
 
 


(١١}٢)

٣W٥٠٠kVAאא٦}٠K
א٩}٠KאאאK

אאאאאK
אWאאZPZאאxאZ٥٠٠x٥}٠Z٣٠٠kWatt

φZcos ٦}٠ ١Z١}٥٣o
אאZQZאאxsinφZ٥٠٠xsin١}٥٣Z٤٠٠kVAR

א٩}٠
φZCos ٩}١٠Z٢٦o∴אאZSlZ٣٠٠L٩}٠Z٣٣٣kVA 

 
 

(١٢}٢)

S=٥٠٠VA 

P=٣٠٠ W

Ql=١٤٦ VAR

Q =٢٥٤VAR

PT=٥٨٨ watt

QT=١٨١VAR 

١٨٠

٢٨٣ وات

١٢٥ watt

١٣٥VAR 
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אאZQlZ٣٣٣xsin(٢٦)Z١٤٦kVA
אאZQ–QlZ٤٠٠–١٤٦Z٢٥٤kVAR

אאZ٣٣٣L٥٠٠Z٧}٦٦٪


٤WאאאW٥٠h.p.٤٤٠V٥٠ Hzא
٨٩א٪٨٥}٠Kאאאא

אאא٩٥}٠ Kא
אFEFE



אWאאאZPZ٥٠x ٧٤٦L٨٩}٠Z٤١٩١٠wattZ٩١}٤١kwatt 
Jא٨٥}٠ φ١Zcos ٨٥}١٠Z٨}٣١o

אאZQ١ZPxtan(φ١)Z٩١}٤١xtan(٨}٣١)Z٩٨}٢٥kVAR 
J٩٥}٠φ٢Zcos (٩٥}٠)١Z٢}١٨o

אאZQ٢ZPx tan φ٢Z٩١}٤١xtan(٢}١٨)Z٧٩}١٣kVAR 
אאאZQ١JQ٢Z٩٨}٢٥J٧٩}١٣Z١٩}١٢kVAR

∴אאאאZQcZ١٩}١٢L٣Z٠٦٣}٤kVAR
FE אא٤٤٠V

אאZIcZQcLVZ٤٠٦٣L٤٤٠Z٢٣}٩  A 
 Ic = Xc/V = VωC

אZCZIcLVωZ٢٣}٩L(٢πx٥٠x٤٤٠)Z٨}٦٦x١٠ ٦F
FE אא٣√/٤٤٠V

אאZIcZQcLVZ٤٠٦٣L٢٥٤Z١٦  A 
 Ic = Xc/V = VωC

אZCZIcLVωCZ١٦L(٢πx٥٠x٢٥٤)Z٤}٢٠٠x١٠ ٦F


Wאאאא
אK
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٥W٢٥kVA١٢kW٦}٠K
אאאאKא٠}١

אאאאאאK
אWאא=אאLא=١٢L٦}٠=٢٠kVA

אא=F٢٠L٢٥E١٠٠=٨٠٪
φ١=cos ٦}١٠=١}٥٣oאא=٢٠xsin(١}٥٣)=١٦kVAR 
φ٢=sin ١(١٦L٢٥)=٨}٣٩o

אאא=אxcosφ٢=٢٥xcos(٨}٣٩)=٢}١٩kW
אא=٢}١٩–١٢=٢}٧kW











(١٣}٢) 
(٤ ١٠)Jאא

 

אאאאאא
אאאאאK

אאאPF١    אאW
אZPF١Zφ١cos 
אאFZאאE١xφ١cos 

FאאE١FZאאE١x١φsin 
∴FאאE١Zאאxtan φ١

١٩٫٢kW 
 
١٢kW

٢٠kVA 
٢٥kVA

الحمل المضاف

١٦ 
kVAR

φ
١ 
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אPF٢W
אZPF٢Zφ٢cos 
אאFZאאE٢xφ٢cos 

FאאE٢FZאאE٢x٢φsin 
∴FאאE٢Zאאxφ٢tan 

אאZQcFZאאE١–FאאE٢

FZאאFEφ١tanJφ٢tanE
FZאאFEאE

אZφ١tanJφ٢tan 
٢אאK

٦Wא٤٠٠kwatt٨}٠Kאאא
א٩}٠ אאאK



אWאאאZ٨}٠אאאאZ٩}٠
אאZ٢٦٦}٠ 
∴אאאZאאxא

Z٤٠٠x٢٦٦}٠Z٤}١٠٦kVAR 
٧Wא١٠٠٠אא٧٥}٠Kא

אאא٩٥}٠ אאאK
אWאאאZ٧٥}٠אאאאZ٩٥}٠

אאZ٥٥٣}٠ 
∴אאאZאאxא

Z١٠٠٠x٥٥٣}٠Z٥٥٣kVAR 
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٢
א

אא
אאW 

٠٫٩٩      ٠٫٩٨      ٠٫٩٧      ٠٫٩٦      ٠٫٩٥     ٠٫٩٠      ٠٫٨٥      ٠٫٨٠       
١٫٠٠ 

٠٫٢٥ 
٠٫٢٦ 
٠٫٢٧ 
٠٫٢٨ 
٠٫٢٩ 
٠٫٣٠ 
٠٫٣١ 
٠٫٣٢ 
٠٫٣٣ 
٠٫٣٤ 
٠٫٣٥ 
٠٫٣٦ 
٠٫٣٧ 
٠٫٣٨ 
٠٫٣٩ 
٠٫٤٠ 
٠٫٤١ 
٠٫٤٢ 
٠٫٤٣ 
٠٫٤٤ 
٠٫٤٥ 
٠٫٤٦ 
٠٫٤٧ 
٠٫٤٨ 
٠٫٤٩ 
٠٫٥٠ 
٠٫٥١ 
٠٫٥٢ 
٠٫٥٣ 
٠٫٥٤ 
٠٫٥٥ 
٠٫٥٦ 
٠٫٥٧ 
٠٫٥٨ 
٠٫٥٩ 
٠٫٦٠ 
٠٫٦١ 

٣٫٧٢٩    ٣٫٦٦٩    ٣٫٦٢١    ٣٫٥٨٠    ٣٫٥٤٣    ٣٫٣٣٨    ٣٫٢٥٢    ٣٫١٢٢    
٣٫٨٧٢ 

٣٫٥٧١    ٣٫٥١١    ٣٫٤٦٣    ٣٫٤٢٢    ٣٫٣٨٥    ٣٫٢٣٠    ٣٫٠٩٤    ٢٫٩٦٤    
٣٫٧١٤ 

٣٫٤٢٣    ٣٫٣٥٣    ٣٫٣١٥    ٣٫٢٧٤    ٣٫٢٣٧    ٣٫٠٨٢    ٢٫٩٤٥    ٢٫٨١٦    
٣٫٥٦٦ 

٣٫٢٨٦    ٣٫٢٢٦    ٣٫١٧٨    ٣٫١٣٧    ٣٫١٠٠    ٢٫٩٤٥    ٢٫٨٠٩    ٢٫٦٧٩    
٣٫٤٢٩ 

٣٫١٥٧    ٣٫٠٩٧    ٣٫٠٤٩    ٣٫٠٠٨    ٢٫٩٧١    ٢٫٨١٦    ٢٫٦٨٠    ٢٫٥٥٠    
٣٫٣٠٠ 

٣٫٠٣٨    ٢٫٩٧٨    ٢٫٩٣٠    ٢٫٨٨٩    ٢٫٨٥٢    ٢٫٦٩٧    ٢٫٥٦١    ٢٫٤٣١    
٣٫١٨١ 

٢٫٩٩٢    ٢٫٨٦٢    ٢٫٨١٤    ٢٫٧٧٣    ٢٫٧٣٦    ٢٫٥٨١    ٢٫٤٤٥    ٢٫٣١٥    
٣٫٠٦٥ 

٢٫٨١٧    ٢٫٧٥٧    ٢٫٧٠٩    ٢٫٦٦٧    ٢٫٦٣١    ٢٫٤٧٦    ٢٫٣٤٠    ٢٫٢١٠    
٢٫٩٦٠ 

٢٫٧١٨    ٢٫٦٥٨    ٢٫٦١٠    ٢٫٥٦٩    ٢٫٥٣٢    ٢٫٣٧٧    ٢٫٢٤١    ٢٫١١١    
٢٫٨٦١  

٢٫٦٦٢    ٢٫٥٦٢    ٢٫٥١٤    ٢٫٤٧٣    ٢٫٤٣٦    ٢٫٢٨١    ٢٫١٤٥    ٢٫٠١٥    
٢٫٧٦٥ 

٢٫٥٣٤    ٢٫٤٧٤    ٢٫٤٢٦    ٢٫٣٨٥    ٢٫٣٤٨    ٢٫١٩٣    ٢٫٠٥٧    ١٫٩٢٧    
٢٫٦٧٧ 

٢٫٤٤٩    ٢٫٣٨٩    ٢٫٣٤١    ٢٫٣٠٠    ٢٫٢٦٣    ٢٫١٠٨    ١٫٩٧٢    ١٫٨٤٢    
٢٫٥٩٢ 

٢٫٣٦٣    ٢٫٣٠٨    ٢٫٢٦٠    ٢٫٢١٩    ٢٫١٨٢    ٢٫٠٢٧    ١٫٨٩١    ١٫٧٦١     
٢٫٥١١ 

٢٫٢٩١     ٢٫٢٣١    ٢٫١٨٣    ٢٫١٤٢    ٢٫١٠٥    ١٫٩٥٠    ١٫٨١٤    ١٫٦٨٤    
٢٫٤٣٤ 

٢٫٢١٩    ٢٫١٥٩    ٢٫١١١    ٢٫٠٧٠    ٢٫٠٣٣    ١٫٨٧٨    ١٫٧٤٢    ١٫١٦٢    
٢٫٣٦٢ 

٢٫١٤٨    ٢٫٠٨٨    ٢٫٠٤٠    ١٫٩٩٩    ١٫٩٦٢    ١٫٨٠٧    ١٫٦٧١    ١٫٥٤١    
٢٫٢٩١ 

٢٫٠٨٢    ٢٫٠٢٢    ١٫٩٧٤    ١٫٩٣٣    ١٫٨٩٦    ١٫٧٤١    ١٫٦٠٥    ١٫٤٧٥    
٢٫٢٢٥ 

٢٫٠١٨    ١٫٩٥٨    ١٫٩١٠    ١٫٨٦٩    ١٫٨٣٢    ١٫٦٧٧    ١٫٥٤١    ١٫٤١١    
٢٫١٦١ 

١٫٩٥٧    ١٫٨٩٧    ١٫٨٤٩    ١٫٨٠٨    ١٫٧٧١    ١٫٦١٦    ١٫٤٨٠    ١٫٥٣٠    
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٠٫٦٢ 
٠٫٦٣ 
٠٫٦٤ 
٠٫٦٥ 
٠٫٦٦ 
٠٫٦٧ 
٠٫٦٨ 
٠٫٦٩ 
٠٫٧٠ 
٠٫٧١ 
٠٫٧٢ 
٠٫٧٣ 
٠٫٧٤ 
٠٫٧٥ 
٠٫٧٦ 
٠٫٧٧ 
٠٫٧٨ 
٠٫٧٩ 
٠٫٨٠ 
٠٫٨١ 
٠٫٨٢ 
٠٫٨٣ 
٠٫٨٤ 
٠٫٨٥ 
٠٫٨٦ 
٠٫٨٧ 
٠٫٨٨ 
٠٫٨٩ 
٠٫٩٠ 
٠٫٩١ 
٠٫٩٢ 
٠٫٩٣ 
٠٫٩٤ 
٠٫٩٥ 
٠٫٩٦ 
٠٫٩٧ 
٠٫٩٨ 
٠٫٩٩ 

٢٫١٠٠
١٫٨٩٨    ١٫٨٣٨    ١٫٧٩٠    ١٫٧٤٩    ١٫٧١٢    ١٫٥٥٦    ١٫٤٢١    ١٫٢٩١    

٢٫٤١٠ 
١٫٨٤١    ١٫٧٨١    ١٫٧٣٣    ١٫٦٩٢    ١٫٦٥٥    ١٫٥٠٠    ١٫٣٦٤    ١٫٢٣٤    

١٫٩٨٤ 
١٫٧٨٧    ١٫٧٢٧    ١٫٦٧٩    ١٫٦٣٨    ١٫٦٠١    ١٫٤٤٦    ١٫٣١٠    ١٫١٨٠    

١٫٩٣٠ 
١٫٦٣٥    ١٫٦٧٥    ١٫٦٢٧    ١٫٥٨٦    ١٫٥٤٩    ١٫٣٩٤    ١٫٢٥٨    ١٫١٢٨    

١٫٨٧٨ 
١٫٦٨٥    ١٫٦٢٥    ١٫٥٧٧    ١٫٥٣٦    ١٫٤٩٩    ١٫٣٤٤    ١٫٢٠٨    ١٫٠٧٨    

١٫٨٢٨ 
١٫٦٣٦    ١٫٥٧٦    ١٫٥٢٨    ١٫٤٨٧    ١٫٤٥٠    ١٫٢٩٥    ١٫١٥٩    ١٫٠٢٩    

١٫٧٧٩ 
١٫٥٨٩    ١٫٥٢٩    ١٫٤٨١    ١٫٤٤٠    ١٫٤٠٣    ١٫٢٤٨    ١٫٢٢١    ٠٫٨٩٢    

١٫٧٣٢ 
١٫٥٤٣    ١٫٤٨٣    ١٫٤٣٥    ١٫٣٩٤     ١٫٣٥٧    ١٫٢٠٢    ١٫٠٦٦    ٠٫٩٣٦    

١٫٦٨٦ 
١٫٥٠٠    ١٫٤٤٠    ١٫٣٩٢    ١٫٣٥١     ١٫٣١٤    ١٫١٥٩    ١٫٠٢٣    ٠٫٨٩٣    

١٫٦٤٣ 
١٫٤٥٧    ١٫٣٩٧    ١٫٣٤٩    ١٫٣٠٨     ١٫٢٧١    ١٫١١٦    ٠٫٩٨٠    ٠٫٨٥٠    

١٫٦٠٠ 
١٫٤١٦    ١٫٣٥٦    ١٫٣٠٣    ١٫٢٦٧    ١٫٢٣٠    ١٫٠٧٥    ٠٫٩٣٩    ٠٫٨٠٩    

١٫٥٥٩ 
١٫٣٧٦    ١٫٣١٦    ١٫٢٦٨    ١٫٢٢٧    ١٫١٩٠    ١٫٠٣٥    ٠٫٨٩٩    ٠٫٧٦٩    

١٫٥١٩ 
١٫٣٣٦    ١٫٢٧٧    ١٫٢٢٩    ١٫١٨٨    ١٫١٥١    ٠٫٩٩٦    ٠٫٨٦٠    ٠٫٧٣٠    

١٫٤٨٠ 
١٫٢٢٩    ١٫٢٣٩    ١٫١٩٠    ١٫١٥٠    ١٫١١٣    ٠٫٩٥٨    ٠٫٨٢٢    ٠٫٦٩٢    

١٫٤٤٢ 
١٫٢٦٢    ١٫٢٠٢    ١٫١٥٤    ١٫١١٣    ١٫٠٧٦    ٠٫٩٢١    ٠٫٧٨٥    ٠٫٦٥٥    

١٫٤٠٥ 
١٫٢٢٦    ١٫١٦٦    ١٫١١٨    ١٫٠٧٧    ١٫٠٤٠    ٠٫٨٨٥    ٠٫٧٤٩    ٠٫٦١٩    

١٫٣٦٩ 
١٫١٩٠    ١٫١٣٠    ١٫٠٨٢    ١٫٠٤١    ١٫٠٠٤    ٠٫٨٤٩    ٠٫٧١٣    ٠٫٥٨٣    

١٫٣٣٣ 
١٫١٥٦    ١٫٠٩٦    ١٫٠٤٨    ١٫٠٠٧    ٠٫٩٧٠    ٠٫٨١٥    ٠٫٦٧٩    ٠٫٥٤٩    

١٫٢٢٩ 
١٫١٢٢    ١٫٠٦٢    ١٫٠١٤    ٠٫٩٧٣    ٠٫٩٣٦    ٠٫٧٨١    ٠٫٦٤٥    ٠٫٥١٥    

١٫٢٦٥ 
١٫٠٩٠    ١٫٠٣٠    ٠٫٩٨٢    ٠٫٩٤١    ٠٫٩٠٤    ٠٫٧٤٩    ٠٫٦١٣    ٠٫٤٨٣    

١٫٢٣٣ 
١٫٠٥٨    ٠٫٩٩٨    ٠٫٩٥٠    ٠٫٩٠٩    ٠٫٨٧٢    ٠٫٧١٧    ٠٫٥٨١    ٠٫٤٥١    
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١٫٢٠١
١٫٠٢٦    ٠٫٩٦٦    ٠٫٩١٨    ٠٫٨٧٧    ٠٫٨٤٠    ٠٫٦٨٥    ٠٫٥٤٩    ٠٫٤١٩    

١٫١٦٩ 
٠٫٩٩٥    ٠٫٩٣٥    ٠٫٨٨٧    ٠٫٨٤٦    ٠٫٨٠٩    ٠٫٦٥٤    ٠٫٥١٨    ٠٫٣٨٨    

١٫١٣٨ 
٠٫٩٦٥    ٠٫٩٠٥    ٠٫٨٥٧    ٠٫٨١٦    ٠٫٧٧٩    ٠٫٦٢٤    ٠٫٤٨٨    ٠٫٣٥٨    

١٫١٠٨ 
٠٫٩٣٥    ٠٫٨٧٥    ٠٫٨٢٧    ٠٫٧٨٦    ٠٫٧٤٩    ٠٫٥٩٤    ٠٫٤٥٨    ٠٫٣٢٨    

٠٫٠٧٨ 
٠٫٩٠٦    ٠٫٨٤٦    ٠٫٧٩٨    ٠٫٧٥٧    ٠٫٧٢٠    ٠٫٥٦٥    ٠٫٤٢٩    ٠٫٢٩٩    

١٫٠٤٩ 
٠٫٨٧٧    ٠٫٨١٧    ٠٫٧٦٩    ٠٫٧٢٨    ٠٫٦٩١    ٠٫٥٣٦    ٠٫٤٩٩    ٠٫٢٧٠    

١٫٠٢٠      
٠٫٨٤٩    ٠٫٧٨٩    ٠٫٧٤١    ٠٫٧٠٠    ٠٫٦٦٣    ٠٫٥٠٨    ٠٫٣٧٢    ٠٫٢٤٢    

٠٫٩٩٢ 
٠٫٨٢١    ٠٫٧٦١    ٠٫٧١٣    ٠٫٦٧٢    ٠٫٦٣٥    ٠٫٤٧٠    ٠٫٣٤٤    ٠٫٢١٤    

٠٫٩٦٤ 
٠٫٧٩٣    ٠٫٧٣٣    ٠٫٦٨٥    ٠٫٦٤٤    ٠٫٦٠٦    ٠٫٤٥٢    ٠٫٣١٦    ٠٫١٨٦    

٠٫٩٣٦ 
٠٫٧٦٦    ٠٫٧٠٦    ٠٫٦٥٨    ٠٫٦١٧    ٠٫٥٨٠    ٠٫٤٢٥    ٠٫٢٨٩    ٠٫١٥٩    

٠٫٩٠٩ 
٠٫٧٣٩    ٠٫٦٧٩    ٠٫٦٣١    ٠٫٥٩٠    ٠٫٥٥٣    ٠٫٣٩٨    ٠٫٢٦٢    ٠٫١٣٢    

٠٫٨٨٢ 
٠٫٧١٢    ٠٫٦٥٢    ٠٫٦٠٤    ٠٫٥٦٣    ٠٫٥٢٦    ٠٫٣٧١    ٠٫٢٣٥    ٠٫١٠٥    

٠٫٨٥٥ 
٠٫٦٨٦    ٠٫٦٢٦    ٠٫٥٧٨    ٠٫٥٣٧    ٠٫٥٠٠    ٠٫٣٤٥    ٠٫٢٠٩    ٠٫٠٧٩    

٠٫٨٢٩ 
٠٫٦٥٩    ٠٫٥٥٩    ٠٫٥٥١    ٠٫٥١٠    ٠٫٤٧٣    ٠٫٣٨١    ٠٫١٨٢    ٠٫٠٥٢    

٠٫٨٠٢ 
٠٫٦٣٣    ٠٫٥٧٣    ٠٫٥٢٥    ٠٫٤٨٤    ٠٫٤٤٧    ٠٫٢٩٢    ٠٫١٥٦    ٠٫٠٢٦    

٠٫٧٧٦ 
-----     ٠٫٦٠٧    ٠٫٥٤٧    ٠٫٤٩٩    ٠٫٤٥٨    ٠٫٤٢١    ٠٫٢٦٦    ٠٫١٣٠    

٠٫٧٥٠ 
-----     ٠٫٥٨١    ٠٫٥٢١    ٠٫٤٧٣    ٠٫٤٣٢    ٠٫٣٩٥    ٠٫٢٤٠    ٠٫١٠٤    

٠٫٧٢٤ 
-----     ٠٫٥٥٥    ٠٫٤٩٥    ٠٫٤٤٧    ٠٫٤٠٦    ٠٫٣٦٩    ٠٫٢١٤    ٠٫٠٧٨    

٠٫٦٩٨ 
-----     ٠٫٥٢٩    ٠٫٤٦٩    ٠٫٤٢١    ٠٫٣٨٠    ٠٫٣٤٣    ٠٫١٨٨    ٠٫٠٥٢    

٠٫٦٧٢ 
-----     ٠٫٥٠٣    ٠٫٤٤٣    ٠٫٣٩٥    ٠٫٣٥٤    ٠٫٣١٧    ٠٫١٦٢    ٠٫٠٢٦    

٠٫٦٤٦ 
-----      -----     ٠٫٤٧٧    ٠٫٤١٧    ٠٫٣٦٩    ٠٫٣٢٨    ٠٫٢٩١    ٠٫١٣٦    



א٢٥١אאא
אאא

 
 

- ٩٢ - 

٠٫٦٢٠ 
-----      -----     ٠٫٤٥٠    ٠٫٣٩٠    ٠٫٣٤٢    ٠٫٣٠١    ٠٫٢٦٤    ٠٫١٠٩    

٠٫٥٩٢ 
-----      -----     ٠٫٤٢٤    ٠٫٣٦٤    ٠٫٣١٦    ٠٫٢٧٥    ٠٫٢٣٨    ٠٫٠٨٣    

٠٫٥٦٧ 
-----      -----     ٠٫٣٩٧    ٠٫٣٣٧    ٠٫٢٨٩    ٠٫٢٤٨    ٠٫٢١١    ٠٫٠٥٦    

٠٫٥٤٠ 
-----      -----     ٠٫٣٦٩    ٠٫٣٠٩    ٠٫٢٦١    ٠٫٢٢٠    ٠٫١٨٣    ٠٫٠٢٨    

٠٫٥١٢ 
-----      -----      -----     ٠٫٤٨٤    ٠٫٣٤١    ٠٫٢٨١    ٠٫٢٣٣    ٠٫١٩٢    ٠٫١٥٥ 
-----      -----      -----     ٠٫٤٥٦    ٠٫٣١٣    ٠٫٢٥٣    ٠٫٢٠٥    ٠٫١٦٤    ٠٫١٢٧ 
-----      -----      -----     ٠٫٤٢٦    ٠٫٢٨٣    ٠٫٢٢٣    ٠٫١٧٥    ٠٫١٣٤    ٠٫٠٩٧ 
-----      -----      -----     ٠٫٣٩٥    ٠٫٢٥٢    ٠٫١٩٢    ٠٫١٤٤    ٠٫١٠٣    ٠٫٠٦٦ 
-----      -----      -----     ٠٫٣٦٣    ٠٫٢٢٠    ٠٫١٦٠    ٠٫١١٢    ٠٫٠٧١    ٠٫٠٣٤ 
-----      -----      -----      -----     ٠٫٣٢٩    ٠٫١٨٦    ٠٫١٢٦    ٠٫٠٧٨    ٠٫٠٣٧ 
-----      -----      -----      -----      -----     ٠٫٢٩٢    ٠٫١٤٩    ٠٫٠٨٩    ٠٫٠٤١ 
-----      -----      -----      -----      -----     -----      ٠٫٢٥١    ٠٫١٠٨    ٠٫٠٤٨ 
-----      -----      -----      -----      -----     -----        -----    ٠٫٢٠٣    ٠٫٠٦٠ 

-----      -----      -----      -----      -----      -----       -----      -----     ٠٫١٤٣  




א٢٥١אאא
אאא

 
 

- ٩٣ - 

(١١-٤)Jאא


אאאאא
אאאאא

אאK
אאאאא

W
١E א
٢E א 

אאW
٣E אא(leakage reactance)
٤E א(magnetizing current)

 

 
(٢٫١٤)

אאאאאאאא
אאאאKא٢٠٪٦٠٪א

אאKאאאאאא
אאאKאאאאאKא

אאאאאאא
אאאאאאאK

אא،א١٠٠א٠٫٧٥א



א٢٥١אאא
אאא

 
 

- ٩٤ - 

٧٥אאאKאאא
אאאא (١٠٠x١٠٠)/ (٧٥x٧٥) أ١٫٧٧٧ 

٧٨٪אאאKאאא
אאאאאאK

אא٠٫٩٢٠٫٩٥Kאאאא
٠٫٩אאאאK

אאאאאא
אאאאK

אאאאאא
אאאאKאאא

אאאאאאK
 

 
(٢٫١٥) 

אאאא?
אא?אאאא

אא?אא?(bulk correction)K




א٢٥١אאא
אאא

 
 

- ٩٥ - 

(١-١١-٤)- אא  
אאאאאא

אאKאאא٩٥}٠א
אאאאאאK

١٫٠Kאאאאא


 
(٢ ١١ ٢)

 
(٤ ١١ ٢)JאאStatic Correction  

אאאאאאאא
אאא

אKאאאאאאא
אאKאאאאא

אאאKאא
אאאאאKא

אאאאKאא
אאאאKא

אאאאאא(stator)אא
אאא(rotor)Kאא

אאאא



א٢٥١אאא
אאא

 
 

- ٩٦ - 

אאאאאאאאK
אא٠}١FאאEאא

אאאאאאKא
אאאא

אאאאאאאK
אאאא

אאK
אאא٨٠٪א
אK

אאאא
א٢٠٪אאאאאאא

א٦٠٪אאאKאאאא
אאאאאאK

אאאאאKא
אאאאא

א٩٥}٠אא
אאאאK

 

 
(١٧-٢)



א٢٥١אאא
אאא

 
 

- ٩٧ - 

אאאאאא(contactors)
אאKאאאאאא

אאאאK

 
(١٨}٢)

 



א٢٥١אאא
אאא

 
 

- ٩٨ - 

(٤ ١١ ٣)Jאא
אאאאאאא

אאאKאאא
אאאאאאאK

،אאאאאאא
אאאאאKאאאא

אאאאא
א،אאאאא

אאאא٧}٠א
אאאאKאאאא

א٩٥}٠Kאאא(input reactors)
(DC bus reactors)אK

אאאאא
אא(transients)אאא

אאאאK
א٧٥ אאאאאא

אאK
אאאאאאאא

אאאאאK


(٤ ١١ ٤)Jאאאאאא
אאאאאא

אאאאא
אאאKא

אאKא
אאא

٥٠אאK
 



א٢٥١אאא
אאא

 
 

- ٩٩ - 


(١٩}٢) 

(٤ ١١ ٥)Jאא
אאא٨٠٪אא

אאאאאאKא
אאאא٢٠٪א

א٦٠٪אאK
אאאאאאאא

אאאאKאאאאאא
K

(٤ ١١ ٦)Jאא
אאאאאא

אאאאK
אאאאא

אאאאאאאא
אאאאא(passive harmonic filters)

אK
אאאאאאאאאאא

אאאאאא



א٢٥١אאא
אאא

 
 

- ١٠٠ - 

אאאFאאאthird harmonicsKEאאא
אאאאאאK

(٤ ١١ ٧)Jאא
אאאאאאא

אKאאאא
אאאא

אאאKאאאאא
אאאאKא

אאאאאאאאK
אאאאא

אK
F١E אאK

אאאK
F٢E אאאאKאאא

אאאא
אLK 

F٣E אאאאK 
F٤E אאאא

אK 
אאאאאK

אאאא،אא
אאKאאאאא

אאאאאאאא
אKאאאאא

אאאאאאKאאא
אK



א٢٥١אאא
אאא

 
 

- ١٠١ - 

אאאאאK
אאאאאאא(passive 

filters LCR)אאאאאא
אK



א٢٥١אאא
אאא

 
 

- ١٠٢ - 


١E אאאאאWא١٢٠٠אVA٧}٠

אא،٣٥٠VA٥}٠אא،٣٢٧٥VA
٠}١K 

FאWP=٥٩٠W, Q=٤٤٦VAR, S=٧٤٠VA, p.f.=٧٩٨}٠E
٢E א٣٠٠ kW٦٥}٠ א٩}٠

אאKאאאאאא
אאK 

FאW٢٠٤VAR, ٢٨٪E
٣E ٢٠٠٠VA٨}٠אא٥٠٠אVA

אאא٩}٠אאאK 
FאW٩٢}٠E

٤E ١٠٠ kVA٨٠٪אא٨٥}٠
אאאא٦}٠אא

אK 
FאW٣}٢١kVAE

٥E ٢٥٠ kVAאא٨}٠K
א٩}٠אאאא 

FE אאאK
FE א٠}١אאאא

אאK
FאW٥}٥٢ kVAR, ٣٠kWE

 



 

 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א


א






٥



א٢٥١אא
אאאא

 
 

- ١٠١ - 

F٥J١E
אאאאאא

א אא אא א    א א
אKאאאאאאK

אאאאאאאאא،אא
אאאאאאאאאאא
א אK Kא         אא א 
א א K א    א א א ، 

אאK
(٥ ٢)אא

(٥ ٢ ١)אא  (Luminous flux)
FΦEF)Eאאאא

אאאא،،אא
אKאאאFLumenEFLmEא

אאאאאFwattEW


         ١ Lumen     =    ٠٠١٦}٠  watt                   (٥
١) 

or      ١ watt       = ٦٨١  Lumen                   (٥
٢) 
 

(٥ ٢ ٢)אאאאאאא (Solid angle)
FωEא(١}٥)אאאωאאW

)35(steradian
r
Aω 2 −=

 WAZ
 rZ
cZא



א٢٥١אא
אאאא

 
 

- ١٠٢ - 

אא אא (steradian) ،א (sr)،
(steradian)אאאאFאא

א1=ωA=r٢Eאאωאאאאא
אאAK

  אא א ω (st) π٤א    א 
rπ4A 2=FאאאE

r

C

A

 
אF١}٥Eאאאω

 
(٥ ٢ ٣)א(Candela)

 (cd)א  (candela power)אא
 (cp)אא (Luminous intensity)

(٥ ٢ ٤)א (Lumen)
     (Lm)   א א K א     אא

א،א،אאאאא
(steradian)،אK

 (٢}٥)אאK




א٢٥١אא
אאאא

 
 

- ١٠٣ - 




(٢}٥)אאא


(٥ ٢ ٥)א (Quantity of  light)
 Qאאא

،W
4)(5hr.Lmt.ΦQ −= 

אJFLm-hrEאא
FאJE

(٥ ٢ ٦)א(Luminous intensity)
(I)אאאאאFΦEא

אW
5)(5)candela(Lm/srω

ΦΙ −= 



א٢٥١אא
אאאא

 
 

- ١٠٤ - 

אאאא
אאאא

( mean spherical candela –power) MSCPK
(٥ ٢ ٧)א (Illumination)

 (E)אאFEאא
אאאW

6)(5LuxΑ
ΦΕ −= 

א (Lux =  lm/m٢)
(٥ ٢ ٨)א (Luminance)

(L)אאאאאא
אאאW

)7(5mcdS
ΙL 2 −= 

  SZאאm2
F٥J٣Eאא

א(٥ ٦)אא
אW

)11(5Lux
r
ΙΕ

)10(5Lux
r
Ι

rω
Ιω

Α
ΦΕ

)9(5mrωΑ

)8(5cdω
ΦΙ

2

22

22

−=

−===

−=

−=

 



(٣}٥)אא،א
אאאאא،אא

אא،אאא



א٢٥١אא
אאאא

 
 

- ١٠٥ - 

אאאא،אא(٤}٥)
א(٥ ١٠)

E= 1/4 Lux

E=1/9 Lux

1 m

2 m

3 m

E=1 Lux

نقطةالإضاءة
 آنديلا١مصدر 


 אאא) ٥,٣(شكل 

  

)31(5
h
θCosΙ

Ε

)21(5
d
θCosΙ

Ε

2
1

3

B

2
1

B

−=

−=

 

h

B C D

d

1θ

2θ
3θ

1θ

A
(٤}٥)אא

θ٢



א٢٥١אא
אאאא

 
 

- ١٠٦ - 


EpZא P



(١-٣-٥)  אא 
F١E

אאא١٠ mא٥ mא
א ٢٠٠ cdאKאאא

אאK
א

אאאאא
אא٢K



C)(L

θCosΙ
Ε

1

2
1

1L
=                                                                 אאא 

 

10 m 10 m5 m 5 m

A    B    D

C

5 m

L1 L2 L3 L4

1θ

2θ

 
(٥}٥)


 





א٢٥١אא
אאאא

 
 

- ١٠٧ - 

15.8/5θm15.8155CL 1
22

1 ==+= Cos 

Lux0.253
15.8

/15.85x200
Ε 21L == 

C)L(
θCosΙ

Ε
2

2
2

2L =אאא 

2
1

θosCm2555CL 2
22

2 ==+= 

Lux2.83
)2(5

2/1x200
Ε 22L == 

  אLux3.082.830.253EE 2L1L =+=+=  
     א٢ = א x ١٦}٦= ٠٨}٣  Lux 





א٢٥١אא
אאאא

 
 

- ١٠٨ - 

(٢) 
א ١٠٠ mא٢٠٠ cdA٤٠٠ cdB

אAא١٠ mאB٢٠ mKא
אאאאK

א

50 m 50 m

10 m

20 m

L2

L1

C

1θ

2θ

 
 (٥٫٦)شكل 


51/10θCosm515010C)L( 1

222
1 ==+= 


Lux10.015

51
51/10x200

Ε 21L == 

53.9/20θCosm53.95020C)L( 2
222

2 ==+= 


Lux0.051

53.9
53.9/20x400

Ε 22L == 

אLux0.0660.05110.015EE 2L1L =+=+= 



א٢٥١אא
אאאא

 
 

- ١٠٩ - 

 (٥ ٤) א
אאאאאא

אאאKK
אאK

١J א (Filament lamps)W
J אא Incandescent lamps

J א א Tungsten halogen lamps 
Jאא Reflection lamps

٢J אאF(Gas-discharge lamps
J א Fluorescent lamps

J אאאא 
 Low pressure sodium lamps (SOX) 

Jאאאא
 High pressure sodium lamps (HPS) 
Jאאאא
 High pressure mercury lamps (HPM) 

Jאא Metal halide lamps
 

 (٥ ٤ ١)אא (Incandescent lamps) 
אאאא،

Kאאאא(٧}٥)
אאKאאאאא٢١

lm/wאאאאאאאK
אאאאK


 



א٢٥١אא
אאאא

 
 

- ١١٠ - 

 
(٧}٥)אא

 
(٥ ٤ ٢) א (Mercury lamps)

אא،א(bulb)،א
אFEאאאאאא

אאאאאא
אKאאאא

אא (Fluorescent-mercury lamps)(٨}٥)K
 (٥ ٤ ٣)א (Fluorescent lamps) 

אאא،
(٩}٥)א

(ballast)(١٠}٥)K(١١}٥)אא



א٢٥١אא
אאאא

 
 

- ١١١ - 


 

(٨}٥)אא
 


(٩}٥)א


(١٠}٥)אאא





א٢٥١אא
אאאא

 
 

- ١١٢ - 

F٥J٥Eא (Road lighting)
אאאאאאאא

אא،אאKאאא
אאאאאאK

אאאKאא،אאא
،אאא،אאאאא

אאאא،אאאאא
אאK

 (٥ ٥ ١)א
אW

١Jא (Series system)
אאאאא،

אאא (constant-current transformer)א
א (١٣}٥)

אאאW
Jאאאאאאא

אאאאא
J אאאאא 

        א א   ٤}٢ kV ٢}١٣kV
٢٠}١٥}٥}٧}٦}٦אאאK

אאאאאאK
Fאאא١٪אא٢٠٪E

٢JאאאFMultiple systemE
אאאאאא

אאא،אאאא
א،אאאאאאא

(١٤}٥)K




א٢٥١אא
אאאא

 
 

- ١١٣ - 


(١١}٥)אא





א٢٥١אא
אאאא

 
 

- ١١٤ - 

           Mean lumens/watt 

 

(١٢}٥)אאאא
אאא ٢٠٠ watt

 


(١٣}٥)אאא



א٢٥١אא
אאאא

 
 

- ١١٥ - 



 
(١٤}٥)אאאא



 (٥ ٥ ٢)א
אאאאאאא

١Jא
(١٥}٥)אאאא

)41(5γcosn h
Ι

Ε
3

2
γc

p −∑= 

Ε pZאP 

ΙγcZאאא Pאא γ، 
 C

nZאא 
hZאא

א،אא،אא
אFIsolux diagramE(١٦}٥)א



א٢٥١אא
אאאא

 
 

- ١١٦ - 

אאאhאKאאא
אK

אאאאW

)51(5

h
naΕΕ 2rp −Φ=

WΕrJאא P
nZאא

ΦZאא
aZאאאא


א

hZאא
 


(١٥}٥)א P

٢Jא
אאאW

)61(5N
Ε

Ε
p

av −∑=W

ΕpZא



א٢٥١אא
אאאא

 
 

- ١١٧ - 

NZאאאאΕp
א

Εav


 
(١٦}٥)א

אאא،א
אאW

 

)71(5SW
Φnη

Εav −=

WW   Zא
SZא



א٢٥١אא
אאאא

 
 

- ١١٨ - 

   η =א
אאאאאאאK

אאאW
J א hאא(١٧}٥b)K 

4
hאZ ٠٧٥}٠

h2
3אZ ٣٢}٠

אא 
η= ٠٧٢٥}٠H٣٩٥}٠ =٣٢}٠ 

Jאאγ 1
،γ 2


א(١٧}٥a)

56.5

14
01

2

01

1

2
3
4

tan

tan
==

==

−

−

h
h
h

h

γ

γ
 

א(١٧}٥c)
141

o=γאZ ٠٧٥}٠
56..5

o

2
=γאZ ٣٢}٠

אא
η= ٠٧٢٥}٠H٣٩٥}٠ =٣٢}٠ 


F٣E

אאא(١٨}٥) א١٠א mא
א٤٠٠٠ Lmאאא(١٩}٥) א

אא Pאא a=١٨٧}٠
אW

אאאPאא (٦}٠h) ٦ m،
אFA-AEאאא(١٩}٥)،א

אh



א٢٥١אא
אאאא

 
 

- ١١٩ - 

 

 
(١٧}٥a)


(١٧}٥b)




(١٧}٥c)



א٢٥١אא
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 ٤٠ %אא

א٢}٧ =                     א X ١٨= ٤}٠/ ١٠٦ X ١٠٦  Lm 
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F١EKKא،אא،א

،١٩٨٤K
F٢EKאא،FאE،،אאאא،١٩٩٤K
F٣EK،،אא،אאאא،א

١٩٩٩K
F٤EKK،אאאאאא،א

א،١٩٩٧K
F٥E KK،א،אא،א

١٩٨٣K
(٦)KK،אאאאאא،

،א١٩٩٢
(٧) KאKא،אא،א،١٩٨٦
(٨)K،א،אא،٢٠٠١ 
(٩)K،אאאאאאאא١٩٩٥ 

(١٠)Kא،אא،، ٢٠٠١ 
ة في          .  م (١١) ة ،  دار النشر       المنشآت أحمد عبد العال ، الترآيبات الكهربي ة والعام  الصناعية والتجاري

 ٢٠٠٠ للجامعات مصر ، 
(١٢) T. Longland, T. W. Hunt and W. A. Brecknell, Power Capacitor 

Handbook, Butterworth & Co (Publishers) Ltd., ١٩٨٤.                                                 
(١٣) Theraja Text-Book , Electrical Technology , B.L  S. Chanh and Co. (Pvt) 

LTD. ١٩٧٦ 
(١٤) D. C. Pritchard , Lighting , Addisison Wesley Longman Limited ,١٩٩٩ 
(١٥) John P. Frier , Industrial lighting systems , McGraw-Hill ١٩٨٠  
(١٦) Turan Gonen, Electrical power distribution system engineering , McGraw-

Hill ١٩٨٦. 
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٥ ٢ ٣אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠٥K
٥ ٢ ٤אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠٥
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٥ ٢ ٧אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠٧
٥ ٢ ٨אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠٧
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٥ ٤ ١אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١٢
٥ ٤ ٢אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١٣
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٥ ٥ ١אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١٥
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