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PRELIMINARY RESULTS OF THE SCIENTIFIC EXPERIMENTS
ON THE KOSMOS-936 BIOSATELLITE

[Anonymous]

Introduction

The artificial earth satellite Kosmos-936, intended to con- .
tinue studies of the effect of space flight factors on living
organisms, was in space from 3 to 22 August 1977.

The Kosmos-936 satellite was injected into an orbit with the
parameters: initial orbital period 90.7 min; maximum distance from
the surface of the earth (at apogee) 419 km; minimum distance from
the surface of the earth (at perigee) 224 km; orbital inclination
62.8°.

Biological objects and scientific equipment of the Union of
Soviet Socialist Republics, Czechoslovakian Socialist Republic,
United States of America and France were placed aboard the satel-
lite.

Physiological, biological, radiobiological and radiation physics
experiments were conducted during this flight. A detailed descrip-
tion of the purposes, tasks and methods of conduct of these experi-
ments was presented in the plan pamphlet Scientific Experiments in
the Flight of Biological Satellite 1977.

Examination of the biological objects at the landing site of
the biosatellite descent vehicle began 3 1/2 hours after landing.

The flight experiment was accompanied by a number of ground
control experiments, including a synchronous experiment conducted
in a biosatellite mockup, which duplicated all conditions of the
experiment, with the exception of weightlessness.

To ascertainthe role of the rotation factor in changes in the
physiological functions of the animals which were under an arti-
ficial force of gravity, an additional ground control experiment
was conducted in a special centrifuge, which had the minimum pos-
sible radius of rotation for the life support systems used. Both
of these control experiments were started 4 and 7 days after the
start of the flight.

Besides, there was a special group of animals, which were under

^Numbers in the margin indicate pagination in the foreign text.



vivarium conditions, the vivarium control, during the entire period
of the flight experiment.

Specialists of the NRB, VNR, GDR, PNR, SRR, USSR, ChSSR, USA
and France participated in study and processing of the experimental
biological material obtained during the flight.

The data presented in the report are especially preliminary,
and they do not cover all the results of the studies or all the
procedures used.

To a great extent, this is connected with the complexity and
lengthiness of processing of the biological material and dosimeters,
as well as with the short time which has elapsed since the end of
the flight and the writing of this report.



L.J: Scientific Research Equipment Complex and Conditions of Main-"
"tenance of Biological Objects Aboard Biosatellite

To support the planned program of scientific investigations, 75
a set of scientific research equipment was installed aboard the
Kosmos-936 biosatellite, composed of:

1. Four Bios units, intended to maintain 20 experimental
animals (rats) under weightless conditions.

2. Two biological centrifuges (Pig. 1), intended to maintain
10 (5 in each) experimental animals (rats) under artificial gravity
conditions.

3. Biological studies unit (Fig. 2), in which the following:
equipment was installed:

Four automatic biological fixatives (Biofiksator) for
experiments with higher plant seeds and fungi;

Thermostat for maintenance of a temperature of 8il°C,
during conduct of the Soviet-French Bioblok SF-2 radiobiological
experiment;

Apparatus produced in the ChSSR (Fig. 3), for conduct
of the Heat Exchange-1 experiment, to study the effect of weight-
lessness on heat exchange processes between a heated surface and
the surrounding medium (air);

Container with dosimetric assemblies, for conduct of the
joint Soviet-American londoz experiment.

4. Onboard tape recorder, intended for recording motor activ-
ity and body temperature parameters of the animals, as well as in-
formation .from the Heat Exchange-1 experiment.

5. Atmosphere regeneration system with supplementary purifi-
cation unit, to provide the biological material with oxygen and to
remove carbon dioxide and other gaseous impurities.

6. Conditioning system, intended to provide the necessary /6
temperature and humidity conditions within the descent vehicle.

7. Two sets of gas analyzers for oxygen, carbon dioxide and
water vapor.

8. Scientific equipment control block.

9. Set of containers housing radiobiological and biological
assemblies not requiring thermostatting.



10. Two direct reading S-l dosimeters, one of which was in-
stalled on the outer shell of the satellite.

A feature of the Kosmos-936 biosatellite was the presence
aboard of two centrifuges with 10 rats. Five cages were installed
in each centrifuge, to maintain the experimental animals (Fig. *O .
The diameter of each centrifuge was 760 mm, and the rotation rate
was 53-5-3 rpm; at a radius of 320 mm (provisional longitudinal
axis of the animal), there was a g-force of 1 g. During the entire
flight, the centrifuges functioned normally, with the exception of
two body temperature measurement channels, which failed, due to
breakdown of individual connecting elements.

The design of the Bios units differed negligibly from those
used in the flights of the preceding biosatellites, and they basi-
cally fulfilled their purpose, with the exception of observations
on operation of the animal feed system, as well as recording of
their motor activity and body temperature.

The biological fixatives (Fig. 5) were specially built for
growing higher plant seedlings and lower forms of fungi under
weightless conditions, at a temperature of +25°C. Turning on of
the. apparatus and supply of water and fixing fluid were carried out
automatically, by programs and by one-time commands. The apparatus
functioned normally during the experiment.

During the entire experiment, the thermostat maintained the
assigned temperature (+8°C) in the working chamber, and it com-
pletely fulfilled the requirements placed on the instrument.

The ChSSR equipment, intended for conduct of a biophysical
experiment, functioned normally. In this case, the information,
recorded on magnetic tape, was decoded and sent to Czechoslovakian
specialists for analysis of the results.

Supply of oxygen to the experimental animals, removal of carbon
dioxide from the atmosphere and maintenance of the required air
temperature and humidity were accomplished by systems similar to
those used in preceding biosatellites.

In order to improve the parameters of the gaseous environment
in composition of harmful trace impurities, a supplementary purifi-
cation system was installed, which was turned on on day 10 of the
experiment, by a one-time command from the earth.

The following conditions were maintained in the biosatellite
descent vehicle during the flight:

Oxygen content 1^5-210 mm Hg;

Carbon dioxide content, not over 14 mm Hg;



Air temperature 21.5-24°C;

Relative humidity, 80-90?.

The pattern of change in these parameters is presented in
Pig. 6.

The scientific apparatus complex was controlled by the control
and switching block, in accordance with the planned cyclogram. Be-
sides, a supplementary programming device was incorporated in the
block, which controlled the operation of the tape recorder. The
block functioned normally during the flight, and it ensured the
passage of all planned commands and the taking of telemetry infor-
mation. After the descent vehicle landed, a search and rescue /8
complex was deployed to the landing site. It consisted of: a UAZ-
452 4-wheel drive motor vehicle, intended for the transportation of
laboratory equipment; a pneumatic isolation room for disassembly
work, in which the satellite descent vehicle and 10 work places for
scientific studies were arranged; a pneumatic isolation room for
biomedical studies, in which 40 work places were arranged; a 12
kW power and illumination system; a ventilation and heat regulation
system, intended for ventilation and maintenance of the air temper-
ature in the pneumatic isolation rooms no lower than +l8°C, under
any weather conditions (Figs. 7,8).

The Kosmos-936 satellite descent vehicle landed at 6:27 a.m.,
22 August 1977. The mobile field laboratory, scientific equipment
and maintenance and scientific personnel were delivered to the
landing site by helicopters, in the time period from 7:02 a.m. to
7:32 a.m. At 7:15 a.m., the descent vehicle was placed in the dis-
assembly isolation room, and maintenance personnel proceeded to •
open the hatches and disassemble the scientific research apparatus.
By 10 a.m., the field laboratory was completed deployed and ready
for the conduct of scientific studies, which began at 10 a.m., after
disassembly of the first Bios block, and it ended at 1 a.m., 23
August. At 8:07 a.m., 23 August, all the biological materials, ac-
companied by the group of scientific colleagues, were dispatched
from the landing site to the base airport, and they were delivered
to Moscow at 5:24 p.m.

Together with processing of the biological material, a pre-
liminary analysis of the onboard systems was carried out right at
the landing site. Subsequently, the onboard systems of the sci-
entific equipment complex were delivered to Moscow, where they
underwent more thorough analysis and testing, to confirm the re-
liability of evaluations of the inflight telemetry information.

In parallel (with a 4 day shift) with conduct of the flight /9
experiment, a synchronous control experiment was conducted in a
full scale mockup of the biosatellite descent vehicle (Fig. 9).



Its purpose was to simulate the effects of all space flight factors
except weightlessness on the biological objects.

In this case, the parameters obtained by telemetry from aboard
the biosatellite were maintained to within, with respect to the
rated:

Oxygen content, ±2%;

Carbon dioxide content, ±2%;

Temperature, ±1%;

Relative humidity, 5-10%.

The content of some primary gaseous impurities during the
controlled experiment is presented in Table 1.

In connection with malfunctions in operation of the animal
feed system in one centrifuge, the hatch of the mockup was opened
on day 16 of the control experiment. Since the possibility of
rapid repair or replacement of the failed block was completely
excluded, the 5 animals and this centrifuge were eliminated from
the experiment.- In this case, the total depressurization time of
the mockup was 2 hours.

In parallel with the control experiment in the biosatellite
mockup, an experiment with 10 rats was conducted (with a 7 day
shift), in two centrifuges with a small radius of rotation (Bios-
Omega) (Fig. 10). The animal maintenance conditions in these
centrifuges were similar to the conditions in the inflight and bio-
satellite mockup centrifuges. The radius of rotation of the Bios-
Omega centrifuge was 92 mm, with a rotation rate of 53-5±3 rmp.

The purpose of this control experiment was to study the effect
of angular accelerations on the animals.

II. Physiological Experiment with Rats

The tasks of the physiological experiment with mammals were /ll
further study of the processes of adaptation of the functional
systems of the body to the effect of weightlessness and study of
the biological effects of an artificial force of gravity.

The second aspect of the artificial gravity experiment can
be considered more broadly, namely, to estimate the possibility of
its use for the prophylaxis of the unfavorable effects of weight-
lessness. On consideration that the animals were subjected to an
acceleration of 1 g during rotation in the centrifuge, this experi-
ment can also be used as the "purest control" of the space flight
conditions endured.
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Preparation of the artificial gravity experiment was based
on the fact that, even at a level of artificial weight equal to
that on the earth, the animals would be in a fundamentally dif-
ferent biologically effective force environment than on the earth.
The precession and Coriolois accelerations which develop' during
movements in the rotating system cause unusual stimuli of the
vestibular apparatus (first and foremost, of the semicircular
canal receptors). This leads to changes in the tone of the limbs,
locomotor acts and visual-motor coodination.

Studies conducted on the animals, which completed the flight
in the Kosmos-782 satellite, demonstrated a considerable effect of
weightlessness on motor functions and vestibular motor responses.

-Therefore, in setting up the physiological experiments aboard
the "Kosmos-936" biosatellite, together with the traditional methods
of evaluation of the overall resistance of the animals' bodies,
particular attention was paid to study of the condition of 'the
vestibular function and to broader examination of the equilibrium
function.

1. Preparation-of Animals for Experiment

For conduct of the experiments in the Kosmos-936 biosatellite,
300 male Wistar rats, free of pathogenic microflora (PPP), were
made available to the Institute of Endocrinology, Slovakian Acad-
emies of Science (Bratislava, ChSSR).

The lots of the animals consisted of 150 rats weighing up
to 110 g, aged 35-36 days, and 150 rats weighing 90-100 g, aged
32-33 days.

The older animals were used for the flight experiment and
vivarium control groups, and rats born 2-4 days later, for the
control experiments in the biosatellite mockup and in the centri-
fuge with the small radius of rotation.

In the preflight period,'the animals were kept under vivarium
conditions, with 5 rats in each cage, at an ambient temperature of
22±2°C, relative humidity 80+5% and a 12 hour light day.

Fifteen days before the start of the flight and synchronous
experiments, the animals were transferred from pelletted to a
specialized pasty feed, which was given once, at a rate of 40 g
per animal per day.

Selection of the animals for the experiments was carried out,
on the basis of the data of the daily clinical examination, study
of the body weight increase pattern, evaluation of the morphological
composition of the peripheral blood, results of microbiological
examination of the mouth and the bactericidal activity of the skin



of the tail, as well as of the results of study of the behavioral
responses of the animals.

The selection was carried out during the entire period of
preparation of the animals for the experiments. It consisted of
an initial stage, when a group of clinically healthy animals of
approximately the same weight was selected from the entire lot.
These animals were transferred to specialists, for the preparation
of given specific experiments. In the intermediate stage of
selection, portions of the animals had to be screened, in connection /13
with various manipulations and surgical interventions, and the
final stage of selection was carried out, after completion of all
types of actions, recording of baseline data and completion of
training.

The animals which were prepared for the flight and synchronous
experiments were trained to stay in working mockups of the mainte-
nance condition systems and in the use of. the feeders and fountains.
All the animals prepared for the experiments successfully passed a
30 hour training period. The calendar plan of preparation of the
animals for the flight and synchronous experiments is presented in
Table 2.

In the preflight period, implantation of body temperature
transmitters (10 and 14 July), implantation of a decalcified,
lyophilized bone matrix under the fascia of the anterior wall of
the abdomen (12 and 18 July) and delabyrinthization (14 and 19 '•_.
July) were carried out on the animals, and 1!*C glycine (15 and 19
July), declomycin (31 July) and a 10% suspension of sheep erythro-
cytes (25 and 28 July) also were injected intraperitoneally.

The distribution of the animals into the experimental groups
is presented in Table 3.

The animals of experimental groups Tsi, N]_ and N2 were killed
on day 0 at the biosatellite landing site, -for subsequent conduct
of biochemical and morphological examinations, and the remaining
rats were left for study of the readaptation period. After com-
pletion of the studies on day 25 after landing, the rats of experi-
mental groups Ts2 and No, as well as 3 rats from group N/|, were
killed.

A portion of the delabyrinthized animals (group N4) were left
for subsequent observation (2 rats from the flight and h each from
the synchronous experiment and vivarium control).

2. Inflight Condition of Animals

During the experiment, the motor activity (MA) and body tern-
perature (BT) of the rats were recorded aboard the biosatellite.
Both of these parameters, combined with some other physiological
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ĉ.
»• «

\-~™v *-iHlV> K
C\5 ."..!
i=j •- r^ »— i
CD CO

.̂ .H; r.(
ET

CD M s:-:̂  ^
•^ a o o
PI O li! EH
2.", EH O O
:': W 0 O
M 0 13< f<

I 1

cv>
t3 J fr-t
W E-HC-H
CD Oj
«=J t=C CQ
« CO O
T3 PH«
••• CD E;
PI c,' p1

X
': i

»— i

•-^-^
ox
§^»-M i — i
CD f̂

I--T i-r
•^•3

c3
m
k— 4

*~1t— -(

>>te;
s; ES
^: ^î ->i
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TABLE 3. DISTRIBUTION OF ANIMALS INTO EXPERIMENTAL GROUPS

Experi-
mental
Group

Number of
Animals

Operation

Injection

Artificial
Gravity

Ts-1

5

Ts-2

5

N-l

5
Body temperature trans-
mitter implantation in
abdominal cavity

declo- •
mycin

declomycin

14 C glycine

Repeated
declo-
mycin
adminis-
tration

leclo-
mycin

Weightlessness

N-2

5
Implantation
of decalcified
lyophilized
bone matrix
under fascia
of anterior
abdominal
wall

'declomycin

10% sheep
erythrocyte
suspension

N-3

.. 5
Body tem-
perature
transmitter
implantation
in abdominal
cavity

declomycin

14C glycine

Repeated
declomycin
administra-
tion

N-4

5

Bilateral
delab-
yrinthiz-
ation

'declo-
mycin

•,
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characteristics, can be used for qualitative evaluation of the
level and structure of energy consumption of the body in space
flight.

According to the initial hypothesis, the energy consumption
structure of the body in weightlessness can be changed (a larger
amount of movement with a smaller force load, change in the tem-
perature balance point of the body).

Recording of the MA of each of the 30 animals was accomplished
on odd days of .the experiment, in the form of the stress levels
corresponding to the total movement in each 2 hours, as well as in
24 hours (total motor activity, TMA).

It was determined beforehand in ground experiments that the
pattern of the TMA level of the animals, during prolonged rotation
of them in the centrifuge in the maintenance blocks (MB), differs
from the analogous indication for rats in stationary MB. In the
Bios-Omega centrifuge with a small radius of rotation (1.1 g under
ground conditions), the TMA level of the animals increased ini-
tially, gradually decreasing during the experiment and, neverthe-
less, remaining above the initial level during the entire period
of rotation. The pattern of the TMA level of the animals in the
centrifuge with the larger.radius of rotation (about 1.4 g under
earth conditions) was the opposite. In the initial period of
rotation, this characteristic decreased from the initial values^
gradually increasing by the end of the experiment, but it did not
reach the initial level.

Only a preliminary qualitative conclusion can now be drawn
from the results of the flight, in connection with some technical
failures in the motor activity recording system. It is that the
TMA level of the animals in weightlessness proved to be signifi-
cantly higher than the same characteristic for the animals in the /15
onboard centrifuge.

The BT of the animals was measured in the experiment, under
various conditions listed in Table 4.

Only a part of the expected BT information was successfully
obtained during the flight.

Preliminary analysis of the results showed that the lowest
BT were recorded in the animals in weightlessness (group 1). The
BT of the animals in the inflight centrifuge (group 2) was somewhat
higher than that of the group in the stationary MB on the ground /I6
(group 3)- However, the majority of the average daily group 2
animal BT obtained did not differ significantly from the analogous
values for group 3-
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TABLE 4. GROUP DISTRIBUTION OF ANIMALS WITH
IMPLANTED BT TRANSMITTERS

r .T> t-Trp,o

F't'~-'^-"p— g'lr>ppro— SJ_J * ,, w1 V/ i A '^ i * \S *J ^ W Vi/ W

-'-j^.iOO— J/iCT j.,0i?, 5
] : ••"> : [T7~r:f rvy j1^ "^'F" O^.eJ^ ^

1 . '•'"/'"'— '"i " 1* " " " *n T C* "•"— R

• • - • » - l f ->- : r-p ••••'-:••" r^ r-.<- "•pr'TW

O- . • • • • ! /-\ .• IT;;. J v-"i -p T T - t^
..—'""'•.'. •i—.'.L ^' i. -'*^y — I. } -^ C? ^ v/

".• '- .:•'..-:.:}
q:v;C-h ..--T. ^? ]:^VJ 5

'^:.-' ."'•^rT^ T'T.•^/j.-.>- i j',K* U

S . . . . - - . , . O

— _ _ _ _ _
VJ. • * C / > ^ * - . _ r w . r ^ w , T T ^

rpyima rpynni.!

I h]-T

no::?;T
^ k 4c

no;:5T

3 "H3

5 - pB^i03-C:.^rA .

4 ri],p

r- fc-^s>ra

Key: a. Animal maintenance conditions in experiment
b. Active factor
c. Number of animals
d. Group Number
e. Group designation
f. Stationary Bios
g. Weightlessness
h. N3 flight
i. Centrifuge BIOS
j. Artificial gravity, angular acceleration
k. TS2 flight
1. Stationary BIOS
m. Earth gravity
n. N3 synchronous
o. Bios-Omega (rotation with small radius)
p. Bios-Omega
q. Centrifuge Bios
r. Ts2 synchronous
s. Vivarium cages (groups of 5 rats)
t. Vivarium control
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The data obtained, on the change in TMA and BT of the rats in
the Kosmos-936 biosatellite experiment, are sufficiently in agree-
ment with the basic results of the preceding experiments. Evidently,
the energy consumption connected with the external mechanical work
of the animals in weightlessness, despite the greater amount of
movement accomplished by the animals in weightlessness, at least
does not exceed the corresponding characteristics for ground con-
ditions. This assumption can be made, on the basis of a downward
displacement of the temperature balance point of the animals' bodies
in flight.

3- Postflight Clinical and Physiological Condition of Animals

After the landing of the biosatellite descent vehicle, the
mobile laboratory complex was deployed to the landing site. This
permitted conduct of initial examination of the biological objects
under field conditions.

Examination of the rats began 3 1/2 hours after the landing
of the biosatellite. In external examination of a number of ani-
mals from experimental groups NI , N2, N3 and Nij, which were in
weightlessness during the space flight, soiling of the fur and
skin of the tail were found, the abdomen and tail were wet, and
there were bloody scabs on the nose and the floor of the auricle.
The color of the fur of all the animals of these groups was yellow-
brown. Edema of the left or right rear limb was noted in 5 animals.

All of the animals of groups NI, N2, N3 and Nij were sluggish,
with a sharply changed gait. The characteristic movements and
postures connected with orienting reactions (standing on the rear
paws, overcoming obstacles, active search for an exit from the tun-
nel, looking outside the cage, etc.) were absent (Fig. 11).

The animals which were in artificial gravity during the
flight (experimental groups Tsi and Ts2), upon external inspection
were clean, with a dry white fur; the tail, paws, floors of the
auricles and visible mucosa were without deviations from normal.
An exception was one rat of group Tsi, which was stiff and slug-
gish, with dishevelled fur, and looked very exhausted.

The animals of experimental groups Tsi an<3 Ts2 were active
they negotiated obstacles well, they stood on the rear paws, and
their gaits differed little from normal (Pig. 12).

The rats in the synchronous experiment in the small radius /
centrifuge (Bios-Omega), as well as in the vivarium did not dif-
fer from each other in outward appearance or behavior.

It is known that one important indication which characterizes
the general condition of the body is a change in body weight.



Data on the change in body weight of the various experimental
groups of animals in the flight and ground control experiments are
presented in Table 5. It follows from this table that the animals
in practically all the experimental groups reliably gained weight
in the period of the experiment. The absence of significant dif-
ferences in group Tsi of the flight experiment is connected prim-
arily with the fact that.one rat lost 101 gramsin weight, in con-
nection with technical malfunctions in the animal feed system.

It must be noted that the animals in the stationary Bios blocks
of groups Ni-Nlj obtained somewhat more feed per day during the
flight than the rats in the centrifuges (Table 6).

A more complete idea of the changes in body weight can be ob-
tained from Table 7, where the pattern of this characteristic for
individual animals is given. The change in body weight of the ani-
mals in the readaptation period is presented in Pig. 13- It should
be noted that, in the postflight period, the group Ts2 rats gained
weight better than the group N3 rats.

On the day the biosatellite landed, the morphological compo-
sition of the peripheral blood was characterized by a small increase
in erythrocyte content, which was more pronounced in the group N^
and Nlj animals (Tables 8, 9). A significant decrease in the total
number of luekocytes was noted on this day, in animal groups N3 and
N/j. A typical stress response pattern was observed in the animals
of these groups, which was expressed by a significant increase in /19
percentage content of segmented nucleus neutrophils, lymphopenia
and eosinopenia, with respect to the vivarium control. Similar
changes in the white blood of the group Ts2 animals were expressed
significantly less.

Upon examination of the animals on day 3 of the readaptation
period, practically complete return to normal of the morphological
composition of the blood was noted.

Determination of erythrocyte resistance was carried out in vitro,
in curves of hemolysis in NaCl solutions in decreasing concentrations,
from 0.60 to 0.48%. As is seen from Table 10, a tendency was observed
in the animals in weightlessness towards a decrease in erythrocyte
resistance. These changes were not found in the rats in the onboard
centrifuge and in the ground control experiments.

After completion of the flight, a study was made of the mouth
microflora of the rats of experimental groups Ts2, N^ and N^, ac-
cording to indications of conditionally pathogenic microflora (B.
Coli, Proteus v.).

For the rats under artificial gravity during the flight (group
Ts2)j no conditionally pathogenic microflora were found in the mouth
on day zero after the flight (Table 11). At the same time, Proteus v.
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were scattered in all animals of groups N3 and Nij. This can in-
dicate a reduction in the nonspecific immunoreactivity of the body,
as a result of weightlessness. On day 3 of the readaptation period,
the number of microorganisms screened from the mouths of these ani-
mals decreased significanly.

Investigation of the gas and energy metabolism of the N3 and
Ts2 group animals was carried out by the closed chamber method, in
the baseline period and in the readaptation period (Table 12).

On day 3 after the end of the flight experiment, for the group
N3 animals, a decrease in oxygen consumption, carbon dioxide release /20
and respiratory quotient, as well as a reduction in energy consump-
tion were recorded (P<0.001).

For the group Ts2 animals, the changes in gas exchange were
less marked. A significant decrease occurred only in the carbon
dioxide release and respiratory quotient characteristics.

No significant differences were found in the gas and energy
metabolism characteristics, between the-animals of experimental
groups N3 and Ts2- This was determined, to a great extent, by the
small number of animals in the groups. The decrease in gas and
energy metabolism after the experiment, compared with the initial
data, is the result of increase in weight of the animals during the
flight, since the identical changes were obtained for the vivarium
control group rats.

For study of metabolism after the flight and the ground control
experiments, the delabyrinthized animals of group Nij were put in
special cages, which provided the possibility of accounting for the
food eaten, water drunk, as well as collecting the experiments for
subsequent biochemical analyses.

Study of metabolism was carried out on days 1-2 and 12-13 after
completion of the flight and ground control experiments. The results
obtained are. presented in Table 13-

On days 1-2 after completion of the flight and synchronous ex-
periment, a tendency was noted towards increase in water consumption
by the animals, compared with readaptation days 12-13 (with consid-
erable individual variations).

The opposite regularity was observed in amount of urine ex-
creted, a decrease in excretion of urine in the first days of read-
aptation, compared with days 12-13 of examination of the flight and
synchronous experiment animals.
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LO ^ ĵi CO r-H in
LO I co 1 c- 1 JN | e> | co • 1

I . I 1 I I I-:-!• -, +!• +!• +i- +|- -:-|
CO I CM I Ob- | CD CM 1 02 1 CO 1

i «<— I «<O " - *• - •» ~30 ~di •
1 ^ - l-Jrj - 1 QOCO I LOCO • I co ~ I co - 1
! CO^' r-l 03^ 'CO H COrr,I-l C3LO CL?^
ICM 0 fCM r-H| 0> 0| CM Ol 02 I-Hl '\2 rH||
. 0 0 0 0 0 OJi - 1 H H ^ -i -:

o o. o o o o.i1 +,, v .' .... v' ... v' ... v1 -. v1 ,,. v'
loo'' ico1 V | co ' - |c5[ ico"1 loi' ,

*"» — 1 *'\O •^—'4 ^» — j »*cO •*
1 Q * - 1 tO - 1 C- "- J CO - | ^-. - lev CM 1

COCO •—!:-< OO2 OCM Hr-H O ~
I .CM I 00 1 OJ I CM I CM I '.A3 LO 1

'"1 » ^~ '

i
I'd• g
i cdI u

f'M

• S rH -P 0 1
Cd -H O |
rH E

a w d •
; 3 0 d -H
0 X! cd

• r/V in 4J >H « '
•2' bO -P >,
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TABLE 6. FOOD CONSUMPTION IN FLIGHT AND SYNCHRONOUS EXPERIMENTS

^I^IT sKcnepS'eKTS bCpe#EHe Tramsis no aKcn^pi^iiTajKiia: rpy;:ri:::.:
c Ho

O

i j £ * . -j ,•:. bt) j<0

f HTM
riV^riPTTT"f" ""t t ' ; '~ "^ ° î' ,• \jXXvxiiCh/'ii- -i -- -• -'-^ t- -' j v.'

/q / :.-,"> C
*iO x (w-'..-

n^M/T.~—5 r>i-i-V^^-i >/

33,8 39,3

Key: a. Experiment type
b. Average data by experiment group in g
c. N
d. Ts
e. Flight experiment
f. Synchronous experiment
g. Small radius centrifuge
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TABLE ?. INDIVIDUAL WEIGHTS OP ANIMALS BEFORE AND AFTER EXPERIMENTS

Rat #
"Upon Experimental
K il-±lng— Gr oup

I.
2.
^ ~"R-T7." ~:

1 /

5.
, ' ) — — — — — - - - — — —
• ; o.

7.
3. _JEI
Q
ZS o

. 10.

II.
i

1 12.
113. ~l\F3~7

;I4.
JI5.

lie.
17.

I

19.

P°V
felo

b.
ino ~ 'Pc i ~?-7L' -^ J. o — £- •:!&i1 I1! I

: > £ S .

I6-
£7.

IT !~* — r- •'u i •
K'O

y*» «v *

! .'iii°- • . •

Flight Experii

Weight Before
Experiment in
Grams, 31
Jul

..204
206

' 216
: 208

212

208
199
203
207
212

210
212
216
218
218

213
206
200

. 212
.212

216
218
212
222
216

214
• 196
210
r\ /^ <•)

.~\ r ..' y 'c-s

nent

Weight After
Experiment in
Grams, 22
AUK

265
287 .
334
379
2S4

, 246
290
205
306
3"00

270
276
292
302
2'9I

276
105
264
258
259

270
232
291

,' 273 .
290
o /•• A/ccO

268 .
273.
279
O r* o

\ / i^ T^ f~\/~\T*t '^ -L UUK QU A.Lj'Tv

:m

1Weight Change : 3
» ^"^ \ '^M( in grams)' m

' +61 "" : 1
+8^ j 1

+171 .
4-82

+38
. +91

+80
+99
+33

+60
+64
+76

'+84
+73

+63
-101
+64
'+46
+47

+54
+64
+79
+51
-5-74 '

+46
. +72

+68
+71

+72

I
'%*>

i*•
-A

t"

'¥
,' '

-f*'

'V;
'£

#
X-

1
•*•'

Jff

?

f•i
, S"f

',

j
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TABLE 7 (continued)
—

Synchronous Experiment

; i
N'oT1' '

"I .

2,
* o ^

A1 i
: 5.

! 6.
7.
8.
3.
I00

II.
12.
13.
14'. .
15.

16,
17.
]J8.

. 19.

i 2JO'
2\I.
22
f '
. i *
2k. '

! ft'

Weight Before
Experimental Experiment in
Group Grams , 3 Aug •

210 .

2 CO
rpgZTL-— .-. .£

220
230

£02
. 206 •

OZ^ £J2
S22
230 .

. •' . . . : :202
202

H£3 218
• 220
212

224
214

'~~ 220
208

192
178

x-.H-.-J 200
182
218

Weight After
Experiment in
Grams, 26 Aug

2(£
278

282
3C2

270 :

287
236
303
313

296 . .
.308 .
338
341-
318

290 '
278
292
306
2'96

286
300
286
260
282

_ — ._

; ""Weight" Change
In~"Gr~am~s~

. +52
+GS

+72
+G2

. +72

+68
+317

, +8i
+81

•+83

+94
+ 106
+ 120 --

- . . - +121
+106

+GG
+64 •
+88
+86
+88

V1'

I?
r-. i~>

+ •' 0

+£4
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TA-BIiE-' 7.< ( continued)

Ground Experiment in Small

N o .

I
<->6

3
4 i
5

6
7
8
O«/

10

Key

No.

j- •

o*•• •

3.
/!
°x •

5.
y»o.

Experimental
Group

aEHOC-OMEn
36es Ter.inepaTypis

tfrzcps^arai-iKOE

eEH(»
O'ffiTA

fc rer/inepaTypHBir/
knepejiaTii'iKa?,!!

: a. Bios-Omega
b. Without
c. Temperature
d. Transmitters
e. Bios-Omega
f . With
g. Temperature
h. Transmitters

Vivarium Control

Experimental
Group

o

BHBapjriiKK?:
bKOHTpOJl!>

Weight Before
Experiment in
Grams , 3 Aug

244
243

L . 250
:xc 264

264

232
224
244

as 238
a .226

With Implanted

Weight in
Grams, 31
Jul

210

217

208

222

214

222

Radius Centrifuge

Weight Af te r
Experiment in
Grams, 26 Aug

234
215
314
342
336

308
294
340
318
238

Body Temperature

Weight in
Grams, 22
Aug

302

310

300

324

300

318

Weight Change
in Grams

+50
-32
+64
+78
+72

+76
+70
+96
? -r1^
TOw

+72

Transmitters

Weight Change
in Grams

+92

+S3

+32

+102

+86

+36

Key: a. Vivarium b. Control
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The hydration coefficients of the flight and synchronous ex- /21
periment animals (especially on days 1-2) were significantly higher
than those of the vivarium control animals. In this case, the hy-
dration coefficient of the flight group animals was the highest.
The differences of the flight and control animals in this character-
istic were preserved until days 12-13 of the readaptation period.
By this time, the hydration coefficient of the synchronous group
animals approached that of the vivarium control.

Food assirnilability of the flight and synchronous group ani-
mals was significantly higher than that of the vivarium animals,
in the entire period of study of metabolism.

Study of the effect of flight conditions aboard the Kosmos-
936 biosatellite on the working out of behavior algorithms by the
rats was carried out before and after the flight and ground control
experiments, in labyrinths of various degrees of complexity.

A preliminary analysis of the results obtained permits only
the number of refusals to solve the problems in the labyrinth to
be presented (in % of the total number of problems presented).

It is seen from Table 14 that, in the baseline examination
period, refusals to solve problems in the labyrinth were practically
not noted in a single group of animals examined. After the flight
and the end of the control experiments, refusals were observed in
all groups. However, there were more of them in the flight exper-
iment animals than in the vivarium control groups. True, during
the first two days of the recovery period, the number of refusals
in the synchronous experiment animal groups did not differ from
that in the flight experiment groups. However, on succeeding days
of the readaptation period, the synchronous experiment animals
clearly refused to work in the labyrinth more rarely.

The nature of the changes observed in the flight group ani-
mals indicates some difficulty in recovery of the skills developed, /22
compared with that of the control group animals. At this stage,
it does not appear possible to evaluate the effect of artificial
gravity on working out behavior alogrithms.

Before and after the experiments, an estimate was made of the
static endurance of the animals, from the maximum time of holding
on to rods hanging vertically down from a platform fastened on a
180-200 mm high support. In the baseline period, the static endur-
ance of the group N3 and Ts2 animals did not differ from the proper
values for animals of the corresponding weight; it was 198+12 sec.
On readaptation period day 3, endurance of animals of both groups
was reduced approximately 6 times from the baseline values and 3
times from the proper values.
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On subsequent examination days, a gradual recovery of static
endurance was observed. Significant differences from the proper
values were not found for the group Ts2 animals, beginning on day
6 of the readaptat'iqn period. At the same time, the static endur-
ance of the group No animals differed significantly from normal

+ 6 sec) on day 24; it was 87+9-8 sec.

The equilibrium function was evaluated, from the ability of
the animals to balance on a beam and from the search time for a
horizontal position on a swinging platform.

Vestibular reactions were evaluated by the lift reflex, which
is characteristic of all animals, and which is characterized by a
rapid straightening of the limbs, in response to progressive down-
ward movement. The reflex is caused by a shift of the otoliths
of the vestibular apparatus, and it reflects one typical vestibulo-
motor reaction.

Besides, the function of the vestibular apparatus was evaluated /23
by the electronystagmographic method, which is used to record the
vestibular-ocular motor reflex from the semicircular canals (Ny-
stagmus), as well as by means of motion picture photography, from
the nature of change in the turning and landing reflexes.

As a result of the examination, no significant differences
were found in the overall vestibular nystagmus characteristics
(latent period, number of impulses, duration and purity) in the
animals in weightlessness and the control synchronous experiment
animals during the entire period of readaptation. The duration
and number of nystagmus pulses of the animals in artificial grav-
ity, on day 3 after landing, were sharply reduced (training ef-
fect). Beginning on day 1, none of the nystagmus parameters dif-
fered from normal.

The ability of the animals of both groups to preserve equi-
librium on the beam was- reduced, but somewhat less for the group
Ts2 animals (Fig. 14). These animals also spent less time in
searching for a stable horizontal position. By the third day of
examination, the differences between both groups were leveled out
and, on day 15, the characteristics were close to baseline (%100
sec) .

The lift reflex of the animals of both groups was preserved,
but it differed from the baseline data in latent period (%35 msec).
The latent period of the group N3 animals increased to 47-50 msec
on the first day after landing, while it decreased to 27-30 msec
for the -group Ts2 animals.

4. Results of Pathoanatomical Autopsy of Animals

Flight Experiment
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I. Rats killed at landing site of Kosmos-936 biosatel-
lite 4.5-9.5 hours after satellite landing.

Group Tsi (No. 16, 17, 18, 19, 20).

Upon external inspection of the animals before killing,
the good condition of the rats, with the exception of rat No. 17,
was established. The fur of the-; majority of animals was relatively
clean and dry, and the visible mucosa and skin of the paws, tail
and ears were without peculiarities and were clean. Upon autopsy
of the rats, no macroscopic, visible changes of the internal organs
or support-motor apparatus were found. Otitis was absent.

Rat No. 17 was severely exhausted, cachexic (weight 103 g),
had little mobility and the fur was disshevelled and clean; the
visible mucosa and skin of the rat were clean. Upon autopsy of
the animal, a complete absence of subcutaneous fat cells and fat
deposits in the abdominal cavity, as well as complete atrophy of
the thymus gland, attracted attention. No pathological changes
were found in the remaining internal organs and support-motor
apparatus.

Group N-l (No. 1, 2, 3, 4, 5).

Upon external inspection of the rats, soiling and wetness
of the fur were noted. Rats No. 1, 2 and 4 had some edema of the
rear limbs.

Upon autopsy of the animals, a fresh fracture of the right
tibia of rat No. 1 was found, with massive hemorrhage in the cavity
of the right knee joint and soft tissues of the shank, and a fresh
fracture of the right femur of rat No. 4, with hemorrhage in the
surrounding tissues. No changes in the internal organs or otitis"
were noted in the group NI rats.

II. Rats killed at landing site of Kosmos-936 biosatel-
lite 11-13 hours after satellite landing.

Group N-2 (No. 6, 7, 8, 9, 10).

Upon external inspection, great soiling and wetness of the
fur and skin of the rats were noticed.

Upon autopsy, fresh fractures of the right femur of rats No.
6 and 10 were found, with massive hemorrhages in the surrounding
soft tissues. As to the internal organs, with the exception of
rat No. 9, in which fine focus bronchial pneumonia was noted in
both lungs, no pathological changes were found. There was no
otitis.
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III. Rats killed 25 days after end of space flight.

Group Ts-2 (No. 21, 22, 23, 24, 25).

External appearance: fur clean, visible mucosa and skin clean,
without peculiarities.

Upon autopsy of the animals, no pathological changes of the
internal organs or support-motor apparatus were found, with the
exception of rat No. 2*1, in which fine, grayish foci were observed
in the lungs under the pleura (bronchial pneumonia). No otitis.

•Group N-3 (No. 11, 12, 13, 14, 15).

External appearance: fur clean,. mucosa and skin clean,
without peculiarities.

In the pathoanotomical study, multiple grayish, miliary, small
nodes were found under the pleura under the lungs of rats Nos. 11,
12 and 14 (focal bronchial pneumonia?) and, in rat No. 15, an old
fracture .'of the right femur with a bony callus_ which had devel-
oped at the site of the break. No other pathological changes, in-
cluding otitis were found in the rats of group N-3-

Synchronous Experiment

I. Rats killed 4.5-9-5 hours after end of experiment.

Group Ts-1 (No. 4l, 42, 43, 44, 45).

External appearance: fur clean and dry, mucosa and skin clean, /26
without peculiarities.

Upon autopsy of the animals, small, miliary, grayish nodes were
found under the pleura in the lungs of only rat No. 4l (focal
bronchial pneumonia?); no macroscopically visible changes were
found in the internal organs or support-motor apparatus of the re-
maining rats. No otitis.

Group N-l (No. 26, 27, 28, 29, 30).

External appearance : fur clean, dry; visible mucosa and skin
without peculiarities.

Upon autopsy of the rats, with the exception of rat No. 29,
no pathological changes were found in the animals. A fresh fracture
of the right humerus, with hemorrhage in the surrounding soft tis-
sues, was established in rat No. 29, and multiple, grayish, miliary
subpleural nodes of the lungs also were found (focal bronchial
pneumonia?). No otitis was found in the rats of group N-l.
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II. Rats killed 11-13 hours after end of experiment.

Group N-2 (No. 31, 32, 33, 34, 35).

External appearance: fur clean and dry, visible mucosa and
skin without peculiarities.

In the pathoanatomical study of the animals, no changes were
found in the internal organs or support-motor apparatus, with
the exception of rat No. 35, in which a fine focus bronchial
pneumonia was found. No otitis.

III. Rats killed 25 days after end of synchronous
experiment.

Group N-3 (No. 36, 37, 38, 39, 40).

External appearance of animals: fur clean and dry, visible /27
mucosa and skin clean, without peculiarities.

Upon autopsy of the animals, small, grayish miliary nodes
were found in the lungs of rats No. 38 and 40 (focal bronchial
pneumonia?). No pathological changes were observed in the re-
maining animals.

Vivarium Control

I. Rats killed after end of experiment

Group VK-1 (No. 51, 52, 53, 54, 55) and group VK-2
(No. 56, 57, 58, 59, 60).

External appearance: fur clean, visible mucosa and skin with-
out singularities.

Upon autopsy of the animals, a large focus of confluent bronch-
ial pneumonia was found in the right lung of rat No. 55 and small,
multiple foci of bronchial pneumonia in rats Nos. 57 and 58. No
other pathological changes in the internal organs or otitis were
found.

II. Rats killed 25 days after end of experiment.

Groups VK-3 (No. 66, 67, 68, 69, 70) and groups VK-4
(No. 71, 72, 73, 74, 75).

External appearance: fur clean, visible mucosa and skin with-
out singularities.

In the pathoanatomical study, multiple, miliary, grayish tis-
sue consolidations were found in the lungs of rats Nos. 67, 69,
70, 72 and 73 (find focus bronchial pneumonia?). No other
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pathological changes were found in the internal organs or support-
motor apparatus. Nootitis.

Experiment 'in Centrifuge with Small Radius of Rotation

Group OB-1 (No. 61, 62, 63, 64, 65) and group OB-2
(No. 76, 11, 78, 79).

Group OB-1 (killed immediately afte-r end of experiment
and group OB-2 after 24 days). ,

Upon autopsy of the animals, fine focus bronchial pneumonia
was detected in rats No. 63, 65 and 76.

Thus, the results of the pathoanatomical study showed that,
in 5 of the 15 rats examined, of the flight group in weightless-
ness, fractures of the right femur (4 rats) and right tibia (1
rat) were observed. The presence of fresh hemorrhages in the soft
tissues surrounding the fracture site, noted in 4 rats killed at
the biosatellite landing site indicates that the bone fractures
occurred, in all likelihood, at the time of landing of the bio-
satellite. In one rat, killed on day 25 after landing of the bio-
satellite, a bony callus was found at the site of fracture of the
right femur, which formed in the readaptation period. No traumatic
bone injuries of the rats of the flight group in artificial gravity
were noted.

In the synchronous experiment animals, a fresh fracture of the
right ihumerus was observed in 1 rat, and its occurrence should
evidently be connected with the effect of impact overload.

Fine foci of bronchial pneumonia? were noted in the lungs of
21 of the 74 rats examined.

A final diagnosis will be exactly defined, after conduct of
microscopic examination.

One rat killed at the biosatellite landing site was extremely
exhausted. This was connected with nutritional insufficiency,
since, upon autopsy of the animal, pathological changes were not
found, which could have been caused by cachexia.

On the whole, in autopsy of the rats, with the exception of
the traumatic injuries mentioned above, no macroscopically visibly
changes were found, which could have been attributed to the effect
of space flight factors.

5. Conclusion

The program of physiological, morphological and biochemical
studies in the experiment with rats in the Kosmos-936 biosatellite
was executed, practically in full measure.



The complex of scientific research equipment- basically pro-
vided for conduct of all planned experiments aboard the biosatel-
lite.

The examination of the animals at the landing site of the
biosatellite descent vehicle enables the condition of the animals
to be acknowledged as good.

Upon external inspection of the animals and the inner surfaces
of the cages after landing, somewhat poorer sanitary and hygienic
conditions were found in the Bios systems than in the centrifuges.

Preliminary analysis of the clinical and physiological exam-
ination results after the end of the experiment make it possible
to note a number of functional changes in the bodies of the animals,
due to exposure to space flight factors.

The stay of the animals under weightless conditions resulted
in:

An increase in the percentage of errors in performing
tasks in various labyrinths, which indicates the development of
fatigue in the central nervous system;

The development of marked stress responses, according
to the data of morphological composition of the peripheral blood;

A reduction in body temperature;

A decrease in peripheral blood erythrocyte resistance;

An increase in provisionally pathogenic microflora in
the mouths of the animals;

An increase in water consumption and a decrease in diur-
esis and an increase in the hydration coefficient;

A decrease in oxygen consumption, carbon dioxide release
and energy consumption;

A reduction in static endurance which was not restored
before the end of the readaptation period;

A reduction in ability to preserve equilibrium on the
beam and an increase in the search time for a stable horizontal
position;

An increase in the latent period of the lift reflex.

In the animals under artificial gravity, the changes noted
were less marked or completely absent. Thus, for example, they
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had no marked changes in the morphological composition of the
peripheral blood, which characterizes the development of a stress
response, erythrocyte resistance was unchanged, provisionally
pathogenic microflora were completely absent in the mouth, the
gas and energy metabolism characteristics changed less, the re-
duced static endurance returned to the proper values by day 6 of
the readaptation period, and the reduction in ability to preserve
equilibrium on the beam and the increase in search time for a
stable horizontal position occurred in them in a significantly
smaller magnitude.

Thus, the preliminary results of the research indicate more
favorable tolerance of space flight by the animals under artifi-
cial gravity.

III. Biological Experiments

1. Experiment with Drosophila

Fertile Oregon-R line Drosophila melanogaster flies were among 7^6
the other objects aboard the biosatellite. The fertile flies of
this line were obtained 18 December 1976, from the NASA Ames Re-
search Center, USA. From this time on, the line was maintained
in a laboratory insectarium at a temperature of 25°C.

The experiment was conducted according to a coordinated pro-
gram, with specialists from the NASA Ames Research Center, USA.

The purpose of the Soviet part of the experiment was to study
the effect of weightlessness on the development of structural
changes of the .chromosomes and gene mutations in the male and fe-
male sex chromosome.

Aboard the biosatellite were cultures with Drosophila males,
aged 24 days (23 test tubes with 25 specimens in each), 1-7 days
(7 test tubes with 25 specimens in each), as well as cultures with
virgin females (3 test tubes with 20 females in each), with mature
males and females (4 test tubes with 10-15 specimens in each) and
cultures with eggs laid by the flies 3 days before the flight of
the biosatellite (8 test tubes). All the cultures were placed in
three BB-2M containers, in test tubes with nutrient medium. The
test tube dimensions were 110x20 mm. The composition of the nutri-
ent medium was the following: 1 H tap water, 40 g raisins, 36 g
manna-croup, 40 g sugar, 8 g agar and 0.8 ml of propionic acid.

After the biosatellite landed, a careful inspection of the
material was carried out, which showed that the flies were in good
condition, were mobile and, in those cultures which were intended
for obtaining progeny, there were 80-100 specimens in each test 747
tube. The weight of ten males was 6.7 mg, 6.9 mg and the weight of
ten females, 7.8 mg, 8.0 mg. Since the flight of the biosatellite
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lasted 18.5 days, there was a mixture of specimens of the first and
second generations in these cultures. There were isolated deaths
of the flies. At the landing site of the biosatellite, a portion
of the specimens returned from the flight was hybridized with
specimens of the test line of the opposite sex, having the gene
sequence ywctfB in the sex chromosome.

In Moscow, a portion -of the cultures from the flight and
synchronous experiments (a total of 35 cultures) was sent to an
Ames Research Center colleague. .The composition of the flight
material was the following: 5 cultures of medium age.images, 5
cultures of young images and 5 cultures of imagos which developed
in weightlessness. The synchronous experiment material consisted
of 5 cultures of medium age imagos and 5 cultures of young imagos. -
In addition, 10 cultures of Drosophila imagos from the laboratory
control were sent. There were 25-2.8 males in each culture.

The Soviet specialists set up hybridization according to the
following tests:

1. Frequency of the development of deletions in the sex
chromosome;

2. Frequency of development of visible mutations;

3. Frequency of development of recessive, sex-linked
lethal mutations.

For calculation of the frequency of development of deletions,
Oregon-R males were hybridized with test line ywctfB virgin females.
Heterozygote females of normal phenotype and males mutant in all
five genes were obtained in the progeny.

The mutation rate is calculated from the number of "exceptional"
males having a deleted X chromosome; besides, the number of mutant
characteristics which developed in the phenotype, which should /48
appear in the case of dropping out of the normal alleles of the
corresponding genes, was calculated.

Oregon-R females were hybridized with test line males. Hetero-
zygote females of normal phenotype and normal males also were ob-
tained in the progeny. The deletions were calculated in the same
manner as for the males, i.e., the number of "exceptional" specimens
in the progeny was counted.

Determination of the rate of development of recessive, sex-
linked lethal mutations of the Drosophila males and females is done
by the standard Myeller-5 method.

According to the preliminary results, the rate of development
of mutant ywctfB genes in the female offspring hatched from eggs
in flight and in the synchronous experiment females is as follows.
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TABLE 15. RATE OP DEVELOPMENT OP MUTANT GENES
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The rate of development of mutant genes in the female progeny
from the flight experiment was practically the same as the rate of
development of these genes in the synchronous experiment females.

The rate of development of recessive lethal mutations in the
Drosophila females from the flight experiment, synchronous experi-
ment and laboratory control is as follows.

TABLE 16. RATE OP DEVELOPMENT OP RECESSIVE LETHAL MUTATIONS
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Key: a. Number of chromosomes analyzed
b. Number of lethals
c. Plight experiment
d. Synchronous experiment
e. Laboratory control
f. None

2. Experiment with 'Higher Plants

The purpose of the experiment with Crepis was to study the 749



effect of weightlessness .on the duration of individual stages of
the mitotic cycle and on the spontaneous mutation process. The
purpose of the experiment with corn to was study the effect of
weightlessness on the nature of the ultrastructural organization
of the basic organelles of the meristem cells.

The object of study were Grepis and corn seedlings, grown
during the flight from air dry seed, in specially constructed
Biofixative apparatus. The design of the apparatus permits the
seed to be wetted and the sprouts fixed by command from earth at
various times. Checking and preparation of the apparatus for
operation was carried out on 28-30 July 1977, and it included
the following operations:

1. Cleaning and sterilization of the inner and outer
surfaces of the biological holders and apparatus walls;

2. Filling of one container of each biological holder
except the tenth with a mixture of alcohol and acetic acid in a
3:1 ratio (apparatus No. 1 and No. 2) and a 2% solution of
glutaraldehyde (apparatus No. 3); 4 ml of fixing fluid was poured
into each;

3- Filling of two containers in ten biological holders
with 3 ml of distilled water each;

4. Autoclaving of some parts of the apparatus for 1
hour at 2 atm;

5. Placing the loaded apparatus in a sterile box under
a bactericidal lamp for 1 day.

Fifty colchicine treated Crepis seeds were placed in each
planting chamber of Biofixative No. 1, except chamber No. 10, which
was intended for study of the duration of various phases of the
mitotic cycle. 100 untreated seeds were placed in chamber No. 10.
Biofixative-2 was intended for study of chromosome rearrangements,
as well as the anatomy and morphology of the seedlings. 100 each 750
colchicine treated seeds were placed in the first 3 planting chambers
of this apparatus. 100 each untreated seeds were placed in the
remaining 7 chambers. The cclchicine treatment was carried out 5
days before assembly of the apparatus. The treatment was conducted
with 0.3% colchicine solution for three hours. Five corn seeds
were placed in each planting chamber of apparatus No. 3-

Immediately after injection of the biosatellite into orbit,
the first water feed to all the planting chambers of the biofixative
was carried out. According to the cyclogram for apparatus No. 1,
the first fixing should have been carried out after 24 hours. The
following chambers should have been fixed every two hours. The
seedlings in the last chamber, No. 10, should not have been fixed.
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In fact, the first and all remaining fixing were carried out four
hours earlier.

According to the cyclogram for apparatus No. 2 and No. 3, the
second water feed should have been carried out on day 10 of the
flight. Chamber fixing should have been carried out on days 2, 4
6, 8, 10, 13, 16 and 19. This cyclogram was executed, with the
exception of the last fixing, which was carried out a day early.

The temperature inside the apparatus during the entire experi-
ment was 25±1°C.

. An inspection of. the equipment was carried out in the field
laboratory 6 hours after the end of the flight. A total of 14
seeds germinated in apparatus No. 1. Of them, one seed germinated
in chamber No. 2, three seeds in chamber No. 7 and ten seeds ger-
minated in chamber No. 10. The seeds in the remaining chambers
swelled, but they did not sprout. The average length of the
sprouting rootlets which grew from the seed in chamber No. 10
was 2.5 cm. Of course, determination of the individual phases
of mitotic cycle could not be carried out with this amount of .
material. In apparatus No. 2, 104 seeds germinated in 10 biolog-
ical holders. By the end of the flight, the sprouts reached
the stage of appearance of cotyledenous leaflets. The roots and
sprouts of the developed seedlings went in different directions 751
and formed a straight axis. The fixed Jrepis sprouts were trans-
posed from each biological holder to containers wTth fresh fix-
ative. The unfixed sprouts were planted in the laboratory, in
Knop nutrient solution, for their further growth and development.

All of the corn seeds germinated, without exception. The
average rootlet length in the first chamber was 1.5±0.3 cm; in
the next four chambers (10 days germination), where fixing was
carried out every other day, the rootlets added 0.2+0.4 cm in
length. However, in the 5 remaining chambers, further growth was
not observed. After inspection of the material and morphometry of
the corn seedlings, the rootlets and coleoptiles were removed from
the seeds and transferred to marked containers with fresh fixative,
tightly covered and sent to the laboratory for further treatment.

In an experiment with testing of the satellite mockup, in
apparatus No. 1, of 1000 Crepis seeds in all chambers, 219 germin-
ated. In this experiment, there also was a 4 hour change in the
cyclogram, in transmission of the fixing command. The length of
the rootlets which grew in 20 hours was 2.5 mm. In apparatus No.
2, 572 seeds of 1000 germinated in 18.5 days. In this time, the
rootlets grew from 2 mm to 2.2 cm.

In the synchronous control, not a single seed germinated in
apparatus No. 1. The seeds were in the swelling state. 34 seeds



sprouted in apparatus No. 2 of this control.
here from 2 mm to 2.5 cm.

The rootlets grew

At the present time, "squashed" preparations, stained with
acetocarmine, are being prepared from the fixed Crepis rootlets
and sprouts with leaflets, and cytological analysis of the meristem
cells is being conducted. The frequency of chromosome irregular-
ities in the first and second cell divisions in K-metaphases is
being calculated. Calculation of aberrations in subsequent cell
divisions is being made in the anaphases. The following prelimin-
ary data have been obtained.

TABLE 17. CYTOLOGICAL ANALYSIS OF CHROMOSOME
REARRANGEMENTS IN MERISTEM CELLS
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h. Number of divided cells
i. Flight
j. Test

It is evident that no structural irregularities of the chromo
somes were found, either in the flight material, or in the test
material. However, the mitotic index was higher in the control.
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In the test, 7 rootlets in the second chamber were analyzed cyto-
logically. In this case, 216 diploid metaphases and ^JO tetraploids
were found. No chromosome aberrations were found in these cells.

For comparison of the difference in anatomical structure of
the Crepis rootlets of the flight material and the material obtained
in the satellite mockup test, the number of root hairs on the root-
lets was determined (in one field of view) in the "squashed" prep-
arations, after staining with acetocarmine. Besides, the time of
formation of vessels was recorded. In the preparations made from
the coytledenous leaflets, the number of stoma was counted. Only
preliminary data on the number of rootlet hairs has been obtained
at present. The root hairs form at some distance from the root
tips. This is explained by the fact that the section of the root
between the hairs and the root [word illegible] experiences greater
stretching. In fixing the material, the root hairs fail to form. /53
Therefore, material of the fourth fixing was analyzed. Here, a
rhizoderm layer with a large number of root hairs is distinguished.
Inspection of the material showed the following results.

TABLE 18. QUANTITATIVE ANALYSIS OF ROOT HAIRS
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Key: a. Total number of root hairs
b. Number of fields of view
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It is evident that the differences are not statistically
significant. However, with a three or four times increase in
amount of material examined, the differences between the test and
control become real, with preservation of the existing tendency.
Moreover, it was noted that the root hairs develop somewhat earlier
in the flight material. There was sufficiently many of them on
the seedlings from the third planting chamber.

The fixed corn material was dehydrated, in alcohols of in-
creasing concentrations and a mixture of alcohol and acetone, fixed
in 1% OsOi] solution, stained with uranyl acetate, placed in EPON-
812 epoxy resin,poured into capsules, polymerized and prepared for
electron microscope analysis.



Experiment with Lower Plants

The purpose of the experiment with lower plants was to study
the morphological characteristics of a representative of the
Mucor fungus Phycomyces blakesleeanus, the basic stages of growth
of which, beginning with spore germination on a nutrient substrate,
occurred in weightlessness. Bibfixative No. 4 was used for this 754
experiment. The preflight preparation of the apparatus included
sterilization of its basic parts in contact with the biological
material and the nutrient medium,~pouring the fixing fluid (3-5
ml) and spore suspension (2 ml) into the corresponding chambers
and 10 ml of 2% of wort agar onto the bottom of the culture chambers.
The chamber walls also were coated with a thin layer of wort agar.
A spore suspension at a concentration of 50000 units/ml was used in
the experiment. 2% glutaraldehyde was used as the fixative. Final
assembly of the apparatus took place in a sterile box. Three days
before launch, the apparatus was prepared for installation onboard.
The cyclogram of the flight experiment provided for .inoculation
of the fungus spore suspension on the first day of the flight and
subsequent fixing of the biological material on days 2, 4, 6, 8,
10, 13, 16 and 19. Growth of the Phycomycete was carried out at
a temperature of 25±1°C. At the end of the experiment, a visible
evaluation of the resulting material was conducted at the landing
site of the biosatellite, after opening the apparatus. Mycelia
of the fungus grown from spores were found in only one chamber,
fixed on day 10 of the flight. In the synchronous experiment, the
fungus mycelia were contained in chambers Nos. 4, 8, 9 and 10. The
lack of growth of the mycelia in the remaining chambers, both in
flight and in the control, can apparently be explained by the pene-
tration of fixing fluid into their interiors. The fungus colony
grown until day 10 of the flight was similar to a matted gray bloom
in outward appearance and it occupied 4/5 of the entire surface of
the substrate. Well expressed aerial mycelia rise 1.0-1.5 mm
above the wort agar. The matted form of the colony gives a large
number of dwarf sporangiophores. Approximately 1-3 of them have /55
mature brown or yellow sporangia. The sporangiophores themselves
reach a height of 1.0-1.5 mm, and they have the appearance of
silvery filaments. The other portion of the sporangia spores have
immature white, light yellow, light brown or light green sporangia.
The sporangiophores bend and twist away from the substrate. In
the synchronous experiment, the formation of sporangiophores was
not noted, and growth of the mycelia was noticeably depressed by
the penetrating glutaraldehyde.

In conduct of the preliminary studies of the biological mate-
rial grown until day 10 of the experiment, in both the synchronous
test and in flight, the branching angles of the mycelia of the
fungus were measured, to determine the characteristics of its dis-
tribution over the surface of the substrate in weightlessness and
on the earth. A total of 120 measurement was made. During the
preliminary studies, it was determined that the average branching



angle of the mycelia of Phycomyces blakesleeanus in the bio-
satellite experiment was ^ 83.1° and, in the synchronous, 79°•
The resulting data showed that statistically significant differ-
ences were not observed between the branching angles in weight-
lessness and on the earth.

IV. Radiation Phy_sics Studies

The primary areas in which experimental studies were con- 756
ducted in the Kosmos-936 biosatellite according to this section
of the program was radiation dosimetry and protection from cosmic
rays. A portion of these studies was conducted with the coopera-
tion of American and French specialists.

The purpose of the londoz radiation dosimetry experiment
(experiment K-206) was to study the dosimetric and spectrometric
characteristics of cosmic rays in space near the earth, as well
as to study the passage of charged cosmic ray particles through
protective material and biological tissue. Besides, measurements
were made of .the spectra of linear energy losses, charge composi-
tion and dose characteristics of cosmic rays inside and outside
the biosatellite. In the experiment, special attention was given
to study of the characteristics of heavy galactic cosmic ray (GCR)
.nuclei, for planning future ra.diobiological experiments in space
and in accelerators. The dosimetric studies were conducted, by
means of two S-l analysers, located on the outside of the instru-
ment compartment and inside the descent vehicle (DV) of the bio-
satellite, and a dosimetric container with passive detectors, in-
stalled inside the DV. The container included Soviet and American
nuclear photographic emulsions, plate detectors, thermoluminescent
dosimeters and foils with fissioning elements. During the experi-
ment, operational dosimetric monitoring was carried out in the
biosatellite,-from the readings of the S-l analyser installed in-
side the DV. The information was- transmitted by the telemetry
measurement system. At the end of the experiment, the dosimetry
container and S-l analyser installed inside the DV were dismounted
and the American detectors were delivered to USA specialists for
processing. The telemetry information obtained during the exper- 757
iment from the S-l analysers, and processing of the detectors in
the dosimetry container is now being carried out.

According to the preliminary results, the integral dose re-
corded by the S-l analyser inside the DV was 670 mrad, of which
200 mrad was the galactic cosmic ray dose and 470 mrad was the
dose from radiation of the inner radiation belts of the earth. In-
formation was obtained on the pattern of accumulation of the daily
and orbital doses. The maximum recorded orbital dose is 10 mrad.
The dose recorded by the thermoluminescent glass dosimeters in-
stalled on the S-l instrument was 520±10 mrad inside the DV. The
dose on the upper plane of the K-206 dosimetry container (A5 plane)
measured by the thermoluminescent glass detectors, was 680±4o mrad.
The dose on the lower plane (A6) was 570+60 mrad.



Besides dose measurements inside the biosatellite DV, an ex-
periment was conducted, to estimate the dose on the surface of the
biosatellite with thermoluminescent (TL) dosimeters. The measure-
ment results are presented in.Table 19.

TABLE 19

B yr,e 2n. 0>02 , 0>2 1>r I>25

Jlosa,
I4SOO * 20500 1070 20 920 + 30

x)The protection from the other half plane can be estimated as ^
15 g/cm2.

Key: a. Protection in angle 2ir, g/cm2x

.. b. Dose, millirad

Test development of the emulsions showed that, in 18.5 days
of the flight, the track density in the relativistic BR-2 emulsion
proved to be so high, that it hampered measurement of the indi-
vidual track characteristics extremely. A considerable gamma
background also was observed. In this connection, part of the
layers was subjected to an electrical field, by means of which the
gamma background and relativistic particles were successfully re-
moved. Measurement of the OCR heavy nucleus fluxes was started
from these layers. Processing of the flight and calibration type
PR-2 emulsions also was begun, by the two potential development
method .

The American nuclear emulsions from the common part of con-__
tainer S have now been developed. The track density in the G-5
relativistic emulsion also is very high. The less sensitive K-2
emulsion is completely suitable for measurements.

The preliminary change in fluence (here, this term means the
number of particles penetrating a unit area of the detector in all
directions during the entire flight) was determined from dielectric
track detectors. For this, parts of the nitrocellulose detectors
were etched for 12 hours in 2.5 N NaOH solution, at a temperature
of 40±0.2°C. The fluence measurements of particles with LEL35Q -
200 keV/pm were 2.9 cm-2 and 7.6 cm-2, close i;o the base of block
A (planes A5 and A6) of the dosimetry container.

The basic purpose of the Soviet-French Bioblok experiment
aboard the Kosmos-936 biosatellite was to study the biological



effect of heavy cosmic ray nuclei on single celled organisms, cell
colonies and plant seeds, as well as to obtain data on the fluxes
and spectra of heavy cosmic ray nuclei in the places the instruments
were installed and on the effect of nonradiation space flight factors
on biological objects.

The experimental equipment included three blocks: BB-2A, BB-2B
and BB-2C. Block BB-2A was in a special thermostat aboard the satel-
lite. Blocks BB-2B and BB-2C were placed in one BBI container.
The last two blocks consisted of two equal halves, one of which 759
was processed in the USSR and the other, in France.

After dismantling block BB-2B, the dielectric track detectors
were etched in 2.5 N NaOH solution, at a temperature of 40.0±0.2°C,
for a period of 16 hours.

The detection of biological objects (lettuce, Lactuca s.ativa
seeds), through which heavy charged particles passed, was accom-
plished during the joint inspection of the biological holder layers
and the detectors immediately adjacent to them. The-use of stereo-
microscopes permitted all layers to be seen simultaneously. The
particle passage coordinates were determined to within 50 ym, which
was sufficient to distinguish objects struck with dimensions of 100
microns or more. The following numbers of damaged seeds were found
in the 5 "biolayers": 18, 22, 21, 19, 27. Thus, about 11% of the
exposed seeds were damaged by heavy nuclei with LEL35o"-200 keV/ym.
Lettuce seeds were used in the experiment, embedded in cellulose
nitrate plates, which simultaneously served as particle track de-
tectors. The following alternate test versions were used: 1. flight;
2. background control; 3- transport control. Seeds damaged by
heavy charged particles (HCP) were wetted and germinated. Seedlings
were fixed 48 hours after wetting the seeds, as they germinated.
A cytogenetic analysis of control seed and seed which were in the
flight, but in which no HCP tracks were recorded, was carried out.

Besides the Bioblok experiment aboard the Kosmos-936 biosatel-
lite, a similar experiment was carried out on seeds of this same
batch, which were in an outside container, behind protection of
no more than 0.5 g/cm2 in a 2ir angle (Open Space). After return
to earth, the seeds were germinated and fixed, and a cytogenetic
analysis of cells with aberrant chromosomes was carried out. Pre-
liminary results of the cytogenetic analysis of the Bioblok and
Open Space seed versions are presented in Table 20. As is evident 760
from this table, twice as many aberrant cells were found in the
Bioblok and Open Space seeds as in the control version. Moreover,
multiple aberrations were found in the flight variants, while
they were absent in the controls.

It can be assumed that the formation of multiple aberrations
is a consequence of exposure to HCP, which is confirmed by the
results of our preceding Bioblok experiment aboard the Kosmos-782
biosatellite. Processing of the experiment is continuing.
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Key: a. Alternate versions
b. Number of cells examined
c. Percent damaged cells
d. Multiple aberrations (number)
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g. Bioblok
h. Open Space

Model studies of the basic characteristics of autonomous "
operating conditions of an electrostatic shield, with simulation
of the fluxes of the radiation belts of the earth by means of
an electron gun, and measurements of the gas pressure near the
surface of the biosatellite were conducted, as well as tests of
electronic products under space flight conditions. The studies
were conducted, by means of the MEGI-4 scientific research equip-
ment complex, individual blocks of which were placed, both on the
outer surface of the biosatellite instrument compartment, and in-
side the DV.

The model ESS was on the outer surface of the instrument com- •
partment. It included an electrode system with shift mechanism
and charger, electron beam gun, pressure gauges outside and inside /6l
the model ESS, high voltage vacuum gap current meter,
a meter for the leakage current from the high voltage electrode
through the insulator, an electron beam collecter current meter
and a high voltage electrode potential meter.

An integrated circuit block also was located on the surface
of the instrument -compartment. The model ESS program-time control
unit, current meters, low voltage power pack, electron beam gun
control and integrated circuit block program-switching control unit
were located inside the instrument compartment.

Besides, a unit with electronic products, to be studied in
the passive mode, was located on the outer surface of the DV.



During the experiment in the space medium, studies were
conducted in the following areas:

1. The possibility of charging the high voltage
electrode of the model electrostatic shield with a beam of
electrons, \vith energies of up to 100 keV;

2. Charge (potential) retention time on the model
and its rate of decrease with :the electron beam gun turned off;

3- The possibility of increasing the potential dif-
ference between the electrodes, by means of mechanical change in
the capacitance of the electrode system;

4. Measurement of the leakage currents through the
high voltage vacuum gap and through the insulator and struc-
tural materials;

5. Measurement of the pressure near the surface of the
ESS and inside the working space of the model;

6. Study of the reliability of electronics products
and the effect of space flight conditions on it.

In the experiment,.the possibility of charge accumulation on
the high voltage electrode of the model, exposed to an electron flux,/62
was experimentally confirmed for the first time. The possibility
of obtaining a high voltage (increase in the potential difference,
by means of mechanical change of the distance between the high
voltage electrode and the screen) was demonstrated. The voltage
increase reached 50% in the experiment. The decrease in potential
onthe insulated high voltage electrode of the model per day (^ 23
hours) was approximately 7-15%. The current density through the
high voltage gap was similar to that measured in the Kosmos-690
and Kosmos-782 biosatellites and, after establishing static con-
ditions, it was not over 10~13A/cm2. The leakage currents through
the insulators under static conditions were not over 10~13A.

The model ESS functioned 1.5 hours per day for 1^1 days. The
total operating time was ^23 hours. During the entire experiment,
the electron beam gun functioned normally and according to the as-
signed program. The electron beam formed by the electron beam gun
had the assigned parameters. The total time of irradiation of the
model during the flight, in accordance with the programywas 'v 530
min.

The pressure gauges functioned simultaneously with the model
ESS, and their readings were 10~6-10-7 mm Hg for the outside gauge
and on the order of IQ-^-lO"5 mm Hg for the gauge located inside
the working space of the model.



Dynamic tests of the electronic products were carried out
continuously for a period of 14 days. The absence of malfunctions
demonstrated the high reliability of operation of the integrated
circuits (type 1LB333) under space flight conditions.

The primary results from the electrostatic shield on the Kos-
mos-936 biosatellite are reduced to the following:

The pattern of charge accumulation in the space environ-
ment, on the model ESS exposed to an external electron flux, was
studied for the first time;

Data were obtained for the first time, on the pressure
near the biosatellite and inside the model ESS;

Information was obtained on the amount of current leakage
through the structural materials (insulators) in the vacuum sur-
rounding the biosatellite;

The possibility was studied of increasing the potential
difference, by means of mechanical increase in the distance between
electrodes;

The conditioning of insulated high voltage electrodes by
charging them with an external electron flux was studied;

Information on conduction currents of the high voltage
vacuum gap was refined;

Reliability of operation of integrated circuits under
space flight conditions was studied;

Information was obtained on the effect of space flight
factors on the materials used in the production of electronics
products.

The possible energy characteristics of an actual electrostatic
shield operating autonomously were determined from the model ESS
data obtained.

By means of a dielectric shield, studies of the stability of
the electrical space charge in special dielectrics under open space
conditions were continued. Such studies are one stage of work to
determine the possibilities of the use of dielectrics in the radi-
ation protection of space vehicles or separate elements of them.

The dielectrics were placed in four type KNA-1207 scientific



equipment containers, installed, as in the preceding experiments
in the Kosmos-690 and Kosmos-782, on the outer surface of the de-
scent vehicle. Each container consists of a bottom and a cover,
closing in front of the descent vehicle. Special plates with com-
partments, in which specimens of the dielectrics under study were
attached, were installed in the bottoms of the containers. The
specimens had the shape of flat discs, each 5 mm thick and 40 mm
in diameter. The total number of specimens exposed was N=2^.

There was a space charge of ̂ 10~6 kl/cm3 in a portion of the
specimens beforehand. It was produced in them, by means of irradi-
ation with 200 keV electrons, in the accelerator of the neutron
physics laboratory, Joint Institute of Nuclear Research in Dubna.
The other portion of the specimens was not charged, and it was used
to obtain comparative data.

Besides the dielectrics, dosimetric assemblies (DA) and track
detectors (TD) and solar battery cells were installed in the con-
tainers. The DA and TD were used to measure the radiation factors
of space flight. Inspection of the containers after their return
to the earth showed the following. The container surfaces were
severely charred and the protective foil covering the outer surface
of the containers was almost completely burned up. The containers
were in air tight condition. The objects placed inside the con-
tainers were undamaged. An exception was the portion of the plates
placed in the container covers. The brief effect of high temper-
ature T >102°C was recorded on the TD plates in two of the four
containers. Concerning the objects placed on the bottom of these
KNA, no appreciable changes were noted by external inspection.

Ground processing of the experimental data is now being con-
ducted, and measurements of the potential in the specimens and
dosimetric measurements are being made.
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Fig. 1. Centrifuge for individual maintenance of 5 laboratory
animals.

Fig. 2. Biological studies block
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Pig. 3. ChSSR apparatus for study of heat exchange processes

Pig. Cage placed in centrifuge.



Fig. 5- Biological fixative
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Fig. 7. Research complex model.

Pig. 8. General view of chamber for conduct of morphological and
biochemical studies at biosatellite descent vehicle landing site,
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Pig. 9- Satellite descent vehicle mockup.
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Fig. 10. Centrifuge with small radius of
rotation (Bios-Omega).
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Fig. 11. General view of animal on landing
day after stay in weightlessness; rat is in-
different to surrounding situation, slightly
active, with disshevelled fur, it lies prone,
pressed down to the floor of the area.

i-'ig. 12. General view of animal on landing
day after stay under artificial gravity (1 g)
in space flight; rat freely feels itself under
earth gravity conditions, is active, "it washes
itself."
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Fig. 13- Change in body weight of
animals in readaptation period:

XXXXXX Group Ts2.
Group Ni|

-.-.-. Group N^
o-o-o- Vivarium control

Key: a. Grams
b. Flight experiment
c. Synchronous experiment
d. Small radius centrifuge experiment
e. Vivarium control
f. Day of experiment
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Fig. 14. Ability o.f rat to preserve equilibrium
on 'beam on landing day: a. rat which was in weight-
lessness cannot hold on to the beam; b. rat which
was under artificial gravity during flight pre-
serves equilibrium.
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