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


،،אא،אW


אאאאאאאאאא

  א א א א א   א א  ،א 
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אאאאאאW
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
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
 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K


   א אא א W
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
אאאא
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אאWאאאW
J אאאK 
J אאאאK 
J אאאאK 
J אאאאK 
J אאK 
J אK

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

١K אאאK
٢K אאאK
٣K אאאאאאK 
٤K אאK 
٥K אאאK 
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

 

 N S   


 S N   


١J٣١J٤ 

 אאW

אאאא

אW

W–אא–K

אW

١K אאאK 

٢K אאאאאK

אW

א
אאאא

אאאאאKאW
א–אאאאאא

אאאF١J٥KE



אאאא
אאאא
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
١J٥

 אW

אא؟אאאא

אאאאאא
אאא

אאW،אאאא
אאאא

אאאאK

 אאW

אאא
אאאאאאאאאא

אF١J٦KE

אאא
אאאא

אאKאאא
אאאאאאאאא

אאFFאאEE
אאאאאF١J٧KE



אאאא
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القطب الجنوبي المغناطيسي 
القطب الشمالي الجغرافي   

القطب الشمالي المغناطيسي 
القطب الجنوبي الجغرافي 
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
١J٦١J٧

 אאאW

אאאאא،
אאאאא،אאא

אאא
אאאאF١J٨KE
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
١J٨

 אאW

אאאW

אWJ–אא



אאאא
אאאא
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אWאאאא
אK

אWאאWאאא
אאאאא

אאאאF١J٩KE

אWJאאא?א
א?אאא

K،אאאאאאא
אא،،אא
אאאאאאאא

אK
 

المغناطيس

 المجال المغناطيسي

 


١J٩ 

אאאאW
אאאאאאא

אאאW



א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

١٨٢٠אא–אאאא–א
אאא

אאאF١J١٠KE


١J١٠ 

א
אאאאאאא

אאאאאאאא
אאאא

אאאאאF١J١١KE


F١J١١E

אF١J١٢EF١J١٣Eאאאאא
אK



אאאא
אאאא

 
 

- ٨ - 


١J١٢


١J١٣

אאאW

אW––א–

אאW

- אK

- אאאK 

אWאאאאאא
אאאאאאאאK

אWאאאא
אאF١J١٤KE


 

א 

אא 


١J١٤ 



אאאאאאא
אאW





אאאא
אאאא

 
 

- ٩ - 

אאW

אאאאאא
אאאF١J١٥KE


١J١٥ 

אאW

אא،אא
אא،אאאאאF١J١٦KE


١J١٦ 

אאא
אאW

- אאאאK

- אאאאK 

- אאאאK 

- אאאאK



אאאא
אאאא

 
 

- ١٠ - 

אאאW
،אאאאא

،אאאאא
אאאא،

אא
אF١J١٧KE

 

I 



N S


١J١٧ 

אאאאאW

אW

אאאאאאא،א
אאאאא،אאא

אK

אאW

אאא،אא
אאאאאאאא،אא

אF١J١٨KE







אאאא
אאאא
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
١J١٨ 

אאא
אאW

١J אאאאא
אאאK

٢J אאאא
אאאK 

٣J K 

٤J אאאW 

JאאKJאK

JאKJאאאK

אאאאאא
W

١J אאאK

٢J אאאK 

٣J אאאאא
אK 

٤J אאK





אאאא
אאאא
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אאW
אאאאאאאא

K

אאאאאא

אאW
 

+ _

Iتيار 

Rحمل 

 Uمنبع جهد 



אאW


 

الملف

القلب الحديدي

الثغرة الهوائية 

التدفق 
المغناطيسي



אאZאאZ
FאאאE

אאUא
אIK 

אΘאא×NV=I
אאΦK 

אאאא،אאאא
אK

אאIKאאΦ
אK

אsאI
mm²אK

אאBא
אΦm²אא

B=Φ/ATאאm²K
 
 
 
 
 



אאאא
אאאא
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אאאאאא

אאRאא
אא

אK

אאRmא
אאא،אא

אאאא،K

אאW
I=U/R  

אWאאIאאU
אR 

אאW

Φ = V/Rm = I × N/Rm
אWאאאΦא،

אאVאΘ
אאRmK

אאW

R = l/ χ×A
lZא

χZא

AZא

אאW

Rm = l / µ×A
lZאאא

µZאא

AZאאאא


אW
אאאW

١JאאW
אאאאאאK

אאאאKאF١J١٩E
אאאאK

JאאW (Θ)
JWAtFKE
JW 

AtΘ = I × N



אאאא
אאאא
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W
:IאFAאE:NאFtKE

 

 

 

Θ =10 At
Θ =10 At


F١J١٩E

٢JאאW
אאK

אF١J٢٠Eאא،
אאאFאEאF١J٢٠،E

אאאאF١J٢٠،E،
אאאאF١J٢٠،E

אאא،Kאאא
אK

JאאWH
JWAt/mFKE
JW

At
mm m

I × N ΘH = =
L L

W
:IאFAאE:NאK
:LmאאאFאmE:ΘאאFAtKE

 




אאאא
אאאא
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
F١J٢٠E

٣JאאW
אאאאK

אאאFEא
א،F١J٢١KE

JאאWB
JWTFKE
JW

Tο rB = µ ×µ × H
W

οµ:אאF1.25×10-6Erµ:אאא
:BאאFTKE




F١J٢١E



אאאא
אאאא
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٤JאאW
אאאאאK

אF١J٢٢EאF١J٢٢،E
אאאF١J٢٢،KE

JאWΦ
JWWbFKE
JW

WbΦ = B× A
W

:BאאFTEK:AאאFm2EK


 

) أ (

) ب (


F١J٢٢E





אאאא
אאאא
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
١W

אאאאאW
אאΦאאA אB 

7200 µwb 5930 mm² ? 
6000 µwb ? 0,22 T 
? 11300 mm² 0,53 T 
0,92 µwb 60 mm² ? 
? d = 150 mm1 T 
1600 µwb 38mm × ? 1,5 T 


אW

E

Φ = 7200
1000000

= 0,0072 wb 

A = 5930
1000000

 = 0,00593 m² 

B = Φ
Α

 = 0,0072 
0,00593 

 = 1,21 T 

     _____________________ 
E

Φ = 6000
1000000

 = 0,006 wb 

A = Φ
Β

 = 0,006 
0,22 

 =0,027 m² 

     _____________________ 
E

A = 11300
1000000

= 0,0113 m² 
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Φ = B × A = 0,53 × 0,0113  =5,99×10 3−  wb 
     _____________________ 

E

Φ = 0,92
1000000

 = 0,00000092 wb 

A = 60
1000000

 = 0,00006 m² 

B = Φ
Α

 = 0,00000092 
0,00006

 = 0,0153 T 

     _____________________ 
E

d = 150
1000

= 0,15 m 

A = 2

4
dπ  = 

4
π
×(0,15) 2  = 0,0176 m 2  

Φ = B × A = 1 × 0,0176   = 0,0176  wb 
     _____________________ 

E

Φ = 1600
1000000

 = 0,0016 wb 

A = Φ
Β

 = 0,006 
0,22 

 = 7,2×10 3−  m 2  

h = 38 mm = 0,038 m 

A= l × h ⇒  l = 
h
Α  = 

37,2 10
0,038

−× =0,19 m 
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٢W
60 cmN = 1200 t 10 cm²Kאא

אאאאKאא0,5 AK
אW

2
2

6

60 101200 ; 0,6 ; 0,01
100 10000

0,5 ; 1,25 10

cm cmN t Lm m A m

VsI A
Am

µο −

= = = = =

= = ×


אW

Φ − Β − Η − Θ
אW

Θ = I CN=0,5C1200= 600 At 

H=
Lm
Θ = 600

0,6
=1000 At

m
 

B= µoCH=1,25C10 6− C1000=1,25C10 3− T 
Φ=BCA=1,25C10 3− C0,01=1,25C10 5− Wb 

٣W
60 cm16 cm²N = 2000 Kאאאא

2−5×10KאאאBאא
אW

l=
100
60 = 0,6m ; A=

10000
16  = 0,016m² ; N=2000 ; B=5×10 2−  T; µ0=1,25C10 6−

Am
Vs

 
אW

Ι
אW

H= B
µο

 =
2

6

5 10
1,25 10

−

−

×
×

=4×10 4

m
At  

I = H l
N
×  =

44 10 0,6
2000

× × =12 A 
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٤W
אא500 tאא،300 At/mא

א17,14 א cm،א1T؟אא
אW

 
= 0,1714 m ; N= 500 t ; H= 300 At/m ; B= 1 T 

100
14,17 Lm=17,14 cm = 


אW

Ι
אW

H = 
Lm
Θ  ⇒  Θ = H ×Lm = 300 × 0,1714 = 51,42 At 

I =
N
Θ  = 51,42

500
= 0,102 A 

٥W
אאא

FאאאאאאEאאא
אאK
 لفه1000 

20 

10
0

50

150
200

سمك

صاج المحولات




אאI = 100 mAא،B= 0.6 TW
E אΘK
E אאאIK 
E אHK 
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E אµK 
E אאאAK 
E אאФK 

אW
 I= 100 mA = 0,1 A ; B= 0,6 T ; N= 1000 t 


אW

µΦ − Α − − Η − Ι − Θ
אW

E
Θ= I ×N = 0,1×1000 = 100 A 
    _____________________ 

EאLmאאFWאאHאאאE÷2 

Lm = ( 200 + 100 + 150 + 50 ) 2
2

× = 500 mm 

     _____________________ 
E

H = Θ ÷ Lm = 100
500

= 0,2 A/mm 

     _____________________ 
 

E

µ = B ÷ H = 0,6
0,2

= 3 µH /mm 

µr = µ ÷ µo = 
3

6

3 10
1,25 10

−

−

×
×

 = 2400 

_____________________ 
E

= 500 mm² = 0,0005 m² (100 - 50) 20
2

× A = 
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E
Φ = B × A = 0,6 × 0,0005 = 0,0003 wb  

٦W
zN = 2450 xR = 48 Ω 

  U = 24 VאFW١EאI FK٢EאאΘK
אW

2450 ; 48 ; 24N t R U v= = Ω =
אW

  -  IΘ 
אW

24 0,5
48

UI A
R

= = = 

 
0,5 2450 1225I N Aθ = × = × = 

 
 


٧W

tN = 1000 I = 1.2 A  
א Lm = 500 mm אW

F١EאאΘFK٢EאאH K
אW

1000 ; 1,2 ; 500N t I Lm mm= = Α =
אW

-  Η Θ
אW

 
500 0,5

1000
Lm m= =
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1,2 1000 1200I N AΘ = × = × = 
 

1200 2400 /
0,5

H A m
Lm
Θ

= = = 

 
٨W 

H = 1.8 A/mm 
אאµr = 2400 אWאאΒK 

אW
1,8 / ; 2400H A mm rµ= =

אW

Β 
אW 

 

1,8 10001,8 1800 /1 1
1000

A
H A mmm= = × = 

 

61.25 10 2400 1800 5.4
o r H

T

µ µ
−

Β = × ×

= × × × = 

 
٩W

tN = 1000 אI = 0.1 AL 
= 500 mm A = 500 mm2 אאµr = 2400 

אW
F١EאאΘFK٢EאאH K
F٣EאאΒFK٤EאאΦK

אW
21000 ; 0,1 ; 500 ; 500 ; 2400N t I A Lm mm A mm rµ= = = = =



אאאא
אאאא
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אW

Φ − Β − Η − Θ 
אW 

2
2500 500 5000.5 , 0.0005

1000 1000 1000 1000000
mm mmL m A m= = = = =

×
 

 
0,1 1000 100I N AΘ = × = × = 

 
100 200 /
0,5

H A m
L
Θ

= = = 

 

61, 25 10 2400 200 0.6
o r H

T

µ µ
−

Β = × ×

= × × × = 

 
0,6 0,0005 0,0003A WbΦ = Β× = × = 

 
 
 
 
 
 

١٠W
אאdm = 10 cm

zN = 4096 xd = 2 cm  
אI = 1.25 AאW

F١EאאΘKF٢EאאLmK
F٣EאאH KF٤EאאΒK
F٥EאAFK٦EאאΦK

אW
10 ; 4096 ; 2 ; 1,25dm cm N t d cm I A= = = =



אאאא
אאאא
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אW

LmΦ − Α − Β − Η − − Θ 
אW 

 
1, 25 4096 5120I N AΘ = × = × = 

103,14 3,14 0,1 0,314
100m m m

cmU L d mπ= = × = × = × = 

5120 16305,73 /
0,314m

H A m
L
Θ

= = = 

61, 25 10 1 16305,73 0,02
o r H

T

µ µ
−

Β = ⋅ ⋅

= × × × = 

2

2 2

2

23,14
3,14 (0,02)100

4 4 4
3,14 0,0004 0,001256 0,000314

4 4

cm
dA

m

π
⎡ ⎤× ⎢ ⎥× ×⎣ ⎦= = =

×
= = =

 

 
0,02 0,000314 0,0000068A WbΦ = Β× = × = 

 
١١W

אאאאW
F١EאאΘK

F٢EאאLmK
F٣EאאH K
F٤EאאΒK
F٥EאAK
F٦EאאΦK
 

20 cm 

15 cm
 

5 cm 

5 cm
السمك 
 

I=20 mA 

µr = 2400 



אאאא
אאאא
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אW

مѧѧѧن الرسѧѧѧم
אW

LmΦ − Α − Β − Η − − Θ 
אW 

 

2 (20 5) 2 (15 5)
50(2 15) (2 10) 30 20 0,5
100

mL
cm m

= × − + × −

= × + × = + = = 

40 80 /
0,5m

H A m
L
Θ

= = = 

61, 25 10 2400 80 0, 24
o r H

T

µ µ
−

Β = × ×

= × × × = 

2 2 25( ) (0,05) 0,0025
100
cmA m= = = 

0, 24 0,0025 0,0006A WbΦ = Β× = × = 



אאאא
אאאא
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א
١J ؟א
٢J אא؟ 
٣J א؟ 
٤J ؟א 
٥J אא؟א 
٦J ؟אא 
٧J אאאK 
٨J אאאא

אאאאאK؟ 
٩J אאאאK 

١٠J אאא
אאK؟ 

١١J אאאאK 
١٢J אאאאאW 

J אא 
J אא 
J אא 
J אא

١٣J tN = 2000 I = 10 mA  
אWאאΘK


١٤J t N = 2450 R = 48 Ω 

 U = 24 V אFWEאI FKEאאΘK

١٥J t N = 1000 אΘ = 2000 A

אWאIK 



אאאא
אאאא
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١٦J אtN = 1000 אI = 1.5 A
אאL = 300 mm אW

FEאאΘFKEאאH K
FEאאΒK


١٧J אאאאL =150 mm 

r = 50 mm אN = 250t I = 5 A 
אFWEאאΘFKEאאH K

FEאאΒFKEאdK
FEאAFKEאאΦK


١٨J אאאאאL =100 mm 

r = 100 mm B =0.08 T 
I = 10 A אW

FEאאH FKEאאΘK
FEאNK

  
 



 

 

 

אאאאאא 

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]<

אאאא 


א


א

א





 

٢

אאאאא



אאאא
אאאאאא
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אאWאאא
 

אאWאאאW
J אא 
J אא 
J אא 
J אאאא 
J א 
J K

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

١K אאK
٢K אאK
٣K אאאאאK 
٤K אK 
٥K אאאK

אאאWאאא٨٥K٪


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

אאW
J אאאK
J K



אאW
אאאK





אאאא
אאאאאא
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אאא،אאאאא
אKאאאFE

א،،אאא
אאאאKאאא

א،אאKאאאא
אאאK

אאאאאאאא
אאאאK

:Faraday's Law א  

א
،א אאKאא

אאאאא א؟
אאא١٨٣١א

אFaraday's law of 
inductionK 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InducedCurrentאInduced

Electromotive ForceK
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אאאאאא
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٢J١

 אאאא אא
אאא،אא אאא

אא אאאא
 .אאא אאאא

 

٢J٢
אאElectrical Induction W 

אאאאK
אאאא؟

אאאKאא
אאאאאא

אInduction by motionK
אאאא
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WאאאK


٢J٣

אאW
١J FאKE
٢J K 
٣J K 
٤J אאK 

אאW
١J אאאא

אK
٢J אאK
٣J אאK 
٤J אאK



אאאא
אאאאאא
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אW
אאאאאW

אא אאא א 
١ אFAEאא  

١J١אFBEא
٢אא
٣אאF١E

٣J١אאF١J١E
٤אא

٤J١אא


אW
JFEאאאאW

١J אאאאK
٢J אאאK 

JאאאאאW
١J אאK
٢J אאאK 

אאאW
אאאאאאא

אאאאאא
אאאאK

אאF٢J٤WE



אאאא
אאאאאא
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حرآة الالكتورن   
داخل الموصل   

حرآة الإلكترون داخل   
 الموصل  


٢J٤


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F٢J٥KE




٢J٥



אאאא
אאאאאא
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W
אאאאאא

אאK
אאאFאE

אאא
אFאEאאאאא

אKאF٢J٦WE


٢J٦

אאW
אאK

אאW
אאK

אאאא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
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אאאאא
אK

אאא
אF٢J٧WE




٢J٧

אאאאאאS2 , S1
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F
٢J٨WE



אאאא
אאאאאא
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
٢J٨

אF6,0Eאאאאא
אאK


אF7,1E30°1

600
אאאa1

אאK
אF8,2Eאאאa2אאאK
אF9,3Eאאאa3אאא

אאאאא
K

אאאS1א6אS2א0
אאאKאא

אאאS1אא
אאS2אאאאאא

אאאאאKאא
אאFאאEאאאא

אאאאF٢J٩KE




אאאא
אאאאאא
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
٢אJ٩

אאאW
אאW

אFאאWE
אאא0°–180°אא

180°J360°אאאאאאFK
אאKE


אאW

אאFTEאK


אW
אאאאאאאא

FfEאHzאאא
אאא

KHz = 1000 Hz      ,      MHz = 106 Hz 
אאFfEאאFTE

1 1,T f
f T

= =

אאאאאאKאא100 Hz 
1Hzאאא20KHzאאא

60Hz , 50Hzאא2
3

Hz16×



אאאא
אאאאאא
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
אאאFωWE

אאאאאאאאאאאאW
× f2× πω = 

אאאrad/sאאK


אאFUmaxWE
אאאאאא

אאאאK



אאאא
אאאאאא
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אאUtW
אאאאאא

אאW
Ut = Umax × Sin ф 


אאFUmWE

אאאאא
אאאאאKאאאFאאE

אF٢J١٠WE



٢J١٠

אאאאאא
אאK

אאFUmEאFאאEאאW
Um = 0.633 × Umax 

אאאאאא
אאK



אאאא
אאאאאא
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אאFUeffWE
אאאאאאאאאא

אKאאאאא
אKאאאאאK

אאאFr.m.s.EאאאאW
Ueff = 0.707 × Umax 

W
אאא1אאאאא

1אK
אאאאאאאאא

אאK


אאW
אאאאאאאKא

אאאKאא
אF٢J١١WE




٢J١١





אאאא
אאאאאא
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אאאUmaxא
אאF30Eאא

UmaxK


אW
אא

אאאאW


J אאWאאFאEא
אאאאאאF٢J١٢KE


٢J١٢

J אאFфEWאאאאאא
אאKאאאFфKEאא

I , UאאאFфEא
אF٢J١٣KE


٢J١٣



אאאא
אאאאאא
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אאIאUאא
FфEאאאאFфKE

אאW
U2 , U1אאFфEאא

U2 + U1FtKEאאאאU
אאאKאאאא

U , U2 , U1K
אF٢J١٤EאאK


٢J١٤

אאW
אU2אU1אאאU2F-

U2EאאU2 , U1-K
אאU2U1אU2אF-U2E

אאK
אF٢J١٥EW


٢J١٥



אאאא
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
אאאW

אאF٢J١٦EאאאאאW

Umax

U

t
90

-Umax

360270180

T  =  يرودلا نمزلا


٢J١٦

J אאFTWEאאאK
J אFfWEאאאאאFHzKE 

אאאאW
1 1,T f
f T

= =
J אאFU maxWEאאאK 
J אאFU tWEאFθEאW 

U t = U max × sin θ
J אאאFωWEאאאאאאאאא

אW 
ω = 2 × Π × f        r/s 

J אאFU mWE 
U m = 0.633× U max

J אאFU effWE 
U eff = 0707 ×  U max



אאאא
אאאאאא
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J אאאאאW

60
n pf ×

=

fWאFHzE
PWאא
n WאFr.p.mE


F١WE
1500אאW

١Jא٢Jאאא٣Jאא
אW

p = 2  ; n = 1500 r.pm
אW

T fω− −
אW

p = 2    ,  n = 1500 r.pm 

1-     
60

n pf ×
=  

1500 2
60
×

=    = 50 Hz 

 
2-  ω = 2 × π ×f 

   = 2 × 3,14 × 50 
   = 314   r / s 

3-    
1T
f

=  

   
1

50
=    = 0,02 s 



אאאא
אאאאאא
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F٢WE

אאא0,02 s10 אV אW
١Jא٢Jא30O

אW
T = 0,02 s  ; U = 10 v

אW

30U at f° −


אW

1-  
1f
T

=   

             
1 50

0,02
Hz= =  

2- Ut  = Umax × sin θ 
= 10 × sin 30O 

= 5 v 
F٣WE

אאאאW
J אאK
J אאאא 
J אאK 
J אא 
J א60o  ,  120o  ,  180o



אאאא
אאאאאא
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
אW

Umax = 100v  ; T = 0,02s
אW

(60 120 180 )U at Uav Ueff Tω° − ° − ° − − − −
אW

1-  T = 0,02 s 

2-  1f
T

=  

1 50
0,02

Hz= =  

ω = 2 × π ×f 
   = 2× 3,14 × 50 = 314 r / s 

3-  Ueff = 0,707× Umax 
   = 0,707 × 100 = 70,7v 

4-  Um = 0,633× Umax 
= 0,633 × 100 = 63,3 V 

5-  Ut = Umax × sin θ 
θ = 60o  Ut = 100 × sin 60o  
   = 100 × 0.866 = 86,6V 

  θ = 180o : Ut = 100 × sin 180o = 0 V 



אאאא
אאאאאא
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  θ = 120o : Ut = 100 × sin 120o = 86,6 V 
F٤WE

אאאאא10Aא10 Ω
אאאאאאאK

אW
Imax = 10A  ; R = 10Ω

אW

P Ueff−
אW

Ieff  = 0.707 × Imax 

= 0.707 × 10 = 7,07 A 
Ueff  = Ieff × R 

= 7,07 × 10 = 70 ,7 V 
P  = Ueff × Ieff 

= 70,7 × 7,07 = 500 W 
F٥WE

אאאא600VK
אW

Ueff = 600v  
אW

maxU


אW

max
0,707
UeffU =  

  600
0,707

=  = 848,6V 

 



אאאא
אאאאאא
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א
١J ؟
٢J ؟אאאא 
٣J ؟אאאאא 
٤J אאאאW 

J א
J אא 
J אאא 
J אא 
J אא 
J אא 
J אא 

٥J אאK
٦J W 

J אאK
J אϕ 
J אא 
J אא 

٧J אאאאא
100HZא1000r.p.m

٨J אאאא314 r/sאW 
J אFfE
J אאFTE 

٩J 1000Vא؟א 



אאאא
אאאאאא
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١٠J א1100W5AKא
 אאאאאאא؟

١١J אאא10Vא50HZW 
J אאא؟אאאא
J ؟אאא 
J א؟אא 

١٢J אאאא60°א 20vW
J אאFUmaxKE
J אאFUeffKE 
J אאFUeffKE 

١٣J F400Eאאאא
W 

J אFfKE
J אאאFTKE 
J אאאFωE 





 

 

 

אאאאאאאאFFאאEE 

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]<

אאאא 




א


א


א
א

F


א



E 

٣

אאאאא



אאאא
אאאאאאאFאE
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אאWאאאW
J אאאאK 
J אאאאFKE 
J אאאאFKE 
J אK


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

١K אאK 
٢K אאK 
٣K אאK 
٤K אאאאאאאK

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


אאW٨K




אאW

J אאאK
J K


אאW
אאאK



אאאא
אאאאאאאFאE
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אאFאEאאאW
אאאאאאאאאאא

FאEאאאאK


WאאאאW


٣J١

אאW
١J 220V50 Hz220VK
٢J R = 110 Ω 
٣J אאאאK 
٤J אאאאK 
٥J אK 


אW
١J אאאאאU , P , IK
٢J אאאאאU , P , IK


אאאW

  P (W)  U (V)  I (A) 
א2 220 440 א 

א2 220 440 א 





אאאא
אאאאאאאFאE
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אW
אאאאאאאKאא

אאאאאאאK
אאאאא

אאKאאאאF٣J٢KE



٣J٢


אאאאאאאאKא

אאF0ZϕKE


אאאאW
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FאE
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
٣J٤

אאאאאאאאK
אאאאאאK


אאאאW

אאאאאא
אאK


WאאאאK


אאW

١J 1200K
٢J 100 WK 
٣J 3,5V / 0,2AאK 
٤J 3,5V / 0,2AאK 
٥J 10VK 





אאאא
אאאאאאאFאE

    
 

- ٥٥ - 


٣J٥

אאW
١J אאאאאK
٢J אאאאאK 
٣J אאאאK 


אW

אאאאאא
אK

אאאאאאW
אאאאאאאFאEאאאאK

אאאאFEא
אW

١J FUaEאאFRKE
٢J אאאאFUsEאאאא

אאאאאא
אאאאאאאאאא
אאאאאא

אKאאא
אאאאאF90oEאK

אאW 



אאאא
אאאאאאאFאE
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
٣J٦

אאאאא
אאאKאאאאאאFLE

אאKאאW
١J אאא

אאאאאאאאאFUrE
אאאאאא90oK

٢J אאא
FאEאאאאאאא

אK 


אאW
אאאאא

אאאאKאאאא
אאאאאאאאK

אא
אאאאאFE

FZEK



אאאא
אאאאאאאFאE
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אאאאא
אRאאאאLאאFXLKE

אאFאEW
١J אFfWEאאאאK
٢J אFLWEאאאאאK 


אאאW

XL = 2 × π × f ×L 


אאאאאFXLE
L

U
X

 I=

אאאאא90אoK
אאאW


WאK


אאW

١J 200K
٢J K 
٣J אK 
٤J אK 


٣J٧



אאאא
אאאאאאאFאE
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אאW
١J אאאאK 
٢J אאK 
٣J אאK 


אאאW

U (V) I (A) P (W) U.I (VA) 
100 V 2 A 100 W 200 


אW

אאאאאאאK


אאאFאWE
אאאאאאאאא

אאאK


٣J٨

אאאאאאאK





אאאא
אאאאאאאFאE
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אאאאאW
١J אאFSWEאאאאאאא

אאאJ
FVAEFSEW

S = U . I 
אאאאאאאאא

אK


٢J אאFPWEאאא
אאאאאא

אאאאאאאFϕEאא
אאאKFWKE

P = U . I . Cos ϕ


٣J אאFQWEאאאא
אאאאאאאא

FVARKEאW
אאאאאאאאW


P

Q
S


٣J٩

אאFCos ϕϕEאאאאא
אFPEאאFSEW

Cos ϕ  =   
S
P   
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אאאאW
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אאKאאאא
אאאאאK

אאאאW
١J אFCWEאאאK
٢J אFfWEאאK 
٣J אFUWEאאK 

אאאאW
× f × C2 ×  πI = U ×

אFI = U × GEGאאאאא
F× f × C2× πEאאאאאK

FXcEאאW

Xc =  1
2 f Cπ× × ×

 

אאאאFXcEאאfK

1
C



1
f


٣J١٠


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F٣J١١KEאKאאאאא


٣J١١

אאאאאא90o
אאאא

אאאאאF٣J١٢KE


٣J١٢
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אFEאאאK


אאW

אאאאא90אo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90o



אאאRאW


٣J١٣

אאאאאFδEא
F90-ϕEϕאאאאאאδ = 90-ϕ– δ

אK


אאאאאאאKאא
Kאאאאא
Kאאאאcosϕאאא

אאK
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
F١WE

א20 Ωא50V50HZאW
١J אאאK
٢J אאK 

אW
R = 20 , U = 50v ,  = 50HzfΩ

אW

P I−
אW

1-  U
R

Ι =   

50
20

= = 2,5 A 

2-  P = I2 × R 
= (2.5)2 × 20= 125 w 

F٢WE
Wאאא0.3Hאאא

1J  5 Hz     2J  50 Hz   3J  100 Hz  4J  50 KHz 
אW

L = 0,3 ,  =( 5Hz 50Hz 100Hz 50KHz )H f or or or
אW

LX
אW

1-  XL = 2 × π ×f × L 
= 2 × 3,14 × 5 × 0,3 
= 9,42 Ω 

2-  XL = 2 × 3,14 × 50 × 0,3 
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= 94,2 Ω 
3- XL = 2 × 3,14 × 100 × 0,3  

= 188,4 Ω 
4-  XL = 2 × 3,14 × 50000 × 0,3 

= 94247 Ω 
F٣WE

21500 mmא500mm
500אאאאא

50Hz3000ZµoK 
אW

2A = 1500 ,  Lm=500 ,  N=500 ,  f=50 ,  =3000mm mm t Hz µο
אW

LL X−


אW

A  = 1500
1000000

= 1,5 × 10-3 m2 

Lm = 500
1000

= 0,5 m 

L  = 
2r N

Lm
µ µ× × ×Αo  

 = 
6 2 31,25 10 3000 (500) 1,5 10

0,5

− −× × × × × = 2,8 H 

XL  = 2 × π ×f × L 
= 2 × 3,14 × 50×2,8 
= 879,6 Ω  
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F٤WE
א100 mHKאאא

 50 HzL220VK 
אW

L = 100 ,  U=220 ,  f=50mH v Hz
אW

I


אW
XL= 2 × π × f × L 
    = 2 × 3,14 × 50 × 0,1 = 31,4 Ω  

UI
XL

=  

    = 220
31,4

= 7A 

F٥WE
XC0.5 µF f = 5 KHzKאאא

אW
C = 0,5 ,  f=5F KHzµ

אW

CX
אW

C = 0.5 × 10-6  F   
f = 5 KHz = 5000 HZ 

Xc 1
2 f cπ

=
× × ×

 

  =
6

1
2 3,14 5000 0,5 10−× × × ×

 = 63,8 Ω 
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F٦WE
אא100µF220V/50HZK 

אW
C = 100 ,  U=220 ,  f=50F v Hzµ

אW

I


אW

Xc  1
2 f cπ

=
× × ×

 

= 
6

1
2 3,14 50 100 10−× × × ×

 

= 31,8 Ω 

I  = U
Xc

= 220
31,8

= 6,9 A 

F٧WE
א10A120V/50HZאא

אאLFKאאKE
אW

I = 10 ,  U=120 ,  f=50A v Hz
אW

L
אW

XL  = U
I

 

= 120
10

 = 12 Ω 
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L  = 
2

XL
fπ× ×

 

= 12
2 3,14 50× ×

 = 0,038 H 
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אאאא
אאאאאאאW

١J אאFSKE
S = U × I …………….VA 

٢J אאFPKE 
P = U × I × Cos ϕ……W 

٣J אאFQKE
Q = U × I × Sin ϕ …….VAR 

אאאאJאF٣J٩EJאאW
 א אאאא 

אאP = 2 2S Q−  P = S × Cos φ 

אאS = 2 2P Q+  P = 
ϕCos

P  

אאQ = 2 2S P−  Q = S × Sin φ 

א J 
 

Cos φ = 
S
P  

אJ 
 

Sin φ = 
S
Q  

אאא
א 

Qc = I2× Xc = 
2U

Xc
 QL = I2 ×XL = 

2U
XL

 


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F١WE
אאW

U = 220V   , I = 15A   , Cos ϕ = 0,8 
FPKEאאאאא١Jא

٢JאאאאאFQKE
٣JאאFSKE

אW
U = 220V , I = 15A ,  Cos    = 0,8ϕ

אW

S Q P− −
אW

P  = U × I × Cos ϕ 
= 220 × 15 × 0,8 = 2640W 

Q  = U × I × Sin ϕ 
= 220 × 15 × 0,6 = 1980 VAR 

S  = U × I 
= 220 × 15 = 3300 VA 


F٢WE

אא250W5A
220V / 50HZאאאK

אW
P = 250W , I = 5A ,  = 220v ,  = 50HzU f

אW

Q Cosϕ−
אW

P = 250 W 
S  = U × I  



אאאא
אאאאאאאFאE
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= 220 × 5 =1100 VA 

Cos ϕ = P
S

= 250
1100

= 0.227 

Q  = 2 2S P−  

= 2 21100 250− = 1071  VAR 
F٣WE

אאאא8KW220V / 
50 HZ0.8،SK
אW

P = 8KW=8000W , = 220v , = 50Hz , Cos =0,8U f ϕ
אW

S I−
אW

P  = U × I × Cos ϕ PI
U Cosϕ

⇒ =
×

 

= 8000
220 0,8×

= 45,45 A 

S  = P
Cosϕ

 

= 8000
0,8

= 10000 VA 

F٤WE
6000V35Aאאאאא

W
1,00  - 0,8  -  0,7 

אW
U = 6000v , I= 35A , Cos = (0,7 0,8 1 )or orϕ



אאאא
אאאאאאאFאE
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אW

P


א
P  = U× I ×Cos ϕ 
P  = 60000 × 35 × 0,7= 147000 W 
P  = 6000 × 35 × 0,8 = 168000 W 
P = 6000 × 35 × 1= 210000 W  

F٥WE
0.25H50HZא1,2AKאא

אאK
אW

L = 0,25H , = 50Hz , =1,2A f I
אW

Q
אW

XL  = 2 × π × f × L 
= 2 × 3,14 × 50 × 0,25= 78,5 Ω 

Q  = I2 × XL 
= (1,2)2 × 78,5= 113 VAR 

F٦WE
אא250 µF380V/50HZK

אW
C = 250 F , =380v , = 50Hz U fµ

אW

Q



אאאא
אאאאאאאFאE
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אW

XC  = 1
2 f cπ× × ×

 

=
6

1
2 3,14 50 250 10−× × × ×

 = 12,73 Ω 

Q  = 
2U

Xc
= 

2(380)
12,73

= 11341 VAR 


F٧WE

אµFאא2.5KVAR
220V/50HZK

אW
Q = 2,5 , =220v , = 50Hz KVAR U f

אW

C


אW

XC  = 
2 2

3

220
2,5 10

U
Qc

=
×

= 19 Ω 

XC  = 1 1
2 2

C
f C f Xcπ π

⇒ =
× × × × × ×

 

= 1
2 3,14 50 19× × ×

 

= 6167,6 10−×  F  =  167,6µF 



אאאא
אאאאאאאFאE

    
 

- ٧٣ - 

א
١J אאאאא

K
٢J אאאאא

K 
٣J אאאאא

K 
٤J אאאאאאאאK 
٥J 2.5HאאW

J50 HZJ162 HZJ5 KHZ
٦J 0.25Hא1.2Aאאאא

אאאW 
f = 50 HZ       -      f = 1 KHZ 

٧J אאאאאW 
20 KHZ  0.1 MHZ  500HZ  50HZ 

٨J אאא0,1Aא
א220V / 50HZ

٩J א5mm
500אא50HZא

600mm2K 
١٠J אאאא220V/50HZW 

100 µF   -   300 nF   -  600 pF 
١١J 55 Ω220V/50HZW 

JאאJאאJאא
JאאאאK



אאאא
אאאאאאאFאE
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١٢J 20KV / 50HZ30KmK
אאאאא

 0,25 nFK




 

 

 

אאאא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]<

אאאא 


א


א






٤

אאאאא

אאאא



אאאאא
אאאאאאא
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אאWאאאW
J אאאאאK 
J אאאאאK
J אאאאאK 
J אאK
J אאאאאK 
J אאאאאK
J אאאאאK 
J אאK 
J אאאאאאK

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

١K אאאאאאאאא
אאאK 

٢K אאאאאאאאאK 
٣K אאאאאאאאK

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

אאW١٦K


אאW
J אאאK
J K



אאW
אאאK



אאאאא
אאאאאאא
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אאאFאאאאאאE
אאאאאאא

אאאאאאא
K

אאאאאאא
אK

WאאאW
EאאW

 

U

R XLI 

UR UL


٤J١

אאאאא
אKאאURאULאאZאאאאא

אאW
אאW
UR = I × RאK

UL = I × XLאאא90oK


٤J٢



אאאאא
אאאאאאא
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אאאא 2 2UR UL+U =
E2אFאאא 2R XL+Z =

אאאאאאאאW

Cos ϕ =  UR
U

   ,   Cos ϕ = R
Z

 

JאאFWE


 

U

R XCI 

UR UC


٤J٣


אאW

UR = I × RאאאK
UC = I × XCאאא90oK




٤J٤

2 2UR UC+U =אא
2 2R XC+Z =אא



אאאאא
אאאאאאא
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Cos ϕ =  UR
U

   ,   Cos ϕ = R
Z

 

WאאאאאאKאא
אאאאK

JאאW


 

U

R XCI 

UR UC UL

XL


٤J٥

אאW
UR = I × RאאאK

UL = I × XLאאאאא90oK
UC = I × XCאאאא90oK

אאאאW


٤J٦

אאאאאאאאW
U = ( )22UR UL UC+ −  

Z = ( )22R XL XC+ −  



אאאאא
אאאאאאא
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אאאW 

Cos ϕ =  UR
U

   ,   Cos ϕ = R
Z

 


אאאא

אאKאK


אאFאWE
אאאאאאXC

אאXLאאאא
אאאW

           ,           Z = R           ,    Cosϕ = 1UI
R

=

אאאא
אאאאK

אאאאW
אWXL = Xc

XLXcאא


2 ×π × fo× L = 1
2 f cπ ο× × ×

       

fo2  = 
2

1
(2 ) L Cπ× × ×

 

אא

fo  = 1
2 L Cπ× × ×

 





אאאאא
אאאאאאא
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אאW
Z

XC
XL
I

ffo

R

XLXC

I

Z


٤J٧

אאאאאאא
אאאK

אאאאZ
אאאאאאאא

אאאאאאאאא
אאאאאאאא

אאK



אאאאא
אאאאאאא
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אאאא
 مثلث القدرات مثلث المقاومات مثلث الجهود 

   
2 2UR UL+ U = 2 2R XL+ Z = 2 2P QL+ S = 

RUCos
U

ϕ = RCos
Z

ϕ = PCos
S

ϕ = 

ي 
وال
ة ت
ئر
دا

R
 , 

X
L

 

UR= I ×R UL= I ×XL UI
Z

= 

 
  

2 2UR UC+ U = 2 2R XC+ Z = 2 2P QC+ S = 

RUCos
U

ϕ = RCos
Z

ϕ = PCos
S

ϕ = 

ي 
وال
ة ت
ئر
دا

R
 , 

X
C

 

UR= I ×R UC= I ×XC UI
Z

= 

  

2 2( )UR UL UC+ − U = 2 2( )R XL XC+ − Z = 2 2( )P QL QC+ − S = 

RUCos
U

ϕ = RCos
Z

ϕ = PCos
S

ϕ = 

ي 
وال
ة ت
ئر
دا

R
 , 

X
L

, X
C

 

UR= I ×R UL= I ×XL 
UC= I ×XC 

UI
Z

= 





אאאאא
אאאאאאא
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F١WE
1Ωא0.08H220V/50Hzא

W
S  ,  Q  ,  P  ,  I  , Z 

אW
R = 1   ; L = 0,08 H ; U = 220 v ; f = 50 HzΩ

אW
S , Q , P , I , Z

אW
XL   = 2 × π ×f × L 

= 2 × 3,14 × 50 × 0,08 
= 25,12 Ω  

 
Z = 2 2R XL+  

 =  2 2(1) (25,12)+  
= 25,13 Ω  

I  = U
Z

 

= 220
25,13

= 8,75 A 

Cos ϕ = R
Z

 

= 1 0,04
25,13

=  

ϕ  = 87,70 
P = U × I × Cos ϕ 

 = 220 × 8,75 × 0,04 = 77 W 
Q = U × I× Sin ф 

= 220 × 8,75 × 0,99= 1905,75 VAR 



אאאאא
אאאאאאא
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S   = U × I  
= 220 × 8,75= 1925 VA 

F٢WE
אאWR = 10 Ω  ,   XL = 20 ΩFא

KEאWZ  ,   Xt   ,   Rt
אW

LR = 10   ; X  = 20 Ω Ω
אW

Z  ,   Xt   ,   Rt
אW

Rt  = R1 + R2 
= 10 + 10= 20 Ω 

Xt  = XL1 + XL2 
= 20 + 20= 40 Ω 

Z  = 2 2Rt Xt+  

Z  = 2 220 40+  = 44.7 Ω 
 


F٣WE

אא2Aאאא20V
90V/50HZאW

L   ,   XL    ,   Z   ,    R 
Wא

I = 2   ; U= 20 ; U = 90 ; f = 50 A v v Hz
אW

L   ,   XL    ,   Z   ,    R
אW



אאאאא
אאאאאאא
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FאאE R  = U
I

= 20
10

= 10 Ω 

FאאE Z  = U
I

= 90
2

= 45 Ω 

XL   = 2 2Z R−  = 2 245 10− = 43.8 Ω 

L   = 
2

LX
fπ× ×

= 43,8
2 3,14 50× ×

 = 0.139 H 

F٤WE
אאRXLאא40Vא

30Vאאאאאא2AW
L   ,   XL    ,   Z   ,    R 

אW
R LU  = 40   ; U = 30 ; I = 2 v v A

אW
U   ,   Z    ,    XL  ,    R

אW

R  = RU
I

 

= 40
2

= 20 Ω 

XL  = LU
I

 

= 30 15
2
= Ω   

Z   = 2 2R XL+  
= 202 + 152  
= 25 Ω 

U = I × Z  
= 2 × 25= 50 V 



אאאאא
אאאאאאא
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F٥WE
אא71µFא22Ω220V / 

50HZאW
S   ,   Q   ,   P   ,   Cos ϕ   ,    UC   ,   I   ,   Z 

אW
C = 71   ; R= 22 ; U = 220 ; f = 50 F v Hzµ Ω

אW
S   ,   Q   ,   P   ,   Cos    ,    UC   ,   I   ,   Zϕ

אW

XC  = 1
2 f cπ× × ×

 

= 
6

1
2 3,14 50 71 10−× × × ×

= 44.8 Ω 

Z   = 2 2R Xc+  
Z   = 2 222 44.8+ = 49.9 Ω 

I  = U
Z

 

= 220
49,9

= 4.4 A 

UR  = I × R 
= 4,4 × 22= 96,8 V 

UC  = I × XC 
= 4,4 × 44,8= 197,12 V 

Cos ϕ = R
Z

 

= 22
49,7

= 0,44 

P  = U × I × Cos ϕ 
= 220 × 4,4 × 0,44= 425,92 W 



אאאאא
אאאאאאא
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Q  = U × I × Sin ϕ 
= 220 × 4,4 × 0,89= 861,52 VAR 

S  = U × I  
= 220 × 4,4= 968 VA 


F٦WE

אאR=40Ω500mH25µF
220V / 50HZW

JאאZ
JאI 
Jאא
JאאS   ,   Q   ,   P

אW
R= 22   ; L = 500 ; C = 25 ; U = 220 ; f = 50 mH F v HzµΩ


אW

S   ,   Q   ,   P   ,   UL   ,  UC   ,   I   ,   Z
אW

XL = 2 × π ×f × L 
= 2 × 3,14 × 50 × 0,5= 157 Ω 

XC  = 1
2 f cπ× × ×

 

= 
6

1
2 3,14 50 25 10−× × × ×

= 127.3 Ω  

Z = ( )22R XL Xc+ −  

= ( )2240 157 127.3+ − = 49,82 Ω  

I  = U
Z

 



אאאאא
אאאאאאא
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= 220
49,82

= 4.41 A 

UR   = I × R  
= 4,41 × 40 = 176,6 V 

UL   = I × XL  
= 4,41 × 157= 692,3 V 

UC    = I × XC 
= 4.41 × 127,3= 561,3 V 

Cos ϕ = R
Z

 

= 40
49,82

= 0.8 

P  = U × I × Cos ϕ 
= 220 × 4,41 × 0,8 = 776,16 W 

Q  = U × I × Sin ϕ 
= 220 × 4,41 × 0,6 = 582,12 VAR 

S  = U × I  
= 220 × 4,41= 970,2 VA 
 

F٧WE
אא1Ω0.1H10µF100V

אW
١J אK
٢J אאK 
٣J אאאK 

אW
R= 1   ; L = 0,1 ; C = 10 ; U = 100 ; f = 50 H F v HzµΩ



אאאאא
אאאאאאא
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אW
  UR   ,  UC   ,  UL   ,   I   ,   fο

אW

1)  Fo  = 
1

2 L Cπ× × ×  

= 6

1
2 3,14 0,1 10 10−× × × × = 159 HZ 

2)       I  = U
R

 

= 100
1

= 100 A 

3) XL = 2 × π ×f × L 
= 2 × 3,14 × 159 × 0,1= 100 Ω  

UL = UC = I × XL 
UL= UC = 100 × 100= 10000 V 
UR  = I × R 

= 1 × 100= 100 V 
 
 
 
 
 
 
 
 
 
 
 



אאאאא
אאאאאאא
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א
١K אאא

אאK
٢K אאאאאאאW 

אאUJאאZ
٣K אאא

אאK
٤K אאאאאאאW 

אUJאאZ
٥K אא

K
٦K אאאאאאאW 

אUJאאZ
٧K ؟אא 
٨K אאאא؟א 
٩K אאאאאZאIK 

١٠K אאאאR=60ΩXL= 80Ωא
אאא220אV/50Hz

١١K אR=90ΩאZ=150Ωא
אאXL

١٢K אאR2=12Ω,R1=10ΩאXL1=30Ω
XL2=15Ωאא220V/50HzאW 

1. Q   ,   P   ,   I   ,   Z   
١٣K אC=50µF,L=0.12H,R=50Ωא

220V/50HzאW 
1. S   ,   Q   ,   P   ,   I   ,   Z   

١٤K אא6Vא0.5A
24V/50HzאאאW 



אאאאא
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1. L   ,   XL   ,   Z   ,   R  
١٥K אאR=60Ω800mH20µF

220VאאאאאF
אKE



אאאאא
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WאאאW
EאאW

אאאאאא
אאאאאאאא

אא90אoK
אאא90oK

 

U R

I 

IR IL 

XL


٤J٨

אאאIL , IRK

,L R
U UI I
XL R

= =א



1
XL

1
R

1
Z


٤J٩

אאאאW
2 2R LI I+I =

אאF1
Z

WE

1
Z

= 
2 21 1

LR X
⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠
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אאאאאUZ
I

=K

אאאRZ ICos
R I

ϕ = =K


EאאW

 

XCU R

I 

IR IC 


٤J١٠

אאאW
IR = U/RאK

IC = U/XCאא90oK
אאאאאאW

1
Z

1
R

1
CX


٤J١١

אאאאW
2 2R CI I+I =

אאF1
Z

WE

1
Z

= 
2 21 1

CR X
⎛ ⎞ ⎛ ⎞+⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠
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JאאW
 

XL XCU

I 

IC 

R

IR IL 


٤J١٢
אאאאאאW

R
UI
R

= אK

L
L

UI
X

=אא90oK

C
C

UI
X

=אא90oK

אאאW
JXL>Xc JXL<Xc JXL=Xc 


2 2 2 2( ) ( )R R L C R C LI I I I I I I I I I= = + − = + −

٤J١٣







אאאאא
אאאאאאא
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JXL>Xc JXL<Xc JXL=Xc 

1
R

1
CX

1
LX

1
R

1
R

1
CX

1
LX

1 1
L CX X
−

1 1
C LX X
−

1
CX

1
LX

1
LX

1
CX

1
LX

1
CX

1
Z

1
Z


2 2 2 21 1 1 1 1 1 1 1 1

L C C L
Z

R Z R X X Z R X X
⎧ ⎫ ⎧ ⎫ ⎧ ⎫ ⎧ ⎫= = + − = + −⎨ ⎬ ⎨ ⎬ ⎨ ⎬ ⎨ ⎬
⎩ ⎭ ⎩ ⎭ ⎩ ⎭ ⎩ ⎭



٤J١٤
W

XL>XcWאאאאאאאאא
א

XL<XcWאאאאאאאK
XL=XcWאאאאאאא

אאאK


אאFאWE
אאאא

אאאאKאאא
אאאאאfoאW

fo  = 
1

2 L Cπ× × ×  


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
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אKאאאאא
Kאאאא

אK


אFאWE
אאאFXLEאאFXcEא

אFREאFIEאאFZEאFfKEאאK


1Z
Y

=


٤J١٥



אאאאא
אאאאאאא
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אאאאW
אאאW

١J XL<XcWאאאאא
2

L
L

UQ
X

=אאאא
2

C
C

UQ
X

=

אאאאאK
٢J XL<XcWQc>QLאאאK 
٣J Xc=XLWQc=QLאאאא

אFאKE 
אאW

JXL>XcJXL<Xc JXL=Xc 


٤J١٦
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אאאא
 مثلث القدرات مثلث المقاومات مثلث الجهود 

 

1
R

1
LX1

Z

 

2 2UR UL+ U = 2 2R XL+ Z = 2 2P QL+ S = 

RUCos
U

ϕ = RCos
Z

ϕ = PCos
S

ϕ = 

ي 
واز
ة ت
ئر
دا

R
 , 

X
L

 

UR= I ×R UL= I ×XL UI
Z

= 

 
1
R

1
CX

1
Z

 
2 2UR UC+ U = 2 2R XC+ Z = 2 2P QC+ S = 

RUCos
U

ϕ = RCos
Z

ϕ = PCos
S

ϕ = 

ي 
واز
ة ت
ئر
دا

R
 , 

X
C

 

UR= I ×R UC= I ×XC UI
Z

= 


אאR , XL , XCאאאW


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JXL>Xc JXL<Xc JXL=Xc 


2 2 2 2( ) ( )R R L C R C LI I I I I I I I I I= = + − = + −

JXL>Xc JXL<Xc JXL=Xc 

1
R

1
CX

1
LX

1
R

1
R

1
CX

1
LX

1 1
L CX X
−

1 1
C LX X
−

1
CX

1
LX

1
LX

1
CX

1
LX

1
CX

1
Z

1
Z


2 2 2 21 1 1 1 1 1 1 1 1

L C C L
Z

R Z R X X Z R X X
⎧ ⎫ ⎧ ⎫ ⎧ ⎫ ⎧ ⎫= = + − = + −⎨ ⎬ ⎨ ⎬ ⎨ ⎬ ⎨ ⎬
⎩ ⎭ ⎩ ⎭ ⎩ ⎭ ⎩ ⎭



JXL>XcJXL<Xc JXL=Xc 


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2 2 2 2( ) ( )L C C LS P S P Q Q S P Q Q= = + − = + −
W

١W
0.1HR=100Ωאא220V/50HZ

אW
JאאאK
JאאK
JאאK

אW
L = 0,1   ; R= 100 ; U = 220 ; f = 50 H v HzΩ

אW
R L     ,    I   ,   I    ,   IZ


אW

XL  = 2 × π ×f × L 
= 2 × 3,14 × 50 × 0,1 
= 31,4 Ω 

IR  = U
R

 

= 220
100

= 2.2 A 

IL  = 
L

U
X

 

= 220
31,4

= 7 A 

I    = 2 2R LI I+  

= 2 2(2.2)  + (7) = 7.33 A 

Z    = U
I
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= 220
7,33

= 30 Ω 

F٢WE
א57ΩאאאאR=76Ω

228V/50HZW
Jאא،אאP،אאϕ

אW
CX  = 57   ; R= 76 ; U = 228 ; f = 50 v HzΩ Ω

אW
   P   ,      ,   I ϕ

אW

IC  = 
C

U
X  

= 228
57

= 4 A 

 

IR  = U
R

 

= 228
76

= 3 A 

I  = 2 2R CI I+  = 2 2(3) (4)+ = 5A 

Cos ϕ= RI
I

 = 3
5

= 0.6 

ϕ = 53.1° 
P  = U × I × Cos ϕ 
P  = 228 × 5 × 0,6 

= 684 W 
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F٣WE
אאאאZאאK
 

U=220v

I 

IR1  IL2 IR2   IL1 

R1=55Ω R1=110Ω X1=88Ω X1=44Ω 


אW

1 1R  = 55   ; R2= 110 ; XL  = 88   ; XL2= 44 ; U = 220 vΩ Ω Ω Ω
אW

     ,   I Z
אW

IR1   = 
1

U
R

 

= 220
55

= 4 A 

IR2   = 
2

U
R

 

= 220
110

= 2 A 

IL1   = 
1L

U
X

 

= 220
88

= 2.5 A 

IL2   = 
2L

U
X
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= 220
44

= 5 A 

I  = ( ) ( )2 2
1 2 1 2R R L LI I I I+ + +  

= ( ) ( )2 24 2 2,5 5+ + +  

I  = 2 2(6) (7,5)+ = 9,6 A 

Z  = U
I

 

= 220
9,6

= 22.9 Ω 

F٤WE
אאאW

Jאאאאאא
JאאZ
JQ   ,   S   ,   P  


אW

C LR = 55  ; X = 110   ; X = 44 ; U = 220 vΩ Ω Ω
אW

L C R  S  ,     ,  P   ,     ,   I   ,   I   ,  I    ,   I  Q Z
אW

1) IR  = U
R

 

 

 

I 

IC 

55Ω

I R 

 

IL 

 

110Ω 44Ω
220v
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= 220
55

= 4 A 

IL  = 
L

U
X

 

= 220
44

= 5 A 

IC  = 
C

U
X

 

= 220
110

= 2 A 

I  = ( )22R L CI I I+ −  

= (4)2 + ( 5 – 2 )2= 5 A 

2)  Z  = U
I

 

= 220
5

=  44 Ω 

3)  P = U × I × Cos ϕ  
= 220 × 5 × 0,8= 880 W 

Q  = U × I× Sin ϕ 
= 220 × 5 × 0,6= 660 VAR 

S  = U × I  
= 220 × 5= 1100 VA 

F٥WE
אא80mH2µFR=20Ω110V

אW
Jא
Jאאא
Jאא

אW
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CL = 80  ; = 2   ; R= 20 ; U = 110 mH F vµ Ω
אW

L CI    ,  I    ,   I   ,  Z   ,   f  ο


אW

1)  fo  = 
1

2 L Cπ× × ×  

= 3 6

1
2 3,14 80 10 2 10− −× × × × × = 398 HZ 

 
2)  Z  = R = 20 Ω 

I  = U
R

 

= 110
20

= 5.5 A 

3)  IL  = IC  
XL   = 2 × π ×f ×L 

= 2 × 3,14 × 398 × 0,08= 200 Ω 

IL  = 
L

U
X

= 110
200

= 0.55 A 
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א
١J אאאא

אאK 
٢J אאאאאאאW 

אאIJאאZ 
٣J אאאא

אאK 
٤J אאאאאאא

W 
אאIJאאZ 

٥J אאאא
אאK 

٦J אאאאאאא
W 

אאIJאאZ 
٧J אאאאאZאIK 
٨J אאאאW

J אאK
J אאK 
J אאK 
J אאאK 



אאאאא
אאאאאאא
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220v/50Hz

I 

IL  IR    

XL=80Ω R=150Ω 





אאאאא
אאאאאאא
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٩J אאאZאאאאאW
XL = 50 Ω   ,   R2 = 150 Ω   ,   R1 = 100 Ω 

١٠J אR=80 ΩXL=100 Ωא
220V/50HZW
J אאאK

J אאאאא5 µFאאא
5 µFאאאK 

١١J אאאאW
J אאK
J אאK 
J אאS  , Q  ,  P

 

 

I 

IC 

100Ω 

I R=2A 

 

IL 

 

30Ω 50Ω



אאאאא
אאאאאאא
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אאאאאאW
אאאאאאאאאא

אאK
אאאאאא

- אא
א

K 

- אא
א

אK 
- אא

K
- אא

Kאאא
- אא

א
אאK

- אא
א

אאK
- אאאא

אK
- אא

K
- א

אא
אאאK

- אאא
אא

אK

- אRCos
Z

ϕ =- אZCos
R

ϕ =





אאאאא
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אאFאWE
אאFא،א،אEאאאא

א90°אאא
אאאאאאKא

90°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90°

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W



QCP QLU


٤J١٧

אאאאאאאא
90°אאאאא

אאאאK
אאאאאK



אאאאא
אאאאאאא
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
٤J١٨

אאאאאאאא
אאאאK




אאFאEW
١J אאאאאא

אאאאK
٢J אאאאK 
٣J אאK 


אאW

אPCos ϕ1אא
Cos ϕ2KאאאאאK

אאאQ1 = P × tan ϕ1  
אאאQ1 = P × tan ϕ2

אאאאאFQcEW
Qc = Q1 - Q2

אFCE

C = 
22

Qc
f Uπ× × ×

       F 



אאאאא
אאאאאאא
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fWאFHZE UWאFVE
 

Q = P . tan ϕ
 

אאW
אW

١J אאKאא
אאאאא،

אאK
 L1

N 

C

L
٤J١٩


٢J אאא،אאא

אK
٣J אאKאאא

אK 



אאאאא
אאאאאאא
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אאFאE
١W

220V/50HZאP2=5KWאCos ϕ=0.65
אאאא
  Cos ϕ=10.8Zη

אW
U = 220v  ; f = 50 Hz ; P2 = 5 KW ; Cos  = 0,65 ;  = 0,8ϕ η

אW

1C to Cosϕ =
אW

P1  = 2P
η

 

= 5000
0,8

= 6250 W 

Cos ϕ = 0,65     ⇒ tan ϕ1=1,16 
Q1  = P1 × tan ϕ1 

= 6250 × 1,16= 7250 VAR 
Cos ϕ = 1     ⇒ tan ϕ1= 0 
Q2  = P2 × tan ϕ2 

= 5000 × 0 = 0 
QC = Q1 – Q2 

= 7250 – 0= 7250 VAR  

C  = 
22

Qc
f Uπ× × ×

 

= 
2

7250
2 3,14 50 (220)× × ×

= -44,77 10×  F = 477 µF 

 
 



אאאאא
אאאאאאא
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F٢WE
אאא23080KVAאאאא

אא
 Cos ϕ  = 0,7 Cos ϕ  = 0,9

אW
U = 230  ; S= 80   ; from Cos = 0,7 to Cos = 0,9v KVA ϕ ϕ

אW

2P
אW

P  = S × Cos ϕ   
P1  = 80 × 0,7= 56 KW  
P2  = 80 × 0,9 = 72 KW 

W

S = U × I     ⇒ I = S
U

 

= 80000
230

= 347.8 A 

 
P1 = U × I × Cos ϕ1   

= 230 × 347,8 × 0,7= 56000 W 
P2 = U × I × Cos ϕ2 

= 230 × 347,8 × 0,9= 72000 W 
F٣WE

אאא220V/50HZ
Jא220 V   ,   4 KW   ,   22 A
Jא220 V   ,   4 KW   ,   19 A

א
١JאאK



אאאאא
אאאאאאא
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٢JאאאאאK
٣JאאK

אW
U=220 V   ,   P=4 KW   ,   I=22 A ,  f=50Hz  
U=220 V   ,   P=4 KW   ,   I=19 A ,  f=50Hz 

befor
after

⇐
⇐



אW
Cos  ,  S  ,  Q 
Cos  ,  S  ,  Q  

befor
after

C

ϕ
ϕ

⇐
⇐


אW

1) Cos ϕ1 = P
U I×

 

= 4000
220 22×

= 0,82    ⇒  ϕ =34,9°   ⇒  Sin  ϕ1=0,57 

Cos ϕ2  = P
U I×

 

= 4000
220 19×

= 0,95     ⇒  ϕ =18,2°  ⇒  Sin  ϕ2=0,31 

2) S1 = U × I1 

= 220 × 22= 4840 VA 
S2  = U × I2 

= 220 × 19 = 4180 VA 
 

Q1 = U × I1 × Sin  ϕ1 
= 220 × 22 × 0,57 
= 2758,8 VAR 

Q2  = U × I2 × Sin  ϕ2 
= 220 × 19 × 0,31 



אאאאא
אאאאאאא
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= 1295,8 VAR 
Qc   = Q1 – Q2 

= 2770 – 1305 
= 1463 VAR  

C   = 
22

Qc
F Uπ× × ×

 

= 
2

1463
2 3,14 50 (220)× × ×

 

= 9,63 × 10-5 F 
= 96,3 µF 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



אאאאא
אאאאאאא
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א


١J אאאאאאK 
٢J ؟אא 
٣J ؟אא 
٤J ؟אאאאאא 
٥J אאK 
٦J F2,5 KVAR   ,   220 V   ,   50 HzEאא

אµFK 
٧J אאאC = 250µF

380V ,   50Hz K 
٨J אאא220אV ,   50Hz Kא

2KVARK 
 



 

 

 

אאאא

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹]<

אאאא 


א


א






٥

אאאאא



אאאא
אאאאאאא
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אאWאאאW
J אאאK 
J אאF–EאאK 
J אאאאK

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

١K אאK 
٢K אאאאK 
٣K אאF–KE 
٤K אאאאאK

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

אאW١٢K


אאW
J אאאK
J K



אאW
אאאאK



אאאא
אאאאאאא
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אאאאW
אאאאאאאאא

°١٢٠K


אאאאאW
אאאאאאאאאא

אאאאאאא
אא١٢٠אאK

אאW,V,UאZ,Y,XKאאאא
K

אא١٢٠אא
אאא١٢٠K

אאאאאא
אאאאא١٢٠K

אאאKאF٥J١EW


 
٥J١



אאאא
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K

אאאאאאאא
אאW

WאאW
אאFEאאאL3 , L2 , L1אא

אKאK
אFEאאאאאאאאZ , Y , X

אFNEאאא
אFStar ConnectionEאאא

FאKE
אאאאאאא

אאאFEF
אאEאאאאאא

K
אאאאK




FEFEFE

٥J٢
אאאאאW

אאאאאאW
אFULWEאאאאאL3,L2,L1K



אאאא
אאאאאאא
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א،אFUphWEאאאאאא
אL3,L2,L1אFNEאK

אFILWEאאאאK
א،אFIPhWEאאאאK

אאאאאאאאאאF٥J٣EW



٥J٣

אאFULEאFUphEאאא
אאאF٥J٤EW




٥J٤



אאאא
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אא

     Cos 30° = 2
L

ph

U

U
 

∴ 
2
LU = Uph × Cos 30°       →        Cos 30° = 3

2
 

∴ 
2
LU = Uph × 3

2
 

W
     UL = 3 phU×  
 

אFULE1,73אFUphEאאK
אאאאאאאאא
אאאאאFILKE

IL = Iph
אאאאאF٥J٥E

FאWE



٥J٥

אאאאK




אאאא
אאאאאאא
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אאאאW
אאאאאאא

אאאאא
אW

١J אULאאK
٢J אUphאאאא

אאW 
J אאאאאאאאא

אאאאK
J אאאאאא

אאאK 
אF٥J٦Eאאא

אאאאW


٥J٦
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אאאאאאא
אKאאאאאK


WאאW

אF٥J٧EFEאא
אאאאK

אאאאא
אאאאKאאאXאאVא

אYאאWאZאאUKFKE
אאאאKא

אאאK


٥J٧

אאאאאW
אF٥J٨EאאאאאאאאW




٥J٨
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אאאאאFULE
אFUPhEW

UL = Uph 

אאא
אאאא

Kאאא
אאFIphEאFILEאF٥J٩EKא

אא١٢٠°אK

2
Ι


٥J٩




Cos 30° = 2
L

ph

I

I
  

∴ Cos 30°× Iph = 
2
LI         →         Cos 30° = 

2
3  

∴  (
2
3 )× Iph = 

2
LI  

W
IL =  3× Iph 

אFILEאא1,73א
FIphKE
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
אW


٥J١٠

אF٥J١٠Eאאאאא
אאאאK



אאאא
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אאאא
אאאאאאאאאאK

אאאאאאW
١J אאFSWEאאW 

S = 3 × Uph × Iph
٢J אאFPWEP = 3 × Uph × Iph ×.Cos ϕ 
٣J אאFQWEQ = 3 × Uph × Iph×.Sin ϕ   

אאאאאאאאא
אאW

W  W 
P = 3 . Uph . Iph .Cos ϕ  P = 3 . Uph . Iph .Cos ϕ 

P = 3 . 
3
LU⎛ ⎞

⎜ ⎟
⎝ ⎠

.IL. Cos ϕ  
 

P = 3 .UL .
3
LI⎛ ⎞

⎜ ⎟
⎝ ⎠

. Cos ϕ  

P = 3 . UL.IL . Cos ϕ  P = 3 . UL.IL . Cos ϕ 


אאאW
S = 3 . UL.IL 

Q = 3 . UL.IL . Sin ϕ 



אאאא
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אאאאאW


אאאאא
ΩR=10אF٥J١١Eאא

400VאאאW


٥J١١

Iph = Uph
R

  Iph = Uph
R

  

      = 400
10

= 40A  

       =

400
3

10
= 23 A 

Php = Iph2 × R  Php = Iph2 × R 
       = (40)2 × 10=16000W          = 5290W 
P = 3×Pph=3×16000= 48000W  P = 3×Pph=3×5290=15870 
P = 48 KW.  P = 15,87 KW.  


אאאאKW

P∆  = 3×PY 
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אאאאאאW


אאאאאאאKא
אאW

W
3
LUUph =

WUph = UL


אאאאאאאאK
אFאEאאW

WIph = IL

W
3
LIIph = 


אאF٥J١٢EאאאאאאאW




٥J١٢
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אאW


אאאאאאאW
١J אאאWאאא

אאאאאאא
אאאאאאF٥J١٣EW 

 

    
EאאאKEאאא

٥J١٣


٢J אאאאFאWEא
אאאאא

אאאאאאW 
P = P1 + P2 



אאאא
אאאאאאא
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אאאאF٥J١٤EW


٥J١٤

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אFNKEא
אאאאאאאא

אאאאאK
٣J אאאWאאאא

אאאאאF٥J١٥WE


٥J١٥



אאאא
אאאאאאא
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אאאאאKW
P = P1 + P2 + P3 

אFCos фWE
אאאאאאאאP

אFULEאFILEאאW

Cos ϕ = 
3 L L

P
U I× ×

 

אאFEFE
אאאאאאאא

אאאאאאK


אאאאW

tan ϕ = 3× 2 1
2 1

P P
P P

−
+

 

אאW
אאאאאאאאא

אאאאW
Q = P × tan ϕ 

אאאאאK


אאW
אאאאאאאW

S =  3× UL × IL 
אאאאאאW

S = P
Cosϕ

 




 
 



אאאא
אאאאאאא
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
אא

אא
١EאאW

UL =  3   × UPh 
IL   = IPh 

٢EאאW
UL   = IPL 
IL     =  3   × IPh 

٣Eאאא

IPh = phU
Zph

 

٤EאאאאאWY / ∆  
P = 3  × UL × IL × Cos ф
Q = 3  × UL × IL × Sin ф 
S = 3  × UL × IL 


F١WE
١J אאא380V אא

FאEאאK 

Uph =
3
LU  

= 380
1,73

= 220 V 

 Uph = UL = 380 V 



אאאא
אאאאאאא
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F٢WE
22 Ωאא220V / 50 

HZ
١J אFUPhKE
٢J אFIPhKE 
٣J אFILKE 
٤J אאאK 

אW

1) UPh = 
3
LU  

= 220
1,73

= 127 V 

2) IPh  = phU
Zph

 

= 127
22

= 5,78 

3) IL  = IPh= 5,78 A 
4)  PPh = UPh × IPh × Cos ϕ 

= 127 × 5,78 × 1= 734 W 
P  = 3 × PPh 

= 3 × 734= 2202 W 
 

F٣WE
אאאאאאא220 v/ 50 Hz 

15,8 A،אאאאאאCos ϕ =1 
אW

P  = 3  × UL × IL × Cos ϕ 
= 1.73 × 220 × 15,8 ×1 
= 6013 W 

= 6013
1000

= 6,013 KW 



אאאא
אאאאאאא
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F٤WE
אאאאאאאא

380V12A0,8אאאאK
אW

P  = 3  × UL × IL × Cos ϕ 
= 1,73 × 380 × 12 × 0,8= 6311 W 

S  = 3  × U × I 
= 1,73 × 380 × 12= 7888,8 VA 

Q = 3  × UL × IL × Sin ф 
= 1.73 × 380 × 12 × 0,6= 4733 VAR 


F٥WE

אאא6,25KW380V
0,85אאאא
אW

I  = 
3

P
U Cosϕ× ×

 

= 6250
1,73 380 0,85× ×

= 11.1 A 

 
F٦WE

0.1Hאא220V/50HZ
אW

Q   ,   P   ,   IL   ,   IPh 
אW

XL  = 2 × π ×f × L 
= 2 × 3,14 × 50 × 0,1= 31,4 Ω 

IPh  = phU
Zph  



אאאא
אאאאאאא
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= 220
31,4

= 7 A 

IL  = 3  × IPh 
= 1,73 × 7= 12,1 A 

P  =  0  

Q  = 3  × UL × IL × Sin ϕ 
= 1,73 × 220 × 12,1 × 1= 4605 

F٧WE
אא3 Ω אא4 Ω

אא380V/50HZא
Jאא
Jאאא

אW
Z  = 22 XLR +  

= 22 43 + = 5 Ω 

UPh  = 
3
LU  

= 380
1,73

= 220 V 

IPh  = phU
Zph  

= 220
5

= 44 A 

IL  = IPh= 44 A 

Cos ϕ = R
Z

= 3
5

= 0,6 

P  = 3  × UL × IL × Cos ϕ 
P  = 1,73 × 380 × 44 × 0,6= 17355 W 
 



אאאא
אאאאאאא
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Q  = 3  × UL × IL × Sin ϕ 
= 1,73 × 380 × 44 × 0,8 = 23140 VAR  
 

F٨WE
אא380V/220V80KW

= 0,6Cos ϕ1אאא= 0,9Cos ϕ2א
١J אאאאאK
٢J אאK 

אW
Cosϕ = 0,6   ⇒   tanϕ = 1,33 
Q1  = P× tan ϕ1 

= 80 × 1,33 = 106,6 KVAR 

S1  = 
1

P
Cosϕ

 

= 80
0,6

= 133,3 KVAR 

Cosϕ = 0,9   ⇒   tanϕ = 0,48 
Q2  = P× tan ϕ2 

= 80 × 0,48= 38,7 KVAR 

S2  = 
2

P
Cosϕ

 

= 80
0,9

= 88,8 KVA 

QC  = Q1 -  Q2 

= 106,6 – 38,7= 67,9 KVA 

C  = 
22

Qc
f Uπ× × ×

 

= 
2

67900
2 3,14 50 (380)× × ×

= 1,497 × 10-3 F= 1497 µF 



אאאא
אאאאאאא

 
 

- ١٣٨ - 

א
١J אאאאK
٢J אאאK 
٣J אאK 
٤J אאאאW 

UL                  -                     IL

٥J אאאאאW
UL                  -                     IL

٦J אאאK 
٧J אאאאK 
٨JאאW P = 3 ×UPh ×IPh×CS ϕ   אא: 

                                 P = √3×UL×IL×CS ϕ      
אאאK

٩J W 
J אאאאK

J אאאK 
J אאאאK 

١٠J אאאאW
א

UPh 127 V22 V 380 V  
UL    380 V 220 V 

١١J 22 Ω
/ 50Hz220vאW 

P   ,   IL   ,   IPh   ,   UPh 
١٢J ،50 Ωא500V , 50Hz

אWP   ,   IL 
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


١٣J אא380 V   ,   50Hz3,1KWא
אאJKJK

١٤J אאאW 
η = 0,8   -   380V   -   1,9KW   -   Cos ϕ = 0,77 

אאאאW
J אאאאאK
J אאאאK 
J אאאK 
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K 

٧٧

J אאK٧٩
J K ٨٠
J אK ٨٨
J אאאאא

K 
٨٩

J אאאאא
K

٩٠

J אאאאא
K 

٩١

J אאK ٩٣
J K ٩٦
J אK ٩٨
J אאאאאאK ١٠٧
J אאK ١٠٨
J אאK ١١٠
J K ١١١


א

א


א


א


J אK ١١٥
 



אאא
אאא

 
 

 

 

א
א

אא
J אאאK ١١٧
J אאK ١١٨
J אאK١٢٢
J אאאא١٢٥
J אאאאאאK ١٢٧
J אאK ١٢٨
J K ١٣١
J אK ١٣٦
J אא١٣٨


א

א


א


א


א
 



 

 















 

 

 

 

 

 

 

 















אאאאאא

אאFאEא

GOTEVOT appreciates the financial support provided by BAE SYSTEMS        
 


