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Ì&ÍSX�p:d�Î Ï�_ah d�c+d^eC_aÍSX�w�h ÐV]q[�k�_ah d�c+YS]ad�ÑSÎ XZ`�w�XZY{XZc\wSp�d�c�_aÍSX�evd�Î Î d�Ò�h cSg�p:Xl_0d^e!w�h `bXZc\p:h d�c\[^Î¦Y\[^]q[^`bXl_aXZ]qpZÓ�]q[�w�h Ï\p*d^e
_aÍSX�w�h ÐV]q[�k�_ah cSgÔklr2Î h c\w�XZ]6ÕÖ{× `j[�u�h `j[^ÎD[^`bYSÎ h _aÏ\w�X�d^e�_aÍSX�h c\kld�`bh cSg�Ò&[£o�X�g�]ad�ÏSY ÕØ × ÏScSh evd�]a`�Ò&[�_aXZ]0w�XZY�_aÍ ÕÙ [^c\wg�]q[£o2h _Jr�[�kZklXZÎ XZ]q[�_ah d�c�ÕÚVÛDÜ e«_aXZ]8_aÍSXGh c�_a]ad�w�Ï\klh d�c�d^e#cSd�c�Ý�w�h `bXZc\p:h d�c\[^ÎQkld2d�]qw�h c\[�_aX�p�Þqßà\á ßâ�á ßãQäMå ßæ Þ à{á¯â�áJã�ä:ç ßè å ßé è ç ßê åë ßæ�ì ßí ê ç ßî å ßé�ï ßæ ßí î _aÍSXGcSd�c�Ý¯Î h cSX�[^]¦evd�]a`!ÏSÎ�[�_ah d�c�h c\klÎ Ï\w�X�p¦_aÍSXbXlu�YSÎ h�klh _C[^`bYSÎ h _aÏ\w�XbY\[^]q[^`bXl_aXZ]8ð±ñ ÕØDò ÕÖ m²Ò�ÍSh�kqÍ�h�p_aÍSXC`bX�[�p:ÏS]aX¦d^e>cSd�c�Ý¯Î h cSX�[^]ah _Jrjd^eQ_aÍSXCYS]ad�ÑSÎ XZ` ÛMó X�kld�c\p:h�w�XZ]&_aÍSXCÎ h `bh _�ð�ôöõb[^c\w±_q[^y�XDh c�_adj[�kZkld�ÏSc�_&_JÒ�dG÷\]qpJ_&_aXZ]a`jpd^e{_aÍSX8kld�]a]aX�p:Y{d�c\w�h cSgD[�p:r2`bY�_ad^_ah�k&Xlu�Y\[^c\p:h d�c Û>Ü YSYSÎ r2h cSgC_aÍSX&_ah `bX8øSd�ÏS]ah XZ]M_a]q[^c\pJevd�]a`ù_adC_aÍSX&÷\]qpJ_:Ý¯d�]qw�XZ]MÍSd�`bd�g�XZcSXZd�Ï\p[^c\w�p:X�kld�c\w2Ý¯d�]qw�XZ]�cSd�c�Ý¯ÍSd�`bd�g�XZcSXZd�Ï\p&YS]ad�ÑSÎ XZ`jp�Ò�X![^]a]ah o�X�[�_<_aÍSX�evd�Î Î d�Ò�h cSgbevd�]a`!ÏSÎ�[�_ah d�c0evd�]�_aÍSXGøSd�ÏS]ah XZ]�_a]q[^c\pJevd�]a`jp
d^eA_aÍSXCo�XZÎ d�klh _Jr*Y{d^_aXZc�_ah�[^ÎAú�[^c\w�p:ÏS]:e¥[�klXDXZÎ XZo�[�_ah d�c�û
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Ò�ÍSXZ]aX ����� þ�ÿ%� å��^ç&�$# þ�ÿ%� å��^ç&����� þ ��� å������(' � ����� � ç&�$# þ ��� å��$#)' � �$# �+* Ì&ÍSX�kld�c2o�d�Î Ï�_ah d�c!h c�_aXZg�]q[^Î�pAd^e\_aÍSX�]ah g�Í�_>Í\[^c\wp:h�w�X-,�.0/21 3�4�[^c\w±_aÍSX65�Ï\[�w�]q[�_ah�k¦Y\[^]:_�d^eQ_aÍSX!p:ÏS]:e¥[�klXDXZÎ XZo�[�_ah d�c7/98 1 3�4 m{[^]ah�p:h cSgb[�e«_aXZ]8[^YSYSÎ r2h cSgb_aÍSX�øSd�ÏS]ah XZ]&_a]q[^c\pJevd�]a` _ad
_aÍSX:5�Ï\[�w�]q[�_ah�k�cSd�c�Ý¯Î h cSX�[^]ah _ah X�pZmV[^]aX�]aXZYS]aX�p:XZc�_aX�w�[�p¦p:ÏS`jp8d^e#YSÎ Ï\pD[^c\w�`bh c2Ï\p<_aXZ]a`jpDkld�]a]aX�p:Y{d�c\w�h cSgb_ad*_aÍSXbp:ÏS`jp¦[^c\w
w�h ÐVXZ]aXZc\klX�p&d^eA_aÍSXCo�[^]ah d�Ï\p�÷\]qpJ_:Ý¯d�]qw�XZ]tev]aX;5�ÏSXZc\klr�kld�`bY{d�cSXZc�_qp&]aX�p:Y{X�k�_ah o�XZÎ r Û<<Xlu2_�m&Ò�X�p:XZY\[^]q[�_aX�_aÍSX�o�XZ]:_ah�kZ[^Î�o�[^]ah�[^ÑSÎ X�m�]aXZYS]aX�p:XZc�_ah cSg�X�[�kqÍ�ev]aX;5�ÏSXZc\klr�kld�`bY{d�cSXZc�_*d^e¦_aÍSX�o�XZÎ d�klh _JrªY{d^_aXZc�_ah�[^Î
[�pC[0øSd�ÏS]ah XZ]�p:XZ]ah X�p¦Ò�h _aÍ�XZh g�XZc�evÏSc\k�_ah d�c\pCh c�_aÍSX�=^Ý�w�h ]aX�k�_ah d�c Û ft[�kqÍ�o�XZ]:_ah�kZ[^ÎMøSd�ÏS]ah XZ]�kld�`bY{d�cSXZc�_�pa[�_ah�pJ÷\X�p¦_aÍSXb_JÒ�d^Ýw�h `bXZc\p:h d�c\[^Î?><XZÎ `bÍSd�Î _�@CX;5�Ï\[�_ah d�c�h c�_aÍSX�ACB+D�E�F¯Ý¯YSÎ�[^cSX
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Ò�h _aÍ�[bcSd^Ý%P\d�ÒOkld�c\w�h _ah d�c�d�c�_aÍSXGklr2Î h c\w�XZ]8[^c\w�[^c�[^YSYS]ad�YS]ah�[�_aXD]q[�w�h�[�_ah d�c�kld�c\w�h _ah d�c�[�_8h c�÷\cSh _Jr Û�Ü YSÎ Ï\p8p:h g�c�p:ÍSd�ÏSÎ�w
Ñ{X!_q[^y�XZc�evd�]RQ ñFõ±[^c\w�[±`bh c2Ï\pDp:h g�c�d^_aÍSXZ]aÒ�h�p:X ÛTS d�]aXGw�Xl_q[^h Î�p¦d^e#_aÍSXGYS]ad�ÑSÎ XZ`§evd�]a`!ÏSÎ�[�_ah d�c�kZ[^c�Ñ{XGevd�ÏSc\w�h c�U })V¯m
Ò�ÍSh�kqÍ0w�X�[^Î�p&Ò�h _aÍ�_aÍSXCÏScSh�w�h ]aX�k�_ah d�c\[^Î²kZ[�p:X Û
W ÊlËKXbÁjÅ3ÊlËKY[ZOÈ]\�Ä
Ì&ÍSXCY\[^]:_ah�klÏSÎ�[^]<p:d�Î Ï�_ah d�c0d^e>_aÍSX�w�h ÐV]q[�k�_ah d�c�YS]ad�ÑSÎ XZ`°evd�]<[bYS]aX�pakl]ah Ñ{X�w�g�XZd�`bXl_a]ar*h�p8kld�`bYSÎ Xl_aXZÎ r�p:Y{X�klh ÷\X�w0Ñ2r*_aÍSXTP\d�Ò
Ñ{XZÍ\[£o2h d�ÏS]t[�_�h c�÷\cSh _Jr�m2h Û X Û Ñ2r!_aÍSX8h c\kld�`bh cSg�Ò&[£o�X Û øSd�]#_aÍSX¦p:X�kld�c\w2Ý¯d�]qw�XZ]MYS]ad�ÑSÎ XZ` h _&h�ptp:Ï�^*klh XZc�_t_adGp:Y{X�klh evrG_aÍSX<÷\]qpJ_:Ýd�]qw�XZ]th c\kld�`bh cSg!Ò&[£o�X�m�Ò�ÍSh�kqÍ*h c*_aÍSX¦g�XZcSXZ]q[^Î{kZ[�p:X8kZ[^c*Ñ{XDw�X�pakl]ah Ñ{X�w*[�p�[!p:ÏSY{XZ]aY{d�p:h _ah d�c*d^e²`bd�cSd�kqÍS]ad�`j[�_ah�k&_a]q[£o�XZÎ Î h cSg
Ò&[£o�X�ptd^eMw�h ÐVXZ]aXZc�_�ev]aX;5�ÏSXZc\klh X�p�[^YSYS]ad�[�kqÍSh cSg�_aÍSX�w�h ÐV]q[�k�_ah cSgbÑ{d�w�r*ev]ad�`Tw�h ÐVXZ]aXZc�_8w�h ]aX�k�_ah d�c\p
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�� } ò A�� A���F��2F Û Ì&ÍSX�evd�klÏ\p¦]q[�w�h Ï\p8h�pD[^c�X�pap:XZc�_ah�[^Î>kqÍ\[^]q[�k�_aXZ]ah�pJ_ah�kCd^et[w�h ]aX�k�_ah d�c\[^Î Î r�p:YS]aX�[�w�Ò&[£o�X Û |�c\p:h�w�XC_aÍSXCevd�klÏ\p8p:Y{d^_<_aÍSX![^`bYSÎ h _aÏ\w�X!d^e#p:Ï\kqÍ�[jÒ&[£o�XDh�p8[^Î `bd�pJ_8kld�c\pJ_q[^c�_¦[^c\w±_aÍSX!Ò&[£o�Xh�p<[^Î `bd�pJ_�ÏScSh�w�h ]aX�k�_ah d�c\[^Î Û Ì&Í2Ï\pZmSh e>_aÍSX�w�h ÐV]q[�k�_ah cSgjÑ{d�w�r�h�p�YSÎ�[�klX�w�h c\p:h�w�XD_aÍSXCevd�klÏ\p<p:Y{d^_�_aÍSXZc0_aÍSX�w�h ÐV]q[�k�_aX�w�÷\XZÎ�w�h�p[^Î `bd�pJ_8_aÍSXjpa[^`bXG[�p¦d�cSX!evd�]8_aÍSXbÏScSh�w�h ]aX�k�_ah d�c\[^ÎQÒ&[£o�X!d^e#_aÍSXjpa[^`bXG[^`bYSÎ h _aÏ\w�X Û øSÏS]:_aÍSXZ]a`bd�]aX�mVÏ\p:h cSg±_aÍSXjpJ_q[�_ah d�c\[^]arYSÍ\[�p:XD`bXl_aÍSd�w�h _8kZ[^c�Ñ{X�p:ÍSd�Ò�c±_aÍ\[�_�evd�]�Î�[^]ag�X��!X;5�Ï\[�_ah d�c"A¥~0F�Í\[�p�_aÍSXDevd�Î Î d�Ò�h cSgj[�p:r2`bY�_ad^_ah�k¦Ñ{XZÍ\[£o2h d�ÏS]
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Ò�ÍSXZ]aXG_aÍSX*ÏSYSY{XZ]!p:h g�c�h�pD_q[^y�XZc�Ò�ÍSXZc"B��Fõ�[^c\w�_aÍSXjÎ d�Ò�XZ]Cd�cSXbd^_aÍSXZ]aÒ�h�p:X Û Ì&ÍSh�pC`bX�[^c\p¦_aÍ\[�_!h c�_aÍSXbe¥[^]:Ý³÷\XZÎ�w�_aÍSX
w�h ]aX�k�_ah d�c\[^Î Î rjevd�klÏ\p:X�w�Ò&[£o�XDkZ[^c0Ñ{XC]aXZYS]aX�p:XZc�_aX�w±h c�_aXZ]a`jp�d^eQ_aÍSX�g�XZd�`bXl_a]ah�kZ[^ÎVd�Y�_ah�kZp<[^YSYS]ad£u�h `j[�_ah d�c�[�p�[jklr2Î h c\w�]ah�kZ[^Î
Ò&[£o�Xlev]ad�c�_�m^Ò�h _aÍ*[^YSYS]ad�YS]ah�[�_aXZÎ rGw�h ]aX�k�_aX�wbÒ&[£o�X�o�X�k�_ad�]t[^c\wj[^`bYSÎ h _aÏ\w�X8h c\kl]aX�[�p:h cSgD_ad�Ò&[^]qw!_aÍSX¦klXZc�_a]aX�d^eI_aÍSX<ev]ad�c�_tÒ�h _aÍ
_aÍSX�p�5�Ï\[^]aX¦]ad2d^_�d^eQ]q[�w�h Ï\p Û
 Ë�Ç�Å3Ä¦À±Ê;X!È±ÃOÈ±¾C¾CÀ*Á!È�X"!
Ì&ÍSX8_JÒ�d^Ý�w�h `bXZc\p:h d�c\[^Î
><XZÎ `bÍSd�Î _�@DX;5�Ï\[�_ah d�c\pRAJ}�F#d�Ñ�_q[^h cSX�w±[�e«_aXZ]<p:XZY\[^]q[�_ah d�cjd^eA_aÍSXDo�XZ]:_ah�kZ[^Î{o�[^]ah�[^ÑSÎ X8evd�]&X�[�kqÍ*o�XZ]:_ah�kZ[^Î
øSd�ÏS]ah XZ]Mkld�`bY{d�cSXZc�_#[^]aX&p:d�Î o�X�w!w�h ]aX�k�_aÎ r�Ñ2r�Ï\p:h cSg¦÷\cSh _aX�w�h ÐVXZ]aXZc\klX�p Û s8cSX&d^e\_aÍSX�]aX�[�p:d�c\p²evd�]#kqÍSd2d�p:h cSg<_aÍSh�p#[^YSYS]ad�[�kqÍ�h�p
_aÍ\[�_Mh _#kZ[^cGÑ{X&X�[�p:h Î rCg�XZcSXZ]q[^Î h�p:X�wCevd�]Q_aÍSX�kZ[�p:X&d^e{[¦cSd�c�Ý�klh ]qklÏSÎ�[^]>klr2Î h c\w�XZ] Û$# [�p:X�w�d�c�_aÍSX<klr2Î h c\w�]ah�kZ[^Î�e¥[^]Q÷\XZÎ�wbpJ_a]aÏ\k�_aÏS]aX
d^e{_aÍSX8h c\kld�`bh cSgCÒ&[£o�XTA
%xFM[�pMÒ�XZÎ Î\[�pM_aÍSX8p:h `bh Î�[^]#Ñ{XZÍ\[£o2h d�ÏS]Md^eV_aÍSX<]q[�w�h�[�_aX�w!÷\XZÎ�wj[^c\wG_aÍSX8w�h ÐV]q[�k�_ah cSgCÑ{d�w�rGg�XZd�`bXl_a]ar�m
klr2Î h c\w�]ah�kZ[^Î&kld2d�]qw�h c\[�_aX�p![^]aX�[^YSYS]ad�YS]ah�[�_aXjevd�]!_aÍSh�pbYS]ad�ÑSÎ XZ` Û Ì&ÍSX0p:Xl_Gd^e8Ñ{d�ÏSc\wS[^]ar�o�[^Î ÏSX�YS]ad�ÑSÎ XZ`jp�evd�]bo�[^]ah d�Ï\pkQ
Ò&[�p8p:d�Î o�X�w�evd�]¦XZo�XZ]ar±ev]aX;5�ÏSXZc\klr�kld�`bY{d�cSXZc�_DÒ�h _aÍ�[^Ï�_ad�`j[�_ah�k�kqÍSd�h�klX!d^eM_aÍSXbp:h @ZX!d^e#_aÍSXbkld�`bYSÏ�_q[�_ah d�c\[^ÎQw�d�`j[^h c�[^c\w
c2ÏS`!Ñ{XZ]�d^e>g�]ah�w±cSd�w�X�p�h c�_aÍSXC]q[�w�h�[^Î²w�h ]aX�k�_ah d�c�evd�]�X�[�kqÍ±ev]aX;5�ÏSXZc\klr Û W8ÏSXD_ad*w�h ^*klÏSÎ _ah X�p<[^]ah�p:h cSgbh c�evd�]a`!ÏSÎ�[�_ah d�c�d^eQ_aÍSX
Ñ{d�ÏSc\wS[^]arbkld�c\w�h _ah d�c*[�_t_aÍSX8d�Ï�_aXZ]tÑ{d�ÏSc\wS[^]arGd^eV_aÍSX¦kld�`bYSÏ�_q[�_ah d�c\[^Î{w�d�`j[^h c*h _�Ò&[�p>evd�ÏSc\w*kld�c2o�XZcSh XZc�_#_ad!p:XZY\[^]q[�_aX�_aÍSX
h c\kld�`bh cSgj[^c\w�w�h ÐV]q[�k�_aX�w�Ò&[£o�X�p�[^c\w0p:d�Î o�X8_aÍSX�kld�]a]aX�p:Y{d�c\w�h cSgGYS]ad�ÑSÎ XZ`jp�p:XZY\[^]q[�_aXZÎ r Û&²Xl_tÏ\pMcSd�Ò	kld�c\p:h�w�XZ]>_aÍSX<w�Xl_q[^h Î�p#d^e{_aÍSX�c2ÏS`bXZ]ah�kZ[^ÎSYS]ad�klX�w�ÏS]aX�evd�]#d�Ñ�_q[^h cSh cSg�p:d�Î Ï�_ah d�c\pQevd�]#h c\w�h o2h�w�Ï\[^Î\p:X�kld�c\w2Ý¯d�]qw�XZ]
ev]aX;5�ÏSXZc\klr�kld�`bY{d�cSXZc�_qp Û <<d^_aX!_aÍ\[�_D_aÍSXGev]aX;5�ÏSXZc\klr�p:Xl_qp¦Ò�ÍSXZ]aXbp:Ï\kqÍ�p:d�Î Ï�_ah d�c\pD[^]aXGkZ[^Î�klÏSÎ�[�_aX�w�[^]aXGw�h ÐVXZ]aXZc�_Devd�]DYSÎ Ï\p
[^c\w0`bh c2Ï\p�_aXZ]a`jp Û<Ü p¦[b÷\]qpJ_¦pJ_aXZY�Ò�X!kZ[^Î�klÏSÎ�[�_aXC_aÍSX!kld�c2o�d�Î Ï�_ah d�c0h c�_aXZg�]q[^Î�p�d^eM_aÍSX�]ah g�Í�_8Í\[^c\w�p:h�w�X�p8[�_8X�[�kqÍ�cSd�w�X�d^e
_aÍSXDklr2Î h c\w�]ah�kZ[^ÎVkld�`bYSÏ�_q[�_ah d�c\[^Î{g�]ah�w*Ñ2rbÏ\p:h cSg!_aÍSX8÷\]qpJ_:Ý¯d�]qw�XZ]�[^c\[^Î r�_ah�kZ[^ÎVp:d�Î Ï�_ah d�c\p ÛMÜ e«_aXZ]�_aÍSh�pZm�X;5�Ï\[�_ah d�c\p AJ}�F#Ò�]ah _:_aXZc
h c�klr2Î h c\w�]ah�kZ[^Î²kld2d�]qw�h c\[�_aX�p&Ò�h _aÍ�YS]ad�Y{XZ]�Ñ{d�ÏSc\wS[^]ar±kld�c\w�h _ah d�c\p<[^]aXC[^YSYS]ad£u�h `j[�_aX�w*Ñ2r*÷\cSh _aX!w�h ÐVXZ]aXZc\klX�p�d�c0[bÏScSh evd�]a`
]aX�k�_q[^cSg�ÏSÎ�[^]&g�]ah�w�h c�_aÍSX�A
��D��0F¯Ý�w�d�`j[^h c²Ó'�)( U ��*,+ - × ��*,.0/�V¯m���(�U õ × �
V¯m\Ò�ÍSXZ]aX1��*,+ -!ñ3}Devd�]�_aÍSX�w�h ÐV]q[�k�_aX�w�[^c\w���*,+ -Gñ+õ
evd�]�_aÍSX�h c\kld�`bh cSg±kld�`bY{d�cSXZc�_qp Û&Ü p:r2`b`bXl_a]ar�kld�c\w�h _ah d�c3254 ò 2��Gñ õjh�p<Ï\p:X�w0d�c�_aÍSXGklXZc�_a]q[^ÎA[�u�h�p]�bñ6�Mm��jñ/õ Û Ì&ÍSX
]aX�p:ÏSÎ _ah cSgjw�h�pakl]aXl_aXDÎ h cSX�[^]<[^Î g�XZÑS]q[^h�k<X;5�Ï\[�_ah d�c\p�[^]aXCp:d�Î o�X�w*Ñ2r�w�h ]aX�k�_�`bXl_aÍSd�w�Ñ2r*Ï\p:h cSg�7988Ý�w�X�kld�`bY{d�p:h _ah d�c Ûs8cSX�`!Ï\pJ_MÑ{X8kZ[^]aXlevÏSÎ�h cjp:Y{X�klh evr2h cSg¦_aÍSX�Ñ{d�ÏSc\wS[^]ar!kld�c\w�h _ah d�c\p>evd�] AJ}�FQX�p:Y{X�klh�[^Î Î rC_aÍSX�d�Ï�_aXZ]MÑ{d�ÏSc\wS[^]ar!kld�c\w�h _ah d�cGevd�]
_aÍSXCkZ[�p:XRQ§ñ�õSm�Ò�ÍSXZc0c2ÏS`bXZ]ah�kZ[^ÎVg�XZcSXZ]q[�_ah d�c±d^eQcSd�c�Ý¯YSÍ2r�p:h�kZ[^Î{ev]aXZXDÒ&[£o�X�p�[^YSYS]ad�[�kqÍSh cSg�_aÍSXCklr2Î h c\w�XZ]&ev]ad�`°d�Ï�_qp:h�w�XDd^e
_aÍSX8kld�`bYSÏ�_q[�_ah d�c\[^Î\w�d�`j[^h cbh�pMY{d�pap:h ÑSÎ X Û Ì&ÍSXZ]aX<[^]aX�_JÒ�dD_Jr2Y{X�p#d^eVd�Ï�_aXZ]tkld�c\w�h _ah d�c²Ó>[�i2d�`b`bXZ]:evXZÎ�wb]q[�w�h�[�_ah d�cbkld�c\w�h _ah d�cevd�]#[¦ev]aXZX�Ò&[£o�X × [^c\wb[¦e¥[^]:Ý³÷\XZÎ�wG[�p:r2`bY�_ad^_ah�k�kld�c\w�h _ah d�cGevd�]M_aÍSX<cSd�c�Ý¯ÍSd�`bd�g�XZcSXZd�Ï\pA_aXZ]a`Fd^e{_aÍSX8p:d�Î Ï�_ah d�cjkld�]a]aX�p:Y{d�c\w�h cSg_ad¦_aÍSX<Î d�kqy�X�w�Ò&[£o�X Û Ì&ÍSX&evd�]a`bXZ]MÍ\[�pQ_aÍSX&evd�]a`:4,;6ô<4,;>=xA
��D��0Ftñ6? AC�0FA@�BDCFE òHG �<evd�]�Q§ñ+õD[^c\wbw�X�kZ[£r�p>Xlu�Y{d�cSXZc�_ah�[^Î Î r
evd�]�QI�	õ Û Ì&ÍSX¦Î�[�_:_aXZ]&w�XZY{XZc\wSp&d�cj_aÍSXDY\[^]:_ah�klÏSÎ�[^]#evd�]a` d^e²_aÍSX8e¥[^]:Ý³÷\XZÎ�wjÑ{XZÍ\[£o2h d�ÏS]�d^e²_aÍSX¦]ah g�Í�_&Í\[^c\w±p:h�w�X Û |¯_�kZ[^c±Ñ{Xp:ÍSd�Ò�c*_aÍ\[�_�_aÍSXCYSÎ Ï\p&_aXZ]a`Td^eA_aÍSXCÎ d�kqy�X�w�kld�`bY{d�cSXZc�_qp�[�_�Î�[^]ag�XJ�!Ñ{XZÍ\[£o�X�p�Î h y�X

G 'K � G 'KML Þ � á�`£äAå N�ON ��� Þ é � Þ `£ä � N� é ÿ Þ `£ä � N� � é � Þ `£ä �QPRPRP änm � o p � �Z� � ����á ÞTS ä
Ò�ÍSXZ]aX�_aÍSXDkld2X)^*klh XZc�_qptkZ[^c*Ñ{X8Xlu�YS]aX�pap:X�wj[^c\[^Î r�_ah�kZ[^Î Î r!_aÍS]ad�ÏSg�Íb_aÍSXDkld2X)^*klh XZc�_qp#d^eI_aÍSXDp:h `bh Î�[^]�[�p:r2`bY�_ad^_ah�k<Xlu�YS]aX�pap:h d�c
d^e²_aÍSXD]ah g�Í�_&Í\[^c\w�p:h�w�X Û>ó XCkZ[^Î�klÏSÎ�[�_aX8_aÍSXCkld2X)^*klh XZc�_qp&d^e²_aÍSXC~�Ý³_aXZ]a` ]ah g�Í�_&Í\[^c\w�p:h�w�X8e¥[^]:Ý³÷\XZÎ�w±[�p:r2`bY�_ad^_ah�kZptev]ad�` _aÍSX[�k�_aÏ\[^ÎS]ah g�Í�_#Í\[^c\wbp:h�w�X<Ï\p:h cSgD_aÍSX<Î X�[�pJ_�p�5�Ï\[^]aX�p>`bXl_aÍSd�w Û <<d�ÒÔÒ�X8kZ[^cjp:Y{X�klh evr!_aÍSX<Ñ{d�ÏSc\wS[^]arGkld�c\w�h _ah d�c\pMd�cb_aÍSX<d�Ï�_aXZ]Ñ{d�ÏSc\wS[^]arjd^eQ_aÍSX�kld�`bYSÏ�_q[�_ah d�c\[^Î²w�d�`j[^h c���ñ���*,.0/�evd�]&_aÍSXCYSÎ Ï\p<w�h ÐV]q[�k�_aX�w0kld�`bY{d�cSXZc�_<[�p�evd�Î Î d�Ò<pZÓ

G 'U Þ �WV�XZY á�`£ä²å G 'KML Þ �WV�XZY á�`£ä � G>[ L Þ �WV�XZY á�`£ä:ç ���� G 'U Þ �WV�XZY á�`£ä²å ����)\ G 'KML Þ �WV�XZY á�`£ä � G>[ L Þ �WV�XZY á�`£äZ] *
Ì&ÍSXjp:X�kld�c\w�kld�c\w�h _ah d�c�h�p¦Ï\p:X�w�evd�]TQ)ñ õ*_ad�kZ[^Î�klÏSÎ�[�_aXGÏScSy2cSd�Ò�c�^"_
,F`Ta�,F`8o�[^Î ÏSX�pDd^e&[�kld2X)^*klh XZc�_Cd^et_aÍSXGev]aXZXbÒ&[£o�X
[�p:r2`bY�_ad^_ah�kZp�? AC�0F8[�_¦X�[�kqÍ�cSd�w�XGd^eM_aÍSX!d�Ï�_aXZ]¦Ñ{d�ÏSc\wS[^]ar Û øSd�] Qb�/õj_aÍSXZ]aX!h�p8cSd*ev]aXZX!]q[�w�h�[�_aX�w�kld�`bY{d�cSXZc�_D[^c\w0Ò�X
kZ[^c�_q[^y�Xc? AC�0F&ñ/õ Û Ì&ÍSX�p:X�kld�c\w2Ý¯d�]qw�XZ]&h c\kld�`bh cSgjÒ&[£o�XCkld�c\p:h�pJ_qp�d�cSÎ r±d^e>Î d�kqy�X�w0kld�`bY{d�cSXZc�_qp<[^c\w±_aÍSX!p:ÏS`°_aXZ]a` Í\[�p
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øQh g�ÏS]aX�}�ÓGi2X�kld�c\w�d�]qw�XZ]CYSÎ Ï\p�AvÎ Xle«_(F�[^c\w�`bh c2Ï\p�Av]ah g�Í�_(FDp:ÏS]:e¥[�klXjXZÎ XZo�[�_ah d�c�evd�]�o�[^]ah d�Ï\pCÑ\[^c\w�Ò�h�w2_aÍ6d^e�_aÍSX � [^Ï\pap:h�[^c
p:YS]aX�[�w�h cSg¦evÏSc\k�_ah d�c²Ó������������ ��ñ�õ 	 
 × ���������
� �Cñ+õ 	 ~ × �����
�GÏScSh�w�h ]aX�k�_ah d�c\[^Î Û � [^Ï\pap:h�[^cj[^`bYSÎ h _aÏ\w�X8p:Y{X�k�_a]aÏS`
d^eA_aÍSXCh c\kld�`bh cSgbÒ&[£o�X¦g�]ad�ÏSY²mx���¦ñ�õ 	 ��� õSm�� ñ+õ 	 ��}�m Ù ñù}�õ 	 %�~ Û

øQh g�ÏS]aXc��ÓtÌ&ÍSXC_ad^_q[^ÎAp:ÏS]:e¥[�klXDXZÎ XZo�[�_ah d�c�[^]ad�ÏSc\w*_aÍSX!klr2Î h c\w�XZ]�evd�]�_aÍSX!x#h XZ]qp:d�c�Ý S d�p:y�d�o2h _�@8[^`bYSÎ h _aÏ\w�X!p:Y{X�k�_a]aÏS`Td^e>_aÍSX
h c\kld�`bh cSgjÒ&[£o�XDg�]ad�ÏSY Û n<cSh�w�h ]aX�k�_ah d�c\[^Î²h c\kld�`bh cSgjÒ&[£o�X-AvÎ Xle«_(F<[^c\w�w�h ]aX�k�_ah d�c\[^Î Î r±p:YS]aX�[�w�h c\kld�`bh cSgjÒ&[£o�X-Av]ah g�Í�_(F&Ò�h _aÍ
Ñ\[^c\w�Ò�h�w2_aÍ0d^eA_aÍSX � [^Ï\pap:h�[^c0p:YS]aX�[�w�h cSg!evÏSc\k�_ah d�c �Cñ+õ 	 
 Û
_aÍSX�pa[^`bX*e¥[^]:Ý³÷\XZÎ�w�Ñ{XZÍ\[£o2h d�ÏS]G[�pC_aÍSX�]q[�w�h�[�_aX�w�Î d�kqy�X�w�Ò&[£o�XMA 
 FCevd�]6B �°õ Avd�Ï�_ag�d�h cSg�Ò&[£o�X�F Û Ì&ÍSX±h c\kld�`bh cSg�Y\[^]:_ACB��	õ0FtÍ\[�p<p:h `bh Î�[^]�Ñ{XZÍ\[£o2h d�ÏS]�m2Ò�h _aÍ�_aÍSX�Ò&[£o�X¦o�X�k�_ad�]&h c�_aÍSXCd�YSY{d�p:h _aX�w�h ]aX�k�_ah d�c Û Ì&ÍSX�[^YSYS]ad�YS]ah�[�_aX¦d�Ï�_aXZ]�Ñ{d�ÏSc\wS[^]arkld�c\w�h _ah d�c±evd�]�_aÍSXCYSÎ Ï\p�_aXZ]a`Td^eQ_aÍSXCh c\kld�`bh cSgjÒ&[£o�X¦h c\klÎ Ï\w�X�p&_aÍSX!p:Y{X�klh ÷{kZ[�_ah d�c�d^eQ_aÍSX![�p:r2`bY�_ad^_ah�k¦Ñ{XZÍ\[£o2h d�ÏS]&evd�]�_aÍSX
ÏSY\pJ_a]aX�[^` p:d�Î Ï�_ah d�c�[^c\w�ev]aXZXbYS]ad�Y\[^g�[�_ah d�c�d^et_aÍSXjd�Ï�_ag�d�h cSg�Ò&[£o�XGw�d�Ò�c\pJ_a]aX�[^`Nd^et_aÍSX*klr2Î h c\w�XZ]�m²Ò�ÍSh�kqÍ�[�kZkld�]qw�h cSg*_ad
_aÍSXD÷\]qpJ_&_aXZ]a`Td^e�A 
 F�Í\[�p�_aÍSXDevd�]a` � N ����� ���� G � a L ! G�� � � �Z� � ��� *
Ü _D_aÍSXbklXZc�_a]aXGd^et_aÍSXbg�]ah�w3�±ñFõ*_aÍSXbo�[^Î ÏSXbd^e#_aÍSXbY{d^_aXZc�_ah�[^Î#p:ÍSd�ÏSÎ�w�Ñ{XG_aÍSXjpa[^`bX!evd�]DXZo�XZ]ar0`bX�p:Í�Y{d�h c�_ Û |¯_Ch�pD[^Î�p:dX�pap:XZc�_ah�[^Î>_ad�XZc\p:ÏS]aXb_aÍSX±[^Ñ\p:XZc\klXjd^e�[0Y{d�h c�_!Ò&[£o�Xbp:d�ÏS]qklXjh c�_aÍSX±klXZc�_a]aXjd^e�_aÍSX*g�]ah�wImAÒ�ÍSh�kqÍ�Î X�[�wSpD_ad�[^c6[�wSw�h _ah d�c\[^Î
kld�c\w�h _ah d�c0[�_ ��ñ+õSÓ � ��G��� d `<å�� *øSd�]M_aÍSX8`bh c2Ï\p#_aXZ]a` Ò�X8w�d�cSd^_�y2cSd�ÒÔ_aÍSX<XluS[�k�_#evd�]a` d^eIe¥[^]#÷\XZÎ�wjÑ{XZÍ\[£o2h d�ÏS]Mevd�]#_aÍSX8Î d�kqy�X�w!_aXZ]a`0m�ÑSÏ�_�Ò�X8kZ[^cjÏ\p:X<_aÍSX
e¥[�k�_8_aÍ\[�_8_aÍSXbp:d�Î Ï�_ah d�c�Í\[�p¦[^c�Xlu�Y{d�cSXZc�_ah�[^Î Î r0w�X�kZ[£r2h cSg±[�p:r2`bY�_ad^_ah�k�Ñ{XZÍ\[£o2h d�ÏS]¦p:h `bh Î�[^]<_ad*_aÍ\[�_¦d^e#_aÍSX!YS]aX�kZ[^Î�klÏSÎ�[�_aX�w
`bh c2Ï\p&_aXZ]a`Td^eQ_aÍSX�]ah g�Í�_�Í\[^c\w�p:h�w�X Û s<_aÍSXZ]aÒ�h�p:XD_aÍSXDevd�]a`!ÏSÎ�[�_ah d�c0d^eQ_aÍSXCÑ{d�ÏSc\wS[^]ar�kld�c\w�h _ah d�c\p�h�p<p:h `bh Î�[^]&_adb_aÍSX�YSÎ Ï\p
_aXZ]a` Û
� À±Ä��²Ç�ÃVÉ��
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Question by : T. Miloh 
It is known that the second order solution for the classical Neumann-Kelvin solution of the 
diffraction of a monochromatic wave by a vertical cylinder has a logarithmic solution at the 
confluence of the free surface and cylinder. Did you encounter similar type of singularity in 
your study of wave groups? 
 
Author’s reply:  
This singularity takes place in the solution for a locked wave. When we construct the solution 
numerically, we include both locked and free components and the singularity is cancelled out 
by adding the free component with the opposite singularity in the process of satisfaction of 
boundary conditions. When we performed calculations with only locked components for 
testing purposes, this singularity was observed. 
 
----------------------------------------------------------------------------------------------------------------- 
 


