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FOFM W'ORD

This report, prepared in response to AID Work
Assignment-No. 52., contains material drawn from
the Soviet and Soviet-bloc open li 'terature pub-
lished in connection with the launchings of' all
the Soviets space vehicles. Section A contains
a comprehensive analysis of some data discussed
in Sections, B, C, D, E, F, and G. The ana-

- I

lyslUs conjectures on possible design principles
utilized in the Vostok reentry systems,. con-
tained in Itema 6 of Section A, are felt to be
the most significant material In th~is report.
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Conclusions and Conjecturesii

1. General Data on Reentry and Recovery

The diagram and chart shown in Figures 1 and 2 are based
on the comprehensive analysis of material found in Soviet
open literature published in connection with flights of
the Vostok-type spacecraft.

The material discussed in this report and partially I
represented in Figures 1 and 2 has been grouped according
to the reentry and recovery phases, including orientation,
deceleration by the retroengine unit, free descent, de-
celeration by the atmosphere, and landing of the spaceship.

SPreparation of the spaceship for reentry begins at a
distance of about 18,000 km from the landing point, and the
reentry and recovery phase lasts about one hour. The retro-
engine unit is fired at a distance of about 8000 km from
the landing point, and the recovery vehicle reaches the
earth's surface in about 30 minutes or less. To transfer .i
the spaceship from orbit to a descent trajectory, it is
sufficient to reduce the orbital velocity by about
40--100 m/sec; thus, the ship enters the atmosphere at a
velocity only slightly less than orbital velocity.

altiThe spaceship enters the sensible atmosphere at an

altitude of about 90--100 km, and it reaches the earth's
surface in about 20 minutes. The high-temperature and
overload phase lasts about 15 minutes, when the spaceship

1: speed has been decelerated by the brake flaps and qteel-
strip parachute. Peak reentry overloads of about 10 g's
occur at an' altitude oQi about 50 km. During the high-
temperature and overload phase, the spaceship's velocity
is reduced from about orbital velocity to a speed of about
200 m/sec, and the maximum temperature of the nose coneI. reaches about 100000.

The cosrAonaut and spaceship are landed by aviation
parachute system, each of which consists of three para-
chutes. The cosmonaut is ejected from the spaceship
cabin at an altitude of about 7 km and reaches the earth's
surface at a rate of about 8--5 m/sec. The spaceship para-
chute syatem is switched on at an altitude of about 4 km, L

I,i-
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and Its main narAchute deplony n gi al-t"Q if'Mea

than 3 km. The ship lands at a speed of about 10 m/sec.

Analysis of Soviet literature does not Jlead to the
conclusion that the successes in Soviet space technology,
emphasized by Soviet authors, can be attributed to the
discovery by the USSR of some special type of rocket-
engine fuel or new heat-resistant materials used in the
structure of engines and recoverable vehicles. Analys 4.s
does indicate that a part of this success is due to the
special organization of the heat-exchange process.
Discussing the development of the spa e engines used for
launching Vostok-1 and Vostok-2, the Chief Designer of
these engines states that priority in research was given
to the study of "highly forced" combustion processes
which basically determined the success of the entire
project. (1]. Several indications were found showing
that hot gas *is removed "rom the walls of the structure
by a relatively cool gas flow. In this report, the
application of this method of protection of a body from
overheating is demonstrated in Fig. 15, where a rela-
tively cool gas flow generated by the retroengine unit
removes the hot gas of the shock wave from the ship's
nose.

Figures 3, 4, 7, and 14 have been taken from East
German source 2;,Figures 6, 8, 10, 11, and 12, from
Russian sources 3, 4., 5, and 6; Figure 9, from Czecho-
slovakian source 7; Figure 5, from Rumanian source 9.
Figures 13 and 16, from Hungarian sources 10 and 8;
and Figures 1, 2, 15, and 17 were compiled by the analyst.

2. Setting the Vehicle in the Orbit.

Analysis of Soviet open literature indicates that all
Soviet space vehicles were launched by a carrier rocket
developed by one organization under the supervision of one
person. Some sources give indications which make it possible
to conclude that the Soviet space vehicles were launched by
three-stage carrier rocket systems as shown in Fig. 3.

From Soviet sources it is known that the carrier
rockets used for launching the Vostok-type spaceships
were equipped with six liquid-propellant engines developing
a total of 10,000,000 hp with a maximum thrust of 600 tons.

-2-
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estimated thrust of the Soviet carrier rocket used for
launching the Vostok-i and' Vostok-2 was 750 to 1000 tons,
":ith the launch weight of this carrier rocket system
well over 500 tons. The same source states that the
carrier rocket tested in the Pacific Ocean on 14 Septem- !
ber 1961 gives rise to the conjecture that it was a
system capable of launching a 10-ton payload.

2 3. Reliability of Vostok-Type Spaceships.

The Vostok-type spaceship consists of two basic units:
t..he cosmonaut's cabin and the instrument section. The
retroengine unit and the orientation systems are located
in the instrument section, which is separated from the
cabin during reentry.

The'Vostok-type spaceship is equipped with systems
* for saving the cosmonaut in any emergency situation which

'could be foreseen at any point during launching, reentry,
or recovery. The automatic reentry and recovery systems

;* of the spaceship are backed up by manual control. In the
event of automati6 and manual control system failure,
over a period of ten days the ship will of itself gradually
enter the dense layers of the atmosphere and descend.

The more essential systems and components of the
Vostok spaceship were duplicated and even triplicated.
Reserves of food, water, regeneration system reagents,
and electric power were included in sufficient quantity
to sustain a cosmonaut for a period of 10 to 12 lays.

it i In case of an emergency situation arising during launching
or reentry,-a bright light flashes on a screen; the cosmo-
naut pulls a lever which activates a seat-ejection system.
The pilot's seat is equipped with a portable emergency
kit, as well as with radio and direction-finding equipment.
The Vostok-type spaceships are suitable for repeated flights.

4. Vostok-Type Spaceship Orientation and Control Systems

Spacecraft orientation and control systems have been
used in the USSR since 1959, beginning with the launching.
of an interplanetary station towards the moon. Orienta-
tion of Vostok-type ships is carried out automatically,
using the sun as a reference, and manually, using the earth.

* I

*-3-.i
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The orientation system of the Vostok-type ships consists
of sensitive optical and .gyroscopic sensors, gas rudders,
compressed-gas tanks, a "VZOR" optical orientation device,
a special control stick with spacecraft angular-velocity
sensors, and the orbit navigation device "space compass."

The "VZOR" optical orientation device is used by the
cosmonaut in manual control for determining the position
of the ship relative to the earth. It is mounted on one
of the three cabin portholes and consists of two ring-
shaped mirror reflectors, a light filter, and glass with
a reticle. The sun's rays coming from the line of the
horizon strike the first reflector, then pass through the
porthole glass to the second reflector, which directs
them through the glass with the grid to the cosmonaut's
eye. When the ship is properly oriented, the cosmonaut
sees an image of the horizon in the shape of a concentric
ring, and the. direction of the "run" of the earth's sur-
face coincides with the course line of the grid. Devii-
tion of the ship from this position is corrected by the
cosmonaut, using the control stick.

Tv determine the location of the spaceship, in the
cabin section where the cosmonaut finds himself are three
portholes, and on the instrument board is a small "space
compass" navigation device. The space compass is a silver
box, two times smaller than an ordinary Soviet television
set. This device, which i& in its way a computer, takes
only 0.3 w of electric power and can operate from a pocket
battery. The space compass has been used for determining
the longitude and latitude of the spaceship, the number of
completed orbits, and the place for landing. The naviga-
tion device is installed in the cabin of the ship in the
upper left-hand corner. On the instrument board o.? the
ship is seen a finely drawn globe located under the
spherical glass. On the spherical glass there are two
large and small circles with a reticle, the smaller circle
within the larger one. The globe is rotated at exactly
the same angular velocity as the earth and has two settings,
the "orbit" setting and the "landing" setting. The orbit
setting shows the location of the ship relative to the
earth's surface during the orbit flight, and the location
area is seen under the reticle of the large circle. The
landing setting shows the point at which the ship would
land had the cosmonaut begun deceleration at that moment,
and which is seen through the small circle on the spherical
§lass. To change the globe's setting from "orbit" to
landing," a switch is thrown, causing the globe to skip to

a new position. A small opening, liko the speedometer of
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the "Moskvich" automob!Le,. shows the number of orbital passes.

The orientation system is switched on at a distance of
about 18,000 km from the landing point about one hour before
landing of the spaceship's cabin (64 min for Vostok-l and
55 min 44 see for Vostok-6).

5. Deceleration by Retroengine Unit.

Deceleration of the spaceship from the apogee is much
more economical on fuel than deceleration from the perigee.
For the fourth ship-satellite, the deceleration from the
apogee gives more than 40 percent savings in fuel in
comparison witk' deceleration from the perigee. But,
actually,. fuel economy is far from being alway3 the de-
ccIding factor.

The sources used for this report do-'not give definite
data on the Soviet spaceship's' speed durilng orbital flight
and reentry. Analysis of data mentioned by the Soviet
writers make it possible to conclude only that the retro-
engine unit decreises the speed by relatively small value,
and the spaceship approaches the dense layers of the at.-'9
mosphere at a speed of about the first cosmic speed.
Theoretically, to cause the descent of the Vostok-type
spaceship required decreasing the flight speed by about
0.050 km/sec. In reality, however, tL.. * ame Soviet re-
coverable space vehicles were caused to ,'.escend probably
by decreasing the- speed by about 0.5 Ion/sec.

The weight of the retroengine unit depends upon the
total decrease in speed, regardless of the number of
starts and the duration of operation. For orbiting ships
flying at altitudes attained by the Vostok-3 and Vostok-4,
it is sufficient to decrease the speed by 40 rn/sec for
them to descend below 100 km. Such a change in speed re-
quires a retiroengine unit which comprises only 1 to 2% of
the ship's weight. To change the speed of a spaceship by
100 m/sec, it is necessary to have a power unit which
comprises from 3 to 6% of the ship's weight (cabin, pay-
load, cosmonauts), and to change the speed by 2 kmn/see,
it is necessary to have a fuel reserve equal to 40 to 6054
of the ship's weight. The weight of the entire retro-
engine unit comprises 50 to 80% of the ship's weight.

-5
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S6. Possible Design Principles Used in Vostok Reentry
Systems.

Fig. 15 has been compiled by the analyst after a
comprehensive analysis of the material used in this report.
Items 1, 2, and 3 shown in t.he figure were mentioned by 3

several sources stating that the Vostok spaceship con-
sists of two main sections: the cabin section (1) and
instrument section (2), with the retroengine unit. located
in the instrument section.

From the sources analyzed it follows that the retro-
engine unit contains one or several liquid-propellant
engines located in the rear of the spaceship. However,
no textual material was found mentioning the location of
the retroengine unit discharge nozzles. A TASS report 11].
and another Soviet source [3] contain illustrations in I
which the discharge nozzles of the retroengine unic are
located in the rear of the Vostok spaceship. However,
an Z'ast German source (2) contains illustrations (see -
Figs. 4 and 7) in which the discharge nozzles of the
retroengine unit are depicted as being located in the
front of the spaceship. There is no reason to suppose
that, in his book, East German specialist .Hoffman changed
the concept of rearward discharging nozzles, as pub-
lished first in TASS, without a purpose; it is possible
that he changed the TASS concept in order to be more
accurate. Therefore, for the purposes of this report,
reference 2 is considered as a more authoritative source
regarding retroengine discharge nozzle location (see
items 4 and 5 of Fig. 15), and the nozzles are conse-
quently shown in the front part of the spaceship.

A reentry system with ret.roengine unit bow nozzles
is more logical than a system employIng stern-mounted
retroengine unit discharge nozzles. A description of the U

retroengine unit with bow nozzles serves well to clarify
several indications by Soviet specialists relating to re-
entry principles which have remained unclear when analyzed
in the light of a retroengine unit with stern nozzles.
The first advantage of a retroengine unit with bow nozzles
is that it is not necessary for the spacecraft to undergo
two 180-degree maneuvers: one in orbit before firing the
unit and again on the descent trajectory before reentry.
This conclusion by the analyst is-based mainly on Fig-
ures 4 and 7. In addition, it is supported partly as
follows: No textual information was found in the sources

-6-
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used for this report indicating that the Vostok spaceships

travelled with the nose to the rear while in orbit or
during descent. On the contrary, the analysis of ma-
terial relating to ground-based cosmonaut training in the
ship, the discussion of flights by the cosmonauts, and
descriptions of the operation of the orientation system
by various writers indicate that in orbit the spaceship
maintainel a nose-to-front attitude.

.I

The second principal advantage in a retroengine unit
with bow nozzles is that during the reentry sequence, the
retroengine unit may be used twice: once in orbit and
once in the high-temperature zone. This conclusion is
based mainly on an article by Professor V. V. Dobronravovf[12],
from which it follows that two methods are employed in
the reentry of a spaceship: retrograde thrust and ve-
locity damping in the atmosphere. In addition, the above
conclusion is supported partly by reference 13, from which
it follows that the Vostok's instrument section (in which
the retroengine is located) separates somewhere near the
end of the high-temperature and overload portion of the
reentry traJectorkr (see Figs. 1 and 2). It is not logical
to suppose that in the atmosphere the retroengine unit
operates for the purpose of reducing the speed of the
spaceship, because, as mentioned by I. A. Merkulov [14],
to change the speed by 2 km/sec, it is necessary to have
a fuel supply equal to 40 to 60% of the ship's weight.
In the analyst's opinion, in the high-temperature phase
of reentry, the retroengine unit us used not for reducing
the ship's speed, but to push away the shock wave (see
item 6 of Fig. 15) and to reduce the heating of the space- If
ship structure. From this point of view, it is reasonable
to conclude that the spaceship is equipped not with two 'I
discharge nozzles as shown in Figures 4 and 7, but with
four peripherally-located discharge nozzles (item 4, Fig. aI),
and one centrally-located discharge nozzle (item 5, Fig. 15)
in the nose. Reference 3 states The shell of the fore
body of the ship is made with a double wall, like the Jacket
of an internal combustion engine. The coolant is pumped i
Into the Jacket space. The surface of the rocket's cone
is porous (3]. i"

According to re"erence 15, "liquid cooling through
the pores of the shell is possible, although there is a.
danger of the pores becoming choked.' [15]. Therefore,
some writers state that gas may be used in a porous cooling
system instead of liquid. From these statements it might
be conclided that in the porous cooling system shown in
Fig. 15, the gas produced by the retroengine unit might be used.

;I
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If this is so, then the gas flowing through the porous
nose cone separates the boundary layer from the cone
while the gas flow from jets 4 and 5 (Figure 15) moves
the shock wave 6 (Figure 15) to position 7 (Figure 15).

It does not necessarily follow that the gas produced
by the retroengine unit (3) flows to the nose cone along .
the four channels shown in Fig. 15. It is possible that
the shipas shell is made with a double wall and the gas
Soing from the engine 3 to the nose cone flows through
the jacket space. In this case, the gas flowig through
the jacket may be considered as protection for the cosmo-
naut's cabin, since the discharge gas temperature for
liquid-propellant engines does not exceed 2000*C £161,
i.e., it is much lower than the gas temperature on the -

outer surface of the ship's shell during reentry. The
spherical shape of the cabin, as shown in Fig; 15, has v
been discussed in a 1961 AID report £171, which is .
based on several open sources, including a TASS report [il].
The spherical cabin requires a relatively small contact
area between the cabin wall and ship's °3hell; this de-
creases the degree of heat transfer from the hot outer
surface of the ship to the cabin. nU

Several sources state that internal cooling systems U
utilizing water may be used in space vehicles, but the -j
sources do not indicate in what part of the vehicle such
systems are used.

The concept of locating the discharge nozzles in the i
front of the spaceship is supported additionally by Titov's
discussion of the "fireflies' or the "phenomenon of small
luminous dots floating past the porthole of the spaceship"
during his orbital flight. Titov explained their origin U
as follows: "...during scavenging (cleaning the engine), fl
burnt gases and liquids under conditions of weightlessness
turn into drops, scatter and luminesce in the sun's rays..." [47I
From Titov's discussion it follows that the small dots
originated in the engine discharge nozzles, since (it is
logical to suppose) only these parts of the retroengine
unit are exposed during weightlessness, but he doesn't
mention the direction in which the dots floated. This
blank in Titov's description was made for in the Bykovskiy
and Tereshkova report £19], in which Bykovskiy discusses
the dots stating, "their movement appears as if they are
leaving the ship or the ship is passing by them."

8 ia
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claombers (i0) and gas flows (11) and (12) have been
drawn in Fig. 15 based on Figures 9 and 14b. The
operation of these components is not discussed in the
references; however, in this report, a brief discussion
will be given below based on analysis of Fig. 14b.

Analysis of reference 2 leads to the conclusion that%-#
illustrations 14a and lb, appearing on the same page in
the reference, represent the beginning and the end of a
Vostok flight. However, the author doesn't give a textual
explanation of these pictures. In the reference, illustra-
tion 14b shows a Vostok spaceship, the nose portion off
which is surrounded by billows of smoke, while its nozzles,
located on the stabilizing ring, discharge a forward flow
in the direction of the nose portion of the ship. It
seems that the billows of smoke have been reflected in the
same manner as the smoke issuing from carrier rocket
engines when fired on the ground. From this discussion
it f'ollows that for a logical explanation of Fig. 141b
there is only one probable assumption which can be made:
the Vostok is equipped with retroengine unit bow nozzlea
as is depicted in. Fig. 15, and Fig. l4b shows the Vostok
in the reentry mode in which the gas flows generated by.
the retroengine unit are being reflected from the shock
wave.

fig. l4b shows very strong gas flows discharging I

from the stabilizing ring. it looks as though these flows
are able to maintain a proper reentry angle with high
accuracy. The gas flows (12) shown 4n Fig. 15 are based
on Fig. 9. These flows may be used after the ship has
attained orbit or during orbital flight when it Is neces-
sary to increase the shipIs speed by a small value.

On the basis of Fig. 10 (5], it is possible to conclude
that the pilot's seat shown in Figures 9 and I. is in the
launching position. During the deceleration of the ship
in the atmosphere, the cosmonaut should be in a reentry
position, i.e., with his back to the front of the ship.
T.-he pilot' s seat in Fig. 15 might be changed from the
launching position to the reentry position by rotating
the spherical cabin as shown In Fig. 16 [81, item 3 of.
which indicates special equipment, for this purpose.
The position of the cosmonauz can be changed also by re-
versing the seat without the nedessity of rotating the
entire spherical cabin. This conclusion by the analyst '1

!
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"is based on an indication found in a TASS report [11].
Discussing Vostok design principles this source states,
"The cosmonaut situates himself in the ship-satellite's
ejection seat, which serves as his work area during
Aflight and is used for ship egress by the cosmonaut in
an emergency. The "pilot's seat has been so positioned
that overloads act on the cosmonaut in the most favorable
direction (chest to back) during launching and reentry." (II).
From this statement it follows that only the seat position
determines the direction in which launch and reentry over-
loads act on a cosmonaut and not the rotating of the
spherical cabin or the entire ship. If this is true, then
uhanging the direction in which the cosmonaut faces during
launching and reentry position can be done by rotating
the pilot's seat 180 degrees. Fig. 17 has been made by
the analyst on the basis of several open sources and
originally appeared in AID Report 61-101 (17); this
figure indicates that the pilot's seat can be rotated
about its lengthwise axis.

Fig. 16 is a rproduction of a color sketch of a i

spaceship with a spherical cabin published in
Tudomany es technika [8], a Hungarian popular
science periodical. Although the sketch is not specifically
identified as the Vostok-l, it accompanies an account of'
Gagarin's flight. The weight given for the spaceship is
4725 kg, the same as the weight officially announced for
the Vostok-l.

Analysis of the various illustrations depicted in
Fig. 16 leads to the conclusion that the Hungarian source (8)
shows the recoverable capsule without cone (center illustra-
tion) and the entire ship with cone in orbit (upper and
lower illustrations); these are similar to the ships shown
in Figures 3 and 4. The lowermost illustration in Fig. 16
depicts the recoverable capsule in three modes: with gas
flow, uith gas flow and aerodynamic braking, and with para-
chute. This illustration supports the main reentry principle
discussed above that during the reentry of a Vostok space-
ship, the retroengine unit is used twice: once in orbit
and once in the atmosphere.

The periodical Znaniye-sila [20L is one of'
the few Soviet sources to use the word "capsule" to describe
the recoverable cabin of a spacecraft. This source does
not give any information relative to the nose-coneless

iiI-
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t"e principle of a nose-cobeless recoverable capsule, l.ke
the one shown in Fig. 16, cannot be used as basic material
in extrapolating Vostok reentry systems, since the nose-
cone-type recoverable cabin (Fig. 15) with the retroengine
unit located in the instrument section is supported by
several Soviet sources. It is possible that in the future,
additional information will become available on the nose- !
coneless recoverable capsule, and the design principles
shown in Fig. 16 may be of use as basic material in the
extrapolation of the Vostok design.

4 4 •
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SECTION B. GENERAL DATA ON THE STRUCTURE

1. Similarity in Design and Mission Principles of Soviet
Spaceships.

This section contains material in support of statements
which appeared previously in AID publications:

A. All the Soviet space vehicles and carrier rockets
were developed under the supervision of one person, who in
Soviet literature is referred to as the "Chief Designer of
Space Vehicles," or the "Chief Designer."

B. The structure of all the Vostok spaceships is similar
to that of the five previous Soviet ship-satellites launched
in 1960-1961.

C. All the ship-satellites and manned Vostok spaceships
were launched and recovered according to the same program.

The prime significance of theses statements lies in the
fact that they make it possible to relate previously published
informnation on the ship-satellites to the Vostok spaceships.
Several statements showing various similarities in Soviet space
technology are cited below.

"An official report on the Gagarin flight of 12 April 1962,
states that the spaceship was built on the basis ofexperience obtained from the launchings of the first
ship-satellites. [ll] According to A. Shternfel'd,
the structure of the Vostok was perfected during the
previous launchings of Soviet ship-satellites. On
the first, second, and third ship-satellites, systems
were perfected and checked which assured th, insertion
of the ship into its orbit and the flight safety and
control. required for manned flight and recovery. Space
physics was also investigated during the flight of these
ships. On the fourth and fifth ship-satellites, the
Vostok's structure and its systems for safe flight and
recovery were further perfected. [21) The fourth
and fifth ship-satellites, launched in March 1961,
were considered final test shots for the Vostok.
Each of these vehicles carried a dummy in the pilot's
seat and an experimental dog (Chernushka in the fourth
ship and Zvezdochka in the fifth) in the cabin." [11]

-12-
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I In an article written in connection with the Vostok-1Slauching, Prof essor G. V. Petrovich states that in the four
Snormal recoveries of the ship-satellites the condition of

the cosmonauts' cbins [analyst's italics 1 was such that it
permitted their use for a repeat flight. The Vostok-1 was the
sixth in the test series of ship-satellites. [22] This same
idea is also expressed by another author. Discussing the
Vostok-1 flight, Mar'yanin writes: "Vehicle recovery was
checked repeatedly with ship-satellites. During these flights,
test dogs Chernushka and Zvezdochka were landed safely in
the ship." [23] According to reference 11, the same flight
program was in effect for the ship-satellites and for the
Vostok-l: "As a result of extensive and intense work, the
spaceship Vostok was developed. In March of 1961, two final
control launchings were conducted.... The flights were carried
out according to the same program used for the first manned
space flight.: [ll)

Using the official report on the Gagarin fligh; £11],
H. Hoffman (GDR) states that the Pravda description of the
Vostok-1 essentially holds true for the Vostok-2 [2). The
cosmonauts indicated that all the Vostok-type ships are alike.
Popovich states: ."All the Vostok-type ships are alike, except
that the Vostok-3 and Vostok-4 were more comfortable and
improved." [24]

The development of the Soviet carrier rocket is mentioned
by Hoffman. He gives scme data which usually are not publishsd
.in Soviet sources. His comparison of the Soviet carrier-rocket
systems with the U. S. systems makes it possible to determine
approximately the method used for calculating the thrust values

* mentioned for Soviet carrier rockets. Discussing the orbital
velocities of the Vostok spaceships, Hoffman states: "One can
imagine what a powerful thrust was needed to accelerate the

* Vostoks I and Ii tc such a high velocity and propel them over
such long distances. The estimated thrust (based on information
giving 20 million horsepower as the engine power expended) of

* the Soviet rockets was 750 to 1000 tons. This means that the
launch weight of the carrier-rocket system was well over 500 tons
and, therefore, corresponded approximately to the weigh' of
three modern DZ locomotives with tenders. The power output
of Soviet carrier-rocket systems is 25 to 30 times greater

0 than that of corresponding U. S. systems.... The rocke, tested
in the Pacific Ocean on 14 September 1961 gives grounds to the
conjecture that it was a carrier system capable of launching
a 10-ton payload." [2]
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2. General Configuration of Vostok-Type Spacehips.

In an article by A. Romanov and an official report, the
irostok spaceship is described in the following terms: "The
Vostolc spaceship consists of two basic units, one being the
cosmonaut's cabin containing the inflight life support system
and recovery system and the other, the instrument section. The
latter section contains radio and telemetry equipment; the
spaceship's retroengine assembly is also located in this section.
The cosmonaut's cabin is quite roomy and the cosmonaut's seat
is in its center. The catapult and pyrotechnic devices are
built into its body alongwith parachute system,-, emergency
supplies of food, water, and equipment, and a radio set for
communications and direction finding after landing.: £25)
"The shell of the cabin has three portholes and two quick-
opening hatches. The portholes are made of heat-resistant
glass and permit visual observations to be made during the
entire flight." tli]

Analysis of Soviet literature published over a period of
several years leads to the conclusion that the Vostok spaceship
is a winged vehicle-and has a spherical cabin consisting of
two hemispheres. This statement is discussed in detail in
AID Report 61-101 £17). This report shows the location of the
pilot's seat in the cabin and the location .of the quick-opening
hatches mentioned above, one of which is used for ejection of
the cosmonaut from the cabin.

The configuration of the Vostok-type spaceships is probably
similar to that shown in Figure 9.

3. Reliability of Vostok-Type Spaceships.

Professor G. V. Petrovich says that it would be naive to
suppose that the conquest of space will not claim any victims.
For this reason the Vostok was equipped with systems for saving
the cosmonaut in any emergency situation which could be fore-
seen on any part of the trajectory, starting with the moment
before the launch and incvluding the orbital flight and recov-
ery. [22)

'T an article commiemorating the fifth anniversary of the
launching of the first earth satellite, M. V. Keldysh describes
the development of ship-satellites: "For the first time a
method of returning a spaceship to earth was developed. This
required special orientation systems.... the designing of
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automatic braking devices for recovering the ship from orbit
and landin'e 14 In a nr.determ.n.d arca. r*'- scientists devised
means of safeguarding the ship's hull from burning during
passage through the dense layers of the atmosphere." [ 2 9]

Professor V. V. Dobronravov states: "Two methods may be
employed in landing a spaceship: either a retroengine unit

* or velocity damping in the atmosphere. The first of these
methods requires large fuel reserves. The second method does
not have the above type drawback; however, it is not entirely

* reliable. The most effective [would be] a combination of these
two methods." [12)

In an article on the Vostok-2 launching, K. Mikhaylov
mentions the recovery-system redundancy and the probability
of reliable operation of the systems in the Vostok spaceship,
which he places at higher than 90%. He derives the reliability
of the Vostok-I as follows: "The automatic recovery system of
the Vostok ship-satell'te was backed up by manual control....
Besides this, the ship was inserted into such an orbit that if
Athe manual system had failed, then over a period of less than
ten days, the ship, influenced by air-resistance forces, would
of itself gradually enter the dense layers of the atmosphere
and descend.... if, for example, we would arbirarily assume
that the probable reliability of insertion into a given orbit
Li.e. being in a correct orbit] is equal to 90% and the re-
liability of operation of the atuomatic and manual control
systems is also 90% (for each), then, on the basis of tha &o-
called ':.n'tiplication theorem', the probability of failure
will equal the product of the probability of failure for each
of the recovery systems, I. e., 0.1 x 0.1 x 0.1 = 0.001 or 0.1%. 0

£ The operational reliability oe all the components of Soviet
rockets, which has been demonstrated by the many launchings,
leads one to believe that the probability of reliable operation,
stated as 90%, is a lower estimate.: [27)

Petrovich further states: "The Vostok was the sixth in
the test series of ship-satellites. All systems were tested
and perfected in the previous flights, and stable results were
obtained in the fourth and fifth shots." [22) Titov, in
discussing the heat-shield reliability, states: "The heat
shielding was reliable and had been checked many times in
flight." [28)

"" Describing the orientation system of the Vostok-l,
S L. Mar'yanin -ays, . . .everything was accomplished automatically
by electronic computers which issued the necessary commands.
However, we would not rest with this; a series of supplementary
measures was developed in order to preclude the possibility
of Cny accidents. The principal means was the manual flight-'
control system.". £23]
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From discussions by several authors, it follows that Vostok-
type spaceships are equipped with wings. Discussing a method
ror recovering a nomaoall- dlun-tin- a lan-dinerac ^- eMýArIth Yu.4
Marinin states: "Here, the cosmonaut will encounter the danger
of landing far fromn the calculated area, in the mountains, or
in swampland. In this event, in order to save the cosmonaut,

the satellite should be equipped with means of controlling its
flight, for example, wings. [ 29)

In a discussion of system redundancy, G. Titov states:
"Our designers considered it necessary to duplicate and even
triplicate the more essential systems and components, thereby
considerably increasing the weight of the equipment.... Reserves
of food, water, regeneration-system reagents, and electric power
were included to sustain the cosmonaut for a period of 10 to
12 days, i. e., to make possible a safe descent through natural
deceleration 5 to 12 days after launching." £30) This same
idea is also expressed in passage by K. Kikhaylov quoted on
P. 33. L. Mar'yanin supports thIs by saying, "Even though

the first flight was of short duration, the food, water, and
electric power reserves wera wisely calculated to be sufficient
for 10 days." r23) K. Gil'zin states: "Even if the absolutelyreliable duplicate -and triplicate systems of our 6paceship

malfunctioned, there would not be a catastrophe. The cosmonaut
would safely descent to earth, lacause the orbit was so calcu-
lated that after 5 to 12 days of drifting in space, the ship-
satellite would eventually decelerate in the atmosphere, descend,
and make a landing." [ 302

Ye. Grebenikov and V. Demin mention the cosmonaut's action
in case of an emergency situation arising during the launching
or recovery. They state: f An the several second following
lIftoff a bright light flashes on t he screen, he pulls a lever.
The light indicates that a malfunction has occurred during the
launch. The lever activates a catapult which ejects the
capsule high into the air. ." parachute automaticaily opens....
During descent, the cosmonaut again places his hand on the red
lever." [311 According to H. Hoff-man, a portable emergency
kit is located in the pilotIs seat: "The pilot's seat is
equipped with...a portable emergency kit (food provisions, water,
first-aid dressings), as well as with radio and direction-
finding equipment which the cosmonaut might need after landing."
[2)

According to some sources, the Vostok-type spaceships
were suitable for repeated flights. G. V. Petrovich states
that in the four normal recoveries of the spaceship-sattelites
"the condition of the cosmonauts' cabins was such that it
permitted their use for a repeat flight after minor repairs to
the outer bovering only.1: [22) Speaking about the Vostok-4,
Popovich states: "If I were permitted, I would fly with pleasure
more than once in the Vostok-4." [24]
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SECTION C. DESCENT OF A SPACESHIP FROM

ORBIT TO THE SENSIBLE ATMOSPHERE

1. Orientation System*.

.. ccording to an official report, "the Vostok's orientation
in space can be accomplished either by an automatic sun-seeking
system or by the pilot. Tha former ensures proper turning of
the ship and accuracy in maintaining the required position.
The sensing units of the system consist of a number of optical
and gyroscopic transducers. in manual control,, the cos-monaut
uses an optical orientation device for determining the position
of the ship relative to the earth. The optical orientation
device is mounted on one of the three cabin portholes and cons:,.;
of two ring-shaped mirror reflectors, a light filter, and a
glass with a zgrid. The sun's rays coming from the line of the
horizon strike the first reflector, then pass through the port-
hole glass to the second reflector, which directs them through
the glass with the grid to the cosmonaut's eye. When the ship
is correctly oriented vertically, the cosmonaut sees an image
of the horizon in the form of a circle and he observes the
section of the earth's surface below through the center part
of the porthole. The position of the longitudinal axis of the
ship relative to the flight direction is determined by obser-
vation of the 'run' of the earthts surface in the vision field
of the porthole. Using tha conts'ol devices, the cosmonaut may
turn the ship so that the line of the horizon is visible in
the orientation device in the form of a concentric circle and
the direction of the 2run' of the earth's surface coincides
with the course line of the grid. This will indicate correct
orientation of the ship. if necessary, the vision field of
the orientation device may be covered with a light filter or
a blind. A globe located on the instrument panel makes it
possible to determine, along with the current location of the
ship, its landing area if the retroengine is fired," Ill)

Engianeer N. Aleksan•frov makes the following statements
S regarding the orientation -nd stabilization systems of space

vehicles: "Soviet scientists and designers grappled successfully
with this complex scientific and technical problem in 1959,: with the launching of the interplanetary station to the Moon.
Since that time not a single one of our spaceships has been
launched without such equipment aboard....

Li Russian., the term "orientation system!' has essentially the same
meaning as the American usage of the term "attitude control system."
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"W-n te Vostok ships Lorlentationj is carried out
Sautomatically in relation to the sun and manually in relation

to the earth. In both systems, the sensing elements are optical
and gyroscopic transducers.,,,.

"In manual control, the cosmonaut can utilize the 'VZOR'
optical system, a special control stick, angular-velocity
transducers, and other devices. The optical orientation device
is located on one of the cabin portholes. It is so constructed
that when the ship is properly oriented, the cosmonaut sees an
image of the horizon in the shape of a circle. The portion of
the earth's surface located below [the ship] is visible in
the central section of the porthole.

"The position of the longitudinal axis of the ship is
determined by observations of the 'run' of the earth's surface
in the vision field of the orientation device. If the direction
of the 'run'-coincides with the course line, it means that the
ship is properly oriented. The appearance of deviations indi-
cates the need to correct the ship's attitude. In this case
the cosmonaut, [by] deflecting the control stick to the side
required, sends command signals to the transducers of the
orientation system; Signals from them are sent to the rocket
engines -- to the thruster nozzles, from which a Jet of gas
is issued." [32]

In an article on spacecraft orientation and control,
V. Vasil'yev and B. Semenov state that three flywheels with
mutually perpendicular axes, powered by an electric motor,
may be used to orient a spacecraft about its three axes. Fly-
wheel weight can be reduced by increasing the speed of rotation;
this, however, requires greater motor power and, consequently,
greater weight of the power source. The optimum variant is
that in which the overall weight is minimal. Discussing the
orientation and control equipment aboard Vostok spacecraft, the
authors state that a special optical device, the IVZOR," is
used by the cosmonauts to observe the earth's surface and to
orient the ship according to the local vertical and the direction
of flight. Another method for determining the local vertical
is throu~h tne use of a special device which detects the earth's
thermal and infrared radiation. Automatic devices connect the
orientation indicators to the spacecraft's orientation-control
system. The authors describe the manual control system, stating
"that it 4,s composed of control rocket engines, spacecrat *rate-
of-turn p:ickups, an optical orientation device, and other
components. If the ship has deviated from a given position,
te cosmonaut moves the control stick in the proper direction.
With this, the rate-of-turn pickup r.ceives a signal which
switches on rocket engines. The craft begins to turn faster.
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,he rate of turn increases until it compares with that given
by the cosmonaut. At this moment, the engines are switched

rff, and the craft rotates at a constant speed. As soon as
the deviation has been corrected, the cosmonaut places the
control stick in the neutral position. With this, the rate-
of-turn pickup releases the signal given by the cosmonaut at
the beginning of turning; i.e., it signals zero rate of turn.
Instantly, rocket engines go into operation which begin to
slow the ship. As soon as the rate-of-turn pickup signals that
ship rotation has ceased, the engines are switched off. There-
fore, each rotation of the ship about its center of gravity is
accompanied by a twofold switching on of the rocket engines --

once for initiating rotation and once for stopping rotation.
Discussing reentry, the article states that in order to accom-
plish reentry, the engine unit must produce thrust opposing
the spaceship's direotion of flight. For this, the craft must
be turned so that at the moment of switch-on of the engine unit,
the nozzles of the rocket engines face in the direction of
flight. [33]

Analysis of several sources shows that the power unit of
the orientation system consists of small nozzles and spherical
compressed-gas tanks. [343, which are located on the outer
surface of the ship's instzilment section [22]. Design Engineer
I. A. MerýuJlov, describing the Vostok-3 and Vostok-4 flights,
uses the word 'engines" in relation to the attitude control
system: "After separation from the rocket, only small engines
for attitude control and a retroengine system assuring the
ship's return to earth remain with the ship [141.

"Additional details have been disclosed concerning the
environmental control system of the Vostok spacecraft. Unlike
the water-boiler arrangement in Mercury, which carried away
heat by vaporization, the Soviet technique involves a heat
exchanger in which the circulating coolant delivers the heat
flux to the skin of the spacecraft, where it is radiated into
space. Adjustable vents are used on the radiating portion of
the spacecraft's skin to maintain the coolant at a constant
temperature within the closed system. Cabin temperature is
regulated by the quantity of air driven through the heat exchanger
by the fan. The system has proved accurate to 1.5*C, according
to the Soviet report.: [35]

The time lapse between switch-on of the Vostok-l's
automatic orientati.on system and the completion of preparations
of the onboard apparatus for switching on the retroengine was
24 minutes: "'At 9:51, the automatic orientation system was
swItched on. After leaving the night side, the system performaed
a search for a orientation on the sun.... At 10:15, the comarnds
came from the computer to ready the onboard apparatus for firin;
the retroengina. E 11]
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Describing her activity in the space. d Curing flight,
Tereshkova writes that while in oiObit sha h d to leover

manual control and orient her spaceship. She switched on
manual control, read and recorded the initial pressure in the
tanks, and started timing with the stopwatch. The position
"of the earth in the porthole was such that it was advantageous
to begin orientation about the pitch axis. She quickly oriented
the ship in roll and yaw. She stopped the stopwatch, took
readings of the instruments and recorded them. Teresbkova
remarks that little time and "working medium" were expended and
that the ship was responsive and easily controllable. According
to her, a pitch maneuver followed by roll and yaw is litterally
called "orientation in the manner of landing. She states
that in addition to carrying out this maneuver, she oriented
the ship "in the manner of an airplane." £363

2. "Space Compass" (Orbit Navigation Device).

Describing the command point at the cosmodrome, Mel'nikov
states, "a device in the panel of which a globe is mounted has
been set *p in the room. The globe is an exact copy of that
on the instrument panel of the Vostok-5. An engineer-designer
explains that with this globe it is easy to determine the
location of the cosmonaut at any given moment. It is possible
to determine with this glove not only the location of the ship,
but also its longitude, latitude, and the number of oompleted
orbits." Cosmonaut Nikolavev was present during the engineer's
explanation and commented: "It is an accurate device. i was
convinced myself when I flew. You look into the porthole and
see the yellow shape of Africa...and this device shows the same
thing. In short, it is an excellent thing." [371

In a discussion of the command point a- the cosmodrome,
Ostroumov refers to a navigational device used in the Vostoks:
"In the communications room, a copy, or rather the twin, of
the navigation device installed in the cabin of the Vostok-5
stands in an elevated po3ition. A small, finely-detailed
globe is set into its upper left-hand corner. On the spherical
glass [shell surrounding the glove] there is a circle with a
reticle. The glove is rotated at exactly the same angular
velocity as the earth, and the oceans, continents, and islands
drift beneath a point in the reticle. Now it is over the
eastern part of the Indian Ocean; this means that the ship. is
there. '. I-~rther description and a demonstration of the device
by its designer indicate that .here is another, smaller circle
within the larger one; it is used during reentry and landing
of the ship. To change the globe's setting from "orbit" to
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"•'*• •'••""• ... causing a- globe a o Skip to

a new position. Here, a reticle on the small circle indicates
the point at which the ship would land had the cosmonaut
begun deceleration at that moment. Thus, the small circle
helps the cosmonaut to choose the landing area. £38]

Peskov gives some additional information regarding the
navigation device mentioned by Mel'nikov and Ostroumov. It
is .. a silver box, two times smaller than an ordinary
television set. A small opening, like the speedometer of
the 'Moskvich' automobile, shows the number of orbital passes.
The designer of this device told Peskov, "Cosmonautics will
develop further; there will be new carrier rockets and new
spaceships. But this device, in all probability, will remain
on board. It will never, it seems to me, become obsolete, any
more than the compass became obsolete for travelers." £39]

In reference 40, the space compass is described as follows:
"To determine the location of spaceships, in the cosmonaut's
compartment there are three portholes, and on the instrument
panel there is a small globe. This globe rotates continuously
at a speed corresponding to tVe angular velocity of the earth's
rotation and to the. ship's motion in an orbital plane relative
to the center of the earth.

"To get a graphic idea of how the cosmonaut determines
the location of the ship in relation to the surface of our
planet, let us put on the globe a circle inclined at an
angle of 65 to the equator (approximately the same inclination
angle as the Vostok-5 and Vostok-6). Let us attach the circle
to the globe support and rotate the globe at a speed corresponding
to the speed of rotation of the earth around its hypothetical
axis. Along the orbit circle, at a continuous and definite
angular velocity corresponding to the orbital velocity of he
ship, let us set in motion a special indicator model of the

4 ship. Observing the movement of the model on the globe, the
cosmonaut determines the area of the earth over which he is
flyinZ." £40]

SOstroiumov's article [38], appearing originally in Izuestiya
was reprinted in a special booklet published by Izuestiya [41]
that contains additional information on the space compass.

S elating a conversation at tre command point bet. een reporters
and the desiV':er of the space compass, the author states, "We
learned zhat the device, which in itself is a type of computer,
requires a power of only 0.3 watts. In other words, it can
operate on a flashlight battery.... This prime device in space
navigation is the forerunner of all those which will appear in
the future." ()412
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In reference 42, Ostroauov stat , "the descent of the
Vos0ok-6 has begun. • picture how Tereshkova In her ship
had switched her 'globe', how the tiny terrestrial globe had
skipped over in the device, and how she watches the small
circle designating the place [where che will] meet her
friends." [423

3. Retroengine Unit.

Discussing the use of engines for aerospace vehicles, in
a 1959 article [431 N. Konovalov states, "Ramjets may be used
in high-altitude, high-speed pilotless vehicles. In particular,
they may be used for the interception of ballistic missiles.
They may also be used for boosting space vehicles and for
controlling their flight during recovery. Ramjets operating
on nuclear fuel and ramjets using the energy of atomic oxygen
found at .high altitudes are now being developed." No indications
were found showing that ramjets are used in the retroengine
system of Vostok-type spaceships. L. Sedov, discussing the
Vostok reentry, states, Rocket engines were used for supple-
mentary deceleration of the ship-satellite Vostok." [41

Describing the reentxr of Vostok-type spaceships, official
reports and many Soviet writers use the general term retro
power unit," which does not indicate the number of retroengines
Afor each spaceship. Most writers use the singular, and some
the plural, of the Russian word afor retroengine.

Figure 6 shows a typical reentry sequency for Vostok-type
ships, as given by Soviet sources. Since the retro power unit
is located in the rear of the spaceship, the spaceship is turned
180 degrees before the power unit is fired. Figure 6 and a
diagram given in a TASS report t453 show the retro power unit
with one jet; however, another TASS report [113 shows two jets.
It is interesting to point out that East German author H. Hoffwmz,
whose book is based on Soviet sources, including one of the
above TASS reports Il1], gives a reentry diagramc" which differs
from that shom in Figure 6 and other Soviet sources. According
to Hoffman (Figs. 4 and 7), the retro power unit is located
in the torebody of the spaceship, which need not be turned
180 degrees before the firing of the power unit.

The plural of the Russian word for retroengine is given
in several sources, including an article by military reporters
S. Kovalev and others; "AV a predetermined time, the solar
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orientation system accomplishned its operation cyvle Af'a•
some time, tnhe retroengines Lof the Vostok-1] cut in." [46]
The singular of the work for retroengine is used by Titov in
a TASS report, where he refers to the Glenn effect as the
problem of "fireflies" or the "phenomenon of small luminous
dots floating past the porthole of the spaceship.: Titov
says, "I also saw these luminous dots during the flight, and
explained their origin thus: During scavenging (cleaning tha
engine), burnt gases and liquids under conditions-of weight-
lessness turn into drops, scatter, and luminesce in the sun's
rays. During Glenn's flight, this could also have been drops
of moisture thrown off by the so-called evaporator -- the
device which controls humidity and temperature In the cabin.
Glenn, it is true, does not quite agree with my point of view.
I think that this debate is immaterial. However, let's fly
some more, and we shall see." [47]

During his historic flight, cosmonaut V. Bykovskiy made
the following notations in his log. He stated t1-at the g-forces
and the imperceptible ignition of the last stage. During
their flights, Titov, Nikolayev, and Popovich observed small
white particles following their ships. Bykovskiy wrote the
following concerning this phenomenon: "...when the ship 2eaves
the night side and the light comes from my left, I can see
"luminous dots out the right porthole moving at a distance of
20 to 30 cm and up to 2 meters from the ship. Their movement
appears as if they are leaving the ship or the ship is passing
by them. I have observed this phenomenon each time I leave
the night side..." V. Tereshkova wrote the following concerning
this phenomenon: "Out of the right porthole at sunrise, I
observed a mass of small particles. [it is] as if I am passing
through a meteor layer." Bykovskiy, who floated about his
cabin for one entire orbit, noted that there was plenty of
room and if [suit] ventilation were provided during free
floating, it would be possible to reiaIn in the floating state
for any amount of time. He further noted that during free
floating, the angle of vision outside the porthole is greatly
increased, but it is very difficult to determine relative
distances. When the lights are out, orientation is difficult;
there is neither a floor nor a ceiling. [19]

Some indications of the weight and power of the retroengine
unit for Vostok-type spaceships are given by I. A. Myerk"•lov
when he discusses the transfer of a spaceship from an earth
orbit to a descent trajector: "For example, to change the
speed of a spaceship by 100 m/sec, it Is necessary to have a
power unit which comprises from 3 to 6% of the ship's weight
Lcabin, payload, cosmonauts].
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"To change the speed by 2 km/sec. it is necessary to have
a fuel supply equal to 40 to 60% of the ship's weight. The
weight of the entire unit for maneuverability comprises 50 to
80% of the ship's weight....

"To transfer a spaceship from an earth orbit to a descent

trajectory requires a very small change in its speed. For
instance, for orbiting ships flying at altitudes attained by
the Vostok-3 and Vostok-4, it is sufficient to decrease the
speed by 40 m/sec for them to descend below 100 km and, having
entered the dense layer's of the atmosphere, to decelerate
quickly and land on the earth's surface. Such a change in speed
requires a very small power unit, comprising only 1 to 2% of
the ship' s weight." [14]

Several sources contain statements to the effect that
brief, intermittent operation of the retroengine is more
advantageous*-than prolonged, continuous cperation. 1ierkulov
gives the following opinion relative to engine operation for
maneuvering: "The weight of the power unit is not dependent
upon whether the speed ^,f the spaceship is changed by a given
value immediately through prolonged, continuous engine operation,
or by brief, intermittent operation with each ignition giving
a relatively small increase in speed. The weight of the power
unit is dependent upon the total increase in speed, regardless
of the number of firings and duration of operation." L14]

It is interesting to note that in describing the Soviet
reentry system, various authors use the words "retroengine
unit," "retro power unit," "retroengines," or "regroengine."
However, K. Gil'zin, in describing the American reentry system,
uses the word "retrorocket." He states, "Fuel is also nec-
essary for retrorocket operation, i.e., rockets for decelerating
the ship and for transferring it to a descent trajectory..
[30] This difference in terminology probably reflects the
difference between the retro power units used for Vostok-type
spacecraft and those on Mercury vehicles.

4. Deceleration by Retro Power Unit and Free Descent of a
Spaceship Along the Reentry Trajectory.

Relative to the deceleration of space vehicles, I. A.
Merulov states the following: "Research has shown that for
clrcumterrestrial flight, the best altitudes are from 160
to 400 1cm....
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"At an altitude of 100 km, a l.0-ton craft travelling at

orbital velocity will not complete avwanon rb,^ _.n.. the
ship's speed decreases by 51 m/sec during one orbit.... At
200 km,...the ship's speed will decrease by only 0.05 m/sec,
and the altitude will decrease by 0.2 km in one orbit.... If

an altitude of 180 km a rocket inserts a ship into orbit
• .iTh a speed only 0.5% less than orbital velocity, the ship
will not complete the orbit, but will enter the dense layers
of the atmosphere and terminate its flight.... To lift a
ship travelling at 7791 mi/sec from a circular orbit at 200 km
to an altitude of 300 km requires increasing the flight speed
by 29 m./sec." [141

From a TASS report on the Vostok-l flight it is evident
that the ship moves at a constant speed along the descent
trajectory from the retroengine sutoff point to the dense
layers of the atmosphere: At a predetermined point in the
orbit, the retx~oenglne unit is fired; this provides a decrease
in the ship's speed to the required calculated value. As a
result, the ship transfers to a descent trajectory. The cabin
containing the cosmonaut decelerates in the atmosphere." £113

In a description of the Vostok-3 and Vostok-4 flights,
?. Vasil'yev makes the following statements: Prior to decele-
rat'on, the spaceship was travelling in its orbit at a speed
of 30,000 kmfnr.....

"The retroengine reduces the speed a little...."

"The spaceship approaches the dense layers of the atmos-
phere at a speed of about 28,000 km/hr." [483

In an article writtten in connection with the Vostok-3
and Vostok-4 flights, N. Ushakov states: "The retroengines
are cut off. The spaceship leaves the circular orbit and
starts to descent. At a speed of approximately Mach 25, it
penetrates into atmosphere of ever-increasing density.' £49)

From a source published in East Germany £2], it follows
that the maximum orbital velocity of the Vostok-1 and Vostok-2
spaceships was about 28,800 icm/nr. The same orbital velocity
for Vostok-1 is also mentioned by A. I'1yushin when he discussee
4he reentry of this vehicle. According to him, "the Vostok-1
flew at an orbital velocity of almost 8 km/sec. if a satellite
"is suddenly stopped, it will fall to earth vertically....
Anothn method mIght be used: the retro power unit decreases
the speed, for instlance, to 6 or 7 km/sec. Then the cosmonaut
descends along a trajectory close to parabolic. This apparently
was the case with the Soviet cosmonaut." [503 It should be
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antiloned that I1'yushin is the only author quoted in this
reort who thinks that the VostoA-1 descended along a parabolic
traijectory and that the vehicle's orbital velocity was decreased
by a value of 1 to 2 kem/sec. According to several other sources,
the Vostok-1 descended along an elliptic trajectory, and its
orbital velocity was decreased by a small value. In describing
his flight, Gagarin states, "The retroengine unit worked
perfectly. The Vostok gradually began to lose speed and went
from its orbit into a transfer ellips.: [51] From reference
[2], it follows that deceleration during the operation of the
retroengine unit was relatively small and Gagarin tolerated
it easily.

As is shown above (Section B, 1.), all the Soviet Vostok-
type spaceships were launched according to the same program.
Therefore, the following int2ormatior concerning the fourth
ship-satellite flight might also be related to the Soviet
manned flightsý. Describing the flight of the fourth ship-sat-
ellite carrying the dog Chernushka, A. Shternfel'd states
that the deceleration of the ship by the atmosphere begins at
an altitude o~f 90 km and that the retroengine decreases the
orbital velocity by a value of less than 50 m/sec. Shternfel'd
states: "Calculation shows that the ship-satellite travelled
at a speed of1 7831 m/sec in perigee. As the ship moved away
from the earth, its speed decreased in apogee to 7753 m/sec....
We assume that deceaeration by the atmosphere begins at an.
altitude of 90 km. Calculations show an interesting fact: If
for descent from perigee a s.iip-satellite should have a velocity
of 7783 m/sec relative to the earth's surface, then, for descent
from apogee, 7726 m/sec is sufficient. Therefore, in order to
initiate descent from the fartherst point in the orbit, the
velocity must be decreased by 27 m/sec, while from perigee, it
must be decreased by 48 m/sec. Hence it is apparent that the
savings in velocity, and consequently fuel, would consist of
a little morc than 40 percent.

"We wish to note that this in no way means that the
command for the descent of the fourth ship-satellite was given
precisely at the moment of its passage through the apogee.
Actually, fuel economy is far from alwyas being the deciding
factor.... Nonetheless, the described method of descent from
apogee has theoretical interest. For highly elongated orbits
where the altitude in apogee exceeds that in perigee by several

times, the use of this type of descent permits a great saving
in fuel, and, as a consequence, rockets with less power can be
used to launch artificial satellites. For instance, for an
artificial satellite completing a flight around the moon and
the earth (with a lower perigee), descent from apogee would
yield a tenfold saving in fuel..' £52]
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Discussing the Vostok-1 flight, a TASS report states:
:'mt-he pionentC tohlat tUhAI :*CkIVIU46LIUOk4WS - Ler Aired priorA t%

landing, the ship travelled about 8000 km. Flight time for
the descent phaie was about 30 minutes.... At-I0:15, the
commands came from the computer to ready the on)oard apparatus
for firing the retroengine.... At 10:20, the retroengine was
"fired and the ship went from the orbit of an earth satellite
to a descent trajectory. At 10:35, the ship began to enter
the dense layers of the atmosphere." [11] Another .TASS report
-ives the following figures for the Vostok-3 and Vostok-4:
*A 9:24 Moscow time on 15 August 1962, the retroengine unit

..was switched on aboard the Vostok-3; six minutes later [it was
switched on] aboard the Vostok-4, after which, both ships [sic]
"" their descent." £53]

Analysis of reference 13 shows that the instrument section
-e spaceship separates from the cabin section somewhere

.,ig the reentry trajectory at the end of the high-temperature
and overload zone.

Discussing the Gagarin flight, 0. Kudenko states, "Yuriy
knows that located behind his back are complex instrumentation
systems. They control the operation of all the ship's mechanisms.
The final commands are transmitted from earth. Now, the
instrument section must be jettisoned. For a moment, he L@agarin]
feels sorry for these 'intelligent' instruments. Afterwards,
on the duralumin rings of the portholes, through the protective
shutters, he sees the blood-red reflection of the red-hot
coating of the ship's body.... The temperature on the ship's
* surface is many thousands of degrees.

"The ship shakes as it penetrates into the sensible
atmosphere. The overloads increase, and the deceleration units
roar. The pilot's voice sounds gay and calm as before: 'The
cabin temperature is 20 degrees. I can feel the overloads.
Everything goes well. The instrument section has been . ;ttisoned'."
£13]
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^T, Z.D.•-CN- OF A SPACESHIP TMROUGH THE SENSIlE ATIOSPHERE

1. Eigh Temperature and Overload Phase.

The recovery phase of a space mission is considered by
Soviet authors as more difficult than the launching: "Accord-
In to reports by Gagarin and Titov, the moment of reentry,

..en the spaceship enters the dense layers of the atmosphere
ýzn rapidly approaches the earth, is no less difficult than
the launching." [54] In an article by N. Kamanin, 0. Titov,
and others, the authors state: "The most difficult and impor-
tant stage of a space flight is the recovery. One need not
even speak of what a test of will and self-control it is for
a ship to enter the dense layers of the atmosphere. Wnen hot
tongues of fire burst astern and the terrible weight of over-
loads descends upon his shoulders, not only physical stamina
is required of a cosmonaut, bur also moral." [55] The high
tezoperature and overload phase mentioned in reference 55 is
also discussed in geneoal terms by A. Yurok. Describing the
Gagarin flight, Yurok states: "During descent, the cosmonaut
again places his hand on the red lever. Negative g-forces
descend heavily upon his body. However, the cosmonaut is
capable of taking over from the automatic controls at any mom-
ent. Everything goes well and the automatic system has released
.he ribbon parachute; the g-force have increased sharply. Now
the main canopy has opened; the dense layers of the atmosphere
have been entered. it is hard on the p:.ilot. The g-forces
decreas slowly. The pilot is beyond even thinking of looking
out of the porthole." [70]

The overloads during reentry are considerably greater than
during launching. For Gagarin's f nigt., ... "the acceleration
overloads reached 6 to 8'g~s, while the maximum value for decel-
eration overloads was about 10 g~s.... This maximum overload
appeared at an altitude of about 50 kin... The vehicle entered
the sensible atmosphere at a speed of 8 ki/sec.... The period
of high overloads for the Vostok-1 lasted about 15 minutes." [2)
A TASS report states: "At 10:35, the ship began to enter the
dense layers of the atmosphere.... At 10:55, the Vostok-1 landed
in the predetermined area." [!l] Thus the time between the
Vostok-1 entry into the sensible atmosphere and its landing was
20 minutes. rhis period of time is mentioned also for another
vehicle, a satellite container using a metal parachute: "The

container will float down from the satellite to Earth in 20
minutes." [56] Professor G. 1. Pokrovskiy, in a general dis-
cussion of the high-speed motion of a body, states: "Usually,
movement at high speed through the atmosphere is not continuous.
For example, if even a comparatively slight deceleration occurs,
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fn w.-,`...c. the decelerating force is equal to the weight 0' the
efo. a eduction in speed from orbital velocity to

Zero, 800 seconds (about 13 minutes) are required." £57]

In discussing high-altitude aerodynamic drag, two refer-"
¢~es state the following: "At altitudes above 200 km, the
..ealvn of a flying body due to drag is very smell and can be
coi-pared with the heating produced by the radiant energy of
";he sun and the earth." £58) "Noticeable deceleration. of a
z-atellite begins at an altitude of 200 km." £59] From an article
by A. Shternfel'd, it follows that during the reentry of a space-
J.,p, significant aerodynamic deceleration begins at an altitude
of 90 1m. [21)

2. Characteristics of a Shock-Wave Front.

This section contains material showing conditions surround-
In- the reentry of space vehicles and principles relating to the
calculation of shock-wave fronts. The material given below con-
zists entirely of statements translated from Russian, arranged
by zubject matter and listed under author and reference number:

Pokrovskiy, G. I., Professor,, 57.-

"There are two types of interaction of bodies w'th a medium:
interaction of individual molecules and interaction with a con-
tinuous medium. As a conditional boundary between the types of
interaction, we can use that density of the medium present when
th-e length of the free path of a molecule is equal to the diameter
of the moving body. For a body with a diameter of one meter,
th.is boundary in the atmosphere can be found at about 116 km.
For a body having a diameter of 10 raeters, this altitude increases
-o 133 km... The length of the free path at an altitude of 50 km
is equal to 0.01 cz,.; at 100 1it, i* is 10 cm, and at an altitude
of 150 km, it reaches 100 meters.

M'lerkulov, I. A., Engineer, 14:.

"If a body flies at subsonic speed, air particles a short
distance ahead of the body receive a signal in the form of a
sound wave. The particles give way and flow around the sides
of the body.... However, a completely different picture is pre-
sented when a rocket or other body moves in the atmosphere at
speeds exceeding the speed of sound. In this case: the vibra-
tions of the air particles, occurring as a result of the body's
motion, literally speaking, are unable to 'inform, the air
particles ahead of the approach of the body. Wit,.out receiving
the wave ,signal', the air particles are not able to give way.

- 29 -



fPolloi-is an impact of tile body with stationary air. A
~g~onof highly compressed gas forms in front of the body."

Petulkdhov,, B., S., Doctor of T'echnical Soilences,_ L0:

"Thermal dissociatilon of riolecules takes place in the flow
(or boundary lay.,er) at a temnperature above 2500*1C, and the atoms
-'coxo-bine in the cold parts of the boundary layer3.... Ionized

'~s~s ormed under very high temperature conditions -about
!O,0C0*K.... If the speed of the body (or gas) is no higher

~nabout' Mlach 6, the effectfd on hoat transfer of the compreftsi-
bI'Lity o60 the gas and the v-ariation of it;s phscl*rmtr

-:;h ternperat-ure, is taken into conzideration together with drag
[.;.n calculating the boundary layer).... At speeds, of about Mach
10 and higher, it is necessary to consider iot only the compressi-
bility and phaysical parameters of the gas, but also the effc.'t
of dissociation and recom~bination and the catalytic action of

Zh.OvinskiY_,_N. Ye.., Candidate of Technical Sciences, 61:.

"in shock waves, air stagnation bears a Shook character and
tieincrease in tem-perature,* characterized by a change inspeed

oz pressure as air passes, t~hroug1% the wave'. is dependent on the
ineSity of tChe wave. Thanks to the shapes of modern aircraft,

tie intensilt-y Of the -.ave is not grýeat. Consequeatly., the heat-
inof1 air behind thewave does not,- in practice., 1influence the

hoatin~g of the aircraft. 'The greatest Influence on the suirface
heatinf§ aircraft is povided by flow Stagnatl.ion in the boundary
layer.

Mi'Yan. A 40ief' Desri•ne,62

"6ad"Plight at speeds correspondi,1:n-g So VMach. numbers of about
0ad8, i.e., the begginning of the hypersonic. range, in essence

d(-es not change, the laws o superzonic aerodynamics., even though
itmay require a chlanlge In the external form of aircraft. By

increasing the flight speed to Nach 1015., we meet several new
Dheomea.?orintaneonar chemical processes are initiated

w~hich are rel"aQted to the dissocication of air.

"The disintegration of air molecuiles wihthe liberat;iOn
Of atOMI4 c OV.Sen, atnd l1"Stater nitrogen., leads to their interaction
with the* result that nitric oxide be&L-vs to form and the chemic'al
cOMposition of6 the air is changedpi. Further increase in hypersonic
Velocities will be connected vwith, the occurrenc o, atom ±onZat*o
processes, since, wh'.en atoms collide, they lose Olej~ttrOns and
beaome cha~rged particles..,..
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Pokowkiy, 0. I., Profe ssor& 57:

"Gas heated to a high te•nperature and hi-ghly ionized is
tcr•.ed •!asma. With mov!,Nient a- a velocity exceedin: 3 to 4

* ~.n/zOQ, --,ir flowzing around a moving body turns into air Plasma.
:-n plasMa, the basic energy carriers are bleatrons,"

Zhovinski, N. Ye., Candidate of Technical Sciences, 61:

"The layer in whic a change occurs in the velocity of flow
from zero to I£Ight velocity is termed the boundaty layer....

o.,G boundary layer is called laminar if the currents of air in
Sit move parallel to each other.... At high flight speeds, heat"osfer from a laminar layer tc the surface of a aircraft is
=&ny times less than the heat transfer from a turbulent layer,
when all tother conditions are eqaal."

Plikoyan, A. I., Chief Desiiner, 62: - -

"DI maintaining a dynamic head of about 5000 kg/m2., it is
,,•i.le to attain fligh&t speeds o. 18,000 1c/.hr .at an altitude
of' 40 kin; this is 15 times faster than the speed of sound at the
sam altitude. Air density at an altitude of 140 kmu, compared
it-1i the density at 20 kin, is 20 times less; the atmosphere is

so rarefiued that the length of the free path of molecule of air
increases to perceptible dimensions and is about- 0.02 m, -while
at the same time on earth, the length does not exceed 0,06- microns."

Zhovinskiy, N. Ye., Candidate of Technical Sciences, -61:

"Stagnation temperature can be-calculated approximately by
t he formula : .

100-
wlhere Tsta is the stagnation temperature, T is the air tempera-

ture in front of the shook wave, and V is the flight zpeed. The-
first Soviet satellite entered the atmosphere at a speed of 8000
rn/sec. The air stagnated by the artificial satellite heated up:-
&.o 32,0000,, since

TsugT 32,000*C."

Pobw ovski G. 1.. Profess or.,5:

"Be'hind a shock wave, air density increases sharply, and
t1he direction of motion of the air stream changes sign1ficantly;
besides this, the Air temperature increases greatly. Por orb.tal
velocity at an altitude of hundreds of kilometers., the stagnation
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=Paratuft'e is equal to about 31060K. At the escape velocity
s•ec ary for a moving body *to escape the limits of the earth' s

r-Nvi1at0on, the stagnation temperature reaches 60,Oo00C. These
j#az.at1o temperatures, which characterize heated air-flowing
a.rou a body, occur only at a point near the forward portion
oi, the body and-not throuchout the entire air mass. For all
o4her portions rof the body], the air temperature is lower."

Sakoyan, A. 1.,,, Chief Designer,,62:

"inittially, the stagnation temperature of air flowing
Saouto an aircraft at high supersonic velocities increases
tiost - uadra-.i. ally with an increase in the Mach number.
•-;er'efore, at a flight speed of 2000 km/hr, the stagnaton tern-
SOpeature is approximately 100*0; at about 5000 km/4hr, the stag-
.ation temperatureý will be 1000 to 1100%C and at 10,OOC AhAr,.5O0aC"350C. a

Perel'man, R. G.-.,. Candidate of Technical Sciences, 63:
"-"At an altitude of Ii kin, the density of air is three times

":io•e• th-n at the surface of the earth and the temperature is
,,out -ý-50.... At a speed of i1ach i, the temperature of the
air is _50%, and at a speed exceeding 2000 km/r,. the &temperature:• +200'... Wen a speed of 4500 k1/hr is attained., the skn

* of the nose section and leading edges of the wings are heated
""o a glowing red; a thermometer located on the skin of the air-
craft reads 5500... At ]ach the aircraft becomes -ed hot,
the thermometer-.reads above 600t...."

I4erkulov I, A.., Thineeri, 14:'

"Wh•en a bullet, a supersonic airplane, or an artilery shell
travels at a speed two -times greater than the speed of iound, the
air -temperature in front [of the object] increases to 240. When
the fligbt speed increases to three times the speed of sound,, the
temperature rises to 500. In front of a rocket travelling at A
speed of 2.5 km/pec, the-air temperature reaches 25000.1'

Perellman, R,.a.., Candidate of Technical Sciences,, 63:
"One transfer of energy from onco-ing air to the surface of

a movIng body occurs at temperatares up to 3000-=4000 basically
as a result of molecular bombardment.... .

"If the stagnation temperature exceeds 3000 to 4000r, which
corresponds to a vel o.ty exceeding 4500 to 8000 m/aeo, marked
Ionization of the air begins. In Ionization many free electronsappear. In a highly heated gas, electrons move one hundred times
faster than atoms and molecules.-
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~'ve, VEx~gneer, 58:-

"Accordiflg to calculations, at Xach 10 the temperatur'e of
cq& ai on the surface of a flyIng body Is about .5000 to 6000C."

VO.Likov. VA. *and ~.Spun yabkly. -64s'
1 ne thermal boundary layer near an airplane flying at an

1i tude of 30 km at a speed of Yc = 2.7 will heat up to a tema-
"eature of 2900% Por a rocket having- a speed of _X M 10.7,
±s tUemperature will reach 3150% 'The boundary layer of an

~t"ercont~inental ballistic rocket (M 21.3) may heat up to
~tt7000

Suzhk1ov, Yu. Egiee,5:

"An Mair cushion' formed, by comipressed, gas appears between
h.e shook wave and the satellite. 2be temperature-of th~e corn-

p~reszed gas is 4000 to 8000QC."

Kude,-ko, 0., 13:

"The Vostok slowly enters-the uipper layers of the atmosphere.
~;vibrates-as It. over'comes-the dense layer of air. Its skin

heats p Yurliy looks at the therzometer. _0m the ship's surface
thea tperature reads 2000,0 then 3000., then 50WOC The tempera-
4-uwa rises rapldly."

X~ioynA. I-,Chief DeaSignr,, _62*.

"Supe -rsonic -aircraft of ordinary design with a win& loading
o)f 300 kgc 2 to ~400 k&, cm12 at 7an- altitude-of 20 kM -have a zinimum
.-ying~ speed approximoately equal to-the spe f -sound; at an
altitude of 40 1cm, this speed is five-times-greater."

@hovinskiyL N. Ye.,* Candidate of -Tecbnical Sciences., 61:0

"In a flow about the surface of an aircraft,, the heating
of the~ air In the boundary layer Increases the temperaturet-of
the surface itself. If the flow does not decelerate or,, con-
vearsely., accelerates due to expansion,, then Its temiperature
decreasesj, since In order to accelerate It Is necessary to ex-pend,
a certain amount of Internal energy; i.e.,v thermal energy i8
transformed Into kinetic energy.

"" Calcul~ation indicates that if the temperature, ot air at
ZOEst is equal to +15*0,, then an increase in- its velocity- (obtain..-.
a~ble throughl-a drop In pressure) leads to a decre&,-e -in tempera-
tur'e to .- 459C at a velocity corresponding to Y4 = 1. For a flow
velocity corraesponding to 14 2,g the air tezperature decreases to
-121%, while at X -, it drops to -1790."_'
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L'vov, V-, Engineer, 58:

"T7heoretZically., the surface temperature of a bad? flying
w&th a veloeity of Mach 10 will be about 5000 to 6000

PokrovskiY, O. I...Professor, 57t

"Temperature characterizes the energy of the unordered
•otion of molecules. Energy and temperature are proportional-to the square of the mean velocity of the motion. 'Therefore,
If the velocity of the molecules of a body increases by four
times, then its temperature increases by i6 times.

Sushhkov, Yu.', Egneer, 59:

"In the dense layers of the atmosphere a satellite flies
under conditions of hypersonic flight. Under these conditions,
sound waves cannot overtake the flying body, and thus compressed
gas appears between the shock wave and the satellit'

Pokrovslciy, G. I,t Professor, 57:

"We shall assume that a rocket with a cross sectional area
Sof 10 a and a forebody in the form of a hemisphere moves at
orZlital velocity near the earth. Under these conditions, aero-
dynamic calculation shoWs the force -of air resistance is 500,000
tons. Ten meters away from the: rocket, pressure in the ballistic
wave reaches 22 atmosphere, which corresponds to a loading of
220 ton/m2. Even at a distance of 10'kilometers from the rocket,
the loading from the ballistic wave will equal 220 .. ia2....
During- condensation of water, energy is released.... The forma-
tion of contrails can accompany the release of energy which is
S tiwc to three times greater than the energy of the engines.
Correspondingly, there is an increase in the energy given off
by a ballistic wave, and the wave pressure increases by %1.5 to
2 times."

Perel'man R 0. Candidate of Techn1ical Sciences., 63:
"At an altitude of II km and a speed of 3000 km/-r, 160

horsepower for every square meter of surface area is required
to compensate for air friction."

t alyutin, ., Engineer,_ 3:

"The [kinetic] energy of a 5-ton Vostok-type spaceship prior
to reentry into the atmosphere is colossal; it is equivalent to
the [kinetic] eneray of 400 to 500 freight cars moving at a speed
of 70 km/br
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HeatinZ of Aerospace-Vehicle Surfaces.

This section contains material relating to heat flow in
aerospace vehicles. The material given below has been trans-

Cated from Soviet sources and is listed under author and ref-
ernce rnu=ber.

Zhovinskiy• N. Ye.,, Cand.date of Tecbnical Sciences, 61:

"The amount of heat which must be given off per square meter
of surface by an aircraft flying at 15,000 meters at a speed
co"0,esponding to mach 4 is very high and is equi4valent to 200
cialowatts'

L'vov., V., Engineer-, 58:
"7ne heat flow which heats the skin of an aircraft depends

"o& the altitude. At a speed of Mach 2.5 and at an altitude ofS !0 Ikin, the heat flow is one third that at sea level; at an
4".lUtitade of 18 kim, it is one tenth that at sea level."

Votyaiov, V.,+ and B. shumyat•!sUV, 64:

""ne radiative ablity of bodies depe,-ds on their temperature.
- Therefore, if the skin temperature rises from 20 to 3150, thenthe heat flow from its surface to the atmosphere,-ncreases 16

ulmes. The boundary layerp does not hole. this -flow, since air
possesses the property of being Itransparent' to heat• rays."

Zhovlnskiy, N. Ye. Candidate of Technical Sciences 61:

"The maxi== temperature of an insulated wall (surface) of
an aircraft can be determined by the formula

T To CL + 0.2r'1)[]

1:here T. I the air temperature in the boundary layer near a
heat-insulated wrall in the absence of beat radiation, or the
eiall temperature; T. is the temperature of the flow on the outer
limits of the boundary layer; MY is the local Mach number; and
r Is the temperature recovery coefficient.

"The temperature recovery coefficient r is the ratio of
4,he actual air temperature increase near the heat.Insujated wall,
(in the absence of heat radiation) to the theoretically possible-
increase during stagnation, taken t.ithout consideration of heat
transfer or the Internal friction of particles in the boundary
layer; this ratio is expressed as follows:

- _ C TO
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W ere0 Tsa is the stagnatlon temperature of the air.

"Experimental and theoretical investizations have shown
,that r = 0.9 for a turbulent boundary and r = 0.85 for a

laminar layer; therefore, the axizum wvalue for the tempera ure
"of the inner side of the skin of an sdrcraft for a turbulent

SZoundary layer is Te To 0.18 +4szi) [• "c3 for a lam-nar
boundary layer, it .is T, TO(l + 0.17 2,4D) [NXI. At altitudes

Sexceddng 11 1m, the temperature of the surrounding air is equalzo --560 and the flight speed is equal to The local N•ch number.
Under these conditions, when M = 2, the air stagnatlon temperature
is approxi"mtely equal to 11760C. The maxmum skin tamperature
S of wn aircraft when the boundavy layer is turbulent is about÷+10!°0, while for a laminar boundary layer the skin temperature
is about +900."

Po0oma ev, A. N., Lieutenant General,. Technical and•ngmdneeriig_ - Service, i15:

"During flight at hig altitudes and at speeds of about
2500 ,m/hr, lie temperature of the aircraft's surface reaches
20000; at speeds of about-3000 km/hr, the surface temperature
is close to 300C2.

Nalyutin, K.. nsg-neer, 3:

"at an altitude of 10 km,, the• heat fluxes acting on the skin
i of an aircraft flying at Nach 2.5 are tbee times less than at
the surface of the earth, while at 18 km, they ;are ten times less.

an altitude exceeding 200 kmi, the heating of the craft is so
small that it can be compared with radiant energy received from
the sun and the earth.

"The oute- shell of a spaceship, particularly its pointed
forebody, is subjected to gas-kinetic heating during reentry into
the atmosphere. The shell temperature can exceed 1000'.'

Danil!n, B., Candidate of Technical Sciences, 65:

S"At a speed of 1.5 1cm/see, the nose will become heated to a

temperature over 1000"0."

Borisov, V., 66:,

"Upon entering the dense layers of the atmosphere,, he ship-
satellite decelerates due to friction with the air; its energy
reserve is spect on heatin "the air and the heat-shielding layer
of Ithe ship. On the assumption that only 0.01 of the kinetic
energy Is expended on heatin 'the ship-satellite, then the
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rcm~ininv r.9£i exed3 c.~ hai-i the air: the-eoe~i
these rCizuxmstances, the zhip-satellite hasup to a temporature-
of ioooo. I

4. Gozraonaut-s I=.pressions or' Reeatry,

scusi~ te a-Ion. of the Vostok-l alonZ 1-he reerttry
trajectoory, 0. Xudewko stUat'es: 11"slow, the j-.S~trumrerxt seation
Mast be jett"isoned.... Afterwards, on t~he dra1.L, Ainin rings of
the port-,holes , throUrjh the protecitive hterhe (Gagsrin]
sees-- the flame and t-he blood-re~d refecto o. he rL dho
coatilnj;g of the [s-hip's] body. The skin tem;,peratuýre Of tlhe ship

is many ~ousands of derrrees, -he shii shdesa t Ipase
througha the den.<e layers of the atunosphere. The overloadz Increase,,
and the brake instaltosrr.E evr the pilot's voice,
as bef.ore., sounds cheerful and calm: 'Temperatturz -20 0.
periencing overloads. instruments section jettsnd z -"

C-agarin statez: ttThe shipn besan to ent-er "t.he dense layers
of. the atmosphere; .-Its out~er shiell rap Ily became red hot, and

thouh the sb ters covering, the port'lhole i saw. an awe-inspiring
crimson glow from a flame billowring around Ithe hi.The over-
loads increased; they were =ore noticeable than dur:ing takeoff .
[51] After his landing., Qagarin recalled his flight# and stated*.
.... and belfore one's eyes., there Is, the turbulenit'red reflection

L of the burning o; tn. jf671

Soviet cosmonauts do not mentiLon the overloads e=_perienced
during the Tiring of the reroenginez. fles'aribi the rleco verys
they gention thre effects of overloads expe-r-tencedI -during thne
reent-ry into the dense layers oxt the aoshr.Ttvstaltes:
"The system for orienting- the shi~p oke wihecptIonal-

4 r accuracy. Then the %etroeng4,ine fired.... The VostaIk- 2 left
its orbit and began to approachn the dense layers of th atmospee

Wleightlessness somehow. ceased of-L itef.. he Vostpel-2 entered
the dense layers of. the at4-mozs.phere; ILts healt-prot ctlve shell
qui-ckly became red hotu, causing a bright glow in Ithe a-ir .. ow*ing,
poast the ship. I did not close the shutte.-rs on tzhe portholes;
L wanted to followv closely what. was going on outside. Ohe li1ghZt
pink color muzz ournaibr t1he ship intansifiead to blood red,, purple,,
and finally deep purvple. 3: squinted at. the boiling fire, con-

sisin ofth brghest of" colobra. The heatproof. glass of the

A, porttholes, turned yellow, but I kn~ew thatt there was no cauase for
alarm; the ship'Is heat shielding xas, reliable and had been checked
rany times In llight.

"'Weightlessness had completely ceased. 7he reentry over-
loads pressed me against the seat with enormous force.... Soon,,
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40e Alllad cox'ee" sce- c-= ~dtego a~. outsid
w~ea~ ic vae~ Ti16 is,- A. 4.6kee bu

anot her artcl 4i0vsates: "Hot tongu-es of - r brs

Dezcribineg the r. ement o. the Voztox-2 throuSh, the don.,*
l .ayes the at-MOsp~here,, Tit-ov and the authors of ref'arance 68

z, ,-at#-e: It seeraed thatu t~he we-Iip had Ilown, into a volcanic cae
andwasp-asinZj noto tlnrough t1-he altmosphere but throtash tZhe hard

ea".- -tself. ... Yellowish- crimson droplets flew past the aston-
ished raze of the cosm-onaut."f68

5.Aeodynam-ic Methocis for Decelerating Space Velhicles Inth
5. ensbl Athehee

In a dicussion. or transporit rockets,. 0. ?olkrovski~y state-s:
Ohe load may be landed by opening the metal t-ail unit, firingg

the re~troerzi-e, are- [deploy~ing) par-achute-.es." [069]

F-rom Hoffmn Vs book, It. follloivs th;at d,,r.Ing reentryj of
VO.Vokl-l and Vostok-2, ae.-ody'rrwm.*c br"Ice flaps, steel-strip
parachutes and conventional rparac~m., weu usd cItng
t41he most difficult reentry perirod, -whiclh lasted- about l5,ý min-utes,.

theauhor states "Aerodynax-ic bralke 10lap [aerodyn=mI-sch-e
Brems!~l app en j, extended from the si.Ses of th-,e space vehicle-,-
J -proyed the atmospheric deceler'ation.... 'I~ne final p~hase i
I.,he spaceship's return to earth udaed at a landing speed of~
only 5 =/see.~ 2

Dliscussing the reentry of6 a6 sael, n 198.1 M. V.
Vas'l'yev, states: -M~en tbhe operation o.Z t'e retroengine is

copleted,, a. me tel parachutie opens above the cnaine. 5]

M n an artiScle on the Oagarin flight., A. Yurok discusses the
reentry in th4 flown tex= "I 've..yVhing goes well,, and t-he

autmatc sstm hs rleaedthe rVb-bon parachute; the a-forces
have iLncreased sharply. -Now the main canopy 'has opened; the
dense layers ofx" 'he atmosphere have been entered." £ 70 J

A re~gullatling 's-kirt" ±s ashown and mentioned in an art*.cle by
V.~- Voyio ndBcasiyt on the Iligh~t o" a ballIstic.
"_: "AcecorA.1mg to zthe authora3, t.he Seaer portion of the

path of a ballistic, rocket passes t~hrough tMe upper layers ofL
the at-mosphere. Li order to regula~te the speed of th1e rocket Is

entr ino teatmospher, a regulatin Z kr'I oeie
attached 1toethe aflter~body. As air den~sit-y increases., the Twidth

of ~cl t- s~r hnes as aresult of Which the frontal drag
01. the roke hangses. ~64] The rOVaI~ I " skirt;" s~hown in

refearence 64 is similar to th~at in Fie. 110



A• "AS report on the Vostok-2 fl±zht states: "At a given

polnt along the orbit, after 'the retrosystem cuts of Ie, the sI.p
Sdescends from orbit onto a descent traJectory. After passing

* atero u the zones of hfigh temperatures and g-foroes, the landingystem, assuring the shtip's low-speed touchdown, cuts in not far

from the surface of the earth." [7I]'

7he recovery system of the Vostok-3 and Vostok-4 are also
-entl..oned in a TVAS report, where the following is stated: "Ato
fa.rly low altItude, when the ships had already passed through

,;he region of high teperat-ures and overloads, the cosMonautseressed f'rom the ships in ejection seats and opened- their para-
ut-ea. The shipswitht the cosmonauts, continued to descend

a.nd landed safely, thanks to the automatic system." [5$]

According to the cosmonauts, the Vostrk-l vibrated during
reentry, and the Vostok-2 spun. Gegarin states: "The Vostok
slowly enters the upper layers of the atmosphere. It vibratesas it overcomes the dense layer of air." [13] Accor to
Titov, "When I entered the dense atmosphere, the real Impact of
overloads hit -meo and in addition, [the ship] began to spin
fabou.t its axis].; -S] 8

Yu. Susikov states that a parachute will be damaged by the
air flow at Alt.tudes below 50-c0 kin, and at an altitude of

18090 kin, the parachute cannot open by itself. He observes that
Soviet meteorological rocket flIghts :showed that durI recoveryIA- -f 0÷0m the parachute did-
of the containers from an alttude of 80-90 t
not, olpen- by itse.lf Initiall'y; it -only servedd to Qarect the -c-o'n-
tainer[5 Another source writes that -the parachte started
to- ope atan alitd of0 1" -a 77] The' use- -of a arcutefor the deon a sa t elli t e is not: satisfactory, since

"tens of reVolutions" are needed to redtce Its speed to the
required values. f59]
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.SECTION *. PROTCT.ION 02 AEROSPAJC1k B VEHICLES OVIE" r.a. ... "

I. Materials Used for Aerospace-Vehicle *Walls.

This section contains the characteristics of m-ater-Ials
Sused in the design of skins for both hypersonic aircraft

and space vehicles. Some sources also include inforaat"on
on overheating and the structure of heat-protective systems.

if answer to a questIon as to what 'had to be done to
launch a manned vehicle into space, ?rofessor V. Dobronravov
"states h'c d r o be done. First of all, h&.-stren0th
m.aterials capable of wIthstanding the extreme t-em-Deratur
encountered during reentry through te dense layers of "he
atmosphere - had to be developed). This was accomplished
through metallurgy." [73' On this same subject, B. Dlanilil
states: "Heat-resistant materials must be developed vor
the shell of the space vehicle. Apparently, ceramics,metal oxude?, and new plastics will play a role in this

problem." [74]

In a discussion of heat conductivity and materials,
A. N. Ponomarev states: "Low heat conduct1vity is the

mnain disadvantage of the new materials discussed below.
This leads t"c overheatIng of individual sectons of the
structure and to a decrease in their strensth, anM in
additIon causes high thermal stresses. For instance, at
a speed of Mach 3,, t3he ual stresses in the wing can reach
a -magnitude of 50-.-70 kg/- 2-2

"Titanium alloys can withstand a temp rcture of 450C;
-this limit can be increased-to 6i500C. Stainless steel

-wthstands a temperature of 550e0, and work is now [1959]
being conducted to increase thIs teemperature to 650--7500C.
Molybdenum alloys are the most heat resistant. Existing
molybdenum alloys can withstand temperatures up to 86000.
At present, a titanium-molybdenum alloy, which oxidizes
subch less than other alloys, is the best. The temperature
limit vfhen molybdenum alloys are used can be increased to
15300". A low expansion coefficient, which provides for
ra nimum thermal stresses in parts, Is the main advantage
in molybdenuzm. At present, molybdenum Is widely used in
rockelt power plants. Ceramic materials, which include
pure ceramic materials and cermets, have a very high
melting point but are very brittle.
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"vehicle of Snecia). dese frona"eials a withstand the ov~e•n to• - •-'^ tap
eratures caused by air drag. For Instance, a honeyconbOedmaterial made from stanles steel, t u a other

metals can be used for the design of thi" vehicle." I15]

R.i. Perel'man, discussing skin temperatures,
states: "Deflect the heat from the skin or leave the
s.kin as tt is and -isolate it from the 'insIdes' olf he
airera•ft? Designers and engineers are .or•in-on boUh
Problems... The concept of a ,sweating Skin, which could
be made from porous stainless steel, has been proposed.
Other r-.ethods which protect the skin Itself from high
teneratures are also knowm. The skcin is sheathed with a
material which has low heat conauctiv-*ty- and high heat
reI "ace -- for example, glass wool, asbestos, fiber
glas-s, etc. At an altitude of 6 It and a speed of Mch 4,
the skin can heat to almost 700 in one minute.A 5-am
insulating layer of magnesiumn oxide increases the time to
10 mtrutes, while with a 25-emn layer of glass wool the
temperature of the skin attains 220*, and then only after
a half hour.

"At altitudes of 100 to 150 I=, an aircraft can fly
wltha speed of about 10,000 -km/r without overheating for
at least several hours. Terrestrial aviation is limited to
sOeeds of about Mach 10 to 20 and -altitudes of 100 to 200 km.
This range of speed and altitude as the area o' future air-
craft development.

"It has become necessary to reject duAA ufn, he

-princtpal aviation material. At .74h 2.8 (correspondIng
temperature, about 250) the strength of duralumin de-
creases twofold.... An increase of-1 kg in the structural
'weight of a fast single-seat aircraft" results in an in-
crease of 10 to 15 kg in the airb weight Therefore,
duralurmin is being replaced by titanlum and its alloys.
A noticeable drop in the strengtlh of titanium starts attemperatures above 30-0 kapproximately Mach 3), and of its
al oys, at 4°0' (:acn 3:). £63]

fDiscussing the use of fiber glass in aircraft, A.
"Shternfel'd states: "On -- i04 aircraft there are about
"120,000 different parts made of plastic, rubber, and plexi-
glass. Of particularly great value is fiber glass, which
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con si.t oz, rls fibe-S prm-e-ated with aC syrh`et!C resin
wm tiVran~s+'o- & .&e 0101e~ into a Sol1id mas. . in
strenth, gass p~lastic is comparnabe "o s-eal and 4s

abot hre Immes lI,1ght er. It i S no- subec to rus and
does not require nairti";.# I2na

In d. scriblnn materi~als fo.- aircraiit bodies *(alumai-
nun'., 4;,,- itamu, al.loys, and stainless all-oys), -eeence b6Lme-..%iUIon s: "Sanessel o a certai de,-.ee, can pr-
Vida stretn.t i~n thle lI Ight of% an ai,,rzrA- at ground level-
at a S'peed Of' about, ;Mach 41. ghrspeeds by spec ial
rockets require the use of* ne-w. Tma t e ria Is.. TI.ere are
ssom~e miaterial.s ob tained by thIne.; int r of" carb ld-s or
ox1rides- cozmbl.ed wit-h metta~ls w~hicha are capable of working
at temperatures of about IL00 0 ."fl

In a dIES-ussion of th~e launchi2nresof the frt
second, and t~hird Sov.Ielt ari~~~satellites, reference 61
states: talculAat#'ions show: tha~t in the entry o.-f an arti-1
Necial aarth sat-e-lite into the at-mos-here at aspeed of

6.24 km~/sec, the he-at flow across the 14rontUal surface of
le tWellite -s '333.5 kcal/cm4 se-, lwhieh is 10 me

great~er than. tUha heat flow, across th'.,e narrowest, See toI on
ofa ocete nine. To- comparison. *-we present th e
floing datCa: Caftuer pro.longed ax-p osuzr e to raditon.c

0.7 acal/c m, uood ignites spontaneously- whem 'heat flow,
Intensity i.s .'I5 cal/c:.4 f-or 8 secondsl 1U.&1-k oak boards

5~git sonanouly sa- l across te fronta-- surrfac a
of a sateI Iit e excee(ds 'wie above val-aes by 251000 to 30,^000
ts.1ro. cool, a saýte]L!Lte having- such a flo iS imp osibl .e.

- Protection of a satel-i-te from 'Tuz-aing up. IS possible, ~
by eaonofsub~ntina pozvtio o-: thIe body contstruct-ed

of D a cpc ce amn i a s u ch a s b e ryl1iumm oxi~de,. is trans-
formed int'o thle gaseouS st-ate. Rey`-umoid ecomes3
Czasevus ata -rhie 1 ab.out 2_500"'C. A-tv 250-00C, -1.~

ofbcr:y1.I'.m oxi~de absorbs 5870 kczm2. of hat St-ructural
4ne -iy can be -aintaine-4 -if' about- half- ofý t-he sm'tel'ite's

* -derresznaz~PS 1-11 Outer Sh l 'e Q"atL..Lioe,
* trnsfomed nto t-he saseous stt..ie~dsber.yi.L um

oxide, terma-terla.LS- -Mit elt~.. po's sufiinl
44 hýig can be -!Lsed f~or tlhea cyal.ez body of a- satellite. or- t*'
warhead of* [an i n terecont lnezata baillIst".c. M"Issile. Maese
-materilals includ~e, f"or instance, carb-ideS, (compcu-nds withn

caron)of aniu ad tanteLum (m,3004C), titanium
carbid (35~) n a~eimoxide (2800*C). Besides



the above-uentioned materials, the body of a recoverable
satellite can be made from various plastics which, when
heated to a temnperature higher than their melting point,
form a liquid or liquid-gas film which sharply decreases
the heat transfer to the body of the satellite." [61]

Ln a report on the Eighth Ykendeleyev Congress in
Mo3cow, V. A. Kopeykin states: "In April 1959, the
Eighth Mendeleyev Congress on Deneral and Applied
Chemistry convened in Moscow. A report by P. S. Mamykin

Sand N. V. Zinov'yev eives the results of research on the
ceramic and refractory properties of the chromite-alumina
system.... The end products of a given powder which has
been sintertd at 1450* have the following properties at
.650•: anparent strength, 15.I%; strength in compression,
7`5 kg/cm ; and deformation, at 1520* under a 2 kgJcm2 load.

"Ye. Ya. Antonova and A. A. Appen reported or a new
typa of refractory glass-metal coating for steel w.Lich pro-
tects against the oxidizing effect of air at high teompera-
tuwes. As metal components tae authors used powdered
ch.?ome and nickel. and as a binder, specially developed
noaalkaline glass. A coating approximately 0.1 mm thick
composed of glass and chrome in a ratio of L:4 pr~tected
the steel against oxidation at 850 to 900 for more than
.300 hours." [75]

In discussing vehicle confiuration, B. Danilin states:
"A blTunt-nosed vehicle will 7e heated to %- lesser degree
than a pointed one. The shock wave, az e.Zect, breaks away
from the vehicle, taking a part of IThe heat with it." [74]
V. Votyakov and B. Shumyatskiy expand on this idea by stating:
"A pointed forebody reflects only 50% of the heat energy.
If the forebody is made to have a blunted shape, then thepowerful shock wa,.e occurring in f1l•ht will act asia brake
and will permit the rocket to deflect into the aetmosphere
more than 99% of the heat energy arising in the shock wave...
Rough surfaces have maore radiative ability than polished
surfaces. For example, rusted steel radiates one and one
half times me heat than polished eteel." -64]1

Engineer K. Malyutin in describing cooling systems
state ; "A system of cooling by means of sweating is based
on the pnysical law of the latent heat of vaporization.
The shell of the forebody of a ship is made with a doUble wall,
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lke the Jacket of an internal combustion engine. Coolant
is pumped into thc Jacket space. The surface of the
rocket's cone is porous.

"The coverings of spaceshaips consist of laminated
materials. For the basic layer, an alloy is used which
provides the required structural strength. The succeeding
layers must withstand very high temperatures and must be
sufficlently strong so that the. air does not 'wash away'
or destroy the covering. Alloys and materials used for
this purpose have the lowest possible heat emission co-
efficients. Together with the basic layer, fiber glass,
high-temperature phenol resins, ceramic coatings, etc.
are used as coverings for spaceships.

"In another system, cooling occurs as a result of
burnoff or me1tVng of the surface layer. In this method,
"the surface of the spaceship's forebody is covered wIth
material of high heat-absorbing capabilities, for example,
beryllium. Such coverings or coatings are capable of pre-
venting heat penetration to the cosmonaut's cabin. In
this instance, the- walls of tlhe spaeesh'p may be made
double [double skin effect] and of some heat-resistant
material." [3]

Relative to heat-protective shell coverings, Yu.
Sushkov states: "The shell of a recoVerable satellite
carn be coated with high-melting materials with lw, heat
conductIvity. In this case, the heat should be elimi-
nated from the satellite by some means. Plastics can
be used for protecting the satellite aainst hoat; the
surface of a satellite covered with a o-mm layer of
beryllium oxide is heated to a temperature of 500--G00C
after one minute in its fall tr.oughi the air. If -he
surl'ace is covered with an addItional 2.5-rm outside
layer of plastic, this cemperature will be decreased by
about 100 C." [59]

FollowIng a statement that about 13 minutes are re-
quired for reduction in speed from orbital velocity to
zero, G. 1. ?okrovskly continues, "uarIng this time,
bodIes entering the atmosphere, for example, meteorite3b
or spaceships returning to earth, heat up to a compara-
tively s=mal depth. In a moving body heated by air,
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the heat is transferred from the surface to the Interior
of the body. Also, a significant amount of energy is
rada-ted outwards. Lesidez this, at high temperatures
the surxace layer of a heated body melts and partially
vaporizes. Drops of melted material and vapor, containing
a great amount of thermal energy, are drawn of? by the
force of the air flow, carrjing this energy with it
without giving it a chance to penetrate the medium."f [57]

Reference 6 contains a graph showing the change in air-
craft skin temoerature for- fli;zhts at 6 and -36 im at a speed
corresponding to Mach 4, without cooling, and states:

* "if the staIatIon temperature oa the boundary layer is
750Q0 at an altitude of 6 ic, the surrface temperature
reaches 6703'. At an altitude of 36 ic.r, the surface
temperature 5s consld-rably lower -- approximately 3000C....
From the graph, it can also be seen thatn an uinsulated
surface in flight at a 6-kin leve1 neats n to a temera-
ture of 670*C very rapidly (in about 1 rini). 1i a
6.4-=m covering of imagnesium oxide is used as heat insula-tion, the temperature reaches 670•0 te f"70C-a tr 10 minute#s oA.

flight. if slass-base textolite 25.4 m thick is used
for insula7 fn, heating of the surface to a t4-mperature
of 3000C takes 30 minutes....For flIght at an altitude
of 36 lin, an uninsulated surface heats to 300C in about
20 minutes." [61]

Discussing the flight of' the fifth ship-sateite,
Yu. Sushkov states that in the question of combatting the
overheating of the reentry vehicle two main probleta are
of note. The first is to provide strength to the ship's
body to protect it from melting and the seoond, to de-
crease the amount of heat penetrating into the cabI_,
thus preventing high temperature increases in the cabin.
-The means of solving these tasks are closely related.
For instance, overheating of the ship's su-rnface can be
prevented I" it Is covered with a layer of high-melting
low-conductIve material. But since the heat should be
absorbed, a thIck front wall riade of metal with a. high
heat ca.pacity can be used on the ship as an absorber of.
heat flowing from the air cushion to the cabin.

Fr-om reference 58 it Is apparent that the aluminum

nose cone of a rocket starts to melt at a velocity of
IMach 5. At Mach 6, particles of molten metal break away
-from even a steel ncse cone.

.4



Dicusing alloys used on hypersonic aircraft,
V. Votyakov and-B. Shumyatskiy state: "Aircraft fairings
made of aluminum-based alloys lose a significant portion
of-their strength at 200*C. Titanium-based alloys keep
their strength up to temperatures of 4006C. The fairings
of hypersonic aircraft must be made of heat-resistant
steels and nickel-based alloys. These materials resist
overheating up to temperatures ranging from 800 to 1100*C.

"Heat insulating coverings or coatings must possess
high heat capacity, i.e., the ability to absorb heat, and
at the same time have low heat conductivity. It is impor-
tant that they be light, plastic, that they hold firmly
to the skin [of the vehiclae], that they not break up under
aerodynamic forces, and that they not burn up.... A
aradually melting or vaporizing covering will absorb a
large amount of heat, thereby preventing the aircraft from
burning up." [Ef4]

Zhovinsky, in describing the cooling of aircraft,
mentions a graph which according to him "shows the change
in inward heat flow for an aircraft whose wall temperature
is maintained at 37'0 through cooling. Flight speed cor-
responds to Mach 4 at various altitudes. Insulation has
very little effect at high altitudes. For flight at low
altitudes, an. insulation laver on the surface greatly helps
to reduce heat flow. At an altitude of 20 kin, magnesium
oxide insulation about 6.5 mm thick reduces the inward
flow of heat in an airplane by two times. Glass-base
textoilte insulation 25 mm thick reduces the amount of heat
transferred from the boundary layer inwards to the air-
craft by 20 times. At lower altitudes, the difference ob-
r;ained is even more significant. At altitudes of 50 to 60 ki,
the differencu in heat flow with or withou- insualation is
very small." [61])

The following statement appears in a description of the
Space Pavilion at the Exh.ibit of the Achievements of the
National Economy of the UnR: "Streamlined rockets in
glistening whiteness stand rigidly at the entrance like
sentries. Ln the fexhibit] hall lies their sister..with
blackened, scorched metal protective shielding torn to
shreds, and a thick fringe of parachute fabric." [763

Des.c-ribing the testing of a small rocket, reference 61
states: "The rocket was covered with glass fiber, which
serves as a good heat-inwulating material." [61]
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In a description or cosmonaut training, Ye. Petrov
mentions that the Vostok -spaceship is constructed of metal
and that during flight its skin temperature reaches 1000*C:
"The spaceship was in a raised position, slightly above
the floor, and its new metal glistened. Each involuntarily
wondered: 'Will this alloy hold up when it is subJected
to a thousand-degree temperature at the moment of reentry
into the atmosphere?'" [77].

Describing the Gagarin flight, references 53, 2, and 22
give the following data relative to the reent-y of Vostok-l:
The cabin has a special, external, heat-ren~istant insulation....

The portholes are equipped with heat-reststant glass and are
protected by shutters which can be opened and closed elec-
trically or manually.1  T53] "The material used for the
portholes was probably rock-crystal, with a meIting point
amounting to about 15000. hus, it is among the most
heat resistant of all materials." [2] "The ship is girded
at the Joint between the cabin and the instrument section by
a green belt, a coating with given optical properties which
helps maintain the necessary temperature aboard the ship
during its flight in space." [22]

In a discussion of the Vostok-l flight, A. Il'yushin
states; "Hypersonic gas flows act on a spaceship as it
enters the atmosphere. High heating, overloading, and vi-
bration of the rocket' s skin can lead to its destruction....
DuIng the rapid flight of a spaceship, strong shock waves
occur. As a result, a dangerous high-temperature boundary
-layer is formed near the skin of the rocket. The develop-
ment of special heat-resistant facing and an external shapefor the spaceship which would provide the least drag in a
medium and decrease the temperature of the boundary layer
is one of the principal problems facing scientists and de-
signers. Also, it will be their Job to work out many other
problems related to the gasdynamics of supersonic velocities." 501

V. Bortsov, describing the Vostok-2's heat shielding,
mentions: "The surface of the Vostok-2 was covered with a
special layer of heat shielding, which prevented the cosmo-
naut' s cabin from burning during the high heating ex-
perienced during reentry into the dense layers of the
atmosphere." (66]

P. Vasil'yev, in his description of the Vostok-3 and
Vostok-4 flights, speaks of reentry as being the most diffl-
cult stage of the flight. Discussing the overloads ex-
perienced during reentry, he states: "Proper selection of
the shape of the forebody of the ship-satellite is of great
importance. "Coatings of refractory metals are used Vo



prevent burning up of the ship-satellite's bodVy- £48]

2. Protection of Space Vehicles by Ablation and Sublimation

Ablation and sublimatoon are considered by Soviet special-
ists as the principal means of protecting aerospace vehicles
from overheating. This section contains the principles and
a general description of the ablation process. Some of the
material has been taken from sources whose subject matter
relates directly to the Vostok-3 and Vostok-4 flights.

From an article by I. A. Merkulov on the Vostok-3 and
Vostok-4 1l.hits, it follows that if a ship enters the
dense layers of the atmosphere at a speed approaching
orbital velocity, it is subjected to great heatinrg and
has to be equipped with reliable shielding so as not to
burn up in the same manner as a meteorite. (14]

in an article written in connection with the Vostok-3
and Vostok-4 flights, N. Ushakov states: "A shock wave
forms in front c.f a flying body.... A 'cushion' off com-
pressed air, whose temperature attains several thousand
degrees, originates between the shock wave and the fore-
body oft the descending ship. Hea".t ffroim this superheated
air partially dissipates I- the s- rounding space and
partially transfers to the spaceship, tphus heating it....

"Smooth deceleration oif a descending spaceship is
one aspect of the reentry problem from space to earth.
Another aspect, and probably the more complex, is the task
ofo cooling the spaceship....

"•wo problems msst be solved to prevent the -overheating
of a descending ship-satellite. The fCirst is to assure
the durability off the ship's hull, not to let i elt.
The second Is to lower to acceptable limits the amount of
heat penetrate1g to the nterior off Ahe ship. The ameans
of solving these problems overlap. For instance, ovec-
heating of the ship's hull can be prevented by covering it
with a layer of refractory material or mraterial with low heat
conductivity. With this, the transfer of" heat to the cabin
Vll be decreased .... A cabin writh a thick front wall made
of a material wITh a high capacity could serve as a heat ab-
sorber bete.en ,he superheated 'air cusioil and the cabin.
However, because of the weig.t factor, this is not the best
method.... Substances exist which under heat are transformed
directly from the solid state into the gaseous state. A
thick layer of such a svbstance on the frontal surface of a
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spaceship can provide a sufficiently thick gaseous layer
and effectively protect the ship from overheating." [4491

The follovring material was taken from a book by
Professor 0. I. Pokrovskiy published in 1962; it contains
some data on ablation and the indication that it is possible
to reproduce the effect of media on a body moving at a
velocity approaching W0 cn/sec. Pokrovskiy states: "Blec-
tr-ons, the basic transmitters bo energy in hypersonic motion,
are 1iown to be negatively charged. In transmitting energy,
electrons also transmit electrical charges. As a result of
movement at a high velocity, a body is charged to a high po-
tential by negative electrical charges. However, another
process counteracts this process -- electron emission by a
highly heated body, i.e., the discharge of electrons from a
body having a high temperature....

"Ablation is more intensive when the material of the
body in the plasma flow is low melting and heat conductive.
However, in a number of cases there are sharp, and at first
unaccountable, deviations from this rule. For instance,
if two completely* similar spheres are placed in a plasma,
one copper and the other paraffin, then it would be expected
that the parafrin sphere would experience much more slg-
nificant ablation than the copper. However, experience has

Syielded just the opposite result. It has been shown that
it is possible to select a distance away from an electric
explosion at which the copper body Is subjected to intensive
ablation, while at the same time, the paraffin experiences
no noticeable changes in its surface.

"This phenomenon can only be explained by the fact thatt-he plasma transfers its destructive energy through electron
flow to the body around which it flows. If these electrons
strike a body which is an electrical insulator, they charge
the surface with negative electricity, which has no place
to go. This immediately- weakens the influence of the plasma
on the body.... The electrons experience such repellance
that they decelerate and strike the surface of the body very
iweak.y or not at all....

"Besides, not only an electrical harge can serve as

shielding against plasma, but also a sufficiently strong
magnetic field can be used.

"-Ablation intensity is evaluated in various ways. The
simplest and most descriptive-is the determination of the mass
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removed in a unit of -*Is
_&-- -- 4O W VY & % %

moving at hypersonic velocity. It can be considered that
the energy carried by an oncoming air flow for a unit of
time (the power of an oncoming flow) is proportional to
the density of the air, the section of the moving body,
and the cube of the velocity of the movement.

" "The power of an oncoming flow can be conveniently
seen in the simplest of examples, when the cross section
of a moving body is equal to a unit for ins-ance,
one square millimeter. In this case, the power obtained
.can be called the density of the power of the oncomingflow. The density of the power of the oncoming flow for
normal air density is equal to I lcYim and is obtained
at a vei clty of approximately 114 n/sec. Therefore,
the density of the power (W) at any other velocity is

where V is the velocity of the body (the oncoming flow),
expressed in m/sec.

"uThe above formula Is suitable for a case of movement
in air having normal density, i.e., near-sea level. In the
first approximation, it can be considered tfhat t'he value W
will decrease by two times for every 5-k increase in altitude.

"uIt has already been shown that the interaction of a
moving body with the surroundIng medium can be of two types.
First, there iS interaction with the individual molecules,
and second, interaction with a continuous medium.... The
boundary betwmeen both types of interact'ion of a moving
body with a medium is at an altitude of 83 k i- the diam-
eter of the body is equal.to approximately 1 cm....

"The mass of the ablation products moves within the
limits of a cone which is more or less symmetrical relative
to the axis of the resulti1ng crater. The direction of
discharge of ablation products depends little on the di-
rection of molecule impingement.

"For tne above type of ablation-product discharge, the
cone which is formed becomes somewuhat like the exhaust
nozzle of a Jet engine discharging a stream of gas. This
means that in the ablation of the forebody of a moving
object, an additional force Is created which opposes the move-
ment and produces an additional decelerating effect on the
moving object besides that of ordinary aerodynamic forces....
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"The reactive effect of the ablation products will
grea•yl exceed the decelerating effect of the air mole-
cules. Therefore, the increase in the mechanical effect
of the oncoming flow of air must be very significant in
ablation. Computations indicate that in this case resis-
tance to movement will be determined not only by ordinary
aerodynamic forces, but also by the reactive effect pro-
duced by the ablation of the moving body....

"The sound barrier, whose study has played a major
role in the development of aviation, cannot be considered
as an essential when compared with the reactive affect
occurring at hypersonic velZ cities during ablation of a
moving body.

"In the case of ablation, additional resistan.- arises
which is also proportional to air denlsity and velocity and
the criss section of the moving body. However, this resis-
"tance is proportional not to the square but to the cube of
the velocity of the movement. Additional resistance begins
at speeds of. I to 3 lan/sec, depending on the heat resistance
of the moving body. At a speed of about 8 Iom/sec (escape
velocity), additional resistance may exceed aerodynamic
resistance by two to four times.

"Therefore, for space velocities in a suftificiently
rarefied gas, the theory of the reactive effect of abla-
tion should be used as the basis of resistance calculation,
as opposed to the use of classic aerodynamics....

"The discharge of a capacitor through a thin wire pro-

duces a powerful electric explosion. The vaporized wire
forms a small plasma cloud which expands in all directions
at a speed of several kiloueters per second. If a body is
placed in the path of the expanding plasma, the plasma will
flow around the body.... It is possible to reproduce the
effect of media on a body moving at a velocity approaching
10 ia/sec." E572
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This section contains material on the cooling of space
vehicles by sublimation, ablation, porous cooling, and
cooling with a magnetic field.

In his article, "The 'neat Barrier"., Engineer V. L'vov
writes: -"The simplest method is to construct the vehicle
of material that can withstand hiUgh temperatures and to
shield the vital instrument compartments with heat-resistant
plating. Another method is to design a special cooling
system using liquid fuel or water as the coolant. A new
o.o-called porous cooling method is of interest. In this

Smethod, liquid is introduced to the heated surface of the
vehicle through small pores, or openings, in the skin; f5
the liquid evaporates, it -covers the surface with -a thin
film of steam which safeguards the metal from melting.
An unusual method of shielding the vehicle is one which
permits melting. In this case, although the metal melts,
it melts according to ehe 'plan' of the designer." [58]

A porous .ool-ing system can be used in a recoverable
satellite; one liter of water vwill pnevent 9 kg of steel
shell from melting. C-59] Hydrogen, he liUm, or water can
be fed througoh the pores. [74, Pono-arev states that
liquid cooling through the pores of tlhe shell i ros. sIble,
although there is a danger of che o;Fes e Ilse 5
7 The front part of the satellite can be covered with
beryllium oxide. The heat of' evaporation of 1 k.g of
beryllium oxide is equal to that of 90 .g of the satellite
shell. [593 G. A. TirskIy has "iiscussed a mathematical

* solution of the heat flow around the heat-conducting shell
located behind the moving shook wave. L33 According to
Ponomarev, sublimation is a very proii In method.
Molybdenum, tungsten, platinum, and gold undergo sub.i-
mation under conditions of' high temporature and pressure.
The latent heat of sublimation can be used for vehicles
which fly at very high speeds. Therefore, It. is possible
that the materials mentioned -ill be used for the nose and
for the leading edges of the w'ings and tail surfaces.

SPonomarev also states that; in the opinion of several
specialists, the use of gold for cooling of electronic de-
vices can be cheaper than other cooling methods. [15]
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nA.... I'- u.VJtyakQV abd shumai..ty, . ooling of
the skin by means of the evaporation of water is highly
promising. Water is released to the surface thrugh
pores, or special holes, in the skin; there it evaporates.
Six to seven times more heat is absorbed with water evap-
oration than in "ordinary cooling without evaporation." [64]
In a further-discussion of the porous cooling system,
VTalyutln states: "Because of the excess pressure being
created, the coolant is forced4 otwards. Passing through
the pores in the heated-shell, the liquid is transformed
into the gaseous state with an enornious amouht of heat
being expended on vaporization." [3]

Several sources mention internal cooling systems foraerospace vehicles and give the following indications in
this field. The heating of a rock t or satellite can be
decreased by a special cooling systen using-fuel or water
as the cooling agent. [59] Internal cooling of a spacevehicle's shell is possible by the use of lithium or sodiumfT4]
According to Ponomarev, fuel. can be used as the cooling
agent in the internal system. - The effect of this system,
however, is decreased at high speeds during long-range-
flights because oft the high consumption and heating of the
taeld. [15] Reference 64 st-ates that besides protective
coatings to cool the surface of an aircraf"t it is also
possible to use liquid cooling. For tlhis, the use of
liquid fueli-s proposed. .[641

Information on cooling. by means of a magnetic fteld

is given by several Soviet authors. "Refrence 64 -s tates:a"In trying to prevent aerodynamic heating of aircraft,
highly promislng-are the achievements of a new- science --
magnetoaerodynamids. PowerfU±a magnetic fields can actupon shock waves in order to force the heated layer of
air away from the leading edges of the aircraft." f64]
In 1958-195.9 sources, Soviet authors ment!on that the
electrical conductivity of the ionized air In front- of a
flying body is increased if ionized materials, e.g., sodium
or potassium, arŽ sprayed into the ionized 4 Ir. It is cal-
culated that at speeds of "M1ach l0--12, the conductivity-of
the air is several times higher than that of tea water. f56]
According to Sushkov, the de.*t 'rating effect of the mag- --

netic field will be increased if -the nose of the satellite
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o ck ,Uave in J6nto the -bodly, in i-hich the --a4n volumeof heat is concentrated., can be separated -fro'm 1Ctn b.d

SEystemis is also mentioned,. In discusin reentry methods,
i. Yavorskaya writes: "One other interestin and more
advatnced system~ of bralking has been developed in recent

yers--te etig p fan I tense magnetic field around
heSpaceaship to def.lect t h 11oni4,Z e d ai4.r st re an flowing

aroun~d t'he ship. This produc .es -mach resistance, and at the
samne time reduces heat tr"ans.fer to the shiP? s skin...
-Reentry methods wuere systematically st-udied and tiiested by
Soviet scient`ists in a lone% series o1' sat-ellit-e and hish-
altitUde rocket shots. t f [78]

in a diiscussion- of the developm-en~t o-f new hnpersonzic
arrfChief Aircrat D es 4 n e r AI.Mikoyan, states

"!it is evident th..at when fli~ght at yeroi sed is
attained, besides the1, P d ifficulties connected with over-
a om*n -:, the '1heat, barrier.,t It wi'll be- necessary to osolve

=any ne~w problems such as the advanxt-ageous use of the
phenomnena off d~ssociattlon and Ionization. of. air. The lte
`-aIs uahpromise for dealing with elect"ro~gnetie flow
abouat the surface of Anl aircraft. * ' OE62



SECTION F. LANDING SYSTEM4S

According to a TASS report- on the Gagarin flight, the
co~smonaut iLn the Vostokc can land by one of' two methods: IA~f

tecabin or by ejection from the cabin in the pilot's s ea t.
.'he met-hod calling focr landing in the cabin was tested or. the
ourth and fif~th ship-satellites. In the second method, the
'ol::o s seat Is eJected from the cabin at an altitude of' about

47 kmcr and lands by parachute. CIi]1 Describin~g the Gagrarin
fliht L Yar 'yanin states: "ien cnb acmlse

both in the ship and separatkely by using the ejection seat or
tthe parachulte, s-ince., in the latk-ter case, ';-he ship can land

safeybyitef.Te ani% i the ship was tested repeatedly
w.Tt-h ship- satellit es. -During these flgtthe test dogs
Cha.rnus'.hula and Zvezdochlca werre landed saffely in the shir..£ (23]

From an article by Gagarin., it, folilows that, the landing
off he osmnau in t-he ship Is cabin is th e- principal design-

variation in the landina-systemn. Des~cribingr his flight., Gagarin
quottoes th-e Chief Designer: "zThe cosmonaut. lands In the ship's

cain'th hifDesigner "old us, but at theC same tiA Me,
wre have provided an alternatve whreby he can leave the
ship if' necessary." 1791

Gagarin- landed -In the Ship',) s cabin; t-his was mentioned
by several authors, Including G Lari-,% -who, iLn answer to
questions at4 a press conference, M~ent%-ioned Ithat during the
landing "the pilot was in the cabign." Lo0

Fromi recent sources, "t Is appar anta4-- d the -

cosm"onaut by ejecting tzhe piilot'ts seat ro t.he cabin is
considered by, Soviet speca1--l-sts as hlaving more cadvantages
h- tan landingr in the cabin. In des cribf"41&* the design off the

V034. 4C-3 and'x~VoSto.d-c-, a TASS repo~rt sae.~~~gcse~
fro ob ",the cos-monaut ha.s the opt on of landingi h
cai r -cirgwt the sea~t from whe cabizt at alow- alt-4tude

and landing by pa-rachzute, indepen-ently off the si.?rcu~
landinrzg by cosmonauts inzdepen-den~tly offth ship have a number
of advantages for 1,a r.I ng ma *-:Ae or. soli roud -hr the
landinga cond-Ition.s ca:.n b0e complicat ed by terrain ifeatures,wind, etc ohroe or ,t~he gopflight, as for Ih Vost-ok-2
fElgh and according to te wishes of the cosmonauts themselves,
the flih-t prograrm IncLuded the- o~p-ort-unity for the cosmonrauts
to land inde end-ently of the ship. It should be mentioned.,
however, -hat, -or all flight (nluding the group flgtthe
spaceship2 -.1and in.- system functionred norzmally,, and the hp
landed in p e rfecta4 condition. E531
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From vez-a-. SUIrCas, tThl thaz a1I Vosi~ok-type
_-;.ceships landed by parachute. Discussing his flight, Gag-arin
zzates: "When the parachute~ ope~ned above me and I felt the

z ro.-AS, shroud lines, 1 began lt.o sing. i [80O) Additionall
,;,r-dence in support of' this follows 'o a description of the

I-o-l landing by an eyetv.ItnMess, who observed the sh-1p in
the s~ky for, some time. liaving h4-ead a.i"2 seen the Vostok-l In
t:he sky, "O11ficar ra~ssiyev qu.Lickly ordered a car and, takinig
sweveral people with him, sped along, th~e road.... They drove
.and watc-fhed the ship until it went. dowmn beyond 'the vloodss 1 81

The Vost#-o'k-2 probably al-so landaedi by parac~hute; tehis Is
evident from an eyewitneMss reCport,, w~h .4,4L.ich s-tates:, "In -he Sky
aIhuge descending ob'ect appeared: IsnIt. it the Vostolk?." [82)

in describing 'the Vostolk-*3 and VosUolk-4 flights, Design
Zi rineerI1. A.l~erkaxlo- states: 13,1hen th..-e speed o±T thea space-
shiAp is greatly reduced by the rerpwrsys tCe and air
.resistance., it 'Is possible Apo de-ploy a parachulte and lower
the shpsmohly to earth."[4

Other data relatUed to -th;e I a r- ethZ _are vie.n in
re±errences 81, 82, 68, and 8.31. IL cu r th tasltn

a d abstract-s below c-ontaiz ht~ .sso-ag~atte oo-2
Vosttook-3., and VostolD~c-1 spacesh. ~f p not, fa -Crom, the
l1anding point-s ozf' their reSpactolve osznuzand that the
landing- speed of the Vosttolk-ll and Vcs.o-2aS -' 5nl r/Sec.
Reference 53 gives data4.- tlhatzý z.aks 31"i pocssibole to calculate
t-he distances betwee~n the laaAndin points af the VO t ok-3 and
Vostdx-14.

Pri-vate Goncharov, an e-yr- -*itness to -tOhe -Vost-okr- 'Lan-ding,
said: "I't w.a-s a clear- svpring mo-o Zn. -resAd sh-ru Swere
being pliantzed in t~he ca:area. SuddiaZ-ly an ep.oiur as
heard, lik-1e that. of an acatbjrea1Ci-na "the sonic barri:er.

1=ediatal-y, a flying vellic..e wtas nctixlced. [83An- eyewirtn4.4ess
to the Vostok. 2 landinng said: 1-12the 11.orrning w heard a
noise, like thtof th;under, and thenar in th.e clear sky u-a saw
Ithe spaceship com.-ing in Ifor a land-ing. L8211

*)The Pa rachute =-- tioned in Gagaxia, s eteuo~ant prolbably refers to tbe
soapacsh? lnIn S~ystem ard, not too the pilot so"at, becawso it is
lmo~wn that. GAgzarin land d in tba ship's cabiz.
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Afer menttoning th~t. T-LJtov lef~t his ship by seat,
a-ectiofl, reife-ence 00 continsues by stvatinet: "Ykeanwlhille,

theVosok-2 sned to its 'and-in~~Atrawie ~ a
i'om~iov s~-t...Pasig hrug.the cloudAs, the

co-Smonaut searched futilely Z'or the familiar shape oAf, hi 1s

caft;.no sooner. had the .4hi-.te clou~ds dispersed than the
nzr-estCed fields shone yellow below. He quickly saw the shOip
ZIlIst-eni~ng in the sun.... AtVta mo-ment Titov's parachute

s~~garound... To one side olf a railway bed the spaceship
had comne to rest,: £68) A. FRonanov, in his descrIp'Vtio of

th it-ov and Vostok-2 landin--s, stat-es: "Before takins his
.seat- in the POobeda, Titov asked perm-Ission to return 'home'

o 8et his documents. "Home' was t.he cabin ofC the spaceship."

From an article by TitUov it -Poll.36ous that. after the landing
rezot. into tI-car which was to -dellvern him to0 the dist"rict

com~te but he asked tUhat, he be t2,a~ken f irstb to the ship.
The ship was located on the other side of a raIltway em~bankmzent.
They sped through a crossing~ and Titov saww the VostokV,--2 standing

ina fiLeld. The people Ifto-M the land.Jng support group were
already standing arouwnd the ship. Entering, the ship, ¶Titov
took thie ship 's log and 'had a drink o.1 watZer from thne su~pply
in t~he cabin; he then left faor- th~e district committee in It-he
same car.. [28]

G. Ost~roumov visited thle pil.ots, wr.ho 34ound Diikolayev and
P1opovich; he states: 1117 sudysa~w sommething shining
against- t-he gray-green. backg:ro-nd of' theerhsi h n
w..ho found 2INkolayev. II descende;d''. .I saw the spaceshiup and
a man. walking near it. lef .zaved 'hs bd. I fle-w even lower
and saw lthalt it wvas N-itiolayev. Tlle o--"4er"'s story was almost
exactly the same." [831

74r om anz E .a st ez saz s o ure it fo llwz th a, to -the o k-1
and Vostok-2 landed at. a speed o.-:- 5 i/s c, a val-,ue not- -oud
in other sources41-. T1:he aut-hor- of t 'hisc book astca-v-s: &n
Vostg- -"s I and 1-10 which reach-ed a veloc.Ity of 8S kmi/sec, wereable to orýbit- -"round the ea-th ltor a reI.,- vely logtie
After orbitfing-, It was. -necessary to steeri 'them into oareentry
pati-h In order týo~ rn them Iback, t~o eart!n. A:lso., the 8000-rn/sec
veloit had to1 -c bm -educed ý-o norma` poarachute-landin--
vel ocity ofý 5 .lsec. 1  i2] Th e authlor compares the speeds
above 41t4to& ote 1.S. M.ercuzry lihsby Alan Shepard

an d Vrzil % -i ss m an-rd stat-es: "Af"Uer orbit:Ing-, the 8000-rn/sec
orbital velocJIt-y of t0he Vost'-oks h~ad 'to be reduced to- t'-he nor~al
paracnuite lIandi--ng velocilty of 5 in/s cc; the velocity of t~he
U. S. raercuz'f capsule was reduced zrom onl~y 2.0 1cm/sec to
10 =n/sec." -121
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Mjscussinn. t#lhe reentry and -ecovery ofl t-he Voztok-3 andi
on 15 ugust 10052, source 53` state1:s: According, to

:-' ~rzra, he shi ps wrere to land In X(azakhst%.an at I--18 0

~e etrz~ie ~~t'Unath VoST'OkC-eras swivitched on at
0924, h-ours Moscour ti-me., and s--- min.utes later the retUroengine
zvyste- on tne Vostolx-4 was swit ched on. AccordinS to corrected

Tt, ikolayev landed at 0952 hours, and Popovich landed at
00959 hou.-s. -Both cosmonauts landed close to their ships .
2eir precise landing points are givns olw: ioay,
,S 02% N 7504'z; Fopovich, 480101N. 71*51'E. £533

q. Landine- 'Metlhods for Cosmonauts.

As is knotwn 1"rom Section F.. paragzap',i 1., ttwo methods are
e.=loyed for l"and-ing, 3-vilet cosrmonauts: Jun the bspaceslhip
c-abin or 1by e~jection JI.- th~e pilot'ls seatk from thiew cabin. This
sec-tpionaof this report deals 'pri-marily wilth the eject.ion =netlhod.

Descri~binfb- air"craftl ejection systemns, K. K. ?latonov gives
som gnerl nfomaion on ej*ecti-on. Accor-ding to him,

expm.erience has shourn that atf speed-s exceed-Ing' 500 m/r a pi.Lot
does not h-ave sufficient- strength to overcome tesI."tea
an.ld leave the coakplit- off an aircralt.. Th this case, te
necessity arises to aut-omaticeally ejc"ctPuitf, the Pilot
with his seat from t.he aircraft's coepoit.....

"?a' -ulss in a delayed-o-oenIner 4- -'.lso zustý contend
wihan onru.shins f'low of'. ar.L Th aaXs 5'ae of La.l

:increases Juni tially, but- aft~er -10 to 203 se-conds (dependinrr Upon
the.' alti'tude), it becomes constant-, tes-aldtria
veloolty beinag attained. In a eae-oeig mpfrom. an
'Iatltu- a of 2000 '.o 4000 m., t-e=minal -velociýty is. at;tai4ned after
1or '12 seconds and i s equal3 to 50 Weweesi Uh

from- 12,000 mi, I.t I s attained aftzer J. o20 seod adI
equal to a~pProximantely 90 mn/sec.," £

Figure 138 in --eerence 84show!s twhe ejectlion sequence
rma-n a-ircraft with the follow-Ing prcdr-.&&zz

2. n" 4 on shouder strae- and Jett"so canopy.
3. stfraIgantfanblack ands b.ra.ce against4%- Iarck of seat.O
4. _'iAold breath., clench tetclose eyes, and eject.

I. ?sh aw-ay 4*rrom seat- wit~h et
o. zorepze f or touch-downa. E£8431
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The 1'o-'ces acting duri~ng ejection, from an a`&rV-raft are
-iven in Fizmre 139 o1f re-ference 84 as f ollods:

will be received from head-to-pelIvis -Lor 0.1 to 0.2 second.
2. A pressure exoeeding 2000 kg/rn2 wrill be enerted

,rom zhest.-to-back for 0.07 $to 0.14 second.
3. An acceleration force of 10 to 26 Sts will be

recelved from back-to-chest for 2 to 3 seconds,
.4. An accelerak.ion force of 3 to0 7 g's will be

received from pelvis3-to-head for 0.3. to 0.5 second. £84]
in his article entitled "If a Cosmonaut is in Danger,"

Yi.Maii decrbs ehods of -esousing a cosmon~aut; during.
alst-ages of the flight. For et argenoy situations arising

turig lanchig,-he author describes I-he system used in
.-,exicam M~ercury vehicles; he continueas by saying., "anothe
possible method of rescuslnff cosmonauts envisages the use of'
ejeclUtI on seats, a principle 0long knowin in aviation."1 [29]1

In discussing the Vostokc-2 rreent.ry, X. 'Mel'nikov andA
N.Kts tte: "T~tov, firmly pressed ag-ainst the seat,

fixed his eyes on t~he portholea. Th e -__a. .d o f t khe calock ap-
Droached the so-le"mn arzk, andC- T*.$Itov tokadvan tagna of the
P a .4is si'on tra ns m i ttad to Ihim14 to use the cat-apultU. A shot
sounded. At'. that inst-antj -he pilot. e-xy-e J. n, ad a 2- ig~htning-
lik-e jolt#. The catapult Zezpaxated hIi~rom the shio. He
%max susp~ended under the cupola o1'th parachrute.: 1.681

F ron. an a rt*i c3le b y G .. A n a to3 I y avi i~s evident that
Titov descended usingS an ordinax7 aviati on parachute o f the0
typre presently in use in Soviet" air uits.

Some data on pilot e-!ecti4on, fmSpeacships %are given
ifl reflerences 20 and 85. Refrence 22,I a aenea.decrp
Ition of t-he ellacition of pil3;ot, -from aircraJft and s-a-ecraft,

ptale I~ th t-IOt sea, ado ss -aec m--:t, the entire
cabin., ics instaP l."ed -'n t~he crafýt on ozi~ Zal. uee Para-
cnuat e s are a Ca~ 4%- dalZeatl3-y tý;o theI seat or cabin: tthe fiýrst

IS he smallest, and the t..r-ir , the lagst-. 'While ejection
"from an airc:-amfti s- an emear-~ncy measure., fro s sp acship
it can be one o... variant-.s of nommal .axnd ig. I'a a air-

cA.ft, j he ejzec o'"In .Aechan.,;sm is a small rocket locat-ed in
a tube at, the b-aick of t&he pilot's sea!t.; ina spaceshlp., the
election mjechanismi can be somewha diffret Th et or
cabin is elected from the eraftl, and the f4'irst 'parachute,,

-59.
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~:h$Cony purpose is toprevent tl.. P'101 eraUJ.&~6
1%tns edriately. sev.,do dc'ra- parach~,-ei

0--eied automati.cally by a ba~'onatr.c JXns!rumen"W a't a -iven
C.t~ude. The tnird and -main parachut-e is dep loved on-%v after

;;h-e flyar 'hass dropped below 3 kmi and c". rem~ove his o xy en
~asc 4r hlme. A itopens, the p4lot is separated, ffrom

.is cabin or seat, and complet-es his desce~nt as would an ordinary
parachut~istw. All the operat'ions prep~arat-ory to ejection, the
.-ontrol of~ the. eject..'on rnechan-Ism , and the on-ening olf the
p.arachut-es a ra parI'o~ed automat-ically. L231

In a general descripti*-on off a -modern spacesuiz, raference
35 considers 116 as acabin with1.'n the ca3b~n of' z, space vehicle,
ffor it duplicates the 1PItt'er's ffunctions with relspect; t-o
radiati."on shieldi-ngs, microciimtate, S-Jtorce prot-ection, pressur-
Ization, and cor~unicat~on wit-h the earth. This source also

st-ates: "In an thegny,' cosmonautt' cart retur to ear#
witlh the en"tre cabin as a capsule or ca- be i-d' idually
elected; here, the spacasuit is irreplaceable." "853

A TASS reor on the Vostfolk- states exactly the
landing method used by Tit ,ov., saying.,P -It is Possible ;to use
two meth~ods in Pilot landin:i t-he Ship,-., and independent..,y

of' the ship, i.e., by zona-rati-.on o~f' h seat writ'h the cosmonaut
fromn the ship at, a low a.2t:1.tude wvith;l sub sequent. descent of'
the cosmonaut. by :)arachulte. In- his f2ihTit4.ov used the
"at-~ar met-hod * ~

?r-= ref ereance 24 it ffo7 ow.s tr-hat C osm-onaults )lll"UColayev
and Popov.1ch used5 thea same =,etfhodý aS *"it*Ov. Poo:c taos
"I1 landed in t'he same mnnerz as G. aztv an A . 'Nilolayev.,
i.ea. . near the slhzp 1 1 andedl Wbout 200 k"Ilomaters al-ayr

rrom ~ ~ ~ -. _C-`fyv" 23 y~ovskly .2landed 11n the czabIn.£]

"For reafer0ncz- 71 and`1 8-6 ift ffo010l~os `Uhat thne Vost-Odx-2
and cosmoaxur. T tov 'Landed avt; th2e sazze t1Lmne. nd ffou mninut es
elapsed be-;tween tlhec tiime t--he Vostolk-2 a~oeme JI. an tle sky
over the recoveýry C.+-ea and 4-r- landLý J~cC in t effe'eca

71 the Vostok-2 and coa~.--o"'aut- WT.&7V -Zli ý d-esi a-
area. T112his occurred at 110:18 1403007%ri Cinth vicinit o."E

a settlment call- Nzrasn-yy Kut in S'arat;Ovsicaya O-blast.- £1
Ref erene8 ntos .4t -O:L thn :esky over the -recovery

are, the sa esi appzzard; severe ='nue aftearw*ards,,
G. Titov aled sttod ffirmly on mot.her earith." 1186)
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&S. pdce-P'1ig~ht Command and Communications Netwoxk
(iRecovery- Phase).

Thi sctin onains material on the space-flisght

4;Iondn and ccm- 4mtfi cations networýk, with particular emphas.1s
on the recovery phase. On the basis of the information contained
belwan organization chart has been com-p~ied depicting the

structure and chai."-n of' coirT.Cand off organizations di rectly
connectied with Soviet manned space fligt.Primary attention
has been given to those organizations participating Inl the
zaoovery phase off manned space &flight.

From a description by A. '1rifonov of the Vostok-2 mission
i.t is appa-rent thato tt.he Tecl.-ical Director at the cosmodromne
vomnand point directs5 spaceship -Lgts Th tohia Drco

_andC 1the Stat-0-e Commission are linked by telephone wit'-h the
Coo rdinatI-Pon -Com puter Cvanter, wh.Ich is probably located a

reatively short- distance f rom t-he RBaxykonzur Cosmodrome. The
Coordination-C,. .nutoer Center receives inf oxma tion on the 1'lighrt
;,on. points and telemetry stations located along the flight
path. The center computes t~he necessary data and transmits

itto zhe coi~and poinlt at the cosmodrome. The com-mand point%,"
transm-itUs the decision to bring- the ship; however, the actu al
corwiands for the landing- are tas tedto the ship by the
Doints situalt-ed along the flight pat-h. DescribinAg the operation
of-: tk.he Coordina-tion-Computer Cent-er, A. Tri.-5fonov st'ates: "'The
sJ.xteer"Uh orbitU arou~nd the earth has lbeen, com-p2eted. The
Techn~cal Director asks ,whether or not. t he cosmoneut is ready
to land4.... In the oodatn-operCenter, the final
co.==ads for the reentry of the s~hip have- been cal culatcd.

-ha final dat&a are reporited to the §0hia ieco n h
Stlat-e Commission. Everything iS ready zand tedecision to
land t~he ship can be given.... The folowngfrst- reports
come In from the t'el emet-ry Points: 'The comands -o0lndn

have been siven.' T.Zmed.!atUely afte thisA.P.- sedy voice
off Tov comes over A-he loud speaker: 0h omad o
landinge have been transmitted.' Aftuer as litt--Ale. while., t~he
report comes: "The ret~roengine u-nit. has Z rd has operated
'br exactly the recuired time,, and has been swit'ched off. Descent
has begunx.' [871

IVlr-itary cauthlor Colonmel F. Lushnilkov discusses the functlion
ol Ithe Coo rd-i natfon-Computer Center. Proz hiS article it iL

apparnt tht th staff o- he comput',er center consists off
J".Litary specialrls., Describing tGhe da'v of' Ithe Vostok-.3' and
Vo s tok -4 recover.-es, Lushnikov states: isle are inl the haead-
quart-ers, wicaih Jfor t~hree days has closely followed the course
off events in the f-lisht of the spaceships. L~ong befo~re the
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sj-od l.. hereandy,, and a grou- pf' parachutistsa i-.aled 1o.- thIre
zg.nal so thtat teright moment- they could go to the ald of

"On hehuge G-lobe with a model of~ the Vostok-3 m~ov-'n-
abouIiLAs, that A. Nikolayev is now over" Zst Af rica

and s bgin~ng is 5thorbital -ass around t-he earth. Prom
thi-e cos-ii'drome the announc~remiet .om~es that, the ship's retrno-
ensgines hrave been f"1red; the Vost-ok-3 Js begi-Jnning It descent....0

Continuouls reports core in f-rom 'the t-rackers ffollIowing the
sashpsigt the dat-a rece" ved are Instantl corced

.&on -,he aps, and conventional sy-mbols a-e putý on the map. The
tables are alr-eady crotwded, and one of tVhe m~aps 'has bee~n sp read
c -t directl1y on the fl"oor. The -- ouD of ot' lcers wrighere
has quitte a bIt, of exnex'ience. I had a chang-e to see these
peopLe at i-ork w~fhen Cosmonaut-2 German Titov La 'akin his

~.ninc. Evex7'thins -Is done quiackly, bOut- without- com~moaton.
The last, names oIE* the co-mmanders o.' t-hie cr-e-;qs ass~ *1.-,e"d- to
locating- the pi'Lot-cos-lmonauts have been pa 4 e -'onnp!emilass;
th4e duty o_!7I'ice-r never trakes the eleph-a~ away - .hs ear;
"he m~aintains co-mmunIcatio wth the& Aos-4.j u

Nko."ayev should already be lading, baut as yet I.or e
t,,-o that eiethave corme -In. 3=a.11-51, tlne tJ'hn-e rgs
CLaptain 111oskcalevire the conm-mamnder oIf the cre fhich sle t-o

ztendezvou-s with'- 4"i, yev,, saw!. thIe shinp _fromm th r. I
.- mal signal from F.,oviJ.ch ca-me Jin4 atL;o....... es
in *rrcr one olL te pints L. 1ear kGolde~n Eag'e - 1 the as sange.

miLnute later, a bearing on t~he bro - 4 is - AS
in the f 4,s" case, ca!lculat os are Vaet ~ oo

landng pint;a new crew tlakles of] to reridezvous w~~m
.L 4 " ras. dfppad the wrinq-s ofhsag9ýe -

greetUing to the zramotus coSmonaUt. "TeICo ter V~~at eY
'LLew to the Cosmonauts I landing pointI~s; 1U..ie wreaP ei -CA, by

Catains Bobrov and Zhilyayev. . . The head:q:Uarter's o~cers
rolled up the maps.;

The oodatoCoptrC~entter Irs a15o mentlioneA i.1n

this sourc& ~~~~~~by A. aromnov I seietta h oriain
Coimpixter Cerat oe-r funcion ane th 4drh~ fte~p
C.hairzman olf tnle 33tat' cisIn oa0
corresponden~ts arr&.Wed early at th e Ccan 0Zt w-% athe
igroup f~or or-Gaa.z.-i G, tLhe p.Ickup of thae cosMAOrA-.-Uts alft"er -Lazding
ba~dk on earth wras sltuated..
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is a la-rf.e roorm, in the centk-er of' wrhich stnsa
table~~o -It".lrg mp On the map, the ffligh~t t1-raject-ory
-a spa haus been T-4n o I~eput ' Oa.-..an Of'

Stat -ovsin sc -kntis_. arnd desijzners are b-ent over t-he
__, ble. At aout 9:30O, an announcer=ent wtas made at t-he cor-.an..d

4%-,t conice-ning 4--e descent o-" the 5-i-es. fAfter 15 to 20 minutes,.
~nee ws anewreOrt: pio--Cosmonaut- - haa been od. oo

e nw a n nuncement reanc'h~es t~he comm.-an.d Point.: Cosmonaut-4
?. 2cPovich has also been found.... * -eDeputy Ch,,air m,.an o f the

Stat-e %Co-mr&-ssion- announces to the iournalists the place where
th',,ey can meet- the cosmo-auts.... G. mktov arried at- the com-mand

11Znt LOS]

Anaysso- several sou-ces describins the recovery o'
theV~ost-4-o1&-3, and Vostcolx-4 spwaceshi-s shows tha t the op2tons-

gr,-Ioup roomi nentioned bý( V. Go- tsev and G. Cstrcmov 1,89" is
;-Gizated in to L - Coordination-Comou %e r C ent I#er- arn d i s r eferra
two bjy other wautChors as thle 1-big, ,oom" Or "h"-11. The art-Icle
by V. Golltsev and G. Ostoumjov wvas w-te in the recovexry

e^_ .6a., Thero r&efI or-e
area. ,relatively fatr' h ayou co-mo-dowr .thi arefl
tnhe o;hrase one o.-: the ;o,-,.hise articlene
tprob~a~b re~ers to At.h a%7, " o-cdrre co;jle. Go!l't-sev
and Gztownlov s-t-.ate:- o.efor one sees zi s the roocm of tv-he
o-je.rationas group at on,-e Of t7-ha cdoe.~e several days
ag when a - ce.lestia' t-w-inser th.-e-r fligh,
we saw a. m ao t here A- d aa ee use to -IrnQdca th"e f*inal

oisofheCos-monaut-s, zthe end 0f ,. S, sCe -1ighA Yel low
pa:Int I ight-ly outClines th alrea -whde-re the goup fl-ight- is to

naQ ttat -"im~e t-he rap lwas h, nig to on- s-Id . whatwan. in.& 16*. A.C 444S
,wa -s Z-1 I- LC

lIandscape off t.he veryI alrea -;i-h s out' 4 "ined ir. yellow paint.

P-arther- dIscuzsio%-n by the authors of, re-feren.-e 609 :ndicat-es
that tey taeldfo ~du tr f omn

D , In, to the hneadcuarters- of th ecvryfrc ellative to
thi t-hey Zt . "Last nigt, to-ether Wit sec-al4ss And

Iocors te -r-ne toMý theý* -.me~-e t2he ladnswere to
zaz place. .githrwas aIa nfoto a. covered

a~~Z larg tbe in;c e-Ia-es fte recoveryj forces. W-e
saw not- onl the fin. al j,ý ort of 'he spacesDis 'out also the

calculatI-ed lnngpoinkts indicatea( by two smrall Symbols.

Describinga~ the recovery fCorces, -thae aut-horsstte "On
the- fi tis, powerful airplanes, ready to taý:e oA--* at
t'ne fzzs inlfrom headquarters., are dying -in anticipation.
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group o.' Daautssis in x-¶r;ter, r.ý.a ead* i ~. Cws

-c;z al es everythW ine -- %4,A
as 4&9 A1 the en o sneir

-sosthe cosmon Vjtaut nn .. cessarxy to ensure a safe rendezvous
the authors &'fx4agrain to a descripinoth

Coordlnatioa±-Comnputer Cent-er and sae "At the headquarters
wh~lch 'was entr-uste/' w,"th the recovery of the spacesh~ps, an,
almost ''cesi.lence' Lprevailedl. There, are no irritatn
noise-s or light".ing ef fects.. -in t-he room off the Chie~f
Navigto o-he con~mnand poilnt., there is a globe off s'ich large
iM~ensions that itL, almnost fill~s tohe entire space betwIeen t h e

f.loor and the ceiling." [893

T1he headouart~ers mien't~ioned a-bove is called the "recovery
co-mmrand -ooinz:" in reference 54. The auth1,ors of this soVurce
st-at-e: IT~e left -for the recoveryi command point,. %icbah is
sit~uated In a wrhitke two-storiy buiJldA*ng... Thae ChiefP Xacrza-Ator.sayss, 'Everythi.ng .4s going according tCo the prsrie prgrm..
In air-planles and hael-icopters expe-rienced1 pilots are on duty
around the clock, ready fora t-he order from. the- co-mmand pointtý.o t ake of-' ard go0 wher-ever reoni -'c.. hprtos okr

L A1 -VV- u-A 0ý

"folliow the hands of: t-he cloclk.... The fistos rait ga~ve
hils caAA .zgn The signal iJs received. ±meitely., the order
is gven t-o tecom4niande:.- ci- one ftehlcpest -

tro t'"he place w-fhere Nlikolavev lne. Popovich ts signal
received here also." [k

The headquart-ers of t-h~e reoeyfor-ce mentk~ioned by ot-her
aut16hors is also mentioned byJ 2", Ir$aj %as theI " comm-and point."

ilhis cescr-Lptior1 of thle Vost-olc-_3 an;ý.d VoStolk-14 recoveriesj
ivanov state:-S: ISetto the:Z commandi point ifl the shade of'
greaen. acacia trees-, there i-'s ýa z smnal on-tozryn 'ouse. ii
h1er-Ie tnat A 4. N-fkoayev and- r.-ooic :.± h

fantst~ flght" [3!!Theheaouater ofth~e recovery
force and the small one-Str f or COOniMcOý Nikoaye
and Popoviclh. menti-Oonend _f-bcr Zlr ocated inL the c-ry Jaaana

0- InŽ oasec- on4-- zy- 2..etiG. OstL.roumjov. A.- Voao stts "I ore orte5t e
t%,o their" asu d uateste coswnonaut7s hacd to drmve through
a crowded, lI.vlng corri--dor;, t~housianos o' gS-reetnrg 4 1 ;re hea rd.

LBSI0. strozovstats: Zn teiroc aft,4er
thAe other, N,,,k.olayev ande( P"opovIch descend the acceass l.adder
Of th~e airplarne... T-he lhero~es'I plane is tak2;.en aw~ay to. the

f"arthest corn.er of t-he Karma ada arort,." [83]
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Of2. 0cal* -In-hab".taits in the re-c-overv of C~osmonauts.. .. ncolavýev
ar~dPonvich Th ~ rt Scretry l te Kuaraganda Cw' ast-

CoztestCates: "W1hen I~t Ibecaea knowmn Jr-ht t.he recovery
J-Pp ace south of .aaaowre 4on..municated thl s to

al opuilated points.... Týh ere ar no roads InI this area and4
peQý h4 rie toý the cosmonaut Gfl toot hosbak truck

adseveral w-ent by t-ractor. Naturally., the hel icopter p~lots
left everyone be~hilnd."1)

So C deta1ls on, tflhe meeti-ng of Clos onaut's Nioae nd
?opvi oh V4 ki x.ate overy-force personnel are gi ven iln
references 90, 83, and 93. According t toae,"h
f% irst to -meet mec wa a doctor. He az.eared several minutes
after landing.: .92] G0. OS ýt;rozv w,1VSupports thZ by staIng:L*

"iitolaev asexrtaned by Ca docto wIthin 25 minutes alter1,a n ding.. L83. S. Borsenlko and oter state i"ost4 the
sam thns ' happened to0 A. Nikolayev "tha~t happened t~o 1:. Popovich.

nea was met. f6irst by a doctor an.IA later-, mounted Cos sacks. fLound
him; collective fa= rm orkers rushe~d to-0 hi4m" by tractlor.'

The le otilation o-f aircaft ha copt~ers and au~tomjobiles
1, te search for the cosmonauts Jism-entboned In efrences

944 and 86. G. O.st1-rou~mov., desc-ribin-.-gr 2t.ov s lantn,4, . MCentLoj. M" MIS~

"thea a c,t.2t. L_1ne-P--zciaA insor::a the ± .. ,±

cosmionaut- from tthe reoover,_ arat ouae o4nt The
links in. this miechanism a-re vaiw -aicat eloprs

rado...The aicrf tae -oah air o~ .lOý so
thalt whnthe fi rst signail i~s given, tyrshi to0 t.he descenoixq

rnniL4- S. feGlao1a, cntne -h'ac'j 1-r - o 0 oclonck
thre Thofnlfolh on. 7 August, C inl rIt was- completed.

Ev,.e7rything was read-y In t~he recover:y area. Air:,craft 6, helicopters,
auomobiles, of all types. an-d ifor all pu rposes [were ready)]...."

[86]

S ome dataa on ra_-d:J? Ictgti; i the spaceship
an the groun 2t-t0A are byA£ronov i

di scussion of the- .Vost -k-2 -fli!ght ~rio- o stts:"h
Vo0stok-2 etrdtedn atrofheatmzospahere....Te
onba:$tas.erSia; cease~d [opearatlnja l:IL.

'Iow, " otherd tansiter mus bre swt eonhchprtet
a;-. low alttud adwihrenstalled 'in the ship -dIr-ect-ly on

th1 'cosmonaut 's seat their s aldIf f eringr fProm -twhe above-
nenioed, sygnn zy: 'Evervthing Is in order, The ship ad

cosmonaut are in" diescent. "" 87]



cosnonauts reort to0 te Stt orrIsono hirftt

c~ity locat44edc a-longf th01e Volga ARivr:no far f-rom thea houseir
0.¾ 4-,_-'- 4a -i"--- Lver -'44= W. A~ S A e !Z-v 4 ~

Xlkclayov ad Popovioh.'s rest in argnda, COsrumov
state-,s: "On t-he morning of ~Aus- t 6th, tecsoat n

C4. eraS Voh airport Teny left"..by niane

2o.rzenako and N. Peanisov con~tinue bysang94r8-1 10 d- o-y k 11o rlugas t
:2)both cosm;o~naut-s, a. NflkoaIyev; -An 7?. Pooih rive

An ý-- '2arse cit.,'"L onee bank-s oby th c4 Vsec... pan
frm hercoery arnea. 'Ihe St -__atc Mosio rived cy lan

Ispcle and the d'etaýils of ;h wr -n formed dauring -3ight1

[9) rom- refeerence 96, it iES evideant t-hat; after teVstkl
-,3,and A.I~h~, h cos'"Inonau'L P-all reS.kteu a PPt the%- samea

Dic.iSeSs2=1Ing Ithe Vostok-c3 and VIost-;-ol4-k -lgtthe authIors
state. "A a sce~nic spot- On' thle bInS of 1e~ Volga,, 'the

COSoat setled down for a rest Z 96
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q~WCYlTh~lV a r7. Arf' 7k

n.ns a at Z onOa-con tran s %atei.a gI vig mronly general
InC omatlon on the laInchi'ng, llanding, and recovery ot lunar

ILn an. artlcle ent-tl"1ed "Theod of Lun~a.- Seas,"
SNaaenko. states that- manned Peligh-s- to thie moon miust be;

r~%-^eded by" t-.e ' aur hin-. o4'~ hev Spce vehicles ninto outer-v
soacea at es cane vel~oClrrl-FT N*"Za '-reino rat-es 1,is sta eerl after
fa comnarision o," Sovrjet space-vehile we~gt.Acr~ tSi the p revious So0viet shp _sateites Inldgth

heavysatelitelaunched on hT4rebruary -1961 seta ig4a
sncrecord; lto w-eI3AhedA 64338- kg-. Z3t the s.; am t--e. the

0e-it of~l ar' I eien-~f andm mea surin a appa-ratus. wIth
~oesuczand conta-inlers weulre 3(90.2 ýarnld 4 35 kg. The aut;omat±'z.,

the Mars pr1obe weig Lm-ed 9983.5 k-; and 'lrx fik -re- mhd 1422 kg,.
Ou~ardy, thss obvious progrss noevr Cun spalce-
spsare svtil] l heairS e"t~han . vez A~ -': 5 to

*rlrac-*ve "h~ oroozde -,!*o 0-a'
* .~ af C . . A L# 4*44.

_ 4.5 to0ValFJ ac;A.vlt. a Spacac..l 44 . e~--a J.
5tons. F'or a longter Z1.-~ Lo61Z Ia- C. ---he

shinAr- J.Increcases- due tk-o anmnraei h anlount of5 aiýnr,*food,andlater niecessazy. Tlhearef'ore-nt heno
must. be nrecededc b0y t'hie launIching1 of eavy space veh.ifcles -Into00
ouiter- space -at escane ve.locity..'. 4971

V. Demn-i, Can-'"l~ olt ' Ph ýsr s - .u ea. .dcaheafces
di-scusses tUhree etosof lun a-r l a ndt i ngs Accorczgt %-o him,
'three "Methnods of lunxar landing are being consid .-erec

cosmonautuics."

- "hef~st otodis Impact la-narng wilthout sloweing the
Ship~~ dO~l.T lght tothe -moon., the shl.In's s pead near

;nhe moon, is between 25and 3.34 kmsc.. AThe pi nof
t~he em-blems -a?' th'e So0viet ninon tn-e nwoon, is an example -of
a har-d landing.

"Anothemehdiarot.lnigwtapril decrease
in the _rocket, s szpea =_d Us.;ng., ths:utod hen. thle rce
enter-s the mons st-o-ear of inlecautbomatic deviles oren
th4e Oaxis oT;,he rCke 1- a owwarc-. he nter of a star.ndf'

the ockt soul hae aspeed of . only] several hundred metersper~ % seod nore o withstand the Impact- with the surface.
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* ~Some detalls o~n lua n- eefoundi r1feen.
waan p.:o.' 1-* Of - m o au re b li y s7uNainn taes: .6 %a Q.n

e~rxcoun-te~r variou -... eaansu-St.7'
ior the d Inay pr.ovetozstaedclainrynt

be j su~Cit etc Therfoe 'up to th^e ver las pmomet
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"Glide

Fig. 5. leceleration methods

a - Spaceship's trajectory In return to Earth (points
B and C are arbitrary); b - methods by which a space-
ship can return to Earth from an altitude of 100 kh!
the ballistic way is shortest; the glide is longest.

78 -



f~S .. "

r4'

4.4/

- -d

the ~~e



Rooovfary n-- -- wt

eaj aoIc _..and

o 4. 220 Cos- - -_

pa eaiWebŽr

a~ 2Y

-eI f~~P3 *~~-c'-- z.V Z

±tet'"oengir ~ Lt r4 .-. 44. aa.v.u-

9sec; 6 ~ iat~aio e~ote~ '-'4~5

sped22 ms~);5 0s~mn ~~~s4w6o

47 - t; .O~n

44. U. Frauz

In 22 22.

*y41 r r3rr a-t rve

-. ;3 -t&J~SO t - ~ nc~&tet'a



4100 Otui EII0 h .CPG .Jrn
brva.-1mxdvdalwoýaziiae nteo

ths sis

IQ



1s

-t-32

0 im

2.Deceleration or Rocoket. bV 4a %.!-a2Z kr



7Z 12. S:,=eship Win.,

1 .- : a .,cjto.- of wing bof'ore
Sof tha SpaconIrip inyto

IIC",,;2- coatina~ oZ thormal

q-ýcrtz; 3 - sublinating mutorial; 2
11 cro.-- goction of win* after.
la~dl-ng of' the ship.

A 40

,4j

ý4'1

Z.,,

13.~~ 1/mrbeNooCneo oi- ee

7 xk ee;6 - -ntin 2otinr 9 1,r

~ I ~'"' 83



Pj

iti

b... Vosto

pad.

,\ I

84 
:

b. Voto .PChp

/. d- ' '

t, lv t r a h e L .... ..

""~ h. pcsi Voto • b soksht.ip

0- i4to



flj d4

0r f \ co

r.1 I

II ~~'-4HI4

r-i

t; -P

0- ci

.1-1 4 lit :I A

C) 0' TA b 0

f- ramt.4 - o O

oil, 

5 5

M LcJetD~O



'NL:

-- Na - --
rS-7.1o

C IQ
x7 4 6 -A 4-.

e Wie4 ýAimur4725.1;3

Mi'



12('7 12

2I 2

C

ab

Fig. 17. Possible Shape and Location of the Cabin in Soviet Spaceships.

a - Cabin of second ship-satellite; b - cabin of Vostok; 1 -
external housing of ship; 2 - spherical cabin; 3 . fast-opening
hatch with porthole; 4 - fast-opening hatch- 5 . porthole with
optical orientation device; 6 - inatruiment panel with globe;
7 - television camera; 8 - door; 9 - hatch; 10 ý- parting line
of cabin; 11 - pilot seat; 12 - ablating wing; A - Angle betwoen
the lengthwise axis of the container (al or the pilot seat (b)
and the floor (cross-section) of the cabin; B - Launching

* direction;.C -reentry direction.


