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Abstract To gain a deeper understanding on odontocetes click and develop smart protection strategy for endangered

species, clicks of Indo-pacific humpback dolphins (Sousa chinensis) and finless porpoises (Neophocaena asiaeorientalis

sunmeri) were recorded and analyzed. Passive acoustic monitoring was used to record the clicks emitted by Indo-Pacific

humpback dolphins and finless porpoises during boat-based field surveys in the Xiamen waters. Subsequent analysis

shows: clicks emitted by Indo-Pacific humpback dolphins are characterized by short duration, high frequency, and

broadband bandwidth. Comparatively, finless porpoise’ clicks have a relatively longer duration, higher peak frequency,

and narrower bandwidth. Duration, centroid frequency and −10 dB bandwidth of clicks are significantly different between

the two species.
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[1] 9;:'<'= �'>'? �;@'A'�'�'�'�'�'B'@A'C'D'E'F 3 @0A 2'G'H'I'J0K'L  'M0� Click )'*NPO @PAP� �P	PHPI [1] 9�QPRPS HPT ��UPV�WPXPYZ <P[ �P� �P)P* �P\�]P^�_��P��`�aP��b�M�c 3

2'G'd'e'3 �'f'#'g 3�Ü'h0i0?'j 9lk0m0n ^0_ d'oprq �ts0u �0	 \0] (PAM)
N0O0v0w0x 3ty0z0{03

yP|P}PJPKPjP~P� ����� G���� � NPO�� R���� ��P�P\P�P�P�
[2−4] 9����t�P�P� DP�PB OP� �P�P�������b������ � � (Sousa chinensis) 3��������� �

(Neophocaena asiaeorientalis sunameri) 9 �t�� � �0���0�0�0�0�0�0 0� (Indo-Pacific humpback

dolphin), GP¡P¢P¢P£P�P¤P¥P¦ �P�P�P§P� 6 ¢P¨ª©« ¥�¦�¬�­�®�¯ ��°���� [5]; ±�������� � ����²³ � � � ³
(Neophocaena), ´P�P� �PµP¶P·P¸P¹Pº»P¼P§P�

( ¢P£P½P¤P¥P¦ §P� ) [6] 9�[PSP¾ �P�P�P�
Click )0*0H0I �0#0¿ 6 qÁÀ Y G PAM

�0�0� � RÂ0Ã0Ä0Å 9� �'Æ �Ç�-� � � Click )'*'H'I � p'È U'V'ÉÊ'Ë'Ì Æ Ì'� 	'Í � È'Î 9 2004 � � Goold j B'Ï'ÐÑ'Ò-ÓÇÔ0Õ'� � D'Ö'× Ë � f-�Á�-� � � (10 Ø )
�

Click )0* �ÚÙ [0Û z03ÚÜ D H0I01020.0T #0¿ [7] 9
Sims j � 2011 � nPÝ #P¿ Ë ÏPÐPÞPß � D��t���� � Click )'* � z'à'à'á'H'T Ý N'O'â . 6 Y i ¾�0ã e [8] 9 2013 � � Li j [0ä ß0å0æ0ç0�r�Á�r� �� 1'2 Ë'è'é `'a L Click )'* �'� h [9] 9 2017 � �
Fang j R �0ê0ë0¯0ì �0¹0]0í0î0ï0ð0ñ [0ò Þ0ó0ôå�C�D������ � � 1�2 Ë�õ�ö Click )�*���	�H�Ik �P÷PøPHPT �P� . ��ù�ú ÛPQ�R ��)�*P1�2�ûPü
.0/ �0ý0þ [10] 9B �'�'�'� � � �')'* U'V d'ÿ � Kamminga j
(1986 � )

Ö0× Ë�� x � D�� Ø0�0�0�0� � �0� �0)
* � Ù ['Û z'3 Ü D H'I'1'2 Ë n'Ý 6 #'¿ [11] 9 1997

� � Nakahara j [ �'Ø'�'�'�'� � � Click )'* �������	�
�� 1'2 Ë���
 � h [12] 9 2007 � � Li j R ������ G 145 kHz
�'¹']'í'����� n � [�� � å�� �

�'�'� � �'� Click )'*'1'2 � h 6 #'¿'� Ù k0= �� �0� )0*0102 Ë qÁÀ [13] 9 2017 � � Song j ���0å��� Þ�� � D � R � � ¯ ¹P]PíP����� n (200 kHz���
)
Ö0× Ë �0�0�0� � �0� Click )0* ��Ù [0Û )

*0H0I0102 Ë n0Ý 6���� [14] 9������ �ÇBr�Á�r� � � 6 �0�0�0� � � Click

)P* UPV"!�#��t� Û �P)P*PÆ uP��@�AP��CPD 6 z$'�&% Í'� � R @'A'�'� h'd'o 6 Ü�'�(�)'d'e'j �* ±,+,- Ë ¾ ê ��� Click )�*���	,. Ü �,/,0 [q 9 x�1P� R A � �P���,� n Ö�×�2 Ë A ��z $��A � C0D ( �r�Á� D )
�Á�r� � � k �0�0�0� � �0�

Click )0* ��Ù [0Û �0	�.ÞÜ0102 Ë n0Ý 6 qÁÀ 9
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1.1 <�=�>�?�@�A�B�C�D

2016 � 5 E 15 F 17
� $ à ��U0V0W0X [0�r�å�G ÛP�P�P� D 1P2 �P��HP§P��ý�IKJ,L�M�N 9 MN � D ��O�P�Q�P G õ ��¹�RPB 4∼ 20 m SPà 9 MN�$ à �UT |�V�W03 ��X 2∼3 ¤ �UJ�L � 13 km/h

F 15 km/h
��Y�Z 5 2 9 M�NPWPX�[P��\P¹ ÿ 3 m]�^P�`_ba  �cUd�e`fbg %�hjilk�m,n�o,p,q�r,s

t�u�v�w�xzy�{�|�}�~�������cz��� o�� ��� H�� t
u�����cl�������������l���������l���������lu��
� � xz����������� ��� ��~���cz�� �¡�¢ � ����£¤�¥�¦�§

50 m ¨ ^ xª©�� � ��«�¬�­�o�®�¯�° cª±² �� �¡,| ��³ cU´�µ�¶�·,¸�¹,º�»,¼,t�u,½�¾,¿
À�Á

( Â�Ã ¼�·�Ä Â�Å 1.5 m Æ�Ç ),
����� ­�È � °

É�Ê�Ë�·�x
Â ½�¾�¿�� À�Á�Ì`Í y�Î�Ï Â�Ã ¼�Ï,Ð�� Â ½Ñ���Ò�Ó�Ô�Õ

( Ö�× 1 Ø�Ù )
xÛÚ�Ò�Ó�Ü�Ý�Þ�ß

8103

Â�Ã ¼ ( à�á�Ç�â −194.7 dB ± 8 dB re 1 V/µPa, ãä â 1∼200 kHz)
��å�æ�¼

(ç�Â ½�è���é�ê�ë ), ì�íî ·�ï�ð�¼�t�u î�ñ ��ò�ó
( ô d�ò�ó�cöõ���÷�ø��

5 kHz)
¢�ï�ð

( ù�ú }�û�ü�ý�cÿþ�· § 20∼30 dB �Ë���É
); ��ì d�e�Ý�Þ�ß�� ú À�Á�� (16

Ë�c
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1.2 &�'�(�)�*�+,.- c È./ Ý.0,÷.1.2.3.4,t,u,� ú �.5.6.78 â o�9 y�: Click
��;

( <�= Click >�?�@ )
� ° �
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õ��
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�
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� â ­ Q Ä.�.�.� � �,½,¾,¿,cV  ¤ �.�,�,¾,¿ §° �U÷.S.¡.¢,},y ¯ � Ç �.£,�,cV¤.¥,�,½.¦.§,��fQ�R�¢�O�P�x©¨�ª�Ü���«�¬�c Z�­�®�o Ü���¯ 8 �
Click

¾�¿�t�u�7 8 c X ��°�ë�� â (1) ô ¾�[�Q cÛ�d�e�þ ¯ ¾T[~QT±�²
(5 dB)

t�u�¾�¿ 8T³ i
(2)
Ï

Click
ó���¾�¿�c ��´�q Í Ä�� ����È <�s ��µ���~¶ ° |�½T·T¸�� �T� ¾�¿Ti (3) Click

¾�¿ ° S�ó��
X�Z�¹�º ��»�¼�c¾½ ° S�ó�������Ê�«�����~�����Þ
¿�À�Á ����Â�
 ­�Ã c
Ä �G��Å eG< £���i (4) Click¾�¿�÷TS�����Ê�Þ ¿TÀ.Á Â.
 ­TÃ cVÄ ���.Å e�<£���xÆ����c Ø�Ç 8�W � Click

¾�¿���¾�[�Q ô cÆ½° � ÷�S�»�¼�È º ��É�Ê�½�¾�¿
( Ë�Ì Ì ����¾�¿ )

x
d�e�Ü���Í�Î�cVÏ

48 Ð �GF�H r � Click
��;¾�¿ �G8�W

156
z

Click
¾�¿�iVÏ

39 Ð I�J�K�L�M�
Click

��; ¾�¿ �G8�W
264
z

Click
¾�¿�xbÜ���Ñ

ÒT8TW ��¾�¿TÓT» cTd ½T¦T§��TOTP �T� � t�u�ty�6���1�2�¢�è�Ô�cÛ� �GÕ�Ö ��½�¦�§��
[10]
»�×�¾

¿ ¦�Ø�° É
(∇t,

Ï
Click

ó���Ù�Ú�Û���Ü�Ý Ç�Þ QÏ
2.5% ß 97.5%

e � Ø ¦�Ø � ° É�à Ç )
� �Gá ÷

ø
fc (
÷Tâ � ÔTã ¹Tä Û��T²T	�ðT1���÷�ø

)
�VåT²

÷�ø
fp (
÷�â � Û���²�	�ð�1���÷�ø

)
�
−3 dB ã ä

( æ ² E Ä�÷�â�	�ð�² −3 dB
°�o�È ��÷ ã ä Ç )

�
−10 dB ã ä ( æ ² E Ä�÷TâT	�ðT² −10 dB

°�o�È
��÷ ã ä Ç )

x � ��ç
∇t
è�Ô � Ì Ü ° É���£�� ç è

Ô
Click

ó���Ú�Ù�Û���è ° É�£�é���ê�ë â Ú�Ù�Û���
2.5%

Ê
97.5%

��«�z ° É�¬���É���ì�²�����¾�¿
¦�Ø�° É�xz÷�S�O�P�í /�î µ�ï�ð�ñ�£���m�� â |�m� À�/�ò�ó | ç ¬���þ�·��
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¬�xô	 ì o Ü���§��è�Ô Ø�õ ��ö c�d � ú O�P�3�4 ��ç t�u�Ó�è�O�P�x

2 ÷ùøùúùûùü§ «�ý���}�û�¡�þ���  �GçÆÿ������ Ä
2016 �

5 C 16 � Õ���� § ¶ y r S�|�}�� �GF�H r ��¢�IJ�K�L�M�� ç � X ��¾
	 Ö�� 1 Ø�Ù x
��� çö§
� zv�Ñ�¢�½�¾�¿ À�Á e � ��ç ��  s §.ÿ
��� S ���|�}��TtT��~���� W } ç { Ü��.q��.t����.��~,½¾�¿�¥���� { Û�x
× 2

�
�
� ��F~Hbr ��ÏTz
Click

¾�¿���ó��
× ¢�÷Tâ ×�â ó�� × �TU ��F\H r �,½�¾,¿,���,��
� >�? ç
-�î µ������ ç � ì ��6
����iö÷�â����� ä ÷ ã ç ½�O�¶ Ë o =�â Ü�å�²�÷�ø���� ç u�÷��O��TÛ�� Þ Q���ð ç ô ÷
� O
� � Ù WTî µ Å�� �ê�ë�x ­�o� �!�ç I�J�K�L�M��

Click
¾�¿

( Ö�× 3)¦�Ø�° É�R�à ç ó���¢
"�#��
��ê�ë ç � ì�$ o = �"�#
�
��i ° S�ó���»�¼�È º�ç ½�»�¼�� Å Z
%�& �
'

1 (*)*+*,��*-
.*/*0*1

GPS 2*3 4*5 1*6*7*8 9*:*7*8
;*<>=@?*A B*C

118.006391◦ , D*E 24.422426◦ 9:26AM—11:38AM F*G*H*I*J*K L*M 9*:*N 4*O*P*Q*4*O*R*SB*T*U*V*W A B*C
118.162870◦ , D*E 24.368754◦ 1:27PM—3:19PM X*G*H*I*J*K Y*Z*[*\*]*K 9*:

�
2 ^*_ ;*<>=@?*A Click ���*`*a*b �*c*d*e��
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ó�������xU��÷Tâ

ð���ÜTåT²�÷�ø�� � �,Õ
i = O�¶.iU÷.â��,�,� ô÷��VK�÷ ã �UÏ�å�i = O�¶�x
Ö�× 4,

� ��F~Hbr ��¢TITJTKTLTM��
Click

�
; ¾�¿�� ° ÷ ×�â «���� ��; ¾�¿ � ä ¢�}�Ï Click

Ë�j
k
l � ° ÷�S�����Â�
 ®�¯ ����¬�x ��� ç y
mü�ý Å ç Click
��; ¾�¿ � ¡�� § ð�����n � <�s no ��� � ½�¾�¿�i©��� çz§ � ° ÷ × ��¾�¿�� ¦�Ø�°É <Ts ÷Tâ��T�T¤�|
p ­�È ��qT£ ç Ö ¦TØ,° É
rà <�s ÷ ã�s ä E � o ��¬ ( Ö�× 4)

x

��i.«,�.�,~,�,½,¾,¿.§,��t�u,�.é\QYR ç t
u�� Ö�Å Ó�è�O�P â (1)

O�v�i Ø�Ç 8 ��«���~����½T¦T§�� � 

t
u ¹Tä ²�Ü Ö °�ëT Tì���èTÔ,¢
i
Q ç ��w W «�x�� ú � p

²�Ü�y j Ó�è�ì�z Ç i (2)Ó�èT«T��~�����½�¾�¿T§�� � 
 §
� É
{}| � �TO¶�ü�ý ç�~
� h × É
��O�P�« s � ú O�¶�ì�z���� X��ü�ý Ö�� 2
Ü Ö × 5— × 8

�
2.1 �������������ifQ�«
���
�
�
� � 2 � Ó�è���ö ç { U W â °S���U ç ��FfH n
�

Click
¦�Ø�° É � ä ² (28.43 µs)

�
3 ^*_ B*T*U*V*W A Click ���*`*a*b �*c*d*e��

�
4
;*<>=@?*A

(a) � B*T*U*V*W A (b)Click �*�����*`*4 d��
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� ÄTITJTKTLTM
�
(82.32 µs);

Ï�ÚT§
��Ó�èTO�¶ ×
( Ö�× 5) { Ü�U W�ç �GF�H n�� Click

¾�¿ � ¦�Ø�°É ä
� Ä
50 µs,

 I�J�K�L�M
�
�
98.12%

Ü���¾�¿
� ¦�Ø�° É���ð�Ä 50 µs;

«�x�� ú�� p
² � Ä

0.01,

� � «
�
��Ú�§
��� X�Z��
� ì
z��
� ­�È � çz§ ÷â ä Ç � ç � �GF�H n�� � −3 dB ã ä�� −10 dB ãä�ä ² ä�Ì I�J�K�L�M
� � 2 � Ü��
� Ü −10 dB ãä �
� ç ��F~H n
� � ä ² (100.16 kHz)
Ì ITJTK

L�M��
(26.98 kHz) � 3.71 � ç ½�O�¶�{�| (

�GF�H
n
� â 60.76∼ 158.09 kHz,

M
� â 15.40∼ 37.40 kHz)Ì Ô Ì�� ¿ � ( Ö�× 6),
Ì�� z�� ¸ � ½�¦�� Ã�� v

� °��
�
� ç «
���
�

Click
¾�¿ � å�²�÷�ø�O�¶
�
 

Ë ¶ ( Ö�× 7)
� ��FfH n
�

fp ¡ ä ÷ ã O�¶ � ��¬ â
53.6%

O�¶�Ä
110 kHz ¢�£ ç 40.13%

O�¶�Ä
70 kHz

¢�£ ç O,¶�{¤| ¢.°,ë.ì�{¤| ­ i.R,ð��VI.J.K.LM�� � fp

��� ® O�¶
130 kHz

Ü��
( Þ Q 94.38%),O,¶�{¤| ¢.°,ë.ì�{¤|YR � � ¶ �.ç Ü.���.�.� È§ �Gá ÷�ø���� Ì

( Ö�× 8):
�GF�H n��

fc (
ä ² ¡

89.78 kHz)
§ ÷ ã {¥| � ¢ ä O�¶
�
  ç¦ I�J�K�LM�� � fc (
ä ² ¡ 136.11 kHz)

��� ®�Á � §�­ i ô÷���O ç « s O�¶�{�| � Ä k���§�¨ �
'

2 Click �����*©*ª*«�#*¬*­*®
�*©*ª*« ;*<>=@?*A

n=156
B*T*U*V*W A

n=264
p ¯°*± ¯ ± ²*³ ´*µ °*± ¯ ± ²*³ ´*µ¶*· 4*5 ∇t (µs) 28.43± 6.23 15.27∼ 47.78 82.32± 18.22 46.86∼ 134.96 <0.01¸ ¯ d*¹ fp (kHz) 91.32± 17.64 42.43∼ 135.04 136.37± 4.54 127.29∼ 143.84 <0.01;*º d*¹

fc (kHz) 89.78± 10.58 55.83∼ 124.26 136.11± 3.38 127.68∼ 149.60 <0.01

−3 dB »*¼ (kHz) 40.63± 10.17 19.20∼ 81.44 15.07± 4.77 7.79∼ 24.52 <0.01

−10 dB »*¼ (kHz) 100.16± 22.10 60.76∼ 158.09 26.98± 6.84 15.40∼ 37.40 <0.01

�
5
¶*· 4*5 ∇t #*¬*P*½ � �

6 −10 dB »*¼�#*¬*P*½ �

�
7
¸ ¯ d*¹ fp #*¬*P*½ � �

8
;*º d*¹

fc #*¬*P*½ �
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2.2 ¾�¿�À�Á¨�ª�Â�Ã�Ä�Å�Æ�Ç�È���i�ÉËÊ�Ì�ÍÏÎ�Ð�Ñ

PAMÒ�Ó�Ô�Õ�Ö�×�Ø Â�Ù�Ú�Û�Ü�Ý�Þ���ß��
Click à�á

�ãâåä�æ�ç�è�é�ê�ë (1) à�á�� Ô�ì�í�î ��  ë í�îï�ð�ñ�ò�ó
Gabor

í�î ��ô�Íöõ í�î�÷�ø ï�ð
ó�ù
ú
û
ü
ý
þ Íöÿ�������� ï
ð���ò�� Å�	�
���� à
á�
 (2) ��� Ô�� ∇t:

Â
50 µs ����� Í���������

Click à
á���� Ô���������� � Í! �"$#$%�&$' �(
98%

Â�Ã$) �
50 µs 
 (3)

�+*$,$-
fc:
Þ$.$/$0

��1 ��2�3�4�5�6�7�Ø�8�9 1 � Ã$:
Í;"$#�%�&$' �
Click à�á �+*$,$-$) � 110 kHz < É � 96.88%,

 
�+�=�+� �

Click à�á �+*$,$- 90.43%
É+> �$�$�

�$
 (4) −10 dB ?$@�ë Â 50 kHz ��æ�ç=�+� Í Þ$Aß$B
Click à�á / −10 dB ?$@ 8$9 � 2$C$D$5$6 
Î

PAM
Ð�ÑE� ÍF��G�H�I�J�K�L 8 ñ�ò�M�N

O�PFQ ��R�Ñ�S�T�U 
  �V�W�X�Y�Z�ô ï 2�[�\�]ò�^ /
Ü
Ý�_�`
Æ à
á /�a�b 
 õ�c�d�e�f�g�/�ah�i�j
( k�l�m�n�o ), n�p a�q�r�/
Æ à
á�s�t�u�vw Î�f�g}É�>�/�x�_�` à
á�
 x�_�`�Æ à
á�v�y�z

Click à�á / �$� Ô$� Í|{$}$~$� @�à�á Ô$P ,$�$��
[1,15] 
�k$� Í v$� N Æ à�á È$0 8$9$�$� (

� ê ï�+�=�+� �
) �$�$�$m$� 10

�+�$�$/$_$` à�á Æ�È0 ����w Î�f�g�/����
ô 
;��� Í�ß$B
Å$��/��$��~V�� w���� /�}��
(Click à
á ñ
ò â�� Ð�������ô )S s Õ$� v$�$� Æ�Ç�È$0$/$�$� [16] 
"�#�%�&�' �
Click à
á ��U ��@������ 7¡ 
û �¢�Í��|�E�|� � / à�á ñ�ò % ����� /���ô 
 Þ£ A�¤�¥���¦ ��§ /�¨�© Õ�� ï � N Â
Ã�����/�ª« 
   É��|�E�|� � ÍF"�#�%�&�' � /�¤�¥­¬ � Íÿ
Ã�®�¯ z�°�±�
�² � ß�B�³�´ ô í�µ�î N /�_�¶· � ï ¤�¥¸��Ã�®�¯ PF¹�º Â�»�¼�½�S���¦ ��§ /

¾À¿À�ÀÁ
[17],

"À#À%À&À' � �À¦ �À§ÀÂÀÃ ± � /��U�c�V
Æ�Ä�L 8 n���� q�/
Æ à
á í�µ �  
û�Å)
[18−19] 
É�¬�Æ

2
Þ�A
ß�B
Ä
È�0 8�9���� Í Õ ��Ç Î��G�H�I�J�K�È�É
Ù
Í��|�E��� � /�Æ�Ç
È�0�Æ Çq Å )�/ i�j�Ê � 
   É � "�#�%$&�' � ÍË�Ì�=�Ì��

Click à
á ñ�ò Å$Í / í$µ ³=´Ëô [10];
« � ÍåÎ��G�H�I�Î�Ï
Æ à
á Ô (

2�[ ò�^�Ð a�_�` à
á ), Ñ R
� N n�Ò J�/
Æ à
á ����i�j�Ê ��}�) 7  �"�#�%&�' � /

Click à
á Æ í�µ � ¬�)
Í Õ Î Å ) �$°�ÓÔ ��Î�Ï�Õ�_�`
Æ à
á ÍFÖ�Ð
Î�Æ
È�0 8�9 Ã�(�×Ø$Ù ° Å$� 
�$G$H$I
PAM

J$K$L 8 �ËÍ Î$Ú$Û�Æ à�á P �Ü�Ý�f�Þ�Ö � Æ à
á P �
Û�Ý�f�Þ�Ö � Æ à
á í
î�ß

à ý ×�/�È�É
Ù
Í Õ�á Ñ�V�â�ã Ô�� ���
Ü
Ý � Æ
ßB
Click à�á Æ$ä$å�È$0$/$æ$ç [20] 
�² �$è$é e Ù��ê ò Ï�ë�Õ�ì�í ��î ¿�ï
Ã i�j /
Æ à
á�ð O Í« � Î
Æ
È�0 8�9 �Ìñ
Ü
Ý
Æ�ä�å�/ 9 ç è ÉÌ¬ 
ò�N � �$� / Õ$� ª «�ò ë (1)

Ü�Ý k Ã�Æ$ä$å 9 ç$¶ó ��Ü¥ÉÌ¬�ô�õ
ÿ ï
ñ
ò
ù Ö � - ( ö�÷ ~�.�ø�ù�Üù
) 
 �$ú$� ì �$û$ü '$/$ý$�=þËÍ�¥ ý 1 ì�Õ$�$wÎ�ÿ�������/ Ç���
 ÿ�ù�Ü�ù
Æ�Ö � -  
û ¬ M Í v��� ��Ü�Ö � Æ à
á /�� � 7 (2) à
á�� J�e Ù � Íò�Û�/ ��	 ( 
�Ç�� ����
�� ), v���� Æ à
á �
Û�Ö �/$e Ù$7

(3)
"$#$%$&$' � /

Click à�á$�$� Ô$�$ û ¬ z Í Å Ñ R ��� ��� à
á / 6�� 
����$���$m����� Í �Ì� �Ì� � /
Æ�ä�å � 187.7±5.1 dB re 1 µPa

( Ó Ô ë 177.1∼207.3 dB re 1 µPa) [10];
 $"$#$%$&$'

� /
Æ�ä�å
È�0�� l�� ñ���Õ ��������
Fk � ï�©� / z '�' � (N. a. asiaeorientalis)
Æ�ä�å
È�0 ë

180± 4 dB re 1 µPa (Ó Ô ë 167∼192 dB re 1 µPa) [21]

� È Ö ÍF(�Þ�.�/�Æ�ä�å�È�0 � � ¬ � Î� �Íöÿ ýþ 1 ��w Î 5�6 Ç���
;��� Í�ß�B ñ�ò ��� ��� ~�.
Ò J C�! /�¨�© ä�" ��#
Æ�ä�å
È�0�/���� [1] 
%$¿�ï
Ã
Í Æ�ä�å
È�0 Õ�� ¨ ï f�Å�¿ � / PAM æ
ê³ i 


² �  �����& ��� /�'�(�ï�»�� ��) ä�*�" /� }
Í¡G�H�I�+�,�/
Click

Æ à
á )�¥ ý�w Î�¬ �.-/ /�} î�P y ��~�.�Ö �
à
á 6�� Ú�Û à
á S
Ê
Ì 

k�0 9 è�0 10

ý ê�� �Ì� �Ì� � è "�#�%�&�' � Î�1�$^ Ð�Ù
Click à�á / í�î 0 »   Ð$/$,$� 0$
Ø 0 9 è10 10

� Õ ï$:$q�Í �1� à�á / 61� v)�) y�z Þ�A
ß�B Click à
á / ��� Ô���7 ÿ�,�� �
v q Ç Å ��M , N ý ÍF,�� ý�þ s�� ��2 î } 
 ï3 ��� 2�4 v )�)�5�6|ª ò / à�á ����Í Ø  �
��
PAM

/
Ð
Ñ 
Fn ï
ÍöÎ è�7 Ð
Ñ PAM
Ô Í%8
Ü�f

9 Ö�× k D1: ê ~$.1;1< �1� à�á / �1�$

3 =?>

@�A���B�C�D ��/�������� � � "�#�%�&�' �
��E�F ß�B £ A
Í�ÿ�G�. ò�H�I Ç��$
;��J Ü £ A�/2�K è�L�M Í û�� Þ�A
ß�B Click à
á ����/ 8�9 èý�N ï f�g
Ð
Ñ�O � /�P�Q ô�R�S 
 l�T /  �U RS Ô�V 
 Z � V�W à
á r�ä � ¨�©�/ 1 ì è Ô �
Í~�. ï ¨�©�/�J�K
Ú [ è 0 ��X ¦�Ú�Y�S�Í 2�[ ÜÝ�Ú�Î û�Z 
 O m Ñ�©�f�[�J�\�L 8 +�,�Õ�2�©�fÔ ��ÍF©$f 1 ì ( ]_^ � ì )

�+�=�+� � � "$#$%$&' � /
Click à�á Ía` û V�Ü�Ý12 8$9 è Z ¬ ë �+��+� �
Click à�á ñ�ò �$� Ô$� ± P ù , P @ , ? /



3
� b1c1d$S ë �+�=�+� � è "$#$%$&$' �_e W$g1f à�á ý1N � Z ¬ 429

g
9 hjiakmljnjojp Click qjrjsjtju gjvjwjxjg

g
10 yjzj{j|j}jnjojp Click qjrjsjtju gjvjwjxjg

��� 7  �"�#�%�&�' � (�~ Ç ¬ z Ô z P ù , P %�,
? /���U 7 W�����0 8$9 3�Í Þ�.�Î ��� Ô��$P �Ì*,$- P

−10 dB ?$@ S$³ i 3 ñ�ò /1� �$��ô 
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