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אאא
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

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
אאWאאאאאאא

אKאאאאW
1K אאאאאאא

K 
2K אאאFאEא

127Vא220VK

אאWאאW
1J אאKאאK
2J אאאא،אאאאK 
3J ،אאKאאאאK 
4J ،אאאאאאאK 
5J אאאאאאאKאאKK 
6J אאאאאאאK 
7J אאאאK 
8J K 
9J אא 

10J אאאאK 
11J אאאאFאEאאK 
12J אאאK 
13J א،אאאאאא 
K 

14J א،א،אאKאאאK 
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אא


אאW
אאאאא

אאאאאא
אאF6-1E

אאאאאאא
אאאאאאK






F6-1E


אFEא

F6-2KEאאאאאא










F6-2E
אKאאאאאא
אWאqאאאאאK
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AWאאFm2E
ρWאFmKΩE

אאF6‐2EאW
אאאאאK

4JאאWאFאREאאא
אאאאW

J אאאאאK 
 

J אאאאK
J אWאאאאK

אאאאאאאW


F6-3KKKKKKKKKKKE
W

ρWאאאT
ρWאאא20 ˚c

T∆WאאאK= T - TT ο∆
αWאאאאc -1FאאE

אאF6-3EאRאאW

ρ = ρ  ( 1 + α ∆T) 



אאא
אאאא


אא




J102J 


F6-4KKKKKKKE


אאF6-1Eאאאאאא20 ˚c

א
אא

FmKΩEρ
אאא

αF   (˚c
81.6 10−× 33.8 10−×
81.7 10−×33.9 10−×

81.6 10−×34.5 10−×
810 10−×35 10−×
א

86%cu&12%Mne2%Ni 
844 10−×62 10−×


55%CU&1%Mn 44%Ni 

850 10−×61 10−×
53.5 10−×45 10−− ×

F1J6E


F2J6E
אאא2.8 × 10-8 Ω . m  

אW
אא1m81m −82 .8 1 0 −×


F6-3E

R = R  ( 1 + α ∆T) 



אאא
אאאא


אא




J103J 

א40 mא24m m81.7 10 .mρ −= × Ω
אאאK


א

 
L= 40 m

A = 4 mm2 = 4 × 10-6 m2

ρ = 1.7 × 10-8  Ω.m

 
                          

           
 

אאאאאאאא
K

F6-4E
200 ΩKאאאא20 .0 2 m m

ρ = 1.7 × 10-8 Ω . mאאאאאK



אאא
אאאא


אא




J104J 

אW


2 -6

-8

-6

-8

R  =  200 Ω
A = 0.02 m m  = 0.02 ×  10 m
ρ  =  1.7 ×  10  Ω .m
L = ?

A RL = 
ρ

0.02 ×  10  ×  200    =  
1.7 ×  10

    =  235.3 m




F6-5E

אאΩ4420 ˚cא
85 ˚cα = 0.0039 ° c -1K

אW


1

4 4
2 0
8 5

8 5 2 0 6 5
0 .0 0 3 9

(1 )
4 4 (1 0 .0 0 3 9 6 5 )
5 5 .2

R
T c
T c

T c
c e

R R T
α

α

°

°

−

°

= Ω
= °
= °

∆ = − = °

= °
= + ∆

= + ×
= Ω

 



אאא
אאאא


אא




J105J 

F6-6E
אאאאאF68 %אCU12 % 

Mn2%NiEα = 0.000002 °c-1א85˚cK


°

°

°

R =  4 4  Ω
T  =  2 0  ° c
T  =  8 5  ° c
∆ T  =  8 5  -  2 0  =  6 5  ° c
α  =  0 .0 0 0 0 1
R  =  R  ( 1  +  α  ∆ Τ )
   =  4 4  ( 1  +  0 .0 0 0 0 0 2  ×  6 5 )
R  =  4 4 .0 0 6  Ω



אאאאאא
אאאאאא

אאK


W
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אאFIEאא،FVEאאאFRE
אאא،אFIEאFVE

אF6-4Eא
אK
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
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
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F6-4E



אF6-4EאאKW

=ν
=
Ι

א


אאאא  RW




F6-5KKKKKKKKKKE



אF6-5EאW
אאאאK

Wאאאאאא
אאאאאאא

אאאK


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I
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

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P I V=


אאW

א،אאאאFאEא
אW

wP=
t


אFWEאא

אW
W = ∆P E = q v

W  = q vאאW
q  vp  =  

t
q

tאFIEאא،אאא
אFאEאאIW


F6-6KKKKKKKKKKKE




אאאאא،
VV=I RI VI

R
=

W


F6-7KKKKKKKE



F6-8EKKKKKKKKK


2vP = 
R

2P I R= 
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
FwattEFWEאא


F6-7E

א440 W220 VKאא
אאאK

אW
P  =  4 4 0  W
V  =  2 2 0  V
P  =  I  V
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v
4 4 0I  =   =  2 A
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F6-8E
W110 V ،100 WK

1K ؟אא 
2K אאK 
3K אאאא220 VאאK 


אW

א100 WWאאאאא100 JK
א110 VWאאאא110 VK
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אR 
2

2110 121
100

VR
P

R

=

= = Ω


3JאKאW
אאV 1 = 110 Vאא1ΙW




1
1

1

VI = 
R
110I =  = 0.91 A
121



א0.91 Aא110 VK
א2V =  2 2 0 V  אא1I

2
2

VI = 
R

220=  = 1.82 A
121



אאאK


א
אאאאאאW


WאאאW

אאאאאא
אF6-5E



אאא
אאאא


אא




J110J 

1 2   .........  eq nR R R R= + + + 








F6-5E


אאW
1J אF IEאאFI Eאאא
2J אFabVEאFאאa , bE،

אאאKW 

ab 1 2 3V = V + V + V
3J אאFאEאW

1 1 2 2 3 3V = I R     ,   V  = I R      ,   V  = I R
4K אאW

אאeqRאאא
אאאאאאF6-5EאאF6-5E

אאאאאeqRאW
1 2 3eqR R R R= + +

אאnאאאאאאW


F6-9KKKKKKE



eqRאא



אאא
אאאא


אא




J111J 


אאאW

אאאאאא
אאF6-6EאאK








F6-6E


אאW
1K אאabVW 

1 2 3  abV V V V= = =
2K אאאאאאאW 

1 2 3I = I  + I  + I
3K אאW 

ab ab ab
1 2 3

1 2 3

V V VI  =      ,     I  =     ,    I = 
R R R 

4K אאאאאeqR
،אW 



1 2 3

1 1 1 1

eqR R R R
= + +





אאא
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
אא




J112J 

אאnאאאאW


F6-10KKKKKKE



אeqRאאK






F6-9WE
1 2 32  ,  4  ,  5R R R= Ω = Ω = ΩW




אW
אא

1 2 3e qR R R R= + +
2 4 5 11= + + = Ω

אאK


1 2 3

1 1 1 1

eqR R R R
= + +


1 1 1 1 10 5 4 19

2 4 5 20 20eqR
+ +

= + + = =

20 1.05
19eqR⇒ = = Ω

F6-10E

1 2
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ε
ε




F 6-12KKKKKKKKKKKKKKKKKKKE


F6-12E
אא12 V0.2 A
אא11.5 VאW

1J אK 
2J אאאK 





אאא
אאאא


אא




J117J 


אW

אRW
V   =
R

11.5R =  = 57.5 
0.2

R =

Ω



3J אאאrW

ε = V + I r
ε - Vr = 

I
12 - 11.5r =  = 2.5 Ω

0.2








F6-13WE
אאF6-10Eאאאא0.5r = ΩK

1JאאאR tW
     12 0.5 12.5t eqR R r= + = + = Ω

2J אאאIW

eq

6 6I =  =  =  = 0.48 A
R + r 12 + 0.5 12.5

I = 0.48 A

ε





אאא
אאאא


אא




J118J 

3J א(V1 , V2 , V3 , Vr)W


3 3

1 2 1 2

1 2 12

1 2

r

V  =  I R =  0 .4 8  ×  9  =  4 .3 2 V
V  =  V  =  V
V  =  I R =  0 .4 8  ×  3  =  1 .4 4 V
V  =  V =  1 .4 4  V
V  =  Ir =  0 .48  ×  0 .5  =  0 .24 V





אאא
אאאא


אא




J119J 




1J אא30 cאאK
2J 3Aאא

אאא191.6 10e c−= × 
3J 600 m26mm2.8 Ω،

אאאK 
4J אאא81.7 10 .m−× Ω 
5J FאאEWאאא 
6J Wאאאאאאא

אאאאאK 
7J 0 .6 m mא4Ωאא

81.7 10 .m−× ΩZρ 

WאאאאFAEWA rπ=  
rWא

π W2 23 .1 4
7

=
8J 20 ˚c5.4 Ωא100 c˚א

אא  α = 0.004 ° c -1K  



אאא
אאאא


אא




J120J 

9J 4000 Wא120 V،
אא12 25 10 m−×א

71.44 10 .m−= × ΩρאאאאאאK 

10J אאאW 
J 10 Ω 
J 1200 W 
J אא12א V 


 

11J 15 Aא220 VאאK
12J א220 Vאאא5A

א 
13J 2 3R = Ω،1 6R = ΩאאW 

J אאאאK 
J אאא12 Vאאא

אאאK 
14J 2 2R = Ω،1 4R = ΩאאWא

W 
J אאאK 
J אאא18 Vאאאא

 Kאא
15J אא V12אא0.2 Aא

א40 ΩאאאאrK 



אאא
אאאא


אא




J121J 

16J אאW 
J אאאאאאאאK 
J אאאאאאאאK 
J אאאאאאK 

17J 2 3R = Ω،1 2R = Ωא12 Vאא
1 Ω،אאאאאאאW 

 
J א1א 2R ،R 
J אאאא 
J אא 
J אא 
J א 

18J אF6-15EאאאאאR 1 , R 2 , R 3 










אF6-15E


