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ǆ̾ȧ WЊ4ƪҝ͕ҭϼʔ (SPS)BёѵBѻɌ?Ҕ.Yl£�ah¤ª¥��«  
 

ҏŕîÊ�ƾǄͷƼͬ΁ȿ 
E-mail: nagatomo@newslan.isas.ac.jp 

Fax: 042-759-8464 
 
Ǽ  
� �«{«ªm¥«s«Cұˡϼʔёѵ?ƪҝ͕ҭϼʔ]Зρ.YÂ]ɦŸ,�Κe�¤k

«͡C(Bψ�ʈ?ȗ7:`�£hB 21´ΞBҭĭ]SPS;æή.Y£�_¥¨vtv��
]ˑȤЗВ,4�2Bȕ��[�[>ÝӍǿёѵSʥҳ]ƾǄƪҝ͕ҭȿ<,:ä�`b�

`!ė:"4� 
� (ZM;?͕Ͽ*Z4ƪҝ͕ҭϼʔ(SPS)?Ҕ.YЪʁC�ñ�BɅϻ�tv��˒ȹ�Ϋ
̓ȧ]ūOĒ͂ŝϓe�¤k«<,:B̷ȧ΍��ǻΕƅ?\47:­Њ<X<P!>��

2B˂ʮ͘>̀͆C�͕ҭϼʔ!M5ƹƎ,4(<!>��(<?�Y<ȥ\ZY�2(;�

�YÊCǆ̾.Y4PBɅϻ]Ъ-��YÊCǆ̾BȠЉȧ]Ъ-��YÊCǆ̾;"Yt

v��]ɦˆ,��YÊCǆ̾,4ƙŤBĴʺ]Ъ-Y� 
� , ,�ЛèƖ̞!>&ZD�=BаЪQ)Q7<Q;Ω\7:,M�B!̸̾;�Y�

2(;�((;C�ǆ̾ȧ WЊ4�<��ʲÓ]Ï&4!��ƾǄ;͕ҭ,4e�¤k«

]ҭ̀;Ə°?ѧY�ŏ̀Cƪҝҭ˷]ä�ѫîϼʔ;Cǆ̾,:�X�m¥«s«B`b

�a`ϛà!(Z?Ɩ9�:�Y W�(BͺǿBǆ̾ȧ;C>��̾ Ǝ�źӀ<.J"�ǆ

̾ȧ�Ctv��ЗВM;ȠЉ<.Y�VX̾ǆ͘�ͲÖ͘>ǆ̾ȧ<;QБ�J"QB;�

euy¨!ҭ˯Âˏ]Ϟ,4ͺǿBĎàȧ!!ȠЉ;�Y� 
� 2(;((;Bǆ̾ȧ<C�ҭĭÂˏ<,:ӎĭB�YÝpv�<ҭĭ̋лω?<7:B

êğ*�<;QϿ̾.J";�[�� 
 
�  
ƾǄВ͊?�&YёѵBѻɌ  
� ƾǄВ͊;CёѵВ͊CӅϺВ͊BƖʮҀĘ;�Y��~t ¨ӓ�Y�C̈́ѪӔ?Ȣ-

:ѹȍ>ёѵ]ѻɌ,:�Ϻ"ć?Ġͦ.YӅϺВ͊]ãȹ.Y�Ϻ"ćCʥȘʔBV�

>Ďà͘>ƙȿB(<Q�Y!�Ə°ũ&r«�vSƾǄ́ƛBğ̈́B4P?CƏ̿]ŮƁ

.Yϼʔёѵ!Ϻ"ć;�Y� 
� ɾƥ$Bϼʔ!Ɂ6°'WZ4Ϋӊ W�ʦ̈́>ϼʔёѵCқǅ*Z:"4�ƾǄ́ƛ]

ğ̈́.Y�~t ¨CÝӍǿёѵ]ѻF�њѧлBǀ°!X]͞ɖ.�ǚ>�ñɾ;ҧ·͘

>˚ϓ]ɕ74ƨƒBƏ̿Ў̘Sѫîɸѧϼʔ>=Cұˡϼʔёѵ]ä��Ůʪ͘>Ə̿Ў

̘?Cƪҝŧʪёѵ]ğ̈́.Y�ƥɾBϼʔtv��;�Y GPSSѫîϼʔC·ғBёѵ]
ä�<�74ĎŤ;�Y� 
� , ,�͕ҭϼʔ?8�:C((;Qψ�!ǅMW>��͕ҭȿBȄЗ?ȍ47:CΆƏ

ʲÓ!ʤ҇Љ;�Y!�͕ҭϼʔBΆƏʲÓ<Q��J"ёѵ?Ҕ,:C�âXͣĨ>ˍГ

!Ϻ\Z:�>��4<�D�Ə̿!ͣ̿;>�4P?n�¢«B˿Ĥ;˸ǅ*ZYϼʔё

ѵCʘғ<č?ơĽ,�ǆҢBёѵBѻɌ;C(B̫]ψȵ,4X�ơĽ.Y(<]ğ̈́,

:�Y!�͕ҭϼʔBˍГ?ȍ47:Cǚ>$<QÑ±?ѣJYͺǿBƖʮ͘>ёѵѳĶB

̷ȧ]ψȵ,4ёѵBѻɌ̀͆!ȠЉ;�Y� 
 
Ə̿BϼʔёѵB̷ȧӓʁ̻ӚVXӔ 
� Ə̿BČѓҳ<фѵҳ]Ɩ̞<,:ϼʔёѵBȎ̸ Wũ"M;˸ǅ.YЉΥ!ёѵӟЉ

Υ;�Y� 
ӚӔM/�ёѵBˎđBȎ̸]˸PYB!�ҏєBҏ*(2a)<ҩȟ̽(e);�Y�ˎđB̭̫C

Ə̿B·ȟ?�YB;ёѵҳC·ȟ]ūO� 
ӛӔфѵҳ]ϼʔ!Ň Wľ?ѫѴ.Y̫]ʏÈ̫<͸,�ʏÈ̫BʴøBфѵҳ<ʏÈ̫

 W°!7:�$øBёѵҳ!>.Џ!ёѵýʅЏ(i);�фѵ<ёѵҳ!ÈǬ.YζB
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Ə̿·ȟ WʏÈ̫BʈũBζ!ʖĘζӓʖĘBʋ?Ə̿ Wƪҝ]ЊYζӔ<>.Џ

!ʏÈ̫Ϋǿ(�);�Y�(Z;ёѵҳBũ"!˸MY� 
ӜӔʏÈ̫ WёѵҳĐ]ϼʔBѳĶʈũ?В74ѠƏ̫BÜρ!ѠƏ̫Ȇɾ(
);�Y�(

Z?V7:ёѵҳĐ?ˎđ]ρ$ũ"!˸MY� 
ӝӔ(Z?ѠƏ̫]ѫѴ.Yʘģ(t)]³�Y<�ѳĶ!˸MY� 
Ñ°BɔȈĐBЕš;ͱ,4B!ёѵӟЉΥ;�Y� 
�  
Ə̿Cƨ˯!�Y�M4Ə̿!ͣ̿;>�4P<�ƪҝSʥ>=ÎBƩàBã̈́]Ś&YB

;ёѵӟЉΥBɾôCʘғ<č?ơĽ.Y�ƨ˯<ÎBƩàBȐҷ]̬Ќ,4ƙŤ�ˎđB

Ȏ<ёѵýʅЏCơĽ,>�!�ʏÈ̫Ϋǿ(W)<ѠƏ̫Ȇɾ(w)Cʘғ<č?ơĽ.Y�2
BҔëȅCӤ 

d�/dt = C (2 - 2.5 sin2i)/(1 - e2)2 --------------------------  (1)  
d
/dt = Cªcos i  /(1 - e2)2 --------------------------  (2) 

((;�CC­8Bёѵ;C­ǅô;�ёѵCÝ�K=ƨ"�ýũ!�Y�(Bȅ W(Z
WBЉΥBơĽ̽CёѵýʅЏ i ?ǪŠ*ZY(<!Ę Y�45,�ć?ѣJ4V�?ё
ѵýʅЏC­ǿϼʔ]Ɂ6°'4ȕC­ǅ;�Y W�(ZWBơĽ̽BơĽC¹<,:΂

˯ɍɉ?VYӍǿBơĽ?V7:Ȇ"ц(*ZY� 
 
 
(ZM;?ˍГ*Z4͕ҭϼʔtv��Bёѵ  
� ͕ҭϼʔCƏ°BͲÖ!ğ̈́.Y<��Ȱů;�(ZWBϼʔёѵC=Z;Qŏ̀͘?C

ä̈́;"Y�, ,ʮӀ;Cǆ̾ȧB�Ytv��]ψ�YB;�ŏ̀5&;CȰů!>��

(ZM;?͕Ͽ*Z4͕ҭϼʔ;C=Bͺǿ(B̫?҃ȵ*Z:�Y ]ɘXѡ7:NY� 
� (ZM;?ˍГ*Z4tv��ӓʁ̻ӛӔ]ёѵĞ?M<P4B!ϿӚ;�Y� 
 
 
ϿӚ� (ZM;?ˍГ*Z4tv��B̷ȧ  
 
ёѵ     ѧҭʈ˿  ҭĭ  ͘͞ 
--------------------------------------------------------------------------------------------------------------------------- 
ұˡϼʔ(GEO)    2.45 GHz  5 GW       ­Ϡҭĭ 
ұˡϼʔ<ÝёѵϼʔBΪNŤ\0 
�¤��ƒёѵ 
ƪҝŧʪёѵ    2.45 GHz   
фѵ°ÝӍǿёѵ   2.45 GHz  10 MW     ҭĭ�� 
ʥ     - GHz 
ƾǄv�«t ¨   24, 35 GHz        ƾǄǆӊ̈́ҭĭ 
--------------------------------------------------------------------------------------------------------------------------- 
 
ұˡϼʔ(GEO)?8�:CɶP:��M;Q>�!�фѵ°?�7:ӍǿCΟ 36,000 kmBđ
ёѵ;�ʥK=;C>�!˭і͘Ѹъҩ;�Y�((?Ɂ6°'WZ4ϼʔCƏ° WCƩ

΂?ұˡ,:Њ�Y�Ѩ?ϼʔ WCƏ̿!ұˡ,:Њ�Y�(B4PƏ̿]Ў̘,4X�

Ə°;ğ̈́.YѫîSɸѧB·αǞ<,:ğ̈́*Z:�Y�((?��4͕ҭȿC(ZWB

ϼʔ<ŧ-V�?ġș.ZD�Ə°BŚҭȿ?­ǅʈũ?ҭĭ]ѧY(<!ėʳY�ȠЉ>

ġș<,:C�Ə̿!ͣ̿;C>�4P?(Bёѵ°B̶àCb¨�̂°Bǀǅ̫?͹Ķ.

Y̷ȧ!�YB;¦n~�?VYÜρBġș��VF£�_¥¨vtv��BV�>ƨ">

˒ѭ̶]ƪҝɖũƶĺ?í84PB҇ĭýʅĭ?ɉ,4ġș;�Y�(ZWC£�_¥¨v

tv��BҤ*Z4Ҫ̫;�74�M4�(BёѵCğ̈́ω!ƥ$�̾Ǝ.;?ϼʔɾ!Ӈ

Ų̸Ȳ?�Yёѵ;�Y� 
 
�ұˡϼʔ<ÝёѵϼʔBΪNŤ\0�CƨƒB͕ҭϼʔCɁ6°'B҂Ť°ÝӍǿёѵ?�
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­ʈ(( WBҭĭ]Ś&:Ə°BŚҭȿ?ѧY�­ͼB·αǞ]ұˡϼʔёѵ?Зρ.Y

<��QB;�Y�ǆ̾ȧ W��D�=6W Bϼʔ!ėʳ: W<��(<?>[�� 
 
��¤��ƒёѵ�CʌyѮʘÐ WːƏ?Ѡ�ǻƨ>ƈƌ;ä̈́.Yѫîϼʔtv��B

4P?ğ̈́*Z:�Y�¤��ϼʔ!ä7:�Yёѵ;�Y�ƨ">ёѵýʅЏ;�ľB°

΂?ѠƏ̫]ɕ8ёѵCҏʘғ¦t`BҼƌ WŝЌ?>Y̷Ȟ!�Y!�(1) ȅ; 
    � �       
     sin2 i = 0.8�i = 63.50 
;�ZD�
 = 0�.>\6�Ѡ̫ҩЏ]­ǅ?í8Â!ėʳY�źӀCƨƒB˒ѭ̶]ɕ
8͕ҭȿCѠƏ̫ÏѠ;͕͂.Y҇ĭýʅĭ?ϊ�Y(<!ȠЉ;�X�Ə°IBҭĭ×ѧ

B4P?CѫîVXCCY ?ΜǿBӍ�ƶĺġș!ȠЉ<>X�Ə°;C(Z]ѥы.Y

`¨��!ȠЉ<>Y� 
 
�ƪҝŧʪёѵ�Cёѵҳ!Čѓёѵ]ŧ-ёѵ�.>\6(2) ȅ?VX� 
 � = - 2p / 365.25  
?>YV�> C< i BΪNŤ\0;�ÝӍǿёѵ;CёѵýʅЏ! 100ǿÜBёѵ;ǆ̾;
"Y�(Bёѵ WƏ°]ЊY<ʋ̰ʲÓ!ˬʋŧ-;�Y(< WƏ̿Ў̘ϼʔ?ä\Z

Y�ːёѵ?Ѡ$Ə̿BKLċƔ]h�«.YB;Ə̿Ў̘?C҂Ť!V�!�Ѩ?͕ҭϼ

ʔBёѵ<,:CŚҭȿ]έX"Z>�B;�ǆӊ͘͞<>[�� 
 
�фѵ°ÝӍǿёѵ�Cŧ­ƏƔB°΂]ˬŮƁѫѴ.Yŷ­BÝӍǿёѵ;�Y�r«�

ve£`CфѵƏǲ?қWZYB;�В͊ċà?(B̫Bǩƫ!ȠЉ?>Y�¦n~�BɁ

6°'BʲÓCʤQȩMZ:�Y<Б�Y� 
 
ʥҳ°Bƪҝ͕ҭȿ Wҭĭѧҭ.YˆC�̾Ə;BʯʄЩѶ>=ÎBёѵ;Cψ�WZ>

�£y«v!�Y�ъҩC 38® km<ұˡϼʔVX*W?­˄ҩZ:�YB!ͪȿ;�Y�
Ə̿́ƛ]ψ�4Ē͂ŝϓe�¤k«<��ƨ">Άƙ WЊZD�ʥVXÎBёѵ!ăZ

:�Y<��̀͆C>�� 
 
�ƾǄv�«t ¨�<�YBC� 7:ƾǄv�«t ¨B�~t ¨<,:ƪҝ͕ҭϼ

ʔɅϻBͬ΁Ғ͕]ǆӊ�«�<,:ɦˆ,4ʘÐ!�74�ΌωC2BɣѰωB­Ê;�

74!�̾ƎCƾǄv�«t ¨BȑīSѳ̈́°B̷ȧ!͕ҭϼʔBɅϻҒ͕Bƙ<,:G

*\,�QB =� <��̫]ψ�:�Y�ƾǄv�«t ¨;Ϻ74ǆӊ!͕ҭϼʔ?

ä�Y<Cȥ�>�,�Ӎè>ƾǄv�«t ¨;Bǆӊ!ǀ$:l£«¨>e�¤k«B

Ǉ×?>Y<Qȥ\Z>��8�;;�Y!�ƾǄv�«t ¨Bёѵ;�£«�¢b�«

<ηҟӅϺ]Ϻ�4P?C΂˯ɍɉBƨ"*;˸MYȌѵëɾ]Ť\04X�ƾǄv�«t

 ¨Bёѵ!ġș*Z:�YƙŤC�2Z<ŧ-ġș]�£«�¢b�«;Ϻ�>=BǓΐ

]<W>�<ˬʋBV�?ъҩ!ơĽ.Y� 
 
ҭĭÂˏ<ёѵBѻɌ  
� ǆ̾ȧ]VXĎà͘?ψ�>&ZD>W>�BC�(Z]Âˏ<,:ǆ̾.Yƶĺ;�Y�

2(;ҭĭÂˏBЎ̫ WёѵB̷ȧ]ЩJ:NY� 
� Ϋ̓̄Ķ<,:BҭĭÂˏC�ȠЉ>ҭĭЗúBІãB4PBɈп<ѳ̈́ҒƴȕBЬΫл

!ɵė!ȠЉ;�(Z]­ǅʪғBҭĭBƠō?V7:ȘWZYŘĊ;ƁŘ.Y<ψ�Y� 
� ӚӔǳЯ͘>͕ҭȿBȄЗpv�Cj¦§~�ȍ4X 30®đÜ;�Y� 
� ӛӔѳ̈́ҒƴȕBΫлCV$Ę W>�!�­å]ɗ'ZD�1000 kWBМӊ̈́ƪҝĈ͕

ҭȿBƙŤ�ƪҝҭ˷BİĽSͭɪCɸρ,�ѳѓíƿЉŴC 0.5 Ũ;QɠΒ!Ť\
>�<��Н;�74�M4�ʤʇB 100® kWΣB̦ĭ͕ҭȿBѳѓЉŴCǳʘӜ
Ũͺǿ<ό�:�Y� 

� ӜӔ�­ǅʪғ�<��BCΫ̓̄Ķ;CҲǳ?҇Љ;�tv��ċàB£vlBЛè!
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Ҕë,:$Y�ƪҝ͕ҭϼʔ?Ǔ.YʤQ҇ƨ>͐źC2Bе̓<,:Bíċȧ;�

[�� 
� ͕ҭϼʔ?VYҭĭC�ć/Ə°BƪҝĈ͕ҭ]͞˔?.Y;�[��2ZCpv�<B

̫;Ƞ/,Q̾ƎBҭĭÂˏ]ÐϿ.YQB;C>�!�2Z;QȄЗл<ѳ̈́лC<Q?

̾ƎBƾǄtv��<Cċ$˄ѷ�Bѷ74̶Ǭ,;̘W>&ZD>W>��((;CП,

�(<CЪ-WZ>�!�(B(<]Ȥҽ?ρ�:ёѵBѻɌ!ЬΫл?�VL.ȐҷB¹

>ƂƸ]ӝ8řX°'Y�.>\6� 
 ªӍǿ   ӣњѧ�ѧҭ�́ƛ£vl�ёѵγɕ 
 ª҇ĭýʅĭ  ӣȄЗʈ˿�ƶĺγɕ 
 ªѥǝѬǿ<ŝЌʘғ ӣɅϻ 
 ªŝЌBҾǿ<ǅǳ* ӣʦ̈́ȧ 
;�Y� 
� �Ӎǿ�CƏ̿Bп̝;͕ҭϼʔ]ãY<"CʤQƨ">pv�IBȐҷ!�Y�2ZC�

¦n~�BɁ6°'ϓĭ]ȥ�ė.<ʑW ;�Ӎ�ёѵCњѧ҉!̕YB;њѧлCӍ$

>Y�į�:�˝Bå;ͱ*ZYV�?�ŧ-ѧҭʈȅ;�ZDҭĭ×ѧBtv��CVX

ƨЋ˕<>Y�ѧŚҭ`¨��]£�_¥¨vtv��<ŧ-ʲÓ;ЗВ.Y<˝Bȅ!ȹ

XΆ8Ӥ 
�   ӽªӬԂªӬԁ= 0.684 Ӭ 
� ӓ45,�ӽCŮ̀ɾӓňÜ MHzӔ�ӬԂ�ӬԁC2Z3Zѧҭ<Śҭ`¨��B͟Ȓ� Ӭ
CѧŚҭ`¨��ғBъҩ;�ňÜC�/ZQj¦�«{«�Ӕ 
(B͠½ã̈́;ȄЗpv�CӍǿ<č?įѬǿ͘?Ɯį.Y�ӍǿCM4�v�«v��£

<ƾǄɸǖζB£vl?Ҕë.YӓƆC͍͡Ӕ�ёѵBγɕC�tv��Bʈȅ?V7:Љ

²Љ!�Y<ȥ\ZY!�ȠЉ>ƙŤCɣѰtv��!²ŝ˜;�Y� 
� �҇ĭýʅĭ�CӍǿ<č?̕ǚ.Y�2BýũC�т҉ԀBӛ8Bт̫!˚ˇ͘?Ѯά

*Z4ħà<,:�҇ ĭįѬǿ<ńȒ!2Z3ZӾә�VFӵ;�YƏ̿B·ȟ WBъҩ!

ԁBđёѵ]ѳĶ.Y<"�ţт̫BƏ̿·ȟ WBъҩBǬ! 2dr;�ZD�Ə̿ WѸ
�ʈBт̫?CёѵBƤũ"?�ŧ˓?Ѡ�ʈBт̫?C�6ũ"?2Z3Z�ԀӾәªӵ

ӛ

ӓdr / r3)Bĭ!ã̈́.Y(< W�ъҩBӜ½?ŗ˭å.YÂ!Ę YӓƆC͍͡Ӕ�(ZC
ұˡϼʔёѵ$W�ҩZ:�ZDǙ*�V�;�Y!�£�_¥¨vtv��Bå!ͱ.V

�?ƨ"*!ɾj¦�«�¤Btv��;C(Z?ɉ,:ƶĺġș]Ϻ�4P?C͠ȍƨ!

 X>Ћ˕?>Y(<]ЍȪ.YȠЉ!�Y�ȄЗ˨Ҡ;C(Z]ʦĴ?ğ̈́.Yʈ˿]ψ

�>&ZD>W>�5[�� 
� �ѥǝѬǿ<ŝЌʘғ�CұˡϼʔÑƤBёѵ;C.J:źӀ<>Y�(BƙŤ�Ďà͘

>�«s«IBr«�v!Òǅ.YÂ?V7:�(Z]Ʌϻ͘?ǆ̾;"Y =� BźӀ

<>X�(Z]ˍГ.ZDpv�BЛè!ŝϓ?>Y<��ȧтBQB;�[�� 
� �ŝЌBҾǿ<ǅǳ*�CƏ°B�«s«!̜щ.J"QB;>&ZD>W>�B;�ё

ѵBѻɌ;CʤQăć͘?řX°'YJ"ʲÓ;�Y�, ,�ұˡϼʔÑƤBёѵ;Cň

̹B͕ҭϼʔ!ǳʘҭĭ]æή.YÂCėʳ>�B;�ĜʪB͕ҭϼʔBǆ̾ȧ]ψ�Y<

Ҳǅǳ͘>ҭĭæή?̜щ.Y�«s«]ɛ.ȠЉ!�Y�2BɀҺC�ѥǝѬǿ<ŝЌʘ

ғ�BƙŤ<ŧ˓;�[�� 
 
Ñ°B̫]ψȵ,88ѴőBˍГÂå]ЩJ:N4!�ͬ΁̈́<���«s«ÑƤBҭĭҮ

ЉωBȰũ]҃ȵ,4ˍГC>*Z:�> 74�E�"͞?>Y!�SPS 2000]�«v?
,4фѵ͟±Bƈ�]Жź,:¥l��]Зρ.Yŝϓȧ]ˍГ,:�Yͬ΁!2Bɾǚ>

�ǆå;�[�� 
 
άЪ  
� Ñ°�Ιň?͕ҭϼʔBёѵB̷ȧ?8�:ɿ̀,�(ZM;B͕ҭϼʔBˍГåB· 

WёѵBѻɌ?Ҕ.YҀĘ]řX°':˭і,4�2Bάʺ�ĕ2˝B(<!ĝʑ,4� 
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1.ёѵCƖʮ͘>ЗВЉΥ;�Y!âXψȵ*Z:�>�� 
2.ǆ̾ȧ]ψ�Y<�ёѵBѻɌƖ̞C�  
 ӚӔҭĭ̋лωBЉ˳ 
 ӛӔʊƹBҭ˯ѫî<Ə̿Ў̘ϼʔёѵBġΟ 
� ?ȗ\>&ZD>W>�� 
3.(ZW]̜щ.YёѵBѻɌCËȕBˍГШӀ;�Y� 

 
Œψʁ̻  
1. ΉĐΈƫ��ÊǩϼʔBĭƼ��Ħͅª˲ͅª͌·η�ƾǄ΂ғBͷƼ�͖˅ʣȾĚB΋
Ӝ·�΋ӚΔ�1960Ƿ� 

2. ҏŕîÊ��ƪҝ͕ҭϼʔBp¨x���SPS��«v No. 6 1994. 3/4, pp. 10-16. 
ӓϿӚBţtv��?Ҕ.Yʁ̻C(BЕÂBʭǝ?�XM.�ȠЉ>ʈCʮͬ΁ÖÂ

ķǞ?�ź�Ť\0±*��Ӕ 
 

 
 
 

 


