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A2;. :6/< 5 .>2; :.4=6=/= .L 8 =;.@ � 8?==684 ;24= 25N2>>2> 64 8 :.4=/84/ N8:F17.?4> J � =
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O?84/6L< /-6= :.4>6/6.4 N< >25 84>641 /-8/ /-2 =:8//27641 841;2 L.7 8;; 78< 3867= 64A.;A2>
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&,' :.4>6/6.4 9 =. K +� 124278;6I2= &,' J +/ 6= 8;=. :;287 /-8/ K +� :84 N2 A6.;8/2> 0 =22
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;2L/ 9 >8/8 .4 /-2 761-/H d & � �� ��* � ' �
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K-6= 8==?53/6.4 /8:6/;< ?4>27;62= 5?:- .L 72M2:/6.4 37. :2==641 9 84> 64 387/6:?;87 6= A 6/8;
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 ��� " �� d /-8/ 6= 9

� � D�� H 
 � � � �
� D�� H 
 
 � D�´H

*2 24> /-6= 833 24>6C @ 6/- 8 725 87F 8N.?/ /-2 :8=2 .L `m[a ]ZfZ `m�Zb^g Z9 6 J2 J =.?7:2=
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 D� �	 H .L .7>27 "� =. /-8/


 D� �	 H� D� �	 H� " � � � D� �	 H
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� 784/2> /-6= � 	 � D �� � H � 	 � D� H 8;=. J
S3=-./ d ,,' 5.>2;641

�� � �� �' D+� � �� � �H 
 �� � D+� � �� � �H
37.>?:2= /-2 =85 2 =641?;876/62= D6 J2 J /-2 =85 2 @8A2=H 8= 2C3;.>641 72M2:/.7 5.>2;641 9 =.
6= 8= 1..> 8 N8=6= L.7 5 6178/6.4 J

,,' 56178/6.4 d 8==?52 /-8/ =.?7:2= 8;; ;62 .4 �� 
 � J
& �� � �� ��* � ' �
 & * � �� � �� �' �


 ) *+� ) *� * D+� � �H �� � D+� � � � �H
��



� ���� ��� ��	 
� � 


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


 ) *+� ) *� ) *� �* D+� � �H% D� H �� � D+� � � � �H
& 2B42 /-2 8>R .64/ B2;> � N<

� !
! � " � D+ � � �	 � �	 � H� � D+ � � � �H 
 * D+ � �H% D� H � � D+ � � � �H 	 � � � & �

@-6:- 6= 2O?6A8;24/ /. =.;A 641 /-2 646/68; A8;?2 37.N;25

� !
! � " 	� D+ � � �	 � �	 � H� � D+ � � � �H 
 � � � � � � � � D+ � � � �H 
 * D+ � �H

+4=27/ 64 2C372==6.4 L.7 64427 37.>?:/ 9 64/2178/2 N< 387/= 9 ?=2 =2;L08>R .64/42== .L � 9 12/
& * � �� � �� �' �
 ) *+ ) *� �' D+ � � H

� D+ � � H � D+ � � � �H
@-24:2

�� � �� ��* D+ � � H 
 �
� D+ � � H � D+ � � � �H

,/84>87> >2=:763/6.4 .L /-6= 8;1.76/-5 d

� >.@4@87> :.4/64?2 >8/8 D6 J2 J =.;A2 L.7 � H
� 65 812 8/ � 
 � J

K-2 87/ .L ,,' 56178/6.4 d :.53?/8N;2 8337.C 65 8/6.4= /. � D+ � � �	 � �	 � H 0 =@ 655 641 3..;
.3 278/.7 9 5 84< =?::2==.7= J

S4B46=-2> N?=642== d 37..L .L :;865
& 23 24>= .4 :2;2N78/2> 
��	������� � � (���� �������� /-2.725 .L P �.75 84>27 D´���H J
� 6A24 =<5N.; � D� � � H 9 .7>27 5 9 @ 6/- 8=<53/./6: 2C384=6.4 9 >2B42 \c`h^b^fZbcYfc`Y 8=

=.;?/6.4= D� D�H � � D�HH .L P85 6;/.4684 =<=/25
*�*� 
 !�! � D� � � H � *�*� 
 " !�!� D� � � H

@ 6/- � D� D�H � � D�HH 	 � J
)�����
 � ,?33.=2 � D� �	 H� 
 � 9 84> =?33.=2 /-8/ L.7 �� � � � �

�
9 D� D�H � � D�HH (�	 � D� H J K-24 26/-27 � D� D�H � � D�HH d �� � � � �

�� � 	 � D� H .7 � D� D�H � � D�HH d �� � � � �
�� �� � D* � H " 	 � D� H J�/ ;28=/ /@. >6=/64:/ 37..L= d

� k6724N 271 9 ´���

��



� ���� ��� ��	 
� � 


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

� P �.75 84>27 9 ´��� D64 K8<;.7 9 ´�" ´H

� 7..L .L :;865 d :-2:F /-8/ N6:-878:/276=/6:= L.7 ,,' .3278/.7 872 R ?=/ ?3:.5 641 78<= .L
12.5 J .3/6:= L.7 @8A2 2O?8/6.4 J K-2=2 38== 64/. � & � @-272 'P, 6= =5../- 9 8;=. 64 6/68;
:.4>4 8/ ;8712 � 6= =5 ../- 0 =. 28:- 78< -8= .42 E24>G .?/=6>2 .L 	 � D ��

�
H J +L 78< :87762=

=641?;876/<9 5?=/ 38== .L 	 � .L � 9 N?/ /-24 6/ �= 24/672;< :.4/8642> N< � .L , 833;62> /.
� J � � � � � �

k.4I27. .Q=2/ D E372=/8:FGH d =/87/641 3 .64/ 6= 64/2178; 72372=24/8/6.4 .L /-2 =:8//272>
B2;>

� �� �' D�� � � � � � H 
 !  ! � 
) *+ �' D� H

� D� H 
) *� � D�� � � " � � � H� D� � � � � � H

�< 848;.1< @ 6/- I27. .Q=2/ :8=2 9 @.?;> ;6F2 /. A62@ /-6= 8= E2C3;.>641 72M2:/.7= 64 N ./-
>672:/6.4=G d 72M2:/.7= 37.3818/2 24271< ?3@87> /. =.?7:2= 84> /. 72:26A27= J P.@2A27
:84 �/ >. /-6= N 2:8?=2 72M2:/6.4 ;. :8/6.4 6= Y^[ Z L.7 N./- J

�.;> =/7.F2 d 64/7.>?:2 8 42@ =38:2 A8768N;2 � 9 >2B42

�� �� �� D�� � � � � � H 
 !  ! � 
) ) *+ *� � D� � � H ) *� � D�� � � " � � � H� D�� � � � � H

84> 4./2 /-8/ �� �� �� 
 � �� �' 6L

� D� � � H 
 �'
�  �� � �

� � % D� " � H

K-6= /76:F >2:.53.=2= � �� � 64/. /@. E2C3;.>641 72M2:/.7=G d
�� �� �� D�� � � � � �H 
 � D� � � � �� H �$�$ �

@-272 � ´
� D� H 

!  ! � " # $� � D� � � � �� H 
 ) *� � D� � � H� D� � � � � � H
	 � � D� � � � � � H

D E?3@87> :.4/64?2 /-2 72:26A27=GH 9

� ´
� D� H 

!  ! � " # �� � � D� � � � � H 
 � D� � � H% D�H
D E?3@87> :.4/64?2 /-2 =.?7:2=GH J

K-6= L8:/.76I8/6.4 .L � �� � D' �� � �� �� �� �� H ;28>= /. 8 72A27=2 /65 2 :.53?/8/6.4 .L
8>R .64/ @ 6/- 0 @ 6;; > 6=:?== .4 .76>8<J

+/ �= 2O?8;;< 3.==6N ;2 /. :.4/64?2 /-2 72:26A27= B7=/ 9 /-24 /-2 =.?7:2= 9 @-6:- ;28>= /.

� ´
� D� H 

!  ! � " # �� � D�� � � � � H 
 ) *+ � D� � � H� D�� � � � � H
��



� ���� ��� ��	 
� � 


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

	 � � D�� � � � � H
D E?3@87> :.4/64?2 /-2 =.?7:2=GH 9

� ´
� D� H 

!  ! � " # $� � � D� � � � � H 
 � D� � � H% D�H
D E?3@87> :.4/64?2 /-2 72:26A27=GH J�33;< 72A27=2 >23/- :.4:23/ d 8= N 2L.72 9 1. �& /253.7876;<9 � 
 D+ � �� H � � 
 D� � ��H 9 8;;
=.?7:2= 84> 72:26A27= .4 � 
 � J

W��� �� (����� * ��� DE&,'GH 8==?53/6.4 d ..7 =.5 2 % � � 9 /-2 @8A2B2;> � =8/6=B2=
D+ � �� � � � � � �� � � � �� � - � � � �� H � 	 � D� H �

D+ � � � � � - H � �� D�� H � D� � � � � � - H � �� D�� H � 84> �� - � � � ��- � � �� = L.7 ,,' 9 /-272 6= 8 78<0/-2.72/6: 64/27372/8/6.4 d 78<= L7.5 =.?7:2 84> 72:26A27 /.
=:8//27641 3.64/ =/8< 8@8< L7.5 /-2 A27/6:8; 84> >2:728=2 64 � L.7 64:728=641 � 9 6 J2 J /-2<
872 8;; ?3 :.5 641 J

,64:2 � @ 6;; N 2 =641;2> .?/ D84> 2A24/?8;;< � D� � � H @ 6;; -8A2 8 L8:/.7 .L % D� � � HH 9 65 3.=2
/-2 :.4=/7864/ /-8/

� D+ � � � + � �� H 
 �� D+ � � � � H% D� " �� H
& 2B42 ?3 :.5 641 37.R 2:/6.4= 8= L.7 ,,' d

�� � 
 � !
! �� � 	� D� � �� �	

�
�	 � H� � � �

�� � 
 � !
! �� � 	� D+ � �� �	 � �	 � H� � � �

�� 
 � !
! �� � 	� D� � �� �	

�
�	 � H� � !

! �� � 	� D+ � �� �	 � �	 � H� �

�C:23/ L.7 ;.@27 .7>27 :.55?/8/.7= @-6:- @2 R ?=/6L< /-7.@ 641 8@8< 8= N 2L.72 9

� !
! �� " 	� D� � �� �	

�
�	 � H� �� � 
 �� % D�� " �� H% D�H �

� !
! �� " 	� D+ � �� �	 � �	 � H� �� � 
 �� % D�� " �� H% D�H �

� !
! �� " 	� D+ � �� �	 � �	 � H� �� 
 �� �

� !
! �� " 	� D� � �� �	

�
�	 � H� �� 
 �� �

�#



� ���� ��� ��	 
� � 


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

+46/68; DB48;H :.4>6/6.4= 872 /-8/ �� � � �� � � 84> �� 8;; A846=- L.7 ;8712 � 0 /-2 2O?8/6.4= 872
/. N 2 =.;A2 64 >2:728=641 � DE?3@87> :.4/64?8/6.4GH J

,65?;/842.?= ?3@87> :.4/64?8/6.4 d
!
! � �� D+ � � � � � � � � H 
 !

! �� �� D+ � �� � � � � � � H �
�� �� �

!
! �� �� D+ � � � � � � � ��H �

�� ��

 �	� D+ � �� �	 � �	 � H �� � �� � � 	� D� � �� �	

�
�	 � H �� � �� � ���� ��� �

,64:2 �� � D� � � � � � + � � H 
 �� � D+ � � � � � � � � H 
 �� D+ � � � � H% D�H 9 �� 6= =224 /. =8/6=L< /-2 W (*

������� �������� d

� !
! � " 	� D+ � � �	 � �	 � H " 	� D� � � �	

�
�	 � H� �� D+ � � � � � � � � H 
 � �� D+ � � � � H% D�H

�� �� � �� D+� � � � +� H 
 �� D+� � � � � � +� � �H
�.53?/8/6.4 .L 8>R .64/ L.;;.@ = =85 2 38//274 8= L.7 ,,' 9 84> ;28>= /.
W (* 
 �������� �������� � =.;A2

� !
! � " 	� D+ � � �	 � �	 � H " 	� D� � � �	

�
�	 � H� �� D+ � � � � � �H 
 �

64 c_ `bZ^Yc_g � @ 6/- 646/68; :.4>6/6.4 8/ � 
 � d

�� D+� � + � � � � �H 
 * D+� � + � � �H
K-24 �� �� ��* D+ � � � � H 
 �� D+ � � � � � �H

K-2 3-<=6:8; &,' 5.>2; -8= �� D+ � � � � H 
 ' D+ � � H% D+ " � H 9 =. B48; =/23 64 &,' :.5 0
3?/8/6.4 .L � �� �� 6= 8>R .64/ .L ' �� �� d

� �� ��* D+ � � H 
 �� D+ � + � � � �H
,/84>87> >2=:763/6.4 .L &,' 5 6178/6.4 D� ;827N.?/ 9 +� +H d

� >.@4@87> :.4/64?2 =.?7:2= 84> 72:26A27= D=.;A2 &,' 56178/6.4 2O?8/6.4 H

� 65 812 8/ � 
 � 84> I27. .Q=2/ D+ 
 � H
�4./-27 5.46F27 d E=?7A2< =64F641G d &,' B2;> �� 6= D72;8/2> /.H /-2 B2;> /-8/ <.? @.?;>

12/ N< :.4>?:/641 /-2 =?7A2< @ 6/- =.?7:2= 84> 72:26A27= 8/ >23/- � J �/ 84< 16A24 >23/- 9
/-2 I27.0.Q=2/ 9 /65 20I27. 387/ .L /-2 B2;> 6= /-2 64=/84/842.?= 72=3 .4=2 /. =:8//2727= .4
@-6:- =.?7:2 
 72:26A27 6= =6//641 9 /-272L.72 :.4=/6/?/2= 84 65 812 J� = L.7 ,,' 9 /-2 87/ .L &,' 56178/6.4 6= 64 /-2 8337.C 65 8/6.4 .L /-2 &,' .3278/.7 J

��



� ���� ��� ��	 
� � 


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

&

	UWT� W
K-6= 833 24>6C 16A2= /-2 5 8/-258/6:8; >2/86;= ;28>641 /. /-2 :.4:;?=6.4 d
24271< 64 8 a bma Zb]� � ]fZbZ$ =.?7:2072:26A27 65 812 A.;?52 6= :.4:24/78/2> D6H 8/ I27.

.Q=2/ 9 84> 3.==6N ;< D66H 8/ .Q=2/= 1728/27 /-84 8 5 6465?5 @-6:- >2324>= .4 A876.?=
:-878:/276=/6:= .L /-2 A2;. :6/<J

K-6= :.4:;?=6.4 >23 24>= .4 O?84/6/8/6A2 2C372==6.4= .L /@. :.4>6/6.4= @-6:- 872 42:0
2==87< L.7 72;68N;2 65 81641 9 8= >6=:?==2> 64 /-2 =2:/6.4 E�.5N64641 -.76I.4/8; 84> A27/6:8;
.Q=2/=G J K-2 B7=/ .L /-2=2 6= 8 O?84/6/8/6A2 A27=6.4 .L /-2 E5 8C 65?5 =:8//27641 841;2G 9
.7 j ,� 9 :.4>6/6.4 J K-6= -<3./-2=6= @8= =-.@4 /. N 2 2==24/68; L.7 65 81641 8;728>< 64
D'8F2=- 9 ´�""H J

..7 84< 3867 .L 78<= D� � � 
 �H � D� � � 
 � H 9 /-2 >2B46/6.4 .L /-2 =:8//27641 841;2 � 6=
�� D� �H
� " � D� � H
� � 
 � D´ � :.= � H

K-2 O?84/6/8/6A2 j,� :.4>6/6.4 =/8/2= /-8/ /-272 6= 84 841;2 �� �� & � @-6:- 6= 4./
2C:22>2> N< 84< 78< 3867 :877<641 =6146B:84/ 24271<J�/ 8 3-<=6:8; =:8//27641 3.64/ � 9 @-272 /-2 78<= 5 22/ 9 /- 6= 5 284= /-8/

�
� " 
� � 
 � D´ � :.= �� �� H� � D� H
K-2 =2:.4> :.4>6/6.4 6= 8 O?84/6/8/6A2 A27=6.4 .L /-2 K78A2;/65 2 +4R 2:/6A 6/< �.4>6/6.4 9

.7 K +� 9 @-6:- @8= =-.@4 /. N2 42:2==87< 64 124278; L.7 87/6L8:/0L722 65 81641 64 D/24) 7..>2
2/ 8; J9 ´��"H J *2 8==?52 /-8/ 8 :.4=/84/ � � � 2C 6=/= =. /-8/ L.7 84< /@. 78<= � � �� �
522/641 8/ /65 2 �� 9

�� � D�� � - H " � � D�� � - H � 
 �
�- �

� ´ � -  D��H
K-8/ 6= 9 L.7 =5 8;; - 9 3 .64/= .4 /-2 /@. 78<= 8/ /65 2= �� � - 872 5.A641 8@8< L7.5 28:-
./-27 8/ 78/2 ) 9 84> L.7 ;8712 - 872 8=<53/./6:8;;< 8/ ;28=/ � 8387/ J

+4 124278; 9 6L =.?7:2 84> 72:26A27 78<= D� � � 
 � H 9 D� � � 
 � H 37.>?:2 84 65 812 3 .64/ L.7
��
�
D6 J2 J @ 6/- � � �� D�� H 
 � � �� D�� H /-24 @2 64-276/ 8 /78R 2:/.7< .L 65 81641 3.64/= L.7 /-2

?472=/76:/2> =-./012.3-.42 5 6178/6.4 .3 278/.7
- � D� � D�� � - H �� � D�� � - HH

l42 .L /-2=2 6= 84 65 812 3.64/ L.7 ��
�
6L � � �� D��� - H 
 � � �� D�� " - H J .7.5 /-2 78< 2O?8/6.4= 9

*
*- �� � �� D�� � - H " � � �� D�� � - H� 
 �  D� � D�� � - HH
 � �� D�� � - H " � D� � D�� � - HH
� �� D�� � - H
,?33.=2 /-8/ /-2 A2;. :6/< 6= :.772:/ 9 =. /-8/ /-2 78<= 65 812 8/ I27. .Q=2/ d � � D�� H 

� � D�� H 
 � J K-24

*
*- �� � �� D�� � - H " � � �� D�� � - H�� �� 
 � D� H ���

��



� ���� ��� ��	 
� � 


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

.7.5 /-2 =;.@42== 387/ .L /-2 78< 2O?8/6.4= 9 6/ L.;;.@ = /-8/
�����

*
*- � � D� � D�� � - HH *

*- �� � D�� � - H� ����� � � �
64 @-6:- � 6= 26/-27 � .7 ' 84> � 6= 8 1;.N8; N .?4> L.7 �# ;.1 � �J .7.5 /-6= 6= 6= 28=< /.
>2>?:2 /-8/ 84./-27 1;.N8; :.4=/84/ � � � 2C 6=/= 9 >23 24>641 .4 � 84> .4 /-2 5 8C 84>
5 64 A8;?2= .L � 9 =. /-8/

�����

* *-  �� � �� D�� � - H " � � �� D�� � - H� ����� � �

L.7 8;; - J K-?= /-2 =5 8;;2=/ 4.4I27. A8;?2 .L - L.7 @-6:-
� � �� D�� � - H " � � �� D�� � - H 
 �

-8= =6I2 37.3.7/6.48; /. �
�
d

�- � 
 �
� �  D� H �����

�
�
�

�����
D��H

K-2 L.721.641 =?112=/= /-8/ 8= �
�
� � 9 6 J2 J 8= 72M2:/.7 >63 8337.8:-2= A27/6:8; 9 /-24

./-27 3.64/= @ 6/- 87N6/7876;< =5 8;; /65 2=-6L/ 5 8< 65 812 ?4>27 833;6:8/6.4 .L ��
�
9 84>

64>22> /-6= 6= /-2 :8=2 J �A24 @.7=2 L7.5 /-2 3 .64/ .L A 62@ .L A2;. :6/< 848;<=6= 9 L. :?==641
8/ ,� � ,

�

 � 6= ;.=/ d 8::.7>641 /. O?84/6/8/6A2 K +� D2O?8/6.4 D��HH 9 .42 @.?;> 2C32:/

/-8/ /-2 65 81641 .Q=2/ @.?;> A846=- 8;.41 @ 6/- /-2 /65 2 327/?7N8/6.4 - J
..7 8 -.76I.4/8; .Q=2/ 72M2:/6A 6/< .L /-2 L.75 �

�
D+� � � � � +� � �� � � H 9 >2B42 �

�
/. N 2 /-2

.3278/.7 9 8;728>< 64/7.>?:2> 9 @-6:- 37.>?:2= 8 =.?7:2072:26A27 72M2:/6A 6/< L?4:/6.4 d
�

�
�

�
D� � � � � H 
 ' �+� � � � � +� � �� � �� � ��

� � % D�� " �� H
& 2B42 � � 84> �

�
=65 6;87;<J +L � 6= 8 3-<=6:8; 72M2:/6A 6/<9 6 J2 J � D� � � � � H 
 ' DD� � �

� � H(�H% D� � " � � H 9 /-24 /-272 872 72=/76:/2> .Q=2/ 72M2:/6A 6/62= �� ��
�
� 84> �

�
L.7 @-6:-

� 
 � �� � 
 �
�
�

�

 �

�
�

�
9 21 J � � D+ � � � � �� � �� � �� H 
 ' D+ � D� � � �� H(� � D�� � �� H(�H% D� � "�� H% D�� " �� H J K-8/ 6= 9 8 3-<=6:8; 72M2:/6A 6/< :84 N 2 72372=24/2> 8= /-2 .?/3?/ .L 84< .L

/-2 /-722 .3 278/.7= �� ��
�
��

�
J

� 6:F 8 4?5N27 � � ´J +4 �3324>6C & @2 =-.@ -.@ /. :.4=/7?:/ 8 /763 ;2 .L =38/68;
B ;/27 .3 278/.7= �� � �

�
� �

�
=. /-8/

�
�� D
 � � 
 � H � �

�
D
 � � 
 � H � �

�
D
 � � 
 � H 	 ´

L.7 8;; D
 � � 
 � H �
�

�� D
 � � 
 � H 
 � 6L ��� �� � �� �� � & � � �� ��� �� � �� �� � � ��� �� � �� �� � 
� � D
 � � 
 � H 
 ´ 6L ��� �� � �� �� � � �� ��� �� � �� �� � � �� � �� � �� �� � 

84> =65 6;87;< L.7 �
�
� �

�
J

�"



� ���� ��� ��	 
� � 


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

+L /-2 72M2:/.7 @8A24?5N27 D
 � � 
 � H 6= =?:- /-8/ �
�
D
 � � 
 � H � � 9 /-24 L7.5 /-2 >2B4641

37.3 27/62= .L �
�
6/ L.;;.@ = /-8/

D´ � �  H ��� �� � �� �� � 
�  
 �
 � � 
 � � 

�  
 �
 � " 
� � 

 � D´ � :.= �� �� H� � D� H D�� H

+4/7.>?:2 B;/27= ��� 9 ��
�
9 84> ��

�
.4 72=/76:/2> .Q=2/ 72M2:/6A 6/62= 9 >2B42> N< /-2 72;80

/6.4
���� 
 � � �� � D�#H

84> =65 6;87;< L.7 ��
�
84> ��

�
J K-2=2 B ;/27= -8A2 /-2 37.3 27/62=

��
�
D�� �� � �� �� � �� �� � �� �� � �

�
H 
 � 6L ��

�
� & � � �� ��� �� � �� �� � � ��� �� � �� �� � 

��
�
D� � �� � �� �� � �� �� � �� �� � �

�
H 
 ´ 6L ��

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

84> =65 6;87;< L.7 ��� � ��
�
J

k.@ =?33.=2 /-8/ -.76I.4/8; .Q=2/ 72M2:/6A 6/< �
�
:.4/864= 8 3-<=6:8; 72M2:/6A 6/<

�
�
D+� � � � � +� � �� � � H 
 ' D+ � � � � H% �+ " +� � +�

� � % �� " � � � ��
� � � ���

84> /-8/ /-272 6= 8 =6146B:84/ :.53.424/ @ 6/- .L /-2 3-<=6:8; 72M2:/6A 6/< @ 6/- A27/6:8;
@8A24?5N27 �

�
(̂ fZb � ]fZbc_g \� ��

�
J KP8/ 6= 9 L.7 78<= D� � � 
 �H � D� � � 
 � H 84> =:8//27641

/65 2 �� 9 /-2 78<= 64/27=2:/ 8/ � @ 6/- /-2 =:8//2727 @8A24?5N27 � D
� D�� H " 
 � D�� HH -8A641� :.53.424/ �
�
J .7.5 72;8/6.4= D�# 9 ��H 6/ L.;;.@ = /-8/

�  ��  
 � D´ � :.= �� �� HD´ � �  H �  D� H D��H

.7.5 642O?8;6/62= D�� 9 ��H 9 6/ L.;;.@ = /-8/ 84< ./-27 3 .64/ .4 /-2=2 /@. 78<= @-6:- 872
65 812> 64 ��

�
�

�
9 6 J2 J 8/ @-6:- � � �� D�� � - H 
 � � �� D�� � - H L.7 =.5 2 - 9 72O?672= /-8/

�- � 
 �� D� H
�

���� � D´ � :.= �� �� HD´ � �  H D��H

K-2 72;8/6.4= D�� 9 ��H /-272L.72 65 3;< /-8/ 84< =?:- =2:.4>87< 65 812 3.64/ 5?=/ .::?7
8/ 84 .Q=2/ D,� � ,

�
H 
 D� � �� D�� � - H " � � �� D�� � - H �� � �� D�� � - H " �

� �� D�� � - HH =8/6=L< 641
, 	 , � � , 

�

 , ��� D�"H

64 @-6:- ,��� >23 24>= .4 58C 84> 5 64 A8;?2= .L A2;. :6/< 84> A2;. :6/< 178>624/ ;241/- 9
�� �� 9 /-2 K +� :.4=/84/ ) 9 84> /-2 B ;/27 83 27/?72 � J

��



� ���� ��� ��	 
� � 


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

X s

x

x s, sξ,

Ξ s

ξ,

,

Π Π

ξx
r, r

ΞX
rr,

X s(t )s (t )
s

Ξ
s

Ξ r rr r
X(t ) (t )

��� J ´J ' 8< /-2.72/6: 72;8/6.4 N2/@224 >8/8 2A24/ 84> >.?N;2 72M2:/.7 J

��



� ���� ��� ��	 
� � 


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

X

s

r

Ξ (t )
s

r (t )

X s

x

x x ξ rs, r,sξ,

Ξ s

ξ,

rΞr,

,

ΠΠ

−Ξ

��� J � J '8< /-2.72/6: 72;8/6.4 N2/@224 >8/8 2A24/ 84> 3-<=6:8; D=641;2H 72M2:/.7 J

� ´



� ���� ��� ��	 
� � 


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

X s

x

x s, sξ,

Ξ s

ξ,

,

Π Π

ξx
r, r

ΞX
rr,

(t )
r r

ΞX(t )
r r 

X s(t )s (t )
s

Ξ
s

ss
X Ξ ss

(t’ ) (t’ )

Ξ r rr r
X(t’ ) (t’ )

t + t = t’ + t’
s s r,r,

ν

��� J � J �5N61?6/< .L 2A24/072M2:/.7 72;8/6.4 d .4;< /./8; /78A2;/65 2 6= :.4=/78642> J

��



� ���� ��� ��	 
� � 


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

0

0.1

0.2

0.3

0.4

0.5

d
e
p
th

 (
k
m

)

-0.2 -0.1 0 0.1
offset (km)

Offset Image Gather, x=1 km 9
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