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��� ��;� �� t ∈ (�,  ) $* � ?X � ��;� x 

tx �+(  −t)x ∈ X

!3H ?�	
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n 	 � ��D � � � ���(0� �1 �� �� < �� ��*���(0� �(* "�$ ;� � #�����'���
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	 � x � x � ��$�� ��D� � �$* ��� � � $# � ����� �;�# < �� f : R
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f(tx �+(  −t)x ) ≤ tf(x �)+(  −t)f(x )
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 �
π

∫  π
%
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−
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rR cos(θ − ϕ) + r

 u(Reiϕ)dϕ. ���
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π
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"�#�+ ? � � �;'�� �

� � � � �� 	 �� ��
1 �
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|f(z)| $ # � � � � � �� f(z) ��
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��=�� f(z)
�	 � �� � �$ ��$���� 	 �� 4	�@
1 �	 � � � � �� �� 
1 �	 � �� ��D� z% � ���@

�f ′(z%) > �� f(z%) = �� �	 �6��� |z| <  �$, $ �	 D �� �' �

C �;7 "��' �$ � ��	 $  � ��	 � f(z)
 ��� �$ � ��' ��� �@� ��C, � ������ /���

� P � N $ # � �f(z) 6= � ?C $  ���� �$ � � ?C ��	 � �*/�, �*��;� �� � 	 �$6�  � � ������
Rouche�
Schwarz	
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 �
πi

∫

C

f ′(z)

f(z)
dz = N − P. �!�

" � �1 �(� −∆Cargf(z)
� ?C �$� $  z �1�(�� :�6�* � argf(z)

	 � �5 �! 4�$���� ���1 �=�+ � � �

�1	 �� ?�����

∫

C

f ′(z)

f(z)
dz = i∆Cargf(z). ���

����� $1� 4	�@ � ������ �	 ��C, �0�;� ��

 �
πi

∆Cargf(z) = N − P. ���

��' � :�'$� �' ��� �@� � ��� � �� �(*

"�#�+ ?
n �=	 �� �$�� � ) ����(=  �� �1

p(z) $# � ������ /���

max
|z|=R

|p(z)| ≤ Rn max
|z|= �|p(z)| (R >  ) ���

�

max
|z|=R

|p(z)| ≥ Rn max
|z|= �|p(z)| (�< R <  ). ���

���� �(�7� �� �@�� � "��' �0�;� 8� � �0�;� ��' �	 �$ ,$  p(z) = λzn ��$  ��� � ��� 	 � �� �7�
� *��� �A7� �����;�	 �� � �	 ��� �� �7��� ������#	 �� ������ " *�.� ���� 	 � ��
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? �	 � � �.1	 |z| < k(k > �) 	 � �� ?n �=	 �� � �1 �*����(=  �� � � �;'� �+ �5 ��� � ��� 
1 �	 �

��1� ��$ ���
? �	 � �  ) �� "$1 ��	 � �$�@ �� ?n �=	 �� � �*����(=  �� ��$ �	 $1� �� �7� �� � ; � 	 �&�� 
1 � ��$

���*��� ��(� ?�' � " � 4�A� �R ≥  ��$ ��� 
�5�1	 � ���-�+ �'���

max
|z|=R

|p(z)| ≤

(

Rn +  �
)

max
|z|= �|p(z)|. ���

$1� �� �7� �� ��(� � ��� 
1 � ���;� � 	 �

max
|z|=R

|p(z)| ≥

(

R+  �
)n

max
|z|= �|p(z)|. ���

|z| <  	 � ���.1	 �� ?n �=	 � � � ��*����(=  �� ��$  ���� 
�5� 1	 �'� � �� ?R ≤  ��$ 

��1� ��$ ��� ?�' � " � 4�A� � ? � � �;� � �
?
p(z) = λ+µzn

:$� � �1 �*����(=  �� ��$ �D� ��� 	 � �� �7� ?��
1 �$ " * �.� � ����	�1�#

��' �	 �$,$ ? � ��� � max|z|= �|p(z)| �+ 	 � zn /1$� ���	�(� ?|λ| = |µ|
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�+ 	 � zn /1$� �� �1 �* ����(=  �� ��$  �	 �� �7� �� ��$ � ?��� �� �7��� ��$ � $ ���,� � 8�)
��$� 4�A� � �	 $1� ��C, �  �.> ��A� �	  � ��(� � max|z|= �|p(z)|

�:1� �
|z| <  �2 p(z) 6= � �

n
*-�2 �) ()*+,- ./0 �� p(z) =

∑n
ν=%aνz

ν ; ) ����� /���

R ≥  ();9

max
|z|=R

|p(z)| ≤

(

Rn +  �
)

‖p‖ −
n�
(

‖p‖
 
− �|an|

 
‖p‖

)

×

{

(R−  )‖p‖
‖p‖ +

�
|an|

− ln

(  +
(R−  )‖p‖
‖p‖ +

�
|an|

)}

. ���

��' �	 �$,$ ?|λ| = |µ|
?
p(z) = λ+ µzn

:$� � �1 �*����(=  �� ��$ �� �� �7� �� 	 � �� �7�
?�������� - � 1 1 �� � � �1� # �'� � �& ' � � $ ��� ,� ��!��4��  � ���� � �'� � �� ��C ,

� � � � ����1 �� (  � ? � � �; � � � |z| < k(k ≥  ) 	 � �$ �@ �� �1 �*���� ( =  � � ��$ 
:$ � � �1 �*���� (=  �� ��$  ?���� ��� - � 1 1 �� � � �1� # �'� � " �+ �'�� �0 � ; � ?�+

�	 $ 1� ��C, � ���1 ��(� �����F(1� � �1�# ?�$��	 �# �'�� ?p(z) = a%+
∑n

ν=t aνz
ν ,  ≤ t ≤ n

�$� �

‖p‖ = max
|z|= �|p(z)|,

M(p,R) = max
|z|=R

|p(z)|
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