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³À »ÈÐ

s� ���½̈\�"f��H GPS(Global Positioning System) &ñ
x9�éß�1lq8£¤0A l�ZO��̀¦ s�6 x�#� K��ª��̧$3��

×�æ(Ocean Tide Loading, OTL) ì�r�̧$í
ì�r�̀¦ ���Ø�¦��¦, Õª ���õ�\�¦ �̧$3��̧4Sq\� _�ô�Ç \V8£¤°úכõ� q�

�§�%i���. �¦&ñ
x9� GPS ��«Ñ%�o� áÔ�ÐÕªÏþ���� GIPSY\�¦ ��6 x�#� �����;, "fíß�, ]jÅÒ GPS �©�r��'a

8£¤�è\�¦ @/�©�Ü¼�Ð 10ì�r éß�0A_� Ãºf��ýa³ð r�>�\P��̀¦ íß�Ø�¦�%i�Ü¼ 9, r�>�\P�_� �̧$3��̧�oì�rK�\�¦ :�xK�

OTL t�y�����0A\�¦ {9�Ü¼v���H ÅÒ¹כ 4@/ ì�r�̧(M2, S2, K1, O1)_� ���;�¤õ� 0A�©��̀¦ ���Ø�¦�%i���. �̧$3��̧

4Sq_� \V8£¤°ú̀�כ¦ l�ï�rÜ¼�Ð GPS�Ð íß�Ø�¦ô�Ç OTL ì�r�̧_� &ñ
SX��̧\�¦ î̈
��ô�Ç ���õ� ���;�¤�Ér ]jÅÒ�'a8£¤�è,

0A�©��Ér �����;�'a8£¤�è\�"f ���©� Z�}�Ér &ñ
SX��̧\�¦ ����?/%3���. ÅÒ¹כ 11>h ì�r�̧ ×�æ þj@/q�Ö�¦�̀¦ 	�t��

��H M2ì�r�̧_� �â
Äº ���;�¤$í
ì�r\�"f î̈
ç�H 23.8%_� �©�@/�̧	�\�¦ �Ð%i���.

Abstract

In this study, the Ocean Tide Loading (OTL) constituents were detected by the

Precise Point Positioning (PPP) technique using GPS. Then, the GPS estimates of

OTL constituents were compared with the predictions of the ocean tide models. We

picked three permanent GPS stations as test sites and they are ICNW, SEOS, and

CJUN. To detect the OTL constituents using GPS, we created vertical coordinate

time series at 10-minute intervals using the PPP approach implemented in the GIPSY

software. Through the tidal harmonic analysis of this height time series, the four

major constituents (M2, S2, K1, O1) were determined. The amplitude obtained from

the GPS height time series of the OTL constituents showed best match with the

model predictions at CJUN, while the phase showed closest match at ICNW. The

amplitude accuracy of the M2, which is the dominant factor out of the 11 major

constituents, was 24.8% on average.

Keywords: GPS, ocean tide loading, FES2004, NAO.99Jb, tidal constituent
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1. "e Â]Ø

²DG]jt�½̈�����²DG IERS a�?���(International Earth rotation and Reference systems Service Con-

ventions)�Ér ÄºÅÒ8£¤t� l�Õüt_� &ñ
SX��̧ �¾Ó�©��̀¦ 0AK� �¦�̂t�½̈�̧$3�(Solid Earth Tide)õ� K��ª��̧$3��

×�æ(Ocean Tide Loading, OTL)\� _�ô�Ç t�y�����0A\�¦ �Ð&ñ
��̧2�¤ "î
r���¦ e����(McCarthy & Petit

2003). �¦�̂t�½̈�̧$3��Ér{9�ÅÒl�ü<ìøÍ{9�ÅÒl�$í
ì�r\�"fþj@/∼40cm\�s�ØÔ��H���0A��µ1ÏÒqt� 9(Lambeck

1988), �̧4Sq�̀¦ s�6 x½+É �â
Äº ���;�¤ 2mm Ãºï�rÜ¼�Ð \V8£¤ ��0px���(Baker et al. 1991). Õª�Q�� OTL t�y��

���0A_� �â
Äº �¦�̂t�½̈�̧$3��Ð�� ���0A_� ß¼l���H ���Ü¼�� K��ª��̧$3��&³�©�s� t�%i�&h�Ü¼�Ð ��ØÔl� M:ë�H\� &ñ


SX��>� \V8£¤���H ��s	כ #Q�9î�r z�́&ñ
s���. OTL t�y�����0A\�¦ �Ð&ñ
���H ~½ÓZO�Ü¼�Ð��H K��ª��̧$3��̧4Sq�̀¦ s�

6 xô�Ç �	��̂¦ÀÒ���(convolution) &h�ì�rZO�s� @/³ð&h�s���(~ÃÌ�'a1lx ü@ 2007). Õª�Q�� K��ª��̧$3��̧4Sq�Ér Ãºd��s�

1km s��©���� @/�ª�\�"f��H B�Äº &ñ
SX��t�ëß�, Ãºd��s� ·û �Ér ���îß�õ� 4�¤ú̧�ô�Ç t�+þA{9�Ãº2�¤ &ñ
SX��̧�� ±ú���t�

��H �Ü¼�Ð	כ ·ú��94R e����(Shum et al. 1997). ô�ÇìøÍ�̧ "fK�îß�_� �â
Äº �����;ëß�õ� �â
l�ëß�_� �̧	���H [j>�\�

"f ¿º ���P:�Ð 	�H °úכÜ¼�Ð ·ú��94R e���̀¦ ÷�rëß� ��m���(Lee & Moon 2001), o���Û¼(rias)d�� K�îß�_� 4�¤ú̧�ô�Ç

t�+þAÜ¼�Ð ½̈$í
÷&#Q K��ª��̧$3��̧4Sq�̀¦ s�6 xô�Ç OTL t�y�����0A_� �Ð&ñ
s� #Q�9Ö�¦ �Ü¼�Ð	כ \V8£¤�)a��.

K��ª��̧$3��̧4Sq_� ÂÒ&ñ
SX�$í
\�"f l�������H OTL t�y�����0A \V8£¤�̧	�\�¦ �Ð&ñ
�l� 0AK� ÄºÅÒ8£¤t� l�

Õüt�̀¦ s�6 x�#� OTL ì�r�̧$í
ì�r�̀¦ f��]X� ���Ø�¦���H ~½ÓZO�s� @/îß�Ü¼�Ð ]jr�÷&�¦ e����. Sovers(1994)��H þj

�í�Ð VLBI(Very Long Baseline Interferometry) ��«Ñ\�¦ s�6 x�#� ì�r�̧$í
ì�r_� ���;�¤�̀¦ ÆÒ&ñ
�%i�Ü¼ 9,

s�Êê Scherneck et al.(2000)�Ér GPS éß�1lq8£¤0A~½Ód��Ü¼�Ð OTL ì�r�̧$í
ì�r_� ���Ø�¦s� ��0px�<Ê�̀¦ SX�����%i�

��. Schenewerk et al.(2001)�Ér GPS �©�@/8£¤0A~½Ód��Ü¼�Ð OTL ì�r�̧$í
ì�r ���Ø�¦�̀¦ r��̧�#� t�½̈�̧+þAs�

�� �̧$3��̧4Sq�̀¦ ��6 x�t� ·ú§�¦, OTL\� _�ô�Ç t�y�����0A\�¦ ���Ø�¦½+É Ãº e��6£§�̀¦ 7£x"î
�%i���.

GPS\�¦ s�6 xô�Ç OTL ì�r�̧$í
ì�r_� ���Ø�¦�Ér ��«Ñ%�o�l�ZO�\� ���� ß¼>� ¿º ��t��Ð ½̈ì�r�)a��. Bernese

áÔ�ÐÕªÏþ�(Khan & Tscherning 2001) ¢̧��H GAMIT áÔ�ÐÕªÏþ�(Vergnolle et al. 2008)�̀¦ s�6 xô�Ç �©�@/8£¤

0Al�ZO�õ� GIPSYáÔ�ÐÕªÏþ�(Thomas et al. 2007, King 2006)�̀¦s�6 xô�Çéß�1lq8£¤0Al�ZO�s�@/³ð&h�s���.s�

×�æ éß�1lq8£¤0Al�ZO�\� _�ô�Ç ì�r�̧$í
ì�r_� ���Ø�¦�Ér OTL t�y�����0A_� ]X�@/&h���� �ª��̀¦ ���Ø�¦�l� M:ë�H\� �©�@/

%�o�l�ZO��̀¦ s�6 xô�Ç ~½ÓZO��Ð�� �Ö̧6 x$í
s� Z�}�̀¦ �Ü¼�Ð	כ óøÍéß��)a��. ²DG?/\�"f��H î�r<�ªd��õ� s�1lx�(2003)��

GIPSY\�¦ s�6 xô�Ç �©�@/8£¤0A ~½Ód��Ü¼�Ð M2, N2 ì�r�̧$í
ì�r�̀¦ ���Ø�¦�#� {9��:rõ� ô�ÇìøÍ�̧ ÅÒ���_� t�%i��̧4Sq

��� NAO.99Jb_� \V8£¤°úכõ� q��§ô�Ç ���½̈��YV�� e����. Õª�Q�� ì�r�̧_� >hÃº�� ]jô�Ç&h�s�%3�Ü¼ 9, ���t�½̈

�̧4Sq�̀¦ s�6 xô�Ç &ñ
SX��̧ î̈
���� s�ÀÒ#Qt�t� ·ú§��¤��.

s����½̈\�"f��Hô�ÇìøÍ�̧\�0Au�ô�Ç GPS�©�r��'a8£¤�è\�¦@/�©�Ü¼�Ð&ñ
x9�éß�1lq8£¤0Al�ZO��̀¦&h�6 x�#� OTL

Ãºf��t�y�����0A\�¦ {9�Ü¼v���H ÅÒ¹כ 4@/ ì�r�̧_� ���;�¤õ� 0A�©��̀¦ ���Ø�¦�%i���. ���Ø�¦�)a ì�r�̧$í
ì�r�Ér þj��� �̧$3�

�̧4Sq��� FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq_� \V8£¤ °ú̀�כ¦ l�ï�rÜ¼�Ð ���Ø�¦ &ñ
SX��̧\�¦ î̈
���%i�

��.

2. GPS ��z» %iP�

2.1 (Ûo)o�60�ç¡ 9̀	+ä�

ô�ÇìøÍ�̧��H Ãºd��s� U�·�¦ K�îß����s� éß��̧�Ðî�r 1lxK�îß�\�"f þj@/ 0.7m_� �̧	��� µ1ÏÒqt� 9, z��K�îß�\�"f

��H þj@/ 4.5m_� �̧	��� µ1ÏÒqtô�Ç��. Õª�Q�� Ãºd��s� ·û �¦ K�îß����s� 4�¤ú̧�ô�Ç "fK�îß�\�"f��H þj@/ 10m_� �̧
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ÕªaË> 1. ì�r$3�@/�©� GPS �©�r��'a8£¤�è_� 0Au�(�����;, "fíß�, ]jÅÒ).

³ð 1. GPS �©�r��'a8£¤�è ýa³ð x9� ì�r$3�l�çß�.

SITE Latitude(◦N) Longitude(◦E) Height(m) Start Date Days

ICNW 37.4520 126.5921 35.295 January 17, 2006 83

SEOS 36.7764 126.4942 49.335 January 1, 2006 33

CJUN 33.5275 126.5432 46.285 April 1, 2007 52

	��� µ1ÏÒqtô�Ç��(�̂�"î
½© 2007). :£¤y� �����;ëß�õ� �â
l�ëß�_� �̧	���H [j>�\�"f ¿º ���P:�Ð 	�H °úכÜ¼�Ð ·ú��94R

e��Ü¼ 9(Lee & Moon 2001), S!�K�_� M2ì�r�̧��H ����̂ �̧$3��&³�©�_� 65%\�¦ 	�t����H �Ü¼�Ð	כ �Ð�¦�)a ��

e����(Choi 1980). ����"f s� ���½̈\�"f��H ²DG?/ ��� 90#�>h GPS �©�r��'a8£¤�è ×�æ �̧$3��&³�©�s� ß¼>� ����

����H "fK�îß�\� 0Au�ô�Ç 2>h GPS �©�r��'a8£¤�èü< ]jÅÒ K�îß�\� 0Au�ô�Ç 1>h GPS �©�r��'a8£¤�è\�¦ @/�©�Ü¼�Ð

OTL t�y�����0A ì�r�̧$í
ì�r�̀¦ ���Ø�¦�%i���.

���½̈@/�©� �'a8£¤�è�Ð��H �����;(ICNW), "fíß�(SEOS) Õªo��¦ ]jÅÒ(CJUN)\�¦ ���&ñ
�%i���(ÕªaË> 1). ���

��;õ� ]jÅÒ�'a8£¤�è��H �̧0A�'a8£¤�è_� Ãºf��l�ï�r��� �̧m�'�a�A�̀¦ 0AK� ²DGwn�K��ª��̧��"é¶\�"f î�r%ò
��¦ e��Ü¼

 9, "fK�îß�_� I�îß�ìøÍ�̧ ÂÒ��H\� 0Au�ô�Ç "fíß��'a8£¤�è��H "fíß� l��©��'a8£¤�è\� [O�u�÷&#Q, 8£¤|¾Ó l�ï�r&h� �'ao�

x9� 6£x6 xì�r�� t�"é¶��\O�_� {9�8̈�Ü¼�Ð ²DG�Ðt�o�&ñ
�Ð"é¶\�"f î�r%ò
��¦ e����. ÕªaË> 1�̀¦ :�xK� �����;õ� "fíß�

�'a8£¤�è��0Au�ô�Ç"fK�îß��Ér]jÅÒ�'a8£¤�è��0Au�ô�Ç]jÅÒK�îß��Ð��4�¤ú̧�ô�ÇK�îß����Ü¼�Ðs�ÀÒ#Q&��6£§�̀¦SX�

���½+É Ãº e����.

³ð 1�Ér ���½̈\� ��6 x�)a GPS �©�r��'a8£¤�è 0Au�ü< ��«Ñ_� ì�r$3�l�çß��̀¦ �����·p �.���s	כ ��«Ñ %�o�\�¦

:�xK� íß�Ø�¦�)a GPS Ãºf��ýa³ð r�>�\P��Ér �̧$3��̧�oì�rK�\�¦ :�xK� OTL ì�r�̧$í
ì�rÜ¼�Ð ���Ø�¦�)a��. &ñ
SX�ô�Ç ���

Ø�¦ ���õ�\�¦ S\�1pq�l� 0AK�"f��H �̧$3��̧�oì�rK� r� ���8£¤ ½̈çß�s� \O���H ���5Åq�)a GPS Ãºf��ýa³ð r�>�\P��̀¦ ��
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6 xK��� ô�Ç��. ����"f s� ���½̈\�"f��H GPS�ÐÂÒ'� þj7áx íß�Ø�¦�)a 10ì�r çß����_� r�>�\P� ×�æ ��«Ñ_� ¾º|ÃÌs�

\O���H ³ð 1_� l�çß��̀¦ �̧$3��̧�oì�rK�\� ��6 x�%i���.

2.2 GPS ���º %oP�M�(«

GPS\�¦ s�6 xô�Ç OTL ì�r�̧$í
ì�r_� ���Ø�¦�̀¦ 0AK� GIPSY áÔ�ÐÕªÏþ�_� v�W1B�hË:(kinematic) l�ZO��̀¦

s�6 x�#� 10ì�r éß�0A_� Ãºf��ýa³ð r�>�\P��̀¦ íß�Ø�¦�%i���. GPS 0A$í
_� C��̧§4�õ� r�>��̧	���H JPL(Jet

Propulsion Laboratory)\�"f ]j/BN���H non-fiducial íß�Ø�¦Óüt�̀¦ ��6 x�%i���. OTL t�y�����0A\�¦ ]jü@ô�Ç

�¦�̂t�½̈�̧$3�õ��FG�̧$3�1px_��¦�̂t�½̈î�r1lx\��'aº���)a�Ð&ñ
�̧4Sq�Ér IERS2003�̀¦��6 x�%i��¦, GPSîß�_�

��_� 0A�©�×�æd�� �̧áÔ!Ó	(phase center offset) �Ð&ñ
\���H ]X�@/�Ð&ñ
�̧4Sq�̀¦ &h�6 x�%i���. ��«Ñ %�o�\�¦ 0Aô�Ç

e��>��¦�̧y��[O�&ñ
�Ér 10◦\�¦&h�6 x�%i�Ü¼ 9,�'a8£¤�è¹¡§f��e��\�@/ô�Ç random walk sigma��H 24.0mm/
√

h\�¦

&h�6 x�%i���. @/ÀÓ�Ý¶ �̧	���H _þvî�rt����õ� |	��̧t����Ü¼�Ð ½̈ì�rô�Ç +' y��y��\� @/ô�Ç ���+«>&h� Ãºu��Ð �íl�°úכ

�̀¦ [O�&ñ
ô�Ç ��6£§ ïß�#��̧	�\�¦ random walk process�Ð ÆÒ&ñ
�%i���(Webb & Zumberge 1993). ïß�#��̧

	� ÆÒ&ñ
\� ��6 x÷&��H random walk sigma��H 7.2mm/
√

h\�¦ &h�6 x�%i���. r����~½Ó�¾Óõ� ��;&ñ
~½Ó�¾Ó_� @/ÀÓ

�Ý¶ t����|¾Ó ���8̈�\���H Niell ���©��<ÊÃº\�¦ ��6 x�%i�Ü¼ 9, ~½Ó0Ay��\� ���Ér @/ÀÓ�Ý¶ ÏãJ]X�Ò�¦ ���1lx|¾Ó�Ér ÆÒ&ñ
�

t� ·ú§��¤��.

GIPSY\�¦s�6 xô�Çv�W1B�hË:l�ZO�\�"f�'a8£¤�èýa³ð���1lxõ�@/ÀÓ�Ý¶t����|¾ÓÆÒ&ñ
\���6 x÷&��H random

walk sigma��H y��y�� 30.0mm/
√

hü< 10.2mm/
√

h_� l��:r °úכÜ¼�Ð [O�&ñ
÷&#Q e����. ��6 x����H ��«Ñ %�o�

r� �'a8£¤8̈��â
�̀¦ �¦�9�#� e��_��Ð °ú̀�כ¦ �̧]X�½+É Ãº e��Ü¼ 9, s� ���½̈\�"f��H �â
+«>&h� Ãºu�\�¦ &h�6 x�%i���.

��«Ñ %�o� r� �'a8£¤�è ¹¡§f��e��\� @/ô�Ç random walk sigma��H ±ú�>� [O�&ñ
½+ÉÃº2�¤ ýa³ð &ñ
x9��̧�� Z�}�����

��. Õª�Q�� �-Áº ����Ér °ú̀�כ¦ [O�&ñ
½+É �â
Äº {9�ÂÒ ì�r�̧_� ���;�¤$í
ì�rs� ���>� ���Ø�¦÷&��H �&³�©�s� µ1ÏÒqtô�Ç��.

JPL_� non-fiducial 0A$í
ýa³ð\�¦ s�6 x�#� íß�Ø�¦�)a 3	�"é¶ ýa³ðr�>�\P��Ér ITRF ýa³ð>��Ð ���8̈�s� �9�

¹כ���. JPL�Ér x-file +þAd��Ü¼�Ð B�{9�_� ýa³ð���8̈�>�Ãº\�¦ ]j/BNô�Ç��. ITRF ýa³ð>���H 2006�̧� 11�Z4 6{9��̀¦

l�ï�rÜ¼�Ð ITRF2000\�"f ITRF2005�Ð���8̈�÷&%3�l�M:ë�H\�, 2006�̧� 11�Z4s����_���«Ñ\�¦��6 xô�Ç�����;õ�

"fíß��Ér ITRF2000Ü¼�Ð ���8̈��%i��¦, 2007�̧� ��«Ñ\�¦ s�6 xô�Ç ]jÅÒ��H ITRF2005�Ð ���8̈��%i���. GIPSY

�ÐÂÒ'� íß�Ø�¦�)a GPS Ãºf��ýa³ð r�>�\P��Ér ÕªaË> 2\� ����?/%3���.

2.3 OTL (Ûo�Ð)ç�(Ûo #��_ô>

s� ���½̈\�"f��H �̧$3��̧�oì�rK� áÔ�ÐÕªÏþ���� T TIDE(Rich et al. 2002)\�¦ s�6 x�#� ITRF ýa³ð>��Ð

���8̈��)a GPS Ãºf��ýa³ðr�>�\P�\�"f OTL ì�r�̧$í
ì�r_� ���;�¤õ� Õªo�m�u� �:r�í���̧��� l�ï�r_� 0A�©��̀¦ ���

Ø�¦�%i���. GPS�ÐÂÒ'� ���Ø�¦�)a ���;�¤õ� 0A�©��Ér FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq_� \V8£¤ °úכ

�̀¦ s�6 x�#� ���Ø�¦ &ñ
SX��̧\�¦ î̈
���%i���. FES2004��H CODE IGS ì�r$3�G'p'�\�"f /BNd��&h�Ü¼�Ð ��6 x�

�¦ e����H ���t�½̈�̧4Sqs� 9(Schaer & Hugentobler 2006), NAO.99Jb��H {9��:rõ� ô�ÇìøÍ�̧ ÅÒ���_� t�%i��̧

4Sqs���(Matsumoto et al. 2000). FES2004��H FES(Finite Element Solution)>�\P�_� ���©� þj����̧4Sqs�

 9, TOPEX/Poseidonõ� ERS-2 ��«Ñ÷�rëß� ��m��� �̧0A�'a8£¤��«Ñ�� 1lx�ol�ZO�(assimilation method)Ü¼

�Ð &h�6 x÷&%3���(Lyard et al. 2006). Õª ����� K��©��̧��H 1/8◦s���. NAO.99Jb��H ô�ÇìøÍ�̧ 64>h �̧0A�'a8£¤

��«Ñ\�"f ÆÒØ�¦�)a 4@/ ì�r�̧�� ��6 x÷&%3�Ü¼ 9, ����� K��©��̧��H 1/12◦s���(Matsumoto et al. 2000).

GPS\�¦ s�6 xô�Ç OTL ì�r�̧$í
ì�r ���Ø�¦ ���õ�\�¦ K��ª��̧$3��̧4Sq�̀¦ s�6 xô�Ç \V8£¤ ���õ�ü< q��§�l� 0A

K� OTL ì�r�̧$í
ì�r�̀¦ >�íß����H ¿º >h áÔ�ÐÕªÏþ��̀¦ ��6 x�%i���. FES2004 ���t�½̈�̧4Sq�Ér M. S. Bos &

H. -G. Schernecks� î�r%ò
���H R/Û"fq�Û¼(www.oso.chalmers.se/∼loading/)\�¦ s�6 x�#� >�íß��%i��¦,
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ÕªaË> 2. GPS�Ð íß�Ø�¦ô�Ç Ãºf��ýa³ðr�>�\P�.

NAO.99Jb t�%i��̧4Sq�Ér GOTIC2(Matsumoto et al. 2001) áÔ�ÐÕªÏþ��̀¦ s�6 x�#� >�íß��%i���. OTL \V

8£¤ áÔ�ÐÕªÏþ�\� _�ô�Ç 	�s���H p�p�ô�Ç �Ü¼�Ð	כ ·ú��94R e��Ü¼Ù¼�Ð(Scherneck & Bos 2002), s� ���½̈\�"f��H

���Ø�¦ ���õ�_� &ñ
SX��̧ î̈
�� õ�&ñ
\�"f \V8£¤ áÔ�ÐÕªÏþ�\� _�ô�Ç 	�s���H �¦�9�t� ·ú§��¤��.

3. ÄZØ�ºVRËÄZØ ßeÈûsÚ +sÇÊÝ R�w� õmÍ ÄZØV	Ä

3.1 �Ð)o�~¡Ö{º;c q�Â6Ò OTL (Ûo�Ð)ç�(Ûo ;d�m;

ÄºÅÒ8£¤t� l�Õüt\�"f OTL �Ð&ñ
�̀¦ 0AK� @/³ð&h�Ü¼�Ð ��6 x÷&��H 8úx 11>h ì�r�̧$í
ì�r�̀¦ FES2004 ���t�

½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq�̀¦ s�6 x�#� \V8£¤ô�Ç ���õ���H ³ð 2ü< °ú ��. ³ð 2\�"f |∆|��H ¿º �̧4Sq 	�s�
_� ]X�Î.	°ú̀�כ¦ �����·p �,s� 9	כ ���;�¤	���H [mm], 0A�©�	���H [◦] éß�0A�Ð ����?/%3���. ���t�½̈�̧4Sqõ� t�%i��̧

4Sq_� �â
Äº �̧¿º M2ì�r�̧\� _�ô�Ç OTL t�y�����0A�� ���©� ß¼�¦, �̧4Sqçß�_� 	�s��̧ M2ì�r�̧\�"f ���©� ß¼

>� µ1ÏÒqt���H �Ü¼�Ð	כ ����z�¤��. ���t�½̈�̧4Sqõ� t�%i��̧4Sq\� _�ô�Ç ���;�¤ 	�s���H �����;_� M2ì�r�̧\�"f þj

@/ 3.5mm, 0A�©� 	�s���H "fíß�_� K2ì�r�̧\�"f þj@/ 36.7◦�� µ1ÏÒqt�%i���. �̧$3��̧4Sq\� _�ô�Ç 	�s���H �����;,

"fíß�_� ìøÍ{9�ì�r�̧ ���;�¤$í
ì�r\�"f ß¼>� ����z�¤Ü¼ 9, NAO.99Jb�Ð \V8£¤ô�Ç ���;�¤ °úכs� FES2004�Ð \V8£¤ô�Ç

���;�¤ °úכ�Ð�� @/�̂�Ð 	�H �Ü¼�Ð	כ ����z�¤��.

�̧$3��̧4Sq�̀¦s�6 x�#�8úx 11>h_� OTLì�r�̧$í
ì�r�̀¦\V8£¤ô�Ç���õ�ÅÒ¹כ 4>hì�r�̧\�"f���;�¤$í
ì�rs�ß¼
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³ð 2. �̧$3��̧4Sq\� _�ô�Ç OTL ì�r�̧$í
ì�r \V8£¤���õ�(FES:FES2004, NAO:NAO.99Jb).

�����;(ICNW) "fíß�(SEOS) ]jÅÒ(CJUN)

FES NAO |∆| FES NAO |∆| FES NAO |∆|
Amplitude [mm] M2 15.9 19.4 3.5 11.5 12.9 1.4 11.3 11.7 0.4

S2 5.7 7.8 2.1 4.6 5.4 0.8 4.7 4.7 0.0

N2 2.0 3.5 1.5 1.4 2.2 0.8 3.0 2.8 0.2

K2 0.5 2.5 2.0 0.7 1.7 1.0 1.7 1.2 0.5

K1 5.0 5.5 0.5 5.8 5.9 0.1 10.9 10.7 0.2

O1 4.5 5.0 0.5 5.1 5.2 0.1 8.4 8.5 0.1

P1 1.6 1.8 0.2 1.8 1.9 0.1 3.6 3.6 0.0

Q1 0.8 1.0 0.2 0.9 1.1 0.2 1.7 1.7 0.0

Mf 0.2 0.3 0.1 0.2 0.2 0.0 0.1 0.1 0.0

Mm 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.1

Ssa 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1

Phase [◦] M2 59.6 60.0 0.4 47.9 45.9 2.0 194.4 195.6 1.2

S2 104.8 101.5 3.3 88.8 86.5 2.3 195.7 220.4 24.7

N2 46.9 38.4 8.5 44.4 29.3 15.1 187.8 186.8 1.0

K2 120.7 85.4 35.3 112.2 75.5 36.7 229.4 218.6 10.8

K1 270.7 283.8 13.1 270.5 275.7 5.2 254.8 257.0 2.2

O1 254.6 261.9 7.3 253.0 256.1 3.1 238.0 238.7 0.7

P1 268.9 283.6 14.7 269.9 275.6 5.7 256.2 255.4 0.8

Q1 235.4 248.0 12.6 235.9 244.9 9.0 227.0 232.0 5.0

Mf 0.6 4.3 3.7 359.0 3.3 4.3 337.6 347.7 10.1

Mm 342.0 343.4 1.4 335.7 338.4 2.7 249.5 273.8 24.3

Ssa 352.2 350.3 1.9 347.2 344.5 2.7 191.5 194.8 3.3

ÕªaË> 3. 11>h ì�r�̧\� @/ô�Ç ÅÒ¹כ 4@/ ì�r�̧_� q�Ö�¦.

>� ��������H �¦̀�	כ SX����½+É Ãº e��%3���. M2, S2, K1 Õªo��¦ O1ì�r�̧��H ô�ÇìøÍ�̧ Ãºf��l�ï�r��� ���&ñ
\� s�6 x÷&

��H ÅÒ¹כ 4@/ ì�r�̧�Ð ô�ÇìøÍ�̧ ÅÒ���_� �̧$3��&³�©��̀¦ @/³ð���H ì�r�̧$í
ì�rs���. ÕªaË> 3�Ér ÅÒ¹כ 4@/ ì�r�̧_� ���

;�¤ ½+Ë�̀¦ ����̂ 11>h ì�r�̧_� ���;�¤ ½+Ë\� @/ô�Ç Ñþ�ì�rÖ�¦�Ð �����·p �.���s	כ M2, S2, K1 Õªo��¦ O1ì�r�̧��H ���

�̂ 11>h ì�r�̧_� þj@/ ���;�¤\� @/�#� ��� 80%\�¦ 	�t�ô�Ç��. s���H ô�ÇìøÍ�̧_� "fK�îß�õ� z��K�îß�\�"f GPS

\�¦ s�6 x�#� &ñ
SX��>� OTL 4@/ ì�r�̧$í
ì�r�̀¦ \V8£¤½+É �â
Äº OTL t�y�����0A_� ��� 80%\�¦ �Ð&ñ
½+É Ãº e��6£§

�̀¦ _�p�ô�Ç��. ����"f s� ���½̈\�"f��H ÅÒ¹כ 4@/ ì�r�̧\� @/K�"fëß� GPS l�ìøÍ OTL ì�r�̧$í
ì�r ���Ø�¦�̀¦ r�

�̧��¦, �̧$3��̧4Sq_� \V8£¤ ���õ�ü< q��§�#� ���Ø�¦ &ñ
SX��̧\�¦ î̈
���%i���.

3.2 GPS;c q�Â6Ò OTL (Ûo�Ð)ç�(Ûo #��_ô>

³ð 3�Ér �����;, "fíß� Õªo��¦ ]jÅÒ �'a8£¤�è_� GPS�ÐÂÒ'� ���Ø�¦�)a OTL ì�r�̧$í
ì�r�̀¦ �����·p �.���s	כ

s� ³ð\�¦ ³ð 2ü< q��§K� �Ð���, [j �'a8£¤�è\�"f �̧¿º GPS�Ð ���Ø�¦ô�Ç OTL ì�r�̧$í
ì�r_� ���;�¤õ� 0A�©�s�
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³ð 3. GPS\�¦ s�6 xô�Ç OTL ì�r�̧$í
ì�r ���Ø�¦ ���õ�.

�����;(ICNW) "fíß�(SEOS) ]jÅÒ(CJUN)

amplitude [mm] phase [◦] amplitude [mm] phase [◦] amplitude [mm] phase [◦]
M2 12.9 54.6 9.1 34.9 9.2 189.7

S2 4.0 125.0 10.0 22.0 3.3 218.1

K1 13.8 271.3 10.1 278.0 6.9 297.0

O1 3.1 271.2 3.7 291.0 7.9 251.3

�����;(ICNW)
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ÕªaË> 4. 3>h �'a8£¤�è_� OTL ì�r�̧ phasor plot q��§: GPS("é¶), NAO.99Jb(��y��+þA), FES2004(���y��+þA).

�̧$3��̧4Sq\� _�ô�Ç \V8£¤°úכõ� ���ìøÍ&h�Ü¼�Ð {9�u����, �����;õ� "fíß�\�"f K1ì�r�̧_� ���;�¤s� M2ì�r�̧_� ���

;�¤�Ð�� ß¼>� ���Ø�¦÷&#Q �̧$3��̧4Sq\� _�ô�Ç \V8£¤���õ�ü< 	�s��� e��6£§�̀¦ ·ú� Ãº e����. ���'�����½̈(Khan &

Scherneck 2003)\�"f�̧ GPS 0A$í
_� /BN���ÅÒl�(11.9660h)ü< q�5pwô�Ç ÅÒl�\�¦ °ú���H K2ì�r�̧(11.9672h)ü<

K1ì�r�̧(23.9345h)��H ÅÒl�&h�Ü¼�Ð ìøÍ4�¤÷&��H GPS 0A$í
_� C��̧�̧	�ü< ��×�æ�â
�Ð�̧	�_� %ò
�¾ÓÜ¼�Ð &ñ
SX�

ô�Ç ���Ø�¦s� ~1�t� ·ú§6£§�̀¦ t�&h�ô�Ç ��YV�� e����. Õª�Q�� ]jÅÒ �'a8£¤�è_� �â
Äº �����;õ� °ú �Ér l�7áx_� GPS îß�

_���ü< Ãº���l�\�¦ ��6 x� 9, X<s�'� %�o� l�ZO� ¢̧ô�Ç 1lx{9��>� &h�6 x÷&%3�6£§\��̧ Ô�¦½̈��¦, ���çß�_� 0A�©�

	�s�ëß� µ1ÏÒqt½+É ÷�r K1ì�r�̧_� ���Ø�¦ ���õ��� �ª� ñô�Ç �Ü¼�Ð	כ ����z�¤��. s� ���½̈\�"f��H 3>h �'a8£¤�è_� ì�r$3�

l�çß�s� "f�Ð ��ØÔ����H &h�õ� �'a8£¤8̈��â
_� �©�s�$í
 1pxs� K1ì�r�̧ ���Ø�¦\� ÆÒ��&h���� %ò
�¾Ó�̀¦ ï�r �Ü¼�Ð	כ óøÍ

éß��)a��.

ÕªaË> 4��H ³ð 2ü< ³ð 3_� ���õ� ×�æ ÅÒ¹כ 4@/ ì�r�̧_� ���;�¤õ� 0A�©��̀¦ phasor plotÜ¼�Ð �����·p �.���s	כ

phasor plot�Ér ì�r�̧_� ���;�¤õ� 0A�©��̀¦ ò́õ�&h�Ü¼�Ð ³ð�&³½+É Ãº e����H ÕªA�áÔs���. ���;�¤�Ér ���ì�r_� U�́s��Ð
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³ð 4. FES2004 l�ï�r GPS ���Ø�¦ ���õ�_� �̧	� q��§[éß�0A %].

�����;(ICNW) "fíß�(SEOS) ]jÅÒ(CJUN)

εA εφ εA εφ εA εφ

M2 18.9 2.8 20.9 7.2 18.6 2.6

S2 29.8 11.2 117.4 37.1 29.8 12.4

K1 176.0 0.3 74.1 4.2 36.7 23.4

O1 31.1 9.2 27.5 21.1 6.0 7.4

Average 64.0 5.9 60.0 17.40 22.8 11.4

����?/�¦, 0A�©��Ér 3r�\�¦ l�ï�rÜ¼�Ð(0◦) ìøÍr�>� ~½Ó�¾ÓÜ¼�Ð ³ð�&³ô�Ç��. ÕªaË> 4\�"f �©�@/&h�Ü¼�Ð ���;�¤_� ß¼

l��� ����Ér O1_� �â
Äº\���H M2, S2, K1õ� ²ú�o� »¡¤_� #3�0A\�¦ –1\�"f 1��t� ³ðr��%i���. FES2004_� \V

8£¤°úכ�Ér ���y��+þAÜ¼�Ð, NAO.99Jb �̧4Sq_� \V8£¤°úכ�Ér ��y��+þAÜ¼�Ð ³ðr��%i�Ü¼ 9, GPS ���Ø�¦ ���õ���H "é¶Ü¼

�Ð ³ðr��%i���.

ÕªaË> 4\�¦ :�xK� ���t�½̈�̧4Sqõ� t�%i��̧4Sq_� \V8£¤���õ���H @/�̂�Ð {9�u��t�ëß�, 3.1]X�\�"f [O�"î
ô�Ç ��ü<

°ú s� �����;_� ìøÍ{9�ì�r�̧$í
ì�r\�"f ���;�¤ ß¼l���H t�%i��̧4Sq_� \V8£¤���õ��� ���t�½̈�̧4Sq_� \V8£¤���õ��Ð�� ��

�è 	�H �¦̀�	כ SX����½+É Ãº e����. GPS ���Ø�¦ ���õ� ×�æ :£¤y� M2ì�r�̧��H �̧��H �'a8£¤�è\�"f ���;�¤õ� 0A�©� $í
ì�rs�

�̧4Sqõ� q��§&h� ú̧� {9�u����H �Ü¼�Ð	כ ����z�¤��. M2ì�r�̧��H ÅÒ¹כ 4@/ ì�r�̧\�¦ s�ÀÒ��H ½̈$í
¹�è�Ð"fכ K��ª�

�̧$3� �&³�©��̀¦ {9�Ü¼v���H ���©� ×�æ¹כô�Ç $í
ì�rs���. M2ì�r�̧�� ÅÒ¹כ 11>h ì�r�̧\� @/�#� 	�t����H q�Ö�¦�Ér

�̧4Sq \V8£¤���õ�\�¦ l�ï�rÜ¼�Ð �����;, "fíß�, ]jÅÒ\�"f y��y�� î̈
ç�H 42.5%, 35.5%, 25.4%s���. ����"f GPS

\�¦ s�6 x�#� M2ì�r�̧$í
ì�r�̀¦ &ñ
SX�y� ���Ø�¦½+É �â
Äº OTL t�y�����0A\�¦ þj@/ 42.5% ��t� �Ð&ñ
½+É Ãº e���̀¦

�Ü¼�Ð	כ óøÍéß��)a��.

¢̧ô�Ç ÕªaË> 4\�¦ :�xK� �����;_� K1ì�r�̧��H ���;�¤$í
ì�r\�"f �̧4Sqõ� q��§&h� 	�s��� ß¼�¦, O1ì�r�̧��H �©�@/

&h�Ü¼�Ð ����Ér ���;�¤e��\��̧ Ô�¦½̈��¦ �̧4Sqõ� q��§&h� ú̧� {9�u����H ��s	כ SX����÷&%3���. "fíß�\�"f��H S2ì�r�̧

�� ���;�¤õ� 0A�©�$í
ì�r �̧¿º �̧4Sqõ� 	�s��� e���¦, K1ì�r�̧_� �â
Äº @/�̂�Ð �̧4Sqõ� {9�u����H �Ü¼�Ð	כ ����

z�¤��. ��t�}��Ü¼�Ð ]jÅÒ_� �â
Äº K1ì�r�̧_� 0A�©� 	�s�\�¦ ]jü@���� ��_� �̧��H ì�r�̧$í
ì�r\�"f �̧4Sq \V8£¤

���õ�ü< GPS ���Ø�¦ ���õ��� ú̧� {9�u����H �Ü¼�Ð	כ ����z�¤��.

3.3 #��_ô> +ä�%u�|¡ è���

GPS�ÐÂÒ'� ���Ø�¦�)a OTL ì�r�̧$í
ì�r_� &ñ
SX��̧ î̈
��\�¦ 0AK� �̧$3��̧4Sq_� \V8£¤���õ�\�¦ l�ï�rÜ¼�Ð ���;�¤

õ� 0A�©�_� �̧	�\�¦ î̈
���%i���. d�� (1)�Ér ���;�¤õ� 0A�©�_� �̧	� íß�Ø�¦\� ��6 x�)a d��s���. ���;�¤�Ér �̧4Sqs� \V

8£¤ô�Ç °ú̀�כ¦ l�ï�rÜ¼�Ð �©�@/�̧	�\�¦ >�íß��%i�Ü¼ 9, 0A�©��Ér ���©� ß¼>� µ1ÏÒqt½+É Ãº e����H 	�s���� 180◦\�¦ l�

ï�rÜ¼�Ð �̧	�\�¦ ����?/%3���. ����"f 0A�©� �̧	���H Ãºu��©�Ü¼�Ð ���è ����Ér °úכÜ¼�Ð ³ð�&³|̈c Ãº e����. Õª�Q

Ù¼�Ð 0A�©� �̧	���H ���;�¤_� �©�@/�̧	�ü< f��]X� q��§½+É Ãº \O���. d�� (1)\�"f ���;�¤�Ér A�Ð, 0A�©��Ér φ�Ð ³ðr�

�%i�Ü¼ 9, �̧4Sq�Ð \V8£¤ô�Ç °úכ�Ér M , GPS�Ð ���Ø�¦ô�Ç °úכ�Ér G�Ð ����?/%3���.

εA =
|AM −AG|

AM
× 100, εφ =

|φM − φG|
180◦

× 100 (1)

FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq�̀¦ l�ï�rÜ¼�Ð GPS ���Ø�¦ &ñ
SX��̧\�¦ î̈
��ô�Ç ���õ���H y��

y�� ³ð 4ü< ³ð 5\� ����?/%3���. FES2004 ���t�½̈�̧4Sq�̀¦ s�6 xô�Ç ���Ø�¦ &ñ
SX��̧ î̈
��\�"f ���;�¤_� �©�@/�̧

	���H ]jÅÒ\�"f î̈
ç�H 22.8%, 0A�©��̧	���H �����;\�"f î̈
ç�H 5.9%�Ð ���©� ±ú��Ér �̧	�\�¦ ����?/%3���. ¢̧ô�Ç,

NAO.99Jb t�%i��̧4Sq�̀¦ l�ï�rÜ¼�Ð ì�r$3�ô�Ç ���õ� ���;�¤_� �©�@/�̧	���H ]jÅÒ\�"f î̈
ç�H 23.4%�Ð ���©� ±ú��¦,
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³ð 5. NAO.99Jb l�ï�r GPS ���Ø�¦ ���õ�_� �̧	� q��§[éß�0A %].

�����;(ICNW) "fíß�(SEOS) ]jÅÒ(CJUN)

εA εφ εA εφ εA εφ

M2 33.5 3.0 29.5 6.1 21.4 3.3

S2 48.7 13.1 85.2 35.8 29.8 1.3

K1 150.9 6.9 71.2 1.3 35.5 22.2

O1 38.0 5.2 28.8 19.4 7.1 7.0

Average 67.8 7.0 53.7 15.7 23.4 8.4

0A�©��̧	���H �����;\�"f î̈
ç�H 7.0%�Ð ���©� ±ú�>� ����z�¤��. �̧4Sq\� _�ô�Ç 	�s�\�¦ �¦�9��8���̧ ���;�¤$í
ì�r

_� �â
Äº ]jÅÒ, 0A�©�$í
ì�r_� �â
Äº �����;_� ���Ø�¦ ���õ��� ���©� &ñ
SX��<Ê�̀¦ ·ú� Ãº e����.

�����;_� K1ì�r�̧��H ���;�¤$í
ì�r\�"f FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq\�"f �̧¿º 150% s�

�©�_� �©�@/�̧	�\�¦ ����?/#Q ���Ø�¦ &ñ
SX��̧�� ±ú��Ér �Ü¼�Ð	כ ����z�¤��. "fíß�_� S2ì�r�̧��H ���;�¤$í
ì�r\�"f

FES2004ü< 117.4%_� 	�s�\�¦ ����?/%3�Ü¼ 9, NAO.99Jbü<��H 85.2%\�¦ ����?/#Q �̧4Sq\� ���� ���Ø�¦ &ñ


SX��̧\� 	�s���e����H�.���SX����½+ÉÃºe��%3¦̀�	כ ¢̧ô�Ç"fíß�_� S2ì�r�̧��H0A�©�$í
ì�r\�"f �̧4Sq\��'a>�\O�s���

�©� ±ú��Ér ���Ø�¦ &ñ
SX��̧\�¦ ����?/%3���. S2ì�r�̧(12.0000h)_� �â
Äº K2ì�r�̧(11.9672h)ü< B�Äº q�5pwô�Ç ÅÒl�

\�¦ °ú�l� M:ë�H\� s�[þt�̀¦ &ñ
SX��>� ì�ro��l� 0AK�"f��H 6>h�Z4 s��©�_� ���5Åq�)a ��«Ñ�� ¹כ��9���(Khan &

Tscherning 2001). ����"f s� ���½̈\�"f��H 6>h�Z4 p�ëß�_� GPS ��«Ñ\�¦ s�6 x�<ÊÜ¼�Ð+� S2ì�r�̧ü< K2ì�r�̧

_� &ñ
SX�ô�Ç ì�ro��� s�ÀÒ#Qt�t� ·ú§�� ���Ø�¦ &ñ
SX��̧\� %ò
�¾Ó�̀¦ ÅÒ%3��̀¦ �Ü¼�Ð	כ óøÍéß��)a��.

s� ���½̈\�"f��H K��ª��̧$3��̧4Sq_� \V8£¤���õ�\�¦ l�ï�rÜ¼�Ð GPS\�¦ s�6 xô�Ç OTL ì�r�̧$í
ì�r_� ���Ø�¦ &ñ
SX�

�̧\�¦ î̈
���%i���. Õª�Q�� FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq_� &ñ
SX��̧\�¦ z�́]j �̧0A��«Ñü<

_� q��§\�¦ :�xK� î̈
��ô�Ç ��YV�� \O���. Õª�QÙ¼�Ð �̧4Sq \V8£¤���õ�ü< GPS ���Ø�¦ ���õ�_� 	�s�\�¦ ���&h�Ü¼�Ð

GPS ���Ø�¦�̧	��Ð �̂¦ Ãº \O���. �̧0A��«Ñ\�¦ s�6 xô�Ç ÆÒ�����½̈\�¦ :�xK� �̧$3��̧4Sq_� �̧	�\�¦ &ñ
|¾Ó&h�Ü¼�Ð î̈


���<ÊÜ¼�Ð+� �Ð�� &ñ
SX�ô�Ç q��§�� ��0px½+É �Ü¼�Ð	כ óøÍéß��)a��. ¢̧ô�Ç s� ���½̈\�"f��H 3>h�Z4 p�ëß�_� q��§&h�

Âúª�Ér l�çß�_� GPS Ãºf��ýa³ð r�>�\P�s� �̧$3��̧�oì�rK�\� ��6 x÷&#Q S2ü< K2 1px_� Ä»��ô�Ç ÅÒl�\�¦ °ú���H

ì�r�̧$í
ì�rs� &ñ
SX��>� ì�ro�÷&t� ·ú§6£§Ü¼�Ð+� ���Ø�¦ &ñ
SX��̧�� ���è ±ú������ �Ü¼�Ð	כ ÆÒ&ñ
�)a��. �¾ÓÊê 1�̧�

s��©�_� ���5Åq&h���� ��«Ñ�� SX��Ð|̈c �â
Äº �Ð�� &ñ
SX���¦ ú́§�Ér Ãº_� ì�r�̧$í
ì�r�̀¦ ���Ø�¦½+É Ãº e���̀¦ �Ü¼�Ð	כ l�

@/�)a��.

4. +sÇ Â]Ø

s� ���½̈��H K��ª��̧$3��̧4Sq�̀¦ s�6 xô�Ç &ñ
SX��̧ î̈
��\�¦ :�xK� GPS &ñ
x9�éß�1lq8£¤0Al�ZO��̀¦ &h�6 x�#� OTL

ì�r�̧$í
ì�r_� ���Ø�¦s� ��0px�<Ê�̀¦ SX�����%i���. FES2004 ���t�½̈�̧4Sqõ� NAO.99Jb t�%i��̧4Sq�Ér ]jÅÒ�Ð��

�����;õ� "fíß�\�"f �̧4Sq\� _�ô�Ç 	�s��� �©�@/&h�Ü¼�Ð ß¼�¦, :£¤y� {9�ì�r�̧�Ð����H ìøÍ{9�ì�r�̧$í
ì�r\�"f 	�s�

�� �8 	�H �¦̀�	כ SX�����%i���. �̧$3��̧4Sq�̀¦ s�6 xô�Ç ì�r$3�\�"f ÅÒ¹כ 4@/ ì�r�̧��H ����̂ 11>h ì�r�̧$í
ì�r_� ���

80%\�¦ 	�t����H �Ü¼�Ð	כ ������ GPS\�¦ s�6 x�#� ÅÒ¹כ 4@/ ì�r�̧$í
ì�r�̀¦ &ñ
SX�y� ���Ø�¦½+É �â
Äº OTL Ãº

f��t�y�����0A_� ��� 80%\�¦ �Ð&ñ
½+É Ãº e���̀¦ �Ü¼�Ð	כ l�@/�)a��. �̧$3��̧4Sq_� \V8£¤���õ�\�¦ l�ï�rÜ¼�Ð �̧	� ì�r

$3��̀¦ Ãº'��ô�Ç ���õ� GPS�Ð ���Ø�¦ô�Ç OTL ì�r�̧ ×�æ ���;�¤$í
ì�r�Ér ]jÅÒ\�"f, 0A�©�$í
ì�r�Ér �����;\�"f �̧4Sqõ�

���©� ��H]X�ô�Ç �Ü¼�Ð	כ ����z�¤��. Õª�Q�� GPS 0A$í
C��̧_� [O�1lxõ� ÅÒl��� ����î�r K1ì�r�̧��H ���'�� ���½̈
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��YVü< °ú s� ���Ø�¦ &ñ
SX��̧�� Z�}t� ·ú§�Ér �Ü¼�Ð	כ ����z�¤��.
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