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�� 5P0 �� @��A  &"$  O	�
 ZVA� ��*% ≈ O  &�$  I ��"�"*% ≈ O  &�$
�� 5P0 �"� @��A  &#$

�I ��(*( = %(*( + #! :�w�� c	�7�� �� 5P0 %(*( @��A =�:�� ZV�	
� �w�� ZV�	
 �G �X	N��  &($

 �����>7 ���	� ' �������

P0 �"*%� @��A ,P0 ��*�� ≈ O  &�$
O	�
 ZVA� ��*# ≈ O  &�$

�� 5P0 �� ����   &'$   �' 2-M�� /�� �0 1234  & � $  &�$
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�� 5P0 �#� ����  &�$  �P0 ��*� ����  &($
�� 5P0 �"*% @��A =�:�� /j v6�� ,�	?0� �! @��A =�:�� !�"#��  &%$

�−� � ��� ��  � 2��z�V�� �>M3��� ��z�V�� c	M3�
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�)� ��*#"  &�$  �)� #"*"  &�$
�)� �!*� &"$  )� ��   &�$
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�I ��#*" �I �*� �I �%*� �)� ��*�   &�$

�)� �*� �>G�0 ZVA� ��*� �>G�0 ZVA� !*� �)� !*"   &�!$

�I π"%*�� �>G�0 ZVA� 

kπ
�

 − �k ��# �>G�0 ZVA� &π − "$ ��( &��$

��\	M�� ZVA��� �	6?y�
' &�$  + &�$  ' &�$
B; &($  B; &#$  � &"$

' &�$  ' &%$  � &�$
� 5P0 �!"% = = ; �#�"

=
  = º�! 	; &�!$

�(*� &B;$  !*( &'$  )� �! &�$ &��$
% ,�*� &��$

)� #(*" ‹ B;C ;)� �!*# ‹ B; ' ,°�! = & C$Z &�$ &��$

°"�*" ‹ &'$Z ,°"%*( ‹ &C$Z ,)� ��*(� ‹ �C &'$  
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�)� ��*�( @��A  &�($  �� 5P0 �# @��A  &�#$
�I �(*� @��A ,º(� @��A  &�%$  ��)� ��#*� @��A  &��$

�)� "*#� › �A	N�� , )� �" › F����  &�!$  �I "�*� @��A  &��$

�2�z��|` ���	�
�

θ	?;  + "
θ	?;  = =  &�$

 �θ	?; θ	;�= =θ	?; = × θ	; = = + ' × +C �A	N��  &�$
 

���
� − I

 = O ; �
I  = � + O

I + � � + O
 �MHM�� iG	�7 �0  &�$

 
� − I
� + I  = �

� + 
���

� − I

 = θ	;  

�α	; × α	?; �� = B;C × B;� × �� = B;C�∆ �A	N0& � $  &"$

 β	?; × β	; × �&'�$ ��  = β	; × '� × β	?; × '� × �� = ' B; × B;� �� = B; '�∆ �A	N0  &'$  

��β + α�	; × ' � ��  = + ' �� = + ' × �C �� = &'C�∆$ �A	N0  &B;$  

α	?;
β	?;

 = '� :i:0�  B;�
'� = β	?; , B;�

�   = α	?;  & + $  

�' B;�∆ �A	N0 + B;C�∆ �A	N0 = 'C�∆ �A	N0  &BD$  

β	?; β	; × �&'�$ × �� + α	?; α	; �� = &β + α$	; × ' � × 
�
�    

β	; × α
�	?;
β	?;

 + α	?; α	; = &β + α$	; × 
α	?;
β	?;

   

β	; α	?; + α	; β 	?; = &β + α)ƾű    

α	;
α	?;  = β	?; , 

β	;
β	?; = α 	?;  &#$

.α	; = β	; ��� α	; = α	;
α	?;

 × α	?; = β	?; × α	?; = β	;  

= =

θθ B;'
+

C
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 	����� ����� C 	������

	�M���� !"#$� %�#&' ,	(�() *+-.  	(�() /0 *1.  2�I�4' 15 ,	(�() * � .   ��.
	�6�78�� !"#$� %�#&' ,	(�() * " .  	(�() /0 *+9.  2�I�4' 15 ,	(�() * ! .  

:; <=<>  �<.
? �

@ "� @
� 	&��8
; A�B�8
�� CDEF� ,	4G�M
; A�B�8
�� ���"H�� �F ��
��
; * � .  ��.

?	4G�M
; /0 A�B�8
�� ���"H�� �F 	
��
; /0 *1.  

?I
J "� JI 	&��8
; A�B�8
�� CDEF� ,	4G�M
; A�B�8
�� ���"H�� �F ��
��
; *+-.  

<> = L ,�< = M ,N= O * � .  �@.
�> = L ,P = M ,Q= O *1.  

 R @=IQ × R N=Q *+-.  R @=IQ × R @=IQ *1.  R @=IQ × R @=IQ * � .  *I.
R @=P × R �=QP * " .  R <=PP × R �=QP *+9.  R <=PP × R �=QP * ! �  

*!.  *Q.
?�=Q�P S��T 29 	�&9U�� 	&V8�� W8�G �=QP 29 	&V8�� �F , XDY  *J.

 	�H�H�' ����� 1 	������
>=>>�@P = >=>P

I@  "� I@:>=>P  *�.
?	&��8
; /0 A�B�8
�� CDEF� [
��
; /0 * � .  *<.

� �
I "� I

� , 	&��8
; A�B�8
�� CDEF� ,	�"�V
; 	4G�M
; A�B�8
�� ���"H�� ,[
��
; *1.  
J=I ,�J=I ,<>  *�.

\� �P  *@.
?R @ %X]�� \���� ^� \� � %Y : _D]; ?��G�-`� a�
b #c  *I.

*!.  *Q.
?2&9d %�M
V; R +9 +- 1 ��e�f � = 1 +- , IF + �

<  = +9 +- , IF
<  = C" = +9"  *J.

?�=Q�P ≠ π< , XDY  *P.
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 	����� ����� C 	������
A�B�8
�� ���"H�� iG�M'  * h.Z = *!.Z ,*+-.Z = *+9.Z * � .  *�.
A�B�8
�� ���"H�� iG�M'  *+9 +-!.Z = *1 +- h.Z ,*!.Z = *h.Z *1.  
A�B�8
�� ���"H�� iG�M'  *! +9 +-.Z = *1 +9 h.Z ,*!.Z = *h.Z *+-.  

\� N �
�  = <P

�  *+-.  \� J �
J  = I>

J  *1.  \� P * � .  *<.
?°N> ,	&��8
; A�B�8
�� CDEF� * � .  *�.

?\� P ,	�"�V
; A�B�8
�� ���"H�� �����c *1.  
? �@F�I

�@  = M , �@FN
�@  = O *+- 1C \6�4�� j�]�� k. �@F = +- 1  *@.

? �@F@
I  = M , �P

I  = O *+- 1" \6�4�� j�]�� k. �@F< = +- 1  *I.

� ��F<
�  = M , ��F = 1C , @

� = O  *Q.
*+-.  *J.

?O��4�� 	�"�V
; A�B�8
�� ���"H�� ,lm�! n!�&' *+- ! n.Z = *" 1n.Z ,lm�! n!�&' *! +-n.Z = *1"n.Z * � .  *P.
 <

�  "� �
<  hG��
�� 	&Vo *1.  

?O��4�� 	�"�V
; A�B�8
�� �p���"q �F ,\�o �	�  ?A�B�8
�� �p���"q r#Ts iG�M
' �� tu ,v � � �  *N.

?R�< O��4�� 	�"�V
; A�B�8
�� ���"H�� *1.  ?R<>> O��4�� 	�"�V
; A�B�8
�� ���"H�� * � .  *�>.

?*R"n.Z = *w"�.Z , 
R"
w" = " n

� "  *��.

IFI = ! 1 * � �  *�<.
?��
��
; ��]�]�� � _ds O��4�� 	�"�V
; A�B�8
�� ���"H�� ?*1! C.Z = *" C1.Z , ºN> = *1"C.Z = *! C1.Z  *1.  

IF< = "C h8;" 1C
! 1 = "C

!C   *+-.

?	&��8
; CDE� [G A��xy 	�"�q ?��
��
;  �
< = +9 1

� 1  = � 1
! 1  ,	Y:�; 1 * � .  *��.

?*1 ! �.Z = *+9�1.Z ; *! �1.Z = *1 +9�.Z *1.  
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? �
@ = "C

!C  = 1C
+-C  :��e�f �

@ = <=@
�=< = "C

!C  �
@ = @=P

Q=@ = 1C
+-C  * � .  *�@.

?[
��
; ��]�]�� ��e�f ?	Y:�; C 	�"�H��" +-C!C  = 1C
"C  2M�' "C

!C  = 1C
+-C  *1.  

?\� P=� = "!C j�]�� F�y  <=J = !" h8;" �
@ = !"

+- 1  *+-.  

?[
��
; +9 ! C ,+- 1 C ��]�]�� ��e�f O��4�� 	�"�V
; A�B�8
�� ���"H�� * � .  *�I.

?QQ = F�(��   �> = !C , �Q = +9! :h8;" �>
<> = P

+9!  = �I
!C  *1.  

 	�H�H�' ����� 1 	������

�< *+-.  N �
Q  = II

Q  *1.  � �
I  = �Q

I  * � .  *�.

*h.Z = *".Z * � .  ���

�=� = O , �
@=I = <

�  

*!h +9.Z = *+-h1.Z *1.  

Q = O , �>=I
J  = N

Q  
?��G�-`� a�
b #c  ���

R@=P  *1.  R<J  * � .  ���

?1�(V�� 	(I�o %B n�I" �7�B n�I |; 1�(V�� 	(I�o n�I" �}�I t��8' nDm �;  *I.

�_&��4' R �I�=I  *Q.

�p���"q r"�V
' �� tu hoF , XDY  *1.  <R @<> ,R NP  <R @<> ,R NP  * � .  ���

R �<=Q  �
�

\� �I  *N.
 ?[
��
; ��]�]�� ��e�f °N> = * C.Z = *~.Z ,	Y:�;  1  * � .  *�>.

1C �< = +9 1 �F   <*1C. �< = 1C × +9 1 = ~ 1 × +- 1 :h8;" ~ 1C1  =  +9 ~
+-C  = +9 1

+- 1  *1.  
Q = +- 1  * � .  *��.

<=PP = "C ; "C
1C  = +-C

+- 1  C+- 1 j�]��� hG��; " +-C j�]��  *1.  
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 	����� ����� C 	������
Q = M  IF� = O * � .  *�.

IF< = M  Q = O *1.  

�F< = M  @ = O *+-.  

IF<= O *+-.   N �
I = O *1.    <>

�  = O * � .  *<.
1
��

 *!.  
MC  *+-.  C1  *1.  �1 * � .  *�.

<> *1.  �FQ * � .  ���

C

<P

  *1.  \� @  * � .  *I.

QF@ ,�F@ ,�<  *Q.

�F�< = O ,�< = M ,�FQ = C *1.  ��F< = M ,��F� = C * � .  *J.
<R
�  =M ,

<n
�  =O *!.  � = O *+-.  

\� �FI  *P.

 	�H�H�' ����� 1 	������
J>F@ = M  �>F@ = O * � .  *�.

<FI = M  I = O *1.  
IF< = M  < = O *+-.  

IFI *+-.  <FQ *1.  <=@ * � .  *<.
+- ! 1∆  «  1!h∆  *�.

N *1.  �> * � .  *@.
?*Q ,<−. ,*Q ,�>.  *I.

\Y �P  *Q.
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JF@ = O  JF� = M ,�< = C * � .  *J.
N
< = O *+-.  @ = O *1.  

*M + O.� = � M + � O = <R + <n
<� = � × � = <R + <n  

� O = <n
� M = <R

$  *P.

O
	

 * ! .  
O
	

  *+-.  
M
�  *1.  

��

C  * � .  *N.

@−� � ��� ��  	
��
�� ��]�]��" ��&��8
��

 	����� ����� C 	������

 nh
� �

 *+-.  � �
1 R  *1.  � ��

 wh
 * � .  *�.

Q = O *+-.  J=I = O *1.  J=I = O  * � .  *<.

IJ �
J  ,@< Q

J  *�.

*!.  *@.

 

C

+-

1

 * � .  *I.

?+- 1 = +-C � _ds ?��4G�M
; +- ax8; �� [��8�� []�]�� �F ,[����� iG�M
; *1.  
\� �<=I "� \� @=I  *Q.

XDY *1.  \�o * � .  *J.

 	�H�H�' ����� 1 	������

R ��<=I *1.  R @�I * � .  *�.
<> = O *+-.  <=I = O *1.  N = O * � .  *<.

! 1
+9 !  = +-C

" +-  = � 1
" �  � _ds ,! � 1∆ ~ +9" 1∆ ,h 1"∆ ~ +- � "∆  *�.

\�o *1.  \�o * � . *I.  @< ,�P  *@.
 ��C
�h

 *+-.  ��

 �h
 *1.   �C� w * � .  *Q.
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�=< = 1! , @=P = +-!  *J.

 Ȉ < =  <+9C
<+9C< = *+9!hΔ. 	T�V;

*+-!hΔ. 	T�V;  �U�   +-" = "h = +9h �e�" *+9!hΔ. 	T�V;
*+- 1hΔ. 	T�V; =  

<+9C
<+-C  *P.

*+9 +- 1 !. ~�(8�� h&� 	T�V; = *+9!hΔ. 	T�V; ��e
f  

I−� � ��� ��  W7�
T�V; [G 	cD���" [
��
; [�e� 2M�y [G 	cD���

 	����� ����� C 	������

<\� <<I *+-.  <\� �@=IQ *1.  <\� I< * � .  *�.
�
<  "� < *+-.  <�  "� �

<  *1.  �@  "� @
�  * � .  *<.

�R I@>  ���

J
I  "� I

J  *@.
�
J "� J

� *!.  �< "� < *+-.  �< "� < *1.  �
�> "� �> * � .  *I.

Q = M ,@ = O  *Q.

?a���� q"��
� v #�#�� 1DM�� !#�" ,~��E� 	�G��G \�#4�� ��8��� 	T�V; �� #�H' #�#�� ��8��� 	T�V; �F ,\�o  *J.

<\� �FQ  * � .  *P.
<\� �FI@ *+-.  <\� �F <J

<  *1.   <\� �FNQ * � .  *1.  

 	�H�H�' ����� 1 	������

�Q
N  , 

@
� *+-.  <I

@  , 
I
< *1.  �J

<>  , 
PIF

�>  * � .  *�.

��8I JI  *�.  <R �J�=PJI  *<.
<  *I.  � _��8�! �Q <

�  *@.
@

<I , <
I  *1.  N

Q@ , �
P  * � .  *Q.

� _��8�! �I�� �
N  *J.

@
N    *1.  <�   * � .  *P.
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	]��]�� A#T��� ��&
m�

*+-. *@.  *+-. *�.  *!. *<.  *1.  *�.
<>
�  =M , �Q

�  =O *+-.  �=N = M ,@=P = O *1.  @=I = M ,N = O * � .  *I.

?|�'��� ���� �U9 %B n�I 	f��;" ?� _#T�" � _:; �}�I � _x� %B n�I 	M���G  *Q.
@N
Q@ "� Q@

@N *1.  @N "� N
@ * � .  *J.

�> = O *1.  I I
�� = Q>

�� = O * � .  *P.
P �

�  = <I
�  = O *!.  �> = O *+-.  

	X�6���s �����
Lq��' v  +-"

+9 +- ≠ !"
~! , Q = +-"  *�.

+-" × C" = <*1".  ?1"
+-"  = C"1"  ∴  1"

+-"  = !"
+9" , !"

+9" = C"1"  *<.

<*J=I. ≠ <J + <*<=I.  <=I = O ∴ I + O
 P + O  = O

� + O   *�.
 

�
@ ; �F

<  = +-"
C"  = �

m
�
m ,\�o  *@.

 1C I = ! +-  ∴   1" I = !" , XDY  *I.
*�. �C × ! +- = +- 1 × RC  �C × 1C = !C × RC  ∴  �C

!C  = RC
1C  ��
��
; ! 1CΔ ,� RCΔ  *Q.

+- 1 × RC × �< = +- RCΔ 	T�V;
?��
�"�V
; ��
T�V�� *�. �;  �C × ! +- × �< = +- �CΔ 	T�V;

�>=P = M  *J.

?	
G�� +- 1 × 1 +9
<  = 1 +- RΔ 	T�V;  ?��
��
; 1 +- RΔ ," � RΔ  *P.

?	
G�� " � RΔ 	T�V; ∴  
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 ��
�
� ����� C �������

�:�  �!"  �#  ��"  �$  �%"  �%  ��"  � = &  ��"
�	
��
�� '��( �)" � + %

�  = � +  C
 *  ,- � . "  /M( �12"  /M( �*"  34I�6
�� *7�� ,- � � "  �8"

 9* ;<M�� >�?�2@ �) A;6B �C"  $!
�� = &  �$"

 *
12  = �� + D"*

�� + D"12 = *� + C
12� + * ; *

12  = �� − D"*
�� − D"12 = * − C

12 − *  �F"

 >�?�2@ �) A;6B �*"  ��G�H" �I. �##  � � " ���"  �*"  ��#"
9* ;<M��

%��K! ���"  9L �� × L �# ��%"  9* ;<M�� >�?�2@ �) A;6B  ���"
 % $K��   >   % $K�#  �*"  9  % $K�# :�*"     ,    % $K�� :�C"  ��!"

 ��N�N4O ����� * �������

� �*"  C � � "  �%"  �8 �*"  %� � � "  ��"  C  ��"
 	
��
�� '��( �)  �12"  C ≠ C ,/M(  �*"  34I�6
�� *�G�� ,,- � � "  ��"

9* ;<M�� >�?�2@ �) A;6B �$"  9* ;<M�� >�?�2@ �) A;6B �8"  !8
!    �!"

 9� P����. �!� :Q
�� , � P����. ��8 :RS� , � P����. �C# :����)  �C"

�−� � ��� ��  T.�M�� UV
��

 ��
�
� ����� C �������

9 �� T.�I    �%"  WX� Y  ��"   �% T.�I   ��"
Z[ �$!  �*"  � !# = \  � � "  ��"

� = '  �C"  % = '  �$"  & �KF = ' T.�I �8"  WX� Y  �!"
$ = ' ��#"  ��− = &   �F"

*
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 9W) %!# = ]  �*"  . !8 = ]  � � " ���"

 �*" ,�C" :T� 9N[��� �M6�? ��� T^�� Z�6
��� ���"

 9WX� Y  �12"  WX� Y �*"   !% T.�I  � � "  ��%"
 9 %! T.�I  �1_"    �
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