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�(��% ���E$������ �3����� .  

    

( ) 2 5

5

2
5

2
5

0,
2

M z E z

z

OM

M ξ

∈ ⇔ =

⇔ =

⇔ =

 ⇔ ∈  
 

  

"25E$�D���� �3 ( )ξ�3�!�� ���� o����(#� 5

2
.  

 ����%)2:(  
(� ����
 �����!�� ����E:  

&'z x iy= +.    "25:  

    

( )

2

2 2

2 5

5

2
25

4
25

4

M z E z

z

z

x y

∈ ⇔ =

⇔ =

⇔ =

⇔ + =

  

�3�!�� $�D�� ����(� 123�o����(#� 25 5

4 2
=  

"25E��� 5
,
2

oξ  
 
 

.  

2 (�-'� +��:  
a(
��� :  

����� 
!�( ),u a b
���(�� z a ib= +������� ��� ��0� u

� 

��!�( )aff u z=�  


!��z a ib= +������� ( ),u a b
�� $��� ��0� ��(�z �) 

������� =��0���2v .��!( )u z
�.  
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b(���!�" :  
1?            ���%��� 2:f V→�
���� .  

                     ( )z u z→ �  

    
( ) ( )

( ) ( )
u v aff u aff v

z z u z v z

= ⇔ =
′ ′= ⇔ =

� � � �

� �  

2?"!�� ( )u z
� � ( )v z′�  

&� z a ib= +� z a ib′ ′ ′= +  
���� ( ),u a b

��( ),v a b′ ′� "25 ( ),u v a a b b′ ′+ + +� �  

"25:  
( ) ( )

( ) ( )

aff u v a a i b b

a ib a ib

z z aff u aff v

′ ′+ = + + +
′ ′= + + +

′= + = +

� �

� �
  

"!��( ), :u a bα α α α ∈�
�  

( ) ( )
( )

aff u a ib a ib z

aff u

α α α α α
α

= + = + =

=

�

�  

��!�":   
"!��vوu

� �"� 2V� وβ α"� �  
���� :         ( ) ( ) ( )aff u v aff u aff v+ = +� � � �  

  
( ) ( )
( ) ( ) ( )

aff u aff u

aff u v aff u aff v

α α
α β α β

=

+ = +

� �

� � � �  

  
3?"!�� ( )u z

�&� ( ),u a b z a ib= +�  

����:  ( )2 2u a b z aff u= + = =� �  


!�u
�"� 2V����  :  ( )u aff u=� �  

4?"!�� ( ) ( )M z Mو z′ ′ &� ( ), :M a b z a ib= +  

       ( ), :M a b z a ib′ ′ ′ ′ ′ ′= +  
  

( )
( ) ( )

( ) ( ) ( )

,MM a a b b

aff MM a a i b b

a ib a ib z z aff M aff M

′ ′ ′− −

′ ′ ′= − + −

′ ′ ′ ′= + − + = − = −

������

������
  

�����:  
( )

( ) ( )
MM MM aff MM

aff M aff M

′ ′ ′= =

′= −

������ ������

  

��!�":  

!�M   :M′"� Pو

    
( ) ( ) ( )

( ) ( )
aff MM aff M aff M

MM aff M aff M

′ ′= −

′ ′= −

������

  

����$* �����:  
����1 %��� ���(( ) ( ) ( ) ( )2 ; 3 ; 1 2 ;D C i B i A i+ +  
"8 "��ABCDE9'8 ������ .  
"8 "���AB DC=

���� ����
  

����:  

( ) ( ) ( )

( ) ( ) ( )
1 2 1

3 2 1

aff AB aff B aff A

i i i

aff DC aff C aff D

i i

= −

= + − = +

= −

= + − = +

����

����  

"25( ) ( )aff AB aff DC=
���� ����

  

���:AB DC=
���� ����

  
��������ABCDE9'/� ������ .  

����2   

%��� ���(( ) ( ) ( ); ; 1C j B j A &� 
1 3

2 2
j i= − +    

"8 "��ABC�� ���0E9'8 .  
����:     ( ) ( )AB aff B aff A= −  

22

1 3 3 3
1

2 2 2 2

3 3
3

2 2

i i= − + − = − +

 − = + =       

  

( ) ( )

22

1 3
1

2 2

3 3 3 3
3

2 2 2 2

AC aff C aff A i

i

= − = − − −

  = − − = − + − =       

  

( ) ( )

2

1 3 1 3

2 2 2 2

3 3
2 4 3

2 2

BC aff C aff B i i

i

= − = − − − + −

 
= − = =  

 

  

"25:  AB BC AC= =  
���ABCE9'/� ���0�� .  
5?"!�� 1z����� ���� ��� 1A  

"!��    2z����� ���� ��� 2A  
$��� ����1 2z z+.  

����:  

( ) ( )
( )

1 2 1 2

1 2

z z aff OA aff OA

aff OA OA

+ = +

= +

����� �����

����� �����  

"!��A<��� �%��� 1 2OA OA OA= +
���� ����� �����
   

)1 2OA AA E9'8 ������ (  

"25( ) ( )1 2z z aff OA aff A+ = =
����

  

��!�":  
"�! �251z�%��� ��� 1A� 2z��� 2A"6)  :2 1z z+ ��� �3 

�%���A<��� 1 2OA OA OA= +
���� ����� �����

 �8 1 2OA AAE9'8 ������ .  
6?"!�� z����� ���� ��� A ."!���α ∈�  
?$��� ���� zα.  

����  
( )

( )
z aff OA

aff OA

α α

α

=

=

����

����  

"!��A′<��� �%� OA OAα′ =
����� ����

  

����  ( ) ( )z aff OA aff Aα ′ ′= =
�����

  

��!�":  
"�! �25z�%��� ��� M� α"6) ����� ��� zα��� �3 M ′ 
<���OM OMα′ =

������ �����
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c(����$* :  
1?0���� 
��F��� ���%��� �  ( )a z z a∈ → +�  

���%��� ���(:  

    ( ) ( )
:

/

f P P

M z M z z z a

→
′ ′ ′→ = +

&�   a∈�  

�(��% ����f  
"!��( )M z"� �%� P� ( )M z′ ′������ .  
����:    z z a′ = +  

����:    ( ) ( ) ( )aff MM aff M aff M

z a z a

′ ′= −

= + − =

������

  

"!��u
������ a.  

"25  ( ) ( )aff MM aff u′ =
������ �  

�(�  MM u′ =
������ �  

"25f ������� ����5 ( )u a
�  

��!�":  
"!��a∈����%���   :f P P→     

         ( ) ( ) /M z M z z z a′ ′ ′→ = +  
 ����5�������u

������ ���� a  
  
2,��*� 
!#� +�� :  

"!��I7��� [ ]AB�(� I&��� ( )( ){ },1 ,1A B  

����:  ( )1

2
OI OA OB= +
��� ���� ����

  

"25:  ( ) ( ) ( )1

2
aff I aff OI aff OA OB

 = = + 
 

��� ���� ����
  

               ( ) ( )( )1

2
aff OA aff OB= +
���� ����

  

"25:    ( ) ( ) ( )( )1

2
aff I aff A aff B= +  

"��!�:  
"�! �25I7��� [ ]AB"6)  :  

( ) ( ) ( )( )1

2
aff I aff A aff B= +  

�����:   
"�! �25G&��� ( )( ){ }, ,B Aβ α  

"6):  ( ) ( ) ( )( )1
aff G aff A aff Bα β

α β
= +

+
  

3,*�# .�� ������� *�/ :  
"!��CوBوA��>���8 , ,C B Az z z <��� A B≠  

           ( ): AC ABα α⇔ ∃ ∈ =
���� ����

� ) CوBوA �����0� (  

( ) ( ) ( )
( ) ( )

( )

:

:

:

C A B A

C A

B A

C A

B A

aff AC aff AB

z z z z

z z

z z

z z

z z

α α

α α

α α

⇔ ∃ ∈ =

⇔ ∃ ∈ − = −
−

⇔ ∃ ∈ =
−

−
⇔ ∈

−

���� ����
�

�

�

�

  

 
 

��!�":  
"!�� A� B� C 3%� ��>���8 , ,C B Az z z<��� A B≠  

 %��� "�!� A� B� C"�! �25 %�)� �25 �����0� :  

            
C A

B A

z z

z z

−
∈

−
�.  

���$* ����:  
%��� ���(( ) ( ) ( ), ,M iz M z A i′<�� z∈�  

� %��� ������ ��M "� "�!� ���� 8 ����A� M� 'M   
������0�.  

V,���� (0/�� 1��#� ��2  ��� ���� ���:  
 1( 1��#� ��2  ��� ��� 3���  


���:  
"!�� *z ∈��  M��(�� $��� z.  

������� ������� +��> 
! ( )1,e OM
������  

��� ��0�$��(�� z.  
�����:  
"�! �25α������� �0��> ( )1,e OM

������ 
!# ��� ��� 
! "6) 

( ) 2k kα π∈ +�
 +��> �3 ( )1,e OM
������.  

"25 :"�! �25α
 $��� z��� 
! "6) 
!# ���  :2kα π+ �3 

 $���z  
��!:   ( )arg 2z kα π= + �8 ( ) [ ]arg 2z α π=  

�����:  
����/� "� 
!� $��� ��� :1 3 ;1 ;1 ; 2 ;3 ; 3;2i i i i i+ − + − −  

"!��, , , , , ,G F E D C B A� ��� ����/� 12�� ��� ������:  
����:  

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

( ) ( )[ ] [ ]

1

1

1

1

1

1

1

*arg 2 , 2 0 2

*arg 3 , 2 2

*arg 3 , 2 2
2

*arg 2 , 2 2
2

*arg 1 , 2 2
4

*arg 1 , 2 2
4

*arg 1 3 , 2 2

e OA

e OB

i e OC

i e OD

i e OE

i e OF

i e OG

π π

π π π

ππ π

ππ π

ππ π

ππ π

π α π

≡ ≡

− ≡ ≡

≡ ≡

− ≡ ≡ −

+ ≡ ≡

− ≡ ≡ −

+ ≡ ≡

�����

�����

�����

�����

�����

�����

�����

  

<��  tan 3α =.  
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�����:  

  

( ) [ ]
( ) [ ]

( ) [ ]

( ) [ ]
( ) ( )

( )

*

*

*

*

arg 0 2 (*

arg 2 (*

arg 2 (*
2

arg 2 (*
2

arg (*

arg (*
2

z z

z z

z i z

z i z

z z k k

z z k

π

π π
π π

π π

π
π π

+

−

+

−

+

−

∈ ⇔ ≡

∈ ⇔ ≡

∈ ⇔ ≡

∈ ⇔ ≡ −

∈ ⇔ ≡ ∈

∈ ⇔ ≡ +

�

�

�

�

� �

�

  

2 (1��#� ��2  ��� ���� ������� (0/��:  
��
�:  

"!��z∈� ."!��θ� ����� r1���(� :z r=  

  ( ) [ ]arg 2z θ π≡  
"!��M$��� z.  
����  ( )OM aff M z r= = =  

*��C���8 ����M:  
  ( )cos , sinM r rθ θ   

"25  ( ) cos sinaff M r irθ θ= +  

                 ( )aff M z=  

"25        ( )cos sinz r iθ θ= +  


���� ��!�":  
;�(� ��  ���� ��� 
!z ��� $���� ����%� ��!� 


!#( )cos sinz r iθ θ= +<��  z r=� ( )[ ]arg 2zθ π≡ 

� �C�C��� 
!#�� ��0� ����!�� 123���(�z.  ��!�[ ],z r θ=  

�����:  
*( 0z =�C�C� 
!# B� $��� B �� *0�� .  
*("�! �25 [ ],z r θ=� M$��� z"6) ( ),r θ G�� ��0� 


 ���%��� *��C���/�M.  

*( [ ] [ ] [ ], ,
2

r r
r rθ θ

θ θ π
′=

′ ′= ⇔  ′≡
  

�(�:( ) ( )[ ]arg arg 2

z z
z z

z z π
′ =′= ⇔  ′=

  

*("!�� z a ib= +"� *
�
 �C�C��� H ��� 
����� z �� &�� 

���  

2 2

2 2 2 2

a b
z a ib a b i

a b a b

 
= + = + +  + + 

  

�����  
2 2

2 2 2 2
1

a b

a b a b
+ =

+ +
  

���� "25α<��� :
2 2 2 2

sin cos
b a

و
a b a b

α α= =
+ +

  

"25 :  ( )2 2 cos sinz a b iα α= + +  

��!�":  
z a ib= +"� *

�
 �C�C��� 
!#�� z�3 ( )cos sinz r iα α= +  

 <��2 2

2 2 2 2
cos sin

a b
وو r a b

a b a b
α α= = = +

+ +
  

 
  

 ����$* ����� 
����1  

����I� �C�C��� 
!#�� ���������� :  
 (*5z =���� ( ) [ ]arg 0 2 5z ≡zπو =  

"25  [ ]5,0z =  
 (*3z = −  

( ) [ ]arg 2 , 3z zπ π≡ ="25   [ ]3,z π=  
 (*2z i=   

( ) [ ]arg 2 , 2
2

z z
π π≡ ="25   2,

2
z

π =   
  

 (*3z i= −  

( ) [ ]arg 2 ; 3
2

z z
π π≡ − ="25   3,

2
z

π = −  
  

 (*1 3z i= +  
2z =    

 

1 3

1 3
2

2 2

2 cos sin
3 3

2,
3

z i

i

i

z

π π

π

= +

 
= +  

 

 = + 
 

 =   

  

 (*2 ; 3z z i= = −  

����:        3 1
2

2 2
z i

 
= −  

 
  

      
2 cos sin

6 6

2 cos sin
6 6

i

i

π π

π π

 = − 
 

 = − + − 
 

    

             2,
6

z
π = −  

  

 (*2 6z i= − +  
    

  

2 6
2 2

2 2 2 2

1 3
2 2 2 2 cos sin

2 2 3 3

2 2 cos sin
3 3

2
2 2,

3

z i

i i

i

z

π π

π ππ π

π

 −= +  
 

   = − + = − +       

    = − + −    
    

 =   
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 (*2 2 6 2z z i= = − −  

6 2
2 2

2 2 2 2

3 1
2 2

2 2

2 2 cos sin
6 6

2 2 cos sin
6 6

z i

i

i

i

π π

π ππ π

 −= −  
 

 −= −  
 

 = − − 
 

    = + + +    
    

  

"25:            7
2 2,

6
z

π =   
  

 (*sin cosz iα α= +<��   α ∈�  
 ����1z =  

          

sin cos

cos sin
2 2

1,
2

z i

i

z

α α
π πα α

π α

= +

   = − + −   
   

 = −  

  

 (*sin cosz iα α= − −����   1z =  

  

sin cos

cos sin
2 2

cos sin
2 2

3 3
cos sin

2 2

z i

i

i

i

α α
π πα α

π ππ α π α

π πα α

= − −

   = − − + −   
   

   = + − + + −   
   

   = − + −   
   

  

"25:            3
1,

2
z

π α = −  
    

 (*( )cos sinz a iα α= + &� *,aα ∈ ∈� �  

����  z a=  

"�! �250a〉 "6) z a=  

�����( )cos sinz a iα α= +  

"25          [ ],z aα=  

"�! �250a〈 "6) z a= −  
    

( )
( )

( ) ( )( )

cos sin

cos sin

cos sin

z a i

a i

a i

α α
α α

π α π α

= +

= − − −

= − + + +

  

"25:       [ ],z a π α= − +  

�����:  
"�! �25 :( )cos sinz a iα α= + &� 0a〉 "6) [ ],z aα=  

����2  
1 cos sinz iα α= + +&� [ ]0,2α π∈  

(� ���$���� ���z  

    2

1 cos sin

2cos 2 sin cos
2 2 2

2cos cos sin
2 2 2

z i

i

i

α α
α α α

α α α

= + +

= +

 = + 
 

  

����  2cos
2

z
α=  

? $��#5 +��� cos
2

α �) [ ]0,2π  

cos 0 cos cos
2 2 2

2 2
2

k

k

α α π

α π π

α π π

= ⇔ =

⇔ = +

⇔ = +

  

�����[ ]0,2α π∈"25 :  α π=.  

?"�! �25 [ [0,α π∈ "6) cos 0
2

α
〉  "25  2cos

2
z

α=  

"25    2cos cos sin
2 2 2

z i
α α α = + 
 

  

���         2cos ,
2 2

z
α α =   

  

      ( ) [ ]2cos arg 2
2 2

z zو
α α π= ≡  

?"�! �25 ] ], 2α π π∈ "6) cos 0
2

α
〈 "25 2cos

2
z

α= −  

  

2cos cos sin
2 2 2

2cos cos sin
2 2 2

2cos cos sin
2 2 2

2cos ,
2 2

z i

i

i

z

α α α

α α α

α α απ π

α απ

 = + 
 

 = − − − 
 

    = − + + +    
    

 = − +  

  

 "25( ) [ ]arg 2
2

z
απ π ≡ + 

 
 � 2cos

2
z

α=  

?"�! �25 α π= "6) 0z = �(� 0z =  
"25z$��� �� +�� .  

3 (����� 3���z   zو
"!��[ ],z r θ=  

 *���� :          ( ), cos sinz r r iθ θ θ = = +   

              
( )

( ) ( )( )
cos sin

cos sin

r i

r i

θ θ

θ θ

= −

= − + −
  

"25    [ ],z r θ−  
        

 
( ) [ ]

( )[ ]
arg 2

2

z

ar z

θ π
π

= −

= −
  

 *����� :                   ( )cos sinz r iθ θ− = − +  

              
( )

( ) ( )( )
cos sin

cos sin

r i

r i

θ θ

π θ π θ

= − −

= + + +
  

[ ],z r π θ− = +  

    ( ) ( ) [ ]arg arg 2z z π π− = +  

��!�":  
 (*( ) ( )[ ] [ ]arg arg 2 ; , ,z z r rπ θ θ = − = −   

 (*( ) ( ) [ ] [ ] [ ]arg arg 2 ; , ,z z r rπ π θ π θ− = + − = +  
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4 (����� 3������� �����  
a(4��'�� :  

"!��  [ ] [ ], ,z r zو rθ θ′ ′ ′= =  

( ) ( )
( ) ( )

( ) ( )( )

cos sin cos sin

cos cos sin sin cos sin sin cos

cos sin

zz r i r i

rr i

rr i

θ θ θ θ

θ θ θ θ θ θ θ θ

θ θ θ θ

′ ′ ′ ′= + +

′ ′ ′ ′ ′= − + +  

′ ′ ′= + + +

"25  [ ],zz rr θ θ′ ′ ′= +  

( ) ( ) ( )[ ]arg arg arg 2zz z z π′ ′= +  

��!�":  
 *(   [ ] [ ] [ ], , ,r r rrθ θ θ θ′ ′ ′ ′× = +  

 *(       ( ) ( ) ( )[ ]arg arg arg 2zz z z π′ ′= +  

�����:  

*(  [ ]
11 1

, ,
n n n

i i i i
ii i

r rθ θ
== =

 =  
 

∑∏ ∏  

*(  ( )[ ]
11

arg arg 2
n n

i i
ii

z z π
==

  = 
 

∑∏  

*(   ( ) [ ], ,
n nn r r nθ θ ∈ =  �  

      (*( ) ( ) [ ]arg arg 2nz n z π=  ( )n IN∈  

b(������� :   "!��[ ],z r θ=  

[ ] ( )

( ) ( )( )

1 1 1 cos sin

, cos sin 1

1 1 1
cos sin ,

i

r r i r

i
r r z

θ θ
θ θ θ

θ θ θ

− = =  +  

 = − + − = − =  

  

( )[ ]1
arg arg 2z

z
π  ≡ − 

 
  

��!�":  

 (*  [ ]
1 1

,
,r r

θ
θ

 = −  
  

(*  ( )[ ]1
arg arg 2z

z
π  ≡ − 

 
  

�����:( )n∈�  

  [ ]
[ ]

1 1 1
, ,

,,

n

n nn
r n

rr nr
θ θ

θθ
−  = = = −     

  

"25  [ ], ,
n nr r nθ θ− − = −   

  ( ) ( )[ ]arg arg 2nz n z π− ≡ −  

  

"25:    ( ) [ ], ,
n nn r r nθ θ ∀ ∈ =  �  

    ( ) ( )[ ]arg arg 2nz n z π≡  

c(5��"�� :  
[ ]
[ ] [ ] [ ]

[ ]

, 1
,

, ,

1
, . , ,

r
r

r r

r
r

r r

θ
θ

θ θ

θ θ θ θ

= ×
′ ′ ′ ′

   ′ ′= − = −   ′ ′   

  

  

[ ]

( ) [ ]

( ) ( )[ ]

1
arg arg 2

1
arg arg 2

arg arg 2

z
z

z z

z
z

z z

π

π

π

   ≡ ×   ′ ′   

 ≡ +  ′ 
′≡ −

  

��!�":  

  

[ ]
[ ]

( ) ( )[ ]

,
,

,

arg arg arg 2

r r

r r

z
z z

z

θ
θ θ

θ

π

 ′= − ′ ′ ′ 

  ′≡ − ′ 

  

����$* �����:  
����1   

 
 �C�C��� 
!#�� ���z������� *B���� �) :  

( ) ( )
( )

4

2

1 3
2

5 3 3

i i
z i

i

− +
=

−
  

����:                          * 2 2,
2

i
π =   

  

                   

2 2
1 2

2 2

2 cos sin
4 4

i i

i
π π

 
− = −  

 

 = − + − 
 

  

                       * 1 2,
4

i
π − = −  

  

3 1
3 2

2 2

2 cos sin
6 6

i i

i
π π

 
+ = +  

 

 = + 
 

  

[ ]

* 3 2,
6

* 5 5,0

1 3
* 3 3 2 3 2 3 cos sin

2 2 3 3

3 3 2 3,
3

i

i i i

i

π

π π

π

 + =   

=

   − = − = − + −       

 − = −  
  

"25 :  

[ ]

[ ]

[ ]
2

2, 2, 2, 2, 4, 2,
2 4 6 2 6

5,0 12, 25,0 2 3,
33

16,
163

,
60 3

60, 2
3

n

z

π π π π ππ

ππ

π
π

π

         × − × × − ×                  = =
   × −× −      

 −    = =     −  

  

����2   

 "!�� 1
2 1

2

, 1 , 1 3
z

z z i z i
z

= = + = +  

? "� 
!� �C�C��� 
!#�� ��� 2 1z   zو
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?J��0� sin cos
12 12

و
π π  

����         1

1 3
1 3 2

2 2
z i i

 
= + = +  

 
  

              2 cos sin
3 3

i
π π = + 

 
  

    

1

2

2

1

2

2,
3

2 2
1 2

2 2

2 cos sin
4 4

2,
4

2,
3

2,
12

2,
4

z

z i i

i

z

z
z

z

π

π π

π

π
π

π

 =   

 
= + = +  

 

 = + 
 

 =   

 
    = = =     
  

  

 (*���� :2,
12

z
π =   

  

    ( )2 cos sin 1
12 12

z i
π π = + 

 
  

�����         
( )( )

1

2

1 3 11 3

1 2

i iz i
z

z i

+ −+= = =
+

  

    

( )1 3 3 1 3 3 1
2

2 2 2

i i
i z
 − + + + −= = + =  
 

  

 "�)1 ( �)2 ("8 J��0:  

                

4 3
2 cos

12 2

3 1
2 sin

12 2

π

π


=


− =

  

 �8

3 1
cos

12 2 2

3 1
sin

12 2 2

π

π

 +=



− =

�(�         

6 2
cos

12 4

6 2
sin

12 4

π

π

 +=


− =

  

�����:  [ ] [ ], , 2r r kα α π= +  
����    

  ��(�� ���(
1 3

2 2
z i= −  

(1  �0�8 2000z  

(2 ��0�� ��(�� ;�> ��� n ����8 "� "�!� ���� nz IR∈  

(3 �(��%�� ��(�� ;�> �0� ��� n nz .     

5 (��-'� ����6:  
"!��vوu

� �������� ��� ��3���� "����(� ��  "������ v uz �zو �  

"!��BوA<��� "��%��� OB v OAو u= =
���� ����� �  

( ) ( ) ( ) uaff A aff OA aff u z= = = �

���� �  

( ) ( ) ( ) vaff B aff OB aff v z= = = �

���� �  

����:        

  

( ) ( )[ ]

( ) ( )[ ]

( ) ( )[ ]
( )( ) ( )( )[ ]

( ) ( )[ ]
( )( ) ( )( )[ ]

1 1

1 1

, , 2

, , 2

, , 2

arg arg 2

arg arg 2

arg arg 2

v u

u v OA OB

OA e e OB

e OB e OA

aff B aff A

z z

aff v aff u

π

π

π

π

π

π

≡

≡ +

≡ −

≡ −

≡ −

≡ −

� �

���� ����� �

���� ����� �

���� ����� �

� �

  

��!�":    

             ( ) ( )( ) ( )( )[ ], arg arg 2u v aff v aff u π≡ −� � � �  

��!�" �7��:  

(*  ( ) ( )( ) ( )[ ]1, arg arg 1 2e AB aff AB π≡ −
���� �����  

       
( ) ( )( )

( )[ ]
arg

arg 2B A

aff B aff A

z z π

≡ −

≡ −
  

              ( ) ( )[ ]1, arg 2B Ae AB z z π≡ −
������  

 (*  ( ) ( )( ) ( )( )[ ], arg arg 2AB CD aff CD aff AB π≡ −
���� ���� ���� ����

  

             ( ) ( )[ ]arg arg 2D C B Az z z z π≡ − − −  

( ) [ ], arg 2D C

B A

z z
AB CD

z z
π

 −
≡  − 

���� ����
  

�����$* ���:  
����1  

%��� ���(( ) ( ) ( )2 1, ,C z B z A i<�� 2 1z   :  �����"� �"zو

2 1 1z iz i= + +.  
 <�C��� "8 "��ABC�) "�>�0�� ���0��� ������� ;D�> A.  

����:       ( ) [ ], arg 2C A

B A

z z
AB AC

z z
π

 −
≡  − 

���� ����
  

�����:  

      

( )

1

1

1

1

1

1

1

1

1,
2

C A

B A

z z iz i i

z z z i

iz

z i

i z i
i

z i

π

− + + −
=

− −
+

=
−

−  = = =  −  

  

���:    

  ( )[ ] [ ]arg arg 2 2
2

C A

B A

z z
i

z z

ππ π
 −

≡ ≡ − 
  

��������:     ( ) [ ], 2
2

AB AC
π π≡

���� ����
  

"25ABC�) "�>�0�� ���0��� ������� ;D�> A.  

����2    
 ��� K#�� ��������  

   [ ]2( ) / arg( ) 2
3

E M z z i
π π = − ≡ 
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6 (�-���$*� ����� �8�!:  
"!��n و θ∈ ∈� �  [ ] [ ]1, 1,

n
nθ θ=  

�(�:  ( ) ( ) ( )cos sin cos sin
n

i n i nθ θ θ θ+ = +  

��!�":  
 ( )( )nθ∀ ∈ ∀ ∈� �  

              ( ) ( ) ( )cos sin cos sin
n

i n i nθ θ θ θ+ = +  

����$*:  
 ��0�cos( )nx � sin( )nx ��B�� cosx� sinx  

?����  :    ( ) ( )cos sin cos sin
n

nx i nx x i x+ = +  

  ( ) ( )
0

cos . sin
n

k n kk
n

k

C x i x
−

=

=∑  

���:  ( ) ( ) ( )
0

cos cos . sin
n

k n kk
n

k

nx Ré C x i x
−

=

 =  
 
∑  

( ) ( ) ( )
0

sin Im cos . sin
n

k n kk
n

k

nx C x i x
−

=

 =  
 
∑  

(���:  
�0�� cos5x  �sin 5x ��B��  cosx� sinx  

( )
( ) ( )

( ) ( ) ( )
( )

( )

5

25 4 3

3 4 52

5 4 3 2

2 3 4 5

5 3 2 4

4 2

cos5 sin5 cos sin

cos 5cos sin 10cos sin

10cos sin 5cos sin sin

cos 5cos sin 10cos sin

10 cos sin 5cos sin sin

cos 10cos sin 5cos sin

5cos sin 10cos s

x i x x i

x i x x i x

x i x i x i x

x x i x x x

i x x x x i x

x x x x x

i x x x

+ = +

= + +

+ + +

= + −

− + +

= − +

+ −( )3 5in sinx x+

  
���:  

  
( )
( )

5 3 2 4

4 2 3 5

cos5 cos 10cos sin 5cos sin

sin5 5cos sin 10cos sin sin

x x x x x x

x x x x x x

= − +

= − +
  

7 ( ��� ���� ��9� 6�����:  
a(6����� :  

��(�� ���[ ]1,θ������ :  ieθ  

    [ ]1, cos sinie iθ θ θ θ= = +  

�����:  
         [ ] ( ), cos sin ir r i re θθ θ θ= + =  

        [ ], ir re θθ =  

�����:  
  

4

2

6

2 2
*) cos sin

4 4 2 2

*) cos sin
2 2

*) cos sin 1

3 1
*) 3 2 2 cos sin 2

2 2 6 6

i

i

i

i

e i i

e i i

e i

i i i e

π

π

π

π

π π

π π

π π

π π

= + = +

= + =

= + = −

   + = + = + =       

  

  

b(���!�" :  
( )

( )

( ) ( )
( )

( )

. (*

(*

1
(*

(*

(*

. (*

ii i

i
i

i

i
i

ni in

i i

ii i i

e e e

e
e

e

e
e

n e e

e e

e e e e

θ θθ θ

θ
θ θ

θ

θ
θ

θ θ

θ θ

π θθ π θ

′+′

′−
′

−

−

+

=

=

=

∀ ∈ =

=

− = =

�

  

8 (8�!� ����� Euler:  
 "!��x∈�:    ( )1 cos sinixe x i x= +  

      ( ) ( )cos sinixe x i x− = − + −  

             ( )2 cos sinixe x i x− = −  

"�( ) ( )1 2+"8 J��0 :  

    2cos ix ixx e e−= +  

"25      ( )1
cos

2
ix ixx e e−= +  

�"�( ) ( )1 2−"8 J��0 :  

    2 sin ix ixi x e e−= −  

"25      ( )1
sin

2
ix ixx e e

i
−= −  

��!�":  

    
( )

( )

1
cos

2
1

sin
2

ix ix

ix ix

x e e

x e e
i

−

−

= +

= −
  

�����:  

    2cos

2 sin

ix ix

ix ix

e e x

e e i x

−

−

+ =
− =

  

  
+�$*:��C�C� ������ %�%	� :  

��B�� ������! �(�cosx� sinx.  
����:  

�������� %%	�:    ( ) 3 3cos sinP x x x=  

"8 ;�(  
( )

( )

1
cos

2
1

sin
2

ix ix

ix ix

x e e

x e e
i

−

−

 = +

 = +


  

"25:  
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( ) ( ) ( )

( )( ) ( )

( )( )

( )( )

( )

( ) ( ) ( )

3 2

2 2

22 2

4 4

5 3 3 5

5 5 3 3

1 1

8 4

1

32
1

32
1

2
32

1
2 2

32
1

2
32

1
2cos

32

ix ix ix ix

ix ix ix ix ix ix

ix ix ix ix

ix ix ix ix

i x ix ix ix ix ix

i x i x ix ix ix ix

P x e e e e

e e e e e e

e e e e

e e e e

e e e e e e

e e e e e e

− −

− − −

− −

− −

− − −

− − −

− = + × + 
 

−= + + +

−= + +

−= + + −

−= + − + + + −

−  = + + + − + 

−= ( ) ( ) ( )( )

( ) ( ) ( ) ( )( )

5 2cos 3 4cos

1
cos 5 cos 3 2cos

16

x x x

P x x x x

+ −

−= + −

  

�����:����%  "���� E����� �C�C��� 
!#�� "� <���� 
���(��� +, ���� "����(�:  

���%1   
 

(cos cos ) (sin sin )

2cos( )cos( ) 2sin( )cos( )
2 2 2 2

2cos( ) cos( ) sin( )
2 2 2

i ie e i

i

i

α β α β α β
α β α β α β α β

α β α β α β

+ = + + +
+ − + −= +

− + + = +  
  

(cos cos ) (sin sin )

2sin( )sin( ) 2cos( )sin( )
2 2 2 2

2sin( ) sin( ) cos( )
2 2 2

i ie e i

i

i

α β α β α β
α β α β α β α β

α β α β α β

− = − + −
+ − + −= − +

− + + = − +  
  

����%2   
2

2

2 2

2

2 2

2

2 2

2

*)

2cos
2

2cos cos sin
2 2 2

*)

2 sin
2

2sin . .
2

2sin .
2

2sin cos
2 2

i

i

i i
i i

i

i i
i i

i

i i

i

e e e e e

e

i

e e e e e

e i

e e

e

α β

α β

α β α β
α β

α β

α β α β
α β

α β

π α β

α β π

α β

α β α β α β

α β

α β

α β

α β α β π

−−

−−

+ −

+

+ −

+

+

+ + 
 
 

 
+ = + 

 

−= ×

− + + = + 
 

 
− = − 

 

−= ×

−=

−=

− + += + sin
2

i
α β π+ + 

 
 

  

  
  

VI,1��#� ��2  ��� ���� ��#�#�� ��:'�� :  
1 (
���:  

"!��z"� { }* 1n ∋و −� �  
������ "� �2��� �8 ���� �2��� ��0n��(�� z ��� 
! 

����z����   nz Z=  
�����:  
 (*( )2 21 , 1i i= = −  

"� 
!i   .?���� "� �2� 2 ��(�� 1�� i−و

 (*( ) ( )4 44 41 , 1 , 1 1 , 1 1i i− = = − = =  

����/�, , 1,1i i− − ������ "� ��2� 4 ��(�� 1.  

2 (�$��� �� ��:'�� ����n.  
"!�� :iz reθ= &� 0r 〉  

  &'iqz ee= &� 0q〉  
����:    n n in iz Z e e reθ= ⇔ =�  

[ ]

( )

[ ] ( ){ }

( ){ }
2

2

2 2

2
2 / 0,1,2,..., 1

/ 0,1,2,..., 1

n

n n

n

k
i

n n n

e r

n

e r r

k
k

n n n n

r

k
k n

n n

z re k n
θ π

θ π

θ π θ

θ π π

 + 
 

 =⇔  ≡

 = =
 ⇔ ⇔  ≡ = + ∈    

 =
⇔ 

≡ + ∈ −


⇔ = ∈ −

�

�

� � �

�

�

  

L�3 "25n�� �2� .  
��!�":  

"!��iZ reθ=) &�0r 〉  ( �{ }* 1n∈ −�  
��(��Z
��� n�� �2�  .����/� �3 ����� ��2��� 123� :  

( ){ }
2

. / 0,1,2,..., 1
k

i
n n n

kz r e k n
θ π + 
 = ∈ −  

����:  

 ������ 	
 ���� �����3�����   2 2Z i= − −  

�� ������ ����� ����� Z  

����:        2 2Z i= − −  

         

2 2
2

2 2

2 cos sin
4 4

i

i
π ππ π

 −= −  
 

    = + + +    
    

  

"25:                     
5

42
i

Z e
π

=  
 ������ "� ��2��� "253
 Z����/� �3 :  

"25  
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{ }
5 2

3 12 3

5
3 12

0

3
3 12

1

21 7
3 312 4

2

3

3

3
2

2. 0,1,2

2.

2.

2. 2.

7 7
2 cos sin

4 4

2 cos 2 sin 2
4 4

2 2
2

2 2

k
i

k

i

i

i i

z e k

z e

z e

z e e

i

i

z i

π π

π

π

π π

π π

π ππ π

+
= ∈

=

=

= =

 = + 
 

    = − + −    
    

 
= −  

 

  

3 (��#�#�� ��:'�� ��!:  
"!��    ( )0 ir Z reθ〉 =  


 ����� ��2���Z����/� �3   

 ( ){ }
2

. / 0,1,2,..., 1
k

i
n n n

kz r e k n
θ π+

= ∈ −  

"!��1 1 0..., ,nM M M−��� 1 1 0,..., ,nz z z−������� ���   

( ) n
k k kOM aff M z r= = =  

%��� "25kM��5 ���� $�D���� ζ�3�!�� ���� o����(#� n r  
�����:    

( ) ( ) ( )[ ]
( ) [ ]

[ ]

1 1, arg arg 2

2 1 2
2

2
2

k k k kOM OM z z

k k

n n n n

n

π

πθ θ π π

π π

+ +≡ −

+
≡ + − −

≡

����� �����

  

������� "25( )1,k kOM OM +

����� �����
����C .  

%��� "25kM��M�� �(�'� "�!� .  

��!�":  
  "!��( )0 ir Z reθ〉 =  

��(�� ����� ��2��� ���Z�2 ��M�� �(�'� "�!� n &�' 
�3�!�� ���� $�D����� %���o����(#� n r.  

4 (�$��� �� ��:'��n3�����  :unité  

(a  �����$��� �� ��:'��n3�����   

"!�� 1z =  
   ����ioz e=  

������ "� ��2��� "25n
 1����/� �3 :  

        
2

1
o k

i
n n n

kw e
π+

=  

  ( ){ }
2

/ 0,1,..., 1
k

i
n

kw e k n
π

= ∈ −  

��!�":  
������ "� ��2���n��(�� 1 )  $����� (����/� �3:  

  ( ){ }
2

/ 0,1,..., 1
k

i
n

kw e k n
π

= ∈ −  

�����:  
1 ( ��(�� �(����� ��2���1����/� �3 :  

  { }
2

2 / 0,1
k

i
ik

kw e e k
π

π= = ∈  
��3 "��2��� "�23:  

        0

1

1

1

io

i

w e

w eπ

= =

= = −
  

2 ( ������ "� ��2���3����/� �3 $����� :  

  { }
2

3 / 0,1,2
k

i

kw e k
π

= ∈  
�3 ��2��� 123:  

      

  

0

2

3
1

2

3
1

4

3
2

1

2 2
cos sin

3 3

cos sin
3 3

cos sin
3 3

1 3 1 3

2 2 2 2

cos sin
3 3

1 3

2 2

io

i

i

i

w e

w e i

i

i

w i j j e i

w e i

i

π

π

π

π π

π ππ π

π π

π ππ π

= =

= = +

   = − + −   
   

= − +

= − + = = = − +

   = = + + +   
   

= − −

  

"25              
 ��(!��� ��2��� 1 �3 , ,1j j  

�����:  
(* 2 3; 1j j j= =  
 (*1 0j j+ + =    "25       21 0j j+ + =  
  (*2 1j j= − −  
3 ( ������ "� ��2���4 
 1:  

{ }
2

4 2 / 0,1,2,3
k k

i i

kw e e k
π π

= = ∈  
�3 ��2��� 123:  

    

0

2
1

2

3

2 2
3

1

1

io

i

i

i i

w e

w e i

w e

w e e i

π

π

π π−

= =

= =

= = −

= = = −

  

"25       ���� "� ��2���  ��4 
 1�3  :, , 1,1i i− −  

b(���!�" :  
1?"!�� kw������ "� ��2��� n 
 1:  

���� :    

2

2

1

k
i

n
k

k
i

kn

w e

e w

π

π

=

 
= = 
 

  

 ��!�"  
     "!��kw� ����� ��2��� N 1:  

  ( ){ } 10,1,..., 1 k
kk n w w∀ ∈ − =         &�

2

1

i
nw e
π

=  

 "25������ "� ��2���n� N 1  �3 :2 3 1
1 1 1 11, , , ,..., nw w w w −  
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2?"!�� kw 
 ����� ��2��� 1:  

( )( )
( )

2 1
0 1 2 1 1 1 1

2 1
1 1 1 1

1

1

1 1

... 1 ...

1 1 ...

1

1 1 1
0

1 1

n
n

n

n

w w w w w w w

w w w w

w

w

w w

−
−

−

+ + + + = + + + +

− + + + +
=

−

− −= = =
− −

  

 )1 1, 1nw w =2�  
 �� �1(.  

��!�"  
 ��(�� ����� ��2��� E����1;�(� .  

  
�����:  

 (*"�! �25w ��(�� �� �2� 1"� 
! "6) 1
wو

w
 �� �2� 

 ��(��1.  
 (*"�! �25w ��" ��)�� ′wو� "��2� 1 "� 
! "6) ww′ � 
w

w′
 ��(�� �� �2� 1.  

c( ( ��#�#�� ��:'�� ��$ ������ 1 ��#�#�� ��:'��� 
�� ����*

�  
"!��Z"� *

�  
"8 @��,0a ≠ �� �2� 
Z ( )na Z=  

?=�	/� ��2��� ������ :  

    
1

n n n

n

z Z z a

z

a

= ⇔ =

 ⇔ = 
 

  

"8 �(� �23z

a
 
 �� �2� 1  

�(� :( ){ }/ 0,1,..., 1k

z
w k n

a
= ∈ −  

�(� :( ){ }/ 0,1,..., 1kz aw k n= ∈ −  

��!�":  
"!��Z"� *

�� a
 �� �2� Z  

 ����� ��2��� ��� 
��Z��'� a ����� ��2��� �) 

�$���� 1.  
(���:  

 �0�8( )3
1 2i+ ������ "� ��2��� J��0�� 3 ��(�� 1 2Z i= − +  

����:  

( ) ( ) ( )
( )( )

3 2
1 2 1 2 1 2

1 4 4 1 2 1 2 4 8 4 8

11 2

i i i

i i i i i

i

+ = + +

= + − + = + + − − −
= − −

  

?  ���� ( )3
1 2i Z+ =  

"251 2i+ ������ "� �2� 3
 Z  
 ������ "� ��2��� "8 ;�(�3 
 1�3  :, ,1j j  

? ������ "� ��2��� "25 3
 Z�3 :  

    

( )

( ) ( )

( )

0

1

2

1 1 2 1 2

1 3
1 2 1 2

2 2

1 2

z i i

z j i i i

z j i

= + = +

 −= + = + +  
 

= +

  

5 (�� ���� ��$���� ��:'��*
�  

a(�������� ����*�� :  
"!��  ( )0 ir Z reθ〉 =  


 "�(����� "��2��� ����Z.  

        ( )

2 2

2
2

2 2

2

2

i

i

i

i

z Z z re

z r e

z r e

z r e

θ

θ

θ

θ

= ⇔ =

 
⇔ =  

 


=⇔ 

 = −

  

 "25     
 "�(����� "��2���Z��3 :  2
i

r e
θ

 � 2
i

r e
θ

−  

b(��	
� ������ :  

1( ��� ��� *Z a += ∈�  

����:    ( )2

Z a a= =  

"25a�a− ��3 ����2� "(������" ��(�� Z:  

2( ��0 �:; ( )*Z a a += − ∈�  

( ) ( )2 2
2Z a i a i a= − = =  

��2� "25Z��3  :i a �i a−  

3,��0 �:; ( )*Z ib b += ∈�  

  
( )

( )

2

2

2

2 . 1
2 2

1
2

b b
Z ib i i

b
i

 
= = = +   

 

 
= +  
 

  

 ��2� "25Z ��3 ( )1
2

b
z i= + � z−  

4(��0 �:; ( )*Z ib b += − ∈�  

( )

( )

2

2

2

2 . 1
2 2

1
2

b b
Z ib i i

b
i

 
= − = − = −  

 

 
= −  
 

  

 ��2� "25Z ��3 ( )1
2

b
z i= − � z−  
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5( ��0 �:;   Z a ib= + &� ( )0 0b ≠aو ≠  

(���:  
��(�� "�(����� "��2��� ���� :  

  3 4Z i= − +  
&'  z x iy= + )  &�xوy"� �(   

2 2 2 2 2 2 2z x y zو x y ixy= + = − +  

( )
( )
( )

2 2
2

2
2

2 2

3 1

2 4 2

5 3

x y
z Z

z Z xy
z Z

x y

  − = −= = ⇔ ⇔ = 
=  + =

  

 "�)1) + (3 ("8 J��022 2x =�(� 1x = �8 1x = −  
 "��)1 (–) 3 ("8 J��022 8y =  

        �(�2 4y =  
    �8  2y = �8 2y = −  

 
9	 "��)2 ( ����2 0xy = 〉"25 y ,+ �x�#Qو ���� $�  

 "25    
1

2

x

y

=
 =

 �8   
1

2

x

y

= −
 = −

  

��2� "25Z��3 :  
    1 2z i= + � z−  

VII( �'���� �� �7������ II:  
 ����(��� ���(2 0az bz c+ + = &� 0a ≠  

����:      ( ) 2: 0E az bz c+ + =  

      

2

2 2

2

2 2

2

0

0
2 4

4
0

2 4

b c
a z z

a a

b b c
z

a aa

b b ac
z

a a

 ⇔ + + = 
 

 ⇔ + − + = 
 

− ⇔ + − = 
 

  

&'    2 4b ac∆ = −  

      ( )
2

2
0

2 4

b
E z

a a

∆ ⇔ + − = 
 

  

 (* "�! �250∆ ="6) :  

       ( )
2

0
2 2

b b
E z z

a a
 ⇔ + = ⇔ = − 
 

  

"25:      
2

b
S

a

− =  
 

  

 (* "�! �250∆ ≠ "6) ∆ "�(��� "��2� 
��� u   −uو
"25 :  

    

  

( )
2 2

2
0

2 4

0
2 2 2 2

2 2

b u
E z

a a

b u b u
z z

a a a a

b u b u
z أو z

a a

 ⇔ + − = 
 

  ⇔ + + + − =  
  

− − − +⇔ = =

  

  
  
  
  
  

��!�":  
 ����(��� ���(2 0az bz c+ + = &� 0a ≠  

&'    2 4b ac∆ = −  

1? "�! �25 0∆ =����� 9� 
��� ����(��� "6)  :
2

b
z

a
= −.  

2? "�! �25 0∆ ≠ "6) ∆ "�(��� "��2� 
��� u   −uو

"9� ����(��� "�!� :
2

b u
z

a

− +=  �   
2

b u
z

a

− −=.  

������:  
 (* ����(��� ���(2 0az bz c+ + = &� 0a ≠   

"�! �252 1z � ���)���� (z"6و�� :  

        
1 2

1 2

b
z z

a
c

z z
a

− + =

 =


  

 (* ����(��� ���(2 2 0az b z c′+ + = &� 0a ≠  
���	��� ������ 
�(�0 ����(��� 
� 
�8 "�  

  b ac′ ′∆ = −  

1? "�! �25 0′∆ =���� 
� ��� ����(��� b
z

a

′
= −  

2? "�! �25 0′∆ ≠��� "9� ��� ����(:  

1 2

b u
z

a

′− +=  �   2 2

b u
z

a

′− −=. <��u&��� �2� ′∆.  

���$* ����:  
�) 
��������� *B��(��� :  

1 (2 1 0z z+ + =   

    ( )2
21 4 3 3 3i i∆ = − = − = =  

��2� "25∆��3   3u uو i− =  

"25 :    
1

2

1 3

2

1 3

2

i
z j

i
z j

− += =

− −= =
  

"25:    { },S j j=  

2 (( ) ( )22 3 2 1 0
2

i
i z i z+ − + + − =  

    

( ) ( )

( )
( )

22

2

3 2 4 2 1
2

5 12

2 3 2.2.3

2 3

i
i i

i

i i

i

 ∆ = + − + − 
 

= − +

= + +

= +

  

��2� "25∆��3   2 3u uو i− = +  
"25 :  

( ) ( )
( )

( ) ( )
( )

( )
( )( )

( )
( ) ( )

2 1

2 1

3 2 2 3 3 2 2 3
;

2 2 2 2

5 5 2 1 25 5 1
;

2 2 10 2 2 10

3 1 1 3
;

2 2 10 10

i i i i
z z

i i

i i i ii i

i i

z i z i

+ + + + − +
= =

+ +

+ − − −+ −= = = =
+ +

= + = −

  
"25:    { }1 2,S z z=  
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VIII (<����� �� �������:  
1(�������  ����� (����� :  

 "!��R 1�!�� "���� ( )gΩ ������� θ  
 "!��( ) ( )M z Mو z′ ′ <��� M ≠ Ω  

    

  

( ) ( ) [ ]

[ ]

( ) [ ]

( )
( )

, 2

arg 2

1

arg 2

i

i

i

M M
R M M

M M

z w z w

z w

z w

z w

z w

z w
e

z w

z w e z w

z e z w w

θ

θ

θ

θ π

θ π

θ π

′Ω = Ω
′= ⇔  ′Ω Ω ≡

′ ′ − = −
⇔ ′ −   ≡  − 

 −
= ′ ′−⇔ 

 ≡
′ −⇔ =
−

′⇔ − = −

′⇔ = − +

����� ������

  


 ��0��� L�2! ����� ���� �>9(�� 123 "8 M�9Ω.  
 
 
 

��!�":  
 "!��R 1�!�� "���� ( )wΩ ������� θ  
 
!�( ) ( )M z Mو z′ ′ "� P���� :  

    ( ) ( )iR M M z e z w wθ′ ′= ⇔ = − +  

 ����!��( )iz e z w wθ′ = − +� ������ ��� !�� " #� R.  

����:  

	���R 1�!�� "���� ( )1 iΩ + ������� 
2

π  

 $��� ����( )1R i−  

 "!��( )M z  �( )M z′ ′ . "8 ;�(:  

    

( ) ( )

( )( )

2 21 1

1 1

2

i i
R M M z e z i e

z iz i i

z iz

π π 
′ ′= ⇔ = + + − 

 
′⇔ = + + −
′⇔ = +

  

 "!��( )A z′ ′ $��� ( )1A i−  
����:  

        
( )1 2

3

z i i

i

′ = − +
= +

  

"25    ( )3A i′ +  

2 ( +�$*�� ���#-�� (��=��( )1 ; 1a a z az b≠ = − −  

���%��� ���(    :f P P→  
   ( ) ( ) /M z M z z az b′ ′ ′→ = +  

 ) &�b a"� � � 1و 1a ≠aو =(   
 "8 "���f"���� :  

 *$������ �%��� "� <��� :  

 "!��( )M z :  

    
( )

( )

( )

1

1

f M M z az b

z a b

b
z

a

= ⇔ = +

⇔ − =

⇔ =
−

  

 "25f��� �%� 
��� �3 $���� $�( )wΩ &� 
1

b
w

a
=

−
  

 * "!��( )M z  �( )M z′ ′ "� P <��� M ≠ Ω  

    ( )f M M z az b′ ′= ⇔ = +  

�����( )wΩ "25  $���� w aw b= +  
�(�  b w aw= −  
"25      ( )f M M z az w aw′ ′= ⇔ = + −  

    

  

( )
( )

( ) ( )( )[ ]

( ) ( ) ( )[ ]

( ) ( ) ( )[ ]

( ) ( )[ ]

arg arg 2

arg arg arg 2

arg arg arg 2

, arg 2

z w a z w

z w a z w

z w a z w

z w a z w

z w a z w

z w z w

z w z w a

M M

M M a

π

π

π

π

′⇔ − = −

 ′ − = −⇔  ′ − ≡ −

′ − = −⇔  ′ − ≡ + −

′ − = −⇔  ′ − − − ≡
′Ω = Ω

⇔  ′Ω Ω ≡

����� ������

  

 "25f 1�!�� "���� Ω ������� ( )arg a.  

�"��!:  
"!��b  1a���a "� � <و ≠ � 1a =  

���%���:      :f P P→  
     ( ) ( ) /M z M z z az b′ ′ ′→ = +  

 1�!�� "����( )wΩ <��� 
1

b
w

a
=

−
 ������� ( )arg a  

���$* ����:  
 ���%������(            :f P P→  

( ) ( ) 1 3
/ 1

2 2
M z M z z i z

 
′ ′ ′→ = + +  

 
    

 ���%��� �(��% ���f .     
 *����:  

  

1 3
1

2 2

1 3
1

2 2

i

i


+ ≠



 + =



  

 "25f �!�� "���� ( )wΩ<��� :  
1

1 3
1

2 2

w

i

=
− −

  �8:   1

1 3
2 2

w

i

=
−

  

  

        1 3

2 2
w i= +  
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�������    1 3
arg

2 2
i

 
+  

 
  

    

1 3
cos sin

2 2 3 3

1,
3

i i
π π

π

+ = +

 =   

  

"25  [ ]1 3
arg 2

2 2 3
i

π π
 

+ ≡  
 

  

��� �����f 1�!�� "���� 1 3

2 2
i

 
Ω +  
 

 ������� 
3

πθ =.  

  


