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D

Introduciion

In 1975, the K~109 Amerlean doslmelrlc experiment was conducted
on the Konmos-T782 prtifieinl Earth satellite., A Soviet experiment on
dosimetry and spectropatry of eosmie rediatlon was conducted on this
same satellite at the same Lime, Poart of the Soviet studles were
conducted within the rramework of the Joint Soviet-IFrench experiment,
the Bloblock-2, American tracking detectors made of cellulose nltrate
CNUSE (threshold of wecording IET,.. [lineynaya peredacha energili,

w)B‘ M‘J = e ] . 4
linear energy transfer] 2 €0 o) were used for recording the heavy
nuelel of palactic cosmie radiation; Sovliet detectors made of cellulose
nttrate KNTS (pecovdine threshold LET350 & 200 %%!) and also Soviet

nuclenr emulslons of the PR-2 type, thermolumenescent dosimeters
and gpectrometers with S-1 felescope counters were used,

The results or the experiments werec dlscussed Ir a symposlum
presenting the results of the blological studles on the Kosmos~782
AES held in September 197€¢ in Moscow. During the consideration of
results of dosimetric studies, a considerable dilsparity was observed
in the values of fluence of charged partlcles measured by the Soviet
and American speclalists (up to 10 times). These dlsparitles can
be explained by use of detectors with varying sensitivity, the
absence of joint calibration, different localtions for the
detectors and correspondingly, different screening of them, etc.

The results of studies on the Xosmos-782 AES also showed that fluence
of particles depends strongly on the mass of substances surrounding
the detector. Tor instance, in the K-103 experiment, a relatively
large number of nucleil of Cr-2l8 and Ti-22 was recorded in comparison
with Fe-26 which, apparently, 1s the result of fragmentation of the
F..-26 nuclei. Therefore, for correct interpretation of the results

of measvrements 1t 1is necessary to have quantitatlve data on thickness
of the substance, equipment, ete. which surround the detectors.

It is nevertheless necessary that a comparatively large mass of
substance and scientific equipment of the satellite are the source
of secondary neutrons. Forpart of the scilentific results obtalned
in the Kosmos-T782 AES experiment, a joint publication was prepared.

For clarifying questions which arose in the experiments on the
Kosmos-782 AES, a joint Soviet-American K-206 experiment was planned
on radiation dosimetry on the Soviet blosatellite in 1979. The
design of the experiment was judged at sessions of the Soviet-Amerilcan
working group on space bilology and medicine in 1976 in Yerevan and
in 1978 in Leningrad; also it was consildered in the working sesslons
of Soviet and American specialists. During consideration of the K-206
experiment, the necesslty to pay partlcular attention to the following
was noted:

-- placement of the detectors In a single posltlon if possible;

~-= unification of methods for treating deteciors;



-=- the necessity for pround calibhration of the detectors on ac-
eccleraters in the USSR and USA;

-~ study of the flelds of neutron radiation within the blo-
gsatellitey

-~ gonduet ¢f the gamma~thickness measurement of the bilosatellite
relative to the loeaticn of the detector;

-~ the necessity for conducting investigatlions on accelerators
in order to study fragmentation of heavy nuclel.

All these recommendatlons were taken into account when complling a

plan for the K-206 experiment which was atcomplished in August 1977
on the Kosmos-936 blosatellite.
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SECTION 1. TEE SOVIET PART OF THE K-206 EXPERIMENT.
COCINITRLC INVESTIGATICN OF COSMIC RADIATION ON BOARD THE
KOSIDS-03( ARS |
{imelear emulsiens, fissienable folls, plastic detectors)

AT, Vikhrev, 8.A. Dacghin, V. Ye, Dudkin, Ye. Ye. Kovalyev,
A.M. Marennyy, N.A, Nefedov, Yu. V. Potapov
(Institute of Medical and Biological Problems of the Ministry of Pub-
lic Health USSR, Moscow)

L. Introduction

The present day stage of mastery of oubter space 1s characterized
by a significant increcase in duration of crbital flights and more com-
plexity in the nperating programs of the crew who solve a broad circle
of problems of scientific and applied value. This requires a careful
gtudy of different factors which interfere with completion of the pro-
gram and have un effect on the work capablility and health of the crew.
It is necessary to 1lsolate the radiation danger among these factors;
it increases with an increase in the duratlon of flight. Therefore,

a careful study of the radiation conditions in the craft, which besldes
other things ls subjJect to a different time modulation, 15 an im-
portant and necessary stage in the mastery of near-Earth outexr space
using long-term orbital statlons.

The study in near-Earth orbits of fluxes of protons, neutrons,
heavy charged particles, the value of doses from the components
listed, spectra of linear transmission of energy (LET), "cross linking"
of readings of different detectors placed in e single location, uni-
fication of the methods of processing the detectors were part of the
task of the Joint Soviet-American K-206 experiment. A comprehensive
ground experiment on calibration of the detectors used with a selectilon
of different charged particles on accelerators in the USSR and USA
was conducted for the order of preparation and for the check-out methods

The following were introduced into the compesition of the flight
dosimetric K-206 contailner in the Soviet and joint Soviet-American
section:

-~ nuclear photoemulsion (for measuring fluences and spectra of
charged particles);

-~ foills from materials fissionable under the effect of particles
(for measuring fluences of neutrons with differerit thresholds beginning
with 1 MeV);

-~ thermoluminescent glass (TLG) (for measuring the integral dose);

-- plastic detectors (for measuring fluences and spectra of LET

#Numbers in the margin indicate paglnation in the foreign text.
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of heavy charred particles),

Ir. the succerding Seetions wo will present processing methods and
the resulte octalred for all of the detcctors used will be presented.

g, Nuciear Photoemulsions

Nuclear photoemulsions in the K-206 experiment were designed:

-= for measuring the fluence of charged partlcles at different
rointe on the container including points with different protective
thickness;

== for studying the spectrum of linecar loss of energy of charged
particles in the LET, ~ 0.2--80 KeV/um;

-~- for evaluating the value of the dose from charged particles
in the indilcated LET range.

2.1l. Materials

In the experiment, nonbacked relativistic PR-2 photoemulslons were
used for measuring the LET spectrum (density of the grain for the
relatilvistic sinpgle charge particles 20 + 2 grains/100 um, brand G
emulsion); the BR-2 was used for measuring fluxes of charged particles
(density of the grains for relativistic single charge particles 30 + 2
gralns/100 ym, brand V emulsion) and R-2T7-50 type photoemulsior on
a triacetate base (denslty of the grains for the relativisitic single
charge particles 30 + 2 grains/100 um, brand A).

The collection of nuclear photoemulslons contained:

Gl-~GY -~ a 3.layer emulsion of the PR-2 type with thickness 215
pm and area 5.2 X 3.4 em?, brand Gl: G5, G6, G7; G2: G8, G9, GLO;
G3: Gll, Gl2, G13; GH4: G14, Gl5, G16;

V1l--V4§ -- a 3 layer emulsion of the BR-2 type with thickness 400
uym and area 5.2+« X. 3,4 em%, brand V1: V5, V6, V7; V2: V8, V9, V10;
v3: Vi1, vi2, vi3; vi: val, vis, vi6; f

Al--AY4 == U layer emulsions of the R-2T-50 type with thickness
60 ym and area 7.5 X 7.5 em?, brand Al: AUO--A43; A2: AUU--AlT;
A3: AUB-=AB51; Al: AR2--A5S5,

AB-=A6 -~ a U layer emulsion of the R-2T-50 type thickness 50 um
and area 6.0 X 6.0 ¢m?, brand A5: AS57, A58, A59, A60; A6: A61, A62,
A63, A6H;

Three sets with indices Kr-200, Kr-400, Kr-2000 -~ 2 layer emul-
sions of the PR-2 type wilth thickness 215 ym and area 5.2 X 2.6 cm?,
brand Kr-200: G35, G36; Kr-400: G37, G38; Kr-2000: G39, Glo.

All of the sets were wrapped in black paper and sealed in a packet made



of lavsan 20 ym thick, the number of the set was inscribed at one
corner of the packet; on thils same corner, the appropriate indlces
of layers of the nuclear photoemulsion making up the set was marked.

2.2, Tlight Experiment

The Joint Soviet-American K-206 experiment was completed on the
Rosmos~936 artificial Earth satellite, The satellite was launched
on August 3, 1977 and was in orbit for 19,5 days. The parameters of
the orbit were: apogee--419 km, perigee--224 km, angle of inclination
of the plane of the orbit to the plane of the equator--62.8°, the
period of rotation around Earth--90.7 minutes.

During flight, operative control was carried out of the radiatlon
conditions according to astrophysical data and also direct control using
radliometers on board the Prognoz satellite. Activity of the Sun was
at an average level. There were no solar flares in the indicated
period., An overall view of the contalner with detecting blocks 1s
glven in Figure 1, The assemblles of the nuclear photoemulsion were
positioned %n the followlng way:

Al--A6 -- along the face of the Soviet block A, then along the
lateral face (orthogonal layers) assemblies Al--A4 (Al is turned to-
ward the jolnt block C, further in order clockwlse if one /1l
looks from above), A5 and A6 -~ along the upper and lower faces, ”"
respectively;

Gl--G2 ~-- assemblies along the upper and lower faces, respectively,
of the Joint block B placed in a row with the Soviet block A;

G3-~Gl4 -~ assemblies along the upper and lower faces, respectively,
of the joint block B placed in a row with the American block A;

Kr-200 and Kr-400 -- assemblles along the upper face of the Soviet
block A under the assembly A5;

Kr-2000 -~ assembly along the lower face of the Soviet block A
under assembly A6.

The view from below of the container with marking of the faces
is presented in Figure 2, All of the assemblles of the nuclear emul-
sion before installation on the satellite and after return from orbit
to Earth were kept in a refrigerator at a temperature of +3.-5°C
before photographing trcatment.

2.3. Calibration Experiment

In order to obtain a calibration curve before measurement of the
LET spectrum, broad calibration irradiation was conducted by beams of
accelerated charged particles. The problems of callbration were ir-
radiation of the emulsion layers of a set of particles with different
values of LET for determining the threshold of the phenomenon. A
summary of the calibrated irradiations presented is gilven in Table 1.

3
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Figure 1. Overall view of the K-206 container with the
dosimetric assemblies.

All the layers of nuclear emulsions before conducting irradiation and /11
then before the moment of photographic processing are kept in the
refrigerator at a temperature of +3--5°C,

2.4. Photographic Treatment of Nuclear Emulsion

The appearance of a relativisitc nuclear photoemulsion of the VR-2
and R-2T=50 type was conducted by the standard method in a
methol-hydroquinone developer. At the same time, the flight callbration
and control layers were put into a single solution. Development of
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Figure 3, Typlecal marking of a c¢ross section layer of emul-

slon of the PR-2 type with a two-potentlal development.

Inspection of emulslon was made on MBI-3 and KSM microscopes with /16
total magnificatlon 900--1350 depending on the degree of load of the
photolayer. As a rule, lenses with an immersion oll were used.
Measurements were made at 5 different points on the plate in case of
small differences which were always observed in all plates; the path
for the entire length (or width) of the layer was inspected with
fixing of the number of fields of vision and number of tracks (ac-
cording to the surface and volume). The number of fields inspected
varled from 50 to 200 depending on the load of the emulsion; this
resulted in a statistical error no worse than 5% with standard
development.

For a decrease 1in systematic error, repeated inspections were

made of the plates and also Intersecting measurementcy with different
inspectlon instruments.

2.6. Results Obtained

The first stage for obtaining experimental results using nuclear
photoemulsions lncluded obtained a calibrated relationship of the
threshold of LET to the potential of development. For obtaining the
value of the LET threshold with each potential; measurement was made



g

o the fiuence of papticles with d4fferent LET, Extrapolation of the
fluencs Lo n oseve value plven oan LET threokasld value for each poten-
tlad.  Filpure B oshows aleo relatlonships for determining sensitilvity
of the PR- Lype crulsion apg an example according to LET for po-
tentbials of develeopment 165, ~178, «180, -190 mv,

Determination o the thresheld value of LET (scaling on the tils-
gue) for cach of the £ values used of the oxidatlon-reduction potentlal
made 1t posusible te conshruct a ealilbration curve presented in IMig-
ure 5. The largest error in deternining LET corresponds Lo the area
of the plateau on the eurve. In this fleld, small deviations ln de-
ternining the OV [oxidatlon-reduction potential, ORP] can result in
a4 siprificant ervor in determining LET particles. The errors in
Flgure * inelude statistlcal error (less than 5%), error in measuring /19
OVP (less tharn 2%), dispersion of the energy spread of calibrated T
particles (less than 10%).

Or the basis of data from Figures 4 and 5, one obtailned threshold
values of LET for the values of the potentials used. These data are
presented in Table 2,

Table 3 shows the measured planar fluences of charged particles.
We will designate the planar fluence, according to 2] as the number
of particles passing through the stationary surface for a unit of
area, These measurements are made on a relatlvistic photoemulsion of
the BR-2 and R-21-50 type. Due to the large load of emulsion with
tracking of particles (some emulslons were completely black and
measurements were Ilmpossible to make) error in determining the planar
fluence can reach an order of magnitude and the measured values can
be considered only as low estimates.

Table 4 shows the results of measurement of the planar fluence
and volumetric density of tracks in the PR-2 type emulslon with dilf- /2
ferent threshold values of LET. The indicated errors were purely
statistical, Usually it 1s consldered that padiation in cosmic space
1s isotroplce. The anisobropy of space radlation observed in a number
of measurements usually is not large and can he ipnored for practical
computation of deses and dosimetric measurements. Due to varylng
shielding of the internal volume of the satellite, there l1s Interest
in measurement of angular distribution of incident radiation wilthin
the satelllte. Such measurements were made on the upper and lower
faces of the Joint block B placed in a row with the Soviet block A.
Figure 6 shows angular distribution of charged particles accordilng to
measurements on the G5, G6 (Gl assembly) and G9 (G2 assembly) layers.
One should note the high degree of anlsotropy for the Gl asscmbly
in comparilson with the G2 assembly.

2.7. Consideration of Results

The studies made and the results obtalned make it possible to
evaluate the radiatlon danger wlthin 2 spacecraft, the contribution
to the dose of partilcles with varying LET, and to make a comparison
of results by different methods,
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TABLE 2. THRESHOLD VALUES OF LET FOR THE VALUES OF POTENTIALS USED

/39

Threshold value LET in .
the emulsion, MeV/em

* Equivalent

A
“No. ﬂf plate, : threshold value

Potential of develop-

& mont, mV : LET in the tise
, 5uo, MeV/cm
I - 240 + 2 . 5,6+ 0,4 2,3+ 0,4
2 190 & 2 12,0°+ 0,5 4,6 + 0,5
3 - 185 4 2 16,0 £ 0,6 6,2 + 0,6
4 - 1680 & 2 23,0 & 0,8 9,I & 0,8
5 - 175 + 2 33,0 + 0,8 13,5 + 0,8
6 - I65 i 2 600 + 20 300 + 20
We note that for measuring the fluence of charged particles, /2L

nuclear photoemulsions for flights of thils duratlon are not the best
detectors. The maximum measured fluences in the emulsion do not
exceed 10°--106 particles/cm? (measurement of large fluences is prac-
tlecally lmpossible due to the e¢xcessive load of the nuclear photo-
emulsion). This contributes to the natural limitation for use of
nuclear photoemulsions with the standard method of development as
detectors for long-term flights.

The use of nuclear photoemulsion as the detector for measuring
the LET spectrum is more promising using a method of two-potential
development. In combination with the plastic detector which makes 1t
possible to measure the LET spectrum with a value > 100 KeV/um, this
method makes 1t possible to obtain the full LET spectrum of radlation.
The complexity of measurement of the fluence with small values of LET
as a result of large load of emulslon can be avolded by measuring
the full fluence by another detector, for example, fissionable folls
or a spectrometer. A dlsadvantage of the method 1s 1its great difficulty
and also the necessity for conducting falrly broad graduated irradilation
by beams of particles with different LET values.

On the batils of the LET spectra measured, one can calculate the
absorbed and eqilvalent dose in the emulsion and also using transition
ratios, in the tissue. A calculation of absorbed and cquivalent doses
1s done according to the relationship:

12
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TABLE 3. PLANAR FLUENCES OF CHARGED PARTICLES ACCORDING TO MEASURE-
MENTS IN THE BR-2 AND R~-2T7-50 TYPE EMULSIONS

Tocation of the ‘ Index of tho emulsion K Planar fluence,d
{bmulsion + layer . 105 part/cm?
i , : :
4y o

Along the .
Moes og° AL A40, Ad2 2,25
Along the r
s o A2 Add, A45 1,7
'Along the ) .

fong Sh® A3 A48, A49 2,08
Al th :
ey of M AS3, A54, AS5 2,18
Along the A5 ASG - AS9 2,I5

long tt ’
e A6 AB0 2,64
On top of the com-, .

bined -block ' VIi2 - VI3 6,3
Below the combined block vi4 | X 7,0

I -8 2 <§7§ 1
= S 16- 10 q)v C gi) + 4,6"0'@%::‘% )(d?‘)
® Tk’ Ve _Pe

ﬁ 8 q:* ce de) (d§)+1,(3.16‘?(%_@;)‘(4“_‘_’%‘)4

Here D, and H,--are the absorbed and equivalent doses in the emulsion,

rad or réem;

-k ] k+1_ R
by = ¢: ¢, =——1s the mean volumetric density of tracks from the LET

in the interval from (dE)k t (%%)k+l;

lk-—the average 1ength of track Iin the elementary volume of the
emulsion, cm;

13
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TABLE 4. MEASUREMENTS IN THE PR-2 TYPE EMULSION WITH DIFFERENT THRES- /20
HOLD VALUES OF LET

} PoTa—

I

3 Potential of Threshold value Planar fluence, Density of Volumetric
Emulsion development, of LET in tis- cm” -2 flux, cm-2 r density of
MV suo 51 sterad™ tracks in the
emulsion part,
) ' » Nk, M
. ~24042 2,3 + 0,4 (2,92:0,20), (I,3840,1).10 (7.8¢0¢«
» | ‘ T 108 B ©LI0
2 ‘19052 4,6 4 0,5 (8,78s0,6D). (4,1240,8).107 (I 008*0
: . . 104 A . 109
L2 1852 6,2 £ 0,6 (7,44:0,46). 10 (8,6:0,5). 10‘3(7 ,9950,¢
| B .10
riz, -160:2 9,1 40,8 (2,52 & 0,25), u1m0m>m4b1 40,
4 : o © 106
2 -I7542 13,5 + 0,8 (2,049, 61). (9,7i2.9).10”5 (I, IO»Oé
- [y Io L]
g T65:2 800 £ 20 (5,132,6).10% (2,441,2).1070 (1,2740,2)
' ’ ' .10

( )k——is the mean value of LET which determines the k and k+l /23
threohold of development, MeV/cm; Q (-)-—is the mean value of the co-
efficlent of quality for the two values of LET: k and k+l; Ve-~is the

elementary volume in the emulsion (cylinder with base equal to the
fleld of vislon in the microscope and height equal to the thickness of
the layer), cm3; p —~density of the emulsion, g/em3; 1.6 « 10-8--the

transfer coefficient from the absorbed energy to the dose; ¢ r—-fluence

of protons according to measurements with fissionable foll, prot/em?; /24
¢;--the planar fluence of charged particles in the emulsion with a

second potential (LET > 0,46 KeV/um). The dose in the tissues was

recaloulated from the dose in the emulslon starting with the simple
relationship:

dE
:E%‘s = ‘])e . ;EE. . '§€§§§lrs -4 éL:DE

T's dx e

14



05 T T T T Y v r Y T
o~ 36 CMulsion | ' /22
=== = (5 omulsion

a4 == G9 emulsion ' g

o .
o
5 .
- |
HQF , .
“w
o)
o |
w 02} - =
O ‘ ’ ’ ! _.J-—‘ ‘---:
" ' ~
Q
, 5 ‘
oir — : .
[ty
I--L- .
!-.-.J_ * g .
-—ﬁ..'.::.:l.::-_-:lc;_—-: !
‘-——...f:........‘ — i [ ' (! A A i
O o1 Q2 03 a4 oS a6 o7 @8 Q9 10
cos 0

Figure 6. Angular distributions of charged particles
according tu measurements in the emulsion.

Figures 7 and 8 show the integral relationship of the dose in /24
the tissue (according to the Gl2 plate) and the density of flow of
particles (according to the G12 and Gl4 plates) from LET radiation.

The total absorbed dose measured along the Gl2 plate is 433 mrad. With
a calculation of the relatilonship of the coefficlent of quality to

LET, the value of the equivalent dose 1s 638 millirem (Q = 1.47). This
value of the dose from the charged particles is obtained with the
following assumption:

a) the contribution to the dose from stars formed durlng inter-
action of incident particles with nuclel of the medlum 1s not consildered;

b) the contribution to the dose of particles with small LET was
evaluated according to the measured fluence of the protons using a»
uranium detector (see Section 3). According to this measurement the
fluence of high energy protons is 6.9 * 108 prot/cm?, which results
in an addition of 298 mrad to.the dose.
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Figure 7. Integral relationship of absorbed dose from linear loss of
energy in the tlssue.

c) the contribution to the dose from neutrons of retarded and - /24
gamma, radiation and electrons 1s not consldered.

The contribution to the absorbed dose of stars can be evaluated
according to measurements made by Schaefer during the joint Apollo-
Soyuz flight [3]. During the 8-day mission, this contribution was
7.8 mrad or 45 millirem. Taking into account the fact that the Apollo-
Soyuz flight and the Kosmos-936 flight occurred in orbits with fairly
close parameters, one can make a correction for the contribution of
stars to the dose due to the varying duration of the flight (9 and 19.5
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days, recpectively).  Then; thisc anessumer a rontribution to the dose

fpror chnes tor the Fornon=036 Clipht 48 17 mrad or 96 millirem. Taking
thin contritution Lo the dose inte acecunt reasured uain% emulsions /27
and caleculating for tissue, it amounts to 450 mrad or 734 millirem

(¢ = L.67), fThe values of doses obtained can be compared with values
measured uning TIY and TLD established at the same points, The values
measured of doges in the TLS by volume 1,3 ¥ 1.3 X 0.4 em? amounts

in secaling on the tissue to 680 + U0 and 570 + 60 mrad (above and

telow, reaprctively). According to the measurements in the TLD, the
apsorbed dece in UPH 4+ 36 and 523 + 87 mrad [4].

hmerican specialists in the K-206 experiment also measured doses
In the -2 type nuelear emulslon from protons with an enepgy of less

than 10 MeV (dﬁ > §,5 KeV/um), The values of the doses for two
ax ts ~

measurement points are 44,2 mrad or 130.2 millirem (Q = 2.95) and
49.6 mrad or 145,9 millirem (Q = 2.95) [H]. According to our measure-
ments in the emulsion the dose from the particles with LETBB > .5

KeV/uym is 49,3 mrad or 243 millirem (Q = 4.9). The question as to
how notlceable the disparity is in values of the coeffilcient of
quality and, correspondingly, in the shape of {he spectrum of par-
ticles with LET above 4.6 KeV/um requires fuvther consideration.

The analysis of results of emulslon measurements made in the K-206
experiment Indicates

-~ the necesslty for further unification of all detectors used,
the conduct of simultaneous callbration irradiations of different
detectors on beams of lonizing particles;

~= the necesslty for condusting a detailled comparison of the
LET spectra according to measurements in nuclear emulsion and with
the S~1 spectrometer;

-~ the necessity for increasing the number of potentilals of
development for obtaining the LET spectrum with more frequent de-
composition particularly in the field above 10 KeV/um;

-~ the necessuty for measuring the characterisitcs of radiation /2
incident on the spacecraft;

-~ the necessity for measuring fluences and spectra of LET
for different protective layers;

-~ the necessity for making the appropriate calculatlons ac-
cording to passage of cosmlic radlation through the protective space=-
craft taking into account the experimentally measured spread of the
mass.

3. Tisrionable Folls

Tissionable folls under the effect of the neutrons of the materilals
are designed for measuring the fluence of neutrons with different

18



thresheldu, heginning with « 1 FeV ond alse for evaluating the fluence
of protons with an energy sabeve 17 MV,

3.4, Marvrdals and Fethods for Processing

Ficulonable folls were uced in the experiment made of Bi-209
(thickriess » 0,3 mpg/en?and = 1 g/em?), U-238 (thickness = 1 mg/em?
ard 3.8 pZem?), Np=237 (thickness = 0,03 mg/em?). Recording of the
frapments of division due Lo the effect of neutrons (and protons)
vag accermplished by  plase (bismuth and uranium foils) and mlca
tnepturium folls)., The sets of these dosimeters were placed on the
upper ard lower faces of the Soviet A block. All of the folls before
and after completion of the flight were kept separate from the de-
tector (plamss, mica). On September 15, 1977, chemical processing of
the flight and control detectors was completed. The processing method
was standard, The traces of fragments of separation which appear after
treatment with f{luoric acid on the glass are counted using a micro-
gecope with a magnification of 300,

Calculations of the fluences of neutrons were made according
to the well known relationship:

J L3
¢QK'AN0'¢;”

where ¢--1s the fluence of neutrons, neutron/cm?; /29
J--the number of fragments of division recorded, em~?; ‘
K-~the effectiveness of recording the fragments of division,

for glass K = 0.42;

No--the number of nuclel of the divided substances of the tar-

get, nuc/cm?;

of~-crcss sectlion of division of the nuclel by neutrons.

We note that the cross section of division under the effect of
neutrons has & threshold character. Figure 9 shows a cross section of
division by neutrons of different energles [5].

The reactions of separation also occur under the effect of pro-
tons (method of calculating fluences of protons 1s completely similar).
In a case of mixed irradiation (as in our case) it 1s difficult to
isolate the recorded fragments caused separately by neutrons., For
this division it 1s necessary to know the shape of the energy spectrum
of neutrons and protons and also the full fluence of protons. Such
data can be obtained by a twofold method. Firstly, using data on
the shape of the spectrum and full fluence of protons with an energy
greater than 17 MeV (LET,. < 3 KeV/um) obtained using the S-1

spectrometer, it was established separately from the K-206 container
as a rule. This circumstance can lead to difficulty in evaluating
error as a result of different shields of the spectrometer and fis-~
sionable folls. Such work at the present time has not yet been com-
pleted. The shape of the spectrum of neutrons can be used according

19



to the bibliographical data,

Secondly, division can occur on the basls of well known rela-
tionships from another flight, TFor purposes of unambiguity (also
like American specialists [4]) we will use the relationship on fluence
of neutrons and protons obtained on the Skylab [€]. According to the
data, 24% of the recorded fragments are caused by neutrong.
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Figure 9., COross section of division of U-238 by neutrons of
different energles.

3.2. Results Obtained and Their Consideration

In the measurements made, the number of recorded fragments for
1 em? is: on the Bl and Np folls--at the background level; on the
U foil with thickness 1 mg/em?2--18 frag/em? and thickness 5 g/em?--
154 frag/em?. Taking into account the number of nuclei which par-
ticipate in the recorded reactions, the fluences of partlcles which
cauge such density in the recorded fluxes, amount to, respectively,
1.7 « 107 and 1.2 « 107 part/em?. Taking into consideration the con-
tribution of the neutron components (24%), the fluences of neutrons
with energy greater than 1 MeV amount to 4.1 - 106 and 2.0 . 106
neut/em?2. The corresponding measurements by our American colleagues
glve a value to the fluence of neutrons (E » 1MeV) 2.1 « 105 neut/cm?
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1Ll oan freer senewbat below a ragnitude {41, The agreement of the
vipuen creatned o eorpletoay sntivtnecary.,  An evaluation of the
speeifie doue 7] cquivalent &4 the doae from neutrons gives the
value of 110 millirvems which arrees well with the evaluation of
the Ameriecar speclaliste of 125 millivem [4],

The cvalnatien presented 8 the fluence of protons (Er » 17 MeV)
with ¢ caleulatiop of a 29% contribution of neutrons gives the value
of (takirne into aceount the difference in value of the cross section
of division for protons ond necutrons) 7.9 » 10% and 5.9 « 10° prot/em?.

in cubscquent experidments, one can continue measurements of fluences
of neutrane having plven attention both to the expansion of the range
¢f recorded enerpy of neutrons (right up to thermal) and the increase
in preeision in the fleld of energy study (higher than 1 MeV),

4, Dielectric Tracking Detectors

Measurements of fluences and spectra of heavy particles of cosmie
radiation were made by our group during recent years on a number of
space objects [8, 9-12]. These works showed that polymer dielectric
tracking detectors are very effective for thils type of study thanks
to their insensitivity to background radiation (electrons, protons,
photons), tissue equivalency, and loung retention of information. /32

Interest in this study 1s due teo the capabllity of heavy particles
to inactivate cells of the organism of man and other blologlcal sub-
Jects and, in partilcular, the unique regenerating structures., The
latter circumstance can be considered when planning long-term space
flight only when there is broad physical data on this type of particle
in outer space.

The dielectric tracking detectors in the K-206 experiment are
designed for solving the following problems:

-- measurement of the flue _.e of heavy charged particles at d&if-
ferent points on the satellite;

-~ the study of attenuation of the fluence by different layers
of the shileld;

-- obtaining charged and energy spectra of heavy chanpged par-

ticles where the container i1s installed. A method ls presented below
as well as results and consideration of the data obtailned.

4,1, Materials

In the experiment, nitrocellulose detectors were used (Kodak-Pathe
and KNTs), polycarbonate (Lexan, Macrofol) and lavsan. The detectors
wore combined in several assembllies and blocks located at different
points in the contalner and the satellite.

The 7F-~12F assemblies contalned two layers of nitrocellulose
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(Keduk) nnd polyeivbonate {Lexun) detectors with dimensions 4.5 X 6.0
em,  The layers s& marked A, B, C, D and A and B are polycarbonates.
ALl of the assemblies wore senaled in packets with black polyethylene,

The A and B klocks contained, respectively, 148 and 406 de-
Loeting iayers assermbled in a single aligning coordinate system.
The systen of alternating layere In the blocks 1s presented in Flg-
ures 10 and 11.

KNTs, 32 layers

Macrofol, 60 ¥m, 3 layers

KNTs, 5 layers
Macrofol, 60 um, 3 layers

KNTs, 4 layers
Macrofol (200 ym) + Lavsan (80 ym), 3 + 2

KNTs, 3 layers .
Macrofol (200 pm) + Lavsan (80 ym), 3 + 2

KNTs, 3 layers
Macrofol (200 wm) + Lavsan (80 ym), 3 + 2
KNTs, 3 layers
Macrofol (200 um) + Lavsan (80 ym), 3 + 2
KNTs, 4 layers

Macrofol, 60 um, 4 layers
KNTs, 3 layers

Lavsan, 80 um, 10 layers

KNTs, 3 layers

Lavsan, 80 um, 10 layers

- KNTs, 4 layers
Macrofol, 60 ¥m, 10 layers

it

L._J_J_a;...‘._...x.;_.L_;.u_.J_-_J._

KNTs, 24 layers

Figure 10. Diagram of block A (USSR)

Beslides the assemblies described, several others were used made
up of three layers of KNTs whilch were placed at different points in

the satellite.
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KNT's ' (f»iOO i M) 10, ;nycrs
%Lnxun ("‘ 190 uM) 200: layers
- | - | xNTs (~ ’100 uM) . 6[1 layers

=

Lexan ( ~ 190 ! M) ZOO layers
1 KNTs * (’“‘ AOO \WIV\) ’lO layors '

< m—

Figure 11. Diagram of the B block (USSR)

.2, Flight Experiments

In the fllght experiment the A, B, C blocks were placed in a
single container (Flgure 1) in such a way that the plane of the de-
tector was turned toward the cover, Numbering of the layers goes
from top to bottow.

The 7TF--~12F assemblies are placed along the faces of the joint
block in the following way:

TF and 9F == on the "top" and "bottom" faces,

8r, 1l2F, 19¥, 1llF -~ counterclockwilse around the face of the block
with the 8F found on the face turned toward the American B block.
Three layer assemblies: the D port of the exterior 6-1 instrument
and the E. contalner on the external surface of the satellite,.

All of the assemblies and blocks of dielectric tracking detectors

before installatlon in the satellite and after return to the laboratory
before etching were kept in a refrigerator.

.3. Calilbration Experiment

The problems of the calibration experiment are measurement of
the threshold of recording of detectors and obtaining calibrated points
on the calculated curve of the <Zependence of maximum  etched
length of the track from the charge of the particle. For this purpose,
the samples of detectors from different batches of material were ir-
radiated on different units with a set of heavy ilons of varying energiles.
The data on the irradiations made are presented in Table 5. All of
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the detwctors belore drradiatlon were storced in a dark cooled room and
after lrradlation before etchinpg--in a refrigerator,

h.h. Chemical Processing of the Dielectric Tracking Detectors /3T

After return of the flight blocks to the laboratory they were dis-
?antled and the detectors were subjected to chemlcal treatment--etch-
ng.

Etehing of the detectors was carrled out in an aqueous solution
of NaOH. Ior KNTs and Kodak-Pathe cellulose nitrate, the parameters
of the process were, respectively, the following: concentration 6N
and 2.5N; temperature 50°C and 40°C; duration--7 and 10 hours.

Flight, callbration and control nonilrradiated layers were immersed in
a single solutlion simultaneously. Because the KNTs detector blocks
lrradlated in Berkeley were absent when processing was begun of

Plight detectors, their etching was carried out later in the same
solution. The ' identlcal nature of the solution was controlled in
coneentration of products of etching, density, pH index and titratlon.

The thickness of the debtectors after etehing was 700 um (KENTs)
and 90 ym (Kodak-Pathe).

The surface of the KNTs detectors after etching became diffusely
matte which made subsequent examination difficult., Due to this, the
surface of the detectors of this type was treated with a colored solu~
tion of polyviny. acetate (PVA) which, after drying, forms a thin
transparent f£ilm.

4,5, Method of Inspection of Dlelectrie Tracking Detectors

The Kodak-Pathe detectors from the 7PF-~12F assemblies were used
for measuring planar fluence of charged particles, that is, the num-
ber of partleles which pass through a statlonary surface per area
unit [2]. The procedure amounted to counting the number of tracks
in two stages: (f(lrst the tracks located on the 1.5 cm bandwidth along /38
the length of the slde of the detector; then a count was made of the
entlre area of the detector. At the same time, measurements were made
of geometrle characteristles of iracks, whose data are necessary for
obtalning the LET spectra. The process of scanning and measurement
was carried out on the MPE-~] microscopes with a volumetric magnifi-
cation of 300X--600X. The statistles of observation provided a pre-
cision no worse than H%,

The measurements of fluence of particles in the KNTs detectors
were made usilng the MBS-2 sterecomleroscopes with a magnification of
32X--80X, The KNTs detectors introduced into the A block were designed
for measuring charged spectra of heavy nucleil for the maximum length
of the track. A multllayer method was used for speeding of scannlng,
that 1s, etched and coated detectors were first made up into a set of
5--6 layers assembled for the same coordinate system as during exposure.
In the scanning process, the coordinates were fixed at the beginning,
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TABLE 5, CALIBRATED IRRADIATION OF DIELECTRIC TRACKING DETECTORS /36

v ,
"Type of * Enexgy, Type of

5 , f ) : Locatd
?o + particles ELmV‘ hucleon : detector ‘ Angle ,1;§:diggig§
. A —particles 0,5-I,3 KNTS , 45° IMBP
. . 2 -6 KNTs = 19° INR JINR!
| 510 .
" ' 37 9.1 KNT's _ 800 -t
~ 0 CIz ’ 7 L . KOZ‘Q‘<
| Lexan
. Lavsan - '
v Ne®® 2,4-9,1 KNTs 30° - " ..
Lavsan
~ ho22 \
5 Ne ™" - 8,25 KNTs 10°,80° - " -
" Lavsan 450, 600,
' (0]
40 \ 090 o
5 A 0,25-8,75  WIs 200, 45°, - " -
Lavsan
‘5}2 900
7 C X4 1,7-6.0 Lavsan 200: 450: - " -
| 0O
40 60" .
) .,lqt 199 . m:embly) BOO’ 45". Bexkeley, USA
98 Lavsan 45° - " -
" (assembly °*
‘ 56 ) . o
9 - Fe 509 KNTs 45 -
’ (assembly)
114 Lavsan :
(assembly) 450 - " -

1
[Laboratory of Nuclear Reactions, Joint Institute of Nuclear Research].
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and al pointse of interoavetlon of the tracks of the surface of the assem~
bly. AU the game fine, the characteristic poilnts of the track and
directicr of metion of Lhe partieles were indicated (in those cases
where & tendency for chanpge in the length of the cones along the track
made this posaible. fThen, "eross linking" of the tracks was
varried oul, ealeulnted taking into conulderation the etched layer of

the lenpth of the visible part ¢f the track and the run of the partlcles
fror the face of the block te the atopping polnt.

Treatment of Lhe blocks of KNTs Jdebectors lrradiated in Berkeley
was done using & semiautematic coordinate meter, the Ascorecord. For
this purpose, bandwidths of 1.% mm were selected on the detectors
ealeulating that in the sequentlal layers they lay along the directlon
of motien of the particles during lrradiation and the coordinates of
the points of input or output of all tracks were measured wlthin limits
of the band selected. Then this information retained on perforated tape
was  fed to a EVM [elekrronnaya vychislitel'naya mashina, electronic
computer] for joining of the tracks.

},6, Results Obtained /39

e —

Obtaining the threshold of recording and the relatlonship of the
maximum etched length Rmax of the tracks of particles from their charge

72 ror detectors on the KNTs base was of significant lmportance for
interpretation of the results of the fllight experiment. In the first
stage, according to the results of ilrradlatlon of  alpha-particles and
ions of boron (E < 9 MeV/nuc) and carbon (E < 8§ MeV/nuc) the following
threshold value was obtailned LETlOO =_l96 + 7 KeV/um nt, These data

were used for constructine the curve of Rmax(z) (Figux'e 12, curve l).

Further, after treatment of the blocks irradiated with lons of argon
(E = 199 MeV/nuc) and iron (E = 509 MeV/nuc) calibrated points were
obtained forthe sectlon of the relationshlp in the region of large
charges. However, these points correspond te a higher threshold of
recording of LETlOO = 250 KeV/um.

The relationshilp calculated for thls threshold value 1s presented
in Figure 12 (curve 2).

The valuesof fluence measured,obtalned using a system of orthogo-
nal detecgors placed on the face of the Joint block C,are presented
in Table 6.

In the first column of the Table the detector number is glven and
in the second the number of tracks found for 27 ecm? of detector area,
in the third column i1s the fluence of particles. One should note that
the data are only for particles with a charge of 7 > 3 whose tracks
pass through both layers of nitrocellulose detectors, that 1s, longer
than 180 ym. The values of fluence are presented without correction.
The errors noted are purely statistical.

Moreover, the planar fluence of particles is measured with LETlOO
> 250 KeV/um using the KNTs detectors placed at different points on the
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TABLE 6. MEASURED PLANAR FLUENCE OF HEAVY NUCLEIX

—— ' N . o _2 /-I-‘-!'-
Detector ’ Number of . Fluence, CM
number : tracks :
7 F 864 32,0 + I,I
8 F 532 | 19,7 + 0,9
9 F 589 , 21,8 + 0,9
10 F 5338 12,5 + 0,7
IIF 464 17,2 + 0,8
I2 F ' ' 756 28,0 + I,0
satellite. The results are presented in Table 7. /39
TABLE 7. PLANAR FLUENCE OF PARTICLES WI'H LETlOOO > 250 KeV/um
Location for installing the ¢ Number of tracks : Planar .fluence, /41
detector ) . . cm-2 —
Block A, top 768 7,9 + 0,3
(face A-5) ’ -
Block A, bottom 259 2,60 + 0,I5
(face A-6) ' : -
Bioblock container 2,5 - 6,2
For protection = 2G/cm? 100 . 10,0 + 1,0
* z » -

Outer surface of the 737 14,2 + 0,6
satellite ' o : -

[ S—

The data apply to particles with Z > 7 and length of the track more . /39
than = 200 um. =
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Statistical error is always glven.

Figure 13 shows the charge distributllon of partilcles whose tracks
were measured in the "upper" section (thickness about 4.3 g/ecm2?) of the
Joint block A, 1203 tracks were observed in all; however, the histo-
gram 1s presented for only 853 tracks which satisify the eriterion
of sampling-~-the beginning and end of the track is within limits of
the layer scanned. Identificatlon was made in accordance with curve 2
(Figure 12).

4.7. Consideration of Results

One of the most important results obtalned is dnta on callbration
of the KNTs detector irradiated in Berkeley with high energy ions of
argon and iron; 1¢ follows from this that the threshold of recording
with high energy particles is greater by approximately 20% than that
obtained earller on beams of ilons with low energy. Thils result can be
explained by the kigh transfer of energy from the zone of formation
of the tracks by é-clectrons which 1s characteristics for lonlzatlon
of heavy high energy partlecles. If, in the process of further treat-
ment of the blocks irradlated in Berkeley this result 1s confilrmed
with good statistlical precision then, obviously, it will be necessary
to make a new calculation on the relatlonship of the maximum etched
length of the track to the charge of the partlele based on a model
of a radial distributlon of absorption of energy [13, 14].

Table 6 shows data on the fluences of particles with a chapge

2 > 3 and LET350 > 80 KeV/um, incident on different faces of block C.

A comparison of data bebween them indicates sipgnificant anlsotropy of
the flux of particles in the area where the detectors are mounted.
However, quantitative coneclusions can be drawn after Introducing a
correction for the critical angles of the tracks of the particles
with different values of LET350 and consideration of distribution of

mass of the constructlon materlals relative to the point of measure-
ment. This becomes possible alfter completion of calculation {or the
LET350 spectra according to readings of these same detectors. A

comparison of the values of fluence of particles with LET,,,y 2 250

KeV/um (Table 7). One did not detect signifilcant divergencles from
the results of similar measurements on the Kosmos-690, 872 AES [10-12].

The charge distributlon of particles presented in Figure 13 1s
not conclusive. Treatment of the A block continues. After dis-
covering the length of all tracks which satisfy the c¢riterion for
sampling given above, the appropriate charges and energies of partlcles
for them at the input of the block and the run of the particles in
the block will be caleculated. Then, the particles will be classified
according to charge and energy distributions of the particles recorded
will be construated. These intermediate results will be transformed
into a family of charge-energy spectra and the ratilo of representation
capabllity of heavy rarticles within the satellite (in identical
energy range) using a method which we developed taking into account
the effectiveness and recording of a sectlon with different charges
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and energles in a block with the prescribed geometry (A.M. Marennyy,
S,A., Dashin, unpublished data).

The authors wish to take this opportunity to express thelr
thanks to thelr colleagues: V.A, Sakovich--for hils useful comments,
to N,A. Bardashev, G.P, Gertsen, S.A. Kamanin, L.L. Mironychev,
and N.I. Churin for participation in conduct of experimental studies,
to V.I. Popov for his irradiation work In the city of Dubna and to
L.M. Yevsyukov for his assistance in formulating results of the work.
The authors are very grateful to Dr., Ye. V. Benton and his colleagues
in the Unilversity of California for lrradiation of the detectors at
Berkeley and asslstance at other stages of the joint work.
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CHAPTER 2, DOSIMETRIC INVESTIGATIONS WITH A TELESCOPE OF COUNTERS
AND TLS DOSIMETERS

V.V. Markelov, Yu. A. Akavov, S.B., Kozlova, V.N. Bryksin

(Institute of Medical and Blological Problems of the Ministry of Pule
lic Health USSR, Moscow)

1, Formulation and Method of the Experiment

One of the sectlons of the K~206 experiment was conduct of dosi-
metric studles with a telescope of counters and TLS dosimeters.

The purpose of our experiment was:
1. Measurement of integral doses for light.

2. Study of the changes of power of doses according to the turns
of flight.

3. Study of the contribution to dose of protons of the Brazilian
Magnetic anomaly.

, Measurement of particle fluxes.

5. Study of the LET-spectra,.

A silicon surface-barrier continuous detector with thickness 500
um and area 1 ecm? was used as the telescope of counters for S-1 instru-
ment. In order to separate the dilrectilon of incoming particles close
to normal incidence 1t was switched on in agreement with the seccond
detector. The amplitude of the signal at the output of the semicon-
ductor detector was proportional te the value of energy absorbed in
it in the broad LET range.

The range of measured values of LET amounts to 2-=-1000 m%%
tissue/em. When measuring the power of doses, only a continuous
detector was used whose amplitude of pulses was totalled by the
electronic system. Information on the density of particle flux was
also taken from thls detector.

Two S5~1 instruments with telescopes of counters were used in the
experiment; they were mounted inside and outside the satellite in
combination with the TLS dosimeters. The TLS dosimeters had dimen-
slons of 14 X 14 X 4 mm.

2. Results of Measurement

The integral dose for flight in the area where the internal S-1
instrument was set up, according to the readings of the TLS dosimeters,
amounted to 520 mrad. The same dosimeters were mounted on the exterior
surface of the satellite showed a dose of 20 rads in flight.
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The curves of change of power of doses and density of fluxes of /ﬂ24
particles within and outside the satelllite along the turns of the ‘
flight are presented in Flgures 1lU and 15,
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Figure 1l4. Change in flux of charged particles on the surface of
the satellite for 1 turn,

In Figure 14 one can note three areas--the area close to the equator /49
where, due to maximum screening effect of the magnetosphere, the power

of the dose 1s on the order of 0.2 mr/hr; the field of northern and
southern latitudes where the power of the dose is increased to 1.5 mr/hr
due to less cutting off of the magnetosphere of Earth by GCR (GKI [ga-
lakticheskoye kosmicheskoye izlucheniya, galactic cosmic radiation, GCR])
partilcles and the fleld of the Brazillan magnetic anomaly where power
can reach a value of 200 mrad/hr. This peak i1s apparent on the section
of turns passing through this zone. The average dailly dose without

the contribution of the Brazilian anomaly is 10 mrad/24 hr with a flux
of particles of 1 part/em? . g, With average dally total dose 25 mrad/
24 hr, 1t follows that the contribution of the dose of protons of the
Brazilian anomaly 1s a value on the order of 60% for a given orbit of

the satellite.
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Figure 15. Change in power of the dose within the satelllte for
1 turn.

From Figure 15 it is apparent that in the northern and southern /49
latitudes on the exterior surface of the satelllte one observes large
surges of density of particle filux exceeding 10% part/em2? « s. This can
be explained by passage of the satellite through a branch of the ex-
ternal electron band of Earth.

The large value of the recorded dose of 20 rads also confirms the
presence of high intensity of radlation on the exterilor surface. The
absence of rises in power of the dose within the satellite in the

period of these surges gives evidence of the low penetrating capability
of this radiation.

In Figure 16 there are integral LET-spectra of GCR presented ob-
tained by telescopes of counters within and ocutside the satellites.
Here, for comparison, we present the LET spectra calculated and ob-
tained by the American sclentists on the Kosmos-872 AES.

The factor of quality calculated from the LET-spectra obtailned
on the Kosmos-936 gives 2z value of 1.4 inside the satellite and 2.5
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outgide, I'rocessing of data of the experinent on the Kosmos-936
gatellitr will be continued.
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FMlgure 16. Integral flow spectra of LET
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CHAPTER .,  GAMMA=THTCKREDS MRASUREMENT OF THE COSMOS~936 BIOLOGICAL /53

SATFLLICR

N.N. Repln, V.A, Sakovich, V.M. Sakharov
(Institute of Medical and Plolopical Problems of the Ministry of Pub-
1ic Health USSR, Moscow)

Distribution of thickness of the material for the dogimeter
contalner loceted in the K-206 experiment on the Kosmos-936 AES
was carried out by a methed of gamma-illumination usling a special
unit, Letermination of the thickness 1s based on a comparison of the
Intensity of pmamma vradiation of the point source of cesium-137 which
passee through the equipment with intensity and without it. The nrin-
ciple of operation of the assembly involves a precise point within the
apparatus where the isotroplec gamma source 1ls placed and unscattered
radiation which passes through the equipment 4s recorded by a col-
limated scintillating BDEG2-23 detector which moves outside the
apparatus by a coordinate system along the spherical surface from the
center Lo the prescribed point,

Operation of the assembly ilnvolves period measurement of the
number of pulses recorded by the detector in the photon unit for a
fixed time Av with continuous movement of the detector along the
azimuthal angle ¢ (within the prescribed limits form ¢, to ¢5). The
perlodiclty of single measurements was prescribed in such a way that
for the time interval At between measurecments, the detector moves at an
angular dimenslon of the collimator A¢d; relative to the numbered axls
At »> Ar. Upon achleving ¢; or ¢, with the detector, the measurements
are contlnved and the detector is shifted on the numbered angle at
an angular dimension of the collimator a0, after which the measure-
ment cycle is repeated. So that the rvesults of the measurements will
reglstexr sectlons of the surface lylng next to each other and hold
togebher different solld angles relative to a prescribed point
Aw = Apgd0, where Adp = A$/0 = 90°, an automatlc change In the value
of a4¢ was made in the assembly according to the principle A¢ = Ad/Sine
whlch actually is realized in the change of the interval between single
measurements,

Distributlon of the number of single measurements of the number
of pulses obtained in the frequency analyzer was converted to dis-
tributlion of solld angles for the thickness of the material, on the
basls of graduatlons of the detector using standard thickness samples
made of aluminum.

Error in measurement of distribution of thickness involves the
following factors: statistical error of single measurements; ervor
involving recording of radlation scattered at small angles of sectlons
of surface neilghboring the sectlon considered; error in the apan and
intervals bebween the sectlons considered and finally, the error caused
by nonuniformity of thickness within limlts of the sectlon consldered.

Statistilcal error of a single measurement ls deflned as activity
of the source and duration of the measurements. The total duration of
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the mejaurenents &t oan angle s o propertional to Aw™? and amounts
Lo+ 30 k., Yherefore, with the radine of the spherleal surface of
the unit R = ¥ m, the value Aw = (.7 « 10=" sterad, actlvity of the
source in H0 mp=cquiv « Ba and when the condlitlon At >> ar = 0.7 8
s observed, statistical error of a single measurement for effective
Lhickness 1 p/Zem? amounts to = 5%, With an increase in thickness,
this error increases proportionally to exp(uﬁéfrfa).

The contrlbution of radlation scattered by sectlons nelghboring
that consldered, for the selected dimensilon of the collimator and
diserimination of pulses from the detector at a minimum to the left
of the phetounlt can reach 108, TFor decreasing error involved with
this effcet, the relationship of the frequency of pulses to the
calibrated standard for thlekness obtalned with a scattered layer
of Sg/em<Al 15 used as the graduation so that with minimum thickness
1l g/em? one has an error +0.25 g/em? in o range of thicknesses
1-~10 g/cm?,

Distribution of thickness of the material of the blosatellite
relative to placement of the dosimetric container was measured
within a range of solid bodles presented in the Tables. The geo-
metry of measurements relatlve to the contailner is presented in
TMlgure 17. Distribution of solid angles according to thickness in /57
g/cm?Al is presented in Tables 8--10. "“

The span and intervals between the sectlons consildered amount
bo &« 6% for the unit used; however, in practice this does not cause
distortion of distribution.

As a whole, the error in measurement of a single thickness amounts

to 0.3 g/cm? with a thickness of 1 g/em? and #0.5 g/em?. with thick-
ness to 10 g/em-,

TABLE 8. DISTRIBUTION OF THICKNESS RELATIVE TQ THE FACES OF THE K-206

Face No. : g o

g o 5 s/cu®

I 90 90 : 8,5
2 90 160 11,0
3 90 - 270 ; 22,0
4 90 0 55,0
5 180 -\ 20,0
8 0 - N 6,0

Face 1 1ls perpendicular to the cover of the hatch.
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TABLE 9, DISTRIBUTION OF SOLID ANGLES ACCORDING TO THICKNESS FOR THE
K=20A RELATIVE TQ FACE 1

L : p° : D g/on : A () sterad
<+40 0-360 5 1,57
40+140 0--360 5-60 8,71

140-180 0-360 20 2,28
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TABLE 10. DISTRIBUTION OF SOLID gxg{:%‘ﬂ ACCORDING TQ THICKNESS IN A
% 24N
40° <8< 140° 0 = | < 360°
No.! & m/om AW sterad | No. | 0 s/ | Ay sterad
1. 5,0-5,5 0,073 19. 16,2-I7,3 0,145
2, 5,5-6,0 0,143 20, I7,B-18,3 0,146
3, 6,0-6,5 0,187 2I. 18,3-19,4 0,158
i 6,5-7,0 0,279 22. 19,4-20,5 0,149
5, 7,0-7,5 0,387 23, 20,5-21,6 0,156
6, 7,5-8,0 0,387 R4,  21,6-22,7 0,187
7. 8,0-8,6 0,370 26,  22,7-24,3 0,221
b, 8,6-9,2 0,337 26. 24,3-¢5,9 0,256
9, 9,2-9,8 . 0,286 27.  25,9-27,5 0,264
10, 9,8-10,4 0,266 28, 27,5-29,7 0,319
II, 10,4-II,0 . 0,258 \ 29, 29,7-32,4 0,377
12, 1I,0-II,6 0,228 30, 32,4-35,1 0,353
13, 11,06-12,2 0,I90 . 3I.' 85,I-37,8 0,317
14, 12,2-I3,0 0,167 V32,  37,6-4I,9 0,323
15, 18,0-I3,8 0,157 33,  4I,9-45,9 0,860
6, I3,8-I4,6 0,168 34.  45,9-52,6 0,330
7, 14,6-15,4 0,169 85, 52,6-60,8 0,401
I8, 15,4-16,2 0,156 36. 60 0,070
8,710
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SEMTION LI, THE AMERTCAN PART OF THE KOSMOS-206 EXPERIMENT.

POSTYFTRIC STURIFS CF SPACE KADTATTON AF BOARD THE KOSMOS-936 AES /80
E.V, 3enton, R, Kaasn, A, ¥rank, R,P, Henke, D.,D, Peterson
i Jnf raduet don 260
CUocovppnntieny Dnocvave are subdected to the effeet of a complex
amd an! e envivenmont Geh ineludes radiatlor,  The latter presents
aosdmees o Pleine orcuntome whieh onn break down the normal physio-
Peeelon peeomstes and Interfoere with thetr natural operation., The

A¥1}

ponem . Interest in Lthe efffeet of the spacee environment has inereased
due o thie expansion of studles of man In outer space and has resulted
In the expansion of all possible studles on Earth and in space. These
studleg have brought us valuable information on the effeet of space
for man and other organisms. Part of these studies were begun on the
inttiative of the USSR In 1970 as Joint Soviet-American experiments

on blosatellites, The flrst Joint experiment was conducted at the end
of 1975 on Kosmon-782 AES. It was dlrvected at studying the effect ol
welphtloessness on different physiolopleal functione of animals and
plants and also on measurement of physieal parameters of particles «ith
1?r?a charges ol enerpy, that is, GCR [galactie cosmie radiation] nu-
(S0 N ol

The joint Soviet-American experiment K-200 on dosimetry of space
radiation on board the Kosmos-930 AES was mainly conducted to deter-
mine the vhysical parameters of different components of radiation in
space. It dncluded o comparison of resulis obtained by the Amerdican
and Soviet solentdsts dn order to olarify the unintellipgible divor-
goney of results obtained on the Kosmos-782 AES on the fluence of
heavy eharped particles, The experiment also ineluded pround call-
brated studies and o measurement off the sensitivity of different de-
tectors,  These studies were conducted on aceelerators at Berkeley and
Duhna.

The F=00 experdiment consisted of three separate parts: 258 of
the volume was occupled by the USA assembly placed at one end of the

contalner, 20% by the Soviet assembly at the opposite end and 50% by 461

the Joint assombly in the middle part of the container. The dectec-
vors from the Joint 805 sectlion were divided in equal parts between
the Soviet and American scientists. The joint 508 assembly was in-
tonded for determining the fluence of LET spectra and the charged
spectrum of heavy nuelel, It contained two thick stacks of plates
with nuelear emulsions on top and below and 12 thin dosimetrle packets
attached In palrs to the six faces of a foam plastie cube at the cen-
tor part of the R0T joint assembly. The 250 Ameriean assembly was
desipgned for determining fhe physioal parameters of heavy nuclel, the
fluence and spectrum of neutrons, the fluence of protons and the total
dose of radiation. Fipure L pives o diagram of the K-200 experiment.

In subsequent sections, we will present in detall results obtailned
waing devectors trom the American side in the 50T Jjoint assembly and
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Figure 1. Diagramatic image of the assembly of the
K-206 experiment. Packing of the dosi-
metrlc experiment, showing the 25% Ameri-
can section (A) and the joint 50% section
of the assembly of thick plates (B) and
the orthogonal dectors (C).

in the 25% American assembly for the K-206 experiment for heavy nu- 61
clel of neutrons and protons on board the Kosmos-936 AES and also we
will present analysis of the data obtained.

2. Heavy Nucleli -- Fluence, Integral LET Spectrum and Spatial Dis-
tribution. '

During the last ten years, a research group at the Unlversity of San
Francisco has conducted measurements of heavy nuclel on board space-
craft. The plastic tracking detectors which were put on board the
Gemini~IV and VI spacccraft [1] recorded the tracks of densely ionizing
particles. These measurements showed that the plastic detectors can
be a simple and effective means for measuring integral fluences of

by
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Besey oot it o a0 Plant e ®Imo were particularly
gt T e e e e e e et oy thew lld ot recard Lhe more ggi
namenc e papedsr oo e paptie e,y o exnmple, electrons and protons
et pee moed the tracks only of <t wmeiat tvely pare heavy nuelei of

e weagtes ton o tob oxtat 'y arave,  Boepntly, a osummary was pub-

Pl the wone oop beass pasttoles vn the Apolle, Skylab and the
POAY vl pe Y7
PRSI W A I B Y Mo

T aflepedfoety of the offeet of heavy nuelel on a cosmonautb
e Nioped dnoo o verort Lo e Natlonal Academy of Scilences of the
VA ut s apeetal pecormendatione for continuing and improving dosimetry
o thie tvre of wediatien uasine plastie detectors. The interest in the
et Loner anede! hng Inereased sharply sinee the cosmonauls on
thiﬂi't?nut‘ abgerved white flashes assumed to be caused by heavy nu-
elet,

The radioblologleal effeets of hipgh enerpy heavy nuclei have re-
contly bepun to be studied in laboratories thanks to the poscibility
of irradiating objects on accelerated heavy ilons with high energy, for
example, on the Bevalak in Berkeley, Californila. Up untlil now, a com=-
plete concept has not been obtained of the effect of these partlicles
on living orpganisms; the results of measurements of physiceal parameters
of heavy nuclel in space will be an impertant part of studles in space.

In the followinp sections we will describe in detall our measure-
ments of the physlcal parameters of heavy nuelel on board the Kosmos-
9306 AES,

2.1, Materials and Methods.

The fluence, the integral spectrum of LET and the spatial distri-
butilon of heavy particles were determined by analysic of the results
of treating plastie tracking detectors placed in the 508 Joint section
of the K-206 experiment. The detector for heavy nuelel contained thin
plates of cellulese nitrate (Kedak-Pathe, SA 80-1%), polyearbonate
(General Eleetric,Lexan) and nuclear emulsions. FRach type of plate
was pul together In two films and hermetically sealed [rest of sentence
missing the original text]. The area of plastic films amounted to /64
4.5 X 6 em?, In all,1l8 detectors were placed inside the K-206 flight
contalner. 12 detectors in pairs were attached to each face of a plas-
tile foam cube (7.7 X 7.7 X 7.7 om3) located at the center of the joint
50% section of the Tlight container. Six detectors were attached to
cach surface of the American 257 section of the container.

The flight plastic detectors were stored at 5°C in polyethylene
haps.,

A standard method was used for displaying the plastie detectors.
Table 1 lists the ctching detalls: composition of the etching agent,
temperature ana time for the procedure. In the first column are listed
the designation of the samples. For example, 1 FB means flight (F),
gample No. 1, layer (B). The four layers of plastlie in the detector
arc designated with the letters A, B, C and D. The A and D layers are
made of polycarbonate and the A layer is adjacent to the nuclear
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TABLE 1 265
PARAMETERS OF PROCESSING THE AMBRICAN PLASTIC DETECTORS

HSnomple l Flastie Etching Apent Time Vﬁ, {um/hr)
IRB - I2Fe  cm™® ; 10.0 I.0740,05
IRe c N a 39,0 0,92
BRC~ 6 FC eV 30,0 I,0140.02
2kc, TFC-IZFe CHN 29,0 1,19
IRA —7kA , TIkA Lexan®™ G 44.0 0.16.0,C%

- ne [ }’3%' ” “p - g
IRA 7K A, IIRA Lexan G 24,0 0,56+0,01
a) 2.5N NaCH, 40°C, solution is mixed,
b) O.5N NaOH+ 1 /A polycarbonate monomer + 0.05% surface active

[E I

substance (Dowfax 2Al), solution ls mixed,
¥ thickness 190um, CN film.
¥% thickness 190um, Lexan film,
¥¥% preliminary {(before etching) treatment of samples.

emulsion. The B and C layers are made of cellulose nitrate. Orthog~ /64
onal samples 1F-US-6F-US are in the Jjoint 50% seection of the flipht
block; 7F-US-12F-US -- in the American 25% section.

Inspection of the tracks of heavy nueclel in the etehed plastic
detectors was made with an optical microscope with a magnification of
200. The central part of each detector with dimensions 3 X 3 cm? was
scanned. The scanning procedure of a glven orthogonal detector con-
slsted of attaching the C layer to the microscope stage and subsequent
allpnment and attachment of the B layer on top of the ¢ layer. The C
layer was eteched until it was thinned by approximately 60% and in it
many etched apertures penetrated 1t corresponding to the measured
double cone or constricted cylinder in the B layer, the filrst measured
layer. This method of scanning lnoreases the effectiveness of search
for small etehed tracks which decreases the complexity and duration of
the scanndng procedure.

In the four plates of each orthogonal detector, before disman- é§§
tling, two small adjustable apertures were drilled. the x and y co-
ardinates of all tracks found during scanning are determined accord-
ing to the ratio for the plerced aperture by means of mechanleal
nonius involving the gulde screws x and y of the microscope stage.
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Hdenourement of the parametors of the etched Lvaek was made with
lmmersion lenscs with n mapnifieation off 1000 and with a precision of
0.5 um,. The pavanmeters measured ineluded depth, protectlon and the
small axis of depth of etehing of the tracks, and also the depth and
width ot the narrowest part when the track was in the shape of a con-
stricted eylinder, The ctehinp rate for the entire mass of plastice
way detormined by measuring eohanpes in thiekness of the f41m.  The
etehing ratr of Kodak=Pathe cellulese nitrate depends preatly on the
concentration of produets of etehing in the etehilngy apent, 2.5 N NaOH
at 40°C,  The etehlnp rate of the Pathe ON hardly depends on the con-
centratilon of etching products.

The etehing rate for the track 1p ealeulated aceording to the
parvameter of the track measured using an analytieal expresslon based
on the pemmetry of the trask and assuming that the etehing rate of
the track for the entire lenpgth traced 1s uniform,

For each type of plustlc tracking detector there ls an intrinsic
ratio between the rate of etcehins of the track and the restricted
losses of cnergy [2]. This relationship ls the basis for e¢valuating
the loss of enerpy restricted by the rate of etehing of the track.
Flpure 2 shows preliminary calibration curves used for analysis of
data obtalned with the Kodak-Pathe plastilcs of cellulose nitrate and
the Lexan polycarbonate (with sensitization to ultravielet and with-
out: 1t), The pgraph in Flpure 2 indicates the dependence ¢f the etceh-
ing rate of the track Vi on LET350; the index below indicates that
when caleulating a plven value, [rest of gentenece misclng in the orip-
inal text]. The curves in Fipure 2 are constructed according to a /68
method of least squares on the basis of calibration data obtained from
lens of known energy and charged from the accelerator.

The condltion for etching the track of particles is that the
vertical component of the rate of etehinp of the track must be pgreater
than the rate of etching of the mass of the plastle. I'rom the curves
in Fipure 2 we find the minimum value of LETg35¢ which depends on the
type of plastile and on the development or preliminary processing be-
fore develepment. One also needs a determination of the eritical
value of the anple of immersion (measured from the surface of the film)
for recordlng partleles with a fixed value of LETj34p. For obtalning
an absolute value of the fluence, one uses corrected coefficlents
whieh depend on the angle of immersion and the value of LETj359. For
example, the intepral gpectrum of LETy5p was calculated by addlng the
product of cach value of LET 35 (appropriate to a pglven track) to
the corrected coeffleient for all tracks with a value of LET350 greater
than the pilven value., The intepral flux of particles for a given value
of" LET35p was calculated by dividing the total 217 At, where A and t
are the areca of the sanple and the flight time.

The spatial distribuiion of ineldent heavy nuelel was determined
according to the value of fluences of partlieles recorded by the six
detectors attached to oneh face of a plastie foam cube in the central
part of the Jjoint 507 assembly in the experimental container. This
mutually perrendicular rlacement of detectors made 1t possible to
determine fluences in the direction of the three axes, xyz, in space.
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2.2. Results

The Cluences observed and the fluxes of heavy nuclel recorded
by the elght detectors of the jolnt 50% assembly and the American
25% are presented in Table 2. In the first column of this Table
the detectors and theilr location are listed and in the second -~ the
number of tracks obtained for an area of 9 em? of the detector. The /70
numbers in the second column correspond to the number of heavy par-
tleles recorded on all four surfaces of two underlying layers of cel-
lulose nitrate -~ B and €. In the third and fourth columns, respec-
tively, the fluences and fluxes are presented. The values of the
fluxes are determined on the basis of duration of the flight of the

Kosmos=-936 AES -- 18.5 days.
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DAL R g o ARRTOAN PLASTTO
RS ot

IFBellE / Jnint sronls BT 40,1 & 2.1 PR, " 0.5%
ZFB-US/ Joint peetlen 230 25,0 4 1.7 1.88 & 0.0
BRG-US/ joint scoti~m  grg 85,4 4 2.0 1,92 4 0,11
4FB-US/ jgoiny seetton 22T 24,6 4 I.7 1.83 + 0,09
SFB-Us/ Joint sestion 279 BLO 4 1.9 .68 + 0.10
GRB-US/ Joint sedtiom  gag " 87,2 % 2.0 2,01 & C.II
FB-US/ American 354 L oE9,8 4 2.1 .18 4 O.II:

section : \ - -
IIFB-US/ Amevican 188 20,9 + 1.6 1.I8 + 0.08

¥HZE partieles with Z » 3 and recorded runs > 180 um.

Integral spectra are shown in Figure 2 [sic., 3]. The orthopon- /70
al detector LF-US recorded the maxdimum fluences of heavy nuelel in
six orthogonal detectors located in the Joint 507 seection,

2.3, Diseussion

Mux of heﬁ v nuelel, Table 3 cumpares thc results obtalned on
the Koomoo-936, sosmos-782 [81 and fhe § Skylab T47 AES. The maximum,
minimum and aver abﬁ values of flux prekented 1n Table 3 were obtained
from six ortliogonul detectors from the jolnt 507 seetion ol the con-

tainer on the Lﬁ mos-936 AES, the 12 deftectors whigh were in the Kosmos-
782 ABS and the ninu individual dosimeters of astronauts who flew on
the 8L=-2, SL3 and 3SLY Skylabs
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Figure 3. Integral spectra of LET for HZE particles
measured wlth the plastlc detectors dur-
ing different space flights.

The average value of flux during flight on the Kosmos-936 AES /70
was 2 to 3 times smaller than during flight on the Kosmos-782 AES.
The conslderation of factors which can affect the flux of heavy
nuclei, for example, parameters of the orbit, distribution of protec-
tion of the spacecraft, solar modulations, the types of plastic de-~
tectors, indicates that the most probable causes for differences in
fluxes during these [lights involves differences in protection and
type of detectors. The results of measurements during flight of the
Skylab indicate the effects of the protection [4]. The flux of
heavy nuelei inside the strongly protected storage area for films was
ten times weaker than the flux recorded for the astronauts. The
equivalent thilcknesses enumerated of spherical protection of the
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TABLE 3 L1
FLUXER oF HZF PARTICLES ON THE KOSMOS-036, KOSMOS=782 AND SKYLAB
- N | Particles
& * : 144 o n ¥ i -
L 1111?\ of P{II Lieles _GI}W
Flipght Max., Min. Averape
Kosmos-782 5,15 3.28 4,05™
Kosmos=-936 2,17 1.18 I.75%"
Sky lab 8,5 1.9 o nytbk
MIZE particles with % > 3 and recorded run > 180 um,
+Averapge for F1-I12 detectors. ‘
++Averape for orthogonal detectors from 1P-US to 6F-US in the
Joint 507 scection, v
thtAverape from readings of dIndividual dosimeters of the nlne
astronauts duridng fllpghts on the 8L-2, SL-3, and SL-U Skylabs.
sleeplny module for the astronauts and storage for the film amounted /72

respectively to approximately 6 p/Zem?® and approximately 50 g/cm?,

At the present time, on the accelerator in Berkeley, the effect
of the type of detector 1s beinp studied on the effeetiveness of re-
cording partleles. The purpose of these studies 1s to determine the
effectiveness of different types of plastics made of cellulose nitrate
used In {lights ot the Kosmos-936 and Kosmos-782 AES.

The effect of solar modulation can be expressed as exceeding by
10% intensity of cosmic radiation during flight of the Kosmos-782 ARS
over that during the flight of the Kosmos-936 AES. The intensity of
cosmice radiation was measured indirectly by ground neutron moniltors
which recorded continuously the rate of formation of secondary neutrons
in the atmosphere. The neutron monitor installed at Mount Washington
recorded only a 1§ smaller rate of count for the Kosmos-936 AES
(August 3-Aupust 22, 1977) in comparison with the flipght of the Kosmos-

&

782 AES (November 25-December 15, 1975).

The parameters of the orbit (that is, the period, inclination,
perigee and aporee) were essentially the same for the Kosmos-T782 and
Kosmos-036 AES. Therefore, these factors could not be the cause for
differences In fluxes of particles. Also, the Vostok type satellite
wag used for cach flipght.

Intepral speotrum of LET, The intepgral LET spectrum defined as
the number ot particles from the LET larpger than the gilven is an im-
portant dosimetlrice parameter necessary for evaluating tle potential
biolopical danper for living organisms in space. For example, it is
possible to use it for caleulating the coeffieient of the quality of
radlation.
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B Eer@eges o s he T gepe o s WLy et e PO heavy nuclel durdng
CEhb st e o e e ot e ioure 3. They data were obe
Ceolreeed Creepn T rae eI L0 ebor poentbendd i the Joint 50% scvoetion of the
Lol ot gdner, Cop o o pne e, Cienre 3 shows other gpectra mea-
Gl o Tt Ronnoe= Um0 palt D00 v mvtponauts tn the £11m storapge /7&
peit oo e Lwdnn DA sed o asteenanta on the Apollo-Soyur (EPAS), eom-"
Piex o 4i. timare s oalose shows the ealeuwlated intepral speetrum for

e tet o e codgiat fon ddnelae o nolar mintmum [47].

P

Yo fntepeal aweetne off nesvy nuelel on board the Kosmos-936 AES
Avapped chavply with sn tneremte In the value of LET35p as was observed
opast Plishts, The mosinam flux of heavy nuclei from the LETigo >
WomeU el {that o, LET. o 1,00 KeV/m tissue) amounted to 5.1+10%em?.5 -
plop for M eht o the Resmos-936 AES.  This value lies between the flux
on the Bopmop«7T80 ABS (8,7+.10"%/em?-s+ster) and the flux recorded in
dosimeters on astronauts in the Skylab (4.5:1076/cm?.s5ester).

Spaece Distribution.

The data obtalned from six detectors in the jelnt 507 assembly
indleated that the tarpget found at the ecenter of the plastic foam
cube (to whileh the detectors were attached) had to obtain an approxi-
mately isotrople fluence of heavy nucled. -

The value of the fluence of heavy nucled within limits of the
statistical spread was uniform on top, below and to the sides of the
plastle foam cube as indicated by the 1F-US, 3F-U8, 5I'~U8 and 6F-US
detectors (see Table 2). The fluence in the 5P-US detector was some=
what lower than that permitted by statistical deviation. Attachment
of the detectors to the cube was such that the 1'-US8 and 3F-US detec-
tors looked from above and from below in relation to the container,
the 2F-U8 and WF-US -~ to the Soviet and American sides, respectively,
and the HI-US and 6F-US -~ to the lateral walls of the contalner.

The 2F-US and 4F-US detectors turned toward the ends of the con-
talner were protected by thick stacks of plates from the 50% Joint
sectlon and also blocks of the 25% assemblies of the K-206 container.

The equivalent thicknessat approximately 22 p2/cm? of aluminum pro-
tected the 2F-US and 4I'-US detectors in the direction perpendilcular /75
to the surface of the detector. As measurement results showed, in

the film storage unit on the Skylab [4], the flux of heavy nuclel

beyond the protection approximately 20 g/em?Af 1s deereased by ap-
proximately two times.

As a result of the fact that the 2F-US and 4F-US detectors were
protected by a thiek stack of plates both in the joint 50% and in
the end 24% sectlons, the fluence recorded in the detectors should
be multiplied by approximately 2 in order to correct for the read-
Ings of {he other four detuctors. The "absolute" fluence ¢f incident
particeles (that 1s, standardlzed for a uniform thickness of protec-
tilon) must then be, approximately, uniform for each face of the cube.
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Theoted b b sprpoaeh o anadyets of charpes of partleles is
Phat i sineln o plagt be tegdnin detevterg are treated by etiching
them o' ol solattons o ali D whieh preadually remove the material

o Lhe getector Peem Yo suettec and veoferably aftfected the trace of
Suarvige pomaininge fvonoeach denpoly lenising particle,  The roate of
thio e tn effeer wan determined Por the LET particles so that the
Sianl Leosth oot a0 ventoad track formed alone the trajectory ol the
partie oownn the neasuarernent. of LET, Usually, in the eteching process
he08 2 Lhe Inltial thlekness of the plastic was removed.

b napeetlon «f the deteetor and measurement usually was con-
ducted n two waye., 1) Une of several layers was examined with failrly
low mayuifieation,  Alse several possibillif{les for scanning existed,
for example, using the passape of sparks or a palr through the otcehed
plerced aperture which would determine the position of the tracks.

2) The tracks found with low magnification were measured under high
magnification and traced in layers not subjJected to scanning. In the
measurement process, the lengthsof the cones were determined from two
surfaces of the detector. The measurements made it possible to estab-
lish the trajcetory of the particles and values of the LET along the /70
trajectory. The process of treating the data consisted of two com-
pletely different phases. Tn the first phase, the parameters of each
separate particle were determined on the basls of positions measured,
the values of LET and, preferable, the x, y and @ coordinates of the
ends of the tracks which indleate the point at which the partieles
stop. Seven parameters were required In total complexity for deter-
mining the characteristics of the stopped particles. One set of
parameters amounted to 3 coordinates of the point the particle stops,

a spatial angles of the trajJectory of the partilele, the atomie number
4, the identified type of particle and the mass number A. In practice,
usually it is impossible to fulflll separation of isotopes and there-
fore each 2 number described the mass of the isotope represented in a
small quantlty and only 2 of particles or the effective number was
determined which assumes a continuously variable value and determines
the varyling value of 2 and A. Therefore, the number of parameters

for the particle was deereased to six.

In the second phase of the analysils of data, a statlstical treat-
ment of results was made. It consisted of studying the distribution
of particles for one or several variables. Most often this charge
spectrum shows distribution of the values of Z and one or several other
parameters used for the characteristies of separate particles. The
logical form in which the statistical results are obtailned 1ls the
number of stopped partieles with defined Z per unit of volume (or mass)
and the solld angle %%%. The intepral Lﬁf for the solid angle Un
steradians 1s the density of the ends of the tracks of the SZ charged
apeetrum,  This distribution somewhat contradicted the charpe-energy
spectrum obtalned usually from detectors which record hipgh energy
unstopped particles. The chavge spectrum of stopped particles agrees
with the reactions of plastic trackinpg detectors inasmuch as they
record only particles rolatively clese to stopping. /77
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ST eErperaed e e e funet o fram Lhe poslition in

AN st et by e U T o ety equivalent to the spee-
Dm0 e expmeann e e fanet Lo o2 enerpy In Lhe Interval of
SEE e th e enepetien creopt fhe oo o nuelear frapgmentation,

Paped T b 00 oo pmn bl e, 0 pnnoaept Lhat %%% doen net depend on
pocttl e nrlowab tey UHEh ool 2 o Tlowanee, o conneetion wags tound
"ap oty prnluen of Inberest 4ooas oand distributions, for example, of
Lho LD oy eotpum,

The traditional methods Por measurement of charpes has been used
froancnt iy In Jdifferent comtexts, A larpge blbliographycan be found
T the ook by Pietseber ot al,, [7], Most often the valuns of 2 are
found & usine the so-ealled relationship L -R.  Tn this method, the
lenpth of the tracks measured L are applied on a pgraph as a function
of the residual run of the R partlele. The points obtalned separately
For caech or all are jointly compared with theoretical curves for dif-
ferent possible values of 2., The approaches which Henke and Benton
used (unpublished data) for results obtained on the Apollo-
14 and 17 4Aiffer somewhat In that the comparison of measured and
theoretical roints was made by a completely analytiecal method using
4 method of least squares. With this approach, the measured tracks
of particles are Ilnvolved for which no stopping points have been de-
fined.

The results presented in this sectlon were obtained by a method
which differs conslderably from the traditional in that the measurce~
ment of the position of tracks and the rate of etehing were carried
out automatlically using an analyzed image of the 720 Quantimet system.
The detectors were etched for removing a large part of their iniltial
thickness. This resulted in the formation of large apertures which
penetrated through the layer of the plastle. The etching rate of the
tracks was obtained by measuring the projection of areas of these /78
apertures. This method was used earlier for measuring the Lexan de-
tector assemblies located in the Jolnt Apollo-Soyuz flipght (EPAS3)
[Benton and Henke, nonpublished datal.

3.1. Material and Method,

The charpge spectra presented here were obtained for the joint
dosimetrlic assembly (1F-US assembly). The assembly comprised layers
of cellulose nitrate CN, Kodak-~Pathe thickness 97 um, and layers of
Lexan-GE polycarbonate with thickness 188 um. The sequence of the
layers was the following: 10 CN layers, 2Q0Lexan layewrs, 065 CN layers,
200 Lexan layers and 10 CN layers. All of the layers of cellulose
nitrate were etched with 2.5 N solution of NaOH at a temperature of
40°C. This solution was saturated with camphor for improving and
stabliluing its etehing capability. DLEtehing for 112 hours decreased
the thickness to 27 wm, that is, to 289 of the initial thickness.
After removing a large part of the thickness of layers, it was found
that the majority of the particles recorded retained through holes in
the layers of plastic. The lnput and output apertures of nost of them
reached approximately 4000 ym?,
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T LwEny. foonean wern ofebeod Inon 6,00 N solutlon of NaOH at
THOC,  The solution eontalned 6,57 Benax surfaktant and 1 g/ A4
- 1porrupylidine divlensd for simalating the effects of the etching
produete of Lexan ‘n the solutilon. Btehing, for 43.67 hr decreased
the thizikness of the layers Lo 36.6 um, that is, to 20% of the initlal
thickness,

1,75 em? of eaeh treated layor of cellulose nltrate was inspected
and 4he pesults were processed cemlautomatically with the Quantimet
Imape analyzer.  Por eaeh ntehed hole formed by particles intersecting
the layer of plastle, the positlon and area of the aperture was de-
termincd,

The measured coordinates of the tracks were analyzed using an
appropriate program on a computer in order teo determine the trajec-—
tory of the partlicles which had three or more measured tracks on the /79
particle. The trajectories were used to construct linear regressions
for the x and y coordinates measured as a function of 7. The parameters
of the particle trajectories defined from the line of regression are
shown as points of intersection of the trajectory with the surflace
Z=0 (Xxq, Yo) and angles of the azimuthal and immersilon o and § given

by the equations (1): . . W
oL ,"[:C'ZL/L/ d- (e o
L i

A

'y | (1)
.i/: (i"é/;;, Oﬂ' Sl of

L
CLN

The parameters of the program for processing the tracks were selected
so that they would be representative in it for all tracks from 6§>30°.
The tracks with the smallest angles of immersion changed position so
rapidly from layer to layer that including them could result in am-
biguity of the results in view of the relatively high fluence of the
tracks equal to 54 tracks/cm2.

Then, the particles were ldentiflied and thelr stopping points
were analyzed on a computer using a second program with < method of
least squares.

Inasmuch as the tracks were measured automatically, the true
points for stopping for each particle could not be determined. There-
fore, measured values of the area of the track were used as a function
of the position along each trajectory and for evaluating the atomic
number Z of the particle and for determining its stopping place. This
was done by minimizing the expression

itk 24 1 (2)

in relation toZ and at:the stopping point of the particle. Here A, --
is the value of the area calculated on a base of Z which measures the
relationship between rate of etching of the track and LET of the
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partiecle, the tralectory of the particle found according to the program
Por determining the tracks. A 1s the "measured" area of the particle
as was dawserlibed above and the weighted multipliler éh 1s obtained from

deviatlons from the line presented. Inasmuch as one assumes [l1llegible /8
in the oripinal text] value, this multipllier can be introduced as the
sipn totaled in equation (2). In this way, oy 1ls determined by sub-
stitution of the minimum value m = £2 = number of deprees of frcedom
(number of measured tracks;over particles -2), Inasmuch as Ao 1s not

a linear functilon of the Z partlcle and the stopping point in“the equa~-
tion (2), 1t 1s converted to a linear function by expansion in the
Taylor serles in corrcctions for Z and the stopping point. Then the
solutlon for the correction to the initial approximation is obtained by
means of normal linear ilosubstitution of least squares in two variables.
The final solution 1s obtained by repeating the process until obtailning
exemplary small values of corrections. Using the [word illegible] sys-
tem one can obtaln indeterminacy of Z and the stopping polnts and also
corrections for these errors by normal methods of a linear method of
least squares. During analysis of 7, the relatlonship to Z and A is
converted to a relationship only of Z by substltuting A in the approxi-
mate expression for the most widely distributed isotope, A = 1.77621.059,

A statistical analysis of the calculated values of 7 glves %g-in the approxi-
mate expression Zi%gzﬁ»where AN -~ 1s the number of events occurring
in the intervals AZ, AV and AQ. The intervals of the solid angles AQ
ls selected so that the fileld of solid angles is divided from & = 30°
to 6§ =90° and § = =30° to § = -90° for four equal parts. Equation (1)
can satisfy only one positive value of §, however, negative values
are used for designating a single direction of motion in the assembly
(from on top to below) and the positive for designating the opposite
direction (from below to above). The acting sections which are used for
processing are ‘listed in the section on results. For each segment
AR, the exemplary volume in which the particle can stop, AV (in equiva-
lents of water inasmuch as the detector has a larger retarding capability
than water) is defined using the criteria: 1) effectiveness must be /81
about 1007 and 2) the stopping location must be fairly close to the
segment measured in order to provide an exemplary small value of Z, AZ.

The values dPZ are obtained by dividing the number of particles which

adequately ﬁ%ﬁl satisfy the criteria described above into the appro-
prilate values AQand AV. The AZ interval in the spectrum obtalned is
the variable and will be consldered in the section on results.

3.2. Besults

Figure 4 shows all of the measured positions of the tracks on
85 layers of cellulose nitrate. The points indicate each of 45.072
apertures. The area indicated amounts to 4.14 X 2.35 em?2. One can
see many isolated points which form particles with the lower Z which
were recorded only in a single layer and also many long small chains
made up of points which form heavier particles recorded in the subse-
quent layers. Of these measured positions, 1834 particles with four
or more tracks were obtained using the program for determining the
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Figure 4, The position of all measured tracks in
the layer of cellulose nitrate from the
assembly for particles.

tracks. The criterla for selection in this program excluded most

The precilsion of determining the positon
of the track was evaluated according to the mean square deviation of
points from the trajectories constructed theoretically. The mean
value found of this error amounted to 0.0023 em or 23 um.
in determining the position, also error was found in measurement of
the angle of immerslon for the trajectory of each particle.
proposed that approximately 50% of the trajectories were smaller than
seven segments of tracks per particle and one can consider that the

trajectory of the particles was defined completely correctly inasmuch
as the medlan of g5 = 0.92°.

The measured charge spectrum ils presented in Table 4 and in Fipg-
In Table 4 the angular dependence of the charge spec-
The particles with all values of Z were combined in
order to obtain adequate statisties for discovering angular distribu-

Even with division of the sclid angles found into ten equal

segments of 0.2r steradian, with adequate statisties, anilsotropy of
the flux of heavy nuclel was detected.
with definite tracks, after selectlon according to all criteria, 625
remained in all.

Figure 5 shows a differential charge spectrum for Z considered
In this spectrum, each particle selected
is presented in accordance with Gausslan distribution around the measured

value of Z with an area KV%Kﬁ and with standard deviation 0.15 units

The total of these Gaussian distributions form a
The intepgral form of the charge spectrum is presented in

SopMAL PAGE 16
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Anctie Tenernien I Abinstnn. angle ' Density of ESLQpped
Intop af Doppoon) L (Intowyed of Durvecs) Particles (all solﬁotod
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! ster with 2 » 7
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~ 04,18 ~~ — &0 () == S0 8.3 + I.2
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: 180270 8.6 4 I.2
2170 +5360 I1.6 & I.4
64,168 - 90 0 = 360 24,5 + 2.0

AVERAGE I0,2+40,4

Although precision of determining certain values of 7 1s worse

/2

than + 1, an adequate number of particles have Z determined with ade-

quate precisian to permit definite peaks in the charge spectrum. The
part of the charge spectrum which corresponds to the value Z < ~ 7,
was not subject to determination with 100% effectiveness due to the
insensitivity of detectors and requirements for tracks traced for
four layers.

3.3. Discussion

The autematic method of obtaining points for construeting a
charge spectrum has larpe advantages but has certaln disadvantages in

comparisen with nonautomated methods of past years. The maln advantage

is the tremendous savings in labor and time and the possibllities of
obtaining a huge volume of data. This advantage 1s reflected in the
large number of particles ineluded in analysis of the charpoe spectrum.
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Mot of the extoting disadvantapes of nutomated analysis of the 287
asaemb fen ecome fpoam leelk of preelstion (n the method In its prevsent ’
form, Hany of thesr tmprecisiont ean be overcume by improving the
shape of the assembslien, methods of proecessinge and measurement. The
main Hmitatlons {n the data obtained iu thic work invelve the inade-
quately hiph resalat lon of 4 and the ebvious ineapability of resolvin:
raprtieles with & » « 18, Both thece dioadvantapes apply to cellulose
nitrate and ean be avedded by reading the Lexan polyearbonate papt
of the ascembly, The limitatien in this experiment which can be
avoalded in the fare Is separation of hish and low sensltive material
Into two separate sectlons In the total assembly of the detreters,
Alternating layers of Lexan and eellulese nityrate can ereate a mopre
uniform assombly which makes it pessible to avold large runs in traj-
cetorion of partleles whieh interseet the low sensitivity layver with
low LET. This slpnlficantly simplifies tracing the particles and
causes less ambipudty.

4. HNeutrons,

Durinp orbital {1ipht In a spacceraft there are neubrons with
a broad ranpge of enerples from thermal to hundreds of MeV. The spoe-
trum of neutrons ecan be divided into three parts: thermal (less than
0.3 Ev), resonance (0,3 eV < B~ < 1 MeV) and high enerpy (> 1 Mev),
This division involves reactions whiech are used Por deteetiny them.
One must make an assumptien concerning the ncutron speetra in these
ranges of onerey.  The fluences of neutrons caloulated on the basis
of measurement of activity oboerved ecan vary sipgnificantly depending
on the more "vripgld" or the "sefter" spectra in the ineident flux.
Sensitivity to a shift in the specorum depends on the value eof dif-
ferent eross scetlons of reaection in the piven field of enerpy., In
the fileld of high enerples, the measurements are more complicated as
a result of the faet that the nuelei of measured folls used for de-
tecting neutrons in a reaction of the type (n, ) have a similar
value to the eross seetlon for the reaction (p, g). The high fluences /88
of protons with larpe enerpy whieh exist in the Earth orbits ereate
falrly large backpround density of tracks in the mica detectors.
Nondeterminaney of proton spectra and fluences create imprecision
when ealeulating from the results of tracks from fragments of divi-
slon into protons. The proton spectra were monsured in previous
orbital flights so that there was a good basis for approximatlon of the
shape of the spectra on the Kosmos-936. Less is known of spectra of
neutrons 1n space but one can assume that the neutrons aire formed as
a result of a divislon reaction of nuclel of atoms within the space-
eraft and Iin the upper layers of atmosphere on charged partieles with
high energsy, mainly, into protons. This makes i1t possible to draw
certain thoughtful eccnelusions as to the shape of the spectra.

There were several types of deteetors in the 259 American scetion
for measurement of fluxes of neutrons within the spacecraft in the
packing of the detectors. They all were passive inteprating systems
using thermoluminescent (TLD) for ctehed plastic detectors as the
sensltive recording means., In the first case, the reaction
SLI(n,t)"*He with highly effective cross seetion in the TLD for LiF.

In the second case, radiator sheets alternating with cellulose nitrate
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or  with mien (mweeovite) was requiped; ene of these peeords the
Lracks of the He partlelesn, the other the fragments of divislon,

b1, Matrriai and Method,

Partinsle radiators were used in the assembiy of detestors con-
sinting ¢ 51,11, Ta-181, Bi-209, Th-323 and U-238, The first of thesc
was used with ecllulose nitrate for rocording He-d particles {rom
their reaction Li(n,T)"e, The others were used with mion whiech re-
eords fragments of division formed during the reaectilon (n, f). The
othep detectors of this type were desipned for £1dsht but were not
obtained in time, Thickness of the sheets SLIF with U5 mp/om?, /89
The thieiness of the divided films varied but they all were thieker
than the runs of frorments of division formed, This provided more
ofteetive deteetors, that 1o, the neutrons were hardly attenuated
when passing throuph the sheets, The detecetors made of LAF vequire
correctlion for selfabsorption.

The TLD were of the SLAF and 7LiF type; the dimensions of the
plates were 0.63%5 X 0,635 X 0.089 em?, They consisted of pure pressed
LiF. Diserimination on the basls of high quality alternating cross
seetions of 814 for neutrons was accomplished by measuring the dif-
forence of the two materials., With this method, one can measure
neutrons in the presence of relatively larpe absorbed doses from
other partieles.,

The eorrepsponding cross seetions in the thermal ranpge of energy
are presented in Figure 7. When serecening with a plate of cadmium
1 mm thiel, the neutrons with energy less than 0,3 eV are absorbed
in 1it, not reaching the detector. Therefore, 1f one uses palrs of
detoetors one of which 1s sercened with cadmlum and the other noft,
one can separate the readings measured inte two fractions: those
caused by neutrons of thermal enerples and those higher than thermal.
This method was used for measuring the econtrlbution of thermal neu-
trons in the density of tracks measured by a combination of SLiF de-
tectors of cellulose nitrate, Half of these detectors were sereened
with cadmium durinpg flipght,

The pamma rays from the reaction Cd(ny)Cd separate this material
as unsuitable for TLD scrcening from thermal neutrons. Besldes this,
protection was used made of 0.3 g/em? SLA¥, This construction did
not provide cutting off energy of the above llsted detectors but
effective cutting at approximately 1.5 eV was then achleved. On this
basls, reactions were divided into neutrons with thermal and super-
thermal energies, Half of each type of TLD found in flight was
scereened in this way.

.
o

The neutron detectors were set up in packets for flipht. The
packets had a thickness of 0.9 em and eonsisted of two Luelte plates.
A hole was cut in the thieker (0.6 em) plate for plaeinp the detec-
tors. The UST assembly on the Keosmos-936 on two sides, from oun top
and below was bounded by packets of neutron detectors #1 and #2.
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Flpure 7. Certaln seetions of nuelear reactions
in the field of thermal enerpiles of
neutrons used in the detectors.

Packef: #1 was turned toward the outside and had a thinner protective /91

covering for cogmie radiantlion than did packet #2, In packet #1 there
where 3 Bi-209 and 4 SLiF radiators and also 9 SLAF TLD. Also back-
ground samples of mica and the plate of cellulose nit. .te were used.
In packet #2 there were 2 Bi-209, 2 Ta~-182, 3 Th-232 and 3 U-238
radlator detectors and 12 TLD SLAF and "7L4F. The B1-209 radlators
had dimensions 1.27 X 1.27 em?. The Ta~181 and SL1F radiators had
dimensions of 1.8 em in the diameter and the Th-232 and U=238 -= 1.27
em in the diametor. The OLLIF material was placed on a sublayer and
therefore only one celluiovse nitrate deteetor was used for the active
atde of the sheet. The other sheets were nnt required in the sublayer
and the niea detertors wore placed on both sides.

Before assembly, the small scnles were cleaned off the mica disks
in order to eveste an undamaged surface and then <hey wore etohed for
16 hours in a 500 solutton of hydrofluorie acid at room temperature.
With such processing, the relict tracks of frarments of division on
the surface of the mica were etehed te sipniftecant dimensiong., After
processing the disks apailn they were etched for 50 minutes under the
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same eonditions. The tracks recorded durlng flight of the Kosmos-936
were etehed to nuch a dimenslon that with a magnification of 350 times
they could be distinpulshed from relicts by thelr much smaller dimen-
sions. The exposed surfaces of the mica disks were examined as a
whole Lo deteet flipght tracks. For each detector, the density of
tracks was caleulated and for the set of measurements of cach type of
detector the standard deviation was found, In certaln measurements /92
a correction was introduced for background tracks not caused by fresh
products of divislon, by calculating the tracks on the surface of the
mica which was not in contact with the fissloned rolls during fllght.
Moreover, 1t was necessary bto take into account the background from
the U-238/mlca detectors caused by spontaneous divislon of the U-238
nuclel, After dismantling the packet No. 2 1t was again assembled
wlith fresh sheets of mica., After 92 and 78 days the detectors were re-
moved and etched for determining the contribution of spontaneous
divisions in the entire density of the tracks., The rate of accumu-
lation of tracks found amounted to 1.710 % 0.85 tracks/cm?:days. Cel-
lulose nitrate used for the detectors was Kodak-Pathe Ca-80-15. During
preparation for calculation the samples were cleaned with water at room
temperature and then etched for 1 hr 40 min in a 6.25 N solution of
NaOH at 40°C. The tracks of He-4 particles with low energy (< 2.05
MeV) were viewed with a magnification of 430 times as short cylinders.
For determining denslty of tracks, the detectors and flight control
were checked., The TLD plates before measurement were washed with

ethyl alcohol. After this, readings were taken on the standard instru-
ment for TLD. In this Iinstrument, the plates at a glven rate were
heated to a maximum temyerature of 240°C. This caused a flare of

light due to scintillation from radiation by the dosimetric plates.

The quantity of light emitted 1s proportional to the absorbed dose

of radiation obtained by the dosimetric plates. Emission of light

1ls recorded by means of a photomultiplier and an integrating pilco-
ammeter. The dosimetric plates were each calibrated wivh gamma radila-
tion of CS-187 from a source with known intensity. The integral out-
put of current from the instrument was converted in this way to the
equivalent of gamma irradiation.

A correction was also introduced into the TLD readings from the
#2 packet for false background during postflight assembly again. The
U-238 and Th-232 foils were radiated with gamma rays which make a /93
small contribution to the power of the dose, the measured TLD in the
perilod of assembling the packet. After taking the readings upon com-
pletion of flight, the foils were punctured and again assembled in a
racket for measurement of thils background. In the poorest case, the
contribution of this background was smaller than 8% of the total mea-
sured absorbed dose. For most of the TLD it was smaller than 3%.
Between the two packets with TLD, was the assembly with plastic detec-
tors for HZE particles and 0.32 cm of brass so that the background dose
in packet #1 was negligibly small.

,2. Results.

The results of counting the tracks and measurements with TLD are
presented in Tables 5, 6 and 7. Measurements are presented in Table 5

6l



PREICTTY O TRACED

TABLE b

| IN PLANTIC LIF/CELLMLUNE NTTRATY
DETRECTORD FROM DETECTOR PACKED M1

-'—z;;;gjtﬂr émuiﬁu Trunk/nm? ) Proteot.ion
RIV2 + 66 Absent

2 2268 & 66 - v

S 4id t 22 1w Cd

1 431 4 B2 - "
Backeround 1o% i Lo Absent :
fp< 0,8 ev 1785 . 62 I
[, > 0,8 eV Q7L 4 OI - "

T t\ Bl l}’: G

S9K

ey

TLD READTNGS

Packet, or
Detootors

ommnay

Bquivalent Gamma-

Type of Detectors Irradiation (mR)

#1

472

Gy
Lif — Nensereened ' 623 # 3
ééii:‘"' Sereened 589 + 12
%ﬁﬂ F ~ Nonsereened ' 485 4+ 7
CLiF - Sereened 462 + 6
162- - Nonsqreened ' 439 4+ IO
3Z5{?'* Sereened 418 + 4

65



Ve
o)

AT, T §% F
NS SN f

I

BRGOTO L R oonImny TRACKS [N BEVECTORS WITH FISSIONABLE/FOIL MICA

*

v%i§r;;§ii,' : s vt : Recording of ¢ Tracks
hi;h;?ﬂré : Hadialnr : Trac!~ : cm
E k} :>x ? . 3 : ]
' N STt ‘ - N
tﬁ I Bi- <UY TOQ 5.5 " 2.
) Bottom o
Bi- 209 Top 7.8 4 2.8
Bottem 9.5 & 2.8
B1-209 Top 6.9 + 2.4
Bot tom II.7 4+ 3.7
Backgru nd - 0,8 (Ztracks)
[ \\ e pyd ‘ 23
72 "Bl 209 ~ Top | I1.5 + 5.0
Bottom ' 6.0 4 2.4
B -209 \ Top - 10.6 + 8.0
\ Bottom 1202 ;;_‘ 8.8
Tet -181 Top 0,4 (ITrack: )
Bottom 0,4 (ITracks)
. =181 ' N - .
T Top 0,8 (2Trackg
Bottom 0,4 (ITrack

] -232 q LR T
ALPAGETS T h Top 62.9 + 8.1
%%“%%‘ou QUALYTY :

Bottom 60.2 4 7.6
- -232
776 Top 65,4 + 7.4
232 Bottom ' 79.7 + 8.9
rA B Top 5607 :_g; 7.‘3.
vy T2 Top 21 4 To
Bottom QoL + IS

, .24 -238 Top —

+ 40
; Bottom 243 i 5
66 : )



/97

-
wter

e s PSR TEL TR - . £iE N L CEEEUTT e s w2 IRTS mwtmo s R = %

’4"‘5&( Top 2906 e 1o
Bot.t.om - * R38 4 I5
Baelm nd 0
Reassomb Ly Backpround of 176 4 I2
& -
z ﬁ 3b L Spontanecous 165 + 12
Divislon p
ALL Bi-209 8,9 + 2,0
ALL Ter 181 | dou |,
ALl Th -232 64,4 + 8,6
ALL ‘Y -238 Vo4 R4

from plastic detectors made of cellulose nitrate for tracks per em?. /93
The errors involved in them are standard deviatlons calculated on the
basis of statistlical counts. The TLD readings are shown in Table 6.
All of the errors are calculated on the basis of the spread of roeoad-
Ings for certain plates. Table 7 shows the results of measurements
from detectors on a base of fissionable foll. Here, also standard
deviations are glven on the bhasls of a statlstical computation. The
computation of errors for the U-238 measurement was many times higher
due to the Llgh background of spontancous dlvision. Due to the re-
quirements of [Lllegilble] it was necessary that the detector packets
should be assemtled for 87 days so that the tracks caused by spontan-
gous division aceumulated in a significant quantity. The fluences

of neutrons were calculated on Lhe basis of rmeasuremenis described and
the appropriate reactions of the detectors.

Thermal Neutrons

Accordlns te the density of tracks measured with the ®LiF/cellulose
nitrate deteectors which are shown in Table 5, one can see that the com-
ponent of thermal neutrons was 1783 + 62 tracks/em? which equals 80%
of the total density of the tracks. Inasmuch ags the thickness of the
films of SLAF was 4.5 mg/em?, which 1s more than three times greater
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Chin tre e o she Deed pypt teces with enerpy 20,5 eV, {he hiph /98
et Dt LT o the e cetarn Lo fhiermal nentrons ineldent at a solld
supde oy belonped Lot hie celialone nitrate plastic,  For thermal
neutr o Ineldent from che oproanite shde, as a result of selfscreening

o P, dhe conrtdivivr wan deereased.  caleulation of solfsereening
pavesy o eoeielent o deerease of density of thermal neutrons cqual

to 0LTH Pap ealeulat tier Lthe fall fMuenee of neutrons for flipht, it

Lo neeccanry Lo assume that thele Ineldence is isotropie, A fully cor-
vected oo ietont for as ot ool fsereening which 1s necessary was there-
fore el fap evataating. denntty of tracks and amounted to 1.43. The
reaet. bon of oopdimtine sioteetor with a thiek laver of SLiP for a solid
angle T secording to measurement equals 5.6 X 103 tracks/thermal neu-
tron {17, n the basie of these coefficients, the caleulated fluence
of the -nermal neatrons amounts to 3.64:.10% thermal neutrons/Zem?,

The fluence of thermal neutrons can be found according to measure-
ments from TLD, In Table & the equivalent dose caused by neutrons
with enerpgy 1.5 V showed the difference between readings of screened
and nonscreened TLD SLiF. It is apparent that they are equal, respec-
tively, to 59 + 20 and 23 + 13 of equalivents per packets#1 and #2.
Larpe errors are due to calculation of large numbers. In measurcments
with TLD, absorbed doses from charpged particles are dominant. It is
Imposslble to consider that these two filpgures differed widely and
therefore an averaged value was used of 41 MR equivalent. The coef-
flclent of transition from the fluence of thermal neutrons to gamma
irradiation was reported earlier for the SLiF plates [17]. It was
found that 1010/¢m2 thermal neutrons give a thermoluminescent output
cqulvalent to 900+ R of gamma radiation of Cs~137. The fluences of
thermal nceutrons were calculated using this coefficient. A value of
§.56+-10%/cm? of thermal neutrons was found. This was 25% higher than
the value found from 6LiF/cellulose nitrates by the plastic detectors.
Probably the reason 1s covered iIn measurement error of this component /99
with the TLD. The value and higher cutoff of energy from 1.5 eV to
0.3 eV can occur.

Errors iInvelving these two methods are due to the statistical
spread of readings from the TLD instrument, absolute calibration, the
transition coefficients for neutrons, unknown shape of the spectrum
and the degree of isotropicity of the neutrons. It is doubtful that
the low energy neutrons are well thermolyzed. During ruggedization
of the spectrum, the fluences of thermal neutrons inerease. If the
neutrons are not isotropic, effectiveness can be significantly varied.
It is difficult to evaluate subsequent nondeterminancy but vhe method
of obtaining the neutrons, reactions of division in the spacecraft
and in Earth's atmosphere must not relate to sharp deviations from
br to 2t in geometry. Skillful evaluation of error gives * 209 for
plastic 8LiF/cellulose nitrate detectors and -50 to +100% for TLD.

Resnnance noeutrons. Resonance neutrons (0.3 eV-1 MeV) were mea-
gured by these detectors as were the thermal. The section of reactilon
SLi(nT)He-4 [?] 1s decreased with an increase in energy and therefore
the contrlbution of neutrons with energies greater than 1 MeV is small.
That 1is, measurements from detectors screened from thermal neutrons
are caused mainly be resonance neutrons. The reactions of detectors
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tn oan cnerey ranse of neubrons lower than 1 KeV, For an energy of

I MeV, ‘he seetlon drovs Lo (.3 barns. In order to obtain a fluencc

on Lo tards of meoasuremont of density of tracks 1t 1s necessary to
make o oassumption as e the shave of the neutron spectrum, A "soft"
spectrun mives a smaller value of fluence than a "rigld" spectrum., The
spectrun proportional to 1/En can pive a thoushtful estimate in this /100
field inasmuch as this approximately corresponds to the shape of the
proposed spectrum for ncutrons with average energles., One should take
into account also an increase in energy in runs of particles of He-4
which forms during reaction of SLi(nf)Ee-l in this range of Lts energy.
This results in an lncrease in effectiveness of the detector in cal-
culating the reaction. In the case of thermal neutrons, the He-li
particles carry 2.05 MeV. With energy of the neutrons 1 MeV they

carry 2.48 MeV. This approximately amounts to an increase in the run
of particles by 22% in the LiF radiator and an increase in effective-
ness of the count of tracks by approximately 30%. A corrected coefl-
fieient (1 X 0.3 X 10-8ER)~-! was used for the effecctiveness of plas-
tic SLiF/cellulose nitrate detectors and (1 + 0.21 X E-6)-1 for cal-
culation of effectliveness of TLD.

For the SLiF/cellulose nitrate detectors, the reaction in the
functlon from energy of neutrons has the form:_

[l

- N R P S P O D L
@ (‘ [:/LJ}'-* 1‘{»/,}1“( 7 (,I' oA /() Fa "'L*) (,-,;'::.___ 'r s Where

t/L

Rpp -- 1s the reaction of thermoneutrons and ogn and oTh -- the sec-
tions of interaction of neutrons with 8Li, For simplification of
calculations, the section of reaction SLi(nI")lle-4 was approximated
by the expression
o T N
L, o ,J h ;::—.—.—2»-...

—

=0 T

then the relationship hecomes
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U T Tttt T ot AR em e gt o pives un R = 2, 8642070 /101

ST RO NI TL I NI S To T it nnpeavent UToor Tabiie 5 that above {.he
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autet? s dle ceddnban wne coonsueed ot 0¥ 4+ 51 tracks/em?,  This is
~ B

L

Sanvertod ihbe euteon Piaenen of Y, he10%7om? An the fleld of resonance
energles.

Croveiat o o reaonngnee netrank on a basils of measurements with
TLE dn dven daveer errers than in the preceding case. One should use
the diffopenee of two lapse numbers ap when ealeulating for thermal
neutronc,  Besldoo, the oharaeteristles of ecutoff of encrpy of neutrons
b the P10 goveen with thieckness 0,3 ¢/cem? results in larpge error in
deternining the veactiion,  tor findinge reactions of detectors in the
17K sreetrum of reponanes neutrons, a numerilcal integration was made
similur Lo Lhat decerlibed above. For nceutrons with energles between
1.5 Ev and 1MeV, a calibration coefficlent was found equal to 5.8-108
neutrons/em? -- the R equivalent. 1In Table 6, the difference between
the screened TLD 7L1E and the screened TLD SLil 1s the equivalent of
a dose caused by these neutrons. In packet #2 thls equals 44 + 10 mR
equivalents. This gives a fluence of 2.5.107 neutron/layer. This
value exceeds that measured by the plastilc detectors made of cellulose
nitrate by 26 times. Measurements with the TLD must be considered
the main source of crror in spite of the better agreement ol measure-
ments of the separate plates as 1s apparent from the low statistical
fluctuations. When comparing measurements from the TLD it 1s appar-
ent that the difference between the nonscreened 6LiF and 7LiF detec-
tors is 47 £ 17 mR equivalents. This must be the measurement of full
fluence of neutrons according to the ®Li(n,T)He-4 reaction, however,
it is almost the same as the measurement for the resonance neutrons.
One can suspect that here there is a system error. Different types
of TLD plates were placed in a not precisely uniform geometry in re-
lation to the total dosimetric assembly. The djfferences between mea-
surements 1nh packets #1 and #2, and also a certain increase in the /102
TLD readings in the front section of packet #2 indicate that consider-
able attenuatilon of fluences of incildent charged particles occurs in the
dosimetric assembly 1tself. One can assume that varying attenuation
tested by different types of TLD creates a fluctuation which is al-
most the same size as the small difference corresponding to interaction
of resonance neutrons.

Errors inmeasurement with the plastic SLiF/cellulose nitrate
dosimeters are considerably smaller. Most of the error is due to as-
sumptions as to the shape of the spectrum of neutrons and the statls-
tical spread in the counts of the tracks. The error limits in these
measurements are estimated from -30% to +50%.

High enerpy neutrons. The fluences of high energy neutrons were
determined by measurements with detectors from fissionable foils in
combination with mica. The appropriate c¢ross sections for Ta-181,
Bi-209, Th-232 and U-238 are presented in drawings 8 and 9. In the
former, the cross sectlons are glven for reactlons of the neutrons
and protons with Th-232 and U-238 with enerpgies less than 40 MeV. For
Th-232, the section of reaction wlth both types of particles was com=-
pared with energles hipgher than 32 MeV but for U-238, the section of

70

L gy e gptaeae e e ey



/103

k-4

:on {barn)

=

divis

Ry
]

Section of

-~ v . | o . —

O~

Energy of neutrons (MeV)
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neutrons is considerably higher. The cross section for protons with /102
energles between 10 and 10% MeV is presented in Table 9 for four ra-
diator isotopes. On both drawings, the cross sections are taken

from published data [11, 12, 20, 21, 22]. Certain gaps in the data

are filled by interpolation. Cross sections for protons and neutrons

are similar with an increase in energy of nucleons at least in that

the effective charge of the proton becomes relatively less significant.
Somewhere higher than 100 MeV, the curves of the cross gsectlons become
approximately uniform. TFor Bi-209 and Ta-181, the cross sections of
reaction (n, f£) and (p, f) are assumed to be identical.

£S3 ]

The sensitivity of thick fissionable folls 1in measurement is /10
equal to 1.16-10-% tracks/neutron-barn [L4]. Therefore, sensitivity =~
to the spectrum of nucleons depends on the effective cross section of the
detector for the spectrum which ls given by the expression.

[ 2t}

,«"",f: 2 '/‘/__3 .C"é/f
(’)va"‘ ‘(\7\/”}'//( / , Where
]

o(E) =- the spectrum dependent on the energy of the section N(E) -~
is the normalized spectrum of nucleons. The precise shape of the
spectra of protons and neutrons on the Kosmos-936 is unknown. However,
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Mgure 9. Cross section of reactions (p, ) for
Ta-181, B1-209, Th-232 and U-238 in
the field of energy from 10 to 10% MeV.

the proton spectra were measured iIn another orbital flight using nu- /105
clear emulsions. A typical example can be measurements on the Bio-
satellite IIIdescribed in the references [8]. A numerical differen-
tial spectrum of neutrons was used as the representative spectrum of
neutrons; it was created in an atmosphere of cosmic radiation [13].
The spectra for a number of atmospheric pressures were calculated

at an altitude from 0 to 700 g/cm?. A case of 0 g/em? which glves the
most rigid spectrum was used. This calculation must give the best ap-
proximation for conditions on board the spacecraft. The methods of
forming the neutrons are the same In both cases. The relative spectra
of protons and neutrons are constructed in Figure 10.

For determinine the effectiveness of detectors with Bi-209, Th-232,
U-238, for the spectraof neutrons presented above with energies greater
than 1 MeV, a numerileal integration was made. For the deteetors with
Ta-181 this was not done. The density of tracks on these detectors
was at a backpround level or about 0.5 tracks/em?. The cross section
of Ta~181 cuan be represented as being approximately constant equal to
30 mb wizh encorgies exceeding the threshold of activation of the
nucleon 1 1000 MeV. Therefore, the sensitivity of the Jdetector e%uals
3.5.10-7 tracks/nucleon. The background was equivalent to 1.5-10
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QB%%%QQ with energy greoter than 1 GeV. On the Kosmos-936, the flu- /107

ences in this enerpy fileld were considerably lower,

Calenlation of the effectiveness for the proton spectrum was also
made for the three most sensitive detectors. The effectlive threshold
was placed at 17 MeV for detectors with Th-232 and U-238, and the spec-
trum of protons below this enerpy was cut off. The results of calecula-
tions arc rresented in Table 8. An attempt was made to determine the
fluences of rrotons and neutrons primarily by calculating density of
fracks expeciand with diffeeent percentapes of theilr total number ex-
plained by neutrens and then by comparing the numeriecal values with
the experimental densitles of the tracks for obtaining the "best" ap-
proximation., The results are presented in Table 8. The number of
detectors was much smaller and the error much larger so that this ap-
proach was useful, The errors corresponding to the experimental values
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CATLCULATION OF DENSITIES OF TRACKS IN FISSIONABLE FOILS FOR DIFFERENT
CONTRTIBUTIONS (7) TRACKS CAUSED BY NEUTRONS

Yot . , . . , Bxperl-
108 208 * 30% * HOo% ' 5074 1007 ' mental

Detector * 0%

e _ Results
B1-209 b8 .0 6.9 4.0 7.7 7.0 6.2 Ol w0
Th—?,:ga 5'709 FSOG 59.3 5:’1‘(;5 6005 63:.2 6&05 '640'; e U.{l
U-238 67,4 92.0 ©6.7 I0I.8 I05.6 II0.5 I&5.7 "7/ = i
involved statistical computation. Also large errors exlst caused /107

by assumptions made for calculating effectiveness. The best approxi-
mation is obtained in a case where the composition of nucleons 1s close
to 100% af the protons but this 1s only an idea.

For clever calculation of the fluence of neutrons it was necessary
to determine the relatlve content of protons and neutrons in them by
some different method. There are reports [6] on certain measurements
of fluence of protons and neutrons on the Skylab. Thesc measurements
were made simultaneously by an actlivation method during orbital flight
in conditlons similar to that on Kosmos-936, Flows were measured with
two and three protons/cm?s with energy 30-100 MeV and 0.906 protons/em?s
with energy 3-15 MeV. With the shape of the spectra assumed for nu-
cleons in this caleulation, these values are converted in the Jlux Lo
7.84% protons/em?e with enerpgy greater than 17 MeV and 3.94 neutrons/
em?s with enerples preater than 1 MeV. Starting from this relation-
ship of nucleons, 1t was found that a 24% weilghed density of tracks
was due Lo neutrons. This plves us a fluence of neutrons with energy
sreater than 1 MeV on Kosmos-936 equal to 2.1:10% neutrons/em?. The /110
corresponding fluence of protons with cnerpgy preater than 17 MeV
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in the form of a function of LET_, of protons, can be comparcd with L
representatives of the spectrum of protons during orbiltal flight or

an evaluation of the total thermoluminescent effectiveness. The

curves of dose and flux obtained by Shaefer and Sullivan [18] and
represented in Fipgure 12 can be used for this purpose. One can see

that about 268 of the total dose from this spectrum 1ls due to protons
with LET > 10 keV/m when a noticeable loss in sensitivity occurs.

With maximum LET for protons, 8% keV/m, the sensitivity drops to almost
0.5, The tull dose for this spectrum must be lnereased by approximately
7%,  Assuming that 9n% of the dosc measured by 700 TLD plates is due

to protons, the correction is €%. The errors in measurement in ab-
sorbed dose is due to statistical computatlion shown in Table 5, the
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7 [18].

absolute calibrated plate is about 5% and error in determining effec- /110
tiveness of measurement in particles of an unknown spectrum is less '
than 3%. The values of the equivalent ilrradiation were converted to

a tissue dose by multiplying by the coefficlient 0,957. In packet #2,

the absorbed dose amounted to 424 mrad % 9%. Although in packet #1

there was no TLD with 7LiF, one can select a number by interpolation

among, the screened SLiF detectors. The absorbed dose in packet #1, /113
in this way, amounted to 523 mrad + 117, The increase in absorbed

dose by 19% in comparison with packet #2 1llustrates the effective-

ness of screenlng of the American dosimetric assembly.

Discussilon

The fluence of neutrons in the fleld of thermal energles was
equal to 3,64.105 neutrons/em? (0.228 neutrons/em?s) for 18.5 days
of flight of the Kosmos-93G. The error of thisc value 1s estimated
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ab 4 A0, Thip eormenpodn toon o doage of 6,37 mrem.  The thaonesn of
nenbrons In the Ploepd o regondnes ongien (0,3 oV=1 HeV) wap shicwn
to onqual 9.5+:108% nentpapsZen? (6,59 newt onsZem? o) with eppep 1ot
from -307 ta 4507, Thic flnenso coprecnonds to approximately b mrem
In the fietd af high enereles (1 9oV Lhe Leost eotimate of fluenee
of noutrons wan O, L0106 neutvrons/en? (1.3 neutrons/Zem®s),  The ac-
sumptione made daring the ealenlotione ean invadve an cpror in this
number by 2 magnitude but the result wao obtained by comparison with
other moasurement.s with similar eondittions [15).  The dode ecerpospon:
ingg Lo the fluence found amounts Lo abent 125 mryem, The full desc
due to eharped partieion plng aboorbed dose of ramma radiatlon was
also evaluated, T¢ varied from 400 to 523 medd for two positions wii’
diffepcnee in thlekness of proteetidon in all  of ceveral p/em?, The
errors involved in these numbers arce about 107,

6. Huelear Emulsions,

Monitoring of the proton component on the Kosmos~936 was done
using nuelear emulsions of the Ilford G.% and K.2 types., At first
it was intended to measure the LET speetrum of protons in an enerpy
ranpe from 0 to approximately 100 MeV., The wethod used as was pointed
aut by 8chaeferand Sullivan [19] required using emulsions with varying
sensitivity. TFor thly purpese, the above listed types of emulslons
were eollected in a paecket (dimensions of the emulslon 3.8 X 5.1 cm)
and vlaced on all surfaces of the American 25% section and the joint /114
505 plastice foam cube., The emulsions in plastles are a necessary ‘
component In a passive monltoring aocembly. At the same time as pro-
tons with normal conditions, the etehing of the existing plastic de-
tevtors are not recorded by them the nuclear emnlsions are a well
recommended method with hiph sensitivity and resolubtilon capabllity
for work with sinmle-charpe partieles.

6.1, Material and Method.

For recording protons, the G.5% emulslon was selected 25 um and
50 wym thick and the K.2 emulsion 100 um thick. The latter are sensi-
tive to protons with an enerpy of approximately 80 MeV and the former
record all charped partieles wilth any encergy. Each emulsion is in-
stalled on a sublayer made of Melinax with a thickness of 178 um,
Usually, before assembly of the emulsions, they are stored in a re-
frigerateor. At the time of assembly they are placed according to
type in thickness and are sealed with hot welding in an opaque black
polyethylene packet 0,015 em thielk, all this work 1s done in a dark-
room. Each such small packet besides several sheets of plastle is
also sealed in a single black bag and placed together comprise a
single "orthoponal” detector. The 12 American orthoponal detectors
and * e 6 Soviet wern collected together using [illepible] telephone
tape attached to the Joint cube and to the 25% American section,

After obtalning the exposed material, the orthoponal detectors
were separated from the surface of the cube. They were tested on the
approprlate assemblies required after whileh the small packets with
the emulsions were removed and placed again in the refrigerator, In
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n dark rocm, the omulsions were removed and the packets were placed
according to number on the orthogonal detector (from 1F-US to 12F-US

and from 7F-S ton 12F-5); on each emulsion, a dilsk 3-4 mm in diameter /115
was scratched and in each disk the thickness of each emulsion was
measured., Then, each emulslon was separately mounted on a Luclte

plate with dimensions 4.5 X 7.6 em? using acral-l -2 dichlorecthane

glue (this was done for convenlence in rotating the emulsion dQuring
processing). Along with the flight emulsions, two reserve packetbs

wire also prepared by the same method (1B-US and 2 B-US) for proces-

sing.

All of the emulsions of the G.5 type with thickness 25 and 50 pm
were processed 1ln a D-19 developer without preliminary wetting (they
were immediately transferred to the heat stage) and the K.2 type
emulsion wilith thilckness 100 um were developed in amidol with prelim-
Inary wetting in the heating stage. After processing, the emulslons
were carefully removed from the Lucite plates and the melinex sub-
layer was washed. Then the thickness of each emulsion was measured
and two regulation apertures were drilled in each emulsilon; then they
were packed in light-proof boxes. Then Inspectlon was begun of
samples of the K.2 emulslon from the 7 F~US and 1l F-US assembliles
in the presence of the ends of the proton tracks. Inasmuch as the
K.2 emulsion was less sensitive than the G.5, with the same exposure
on them there was considerably lower density of grain apparent and
therefore the ends of the proton tracks could easlly be detected.
However, in view of the long duration of exposure (18.5 days) a very
serious problem was the excessive density of tracks so that one had
to use an lmmersion lens wlth a 100-fold magnification and a 10-fold
magnifilcation eyepiece just to scan the ends of the proton tracks.

The criteria for selectling the ends of the tracks were the following:

the track must intersect one of the surfaces of the emulsion (that is,

it must as a whole be within the volume of the emulsion as can occcur

in a case of protons c¢f emission formed); the track cannot be {laken at

the beginning of a star (which would exclude these two possibillities

that each end of the track is noted on the opposite side in order to

be sure that 1t intersects the surface and does not pass through from /116
a star); in the consideration one must include tracks of all immersion
angles.

As was pointed out above, the extreme density of tracks regulred
recording with high magnification and moreover, only 25% of the fiel"
of wision could be scanned at one time so that one did not lose the
ends of the proton tracks. QOne hardly need say that in the most sei
tive G.5 emulsion 1t was practically impossible to count the grains
the tracks even with 1000-fold magnification. This prevented evalus -
ing the LET spectrum of protons with energies higher than approximat:..
10 MeV (10 MeV approximately corresponds to a value of the LET at whim
in the ¢.5 emulsions it is impossible to count tke number of grains in
a track, that is, the denslty of grains is so high that the tracks ap-
pear to be continuoug).

6.2. Results.

A count of the ends of the tracks from the K.2 emulsions was done
in 7F-U8 and 11F-US orthogonal packets. In the volume of emulsions
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oxamined, o eorrecticn was made for preelpitatlion and a recount was
made for the equivalent volume of tissue using the averape ratlo of
retarding capabllity equal to 2 (in an interval from 0 to 10 MeV the
ratlo of retarding eapabilitiesn of tiscue to the proton vardes from
1.7 Lo 7.2), Using the well known values of LET and XKQ (coeffietent
of quality) 1u the tissue as 4 functlon of energy protons, the absapp-
tion doses and equivalent doses were found. All of these data are
summarized In Table 10.

TABLE 10 L1317
Orthogonal Totnl Number of Count- Volumotric Dose Bquwlvalent
Detectors ed Ends of Tracks Dens ity (Millirad) Dose
(Particles (M1111rem)
emd Gissue
"H-US 96 + 9.6 (2.56:0.27)x10° 44,2 & 0.5 I30.2 & I8.Y
. . - (- l . . » . .
II p"lv/g a9 + 6.2 (Zob,;/xOo(.LG):(IOO 49,6 e 0.8 148,90 ol s
6.3. Discussion. /116

The purpose of thils sectlon of the experiment was to evaluate the
contribution of protons to radiation during flight of the Kosmos-936.
For an evaluation of i1rradliation by protons in the interval of enerpgy
from approximately 10 MeV to approximately 100 MeV we used the G.5 /118
emulsions and a count method for “he number of prains depending on the
LET, This function can be obtained from the calibrated curve of the
relationship of the number of grains to the residual run in & glven
emulsion for the long ond of the tracks and the tabulated date of the
relatlonship of the LET to the residual run of protons in the G.5
emulsion [10]. In the field from 0 to approximately 10 MeV in the
tracks of protons in the G.5 emulsion it was very difficult, 1f not
impossible, to count the number of grains. Inasmuch as the K.2 emul-
slons easily record the ends of the proton tracks and thanks to their
lower sensliltivity in comparison with G.5 emulsilons, they with uniform
lrradiation form less apparent grains whose differentiation and count
of the track enids is much easier. Measurements with the X.2 (0-10 MeV)
and with the 3.5 (10-100 MeV) components, with addition give the full
spectrum of protons from 0 to 100 MeV.

Even preflipht it was well known that in the ¢.5 emulsions the
tracks with minlmum density of grains (g, = 19 grains/100 wm of emul-
gion) and more probably tracks with 2 po and 3 g, cannot be dlfferent
due to the excessive density of tracks expected n this long-term
flight (3 g corresponds, approximately, to 100 MeV protons). However,
the irradliation was such that it was practically impossible to count
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the peatne In Lthe G5 emulsions with a thieknens of 25 or 50 um and

Lt was very A1 Teuld and time consuming to determine the number of
track ends In the K.2 emulsions. For this reason, results are obtained
only feor protons with energies from 0 to 10 MeV,

AddiL;unui anorts.

Additlonal reports on the K-206 experiment will be presented later.
They will be based on studles beinp made at the present time. Ceortain
fields of the work belng done arce described below,

The results of gamma scanning on the Vostok type satellite, on
the Koomoo-93G, whleh pive a distribution of protection of spacecraft
In relation Lo the contatiner for the K-200 experiment are nocessary /119
for analysis of the effeet of protection on the fluence of HZE par- '
tleles. The results of gamma scanning were not obtained.

A comparison of the Soviet and Amerilcan experiments which was
the main task of the K-206 will be made later after an exchange of
reports.,

Studies of the effectlveness, sensitivity and reactions of plas- »
tle detectors with accelerated lons of a known energy and charge ob-
tained on the Bevalak in Berkeley are beinp made. The results of
these studles will be used for improving existing calibrated relation-
ships for plastle detectors and treating of results obtained in the
K=206 experiment.

In order to considerably improve precision in determining 2 and
expand the spectrum up to Z = 26 the Lexan part of the assembly wili
soon be measured. The results obtained from the Lexan will be tied
to the results from the layers of cellulose nitrate.

Other improvements in the Z speetrum proposed for the fubture will
be measurement of larpe values of etched tracks of particles. This
assembly was measured with a resolution of 7 um. It is completely
possible to obtaln a 5 times larger resolution without a corresponding
incerease in measurement time, This will be done by scanning with low
mapgnification and measurement with large.

An analysis ol data on measurement of neutrons is being done right
now. Calibratlion of thermal neutrons being made at the present time
makes 1t possible to direetly calibrate the detectors which were on
the Kosmos-936. This will be better than that based on biblilopraphical
data which can be less precise. Also, the coefficient of selfscreening
will be measured. Such studles are being done to elarify the question
as to whether approximations used when caleulating fluences of high
energy neutrons can be improved.
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Conela'on, o

Avo nopepult of stndios made on E-206 experiment the following
ean heo rainted outs

L. Tue o valuen of doses measured by the Joviet and Amerilcan
therme Laminesceent dosimedors oelnclde In Limlts of error for the ex-
periment. Close valuen of doses were obtained and calculation on
the LET spectrum measured by the Soviet nuclear emulsions.

2. The values of abporbed doses of protons with energy less
than 10 Xe” measured by the Soviet and American speclalilsts using
emulsions practlically coineide. The equivalent doses vary by 1.65
times whieh 1s Jdue Lo the higher value of the quality factor obtained
for the spectrum of protons in the Soviet emulsions (QF = 4.9 in the
Soviet NFE and 2.95 in the American NFE). The causes for this dls-
parity must be clarified Iln subsequent experiments.

3. In the K-206 experiment, close values of fluences were ob-
tained for heavy charged particles measured by the Soviet and Amerilcan
plastic detectors. The cause of divergence in fluences of heavy nu-
clei was successfully understood in the experiment on the Kosmos-T782
AES. The basis for this difference was the different thresholas of
recording of the Soviet and American detectors, an. the difference in
positioning. Moreover, as a result of calibrations, the threshold of
recording KNTs was made more preclse for large charges. Earlier, in
calibration for low energy ilons at Dubna, the threshold of recording

particles with LET;o amounted to 196 %%E. According to the results
of calibration at Berkeley with high energies, this threshold amounted

KeV
to 230 o
4, In the K-206 experiment, close values of fluences of neutrons
were obtained with energles greater than 1 MeV. DMeasurements were made
by specialists in the USSR and USA using fissionable foils. Later on
interest was expresced in obtaining data on spectra of neutrons.

of the charge spectrum.

5. Estimated measurements made in the K-206 experiment using /123
the TLS for doses outside the satellite indicated that the size of
the dose for flight reaches 20 rads whereas radlation is fairly soft
and the dose drops sharply with thickness. There ls further interest
in a more careful study of the composition of radiation outside the
serellite and also the principle of attenuation of this radiation in
the piwtective shield.

6. A calibrated curve of the relationship of LET to the potential
of development of the emulsion was obtained for the first time in a
broad range of LET values.

7. The first experiments were made in ctudying fragmentation
of iron nuclel in an emulsion. For this purpose at Berkeley the
emulsion chambers were irradiated with ions of iron. At the present
time, the results are being processed.
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e in the -0 caporipes s M ownn dipcovered that the gshape of
the 1.0 syeetrn ubua.rrd i ine =1 cpeatrometer and nuelear emulslions
differ froan ecach others Po Jdloecrves Lhe cause for this disparity,
urpwu‘.txw oin neeonnnry 4o condued pround experiments on beams of
shap: v ;untiﬂ1eu st the =1 and the NFEF as detechtors.

Cvothile way Lthe Vel cxzropinends has made 16 possible to obtain
new lnlormatlon on oberaetepistiens of eosmle radiation in the bilo-
aabal T lLo arbit, e oo ?rvnil ardderstand the results of the preceding
uxpvy:mnnt on Lhe Hoomog=780 ARC, MQPQDVﬁr, this experiment from be-
sinnince Looend was ndanned and conduected as 2 Jolnt Soviet-American
expertnent,  The E-266 experiment also Pos ed new questions which must
Lo seivad In sueececeding Soviet-American experiments on the radiation
protost ion ot the h~“0ﬁ on the 1979 biosatellite, In the desien of the
K~-304 experiment, conclusions of the study on the Kesmos-782 and 936
AES are consldered and partlcular attention will be devoted to the
following:

-~ study of the characteristics of cosmlce radiation outside a
satellite and also the principle of attennation of this radiation
in the protective shield;

-- study of the neutron component (spectra, fluxes); /12l

~=— study of the characteristics of radiation in high LET-nucleus
outputs;

-=- expansion of the LET range of recorded particles. Tor this
purpose 1t was proposed that one use new types of plastic detectors
of the CR type which make 1t possible to record low energy protons;

-- conduct of ground calibrations of detectors on the USSR and
USA accelerators;

-- a further study of fragmentation of heavy nuclei as the pro-
tective substance.
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