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iP³Ýv�³wlóxËln��i&~ks\¸ó�±ºæ·&Ì>~J{���{ Ö suiËy ~τ = (τ (x),τ (y)) Å&qtsus�iP³�ÊKqtjJmç¸ó��lvwi&jk³u{|qtj�mJ~�xti&j¿vÈy f = f0 + βy iP³�v1��i�ÊVlnsulnØä&vws�idmJi è qts�{�qt�|{�³&y Ah
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q�� ξm = hmod − h0
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× é���� mJi�vwiPØÊT·Pswl¶vw~ks�i�mki Ö s�{��|�ÄlnjkÅ&in� è iP³ÇmJqtjkjk·&iP³Çmk{|suiPÅavwi&ØCi&j.vósu·PÅ&iPÊJvu{�qtjJjk·Pi&³ÇÊVlnsó�|i´��}r�¨y
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g � iP³�ØCqt{|³Ãm½ºæ·avw·¤³�qtj¿vê��i&³ÞÊJ��~k³�¸-Ø'&&ØCirmki1xn·Ps�{|ÚVi&s��º ·PÌ.~Vl¶vw{�qnj¹mki¤Å&qtjk³�iPs�xËlËvu{�qtjCmki¤��l7vwi&ØCÊT·a�
sulËvw~ks�i � dT/dt ' 0 �gZ��{|jk{�Ø-~kØ�mJi7j.~VlËÉtiP³&�
g ë vusu~kÅavw~ks�iP³rqMÅ&·ÈlnjJqtÉtswlËÊkÆk{�Ì.~ki&³/m½ºæ{|j¿vw·Ps�&&vu³/Î<lËÅP{��|iPØiPj¿vê{|mkiPj¿vw{ÛÚEl Ö �|iP³&�

� iP³/mki&~��b³u·&Ì>~JiPjkÅ&iP³¤Å&qtsus�iP³uÊTqtjkmklnj¿v1¸eÅ&iP³rÅPsu{Ûvwä&suiP³/Å&qtsus�iP³uÊTqtjkmJiPj¿v¤¸ �
g( Õ{�ØClnÉti&³�mk~ÜÐ���ln~ÜÐ«ì)"�~k{��|��i&v1Ð"ÒtÒtÔMy
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�òsui&ØC{|äPsui&³/ÅPqtjk³Ýv¨lËvwlËvw{|qtjk³êÅ&qtjkÅPi&sujVlËj.vr�|iP³/{�ØClnÉti&³ �
g �Í�?jkiÕ³&ºñlnÉn{|v�ÊVln³¤m½º {�ØClnÉti&³�mJi ëkë í mkqnjkÅÕqtj�mJ{�Ø{�j.~ki7��i Ö su~k{Ûv¤ØCln{�³/qtj´jJi-ÅPqnsusu{|Éti7ÊVln³¤mki&³
i	�¡iavw³òlËvuØCqn³uÊkÆk·&su{|Ì>~JiP³P�nã-ºælnÊksuä&³6h�i&jkjVlnmMoÕprqtsuqnvwlni&xd{��>iP³ÝvòØ{�iP~��-m¡ºæi&³u³wlÈoniPsÃjkqt³�vuswln{Ûvwi&ØCi&j.v
³�~ks/mkiP³/{�ØClnÉti&³ê��i&³êÊk��~k³/³�{�ØÊk��i&³�ÊKqn³u³u{ Ö ��iË�
g � iP³ê{|Ø¹lËÉtiP³�ÊJsu·P³�iPj¿vwi&j¿v1Êk�|~k³u{|iP~ks�³/lns�vui&Î<lnÅavw³êÌ.~k{½mJqt{|xniPj¿v)&&vws�i\ÅPqts�su{|Ét·P³êlÈxËlnj¿v/mki\vwi&j¿vwiPsê~Jjki
i&³�vw{|Ø¹l¶vw{�qnjómkiP³/x>{|vuiP³u³�iP³&� è i&³1lËs�vwiaÎ<lnÅ&vu³ê³uqtj¿v�mk~k³ �
Ðt�/lË~��´Êks�q Ö �|äPØiP³\lËvuØCqn³uÊkÆk·&su{|Ì>~JiP³�<�|iP³¤j.~VlËÉtiP³\·av¨lnj¿v���i&³¤Øqt{�jk³�ÉtswlÈxniP³\ÅÈlËs¤Î<lnÅP{|��iPØiPj¿v
{|mkiPj¿vu{|ÚEl Ö ��iP³w²ayï �/¸Çmki&³�Êksuq Ö ��äPØiP³\mJis�·PÅ¨ÆVlË~+�¡i&ØCi&j¿vdqn~ÜmJis�i&ÎÏs�qt{�mk{|³u³�iPØiPj¿v\ÊTqtjkÅ&vu~kiP�|³\mk~k³7ln~R³�vusui&³u³
mJiÕxtiPj¿v¹�<ÊTiP~RmkidxtiPj¿v7{�ØÊk�|{�Ì.~ki7~kjRsu·PÅ¨Ækln~+�KiPØiPj¿v�mkie�ÄlC³u~ksÝÎ<lnÅPiÕvwlnjkmk{|³¤Ì.~½ºæ~JjRxniPj¿v
³�qt~JvuiPj.~�ÊTiP~bÉt·PjJ·Psui&s�~Jj-,k~���ÎÏsuqt{|mÇsui&ØCqtj¿vwlnj¿v/mkiP³rÅPqt~JÅ¨ÆkiP³r{�jJÎÏ·&su{|iP~ks�iP³¨²(y

�J�/¸´~kjJióxnlËsu{Äl¶vw{�qnjçÉt�|q Ö ln�|i¹mkiÇ��l�vwi&ØCÊT·PsulËvw~ks�ióm½º ~kjki�{�ØClnÉti¹¸��ºæln~JvusuiÇlÈxti&Å�mkiÇ�Älns�ÉtiP³
xËlns�{ÄlËvu{�qtjJ³�³uÊVl¶vw{ÄlË��iP³&�� l�ÚVÉn~ksuieÐ7ÊKi&suØi&v/mki\x>{�³�~Vln�|{�³ui&s�mki&~��b{�ØClnÉti&³�ÅPqtjJ³u·PÅ&~Jvw{Ûxti&³1ÊVlns�ØC{|³�ÅPi&���|iP³ê³u·&��i&Å&vw{|qtjkjk·&iP³&�

×�qnvuqtjk³dÌ>~JiC�|iP³7mkqtjkjk·&iP³ ëJë í i	�M{�³Ývwi&j.v-i&vdjkqt~k³7qtj¿vÕ·avw·�ÎÏqt~ks�jk{�i&³d³�qt~k³-��l�ÎÏqnsuØimJiÚVÅ¨ÆJ{�iPs�³�\ëJè �u�¨�¿��ln��Æki&~ksui&~k³ui&ØCi&j¿vÈyt��l1ÊKi&su³�qtjkjki�Ì.~k{kl�vwsulnjk³�ÎÏqnsuØ·���i&³�mkqnjkjk·Pi&³òÊKqn~ks��|iP³'Øi&v�vwsuiÞiPj �¤ëkè �u�
ldvusuqtjkÌ.~k·�ÅPi&³�ÚVÅ¨Æk{|iPsu³�¸-~kjki��ÄlËvu{|vw~Jmki�mJqtjkjk·&in� é sÞ��iP³6³�vusu~kÅavw~ks�iP³êÌ.~k{Kjkqt~k³Þ{�j¿vw·&suiP³�³ui&j.v/³�qtj¿v�mVlËjk³
�ÄlÕÊklns�vu{�i¤vws�qtjkÌ.~k·&in�
×�qnvuqtjk³¤i&jJÚVj´Ì.~kiemki&³1vwsul%"�iPÅavwqt{|sui&³¤mki Ö qt~k·&iP³¤mk·&su{ÛxnlËj.vuiP³¤³�~ks¤��ló��i&s\×�qt{|suidi	�M{�³ÝvwiPj¿v�mki&Êk~k{|³ï åtåMÐt�T×�qt~k³1jki-ÊTqt³u³�·Pmkqnjk³\ÊVln³�ÅPiP³\mJqtjkjk·&iP³PyK��i&³1mkqtjJjk·Pi&³\~Jvw{|��{�³ul Ö �|iP³/ÊVlns���i7ØCq>mkäP�|idj¡ºæ·av¨lnj¿v\ÊVlË³

vwsuln{|vu·Pi&³"�~k³�Ì.~½ºñ¸ÜÅPi&³¹mVlËvuiP³&�Þ�Í�/iP³Ýv¹ÊTqt³�³u{ Ö ��i�mki�s�·PÅ&~kÊK·&sui&s¹��i&³�mkqtjkjk·&iP³óØCln{|³eÅPiP��lÜjJiPÅPi&³u³�{|vwi�~kj
Êks�·a��vuswln{Ûvwi&ØCi&j.vÊTqt~ks��i&³Cmkqnjkjk·Pi&³ómkibxtiPj¿vÇiav¹m¡ºñln�Ûvw{|ØC·avwsu{|iÇÌ.~k{�j¡ºñlÜÊVln³¹i&jkÅPqnsui�·avw·�su·ÈlË��{�³�·bln~
��}r�¨�
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{|ØCÊTqts�vwlnj¿v�i&³�vrÅPi&��~k{K��{|·¤¸e�Äl-sulnÊk{|mki1xËlnsu{�lËvw{|qtjCvuiPØÊKqnsuiP�|��irmki\�Äl-vuiPØÊK·&swlËvu~ksui�v¨lnjkmJ{�³�Ì.~½º qtj
Å&qtjk³�vwlËvwi¹mki¹��lnsuÉti�xËlnsu{�lËvw{|qtjk³�³uÊklËvw{�ln��i&³P� � l�ÚVÉt~ks�i�ÐóÊTiPs�ØCiav-mkiCxM{|³u~VlË��{�³�iPs7��i&³dxËlnsu{�lËvw{|qtjk³
³�ÊVlËvw{�ln��i&³Þvwlnjkmk{|³�Ì.~ki¤��ldÚVÉt~ks�i ï ÊTiPs�ØCiav�mki1x>{|³u~Vln�|{�³�iPs��±ºæ·axtqt�|~Jvw{|qtjmki\�Äl�vwiPØÊT·Pswl¶vw~ks�i1m½º ~kj
Êk{M�MiP�5ln~�ÅPqn~ksu³/mk~�vwi&ØCÊk³r¸eÅPqnØCÊVlËsuiPs/lÈxniPÅ7��i\Å&o>Å&��i�³uqt��ln{�s�in�

�J�rzò³�vu{�ØClËvw{|qtjómki&³rx>{ÛvwiP³�³ui&³�ÊVlËs�vwswlË{|vwi&ØCi&j¿v/mkiP³/{�ØClnÉti&³P�
Ók� � ³u³u{|ØC{|�ÄlËvu{�qtj�mkiP³�x>{|vuiP³u³�iP³dlÈxtiPÅ�ÚV�ÛvwsuiemJi¹p�ln�|Ø¹lnj�³u{�ØÊk�|{|ÚV·��ÏØ'&&ØCiÕvÍo>ÊTi�m½ºñlËÊkÊksuq>Å¨ÆkiÌ.~ki
�±ºñln³�³u{|ØC{|�ÄlËvu{�qtjómJiÕ�ºæln�|vu{�Ø·&vusu{�iÈ²a� � i-�òsuqnÎÏi&³u³ui&~ks�p�qnsuqnvwlni&xbÊks�qtÊKqn³ui-mJiÕsu·Pln��{|³uiPsrÅPiavuvuiÕÊVlnsÝvw{�i
ln~ó��}��¨� é j¹ÊTiP~JvÞ·PÉtln��i&ØCi&j.vÞ~Jvu{���{|³ui&sò��i/Ø'&&ØCi/vÍo>ÊKirm½ºælnÊkÊks�qMÅ¨ÆJi1Ì.~ki¤Å&iP���|i/mk·&xniP��qnÊkÊK·&i1ÊVlËs
h\iPs�Ø¹lnjÇí?qts�suäP³�ln~ è zÃî1�b� èêë �
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mk~bØqMmkä&��iË�N �)Krjki´ln~Jvusui�{|mk·Pi�ÊksuqnÊKqt³�·Pi�Êklns�h\iPjkjVlËmJo prqtsuqËv¨lniax�i&³�v�m½º iPj¿x>{�³ulnÉti&sómki�Î<lO�&qtj mk{��¡·&sui&j.vui
�±ºñln³�³u{|ØC{|�ÄlËvu{�qtj7mkir�Äl\xM{Ûvwi&³u³uirmVlnjJ³Þ�|irØq>mkäP�|inyt{|�V³PºælnÉt{|vÃmJi�Å&qtj¿vwswlË{�jkmks�i/�º ·PÌ.~VlËvu{�qtjmki/ÅPqtjJ³uiPs��
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du

dt
− fv = g′

∂h

∂x
+

τ (x)

ρ0h
+ Ah∆u

dv

dt
+ fu = g′

∂h

∂y
+

τ (y)

ρ0h
+ Ah∆v

∂h

∂t
+

∂(uh)

∂x
+

∂(vh)

∂y
= λ[ξd − ξm]

∂T

∂t
+ v · ∇T = A sin(ωt) + B cos(ωt)

�<Ó¿²

q�� A i&v B ³�iPswlË{�iPj¿v�mkiP³ÞÅPqtjk³Ýv¨lnj¿vuiP³êÌ.~k{TÊKqt~JsuswlË{�iPj¿v$&&vws�i1i&³�vw{|ØC·&iP³Þ��qts�³Þm½º ~kjki1Êksuq>ÅP·&mk~ksui�mkiØ{�jk{|ØC{|³wlËvu{�qtjblnmJ·PÌ.~VlËvuiCl¶ÚVjAmJiesu·PmJ~k{�s�ie��iP³\qn³uÅP{|����lËvw{|qtjk³1mJie�Äl¹vwi&ØCÊT·PsulËvw~Jsuiemki Ö s�{�����lnjkÅ&iny
iav ω i&³�v��Äl-ÎÏsu·&Ì.~kiPjkÅ&i-Å&qtsus�iP³uÊTqtjkmklnj¿v1¸e~kjJidÊT·Ps�{�q>mki¤mki ï Ó�Æki&~ksui&³P�

ì


