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å 1æ çè 
 

1-1# IJK 
 

# IJLM/H./&P0G12["�P³qâ30«+¨©ªW(IJK)545�

¬��7�C6m718ABCD<E+¨©ª[/91}­15µ¶·[&1[�­

'\�:*;G;<.uoH&Qa�/=�qÂ;EIJK/HIJ>?�n�<

@�=>²IJ¥�A´dB���C~CDCE:\d5MHFúL�CNOÌG�

HI;<ENOÌG�n�<IJKGJKadL/H+¨©ª235FM/ccHNI

J67G«35O400 km/sH±35O10,000 KZ3.u<E��H�Pa�&QQ

R350D+¨©ªG=GP³/H+¨©ªGS:[[^�:¿�Á5u<EvG�

�IJLMG+¨©ª/P³qTU.9:\CD<EFGIJLMG+¨©ª�T�

B<P³/45¬�P³ (IMF: Interplanetary Magnetic Field) [VWBCD<EI

JK+¨©ª/NOPQ(qXC&'(8[WX\HãCdYZq[m<E 

 

1-2# PQ( 

 

# NO/\]G^$1P³q_bEFGNOG^$1P³�/H`~IJK5éê

\CnoHvGYZqa�bcABCD<EFGbcAB�NOGP³GYZqa�

<4%/HPQ([VWBCD<EFGNOPQ(G��/+¨©ª��od�AB

CnoHFGd�AB�+¨©ªG�Á��oHãCd4%�­eAB<EFBMG4

%G­®qf1-1�Â;ENOPQ(Gg;/HIJKG:b���Ch�i/b

cABCnoHji./Ð�IJK���CkÉlWABCD<EFGIJK���

CkÉlWAB�PQ(Gji4%qmPQ(n�o[VpEIJKG:b[NO

P³GPQb5boi3�q£iGrsqmPQ(rs?o[V�Hh�iGPQ

(rs?/NO=tLMNOuv²Re=O6370 km´GO11w�'B�³ß�x`

yz\CD<EPQ(n�G{|?q}U.~��i��5<¬�qm�V�o[V

�HFG4%GP³/NOG$�%LMl�C¿<Pef��5�CD<E��CH

�V�4%GPefG7É/H�uO.NO7ÉH~uO.NNO7É[d<E�

�H�V�4%G+¨©ª23/H�`���.u<E�V�4%LMáX;<IJ

K+¨©ª�1/HPef���ABd5M~��V�5�;<{|?ËÌ�.S

�ABH�D+¨©ª[\C��AB<EFG4%q+¨©ª�V¦[VpEFG4%
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/H�V�4%[ÀdoPef5�ÊCD<��HD��UáX\�+¨©ª/P³

���ABHvGh¾[\C+¨©ª235,o�þ½C0¿d<E+¨©ª�V¦G

be/{|?�ÌÚ¿�»BC0¿doHFGbe�����C+¨©ª�V¦��

&W5WB<E~��n�<�V�GPefG7É5Ð.u<F[LMH+¨©ª�

V¦�/�iLM�6i87L3&W5WB<E+¨©ª�V¦G+¨©ª�o^R

STUVG0D+¨©ª5���5�| (6.6 Re) �o^�iGNOÌGqòV�

�;��o���3�ÓÔ\HvG4%q�·A�· ²12f ´[VpEFGPQ

(G¡¢G£ÉA}g;/HIJKG£ÉA} IMF G7É���CE¤;<Ed

¥dMPQ(/HIJKG:b[NOG^$1P³5_b+¨©ªG:Éq¦Am

�3[;<e²PQb´[G#§¨ð��ogzABCD<LM.u<E��HIJK

=G+¨©ª/HPef67��`�0DQR3q_b��HPQ(/IJLM&

'(8GRSTUVGWXX©[\Cc!.u<E 

 

1-3# )*+ 
 

# PQ(Gª?H0«3G4%��¬adP³G�y5ÎMB<EPQ(ª?G�

Ê�Pef[HPQ(Ï6�kÉ­WAB<Pef[Grs�ÎMB<|®/m)*

+o[VWBCD<EP³/N¯¢�ÌDg�d�CnoHP³G%D4%[Dm<E

h�iGPQ(rs?qgz\CD<rs°}áX°[VWB<0±G+¨©ª

GÓÔ;<°G=./HIMF[NOP³Gghi5±ÉCD<[lmMBCD<EI

JKG+¨©ª/HPQ(ª?�ÓÔ;<é²0?²�³´µ¥�·¦´.�¤AB�

ÏHPQghiGYZ���CPQ(rs?q¶·oPQ(8[WX;<EvG¸

[UB/PQ(Gn�8[WBCD¿5H��/)*+4%}+¨©ª�V¦8[W

X;<EFG�3�)*+4%/HIJK+¨©ª5PQ(n��&'(�Ù�X<

Ã5.É<4%[d�CD<EvG��HIJKG+¨©ª�1GáX[RSTUV

GWXG?¹LM£Ec!d4%[Dm<E)*+4%n��vG,-4%Gº»

fqf1-2�Â;E¯¼a�H)*+4%/Hhi&'(GPQ«3753ËÌ�½

¾;<E�¿\HNOPQ(Gg;5IJK�oE:;<��HvB�âD)*+G

«3^E:;<E 

 

1-4# &'( 
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# &'(/HúÀ}PQ(LMG�È�1dB��oHNO£Q=G=��15&

'AB&1}µ¶·�d<F[��ogzAB<4%.u<E&'(/&123G£

ÉAq_Á�H0A67�HD4%²O60 kmLM90 km´HE4%²O90 kmLM130 

km´HF4%O²130 kmLM700 km´H[Â­ABHvG|zµ¶·/vBÃBG4%

.Àd<EFBMG4%G&123G03­®qf1-4�Â;ED4%./HÄ&Å

G�1[\CÄµ¶·[&15"Ó\CD<EE 4%./HIJ.��oOÆ
+HNÆ

+§

�HO+5Çäµ¶·[\C&'yzAB<E\L\Hyz[ÈÉG.¤Ê¯Ë���CH

]Ìadµ¶·Íz/O75 %5NOÎHO25 %5OÆÎ�d<E$%GE4%./HP

Q(LMG¶V�¨�1G�o����o&1235Ï¡;<F[5u<E��E4

%G�¬[\CHµ¶·[&1GÐÑµ�,0F[FBM[=�£QGéêÒ3[G

#½adjkLMH&'(&W5WBHvG��/ÓPef&W[bd5�CD<

F[5ÔÕMB<EE4%È�./µ¶·/=�£Q�Ö×AB<5H&1/×éê

[lm<Ã5.ÉHFG&1���CSWB<Hall &W5WB<EF4%./ØÙ9

1²O´G&'��oyzAB<OÎ5x`]^ÚDE&'(&³5àD³i�/HOÎ

[=�£Q²N2 } O2´[GghiN¾5ÛÜABHNO+}O2
ÎGÝi^Ú¿d<Ev

G¤ÊN¾»q»1-1�Â;E 

 

O! ! N2
k1"#$#"# NO! ! N         k1 %1.2 &10'18 300

Ti

(#

)#
*#*#

+#

,#
-#-#

0.7

[m 3s'1] 

(» 1-1) O! !O2
k2"# $#"# O2

! !O           k2 % 2.0 &10'17 300
Ti

(#

)#
*#*#

+#

,#
-#-#

0.7

[m3s'1] 

 

Ti/µ¶·±3qH H /N¾kFq>; [Schunk and Nagy, 2000]E k1 k2

 

 

 

1-5# IJK—PQ(—&'(hi 
 

# x`HNOPQ(/IJKGÙ�adáXqÞßàáâãäGåÝq¾�\CD<

5HIJKLMæÉ8C¿<45�¬�P³ (IMF) G7É[NOP³Gjk���

C/HIJKG+¨©ª[RSTUVG��5NOPQ(��WX\HNPQçè
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5±F<E��HIMFG~7Éz­5éê\CD<~�/HNOPQ(ª?G�7É

NOP³[#§¨ð\HPQghi(magnetic reconnection)5±F<[Dungey, 1961]E

vG~GPefG:Éqf1-5�Â;E~7ÉIMF5NO�ÌÚ¿[HNOPQ(G

]ª?G�7ÉP³[PefGbdëEmq\H^$1P³[\C�ÊCD�Pe

f5H�65NOG$%&'([^3�65IMF[bd5<�3dìD�Pef[d

<EvGÏHFGìD�Pef/IJK["�PQ(n�678íîAB<Eï�

PQ(n�./H�uO.IJ67H~uO.NIJ67[d<Nð¢GPef

5g�bdëEmq\HìD�PefLM�Ê�Pef5¨MB<E��HFG�Ê

�Pef/h�i�ñòAB<EFG�»GPefGíî²PQ(½W´�â�CH

IJK+¨©ª5Pef�¦¨´+ABd5MPQ(=Hï�/PQ(GPefq

xo&'(8[WX\$%&'(²)*+}AM�vG$i�u<$�%´�WX;

<E�6HPefGóô.u<$%&'(²õ�F°´./HPef�Ó��¡«{

|5u<³iqöÉH1`GPef/&'(LMPQ(�.÷&y.u<��HP

Q(G&³/PefqQø�C&'(8[ùYAB<EvGh¾HPQ(½W�¼

ú;<�3�H0«3i.uIJ67HÑ«3i.IJ67[d<2bûG$%&

'(+¨©ª½W5ü:;<EFG$%&'(½W/HPQ(&³E[,�GP³

B��<EýB5õdü:þ[d�CD<Eh¾[\CHPQ(½W[$%&'(½W
[5Pefqÿ\Ch�bD�£!ºd½WS:5±F<E½W/HPQ("&'

(#�n�<çè=>G$%RSTUVq[m<YZ[\CH]^_`adS:.

u<E½WS:/&~�H&PW¢G'(���C&Wq�yA)<F[LMHÓP

ef&W (field-aligned currents: FACs) H&'(&WHPQ(&WLMz<3äô

£!º&W#5gzAB<EPQ("&'(hi#�nDCHÓPef&W/&

WG»*�qd�;¿�.d¿HPQ(½WGS:ºq&'(�Qm<t.c!d

åÝq¾�;F[5+MBCD<E 

 

 

1-6# &'(F4%�n�<&1[µ¶·GghiYZ 
 

IJ,£f}&1G�o����o&'\�µ¶·[&1/Hghi;<F[��o

=��1�-<E&'(F4%.&1[µ¶·5ghi;<õdYZq»1-2�Â

;E 
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O! ! e' .r"# $#"# O ! h/         .r % 3.7 &10'18 250
Te

(#

)#
*#
*#

+#

,#
-#
-#

0.7

[m 3s'1] 

NO! ! e' .1"# $#"# N !O        .1 % 4.0 &10'13 300
Te

(#

)#
*#*#

+#

,#
-#-#

0.5

[m3s'1] 
(» 1-2) 

O2
! ! e' .2"# $#"# O !O         .2 % 7.4 &10'14 1200

Te

(#

)#
*#*#

+#

,#
-#-#

0.56

[m 3s'1] 

Te/&1±3H.rH.1H.2/N¾kFq>;[Schunk and Nagy, 2000]E 

03200 km�otGF4%./Hõ!dµ¶·/O+.u<EvG��»1-2G�q¹

GN¾5]^c!dghiN¾.u<E\L\H2bG�15h�bDC1bG�1

[.1q8;N¾/HS:º.ÓG'(qd�;G5/\¿nFo�¿DEvG��

»1-2GH2q¹}3q¹GN¾5õd&1[µ¶·GghiYZ[d<ENO+}O2
+

Gyz».u<»1-1�oHN¾kF.u< } /Tk1 k2 i²µ¶·±3´50DZ£É¿

d<Eb�oTi50DZNO+}O2
+5Ú¿yzABHNO+}O2

+GghiN¾5Ü�

[Schunk and Nagy, 2000]EFG�3�Ti5tÍ;<[&1[µ¶·Gghi5Ü�EF

G��&1G�o��}úÀdBGYZqöDClm<[H&'(F°�nDC/µ

¶·±350D4%./µ¶·±35ÑD4%�o^£Q=G&1235ÕÖ;

<E 

 

1-7# &1[µ¶·Géê��<&1±3GÑÈ²µV0·1´ 
 

# &'(GE4%§�F4%./H&12350D4%.&1±35ÑÈ;<=>

5±<Eµ¶·±35&1±3�oÑD~H&1G�RSTUV5µV�·éêq

ÿ\Hµ¶·8[íîAB<EFG~&1/�RSTUVq2D34AB<EFG3

4YZ/&1[µ¶·GµV�·éêGÒ35&123²&'(/&Qa�=�d

G.&ÊºGµ¶·5u<´�þ5\CÏ¡;<G.H&12350D[F .Ï£

;<F[�d<E 
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f1-1# NOPQ(ENOPQ(Gg;/HIJKG:b���Ch�i/bcA

BCnoHji./Ð�IJK���CkÉlWABCD<[678H1983]E 

 

 

 

 

 
f1-2# h�iPQ(rsG|®EIJKG+¨©ª�1/H�³´µ¥�·¦.¡�

ABHvG��/rs°HáX°qXCH)*+4%8[WX;<E9:/+¨©ª

�1GWBq>;[678, 1983]E 
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f1-3# NOt°£Q�n�<&123G°Áad03­®[678, 1983]E 

 

 

 

 
f1-4# &'(�n�<µ¶·G03­® [;<8H2000]E 
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f1-5# h�iPQ0=Sµ�³·Gº»fE~7ÉIMF5NO�ÌÚ¿[²1´HNOP

Q(G]ª?G�7ÉP³[PefGbdëEmq\²2´H^$1P³[\C�ÊC

D�Pef5H�65NOG$%&'([^3�65IMF[bd5<�3dìD�P

ef[d<²3´EvGÏHFGìD�Pef/IJK["�PQ(n�678íîA

B<²3-4-5-6´Eï�PQ(n�./H�uO.IJ67H~uO.NIJ67[d

<Nð¢GPef5g�bdëEmq\²7´HìD�PefLM�Ê�Pef5¨M

B<²8´[Dungey, 1961]E 
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å 2æ# `��Gëì§�¹a 
 

2-1# `��Gëì 
 

# IMFG~�z­BBzz­5Ä²~7É´GLq_�HNOP³[N¯¢�>ø<~H

IMF[NOP³5�ëEø<PQ0=Sµ�³·[VWB<=>5±F<E0=Sµ�

³·Gã1�bDC/f 1-5 [Dungey, 1961]�Â\��3�HIJKG=G~7ÉG

P³²Ç´/h�iPQrs?.NOG�7É\]P³[hi\Hhi\�Pef/

IJKGWB��oH²Æ´?²@´?²A´?²B´?²C´[PQ(Ï��SWBHg3�

uOiGPef[~uOiGPef5ghi\C²D´Hg3NOP³²EiGF´[

IJKP³²GiGF�­´�­LB<E��HRussell and Elphic [1981]��oIMFG

Bzz­5H[Ä�XBIø<~/H0=Sµ�³·5�Ja�nFoHIMF[bdëL

øoìD�P�K (Flux Tube) 5ji8[WABCD¿=>.u<Flux Transfer 

Event (FTE) [VWB<=>5nF<F[5?@a�xML�ABCD<E�6

Bercherm and Russell [1984][Rijnbeek et al. [1984]/IMF5~7ÉG~�FTE/n�

v 8­nÉ��y;<F[q�Î\�EFGFTE=>/HIJKP³[bdëLø�

�]LG£ÉAq_bP�K5H@äô&W#qâDd5MHjiPQ(89:\

CD¿=>.u<[lmMBCD<E��FTE5ji8[9:\CD¿M=HP�KG

=G&1}µ¶·/Pef�Ó�C&'(8[�o��H=�£QqN±A)�.

A)H¶V�¨q�yA)<F[5u<EFGã1qNtLMO�<[H¶V�¨/h

�i)*+4%,-LM$67�9:\CD¿�3�Îm<EFG$67�9:\C

D¿¶V�¨GF[qPoleward Moving Auroral Form (PMAF) [DDHSandholt et al. 

[1986]��oPQAB�EFTE�â3&W#G]edñóT[\CHSouthwoodñóT 

[Southwood, 1987]5ÔÕMB<EFTE�â3&'(G&W�bDC/f 2-1�Â;E

FGñóT./FTE²§�PMAF´GP�KG9:«3[+¨©ªG«3/÷\¿d

<EThorolfsson et al. [2000]/RS¥T¦UVôqðDHPMAFG9:«3qV�H

SuperDARN.V��+¨©ªG«3[þÿ\�h¾HFBMG 2bG«3/¸W�

X\HSouthwood ñóT5H\DF[qÂØ\�E\L\FG��./PMAFG9:

«3[+¨©ªG«3qYý\�yz/Z¡�/�X\CDdL��E 

# FBMG��q[�m\]&PQ(^r�_./H`n [2000]5 EISCAT 

Svalbard �V�VqðDHh�i.�y\�$6789:;<0&1234%�

£.Gµ¶·«3[vG4%G9:«3Gjkqýºa�¼½�EvGh¾H0&
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1234%�£.Gµ¶·«3/�ã./×¿H0&1234%G��[£�./

Àd<«3q_bF[5øL��E��`n [2000]/H0&1234%G��G&

123/vG=t�ÌÚ¿�bBC0¿d�CD<F[^Â\�Eab [2001]/FB

�*ÉH)*+4%LM$�%8L�CG�D4%.H«3c[�0&1234%

�£G&123H�V�Vdf67Gµ¶·«3q¼½�EvGh¾H²Ç´0&1

234%G9:/)*+Ñ«3rsËÌLM��<5H%Dµ¶·G:É/HvG

Ñ«3rs�oAM�ÑD«3LM���CD<F[H²Æ´df67²nn�v$6

7´G+¨©ª«3GþÿaeD[F .&1235£ÉDÛ75ÎMB<Hb�o

0&1234%¡¢[\C/H$67�:DCD<5HvG4%��.G+¨©ª

G«3/eDF[qÂ\�Ef] [2002]/HPMAFqgh�5 POLARG.Ê)U¨

[ Super DARN qðDCs÷\HPMAFG9:«3[vG,o.G+¨©ªG«3

Gþÿq¢��EvGh¾HPMAFG«3[+¨©ªG«3/H67/�X;<5+

¨©ª«3G¸35iADF[5øL��E`n [2000]Hab [2001]Hf] [2002]

��oV�MB�+¨©ªGWB[ PMAFG«3Gj�X/H+¨©ªG«3[

PMAFG«3[/�X;<F[5k!d SouthwoodñóT[/li\dDE 

# 4%5$67�9:\CD¿=>.u< FTE} PMAF/HIJKLMNOPQ(

8GRSTUVWXYZ[\C]^_`aLbc!dHPefghi²PQ0=Sµ

�³·´YZ[jk\CD<[lmMBCnoHIJK-PQ(-&'(hiqrs;<

t.c!.u<E\L\d5MHPMAF }$6789:;<0&1234%Gwr

YZqsx;<t.c![d<��§�vG,-G&PQa��/HtmG�3�

Ä�.PnABCÉ�ñóT[li\CDdDEvG�bG9o[\CH0&123

4%G$678G9:=>5HyzLM$�%���9:;<�.G¡YZ�b

DC?@a�xML�ABCDdDF[5ÔÕMB<EFG¹/`pqè*Gõ([

r¿jk;<5H0&1234%GS:G��²&PQa��´/¡YZ.&Ê.

/dDst�5u<E(�)*+,-.yzAB�~G0&1234%G��§

�,-�GS:§�&PQa��[HvG0&1234%5$�%=u�9:\

CD¿~GS:§�&PQa��/Hv\¿Àd<st�5u<Ew¢a�m½<[H

¡YZGãCd4%�n�<�1G�o��H0&1234%Gyz[ÈÉH+¨

©ªGS:HÓPef&W[&'(µ�VÐÑV&WLMd<@äô&W#G­®

[Ô:/xML�d�CDdDE 

 

2-2# `��G¹a 
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# `��./HÇtGè¹LM�D¬�4%q0~�­st.?@.É< EISCAT 

Svalbard �V�V§� EISCAT VHF �V�V5H0&1234%G9:q&~�

�mCD<µû·¦qðDH0&1234%Gyz~§�$�%r�89:~GH

S:§�&PQa��G��q¢��E��H0&1234%�£�n�<PQ

ghiYZ.yzAB<[lmMB<¤¥¦²< 500 eV´d&1G�o��G~�¬

�­®H0&1234%�£�n�<+¨©ª«3G~�¬�­®qH¤¥¦d&

1G�o��G¯°.u<&1±3H+¨©ª«3 (EýB ò0¥¦)(�&³G¯°

.u<µ¶·±3�¸¹\HFBMGwrº[0&1234%[Gj»q¼½�Ev

BMGjkq0&1234%G)*+,-.GyzLM9:\CD¿$�%�.G

¡YZ�bDC¼½HBG�3dwr{|.0&1234%5yzHx_H9:\

CD¿Lrs;<F[5¹a.u<E`��Gw¢ad�¬[\CH�70&123

4%Gyz§�x_YZ�¸¹\�F[5ÔÕMB<EIJKP³5~7ÉG~�

/Hh�iPQ0=Sµ�³·5±oHIJKGPef[hi\�NOiGPef.

|zAB<P�K/H$67�9:\CD¿[lmMB<EvG³iH²Ç´PQ0=S

µ�³·�âDBG�3�²BG~¹HBG³ß.´�È�15yÊ<GLH²Æ´P�

K5$�%���9:;<~H�1�È/±É<GLH±ÉdDGLH²@´±Éd

D³i/0&1234%5BG�3�b¿MBHx_AB<GLH²A´FBMGyz

~[9:~.H+¨©ª/0&1234%��§�,-.BG�3dÔ:qÂ;L

²&PQa��´Hq?@a�xML�;<F[q¹¯\�E 

# Çt�m½��3�HEISCAT Svalbard �V�V§� EISCAT VHF �V�Vqð

D<F[��oH)*+ËÌLM$�%�.G�Dy�.H0&1234%G��§

�£�G+¨©ªG:É}~�¬���q¼½HvG4%.GwrqxML�;<

F[q¹a[\C��q¢��E 
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f2-1# FTE�â3&'(&W [Southwood, 1985]E 

BIRKELANDCURRENT/Filed Aligned Currents (FACs) q>;E 
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å 3æ# ?@{í 
 

3-1# European Incoherent SCATter (EISCAT) �V�VGî! 
 

# EISCAT �V�V/HµU0*H¥z·¨·òH¥¨·*Hòµ�H{T|}VH*|}V

ó·§�ú`LMd< EISCAT ~Ê����oS�ABCD<H����è

(Incoherent Scatter: IS)�V�V.u<EEISCAT�V�V�*��/ UHF�V�VH

VHF �V�V²ÇÈ VHF [Vp´HSvalbard �V�V²ÇÈ ESR [Vp´G 3b��

o|zAB<E 

# UHF �V�V/H¦��¤²�« 69.59 3H\X 19.23 3´�î�{[a�{qH�

T�²�« 67.863H\X 20.043´H¤�·�¨²�« 67.363H \X 26.633´�a

�{q_b�s.��G�Þ (tristatic) 6»G�V�V�*��.u<Eî�,0

F/HO 930 MHzHî�8e/]£ 2.6 MW.u<E 

# VHF/¦��¤��zABCD<E30ý40 mG�¨�¨0´µ�0·�VgGA·�

� 4 �qðD��V�V�z.u<Eî�,0F/ 225 MHz.8e/]£ 3.0 MW

.u<EVHF GA·��/{�a�6y�67�/s:;<F[5.É7H_`a

�/��67Gs:G�[d�CD<E\L\H&P0GQî�V�T�GQ�e

­q�ð;<F[��oH�V�q 20 3Z36y�67�7�<F[5.É<E=�

*��./\i 2 �GA·��[H7iG 2 �A·��GH�V�67q�G67

�7�C?@;<F[5st.u<E 

# ESR/�v 32 mGs:»²ÇÈ ESR [Vp´[�v 42 mG\ý»G�¨�¨g

A·��G 2 _��o|zAB<E8e,0F 500 MHz.]£8e/ 1.0 MW.u

<E�z³ß/{T|}VG*��VT�T���·1µA�·²�« 78.153H\X

16.08 3´ .u<EFBMG 2 {G�V�V/"xG¦¨·*�´ôV.ü:AB<5H

��V�V8GRSTUVñò/0«²]� 3.2  ´.*µ´¡·15std��H

��V�Vq¸W&~�¢:;<F[5st.u<E 
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3-2# EISCAT�V�V���CïMB<wrº 
 

# IS�V�V./&123H&1±3Hµ¶·±3H�V�67Gµ¶·«3Gwr

ºq�V�df67�0D¬�­st²E4%./ 3 kmZ3G­stHF4%./

3 kmLM 20 kmZ3G­st´.&~�@ý;<F[5.É<EEISCAT.ðDMB

CD<0£/HVHF .O 0.75 m .u<EFF.&'(G F °G&123q
 H&123qT [¤ý;<[&1Gó�µ£/H Ne %1011m'3

e %103K

 

0D %
10KBTe
N ee

2 2 6.9 &10'3m

²KB/�T�ª·ýFH¥0/¦¬G§&¨He/&Å´Ù

 

 

 

 

.u<E��CHIS �V�V./&1Gó�µ£�o£D0£.?@\CD<F[5

­L<EvG��HIS�V�V./H$%S:q\CD<&1./×¿Hµ¶·�Ö×

ABCD<&1©LMG�è0qa�;<E;dø�H�è0Gò´+¨V�¥¦/

&1GS:vG^G./d¿Hµ¶·G,oq�o��²µ¶·[�ª�S:;<´&

1GS:H;dø�µ¶·GS:quMø;EFB�¡mCa�*«µ¦Tq_�\

Cµ¶·GÍzq¤ý;<F[��oHµ¶·±3Hµ¶·±3[&1±3GþHµ¶

·[=��1Géê,0Fq¬ý;<F[5.É<E��H�V�VGa��­V5H

�è¢�=G&1GF�þ5;<F[LMH&123qV�<F[5.É<Eï�H

=�£QñóTHNOP³ñóT÷GñóTq®)ðD<F[��oH&³H&WH

=�K«3H&QQR3÷Gwrº^0D¬�~�­st.��a�R8.É

<E 

 

3-3# `��.ðD< EISCATG?@ñVò[óVôõö 
 

# `��./H0&1234%�£GH�È&1H&³dBGwrºG~�¬�­

®qH0&1234%5�y;<)*+ËÌLM$�%�X<�.G4%.¼½�

DEvG��HvBÃBGwrºq�D«3y��¯�C0D~�¬�­st.+

<k!5u<EvF.`��./ VHF [ ESR 5&~� CP-4 ñVò.?@\CD<

óVôq_`óVô[\C°ð;<ECP-4ñVò[/HVHF} ESR32mG�V�q�

� 303H6y�q�7É²FGpqè*.ðD�µû·¦./H-303LM 03G�
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�7�CD�´�7�C?@;<ñVò.u<E�V�G67qÑD��.H�7É

�7�CD<��H03G±²q«3�Ù;F[5.É<EFGF[��oH~�67

��D4%q?@;<F[5.É<E³\¿/f 3-1�>;EFG?@6'qðD<F

[��oH)*+LM$�%G��.0&1234%59:;<ã1q[Mm<F[

5.É<E�� ESR [ VHF5&~�0&1234%q?@\CD< CP-4óVô/

3 µû·¦[F5ÖdD��HFBMG&~óVôqðDC¡YZG��qV�<[

"�HvG��q ESRG�5CP-4.0&1234%G9:q[MmCD<^G}H

VHFG�5 CP-4.?@\CD<óVô^°ð\C´µ;<E`��.°ð\�?@

óVôG6y�H���bDC/> 3-1 �Â;E��H�V�VG�V�qÑD��

.�7É�7�CD<��¶CG�V�V.?@;<0350¿d<[H½¾\C«

3^0¿d<EvBÃBGóVôc[G«3G±²/> 3-2�Â;E 

# ESR[VHF5&~�u<óVô�bDC/H2000ø 11ùLM 2004ø 4ùG·�

.HVHF[ ESR5&Ê0&1234%qhi.�mCD<µû·¦qõö\�EESR

G�GóVô�bDC^H2000 ø 3 ùLM 2004 ø 6 ùG·�Ghi.H0&12

34%G9:q�mCD<µû·¦qõö\�E¸FG0&1234%G9:5Î

MB<³i/HvBÃBG0&123G]qÂ�.ÉHAM�«367.H6y�

5 03G~/ 23Çt²¹¯º'.O 35 km´H6y�5-243G~/ 1.43Çt²¹

¯º'.O 35 kmÇt´»*.*DCD<µû·¦G�qõö\CD<EVHFG�G

óVô�bDC/H1997ø 5ùLM 2004ø 6ùG·�Ghi.H0&1234%

G9:5���CD<«3q&ý.ÉHdnLbH0&1234%G9:qx»�

²¸FG0&1234%G9:5u<~/vBÃBG0&123G]Gr¹qÂ

�.ÉHAM�«367. 23Çt²¹¯º'.O 35 kmÇt´»*.*DCD<=

>´�mCD<µû·¦qõö\�E 
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> 3-1# `�
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!"#

$%& '()*+,-. /01+2. 31+24

5666789:;$ 6<66=:566 =>6 >:

56667895<$ 6<66=:5:5 =>6 >:

56667::95;$ 6<66=:6:; 6 >6

56667::958$ 6<66=::66 6 >6

56667::9>6$ 6<66=::66 6 >6

56667:59:$ 6<66=::66 6 >6

56667:59<$ 6<66=6?5: 6 >6

566:759::$ 6?66=:566 =5< >6

566:759:>$ 6?66=:566 =5< >6

566:759:;$ 6?66=:566 =5< >6

566:7595:$ 6?66=:566 =5< >6

566:7595>$ 6?66=:566 =5< >6

566:7595?$ 6@66=:;66 =5< >6

566:7>95@$ 6666=:666 =5< >6

566:7@955$ 6666=5<66 =5< >6

566:7@95>$ 6666=5:;A =5< >6

566:7::9::$ 6@6>=:<;A =5< >6

566:7::9:>$ :66<=6666 =5< >6

56657595:$ A666=:5;A =5< >6

566>7>958$ 6;66=::66B =5< >6

566>7::9<$ :6>:=:;;@ =5< >6

566<759::$ 6865=:>66B =5< >6

566<7>9:>$ 686:=:5;A =5< >6

566<7<9:>$ 6;6;=::66 =5< >6

CDE

$%& '()*+,-. /01+2. 31+24

56667::958$ 6<66=:<66 6 >6

566>7;95A$ 6666=5<66 =6F? >6

566>7>958$ 6;66=::66B =; >6

566<759::$ 6866=:>66B =6F? >6

566<7>9:>$ 6866=:56@B =6F? >6

 

> 3-1# `��.ðD� EISCAT�V�VGóVôGdf67E 

>G=G¾:/VHF[ESR5&Ê0&1234%G9:q�m�µû·¦qÂ;E 
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!"#

/01+G4 31+G4 H2+G4 I2+G4 J2+G4

6 >6 566 A:F6>: :?F65@

5;6 A:F?@5 :?F65@

>66 A5F>>5 :?F65@

>;6 A5F@;5 :?F65@

<66 A>F;;< :?F65@

<;6 A<F:>A :?F65@

;66 A<F86? :?F65@

=5< >6 566 A6F86@ AF8?<

5;6 A:F5?A ?F;:>

>66 A:F8@; <F6<?

>;6 A5F5@ :F><:

<66 A5F8;: =:F?5A

<;6 A>F:8A =<FAA;

;66 A>F;8 =AF<;5

=>6 >: 566 A6F<;; 8F?<

5;6 A6F@<@ ;F:5?

>66 A:F<6@ 5F<:@

>;6 A:FA>; =6F<A@

<66 A5F558 =>F?:

<;6 A5F;A< =?F@<A

;66 A5F@6; =:6F;6>

CDE

/01+G4 31+G4 H2+G4 I2+G4 J2+G4

6 >6 566 85F<8: :@F558

5;6 8>F:>5 :@F558

>66 8>F885 :@F558

>;6 8<F>@> :@F558

<66 8<F@@; :@F558

<;6 8;F;8@ :@F558

;66 8?F:<8 :@F558

;;6 8?F8 :@F558

?66 88F5>A :@F558

?;6 88F8?: :@F558

=; >6 566 85F<;A :AF>@<

5;6 8>F::? :AF:?;

>66 8>F8;5 :8F@5?

>;6 8<F>?@ :8F?8;

<66 8<F@?8 :8F<:<

<;6 8;F;<8 :8F:>@

;66 8?F::: :?FA;:

;;6 8?F?;@ :?F;<A

?66 88F:@5 :?F55@

?;6 88F8:: :;FA@5

=6F? >6 566 85F<8: :@F:58

5;6 8>F:>5 :@F:

>66 8>F885 :@F68:

>;6 8<F>@5 :@F6<:

<66 8<F@@< :@F66@

<;6 8;F;8@ :AF@8?

;66 8?F:<8 :AF@<:

;;6 8?F?@@ :AF@6;

?66 88F5>8 :AFA??

?;6 88F8?: :AFA5;

> 3-2# EISCAT�V�VG03±²LMNr«3±²8GE¿ 
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å 4æ# ?@h¾§�s÷h¾#  
 

# 4 æ./HEISCAT �V�V5$6789:;<0&1234%q�m�µû·¦

�bDCHvGwra�¬Hwrº�Gjkqm½<E4-1ü./ ESR [ VHF50

&1234%G$678G9:q�mCD<^GH(�0&1234%G0«3

8G9:=>GH)*+,-�n�<yzLM$�%r��.G=>G¡Àq[M

mCD<5qÂ\HvG�ÁqxML�;<EFB/Ïm;<�3�H0&1234

%�£�n�<&123}&1±3Hµ¶·±3dBGwrjk5=>G�y³

ßËÌ[vFLM'B�$�%�./Àd<st�5u<��H�7VHF[ ESR�

�<&~�%?@��o&�=>G¡YZq[MmvGî!q¦Am<F[5k!

d��.u<E��H&1±3Hµ¶·±3G£ÉA§�H~�¬�­®/«3��

<E¤5u<��HFTE �â3wr=>G¯°[\C/j7É.u<EvG��HF

G��./&123q FTE �â3wr=>G¯°[;<E4-2 ü./HESR 5$�

%G=.0&1234%G9:q�mCD<µû·¦qðD4-1ü.s÷\�µû·

¦G$�%G=.Gs÷h¾[þÿ;<E4-3 ü./H)*+Gyz5&ý.ÉHd

nLbHvG,-.yzAB�0&1234%GÁ·9:q�Mm<F[58Â�

µû·¦qðDC4-1ü.s÷\�µû·¦G)*+ËÌ.Gh¾[þÿ;<E`Â/

0&1234%G0«39:=>GyzLM9:G¡YZq?@.É< VHF [

ESR G&~?@óVôqðD���5]^#¾\D5H&~?@.H0«38G9

:=>q[Mm�ÃSd5/Ú¿/×DG.FG�3dÄ'qðD�E 
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4-1# EISCAT VHF �V�V[ EISCAT Svalbard �V�V��<0&1234%

Gyz§�9:YZ 
 

# 4-1ü./ VHF§�HEISCAT Svalbard�V�VG 32m A·��G&~?@50

&1234%G¡Àq�m�H2004ø 2ù 11úH2004ø 3ù 13úH2003ø 3ù

27úGµû·¦�bDCs÷h¾qÂ;E 

 

4-1-1# 2004ø 2ù 11úGµû·¦Gs÷h¾ 
 

)*+GÑy«3irsG«3[0&1234%G�y«3Gjk 
 

# 2004ø 2ù 11úHVHFn�� ESR/HvBÃB�V�V�V�G67q�67

�H��q 30 3.?@qÒÅ\�E�V�V.?@AB�&123qf 4-1-a �H

&1±3qf 4-1-b�Hµ¶·±3qf 4-1-c�Hµ¶·«3qf 4-1-d�Â;EvB

ÃBHtf� ESRHÈf5VHFG?@h¾qÂ\CD<Ef 4-1-aLMf 4-1-d./H

¶Æ/~� (UT)H ÇÆ/03²km´q>;E��H�V�VG�V�qÑD��.

�7É�7�CD<��¶CG�V�V.?@;<0350¿d<�bBC«3^

0¿d<E03[«3G½¾�bDC/> 3-2q)ÀE&ÊúG ACE�5��<H4

5¬�P³G?@h¾qf 4-2�Â;E 

# f 4-1-aG ESR[ VHFG&123­®�oH1140 UTËÌLM 1300 UTËÌ�L

�CH~�[[^�0&1234%G«350¿d<=>5ÎC�B<E(½ÈGÉ

�.Â\�4%)EFB/0&1234%5$67�9:\CD<F[qÊË\CD

<EVHF G?@��o¸FG0&1234%5?@ABCD<5H¶CG0&12

34%5?@AB��qÑD«3²03´(�0&1234%5�y\�[lmM

B<«3/H~�[[^�Ñ«3i�9:\CD<F[5ÎC�B<EÇtGh¾L

M­L<�3�H0&1234%/)*+GÑ«3rsËÌ.�y\H0«3²$´

67�9:\CD¿F[5­L<E 

# FG0&1234%G�y³ßGEÌqH&1±3GE:G?¹LMÎC�<E

f4-1-bGÈÜGVHF.?@AB�&1±3./H1200 UTG03300 kmËÌ²«

3 73.83´LMH1230 UTG03 200 km²«3 72.53´ËÌG 2 ¹qhU¿Ùft

�o0D«3.ÍÎ�&1±35tÍ\CD<EFG±3tÍ/H)*+��]dH

þÿa¤¥¦d�1G�o����<^G.u<[lmMB<E~�GXY[[^�r
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s/Ñ«3i²�oÑD03´89:\CD<EÙf�o0D«34%/)*+§�

vG0«3i�HÑD«3/)*+GÑ«3i4%�½¾\CD<[Ï@AB<EF

GrsGÑ«3i8G9:/)*+G«35~�[[^�E¤\CD<F[�½¾

\CD<[lmMB<EÇtGh¾LM­L<�3�H0&1234%/)*+GÑ

«3ËÌ.�y\H0«3²$´67�9:\CD¿F[5­L<E 

# f 4-1-c /��V�V.?@AB�µ¶·±3qÂ;EÈÜG VHF .@ýAB�

0&1234%5�y\�~� Gµ¶·±3�¸¹;<[Hf 2�ÎMB�H)*

+GrsËÌG4%.Hµ¶·±35vGÑ«3i4%�þ½C 1000 K ÇtHt

Í\CD<F[5øL<EFGf 3Gµ¶·±35tÍ\CD<�­qf 4-1-cGµ¶
·«3[þÿ;<Eµ¶·[=�£QG�GÐÑ��<¡�GÒ¾ (T ) ��o

µ¶·±350D4%[µ¶·«35«D4%/�X;<[ÓÔAB<EÒÕH)*

+GrsfËÌÇ£G4%./Hnn�Öµ¶·±350D[F ./Hµ¶·«

35«¿d�CD<E\L\H)*+GrsfËÌGµ¶·±35ÍÎ�tÍ\CD

<[F .þÿ;<[µ¶·±3/t5�CD<5Hµ¶·«3/tÍ\CDdDEF

B/ EISCAT �V�V./µ¶·«3ûµ¦TG3�df67z­\LmMBdD

��.u<[lmMB<EESRn��VHFG�V�VGdfG6y�/CP-4ñVò

./$7É.u<E)*+ËÌGµ¶·±3G�tÍ\CD<4%./H�V�V5

@ý;<F[5.É<~�67./×¿H\7678Gµ¶·G:É^×v.u<F

[5ÓÔABHvG��µ¶·±3tÍ[µ¶·«3GÏ¡5 1½ 1�½¾\dD[

lmMB<EÇtGr%��o`s÷./&³GàAG¯°[\Cµ¶·«3./d

¿µ¶·±3qðD<F[[;<E 

i 3Vi
2

# `��Gõ'(.u<0&1234%²&123´[�È&1²&1±3´§�µ

¶·±3Gj»�bDCH&1±3GtÍ5nFo���«3[Hµ¶·±3Gt

Í5nF��«3HvB[0&1234%59:\/Ê��«3/Hj»/u<5

Z¡�/�X\dDEµ¶·±3[&1±3GtÍ\CD<«3H§�H0&12

34%5yzH9:q/Ê�<«3GjkqHÑD«3LMØ�Â;E²f 4-1-d G

=.&1±35tÍ;<rsfq{Df.Hµ¶·±35tÍ\CD<4%qÙÚ

Gf.>;E0&1234%G³ß/½DÉ�.>;´E�7µ¶·±35tÍ\

CD< ;G4%5�qÑD«3�u<Eµ¶·±3GtÍ5nF�CD<4%�

o0«3�&1±3Ï¡Grsf5u<E0&1234%5yzAB9:\��<

«35&1±3Grs�oAM���u<F[5­L<EFBMGwrºG�Gjk

G�oýºadÛÜqäü�Â;E 
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2004ø 2ù 11úG&123H&1±3Hµ¶·±3G«3c[.Gýºaþÿ 
 

# EISCAT GóVô�oïMB�&123H&1±3Hµ¶·±3q«3²03´c[

�·o8\�fqHf 4-3 [f 4-4 �Â;EþÿG_Á[\�G/&123GE:.

uoHf 4-3 .&123q_Á��b�bG0&1234%qýÝ;<E¸FG0

&1234%5?@ABCD<5HI>5[\CH1157 UT LM 1228 UT �L�C

²f 4-3}f 4-4=.HÉ� A .Â\�4%´?@AB�0&1234%q·o8\

�fqf 4-5�vBÃBÂ;Ednf 4-3G A.��B�0&1234%/f 4-4

GÉ�A.Â\�0&1234%�½¾\CD<Ef 4-3LMf 4-5./H~�[0

3^6.9:¯¼q[�CD<E;dø�~�67�/ VHF ./ 1 ­c[GóVô

3 b.HESR ./ 2­c[GóVô 3 b.9:¯¼q[�CD<E0367^ 3 bG

óVô.9:¯¼q[�CD<EEISCAT �V�VG�­03/03���C03

200 km./O 15 kmH03 300 km./O 20 kmH03 400 km./O 30 kmc[�

óVô5uoFBMqHvBÃB 3b7b9:¯¼q[o°ð\CD<Ef 4-3Hf 4-5

G03 400 kmÇÈG)*+�ÌD4%G0&1234%�q¼½C�<[&12

3GtÍ[&1±3Hµ¶·±3GtÍ/HG#jq_�CD<E(�&1±3G

tÍ\CD<~�4%[&1²µ¶·´±3GtÍ\CD<~�4%5¸W&#.�

X\CD<E&1±3[&123GtÍ/H&1G�o����<[lmMB<Ed

n&1G�o��59o[ÞøB<r%/ 4-5Gl&.m½<E)*+�oÖ\'B

�«3Hb�of 4-3Hf 4-503 400 kmLM 600 kmG�G0&1234%�.

GvBÃBG�¨UVôVq¼½<E&123²½f´[&1±3²{f´Hµ¶·±

3²ßf´/]ÁHHG#jq_�CD<5H«35tÍ;<�bBC&1±3[µ

¶·±3GtÍG3iD/&123GÏ¡[þ½C#½a�iA¿d�CD¿Ev\

CAM�$67�ÜU¿«3²VHFG03 600  kmÇtG?@4%[HESRG?@

4%´./Ð#jGjkq_b�3�Îm<Ef 4-3 .Â\�4%�o^0«3iG

?@h¾.u<f 4-4 q¼½<[H·oàø��«3�o�./HÐ#j5*DCD

<F[5­L<E 

# `��.ðD�HEISCAT �oïMB�wrº/H�ýG~�H§�¬��bDC

�­\CR8\CD<EvG��H�­\�03�oáD�­�bDCGE¤/­L

MdDE\L\�­03�o£ÉD�­GE¤¿�qÎC�<[HDÉdoHG#j

LMÐ#j�·oàø��oHHÐG·oàøo5â3^¿oã\CD<ø�./dDE

äC�&1±3Hµ¶·±35#½a�Ñ¿dod5M»*a�·oàø�CD<E 
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# f 4-5 LM­L<�3�0&123GÏ¡[&1±3GÕÖ/¸W&~�&Ê~

�4%.�y\CD<5²y#5 180 3Àd�CD<´H0&123[µ¶·±3.

/E:5&Ê~�4%./yÊ7y#57B<²03��/ 1803./dD´³i5

ÎMB<Ef 4-5G03 400 kmËÌq¼½<[Hµ¶·±3GtÍ/&123Gt

Í�o^åD~�.�y\CD<E²«350¿d<�bBCäC�µ¶·±3tÍ

G]5&123tÍG]�½\Cy#5e¿d�CD<�3�Îm<E´ 

# &123[&1±3GE:5Ð#j�d��03.G0&1234%�G±3

/HESRG03 365 km.O 1300 KH03 450 km.O 1400 K.u��E0«38

9:;<0&1234%5ÓÔ)7H&ÊæüH&Ê?@ñVò.u<H2004 ø 2 

ù 4 úG 1100 UTLM 1200 UTG�q¯¼\�&1±3/HESRG03 350 km.

O 1600 KH03 450 km.O 1800 K.u��EFGF[LM0&1234%��.

G±3/H&'(&15_�CD<�´µ1¨·òG±3²&1G�o����<¡

�5×D~G±3´�oÈ5�CD<^G[lmMB<E(�FG4%./&1/3

4ABCD<[lmMB<E 

# f 4-5GA.Â\CD<~� GËÌG~�q·o8\HvG~� �T�B<ó

Vô�bDCH&123[&1±3GjkH&123[µ¶·±3Gjkq 1156 

UTLM 1228 UT�bDCHf 4-6Hf 4-7�vBÃBÂ;Ef 4-8 Hf 4-9�/Hf

4-7 G A .Â\CD<~� q;½CT��3�\C ESR GóVôG��G~�q

·o8\HvG~� �T�B<óVô�bDCH&123[&1±3GjkH&1

23[µ¶·±3GjkqÂ;E&123[&1±3GjkqÂ;f 4-6Hf 4-8q

¼½C�<[H«3²03´5ÑD[F ./&123[&1±3Gjk/Gt5oH

b�oHG#j�d�CD<5H035Ü��bBCHvGÛÉ/äC�iA¿d�

CD¿EM=HÐm8GçgoHGÈ5o[Gt5oGèbGjk5cd��ãdg�

d<EÐm8Gçgo�d<G/H&1±35tÍ\CD<[F 5~�67�á¿d

oH0&1234%G=tÌ¿./HG#j�H0&1234%�G=tLM£B

�³ßH§�vG£i./Ð#j�d�CD<��.u<E«3²03´50D[F 

./H]Ìa�GÈ5oHb�oÐ#j�d<E&1±3G�~�.GtÍ/H¤¥

¦d&1G�o����<[lmMB<EvG��H0&1234%5)*+ËÌ[

&ÊºG&1G�o����oyzHx_AB<GdMWH&1±3[&123/H

G#j�d<[lmMB<E 

# �6&123[µ¶·±3GjkqÂ;f 4-7Hf 4-9q¼½<[Hµ¶·±3.^

&1±3[&Ê�3�ÑD«3.HG#jH0D«3.Ð#j�d�CD<F[5ø
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L<Ef 4-4 q¼½<[H0&1234%G��}vG,-.Hµ¶·±3/O

1000 KHÏÕ5nF�CD<E\L\# ESR.?@\CD<«3G0&1234%G

��}vG,-./HE:/vB¸B£É¿dDE 

 

4-1-2# 2004ø 3ù 13úGµû·¦Gs÷h¾ 
 

# 2004ø 3ù 13úGVHFn�� ESR/H�V�V�V�67q�67H��q 30 

3.?@qÒÅ\�E��V�V�o?@AB�&123qf 4-10-a �H&1±3

qf 4-10-b�Hµ¶·±3qf 4-10-c�Â;Ef 4-10-aLMf 4-10-c/ 2ù 11ú

G5[&ã�HtÜ� ESRGvBÃBG�¨UVôVqHÈÜ� VHFGvBÃBG

�¨UVôVqÂ\CD<E¶Æ/~�(UT)H ÇÆ/03(km).u<E��f 4-11

�&Êú� ACE�55?@\� IMFqÂ;E 

# f 4-10-aG ESR [ VHF.G&123­®q¼½<[H700 UTËÌLM 800 UT

ËÌ�L�CH¸FG0&1234%5$67�9:\CD<F[5øL<EfL

MxMLd�3� VHF /FBMG0&1234%5yzAB�4%q[MmCD<

²f 4-10-aGÉ��´E 

# f 4-10-bHf 4-10-cHf 4-10-dGVHFG&1±3Hµ¶·±3Hµ¶·±3q0&

1234%5ÓÔ;<~� �¸¹\C¼½<[Hª5[&ã�0&1234%G

9:�[^�H&1±3Hµ¶·±3Hµ¶·«3G|®5éê\C9:\CD<�

3�Îm<E 

# VHF§� ESR.?@\�&123H&1±3Hµ¶·±3Hµ¶·«3q«3²0

3´c[�·o8\�fqHf 4-12Hf 4-13�Â;E��Hf 4-12Hf 4-13G VHF [

ESRGóVô�bDCH5[\CÉ�B.Â\�H0&1234%G,-qÂ\�f

qHf 4-14 �Â;Ef 4-12 LM 4-14 ./H~�[03.9:¯¼q[�CD<E9

:¯¼G�o6/ 2004ø 2ù 11úGóVô[&Ê.u<E 

# f 4-12Hf 4-13Hf 4-14.G VHFG03 490 km�oÑ«3²VHFG 490 km�o

ÑD03´G4%Hb�o0&1234%5yzAB/Ê��«3�ÌD4%q¼

½C�<[H&123GtÍ[&1±3GtÍ/~�4%5²&#G´HG#j.

u<E&1±3[&123GtÍ/H&1G�o����<��[lmMB<E0&

1234%5yzAB�4%�oÖ\$�%�X��4%�bDCHf 4-12Hf

4-13Hf 4-14G VHFG03 490 kmÇtLM ESRG03 280 km�oÑ«3G4

%²ESRG03 280 kmÇÈ[ VHF¡¢G4%´�n�<0&1234%�.Gv
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BÃBG�¨UVôVq¼½<E0&1234%5yzAB�4%.G&123[

&1±3/HG#jq_�CD�5H«350¿d<�bBC&1±3GtÍ/&

123GtÍ[þ½C#½a�iA¿d�CD¿Ev\CAM�0«3./Ð#jG

jkq_b�3�d<EFBMG&123[&1±3Gjk/ 2004ø 2ù 11úGµ

û·¦[&ÊëìD.u<E 

# #jjkG·oàøo�bDC^H2004ø 2ù 11úGóVô[&ã.HDÉdoH

G#jLMÐ#j�·oàø<ø�./d¿HäC�&1±35#½a�Ñ¿dod

5M·oàø�CD<E 

# &123[&1±35Ð#j�d��03.0&1234%�G�qÑD±3

/HESRG03 365 km.O 2100 KH03 400 km.O 2000 K.u��E0&12

34%5ÓÔ)7H&ÊæüH&Ê?@ñVò.u<H2004ø 3ù 6úG 700 UTL

M800 UTG�q¯¼\�&1±3/HESRG03350 km.O2200 KH03400 km

.O 2400 K.u��EFGóVô�bDC^H2004ø 2ù 11ú[&ãH0&123

4%��.G±3/H&'(&15_�CD<�´µ1¨|·òG±3²&1G�o

��5×D~G±3´�oÈ5�CD<^G[Ï@AB<E 

# f 4-15 �f 4-14 .Â\�~� q·o8\HvG~� �T�B<óVô�bD

CH&123[&1±3GjkH&123[µ¶·±3GjkqÂ;Ef 4-15 q¼

½<[Hµ¶·±3[&123Gjk�bDC/þÿaÑD«3Hb�o VHF G0

3 490 km�oÑ«3G4%²035 490 kmÇÈG4%´./H0&1234%G

£i.0¿H�i.Ñ¿d�CD<EvG4%�o0D«3./Hµ¶·±3/0&

1234%G��.tÍ\CD<LH^\¿/H0&1234%[/jøo×¿E¤

\CD<E 

# ��µ¶·±3GE¤/H0&1234%5yzAB/Ê��«3�ÌD4%.

/Hµ¶·±35�qÑD~� �o 1000 KÇttÍ\CD�5H$�%G=.u

<ESRG03 200 kmLM 500 km./HO 300 K\LtÍ\CDdDE2004 ø 2 ù

11 úGµû·¦G)*+ËÌ./H1000 KÇtGE¤5�MB�5H$�%G=.

/HO 400 K GE¤\L×L��EÑ«3.&³GE¤5à¿H0«3�bDC/

&³GE¤5%¿d<G/ 2004ø 2ù 11úGµû·¦[&Ê.u<E 

 

 

4-1-3# 2003ø 3ù 27úGµû·¦Gs÷h¾ 
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# 2003ø 3ù 27úGVHFn�� ESR/H�V�V�V�67q�67H��q 30

3.?@qÒÅ\�E��V�V�o?@AB�&123qf 4-16-a �H&1±3

qf 4-16-b�Hµ¶·±3qf 4-16-c�H�Â;Ef 4-16-aLMf 4-16-c/ 2ù 11

úG5[&ã�HtÜ� ESRGvBÃBG�¨UVôVqHÈÜ� VHFGvBÃB

G�¨UVôVqÂ\CD<E¶Æ/~� (UT)H ÇÆ/03²km´.u<E��f

4-17�&Êú� ACE�55?@\� IMFqÂ;EdnHFGµû·¦./ 2004ø 2

ù 11ú} 2004ø 3ù 13úGµû·¦[íDVHF.0&1234%G9:5?@

AB�~� ²4-16-aG½DÉ�.Â\�~� ´�úÀ5u<E 

# VHF§� ESR.?@\�&123H&1±3Hµ¶·±3Hµ¶·«3q«3²0

3´c[�·o8\�fqHf 4-18Hf 4-19�Â;E��Hf 4-18Hf 4-19G ESR [

VHF GóVô�bDCH5[\CÉ� C .�U¿H0&1234%G,-qÂ\�

fqHf 4-20 �Â;Ef 4-18 LM 4-20 ./H~�[03.9:¯¼q[�CD<E

9:¯¼G�o6/ 2004ø 2ù 11úGóVô[&Ê.u<E 

# FGµû·¦.?@AB�0&1234%�bDC/H4-1-3 .îÿ\�H2004 #

ø 3ù 13úGµû·¦[�¿ï�ëìDq;<E&123[µ¶·±3Gjk�bD

C/Hf 4-18Hf 4-19GVHF.?@AB�4%./0&1234%G£.Hµ¶·

±350¿H0&1234%G�.Ñ¿d�CD<Ef 4-19H4-20G0«3�9:\

CLMG?@h¾./H0&1234%G��.±350¿d<Eµ¶·±3GE

¤�bDC/H$�%G=�Z¡�X�CD<[ÞøB<ESRG?@4%G=./H

O1000 KGE¤.u<5H)*+��oÌD[lmMB<VHFG?@4%./2000 

K¸BGE¤5u<E0&1234%[&³Gjk�bDC/Hf 4-18Hf 4-20L

M­L<�3�H2004 ø 3 ù 13 ú[&Ê.u<E��HÑ«3.&³GE¤5à¿H

0«3�bDC/&³GE¤5%¿d<G/ 2004ø 2ù 11ú§� 2004ø 3ù 13

úGµû·¦[&Ê.u<E 

# f 4-21 �f 4-21 .Â\�~� q·o8\HvG~� �T�B<óVô�bD

CH&123[&1±3GjkH&123[µ¶·±3GjkqÂ;E 

f 4-21qÎ<[&123[&1±3Gjk�bDC/H��G5£G«3²ESRG

240 km .G?@´qö�WÐ#j�d�CD<E&1±35&123[[^�tÍ

\CD<«3²03´5¸[UBÎMBdL��E 

# $�%�.G&1±3�bDCAM�¼½C�<E&ÊøH&ÊæüH&Ê~� 

.0&1234%5�y\CDdD?@5×DG.H2003 ø 3 ù 27 úG ESR G

?@óVôG=.H0&1234%5�y\CDdD~� .u< 500 UTLM 600 
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UTG&1±3[Hf 4-20�Â\�0&1234%�.�q&1±35ÑD4%.

G±3qþÿ;<E500 UTLM 600 UT./&1±3G¯¼/ 350 km.O 2800 KH

0&1234%�./H03350 km.O2500 K.u��E&'(G±3/500 UT

LM 600 UT�oH1000 UTG¸35&'(G±350DF[q¡mCÏ@;BWHF

Gµû·¦�bDC^&1±3/x`G&'(G±3�o^È5�CD<^G[Ï@

AB<E 

 

4-1-4# 4-1üG�[� 
 

# 4-1ü./H2004ø 2ù 11úH2004ø 3ù 13úH2003ø 3ù 27úGóVôq^

[�H0&1234%G�£G�o��}&³GàA�bDCHyzAB/Ê��

)*+ÌGLMH$�%G���.Gã1qÂ\�EFG 3 bGµû·¦�bDC�

[�<H 

 

(1) &1±3GE:LMÏýAB<&1G�o���bDC/H)*+ÌGG0&

1234%5yzAB/Ê��³ß./àD5H$�%G=�9:\CD¿�b

B%¿d<LH×¿d<E²2003ø 3ù 27úGµû·¦./&1G�o��GE¤

/�MBdL��E´ 

(2) $�%�G0&1234%�.&1±35ÑÈ\CD<4%./H0&123

4%5�y\CDdD³i�o^&1±35È5<E&1±3/�o��GdD

~G!ýad±3�d�CD<G./d¿HvB�oAM�ÑD±3[d�CD<E

(�&1/34ABCD<E 

(3) &³GàA�bDC/H)*+ÌG.0&1234%G��[£�.£Édð

5u��5H$�%�X<[ð5iA¿d��E 

(4) 0&1234%[&³5tÍ;<yzGjk�bDC/H�y;<)*+,-

§�$�%GÑ«34%./H2004ø 2ù 11ú./0&1234%G��.H

2003ø 3ù 27ú[ 2004ø 3ù 13úGóVô./&1235tÍ\CD<4%

G;ß£�.tÍ\CD�E&³5àD4%./ghiYZG��&1�È5

u�C^&123GtÍ5ÎMBdDF[^lmMB<E  

  FG¹�bDC/l&.ñè;<E 

 

4-2# $�%�.GH&123H&1±3Hµ¶·±3Gýºaþÿ 
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# $�%�. ESR 5$6789:;<0&1234%q�m�5�bDCm½<E

°ð\�óVôF/ 21 µû·¦.u<E&123[&1±3GjkH&123[µ

¶·±3Gjk�bDCHvBMGjk�ò¹\C 4 bG�ôV·�­e\�EFG

æ./JKad5�bDCm½<Eµû·¦c[G­e�bDC/> 4-1 �Â;Ed

nFGæ.Â;1¨¥.H&123H&1±3Hµ¶·±3q03c[�·o8\�

f�bDC/H2004 ø 2 ù 11 ú[&Ê6'.H9:¯¼q[�CD<E 

 

4-2-1 ôµ+ 1!$�%�.&123[&1±3H&123[µ¶·± 
35"�Ð#jqÂ;^GE²ESR ¿�G?@.ó 8 µû·

¦E´ 

 

2001ø 11ù 13ú Gµû·¦Gs÷h¾ 
 

# f 4-22� 2001ø 11ù 13ú � EISCAT�V�V.?@AB�&123H&1±

3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-23� ACE�55?@\� IMFqÂ;Ef

4-24 � 2001ø 11ù 13úG EISCATóVô�oïMB�H&123H&1±3Hµ

¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;E 

# f 4-23GDGËÌG4%�bDC¼½<[H&123[&1±3Gjk5HÐ#

j�d�CD<EFB/H4-1 ü.îÿ\�µû·¦G$�%�.Gjk[&ãGë

ìD.uoH$�%�./&1Gëo��5%D^G[Ï@AB<E��H&123

[&1±35Ð#j�d��03.0&1234%�G�qÑD±3/HESR G

03 365 km.O 1300 K.u��E0&1234%5ÓÔ)7H&ÊæüH&Ê?

@ñVò.u<H2001ø 11ù 20úG 1000 UTLM 1100  UTG�q¯¼\�&1

±3/HESRG03 350 km.O 1700 KH.u��EFGóVô�bDC^H2004ø

2ù 11ú[&ãH0&1234%��.G±3/H&'(5_�CD<`ÂG±3

�oÈ5�CD<^G[lmMB<EFB/ 4-1üG�[�G(2)H(3)[li\CD<E 

# &123[µ¶·±3Gjk/f 4-23GÉ� D.Â\�4%q¼½<[H0&1

234%�i.±35ÑÈ\H£i.±35tÍ\CD<E2004 ø 2 ù 11 úGµ

û·¦G$�%Gã#[�X\CD<E��µ¶·±3G£ÉA}E¤^nn�vH

2004ø 2ù 11úGóVô[&Ê.u<E 

#  

4-2-2 ôµ+ 2!$�%�.&123[&1±35Ð#j.&123[ 
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µ¶·±35×jkd^GE(ESR¿�G?@.ó 10 µû·¦E) 

 
2001ø 2ù 15úGµû·¦Gs÷h¾ 
 

# f 4-25�H2001ø 2ù 15ú � EISCAT�V�V.?@AB�&123H&1±

3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-26� ACE�55?@\� IMFqÂ;Ef

4-27 � 2001 ø 2 ù 15 úG EISCAT óVô�oïMB�H&123H&1±3Hµ

¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;Ef 4-27q¼½<[&1±3

[&123�bDC/H4-1 ü.Â\�µû·¦G$�%�} 4-2-1 ü.îÿ\�µ

û·¦[&ã�H&123[&1±3/Ð#j�d�CD<E��0&1234%

�.G&1±3�bDC/H0&1234%5ÓÔ)7H&ÊæüH&Ê?@ñV

ò.u<H2001ø 2ù 13úG 900 UTLM 1000 UT²í3~� ./0&1234

%G9:5ÎMB<��µû·¦[\C°ð\CD<5HFG~� ./0&123

4%G9:/ÎMBdD´G03 350 kmG±3 2600 K[þÿ;<[xML�Ñ¿d

�CD<E 

# ôµ+ 2 ./HÉ� E .Â\��­G�3�Hµ¶·±3/&123}&1±3[

/j»5ÎMB7H0&1234%5ÓÔ;<4%}H�o��5u<4%[/×

jk�E¤\CD<E(2001 ø 2 ù 15 úG8G03G��G~� ./Hôµ+ 1

G�3�µ¶·±35ô<��CD<«3^u<E) 

 

4-2-3 ôµ+ 3!$�%�.&123[&1±35Ð#j.Hµ¶·±# # #  
350&1234%�.tÍ\CD<^GE(ESR ¿�G?@. 

ó 0 µû·¦ E) 

 

# FGôµ+�bDC/H4-1ü.m½�H2003ø 3ù 27ú[ 2004ø 3ù 13úG 2

µû·¦.ÎMB�Ef 4-13Hf 4-14Hf 4-19Hf 4-20G ESRG?@4%q¼½<

[H&123[&1±3Gjk/Hôµ+ 1}ôµ+ 2[&ã�HÐ#j�d�CD<E

4-1-2üH4-1-3ü.^m½�5H0&1234%�G&1±3/H0&1234%

£G±3�oÈ5�CD�EFGF[^ôµ+ 1}ôµ+ 2 [&Ê.u<E&123[µ

¶·±3Gjk�bDC/Hf 4-13Hf 4-14Hf 4-19Hf 4-20 G ESR G?@4%

q¼½<[H0&1234%�./µ¶·±35tÍ\CD<F[5øL<E 
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4-2-4 ôµ+ 4:&123[&1±3G#j5%¿H&1235µ¶·± 

3G0D[F .ÕÖ\CD<^GE(ESR ¿�G?@.ó 3 µû

·¦E) 

 

2000ø 7ù 15úGµû·¦Gs÷h¾ 
 

# FGôµ+/H&123[µ¶·±3Gjk58G 3 bGôµ+�o×v.u<5H

&123[&1±3Gjk5%DF[5uÕMB<E 

# f 4-28�H2000ø 7ù 15ú � EISCAT�V�V.?@AB�&123H&1±

3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-29� ACE�55?@\�&ÊúG IMFq

Â;Ef 4-30� 2000ø 7ù 15úG EISCATóVô�oïMB�H&123H&1

±3Hµ¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;Ef 4-31 [f 4-32�

f 4-30 .ÎMB<0&1234%G¸[UBqT��3�·o8\HvG~� �

T�B<óVô�bDCH&123[&1±3GjkH&123[µ¶·±3Gj

kqvBÃBÂ;Ef4-30Hf 4-31Hf 4-32q¼½<[H03 300 km�oÑ«3²Ñ

03´./&1235&1±3[[^�tÍ\Cno0&1234%/H&1G�o

����oyzAB�^G[ÞøB<E\L\H03 300 km�o0«3(003)./H

&123[&1±3/×jk�E¤\CD<ELøo�H&123[×jk.u�

�µ¶·±35H&123GÑD[F .ÍÎ�tÍ\CD<E03 300 km�ot.

/H�o��GÒ¾��o^Hµ¶·±3GtÍ��<H&1GghiGÒ¾5à¿

d�CD<[ÞøB<E 

# 0&1234%��[vGËÌG&1±3G£ÉAq0&1234%5×D[F

 [þ½<E03 400 km �otG4%GH&1±3�o^µ¶·±3G65&12

3[Gjk5àD4%./H0&1234%�§�vGËÌG&1±3/H0&

1234%5×D4%�o0DE0&1234%5×D4%G±3[\CH2000ø

7ù 15úG 900 UTLM 1000 UTG�G¯¼\�&1±3H400 km. 3200 Kqu

Õ<E$6789:;<0&1234%5u< 430 UTLM 600 UTËÌ./ 3200 

KLHvBÇtG&1±3.u<E03 400 kmÇÈG&123[&1±3Gjk

5µ¶·±3[Gjk�o^àD4%�nDC^H0&1234%5u<4%G6

5×D4%�o^&1±35tÍ\CD<EFG5G&'(/8Gôµ+G5[Àd

oúÀ��<&'5¢øBCD<;<.u<F[�¸Ê\Cõc�sö;<F[5k

!.u<E&1G�o����o&'(5Y�AB���[ÞøB<E 
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4-2-5# 4-2üG�[� 
 

4-2 ü./H$�%G=�u<H0&1234%�bDCH�o��}H&³�¸¹

\Cm½�E 

(1) ôµ+ 1Hôµ+ 2Hôµ+ 3 ./$�%G=./H&123[&1±35Ð#j

�d<E 

(2) ôµ+ 1Hôµ+ 2Hôµ+ 3./µ¶·±3/vBÃBôµ+.ëìD5í�CD

�²&1±3[&123/ 3 ôµ+[^Ð#j.u��´EFBMGµû·¦./µ

¶·±3GtÍÈ�/&123}&1±3�£ÉdYZq[mCDdDst�

5u<E 

(3) ôµ+ 4./H&123[µ¶·±3GÐ#j5Îm�5&1±3[Gjk5Î

MBdL��EFB/µ¶·±3GtÍ��oHµ¶·[&1Gghi;<YZG

65H&1G�o����o&1235tÍ;<YZ�o^à¿Îm���[Þø

B<E 

 

4-3# )*+ËÌ.G&123H&1±3Hµ¶·±3Gýºaþÿ 
 

# 4-3ü./0&1234%q)*+ËÌ.?@.É� 2000ø 11ù 27úGµû·

¦[0&1234%59:q���]ÁG~� q�mMB� 2003ø 5ù 28úG

µû·¦�bDCm½<EdnFGæ.Â;1¨¥.H&123H&1±3Hµ¶·±

3q03c[�·o8\�f�bDC/H2004ø 2ú 11ú[&Ê6'.9:¯¼q

[��óVôqðDCD< 

 

4-3-1# 2000ø 11ù 27úGµû·¦Gs÷h¾ 
 
# f 4-33 �H2000ø 11ù 27ú � EISCAT �V�V.?@AB�&123H&1

±3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-34� ACE�55?@\�&ÊúG IMF

qÂ;Ef 4-35� 2000ø 11ù 27úG EISCATóVô�oïMB�H&123H&

1±3Hµ¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;Ef 4-30qÎ<[H

&123GtÍ/H&1±3GtÍ[[^�±F�CD<F[5ÎC�B<EFB/

4-1ü.m½�H2004ø 2ù 11ú} 2004ø 3 ù 13ú[&Ê��.u<E0&1

234%59:\/Ê��yz[)*+�bDCþÿ;<E2000 ø 11 ù 27 úGµ
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û·¦�bDC/Hab[2001] . DMSP �5G�È�1LM)*+Gyzq�ý\

CD<EvGh¾qkð;<[H)*+GÑ«3rsGyz/ 925 UT .«3 75.6

3²VHFG03.O 450 km´.u��Ef 4-35q¼½<[H900 UTËÌG0&12

34%/H03 260 km�o«3GÑD4%.yzABCD<Eab[2001]5R8\

�)*+GÑ«3rsGyzG~�E:ql÷\C^H0&1234%/H)*+

GÑ«3irs�oÑ«3.yzAB/Ê�CD<E2004ø 2ù 11úGµû·¦.

/H)*+GÑ«3irsGyz[0&1234%5yzAB/Ê�<yz5H¸

W�X\CD�F[[/HÀd<h¾.u<E 

 32



4-3-2# 2003ø 5ù 28úGµû·¦Gs÷h¾ 
 

# f 4-36�H2003ø 5ù 28ú � EISCAT�V�V.?@AB�&123H&1±

3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-37� ACE�55?@\�&ÊúG IMFq

Â;Ef 4-38� 2003ø 5ù 28úG EISCATóVô�oïMB�H&123H&1

±3Hµ¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;Ef 4-36 Gµ¶·±

3q¼½<[H1000 UTG03 400 kmËÌLMH1030  UTG03 200 kmËÌG 2 

¹qhU¿Ùft�o0D«3.µ¶·±35tÍ\CD<Eµ¶·±35tÍ\C

D<4%G&1±3q¼½<[H&1±3^tÍ\CD<E��&Ê4%.&12

3q¼½<[µ¶·±35tÍ\�4%ËÌ.0&1234%G9:5ÎC�B

<E 

# f 4-38 G=G G } H .Â\�0&1234%G�£q¼½C�<[E&123

/&1±3[[^�tÍ\CD<EG } H .Â\�0&1234%Gµ¶·±3G

�£�bDC¼½C�<[H0&1234%G��.µ¶·±35tÍ\CD<E

µ¶·±3GtÍ/HG.Â\�0&1234%.O600 KHH.Â\�0&123

4%.O 1000 K GtÍ.u��EFBMG&1±3}µ¶·±3G~�¬�­®

/H2004ø 2ù 11úGµû·¦[&ã.u<E 

 

4-3-3# 4-3üG�[� 
 

(1) )*+ËÌ}0&1234%5yzAB/Ê��«3./H&123/&1±

3["�tÍ\CD�E 

(2) µ¶·±3G~�¬�­®/H2003ø 5ù 28úµû·¦./H0&1234%

G��.tÍ\CD�E 

(3) 0&1234%5yzAB/Ê��«3/H2000ø 11ù 27úGµû·¦./H

)*+�oÑ«3i�u��E2003 ø 5 ù 28 úGµû·¦./Hµ¶·±35t

Í\CD<4%ËÌ�u��E 

 33



4-3-2# 2003 ø 5 ù 28 úGµû·¦Gs÷h¾ 
 

# f 4-36�H2003 ø 5 ù 28 ú � EISCAT�V�V.?@AB�&123H&1

±3Hµ¶·±3Hµ¶·«3qÂ;Ef 4-37� ACE�55?@\�&ÊúG IMF

qÂ;Ef 4-38� 2003 ø 5 ù 28 úG EISCATóVô�oïMB�H&123H&

1±3Hµ¶·±3Hµ¶·«3q03c[�·o8\�fqÂ;Ef 4-36 Gµ¶·

±3q¼½<[H1000 UTG03 400 kmËÌLMH1030 UTG03 200 kmËÌG

2 ¹qhU¿Ùft�o0D«3.µ¶·±35tÍ\CD<Eµ¶·±35tÍ

\CD<4%G&1±3q¼½<[H&1±3^tÍ\CD<E��&Ê4%.&1

23q¼½<[µ¶·±35tÍ\�4%ËÌ.0&1234%G9:5ÎC�

B<E 

# f 4-38 G=G G } H .Â\�0&1234%G�£q¼½C�<[E&123

/&1±3[[^�tÍ\CD<EG } H .Â\�0&1234%Gµ¶·±3G

�£�bDC¼½C�<[H0&1234%G��.µ¶·±35tÍ\CD<E

µ¶·±3GtÍ/HG.Â\�0&1234%.O600 KHH.Â\�0&123

4%.O 1000 K GtÍ.u��EFBMG&1±3}µ¶·±3G~�¬�­®

/H2004ø 2ù 11úGµû·¦[&ã.u<E 

 

4-3-3 # 4-3üG�[� 
 

(1) )*+ËÌ}0&1234%5yzAB/Ê��«3./H&123/&1±

3["�tÍ\CD�E 

(2) µ¶·±3G~�¬�­®/H2003ø 5ù 28úµû·¦./H0&1234%

G��.tÍ\CD�E 

(3) 0&1234%5yzAB/Ê��«3/H2000ø 11ù 27úGµû·¦./H

)*+�oÑ«3i�u��E2003 ø 5 ù 28 úGµû·¦./Hµ¶·±35t

Í\CD<4%ËÌ�u��E 
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f 4-1-a# 2004 ø 2 ø 11 ú� EISCAT �V�V.?@AB�&123G~�E:E 

ÇÆ503H¶Æ5~�(UT)qÂ;EtiGf/ ESRHÈiGf/VHFG&123qÂ;EG¶�

&123G*�VTqÂ;E½ÈGÉ�.Â\�~� �9:�0&1234%5?@ABCD

<E 

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-1-b  2004 ø 2 ù 11 ú� EISCAT �V�V.?@AB�&1±3G~�E:E 

ÇÆ503H¶Æ5~�(UT)qÂ;EtiGf/ ESRHÈiGf/VHFG&123qÂ;EG¶�

&1±3G*�VTqÂ;E½ÈGÉ�.Â\�4%�o0«3.&1±35ÍÎ�tÍ\CD

<E 
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f 4-1-c# 2004 ø 2 ù 11 ú� EISCAT�V�V.?@AB�µ¶·±3G~�E:E 

ÇÆ503H¶Æ5~�(UT)qÂ;EtiGf/ ESRHÈiGf/ VHFGµ¶·±3qÂ;EG¶

�µ¶·±3G*�VTqÂ;E½ÈGÉ�.Â\�4%.µ¶·±35ÍÎ�tÍ\CD<E 

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-1-d# 2004 ø 2 ù 11 ú� EISCAT �V�V.?@AB�µ¶·«3G~�E:E 

·«3qÂ;EG¶ÇÆ503H¶Æ5~�(UT)qÂ;EtiGf/ ESRHÈiGf/ VHFGµ¶

�µ¶·±3G*�VTqÂ;E 
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f4-2#  ACE�5G?@��<2004 ø2 ù11 ú0000 UTLM1800 UT�.GIJKP³( nT ) E

tLMØ� BxHByHBzq>;E 
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f 4-3  2004 ø 2 ù 11 ú 1130 UTLM 1300 UT�VHF. 385 kmLM 640 km�nDC?@\�H

¶03�n�<wr�¨UVôVE 

¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<

Fç/vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH

03 410km �n�<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´A .Â\

�~� �¸¹;<9:�0&1234%5u<E 

A 
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A

f 4-4  2004 ø 2 ù 11 ú� ESR. 265 kmLM 465 km�nDC?@\�H¶03�n�<wr�

¨UVôVE¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<E

Gi�u<Fç/vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 

km [uBWH03 410km �n�<&1±3q 4000K LM 2000K Gy�.¹f[¹fG��Â\C

D<´A.Â\�~� �¸¹;<9:�0&1234%5u<E 
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f 4-5# 2004 ø 2 ù 11 úG 1157 UTLM 1228 UT�nDC ESR[VHF .?@AB�0&1234%.G0

3c[G&123(½)H&1±3({)Hµ¶·±3(ß)G~�E:E 

¶fG¶Æ/UTHÇÆ/&123H&1±3Hµ¶·±3�½¾;<Eti 12 M5ESRGÈi 12 M5VHF

G?@h¾qÂ;Eµ¶·±3/VHF./ 1000 KLM 3000 KHESR./ 800KLM 1500KE&1±3/VHF./

1000 KLM 4000 KHESR./ 1000KLM 2400K&123/VHF./ 1010.2LM 1011.6m-3HESR./ 1010.4LM

1011.6m-3Gy�qÂ;Ef 4-3Hf 4-4=�A.Â\�~� G9:�0&1234%qÂ;E 
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f 4-6  2004 ø 2 ù 11 úG 1157  UTLM 1220 UT�nDCVHF.?@AB�0&1234%�

.G03c[G&123[&1±3GjkE¶Æq&123²10.2 m-3LM 11.6 m-3Gy�´HÇÆq

&1±3²1000 KLM 4000 KGy�´�[<E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-7   2004 ø 2 ù 11 úG 1157 UTLM 1220 UT�nDCVHF.?@AB�0&1234%

qµ¶·±3²500 KLM 2500 KGy�´�[<E 

�

.G03c[G&123[µ¶·±3GjkE¶Æq&123²10.2 m-3LM 11.6 m-3Gy�´HÇÆ
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f

 

Æq

 

4-8  2004 ø 2 ù 11 úG ESR.?@AB�03c[G&123[&1±3GjkE 

¶Æq&123²10.2 m-3LM 11.6 m-3Gy�´HÇÆq&1±3²1000 KLM 4000 KGy�´�[<E

f 4-9 # 2004 ø 2 ù 11 úGESR.?@AB�03c[G&123[µ¶·±3GjkE¶Æq&

123( m-3 )HÇÆqµ¶·±3( K ) �[<E¶Æq&123²10.2 m-3LM 11.6 m-3Gy�´HÇ

&1±3²800 KLM 1600 KGy�´�[<E 
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f 4-10-a  2004 ø 3 ù 13 ú� EISCAT �V�V.?@AB�&123G~�E:E 

ÇÆ503H¶Æ5~�qÂ;EtiGf/ ESRHÈiGf/ VHFG&123qÂ;E 

¶�&123G*�VTqÂ;E½ÈGÉ�.Â\�~� �9:�0&1234%5?@A

 

f

G¶�&1

G

BCD<E 

 

4-10-b  2004 ø 3 ù 13 ú� EISCAT �V�V.?@AB�&1±3G~�E:E 

ÇÆ503H¶Æ5~�qÂ;EtiGf/ ESRHÈiGf/VHFG&123qÂ;E

±3G*�VTqÂ;E 
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f 4-10-c# 2004 ø 3 ù 13 ú� EISCAT�V�V.?@AB�µ¶·±3G~�E:E 

ÇÆ503H¶Æ5~�qÂ;EtiGf/ESRÈiGf/VHFGµ¶·±3qÂ;EG¶�µ¶·±3G*

VTqÂ;E½ÈGÉ�.Â\�«3�o0«3.µ¶·±35,-�o0D4%5?@AB�E �

f 4-11# ACE�5G?@��< 2004 ø 3 ù 13 ú 0000 UT LM 1800 UTGIJKP³( nT)EtLMØ�

BxHByHBzq>;E 

 43



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-12  2004ø 3ù 13úG VHF. 280 kmLM 635 km�nDC?@\�H¶03�n�<wr�

¨UVôVE¶Æ UTEÇÆ�&123q 1±3q{f.Hµ¶·±3qßf.Â\CD<EUTEÇÆ�&123q 1±3q{f.Hµ¶·±3qßf.Â\CD<E½f.H&½f.H&

Gi�u<Fç/vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 

km [uBWH03 410km �n�<&1±3q 4000K LM 2000K Gy�.¹f[¹fG��Â\C

D<´EB.Â\�~� �¸¹;<9:�0&1234%5u<E

Gi�u<Fç/vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 

km [uBWH03 410km �n�<&1±3q 4000K LM 2000K Gy�.¹f[¹fG��Â\C

D<´EB.Â\�~� �¸¹;<9:�0&1234%5u<E

B 

(UT)7:00 8:30

 44



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-13  2004ø 3ù 13úG ESR. 210 kmLM 465 km�nDC?@\�H¶03�n�<wr�¨UVôVE

¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<

Fç/vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH

03 410km�n�<&1±3q 4000 KLM 2000 KGy�.¹f[¹fG��Â\CD<´EB.Â

\�~� �¸¹;<9:�0&1234%5u<E 

B 

7:00 8:30(UT)
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4-14# 2003ø 3ù 13ú� 713UTLM �nDCHESR [ VHF.?@AB

&1234%.G03c[G&123(½)H&1±3({)Hµ¶·±3(ß)G~�E:E 

746 UT �H f

0

¶fG¶Æ/UTHÇÆ/&123H&1±3Hµ¶·±3�½¾;<Eti 12 M5ESRGÈi 12 M5VHF

G?@h¾qÂ;Eµ¶·±3/VHF./ 1000 KLM 3000 KHESR./ 1000KLM 1800KE&1±3/VHF.

/ 1000 KLM 4000 KHESR./ 1500KLM 3500K&123/VHF./ 1010.2LM 1011.6m-33ESR./ 1010.8LM

1011.3m-3Gy�.Â;Ef 4-12Hf 4-13=�B.Â\�~� G9:�0&1234%qÂ;E 

 46



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R./ 1000 K

LM 1600 K´�[<E   

f 4-15  2004ø 3ù 13úG 713 UTLM 746 UT�nDC ESR[ VHF.?@AB�0&1234%�.G0

3c[G&123[µ¶·±3GjkE 

ti12M/ESR .HÈi12M/VHF.?@AB�^G.u<E¶Æq&123²VHF./10.0 m-3LM 11.3 m-3

./HESR./ 10.7 m-3LM 11.3 m-3´HÇÆqµ¶·±3²VHF./ 1000 KLM 3500 KGy�HES

 47



 

 

 

 

 

 

 

 

 

 

 

 

 

5?@A

 

f 4-16-a# 2003 ø 3 ø 27 ú� EISCAT �V�V.?@AB�&123G~�E:E 

ÇÆ503H¶Æ5~�qÂ;EtiGf/ ESRHÈiGf/ VHFG&123qÂ;E 

G¶�&123G*�VTqÂ;E½ÈGÉ�.Â\�~� �9:�0&1234%

BCD<E 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-16-b# 2003 ø 3 ø 27 ú� EISCAT �V�V.?@AB�&1±3G~�E:E 

ÇÆ503H¶Æ5~�qÂ;EtiGf/ ESRHÈiGf/VHFG&123qÂ;EG¶�&1

±3G*�VTqÂ;E

 48



   

ÇÆ503H¶Æ5~�qÂ;EtiGf/ ESRHÈiGf/VHFG&123qÂ;EG¶�&

 

f 4-17# ACE�5G?@��< 2003 ø 3 ù 27 úG 0000 UT LM 1800 UTGIJKP³( nT

 

 

 

 

 

 

 

 

 

 

 

f 4-16-c# 2003 ø 3 ø 27 ú� EISCAT �V�V.?@AB�µ¶·±3G~�E:E 

1

±3G*�VTqÂ;E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

)E

tLMØ� BxHByHBzq>;E 

0:00 18:00 

10 

10 

10

-15 

-15 

-10 

 

Bx

By

Bz
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f 4-18  2003 ø 3 ù 27 úG VHF. 210 kmLM 625 km�nDC?@\�H¶03�n�<wr�¨UVô

VE¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/

vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n

�<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´EB.Â\�~� �¸¹;<9:�

0&1234%5u<E 

C

 50



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C

f 4-19  2004 ø 3 ù 13 úG ESR. 215 kmLM 495 km�nDC?@\�H¶03�n�<wr�¨UVô

E¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/

vBÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n

<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´EC.Â\�~� �¸¹;<9:�

V

�

0&1234%5u<E
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4-20# 2003 ø 3 ù 27 úG 920UTLM 1042 UT�nDCHESR[VHF.?@AB�H0&1234%G03f

c[G&123H&1±3Hµ¶·±3G~�E:E¶fG¶Æ/UTÇÆ/&123H&1±3Hµ¶·±3

�½¾;<Eti 12 M5ESRGÈi 12 M5VHFG?@h¾qÂ;Eµ¶·±3/VHF./ 1000 KLM 4500 

KHESR./ 1000 KLM 2500 KE&1±3/VHFHESRâ� 1000 KLM 4500 KH&123/VHFHESRâ�

1010.4LM 1012.0m-3Gy�qÂ;Ef 4-18Hf 4-19=�C.Â\�~� G9:�0&1234%qÂ;E 

 52



f 4-21 2003ø 3ù 27úG 920UTLM 1042 UT�n DCESR[VHF.?@AB�0&1234%�.G

03c[G&123[&1±3GjkEti 12 M/ ESR .HÈi12M/VHF.?@AB�^G.u<E¶

Æq&123²10.4 m-3LM12.0 m-3Gy�´HÇÆq& 1±3²1000 KLM 5000 KGy�´ 

�[< 
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> 4-1# ESR.?@AB�$6789:;<0&1234%Gôµ+­�E 

¾!:/ ESR [ VHF.&�G0&1234%G9:q?@.É�^G(35[)qÂ;E 

ESRG4%G�.�mMB�µû·¦(215)qÂ;E 

 

 

 

 

 

 

 

566:7595?$ KLM5

566:7>95@$ KLM5

566:7@955$ KLM5

566:7@95>$ KLM5

566:7::9::$ KLM5

566:7::9:>$ KLM:

56657595:$ KLM5

566>7>958$ KLM>B

566>7::9<$ KLM:

566<759::$ KLM:B

566<7>9:>$ KLM>B

566<7<9:>$ KLM<

$%& KLM

5666789:;$ KLM<

56667895<$ KLM<

56667::95;$ KLM:

56667::958$ KLM:

56667::9>6$ KLM:

56667:59:$ KLM:

56667:59<$ KLM:

566:759::$ KLM5

566:759:>$ KLM5

566:759:;$ KLM5

566:7595:$ KLM:

566:7595>$ KLM5
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f 4-22# 2001 ø 11 ù 13 ú� EISCAT ESR�V�V.?@AB�&123G~�E:EtLMØ

�&123H&1±3Hµ¶·±3qÂ;E 

 

 

 

 

 

 

 

 

 

 

 

 )E 

� BxHByHBzq>;E 

     

 

 

f 4-23# ACE�5G?@��< 2001ø 11ù 13úGIJKP³ ( nT

tLMØ

2 

5 

-4 

-1 

Bx

By

4 

Bz

-2 
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D 

 

10:00 11:00 12:00 13:00 (UT)

f 4-24  2001ø 11ù 13ú�ESR. 220 kmLM 500 km�nDC?@\�H¶03�n�<wr�¨UVôVE

Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/v

ÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n�

&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´ED.Â\�~� �¸¹;<9:�0

1234%5u<E 

¶

B

<

&
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3qÂ;E 

ACE�5G?@��< 2001ø 2ù 15úGIJKP³ ( nT )E 

f 4-25# 2001 ø 2 ù 15 ú� EISCAT ESR �V�V.?@AB�&123G~�E:E

tLMØ�&123H&1±3Hµ¶·±

 

 

 

 

 

 

 

 

 

 

 

 

 

f 4-26#

6 

4 

5 

-4 

-6 

-2 

Bx

By

Bz

tLMØ� BxHByHBzq>;E 
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E

8:00 10:30(UT)

f 4-27# 2001ø 2ù 15ú� ESR. 220 kmLM 500km�nDC?@\�H¶03�n�<wr�¨UVôVE

¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/v

BÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n�

<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´E 
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4-28# 2000 ø 7ù 15 ú� EISCAT ESR�V�V.?@AB�&123G~�E:EtLMØ�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f

&123H&1±3Hµ¶·±3qÂ;E 

 5 

 

 Bx

 

 6 
 

 

 

 

 

 

 

 

f 4-29# ACE�5G?@��< 2000ø 7ù 15úGIJKP³ ( nT )E 

tLMØ� BxHByHBzq>;E

4 

-4 

-6 

-2 

By

Bz
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f 4-30 2000ø 7ù 15ú� ESR. 210 kmLM 500 km�nDC?@\�H¶03�n�<wr�¨UVôVE

¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/v

BÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n�

<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´E

4:30 5:30 6:30 7:30 8:30
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f 4-31   2000 ø 7 ù 15 ú�nDCESR.?@AB�0&1234%�.G03c[G&123[&1±3

jkE¶Æq&123( m-3 )HÇÆq&1±3( K ) �[<E¶Æq&123²10.6 m-3LM 12.0 m-3Gy�´H

Æq&1±3²1000 KLM 5000 KGy�´�[<E 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

G

Ç

f 4-32  2000ø 7ù 15ú�nDCESR.?@AB�0&1234%�.G03c[G&123[µ¶·±3

GjkE&1234%�.G03c[G&123[&1±3GjkE¶Æq&123( m-3 )HÇÆqµ¶·±3

( K ) �[<E¶Æq&123²10.6 m-3LM 12.0 m-3Gy�´HÇÆq&1±3²1000 KLM 4000 KGy�´�[

<E 
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f 4-33# 2000 ø 11 ù 27 ú� EISCAT ESR�V�V.?@AB�&123G~�E:EtLMØ�&123H

&1±3Hµ¶·±3qÂ;E 

 

 

 

 

 

 

 

 

 

 

 

 

 

30 

30 

30 

-20 

-30 

-20 

Bx

By

Bz

f 4-34# ACE�5G?@��< 2000ø 11ù 27úGIJKP³E 

tLMØ� BxHByHBzq>;E
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F

8:30 10:00 (UT) 

f4-35 2000ø 11 ù27 ú�VHF.245 kmLM585 km�nDC?@\�H¶03�n�<wr�¨UVôVE

¶Æ UTEÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/v

BÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n�

<&1±3q 4000KLM 2000KGy�.¹f[¹fG��Â\CD<´EF.Â\�~� �¸¹;<9:�0

&1234%5u<E 

 63



 

 

 

 

 

 

 

 

 

 

 

 

f MØ�&123H

[B<Eù·µ.Â\

 

 

 

 

 

 

 

 

 

 

 

Ø� BxHByHBzq>;E

 

 

 

4-36# 2003 ø 5 ù 28 ú� EISCAT ESR�V�V.?@AB�&123G~�E:EtL

&1±3Hµ¶·±3qÂ;E½ÈGÉ�.Â\�~� �9:�0&1234%5�C

�«3�o0«3.&1±3H§�µ¶·±35tÍ\CD<E 

 

 

f 4-37# ACE�5G?@��< 2003 ø 5 ù 28 úGIJKP³ ( nT )E 

tLM

 

10 

15 

-10 

-5 

Bx

By

10 

Bz

-10 
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EÇÆ�&123q½f.H&1±3q{f.Hµ¶·±3qßf.Â\CD<EGi�u<Fç/v

ÃBG�¨UVôVG+�´¦\�y�qÂ\CD<²{È. 4000ø2000 410 km [uBWH03 410km�n�

&1±3q 4000K LM 2000K Gy�.¹f[¹fG��Â\CD<´EGHH .Â\�~� �¸¹;<9:

 

 

 

 

 

 

 

 

 

 

G H

 

f 4-38 2003 ø 5 ù 28 ú�ESR. 207 kmLM 500 km�nDC?@\�H¶03�n�<wr�¨UVôVE

¶Æ UT

B

<

�0&1234%5u<E 

10:00 11:00 (UT) 12:00 13:00 
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åBæ# �[�[l& 
 
5-1# �[� 
 

# h�iPQ(rs?.yÊ<PQghi�âDHFlux Transfer Event (FTE)}

Poleward Moving Auroral Form (PMAF) [VWB<=>5±F�CD<[lmMBC

D<E\L\d5M PMAFGwrYZqsx;<t.c![d< PMAFGyz{|

�� PMAFG��n��vG,-�n�<�1G�o��}vGx_{|HPMAF

G&PQa����+¨©ªGS:HÓPef&W[&'(µ�VÐÑV&WLM

d<@äô&W#G­®[Ô:÷/xML�d�CDdDE`��./H)*+4%

,-q?@;<G��\� EISCAT VHF �V�V[$�%��q?@;<G��\

� EISCAT Svalbard �V�V5H�bG0&1234% (PMAF [&Ê=>.u<

[lmMBCD<)qyzLM9:�.G�D4%.�mCD<=>q_�HAM�

VHF 5��.0&1234%5yzAB9:q��<[F q�mCD<=>}H

ESR 5��.0&1234%5$�%q9:\CD<[F q�mCD<=>q¡

m��q¢��E��0&1234%��§�,-�n�<¤¥¦d&1G¯°.

u<&1±3[+¨©ª«3(�&³G¯°�d<µ¶·±3²EýB ò0¥¦´G~

�¬�­®�¸¹\��q¢d��EvGh¾H0&1234%5yzAB�~[

vB5$�%�q9:\CD¿~./Àd<�ÁqÂ;Ã5ÄÅÆ��­L��E 

(1) VHF GóVôLMH0&1234%5�y\�4%}vG4%5:É/Ê�<

)*+ËÌ./H£�­G5.0&1234%��.¤¥¦d&1G�o��q

Â;&1±3GtÍ5ÎMB�E\L\ ESR GóVôLMH$�%G���9:

\�Ï/H0&1234%���¤¥¦d&1G�o��G¬ú/ÎMB7HÐ

�&1±3/vG4%G£�G±3�oÑ¿d<[D3µV0·1Ò¾5ÎMB�E

FB/0&1234%59:;<�bBCH²0&1234%/x_ABCD<

5´&1G�o��5ÕÖH^\¿/×¿d<F[qÂØ\CD<E 

(2) 0&1234%��/ÌGGµ¶·GS:�bDC/HS:G_[d<&³G

à3[r¿j»;<µ¶·±3qðDC¼½�h¾H0&1234%5�y\�

ÜÝ§�vGÙÏ�nDC/H0&1234%��/vGÌGGLMB�4%

.Hµ¶·±3²÷Üa�µ¶·«3H&³à3´/vBÇ£G4%�þ½C]Ê

�tÍ\CD�E�6H0&1234%5$�%��9:\C¿<[Hµ¶·±3

GtÍG3iD/²yz~�þ½C´iA¿doH0&1234%/ÌG[vBÇ
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£G4%�n�<µ¶·±3[Gð/iA¿doH�o�ãdµ¶·±3²÷Üa

�µ¶·«3H&³à3´5?@AB�E��0&1234%Gyz~n��Ù

Ï/HÞßad0=Sµ�³·5±ÉCD<4%G�.µ¶·±3²µ¶·«3H

&³´GtÍ5ÎMB<5H0&1234%5$�%�9:\CD¿��DHµ¶

·±3/�ã²&³5$��.�ã´�d<Û75ÎMB�E 

(3) tûG�3�H0&1234%Gyz/x_{|[&PQ��^6[^H)*+

ËÌ.yzAB�ÙÏ[9:\CÉ�$�%G��./£É¿Àd<F[5?@

LMxML�d��E 

 

5-2# l& 
 

5-2-1 )*+ËÌ§�$�%�n�<0&1234%[¤¥¦d&1G�o��G
~�¬�jk 
 

# )*+4%,-�nDCyzAB$67�9:qì�\�0&1234%G��

G&1±3/H0&1234%G£�G&1±3�þ½C]ÊdtÍqÂ\�EF

4%�n�<&1±3GÞßadtÍ5HÇÈ�m½<�3�þÿaÑDRSTU

Vq_b&1G�È��oyÊ<F[LMHFG?@ÃÒ/H,-�o^0D0&1

234%G&123/H)*+,-�Pefqx\Cbd5<h�iPQ(rs

?HIJKHdD\�V�0«3²ª·¦T÷´LMG&1G�����o¨MBx_

ABCD<F[qÂ\CD<E 

# &1±3[�1G���[Gjk/ÇÈG�3.u<EPQ(LM&'(8�o

�U.É�&1/H=��1[ü�/�ü�éê;<¿�.d¿H&'(q|z;<

&1n��µ¶·[µV�·éêq¢dDRSTUVq23EFGµV�·éê/H

�� F 4%Ç0G&'(.c![d<EµV�·éêG��[\CHéê\u3Æb

GÅ&�1GÁºð5£ÉD³i/#§¨ð/iA¿H&ÊÁºG~�]^#§¨

ð5£É¿d<E��&'(&1�½\C/HÁºG£É¿Àd<µ¶·./d¿&Ê

Áºq^b�È&1[�oà¿S:ºn��RSTUVq>¿\u3F[�d<E��

µV�·éêG^3�bG��[\CHx`G=��1�Géê[/ÀdoH#½«

35iAD¸BHÅ&�1�G#§¨ð5£É¿d<E;dø��o¤¥¦d&1¸

B&'(G&1�RSTUVq[m};¿d<EÇtG�3�H&1±3GtÍ/H

PQ(LMGþÿaÑDRSTUVq^b&1�Èº�þ5;<F[�doH`�
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�.ðD��3�&1±3/�È&1GýD¯°[d<E 

# �6H$�%G���9:\�0&1234%./H&123GÏ£�Ðþ5\

C&1±3/ÕÖ\H,�G+¨©ª=G&1±3�oÑ¿d�Cno²O 200 KLM

600 K´H0&1234%�.&1G345±ÉCD<EFG?@ÃÒ/H0&12

34%5HyzAB�³ßq'BC$�%���9:\CÉ�ÜÝ./H0&12

34%G��./�È&1��<&1±3GtÍ/ÎMBdDH�����/&

1G]Êd���/ÎMBdDHÖd¿[^0&1234%G£i[&÷d���

\LdDH[D3F[qÊË\CD<EFG�3��$ad&'þGdD0&1234

%/HghiYZ��oçC�ÈÉ\CD¿5Húþ÷Gÿ!5]<³i/ghi

YZGÜ¢/"­�e¿doH4%/0&123q.�d5M$�%q&³ò0¥¦

��o9:;<F[5st�d<E 

# FGwrYZqPQ0=Sµ�³·YZ[j»Ú��söG�b/ÇÈG�3.u

<Ef 5-1/Lockwood et al. [1993]GFTEGñóTGf.u<Eh�irs?.IJ

KG~7ÉP³[�7ÉNOP³5hi\Hà¿ÖÊB�Pef��o��B<4

%²FTEqûAB�4%.�uOi[~uOi^6�9:;<´5yÊCD<EPe

f/#ÙG67�B2/240Gbeqa�<[&~�vG£AG67�B2/240G$eq

_bG.HPefqÖÊBA)<���/$e�½%\C&Õ<e[vBq.bRS

TUV5k![d<EFGÖÊB�â3RSTUV/0=Sµ�³·5yÊ�³ß[v

B5IJK�kÉ7MBC$i�9:;<LMB�4%.ì1ABH�1G�RS

TUV}S:RSTUV�E¿AB<EFBMG�1G3�ÓPef67�¡«A

B��1/&'(03��.�È;<F[5.ÉH=�£Q[éê\C&123q

tÍA)<EFGYZ5H0&1234%5yzAB�~[vGÙÏ�4%���

&1G���5u<F[²&1G�����o0&1234%5yzAB<F[´�

½¾;<[lmMB<EvBÇÏGPef²5mWf=.o[ûAB�Pef´/ÖÊ

B5sÈAB<��HPQRSTUVLM�1RSTUV8GE¿/×¿d<Ev

G³i^HPeft�/+¨©ª�15uoPef�Ó�C�|·�·1q¢d35H

vGÚ¿/�¨V'µ·¦.N2ABIJKG=�-�CD�C\�3��H&'(G

&'/¸[UB¢døBdDEFGYZ/0&1234%5$�%��q9:\C

D<~�/4%���]Êd&1�È5�MBdDF[�½¾;<[lmMB<E 

# $�%���n�<0&1234%�G&1±3G34Gwr{|[\C/H&

123[&1±35Ð#jqÂ\CD�4%.G&1±35H&ÊæüH&Ê«3H

&Ê03G&1±3�oÑDF[÷LMH1-7 ü.s(\�H&1[µ¶·GµV�·
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éê��<&1GµV0·1GÒ¾G��&1±35ÕÖ\CD<[lmMB<E 

# åAæ.�otÕ�µû·¦G=.H2003 ø 3 ù 27 úVHFG?@5²VHF[ESR

5&~�?@\CD<µû·¦´/��H0&1234%�y~�HtûG(x[/

ÀdoH&123GÏ¡�½\C&1±35tÍ)7Ð�ÑÈ\�EFGÐ#jG

r%[\CHst�G�b/H0&1234%G9:5����«35VHF.?@

.É<4%�oÑ«3�uo�y~5ÎmCDdD[D3st�.u<EvB�âD

&123[&1±3Gjk5#jLMÐ#j�·oàø<4%^HVHF.?@.É

<4%�o^Ñ«3�u��st�5uÕMB<E^3�bG(x[\CÇÈG�3

dst�5u<E2003 ø 3 ù 27 úGµû·¦/H8G5[Àdo0&1234%

G$678G9:=>5úÀ=�±ÉCD<EúÀ5u<[ëìG&123/t

Í;<5H&1[µ¶·GµV�·éê,0F//ei = [34 + 4.18 ln(Te
3/ne)] ne Te

-3/2 

(s-1) [page 463 of Kelley, 1989].u<F[LM^­L<�3�H&1[µ¶·Géê�

�<&1GµV0·1/&1235£É¿d<[�o×v�d<EvG��HµV0·

1��<±3GÑÈ5H¤¥¦d&1G�o����<&1±3GtÍGÒ¾qt

ÅoH¦VôT[\C&1±3GÑÈq)D�st�5u<E 

 

5-2-2 )*+ËÌ§�$�%.G0&1234%[&³²µ¶·±3´G~�¬�
jk 
 

# `pqè*.ðD� VHF [ ESR G CP4 ñVòÒ*²CP4 �bDC/@æq)À´

./Hdf67Gµ¶·«3/@ý.É<5&³/?@.ÉdDEvG��HP³

�Ù>67Gµ¶·S:²EýB S:´q¨<&³ûµ¦TGà3q>;¯°[\Cµ

¶·±3qðDCD<EvG+,�qÂ;���Hµ¶·±3[&³à3[Gjkq

f 5-2 �Â;EEISCATG 3Þ6»G UHF �V�VqðD� CP1 ñVòÒ*²�V

�V�V�/Pef67´LMïMB�&³[µ¶·±3G~#-óVôGþÿq

f 5-2a �Â;E��¨UVô5~�eBd¿�½��½¾\CE:;<G5ÎC�

B<Ef 5-2b �FBMGóVôqðD��.Gýºajkq>;fqÂ;Eµ¶·

±3/&³G 2 /�þ5\CHG#jq_�H&³à3G¯°[\Cµ¶·±3q

ðDCýDÃ5­L<E 

# 0&1234%5yzAB<)*+ËÌ[vB59:\CD��$�%�.Gµ

¶·±3²&³à3´qþÿ;<[H¸W¡CGµû·¦²4-1 üH§� 4-2 üGôµ+

Aqö¿;½CGµû·¦´�bDCH$�%�./)*+ËÌ�þ½µ¶·±3G£
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ÉA§�ÏÕº/iA¿doH¬�a��o�ã�ÌD­®[d�CD�E��H0&

1234%5yzAB<)*+ËÌ./H4%���/vGÌGGµ¶·GWB5

vG£�G4%�þ½C«¿HvG4%59:\CD��0D«3./H0&12

34%G�[£Gµ¶·G«3/¸W�ã�d<E0=Sµ�³·��oIJKP³

[NOP³5ghi\�P�K/IJK�k�$MBCji²$67´�9:\Hv

GP�KGóôG&'(G0&1234%G+¨©ª^ji²$67´�:¿EFG

h¾/HFGæG]ÁG�­.m½�0&1234%[&1�ÈGjk[&ã�H

0&1234%Gyz[vGÙÏGÜÝ./HÞßad0=Sµ�³·4%.u<

0&1234%G=�H,��þ½CàD&³²µ¶·«3n��µ¶·±3´5

yÊ<E\L\HIJK[�5��P�K5ji�9:;<���CHIJKLMP

ef�Ó�CáX\�&³/$�¡¢��5oH0&1234%��5<P�K�

[vG£�G&³/�ã�d<F[qÂØ\CD<E 

# `æªu�­[&ã�HLockwood et al. [1993]GFTEGñóT²f 5-1´�_ÚDC

sö;<[ÇÈG�3�d<.u 3E0=Sµ�³·5yÊCD<HPef5à¿ÖÊ

BCD<4%ËÌ./HvGPef��5<4%²0&1234%�bd5<P�

K´�G�IJK&³5Xo��HvG,-4%�o^+¨©ª/å¿:¿²0=Sµ

�³·�V¦50D´E�6H0=Sµ�³·\�P�K5$���9:\C¿<[H0

&1234%^vBÇ£G4%.^+¨©ª/&Ê«3.:¿�3�H��&³/¸

W�ã�d<�3�g­�AB<EFGwrYZ/jx.u<5H$�%�G&'

(G&QQR3G­®}&'(&WHvB��o¨MB<0$&³Gyz÷5j

k\CD<st�5u<E)*+ËÌG4%.G&123[µ¶·±3Gj»/t

mG�3�H0&1234%��/vGÌG.µ¶·±35tÍ\CD<5H�o³

1��C�<[ 2 2eG�ôV·5u<E1 b¹G�ôV·[\CH2004 ø 2 ù 11 

ú}2003 ø5 ù28 úGµû·¦G�3�H0&1234%G��.µ¶·±35

tÍ\CD<�ôV·5uÕMB<E2 b¹G�ôV·[\CH2004 ø 3 ù 13 ú}

2003 ø 3ù 27 úGµû·¦G�3�µ¶·±350&1234%G;ß£iÌG

.tÍ\CnoH��./&123[µ¶·±35Ð#jGjk�d�CD<�ôV

·quÕMB<E\L\Hµ¶·±3[&123qþ½<~�/Hµ¶·±350¿d

<[H�[m&1G�È��<&'5u�C^H¨MB�&1[NO+}O2
+Gghi5

nFo};¿do&123vG^G/ÕÖ;<st�5u<²¤ÊN¾»/ 1-4 üH

1-6 ü�û3´G.H¸Ê5k!.u<E��Æb¹G�ôV·.Hµ¶·±3G0¿

&1235ÑD4%�/H&1�È5u<st�5u<EvG³i�/µV0·1
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f 5-1# FTEGñóTf [Lockwood et al. 1993]E 
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f 5-2(b)#  EISCATG?@�oR8AB�µ¶·±3[&³à3Gýºajk 
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