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A Present Condition and Future Plan of Communication 
Network at Antarctica 

Takeo YOSHINO* and Hiroshi FUKUNISHI* * 

Abstract: The operation of Syowa Station has been maintained by the help 
of radio communications since 1957. The traffic capacity in Antarctica has in
creased rapidly due to the expansion of the station, increased members, substantial 
research items and establishment of advance stations. In the first decade, the Al 
and A4 for PIX and FAX modulation system occupied the main stream of radio 
communication system between Syowa Station and Japan and the intra-Antarctic 
communications. But the increased traffic caused the shortage of circuit margin. 
The long distance bus link has to change the high speed PCM system through the 
geostationary satellites from HF link as if via Marisat. Much improvements are 
required in the following points: the intra-Antarctic system, the radiowave propaga
tion between 300 and 500 km, technical research on the local communication, and 
the data collection system of orbital satellites. 

The present situation and the future improvement of Antarctic communication 
are described in this paper. 
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1) ft!!::k�iai c <DJ!im� (intercontinental communication network), 

2) fflffi::k�P3 <D ffl1LJ!im� (intra-continental communication network), 
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3) �:I::& (£:1::&NrLill, :tlkfi���tr) :t,;; .try �:ttlrr v / 1' !J - :/ 7' TA (local communica
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2.1. �oo O)�*miif'�ffl 

fflffi::k�C���L�'a:'��)K�tE-t0£:!:ll!cffiffin'K'�ttft!!::k�K�0*�c<D� 
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*�!1�-v£��•�0&nucL---C1¥Iffi�0)7-��*•�--t00)�c��k- mffi-¥& 
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Fig. 2. Existing links for the daily international exchange of meteorological data within 

Antarctica. 
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:,, ;r.. 0) :Y .:i. -1=:,, • :Y .:i. 1v 1:: ,z..,£:ilgv:t, :t- -;r.. r '7 !J 7 0) -:r - .._;,, -�:llg�jm t:, -1 =¥ 9 ;r.. 0) -" 

v -£:f:t!H:t. '.,I jg!OJ"" 9 :/ !/ ;r.. .
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, 17 -tt :/'a'Jffl-t 1v- r a-�'? -c ", Q. 

-7 - .._;,,-£:llg:to J: a;,· 9 .:i. - r 1:: -:r :/£:ilg�EBO)-ffJ)mtr� G� IJ !:B �;h,Q -fa-@-f;t, -ft!t:.k�il'35 

Kffi�@J-���' �O)@J-�;;t-P7:;r-ij7��-WGk�t�v:>-CJffl@•••��� 

11£<, �k60%t
r

rvcf1£r-tG c. tt,;r,mm1tL, 191sif5.0)mffi�d05m@:wr,*��--c:-)t0)� 

�t,;ffi:J!�J!0)-0c L-CW��;h,, ��vc0t,,-CO)i}f�t,;fi"b;h,t-.:. 1978�9 JitJ,.1::>mtE 

'i-Cm"ffiiJ,.G:Y-jt� GTS vc�IJ 1:B-t@a��2vc7r--:,-. 

3. 1¥.i ffi* � rs 0) 5m m@R! 

3.1. ffifi�f.J(;: J: Q HF ffili'l 

m•��KJ:"?-c, m•*•�O)�£:llgOO�*� ffl�••�� �•�•O)k��Jmoo 

O)���@�--��i::>;h,-C:tol), ��K�)m000)�@tm�·--C�GJ:5Kffi���

iJ;tlllJ ¥3-C G;h,, .:§-£:ilgv:t.)c-OJ mi��O)jm{a�fl:�IDttl:-t Q c. c t,;�&�vt G;h,-Ct,, G· 

1_,1.7,. L, � O)jm@[fil�O)jm@�J$t$�:t.-�vcffi�:llg���!SLO)�tfa-)'l:vt�-t <, "i t-.:m 

ffi*���Wf--:f G @klt,;�IffiJ3tij-�O) g&J&�:fvt G f,:6l.)ffi:��lftiJ;{�r L (YOSHINO, 1967), 

-tO)m�O):J;-t;:t,,#a1¥r&1.i,O)@�--c,�nx:$vt9o%tJ;Jfl"? t t "' 5 �m--c·��-
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3.2. ��@l-
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;h,Q � 5 r:., ffiffi��vc � 0ffi�@lfJiH:t, 6 --::)�£J:rnji1c1jvc Al }5 � �T v tJ -1 7
°
�:W:ffl@a 

vc J: Q JEffifJlffl�fr1.., ,, -*£3:Jmvc;ilMf � ht:strnJ-es Q -*£�ft, fill� ffiffi�3t£jtgvc:i<1 L 

£3:Jm�Jfii L L'll!¥!l�3tffi:tJ;til�vc AJ�§-es G � 5 �3%v:5vt G;h,-C 1..,, G· C. �£jtgjl'ljJi{§llj(,:t 

mtEtisJBvCfrb;h, L � 9, ffi:if.���vc J: Gnu��� JiffiIDts:�!R t Ji{§�F,*�llfHC -Cl&� 

J::vf Gh, ;;t- i=z '7m� J: tfffifiitlt�lliJi1P c \., 5 ��#-rv::. t iJ"iJ"n Gf, 90%t,J.J:�jffi_ 

fil�JtZ$iJ;i*t::;h, -C 1..,, 0. 

1978if. 8 J3 �ffi;jfili��Jffi.IB�F,**�VC�\.,,-C, ffiffi::k�iJ'> G*�7i-��ffi�@].�Jffi.'I§ 

�JtZ$�cJ9:fflc01..,,-Clf't�iJ;tJ: �;h,t::*5*, � 3 � � �!ZJ 4 VC7,K-t@l•��Jl!iJ;fib;h,, 'A 

a7'· - tJ �{��ffifia9U.alff!J£�� ffU� � G c, 1983::q:. 8 J3 mt1:c·, IIB�£:ttg-..:r: - Y :/-'r -
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Fig. 3. Principal routes by which Antarctic data enter GTS, as of September 1978. 
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LESSER ANTARCTICA 

(ANTARCTIC PENINSULA) MAIN AURORAL ZONE 

'\ ..i-1-<'' 
' N,A,V,. ./ 

(S/W) 

TELECOMMUNICATION METHOD 
(CONTACTS PER DAY) S:SUMMER 

W:WINTER 
-�---..POINT TO POINT LINKS 

BROADCAST TIMES 
(MODE) 

FREI 

MAIN CENTERS WITH THE NUMBER 
OF STATION FROM WHICH DATA 
ARE COLLECTED AND BROADCAST 
BY (CQ} 

_i�
;l!,.

BROADCAST BULLETINS APPROX 
(S/W) OMNIDIRECTIONAL(NOMINALLY 

CQ) 
(�OMNIDIRECTIONAL (CQ) 

BROADCAST BULLETINS 

(CW) A1:H+OS(SYNOPS) 

MARAMBIO 
(CW/FSK)Al:Fl :H+30(SYNOPS) 
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� 4 mffi��@Jrfq_) GTS � IJ l±i l,@l� 
Fig. 4. Principal intra-Antarctic international routes by which Antarctic meteorological 

data leaves Antarctica, as of September 1978. 

'/'-- � JV ;t; JV -Y-*Jj(-(GTS)-17 '/' -Y r -YO)fftJ'f.�fffe--t -Y � -vc.���;rl,Q 'i "('O)f :feym� 

�ra,v'i, �@J�'a::"7 v � -1 7-e�]ZS L,k�ir, JE�tflil{U�*9 2 71", Jliifi�fflt�t'i92%'a::"fflx. 

-(l.,, Q. 

3.3. ��*<7.)ffiiiffihi.t • ffili'l(�?\.,t 

�*K��GMffi�cL-c�, -��-�-� *-P5�7°�r-AKJ:GS•Jliifi@J 

�0)��5EM:O) rA,m, ::k�'a::"Wiltlr� Q @J•··ev:t11tr1tO)�ffiiBffilO)�O) �JtstiJ:9f1tvc.::k �" ,rA, 

JI! (YOSHINO, 1967) il:zo I), C..ti,tJ:mE::k�J71(7_)£�ra,JffimO)•�� c t.r.:--:> -cv, Q. %tc:;t:� 

ffffl�O)•��il!iOJ F JiOJ�rffl�tJ�, f1£��:i1J11nc.1t""--cf1£1.,,t.::.2so, �m··e� G!miBl 

�ia!ffltJ:Ji-m-(7_)miHlJ1imvc.Jt�L-cflf<, ::c(J_)t.::.fi:> E Ji C*-i:r 7�lf) O)�mrW!l'a::" 

��ttvt Q �0)1ftiBl!PkmttJ:*� < t.r.: Q t.:.'lh, m�vc. J: GJ!iim�5EM:'a::"� 1.., < {J£r��Q. 

c..ti'a::"qt��Qt.:.'thvc., ��··ev:t19701f:���J: IJ 1.,,61.,,6t.r.:?j/f�'a::"fi'"? -c� IJ, .:CO)q:i 

--c· i mtEWF�iJ:rrv.ti -c", Q :±:t.r.: i 0) c 1., -c O) x-tvftlmtt!L�m, c2) *- p 7 fi:'i!il�•, 

(3) .:c JV.:=. -v�ElWI.3!1J1ififfi£h5:t, a-�vf G C. c iJ�""c' � Q. 

3.3.1. �vftlmfti!L�-

c. O)?j/f�v'i, �rc19731f:vc 7 ;,1. !J 73 O)� (/ -z - F£�,mJ;ill-c-��;o�fib:h, ('ki.,,1".:·1975:¥, 
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8 *O)ffi 1 6{kfttl!U�--c·;iliiDc J: "? -c :ilifilijtffl O) ��� IJ!' lkft L, s I �m1., ,  -C 1976�0)ffil 7{kft 

�U�--c· vi.71!.f · t*vC J: "? -C PlftO£jtg-�fvi£jtgF1c190) ;v- 1' J:: vct-o 1., , -c , 830 MHz O) UHF 

*tc J: Q£���ilrmJ�ft�ht-:.. ;:. O) ffifvcafUt% 16 dB 0) ,,,::. -;; !7 7 ..,.  -{ 7�7 Y r -r c, 

l:B jJ 5 W 0) �{8'ft1Jvc J: "? --C � 60 km 0) Ji.{8vC!tt� L, lr=i]�vc Jlffl Lt-: l:B jJ 25 W 0) FM · 

VHF 0) KD 60 ��J::]p:ffl=·Ji.��uic Jt� L--C*9 2 fgO) fEg. j: --c·O)�ffliJ;n]"fcig--c-� Q;:. 

c iJ:�filE�h, 4-%&0) l±l1Jmvc J: Q x;fvfElfflfi.sL�W'.O) �J'ff�iJfci}gtt�ftwE--t Q;:. c iJr--c- � t-:. 

� t-:., 1 978�vC vi. ::t- - 7- 1' '7 Y 7 �iJ\ -'f:- - '/ Y£jtg}llrj;ill--c·£����rr\, ' ,  3 � c ,b ¥f* 
O) �JtPD"fciglt��filEi"° G ;:_ 2::. iJ;"(, � fdJ",., :mt£0) C ;:_ ;s , �� 2::. ,b 7c O) �O)Wf'.§Evx.rrbh--C 

3.3.2. ::t- - P '7 �EL�� 

1974�Ll�, 7 ;1. Y :;JJ --c· �x. ::t- - p =J 17) JB:':FJI�vc, ::t- - r:z =J 0) JBJ'tiffiO) j§j1ftr�J!£ffi�vc jPJ 

7J" -? -c,  50-60 MHz ffiO) VHF ffl:��:1iZML, ::t- - P =J j§j)!£--c·O)$:L1., ,1ftr�J!£�ELvc J: 

Q fli.sL��O) nJ§gtt_�Wf'.§E L--C ", Q. 

NSF tC� l:B � :h,t-:7¥:wif[0) 1yf5E*5:!JJ!J,;::_ J: o c (U.S.  NAVAL LABORATORY, 1978), ;:. O) �� 

vi. 1982�"i --c·mvtG:h, ;;t - P 70) 5£1:_j§j�O)j§j\,, ;:_ ciJ:.G, ��!Ee-� 1 000 km m�O) 

fliELJi.�tCfflt�L--C \, ,Q J: 5 "c'� G iJ\ Ji.�nJ�!§ffi¥ia'J vi.�i1c1jtC:fit$iJ:r@j < , ::t:�M-ibJl)C J: 

"? -c Jffl'lattRvCE=f O)�iJ: s Q tJ: 2::.· 0) rA�J!iJ:� 9 ,  :tltE � --c-�m 11::tc� "? -c 1., ,  fJ: \, , iJ; ,  xtmt 

�fli.sL�W:vcJt� L --c �W'.!Ee*il;� < , fitffi:1Jc· J: 1., ,  tJ: c 0) fU,�iJ;S 9 ,  ;:. 0) ,�--c-¥t*ltn; 

tti Q c }fil"" G ;n, --C " , Q . 

3.3.3. .:f: Jv =- -vjf�O)ffi£Ji.m 

'/ ;@"c' vi., �±iJtffi���tfj§j�}l)Cfftfi"° G k'd:>, JijO)jtg���\, ' -CiJFJfill:VC � ll::i"° Q 

Jffi1i50) Jffilliilfl£ � nJmfl!lffl fl3VC �Q ;:_ C. vi. "c' � fJ: \, ' ·  )f:O) f-:.'d:>, � 5 VC.ffii'"° J: ? vc, �tffiJ:: 

� 30 000 km J;I.J::O) �jfgB��JE Lt-:ffiiWLJfiltCjj�ffi-£ �fl�l:vf G ;:. c tc J: 9 ,  7c O) ffi£ 

0) nrmilmlffi� 73
°

, nrm�Fa'J� 8 ffi¥Fa'JLlJ::tc c "? --c, 3 fflt),J::O) ffi-£ tc J: "? --c, �t�3*�ffi 

�� 7J ,,, ::. - --t Q ffi £ Ji ,ra-'/ .A =r A � 11: "? --c 1�J?x mi� 'Ei" �:> t-: J!i!ffi � rr "? -c 1., , Q • ;:. 0) 3J! m vx. 

1967�J: i.J Im�� :h, jfgJ::Jmvx.�ll::ffill c !PdJ: "? '°CE=fO) ���-�#:tm--t o ��vx. s Q tJ\ 

---::)� ffi£;o;:ttg.:ifl*!vcfttr c lr=tl�vc{mO)---::)iJ;J::� L�arh, <Xii" G<k""'-c 8 ffi¥Fa1 ;::: c vc -:l;IJ;h, 

§ tJ: < J::�tcffil€_i7;Zt> Q J: :> �c L--CJim�rr ? 1JA.--c·� Q. 

:tltE, Y jla ;:. O) ji-Faffi£-Y 7- 7 A � .:f: � =- � -Y7-7 A c_ �L-C, ���-�K�vtQn 

El O) ffi£jj���:fit}'[ L�ffl i:p--c-� Q. '/ jl� i:p,i)c '°to -'f:- 1v =- -\7 V 7- T A v't, jl:�3*vc� 

:1:tt���JE Lt-:�tffi�fflO) jj� -Y  7- T A  --c·s Q ,a;, ;:. n c IP]�tJ:15�c·ffi¥3*JU vc.J&jfgB� 

�"? kffi£V7- T A ��ltt� G ;:_ t. K J: i.J ,  ffiffi*g� J: �7cO)mm:it!!MK� vfQjj�- 

'l'i!f¥1t1��-��111!a"JvC�jJQ "(' �  Q ;:.  c v'l.W3 GiJ:.c·tf, Q. Lil.,. L;:.  0) 1JA.vi, (1) ffirh --Cj§jflffi, 

c2) jfgJ::,Fµ)O)�•O)�*fE1t, (3) jfgJ::,Fµ)O)m1JiJ�*�7 './7'" -r O) m.lfJO) t-:.co��c tJ: o ,  tJ: c 
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Fig. 5. The Molnia style satellite communication system of USSR. 

4.1. -2&:ltf!flil ill 

± C L, '"(�:t{g,mj;i710)1'iHUii'!lfflO)jm{a**1fO) rAimvcv:::>t,.. , '"(��--tQ.  19601f. ft "£ -e �:t 2-5 

MHz 0) i:p��ffi';o;ffl1.., ,  1::>.ti,-c 1.., ,t,:. Lb:\ L c. (7) WJ��fffilffl··e�t, 150-50 m (7) �-pHc:Xt--t 

Q 7 -Y5- :rO)�fflT�:b;ffi: < ts:. '0 -cttttt��iJ;ffiootf� < tJ". Q t.::.oo, 'i t-:�l](J:-c·O) �:ttg� 

�O) rA,m i  ?6 '0  -c, iliffifHc:o:.;o:.b G-fJMusttmu:t��-c:·?6 '0 t.::.. 19601f.-ftvc 7'.'0 --c VHF · 

UHF ffi,(7) ,J,J!Jjm{a�O) it(�tt.�:b�(EJJ: L,, J;J.� 1:1 *O) a?llu�-ev:t--t� -C 65 MHz ffi,t.i:: c+ 
0) 

VHF ffi,O) jp:.ffl (l:81.J 25 W) , �ffi'ffl (lli:1J l-5 W) O)Jffifil�;o;�ffl � .tL :O J: :, rc t.t � , 

4- a '£ -c:-��O) qfc�:b;tJu ;:'t G.tL f.t i]t G�ffl � .tL '"( " '  G .  
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llBW £:1:!B "c' vi, 1980:q:. J: 9 jm. Fa ffl 0) v� '/J ", AI *I if flt iBl 0) ti Fa 0) �-� � .11:-t Q k ci:J, 
$0) fm,�U--t: Y-it - � lffi :;t Y 37' 1v � vc ¥$ L, )¥[ :;t Y :,· 1v lib c 0) *9 5 km 0) r1=1j � VHF :to J: � 
UHF 1*0) PCM '7" v /- I- !J - S/ 7- 7 A l1C J: "'.) -C =Y - :!t �J2si'° '6 1f�;o:�ffl1t � :h -CU 9 , 
�iJft.r.*5:!l!:��-c i. ,  Q .  

mti:, £:l:!BmJi!lO) Ji1a@J� -cfrt*O) rJ:ti:m�vi, !lB;ftJ£:l:t!!n�ffict:J -c1t���IfO) f1£1. , 7' v 7J 
Y � 9 7 �0)���J:K�� � :h-Cu � ,  � k ��O) �f�£� 'b �gKffict:J -C·��-If 
O) flh ,�ITfiJ:vc �  Q t-:ct:J vc, �:l:IB���c J: Q fltim/ -1 �O) ti1a��vt Jbi. , � c --c-� Q .  

4.2. 300-500 km O)ffi!Ura,O)iffiffi' 

300-500 km O) fEg'Mv-.t, Jm.1i5'miBl��O).mmIEeM. ( 7- "f- ':I 7°ftl�) fi'3 vc�t-: 9 ,  � O) fEg. 
r3 --c·miB!Jm.1a�fi '.5 vC vi •• ]i""O) AM�'/J�::k � < t.r. '6 0) '""(·, �::k�Jffi'iJ�JffliB!� (MUF) 

'/J� 7 MHz tJ.rO) q=tm�mtC�;E � ;h, -C L � '.5 .  7cO) kci:J, D · E Ji�� :Ji:vt�J!xt;��F1i5'VC 
* �  < t.r. 1J ,  Jm.1i5'ffiiB!Ji1aO)�f,m-tc� 1J vc < i. ,mlt c �n -c i. ,  '6 .  L-n" L-, ;:. O)fEeM.v-.tmffi 
'"c'vi:af<fi�, 1W�£:1:!B c 0) Jffi1a0) �fC��,m-tc J: < �:b;h, '6 JEg•--c·, �00 c <b i. , 6 1. ,  6 c M5e 
�rr"'.) -c v, Q iJ�, m::a:� --c·vc 1i5'�Ji,fa'/J� '""(· � Q ���1itf*--C· � f:_�?:}){11]vit.r. i.  ' ·  

11BW£:l:IBO) ffeU� � -c t ,  � f vi£:l:t!!--;" :J v 3 - v :r -'1"£:l:IBF1=1jiJ�� 300 km --c·, ;:. 0) 11390) 
Jim vi, ::t:.vc 2-8 MHz m��ffl l.,jm.{§@l��ffi./v --C·i. ,  '6 .  L,;o" L- ,  � f vl£:l:IB-!1BW£:l:IB 
F1=1jO) Ji1a���vi 55-60% irc��· t.r. 1. , . x1�fvfJif!Fa--c·v"J:, :;t - µ :J 0) !±i tJ:: 1., ,jtg��O) �ffi 
�l'CviJifl'la��'/J�� < ,  ��l. '  :;t - µ 7 7 - :7 iJq'i!ij£:l:IBO) q:tl31=1j fC ffim l., t-:�l'C�iJftJ::Jm.'laiJ� '""(· 
� '6 ;:_ c iJ��v, .  Lil'- L,  :;t - µ :J mlfJ7!}��/v vC tJ:: '6 vC--:::>;h, -CW:�JiFavi�fi!gqC tJ:: '6 . 

�1f, ;:_ 0) fEe.vc:tovt Q VHF mO)�:m:�fmvi, @11'Tffl�iJ�* � < �ffl --C· � fJ:: V•. ;:. 0) J: 
5 t.r. 12E!•tt�qf{�-t '6 x1tfH-.t, mtEvi 3.3 .  --c·jm-"t-:1fr*O) 5 '0 O) )aj-vftimlit���, (2) -=c 
1v .:::. --v�ffi:l:!BiiFaffi£1iA, t.t t: �  µt,ffl-t '6 ;:. c ii�� ;t G;h, '6 .  � t-:, (3) ffitft:®:O) fttmjff 
ffi£�fliffi L-, 1 E �@J, 7c;h,,l!;h,105t�f{0) 3t1a�fi 5 1i7* t �x. Gti '6 .  L,;o:. L, ,  (2) vi 
�§ 10 m  tJ.J:0) *�7 :,., 7 :J- '""(·�� l,, *•n�Fa�iJ;�,� c tJ:: '6 0) '""(·, M<fi�:to J: afiJ 
�£:l:t!!--C'�i�ffl --C· � tJ:: l. ' . (3) O) -Jjr*-C'fi. 7 ,:; 7° 9 Y :7 . �-- ry y y  Y J! c 'b VHF m�J:!':l l. ' 
ti�£, 7 YT :r O)��ffl�� J:t-f Q �'� <t> j;fJ:: < ,  JZS'lai!t1J t J:l::;�EJ(J:J;'tJ:: < --C-ttf O) ""C�ffl 
11::0) AJfj!gtt_ t �F1i5'VCmjl. , ;b�, mt1:1nffl tti�JJ'0J:vfvc){!-t '6 fti!!!Hi � -0 t-: < ft� � ti -c i. ,  t.r. 
1. , . 7c O) fm  (4) LF 'i t-:�t. VLF � ffl 1. , '6 1ir* i � x. Gh '6 iJ;, �*;oql�:�� G t-:ct:J--t-0-tJ:: 
* � ��--:::> 7 YT :r ���-tQ ;:. c iJ�--c- � tJ:: \, ,. ;:. .ti G O) i:f:t--c- i  CI ) 0)1fAn;:i& t AJ�l§tt.n� 
� i. , c �x. G:h '6 iJ� ,  4-�� G vc� L,1. ,wf9'eiJ��<� ·-e� '6 .  t-: tc. L-, 4-@fr� � ti '6 --t - 1v 
P � :!t" - .t- O)fm,mll�,� c a"BW£:ttl!F1=190)filim@J�O)Ji1att�vi, 300 km O)�-frtc.It� V-Cffi 

lt1¥JvctJ,.t.t IJ �1. ,11t��Ifn�� G;t1., Q  c �x. G ;h, Q .  



94 

s . �A£:!:fktJ� 1? (Dr· - � Jtt� � A -r A 

mt£, NOAA *' NIMBUS *'A�ffi£, :to .J: ry SMS 'A�firll:ffi£ fJ: c Q)��1J{Q)ffi£ 

te :f - :!7 JDl.� v 7- 7 A ( data collection system : DCS) ;a��- � :h, --C \,, , G .  DCS t:t.ffi £;a� 1tJ 

m•im173ves Q iey, :112-.1='°" Gzm�nt-= PCM 7 - f7 �ffi£J::Q) RAM /. -'f: !J -J::veiatt 

� '1:t, .:. '1Jffi£;a�:f:tl!J::'iftlJJm'1JJ::�veJl Lt.:Jey, ::z � � F' ve .J:  "? --C:l:tl!J::tc 7 v /. r !J -�:i2s 

� n, :ll: m � n t-= 7 - f7 v:t. 7 7 � A Q) :;, - 1v - ;qe s Q 7 7 � A � � � 'iti WF � � � f7 -

(CNES) vez G:h, --CMtfr � :h,, :::i- - -iF - te 7 v ';I ? 7- @]� �jm l., --C z Gil, G . .:. Q) v 7- 7 A 

t,:t. ARGOS v 7' 7 A c Pf+f:h,, C. Q) jj7*ve .J: --:, --C, 7 - ;!7 @]JOl.Q)BsjlifJ::i:tl!�"CQ) 7 - � JDl. 

�tJ: c·;o�JtJtl§ c tJ: "? t-=. "! t-=, .:. Q) v A 7 A t-:t.�m�Q) IE1ittJ: &fft'1JlU5E;o�JtJtl§--r::·, �ttmr 

B;o� Y Y - � 7 � F'�WfQ) �tet H:J Q){ftfft�IE1itveffi�-.t G .:.  c vefflt;/) LkiU���"'.:). .:. 

Q) v A 7 A v'l, Jlr$jmfBl!f*A�fi:;a�-.t""--c Q) -if" � - 1- �fi--:, t-::. 

WHii.::'Q) rc;Jm:t. 1978� .J: IJ :f- !J Q) mffiil!illU�;o�:*�P3te�fflQ)�A'A�il!illU���· l.,, 

.:. Q)?J{ll5E7 - ;!7  (:±. c L,-C:f:tl!J::'A�7- !7 )  � NOAA Q) DCS tezmia� � -lt --C, �ve 7· 

:L / 7- 7 -1 v 7- tJ: E i.::'@JJOl.-.t G .:. c tefflt;/J l., --C \,, '  G • 

.:. Q) Vit.iJ", ARGOS v 7- 7 A Q) �JJH'lJA\, ,fJBtffl-c·fi:b:h --C � 9 ,  ��f&?J{ijQ)v�iJ=-, vfE7]<Q) 

ii�, 7J<JlJQ)'.f$�, 7 � * 7' -1 Q) 7 - :!7 @JJDl., � - 7 - · .,.{ r i=z - 1v'A3*iJ:. G '1J  7 - :!7 @JJOl. 

tJ: c· ""'Q) (c;Jfl;a�JA < � x.. Gn Q .  4-�t,:t., :biJ�� --r::- 1b �Ail!illll}�'1J " ,  o " ,  o tJ: 7 - :!7 '1J @JJOl., 
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