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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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R1=2, R2=4, R3 = 6[Ω], E=20[V]�
���������
��
�
�������������

4

!"# =
!"!#
!" + !#

= 4×6
4 + 6 =

24
10 = 2.4

!-"# = !- + !"# = 2 + 2.4 = 4.4

. = /0 = / /! =
/"
! = 20"

4.4 =
400
4.4 = 90.909…
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����

!"# = %&%'
%&(%'

= )*×)*
)*()* =

)**
"* = 5

!)"# = !) + !"# = 20 + 5 = 25
�	: 25 [Ω]


�

0 = 12 = 1 1! =
1"
! = 100"

25 = 10000
25 = 400
�	: 400 [W]
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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�$-�� �
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��
243900[W]
253900[J]
26310/3[s]
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! = #$
����������

%&' =



	
= %&×%'
%& + %'

= 10×10
10 + 10 =

100
20 = 5

���������
%.&' = %. + %&' = 20 + 5 = 25

����

$ = #
% =

/
%.&'

= 100
25 = 4, ! = #$ = /$ = 100×4 = 400 [3]
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H = #×% = &'×%
&( = &) = * − &, = * − -,' = 100 − 20×4 = 100 − 80 = 20

R1
�	��

'( = &(/-( =
20
10 = 2 [5]

#( = &('( = 20×2 = 40 [7]
R1
��

8( = #(×%

1000 = 40%
% = 25 �
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!
"# = "% + "'
6 = 3"% + 2"#
8 = 4"' + 12"#

.6 = 3"% + 12("% + "') = 15"% + 12"'
8 = 4"' + 12 "% + "' = 12"% + 16"'

5"% + 4"' = 2
−) 3"% + 4"' = 2

2"% = 0
"% = 0

4"' = 2
"' = 0.5

"# = 0 + 0.5 = 0.5 "% = 0 5 , "' = 0.5 5 , "# = 0.5 [5]
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!
"# = "% + "'

0 = −"%*% + "'*'
−+ = −"#*# − "'*'

!
"# = "% + "'

0 = −2"% + 4"'
20 = 2"# + 4"'

!
"' = "# − "%
"% = 2"'

"# = 10 − 2"'
"' = 10 − 2"' − 2"'

5"' = 10
"' = 2

"% = 2"' = 2×2 = 4 [2]

i0

i1

i2
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R1=4Ω

I0

R2= 2Ω

R0 = 2Ω

E= 20V

I1

I2
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�
I0 = 4 [A]
I1 = 2 [A]
I2 = 6 [A]
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!2 = !0 + !1 (1)
) = !1*1 + !2*2 → 40 = 4!1 + 6!2 (2)
) = !0*0 + !2*2 → 40 = 4!0 + 6!2 (3)

3��������	���3�����
��
1 ��!0 = !2 − !1�(3)���

40 = 10!2 − 4!1 4
4 + 2

40 + 40 = 10!2 + 6!2 → !2 = 5 A
!2�(3)���

40 = 4!0 + 5×6 → !0 = 2.5 [A]
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!" = !$ + !& = 3 + !& 1
)& + )" = !&*& + !"*" → )& + 46 = 3!& + 4!" 2

)" = !$*$ + !"*" → 46 = 3×2 + 4!" 3
3 ��

!" = 10 A
1 ���

!& = 7 A
2 ���

)& + 46 = 3×7 + 4×10 → )& = 15 [V]
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5×2 = %×1
% = 10
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2Ω

5Ω

1Ω
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����������R0�������0[A]������
��R�������

5Ω

R R0

1Ω
2Ω

	�
R = 2.5 [Ω]
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�����
! = 1×1×% = π
' = (

! =
30
%

���	���

+, =
2
10 = 0.2

+/ = 0×+, = 0.5×0.2 = 0.1
∆3 = 34×+/ = 2×0.1 = 0.2 [0]


�
r	= 2 0

��
�
( = 30 N

	���
34 → 3;

����
<4 → <;
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! " = 3sin(")

�����������
�

��� π/4[s]������������

! *
4 = 3 sin *

4 = 3 1
2
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-3

-2

-1

0

1

2

3

0 1.56 3.12 4.68 6.24

��6-2 
	

�����������

! " = 5
3 sin(

1
2 ")

�����������
�

��� π/4[s]������������

! -
4 = 5

3 sin
-
8 18

-1.67

0

1.67

0 3.14 6.28 9.42 12.56
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2sin(& − (2)
�����������
�

��� π/6[s]������������
2sin(30-90)=2sin(-60)=-2sin(60)=-2�(√3/2)=-√3 19

-2

0

2

0 1.56 3.12 4.68 6.24
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	�R 8 [Ω]��!'%"$'#L 9 [H]���
������

f 1/2π�����V0 50 [V]����

)+*!'&(%'# ����

|Z| = 64 + 81 = 145
),*���� ���

( = 50
145 sin(. − 012

34(98))
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������� R=10[Ω]�
L=80[H]�C=0.2[F]����
!#"������
��

! = #
$% &' =

#
$% #( =

#
)%

!$"������	���
� ��� * �
���

* = + = 10
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�-��,#")r.��E-��
� 
R.��,��%3(��4�'!

?A@r=5[Ω] E=10[V] R4�	+&(+$ 

5=;>8=7<:9=6*�132�
�R-�
����4�/0!

�
����-(/-��.
! = # = 5

R*-����.

% = !&' = ! ('
(# + !)' =

10'
10' 5 = 5[/]

R

E

r
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021r=10[Ω]�R=30[Ω]&"-��(&�R'��%
��Rx/��"-�&%�R�*Rx%�� .-
��/�
�!#���(
(Rx(���/�
+,�

! = #$#
#$ + #

! #$ + # = #$#
!#$ + !# = #$#
!#$ − #$# = −!#
#$ ! − # = −!#

#$ =
!#
# − !

= 10×30
30 − 10 =

300
20 = 15

R

E

r
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[Ω]

Rx
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1/100� 1,000�
-20dB 30dB

10�
10dB
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1/2� 1/5�
-3dB -7dB

1/10�
-10dB
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(1)	�����100Hz���"����AD�
�����	��# !#��
������

! < 1
2%&'(

! < 1
2×100

! < 0.005 [.]

25

��12-1 ��

(2)	��
��25Hz���!����AD��
��
�	��"� "��
�������

! > 2!$%&
! > 2×25
! > 50 [+,]
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! = 8sin(6)* + ,

-)"��*),/2-���	+AD���)
���
�
���"�) '%��+�.3013-���/0
+��!���
��%���&�%(�$#)�

1 = 2)/
/ = 1

2)
/ = 6)

2) = 3[56]
.3013-���&�%(�$#)�

/ > 2/9:;
/ > 2×3
/ > 6 [56]
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