
 

 

  

אאאא  

אאאא  אא  


א


א









١



  
 ١١٨ אא 

אאא אא 
 
 

- ١  -  
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 
אאWאאאאאאא

אאאאאא.  

 
אאWאאW 

١K אאאאK 
٢K אאאאאאאאאK 
٣K אאאאאאאK 
٤K א 
٥K א 
٦K אאאאא 
٧K אא 

 
אאאWאא٨٥٪ 

 
אאW ١٠.  

 
אאW K  

 
אאWאאא J١   
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אאWא 

 
  א א  אאאא      

א،אאאא،אאא
אW 

אאWאאא(Permanent Magnet)אא
 אא  (Ferrait)،   (Niodenum Boron Iron)  א

(Smarum Cobalt)، 
אאWאאK(Electromagnet)  

אא  Fאא E  ،א
 אאאאא،א

،،אאאא
א،אא

  Kאא א   א א   אא 
א K ،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K 

אאאא
אאאאאאא

אאK אאאאא
אKאא 
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 

١ J١ אאא 
א  ،א א Fא E  א א  א

אאאKאאK 
- אאW          Magnetic Field 

אא ،א 
 אא אא א،א  

אאKאא
אאאK 

- אא:        Magnetic Field line 

אאאא
אאא،אא،אא

،אאאאאK 
- אאW        ) µ Permeability( 

 א    א אא א   א  
אאאאאKא

 א א א   א ،   אא   א
א  Kאא אאאµ

אא(Magnetic permeability)،אאא
אאאK

א(Magnetization curve)אאאא،א
،אאאא،אאאK

אאאאאאאK
אאW 

١�١ roµµµ =  



  
 ١١٨ אא 

אאא אא 
 
 

- ٤  -  

µoאא(Absolute permeability)אא
אאW 

 µo=٤π ١٠�٧ H/m 

 µr א א (Relative permeability)    א
 

 

- אאФ:         Magnetic Flux 

 ،אאאאא אא
אאאאK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KאאFאZ١٠٨E 
 

 JאאB:      Magnetic Flux density 
  א א  אא א   א

LFEW 
 

٢-١2/ mwb
A

B Φ=  

 JאאH:     Magnetic Field Intensity 
          K  א  

אאאW 
 

٣-١mhBH /
µ

=  

١ J٢ אאא 
 J אאא،

אאאא(DC)אאאא
אאאא(AC) אאאאK



  
 ١١٨ אא 

אאא אא 
 
 

- ٥  -  

אאאאאא?אאאא
אאאא?אא 

 

 
FE 

 
FE 

١ J١אאאא 
 J    א א א       

אאאא(DC)אאאאא
 א א א(AC) אאא א K

אאאאאא?אאא
אאאא?١ J٢ 

 

١ J٢אאאא 
 



  
 ١١٨ אא 

אאא אא 
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 J אא
 א  אא א אא א    

١אא J٣١ J٤W 
 

 

١ J٣ J 
אא 

 

١ J٣ J  ١ J٣ J  

١ J٣אאאאאאאא 

  





  
 ١١٨ אא 

אאא אא 
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FE
 

FE  

١ J٤אאאאאא 


אאאאאא 
 

 J אאאאא
 א  א א אא א א א א  

אא١ J٥ 
  

 

١ J٥ אאאאא 
 

 J אא
אאאאא

אאא 
 



  
 ١١٨ אא 
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١ J٣ אא 
   א א   J א א   א 

   J J  א  א   א 
 Jאא،אאאאאK

١ J٦אאK١ J٧K 
 

 
)أ(

 

 
)ب(

١ J٦אא  
 
 
 



  
 ١١٨ אא 
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 

١ J٧ 
 
١ J٣ J١K אא 

א  א א    א א   (Yoke)א
 א(Main poles)א  (Commutating poles)     
K 

• אא)Yoke(Wאאאאאא
א        ،،א א  

 א א ،K  ١ J٨ א א       
١ J٨אאאאא 

 
 
 
 
 
 
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
FE 

אא 
 

FEאאאא
א 

١ J٨אא 

• א א)Main poles(W א א    א  
אאא(Pole face or pole shoe)

אאאאאאאא
אאאאאאאאא

א (Main field coils)W 
 

 J א)shunt field coil(אא
אא 

 J א)series field coil(אאאא
אא، 

א א    א       א  
אאאא،א

אאאאאאא،١ J٩
אK 
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 

 

١ J ٩א 
 

 

• א)Commutating poles(Wאא
אאאF٢אEאא،א

אאKאאאא
אאK 

 

١ J٣ J٢K 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
١ J١٠אאאW 

 
 
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 

١ J١٠אאא 
 

• א)Armature core(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(High permeability)    א  

אאאאא،אK١ J١١
א(Slots) אK 

 


FE 

א 


FE 

א 


FE 

אא 
١ J١١אאאFאE 

 

• א)Armature windings(W،אאאא
א     ١ J١١ א       
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אאא אא 
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١ J١١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א א     א אא  א
אאאא 

 

• אFא E)Commutator(W א אא      
אאאאFאKEאא

  ١ J١٢، א א א  אא
אאאאא،א

אאאאאאאאא
אK 

 

 

١ J١٢אFאE 

•  א א )Brushes holder(Wא   א א  
אאאאאאאא



  
 ١١٨ אא 

אאא אא 
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FאEאאאאאאK
K١ J١٣אאאאK 

 

 

١ J١٣אא 

١ J٣ J٣K אArmature windingW 
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 K
אאאאאאאאK

אאW 
 

 Jאא)Lap winding(Wאאא
١ J١٤א،

F٣}٢}١Eא١אא  ٢  א٢אא٣
אאאKא

אאאא Kאאא



  
 ١١٨ אא 

אאא אא 
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אאאאאאאK١ J١٤א
אאאאK 

 

  

FE 



FE 

١ J١٤אאאא 
 Jאא )Wave winding(W 

   אא א  א  א א  א  א  ،
 אא    א       א،א 

 א  א א א  (commutator pitch)     ١ J١٥K
 א א   אא אאאא     ،

אK 
 

 
١ J١٥אאאא 

 
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١ J٤ אאאאא 
١ J١٦אאאאאKא

אאאאאאאK
אאKא١ J١٦אp،א

g،אאא t،א y ،אאac
אKאאאאאא،

١ J١אאאאK 
 

 
١ J١٦אאא 

١ J١אאאאאא 

אאאΦ 

אB 


אA 


אH


אL 

אאא
א

m.m.f 
אאא Φm Bg Ag Hg ٢Lg Fg 

א Φm Bt At Ht ٢Lt Ft 

א Φac=Φm/٢ Bac Aac Hac Lac Fac 

א Φm 
Bp Ap Hp ٢Lp Fp 

אא Φy= Φm/٢ By Ay Hy Ly Fy 
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١ J٥ א 
 א א א א א F  א  אא
E،אאאא 

(Prime mover) ، Kא
?אא?אאWאאFE

אא Jאא
אאאאאאא

א א  K     ،    
 א א אא    א  

١ J١٧אאא
אאאאאא

אאאאאאאאא
אא 

 
١ J١٧אא 

 
 
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אאWא١ J١٧
אאאאאFאא

Fא אEאFא אE Eא      א  א
 א א אא א א א   א א 

אאאא،A א?٠?١ J١٨
אB א?٩٠٠ ?אאא

אB אאאאאא،
אBא،אאאא

אאאאאאאא
אאאאאK 

 

אאאא“B”א?٩٠٠?א“C”א?١٨٠٠?
א  א  א  א  א   “C” ،

א אאאא“B”אא “C”
אFאEאאFא“A”א“C” E

אאאאאאאאK 
 

אאא“C”א١٨٠٠ א“D”א٢٧٠٠
אאאאאאא

 א א אא א   א ١ J١٨א  
אאא١ J١٨ 

 

    א א   א א אא א(sinewave) 
 ١ J١٨   א אF  Eא    א 
א(DC) אא   א א   K א  

אאFאאE 
١ J١٩אאAאאא

אא B ١ J١٩אא،(abcd)١٨٠،



  
 ١١٨ אא 

אאא אא 
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١ J١٩אאAאאא 
 א  א     א א B  ،١ J٢٠

אא١٨٠א،١٨٠א٣٦٠
  א   א א א    
١ J١٧KאאאFE

Kאאאא
Kאאאא 

 
 


١ J١٨אאאאא 



  
 ١١٨ אא 

אאא אא 
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١ J١٨אאאאא 

K 

  
FE 


FE 

١ J١٩אאאאFE 
١ J٢٠אאא

אאאK 
אאאאאאאא١ J٤ 

 

٤-١e=BLv 

B(wb/m٢)،אאL(m)א، v(m/sec)אא
אא  K אאא א(e)א(volt) Kא

א 
 
 



  
 ١١٨ אא 

אאא אא 
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 


١ J٢٠אאאאאא 

 
K 

 
 
 

 



  
 ١١٨ אא 

אאא אא 
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١ J٦ א 
 א א א  אא  א     

    א א  א   ،F   
אא KEאאא 

 א  Fא E  א א  ،א    
אאאאאאאא

אאאא א א   א    K   
אא١ J٢١K 

 
  

 
١ J٢١אאאא 

 
 



  
 ١١٨ אא 

אאא אא 
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א א  א א א
?אא?א،א

אK١ J٢٢
BI ،אאאאFא 

א،אאאLאאB
אאW 

 

٥-١F=BIL 

אאאאא
א אא  א אא Fא E

אאאאאאאא
אאא 

K 

 
١ J٢٢אאאא 

 

 



  
 ١١٨ אא 

אאא אא 
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١ J٧ אאאאאאאא 
١ J٧ J١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 (Back e.m.f)א

אאאא  K L (m)
B (tesla)אv (m/sec)אא 

١ J٢٣א א א אe (volt) ?א?
W 

 

٦-١e=BLvvolt 
 

 
١ J٢٣אאא 

אאvאW 
٧-١

 
א?r ?،?n?אאL(rpm) ، 

ω  אאאאL(rad/sec) ،v هي السرعة المحيطية 
אאאאא 



  
 ١١٨ אא 

אאא אא 
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 

٨-١
 

φאאAא،p אK
vא١�٧א٨א J١א٦ J١

אאאאאאאW 
  

אאאZאאאaאאאאא 

אאאW 
٩-١

 
 

١ J١ 
     ٦ א א ٢٥٠،     

١٢٠٠LKאא٦אאאאא،K 
א 

p=٦  a=٢[wave winding]  Z=٢٥٠   n=١٢٠٠ rpm 

φ  =٤ megalines/pole=     wb/pole 

  ٠٤}٠ ٢٥٠  = ٦٠٠     volt 

 

١ J٢ 
  ٨ אא ٩٦٠، א 

٦٠٠LKאאאאאא٢٢٠אא،
K 

 
א 

p=٨  a =P[lap winding]   Z=٩٦٠ n=٦٠٠ rpm  Ea=٢٢٠ V 



  
 ١١٨ אא 

אאא אא 
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φ=٠.٠٢٣            wb 
 

١ J٣ 
    ٨ אא ٤٨٠،  א א  א

٥ K א א אא א אא٢٤٠،א 
א 

א 
p=٨  a =P[lap winding]   Z=٤٨٠  φ=٠.٠٥ wb Ea=٢٤٠ V 

 

 
n=٦٠٠            rpm 

 

١ J٧ J٢אאאאא 

    א אא א   אא  א 
אאאאאאאא

(Back e.m.f)אאאא: 
١٠-١

 
 

١ J٤ 
 ٨ אא٢٤٠،   
١٠٠٠LKאא٥אאא،אאK 

 
א 

p=٨  a=٢[wave winding]  Z=٢٤٠   n=١٠٠٠ rpm 



  
 ١١٨ אא 

אאא אא 
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φ =٤ megalines/pole=      wb/pole 

  ٠٥}٠ ٢٤٠  = ٦٠٠     V 

 
١ J٥ 

٨אא٩٦٠،א
٦٠٠LKאאאאאא٢٥٠א،א

K 
א 
 

p=٨  a =p[lap winding]  Z=٩٦٠ n=٦٠٠ rpm  Eb=٢٥٠ V 

 

  φ 960   =٠.٠٢٦       wb 

 

١ J٦ 
    ٨ אא ٤٨٠،  אא  א

٥ K א א אא א אא٣٠٠،א 
א 

א 
p=٨  a =p[lap winding]   Z=٤٨٠  φ=٠.٠٥ wb  Ea=٣٠٠ V 

 

 
n=٧٥٠            rpm 

 

١ J٨ א(Armature Reaction)  



  
 ١١٨ אא 

אאא אא 
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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W 

 J ،אא  אא 
אאאK 

 JאאאאאאK 
 Jאאאאאאאאא

אאK 
אאאKא

 א א   K
אאאאאאאאא

،א١ J٢٤،אאא 
 

 
١ J٢٤אא 

 

١ J٩ אאאא  



  
 ١١٨ אא 

אאא אא 
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Losses and Efficiency of DC Machines 
 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אFEא،א

אK 
 

אאאאK 
 JאאאFאEMagnetic losses (Iron losses) 

 JאאאFאEElectrical losses (Cupper losses) 
 JFאE)Mechanical losses (Friction losses 
 

١ J٩ J١אאאFאE 
אאW 

 J אאHysteresis loss:אאאא א
אאאאאW 

١١-١fgBhW 6.1=  
 J אאאאFאEEddy current loss Wאאא 
١٢-١fgBeW 2=  

אאאאאאא
אאאאK 

 

١ J٩ J٢א   
א א אא אא א א 

אאאאאא
אא،W 



  
 ١١٨ אא 

אאא אא 
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 J אאWאא 
Armature cupper losess= Pcua =I٢

aRa 

אאאאא 
 J אאWא א  אא 

،אאאא
אאא 

Field cupper losses = If
٢Rf 

אאאאאא 
Field cupper losses = If

٢Rf=I٢
shRsh(or VIsh) 

אאK 
אאאאאאא 

Field cupper losses = If
٢Rf=I٢

seRse 
 א  א א  א  א  אא   א 

אאK 
Field cupper losses = I٢

shRsh +I٢
seRse 

 J אאW 
Loss due to brush contact resistance=Ia∆V 

 ∆Vאאא،אאאK 
 

١ J٩ J٣אא 
א،אאא(bearing)א،

א א  אא א Kא א א א
אאאאאK 

 

١ J٩ J٤א 
  א    א א   א א

א(Prime mover)אאאאא
אInput power١ J٢٥،

אאאH.P.אאאא،WH.P=٧٤٦ Watt.K



  
 ١١٨ אא 

אאא אא 
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 א    א אPmechא אPi  א 
PgPgאאאאאW 

 

١٣-١Pg=Ea Ia =Pin-(Pmech+Pi) 
 

 
١ J٢٥אאאא 

אאאPgאאא
אאאאPoutאPLK

١ J٢٥אאאאאK 
 



  
 ١١٨ אא 
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١ J٩ J٥אאEfficiency 
א אאא،א אא

W 
 J אאW 
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 J אאW 
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 J אאW 
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 

אאאא 
١٧-١

 
١ J٧ 

א٢٠٢٢٠א
אאאא٢٢٠Kא١

 א ٢١  א א  א  אא   א א 
א٢٠٠אאאאאאא 

 
 
 
 
א 

IL = ٢٠ Amp.,  VL = ٢٢٠ v,  Rf =٢٢٠Ω,  If = ١ Amp., 

Ia = ٢١ Amp.,   Pi+Pmech = ٢٠٠ watt  Ra=١Ω 



  
 ١١٨ אא 
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אאא 

Pout = VLIL = (٢٢٠)(٢٠) = ٤٤٠٠         watt 

אאZאאאHאאאHאא 

Pculosses = Ia
٢Ra +If

٢Rf +∆VIa = (٢١)(٢٢٠)٢(١) + (١)٢ H٥}٦٦٠ = ٠  watt 

 
אאאא 

Pin = Pout + Plosses = ٥}٥٠٦٠ = ٥}٦٦٠ + ٤٤٠٠      watt 

Pin = Pin (watt)/٧٨}٦ = ٧٤٦         HP 

 

 
١ J٨ 

א٢٠٢٢٠א
א ٤٢٨}٠א  א ٢٢٠  K א ١

אא٢٠אאא٩٠٪ אאאא
١٠٠אאאאאאאאאא

אא 
א 

IL = ٢٠ Amp.,  VL = ٢٢٠ v,  Rf =٢٢٠Ω,  If = ١ Amp., 

∆VIa = ٢٠ watt.,   Pi+Pmech = ١٠٠ watt,  η=٩}٠ Ra=٤٢٨}٠Ω 

אאא 

Pout = VLIL = (٢٢٠)(٢٠) = ٤٤٠٠         watt 



  
 ١١٨ אא 

אאא אא 
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Pin = ٨٩}٤٨٨٨ watt = ٥٥٣}٦          HP 

Plosses = Pin - Pout = ٨٩}٤٨٨ = ٤٤٠٠ – ٨٩}٤٨٨٨      watt 

Plosses = Pculosses + Pi+Pmech = Pculosses + ٨٩}٤٨٨ = ١٠٠ 

Pculosses = ٨٩}٣٨٨= ١٠٠ – ٨٩}٤٨٨        watt 

אאZאאאHאאאHאא 

Pculosses = Pcua +If
٢Rf +∆VIa = Pcua + (١)٨٩}٣٨٨ = ٢٠ + (٢٢٠)٢   watt 

Pcua = ٨٩}١٨٨           watt 

Pcua = Ia
٢Ra = Ia

٨٩}١٨٨ = (٠.٤٢٨)٢        watt 

Ia = ٢١            Amp 



  
 ١١٨ אא 

אאא אא 
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١ J٩ J٦א 
  א א   א    א  

אאאא
אInput power١ J٢٨אאאא(w).

 אא א  א Pg،
PgאW 
٢٠-١Pg=Ea Ia = Pin-Pcu 

 

 
١ J٣٠אאאא 

 



  
 ١١٨ אא 

אאא אא 
 
 

- ٣٦ -  

אאאPgאPmech
Pi אאאאאPoutK 

 

אW 
א،אאאאאאאW 

 

٢١-١
 

אאא 
٢٢-١

 
 

١ J٩ 
٢٢٠٢٠אא

א٥}٠א٢٢٠Kא١א
١٩ א א  א   אא א   א א 

א٢٠٠אאאא 
 
 
 
 
 
 
 
 
 
 
 
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א 
IL = ٢٠ Amp.,  VL = ٢٢٠ v,  Rf =٢٢٠Ω,  If = ١ Amp., 

Ia = ١٩ Amp.,   Pi+Pmech = ٢٠٠ watt   Ra=٥}٠Ω 

אאא 

Pin = VLIL = (٢٢٠)(٢٠) = ٤٤٠٠        watt 

Pin = Pin(watt)/٤٤٠٠= ٧٤٦L٩}٥ = ٧٤٦      HP 

אאZאאאHאאאHאא 

Pculosses = Ia
٢Ra +If

٢Rf +∆VIa = (١٩)(٢٢٠)٢(١) + (٠.٥)٢ H٥}٤٠٠ = ٠ watt 

אאZאאHאאHאא 

Plosses = Pculosses + Pi+Pmech = ٥}٤٠٠H٥}٦٠٠ = ٢٠٠     watt 

 
١ J١٠ 

١٥٠אא٩٦٠
L،٥٥٠Kא٩١٪אא٢٧٥

א   ١}٠ K  א ٢ א  א ٢٠٠אא 
٥٧}٢٢١ W 

• אאאא 
• אאא 

 
 
 
 
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 
 
א 

Pout = ١٥٠ HP.,  VL = ٥٥٠ v,  Rf =٢٧٥Ω,  If = ٢ Amp., 

∆VIa = ٢٠ watt.,    η=٩١}٠ 

אאא 

Pout = ١١١٩٠٠ = (٧٤٦)١٥٠         watt 

 
Pin = ١٢٢٩٦٧           watt  

IL = ٧٥}٢٢٣         Amp 

Plosses = Pin - Pout = ١١٠٦٧ = ١١١٩٠٠ – ١٢٢٩٦٧     watt 

Pculosses = Ia
٢Ra +If

٢Rf +∆VIa   

= (٥٧}٢٢١)٣٢}٦٠٢٩ = ٢٠ + (٢٧٥)٢(٢) + (١}٠)٢    watt 

Plosses = Pculosses + Pi+Pmech  

Pi+Pmech = ٦٧}٥٠٣٧= ٣٢}٦٠٢٩ – ١١٠٦٧      watt 



  
 ١١٨ אא 

אאא אא 
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אא 
١ J א  אא   א א  א

K 
٢ J אאKאא 
٣ J אא 
٤ J אא؟ 
٥ J אאאאאK 
٦ J ؟אא 
٧ J אאאאאאK 
٨ J אאאאK 
٩ J W 

K  אFאE؟ 
K  ؟א 
K  א؟א 
K  א؟ 
K  א؟א 
K  אK 
K  אK 
K  אK 

١٠ J אאאאא؟؟א 
١١ J אאK 
١٢ J אאאאK 
١٣ J אאאאאאK 
١٤ J ٦אא٢٥٠، 

 ١٠٠٠L K   א  אא٦א א  ،
אאK 



  
 ١١٨ אא 

אאא אא 
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١٥ J ٦אא٤٨٠،א
٦٠٠LKאאאאאא٢٠٠א،

אK 
١٦ J ٨אא٦٤٠، אא

   ٤א K א א אא א  ٢٤٠،א
אאאK 

١٧ J ٨אא٢٤٠، 
 ١٢٠٠L K   א  אא٦א א  ،

אK 
١٨ J ٨אא٥٦٠، א 

  ٦٠٠L Kא  א א א א٢٤٠א ،
אאK 

١٩ J      ٨ א א ٤٨٠،  א א
א٥Kאאאאא١٥٠،א

אאK 
٢٠ J א٢٠٠٢٥

אאא٥}٠א٢٠٠K
١אא٢٤אאאא

 א א א א א  ٢٥٠א אא 
אK 

٢١ J        ١٢٠  א א  
٩٦٠L،٥٥٠ K א٨٠٪

אא٢٧٥א ١}٠ K א٢א
 ٢٠אא א ٤٥}٢٠١   א  א אאא

אאK 
 


