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Preface

The space age began in 1957, with an 83-kilogram
Russian satellite beeping greetings to a startled world.

John E Naugle
NASA

IT 1S IMPORTANT to remember that the United States
was not first in space. Even today, with giant steps and
golf shots on our side, it is important to remember
that in the face of our shrinking program the Soviet
program is expanding. At the same time approximately
80¢,. of the nations of the world have joined the
search. Indeed, it is quite possible that, in the future,
the majority of significant breakthroughs will come
from outside our national program. The mastery of
space is truly a world-wide project. Any student of
space or space exploration will find it a necessity to
understand these space -programs.

Unfortunately, few students have accomplished the
;task of understanding other national and intem;?oml
space programs. One important reagan why hag been
the degree of secrecy concerning the Soviet space pro-

gram. Another is the diversification of information or
programs outside the United States. The news media
emphasize the development and history of our space
shots and, in contrast, make only an occasional an-

nouncement of a launch by other nations. The result-
ing erratic disposition of information and material
makes it impossible for the average reader to ac-
curately follow worldwide space programs.

it -
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It is the purpose of this text to collect the diverse
information currently available and present it in a

readable form. This purpose is to allow the student to
accomplish five goals; these are:

® to examine the Soviet space program,;

¢ to understand the future of Soviet space activity;

] ® to examine other national and international space
programs; '

¢ to compare the advantages and disadvantages of
joint and independent space efforts;

® and, finally, to review some of the resulting inter-
national relations, agreements and laws that have
grown from space exploration.
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In Space

A / .

Iémmgk’doch with 'b‘.‘ffpuhaaﬁagi::gff;f&-'§ovi,f spate program. More ~
- 3 cally, it deals with Sovieh motiyés.and  the resulting' launch sites and
.. Jaunch--vehiclas: Upon -con pletion of iy chupler, ysu, sheuld Be able: for (1) ~
% outline: the motives .of. the Soviet Union-for beginnlng a space prégram; (2
list the: Sovlet launch facilities, their uses, und thelr. US counterpars; and (3)

F)

list .the, Soviet faynch vehicles, fh_:!r or'ig!rfz\, viss,.general 1ift copaclly ond,

US Covnterparts,
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The Russian people claim Konstantin E. Tsiolkovsky (Fig. 1) as
the founding father of astronautics’ (space travel), just as Ameri-
sans honor Robert Goddard as the father of rocketry. Tsiolkoysky,
DRy * perhaps no less than Geddard, performed essential early work in
A the science of rocketry and’is acknowledged ‘around the world as
-,V an important pioneer in that field. ~
}, The Soviet Union’s interest in space technology can be traced

E * ’ # -
E »  TSIOLKOYSKY'S “Dl}EAM
L

. to work by 'l:piollgévsky in the late nineteenth and early twentieth
» centuries. The RusSian imagination wag captured by his predic- °
+ tion: “ManKind will not stay on Earth forever, but, in the pursuit
. of. light and space, will at first timidly penetrate beyopd the limits
of the atmosphere apd then conquer all the space around the sun.” -
> Russian interest in making that prediction come true was not
. lacking. Tsiolkovsky's disciples continued to work in the field that .
. - «he had of)ghed .to them, and, .in *1924, an organization called’ -
" “the Central Bureau for the ‘Study of ,the Problems of Rockets
. (later 'known as the.-Group for the Study of Reactive Mofion)
:

. « -
A - .
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INTERNATIONAL SPACE PROGRAMS .

. was formed. This Russian rocket society, with chapters in Moscow
_ and Leningrad, came into being three years before the first rocket
: society was organized in Germany.

Figure 1. Konstontin Eduardavich Tsiolkavsky, born 1857, died 1935; “The Father
of Astronautics.” :

ERIC ,
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THE SOVIET UNION IN SPACE

The Soviet Government began a program of rocket research in
1934, the same year that Goddard unsuccessfully tried to interest
the US Government in rocketry. Official US interest th rocketry

'was not aroused until the eve of World War II. As a result,
when both nations began active rocket programs, the Soviet
Union had already fashioned a lead.

o

The posture of the Soviet Union after World War II had
considerable impact on Soviet interest in space exploration. Al-
though the Soviets made tremendous technological advances dur-
ing World War II, as the war ended, Soviet technology was still
backward in many areas. The United States had a monopoly on
A-bombs, and even the defeated Germans led the world in rocket
technology. The chance that these two developments might be
joined put the Soviets even further behind. For the relatively
young Communist government, such developments were critical.
The Soviet Union, therefore, launched the first all-out space
program, determined to put the Union of Soviet Socialist Re-
publics into space ahead of the rest of the world. Soviet leaders
hoped that, in the process, the Soviet Union’s i)lace as a world
power would be enhanced.

Both Soviet and American rocket programs benefited from the
capture of German scientists and V-2 rockets at the close of
> World War II, but the Soviets pursued their own program with
greater intent. As a result, on 4 October 1957, the first phase of
Tsiolkovsky’s dream came true. “Mankind. . .in pursuit of light
and space began to timidly penetrate beyond the limits of the

. atmosphere . . .” as Sputnik 1 (Fig. 2) circled the earth.

SOVIET LAUNcF‘mas

Before the Soviets could begin to develop a space program,
they needed to develop a system for command and control and
a stable of launch vehicles. The system of launch and control
sites (Fig. 3) includes a command_center. (like the US Houston
Control) at Baikonur, a manned spacecraft center (like the Hous-
ton Center) at Zvezdny Gorodok with three launch centers
Tyuratam, Kapustin Yar and Plesetsk. In the facility at Kapustin
Yar, where the Soviets brought the captured German technicians,
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2. Copy of Spuinik-1 bolds o ploce of pride in Tsiolkovsky

Museum of Astronauties in Kolugo.
‘s

';,;,ﬁ they devejoped the necessary te€hnology to launch a sputnik
i;‘ (satellite). With this advancement, the command to iaunch was

_ givea at the Baikonur Cosmodrome. . '
- A ’
) 2, Tyuratam
In response to the launch. command the fi telhte Sputmk 1
. was launched from an ugknown’ point in th&Sokier Union. Ja
R nese scientists were thegfxrst to figure out the general 1ocauon

of the launch site. They said that it was east of the Agal Sea, and
not at the rocket test site at Xapustin Yar on the 'Volga River-
When the Soviet-Union later announced the launch, they claimed
. that it originated at the Baikonur Cosmodrome. However, later
’ ground traces geographically placed the real site 230 miles ‘south-
west of Baikonur at Tyuratam. .

The first US launch site was Cape Canaveral (Cape Kennedy)
The Cape has grown into a vast complex used largely for researcg
and development and NASA manned launches Fhe same history
applies to Tyurptam. From its cosmodrome, Sovist scientists and
engineers handle manned space launches and conduct research and

development. - .

o
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THE SOVIET UNION IN SPACE
Kapustin Yar ,

. As the US program expanded its activities, Cape Kennedy be-
came so busy that, in time, requirements arose for a simpler fa-
cility, that would be closer to the scientists at Goddard and Lang-
ley Space Centers. The answer was the Wallops Island launch
site, which handles only Scout launch vehicles and smaller rockets.

The Soviet Union probably had the same problems because
the Soviet space authorities began space launches with smaller ve-
hicles from Kapustin Yar. When the Soviets announced the launch
of Cosmos 1 (see chapter 2 for discussion of the Cosmos series),
the ground trace OF the fifst orbit went right through their old
testing ground at Kapustin Yar:

The United States has one other important suborbital launch
sxte at White Sands, New Mexico, which is used for firing V-2,
, and Aerobee rockets. The Soviets use Kapustin Yar for
sical and biological payloads.

Plesetsk

As time went on, the United States needed a launch site for po-
lar orbits. Polar orbits are necessary for worldwide coverage in
applications flights such as weather satellites. Also, many mili-
tary flights needed the angle of launch and privacy of a third
launch site To solve the problem, launch facilities were located
at the Vandenburg AFB-Point Arguello launch site. The west
coast site met the launch azimuth (angle of launch) needs.

The same considerations. probably influenced Soviet policy.
When Tyuratam was sufficiently busy, Soviet authorities may
have felt the need for a different site that would be more ver-
satile than Kapustin Yar. Such a site could also be located closer
to the Moscow laboratories. In 1966, military and applications
flights began coming from such a new site. However, because
it was US policy not to%ake the initiative in naming Soviet launch
sites, the honor of identifying the new site was left to some British
school boys at the Kittering Grammar School north of &don.
Becoming interested in space exploration, they had developed
their own listening station. By listening to radio signals from space-
craft, they could carefully plot the ground traces. The boys even
came to recognize when Soviet recoveries were in progress dnd

-
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INTERNATIONAL SPACE PROGRAMS ‘

what beacon signals came from the landing capsule. When the new
launch site came into use, the Kittering boys spotted the new
ground trace, however, lacking precise information about .the time
of the launch, they were unable to pinpoint the site. Another
launch from the Soviet's new site had a different inclination*
(angle to the equator). By crossing the two ground traces of the
first orbits (Fig. 4) the Kittering boys were able to approximate
the location of the launch site. It was near the town of Plesetsk,
the launch site was given the same name.

Zvezdny Gorodc.)k‘~

Zvezdny Gorodok, which medns Stellar Town but is usually
translated as Star City, is in many respects the Soviet equivalent
of the Manned Spacecraft Center in Houston, Texas. Star City
is located approximately 25 miles northeast of downtown Moscow,
hidden by a forest of fir and pine. The training cedter is com-
pletely sclf contained, with modern high-rise apartments, a school,
a hotel, 3 small shopping center, and, of course, the “house of
culture.” " The tiny city of 1,500 to 2,000 (this varies according
to mission requirements) is mated by a large bronze statue

. of Yuri Gagarin, the first mag in space.

The training area is sep by forest and a large green
board fence. Here are located a classroom building, spacecraft
simulators, g_);mnasium, athletic field, medical center, office build-
ing, and living quarters, where the cosmonauts stay during post-
flight examinations. 7

American space officials whq have been permitted to visit Star
City have reported fhat training there follows “principles similar
to ours.” There are)three areas of major efnphasis. First is what
the “devil’s merry-go-round.” This is a large

ance to increased G-forces (gravity pull) associated with launch
and reentry. nd, in a scparate building, the- cosmonaut is
taught to maintajn his balance and perspective in extreme situa-
tions. This is agcomplished by placing the cosmonaut in a chair

*The inclination. or angle to the Equator. of a launch is critical to the programmed function
of the launch As will be seen in Iater chapters, some satellites require a 0° inclinad
(Chapter 4. Indla and Brazil) while others must combine an inclination of 6€5* with an
elliptical orbit to be functional (Chapter 2. Molaiya). .

lves and spins to test the cosmonauts’ resist-

o -~
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THE SOVIET UNION IN SPACE

in the center of a. large cylinder. The walls of the cylinder are
{ " painted with black and white stripes creating various optical il-
lusions. As the cylinder is rotated, the cosmonaut is required to
.keep his balance and remain sitting straight up at all times. The
. final area of major empahsis is para huting. Although this is no
longer a backup system in case a gfft landing attempt fails, the
Soviets emphasize it as a test of one’s ability to handle higt\-stress

. situations.

.

SOVIET LAUNCH VEHICLES

-

Before the Soviet Union established its commitment to the ex-
ploration of spaee, the Government committed the country to the
“task of mating the German advances in rocketry to the American
developed atomic bomb. As a result of these activities, the Soviets
had an effective Intercontinental Ballistic Missile (ICBM) potential.
When the decision was made to enter into a space program,

5
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INTERNATIONAL SPACE PROGRAMS

the military ICBMs already developed became a ready source of
launch vehicles. As a result, the series A,B,C, and F launch
vehicles are converted ICBMs, Intermediate Range Ballistic Mis-
siles (IRBMs) or Medium Range Ballistic Missiles (MRBMs).
Only the series D and the series G launch vehicles are of civilian
origin. The series G, as of 1972, had yet to record a successful
launch; and the series D has never proven reliable enough’ for it
to be man-rated (rated safe enmough to carry manned payloads).

- In .contrast, the United States, with the exception of the Red-

stone launch. vehicle, developed an almost entirely civilian booster
series. Figure' 5 shows the.entire stable of Soviet launch vehicles
for orbital and escape space flights.

. ,

The Standard Launch Vehicle (Series A)

The Soviet adaptation of the 1957 SS-6 Sapwood ICBM is
still the mainstay of the Soviet program. It has been used from
Sputnik 1 to the latest Soyuz mission, accomplishing more orbital
launches than any other vaiticle in the world (Fig. 6). '

In the early years of the space age, many unusual stories
arose about the Soviet launch vehicles. Because of Soviet secrecy,
the United States could only guess what the Soviets were using.
Faced with the mystery of what the Soviet launch vehicle was
like, many views were offered. The earliest testimony from US
officials estimated that the vehicle had a thrust of 200 to 300
thousand pounds. But, as time passed and the weight of the pay-
loads increased, estimates were raised to 800 to 900 thousand
pounds. This was about two and one half times the thrust of
Atlas or double the thrust of the Titan” II first stage. When the
Soviets filed the claim for a world flight record with the, Federa-
tion Aeronautique Internationale (FAT) in Paris, they stated that
the combined thrust of all stages was 600 metric tons. This meant
a total thrust of 1,323,000 pounds, a capability that the Soviets
possessed as early as 1957. .

FIRsT PUBLIC VIEW.—It was not until 10 years after Sputnik that
the complete series A vehicle was unveiled at the Paris air show in
1967. It was compos€d~of a hammerhead core vehicle with four
large strap-on boosters, an upper stage, and a Vostok spacecraft
@ the top. It was so sturdy that it was quite consistent for the

.
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core plus strap-ons to have a thrust of over one million pounds.
From these bits and pieces, one’ can now reconstruct the Soviet
advantage with the large standard vehicle. While US space offi-
cials were working with 20-pound Vanguard payloads, the Soviets
were planning in terms of tons. .

The other surprise at Paris was the’ simplicity of the whole sys-
tem. It was reminiscent of the unofficial von Braun symposium
plans (published in 1952) for a multi-nozzled rocket. The Soviet
vehicle not only had a core with four strap-on boosters, but each
of these units had four exit nozzles. The 20 nozzles Fig. 7
did not gimbal (move for steering purposes) as do the nozzles
on US rockets but, instead, relied upon small control nozzles
for guidance.

IMPROVED UPPER STAGE (A-1).—Later, another upper stage was
developed and the Series A vehicle was then capable of putting
14,000 pounds in orbit, sending 3,500 pounds to the Moon, or
sending 2,400 pounds to the planets. As filed with the FAI, this
improved standard vehicle (A-1) was described as having a com-
bined total thrust of 650 metric tons or 1,433,250 pounds.

THE SOVIET UNION IN SPACE

The Small Utility Launch Vehicle (Mr)

When_the Kapustin Yar site came into use, existing inter-
mediate range missile with a suitable new upper stage was needed

" to lift the modest payloads. Since the British classed these pay-

Al

loads within the range of a missile similar to the US Thor, it
was easily identified as an adaptation of the SS-4 Sandal MRBM,
of 1963 Cuban fame. By modifying the Sandal for space flight,
the Soviets developed the Series B launch vehicle, and by adding
an upper stage, the B-1 (Series B plus upper stage) was devel-
oped. The Series B is also referred to as $he Cosmos vehicle, the
Kapustin Yar small vehicle, and the KY-lathch vehicle. The B-1
can lift up to a 600-pound payload and.is uled at both Kapustin
Yar and Plesetsk. ‘

- The Flexible Intermediate Lannch Vehicls (Serles C)

Something ‘more efficient than the Series A and more ve_rsatile
than the Series B was needed for intermediate payloads launched
at Tyuratam and, later, at Plesetsk. To this end, the Soviets modi-
fied the SS-5 Skean IRBM, which is capable of Lifting as much as
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left to right: “*A"" vehicle with early Sputnik pay-
1 vehicle with Vostok payload: A-2

h Soyuz payload; A—2—e vehicle with
C—1 vehicle for inter-
ehicle is postulated:
tulated; ‘G—1—e vehicle,

Figure 5. Soviet Launch Vehicles—
load: A—1 vehicle with early Luna payload; A—
vehicle with Voskhod payload; A=2 vehicle wit
deep space payload: B—1 vehicle with small cosmos payload-
mediate cosmos payload, upper stage is postulated; D~1—e v
F—1—r/m vehicle for FOBS and interceptors, upper sta/ges pos
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THE SOVIET UNION IN SPACE

2,000 pounds into orbit. It is capable of attaining circular orbits
at various -altitudes. .

-

The Non-Military Large Launch Vehicle (Series D)

-

Due to their limited potential, military missiles were only interim

“boosters as space plans became more ambitious. In this country, the

Nationa] Ae }onautxcs and Space Administration (NASA) developed
Satur with a total thrust of about 1.5 million pounds and then

. upgraded to Saturn V, in 1967, with a first-stage thrust of 7.5 mil-

lion pounds This. was followed by a second-stage rocket with 1
million pounds of /Lhrust .and W1th a third stage having 200.000
pounds of thrust.

“The Soviet Union has’ been proud of its operational lead in
lifting power. While US space officials were still using Thor and
Atlas vehicles jor larger payloads, the Soviets were using the Series
A of far greater capacity. They were also fully aware of US prog-
ress in the Titan III and Saturn family. And they announced that
they were undertaking far more ambitious space flights. This
strongly suggested that the world should expect to see a larger

+ Figure 7. Series A multi-nozzle engines.

15
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vehicle appear on the scene, and, in the summer of 1965, it did.
Used to launch the Proton satellite series, the new booster was
soon known by the same name. At first, the Series D (Proton)
had an estimated 3 million pounds of thrust, then, in November
1968, the Series D was upgraded to ah estimated 3.97 million
pounds of thrust, with the addition of an improved upper stage
(D-1). .

The Military Combat Launch Vehicle (Series F)

As the Soviet military space program advanced to include suc
weapons as interceptor/destructor satellites and fractional orbjt
bombardment satellites (FOBS) (see chapter 2), still another mifi-
tary carrier was pressed into service. The SS-9 Scarp ICBM was
_adgpted for space launch. By adding an upper stage (F-1) and
placing it in a hardened silo with a FOBS war head (F-1-1),
a completely new dimension was added to Soviet offensive power.

The Super Byoster (Series G) \gm... o

" The Soviets are now working on a super booster. Its primary
purpose will be to place in opbit the core of the Manned Orbital
Platform (MOP). (See chaptgr three). The Series G has been re- -
ported to be a bullet-shaped rocket half as big again as the Saturn
V. ’
The big booster, with up to 10 million pounds of thrust, has
been plagued with misfortune since the summegr of 1969. During a
static test firing, the first prototype was damaged extensively by 7)
fire and explosion while still in pre-launch operations. It took So-
viet engineers a reported 18 months to restore the launch site. /
In the summer of 1971, a violent explosion ‘ripped apart the
second prototype after it had reached an altitude of 12,000 meters
during a test launch.

\ 4 CONCLUSION - -

g : o+
From the dream of Tsiolkovsky and the embarrassment of its
backseat position in technology after World War II, the Soviet
Union launched an aggressive space program._In space explora-
tion, the decade of 1957-1967 was ruled/by the Soviet Union
with the United States a confirmed second.{The year 1967 marked

<
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2 reversal of that role as the United. States became the world
leader in lift capacity. However, US domipnance in the second
decade of space does not assure permanent superiority. If the,
~ Soviets overcome the difficulties which they are experiencing with
~ their series G launch vehicle, it could mean another decade domi-
nated by the Soviet Union. o

S .

WORDS, PHRASES AND NAMES TO REMEMBER

Konstantin E. Tsiolkovsky (kon-stalin-TEEN tsyahl-KOFF-skee)
Baikonur (blgh-kah-NOOR)
Zvedzny Gordok (ZVYAWZD-nee guh-rah-DAWK) .
Tyuratam (TYOO-rah-tum) ° K
Kapustin Yar (kuh-POOS-tin YAR)
Plesetsk (pli-SETSK)
Sputnik 1 (Satellite)
Kittering Grammar School
ground traces -

. inclination
Yuri Gagarin (yu-REE guh-GAR-in)
man-rated .
vostok (vah-STAWK)
gimbal
Cosmos vehicle
Kapustin Yar small vehicle
KY-launch vehicle
Proton
fractional orbit bombardment satellites

' Series G

‘

QUESTIONS
. 1. Who Is considered the “father of astromautics?”

2. List two factors that motivated the Soviets into undertaking a program
of expanded rocket research and space exploration.

3, What are the names and locatlous of the Soviet equlvaleuts of the follow-
ing US facilities:
a. Houston Control,
b. Houston Manned Space Craft Center,
c. Wallops Islsnd,
d. Cape ‘Kennedy,
¢. Vandenburg AFB, .
R f. White Sands? . .
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¢ INTERNATIONAL SPACE PROGRAMS

4, Why did the Soviets enjoy an initial advantage over the United States fn
booster capability?

a * &, Name the origin of the six Soviet space vehicles.

6. What booster is believed to be the world’s most powerful at the present
time?

- .

T 8 INGS TO DO
1. Use styrofoam, wire, cardboard, or any other materials available'to make
models of the Soviet launch vehicles. Be sure to keep them in scale with
each other, so they can be displayed as a model of the Russian stable of
launcherg’

2.0na map of the Soviet Union locate and mark the Soviet ground facilities

dix A, and then, by using the launch inclinations listed, plot

thc groun traces of various launches. After this is completed see if you

can explain, using your map, how the Kittering Grammer School boys
found Plesstsk, N

eport to the class on other famous Soviet space pioneers and officials
not mentioned in this text. Consider such names as Kondrativk (kuhn-
- drah-TYOOK), Korolev (kuh-rahl-YOFF), Tukhachevsky (too-hah-CHEFF-
skeff), Tikonrovov (tee-hahn-RAH-voff), and Pobedonostev (puh-byeh-dah-
\ NOSTxveff) .

~

SUGGESTIONS FOR FURTHER READING

Kuass, PRILLIP J. Secret Sentries in Space. New York: Random House, 1971.
. 4 Ruscrxov, EVGENY. Russians in Spjce. Edited by Colonel General Nikolai

P. Kamanm. Translated by Guy jels. Garden City, New York: Double-
day & Company, Inc., 1971, Chapters 8-12,

Stomo, MICHEAL. Soviet Rocketry: Past, senr and Future, New York:
Holt, Reinhart, and Winston, 1970, Cha

U.S., Cong., House, Committee on Science and Astmnauua, Review of the
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THE UNMANNED SPACE PROGRAM

Wien Soviet space flight began, there was only one program.
It was the beginning of the unmanned program, and it consisted of
three Sputniks and three Luna missions launched over a three-
year period.

The Early Sputgiks, 1957-58

On 29 July 1955, the United States announced that it intended
to contribute to the coming International Geophysical Year (IGY)
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INTERNATIONAL SPACE PROGRAMS

by putting a 20-pound Vanguard payload into orbit. A day later,
the Russians announced that they had similar, though more am-
bitious plans, but most of the Western World hardly listened. When
the shock of Sputnik 1 (Fig. 8) came on 4 Qctober 1957, thete
were many who were sure at least that a decimal point had been
misplaced when the weight was given as 184 pounds. More than
anything else, Sputnik shook the complacency about the unbeat-
able lead of US science. K

News of Sputnik 2 in November 1957 further shook the West-
ern World when its weight was announced as 1,121 pounds, with
an attached carrier rocket weight of over 5 tons. Also on board
was)the dog Laika (Russian for “barker™), from which for a

Figure 8. Sputnik 1.
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Figure 9. Sputnik 2: The laika launch.

"week were relayed to earth biological data on the effects of weight-

lessness, radiation, and other information (Fig. 9). From these
studies came much of the basic data on which later manned
flights were planned.

The deepening US feeling of depression was compounded the

" following month when the widely-heralded Vanguard fell back

on its pad and exploded. The United States did not match the -
1957 Soviet records for total weight in orbit in any payload un-
til the Saturn 1 flight in 1964; further, the United States was
unable to match tHe feat of orbiting a satellite for almost a year

The Russians were impressive with Sputnik 3. This, 2,926-
pound orbiting gepphysical laboratory was not matched by the
i the time that it was launched in 1958 until
g Geophysical Observatory (OGO} flights in
1964. Sp “Gperated for two years until natural decay (the
effect of friction and gravity) constricted its orbit, causing it to
reenter and burn. C
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The Early Luna Flights, 1959

The . next year brought the addition of an upgper stage to
the standard launch' vehicle, greatly enhancing its capability.
is improvement was first applied to the lunar program. Amer-
called these payloads luniks, and later, this Americanism was

so catching that the Russians themselves began to use it.

The first of the Luniks was officially called Lyna 1. Luna 1
was a pressurized spherical container with a mihimum’ of in-
strumenfation. B on its high velocity and its_contents, in-
cluding various metallic emblems svith the coat of arms of the
Soviet Union, it wa¥{ concluded that Luna 1 was intended to
strike the Moon, Hgwever, its velocity was so great that, after
its first pass at 3,700 miles, a slight bend in its trajectory (path)
took it into a long flight atound the Sun to become Lh,e first
artificial planetmd. United States made five lunar attémpts
"in the Pioneer séries. Pi 4, with a 13-pound payload, missed

the Moon like Luna 1 and became wa plan-
etoid.

After many months, Luna 2 was launched and struck the moon
270 miles from jts visible center—a well executed flight. The
United States*was ‘unsuccessful in hitting the moon until Ranger °
4 fell out of control on the far-side. The first fully sucéessful
US lunar mission was Ranger 7 in 1965 after nine Pioneers,
two practice Ranger shots, and four lunar Ranger attempts.

Luna 3 (Fig. 10) was launched on the second anniversary
of Sputmk 1 with the objective of passing near the far side of
the moon by "means of an intricate maneuver. A close pass
was accomplished by Taunching Luna 3 from an orbiting plat-
form rather than the earth. Since Luna 3 approached at a dif-
ferent angle t'han' a launch from the earth, it could pass close
to the far side of the Moon. It was equipped with a camera,
which took photographs of the hidden side of the Moon. These
photographs were developed automatically and then sent back
to Earth through radio facsimile. The results were processed
through a computer to translate some rather crude data into a
fauly dctalled ntfap of craters on the far side of the Moon.

~
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¢_Soviet space experts
beeeme mereasingly more profi-*

cient in the area of space explo-
ration, the Soviets began to
specialize in mission goals and *
objectives. Specialization rapidly
led to distinct programs with de-
-finable direction and purpose.
However, this distinctiveness did
not carry over into the labeling
of programs. As a result, even
though there were several un-
manned near-earth programs,
nearly all were \ encompassed
within the Cosmog series (Fig.
11). Because so much of the
near-earth exploration is under
‘the Cosmos cover, we will’ con-
sider this program in sofne detail.

THE CosMos SERIES.—From
Figure 10. Luna 3. 1962 on, most Soviet flights were
i simply named Cosmos and given
.8 number. This broad label covered a great variety of seientific,
* " manned precursor, and military uses (Fig. 12). It also ‘was used
to disguise certain failures which attained eatth orbit but probably
did not accomplish their full purpose. Thus, the Cosiiios cover has
“been used to conceal failure, toofa/vo/id,'discho?ing new programs or
experiments, and to permit use.of Civilian satellites for military pur-
poses, Even so, through study of repetitive orbital patterns, the kinds
of debris associated with the flights, and the timing of these flights,

it has been possible to group most of these payloads by mission.
Some of the small Cosmos payloads have been identified as
fulfilling a variety of scientific missions equivalent to those of
. the Explorer séries of NASA. Most satellites within this series
: orbit at 49 degrees inclination from Kapustin Yar. A few scien-
. tific Cosmos flights are laupched from Plesetsk yvhcncvcr studies

. 23"




-

118
STATUIE
- MILES

L3

A

Q

ERIC

Aruitoxt provided by Eic:

. \
Figure 11, Region of Concentrated Soviet Space Actlvity.

of polar phenomena are undertaken. The bulk of the small Cos-
mos payloads launched, first from Kapustin Yar and now mostly
from Plesetsk (at 71 or 82 degrees inclination), serve some mili-
tary support functiom: No precise purpose can be defined from
public sources.

The intermediate Cosmos payloads are sometimes put up eight
at a time. These launches center around development of a space
navigation system, probably in support of Soviet submarines. A
satellife-based navigation system is acknowledged by the Soviets
witho ention of the individual satellites used. There is enough
variety in the patterns of these flights that the su.spicion arises
that some flights serve as.a secret data gathering function such
as electronic fetreting for the mlhtary The first launchcs were from

24
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Figure 12, Cosmos Satellites.
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Tyuratam, but t e‘majority come from Plesetsk at 74 degrees in-
clination, ?:kw issions contained within this series are compli-
cating the task of analysis.

The Military Observation Recoverable Cosmos: Several gen-
erations of satellites that could serve photographic and ferreting
missions have been launched from Tyuratam and Plesetsk. All
of these use the standard Series A vehicle, now with an improved
upper stage. The g¢xternal hardware closely resembles the series
of manned Vosto} craft. The lates{_shots have been known to
stay up for 12 to 13 days. They ofter maneuver for greater ac-
curacy in reaching selected tar of view and occasionally
carry piggyback craft. .

" Precursor Craft and Failures 'within Cosmos: Each important
new step in the manned program &js preceded by aw automatic
Cosmos precursor before men weré committed. This may stem
from any of several reasons such as an attempt’to” hide the
new program, a fear of failure, or a unique classification sys-

Aruitoxt provided by Eic:
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Figure 14. Molniya oshit.

B
_ fem. Whatever the reason, almost “all unmanned tests of manned

payloads are performed under the “Cosmos cover.” Also, failures
" of deep space craft to léave earth orbit are given Cosmos. names
and glossed over without acknowledgement. "

w " . . 7,/

] -
The Remalning Near-Earth Proframs ’\}a
There are only three exceptions to the “Cosmos cover” in the

' unmanned, fear-earth category. These exceptions are the Molniya,

Meteor, and jElektfon payloads. Without question, thie Molniya and
nN{e;eor series were developed under the Cosmos cover. As for
'the Elektron series, there is curgent speculation that its designa-
tion is a cover name for ﬁ'lil_itarye observation flights.

THE MOLNIYA SERIES, 1965.—Molniya (lightning), Figure 13,
-is a communications satellite. There are at present two bagic
types, Molniya 1 and Molniya 2."To date, twenty-two Molniya 1
payloads have been orbited with Cosmos 21, 41, and 174, which
appear to have been Molniya.1 failures. Four, Molniya 2 have
been orbited (25 Nov 1971, 19 May, 30 Sep, and 12 Dec 1972).

The primary characteristic of the Molniya payloag is its eccen-
tric orbit. (See Figure 14. ) Both;Molniya 1 and 2 fly an ellip-
tical orbit that varies from an apogee (the, point of an orbit

27
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INTERNATIONAL SPACE PROGRAMS .

most distant from the Earth) ‘of around 24,000 miles to 4 peri-
gee (the point .of an orbit. closest fo th) of 300 to 400
miles, at an inclination of 64 to 65°. The US communications
satellites are generally geostationary (remaining at a fixed point
over the Equator). This is accomplished by orbiting the satel-
lite at the same speéd at which the eafth rotates. The ground .
traces of the Molniya_ craft, however, are _characterized by a
slow, tight loop over 9tR)Northern Hemisphere, produced by its
slow progress at apogee, and a wide, speedy loop into the South-
ern Hemisphere, produced as it speeds through its perigee (Fig.
;15)- The net effect is maximum expdsure of Soviet territory, in-
cludigg.vareas out of reach of a geostationary satellite. The Mol-
niya "2 spends 11 hours, 46 minutes within reach of the Soviet
, Union out of every 12-hour orbit. By keeping three, Molniya .
satellites in orbit, the Soviet Union has complete and oveslap- )
ping 24-hour communication coverage (Fig. 16). ’ ~
" THE METEOR SERIES, 1969.—1In the spring .of 1969, the~Soviet
weather satellites Wer:e given, the name Meteor (Fig. 17), indi-.
cating that the program had shifted from an experimental status
(under the Cosmos cover name) to an operational one. The So-
viet Hydrometeorologic/aI/Service, the counterpart of the US Ea-

< o
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SOVIET SPACE PROGRAM DEVELOPMéNT

Figure 16. Organization of raund-the-clack cammunications caverage. l—bogmmng
of radic communication session, and Z—end of session.
*

vironmental Science Services Administration (ESSA), assumed
operational ‘control over the weather satellites during this period.
This followed the US pattern when NASA. dcveloped the orig-
inal Tiros meteorological satellites before ESSA assumed oper-
ational responsibility. ‘

THE ELEKTRON PAYLOADS, 1964.—In early 1964, the Soviets
began another phase of their program. They launched two Elektron

[+
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Figure 17. Meteor: Meterological satellite.

payloads at one time. With a relatively low perigee, Elektion 1
orbited with an apogee of 4,400 miles; Elektron 2 orbited to
42,000 miles,, (Fig. 18). Such paired payloads could map radia-
tion belts and provide synopfic readings.* The two were matched
again six months later by Elektron 3 and 4. Considering their
size and extensive arrays of solar cells, one cannot help but won-
der whether they had other missions besides mapping radiatidi)? .
belts. For example, they were slightly reminiscent of the Us’
Vela nuclear detection series.
\ : .

P
e
-

E

;

4 .

f *Provide readings over a Broad area at once, such as rclative i of the radiatl

E belts. Synoptic photographs would be photographs showing all of the East Coast or Middle
‘,/ East, etc,




. SOVIET SPACE PROGRAM DEVELOPMENT
The Luna Program

After the success of the first generation of Luna payloads
(Luna 1, 2, and 3), the Soviet Union decided to undertake
a multipurpose Luna program. Such a program would include
soft landings, lunar orbiters, lunar rovers, and the mechanical
return of lunar samples. These projects were undertaken in the
two successive generations of the lunar program.

THE SECOND GENERATION OF THE LUNA PROGRAM, 1963—1966.—
Soviet space officials resumed lunar exploration with a soft land-
ing program. The first flight in this program came in January
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1963. As in the American lunar programs, failure followed fail-
ure. The January shot and Cosmos 60 (cover name) failed
to escape earth orbit, while Luna 4, 5, 6, 7, and 8 all missed
or hard impacted on the moon.

Finally, in 1966, Luna 9 landed on the surface of the moon
and returned 27 pictures in two earth days. Later, Luna 13
(Fig. 19) also returned pictures and took soil samples with a
spring-driven arm that extended on command.

Lunar Orbiters. The Soviet space program developed a lunar -
orbiter capability earlier than one was developed in the United
States program. Months before the first US Lunar Orbiter was
launched, the Soviet Union followed Luna 9, the lander, with,
another launch on 31 March 1966. This became Luna 10 which
orbited the moon (Fig. 20). Luna 10 made a variety of measure-
ments, but there were no indications that it was intended to take
pictures. Soon after Luna 10, Luna 11 was launched; \~a‘}So -
made a wide variety of measurements. Finally, Luna 12 was placed\
in orbit around the moon and it returned pictures, some of which
3 were released to the press. At the end of 1966, Cosmonaut
Vladimir Komarov said that the program would be discontinued

Figure 19. tuna 13: Lander. \ ]
N M e
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Figure 20. Diogram showing the injection of Lunc-10 into luna orbit: Y—the probe

is oriented olong the moon’s verlical. 2—the retro.rocket is fired, 3—~the retro.

rocket is cut off, and the lunar satellite detoches. 4—the fowest point of the luner
orbit. 5—the lunar satellite. 6—the highest point of the lunar orbit. A

in favor of a program which would include an unmanned round
trip flight to return to. Earth with a lunar soil sample.

THE THIRD GENERATION OF THE LUNA PROGRAM, 1968.—The
Soviets continued exploration of the moon, after 16 months of
inactivity, with the launch of Luna 14 on 7 April 1968. This
continuation has three major phases. orbiters, return landers, and
lunar rovers. 1 S

So far, three third generation lunar orbiters have been launched.
These were Luna 14, 15, and 19. The lunar orbiters have four
primary missions. study of the lunar gravitational field and the
relation between masses of the earth and moon, measurement of
the streams of charged particles emitted by the sun, study of the
propagation and stability of radio signals transmitted between earth
and the moon, and collection of more data on the moon's motion
in space.

The first of the return landers was Luna 16 (Fig. 21). It
was followed by Luna 18, which crashed, and Luna 20. The
fungtign of the lunar landers was to land, drill out a core sample
of lunar rock and soil, and then return to earth (Fig. 22). The
samples contained only about three ounces of material, in contrast

to the several pounds of rocks and soil samples returned by
" the US Apollo missions.
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Figure 21. luna 16: lunar londer-retum.

The final program goal was the lunar rover. On 17 November
1970, Luna 17 deposited Lunokhod (Fig. 23), in the moon’s
Sea of Rains. During Lunokhod’s 10 months of roving, _before
its isotopic fuel used for heating purposes during sub-zero lunar
nights was depleted, it traveled a total of 24,500 feet. During
its travels it transmitted more than 20,000 photographs ‘and more
than 200 panoramas of the lunar surface, performed physical-
mechanical analyses of lunar soil at approximately 500 separate
locations and chemical analyses at 250 different locations. When
its heat source was near exhaustion, it was parked on flat ter-
rain where its French-built laser reflector was directed toward
‘the earth for continued experimentation.

34
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The Planetary Program

The final area of unmanned activity is the planetary program.
This program has suffered from a distinct backseat position in
relation to other programs. Perhaps this will change as the manned
program eventually develops in this area of exploration.

The planetary program consists of interplanetary probes. This
series has two major characteristics. First is the weight lift ca-
pacity of the Soviet launch vehicles, exhibited by the unmatched
2,439 pounds of Venera 4. Overall, the Soviet planetary program -
“has been very ambitious, commiiting about 11 times. the weight
of payloads to such missions as the United States. The second

Figure 22, Luno 16: Reentry copsule.

characteristic is the consistent failures of support systems. After
the failure of Venera 3, the Russians had extended their record
to 17 consecutive failures in 17 attempts. To date, the Soviet
Mars missions have returned no surface data, (Mars 2 and 3
are operating in orbit), and only Veneras 7 and 8 were suc-
cessful in surviving their landings on Venus (Fig. 24, 25). The
only attention-catching event in the program came on October
1962, during the Cuban Crisis, when a launch exploded into
a cloud of debris. As the cloud of debris approached Alaska,
the BMEWS radar defense picked up what appeared to be a
mass ICBM attack.




INTERNATIONAL SPACE PROGRANS
THE MANNED SPACE PROGRAM

The key to the Soviet program has been the manned space
program. True to the spirit of Tsiolkovsky’s dream, it has been
man -himself who has penetrated beyond the atmosphere to ex-
plore space. The exploration has gone through three evolving

programs: Vostok, Voskhod, and Soyuz.
The Vostok Program, 1960-1963

With the experience gained in the Laika flight of 1957 and
the standard launch vehicle plus the upper stage used for the
Luna flights, Soviet scientists and engineers had available sev-
eral of the essentials for manned flights. The Soviet Union soon
announced the beginning of precursor (unmanned test flights)
with the launch of Sputnik 4. It carried an instrumented dummy
in its passenger cabin. After four days in orbit, the ship assumed
reentry position., Clearly something went wrong; the cabin sep-
arated and ascended into a higher orbit, (indicative of the wrong
attitude at the time of retrofire) in which it lingered for five
years until its orbit decayed. .

36
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Figure 24. Mars Lander.
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The test was repeated in August 1960, this time, with two dogs
on board, Strelka and Belka (Fig. 26). These Were the first
living creatures successfully recovered from orbit. The third flight
was announced in December, when two more dogs were put up.
Again something went wrong with the recovery phase, and the
Russians announced that the two dogs Pchelka and Mushka were
lost as the ship burned on reentry.

In quick succession on 9 and 25 March 1961, the Russians
ran two more dog flights, each with a single dog, Chernushka
and Zvezdochks, each for a single orbit of the Earth. These
were successful and were analogs (exact duplicates) of the first
manned flight to follow on 12 April 1961.

MAN IN SPACE.-—After one orbit in Vostok 1 (12 April 1961),
Yuri Gagarin (Figs. 27-29) earned his place in history as the first
man in space and the first man to orbit the earth. The effect
was electrifying on world opinion in much the same way that

_ Sputnik had seized such complete attention.

Before John Glenn went up in 1962 (to become the first Amer-
ican in orbit), the Russians in the summer of 1961 had also sent
up Gehrman S. Titov for a total of 17 orbits. Thus, with Vostok
2 and John Glenn’s Mercury craft (Friendship 7) safely on the
ground, the Russians were far in the lead. They had completed

Figure 26, Belka and Strelka~the first animal cosmonauts 1o come back from space.

2
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Figure 29. Yuri Gagorin—first men in space. ’
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an impressive 118 orbits (100 unmanned, 18 manned) of suc-
cessfully controlled flight with the Vostok craff as compared to
6 (3 unmanned, 3 manned) orbits by the Mercury craft.

CoMPARISON OF VOSTOK TO MERCURY.—During the first phase
of manned flight, the Russians had several advantages because of
their greater lifting capacity. The US Mercury capsule was limited
to 3,000 pounds and was designed for only three orbits. The
internal atmosphere was five pounds per square inch (P. S. 1)
pure oxygen. The Vostok craft weighed over 10,000 pounds, and,
from the first, carried consumables for a 10-to-i4-day stay in
orbit, so that if the retrorocket failed to fire, natural decay re-
sulting from the low orbit would give the cosmonaut some
chance of survival. The Soviet crafy’s internal atmosphere was a
normal mix of gases at sea-level pressure (14.7 psi).

The Vostok spacecraft had other advantages because of its
greater size. The cabin was fairly roomy with its éight-foot spher-
ical interior. The ships from the beginning of the dog flights car-
ried live telev:s‘xon systems so that observers on earth could view
conditions during flight, and pictures cou!d bc fed into the broad-
cast network for the public to view. .

VOSTOK PAIRED FLIGHTS.—Th¢ Soviet Union pn"l,l and 12 Au—
gust 1962 mqved ahead to a morc ambitious phasa of the Vos~
tok program. One day apart, it launched Vostok™ 3 -and 4, so'that
two men were in orbit at the same.time. They ‘stayed up for 4
and 3 days, respegtively. The second launch was timed so that
“itvwas a digect ascent, near rendezvous with the ship already in
orbit. At the closest point, they were only four miles apart.

On 14 and 16 July 1963, Soviet space authorities launched
Vostok 5 and 6 twe days apart; Vostok 6 carried the first woman
into space. These ships were in orbit for 5 and 3 days, respec-
tively. It is interesting that the Russians had enough confidence
in their ship by this time that they would send up a relatively
untrained woman (a former factory worker) as opposed (to a
highly trained test pilot. With her 48 orbits Valentina Tereshkova
(Fig. 30), gained more space time than all six Mercury astro-
nauts combined.

There was discussion as to whether the Russians intended a°

closer rendezvous on the 1963 mission. But the data shows con-
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clusively® that the Russ:ans did not intend 'to complete a rendez-
vous. Neverthe'less, the’ Russian¢ claimed that the vehicles passed
within three miles of each other. -

A - . ¢

. Polyot Payloads,” 19631964 . ' .

My ) ot

“The rhost obvious deficiency of the Vostok series ,was the'in- *

ability of the craft to maneuver into a rendezvous. Consequ ntly,
it was o£ little  surprise when <the. Polyot (flight) payloads ap-
pearéd. P «

In the fall of 1963 the first Polyot payload was placed i’ orbit.

. <The advertised purpose was. fo add a maneuver capablhty which
had been so evidently lacking*in the” Vostok ‘manned series, and
which would be necessary for rendezvous and docking in sus-
tained operatjons. Mahy manths passed before Polyst 2 came +irf
1964. There were some adverused changes, in apogee and peti-
gee for'both spacecraft, but the amount: of plane change (vary-
ing mclmatron) was not made " clear. amf,probabfy was not im-
pressive. ‘ . s s -
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Renewed Manned Flights with Voskhod, 196‘4-1965

, Followmg the conclusion *of the Polyot series, precursor ﬂxghts
were resumed under the Cosmos cover. The Russians made a fhght .
on | 6 October 1964, called Cosmos 47. It stayed up for only ohe
day, and its low perigee was typical of manned flights and
, 'their precursors. A week later following this success, the Rufsians ,

S launched Voskhod 1 (Fig. 31). There was nothing to "suggest

B ., that this ship was anythihg more

than a Vostok with modifications,
rather than a whole new genera-
tion craft. The eight-foot-diam-
eter ball cabin of*the earlier ship

.WO&Jld easily acco odate three

men side by side, as Soviet in-

terior pictures later revealed. The °

.most .conclusive hint, however,

is in the name itself. Voskhod,

iff its archaic sense, means the
same thing as.Vostok: .ie; east. -

The Vokshod 1 flight stayed
up-one day, just like its precur-
sor. It carried three men—a

“senior pilot, Komarov, an.aero-

medical doctor, Yegorov and, for

the first time in the Soviet pro-
gram, a civilian sciéntist, Feok-

_ tistov. The flight was interesting -

because, for the first time, a

physician’ could make detailed

studies bf human beings in. a

weightless condition in person.

Despite the vast number ,of
similarities between Voskhod and

Vostok flights, there were two

_important differences. Extensive use of the ejection seat and para-

chutes during recovery was typical of the Vostok series. In Voskhod,
the Russians claimed an added capability. The vehicle would make
a soft landing with the crew on board rather ‘than have the crew
parachute before the capsule landed. It. is also interesting to ‘note :

Figure 31, Voskhod launch vehicl
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that the Voskhod crew did not wear pressure suits. Instead; they
wore knitted coveralls of comfortable design ana, as before, were in -
earth-like- atmosphere. Though both of these innovations added '
. greatly to the comfort of the cosmonauts, their degirabiﬁty was des-
. tined to bé §uestioned by those who knew Komaroy, Dobrovolskiy,
Volkov, and Patsayev, cosmonauts who were to die because they did,
" not have ejection seats or pressurized suits. This may well have been
the point marking the end of Russia’s initial advantage in booster
capability. After this, the Soviet Union was forced to make weight
trade-dffs 0 continue its, tompetition with the U$ space program.
In preparing for Voskhod 2, the Russfans launched Cosmos 57
as amanalog to_manned flight. It started out routinely, but, shortly,
normal tracking- sensors discovered a new cloud of debris along :
the orbit that the Cosmos had traveled. As a result, no manned
flight followed immediately. Apparently, after 2 month of investi-
gation, "the Russians were satisfied that a manned flight could
be made safely, and they sent up Voskhod 2. This time, there
were only two men aboard. The weight of the absent cosmonaut
was traded off against a collapsible airlock. By this means, Aleksei
Leonoy (Fig.‘ 32) becamé the first man to accomplish _extra-
vehicular activity (EVA). He emerged from the capsule through
the airlock and, for about 20 minutes, was exposed to the vacuum
of space, including 10 minutes. of floating at the end of a safety
line. On this flight, the Russians resumed the use of pressure suits,
and commniand pilot Belyayev was equipped so that he could go
after Leonov if anything went wrong. This was the last of the

o

oy

Voskhed flights, Since it was only an extension of Vostok tech- . °
nology, a* long pause followed as the Russians worked °to de-
velop a new generation of spacecraft. e
e ‘. fo .
Psoton Payloads, 1965-1969

- 2
Again, i the interim between manned projects, another short- +
term project appeared. Throughout Voskhod, weight tradeoffs had
beeg required. A launch vehicle with greater lift capacity than the
“A” series booster was now needdd. i '
In response, the' Russians anhounced the Proton flights. These
were four duplicate cosmic_ray experiments. .The Russians were
doing something worthwhile, but almost- o a point of apparent

redundancy. The Pio‘ton payload (Fig. 33} with its huge blocks ’,
P ’ r
.. . . '
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of paraffin, metal, and special sensors, was able to measure ener-
gies to a level of 100 trillion electron volts. These were some of
the highest energy fluxes ever detected by human instruments. The
real mission of the series, however, was not cosmic ray measure-
ment. Proton payloads were used to test the Series D launch
vehicle, allowing it to be rated to carry loads far in excess of the
Series A. This justified the redundancy and made the series a

success.

Figure 32. Alexi lecnov, the first man te walk inte space.
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Figure 33. Proton 4—the world’s largest automatic orbital laboratory.

¢ i

. Return to Manned Spaceflight with Soyuz,

With the US sights set on a unilateral goal of a_manned moon
landing, the Soviet Union embarked on what appears to have
been a dual program of a manned moon landing and an orbital
space station using Soyuz spacecraft (Fig. 34). As time passed, the
American lunar program lead increased, and the Soviets appe
further and further behind. To many, this was a sign of weakness
in the Soviet program until one stopped and realized two im-
portant facts. First, the Soviets have the capability of placing a
man on the Moon, our advantage is that we can carry enough
propellant to bring him back. Should the D-1 vehicle be man-
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hgun 34, Soyuz Paylocg in foreground, Soyur launch vehide with payload
:god'nd‘ in bockground.

rated, this problem will be overcome. Second, outside of lunar
exploration, the continuation of “our manned space program will

- probably ¥equire an orbiting space statioml On this count,,the
Soviet Union is not behind. If the same vehicles are used for
both the q?Biting space station and the manned lunar program, it
would be, consistent with* the carefully planned economy char-
acteristic of the Soyiet program. This is the same economy that
has kept the\Si:ieu; even with, or ahead of, the United States in
most other spate ventures.

Sovuz |—THE DEATH oF KoMArov.—The Soviet program and
safety record had been unblemished until the Soyuz program. The
first Soviet death was recorded when Col Viadimir Komarov (Fig
35), after completing a syccessful test flightvin Soyuz 1, had para-

. B . .
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chute difficulties and died when the absence of an ejection seat
“left him trapped in the crippled craft.

The flight of Soyuz 2 and 3 was, fortunately, much less event-
ful. Soyuz 2 was launched pilotless and Cosmonaut Beregovoi took
Soyuz 3 aloft for rendezvous maneuvers. He rendezvoused twice
with the Soyuz 2 craft before making a safe reentry.

The next feat of the Soyuz was a space transfer of cosmonauts
from one craft to the other (Fig. 36). To accomplish this mis-
sion, Soyuz 4 was sent aloft with only the spfp’s comumander,
Shatalov, and was followed by Soyuz 5 cafrying cosmonauts
Volynov, Yeliseyev, and Khrunov. After inflight rendezvous and
docking, Yeliseyev and Khrunov (Fig. 37) transferred to the
Soyuz 4 craft to perform a few selected experiments, and then
descended to earth on board Soyuz 4..This mission was the world's
first space docking and the world’s first inflight crew transfer.

Figure 35. Col Viadimir Komarov.
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Figure 34, Diogram of Soyuz Crew transfer,

Following the success of Soyuz 4 and S, Soyuz 6, 7, and 8 were
launched. At various intervals, these three crews (Fig. 38) flew in
tight formation, but the mission appeared a failure because no
docking maneuvers were performed. They did, however, perform
the first outer space welding operation, proving that such opera-
tions were possible in a weightless vacuum.

‘Confident of the ability of the Soyuz craft, the Russians set
out to surpass the space endurance record held by American
astronatts Borman and Lovell (Gemini 7, 14 days). Soyuz 9
was launched 1 June 1970 and remained in orbit for a record 18
days. ’

Finally, the Soviets were reidy to begin the real mission of the
Soyuz series: rendezvous and docking with an orbiting space
i station, the first step to the moon and planets (Fig. 39). First,
;
|
f

Salyut 1, the space station (Figs. 40 and 41), was put in orbit.
Second, Soyuz 10 was launched to test rendezvous maneuvers. .
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Third, Soyuz 11 completed rendezvous and docking, and the crew
transferred to Salyut 1 where they performed the first scientific
experiments in a manned orbiting space station. After complet-
ing their work, the cosmonauts reentered the Soyuz 11 craft and
prepared for their long journey home. The Soviets again broke
the endurance record (24 days). As they began reentry opera-
tions, there was a sudden depressurization of the spacecra