
��������

2017 ����
 ���� 2017.6.5��

2017 ����
 	
��� 2017.7.24��

2018 ����
 ���� 2018.5.31��

2018 ����
 	
��� 2018.7.26��



2017 ���	 �1UTW 2017.6.5��

�) ("K�D("�#I)+?Q;F4

�&E5RL/��-�K F>D�6O4g
,��HGK��A@)+?Q;F4

1. ��J	 �H��0IC6D"7O4

(1) -�v

F%<RQ4

(2) �-�

K(3) �

J
$�FBJ��S)+AO4

BJ��K

F
a

E5Q4

F=
J
$�FBJ��S)+AO4

<M=MH��0S�:;F8E9Q4

(4) (3)J�K.��!�E5P3;J�S
�?Q;FIOP

�2<RD6QXVYJ��K6@RN*�E5P3
�9<K�'E9QNJF?Q4



�
���	!
�� �(3)�	���!x
dvm dx Fdx
dt

=ò ò
dvm vdt Fdx
dt

=ò ò
dvm v dt Fdx
dt

æ ö =ç ÷
è øò ò

����������"$%#&!�����!

���� ���"$%#&����

d dt Fdx
dt
æ ö

=ç ÷
è ø

ò ò�

�� �

�� �

����

������



2. �0�,-��(7��"x
2t =

( ) 3 23 2 1v t t t= + +
15
0�,-

%1��2 [ s ]0!$7��2 [m] . 7�

(1) 1t t=
(2) ��

0!$7��1��	

9

9�45�
1( )a t

x(t) 1�
/'-�)�t

d F
dt
æ ö

=ç ÷
è ø

(5) 3+�(3)1
9��(7/

p
�1��2���. 6�*1��2

�

/!#/

/�&87�

�9

. 7�%1��

( )d p F
dt

= dp Fdt=

"��. 6�*1��2Fdt

��(7�

. 7�



3. ��K0
JF9G$�J�&AQ�S�J ;-M7
DK0
K0
�(�S+.CO8

(2) $�SWVS�Q@E%�HK��
0


9BRK0
N$�K,2L I@71��/�Lm

I@G&9O)(WV��L k

(1) ��K�/� H��AQTYXZU	H$�S

3'�=�=?CQ0
 (
/� )
a

(3) ���:�<�6S"P4PQ0

IAQ)(
����L k

f
N

µ =

(4) 5#K*�0


kv
>KI;7)!��:�<NKI@7DK)!K���

K�;?L IAQ8

IAQ8g

0v



ax

(1) (2)
x

a
a

q

a

a

x

(4)(3)



4.', B��H�%3F-��8�8:G+�H$2G/

(5) 	C�%A�=>6G�


(4) +��!�3F��

(2) 9B+�B+��!�H&)<E/

1t

( ) ?B�#IKLJM

(3) +��!�3F*�

t

m

(7) 0G�


H�7/v(t)
H�7/x(t)
H�DE/

��B
1A"2E/

( )4E(t) = K(t)+U(t)

U(t)

(1) +��A��A��:G�H�5(D/

1t t£

(6) 0G�
 ( ) ?B+�IKLJM H�DE/t K(t)1t t£
H�DE/

(8) ���IKLJM
�.A�F;��?0G9@H </

1t t£



,����(9) )
LORMS
t BNQP?$9-

@8I-

,�"LORMSK(t) U(t)
K:J;J�+LORMS E(t)

�7, 1t t£

(10) 
$A#!8I�+B(� K�FG-1v

2��7<@8I-E<,6B� C*�

(12) 6B#!C����#!?.=<-

F x

0

A�D>���34,#!�B*�B	�C�%?3I@8I-

K�FG-

(11) 
$A#!8I�+B)
���K&'9G-

I

F#!A0/>�

��2
$1H�5<� 



2017 ���	"��VUX 2017.7.24 ��

�) *$L�E*$�%J+-@R<G5

�(F6SM1��/�L G?E�7P5g
.��IHL!�BA+-@R<G5

1. ��K	" I��2JD7E$8P5

(1) /�v

G'=SR5

(2) �/�

L(3) �

K
&�GCK��T+-BP5

CK��L

F
a

F6R5

F=
K
&�GCK��T+-BP5

=N>NI��2T�;<G9F:R5

(4) (3)K�L0��#�F6Q4<K�T
�@R<GJPQ

�3=SE7RYWZK��L7ASO,�F6Q4
�:=L�)F:ROKG@R5



�
���	!
�� �(3)�	���!x
dvm dx Fdx
dt

=ò ò
dvm vdt Fdx
dt

=ò ò
dvm v dt Fdx
dt

æ ö =ç ÷
è øò ò

����������"$%#&!�����!

���� ���"$%#&����

d dt Fdx
dt
æ ö

=ç ÷
è ø

ò ò�

�� �

�� �

����

������



d F
dt
æ ö

=ç ÷
è ø

(5) +$�(3))�0	
".&

p
�)��*���%�-�#)��*

�

&��&

&�!/.�

�0

%�.� )��

( )d p F
dt

= dp Fdt=

���%�-�#)��*Fdt

%�.�

(6) !,(�(3))�03124%�����(���,
)
�0�.&r!

dvr m r F
dt

´ = ´
! !! !

( )dr mv r F
dt

´ = ´
!! ! !

��3124

&'.�

( )A!



d r mv r F
dt
æ ö´ = ´ç ÷
è ø

!! ! !

������

� �

��
�

( ) ( )d dr dr mv mv r mv
dt dt dt

´ = ´ + ´
!

! ! ! ! !

( )dmv r mv
dt

= ´ + ´! ! !

=

�


	�
��� �( )A

�



�� �!
���

� �!

�� �!� )+(*' ��#�

dL N
dt

=
!
!

����������%&��� ��	�����"�

L
!

N
!

��#�

��$�

��$�

� 
�!

� 
�!



2. ��<$
;7,8��;��3B�D�;�.!>*
6<$
<$
���D�"5@+

,4C<$
?��< &= :2*%��#�=m

(1) ��<�#� 9��3BEHGIF	9��D

'��0�015B$
 (
#� )
a

:3B+g

0v
x

a
a

(2) ���-�/�)D�A(AB$

:3B)(
����= k

f
N

µ =



(2) 
��!�"��-�+�+,��
'$,)(�
���) k

f
N

µ =

q

a

(3) ��+�(��

S
�
�&�-� ��%*�

(�(��) ��(��	- ,ra aq'#�r q
'$,�)

���

q l

o

m



(2)

(1)

F
!
qx

y

F
!

x

r xF

yF

3. ������������ ���
�����
��| |N
!

�	������




( )x t

(2)

(1)

( )( ) sinx t A tw f= +
N�HI4

0(0) 0, (0)x v v= =

1 0 1( ) , ( ) 0x t x v t= =

4. 
��F�') E85A3

��F��N�@>I6D

!	F+/N

0t =
m

B
-� N��;E�7LC3!	G
��N=@4

C>L4
0v

(2) !	F��

3PO��N k

3�-�

(1) !	F.��$�N*,?I4

( )v t N�HI4( )a t( )x t

5. DHJ9D��2�E�9JPO:�K�<JMA5L4

��F�5E%7I4

POG& 0F"�B1�=A5LC>L4

3-�

( N#5A(?)0 , ,v m k



��>�=�/A,

6. !(

g

x

(1) ��=��7C	D�3"@,

(2) 4>%�>%����D #8A,

%����D

(3) 4>%�=0-:	��EGHFI2�
6:-C4<D

<7C,�6+'	
$�?

&��) (	�) ��>�)6�8>.91)D&�6:��8A,

m

0

;��7C4<;�3+	��EGHFIx
D�@A,

1B����58C,>��D*5 h

h



7.%+ @-�1"�8F)	G!0F/

��@�?�0E/

kv

m
5@=2.����1�3D@=7.

:@��@���@
26A =8F/

(1) ��?��8F�G�2&C/

(2) 5@)	@)	���G$'9E/

v t( )

(3) 

A

x

( ) 1
k t
mmgv t e

k
-æ ö

= -ç ÷
è ø

)	���G#3=.(�

=>F/

HJIG�4/B;.��<@�2G�CE/

(4) 
��,1 *7;��@(�G$'9E/

v t-

0



8. 
�)&:�#;� 

(1) +4�	4�	���;��.8%

2,0�'08'2-:%kf Nµ=�,$	
��5

;�7$+4�	)�����	1

m4��)-69!9:�	4�	
;�(:%��4
3�(8%

(2) +4�	4��� a
&:+2;�.%

(3) +4�	1��)�" ;�	,/2-:2*$	
��

),/�� ;�78%W
�

L




B�A�ALNKMJ

A"�

&�
) (��) ��A
)9�13A-:2)I&�4< �6D+

2A�0�#4?,��I�.9,+��A
,@�.D+

A

"�0�F�1EH*�=;G3<,G+

A�A��@"'L MA"�>"'m

xm

L

M

9.�AD-?(3

�A"'I >49��m

(2) �A�#A%	���I!$6D+

I�CD+(3) �0	/?,9CA�I;G5�� x

(1) �=;G3H<,G�I��>4<*"' ,m M
N
!
I7H8H�CD+



�=)1>

:28�-@-+

*��=#'> m

,A��

l

q

9,A+

9�:(��=;3!C

(2) ���

r(1) �	* �	=�%
C :27:0*q ,ra aq
5B6B=�	=&����C"$4@+

��=
-<�/@+

C�?@+

��C��=��<28�2*�&�147:3A+

BT

10. �=@.;�&�=EDFC /A+

t

m

Cq l

o
A

B

C

B9=�=��

(3) � C�?@+CTC :3A+�=��9=;3!C Cq



�A,5B

>6<�0D0.

-��A%*B m

/E��

m

r

o

r

q

=/E.

=�>+� A?7#G

(2) ��31
&7E;C@�"?�(

r(1) ��- ��A	(�G >6;>4-q ,ra aq
9F:FA��A)
���G$'8D.

��A�0@�2D.

A��G�CD.

0v

���=����@�( 0v G�2;>4

0v

11. �AD1?�)
AIHJG!2E.

t



. �38+A1:B!5

=��9*A)��<�+;#,?)
0r

0 0,r v
<�
�B&2 9"&�'
38+A)

(2) &�

| |a!(3) 	&�<�/2 B�>?)

(1) &�

:	&�

v!

0v

:�$HEFI . �38+A1:B!5)r!

v! a!

12.��.��

13. �<��@�;-+8(CGIDJ��;7+8%4(
���B��;36CGIDJ<�B�0)

q l

o

m



2018 ���	 �1UTW 2018.5.31��

�) ("K�D("�#I)+?Q;F4

�&E5RL/��-�K F>D�6O4g
,��HGK��A@)+?Q;F4

1. ��J	 �H��0IC6D"7O4

(1) -�v

F%<RQ4

(2) �-�

K(3) �

J
$�FBJ��S)+AO4

BJ��K

F
a

E5Q4

F=
J
$�FBJ��S)+AO4

<M=MH��0S�:;F8E9Q4

(4) (3)J�K.��!�E5P3;J�S
�?Q;FIOP

�2<RD6QXVYJ��K6@RN*�E5P3
�9<K�'E9QNJF?Q4



�
���	!
�� �(3)�	���!x
dvm dx Fdx
dt

=ò ò
dvm vdt Fdx
dt

=ò ò
dvm v dt Fdx
dt

æ ö =ç ÷
è øò ò

����������"$%#&!�����!

���� ���"$%#&����

d dt Fdx
dt
æ ö

=ç ÷
è ø

ò ò�

�� �

�� �

����

������



2. �0�,-��(7��"x
2t =

( ) 3 23 2 1v t t t= + +
16
0�,-

%1��2 [ s ]0!$7��2 [m] . 7�

(1) 1t t=
(2) ��

0!$7��1��	

9

9�45�
1( )a t

x(t) 1�
/'-�)�t

d F
dt
æ ö

=ç ÷
è ø

(5) 3+�(3)1
9��(7/

p
�1��2���. 6�*1��2

�

/!#/

/�&87�

�9

. 7�%1��

( )d p F
dt

= dp Fdt=

"��. 6�*1��2Fdt

��(7�

. 7�



3. ��K0
JF9G$�J�&AQ�S�J ;-M7
DK0
K0
�(�S+.CO8

(2) $�SWVS�Q@E%�HK��
0


9BRK0
N$�K,2L I@71��/�Lm

I@G&9O)(WV��L k

(1) ��K�/� H��AQTYXZU	H$�S

3'�=�=?CQ0
 (
/� )
a

(3) ���:�<�6S"P4PQ0

IAQ)(
����L k

f
N

µ =

(4) 5#K*�0


kv
>KI;7)!��:�<NKI@7DK)!K���

K�;?L IAQ8

IAQ8g

0v



ax

(1) (2)
x

a
a

q

a

a

x

(4)(3)



4.', ?��D�%3B.8

(5) �%>$�9C��

(4) +
���3B
�

(2) 7?+
?+
���D&);A/

1t

( ) <?�!EGHFI

h

(3) +
���3B*�

t

m

(7) 0C��

?��<"�#�8;C/

D�6/v(t)
D�6/x(t)

D�@A/

��?�1> 2A/

( )4E(t) = K(t)+U(t)

U(t)

(1) +
�>��>��9C	D�5(@/

1t t£

(6) 0C�� ( ) <?+
EGHFI D�@A/t K(t)1t t£
D�@A/

(8) 	��EGHFI
�->�B:��<0C7=D�;/

1t t£



,����(9) )
LORMS
t BNQP?$9-

@8I-

,�"LORMSK(t) U(t)
K:J;J�+LORMS E(t)

�7, 1t t£

(10) 
$A#!8I�+B(� K�FG-1v

2��7<@8I-E<,6B� C*�

(12) 6B#!C����#!?.=<-

F
A�D>���34,#!�B*�B	�C�%?3I@8I-

K�FG-

h
(11) 
$A#!8I�+B)
���K&'9G-

I

F#!A0/>�

��2
$1H�5<� 

x



2018 ���	"��VUX 2018.7.26��

�) *$L�E*$�%J+-@R<G5

�(F6SM1��/�L G?E�7P5g
.��IHL!�BA+-@R<G5

1. ��K	" I��2JD7E$8P5

(1) /�v

G'=SR5

(2) �/�

L(3) �

K
&�GCK��T+-BP5

CK��L

F
a

F6R5

F=
K
&�GCK��T+-BP5

=N>NI��2T�;<G9F:R5

(4) (3)K�L0��#�F6Q4<K�T
�@R<GJPQ

�3=SE7RYWZK��L7ASO,�F6Q4
�:=L�)F:ROKG@R5



�
���	!
�� �(3)�	���!x
dvm dx Fdx
dt

=ò ò
dvm vdt Fdx
dt

=ò ò
dvm v dt Fdx
dt

æ ö =ç ÷
è øò ò

����������"$%#&!�����!

���� ���"$%#&����

d dt Fdx
dt
æ ö

=ç ÷
è ø

ò ò�

�� �

�� �

����

������



d F
dt
æ ö

=ç ÷
è ø

(5) +$�(3))�0	
".&

p
�)��*���%�-�#)��*

�

&��&

&�!/.�

�0

%�.� )��

( )d p F
dt

= dp Fdt=

���%�-�#)��*Fdt

%�.�

(6) !,(�(3))�03124%�����(���,
)
�0�.&r!

dvr m r F
dt

´ = ´
! !! !

( )dr mv r F
dt

´ = ´
!! ! !

��3124

&'.�

( )A!



d r mv r F
dt
æ ö´ = ´ç ÷
è ø

!! ! !

������

� �

��
�

( ) ( )d dr dr mv mv r mv
dt dt dt

´ = ´ + ´
!

! ! ! ! !

( )dmv r mv
dt

= ´ + ´! ! !

=

�


	�
��� �( )A

�



�� �!
���

� �!

�� �!� )+(*' ��#�

dL N
dt

=
!
!

����������%&��� ��	�����"�

L
!

N
!

��#�

��$�

��$�

� 
�!

� 
�!



2. ��1��0,#-��0��(6	8�0�$�3!
+1��1�����8��*5"

#)71��4��1��2 /'!�	
��2m

(1) �
1
�� .��(69<;=:�.��8

 ��%�%&*6�� (��� )
a

/(6"g

0v
x

a
a



(2) 
��!�"��-�+�+,��
'$,)(�
���) k

f
N

µ =

q

a

(3) ��+�(��

S
�
�&�-� ��%*�

(�(��) ��(��	- ,ra aq'#�r q
'$,�)

���

q l

o

m



(2)

(1)

F
!
qx

y

F
!

x

r xF

yF

3. ������������ ���
�����
��| |N
!

�	������




( )x t

(2)

(1)

( )( ) sinx t A tw f= +
N�HI4

0(0) 0, (0)x v v= =

1 0 1( ) , ( ) 0x t x v t= =

4. 
��F�') E85A3

��F��N�@>I6D

!	F+/N

0t =
m

B
-� N��;E�7LC3!	G
��N=@4

C>L4
0v

(2) !	F��

3PO��N k

3�-�

(1) !	F.��$�N*,?I4

( )v t N�HI4( )a t( )x t

5. DHJ9D��2�E�9JPO:�K�<JMA5L4

��F�5E%7I4

POG& 0F"�B1�=A5LC>L4

3-�

( N#5A(?)0 , ,v m k



"��& (��) ��;�&6�8;+51&B"�16��3>(

7�%2@CFEGD.)@(α
0;CFEGD
: $ m;��.�:�-A6*@(

(1) ��:��2@�B�	3>(

��;�:�,>((�1'#��!�< 816�*@08)

(2) ��.�-?
/@���� B�=>(N
(3) ��.�#$:9@4=;��B�=>(

g

6. ��;�!�

α



7.%+ @-�1"�8F)	G!0F/

��@�?�0E/

kv

m
5@=2.����1�3D@=7.

:@��@���@
26A =8F/

(1) ��?��8F�G�2&C/

(2) 5@)	@)	���G$'9E/

v t( )

(3) 

A

x

( ) 1
k t
mmgv t e

k
-æ ö

= -ç ÷
è ø

)	���G#3=.(�

=>F/

HJIG�4/B;.��<@�2G�CE/

(4) 
��,1 *7;��@(�G$'9E/

v t-

0



8. ��0-A�*B &

(1) 2;%�;%����B�#5?,

937�.7?.94A,kf Nµ=�3+���
<

B�>+2;%�0��$�%�8

m;��04=@(@A%�;%�
B�/A,��;
:�/?,

(2) 2;%�;�$� a
-A29B�5,

2;%�8��0!) B��3694A,L

(4) ���
036�� B�>?,W
�

(3) %����;�"B 8�	3+��9CEFDG;

'��B�1,

x



&�
) (��) ��A
)9�13A-:2)I&�4< �6D+


B�A�ALNKMJ

A"�

2A�0�#4?,��I�.9,+��A
,@�.D+

A

"�0�F�1EH*�=;G3<,G+

A�A��@"'L MA"�>"'m9. �AD-?(3

�A"'I >49��m

(2) �A�#A%	���I!$6D+

I�CD+(3) �0	/?,9CA�I;G5�� x

(1) �=;G3H<,G�I��>4<*"' ,m M
N
!
I7H8H�CD+

xm

L

M



�?*3@

<4:�.B.,

+��?$(@ m

-C��

l

q

;-C,

;�<)� ?=5"E

(3) ���

r(1) �	+ �	?�&�E <49<1+q ,ra aq
7D8D?�	?'����E#%6B,

��?
.>�0B,

E�AB,

��E�
?��>4:�4+�'�369<5C,

BT

10. �?B/=�'�?GFHE!0C,

t

m

Cq l

o
A

B

C
B;?�?��

(4) � E�AB,CTC <5C,�?��;?=5"E Cq

(2) ���
�2,

B



11. �KN9I�2�O�KTSUR%:P6

#K��

#K3?L

(1) ��4J� I,R
O5/	�!�R)-BN6

G7PHAP6��K
8J":N6

5��K*0L m
��L��4�G�/	@F8F5#H1 $K

5��K.?

l

0q

G7P6

IA(L

H'A>H<G=P6

(3) �&�J5�4���J;8F

r(2) ��4�K�/	J;8F5���RHO5 ��5 ��q

/	�!�R)-BN6

22

2r
d r da r
dt dt

qæ ö= - ç ÷
è ø

2

22 dr d da r
dt dt dtq

q q
= +

5�+K�� R�MN6S Tv

K�.�R H@EH=5CQDQK��K,ra aq

m

0q
l

o



���#%�-!'.�$

*��&�-���)��(��,�
0r

0 0,r v
)���.�" &����	#%�-�

(2) ��

| |a!(3) ���)
 " .�+,�

(1) ��

'���

v!

0v

'��1/02 ���#%�-!'.�$�r!

v! a!

12. ���
�



13. �03!.�
5	/# ,�
7�9

-.6'-9�)+ ���0� /�"3�

��0�����$4

(3) ��0�����9��*3�

(2) �

(1) ��0�(9

-)+-%�q

v

(4) ��0�9
&�

-)+-%��

1850�0<>;=:9�23�

o

o

2

2 sind g
dt l
q q= -

m

q l

o

1850����9�*�


