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°��(�(�éYe(DÂk­�K�, 3<Ý�¥�ÜE,õC�°�ÔnÚY©�¸¥, ¼�(�¿¡
���ÚO©Ù5ÆéYe8I&ÿÚYe(Ï&k­�¿Â. duR�FÝ{3(�(�©Û¥�Û�59Ù
3<Ý�¥�Ü°��·^5¯K, æ^õ�ÚO©Û¥��`©�{é(���?1©Û, ¿A^�C 10 c�
/=°�Æ¢�*ÿ
êâé<Ý�¥�Ü°�(�¿¡�A�þ?1
O�, ¼�
(����R�(�A�
Ú��Cz5Æ; �|^²���¼ê (EOF) L«�{, ©Û
<Ý�¥�Ü(�¿¡[Ü°Ý� EOF �g�©Ù
A:. �â<Ý��°�ÔnA�, �«
(�¿¡A�þ��üC�S3ÔnÅn. ïÄ(JL²: �`©�{´
·Ü<Ý�(�(�����ä�{, ¿JÑ
�A��äOKëê; (�¿¡[Ü°Ý� EOF �gCz�«�5
©ÙA��²w, ÙG!5Cz��; <Ý�¥�Ü��°(�¶�3 5◦S ±H²w�3, 3 15◦S—25◦S NC°�
�3n���; <Ý�¥�Ü(�¿¡(��©�ü��!V��..!V��/.Ún��o«a.±9Sg
¢Áo�G!��. (�¿¡�©Û(JéuY(DÂÚ(BXÚ�¦^äk�½ë�¿Â.

'�c: �`©�{, ²���¼ê, (�¿¡, ��Cz

PACS: 43.30.+m

1 Ú ó

°�(�¿¡(�é(DÂäk­�K�, û
½XYe(DÂA5 [1,2]. (�¿¡(½(DÂ
´»Ú(DÂ�� [3], &?(�¿¡/�Cz
5Æéuý�(| [4,5]!(Æëê��ü [6−8]!
Y(Ï& [9,10] �¯KÑäk­��¿Â. ÜR
� [11,12] |^ 2005 c­.°�/ã8 (WOA05)
êâÚ/=°�Æ¢�*ÿ
 (ARGO) êâ, ©
O��
¥IC°Ú�ÆU°��(�¿¡a
.!«�©ÙÚG!CzA�. Ç�7� [13] é
���ðSÜH°��(�|A�?1
©Û,
�Ñ
(����Ý!þÝÚrÝnaL���
CzA59Ù(� �. Reise � [14] é�²�!
�Ü�Ú/¥°�°«�(�¿¡a.9«�
©Ù?1
©Û. Mandelberg � [15] A^àa©Û

�{��
�²�Ú�Ü���°(�¿¡�Ì
�a.. ,
, 8céu<Ý��(�(�ïÄ
��, =�u·Ü�Ú§Ý����
©ÙA�
ïÄ [16].

< Ý � ¥ � Ü, À ¡ Ï L ê 8 ` ° b � �
²��ë, Ü¡ÏL��¬$à, ªL/¥°�
�Ü��ë, Ü�Ü�Åd�, ´�h�­��
/, ²þY��� 3000 m, ��Y��L 6500 m
(ã 1(a)). <Ý�¥�Ü´ë��²�Ú�Ü�,
0Ïæ³!�³!��³��ÏÝ�Ú�hÑ
xÝ�, Ù²L/ Ú�¯/ �©­� [17]. C
c5, ¢êp°�°�FÃ�n, �'­��°
þ�Ï�7L�o, °�oÊw�c�­�. Ï
d, k7�é<Ý��(�¿¡(�A�?1�
¡[��©Û, �éE3T°��¹ÄJø�y.
ã 1(b) �Ñ
<Ý�¥�Ü� ARGO êâ©Ù, Ù
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¥I5�«� A � 17.5◦N—22.5◦N, 60◦E—70◦E;
« � B � 7.5◦N—12.5◦N, 80◦E—90◦E; « � C

� 2.5◦S—2.5◦N, 55◦E—75◦E; «� D � 7.5◦S—

12.5◦S, 60◦E—80◦E; « � E � 17.5◦S—22.5◦S,
70◦E—90◦E; « � F � 27.5◦S—32.5◦S, 80◦E—
100◦E; ä¡ �� 30◦S—20◦N, 65◦E.

ã 1 <Ý�¥�Ü�//A�Ú ARGO êâ©Ù (a) //A�; (b) êâ©Ù

2 <Ý�¥�Ü�Yì9�6A�

2.1 YYYìììAAA���

<Ý��YìÌ��)Åd�Y!ù°Y!
C.Ë°Y!�\.�Y!<Ý�¥
Y!<Ý
���Y!H4.�Y [18].

<Ý�L�Yì, c�G!5§���þ, ¥
y²w�/�A�. Åd�Y9ù°Y�íÝ'
�p, íÝ�u 38.0 j. C.Ë°Y;.�§ÝÚ
íÝ©O� 25—27 ◦C Ú 35.5 j —36.5 j, C.Ë
°píY�ÏLÜHGº¤6?\�\.�
K
��SYN. �\.�YKÏüYõ, �k´��
»65\, íÝAO$, 3��Ü$��$u 30.0
j. �<Ý�gL�Yì uG!5���e!Ì
§���þ, Ì�k<Ý�¥
Y, §´dæ9�
ËÜ��L�Ye�
/¤�, aqu��²�æ
9�ÜÜ��Y [19],  u 20◦S NC, §ÝÚíÝ
�A��©O� 9—17◦C Ú 34.7 j —35.5 j, ÷
X 100—800 m Y����Ð, ,�dÜ>.6D
x��<Ý�, ����C.Ë°Ú�\.�. <
Ý�¥�Yì uÌ§���e� 1000 m ��Y
�, ÙÌ�
/�ù°ÚÅd��pí¥�Y. <
Ý���Yì©Ù3 1000 m ±e�Y�, Ì�k
<Ý���YÚH4.�Y.

2.2 ���666AAA���

<Ý�L��6ÉGºK�, äkér�G!
5A�, Ì�k�»�6!»�_6!¢êp°
6!H»�6!#Ò'�6!�\Vd°6!Ü
e6 [20,21]. ã 2 w«
ÁGÚgG<Ý��6X
�©Ù [17].

�»�6K����3 0◦N—25◦N �m, äk
p§pí�A5. ÁG�1À�Gº, °6�À�
Gº°6, �»�6dÀ�Ü6Ä, /¤_���
6©Ù. gG�1ÜHGº, �»�6��, /¤Ü
HGº6, Ïmkr��Gº�, �¤�<Ý�g
GºÏm�^���6©Ù. 3 7◦S NC´�|�
À$Ä�6, =»�_6, �k3ÁGÀ�GºÏ
mâ¬Ñy, äkp§$í�A5, 6«üY¿�.
¢êp°6ÏÉ<Ý�Gº�K�, gG��6,
ÁG�H6, äkp§píA�. H»�6d 10◦S
±H�é­½�ÀH&º¤/¤�º)¤6, gÀ
�Ü6, �ê�\d\�NC©¤H�ü|. �©
|�|÷�³°W�þ, ®\¢êp°6, ,�|
÷�³°WHe, �#Ò'�°6; H©|²#Ò
'�°bH�, 3�³CW�#Ò'�°6�®Ü,
=��\Vd°6, §´H<Ý��ÜÜ>.6,
äk6��!6ÌÄÚþÝ��A:. Üe6
g
H<Ý��Üº¤6, òp�Ý�$§°Y�\$
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�Ý/«, /¤�íee=¡, ÏdZÂ��, äk
6Ì2!6��ÚK��Ýf�A:, du&ºA

�~c÷WN, 
�º�©ÙØþ, CW�, °¡þ
�, l
E¤°YlW$Ä/¤þ,6.

ã 2 <Ý�¥�Ü6X�Cz (a) ÁG�6; (b) gG�6

3 (�¿¡(�A��©Û�{

3.1 ÄÄÄ���VVVggg

°�(�¿¡�;.(��n�(�, =L

�!Ì��Ú�°�§� [17]. L��)L��F
Ý�ÚG!5��. L��FÝ�´du3L¡·
Ü�¥Y§Cz��, (���Ý
�úO\, Ï
d3·Ü�.ÜNCÑy(�4��, ¿�(�3
°L�(�4���m�Y�¥¥y�FÝCz.
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G!5��´¥�Ý°«��«A�, Ù �!þ
ÝÚrÝäk²w�G!5Cz, 3SGÚgG/
¤¿uÐ, 3¢GÚÁGdu°�L�Ée%Úr
º���·Ü�^, þ�·Ü���þ!, G!5
��� �eü��Ì���þ.��. 3L�Ú
�°�§��m�3��(�Cz�LÞ«�, ù
�LÞ«�Ì�¥y(���Ýeü�ª³, ¡�
Ì��, ÙrÝ3²�Ú��ÑkCz. �°�§
���­½, ¥yÑ�°�FÝ(�(�. �°(
�¶´�(�¿¡¥(����¤3 �, ÙG!
5Cz��.

3°�(����©Û¥, Ï~±�� �!
��þÝÚ��rÝ��£ã���A�þ. �
� �^��þ!e.�²þ � (=��¥
 
�éA�Ý) 5L«, ��þÝ=���þ!e.
��, ��rÝ½Â�(�3��þÝþ�CzÇ.

3.2 (((���¿¿¿¡¡¡AAA���þþþOOO������êêêâââ




IS ARGO Oyg 2000 c.�ª¢�, �8
®3�¥°�¥Ù��2I�L 3000 �, ;.�
m©EÇ� 3◦×3◦ (2I�m�m��� 300 km),
�m©EÇ� 10 d, Jø�¥°� 2000 m �Ý±
S�Y§!íÝÚØå]�, ±¢yé�¥°�
n�(��O¢�*ÿ. IS ARGO Oy�¢�
�ïÄ<Ý�¥�Ü°��(�¿¡(�Jø

Ä:.

�©(�¿¡A�þ�O�À^ 2001 c 1 �
� 2010 c 12 �d¥I ARGO ]�¥%uÙ��
¥ ARGO ]�êâ8, �¹
 0—2000 m ���Y
§!íÝÚØå¿¡êâ, êâ®d¥I ARGO ]
�¥%?1
�þ��. G!�y©ëì��¥�
y©IO, =± 12 � —2 ��ÁG, 3 � —5 ��
SG, 6 � —8 ��gG, 9 � —11 ��¢G, �©
ò l �!4 �!7 �!10 �����G!¥äk�
L5��°.

3.3 (((���¿¿¿¡¡¡������AAA���þþþ���OOO������{{{

(�Ï~�^±Y§!íÝÚØå�Cþ�
²�úªL«, �~^�´ Chen � [22] JÑ�²
�úª, � Christopher Ú Watts[23] �CÏ(ÆïÄ
(JL², 3°Y¥, Del Grosso[24] �(��{�
' Chen ��{°Ýp. Ïd, �©æ^ Del Grosso
JÑ�²�úªO�(�. ?1A�þ�O��,
ÄkòØå=���Ý, 2A^ Akima ��{é(

�¿¡?1R���, �����Ým�� 5 m.
yk�(�¿¡©Û�{�õæ^R�FÝ

{?1, Ù":´æ^ýé5½Â, �â�$IO
�é��?1©a, �(�FÝCz���, B
Ã{����. �âI[�þiÒu�u¼o
Û3 1992 c�½�5°�N�5�6��, f
° (Y�Ø�L 200 m) (�R�FÝ�ýé��
L 0.5 s−1 �Y����, �° (Y��u 200 m) (
�R�FÝ�ýé��L 0.2 s−1 �Y����.
5°�N�5�65½��$IO�éu¥IC
°��Ü©°«Ñk�Ð�·^5, ,
, ù�I
O¿Ø·Ü<Ý�¥�Ü°�. ã 3 Úã 4 ©Ow
«
 6 �;.«� (ã 1(b)) 1 �°Ú 7 �°�²þ
(�¿¡9Ù(�FÝ, ã¥J��5°�N�5
�6'u�°����$IO�, z�fã¥�f
�Ú��«�S¤k�(�¿¡, f�Ú�¥�ç
Ú¢��²þ(�¿¡. dã 3 Úã 4 �±wÑ,
eæ^ 0.2 s−1 �IO, �k9�°« («� B!«
� C Ú«� D) �Ì��U��Ün£ã, 
æ9
�°« («� A Ú«� E) Ú§�°« («� F ) Ñ
ØU��ÙÌ��, �´«� A!«� E Ú«� F

(¢äkÌ���A�. «� A � 7 �°Ú«� F

� 1 �°(�FÝ����,Ñ�L 0.2 s−1 , �
¤£ã�Ø´Ì��, 
´G!5��.
�
�ÑR�FÝ{�Û�5, �©æ^�`

©�{5£ã��. �`©�{Ò´ékS�¬
?1©a (©a�ØU�Ï�¬�5^S) ��«
õ�ÚO©Û�{ [25]. ~X, ò m �kS�¬©
¤ r a, Ò´3¤k Cr−1

m−1 «©�¥éÑ�«©�,
¦ r �a¥z�a��ãSÜ��¬�m�É�
�, 
ã�ã�m��É��. �ãSÜ�É�^
ãS�¬l�²�Ú5L«. �¦�ãSÜ��É
����, =�¦�¤©�ã�ãSl�²�Ú�
�� [26].

�`©�{ÏL(½FÝS����l�²
�Ú5(½��>.. b�(�¿¡�;.�n�
(�, =þþ!�!�C�Úeþ!�, ¿�¿¡
�FÝ�S�� xr, r = 1, 2, · · · ,m. òÙ©�eZ
| (©|�Ø�ÏS��gS), lS�¥� i � j

ù�©|�FÝþ�P� x(i, j), Kk

x(i, j) =
1

j − i + 1

j∑
r=i

xr. (1)

T|FÝ�l�²�Ú�½Â�
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V (i, j) =
j∑

r=i

[xr − x(i, j)]2. (2)

Uìb�y©�¿¡(��g, FÝ�S��©�
n|, o�FÝl�²�Ú�

Vm(α1, α2) = V (1, α1) + V (α1 + 1, α2)

+V (α2 + 1,m), (3)

Ù¥ α1 Ú α2 ©OéA���þe>.. ¦ Vm �
����©|=��`©|.

dã 3 Úã 4 �±w�, «� B!«� C Ú
«� D ÙÌ��FÝ���Ñ�L 0.2 s−1, Ù¦
n�«��Ì��FÝ���Ñ$u 0.2 s−1, «

� E Ú«� F 3 7 �°$�$u 0.1 s−1. �Jp
�`©�{3��O�¥�Ï^5,·��Ñ±e
ü��½^�: �´39�°« (15◦S—15◦N) ��
�3��$IO�� 0.05 s−1, Ù¦°«���3
��$IO�� 0.02 s−1, XJ¿¡�FÝ���
�L�$IO�, K�U�3��, ÄKØ�3�
�. �´39�°«FÝfS�¥4���4��
���u 0.05 s−1 ��U�3��, ÄKØ�3�
�; Ù¦°«FÝfS�¥4���4�����
u 0.01 s−1 ��U�3��, ÄKØ�3��. �
kÓ�÷vþãü�^��â�3��, ÄKØ�
3��.

ã 3 8�«� 1 �°�²þ(�¿¡9Ù(�FÝ (a) «� A; (b) «� B; (c) «� C; (d) «� D; (e) «� E; (f) «� F
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ã 4 8�«� 7 �°�²þ(�¿¡9Ù(�FÝ (a) «� A; (b) «� B; (c) «� C; (d) «� D; (e) «� E; (f) «� F

3é(����A��?1O��, Äké
� ( � F Ý ¤ k � 4 � � Ú 4 � �, , � � â
4��òFÝS�©�eZfS�, éz�fS
��â�½^�?1�ä, ��Ó�÷vþã
ü��½^��FÝS�, ��é÷v^��
FÝS��â (3) ª?1�`©������
þe>. α1 Ú α2. é°«n«;.(�¿¡?
1�`©���������Xã 5 ¥ÒKÜ©
¤«.

3.4 (((���¿¿¿¡¡¡²²²���������¼¼¼êêê (EOF) ���OOO���
���{{{

3.4.1 Ä��n
Ï~·�F"3�y�½°Ý�cJe^¦

þ��ëê5L«E,�(|�¸, 3��þ�¿
Âe, EOF ´£ã(�¿¡�k��Ä¼ê [27]. �
��I�cA� EOF Ò�±��O(/L«?¿
�^(�¿¡, ��~�
£ã(�R�(�¤I
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ã 5 <Ý�¥�Ü«�;.(�¿¡9Ù(�FÝ (a) ü��(�; (b) V��(�; (c) n��(�

��ëê.
du ARGO êâ¿��ålæ�, eæ^Ý


$�, I��ålæ��. Ïd3æ�:�m
æ^ Akima ��, òÙ��� L + 1 �R�IO
�, ���m�� h, �±���ål:?��Ý
� ih(i = 0, 1, · · · , L), éA�(�� c(ih), e��
oê� N , K N �(����L«¤Ý
/ª

C =


c1(0)

· · ·

· · ·

cN (0)

c1(h)

· · ·

· · ·

cN (h)

· · ·

· · ·

· · ·

· · ·

c1(Lh)

· · ·

· · ·

cN (Lh)n

 . (4)

½Â R� C ����Ý
, �� rij �

rij =
1
N

N∑
n=1

[cn(ih) − c(ih)]

∗[cn(jh) − c(jh)] (j = 0, 1, · · · , L), (5)

Ù¥ c�éA�Ýþ N �(�æ�êâ�(�²
þ�. ¦ÑÝ
 R �A��ÚA��þ, ÙA��

þÒ´¤¦� EOF, Kk

RF = ∆F , (6)

Ù¥, ∆ij = λiδij , λi �Ý
 R �A��, δij �ü
 Ý
, F �Ý
 R �A�þ¤|¤�Ý
. �A
���éA�p�þ=�A��þ,

F (ih) = (f0(ih), f1(ih), · · · , fL(ih)), (7)

fk(ih)(k = 0, 1, · · · , L) =�¤(½� EOF. u´,
?¿�:�(���±^²þ(�Ú EOF �\�
Ú5�ÓL«, =

c(x, y, z) = c(z) +
L∑

k=0

αk(x, y)fk(z), (8)

Ù¥, c�?¿: (x, y, z) ?�(�, c(z)��Ý z

þ¤k���²þ(�, fk(z)� EOF, αk(x, y)�
ÙXê. é?¿��(�¿¡��, L + 1 �IO�
þ�(��±L«�

c(0)
...

c(Lh)

 =


c(0)

...

c(Lh)

 +
[
f0(z) · · · fL(z)

]
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×


α0(x, y)

...

αL(x, y)

 , (9)

Ù¥, �Ò�>� L + 1 �IO�þ�(�, �Ò
m>1���¤k��3éA�þ�(�²þ�.
ò (9) ª�Òm>1���£, K (9) ª�L«�

cn(0) − c(0)
...

cn(Lh) − c(Lh)

 =
[
f0(z) · · · fL(z)

]

×


α0(x, y)

...

αL(x, y)

 . (10)

(10) ª´d L + 1 ���ê, L + 1 ��5�§|¤
�, Ïd�¦Ñ α ëê�ØÓ�, ,��â (9) ªé
(�¿¡?1[Ü.

b��¬°��ÿ� Q ^(�¿¡, e¡�Ñ
é(�¿¡?1[ÜÚØ�©Û�Ê�Ú½.

Ú½... �â Akima ���{, ¦� Q ^(
�¿¡���Ý
, /X (4) ª, ¿�â (5) ª¦�
Ù���Ý
.

Ú½/// ¦Ñ���Ý
�A��ÚA��
þ, òA���ýé�d���üS, ÀJýé�
���A��(½ EOF, b�À½
 p �ýé�
���A��, B(½
 1 � p �� EOF, ��À
½ p << L, K (10) ªC�d p ���ê!L + 1 �
�5�§|¤����½XÚ.

Ú½000 |^��n�©)��{, ¦Ñ (10)
ª3���¦¿Âe��`(J, = α Xê.

Ú½111 |^¦�� 1 � p � EOF Ú α X
ê, �â (9) ªÒ�±[Üù�°�?¿�:�(
�¿¡.

Ú½222 éÚ½1¦��(�¿¡�¢ÿ�
(�¿¡?1'�, �âØ����, l
�ª(
½¤I�� EOF �g. z�� EOF ÑéA�| α

Xê, ¦ÑÙ���Ú���, Ò�±��z� α

Xê�Cz��.

3.4.2 (J�©Û
�â±þ�Ê�Ú½, é<Ý�¥�Ü°�

8�;.«�ÁGÚgG�(�¿¡?1 EOF
©Û, �Ñ EOF �g�À�é(�¿¡[Ü°

Ý�K�. �©±÷�ÝÚ��S���þ��
�Ø��²þ� Ēmax Úz�(����þ�

�Ø� ERMS =
√

1
N

∑
[c(zi) − c(zi)]

2 �²þ

� ĒRMS 5L«[Ü(J.
b�dÚ½2���Ø�Ý
k T + 1 1!S

�, Ù¥ T + 1 1�L3�Ý��þ����
� T + 1 �IO�, S �L°��(���ê. 3z
��IO�þéÑ S �(���¥���Ø�, ò
��� T + 1 ���Ø�¦²þ=�÷�Ý��þ
��Ø��²þ�. éz��(���, éÑ T + 1
�IO�¥���Ø�, ò��� S ���Ø�¦
²þ=�÷��S���þ��Ø��²þ�. Ó
n��÷�ÝÚ��S���þ� ERMS �þ�.

ã 6 Úã 7 ©O�Ñ
3�Ý��Ú��S
���þ Ēmax Ú ĒRMS � EOF �g���Cz
5Æ, ã¥ A, B, C, D, E, F ©O�L«� A!«
� B!«� C!«� D!«� E!«� F . lã 6
Úã 7 �±wÑ, Ēmax Ú ĒRMS � EOF �g�O
\
~�, ÙG!5Cz��. «� C Ú«� D

� Ēmax Ú ĒRMS �Nþ��uÙ¦o�«�, ù
´du«� C Ú«� D u$�Ý°«�6X�
�®? (ã 2), ¦�T°«(�¿¡�Cz'�ì
�, ��²þ(�¿¡��¿¡�(����, l

E¤ Ēmax Ú ĒRMS þ��, Ù¦o�«�du
°«°6�¸�­½, (�¿¡'�²w, ¤±Ø
���.

�âÚ½2, ��Ñ8�;.«�3ÁGÚg
Gc 5 � α ëê�����, (JXL 1 ¤�. �
âã 6!ã 7 ÚL 1 �(J, (ÜØÓ�Ø��¦
¿ÀJÜ·� EOF �g, Ò�±�â (9) ªé<Ý
�¥�Ü°��(�¿¡?1[Ü.

4 <Ý�¥�Ü(�(����Cz
A�©Û

4.1 <<<ÝÝÝ���¥¥¥���ÜÜÜ(((���RRR���(((������GGG!!!555
CCCzzz

ã 8 �° « 65◦E ä ¡ 3 1 � !4 � !7
� !10 � � ( � © Ù, Ù ¥ � � � m � 3 (
� � u 1490 m·s−1 �� 5 m·s−1, 3 ( � �
u 1490 m·s−1 �� 1 m·s−1. 3 10◦S ±�°«,
(�lL����´Åì~��, 3 10◦S—5◦N °
�, (�3 300 m ±Seü�¯,�(���C�,
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=Ì��. 3 5◦N ±�°�, (�3 500 m ±Se
ü�¯, `²Ì�� �lH��3Åì\�, Ì
���e(��~�²wCú, Ù(�G!5Cz

��. 3 10◦S ±H°«,1 �°, 3 200—500 m ?
(�eü�¯, �(���C�, =G!5��,
3Y� 800 m ��°(�¶ � ((����¤

ã 6 ÷�Ý��þ(�¿¡[Ü°Ý� EOF �g���Cz­� (a)1 �°, Ēmax; (b)7 �°, Ēmax; (c)1 �°, ĒRMS;
(d)7 �°, ĒRMS

ã 7 ÷����þ(�¿¡[Ü°Ý� EOF �g���Cz­� (a)1 �°, Ēmax; (b)7 �°, Ēmax; (c)1 �°, ĒRMS;
(d)7 �°, ĒRMS
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L 1 c 5 � α ëê�������CzA�

«� A «� B «� C «� D «� E «� F

α1
1 � –29.3—47.6 –26.5—35.2 –39.7—36.6 –57.7—70.6 –46.2—82.4 –55.9—67.6

7 � –29.8—49.6 –63.6—36.1 –36.1—37.4 –64.9—43.3 –32.3—41.3 –92.2—81.6

α2
1 � –19.4—22.4 –22.5—14.1 –28.9—31.4 –34.1—37.8 –37.4—38.8 –75.4—29.2

7 � –45.8—17.2 –15.3—19.2 –29.1—28.8 –28.9—37.1 –39.1—26.4 –113.3—44.3

α3
1 � –16.5—11.9 –10.9—12.1 –28.4—25.8 –25.3—28.6 –17.3—19.4 –17.3—20.2

7 � –16.2—17.7 –10.1—16.3 –23.7—16.7 –31.4—29.9 –13.1—15.9 –22.5—23.6

α4
1 � –12.4—8.2 –9.2—8.8 –20.2—14.1 –19.1—15.7 –12.8—12.6 –12.2—12.9

7 � –13.4—11.1 –11.6—13.8 –25.9—16.4 –20.6—13.4 –15.3—12.9 –45.3—14.1

α5
1 � –8.1—9.8 –9.2—8.8 –17.3—12.1 –13.1—17.6 –8.6—9.4 –14.2—10.6

7 � –11.9—10.3 –11.6—13.8 –14.7—14.7 –10.8—18.9 –7.1—12.1 –17.1—13.1

ã 8 <Ý�¥�Ü;.�° 65◦E ä¡�(�R�©Ù (a)1 �°; (b)4 �°; (c)7 �°; (d)10 �°

3 �) ?(�eüqm©\¯, =Ì��. 4 �
°, 3 500 m ±S(�eü�¯, �G!5��,
3 700 m ��°(�¶ �?(�eü�¯,�Ì
��. 7 �°, 3 250 m ?Ñy(�4��, ò 0—
500 m °�©¤ü�(�Cz�¯���, =G!
5��Ú¥m��, 3 1000 m ��°(�¶ �
?�Ì��. 10 �°, 3 500 m ±S(�eü�¯,

�G!5��, 3 900 m ��°(�¶ �?(�
eü�¯,�Ì��. 10◦ ±H°«Ì�� �l�
�H3\�, Ò��°«
ó, Ì�� �3»�
NC�f, �üýÑ´Åì\�� (ã 9(a) Ú (d)).
Ø
 7 �°, 1 �!4 �Ú 10 ��¥m��ÑØ²
w, ù´Ï�¥m��rÝ�� (ã 10(e) Ú (f)), ¤
±(�~��ª³¿Ø²w.
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ã 9 <Ý�¥�Ü 1 �Ú 7 �Ì�� �!þÝÚrÝ©Ù (a) 1 �, �; (b) 7 �, �; (c) 1 �, þÝ; (d) 7 �, þÝ; (e) 1
�, rÝ; (f) 7 �, rÝ

<Ý�¥�Ü°���°(�¶�Ù¦�
� Ø Ó, § � 3 5◦S ± H ° « ² w � 3,  �
3 1000 m �m, � H(�¶ ���, ��?
�� 1500 m �m, ÙG!5Cz��, �°(�¶
?�(�3 1490 m/s �m, 
3Ù¦°«¿vk/

¤²w��°(�¶. ù�U´du
gù°ÚÅ
d��p§pí¥�Yì, 2�/¹�uÌ���
e� 1000 õ���Y�, 2\þ��p§pí°
Y��»�6Ú»�_6�R�·Ü, (�EÌ�
É�§ÝÚíÝ�K�, ¿vk��Ý�O\
w

084301-11



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 8 (2012) 084301

Í~�, ¥yÑ(��­½ØC, $�k
¿¡�
(�3 1000 m ±e�kO\�ª³, Xã 3(a), (b),
(c) Úã 4(a), (b), (c) ¤«.

4.2 <<<ÝÝÝ���¥¥¥���ÜÜÜ(((���¿¿¿¡¡¡AAA���þþþ���«««���
555©©©ÙÙÙAAA���

4.2.1 Ì��©ÙA�
±eò± 1 �Ú 7 ���L�°?Ø<Ý�

¥�Ü(�¿¡A�þ�«�5©ÙA�. ã 9 w
«
°« 1 �Ú 7 �Ì��A�þ�Ñ:©Ù.

dã 9 ��: 3 15◦S—20◦N �9�°«, Ì
��ü��(�, �� �8¥3 100—400 m;
3 20◦N ±��æ9�°«, duÅd�Úù°
p§píY�5\, ¦·Ü�\�, �Ü©Ly�
V��(�, �� �Ñ�u9�°«, 3 400—
600 m �m; 3 15◦S ±H�æ9�Ú§�°«, �
� �d��HÅì\�. ��þÝoNþd��
H3C�, 3 20◦S NC�æ9�ËÜ�, du¥m
���Ñy¦Ì��þÝÑy��$�«. ��r
Ýd»�NC�H�üýÅì~�, � 10◦S ±�
°«²wpuHÜ°«, 
3»�NC� 80◦E—
100◦E °«, du�\.��L�$í°Y�K�,
¦�(���Ý�\�:ì~�, ��rÝÑy4
��.

4.2.2 ¥m��©ÙA�
ã 10 w«
<Ý�¥�Ü°« 1 �Ú 7 �¥

m��A�þ�Ñ:©Ù. <Ý�¥m���/¤
Ú<Ý�¥
Yk��'X, <Ý�¥
Y�k²
w�æ9�ËÜ�L�Y�A�, 3 20◦S NC�
gL�/¤��­½�§í�(, ��þÝØ�,
3 100—300 m �m, 3ê�\d\°6HÜ|6
��Äe, ÙK����� (30◦S, 30◦E—60◦E) °
«, Ï
3Ù¦°«¿vk/¤¥m��. dã 10
��: 3ÁG, ¥m����l 15◦S � 25◦S, À
HÜ$���ò�� 35◦S, �� 350 m �m, À
HÜkÜ©¿¡Ù¥m�� ��L 450 m; À
�ÜþÝ��, �� 200 m, ÜÜÚÀHÜþÝõ
3 50—150 m; rÝd��HÅì~�. 3gG, ¥
m����²w~�,  �� 25◦S ±�, ù´d
ugGÜe63 20◦S NC/¤�ËÜ�*�, �
»
°«gL�Yì�­½§í�(E¤�; g
G��� �!þÝÚrÝ�Czª³�ÁG�
��Ó.

4.2.3 G!5��©ÙA�
ã 11 w«
<Ý�¥�Ü°« 1 �Ú 7 �G

!5��A�þ�Ñ:©Ù. dã 11 ��: G!5
���3 15◦S ±H!20◦N ±�Úæ¶�Ü©°
«�3, 
3$�Ý°« (15◦S—20◦N), G!5�
°Y§Ý�ÉØv±/¤²w�G!5��. 20◦N
±�Úæ¶�°«G!5�� �3 100—150 m,
ÁGÑ�; þÝ� 50—150 m, G!5CzØ�;
r Ý Á G 3 0.1—0.2 s−1 � m, g G 3 0.1—
0.25 s−1 �m. 3 20◦S NC, du3 300—400 m �
m/¤
¥m��, �ÁG���ugG��,
¤±G!5��3ÁG ��f,  u 100 m �
m, gG���� 250 m. 3 25◦S ±H°«, G!
5�� �d��HÑk~�,  u 150—200 m.
d uÜe 6 Ú H » � 6 3 20◦S N C / ¤ Ë Ü
�, ¦CL�R�·Ü\r, ¤±�� �ÀÜ
�'ÜÜ�. 3ÁG, °«é6\r, ·Ü�\�,
ËÜ����lgG� 60◦E—110◦E  ��Á
G � 80◦E—110◦E, � � þ Ý g G ² w � u Á
G. ��rÝ�G!5CzØ�, d��HÅì
~�.

4.2.4 �°(�¶�(�4���©ÙA�
lL 2 ��, �°(�¶�3«� D!«� E

Ú«� F n�«�²w�3, Ù«�5ÚG!5C
z��, �Ý²þ�8¥3 900—1100 m �m, 

«� A!«� B Ú«� C n�«�du
gù°
ÚÅd�p§píY2�©Ù3Ì���e, °«
¿vk/¤�°(�¶.

L 2 �°(�¶���ÚO� (ü � m)

«� A «� B «� C «� D «� E «� F

1 � — — — 1023.8 934.9 1101.3

4 � — — — 992.0 915.8 1109.5

7 � — — — 919.2 904.5 1092.9

10 � — — — 951.5 889.6 1088.9

L 3 (�4���Ý���ÚO� (ü � m)

«� A «� B «� C «� D «� E «� F

1 � 58.2 53.5 24.4 19.1 23.5 12.9

4 � 12.7 20.0 21.0 19.4 45.6 40.8

7 � 32.7 41.0 48.0 47.5 88.3 86.6

10 � 18.7 36.9 28.3 44.0 34.8 32.3

du ARGO êâÿþ�Ý�U� 2000 m, Ï
d|^ ARGO êâ©Û���(�4���Ý
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 u°�L�, ÉFì!üYÚ»6�K�, Ù
«�5ÚG!5Cz²w, XL 3 ¤�. �»�6
��e�«� A Ú«� B, 1 �°�ÁG, ��ì
�²w�ugG, 2\þR�é6��^, gG(

�4���Ý�uÁG; «� B  u�\.�, g
GÚ¢G�SüYõ�k´��»65\, L�°
Y·Üþ!, «� B �(�4���Ý�Ñpu
«� A. 
3H»�6��e�«� D!«� E Ú

ã 10 <Ý�¥�Ü 1 �Ú 7 �¥m�� �!þÝÚrÝ©Ù (a) 1 �, �; (b) 7 �, �; (c) 1 �, þÝ; (d) 7 �, þÝ;
(e) 1 �, rÝ; (f) 7 �, rÝ
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ã 11 <Ý�¥�Ü 1 �Ú 7 �G!5�� �!þÝÚrÝ©Ù (a) 1 �, �; (b) 7 �, �; (c) 1 �, þÝ; (d) 7 �, þ
Ý; (e) 1 �, rÝ; (f) 7 �, rÝ

«� F , 1 �°�Ð´H�¥�gG, 1ìr, (�
4��,�°L, �Ý²w$u 7 �°; «� E Ú
«� F  uæ9��6«, du°YËÜ�^, ¦

þ·Ü�\þ, ¿���ì�rÝ²w�u9�°
«, ¤± 7 �°3ùü�«�/¤
8�;.«�
¥�(�4��Ú�Ý���. »�°«du�c
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Fì²þ, ��lº/, »6K��, �(�4��
�ÝG!5Cz��, 3gG, ÜHGºÏm��
k���Gº�, ¿Ñyrþ,6¦°Y·Ü\�,
¤±(�4���Ý�puÙ¦G!.

4.3 <<< ÝÝÝ ��� ¥¥¥ ��� ÜÜÜ ((( ��� ¿¿¿ ¡¡¡ ��� aaa ... ©©©
ÙÙÙAAA���

�â(�¿¡�(�A�,·��±òÙ©�
ü��.!V��..!V��/.Ún��.
o«a.. ã 12 w«
ùo«a.¿¡�;.(
�¿¡9ÙFÝ(�, ã¥ÒK«�L«����.
ã 13 w«
ùo«a.¿¡�«�5©ÙÚG!
5Cz.

dã 12 Úã 13 ��: ü��(��kÌ�
�, 8¥©Ù3 15◦S—20◦N °«, ÙG!5Cz�
�. V��..ÚV��/.Ñ´G!5��ÚÌ
��ü�(�. V��..�Ì��þ
�, 3S
GÚÁG8¥©Ù3 25◦S ±H°«, 3gGÚ¢

G*Ð� 20◦S °«NC. ù´duÜe6���
p�Ý$§°Y�H»�6���¥�Ýp§°
Yrå·Ü, »�
n��(��¥m��, ¤±
3 (20◦S—25◦S, 70◦E—90◦E) NCn��(�=C
¤V��... V��/.�Ì���
f, Ì�
©Ù3 15◦N ±��C.Ë°Ú 20◦S ±H�e�
|æÜ°WNC°�. 3 15◦N ±��C.Ë°�,
�c°Y§Ý�p, \þÅd�p§°Y�5\,
¦ù�°��Ì���
f; 3 15◦S—25◦S °«,
gGÚ¢GÉÜe6K�~�, Ì�É�H»�6
©|�K�, §���$�Ýp§°YÚ°«g�
p§°Y·Ü, ¦Ì�� �þ,, /¤V��/
., ��²w�uSGÚÁG. n��(��Ì�
� �ÚþÝ�V��..��, �3Y� 300 m
�m, du<Ý�¥
Y�K�
Ñy¥m��,
Ì�©Ù3 15◦S—25◦S °«, gGÚ¢Gduæ
9�ËÜ���«��°Y·Ü¿©, »�
<Ý
�¥
Y�­½�(, ¥m����, Ù��'S
GÚÁG��.

ã 12 <Ý�¥�Ü;.(�¿¡(�9ÙFÝ���A� (a) ü��.; (b) V��..; (c) V��/.; (d) n��.
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ã 13 <Ý�¥�ÜØÓG!(�¿¡a.�«�5©Ù (a) ÁG; (b) SG; (c) gG; (d) ¢G

5 ( Ø

�éR�FÝ{3(�(�©Û¥�":, �
©æ^õ�ÚO©Û¥��`©�{, (Ü ARGO
êâé<Ý�¥�Ü°��(�¿¡(�?1

ÚO©Û, ��
(�¿¡�«�5©ÙÚG!
5CzA�, ¿�«
ÙS3�ÔnÅn. ïÄ(
JL², <Ý�¥�Ü°«Ì�É»�6XÚÜ
e6|�, ù°Y!Åd�YÚ<Ý�¥
Yé
(�(�K�é�. (�¿¡[Ü°Ý� EOF �
g�G!5Cz��, Ù«�5©ÙA��²w,
AO´«� C Ú«� D, I�À��p� EOF �
g, âU�Ð/÷v°Ý�¦. G!5����3
u 15◦S ±H°�Ú 25◦N ±�Ü©°�, ÉÜe6
ÚH»�6�|�, k²w���CzÚ�½�²
�©Ù; �Ù¦��ØÓ, <Ý�3 15◦S—25◦S N

C°��3��¥m��, É<Ý�¥
YÚæ9
�ËÜ����, SGÚÁG�r, gGÚ¢G�
f; Ì����Ý�CzwÍ, ÙG!5Cz��.
du
gù°ÚÅd��p§pí¥�Yì�K
�, 3 5◦S ±�¿vk/¤²w��°(�¶, �
3 5◦S ±Hâ�±w��°(�¶��3, ù�Ù
¦��ØÓ. �©ó���3<Ý�¥�Ü°�¹
Ä�éE�(B���¦^Jø­�ë�.

|^�©JÑ�(�¿¡©Û�{, �±é­
.��± 5◦×5◦ ½ö�p°Ý���©«, ��z
�©«�(�¿¡(�A�. d	, �â<Ý�¥
�Ü°��(�¿¡(�A�, (ÜØÓ�(DÂ
�., �±©Û(DÂ���Cz5Æ, �ÑT°
��(DÂA59Ùé(BXÚ�K�. ù
´e
�ÚïÄó��­:.
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Abstract
The structure of sound speed in ocean has a strong influence on underwater sound propagation. For underwater target detection

and underwater acoustic communication, it is of great significance to obtain the temporal and spatial distribution of sound speed
profile. Since the limitations and applicability of vertical grads method in structural analysis of sound speed in the Indian Ocean,
optimal partition method is developed to calculate the sound spring layer. The study focuses on analysing the eigenvalues of sound
speed profiles (SSPs) in the north-central Indian Ocean based on the last 10 year data of array for real-time geostrophic oceanography.
The vertical structure characteristics of sound speed are investigated in the Indian Ocean, and the laws of temporal and spatial variation
are obtained. The distribution of the fitting accuracy with the order of empirical orthogonal functions (EOF) are found. The physical
mechanisms of the temporal and spatial variation of SSPs are revealed with the marine physical environment in Indian Ocean. The
simulation results show that optimal partition method is suitable for the area to judge the structure of spring layer, and the parameters of
the corresponding criterion is also proposed. The regional distributions of the fitting accuracy with the order of EOF are more obvious
than with the seasonal variations. The deep channel axis exists at south 5◦S and there are three spring layers between 15◦S and 25◦S.
The structures of SSPs in the Indian Ocean can be classified into four types: single spring layer, double spring layer type ., double
spring layer type / and three spring layer, and for seasonal models: spring model, summer model, autumn model and winter model.
The analysis results of the SSPs can provide some reference value for acoustic propagation and the sonar systems.

Keywords: optimum partition method, empirical orthogonal function, sound speed profile, temporal and spatial
variation
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