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1. Introduction

In 1977 in the USSR the spacecrafts Mars-2 and Mars-3
were launched in the direction of the Mers which then became
satellites of the llars and in 1973 the spacecrafis Mgrs—4,5,6
and 7 were launched from which Mars-5 wag made the satellite

£ the Mars. On each from mentioned spacecrafts the almost
identical sets of charged particle traps were installed to
study both ion and electron solar wind component along the
Earth-Mars path anag%he near-ilartian plasma.

Because of the instrument failure only the data on the
electron component of the plasma were obtained from Mars-2
and Mars-3 spacecrafts. On spacecrafts launched in 1973 (in-
cluding Mars-5) devices operated quite well and the electron
and ion plesma components were simultaneously measured.

| Results of measurements obtained from mentioned space-
¢rafts in the near-Martian space are published in [1-8] .

The purpose of the present review is to resume the re-

sults, obtained from Mars-2,3 and 5 by means of charged par-

ticle tfaps, and conclusions which these results allow to make.

2. Measuveent technigue , devices, data processing

The inforimation on the measurement technique, devices



and some peculiarities of the data processing, including some
details of laboratory tests of the devices, are presented in
3, 4] .

On each from mentioned epacecrafis oriented to the Sun
within 310 one ion trap (at illuminated part of the spacecrafi’
and one electron trap (at the shaded part) were installed
(see Tig. 1).

The dcception angle of the modulation trap (Faraday cuf}

oriented to the Sun was made a rather wide in such ab
way that variations of angles of solar wind ion errival (which
ags it is known can reach +10°, see, for example, [9] )
could not essentially influeﬁce on results of measurements,

Authors of these measurements considered tha% the use of
devices with very narrow angles of acceptaﬁce for the study
of solar wind ions on spacecrafts with the accurate orienta-
tion to the Sun is not advisable without any angular scanning
system (for example, mechanical system as it was planned for
the Mariner-10 spacecraft [10] ).

Authors of experiments in [11~18} were of another opi-
nion and so on spacecrafts Mars‘'2-7 the electrostatic analysers
with angles Qf acceptance of order of few degrees oriented to
the Sun were installed for thg study of ions in the solar wind
and near the planet.

The sketch of the ion trap is presented in fig. 2a, its
angular diagrem (the dependence of the collector current on
the angle between the ion velocity and the normal to the trap
aperture at fixed ion flux with fixed energy) is given in
fig. 3. The energy analysis of ions is perforrsd over 186 ener-
gy intervals from €VYg .to 4100 ev (  {; -the spececraft

potential). In Table 1 values of “he erergiens are precorted
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st boundaries of eech interval).

wauble 1
N8 of in- :
terval 1 2 3 4 5 6 7 8
Width oF U7 T TAUS 70 f03= 200-  332- 500~ 700~
inter- 40 70 103 200 332 500 700 932
val (v}
Noof in-
terval 9 10 11 12 13 14 15 16
Widtn Of 935 1190- 1500- 1845- 2225~ 2600- 3010- 3550~

(777835 1500 1835 2225 2625 3060 3550 4100

7. . modulation frequency is ~ T00 hz. The durafion of the
meagurement of one spectrum was 51 sec. Intervals between mea-
surements of two successive spectra could be changed and be
2,10 or 20 min. Characteristics of the trap, amplifier and te-
lemetric system made it possible to measure ion fluxes in the

0 cn2gec™! in each energy interval.

renge from~106 to ~ 10
The plasma electron component was measured by means of

the trap retarding potential analyzer. As it has beeﬁ mentioned

the trap was installed at the shaded part of the spacecraft

at the meximum possible distance from its terminator and was

oriented in the antisolar direction. (It was possible due to

the comparatively low anisotropy of solar wind electirons).The

sketch of the electron trap is shown in fig. 4, and its angular

diagram ~ in fig. 5. The retarding potential llg on Mars-2

end 3 satellites changed down 7T0-400 v and on NMars-4-7 -

down to ~300 v. A volt—ampere characteristic of the electron

trap (a zataristion curve) was measured during 51 sec, on
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&
Mars-2 and 3,7 was measured over 14 readings of ({, end on
Mars-4-7 - over 16 readings. The periodicity of measurements
of electyon reterdation curves corresponded to that of ion
energy sSpectra. The dynamical range of the collector current
was from 5556i6w?3a~t0 1955,10@9é} the instrument sensitivity
to the isotropical electron flux was Q°9a106 e 2sec teter ™!
with $sking into account of characteristics of the trap, ampli-
fier and telemetric system, The lower limit of currente mea-
sured from Mars 4-7 spacecrsfts was lowered Jown to 3.3»10"13a
and hence the sensitivity to the isotropical electron flux was
increased up 2 0.6.107% cn™Zaec T gter 1.
In [4] formlas are given for the dependence on

[Lg of the trap collector current created by environmental
plasma electrons with the llaxwellian disgtribution and known
bulk velocity in the coordinate system connected to a space-
craft with due’ regard for trap characteristics measured in the
lab&ratory.

| As it was known the retarding potential method allows
from analysis of a volt-ampere characteristic to determine
the particle densit, (in our case the electren density, /1, )
and temperature T} . The consideration made in [4] showed
that if in calculations one take V = 450 km.sec™ | the error
in the determination of .TE due® to inaccurate value of V
in the range 300 <V < 600 km.sec.” ! does not exceed 5% (it
should be borm in mind thav%grocessing of the data on electrons
from Mars-2,3 spacecrafts the authors of measurements had not

in their disposal any data on the V-value obtained from ion

energy spectra measurements). In fig. 6 some samples of elect-
ron retardation curves are presented which wexre obtained clong
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the Barth-larc pain from Liars 4-7 spacecrafts [3 | . Solid cur-
ves are czlculated from menticned formulas derived in [4J .

majority of cxperimental points falls on calculated curves,
however, ncar zerc retarding potential the experimental cur-
rent velues considerably exceed their calculeted values (see

TR “T

iz. b). "n accordance to Wipple and Parker

G| tuese are the regions where photoelectrons and secondary
electrons from spacecraft surfaces are registered. The compa-
rison of curves in fig. 6 with similar retardation curves of
the electron trap on O0GU-1 savellite given in L187 shows that,
due to the peculiarities of locaiion of fthe trap on Martian
epacecraft, it s orienjation and design, the influence of
photo- and secondary electrons is considerably weakened as
compared for zzample with that in the cese of 0GO-1.
i shown that the choice of a part of the re-
tardation curve corresponding v rather high values of the re-
ng potential Ugp > U mekes it possible not consider the
influence of the eleciric potential {fg of a spacecraft on
1

the determination of T} (the criterion for [l is given
in {47 ).

In [4] gome considerations are presented in favour of
the point that the y% value did not exceed 446 v,

It follows from the consideration given in [4] that
the maximum current value in the electron trap corresponding

~ Ane VTe y Where A =

= const, i.e. depends on the electron flux from the environ-

t0 zero retarding potential Imax
mentel space and mainly on e . Really as it is seen from
fig. 6 the photoelectrons from the sunlit part of the space-
craft surface and secondary clectirons meke some contribution

into the Imax value. This contribution, however, is a rather
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stable since the orientation of satellites of the Mars with re-
ference 1o the Sun was unchanged during described messurenents

and the intensity of the solar radiation causing the pnocitcemisge

0

sicn is very stable [20J o A5 it will be shown below I

wariatiosoos pear tie alanet are very lerge {(they reached the
crder of megnitude) and they undoubtedly cannot be explained
by photoemission variations but reproduce the change of elect-
ren fluxes in the environmental plasma.

The determination of /e from a retardation curve is
much more sensitive to s -value- then that of /g , Besr-
ing in mind some uncertsinity of ?g one can estimate /le
value from rvetardation curves of the electron trap with the
uncertainty of order of factor of 2 [4]. 4

The method of an ion energy specirum measurements by means
of the modulation ion trap was successfully used on many space-

crafts and, in our opinion, any additional comments are not

needed.

3. Resulis of measurementis

In Table 2 the dates are given of launchings into the
orbits of satellites of the Mars for three spacecrafts under

consideration and some initial parameters of their orbits.

Table 2

Date Pericenter,Apocenter, Period of

km km revolution
Mars-2 27.XI.1971 4800 28000 178550
Mars-3 2.XII.1971 4650 212000 1239 6B30™
Mars-5 13.11.1974 1800 32000 o050
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The electron trap data from Mars-2 and Mars-3 satellites were
obtained in the period from Noﬁember, 1971 to January, 13972.
The ion and electron trap data from iars-5 satellite were ob-
tained in the period 13-26 February, 1974. In further the coF
ordinate system X, V gz_,gz will be widely used in which
the X-axis passes through the planetary center and is directed
to the Sun, In this coordinate system due to the turn of the
X-axie relatedl vo the revolution of the Mars around the Sun
the orbits of each satellite of the liars are correspondingly
displaced. In fig. 7 one of Mers-2 orbits and the evolution
of th. Mars-3 orbit are shown in the mentioned coordinate sys-
tem., For the comparison near-planetary parts of one of Mars-2
orbits and one of Mars-5 orbits are presented in fig. 8 in

the same¢ coordinate system. Let us cell the part of the near-
Martian space to the right from the terminator plane of the
~lanet antisolar‘part. From fig. 7 and 8 it is‘éeen that the
Mars-5 satellite penetrated in the antisolar region near the
X-axis (at distances from X-axis less, than 5000 km) up to
distances Z of order of 10000 km from the Y-plane as oppos-~
ed to llars-2 and Mars-B in the period when the data of the ele-

ctron trap was obtained from them,

3.1, Plasma electron component mesasurements.

During four revolutions of Mars-3 about the planet showed
in fig. 7 the repeated variations were registered of electron
characteristics (values of flg and energy distribution).

It led to the point that in the process of the preliminary
anglysisg of results [1] the Mars-3 ofbits were conditionally
dividedrinto fdur characteristié zones (marked in different

ways and by letters A-D on fhe orbit corresponding to second
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revolution of Mars-3 on FTig. 7). Samples of retardation curves
typical to each zone are shown in fig. 9. The zone A corres-
ponds to the_inbound part of the orbit. The lowest values of
Iméx \the collector current at zero retarding potential) and
*he lowest values of ER (ths potential of the full retarda~
tion at which the current becames lower than the instrument
‘sensitivity threshold) are typical tQ these zone. Typical va-
lues of e and ‘Te at inbound parts of the orbit were
ﬁe ~ 3-6 cm-3, 7; ~ (60-100)10°°K. The distribution func-
tion is Maxwellian (the shape of the retardation curve cor-
résponds to calculated one under the assumption of the laxwel-
lian distribution). Suprathermal "tails" are absent in the
rangé of the instrument sensitivity. The retardation curves
had the same form when spacecrafts Mars-2 and Mars-3 approachec
the planet before they became satellites of the Mars.

quf?qy the data processing the plasma in the zone A was
identified with the undisturbed solar wind [1] .

When Mars-3 passed to the zone B near the pericenter of
its orbit (fig. 7) the form of retardation curves suddenly
changed: Imax and E;g values increased and intensive
suprathermal tails appeared with the considerable content of
electrons with energy > 50 ev which are absent in the un-
disturbed solar wind at the martian orbit. The transition
from the zone A to the zone B was determined as the inter-
section By the satellite of the near-planet bow shock arising
during the flow around the planet by the solar wind and the
zone B - &s the transitional region [1, 2, 3].

Systemaﬁical observations of raised values of [l ond

Te and elso the appearance of suprathermzl electrons

with energy > 50-100 ev at the same parts of the oxbit =z
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well as near the apocenter (at outbound parts of liars-3 orbit)
initially caused some suspicion that it may be related not to
temporary veriations of plasme but to its space varistions [1].
The further enalyeis [2, 3] showed that this impression was
wrong: just during the motion of Mars-} at outbound parts of
the orbit and near the apocenter the very intensive interplane-
tary shock waves took place which were observed also necar the
Earth. Prom vhe data of observations on the orbit of the satel-
lite of the Mars and at the Earth the velocities of these dis-
turbanc2s were determined. It is interesting to note that due
to angular "lag" of the Mars from the Earth (in the direction
of the solar rotation) in the period of measurements (the be-
ginning of 1972) these disturbances were observed near the
llars by several days enrlier then those at the Earth [2, }] .

It should be borne in mind that in the majority of passer
of llara~2 and lers-3 near the planet all plasma and magnetic
instruments were ewitched out near the orbit pericenter and
therefore only one intersection of the bow shock was registered
during the entry the transitional region. The going out of the
transitional rezion and the intersection of the bcuindary of the
"obstecle” creating the bow shock were not registered except
gome caseB described below. Plasma and magnetic instruments
aboard the Mars-5 were not switched out near the pericenter.

One of cases when plasma instruments on the Mars-2 were
constantly switched on near the orbit pericenter took place
on January 8, 1971 and resulis of simltaneous registration of
electrons and megnetic field in this case are conaidered in de-
tails in [8] . Variations of collector currents of the trap
at the retnrding potentials ER =8 v, 20 v and 50 v are

shewit in fig., 10 corresponding to the motion of Mars-2 near the
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orbit pericenter (see fig. 11). At the upper part of fig. 10
the simultaneous verietions are shown of the magnetic field
valﬁe (according to the data of Sh.Sh. Dolginov et al.). The
interval marked by figure I in fig. 10 and 11 correspondg i
the crossing of the bow shock accorcing to the data of elsct-
ron registration, From fig. 10 it is seen that this interval
coincides with the interval in which the megnetic fiesld 28!
substantially increases, The interval marked by figure 2 cor-
responds to abrupt and substantial decrease of elceciron fluxes
(especially fluxes of electrons with energy > 50 ev) a:nd eppa-
rently one can consider that it corresponds t¢ the boundary
of the obstacle, which created the bowghock. Decreased elect-
, A -
ron fluxes are registered up to the point 2!, and ihen they
substantially increese. At the part of the ;rbit between points
2 and 2' the highest values of 3 along the orbit ere regisi-
ered (lE!xv 25-20 X )« Then currents of electrons with energy
> 50 ev fall down to I~10"'%a and the value of |B| fall
by the order of magnitude as compared with that in the region
'2-2; and reachs the value ol the interplanetary megnetic field
(n'éaf). Authore of magnetic measurements consider that the
point 1 corresponds to the crossing of the near-planet bow
shock, the zone 1-2 - to the transitional region (megneto-
sheath) and the zone 2-2' - to the liartian magnetosphere., It
is quite evident that the behaviour of the plasma electron
component at the part of the Mars-2 orbit under consideration
ddes not contradict to such an interpretation.
Another case when plasma and magnetic devices were not

switched out near the planet took place on Jamuary 21, 1972

on Mars-3 satellite. It is considered in [3] , where it is

shown that in this case the growth of electron fluxes and the
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appearance of energetic electrons correspond to the intersection
cf the bow shock by the satellite determined from the increase
of the magnetic field and its fluétuations; the decrease of
electron fluxes corregponds 10 being of the satellite inside
¢f "the magnetosphere",

‘ As in the majoriiy of passes of Mars-2 and ilars-3 satel-
lites the plasme end magnetic devices were switched out inside
the trensitional region and measurements "inside the obstacle"
were not perforred, for the judgement about the origin of the
obstacle from lars-2 and }Mars-3 data one can mainly use only
the position of points of the intersection of the bow shock
by the satellite gince various hypotheses about the obstacle

neture lead to iiffe

H

ent distances of bow shocks froﬁ the pla-
net znd so0 a number of hypotheses conclusions of which obvious-
ly contradict to\observationa may e rejected. We shall return
to this questiion below..

A5 1t was mentioned plosama and nagnetic devices on
lars-5 satellite were not switched off nezr the planet and
therefore in a number of cases the crossing of the bow shock 1,
the inner boundary of the trensitional region (i.e. the outer
boundery of "the obstacle™) 2, the second entry the transition-
al region 2' and the going out of the transitional region into
the imdisturbed solar wind 3 wer¢ successively registered., Due
tc peculiarities of the llars-5 orbit (sece fig. 12, 16) the sa-
tellite entered the region of "the obstacle" always at the
antisolar part of the newr-liartian space. In this case in all
menticned regions not ounly characteristics of electron fluxes
vere obtained by means of wide-angle charged particle traps
but also ion ones, In fig. 12a the orbit of Mars-5 is chown

on 14 Pehruary, 1972 in solsr-areocecliptic coordinates ¥,Y,%
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(the X-axis is directed to the Sun, the Y-axis lies in the
plane of the Mars orbit and composes a blunt angle with the
velocity vector of the planet, the Z-axis supplements the
right system of rectangular coordinates. In fig. i2b the near-
planet part of the same orbit is prese;ted in the coordinate
system X ’ ¢2777§7 .

The analysis of the data obtained by means of the elect-
ren trap showed that as well as on Mars-2 and Mars-3 satellites-
two years later near the kers in the undisturbed solar wind
the electrons were registered which in the majority of cases
had the Maxwellian distribution (in the range of the instru-
ment sensitivity) without suprathermal tails, with the potential
of the complete retardation >40 v. The crossing of the bow
shock was followed by the abrupt growth of electron fluxes
(Imax)’ their temperature ‘Té s the appearance of supratherm-
al tails and in perticular electrons with the energy > 50+
+ 100 ev. On Mars-5 intersections of the inner boundary of
the transitional region, i.e. the satellite entries the "“ob-
stacle" region (the magnetosphere) also were syétematically re-
gistered from the electron component data. This transition
can be recognized from the decrease of electron fluxes Imax’
compared to those in the transitional region, and the decrease
of the electron energies (however, both fluxes and energies
of e;ectrons remain higher than those in the undisturbed solar
wind). Then the satellite have passed several thousands of km
inside the obstacle and have got again in the transitional re-
gion. |

In fig. 13 (at the lower part) typical samples are present~
ed of retardation cufves obtained from Mars-5 in the undisturbed

solar wind, the magnetosegth and inside the obstacle at ihe




antisolar pert of the near-lartian space., At the upper part
of the figure the ilons spectrz are given ‘hich were simulta-

neously cbteined by means of the PFaraday cun.

3.2, Lieasurements of ion component.

Comparison with magnetic measurements

Ion spectra registered by the modulation method by means
of the Farad~y cup in the undisturbed soler wind, as a rule,
contai?ﬁhe peak created by oL -particles apart from the
proton one and al.ow %0 determine the ion flux, ion bulk velo=-
city, density, itemperature, A« -particle density and solar
wind ram pressure that is one of particularly important para-
neters for the study of the near-planetary bow uﬂOCAS’

When croosing the bow shock the form of ion spectra chang-
es: it idens due to ihe thermalization of ions (the middle

spectrum at the upper part of fig. 13J). The change of the

form of the ion spectrum occurs simul.aneously with the change
0f the form of the electiron retardst.on curve (it should be
born in mind that the duration of ome measuremert of ion
spectrum was 51 sec).

when the spacecraft intersen’s the inner boundary of the

o+

ransitional region at the antisolar part of the near-lartien

-

rin

o
S

space (1.e. ql ¢ the entry -the antisclar part of "the c¢b-

stacle™) registered ion currents decrease 8o significantly

that zporoximately in 30% of causes ihe ion fluxes are below
than the instrument gensitivity and only in 40% of cases the
ion fluzes are registered quite reliably (the reading level

»

18 by threc ox wore itimes more than the minimum telemetric rea-

In fi-. 14 ion spzetra are ghown vwhich were regilciered
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during a number of passes of hars-5 near the planet from 13
to 26 February, 1374 [7] . Rows of spectra are so shifted
thiat the passes of the satellite through the inner boundary
of the transition region (into the "obstacle") are matched
(to the veriical line marked :y "mp").

On 13, 14, 15, 21 and 24 February measurements wers begun
in the undisturbed solar wind; on 20, 25 and 26 February de-
vices were switched on when the satellite had already been
at the "obstacle" boundary or inside it. On 19 February mea-
surements were performed during the great interplanetary dis-
turbance when fluxes and energies of solar wind ions were ano-
malously high. Evidently due to this point the ion fluxes in-
side the obstacle were higher than those in all other cases
(but may be the obstacle was so compressed that the satellite
passed outside of it).

From ion spectra of fig. 14 obtained on February 13 and
14 one can distinctly see that the satellite successively
intersected the bow shock, the "obstacle" boundary, went out
of the "obstacle", entered the transitional region, then
again intersected the bow shock and entered the undisturbed
golar wind (orbits of Mars-5 for 12 February are given in

fig. 16a).

Empty squares after the line "mp" correspond to ion flux-
es inside the "obstacle" which are below the instrument sen-
sitivity threshold. The energy of registered ions (when this
registration takes place) inside the obstacle, as a rule, is
lower but sometimes higher than that in the solar wind (see,
for example, spectra: N 18 fcr 14 February, 1974 and N 13
for 20 February, 1974 in fig. 14).

It is important to note thet during all passes of the
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satellite ingide the antisolar part of the "obstacle" the va-
lues of electron fluxes and energies always were substantially
lower than those in the transitional region(mesgnetosheath)but
somewhat higher tnan those in the undisturbed solar wind (see
the typical retardation curve at the middle part of fig. 13).

The comparison of results of simultaneous magnetic mea-
surements conducted from Mars-5 satellite (Sh.Sh. Dolginov
et 2l. [24] ) showed:

1. The boundariés of parts of orbits with different
characteristics of the plasma were the same as the bounda-
ries of parts of orbits with different characteristics of the
magnetic field.

2. During the registration of undisturbed solar wind
charged particles by means of wide-angle traps the low values
of the magnetic field with smell fluctuations typical to the
interplanetary space were registered by magnetometer.

3. After the intersection of the bow shock the magnetic
field and its fluctuations substantially increase: the direc-
tion of the interplanetary field X-compgnent spurvives,

4. Inside the "obstacle" (to the right from the line
"mp" in fig. 14) the magnetic field still increases, its fluc-
tuafions become smaller and its X-component has always the
same direction independent of the X-component direction of the
iﬁterplanetary magnetic field. After the going out of the ob-
stacle the magnetic field decreases, its fluctuations increase,
thc KX~component direction corresponds 10 the direction of the
appropriate component of the interplanetary field.

To illustrate this the results of simultaneous measure-
ments of the ion placna cémpcnent (the continuous number of

spectra) end nognetic tield cuaponent Bx are pregented in
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fig. 15 (frﬂm,i?} ) outained on 13 February, 1974. Une can sce

that during the satellite entry the transitional reglon ot

0

(PPN

16,27 UT the characteristic changes of ion spectira, the growtih
of the mognetic field X-component and the increase of 118
fluctuations are simultaneously observed. At 16.57 UT, when
the abrupt increase of ion fluzes is observed, Bx changes
the sign end up to 17.57 UT it keeps the same sign and fluc-
tuates essentially léss than in the trensitional region. A%
17.57 UM ion fluxes increase sgain simultaneously with the in-
crease of magnetic field fluctuations (the satellite enters
the trancitional region).

For the comparison in the lower part of the figure the
ion spectra are given which were simultaneously obtained Ifrom

ht]

Mars-7 spacecraft that on Februesry 13, 1974 was at the distance
cf 5.106»km from the planet. These spectra (as well as spectra
obtained before or later than the time interval corresponiing
to fig. 15) 40 not reveal any peculisrities in the solar wind

analogoue to those obse ved in the near-planetary plcosma,

4., Discussion of results

At the previous sections the results are described of the

~

measurements carried out by the wide-angle charged particle
detectors: of electrons from the liars-2, Lars-3 and kars-5
and of ions only from the lMiars-5. The fluxes and the encrgies
of particlgs mentioned along the orbits of these satellites
were measured. The coordinetes were obtained for some Ccroggo-—

ings by the satellites of the near-plecnetary bow shock and of

2

8]

the surface of an obstacle creating this bow shock; and go
measurements were performed inside this obsticle.

-

Since the existence of & near-marticn bow shock Cetoeted
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during the gimulfanecus reasurements of the three groups of
expexﬁnmrnaﬂﬁfﬁ [1-8] ,[11 - 18] and [23—25] leaves no
doubts, the main problem is the neture of the obstacle produc-
ing this bow shock.

The comparison of the results of measurements near the
Mars with the similar ones obteined neer the Earth as well as
with the different models suggested to describe the flow of the
solar wind around the Liars seems to be guite natural.

Let us remember some data on the near-barth's bow shock
and the terresirial magnetosphere.

According to the Olbert's data [26] based on the plasma
measurenments from the ILP-1 satellite, the Farfield's data
[2?] (the magnetic measurements from several IMP safellites)
end the Bezrukikh, Breus et al. data [28] {the plasma measu-
rements from the Prognoz and Prognoz-2 satellites) the geo-
cenirlc distances to a subsolar point of the near-Earth bow
shock are on an average ~ 14Rg (Rg is the Earth's radius)
but they vary from 11Rg to 21 R g sy 1.e. the variation
range is:ﬁRgs@ ~ 10R g . Since 10R g is a mean geo-
centric distance of the magnetopause subsolar poiit Rpg »
szBS@ “'ROQ . The solar wind ram pressure variations

pve

change of the interplanetary megnetic field E) direction

are the main reason for the bow shock motions; the

ig the additional one. It should be noted that ‘PVZ near the
Mars amounts to about }2 PVZ near the Earth as V is
practicelly unchangeable, but ~P changes by about two times;
correspondingly, the relative variations of ‘PVZ near the
Mars are the same as near the Earth but the absolute ones are
only half than those near the Egrth. vaone assume that the

physical nature of the obstacle near the Mars is the same as
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near the Earth (the dipole intrinsic maegnetic field) it is
reasonable to expect that the range of areocentric distances
up w0 the near-Martian bow shock subsolar point caused by

‘PVZ variations will also be, by the order of mesgnitude,
ARgsg ~ Roo” where Ros is esnereocentric distance up to
the subsolar point of the martiaen magnetopause. As Roa'
is only by ~ 500 to 1000 km greater than the Nartian radius
i?o* *&ccording to the meesurement data it should be expecte:
that the near-martian bow shock subsolar point can shift due
to .PV2’ variations within the range of areocentric distance:
of the order of Ry (i.e. AKged ~ 4000 km).

Before returning to the results of the measurements by
means of wide angle plasme detectors on board the Martien sa-
tellites should line to note that the suthors of these measu-
rements‘[1—8} » together with the authors of the magnetic mea-
surements [é}—ZS] compared all the primary data available
from the three satellites and found the complete coincidence
of the bovadaries between the orbit portions where the cha-
racteristics of plasma and the megnetic field change (i.e.
the positions of the bow shock and the obstacle boundaries).
The comparison of the results of measurements [1—8] with
the data obtained by means of narrow-angle electrostatical
analyzers [ﬁ1-18] waes mainly carried out over the published
data.

All these three groups of experimentalists mede attempts

to define the velues of Rggyr and Ry” using the coordi-

*) This is easy to see from Fig. 16a where the Liarc-5
orbit (on February 13, 1974? is shown. The comb-liKe
makred orbit -section is located inside the obstacle;
the boundaries of this section are points on the ob-
stacle surface.lt is evident that even inside ihe anti-
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nates of points at which the satellites crosscd the near-mar-
tian bow shock. But the authors of just the seme group used
in their different papers (and sometimes within the frame of
one paper, e.g., in [17] ) the different expressions that
relate the parameters of the plasma flux flowing-arcund, the
pizes and the shape of the obstacle and the coordinates of
points at the bow shock. Amon; the expressions used there -
were the formulas from the Obayehi' [29] and Holzer et al.
[30] articles and the results of the Spriter et al. calcula-
tions f31] 3 there the various shapes o0f the obstacle were
acsumed (sphericsl, similar to the Earth's magnetosphere
that is characterized by }ﬁ/Ro = 0,25 parameter according
to [31] , and elongated, but less expanded than the Earth's
magne tosphere, characterized by H/ﬁ?o = 0.1 parameter).
And the characteristice of the plasme flowing around the pla-~
net that inflﬁence on the bow shock position were also unknown
in most cesee and were chosen more or less arbitrarily (e.g.-
in papers [2] ' [4] ’ [B] Kach number was imxen t0 be equal
too My =8, in [17] M, = 5 was used; the soler wind ion
density could be determined only from the Mars-° by means of
the Faraday cup; the angle of arrival of the solar wind fluxes
that effects also on the bow ahocg position could not be de-

fined at all in any experiment under consideration).

The shape of obstacle is also not well known. The two~
fold intersections of the antisolar ("tail") part of the ob-
stacle by Mare-5 (fig. 16) expande with distence along X-axis
considerably less than the tail of the Earth's magnetosphere,
and if the arguments of Ressbach et al. paper [32] are taken

-solar (tail) portion radius of the obstacle (the lars' magneto-
sphexe)
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into account on can expect that iane shape of the obstacle sub~
solar part can also vary depending on the relationship bet-
ween the pressure of the planetery intrinsic magnetic field
and solar wind ram pressure. |
We believe that bearing in mind these reasons one must

ne, pay %00 much atiention to the differences in the values
‘of mean heights of subsoler points of the near-planetary bow
Shocks and obstacles determiﬁed in papers on the data of mea-
surements aboard above mentioned Mars's satellites and should
not énalyze origins of differences in these values given by
different 2roups of authors. Much more essential point in
our opinion, 18 the following: &ll the three groups of expe-

rimenta?lﬁs}revealed that Rgsé)’g and ROO" values determined

under certain assumptions and by one and the same method, duih
ing different satellite passes near the planet, vary over a
wide range. »

Fig. 17 [7] shows a number of near-planetary sections
of Mars 2, 3 and 5 orbits within which (or on one of the boun-
daries of the sections) »ow shocks were intersected (the
length of each section is determined by the period of time
between the consecutive measurements of charged particle ener-
gy spectra for & given pass). It is clear without any calcu-
lations that the bow shock 1®cation varied considerably.

Accordins to the estimate mede in [7] y variations of

RBSd' value, from the data on first llars-5 intersections

of bow shocks, amount to 2.2 Ry + 1,5 Row . The ettempts
to plot a bow shock based on two points where it had been
intersected by Mars 5 during some of its passes resulted in
an obstacle with its subsolar point placed under the surféce

of the planet. That confirms the uncertainty of the informa-
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tion on the suepe 0° tre obstacle that has already been men-
tioned above.
Acco rding to the estimates made by Bogdanov end Vaisberg
ﬁ?] , Rssd' values from the llars-2 and Mars-3 data‘varied
from QQO,. to Re .

So, the experimental data confirm the estimate given,

above at the beginning of this section, that is, if an ob-

stacle creating the bow shock is the dipole magnetic field of

a planet the range over which areocentric distances of the

subsolar point of a shock wave vary, A Rssd’, should be ~Rg

on the order of magnitude.

it

llote that, egYshown in {7] , the 12856' and R o
values from the iars-5 date really increase with the decrease
of the solar wind ram pressure. Thus, on February 19, 1974

2 -
or pv = 4,2 d.cnm 2, [7] , and

=y

Rog ~4175 + 75 km

- ’ ) 2 -
on Pebruary 21 Kog” ~ 4475 + 75 km for PV = 1.2d-cm”2

(¢ ‘[V;: value was determined [from the data obtained with the
Faraday cup).

‘Unlike the widely changing positions of bow shocks and
the size of obstacle creating the bow ghock, the dayside iono-
sphere of wars is sufficiently stable as long-term observations
of Mariner 7 and 9 radio occultations made by Clidre et el.
[33] ,[34] show. In the period from 1369 to 1971 it had maxi-
mum electron concentration Ne ~10° cm™2 at a ﬁﬁght of about
150 km, with 40 km scale height. That implies that even if
Mars has no ionopeuse gimilar to the Larth's plasmapause and
if Mo gradually decreases with height then at heights of
shout 650 o 700 km, le amounts to only several particles

1 !« - .
o’ (1f not loss) aod cannoct balance the pressure of the

Lo

st winds
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into account on can expect that ne shape of the obstacle sub-
solar part can also vary depending on the relationship bet-
ween the pressure of the planetary intrinsic magnetic field
énd solar wind ram pressure. |
We believe that bearing in mind these reasons one must

'pcz pay $00 much attention to the differences in the values
‘of mean heights of subsolar points of the near—planefary bow-
Shocks and obstacles determined in papers on the data of mea-
surementé'aboard above mentioned Mars's saiellites and should
not énalyze origins of differences in these values given by
different groups of authors. Much more essential point in

our opinion, is the following: all the three groups of expe-

rimenta&5§pevealed that Rgsb' and Rod' values determined

under certain assumptions and by one and the same method, duih
ing different satellite passes near the planet, vary over a
wide range. |

Fig. 17 [7] shows a number of near-planetary sections
of Mars 2, 3 and 5 orbits within which (or on one of the boun-
daries ofvthe sections) »ow shocks were intersected (the
length of each section is determined by the period of time
between the consecutive measurements of charged particle ener-
gy spectra for a given pass). It is clear without any calcu-
lations that the bow shock 1%cation varied considerably.

According to the estimate made in [7] y variations of

RBSd' value, frcm the data on first llars-5 intersections

of bow shocks, amount to 2.2 Rg’ + 1,5 Ro’ . The ettempts
to‘plot a bow shock based on two points where it had been
intersected by Mars 5 during some of its passes resulted in
an obstacle with its subsolar point placed under the surface

of the planet. That confirms the uncertainty of the informa-
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tre obstacle that has already been men-

Y

tion on the sueape of
tioned above.

ficcording to the estimates made by Bogdanvbv and Veisberg
ﬁ?] ) Rssd’ values from the Mars-2 and Mars-3 date varied
from QQU- to Ko .

S0, the experimentel data confirm the estimate given,

above at the beginning of this section, that is, if an ob-

stacle creating the bow shock is the dipole magnetic field of

e _planet the ranyge over which areocentric distances of the

subsolar point of a shock wave vary, A Pssd’, should beﬂ/Qc{

on the order of magnitude,

lote that, as‘\L.r%hov.fn in [7] , the RBSO’ and Roo"
values from the ilars-5 date really increase with the decrease
of the solar wind ram pressure. Thus, on Februzry 19, 1974

Rog ~4175 75 km for \pvz = 4,2 d.cm~2, [7] , and
on February él Rog”v 4475 + 75 km for _PVZ = 1.2d-cm_2
¢ 'PV;: value was determined from the data obtained with the
Faradoy cup).

‘Unlike the widely changing positiong cf bow shocké and
the size of obstacle creating the bow ghock, the dayside iono-
sphere of lkars is sufficiently stable as long-term observations
of Mariner 7 and 9 radio occultations made by Cliore et al.
[33] ,[34] show. In the period from 1969 to 1971 it hed maxi-
mum electron concentration Ne ~10° cn™> at a ﬁgght of about
150 km, with 40 km scale height. That implies that even if
Mars has no ionopause similar to the Barth's plasmapause and
if My gradvally decreases with height then at heights of

shont 650 4o TUO km, te amounts to only several particles

ad

crocn” (1T wvol less) eod cannct balance the pressure of the
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Hence, the model of the interactior of the solar wind with
the Martian ionmosphere by Spreiter et el. [31],[35] , where
the ionosphere acts as an obstacle creating a bow shock and
where the ionospheric pleema pressure balances thet of the
solar wind is in no case valid for lars (though maybe it is
valid for Vemus [36] ).

Other versions of an ionospheric obstacls mudel, in the
absence of the magnetic field of Mars, are those where the ob-
stacle is fully or partially creeted by the magnetic field in-
duced in the ionosphere by the solaer wind flowing sround it
(see Review by Michel (37] and the model by Cloutier and Da-
niell [38] ). Those models have nct been develcped so that
they could be used with known solar wind parameters (velocity
and pressure) to celculate the subsolar heights of obstacle
and of the bow shock (R, &nd Rgser ), based on the charac-
teristics of the lartian ionosvhere.

Only [3@] gives estimates of the heights of the obstacle
{"jonopause") for liers, with the presence of the ionospheric
system taxen into account, that is necessery for providing the
required magnetic field. Those heights (350 to 425 km) are ob-
viously insufficient for bow shock to be created of the kind
sometimes observed from Llartian satellites. Those bow shocks had
subsolar points at about some thousands of kilometers from the
planet.

The stability of the MNartian icvnosphere, with substan-

- tially varying locations of near-planetary bow shocks (caused
by the variability of the solar wind) is the evidence against
the possgibility of substantial solar wind effect on the siruc-~

ture of the Martien ionosphere.(as has lLeen supposed in [391).

At present there sg no pny known experimantal fact that
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contradicts to the conception of the lartisn intrinsic magne-

tic field.

Surely for the detailed study of reculiarities of physical
processes near the hars the plasma and magnetic measurements
with high time resolution are needed at low aititudes. How~
ever, from the point of view of the rroblem of the Llartian
intrinsic me_netic field existence, the totality of results
obtained at present from soviet liartian satellites (including
the independence of the sign of Bx at the antisolar part
of the Martian space on the sign of the appropriate interpla-
netary magnetic field component showed by S.o. Dolginov et
als [25J - gee fig. 15) does not leave any doubts about the
existence of the iartian intrinsic magnetic field.

Ceriainly the éxistence of the dipole magnetic field
implies, as in the case of the Larth, the existence of the
process of the reconnection of interplanetary and planetary
magnetic field lines and the plasma convection inside the har-—
tian magnetosphere. The closeness of the magnetopause 1o the
plenet due to the small value of the intrinsic magietic field
should lead to much more distortions of the dipole magnetic
field near the planet caused by external sources than those at
the same distances from the Darth., Variations of the solar wind
pressure and the interplanetary field should cauge substantial
variations of the size (and,‘possibly, shape) of the lartian
magnetosphere; it apparently displays in the varying of the.
bow shock subsgolar point position at the distance of order of
some thousands of km. It is possible that at very high values
of the soler wind ram pressure the Martien magnetopause moves
down %0 ionogphere altitudes. Estimates of the convection velo-

city ru the ariian noguetosphere and of the magnetospheric
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shape made by Rassbach et al. [32] seem to us reasonable ones.

Let us dwell upon plesma physical characteristics in the
antisolar part (tail) of the Lartien magnetosphere, dats on
which are obtained in the first time from the liars-5 ékéllite
[5, 6, 7] . wnen the sharp and large decrease of ion currents
in the Faraday cup occures (as compared even to the undisturb-
ed solar wind - Fig. 14, 15) the electron trap currenis prac-
tically do nou ci.izs (they are even slightly ‘larger as com-
pared to the solar wind - see Fig. 13 @ and ¢ ), i.e. the
plasma density is almost unchenged. This can take place in
two cases: either ion flux changes its direction and rather
ccnsiderabiy as ion trap acceptance angle is wide or.ion flux
pecomes quasi-isotropic. Let us note that change in the direc-
tion of plasma motion or isotropization of ion flux should ap-
preciably influence onlyg%on currents registered, but not
electron ones since electron flux is almost isotropic even
in the undisturbed solar wind. Ion flux isotropization shoul?
decrease ion current registered by the trap by 20 folds as
cohpared to cold ion flux normal to the trap aperture (see
instrument performance in par 2 bf this paper). The probability
of mean ion energy E increase up to the velues beyond the
energy range of instrument (E £ 4.I Kev) 1is low since with
all variations of ion spectra in the Lartian magne tocphere
tail (in the cases when they are registered).maximum readings
are mainly in the energy interval 2004500 ev. Let us notc
thet in the moments when there ar: no readings, the possibility
of such an increase of energy E cannot be excluded.

We can comment the nature of the plasme in the region
under consideration in which least ion fluxes were recorded

in the following way [7] . If onc uses sirilarities to the
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phenomena in the near Earth Space,'one can suppose that this
region can be considered either as "“plasma sheet" in the mar-
tian magnetosphere ta;l, similar to one, exisiing in the cent~
ral part of the Earth megnetotail [4Q, 41] , or as "boundery
layer" between the trensition region behind the bow shock and
martian magnetosphere, similaf¢%;yer, revealed in the tail

of the Earth's magnetosphere [41, 42] .

If it is the "boundary layer" then the plasma motion di-
rection in it should be mainly antisolar [41, 42] though near
the Earth's magnetotail boundary there was observed deviations
of bulkfon velocity from antisolaz direction uv to angles
~+20° [43] . In spite of the fact that some decrease of ion
bulk velocity is observed f{rom variable ion spectra in the Mar-
tian magnetosphere tail, to explain the observed decrease of
currents it is necessary to admit either considerable decrease
of plasma density in the tail as compared to the undisturbed
solar wind (however if it is aveilable then it would be impos-
aible to explain vhy electron currents in the magnetosphere |
tail are even higher then in the solar wind) or considerable
(by n/30°+40°) turning of the plasma bulk velocity direction
on the magnetopause, It is rather difficult to explain such a
phenomenan., That is why it seems to‘us, that this version is
not very probable.

If the plasmé sheet exists in the Martian magnetosphere
tail, then small fluxes registered may be explained by high
level of ion isotropy in this zone that is similar to the
Earth'e megnetotail. In this case there is contradictions be t-
ween simulteneous registration of low ion and high eiectron
currents. In Zarth's magnetosphere energies of plasma - sheet

igotropic ions B > E, where E, 1is the ion energy in
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the indisturbed solar wind (E ~ 6 kev [42] ), but in the
lartian magnetosphere tail E < F. This difference from E~rth's
magnetosghere can be caused by the fact that Martian magnetic
field is relatively small and'uncapable to provide proper ac-
celeration of ioms.

The experimentalists who performed measurements aboard
goviet mer*ian satellites by means of magnetometers [23—25]
and wide-angle plasma tréps [1-8] always had the same opinion
on the inirinsic magnetic field of the liars and its influence
on the creating of near-planetary bow shock (compare [2] and
[24] or [6] endl25] ).

Authors of experiments with narrow-angle electrostatic
analysers [11-18] had a different opinion. So, in 1974 Vaisberg
[14] wrote that the intrinsic megnetic field (if it exists)
exerts only insignificant influence on the solar wind flowing
around the Mars.

In this connection it is advisable to consider some state-
ients published in [11-1@]. In [15J Vaisberg and Bogcanov
noted that at both day- and night sides of llars inside the
transition region the zone of the hot plasma was detected which
is characterized by the essential decrease of the bulk velo-
city and which is a continuation of the plasma flow behind the
bow shock. The solar wind flow around the Llars essentially
differs from that at the Earth by the existance of a viscous
boundary layer deep in the transition region [15] . Murther in
DSJ it is written that the cause of the foruation of this lay-
er at upper boundary of the ionosphere or magnetosphere seens
to be the viscous interaction with dissipating outer envelope
of Mars and it is noted that this kind of intercction of the

solar wind with bodies. of the solcr systenm wes not ecrlier ob-
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served.
In [16} it is noted that the data from charged particle

electrostatic analysers for measuring of ion fluxes aboard

1

Mare=-5 confirm conclusions mede from Mars-2 and Mars-3 data.
It is noted that when penetrating deep into the deceleration
region - the boundary layer, the simultaneous softening and
decreasing of ion fluxes was observed in all energy ranges.
down to the value which was below the instrument threshold sen-
citivity. As it was mentioned aboard the satellites Mars-2

and -3 iorn measuremeuts were made only by means of electro-
stetic analysers [11-15] and aboard Mars-5 measurements ion
with the Faréday cup were also mede. The data from Mars-5, as
they are degcribed in [36] , do not contradict to results ob-
tained by means of the Faraday cup, At the same: time the inter-
pretation of the data in [14, 15] rise essential objections.

Authors of [14] and [15] tried to use the decrease and
the gradual spectrum softening of ion fluxes observed in their
experiment in the transition region (apparently near the ob-
‘stacle boundary) as an evidence of a nonmagnetic nature of
the obstacle and as 2 proof of the existance of interaction
of ion fluxes in the transition layer with particles dissipat-
‘i from lkiertian atmosphere.

However, quite similar phenomena take place also near the
Lerth's magnetopeuse, that is in the case, when there are no
doubts about the magnetic nature of the obstacle.

Results of experimental investigations of Hones et al.
(Vela satellites) [41] , Rosenbauer et al. (the HEOL satel-
lite) [44] , Bezrukikxh et al. (Prognoz and Prognoz-2 satellites)
[28] showed *hat there is a zone ("the boundary layer" [41] ’

"{he moantle® [44] y "the 4iffuse ms_netopause™ [28) near the
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magnetopause in the magnetospheric tail [41] , at all geomag--
netic latitudes higher than those of polar cusps [44] , as
well as in the dayside magnetosphere at low latitudes [287
where ion fluxes are low as compared with those in the tran-
sition layer and they gradually decelerate {with the approach-
ing the Earth), i.e. their energy spectrum is softened infthe
same manner as it occurs in the near-Martian space. Therefore
for the explaining oI uentioned effects describéd in [15]
there is no necessity to use the supposition of the nonmag-
netic nature of the near-hlartian obstacle and contend that
this interaction of the solar wind with the obstacle is found
in the solar syétem for the first time.

In [17] the similarity of results which were obtained by
means of narrow-angle electrostatic analysers for the position
of the near-planetary bow shock is noted with the results pre-
dicted by models based on suppositions of purely ionospheric
obstacle (without an intrinsic planetary megnetic field) [3;],
fBBJ and with the r.odel of the creating of the bow shock near
the Venus by Johmson and Ikidgly [45] which is also purely iono-
spheric one,

Considerations about an applicability of these models
to the case of !'ars were discussed sbove.

Recently there occurs some evolution in Vaisberg et al.
views: the model of Rassbach ef al. [32] based on the existénce
of the intrinsic martian megnetic field was included by thew
in the report [18] presented to the COSPAR Symposium 1975 as
probably correct.

In the same report [18] there is a statement about the
detecting of heavy ions in the plasma flowing around the lLicrs

(which are heavier than protons and helium ions). This state-
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ment is based on the comparison of results obtained from
lLars-5 satellite with some results of instrument laboratory
tegts which are not presented in [1&] +« Therefore it is impos-
gible to judge on the correctness of the conclusion on heavy
jons.

Begides, in [18] +the criticism of considerations on phy-
sical characteristics of plasma in the antisolar part of the
neaf'Martian space is given. these considerations were given
inf5~7} and presented above. Vaisberg et al. in [18] suppose,
that in this region the ion fluxes are not proton fluxes but

"heavy ions" ones, and for some reasons (not mentioned in
[18] ) at the velocity directed irom the Sun have a mean flux
energy equal to thet in the solar wind and hence, at the con-
stant ion density the ion flux value is decreased by J75?
times (according to the estimate made in [18] - by 5 times).

Also in [18] it is stated thot the wide-angle ion trap ori-
ented to the Sun for some reasons coliects less ions in the
boundary layer (in the magnetospheric tail where the ion velo-
cityvshould have approximately the came direction as that in
thie solar wind) than in the sgolar wind and that the influence
of photcelectrons on electron tray readings in the boundary
layer is different than thet in tie solar wind. Since in [18]
last statements (as well ac many others) were not argucd we
shall not concider them (the propegﬁ%%‘traps were considered
in details in scction 2 of the present review).

In [18] it ie not explained why the heavy ion density in

the boundary layer (if one assume that the zone of decrcaced

fte

on currents is located in the boundary layer) should e equal
to the proton density in the undistirubed soler wind and why a

mean energy ©of heavy ions in cuch a case ghould be equal to
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the proton flux energy in the solar wind. However, if one
believe t0 these points and study experimental results then
from fig. 14 one cen see that the decrease of ion fluxes in
the zone under consideration (on the right from the "mp"
line) as a rule by many times exceeds the decrease of ion
currents (by 5 times) predicted by ¥aisberg et al. due to
change of ion messed.
Apparently the explahation of sharp decreases of ion cur-

rents observed by ars-5 in the zone of the essential icotropi-

sation of tlte plasma in this region is the best at present..
5. Conclusion

[

m
F

D

T -

Aboard the satellites llars-2, 3 and 5 the plasrz meas
ments in the near-mirtian gpace were conaucted by mezns of
charged part%cle traps. The measurcments of plasma electron
component were made by the retarding potantiél method, meagu-
rements of ion component only abcard the Jers-5 - by modula-
tion (Paraday cup) method. Neuf — planetary bow shock and
variations of its position with reference tc the plansu were
observed as well os interplenetary shock waves at tue oroit
of Mars. The satellite Mars-% intersected not only the bow
shock and transition regiom, tut zlso the ovstecle, which
creates the bow shock. Inside the oustocle (the wecoursments
were performed in its anticolar purt) the quaciisctroplic plas-
ma is dé%%ed. The measurements shovced *that suhsofar noint
of the bow shock moves with reference to ihe pleanc
range of distances up 10~ 4Ro’ (depending of snlar wind rouw
pressure). The argumentis ore given in favour of point thot
such range of bow shock position veriations could be exoectud

in the casec if Mars has intrinsic dipole mmpnctlc. field,
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It is noted that plasma and geonetric character:otics of
marfian ionosphere according ¢ Jorirer-9 and ollier martian
satellites measurements are siauie end apparant.y do not de-
pend on solar wind variations. The models of the solar wind
flowing around the Liars based on sunposition o: jurely iono-
spheric nature of t:ne cistacle (without the in.rinsic mag-
netic field) do not slliow to e¢xplain the creat..n of bow shocks
very distant .Jrom tie planet observed in a numier of cases
from satellites of lears.

The tota ity v o maneiic anc nlasma re Lty Jutained
leads to tis conclusion on the exigionce of the intriugic

2% 3 F-EEE P - PP S S PR S N N s L
field of Lars, aiu oun exictens. of i zone of the quasi-iso-

Pinally 1t is noted thiat some conclusions arawn Ly the
group which conducied experiments viin narrow-angle =lectro-

static analysers aboaerd the martian sat:1llites are wnol correct.
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FIGURE CAPTIONS

The location of the ion trap on spacecrafts launch-
ing to the Mars in 1971-73 (a), the location of the
electron trap on tHe same spacecrafis.

The scheme of the ion modulation trap.

The angular characteristic of the ion modulation
trap according to the leboratory test data.

The scheme of the electron trap.

The angular characteristic of the electron trap
according to the laboratory test data.

Samples of electron spectra ovbtained during flights
of martian spacecrafis.

The orbits of HMars-2 and Mers~3 satellites.
Near~-planetary parts of orbits of kars-2 and
Mars-5 satellites,

Electron retardation-curves at different parts of
orbits.

liagnetic field and electron current variations at
the near plenetary part of the Mars-2 orbit on Ja-
nuary, 8, 1972

The near-planetary part of the Mars-2 orbit on
Jenuary, 8, 1972 with indications of intersections
of the bow shock and of the obstacle boundary.

One of orbits of the Mars-5.

Typical ion and electron spectra in different sec-
tions of the Mars-5 orbit.

Ion spectre registered aboard liars-5-satellite

during measurements near the planet.
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