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אאWאא 
אא  א א א    א א  

א،אאאאא
 א א  א אא א א  ،   א א

אאאאאK
אאאאאאא

אאאאאא
אאאא

אאאK
אאאאא

אאאאK


١–١אאElements of Electrical Power Systems 
אאאאאאאאW

• אאElectric Power Generation stations
אStep-up Transformer Substations 

• אאTransmission Lines 
• אStep-down Transformer Substations

אאאPrimary Distribution Networks
אService Transformers for Distribution 

אאSecondary Distribution Networks
אW

• אGeneration stations 
• אTransmission lines 
• אDistribution networks 
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Generator 

Step Up

Step Down 
T f

HV (٦٩ – ٢٣٠ KV)

HV / 

MV (٦٩-١ KV)

MV / LV (< ١

 مستوى جهد التوزيع

Generat

 ال
هد
 ج
وى
ست
م

ن
قل

F١J١E،F١J٢Eאאאא
אF٣٣ K.V , ٢٠ K.V , ٨}١٣ K.V , ١١ K.V and ٦}٦ K.V E

אאאא
אF٦٦ K.V , ١٣٢ K.V , ٢٢٠ K.V , ٣٨٠ K.V and ٤٠٠ K.VE

אאאאאאא،
אאאאאאא

אאאF٣٣ K.V , ٢٠ K.V , ٨}١٣ K.V , ١١ K.V and ٦}٦ K.VE
אאF٢٢٠ / ٣٨٠ volts  or  ١١٠ / ٢٢٠ volts KE
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١J١J١WאאElectric Power Stations 
אאאאאא

אW
• אאאThermal power stationsWאאא

אאאאאאאSteam power 
stationsאא،Gas turbine power stationsא،Diesel 

generatorsאאאאאאאא
،אאא
אאאאאאאאK 

 
F١J٣EJאא






F١J٤EJאא
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• אאHydraulic power stationsWאא
אאאאאא

אא،אא
אאאK 

 

 
F١J٥EJאא

 
• אאNuclear power stationsWאא

אאאאאאאאא
،אאאאאK 

 

 
F١J٦EJאא

 



٢٥٣ א אא 

 אאא א 
 

 

- ٧ - 

• אאאWind energy power stationsWאא
א،אאאאא

אאK 




F١J٧E–אאא 
• אאSolar energy power stationsWאא

،אאאאאK 





F١J٨E–אא 


אאאאאאא
אאאK
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١J١J٢WאאElectric Power Transmission Systems 
אאאאאא

א،אאאאאא
אKאאאא

אא
אK
אאא،אא

אאאא،אאא
،אאאאאאאאאא

אאאK




F١J٩EJאאאאאK
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١J١J٣WאאElectric Distribution Systems
אאאאאא

،אאאאא
substationsאאFEHVEאFHVE

FMVEFLVKEאאאא
א،אאאאאא

،אאאאאאאאא
אאאK

אWאאFאאEPrimary distribution
א٦}٦ KV–٣٣ KVא،אאאא

אFאESecondary distributionאא٢٢٠L١١٠ 

V.٣٨٠L٢٢٠ V.K F١J١٠Eא
אאK
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 אאא א 
 

 

- ١٠ - 




F١J١٠E–אאK
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 אאא א 
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١–٢WאTransformer overview
אאאאאא

אFאEאאFאE
אאאK
אW

• אאאprimary-coilWאאא
אא(N١)אאאK 

• אאsecondary-coilWאא
אאא(N٢)אאאאK

אאאא
אאאK 

• iron-coreWאאאא
אאאא

אאK 
F١J١١Eאאאאאא

אאאאאK


F١J١١E–אא

אאאאא
אאא،אאא
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אאאא
אW

١K אאאא
،אאאאאא

אאאאHarmonicsאאK 
٢K אאאאJאא

אאאא–אאא
אאאאאאאאאא

אאאK 
٣K אאאאאאאא

אאאאאאאK 
٤K אאאאא

אאK 
א،אאא

אאW
K אW 

• אsingle phase transformersK 
• אthree phase transformersK 
• אאsix phase transformersאא

אK 
K אאW 

• אpower transformersWאאא
אאאאאK 
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F١J١٢EJאאאאאא

 
F١J١٣E–אא


• אdistribution transformersW

אאK 
• אinstrument transformersWא

אאאאאא
אאאK 

• אearthing transformersW
א،אא

אאאzig-zagK 
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• אאאאאאאא
אאK 

K אW 
• אאDry-type transformersWאא

אאאאא
א(C٢F٦)K 

• אאאOil filled transformersW
אאאאאאא

אaskarelאsilicone fluidאאא
אאאאאK 

١J٣WאTransformer as a control device
אאאאאאא

אאאאא،א
אאא،א

אאאאאא
אK

אאאאא
אאאאאאFאEא

אאאא،א
אאאאאאK

אאאא
،אאאאאא

א–אאא
אאאא

א–אאאא±
١٠٪אאאא
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אאאKאא
אאK

א،אא
،אאא،אא،א

אvoltage transformation ratioאא
אtapping points،א
אאW

١J٣J١WאאOff  Load Tap Changing
FאEאאאאא

א،אF١J١٤E
אאאאאאאK 

אאאא
אK
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F١J١٤E–אא

 
١J٣J٢WאאOn Load Tap Changing
FאEאאא

א
F١J١٥E،אאאא

K 
אאאa,bא٢אc١ , c٢
Kא٢٣אאאאc٢א
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b ٣אc٢אc١אa٣אא
א٢א٣אK

אא
א،א

אK
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١J٤Wאאא
Regulating transformers for voltage magnitude control 

אאbooster transformers
אאאאאאאאא

FאEאאK
F١J١٦Eא

אאאא،אא
אאאאאאאא،א

אK
אאאאאאא

אאאאאאא
א∆Vא،אאא

אא
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١J٥Wאאא 
Regulating transformers for voltage phase control 

    א   א   א א א  א 
אאאKF١J١٧Eאאאא

א אאאא א
 א א ٩٠◦אא אא J

אאVanאא∆Vanאאא
١٨٠◦אVbc JF١J١٨EאאVan , Vbn , 
Vcnאא،, ∆Vcn , ∆Vbn∆VanאאV’an , V’bn 

, V’cnאאאאK 


F١J١٧E–אא
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F١J١٨E–אא 
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אאW


אאW 
אאW

١K אאאא
אK 

٢K אאK 


אאאW


אאW


אאW
אאאאאK 


אאW

אאאK 
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אאWאאאא 
אאאא

،אאא،א
אאאאאאאאאא

אאאאK
אאאאא

control panelsmimic diagramsא
אאאKאא

אאאאאא
א،אאאא

אאאא،אאא
אאאאא אK


٢J١WאאאControl Rooms of Electrical Power Stations 

אאאאא
אאא،א

א،אאאאאא
אWאvoltagesא،power flows،

אאbreaker status،Kאאא
אאאאאא

אאאK
אאאא

אאאאאא
אאאאא

F٢J١KE
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٢J١J١WאControl room properties 

אW

١K אאאא،אאאא
אאאאK 

٢K אאאאאK 

٣K אאאאאK 

٤K אאאאK 

٥K אאאאאא
אאאאאK 

٦K אאא،אא
אאאאאאאאא

אאK 

٢J١J٢WאאאControl room design considerations

אאאאאאW

١K אאאOperator’s consoleWאא
אאאא  א

،אאאאאאא
אאאא

،אאא
K 

٢K אאאWאאא
  ، א א   א א א  א א 

 א א     א א א   
אאאאאא

K 
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 אאא אאאא 
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٣K  אאWאא
  א  אא   ، א   ، אא

 א אאא Kאאא
אאאאאאאאא

אאאאאK 

٤K אאאWאאאאאאW 

• אאmimic diagramא א אא
אאאK 

• אאאvisual display units (VDU’s)אא
אאאאאאאK 

•  א א א א keyboard modules  
אאאא

 א   א   א   א  one-line 
diagram K 

•  א אא  audible alarm system  א 
אאאא

אאאK 

•  אא אprinters & plottersא א  א 
אאאאK 



٢٥٣ א אא
 אאא אאאא 
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٢J٢Wאאאא    Control Centers of Electric Power Systems 

 אאאאא
אאאאאאאאאאאאאא،

אאאאא
אאאא،אאW

٢J٢J١WאאאאW

١K Station control center (SC)א
،אאא،א،אKKKKKKKK 

٢K אDistrict control center (DC) 
אאאK 

٣K   Regional control center (RC)א
אFEFEK 

٤K National Control center (NC)א
אאאאאKF٢J٢EאK
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 אאא אאאא 
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F٢J٢E–אאאK
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٢J٢J٢WאאאאאאW

JאאClass – ١ typeWאאא
אאאSCADA،

אאאאאאאאאא
 א א      ،   א אא

אאאאאאאאאא
אKF٢J٣EאאאאאאK 
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 אאא אאאא 
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F٢J٣E–אאאclass ١אאK
J א אClass – ٢ typeWא א א א   א א 

،א  א  אא 
א   אא א א   א   SCADA

אאאאאאKF٢J٤Eאא
אאאאK 
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F٢J٤E–אאאclass ٢אאK
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 אאא אאאא 
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JאאClass – ٣ typeWאאאאא
א  א     א     

אאKF٢J٥EאאאאK 

 




F٢J٥E–אclass ٣אאK
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٢J٢J٣WאאאאאאאW

אאאאאאאאאW

١K אאCentral computersWאאאאW 

• אאאcentral processing units (CPU)K 

• אאאinput/output (I/O) systemsK 

• אאאאmain memory subsystemK 

• אאאsystem softwareK

٢K  א  א Mass memory subsystem W אא  
 א  א   א אא hard disks،  א

magnetic tapes،אfloppy disks،K 

٣K  א א    א א  Man-machine computer 
subsystem 

٤K אאאEquipment for system maintenance and development  
אאאאאאאאא

אK 

٥K  א א א אא  א   א אFront – end 
computer subsystem 



٢J٢J٤WאאW

אאאאאאW

• אא

• אאאאא 

• אאאאאא 
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• ،   א א  א   א    א 
 אאאאא،Fא

SCADAEאאאאא
Supervisory   Control   And   Data   Acquisition    ( SCADA ) 

٢J٣WאאאאאSCADA
٢J٣J١WאאW

אאW
• א    א  א א    

אK 
•  א  א אא  א א   א 

אK 
• אאאאK 


٢J٣J٢Wאאאא

אאאאW

א • א א Wא א   א א   א  
אאאאcircuit breakers א،line switches

K 
• אWאאאאאא

אא אאא א
אK 

•  א  Wא  א א   אא א   
אאK 

• אאWאאאאאאא
א  אאJא    

א  א א  J א א  א 
אאאאK 
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• אWאא،אא،אאאא
אאK 

• א אא   א   א א   
אאאK 

• אאWאאאא،אאא
אאא،אKKKKKKK 


٢J٣J٣Wאא
• אאWאאאאW 

١K אאאאא RTUK 
٢K אאאאאאK 
٣K א    א  א  א א  א  

אאאאאאאW 
 אאK 
 אאאK 
 אאK 
 אאאאא

אאאאאאK 
 אאK 
 אאאK 

٤K אאאאאא

• אאWאאאאW 

١K אאא RTUK 
٢K אאאאאאK 
٣K א  א א    א 

אאאאאאאW 
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 אאK 
 אאאאK 
 אאK 
 א אאא א

אאאK 
 אאK 
 אאאK 

٤K   א אא  א  א א    
K
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אאW


אאW 
אאW

אאאאK 


אאאW


אאW


אאW
אאאאאK 


אאW

אאאK 
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אאWאאMaintenance of Substations 
אאאאאא

א،אאאאאא
אאאאאאKאאא

אאאאאאאאאא
אאאאאא

אאאאW
١–WאW

• אאאאK 
• אאאאאK 
• אאK 
• אאאאK 
• אאאאK 

٢–W،אאאW
• K 
• אK 
• אאאאאאאא

אאאאK 
א  ، א ، ، א אא א

אאאאאאאK
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 אאא אא 
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٣J١WאאWFunction of Substations
אאאאאW

١K אא،אאאאאא
אאאK 

٢K אאFswitching and closingKE 
٣K אאאאFProtection DevicesE 
٤K אאאFvoltage regulationKE 

אאאאאW
• אStep-up or step-down transformers 
• ،אCircuit breakers & relays 
• אVoltage and current transformers 
• Bus-Bars 
• אאSwitching equipment & insulators


٣J٢WאאאTypes of Substations

אאW
١K אאאTransmission  substationK 
٢K אאDistribution substationK 

אאאJאא–
אאא،אאא

אאאאאאא
אאאKF٣J١E

אK
אאאאא

אאאאאא
א،אאא،א

אאאאאאK
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٣J٣WאאאאSteps of maintenance for substations
אאאאW

• אאאאK 
• אאK 
• אאK 
٣J٣J١Wאאאא
אאאא،،،אא

אא،אאא
אאאאK 
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F٣J١E– 



٢٥٣ א אא 

 אאא אא 
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٣J٣J٢Wאא
אאאאאאאא 

،אאא
אא אאא אא  ،א אא 

אאאK 
٣J٣J٣Wאא
אאאאאא אא

א אא אא،א  א 
אאאK 

 א א  אא  א on field tests 
אW

• אאאאאK 
• אאאאאK 
• אאאאאאK 
• אאאK 

אאאאאאאא
W

١K   אאAcceptance tests Wא     אא  א
אאאאאא

٨٠٪אאאאK 
٢K  א א אאRoutine maintenance tests Wא  אא  

אאא א  ،אאא א   
  ٦٠א ٪  אא    ، א  א א 

אאאאאK 

٣J٤WאאMaintenance of Electric Power Transformers 
אW،א،א،אא
אאאא،אא
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אאאKאא
אW

• אאWאאאK 
• אאאWאאאאK


٣J٤J١Wאא

Maintenance of  Dry-type Power Transformers 
١–אWאאאאאא

אaccessibilityא،ventilationאאא،
atmospheric conditionsK

אאאא
אאאKאא

אאאאK
אאאא

אאאא،אK
א     א      ،   

אאאאאאאאאא
،אאאאאK
٢–אWא

אאאאא،
 א א א א אא    אא 

 אא، אאאאא، ، א אא
אאאK

אאאא،א
א א אא  אאא א א א

אאא،א(Tr. Case)
Kא
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٣–  א אא W אא    א א   
אאW

JאאWאא
אא،אאאאאא

אאאאאKאא
א٢٠◦١٠٠٠אאאאא

אאאאאK
JאאWאאא

אאאא،אאאאא٥}٠٪א
אK


٤–אאא  Wאאא

،אאאא
   אא  א 

אאאא
אאא،אאאאאאא

אאאאK
  א  א   א    אא   

א א א אאא   א אא א א  אא  
א،אאא،אtap 

changers  Kאאא
אאאאאאא

אאK
אאאאא

،אאאאאאאאאא
  א  א אא  אא    א א

אאאאאאאאK
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אאאאאאאאW
• אא אא  א W   א א

אאאאאK 
• א  א   Wאאא א     

אK 
• אאאאאאא

אאאאאאK 
•  א  א       א    

אא٣K٪ 


٥–א Wא א אא א
א   ،     א    אא  

אW
•  א אא א א W  א  א   

،א،אאאאאK 
• אאאאאאWאאאא

 א אאא Kאא אא 
אאאא(short circuited)

אאאאא
אא١٠٠אאאאאK 

• אאאאאאאWא
אאאאאא

אK


٦–אאWאא
،אא،אא



٢٥٣ א אא 

 אאא אא 
 
 

- ٤٥ - 

 א   א   א     א  
אK


٣J٤J٢Wאאא

Maintenance of  Oil-filled Power Transformers 
١–א  Wאא   א א    א  

אאWאventilation،אאאא
،אאאאא

א א Kאא
،אאאאאאאאא

אאאא 
٢–אWא

אאאאא،
א  אא   א א א א א

אא،אאאאא،אא،אאא
א،אאא

אאאא٦٥٪،א
אאאאאא،א

אאא(Transformer case)אK


٣–  א אא  Wא   אא    א 
אאW

JאאWאא
אא،אאאאאא

אאאאאKאא
א٢٠◦١٠٠٠אאאאא

אאאאא
אאאK



٢٥٣ א אא 

 אאא אא 
 
 

- ٤٦ - 

JאאWאאא
אא א א ،אאאא٥}٠א٪א

،אאאאא
א(tap changing points)

J א   א W  א א  א א  
אאאאאאאא،א

א א  אאא
אאK


٤–אאאWאאאאאאא

אא، אא
  ، א    א     א   א

א   א א א  א אאא   א א
אאאאאK

אאאאאא
א א אא  ،אא

  אא ،  א א
אאאאאאא

אא،אאאא
  ، א א    א   א א 

אאאאאאאאK
א אאאאאא אאא

אW



٢٥٣ א אא 

 אאא אא 
 
 

- ٤٧ - 

٥–א  Wא א אא א
אאאאא،אא

אאאW
• אאאאWאאאא

אא א א F١٠٠J١٢٠ E
א      א   א  א  

אאאK 
•   א אא א אאאW     א  

 (short circuited)א  א   א    
אאאא

 א    אא     א K  א 
אאאא

،אאאאא
אאא٩٠J١٠٠א٥}٠א

(torr)אא٥٠،אאאא
 א  א ،א 

אאאK



٢٥٣ א אא 

 אאא אא 
 
 

- ٤٨ - 

 

אאאאאא
• א 
• א 
• א 
• אא 
• א 
 אא •
• א 
• א 
• אא 
• א 
• אאאאא 
• אא 
• אאא

אא
אא
אא
אא












א
 

אא
• אא 
• א 
• א 
• אא 
• אא







 



٢٥٣ א אא 

 אאא אא 
 
 

- ٤٩ - 

 

אאאא
• א 
• אאא 
• אא 
•  א א  אF–

E 
• אאא 
• אאא





א
א



٦–אאאWאא
אא، אא   

אאאאK
 F٣J٢  Eא א א         

אאא אא
אK



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٠ - 


F٣J٢E–



٢٥٣ א אא 

 אאא אא 
 
 

- ٥١ - 

٣J٥WאאאMaintenance of Electric Circuit Breakers 
א אאא א א אא א C.B ،

 א א א disconnect switches אא  ،fuses א
אאאאאאאא،אא

אאאאאאא
אאK

Wאאאאאא
• אאאאאFאאאEAir-magnetic circuit breakers 
• אאאאFאאE Oil circuit breakers 
• אאאאאFאאאEVacuum circuit breakers

٣J٥J١Wאאאאא
א   אא אאא   א א א אא 

W
JאאW

١K אא
אאאK 

٢K  אא    א
אאK 

٣K א אאאא
אאאאאא

K 
٤K       א   א  א   א

אאאאא،אא
אK 



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٢ - 

Jא
١K אאK 
٢K אאאאאאאK 
٣K אאאאK 
٤K  אאא 

אאאאא
אאאאאאK 

٥K א א א  א א  אא א  א  
אאK


٣J٥J٢Wאאאאא

א א   אא א א  א א 
     א א א   ، א  

،אאאאאאאאאאW
• אK 
• אאK 
• אאאאK 
• אאאאK 
• אאK 

א  אא  א
       ، א    א א 

אאאאFאאא،אאא،א
אאא،E،אאאFאא،א،אKE

אאאאאאאאאW



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٣ - 

JאאאאאאW
١K אאאאאא

אK 
٢K אאא،אאא

א  א א א  א א  
אאאK 

٣K אאאאאאאאא
אאאאאאא

אאאאאאא
אאK 

٤K     א א       
 א א  א  ،  א    

אאאאאא
אאא אאא ،

אאK

JאאאאאW

אא،אאאאאאאא
אאאאאאא

אאאאאאW 
١K אאאאאאא

אK 
٢K א א אא    א  א  א

אאאK 
٣K אאאאאאאאא

אאאאK 



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٤ - 

٤K  א  א  אא אא    א אא
אאאK 

٥K אאאאאא
אאאK


JאאאאאאW

 א     א  אא א א  
אא،אא٢٠٠٠،

א          א   א א 
אאאאא،אאאW 

١K   א א אאאא
אאאאK 

٢K    א  א א אא א א  א 
אאאאא٦٠א٪אאאK 

٣K א א  אא אא אאא 
אאK 

٤K  א  א  אא אא    א אא
אאאא

אאK 
٥K א א    אא אא א  א  א

אאאאאאK
 F٣J٣ E   ، א אא  א א F٣J٤ Eא 

אאאאK




٢٥٣ א אא 

 אאא אא 
 
 

- ٥٥ - 


F٣J٤E–אאאא



F٣J٣E–אא



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٦ - 

٣J٦WאאMaintenance of Instrument Transformers 
  א א אא    

אאא אאאא
٦٠٠،אאאאא

א   א א א א א א     א
Fא  א  Eא אא א    א א

אאאKאאא،אא
אאאKF٣J٤Eא

אאאK




F٣J٤EJאאאאK



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٧ - 

אאאאאאא
אאאאאאאא

אאאאאאK


٣J٧WאMaintenance of Bus Bars 
אאאאאאא

א،אאאאא
 א א  א א      א  

אאאK
אאא  

אאאW
 א א single bus-bars  א א ،sectionalized bus-bars،

 אאduplicate bus-barsא אא
אאK

אאאאאאאאW
١K א  א א     א  א אא

אאאאאא
אK 

٢K אאאאאאאאאאא
אאאK 

٣K אאא
אאאאאK 

٤K   א א א   א א א א א א
א       א    

אK 



٢٥٣ א אא 

 אאא אא 
 
 

- ٥٨ - 

٥K  א א   א     א  א
  א א   אאא    אא א

אK


٣J٨WאאMaintenance of Station Insulators
א    א   אא  אא   א א

א  ،אאא א
אאאאאKא

אאאאאאאאW
١K א  א א     אא  א אא

אאאאK 
٢K א אא  ،א א אא א א א 

אאאK 
٣K אאאא

אאאאK 
٤K  אא،א  א 

   אא      א  
אאאאאאK 

٥K אא אאאאא
אאאאא،אא

אאא
אאK 

٦K  א     א  א א א   
אאאאאאאK 

٧K ،אאאאאאא
 א  א  ٢٠٠٠٠א   

אאאK 



 

 

 

אאאאאא  

 

אאאאאא  

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

אאאא 


א






א

א








٤



٢٥٣ א אאא 

 אאא אאא 
 
 

- ٥٩ - 

אאW


אאW 
אאW

אאא 


אאאW


אאW


אאW
אאאאאK 


אאW

אאאK 



٢٥٣ א אאא 

 אאא אאא 


 

- ٦٠ - 

אאאWאאא 
אאאאאא
אא- אאא-

אאא،אאאאא
אא٦٩،٤٠٠

،١٠٠٠K
אאאא

אאא،א
אא،אאאא

אאאאאאאFאE
אאאאאאK

F٤J١EאאאאאאאK


F٤J١EJאאאאאאא



٢٥٣ א אאא 

 אאא אאא 


 

- ٦١ - 

٤J١Wאא
אאאאאW

١K אאאאאא
אK 

٢K אאאאאאאאאאK 
٣K אאאאאאאאא

אאאאK 
٤K אאאאאאאאאאאאא

אאK 
٥K אאאאאאאאא

אאאK 
אאW

• אאLive Maintenance ( Under voltage 
Maintenance) 

• אאMaintenance of Disconnected 
Transmission Lines 


٤J١J١WאאLive Maintenance W

אאאאאא
אאאאאאאא

،אאא،אא
אWאא–א–

 א–،אאאא
אאאאא

אאאאאא،K 



٢٥٣ א אאא 

 אאא אאא 


 

- ٦٢ - 

٤J١J٢WאאMaintenance of Disconnected Lines 
אא

א אא אא א  אא   א א    א
אאאאאא

،אא،א
אאאאWא–א–א

 א  א – א א א– א  א 
،אאאא،א

אא،אאאאאא
אא،אאאאאאא،،

אאאאאKF٤J٢E
 אאאאאא 

אK



٢٥٣ א אאא 

 אאא אאא 


 

- ٦٣ - 

 
F٤J٢EJאאאK





٢٥٣ א אאא 

 אאא אאא 


 

- ٦٤ - 

٤J٢WאאMaintenance of Line Insulators
אאאאאאאאא

אא אאאא
אאאא ،אא

אאאKאאאאאא
אאאאאW

١Kאאא
אאK 

.٢א     אא א  א  א אא
אאאאK 

.٣ ،א א אא א א א  א  אא  
אאאK 

.٤אאאא
אאאאK 

٥K     אא    ، א   א 
אאאא

אאאאאK 
٦K אא אאאאא

אאאאא،אא
אאא

אאK 
٧K  א   א     א  א א 

אאאאאאאK 
٨K אא،אאאאא

 א  א  ٢٠٠٠٠א   
אאאK 





٢٥٣ א אאא 

 אאא אאא 


 

- ٦٥ - 

F٤J٣Eאא،אאאF٤J٤E
אאאאאאאאאאK


 


F٤J٣Eאא

 



٢٥٣ א אאא 

 אאא אאא 


 

- ٦٦ - 


F٤J٤Eא 

 



٢٥٣ א אא 

 אאא  

 
 

- ٦٧ - 

אא


• אא 
• Electrical Equipment Testing and Maintenance, A.S. Gill, Reston 

Publishing Company, Prentice-Hall. 
• Preventive Maintenance of Electrical Equipment, Charles I. Hubert, 

McGraw Hill. 
• Power System Control Technology, Torsten Cegrell, Prentice-Hall,١٩٨٦. 
• Electrical Power system Technology, S.W. Fardo and D.R. Patrick, 

Butterworth-Heinemann, ١٩٩٧. 
• Power System Stability and Control, P. Kundur, McGraw Hill, ١٩٩٤. 

Standard Handbook for Electrical Engineers, McGraw Hill.
 
  



٢٥٣ א א 

 אאא  

 
 

 

א
אא

אאWאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢


١J١K אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥
١J٢K אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١ 
١J٣K אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٤ 
١J٤K אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٨ 
١J٥K אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٩ 


אאWאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٢ 
٢J١KאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٢
٢J٢KאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٦
٢J٣KאאאאאאKKKK٣٣


אאWאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٧
٣J١KKאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٨
٣J٢KאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٨
٣J٣KאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٩
٣J٤KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤١
٣J٥KאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٠
٣J٦KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٥
٣J٧KאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٦
٣J٨KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٧






٢٥٣ אא 

א אאא  

 
 

 

אאאWאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٦٠
٤J١KאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٦١
٤J٢KאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٦٤

אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٦٧ 
 



 

 















 

 

 

 

 

 

 

 











אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 
 


