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K[Æ$�*�ÆDy$x�f�Æ/%(')
(1B�}[�|Fu"d�|F 200030)���� XxQ�G�=�,q0
|e4X8 (NetLander) 
�5
|eE0_U℄=�Æ

(NEIGE) 
L��vqt�GL�0
z�AL�l��>�i�_��-�#v�=vx0�(�&��Cb_0XyJ��2
OÆ��'A�yE3#fn'V�LO3�� 3 ���,s z�|e�X���=℄D�E0_��R� NetLander � NEIGE q�C"�P185.3 � V476.4 ��� uzogL�A
1 �6��	{d(w&qa[/ld���aK<MDrbDQ����(e,a�hT�`4Wlg\zQab/ld�{d/*~(h\� 3 398 km �Y.C\ 6.42×1023 kg(\�<M.C/ 1/10) �*~uW\ 3.93 g/cm3 (\�<M/ 7/10) �4Cw/*~6>$XW\� 3.7

m/s2(\�<M/ 2/5)�4be�(F/*~=*(h\� 1.524r�"� (\ 2.28 (At)�4=*K<M(F=*w|hu[ ([Q+w) �4{*K=*w!?\ 25.19◦ �%a\[S
(0.093, <M� 0.017) �(F92 (�{d�) \� 687 <Mi�4SF92 (�{di) \�
24 h 39 min 35 s [1] �{di*3�ky7m.znDrb`eq�hT/K<MDQ���n{d/�
(�&e,MW/1pCw��D��/,/�;^�i��0���iH ((�%BvDD) ��;0��iÆC/H7�BI/e�AZ�{dD.)/e��5<M��BI�;/, (D&I<Mz�;uW/ 1%) �4�+V7�M|;�#�\.�w+"`T�i�/;^4~�{d/Cw�W>k[��iB�QP��9( −125 ◦C �gi{*Q0)�� 20 ◦C �BI�;/,HmDE��?�/�d[��4�*~�W[9�'D�\ −53 ◦C ��� h�aX�2006-06-15 � �'aX�2006-08-14+6|P�B#T^�}�S7BPCM� (10373021)
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�j 115�{d�;/��6�k�(K��/.C>p���/0aP�(HF�3�^ CO2 �����/�S[�Ig;A>k�iP��BI�;0/ CO2 -�g� CO2 ��^>℄�7�rp��WMm�g/�i{h3g�(K�fyR/�iÆ4dQD?4/�{d/-[DuÆ4kyr�|NF4R(Rpn(1pIf�#�B}�k={d�iK<M,Q/WMm�g�'(n NASA /	{dlM�\	M� (MGS) 7g\7i{dz/P�<uk=FpP�g/�i�S 1962�BU?k�?��{dg\7_�e,`{d/g\$r��+g\/��
A�BU?�o��i4Æ�<��U`{dWlDg\ [2] �
NASA i 1965�r%k�Fg\{d/?��}l7�	H1PM� (Mariner 4)�BU?/	{diM� (Mars 2) I 1971 � 5 ^ 19 ik�Gr�?��3W{d/}l7�4_

NASA I 1975 � 8 � 9 ^9_k�/	E, (Viking) M{dg\7� I � II M�i 1976 �
6 � 8 ^9_Wo{d=*G�DI 7 � 9 ^i{dzr%MW�p�[ 20 �_� 1996 � 12 ^ 4 i� NASA k�F9r4/	{dgU	M� (Mars

Pathfinder)g\7 (HB	{dlfJbM��MESUR) �B�MW7I 1997� 7 ^ 4ir%3z{dCw (��1N�*�M���jC) �B
H86F�0%o� NASA ��?/{dg\
l�2003 � 6 ^ 10iT 7 ^ 7i9_k�F	{dg<jC	� (Mars Exploration

Rovers) �4MW7	>; (Spirit) �MT	�S (Opportunity) �M{dmI 2004 � 1 ^ 3iT 1 ^ 24i9_3W{dG�hlWT"e�kuF�C�?/<3OHT�&�I 1996� 11 ^ 7 ik�� 1997 � 9 ^ 12 io=G� "e/ MGS $I 2001 � 1 ^ 31 i	r�~�#(Thk�i�h"e�	{d -sM� (Mars Odyssey) I 2001� 4 ^ 7 ik��(T�$"eF 5 ��	{d�
=*7� (Mars Reconnaissance Orbiter) I 2005 � 8 ^k�_bD 7 �^/�I}l��B��i�2 6 �^/,Q}lDu0��<�+p (ESA) /	{d�mM� (Mars Express) I 2003 � 6 ^ 2 ik��}� 12^o=�G*{F	KY 2 M� (Beagle 2) 3W7�V�i"e 1 {d��=i�(k2
)
(�ih"e 2 {d�) �i4I 1998 � 7 ^ 3 ik�F Nozomi M�����ii 1999 � 10 ^Wo{d=*�'Ko��i�`4Woia=*GzP 4 ��I 2003 � 12 ^ 14 i}D{d�hiia=*zzP 2 ��℄_Wo 1 ��%a\/{d=*��=*/[)Aw{d<C 300 km �Z)Aw\�{d(h/ 15 1�Kq*J? 170◦ ��i"e 1 {d�G1��i 3∼5 ��#a3��r%gM.M{>�{d3W7 (NetLander) �i(��p/g\K�l{d/4I�i�� (��iP�Ko� NASA T4`�"Ye) �G4�? [31] �aBo��+�l0a (CNES) m����p4`rW��, (�( IFMI �-� DLR �59� SSTC �p$ PRODEX) To� JPL U$�V�iI 2009 �B Ariane 5 M{6k�� 2010 �)�{d=*�i NetLander �i0�<k� 1 �{d=*XT 4 �{d3W7�n�3W7zwU�enj!7��l��Dg��<��V!�;P!7�<w��+���4�V!��D��?I.
{dCwUC/Æjg�^8Æ NEIGE / Doppler �DbMkRT\C4



� 116 �������s� �z�X�y������� 25 z�~� NEIGE (i NetLander �i0a�Ra/�l�k�����z(D/^T\<�

(Netlander Ionosphere and Geodesy Experiment)//q�NEIGEioPG-�	F��	~����lEDI{d/D/^T�<\C (�	�{\C�)�{d/SFUC\C��g�l{d/�;^T{d�P/*3�^J,�4���(�tT
)/D2�K�^/�i9�4u
~��!kC/��7hWl;0��3gr�6w<�DP� NetLander K�/	y���DVeO� NEIGE QK�/	y��T�l�k�Z_�D2/C ����<uwT^��,7�i&�/if3^�i�n{ng<Wl�G<{dg\d�6�O�+g\/��/Tr�e	1�N
O&�D2}lm&D7/U�TN2�
2 NetLander 1�|�B\6� 20 % 60 ��%$�e,`{d$�xFD&b/��g\zQ�%BU({D46>g>k (��{D456/=*7=*>k) �SF (_W[d) Ti<Mz�)/$S{d/b�/kyr�$Wl�l�`{d/WMzW/Q>y��;�l�{d�P (+"C^���^�
�hTR) /J,ÆD2Q>y (nSF�<��D�g) 7uw������`
YWl�lop�:<��5\
e�gM(V��"�/=*7��I{dCw��1NA/"�3W7o��f/��)7
�p����pi 21 % ~om�F��
e5\�i NetLander �4RaNH(�i{dCwz{* 4 �	W��/3W7�4�N��h\`{dSF5\/�{�W�H�h\AK/}��4m�gi{dz�}�-P��0�=*X���e� 4�3W7K<Mz"eeW/0�?4 (D.$S<M/$NGk�3W7�.
5\OHGku<M) �H�{D Doppler uo5\{dz��;0D/^/�NÆm. (��( TEC) ���5\�iwv 1 {d��n�3W7zUGeD 9 '!7��
���WMzW/5\
e?I%6	y��/�l�{d/
�PJ,�{d/SFÆ4>k�{d6CwJ,���(
H^Æ4%6 (iAtzWz) �{d�;^�/WMlRTKCw�;/Dge?�:M^=P� 4 �3WAÆ[+"�*yi�/<3K��Cw/D�glf�D/^zQK�7�
3 NetLander 5Y9{1 9 �EWfP
3.1 ��{. (MagNet)

4�3W7z�G/�g�^rF MagNet�
/
e��%�v<�V{dCwz 4�<A/�g/>k�4	y����DB�� 1) �tD(\Jb{d�P/hOJ, (�(�# km 
W) � 2) �l{dlf/DQ>y/k��`{d/D�yUCJ,//���({DD�\C�<i(\R0�./��7OH/�.g�.�
4�7�%{Di{dCwz/ 3 � (�bI 3 �) �g�}��Vg.)�
 3 ��g�,r 1 �t?k/
e��gI>/�(1�%m&{dEC (AtC�) /D℄�b0��t
�\i4=mS�^
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�j 117�6w(��i�fH�g�gI>/9(1rp<{dh
0 (���# km 
) D℄�(��i�x>k��g�?%�l{dz<h�/
Q>yK��T<Mz/Kk,Q�M}/7/QpDu��()i�^�M}/`R=P�2g()ldCwM}/�gk��{Di{dCw�N/�g�
e�}��Vaq_��g/I>o�%m&{d�^�P`R/�Y\Ab0 (n:Mv8) �
3.2 �
{kvY (ARES)Dgg\7K�;��7Æ4`!7�6Gi��w&ki8�z�a�%\C{dzDg/ DC(�R) T AC(>R) /
��C (a�( 10 kHz) T�;/D(\�4���/(T�L�RDg/9iT�Im>k%ÆaqK;P=P/24�4_i9�lf0/D��� (kD(CQ{D=P) T��/Kn/D2/D��=P�
3.3 ��!W�� (SEIS SP) #?T���Æ (SEIS VBB)<�\C(FLld�P*.kmT�PJ,/ar:TaDV/uo���i<Mz�'�dQ(5k<�zQ/��$Y�K<MM}/(�{dz/<�&8��(BI
>y>k�bd/}���;/>k756�g%B`{d/g\�i0~mDfX-�.\'�zQ/5\�SEIS /	y��(\N{dz<�&8/FWT�NGB
(�{d�PJ,�
3.4 �\}� (ATMIS)BC4g\7
r��?I�V{d<C/�Y;PUC�+"�F��W��W��XKuO�:y
W��;0n�uW7�kD(i
 4 �3W7MWDu0_bD/UB/;PCtU��v<3�V6$��g��l{d�;/
�J, (� 140 km ��({d<C) /k��[{d<C/;PÆ:M^DuK��{di0/����IT�*/247�
3.5 �^9�{, (PANCAM)��D��%"ei 5 �(1{*0%=m&WdT<p/�N��g�m&uD
W/,{�a<3�GiR;8/MZ�w{d<w\� 1 m �G�% 360◦ wF� PANCAM/	y����(��MWA_\N���g�w4`!7/	y����xMWAÆ[/<3JbT<�x,�ZB�l�;m.TK;PD2/=P (n:y
W) 7�
3.6 ��N~pB� (GPR)<w��+��?I\N
<^u�/uO��?IÆ\(��i<6HT\N�_/uW�� GPR /	y��(\N<C%6�^/km��^+/24�!_(��iF^��fH�g\9D/^�\C�_/PDhC�
3.7 �vF�N���r�ko&4 (SPICE)
^Æj!7��?IT
K�_m.D2/Ct (n�W7) �\Caz^�_^/
>yT>ym.�
3.8 �����vFd	�b
wm (NEIGE)

NEIGE \C/( 4 �3W7K=*X�=*XK<M�+�R/�DbM/(\>k�_�b/)(��a(BIbMYKD.	�+/D`dQgnr/�9?\C)/('�o�%�.{dSF>kT{dD/^/b0��{dSF>k/Ct�%?I\N{d�PR/uW��S�*3If (1f��f) 7�Ym.�Æ�;.CT�F/>k�_	K
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NEIGE /M��	y��(�l{dD/^�kD(e��`{dD/^/V7 (+"e��`{d�g/e?�`7/Qp/h*/e?7) ��F�=
����1Ni{d<C/ 4 �3W7^r��{dU�'�aq/�*<B3W7K=*X�+Æ=*XK<M�+/�DbM/b/)(�|N�gB�DbM/b/)(���%(�{d/SFUC

(SFXW/>k��Q7) �BI
Y�DbM/�7Tb/)(��5D/^/�a��T?F(�<O�
Y�a��uw{D��
Y�a��.
 4 �3W7/!L\/�*�M�uw�{D�l
Y�a�D9I�lD/^�D2�k<i? 5 �6AP��
3.9 �M=� (MIC)?$�V$S{d�; (n��/�DQzQ7) 7S℄Y/�4�}���%.b!7"e(��h�FL+"3W7iWo�;^�6=TMWDu0/D2&8/D2K��
4 NEIGE 1�|�BM�m�5Aldy$K�{d(�Rd�/&qa[/,<ld�44	PC|�a/krT�kDuK<MDrbDQ/<u�\6a/(h�\'D<M/�(�#4kyT�*yr�K<M,Q���i
�hTyR/V^J,�2
ikrk2�{dK<M7�|hDQ�#=i
 2 �DL/ld$C=�rbM}�;n�{d/�;^|h/,��amD��Cw|h�o�mD�fH (#a[m%B�iD) �{dz�amDz℄/{vT<��
C| 2 �ld/�P�M}�<M(��Q>yld�i4�P�R�hT
0�i�zW/dQ�g{d(��*e/	O�ld�eq|h�hT/(�{d(t�Æ��lK<MM}�;n�{dZ℄D����By^r/R�#4�ST_\r�h(��s�\6�B$D/{d\COH$�4z�w{dD���fR/5A�#hZn4`�Nm/�t�w� NEIGE /��	y�/��=(�u�
�%o�
4.1 �(�Qq�&#5�&q`{d�PJ,/=D�����I�`6>Ct/L.�� Viking T PathfinderT MGS 7�i0�./{d\dhC5\ (−7′′.576 ± 0′′.035/a)[3] �bd�4/�.�℄_<<M/�PJ,���;){d�P�< MGS � Pathfinder T Viking 3W7/{d\<OHWY6$.){d6>g�j/upK��U4�? [4] �,<ld/l3k>�%? Love C k2 C"�aKR/�S�h/$mJ,uGD2�G+D<Kh/kyr�T
>yJ,D2��&g�nC k2 SI 0.10 o�%g�R(1f/� Smith 7e [5] � MGS /�D VOH.�{d/ k2 ≈ 0.055± 0.008 ��g;"{d/R(1f/�℄g� Yoder 7e [6,7] � MGS /�D VOH[.�{d/e�l3k>
k2 ≈ 0.153± 0.017����;l3T|$m/*?_�	�$m�P� k2 ≈ 0.145± 0.015�n
�/ k2 ��4z�% ��i1fyR/��m��	(�C"4�RP�(Rpf/��`{dSF�/i2\d5\�%.){d/�8mr C �)�B�&�
uw5\n��(� Pathfinder T Viking / VOH.)�\dX\ dΨ/dt ≈ [−7 606′′ × 103/a +

(dΨ/dt)p) + (dΨ/dt)g]
[8,9] �40�d/*? dΨ/dtp ≈ −0′′.2 × 103/a �D`am\<\d
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(dΨ/dt)g ≈ +6′′.7× 103 /a ��? [6] B
.� C/MR2

e ≈ 0.365 0± 0.001 2(40{d{*(h
Re ≈ 3 394.2 km �M ({dY.C) �a��K{d/����V^ (
�h�R) /℄WTuWuGD2�B
JCh$z{d/|Mj6>g (�($S MGS =* VOH) T{d<C<kOH��? [10,11]/�{d<
℄W� 50∼100 km �#
B/���jU�4zg�i 10 km ����B{d/ J2 // \� 1.985 683(3)×10−3�BI5�;�lT�0B�F�/92m>k/9IgC=�|;/9�T(�>k�k2? Viking 3W7/;�>kOH(�/ J2/�Im>k δJ2 ≈ 1.8×10−9 sin(l′+22◦)+1.5×10−9 cos(2l′+2◦)[8]�Smith7e [5]�MGS/�D VOH.�{d��T0�/F�p�/a� U\( 3×1015m3 �uW\ 910 kg/m3 �n.) J2 >k/(�K δJ2(0.5a) ≈ (2.2± 0.8)× 10−9 cos(2l′− 20◦) �g Yoder 7e [6] }�9? MGS OH�� δJ2 ≈ (1.81± 1.02)× 10−9 sin(l′ + 12◦) + (2.32± 0.94)× 10−9 cos(2l′ − 3◦) �\N{d�P
�/�D (�g\NuW�N) T�WJ,`�l{d%(4`,<ld/riDuT
>y�k(26� [12] �40\NR/�S��DT
>yIf(a252V��4�P/ky^r$��K<M<h
Gkj�M}�{d<h!
Gy.�g{dyR��GDAb/O�i1p�RJ℄krDu0�O
0IRp�R��g�=9 Fe-FeS4~/jA [13] �B
�Deg�{dR���	W(Rp�mD1p�R�B
�k��
>y�k/3a�YJC��/{d�R(hi 1 550∼1 850 km /s�� ({d/*~(h\� 3 390 km) �gB{d\dhC(�/{d�R(hi 1 300∼1 700 km �+�B		Y.AK�#)�B�&�nmD�N/�t�%	W �{d�i1p�R/��m�4R/*3kfhpW�O�l�nCR(�fGH[Q<uD}
�WlW�r6w 4 �Co�z?R/*3m.��R/�S��W�uWT}
p��C�%N�R/0G�C� 0 ��3HRp�g4`/UC (n�4�*r�/uWT}
p��C2I�WT�>/%(C) �%��
+0/�����
0A�_\<.)�2
�`R/�*yT�W\NK`z? 4 �V<UC/\N�%g�(7&/�g_	�%{D`{d/�<\CT<�y\Cg�=�9? NetLander / 4 �3W7^r/
e�Wl�<\C�<�yT�g5\��%�l{d/�P*3I���l0�i/a�%o(\N4R/�S�If (1��f) Th/J, (naq/uWJ,) �%�{d'D 1 �~a/RT 1 �~a/h�nCY/(hTuW_\<�*��4,d� 0 �h%�R/(h rc \�{dY(h/�(��R�h/uW�D� ρc T ρm �riRh:M�/uWx>� ∆ρ = ρc − ρm �nCY/8mr I /\C,d� δI �riB I p� rc Æ ∆ρ �.)/,d δrc Æ δ(∆ρ) K δI D6?24�

δ(∆ρ)

ρm
=

ρc

ρm

δ(∆ρ)

ρc
≈ −

7

3

∆ρ

ρm

δ(rc)

rc
−

32

3

δI

InC%NRKh/uW/5 ρc/ρm ≈ 2/3�r ∆ρ/ρm ≈ 1/2���R/(h rc mD,d��
δrc = 0�8mr/,d δI /9I�w3{�\ 101�nCW�O%�{dRh:M/Cj�W � 2 000 K �Cj$�4C α \� 5× 10−5K−1 �uW/,dK�W/,dD[Q24�
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δT/T ≈ (1/αT )(δρc/ρc) ≈ −10(δρc/ρc) ���R/(hmD,d�#�B� Pathfinder\./{d8mr (I)nM._\�q,d δI/I ≈ ±0.5%�<w()RuW/,d δρc/ρc ≈ ±3.3%�2g δT/T ≈ ±33% �
5�B$kC/�{d�W�j�+/,dn��
o�.`R/�DT�W/�lmDb�/��+-���9? NetLander 0/<��
_\<\N�F{d/Rh:M���%�.z?b�UC��4$D/ Pathfinder 2I{d8mr/\NJC/,de� (±0.5%) �M�m&fX2I{dR/�*yT�W7D?/\Ab0�nC
NEIGE �
{D`{d\d/5\<{d/8mr/\N_Wm� 5 1�oq<{dRuW/,d6=( 0.6% �R�W/,d=( 5% �S��D2/�*yT
>ym&��D+-/\Ab0�nhT?z?//"�j��% 40 km /_W (� 3% /D`,d) �N�R/(h�#hM�}�L�R/uWT(h�np�4`OHn NetLander 0/<�y\C�
NEIGE /4`\COH�℄g{D\C,<ld/�Q/uo�%!K<\N,<ld/R�STR>ym.�
4.2 �(����{d/SFÆ4>k/KkK<MD��DQ���BIe�Æ{d/ 2 �S℄�d
(Phobos {��� Deimos {�i) /5>e?�{d�7℄�il3T�Q��{d/SF>[�+M_>k�BI{d{*T6�e�/5>Y(JOI<{d/{**w#O4(F=**w�SF/{d`
4>/I7K�b,Q�4SF>�b4(F=*w/�>kr��XK�
45-dQo(\d�BIe��{dÆ4 2 �S℄�d/D`�*M_>k�z?5-dQn�i92m/>k���Q�Be�56/{d�Q�W\� 1′′ �D&Ii{d<Cz56/��\� 16 m �n}<M���{d/�Q�K4�PJ,uGD2�nC�iR�HR(�f/�4SF>K{d<hSF>M6Y�r�i��4���SBR�Q (FCN) � FCN 92KRh:Mw/�X<\Æ4k>uGD2 (&℄nDuW/>k) ��YC|����B=D/{d�PRpe*\f�j (��B Pathfinder �i(�) �Rh:M/(hi 1 300∼1 700 km�+ (R*~ \� 1 500 km) �r4D7/ FCN 92i 230∼280 d �+�gK FCN (\D[/�QKBI5 FCN /+�e?g;A{��+�V7��i�� mas C��`7/{d<wk>\��� cm [14] �nC
4{�V7�� NEIGE /�	{�\CCt0.\)��{D5\i FCN (\Æ[/�Q�Wo��_(��i FCN Æ4(\�G��(�D2/UC��g\g{d(��i�fRG��Y��R/�S�R/�FQ8C�R/uW�R/<\7b0�<D�	(�R/{d�j/�QFpHCK�p{d/�QuIy�_��%k=MVV(i FCN Æ[/�Q5)+�9I�(\/ FCN AZ��[�/�QK�5)9I�JO(�Ko(n
�nCR(Rp/�K FCN +�D2/UC />k`+�{�V7/9IM��#(�(Rp (�(�D FCN) /dD�%�+�/�W�d(�k� NEIGE /_WH* 5 mas(\ 8 cm) �2
{D5\{d/�Q�%\NR/If [15] �)�B�&�\6$D��{dg\�ir%���#eqnM�\N{d(��i�R�2�{d�P�g`�P�gmD (��amD) *?�2
4RnCM(	WRp (�(1p�RH�I#N�^If)�o(	W1p�(RpR�#(���a	W(Rp/�
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�j 121�R$z��[S/1p�R�	���a	W(1p/�R�(��/�nCi�f�R0n�i1f�R�gBP�/SF>HM6Y�r����i_�/SB�R�Q (FICN) �G2
`4(\9�/�QKfÆ+�����YC|��R/(h` FCN /92Æ4`�Q+�/9I�(6�/�kD(&�RA��9IA� [16] �B
�4�{D2I{d�Q/�C5\D��m&D2�R/b0%\g{d(��i1f�R�qD�4�SnX�M��BI Tharsis �</�i�{d/t>m (tri-axiality �� 2 �{*8mr A K B /D`dD) \ 8× 10−4 �ZZ�I<M (<M/\ 2 × 10−5) �a`{d/ Chandler $Q (CW) 92�FCN 92Æ�QFpHC�U<D|;9I�M��FkT�;BI�h / -�DugfÆ�T.C/>k�>p��g��9I�Q�!./;PQ>y�
+�lF
�;PQ>y�j�JCC|a`�Q/9I[S��b_�Wz_?�{D`JO(��Q/5\�%�*R(�f�1f/�nCi�O�Q10 FCN /+�V7��5\)�rn�m&4`D2/b0�n�R/�8Cr�R/�STuW�R/<\�%Æ�R/�im7�%z
YUCkD( FCN (\/\N��%FL{d�P/*3b0 (nRh:M CMB /b0�|Rpe*\f`~ If/ CMB <\/*?�$m / |$mUC7) �nC FICN /�Q+�V7��5\)�	ln�%m&2I
ICB �/uWx>��R/�S7b0�
4.3 �(�-
{d��({dSF>iK{d1�i�6/{1U�'0/dQ�4�W� 0.5∼1 m���DB4r�� 1) �ImK��W�\� 30 cm �(��K�T.C6^�ND2/5-$Q�_	B�;TF�/�h / -�DufÆ� 2) K<M��,Q/ Chandler $Q�
(|�p{d/SB$Q��t`{dCw�>>k/5\�.){d/
CW �C�\� 10∼80 cm [8] �492\� 200{di�aK{d/WMQ>y<\T Love C k �DD2�}���R�<h/$m / |$m�w9Ia35\)/ CW 92 [17] �4"+�4� 1 �BI�T.C6^�N()F�Im���409�K��\ 12 mas(20 cm) �(�K � 1 ��53Wa CW :30:J�\ 4 mas(6 cm) �
BK~�I NEIGE /2�_W (`
BKU(\ 2 mas) �g$S{d�P2V/M\Nm`
BK/9I'i4#���/C�z�2g��5\)��g.)D2{d�;.C>p/b0�
4.4 �(�`| (LOD) n&{dii>k��(BF/�h / -�Du��Te�l356 [18] �40F�T�;/V7(��/�F�T�;/V7`{dii/*?��D9�T(�>kK�4IQ�W�D\ 0.22 ms T 0.38 ms C� [18](K
`7/ UT />k�W�D\ 36 ms T 25 ms �i{*z�DD&I\ 9 m T 6 m) �g Yoder T Standish[8] �t Viking /OH.)4IQ�W�D� 0.29 ms T 0.25 ms ��/*?iWPV70\| 1/3 �ge�l3/*?�\�
30 cm(9�K) T 15 cm((�K) �l3`9�T(� LOD >k/*?Ui 0.01 ms C��



� 122 �������s� �z�X�y������� 25 z�D&I` UT /9I� 1 ms(9�K) � 0.5 ms((�K) � NEIGE ` LOD >k/5\_WT2wKI 0.004 ms, D&Ii{*z 12 cm(9�K) � 6 cm((�K) �z?9IUZ�I
NEIGE /5\_W�2
�%{D5\{d/ii>k�G��He�l3e?�.)F�/.C>pb0�{d�P*3UC/M\Nm` LOD >k0/9��(�K /9I'D4#���/C��;n�R/If (�f�1f) /dD<�z? d\ 3%��K�I NEIGE/_W�7��%.\�$�#4Bm(%�$T9�*R/�SGH4`9I LOD >k/2V��i
1% /H*���H�qo�F�_R/R>yIf
��/g��r`�Q/5\k'.b�Y��{D`{d LOD >k/5\n���l3V7�oD��.)F�T�;/
kHC�#
��%I{d�;Q>y�j�
�( NetLander �i0;P�
/�����
4.5 NEIGE �<�1��I%z�.�{D NEIGE �
��%\N{d/R�B(1f/n(�f/�n�%.)4`D2{d�P (nh/$m) T
>y�k/G5b0��%�{d�PJ, (R�h) �R/�WT�D�%Æ{d/uiDu7m&D& /b0T\A��%{D`{d/\dTJ[\/\N�(�2I{dDU/;^8��
`3L{d�Q/^KI<kTF�J,�[6��_	n�%{DWY NEIGE �
K Mars Express /��?\�D�T+�\C/5\OHWl�l� NetLander K�0/<�yCt (SEIS) �r�%m&!b2I4�P*3m. (+"^r
�hTR/*./uW�$mUC) /b0�g4�P/D(\OH�%B�g� (MagNet) OHL|.)�nXWY9? SEIS � NEIGE T MagNet /OH?Y�l{d�P(���l�o��B$DWY9?z?t4�
��OH�l{d�P�*yT�W.w/"e [19] �
5 �}f�<`VF1` TECe��K{d_�/ld�+lf�+/Dge?�,KDuiDU���iM�a��)a[� Trotignon 7e [20] Ss?F'He��/V3� MGS z�e/�g�TDQp���
5\C"���({d/�;0m^TD/^ (gM({d4	/1D�g) UKF}e��/e? [21] �4DuKJC}iRdz5\)/&�,Q�#iD�/�+s��/�
1h�%pP<o�
4I����
?W$��i{d"rQ/Dge?Q��i6( 850 km /�W�/gT=QU$3d
M/ Phobos-2 �i5\)�gi{d�^M (e��KD/^/:M) %6/D/^�eq�B/��Vp�I� 1) Viking M}l7i"iQ=*6=Du0`D2��UC�<\C)uWT�W/ 2 �
�.w [22] � 2) 4`M}/=*7Wl/�4I�D�d\Cp��./�4IDQuW.w�`{d/7/Qp�Bn�����
KRd/KkM}�Pioneer MRd=*7�.F[b
uw/D2OH [23] �&℄�BI
 2 �ld�+/D2UC (e����F�6>) �i/d1�M#`B	Wl�D5A�7/Qp/h*Dui{d�;^/i2�kDu06M6�/e?�i�i�Q>y�F/�2��(BIe��()�^M/R� [24] �
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�j 123�i{d/"iQ�D/$SI XUV ��K�;0 CO2 �Q/Dge?�DQuW/� i"r�� 105/cm3, �I\ 130 km �/z��2IDQT/QuWÆ�W/
�.w�j$Db� [25] �
Y�j0/25*3C(�D/^M�6/
�
{C��g��Be��T�;^Dge?56�#�pP<$YI{d�
1hQR�i{dD/^0��g�,F4
�*~SBuWg9I4�(4C�i{d/�Q�7/Qp
M�7��/�>B�k (h*) ��giD/^krDQuW	�T�Q�Cj/a�DQuW \� 5×103/cm3 ��Q/D/^�%P�<{DB4�,$�w��($SI�"iQ/H*�7�i(
M�7�g��/�>B=d/=Q�_	��;A<�%I&</�kIfT�g/uO�
0+p���Be��(/J,Du�uW.w>k�|h;A��(DQwWPh*H�
Mariner 9 M�D�d�
OH;"{dD/^DQuW� _i/�WK�dA/{dCw�WuGD2�C|{d<C<k`D/^/9I(�D/ [26] �g MGS /�C�D�d�
OH;"{dD/^DQuW� /�Ws=IkJ, [27] �M#�D5e���/9IgkÆ>k [28] ��|;59^�;/�Im>k9I [29] �YDQC (TEC) (DQuW
M
�Uh/�����a�%{D
PI3W7K=*X�+/�HUh/D�\Cg�.� NEIGE �
�%�=�\C�BID3W7
e��%
r`M}<QTUh/ TEC Wl}�\C�$z=*X/dQ�n�%�� TEC /H*uO/>k�g
Y TEC /H*lW`�lBw/D/^�TTH*�7([D?/�B NEIGE \C/ TEC KB{d<w��+� GPR \C/D/^;^
�.wB	�%gL�}��i Mars Express =*XzWl/{d�D�d�
KBwB	��Dg�w�n��Wlt	�+/>aT��KRd/Kk,Q�{d/D/^��iSzW/1hp (nM},j/7/QITM#Nm) �aq��$SIe��KD/^/Dge?��	$S�;^KD/^/Dge?�B	+"U�I (�4D�I) �7/Q`%ÆiD�u
/e����2kÆ/K�>B��D2/=P�_	r+"��BFJ/�;�fÆ/5>I�
Y1hpD��(56iD/^�H/�DIwL/V2�n}i<Mz/do�{D\Ci=*XK3W7�+�DbM/�WKD�IQ��.
%zk��{D5A�
CtK7/QaQ/3a�j��%.)2ID/^/�kIf/b0�2
�{D`
Y TEC Æ4H*>k7/\C��%�x%6��uw/�l [30]:

1) {d/WMDQuW�N�a[e�/�W?Æe��K�g>k�{D\CD/^0a�DQuW Æ?<w��+� (GPR) \CD/^;P/uW.w��%` TEC �
JCd}`T�� NEIGE V�inL2K{d�mMz/�D�
P�JCdD2�.�
2) D//H*�7Æ4i�w�QD/^0/e?��&g�ioy>MQ/D//H*�7(()7/Qp�N/H*lW/a6�2V�2
�{D\C TEC /lW+"H*lW�%�l�T/kÆ��*T�S�
3) i�;h*/�4�,07/Qph*/D`6�m�i�Q�7/Qp/�k��
M�7�^/�>BWl����kÆi7/Qp�N/�TQ�{D�l
Y�T��%/�
Y7/Qp/1��i"rQ�wL�
�%.\iD/^M/uW1h�gD/^M
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4) i�1hQz�/7/QJ,�$����>i�>*\0|h25�a�.b�D/^M/�W�Dp<�i�1hQ���'D7/Qp�>UK`e���>/*\�{D�liD/^M�*? (cusp) /krTpRk/�6? (PI1hp/�gKld��g�+) ��%�le��7/Qp�GWgo�46PD/^7/Qp/�+�NJ,�
5) Q��g/��Yg�K<Mz/Kk,Q�(D/D/^�%�wBIe��Dge?()/>kDR� NEIGE �i0��g℄m/��o(< TEC \CKBI
YDRgfÆ/�g>k?46$�_	<�B�g��V�#BIZn��WMm/{d1D�g�j��.z?�� (B�gIQ(�DRp4) 5i<Mz!��=�

6 NEIGE 1[`�F�) NEIGE i�<\Cuw/	y���4�43�(i{dCwz:<��S
~
e (&���� 4 �) �Dg�+w/�A km �^r��K{d<
1�i�6/U�'�{D)\
��'D`I<MU�'/�*$O��g\N{di�+8mU�'0/SFÆ4>k�BI3W7/.CM�e� (SI 20 kg) �a[�K<M�D{��2
p���bM0�Fk7�< 4�3W7WP*{_hb{dFQ/=*Xo�%!
6f�4*~3~(����{d��}�a/=*��%e�{dU�'K<MU�'/0+U�'�#(BI\CT3a���=*X�i�N/!��
�=*0+U�'7℄w5oe�/,d�
�%{Di=*XK<M�+/�D?ebM/b/)(�OH6,=*X/�*�MGS T
Pathfinder �i$�| 0.1 mm/s /\N_W(�%�)/�2
i NEIGE �i0�T?�_W$��i=*XK<M�+T? X I℄ (8 GHz)(iK��i/~ G℄v�iT? S I℄/ 2.4 GHz) /FO�D�U�(�B<Mz/��Igs�=*Xz/��D�7�7T���u./"*Bj/��rB$�=�v�i�B Ariane �+2?eO0/Æ{��d�=z?/%��g�H=*XP�����di 2003 �k���[Q{*j=*�i 2005�hk� 2 ��40���([Q{*j=*�M���[Q�=*�}��i 4 �3W7K=*X�+�T? UHF I℄ (400 MHz) /FOD��D�GHB3W7O=*Xk�"O/D� X I℄ (}�i~ �v�iT? S I℄/ 2.4 GHz) �eIbM�BI3W7/S.C�,�7qT?�^/���i3W7T=*XBZUGDWu�/rB�i3W7K=*X�+
Y�D?J�Oi=*Xz/�+�L#N�i*~ 20 s �+�/#NW��) 10−11 �{Di3W7K=*X�+}�Wlb/)\C (UHF T X eI) Tw/\C (UHF J,f) ��%)\D/^/ TEC �GWgo�a`b/)XW\C/�a�i�℄�� 20 s/b/)�C����b/)\C/_W�%�) 0.1 mm/s �=*Xz�GD��CU�3"U (DPU) �a�%`bM/�WTD�/IQWl�.�n�WlwL�l�n�3W7n9(��Od�� (D`I=*X/=*i���4/d℄�) �<\CTD/^uw/\C�nC�d)n9B��(nr��&℄!K�
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�j 125��<Mz`=*X/ V\��d)i2�v<Wl�%-�`4=*�[K<���%m&��6�/0+�DU�'�q���U�'�Duw$K�nCi NetLander �idl2+�DM���i�m&M��=*X�r{D` 2 �=*X/}� V�B 2 �=*X\C/d���%�aWP<<
M�DIuOD}Uh/d�7/QpV7��H��g�%.)!K/{dSF/JC�gMp�3W7`
?i�=*XWl5\�Z℄
�d�%�x{dSF/5\_W�#���lC|�` NEIGE �
4	$KGMp� 2 �=*X�

� 2 NetLander (-�|�#,�
NEIGE 0/D/^�l��(\N{dD/^/ TEC �a{D\Ci=*XK�3W7�+k�/bM/D�g�=�2�bMiD/^0/��\�%ID/^DQuWTbM/(\��g`bM/D��yTb/)XWfÆ9I�%�bM(\\.�%(I�%�[4��B�H�rk�D�KD.D��+Dn624�

ΦF0(t) = Φm�(t) − ω

c
[D0(t) + ∆ph

TEC].
7%�DQBUfÆ/D��y$3o��D0 (k�7TD.��+/w/�∆ph
TEC (BID/^/�ignr/e�w/�%�D/^(�3�k/7/Qp�rD�

∆ph
TEC = −

40.3

f2 cos θ
TEC,40 TEC =

∫
⊥

Ne(z)dz (DQuW Ne(z) 

�Uh/���
� TEC /Cj"r �
3.5 × 1015 m−2 �456/D��yD&Ii S I℄ (2.4 GHz) z 2.5 cm � X I℄ (8 GHz)

0.2 cm ��i UHF I℄ (400 MHz)0.9 m /w/�D0 4	Æ4>k\U[��\(D/^*? (∆ph
TEC) / 106 1��FR�a/M\Nm_�$/9I��T?F(5\WlD�^Y�

Φ = Φf1 − (f1/f2)Φf2.^Y_/ �D�5ID/^/9I�xq UHF T X BI℄(�F\��9?K(\/*up524�{D^Y_mRD/^b0�R�D/^/9I�Bz?D�^Y_



� 126 �������s� �z�X�y������� 25 z���/ TEC [�+/>k�%L*��+>k�B
�%�. TEC /H*lW� TEC /}` �%{DLD��
Wg�.�#pD+/(�bz?D�^Y_/�
WMh(
2π /�C1�#�%{DM�/uo.)��l<40�U (�(�9() ADbM;f��l<40�UADbM��B�D[/(\��B4��/D�^Yuo�+/D�d��,i 2π �� (#�ID�/\N_W) �
7 NEIGE D!���`X%B1�PK�^dDG5/2I NEIGE �
/�Y�C �� [30] �JCC| NEIGE �i����>%Beq� Viking � Pathfinder T MGS 7.)/`{d/g��3azK�&=*X (kD(i=*X/=*Z)AÆ[) Wo�3W7/�,s��
(a9�W?�I 20◦) ��3W7�%}�`=*X V5\ 1 h /d℄�#&\C(i4[)AÆ[Wl��BIXWA��b/)bM��wkÆA�/>k�o���M)
�/�O�i=*/[)AÆ[�BIbMAF��<MWl/b/) V�%!�_W<\N=*X/�*�2
�i� NEIGE /C ��0�\��<<3W7=*X5\d℄� i=*X/[)AÆ[�#
��$�`�3W7/ Vo[�}�WlF�BI}�`�3W7 V�<�Y+}/\C,dYgD:R�#`I��=*X Vb�3W7$K���/\C,d$YI!7T2/V7�℄_S(BID/^T�[3W7/`R^/V7�2
}� V`R�B	��/,dY*?M��'���3W7 V=*X/�d℄�+/=*_\W��}� V` NEIGE �
GmDe�*?�gH��<M V=*X�GMp�}�`�3W7� V�=*Xi�+8m40/�*��({D�<Mz`=*X/b/) V$\N�nC=*X_5/�4>�[K<?�j$z?�g'pOLS�=*�C�r�<MzWlb/) V\N/=*X�*_W���t/C��#=*X_5/>[�U�.3�jk�kD({d6>g/M\Nm�(�B{d�i (n MGS) h<(I0/��,dY�7) Mars Sample Return �i/����S��2�{d6>g/_WD;A/�W��t%�`<Mz/��d=*OL/b
��F.)aS�/=*��3n�}l7/=*�Up�D
`m<`6>gd�Y)&/	J���K�^id�����[FB4Q>y�j�

1) %�=*X/5>��	KQ>yI���%	W�jk�2
in��r/ Vd℄�'pOLS�=*�C�2

(�4a3H/I��
2) `n� V=*U6^/Y�� 6 G ×6 �/6>g�49
,d%�K MGS /(I_WD&�i�� NEIGE �
��(`��Ct (gM(n��=*) '\NG}��?}�� 100×100/6>g�#n
�/GC/����Y>.[!���
i��{d����fÆF 97 � Vd℄�`40nd℄LY��� 6×6 /6>gK'L��[�GC/6>g_�Æ/UC�CdMb��%g�
? 2 4��uo(`��/ NEIGE �
/Y3[Q�&�z�i���35\OH���Nnw<4`D?/b0TOH (n!b/ Vd
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�j 127�℄� MGS T4`{d=*7/OH) +"W$� NEIGE �
/��JC7�w�IT?? 2 4Q>y�j/��JC����_T?/=*92� 5.7 h �[)A 300 km, Z)A 8 300 km �J? 122◦ ���JC<wK 2005 �/�=jÆj{�=*7/JC|hDQ�C 1 ��F��0 3 �3W7/�*�C 2 ��FB4K�6{dSFUC/_W�&9_W(�I� ViKing T
Pathfinder K��./JC�%�n�3W7)=*X/FUb/)AD(n9 1h ��<M)=*X/FUb/)AD/_W� 0.1 mm/s �
i MGS T Pathfinder0(�l/�u��Ti�D`7Iz?B4Q>y�j�p 1 NEIGE i�OR
r℄� 3 �	JZ�s� [30]6Z: �+ 5 �+ 6 �+ 7
Y 84.9E 94.8E 118.3E�Y 16.0 −12.1 35.1p 2 ��OR� NEIGE e
_��)�%#ti�7� [30]':aY x�� x�j

UT1 ;�M�Y /mas 100 3 7

UT1 )�M�Y /mas 100 1 14� ;�M�Y /mas 100 2 4� )�M�Y /mas 100 2 49ns I/ ~g2Z9ns I(%) 0.5 0.1 0.2S9ns Ic / ~g2Z9ns I(%) 100 17 34�����JCC|�i{dSFQ>yuw� NEIGE �i�%;A<m�\N_W�B
.\�R/�lm|h��D5I Pathfinder/|hÆrb0�SF/�ImK/_W�m� 1∼2 �CC�����C/_W�m�\ 1.5 �C���g�%2���<.\����
�%��<�Weq`{d�PK�Æ{dCwK�;Dge?/FL�
8 NEIGE 1�>wyV`�74��
��(i 2 �(℄ (UHF T X) z}�Wl_\/b/)(�\C�g UHF I℄n�w6?/ TT&C %��FO.k/�<���%Qr NetLander ;8`{�4~/9I�#�+�M=*Xp�u$D7/%��
8.1 ��IY2�3W7{�4~+G%6^8�

1) TT&C �DP��+"� UHF(g}) bMkR�7�7� UHF F"7 (GirBZ/7o / 7��/^I7) � UHF rB (�x�/P�bwIrB) �
2) NEIGE �D^�+"� X I℄/k�7� X I℄rB'�C 3 (D23W7/OH�C 4 ( NetLander {�4~D2UC�



� 128 �������s� �z�X�y������� 25 z�p 3 ���	JZ�$H [31]W E S"D[.fn�Æ2�j / cm 90=Æ�j / cm 110�Lh~��{�2":�2�j / cm 47�F���9jY / cm 70j Ariane 5 N~7|2ZgQ / kg 210%�2�>+:�2/E / kg 47.5NZ`	I=Æ`2k/E / kg 17.5FXgQ/E / kg 4.5p 4 NetLander l�xnti [30]� \ W E G R � m g W E
UHF 
NlS – 8� 600 g; 12cm×12 cm×3.5 cm 6.5 W 8� (RF); 2 W E/ (DC);: (SMART) 20 W Z�E (DC)

UHF G$: 200 g; 12 cm×6 cm×2 cm −50 ∼ 50◦ C(GRZ)

UHF uC 250 g; φ=80 mm; {�D`2�Y −130 ∼ 60◦ C(�Q)�E� 4 mm W 250 mm

X J^2l�: 250 g; 12 cm×12 cm×2 cm 2 W 8� (RF); 20 W Z�E (DC)

X J^uC 100 g −130 ∼60◦ C(�Q)

8.2 ���u2�
NEIGE /=*XP�+"�
1) ��-kj/ UHF D.��a/b/)\C_W|h� (0.1 mm/s) �4�<�O�5Bw/ TT&C D.��.b��F�l{dD/^0{h(\D`A9 (SI 100 Hz) /wL=P�anp�% 200 Hz (\`bM/D�T�W}�R��
2) �� X I℄/�eID.��a/b/)\C_W�[��iz?/ UHF D.�/#Y6�*B<4(\SQ^N�}��p�`bMT�W% 200 Hz R��
3) �� X I℄rB�
4) ��U��'7�2�=*Xe�0�����w{� ($NTCt) �H�Wl

NEIGE �_W/F{*b/)\C�FOAD�p�i=*XzD��i\�+�5A#N/℄�7��fÆk�/ UHF bM(\�HfÆ?Ib/)�C/(\��O4i 20 sb/)���/#NWKI 10−11 �BIeO.C/�,�p�< NEIGE �D^8T TT/C �2
ri�6�r� UHF^8+�
�+�M UHF D.���%-��_W/b/)\C� UHF ^8+�2��B JPL �p�[MK�/0_�4�<5IM.g��
8.3 ��U�vFb/)\CT?F�4q�	 quatant �/E9uo [32](o�E9M 6882908 ��<E9M EP0805988)�auD 0.1 mm/s /hOXW,d�
D&Ii UHF I℄/ 0.3 mHz /



� 2 3 rt:���q
|e4X8
U
|eE0_U℄=�Æ
�j 129�(\,d��i X I℄/ 5.6 mHz /(\,d (Fu) �b/)\C/,d��$SDgV</ 3 �uw���
l��℄�7/#Nm�,��C,d�aq/C�nC 5 _"�p 5 400 km ��� 0 ���VAwG�"�vz [30]

mHz

UHF X w 9dm
 ≤ 0.2 ≤3 
0*�� ≥ 20 s;
m6� UHF: ≤35 dB; X: ≤ 11.5 dB^�:2$OnA- ≤ 0.2 ≤ 3 ^�2$OnLJ 2×10−11�E-e ≤ 0.1 ≤ 1.3 �EE / ��)℄�
UHF: ≥ 300; X: ≥ 18Z� (+xW) ≤ 0.3 ≤ 4.5

8.4 NEIGE �&��E2�#8��j
NEIGE ( ESA 6 NetLander �i0/��QK��4Y�pe(�Io�Ir�<

Toulouse / Midi-Pyrenees r�
/ Barriot K$� 3 �?Y�pe�D(� Dehant K$
(59�s"r�
 (ROB) ��p{dNOUC\CK{d�P*3/�l) � Folkner K$ (o� JPL ��p"u�<P�) T Cerisier K$ (o�<MKldlf0a (CETP) ��p{dD/^/YDQ�C TEC TD/^wL/\CÆ4D2�l) �U$/"�nD�o�/!.<M*3_;PQ>y�
+�!.r�
�*3Tkylf�
+�ld�
+ (Grenoble) To��+p (CNES) �-�/ Lohrmann r�
�<M*3T;P_T
Max Planck �^�;_�+�9/t(�yT�+�<\C0a�$��/ McGill �yT
British Columbia �y�I(/�+�l0a%Æi4�<r�
 (Hs) �M�nE�F���<S^�Bo� CNES /bM�3Pp�p!7�B59� ROB�p 4 �3W7/x#"e��<�k����DQJ,Æ�=~B CNES /bM�3P/ Ribes T Benoist �p�B JPL ZB� CNES /bM�3PiJ, / LJ�<���TCU�3�{�y�7uw,Db
�`qvbi MGS T Mars 96 K�0�p{d0�. / k7/�k"e�

NEIGE /3W7P�B CNES �=
rGOB�=*XP�B CNES/JPLm&�40=*XP�/Æj�i(25/}_xq�
8.5 ��b!}

4 �3W7wi 3 9��=*Xz9_�/G$�O{d�4BZD��k6/-em�
�i4-e6�3W7% 6 km/s /XWWo{d�;^�℄_3�;oi1X�iD[{d<w�XW1)�N _�nw9_*{� 2 �=du%W�O1X�Gia_�℄=dDu�<K{d<wDH��h����;
�-e3W7v5rJ/H��H�XW<i 70 km/h(�\ 20 m/s) 
G�K?m/XWdMb�bD��p$ (?��p$<x℄(� 50 m) _�3W73Iz#i{dCw�℄_4-em;
3�[�3W7��e�Dx'�{�rB�℄_J��	y!7(T�/�*�



� 130 �������s� �z�X�y������� 25 z�
9 �KBQ�B2I{d\<P� (�Q���Tii>k) /3a�aW(�%<Mz/�j�#2{d/��2VZA<Mb�i9?5\Ct�\Ja�ow2Z�\./�&T
T\Ab0g�%.���/Ja�i NASA _v/{dg\�i0 [33] �	�tM� (Phoenix) �(��9r4/}l7��iI 2007� 8 ^k�� 2008� 5 ^ 25 i)��<9? MGS T��Kg��?/��3W7�	{d	y�
+� (Mars Science Laboratory) �iI 2009 �L�k�� 2010� 10 ^o=G3W� NASA n,NF�$i2/{dg\�i�n 2011 �/	Æ
��
(Scout) �i9?I�"u�nS}��;M�Sj3W7e�Jb*
�	{d�4qu�
(Mars Sample Return) �i<I 21 % 20 ���=�BIo�Q1 NASA b~TK��� NASA K NetLander /Ye�i3R�V$�iB JPL �p/"u�<P�2
0_�K��i 2003 � 5 ^0_�&�e	�i59�s"r�
o{d�Q�lWlYez%�5�U$FK�^/U�"ew/yi`Z��K�^hi�>��}+"K0��i4i�/�"Ye/��m�(e	6Y�\��.� NetLander ���!}�	 Net Worker �%!;t<k
D2/�l�k��%K�
NetLander �i(?��i<M�dpzWl/�<\C
e�i�&q2 M NetLander�,Q/�i�ki�=��~ ��℄ Dehant �4m&rbD2/OHTWxb0�s;ty�
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On the NetLander and its NEIGE Mission

HUANG Cheng-li

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: The NetLander Project is an European mission to Mars. NetLander Ionosphere and

Geodesy Experiment (NEIGE) is one of its main parts. First, the international missions to Mars

in history are introduced briefly. An overall description of the NetLander’s scientific objectives is

given in section 2, and the nine payloads, such as ATMIS (Atmospheric sensors), ARES (Electric

field), GPR (Ground Penetrating Radar), MAG (Magnetometer), NEIGE (NetLander Ionosphere

& Geodesy Experiment), PanCam (Panoramic Camera), SEISM (Seismometer), SPICE (Soil

Properties thermal Inertia and Cohesion Experiment) and MIC (Mars Microphone), are intro-

duced one by one in section 3. After section 3, NEIGE is discussed in detail. Section 4 discusses

the scientific objectives and the contents in geodesy part to be studied in NEIGE, including the

Mars’ internal evolution and physical, chemical and thermal-dynamical structure, the Mars’ nu-

tation, polar motion and length-of-day, while the expected experiment in Mars’ atmosphere and

ionosphere is discussed in section 5. In order to fulfill these objectives, the strategy of NEIGE

is introduced in section 6, and some simulation studies for the requirement of the precision in

geodetic measurement are reviewed in section 7. Moreover, the technical and managemental as-

pects in NEIGE are also reviewed in section 8, including the structures and technical properties

of the landers and the orbiter, the noise sources and stability in the Doppler measurement, and

the institutions and their responsibilities involved in NEIGE. Finally, the fate of this mission and

its future are also introduced briefly.

Key words: space astronomy; Mars; review; geodesy; ionosphere; nutation; NetLander; NEIGE


