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Soviet Salyut-6

Scientific Space Statioa:

The First Maaned Phase—
September 1977 - March 19*3.

The currently active Soviet Saly ut-6 space statioa was launched vn

29 September 1977 and was placed into the standard 32-degree carth orbit
assoctated with the Soviet manned space program. It s the third seccessil
=screntific” Salvut orbited by the Sovicts. and repessents thar miost
ambitious manned space endeavor to daie. 3 further demonstrates the
Soviet commitment to men tn space. The experience gained during the
Salyut-6 mssion probably will lead to coatinueus manning of space stations

b msmonaux:;-

Thus far. the Salyut-6 mission can be broken down into three active phases.
The first is defined arbitranly as the pertod rom launch in September 1977
through 16 March 1975, when the first manned phase {cempeising
Soyuz-23, Sayuz-26. Soyuz-27. Progress-1. and Soyuz-28) ended. This
phase was followed by an unmanaed, 1actve p:nod of 91 days. The second
active phase of the mission began on 16 Junc with t‘hc docking of Soyuz-29
and ended with the undocking and subsequent recovery of the Sovuz-29
crew on 2 November 1973, This phase involved three maneed Sovuz vehicles
and three unmanned Progresss automatic nesupply vehicles. The third (and
current) active pha=ec began on 26 February 1979 when Sovuz-22
cosmonauts Licutenant Colonei Viadimir Lyakhov and Valeny V. Ryumin
boarded Sal)'ul~6..

The firs. phase of the Soviet Salyut-6 mission involved four Soyuz
spacecraft manned by a total of ¢ight cosmonauts, and one unmanned
Progress automatic resupply spacecraft. 1t set several significant histoneal

precedents:

« It was the first ime two vehicks were dmkcd with a Salyut space station
to Jorm a three-wehicle complex.

= It was the first time two crews mannd a Salyut sim:itaneously.

e It was the first use of an unmanned rsupply \chxclu( he Progress-|
delivered propellants, life support equipmene, and >upphc3‘ !

« 12 was the first time Soviet cosmoenauts performad extravehic dar activily
(EvaA) to accomplish useful tasks.
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Significant Events in First Manned Phase
of Salyut-6 Mission

1977 .
29 September Salyut-6 inserted into orbit.
. 9 October Soyuz-25, manned by Vladimir Vasilevich Kovalenok and Valetiy V. Ryumin,
i ] * inserted into orbit. [t failed to dock with Salyut-6 on 10 October, and was
: deorbited on 11 October. -
! 10 December Soyuz-26, manned by Yuriy Viktorovich Romanenko and Georgiy
Mikhaylovich Grechko, inserted into orbit. [t docked with Salyut-6 on 11
December.
19 December Soyuz-26 cosmonauts conducted EVA to inspect the Salyut-6 station and its
primary docking port.
1978
10 January Soyuz-27, manned by Vladimir Aleksandrovich Dzhanibekov and Oleg
e Gregoryevich Makarov, inserted into orbit. It docked with the Salyut-6/Soyuz-
: - 26 complex on 11 January.
: 16 January Dzhanibekov and Makarov returned to Earth on Soyuz-26.
20 January " Progress-1 unmanned cargo resupply vehicle inserted into orbit. It docked with
the Salyut-6/Soyuz-27 complex on 22 January.
6 February Progress-1 undocked after combpletion of the transfer of fuel, cargo, and
S - _ —.SClentificequipment.. .. . _ .. ... _ .
8 February Progress-1 intentionally deboosted oxer Pacific Ocean.
2 March Soyuz-28, manned by Aleksey Aleksandrovich Gubarev (USSR) and Vladimir
Remek (Czechoslovakia), the first international crew, inserted into orbit. It
docked with the Salyut-6/Soyuz-27 complex on 3 March.
k0 March Gubarev and Remek returned to Earth on Soyuz-28.
16 March Romanenko and Grechko returned to Earth on Soyuz-27 after setting new

man-in-space record of 96 days, 10 hours.




o It included the fint refucling operation tnspece tihe asmonaets
transterned propeilants from Progress-1).

o Jtwas the first time a space crew included a Gtizen of a countr. other than
th= Untied States or the USSR

o (st 2 new man-tn-space recond of 96 dass [0 hou:s:-

Analysis confirms that Sabyut-6 is a sciestific space stution. 1s the Soviets -
stated. One of the major functions performed by tre cTews va Salyut-6 was
Ezrth tSources phetography using he MK F-6M ( Moogosoektral nyy
Kosmicheskiy Fotxapparat) muitspectral space camera. With this camera,
the Salyut-6 axsmonauts ohatographed exteasive regions incleding wide
aress of the USSR and the German Democranie R-public (GDRL. In
additon 1o Earth observations and photography. the Salyut-6 cosmonaats
conducted ests 1o determine the structeral mtegnity of the stace omphex
conststing of Salyut-6 and two ferry \thidt&.

The first non-Suviet cosmonaut in space from a coentry beloaging o the
Counal for Evonomic Mutual Assstancs {Cema) was Viadimir Remek
from Czechusiovakia. A axsmoaaut researcizer.-he was liunched 1o Salxer-6
abxand Sovuz-23 in March 1978, He begaa bis training ai the Zvezdnos.
Gorodok Star City) cosmwonaut training <earar neag Muwoow on b
Devember 1976 wink the 1irst group of CEMA cosmutiauts made up o
candidates Irom Czechaslovakia, Poland. and the GDR. The Soviats expet
to gain international prostige cnd greater cooperation rom member
courines through the cema program. Consoguently, we expect that
representatives from <ach of the CEMA countrres will visit Salyvut-6 duning s
lifetim

The Soviets™ use of Eva and of new space suits demonstrtes therr abiluy e
acquire the necsssany knowladge and expertence to construct and maintain
large siructures in smace, should they decide to do so. Furthermere, as the
resuit of major Soviet technologicil advaness in juins rnobility and thernsal
control, the new space suits greatly increase thewr Eva cxpabélixy.

Sign:ficant medical and biological studies were coaducted on board
Salvut-6. us we ¢ extensive expeniments to determine the feasibility of
producing unique materials in a gravity-ree environment. The experiments
involved the formation of alloys and the growth of semniconductor crystals
They were conducted using a multichamber electrofurnace deliv m:d by tac
unmanned Progress-1 cargo \emdc-

' Duning the sovond plase of this msavn. the Soviets exceeded their ov » rovond, setting 2 new
ran-in-space revond of 140 days (oa 2 November 1973, by Coemonauts Vixdimir Vasilesxch
Kovakenok and Alcksandr Sergeaevich Ivanchenhov).
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The semivonductor crystals grown included bsnuth antimoaide. lead
tellunde. apd a2 combanation of mercury, cadminm, and tellurium. The
merearny fcadmium/iellurium crystais foemed the first threecomponent
2lloy ever peoduced in space. Thesz cnvsiaks, aoag with bistnuth antimonide
and lead tellunde, are the best wnown infrancg detectoes. The military
anplrcatons of such infruned detectors ringe from thermal imaging davices
1o semsors on carly-warniag satellite. However, the scope of the
semiconductor srystal experiments was such thai it sugytssted rosearch,
rather than the production of crystals for direct mihitany applicmm-

In additon, with Salyut-6. the Seciets are contineoush accumulating

valuzr ble beag-tzrm man-in-space experience. By contrast, the Unitad States
tas pot had a2 man in space since the termimatioa of the Apollo-Soyuz T et
Propact in 1975, and the first US syxce shuttle mission—which will have a
duration of no more than seven days—probably will not go iato oroit before

aany 198(}.-
The tatde lists rhe significant events in the first manned phase of Salyut-6.
and the appendix presents brief brographic profiks of the cosmonauts. .
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Soviet Sahyut-6

Scientific Spacs Saation:
The First Manned Phase—
September 1977 - March mx-

Sachgromsd

On 19 Apeid 1971, the USSP, hanached its first large
space statoe, Sabyvut-{. Duniny the six-moath active
lifetime of the staboa, e Sovxets ode two atiemps
o man it The first—Soyuz-1Q0 with 2 crew of
vhroe—faihed becamse the twa vehides coald mx
achieve a hard dock. The sevoed attempe—Sosaz-11,
with 2 crew of three—succeeded in docking with
Sahyut-1 in June 1971, After almast 24 days i orbit,
the crew left Sabhot-1. but died dunng reentry.
Salyut-1 was inteantoaily deboosied and desiroyed
during recntry oa 11 October 1971 ’

Sahut-d, the soovad seccessful saenufic space statoa,
was lhaunched oa 26 December 1974 Durmg its:
26~-moath lifetime, it was visitad by o tmo=man
crews. The crew of Soyuz-17, launched in Januany
1973, sisited the station foe 29 days. The cres of
Soyuz-13, khunched in May 1975, remained va
Salvut-$ for 63 days. The space station then remained
in ocbit for more than a year while the Sowets
moattored the onbaard systems. Salyut—$ was inten-
toaally debousted and destroved dunng atmasphenc
reentry oa 2 February 1977

Salyut-6 (sze ficure 1). the Soviets” mast ambitious
mannead space endeavor to date, was launched on

29 Scptember 1977 from the Tyuratam Missike Test
Center (7rrC). The station has two docking ports.
One of the designers of Salyut-6—Profe—— - K. P.
Feokiistov. a former cosmonaut—statd thal there are
several advantages in having two docking ports. If onc
port s not functional. the sevond courd be esed 1o dock
a vehicle. and the crew could attempt to regnir the
faulty port assembly. Furthermore. should an smer-
gency situation anse when a Sovuz vehicle s docked to
the Salyvut station, a second ferry vehicle could be sent
up 10 rescue the cosmonauts. With two decking ports. a
second ferry vehicle could aiso be sent 1o the arbiting

suatioe 19 repdentsh sappines and for refieve the orew va
buxard, suSabut-6 has the capabdity w be parmoaently
manped.!

Cossmand 3nd Coatrol and Mission Seppert

Command aod coatrol ot the Salyut-6 mosioa s
directed by the flight coatrol center in Mosoow . This
oenter ts suppocted by space tracking stations i the
Sovict Unioa and by ships kocated outside the territo-
rial watcrs of the USSR (sec figure Q). The ground
sites of the Sovret space tracking network have zoess
0 Salyui-6 daily. The ships, sssocated with the
Academy of Saences of the USSR {the Kosmonavt
Yury Gagarna and the oew: k:_w_isnumvt Viadssiav
Volkov in the Athntic Ocsan and the Kasmomast
Viadimir Komarov in the Maditerranaan Sa). arc
wsed to communicate with Salyut-6 vatside the radiv

borizon of the ussn-

The ground statioas can rehay information 0 Moscow
usiny dther band communicatioas or the ocbiting
Molniya communicatioas satellites. The ships, oa the
other hand. rehay tnformation oaly via the satedhites.
All of the ground stations and some of the ships are
oquipped with radars and computers enabling them to
determine the trajectoey of Salyut-6. This information
ts then trzmsmitted o0 the flight control cenier, where 1t
s combincd 10 prnide accurate orbetal data. These
data are necded both to support the space station and
10 coatrol its docking with another spacecraft

The flight coatrol center can command Salyut-6 10 real
time, of Can transmit programed commands that will
control it o= some {uture orbit. The center can adjust
the orbit of the space station, contrad its attitude and
life support systems, and operate the various onboard
scientific sensors. The ability to do this at the fight
control center relicves the cosmonauts of work that can
be accomplished automatically, thereby allowing them
to perform other tasks that cannot be automated



Mission Chrenclegy

The Salyut-6 mosaon begza with the launch of the
space station oa 29 Scptember 1977, On 9 October
1977, Soyuz-25 was hanchad from the TTMTC. and
the first atremgr 1o man Sahut-6 oacurred oa 10
October 1977, The vehnche was 1o dock wath the
primary docking assembiy, and the mrssion appeared
to proceed normally untl rendervous and docking
procedunes were being performad. The cosmonsnts, -
Licutenmant Colood Yhdimur Vasdhonch Kovakenok
(Tight commander) and Vakeriy V. Ryamia (fight
cngineer ). appareatly experxenced peoblems with the
automtx renderyoas sysiom. They did oot achxexe 2
hard dock. and the otssaon was aborted. The Scyus-23
crew returned safeds to Earth on 11 October, bat the
docking failure set back the first phese of the Salyut-6
mosson i keast two moeths.

Soyuz-26, masne cosmomnts Yuny Viktorovich
Romanenko {flight commander) and Georgry
Mikhaslovich Grechko (Thght cogineer). was launched
from the TTMTC on 10 December 1977, Simulativas
in peeparation for this flight probabdly ok ploce at the
Qxsmonant training ceater at Star City. which
coatained a complete underwater mockup of the
Salyut-Soyuz compiex 10 simulate wieightless coadi-
voas. In an ariicle in Aiarsgra | Kosmomentika

{ Aviation and Casmonauics). Colon:d A. Kborobrykh
reported that Remainenko and Grechko trained there
prior o their Might. The traming included developing
an exit procedure for Grechko to cxamine the docking
unit and transfer space toods, and a complete reherrsal
of thet »

Soyuz-26 successfuily docked with the sevondany
docking assembly ¢f Sahvat-6 oa 11 December. After
enwcring the station. the cosmonauts activated the
oanbuaard systems and began preparaticas to ispect the
primary docking assembly. On 19 December. after
depressurinng the transfer compartment, Grechko left
Salyvut-6 through the praimarny docking-poret hatch,
performed an $8-minute EVa to inspect and test the
assembly. and reported that the docking assembiy was

* Kovalenok 20d Ryumin hier renrsed to Sehut-6 Kosakenok as
the flight commamder of Soyez-29. and Ryumin as the Tight
engincer of Soywr-32

A

1n goud conditnon and completely wurkable. Grochho
1bo imspected exterior compunents of the staton
inctoeding the docking assisg lighis, the dockang system
antennmas, and the sobar puocks and reported them to de
1 working veder. Accordiag to Tas. Grechko in-
spectad the coadition of the jownts, sensor gusding pus,
pashers, faszemers. and sexling surfaces of the docking
amit. He abo carned a poctable color tedeyton camera
1o rehay images of the assembly back 1o Eanb_-

Soyuz-27. manped by cosmumants Virdimir
Aleksandrovnch Dzianibekor (light commander? and
Ot Grigonyerich Makaror (flight engincer), was
hiunched on 10 Janman 1973 The spacarall smaxss-
{ally rendervoased and docked with the Sahnt-6 space
statioa oa 11 January, about 26 hours after usch.
The operation proceeded stnoothly, withoat any appar-
ent diffrculties. This marked the first time the Soxxers
had two Soyuz spcoecraft simaltancousty docked with
2 space stativa, and the first imstance of 3 Salyut bang
manned by foar axsmoaauts. The four conducted
several joint medicak-biodogical and scientifie-
technical experimeats and studics aboard the space
compicex. One of the mbssoas of the Soyuz-27 Might
w2as 0 exchange soentific guipmcm

The Soviets deorbited Soyuz-26 oo 16 Januan,
carniny the asw of Soyuz-27 (Dzhanibekor and
Makanw). Dzhanibekov and Makarow had spent five
days abuard Salyut-6. The crew of Sonvuz-26.
Romznenko and Grechko, rermained aboard the
Sabut-6/Soyuz-27 orditing space statioa.

The reasoa for returning the Sosuz-27 crew tn the
Soyuz-26 wehicke, instead of in their own, was that the
sccondary docking port of Salvut-6 must be frec of
obstrucaon, both during mancuvers performed by the
1wo main engines of Salyut-6 and tc enable a ferm
vehicle 1o dock. The space statioa has a loag-term
mission and requines occasional mancuvers to maintain
its orbit. A vehicle attached near the engines would be
susceplible to damage dunng a mancuverning burn. The
only previous manreuver performed after Soyuz-26
docked had been accomplished using the Soyuz main
cngine. Bocause of the low thrust and fuel liratations
of this ¢ngine, only small m2ncuven could be per-
formed. Thus. the norma! use of the scvundary port
may be anly to dock a vehicle fur 2 relatively short
time




The suoaessind docking of buth Suyn2-26 and Soyver-37
with Sulyut-o demomtratad the Sowiets” abekity to
muantam 2 coatunmally mrinned spece statoa m orbt.
Crows can be sent W sack a stataa 2t regubar mterxab
to Qs supplics 20d W relreve the n:'nc--

On 20 Januany 197X Progress-i was haunched (sex
figure 31 aad doched with the arbrung Salyut-o;
Sonvuz-27 space csnpbet oa 12 Jaagan. Progress-1
docked aatoaratiaain with the scovandans docking port
of Sah ut-6. This was the first ume the Sovicts kad sent
an uomannad resupply veducks 1o 2 mrned space
statioa. Tass stated that the mossaoa of the “2ntomate
tramsport ship™ was to transier fucl, liie-sapport
suppdics, amd soxentiic aquipment to Sahut-6. Tass
abo stated that the “tramsportatioa of seppics by
automatic traospoet ships will make it possible
consaderadly peoloay the fuocuoaing [oi] and incrse
tibe] effectiveness of the use of mnead octatal
complenes.” However, we badieve that the paman
missaa of Progress-1 peobably was to. ogove the
fexsibility of unmanoned rsappiy vebecles; and that 1t
provided another ~first” for the Sovrt speee program
as well. We do not believe it was essential to resupply

the station at that 1imt.-

The refuciing operatioa s the mast saiqee fature of
the Progress resupply vehicle. It s performed auto-
matically oa command from cither the groand or the
cosmoazuts. The following operations are invobvad: (1)
a check of the bermetic seal of the progeilant hinss
following docking: (2) reductioa in the pressare of the
Salxut propetlant tank: (2) the transfer of {udd and
oxudizer; and (1) a purging of the lincs wath mtrogen
123 after compiction of the propeilant transfer. The
Progress vehicle contains two fuel 2and tao axdirer
1anks for resupplying the station (sex higure 4). Each
1ank has sections containing nitrogen gas. Because of
the potential hazards involved in handling the highly
volatile propellants, the propellant transfer s acoom-
plished through the docking seal. The docking 3eal of
Progress s different from that of the Soyuz spacecraft
i in that extra locking latches are added to ensure 2
solid. hermetic seal. The propetlant transfer lines
probatdy are external to the Progress spacecraft to
ensure maximum safety. Compressed nitrogen s used
to pressure-feed the propellants into the Salyut fuel

and oxidizer mnb'-

The Sahut-6 propcilant system comnts of three
atdirer tanks (two main tanks and vae neserve tank)
and three fuct tanks, Each tank s drewded 1ato two
secthions by a foided, leble met2llic membeane.
Dunayg the refucling operativa, compesssad mitrogen at
2 pressare of 20 atmuspheres was pamped from these
tanks into rrtrogen bottles unul 2 peosare of 3
atmuspheres wias obtamned. The propcilant from
Progress-1. 2t a peossuare of § atmaspbene:, was then
foroed 1nto the tanks. When the focd transfer was
cumplcic, mirogen s was wsed o repecssunee the
Prugress-1 tanks and to parge the propcitant lines poor
o undocking. The Sahyut-6 tanks were then
repressunzed with nitrogen to fonce the peopetlants
1nto the eagt

The cosmomauts monitared the refocling process from
the central coatrol post of Salyut-6. The entire
refuzting operaton wok ptace over an 1 1-day perod.
Cue of the reasoas for extending the trassfer over this
length of time was that this was the first tme sucha-
procedere bad been undertaken in

Progress-1 was docked with Salyut-6 for 13 days

before undocking from the station o6 Febeuary.

During this time, 1t also was used iz 3 sernes of

engincerning tests under the expernrrant called

Rezomans. A TASS announcement o 6 February stated

that, paioc to andocking, Progress-i fired its engine 0
neuver Salyut-6 into a higher orbi

One revolution after undocking. Progress-1 again fired
its cagine, this time to "test the backup automatic
scarch and apprxach system. which had nover been
tried in a real space {Tight before.™ On 8 February, the
spacecralt was commanded to ma!.2 a baaking mancu-
ver to put is on 2 desoent trajectory, Causing Progress- 1
to reenter and bum up over a peeset area of the Paafic,
{The Soviets abso use this method to dspase of their
Salyut space stations when their useful life s cm:r..
Sovuz-28. the last ferry vehicle to visit Salyui-6 during
the first manned phase, was launched on 2 March
1978. It was manned by Alcksey Aleksandrovich



Progress Unmanned Cargo Resupply Vehicle

! Anterna tor aggroach anc docking system
2 Lght inchcator

3 Cargo contamners

2. Cargo fasteners within cargo compartment
5. Fuel @anks

&. Aumbary on-board systems

7. Crnentavon engines

3 Fust tank R
9. Man propuision system N
10. irsumentadon and eguipment compariment
11 High-pressure Gas tanks
12. Fyet comparment
13 Cargo compartment
14, Scanrung camera
13, Acpwe cdociung assembly
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10. Hycrauhccormecr $eding assembly

11. Man propuision sesdem-

12 Progress fusl ara

13 Fust-tanh-repressunIascs ke reguiator

14 Progress onchoer-mari :

15 Saiyut oncuer Tara

16 Qucrsee tank repressunsate® ine
regriator '

17. Carmector (or morTe) for reliehng

sorercal hgh-pressuce ank

Gubarey {flight commander). a Soviet. and by Viadi-
mir Remek {cosmomeut researcher). the first Czaech o
fly in space. This was the first time amyone from a
country ozher thar the United States or the USSR had
flown 1n space

Sovuz-28 docked with the Sahut-6 space station on

3 March. It ferncd numerous replacement parts to the
station. including photographic film, tape recorder
cassettes, filters, expesimental materials, and personal
hygiene items. During the next seven days, the four
cosmonauss (the Soyuz-23 crew and the ooiginal crew
of Soyuz-26. Romanenko and Grechko) conducted
several joint Soviet-Czech 2aperiments including

Earth obsernvanon and photography. the Extinctaa
and chlorcila expenments, and several metallurgral
expenments wang the Splay talloy ) clectrofurnace

On 10 March. Soyuz-28 returned to Earth with its
international crew, the resaits of the expenments, and
cxpused film. Six days later, Romanenko and Grechko
rerurned to Earth in the Sosuz-27 ferry vehidle.
marking the end of thar man-in-space endurance
record of 96 days. Before departing Salyut-6. the
cusmonauts placed it in 2 starrddown mode for

automatic ﬂight-
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Physical Description ov Syace Siative snd Resugply
Vehicd

Salipa-6

Reoent ancies appeaniayg 1o the Sovict press kave
peoswded a detailed deswrip o of the straciural
arrangement of the Sabut4 - o waton. The stapon
carrxes aboat oac and 3 kall oac o scxennfic ogamp-
ment and has a total htabie valame of 100 cobue
meters. [t consists of taree ¢ linders of differing
dramcters, which are connected by cone-shaped hnking
sectivns (sec figme 1). The smaibea o bnder. coatain-
ez the tramsfer compartment. ts the forwanrd sextion of
the spaceeraft. The primary docking poet (the
~s1aton’s passive docking assembly ) s at the froat
end of this oy hinder. The middle o) linder contains part
of the working compartment. The third and hirpest

) linder hoases the remainder of the wocking compart-
mxnt and part of an equipment compartment. This

o linder ts coanccted 10 the mddie cytinder by 2
linking sectioa more than | meter loag. At the rear of
the spacecraft, attached to the hirgest o hinder, s the
remaining portioa of the equipment compartment—
the valy area which 5 not hermetically scaked. The
secvodary docking poet & i1a the conter-of this
compartmen

The uransfer compartment is separxted from the
working compartment by 2 pressunzed arrfock. The
transfer compartment is used for conducting scientific
experiments, and also as an airfock for Eva. On the
exterior of the transfer compartment are tdlemetry and
VOIOC-COMMUNICANIONs Antennas, hercoas. o sensars
for the ocientation and stabilimtion system, micro-
ITRLCOCILC SCMSOTS, SUnH-PUsItion sensors, and oo
peessed-air tanks. The interor of this commriment

_ houscs the Eva suits, photographic equipment. v a and
screntific control pancks, and a staton-orentation
coatrol knob.

The cosmonauts spend most of therr time ia the
working compartment in the middle o hinder. Among
the 1tena in this section are the central command post.
the MKF-6M camera, the water-regeneration system,
toilets, bunk beds. and 3 conical scientific apgaratus
compartment (the inner cavity of which s unpeessur-
1zed and can be opened to space) that coatains the BST

-

tehescope. This area abo inddodes the dimieg area. 2n
area fur modical caamimabons 20d cuercse. the
trcadmull, the biycle crpomezer, amd 2 shower. Tixe
majoarty of the somnc ajumpment s abw bocatad tn
thrs compartmeat. Attached to the axtenor of the

_ compartment are three sotar panchs, ptooed 90 degress

apart that, vace dephoyad. ca1a antoacetxcally oevent

~ themselves oward the san mn soch 3 way that

maimuam carrent s produced. With a toeal sarface
area of 60 square meters, they prodooe 3 kilowatts of
dactraal poser. The central command post (TPost

N | consobes ™), abo i the wocking compartmxent. s
perhaps the most Important amt oa the statioa. All
data from the Sahut-6 instraments are rehayed o
thes comsuies. The axmomets control the stata,
moaitor all systems, and recenve and transmat data
from the comsoles. Vore commemcatmoas with Earth, |
the Detta mavigavonal system. 2ad the tekethipe
“Stroka” arc abso on the command

The rest of the working compariment s in the third
<ylinder. This area has a movie camera, and beat pepes
leading from the Sahut-6 baater. The unpeessurized
aquipment comparnment, whrkh howses the propubaoa -
and refuding system, ovvupres the remciader of the
station’s aft sectioa. Sular-ocxatation semsors, ocbital
and attituede coatrol engines, and antennas a¢ oa the
extenor. The Sahri-6 peopubion systom coasssts of
two main engines and foar scts of somall attitude-
control engines. The arrangement and kaxtioa of the
main engines of Sahvut-6 had 10 be altered from the
Salyut-4 coafiguration 10 accommaodate the imtaila-
tion of the secoadary docking

The Salyut enviroament control system & an adapta-
tion of the ume-proven system used on Soyuz. The
basic clements rsed for the coatrol of atmosphberic
£1SCS Are potassium superotide regenerators,
Tlithium-hydroxide carboa-dioxade absorbers. and ac-
companying contaminant filters. Gas analyzers moai-
tor oxyger, varbon dioxide. and water vapor levels, and
control the operation of the regeneratoes and alsorb-
ers. Normal pressure maintained aboard Salbyut is
about | atmasphere (equivalent to 760 millimeters off
mercury). Prassure control on Salyut s maintained by




tramsaduoers, vents o relxeve cxoess prossare, amd 3
szpphy of compesssad s cumounyg of 2 muatare of 0-
peroent avygen aed 60-pereent mtroger o repkace the
atmnsphene arr host from kakage, iy 2od coaratam
of the Splay dectrotermce. Minor atrmuspherne xar
xsses abo ooour dunng packiny aod waste desposal
operat

Thx enure stathm 1 thermalhy imsakated by muit-
Liycred. vanum-shsaidad insukatnon several macrons
thack. awered with additoms] Bavers of glass woud 2od
atuminum fod. The staton’s mterne temperature. 1
wd] as the thermml] coaditons of the imtrunentataon
muoanted va the citenur, S maiataoad by a network of
radiators and peres. The tempesamre coatrol &
ctTevted by o inGopendent systems: vac, for couling_

 Erving an external radntor for heat repection: amd the

ocher, having an extoml coliector for beaating. In the
cooling system, the Sircuit in the crew compartment

pecks up heat peoduced by the crew and equipmentand. -

tramders it 1o an mntamedite crcuit. from whach the
ezt 5 tramferned 10 the radintoe arcait. A liquid-tlow
regulator in the radiator Crcuit coatroks the distribu-
troa of baat—some 5 rexeced 1o space via the radnator,
and the romainder s recirculated o the crew comparn -
menis. The hexting system comasts of an external
votkector of heat, an internal heat-ewchanye circut,
and heat exchangers which are used to keep oebital
mapcuvering engine and attitude control system tem-
peratures within the required ranges and. if necessan .
to suppiy heat to the orew comparimen

Progrexs i

The Progress resupply spacecraft s basically a modi-
fred Soyuz ferry velucke (see figure 3). According to
the Soviets. it can dediver 2295 kilograms of cargo winto
near-Earth orbit, and its total waght at liftofl s 7.005
kilograms. This weight s 2%out 400 kitograms beavier
than that of the standard Soyuz, and approximates the
full capability of the SL=$ launch vehicle to placea
spacecraft into ncar-Earth ocbit. The Soviets were able
to add the 400 kilograms to the puykxrd weaght by
eliminating the launch-escape system necessary for
manoed Soyuz launches. Howaver, the entire paykod
fairing structure (that is, the shrouds and scape
tower) was retained, so that the aerody namic proper-
ties of the SL— would remain the sa

Like Sosuz, Progress coosesss of three soctonsy the
Cargv compuriment with the doclary st the poueed-
ot caepurtment, and the imirument axmparrmest.
Theve arc amiiogons 1o the Sovrz orbstal, reanens,
and Imirument cumpartmeais, fopeCtGy . Tix Jaoci-
1z umt of Progres o basacaihy the siome as the
omparabic unit va Sonez. However, i contums
sdditwonat autoaatic Bydraoka coamactoes to cosare
the bermete arapling of the Progres propeilant
tramsler sastem with the Sab et propcikant voanactons.

The cargo compariment. with a volume of 6.6 cabac
meters, reotaoed the slightly semaller Sorvuz oetxtal
compartment. Doy cargo © stoered in this arca. Al
small obpects are packed tn coatainens, and the Large
aquipment 1 [stened oa racks attachad to the
framenork. The fasteners are specially designed bosts
that refexse with 2 quarter-turn o spoad unkading.

The peopxilant compactment contains the basic compo-
nents foc refucling and gas supply operations. This
includes four cylindrical propellant tank¥. sphericl
tanks with compesssad beeathing 2ir and nitrogen,
hydrauine bardware for fuck-line coupling. sensocs, and
gauges. The total progeilant and gas delivered oo
Progress-1 weaighed 1,000 kilograms

The instrument comparunent s basically ndentical to
the Soyuz instrument compartment. coataining the
orbital mancuvenng engine, attitude~control sub-
system. and clectrenics. However, the volume of the
Progress instrument comparnmest was increased al-
mast two-fold. Progress is aquipped with two instru-
ment racks, while Soyuz has only one. Room for thrs
additional instrument rack probably was provided by
deleting the backup orbital maneuvering engine. The
additonal instrumentation probably was required to
accommodate redundant clectroaics for the fully
automatic rendezvous and docking system. and control
svstems for the propedlant transfer function. Thermal
control and life support are provided from the Salyut
space station to the cargo compartment to permit the
cosmonauts to work in a shirt-sleeve environment




The crternnor of Progress, inxe that of Sonuz. kisa
tedare tny antenma, 2 dovking antenna, th v tights,
and 1wo tefeyiviva cimeras. T he lights and « cmeras arc
used (o moaitor the apprxch and docking vecratons
from Sabhet. The data are retaved directhy o the
axmuaats oa the szaina, aikoxizg them o moartor
and coatrol the appraach phase, if nevesary. Whike
mast o the Progress Tght systems are fesctionaliy
sammukay to thase va Sovuz, there 2r¢ some aueptres —-
1 partaoakar, the attitwde and guidance system, the
wetrol 2rex. and the thermocegubton sy stems—
primnly bocamee Progress was designad (o vperate
aulmlit.xlb"

Medical and Biological L
Perbaps the most sigmifikcant expenments coaducted va
board Salyut-6 nere the medrcil and bodogical
studies. Amuag all the expenments cvaducted. these
were stressad coatingously. and coasumed the most
tume. The Soviets kave seported that additieaal study
5 needed 1 understand the effects of waghtlssness oa
the budy 1n particaler, and the effects on miocral
metabolism, bormoen] changes, and cllular reactions.

Every five or six days, “medical days™ were assigned
for (a) lavestigations o1 the cardiovascular system
{including blood sampies): (b) an experiment to stedy
the redsanibution of blood in the body and to assess the
condittoe of groups of muscles: (<) the monitoning of
clcum, potassium. 2nd sodium levels in the body: and
(d) monitoring for changes in the station’s atmasphere.
These tests were conducted before. duning. and after
vanious physica! exerdases (such as on the bicvele
ergometer and the treadmill). They were also per-
formed with the Chibts lower-body negative-pressure
suil. The objective was to determine how much. and
when, exercise was needed. The emphasis in the
biomedical studics was on the cardiovascular system.
the vestibular apperatus, respiration, body tempera-
ture, and metabolism ( based on biochemical measure-
ments of the blood). In addition to these studies,
routine daily medicai reports were made. Then, every

1% to three dayy the ammuomnts used the Beta-3
appacetos for cactrocardiogram and respaatoa-rate
mcsurements. Body mxass was revorded wang an
iperti] mursomcter. Mot of the data were tades
mctered buck to the greund. Bomedical ancartonng
was ako conducted danimyg Eva

Pelynoss XM Device. The Pehoven XM v a
becinstrumentation system that porvides a reixable
method for obtaiming detaiked data va the berrt and
Bood vesseds of cach axmonaut. By compuring the
dara recaved daily, the Sovicet physiologises kave
comsaderabie informativa va the changes in the cardio-
vascular systems of the cosmonauts yoder conditioas of
prodoaged waghtiasass. These data are essential ior
detexting the vaset of adverse effects. Polynom 2N |
data abo are used to evaluate the cifectiveness of - -
mecasures taken 1o counteract the undesirabilde cffects of
weighthosoes: These countermeasures include the

¢ erase peogram and the jower-body negative-
pessure sui

The Polymom 2M device vorSists of an amplifrer and’
four sensor assemblies: a kinctocardiograph. a
donl-panmetne osailograph, a tacho-oscillograph,
and a thigh cuff {see figure 5). The kinctocardiograph
prosides data from which mast of the performance
parameters are obtained. The distal-perimetric )
uscallograph senses the pubse in himb arteries, and the
tacho-asallograph is designed 10 provide blood pees-
sure measarements. By companng the tacho-
ascitlogram with the kinetocardiogram, dats are pro-
vided from which Soviet physiologists can estimate the
biood flow from the heart. Abso, the tacho-osallogram
and the distalpenmetric wcaillogram can be correlated
in lime te denve an accurate estimate of systolic blood
pressure (that s the peak blood sure during the
cjection of blood from the hean)

The thigh cufl. a pressure cufT that contains a sensor. is
uscd 1o measure pressure oscillations at a location on
the upper third of the left thigh. The correlation of the
traces {rom the thigh cufl and the kinetocardiograph
provides the transit time of a pulse, an indicator of the
smooth muscle tone in the large arteries. Duning
extended space missions, the deterioration of the
smooth muscle tone of the arteries has been one of the
serious side cffects experienced in wcighllc;snds-

S—




Biothersa—4 Incubator Experiment. The Biotherm— s
2 beclogrcal incubator used to incubate droxsophila fruit
flres. The purpase of the cxperiment wsing the
Biotherm-—4 was te gather data oa bow werghtlessness
afTects breedic g and heredity. The resalts of a similar
experiment conducted oa Sabyut—= showed that
drosophila lay sterike cggs in s;ace. The Salyut-6 crew
was checking to see if the Salyvut-3 test was an solated
ase

In the expenment conducted on 18 February,
drosophila larvac, formed from cggs laid on Eanth,
were pupated at 24°C in the Biotherm-3. The cosmo-
nauts checked to see if the fruit flies born in space
produced a third generation. The Soviets haove not yet
made that information public. However, if a third
generation was peoduced. 2 compaenson of the first-
and third-generation characteristics was to be made o
determine how space flight affects heredity

>

Chioreils Experiment. The chlocdla cxpeniment was a
yotnt Soviet-Crech experiment o study the growmth of
different species of chloreila algae (uniccilular plant
organsms) in 1 waightless enviroament (see figure 6).

In one mart of the expentment. thra- different species of

algae we=re put into 2 notnent medium and allowed to

gruw. Growth competition among the three specics was

studied in space and. upon return to Earth, the

rcsulting growth was comparad with thatof an -
Earth-grown version of the same upcﬁmcm-

Another 1631 also involved three species of chlorella.
The chiorella strains used were mutants lacking
chlorophyil. Eack species had two samples, one of
which was allowed to grow while in ocbat. Its coere-
sponding sample remained in the passive state (the
absence of the nutrnient medium). Upon retum to
Earth, the samples were compared




Instrument for Soviet-Czech Chilocella Experiment
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1. Housing and stnher hanale & Sheil with chiorelta ’ ok
2. Transparent hyerophdse nsrde walls 7. Shell with &xatrve B
3. Sonng 8. Sheil with achv> physmologrcal agent . 5
2. Protectve rucber hood 9. Shell with “marker” R
5. Thrust heac ‘or smashing ampoules 10. Food mecum B

By means o! the sinker. the cosmorauls can break any sheil in conformance wnth the epenmental program.

The Soviets claim chlorella s important because it will  Medusa Experimvent. Outside Salyut-6, attached 10 the
be used in future interplanctary ships and stations in transfer companument. are special flasks contatning
“greenhouses™ with a closed ecological system. In amino acids whick have been exposed to solar and
these greenhouses, the plants will atsorb carbon cosmic radiation. When retrieved during Eva, the
diaxide from the air and enrich it with oxygen to sene  samples will be compared with bropolymers stored oa
as a food and water supply. Chlorella, which absorbs board Salyut-6. Analysis should help to establish

carbon dioxide and releases oxygen very actively. is which changes in the living cultures have been caused
rich in protein and matures rapidly by space radiation

13




Frog Egxs Experiment. The Suvicets plaved ferulired
frog cggs abourd Soyuz-26 in what they dewibed 23 3
tarresarnal pood. Once oa Sahyut-6, the cosamxrauts pat
the frop cpgs baskde tadpokes that kad been bora e
Earth. and companred thar behavior. An vbsws
difTerenoe was that the tadpoles bom in spuce moved
sparabs. whike the tadpoles bom oa Earth socmmed
disorxented. The tadpoics were returned to Earth foe
soxcatific study-~ partiechac’y, stody of their orxenta-
oa

Cytes Thermastat Experiment. The purpase of the
oint Franco-Soviat experiment using the French
thermostat Cytos was to study the effeces of space e
the cell divisivas of micro-organisms when cach -
organsm was separated {rom the others. The Sovets
chose Amacta Proteus ( noedifferentinted nociens)

organmsins for this experiment, and the French sadocied -

Parameci(differentiated nuclsl). The French scizati-
frc planring tcam was kd by Professor Hubert Pand
of the Uaiversity of Toulouse, and the Soviet expeni-
ment was sponsored by the USSR Minntry of Halth
Cultares pvepared by French and Soviet tiologists
were made dormant in an ordinary refrigeratoc. The
cultures were transported to the TTMTC in the Soviet
transpoet thermostat Termekont-2. They were then
placed aboard Soyuz-27 in 2 Soviet instrument calked
Biotherm-3, which maintained a coastaat temperature
of 8° C to inhibit cell division vntil arrival oo Salvut-6.
Croce aa the statioa, the cultiznes were transferred to
the Cytos thermosiat where the organmns were
actuvated and began multiplying. The thermostat
mazintained a coustant temperatare of 25°C, the heat
providing the micro-organsms with the proper tem-
perature for cell division. For four days. at 12-hour
intervals, the cosmonauts extracted and fixed a sam-
pic, whick was returned to Earth by Dzhanibekoy and
Makarov oa Soyuz-26 for analysts. Thus, aght genera-
tions of the organisms were sampled. A controd
expenment was also conducted on Earth. and va 20
January the French organisms arrived at the Noticaal
Center for Space Studies (Centre Naticna! I'Eudss
Spatiales). in Toul

-

Gewphysicei

The cxmonaats aboard the Sahnt-6 statam dovoted
cumsaderable tine o observing the Earth aod its
Jtmaspbere. Stndwes of the atmmnphere were coaducted
wang photography. shetches, aod motes. Sovact soxen-
tists comsadier the nosaits of the 2tmaxsplscrne stoxdres
ssgmfcant in xucssing the statws of the atmospbae.
Earth phaotography sas cberumad with numerows can-
orxs imcduding the MK F-6 M caxmera. the Koy

kimd- moxae camera, and the Kate topograpbncl
AT

Extisctcia and Refraction Experiments. On 6 March,
Gamrey amd Remek conductad the 2tmaspieere ex-
peniment desigmated Extinctcia. The purpose of this
cwperiment was to study the dust Lavers formed by
mircrumcteontes in the Eanth’s atmospdere at altitndes
in the range of 30.10.100 kibomxters. Duning the
cwenment, the axmosauts phatograpbed schected
stars as they set behand the Earth’s night borizon, The
pbotography was taken when the cosmuomnts were
over both kand and voean arcas. By conparing the
change in boghtoess of the stars, the Soviets bope to
obtain mxcrometcorite layer data that could be used to
impoene bag-rnge communaaatnoas. The data could
abso be applied 1o seather studies

A redated expenment, designated Refraction. kad been
coaducted on 23 February. Thrs expeniment invobved
measuring the apparent angie between vanoes stars
and plancts when viewed throegh the Earth’s 2umo-
-

Grechko nated that he was partculardy fasamated by
the noctilucent couds. He took several dozen photo-
graphs of these sibver clouds, w hich usually hover over
polar regions at altitudes of aboat 30 kilomerers. The

Sovtets believe these clouds are formed from silicoan or
iron particles from volcanoss or meteontes.

Ruduga Experiment. The Soviets placed marticular
itnportance on the Raduga (rainbow) experimental
scries, 2he purpose of which was to obtain Earth
resources photography using the MKF-6M cameras.
1 The =M™ indicates a modified version of the MKF-6
camera.) The MKF-6 camera system 13 2 six-camera
niultispectral system with narrow-band filters on each
iens to provide photographs of vanous regioas of the
clectromagnetic speciru he six

id
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cameras are airgned 10 porat o e same arca on the
Earthy’s surface 3o that sax sinmltancoasly imaged
frames cover the same area in 11x spectral regroas.
\ooocding 10 the Sovets, cach camena can photograph
a s1p 165 Rlometers wide by 115 Blomceters loog.
Sowret somurces charm the camexx werghs about 170
kilograms and was designed 2nd bailt by the GDRs
Karl Zewss Jema enterprise in cooperation with the
Imstitute of Space Rescarch ( Institat Kosmscheskogo
Isslodovanga) of the USSR. It was first ssed in space
oa Sovuz-22 in 1976 oa an experimental basis. Tests
were 2Bo cadrcted with the camera ca an expenmen-
tal AN-20 qircaf

According 10.the Sovicts, the fiim s processed at Kard
Zeiss Jema and seat 1o the Soviet-State Saentific
Research and Production Center Priroda, a branch of
the Academy of Sciences of the USSR When used. -
with the MSF-4 multspectra’ projector, abso deved-
oped by Kan Zeiss Jena, the (lm provides data oa the

sire, configuration, structure, and texture of vanous - -

regions of the Earth’s'sarface. In addition, spectral
charmcteristics such as gray tone. color, and radixrron
intensity can be determined. Photographs from the
camena have 2 reported ground resotution of 30 mciers.

The peimary use of the MKF-6M camera on Sabut-6

was fer Ezrth resources chutography. Romanenko and
Grechko photographed various areas of the world,
including the. USSR and the GDR. A team of GDR
specialists ted by Professor Hans Fischber was at the
Kaliningrad Flight Control Center during the first
manned phase of Salyut-6. In contrast to the MKF-6,
the camera used on Salyut-6 was made more
reliable—that 1s, a backup clectronic system was
added. and two additicnal film cassettes were installed.
Each cassette has enough film to cover more than 10
million square kilometers of the Earth’s surface. The
long duration of the Salyut-6 mission has permitted
mualtispectral pbotograpay to be taken at diffzrent
tirres of the yaar

BST Telescope. The 85T teleccope operates pnmanily in
the submillimeter and infrared ranges. On Salyut-6 it
was used for Earth resources and atmosphenc observa-
uons. The system can onerate manually or automat-
cally. When in operation, the infrared sensors are

woobad to =269 22 C by 2 dosad-aycie belinm cnyostat
» hach draws aboat 15 kilowatts of cevineal power.
This 1 the first timee the Soviets are Laown to Xave wsad
2 Jdused-ayade cnostar ia space. Homever, they wad
open cnusiats a3 carfy 13 1974 va Coasmuon-669, and va
Sahut

The purpuse of the Cnogenrns system s 10 coud the
radiapen w«emsons of the tadesoope, eaabling the imtne-
mxent 1o be more semsitive 1o infrared emisovas. The
semsors, 5 miltimeters square, imdude indium anti-
momde and germexrum boroa, s hxch akso were va the
Cosmuas-669 ss1. The chasad-oycle cnvastat operates
with gasevas hebum compressed 1o 2 peossare of 235
atmuspberes. Helem s sucossivety compressed, and

“then covled ip two gas-refrigeration machines and

intermediate beat exchangers, before flowing through
an expanding mnk.-

Acoording 1o Soviet sources, the BsT teldesoope has a

1 5-merer-diameter mirroe. This mirror is appeoxi-
matefy five times barger than the main refiector of the
Salyur—3 solar 1edescope. Its operatioral range. acooed-
ing to the Sovicts. extends from several microas to 1 to
2 millimeters. The tedescope. xhich weighs over 650
kilograms, is the largest rescarch instrument oa board
Salyut-6. Romanenio and Grechao used it to study
solar corona. to determine regions of high morstere
content in the atmasphere, and to make measurements
(with noacooled serrsors) of ultraviolet radiation in the
atmospherz for ozooe-layer studs

Space Sration Exgracering Experiment Rezonans
Onc of the most imponant engineering experiments
performed on Salyut-6 was dessignated Rezonans. This
experiment was designed 10 study the amount and
cffects of yarious types of stress on the docking
interface between Salyvut-6 and a Soyuz or Progress
spacecraft. Sensitive transducers were placed at criti-
cal points of the space complex and hooked up to a
central monitoring and recording device. On a signal
from the ground. one cosmonaut created vibrations
while running, jumping. or walking on the treadmill.
The pressure in the cavity between the seals of the
docking assemblics was recorded by sensitive sensors



ocfore, duning. and after the mibratuns were prodocad.
The Rerosans cxpenment was cvadocted with differ-
g cvaitgurations of the Safy ut-6 compley—ihat s
with one Soyuz vehwche docked, mith the Progress-1
vehide attached, and with two Sovuz vehaokes dovked.
The resalts of thoe roomanoe axpenmens parnnded
vaiuzable information va the dy mamnss of 2 threes
vehucike space compiex under stress. Ths informa ton
w1l be used to determine the cualiguratives of futare

Savict space comp c\cx-

Deita Anrvasmens N avigation System

Onx of the nnigue featurss of the Sabyut-6 staton was
the operatronal use, for the first time, of an agtooxatic
mavigavoaal system. The ssgmicance of this system s
that it frees the cosmoaants of the bardemsome task of
coatrolling the space stavoa—that ks it serves as an
—antopuot.” According 1o the Sovers. pooe to
Sabut-6. cosmonauts kad spent up 10 ooe-third of thar
work time peeparing and cxecnting spacecraft onenta-
toa mancuvers to keep the vehinde on course. The
Delta system automatically maintains the attitnde of
the station.. [n addition. it propects future orbital data,
w hich irnclude the beginning of cach revolution. the
eguator crossing time, the times at which the
spaceeraft will enter and exit the shadows, and the
aquatorial icagitude for cach revolutioa: The Soviet.
press has descnibed in some detaik the function of the
sysiem compoeents and the operation of the system as
a whole. Some ¢f the basic functions of the Dedta

system are:

~ Automatic determimation of orbital parameters.
periormed by an onboard compater receiving data
from sensors on the space stativa and updated data
from the ground. Orbital sensors aboard the space
station inciude a radixltimeter, a Doppler measuning
device, and astronavigation sensors. | he radio-
altimeter measurces the alutude of the space station at
defined intervals. To do this, the altimeter axis must be
aligned with the Earth’s surface. Initially, the cosmo-
nauts perform this alignment with the aid of ar optical
device. Once set. the attitude control system works
autonomously. The Duppler device determines the
radial velocity of the station as it passes over radio
beacous in the USSR: and the astronavigation sensors
register he rising and setting of celestial bodies,
thereby providing the station its position in space.

* Automatx oebxtad mamtemnce, coatrolked by the
vabuird compater throagh the ramiting mockancms.

* Determnation of the radiosmubshity roocs of the
spuce statwon with the ground statoas. and astomatye
switching va and ol of the commumca tivas agarpaent
23 the stabon enters and kaves the 2vncs. 1t 2k
aotifics 1he ground stataos of the Gaily ‘-chdul-:.-

The Soviet pross bas dosanibed the compater™s memory

 as a hrgh-cypaaty amt, prosamabhy dectroaxc. The

menoey & tsad 0 stoee data froas the mezsunng
systemns gatd the competer s ready foe peocessanyg. It
250 coatains peeprogramad instroctons for the axsmo-
muts. Thoe imiroctms are printed out oa 2 thode
ray tube. The Defta system abso has a ~Stroka™
tedety pe for praintine vet data. An internal dock. which
peovides Mosoos time oat the coatrol Jandd, mosy be
wsed in conjunciioa with cxperiments 1o regstes the
ume of events

Although, as already noted., this was the first oper-
atonal use ol the Dedta system, vanuas compooents of -
the system were tested oa peovious Sovuz and Sahut
mosioas. A semutomatie moded of the system
reportedly was included on Salyut-1. and was im-
proved pon in successave misgjons. The Delta actono-
mous mvigatonal system has special signiftcance to
the Soviet manned spracs prograia. The capabslity of
the space statioa to function with Bmited suppuet from
Earth-based complexes represents a great suxde in
ciTraency. The Soviet sgace program s a very ambe-
tous one with numeroas satellites in orbit. and
reducing command support from the ground Tor these
manned mpssions frees command resonrees {or other
programs. Futhermore, a:tomating the control of the
space statioa [rees the oxsmonauts to pursue more

meaningful l;mls-

Micromereveite Observetions and Experimer:s

The cosmonauts made visual and photographic obser-
ations of micremeteerites near the Salvut space
station. As in previcus {lights, i{ was npoticed that the
windows were covered with a thin laver of dust. The
carmmonauts dasenibed this laser, as well as seratches
made by micrometeontes on the porthole glass. On one
occasion. a scratch one and a half millimeters decp was
nat
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The anmuaauts abwo wsod the spuce staton (o stindy Sowvet splav Electrofurmace

mrromctoonte dast. These martnoies are knpown to
ciwse gradual crosoa of the sotar-cell semboeductor
cating aad of other coatings oa the extenur >sarface of
the station. To study thrs phenomenon the Sovicts
desigoed three sensors. cack with an ares of 0.6 square
meter. o oxcasare the fraquency of impact of dust
partades. One semor was placed oa the tramsfer
compartments and the other twa, va the working
vompanment. The sersors comsnsied of two
charped-atummuam-ind dectrodes with dacroa be-
tween them. When a purtacie peocetrated the upper
plate. 1ts charged trail Gased 2 compactor varcut and
regosicred 2 hit on 2 counter. Partncies weghing o3
litdd 2 23 coc-miiboath of 3 Zram sere roooeded. Ths
informaton was passed in tekemetns o Earth. The
concosion of thrs experniment was that the freguency of
dust partace impacts © spucads

Mctallnrpical Experiments

Onc of the major preces of oquipment cma bling
Salyut-6 to be wsed s a platform to conduct maternak
sorence stndies was the Splar furmoce. The Splar
furmace b a remote-osatratica. maiichambersd
chectrofarnace wed pamarily o produce afloxs in
space. and to stody welding and soldeneg techaigues-
{see figure 3). The Iurmaoewas dedivered to the stativa
va Progress-1 and oprated ia the Salyut-6 tramsfer
compariment. |t was oue of the most extensively wed

techoological isstrumenss oa the sulion.-

The Splav furnace werghs aboat 28 kilograms, and was
designed by AL Y. Yegorow. It has 3 power nequirement
of only 300 waits. To prevent beat kxs, there are

moly bdenum reflectors around the fumace to assure a
temperatare nt exceeding 40° C oa the outside of the
unit when the intenes temperature s 1.000° C. The
furnace consists of three beating rones. One. the hot
zone, mauntains 3 comstant temperature of up to 1,.000°
C. whike 2pother, the cold zo0c, maintains a tempera-
ture of 600 to 700° C. These two zones are used to form
three-dimensional crystak. The central rone. used to
form one-dimensional crystals, provides for a linear
temperature covling from the maximum 'emperature
to the minimum temperature. A portable computer,
weighing only 10 kilogramas. is uszd to control the
temperature of the heating chamber to within 3° C.
and the cntire provess (s preprogramed

During the Salyut-6 cxperiments, up to three capsakes,
cach kuded with wo quartz ampulkes coataining
vanous subsiances, were plroed in the furnace. The
cosmonaul then speaafied os the compater the mau-
mum temperature, heating time; rate-of cooling. and
oouling temperature range. The airkock was de-
peassunzad and the furnece was turned oo, The
sebstanaes were beated 1o the roguined temperature,
fused in the bot z00c; and vouled in the cold zunc.
allowing anvstalization o oocur. The samples were
then removed and returmed 1o Earth oa a ferry vehicle
for cumimtion. A low degree of sample impunty was
cxpected (ooe part per hundred milhon). To mintmize
any dsturbarces that might affect the expenmenis
dunng cnystalization, they noemally were conducted
while the axsmonauts were slecping. In addition. the
Sabyut-6 engines were atwass shut off duning the
cyperimen

The substances used in the experiments were alumi-
num and tangsten, molybdenum and potassium, cop-
oer and indium, indium and antimeny, molybdenum
and gallium, and aluminum and magnesium. All differ
greatly in specific weights and do not form alloys
readily on Eanth. Additionally. semiconductor anystals
werr grown 1o the Splav furnoce. The technical value
of semiconductor crystaks depends on their degree of
purity and structural homogencity. Theoretically . un-
der the conditions of weightlesssness, very homegenzeus




and pure scmcundactor alloss 2n be prodeoad. The
scrnpovodector cnysials incheded bomath astimoande,
Lesd tellunde, and 2 cocshamatwoe of oxereeny, cad-
munm, and tellmninms. The menun ondmuam - ted-
larram crystabs formed the fing thnoecomponent aiboy
cver prodocad m sxace. Sigmiaanth ., il of the
scmounductors ased are at prosent the best kmrwn
infrarcd deteczors. The mikitary appikcations of
1afrared detactors rang T from thermal wmging davwes
10 semsors oa kasch-detecion or carhy-warmng sated-
lites. The resalts of those cxperniments shaeld reves? 1o
the Soviets il it i fexuble 10 prodoce crystais of
saffaoent panty in sgace. 1o, they peobably wail
dexvedop 2 provess that sill prodoce semacvadactors in
suffRient guantitics for imited military applicatwas.

A pnnt Soviet-Crech experiment, Morava, 2bo was
waducted with the Splav dectrofurmace to make
semnvaductors for passtble use in optical chectronns.

Czech sampes of silver and 'ad chrondes and copper -

and kad chiorxdes were meited 1n-the furmace, and
covded.. The resaltan? cnvstab xore returped to Earth
for comparon with crystals grown oa Earth. The
crystals grown in spaoe were expected to kave high
clectro-uptcal properties.and to be unique 1 purnity.
Space-Suit Assemblies

Romanenkn and Grechko uscd a new, sermningd Eva
sait for the first time in space. This pressure sait
consists of 2 rigad metal chest plate, 2 bdmet. and a
ackpack life-sapport system (see figure 9). Its sleaves
and trousers are soft. The suit has lxoes and can be
adjusted to fit individual csmoaants. Unlike provious
models, the suit & entered through a clam-shell hatch
in the back. A cosmonaut can dress himself without
assistance in a few minutes. It s ako more reliable,
since it docs not have external pncumatic and hydmau-
lic Yines connecting the backpack to the pesssure suit.
Furthermore, the controls are coaveniently located on
the metal chest plate. Mobility of the arms and ks s
facihitated by the use of convoluted jints. sealed metal
joints with bell beanngs, and soft hinges

The csmounaut and the smit’s compoecats e peo-
tected from the cxtreme temperatures of space by
avtermal Lyers of vacuura-shackied beat sosalaton,
Onvrpen s proswded by 2 chsad repencrating vsiem
that mxuntaes 2 st prossare (approxmateh 0.4
Atmaspbere), st venthivon, and the naguined compo-
satwa of air for becatking by rctnmng Carboe drovade
and wnparitics from the arr

The sait’s thermoregekation $y3iom comsnsts of
sater-cvoked averalbs axited with highly chasinc san-
thetae rebber o which euibice tubes are wosven.
Water fills these tabes so that the overalhs act much
Iike 2 radutor. The vveralk are wom vyer the
cosrmaexaat's aaderwear amd rest tightly agains the
budy. Water arcahating in the suit s covled in a Beat
cxchanger which removes body beat ang exects it mto
space. Thrs method provides 2 much greater beat-
reyxction capabiicy than that of previvus suits, which

. uwsed 2 venuhting gas 0 remove beat. The ansmonnt
-can adjust the degree of beat removal by regakating the -

amant of water passing through the heat exchanger.
thus aliowing some of comfoet to be matained
throaghout its S

Elcctrical pomes to the suits provided by a cable
linking the suit 10 power suppiics va the stativa. Power
is peeded for the pumps. and for the tramsmission of the
vorcr communiativas and blomedical telemetny

Another suit wsed by all of the Sabut-6 axmorauts
was the Chides kower-body negative-pesssare suit
carned to the station on baard Progress-1. This suit
was designed for use within the station enly, 1o help the
cosmoneuts maintein 3 higher degrec of mwscle and
circulatoey functivas. 1t comsists of a tmuser-like
garment made of cnmped elastic matenal, witha veny
tight wanst and an attached 1op. When air s cvacuated
from the trousers. a negative prassure ts created in the
lower part of the body. This causes biood to be forced
down toward the kegs. and simulates gravitational

“ conditions on Earth. Saveral days before deorbit, the

crew exercised with this suit for one nd a half hours
daily. Dunng these exercises, the cardiovascular sys-
tems of the Lrew members were monitored by telem-
eiry. If the blowxd flow was tou strong. the cosmonauts
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bocame dizzy. A comparison of the distnbution of

blood with and withcat the suit exables Soviet phys-
cans 1o judge bow wedl the coumonaats are adjusting
0 werghtless conditions and 1o trace the physsological

To further smulate terrestrial conditions the cosmo-
narts wore a “penguin” suit virtually throughout the
erdire workday. These suits are biced with rubber
strands which exert foroes v the vanoos muscle

grwvsoflhcb-uatrunili:-

Future Trewds and Developanents

Ou 2 November 1973 the second 2ctive phase of the
Salyut-6 misshon was compicted. This piase incloded
vists by three manned Soyuz spacecraft and three
unmanned Progress resupply vehicles. We believe that
Salyut-6, with resupply vesits, kas the capability to
remain in orbit and be mannced for at keast five years,
To date, four intermatiomal crews have participated in
the Satyut-6 missions. Cosmonauts from seven addi-
toaal countries—Cain, Romania, Mongotia, Han-
gary. Bulgaria, Victnam, and France-—are or will be
mvolved in sipmlar training at the rosmonaut training
center at Star Gity, which e = st 12-18 months. We
expett costnomants from these countrics to participate
in future Salyut-6 miss

Satyut-6 mll continne 0 be used as a platform for
conducting scientific and technical experiments, and
for further devcloping spece technology. The expent-
ments concerned with processing space materiaks
conduxcted during the first and future phases of
Salyut-6 will emabie the Soviets to determine the
fcasability of establishing space factories. We expect
increased use and development of Eva capabilitics for
external maintenance, space rescue techniques and.,
ultimately, the construction of large streciures in
space. Biomedical mezitoring and experiments will
coaunee at a high level 1o 2aoquire more data on the
cffects of waghtlessness on man. The results will be
used to improve equipment and conditions affecting
the health, safety, and comfz4t of future cosmonauts
on missions of loag duratioa. Although Salyut-6 is
primarily a scientific space station, we £xpect that
additional military functions, such as lav ach-detection
cxperiments, will be perf
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Frgure 1. Aviszszva t Kosmosn iz, Vo 3
Voreo-ndat, Mosoow, March 1978,

Frgure 2. 4viarszva 1 Kowmomanrde. Na 6,
Vosemadat, Moo June 1973,

Figure 3. veatsize 1 Kasmomnnke. Na

Voaenerdat, Moscow, Jaby 1973,
Figure 3. dvraeava : Kasmomnnda, Na ™
Voremadar, Moscom . Juiy 1973,

Frgure 6. Tedhmia Moiodeshr, Na A: Izdatel snio
TN VERSM “Mokndara Grardiva™, Moscow . Jume
197, :

Figure % {vtatsiva : Kasmoanvnika, No. ~:
Voyenradat, Mosoos, Jaby 1978 -

Figure 9. Nauka i Tedhnaka: TSKKP Latvii, Riga.
Juby 1973, -
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