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ΔmΔv���7�#|q�}�:M�w�u�n%�2w-s��5���o
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dv  =  -w       1/m dm
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2.R')·%�¶�^ªÂ')9FI²¸��gE�·�«�sw¶8�£5oµ®
¼�

3.&��OÒÑÙ²��ÅZWªÂ!�¶¸&�³·�h}
£{o³µÂ®¼�
4.�i�·ÚÊÎÏ¾, sw�·ISSµ´³·:uÅz§Â®¼�

v�m@·!�¶¸�ÚÊÎÏ¢Àm@Å��«®3¶ �.¢À·ËÔÛÐ8�¶¿°±�
n=�·sw";Ål 5o£�Â©³¢À�©·ËÔÛÐ·8�£²¤Â¿ ¶�4\pX
· �.ÜTTC.Ý¢À�p²�Âµ´·E�½{o²�Â�

�Km@²¸�Þ-2A|·ÚÛÍÈÇÛÐÈ£`�²¤Â©³£$�£�')9FI²¸�1
¶_¥�D9FI�¢¦¾�²¸¢2a|�,6@9FI�¸¾¹ª�²¸30a|²�°®�

ÚÊÎÏ7¯�¨�¶¸�©ÃÀ·�gE�Åe�ÓÚÉØÖ¶��¬Â©³²�CyµÚÛ
ÍÈÇÛÐÈÅN¼Â©³¶µÂ�

ÚÛÍÈÇÛÐÈ¸-µ�S>Qr²]Hsw¶L`¶�xªÂ©³¶�¡�b�·
�(�·VY¢À½�gÅ�§Â�

ÚÛÍÈÇÛÐÈ·	

http://spaceflight101.com/events/falcon-9-tess/¿Á

� NASA&�f#6@9Fm@ÜTESSÝ²·	
�?·7¯�¨c¸30a|³_�� R')9F·ÕÎÌ×Û¶�¡�SpaceXÚÊÎÏ
dÞMÅ��X·®¼P���¬Â³·E�½�Ä°±�Â³»ÀÃÂ�
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2.  ���

�9��} ���

%v�qC���{����6pM�

�� ����?����������i2�����¡� ���� �¡i���P"}|
{{�~).�H−IIA, Bpk�j

r�mviH-IIB�H-IIA�HG��{~iJAXA{�DO�p��Q:su8*7z).z+
�C��,t� ���zk�i�DO�pEL{%v�q�&!syl�jH-IIBz�i>¥
4~H-IIA��¡�¡LE-7A�2�(Jsi�� ����¢��¢�4�(Jsyl�j

�� ���z����i
U$i ���$C}|pOFzk�pir�mvi ���$CT
z+�OFzk���S3��¡���IN£GTO¤��%v�qC�{Bn���j

r�GTO��%v�qC�z�i?��Delta 4 Heavy, 2��Ariane 5 ECA�C�p@
10�¡{+�V$Czk�i?�����¡9,  ���� �¡M, ).�H-IIBpr��~Al
yl�j£H-IIB�GTO%v�qC��@¦�¡¤

K�~}wy����su5R�0��¢�X=�����¡9�# su�������w
yl�r{o�i).z�1- ���H3z��}���6�;'syl�j

��¢�X=�����¡9��� �����~	/<���u�sxxk�j

�9��} ���

JAXA�����
http://www.rocket.jaxa.jp/basic/knowledge/compar
e.html
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2. ¤���

3)�

Ko9+�WL�"yEv��sQ

JP3�� �y}��l�NL$v�9+��"L$w�3�z�w����m
|w�l¤����W&G�z���w�W����oslw�v��"z�9+�JP��	
�z�m�H�lKo9+�WL�R,T�7~����t��v�Wu�t�w����m

|w�l¤���&G�Iz*��y��)���ql)M��G��@z3)�Isp�#u=
o���mIsp��%��p��"L$w�O��L$g��~}��n�l,T������m

Isp = w/g

Isp�=o�����£� ��¦�%�2���m

v  =  Isp g ln §m0/mT¨

6�5D���Ko����"z�6�9+�3)��300-460A�Wu�;s�om
�}lKo��¥C��V4?��Ly�WL�"z���¥�¥�¥�-�Wo3)��
(�m yryl��)M�¥�¥�3���t�)��><�t�om

3)��l1�¤�¢¡�)M��98x{},l1N����ATF(�t�r�Iy
�o�m

�B)M1�)�!$�3)��U


�: 0.'�,iV4)M¤����Sj,
§/����:�, 2003¨

Ko��¥C��V4?��Ly�W
L�"z���¥�¥�¥�3)�sW
osl��)M�¥�¥�3��l�t
�)��><�t�om

3)��)�!$�U
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2. Ï¼ÃÄ

!�Ï¼ÃÄ¢G�Ï¼ÃÄ

G�Ï¼ÃÄ§dr����PA^�v�

Ï¼ÃÄ¦O9Ó6l�Ô¥q� §�%���� !�0¢G�0¦Õ���±�

Ï¼ÃÄ¹Ð¿Ð§�¿¸ÃÄ¹Ð¿Ð¢S¤°%D�¤�¢�³¡ua�±�«�O9¢¢¬¥
7i�±o��µR� O9µO��vHºÀµ1;¥�,�±�¢¡�j�±�

G�E\¤£¦G�O9§�)p�-���«�/"�)p�%��!�O9¥C¨ C

6�¥�² �±�©��6�µh8¡�±A^OM	BÑ�UIY¦A^µ
�±�¢
�¡�±¢¢¬¥�O9ÂÐ»¦%#�¬+<¡�±�

�;�G�Ï¼ÃÄ§� ¦®�¥OM*��,��KI��ÆÁÎ�ËÐÉ�ÂÒÈÐY¦$
�¦n�µe�±�«!�Ï¼ÃÄ®°dr¡�±�©��?�HºÀµ4��«�:N`T
ºÀ¦ZQ�O9c�¤£¡�°4��s���

O9¥G�E\�o��¥G�o\µR��Ï¼ÃÄ§G�O9Ï¼ÃÄ¡§>v¦C6�
µ5��«�b=3���Ï¼ÃÄ¢� %�¤Ê·ÏÒÅ7i��^¡�±�

�W¦G�¡¤��ÇÅÍ¿Ðmo�E\¦®�¥g(¥®� _.�f�±�G0¦�
[¤@k¦¹Ð¿Ð§¶Ë¿ÌÒÂÒ'��2RÀÍÀÂY¥R�¯² �±�

%#Ï¼ÃÄ¦$�§O9¥G�E\�o��¥G�o\µR� �±�

�: JAXA¦½·Ä®°

�¤O9¢o��¦]ª�´�

�G�¹Ð¿Ð¦� LE-9�

O9 o��

1 G�E\ ÓLH2Ô G�o\ ÓLOXÔ

2 ÇÅÍ¿Ð
Ó�)0ÖN2H4Ô

Vot Ó�)0: HNO3Ô
�o��X\ Ó�)0: NÕO4Ô

3 ¼Ï¾ÐÓJFÔ G�o\ ÓLOXÔ

4 G�&LºÀ
ÓLNGÔ

G�o\ ÓLOXÔ

JAXA½·Ä®°
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2. é×ßà

ÏÒëÑëÚë

{©V?Í�}�)¼®Ë

2003-8¸�°ÉÌ·:IL¤ÂÇÃ²¥¡>£Á��Í�Êx«»R&'Á*5C¤Ïà
Óê¥¬É3g#Í9¸,Ê¡2010-ÀT�,�¼®·±½Â"®¿áæíÛ½¿¹·¢
±Á¤ÂÇÃ²¥"ArÁ6�ÍÆ·É³·X[Á�ºÀÂ¡BGî&'a%_e7½NECï
�\³·�4oÏÒëÑëÚëμ10îQïÁ$�¨Ë¢

&'f�Á�l	Á;~ÀÂ¡�i¿©·ÅÚÐßàÑëÚëÂ
«¿©¢¶±¼mJ²Ì
·ÁÏÒëÑëÚë¼¨Ë¢ÏÒëÑëÚë¼ÂÎèØëÇÕÝâëg#Í+�îÏÒë�ï²
µ·0¡�OÀÈ¹»ÏÒëÍ�}³0@À�)´Ë±½¼;~�Í2Ë¢

¤ÂÇÃ²¥¼Â¡äÏÖéPÁU)ÀÈ¹»ÕÝâëÔÛÍÏÒë�´Ë½©ªWpÁäÏÖé
P=�.ÏÒëÑëÚëÍ�\ì<|´Ë±½¼¡jd4�D�½©ª�F��zÀn«Ë±½
¼®·¢äÏÖéP=�.ÂÏÒëY6DÀ�K�t½¿Ë·Å¡1HÁ@.ÀNÄ»
�hì{�ì���½¿Ë�S¨Ë¢

îQïμ10Á�cÂ^/10cmÁäÏÖéP=�.ÍZ©·μé×ßàE�MåíÞí¼¨Ë±½
Í`³»©Ë¢

ÏÒëÑëÚëÂ�%;~ÑëÚëÀNÄ;�Â�©¡N;�KÅ»�¯¡�(�
¼¨Ë·Å¡y��sCÁ�k�9ZÛçÛÞÇR&'qrÑëÚë¿¾À�³»©Ë¢

��: JAXAÁÙÏàÈÊ

ÏÒëÑëÚë

http://spaceinfo.jaxa.jp/hayabusa/about/principle2.html

�] >ìw�

 . ÏÒëÑëÚë/
T�KãçÜä;~�

;~� ÕÝâë

;� 10mN

N;� 1,700b¬É3,400bî�!ï

�� 36kg

vu(� 14,000D�

¦μ1ðÑëÚëÁw�§ ¦ÏÒëÑëÚëÁ�X§
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2. ®�¤¦

J/H2��3,��~

�<,��~�9��N=�:�E

#�®�¤¦�,��~E�{�����1��?����"/�H2,��~¨°£{
_���w���z�r�(�J/H2�,��~���{�F���w�s

�x�rMEOH2�v�O3bH2��L4��H2��3�,��~�w�s+$PU�
D�-���"}�;0{)K�]8H2��rJ/H2��3,��~����v�s

QY�H2�	PU��T=��LEOH2� ���r4�"/��H2�.R��s
�x�Iridium NEXTH2���(�10����,��~�w�s
2021-22'�r����C720��6PUH2WD�L>��w�OneWebB�r�(�30
����H2�/S[[\�,��~�L>�v�s

4�O%��H2�yw��r�¯§ISRO{2017'125�PSLV-C37®�¤¦����!
��L104��H2,��~�*����@I��w�s

�yr�H2�,��~�®�¤¦�,��~E�
�V��=w�r�H2�A�����

H2�ª�°©¤�H2����y�r�<,��~�9��#&�N=�:�|�Z+{
v�s

LEOH2��#�®�¤¦�"/��.R���3,��~�G��w�s

SPACEFLIGHE NOW �¦��

J/H2�3,��~��

H2
¡¢¥¬

PU
±��_²

H2XY ,��~7 �3,�
�~/

Iridium
Next

LEO
±780km²

800kg
±,��~3²

Falcon 9 10

O3b MEO
±8063km²

700kg
±dry mass²

Soyuz 4

OneWeb
±L>�²

LEO
±1200km²

150 kg Soyuz
±LauncherOne
��«¡¯�?²

34 or 36

tM^��Iridium NEXTH2u



� ���}��������}����~}����24

2. áÀÉÌ

fBÏÅ

b�n±ÁâÑÜäÇ§¬ÔÞÉÌÒ¼äÙ«V3

fB¨�¦¬#EGa¶I0«��� ´¢¯¬G�¨�fB¬�Fs¶	 ¢w�¶]X
�¦fBÏÅ¨�·§�´�

�?�¡¬fB�O(¬UTåØÉÃÝâæ¶ue�´¢¯«5jªG�¶ØÉÃÝâG�¨�
·§���¦�´�

qfB§�ØÉÃÝâ�Sª¤¦°�{�[�'��4[�;t[ª©�q§�´�
¡�§�ØÉÃÝâ«²¤¦Sª´qG�,R«lk�´��fBÏÅw�«¥�¦�
)_¬�´lk¶
R�´�¨§hsÁÅÌ¶�L�´¨¨°«�hsDy°W^§�´�¨�
³1��R�µ¦�´�

fBÏÅ��¥�¬ÂÓÃÅÊÙ§F8�µ¦�´�

�µ³¬ÂÓÃÅÊÙ«�&z{K±ÏÉÊßä�³{�¶�\�´{�[�fB¬'�
¶�4�´'��4[�<oG�«v�ªM2Q$¶��´N�4[�ÊàÚÌßä�¬
p±!��³¬Á×âÍ�Y¬TTC[�ÅÞÅÇ±¸ÖÄÛäÇä¶�-�¦�r�´;
t[�9£��Cª©§¬%�ªcx�:��g=�³<oG�¶�m�´G�[��´�

��¥�¬hs`§�|*�³¬Sª´ØÉÃÝâjJ«+6§�´²�«�."�³%
"®§¬i>¬fBÏÅ¶R7�¦�´�

fBÏÅ

fBÏÅ ÂÓÃÅÊÙ

{�[ åEPSæ

'��4[ åACSæ

N�4[ åTCSæ

Á×âÍãËäÇ�P[
åTTC � C&DHæ

;t[

G�[

hs` �ªfBÏÅ

Õä¹â¿ Boeing 702,  702MP, 702SP
HS-376, 601åAÐÜäÆ»¸¾ÞÒÌæ

SS/L Loral 1300

áÉ½äÍã×äÈâ A2100

ÇäàÅã¸àÎ¸ Spacebus 1000,2000,3000,4000

EDS¸ÅÌßºÙ Eurostar 1000, 2000, 3000

�d{G DS2000

NEC NEXTAR

�Z �H/�@E¬�ªfBÏÅ�
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3. V6©«°½

b�V6�=/��Z

3`�*���!�¢"#
1

F��b�V6���4��V6WcR�¹Á¯±¸§Ç½�� V6µ«��V6�<R
ET�¨Ç·«Y�È¼¯©ÀÅÉ¢C��b�º¥ÄÇ²��=/�¡�� �

V6µ«���3`�*5)��.,Lj��T^�!�¢�*���G¬Å¨� k¬Å
¨�-�¢���G5���¤Å°³2�� k5���ÇÁÇ¶´Ã2��*¢U�
�� �
�Gg�»°Å©¿ÃN����:X���5��?M��¡ _e�P��@����«
Á«®¦ÅªÅ¢���3d>=�� �µ¯°ÂÇ��7�ÆJ��m�]� V6n�8
j&�l�¢	O� �

��a(�fP�d£�� ��b�V6����� Intelsat 35e��Z����0��
�8�gh6760kg, �Q�4;�ÇÁÇ¶´Ã�� 	Ol�12kW, \[$�15(�S
�¢9��� �

?����D+H�V6_e¢9� b�V6�B�V6����¢I��

���b�V6���Q�i� klA¶´Ã¢%��K��¤Å°³�'8��G5
�¢�����!��*��� �

b�V6�=/��Z¥¾Çª

Intelsat 35e V6
www.intelsat.com��

Propulsion,
TTC

Fuel, Batteries
Power/Thermal

Systems

Solar Arrays Solar Arrays

D/C

Pre AMP

Filter

PA

Filter

Satellite Bus

Communications Payload

http://www.intelsat.com/
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ÈäÔâÎÒÖpKæ1/3ç

X+½�[Å	q¬ÂpK�QnÈäÔâÎÒÖ

ÈäÔâÎÒÖ¹�P�ÉáäÚÒË~�;¸1964;·]v«¯*�R�æInternational 
Telecommunications Satellite Organizationç¸\b³ Â�2001;¸4�T(�A½�%
a¹�SpKwz�·g50¸pKÅ|m«�ÌãåØâ¶y�¾pKFxÅE«²¡Â�

���[¸*�¥#�³¦Â!�¸ÌãåØây�pKÏÐÔÞ�tdÅ>§E&«¯¸¹
f*Í×ÕÇ1j�³ ±¯�«¤«�ÈäÔâÎÒÖtd¸�;·�?·�Ã�®¸C�¸
�kL�·¿±²pKy�¸2�¥<§`ÀÃÂ¿¢·¶±¯¸½�6³ Â�

®¸A�ÉáäÚÒË¾WOÎÒÊåe¸ÐÝåÓÈÜäÖ�ÆÝãsZ·¿Â���¸N�
_��Üâáä¸.9/¾f*%M0]Ôãe¸L�Å���[·áÆâÑÈÞ�k«¯¸
¹¡Ã½ÈäÔâÎÒÖpK°±¯�

�J�)5,V�¸y�ßÕÇÆÅÖàÙÒË}¸rV³»Â¶Àº��ÍåÛâ
x¥1 
Å"¼²¡Â¥���¾8:,-¶µ¸<§�G«¯,V´¸y�¹�W�ÈäÔâÎÒÖe
·¿ÂpKy�·1¦§�3«²¡Â�

ÈäÔâÎÒÖ¹��{¶YB¸½´³tdªÃ¯H0¸*�hl¸�³�iU¾I��¸
@�°¨³¶§�oÀ½1¦¶'Q^D�Å$¼Â©´¥³¦¯H7¶¡�´¡£Â°Ä¢�

ÈäÔâÎÒÖ¹��=36000km¸uz�c·g50�¸�SpKÅ|m«²¡Â�

ÈäÔâÎÒÖpK¸wz�m

3. pKÏÐÔÞ

ÈäÔâÎÒÖ¸WebÎÈÖ¿Á
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3. O7¢¤©µ

�»©¸¡¨«O7¾2/3¿

°½µ�E^�\�A

�»©¸¡¨«O7��u�1���~��w��¯½����uO70T�»©�°½µ
.>��I�;/�'!��y�v

QF-�{��2��w|�@&�QK�XA��C)��u�����w|�8��¥¤
�}��z�u@¾ º½¯¸¿°½µu_�.>�x���/.°½µuV�`P��y
�����¦½»°½µ��5¼(5���<��I��G�����y�v

�4u,y)��%��@&��A|�L�Ku)��u´¸§¤³¨«°½µ����<2
�E^B�J�U��A�����V�$]� *�a��HTS�[K�W��y�v

���»¬=�¾:H60s¿��2017+��XA��HTS¾High Throughput Satellite¿��
�Intelsat 33e�C), �±·���Ku)�¯¹¨£�x�v

C)��u��TV�I�	A�� º½¯¸°½µ�M��69��8��¯½��y�v
�±·��¡²¡®¶����u,y�·���¯½��/.°½µ�u���"Z���
¯½��¦½»°½µ�|C��<�	A��y�v
Ku)��u¤³¨«°½µ��4\�E^�\�Nz���V�$]������y�v

�»©¸¡¨«�À =����"�SY�K�[K������¶½����ª��#
?��y�v

�»©¸¡¨«O7�°½µ�


Intelsat 33e C)�¯¹¨£ Intelsat 33e Ku) �¯¹¨£ ¾�Z��D�¿

�»©¸¡¨«R3��
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3. R3¯±¶

©º±¸¬°²R3½3/3¾

©º±¸¬°²�HTS

_'��F��+a�R3�7P�� Ku&¡Ka&��(�&�§=E���/�¯µ°²
´¼¶§eO�¥���8�����a�!g§c*�¥R3�hG¡bE§Q����¥�

��¢���!gR3��HTS½High Throughput Satellite¾���¦��¥�

����©º±¸¬°²��EpicNG�I�¥HTS§2018'4A�6�Zc������4�§e

O>���¥�½;¥2��2019,20'�,�����¾

	H����HTS��a�!gK�XA�£Ka&§-E���¥��©º±¸¬°²EpicNG

�����Ku&§
E���¥�©º±¸¬°²¯±¶�2��D#����Ku&��¥�
��CQ¯±¶�£�@�JQ§fW���£��¥����Ku&TO�Ka&TO¢¤

(�%��5����¤�jk?S�)m��a��\l� �����¥�

EpicNG�����¥ Intelsat 33e���Ku&��/�¯µ°²´¼¶§N¤`��E�¥�
���Ku&�¤·º«��M�&���Y9190MHz����C&�¤·º«���M�&��
�Y2670MHz��¤�¿R3��Y�6�25-30Gbps�a�!g§c*��¥�

Intelsat 29e����L»�L, :$����:Li1 9���D#.]K§V^¨�
�d�U<�� ¯µ°²´¼¶§B"���¥�

©º±¸¬°²HTS�ª³¹°®�

©º±¸¬°²[0¢¤
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3. e=½¿ÅÏ

´Ò¾µÏe=×1/2Ø

Fjq£¬¯LEO½¿ÅÏ

\�´Ò¾µÏW�pQ�¯e=½¿ÅÏ��®���x780km¤Fjq±���¯�f66
¤�jq×LEOÙLow Earth OrbitØe=£���S±¸ÉÖ���¯�6�¤jqw¤��£
11��¤e=�G4���¯��gf1�¤jqw8¥7,�fe=8¥77¤�©�&T�
77¤�&£RC��´Ò¾µÏ ���°��×66£gf!>3ª��X±`a	QØ

e= ÑÖ¼YA ¤ÒÔ¹×»ÖË¿ÒÔ¹Ø£L-¤�J8±	Q�¯� ��- .¥N
�ª¤¤���]6-vh�§¤+�¤�O,±Q��vh«ÊºÄÇo
«�L�Í´[
¤ÀÔ»�¤+)rÆÖÁkm¢¡��d��¯�

´Ò¾µÏe=½¿ÅÏ�¥�u5�¯4�¤e= ¤t£Ka-£¬¯¹Ó¿ÒÔ¹±@��
�¯��°£¬���1e=¤»ÖË¿·Ò²¥V2^2�km N�ª¤¤�#K±�¨�O
�¤"�¤�M£ÈÍ,±gcÕ_R�¯� ¢��e=�b¤�`¤§�YA-YAt¤o

���¯�¢��Ì³ÖÂÒÔ¹×ÈÍ,-e=tØ£¥Ka-±�Q���¯�

´Ò¾µÏW¥»ÖË¿s%tª¢��Ep�£$7��<B¤H�PI£��¯\�
ÃÐÎÁÖ11¤*i ¢�����¤3�0±D��  ª£�?l¥Z2��½¿ÅÏ
×Iridium NextØ¦¤>9±2019/'�Un£(;���¯�

´Ò¾µÏe=½¿ÅÏ�¥e=t�`±Q�¯� ��#K«F�:£ÈÍ,±gc
�¯� ¢���°¤� ±�¨�O� �o
��d��¯�

´Ò¾µÏe=¤jq

KDDIµ¶Í»´Ç¬®

´Ò¾µÏWµ¶Í»´Ç¬®

ISL£¬¯�`¬®
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3. :*����

�����:*¦2/2§

48	y�����¥�

�����:*����y�:*z�=48	y�����¥��,jte�aniu66�y:
*������uz�=� 'z3168x~w�g`�hy� y��¡��z1x-�)x
tE;l�o}`�JxC2l�� ��=2150xI�l�ivuL��56jte�a

�E����)!uz`FDMAvTDD�7|��mte�a
lw�q`1.6GHz�y10.5MHz�x`41.67kHz�yFDMA��� 240/��{�vv~x`
���� z8�¢��¦4�¥�g���£�2x2�¢����2§yTDMA�¢���~s
90msGyTDD�¡¥�u.$jte�a

opj`� Hy�0�9#jtK%� xz�k��� ��"twe�fx�/'�
2�'12��2l�o}`�� u�Jx�2l���� z¦240/12=§20��� ud�a
niu`66�y������y�F¦L?��� &4y�+%8'§z¦4 x 20 x 2150 =§
172,000xw�vjte�a

�=48	y�����¥�gd�g`-BDx����¡��yE;�K%� H�0
�9#jt`�Jx�2l���� �Irte�a

�����NEXT:*y�<@�

b:*�¥�y��¥�c

M3 '
¤@�

:*EF 860kg

:*L� 2kW

>=�� 10 

�¥�' 48

�¥���£� L�¨1610�1626.5MHz

��¥��£� Ka�¨20/30GHz

:*H�£� Ka�:23GHz

�E����)! FDMA/TDD

KDDIA(��
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3. mOËÍÑÝ

O3bmO

t~�f8063km³�u~¿�6P�çB@f�®´288�è$S®$'©½z�mOËÍÑ
Ý®�¼�V4.Dz��cSES³100%/�c®�½O3bÖÐÓäæÇÍ¢}]¨�½�

O3b´Other 3 billions³_®�¼�t~¿�>¯¨«��j9)*²�¸g30�³��²
ÒÌÎâ�{z�H�¿`F©A%¿w¹�½�

20188[(�16+³O3bmO¢�k§¾�½¢��<³x�E¬�¤¢p^§¾�½�

!mO²´Ka5¿�]©½"p12�³ �ÀåÑÕ¢Jv§¾¡¼�¥³�¬2�´Èæ
ÓÃÄÂ3¯³z�çÛÁæÏæáåÇè]��³10�´ßæÊ3¯³z�çÉæÚÍáåÇè]
®�½�

ÉæÚÍáåÇ®´!ÀåÑÕ²5*7216MHz³�h&2;ça��Y�]è¢Gi§¾
�½�ª¥®�1ßæÊ3�«¼³R.	y{91.2Gbps�mOéT�®´R.12Gbps³
	y{9¢=»¾½¯¨�½�

O3bËÍÑÝ®´�$'mO¯)\3�®Ka5³��ÚæÝ¿�]©½«¹�mOÀåÑÕ
�µ)\3ÀåÑÕ³�M®6Px2¿l�³²� ��0P�¦¯²<imO¯³�®
GW3¯ßæÊ3¢�r¨«mO�¼Q ¿1N©½?n¢�½�
mO�¼Q P³z�L¿'�©½²´)\3�²ê;³ÀåÑÕq�¢?n¯±½�

O3b´�u~mO³«¹��WmO²X·	I|:P�¢1/4e9¯±½�C¢�½
¢�z�L'�²´�2;³ÀåÑÕ¢?n¯±½±°³UZ¢�½�

O3bmO

t~�f³�98�Æã¿$'©½MEO

O3bmO³-oÂÞæÌ

"p12�³ÙàÜàÀåÑÕ³�¬10�´
ßæÊ3#£�ê�´ÈæÓÃÄÂ3#£�

mOd�²
�ÚæÝM#¢,�©½«¹�
!ÀåÑÕ´bD)\3M#²6Px2¿
1N�

O3bmO³u~ÂÞæÌ

O3bc³sKº¼

ßæÊ3¯ÈæÓÃÄÂ3³�M´�0P���¦¯²�
�r¨<imO¶³ÚæÝ�¼Q ç×åÔÅæØæè
¿1N©½�
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3. sMÛÜÞã

GPS

�tdÃsM[	ÛÜÞãëGNSSìÀÏGPSëGlobal Positioning SystemìÇªk%²�
bÄ�c¸¼ÛÜÞãëÆ��ìÒW��GºÏ¶ÁÀ0ÈÎª_&Ç×êàáhÀÆ_&	
nD+Æ�AÄ<´�b·Ð¿®Ï« »Æ@ªEU^GPSÀÏØåæÖËª�%^GPSÀ
Ï�IÄÌÏ�cé�b²rÑÐ¿®Ï«È¼ªLPÇªGPSÄÌÏ[	l=!�Æ¼É\
.�sMÒ�n¸�b²rÑÐ¿®Ï«

GPSsMÇ�=20,200kmª���Jz55=ª"O12N�Æ��ÒÊ¾��=sMMEOÀ
Îª�|6Æ���Ä�4*, �|24*Ä¿*PÆsMÚèÜÞæêÛäèÒRE¸¿®Ï«

�sMÇª�1N|ÄÌÏVeÃN�Áªq�Æ��D+ÁÒ1.2GHz/1.5GHz9Æ��Ä
¿:NG�¸¿®Ï«�boÇ¶Æ��Ò��¸ª»Æ��N�ëtìÁq�Æ3U�	n
ëx,y,zìÆ4¾Ò-HÁ¸¼�gKf>|jÒr¯¶ÁÀ[	Òr¯¶Á²À³Ï«
¶¶ÀªtÇ��unÆN|Æl=Ç
®¼É-HÄ�°¿®Ï«

»¶Àª¶Æ4U��gKf>Ò{´ÄÇ4¾ÆsM²x°ÏBw²Ï«¸±¸ª4a,ÀÇª
�ysMH²�ÍÐ¼Îª�ysMÆ	n��²C®ÃÂÆ#�²�³Ï¶Á±Íª{Y
ÀÆ8/Ë[	l=Ò!�ºÏ¼ÉÆS¬Ã6i²Ã·Ð¿®Ï«

GPSÀÇª�z[�Á ¹�`½²ª��TÆ	n(x,y,zìÄ�°N�ëtìÆí¾Æ-H
Á¸¼í��gKf>Ò{®¿	nÒXÉÏ«

GPSsMÆ��Á[	Æ�`

�=2�ÙçÒ"$ºÏMEOÛÜÞã

H2ë�ìÇ�m45¨']À���pÃsMHÀ
Î, 6�12Ä-�ºÏ«ëÕÔÙâßÔÓÌÎì

GPSsMiÆ	nÒë Xi, Yi , Zi ì, ��TÆ	nÒëx, y, zì
GPS����N�ÒTi , ��TN�ÒtÁºÏ«
È¼ªcÇ��ÀÏ«

4¾ÆGPSsM²x°ÏÁªi = 1�4 Æ4¾Æ�}�gK
f>Ò{´¶ÁÀªt, x,y,z²XÉÍÐÏ«

c2ëTi – tì2= ëXi – x ì2 + ëYi – y ì2 + ëZi – z ì2 

�Z�5ÆÃ®')ÀÇ10*f=ÆGPSsMÆ�ZÒ
��À³ÏÆÀª×êàáÇQÅª»Æ�¿Ò��¸¼@ª
ßêÝÒ��é;(�¸¿l=Ò�µ¿®Ï«

È¼ªGPSTp¾³F9�~ÀÇªF9*'7Æ	nD
+Ë�Z?=Òb®¿v3¸¿®Ï«
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3. a?¿ÀÂÇ

R'za?

4$
�«GPSa?�·«���¦�ºa?Q�¬�`¡��q1p´.tp¦¬
ÅÊ´JD©¨¦wP�o·º¹ ²�GPSa?¡�¦¬*+� Q�¬ v¦�¹�

>E�sW��20103¶¸�±¢®��«�Y¦r_»s(� R'za?¿ÀÂÇÎQZSS: 
Quasi-Zenith Satellite SystemÏ¬�#!�¦��y,Y«Ñ«)ih»³¤a?»3�
�
r��¹§�>E�#�·¬'z	j«{��fª2@Ð�
�«a?»el�¹ ²��
a?ªGPS�9«�»k�¹�§ª¶£¥Q���`©SO»&��:�¦�¹�

��¦�R'za?in¬L«�dÄÉÈÍÁ»B�¹H�in¦�¹�
Ì�7^4Ò G^135� Ìin�<fÒ 45� Ìu7TÒ 0.099 Ì�C: 23@t56�

201836AU"�±¢®�1,2,4�K�R'za?inªr_�º¥�¹¯��±¢®�[3
�K¬G^127�«xMinªr_�º¥�¹�

° �GPSa?«±«�«%��wu-m5ª¶¹g0« ²ªQ�\4¬;mZ4ª
§¨°¹��±¢®�a?�k�¹¾ÆÈÍÁ]c6ÎL1SÏ�»��¹�§¦Q�\4
»10cmZ4°¦{²¹�§�¦�¹�

R'za?�±¢®��¬in�<f45���C23@t56�«H�in»���¥�¹�

R'za?«in

{42�½Ë»���¹MEO¿ÀÂÇ

Î/Ï #!bX Î�Ï'VbX ÎJAXA¾¼Ã¶¸Ï

#!�¦«ih¬
��y,Y«8«)�

>E¦¬�'z	j
«{�{4»µ£�¸
§=��¹¶�ª���

3a?I8¦¬�8@
tNª��in�ª
L«a?��F�¹�
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4. \5

\5��5-

�5-'��>

\5�� ��\<5�s���5-�������=��z�3u��>}x�t

7�\5�_����5-��s10����D�����>}(�9y���y�t
��z�sG0O
�	9���y��5-�B��s��3GHz|�30GHz���¬¢¥±
5´SHFµ'�s300MHz|�3GHz���2L;5´UHFµ'��Q�'��x�t

�����5-'�z�s1GHz|�10GHz�'��\5�6H}4M:&�y���{s
"#Y^}&�y��|�sv\5�@w��������x�sG0O
���¬¢¥±�E
���/�|�	9���~�t

�.s10GHz���`y�5-��s�5-}`������[�Z���6H} ~��
�t�|�s��(y'�}�9�~��|sDyª³® ?V�R�����s1�O
$
S , �~���s30GHz���¬¢¥±5��Q}(�	����z����t

8���sG0O
A�]I��%*����s¯5��W�N�275GHz����5-
'}	9�~��z��X:�\5�)�}F���y�t��sG0VO
����Q�
�s°³§³� 9y��O
�	9}!��z���y�t

O
]I�, ��ys��(y'�}�9�~�`y�5-'�U+}P¡�y�t

¦«¯5

¯5´EHF)

¬¢¥±5´SHF)

2L;5´UHF)

L;5´VHF)

;5´HF)

�5´MF)

T5´LF)

LT5´VLF)

¶TH· (0.1mm)

300GHz(1mm)

30GHz (1cm)

3GHz (10cm)

300MHz (1m)

30MHz (10m)

3MHz (100m)

300kHz (1km)

30kHz (10km)

3kHz (100km)

\5

K�E

C�E

£©¥¨E

¤²¬E

�J�E

\5��5-
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4. j?

jg+�(@�

"=���#¥�#�j?�1m«�¡�

j? �F�L�"=¥jg+«^`�©e�<��1m«��©�

N60km�§500km�n.��©jg+� �"=���#¥�#�O!P¥¯·²´P�
¯»Á±Å«����¾®º´jS�j#�½À´jS�®°Ä��gÆjgÇ��E3�
����©����£�HF¥VHF�j?� jg+�¦���)¥*5�Z�©�

�7��ª¦¨�?6�n�¾®²Ã?-�j?� jg+���)¥*5 ��J_�©
��	?k��\Æ¼¬À¹Å�\Ç�©�
���1.5GHz�¦�����?6� ����Q.��� &��jg+E3�2C��
��¦¨j?/.���©³Ä¶ÂÅ³¿Ä�Z�©����©�

�Vk]��(@�� "='.�n��©���§�U9^��j?�i¥h��«^`
�©e� >�#ÆH20Ç�jK¯»Á±Å����ª©��AW�G�©��:����
Ä¸º�§Y�"=flB.��8�©�

j?AW dh/.�����?6�n��©��ª�¢��h�
«j?�^`�©T[
b�b��©��ª"���©�£�U9^�� ��(M�aX��©�

U9^���H�?6-� �(@���h�¦©AW�1m�;¤"���

jg��(@�

-80   -50                15 [�C] 

10km

50km

80km

300km

1000km

jg�/D�

�c�

4+�

(@�

100km

�R���� B.����I
�¦�����ª©�

(@���d�©B. �4+
�� %��©°µÄ�O!P
«���©�£�8�©�

D�Æjg�Ç� �®°Ä¥j
#�O!P¥XP«���B.
��8�©�

���B.�, W$0��©�

���n�¦©B.�,�
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4. uD

_>l�Ê_>9kN¶�D:

uD¶J2¿M¤«®�D:¶�0²�N

K��_>l�A�²_>9kA�µ�N�¶uD¿�D:,!�µc½²�`µ´½�

©©±��(_>A�²·��(fYª¾®IX+Ì�L+Í�¨¶_>l�ÂËÇÄ¿d¢�
S�_>A�·�[�i¹^]´³¶S�
�¶�L+�¨¶_>l�ÂËÇÄ± ½�
�<�9k_>A�·�9kPW¿_>¤»����Z¶&+µ�;�k½ÂËÇÄ±
 ½�

�\µuDÌ�¼0°Í±·�D:¥x§´½²�B¶J2¥ ½�
Êº¼/¡,!¥�N±¦½�
Ê�¬p�wT¶ÁÉÅÆ±·�1¥x§Ì6�5¥x§Í´½�

Ê�(hs¶Uq¿�8½q¶uDHa¥$¦§´½�
Êrtµº½uDHa¥$¦§´½�

�A�±·©¾»¶J2¿M¤«°��¼0°�D:,!¿�µB¶º¢µFN«°¡½�
�(_>A�±·�#:¶�L+qµ°�<�¶xml��X¿f(½�

S�_>A�±·�* ±V=´�L+²¶q±CjQ	m´l��X¿f(½�
9k_>A�±·��¹J(�!
µo?q'(«®PW�k�X¿f(½�

_>l�±·l�vb¶4"µ)3½®¸�x¡�D:¶�N¥nÀ±¡½�

_>l�Ê_>9kN¶�D:,

�´�D:,

Ì�¼}�¼Í

lR ��� ��� ��� J5

�|�}�|�y��� �, �

�|~}�|�y��� �, �

�|�}�|�y��� �, � �

�}�y��� �, �

��}��{��y��� ��, � � �ÌEÍ

�~}�~y��� ��, � �ÌEÍ

FSSÌFixed Satellite ServiceÍ �(+²¶q¶_>l�A�
MSSÌMobile Satellite ServiceÍ S�+²¶q¶_>l�A�
BSSÌBroadcasting Satellite ServiceÍ 9k_>A�

r
t
H
a

*

$

Î
Ñ
Ï
Ð
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8
7
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!
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*

$

ÌEÍ eO�¶LEOÃÄÅÈµº½MSS¥FSSµ.G¿�£´¡@�±���±g�ª¾¯¯ ½�
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4. G1

49�1r��1

�cu4�k~��1��2

�1uw49�1r��1v27Hgb~_
49�1qw^G3g0%*�^63g�4*�vzzD;k~G1�0%�1^63g
0%*�^G3g�4*�vD;1��4�1r��qc~_

�*^��1qw^�4(y�*�vG3	5g0%�x�*�vG3|}π/2nhD�qc~�
�uw^�&*�u�fopG3g�->�#��}u�@jp=e~vq#+��1^Bu
π/2nhE�pc~��uw^->����}u�@jp=e~vq�+��1r��qc~_

��1TV(Aqw^0%*�u8!��ym/����q�~|du0%�1v{^�
�'$G?qw^����������:*�u�yp��"����q�~|du�4�
1v{�2cpc~_

<,C�qw^
2�1)tsvFcu|op^��1zmw49�1vcl�fup^#
+�x�+^0%�x�4v��1�
2k~irq�1)$��.��2jpc~_

<,C�qw^
2�1)tsvFcu|op��1zmw49�1vcl�f�


2k~_Q$qw��1^S\$qw49�1v
2g c_

49�1r��1vG3

�a��4�1 �b�0%�1 �c�#+�1 �d��+�1

��wG3Ev{̀��1a`49�1a
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4. Z;

������P

�>�D��ZY%�C�	?�;Nv�P

ZY%��Z;vRU|�Xq�>D���ZY%�Z!u��,\����q&4;
��4;���1��CS)vA��y����rH8�{�qBI;�;3���
P����|r

y��q������8����q~��PN)�θ��:*�Ez��t�r

θ = 236 Bav NT f−2 

yy�qf�Z;��;2�GHz�qBav��>D��(���Wb/m2�qNT �el/m2��ZY%�
Z!")�TEC��s�r|���qVHF/UHF'�Z;��+w,\��x�vq�;2v]
w���,\�Q-���r

ZY%</�����VHF/UHF��6 15�P��P|�vq�7��3GHz��6 1�
���q11GHz��6 4oF)�s�r
r~y�qZY%�WwRU|�y�vs���C'�4/6GHz��L5R����;�
?
|�y��������P�,\��V{�t�r�3qKu'�L5R���q~�,\v
$�t��MJ90vG��BI;�
?|�y�v�tr

D��(K�TK3��Z;�RUz}��q;[v�P|�=O�������
8������������?z��t�r

������P

�#;

Z@ E

D@

������P

D.�
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4. S3

QR���4C

Kmjw��4CM�J	)

B.K���:u�S3{��3-���GHz�nTp~��y�hQR/�4Cn��u�i

QR4C�R6���S3�����xz9t�w�hQR4CM�L��B��hQR*(
�R: mm/h)�����kh�whS3nR��KLu�AIN�DRAIN: km�n��u��y
� op~�ivr{hB.�F��{θ�n
p~��y�4CMn op~�i

j�QR*(�R: mm/h) �lq�1kmjw��4CMγR �dB/km���;��{�E5?1
m�h�3-�"u�2y������α,k �:kw�){J	{o�i

γR k�Rα 

L = γR�DRAIN

r������α,k ||��h�$�'O/O8�1%, 0.1%~}��%u��;����QR
*(�2����nITU�z�,s�zk�ir���-���|�h�$�'O/O8�lq
�QR4CMnG={o�i

QR4CM�hQR*(|�3-�"u�D-��-�:kw)m�G={o�i

QR���4C

R�T(�>5km{j�n�7@(���<~�i

R�T(
�hRAIN�

������T�hA�

DRAIN

�F�θ�

[4CM�dB�]

QR*(|4CM�P��0�, �F45f�
S!+�K�#�HVol.79��

�3-�"u�k, α �h�3��xz��&<~�hITU��P.838-3���|2�~�i

[�3-�GHz�]

GHz 1.5 4 6 11 14 20 30

kH 0.0000443 0.0001071 0.0007056 0.01772 0.03738 0.09164 0.2403

αH 1.0185 1.6009 1.5900 1.2140 1.1396 1.0568 0.9485

kv 0.0000574 0.0002461 0.0004878 0.01731 0.04126 0.09611 0.2291

αV 0.8957 1.2476 1.5728 1.1617 1.0646 0.9847 0.9129
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4. 9(

��_78��

!#`K��\M��^�:

ITU[`O�,��[_1*.%hc\^O�6_��"6+^�Xf1"6QYe_78
��jmm/hk_���\WZ� WZRfPjITU��PN837-1 k

Vg^df\O!#_�$4h�bK��O�04h�bM��[_�6"6+Pj%k^T
Uf78��Rjmm/hk `&^]fP

Pj%k 1.0     0.3     0.1    0.03    0.01   0.003   0.001

K��_Rjmm/hk 1.5    4.2     12       23       42       70       100
M��_Rjmm/hk 4       11      22       40       63       95       120

Vg^df\O�SaO20GHz, '��(hK��^Z�245M[�	Xf"O�6"6+
0.1%[_78)/5LjdBk_3-
`��^]fP 8�;�jDRAINk`5km\XfP

γR = kiRα = 0.092 x 121.06 = 1.28
L = γRiDRAIN = 1.28 x j5/sin45Mk = 9.1 jdBk

��_78��j��:mm/hk ITU�� PN837-1
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4. S6

����%

2.4m$����u{50dBi"

I.O	u�<p���������CzQ�T����z%�Gi�{3!u5}~��h
nnugGi{�'>wC-&������8�%0�vor����%ui�gλ{6P�m�g
Ae {/�Q�TB�m2�ui�h

Gi = 4π Ae / λ2

�Rz����Q�TB�A�vQ�G:�η��<j�vgAe = η A ui�k~g�!{

Gi = 4π η A / λ2 vw�h

�mz��������z��gη{0.6k~0.7�60−70%�A ui�h

��JFzKu����;�{gKu�VSATz)H>0��7Mp���g�*�Kuz9
E��K=Ll�Gvwstj�hqz)H>0�u{gN	%�50dBi��votj�n
vk~g��������z��g1y?$2.4mx@#p�h

?$2.4mzKu���������z%{D50dBui�g�-�x�2z,����
��/p�vor�'����x4|tg+�-�z���{10�
z( �/p�h

����% �Q�G:60%z���

%�dBi�

�����
-�

40 

C-&����z����

0 

20 

50 

30 

10 
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4. :&

myqsuzw�


�V3dB��Zj�

myqsduzw�eN�dhSc
�V$�	Ui3dB{0.5�c|��Zjuzw�{θ|_
��ZjO

�.dtxvxmyqsd��Nθe%�_4�_WjOXX_Nλe&6Ndemyqs(�_
QjO

θi � 75 λ / d

θil*Pd λ , dc]R^2+Zj`�0cbjO

/" 5_�'Ykj�45�60cm)�dKu�myqs_eNuzw�e3�5L_Qj
d_N3-d8cN/"!�l�Tjde[kfa�9_ebRO

�!N�1m)�`bjKu�VSAT_euzw�V,2L`bj\gN�kbR`/"��
d��c#7l1ZjO

(�1mdKu�txvxmyqsd11GHz_duzw�e,2L`bjO

myqsuzw�

myqstpzy

:��	�
{L|

-3dB
vmonr
!�
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4. L3

����(�E�ty|*�

H�#

��������u����u+�����v1u#qH�qj|c
�ITU-R �� S.672-4y{�

G�θ � �� Gm – 3 �θ / θ0 �
2

mmqbGmv�����,�u%(dBi�, θv(�E�, θ0vL���!uC"u1/2uC
"qd|c

�#tpekohuθ0 t�n|����~)kr��ts|c

	fwb4$1muKu�VSAT����qvb11GHzqu���!�L���!�v92_q
d{b������F;�y{b(�E�i0.2_, 0.4_tgl|%��v0.�dB, 0.5dB r
s|ui}h|c

M2@-uGK�qu�=
'8"vbJ b.A�:"�,�b���<"�,�rx
`0.1_��qd|mrhzbKu�VSAT7u��D=u��$����qv����I�
0/v�Bqd|c

M2@-uGK�=
'8"~>&n|rb4$�m6"uKu�VSATqv@-I�
0?v�Bqd|c

�������!

L���!�θh�

3dB

�����,�

δ�_�


%G

�dB

� 5
�

%
�d

B�

(�E��_�

��!�_�u1/2
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4. M2

������������{�$

����%B�Dn@��$w|d�u{+�z�-y�$�'twmq=+%����z
�mud����(�+�{�$ix�rkPgh�:n*
vf�e

�������iJjy�zmqisud�$|��mugje

olvd�����)	n����z{~�-z����4�mdo���z|��d3�i
ygw��mq��zd�5������n�N/C,����������������
��{�$|x{;!vf�h�F>z�su1�u~�e

�#r{5{DO<|4π r�dθ{E!��t�Kz�su������I{DO<|2π r�
��- cos θ�zy�e olvd�$G|d�A{0vf�.zy�e

G = 2/(1- cos θ�

6&8y��������{��d θ = 8.7b vf�h�d
G = 86   ����z9nwd19.3i dBwy�e qrmd�L{���������{�v|d
4��|�-vygq�d�$|16dBi;!vf�e

42170km

6370km 8.7b

6&8y��|19dBi

�L{�������������$|?16dBiwy�e

C,���������{��� w�$

8.7b

}qdC,9�{GH�v9#1�km, 57km{6&8
y�"�����t�����$|do�p�?37dBi,  
43dBiwy�e��Lz|dl���*dB;!�yge�
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4. dB

d�<)/

1.9�£� |���d�1/

|�Zc���fK�\]��dB��� �£�d�<)/�}~{
[�?�[�d�(Pt), [��¡����3(Gt) ����zZc¤d¥��d�<)/¤Pd¥�
�2D�G	RfK¤4πd2 ¥�zGt�'O��@0�VM���{

Pd ¨ ¤Pt Gt¥/ ¤4πd2¥

�9z;�`�fK¤Ae¥������¡����3(Gr¥�@0�R���{

Gr = 4π Ae / λ2

���z��?��C����d�¤Pr¥�@���{

Pr =  Pd ¢ Ae = ¤Pt Gt¥/ ¤4πd2¥ ¢ ¤λ2 / 4π¥ Gr = ¤ λ / 4πd ¥2 ¤Pt Gt Gr ¥ ���{

���z Lp = ¤4πd / λ¥2 ����@0¤�����^0¥���{ Lp�PILa�65&�

|�{
Pr = ¤Pt ¢Gt ¢Gr¥ / Lp

Q:\��
H���B7�"�>����_���}�$��%}��z�!�"�
>�HDN+���H����X8�4S���{

"Rf�d�<)/¤PFD¥��b

"�>�HDN+��Y���zDN\�T���F'�B7�*��zQ:[�+�
d�("Rf��d�<)/)��b��}�{���1GHz�40GHz��eAQ:���

 '¢J�Q:\�>��$�{

�B7, �=U¤δ¥
d�<)/
W( ¤dBW/m2¥

�E
,#-

1.525 - 1.530
1.670 - 1.690

1.700 - 1.710

2,025 - 2,110
2,200 - 2,300

0x§δ§5x
5x§δ§25x

25x§δ§90x

-154
-154 + 0.5¤δ-5¥
-144

4kHz

2500 - 2690
MHz

-136.9
-136.9+0.55¤δ-5¥
-125

1MHz

3.4 – 4.2GHz
4.5 – 4.8

7.25 – 7.75

-152
-152 + 0.5¤δ-5¥
-142

4kHz

10.7-11.7

-150
-150 + 0.5¤δ-5¥

-140

4kHz

�B7, �=U¤δ¥
d�<)/
W( ¤dBW/m2¥

�E
,#-

12.2 – 12.75 
GHz

0x§δ§5x
5x§δ§25x

25x§δ§90x

-148
-148 + 0.5¤δ-5¥
-138

4kHz

17.7 – 19.7
22.55 – 23.55

24.45 – 24.75

25.25 – 27.5
27.501 – 29.999

-115
-115 + 0.5¤δ-5¥
-105

¦MHz

37.0 – 40.5

-127
-127 + 0.75¤δ-5¥
-105

1MHz
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4. @'

1*+;����

��{n�9��

1*+;VdlvgV��m�q��duqn`l[+;w�vu��V8�@
(Pt)V8�V
�x�}�n	�(Gt, Gr) ,�$�
in�@
(Pr)mo%n<�`ZuW

Pr � ( Pt � Gt � Gr ) / Lp ���{n�9���

bbiVLpo� ��iZtV8;n6>(d)j':�λ�mst

Lp = �4πd / λ�2 

jluW�Cw�!�~z���i3dj%�jluWl^VbbioV��7in=?(4r
�/@0��lkwXen���Y�Lo�jch�]h[uWpfVLpn�ioV':λn_
vtm�'!f (GHz), ,#j���n6>dw�kmi5-ch[uW

Pr � Pt + Gt - Lp - Lo + Gr
Lp � 152.4 + 20 log f + 20 �og d

A&2"j�)�;nLpoV�3ns\m.200dBjB�m�a[W

A&2"j�)�;n1*+;����o.200dBjB�m�a[W

��7���|y�j1*+;�����Lp�

Pt
Gt

Lp

Gr
Pr

��{n�9��w3d���|y�
d = 38 ��km�inLp

f  �GHz� Lp �dB�

1 184.0

2 190.0

4 196.0

6 199.5

11 204.8

14 206.9

20 210.0

30 213.5
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��: �=2 0� Q�:

K5�H���m¢��ª O���+O}�*�m�&=)3)}m	 O*�Q�~

�	B�H4(��H��{x�U�q�vm@���CR�K5������m§¬£¥
�¦��K5�H��Cr�r�n

§¬£¥�¦��H���m��:����}��¤«�����=2� 0}�*mQ�
:�7��&}�Q��¬¡¤u�Q�~�n

§¬£¥�¦��9-vG��q�m!2��A%u��=2!W����4(�Q�|�

�D��� O4(�L2����&����/}��&�w���8P�TCv�I�
q�n

� ¦©¬��=2u���¬©¬��=2�� 0�m�X�=2¯IF°��}�2<Y�J
s4(�R�K5�1QK5�'xJ���r�n

"
mZI?mZ#�v,M���Q�:�}��m���SJ=F¯TWT°v!xCr�
��vm@��;����m�$��&�¯SSPA°v�C|��r�n










��: �=2 0� Q�:







 

#1 #2 #1 #2 #12

IF�&�

LO LOfif fdown

#1

#12

#12

K5�H���F�.�6y�)�Nt�z�u�§¬£¥�¦������r�n

K5�H��9- ¯>4����E~°

o�H��=2V��¨®�p
��¬©¬� � ¦©¬�

��¬©¬�� ¦©¬�

5. K5R�

K5�H��9-

§¬£¥�¦��H�



b XVXQZ]a][`\^QY_\SRQVTUW
48

5. D+L�

EIRPuG/T

K��u��t,|�-:v�����

D+L�x7A�KJwscL��I�1{�,|�-:v�����unscK��ty
EIRPc��tyG/Tie�d

lxgrEIRP�Effective Isotropic Radiation Power�y/x�)G=ws�Bm�c���
�$�*�zxK�O�!��EodlltcPty������6whk�K�.	�

�dBW�cGty<*#����
"��5unqK�����x
"�dBi�te�d

EIRP  = Pt + Gt

�*cG/T������$)�y�����	�6whk�����
"(Gr�ucpx6

tG4m�������@�NP3��Tsys�ux0te~c/t�)G=tj�d

G/T = Gr – Tsys

D+L��Ax�����	�6tG4m����O�C�dBW)u@�NPO�N

�dBW�yEIRPuG/T�8f�u� tG=tj�dlltcEIRP, By�Huv�'K2x
EIRPu����te�d

D+�Ax��IyEIRPuG/T�8fsG=tj�d

D+L��D+(K8x�2)�

�
�
�
�
�
�

�. �2)�%�

C/NF�6

C = EIRP – Lp�Gr ���c�)G=�
N = k + Tsys + B

G/T = Gr - Tsys }~

C/N = EIRP – Lp�Gr  – �k + Tsys + B�

= EIRP – Lp + G/T – k – B

K�.

�
�
�
�
�
�

C: ���O� EIRP���(�O� Lp�C9;M�'&� Gr������
"

k�������) Tsys:�>@�NP3� B�����

D+�?�

C/NF�6
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5. 2�5�

��-/79$�

fighN.80N���[)'Xc79_4

�"_Tsys`Nfigh�	%^RUc��-/79$�[PbN �[4,WdcO
VV[NTa , To , Tr `YdZdfigh79$�, ��$�(290Kl, ���79$�[PbN
LF `.80��k>1l[PcO

Tsys = Ta + kLF - 1lTo + LFTr

���79$�kTr l`N�k*ml!,*2!,,*n!���[)'Xc&79eT1,T2,T3,,,
��eYdZdG1,G2,G3,,, \Xc\N [4,WdcO

Tr = T1 + T2 /G1 + T3 /kG1jG2l + jj

�N���_�	N�	[_S/N_#[�1Wdc79��kNFle(Qc\N*k!_��
�_NF` \]cO TkNT0 `����[)'Xc�679N��$�(290LKl[PcO

NFk = kS/Nlin/kS/Nlout = kT0 + Tkl/T0 = 1 + Tk/T0

�!���_��S
�^:Q�^`N���_+�79$�`�!���_�
679_a[3WdcO

��-/79$�

+�79$� T0

kLF - 1lToTa

figh .80 ���

��LF ��G

�679 �679

LFTr

���1

��G1

T1

���1

��G2

T2

���1

��G3

T3

�	+�79$�
Tr = T1 + T2 /G1 + T3 /kG1jG2l
� T1 :  G1S
��TQ�
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5. H.N�

�¯£¥Y]:'

�8+r�¯£¥§°ª%r�L�@��

�¯£¥z�Qy�����Y]�� !Y]rZ���Y]r��Y]��zv�s

}�x�r !Y]� !���zA��Y]�v�r¡�¯«¯����W�1rT7��
zv�r�¢©«¯����>y��Y]z)RB�v�s

\3H.���r�W�"�^�/2�V|�rT7y�� !Y]:'�1�4K�v�r
<K�{�s
���r�¢©«¯���rH.(M�¯£¥z�>�4#����r�>zA��=Y]
±E290K²���������}����s

Z���Y]:'��-�r[8zZ��NP��X�rZ;z[C�¦¬�°�����
6
��O��¦¬�°z����r����:'�-��������v�r[�¯ �
��?�v�s
0�/��r�5��SF�6G5z*	��[C�¦¬�°�=Y]���s

��Y]��¯£¥§°ª%z&|r��r�¯£¥�Lz�w���r��Y]±E290K²
��Qz�¯£¥��¤®°¨y���~�����v�s

§°ª%z&w�¯£¥��r�|�,�y�� !Y]��5Y]D�������
�¯£¥Y]:'z_|��s

�¯£¥Y]

C$��50K
Ku, Ka$��60-80Kz�w

t¡�¯«¯�u

�¢©«¯���H.(M�¯£¥
z�>�J���r�>:'�v
�E290Kz�¯£¥Y]���

UZ9I±dB² 1 3 10 20

Y]:'±K² 56 135 243 267

tUZ����¯£¥Y]���u
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5. F+K	

G/Tt�O

�#1mtKu�VSATpu

9�f�0x
�3N?p!k;lzoiyKu����:��VSAT�ptG/T{4t.�
p1@myg

��	�5* 12.5GHz:   �λ= 0.024m�
�|�}� <#1m  ����|�}�

M�E8� η �:  60%
�BQD'��LF� 0.5 dB  =*pu1.122
��	3PR&*�NF�� 1.0 dB =*pu1.259
�|�}�PR6"� Ta �:   60dK -�,, �H 20d��

|�}�$�Gr�, �	C�PR� Ts �{I@myq4srygvnf To = 290dKqmyg

Gr = 4π η A / λ2 = 40.1 �dB�
Tr = �NF -1� x To = �1.259 - 1�x 290 = 75
Ts = Ta + �LF - 1�To + LFTr = 60 + �1.122 – 1� x290 + 1.122 x 75 = 180 

G/T = Gr – 10 Log Ts = 40.1 – 22.6 = 17.5 �dB/K�

�:�%E&*G/Tuf|�}��#t��qqwsfPR&*�NF�t�i�	3f
'�t�iBQDt�;p)�pjyg

>htF+K	;|�}��ptG/TtJ@

�LF - 1�ToTa

�	|�}�
$Gr

BQD � �

'�LF PR&*NF

�LPR �LPR

LFTr

�:� |�}�$
G�dBi�

�	AC�PR6"
Ts �K�

G/T �dB/K�

S�(����~��~���:� 0 300 -25

Ku�VSAT �1m#� 40 200 17

Intelsat C�27A��18m#� 56 100 36 ��

Ts = Ta + �LF - 1�To + LFTr

Tr = �NF -1� x To 

�	AC�PR6"Ts

��G/u 4GHzp35dB/K��
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<)�8!l:z�oy�Ax=rb

�m|J�C/|�?�}a36MHz�72MHz#ygvu"�#�1qwj�a�-|�8!
l�c|�'�4-�1r�,I4{wFDMA.%x����qwg�b
C/�?��|�#�}ao��D-|,I4��+qw�#r��J�#�Bvwg�b

�}a:z��8!k���}a:z��8!{ qw�I�p��,I4�A�nqw=q
wj�ao��|D-,I4��+qw�#r�b

�.aD-|<)�8!{ qwas�t��4-|:z�,I4�FDMA.%xI�r
��8!x}a��|0>3I�2{wo��D-�+qw�#qwg�b
C"�Ku"|���8!x}a&GI�2|"�#}500MHz������qwg�b

�}a�8!I�2x�J�#r�D-,I4�a<)�8!�{A�nqw=qwg�b

o|�hzFDMA.%|D-,I4��#�x�J�#r���{}a�#�
�7(
|M;@({��5�HLN���	��{*i�u~a��6|F�lKExf�b

dC/�?�e

500MHz

36MHz �or 72MHz�

5. C/J�

�J�#

C/�?�yGW�8!x�9

FDMA.%x}C/�?�y�8!|�#�x�J�#l$mB��wg�b

C/�?�y�8!x|�J�#

d�8!e

I���8!l:z�oy�Ax=rb
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f«,f2 ©f«f2 ª����ASU�32, 52o72�6!M
VYwJ7{�o��+'� �����o~� �
��� �}�p

X?D)ws� '���5.w<��H.,N5���|��O '}��o6!M3
���VYw=:}�pz�6!MVY�L�}���o '�����9)� y = F ©xª
�|oB����A+'�2��,N5C1, C2���}����Ev�p

C1 = V0cos ω1t ,  C2 = V0cos ω2t     
x = C1 + C2 = V0 ©cos ω1t + cos ω2tª

T. F ©xª���¥¨¢¦%R�;t�2(�G{��p
y = F ©xª= a1x + a2x2 + a3x3 + a4x4 + a5x5 + §§§§

= a1V0 ©cos ω1t + cos ω2tª + a2V0
2©cos ω1t + cos ω2tª2 +  a3V0

3©cos ω1t + cos ω2tª3

+ a4V0
4©cos ω1t + cos ω2tª4 + a5V0

5©cos ω1t + cos ω2tª5 + §§§§

z�u�o".2�%R���2Zw&�����VY���p©W��.�2��4�ª
32@¬ cos 2ω1t cos ω2t �� cos©2ω1- ω2ª,   cos ω1t cos2ω2t �� cos©2ω2- ω1ª
52@¬ cos 3ω1t cos2ω2t �� cos©3ω1- 2ω2ª, cos 2ω1t cos3ω2t �� cos©3ω2- 2ω1ª

�1�72@,92@,,�VYw=:}�wo\2.�${t����w${t����o
32@w-P>�s�p

q����¡ ��¡��¨���!MVY�J7r

5. F/O�

6!MVY

H.5��O '�=:}�

X?D)�s� '���O '}����o6!MVY��#����*v���o
�
8�K#wQI�s�p

�O '0�6!MVY

q '�����9)r

��

��

[�¤�£

�
�
�
�
�
�
�

�������

�C���
8�[�¤�£��
�������y	xK#}�p
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5. 9#<�

5�C/N

=?m����>�k�_u�1=?>�x38�3]g&ou

��~�y�"�hmR9#�4�h�;x7w`R��x��_udZhTulhR�t�
6l=?>�i�t�6l=?>�X�3\vuS$kR�{|}�Wsl�(=?q�4
�	h.-_u'�;=?p+2]g
k�wucoR�^Y>�/k38�3\vuS

a[h��,�l�;���)hl5�/jC/NmR��l��>��C�k�_u�=
?>�x38/k�3]c�kR�!k 3_vnrUS

_jweR��*=?R'�;=?R�(=?R�t*=?R5�=?lavbvkfUg
Ck�_u%xRC/NU, C/NIM, C/NI , C/NDRC/NT i_uiR

�C/NT�
-1 = �C/NU�

-1  +  �C/NIM�
-1  +  �C/NI�

-1 +  �C/ND�
-1 

�:  C/NU, C/NIM, C/NI , C/NDXavbvR13dB, 24dB, 24dB, 10dBl��RC/NTm8.0dB
ijuS

2mW 4mW50mW 100mW 158mW

1W

�t
*=?

5�
=?

�t
�(=?

�13dB� �27dB� �24dB� �10dB�

'�;
=?

�t
*=?

�8.0dB�

0
2mW

�t
�(=?

�27dB�

����zhl*=?i�(=?k�VR�4�	l'�;=?X0�\vuS

5�C/N:3l�
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5. aDj�C3

*�>\C3

FDMA�TDMA

*�>\ÈÁÄ¹ÀÄ°²·¶É�¤��E¢cB£T9�£j�¯�`¢�¬��¯���

FDMAÈFrequency Division Multiple AccessÉ¤�°²·¶�¬#P0��¢S¡¬!MB¶
Åº¼¯�«4�¬C3��«�aDj�£�G�ª�Q���¬�

TDMAÈTime Division Multiple AccessÉ�¤��#P0¢U�Eo£¶Åº¼(¸±Â¶Åº
¼É¯sR¢]«h��«4�¬�#P0¤��¢�4�ª�¸±Â¶Åº¼£E�¢LV
¢i��¬�§¢�&N0�i��¬&N��¯���¬���E��G¯�¬�

CDMAÈCode Division Multiple AccessÉ¤�#P0¢S¡¬;A´Ç½¯�«4���¯
i�8'¢<��®��i�M5¯2�1%¢;A��¬�*B#P0¤�E¢Eo�!
MB¯�F�¬���£;A´Ç½�S¡¬£���0¢���¤pr£©�¢:®¬�

#�£@1qgC3�¤�ZÊ,2,3��¢FDMA, TDMA, CDMA�=Q��Z4��¤
FDMA£�Y��¬OFDMÈAÉC3¥�)l������O"£aDj�µ¶»Â£*�¤�
FDMA, TDMA£�����¬�¤�_¯[¦�®��C3��¬�CDMA¤�X�	j
�Q£LEOµ¶»Â��¬³ÅÇ¾Ä¶¸Ç¡ £���m�£¦
Q���¬�

FDMA�TDMA£�����¬�¤�_¯[¦�®��C3�*�
Q���¬�

*n°²·¶C3

!MB

Eo

Ë
Ë

FDMA

!MB

Eo

Æ
Æ
Æ
Æ

Æ
Æ
Æ
Æ

TDMA

!MB

Eo

CDMA

U2
U1

U3

U1

U1

U2

U2

S¡¬C3£?iM��-��
&N0��d�

,0¢t��£i�K�d�
f0 §b^/$�¢k�¬�

¼Ã¿º²(¢.�¬S/N���
¡�ª��j�£W�7�t��

,0i�K�t��¢¡¬�
f0£b^eJ�+��¡¬�

*B£�I_���eH=Q�
6d�&N0�6d�

*B£�I_���eH=Q
�6d�b^�¨¨cp�
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5. N2W	1(

SDMA

B[���Z��,F

��,F1( ¢�SDMAÓSpace Division Multiple AccessÔ¨��

FDMA, TDMA, CDMA¢�80�3[���T��0¡#�«¡�3²¶º¹°J���
��SDMA¢�B[����¡T°����3²¶º¹°�K �¨¡���

�®¢�9G \«��4G ¨�¬���£�O0¡^G���¢·ÒÇÏ �3 O
0¡MG°�!�������¨B[�Z�P���:��¢"«9GW	�¡¦�¯
®;S���/$^RD�¡ºÏÍ1(©MIMO¢SDMA¡�A���

N2W	�¡SDMAÓTime Division Multiple AccessÔ¢�/$^R¡ºÏÍÒ1(�6�B
[> ]®�¸ÒÅ¹µÎ² �����80Ñ3[¡Î»Ò¹°H¬V��¬)�¨¡�
�¡�§ �N2 ¢ÊÏ¾ÅÒË²ÐÀÂ°.U����
���¢?��8¡�;¨SDMA �¥®�

YI�X±��HTS(High Throughput SatelliteÔ¡��¡N2�¢=
@&¡ÊÏ¾ÅÒ
Ë°¨���2020%_ CÕ�7°YI��¡Viasat-3�¢EÕ�
¡ÊÏ¾ÅÒË°Q<
����

�0¡¹É¿ÁÅÒË°�;������ºÏÍ1(�6 �B[> ���80°
H¬V��;��

SDMA¡� ÌÒÀÏ¸¿ÁKASAT

mvvuv~`zx{y rv~�xtv`zx{y

m|~�s~u �} fjbfkch`no� u|�{ ekci`� fdcf`no�

qv��~{ u|�{ ejcfbekcino� �} fkch`� gd`no�

�L 'D 1�10Mbps¡´Ð¼ÒÃ¿Á�G°-��
KASATN2 ¢80¡ÅÒË���¸ÒÅ¹ÎÐ¶�¢Ö
ÅÒË�� H¬V��;��1��Q×#¡ÄÇ#�
�®�®10ÅÒË¤¡Æ³Ò½ÒÎÐ¶°+)����

�²¿ÈÎÐ¶¡$�5*�

ÌÒÀÏ¸¿Á¡Web¸´Áª¬
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5. 4&;�%!

����ru|{%!

ALOHA%!

��ru|{%!giT����ru|{hALOHA�r���%!kXoU

ALOHA%!iT1972�g��s��hALOHA��ztu�gcT+�ao��@hx�
���~@;�%!e`c?/_pT,�dk�[j)hlZf�<d ]�._pcYoU
�#�A81dh;�?�'gT�}�{n"cq���g6*ao��

�LPWAdhr����ugc|�y��~qy���g:�ao��

ALOHA%!giT��{���w���:�~s��v\	]����dXo3r��eT��{
�q��'@d��mpb{���
g:�ao{�����r��%!\XnT^pmh{
������S�i)!d72_poU
^^dTT�'@�i��{�>TGiT'@Xbng-9ao��{�h���$dXoU

1. 3r��h��� S = G e-2G

Si G = 0.5 h'g(�� 0.184 qeoU�^h'TG-S = 0.316 i��{�50$�

2.{�����r��h��:  S = G e-G

Si G = 1 h'g(�� 0.368 qeoU�^h'TG-S=0.632i��{�50$�

{����r��%!h{�����i3r��%!h2�gfoU

����ru|{%!

3r��%!

{����r��%!

����u=�G�

{
�
�
�
�
�
�
S�

��

#
1

#
2

#
3

#
k

50

�������

��

#
1

#
2

#
3

#
k

50

�������

V3r��W V{����r��W
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5. A+H
*#

VSAT������

��������qsTDM|�3

���1�|�.r��w�?�"qD>im_A+;4n�������H
|'	j{
VSAT������s�5�n!g-imb{`

VSAT������ns_(�LE<r���q8$j{�1�|���uks������
�o�}nb{`

A+�=ns_���oA+J|��������_���VSAT� oA+J|�������
o�t`uk_���dy��un|��������_��dy���un|�������o
�thova{`

�grVSAT������nr��������ns_!b�� r���~qmTDMqx{�
I
�|�,G
j{�*_�������nsB)���~|3bm_H
C/ealk
VSATq����~���*#nTDMA����|�z$m{MF-TDMA*#|&3imb{`

pc_�������qs_FDMA*#qxlm�0)F�n�����z$m|@lmb{�
va{e_�� r6p{H
C/q�j{�0)�����z$mw_H
��%r9f
�0)����r�7:2qcbm_TDMAxzBKop{`

VSAT������ns_��������qTDM, �������qMF-TDMA|�3j{
*#e�b`

VSAT������

LE<��3<
�������

���������������

�������

��������

�0)

�������
MF-TDMA

��������
TDM

���GW �
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5. ?,I
+#

��¤����¤+#

� ���Jp�~l�*� p¡�¥��/

VSAT���£¥���m�h�j��3 pH�w�� ���p�Jk�l�8-K|k�
���hI
A0pkzy�����h$F�3 ��v{I
���¢���${�+#
¦��¤����¤+#§p�27|k�i

��¤����¤+#|�&AI
���¢*�1�w�L��hME�(;�CB|�5
u���-:|�� ¤��<*B9#p5l���it�B9|�hI
��r ¤���
4Gw����¤�!|k�h�yhI
	6-K�'*�!�%m��}��v{l�i

� �B�� ���Jpa�¥ ¤hI
���¢*pn����os��)2¦B§��#
¦�¥ ¤B#§|�n���itt|¨�¥ ¤}�h1���¢�-K2100%|�/w�� 
���Jh�)2}�����¢p�5��y��$p>��~lI
A0���|k�i

�n�hnp10�40, Bp0.2�20%}~�� ���J¦a�¥ ¤§��@�~�i

��¤����¤+#�&A���¢*��¥ ¤B#|D9|q�i

��¤����¤+#|�� ���J¦�¥ ¤§�B9
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VR TWQX T[ US UVQX UZQZ VXQS

�n�h���¢*20|�)22%|�h
13.2�¥ ¤}~�i
xt|.=-�hVSATky��"�I

J�0.1�¥ ¤¦¨-Kky�6�K§}w
�}h�B132�VSATp��|q�t}�
~�i
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5. N0Z�/$

�U/$

DVB-S¿S2/$��

@��N0Z���U/$���1�"~�A���x�/$�DVB-S, S2/$|w�v

DVB-S½Digital Video Broadcasting - Satellite¾/$�«¥¨¸N0-Y���u8 �6
;�7`�w�ETSI����1993!�
����R2�w�v

DVB-S2/$�DVB-S�&I/$���2005!�DO���R2�w�ubL?�T�S9
F�½FEC¾�32APSK������U/$����Y�_���u�YW=*�(��-
Y�V��z�VCM�Z��V��z�ACM�]AuIP°¢©¬����Y¦¬·¼´½TS: 
Transport Stream¾���(�����uN0Z�����]��R2����x�v

DVB-S2/$�bL?�TV��F��/$�H��������uSD, HD{�4K-YB
H���u3���.�N0-Y��K��Y�}���{�uDVB-S2'U��Q^��
ASIC�G����#�|\�����uN0Z���"~�A����y����v

���uVSAT®©¬º¼¡�·¨¼»·»¡½VSAT⇒¯²�¾��uDVB-RCS½Return Chanel 
via Satellite¾/$|ETSI��6;����x����u�5�¶¼£�	A%*�(��u
x~�{�VSAT¤¦ª´³»¨¼�>M/$|"~	A���x�v

DVB-S2��u�YW=*�(���U/$�FECF��?����}�v

DVB-S,S2R2�4Q

DVB-S DVB-S2

���»¨¼± �¦ ��TS P.TS

µ¼ CCM CCM, VCM, ACM

FEC C�X�+·¼§¹µ»½RS¾
[+F�

LDPC+BCH
[+F�

�U BPSK, QPSK, 8PSK, 
16QAM

BPSK, QPSK, 8PSK, 
16APSK,32APSK

°�¹©¬��½:¾ ]A�� ]A�

CCM: Constant Code Modulation
VCM: Variable Code Modulation
ACM: Adaptive Code Modulation

½:¾°�¹©¬�����uN0aEJ<)���
��)L��,�
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5. H0X	/#

�R/#

DVB-S2/#�JE3(�$R�:&

DVB-S2��v16APSK¿32APSK�}~�
�R/#�+>������v��c}Q�P5
F����FEC/#�+>���w FEC/#��vC��LDPC½Low Density Parity 
Check: ��"«¶¥�21¾C�v�C��BCHC��Z,½Concatenation¾���¸¼
²3Y�+>����vx ´©º_?y�V}:&�[(��}�w ������vDVB-S�
6T��v)LC/N�2�3dB�.�����}�w

DVB��vC��¶¼¨¢¹³º½RS¾C�v�C��@�U�C��>}�}�w
���vC����WS��M���C$��v�C�����C$���O~w

��v�
�R�$R�:&�v�I��~�Eb/No���Es/No����N������
GA�|�w���vEs/No�v1 º¯·|���	�½-W7¾a�Es�1Hz|���`b
a�No�6�|�w	���� �!½Bs¾�`b �!½Bn¾�6½η¾�C/N�>}��4
�^��|�w

Es/No = ½C/Bs¾/½N/Bn¾ = ½C/N¾»½1/η¾

DVB-S2��LDPC�BCH�ZD��FEC�C��<��WS;'�%�������w

DVB-S2�R��3(�Es/No:&�

FEC C��<
�R/# 1/2 3/5 2/3 3/4 4/5 5/6 8/9 9/10

QPSK½8¾ 1.4 2.7 3.4 4.6 5.1 5.6 6.7 6.8

8PSK 6.4 7.4 8.5 10.0 11.3 11.6

16APSK 9.9 11.2 12.0 12.4 13.8 14.0

32APSK 14.6 15.8 16.6 19.1 19.5

»
»
» BCH 

C��
LDPC
C��

¬¤§
�º£¼
¶¼ª

QSPK
�R�

BB
�·£

BB
¡�µº

®µ

FECC��] �R]³¼¨\%]

¬¤§
±¤«¼

«�¹¤§
*�

9=�
¡�µº

®µ

zDVB-S2 $R� Es/No:&� PER=10-7 { ComtechB CDM-750¦¼£ ¼§��

½8¾ �K���C��<1/4����°¼§�����|�w
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6. =*D��9u?�rE2

�8��$

/>�t{|�����uC/NG��@(

������)#u=*�9qv_C��1 u%;!t{np�����quIJ-d3
snpe}`

lgq_=*�8�
ta}/>��@(ip�8��$���hk}grq_�����u
C/NG��+Fs	t@(j}grd<�~pb}`

g~�7�umz_�u�ou���A, B, C�q-Aip:c}`
�A� C��1 dwx�%;u��
�B� C�vL%;u���1 _��v�%;u�1 �VSAT6�
�C� C�v�%;u�1 �VSAT6�_��vL%;u���1 

�A� qv�8��$��5"rip_�|C/Nr�|C/N��5"rj}`
�B� qv�|C/NvLbd_�8��K�0��tj}mz_�8��$��ej}`
���1 u%;d�}mz,�|C/Nv�es}`

�C� qv�|C/Nv�bd_�8��$��hk��0�K�0Beyq�f}grq_
Lb�|C/N�4�j}`

�a�C� %;v�5" �b�C�vL%;
��v�%;

�c�C�v�%;
��vL%;

��, �.'�&� C�,

/>�q�8�
�$�@(

C/Nup��C/Ndown C/Nup >  
C/Ndown

C/Nup < C/Ndown

�8�u/>�tp�$�@(j}grq_�����HuC/NuG��+Ftj}`

�8��$u@(
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6. iGw�&d¯q0¬yY

&dqo

�mÈÍÌÒÁº��£ªw�&d¯=]�"º�E

iG&d¯q0®�§¨ª°P¯µ�?�«>K¯w�&d q0«¡¸¢¬º[s¥¸
&dqoºh���liGºyY¥¸iG�Nf®��¥¹±o`£ª³¶�¸�

1. �@M	¯q0
�Y¥¸w�iG�v��'X4�
vx8�6(7�&d\�W¬|�C/N
P¯µ�w�iG�b%ÈÍÌÒÁ®©�ª°�iG�Nf�¶�?¥¸�
�b%Ó#RCÔ�G/T, �$��L28ÓS), ��VÓÇÂ½¼ÉÔ, EIRP
ÓSÔiG�b%¯v�O J-Ó�$Ô��¬¸iG��»ÐÃÆ«¯PFD 

2. &dqo
ÀÊÏÂÅ¾ÒÄ_®�pÈÍÌÒÁº��£ª�&d¯c C/Nºo`¥¸�

3. ÈÍÌÒÁtD
ËÒ¿Ð �{:* �»ÐÃÆ�;�v����+tF9_º+�ª�1h¥¸�
²§��Y6(7®Qu£ªiG�� z,�¸�°z3¬¸* ³¢¯?�ºh��

:rBvR �Y�giGv���¬�b%���¬¯QW°��Y6(7¬�b%
�6(7Ó36MHz_Ô¯¦¹¬!¤¬£ª�¸*  ,��

»ÐÃÆ�;´+tF9_¯ÈÍÌÒÁº+�ª�iG��´&dËÒ¿Ðºo`¥¸�

&dqo¯

�·ÎÐ½�Z
from

VSAT GW

'X4EIRP
ÓdBWÔ

59.0 63.0


BA/ÓdBÔ 206.8 207.1

}~UkÓdBÔ 3.7 1.7

¦¯�A/ÓdBÔ 1.0 1.0

iGG/TÓdB/KÔ 0.5 0.5

�·C/N ÓdBÔ 12.2 16.7

ÎÐ½c �Z
VSAT to 

GW
GW to 
VSAT

�·C/I 26 26

T+tC/I 26 26

�·C/I 26 26

c C/N 9.5 6.3

|�C/N 7.6 4.8

ËÒ¿Ð 1.9 1.5

�M	� GW:  »ÐÃÆ;4.5m, e8 40�N, iG¬¯a8530�, �n34�, }~'(K
VSATÑ »ÐÃÆ;1.8m, e830�N, iG¬¯a8520�, �n49�, }~'(M

GW⇒VSAT #RC 14.25/12.5GHz,<)x85Mbit/s  +tF9 QPSK FEC^��W 3/4 
VSAT⇒GW#RC 14.255/12.505GHz,<)x85Mbit/s  +tF9 8PSK FEC^��W 2/3 
\�W 99.5%,   |�PER 10-7 �j°��ÎÐ½¬³}~H¯* 

�·ÎÐ½�Z
Satellite to

GW VSAT

iGEIRPÓdBWÔ 25.3 31.0


BA/ÓdBÔ 205.
9

205.7

}~UkÓdBÔ Õ.0 2.4

¦¯�A/ÓdBÔ 1.0 1.0

'X4G/TÓdB/KÔ 32.0 22.0

�·C/N ÓdBÔ 13.6 6.9
�b%6(7 �Y6(7 6(QW �b%�� ÓI.HÔ�Y�� ��QW

36MHz 6.42MHz 0.18 42dBW 34.2dBW 0.17
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6. :�E��7}B�zF,

J":�z}DIz�@

+K�@'l�A3

�+�}���*��8ΦNc,�5 lEc�l�CG�1}�5 lsc|i�J":�|��
��r���}��DI�d�, �@�θ� ~+K�@'��!�y%����f

ppyeR~�+��6378km�, rs~J":�}�+��l�}DI�42164km�,
B~���*}5�zJ":�}5�}�� lE – ls�yi�f

d =     R2 + rs
2 – 2 R rs Cos ΦN Cos B =  42644    1 - 0.29558 x Cos ΦN Cos B

θ = cos-1 ��rs/d� 1 – Cos2 ΦN Cos2 B �

p���;A3qu6 ��|0rf

:��?��@z��@~!}�k{���y�%��pzmyn�f
http://www.geocities.jp/yapingzheng/antcal.htm

��@~-��0 czqx�A��|)wu@�yi�ft}B�}H|~e��/.2�
,jx�s/��%��me/�~-���/$
@��(Gy49c&9y42c �vo=
|s�xj�pzl�et}	�<#qx-����%���>mi�f

J":�}�@���@~�*}8��5�z:�}5�z�,jxA3yn�f

J":��y}DIz�@

�5��� O PO QO RO SO TO UO VO

8
�

O RTVXPL RTXOTL RUQSPL RUVWRL RVTOVL RWRWOL RXRUVL SOSRPL

PO RTXOTL RUOPVL RURSVL RUWVXL RVTXOL RWSSWL RXSPXL SOSUUL

QO RUQSPL RURSVL RUUTXL RVPURL RVWRUL RWUTOL RXTVQL SOTUWL

RO RUVWRL RUWVXL RVPURL RVUQPL RWQRTL RWXVWL RXWQQL SOVRTL

SO RVTOVL RVTXOL RVWRUL RWQRTL RWVVOL RXSPXL SOPTWL SOXTXL

TO RWRWOL RWSSWL RWUTOL RWXVWL RXSPXL RXXTTL SOTUWL SPQRTL

UO RXRUVL RXSPXL RXTVQL RXWQQL SOPTWL SOTUWL SPORWL SPTTQL

VO SOSRPL SOSUUL SOTUWL SOVRTL SOXTXL SPQRTL SPTTQL

O PO QO RO SO TO UO VO

8
�

O XOL VWL UVL TTL SSL RRL QQL PPL

PO VWL VRL USL TRL SRL RQL QPL PPL

QO UVL USL TVL SXL RXL ROL QOL POL

RO TTL TRL SXL SQL RSL QUL PVL XL

SO SSL SRL RXL RSL QWL QPL PSL VL

TO RRL RQL ROL QUL QPL PUL POL SL

UO QQL QPL QOL PVL PSL POL UL PL

VO PPL PPL POL XL VL SL PL

�5���

g:�z}DIh

g�@h
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ª. D/N�A�I��O
<
�8H

=A�8���jH%��}t'F

=A�8�
<{�U4D/��R�T8������:s�G�0j~��)����
�8��ut�!|��kx�H%��8H¨��¤§©����o�k

Ku$ND/�6��=A�8�
<z�o���jKu$VSAT����;"�IB{�
S���8H�J,t'F�n�kx��C��o�5zvN�u�o�w��vj=�{
���8�
<{�D/��w�M{�����9��q�(��n�k

¢¥£¥�¦�¡���8HJ,�j�¦�¡�V�n�M�EB��8H���w�L
y}�sjn�o�@TQ����¦�¡�	��Ly}�x��Cpk

�rjD/+M����8�
<{�BSD/� z��j��¦�¡���8HJ,�
�F�n�tj=A�8�
<{�CSD/s��T8��{�S��j�8HJ,t'
F���k

��CS+M�*���JCSAT-3AD/�rw�.1�����8H�j~�J,-7�n
�k��:�?%�D/KP�B�#���>&{�H%�J,{�k

=A�8�ND/�����{���j�8H�J,t'F�n�k

�8H�J,-7��

JCSAT-3A  ¨KP�B« 2?127h©

http://www.satellite.co.jp/sps-houkou2.html ��

lJ,�m �3��L

��¢§TV�¦�¡J,�� ��

http://www.satellite.co.jp/sps-houkou2.html


� �~�y��������y���{zy~|}�66

]>f� ¤mr£ª2w£¥D���
Å. 
R�sF ¥�F:ÃÇÆGHzÄ�x�¢£�®�mr?¤H^�"���
2. ±Àº¼pvI.�"���
3. rJ¤1M�9-¢P� ��¨£�rJ°fi��¡ �Fu�#���
��F ¥B��F£#���)���F°R�!�£¥e�F¦¤,Gpv¡¢�

�¤��1�A©l_ �¬�L£Ka*
R¤]>¶·º¾ ¥D¤'X�&=�®���
a. �#g.#a
b. d�s��3
c. µ²»¸²½Â¶¹

a ¥���(�«¤M6fU£ ����C/N ©���\¢�g#a</£�@��
b¥�d�( 0r¤!�£�?T£d�s�°"���</ ��
c¥��%cqq®��(£�?T£f��[°�¬@���[;°�k�<E ��
$�¢sFH^�Q�o�br¤r�¥N�³¿±£n«®¤ �YSkm��q®�
�K ¥��(¡�?£�[;�Q�VO¥t+£��¢�« ��

ÃaÄ�#g.#a

d�C

d�s�"�

´±NW
f��[�@

#4a�

#a</�@

#4a�

ÃbÄd�s��3 ÃcÄµ²»Á¸²½Â¶¹

mrH^¦¤'X

mrH^�$��Ka* ¥8_W�O°j7��¨��¤ª�¢'X°Z§�¯�
5_���

mrH^¦¤'X

L£Ka* ¥	«�¤'X�5_

6. ]>f��[¤`%¡hR



w ljlenquqotpremspgfejhik67

6. O-X��M�S��[:

O-�M�Z%.`

c2O-��6\�I0.3B

O-X���x�8 �O-`�Va�_{��~�1B`�30�kmY�b4��x���
+.`����Z����y��Z%.`�x�8�����O-d$������=��y

U\�D36000km�z�c2O-��W��8 `��+Va�/@72000km, /_Á�
Q5v��Â81000km�z�xI0.3B�P�������y

c2O-�Z%�xbT�� ¤À�>9x®Àª�W��©¼Àµ¬¯	��������
�H�(P����z�y

�,xd$780km��»¨�·O-��x��O-�¡³½¬¨�2E0`��+Va�
/�3,000kmC$�z�y�»¨�·O-��I4,000km�O-`"�Va���O-`�
L�N���{���~�x
|�x1�À±¹ÀºÀ¢`�4�`�L������x�+V
a������xI2�km&�z�xc2O-�3����{y Á���xbT���x«¸
²¼F����^�G���Z����{Â

�}x7�R<��LEOSAT��xd$1400km�LEOO-`�½À¦À���L����
�x1�-±¹ÀºÀ¢`�5#£À´¼J;�M��G�Z%.`�])������{�y

c2O-��Ã¶¬µ�6\�+Va�I8�km�z�xI0.3B'�?* �!�y

X�O-Ã¶¬µ�W�`��K�Z%.`

O-
§©·

O-d$
ÁkmÂ

6\Va

ÁkmÂ

6\�+
Z%ÁmsÂ

LEO 780 2500 8

MEO 8000 22000 73

GEO 36000 81000 270

R<��LEOSAT��x1�-±¹ÀºÀ¢x1�-¾¿°¿`�
�WZ%.`��5#£À´¼J;�M��C$������
{�y

LEOSATA¥�¯��
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6. [3i	�R£^$�kC

[3�R£j+5p£%O

³¶Ì

t`�X�£��j°�V��¯³¶ÌÍ>`Î¤��hj+5p�150-200ms��¢¡¯
�Us®¢¡¯���H°��¯�³¶Ì¤4R�R�2R�R£p¢�¯4R/2R 0�
ÍÁ²ÃÉ»¿Î±QD�¯��®g§�¢¬��FB�¯�

³¶Ì�¤�i	�R£lL
¢�¯ 0��£�®g§ÍlL>`Î�i`£1s�¡
¯������hj+5p�o�¡¯���!��rt`«�m£IPt`�¤�t`&�£
�R^�¢³¶Ì±G9�¯\TÍ³¶Ì´ÇË¹ÈÌÎ±/����¯�

¡��²ËºÌÀ»¾t`£¬�¢³Ë¿¼Ì³Ë¿�ÐR�R�¡���¯��¢¤�³¶Ì�
�®g¨m��¡��©�ÏIJ*¦�£o�j+5p�ªi`¢"�¡1s�B�¡��

4�h�¤��hj+£�©¢p£.��¬�¢,�¯����¯��¬®�X?¡£¤�
�£���F��P50ÅÉI���YÍÉ»Ä·ËµÎ���¡�����®�[3�R¢q�
�`�¤¡��

E�u�±@K���SM��±Z��©�i)�A�¤u��E¢:¥���¢�
¢'������½ÊÂ�b·¸½Æ¡ �¤�£5p(£a28W±6���¯ª£ª�¯�

³¶ÌQf£j+5p�150ms±d�¯�³¶Ì¢¬¯t`�c���"��¡¯�

lL>`¢¬¯³¶Ì

TELR: Talker Echo Loudness Rating ÍdBÎ

H H

³¶Ì¢¬¯�c��¤³¶ÌQf£unÍTELRÎ�
³¶ÌQf£j+5pÍ2*TÎ¢�#�¯�-]TELR
±<e�¡����³¶Ì´ÇË¹ÈÌN£%O]�

TTC7= JJ-201.01” IPt`
£i`�c_�;”¬®
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6. L1V	�E�O��X;

L1�E�W#2[�!B

TCP¡¤«º¼¿¬

P���{V	�K|��sV	<,��U6s�	*A�(�{�®¿¬�T�����s
L1�E�W#�©»¿¶¯�%`��t

¢¾¬¿±¯��TCP��s�?�¦¾´¸¿¬[�Go-back-N�{|³¥¯T0$��
;��sT	³¥¯��u�!���	*AÀACKÁ�&�����sz�²µ  YÀ£¢
¾°£§¢ªÁ��T	����|���ACK&����©»¿¶¯���\7��{�t

£¢¾°£§¢ª�BÀ²¢¯ÁsRTTÀRound Trip TimeÁ�TÀ=Á���s©»¿¶¯SÀbit/sÁ
�6$��}���t�}�sB = 64K²¢¯,  T = 0.6=��sS = 850K bit/s ���t

S = B / T

TCP¡¤«º¼¿¬����]���^�MF�z�s�9"�?3�[��TCP-D���
_�ÀC?�ÁsL1
�E����?3������£¢¾°£§¢ª�²µ ���s?3
�����ACK@��:�K|���S������t

��sTCP��«¨¹¾Z�2�³¥¯½©2�'u�£¢¾°£§¢ª������I�
Q/54À©½¿©¬¿¯Á��G+��5H�TCP¡¤«º¼¿¬�.R��)N�z�t

TCP¡¤«º¼¿¬��s<,§¿²¿�����ACKST�K|����s<,§¿
²¿���TN8��}�s²µ ¿�T	®¿¬�J>��~�t

TCP¡¤«º¼¿¬

Â

2

3

4

2

3

Â

3

4

2

3

4

2ACK

4

5

ACK

ACK

5

ACK

ACK

ACK

v
Ã
w
�
A
C
K
�
¬
¢
·
¡
£
¯

xG- back-Ny

�9"TCP 
¡¤«º¼¿¬

®¿¬
²µ ¿

<,§¿²¿����
ACK�ST

NACK���s²
µ ¿�®¿¬�T

§¿²¿

TCP�[ TCP�[
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6. B'J��?�F��L6

�P��

(	�8	�U�*�#	O75

HM�:���y�R/B'��l�P����PV�op��sn�m

v�p|l�P���Sun Interference��l�4�����r�B'�C�$��B'� 
$��|�p�l�PsN��v���}~lQTs"1��
w~J��t�u3G�n�m
v��P���l�P�IMS�WM��HMS����s5x�l(	�8	��!�y�
3+�&l9+�&�<�KO�0}~75y�m

�P���=>)O�.�E;��}~,;�t�m
�4���2r�C{)l�PsWM��9�y�D��.r��	On{�0.25i���m
360i j �24 x 60� � 0.25i

�P�����QT��4���-s���t�u�����������sθi ��l

�P��s75y�)O� θ/0.25 = 4 x θ �	� ���m

zv��q�lθ��i��4�����l�P���)O�*��	O���m
B's�P�IM�WM����@y�)2�l�P���)Os*����m

R/B'��PQT�(	�8	�U�#%r��KO��{}~l�%��l*�#
	O=>y�m

�P��

�A �A

8	

(	

(	�8	�
U

B'

�4�

�P

�A�U

�A�U

�P
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6. ;�C��9y?�vD-

�HN

 	v0	yMy42�Fx)�b470	F78

�HNy!Fz'y>3|~ 	b0	y�x"�y470	Fxw�c

�u, ∠TAC= Sin -1�6370/42170) = 8.7`
qlub ∠BTA�� x ∠TAC � 17.4` vw�i}

;�y#�23!F56	�i}>3o�vbNy!Fz'xw�c

23.93 x 17.4/360 = 1.16 �!F� = 69.6 �	�

�HNy#Fzb 	b0	y����x
�42�Fx+�c

C�;�uzb�HNy#F�z�Anr�����i}�7�2xJ�j�6m��r{b
C�I�z/,nwgc
ninbB�&x�kwJ���=vo��B;�uzb�
z������6J�xG.
jfsrcqlubNvw�!F�j����x�Lj�wg*����
2!M�vw�|h
xb�B;�y@E�:��$�1i}<�y�:�%5110`�xp}ntg�c

�HN

0	

 	

A

B

C

D

17.4
`

G�H� ;�

K(;�y�HNz 	v0	yMy42�Fx�rstb"�470	F78o�c

d�HNy#Fv78!Fe

;�

;�
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6. M2T��J�P �UA

"�y%z��W§¢¬ ©«7$=���{�E�

"�y%z�Y8M2��}�L{���uxp

���+�o�@y�
�@���t}��Q���oY8RV��6N1��	{��x
�����oW§¢¬ ©«y4��t2�=¯6I75l, NI105l°�t��x���
{�'z!�����zo¯M2�������Sx��(�°4HD��}}��B��}�
���p

�x�oRV�-�)��8��M2�����.��w{�o���¨¯¡¦®¡£¥ª°�
���7���X�s�pY8M2RV������"��Hv�/��M2yRV��
<��t��t���p

?���oRV�-A>0y9�35�������3��o}�9>0��#��}��
Y8RV�G3Ckm�F�s�RV�t���q��RVr�,��|�}�y:����
t�p
Y8M2RV�7��ZtRV�voK�~�����{�>0y*O�s����s�p

RV�-A�>0y%z�M2�o�¬¤;��&;��s�W§¢¬ ©«7$=
��x����{�E����zo�y��}}��B��p

Y8RV��W§¢¬ ©«7$=�7�=

mSatellite Communications System, Willey”��

W§¢¬ ©«7�=

105l
W

75lE

W§¢¬ ©«7$=

M2���RV
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7. �?1�\a�NB

�?1��,3c�§����<�"&F���~�

�gH��?1NB�{�g_��%e;f�}��gh=^
_�¥ITU: International 
Telecommunication Union¦��V���~�|

��g�6� 7H�Y��}�AR^
Y�¥RR: Radio communication Regulations¦
��I� /8��S�Y#�}�{�gH��?1�b{�?1��gZ2-P{�?
1�,�Gd{AR'�`CM�f���>�M Y#��~�|

��H��{�����?1���AR 	C��:�¥�#:�{K�:�{�#X5:
�{K�X5:�{0]:���¦ ��,�{�����:� V�AR¡¢£¤��~�{
	C��h��!Z3+M�.W @ Y#��~�|

RR�L59��{��������E ���������Y#��~�|
�����{9kHz��,1,000GHz����?1��~��?1)� O�����{���{
�?1)����{	C�U�:��	C9���,3c Y#��~�|

47�L§���(����{L§�����,3c� �~�#����.WH9�M
��Y# ���{�N*�}�Q�J�AR'D[T�$��h?�, V��~�|

�EH�����?1��,�3c�§�����"&F���~�|

ITU RR�#��§����

ITU�§����



� �����������������������74

7. �K8w{°^R

i>ÀÂÅÉ�s9

�Y��<0

i>ya° �s9¯±�H°Ðª°J�¢�¹�Îb�X �K�SÈÍÉÇÍÁ¶¸Ï

Î1Ï ���ju:ÎAPI: Advanced Publication InformationÏ°ITU²°x�Ì�j
i>ya°�S�%2�7.�¯i>nU°7hW®Fku:¼�^/
Î=D±b�XÏ¡·ITU¯x�§�ITU¶¸¥º¼��^/²�j¨¹�

Î2Ï s9
2�¼��¹Î�±�¤¹Ïi>ya¼B¨¹�«°�^/°s9¼g��
Îs9±5lT\¼�¤«�A_°µ¸�¸�±
t¯¶¸g»º¹�Ï

Î3Ï y�
i>ya°�K8�1¼�S�%°3.�¼v�®�?C¯ITU¯y�¨¹�

Î4Ï V~
i>ya°�K8�1¯ª�«�ITUOcym�ÎRRÑRadio RegulationsÏ°�z
m)¯�f§�6k° �s9¢'�§«�¹´°¯ª�«± ��K8V~�`
ÎMIFR: Master International Frequency RegisterÏ¯V~¦º�1q�K8�1°�S
¯ª�« �W®rZ¢3·º¹�

i>y¬±�¯V~¦º«�¹ÀÂÅÉ¢��G¼B§« ¸�;m¯nU¨¹ÀÂ
ÅÉ±�V~L³°�ÀÂÅÉ¯B*®-M¼��®�¥¼[r¨¹4k¢�¹�

i>ya°s9

Ã¾ËÊË¿°-M

&(,A

½ÄÆÊË¿°-M

&(,B

!Q,A !Q,B

 �s9¬±�$£°"���i>ÀÂÅÉ¡·°-MÎSingle EntryÏ°p+}§«�
eÀÂÅÉ°b�����ÎNÏ°6%Î-12.2dBÏ¯o)§«�¹�

 �s9¬5lT\¼

�¤©"�¯±�x
��°�N��K8|
d°#@�P)E	�
¬°x�I]¯¶¸
s9¨¹�
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7. �JA�fi£TO

%N0¢m�¬p#ldB

dB´ÄµÆ

_Dh�W¢���%N0£b[¢����¤����JA2®�P�¬�£MX0�£
l�rJ4L£FM®Rc�¬�§�#�£¥¡ª�p#�£#odB�:`��¬�

_Dh�¢�«7�ª��¬�JA¤�h��G\£"-¼°²Ã�XPMX0£©�¡
%�"-G�¡ ��P���¬�§��¬�

#ol£dB¤�dB�'��#£u$®�¦)�¢¤��#£%�0�£l�ITU-R 
Appendix7�-§¬=V�¢(���T5®h��dB®^��

� dB�'
���JA2®�P�¬p#£MX0¢4L®��¬�];��¬±Á¯®+Z�S�%
!ÇdB´ÄµÆ!È®ITU�?��¬>Q¶ÆÂ¢��<�¬�

dB´ÄµÆ!�¤�h3�%N0¯Ä·¸_DC�£C	a�dBeq�E¨k�¡¬��
¯Ä·¸�a�
�)�¢¤�� £%8¢©���C	£dBeq�,��*��¬�K
��n��£�@£j��,��9t���¬�

%N0b[¢o��¤����JA®�P�¬%�G��£l��4L£FM®Rc�
¬�§#�+£dB�:`��¬�

%N0¢m�¬p#£dB

1¤�£

�/&_Dh�W£#o�JAdB=V�¢
m�¬¼¹¿¯Â� ©«

%N0£H£ºÀ¾Æµ®GIPS»Ã³À½
¢����dB´ÄµÆ!®�<�¬�

ÅY6U6
Å�P_DÇsI_DU6È��aC	a
Åg��JA, EIRP, E,g�r�.6
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7. �OB®��²dX

Sh/
u<f£

eE°Sh/³�>
uµ�k

96�O¼}�º��²�O¼]-¦ºShM�²tiÔ�[¼0H¦ºj³���®¥¬�
7x!�d4±Sh/²�t\z¼p�u�¼�¤º:s¢�º�

��d4³��OB²�¹7¬��±��¥¬�º¡�!�'²�²Sh/±2Q¼��
°�¡°¯¼�ITU��¶l!*´¨=q^K�±T¸¥¬+L¥�u�¼��º�

¨©¥�A1�wbI²·�±���;k¼?«(B²Sh/¼)�YZ£ºSh/ÖU
*Sh/×±³�$5y*Ö�º�³=q%R��vD×�8t	±,¦º�>
u<f£
¢*´¸»¬ ¹��!�d4³.$#W/µ§²,{®¥¬�º�

201Ø37GV"�CJ³��±N²·�°#W/t	¢�>
u²,{®°ª¬�º�
ÔL1, S1 A1`�#W/

Ö¾ÓÌÑÂÆÈ�¾ÐÃ¿Í�ÄÏÕÎ�NÄÅÕ�ÁÒÕÊÑÄÅÕ²A1bI¶�@/×
ÔKu1, Ka1 VSAT#W/
Ö¾ÓÇÑÂÆÈ�JSAT�IPStarc² */, ~�³|p�²[³��×
ÔKu1 ESVÖ*1×A1`�#W/ Ö'P¼mp¦ºon�¤,  JSAT°¯×
ÔKu1maM#W/
ÔKa1 ESIMÖ*2×[A1`�#W/ Ö¾ÓÌÑÂÆÈ×

rF��[Sh/µ�A1bI¶.$½ÓÇÉ¼?« *ti#W/²&�³��
>
u<f£¢�k�º�

CJ²Sh/
u<f

g�_¿ÀËÂ¾È·¹

*1× Earth Station on Vessel
*2× Earth Station In Motion 
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��� BPSK, QPSKo-s"

BPSK, QPSKo-s"pEb/No^r-�3�w$\j+(k`tX

#/�pEb/Now-�3�n�	dj�qrut

@FIDkpW57p� �l�'_
a��~�m��x��x|_vtl��dh��W

�.�o���-s"�FM�o#/��4%��p�o�k�]rutX

bbkWMRNL �T�p�,k�)cut-�3�k[sWAK98EQp��o���[hso6�98
EQp<BU[hso576�k[tX

GFIDpW'3om\&�ft�io0nj@FIDw1$ftokWGFIDo-s"!�p
@FIDogul�ek[tX

Y�Zl��

Y�Zl��

� �0kp
�2

57o �l{�y���

��-s

� �

��x��x|

��*� �z}���o�.lFEC
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j«�<�,$���*�,�l�q�UM��2�{��!�gcd�`eg�©�� ���D
�w�m¦�<C$�+�0§

WFGhH V W gcd¦j«¬ I i§ ª WF`egi gcdFj«¬ IFWgcdi`eg j«¬

gcdFj«¬JF`eg j«¬ ��$@�v��������z�@����m|x�l���91�l

WFGhH V XGhHF`eg j«¬ IFF\GhHFgcdFj«¬

�:yl XGhHJ\GhH�6�©)�5B��:z�l�=���'B1�?4�3zx�v�w�m
x��&/A7¦�¤��£¥� ¤§�qrm
GXFGhHJF\GhHH��(�E��l���������GNJNHJGNJKNHJGKNJKNHJFGKNJNH�q{�u��7
�?4z��=%�v\[^Y�p�m

x��r�l#>,���.�"���2¦�-��¡��2��2�
§��E�(�3
z�¤��£¥� ¤�tq�l\[^YJFT[^YJFNS\WZJFPOW[^YJFSQ\WZ��l|�}�Q¦OO§
	lT¦OP§	lNS¦OQ§	l PO¦OR§	l SQ¦OS§	���.���~�l¨�¤�¢p~�
OJPJQJRJS�����>�w�x����m

���¢�=%���¤��£¥� ¤

¦2§ �¤��£¥� ¤

I-ch

Q-ch
I-ch

Q-ch

I-ch

Q-ch

nQPSKo

n16QAMo n64QAMo

2)����¢5B����(���.�3z

"�

�2 I-ch

Q-ch

n8PSKo
I-ch

Q-ch

n16APSKo

I-ch

Q-ch

n32APSKo

©)��(����.A7�&���r�;s����¤��£¥� ¤�����m

nBPSKo

¦�8§ ���¢����=�FEC
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QPSKx0%3t�%3tde�dv6:ko�qw)D3vBPSK�A�>etzun
�wsaBPSKt�lBER5'�|qb

����*v m�;�@����w���BER�bit error rate����@�7�tddaE#a
10w(*�8dr?mb�fya�DBwBERg10-6txa106���amu�p100�	w
ep1	w��s���@�gc�it�deb

�9�����A+$wBERxa�Aj�o��wJ�taIKJ�w1s2�j�a�
�J����m�tBERx4!m�b

BER5'����sxa,Ea/C�����co�w��J�t�Hzco�wIKJ�w1
(Eb/No)v kr?mb

BPSKtQPSKxa-|��oBER5'�.m�wsaD�J�gH~����vGkrd
�b�+a�
�AxUVX5'x��|wwaH~�o�3*"�vraQPSK}�LFw
E��>eo{vD�J�g��sh���v8sh�b

BPSK, QPSKg-|=�

�3�;�@�5'

6   8 12       16          20  24

BER
10-3

10-4

10-5

10-6

10-7

10-8

BPSK
QPSK

8PSK 16PSK

Eb/No�dB)

��<� ������w&AtFEC

�����A+$wBER
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�IL#~2F�~�O�

BzNl1�wxi���f
�R�~��}�s�K
�N~���f6=¢0�£5
y|nf�*5|��}z{��g

¢3£ ����~�2

���� �¡��¡~�2z�ijg �!lB(Hz)f
�R�zQSR�~0S/N¢7*£
~�IG}xfD�|n�Iym����*fs|�vK
�NC(bit)~O4�yh�f.$
yBp��g

C ¥ B x Log2 (1 + S/N)

 �}Ol,���y�f
�R����sozyfPO|nK
�Nl(�ym�oz
}|�g
�+fJ}
�lQS}���xq�j�j|-��fs|�vfS/Nl¤��y�f'��
Ml�@|oz�9qxi�g

S/Nl&i��f�k�f�r'��>�HqI�f�
�y�<s�ozyf�IL#�A
v��~~'��Ml�@}|�gK
�N�fB��mnqxf
��"i �}()pt
�ozy�8	ym�g

�����N

S/N ¢dB£ 1Hzhu�~K
�N
�O(���£

105 ¢50dB£ 16.6

10 ¢10dB£ 3.46

¤ ¢0dB£ ¤

10-1¢-10dB£ 0.14

S/Nl����fs|�v
�R���QSR�l�mi��y�fD�C/:�~
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