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GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBHIKJ�LMJ$N=JPO$QRO,S

TB�! ���U
R = 1, 2 V ; ϕ = At + Bt3;
A = 0, 5 W$X!Y / Z ; B = 0, 2 W$X!Y / Z 3;
t = 4 ZGBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

aτ , an, a
^`_�ab_�c,d�_
e]fg&���-:��"1���$��%�����
�'h����fi&���-����6�����$��%��� ���� \ %�����-��#jb�� �����
�������� \ �k����%#�$jk �����
��l%,�!-� �(m������
�-���
�.
��
�-��� � ���U

ω =
dϕ

dt
= (At + Bt3)′ = A + 3Bt2;

ε =
dω

dt
= (A + 3Bt2)′ = 6Bt;

nM�! �f��� �3��,�*&�'� ������� ���%�oK�*&�'� ����	�����$��%��� ��#"�
���������U
aτ = εR = 6RBt; an = ω2R = (A + 3Bt2)2R;0	��&� ����	�����$��%��� ����

a =
√

a2
τ

+ a2
n>?()�����2&,"���op-��2&������� �(q��&,"�or��or�� #
��s-�%���or�� ��

t = 4 Z U
aτ = 6 · 1, 2 · 0, 2 · 4 = 1, 44 V / Z 2;
an = (0, 5 + 3 · 0, 2 · 42)2 · 1, 2 = 16, 43 V / Z 2.0	��&� ����	�����$��%��� ����

a =
√

(1, 44)2 + (16, 43)2 = 16, 49 V / Z 2.GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO$Q+t�S
TB�! ���U

R = 1 V ; ξ = At + Bt2;
A = 8 V / Z ; B = −1 V / Z 2;
t = 2 c.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

v, a
^`_�ab_�c,d�_

&%
'$

u�
an

A
A
AK
~a

��+
R

6aτ

v ����%�����
�'���-��#jb�� ��#"h
�������� \ �b����%#�$jk �����
���U

v =
dξ

dt
= (At + Bt2)′ = A + 2Bt.

>wor��or�� #
s-�%���or�� ��
t = 2 Z U

v = 8− 2 · 1 · 2 = 4 V / Z .
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nM�! �f��� �3��,�*&�'� ����	�:���$��%��� �����
���������U

aτ =
dv

dt
= (A + 2Bt)′ = 2B = 2 · (−1) = −2 V / Z 2.

�	��%�oK�*&�'� ����	�����$��%��� �����
���������U
an =

v2

R
=

42

1
= 4 V / Z 2.

0	��&� ����	�����$��%��� �����
���������U

a =
√

a2
n

+ a2
τ

=
√

42 + (−2)2 = 4, 47 V / Z 2.
GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO$Q���S
TB�! ���U

x1 = A1 + B1t + C1t
2;

x2 = A2 + B2t + C2t
2;

A1 = 10 V ; B1 = 1 � � ; C1 = −2 �� 2 ;
A2 = 3 V ; B2 = 2 � � ; C2 = 0, 2 �� 2 ;GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

τ, a1, a2^`_�ab_�c,d�_
v ����%�����
���
��������1-!()%,��js��� 
��g"�����%���� \ %����#��-����� �()� \ �b-�%���or�� ��1�!
s�$����%����� ,��
�U

v1 =
dx1

dt
= (A1 + B1t + C1t

2)′ = B1 + 2C1t;

v2 =
dx2

dt
= (A2 + B2t + C2t

2)′ = B2 + 2C2t;
0	%���%,�!-� ���-:��"A������%�����
���
�������� \ %��

t = τ � \ ��&,���,�!��o
B1 + 2C1t = B2 + 2C2t; 1 + 2 · (−2)τ = 2 + 2 · 0, 2τ
1− 4τ = 2 + 0, 4τ ; τ = −0, 23 Z ;>?%���oM" \ ��&,������&�����'��!
�%���3,��
��2&�'� ����!5	�r�2&��B���	 ,���,�*&+�]�!
�����
�
!��-�%���or�� ��

t = 0

��������B��-���f��*&�����' \ �


���o j�� ���!�$�� ,�!o � 
��B�	�k������%�����
���
�(?&�� %,�!-� �( \ �B-��2&������� ��]�k ,� \ %,�!-�&��� ���� ����� ��� F�� ���6 ,�*�,�*&+��!
�����
�
!�s-�%���or�� ���5
eK���$��%��� ��#"�
���������U

a1 =
dv1

dt
= (B1 + 2C1t)

′ = 2C1 = 2(−2) = 4
V
Z 2 ;

a2 =
dv2

dt
= (B2 + 2C2t)

′ = 2C2 = 2(0, 2) = 0, 4
V
Z 2eK���$��%��� ��#"�
��������1 ��	���!-����g"#
k�!
s-�%���or�� ���5

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO$Q��RS
TB�! ���U

R = 0, 5 V ; ϕ = At + Bt3;
A = 2 W$X!Y / Z ; B = 0, 2 W$X!Y / Z 3;
t = 3 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

a
^`_�ab_�c,d�_
e]fg&���-:��"A���$��%�����
�'k�h��fg&���-����	�����$��%��� ����6�$��&������b%,�!-� �( �����!
�-���
���
:-��� � ���U

ω =
dϕ

dt
= (At + Bt3)′ = A + 3Bt2;

�



ε =
dω

dt
= (A + 3Bt2)′ = 6Bt;

nM�! �f��� �3��,�*&�'� ������� ���%�oK�*&�'� ����	�����$��%��� ��#"�
��������1 ,��� 
������	�$��&������b%,�!-� �(	U
aτ = εR = 6RBt;
an = ω2R = (A + 3Bt2)2R.0	��&� ����	�����$��%��� ����
a =

√

a2
τ

+ a2
n

=
√

(6RBt)2 + (A + 3Bt2)4R2.>wor��or�� #
s-�%���or�� ��
t = 3 Z \ ��&� ����	�����$��%��� ����6%,�!-� ��

a =
√

(6 · 0, 5 · 2 · 3)2 + (2 + 3 · 0, 2 · 32)4 · (0, 5)2 = 32, 8 V / Z 2.
GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO$Q � S
TB�! ���U

R = 8 V ; an = 4 V / Z 2;
α = 60◦.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

v, aτ^`_�ab_�c,d�_

&%
'$

u�
an

A
A
AK
~a

��+
R

6aτ

α

�	��%�oK�*&�'� ����	�����$��%��� �����
���������%,�!-� ��

an = ω2R =
v2

R
[ 
�� � �+�

v =
√

anR =
√

4 · 8 = 5, 66
V
Z .

0	��&� ����	�����$��%��� �����
���������U
a =

an

cos αnM�! �f��� �3��,�*&�'� ����	�:���$��%��� �����
���������U

aτ =
√

a2 − a2
n

=

√

a2
n

cos2 α
− a2

n
= an

√

1− cos2 α

cos2 α
= antg(α);

aτ = 4 · tg(60◦) = 6, 93
V
Z 2 .
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x = At + Bt3;
A = 6 V / Z ; B = −0, 125 V / Z 3;
t1 = 2 Z ; t2 = 6 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

< v >^`_�ab_�c,d�_

F



v ����%�����
�'b
��������1%,�!-� ,�

v =
dx

dt
= (At + Bt3)′ = A + 3Bt2 = 6− 0, 375t2;

>w ����$�!
���%�()4 or��or�� #
s-�%���or�� ��
t0
���$��%�����
�'s
�����������
!�! ��!-��#
�� "1%,�!-� ���4A #��& � � � \ %��2���2&,"���o t0

U

6− 0, 375t2
0

= 0; t0 =

√

6

0, 375
= 4 Z .

0	���2&�� � 
���f�� or��or�� #
�� ���$��%�����
�' 
��������6��
��! ���-��#
�� "6�!
�%���3,��
��2&+'� ���46��
�������� ��-��#jb��
��g"6- � 
�%,��
� ���o ,� \ %,�!-�&��� �����5
0]�$
�' � \ %���4����� � �()4�
������$��41�!
sor��or�� #
�� t1

���
t0 �

%,�!-��� 
s1 = (At0 + Bt3

1
)− (At0 + Bt3

1
) = (6 · 4− 0, 125 · 43)− (6 · 2− 0, 125 · 23) = 4, 5 V .T6-���f���"���'b-b� 
�%,��
� ���o  ,� \ %,�!-�&��� ������!
sor��or�� #
!�b-�%���or�� ��

t0
���

t2

������#� \ %�� �:�����#
 \ �$
�'

s2 = (At0 + Bt3
0
)− (At2 + Bt3

2
) = (6 · 4− 0, 125 · 43)− (6 · 6− 0, 125 · 63) = 7 V .

v %��2�� #"#" \ �$
���-:��"�������%�����
�'�U

< v >=
s1 + s2

t2 − t1
=

4, 5 + 7

6− 2
= 2, 88 V / Z .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO$Q�� S
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x = At + Bt3;
A = 3 V / Z ; B = 0, 06 V / Z 3;
t1 = 0; t2 = 3 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

vx, ax, < vx >, < ax >^`_�ab_�c,d�_
v ����%�����
�'b
��������1%,�!-� ,�

vx =
dx

dt
= (At + Bt3)′ = A + 3Bt2 = 3 + 0, 18t2.

eK���$��%��� �����
��������
ax =

dvx

dt
= (A + 3Bt2)′ = 6Bt = 0, 36t.

>wor��or�� #
s-�%���or�� ��
t1 = 0

U
vx1 = 3 + 0, 18 · (0)2 = 3 V / Z ; ax1 = 0, 36 · 0 = 0.>wor��or�� #
s-�%���or�� ��

t2 = 3 Z U
vx2 = 3 + 0, 18 · (3)2 = 4, 62 V / Z ; ax2 = 0, 36 · 3 = 1, 08 V / Z 2.0]�$
�' � \ %���4����� � �()4�
������$��41�!
sor��or�� #
�� t1

���
t2 �

%,�!-��� 
s = x2 − x1 = (At2 + Bt3

2
)− (At1 + Bt3

1
) = (3 · 3 + 0, 06 · 33)− 0 = 10, 62 V .v %��2�� #"#"1���$��%�����
�'�U

< vx >=
s

t2 − t1
=

10, 62

3− 0
= 3, 54 V / Z .

v %��2�� ����������$��%��� ����!U
< ax >=

vx2 − vx1

t2 − t1
=

4, 62− 3

3− 0
= 0, 54 V / Z 2.
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IKJ�LMJ$N=JPO$Q � S
TB�! ���U

R = 0, 2; ϕ = A + Bt + Ct3;
A = 3 W$X!Y ; B = −1 ���

�
� ;

t = 10 Z ; C = 0, 1 ���
�
� 3 .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

aτ , an, a
^`_�ab_�c,d�_
e]fg&���-:��"A���$��%�����
�'s
���������%,�!-� ,�

ω =
dϕ

dt
= (A + Bt + Ct3)′ = B + 3Ct2;

e]fg&���-����]�:���$��%��� ����!U
ε =

ω

dt
= (B + 3Ct2)′ = 6Ct;

�	��%�oK�*&�'� ����	�����$��%��� �����
���������U
an = ω2R = (B + 3Ct2)2RnM�! �f��� �3��,�*&�'� ����	�:���$��%��� ����!U
aτ = εR = 6CtR>wor��or�� #
s-�%���or�� ��
t = 10 Z U

an = (−1 + 3 · 0, 1 · 102)2 · 0, 2 = 168, 2 V /c2; aτ = 6 · 0, 1 · 10 · 0, 2 = 1, 2 V /c2.0	��&� ����	�����$��%��� �����U

a =
√

a2
n

+ a2
τ

=
√

(162, 2)2 + (1, 2)2 ≈ 168, 2 V /c2.
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h = 2 V ; h1 = 0, 5 V ;
m = 200 � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H
	�
 W _ Y _
��d����

p^`_�ab_�c,d�_
g
?

6

?

h g6v1

0��*�+��"A��-�()���!
�(
h
@��!%���� � @��!%����A���+�!%:"���
�� "1� \ &��#
!�A���s���$��%�����
�' �
v =

√
2gh,�b�!
������!����-:�!��
k�!
 \ &��#
�(m���s���$��%�����
�' �

v1 =
√

2gh1.�	o \ ��&�'��b@��!%������A���A���+�!%,�A%,�!-��� 
mv

�  ,� \ %,�!-�&��� -� ��#� � � \ ���2&��s���+�!%,�A@��!%�������� \ &��#
!�;��f����o \ ��&�'��`%,�!-��� 
mv1

�� ,� \ %,�!-�&��� 6-�-���% � 5 v ����
�
���ol ,� \ %,��-�&��� ��#"6��o \ ��&�'�����- �#��or�� ��� ����?��o \ ��&�'����
@��!%����#�b%,�!-� ��

p = mv + mv1 = m(v + v1)
p = m(

√
2gh +

√
2gh1) = m

√
2g · (

√
h +

√
h1)

p = 0, 2 ·
√

2 · 9, 8 · (
√

2 +
√

0, 5) = 1, 88 ��� · �� .
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m = 8 � � ; v = 250 V / Z
m1 = 6 � � ; u1 = 400 V / ZGBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u2^`_�ab_�c,d�_

-v
m

-u2

m2

-u1

m1

0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����
mv = m1u1 + m2u2fg���

m2 = m−m1 = 8− 6 = 2 � � . 0	��&,���,�!��o)U

u2 =
mv −m1u1

m2

=
8 · 250− 6 · 400

2
= −200 V /c.

v ����%�����
�'
u2

\ ��&,������&+�!��' �!
�%���3,��
��2&�'� ���4 H or�� �'!@B��4������$��&���� \ ��&���
��#
 - � 
�%,��
� ���o� ,� \ %,��-�&��� �����5
GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO�O�O,S
TB�! ���U

v1 = 3 V / Z ; m1 = 210 � � ;
m2 = 70 � � ; u1 = 4 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u21^`_�ab_�c,d�_

j jm1 -
v1

m2

j jm1 -
u1

BBCC

�
u2

0	��%�-��� ,�*�,��&�'� ��s��o \ ��&�'���
��2&���jk���1�����2&���-����$��o 
�(?& %,�!-��� �U
(m1 + m2)v1[ 
��!�� ,�*����o

u1

�
u2
H ������%�����
�'h
��2&���jk���;� ���2&���-������A�!
� ��!���#
���&�'� ��A����o &�� \ ���2&��B
���f�� � �#�!� ��� .&���-���� \ %�()f� #��&R5+�	o \ ��&�'���������
���or( \ %�� � 
���op��
��*& %,�!-��� 
m1u1 −m2u20	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����
(m1 + m2)v1 = m1u1 −m2u2[ 
�� � �+� \ ��&,���,�!��o

u2 =
m1

m2

· u1 −
(

m1

m2

+ 1
)

v1

v ����%�����
�'s���2&���-����#�b�!
� ������#
��2&�'� ��s
��2&���jk���

u21 = u1 + u2 = u1 +
m1

m2

· u1 −
(

m1

m2

+ 1
)

v1 =
(

m1

m2

+ 1
)

(u1 − v1)

u21 =
(

210

70
+ 1

)

(4− 3) = 4 V / Z
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m1 = 60 � � ; u1 = 480 V / Z ;
α = 30◦; m2 = 18

�
;GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u2^`_�ab_�c,d�_

�
�� �
���
�

�
�
�

��

w���3
m1, u1

m2
�

u2
α

0	��%�-��� ,�*�,��&�'� ��s��o \ ��&�'������#
���or( 
�(?&1%,�!-��� � #��& �65
0	�����!�$�� #�b��� �#%,�! ��� ��#" ��o \ ��&�'���� \ ���2&�� -�()��
�%��2&+�6����oroK� \ %�������3���4 ��o \ ��&�'�����-6�� ,�!%:"��+��� \ &+��
�.
� ��%�or(  ,�bf���%��#���� #
!�*&�'� ����� ,� \ %,�!-�&��� ����	
!�!�#j�� 
!������
k%,�!-� ,�b #��& �6U

m1u1 cos α−m2u2 = 0

[ 
�� � �+� \ ��&,���,�!��o

u2 =
m1u1 cos α

m2

=
60 · 480 · cos(30◦)

18 · 103
= 1, 4 V / Z .
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m = 300 � ; v = 8 V / Z .
α = 60◦.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

∆p^`_�ab_�c,d�_
6

- x

�
��>

@
@@I

l~v

~v′

α

T6�]���+�!%,�]@��!%������	�	��
��� ��#�b��f���������
��!-�&,"�������"s���$��%�����
�� � \ ��% \ �� ������#��&�"�%� ,��"s��
��� ��$� � %,�!-� #"�&+�!��'
vx = v sin α0	���2&��	���+�!%,�b� \ &��#
!� � 
!�b������
��!-�&,"�������"1���$��%�����
��1�#��or�� #"���
k�� ,�!���A%,�!-� ,�
v′

x
= −v sin α.�]��or�� ��� ����6��o \ ��&�'����b@��!%������

∆px = m(v′
x
− vx) = −2mv sin α0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����b��o \ ��&�'�� � \ ��&,������ � �()4 ��
��� ��$��4 � %,�!-��� 

∆p = −∆px = 2mv sin α;
∆p = 2 · 0, 3 · 8 · sin 60◦ = 4, 16 � � · V / Z .
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m1 = 60 � � ; m2 = 20 V / Z
v = 2 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u2^`_�ab_�c,d�_

�
�� �
��

j
-
~u1

�~u2

[ 
��!�� ,�*����o ���$��%�����
�'����2&���-������6�!
� ������#
���&�'� �� \ ��&+�
u1 �

��������%�����
�'B
��2&���jk���h�!
� ������#
��2&�'� �� \ ��&+�
u2

5 [ 
� ������#
��2&�'� ,��"1������%����2
�'k�	����
�
���op ,� \ %,�!-�&��� ��#"
~u1

�
~u2 �

\ ���������! � �( �� ,��%������� ���� � %,�!-� ,�
v = u1 + u2;nM�!�A���!� \ ��%�-��� ,���,�*&�'� ��s���2&���-������A
��2&���jk��� \ ��������&�����' � 
�� \ �����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����
m1u1 −m2u2 = 0�]�	��-!� �h��%,�!-� ��� ���4 \ ��&,���,�!��o)U
u1 = v − u2; m1(v − u2)−m2u2 = 0;

u2 =
m1

m1 + m2

· v =
60

60 + 20
· 1 = 0, 75 V / Z

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
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v = 400 V / Z ;
m1 = 0, 4m; u1 = 150 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u2^`_�ab_�c,d�_

-~v
m

�
u1

m1

-
u2

m2

0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����
m2u2 −m1u1 = mv

fg���
u1, u2

H ���$��%�����
��1�����$��&�����-�5>?()%,��js�!��o oK�!����( �����$��&��$��-
m1

�
m2

����%����  ,���,�*&�'� #�	� oK�!����� �� ,�!%:"��+�
m
� \ ������
��!-�&,"���o -

��%,�!-� ��� ����
m1 = 0, 4m; m2 = m− 0, 4m = 0, 6m

0, 6mu2 − 0, 4mu1 = mv; 0, 6u2 − 0, 4u1 = v;

u2 =
v + 0, 4u1

0, 6
=

400 + 0, 4 · 150
0, 6

= 767 V / Z .
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l = 1, 8 V ; m1 = 8 � � ;
m2 = 4 � ; α = 3◦GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

v
^`_�ab_�c,d�_

�
��u-m2

~v

C
C
C
C
C
CC�
��

?

6
h

α

m1

l l

[ 
��!�� ,�*����o
u
������%�����
�'6@��!%,�6-�or����
��]� \ ��&���4h-6or��or�� #
 � �$��fi�+� \ ��&," \ � \ �*� 
�
�-�@��!% �k���!��
�%:"� ���
-s �
�o)5�0	�����!�$�� #�h��� �#%,�! ��� ��#"���o \ ��&�'����

m2v = (m1 + m2)u; u =
m2

m1 + m2

v;

nM�!� ���!� oK�!����� \ ��&�� - � � � �s%,���Bor�� �'!@B��oK�!����(m@��!%,� � 
��h- ����oror� m1 + m2 �
��
���" �B��4 -k�� ,�!or�2.

 ,��
��2&�� � or��jk �� \ %��� �� 
�%�����'koK�!������4 \ ��&���5�0	%�� � 
���op�	-�()��������4A
����� �����
�'��

u =
m2

m1

v;

>p�+�*&�'� ���4#@B��o \ %��� �� 
�%���f2�!��oP�#��or�� ��� �����opoK�!����( @��!%,�b�#��./���B���!��
�%:"�-!@B��4 -b �
�o \ ��&���5
0	��&,������- ���� ���
����������#� � �  ���%�f���� � @��!% \ ���� ���or��
�� "l ,�s-�()���!
!� h

5+0	%�� � 
���ow��f�� ���� ���
����������#��"
�  ���%�f��#" \ ��%���4�� 
�
 - \ �!
��� �3��,�*&�'! #� �6U

m1u
2

2
= m1gh; u2 = 2gh;

>?()%,��js�!��o -�()���!
!� \ ���� #"#
��#"13��� #
�%,�soK�!���	@��!%,�
h
����%�������f���&

α
U

h = l(1− cos α);0	��&,���,�!��o)U
u2 = 2gl(1− cos α);

(

m2

m1

v
)2

= 2gl(1− cos α);

v =
m1

m2

√

2gl(1− cos α);

v =
8

0, 004

√

2 · 9, 8 · 1, 8(1− cos 3◦) = 440 V / Z
GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
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m1 = 300 � � ; m2 = 80 � � ;GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'
η^`_�ab_�c,d�_

m2

?

m1

D
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��] ���� \ %#��f���4 � 
�� \ ���2&��`���+�!%,� or��&��!
	�B ,�!�$��-:�*&�'� #" 
!���,�$
���or��
�'	������ ,�!�$��-!�	�������%�����
�'
v
5 [ 
!�!�� ,�*����o ������%�����
�'sor��&��!
!�6���b���+�!%,�

u
5

�r�2&�� \ %��� �� 
�%�����'koK�!������4��#�������bj��2&������ � 
�� \ �b���!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����
m2u = (m1 + m2)v0	��%�-��� ,�*�,��&�'� ,��"����� ���
����������#��" �  ���%�f��#"1or��&��!
��#U

T1 =
m2u

2

2
�	�� ���
�������������" �  ���%�f��#"1or��&��!
��b-�or����
����� ,�!�$��-:�*&�'� ���4 \ ���2&��	���+�!%,�b%,�!-� ,�

T2 =
(m1 + m2)v

2

2
;

�]� \ ��%�-���f��b��%,�!-� ��� ��#"�U
v =

m2u

m1 + m2

;

T2 =
(m1 + m2)

2
·

(m2u)2

(m1 + m2)2
=

m2

2
u2

2(m1 + m2)
.

�  ���%�f��#" � ����
�%,�*���� � ,��"1 ,�6��� � ��%�oK�!3���� �#�����#��j��2&������ � %,�!-� ,� T1 − T2

5 [ 
�� �?�+�k��0 T %,�!-��� 

η =
T1 − T2

T1

= 1−
T2

T1

=

= 1−
m2

2
u2

2(m1 + m2)
·

2

m2u2
= 1−

m2

m1 + m2

=
m1

m1 + m2

η =
300

300 + 8
= 0, 974.
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m1 = 1 � � ; v1 = 4 V / Z ;
m2 = 2 � � ; v2 = 3 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u1, u2^`_�ab_�c,d�_

�
��
-

m1

v1 v2� ��
��m2

�
��
� ��

��
-u1 u2

0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����

m1v1 −m2v2 = −m1u1 + m2u2 (1)

0	�����!���� #�h��� �#%,�! ��� ��#" �  ���%�f���� \ %��A� \ %#��f���o ���+�!%��

m1v
2

1

2
+

m2v
2

2

2
=

m1u
2

1

2
+

m2u
2

2

2
(2)

>?()%,��js�!��o
u2

�#����%,�!-� ��� ��#"�� C��?� \ ������
��!-�&,"���op-���%,�!-� ��� ������ � �

u2 =
m1

m2

(v1 + u1)− v2

C �



m1v
2

1
+ m2v

2

2
= m1u

2

1
+ m2

[m1

m2

(v1 + u1)− v2

]2

0	������
��!-�&,"���o �����2&���-�()���� ,������ ��#"�U

1 · 42 + 2 · 32 = 1 · u2

1
+ 2 ·

[1

2
(4 + u1)− 3

]2

; 34 = u2

1
+ 2 ·

[1

2
· u1 − 1

]2

0	��&,���,�!��o ��-:�*��%,��
� �������%,�!-� ��� ����	��&,"
u1

U

3

2
u2

1
− 2u1 − 32 = 0; u2

1
−

4

3
u1 −

64

3
= 0;

e]%,�!-� ��� �������or����
b��-:��%���@B�� ��#"�U

u1 =
2

3
±

√

(

2

3

)2

+
64

3
=

2

3
±

14

3
>?( 
���%,�!��op-!
���%��!��%���@B�� ���� � ��&,"��$�!
���%���f�� u1, u2

�!
�&����,��� 
�� "1�!

v1, v2

U

u1 =
2

3
+

14

3
=

16

3
= 5, 33 V / Z ; u2 =

1

2
(4 +

16

3
)− 3 =

5

3
= 1, 66 V / Z .
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m1 = 3 � � ; v1 = 2 V / Z
m2 = 5 � � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

A
^`_�ab_�c,d�_

�
��
-

m1

v1 ��
��m2

�
����
��

-u
m1 + m2

0	���2&��  ���� \ %#��f���f��	���+�!%,� @��!%�( 
!���,�$
]��-���f���
�'��g"b-�or����
��)���	���$��%�����
�' �
u
5�0	� ���!���� #�6��� �#%,�! ��� ��#"

��o \ ��&�'����
m1v1 = (m1 + m2)u; u =

m1v1

m1 + m2

.

�	�� ���
�������������" �  ���%�f��#"�@��!%���-��������+�!%,�#U

T1 =
m1v

2

1

2
�	�� ���
�������������" �  ���%�f��#"�@��!%���- \ ���2&��	���+�!%,�#U

T2 =
(m1 + m2)u

2

2
=

(m1 + m2)

2
·

m2

1
v2

1

(m1 + m2)2
=

m2

1
v2

1

2(m1 + m2)
.

�M��
��!
�� � ����-���%#@��!��oK��" \ %��h��� � ��%�oK�!3����A@��!%���-�U

A = T1 − T2 =
m1v

2

1

2
−

m2

1
v2

1

2(m1 + m2)
=

m1v
2

1

2
·
[

1−
m1

m1 + m2

]

=
m1v

2

1

2
·

m2

m1 + m2

;

A =
3 · 22

2
·

5

3 + 5
= 3, 75 ��� .

C�C



IKJ�LMJ$N=JPO�t O,S
TB�! ���U

m1 = 0, 5
�

= 500 � � ; m2 =
120 � � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

η
^`_�ab_�c,d�_

AA��

?

m1

u1

m2

nM�!�s���!�s���+�!% 
���4��#� \ ����-:�!�  ���� \ %#��f���4 � 
�� \ ���2&�� ���+�!%,�����$��%�����
�' u2


���4��#���s��-:�!�k���� ,���s
���j��!5
[ 
��!�� ,�*����o ���$��%�����
�' 
���4����B�������+�!%,�

u1

5�0	�����!�$�� #�A��� �#%,�! ��� ��#"1��o \ ��&�'����

m1u1 = (m1 + m2)u2

0	��%�-��� ,�*�,��&�'� ,��"����� ���
����������#��" �  ���%�f��#" 
���4����#U

T1 =
m1u

2

1

2
�	�� ���
�������������" �  ���%�f��#"1��-:�!��� 
���4��$��o � ���,� ����"1 ,� \ %���������&��� ����6��� \ %���
���-�&��� ��#" f�%#�� #
��#U

T2 =
(m1 + m2)u

2

2

2
;

u2 =
m1u1

m1 + m2

;

T2 =
(m1 + m2)

2
·

(m1u1)
2

(m1 + m2)2
=

m2

1
u2

1

2(m1 + m2)
.

��0 TkU
η =

T2

T1

=
m2

1
u2

1

2(m1 + m2)
·

2

m1u2
1

=
m1

m1 + m2

; η =
500

500 + 120
= 0, 81.
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m1 = 4 � � ; v1 = 5 V / Z ;
m2 = 6 � � ; v2 = 2 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u1, u2^`_�ab_�c,d�_

�
��
-

m1

v1 v2� ��
��m2

�
��
� ��

��
-u1 u2

0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����

m1v1 −m2v2 = −m1u1 + m2u2 (1)
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m1v
2

1

2
+

m2v
2

2

2
=

m1u
2

1

2
+

m2u
2

2

2
(2)

>?()%,��js�!��o
u2

�#����%,�!-� ��� ��#"�� C��?� \ ������
��!-�&,"���op-���%,�!-� ��� ������ � �

u2 =
m1

m2

(v1 + u1)− v2

m1v
2

1
+ m2v

2

2
= m1u

2

1
+ m2

[m1

m2

(v1 + u1)− v2

]2

0	������
��!-�&,"���o �����2&���-�()���� ,������ ��#"�U

4 · 52 + 6 · 22 = 4 · u2

1
+ 6 ·

[4

6
(5 + u1)− 2

]2

124 = 4 · u2

1
+ 6 ·

[4

3
+

2

3
· u1

]2

0	��&,���,�!��o ��-:�*��%,��
� �������%,�!-� ��� ����	��&,"
u1

U

u2

1
+ 1, 6u1 − 17 = 0

e]%,�!-� ��� �������or����
b��-:��%���@B�� ��#"�U

u1 = −0, 8±
√

(0, 8)2 + 17 = −0, 8± 4, 2;

0	��%�-����b%���@B�� ����
u1 = −0, 8 − 4, 2 = −5 V / Z �����!
�-���
���
:-!�:��
1
���oM� � �#
��A�����!%�����
��;@��!%���- \ ���2&�����+�!%,�b ����#��or�� ���&�����'�5+>?( 
���%,�!��o -!
���%�����%���@B�� �����U

u1 = −0, 8 + 4, 2 = 3, 4 V / Z ; u2 =
4

6
(5 + 3, 4)− 2 = 3, 6 V / Z
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m = 35
�

; v = 0, 2 V / Z ;
∆l = 12 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

Fmax, ∆t
^`_�ab_�c,d�_

��L
LL�

��B
BB��

mm m
�v

0	%��k
���%�or�*j��� ����h���� ��2
����,�����#��" �  ���%�f��#"h-:�!f��� ,� \ ��%�� �:�����#
s- \ �!
��� �3��,�*&�'� #�	� �  ���%�f����m�gjb��
���4
\ %#�$jk�� �(	U

�
=

k∆l2

2
=

mv2

2fg���
k H j�����
��$����
�' \ %#�$jk�� �(	5+0	��&,���,�!��o

k =
mv2

∆l2
=

35 · 103 · (0, 2)2

(0, 12)2
= 9, 72 · 104

�

V .


1�!������oK�*&�'� ,��"A����&+�b� jb��
��#" \ %#�$jk�� �(	U
Fmax = k ·∆l = 9, 72 · 104 · 0, 12 = 1, 17 · 103

�
.
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:�! ��#"�5 >?%���oM"w�!
 or��or�� #
�� � ����fi�+�9���$��%�����
�'��or�� �'!@B�#
:�g" �!
soK�!�$����oK�*&�'� ���4h���b #��&���-���4 � %,�!-� ��b����
�-���%#
:� \ ��%������+�b�$��&�� 
:�! ���4�U

∆t =
T

4
=

2π

4

√

m

k
=

π

2

√

m

k
;

∆t =
3, 14

2

√

35 · 103

9, 72 · 104
= 0, 94 Z .
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m1 = 5 � � ; v1 = 1 V / Z
m2 = 2 � � ; v2 = 0GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

u1, u2^`_�ab_�c,d�_

��
��

-

m1

v1 �
��m2

��
��

- �
��
-u1 u2

0	�����!���� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����

m1v1 = m1u1 + m2u2 (1)

0	�����!���� #�h��� �#%,�! ��� ��#" �  ���%�f���� \ %��A� \ %#��f���o ���+�!%��

m1v
2

1

2
=

m1u
2

1

2
+

m2u
2

2

2
(2)

>?()%,��js�!��o
u2

�#����%,�!-� ��� ��#"�� C��?� \ ������
��!-�&,"���op-���%,�!-� ��� ������ � �

u2 =
m1

m2

(v1 − u1)

m1v
2

1
= m1u

2

1
+ m2

(m1

m2

)2

(v1 − u1)
2

v2

1
= u2

1
+

m1

m2

(v1 − u1)
2 = u2

1
+

m1

m2

v2

1
− 2

m1

m2

v1u1 +
m1

m2

u2

1

0	��&,���,�!��o ��-:�*��%,��
� �������%,�!-� ��� ����	��&,"
u1

U
(

1 +
m1

m2

)

u2

1
− 2

m1

m2

v1u1 +
(m1

m2

− 1
)

v2

1
= 0

0	������
��!-�&,"���o �����2&���-�()���� ,������ ��#"�U
(

1 +
5

2

)

u2

1
− 2 ·

5

2
· 1 · u1 +

(5

2
− 1

)

· 12 = 0; u2

1
−

10

7
· u1 +

3

7
= 0

u1 =
5

7
±
√

(5

7

)2

−
3

7
=

5

7
±

2

70	��%�-�����%���@B�� ����
u1 =

5

7
+

2

7
= 1 V / Z
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B
���oM� � �#
���������%�����
��s@��!%���- \ ���2&�� ���+�!%,�� �� �#��or�� ���&�����'�5#>?( 
���%,�!��o9-!
���%���� %���@B�2. ����!U
u1 =

5

7
−

2

7
=

3

7
= 0, 43 V / Z ;

u2 =
5

2
(1− 0, 43) = 1, 42 V / Z .
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k1 = 400
�

/ V ; k2 = 250
�

/ V ;
∆l1 = 2 Z V = 0, 02 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

A^`_�ab_�c,d�_

��C
CC�
��C
CC��

��C
CC�
��C
CC�
��C
CC��

-

k1 k2

F

v ��&+� � %,����
*"�f���-:��������" \ %#�$js�� #� � %,�!-� ,�
F = k∆lfg���

∆l H %,�!��
�"#jb�� ���� \ %#�$jk�� �(	5�nM�!�h�#�!� \ %#�$jk�� �( �����2���� ��� �( \ ���2&��2����-:��
��2&�'� �� � 
��s�	�A%,�!��
�"�.f���-:�!��
k���� ,�b�h
!��j��	����&+�#5 [ 
�� �?�+� \ ��&,���,�!��o)U

k1∆l1 = k2∆l2; l2 =
k1

k2

·∆l1.

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"1%,����
*"� #�$
���4 \ %#�$jk�� �( %,�!-� ,�

�
=

k∆l2

2
,

� \ �!
��� �3��,�*&�'� ,��" �  ���%�f��#"A��-!� � \ %#�$jk�� 

�
=

k1∆l2
1

2
+

k2∆l2
2

2
=

k1∆l2
1

2
+

k2

2
·
k2

1

k2
2

∆l2
1

=

=
k1∆l2

1

2
·
(

1 +
k1

k2

)

.

�M��
��!
��b%,�!��
�"#j��� ��#" \ %#�$jk�� �%,�!-� ,�b�	� \ �!
��� �3��,�*&�'� ���4 �  ���%�f�����U

A =
�

=
400 · (0, 02)2

2
·
(

1 +
400

250

)

= 0, 21 ��� .
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m1 = 10 � ; v = 300 V / Z ;
m2 = 200 � ; k = 25 � �

/ V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'
x

^`_�ab_�c,d�_

��AAA�
��A

AA

�~u

m2

-

k
~v

m1

0	���2&���-�()��
�%��2&+�h����
�-���%  ,������ ,�!��
�� " ��-���f2��
�'�� " ���h���$��%�����
�' �
u
- ��
���%��� #� � \ %��!
���-�� \ ��&���jk #�	� ,� \ %,�!-�&��� ����m��-��#j��� ��#" \ ��&���5+0	�����!�$�� #�h��� �#%,�! ��� ��#"1��o \ ��&�'����

m1v −m2u = 0; u =
m1

m2

v.

�	�� ���
�������������" �  ���%�f��#" � \ ��&,������ � ,��" ����
�-���%���o � \ ��%�� �:�����#
1- \ �!
��� �3��,�*&�'� #�	� �  ���%�f���� �gjb��
���4
\ %#�$jk�� �(	U

�
=

kx2

2
;

kx2

2
=

m2u
2

2
.

[ 
�� � �+� \ ��&,���,�!��o)U

x2 =
m2u

2

k
; x =

√

m2

k
· u x =

√

m2

k
·
m1

m2

v.

x =

√

0, 2

25 · 103
·
0, 01

0, 2
· 300 = 0, 042 V = 4, 2 Z V .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO	� � S
TB�! ���U

k = 500
�

/ V ; F = 100
�

;
∆l = 2 Z V = 0, 02 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

A
^`_�ab_�c,d�_
�M��
��!
�� \ �b�gjs��
���� \ %#�$jk�� �( %,�!-� ,�#U

A =
�

2 −
�

1,fg��� �
1

� �
2
H \ �!
��� �3��,�*&�'� �()� �  ���%�f����k� jb��
���4 \ %#�$js�� �(p-� ,���,�*&�'� ���o �b���� ����� ���o ������
���"� ��#"	� �

A =
kx2

2

2
−

kx2

1

2
�]����%,�!-� ��� ��#"

F = kx1

��� � ��%�oK�!3��#" \ %#�$jk�� �( -A ,���,�*&�'� ���oq������
���"� ����;%,�!-� ,�
x1 = F/k

5+T6�2.
� ��%�oK�!3��#"�-b�$�� ����� ���o ������
��*"� �����U

x2 = x1 + ∆l =
F

k
+ ∆l

0	��&,���,�!��o
A =

k

2
·
(

F

k
+ ∆l

)2

−
k

2
·
(

F

k

)2

=

=
k∆l

2
·
(

2F

k
+ ∆l

)

; A =
500 · 0, 02

2
·
(

2 · 100
500

+ 0, 02
)

= 2, 1 ��� .
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k1 = 0, 5 � �
/ V ; k2 = 1 � �

/ V ;
∆l = 4 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�' �

^`_�ab_�c,d�_
��T

TT


T

TT�
��T

TT


AA

��b
bb�

��HH

k1

k2

�

∆l

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"1�gjb��
���4 \ %#�$jk�� �( %,�!-� ,�

�
=

k∆l2

2
.

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"A��-�� � \ %#�$jk�� 

�
=

k1∆l2

2
+

k2∆l2

2
=

(k1 + k2)∆l2

2
=

=
(500 + 1000) · (4 · 10−2)2

2
= 1, 2 ��� .
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k = 800
�

/ V ; x = 6 Z V ;
∆x = 8 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

A^`_�ab_�c,d�_

��L
LL�

��B
BB��

-� ∆xk

�M��
��!
�� \ �b�gjs��
���� \ %#�$jk�� �( %,�!-� ,�#U
A =

�
2 −

�
1,fg��� �

1

� �
2
H \ �!
��� �3��,�*&�'� �()� �  ���%�f����k� jb��
���4 \ %#�$js�� �(p-� ,���,�*&�'� ���o �b���� ����� ���o ������
���"� ��#"	� U

�
1 =

kx2

2
;

�
2 =

k(x + ∆x)2

2
;

0	��&,���,�!��o
A =

k(x + ∆x)2

2
−

kx2

2
=

k[(x + ∆x)2 − x2]

2
;

A =
800 · [(0, 06 + 0, 08)2 − (0, 06)2]

2
= 6, 4 ��� .
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∆l = 3 V V ; h = 8 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'
∆l2^`_�ab_�c,d�_

HH�
�PP��PP��

?

6
∆l

ZZ
"

"
aa"
"
XX��

6

?
h

> \ ��%�-���o �2&,���,�!� \ %#�$jk�� ,�b� jb��
��b����&���41-�������f�%#�$���
F = mg � �!
�� �?�+� \ ��&,���,�!��o ��%,�!-� ��� ����

F = mg = k ·∆lfg���
m H oK�!����� f�%#�$��� � k H j 
���
��$����
�' \ %#�$jk�� �(	5)0	%�� \ �*���� ����qf�%#�$��� �l-�()���!
�(

h
\ %#�$jk�� ,�

� jk��oK�!��
��g"; ,�
∆l2

5R> � 
��!
1or��or�� #
1-�%���or�� �� \ �!
��� �3��,�*&�'� ,��" �  ���%�f��#";f�%#�$��� �
= mg(h + ∆l2)\ ��%�� �$�����#
 - \ �!
��� �3��,�*&�'� #�	� �  ���%�f���� �gjs�*
���4 \ %#�$jk�� �(	U

mg(h + ∆l2) =
1

2
· k(∆l2)

2

0	������
��!-�&,"���o
mg

�#� \ ��%�-���f��b��%,�!-� ��� ��#" � \ ��&,���,�!��o

∆l(h + ∆l2) =
1

2
· (∆l2)

2

(∆l2)
2 − 2∆l∆l2 − 2∆lh = 0

(∆l2)
2 − 0, 6∆l2 − 4, 8 = 0�	-:�*��%,��
� ����	��%,�!-� ��� �������or����
b��-:�b%���@B�� ��#"�U

∆l2 = 0, 3±
√

(0, 3)2 + 4, 8 = 0, 3± 2, 21 Z V .>?( 
���%,�!��o \ ��&���jk�#
��2&�'� �()41�$��%��� �'�U
∆l2 = 0, 3 + 2, 21 = 2, 51 Z V .GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
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k = 150
�

/ V ; m = 8 � ;
∆x = 4 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

v^`_�ab_�c,d�_

��AAA�
��A

AA
-

k
~v

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"1�gjb��
���4 \ %#�$jk�� �(

�
=

k∆x2

2
0	��%�� �$�����#
 \ %��1-�()�2
�%��2&+��-s���� ���
������������	� �  ���%�f���� \ ��&��

k∆x2

2
=

mv2

2
.
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v2 =
k∆x2

m
; v =

√

k

m
·∆x; v =

√

150

0, 008
· 0, 04 = 5, 5

V
Z .
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m = 16
�

= 1600 � � ; v = 0, 6 V / Z ;
∆l = 8 Z V = 0, 08 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

k
^`_�ab_�c,d�_

j jm -
v

��C
C�
�C
C�
�CC

> or��or�� #
B����
��! ���-����k-:�!f��� ,����f��6���� ���
����������#��" �  ���%�f��#" \ ��&� �����
�' � \ ��%���4�� 
�
�- \ �!
��� �3��,�*&�'� #�	�
�  ���%�f���� �gjb��
��#" \ %#�$jk�� �(	U

mv2

2
=

k(∆l)2

2fg���
∆l H ��� � ��%�oK�!3��#" \ %#�$jk�� �(	5 [ 
�� �?�+� \ ��&,���,�!��o)U

k =
mv2

(∆l)2
=

1600 · (0, 6)2

(0, 08)2
= 9 · 105

�

VGBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
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 � � a�c ����� d ��d,c YgW h = 20 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

v^`_�ab_�c,d�_
aaaaaaaaaaaa

l
l

6

?

h
-
v

[ 
��!�� ,�*����o oK�!�����A3���&��� ���%,�
m � ��f��s%,�*���#��� R

5
0	%��k������
�()-:�! ����h3���&��� ���%,����f�� \ �!
��� �3��,�*&�'� ,��" �  ���%�f��#" mgh

\ ��%�� �:�����#
�-6���� ���
����������#�	� �  ���%�.f���� \ �!��
!� \ ��
:�2&�'� ���f�� �A-�%,� ����
��2&�'� ���f��b��-��#j��� ��#"�5�0	�����!�$�� #�h��� �#%,�! ��� ��#" �  ���%�f����

mgh =
mv2

2
+

Jω2

2
,

fg����or��or�� #
k�� ���%�3����13���&��� ���%,�b%,�!-��� 
J = 1

2
mR2

5
>?()%,��js�!��o ��fi&���-!�	� ���$��%�����
�'k3���&��� ���%,�

ω
����%����6���$��%�����
�'

v
\ ����
!� \ ��
���&�'� ���f��b��-��#j��� ��#"�U

v = ωR; ω = v/R.0	��&,���,�!��o

mgh =
mv2

2
+

1

2
mR2 ·

1

2
·
(

v

R

)2

=
mv2

2
+

mv2

4
=

3

4
mv2; gh =

3v2

4
;

v =

√

4

3
gh =

√

4

3
· 9, 8 · 0, 2 = 1, 62 V / Z .
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m = 12 � � ; D = 30 Z V ;
ϕ = A + Bt + Ct3;
A = 4 W$X!Y ; B = −2 W$X!Y / Z ;
C = 0, 2 W$X!Y / Z 3; t = 3 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

M^`_�ab_�c,d�_
0	����%,�!-� ��� ����m���� ,�!or�����1-�%,� ���*
��2&�'� ���f��b��-��#j��� ��#"�or��or�� #
k����&l%,�!-��� 

M = J · εfg���
J H or��or�� #
k�� ���%�3�����3���&��� ���%,� � ε H ��fg&���-����	�����$��%��� �����5
1�!�����;
��� �������
��� � ���f�� 3���&��� ���%,� ������%��2���!
������� ,�  ,�;%,�!����
���"� ����

R = D/2
�!
9����� -�%,� �B�� ��#" �\ � � 
���oM�A��f��sor��or�� #
k�� ���%�3����1%,�!-��� 

J = mR2 =
mD2

4e]fg&���-:��"A���$��%�����
�'k�h��fg&���-����	�����$��%��� ����63���&��� ���%,�#U

ω =
dϕ

dt
= (A + Bt + Ct3)′ = B + 3Ct2;

ε =
dω

dt
= (B + 3Ct2)′ = 6Ct;

0	��&,���,�!��o
M =

mD2

4
· 6Ct =

3

2
mD2Ct

M =
3

2
· 12 · (0, 3)2 · 0, 2 · 3 = 0, 97

�
· V .
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D = 60 Z V ; m = 2 � � ;
t = 3 Z ; ω = 9 W$X!Y / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'

J
^`_�ab_�c,d�_

&%
'$

��*
R

m

?mg

?
F

6F
?
a

���)f�%#�$�r����4���
�-!�	� 
]����&+� 
*"#j�����
��
mg

������&+�  ,�*
*"#j��� ��#"	@B #��%,�
F
5�0	� -!
���%���oM� ���!���� #� �	' � 
��� ,�

�:���$��%��� �����f�%#�$���s%,�!-� ��
a =

mg − F
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= g −

F
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M = FR =

FD/2
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F =
2Jε

D
; a = g −

2Jε

mD
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a = εR = εD/2 �
�� \ ��&,���,�!��o
εD

2
= g −

2Jε

mD
; J =

mDg

2ε
−

mD2

40	%���%,�!-� ��!�������!%��� � ���op-�%,� �B�� �������fi&���-:��"����$��%�����
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ω = εt

5�0	��&,���,�!��o

ε =
ω

t
; J =

mDgt

2ω
−

mD2

4
;

J =
2 · 0, 6 · 9, 8 · 3

2 · 9
−

2 · (0, 6)2

4
= 1, 78 � � · V 2.
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m1 = 50 � ; m2 = 60 �
D = 4 Z V ; ε = 1, 5 W$X!Y / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
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M = RT2 −RT1 = R(T2 − T1) = D

2
· (T2 − T1)[ 
��!�� ,�*����o &��� ���4� �������������%��� �����f�%#�$����-

a
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m1a = T1 −m1g; m2a = m2g − T2;
T1 = m1(g + a); T2 = m2(g − a).>?()%,��js�!��o &��� ���4� ����������$��%��� ����6����%�������fi&���-����!U

a = εR = ε ·
D

2
0	��&,���,�!��o

J =
M

ε
=

D(T2 − T1)

2ε
=

D
[

m2

(

g − εD

2

)

−m1

(

g + εD

2

)]

2ε
=

=
0, 04 · [0, 06 · (9, 8− 1, 5 · 0, 02)− 0, 05 · (9, 8 + 1, 5 · 0, 02)]

2 · 1, 5
= 1, 58 · 10−3 � � · V 2.
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T =
mv2

2
+

Jω2

2
,
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J = 1

2
mR2

5
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ω
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v
\ ����
!� \ ��
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v = ωR; ω = v/R.0	��&,���,�!��o
T =

mv2

2
+

1

2
mR2 ·

1

2
·
(

v

R

)2

=
mv2

2
+

mv2

4
=

3

4
mv2.
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A = F �

� s �
fi���

F �

� = kmg.
0	��&,���,�!��o)U

kmgs =
3

4
mv2; k =

3mv2

4mgs
=

3v2

4gs
;

k =
3 · 82

4 · 9, 8 · 18
= 0, 272.
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D = 30 Z V ; m = 6 � � ;
∆t = 8 Z ; n = 12 Z −1.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6G[]\ %��2���2&��#
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ω = ω0 −
M

J
t
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ω0 −
M

J
∆t = 0;

0	��&,���,�!��o)U
M =

Jω0

∆t
=

mD22πn

4∆t
=

πmD2n

2∆t
;

M =
3, 14 · 6 · (0, 3)2 · 12

2 · 8
= 1, 27

�
· V .
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m = 0, 4 � � ;
m1 = 0, 3 � � ; m2 = 0, 7 � �GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
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a =
T1 −m1g

m1

; a =
m2g − T2

m2

(1)

fg���
T1, T2
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���4�5 ��� 
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M = R(T2 − T1)
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ε =
M

J
=

R(T2 − T1)

Jfg���
J = 1

2
mR2 H or��or�� #
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a = εR � 
�� \ ��&,���,�!��o

ε =
a

R
=

R(T2 − T1)

J
; a =

R2(T2 − T1)

J
=

2(T2 − T1)

m
0	������
��!-�&,"���o \ ��&,������ � �����-�()%,��jb�� ����	��&,"

a
-���%,�!-� ��� ��#"�� C��2U

2(T2 − T1)

m
=

T1

m1

− g;
2(T2 − T1)

m
= g −

T2

m2

(2)

[ 
�� � �+� \ ��&,���,�!��o)U

T1

m1

− g = g −
T2

m2

;
T2

m2

= 2g −
T1

m1

; T2 = 2gm2 −
m2

m1

T1

0	������
��!-�&,"���o
T2

- \ ��%�-����	��%,�!-� ��� ������ � �2U

2(2gm2 −
m2

m1

T1 − T1) =
m

m1

T1 −mg
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4gm2 − 2
m2

m1

T1 − 2T1 =
m

m1

T1 −mg

(4m2 + m)g = (2
m2

m1

+ 2 +
m

m1

)T1

T1 =
m1(4m2 + m)g

2m1 + 2m2 + m

T2 = 2gm2 −
m2

m1

·
m1(4m2 + m)g

2m1 + 2m2 + m
= 2gm2 −

m2(4m2 + m)g

2m1 + 2m2 + m
=

m2(4m1 + m)g

2m1 + 2m2 + m>?()�����2&,"���o)U
T1 =

0, 3 · (4 · 0, 7 + 0, 4) · 9, 8
2 · 0, 3 + 2 · 0, 7 + 0, 4

= 3, 92
�

T2 =
0, 7 · (4 · 0, 3 + 0, 4) · 9, 8
2 · 0, 3 + 2 · 0, 7 + 0, 4

= 4, 57
�

.
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n1 = 8 V d,c −1; n2 = 10 V d,c −1;
m1 = 70 � � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
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J ����� = m1R
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5
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ω1(J0 + m1R
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ω1 = 2πn1; ω2 = 2πn2.0	��&,���,�!��o ��%,�!-� ��� ����
n1(J0 + m1R
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J0 =
1

2
m2R

2.
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n1(

1

2
m2 + m1) = n2 ·

1

2
m2;

(n2 − n1) ·
m2

2
= n1m1; m2 =

2n1m1

n2 − n1

;

m2 =
2 · 8 · 70
10− 8

= 560 � � .
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D = 0, 8 V ; m1 = 6 � � ;
m2 = 60 � � ; m = 0, 5 � � ;
r = 0, 4 V ; v = 5 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6G[]\ %��2���2&��#
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J = J � + J � + J0

J � = mr2 H or��or�� #
s�� ���%�3����1oM"��,� �
J � = m2r

2 H or��or�� #
k�� ���%�3����1���2&���-������ �
J0 = 1

2
m1r

2 H or��or�� #
k�� ���%�3����A��������� �0	��&,���,�!��o)U
(m + m2 + 1

2
m1)r

2ω = mvr

ω =
mv

(m + m2 + 1

2
m1)r

=
0, 5 · 5

(0, 5 + 60 + 1

2
· 6)0, 4

= 0, 098 W$X!Y / Z .
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ω1 = 4 W$X!Y / Z ; J = 5 � � · V 2;
l = 1, 8 V ; m = 6 � � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG[]\ %��2���2&��#
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ω1J = (J + J � )ω2
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ω2 =

Jω1

J + J � =
Jω1

J +
ml2

12

; ω2 =
5 · 4

5 +
6 · (1, 8)2

12

= 3 W$X!Y / Z .
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D = 3 V ; m1 = 180 � � ;
m2 = 70 � � ; v = 1, 8 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6H[]\ %��2���2&��#
�'

ω1^`_�ab_�c,d�_
f

���v

�
ω1

m1

m2

0	���2&��� ,���,�*&+�s��-��#jb�� ��#"l���2&���-������ \ &+��
 � ��%�oK�h ,���� �
�
�-�%,� ����
��g" �B��fi&���-���4 ���$��%�����
�' �
ω1

 ,�*.
-���
�%����#�����2&���-����#��5,e]fi&���-:��"A���$��%�����
�'b��-��#j��� ��#"����2&���-������b�!
� ������#
��2&�'� �� \ &+��
 � ��%�or( %,�!-� ,�

ω � ��� =
v

R
=

2v

D
e]fg&���-:��"A���$��%�����
�'k���2&���-������b�!
� ������#
��2&�'� ��  �� \ ����-��#jk ���4h����o &���U

ω2 = ω � ��� − ω1
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��s��o \ ��&�'����s�� A����
��! ���
�� "1%,�!-� �()o  #��& � \ ���2&��� ,�*�,�*&+�6��-��#j��� ��#"�U

ω1J1 − ω2J2 = 0

fg����or��or�� #
�( �� ���%�3���� \ &+��
 � ��%�or( �A���2&���-����#�b�!
� ������#
��2&�'� ��k������-�%,� �B�� ��#"�%,�!-� �(	U

J1 =
1

2
m1R

2; J2 = m2R
2.

0	��&,���,�!��o)U

ω1 ·
1

2
m1R

2 − ω2 ·m2R
2 = 0; ω1 ·

1

2
m1 − (ω � ��� − ω1) ·m2 = 0

ω1 ·
(

1

2
m1 + m2

)

= ω � ��� m2; ω1 =
m2

1

2
m1 + m2

· ω � ��� =
m2

1

2
m1 + m2

·
2v

D

ω1 =
70

1

2
· 130 + 70

·
2 · 1, 8

3
= 0, 62 W$X!Y / Z .

� �



IKJ�LMJ$N=JPO � �RS
TB�! ���U

m1 = 280 � � ; m2 = 80 � � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
ϕ^`_�ab_�c,d�_

&%
'$u

�

6

ω1

m2
m1

[ 
��!�� ,�*����o
ω2

��fg&���-��	�p���$��%�����
�']���2&���-����#� �!
� ������#
���&�'� ��	����� \ %��B��f�� ��-��#jb�� ���� \ � \ &+��
 � ��%�or� �
ω1
H ��fg&���-:��"A�����!%�����
�' \ &+��
 � ��%�or(	50	��%�-��� ,�*�,��&�'� ���or��or�� #
 ��o \ ��&�'�����������
���or( 
�(?&9%,�!-���  #��& � � \ � � 
���oM� \ �A���!�$�� #� ��� �#%,�! ��� ��#"or��or�� #
!�b��o \ ��&�'����

J1ω1 = J2ω2; ω2 =
J1

J2

· ω1.

fg���
J1 = 1

2
m1R

2 H or��or�� #
��� ���%�3���� \ &+��
 � ��%�or( � R H %,�*���#��� \ &+��
 � ��%�or(��
J2 = m2R

2 H or��or�� #
�� ���%�3����1���2&���-������#5+0	��&,���,�!��o

ω2 =
1

2
m1R

2

m2R2
· ω1 =

m1

2m2

· ω1.

[ 
� ������#
���&�'� �� \ &+��
 � ��%�or( ���2&���-����A��-��#j���
��g"1�	��fi&���-���4����$��%�����
�' �
ω � ��� = ω1 + ω2,�B-��!��-�%,��
��#
��g"�- ��� �:���� #�	� 
������#������%����)-�%���oM"

t
\ ��-���%� #��-!@B����'	-�����%#��f?�����6 ,�

2π
%,�*���,�! �5!>?%���oM"

%,�!-� ��
t =

2π

ω � ���

=
2π

ω1 + ω2

=
2π

ω1 + m1

2m2

· ω1

=
4πm2

ω1(2m2 + m1)
.

��� � 
��sj��	-�%���oM" \ &+��
 � ��%�oK� \ ��-���%� ���
��g"1 ,����f���&

ϕ = t · ω1 =
4πm2

(2m2 + m1)
;

ϕ =
4 · 3, 14 · 80

(2 · 80 + 280)
= 2, 28 W$X!Y = 130◦

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO � � S
TB�! ���U

m = 60 � ; l1 = 1, 2 V ;
n1 = 2 Z −1 l2 = 0, 6 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'

n2, A
^`_�ab_�c,d�_

����u
?

l

XXyn

0	%��A���$��%������� ����1 ��#
�� \ �b���!�$�� #�h��� �#%,�! ��� ��#"1or��or�� #
��s��o \ ��&�'����
J1ω1 = J2ω2fg���

J1, J2
H  ,���,�*&�'� �()4����$�� ����� �()41or��or�� #
�( �� ���%�3�����@��!%������b�!
� ������#
���&�'� ��k������-�%,� �B�� ��#" �

� �



J1 = ml2
1
; J2 = ml2

2
.e]fg&���-�()�����$��%�����
��1-�%,� �B�� ��#"�@��!%������#U

ω1 = 2πn1; ω2 = 2πn2; .0	��&,���,�!��o
ml2

1
· 2πn1 = ml2

2
· 2πn2; l2

1
n1 = l2

2
n2;

n2 =
l2
1

l22
· n1 =

(1, 2)2

(0, 6)2
· 2 = 8 �

�
/ Z .

v ��-���%#@�
� � ,��"6%,��
��!
!�)%,�!-� ,� %,���� ��!��
��Bor��jb�,�	�$�� ����� ���4��� ,���,�*&�'� ���4����� ���
�������������or� �  ���%�f��#"�or�@��!%����#�#U
A =

J2ω
2

2

2
−

J1ω
2

1

2
=

1

2
[ml2

2
(2πn1)

2 −ml2
1
(2πn1)

2] = 2π2m[l2
2
n2

1
− l2

1
n2

1
];

A = 2 · (3, 14)2 · 0, 06 · [(0, 6)2 · 82 − (1, 2)2 · 22] = 20, 4��� .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
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D = 75 Z V ; m = 40 � �
F = 1 � �

; r = 12 Z V ; t = 10 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6H[]\ %��2���2&��#
�'
ε, n

^`_�ab_�c,d�_

&%
'$

��
��-

6r
~F5

-�
D0	�A���� ���-� ���oM� ��%,�!-� ��� ���� ���� ,�!or�����;-�%,� ����
��2&�'� ���f��A��-��#j��� ��#" ��fi&���-�������������%��� ����soK� �:��-����#�

%,�!-� ��
ε =

M

Jfg���
M = Fr H or��or�� #
 \ %���&���j��� � �( ������& � J H or��or�� #
k�� ���%�3����1oK� �:��-������

J =
1

2
·mR2 =

1

2
·m

(

D

2

)2

=
mD2

8
e]fg&���-����]�:���$��%��� ���� \ ����
��*"� � ��s��%,�!-� ��

ε =
8Fr

mD2
=

8 · 103 · 0, 12
40 · (0, 75)2

= 42, 7 W$X!Y / Z 2.
e]fg&���-:��"A���$��%�����
�' \ %���%,�!-� ��!�����$��%��� � ���op-�%,� �B�� ����1%,�!-� ,�

ω = εt
5�8��!��
��!
��b-�%,� �B�� ��#"�U

n =
ω

2π
=

εt

2π
.

0	%��
t = 10 c

U
n =

42, 7 · 10
2 · 3, 14

= 67, 9
� �

Z .
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IKJ�LMJ$N=JPO � � S
TB�! ���U � _ V ��� , h = 1000 � V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6G[]\ %��2���2&��#
�'

G^`_�ab_�c,d�_

&%
'$u

��*
R

6
r

?

6
h

��� 
��2&�� �  ,� �:���," �B�����g"6 ,�)%,�!����
���", ���� r = R+h
�!
 3��� #
�%,�]� ��o &����

R H %,�*���#��� � ��o &�� � � ����4���
�-!����
����&+� \ %��#
*"#j��� ��#"
F = γ

mM

r2
,

fg���
γ H f�%,�!-��#
!�!3����� � ,�*" \ ����
��*"� � ,��" � M H oK�!����� � ��o &�� � r H %,�!����
���"� ����l�!
 3��� #
�%,� � ��o &���57 %,�!-��#
!�!3����� � ��!� \ ��&��!U

G =
F

m
= γ

M

r2

��� \ ��-���% �# �����
�� � ��o &�� \ %��
r = R � fi��� R H %,�*���#���6� ��o &�� � f�%,�!-��#
��!3����� � ���� \ ��&��	%,�!-� �� G = g �

g H �:���$��%��� ����6��-�� 
����� ���f�� \ �*���� ��#"� ,� \ ��-���% �# �����
��l� ��o &���5 [ 
�� �?�+�

g = γ
M

R2
; γM = gR2;

G =
gR2

r2
=

gR2

(R + h)2
=

g
(

1 + h

R

)2
;

G =
9, 81

(

1 + 1000

6370

)2
= 7, 33

V
Z 2 .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO � � S
TB�! ���U

m = 2 � � ;
1) h = 1000 � V ; 2) h = ∞GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'

A
^`_�ab_�c,d�_

&%
'$u

��*
R

6
r

?

6
h

��� 
��2&�� �  ,� �:���," �B�����g"6 ,�)%,�!����
���", ���� r = R+h
�!
 3��� #
�%,�]� ��o &����

R H %,�*���#��� � ��o &�� � � ����4���
�-!����
����&+� \ %��#
*"#j��� ��#"
F = G

mM

r2
,

fg���
G H f�%,�!-��#
��!3����� � ,��" \ ����
��*"� � ,��" � M H oK�!�����k� ��o &���5

�M��
��!
��b����&�(q
*"#j�����
�� \ %�� \ �*���� ����A
��2&+�s ,�s� ��o & � %,�!-� ,�

A =
∫

Fdr = GmM

r
∫

R

dr

r2
= −GmM

1

r

∣

∣

∣

∣

∣

r

R

= GmM
(

1

R
−

1

r

)

= GmM
(

1

R
−

1

R + h

)

.
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C��)0]%�� \ �*���� �����
��2&+�b��-�()���!
�(
h = 1000 � V = 106 V U

A = 6, 67 · 10−11 · 2 · 5, 98 · 1024 ·
(

1

6, 37 · 106
−

1

6, 37 · 106 + 106

)

= 1, 7 · 107 ��� .

� �)0]%�� \ �*���� �����
��2&+�b�#� 
��������� ����� ��!��
:��� h = ∞
�2U

A =
GmM

R
=

6, 67 · 10−11 · 2 · 5, 98 · 1024

6, 37 · 106
= 12, 5 · 107 ��� .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO � ��S
TB�! ���U

m = 30 � � ;
g = 9, 8 V / Z 2; R = 6, 37 ·106 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'

A
^`_�ab_�c,d�_

&%
'$u

��*
R

6
r

v ��&+� \ %��#
�"#j��� ��#" � ����4���
�-!�	�������� ,� 
��2&�� oK�!������4 m
 ,� \ ��-���% �# �����
��P� ��o &�� %,�!-� ,�

F = mg
5

nM�!�l���!� ����&+� \ %��#
�"#j��� ��#"l�	
�()-:�!��
�� 
�%,��
� �� \ %�� \ ��%�3����� ,�*&�'� ��h��-:�*��%,��
!�l%,�!����
���"� ��#" �!
A3��� �.

�%,� � ��o &��

r � 
��  ,�;
��2&�� �  ,� �:���," �B����� "w ,� %,�!����
���"� ���� r
�!
 3��� #
�%,� � ��oM&�� � ����4���
�-!�:��
 ����&+�\ %��#
*"#j��� ��#"

F = mg
(

R

r

)2

,

fg���
R H %,�*���#���B� ��o &���5

�M��
��!
��b����&�(q
*"#j�����
�� \ %�� \ �*���� �����or��
�����%��#
!�s�#� 
��������� ����� �����
��  ,�s� ��o & � %,�!-� ,�

A = −
R
∫

∞

Fdr = −mgR2

R
∫

∞

dr

r2
= mgR2

1

r

∣

∣

∣

∣

∣

R

∞

= mgR2
1

R
= mgR;

A = 30 · 9, 8 · 6, 37 · 106 ��� .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO �,Q S
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v = 5 � V / Z = 5000 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
h^`_�ab_�c,d�_

&%
'$u

��*
R

6
r

?

6
h

0	�1���!���! #�9��� �#%,�! ��� ��#" �  ���%�f���� ���� ��2
����,�����#��" �  ���%�f��#" %,�!����
�( \ ��4�� 
�
l ,�1��-��2&������� ����h� 
 \ ��.

��� �3��,�*&�'� ���4 �  ���%�f����

mv2

2
=

�
2 −

�
1,

F �



fg���
m
. oK�!������%,�!�$��
�(	5

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"1-bf�%,�!-��#
��!3����� � ���o \ ��&��6� ��o &��A%,�!-� ,�

�
= −G

mM

r
,

fg����� . oK�!������� ��o &�� � G H f�%,�!-��#
��!3����� � ,��" \ ����
���"� � ,��" � r
. %,�!����
���"� ����s�!
�3��� #
�%,�1� ��o &�� � r =

R + h
�
R H %,�*���#���B� ��o &�� �25 [ 
�� �?�+� \ ��&,���,�!��o)U

mv2

2
= −G

mM

r2

+ G
mM

r1

= GmM
(

1

r1

−
1

r1

)

r1 = R; r2 = R + h
5

v2

2
= GM

(

1

R
−

1

R + h

)

;

v2

2GM
=

1

R
−

1

R + h
;

1

R + h
=

1

R
−

v2

2GM
; h =

1

1

R
−

v2

2GM

−R;

h =
1

1

6, 37 · 106
−

(5000)2

2 · 6, 67 · 10−11 · 5, 98 · 1024

− 6, 37 · 106 = 7, 959 · 106 − 6, 37 · 106 =

= 1, 59 · 106 V = 1590 � V .

GBGBGBGBGBGBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBG6GBG6GBG6GBGBG6GBG6GBG6GBG6GBGBH
IKJ�LMJ$N=JPO � O,S
TB�! ���U Z 
�� ��c,d � � _ V ��d ; T = 65 V d,c ;

g = 9, 8 V / Z 2; R = 6, 37 ·106 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
h

^`_�ab_�c,d�_
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'$?

6
h

u
��*
R

6
r

v ��&+� \ %��#
�"#jb�� ��#" � ����4���
�-!�	���B���  ,�]
��2&���oK�!������4 m
 ,� \ ��-���% �# �����
��h� ��o &��s%,�!-� ,�

F = mg
5�nM�!�

�#�!�p����&+� \ %��#
*"#j��� ��#"p�	
�()-:�!��
 � 
�%,��
� �� \ %�� \ ��%�3����� ,�*&�'� �� ��-:����%,��
!�p%,�!����
���"� ��#"w�!
 3��� #
�%,�
� ��o &��

r � 
��  ,�9� \ �$
� ���� �  ,� �:���," �B��4�� "w ,�9%,�!����
���"� ���� r
�!
 3��� #
�%,� � ��o &�� � ����4���
�-!�:��
 ����&+�\ %��#
*"#j��� ��#"

F = mg
(

R

r

)2

fg���
R H %,�*���#��� � ��o &���5��	�� #
�%�����
:%���or�#
:�2&+'� ���� �����$��%��� ���� � \ �$
� ������ � ���!
���%���� ����� 
 ���!�2
���oM�6����&+�\ %��#
*"#j��� ��#" � %,�!-� ��

a =
F

m
= g

(

R

r

)2

= g
(

R

h + R

)2

.

0	%��h��-��#j��� ���� \ �s��%#��f��!-���41��%�
��#
��	�:���$��%��� �����%,�!-� ��
a = v2/r

5�0	��&,���,�!��o ��%,�!-� ��� ����!U

v2

r
= g

(

R

r

)2

; v =

√

g

r
·R;
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T =
2πr

v
=

2πr

R
·
√

r

g
; T 2 =

(2π)2r3

R2g
; r = 3

√

g
(

TR

2π

)2

;

>?()���!
!�b� \ �$
� ����#�s ,�*� \ ��-���% �# �����
�' � � ��o &���U

h = r −R = 3

√

g
(

TR

2π

)2

−R

0	��%������ � 
�%,� �B�� ��#"�� \ �$
� ������#U
T = 65 · 60 = 3900 c;

r = 3

√

√

√

√9, 81 ·
(

3900 · 6, 37 · 106

2 · 3, 14

)2

− 6, 37 · 106 = 5, 35 · 106 − 6, 37 · 106 = −1, 02 · 106 V .
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M � = 81
�
� ; r = 60R � ;GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
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��rA r

-� r1
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A3��� #
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� � �����
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������ �( %,�!-� �(	U
γ ·

M �

r2
1

= γ ·
M �

(r − r1)2

[ 
�� � �+� \ ��&,���,�!��o)U
M � (r − r1)

2 = M � r2

1
; 81(r − r1)

2 = r2

1
; 80r2

1
− 162rr1 + 81r2 = 0.0	������
��!-�&,"���o -���%,�!-� ��� ����

r = 60R � � fi��� R � H %,�*���#�:�6� ��o &��

r2

1
− 121, 5r1 + 3645 = 0

�	-:�*��%,��
� ����	��%,�!-� ��� �������or����
b��-:�b%���@B�� ��#"�U

r1 = 60, 75±
√

(60, 75)2 − 3645 = 60, 75± 6, 75.

>?( 
���%,�!��op%���@B�� ����
r1 < 60R �

U

r1 = 60, 75− 6, 75 = 54R � = 54 · 6370 = 343980 � V .
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IKJ�LMJ$N=JPO � ��S
TB�! ���U Z 
�� ��c,d � � _ V ��d ; h = 520 � V ;

g = 9, 8 V / Z 2; R = 6, 37 ·106 V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
T
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F = mg
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F = mg
(

R

r

)2

fg���
R H %,�*���#��� � ��o &���5��	�� #
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:%���or�#
:�2&+'� ���� �����$��%��� ���� � \ �$
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a =
F

m
= g

(

R

r

)2

= g
(

R

h + R

)2

.

0	%��h��-��#j��� ���� \ �s��%#��f��!-���41��%�
��#
��	�:���$��%��� �����%,�!-� ��
a = v2/r

5�0	��&,���,�!��o ��%,�!-� ��� ����!U

v2

r
= g

(

R

r

)2

; v =

√

g

r
·R;

0	��%������ � 
�%,� �B�� ��#"�� \ �$
� ������#U

T =
2πr

v
=

2πr

R
·
√

r

g
=

2π(R + h)

R
·
√

R + h

g
;

T =
2 · 3, 14(6370 + 520) · 103

6370 · 103
·
√

(6370 + 520) · 103

9, 8
= 5696 Z = 95 V d�c .
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h = 1000 � V ; g0 = 9, 81 V / Z 2.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
�'
ω, v^`_�ab_�c,d�_
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6
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r = R+h
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�%,�B� ��o &�� �
R H %,�*���#���]� ��o &�� � �����$��%��� ���� ��-�� 
����� ���f�� \ �*���� ��#"%,�!-� ��

g = g0 ·
R2

r2
= g0 ·

R2

(R + h)2
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an = ω2r = ω2(R + h) = g0 ·
R2

(R + h)2

[ 
�� � �+� \ ��&,���,�!��o)U
ω2 =

g0R
2

(R + h)2
; ω =

R

(R + h)
·
√

g0

(R + h)
���� ���4� ,��"�������%����2
�'k� \ �$
� ����#�#U

v = ωr = ω(R + h) = R ·
√

g0

(R + h)

>?()�����2&,"���o)U
ω =

6370

(6370 + 1000)
·
√

9, 81

(6370 + 1000) · 103
= 0, 001 W$X!Y / Z

v = 6370 · 103 ·
√

9, 81

(6370 + 1000) · 103
= 7345 V / Z .
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A = 15 Z V = 0, 15 V ; ω = 4π Z −1;
m = 20 � W = 0, 02 � � ; t = 0, 2 Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBG6GBH[]\ %��2���2&��#
�'

F^`_�ab_�c,d�_
e]%,�!-� ��� �����f2�!%�or�� ������������	�1�$��&�� 
:�! ���4�oK��
���%��,�*&�'� ���4�
��������

x = A sin(ωt)

v ����%�����
�'b
�������� \ %����$��&�� 
:�! ��#"	�

v = ẋ = [A sin(ωt)]′ = ωA cos(ωt)

eK���$��%��� �����
��������
a = v̇ = [ωA cos(ωt)]′ = −ω2A sin(ωt)

0	�b-!
���%���oM�h���!�$�� #� �	' � 
��� ,�b-��!��-�%,� ����������"�����&+�b%,�!-� ,�

F = ma = −mω2A sin(ωt)

>wor��or�� #
s-�%���or�� ��
t = 0, 2 Z U

F = −0, 02 · (4 · 3, 14)2 · 0, 15 sin(4π · 0, 2) = −0, 29
�

.

0	��&� ,��" �  ���%�f��#"1oK��
���%��,�*&�'� ���4�
��������

E =
1

2
mω2A2 =

1

2
· 0, 02 · (4 · 3, 14)2 · (0, 15)2 = 0, 0355 ��� .
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IKJ�LMJ$N=JPO � ��S
TB�! ���U V	X ����c,d � ; l = 30 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBH[]\ %��2���2&��#
�'

T^`_�ab_�c,d�_

L
L
L
L
L
L
L

L
L
L
L
L
L
L

�

O

l

0	%���-��2� 
� � ,��"A��&��� ,� � �#��������������f��koK��"#
� ������b%,�!-� ,�

L =
J

Ma
fg���

J H oK�!oK�� #
 �� ���%�3���� oK��"#
� ������ �!
� ������#
��2&�'� �� 
�������� \ ����-������ � M H oK�!����� oK��"#
� ������ � aH %,�!���2
��*"� ����;�!
 
�������� \ ����-������9��� 3��� #
�%,� oK�!���!5 �	�� #
�% oK�!���  ,� �:�����#
��g"q
����� �� \ �!����%��2���� ��
��
���%$jk #" � \ � � 
���oM� a = l/2

5

���or�� #
k�� ���%�3����1��
���%:jk #"1�!
� ������#
��2&�'� ��k��f��s���� �3,��%,�!-��� 

J = 1

3
ml2

5,0	��&,���,�!��o

L =
1

3
ml2

m · 1

2
l

=
2

3
l

0	��%������ �$��&�� 
:�! ���4�U

T = 2π

√

L

g
= 2π

√

2

3
·

l

g
= 2 · 3, 14 ·

√

2

3
·
0, 3

9, 8
= 0, 9 c.
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A = 15 Z V = 0, 15 V ;
vmax = 30 Z V / Z = 0, 3 V / Z .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6H[]\ %��2���2&��#
�'

amax^`_�ab_�c,d�_
e]%,�!-� ��� �����f2�!%�or�� ������������	�1�$��&�� 
:�! ���4�oK��
���%��,�*&�'� ���4�
���������U

x = A sin(ωt)v ����%�����
�'b
�������� \ %����$��&�� 
:�! ��#"	� U
v = ẋ = [A sin(ωt)]′ = ωA cos(ωt)
1�!������oK�*&�'� ,��"A������%�����
�'s����%#��f���-:��"��,�!��
��!
��#U

vmax = Aω; ω =
vmax

A
=

0, 2

0, 15
= 2 Z −1.

eK���$��%��� �����
��������
a = v̇ = [ωA cos(ωt)]′ = −ω2A sin(ωt)
1�!������oK�*&�'� ����	��������%��� ����!U
amax = Aω2 = 0, 15 · 22 = 0, 6 V / Z .e]%,�!-� ��� ������$��&�� 
:�! ���4�U

x = 0, 15 sin(2t)
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x = A sin ωt;
A = 5 Z V = 0, 05 V ; ω = 2 Z −1;

�
= 0, 1 V ��� ; F = 5 V �

.GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
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v ����%�����
�'s�A��������%��� �����oK��
���%��,�*&�'� ���4�
�������� \ %���f��!%�or�� ����������$��op�$��&�� 
:�! �����U

v =
dx

dt
= [A sin ωt]′ = Aω cos ωt; a =

dv

dt
= [Aω cos ωt]′ = −Aω2 sin ωt.

0	�!
��� �3��,�*&�'� ,��" �  ���%�f��#"P
�������� �
= E0 − T � fg��� E0

H \ ��&� ,��" �  ���%�f��#" � T H ���� ���
����������#��"
�  ���%�f��#" �

T =
mv2

2
=

mA2ω2

2
cos2 ωt.

0	��&� ,��" �  ���%�f��#"1%,�!-� ,��o`��������oK�*&�'� ���oM� �� ,������ ���� ���� ���
����������$��4 �  ���%�f�����U

E0 =
mA2ω2

2
;

�
=

mA2ω2

2

(

1− cos2 ωt
)

=
mA2ω2

2
sin2 ωt

0	�b-!
���%���oM�h���!�$�� #� �	' � 
��� ,�
m =

F

a
= −

F

Aω2 sin ωt
;

�
= −

F

Aω2 sin ωt
·
mA2ω2

2
sin2 ωt = −

FA

2
sin ωt;

sin ωt = −
2

�

FA
= −

2 · 0, 1 · 10−3

5 · 10−3 · 0, 05
= −0, 8;

ωt = 2π − 0, 927 = 5, 356 W�X!Y ; t =
5, 356

2
= 2, 68 Z .
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L =
J
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C � a = R/2 = d/4
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2
mR2

5�
���or�� #
b�� ���%�3���� ���������B�!
� �������.

��2&�'� ��s
�������� \ ����-������

O
 ,� �$������o \ ��
�����%���or��� 
���4� ���%,�#U

J = Jc + ma2 =
1

2
mR2 + m ·

(

R

2

)2

=
3

4
mR2 =

3

16
md2.
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L =

3

16
md2

m · 1

4
d

=
3

4
d
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ν =
1

2π

√

g

L
=

1

2π

√

4

3
·
g

d
=

1

2 · 3, 14

√

4

3
·
9, 8

0, 2
= 1, 29

� � .
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T = 2π

√

L
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L = J/ma � J H or��or�� #
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� ������#
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C � a = R
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Jc = 1
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J = Jc + ma2 =
1

2
mR2 + m ·R2 =

3

2
mR2.

0	��&,���,�!��o

L =
3

2

mR2

mR
=

3R

2
; T = 2π

√

3R

2g
;

T = 2 · 3, 14
√

3 · 0, 4
2 · 9, 81

= 1, 55 Z .
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m1 = m2 = m; l = 30 Z V .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG[]\ %��2���2&��#
�'
L, T^`_�ab_�c,d�_
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3
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J = m

(

l

2

)2

+ ml2 =
5

4
ml2;
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L =
5

4
ml2

2m · 3

4
l

=
5

6
l =

5

6
· 0, 3 = 0, 25 V ;

0	��%������ �$��&�� 
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T = 2π

√

L

g
= 2 · 3, 14 ·

√

0, 25

9, 8
= 1 Z .
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m = 2 � W = 0, 002 � � ;
A = 4 Z V = 0, 04 V ; ν = 5

� � .GBGBGBGBGBGBG6GBG6GBG6GBG6GBGBG6GBH[]\ %��2���2&��#
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v = ẋ = [A sin(2πνt)]′ = 2πνA cos(2πνt)
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Tmax =
mv2
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2
=

m(2πνA)2

2

Tmax =
0, 002 · (2 · 3, 14 · 5 · 0, 04)2

2
= 0, 00157 ��� .
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