
�

�

�

�

�

�������������

�����������	
�����

�

�

�

�����������������

�

�������������
��������������������
����

��������������� 
�����!���

�

��	�"#���$�� 
%�$�������% ��

�



���������������� ��������!���� �

�
��

	
���

��&'�����(����)*)��)�+���%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &�

&%&%�).������������� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &�

&%/%�,
����
�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &�

/%�����(������)�,�*,�����,)(*��%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /�

/%&%��
.��������������!���%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /�

/%/%��
.�������
�����!�� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0�

/%0%��
.��������
��!�� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0�

/%1%��
.�����!�������!�� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0�

/%2%�������� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1�

/%3%��
��%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1�

0%�����(�����������(��-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 2�

0%&%�4�����	�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 2�

0%/%��	���$�.��%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 3�

0%0%�������� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 5�

0%1%��	�����
.������
"�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 5�

��/'���)��*)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6�

&%&%�����������
�����	
�	���%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6�

&%/%�,
����
�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 6�

&%0%�)�
�7����������"����	
���������
����"�����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &8�

/%���)��*)�-,��-,�)�����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &/�

/%&%���
���������9������������� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &/�

/%/%���������������"���
.��������	�����������	��	
����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &0�

/%0%���������������"���
.��������	�����������	����	
����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &0�

/%1%���������������"��������	�����	������
.�����	
����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &0�

/%2%���������������"��������	�����	������
.�������	
����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &1�

0%���)��*)�-,��*(��,)�(4*��� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &2�

0%&%�,���������	
� ���	�����"9�������""�����	
� ���	�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &2�

0%/%���������
�����"���
.������9�����%�%�,
���"�����������	��	
���� %%%%%%%%%%%%%%%%%%%%%%%%%%%%% &2�

0%0%���������
�����"���
.������9�����%�%�,
���"�����������	����	
����%%%%%%%%%%%%%%%%%%%%%%%%%% &3�

0%1%���������
�����"��������	���9�����%�%�,
���"������
.�����	
���� %%%%%%%%%%%%%%%%%%%%%%%%%%%%% &3�

0%2%���������
�����"��������	���9�����%�%�,
���"������
.�������	
����%%%%%%%%%%%%%%%%%%%%%%%%%% &5�

0%3%�����������������	����""
�����:08�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &5�



���������������� ��������!���� �

�
���

0%5%���������
��������������""���
����������%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% &6�

��0'�)��)���;�<�-)���� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /8�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /8�

/%���)�-�-�-=�� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% //�

0%��-��*(*��-,�������>��-<�,,��%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /0�

0%&%��
�������
��������?��
.���������������	���	
���������	������	����""
���

������""���������;�!��"	
�!���%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /0�

0%/%��
�������
��������?��
.����������@���������	����	
��������	�

����
��������	����""
��������""���A08%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /2�

0%0%��
�������
��������?��
.����������@���������	����	
��������	�

�����	����""
���������""����:08�����;:08%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /3�

0%1%��
�������
��������?��
.���������	������	����""
�����������%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /5�

0%2%��
�������
��������?��
.���������	������������"�����"%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% /6�

��1'�)��)����B��$���>%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 08�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 08�

/%��(�,���� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 08�

0%�)��)�����-��*(*��-,�������>����)(�C�)�-,�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0/�

1%�)��)�����;�,����,�*,���������>�4*(�*C����+�*��)*)�4��%%%%%%%%%%%%%%%%%%%% 01�

��2'�)��)����D���->-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 02�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 02�

/%�)��)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 02�

0%��-��������)(�C�)�-,�,��������D���->-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0E�

0%&%��� �����
�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0E�

0%/%��������	�����������	� %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 0E�

��3'�*F��)���,)��;�,���-�(C�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 18�

&%��,)(-���)�-,%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 18�

/%��+�*)�-,������-�(C����;*F��)���,)%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 18�

0%��(-�)�����/��-�,)��+����-,+���%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1&�

1%��-�(C�������-�,�(����*((�����-�(C���;*F��)���,)�%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1&�

1%&%�����
��	��
�%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1&�

1%/%���
���������
�������	�����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 1/�

1%0%������
"�������
�������	�����%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 10�

�



���������������� ��������!���� �

�
&�

�������������������������

�

���������������

�

�������������������

�

)�
����.���������������
���"9���".��������
������

���������������������	��	�����"�'�"���
.�������������!��G�"���
.�������
�����!��G�

"���
.��������
��!��G�"���
.�����!�������!��G�"�������������"���
��%�

����� �������� ��� ��������
�'� "�� ������	�G� "9�	���$�.��G� "9�������� ��� "9�	���$�
.���

���
"�%�

�����������������	
�	�������
����
����������������	��	
����%�

�

��������� �!�

�

�
��� iX ������
������;����	����""
��������""��nG� { }∈ �i 1, , n %�

�



���������������� ��������!���� �

�
/�

�����������������������������
��

�

��������!!��"�� �#�$� %��&�

�

����

����
.��������������!����X �����"���
��������n���"�����������������n%�

=

= �
n

i
i 1

1
X X

n
�

�

���������!!����!�$�$��

�

�����?���"����� iX ����X��
������
	����������
���� iw ��"
���

=

=

= �
�

n

i in
i 1

i
i 1

1
X w X

w
�

�

������	���� $�$��

�

���

( )
n

i
i 1

X X 0
=

− =� �

����
�����"�����!��������	������9���������"������
������H�"�����
.�����������""�%�

�

���

����
��������	�����������	�������9���������"������
������H�����
�����a��
����

( )
n

2
i

i 1

X a
=

−� �����������"����������"��������� =a X %�

�



���������������� ��������!���� �

�
0�

���

���"��� iX �
�������	���� = −i id X a ����	�����
�����a��
�����"
���

=

= + �
n

i
i 1

1
X a d

n
�

�

���������!!��'$��$�� %���

�

����

����
.�������
�����!���g�����"����	�����$�7��������
���������n���"����%�

=

= ∏
n

n
i

i 1

g X �

�

��(������!!��#����! %���

�

����

����
.��������
��!���h�����";�����������"���
.����������������������n���"����%�

=

=
�

n

i 1 i

1
h

1 1
n X

�

�

��)������!!��%������ %���

�

����

��� �
.����� !�������!��� q� ���� "�� ��	���� 	������ ��� "�� �
.����� ���� 	������ ���� n�

��"����%�

=

= �
n

2
i

i 1

1q X
n

�

�



���������������� ��������!���� �

�
1�

��*���$� �!��

�

����

���������������"����"�������"��������"����������!��������"���G�"9������"��������"�����

������������������
�����������������	�
�������������	
������
��'�

�������n�����������G�"�������������� ( )+n 1 /2X �

��������n���������G�"�������������� n/2X ������	
������
���

�

��+�������

�

����

����
�������"����"�������"��������"����������!���"���"��� ��!�����%�����
�����������

�����?����������9�"��?����G��"�������������@�������!��%�

�



���������������� ��������!���� �

�
2�

(����������������	�������

�

(���,�� �!-��

�

����

���������	�� 2S �����"���
.���������	�����������	������;���������"������
������H�"����

�
.����%�

( )
=

= −�
n 22

i
i 1

1
S X X

n
�

�

(����,�� �!-����!�$�$��

�

�����?���"����� iX ����X��
������
	����������
���� iw ��"
���

( )
=

=

= −�
�

n 22
i in

i 1
i

i 1

1
S w X X

w
�

�

(������$�#������� ������-�.-�.����.��/�� �!-��

�

( ) ( )
n n n n22 2 2 2 2

i i i i i
i 1 i 1 i 1 i 1

n
2 2
i

1

1 1 1 1
S X X X 2XX X X 2X X X

n n n n
1

X X
n

= = = =

=

= − = − + = − +

= −

� � � �

�
i

�

�

(��(��	���� $�$��

�

���

��� "�� ������	�� ���� �� ����� �
��� ��� �
����� !��"	
�!��� aG� 	9���$H$�����

( )
=

= −�
n

22
i

i 1

1
S X a

n
��"
����������
�����"���������	����
����"��G�"���"��������������	�""��

�
���"�!��""�� =a X %�



���������������� ��������!���� �

�
3�

���

���
������� 
����"����
������ iX ���""���!��� ′ = +i iX aX b �
I�a����b��
���/�	
��������G�

�"
���

′ = +X aX b �

′ =2 2 2S a S �

�

��	�*������?������
���� 2S �

( )
= =

= −��
n n 22

i j2
i 1 j 1

1
S X X

2n
�

�

(�����-���0�����

�

����

�9�	���$�.���S �����"����	����	���������"��������	�� 2S �

( )
=

= −�
n 2

i
1

1S X X
n i

�

�

(������-���0�������!�$�$�

�

�����?���"����� iX ����X��
������
	����������
���� iw ��"
���

( )
=

=

= −�
�

n 2

i in
1

i
i 1

1
S  w X X

w i

�

�

(�������$�#������� ������-�.-�.����.1$-���0�����

�

=

= −�
n

2 2
i

1

1S X X
n i

�

�



���������������� ��������!���� �

�
5�

(���(��	���� $�$��

�

���

�9�	���$�.��� �9�?������ ���	� "��� �@���� ������� !��� "�� ������"�� ��������!���

�	
������������H�"��������	��!����������	�����%�

�

���

���
������� 
����"����
������ iX ���""���!���
−′ = i

i

X X
X

S
G��"
���

′ =X 0 �

′ ′= =2S S 1�

′iX ���������"���������"��	��������������%�

�

���

��� "9�	���$�.��� ���� �� ���� �
��� ��� �
����� !��"	
�!��� aG� 	9���$H$�����

( )
=

= −�
n

2
i

1

1S X a
n i

��"
����������
���"����	����$�.�����
����"��G�"���"�������������	�"���

�
���"�!��"� =a X %�

�

(�(�����!����

�

����

�9������������"����  ����	��������"�����"������?��@���G�	9���$H$����� −n 1X X %�

�

(�)���-��������!��2��.��

�

����

�9�	���� �
.������
"�� ��*� ����"���
.����� ��� "����"���� ���
"��������	������;���

������"������
������H�"�����
.�����



���������������� ��������!���� �

�
E�

=

= −�
n

i
i 1

1
EMA X X

n
�

�

���

����
����������"��������
"���������	������9���������"������
������H�����
�����a�

�
��������������"�����������"���������aJ��������

=

� �− =� �
� �
�

n

i
i 1

Min X a Médiane �

�



���������������� ��������!���� �

�
6�

����������������

�

���������������

�

���	�$��!��� �!����-�!-����

�

���� ��
����"����� �9������������ H� "�� ����	����� �9���� �
��"���
�G� 	9���$H$����� H� ����

����������
����
��!��� ������	������������
�������G�"����"����������������7����G� ��	%�

����������
	������������	�"	�"���"�����
����"������9
�����������	����""
���
�������

"�� �
��"���
�%� ���� ��������!���� �9������������ H� "9����
	�� �������� !��� 	
������� H�

�����������"������������
����
��!���H���������9����	����""
����������"���
��"���
�%�

�

�
�������
����"����� (��"�����
���;�������������

��������!����

��
����"�����

�

�9��������
�����������
�"7�����������!���!���	
�������H����������������
������ 
�������

���� ��� �	����""
�� ����� �9���� �
��"���
�� �
��� ���������� 	��������� ��"����� ��?�

�����7����� ��	
����� ��� "�� ����������
�� ��
��!��� ��� "�� �
��"���
�%� �9��������
��

�
�	���""�� 	
������� H� ���������� ���� ��"���� ���!��� ��?� �����7����� ��	
����%�

�9��������
�������������""��	
�������H����������������������""�������
�����	
� ���	���

�����"�!��"����������
���"��������7����� ��	
����%������	��	��G� �"� ���������"������

	�  ����"��	
� ���	���"��	������"���������	���H�	����������""�%��9��������
���
�	���""��

��� ���� �������""�� �����"������������ 	�� 	
������?������7����� ��	
����� ���
��!�����

	
�	�������"���
.��������"��������	�%�

�

��������� �!��

�

�
�����7�������
��!�������	
������

���"���
��"���
��
�����7������?����������?��	
������

���"9�	����""
��

�
.����� µ �
=

= �
n

i
i 1

1
X X

n
�

4�����	�� σ2 � ( )
=

= −�
n 22

i
i 1

1
S X X

n
�

�



���������������� ��������!���� �

�
&8�


I�n������������"�����""�����"9�	����""
�����
I� iX �����"��������"���"���
�������
	����H�

"����"�������"9�	����""
�%��
�	G�"��������7������?����������? iX G�X ���� 2S ��	
������

��� "9�	����""
�� �
��� �
�	� ���� ������"��� �"���
����� �����"��� ������������� !���

����������� �9�������� "��� �����7����� ��
��!���� ���	
������ ��� "�� �
��"���
�%� ����

�.��
"������";�	����""
���
�����������������������"���������K��	�"��G�"����.��
"���

���"���
��"���
�G���������"������������	�"������	!���%������.��
"���µ ������%σ2���
���

�
���� ( )Ε X ������% ( )V X �������"��	
���������
����"����%�

�

�(���#$��3����"�����.����-��������	��2�2 . �$�&�

�


���

��� ( )iX ~N 0,1 ������� iX ���������������"
���
=

χ�
n

2 2
i n

i 1

X ~ �

( )µ σiX ~N , ������� iX ���������������"
���
=

− µ� 	 χ
 �σ� 
�

2n
2i
n

i 1

X
~ �

�


���

��� ( )µ σiX ~N , ������� iX ���������������"
��� −
=

� 	− χ
 �σ� 
�

2n
2i
n 1

i 1

X X
~ �

�


���

��� ( )µ σiX ~N , ������� iX ���������������"
���
=

σ� 	= µ
 �
� 

�
n

i
i 1

1
X X ~N ,

n n
���� ( )− µ

σ
X

~N 0,1

n

�

�


���

��� ( )X~N 0,1 ���� ′ χ2
nX ~ ��"
���

′ n

X
~t

X
n

�

�



���������������� ��������!���� �

�
&&�


��

( ) ( )χ = χ =2 2
n nE n et V 2n �

�


���

( ) ( )= = >
−n n
n

E t 0 et V t n 2
n 2

�

�



���������������� ��������!���� �

�
&/�

��������������	������

��

�

����	���� $�$���1�!���� �������

�

�������� �������!�!�2 � �$�

�

��������������TG�	9���$H$�����"���%�%� X �
�� 2S G��9��������7���� θ G�	9���$H$�����µ �
��

σ2 G����������
�������������
���������	�� ( )E T ��������"����������7���� θ '� ( ) = θE T %�
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= − µ�� ����	� ( )2 2E = σ� ���� ( )
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 �−� 

2 2n
E S

n 1
����

σ� 	=
 �− −� 

4
2n 2

V S
n 1 n 1

�

−
2n

S
n 1

��������������������
��������G�	
�������������  �	�	�%�

�

����

���� ( ) ( )
= =

= × − = −
− − −� �

n n2 22
i i

i 1 i 1

n n 1 1
S X X X X

n 1 n 1 n n 1
�����"9��������������σ2 %�

�������� �� ���������� � ≥n 30���"
���
−
n

~ 1
n 1

� ��� ( )
=

= = −
− �

n 22 2
i

i 1

n 1
S S X X

n 1 n
� �����

���"������@����	
��������	
���������������������σ2 %�

�



���������������� ��������!���� �

�
&2�

(�������������	��������,�

��

�
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*��"�����9����������H���������7���� ��	
���� θ � H���������������"�������!���	
����

����� "9��������
�� �
�	���""�G� "9��������
�� ���� �������""�� �
���� ��� ������"�� ���

��"��������	�����"����9@���������������	�������7���%������
������ ����������������
����

�������������"�������� 	��� �������""�������"���������"�� �������""����� 	
� ���	�%� ����

�������""����� 	
� ���	�� �����  �	����9���	
�  �	�������� 	������"��������"������������

	
� ���	�%��������������	
� ���	������!����� �������������
����"���� − α1 �
I�α �����"��

��
����"���� �9������� ����"�� ���!��� �9������L� "�� �"��� �
������ α = 5% � 
�� α = 1% %�

*����G���������7���� ��	
���� θ ������
������������ �������""����� 	
� ���	�����	����

������� ��� 	
� ���	�� − α1 � ����� ��� !��� ��� "9
�� ���"������ ��� ������ �
�����

�9�	����""
������"���@����
��"���
�G� − α1 ������������""������	
� ���	��	�"	�"������

"���@�������7���	
��������������  �	���������"�������7������	
����θ %�

�

(������� ��� �!����.������!!���1�!��/���������.�����/�� �!-��-�!!���

�

*������������	
� ���	�� − α1 �

σµ = ±X b
n
�

�	�������"�������
��� 
�����;�������""��
σ σ� �µ ∈ − +� �

� �
X b , X b

n n
�

µ '��
.�������
��!������"���
��"���
��H���������

X '��
.������?���������"�����"9�	����""
�������"���� iX ����������""��n�

σ '��	���$�.�����
��!������"���
��"���
��

b '� ��"���� "��� ����� "�� ���"�� ,
���"�� �������� (������� ( )N 0,1 � ��""�� !���

( )( ) α> =P N 0,1 b
2
�

�
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*������������	
� ���	�� − α1 �

( )
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=

−
µ = ±

−

�
n 2

i
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X X
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n n 1
�
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.�������
��!������"���
��"���
��H���������

X '��
.������?���������"�����"9�	����""
�������"���� iX ����������""��n�

�'� ��"���� "��� ����� "�� ���"�� ��� �������� −n 1t � H� n-1� �������� ��� "�������� ��""�� !���

( )− > = αn 1P t b 2 �

�

(�)����� ��� �!����.��/�� �!-���1�!��/���������.���������!!��-�!!���

�

*������������	
� ���	�� − α1 �

( ) ( )
= =

� �σ ∈ − µ − µ� �
� �
� �

n n
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i i
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1 1
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�
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� χ < = α�
�

χ > = α��

2
n

2
n

P a 2

P b 2
�

�



���������������� ��������!���� �

�
&5�

(�*����� ��� �!����.��/�� �!-���1�!��/���������.���������!!�� !-�!!���

�

*������������	
� ���	� − α1 �
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� �σ ∈ − −� �
� �
� �
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i 1 i 1
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b a
�
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.������?���������"�����"9�	����""
�������"���� iX ����������""��n�

σ2 '�������	����
��!������"���
��"���
��H���������

a����b'���"�����"���������"�����"�����B�$���?� −χ2
n 1 �H�n-1�����������"����������""���!���

( )
( )

−

−

� χ < = α�
�

χ > = α��

2
n 1

2
n 1

P a 2

P b 2
�

�
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n
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 !-�!!���

�

)���� ������!��� �������� 0%0� ����� b� ���� "��������"�����"��,
���"�� �������� (�������

( )N 0,1 ������
�������"�����"� −n 1t ����""��!��� ( )( )> = αP N 0,1 b 2 %�

�

(�+�(�� ��� ��� �!� ��� .�� /�� �!-�� �1�!�� /���� �����.�� ��� ����!!��

-�!!���

�

*������������	
� ���	�� − α1 �

( )
=

σ = − µ ×
±

�
n

22
i

i 1

1 1
X

n 21 b
n

�

µ '��
.�������
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��"���
��H���������

b'� ��"���� "��� ����� "�� ���"�� ,
���"�� �������� (������� ( )N 0,1 � ��""�� !���

( )( ) α> =P N 0,1 b
2
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 !-�!!���

�

*������������	
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σ = − ×
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±
−

�
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b'� ��"���� "��� ����� "�� ���"�� ,
���"�� �������� (������� ( )N 0,1 � ��""�� !���

( )( )> = αP N 0,1 b 2 �

�

(�+�*����!�$%��!-������#$��3���-�!���.�. � ���

�

�����
�7���	�����"�"��������
����!���
σ� 	µ
 �

� 
X~N ,

n
�!��"!����
���"������������
�����

"���
��"���
���
���"9�	����""
�����������"���"���
���� iX ������?�����G������H�	
�����
��

!��� n� �
��� ������ ��� "��� iX � ������������%� �
��� n� �����G� "��� iX � ��� �
������ ����

��	�����������������������"
��,
���"�� �	
�����
��!��� ������	�������������"��)0�%�

������	
���!���	�������
�7���	�����"�"�����������������
������������"�	���
��%�

�

�����������'� ��"	�"� ��� "9�������""�� ��� 	
� ���	�� ��� �����7���� p� �9���� �%�%� ���

C���
�""��X��������������	
� ���	�� − α1 �

( ) ( )
( )

+ ± + −
=

+

2 2 2

2

2nX b b b 4nX 4nX
p

2 n b
�

�

(�7����� ��� �!������ !���/�..��!�!�$��� $���

�

�����  ����	�������
.���������/��%�%�,
���"����"
�����������������"��!�
����������

������	��� ��� /� �%�%� ,
���"��� �"
�� ��� M��	��$�����	
��� �������� @���� �������� ����

�������""�%���������"��������
����
����������"��	����������������;.�
�7��%�
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�� �?��������
����"�����;�������α �

$�
��������������
.�����G�����������	��G�����	
�  �	���������	
���"���
�G���	%�

$�
�������������������	����""
���������""���"�����n 30≥ ����������""���������n 30< %�

�

)
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�
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�
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������?�/��"��������������������'�";.�
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��� ������ ���";.�
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����		�������
��� ��K����%� �;.�
�7���

�������G� ����"��� .�
�7��� ��""�G� ���� �.��
"����� ���� Η0 %� ��� 	
����$.�
�7��G�

����"���.�
�7����"���������G������.��
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�
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�7���
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Η0 ������� ��� ����
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����"����= − α1 �
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����"����= β �

��� ����

��
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( ) = α0 0P Rejeter H H vraie '�����������&7������7	��

( ) = β0 0P Accepter H H fausse '�����������/7������7	��

�"��;.����������"����������"���/���
����"������;�������α ���β %��;����"���������;
�����������
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�"7��� ��� �������

	
����� ���  ���� !��� ����� "�� �����!��� ";���� ���� �������� ���� �"��� ������ !��� ";�����%�

�;����������&7������7	�������	
�����	
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