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�Kp � � � m d � Wb��� zwI L_IKUlJ �l� �#W
� ��� � �Om d LX� p zwI L_IKUlJ � � � � d �
� ��� � �Om d �x� � �  cs|�� � �x�
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��F R UlJHJHIKYZL_IKF�U R I?�NTYXE R NTF,WQUlFHFHaXIKr R NTr4WQUlF�kTNTJHExgNeklIKEGF,[XIsL_IKr4WQIKJ_NeL_aXJ_NbqQWXJHIKFHF SNTU7I@[XIKYXFHE d
[�NT[XIT����r f IKJ_NTp�q�FHIKaXF�r4Uxk�EGr4IKYZL_UlF�NTWXJHIKFHIKYZLONTr IKF R NTp�NTF�IKFHW�N R E�NTEGF�[�N UlJH[XIKr [XIj[XI �KIKY�NTF�N
R IKYZL_IKY�NTF�[XI�t?aXEGp��Ulr4I L_JHUlF�I�IKF R NTp�NTF�L_IKr4WQUlJ_NTEGF�Y�Nj� NTE �XNjIKYZL_JHI�FHIKr{NTY�NTF�N@r4IKFHIKFK��D�IKYZL_JHI�UlF
L_EGWQUlFs[XI kTNTJHE�NTvXEGpGEG[�NT[XIKF�t?aXI4L �IKr FHEG[XUwEG[XIKYZL_E`h R NT[�NTFjI4IKFML_aX[�NT[�NTF$IKFML SNTU�Uwr4I NTYX[XJ_NTr4IKYZL_U
[XI�EGYZL_IKYXFHUlF�FHEGFML_IKr{NTF�[XI R UlJHJHIKYZL_IKFKq�FHEGFML_IKr{NTF�[XI�k�gUlJML_E R IKF�IKr � UlJHr{N$[XIsNTY~gIKEGF�pGE f NT[XUlF�N�aXr
��aO�bU�WXJHEGY R EGW�NTp�qlk�gUlJML_E R IKF�t?aXI�FHI�IKFML_IKYX[XIKr WQUlJ�L_U�[�N$N R UlpGaXY�N@[��_gN f a�NbqbUlYX[�NTF~WXp�NTYXI L�gNTJHE�NTF�I
L_UlWQU f J�gNeh R NTFKq�L_U�[XUlF R Ulr$aXr4IKYZL_I@JHI � IKJHEG[XUlFKq Y�N7pGE`L_IKJ_NeL_aXJ_N EGY f pGIKF_NbqQWQIKpGU4L_IKJHr4U f IKY~gIKJHE R U7[XI
�lIK[X[XEGIKFG��� ��0 � ,4$'& 0#$�q � V�� � 6��

|~UlYXFHEG[XIKJ_N d^FHI�NsEGYZL_IKJ_NQPRTSNTUjIKYZL_JHI,UlF R NTr4WQUlF
r gIK[XEGUsI�L_aXJHvXaXpGIKYZL_U@UjWXJHEGY R EGW�NTpXr4I R NTYXEGFHr4U
[XI4WXJHU�[XaoPRTSNTU([XI k�gUlJML_E R IKFKqCIKr$vQUlJ_N IKpGIKF@WQUlFHF_NTr LONTr$v~gIKr FHIKJj� UlJHr{NT[XUlFjWQUlJjI � IKE`L_UlFsL_UlWQUed
f J�gNeh R UlF4I�Y�NTF{EGYXFML�gNeklIKEGF4JHI f E SUlIKF � JHUlYZLONTEGF4I�JHI f E SUlIKF4[XIw� UlJHr{NQPRTSNTU [XI�r{NTFHF_NTF{[��_gN f a�N YXUlF
U R I NTYXUlF � ��0 � ,4$'& 0#$�q � V�� � 6�� ��FHF_NTF�EGYZL_IKJ_NQPRTSUlIKF�IKYZL_JHIsUlF R NTr4WQUlF�r gIK[XEGU$I�L_aXJHvXaXpGIKYZL_U�WQU�[XIKr
FHIKJC[XE`k�EG[XEG[�NTF�IKr�[XUlEGFo[XE`� IKJHIKYZL_IKFCL_EGWQUlFKqT[XI�N R UlJH[XU R Ulr U�r4I R NTYXEGFHr4U�[XI R UlYZklIKJHF SNTUj[XI�IKYXIKJ�d
f E�N�t?aXI�NTpGEGr4IKYZLON,NTFoUlYX[�NTFCEGYXFML�gNeklIKEGFK���,U�WXJHEGr4IKEGJHU�L_EGWQUXqTN,� UlYZL_I~[XI�IKYXIKJ f E�N R UlYXFHEG[XIKJ_NT[�N�gI�N
IKYXIKJ f E�N�WQUTL_IKY R E�NTpb[XEGFHWQUlY�gy klIKpX[XI k�EG[XUBAN f J_NT[XEGIKYZL_IKF 
 UlJHE��KUlYZLONTEGFC[XI�[XIKYXFHEG[�NT[XITq?Ust?aXI�EGr4WXpGE R N
IKr R EGF_NTp 
 NTr4IKYZL_U klIKJML_E R NTp�[XU+��aO�bU(v�gNTFHE R U � EGYXFMLONTvXEGpGEG[�NT[XI�v�NTJHU R p gy YXE R N8� �uc FHI f aXYX[XU R NTFHU
U R UlJHJHI t?a�NTYX[XUwFHI{NTFHFHaXr4I4t?aXI{Nu� UlYZL_I4[XI4IKYXIKJ f E�N gI4N WXJ�gUlWXJHE�NuIKYXIKJ f E�N R EGY~gI L_E R N [XU ��aO�bU
v�gNTFHE R U4t?a�NTYX[XU7I3�bEGFML_IKr:� UlJML_IKF R EGF_NTp 
 NTr4IKYZL_UlF 
 UlJHE��KUlYZLONTEGF�[XI R UlJHJHIKYZL_IKF � EGYXFMLONTvXEGpGEG[�NT[XI�v�N d
JHUTL_J�gUlWXE R N8� ��c r4UTL_E`klU [XIKFHF_N{[XE`k�EGF SNTU IKr [Xa�NTF,[XE`� IKJHIKYZL_IKF�NTWXJHU@�bEGr{NQPRTSUlIKF gIjN R Ulr4WXpGI3�bEG[�NT[XI
r{NeL_IKr<gNeL_E R N@t?a�NTYX[XU R EGF_NTp 
 NTr4IKYZL_UlF 
 UlJHE��KUlYZLONTEGF�I�klIKJML_E R NTEGF�F SNTU R UlYXFHEG[XIKJ_NT[XUlF,FHEGr$aXp`LONTYXI N d
r4IKYZL_IF� �"����50 & q � VKV � 6��

�}|~UlJHJHIKYZL_Iw[XU �~J_NTFHEGp�[XIKFHIKYZklUlp`klITq�NTU p�NTJ f U/[XU FHaX[XIKFML_I�vXJ_NTFHEGpGIKEGJHUXqCp�NTJ f UlF�r4I NTYX[XJHUlF
t?aXIsU R NTFHEGUlY�NTpGr4IKYZL_I�FHI�� I R�
 NTr:IKr k�gUlJML_E R IKFK� ��NTF�JHI f E SUlIKF�[XU{|�NTvQU [XI@m SNTU ��Ulr gIJ� �l� �Om��~I
|�NTvQUj��JHEGUF� � W �Om���NsWXp�NeLONe� UlJHr{N�FHaX[XIKFML_I,L_UlJHY�N d^FHI�v�NTFMLONTYZL_I,IKFML_JHIKE`LONs[XI k�EG[XU�AN�aXr{NjNTvXJHaXWbLON
r$aX[�NTYoPR N�[�N�UlJHEGIKYZLONQPRTSNTU�[�N pGEGY 
 N@[XI R UlFMLON�Is[XU f J_NT[XEGIKYZL_I�[�N$L_UlWQU f J_Neh�N$[XI�� aXYX[XUX� ��gN�Y�N



� ��� �
 �	� � ����� 
�� � ��� � �	� 
��� � �x�

��N R E�N$[XI@mbNTYZL_UlFKq�N WXp�NeLONe� UlJHr{N R UlYZL_EGYXIKYZLONTp�gIsr{NTEGF�p�NTJ f N$I�FHa�N klIT�
�oNTEGF�� NeL_UlJHIKF�WQU�[XIKr:IKFMLONTJ�JHIKp�N R EGUlY�NT[XUlF R Ulr:U r4I NTYX[XJ_NTr4IKYZL_U [�N4|~UlJHJHIKYZL_Ij[XU �~J_NTFHEGp��

\^r{N f IKYXF�[XI�F_NeLbgIKpGE`L_I�L �IKr r4UlFML_J_NT[XUjt?aXI�N@NeL_E`k�EG[�NT[XI�klUlJML_E R NTp�FHI�EGYXE R E�Nbq?NTW�NTJHIKYZL_IKr4IKYZL_ITqbIKr
L_UlJHYXU [XU{|�NTvQU4[XI@m SNTU ��Ulr gIJ� �l� ���:� �oE f aXJ_N � ��� � �

�oE f aXJ_N � ������\^r{N f IKr �� ������[�NuJHI f E SNTU7FHaX[XIKFML_I4[XU �~J_NTFHEGp��j��F gN f a�NTF�t?aXIKY�d
L_IKF7F SNTU R NTJ_N R L_IKJ gy FML_E R NTF{[�N |~UlJHJHIKYZL_I([XU �~J_NTFHEGp�I/NTF{UlYX[XaXp�NQPRTSUlIKF R UlYbh f aXJ_NTr
r4I NTYX[XJHUlFK��D�IsN R UlJH[XU R Ulr *-,4;< %(>,42G" � ��,��J"J� �T�l�b� 6��

� R JHIK[XE`LONTr4UlF�t?aXIsN�| ��qM��aXEGYX[XU$[XU$YXUlJML_I�NTU$p�NTJ f Uj[�N@t?aXIKvXJ_N$[XI�WXp�NeLONe� UlJHr{NbqZ[XEGJHE � N d^FHI
WQUlJ�EGY~gIKJ R E�N�N gN f a�NTF�r{NTEGF�WXJHUT� aXYX[�NTF�Y�NTF�p�NeL_E`L_aX[XIKF�[XI@m SNTU ��Ulr gI�I�LONTr$v~gIKr [XIj|�NTvQU4��JHEGU
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[XI k�EG[XU AN r$aX[�NTYoPR N Y�Nw[XEGJHI�PRTSNTU [�NwpGEGY 
 N7[XI R UlFMLONb�7n�IKp�N R UlYXFHIKJMkTNQPRTSNTU�[XI klUlJML_E R EG[�NT[XI�WQUed
L_IKY R E�NTp�qXIKFHWQIKJ_N d^FHI@t?aXI$N7| ��r4I NTYX[XJHI R E R pGUlYXE R NTr4IKYZL_I�IjFHI R Ulr4WQUlJML_I R Ulr4U aXr{N UlYX[�N4[XI
��UlFHFHv��uL_UlWQU f J�gNeh R N$[XIKYZL_JHU4[�N ��N R E�N�[XI@mbNTYZL_UlFK�

m�I f aXYX[XU *-,4;< %(>,42G"�(	��"%;�
B� �T�l�b� 6�q�aXr{N{[�NTF�WXJHEGr4IKEGJ_NTF,I k�EG[��IKY R E�NTF�[XI�r4I NTYX[XJ_NTr4IKYZL_Uu[�N
| � IjFHIKaXF�k�gUlJML_E R IKF�� UlE�JHI f EGFML_J_NT[�N WQUlJ *-,/.%$10#23,4$5, � � V p �#6��!��FML_I@NTabL_UlJ R NTWbL_aXJHUlawaXr:k�gUlJML_E R I
NTYZL_E R E R p��UlYXE R UXqlIKr FHa�N$NTY�gNTpGEGFHI�[XEGY��NTr4E R Ns[XI�[�NT[XUlF 
 EG[XJHU f J�gNeh R UlFKq?pGE f IKEGJ_NTr4IKYZL_I�NTU �,UlJML_I�[XI
|�NTvQUw��JHEGU)� �oE f aXJ_N � � \ � �{c k�gUlJML_E R I�[XI �x�l��� r [XI J_NTEGU pGU R NTpGE�� N kTN d^FHI@IKrAgN f a�N WXJHUT� aXYX[�N
� FHaXWQIKJHEGUlJ�N �x�l�l� rB��IsWQUlFHFHa�gy N�aXr{N�I3��L_IKYXF SNTU4klIKJML_E R NTp�[XI R IKJ R N [XI � �l� rw�

�oE f aXJ_N � � \ � � gUlJML_E R I [�N(|~UlJHJHIKYZL_I{[XU �~J_NTFHEGp�UlvbL_EG[XUwWQUlJjNTY�gNTpGEGFHI [XEGY��NTr4E R N7[XI
[�NT[XUlF 
 EG[XJHU f J�gNeh R UlFK�
D�IjN R UlJH[XU R Ulr *-,/.%$10#23,4$5,�� � V p �#6��
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z�NTEGF NTU FHaXp�q�Y�N ��N R E�N/[XI�mbNTYZL_UlFKq~U R UlJHJHIwN(� UlJHr{NQPRTSNTU [XI W�NTJHIKF�klUlJML_E R NTEGF+� LONTYZL_U R E d
R p��UlYXE R UlF�t?a�NTYZL_UuNTYZL_E R E R p��UlYXE R UlF���IKr p�NT[XUlF,UlWQUlFML_UlF�NTU{IKE �bU{[�N R UlJHJHIKYZL_IT����FHF_NTF�IKFML_JHabL_aXJ_NTF
F SNTU@r4IKYXUlJHIKF~IKr LONTr{NTY 
 Ujt?aXI�NTF�[XI�|�NTvQU���JHEGUsITqXNTW�NTJHIKYZL_IKr4IKYZL_ITqbY SNTU@FHI�[XIKFHWXJHIKYX[XIKr [XU
IKE �bU WXJHEGY R EGW�NTp [�N{| ��� � "%2���(>; �Tq � VKVKVb� �"����50 & (	��"%; q � VKV#��� �"����50 & (	��"%; q � VKV \ 6��

��r NTp f aXYXF�IKFML_aX[XUlF�JHI R IKYZL_IKFKq�U7WXJHEGr4IKEGJHU L_EGWQU{[XI$EGYZL_IKJ_NQPRTSNTU7IKYZL_JHI$UlF R NTr4WQUlF,r gIK[XEGU{I
L_aXJHvXaXpGIKYZL_U@[XIKF R JHE`L_UjklIKr�FHIKYX[XU�NTWQUlYZLONT[XU R Ulr aXr [XUlF~WXJHEGY R EGW�NTEGFC� NeL_UlJHIKF~t?aXI R UlYZL_JHEGvXaXIKr
W�NTJ_N$U�r4I NTYX[XJ_NTr4IKYZL_U�[�N4| � � *-,4;< %(>,42G"B( ��,��J" � �T�l�b� 6�I �"%;/"��M0 � �T�l�b� 64� ��c R EGF_NTp 
 NTr4IKYZL_U
klIKJML_E R NTp�[�N R UlJHJHIKYZL_I$Y�N4EGYZL_IKJM� N R Ij[XU{FHEGFML_IKr{N7| �
dM|�|~\�FHIKJHE�N4U{WXJHEGY R EGW�NTp�JHIKFHWQUlYXF�gNeklIKpoWQIKpGU
R JHIKF R EGr4IKYZL_U L_IKr4WQUlJ_NTp [�N4NTr4WXpGE`L_aX[XI�[XUlF�r4I NTYX[XJHUlF�UlvXFHIKJMkTNT[XUlFK�

*-,4;< %(>,42G"�( ��,��J"J� �T�l�b� 6�abL_EGpGE�� NTJ_NTr�N$klIKJHF SNTU4vXEG[XEGr4IKYXFHEGUlY�NTp � FHI RKR EGUlY�NTp�qM�?d � ��[XU r4U�[XIKpGU
Y?aXr gIKJHE R U7[�Nui,YXE`klIKJHFHEG[�NT[XI$[XI n�JHEGY R I L_UlY � n�cszQ�,W�NTJ_N{IKFML_aX[�NTJ�UuFHEGFML_IKr{Nu| �
dM|�|~\O�)�,IKF�d
FHI{IKFML_aX[XUXqCU(r4U�[XIKpGUwY?aXr gIKJHE R Uw� UlE�� UlJePR NT[XU(NTWQIKY�NTF R Ulr]U R NTr4WQU L_IKJHr4U 
 NTpGEGYXUXq�N�W�NTJML_EGJ
[XI�[�NT[XUlF�[XI$L_IKr4WQIKJ_NeL_aXJ_N7I�F_NTpGEGYXEG[�NT[XI R IK[XEG[XUlF�WQUlJ iIE 2I�XfBD g� S S � ��� �oE f aXJ_N � � p
r4UlFML_J_N$N$FHI�PRTSNTU$klIKJML_E R NTp�[�N@klIKpGU R EG[�NT[XI�r4IKJHEG[XEGUlY�NTp�IKr �l� q�� � m{UlvbL_EG[�N@Y�N$FHEGr$aXp�NQPRTSNTUX���,IKp�Nbq
UlvXFHIKJMkTNTr4UlFoN�| � R Ulr�U�Y�ga R pGIKU,vQIKr�[XI h�YXEG[XU�I�klIKpGU R EG[�NT[XIKFor<gN �bEGr{NTF�[XI R IKJ R N�[XI � � L�r��eFKq
��aXEGYX[XUsW�NTJ_N�FHaXp�q?[�NsFHaXWQIKJM�Mgy R EGI�NeLbgI R IKJ R Nj[XI<L �l� r [XI�WXJHUT� aXYX[XEG[�NT[XIT�C��v�NTE �bUXqZUlvXFHIKJMkTNTr4UlF
UwY�ga R pGIKU [�N�|�|~\ R Ulr klIKpGU R EG[�NT[XIKFjr<gN �bEGr{NTF�[XI R IKJ R Nw[XI � � � r��eFKq ��aXEGYX[XUwW�NTJ_N YXUlJML_I I
IKFML_IKYX[XIKYX[XUed^FHI@NeLbgI �x�l�l� r [XIjWXJHUT� aXYX[XEG[�NT[XIT�

c�F�NTabL_UlJHIKF�abL_EGpGE�� NTJ_NTr UlF R NTr4WQUlF~L_IKJHr4U 
 NTpGEGYXUlF�I�[XI�klIKpGU R EG[�NT[XI f IKJ_NT[XUlF�WQIKpGU$r4U�[XIKpGU
I@NTFHFHEGr [XI L_IKJHr4EGY�NTJ_NTr:N4IKFML_JHabL_aXJ_N4[XEGY��NTr4E R N�[XUlF,r4U�[XUlF�YXUlJHr{NTEGF�FHI f aXEGYX[XU��50#$ �8& � � V����#6
� �oE f aXJ_N � � �8� ����NTY�gNTpGEGFHI�[XU{IKJHJHU{r gIK[XEGU4t?a�NT[XJ�gNeL_E R UQ� JHU�UTL,r4I NTY�FHt?a�NTJHITq?2 � & ��r4UlFML_J_N t?aXI
NjFHUlr{N@[XUlF�L_JK�IKF�WXJHEGr4IKEGJHUlF
r4U�[XUlF�v�NTJHU R p gy YXE R UlF
I�[XU$r4U�[XU@v�NTJHUTL_J�gUlWXE R U R UlYZLONTvXEGpGE�� NTr V#� 7
[�N�kTNTJHE�NTvXEGpGEG[�NT[XI�klIKJML_E R NTpXUlvXFHIKJMkTNT[�Nb�
c FHEGFML_IKr{Ns| �
dM|�|~\jgI�[XUlr4EGY�NT[XU�WQIKpGU�WXJHEGr4IKEGJHU�r4U�[XU
v�NTJHU R p gy YXE R Ust?aXITqXWQUlJ�FHE F�gUXq�gI�JHIKFHWQUlYXF�gNeklIKp�WQUlJ \ � 7 [�NjkTNTJHE�NTvXEGpGEG[�NT[XI�[XEGY��NTr4E R Ns[XU$FHEGFML_IKr{Nb�
��EGY R pGaXF SNTU7[XI$aXr}t?a�NTJML_U7r4U�[XU{v�NTJHU R p gy YXE R U4FHI$� N �@IKr}Y�gy klIKpo[XI$JHa�gy [XU R UlJHJHIKFHWQUlYX[XIKYX[XUwN
r4EGp gIKFHEGr4UlF�[XI 2 � & �
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The Brazil Current Baroclinic Velocity−−Smoothed

�oE f aXJ_N � � p �jm�I�PRTSNTU [XI�klIKpGU R EG[�NT[XI�IKr �l� q����jm(UlvbL_EG[�N R Ulr N7klIKJHF SNTUwFHI RKR EGUlY�NTp
[XU{n�csz ��D�IjN R UlJH[XU R Ulr *-,4;< %(>,42G"�����,��J"J� �T�l�b� 6��
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�oE f aXJ_N � � �b����FML_JHabL_aXJ_N7[XUlF R EGY R U7WXJHEGr4IKEGJHUlF�r4U�[XUlF,[XI$WXJHIKFHF SNTUuYXUlJHr{NTpGE�� NT[XUlFK�
D�IjN R UlJH[XU�*-,4;< %(>,42G"�(���,��J"J� �T�l�b� 6��
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c�F�WQIKJM�Mgy F,klIKJML_E R NTEGF�[�N4� JHIKt?a��IKY R E�Nu[XI �~JHaXYZL ��NTEGF_NTpGp�Nbq�[�N{klIKpGU R EG[�NT[XI@r4IKJHEG[XEGUlY�NTp�q�I$[XU
f J_NT[XEGIKYZL_I �KUlY�NTpb[�N�klUlJML_E R EG[�NT[XI�WQUTL_IKY R E�NTp?LONTr$v~gIKr � UlJ_NTr R NTp R aXp�NT[XUlFCN�h�r�[XI�t?aXI�� UlFHFHI�EGY�d
klIKFML_E f NT[�NbqbNjW�NTJML_EGJ�[�NsL_IKUlJHE�NjpGEGYXI NTJ
[XI�EGYXFMLONTvXEGpGEG[�NT[XITqZN@WQUlFHFHEGvXEGpGEG[�NT[XI�[XU$FHEGFML_IKr{N@| �
dM|�|~\
FHIKJ�v�NTJHU R pGEGYXE R NTr4IKYZL_IjEGYXFML�gNeklIKp�� ��NTFHE R NTr4IKYZL_ITq�N{L_IKUlJHE�N{[XI�EGYXFMLONTvXEGpGEG[�NT[XIspGEGYXI NTJ�WXJHI kQ�I t?aXI
U4IKF R UZNTr4IKYZL_U{WQU�[XIKJ�gN4FHIKJ,v�NTJHU R pGEGYXE R NTr4IKYZL_I�EGYXFML�gNeklIKp�FHIjU f J_NT[XEGIKYZL_I �KUlY�NTp�[�N klUlJML_E R EG[�NT[XI
WQUTL_IKY R E�NTp� ���

�	�
��FHUT� JHIKJ,aXr{N�r$aX[�NTYoPR N [XIsFHEGY�NTp�IKYZL_JHI@N FHaXWQIKJM�Mgy R EGI�IjU�� aXYX[XUX�����oE f aXJ_N � � V

r4UlFML_J_N@UlF�WQIKJM�Mgy F~klIKJML_E R NTEGF�UlvbL_EG[XUlF~WQIKpGUlF�NTabL_UlJHIKF�N$W�NTJML_EGJ~[XUlF�[�NT[XUlF f IKJ_NT[XUlF�WQIKpGU$r4U�[XIKpGU
Y?aXr gIKJHE R U Y�N�JHI f E SNTU�IKr L_UlJHYXU4[XU{|�NTvQU [XI$m SNTU ��Ulr gIJ� �l� �����Om�� �

c W�NTEGYXIKpQ[XEGJHIKE`L_Uj[�N$�oE f aXJ_N � � V@r4UlFML_J_NjU$WQIKJMh�pQklIKJHE R NTpQ[�NjklUlJML_E R EG[�NT[XI�WQUTL_IKY R E�NTp���� ���
�	�
�

gI$WQUlFHE`L_E`klUuYXUlF�WXJHEGr4IKEGJHUlF �T�l� rwq�NTWXJHU@�bEGr{NT[�NTr4IKYZL_ITq UlYX[XI�IKYZL SNTU FHUT� JHI�aXr{N7r$aX[�NTYoPR N7[XI
FHEGY�NTpoWQIKJHr{NTYXI R IKYX[XU YXI f NeL_E`klU NeLbgI�U7� aXYX[XU ��V �l� rB� �jn�UlJMLONTYZL_UXq�Y�Nup�NeL_E`L_aX[XI@[XI �l� �����OmQq�N
NTY�gNTpGEGFHI�JHI klIKp�N t?aXIsU4FHEGFML_IKr{N | �
dM|�|~\{gIsWQUTL_IKY R E�NTpGr4IKYZL_I�EGYXFML�gNeklIKp��
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dq/dx

[109(m s)−1]

�oE f aXJ_N � � Vb��n�IKJMh�F$klIKJML_E R NTEGFj[XI{� JHIKt?a��IKY R E�N�[XI �~JHaXYZLMd ���NTEGF�NTpGp��N r gIK[XE�N � W�NTEGYXIKp
IKFHt?aXIKJH[XUM� q�[XI�klIKpGU R EG[�NT[XI�r4IKJHEG[XEGUlY�NTp � � W�NTEGYXIKp R IKYZL_J_NTp4�~I�[XI f J_NT[XEGIKYZL_I��KUlY�NTp
[XI7klUlJML_E R EG[�NT[XI{WQUTL_IKY R E�NTp~v�gNTFHE R N�r gIK[XE�N ��������� � W�NTEGYXIKp~[XEGJHIKE`L_UM� �/D�IuN R UlJH[XU
*-,4;< %(>,42G" � ��,��J"J� �T�l�b� 6��
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z�NTEGF JHI R IKYZL_IKr4IKYZL_ITq��"%;/"��M0)� �T�l�b� 6�LONTr$v~gIKr abL_EGpGE��KUla U r4U�[XIKpGU [�N i,YXE`klIKJHFHEG[�NT[XIw[XI
n�JHEGY R I L_UlY WQUlJ�gIKrwq�IKr FHa�N klIKJHF SNTUwL_JHEG[XEGr4IKYXFHEGUlY�NTp�q�W�NTJ_N IKFML_aX[�NTJ@N [XEGY��NTr4E R N7[�N R UlJHJHIKYZL_I
[XU �~J_NTFHEGp�����r FHIKaXF�I3�bWQIKJHEGr4IKYZL_UlFKq U{r4U�[XIKpGU � UlE�� UlJePR NT[XU R Ulr}N R pGEGr{NeL_UlpGU f E�N@[XU R UlY � aXY�d
L_U�[XI7[�NT[XUlF �P(> ,��#"8&+(	�:"%;�
 � � VKV��#6��w� �oE f aXJ_N � � �x� NTWXJHIKFHIKYZLON(U(WQIKJMh�p�[XI{klIKpGU R EG[�NT[XI{Y�N
p�NeL_E`L_aX[XI [XI �l� ����� �(n�U�[XIKr4UlFjklIKJ$t?aXIuN�IKFML_JHabL_aXJ_N�klIKJML_E R NTp�[XI4klIKpGU R EG[�NT[XI7NTWXJHIKFHIKYZLON(vQUZN
R UlYb� UlJHr4EG[�NT[XI R Ulr ANTt?aXIKp�N$UlvbL_EG[�NjWQUlJ�*-,4;< %(>,42G"B( ��,��J" � �T�l�l� 6 W�NTJ_N$N$r4IKFHr{N@JHI f E SNTUX���,IKp�N
q LONTr$v~gIKr:klIKJHE`h R NTr4UlF�N7| � R Ulr aXr Y�ga R pGIKU4vQIKr [XI h�YXEG[XUXq5��aXEGYX[XU{W�NTJ_N FHaXp�Y�N4W�NTJML_IjFHa�d
WQIKJHEGUlJKq R Ulr klIKpGU R E�NT[XIKF�r<gN �bEGr{NTF
[XI R IKJ R N@[XI � � L@r��eFK�C� |�|~\$gI�IKY R UlYZL_J_NT[�NbqO��aXEGYX[XU@W�NTJ_N
YXUlJML_ITq R Ulr:klIKpGU R EG[�NT[XIKF,r<gN �bEGr{NTF�[XI R IKJ R N4[XI � � � r��eFK� �,UxkTNTr4IKYZL_ITq N4IKFML_JHabL_aXJ_N klIKJML_E R NTp
UlvbL_EG[�N�NTWXJHIKFHIKYZLON4aXr{N�I k�EG[XIKYZL_Is[XUlr4EGY��NTY R E�N$[XU WXJHEGr4IKEGJHU$r4U�[XU v�NTJHU R p gy YXE R UX�
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�oE f aXJ_N � � �x� �
m�I�PRTSNTU [XI�klIKpGU R EG[�NT[XI�IKr �l� q����,m7UlvbL_EG[�N R Ulr:N@klIKJHF SNTU L_JHEG[XEGr4IKY�d
FHEGUlY�NTp�[XU{n�csz ��D�IsN R UlJH[XU R Ulr��"%;/"��M0 � �T�l�b� 6��
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��FHFHI7NTabL_UlJ�JHIKWQI L_EGa NwNTY�gNTpGEGFHI$[XI4EGYXFMLONTvXEGpGEG[�NT[XIj� IKE`LONuWQUlJ *-,4;< %(>,42G" ( ��,��J"�� �T�l�l� 6�W�NTJ_N
UlF R NTr4WQUlF�L_IKJHr4U 
 NTpGEGYXUlF,I�[XI@klIKpGU R EG[�NT[XI f IKJ_NT[XUlF�WQIKpGU7r4U�[XIKpGU{L_JHEG[XEGr4IKYXFHEGUlY�NTp���c WQIKJMh�p
[XU f J_NT[XEGIKYZL_I �KUlY�NTp�[�N klUlJML_E R EG[�NT[XI�WQUTL_IKY R E�NTp � W�NTEGYXIKp�[XEGJHIKE`L_U [�N4�oE f aXJ_N � � �l� �~r4UlFML_J_N t?aXI
N R UlYX[XEMPRTSNTU�[XIsEGYXFMLONTvXEGpGEG[�NT[XIwgITq�r{NTEGF�aXr{N@klI �Tq�F_NeL_EGFM� IKE`LON$WQUlEGF ���

�	�
L_JHU R N$[XIsFHEGY�NTp�IKr L_UlJHYXU

[XI �T�l� rV[XI{WXJHUT� aXYX[XEG[�NT[XI{I k�EG[XIKY R E�NTYX[XUXqCYXUxkTNTr4IKYZL_ITqCt?aXI7U(FHEGFML_IKr{N�gI{WQUTL_IKY R E�NTpGr4IKYZL_I
EGYXFML�gNeklIKp��
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[109(m s)−1]

�oE f aXJ_N � � �l� ��n�IKJMh�F�klIKJML_E R NTEGF�[XIj� JHIKt?a��IKY R E�N7[XI �~JHaXYZLMd ���NTEGF�NTpGp��N�r gIK[XE�NQ� W�NTEGYXIKp
IKFHt?aXIKJH[XUM� q�[XI�klIKpGU R EG[�NT[XI�r4IKJHEG[XEGUlY�NTp � � W�NTEGYXIKp R IKYZL_J_NTp4�~I�[XI f J_NT[XEGIKYZL_I��KUlY�NTp
[XIsklUlJML_E R EG[�NT[XI�WQUTL_IKY R E�NTp�v�gNTFHE R N�r gIK[XE�N���������� � W�NTEGYXIKp�[XEGJHIKE`L_UM� �

��������� ����� � �
���~���

m�I f aXEGYX[XU UlF�L_J_NTv�NTp 
 UlF�[XI *-,4;< %(>,42G"B(���,��J" � �T�l�b� 6�I �"%;/"��M0 � �T�l�b� 6�t?aXIjIKYb� U R NTJ_NTrwqbFHUed
vXJHI L_aX[XUXq�UwW�NTWQIKp�[XU R EGF_NTp 
 NTr4IKYZL_UuklIKJML_E R NTp
YXUwWXJHU R IKFHFHU�[XI4r4I NTYX[XJ_NTr4IKYZL_Uw[�N�| ��q�IKFML_I
L_J_NTv�NTp 
 U�L_IKr R Ulr4U�Ulv � I L_E`klU�WXJHEGY R EGW�NTpXN kTNTpGE�NTJ�UsFHEGFML_IKr{Ns| �
dM|�|~\ R Ulr4U�aXr�FHEGFML_IKr{N�Lxgy WXE R U
[XI�WXJHEGr4IKEGJHU�r4U�[XU�v�NTJHU R p gy YXE R U�I�klIKJHE`h R NTJ�FHI�U�� IKY��Ulr4IKYXUs[XUjr4I NTYX[XJ_NTr4IKYZL_U/gI�JHIKWXJHU�[Xa �KEG[XU
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EGFHUlp�NTYX[XUed^FHI�N�[XEGY��NTr4E R N@[XU4FHEGFML_IKr{N N�IKFMLON IKFML_JHabL_aXJ_N r4U�[�NTp��
noNTJ_N NeL_IKYX[XIKJuN IKFML_I/Ulv � I L_E`klU WXJHEGY R EGW�NTp�q�UlF{FHI f aXEGYZL_IKFuUlv � I L_E`klUlFuIKFHWQI R gy h R UlFuF SNTU YXI d

R IKFHF�gNTJHEGUlFK�

�
�,kTNTpGE�NTJKq�N�W�NTJML_EGJs[�N�NTY�gNTpGEGFHI [XI{[�NT[XUlF@[XI4klIKpGU R EG[�NT[XI4I 
 EG[XJHU f J_Neh�NbqoN R Ulr4WQUlFHEMPRTSNTU
r4U�[�NTp�[XU FHEGFML_IKr{N4| �
dM|�|~\O�

�
��I kTNTYZLONTJ�N EGr4WQUlJMLe�NTY R E�N@[�N [XEGY��NTr4E R N$[XU4WXJHEGr4IKEGJHU�r4U�[XU�Y�N U R UlJHJK�IKY R E�N [XIsEGYXFMLONTvXE d
pGEG[�NT[XIKF�N�W�NTJML_EGJ�[XIsUlvXFHIKJMkTNQPRTSUlIKFK�

�
��WXJHU@�bEGr{NTJ$U/U R I NTYXU/Y�N(JHI f E SNTU([�N | �
dM|�|~\@N(aXr�FHEGFML_IKr{N([XI7[XUlEGF$r4U�[XUlF�� v�NTJHUed
L_J�gUlWXE R U Isv�NTJHU R p gy YXE R UM��NeL_J_N k
gIKF�[�N4NTWXJHU@�bEGr{NQPRTSNTU�[XIs[Xa�NTF R NTr{NT[�NTFK�

�
m�EGr$aXp�NTJ�U r4I NTYX[XJ_NTr4IKYZL_U [�N | �
dM|�|~\�abL_EGpGE�� NTYX[XU/aXr8r4U�[XIKpGU Y?aXr gIKJHE R U [XIw[Xa�NTF
R NTr{NT[�NTFK�

�
�,kTNTpGE�NTJ4N EGY'��a��IKY R E�N [�N L_UlWQU f J_Neh�N [XIw� aXYX[XU YXU WXJHU R IKFHFHU [XI�r4I NTYX[XJ_NTr4IKYZL_U IKr
L_IKJHr4UlF�[�N NTWXJHU@�bEGr{NQPRTSNTU�WQUlJ�[Xa�NTF R NTr{NT[�NTFK�

�,U EGYZL_aXE`L_U/[XIwNTp R NTYoPR NTJHr4UlF$UlF�Ulv � I L_E`klUlF4N R EGr{N�WXJHUlWQUlFML_UlFKq�abL_EGpGE�� NTJHIKr4UlF@U R UlY � aXYZL_U

 EGFML�gUlJHE R U([XI [�NT[XUlF�[XU I3�bWQIKJHEGr4IKYZL_U)� �����	��mX|�c�������� �! #"%$'&�(�*-,/.%$10#23,4$5,�� � V��KW#6�W�NTJ_N
IKFML_EGr{NTJ�N7IKFML_JHabL_aXJ_N7r4U�[�NTp�[XUuFHEGFML_IKr{Nu| �
dM|�|~\,Y�N{JHI f E SNTU7[XI |�NTvQU ��JHEGUX����p gIKr [XEGFHFHUXq�U
r4U�[XIKpGU�[XI R U�UlJH[XIKY�NT[�NTF�EGFHUlWXE R Y�NTEGF�[�N@i,YXE`klIKJHFHEG[�NT[XI,[XI�zwE�NTr4EP��zw\M|�cszQ� q R UlYZL_IKYX[XU$[Xa�NTF
R NTr{NT[�NTF R Ulr4U�JHIKFHUlpGaoPRTSNTU�klIKJML_E R NTp�q�gI~EGr4WXpGIKr4IKYZLONT[XU,Y�N gNTJHI N�[XI~IKFML_aX[XUjNeh�r�[XI�JHI NTpGE�� NTJHr4UlF
[XUlEGF�I3�bWQIKJHEGr4IKYZL_UlFK�@UwWXJHEGr4IKEGJHUXq R Ulr L_UlWQU f J_Neh�N JHI NTp�I UwFHI f aXYX[XUXq R Ulr]NuL_UlWQU f J_Neh�Nu[XU
LONTpGaX[XI R UlYZL_EGYXIKYZLONTp�JHIKWXJHIKFHIKYZLONT[�N4WQUlJ�aXr{N �lW�NTJHIK[XI � Y�N JHI f E SNTU�[�N�t?aXIKvXJ_N4[�N�WXp�NeLONe� UlJHr{Nb�
noNTJ_N�LONTYZL_UXq?N�LbgI R YXE R Ns[XI R NTpGEGvXJ_NQPRTSNTU�[XEGY��NTr4E R Nbql[XIKF R JHE`LON�IKr 9;<,=(>23;�� � V p �#6�qCgI�abL_EGpGE�� NT[�N�N�h�r
[XIjt?aXI@WQUlFHF_NTr4UlF,[XI L_IKJHr4EGY�NTJ�UlF�W�NTJ �NTr4I L_JHUlF�gUTL_EGr4UlF,N FHIKJHIKr}EGYZL_JHU�[Xa �KEG[XUlF�YXU{r4U�[XIKpGUX�~N
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WXJHUT� aXYX[XEG[�NT[XI,[XI�JHIKWQUlaXFHU$[�NjEGYZL_IKJM� N R I�IKYZL_JHI�NTF R NTr{NT[�NTF	�DCFEG��I�U@F_NTp`L_U�� kTNTJHE�NQPRTSNTUjYXUlJHr{N d
pGE�� NT[�N8�
[XIs[XIKYXFHEG[�NT[XIjIKYZL_JHIsIKp�NTF �DH�� �
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�,IKFML_I R NTW�gy L_aXpGU/IKFML_EGr{NTr4UlF�N/IKFML_JHabL_aXJ_N/[XEGY��NTr4E R N�[XU FHEGFML_IKr{N | �
dM|�|~\@FHEGr4EGp�NTJHr4IKYZL_I
ANTFsEGYXE R E�NeL_E`kTNTF�[XI�*-,4;< %(>,42G" (���,��J"+� �T�l�b� 6
I �"%;/"��M0 � �T�l�b� 6��J��YZL_JHI LONTYZL_UXqCNTU R UlYZL_J�gNTJHEGU [XUlF
L_J_NTv�NTp 
 UlF�NTYZL_IKJHEGUlJHIKFKq�YXIKFML_I�abL_EGpGE�� NTJHIKr4UlF,UlvXFHIKJMkTNQPRTSUlIKF�[XI$klIKpGU R EG[�NT[XIT�jc R UlY � aXYZL_U [XI$[�N d
[XUlF@� UlE R UlpGI LONT[XU/[XaXJ_NTYZL_IuU WXEGUlYXIKEGJHUQ���bWQIKJHEGr4IKYZL_U ��J_NTYXFHWQUlJML_Iu[�N |~UlJHJHIKYZL_I [XU �~J_NTFHEGp
d
�����	��mX|�c������@q�I f IKYZL_EGpGr4IKYZL_I�[XEGFHWQUlYXEGvXEGpGE�� NT[XU@WQIKpGU4D�JK��� 
 � " & � "%2 (>$ ��" &:� i,YXE`klIKJHFHEG[�NT[XI
��abL_UlYXUlr{N$[XI ��N � N{|�NTpGE`� UlJHYXE�Nbqbz gI3�bE R UM� �

��r�� aXYoPRTSNTUs[�N R UlYbh�JHr{NQPRTSNTU�[�N�[XUlr4EGY��NTY R E�N�[XU�WXJHEGr4IKEGJHU�r4U�[XU�v�NTJHU R p gy YXE R UXq R NTp R aXp�NTr4UlF
N IKFML_JHabL_aXJ_Nw[XI4r{NTFHF_N [XUwr4U�[XIKpGU [XI4[Xa�NTF R NTr{NT[�NTF�abL_EGpGE�� NTYX[XUwNuLbgI R YXE R N [�N�|�NTpGEGvXJ_NQPRTSNTU
D�EGY��NTr4E R Nj[XI 9;<,=(>23;�� � V p �#6��

� �
 � 	 5�
%$>"@*��� ����	 2�� 9�� � "@*� "$)�= * 0(5 2�"$& *�w) � *

|~Ulr4U7WXJHI k�E�NTr4IKYZL_I$[XEGF R abL_EGr4UlF,YXUw|�NTW�gy L_aXpGU � q�Nu| � gI�N R UlJHJHIKYZL_I�[XI R UlYZL_UlJHYXUuU�IKFML_I
[XU�	�EGJHU m�aXvbL_JHUlWXE R NTp�[XU ��L_p��NTYZL_E R U m�aXp,NTY�gNTpGU f N N R UlJHJHIKYZL_I�[XU 	�Ulp`� UX� �}vXaXF R N [XIwaXr

� V
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r4IKp 
 UlJ$IKYZL_IKYX[XEGr4IKYZL_U N/JHIKFHWQIKE`L_U [�N/EGYZL_IKYXFHEG[�NT[XI I [�N IKFML_JHabL_aXJ_N/klIKJML_E R NTp�[�N | � � UlJ_NTr
UlF@NTFHWQI R L_UlF@r4UTL_E`kTNT[XUlJHIKFsW�NTJ_N�NwJHI NTpGE�� NQPRTSNTUw[XUQ���bWQIKJHEGr4IKYZL_U������	��mX|�c������ � �! #"%$'& (
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gI�F_NeL_EGFM� IKE`LON{LONTr$v~gIKr Y�NTF�W�NTJML_IKFjFHaXWQIKJHEGUlJJ� NeLbgIhL �l� rB�,I EGYb� IKJHEGUlJ � NuW�NTJML_EGJ�[XI �l�x�l�
rB�~[XU4WQIKJMh�p�[XI ����

�	�
�

��r}YXUlFHFHUuIKFML_aX[XUXq�N7NTY�gNTpGEGFHIj[XI$EGYXFMLONTvXEGpGEG[�NT[XI gIj� IKE`LON{N{W�NTJML_EGJ�[XI$r4IK[XEMPRTSUlIKF�[XEGJHI LONTF�[XI
klIKpGU R EG[�NT[XIT�!��YZL_JHI LONTYZL_UXq�UlF,JHIKFHaXp`LONT[XUlF,NTWXJHIKFHIKYZLONTr vQUZN R UlY R UlJH[��NTY R E�N R Ulr:UlF,[XI *-,4;< %(>,42G"
( ��,��J" � �T�l�b� 6�� �oE f aXJ_N � � V8�CI �"%;/"��M0:� �T�l�b� 6�qZUlF�t?a�NTEGF�� UlJ_NTr UlvbL_EG[XUlF�NeL_J_N k
gIKF�[�NsabL_EGpGE�� NQPRTSNTU
[XI@klIKpGU R EG[�NT[XIKF f IKUlFML_J�gUTh R NTFJ� �oE f aXJ_N � � �l� ��IjklIKpGU R EG[�NT[XIKF�r4U�[XIKp�NT[�NTF,JHIKFHWQI R L_E`kTNTr4IKYZL_IT���
L_JHU R N�[XI�FHEGY�NTpX[XI f J_NT[XEGIKYZL_I �KUlY�NTpX[�N�klUlJML_E R EG[�NT[XI�WQUTL_IKY R E�NTpXNTUspGUlY f U�[�N�klIKJML_E R NTpP� R UlYX[XEMPRTSNTU
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\��~JHI LbgIKrwqXv�NTFHE R NTr4IKYZL_ITq�N�IKFHFK�IKY R E�N [XU R JHE`LbgIKJHEGU�W�NTJ_N�EGYXFMLONTvXEGpGEG[�NT[XIT�o� EGYZklIKJHF SNTU4[XIsFHEGY�NTp�[XU
WQIKJMh�p�[XI ����

�	�
U R UlJHJHIjIKr L_UlJHYXU{[XI �T�l� r [XI@WXJHUT� aX[XEG[�NT[XIjYXUlF�r{NTW�NTF�[XIKFHFHIKFsNTabL_UlJHIKFKqQI@IKr

L_UlJHYXU [XIIW �l� r W�NTJ_N YXUlF�YXUlFHFHUlF�JHIKFHaXp`LONT[XUlFK�
c�FukTNTpGUlJHIKF r<gN �bEGr4UlFuWQUlFHE`L_E`klUlF ����

�	�
R Ulr L_U�[XUlF UlF WQIKJMh�FKq�kTNTJHE�NTr L_EGWXE R NTr4IKYZL_I IKYZL_JHI

� q W � �x� LON r��eF�I � q � � �x� L�� r��eF R Ulr:WXJHUT� aXYX[XEG[�NT[XIKF R UlJHJHIKFHWQUlYX[XIKYZL_IKF,kTNTJHE�NTYX[XU IKYZL_JHI �T� r
I,V � rw�o��U R UlYZL_J�gNTJHEGU�[XUlF�UlabL_JHUlFCWQIKJMh�F�[XI ����

�	�
qlU�WQIKJMh�pX[XI *-,4;< %(>,42G" ( ��,��J":� �T�l�b� 6XNTWXJHIKFHIKYZLON

NTWQIKY�NTF�aXr{N{EGYZklIKJHF SNTU NTU7pGUlY f U{[�N4klIKJML_E R NTpo[XI k�EG[XUuNTU{L_JHaXY R NTr4IKYZL_Uu[XI$WXJHUT� aXYX[XEG[�NT[XI@IKr
V �l� rw��c�a�FHI � Nbq N4EGY'��I3� SNTU7[�N4WQUlJePRTSNTU{EGYb� IKJHEGUlJ�[XU7WQIKJMh�p�[�N klIKpGU R EG[�NT[XIjr4IKJHEG[XEGUlY�NTp�Y SNTU gI
R NTWbL_aXJ_NT[�N�N R NTJHJHI LONTYX[XU�Y?aXr{N gaXYXE R N�EGYZklIKJHF SNTUsYXU�WQIKJMh�pX[XI ����

�	�
��c�FokTNTpGUlJHIKFor�gy YXEGr4UlF�UlvbL_EG[XUlF

WQUlJ�IKFHFHIKFjNTabL_UlJHIKF�LONTr$v~gIKr}JHI klIKp�NTr}vQUZN7FHEGr4EGp�NTJHEG[�NT[XI R Ulr}UlF�WQIKJMh�F�UlvbL_EG[XUlF�YXUuWXJHIKFHIKYZL_I
IKFML_aX[XUXq�FHIKYX[XU{[�N�UlJH[XIKr:[XI�d � q � � �x� � r��eFK�

� ���	��� �?	����X� � �M��������������� � �� � � ���� �������

i,r{NuklI �{t?aXI{IKFML_I7IKFML_aX[XUwk�EGF_NwIKYZL_IKYX[XIKJ$U�FHEGFML_IKr{N�| �
dM|�|~\ R Ulr]v�NTFHI4Y?aXr]FHEGFML_IKr{N
[XUlr4EGY�NT[XU7WQIKpGUuWXJHEGr4IKEGJHU7r4U�[XUuv�NTJHU R p gy YXE R UXq [XI klIKr4UlFsJHI N kTNTpGE�NTJ�NTF R UlYX[XEMPRTSUlIKF�YXI R IKFHF�gNTJHE�NTF
[XIsEGYXFMLONTvXEGpGEG[�NT[XI�IKr L_IKJHr4UlF�[XIsaXr:WQIKJMh�p�[XI�klIKpGU R EG[�NT[XI �� R UlYXFHEG[XIKJ_NTYX[XU{NTWQIKY�NTFKq

�� 
 �1E! E � ��Wb� \ �
c�FjWQIKJMh�F@[XI � ��

�
	 I ����
�	�

qCNTYZL_I4IKFMLON(NTWXJHU@�bEGr{NQPRTSNTUXq�F SNTU�r4UlFML_J_NT[XUlFsY�N��oE f aXJ_N Wb����� �,UTL_I d
r4UlF,t?aXI@YXUxkTNTr4IKYZL_ITq [�NT[�N{EGYZklIKJHF SNTU7[XI$FHEGY�NTp�IKr ����

�	�
q�L_U�[�NTF�NTF,L_JK�IKF R UlYX[XEMPRTSUlIKF�YXI R IKFHF�gNTJHE�NTF

AN EGYXFMLONTvXEGpGEG[�NT[XI$F SNTU�F_NeL_EGFM� IKE`LONTFK�B��FML_I{JHIKFHaXp`LONT[XU�gITq�[XI R IKJMLON � UlJHr{Nbq�IKFHWQIKJ_NT[XU(WQUlEGFKq R Ulr4U
EGYX[XE R N4NJ�oNTvQIKp�N � � � q�U � � r4U�[XU4v�NTJHU R p gy YXE R U�JHIKFHWQUlYX[XI$FHU��KEGY 
 U{WQUlJ W�� 7 [�N kTNTJHE�NTvXEGpGEG[�NT[XI
klIKJML_E R NTp�� �,UuIKYZLONTYZL_UXq�N NTr4WXpGE`L_aX[XI@[XUlF�kTNTpGUlJHIKF ����

�	�
aXYXEGr4U�[�NTp�� �oE f aXJ_N�Wb��� � gI�vQIKr r4IKYXUlJ

t?aXIjNTt?aXIKp�N R UlYZL_IKYX[XU L r4U�[XUlFK� �oNTp�� NeL_U gI�I3�bWXpGE R NT[XU WQUlJ�t?aXIsr4U�[XUlF�[XIsr{NTEGF�NTp`LON$UlJH[XIKr
IKFML SNTU4NTFHFHU R E�NT[XUlF,N�r{NTEGUlJHIKF �����

�
	 � t?aXIsr4U�[XUlF�[XIsr{NTEGF�v�NTE �XN�UlJH[XIKrw�
��r F gy YZL_IKFHITq,UlF{JHIKFHaXp`LONT[XUlF7[XUlFu|�NTW�gy L_aXpGUlF � I+W EGYX[XE R NTr8t?aXI(U FHEGFML_IKr{N | �
dM|�|~\ gI

v�NTFHE R NTr4IKYZL_I R UlYXFML_E`L_a�gy [XU$WQIKpGU � � r4U�[XU$v�NTJHU R p gy YXE R U@I(gI�WQUTL_IKY R E�NTpGr4IKYZL_I�v�NTJHU R pGEGYXE R NTr4IKYZL_I
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[103(s)−1]

P
ro

fu
nd

id
ad

e 
(m

)

−0.5 0 0.5
−1500

−1000

−500

0
Gradiente zonal de porticidade potencial (dq/dx)

[109 m(s−1)]

P
ro

fu
nd

id
ad

e 
(m

)

�oE f aXJ_N Wb�����Cn�IKJMh�F�[XU f J_NT[XEGIKYZL_I�klIKJML_E R NTp�[XI �� I f J_NT[XEGIKYZL_I �KUlY�NTpX[XI�klUlJML_E R EG[�NT[XI
WQUTL_IKY R E�NTp����� gI�NTWXJHU@�bEGr{NT[XU�NTWQIKY�NTF�WQIKp�N@IKFML_JHabL_aXJ_N$klIKJML_E R NTp [XU�WXJHEGr4IKEGJHU@r4U�[XU
v�NTJHU R p gy YXE R UX�
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�,IKFML_I R NTW�gy L_aXpGUXq�[XIKF R JHI klIKJHIKr4UlF�N4EGr4WXpGIKr4IKYZLONQPRTSNTU [XU4r4U�[XIKpGU4Y?aXr gIKJHE R U4[XI R NTr{NT[�NTF�N
FHIKJsabL_EGpGE�� NT[XU7W�NTJ_N N EGYZklIKFML_E f NQPRTSNTU [XUlFsWXJHU R IKFHFHUlF@[XI r4I NTYX[XJ_NTr4IKYZL_U [XU FHEGFML_IKr{Nw| �
dM|�|~\
FHUlv7N gUTL_E R Ns[�Nj[XUlr4EGY��NTY R E�N�[XEGY��NTr4E R N�[XU@WXJHEGr4IKEGJHU�r4U�[XUjv�NTJHU R p gy YXE R UX�Cc�r4U�[XIKpGUsIKF R Ulp 
 EG[XU
gI�U{zwU�[XIKpGU4c R I?�NTYXE R U [XI@|~U�UlJH[XIKY�NT[�NTF�\^FHUlWXE R Y�NTEGF�[�N i,YXE`klIKJHFHEG[�NT[XIs[XI@zwE�NTr4E�d~zw\M|�csz �

� �
 � 5�; % ) � 
%$>"@*10(*�� * 0(5 + * � B/# -5�) � % *

c zw\M|�csz8� UlE�q�EGYXE R E�NTpGr4IKYZL_ITq�[XIKFHIKYZklUlp`k�EG[XU/WQUlJ ��; (���� ( � 0 "��%2G" Y�Nw[~gI R NT[�N�[XI pT� ITq
[XIKFH[XI [XIuIKYZL SNTUXq
klIKr FHIKYX[XU UTL_EGr4E�� NT[XUXqoFHUlv N R U�UlJH[XIKY�NQPRTSNTU [XU D�JK���~pGI R � q~NeL_J_N k
gIKF [�NTF
R UlYZL_JHEGvXaXEMPRTSUlIKF,[XI@EGY�gaXr4IKJHUlF�WQIKFHt?aXEGF_NT[XUlJHIKFK��c�r4U�[XIKpGU Y?aXr gIKJHE R U4L_IKrwq R Ulr4U{WXJHEGY R EGW�NTp R N d
J_N R L_IKJ gy FML_E R Nbq�N abL_EGpGE�� NQPRTSNTU�[XIjFHaXWQIKJM�Mgy R EGIKF,EGFHUlWXE R Y�NTEGF R Ulr4U R U�UlJH[XIKY�NT[�N�klIKJML_E R NTp���c EGYZL_IKJHEGUlJ
U R I?�NTYXE R U gI,r{NTWQI NT[XU@WQUlJ�aXr R UlY � aXYZL_U$[XI R NTr{NT[�NTF�[XI�[XIKYXFHEG[�NT[XI�WQUTL_IKY R E�NTp R UlYXFMLONTYZL_I f Ued
klIKJHY�NT[�NTF
WQUlJCIKt?a�NQPRTSUlIKF
[XEGY��NTr4E R NTFoFHEGr4EGp�NTJHIKFCNTF�IKt?a�NQPRTSUlIKF
[�N�L_IKUlJHE�N�[XIwgN f a�NTF�J_NTF_NTFK�C��FHFHEGrwq
Ujr4U�[XIKpGU@NeL_a�Nj[XI�� UlJHr{NjNTY�gNTpGU f NFANjaXr R UlY � aXYZL_U$[XI,r4U�[XIKpGUlF
[XI/gN f a�NTF�J_NTF_NTF�FHUlvXJHIKWQUlFML_UlFK�
��F R NTr{NT[�NTFoEGFHUlWXE R Y�NTEGF�EGYZL_IKJ_N f IKr�NeL_J_N k
gIKF�[XI~� UlJePR NTFC[XI�WXJHIKFHF SNTU�L_J_NTYXFHr4E`L_EG[�NTF 
 EG[XJHUlFMLONeL_E R N d
r4IKYZL_I�ITqZUlW R EGUlY�NTpGr4IKYZL_ITqZNeL_J_N k
gIKF�[XI�r4EGFML_aXJ_N�[XE�NTWXE R Y�NTp����,U�WXJHIKFHIKYZL_I�L_J_NTv�NTp 
 UXqlUjzw\M|�csz
FHIKJ�gN{EGr4WXpGIKr4IKYZLONT[XU{YXU7FHIKYZL_EG[XU R pxgNTFHFHE R U{[XI$aXr}r4U�[XIKpGU4[XI R NTr{NT[�NTFKq UlYX[XI�N{[XIKYXFHEG[�NT[XI gI

L \
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R UlYXFHIKJMkTNT[�N [XIKYZL_JHU4[XI R NT[�N R NTr{NT[�Nb����p gIKr [XEGFHFHUXq R UlYXFHEG[XIKJ_NTYX[XU UlF�Ulv � I L_E`klUlF�[XU4WXJHIKFHIKYZL_I
L_J_NTv�NTp 
 U(WQU�[XIKr4UlF NTWQUlYZLONTJ�NTp f aXr{NTF � aXFML_E`h R NeL_E`kTNTF$W�NTJ_N N/abL_EGpGE�� NQPRTSNTU�[XI aXr�r4U�[XIKpGU([XI
R U�UlJH[XIKY�NT[�NTF�EGFHUlWXE R Y�NTEGFK�

�
��U R UlYZL_J�gNTJHEGU4[XUlF,r4U�[XIKpGUlF R Ulr R U�UlJH[XIKY�NT[�NTF�klIKJML_E R NTEGF,IKaXpGIKJHE�NTY�NTF R Ulr4U4UlF,r4U�[XIKpGUlF�[XI

Y�gy klIKp�t?aXI abL_EGpGE�� NTrwq R UlYZklIKY R EGUlY�NTpGr4IKYZL_ITq�N kTNTJHExgNeklIKp � R Ulr4U R U�UlJH[XIKY�NT[�N klIKJML_E R NTp�q
U r4U�[XIKpGU EGFHUlWXE R Y�NTp�gI R NTW�N � [XI JHIK[Xa �KEGJ UlFuIKJHJHUlF�NTFHFHU R E�NT[XUlF N [XE`� aXF SNTU Y?aXr gIKJHE R N
[XE�NTWXE R Y�NTp�����FML_IKF�IKJHJHUlF�U R UlJHJHIKr EGYXI k�E`LON klIKpGr4IKYZL_I�YXU�L_J_NeLONTr4IKYZL_U�Y?aXr gIKJHE R U�[XI���aXEG[XUlF
R UlYZL_EGY?a�NTr4IKYZL_I�IKFML_J_NeL_E`h R NT[XUlFKqTN�W�NTJML_EGJ�[�N R UlY R IKYZL_J_NQPRTSNTU�[XI
aXr Y�gaXr4IKJHU�r{NTEGF�IKpGI kTNT[XU
[XI R NTr{NT[�NTF�EGFHUlWXE R Y�NTEGF�IKr JHI f E SUlIKF R NTJ_N R L_IKJHE�� NT[�NTFoWQUlJ�EGYZL_IKYXFHUlF f J_NT[XEGIKYZL_IKF�klIKJML_E R NTEGF�I

 UlJHE��KUlYZLONTEGFo[XI~[XIKYXFHEG[�NT[XIT�C��p gIKr�[XEGFHFHUXqlWQUlJoFHIKJ�N�|~UlJHJHIKYZL_I�[XU �~J_NTFHEGp?aXr IKF R UZNTr4IKYZL_U
f IKUlFML_J�gUTh R U�N,abL_EGpGE�� NQPRTSNTU�[XI R U�UlJH[XIKY�NT[�NTFoEGFHUlWXE R Y�NTEGF�IKFML�gN�IKr�WXpGIKY�N R UlYb� UlJHr4EG[�NT[XI R Ulr
Uj� NeL_Uj[XI�t?aXI�U@r4Uxk�EGr4IKYZL_U f IKUlFML_J�gUTh R U@FHI�[�gN@NTUjpGUlY f Uj[�NTF�FHaXWQIKJM�Mgy R EGIKF�[XI�[XIKYXFHEG[�NT[XI
WQUTL_IKY R E�NTp R UlYXFMLONTYZL_IT�

�
zwU�[XIKpGUlF�Y?aXr gIKJHE R UlF$[XI R U�UlJH[XIKY�NT[�NTF�EGFHUlWXE R Y�NTEGF@F SNTU/� JHIKt?aXIKYZL_IKr4IKYZL_I�NT[XUTLONT[XUlF�W�NTJ_N/N

r4U�[XIKp�N f IKr�[�N R EGJ R aXp�NQPRTSNTU�U R I?�NTYXE R N$[XIsp�NTJ f N@IKF R NTp�N�WQIKpGU$� NeL_U�[XIsIKpGEGr4EGY�NTJHIKr U WXJHUed
vXpGIKr{N f IKJ_NT[XU4WQIKp�N EGYZL_IKJHFHI R PRTSNTU7IKFHW�gaXJHE�N [�NTF,FHaXWQIKJM�Mgy R EGIKF,EGFHUlWXE R Y�NTEGFK�!��FHF_N{IKF R Ulp 
 N4[XI
R U�UlJH[XIKY�NT[�NTF gI�LONTr$v~gIKr r$aXE`L_U R UlYZklIKYXEGIKYZL_I@W�NTJ_N N JHI NTpGE�� NQPRTSNTU�[XIjNTY�gNTpGEGFHIKF�I R Ulr4W�N d
J_NQPRTSUlIKF R Ulr:r4U�[XIKpGUlF�NTY�NTp gy L_E R UlFK�

�
��I f E SUlIKF�[XIu� JHIKYZL_IKF4U R I?�NTYXE R NTFKq R Ulr4U N/[�N |~UlJHJHIKYZL_I [XU��~J_NTFHEGp�q
NTF t?a�NTEGF�F SNTU R NTJ_N R L_I d

JHE�� NT[�NTF�WQUlJ�EGYZL_IKYXFHUlF f J_NT[XEGIKYZL_IKF 
 UlJHE��KUlYZLONTEGF$[XI [XIKYXFHEG[�NT[XITq�WQU�[XIKr�FHIKJ�� N R EGpGr4IKYZL_I
JHIKFHUlp`k�EG[�NTF R Ulr WQUla R NTF R NTr{NT[�NTFK��YXU R NTFHUw[XI aXr r4U�[XIKpGU7[XI R U�UlJH[XIKY�NT[�NTFsIKaXpGIKJHE�N d
Y�NTF�FHIKJHE�NTr YXI R IKFHF�gNTJHEGUlF,r$aXE`L_UlF�Y�gy klIKEGF�W�NTJ_N�JHIKFHUlp`klIKJ,NT[XIKt?a�NT[�NTr4IKYZL_IsaXr{N�JHI f E SNTU�[XI
� JHIKYZL_IT� �,Ujr4U�[XIKpGU�EGFHUlWXE R Y�NTp�qlUlF
WXJHU R IKFHFHUlF�IKYZklUlp`klIKYX[XUj� JHIKYZL_IKF�WQU�[XIKr FHIKJ
JHIKFHUlp`k�EG[XUlF
WQIKp�N�[XEGFML_UlJePRTSNTU [XU WXJ�gUlWXJHEGU FHEGFML_IKr{N�[XI R U�UlJH[XIKY�NT[�NTF ��; (����B(�� 0 "��%2G"J� � V�� \ 6��

c zw\M|�csz gICaXr r4U�[XIKpGU~[XI
IKt?a�NQPRTSUlIKF�WXJHEGr4E`L_E`kTNTF R UlYZL_IKYX[XU R EGY R U�IKt?a�NQPRTSUlIKF�WXJHU f Y�gUlFML_E R NTFK�
aXr{N4W�NTJ_N R NT[�N R Ulr4WQUlYXIKYZL_I 
 UlJHE��KUlYZLONTp�[�N4klIKpGU R EG[�NT[XI�� � I � � q aXr{N{W�NTJ_N7N R UlYXFHIKJMkTNQPRTSNTU
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[XI�r{NTFHF_NF� Ula L_IKYX[��IKY R E�Nj[�NsIKFHWQIKFHFHaXJ_N@[�N R NTr{NT[�N8�oI,IKt?a�NQPRTSUlIKF�W�NTJ_Ns[Xa�NTF
kTNTJHExgNeklIKEGF�L_IKJHr4Ued
[XEGY��NTr4E R NTFKq L_IKr4WQIKJ_NeL_aXJ_N�Ula$F_NTpGEGYXEG[�NT[XI�YXU�EGYZL_IKJHEGUlJ�[�NTF R NTr{NT[�NTFoEGFHUlWXE R Y�NTEGFK����FML_I R UlY � aXYZL_U
[XI�IKt?a�NQPRTSUlIKF�gI R Ulr4WXpGI LONT[XU�WQUlJoL_JK�IKF�IKt?a�NQPRTSUlIKF
[XI R NTJ�gNeL_IKJC[XE�N f Y�gUlFML_E R U�t?aXI R Ulr4WXJHIKIKYX[XIKr NTF
IKt?a�NQPRTSUlIKF 
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L_IuW�NTJ_N(FHaXp�� D�IKYZL_JHI NTF$� UlJHr{NTF@L_I�gUlJHE R NTF�EG[XI NTpGE�� NT[�NTF@W�NTJ_N(U WQIKJMh�p �KUlY�NTp�[�N R UlJHJHIKYZL_ITq~N
IKF R Ulp 
 N{[XI�aXr{N4� aXYoPRTSNTU 	sNTaXFHFHE�NTY�N{[XIKa�d^FHI�v�NTFHE R NTr4IKYZL_I$WQIKpGU4� NeL_Uu[�NTF�klIKpGU R EG[�NT[XIKF�L_IKJHIKr
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NTWXJHIKFHIKYZLONT[XU7aXr vQUlr R Ulr4WQUlJMLONTr4IKYZL_U FHUlvXJHI L_aX[XU7Y�N � aXYoPRTSNTU4[XUlF R UlYZL_UlJHYXUlFK����p gIKr:[XEGFHFHUXq
U4� NeL_U4[�N � aXYoPRTSNTU7[XI R NTEGJ�NeLbgI �KIKJHUXqQIKr FHa�NTF�I3��L_JHIKr4EG[�NT[XIKFKqQ� I � R Ulr t?aXI@Y SNTU4� UlFHFHIjk�EGUlp�NT[�N
N R UlYX[XEMPRTSNTU [XIsY SNTUed^IKF R UlJHJHI f NTr4IKYZL_U p�NeL_IKJ_NTp�NTU pGUlY f U�[XU R UlYZL_UlJHYXU4U�IKFML_IT�

��W�gUlF
aXr R IKJML_U�L_IKr4WQUs[XI�EGYZL_I f J_NQPRTSNTUXqZNsEGYZL_IKJM� N R I�[XI�WXJHIKFHF SNTUXq?EGYXE R E�NTpGr4IKYZL_I~WXp�NTY�NbqlFHUT� JHI
aXr{N([XEGFML_UlJePRTSNTU [XI k�EG[XU NTU ��aO�bU NTYZL_E d 
 UlJ�gNTJHEGU�[XIuklIKpGU R EG[�NT[XIKF NTU JHIK[XUlJ [�N/v�N R E�Nbq
Y�N R N d
r{NT[�N�FHaXWQIKJHEGUlJK��|~Ulr4U4U{IKF R UZNTr4IKYZL_U gIjJHI f EG[XU4WQIKp�NTF�IKt?a�NQPRTSUlIKF�[XU{r4Uxk�EGr4IKYZL_U f IKUlFML_J�gUTh R U

 UlJHE��KUlYZLONTpGr4IKYZL_I@Y SNTUed^[XE`klIKJ f IKYZL_ITq�IKFHF_Nu[XEGFML_UlJePRTSNTUu[�N7EGYZL_IKJM� N R I$[XI�WXJHIKFHF SNTU f IKJ_Nbq�Y�N R NTr{N d
[�N EGYb� IKJHEGUlJKqXaXr ��aO�bU{v�NTJHU R p gy YXE R U�[XIjFHIKYZL_EG[XU4UlWQUlFML_UXq�UlJHE f EGY�NTYX[XU�aXr R EGYZL_aXJ SNTU 
 UlJ�gNTJHEGU [XI
klIKpGU R EG[�NT[XIKFK����FHFHEGrwqQ� UlE�WQUlFHF gy klIKp f IKJ_NTJKq�NTU7pGUlY f U7[�N R UlFMLON7U�IKFML_ITq�aXr}FHEGFML_IKr{N{[XI R UlJHJHIKY�d
L_IKF R Ulr]NTFsr4IKFHr{NTF R NTJ_N R L_IKJ gy FML_E R NTFs[XUwFHEGFML_IKr{Nw| �
dM|�|~\O�Cc�N � aXFML_I{[XU kTNTpGUlJ�r<gN �bEGr4Uu[XI
klIKpGU R EG[�NT[XI�[�NTF~� aXYoPRTSUlIKF f NTaXFHFHE�NTY�NTF�EGr4WQUlFMLONTF	� �oE f aXJ_NILX� \ �
� UlE�� IKE`L_U$I3�bWQIKJHEGr4IKYZLONTpGr4IKYZL_ITqXN
h�r�[XI�UlvbL_IKJHr4UlFKqbFHUlvXJHI�U�IKE �bU�[�N R UlJHJHIKYZL_I f IKJ_NT[�N$Y�N$vQUlJH[�N$U�IKFML_ITqbkTNTpGUlJHIKF~[XU$L_J_NTYXFHWQUlJML_I
[XIjklUlpGaXr4I R UlYX[XE��KIKYZL_IKF R Ulr}U4L_J_NTYXFHWQUlJML_I$[�Nu| � [XIKF R JHE`L_U7Y�N{pGE`L_IKJ_NeL_aXJ_Nb����FHFHI N � aXFML_I$JHI d
FHaXp`L_Ula7YXU�kTNTpGUlJ�� 5  S $ W�NTJ_N�N R Ulr4WQUlYXIKYZL_I�v�NTJHU R p gy YXE R NjNTU�pGUlY f U$[XI R NT[�N R UlYZL_UlJHYXUX����F
I3�bWXJHIKFHF SUlIKFjNTY�NTp gy L_E R NTF,[�NTF R Ulr4WQUlYXIKYZL_IKF�v�NTJHU R p gy YXE R NTF�[�N{klIKpGU R EG[�NT[XI�NTU7pGUlY f U{[�NTF�vQUlJH[�NTF
YXUlJML_I�FHaXp�I�pGIKFML_IsF SNTU4[�NT[�NTF�JHIKFHWQI R L_E`kTNTr4IKYZL_IsWQUlJ
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r4IKYZL_I{I �4JHIKWXJHIKFHIKYZLON/U gy YX[XE R I4[�N R NTr{NT[�N R UlYXFHEG[XIKJ_NT[�N � �BI � � �/c�F@WQIKJMh�F 	sNTaXFHFHE�NTYXUlF
R Ulr�kTNTpGUlJHIKF�[XI�klIKpGU R EG[�NT[XI�W�NTJ_N R NT[�N�WQUlYZL_U [XI f J_NT[XIJ� r��eF���F SNTU4NTWXJHIKFHIKYZLONT[XUlF�Y�N �oE f aXJ_N
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Perfil Gaussiano de velocidade imposto na camada 1 (Contorno Sul) 
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�oE f aXJ_N<LX� \ �?��IKWXJHIKFHIKYZLONQPRTSNTUsIKFHt?aXIKr<gNeL_E R N�[�N,� aXYoPRTSNTU�[�NTFoklIKpGU R EG[�NT[XIKFov�NTJHU R p gy YXE R NTF�EGr4WQUlFMLONTF
Y�NTF�vQUlJH[�NTF�YXUlJML_ITq�pGIKFML_IsIsFHaXp��
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c r4U�[XIKpGU$WQUlFHFHaXE R UlYZL_UlJHYXUlF�� I R�
 NT[XUlF�I R UlYXFHEG[XIKJ_N klIKpGr4IKYZL_IjNe� NTFMLONT[XUlF�[�N�JHI f E SNTU$[XI�IKF�d
L_aX[XU W�NTJ_N7t?aXI4NuEGY'��a��IKY R E�N7[XI�I klIKYZL_a�NTEGFsFHEGY�NTEGF�IKFHW�gaXJHEGUlF f IKJ_NT[XUlF�Y�NTF�vQUlJH[�NTFKq�LONTEGF R Ulr4U
UlYX[�NTF~[XI���IKp`k�EGY�q�FHI � N@r4EGYXEGr4E�� NT[�N�Y�N$JHI f E SNTUj[XI�EGYZL_IKJHIKFHFHIT� �,UlF R UlYZL_UlJHYXUlF�p�NeL_IKJ_NTEGFKq�N R UlY�d
[XEMPRTSNTU$[XI�pGE`k�JHI�IKF R UlJHJHI f NTr4IKYZL_U p�NeL_IKJ_NTp�gIsNTFHFHaXr4EG[�N$NTU�pGUlY f U$[�NTF�vQUlJH[�NTF�YXUlJML_ITqXFHaXp�I�pGIKFML_ITq
Ula FHI � NbqCN R Ulr4WQUlYXIKYZL_I{[�N klIKpGU R EG[�NT[XI4W�NTJ_NTpGIKp�N ANwIKFHFHIKF R UlYZL_UlJHYXUlFjWQU�[XI7NTFHFHaXr4EGJ�kTNTpGUlJHIKF
[XE`� IKJHIKYZL_IKF�[XI � (>2 0 �	��YZL_JHI LONTYZL_UXq�Y�N{vQUlJH[�N{U�IKFML_ITq R UlYXFHEG[XIKJ_NTJHIKr4UlF�N R UlYX[XEMPRTSNTU7[XI@Y SNTU7IKF�d
R UlJHJHI f NTr4IKYZL_U p�NeL_IKJ_NTp��

��N$�oE f aXJ_NQLX� \ UlvXFHIKJMkTNTr4UlF�U$WQIKJMh�p�[�NTF R Ulr4WQUlYXIKYZL_IKF�[�N@klIKpGU R EG[�NT[XI�v�NTJHU R p gy YXE R NsW�NTJ_N d
pGIKp�NTFKq�EGFML_U gIT� �KUlY�NTp�YXI f NeL_E`kTNbq+�KUlY�NTp�WQUlFHE`L_E`kTN�I@r4IKJHEG[XEGUlY�NTp�YXI f NeL_E`kTN WXJHIKF R JHE`LONTF�W�NTJ_N4UlF �l�
gaXp`L_EGr4UlF�WQUlYZL_UlFj[XI f J_NT[XI4YXUlF R UlYZL_UlJHYXUlF@YXUlJML_ITq�FHaXp�I4pGIKFML_I4JHIKFHWQI R L_E`kTNTr4IKYZL_IT� �,U�EGYZL_aXE`L_U
[XIjEGYXEGvXEGJHr4UlF�N f IKJ_NQPRTSNTU{[XI@UlYX[�NTF,IKFHW�gaXJHE�NTF,YXIKFHFHIKF R UlYZL_UlJHYXUlFKq R UlYX[XEMPRTSUlIKF�[XI@JHIKp�N �XNQPRTSNTU{F SNTU
NTWXpGE R NT[�NTF�NTF R Ulr4WQUlYXIKYZL_IKFs[�N7klIKpGU R EG[�NT[XI�v�NTJHU R p gy YXE R N4YXUlJHr{NTEGFKq�EGFML_U<gIT��r4IKJHEG[XEGUlY�NTp�YXI f N d
L_E`kTNbq�r4IKJHEG[XEGUlY�NTp�WQUlFHE`L_E`kTN I �KUlY�NTp�WQUlFHE`L_E`kTN4NTU7pGUlY f U4[XUlF �l� gaXp`L_EGr4UlF�WQUlYZL_UlF�[XI f J_NT[XI@YXUlF
R UlYZL_UlJHYXUlF�YXUlJML_ITqbFHaXp�I�pGIKFML_I�JHIKFHWQI R L_E`kTNTr4IKYZL_IT�
��F R UlYX[XEMPRTSUlIKF�F SNTU�[�NT[�NTF�WQUlJ�I3�bWXJHIKFHF SUlIKF,[XU
L_EGWQU
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c�a FHI � Nbq AN r4IK[XEG[�N IKr t?aXIwYXUlF{NTWXJHU@�bEGr{NTr4UlF�[XU R UlYZL_UlJHYXUXq�N R Ulr4WQUlYXIKYZL_IwYXUlJHr{NTp
[�N�klIKpGU R EG[�NT[XIjv�NTJHU R p gy YXE R N�NTFHFHU R E�NT[�N4NTU R UlYZL_UlJHYXU{[XI R NTE�ANfV �87 [XU{FHIKawkTNTpGUlJ�YXU4WQUlYZL_U{[XI
f J_NT[XI EGr4IK[XE�NeLONTr4IKYZL_I�NTYZL_IKJHEGUlJK�4� IKF R Ulp 
 N [XIKFHFHI4� NeL_UlJsWQIKJ R IKYZL_a�NTp
[XIKWQIKYX[XI{[�N I3��L_IKYXF SNTU
[�N �KUlY�N [XIsJHIKp�N �XNQPRTSNTU I�� UlE�IKFMLONTvQIKpGI R EG[�N�I3�bWQIKJHEGr4IKYZLONTpGr4IKYZL_IT�
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�,IKFML_I R NTW�gy L_aXpGUXq [XIKF R JHI klIKJHIKr4UlFCN�IKp�NTvQUlJ_NQPRTSNTU�I�UlF�JHIKFHaXp`LONT[XUlF�[XUlF�I3�bWQIKJHEGr4IKYZL_UlF�Y?aXr gIKJHE R UlF
JHI NTpGE�� NT[XUlF R Ulr]N EGr4WXpGIKr4IKYZLONQPRTSNTUu[XU/zw\M|�csz R Ulr [Xa�NTF R NTr{NT[�NTFK�jU�I3�bWQIKJHEGr4IKYZL_U R Ulr
L_UlWQU f J_Neh�N�JHI NTp gy FML_E R NbqT[XIKYXUlr4EGY�NT[XU E 2I(qTI�UsI3�bWQIKJHEGr4IKYZL_U R Ulr L_UlWQU f J_Neh�N�EG[XI NTpGE�� NT[�NbqT[XI d
YXUlr4EGY�NT[XU E 2 6 � �,U�WXJHEGr4IKEGJHU�I3�bWQIKJHEGr4IKYZL_U �D� ����� q vXaXF R NTr4UlF�N kTNTpGE�NTJ FHI�U�FHEGFML_IKr{N,| �
dM|�|~\
R Ulr]IKFML_JHabL_aXJ_N([XI7[XIKYXFHEG[�NT[XI7[XEGY�NTr4E R NTr4IKYZL_I R NTpGEGvXJ_NT[�N gI R NTW�N �7[XI{JHIKWXJHU�[Xa �KEGJ@U(r4I NTY�d
[XJ_NTr4IKYZL_U$WXJHUlW�N f NTYZL_I�UlvXFHIKJMkTNT[XU�YXU$U R I NTYXU�JHI NTp NTU$p�NTJ f U@[XU�FHaX[XIKFML_IJ��m'� ��vXJ_NTFHEGpGIKEGJHUX���,U
FHI f aXYX[XU I3�bWQIKJHEGr4IKYZL_U �D� ��\�� q�JHIKr4UxklIKr4UlFsNTF�� IKEMPRTSUlIKF�[XU7LONTpGaX[XI R UlYZL_EGYXIKYZLONTp�q�t?aXI gI$L_J_NTYXF�d
� UlJHr{NT[XUjY?aXr�W�NTJHIK[ SNTU@klIKJML_E R NTp�q�W�NTJ_N$N kTNTpGE�NTJ
FHI�N$NTaXFK�IKY R E�N@[XU@LONTpGaX[XI�EGYXEGvQI�Ula7r4U�[XE`h R NjU
W�NT[XJ SNTU [XIsr4I NTYX[XJ_NTr4IKYZL_UX�

��IKYX[XU(IKr k�EGFMLONwUlFjJHIKFHaXp`LONT[XUlFjUlvbL_EG[XUlFjW�NTJ_NwNwIKFML_JHabL_aXJ_N�r4U�[�NTp�[�N(| ��LONTYZL_U�Y�NwJHI d
f E SNTU [XUu|�NTvQU{[XI�m SNTUF��Ulr gIB� *-,4;< %(>,42G" ( ��,��J"Tq �T�l�b� 6�t?a�NTYZL_U7Y�N4JHI f E SNTU{NT[ � N R IKYZL_I AN7|�NTvQU
��JHEGUXqT[XIKF R JHE`L_UlF
YXUlF R NTW�gy L_aXpGUlF�NTYZL_IKJHEGUlJHIKF�[XUsWXJHIKFHIKYZL_I,L_J_NTv�NTp 
 UXqlIKr NTr$vQUlF�UlF�I3�bWQIKJHEGr4IKYZL_UlF
Y?aXr gIKJHE R UlF�N�|~UlJHJHIKYZL_I�[XU��~J_NTFHEGpT� UlE�q IKFHFHIKY R E�NTpGr4IKYZL_ITq L_J_NeLONT[�N R Ulr4U�aXr FHEGFML_IKr{N�v�NTJHU R p gy YXE R U
[XIsWXJHEGr4IKEGJHU$r4U�[XUX�

|~Ulr4U�IKFMLONTr4UlF�JHI NTpGE�� NTYX[XU�aXr{N�NTvQUlJH[�N f IKr�v�NTJHU R p gy YXE R NbqTNTFCkTNTJHExgNeklIKEGF�v�NTJHUTL_J�gUlWXE R NTFCY SNTU
JHI R IKvQIKJ_NTr YXIKY 
 aXr:L_EGWQU�[XIsL_J_NeLONTr4IKYZL_U Y�N�EGr4WXpGIKr4IKYZLONQPRTSNTU�[XU r4U�[XIKpGUX����FHFHEGrwqXIKFHF_NTF�kTN d
JHExgNeklIKEGF�F SNTU r{NTYZL_EG[�NTF�pGE`k�JHIKF�NTU pGUlY f U�[�N�EGYZL_I f J_NQPRTSNTUX�

� �
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−4 Energia Cinética Baroclínica nas Camadas 1 e 2
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�oE f aXJ_N ��� � ���YXIKJ f E�N R EGY~gI L_E R N�v�NTJHU R p gy YXE R Njr gIK[XE�N�Y�NTF R NTr{NT[�NTF � I �

c�W�NTFHFHU4[XIsEGYZL_I f J_NQPRTSNTU NT[XUTLONT[XU Y�NTF�FHEGr$aXp�NQPRTSUlIKF~� UlE�[XI pl�T� FHI f aXYX[XUlF,W�NTJ_N�U r4U�[XU�EGY�d
L_IKJHYXU � r4U�[XU�v�NTJHU R p gy YXE R UM��I � L�FHI f aXYX[XUlF�W�NTJ_N�U�r4U�[XU�I3��L_IKJHYXUJ� r4U�[XU�v�NTJHUTL_J�gUlWXE R UM� ����p gIKr
[XEGFHFHUXqoNT[XUTLONTr4UlFsU kTNTpGUlJsEGYXE R E�NTpo[XI � � L�W�NTJ_N U R U�I h R EGIKYZL_IQ� NT[XEGr4IKYXFHEGUlY�NTp4�,[XI k�EGF R UlFHEG[�NT[XI
L_aXJHvXaXpGIKYZLONb�

noNTJ_N{[XI h�YXEGJ�N4IKFMLONTvXEGpGE�� NQPRTSNTU4[XIKFML_I$I3�bWQIKJHEGr4IKYZL_UXq R UlYXFHEG[XIKJ_NTr4UlF,U R JHE`LbgIKJHEGU4[XU R Ulr4WQUlJ�d
LONTr4IKYZL_U 
 EGWQIKJHv�gUlpGE R U{[�NuI klUlpGaoPRTSNTU [�N7IKYXIKJ f E�N R EGY~gI L_E R N{v�NTJHU R p gy YXE R N4r gIK[XE�N7YXU [XUlr�gy YXEGU{[XU
r4U�[XIKpGUX�jn�JHI L_IKr�d^FHI�U R JHE`LbgIKJHEGU7abL_EGpGE�� NTYX[XUuN7IKYXIKJ f E�N R EGY~gI L_E R N7v�NTJHUTL_J�gUlWXE R N7WQIKpGU{� NeL_Uu[XIKFHF_N
IKYXIKJ f E�N(IKFMLONTJ4NTFHFHU R E�NT[�Nbq�v�NTFHE R NTr4IKYZL_ITq~N/UlYX[�NTF [XI f J_N k�EG[�NT[XITq R a � N(� JHIKt?a��IKY R E�N�gIur$aXE`L_U
r{NTEGUlJ~t?aXIjN [�NTF�UlYX[�NTF�NTFHFHU R E�NT[�NTF,N�IKYXIKJ f E�N R EGY~gI L_E R N�v�NTJHU R p gy YXE R Nbq R Ulr4U�WQUlJ�I3�bIKr4WXpGUXq�NTF
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UlYX[�NTF�EGYZL_IKJHY�NTFK�o��FHFHEGrwqeWQUlJoNTWXJHIKFHIKYZLONTJHIKr r{NTEGUlJ�WQIKJ gy U�[XUXqTNTF�UlYX[�NTFov�NTJHU R p gy YXE R NTF�JHIKt?aXIKJHIKr
aXr r{NTEGUlJ�L_IKr4WQU [XI4EGYZL_I f J_NQPRTSNTUwW�NTJ_NwN FHa�NwIKFMLONTvXEGpGE�� NQPRTSNTUX� ��N��oE f aXJ_N ��� � r4UlFML_J_NTr4UlFsN
IKYXIKJ f E�N R EGY~gI L_E R Nsr gIK[XE�NsW�NTJ_N@NTF R NTr{NT[�NTF�FHaXWQIKJHEGUlJ�I,EGYb� IKJHEGUlJK� ��r�NTr$v�NTFKq�NjIKYXIKJ f E�NjFHI�EGYXE d
R E�N@YXU �KIKJHU I�IKFMLONTvXEGpGE�� N d^FHI�WQUlJ�klUlp`LON$[XU�[XE�N � � � �C��W�gUlF�N$IKFMLONTvXEGpGE�� NQPRTSNTU@UlF�kTNTpGUlJHIKF�UlF R EGp�NTr
IKYZL_JHIoWbq � � �x� L � 
 � � LON IoWbq p � �x� L � 
 � � LON W�NTJ_N N7WXJHEGr4IKEGJ_N R NTr{NT[�N7I�IKYZL_JHI � q�� � �x� L � 
 � � LON
I � q � � �x� L � 
 � � LON W�NTJ_N/N(FHI f aXYX[�N R NTr{NT[�Nb����N/NTY�gNTpGEGFHI{[XUlF�I3�bWQIKJHEGr4IKYZL_UlFKq
U(L_IKr4WQU/[XI
IKFMLONTvXEGpGE�� NQPRTSNTU$FHIKJ�gN [XIKF R UlYXFHEG[XIKJ_NT[XUX�

� ������� � ���� ��������������� 	��� ���
� �oE f aXJ_N ��� � I3�bEGvQITq UlF R NTr4WQUlF�r gIK[XEGUlF,[�N4klIKpGU R EG[�NT[XIjL_UTLONTp�W�NTJ_N4L_U�[XU{U7[XUlr�gy YXEGU4[XU

r4U�[XIKpGUX��c WQIKJ gy U�[XU�[XIsr4IK[XE�NTY�NTr4IKYZL_U R UlYXFHEG[XIKJ_NT[XU � UlE�[XIIW \l� [XE�NTF�NTW�gUlF,N�IKFMLONTvXEGpGE�� NQPRTSNTUX�
��WXJHEGr4IKEGJ_N R UlYXFMLONeLONQPRTSNTU gI,t?aXI�U R EGYZL_aXJ SNTU@[XI�klIKpGU R EG[�NT[XIKF�EGr4WQUlFMLONTF�Y�N R NTr{NT[�N � Y�NTF~vQUlJ�d
[�NTFsYXUlJML_ITq�FHaXp�I pGIKFML_I Nuh�r [XI FHEGr$aXp�NTJ�UwW�NT[XJ SNTU [XI R EGJ R aXp�NQPRTSNTUu[XU 	�EGJHU m�aXvbL_JHUlWXE R NTp�Y�N
WXJHEGr4IKEGJ_N R NTr{NT[�N gI{I � I L_E`klU(IKrwqoWQUlJ@N � aXFMLONTr4IKYZL_U f IKUlFML_J�gUTh R UXq f IKJ_NTJjaXr]IKF R UZNTr4IKYZL_U/Y�N
R NTr{NT[�N$EGYb� IKJHEGUlJK�

c R EGYZL_aXJ SNTU [XI klIKpGU R EG[�NT[XIKF�LONTr$v~gIKr gI I h R EGIKYZL_I4IKr f IKJ_NTJ�aXr FHEGFML_IKr{Nuv�NTJHU R p gy YXE R U7[XI
R UlJHJHIKYZL_IKF�pGE`k�JHIKF�Y�NsvQUlJH[�NsU�IKFML_I�[XUjr4U�[XIKpGUX��\^FML_U@U R UlJHJHI�IKr R UlYXFHIKt?a��IKY R E�Nj[XU@N � aXFMLONTr4IKYZL_U
f IKUlFML_J�gUTh R U�EGr4WQUlJ�aXr{N JHIKFML_JHEMPRTSNTU(NTU LONTr{NTY 
 Uw[�N klIKpGU R EG[�NT[XI klIKJML_E R NTp�q�I4WQUlJjaXr{N t?a�NTFHI
Y SNTUed^[XE`klIKJ f �IKY R E�N 
 UlJHE��KUlYZLONTp�q�� UlJHr{NTJ�U FHEGFML_IKr{N$[XI R UlJHJHIKYZL_IKF,[XI R UlYZL_UlJHYXU U�IKFML_IT�
\^FML_U4WQU�[XI
FHIKJ�UlvXFHIKJMkTNT[XUwY�N �oE f aXJ_N ��� Wut?aXI r4UlFML_J_N7UuWQIKJMh�p�[�NTF R Ulr4WQUlYXIKYZL_IKFsr4IKJHEG[XEGUlY�NTEGF,[XU � NeL_U
NTU pGUlY f U [XUlF �l� gaXp`L_EGr4UlF$WQUlYZL_UlF4[XI f J_NT[XIw[XU R UlYZL_UlJHYXU pGIKFML_IT�<� R aXJMkTN N �KaXp�[XIKYXUTLON U
� NeL_U(EGr4WQUlFML_U(Y�N R NTr{NT[�N(FHaXWQIKJHEGUlJK� n�U�[XIKr4UlF�UlvXFHIKJMkTNTJ�t?aXI NTp gIKrV[XU/IKF R UZNTr4IKYZL_U v�NTJHUed
R p gy YXE R U f IKJ_NT[XU Y�N R NTr{NT[�N/EGYb� IKJHEGUlJ�WQUlJ4N � aXFMLONTr4IKYZL_U f IKUlFML_J�gUTh R U � R aXJMkTN IKr klIKJHr4IKp 
 UM� q
aXr{N R Ulr4WQUlYXIKYZL_Isv�NTJHUTL_J�gUlWXE R N NTFHFHU R E�NT[�N NTU ��aO�bU4v�NTJHU R p gy YXE R U$EGr4WQUlFML_U$LONTr$v~gIKr�gI f IKJ_NT[�N
YXU R UlYZL_UlJHYXUQ� R aXJMkTN IKr klIKJH[XI � �
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Campo medio da vel.total.

camada 1

LaDO-IOUSP 

Cabo Frio 

vel 1.0 m/s 
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Campo medio da vel.total.

camada 2

LaDO-IOUSP 

Cabo Frio 

vel 0.5 m/s 

�oE f aXJ_N ��� � � |�NTr4WQU r gIK[XEGU [�N klIKpGU R EG[�NT[XI/L_UTLONTp�Y�N R NTr{NT[�N � � W�NTEGYXIKp�FHaXWQIKJHEGUlJ��{I Y�N
R NTr{NT[�N � � W�NTEGYXIKp�EGYb� IKJHEGUlJ��
IKr:L_U�[XU�U4[XUlr�gy YXEGUX�
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�oE f aXJ_N ��� Wb�
n�IKJMh�p�[XU � NeL_U r4IKJHEG[XEGUlY�NTpQY�N vQUlJH[�N�pGIKFML_Is[XU r4U�[XIKpGUX�

� �oE f aXJ_N ��� L4I3�bEGvQIsU R NTr4WQU4[XIsklIKpGU R EG[�NT[XIKF�v�NTJHUTL_J�gUlWXE R NTF�Y�N4JHI f E SNTU [XIjEGYZL_IKJHIKFHFHITqQIKY�d
t?a�NTYZL_U N �oE f aXJ_N ����� NTWXJHIKFHIKYZLON UlF R NTr4WQUlF [XI klIKpGU R EG[�NT[XI v�NTJHU R p gy YXE R Nb� ��F�klIKpGU R EG[�NT[XIKF
v�NTJHUTL_J�gUlWXE R NTF
JHIKFHWQUlYX[XIKr WQUlJ R IKJ R N@[XI W �87 [XU@FHEGY�NTp�[�NTF R UlJHJHIKYZL_IKF�IKr FHaXWQIKJM�Mgy R EGITq?IKYXt?a�NTY�d
L_U�F SNTUs[�N�r4IKFHr{N�UlJH[XIKr�[�N R UlJHJHIKYZL_I�v�NTJHU R p gy YXE R N�Y�N R NTr{NT[�N � �o� f IKJ_NQPRTSNTU�[�N R Ulr4WQUlYXIKYZL_I
v�NTJHUTL_J�gUlWXE R N{[XI klI d^FHI4NTU7� NeL_U7[�N{klIKJHF SNTUw[XUwzw\M|�csz abL_EGpGE�� NT[�N Y SNTUuWQIKJHr4E`L_EGJ�N7EGr4WXpGIKr4IKY�d
LONQPRTSNTUu[�N7LONTr4W�N7J gy f EG[�N{IKr FHaXWQIKJM�Mgy R EGIT��|~Ulr4UuWQU�[XIKr4UlF�klIKJHE`h R NTJ�WQIKp�N R Ulr4W�NTJ_NQPRTSNTUuIKYZL_JHI
NTF��oE f aXJ_NTF ��� � I�������qbNTU R UlYZL_J�gNTJHEGU@[XU@U R I NTYXU$JHI NTp�q�NjklIKpGU R EG[�NT[XI�L_UTLONTpQY SNTU@EGYZklIKJML_I�[XI�FHEGY�NTp
Y�N/FHI f aXYX[�N R NTr{NT[�Nb� ��YZL_JHI LONTYZL_UXq�U R NTr4WQU v�NTJHU R p gy YXE R U(r4UlFML_J_N/aXr � �� I �� E � �� � t?aXI
L_IKr R NTJ_N R L_IKJ gy FML_E R NTF~[XU$U R I NTYXU$IKFML_J_NeL_E`h R NT[XU R Ulr�NjklIKpGU R EG[�NT[XI�[�N R NTr{NT[�NjFHaXWQIKJHEGUlJ~FHIKYX[XU
r{NTEGUlJ~t?aXI@N�[�N R NTr{NT[�N�EGYb� IKJHEGUlJ:� WQUlJ�aXr � NeL_UlJ � � �
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Campo medio da vel.barotropica.

LaDO-IOUSP 

Cabo Frio 

vel 0.5 m/s 

�oE f aXJ_N ��� LX��|�NTr4WQU r gIK[XEGU�[�N�klIKpGU R EG[�NT[XI�v�NTJHUTL_J�gUlWXE R N$Y�N JHI f E SNTU�[XIsEGYZL_IKJHIKFHFHIT�

��I h R gN R E�Ns[XUlF
kTNTpGUlJHIKF
EGr4WQUlFML_UlF
W�NTJ_NsUsL_J_NTYXFHWQUlJML_I,[XI�klUlpGaXr4I,YXUlF R UlYZL_UlJHYXUlF�YXUlJML_I,FHaXp
IjpGIKFML_IjWQU�[XIjFHIKJ R Ulr4WXJHUxkTNT[�N{N W�NTJML_EGJ�[XUlF�JHIKFHaXp`LONT[XUlF,[�N �oNTvQIKp�N � � � � �,IKp�Nbq R Ulr4WXabLONTr4UlF
UlFokTNTpGUlJHIKFo[XU�L_J_NTYXFHWQUlJML_I�[XI�klUlpGaXr4I R IKYZL_J_NT[XUlF�YXU�IKE �bU�[�N R UlJHJHIKYZL_I f IKJ_NT[�N�Y�N�vQUlJH[�N�U�IKFML_ITq
UlF�t?a�NTEGFKq�NTWXJHIKFHIKYZLONTr vQUZN R UlYb� UlJHr4EG[�NT[XI R Ulr:UlF�kTNTpGUlJHIKF�[XIKF R JHE`L_UlF�Y�N pGE`L_IKJ_NeL_aXJ_Nb�

��EGFML_U4t?aXI@YXUlFHFHU7Ulv � I L_E`klU gI@N4NTY�gNTpGEGFHIs[�NTF,UlYX[�NTF�v�NTJHU R p gy YXE R NTF�UlvXFHIKJMkTNT[�NTF�WQUlJ:*-,4;< %(>,42G"
( ��,��J")� �T�l�b� 6�I r4U�[XIKp�NT[�NTF$WQUlJ �"%;/"��M0 � �T�l�b� 6�q
JHI L_IKJHIKr4Ued^YXUlF�Y�NTF FHI�PRTSUlIKF4WQUlFML_IKJHEGUlJHIKF4N
NTY�NTpGEGF_NTJ~Is[XEGF R abL_EGJ�UlF R NTr4WQUlF�v�NTJHU R p gy YXE R UlF~[XU4r4U�[XIKpGUX�
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Campo medio da vel.baroclinica.

camada 1

LaDO-IOUSP 

Cabo Frio 

vel 0.5 m/s 
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Campo medio da vel.baroclinica.

camada 2

LaDO-IOUSP 

Cabo Frio 

vel -0.25 m/s 

�oE f aXJ_N ��������|�NTr4WQUjr gIK[XEGUs[�NsklIKpGU R EG[�NT[XI�v�NTJHU R p gy YXE R N�Y�N R NTr{NT[�N � � W�NTEGYXIKp�FHaXWQIKJHEGUlJ���I,Y�N
R NTr{NT[�N � � W�NTEGYXIKp�EGYb� IKJHEGUlJ�� �
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�oNTvQIKp�N ��� � � ���bWQIKJHEGr4IKYZL_U � ��� d ��FML_EGr{NeL_E`kTNTF�[XU ��J_NTYXFHWQUlJML_I�v�NTJHU R p gy YXE R Us[XI,klUlpGaXr4I,W�NTJ_N
N�WXJHEGr4IKEGJ_N R NTr{NT[�N+� � m?k+I �x��� r N F L E �
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c�F7r{NTW�NTF{[�N � aXYoPRTSNTU [XI R UlJHJHIKYZL_I/v�NTJHU R p gy YXE R N Y�N WXJHEGr4IKEGJ_N R NTr{NT[�N I([�N NTYXUlr{NTpGE�N
R UlJHJHIKFHWQUlYX[XIKYZL_ITq N�t?a�NTp�gI R NTp R aXp�NT[�N�NeL_J_N k
gIKF,[�N FHaXvbL_J_NQPRTSNTU4[XUlF R NTr4WQUlF�EGYXFMLONTYZLe�NTYXIKUlF�Ij[XU
R NTr4WQU@r gIK[XEGU@[�Nj� aXYoPRTSNTU$[XI R UlJHJHIKYZL_ITqXr4UlFML_J_NTr N@I klUlpGaoPRTSNTU�[XEGY��NTr4E R Ns[XU$FHEGFML_IKr{N$| �
dM|�|~\
IKYZL_JHIuUlF�[XE�NTF � � \ I_W � � [XIuEGYZL_I f J_NQPRTSNTU � �oE f aXJ_NTF ��� \ q ��� p q ��� �bq ��� V/I ��� �x� � � � pGEGY 
 N�[XI
R UlFMLON(r{NTEGFjIKFHWQIKFHF_N JHIKWXJHIKFHIKYZLON N(EGF�gUlv�NeLONw[XI �KIKJHU � v�NeL_EGr4I L_JHE�N JHI NTp4�s[�N(JHI f E SNTUX���:pGEGY 
 N
r{NTEGF~[XIKp f NT[�N gI R UlYXFHEG[XIKJ_NT[�N R Ulr4U EGF�gUlv�NeLON$[XI �KIKJHU YXU4r4U�[XIKpGU$Y?aXr gIKJHE R U r{NTFKqXIKr L_IKJHr4UlF
[�N�v�NeL_EGr4I L_JHE�N@JHI NTp�qXIKp�N R UlJHJHIKFHWQUlYX[XI�AN EGF�gUlv�NeLON$[XI � � rw�

�,IKFML_I�I3�bWQIKJHEGr4IKYZL_UXq?WQU�[XIKr4UlF�UlvXFHIKJMkTNTJ�aXr W�NT[XJ SNTUj[XI�UlYX[�NsvQIKr [XI h�YXEG[XU$NTUjpGUlY f Uj[�N
EGYZL_I f J_NQPRTSNTUX�$��Y�NTpGEGF_NTYX[XU NTFsNTYXUlr{NTpGE�NTF ��� � � R UlYXFMLONeLONTr4UlF�t?aXI4UlF R IKYZL_JHUlFj[XI4NTp`LON7I�v�NTE �XN
WXJHIKFHF SNTU�� UlJHr{NTr�d^FHI�NTp`L_IKJHY�NT[�NTr4IKYZL_I�FHUlvXJHIsU�IKE �bU�[�N R UlJHJHIKYZL_IsWXJHUlW�N f NTYX[XUed^FHI�[XI�YXUlJH[XIKFML_I
W�NTJ_N FHaX[XU�IKFML_I f IKJ_NTYX[XU{aXr W�NT[XJ SNTU{FHEGr4EGp�NTJ�N4aXr{N UlYX[�N4[XI ��UlFHFHv��l����FHFHI R Ulr4WQUlJMLONTr4IKY�d
L_U IKFMLON [XI(N R UlJH[XU R Ulr NTF{EGr{N f IKYXF �� ����� UlvbL_EG[�NTF4WQUlJ4F_NeLbgIKpGE`L_IwW�NTJ_N N JHI f E SNTUX� �,UlF
r{NTW�NTFj[XI��,qCNTF@IKFML_JHabL_aXJ_NTF@klUlJML_E R NTEGFjFHI{EGYXE R E�NTr IKr L_UlJHYXU�[XI �T� �OmQq R Ulr4U�WQU�[XIKr4UlFjUlv�d
FHIKJMkTNTJ�YXUwr{NTW�N7JHI � IKJHIKYZL_I{NTU [XE�N � � \ � c�Fsr4I NTYX[XJHUlF�t?aXI U R NTFHEGUlY�NTpGr4IKYZL_I$FHI � I R�
 NTr IKr
k�gUlJML_E R IKF�WXJHUlW�N f NTr�d^FHI�W�NTJ_N�FHaX[XU�IKFML_I@FHUlvXJHIsU4IKE �bU [�N R UlJHJHIKYZL_I R Ulr NTr4WXpGE`L_aX[XIKF�t?aXI R JHIKF�d
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R IKr L_IKr4WQUlJ_NTpGr4IKYZL_I,N@W�NTJML_EGJ
[XI �l� �Om{NeLbgI R IKJ R N@[XI � ���Om4[XIKYZL_JHU$[�N ��N R E�Ns[XI�mbNTYZL_UlFK���FML_I
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� W�NTJML_EGJ�[XUlF$kTNTpGUlJHIKF�[XU WQIKJ gy U�[XU/[XUlr4EGY�NTYZL_IuI [�N(klIKpGU R EG[�NT[XIu[XIu� NTFHITq�IKFML_EGr{NTr4UlF�N
� JHIKt?a��IKY R E�N�� � q V � �x� L � J_NT[ �eF�� q�U Y�gaXr4IKJHU [XIsUlYX[�N�� � q L#� �x� L�� J_NT[ �erB� qXIsU R Ulr4WXJHEGr4IKYZL_U�[XI
UlYX[�N �.LZW � � rB� ����FML_I/gaXp`L_EGr4U,IKFML�gN�NTWXJHU@�bEGr{NT[�NTr4IKYZL_I~[XI�N R UlJH[XU R Ulr NTF R NTJ_N R L_IKJ gy FML_E R NTFo[�NTF
UlYX[�NTF,[XI ��UlFHFHv���UlvXFHIKJMkTNT[�NTF�[XIKYZL_JHU7[�N ��N R E�N [XI$mbNTYZL_UlF�t?aXI@WQUlFHFHaXIKrwqQIKr FHa�N{r{NTEGUlJHE�Nbq
aXr R Ulr4WXJHEGr4IKYZL_U�[XI�UlYX[�N,[�N�UlJH[XIKr [XI �T�l� d L �l� � rw����p gIKr [XEGFHFHUXqeUlF�kTNTpGUlJHIKF R NTJ_N R L_IKJ gy FML_E R UlF
[�N@UlYX[�NjIKY R UlYZL_J_NT[XUlF�LONTr$v~gIKr�NTWXJHIKFHIKYZLONTr�vQUZN R UlY R UlJH[��NTY R E�N R Ulr UlF�kTNTpGUlJHIKF~UlvbL_EG[XUlF�Y�NTF
FHEGr$aXp�NQPRTSUlIKF�[XI �"%;/"��M0 � �T�l�b� 6�qbabL_EGpGE�� NTYX[XU$U{n�csz �-��FML_IjNTabL_UlJ�IKY R UlYZL_JHUla�JHIKFHWQI R L_E`kTNTr4IKYZL_I
W�NTJ_N(Nw� JHIKt?a��IKY R E�Nbq
U(Y�gaXr4IKJHU�[XIuUlYX[�N�I7U R Ulr4WXJHEGr4IKYZL_U�[XI7UlYX[�N(UlFjkTNTpGUlJHIKFK� Wbq \ � �x� L �
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�oE f aXJ_N ��� � Vb���YXIKJ f E�N R EGY~gI L_E R N�v�NTJHU R p gy YXE R N@r gIK[XE�N$Y�NTF R NTr{NT[�NTF � I �

��FHFHEGr R Ulr4U4YXU{I3�bWQIKJHEGr4IKYZL_UB� ���sqQU{W�NTFHFHU7[XI@EGYZL_I f J_NQPRTSNTU7NT[XUTLONT[XU4Y�NTF�FHEGr$aXp�NQPRTSUlIKF gI
[XI pl�T� FHI f aXYX[XUlFsW�NTJ_NuUur4U�[XUuEGYZL_IKJHYXU)� r4U�[XUuv�NTJHU R p gy YXE R UM��I � L FHI f aXYX[XUlFsW�NTJ_N7U r4U�[XU
I3��L_IKJHYXU � r4U�[XU v�NTJHUTL_J�gUlWXE R UM��IjU4kTNTpGUlJ�EGYXE R E�NTp [XU R U�I h R EGIKYZL_I@[XIjk�EGF R UlFHEG[�NT[XIsL_aXJHvXaXpGIKYZLON gI
LONTr$v~gIKr �  LX�

c R JHE`LbgIKJHEGU�abL_EGpGE�� NT[XU$Y�N NTY�gNTpGEGFHI�[�N IKFMLONTvXEGpGE�� NQPRTSNTU gIsU r4IKFHr4U [XU I3�bWQIKJHEGr4IKYZL_U4NTYZL_IKJHEGUlJK�
��N �oE f aXJ_N ��� � V�r4UlFML_J_NTr4UlF�N�IKYXIKJ f E�N R EGY~gI L_E R N�v�NTJHU R p gy YXE R Njr gIK[XE�N$W�NTJ_N NTF R NTr{NT[�NTF�FHaXWQI d
JHEGUlJ�I4EGYb� IKJHEGUlJK� ��r]NTr$v�NTFKq�N IKYXIKJ f E�N FHI4EGYXE R E�N7YXU �KIKJHUwI4IKFMLONTvXEGpGE�� N d^FHI$WQUlJ�klUlp`LONu[XU�[XE�N
� � � �o��W�gUlF�N�IKFMLONTvXEGpGE�� NQPRTSNTU�UlF�kTNTpGUlJHIKF�UlF R EGp�NTr IKYZL_JHI Wbq L#� �x� L � 
 � � LON I Wbq V � �x� L � 
 � � LON W�NTJ_N
N�WXJHEGr4IKEGJ_N R NTr{NT[�N�IsIKYZL_JHI � q L#� �x� L � 
 � � LON I � q � � �x� L � 
 � � LON W�NTJ_N N FHI f aXYX[�Nb�
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� klIKpGU R EG[�NT[XI�[XI�� NTFHI�[�NTF�UlYX[�NTF f IKJ_NT[�NTFugI�IKFML_EGr{NT[�N�N�W�NTJML_EGJ�[XU R gNTp R aXpGU�[XU [XE�N f J_NTr{N
�,Uxk�r4UlpGpGIKJ:� �oE f aXJ_N ��� W � � ����FHFHEGr R Ulr4U4YXUF���bWQIKJHEGr4IKYZL_UF� ���sqQN4NTY�gNTpGEGFHI�[�N R Ulr4WQUlYXIKYZL_I
�KUlY�NTpo[�N7klIKpGU R EG[�NT[XI�NTUupGUlY f U7[�N7r4IKFHr{N7J_NT[XE�NTp�[XUuI3�bWQIKJHEGr4IKYZL_UwNTYZL_IKJHEGUlJ�JHI klIKp�NuaXr W�N d
[XJ SNTUw[XI UlYX[�NwIKFHFHIKY R E�NTpGr4IKYZL_I r4UlYXU R JHUlr<gNeL_E R UuW�NTJ_N Uwt?a�NTp
UlvbL_IKr4UlFsaXr{N7klIKpGU R EG[�NT[XI [XI
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��Y�NTpGEGF_NTYX[XUsUlF f J�gNeh R UlF�UlvbL_EG[XUlF
W�NTJ_NjNjNTr4WXpGE`L_aX[XI�I�� NTFHI,[�NsUlYX[�NjNTUjpGUlY f Us[�N �x�l� [XE�NTF
UlvXFHIKJMkTNTr4UlF,t?aXIjU{FHEGY�NTp�WXJHEGY R EGW�NTp�FHI@JHIKWQI L_I@t?a�NeL_JHU4klI �KIKF�NTU{pGUlY f U [�N4F�gIKJHEGIjU{t?aXI@FHa f IKJHI
aXr WQIKJ gy U�[XU [XI � �$[XE�NTF�W�NTJ_N N�UlYX[�N f IKJ_NT[�N+� �oE f ��� W � � �C��W�NTJML_EGJ�[�N�klIKpGU R EG[�NT[XI�[XI�� NTFHIsI
[XU4WQIKJ gy U�[XU4[XUlr4EGY�NTYZL_ITq�IKFML_EGr{NTr4UlF�YXUxkTNTr4IKYZL_I$N�� JHIKt?a��IKY R E�N � � q V � �x� L � J_NT[ �eF�� q�U{Y�gaXr4IKJHU
[XI�UlYX[�N)� � q � � �x� L�� J_NT[ �erB� q�I�U R Ulr4WXJHEGr4IKYZL_Uu[XI�UlYX[�N)�.L � ��� rB� � ��NuWXJHEGr4IKEGJ_N R NTr{NT[�N
N klIKpGU R EG[�NT[XI@r4IKJHEG[XEGUlY�NTp�WQUlFHFHaXECNTr4WXpGE`L_aX[XIs[XI R IKJ R N7[XI � � � r��eFK��� R Ulr4WQUlYXIKYZL_I �KUlY�NTpjgI
R IKJ R N�[XI�[Xa�NTF�klI �KIKF,r4IKYXUlJKq R IKJ R N [XI � q � �@r��eFK��� gaXYXE R N$[XE`� IKJHIKYoPR N�UlvXFHIKJMkTNT[�N�IKr:JHIKp�NQPRTSNTU
NTU$WQIKJHEGU�[XU f J_NTr{N�[XU�I3�bWQIKJHEGr4IKYZL_U�NTYZL_IKJHEGUlJ4gI�N@r4U�[XE`h R NQPRTSNTUj[XU�WQIKJ gy U�[XU@JHI � IKJHIKYZL_IsNTU$FHEGY�NTp
[�N R Ulr4WQUlYXIKYZL_I �KUlY�NTpb[�N�klIKpGU R EG[�NT[XI~IKr NTr$v�NTF�NTF R NTr{NT[�NTFK�o� NTY�gNTpGEGFHI�FHa f IKJHI�aXr�WQIKJ gy U�[XU
[XI �T� [XE�NTF�W�NTJ_N�IKFHF_N R Ulr4WQUlYXIKYZL_IT�

D�I k�EG[XU{N FHIKr4IKp 
 NTYoPR N [XUlF�W�NT[XJ SUlIKF,[XI R EGJ R aXp�NQPRTSNTU UlvbL_EG[XUlF�IKr NTr$vQUlF�UlF�I3�bWQIKJHEGr4IKYZL_UlF
N R JHIK[XE`LONTr4UlF�t?aXI4U WXJHU R IKFHFHU�[XI r4I NTYX[XJ_NTr4IKYZL_U [�N�| ��q�FHUlv N gUTL_E R N7[�NwNTWXJHU@�bEGr{NQPRTSNTUu[XI
[Xa�NTF R NTr{NT[�NTFoIKFMLON � N�r$aXE`L_U�r{NTEGF�JHIKp�N R EGUlY�NT[XU AN�EGY'��a��IKY R E�N,[�N�UlJHEGIKYZLONQPRTSNTU�[�N�pGEGY 
 N,[XI R UlFMLON
[XUst?aXI�Ns[�N�L_UlWQU f J_Neh�N�[XUsLONTpGaX[XIT�o��p gIKr [�N�L_J_NTYXFHp�NQPRTSNTUs[XUjIKE �bUs[�N R UlJHJHIKYZL_I,W�NTJ_NsWXJ�gU#�bEGr4U
[�N R UlFMLON YXIKY 
 aXr{N UlabL_J_N NTp`L_IKJ_NQPRTSNTU�FHE f YXE`h R NeL_E`kTN@� UlE�UlvXFHIKJMkTNT[�Nb�

|�NTp�NT[XU � �T�l�b� 6
JHI NTpGE��KUla aXr R UlY � aXYZL_U�[XI{I3�bWQIKJHEGr4IKYZL_UlFjFHIKr4IKp 
 NTYZL_IKF$NTUlF � ��� IB� ��\
NTt?aXE�[XIKF R JHE`L_UlF R Ulr � � Y�gy klIKEGFuY�N f J_NT[XI(klIKJML_E R NTp�� ��pGI(LONTr$v~gIKr UlvXFHIKJMklUla�t?aXI UlYX[�NTFuI
k�gUlJML_E R IKF�YXU{FHEGFML_IKr{N7| �
dM|�|~\�Y SNTU7[XIKWQIKYX[XE�NTr [�N4WXJHIKFHIKYoPR N7[�N{WXp�NeLONe� UlJHr{N�IjLONTpGaX[XIKF R UlY�d
L_EGYXIKYZLONTEGF4W�NTJ_N FHI([XIKFHIKYZklUlp`klIKJHIKrw� ��r8FHa�NTF7FHEGr$aXp�NQPRTSUlIKF4Y?aXr gIKJHE R NTF4r4I NTYX[XJHUlF R JHIKF R E�NTr
I(IKJ_NTr IKr4E`L_EG[XUlFKq�FHa f IKJHEGYX[XU t?aXI/EGYXFMLONTvXEGpGEG[�NT[XIwv�NTJHU R p gy YXE R N IKJ_N U WXJHEGY R EGW�NTp,r4I R NTYXEGFHr4U
W�NTJ_N�FHIKaXF�[XIKFHIKYZklUlp`k�EGr4IKYZL_UlFK� ��YZL_JHI LONTYZL_UXq R UlY R pGaXEGa t?aXI7U/I3�bWQIKJHEGr4IKYZL_U R Ulr]L_UlWQU f J_Neh�N
JHI NTp gy FML_E R N I3�bEGvXE�N W�NT[XJ SUlIKF7JHI R UlJHJHIKYZL_IKF [XI(r4I NTYX[XJ_NTr4IKYZL_U r$aXE`L_U r{NTEGF{FHIKr4IKp 
 NTYZL_IKF R Ulr
NTt?aXIKpGIKF$YXUTLONT[XUlF�Y�NTF$EGr{N f IKYXF$�� ������[�N(JHI f E SNTUX�/��FHFHEGrwq�r4I R NTYXEGFHr4UlF@[XIuIKFML_EGJ_NTr4IKYZL_U
WQU�[XIKJHE�NTr NeL_a�NTJ R Ulr4U f NeL_EGp 
 UlF�W�NTJ_N�U [XIKFHIKYZklUlp`k�EGr4IKYZL_U{[�NTF�EGYXFMLONTvXEGpGEG[�NT[XIKFK�

��r YXUlFHFHU R NTFHUXq�Y SNTUwYXUTLONTr4UlF�LONTp�FHabL_EGpGI � Nbq�Uwt?aXI{WQU�[XI FHIKJjIKFHWQI R aXp�NT[XU R Ulr4Uw[XI k�EG[XU
NTUlF R Ulr4WXJHEGr4IKYZL_UlF�[XIsUlYX[�N�r{NTEGF�pGUlY f UlF�UlvbL_EG[XUlF�YXIKFMLONTF,FHEGr$aXp�NQPRTSUlIKFK�
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�,IKFML_I R NTW�gy L_aXpGUXqX� NTJHIKr4UlF R UlYXFHEG[XIKJ_NQPRTSUlIKF�FHUlvXJHI@U{WXJHIKFHIKYZL_I$L_J_NTv�NTp 
 U4[XI@[XEGFHFHIKJMLONQPRTSNTUXq NTF�d
FHEGr R Ulr4U4NTF�FHa f IKFML SUlIKF�W�NTJ_N$L_J_NTv�NTp 
 UlF�� abL_aXJHUlFK�

� �
 	 B/# -"$) � *15 2�* �/%,+ B/; >* 5�;

D�I�N R UlJH[XU R Ulr�UsUlv � I L_E`klUjWXJHEGY R EGW�NTpb[XUsWXJHIKFHIKYZL_I�L_J_NTv�NTp 
 UXqlt?aXI R UlYXFHEGFML_EGa IKr FHI,N kTNTpGE�NTJ
UuFHEGFML_IKr{Nw| �
dM|�|~\�Y�NuJHI f E SNTUuFHaX[XIKFML_I R Ulr4UuaXr FHEGFML_IKr{N7[XUlr4EGY�NT[XUuWQIKpGUuWXJHEGr4IKEGJHU7r4U�[XU
v�NTJHU R p gy YXE R U I(klIKJHE`h R NTJ7FHI/U � IKY��Ulr4IKYXU [XU r4I NTYX[XJ_NTr4IKYZL_U gI(JHIKWXJHU�[Xa �KEG[XU EGFHUlp�NTYX[XUed^FHI(N
[XEGY��NTr4E R N/[XU FHEGFML_IKr{N N IKFMLON IKFML_JHabL_aXJ_N r4U�[�NTp�L_JHaXY R NT[�N NTUlF4[XUlEGF4r4U�[XUlF [XEGY��NTr4E R UlF [XI
r{NTEGF�v�NTE �XN�UlJH[XIKrwqXvXaXF R NTr4UlFK�

�
�,kTNTpGE�NTJKqZN�W�NTJML_EGJC[�NsNTY�gNTpGEGFHI�[XI�[�NT[XUlF
[XI�klIKpGU R EG[�NT[XI�I 
 EG[XJHU f J_Neh�NbqZN R Ulr4WQUlFHEMPRTSNTU�r4U�[�NTp

[XU4FHEGFML_IKr{N4| �
dM|�|~\O�

�
��I kTNTYZLONTJ�N�EGr4WQUlJMLe�NTY R E�N~[�N�[XEGY��NTr4E R N~[XU,WXJHEGr4IKEGJHU�r4U�[XU�Y�N�U R UlJHJK�IKY R E�N�[XI
EGYXFMLONTvXEGpGEG[�NT[XIKF

N W�NTJML_EGJ�[XIsUlvXFHIKJMkTNQPRTSUlIKFK�

�
��WXJHU@�bEGr{NTJ�U U R I NTYXU Y�N�JHI f E SNTU$[�N4| �
dM|�|~\�N�aXr FHEGFML_IKr{N�[XI�[XUlEGF�r4U�[XUlF:� v�NTJHUTL_J�gUlWXE R U

V��
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Isv�NTJHU R p gy YXE R UM��NeL_J_N k
gIKF,[�N NTWXJHU@�bEGr{NQPRTSNTU�[XIs[Xa�NTF R NTr{NT[�NTFK�

�
m�EGr$aXp�NTJ
U@r4I NTYX[XJ_NTr4IKYZL_U@[�N�| �
dM|�|~\
abL_EGpGE�� NTYX[XUjaXr r4U�[XIKpGUjY?aXr gIKJHE R U@[XI�[Xa�NTF R NTr{N d

[�NTFK�

�
�,kTNTpGE�NTJ
NjEGY'��a��IKY R E�Nj[�NsL_UlWQU f J_Neh�Ns[XI�� aXYX[XU$YXU@WXJHU R IKFHFHU$[XI�r4I NTYX[XJ_NTr4IKYZL_UjIKr L_IKJHr4UlF

[�N4NTWXJHU@�bEGr{NQPRTSNTU�WQUlJ�[Xa�NTF R NTr{NT[�NTFK�

��FHFHEGrwq�WXJHU R aXJ_NTr4UlF�NTvQUlJH[�NTJ,U7WXJHUlvXpGIKr{N [XIj� UlJHr{N4N R Ulr4WXJHIKIKYX[XIKJ�N4EGr4WQUlJMLe�NTY R E�N�[XU
WXJHEGr4IKEGJHU r4U�[XU v�NTJHU R p gy YXE R U Y�N kTNTJHE�NTvXEGpGEG[�NT[XIu[XEGY��NTr4E R N [�N |~UlJHJHIKYZL_I/[XU �~J_NTFHEGp�� |~Ulr4U
[XIKF R JHE`L_UsYXU@|�NTW�gy L_aXpGU � qZUlF
JHIKFHaXp`LONT[XUlF�[�NsNTY�gNTpGEGFHI�[XI�[�NT[XUlF
t?a�NTFHI d^FHEGY�gUTL_E R UlF�JHI NTpGE�� NT[�N�NTWXJHI d
FHIKYZLONTJ_NTr vQUZN R UlYb� UlJHr4EG[�NT[XI R Ulr�NTt?aXIKpGIKFCUlvbL_EG[XUlF�WQUlJ *-,4;< %(>,42G" ( ��,��J"	� �T�l�b� 6����<[XE`� IKJHIKYoPR N
NTt?aXE�gI�t?aXIsabL_EGpGE�� NTr4UlF~WQIKJMh�F�[XI�klIKpGU R EG[�NT[XI�UlvXFHIKJMkTNT[�N IsY SNTU�klIKpGU R EG[�NT[XIKF f IKUlFML_J�gUTh R NTF�v�N d
JHU R p gy YXE R NTF f IKJ_NT[�NTF�Y?aXr4IKJHE R NTr4IKYZL_IT� n�UlJMLONTYZL_UXq�EGY R pGa�gy r4UlF�N R Ulr4WQUlYXIKYZL_I v�NTJHUTL_J�gUlWXE R N7IKr
YXUlFHF_N4N kTNTpGE�NQPRTSNTUX�

��FHFHEGrwq R UlY R pGa�gy r4UlF�t?aXIT�

�
c�F�r4U�[XUlFCv�NTJHUTL_J�gUlWXE R U�I�WXJHEGr4IKEGJHUXqTFHI f aXYX[XUjI�L_IKJ R IKEGJHU�v�NTJHU R p gy YXE R UlF�JHIKFHWQUlYX[XIKr WQUlJ p � 7

[�N�kTNTJHE�NTvXEGpGEG[�NT[XI,[XEGY��NTr4E R N@[XU4FHEGFML_IKr{N4| �
dM|�|~\O�

�
c WXJHEGr4IKEGJHU�r4U�[XU�v�NTJHU R p gy YXE R U�WQUlJ�FHE?F�gUXqeJHIKFHWQUlYX[XI~WQUlJ�W�� 7 [XIKFHF_N,kTNTJHE�NTvXEGpGEG[�NT[XIoI
[XUlr4EGY�N

N IKFML_JHabL_aXJ_NuklIKJML_E R NTp�UlvXFHIKJMkTNT[�Nbq R NTJ_N R L_IKJHE�� NT[�N WQUlJ�aXr{N gaXYXE R NuEGYZklIKJHF SNTUw[XI FHIKYZL_EG[XU
YXU4[XUlr�gy YXEGUX�

�,U�|�NTW gE`L_aXpGU<WbqevXaXF R NTr4UlF�EGYb� IKJHEGJ�U�WQUlFHF gy klIKp?W�NTWQIKpZ[XU R EGF_NTp 
 NTr4IKYZL_U�klIKJML_E R NTpZYXU,WXJHU R IKFHFHU
[XI�r4I NTYX[XJ_NTr4IKYZL_U [�N |~UlJHJHIKYZL_I([XU �~J_NTFHEGp,Y�N JHI f E SNTU [XI/|�NTvQU ��JHEGU NeL_J_N k
gIKF7[�N NTY�gNTpGEGFHI
[�N(L_IKUlJHE�N/[XI EGYXFMLONTvXEGpGEG[�NT[XI{v�NTJHU R p gy YXE R N�pGEGYXI NTJ$IwN kTNTpGE�NTJ@U W�NTWQIKp�[XU WXJHEGr4IKEGJHU/r4U�[XU/YXUlF
JHIKFHaXp`LONT[XUlFK�

��FHFHEGrwq R UlY R pGa�gy r4UlF�t?aXIT�
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|~UlYXFHEG[XIKJ_NTYX[XUed^FHIjUlF�t?a�NeL_JHU4WXJHEGr4IKEGJHUlF�r4U�[XUlF�[XEGY��NTr4E R UlF:� v�NTJHUTL_J�gUlWXE R U IsUlF W�WXJHEGr4IKEGJHUlF

v�NTJHU R p gy YXE R UlF��$Y�N JHI R UlYXFML_E`L_aXEMPRTSNTU [XU WQIKJMh�p�[XIwklIKpGU R EG[�NT[XI(NTU pGUlY f U [�N R UlJHJHIKYZL_ITq�U
FHEGFML_IKr{N4| �
dM|�|~\�r4UlFML_JHUla�d^FHI�WQUTL_IKY R E�NTpGr4IKYZL_I�EGYXFML�gNeklIKp��

�
|~UlYXFHEG[XIKJ_NTYX[XUed^FHIwNTWQIKY�NTF UlF�[XUlEGF�WXJHEGr4IKEGJHUlF@r4U�[XUlF$[XEGY��NTr4E R UlF � v�NTJHUTL_J�gUlWXE R U/IuWXJHEGr4IKE d

JHU(v�NTJHU R p gy YXE R UM��Y�NwJHI R UlYXFML_E`L_aXEMPRTSNTU�[XU(WQIKJMh�p�[XI4klIKpGU R EG[�NT[XI7NTU�pGUlY f Uw[�N R UlJHJHIKYZL_I7U
FHEGFML_IKr{Nu| �
dM|�|~\�r4UlFML_JHUla�d^FHI@WQUTL_IKY R E�NTpGr4IKYZL_IsEGYXFML�gNeklIKp���|~Ulr4U7NTF R UlYX[XEMPRTSUlIKF�[XI@EGYXF�d
LONTvXEGpGEG[�NT[XI@[XIKWQIKYX[XIKr][XU f J_NT[XEGIKYZL_I$klIKJML_E R NTp�[XI$klIKpGU R EG[�NT[XI+� Ula FHI � Nbq � ��� 	 � q�NTWQIKY�NTFsU
WXJHEGr4IKEGJHU�r4U�[XU R UlYZL_JHEGvXaXE�W�NTJ_N t?aXIjNTF R UlYX[XEMPRTSUlIKF�[XU L_IKUlJHIKr{N�FHI � NTr:F_NeL_EGFM� IKE`LONTFK�

�oEGY�NTpGr4IKYZL_ITqlYXU$|�NTW�gy L_aXpGU ��qZabL_EGpGE�� NTr4UlFoaXr r4U�[XIKpGU�Y?aXr gIKJHE R U R UlYZL_IKYX[XU@[Xa�NTF R NTr{NT[�NTF
W�NTJ_N7IKFML_aX[�NTJsNu[XEGY��NTr4E R N4[�Nw|~UlJHJHIKYZL_I [XU �~J_NTFHEGp�q t?aXI4NTabL_Ulr{NeL_E R NTr4IKYZL_IjL_JHaXY R N N7IKFML_JHa�d
L_aXJ_N�[XEGY��NTr4E R N�NTU(r4U�[XU(v�NTJHUTL_J�gUlWXE R U�I N�aXr gaXYXE R U(r4U�[XU(v�NTJHU R p gy YXE R UX�w�:EG[XIKYZL_E`h R NQPRTSNTU
IKYZL_JHI�U U R I NTYXU�UlvXFHIKJMkTNT[XU4I�U�U R I NTYXU r4U�[XIKp�NT[XU gI R UlYX[Xa �KEG[�N$k�E�N�N@LbgI R YXE R N�[�N R NTpGEGvXJ_NQPRTSNTU
[XEGY��NTr4E R Nj[XIKF R JHE`LON$IKr 9;<,=(>23; � � V p �#6� k�EG[XIs|�NTW�gy L_aXpGU � � � �,U�WXJHEGr4IKEGJHU@I3�bWQIKJHEGr4IKYZL_U+�D� ����� q
N kTNTpGE�NTr4UlF�U R Ulr4WQUlJMLONTr4IKYZL_U�[XUsFHEGFML_IKr{Nj| �
dM|�|~\ R UlYXFHEG[XIKJ_NTYX[XU@N�L_UlWQU f J_Neh�N�JHI NTp gy FML_E R N�[�N
JHI f E SNTUX� �,U�FHI f aXYX[XU/I3�bWQIKJHEGr4IKYZL_U �D� ��\�� qoN kTNTpGE�NTr4UlFsU R Ulr4WQUlJMLONTr4IKYZL_U�[XU�FHEGFML_IKr{N/| �
d
|�|~\ R UlYXFHEG[XIKJ_NTYX[XU(aXr{N L_UlWQU f J_Neh�N [XI4� aXYX[XU(EG[XI NTpGE�� NT[�Nbq�Y�N�t?a�NTp�JHIKr4UxklIKr4UlF$NTFs� IKEMPRTSUlIKF
[XU�LONTpGaX[XITqbL_J_NeLONTYX[XUed^U R Ulr4U�aXr{N�FHEGr4WXpGIKF��lW�NTJHIK[XI ��klIKJML_E R NTp��

�,U WXJHEGr4IKEGJHU�I3�bWQIKJHEGr4IKYZL_U��D� ����� q R UlY R pGa�gy r4UlF�t?aXIT�

�
c W�NT[XJ SNTU@UlvbL_EG[XU gI,[XI�aXr r4I NTYX[XJ_NTr4IKYZL_U@[XI�NTW�NTJK�IKY R E�NsJHI NTp gy FML_E R Nbq R Ulr UlF~r4I NTYX[XJHUlF�FHI

WXJHUlW�N f NTYX[XUjW�NTJ_N�FHaX[XU�IKFML_I R Ulr�klIKpGU R EG[�NT[XI�[XI�� NTFHI�[XI�d � q �T� r��eFKqZUla FHI � Nbq�[�N�UlJH[XIKr
[�NwklIKpGU R EG[�NT[XI{[�N R UlJHJHIKYZL_IT�%��N�WXJHEGr4IKEGJ_N R NTr{NT[�NbqoIKFML_JHabL_aXJ_NTF@klUlJML_E R NTEGFs� UlJHr{NTY�d^FHI
WQIKJHEGU�[XE R NTr4IKYZL_IB� � � [XE�NTF�� qQIKr L_UlJHYXU{[XI �T� � qQFHa f IKJHEGYX[XU7t?aXI$N7NTvXJHaXWbLON kTNTJHE�NQPRTSNTU{[�N
UlJHEGIKYZLONQPRTSNTUw[�N pGEGY 
 N7[XI R UlFMLONwYXIKFHF_NwJHI f E SNTU R UlYZL_JHEGvXa�NuW�NTJ_N Uw[XIKFHIKY R NT[XI NTr4IKYZL_U([XU
WXJHU R IKFHFHU{[XIsr4I NTYX[XJ_NTr4IKYZL_U [�N4| ���
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�
c W�NT[XJ SNTUjUlYX[XaXp�NeL�gUlJHEGU(gI�k�EGFHE`klIKpGr4IKYZL_I�v�NTJHU R p gy YXE R U R Ulr IKFML_JHabL_aXJ_NTF�klUlJML_E R NTEGFKq?Y�N R NTr{NT[�N

EGYb� IKJHEGUlJKqbUlWQUlFMLONTF,NTF�UlvXFHIKJMkTNT[�NTF�Y�N FHaXWQIKJM�Mgy R EGIT�

�
��FML_I�W�NT[XJ SNTUsUlYX[XaXp�NeL�gUlJHEGU�gI�Us[XI�UlYX[�NTF
[XI���UlFHFHv���FHaXWQIKJHWQUlFMLONTF~NTU�FHEGFML_IKr{Nj| �
dM|�|~\ R Ulr

R Ulr4WXJHEGr4IKYZL_UlF�[XIsUlYX[�N�[�N UlJH[XIKr:[XI LZW � � r:IsWQIKJ gy U�[XU R NTJ_N R L_IKJ gy FML_E R U [XI � �$[XE�NTFK�

�
c R UlJHJHI�Nj� UlJHr{NQPRTSNTUj[XI�k�gUlJML_E R IKF R E R p��UlYXE R UlF�Y�NTF~JHI f E SUlIKF~[XI�m SNTU ��Ulr gITqX|�NTvQU���JHEGUjI���N R E�N

[XI$mbNTYZL_UlF,NTFHFHEGr R Ulr4U�� JHIKt?aXIKYZL_IKr4IKYZL_I@UlvXFHIKJMkTNTr4UlF�Y�NTF�EGr{N f IKYXF��� �����s�

�
D�E�NTYZL_Is[XUlF,JHIKFHaXp`LONT[XUlF�UlvbL_EG[XUlFKq�U{FHEGFML_IKr{N{| �
dM|�|~\�WQU�[XIjFHIKJ�IKFML_aX[�NT[XU{FHUlv/N gUTL_E R N [XUlF

[XUlEGF$WXJHEGr4IKEGJHUlFjr4U�[XUlF$[XEGY��NTr4E R UlFK� ��r R UlY R UlJH[��NTY R E�N R Ulr�IKFML_aX[XUlF NTYZL_IKJHEGUlJHIKF�t?aXI
EGYX[XE R NTr t?aXI�U@WXJHU R IKFHFHU$[XI�r4I NTYX[XJ_NTr4IKYZL_U gI�[XI,Y�NeL_aXJHI � N@EGYZL_IKEGJ_NTr4IKYZL_I�v�NTJHU R p gy YXE R Nbq
Y SNTUu� UlEopGI kTNTYZLONT[�N{YXIKFML_I�L_J_NTv�NTp 
 UuN7EGr4WQUlJMLe�NTY R E�N4[XUlF�r4Uxk�EGr4IKYZL_UlF�v�NTJHUTL_J�gUlWXE R UlF�YXU
[XIKFHIKYZklUlp`k�EGr4IKYZL_U{[XU FHEGFML_IKr{N�[XIsUlYX[�NTF�v�NTJHU R p gy YXE R UX�

�,U FHI f aXYX[XU{I3�bWQIKJHEGr4IKYZL_U��D� ��\�� q R UlY R pGa�gy r4UlF�t?aXIT�

�
c W�NT[XJ SNTU�UlvXFHIKJMkTNT[XU gITqZYXUxkTNTr4IKYZL_ITq?[XI�aXr�r4I NTYX[XJ_NTr4IKYZL_Us[XI�NTW�NTJK�IKY R E�N�JHI NTp gy FML_E R Nbq R Ulr

UlF�r4I NTYX[XJHUlF
FHI,WXJHUlW�N f NTYX[XUjW�NTJ_NsFHaX[XU�IKFML_I R Ulr�klIKpGU R EG[�NT[XI�[XI�� NTFHI,[XI�d � q � W�r��eF
[�N
UlJH[XIKr [�N$klIKpGU R EG[�NT[XI�[�N R UlJHJHIKYZL_IsI R Ulr4WXJHEGr4IKYZL_U�[XIsUlYX[�N [XI L � � � rw�

�
c IKE �bU7[�N7| � L_J_NTYXFHp�NT[�N d^FHIjW�NTJ_N{WXJ�gU#�bEGr4U4[�N R UlFMLON{I$IKp�N{NTWXJHIKFHIKYZLON7aXr W�NT[XJ SNTU7UlYX[Xa�d

p�NeL�gUlJHEGU$vQIKr:[XI h�YXEG[XU4FHEGr4EGp�NTJ~NTU UlvXFHIKJMkTNT[XU4YXUF���bWQIKJHEGr4IKYZL_UJ� ���s�

�
��NTaXFK�IKY R E�N [�N$L_UlWQU f J_Neh�N$[XI�� aXYX[XU4Y SNTU�WXJHU�[Xa �KEGaukTNTJHE�NQPRTSUlIKF�YXU W�NT[XJ SNTU UlYX[XaXp�NeL�gUlJHEGU$YXU

���bWQIKJHEGr4IKYZL_U+� ��\�t?a�NTYX[XU R Ulr4W�NTJ_NT[XU NTU+���bWQIKJHEGr4IKYZL_U � ���sq�Uut?aXI FHa f IKJHI t?aXI U
r4I NTYX[XJ_NTr4IKYZL_U,IKFML_I � N,r$aXE`L_U�r{NTEGF�JHIKp�N R EGUlY�NT[XU AN�UlJHEGIKYZLONQPRTSNTU,[�N�pGEGY 
 N�[XI R UlFMLON�[XU�t?aXI
N�L_UlWQU f J_Neh�N�[XI�� aXYX[XUX���,IKFML_I R NTFHUXqZU R JHIKF R EGr4IKYZL_UsY�N�NTr4WXpGE`L_aX[XI~[XUlF�r4I NTYX[XJHUlFCFHIKJHE�N
JHIKFHaXp`LONT[XU@[XI�EGYXFMLONTvXEGpGEG[�NT[XIKFKqlt?aXI�NTpGI NeL_UlJHE�NTr4IKYZL_I�FHI�[XIKFHIKYZklUlp`klIKr t?a�NTYX[XU$UlYX[�NTF�Y�NTF
[Xa�NTF R NTr{NT[�NTF�[XU r4U�[XIKpGU�FHI R UlpGU R NTr IKr:[XE`� IKJHIKYoPR N [XI�� NTFHIjNT[XIKt?a�NT[�Nb�
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n�UlJ h�rwq�WQU�[XIKr4UlF{Neh�JHr{NTJ t?aXI(N | ��WQU�[XIwFHIKJ{IKFML_aX[�NT[�N N W�NTJML_EGJ [�N gUTL_E R N [XI�aXr
FHEGFML_IKr{N(v�NTJHU R p gy YXE R U�[XUlr4EGY�NT[XU/WQIKpGU/WXJHEGr4IKEGJHU�r4U�[XUX� c�F�r4I NTYX[XJHUlF�Y SNTU F SNTU IKr�YXUlFHF_NTF
FHEGr$aXp�NQPRTSUlIKFKqXJHIKFHaXp`LONT[XU [�N�L_UlWQU f J_Neh�N�[�N�JHI f E SNTUX���YZL_JHI LONTYZL_UXq�IKpGIKF�W�NTJHI R IKr IKFMLONTJ,v�NTFMLONTYZL_I
JHIKp�N R EGUlY�NT[XUlF R Ulr N�kTNTJHE�NQPRTSNTU Y�N4UlJHEGIKYZLONQPRTSNTU [�N4pGEGY 
 N�[XI R UlFMLONb��D�I k�EG[XU4N4IKFMLON kTNTJHE�NQPRTSNTU4N
JHI f E SNTU$IKr�L_UlJHYXU�[XI �T� �7gIsN�NTW�NTJHIKYZL_IKr4IKYZL_IsU �lvQIKJePR gNTJHEGU �$[�NTF�IKFML_JHabL_aXJ_NTF R E R p��UlYXE R NTF~UlvXFHIKJ�d
kTNT[�NTF~NTUjpGUlY f Us[�N$| ���?��p gIKr [XEGFHFHUXq?UlF�r4I NTYX[XJHUlF~NTWXJHIKFHIKYZLONTr aXr R JHIKF R EGr4IKYZL_UjL_IKr4WQUlJ_NTp�q
U t?a�NTp,FHI f aXYX[XU N NTY�gNTpGEGFHIw[XI�[�NT[XUlFKq�WQU�[XIwIKFMLONTJ7JHIKp�N R EGUlY�NT[XU�AN EGYXFMLONTvXEGpGEG[�NT[XI f IKUT�Mgy FHE R Nb�
��IKFMLON IKF R p�NTJHI R IKJ,FHI gIsaXr:WXJHU R IKFHFHU{[XIjEGYXFMLONTvXEGpGEG[�NT[XI�r4EGFMLONbqXv�NTJHUTL_J�gUlWXE R N�Ulawv�NTJHU R p gy YXE R Nbq�I
t?a�NTp�gIsU r4I R NTYXEGFHr4U�WXJHEGr<gNTJHEGUX�

� � � � )�* � *4; 6 "$; �wB 6 B/)�"$;

�,UlFHFHUlF�JHIKFHaXp`LONT[XUlF�r4UlFML_J_NTJ_NTr t?aXIsU R JHIKF R EGr4IKYZL_U L_IKr4WQUlJ_NTp�[XUlF�r4I NTYX[XJHUlF�[�N4| � WQUed
[XIKr�IKFMLONTJ�JHIKp�N R EGUlY�NT[XUlF AN(EGYXFMLONTvXEGpGEG[�NT[XI f IKUT�Mgy FHE R Nb� D�IKFHF_N(� UlJHr{NbqCW�NTJ_N(aXr{N/NTvQUlJH[�N f IKr
r{NTEGF R UlY R pGaXFHE`kTNbq R gNTp R aXpGUlF�[XUlF�r{NTW�NTF�[XI,klUlJML_E R EG[�NT[XI,WQUTL_IKY R E�NTp�FHIKJHE�NTr I3��L_JHIKr{NTr4IKYZL_I�IKpGa�d
R EG[�NeL_E`klUlFK� ��p gIKr [XEGFHFHUXq R gNTp R aXpGUlF�[XI R UlYZklIKJHF SNTU [XI IKYXIKJ f E�Nbq�NTWXpGE R NT[XUlF�NTUlF�JHIKFHaXp`LONT[XUlF [XU
r4U�[XIKpGUXq?FHIKJHE�NTr�r$aXE`L_U<gabL_IKEGF~YXU EGYZL_aXE`L_U@[XI�t?a�NTYZL_E`h R NTJHr4UlF�NTF�EGYb� IKJK�IKY R E�NTF~[XI�EGYXFMLONTvXEGpGEG[�NT[XI
v�NTJHU R p gy YXE R NjYXU4FHEGFML_IKr{N4| �
dM|�|~\O�

|~Ulr U4Ulv � I L_E`klU{[XIjJHI NTpGE�� NTJHr4UlF�aXr{N4NTvQUlJH[�N f IKr:WXaXJ_NTr4IKYZL_Ijv�NTJHU R p gy YXE R NbqXIKpGEGr4EGY�NTYX[XU
NTFHFHEGr NTF R Ulr4WQUlYXIKYZL_IKFjv�NTJHUTL_J�gUlWXE R NTF f IKJ_NT[�NTFsY�NTFjFHEGr$aXp�NQPRTSUlIKFKq�N EGr4WXpGIKr4IKYZLONQPRTSNTUu[XI4aXr{N
LONTr4W�N�J gy f EG[�N R Ulr4U R UlYX[XEMPRTSNTUs[XI R UlYZL_UlJHYXUjY�NsFHaXWQIKJM�Mgy R EGI�[XUjU R I NTYXUjr4U�[XIKp�NT[XU R UlYZL_JHEGvXaXEGJHE�N
W�NTJ_N/aXr�IKFML_aX[XU r{NTEGF$[XI LONTp 
 NT[XU [XU WXJHU R IKFHFHU WQUlEGFKq
[XIKFHF_N � UlJHr{Nbq
NTF IKF R NTp�NTF�[�NTF UlYX[�NTF
v�NTJHUTL_J�gUlWXE R NTF@[XE`� IKJHEGJHE�NTr NTr4WXp�NTr4IKYZL_I4[�NTF$IKF R NTp�NTF$[�NTF�UlYX[�NTF$v�NTJHU R p gy YXE R NTFsEGYXEGvXEGYX[XU�r{NTEGF
I � I L_E`kTNTr4IKYZL_I�U4N R UlWXp�NTr4IKYZL_U IKYZL_JHIsUlF�r4U�[XUlFK�

c�abL_J_Nwt?aXIKFML SNTU(EGYZL_IKJHIKFHF_NTYZL_I7FHIKJHE�N�NwEGY R pGaXF SNTUw[XU(r4Uxk�EGr4IKYZL_UwIKr]Y�gy klIKEGFjr{NTEGFsWXJHUT� aXY�d
[XUlFKq�NTFHFHU R E�NT[XUlF AN |~UlJHJHIKYZL_I�[XI/|~UlYZL_UlJHYXU c�IKFML_I(n�JHUT� aXYX[�N ��|�|�n � I(N g� f a�N n�JHUT� aXYX[�N
[XU(��L_p��NTYZL_E R U �,UlJML_IT�/noNTJ_NwLONTYZL_UXqCaXrVr4U�[XIKpGUwJHI f EGUlY�NTp�NeL_EGY f EGYX[XU�Y�gy klIKEGF$NTvXEGFHF_NTEGFjI7WQUlF�d
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FHE`klIKpGr4IKYZL_ITqQr{NTEGF�aXr{N R NTr{NT[�NQ� IjWQUlJ R UlYXFHI f aXEGYZL_ITq r{NTEGF�aXr r4U�[XU4[XEGY��NTr4E R UM��NTFHFHU R E�NT[XU
AN/EGYZklIKJHF SNTU [XI ��aO�bU IKYZL_JHI�N |�|~\$I�N |�|�n���� WQIKJ f aXYZLON v�gNTFHE R N gI FHIwI klIKYZL_a�NTpGr4IKYZL_IwUlF
r4I NTYX[XJHUlF�[�N{|�|�n IKFMLONTJHE�NTr:FHIKYX[XU4EGY'��aXIKY R E�NT[XUlF�WQIKpGUlF�r4I NTYX[XJHUlF�[XU4FHEGFML_IKr{N4| �
dM|�|~\O�
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