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Hoviet Optioss Tor
& Mannped Mars
Landing Mission

Thit paper examines several oplions that the Saviets are likzly o pursus in
sccomplishing 2 marned Mars Tanding mesien. 18 docs nal cower all
availabie oplioas. They wers developed using dilferent stenarios presented
hy the Soviels at ntermational meeting
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Soviel Options for
a Manned Mars
Landing Mission

We helisve the Sovlets arc planning for @ mannsd Bars landing mission
some lime afler the year 2030 Although we beliove the missios has not
bees afficially funded, the Saviets have investod in the inleastreciure 1nd
are engaped in the long-lead rescareh and developmenl necsssary for iis
condest. Clear indications af Sevicl iateat (o pecform swch a8 mission
inclede; '

= Cantineing leng-<duratian Nighs abaard the Mir gpace station thar lave
resumed following the recent shoct-tarm hiatus in maaned activiny.

= The prabable developement of netlear rockel enginss.

« A planped program of wnmanned Mighis o Mars over the nexl B pears,
despite last year's Phobos failures, giving 1he Soviets dats for an
allempled manned miszion.

= An bnereasing nomber of press rebeasss by Sovisl scienlisis, enginesss,
and cotmonauts diseussing 1beir intén 10 cenducy 2 maneed missian,

The Sendels have several available pptians in metion peedile and spacecrall

desipn 19 2ccomplish this mission. Halancing the tochnical demands of cach

option with the strengths and weaknesses of theor space pragram leads i 1a

believe the Saviett are most likely to pursuc:

= Anappasition-clzss mistion profile, whers Eanh and Mars are near their
elatest approach at the thme of asrival at Mars, with a Venos swing-by—
Lo redute cedgy FEQUiTEMents.

= Either nuelasr oo conventional engins wiing cryoganic prapsilania—Far
efficiznl zpacecrafl propulsicn, _

= Arrghrating inta Mars cobit- o reduce the pregeliant requircment.

Because of the size sed mass of the spacecrafi, 2 manned Mars lasding
mission will require vehizle assembly in low Earth echit. The Soviews have
the Energiva heavy-lifi faunch vehicle 1o place the components into low
Earth arkil. [n addition, they will have a manned space station 1o support
spacecrail assembly and prebably o space Lug Lo move farge compenents
imla pasttian far assembaly.

We believe o [ull-scabe, manned bars landing mission is unbikeely without

develapmeni of an on-orbit cryagenic siorage capaility and sither awelear
engimes or aerobraking lechaiques, 11 the Soviers vse puclear engines with 2
liquid hydrogen propeliant, it would subsianially reduce the number of
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lzzmch vehiclss required te place spacecrall companents in low Ezsth ecbal,
The use of cryngenics will require (ke development of advanced an-orbil
refrigeration amd insulation bechniques 13 maintsin the prepellants in a
liquid state and reduce therr loss beesuse of bailaff. Acrebraking into
Mars" erbil would reduce the mass af pregelian required in bow Barth or-
bt by a5 muechk as 55 parcent. This would albow the Sowets io use proven
comvertional engines with liguid oxypen and liquid hydrogen propellants 1o
achisve roughly the same rediection in the number of launch vehicles
needed 10 place spacecrafl componenis in low Earth arbit 25 with auclear
engine

We befieve thay, il the Soviets procesd with 8 manned Mars mission, they
will purfue 3 cooperative effort with the United Siates to defray some af
the high ecst, Curpent Soviel estimates rangs from 40 to 30 billien LS dol
lars for even the mast ecanomical lausch uppurmrril::‘r
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Saoviet Options for
a Manned Mars
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I=iredieclion

Receat public stalemonts by Sovier cfficiels have

canfamed ikai the Sovicls arc continisiag r=carch for

2 pestible manned Mars mizsion, In Manch 1989,

Sowied space scieatisls allondisg 8 space spenpoium

oetlined ke Tollowing bong-torm Soviel Mars gpace

pagram;

» The baumech of & Mars and luner-polar orbitcr in
15453

= The laumch of ten spacecrall to Mars, izcleding aa
arbiter, atmaspheris ballecs, gnd for soil pensira-
pore, im B9,

+ Mars sampic return mistion with moeer in 1995,

+ A manned Mars beding mintisn —possibly beiwess
2000 2t 2005,

« The swooessiul compleiion of unsanned meissians will

L

give the Soviets valuahle dats on dpageerall cemgoe
nent op-arkit lifetimes, landing ties on Mars, and
eommand ard contral of interplanclary spssecrall.
[reipive 1he Sowiers’ recend failore 1o camplete their
Phobos susitins ® we belizve dhat they will agply the
leawing bearned aad pursue 2 manncd Mars messian.

The Sovicis also havs §lated publichy 1han the leng-
term efecio ol weighilessness on humans mwtl be
Tully endersiod kefore a manned migsian 1 Mar
can be aooomplished. Sooict oosmanauts have been in
space cencinuously for wp lo 366 days, Viadmir Titar,
crew commander, aad Musa Manaray, flight =ngi-
neer, were on board the Mir spads station freen 21

9

_

Dreceanbeer 1987 throwgh 2F Decembor PREA. [They
exrucded the previous 126-Eay record, held by Yury
Femanceko, on i1 Movember 1988 and bosame the
Fourtk e fifth cosmenzuls 0 accamalate more than
a vear in space) W beliove that the Sovicts wili
aneempt 2 manned minion of 18 months or banger
within the next few pexrs. Conginued long-duration
sy in space by Soviel conmaras (ned requaired for
spuce-aation epsrations) and plisscd usmazned mis.
sated 10 &3 arc our strengerl indizaters of contlai.
ing Sovict plars for 3 manned Mars missicn -

Flaraing for 1 Mazaed Mury Missios

Flaoning for a mannol mildion 1y Man is 4 somples

undestaking. Basic mission renuircments isclade:

+ Deehnition of mission goals.

+ Selection of a lawsch daic {dictaied by orbalal
mechanscs].

* Balectian af the type of progalsion eced.

= [iesermieaizon of spacecrafl Leajeetary,

= [eslgn ol the yrescralli.

= Sclectran al amount and tyos of scientifie eqnip-
merd cxrried on U spacecrafi,

Chanpes to any of these requirements oould change

1he mivsan probe .

Assesiptions Censidered for & Maspsd Miss Mistion
An aricle {n the 1985 edithen of the Focpclapedia af
Coreinseus’zs charporerized & enapnad Mas misnoe
23 lasting one and 2 half 1o two yeirs and using
rocledr engines and liguid bydeogen peopellint, with
a specific impulse (ligy ! of B3 secands (sec) and a
dotal mass oo orked of 1000 o 0900 meegese joem. Owr

" Fapuat of il eap 1 i i, B ing lip ima [E23
eroraluea pruten s sbdie pp edens adloadl thids e cveir
peraed of propeiiees bepss

-
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assemplrons wore bascd in part on this zriade. Addi-
tsonal assumpdion: were laken from U5 concepis for a
manned B{ars mission:

o Craw of fiee ar sie!

= Mary spaceeradi avsembicd in and dsparting from
low Enrth arbit with dpece station support.
Muglear engines using ligaid bydropes propeitant {lip
B3t sec) or conventianal engplees using liquid caypes
and lguid bydropen prepcllancs (lap 450 iech

Viesmus swimp-by (o reduce encrpy requincements.
Mlission medule, 1o remaim in Mars arbit, with a
weight of 54000 kg, ples 6800 kg return weaght e
Earth reantry madule,

* dars excarson moduls o ransporl Mars landisg
crow ard cguipment 1o and from Mars sorface. The
modulc's weight will be G0000 kg, plus an addibion
al 4,500 kg for nuclear shielding.

Fequaired welociiies ackizved by three propelsion
sLages.

Stage structure factor for zuclear engines wsing
liguid Bydrogen & 2} peroent; conventionnl engisss
using figuid osypen and lquid hydroges is %
perceny

v Elliptic capoure orhit &1 Mars and Earih,

-

Plars BAbssion Oppariuiises

Opgortepities for diresn Nights 1o and fram Mars

gegur near Uhe Earth-Mars oppositian, approsimalely

every 26 munths, Twa general classes of dircct round

Lrip mission profilcs to Mars are availahle:

+ Cppasition-class missios—where Earth and Mars
are near thoir clescst approach aid the time of arrival
at Mars, with a thort slopover Lime at Mars,

= Canjunciion-class mdssion—where Enrlh and Man
erc farthest aparl at the time of arrivat =) Mars,
with a bong siapaver fime at Marg

[tecamse of the scoeatricity of Mars’ arkit, che missica
profile chanpes frem ome opposition 1o the neet. The
mission profile variation is eyclic, snd the peitern

P e o ek g o d ¥ e ihe dike regdincd i
eorduct o maneed Pars midize. Ahbasph ths crpw vur could &
rad s, a1 i mnldkely ghat @ miwes wasld e con fugied afih B
than e sembers. A biew prabably soold co=sii of »i ke a
eomnanser, & pllet 8 B eagiaeey, srd T Teitbel eriskain-
it ol whem might b o physicin %'e belioes chal it lewid Uhree
trewineniert woald po 18 aad fam ihe dutlace of Man e an
PEGElan ebddule bl (R Gl bt U N VR O TR dald
remain g arsls arcard Fads ine s el

Sepec™

Tepeals every |5 vears or every seven opposilions. The
reldative positicns of Earth and Mars lor a shorl
slopover time al Mars (30 1o 60 days) requine exnces-
wive énergy for the ipacecrall propulsion slages to
perfocm a direst round trip mittica. Ta reduce 15
enerpy regeirement foc am eppasition-class mision,
the gravity icdd of Yesus can be used cither en rowls
va Bdars for an outbound swing-iy &r en rowte pa
Barih fior an inbousd swing-by. Total missica time for
&N appesion-class mission will vary fram apprass-
vnaiely 30 1a 740 days. Energy requinesenls can be
reduced for 2 cosjusction-class mdission beczewe low.
cnergy, ncar- Hobhmann-Lype (minimum energyh trans-
fers ¢an be wsed on the autboend and inbowrd trig hy
extending the staytime ag Mars approgrinizly (340 1o
550 daysl. Total missicn tkme for o conjuncion-chiss
mission will vary frem approximately 930 1w 1,000
day:

There are 2 wide range of mesion opiices available;
lar the purpeses of this paper, we will assume a Sovier
manned Mars mission with & 60-day staytime an e
surface af Mard and will use an oppasition-class
mission prafile with 2 Yenus swing-by to reduce tagal
enesgy requiremmcali (soc fgure 11 Data consideriag
canvenizanal and nuclear prepultian, including ke
effests of acrobraking at Mars and Earih, are presenis
eil. The total an-orbit mass of the Mars spacecrali
und the number of laanch vehicles required 1o plaee
the meceszary companents farin in low Bargl achil are
dotormined for cach cas®,

Mars Spacecrafl ® fass—An Exlimalz
There are major feciees for delerminiag spacesrall
max on orbil. These include the propulsaes sy.iem,
spacecrafi dessge, lawnch apparienity, 2nd encw size.
We calowlaned the votal miass requared an ockdl Tos the
Sovier Mars spascirall assumang three propelsion
itagch were wicd 1o conduct 1he missian from low
Earth arfiL® The propslssan cptions we examined
Wi
= Cadventional eapmct witng loguid oaypes end ligusd
hydsagen i afl iBres Jlagec

[ —

L -




Figure 1

Typleal Mistion Profites For & 60-Day Stupirer sl Mars

b Mam B Veres  ® Eaa

|- Imdemend Viersan Suding- By P

Outsonnd Vemes Swiog-By

= Meclear engines wing liguid hydrogen In all thres
Flages,

= Muckear eagined using liguid hydeagen in 1be fir
and secomd sages, and conventional enginet using
liguid exypen and liquid hydrogen ia the third siage.

Tor each dption, calculatiogs wess made for

* All-propalsive maneuvers foe all phases, incleding
Mars cofry and Eartk resziry.

* Acrobrake al Esrth reesiry, with reciaining mansu-
vedi prapultive.

= Arrobrake a1 Mars eniry, with resaining maney-
verd propuliive.

+ Aesclirake at Mars eatry and Earth fecntry, with
remtining mamtuverd propulsive.

We selecied twa launth oppariunities—the years
001 and 2007—for an copenition-class mivias far
our cileulations. The dates rep the gpprogs
mEsmam- wid maximeum-cncizy requisemests for
selecind Tuiure appodition-clan, Yeaus gang-by
lzunch oppartusities (sec appcndin)

Maue for the differene eptions far ail proguslsive ma-
seuvers ranges from approzimasely 745,000 kg 1o
2,745,000 kg, Acrabraking st Mers could sedusz the
sy requirement by 15 bo 535 pereent, dependisg 2a
ke prapalsion eglian &nd launck date chesen, I= facy,
acrobraking ar Mars would have & major impct on
the number of lunch vehicles requires 1o place Mark

s




Total Muss om Orbit and Mursber of Launch Vebicles Reyuired [ daamrh jrar)

Piuchar Ergien slib |Sed Pstionr Enpines mith Ligsid b5

anal Esginet vk
Liguil Durpen and Ligud Hrdiwgra dregen [Third:Saagr Conrerdinanl
Engeci with Lguid Do pyen and
Ligutd Hyerigeni
Latafch Mefmax Liwrsth [T Lawnchk Yehitla
eishn | Abifopenat | Webicks  ihifevemn —
WO T twan T . wm R
e Cramsm om 1249 W
W TR R o
1 RRLTET 13 ! .
Rt “egn, 7 1
i annie WA )
i ER TR 17,243 it
H T3t A LA 13

Mirie: The ramber of lauech vekicles noguied 1o glage sempereriy
in b Barch et s dabuliled by cormmicg chat the BLLY bad
103,000 idogram purplssdl copaciy. Alosiing & prepellang jaak !
maters in dismerer isd D1 moiezs fall, 1he solurs skl be
dulicital o carry anly 000 kg3 of ligaid hiydropen ibocau of i
derssiyl The euimes diee tank would easity caorp v fall 1000600
‘tioprama of bged capees, The smintore ratin pmai for liquid
aipged ird Souid kpdroges prapallyp b3 sormally &0, ard 1o
ralig Wi wu on dendneeas lhandh wchick rogufeemepas

spaccorat components im Jow Eanth arbil, etpecinily
during launch apporiomities witk highor enerpy re-
gircmenis jsee table). The namber of launch vehicles
etaquired for afl-propulsive mgmssvers raages from 15
o 3% Armbraking at Mars, bawsver, roduces launch
vehirle penuiramer 2 low gl |3 aad g Gigh 1T
fer any propulsion option chosen &t any lawsch cppore
tunity. Thie significant reduction woald make provea
canveniional enpines with liquid axygen gnd liguid
Bydrogen an sttractive option, eliminating ihs necd
far nuclear emgines apd rpd'sring the radiatios shicld-
ing for crew protectioh.

Lakalalions for crews af siz and three were per-
furmcd and analyzed 1o determine the impsct on 1ol
igacedrall mass. Depending an the lawnch eppertunitg

and propulion sysiem seleted, o redwction in crew
$ipe from sin to three would produce a savings af § 1a
20 percent of the botal sgoccsralt mass required Dn low
Eank orkit, This weuld result in a tavings of e 1
seven lunck wehicles. By selecting only favorable
lawnah siperiedlis, the sevings in launch wehicles
becomes enc o throe. These sesaliapt savings were
consadered minimal when comparsd ta the advantages
aflcrded by ke larper cres =ad are ot further
discesaed in Ui page

r 7
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soveral months wold be required tooorbdt 28 the
nestidary componesds for 8 Mars gpacecrall, assum-
ing 2 W-day turnaround Gime lor each luachpad.

Manned Mars Mission Requirements

A Soviel manned Mars mission will involve ke
derslapment af key technologies. These tectinclogics
are of 1w types—those that will be required lor the
Sowicts 1o 4 misizon and those 1By
¥ill eshance the Seviel abilily to condust the missian,

dmes o

Key Technalogies Eequired for @ Bfanned Mars
Misslon

The required key Lechrologies sres

+ Hedwy-liN lawnch vehicle (HLL VL

= Space statian on echit,

* jipace cryogenics,

= Ormeackil shelf ife of fpasecrall componenis.
¢ Lile scizncet and suppart,

+ Orbkral nsaneuwcring vebicle (OMY

fieary-Lift Laurch Fekicle, An HLLY will be re-
quired vo place propellants asd spscocsall compenenis
in low Errthoarhls, The Soviets suecesalully lasnched
an Encrgiya HLLY ia May 1987 and Movember
I9BE The vehicle i bleof placiap 2 FOD,000-
Esligram payload in Iw Earih orbir md should e
fully epcrational by ike mid-1990e [

"

Epace Sravios an (ebir, To support assembly of the
Mari tpacerrafl, a space station oa orbiz will be
requared. The Mir modular space station eow {5 on
arbil and snuld suppert the construction of & Mar
tpigesrall. The Soviels already have anncencsd
Rder-2, & larger modular space station, which we
coeaet ta b Loupched in the 1994 i 1998 tme frime,

Sprce Crpogesics, Adwanced refrigeration and ins=la-
tion techesques will be roquired to pirevent excedt ods
of cryogenic propellanis caused by boilall. Hasdiing
and siorage af these prapellants also iz w major

<

problem becsots oo in-Aight refueling capabilicy &
envliloned dusing the mission. The Sevicts have same
expenisnce with fiquid ceygen and Bquid hydragen in
their HLLY. These progeblants, however, will have io
be stared for wp to twn o thres yesrs for 8 mazncd
Mars mistice

Chw-Cebir SEelf Life of Spocecra)i Cospaasais. The
Sowiets Bave more than five years of experience with
the Salyul & sand T space Hations, Salyut 7 remains an
orbie, providing sdditicnal lifetime dut, end addition-
al expericace will be gained with the Mir space
saation, The Sovices have demonstrated increased
liferime wilk their masned spaceerali by having ercws
i bard bo repair and replace companent

Life Keieaces and Suppoer. Loog-dusation Aights
aloard Saviel gpace stations are providing much of
the dsta v lo make knual fenprovernents in
the life #iorce arcas. The harmlul olfcers of weight
Iexingan continue 10 be & major eoncerm. Soviet cosma-
nauts hawe performed continee spaceflight in excess
&l 3 year. We belizve that the Soviats will increase the
chration of space stellon marsings in iscreamcne 1o a
perivdl of twa years, One of more pwoeyear missices
mily bt neoded to fully woderstand the medics! fe-
quwéments for a manped Mars mizsion, Acsarding 1o
Sarviel open soarces, resdaptation to & gravity field
normally takes place within soveral days, But, B some
canet, soveral weeks may be roguired. However, the
ability of a cormonsut v perform tasks uasidzd by 3
lfﬂ".l-l'd trow immedislely after lang expasuse 1o

I 55 is guestienable. Controd of bane-cdlei-
s Im om lonp-deratsan miitions also b ped well
unidzrsiand by LS or Suvict reacarchers gnd is 2 major
issue requiring Ferther stud

febitn! Maszesrering Fokicle, A0 OMY, alse knows
&3 2 space lug. will be required 1o move largs
companents of the Mars spacserafl iato place for
assembly (allawing delivery (9 the space statles arki,
The Sowiets havr used 2 praputisn module 1 geoam-
plish appraseh and docking of the EKvast saace statien
moduls with Mic, & similar vehicle may be [atendsd
For woe ag an (RAY




Hey Teckaslopics That Will Eabance
& Munned Mars Mission

Ky technalogies that wili enhinie Sowet eflets oo
copduel 8 d Mars mission are

= Acrobraking.

= Muslesr propulsion

+ Closed ecalogleal sysiom,

= Artifisial gravity

Aerobreking, Acrobroking imvolves wsing a planst’s

atmpsphere 1o dissipate an catry vohids's encgy amd -

reduce it speed. Aerobraking can be wsed 1o chanps
orkit 0 1e descead 10 @ plased's swrface insiesd off
using progeliiee maneovers, A= entry wehicle is co-
closed within a heatshield (that could be shaped like
the LS Apolle ar Sovlet Soyur esqry modules] that
pronides @ relatively bow Ef-so-deag ratio, The entry
vehibcdle's energy them woald be dissipated through
ablation of the Beaishich

Acrabraking into Mars orbit would redues the imas
of propellands raquired in loy Earth oebil by a8 muthk
at 55 percen [ses figore 2

The Soviets have stated chat they intoed 10 use
acr £¢ on iheir enmanned missiand, and they do
have soumé experience with aembraking on carlics
Mars milsshoss, The Mars 2, Mars 3, and Mass &
lander mistians ussd s asrogbell brakine device,
although i did nca genenate any 6l

Nuoelear Propelsion. Muchear engimes siing lguid
bydragen propellant could provide almos twics the
Jap af copventional engines using & liguid caygpes and
Igquad Bydeogen mintune. The inerexsed lap would
feduee 1he arecond af propellant and the tolal mass
required o@ arbet. A nuclear engine also could provide
cleetpiesl sevweer foe the Mars spacecralt during the
missine

The Saviers may be testing advanced rcactors bo be

srel a5 pavwer 2 Ision panks Ter falvn
:'liﬁimh F e an ﬂ*’["ﬁﬁ
| —

-
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Ab e US moaference held earkier tha yeir on space
nuclear power sysiems, & Sowict seicnlii presented &
paper discussing nuclear electric propatzion (MER) s
ang af several oplions being investigatod by the
Sowiers lor usa om s Mars missian for elecirsal pows
ani propalsion. NEPF would provide 2 higher Isp, bag
wilk lweer Chrust bevels, NEP engine woeld probably
be designed 1o burm Ny, amd 1B o

tive round trip trassil times for a Mass mission would
increase signiScasily, making MEP engine use less
desirable far early manned misiidm

Cloded Eeological Srerem. A clossd coalogien] sypitem
coubd provide life-support cansumahbles [xypen, food,
and waterh, Lhereby elimiaating some af the mass af

pendable oles. A chosed system will have
mimimal impaci on the ol nomber of laench vehi-
clag requbred 1o sEppart & misshon, bowever, because
The mazs of exgeadanle consumables conwitutes anly
a sl Fraction of the votal mass regeired Soviet
sementigts il the Teatitiste of Blephyeies are worlking on
chmed ecological sysiems and have stated that veeme
ygiema will be uzed on future space skation

Arrificial Graviry, The long-duraiion efects ol
weightlessness are not fully undersiood, and counter-
mexsures are contieaally being implemented fo re-
duce ithe perved of readapanion 1o gravity, The gravi-
1y ol Mars s wbewt ene-chisd that of Earth's, amd
sesentisss generally beleeve that humans womld be
urabls 10 adapl rapsdly 1o it gravioatenal fiskd
following long periods ol weiphibeissess en route, The
Sereies afe investiganing the passible wie of srrificial
gravity. There arc differences of epdnion ia tbe Soviet
Llgsac, jusd as there ace in the United Staies, o the
benchily and esginerming radis-olfs requiced ta jeese-
parate an arlificial gravily fzhd on the Man ipace-
cref
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Tk

ezl economieal launch oppartunitics [or &
manned bdars mission most likely will cot from 4000
50 kiklies LIS dollars. Thsie figures assuse the
suppartl infrastmetuce i alrzedy in place. The
Goviets will hawe sads & major resownce investmen?
wefnre commiting themielves 1o a liench, including:
« A llly operalional, perenasently manned space

L& 1z00

| —

+ Full development ocats for 1Bais HLLY

« Dewelopenent of peetsle, that codd be used fora
Mars spacecrafT .

Because of budgctary constralnls apd increasing de
bates on aliocation al futuse resoures For the Soaker
fpace sysiems, il is 100 early to knaw i the Sawvzri will




e |

g abead with a manncd Mars landing mission. ¥e
peogect, howewer, that the overal] marned space effor
will remain robust, nt least for the next Bve years 2z
the Zavicls zdd new modules 1o the Mir space station
and as the shutile orbaler becomes aperational. In fhe
maddle-to-late 1990s, the cost of manned space activi
ez conld imcrease il the Sovicis procssd wilh plans
for & folbow-on spase Hation,

Sewict space seicniiie and officials bave boen trying
i defirct Soviel exiticism af the enormess expense aff
ipace activitics by #iressing the coonomic benefits ko
ehe natsmal oignomy. For ceample, the Sovicls claim
thar an ggenizg Mir module will prodedcs profis
that will pay for the prajicct many times over, Other
cluimed bemelfits from the space station inchede in-
argasid Agemuliural production, enhanced reforesta-
viam programs, and increated harvest by fshing Rects.

Cooperation With the Ulnkled Slates on a
Murs Mizsion,

The Soviets may szek 10 conperale with the Usjted
States, which is Ideriag a 4 Mars mission,
ta defray some of the exp of 3wk A

Savien scienting now are g ing §Uch & Codporative
effoer; if the Ulaited Seated decides nd 16 parliipate
because af tecknology transfer considerations ar for
olber reasans, the Soviets are likely o implessent &
manned Mars mission on their cwn, They woald
probably aitemps 1o gain preaier edoeerakion and
financial support fram Frasec and perhaps otk
riations el have Rown of partwrpsied in cacperative
efforis on Soveed space siatior

Future Indlcaters for & Soviet Mission

Future developments that would indicate conziaued

progress toward realiziag the mission include:

» Development and use of azrobrake chaigues.

= Advanced refrigeration and inselaries an upcoming
uzmansed spECe M.

= Assembly of & Mars spacecralt proioiyes in fow
Earlh arbit.

* A flighn to Mars of &n uemansed prootype.

* The possible fight tesing of & puclear engise

A manned Mars misson most likely could noc mke
place before the year 2000 because of ihe time
required 1o develop aernbrake 1echnbgees, nuclesr
engines, advenced ce-orbi refrigeration, improved
imdlation techmiques, a fully operational HLLY, and
poesibly a closed-cyele, life-support sypiem. I the
Soviets pre dvensssful | developing acrobraking tech-
niques, 1ke maat likely aption woeld be to wse proven
convenisamal engines with Hquid exygen and liquid
hydragen propellants. Without sercbraking, nuclear
engines probably wowld be used in the mission 1o
seduee the numbser of Jaurch wehicles required. With-
e acrubrakisg or nuclear engines, ard a crpogenic
en-arbit storage capability, we believe it is unlikely
that a lellscale masned Mars lznding mission could
b actomiplished. Using slorable propellznts, which
Bave lowar Txps, would require a prohibitive maa on
arbit. Such wie prodably would make § manned
missian neafly impossible, especially during luuach
oppocignilies negnssitating hipber energy requaire-
merd g -
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