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1. ǳȘ 

1.1. ǿũ 

� fQ[RZxǒ Balaenopteridae0�Ȋ�CBĆù1lURZx�ǆɹɲ1ą

��Ćȓƃ/ČǤïɅFȈ��ĄƘĸ1ǖ2ă0ɷǵħ,Ŕɴ��½2£ǵħ,

ǷƉFȈ�-�C+�B (Íȇ, 1993)�#1ǔÏȰɥ2ŚÒ km0Ɉ��ŧ02

Ȯɇú�@ſƞ8,ïɅ B (Íȇ, 1993)�#1%;ɳǾ=ǆȔ0?BǯǰǄ/

ȖĒǌǘ0?(+#1ȈÏ=ƻĿ1·+FȗŤ B�-2ɩġ0ðɦ� ���

)+ížŋɹŧ�02Ƃȧ¼ŋƕǡ,ǌǘ�Ʉ;@C+�% (űǃ, 2012)�&��

ížŋɹ1ȋȾ=ĆùɹɲȭƦ1ĺÐ (Íȇ��ŵ, 2012)�ǆȔȤż,1ȭƦɓŐ

ď1ůƼĸ1Þɰ0?AǶĖ� (űǃ, 2012)�ôɣŋɹĊë� (IWC ; 

International Whaling Commission), 1985ģ0ížŋɹwxdyIv�ōņ�C%

�-0?(+ıŷ1Ńƕ,1ĆȓƃïɅȈÏ=ƻĿ0ɚ BǯǰǄ/c�_Ú

ɤ2�ÝȀ-/(%� 

� ���%ƳƔ1�,Ǧô,2ţ��@ɹɲ1ɺɪ�@#1ƻĿFŎD�-�

�ǌǘ�ȈEC+�% (�×, 2002; Watkins et al., 1987)�Ə�,2ɪ2ǙƎ�?A

<ţ��Ŗ��Ȕȕ?A<ůƼ/Ļü�ɈŃƊ,�B (�×, 2002)�Ə�ƻƚ0

ɊĶ�%ɹɲ<ɡ�ÏƱ��0ɪĀFƚƼ�+�B (Íȇ, 1993; �×, 2002)�ɹ

ɲ1ɺɪ02ǖ�-0Ʋĳ��A�ɺɪ1çƖŚ-ǂƻŉǰŧə��ǟəɢ0?

(+ǖFƲď B�-�,�B (Thompson, 1992; Mcdonald et al., 1995)�ǌǘ1

şƕ-�+2ɹɲçȸ,1ŪȃĨiKe|nN~0?Bɖɪ��ȄǄ (Watkins 

et al., 1987; Thompson, 1992)&��#1�0 Sirovic et al. (2007)1?�0ƞĥ0ɖ
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ɪƆŴFŅ���ïÚ�+ɖɪc�_FÁŹ Bşƕ�ȳƼ1iKe|nN~g

`d}�R=ƞĥ÷ɨșǡšċ1ƆŴ�ŠțFÇƼ�+Ȉ�şƕ<�B 

(Mcdonald et al., 1995)�ɖɪƆŴ�ƞĥ0óď�C+�Býà2ƆŴçȸ,1ǔ

ÏȽȱ=ŷɅČǤ1Ʋďǡ1ŁŻF��+�B (Mcdonald et al., 1995; Sirovic et 

al., 2009)� 

� ŢųÃĜ2Ćɡp{�d1�0ƞƘp{�d�Ƒ9ȹ:�Ƒ9ȹ9Ġ0¢ǹ� 

(ɐ�, 2003)�ġ0Ćȓƃ÷ɨ1ǂƻ�Öļ�C+�B�Ʋ0ćĢƘ±,2ŸÑ÷

şćĢƘƒ÷ɨ0�Ȋ�CB?�/Ǐ�ƻƚ0Ć�/ĭɫF��Bƞƨù÷ɨ

�ǸAȻ�ǂƻ�+�B�#�,ŢųȺƞ02÷ɨǂƻ0 �ƪđȴƠFǆŊ��

ôǜǌǘɘǂƕ�ƞƘǌǘɘǂƆƀ (JAPAN AGENCY FOR MARINE EARTH 

SCIENCE AND TECHNOLOGY �� JAMSTEC- B)F2�;-�+ƎȨĤ�

ôǜĆčƕ�ǡƁ
/Ɔɚ0?AȁĞƝ�ù (ò 1)=T�ozĨ0/.ąƁ/

ĬĿ1ƞ� ĥ÷ɨș�ąŚțǹ�C÷ɨc�_1ÚɤFȈ/(+�B(Harada, 

2008)�ŢųȺƞ1ƞĥ÷ɨș0<Ǧô1ƞĥ÷ɨș-âƁ0ɹɲ1ɺɪ-ķE

CBɪĀ�ɖɪ�C+�B�-�Ǧ SCRIPPSǌǘłWhale Acoustic Lab= Iwase 

(2015)0?(+Ŋŕ�C+�%� 

� Ǧô,1ƞĥƆî,1ɺɪ1ďƫȖƣǌǘ2Ƹö,2ą��ɹɲĔƼ1ƆŴ

0?Bǌǘ (Sirovic et al., 2009)0ǔȈ�+�B��Ţų,2Ćùɹɲ1ɺɪǌǘ

1ǊȒ2Ų&�����,ȼ5%?�0�ŢųȺƞ,2�ƿ,<ŭ<´Đ�%ƞ

ĥ÷ɨȖƣ�ȈEC+�A�ɗŰǄ�)ǯǰǄ0÷ɨc�_�ȆǗ�C+�B� 

� Ţų,2Ćùɹɲ1ɺɪ1ǌǘ1ǊȒ2Ų&����ƞĥ÷ɨș0Úɖ�C%

Ćùɹɲ1ɺɪFŇÀÁŹ B�-�,�C3�Ɓ
/ýł0țǹ�C%ƞĥ÷
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ɨș�@ɹɲ1ċöFǂȒ B�-�,�B�÷ɨșc�_FƼ�B�-,�Ł

Á (��Ï�ƏĢ�ŁÁ)1qRdzȗŹ�ÝȀ-/AĔƼƆŴ0Î@/�ȗŹ

FȈ��-�,�B (Sugioka et al., 2015)�8%�ȏŚƞú1c�_FǲàǄ0

ÁŹ B�-0?(+ŢųȺƞ0��Bɹɲ1ƻĹƳƔFŤ@�0��#1ČǤ

ǄǔÏ=ɪɫǄƻĿȗŤ0Ć��Ȫƶ B�-�,�B��@02�ô1÷ɨȖ

ƣǱFÇƼ C3?AĆȓƃ/ïɅ1Ƚȱ=ƻĿȗŤ0Ȫƶ,�B� 

 
ò 1� ȁĞƝ�ù1ƞĥ÷ɨș1{pyP� JAMSTECƄɯȬųɎ�ƞƘǒčń

ȉɵ»ęǎ 

 

1.2. ųǌǘ1ǆǄ 

� ųǌǘ2ĕŷǄ0ŢųÃĜȺƞF�Ĵ-�+��ƿ�1ƞĥ÷ɨșȖƣǱFÇ

Ƽ�%Ćùɹɲ1ƻĿȗŤ0Ȫƶ B5��ÑƞɇɔȲƒ1ƞĥ÷ɨȖƣY[b

vc�_FÁŹ��ɹɲ1ɺɪ1ŇÀ-ɹǖ1âďF�ǆǄ-�%��@0ŇÀ

�%ɺɪ1Ʋĸ�µȈǌǘ-1ɲ¡ƫ=ǈɉƫ1ƌȵ-țǹƞúçȸ0��+

ǑČ0ȈEC%ɹɲŋƷȤż,Úɤ�C%ǆȔǂȒȚɖ-1ƌȵ<Ȉ(%�
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2. ŴŜ 

2.1. ƞĥ÷ɨȖƣY[bvc�_ 

� ųǌǘ,2ÑƞɇɔȲƒ0țǹ�C%T�ozĨƞĥ÷ɨȖƣY[bv,Ú

ɖ�C%Ȗƣc�_�@ɹɲ1ɺɪ-ķECBɪĀ�?AŤǉ0Țɖ�C+�

BiKe|nN~c�_1ÁŹFȈ(% (Ȋ 1, ò 2)� 

� ųƞĥ÷ɨȖƣY[bvFɌď�%ƹƾ2çȸƞú0+ 2002ģ�ɝ�u~R

RZx Balaenoptera acutorostrataFēȨ-�%Ǡ�ŰÑȐćĢƘɹɲŋƷȤż 

(��ɔȲƒɹɲŋƷȤż- B)�ȈEC+�B%;,�B� 

� ųƞĥ÷ɨȖƣY[bv02Ȗƣƫ�ƒà�@ɮ0 OBS (Ocean Bottom 

Seismograph1ǀǓ��� OBS)1�OBS2�OBS3-�ûțǹ�C+�A�#C$

CɔȲƒ1ƏƟ 2000-3500m�Ⱥ0ċö B��û2#C$CT�oz,ŏǰ�

C+�A�ɪÆ1ɡ�Ę�@ɧÌ©ǭFÜ�B--<0 JAMSTECƄƜǌǘł0

c�_Fȿ¬�+�B�OBS22Íɂħș-iKe|nN~Fœȶ�+�A�

OBS1- OBS32�C0Í�ƙƖșFœȶ�%ƀŁ0/(+�B��@0�û1

÷ɨȖƣƆŴǺ-2Æ0�ƏƢ�ƛɂǡ1c�_FÛĲ B%;1µǝȖƣȌǹ

-ƆŴ1ȽÍFĽď�%ÁĚȌǹ�ûFå:¸û�ŏǰ�C+�B� 

Ȋ 1� ßƞĥ÷ɨȖƣY[bvțǹ¢ǹ 
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ò 2� ßƞĥ÷ɨȖƣY[bvțǹ¢ǹ� Ȯȅ1ƫ�Ȗƣƫ¢ǹFǎ �ƒ

�@ OBS1�OBS2�OBS31�Ȗƣƫ� 

 

� ųƞĥ÷ɨȖƣY[bv2 JAMSTEC� 1999ģ 7Ů0țǹ�%<1,�1999

ģ 8Ů�@yIz_Kv0c�_FÚɖ�ǰ�+�B�ųǌǘ,2#1�' 2009

ģ0ÛĲ�C%c�_1ÁŹFȈ(%� 

� ß OBS2â�1�Ɓ,�Íɂħș (JA-5�-A, Japan Aviation Electronics Industry 

Ltd., Tokyo, Japan ò 3)�çƖŚǥñ 0.05-200HzFŉ'�iKe|nN~ 

(ITC-1010A, International Transducer CROP., CA, USA ò 4)2Ü¬ľħ�-190dB re 

V/	Pa,çƖŚǥñ� 4-4000Hz,�B�#C$C A/DĂŒƆ, 24bit�ÁȗȀ

3.35e-9 V/LSB�W~py~S{�d 100Hz,cZ_zĂŒF�+�B�ŭǩǄ/

�ĴçƖŚĠú2Íɂħș� 0.5-40Hz�iKe|nN~� 1-40Hz,�(%� 
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ò 3� Íɂħș (ƆŴãǓ: JA-5�-A, Japan Aviation Electronics Industry 

Ltd.,Tokyo, Japan) JAMSTEC HP (URL: http://www.jamstec.go.jp/scdc/top_j.html; 

2015ģ 1Ů 25Ţư) 

 

 

ò 4� iKe|nN~ (ƆŴãǓ: ITC-1010A, International Transducer 

CROP., CA, USA) JAMSTEC HP (URL: 

http://www.jamstec.go.jp/scdc/top_j.html; 2015ģ 1Ů 25Ţư) 
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2.2. ɹɲǆȔǂȒȚɖ 

� ɔȲƒT�ozĨƞĥ÷ɨȖƣY[bv1çȸƞú,2¨ģ�ɔȲƤ�@ÓĮ

50tKz�»1ƞú0��+Ǡ�ŰÑȐćĢƘɹɲŋƷȤż (JARPN�)0��

BƓěúp|Sxv1�Ɏ (��ɔȲƒɹɲŋƷȤż)�ȈEC+�B (ò 5)�

ųȤż2 IWC1ď;BôɣŋɹÛǴŶǧǠ�Ŷ0û*�ŢųŘĦ1¼ŋȜÝǂ

ǭ1ȜȈ(+�BɹɲŋƷȤż,�B (Kishiro et al., 2009)�÷úƓěƩž-ɹɲ

1Ǟà1ȤżȗŤ1%; 2002ģ�@ŦŰ2�ɡ�ǑŰ2ɔȲ,ȈEC+�B 

(Kishiro et al., 2009)�Ȥż�¤2īÄ2 (�ȩ)Ţųɹɲǌǘł�Ȉ(+�%��

Ƹö2 (�Ǐ)÷úŋɹŐɄÔ�0ǔȈ�+�B (Kishiro et al., 2009)�ŋƷēȨ2

u~RRZx,�B��âŧ0Ȥż�0ǂȒ�C%ĆùɹɲǆȔȚɖ�Țɖ�C

+�A�ôɣŶǧ1ȓďɁAȤżƋ0Ȥżüæū-�+8-;@C+üæ�C+

�B�ųǌǘ,2Ȥżüæū0Țȶ�C+�Bɹɲ1ǆȔǂȒȚɖ-âŧŰ1i

Ke|nN~c�_Fƌȵ��ɹɲɺɪ1ůƭFǍȠ B�-,�Đɣ1ɹɲ1

ċö-ɺɪ1ÀƸ-0.1?�/ɚɃ��B1�Žȝ�%�/��ÁŹ0§Ƽ�

%Ȥżc�_2 2009ģ,�B� 
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ò 5� ÑȐćĢƘɹɲŋƷȤż1Ȥżǥñ� ɔȲƤF�Ĵ-�%ÓĮ 50ƞ

ɑFŭĆ1Ȥżǥñ-�+�Ʋ0 30ƞɑ»��ȑȤżǥñ-/B�
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3. şƕ 

3.1. ÁŹÊ¿ƹ 

� ÁŹ1%;1Ƨ²-�+�)1Ƨ²¦žFȈ(% (ò 6)�÷ɨș1cZ_z

c�_1ĂŒ¦ž-ÁŹ B÷ɨș1Ɍď,�B� 

� ɔȲƒƞĥ÷ɨȖƣY[bv1c�_2Ţų1÷ɨǌǘ0Ƽ�@C+�Bc

�_ĬĨWINĬĨ,«ċ�C+�B��1WINĬĨnHKzFŭǩǄ0�ȄǄ

/ɪĀnHKzĬĨ0ĂŒ B%;��1Ńɮ0Ɠ(+¦žFȈ(%� 

� WINĬĨFW±�d B%;1p|SxvǺ,�BWINY[bvFƭŜɏ

ğ�C+�BŸ�Ćč÷ɨǌǘłȖƣɘǂûǅ]~_�HP (URL: 

http://eoc.eri.u-tokyo.ac.jp/index.html; 2016ģ 1Ů 27Ţư)�@¶Ń�+ 1Á�1

nHKzÕ¢,«ċ�C+�BWINĬĨnHKzF 24hÁ0Ǭà B%;

"winadd"-��WINY[bv»1p|SxvF UnixVt~e,ĐȈ B� 

	 Ǭà�%WINĬĨnHKzF�@0ôǜǌǘɘǂƕ�ɜƪǒčńȉǌǘł

1 HP (URL: http://www.bosai.go.jp; 2016ģ 1Ů 27Ţư)0+ƭŜɏğ�C+�

Bp|Sxva�z]`d"win32tool"»0�Bp|Sxv"win2sac32"0?(

+ôɣǄ/÷ɨǌǘ,Ƽ�@C+�BnHKzĬĨ,�B sacĬĨnHKz

0ĂŒ�%� 


 sacĬĨnHKzF JAMSTEC1Ȝƍ?Aő©�+ɬ�% MATLABȘȡ1p

|Sxv"sac2waveJAMSTEC"FƼ�+�ȄǄ0ŨÙ�+�BɪĀnHKzĬ

Ĩ,�B waveĬĨ0ĂŒ�%��1 waveĬĨc�_FßÁŹƼ^ndLM

I0Ȣ9ȹ9ÁŹFȈ(% (ò 6)� 

Mcdonald et al. (1995)= Iwase (2015)�Sugioka et al. (2015)�@ƞĥ÷ɨș02ɹ
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ɲ1ɺɪ2 15-30Hz�Ⱥ1çƖŚĠ,Úɖ�CB�-�Ŋŕ�C+�B�#�,�

ÑȐćĢƘɹɲŋƷȤż�ȈEC+�BŰə,�B 9-10Ů02Ćùɹɲ1ɺɪ

�Úɖ�C+�B-�ď�+ 2009ģ1 9-10Ů1c�_FµȈ�+ÀÌ��

15-30Hz�Ⱥ0/G@�1Úɖ�/��ȖĒ�%�ǬŻ�15-39Hz�Ⱥ,[rR

dzSxv0ŭ<ɸŤ0ɪĀ�Úɖ�C+�% OBS21iKe|nN~1c�

_F§Ƽ B�--�%� 

 
ò 6� ƞĥ÷ɨȖƣY[bvnHKzĬĨĂŒŃɮƃĨò� ³1c�_

ĬĨ,�BWINĬĨF sacĬĨ�WAVĬĨ1ɮ0ĂŒ��ÁŹFȈ(%� 
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3.2. Úɖ�C%ɺɪ1ŇÀ 

� Úɖ�C%ɺɪ1ŇÀ02 2ǖɲ1^ndLMIF§Ƽ�%�Ǧ SCRIPPS 

Whale Acoustic Lab�ƭŜɏğ�+�BɹɲɺɪÁŹƼ^ndLMI"TRITON"

- Avisoft bioacousticǏ�ȫā�+�BƻƱɪÁŹƼ^ndLMI

"Avisoft-SASlab",�B�#C$CƲĳ��A�"TRITON"2ģ�@ŮÕ¢1ɗŧ

ə0E%Bc�_FȢ9ȹ9[rRdzSxv-�+ÝȔÐ B�-�ÝȀ,�

ČǤǄĂÏ=ŢçĂÏ1ÁŹ0ä�+�B��ş,"Avisoft-SASlab"2 24hÁǕ

ħ1c�_��Ȣ9ȹ:�-2,�/���ɺɪ�@ɹǖFƲď B�,ɒȑ,

�BçƖŚĠ�ǂĀ1ŉǰŧə��ǟəɢ (Thompson, 1992; Mcdonald et al., 1995)

FȁÏǄ0ŽÀ�+Ś°Ð BƆȀ�²E(+�B�ß^ndLMI1țď2

Sugioka et al. (2015)0Ƨň�+�"TRITON"2 FFT{~ZF 100±K~d�Ǜɚ

Ś2 hamming window,O�j�x`p2 0ɻ�"Avisoft-SASlab",2 FFT{~Z

F 512±K~d�ǛɚŚ2 hamming window,O�j�x`p2 85.7ɻ�ɺɪ1

ȁÏŽÀƆȀ1óďŧəú2 20.0ms�ɛ°2-4dB,ÁŹ�%� 

� ŇÀ¦ž28!hK\- BÚɖɪF�Ê0Ɛ;+���#C@FɠĄ�+�

�şƕ,Ȉ(% (ò 7)�8!�ɔȲƒƞĥ÷ɨȖƣY[bv02ƆŴƾŷ1h

K\� 2ǖɲċö�+�%�1)2 30ÁƋ0ďŰǄ0Úɖ�CB 1sǕħ1ɪ,

�C2ȖƣY[bv1µǝ0¢ǹ BµǝȖƣȌǹ1ɶÏɪ,�B�<� 1)2

5Hz���ġ0�1çƖŚĠ?Aɷ�ɪõ{qzFǎ�+�BǢł��C<ƆŴ

1Úɖɞƿ°0Ⱥ��-0?BƆŴƾŷ1hK\,�B�Ƈ0ȯ£çƖ�@ǚ�

��B?�0Úɖ�C+�BɪĀ2÷ɨƖ,�B�ƞĥ÷ɨȖƣY[bv2ųŷ

�1÷ɨƖFȖƣ B%;1ƆŴ,�B��ųǌǘ,2hK\-�+ɠĄ�%�
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ŭį0Ćùɹɲ1ƻƱčǄƲĸ�@Ȓ+Ćùɹɲ-2Ǽ�*@�ÚɖɪFɠĄ

�%��C02ÓŢ��0ơ(+ɀÂCB�-/�Úɖ�Cǰ�+�BɪĀ=

10Hz��1ȯ£çƖ1Úɖɪ�Ȟī B�Êǽ2Ćùɹɲ�ì�ɲ,�B%;�

Ĺǯ�1%;0ɺɪ02ĵ!�ǟ�ƻ8CB%;,�B (Watkins et al., 1987)�

įǽ2�ȄǄ0�1çƖŚĠ,ɺɪFǂ BĆùɹɲ2�@! (Mcdonald et al., 

1995)�Úɖ�%ɪĀ&�,2ɺɪ,�B-Ș�/�%;,�B� 

� ¹¤ǄŃɮ2"TRITON",ŢÕ¢1c�_FȢ9ȹ9�1Ţ 1ŢhK\�Ą0

ƈBÚɖɪ��B�.��Ȥ5+>��Úɖɪ��C3"Avisoft-SASlab"0ÂA

Ŭ�+#1Úɖɪ1çƖŚ�ŉǰŧə��ǟəɢFșƣ B��1ɣ�hK\0

țď�%Úɖɪ�âŧ0ŽÀ�C+�8(%ýà�ßǖnJz_�,1P`d=

K{KX�ƆȀF§Ƽ�+Ď·0Éɠ B����+ŇÀ�%ɺɪ�@ɹǖ1â

ď0ĵȑ/ɺɪ1çƖŚ�ŉǰŧə��ǟəɢFŽÀ�+Ś°Ð B�Ś°Ð�

%ɺɪ1Ģø°-µȈǌǘ1ßɹǖ1ɺɪƲĸ-ƌȵ�+ŭ<Ⱥ�(%<1F

ÀƸɹǖ-�%�ƌȵēȨɹǖ2 2009-2013ģ8,1ɹɲŋƷȤż1Rz�\{

±�d,üæ�C%ĆùlURZxɲ,�Bu~RRZx�XdLRZx

Megaptra novaeangliae�K}YRZx B. borealis�fQ[RZx B. physalus�0

ɺɪ1çƖŚ�£�ƞĥ÷ɨș0Úɖ�Cť�Y|fQ[RZx B. musculus 

(Mcdonald et al., 1995)FÍ�% 5ǖ,�B�ɺɪ1ɲùFØƮ�%c�_^�[

2Watkins et al. (1987)�Mellinger et al. (2000)�Stafford et al. (2001)�Rankin and 

Barlow. (2007)�Stimpert et al. (2010),�B� 
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ò 7� “TRITON”1[rRdzSxv0Ȋǎ�C%ßǖhK\�� A2µǝ

ȖƣȌǹ1ɶÏɪ� b2÷ɨƖ� c- d�#1�1ɩƻƱɪ,�B� 
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3.3. ɔȲǆȔǂȒȚɖ�1ÀƸ-Úɖɺɪc�_-1ƌȵ 

� ŇÀ�%ɺɪ�@ɹǖFâď�%į�#1ɹǖ1 JARPN�0?BǆȔǂȒȚ

ɖ1ǂȒŢ�ǂȒŧÈ-Ʈà�%� 

� ¦žŃɮ2”TRITON”,ǆȔǂȒŢ1c�_FȢ9ȹ9�1ŧə�-0İ
0

ŧəFɄ;+[rRdzSxvFȖĒ��ɺɪ�Úɖ�C+�B�Ŏ(%�ɺɪ

�Úɖ�C+�C3�ɘĉŧÈ�@ǩ�ŧÈFȚɖ���CF 1n{�\-�+

ǆȔǂȒȚɖ1ǂȒŧÈ-ƌȵ�%�8%�ǆȔ�C%ɹɲ�ɺɪFǂ�+�B

ýàFǼŀ�%�÷ɨș1țǹ�C+�B÷ƫ1ƞȊ�@ɔȲƤ8,1Ȱɥ

131.6km,ɪ��Ŗ Bŧə�ǧ 1ŧə 30Á,�(%�-�@�¥ȍFÍè�

+ǆȔ�%Êį 2ŧə�»0ɺɪ�Úɖ�C+�B�.��FŎ(%� 

3.4. ɺɪƲĸ1ÁŹ 

� Úɖ�C%ɺɪ2#1Ʋĸ�@â�ǖ1<1,�(%��â�ǖ1ɺɪ,<Ś

k_�~1ŤǍ0Áɲ,�Bɺɪ�ċö�%�#�,�µȈǌǘFØǼ0Úɖ�

C%ɺɪFŚk_�~0Áɲ��ČǤ�-1ċöƌ-�ǟəɢ1ɉ�Fƌȵ�%� 

� XdLRZx1”^~S”-éǓ�CBɺɪ02ČǤ�@ģǫɆ0?Bɺɪk

_�~1ĂÐ�Ƞ;@CB (Êƽ, 2002)�8%�”^~S”1ĂɋFȽ(+>��

-��1ƞú-ɺɪFƌȵ�%ɣ�ƞúə1�ƛ0ɚ B4-)1ŊƂ-/B-

�C+�B (Êƽ, 2002)�Úɖ�C%ɺɪ�fQ[RZx1”^~S”1?�0�

ƛ0?B�Ŗ��B�2�Ť,�B���į��ƞú-ƌȵ B�,<ɒȑ/ɭ

ǆ,�B� 

� “Avisoft-SASlab”0+Ś°Ð�%ɺɪFƲĳ�-1k_�~0Áɲ��#1Ś

°FƼ�+#C$C1ċöƌ=�ǟəɢ1ɉ�Fșǣ�%� 
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4. ǬŻ 

4.1. Úɖ�C%ɺɪ-ɹǖ 

� 2009ģ0Úɖ�C%ɹɲ1ɺɪ-ķECBɪĀ (n=8,819)2�Ģø�+ǂĀŉ

ǰŧə� 1.1�0.8s��ǟəɢ� 25.6�9.2s�#�+m�RçƖŚ� 17.9�1.3Hz

1ǥñ-/BƲĳ�Ƞ;@C%� 

� ɺɪ�@ɹɲFÅŝ B�,ɒȑ-/B1�çƖŚ�ŉǰŧə��ǟəɢ,�

B (Thompson, 1992)�Ʋ0Đɣ0ǆȔ�+�/�ýàçƖŚ�ŭÄ1ÅŝŴŜ-

/B (Mcdonald et al., 1995)� 

� #�,�8!çƖŚ0Ɨǆ�%�Úɖ�C%ɺɪ1m�RçƖŚ2 17.9�1.3Hz

,�B�ŭÄ0®Ȏ�@ĄCB12m�RçƖŚ� 200-400Hz,�Bu~RRZ

x (Mellinger et al., 2000)- 329Hz1XdLRZx (Stimpert et al., 2010),�B�

Úɖ�C%ɺɪ�@ 200Hz��çƖŚ�Ć��ɥC+�A��)�ï§Ƽ�%

ɔȲƒƞĥ÷ɨȖƣY[bv1Ȗƣɞƿ,�B 40HzFȯ�+�B%;�÷ɨș

02Úɖ�C+�/�-Ǽ�@CB�Ƈ0K}YRZx&���'@<_Kp 1

-�CBɺɪ2 44-100Hz�_Kp 2� 21-39Hz-/(+�A (Rankin and Barlow, 

2007)��Ȃ�+�B-2Ș�ɦ��ŭį0fQ[RZx-Y|fQ[RZx-

ƌȵ B-�fQ[RZx� 17-25Hz (Watkins et al., 1987)�Y|fQ[RZx�

16-20Hz (Stafford et al., 2001),.'@<67â�çƖŚĠ,�A��ɞFȒB-

Y|fQ[RZx�Ⱥ�ÝȀĸ<�B� 

� çƖŚ1Ƈ0Ɨǆ B5�ŉǰŧə-�ǟəɢ-<ƌȵ�%�Úɖ�C%ɺɪ

1ŉǰŧə2 1.1�0.8s��ǟəɢ� 25.6�9.2,�B�Watkins et al. (1987)1fQ

[RZx1ŉǰŧə2 0.7-1s��ǟəɢ� 7-26s�Stafford et al. (2001)1Y|fQ
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[RZx1ŉǰŧə2"A-sound"� 18.2s�"B-sound"� 17.5s��ǟəɢ2 25.5-30.6s

,�B��ǟəɢ2fQ[RZx1�ɞ°0Ⱥ���.'@<ǥñ»0Ú8(%�

ŉǰŧə0ɚ�+2fQ[RZx?A 0.1sɗ��Y|fQ[RZx1"A-sound"

?A 17.1s�"B-sound"?A 16.3sǋ�ǬŻ-/(%�ǬŻ�.'@<ŉǰŧə0

ɚ�+2Ď·02àȂ�/�(%�����Y|fQ[RZx1ɺɪ- B02

Úɖ�C%ɺɪ1ŉǰŧə2�ɥ�Ć� �B�--�Y|fQ[RZx1ɺɪ

02 A-sound- B-sound1 2ǖɲ1Ʋĳ1ɪ1Ǫ9à"�ċö B��ųǌǘ1

c�_02Ƞ;@C/�(%�-�@�Úɖ�C%ɺɪ2fQ[RZx1ɺɪ&

-Őƣ�%��@0Watkins et al. (1987),1ɁǓ"20Hzkz[",�B-Ť@�0

/(%� 

Ȋ 2� Úɖ�C%ɪĀ-ßɹɲ1ɺɪ1Ʋĳ1ƌȵ� ɺɪ1ŉǰŧə2Y|f

Q[RZxFɠ�+.1ɹǖ<ǋ��Úɖ�C%ɪĀ0ŭ<Ⱥ�m�RçƖŚF

ŉ)ɹǖ2fQ[RZx-Y|fQ[RZx-/(%� 

 

 

4.2. ɔȲǆȔǂȒȚɖ�1ÀƸ0ē�+ɺɪ1ÀƸ 

� ǬŻ-�+ 2009ģ1 JARPN�0+fQ[RZx�ǆȔ�C%Ţ1»�·+1Ţ
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,ɺɪ�Úɖ�C+�% (Ȋ 3)�#1»fQ[RZx1ǂȒ��(+�@Êį 2

ŧə�»0ɺɪ�Úɖ�C+�%�Ś2 20�� 10��(%�ǂȒį 2ŧə�»0

ɺɪ�Úɖ�C%12 8�,�(%�fQ[RZx1ǂȒïŚ�ŭ<ą�(%12

9Ů 26Ţ,Úɖ�C%n{�\Ś2 4n{�\&(%�Úɖ�C%n{�\�ŭ

<ą�(%12 10/1,n{�\Ś2 11n{�\,��1Ţ1ǆȔǂȒ2 1ï,�

(%�10/11Ɓ0n{�\Ś�ą��@-�(+ǆȔ,1fQ[RZx1ǂȒ�ą

�/B-�(%�-2/�(%�Úɖ�C%n{�\Ś�ą�ş�ǂȒ�@Êį 2

ŧə�»,1ɺɪ1Úɖ2ą�(%� 10/161 12:241ǂȒ1Ɓ0Úɖ�C%n{

�\Ś�ėŚ,<ɺɪ�Êį 2ŧə�»0Úɖ�C+�B¨�ċö�%�8%�

2009ģ1 JARPN�ȤżŰə,�B 9/5�10/171 42Ţə,fQ[RZx1ǆȔǂȒ

2ƭ��ɺɪ1Úɖ��(%Ţ� 19�(%� 
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Ȋ 3� JARPN�1fQ[RZxǆȔǂȒŢŧ-ƞĥiKe|nN~1ɺɪ1ů

ƭ1ƌȵ (2009)� ·+1fQ[RZxǆȔǂȒŢ,ɺɪ1Úɖ�ǍȠ,�%��

@0�ǂȒÊį 2ŧə�»0Úɖ�ǍȠ�C%ǂȒ2ǂȒŚ1àș1ÓÁ0�%

B 10�,�(%� 

ÀƸŢ ÀƸŧÈ 
1Ţ1ɺɪ1ÀƸ- 

n{�\ïŚ 

2ŧə�»1 

ɺɪ1ÀƸ 
ȟǨ (#=n{�\ No.) 

9/18 10:19 2n{�\ /�  

9/26 

10:00 

4n{�\ 

�A #2-1, 11:03-12:40 

10:33 �A #2-1, 11:03-12:40 

11:57 �A 

#2-1, 11:03-12:40 

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

13:31 �A 

#2-1, 11:03-12:40 

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

#4, 14:22-16:47 

14:59 �A 

#2-2, 13:00-13:12 

#2-3, 13:49-13:55 

#2-4, 14:22-16:47 

9/27 

8:34 

1n{�\ /� 

 

11:50 

12:27 

9/30 

11:19 

6n{�\ 

�A 
#4-4, 9:00-10:40 

#4-5, 11:05-22:12 

12:10 �A 
#4-4, 9:00-10:40 

#4-5, 11:05-22:12 

10/1 7:41 11n{�\ �A 
#5-4, 6:00-6:38 

#5-5, 7:10-7:58 

10/12 

9:44 

2n{�\ 

/�  

10:10 /�  

10:15 /�  

10/15 7:16 4n{�\ /�  
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Ȋ 3� 1ǰ� 

ÀƸŢ ÀƸŧÈ 
1Ţ1ɺɪ1ÀƸ- 

n{�\ïŚ 

2ŧə�»1 

ɺɪ1ÀƸ 
ȟǨ (#=n{�\ No.) 

10/16 

12:24 

2n{�\ 

�A #8-1, 9:08-10:30 

13:46 /�  

14:48 /�  

10/17 12:08 4n{�\ �A #9-2, 11:20-13:34 

 

4.3. fQ[RZxɺɪ1ȟǨÁŹ 

� Watkins et al. (1987),ďǻ�C%fQ[RZx1"20Hzkz["2�n{�\»

,1�ǟəɢ1ĂÐ=m�RçƖŚ�j~e}K\1ĝǁ0?(+�?AȟǨ0

Áɲ,�B�-�Ŋŕ�C+�B (Watkins et al., 1987; Thompson, 1992; Clark, 

2002)�ųǌǘ1fQ[RZxɺɪ,< 3k_�~1Áɲ�ÝȀ,�(% (Ȋ 4)� 

� ɺɪk_�~2 3k_�~,�A�Ǡ 11k_�~2ºùǄ/"20Hzkz["

-<Ș��ŉǰŧə2 0.6�0.2s��ǟəɢ2 18.5�13.9s�m�RçƖŚ2 19.4

�2.9Hz�j~e}K\2 5.3�0.5,�1s��1ŉǰŧə�7-26s1�ǟəɢ�20Hz

�Ⱥ1m�RçƖŚ-Țȶ�C+�BɁA0Ŷ� (Watkins et al., 1987)Fƥ%�

+�B�Ǡ 21k_�~2ŤǍ0ǋ��ǟ-ɗ��ǟFɮ0ǸAȻ k_�~,

ŉǰŧə2 0.6�0.3s��ǟəɢ2Ưş� 19.3�2.4s�<�Ưş� 27.4�2.6s,�

m�RçƖŚ2 16.5�0.6Hz�j~e}K\2 3.7�0.9-/(%�ǋ��ǟ-ɗ

��ǟ1.'@�ǂĀŧ0µ0�B�2ƭ¦Ƭ&���1ɺɪk_�~2ĵ!�

�0ǋ��ǟ-ɗ��ǟFǸAȻ�%��1 2ǖ2Watkins et al. (1987)-

Thompson. (1992)1ɺɪk_�~0ɲ¡�+�%�#�+�Ş%0µȈǌǘ02

Ȓ@C/�(%k_�~��A�ŉǰŧə2 2.0�0.7s��ǟəɢ2 38.5�44.0s



 

 20 

0m�RçƖŚ 18.2�0.6Hz�j~e}K\2 1.3�0.5Hz,�(%� (Ȋ 4) 

� ãǓ2Ǡ 11k_�~2śƶ0?(+ãǓ�Ǯ��C+�/�(%1,�Êį

1ɺɪâÿ0ɚª�ƭ��-�@"Single"-�% (ò 8)�Ǡ 21k_�~2

Watkins et al. (1987)- Thompson (1992)0¯�"Doublet"-�% (ò 9)��@0

"Doublet"1 2ǖ1�ǟəɢ2�ǋ�ŧəF"Primary"�ɗ�ŧəF"Secondary"-�

%�#�+�Ş%0Áɲ�%ɺɪ2"Undefined"-ã��%(ò 10)� 

� "Undefined"1Ʋĳ2ºùǄ/"20Hzkz["1k_�~,�B"Single"0ē�+

ŉǰŧə��ǟəɢ�ɗ��j~e}K\�Ƶ��-,�B�[rRdzSxv

�,<ĬƳ�@#1Ʋĳ�?�E�B (ò 8,� ò 10)� 

 

Ȋ 4� Úɖ�C%fQ[RZxɺɪ1ȟǨÁɲ (2009)� ȟǨÁɲFȈ�-

"Undefined"1Ʋĳ�ɣǜ)�8%�"Doublet"1m�RçƖŚ�£��-<ǍȠ,

�B� 
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C 8� pn+(21"Single"� <D]�"20Hz+0'"�YN!O����	+0'Z�pn���e@U�	4"����20Hz

9g�R�#*0$2�G�	�����	S^`�"Single"��pn�HM�mJ�X	��������K��d� �	
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C 9� pn+(21"Doublet"� "Single"�T�<D]�"20Hz+0'"�� ���pn	5_o�:akl!76�c�h
	

S^`�Ai� ����,2%BWP�;���	8�'-%)0&/.3��"Single"��HM�;	=[
�
��F�
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C 10� pn+(21"Undefined"� S^`�?��>o� �pn+(21	8�"20Hz+0'"�Vf��\EObQk�j	�

'-%)0&/.3��IZ�L�����	
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4.4. ɅȻh\xw2ùǁƣï» 

� ÍɅȻh\xw3h\xw0@)+Ď��C=22ùǁƣ0ï»�+�&	Ŕ

ƫƹ,3§�,2¶Î-�ƼȬȲ2ōȬï»Gű<&	 

� :"�ɅȻ§�3"Avisoft-SASlab",Ƕý�&Ȯ�,3 1-2Ő�9-10Ő2¬Œ-

ƳŒ,š¯�D�10Ő�ŏ=ñ��§�2 45ɇGÃ<& (Ǧ 5)	 

� �²2¶Î-�+3"Single"� 1-2Ő�9-10ŐGȗ�&ëÎ�2Ő0§�2 26ɇ

0ƀą�&=22ŏ=¶Î�ñ�ȗĒ§�2¾ŅȐ�2¶Î,�)&	Ũ0

"Doublet"3§�2¶Î3"Single"0Ũ�Ƀ�,�)&	2Ő0ò��¶Î�ì�

§�2 74ɇ0ȝ��yȉ�+ 9Ő3 7ɇ:,ǡ(ȏH'	ÇĂ0"Undefined"3§

�2¶Î3���2Ő3 0ɇ,�)&��9Ő3 48ɇ:,¶ÎG�4�&	�2

��A"Doublet"-"Undefined"03Ȃ2ƧȭĦGǫC�-�,�&	 (Ǧ 5Ɉß 

11) 

� %�,�}ǗG tšý (a=0.01), p�Gű<&	Ǌś�p�3 0.187932-/B�

"Doublet"-"Undefined"Ȭ2Ȃ2Ƨȭ0ȭ!CőĪĎ3ǫAD/�)& (t-test, 

p>0.01)	 

� Íh\xw2ɅȻ2đå�ƼȬȲ2ùǁƣï»=Ǻ<AD&	:"�"Single"

3 17.7�13.3s2¬Œ0Ă�+�18.9�14.2s-ƳŒ2�ƼȬȲ�Ȫ�)&	

"Doublet"3ƳŒ0Ă�+¬Œ�Ȫ��@BɀǢ0ï»�+�&	"Primary"�¬Œ

21.8�9.3s�A 18.6�12.5s�"Secondary"3 27.5�13.1s�A 23.7�11.2s-/)+

�C	"Undefined"3"Doublet"-Ïţ�ƳŒ0Ă�+¬Œ2�ƼȬȲ�Ȫ� 45.6

�40.18s�A 37.7�44.4s0ï»�& (Ǧ 5)	 

� ǋǳƣőĪĎGƬ�<C&<��"D=¬ŒƳŒȬ,KL±^2 tšý(a=0.01)
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GǤ)&	"Single"2 p�3 0.007387,¬Œ (17.7�13.3s)0Ă�+ƳŒ (18.9�

14.2s)�őĪ0Ȫ��-�Ʈ�D& (t-test, p<0.01)	"Doublet",3"Primary"� p

� 6.31537e-9,¬Œ (21.8�9.3s)�ƳŒ (18.6�12.5s)0Ă�+őĪ0Ȫ��- 

(t-test, p<0.01)�"Secondary"= p� 3.68094e-10,¬Œ (27.5�13.1s)�ƳŒ (23.7�

11.2s)0Ă�+őĪ0Ȫ��-�Ʈ�D& (t-test, p<0.01)	yŇ,"Undefined"3 p

�� 0.071595,�B¬Œ (45.6�40.18s)-ƳŒ (37.7�44.4s)0őĪĎ3Ƌ�)&

(t-test, p>0.01)	 

 

Ǧ 5� ¯ƖixQŐ2ÍɅȻǈį2Őï» (2009)� Áǅ/Ņ,3"Undefined"�

ð 10Ő0ȵ~�+ÈȨ�D+�C	¶Îƣ03"Single"3ûý�+ÈȨ�D+�

B��2 2h\xw3ìƀ�ƈ��	 
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ß 11� ¯ƖixQŐ2ÍɅȻǈį2Ő²ï»Rqj (2009)� "Single"3Ņ2ì

ƀ��C��ŭȊƣ¶Î3ûý�+�C	"Doublet"-"Undefined"=�Ő2¶Î3

�:Bï»�+�/���9Ő3ò��ïº�+�C	 

 

Ǧ 6� ÍɅȻ2đå�ƼȬȲ2ōŒ0@CȞ� (2009)� §�ƣ0ï»�+�C

��"Doublet"3ɀǢ,"Secondary"3¬Œ2"Primary"-Ïƿ:,ƪ�/)+�C	 

ɅȻ\Jl ¬Œ (1-2Ő) ƳŒ (9-10Ő) 

"Single" 17.7�13.3s 18.9�14.2s 

"Doublet" ("Primary") 21.8�9.3s 18.6�12.5s 

"Doublet" ("Secondary") 27.5�13.1s 23.7�11.2s 

"Undefined" 45.6�40.18s 37.7�44.4s 
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5. ǖā 

5.1. ɅȻ-ɄɁ2÷ã2őƋ 

� �Ü�ȦȈŲżĔäȸǯƂVX`pG°Ś�&Ǌś�ÈȨ�D&ɄɁ2ɅȻ3d

PXQWq,�C�-�Ʈ�D&	dPXQWq2ɅȻ3 20Hz�Ȑ0ixQÔŷ

ŅGĶ*�-�ñ��ơîĶǌōȬ�ƪ�&<þȳ3]KwXJxlȻ'��h±

XȻ2ţ/ĜƑ,XnQb±Rqpz0ƖDC2,"20hzh±X"-Õ4DC 

(Watkins et al., 1987)	 

� :&�2009Ē2ȦȈŲżĔfJcujMwax\- JARPN�2Q±xYtox

b2dPXQWq2ƥǭơǫǵȨ-GŭȊ�&	§+2dPXQWqơǫň,ɅȻ

�ÈȨ�D+�&	:&�§ơǫ2�(¾Ņ,ơǫ´ğ 2ōȬ�ª0ɅȻ2ÈȨ�

�)&�-�F�)&	JARPN�¡,3dPXQWq0Ă�+ɅȻ2ȨȻƿ3Ǥ)

+�/�(Kishiro et al., 2009)&<�ơǫ�&dPXQWq�ơî�+�&�3|ŋ

,�C��ɅȻ2ÈȨōȬď03ȦȈŲżç0dPXQWq�÷ã�+�CÊǘĦ

�Ƀ�	 

� ɅȻ�dPXQWq2÷ãGƮ�+�C-�ý!C-��ÜɅȻGĵ¯,�& 1

�2Ő�9�10Ő0dPXQWq3ȦȈŲżç0÷ã!C�-0/C	9�10Ő0

�2żç0ŗȚ!CòæɄɁ3�Ŀɂżç�AǑūżç0À{!CȖ~2��Ǔ'

-ǖ�ADC	yŇ, 1�2Ő3ǑūŒ2±Œ�A~Œ0�&C	ðŸĦ,�Cd

PXQWq�ȦȈŲżç2@�/Ā­äçGǑūżç-!C�-3/�&<��D

A 1-2Ő2ixQōŒ2��Ǔ3ĿɂżçÔȎ0Ū÷�+�C��Ǔ,�C-ǖā

�&	 

� Sirovic et al. (2009)3ÀŢżÔȎ2dPXQWq03ü§0Ŀɂżç�AƵº#



 

 28 

"�ÔȎżç0Ɵ:)+�C��Ǔ2÷ã�ƮÚ�D+�C	yŇ�1�2Ő�ȯ 9

�10Ő0/C:,Ŕƫƹ,3ɅȻGǺ<AD/�)&	*:B�3�5Ő0��+

¼z�+�CdPXQWq�ơ�+�C-ǖ�ADCɅȻ3ÈȨ�D+�/�)

&	ɅȻ�÷ã�/��A-�)+dPXQWq�żç0÷ã�/��-03/A

/����ğ�ţ
/ǰĕ�A@BǹǇ0šǸ!CģǪ��C	 

 

5.2. ɅȻh\xw"Undefined"-3 

� ÈȨ�D&"20Hzh±X"h\xw2~,�"Undefined"3¥Ǥƫƹ (Watokins et al., 

1987; Thompson, 1992; Clark et al., 2002)2ɅȻ2Ɂæ0ě+3:A/�)&	Ƭ�0

"Undefined"3ixQÔŷŅ�ð2ĶǌōȬ��ƼȬȲ�Watkins et al. (1987)2

"20Hzh±X"-ŭȊ�+Ȫ�	Ŕƫƹ,3dPXQWq2ɅȻ,�C-ýǔ�&

���ğ=ĭȤ0šǴ�+��ģǪ��C	�2Ȼ�Ǟǝƿ2�čƣ/ȻƝŗ2Ê

ǘĦ=�C��Ǟǝ2ŧȭȻ>%2�3ƙƏȻ@B�A0ixQÔŷŅ�yý,�

C (Ȣ et al., 1994)	yŇ�"Undefinde"2ixQÔŷŅ3ŬÜï»�+�C	:&�

Ƈƃ0¯¦B�+�CǞǝ/A4��CƶĕÏ ōȬď0ǜǤ�+�C&<�ÈȨ

ōȬ0yý2�B�¯C3",�C��Ŕƫƹ2"Undefined"2ax\03ÈȨōȬ

�B3ƖD/�)&	"Undefined"��2ɄƷ2ɅȻ'-!C-�ÊǘĦ�ŏ=Ƀ�

=23VudPXQWq2ɅȻ,�C	 

� VudPXQWq3dPXQWq-89Ï ÔŷŅďç,ơî!C (Watkins et 

al., 1987; Stafford et al., 2001)	%�+�dPXQWq2ɅȻh\xw3Ǎƴ�+

"20hzh±X"-Õ4DC@�0h±XȻ2@�/ĶǌōȬ�ƪ�ƐĢGƮ!	Xn

Qb±Rqpz,3Ǉ�ǐş2ţ/ĜƑ,ƖDC� (ß 12-�)�"Undefined"ą�Ť
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0ē�)&ď2ţ/ĜƑ,ǵȨ�D+�C (ß 12-�)	�2ƐĢ0 Stafford et al., 

(2001)2VudPXQWq2ɅȻXnQb±Rqp (ß 12-�)3yǫɁ��+�

C��ơîĶǌōȬ�ò��Ȟ�	�A0 Stafford et al. (2001)03¼ǩóđŸƚ2

VudPXQWq2ɅȻ2ơîĶǌōȬ3¼ŘóđŸ@BȪ�/C-�+�C	

"Undefined"�Ŕƫƹ2ļƂȗBdPXQWq2ɅȻ,�CëÎ�/$�2ɅȻh\

xw-ĶǌōȬ>�ƼȬȲ�gwcvJY�Ơ/)+�C2��ğ=�A0šǸ!

CģǪ��C	Watkins et al. (1987)> Delarue et al. (2009),3dPXQWq2"20Hz

h±X"3UbKQWq2"[wR"2ţ/Ğ¶��C-ǖā�+�&	UbKQW

q2"[wR"�"20Hzh±X"0ĂĤ!CëÎ�"Undefined"3.2@�/Ğ¶2ɅȻ

0/C�ļƂ�&ëÎ�"ư�ƣȻî"-��ɅȻ�÷ã!C (Stimpart et al., 2010)	

"ư�ƣȻî"-3UbKQWq�¨Ï,ĿɂG!C/.ǨŅȾ,Ǥº�+�Cȳ

0ȨȻ�D&ɅȻ,�C (Stimpsrt et al., 2010)	dPXQWq2"Undefined"0�2"

ư�ƣȻî"2Ğ¶��CëÎ�ĿɂŒ2ėȪ,�C 9Ő0ŏ=ñ�2"Undefined"

�ÈȨ�D&�--ȭ���CÊǘĦ��C	����dPXQWq3éŔƣ2Á

ƒ,Ǥº�+�C (¸ǣ, 1993)	Stimpart (2010)3UbKQWq�"ư�ƣȻî"0@

)+Ŀɂō0¿·�+�C-�+�C��Áƒ,ƙŹ!CdPXQWq�Ŀɂō0

¨ÏĿɂ!C-��ǤºG-C�ƬǸ3/�	&'�òæɄɁ2ɅȻ�ǑūǤº>

Ŀɂ2&<'�2ŧǘ,3/�-ǖ�AD�"Undefined"=Ȟ)&ŧǘGĶ)+�C

ÊǘĦ��C	 

  



 

 30 

 

 

ß 12� �)3Ŕƫƹ2"Single"	� �)3Ŕƫƹ2"Undefined"	� �)3VudPX

QWq2ɅȻXnQb±Rqp (Stafford et al., (2001)@Bęƛ)	 a)3¼ŘóđŸ

2"A-sound"-"B-sound"� b)�¼ǩóđŸ2ɅȻ,�C	b)3yǫ�Ŕƫƹ2

"Undefined"0Ɂ��+�C��"Undefined"2đåĶǌōȬ3 2.0�1.7s,�C	 

  



 

 31 

5.3. ɅȻh\xw"Doublet"2ŔƫƹƒƐ2ƐĢ 

� "Undefined"8.ɀǢ,3/�=22Ŕƫƹ2"Doublet"0=ƒǙ2ƐĢ�÷ã�

&	"Doublet"3@�ǫADC"20hzh±X"2h\xw,�C (Watokins et al., 1987; 

Thompson, 1992; Clark et al., 2002)	ɅȻȬ2�ƼȬȲ� 2ƷɁ÷ã����0%D

GǒBȑ! (Watkins et al., 1987)	�2"20Hzh±X"Ïţ��Ş0¤D&įƍ�+

�C-ĥFDCNX���ơî��%2ŧǘ3UbKQWq2"[wR"-Ïţ,�

C�-�ǖā�D+�C�|ŋ,�C (Watkins et al., 1987; Delarue et al., 2009)	Ŕ

ƫƹ2"Doublet"=�ƼȬȲ2ƪ�"Primary"-Ȫ�"Secondary"���0ǵȨ�D+

�B�Șǌ,"Primary">"Secondary"ǌ�-���-3/�)&	 

� Ŕƫƹ2"Doublet"2ƐĢ3 2ǀı÷ã!C	:"ƽ 10ixQÔŷŅ� 16.5�

0.6Hz���-,�C	"20Hzh±X"3Ðƴ2ȗBñ�2ixQÔŷŅ� 20Hz�

Ȑ0÷ã!Ch±XȻ0Ȑ�Ȼî,�C�-�A�+�C (Watkins et al., 1987)	

Watkins et al. (1987)/.¥Ǥƫƹ0=�
2ax\,3đåG{ÜCÔŷŅ,ǵȨ

�D&"20hzh±X"2�=÷ã!C��Ŕƫƹ2"Doublet"3đå�� 20HzG{Ü

CǊś-/)&	�2ÅÝ0ȭ�+ Thompson, (1992)> Clark et al. (2002)2ǵȒ-

ŭȊ!C-ȦȈŲÔȎ2dPXQWq2äçƣƐĦ,3/��-ǖ�&	¥Ǥƫƹ

,dPXQWq2ɅȻ�ÈȨ�D&äç3OrjM±eIƄÔȎ>ä~ż2rR

rIż/.ȦȈŲ2dPXQWq-3�ź�Ƌ�-ļƂ�DCǄǓ2=2,�C	

�A0��ƼȬȲ�éƆ0/)+�:���Clark et al. (2002),3"Doublet"3ƖD

"�Ŕƫƹ,ǲ�"Single"-|Ǭ³0"Back beat"-ǲ�²2ƐĦ2Ȼ�äçƣƐĦ

-�+Ĺ:DC-ǵȋ�D+�C	:&�UbKQWq>VudPXQWq,=ż

ç2Ȟ�0@CɅȻ2ĎƠ3êÓ�D+�B(Stafford et al., 2001; ǩŖ, 2003)�Ŕƫ
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ƹ2"Doublet"2ixQÔŷŅ��Ôŷ,�C�-=äçƣ/ƐȄ,3/��-ǖ

�C	 

� ƽ 20"Doublet"2�ƼȬȲ�¬Œ-ƳŒ,ï»�&�-,�C	Ŕƫƹ,3

"Single"�"Doublet"¨0ï»G�&��"Single"2ï»0Ă�+"Doublet"3¬Œ�Ƴ

Œ@B=đå�ƼȬȲ�Ȫ�/C-��ȕ2ï»GȆ���%2ï»=@BɀǢ'

)&	¥Ǥƫƹ (Watkins et al., 1987; Srovic et al., 2009),3�ùǁƣï»GɅȻ2š

¯Ņ2ǭƊ�AǤ)+�B�ɅȻ2h\xw2ï»GȔ)&=23Ƌ�	�%A�

�DA¥Ǥƫƹ2ǯƂżç�Ǒūżç0Ȑ�ȅȜÔȎ (Watkins et al., 1987)>Ŀɂ

żç,�CÀŢ (Srovic et al., 2009),ǤFD&ĝȼ'-ĥFDC	�DA2żç,

3��ąŅ2�ðƣ/��Gȱ��1ĕ2ixQ-/CōŒGȇ�C-8-H.2

���żç�AƵº�+�:�	ȗĒGȗ�&ɅȻ2h\xw2ïȟG°Ś!C�

-3ȷ��	yŇ,Ŕƫƹ2Ăȁżç,�CȦȈżç,3 1-2Ő�9-10Ő-�� 2

ĕ2ɅȻ2¯ƖixQ�ƖD&	�D3Ŕżç�dPXQWq2Ǒūżç,=/�

Ŀɂżç,=/��-0@CǊś'-ĥFDC	"Doublet"G3 <-�&"20Hzh

±X"3UbKQWq2"[wR"2Ğ¶��C-!Cƫƹ�÷ã!C (Watkins et al., 

1987; Delarue et al., 2009)	ÈȨōŒ2Ǔǈį�ï»�&ÊǘĦ=�C��"[wR"

ÏţōȬǉț0@)+ïȟ�&ÊǘĦ=�C	
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6. �ğ2Ǽȿ 

� �ğ�@BēǂÞ,òæɄɁ2¯Ɩ>ƵºGɅȻ�AļƂ!C&<�ģǪ,�C

23°ŚŒȬ-äçGē�C�-,�C	Ŕƫƹ,3�0 2009Ē2ax\0*�

+ǹ��°ŚGǤ)&��ȦȈŲSxk±ĘżĔäȸǯƂVX`p3 1999Ē�A

Ƹ£�+�C	@Bñ�2ŒȬ0Ɓ)+°Ś!C�-0@)+@Bǹ��ɄɁ2¯

Ɩ¢Ñ�ǫ�+�CÊǘĦ��C	 

� %�+�Ü�"AVIsoft-SASlab"2ɅȻš¯ŧǘG�ƛ!Cȳ0Ȯ�Gàý�+°

ŚGǤ)&	����%2ĝȼ,�ixQōŒ�ð2yȡ2ɅȻ3ĵ¯!C�-�

,�/�)&	�ğ3Ȯ�G«ǖ!CģǪ��C'E�	XnQb±Rqpz,3

3Őzŉ- 8Ő{ŉ�11-12Ő0ɅȻA��ȻîGǭǺ!C�-�,�&2'��

Ȯ�ð')&&<Ņ�»!C�-3,�/�)&	 

� :&�©�ƣ0Ņ�»,�/�)&°Ś-�+"TRITON"2ĒȬXnQb±Rq

p��C (ß 13)	ĒȬ2XnQb±Rqpz,3Ȼâtm±2ï»�ǫAD�Ŕ

ƫƹ2ɅȻš¯Ņ2ixQ,�)& 1-2Ő- 9-10Ő0zŊ�ǫAD&	�2¢Ñ

3 2010-2013Ē�ȯ=ǫAD��ğ°ŚŇŶGƬƺ,�D4dPXQWq2ŗȚō

Œ0ȭ�+@Bő·/Ĩê-/C'E�	 

� ɅȻ0@CƷ2Ïý0ȭ�+=:'ÈȨ�D&ɅȻ-ŭȊ�&¥Ǥƫƹ2ɅȻ

2Ɂæ�½°,/���ğ@Bñ�2¥Ǥƫƹ-ŭȊ�+?�ģǪ��C	Ŕƫƹ

,�ƛ�&żĔäȸǯƂVX`p2Ħǘ/A4ŔŗÈȨ�DC7�ɄƷ��ƌ÷

ã�+�B�%DA2ɄƷ2ɅȻGǫǡ-�+�CÊǘĦ>��ÜdPXQWq-

ýǔ�&ɅȻ2~0ž�)+�:)+�CÊǘĦ=�C	�ğ�@Bñ�2ɅȻ2

Ɂæ-ŭȊ!C�-0@)+�DAGłÛ!C�-�Êǘ0/C'E�	 
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ß 13� "TRITON"0@CĒȬ2ɅȻXnQb±Rqp (2009)� ōŒƣ03

1-2Ő- 9-10Ő0�&CƨÄ2ǀı,Ɛ0Ȼâtm±2zŊ�ǯā,�&��

©�ƣ0Ņ�»!C�-3,�/�)&	2009Ē�ȯ=Ï ¢Ñ�ǫAD&	
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7. ǿȍ 

� ŔƫƹGș<C0�&B�òïñ�2Ƥţ0�¹·�&'�&�-GīǿǛ�:

!	:"��ķĄńØ-�+ǻ0ñ�2�-G�ķĄ�&'�&'�,/��%2

�2Ⱥ,=ñò/�¿·GȽ�&áƺòúŶ�Ř�żŸòúɄɁúƫƹÿ ¸ǣƲ

Ěńĺ	µķĄńØ-�+ȭF)+Ƚ�&ȧœƦť®ńĺ	äȸǳ0ȭ�+ţ
/

¹ǲGȽ�&~ŘÖô®ńĺ	ıĆƫƹÿ2ńØ-�+�¥Ȍ-�+ņƻèƾ0ò

ï�¹·Ƚ�&~ŖƔ¹ń	ŔƫƹGÒ;yȘ2żĔäȸǳÈȨɅȻƫƹ2ơȆ�

2y�,�B�ǱŚluRqp2Ľ��h[TwĳǥȺ,2�ķĄ�żðƫƹǗ-

2Ĩê�ľƿ�ȹĐ0ȤǪ/�ķĄGȽ�& JAMSTECäƗŽȡĻŝZw\x Ƿ

ũĮäƗŽȡĻŝZw\xĳǥȡȡȪ	äȸǳÆ5äȸǱŚ2éƭƩȀ2�ķĄ�

ax\2Ĳ�Ň>ÉĠ�ſ�¥Ǥ�+ơǦ�&ǽņ2èƾƿG�¿·�&'��y

Ș2ƫƹ0ŏ±�AȭF)+Ƚ�&Ʊİòú Ƙúȡ ŕĈǧö®ńĺ	Ŕƫƹ2Å

æ-/)&±Œ2ȦȈŲ2äȸǳax\2°ŚGǤ��ěƫƹÿª,±<+äȸǳ

ax\�AƙƏ2ɅȻGƬǺ�&ǃÅ¤óŮ	Ȼî0ȭ!CéƭƩȀ�@5ɄɁ2

ɅȻ0ȭ!CéƭƩȀ0ȭ�+2�ķĄGȽ�&ćƜǧöƫƹØ	ł<+Ž�ġƯ

ƞ�z�:!	:&�äȸǳax\�ƛ2ǷÊG�'�)& JAMSTECŤŻƫƹı 

ĉƉǟyzǆĳǥƫƹØ�ɃŦyȠƫƹØ	ax\ª2ɄɁɅȻ2÷ãGķŀ�+

Ƚ��ǱŚluRqp2Ľ�>ĳǥƣ¹ǲGȽ�&ǃá SCLIPPSɄɁȻȼƫƹÿ

2Ƥţ	ǚA14�B0ųć�ȓĩG����&ɄɁúƫƹÿ2Ƥţ	ǻ0�B�

-����:�&	 

� ŏğ0 ĖȺ,|ûGĴ�C~�Ŕě0@�Ł�+{�)&}Ǯ0īǿǛ�:!	
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