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� 4 0 \ N R / � S � � D T c > y I f ( a 2 5 2

V � � 4 � P / k y ^ r $ � � K < M < h 
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� � % . \ • $ � # 4 B m ( % � $ T 9 � * R / � S G H 4 ` 9 I LOD > k / 2 V � � i

1% / H * � � � H � q o � F � _ R / R > y I f 
 � � / g � � r ` � Q / 5 \ k ' . b �

Y � � { D ` { d LOD > k / 5 \ n � � � l 3 V 7 � o D � � . ) F � T � ; / 
 k

H C � # 
 � � % I { d � ; Q > y • j � 
 � ( NetLander � i 0 ; P � 
 / � @ � � �

4.5 NEIGE � < � 1 �

� I % z � . � { D NEIGE � 
 � � % \ N { d / R � B ( 1 f / n ( � f / � n � %

. ) 4 ` D 2 { d � P ( n h / $ m ) T c > y � k / G 5 b 0 � � % � { d � P J , ( R �

h ) � R / � W T � D � % � { d / u i D u 7 m & D &  / b 0 T \ A � � % { D ` { d /

\ d T J [ \ / \ N � ( • 2 I { d D U / ; ^ 8 � � 
 ` 3 L { d � Q / ^ K I < k T F

� J , � [ 6 � � _ 	 n � % { D W Y NEIGE � 
 K Mars Express / � � ? \ � D � T +

� \ C / 5 \ O H W l � l � NetLander K � 0 / < � y C t (SEIS) � r � % m & ! b 2 I

4 � P * 3 m . ( + " ^ r 
 � h T R / * . / u W � $ m U C ) / b 0 � g 4 � P / D ( \

O H � % B � g � (MagNet) O H L | . ) �

n X W Y 9 ? SEIS � NEIGE T MagNet / O H ? Y � l { d � P ( � � � l � o � �

B $ D W Y 9 ? z ? t 4 � 
 • � O H � l { d � P � * y T � W . w / " e

[19]
�

5 � } f � < ` V F 1 ` TEC

e � � K { d _ � / l d � + l f � + / D g e ? � , K D u i D U � � � i M � a �

� ) a [ � Trotignon 7 e

[20]
S s ? F ' H e � � / V 3 � MGS z � e / � g � T D Q p

� � � 
 5 \ C " � @ � ( { d / � ; 0 m ^ T D / ^ ( g M ( { d 4 	 / 1 D � g ) U K F

} e � � / e ?

[21]
� 4 D u K J C } i R d z 5 \ ) / & � , Q � # i D @ / � + s � � /

� 
 1 h � % p P < o � 
 4 I � �

� � 
 ? W $ � � i { d " r Q / D g e ? Q � � i 6 ( 850 km / � W � / g T = Q U

$ 3 d c M / Phobos-2 � i 5 \ ) � g i { d � ^ M ( e � � K D / ^ / : M ) % 6 / D /

^ � e q � B / � � V p @ I � 1) Viking M } l 7 i " i Q = * 6 = D u 0 ` D 2 @ � U C

� < \ C ) u W T � W / 2 � 
 � . w

[22]
� 2) 4 ` M } / = * 7 W l / � 4 I � D � d \

C p � • . / � 4 I D Q u W . w �

` { d / 7 / Q p � B n � � � • � 
 K R d / K k M } � Pioneer M R d = * 7 • . F

[ b 
 u w / D 2 O H

[23]
� & ] � B I 
 2 � l d � + / D 2 U C ( e � � � � F � 6 > ) �

i / d 1 �M # ` B 	 W l � D 5 A � 7 / Q p / h * D u i { d � ; ^ / i 2 � k D u 0

6 M 6 � / e ? � i � i � Q > y � F / � 2 @ � ( B I e � � ( ) � ^ M / R �

[24]
�



� 2 3 r t : � � � q 
 | e 4 X 8 
 U 
 | e E 0 _ U ] = � � 
 � j 123�

i { d / " i Q � D / $ S I XUV � � K � ; 0 CO2 � Q / D g e ? � D Q u W / �

 i " r � � 105/cm 3, � I \ 130 km � / z � � 2 I D Q T / Q u W � � W / 
 � . w •

j $ D b �

[25]
� 
 Y • j 0 / 2 5 * 3 C ( � D / ^ M � 6 / 
 � c { C � � g @ � B e �

� T � ; ^ D g e ? 5 6 � # � p P < $ Y I { d � 
 1 h Q R � i { d D / ^ 0 � � g @ ,

F 4 
 � * ~ S B u W g 9 I 4 � ( 4 C �

i { d / � Q � 7 / Q p 
 M � 7 � � / � > B � k ( h * ) � � g i D / ^ k r D Q u

W 	 � T � Q � C j / a � D Q u W  \ � 5� 103/cm 3
� � Q / D / ^ � % P � < { D B 4 �

, $ � w � � ( $ S I � " i Q / H * � 7 � i ( 
 M � 7 � g � � / � > B = d / = Q �

_ 	 � � ; A < � % I & < / � k I f T � g / u O � 
 0 + p � � � B e � @ ( / J , D

u � u W . w > k � | h ; A � � ( D Q w W P h * H �

Mariner 9 M � D � d � 
 O H ; " { d D / ^ D Q u W �  _ i / � W K � d A / { d

C w � W u G D 2 � C | { d < C < k ` D / ^ / 9 I ( � D /

[26]
� g MGS / � C � D �

d � 
 O H ; " { d D / ^ D Q u W �  / � W s = I k J ,

[27]
�M # � D 5 e � � � /

9 I g k � > k

[28]
� � | ; 5 9 ^ � ; / � I m > k 9 I

[29]
�

Y D Q C (TEC) ( D Q u W 
 M 
 � U h / � � � � � a � % { D 
 P I 3 W 7 K = *

X � + / � H U h / D � \ C g • . � NEIGE � 
 � % � = � \ C � B I D 3 W 7 
 e �

� % c r ` M } < Q T U h / TEC W l } � \ C � $ z = * X / d Q � n � % � • TEC /

H * u O / > k � g 
 Y TEC / H * l W ` � l B w / D / ^ � T T H * � 7 ( [ D ? / �

B NEIGE \ C / TEC K B { d < w � � + � GPR \ C / D / ^ ; ^ 
 � . w B 	 � % g

L � } � � i Mars Express = * X z W l / { d � D � d � 
 K B w B 	 � � D g � w � n

� � W l t 	 � + / > a T � �

K R d / K k , Q � { d / D / ^ � � i S z W / 1 h p ( n M } , j / 7 / Q I T M #

N m ) � a q � � $ S I e � � K D / ^ / D g e ? � � 	 $ S � ; ^ K D / ^ / D g e ? �

B 	 + " U � I ( � 4 D � I ) � 7 / Q ` % � i D � u 
 / e � � � � 2 k � / K � > B �

� D 2 / = P � _ 	 r + " � � B F J / � ; � f � / 5 > I � 
 Y 1 h p D � � ( 5 6 i

D / ^ � H / � D I w L / V 2 � n } i < M z / d o � { D \ C i = * X K 3 W 7 � + �

D b M / � W K D � I Q � � . 
 % z k � � { D 5 A � 
 C t K 7 / Q a Q / 3 a • j �

� % . ) 2 I D / ^ / � k I f / b 0 �

2 
 � { D ` 
 Y TEC � 4 H * > k 7 / \ C � � % • x % 6 � � u w / � l

[30] :

1) { d / W M D Q u W � N � a [ e � / � W ? � e � � K � g > k � { D \ C D / ^

0 a � D Q u W  � ? < w � � + � (GPR) \ C D / ^ ; P / u W . w � � % ` TEC � 


J C d } ` T � � NEIGE V � i n L 2 K { d � m M z / � D � 
 P � J C d D 2 � . �

2) D / / H * � 7 � 4 i � w � Q D / ^ 0 / e ? � � & g � i o y > M Q / D / / H

* � 7 ( ( ) 7 / Q p � N / H * l W / a 6 � 2 V � 2 
 � { D \ C TEC / l W + " H *

l W � % � l � T / k � � � * T � S �

3) i � ; h * / � 4 � , 0 7 / Q p h * / D ` 6 � m � i � Q � 7 / Q p / � k � �


 M � 7 � ^ / � > B W l � � � � k � i 7 / Q p � N / � T Q � { D � l 
 Y � T � � %

/ � 
 Y 7 / Q p / 1 • � i " r Q � w L� 
 � % . \ i D / ^ M / u W 1 h � g D / ^ M



� 124 � � � � � � � s �  � z � X � y � �� � � � � 25 z �

/ u W 1 h K 7 / Q p / h * D 2 �

4) i � 1 h Q z � / 7 / Q J , � $ � � � � > i � > * \ 0 | h 2 5 � a � . b � D

/ ^ M/ � W � D p < � i � 1 h Q � � � ' D 7 / Q p � > U K ` e � � � > / * \ � { D

� l i D / ^ M � * ? (cusp) / k r T p R k / � 6 ? ( P I 1 h p / � g K l d � � g �

+ ) � � % � l e � � 7 / Q p �G W g o � 4 6 P D / ^ 7 / Q p / � + � N J , �

5) Q � � g / � � Y g � K < M z / K k , Q � ( D / D / ^ � % � w B I e � � D g

e ? ( ) / > k D R � NEIGE � i 0 � � g ] m / � @ o ( < TEC \ C K B I 
 Y D R g

f � / � g > k ? 4 6 $ � _ 	 < � B � g � � V � # B I Z n � � W M m / { d 1 D � g

• j � � . z ? � @ ( B � g I Q ( • D R p 4 ) 5 i < M z ! � � = �

6 NEIGE 1 [ `

� F � ) NEIGE i � < \ C u w / 	 y � @ � 4 � 4 3 � ( i { d C w z : < � � S c

~ 
 e ( & � � � � 4 � ) � D g � + w / � A km � ^ r � � K { d < 
 1 @ i � 6 / U �

' � { D ) \ 
 � � ' D ` I < M U � ' / � * $ O � � g \ N { d i � + 8 m U � ' 0 /

S F � 4 > k �

B I 3 W 7 / . C M � e � ( S I 20 kg) � a [ � K < M � D { � � 2 
 p � � � b M 0

� F k 7 � < 4 � 3 W 7W P * { _ h b { d F Q / = * X o � % ! 
 6 f � 4 * ~ 3 ~ ( •

� � � { d � � } � a / = * � � % e � { d U � ' K < M U � ' / 0 + U � ' � # ( B I

\ C T 3 a • � � = * X � i � N / ! � � 
 � = * 0 + U � ' 7 ] w 5 o e � / , d � 


� % { D i = * X K < M � + / � D ? e b M / b / ) ( � O H 6 , = * X / � * � MGS T

Path�nder � i $ � | 0.1 mm/s / \ N _ W ( � % � ) / � 2 
 i NEIGE � i 0 � T ? �

_ W $ @ � i = * X K < M � + T ? X I ] (8 GHz)( i K � � i / ~  G ] v � i T ? S I

] / 2.4 GHz) / F O @ D � U � ( @ B < M z / � � I g s � = * X z / � � D � 7 � 7 T

� � � u . / " * B j / � � r B $ � = � v � i � B Ariane � + 2 ? e O 0 / � { � � d

� = z ? / % � � g � H = * X P � � � � � d i 2003 � k � � � [ Q { * j = * � i 2005

� h k � 2 � � 4 0 � � � ( [ Q { * j = * � M � � � [ Q � = * �

} � � i 4 � 3 W 7 K = * X � + �T ? UHF I ] (400 MHz) / F O D � @ D �G H B

3 W 7 O = * X k � " O / D � X I ] ( } � i ~  � v � i T ? S I ] / 2.4 GHz) � e I

b M � B I 3 W 7 / S . C @ , �7 q T ? � ^ / � � � i 3 W 7 T = * X B Z U G D W u �

/ r B � i 3 W 7 K = * X � + 
 Y � D ? J � O i = * X z / � + @ L # N � i * ~ 20 s �

+ � / # N W � � ) 10� 11
�

{ D i 3 W 7 K = * X � + } � W l b / ) \ C (UHF T X e I ) T w / \ C (UHF J

, f ) � � % ) \ D / ^ / TEC �G W g o � a ` b / ) X W \ C / � a � i � ] � � 20 s

/ b / ) � C � � � � b / ) \ C / _ W � % � ) 0.1 mm/s � = * X z � G D � � C U � 3

" U (DPU) � a � % ` b M / � W T D � / I Q W l � . � n � W l w L � l �

n � 3 W 7 n 9 ( • � O d � � ( D ` I = * X / = * i � � � 4 / d ] � ) � < \ C T

D / ^ u w / \ C � n C � d ) n 9 B � � ( n r � � & ] ! K �



� 2 3 r t : � � � q 
 | e 4 X 8 
 U 
 | e E 0 _ U ] = � � 
 � j 125�

� < M z ` = * X /  V \ � � d ) i 2 @ v < W l � % - � ` 4 = * � [ K < • � �

% m & � � 6 � / 0 + @ D U � ' � q � � � U � ' @ D u w $ K � n C i NetLander � i

d l 2 + � D M � � � i � m & M � � = * X � r { D ` 2 � = * X / } �  V � B 2 �

= * X \ C / d � � � % � a W P < < 
 M � D I u O D } U h / d � 7 / Q p V 7 � �

H � � g � % . ) ! K / { d S F / J C � g M p � 3 W 7 ` 
 ? i � = * X W l 5 \ �

Z ] 
 � d � % � x { d S F / 5 \ _ W � # • � � l C | � ` NEIGE � 
 4 	 $ K G M

p � 2 � = * X �

� 2 NetLander ( - � | � # , �

NEIGE 0 / D / ^ � l @ � ( \ N { d D / ^ / TEC � a { D \ C i = * X K � 3

W 7 � + k � / b M / D � g � = � 2 � b M i D / ^ 0 / � � \ � % I D / ^ D Q u W

T b M / ( \ � � g ` b M / D � � y T b / ) X W f � 9 I � % � b M ( \ \ . � % (

I � % � [ 4 � � B � H � r k � D � K D . D � � + D n 6 2 4 �

�
F 0

(t) = �
m �

(t) �
!
c

[D0(t) + � ph
TEC ]:


 7 % � D Q B U f � / D � � y $ 3 o � � D0 ( k � 7 T D . � � + / w / � � ph
TEC (

B I D / ^ / � i g n r / e � w / � % � D / ^ ( � 3 � k / 7 / Q p � r D �

� ph
TEC = �

40:3
f 2 cos�

TEC;

4 0 TEC =
Z

?
Ne(z)dz ( D Q u W Ne(z) 
 
 � U h / � � � 
 � TEC / C j " r  �

3:5 � 1015 m� 2
� 4 5 6 / D � � y D & I i 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 	 � 4 > k \ U [ � � \ ( D / ^ *

? (� ph
TEC ) / 106

1 � � F R � a / M \ N m _ � $ / 9 I � � T ? F ( 5 \ W l D � ^ Y �

� = � f 1 � (f 1=f 2)� f 2:

^ Y _ /  � D � 5 I D / ^ / 9 I � x q UHF T X B I ] ( � F \ � � 9 ? K (

\ / * u p 5 2 4 � { D ^ Y _ m R D / ^ b 0 � R � D / ^ / 9 I � B z ? D � ^ Y _



� 126 � � � � � � � s �  � z � X � y � �� � � � � 25 z �

� • / TEC [ � + / > k � % L * � � + > k � B 
 � % • . TEC / H * l W � TEC /

} `  � % { D L D � • c W g • . � # p D + / ( � b z ? D � ^ Y _ / • c W M h (

2� / � C 1 � # � % { D M � / u o . ) � � l < 4 0 � U ( � ( � 9 ( ) A D b M ; f �

� l < 4 0 � U A D b M � � B � D [ / ( \ � � B 4 � � / D � ^ Y u o � + / D � d

� � , i 2� � � ( # � I D � / \ N _ W ) �

7 NEIGE D ! � � � ` X % B 1 � P

K � ^ d D G 5 / 2 I NEIGE � 
 / � Y � C  • �

[30]
� J C C | NEIGE � i �

� � � > % B e q � Viking � Path�nder T MGS 7 . ) / ` { d / g � �

3 a z K � & = * X ( k D ( i = * X / = * Z ) A � [ ) W o � 3 W 7 / � , s � �

( a 9 � W ? � I 20� ) � � 3 W 7 � % } � ` = * X  V 5 \ 1 h / d ] � # & \ C ( i 4

[ ) A � [ W l � � B I X W A � � b / ) b M � � w k � A � / > k � o � � � M ) 
 �

/ � O � i = * / [ ) A � [ � B I b M A F � � < M W l / b / )  V � % !� _ W < \

N = * X / � * � 2 
 � i � NEIGE / C  • � 0 � \ � � < < 3 W 7 = * X 5 \ d ] �

 i = * X / [ ) A � [ � # 
 � � $ � ` � 3 W 7 /  V o [ � } � W l F �

B I } � ` � 3 W 7  V � < � Y + } / \ C , d Y g D : R � # ` I � � = * X  

V b � 3 W 7 $ K � @ � / \ C , d $ Y I ! 7 T 2 / V 7 � ] _ S ( B I D / ^ T � [

3 W 7 / ` R ^ / V 7 � 2 
 } �  V ` R � B 	 @ � / , d Y * ? M � � ' � � � 3 W

7  V = * X / � d ] � + / = * _ \ W � � } �  V ` NEIGE � 
 G m D e � * ? � g

H � � < M  V = * X � G M p � } � ` � 3 W 7 �  V �

= * X i � + 8 m 4 0 / � * @ � ( { D � < M z ` = * X / b / )  V $ \ N � n

C = * X _ 5 / � 4 > � [ K < ? • j $ z ? � g ' p O L S � = * � C � r � < M z W

l b / )  V \ N / = * X � * _ W � � � t / C � � # = * X _ 5 / > [ � U � . 3 •

j k � k D ( { d 6 > g / M \ N m � ( � B { d � i ( n MGS) h < ( I 0 / @ � , d

Y � 7 ) Mars Sample Return � i / � � � � S � � 2 � { d 6 > g / _ W D ; A / � W �

� t % � ` < M z / � � d = * O L / b 
 � � F . ) a S @ / = * � � 3 n � } l

7 / = * � U p � D 
 ` m < ` 6 > g d � Y ) & / 	 J � � � K � ^ i d • � � � � [ F

B 4 Q > y • j �

1) % � = * X / 5 > � � 	 K Q > y I � � � % 	 W • j k � 2 
 i n � � r /  V

d ] � ' p O L S � = * � C � 2 
 
 ( � 4 a 3 H / I � �

2) ` n �  V = * U 6 ^ / Y � � 6 G � 6 � / 6 > g � 4 9 
 , d % � K MGS / (

I _ W D & � i � � NEIGE � 
 � � ( ` � � C t ( g M ( n � � = * ) ' \ N G } � � ?

} � � 100� 100 / 6 > g � # n 
 � / G C / • � � � Y > . [ ! � � � 
 i � � { d � �

• � f � F 97 �  V d ] � ` 4 0 n d ] L Y • � � 6� 6 / 6 > g K ' L � � [ � G C /

6 > g _ � � / U C � C d M b � � % g � 
 ? 2 4 • � u o ( ` � � / NEIGE � 
 / Y

3 [ Q �

& � z � i � � � 3 5 \ O H � � � N n w < 4 ` D ? / b 0 T O H ( n ! b /  V d



� 2 3 r t : � � � q 
 | e 4 X 8 
 U 
 | e E 0 _ U ] = � � 
 � j 127�

] � MGS T 4 ` { d = * 7 / O H ) + " W $ � NEIGE � 
 / � � J C 7 � w @ I T ?

? 2 4 Q > y • j / • � J C �

� • � _ T ? / = * 9 2 � 5.7 h � [ ) A 300 km, Z ) A 8 300 km � J ? 122�
� •

� J C < w K 2005 � / � = j � j { � = * 7 / J C | h D Q �C 1 � • F • � 0 3 �

3 W 7 / � * � C 2 � • F B 4 K � 6 { d S F U C / _ W � & 9 _ W ( � I � ViKing T

Path�nder K � • . / J C � % � n � 3 W 7 ) = * X / F U b / ) A D ( n 9 1h � � <

M ) = * X / F U b / ) A D / _ W � 0.1 mm/s � 
 i MGS T Path�nder 0 ( � l / � u

� � T i � D ` 7 I z ? B 4 Q > y • j �

p 1 NEIGE i � O R c r ] � 3 � 	 J Z � s �

[30]

6 Z : � + 5 � + 6 � + 7

c Y 84.9E 94.8E 118.3E

� Y 16.0 � 12.1 35.1

p 2 � � O R � NEIGE e 
 _ � � ) � % # t i � 7 �

[30]

' : a Y 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 4

9 n s I / ~ g 2 Z 9 n s I (%) 0.5 0.1 0.2

S 9 n s I c / ~ g 2 Z 9 n s I (%) 100 17 34

� � � • � J C C | � i { d S F Q > y u w � NEIGE � i � % ; A < m � \ N _ W � B


 . \ � R / � l m | h � � D 5 I Path�nder / | h � r b 0 � S F / � I m K / _ W �

m � 1� 2 � C C � � � � � C / _ W � m � \ 1.5 � C � � � g � % 2 � � � < . \ • �

� � 
 � % � � < � W e q ` { d � P K � � { d C w K � ; D g e ? / F L �

8 NEIGE 1 � > w y V ` � 7 4

� � 
 @ � ( i 2 � ( ] (UHF T X) z } � W l _ \ / b / ) ( � \ C � g UHF I

] n � w 6 ? / TT&C % � � F O . k / � < � � � % Q r NetLander ; 8 ` { � 4 ~ /

9 I � # � + � M = * X p � u $ D 7 / % � �

8.1 � � I Y 2 �

3 W 7 { � 4 ~ + G % 6 ^ 8 �

1) TT&C � D P � � + " � UHF( g } ) b M k R � 7 � 7 � UHF F " 7 ( G i r B Z

/ 7 o / 7 • � / ^ I 7 ) � UHF r B ( � x • / P � b w I r B ) �

2) NEIGE � D ^ �+ " � X I ] / k � 7 � X I ] r B ' �

C 3 ( D 2 3 W 7 / O H �C 4 ( NetLander { � 4 ~ D 2 U C �



� 128 � � � � � � � s �  � z � X � y � �� � � � � 25 z �

p 3 � � � 	 J Z � $ H

[31]

W E S "

D [ . f n � � 2 � j / cm 90

= � � j / cm 110

� L h ~ � � { � 2 " : • 2 � j / cm 47

� F � � � 9 j Y / cm 70

j Ariane 5 N ~ 7 | 2 Z g Q / kg 210

% � 2 � > + : � 2 / E / kg 47.5

N Z ` 	 I = � ` 2 k / E / kg 17.5

F X g Q / E / kg 4.5

p 4 NetLander l � x n t i

[30]

� \ W E G R � m g W E

UHF c N l S { 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( G R Z )

UHF u C 250 g; � =80 mm; { � D ` 2 � Y � 130 � 60� C( � Q )

� E � 4 mm W 250 mm

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

X J ^ u C 100 g � 130 � 60� C( � Q )

8.2 � � � u 2 �

NEIGE / = * X P � + " �

1) � � - k j / UHF D . � � a / b / ) \ C _ W | h � (0.1 mm/s) � 4 � < � O �

5 B w / TT&C D . � � . b � � F � l { d D / ^ 0 { h ( \ D ` A 9 ( S I 100 Hz) /

w L = P � a n p � % 200 Hz ( \ ` b M / D � T � W } � R � �

2) � � X I ] / � e I D . � � a / b / ) \ C _ W � [ � � i z ? / UHF D . �

/ # Y 6 � * B < 4 ( \ S Q ^ N � } � � p � ` b M T � W % 200 Hz R � �

3) � � X I ] r B �

4) � � U � � ' 7 � 2 � = * X e � 0 � � � � � w { � ( $ N T C t ) � H � W l

NEIGE � _ W / F { * b / ) \ C � F O A D � p � i = * X z D � � i \ � + � 5 A #

N / ] � 7 � � f � k � / UHF b M ( \ � H f � ? I b / ) � C / ( \ � � O 4 i 20 s

b / ) � � � / # N W K I 10� 11
�

B I e O . C / @ , � p � < NEIGE � D ^ 8 T TT/C � 2 
 r i � 6 �r � UHF

^ 8 + � 
 � + � M UHF D . � � � % - � � _ W / b / ) \ C � UHF ^ 8 + � 2 @ �

B JPL � p � [ M K � / 0 _ � 4 � < 5 I M . g � �

8.3 � � U @ v F

b / ) \ C T ? F � 4 q � 	 quatant � / E 9 u o

[32] ( o @ E 9 M 6882908� � < E

9 M EP0805988)� a u D 0.1 mm/s / h O X W , d � 
 D & I i UHF I ] / 0.3 mHz /



� 2 3 r t : � � � q 
 | e 4 X 8 
 U 
 | e E 0 _ U ] = � � 
 � j 129�

( \ , d � � i X I ] / 5.6 mHz / ( \ , d ( F u ) � b / ) \ C / , d @ � $ S D g V

< / 3 � u w � � � c l � � ] � 7 / # N m @ , � � C , d � a q / C � n C 5 _ " �

p 5 400 km � � �  0  � � � V A w G � " � v z

[30]

mHz

UHF X w 9

d m 
 � 0.2 � 3 c 0 * � � � 20 s;

c m 6 � UHF: � 35 dB; X: � 11.5 dB

^ � : 2 $ O n A - � 0.2 � 3 ^ � 2 $ O n L J 2� 10� 11

� E - e � 0.1 � 1.3 � E E / � � ) ] �

UHF: � 300; X: � 18

Z � ( + x W ) � 0.3 � 4.5

8.4 NEIGE � & � � E 2 � # 8 � � j

NEIGE ( ESA 6 NetLander � i 0 / � � Q K � � 4 Y � p e ( � I o @ I r � <

Toulouse / Midi-Pyrenees r � c / Barriot K $ � 3 � ? Y � p e � D ( � Dehant K $

( 5 9 � s " r � c (ROB) � � p { d N O U C \ C K { d � P * 3 / � l ) � Folkner K

$ ( o @ JPL � � p " u � < P � ) T Cerisier K $ ( o @ < M K l d l f 0 a (CETP) � �

p { d D / ^ / Y D Q � C TEC T D / ^ w L / \ C � 4 D 2 � l ) �U $ / " � n D �

o @ / ! . < M * 3 _ ; P Q > y � 
 + �! . r � c � * 3 T k y l f � 
 + � l d �


 + (Grenoble) T o @ � + p (CNES) � - @ / Lohrmann r � c � < M * 3 T ; P _ T

Max Planck � ^ � ; _ � + � 9 / t ( � y T � + � < \ C 0 a � $ � � / McGill � y T

British Columbia � y �I ( / � + � l 0 a % � i 4 @ < r � c ( H s ) �

M � n E � F � � � < S ^ � B o @ CNES / b M � 3 P p � p ! 7 � B 5 9 � ROB

� p 4 � 3 W 7 / x # " e �

� < • k � � � � D Q J , � � = ~ B CNES / b M � 3 P / Ribes T Benoist � p �

B JPL Z B � CNES / b M � 3 P i J , / L J � < � • � T C U � 3 � { � y � 7 u w

, D b 
 � ` q v b i MGS T Mars 96 K � 0 � p { d 0 � . / k 7 / • k " e �
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On the NetLander and its NEIGE Mission

HUANG Cheng-li

(Shanghai Astronomical Observatory, Chinese Academy of Sci ences, 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 brie
y. An overall description of the NetLander's scienti�c objectives is

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

�eld), 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 scienti�c objectives and the contents in geodesy part tobe 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 ful�ll 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 NE IGE. Finally, the fate of this mission and

its future are also introduced brie
y.
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