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(Periodicity analysis of thermal infrared radiation  

from Venus) 
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� ʉƘ?Ĥ"(ʲɜʈ;:!Ęǣ>/S9µɴ479RĦʕȚȑ2ũƘ88Rʳ

ʉƘ9Ęǣ?µ79RʂØ!ģ9L>>ǥğ? ;Qǭ;RƴǶVĈ*79R �r

ʉƘ>ĤǄĕ?ț90Ǆĕ88QĤǄ> ůØ?¦ʄìǙȜ88Rʳ/>ǓĴè

ƫ>1K<ĘɀʞǓŒ?ț460�99:ʝŋ<ʬǓ<ɽ,RʳH1ʉƘ>Ȳɦĉ

Ƣ?ț243Ɩ88QĘǣ9ǂE7ʝŋ<N4#Q9Ȳɦ*79R&9!Ø Rʳ

&>O:;ɹ9ȲɦɵŒ<LʏUP-ʲĒ1.1 PLU RO:<ʲ�ŁĤǄ?

Ïǣ8ȲɦVɱ9ɟ,Ɣą<ǁȃ100m(Ȳɦ>ț60Â)>ɵ(8Ďɦ*79R&

9!ǻPS79Rʳ&>ĤǄ>ĤŠǥ?j�{���±�h��9*7ǻPS

7�QʲǝǗǇǊMKelvinǊ R̡ossbyǊ9941ũƘɇƶ>Ǌ<ORɺéʈɭɲ

!/>Ǧů ȥ̡Ŷ<ʆɅ;ŚãVƫ1*79R9Ȯ�PS79R! /̡>��l

j?Ƥ2ɋƗ(S79;9ʳ�

�

Ē1.1�)�Pioneer Venus9VeneraǸʔƸ<O47ɉǔ(S1�

ʉƘ>ƩɄʪ>ʋǵƳɶ�(Schubert et al., 1980)�



� 
�

��Rossby Ǌ?ƏƖ­�>ĉƢʲƏð km >ǊʍVŶ5ʲƥɜǲ<ǅŎʞÔ>Ǌ

é88R œr(1.1)<Ȁ,d�^�{���n f!ȧŒ<O47ġì,R&9(βè
ƫ)<O47Ǧ+RóíƔą>şËäVL9<ʲȲɦ9ɳą"<²Ƅ,Rʳ��

�

� ! = 2Ωsin(� � � � � ��������(1.1)�
�

&&8Ω?ɊɵŒ��(?ȧŒ88RʳʉƘ>ȲɦĉƢ? 243Ɩ88QɊɵŒ!Ľ

(91KʲʉƘ< RossbyǊ?ĬĖ*<#92T:9Ȯ�PS7"1!ʲĤǄ>

j�{���±�h��!Ȳɦ<µ1èƫVŶ51KʲĬĖ,RüȱŦ!8Rʳ

Rossby Ǌ<?ƴ�;��v!ĬĖ,Rʳ/>ǅŎƳɶ>½VĒ 1.2 <Ȁ,

(Matsuno, 1966)ʳóíĹȄ88RǊLʝĹȄ88R ǊLȮ�PSR!ʲ9-S

<*7L RossbyǊ?�ȧŒ8ŸŌ!ƝĤ<;R&9!Ɇ7úSRʳ 

 

 

 
Ē 1.2 : RossbyǊ>ǅŎƳɶʳ (a) ȑ���v, (b) ȑ¦��v (Matsuno, 

1966)ʳñǊʍCW2$ĒȀ*78Rʳ�au�?ǌɵ, ĳȦ?ʬǄĕ, Ǿ

Ȧ?·ǄĕVȀ*79R. 
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� Kelvin Ǌ?ʆäVşËä9*ʲȲɦ9Ą+Ɣą<²Ƅ,RĤǄʆäǊ>�ȇ

88R ũrƘ>Ȳɦ9 βèƫ<O47ɝɼě<Żź(S Ē̡ 1.3<Ȁ*1ǅŎƳ

ɶ>O:<ɝɼ«ɮ<ɆPS ɝ̡ɼ�8ŸŌ!ƝĤ9;R KrelvinǊ>ƩɄ�ʋ

ǵƒʞ?ʆäǊ9*7>ƳɶVŶ3 ʪ̡ɵġé?Ĝƥǲ<ƩɄʪ>I88R Hr

1 ó̡íƔą>ä>z��j? Ǌ̡!L1P,ǄĕÅŇ<O47É#ǄĕÈŒä

9ƩɄʪ<Ĺ*7É#d�^�ä!5Q8:ʲĘȿʪz��j88Rʳ�

 

 

 
Ē 1.3 : KelvinǊ>ǅŎƳɶ>ƶœĒ (A. K. Smith and J. Perlwitz, 2015) 

ȒʬȦ?i^�±�h��ʲǺõ?ǌɵVɀ,. 

 

 

� ǝǗǇǊ?Ħʕåǝ<O47Ǧ+RũƘɇƶ>ĤǄʆäǊ88QʲʉƘ<�

97? NASA>žƬƸ Pioneer Venus>ɝĢȦɉǔ<O47ʲǓŒĞ8ÛK7ư

×(S1(Taylor et al., 1980)ʳȲɦ<9L;47Ħʕǵ�ǚ!ġì,R1K/>

¶Ƕ?ĦʕƔą<ēĲ(S7�Q ʉ̡Ƙ>ĤǄĤŠǥ�t�8?Ē 1.4>O:;

ǅŎƳɶVŶ5(Takagi et al., 2018)ʳ�ƖǗ9ċ@SRƩɄǊƏ 1>Ǌ?ʬȧŒ

8ŸŌ!Ĥ"#ʲñƖǗ9ċ@SRƩɄǊƏ 2 >Ǌ?�·ȧŒ8ŸŌ!Ĥ"#

;R&9!ǻPS79R�(Pechmann and Ingersoll, 1984)ʳ 
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Ē 1.4 : ʉƘĤǄĤŠǥ�t�8ɍȕ(S1ʬŒ 70km<�$RǝǗǇǊ>ǅ

ŎƳɶ��(a)ƩɄʪɵ��(b)�óíʪɵ��(c)�ʋǵʪɵ��(d)�ǓŒÅŇʳ:>{x

�<�97LĦʕǵ�ǚ?Ē>�Ţ88R� (Takagi et al., 2018)�
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��ʉƘĤǄ�>ũƘɇƶ>Ǌé>ĬĖ?ʛǫÊ>ƙȚÚɋƪ<O47ź�PS

7"1 Ēr 1.5< JAXA>ʉƘžƬƸ8 5"<O47Ƈř(S1ʉƘ>ǫÊV

Ȁ,ʳĒ 1.5a ?Ǌʍ 0.90µm >ɮɝĢÍVɉǔ*1L>88QʲĒ 1.5b ?Ǌʍ

283nm >ȝĢÍVɉǔ*1L>88RʳʉƘVüɈÍ8ɆR9ʲ&>ɮɝĢǫ

Ê9Ąƴ< ǟ̡šǲ;ƶƴ!ɆPS;9 *r * ȝ̡ĢǊʍ8ɉǔ,R9ćùǞ

ɜ>ĬĖ<OQǘǎƶƴVɆR&9!8"RʳNASA>žƬƸ Pioneer Venus8

ʍƢʎ<U147ȣȤǲ<Ƈř(S1ȝĢǫÊVǧ97ȝĢɫŒ>ĉƢɋƪV

Ƚ41ȡƫ!Ē 1.688R�DelGenio & Rossow., 1990	 ņr�>{x�8?·ȧŒ

8ț 4.0ƖĉƢ>ġé!ʲ�ʬȧŒ8ț 5.0ƖĉƢ>ġé!òɟ*79R&9!

U Rʳ�8ɰE1O:; KelvinǊ9 RossbyǊ>ǅŎƳɶ Pʲ·ȧŒ8òɟ

*79Rț 4.0 ƖĉƢ>ġé! Kelvin Ǌʲ�ʬȧŒ8óíĹȄ<òɟ*79R

ț 5.0 ƖĉƢ>ġé! Rossby Ǌ88R9ŪÊ(S79Rʳÿ�>{x�8?·
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ȧŒ8ț 3.8 ƖĉƢ>ġé!ɆPSR!ʬȧŒ8?ĉƢġé?ɆPS;9ʳņ

�ʲÿ�>{x�8?/S0Sț 4.0ƖĉƢʲț 5.0ƖĉƢ>ġé!·ȧŒ P

ʬȧŒ<ǒ47òɟ*79R&9!U Rʳ&>O:<ɉǔ,RƙƢ<O47

òɟ,RǊ>ĉƢMȧŒØň?ġì,R&9!ƗP <(S1ʳ�

��H1ʲĒ ��5b8Ȁ*1ȝĢȦ8>ǘǎƶƴ?ʪ<O47ǌ(SR1K/SV

ɱɢ,R&9<O47ʪɵVǆKR&9!8"R�� ƻńįıƸʏ(ESA)>ʉƘ

žƬƸ Venus Express<O47Ƈř(S1ȝĢǫÊVǧ97ʛɱɢVȽ;:&9

8ƩɄʪɵVļ×*1ȡƫVĒ 1.7<Ȁ,�Kouyama et al., 2013	ʳ&>ĒOQƩ

ɄʪɵLț 4.0-6.0ƖĉƢ8ġé*79R&9!U Rʳɉǔ(S79R&SP

>ĉƢ 4.0-6.0 Ɩ>Ǌ? Kelvin Ǌ88R&9!Ƣś(S7�QʲȦŘì(S1

primitive ƔȆœ PĒ 1.8 >O:;ǅŎƳɶVŶ59ŪÊ(S79R!ɉǔ!

¡*#&SVƊŶ,Rƭŵ!ƹ$79R��

�
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�

Ē 1.5 : 8 5"ƅɪ>(a) IR1 (ɉǔǊʍ: 0.9 µm)ʲ(b)UVI (ɉǔǊʍ: 283 nm) 

<O47Ƈř(S1ʉƘ�Nakamura et al., 2016	 
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Ē 1.6 : Pioneer Venus�^�|n�8ƇÊ(S1ȝĢɫŒ>ƙȚÚ�

VL9<*1ȝĢɫŒ>{��j�au��(DelGenio & Rossow., 1990)�

�

� ��

�

Ē 1.7 : Venus Express<O47Ƈř(S1ȝĢǫÊVǧ97ʛɱɢVȽ:&9

<O47ǆK1óȧ 18°<�$RƩɄʪɵ>ġì��Kouyama et al., 2013	�

�
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Ē 1.8 : ʬŒ 70km<�$R KelvinǊ9 RossbyǊ>ǅŎƳɶ>ȦŘɋ�

�Kouyama et al., 2015	�

ʬŒ 60-80 km<ωƚʪV®Ĳ*ʲȦŘì(S1 primitiveƔȆœ<ğǬƧ¯

9*7ʬŒ 60 km8ĉƢ 4-6ƖĉƢ>ǊV��79R���

�

�

�

�  ���FGCB�

� j�{���±�h��;:>ʉƘ>ĤǄŠǥ>�_wk�VɋƗ,R1K

<?ũƘɇƶ>Ǌé>Ǥɋ!ʆɅ88R ũrƘɇƶ>Ǌé9*7 �̡8LɰE1

O:<ȝĢɫŒ, ƩɄʪɵ<597?ț 4.0-6.0ƖĉƢ>ġé!ź�PS79R
!, ɉǔ!¡*#, ǊVĄĲ,R1K<ʆɅ;Ũĝ88RŸŌ, ¶Ƕ>ȧŒ¾Ĭ
Ŧ<ʏ,RŨĝ!H2ŝPS7�P-Ǌ>ĄĲ<91479;9. H1, ʪɵ
99L<ʆɅ;äĮŨĝ88RǓŒġé>ĉƢŦ?&SH8<ǽȊ(S79;

9. 
� ƥǽȊ8?, JAXA>ʉƘžƬƸ8 5"<O47Ƈř(S1Ǌʍ 10µm>ǝ

ɝĢǫÊVǧ97ʉƘʛʡʂ<�$RǓŒ>ĉƢġéVư×*�� ɃƏ>ĉƢġ

éVØʙ*��/S0S>ŸŌ9¶Ƕ>ȧŒƳɶVɗER&9<O47��Ǌ>ƙ

ȋʎƳɶVƗP <,R99L<Ǌ>ȇʩVĄĲ,R&9VǴǲ9,R��

�
�
�
�
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� ƥǽȊ8? JAXA >ʉƘžƬƸ8 5"<ƅɪ(S79R�ʎɝĢ_��

(longwave infrared cameraʲLIR)<O47Ƈř(S1ɝĢǫÊVǧ9Rʳ8 5"

?ɥɼĉƢ 10.8Ɩ8Ē 2.1>O:;ʉƘ>ɝɼĉĎɥɼVĉĎ*79R Hr1ʲ

8 5"?ģǊʍ8>ɉǔVȽ:1K< 5 ý>_��Vƅɪ*7�QʲLIR ?

/>A9588R LrIR>ɑȞ? Taguchi et al.(2007) �OB Fukuhara et al. (2017)

8ɋɔ(S79R���

��LIR?Ǌʍ 8.0-12 µm>ɝĢȦVɍǔ,Rʳ&>Ǌʍě8?ʉƘ<Ǝ£(SR

ĦʕÍ>řʠ?ǛɈ8"RF:Ľ(91KʲʉƘȲɤ!ǰ,RǝƌĻ!Ɗʃǲ

88Rʳā}al�8ɍǔ(SRɝĢȦŖŒ?&>Ǌʍ8>ʮ¹ƌĻ9Ą+ɝ

ĢȦŖŒVL1P,9">ǓŒ88R�ɫŒǓŒ�8ɀ(SR LrIR>ɈʇɊ?

16.4°×12.4°ʲǫȜƏ? 328 }al�×248 }al�88QʲžƬƸǵ�>ʉƘɀ

ʞ8>}al�ɋÊŒ?ªĎǧ91t�n<597?ȧŒ�ȠŒ9-S<59

7Lț 0.6-3.0 °>ȗđ88R ǭr;RǫÊʎ<^~lqu9*7Ǧ+RȚȢɓŇ

?ț 3K,�āǫÊÔ8��o�<Ǧ+RǶĹɓŇ?ț 0.3K88R����

��Ē 2.2< LIR>ȸʆʏƏVȀ, (Taguchi et al., 2007)��&S?��ĤǄ PǷ�

Ɣą<Ļ×(SRǝƌĻVĤǄĔĢ Pɉǔ,R9*7 L̡IR>ɉǔǊʍ<�9

7ɍǔ(SRɝĢȦ~�qaj<Ĺ,RāʬŒ P>ǝƌĻ>Ķ�V��qu

*1L>88Rʳ&&8?ÓĚǲ;ʛ!ĬĖ,RĞĂ9ʛ!ĬĖ*;9ĞĂ<

597Ƞʫǲ;ĤǄ�t�Vǧ97ɍȕ*79Rʳ&SVɆR9ʛ!Øň*7

9RĞĂ<?ʬŒț 65km P×7#RǝƌĻVO#ɉǔ,R&9!U R &r

S?ʲĒ 2.3<Ȁ*1ʲNASA>ʉƘžƬƸ Pioneer Venus ����!ʉƘĤǄ

�Vʐ�*;!PʛαĪɉǔƸ<ORɉǔ8ƗP <*1ʋǵʛαĪØň

(Knollenberg and Hunten, 1980) PLU RO:< ʬ̡Œ 65km«ɮ>ʛʡʂ P

>ǝƌĻ! <Ķ�,R1K88R���

� 8 5"?ɴŋ 2 ƙʎ�"<ÏǊʍĄƙ<ǫÊVúŝ*ʲ�O/ 1 Ɩ< 1 Œ

ȽUSRĘ�9>¨À>ʗ?ƇřV±Ƽ,Rʳ/>F >Ƈř±ƼƢʎL8R

1KƏƖ7ïƏƖɉǔ!ȽUS79;9Ƣʎ!8RʳƥǽȊ8?ɉǔ(S1ɫ

ŒǓŒ>ĉƢɋƪVȽ:1K8"R2$ɷȤǲ;t�n88R&9!ơH*9��

H1ʲ8"R2$Ő9ȗđ>ɋƪVȽ9191KʉƘtYjaÏ¹!Ɉʇ<ù

H479RǫÊ!ơH*9ʳ&>ɋƪ�>Ʌǆ<Ť�Rt�nlqu9*7
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2017 ŏ 5 ƞ 18 Ɩ P 142 Ɩʎ(12±2 ƙʎ�"< 283 Á)>t�nVɋƪ<ǧ9

1 ʉrƘ>Ȳɦɧ>ÈƑ?ț 2.6°9Ľ(# Ð̡ɦɥɼ>ʙŢǡLĽ(9>8 ĭ̡

Ȗġì?F9W:ĬĖ*;99Ȯ�PSR1K:>ƙƢ>t�nVǧ97LĤ

";ɾ9?;9&9!Ƣś(SR��

�

�

�

�

�

Ē 2.1 :�ʉƘV�Ţ9*1ƙ>8 5"> ���	 ŏ 
 ƞ ( Ɩ P �� Ɩʎ>

ɥɼVʭɼʞ<Ŵř*1L>ʳʉƘVɝ�8Ȁ,ʳ�

�



� &��

�

Ē 2.2 : LIR>ȸʆʏƏ�(Taguchi et al., 2007) 

�

 
 

Ē 2.3 : Pioneer Venus����>ʛαĪɉǔƸ<O47ź�PS1 

ʉƘĤǄ>ʋǵʛαĪØň(Knollenberg and Hunten, 1980)  
�



� &&�

���S+=+#u5%"�

��� �S+=+#u4<C2�@A�

� Ē1.8>Ǥɘǲ¤ǔ<ɆPSRO:< Ƣ̡ś(S79RǊ>ǓŒŸŌ?1 K>^

�o�88Rʳ/>O:;ŸŌ>ĉƢġéVɉǔt�n Pư×,R1K<?

ľ;#9L0.50 KȆŒ>ɉǔβŒ!ţɅ88R9Ȯ�PSRʳȑ2ȏ8LɰE1

O:<LIR<ORɉǔt�n<?ț3.0 K>ȚȢɓŇ9ț0.30 K>ǶĹɓŇ!Ĭ

Ė*7�Q Ț̡ȢɓŇ?Ƣś(SRŸŌOQĤ"91K ɷ̡Ȥ*1ɉǔƖʎ>Ǔ

Œġì P&>O:;ĉƢġéVúQ×,&9?Đʚ88R /r&8 Ǌ̡>²Ƅ

<9L;47Ą�ǫÊÔ8ɫŒǓŒ>ɾ9!Ǧ+R&9VÝǧ,RʳĄ�ǫÊ

Ô>Ą+ȧŒ8ƩɄ<ʙS12Ȕű>ɫŒǓŒŇVȠŒŇ8ãR9ʲƩɄƔą>

ǓŒëʃ9;Rʳ&>ǓŒëʃ<?ȚȢɓŇ8?;#ǶĹɓŇ2$!řʠ,R

1KʲǊVư×8"RüȱŦ!8Rʳ 

  ½�@ʲ2Ȕű>/S0S8Ŝɰ>O:<�O/4ǫȜ>t�nVŎę*7ɫ

ŒǓŒVɍǔ,RĞĂʲ/>ɍǔɓŇ? (0.30	K)	/ 4.0~	0.15		K ȆŒ9;Q 2̡

Ȕű>ȠŒŇV­�>ɋƪ8>ƝĽÄ88R20°9,R9ʲǓŒëʃ>ɓŇ? 

0.15 K / 20°~ 0.0075 K deg-1ȆŒ88Rʳ�ƔʲǓŒŸŌA9ǓŒëʃ>ŸŌB>ʎ
<?ʲǅŎǊʍV59*7 

6	 =
78

9
	×	;	                                                 (3.1) 

99:ʏ¿!8Rʳ&&8?Ǥɘǲ¤ǔM&SH8>ȝĢȦ8>ɉǔȡƫVL

9<ʲƩɄǊƏ1.0ʲ5HQƩɄƔą<ũƘV1ĉ*71Ǌʍ99:ǊVȮ�R&

9<*ʲǓŒŸŌV1.0 K9,R9�>œ PǓŒëʃ>ŸŌ?0.017 K deg-19;

Rʳ&S?ɆȉL41ɓŇOQĤ"91KǓŒëʃ>ĉƢġéVɉǔt�n 

Pư×,R1K<ïØ;βŒ!8R9Ɍ�R. 
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  ����!(N &-�

� ɫŒǓŒ>ȠŒƔą>ëʃVļ×,Rʗ<?ɉǔʬŒV/T�RţɅ!8Rʳ

&>&9?ĉȨǑÍVȮ�R9Ǥɋ8"RʳĉȨǑÍ9?ʉƘ;:>ĤǄVŶ

5ĥ¹>ǝƌĻV�q}�b,Rʗ<�Ţ PȨ<ą 47Ɯ#Ɇ�RǢɛ8

8Rʳ&>Ǣɛ?ĤǄǓŒ!ʬŒ99L<·�*79RĞĂ<ɞ&RʳĒ3.1<

ʉƘ8>ĉȨǑÍ>ƶœĒVȀ,ʳǚȦ?ȾƘǵ�ǚ8ɉǔ(SRǝƌĻ!×

7#RʬŒVȀ*79Rʳ&>ʬŒ P×7#RǝƌĻ?×ĻɊ(ɉǔĘǚ P

Ɇ7ĥʡƔą9ɉǔȯ>Ɣą>;,ɊʴĒ3.1øǜ)!Ĥ"#;RF:ʲ5HQ�

Ţ PȨ<ą :F:ʉƘĤǄVɴɻ,Rɡʙ!Ġå,RʳǝƌĻ!ʉƘĤǄ

Vɴɻ,Rɡʙ!´BR9/>ØĤǄ<O47ćùʲƎ£(SRʈ!Ĥ"#;

QȾƘ<Þɽ,Rá<Ǎ�7*H:ʳ/>ȡƫ×ĻɊ!Ĥ"#;R<ɷSOQ

ʬ9ʬŒ P×7#RǝƌĻVɉǔ,R&9<;RʳʉƘĤǄ8?Ē3.2<Ȁ*

1O:<ʬŒ9Ñ<ǓŒ!·�,R>8ĉȨǑÍ!ɞ&Rʳ�

� ­�>èƫ<OQô<°ū>2ǚVʁBɫŒǓŒëʃVǆK7L/S<?Ĥ

ǄǓŒ>ǅŎƳɶ ʋ̡ǵƳɶ�Ɣ>řʠ!ĆHSR1Kɋʅ!ʚ*9 /r>1K

ƥǽȊ8?ȾƘ PɆ7ƩÆ9ɄÆ8ɋƪ,Rǚ>×ĻɊVƁ�R&9<OQ

ǅŎƳɶ>IVúQ×,ʳ�

�

��

Ē3.1 :�ĉȨǑÍ>ƶœĒ�
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Ē3.2 : Pioneer Venus<O47ɉǔ(S1ʉƘĤǄ>ʋǵǓŒƳɶ  

(Seiff et al., 1980) 
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� áɰ>O:<ʲʉƘǫÊ PǟĲ>ȧŒ<ǈ47t�nVɕI×*7ɋƪV

Ƚ:ʳǫÊ</>O:;ȒȧŒȦVʆ=1½VĒ3.3<Ȁ,ʳ  

 

 
Ē3.3 : LIR<ORɉǔǫÊ<15°S>ȧŒȦ(ɝȦ)Vʆ=1L>ʳ 

2016ŏ3ƞ14Ɩ06:08>t�n 
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� 35>ȧŒ<�$RɫŒǓŒ9ȠŒ, ɫŒǓŒ9×ĻɊ>ʏ¿>½VĒ3.4<

Ȁ,ʳ×ĻɊ20-40°>ȗđ>t�nǚVɝ�Ɋ8ɀ*ʲ×ĻɊ40-60°>ȗđ>t

�nǚVʜ9A*Ř8ɀ*, /S­Ģ>t�nǚVʮ9ïī8ɀ*79R ɫrŒ

ǓŒ-×ĻɊ>Ē8?ʲʉƘtYja�>ɄÆ>t�nǚVņñØ<ʲƩÆ>t

�nǚVÿñØ<��qu*78Rʳ×ĻɊ!Ĥ"#;R<5SɫŒǓŒ!·

�*7�Q3.2Ȗ8ɰE1ĉȨǑÍ>řʠVɆ7úR&9!8"R. H1, 8 

5"?ɝɼĉĎɥɼVĉĎ*79R1K<·ȧŒ8?×ĻɊ!m�<ɮ9ʥě

H8ɉǔ8"R!ʲʬȧŒ<;R<*1!47×ĻɊ!Ĥ"9ʥě* ɉǔ8

";9&9<;RʳƩɄƔą>ŇØ<OQëʃVǆKR1K<?ȠŒVʖ712

ʥěʎ!ɮſ*79R&9!ơH*#ʲ/>1K<?;RE#×ĻɊ>Ľ(9

ʥěVɋƪ<ǧ919! �̡Ɣ8 ʬ̡ȧŒH8V_z�,R1K<?×ĻɊ>Ĥ

"9ʥěV¼U)RVŝ;9ʳ12*ʲ×ĻɊ!60°­�<;R9t�nǚ!ǯ

P<;R1KɍǔɓŇ>řʠVų�Rɉǚ P?ơH*#;9ʳ&SPVêƯ

*7ʲ&&8?×ĻɊ20-40°940-60°>2ɴQ8ɋƪ,Rʳ×ĻɊ20-40°8?ȧŒ

20°S-20°Nʲ×ĻɊ40-60°8?ȧŒ50°S-50°N>ȗđ!Ĺɛ9;Rʳ 

 

 

Ē3.4 : (a)ɝɼʲ(b)30°Nʲ(c)50°N<�$R (ņ)ɫŒǓŒ9ȠŒ>ʏ¿ʲ�O

B (ÿ)ɫŒǓŒ9×ĻɊ>ʏ¿ʳ2017ŏ5ƞ25Ɩ17:18>t�nʳ 

×ĻɊ20-40
>ȗđ>t�nǚVɝ�Ɋ8ɀ*7�Q, ×ĻɊ40-60
>ȗ

đ>t�nǚVʜ9A*Ř8ɀ*79R. 
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� ƺ<ʲȠŒVʖ712ʥěʎ>ŇØ<OQǓŒëʃVǆKR&9<ɞď,RǓ

Œëʃ>ɓŇVȮ�R ɋrƪ<ǧ91t�n8?×ĻɊ20-40°>ȗđ<�97Ƞ

ŒŇ?ƝĤ860°ȆŒʲ×ĻɊ40-60°>ȗđ<�97ȠŒŇ?ƝĤ8100°ȆŒ8

8RʳȠŒ!60°ʙS79R2ǚ9100°ʙS79R2ǚ Pļ×*1ǓŒëʃVȮ

�RʳƥǽȊ8?ƩɄǊƏ1.0>ǊVȮ�79R>8ʲ/S<9L;:ǓŒġé

<=>?@?ŸŌVA [K]ʲȠŒVλ [deg]9,R9œ(3.2)8ɀ(SRʳ 
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 <=>?@ = ; sin A5 180                            (3.2) 

H1ʲǷ>ǓŒëʃC=>?@?œ(3.3)8ɀ(SʲȠŒŇ!8R2ǚOQļ×*1ǓŒ

ëʃCDEF?ȠŒŇdλVǧ97œ(3.4)8ɀ(SRʳ 

 C=>?@ = 	
8

GHI
; cos A5 180            (3.3) 

 CDEF =
L MNO 8 9PI.QR9 GHI SMNO 8 9SI.QR9 GHI

R9
	       (3.4) 

A = 1.5 [K]9®Ĳ*1ĞĂ>C=>?@9T5 = 60°ʲ100°9*1ĞĂ>CDEFVĒ3.5<
Ȁ,ʳ&>ȡƫVɆR9ŸŌ>ɓŇ?14ʯȆŒ<ùH47�QʲªĎ>ɋƪ8

?ïØ;βŒ88R9Ȯ�PSRʳ 

 

 

Ē3.5 : Ƿ>ǓŒëʃ9ȠŒŇ!8R2ǚOQļ×*1ǓŒëʃ 
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­�<×ĻɊ40-60°Vɋƪ,RĞĂ>Ò¹ǲ;ɫŒǓŒëʃ>ļ×ŲʤVȀ,��

�

0�ǫÊt�n>ʉƘtYja�>°ū>ȧŒ<�97ȠŒƔą<ɫŒǓŒ9

×ĻɊVɕI×,��(Ē3.3)�

�

1�ȾƘ PɆ7ƩÆɄÆ/S0S<�97×ĻɊ40-60°>ȗđ>ŎęɫŒǓŒ

9ŎęȠŒVɍȕ,R��

�

2�18ǆK1ŎęɫŒǓŒ9ŎęȠŒ>ƩɄŇØVǆK�� ŎęɫŒǓŒŇV

ŎęȠŒŇ8ãR&98ɫŒǓŒëʃVǆKR��

�

� 2017ŏ5ƞ18Ɩ6ƙʢ P12±2ƙʎ'9<142Ɩʎ<U1R�� 283Á>t�nV

ǧ97ʲ­�>O:<*7ǆK1ɫŒǓŒëʃVƙȚÚ<�E1L>VĒ3.6, 

3.7<Ȁ,��

�
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Ē3.6 : ×ĻɊ20°-40°>t�nVǧ97ǆK1(a) 20°Nʲ(b) 10°Nʲ(c) ɝ

ɼ�ʲ(d) 10°Sʲ(e) 20°S<�$RɫŒǓŒëʃ>ƙȚÚ 

t�nƹƃ?(a) 3ǚʲ(b) 3ǚʲ(c) 3ǚʲ(d) 4ǚ88QʲȦŘɂʎ8ÔŹ*

79Rʳ 

 

(a) 20°N 
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(b) 10°N 

 

 

(c) ɝɼ� 
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(d) 10°S 

 
 

(e) 20°S 
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Ē3.7 : ×ĻɊ40°-60°>t�nVǧ97ǆK1(a) 50°Nʲ(b) 40°Nʲ(c) 

30°Nʲ(d) 20°Nʲ(e) 10°Nʲ(f) ɝɼ�ʲ(g) 10°Sʲ(h) 20°Sʲ(i) 30°Sʲ(j) 

40°Sʲ(k) 50°S <�$RɫŒǓŒëʃ>ƙȚÚ 

t�nƹƃ?(a) 3ǚʲ(b) 3ǚʲ(c) 3ǚʲ(d) 3ǚ(e) 3ǚʲ(f) 3ǚʲ(g) 3ǚ

(h) 5ǚʲ(i) 4ǚʲ(j) 10ǚʲ(k) 37ǚ88QʲȦŘɂʎ8ÔŹ*79Rʳ 

 

(a) 50°N  
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(b) 40°N 

 

 

 

(c) 30°N 
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(d) 20°N 

 
 

 

(e) 10°N 
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(f) ɝɼ� 

 

 

 

(g) 10°S 
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(h) 20°S 

 

 

 

(i) 30°S 
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(j) 40°S 

 
 

 

(k) 50°S 
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� 3ȏ8ɃƏ>ȧŒ<�97ɫŒǓŒëʃ>ļ×VȽ41 ƥrȏ8? 3ȏ8ļ×

*1ɫŒǓŒëʃ>ƙȚÚt�nVĉƢɋƪ,R&9<O47:>O:;ĉƢ �̡

ŸŌ ¶̡ǶVŶ41ůØ!ĆHS79R VƗP <,R &r&8?ʬɵ~��

]ġƂ(Fast Fourier Transform, FFT)Vǧ97ĉƢɋƪVȽ:ʳ�

�

� �� �l6.[�

� Fourier ġƂ9?œ(4.1)8Ĳȭ(SRL>88QʲɋƪĹɛ>t�nVƽŕǊ

>ɠ*ĂU.8ɀǢ,RŲǉ88R��

�

� W f = !(Y)Z−\]YTY
^

S^
���������������������������������������(4.1) 

 

&> FourierġƂVȽ:&98t�n<ĆHSRāĉǊƏůØ<597ŸŌ9¶

ǶVǆKR&9!8"Rʳ 

� Fourier ġƂ?ɷȤʏƏ<597Ĳȭ(S79R!ƥǽȊ8ɋƪĹɛ9*79

RɫŒǓŒëʃ>ƙȚÚ?ʙƎǲ;L>88R1Kœ(4.2)8Ĳȭ(SRʲ 

Fourier ġƂVʙƎì*1ʙƎ Fourier ġƂVǧ9Rʳ­�>œ8?ƙàV tʲĉ

ǊƏV fʲƵƥǚ>ÁƏV N9,Rʳ 

 

 W f = !(Y)ZS_
`abc
deSG

=fI                                       (4.2) 

 

&>ʙƎ Fourier ġƂVɍȕƸ�8ʬɵ<ɍȕ,RX�e�k�! FFT 88R  r

  Ɵʑîʎ> FFT ɋƪ?/>îʎ>{n��!áŜ<Ǜʑ<ȫQɯ,O:;t

�n> FourierġƂ9ĄȒ88RʳɉǔƢʎ>ƝÛ9ƝŜ>t�n!ɷȤǲ<5

;!RO:;ǟƿ;ĞĂVʓ" î̡ʎ>ğǬ8t�n>�ɷȤ!Ǧ+R /r>O

:;�ɷȤǚ?ǞǤǲ<ūĊ>;9ʬĉǊůØVĆJ1Kʲ&>řʠVɨǑ,

RţɅ!8Rʳ/&8�ȴǲ< FFT ɋƪVȽ:á<ɋƪĹɛ>t�n<ȍʏƏ

V $R&98Ŗßǲ<t�n>�ȐVm�<ǖɮ(.ʲɷȤǲ;t�n<ġ

Ƃ,RʳƥǽȊ8?ƝLO#¼USRȍʏƏ>�588Qœ(4.3)ʲĒ 4.1>Ř8

ɀ(SR hanningȍVǧ91.  
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 g Y =
G

7
−

G

7
cos2A

=

h
		(0 ≤

=

h
≤ 1)                            (4.3) 

 

&&8 t?ƙʎ88QʲT?t�nîʎ>ʍ(88Rʳ 

 

 
Ē 4.1 : hanningȍ 

 

� ɋƪĹɛ>t�n<ɋƪîʎ>ʍ(9ĄȆŒ /S­�>ƙʎjc��>ġ

é!ĆHS79RĞĂʲƟʑîʎ> FFT >ȡƫ<�97?ʲ/>ĉƢġé!Ï

7>ĉǊƏůØ<Ç>ŸŌ9*7ǐÎ,R&9<;Rʳ/>1KɋƪĹɛ>t

�n<ģʣœVƝĽ¦¢ǉ8~Yq±Y�b*7ʲ/SVŇ*Ŕ#&988P

 +KʍĉƢ>ġé<ORřʠVų�RʳË>ɫŒǓŒëʃ>ƙȚÚt�n 

P~Yq±Y�b*1 3 ƺģʣœVŇ*Ŕ91L>Vʲ×ĻɊ 20-40° PǆK

1ȡƫ<597?Ē 4.2<ʲ×ĻɊ 40-60° PǆK1ȡƫ<597?Ē 4.3<Ȁ

,ʳ3ƺģʣœ>¬UQ< 4ƺģʣœʲ5ƺģʣœVǧ91ɋƪLȽ41!ʲª

ĎĹɛ9,RƏƖĉƢ>ġé>ɋƪȡƫ?F9W:ġì*; 41ʳ 
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Ē 4.2 : ×ĻɊ 20-40°>t�nVǧ97ļ×*1(a) 20°Nʲ(b) 10°Nʲ(c) ɝ

ɼ�ʲ(d) 10°Sʲ(e) 20°S <�$RɫŒǓŒëʃ>ƙȚÚ PʍĉƢůØV

ʓ91L>. 

 

(a) 20°N 
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(b) 10°N 

 
 

 

(c) ɝɼ� 
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 (d) 10°S 

 
 

 

(e) 20°S 
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Ē 4.3 : ×ĻɊ 40-60°>t�nVǧ97ļ×*1(a) 50°Nʲ(b) 40°Nʲ(c) 30°Nʲ

(d) 20°Nʲ(e) 10°Nʲ(f) ɝɼ�ʲ(g) 10°Sʲ(h) 20°Sʲ(i) 30°Sʲ(j) 40°Sʲ(k) 50°S 

<�$RɫŒǓŒëʃ>ƙȚÚ PʍĉƢůØVʓ91L>. 

(a) 50°N 

 
 

(b) 40°N 
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(c) 30°N 

 

 

 

(d) 20°N 
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(e) 10°N 

  

 

 

 (f) ɝɼ� 
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(g) 10°S 

 
 

 

(h) 20°S 
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(i) 30°S 

 

 

 

(j) 40°S 
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(k) 50°S 
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� Ē 4.2 4̡.3<Ȁ*1āƙȚÚt�n<ʏ*7 FFTVȽ41 /r>ȡƫVĒ 4.4ʲ

4.5 <Ȁ,ʳ:>ȧŒ<L9#5 >ʨȺ;}�a!ɆPSR&9!U 41. 

ĉǊƏ 0.010 day-1 ȆŒ>}�a?ģʣœ~Yq±Y�b8ʓ÷*"S; 41

ʍĉƢůØ8ʲžƬƸ>ɿʉǚ>¶Ȭ>�O/ 200 ƖĉƢ>ġì9ǝǗǇǊ<

ɞď,RůØ88R&9!Ȯ�PSR. ĉǊƏ 0.10 day-1<ɆPSR}�a?ʲ

8 5"!ĉƢț 10.8 Ɩ8ĉĎ*79R&99ʲǝǗǇǊ>ĬĖ<O47»P

SR9Ȯ�PSRʳ 

� ƥǽȊ8?OQʬĉǊ>ůØ<ǋǴ,Rʳɝɼ�8?ĉǊƏț 0.28 day-1,;

U3ĉƢț 3.5Ɩ>ůØ!ʨȺ;}�aVŶ479R&9!U R &r>ĉǊƏ

>ůØ?óí 30°H8?}�aVŶ5O:<Ɇ�R!OQʬȧŒ8?ǴȎ1;

#;RʳĉǊƏț 0.21day-1,;U3ĉƢț 4.9 Ɩ>ůØ?ɝɼ PóíʬȧŒ

<ą 47OQʨȺ;}�a!ǴȎ5O:<;R&9!Ɇ7úSR Hr1 ĉ̡Ƣ

ț 0.19day-1,;U3ĉƢț 5.2 Ɩ>ůØLĬĖ*ʲ&S?Ő9ȧŒŊ8µ1Ÿ

ŌVŶ5ʳ 
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Ē 4.4 : ×ĻɊ 20-40°>t�nVǧ97ļ×*1(a) 20°Nʲ(b) 10°Nʲ(c) ɝ

ɼ�ʲ(d) 10°Sʲ(e) 20°S<�$RɫŒǓŒëʃ>ƙȚÚ> FFT{��j�

au�ʳ 

 

 

(a) 20°N 
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(b) 10°N 

 

 

 

(c) ɝɼ� 
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(d) 10°S 

 

 

 

(e) 20°S 
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Ē 4.5 : ×ĻɊ 40-60
>t�nVǧ97ļ×*1(a) 50°Nʲ(b) 40°Nʲ(c) 

30°Nʲ(d) 20°Nʲ(e) 10°Nʲ(f) ɝɼ�ʲ(g) 10°Sʲ(h) 20°Sʲ(i) 30°Sʲ(j) 

40°Sʲ(k) 50°S <�$RɫŒǓŒëʃ>ƙȚÚ> FFT{��j�au�ʳ 

 

 

(a) 50°N 
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(b) 40°N 

 
 

 

(c) 30°N 
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(d) 20°N 

 

 

 

(e) 10°N 
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 (f) ɝɼ� 

 

 

 

(g) 10°S 
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(h) 20°S 

 

 

 

(i) 30°S 
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(j) 40°S 

 

 

 

(k) 50°S 
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� ����08:5otV"5,w�

� áɰ*1O:<8 5"?ĉƢț 10.8 Ɩ8ʍƱÕɥɼVĉĎ*79RʳɫŒ

ǓŒëʃVɍǔ,RȧŒ!ƙʎ99L<ȅé,R1Kʲɉǔ(S1ġéĉƢ?

/>řʠVû$79R&9!Ȯ�PSR /r&8 /̡>řʠ!:SF:88R 

ɆȉLQVȽ;41ʳʉƘ�8ŸŌ 1.0ʲƩɄǊƏ 1.0ʲĉƢ 5.0Ɩ>ƽŕǊ!Ʉ

ą"<²Ƅ*79R9®Ĳ*ʲ2017ŏ 5ƞ 18Ɩ P 12ƙʎ�"< 143Ɩʎ>

8 5">ɥɼt�nVǧ97/>Ǌ!žƬƸǵ�8:>O:<ɉǔ(SR 

VĒ 4.6<Ȁ, Ēr 4.68?ɆM,(>1K< 80ƖǴH8V��qu*79Rʳ

&>ƈµt�nV FFT *1ȡƫVĒ 4.7 <Ȁ,ʳ/>ȡƫVɆR9ĉǊƏ 0.20 

day-15HQĉƢ 5Ɩ>9&T<}�a!8QʲĉǊƏØɋȱ 0.0070 day-1>ȗđ

8?®Ĳ*1Ǌ>ĉǊƏ 0.20 day-1 P-S79;9&9!U 41ʳ8 5"

?ɥɼɺé>ɹ9ɿʉǚ«ɮ8ɥɼĉƢ>:3>F9W:>ƙʎVɻ'*ʲɮ

ʉǚVǼƙʎ8ɴɻ*189ÖBFGĄ+ɿʉǚ>¶Ȭ<Ű47#Rʳ/>1

K ɉ̡ǔ(SRǊ>¶Ƕ?ɮʉǚ«ɮVɴRʗ<ġɗVû$RL>> ɉ̡ǔƢʎ

Ï¹8?Ĥ";řʠVû$-ʲɉǔƢʎÏ¹8>fZa�Ə!F9W:ġUP

;99Ȯ�PSRʳ 
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Ē 4.6 : ɥɼ� Pɉǔ(SR®Ūǲ;ĉƢ 5.0ƖʲǊƏ 1.0>Ǌ>ƙȚÚ 

t�n 
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Ē 4.7 : �Ɏ>ƙȚÚt�n> FFTj�au� 

 

� ����/*3�a5J+9r�

� ƺ<Ǌ>ŸŌ9¶Ƕ>ȧŒƳɶ<597Ȯķ,RʳɃƏ>ȧŒ<ǒ47ʨȺ

;}�a!ɆPS1ĉƢ 3.5Ɩʲ4.9Ɩʲ5.2Ɩ>ůØ<597 FFT>ȡƫVǧ

97ɫŒǓŒëʃ>ŸŌ9¶ǶVǆKRʳƺ<ʲœ(3.1)Vǧ97ɫŒǓŒ>Ÿ

ŌVǆKRʳ­�>O:<*7ǆK1ɫŒǓŒ>ŸŌ9¶ǶVĒ 4.8ʲ4.9ʲ

4.10<Ȁ,ʳ 

� ŸŌ>ɓŇ9*7?�āȧŒ<�97ʨȺ;}�a!ɆPS;9ĉǊƏůØ

>ŸŌ> 2¢Ŏę>ŎƔƭʰRMSʱVŽǧ*1ʳ¶Ƕ>ɓŇ?ƺ>O:<��

PSRʳāƙà<�$RʰɃȜʱÀĀ�au�jF9ɓŇ�au�jk>;,ɊV

l�ÀĀŸŌV jF , ɓŇ>Ĥ"(V jk 9,R9�/>ƙ>¶ǶɓŇm?­�>

O:<;Q 

 

  , =
no
np
sin�                                          (4.4) 
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β? 072π<Ą+ǿǡ8Øň,R9*7ʲ¶ǶɓŇ? α> RMS8ǆKR&9!

8"7 (4.5) >O:<ŝPSRʳ 

 

 qm = 	
G

78
m7Tl

78

I

G
7
	=

no
7 np

	                      (4.5) 

 

&>O:<*7āȧŒ8ǆK1ŸŌ9¶Ƕ>ɓŇV]��z�9*7ǧ91. 

  ĉƢ 3.5Ɩ>ůØ<ǸǴ,R9ʲŸŌ?·ȧŒ8Ĥ"#;QʬȧŒ<;R<

5SóíĹȄ<Ľ(#;RƴĪ!U RʳĉƢ!j�{���±�h��>Ŏ
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Ē 4.8 : ×ĻɊ 40-60
>t�nVǧ97ļ×*1ĉƢ 3.5Ɩ>ůØ> 

(a) ŸŌʲ(b) ¶Ƕ>ȧŒƳɶʳ Ʒɧ?íȧVƽ9*1ʳ 
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Ē 4.10 : ×ĻɊ 40-60
>t�nVǧ97ļ×*1ĉƢ 5.2Ɩ>ůØ> 

(a) ŸŌʲ(b) ¶Ƕ>ȧŒƳɶʳ Ʒɧ?íȧVƽ9*1ʳ 

 



� 
(�

����
��
��l6�

� Fourier ɋƪ<O47Ǌ>ŸŌ�OB¶Ƕ>ȧŒƳɶVɗER&9!8"1ʳ

* * Fourierɋƪ8?ĉǊƏ>ʏƏ9*7j�au�Vŝ79R1Kƙʎ>Ũ

ĝ!ĨUS79RʳĒ 1.6 8Ȁ*1O:< Pioneer Venus 8ɍǔ(S1ȝĢɫŒ

>ġé<ɆPSRĉƢůØ>ŸŌMȧŒØň?ɉǔƙƢ<O47ǭ;R&9!

U 479R 5rHQ ƥ̡ǽȊ8ź�1ɫŒǓŒġéLĲŋǲ<ĬĖ*79RU

$8?;#ƙʎġì*79R&9!Ȯ�PSRʳ/>O:;ġé?ũƘjc�

�>Ǌé>çɞ<ʏURĤǄäĮ>]x�`�fZa�>Ų! Q<;Q:R

1Kƥȏ8?/>ƙʎġì>ɋƪ<597ɰERʳ 

 

  �� �E4v 	�.���� %13 �
��
�� %1�

� j�au�>ƙʎġìVɋƪ,RŲǉ9*7Ǽƙʎ Fourier ġƂ9 wavelet ġ

Ƃ!O#ǻPS79RʳǼƙʎ FourierġƂ8?ȍʏƏVǧ97ÀĀ>�ʂVÙ

Q×*ʲ/>ȍʏƏV-P*;!P FourierġƂVȽ:&9<O47j�au�

>ƙʎġìVź�RʳȍʏƏVġì(.-<ɋƪVȽ:1Kɋƪȡƫ>ƙʎØ

ɋȱ ĉ̡ǊƏØɋȱ?ǧ9RȍʏƏ>Ĥ"(<¾Ĭ,R ȍrʏƏVŐ#,R9ĉ

ǊƏØɋȱ?ȵ#;R!ƙʎØɋȱ?ŧ#;Rʳɳ<ȍʏƏVǠ#,R9ĉǊ

ƏØɋȱ?ŧ#;R!ƙʎØɋȱ?ȵ#;RʳĉƢ>ʍ9ůØF:ȍʏƏ!Ő

#;99ʀÙ<ĉƢůØVúQ×,&9!8";9!Ǽƙʎ FourierġƂ8?/

>O:;ȍʏƏ>ɗȖ?8";9ʳ�ƔʲwaveletġƂ8?ȍʏƏ>ŌVġ�;

!PĉƢɋƪVȽ:&9!8"R /r>1KƥǽȊ8? waveletġƂVǧ97ɫ

ŒǓŒëʃ>ƙʎĉǊƏɋƪVȽ41ʳ 

  

  ����l63;�

� wavelet ġƂ9?œ(5.1)8Ĳȭ(SRL>88QʲɋƪĹɛ>ǊŘV sin Ǌ9
cosǊ>ɠ*ĂU.9*7ɀǢ*791 FourierġƂ9?ǭ;Q r̡

sSE

t
8ɀ(S

R�g�[\���qu9ċ@SRĜőʏƏ>ɠ*ĂU.8ɀǢ,RL>88

Rʳ 

 

 <u! v, x =
G

t
!(Y)r

=SE

t
TY

^

S^
                           (5.1) 



� 
)�

&&8 a? scale\b? translation9ċ@S/S0SĉǊƏ>ɳƏ��ƙʎ<Ƕŗ,

Rʳ&SPVġì(.R&9<O47�g�[\���quV´ȩ(.R&9

!8"R �rg�[\���qu<?ƴ�;ȇʩ!8R!ƥɋƪ8? Torrence & 

Compo (1998) <ORɋƪ°��Vǧ97�Qʲ&>ɋƪ°��8?MorletʏƏ

V�g�[\���qu9*7ǧ979R MrorletʏƏ>ĲȭVœ(5.2)< Ř̡V

Ē 5.1<Ȁ,. MorletʏƏ?ŔƏm�<Ĺ*7ĹȄ;ɃȜʏƏ88Rʳ 

 

 r Y = ASG/yZ_z=ZS=
`/7                                       (5.2) 

 

&&8.?ǛƺËĉǊƏVɀ*7�Qƥɋƪ8?Ő#ǧ9PS79R.=6 VŽ

ǧ*1ʳ 

�

�

�

Ē 5.1�MorletʏƏ��Torrence & Compoʲ1998	�

ĳȦ!ĳʂVǾȦ!ȼʂVɀ*79Rʳ��

&&8 a?jc��88Q��x = 10qY�9*1ʳ�

�

� H1ʲ&>ɋƪ°��8ŝPSR[\���quj�au�>{��?Ǳȶ

ʘʟ��lj>ĞĂ< 1<;RO:<ɇƮì(S79Rʳ�

�

�



� 

�

� ����l6e71�6K'�

� 4ȏ<Ȁ*1ɫŒǓŒëʃ>ƙȚÚ<597ɋƪVȽ41 ×rĻɊ 20-40° P

ǆK1ȡƫ<597?Ē 5.2<ʲ×ĻɊ 40-60° PǆK1ȡƫ<597?Ē 5.3

<Ȁ,ʳd�n�?ƵǕÅŇ! � 9;RO:<ɇƮì*1[\���qu{�

�j�au�VȀ*79RʳĉƢ 10Ɩ­�8?ɥɼɺé>ůØ;:ȳĊ>Ǜ9

}�a!Ǧ+R>8ĉƢ 8.0Ɩ­�>IV��qu*1 yrqp!$(S79R

ʂØ?�g�[\���quV-P*7ɋƪV*79Rʗ<ʲ�g�[\��

�qu!Ë>ƙȚÚt�n>�Ȑ9-S  P?I×*19&TVɀ*7�Qʲ

ȡƫ!Àʦ×ƨ;9ʂØ88R Hr1ʮ9ȒʬȦ? 90%ÀʦîʎVɀ*79R �r

waveletġƂ8?ȍʏƏ>ŌVɗȖ*t�n>�ʂVÙQúQ;!PɋƪVȽ:

1KʲɋƪîʎÏ7>t�nVǧ97ĉƢɋƪVȽ: FFT 9ǂER9ɋƪȡƫ

>ĉƢůØ>ƲĤ!ĉǊƏƔą<Ő!47Ɇ�Rʳ�

� &>ȡƫVɆR9 FFT 8?ź�PS; 41ɫŒǓŒëʃ>ġé>ƙʎŨĝ

!ŝPS1&9!U RʳFFT<�97ʨȺ;}�a!ɆPS1 3.5ƖM 4.9Ɩ

ĉƢ>Ǌé? waveletɋƪ8?Ɨǹ<ÜS7?Ɇ�-ʲH1ʲɉǔƢʎÏ7<ò

ɟ*79RU$8?;9&9!Ɇ7úSR /r>:�8 ț̡ 5.0ƖĉƢ>ůØ?

50-80ƖǴ 1̡00-130ƖǴ81Q8Ĥ"#;RO:<Ɇ� ĉ̡Ƣ 3.5Ɩ<ĹŤ,R

ůØ?ʎƹǲ<ɒKPSR!ƙʎġì>Èą??4"Q*;9ʳwaveletj�a

u�<�97Ɨǹ;}�aVɷȤǲ<ǿɒ*<#9Ǥǩ9*7ʲwaveletʏƏ>

Ō!Ǽ91K<ʲĹɛ9*79R 3.0-5.0ƖĉƢ>Ǌé9?Ü>Ŀűǲ�Ȍǰǲ

;Ɖ£>řʠVû$M,9ʲ99:&9L8R L*S;9ʳ 

��×ĻɊ 40-60°>t�nVǧ97ļ×*1ȡƫ8?óí 20°H8?ĉƢ 4.0Ɩ­

�>ǂɩǲǼ9ĉƢ>ġé!ǴȎ3ʲóí 30°-50°8?/SP>ġé!ǴȎ1;

#;QʲĉƢ 5.0ƖȆŒ>ġé!ǴȎ5O:<;R&9!Ɇ7úSRʳ½�@

óí 40°<ǋǴ,R9ʲț 40-60Ɩ��ț 110-130Ɩ>ȗđ8ĉƢț 5.0Ɩ>ġé

!òɟ*79Rʳƺ<óí 50°<ǸǴ,R9ʲț 50-70Ɩʲț 90-110Ɩ>ȗđ

8Ąƴ<ĉƢț 5.0Ɩ>ġé!òɟ*79Rʳ&SP>O:<�ȧŒ8?óí

ĄȧŒVǂɩ,R9��J=Ą+ƙƢ<Ą+ĉƢ>ġé!ĬĖ,R&9!ƗP

 <;41ʳ&S?Ē 1.8>Ƣś(S79RǊ>ǅŎƳɶʲ4ȏ8ɰE1Ǌ>

ǅŎȧŒƳɶVƊŶ,Rȡƫ88Qʲƥɋƪ8ư×(S1ĉƢț 5.0Ɩ>ůØ

>ġé?óíĹȄ> RossbyǊ88R&9!&>ȡƫ PLƀķ(SRʳ�

 

 



� 
��

 

 

 

 

Ē 5.2 : ×ĻɊ 20-40°>t�nVǧ97ļ×*1[\���qu{��j�a

u��



� 
,�

�

Ē 5.3 : ×ĻɊ 40-60°>t�nVǧ97ļ×*1[\���qu{��j�a

u��

�



� 
-�

���eP�

� ʉƘ>ĤǄŠǥ>Ǥɋ>1K<?:>O:;ũƘɇƶ>Ǌ!ĬĖ,R> V

ǻR&9!ʆɅ88Rʳ/&8ʲ8 5"ƅɪ LIR <ORɝĢǫÊVǧ97ɫ

ŒǓŒëʃ>ļ×VȽ9ʲ/S>ƙȚÚVĉƢɋƪ,R&9<O47Ǌ>Ũĝ

VŝR&9VɏI1 Ƣrś(S79RǊ>ǓŒŸŌ? 1.0 K>^�o�88R1

K 0̡.50 KȆŒ>ɉǔβŒ!ţɅ88R9Ȯ�PSR! L̡IR<ORɉǔt�n

<?ț 3.0 K >ȚȢɓŇ9ț 0.30 K >ǶĹɓŇ!ĬĖ*79R1KʲȚȢɓŇ

>řʠVû$RɋƪƔǉ8?&>O:;Ǌ>ĉƢġéVúQ×,&9?Đʚ8

8R /r&8 Ǌ̡>²Ƅ<9L;47Ą�ǫÊÔ>ɫŒǓŒ<ɾ9!Ǧ+R&9

VÝǧ*ʲĄ�ǫÊÔ8ƩɄ<ʙS1 2 Ȕű>ɫŒǓŒŇVȠŒŇ8ãR&9

<O47ƩɄƔą>ǓŒëʃVǆKRʳ&S?ǶĹɓŇ>řʠ>IVû$R1

KǊVư×8"RüȱŦ!8Rʳ 

  2017ŏ 5ƞ 18Ɩ P 142Ɩʎ(12�2ƙʎ�"< 283Á)>t�nVǧ97/

S0S>t�n<Ĺ*7ɫŒǓŒëʃVǆK1 /r>ʗ< ×̡ĻɊ!ġUR9ɉ

ǔʬŒ!ġUR&9VȮŭ,RţɅ!8Rʳ/>řʠ>1Kʲô<°ū> 2 ǚ

VʁW8ɫŒǓŒëʃVǆK7L/S<?ĤǄǓŒ>ǅŎƳɶʲʋǵƳɶ!Ć

HS7*H9ɋʅ!ʚ*9ʳ/&8ȾƘ PɆ7ƩÆ9ɄÆ8ɋƪ,Rǚ>×

ĻɊVƁ�R&9<OQǅŎƳɶ>IVúQ×*1 ƥrǽȊ8?×ĻɊ 20-40
ʲ

40-60
>ȗđ>t�nVǧ97ɋƪVȽ;9ʲFFT 9 wavelet ɋƪVǧ97ĉ

ƢɋƪVȽ;41ʳ 

  FFT >ȡƫ<OR99#5 >ʨȺ;}�a!ɆPSR&9!U 41ʳƥ

ǽȊ8ǸǴ*79RƏƖĉƢ>ůØ<ǋǴ,R9·ȧŒ8?ĉƢț 3.5Ɩ ʬ̡ȧ

Œ8?ĉƢț 4.9Ɩ>ůØ!òɟ*79R&9!U 41ʳĉƢț 3.5Ɩ>ůØ

?·ȧŒ8ŸŌ>ƝĤÄV9Q ʬ̡ȧŒ<ą 47ŸŌ!Ľ(#;R ʉrƘĤǄ

>ŎęƩɄʪ>ŅĎĉƢ?�O/ 4.0Ɩ88R1Kʲ&> 3.5Ɩ>Ǌ?ωƚʪO

Qɵ#²Ƅ*79R&9<;Rʳ&SP>ǟš P&>Ǌ? Kelvin Ǌ88R9

ƀķ(SRʳ¶Ƕ<ʏ*7?ȧŒġì!Ľ(9!ʲóí<ȷō>È"LɆPS

R *r * ƥ̡ǽȊ8?&S>öď?U P;91KªŜ>ɖʧ9*7ǀR ĉr

Ƣ 4.9Ɩ>ůØ>ŸŌ?·ȧŒ PʬȧŒ<ą 47Ĥ"#;R ²rƄɵŒ?ω

ƚʪOQLɹ9ʳ&>O:;ǟš P&>Ǌ?óíĹȄ> RossbyǊ88R9Ȯ

�PSR ¶rǶ?ȧŒġì!Ľ(9! M̡?Q��J=óíĹȄ>ġìVȀ,ʳ  



� 
.�

  wavelet ɋƪ8? FFT 8?ź�PS;9ĉƢġé>ƙʎƳɶVƗP <*1ʳ

FFT 8ʨȺ<}�a!ɆPS791ĉƢ>ůØ?Ï7>ƙʎ<Ĳŋǲ<ĬĖ,

RU$8?;# ò̡ɟ,RƙƢ9*;9ƙƢ!8R&9!U 41 ºr!öď8

Ǌ!ĿĖì,R> ?&>ǽȊ8?U P;91KªŜ>ɖʧ9*7ǀRʳó

íĄȧŒVǂɩ,R9ĉƢț 5.0 Ɩ>ůØ!ĄƙƢ<òɟ*79RƴĪ!Ɇ7

úS1ʳ 

  ƥǽȊ?ʉƘʛʡ8>ǓŒġé>ƙȋʎƳɶVƗP <*1ÛK7>ůƫ8

8RʳǊ>ƳɶVOQƽǿ<ƀĲ,R1K<?ƥǽȊ8ƗP <*1ǓŒŨĝ

2$8;#ʪɵ>t�nLţɅ88R /r&8 ȝ̡ĢǫÊVǧ91ʛɱɢ<OR

ʪɵɍǔt�n9ȟIĂU.R&9<O47ʲĤǄŠǥD>Ķ�!ƗP <;

R&9!Ƣś(SRʳ 
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



� ���

QT�

� ƥǽȊVɸKR<81Qʲŷļƍİ88RªƦâƍż<?95LŮÙ�ĸ<

'ŷļ912"H*1 ĤrĮʒɸĮ<81QĺƋVġ�11K ÿ̡LņLU P

-<jn�u*1ǽȊ8*1!ʲǛ¥<&&H8ǽȊVɸKR&9!8"1>

?ªƦâƍż>� %8,ʳŢOQŬɚǪ*�%H,ʳ�

� ăŃ�Ơƍż ă̡łČħəŉV?+K9,RăŃ�ăłǽȊĴ>ǳƴ ª̡Ʀǽ

ȊĴ>ǳƴ PĂĄm�8Əģ#>ʌ9'ŷƆV912$1&9<O47Ɠ1

;Ǆ6"<Ȫ!QH*1 Hr1 ă̡ŃǽȊĴ>Ìɬ88RǮǨ³ĩǃ ʊ̡ƣƐƛ

ǃ ª̡ƦǽȊĴ>Ìɬ88Rĩȵ¸©ǃ ƾ̡ȻėþƠǃ?95LǄ< $7#2

(QO#Ȃ>ɜč<ȓ�7#2(QH*1 ǟr<ĄŀĴ>ƾȻėþƠǃ ʊ̡ƣƐ

ƛǃ<?Ĥġ��ɐ<;QH*1ʳ&>ĞV�ÃQ*7Ǐ#ŞȁǪ*�%H, �r

��ĄƢ88RůǨȈǃ ȹ̡öɁĦǃ<LǏ#Ŭɚ*7�QH, �r§9<æ$Ă

9;!Pɻ'*1 2ŏʎ?97Lȵ9ť9×<;QH*1ʳ�

� ƝŜ< 9̡5LȂ>MQ19O:<MP.7#S ª̡H8Ɗ�7#S1ĵƕ<

Ŭɚ*199ť9H,ʳƥŗ<8Q!9:')9H*1ʳ�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�



� �&�

$K2?�

1?Y>�"MKPTIUU��9�����8UOMYZVSS��0��"�� &.-)���CPMYTIS�CQLMZ�QU�>PM�0>TVZWPMYM�VN�EMU?Z��
2VTWIYQZVU�VN��VLMS�AMZ?S>Z�AQ>P�!JZMY@I>QVUZ��9V?YUIS�VN�>PM�0>TVZWPMYQK�BKQMUKMZ�� �

3MS�6MUQV��0��3�����AVZZVA��F��1�� &.-.���"SIUM>IYC�BKISM�FI@MZ�IUL�>PM�2CKSQK� I>?YM�VN�
2SV?L�CVW�3CUITQKZ�VU�EMU?Z��9V?YUIS�VN�>PM�0>TVZWPMYQK�BKQMUKMZ��), (���
.(b(&-�� �

5?R?PIYI��C���CIO?KPQ������8TIT?YI��C���7ICIZPQ>IUQ��0���GITILI��C���5?>IO?KPQ������c�
7QYI>I�� �� 
�&,���0JZVS?>M�KISQJYI>QVU�VN�JYQOP>UMZZ�>MTWMYI>?YM�VN�>PM�EMU?Z�LQZR�
VJZMY@ML�JC�>PM��VUOAI@M�8UNYIYML�2ITMYI�VUJVIYL�0RI>Z?RQ�0RI>Z?RQ�I>�EMU?Z��CPM�
5QYZ>�GMIY�VN�BKQMU>QNQK�!WMYI>QVU��IZI>V� IRIT?YI��3TQ>YQ�CQ>V@��:M@QU�
�K6V?SLYQKR��"QMYYM�3YVZZIY>��9MIU��V?W�1MY>I?B�IUL�7?QBQU��Q?�,��"SIUM>IYC�ZKQMUKM��
4IY>P��"SIUM>Z�IUL�BWIKM���. &���&b.�� �

:MI>QUO��6���BMQNN��0����QTICM��B��B���AM@MYKVTJ��7��4���CICSVY��5���FVV��A�����HIPU��D��E��
!�� �� &.-����E4 4A0��-
��

:V?CITI��C���8TIT?YI��C��� IRIT?YI������BI>VP��C�����5?>IIUI��G�� 
�&(����VUO�>MYT�
@IYQI>QVU�QU�>PM�KSV?L�>YIKRML�aVUIS�@MSVKQ>QMZ�I>�>PM�KSV?L�>VW�VN�EMU?Z�LML?KML�NYVT�
EMU?Z�4BWYMZZ�E�2�QTIOMZ��9V?YUIS�VN�6MVWPCZQKIS�AMZMIYKP�4��"SIUM>Z��&&- &���(,b
)��� �

:V?CITI��C���8TIT?YI��C��� IRIT?YI������BI>VP��C�����5?>IIUI��G�� 
�&
���EMY>QKIS�
WYVWIOI>QVU�VN�WSIUM>IYC�ZKISM�AI@MZ�QU�@IYQIJSM�JIKROYV?UL�AQULZ�QU�>PM�?WWMY�KSV?L�
YMOQVU�VN�EMU?Z��8KIY?Z��
)-��
��b
�-�� �

�I>Z?UV��C�� &.�����#?IZQ�6MVZ>YVWPQK��V>QVUZ�QU�>PM�4;?I>VYQIS�0YMI��9V?YUIS�VN�>PM�
�M>MVYVSVOQKIS�BVKQM>C�VN�9IWIU��BMY��88��)) &���

b)(�� �

 IRIT?YI������8TIT?YI��C���8ZPQQ�� ���0JM��C���:IAIRI>Z?��G���7QYVZM��2���c�:ITI>I��G��
 
�&����0:0CBD:8�YM>?YUZ�>V�EMU?Z��4IY>P��"SIUM>Z�IUL�BWIKM���- &��� �

BKP?JMY>��6���2V@MC��2���6MUQV��0��3MS��4SZVU�����B���:MI>QUO��6���BMQNN��0���c�@VU�HIPU��D��
 &.-����B>Y?K>?YM�IUL�KQYK?SI>QVU�VN�>PM�EMU?Z�I>TVZWPMYM��9V?YUIS�VN�6MVWPCZQKIS�
AMZMIYKP��BWIKM�"PCZQKZ��-
 0&(���-��,b-�

�� �

BTQ>P��0��:�����"MYSAQ>a��9�� 
�&
����QLLSM�0>TVZWPMYM��"SIUM>IYC�FI@MZ��8U�4UKCKSVWMLQI�
VN�0>TVZWPMYQK�BKQMUKMZ��BMKVUL�4LQ>QVU� WW��&b&&���0KILMTQK�"YMZZ�� �

CIO?KPQ������5?R?PIYI��C���8TIT?YI��C��� IRIT?YI������8AIOITQ�� ���DMUV������c�
�Q>Z?CITI��:�� 
��,����VUOAI@M�8UNYIYML�2ITMYI�VUJVIYL�>PM�EMU?Z�2SQTI>M�



� �
�

!YJQ>MY��0L@IUKMZ�QU�BWIKM�AMZMIYKP��)� ����-�&b-�-�� �
CIRIOQ������B?OQTV>V�� ���0ULV��7������I>Z?LI��G�� 
�&-���CPYMM�3QTMUZQVUIS�B>Y?K>?YMZ�

VN�CPMYTIS�CQLMZ�BQT?SI>ML�JC�I�EMU?Z�62���9V?YUIS�VN�6MVWPCZQKIS�AMZMIYKP��
"SIUM>Z��&
( 
���((
b(

�� �

CICSVY��5��F���1MMY��A���2PIPQUM�����C���3QUMY��3��9���4SZVU�����B���7IZRQUZ��A��3���c�
1YILSMC��B��"�� &.-����B>Y?K>?YM�IUL�TM>MVYVSVOC�VN�>PM�TQLLSM�I>TVZWPMYM�VN�EMU?Z�
8UNYIYML�YMTV>M�ZMUZQUO�NYVT�>PM�"QVUMMY�VYJQ>MY��9V?YUIS�VN�6MVWPCZQKIS�AMZMIYKP��
-
 0&(���,.�(b-����� �

CVYYMUKM�2PYQZ>VWPMY����"��2VTWV�6QSJMY>�� &..-���0�"YIK>QKIS�6?QLM�>V�FI@MSM>�0UISCZQZ��
1?SSM>QU�VN�>PM�0TMYQKIU��M>MVYVSVOQKIS�BVKQM>C�� �

�
�


