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1 [Ω]

2 [Ω]

3 [Ω]

3 [Ω] 2 [Ω]

8 [Ω] 2 [Ω]

7 [Ω]

2 [Ω]

3 [Ω]

4 [Ω]
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!$ = !& + !) +⋯+ !'

!����
� ���������"

! = !& + !) + !+ = 1 + 2 + 3
= 6


�$ 6 [Ω]

��# ��!#"
!& = 1 [Ω]

!) = 2 [Ω]

!+ = 3 [Ω]
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! =�
�
= !#×!%
!# + !%

= 3×2
3 + 2 =

6
5 = 1.2


�� 1.2 [Ω]

��� �����

!# = 3 [Ω] !% =
2 [Ω]
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!"# =
�

	
= !"×!#
!" + !#

= 8×2
8 + 2 =

16
10 = 1.6

���������
!"#- = !"# + !- = 1.6 + 7 = 8.6


�� 8.6 [Ω]
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8 [Ω]

!#
2 [Ω]
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( 1
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= 1
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+ 1
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+⋯+ 1
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1
2 +

1
3 +

1
4 =

1×6
12 + 1×412 + 1×312 = 6

12 +
4
12 +

3
12 =

13
12

&.↑��������"�� 
13
12��� = 12

13
��(
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'1 [Ω]

��% ��#'$

2 [Ω]

3 [Ω]

4 [Ω]
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5 [Ω]

10 [Ω]

4 [Ω]

10 [Ω] 15 [Ω]

3[Ω] 7 [Ω]

18 [Ω]

3 [Ω]

5 [Ω] 15 [Ω]
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5 [Ω]

10 [Ω]

4 [Ω]

10 [Ω] 15 [Ω]

3[Ω] 7 [Ω]

18 [Ω]

3 [Ω]

5 [Ω] 15 [Ω]

19 6 20.1 5/3[Ω]
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3
2 [Ω]

5 [Ω]

6
7 [Ω]

0.3 [Ω] 1
2 [Ω]
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r = �"1[Ω]

A’ B’
BA
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A’B’�.�1*!
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!" =
20 + 6 + 35

30
*+
= 61

30
*+
= 30
61

������
�

!- =
0.3×0.5
0.3 + 0.5 =

0.15
0.8 = 15

80 =
3
16

���
�

!" + !- =
30
61 +

3
16 =

30×16 + 61×3
61×16 = 480 + 183

976 = 663
976663

976 =
3×13×17
61×24

3
2	[Ω]

5	[Ω]

6
7	[Ω]

0.3	[Ω] 1
2	[Ω]

A

B

���������� = �� 663
976
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! = 2$ + $!
$ + !

! − 2$ = $!
$ + !

! − 2$ ! + $ = $!
!' − $! − 2$' = $!
!' − 2$! − 2$' = 0

����
&�&	
(*

! = ')± +),-.),
' = ')± /'),

' = ')±') 0
' = $ ± $ 3 = $(1 ± 3)

r = 1,���!
! = 1 ± 3 = 1 ± 1.732…

���'�&�,
)$�&"��'��&(�%$+�

! = 1 + 3

BA

R

r r

A’ B’

./-
��R

r
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R1=1, R2=8, R3 = 12[Ω], E=58[V] !%
��"$�!��&���� �

')(����"����&
#$�

'*(5����&���	�R1���
�%
�&
#$�

29
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)+*����

! = #$
→ ��#����(�'"$���#�� ��

→ ��#��(�'"$���#��)

��* ��

%!

��(�&'

�����)�	�*

%&' =
�

�
= %&×%'
%& + %'

= 8×12
8 + 12 =

96
20 = 4.8

�����)��*
%2&' = %2 + %&' = 1 + 4.8 = 5.8

����

$ = #
% =

4
%2&'

= 58
5.8 = 10, ! = #$ = 4$ = 58×10 = 580 [7] 30
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H = #×% = &'×%
R1 ����'�$�!R1 �������$
→ R1 ��!�� ������ + ��!&����$

→ R1 ��!(*) 
��	"#%$
&( = )(' = 1×10 = 10

R1 ����
#( = &(' = 10×10 = 100
R1 �
�
,( = #(×% = 100×5 = 500 ./ = 500[1]

31
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R1=0.1, R2=1, R3 = 9[Ω], E=30[V]()0
��+/�)��1��"%(!

243����1
./�

25310����1�"%	+R1'�
�#0
�1
./�

�263R1*��&300[J]+
�1�0
%.*,�����1�$-��
 �

32
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R1=0.1, R2=1, R3 = 9[Ω], E=30[V]*+2
��-1�+��3��$'*#

465����3
01�

47510����3�$'	-R1)�
�%2
�3
01�

�485R1,!�(300[J]-
�3�2
'0,.�����3�&/��
"�

33

� 
465900[W]
475900[J]
48510/3[s]
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!" + !$ = !&

�����

���: '", �	��: *"!", *&!&
���������
���
'" = *"!" + *&!&
20 = !" + !&
�����

���: '$, �	��: *$!$, *&!&
���������
���
'$ = *$!$ + *&!&
50 = 2!$ + !&

��

��

��

.
!" + !$ = !&

20 = !" + !&
50 = 2!$ + !&

.
!" + !$ − !& = 0

!" + !& = 20
2!$ + !& = 50
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!
" + 2% − 2' = 3
" − % + 3' = 4
2" + 3% − 5' = 1

�!	
����x�������!�����
�"	
��y������� �����
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!
" + 2% − 2' = 3⋯�

" − % + 3' = 4⋯�

2" + 3% − 5' = 1⋯�

�������
" − % + 3' = 4
" + 2% − 2' = 3
−3% + 5' = 1

�����2���
2" + 3% − 5' = 1
2" + 4% − 4' = 6

−% − ' = −5
% + ' = 5

X���

/
" + 2% − 2' = 3
−3% + 5' = 1

% + ' = 5

− )

− )
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!
" + 2% − 2' = 3⋯�
−3% + 5' = 1⋯�

% + ' = 5⋯�
����3�
�

% + ' = 5
−% + 53' =

1
38

3 ' =
16
3

' = 2
��z=2���

−3% + 10 = 1
−3% = −9
% = 3

��y=3, z=2���
" + 6 − 4 = 3

" + 2 = 3
" = 1

" = 1, % = 3, ' = 2

+ )
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!" + !$ − !& = 0⋯①
!" + !& = 20⋯②
2!$ + !& = 50⋯③

	 − �
!" + !& = 20
!" + !$ − !& = 0
−!$ + 2!& = 20⋯②’


 + 	’ �

2!$ + !& = 50

−2!$ + 4!& = 40
5!& = 90
!& = 18

��

��

��

!& = 18�	′���
−!$ + 36 = 20

−!$ = −16
!$ = 16

��!$ = 16, !& = 18���
!" + 16 − 18 = 0

!" − 2 = 0
!" = 2

!" = 2, !$ = 16, !& = 18 [9]
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R1=4Ω

I0

R2= 2Ω

R0 = 2Ω

E= 20V

I1

I2
40
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R1=4Ω

I0

R2= 2Ω

R0 = 2Ω

E= 20V

I1

I2
41


�
I0 = 4 [A]
I1 = 2 [A]
I2 = 6 [A]
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3 [V]

1 [Ω] 1 [Ω]

1 [Ω]1 [Ω]

1 [Ω]
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3!" − !% − !& = 0

a

3 [V]

!"

!% !&

a

b c

d e

a

!"

a

b c

!% !&
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%
3!' − !" − !$ = 0

−!' + 2!" − !$ = 3
−!' − !" + 3!$ = 0

a

3 [V]

!'

!" !$

a

b c

d e



!��� SGPE

!", !$, !%?�8.;,>->5��4:/0
��
4�>=��(�7=#

b4�>=��6!"2!$5��
!& = !" − !$ = 1.5 − 3 = −1.5 [A]

Q. c4�>=��6U
GPET ��?:)�=2$=INDB��430%=#

Q
���9�<�/0%=R

AOGKDH4:=����2��+='#

a

3 [V]

!"

!$ !%

a

b c

d e

!"?JMC2�	 !$6!"2�351
L@FC

�&(L@FC43/.51"
JMC2�	*.!"2���41.5 [.]

1.5 [.]
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3 [V]

1 [Ω] 1 [Ω]

1 [Ω]1 [Ω]

1 [Ω]

1.5 [%] 0 [%]

1.5 [%]

1.5 [%]1.5 [%]



���

��R0�������0[A]������
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1Ω

R R0

3Ω
2Ω

47
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1
" =

2
3

" = 3
2

= 1.5 Ω
R0

3Ω

1Ω 2Ω

R

�����& )$"$(%'#!����
������
	������������
��������
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����������R0����
��0[A]������
��R�������

5Ω

R R0

1Ω
2Ω

	�
R = 2.5 [Ω]
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I(t)

R

E
C

�� ���E=32 [V]�
	R=4 [Ω]
(-*-) ����C=5 [F]

(.)���τ �&�"#�
(/)
	��%$����� ',+&
���',+�!����� ��
��������� � ����
� �&
�����

50



����/

������E=20 [V]�
	R=5 [Ω]
&#,���#-)$(-'L=15 [H]

(.)���τ��
(/)
	��! ������%+*"
���%+*����������
����������������
���"
�����

I(t)

R

L
E

51
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��,���
R2�/0 

R1=20, R2=10, R3=10[Ω]

����2E = 100[V])$'�
354��,��P2�/0 

364R2(1000 [J],��2��#

%1+-�����2�%
.�!" 

R1

E

R2 R3

52 / 32
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R1=4Ω

I0

R2= 6Ω

R0 = 4Ω

E= 40V

I1

I2
53
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������ E1��V
�

R1=3Ω

I0 = 3A

R2= 4Ω

R0 = 2Ω

E1

E2= 46V
54


