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ON THE DECREASE OF THE ION PULSE DURATION
AND ION PULSE RATE IN A CYCLOTRON

N. I. Venikov

Translated from Atomnaya Energiya, Vol. 11, No. 5,
pp. 421-425, November, 1961
Original article submitted March 23, 1961

Results of calculations and experiments dealing with shortening of the duration of ion pulses on the

target of a cyclotron are presented. The possibility of changing the jon pulse rate by deflecting with

a high frequency potential applied to an electrode inside the dee,which draws off the jons on the first

half turn is discussed, '
Calculations and experiments were made for the condition of deuteron acceleranon up to

10 Mev in the one and one-half meter cyclotron [1].

Shortening the Duration of Ion Pulses
In the case of normal target current intensity (1-10 pa), minimal duration of the separate accelerated jon pulses
is required for resolution improvement in fast neutron time of flight spectrometry [2].

It is possible to decrease the pulse duration both by limiting the interval of the starting phases and by selection
of the accelerating condition. A collimater, shown schematically in Fig. 1, which consists of a slotted diaphragm and
a narrow channel along the first half turn of the ions,was set up to select a narrow starting phase region of ions in the
center of the cyclotron under 10 Mev deuteron accelerating conditions. The collimater was designed to pass ions with
starting phases between 0 and +10°. This phase region will change in the process of acceleration, during which the
character of its charge, for constant potential difference between the dees, will depend on the relative excess of the
cyclotron’s central magnetic field above the resonance value, i.e., on -

Hy— I
5= 077 Yres %.

Hpeq

The ion phases and the number of revolutions were calculated for various & as a function of the radius of accelera-
tion. 'The extreme starting ion phases which passed through the collimater, i.e., 0 and +10°, were used as the ex-
treme starting ion phases. If AH(R,) denotes the increase of the magnetic field intensity above the resonance value
Hres(Rp) at the radius Ry, then the phase change of an ion on the nth revolution wilt have the form

AH (Ry)

Ap,= —2p —2 20/
O T s (B

(1)

where Hpes(Rp) depends on the acceleration radius because of the relativistic mass increase.

The ion radius of the nth revolution is determined from the formula

R o—_ 01 T E, ' :
"mEHE V om 2 @)
T4

where Ep is the ion's kinetic enkefgy on the nth revolution equaling

'En -;,En_i +4ZeVo ¢os Prs - ) 3)

Z and A are the jon charge and mass number respecuvely [En], [eV,] are in units of million electron volts; [HRp)]
is in oersteds; [Rn] is in cenumeters
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The calculation showed that, for a dee potential difference of 95 kv and ions with. starting phase between 0
and +10°, acceleration to the exit radius was possible only for § = 0,75-1.2 % (Fig. 2), during which, according to
the calculation, the beam intensity does not vary for a change in & from 0.8 to 1,1%.

The calculated results were well confirmed by experiments on the cyclotron. The dependence of the beam in-
tensity removed at the exit radius on the cyclotron's magnetic field intensity is given in Fig. 3. A mixture of deuteri-
um and helium ions was fed to the source and the magnetic field was varied, while holding other parameters con-
stant, in order to measure the dependency of Ip+ and IHeIZQ on H.

onirol .
welectrode

Fig. 1. Schematic of the cyclotron's central region.
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Fig. 3. Dependence of the ion current stripped at the

exit radius on the magnetic field. (A mixture of D,

and He fed to the ion source.)
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Fig. 2. Dependence of the final acceleration radius on
the mistuning of the magnetic field for two ion starting
phases (0 and +10°),

The distance between the centers of the I+ and
Ifje /2 on the abscissa is determined by the corresponding
value of A/Z and is 0.63% of H; the full width of the
Ip+ or Iye 2 peak is about 0,5% (0.45% according to the
calculation),

Figure 4 shows the calculated dependence of the
ion phases at the exit radius on & ; the values of the ion
phases which were measured with the neutron spectro-
meter described in reference [4] are plotted by the inter-
secting straight segements. The abscissa calibration is
described above. The height of the segment corresponds
to the peak width at a height 0.1 from the maximum in-
tensity. The slope of the calculated curve and the experi
mental dependence are practically identical. The per-
mitted phase region on an external target is apparently
somewhat smaller than calculated since ions with phase
close to /2 are not able to pass through the deflector
2ZeV,
Ex

because of small spiral pitch (AR= Rexijt cos ).

The permissible cyclotron magnetic field instability can be calculated as a function of the allowed ion pulse
width from the resulting dependences. An instability in the magnetic field intensity of 2 - 107%, which is possible in
the cyclotron used, results in a broadening at the target of the ion pulse equal to 1.5% of the high frequency period,

Figure 5 shows the calculated dependence of the ion phase difference at the exit radius on §., The experi-
mental values fall above the calculated curve apparently because of the inherent spectrometer resolution; however,
the nature of the calculated and experimental dependence is practically identical,

1066

Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9



Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9

For a given magnitude of § there is a minimum final jon phase difference which corresponds to the case when
the final phase of an ion from the center of the phase region under consideration is equal to zero. It is necessary to
utilize this circumstance to effect a mgmflcant decrease in ion pulse duration at the target without a substantial les-

sening of the jon current intensity.
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Fig. 4. Dependence of the jon phase at the exit
radius on §. The experimental results (on an

- external target) are shown by straight line seg-
ments,
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Fig. 5. Dependence of the ion phase difference at the exit
radius on 6. Experimental values for an external target are
shown by the crosses,
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Fig. 7. Dependence of the difference in the number of revolu-
tion made by ions with @q, = 0° and ¢g, = +10° during their
acceleration out to the exit radius on the excess magneuc
field at the center above the resonance field.

An additional increase of ion pulse duration on the ex-
ternal target may be produced by the geometrical path dif-
ference of the various beam trajectories from the deflector
to the target. The "broadening” of the ion pulses at the tar-
get" due to the increase of the geometrical path difference
‘was measured for the operating conditions under consideration
using a neutron spectrometer - and shown to be approximately
4% of the high frequency period. It is possible to reduce the
pulse broadening (with a loss of intensity) to a sufficiently
small value by stopping down the beam with a simple dia-

phragm. In order to reduce this broadening to 2 minimum without an intensity loss, it is necessary to employ either
a two magnet system with a compensating path difference or to decrease the beam dispersion, for example, by using

quadrupole magnets.

* The distance of the target from the deflector was 12 cm; the maximum dlmensmn of the beam halfway from the
deflector to the target was 10 cm; the average deflection angle was 26°,
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In most of the work which was carried out on the cyclowon with the system described, the ion pulse duration at
the target was 2-3% of the high frequency period(width at half maximum) for normal (1-10 pamp) ion current in-
tensity,

.Change of the lon Pulse Rate -

It 1s desireable to decrease the jon pulse rate in order to extend the time of flight spectrometer’s range to lower
neutron energies. To do this an electrical ion deflector can be employed either after or during acceleration, It would
be extremely desireable to effect a beam modulation at the beginning of the acceleration process with an electro-
static system,* A lower voltage is necessary to supply such a
system; the system also removes the background from the de-

n, revolutions

0 flected particles,
' 1 - There was studied and tested in practice a modification
0 - % for changing the ion pulse rate, which deflected the ions in
' / the first half turn by means of an alternating voltage at one-
40 Y/ _ half the cyclotron's frequency and of about 1 kv amplitude
f / 10" applied to the control electrode (see Fig. 1). The collimater
30 A in the cyclotron's center was so designed that it allowed ions
' ‘ / ' in the phase region between 0 and +10° to pass when a negative
20 / : potential of about 1 kv was applied to the control electrode.
. / With the same positive potential, the collimater did not allow
0 // - : any jons to pass. Figure 6 shows the target current dependence

on the fixed potential on control electrode. The potential
at which the maximum quantity of ions are allowed to pass
corresponds to the calculated value, When a high frequency

0 0 20 30 40 56 60 RgRcm

Fig. 8, Variation in the number of jon revolutions potential in proper phase with the high frequency dee voltage

as a function of the acceleration radius with is applied to the control electrode, the collimater passes every

Ho*Hres =0 .08"70 second ion pulse. Thus the ion pulse rate in the central regiiin
res R of the cyclotron was decreased by a factor of two. '

Unfortunately, this still does not mean a decrease in the ion pulse rate in the beam issuing from the cyclotron,
Ions, which leave the source in different phases of the dee accelerating voltage, in general, make a different num -
ber of revolutions during acceleration out to the exit radius, For the system described, with 2Vy = 95 kv, the dif-
ference in the number of revolutions made by ions with starting phases between 0 and +10° during acceleration out
to the exit radius was calculated to be between 0-24 depending on the magnetic field adjustment (Fig. 7). Because
of the variation in the number of revolutions, the ion pulse rate striking on the target is the same as the cyclotron
frequency, lons with starting phases between 0 and +10° make an identical number of turns out to the exit radius when
the central magnetic field is a certain amount higher (in this system at § = 0.8%) than the resonance value (Fig. 8).
In this case a decrease by one half in jon pulse rate should be observed. The experiments which were carried out
showed that such a decrease in the ion pulse rate (actually very unsteady) is observed, but careful tuning and a high
degree of stability are required of the cyclotron parameters.

The allowable instability in the magnetic field intensity for the system described was calculated to be equal
t0 0.7 » 1074 and the allowed high frequency dee voltage amplitude instability was 4 * 10™, The maintenance of
these limits should guarantee a steady "skipping” for a given tuning of the magnetic field, Both tolerances are less
than the aceuracy of the stability secured from the stabilizing apparatus on the cyclotron used,

It is quite obvious, that the stability requirements are simplified by decreasing the ion starting phase region and
in the limiting case of an infinitely narrow phase region there will be no "mixing.” All this indicates that at the
present time one should change the ion pulse rate on the target by deflecting ions which are accelerated up to full

- energy, for example, as is suggested in reference [6]. -

The authors deeply thank N, A, Vlasov, S, P, Kalinin, B, V. Rybakov, and V, A. Sidorov for sustained interest
in the work and their joint discussion of it; N, I, Chumakov, V. P, Konyaev, and G, N, Golovanov for making a series
of calculations; Yu. V, Korshunov, A, V. Antonov, and E. A, Meleshko for the deisgn and adjustment of the elec-

tronic apparatus for the control electrode supply.
* Reference [5] suggests the production of a modulated beam by sufficiently short pulses on the deflection system near

the ion source. '
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THE CALCULATION OF HEAT TRANSFER IN TUBES
FOR THE TIURBULENT FLOW OF LIQUIDS WITH SMALL
PRANDTL NUMBERS (Pr«< 1)

V. M. Borishanskii, N, I. Ivashchenko, and T. V. Zablotskaya

Translated from Atomnaya l:Znergiya, Vol, 11, No. 5,
pp. 426-430, November, 1961
O;iginal article submitted December 29, 1960

A method is described for calculating the heat transfer in turbulent flow for a three-layer thermal
model with Pr « 1. A comparison is made of the results of the three-layer calculation of the tem -
perature field with results obtained from experiment.

Heat transfer in the twbulent flow of a liquid in a tube for Pr « 1 is most often treated by using the two-layer
(Prandtl-Taylor) or three-layer (Von Karman-Shvab) dynamic-flow model. It is assumed in this theory that the transfer
of heat and momentum in the laminar sublayer is determined by molecular processes, in the turbulent core it is deter-
mined by molar transfer, and in the transitional layer (in the three-layer model) by both processes. In liquid metals,
when Pr « 1, it is also necessary to take into account the molecular transfer in the dynamic-turbulent-core region,

- This was done analytically in the work of Martinelli [1]. Lyon, in [2], simplified the methods of calculating heat
transfer by introducing integral relations for the calculation of the temperature field, At the same time, the works
of Pohlhausen {3], Schlichting [4], Kruzhilin [5], Shvab [6], and others, in combination with the idea of a dynamic
layer, led to the conception of the thermal layer. In calculations,in this case, the question arises of the difficulty
of taking into account the fact that the boundaries of the dynamic and thermal layers are not the same.

The general theory for liquid metals was developed by Levich in [7], For the calculations the latter proposed
the two-layer thermal model and its superposition on the two-layer dynamic model, Calculations using this method
yield only a qualitative agreement with experimental results on heat transfer in liquid metals. In the present work
an attempt is made to develop this theory by introducing the idea of the three-layer thermal model that was proposed
by Borishanskii in [8],

The Three-Layer Model for Heat and Momentum Transfer
In the calculation of heat transfer in a cross section of the flow, we will use the following three-layer model:

1) a thermal sublayer with molecular heat transfer;
2) an intermediate thermal layer with molecular and turbulent transfer;
3) a twbulent thermal core, where the heat transfer occurs only as the result of turbulent transfer.

Momentumn transfer is assumed to occur as in the usual three-layer model, where the boundaries of the dynamic
regions are taken to be equal to [4]
Yy v ' Yo ot
Mg == =9, N = = 30 @

N L

T .

- where v*= V—g_ is the dynamic velocity (here r, is the tangential stress at the tube wall and p is the density
of the heat-transfer medium); y is the distance from the tube wall; v the kinematic viscosity; 14 = (yv/ v)the
non-dimensional distance from the tube wall used in describing the velocity field; the subscripts d1 and d2 denote
respectively the boundary of the dynamic sublayer and the boundary of the dynamic turbulent core, The boundaries
of the thermal sublayer and the thermal turbulent core can be determined from the following considerations:

1. We can assume that in the flow zone, relative to both the dynamic and thermal development of the tur-
bulent core, there is similarity of the non-dimensional differences of the temperature and velocity, Analytically, this
can be expressed by the relation
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1 n )
= — ln—.

? N2 ‘
In the consideration of the temperature field we have

t—1,, . yu*

Q= Qr= R 7]——'7]1*:7;

while for'the velocity field

w—w2 d 1 v¥

P=g=—(p > M=Nad=" -

Here t is the temperature, t* = L the dynamic temperature (where q is the thermal load, C the specific heat,

Cyv*

and y the density of the heat-transfer medium); athe temperature transfer coefficient; 7 the non-dimensional

t-try, W-Wy

‘”'—t"'i: v

21

%

2 ——/
oY
1
0 ¢
7 12 14 16 18 20 22 24 26
v* v*
vy y
log .. . S
%8 — ; log -~

Fig. 1. Comparison of experimental measurements of
temperature and velocity in the turbulent core. Tem-
perature field for mercury: O) Re = 119 - 10% [97; +)

Re = 290 - 10° [10]. Velocity field for water [11]; ®)
Re = 396 - 103; 0y Re = 205 - 10%; —) graph for the rela-

distance from the tube wall, used in obtaining the tem-
perature field; wthe velocity at the distance R from the
center of the tube; and % the turthbulence constant.

From the similarity of the fields of the temperature
difference and the velocity difference [the formula (2)],

it follows that in the turbulent thermal core we will have _

the relation
Ny = Ny, 2"

from which it follows that the boundary of the thermal
turbulent core is given by the expression ’

1
Yr2 = Ydo 57— 3)

where Pr = v/a, and the subscript T2 indicates the boun-
dary for the thermal turbulent core. For the confirmation
of this assumption, we show in Fig. 1, using non-dimen-
sional coordinates ¢ =1f(n), a comparison of the results
of measurements of temperature fields in a current of
mercury [9, 10] -and for measurements of velocity fields

Hon ¢ = 1 L for w= 04 in a current of water [11]._ The continuous line was ob-
% Mg tained from the formula (2) with 1= 0.4. It can be
seen that, in the region of developing turbulent flow,
temperature - field and velocity -field measurements are
in completely satisfactory agreement.

These same values are shown in Fig. 2 in the coordinates(t ,- tyt* = f(y/Ro) and (w , - w)/ v* =f(y/ Ry), where the
subscript A denotes values at the axis of the tube, and w is the velocity at a distance y from the wall, while Ry is
the internal tube radjus,

In the turbulent thermal core (12—}:,> yT2 , the non-dimensional temperatures and velocities agree. This shows

Ry

that in the region of the developed thermal turbulence core the relation (2') actually holds,
The position of the dotted line y1o /Rq in Fig. 2 was obtained from (3) for y o= 301/v" .

2. Pohlhausen in [3], for the calculation of the heat transfer under the conditions prevailing in the laminar
boundary layer in flow about a plate for Pr>» 1, found that the ratio of the thickness of the dynamic layer to that of
the thermal layer was equal to Prl/8 with a reasonable degree of accuracy. The validity of applying this relation in
the case of the flow of a liquid metal (Pr << 1) about a plate was verified by Kutateladze and Fedorovich in [12]. In
the present work this consideration, relative to the boundary between the thermal sublayer and the intermediate ther-
mal layer, leads to the formula
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Ynt =Y 77y T )
: 5
where yy1 = a1 3 —u— = 7’: and the subscript T 1 denotes the boundary of the thermal sublayer. The application of

this relation to flow in a tube must, of course, be considered only as one of the possible numerical approximations.
and subJect to further improvement,
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Fig. 2, Temperature and velocity distributions in the flow from experimental
results. Temperature field for mercury: O)Re = 119 + 10° [9); +) Re = 290 -

- 10°[10]. Velocity field for water [11]: ®) Re = 396 - 10°; () Re = 205 10%;
——) mean line; ~———— ) boundaries of the layers for Re = 119 » 10 —+-)
boundaries of the layers for Re = 290 - 10°,

Calculation of the Heat Transfer and the Temperature Field

The heat-transfer coefficients and the temperature fields were calculated by using the jntegral relations proposed
in [2], which in the present case are

13 2 t 2 £ 2 —1
Er2 (3 cogdg) St ('\ m§d§) : 1 (3 m{:—,dg) '
7| § e U g+ (A —Loar

Nu= 5 ) ’ (5)
9 epr_g to §<1—|—8Pr_:1> Eot
g t g
trz | oBdt trt | ©tdt 1 § ©tdg
Wt Nu | —°——d§+- . de+ | ———azl. ®)
bw—t 3 ePr TE Ero E(i—i—ePr%T_) Ert :

1 R :
Here ¢ = it 13 =R—0 is the non-dimensional radius (R is the variable, dimensional distance from the axis); u the
T

w = . . ; :
dynamic viscosity coefficient; w ==, where & is the mean velocity over the section. Here the non-dimensional
. w _ ‘

boundaries between the layers are given by the relations
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Fig. 3, Comparison of the calculated temperature field with experimental resuits,
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Calculations were made for the conditions

t—rwlf and__Al +B )

For the dynamic turbulent core the values A = 2.5 and B = 5.5 were used, and for the dynamic transitional region
A =35 andB=-3,05,

The integrals were calculated with the difference between the boundaries of the thermal and dynamic layers
taken into account, and with a corresponding choice of the equations for the velocity distribution in the determination
of g/ 1. The physical properties of the flow were determined for its mean temperature,

The Comparison of Calculated with Experimental Results
The results of temperature-field calculations using (6), in terms of coordinates in the formula

=t g R
tw—f (Bo)

are shown in Fig, 3, Experimental results from 9] and [10] are also shown. It can be seen from the figure that the
calculated curves obtained from the three-layer model of heat transfer, are quite well confirmed by the experi-
mental results,

A comparison is shown in Fig. 4, in the coordinates Nu = f(Pe), of the calculated and experimental results for

mercury [9, 10], The upper curve was obtained by calculation from the formula (5), while the lower was obtained
by calculation from the double thermal modelf 7], assumed in the present case to be a first approximation, It is
evident from the diagram that the experimental results are in good agreement with the calculated results, . Here we
must point out the fact that the heat-transfer ceefficient was calculated from the formula (5), in which the velocity
profile is given in semilogarithmic form, In the range where Re < 100 - 10%, in calculations using directlythe measured
velocity fields [11], there was observed a lowering of the calculated line by 10-15% and an improved agreement with
experiment, A similar improvement in accuracy for this range of the Reynolds number is at the present, however,

~ hardly likely to be useful, because of the effect on the absolute value of the heat-transfer coefficient of the so-called
thermal resistance, essentially related to the physical-chemical conditions of the process (the content in the metal of
oxygen, impurities, contamination from the wall, etc). Such effects are less strongly felt in mercury, and so the ex-
perimental results in [9, 10] have been used for comparison,
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THE USE OF ION-EXCHANGE MATERIALS FOR THE PRE-
PARATION OF LOW ACTIVITY RADIATION SOURCES

B. A, Zajtsev, A, I. Grivkova, and M, P. Glazunov

: » Translated from Atomnaya'énergiya, Vol. 11, No. 3,
pp. 431-434, November, 1961
Criginal article submitted January 30, 1961

This article describes the preparation of low-activity radiation sources by the sorption of isotopes
on ion-exchange resins and membranes of any shape. Due to the limited radiation stability of or-
ganic ion-exchange materials, shown by the noticeable gas evolution, they should be heated before
the ampoule is sealed and in the preparation of sources with a specific activity greater than 1.2
C/g a small amount of metallic palladium should be placed-in the ampoule to absorb the liberated
hydrogen. The universality of ion-exchange processes makes it possible to obtain sources of vari-
ous radioactive isotopes by this method.

Methods for preparing low-activity radiation sources have been discussed in a number of papers [1-13], The
most reliable are methods based on the preparation of radioactive glasses and enamels [3, 7-9]. However, high-
temperature processes are not suitable for all elements and the automation of the preparation of sources then involves
a number of difficulties,

The use of sorption processes is very promising for the preparation of sources [10], The use of sheet plastic for
the preparation of flat radiation sources is of interest [11- 13]

The present paper considers the use of organic ion-exchange materials for this purpose. For the preparauon of
volume sources the radioisotope is sorbed by a cation-exchange, the granules of which are in the form of spheres,
Flat radiation sources can be prepared on the basis of jon-exchange films and membranes.

Expenmental Part

Sulfophenol-formaldehyde cation-exchange material KU-1G (granulated) (Fig. 1) was obtained from the Plastics
Institute (Sc1ent1f1c Research Institute for Plastics). Spheres with diameters from 0,25 to 1,50 mm were used, density
1.33 g/cm®, The static exchange capacity for a 0.1 N solution of calcium chloride is 2,3 mg - eq/g and for 0,1 N
SOlllthl'l of caustic soda 4.8 mg - ea/g. '

The specimens of the DPU ion-exchange membrane and the MK-2 film were also provided by the Plastics
Institute. Their densities were 67.8 and 3.8 mg/cm and the exchange capacities for a solution of cesium chloride
were 0,123 and -0,0063 mg - eq,/cm2 respectively, DPU is a finely divided cation-exchange material KU-2 with poly-
ethylene as the binding material {141, A film of MK-2 was also prepared on the basis of a catiori-exchange ma-
terial containing sulfo groups.

The y -radiator was Cs®7, separated from a mixture of fission products. This choice was due to the lbng half-
life of Cs™¥ (29:x 1 years), which makes it possible to obtain sources of radiation with a high service life. However,
it should be mentioned that the universality of exchange properties of ion- exchange materials means that radiation.
sources can be prepared from many other radioactive elements by a similar method. In particular, the use of radio-
active elements with a short half life makes it possible to obtain sources with a correspondingly high dose rate, al-
though the service life of these sources will be less with an equal integral dose of absorbed radiation.

The cesium chloride preparationvcontained about 50% of impurities of rubidium, potassium,and sodium chlorides
and had a specific activity of about 13 C/g. The content of radioactive impurities did not exceed 0.1% and was deter-
mined by radlochemxcal and y -spectrometric methods.

Before the sorption of the radioisotope the ion-exchange material was first prepared. Using special sieves spheres
of KU-1G of the same size were selected; discs and strips were cut from the sheet ion-exchange material, The ion-
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TABLE 1, Mammum Values of Specific Activity of Ion -Exchange Matenals as a Result of Sorp-

tion of Cs®
Ion exchange Exchange capacity for . .
_ : Specif t :

material 0.15 N solution of CsCl pecitic aciviy
KU-1G* 2.4mg-eq/g 41g.eqRajg 9.8 C/g
Ku-1G** 3.6mg-eq/g 6.3.¢ - eq Ra/g 15.1 C/g
DPU 0.123 mg - eq/em® | 0,215 g - eq Ra/cm 0.516 C/cm®
MK-2 ~ 0.006 mg - eq/ cm? 0,011 g-.eq Ra/cm? 0.026 C/cm®

* H-form, neutral medium,
** Na-form, 0,032 N solution of NaOH

exchange material was then converted to the H- or Na-form and washed with water. The sorption was carried out
under static conditions from a solution of cesium chloride., In expenments with a 0,15 N solution of cesium chloride
labeled with Cs®7, possible values of the specific activity of
ion-exchange materials were determined (Table 1), With a
maximum specific activity equal to 6,3 g - eqRa/g on a
separate sphere of KU-1G cation-exchange material of dia-
meter 1.5 mm it is possible to apply 35.5 mC of cs® (Table 2).

After sorption of the radioisotope the ion-exchange ma-
terial was dried and placed in sealed ampoules,

An advantage of the method is the possibility of applying
the radioisotope to particles of sorbent having a definite shape.
The same size of particles and their regular shape makes it :
possible to measure out the active material by the number of
particles, The amount of dust is kept to a minimum, Separate
spheres of diameter 1-3 mm can be a base for the preparation

"of "point” sources of radiation, By this method we obtained
experimental sources of y -radiation of low activity from Cs
(Fig. 2).

The insufficient stability of organic ion-exchange ma-
terials to the action of radiation can lead to the formation of
gases and an increase in pressure in the ampoule, The dose
rate for KU-1G with a specific activity with respect to Cs®’
equalto 1 g - eqRa/g can be 1,96 - 1016'ev/g * sec, if it is
assumed that the 8 -radiation is completely absorbed by the
cation-exchange material and the absorption of y -quanta can
be neglected in view of the small dimensions of the spheres and
their low density, '

Fig. 1. Cation-exchange material KU-1G in the
form of spheres. : :

In this connection experiments were conducted to deter=-
mine the amount of gas evolved by the KU-1G cation-ex-
change material as a function of the absorbed dose, The radia-
tion was carried out by two methods, The first of them con-
sisted of preparing the KU-1G spheres, sorbing cs® up to a
specific activity of 3,3 g - eqRa/cm®, The total activity was
0.0043 g eq Ra, dose rate 2,81 » 10" ev/g - sec., With the
second method the sample of cation-exchange material (1.0 g)
was frradiated with accelerated electrons with an energy of
0.8 Mev in the accelerator of the Institute of Physical Chemistry, Academy of Sciences, USSR, With the selected -
operating conditions the integral dose in 1 1/2 hr was 0,92 - 107 ev/g.

Fig, 2. Specimens of sources of y -radiation from
cs®7. 1) standard point sowrce; 2, 4) sources for
" instruments; 3) applicator for use in medicine,
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TABLE 2, Dependence of Activity of KU-1G Spheres  yg S00—~ |
on Their Size : g; 400 ) ,z{?
w5 300 2
Diameter, Activity g 200 - V’:#" ol
mm mg *eqRa mC =N o
. o 700 Ay
. = PR |
0.25 0.068 0.163 0 20 40 60 80 700 720 740 750 180 200 Days
0.50 0.545 1310 0.49 0.98 146 1.95 244 2.9 342 290 438 430x10%ev/ g
1,00 4.400 10,550
‘ - ig. 3. f th 1 dfr

150 14.850 35.640 Fig. 3. Dependence of the volume of gas evolved from

KU-1G on the abserbed dose,

TABLE 3. Effect of Preliminary Heating of KU~1G on the Volume of Gas Liberated During Irradiation

v v Volume of
No, of ex~ | Temperature ofTime of heat-|Character of ir- | Absorbed dose, | liberated gas,
periment heating, °C ing, hr radiation ev/g % of volume of
KU-1G
1 170 3 Internal 0,44 - 10% 55
2 170 6 External 0,92+ 108 48
3 400* -6 External 0,92 - 107 13

* Cesium does not evaporate under these conditions,

The cell with the cation-exchange material was filled with nitrogen. During the experiment the temperature
was kept at 55-65°C. In both cases the amount of liberated gas was measured by the movement of a drop of mer-
cury in a calibrated horizontal capillary, one end of which was connected to the irradiated cell and the second to a
buffer volume, considerably exceeding the volume of the cell, In this way the whole system was isolated from the
atmosphere. The accuracy of the volume measurements of the evolved gas by both methods was about 4% of the
volume of the cation-exchange material, and the absolute value in the first experiment was 0.05 mm® and in the
second 50,0 mm®, : ' ' o

In the experiment by the method of "internal” radiation the cation-exchange material after sorption of Cs®7
was dried for 3 hr at a temperature of 170°C. The experiment continued for 180 days. The integral dose was 4,38
- 10® ev/g. The evolution of gas occurred at a practically constant rate equal to 0,04 mm®/day, which corresponds
to 2.9% of the volume of the cation-exchange material (Fig. 3). This method does not require complicated apparatus
for accelerating the electrons; however the dose rate is insufficiently high, which considerably prolongs the time of
" the experiment, : '

The method of "external™ irradiation was used to check the effect of preliminary heating the catjon-exchange
material on the amount of gas formed during irradiation (Table 3), The reduction in gas evolution after heating of the
cation-exchange material is due to the more complete removal of water and presumably to the known similarity in
the action of heating and radiation on fon-exchange materials, expressed in the formation of addition transverse bonds.
Although preliminary heating considerably reduces the rate of gas evolution, the danger of an increase in pressure in-
side the ampoule is not completely eliminated. ' '

According to literature data the increase in gas volume during irradiation of polymers in the absence of air is
due mainly to the formation of hydrogen [15], Using the properties of palladium to dissolve large quantities of hy-
drogen could prevent the increase in pressure in the ampoule of the source. This possibility was checked in an ex~
periment similar to experiment No, 3 of Table 3, but in the presence of 15 mg of Pd-black. In this case there was
no increase in volume of the gas in the cell, : '

It follows from the obtained results that ion-exchange materials which have sorbed a radiojsotope must be
heated before the ampoule issealed. When using a material with a specific activity higher than 0.5 g - eq Ra/g (1.2
C/g) a few milligrams of metallic palladium should be placed in the ampoule. ' ’
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Other cation-exchange materials having particles with a regular shape, for example KU-6f (spheres) can also
“be used for the preparation of sources. The results for the test of KU-2 (spheres), due to splitting of particles during
swelling, were less successful, It is possible that inorganic ion-exchange materials can be used, for example, zirconi-
um and titanium phosphates, etc. However, allowance must be made for the possibility of dust formation due to the
insufficient mechanical strength of the granules of these ion-exchange materials,

An MK-2 film can serve as a base for B-radiation sources, since the self-absorption in it and consequently the
radiation action on the film are small, The uniformity of distribution of the radioisotope over the area of the ion-
exchange disc, according to the data of Sokolov and Kondrat'eva(13], is fairly good.

SUMMARY

1. A method has been described for preparing sources of 8 -, y -radiation with low activity using ion-exchange
materials,

2, Conditions have been developed for preparing sources of y -radiation from cs®’

On the basis of KU-1G cation-exchange material and the DPU and MK-2 jon-exchange membranes, materials
can be obtained with specific activities w1th respect to Cs®7 equal to 5 g - eqRa/g, 0.215 g + eqRa/ cm® and 0,011
"g * eq Ra/cm® respectively,

3. A study has been made of the effect of radiation on the gas evolution from KU-1G cation-exchange material,
and a method has been suggested for reducing the amount of gas in the ampoule of the source to a safe level,

LITERATURE CITED
1. A, S. Samartseva, Transactions of the All-Union Scientific and Technical Confernce on the Use of Radioactive
and Stable Isotopes in the National Economy and Science. The series: "Isotopes and radiation in Chemistry”
[in Russian] (Acad. Sci. USSR Press, 1958), p. 318. :

2. M, S, Petrova, Transactions of the All-Union Scientific and Technical Confernce on the Use of Radioactive
and Stable Isotopes in the National Economy and Science. The Series: "Preparation of isotopes™ [in Russian]
(Acad. Sci, USSR Press, 1958), p. 55,

A, F, Rapp, Khimiya i Khim. Tekhnol. 5, 161 (1957).

E. Mincher and R. Lichtenstein, Nucl. Scient Abstrs. 10, 17, 7235 (1956),

T. Novakov and M, Mladenovie, Bull. Inst. Nucl. Scient, Boris Kidrich, 6, 69 (1956),
G, Charpak and M. Chemla, J. Phys. et Radium, 15, 490 (1954)

C. Blincoe, Nucleonics, 14, 8, 82 (1956),

.D. M, Ziv, G. S. Sm1tsyna 1. A, Efros, and E, A. Volkova, Atomnaya Energiya, 4, 5, 469 (1958},

R W, Kisieleski, G, Svihla, and A, Brues, Science, 112, 400 (1950),

10. W, Ginell, J. Martin, and L. Hatch, Nucleonics, 12, 14 (1954),

11, A, Johnson and A, Blum, Appl. Rad, and Isotopes, 7, 4, 327 (1960),

12. Z. N, Blyumshtein, Kazanskii Meditsinskii Zhurnal, 5, 96 (1959), i

13. V. A, Sokolov and T. 1. Kondrat'eva, Collection of Abstracts on Radiation Medicine for 1958 [in Russian]

(Medicine Press, 1959), p. 134,
14, V, S, Titov, Chromatography, Its Theory and Applications, Transactions of the All-Union Conference on
) Chromatography [in Russ1an] (Acad. Sci. USSR Press, 1960), p. 136,
15. G, S, Nikitina, E, V, Zhuravaskaya, and A. S. Kuz'minskaya, The Action of Ionizing Rad1at1ons on Polymers
[in Russian] (Moscow, State Scientific and Technical Committee, Chemical Literature Press, 1959),

.

All -abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this pefi-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations -appears at the back of this issue.

1078

Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9



Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9

ON THE SEPARATION OF LITHIUM ISOTOPES BY THE METHOD
OF MOLECULAR DISTILLATION OF LIQUID LITHIUM

V. A, Malyusov, V, Yu, Orlov, N, A, Malafeev,
. N. N. Umnik, and N, M, Zhavoronkov

Translated from Atomnaya finergiya, Vol. il, Np. 5,
pp. 435-439, November, 1961
Original article submitted July 14, 1960

This study determines the value of the separation factor of lithium isotopes in the evaporation of
liquid metallic lithium in a single-stage still. At a temperature of 500°C the value of the separa-
tion factor is 1.08 ¢ 0,02, We carried out studies of the separation of lithium isotopes by the meth-
od of molecular distillation in an 8-stage cascade-type metal still, It was shown that when the
cells of the still are filled with metallic packing and the condensation temperature of the lithium
is raised to 350°C, the efficiency of one stage of the still is 0,4-0.5.

- An important task of present-day nuclear technology [1]is the separation of the isotopes of certain elements,
and among these elements lithium is distinguished by the absence of thermostable gaseous and highly volatile liquid
compounds, as a result of which the separation of lithium isotopes cannot be carried out by such methods as rectifica-
tion, gas-liquid chemical exchange,gaseous diffusion, and thermol diffusion, The isotopes of lithium have been
separated by ionic migration in salt melts [2], by chemical exchange in two-stage liquid~liquid systems [3, 4], and
by an electromagnetic method [5], One of the few processes which give a sufficiently high separation factor of lithi-
um isotopes is the molecular distillation of the liquid metal, In the present study® the value of the separation factor
was determined experimentally, and the possibility of using multi-stage cascade-type stills for obtaining enriched
lithium isotopes was also investigated. A similar study, published in 1957, was carried out by Trauger et al. [6].

In ideal liquid binary mixtures(and a mixture of lithium isotopes may be considered to.be suchjthe theoreucal
value of the separation factor for molecular dlst111at10n is

0 /M,

where py and p,’ are the vapor pressures; M, and M, are the masses of the Li® and Li’ atoms respectively, The ratio
of the square roots of the masses for the isotopes of lithium is equal to 1,080; the ratio of the vapor pressures may be
calculated for the triple point by a statistical method using the Debye characteristic temperature 6 [7}, The value
P1 /pz is determined by means of the. expresslon .

2o 284 (0, | @

where T is the absolute temperature of the triple point,

Taking AM/M = 1/6 and T = 453.7°K [8], for © = 360°K [9),we find p1°/1)z° = 1,008, and for © = 393°K [8]
p,"/p.° = 1.009, Thus, the separation factor of the lithium isotopes in molecular distillation must be of the order of
1.09. It should be remarked that in the experiments of Trauger et al, [6] no d1fference was found in the vapor pres-
sures of Li® and Li".

Experiments to determine the separation factor were carried out in a cylindrical apparatus (molecular still)
with a diameter of 200 mm, made of EYa-1-T stainless steel (Fig. 1), The still was evacuated through the nozzle 1

* The work was carried out in 1955-1956, 1. V. Aristova and N, P, Abramova participated in the experiments, -
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TABLE 1, Data of the Experiments on the Enrichment to a residual pressure of the order of 1 micron of mercury.
in the Isotope Li* Into the condenser 2, which ended in an asymmetric cone
- at the bottom, we poured cc-methylnaphthalene, which
Temper- Degree of enrichment assured a constant condensation temperature of the lithium
ature, °C la.c?:[:)emp, srx?.OEZmp lzmé:rc:;p‘ vapors between the limits 240-250°C, The ct-methyl-
. = naphthalene vapors condensed on the surfaces of the three
500 1.02 0.96 1.06 water coolers 3, Into the bottom of the still, which was
550 1.10 1.02 1.08 divided by the partition 4 into unequal compartments, we
ggg:ggg i ég 1.08 100 loaded about 100 grams of metallic lithium, A lithium
5{0—520 1.06 1.10 0.98 layer 5 with a thickness of about 5 mm was formed, The
ggg %(1)? }g(i) 18? baffle 6 prevented the condensation of the metal on the
500 11 ,j 109 (1)0,: side walls of the condenser, The temperature of the liquid
500—510 1.07 1.14. 0.93 lithium was measured by a thermocouple lowered into the
'_ 4905_2(5)00 iﬁ 1(1)3 Ofg - well 7, The still was heated by a special gas burner, Each
500 — 1.09 —_ experiment lasted about 6 hours on the average. After
Mean cooling the still and filling it with argon, the condenser
value 1.1040.01 | 1.0840.02 | 1.0140.01 was taEen out and sau'nplesg were taker? from both compart -

ments and from the vertex of the cone, An isotopic analy-
sis of the samples was carried out by the method of flota-
tion of lithium fluoride crystals, and the degree of enrich-
ment in the isotope Li® on the cone was compared with the enrichment in the larger and smaller compariments. The
results of the experiments, as well as the lithium evaporation temperatures, are listed in Table 1.

It was assumed that the lithium condensing on the cone, which had been enriched in the isotope Li°, would
flow from it down to the small compartment, and, having filled the latter, would flow over the partition into the
large compartment. However, as can be seen from Table 1, there was a
mixing of the lithium between the two compartments, which may have
been caused by failure to make the partition sufficiently high or to seal it
hermetically. Nevertheless, it can be seen from the data listed that the
enrichment of the vapor phase (cone) as compared with the enrichment

u of the liquid phase agrees within the limits of experimental error with the
N calculated value of the separation factor, equal to 1,09,
g WU

For comparison, we point out that Trauger et al. [6] obtained values
of o from 1.06 to 1,08 in the temperature interval 462-550°C,

Since the experiment confirmed the fact that the separation factor
was high, it was expedient to carry out a multi-stage process. For this
purpose we selected cascade-type stills, the principle of which was suggest-
| ed by Brewer and Madorsky {10].

SSS

The molecular distillation of the liquid lithium was camied out in -
an eight-stage cascade-type metal still, having a rectangular cross sec~
tion, with the dimensions of each stage (cell) equal to 60 - 10 mm (Fig. 2).
The construction of the still has been described earlier {111

Dowtherm (a eutectic mixture of diphenyl and diphenyl oxide) with

6 4 4 a boiling point of 260°C at atmospheric pressure, was poured into the con-
denser of the still. While the still was operating the Dowtherm evaporated.
and its vapors condensed on the upper sutface of the condenser, which was
cooled by funning water. The still was heated by a special gas burner.

Fig. 1, Diagram of boiler for molec-
ular distillation.

When the still was heated along its whole length, a countercurrent of liquid and vapor was established as a result
-of which the isotope Li® became concentrated in the highest (eighth) cell and the isotope Li’ in the lowest (first) cell,

For the removal of samples of lithium from the first and eighth cells and for the measurement of temperatures
in them, special sample removers were used, each consisting of a well for a thermocouple with a cup at the end,
two hermetically sealed bellows, and a hoisting mechanism. Before the conclusion of the experiment the cup was
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D

raised and itbrought up aquantity of metal. After cooling the still and disconnecting the vacuum system, the still
was filled with argon, the sample removers were extracted, and the lithium samples were transferred from the cups
into a solution and were analyzed.

The still was tested in advance with a mixture of di-2-ethylhexylphthalate and di-2-ethylhexylsebacinate
(EHP-EHS) at a temperature of 148°C, an angle of inclination of 1.7° to the horizontal, and a pressure of 6 - 107 mm
of mercury, and a value of 0,70 was obtained for the efficiency of an individual stage [12]. '

To'vacuum
pump

A
. &35 ] — T !
=60 Water 560 aron 15 =

| | | T bty
| IV S— | R

Fig. 2. Diagram of a multi-stage still for molecular distillation: 1) Shell of still; 2) condenser;
3) removable trays; 4) water cooler; 5) condenser for Dowtherm; 6) closure of still; 7) sampling
and temperature-measuring device; 8) well for thermocouple; 9) baffle; 10) trough.

Table 2 shows some results of experiments in the molecular distillation of metallic lithium in an eight-stage
still with angles of inclination of the apparatus equal to 1, 1.7, and 3.5° to the horizontal and a residual gas pressure
of 4-5 microns of mercury. The last graph shows the values of the degree of enrichment of the lithium in the iso-
tope Li%, calculated by the formula '

K__-‘f2(1'—zl) ‘ ) | ®)

2 (1—zy)’

where x; and X, are the concentrations of Li® in the samples from the first and eighth éells of the evé_lpo_rator respec-
tively (mole percentages).

It can be seen from Table 2 that the:apparatus did not give a sufficiently satisfactory separation of the lithium
isotopes. In every case the operation of the still was unstable, considerable fluctuation of the metal level in the
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TABLE 2. Data of Experiments on the Distillation of first and eighth cells was observed, and there was poor re-
Lithium in an Eight-Stage Still producibility of the results of the experiments with respect
- to enrichment in the isotope Li®, For angles of inclination
495 |gg |Meantem- 'Leve} of lithi- of 3.5° we even observed a depletion in the isotope Li®
5 §8 |gg (Peratwein juminthe |5 in the upper part of the still.
° g &9 8 E |the still, °C| trays, mm_| gz ,
.5 N &y g g. lower | upper first tlghth o5 5 The severe fluctuations in metal level in the first
<9odo ao PET|cell fcell 8 s B and eighth cells, as well as the non-uniform distribution
. of the metal in the remaining cells, found after removal
}‘7 12-5 ggg 238 >;g 18 182(5; of the trays from the-a still, are ap?arently to be explained
1.7 5 500 | 355 20| 15 - by the fact that during the operating process after a par-
1.7 6 525 | 300 16 | 15 1.106 ticular cell had overflowed, as a result of the good wetting
i; 3? 2;8 2%8 ig }g : i (1)% properties of the steel and the high surface tension of the
3.5 5 530 | 490 15 | 21 0.94 lithium, the metal quickly flowed through the apertures in
3.5 1 520 | 490 131 17 0.90 the partitions until a uniform metal level was attained in
the entire still or in its individual parts. We called this
phenomenon "siphoning” of the metal.
Thus, while the still was operating, the metal flowed
TABLE 3. Data of Experiments on the Enrichment of through periodically (intermittently), so that between in-
Lithjum Isotopes Carried out in a Modified Still dividual experiments considerable changes in the degree of
Mean T ) enrichment in the isotope Li® were observed. To ensure a
w o |temper- (5 & Lithium level in & more constant metal level in the cells of the still and to
O |aturein £80L trays, mm = reduce the detrimental effect of siphoning, all the cells
,§ E still, 'C | g =i 0 B (except the first and the fourth) were filled with packing—
848 b g 8 g f'é first (fifth |eighth %')0 -% rings of metal netting (30 mesh) with diameter and height
g 5.2 E & ﬁ 5ol cell lcell |cell 8 o equal to 5-6 mm, Two series of experiments were con-
16 460 _'515 270 0 ol 20 |1.06 d'ucted at an apparatus in(flination angle of 1.5° and a re-
15 490| 500| 270 | 26 | 0 |20—25| 1.04 sidual gas pressure of 9 microns of mercury.
23 490 500 270 20 25 120251 1.07
6 5001 495] 265 17 251 >20]1.08
16 905 | 5151 265 | 17 25| >20 | — In the first series of experiments the condenser tem-
13 540 | 5301 265 28 | >20 | >20| — ° . . °
14 545|520 265 | 17 | S0 | S20 | 1.044 perature was 265-270°C, and in the second it was 340-350°C
(paraffin was poured into the condenser instead of Dowtherm).
~ The metal level was measured in the first, fifth, and eighth
4 . :
o (24)* 20| 20| S0 | 18 ;%8 ;gg 11 cells of the still.
It was found (Table 3) that the use of packing en-
— . . . sures a more uniform operation of the still; in most cases the
* Continuation of previous experiment, first, fifth, and eighth cells contained a level of metal which
was always considerable although not constant. Better results
were obtained at increased condenser temperatures (340~
350°C), which apparently is explainable by the more uniform
16 distribution of the metal in the condenser and the incline
troughs related to the reduced viscosity of the metal at high-
L5y er temperatures. An isotopic analysis of the lithium samples
% 14 §38 S — was carried out in a type MSL-3 mass spectrometer.
82—
I W”-ﬂ il Unfortunatel d obtained in th
. ok/o.ﬂ_ 2 n-0.38 nfortunately, no steady state was obtained in the
5912 A ,""1? 026 last experiment, and therefore the efficiency of one stage
o3 % el — of the still can be estimated only approximately on the
=& " Y app 4
g ' ‘ basis of an analysis of the data with respect to the kinetics
H 70 25 7 3 0 of the enrichment. process.
Time, hours The time required to achieve a given concentration
Fig. 3. Variation of the enrichment in the isotope of an isotope in one half of the still may be calculated by
Li® with time. the formula [12] .
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;_ 2.303aH [ a ar—1 @

@—DL — (" —1)— "] X logyg a” K '

where o is the degree of separation attained in one cell (stage); n is the number of cells (in the present case n = 4

for half the still); K is the degree of enrichment achieved in the experiment (the maximum value of K is equal to a™);
H is the capacity of one cell, in grams (in our case the capacity of a cell is 50 g); L is the evaporation rate in each
cell in grams of lithium per hour at the mean temperature of the experiment.

A calculation of the evaporation rate by the Langmuir-Knudsen formula for a mean experimental temperature
of 520°C; and an evaporation surface in each cell of 6 - 9 cm gives a value of L = 16.2 grams/hour.

Th‘e efficiency n of one stage is defined from the relation

1o .
8108 (5)
loggo ®ar °
where o is the degree of separation achieved in one stage of the still;og is the separation factor in the evaporation
of the lithium isotopes, equal to 1.08.

In order to determine the efficiency of one stage of the still, curves were calculated on the basis of Eq. (4) for
the variation of enrichment as a function of time for various degrees of separation achieved in a cell of the still (o
equal to 1.02, 1.03, 1.04, and 1.05), and correspondingly for various efficiencies of one stage. The calculated and
experimental (two points) data are shown in Fig. 3, from which we can conclude that the efficiency of one stage of
the still lies between the limits of 0.4 and 0.5.
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All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of -the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears st the back of this issue.
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LETTERS TO THE EDITOR

INVESTIGATION OF THE REACTION Be®(d, t)Be?

V. I.

and I. K. Aver'yanov

Serov, V. A. Pereshivkii, M. F. Andreev,

‘Translated from Atomnaya Energiya, Vol. 11, No. 5,

pp. 440-442, November, 1961 _
Original article submitted May 8, 1961

The reaction Beg(d, t)Be8 has been studied by a number of workers [1-4]. Nevertheless, detailed studies have
not been performed for deuteron energies in the range 1.4 to 4.0 Mev. In this work measurements have been made

19 20 215 %

7 0 18

Y 3
/

2

Fig. 1. General scheme for the arrangement of the tar-
get, spectrometer,and detectors. 1) Magnet chamber;
2) rotating section of the spectrometer chamber; 3) vacu-
um seal; 4) stationary section of the spectrometer chm-
ber; 5) cover made of plexigtass; 6, 9, 10, 14) arrange -
ment for the regulation of the position of target, dis-
phragm, etc.; 7) generator discharge pipe; 8) target; 11)
beam current measuring electode; 12) traveling dia-
phragm; 13, 19) elecwodes for suppressing secondary
emission; 15) CslI crystal; 16) light transmitting tube;
17) photomultiplier; 18, 21) leads for the set adjust-
ment of the integrators; 20) leads for secondary emis-
sion suppressing electrodes; 2) source for calibrating
the apparatus.
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Fig. 2. Momentumn spectrum amplitude of particles passing
through the magnetic spectrograph.

on the differential cross section for triton production. We
have considered the dependence of the differential cross-
section for primaries scattered through 17° on deuteron
energy over a range of 1.125 to 3.8 Mev, and in this energy
range we have examined the angular distribution from 0

to 150°,

The experiment was carried out using an electro-
static generator. Deuterons are directed through a dia-
phragm 4 mm in diameter and then into the magnetic
spectrometer chamber. In the center of this a foil with a
layer of beryllium (density 100 to 150 pg/cm?) was situated.
The deuteron current was measured by an integrator when
the deuterons are all stopped in the foil, or by an insulat-
ed electrode adjusted in the path of the beam and lying
behind the target. The secondary particles emitted from
the target were analyzed in a magnetic spectrograph using
nonhomogeneous magnetic fields. Using this spectro-
meter it was possible to analyze tritons with energies up
to 5.4 Mev. For those cases in which tritons were produced
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with large energy a foil was adjusted behind the target to retard them. A general arrangement of the apparatus is
shown in Fig. 1.

To obtain measurements of the angular distribution, the spectrometer was rotated relative to an axis which
passed thirough the center of the target. The particle detector was a thin crystal of CsI used in conjunction with a

QQ o
a :
15 vj‘ &@%/
(=]
)
1.0
0.5 4
116 137 2485
i 4 {
0 A/ 2.9 3.0 4.0 EgMev

Fig. 3. The differential cross section for tritons produced from the
reaction Beg(d, t)Be8 as a function of deuteron energy plotted in rela-
tive units. '
photomultiplier. In order to determine the type of particle the momentum spectrum was recorded in a 50 channel
pulse height analyzer. The spectral amplitude as a function of momentum for particles emitted from the target in
a fixed magnetic field is shown in Fig. 2. The particle path for a given deuteron energy was determined by sum-
-ming over the channels and then graphically integrating the curve as a function of the number of points read in the
magnetic field.

In Fig. 3. the differential cross section for triton-production is displayed as a function of deuteron energy. Super-
1mposed on the smooth development of the curve we note resonances at deuteron energies of 1.37 and 2.85 Mev. In
addition, we obtained a total cross section for the tritium
o, b S reaction for deuteron energies of 305 to 1480 kev by
' A measuring the absorption of tritium in the target substrate.*

The curve illustrating these results is given in Fig. 4.
4.1 . Comparison of Figs. 3 and 4 seems to indicate that there
is another resonance for deuteron energy of 1.16 Mev.
Both measurements and calculations for the angular dis-
j tribution for deuteron energies of 1.4, 2.5, and 3.5 Mev
are shown in Fig. 5. The calculations were made using
) . Butler's theory of knock-on (d, t) reaction without account-
' ing for coulomb interactions. The magnitude of the or-
/ bital angular momentum, 1, of captured neutrons in the
’ absorption calculations was taken equal to one. Good

0.05

Q 0.5 10 1.5 EgMev

Fig. 4. The total cross section for triton y1e1d asa fun-

L : 3 .
tion of deuteron energy for the reaction Be¥(d, t). The work in measuring the path and the absorption of

the tritium was performed jointly with B. Ya. Guzhov-
skii. -
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Energy level

Reaction Eres Energy level

Reaction Eres
Be?(n, a) He 2.6
Be? (p, n) B? 2.3 2.43
Be? (d, ) Le8 2.33 '
Bed (a., n) Ci2 2.75 |
v
of\
2"
A
- \
P
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Fig. 5. The angular d1str1but10n of primary tritons
from the reaction Bé (d, t)Be. The experimental
points are plotted using the following key for deu-
teron energy.) O) 1.4; A)2.5; +)3.5; ——"~)
/1.403 [2]; — ~— ) calculated using Butler's theory.

‘

Be? (p, y) BI? SE RV
Be® (d, t) Bef >3.10 v 3.04
Be® (a, n)C?2 3.08 J

agreement between calculation and experiment (for example
Fig. 5) is achieved if the radius of the interaction is taken as
ro=4-10"2 cm for Eg = 1.4 Mev and ry= 5 - 107% cm for
Eq= 2.5 and 3.5 Mev. This does not contradict the work in
[5, 61.

The resonances in the cross section are due to bound
levels of the BM compound nucleus. The excitation energies
of these levels are 16.77, 16.93, and 18.11 Mev.

Using the differential cross section (angular distribution)
it was found that the total cross section for triton production
for the studied reaction was 60 + 10 mbarns. At this point
it is interesting to note that there seems to be an important
correlation between the thresholds of the inelastic interactions
and the position of certain resonances in the reactions of Be’
with neutrons, protons, deuterons,and o-particles.

In the table given above data taken from the present
work and from [4] are cited to establish this correlation.

Analogous effects are observed in reactions involving
other light nuclei (Li’ and B!®). The deductions that can be
made from these facts are that the compound nuclei formed
in the reactions of these light nuclei with excitation energies

appropriate to the indicated resonances have similar con-

figurations. The original excitation is taken to be the target
nucleus plus the incoming particle.

The authors wish to convey thanks to V, A. Ivanov and his group for providing clarity to the workmgs of the
electrostatic generator and also to V. Kuzyanov for assistance in taking measurements.
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CROSS SECTIONS OF INELASTIC INTERACTION
~OF FISSION SPECTRUM NEUTRONS

G. N. Lovchikova and O. A. Sal'nikov

Translated from Atomnaya Energiya, Vol. 11, No. 5,
pp. 442-443, November, 1961
Original article submitted May 27, 1961

\

The source of fission neutrons was a converter, which was placed in a stream of thermal neutrons leaving the
"reactor and which consisted of an aluminum box containing the mixed oxide of U*® with 75% enrichment, The con-
“verter was placed at an angle of 45° to the direction of the thermal neutron beam. The detector was placed at a dis-

tance of 30 cm from the center of the converter.

The neutrons were recorded by a multielectrode ionization fission chamber with U, having a spherical housing
of diameter 22 mm with a cylindrical space inside. The amount of material applied to the electrodes was 40 mg; the

U® was depleted 100 fold, i.e., there was 100 times less
: U®® than in the natural mixture of isotopes. The chamber
Cross Sections of Inelastic Reaction of Fission Spectrum was surrounded by a 0.5 mm thick cadmium cover for
Neutrons Leading to a Loss in Energy by Neutrons to a protection against thermal neutrons. The effective thres-
Value Less Than the Fission Threshold of U2 hold of the detector for the neutrons of the fission spec-
trum was 1.4 Mev. '
N - 10%, , The diffusers were materials consisting of a natural
Element number | oy, T 0 b mixture of ifott?pes. All spec.imens except niboium were
of atoms| b in - cast. The niobium was used in the form of a powder. The
in cm® diffusers were splithollow spheres consisting of equal halves.
sodiam | 256 | 2.0 | 0007 | 041 a 008 evtermt aamere of a1
Potassium 133.1 | 2.3 | 0.981 | 0.47 4 0.11 diffusers was 90 mm o v ,
Strontium 180.0 | 3.1 [ 0,950 | 0.93 & 0.08 )
Barium 163.7 3.8 | 0.933 1.36 + 0.10 The transmnission T, was measured, i.e., the ratio
Molybdenum| 639.9 | 3.0 | 0.727 | 1.54 + 0.03 - of the count rates of the fission spectrum neutrons in the
Niobium 176.7 | 3.2 | 0.883 | 1.44 1 0.08 presence of a -diffuser and without it. Therefore,

Iron 845.8 | 2.2 | 0.807-| 0.73 + 0.04 v
. __Nz
T= N,

where Nj is the number of counts of the detector corresponding to neutrons with the initial energy (without a diffuser);
N, is the number of counts of the detector (with a diffuser).

The difference between the values Ny and Ny is caused by all the processes leading to discarding the energy of
the neutrons below the fission threshold of the detector. The value of transmission therefore depends in the first place
on the cross sections of inelastic scatter, capture and cross sections of other reactions which can cause disappearance
of neutrons or a high loss in energy. The main role is played by inelastic scatter since an analysis of experimental
data on the capture cross section in the region of energies 1-14 Mev for the elements in which we were interested [1]
showed that all cross sections were within the limits 110 mb. The threshold of reaction (u, p) is about 5 Mev, the
cross section for most elements near a threshold of the order of 10 mb, in some cases reaching 100 mb with a neutron
energy of 14 Mev. The cross section of other reactions, for example (a, o); (n, 2n) with a neutron energy of 14 Mey,
is of the same order, only the threshold of these reactions is much higher [1]. The cross section of inelastic scattering
therefore makes the main contribution to the total cross section which we found.

The cross sections for transmission were calculated by a method developed in [2]. Geometrical corrections and
corrections for the absorption of neutrons in the detector showed much lower experimental errors and were therefore
not introduced into the final calculation of the cross sections. The correction for energy losses-in elastic collisions
was not considered since the final result included cross sections of all processes leading to loss in energy by neutrons
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to a value less than the fission th;eshold of U%®

. It is clear that corrections such as those for fission in the detector

under the action of y -quanta and the generation of photoneutrons in the diffuser are small and can be neglected.

The neutron background was determined experimentally. Owing to the high fission threshold of U® it was

insignificant.

The results of the measurements are given in the table. All cross sections, except those of iron, have not yet
been published in the literature and are given here for the first time. Iron was chosen to compare our data with those
of other authors. The cross section obtained for iron was 0.7330.04 b,and within the limits of statistical errors it
agrees well with the cross section of inelastic scattering of fission spectrum neutrons equal to 0.686 +0.043 b,

obtained for iron in [2].

- A consideration of the experimental results shows that the cross sections increase with the atomic number.

LITERATURE CITED
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ANGULAR DISTRIBUTION OF IRON-SCATTERED y -

RADIATION FROM A PLANE, MONODIRECTIONAL

" Co®% SOURCE

A. V., Larichev

Translated from Atomnaya Energiya, Vol. 11, No. 5,

pp. 443-445, November, 1961

Original article submitted March 13, 1961

There have been papers [1, 2] devoted to the experimental study of the angular distribution of y -radiation from
anisotropic Co® point source in a semi-inifinite medium. Similar results from experiments with parallel beams of

g 108
v 35
7
553
. 3 20| |
o 2 /r/ \2_‘_
5.

Il ~ \
E-’,xg \
> 6 = 1]
Q 5y —a X *
= 55 ZNGT0X6-50° T
i = X X 2
< 3
~ o0 X
O
~ 55 11t X

PR X

2 1

10

200 400 600 800 1000 1200 f400F, kev

Fig. 1. Energy spectra for y -radiation scattered
at angles of 20, 50, and 70°.
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8-10 Mev bremsstrahlung radiation and 1.25 Mev Co® radiation
have been reported [3, 4]

The results for the spectral distribution of y -radiation
in an infinite medium - as calculated by the moments method
have been presented [5].

The angular distribution of y -radiation from a plane,
monodirectional Co® source which is scattered in a plane iron
slab is given in this paper. :

The experimental method has been described previously
[4]. The spectra were taken with a total absorption spectro-.
meter having a NaI(T1) crystal 80 mm in height and dia-
meter.

The pulse height distribution was worked out by means
of data for the spectrometer sensitivity function [6]. The
spectral distribution of y -radiation scattered in an iron slab
six mean free paths thick (15.6 cm) at angles of 20, 50,and
70° is shown in Fig. 1.
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The relative angular intensity distribution (relative to the intensity of unscattered radiation) of scattered radia -
tion per unit solid angle is shown in Fig. 2 for three slab thicknesses.. These curves are similar to curves shown in [1].
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Fig. 2. Relative angular intensity distribution of scattered radiation for various slab
-thicknesses: O) 6ptgx; O) 4ugx; A) 2pgx. '

The outermost points of the curves (those for small angles) were obtained on the assumption that the dependence of
scattered radiation intensity per unit solid angle on angle is exponential, i.e.,

I(6) =1 (0) exp (- 6/0,).
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Fig. 3. Dependence of 1(6) on 6 in the range. ‘ Fig. 4. Angular dependeng:e of the intensity of
10-70° for various slab thicknesses. (For mean- radiation scattered in the solid angle element
ing of symbols, see Fig. 2.) 2m sin OA 6 for three slab thicknesses. (for mean-

ing of symbols, see Fig. 2.)

The values of I(0) were obtained from the experimentally known quantities 1(6), 6, and 6,. The dependence
of I(6) on 6 is shown in Fig. 3 on a semilogarithmic scale. The dependence of scattered radiation intensity in the
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solid angle element 2msin 6A6 on angle is shown in Fig. 4 for three barrier

ER thicknesses. A maximum in the interval from 20 to 30° is characteristic for
3 - all three thicknesses. The total scattered radiation intensity was deter-
/ ! mined by graphical integration of the curves in Fig. 4. The dependence of
5 the scattered radiation build-up factor B on slab thickness pgx is shown
/ in Fig. 5. The solid line was drawn through build-up factor values taken
4 A e from [7] (a Monte Carlo calculation). These values lie outside the limits
/ ] of experimental error. However, the data in [7] has an error of ~8% itself;
3 // + ’ therefore the agreement between experimental results and the results in the
j’ paper mentjoned can be considered to be satisfactory.
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Fig. 5. Comparison of experimental
and theoretical [7] values for energy
build-up factor.

THE EFFECT OF THE RESONANCE STRUCTURE OF CROSS SECTIONS
ON THE PROPAGATION OF FAST NEUTRONS IN IRON

M. N, Nikolaev, V. V, Filippov, and I. I. Bondarenko

Translated from Atomnaya Ifnergiya, Vol. 11, No. 5,
pp. 445-447, November, 1961
Original article submitted March 23, 1961

Until recently, in the calculation of fast reactors systems of multigroup constants were used, compiled on the
basis of data on the mean cross sections [1, 2]. This method of calculating group parameters is reliable if the cross
sections within the limits of the energy group are sufficiently smooth energy functions. If a resonance structure appears
in the cross sections, then when compiling multigroup constants it is essential to consider the resonance blocking of
the cross sections. Until now this has usually only been performed in the region of isolated resonances when calcu-
lating group cross sections of radiation capture and fission for heavy nuclei [3, 4]. When calculating group para-
meters such as the coefficient of fusion (or the transport cross section corresponding to it) and the moderation cross
section, the influence of resgnance effects was neglected.* However, the effects connected with the blocking of
resonances can have an important effect on these values also, which was mentioned in [6] where an allowance was
made for the resonance blocking in the compiling of a multigroup system of constants for U™? (see also [7]). As can
be seen from the results of these papers, even for such a heavy nucleus as uranium and comparatively high energies
(several tens of kiloelectron volts) the resonance blocking has a noticeable effect not only on the capture cross sec-
tion but also on the transport cross section.

* The effect of resonance blocking on the neutron moderation cross section for heavy nuclei in the region of isolated
resonances was described m [51.

1090

Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R0006800070003-9



Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9

For medium weight nuclei the resonance structure of the cross sections appears up to energies of the order of
several megaelectron volts. It might therefore be supposed that for such nuclei the effect of blocking of resonances
will be important over the whole energy region which is of interest for reactor physics. This conclusion is confirmed
by experimental data [6]. ’

| As follows from [7], the diffusion coefficient and the neutron moderation cross section for a certain energy group
| are determined (with low capture) in the following way:

| 1\ _ g 1
| { )_'3(1___”) ZBN v Uy= In 2N 1)
\zT/ \ / :

where ¢ is the mean cosine of the angle of scattering; § is the mean logarithmic energy loss; E,; and Ej are the upper
and lower boundaries of the group; X is the total macroscopic cross section, equal to the scattenng cross section with
the assumption made, The brackets indicate averaging for the energy group considered.

The information which is available at the present time on resonance parameters in the region of fast neutrons
is insufficient for calculating the values of <1/ I>and <l %> with the required accuracy. We also notice that these
values are strongly affected by interference effects which have not
been studied at all in this energy region. In this connection it is of
interest to directly measure the values <1/ £>, <1 / ¥*s and other
similar characteristics.

‘ We will consider the transmission T(t) of neutrons un1form1y
distributed in the range of averaging of AE:

T(z);z% g —2(E)tgp 2)
A'E

The area under the transmission curve is equal to the mearn

length of free path ((k) =(i\

z/

Experimental layout

¢ 1 ¢ am _ 1N
\ rOd=55\ ys={3/" , ©)
0 AE

Double integration of the transmission curve gives the mean square of the path length:
coc 1 ¢ dE /1N
SdtST(r)dt_ S 525 = N3/ - v v 4)
0 i

The mean values can also be determined in a similar way from the higher powers of 1/Z.

If in expression (2) we remove exp [~ <> t] from the integral sign and expand the remaining expressmn into
a Taylor series and integrate termwise, we then obtain

(Z? )—(2)2

T(z)—e—<2>‘[1+ 24 .. ] | (5)

Using this expression, from the shape of the transmission curve at low thicknesses we can determine the mean
cross section < I > and evaluate the dispersion of cross section < P —c sk,

The apparatus with which the transmission curves were measured is shown in the figure The source of neutrons
was the reaction T (p, n) He®. ‘Protons accelerated by an electrostatic generator impinged on  tritium -titanium tar-
get 1; its thickness was about 100 kev. The measurements were made at an angle of 0° to the proton beam. The
neutrons, emitted from the target and passing through the diffuser 2 w1thout colhsmn, through the collimator 3 in the
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Results of Treatment of Experimental Data

1 1 <i/o>

<, ’ ' el <a?> 1/a%>

E, kev b djo> V<;)/02> <L/o2> Dirpe/? prIe] (,//mz
350 3.84-0.1 | 2.4940.03 1.954-0.04 1.524-0.06 2.540.4 | 1.264-0.08 | 1.644-0.07
650 3.440.1 | 2.00F0.04 | 1.54F0.03 | 1.2150.08 | 2.8F0.2 | 1.48C0.15 | 1.6870.13
950 2.840.4 | 2.004£0.03 | 1.78F0.04 | 1.5740.09 | 1.800.1 | 1.31F0.10 | 1.27£0.04
1350 3.5620.06 | 2.66£0.01 | 2.49%0.02 | 2.3490.05 | 1.570.1 | 1.280.10 | 1.140.01
1750 | 3.2890.12 | 2.869£0.02 | 2.55%0.03 | 2.31£0.09 | 1.4F0.1 | 1.0450.01 | 1.2430.02

protective water tank 4, entered the detector 5. The cylindrical 50 mm diameter diffuser was of Armco iron. It
consisted of separate sections of different thickness, suspended on steel filaments. Using different sets of sections we
were able to change the thickness of the diffuser.

The neutrons were recorded by 48 proportional counters 6 with enriched boron (type SNMO-5). The counters
were placed inside a cylindrical paraffin block. Along the axis of the block there was a 50 mm diameter channel
half filled with a polyethylene stopper 7. The neutrons passing through the collimator were scattered in this stopper
and, moderating in the paraffin block, were recorded by counters. The detector was placed inside  protective tank
4 of diameter and height 2 m. Only those neutrons which had passed through the diffuser reached the collimation
hole of the 45 mm diameter tank. To measure the background the inlet hole of the collimator was closed from the

’ target by a copper cone of height 800 mm. The background was less than 0.1% of the count with the open target.
The angular resolution of the apparatus was about 1°, The maximum thickness of the diffuser was 25 cm, which
corresponded to approximately 100-fold attenuation of the neutron beam.

Transmission curves were measured for several values of the mean neutron energy in the range 0.3-1.8 Mev.
The forms of the curves differed considerably from the exponential form, pointing to the strong fluctuation of the
cross section in the observed energy region.

The results obtained by the above treatment of the transmission curves are shown in the table. In the first five
columns there are the energy, mean cross sections and cross sections which should be used to calculate <1/ X >,
<1/ > and <Ds>.

The mean cross sections which we obtained are 10-20% higher than the figures given in the atlas of D, Hughes
[8]. This difference can be explained if the experiments, the results of which are given in the atlas, used a diffuser
with a thickness of about one path length. From the data of the table it can be seen that for the calculation of the
mean path <A> and the mean square of this length A% cross sections should be used which are much smaller than
the mean cross section <Z>. The resonance blocking has a particularly important effect on the coefficient of dif-
fusion. The sixth column gives the ratios of the diffusion coefficient calculated from formula (1) to the value

1/3 (1—R)(2); even at energies of about 1.5 Mev these values differ by 50%. In the seventh and eighth columns

there are the relative dispersions of the cross section and the path lengths. Of interest is the fact that at an energy
of about 1800 kev the dispersion of the cross section is very small whereas the dispersion of the path length is large.
This points to the fact that in the energy range considered the cross section has one or several fairly deep and narrow
dips, between which it does not undergo strong fluctuations. Since the dips are narrow they do not have a noticeable
effect on the value of the mean cross section. However, the presence of dips in the cross section has a strong effect
on the mean path length. It might be expected that the observed fact is characteristic for the region of almost over-
lapping resonances where, due to the geometrical limitations and the phenomenon of "repulsion” of the level, the
cross section cannot have sharp peaks. The dips in the cross section caused by random fluctuations in the density of
the levels can also occur in this energy region.

The results given are preliminary. At the present time more detailed measurements are being made of the
mearn cross sections and path lengths of neutrons for a number of medium weight nuclei.
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AN EXPERIMENTAL STUDY OF A LINEAR ACCELERATOR

WITH AN ELECTRON PRE-BUNCHER

G. 1. Zhileiko and D. A, Yakovlev

Translated from Atomnaya Ifnergiya, Vol. 11, No. 5,
pp. 447-449, November, 1961 ’
Original article submitted May 27, 1961

A simplified diagram of the device isshowninFig. 1. The high-frequency power is fed to a double resonator pre-

buncher (more accurately, an electron cluster-former) through a cable to which phase changersare connected. By

means of the phase changers the phase of arrival of the elec-
tron cluster to the accelerator is changed, which ensures that

/ Wave guide the instant of injection of the cluster into the accelerator coin-

cides with the equilibrium phase. In the feed circuit of the
gridless resonators of the pre-buncher there are (not shown on

Phase changers

- on and off of the supply to the resonators, with the accelerator

Accelerator Electron operating.
gun _ :
The studies were carried out with single resonator and
Resonators ’ double resonator pre-bunchers.
Fig. 1. Block diagram of accelerator with elec- Figure 2 shows typical dependences of the width of the
tron pre-buncher. spectrum of accelerated electrons AU and the beam current at

the outlet of the accelerator on the value of the phase of high-

frequency oscillations, led only into one resonator, close to the accelerator (single resonator pre-buncher). Figures 3
and 4 illustrate the dependences of the width of the spectrum and the beam current on the injection voltage Uj on
the electron gun and the high-frequency power Py fed into the resonator.

For a double resonator pre-buncher Figs. 5 and 6 give curves showing the dependence of the width of the spec-

trum and the beam current on the phase of oscillations ¢y, fed into a resonator which is at a distance from the ac-
celerator, and the injection voltage. The systems of both resonators are chosen from the point of view of their best
mutual operation.

On the basis of the experimental data the following conclusions can be drawn:

1. The pre-buncher effectively acts on the operating system of the accelerator, the experimental dependences
being well-explained theoretically. In fact, it can be seen from the curves of Fig, 2 that for ¢ = 20-405 the electron

cluster from the pre-buncher enters the accelerator with the equilibrium phase: here the spectrum width is a mini-
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mum and current is a maximum; the phase of the phase changer ¢ = —(80-120°) corresponds to the cluster entering
the region of phases of the traveling electromagnetic wave, where the conditions of bunching are the worst observed.

4U; 1, relative units

AU, 1, relative units
4y 4U,; I, relative units ‘ _ : {
72+ 10 ) '
70 : 10
3 iz a AU
- AU, b :
P w/p
4
N\
2 / \ d
1 L 1} I 1 1 ] Il 1 i 5 7 ’
200 160 120 80 40 0 40 80 120 160 200 p° ) \ 8
Fig. 2. Dependences of width of spectrum of ac- / \
celerated electrons and the beam current on the value /‘/ ’ X | \
of the phase at which the electron cluster is fed into / vV v I | “
the accelerator: AU = AU(g); I = I(¢) with a single \ 7 ¥
resonator pre-buncher; AU/, = AUw/p(go) Twp = | 4iwe \r
Iw/p (¢) without a pre-buncher. ‘
/i 40 & 720
AU I relati Py 30 40 50
. . . ; 4, relative units ’
AU, 1, relative units 7~ Fig. 5.. Dependences of width of Ui s kv
AU \ spectrum and beam current on the Fig. 6. Dependences
" d ] phase of oscillations fed into the  of width of spectrum
' \AU second resonator of the double and beam current on
I < resonator pre-buncher from the the voltage at which
7 \ accelerator. Straight lines: the electrons are injected
' \\ ' / A same, without pre-buncher. into the double reson-~
2, o AN ,
< I // 1 ator pre-buncher.
2. The use of a pre-buncher, even a single resonator
type, triples the beam current and reduces the spectrum
35 2s 0 7 2 3  widthtoathirdora quarter.
Pregs relative units '
Uu» kv res ! 3. A double resonator pre-buncher considerably in-
Fig. 3. Dependence of width  Fig. 4. Dependenceof  creases the beam current but there is a sharp increase in
of spectrum and beam cur- width of spectrum and  the criticality of the operating conditions of the accelerator
rent on voltage at which beam current on the (injection voltage, etc.) and the choice of the conditions
electrons are injected into high-frequency power of the resonators for mutual operation is complicated.

single resonator pre-buncher.  fed into the single
resonator pre-buncher.
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ONE ACCURATE SOLUTION OF A NONSTATIONARY
ALBEDO PROBLEM

- T, Kh. S_ede‘l'nikov

Translated from Atomnaya Ifnergiya, Vol. 11, No. 5,
pp. 449-450, November, 1961
Original article submitted May 27, 1961

We will consider a homogeneous isotropic elastically-diffusing half-space. To solve the problem of finding
the outgoing flux intensity of neutrons as a function of the time we will write the corresponding albedo equation.

The latter can be obtained by formal transfer from a nonstationary kinetic equation with zero initial conditions

to a stationary equation,using the Laplace transform. The neutron capture cross section then changes formally:

Z¢ — Zc+ plo, o Y 6§

where p is the Laplace transform parameter; v is the speed of the neutron.

From the stationary kinetic equation we can transfer to the corresponding albedo equation [1, 2] for the intensity
of the outgoing flux I (1, g):

<ﬁ"+‘%>I(M-Ho)=z%[1+2nu‘-\.”%y—’—)du'] X [1+2n.§1<w; poan” | | @)
1] .

0
where {1 is the cosine of the angle of incidence of the neutron; ¢ is the cosine of the angle of exit of the neutron;

Z
A=m—me— 28 . 3
25+ Zc+plv ©

% is the neutron scatter cross section.

A nonstationary albedo equation can also be obtained on the basis of the invariance principle [1-3]
1 ANal 1,1 ) -
| b ) = [ = ) (B2 T
‘ | | <H+“° (o ) etz
4)

"'.'/,n
”0 0

Transforming it with respect to t according to Laplace,we again obtain equation (2). Equétion (2) can be used to ﬁn_d

|
‘ t. | ! | U o g
_ —-E—s—\dt'[6(t—t')—{——2n\I(t—t’,p',po)du’]x [ S(t')42npn \ —!—(t—":l,,’—’i—)-(llt”,:l .
i 0 . ' '
an accurate expression for the total intensity of the outgoing flux for an isotropic incident flux Ay(p) [1]

| : A4y (py=(1—V1=A) (14 V 1=R). - ‘ | (5)

Subsiituting expression (3) for A, we find the original of the Laplace transform

T
o TS
Il(v——gs t)e ( c+2)m

Ay()= t ®)

To allow for the moderating neutrons (multiplying half-space) we should proceed from a kinetic equaﬁon with
moderating neutrons '

TR C 22 0= L[ (v A= Z) Ot T Ch | [

£
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o, e
= —AiCi+VEB; Do Do (1, 2) = \m(z 2 1) dp. - (®)

Here v is the number of secondary neutrons per fission; Zf is the fission cross section; Bj is the fraction of the i-th
group of moderating neutrons; Aj is the constant of decay of the i-th group; Cj is the density of the nucleus-precursor

of the i-th group;

Transforming the equation with respect to t according to Laplace for zero initial conditions and excluding Ci»
we find:

ok %%+(«Ec+2s+2f+p/u)a).=%_ [zs_*_vz, < {—p Z ;%)]‘Do._' 7 ©
§ .

This equation leads to an albedo equation (2) where A will have the form:

| zs+vz,<1—p2p+ )

v (10)
A
R iy
The isotropic albedo is expressed as previously by formula (5) but with a new value A= Anod-
If we only consider one group of moderating neutrons, we can find analytically the original Ay(p):
(_ \ ___wl
“{lmod(t)— I, vt Jexpqut| I e
t 2
. —l—BR I‘(zl%l/s_(t:s)) 11<—-—vs>><exp{vs[E——i—n-)E zt2y y:|+7»tz+y} 5, : (11)
where o Vs(t—s) -
- ¥ P AW
b= |/}» p (Ev A o ) ; ,
Z=3c+ B+ 2 | (12)
z=3,+vZ; (1—P); |
= ﬁVZf.
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ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of this issue.
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SOME PHYSICAL PROPERTIES OF A LAYER OF ARTIFICIAL

GRAPHITE PARTICLES

Z. R. Gorbis and V. A, Kalender'yan

Translated from Atomnaya Energiya, Vol. 11, No, 5, -
pp- 450-454, November, 1961
Original article submitted March 28, 1960

The use of a moving layer of graphite particles as a coolant is of interest for nuclear power. However, for this
purpose it is essential to know the basic physicomechanical and thermophysical properties of the layer of graphite par-
ticles. The material which we investigated was graphite scrap from the Zaporozh (batch 1) and Novocherkassk (batch.
2) electrode plants. The ash content in the particles did not exceed 0.5%. The dimensions of the particles are given
in Tables 1 and 2. : '

Density and Weight of One Cubic Meter of Dry Granular Graphite Particles

The mechanical and thermophysical properties of free-flowing materials are determined by the porosity of the
layer (B) or the density of packing (&). These characteristics are determined by the weight of one cubic meter of
dry granular particles (y g) and the density (y), where ‘

p=1—e=1—Y8, ' (€3]
Y :

The density of the material of the particles, determined with an accuracy of 1%, was 2050 kgAn®. The density:
of graphite in a component is 1650 kg/m®, These data agree well with those of [1]. The densities of the individual
particles were also determined (see Table 1), which lie within the limits of the above values of densities of the ma-
terial and component. '

TABIE 1. Density and Weight of One Cubic Meter of Dry =~ TABLE 2, Angles of External Friction and Natural Slope

Graphite Particles of a Layer of Graphite Particles (Screening on laboratory
. sieves)
Weight of one cubic meter of .
. 3 =
stationary layer, kg/m s . § 5§, 5 5 <':.§. $
; o 58 B ow §g s |8H¢ §'

. . batch 1 batch 2 a w B G s |8 Bl
Particle | Density % 3'_( =9 égg gf-gg.ogua 37.6 q
size, before after after E g 'EOS 3 a § SE EOS £ & gg g 'B‘;ng tq;)o
. . &t B [

mm kg/m®| operation | operation | operation S E [<8%5808a<8 B80T <2 S

in ap- in ap- in ap- . : ' '

paratus paratus paratus >3.5 18°50’ | 0.33 9°30* 10.167 -39

2.96 | 19°30’ | 0.35 6°26° |0.113 35

> 2.88 | 1799 862 - 1940 %.24 27°30" | 0.52 10°00° |0.176| 36

) .70 | 23°30° 43 | 8°40° 10.152 37

2.08 | 1930 874 920 | . 918 1032 | 23930 | 043 | 7°30° |1.132| 36

1.44 1980 914 - 948 1.10 | 24° 8.45 13°20' 0.237 36

0.975 26° .49 [ 12°507- {0.228 37

0.77 | 2019 [ 943 1050 993 0.925.27° | 0.51 | 12°50° [0.228| 36

0.4 2048 - 1013 1044 0.85 | 27°30" | 0.52 | 16°45* [0.301 36
Mixtur - 7 0 0.73 | 29°30° | 0.57 | 19°40° 10.357 36°30

e 914 1eo | 1132 <0.3 | 32 - |0.62|27°30" |0.52 48
Mixture | 32 0.62 | 24°40’ | 0.459 [44—46°30'

The mean (with an accuracy of +2%) results of » '

repeated determinations of the weight of one cubic meter

of dry granular material of a stationary layer, given in .

Table 1, show that this weight of the layer increases with decrease in the particle size. This is due to the better fil-
ling of the volume by the small particles. Characteristic is the closeness of y g of a mixture of particles to y g of
dust-like particles of size 0.4 mm.
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Fig. 1. Dependence of the weight of one cubic meter 74— ' ,+/
of moving layer of graphite particles on their size (d,) 1.7 +H
and speed vgr in different channels. Annular channels t o
of diameter 100 - 33 mm (smooth rod): x) Mixture; ‘ _7“' / "
+)d; = 2.88 mm; O)d= 2.08 mm; @) d; = 0.77 mm; , &3 ; P
line for the value y, = 1100 kg/m® —mixture (rod with 19 2ol
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S og2 ° 4 Fig. 2. Dependence of the temperature conductivity
R ' of a layer of graphite particles on the density of its
1.0 _ packing: A, @) Mixture; x)d; = 0.4 mm; A) dp
0 1 2 $dr,mm = 0.77 mm; +) d; = 1.44 mm; @) d; = 2.08 mm; O)
Fig. 3. Dependence of the temperature conductivity d; = 2.88 mm.
of a layer of particles on their size: 1) Before using :
particles in a moving layer; 2) after using particles for The weight of one cubic meter of the moving layer
about 600 hr in a moving layer. was determined during movement of the layer along

smooth and ribbed tubes in various vertical channels of
annular cross section. For this purpose there was simultaneous closing of a measured section of height 3 m at the in-
let and outlet followed by weighing of the separated part of the layer. Experiments were carried out with graphite
particles of different sizes and a mixture of particles,with change in the speed of the layer from 3 to 80 cmpec. The
results of the measurements, given in Fig. 1 for various channels, point to the practical constancy of the weight of
one cubic meter of the layer with increase in the rate to a certain value depending on the cross section of the channel.
If this speed is exceeded there is a sharp decrease in the weight of one cubic meter due to tearing of the layer.

With repeated use of the moving layer in the metal channels there is a reduction in size of the graphite particles
due to which the fractional composition of the layer changes, there is a decrease in the mean particle size,and an in-
crease in the weight of one cubic meter. For example, the composition of batch 1 in 500-700 hr of use in an experi-
mental apparatus changed in the following way, the number of particles measuring 2.88 mm was reduced from 20.3
to 14.1%; those measuring 0.77 mm increased from 15.2 to 24% and those measuring less than 0.5 mm increased from
37.1 to 40.7%. The mean particle size of the mixture was then reduced from 1.34 to 1.22 mm, the volumetric weight
of the moving layer of mixture increased by 22%, and that of the stationary layer by 21%. On the whole this pheno-
menon requires further study to establish the rate of particle-size reduction of the graphite particles.
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Angles of External Friction and the Natural Slope of a Layer of Graphite Particles
The angles of external friction were determined for 11 fractions of graphite particles and their mixture of batch
1 both in the state of rest and in motion. The angle of external friction of rest was determined as the angle of in-
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Fig. 4. Dependence of the coefficient of thermal conductivity on the
porosity of the layer: 1) According to the Bogomolov formula; 2 and 3)
boundary of scatter of the experimental points; 4) averaged curve; O)
dr =2.88 mm; @) dy = 2.08 mm; +) d; = 1.44 mm; 4) dr = 0,77 mm;
x) dy = 0.4 mm; @) mixtwre of batch 1; A) mixture of batch 2; ®) data
of Kozak [4]; O) data of Fokin [5].

clination of the plane for which a mound of particles begins to move with this plane. The angles of external friction
of motion was determined on a special instrument. The data were used in the formula

z2
4l (y —ztena) cosd a

/m=tano Ftana— @)
where fi;, pm are the coefficient and angle of external friction of motion respectively; o is the angle of inclination
of the plane of motion (acceleration), equal to 30°; x, y are the coordinates of the trajectory of free motion of the
particles, marked on the coordinate grid of the instrument; 1 is the length of the plane of motion, equal to 28 cm.

The results of the measurements are given in Table 2. The effect of particle-size reduction on the angle of
external friction is due to the increase in their specific surface and the forces of adherence to the plane.

In the experiments with graphite particles measuring 0.4 mm a lack of dependence was detected between the
angle of external friction and the material of the plane (for steel 27.4°, for rubber 27.3°, for plastic 26.6°). Also
characteristic are the somewhat better pouring properties of dust of artificial graphite (p ;,; = 27°30") compared with
dust of natural graphite (30°).

The angle of natural slope, characterizing the coefficient of internal friction, was found for graphite particles
diswributed on ten sieves. More reliable results were given by two methods for determining this angle; the method of
a vessel with a moving wall and the method of a rotating rectangular vessel. Table 2 gives results for repeat deter-
minations with an accuracy of 15"/’0 of the angle of slope during free pouring of the layer.
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\

The effect of layer packing on the angle of slope was four:d for a mixture of particles and graphite dust. Witha
change in the weight of one cubic meter of dry material from 925-950 to 1040-1100 kg/m’ the angle increased from
46-48 to 57-60°. Experiments also showed that heating the layer to ~ 400°C somewhat reduces the angle of natural
slope (by ~10%). '

It should be mentioned that according to the obtained data the angle of natural slope is always higher than the
angle of external friction both in motion and at rest.

Temperature Conductivity of a Layer of Graphite Particles
The coefficient of temperature conductivity was determined by the first method of a regular system [2] as a
function of the size and density of packing of the graphite particles according to the formula

ay =km, 3)

R .
where k = (T)Z is the coefficient of the form a of the calorimeter, equal to 0.914 10-% m?; Mgy == A A]: is the rate

of heating of the layer with the condition o — «; Aln 6 is the change in the logarithm of the relative temperature
during the interval of time A7.

Figure 2 shows the results of experiments. The greater effect of density of packing for mixtures of pamcles is
due to the greater heterogeneity of the layer in this case.

The effect of the particle size on the temperature conductivity of the layer was evaluated at the same density
of packing and is given in Fig. 3. The increase in temperature conductivity of the layer after prolonged use as a
moving layer is due to the previously-mentioned effect of reduction in particle size leading to a certain increase in
density of packing of the layer.

Thermal Conductivity of a Layer of Graphite Particles
In the region of low temperatures (t; = 60°C) the coefficient of effective thermal conductivity of the layer
was determined from the above data on the temperature conductivity of the layer of graphite particle by the formula

A 1=a1cvg
where ¢ is the mean gravimetric specific heat of the graphite, determined by a formula given in [3],

¢==0.342-}-0.85- 10'4T——9—1E 105 kcal/kg °C.
The dependence of Aj on the size of the graphite particles and on the porosity of the layer is shown in Fig. 4.
The curve 1 was plotted from the theoretical formula of Bogomolov [6]

0.74—0.31e

M =217 Aglog=5=——

The equidistant placing of the curves points to the qualitative satisfying of the Bogomolov regularity for the ma-
terial under investigation. The quantitative difference from this regularity can be explained by the heterogeneity of
the layer, the high thermal conductivity of graphite, the deviation of the particles from spheres with octahedral pack-
ing, assumed by Bogomolov, which should be particularly noticeable for mixtures of particles [6].

The position of the points (see Fig. 4) obtained in the region of low porosity of the layer (8 < 0.45) for an in-
dustrial mixture of graphite particles on the upper curve 2,points to the higher coefficient of thermal conductivity of
the mixture of particles compared with the coefficient of thérmal conductivity of the fractionated layers.

Figure 4 also gives the data of Kozak on the thermal conductivity in the region of low temperatures for "Acheson”
and "Korea" graphite powders with weights of one cubic meter of dry material 690 and 780 kg/m® [4] and the data of
Fokin for graphite particles screened through a sieve with 3, 6 and 16 holes per 1 cm® [5].

The data of Fokin,which are often referred to in the literature as an illustration of the increase in thermal con-
ducitivity of a layer due to increase in the particle size [6] give rise to doubts since in the first place he did not study
fractionated particles but 2 mixture of unknown composition, in the second place there is no regular dependence of -
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the weight of one cubic meter of dry material on the particle size, in the third place the data on the thermal con-
ductivity are given with a simultaneous change in two factors ~ the particle size and the weight of one cubic meter
of dry material, when the particle size is doubled the thermal conductivity bec¢omes six times as large, in the fourth
place the method and conditions for determining the thermal conductivity are not given.
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Fig. 5. Temperature dependence of thermal conductivity of the layer, obtained by methods
of regular and stationary conditions (mixture of batch 1; 'yg = 1280 kg/m 1 6 =0, 664)

To determine the coefficient of thermal conductivity of a layer of graphite particles in the region of low tem-
peratures the following calculation formulas can be recommended.

For particles measuring 0.4-3 mm [ along the middle line (see Fig. 4) with an error of +6-8%]

0.74—0.31 ¢

A1=297AaX log —gart . | (4)
8 T0.7i—¢

For an industrial mixture of particles, i.e., for graphite scrap in the region 0.55 <& < 0.65 [along the upper
line (see Fig. 4)).

-0.43-4-0.318 0.74--0.31e d1a

where X, is the thermal conductivity of air.

To study the effect of temperature on the thermal conductivity of a layer of artificial graphite particles (Fig. 5)
we used the method of a stationary system of "a sphere in a sphere.” The coefficient of effective thermal conducti-
vity of the layer was then determined by the formula

0.8687U . IU
M= ppar A g

where A is a constant for the instrument, for our apparatus equal to 0.413; I and U are the current intensity and volt-

age of the heater placed in the inside sphere; At is the temperature difference established with stationary conditions
on the surfaces of the spheres.

Increase in the thermal conductivity of the layer with increase in temperature is due to the increase in mole-
cular thermal conductivity of the gas layers and at high temperatures it is also due to the increase in the radiation
component of the total heat exchange. Assuming in certain temperature boundaries a linear relationship Aj = f(t),
we obtain for a mixture of particles and t = 400°

m=xo[1+ﬁl(t1*60_)+sz(tz—.225)1, (6)

where A is the coefficient of effective thermal conductivity of the gréphite particle layer at a mean temperature -
t(kcal/m - hr°C); A is the coefficient of effective thermal conductivity of the layer at t = 60°C, determined from

‘formulas (4), (5) (see Fig. 4), (kcal/m - hr°C); B,, B, are the temperature coeff1c1ents, for 60 <'t5 < 225 equal to
0:807 - 107 and for 225 < t, < 400° equal to 1.75- 10~3 °C-1,
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The experimental data also show that the density of packing of the layer has an important effect not only at
low temperatures but also at high temperatures. Thus, with change in density of the layer of the mixture of particles
from 0.578 to 0.644 the coefficient of effective thermal conductivity at 400°C increases from 0.81 to 1.08 kcal/m -
+hr - °C,

Mention should be made of the agreement between data obtained for low temperatures by methods of stationary
and regular conditions. Further studies should show the effect of temperature on the properties of the layer as a function
of its fractional composition. As well as this it is important to study the dependence of the effective thermal con-
ductivity of the moving layer on its speed, which involves considerable difficulties in procedure.

As yet there are no direct data on the change in physical properties of a layer of graphite particles under the
action of irradiation in a reactor. However, it can be assumed that these changes are not serious. However, the ther-
mal conductivity of grapliite components under irradiation according to the data of [1] decreases considerably, the
effective thermal conductivity of a layer of graphite particles can remain practically unchanged, since the deter-
mining factor is not the thermal conductivity of the particles but the thermal conductivity of the gas layers between
the grains. It would therefore be of considerable interest to study the effect on thermal conductivity of possible ioniza-
tion of these gas layers in the active zone of a reactor.
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DETERMINING BURN-UP IN SPENT FUEL ELEMENTS

A. P, Smirnov-Averin, V., I. Galkov, I. G. Sheinker,
V. P, Méshcheryakov, L. A. Stabenova, and B. S, Kir'yanov

Translated from Atomnaya }fnergiya, No. 11, No. 5,
pp. 454-456, November, 1961
Original article submitted September 13, 1960

When studying spent fuel elements the determination of burn-up of the nuclear fuel is very important. The
most accurate is the mass spectrometric method for determining burn-up directly,from the decrease in U?°, How-
ever, this method requires very complex and expensive apparatus, a special building and a special staff of workers.
Burn-up is most simply determined from the accumulation of some long-lived fragment. »Cs]37 is usually used for
this purpose. The method of investigation for fuel elements with a low burn-up was described previously [1, 2]. For
fuel elements with a higher burn-up (more than 20%) the determination of the total number of fissions is complicated
by the accumulation during reactor operation of the radioactive isotope Cs®4, which occurs according to the following
scheme:

20.8 hr 5.27 days
1138 X133 : st‘33 stable

Cs!33 (n. y) Csl34,

The relative activities of individual components in the mixture of radioactive isotopes Cs®7 + cs®* were deter-

mined by means of a single crystal scintillation y spectrometer a scintillation B -spectrometer and schemes of
B-vy coincidences.
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The apparatus y -spectrum of a mixture of Cs™* and Cs®7 has two photo peaks (Fig. 1), one of which is caused
by y -radiation of only csB4 (Eym = 0.80 Mev), and another is a superimposition of the photo peaks Csm(Ev = 0.66
Mev) and Cs"""(E),m = 0.59 Mev), :
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'Fig. 1. Apparatus y -spectrum of Cs¥7 + csB4,
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Number of channel

Artificially prepared mixtures of isotopes csBt
and Cs®7 were used to calibrate the dependence of the
ratio of areas of the above photo peaks on the relative
content of Cs®*and Cs®7; in the investigated specimens of radioactive cesium separated from a mixture of fragments
this calibration could be used to determine (with an accuracy of +5%) the relative content of Cs®7 in which we were
interested.

Fig. 2. Apparatus B -spectfurn of CsB7 + cs®4,

On the scintillation B -spectrometer the apparatus spectrum of a mixture of Cs®* and Cs® has the form shown
in Fig. 2. The coefficient of internal conversion was determined from the measured spectrum of Cs®7 and was found
to agree well with the tabular value of 0.119. : '

Multiplying the area of the Cs27 conversion peak separated from the spectrum of the Cs®* and cs®7 isotope
mixture by the coefficient of conversion gave the area of the Cs®’ continuous spectrum of B -radiation. Subtracting
the area corresponding to Cs®" from the area of the continuous 8 -spectrum of the mixture gave the area of the con-
tinuous spectrum of the B -radiation of Cs®** and, consequently, the relative content of Cs®' and cs®*,
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The 8- y coincidences in the mixture of Cs®' and cs™* were only due to radiation of Cs®%, Consequently,

by measuring the intensity of radiation of a mixture of cesium radioisotopes and then the rate of count of the 8-y
coincidences from this mixture it is possible to calculate
- 7. X
the relative content of Cs®’ in the mixture.

7%
6’7/?) \\ : The distribution of Cs®7 and Cs™* isotopes at various
20 N points along the length of the fuel element, determined by
N experimental methods, is shown in Fig. 3. The relative
/4 \\o content of cesiuim components at different points of the
fuel element was also obtained by calculation.
% A The Cs®7 content was used to calculate the distribu-
! & b\\\ A4 tion of burn-up of nuclear fuel along the length of the fuel
. N element. The results are given in Fig. 4. Figure 4 also
2 ™ gives the results of the mass spectrometric analysis of the
decrease in U™®, The difference between the results of
l\‘& the mass spectrometric and the radiometric determinations

0 004 008 O 0 020 02 028 EMev of burn-up was not more than 10%.

Fig. 5. Curie graph for Tc™. Tc® is a convenient isotope for determining burn-

up from the fission fragments: It has a long halflife (2.2

10° years), which makes it possible to determine burn-up in specimens with an unknown system of uradlauon‘ has
a high yield per fission (6.02%); in the disintegration products there is only one long-lived isotope of Tc®,

The following method was used to separate the technetium. Hydrdgen peroxide was added to the initial so-
lution of irradiated uraniwm to oxidize the technetium to the septivalent state, then iron nitrate and NaOH were added.
The precipitate, containing uwranium and a number of fragments as well as iron, was separated by centrifuging. The
technetium was extracted three times from the centrifugate by equal volumes of methylethylketone, The methylethyl-
ketone was then distilled off on a water bath. The solution was then made 2 N with respect to NaOH and hydrogen
peroxide was added. After heating the solution and then cooling, another extraction was performed with methyl-
ethylketone. The total coefficient of purification of technetium from the other fragments was 2 - 10°, Final purifica-
tion of the technetium was performed with a column of the cation-exchange material KU-2. The specific activity
of the separated technetium was determined on a 4 ¥ -counter, the purity was checked by a scintillation B8 -spectro-
meter (Fig. 5).

The technetium separated by this method was radiometrically pure, which was also confirmed by the coin-
cidence of the percentage of burn-up determined by different methods.

The burn-up determined from technetium was 67%, that determined from cesium for the same sample was 68%;
for this specimen the mass spectrometric method gives 66.2%. As can be seen from these figures, the results ob-
tained by various methods are in good agreement.

LITERATURE CITED
1.  A. P, Smimov-Averin and V. L. Galkov et al., Atomnaya Energiya, 5, 8, 446 (1960).
2. Progress in Nuclear Energy, Ser. Ill. Process Chemistry, V. I, Appendix III. London (1956).

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter-
ations of the abbreviations as given in the original Russian journal. Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover- to-
cover English translations appears at the back of this issue. ’
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THE EFFECT OF THE NATURE OF THE OXIDANT
ON THE TRANSFER OF URANIUM INTO SOLUTION

G, M. Nesmeyanova

Translated from Atomnaya Energiya, No. 11, No. 5,
Pp. 456-458, November, 1961
Original article submitted March 13, 1961

A previous paper [1] showed the deciding effect of oxidation processes on the transfer of uranium into solution
from pure mixed oxides of uranium. It seemed of interest to study the effect of the nature of the oxidant, the com-
position of the solvent, the temperature,and duration of the process on the transfer of uranium into solution from
natural pitch. ' :

As yet there have been no sufficiently definite data on the comparison of the behavior of individual uranium
minerals in solutions of acids with oxidants. Most of the studies used pure uranium compounds such as the dioxide
and the mixed oxide and not natural uraninite and pitchblende, having varying ratios of the tetra- and hexavalent
wanium [2]. In the present work a sample of pitchblende was used in which of 67% uranium, 22% was contained in
the tetravalent state. '

In order to obtain comparative data on the effectiveness of various oxidants in the solution of uranium in an
acid medium under identical conditions several oxidants were studied. The experiments were carried out at atmos-
pheric pressure, the concentration of the solvent, temperature and duration of the process being varied.

100
2 700
5
./ 2

-5! :g___’//l 'E

=

g5 g

Yoy B E

o 50K g

2% LY/]

O - Yt

g g o .

0 9 (=R

< g G =«

8.4 o g

5 9 8 'g Cpx

g 50 , 100 150
Concentration, g/ liter ¢ . 7 2 thr

Fig. 1. The effect of the initial concentration of acid Fig. 2. Effect of duration of the process on the transfer
on the transfer of uranium into solution during the so- of uranium into solution in the solution of pitch in
lution of pitch in nitric acid (6) and in sulfuric acid nitric acid (6) and in sulfuric acid with the oxidants
with the oxidants MnGO, (1), Fep(SOy)s (2), KMnOy (3), MnG;, (1), Fea(SOgs (2), KMnOy (3), KC10; (4), HNGy
KC10;4 (4), HNO; (5) (t = 90°C, T =30 min). (5) (t = 90°C, concentration of acids 100 g/iter).

Figure 1 shows curves for the dependence of the solution of uranium on the initial concentration of the acid.
With an acid concentration of 10-25 g/liter the best results are given by nitric acid in the absence of sulfuric acid
and also KC10; and HNO; in a sulfuric acid medium. Even with a sulfuric acid concentration of 100 gAiter, and
duration of the process 30 min and a temperature of 90° potassium permanganate, manganese dioxide and ferric salts
are not able to produce total solution of the uranium. '

Nitric acid is a vigorous solvent, readily reacting not only with uranium but also with impurities contained in
the pitch. With a solvent concentration of 100 gAiter the effect of the duration of the process is especially high for
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Comparative Characteristics of Various Oxidants with Respect to Uranium, Contained in Pitch

Mixture .
HNO. Temper-
HNOg | 3 | KC10; | KMnO, | Fep(SO,) | MnO; | ature,
H,S0, ¢
Extraction of uranium in 44 19 | 32 58 52 38 20
solution in 30 min, % 98 96 95 78 16 68 90

- nitric acid in a sulfuric acid medium (Fig. 2); in nitric acid alone the solution of uranium at a temperature of 90°
occurs almost instantaneously. Although potassium chlorate in its oxidation properties with regard to uranium is in-
ferior to nitric acid, the process of oxidation and solution of urani-
um in its presence occurs with sufficient speed. The reaction
proceeds most slowly with manganese dioxide, which is presumably
due to the low content of iron jons in the pitchblende specimen [3]
and the long period needed to dissolve the manganese dioxide.

3
S

As can be seen from Fig. 3, only for nitric acid and potassium
chlorate does increasing the temperature from 20 to 60° have a
deciding effect. For potassium permanganate, manganese dioxide
and fertic salts, increasing the temperature from 20 to 30° increases
the degree of extraction of uranium into the solution by 15-20%,
whereas for nitric acid this increase is 75-80%.

It is interesting to observe that potassium permanganate and
ferric salts with widely differing values of the oxidation-reduction
potentials approach one another (see table) in their oxidation capac-
0 200 40 60 8090 t,T ity with respect to wanium, This increased oxidation capacity of
ferric ions with respect to uranium makes them a catalyst in the
oxidation of uranjum by other oxidants [4] in a sulfuric acidmedi-

S

Degree of extraction of uranium

into solution, %

Fig. 3. Effect of temperature of the process
on the transfer of wanium into solution during

the solution of pitch in nitic acid (6) and in um, The co.mparatlvel}f low efficiency of Potassmm permanganate

NP ; compared with other oxidants can be explained by analogy with the
sulfuric acid with oxidants MnG (1), Fep(SO) solution of molybdenite in solutions of hydrochloric acid [5]. It is
(2) KMnO, (3), KCI1O; (4), HNO, (5) (T — 30 y Y :

supposed that the precipitate of manganese dioxide formed due to
reaction between the permanganate and the divalent manganese
ions covers the particles of the, pitch and slows down its reaction
with permanganate,

These data combined with the results for the study of oxidation and solutjon of pure compounds of wranium in
acid media make it possible to compare the effectiveness of various oxidants with respect to uranium.

min, concentration of acids — 100 g/liter).
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THE PROBLEM OF CALIBRATING RADIOMETRIC SEPAvRATORS

. Ll
Yu. A, Erivanskii

Translated from Atomnaya énergiya, No. 11, No. 5,
pp. 458-459, November, 1961
- Original article submitted October 17, 1960

The aim of calibrating separators used in the radiometric enrichment of uranium ores is to determine the
‘dependence between the intensity of radiation of the ore specimen and the probability of its separation by the separator
into the product of enrichment, for example the concentrate (Fig. 1). However, since the separator can separate the
initial raw material into products according to a previously given boundary concentration determined by the adjust-
ment of the radiometer (A), in practice it is more convenient to use the dependence of the probability of separation
on the adjustment (Fig. 2). In this case calibration amounts to determining the position of the adjustment regulator
of the radiometer, which should correspond to a given probability of separation of a lump of ore with a known content.

IR AT RN

i/ A
/ // \ \
/)

- o [ oy
0 20 40 60. 80 7100 120 140 169

N
&
A

g

<
3

r>
=
~
n

Probability of separation, %
Probability of separation, %

i ] i 1
0. 20 30 4% 50 60 0 &0

. 0
Intensity of radiation N, pulses ' ~Adjustment A, pulses
Fig. 1. Dependence of the probability of separa~ Fig. 2. Dependence of the probability of separa-
tion of an ore specimen on the intensity of radia- tion on the adjustment of the radiometer., Cur-
tion. Curves 1 and 2 correspond to the position ves 1 and 2 correspond to a content of uranium
of the adjustment regulator Ay and A, (A; > Ay). - oy and o (o >ay).

The method for adjusting the separators described in the literature [1] requires long periods of time or a h:ge
number of operators. This operation should therefore be remote controlled from the control panel of the radiometric
enrichment plant. The adjustment can be performed quickly by one operator.

It is known [2] that the intensity of radiation of a specimen of known weight recorded by the radiometer during
the measurement is equal to
N.=0.01qasS,

and the number of pulses of the adjustment A ‘of the radiometer is determined by the expression

A=Nc.+ Ny+RV NN, _ )]

where N¢ is the intensity of radiation of a lump of ore recorded by the radiometer during the time of measurement,
pulses/time; g is the weight of the lump, g; o is the uranium content in the lump, %; S is the efficiency of recording
of the separator, pulses/g - time; Ny, is the intensity of the background radiation recorded by the radiometer during the
measurement, pulsesime; R is the argument of the probability function determining the probability of separation.*

* For example, with a probability of separation equal-to 5; 50; 95% R is equal to +1.65; 0.00; —1.65 respectively,
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. If the radiometer of the separator has an adjustment regulator calibrated in pulses, then it is set in a position
corresponding to the found value of A. Otherwise the position of the regulator must be detetmined which would corre-
spond to the value of A found from formula (1), For this purpose the radiometer must be fed from a distance with a
number of pulses equal in value to the adjustment A and, by changing the position of the regulator, a given probability
of separation achieved.

In order to obtain the required number of pulses it is possible to use either an additional radiometer placed at
the control panel of the radiometric enrichment plant or a standard signal generator. In the first case a given pulse
count rate is established by means of a standard specimen at the radiometer,corresponding to the value of (Ne+Np)* .
The pulse detector at the control parnel is then connected to the panel of the separator which is being calibrated and
the radiation receiver of the separator is disconnected. A number of pulses is then fed to the control panel of the
separator equal to the mean value which would be recorded when measuring a large number of standards with the
same content, passing through the sensitivity zone of the radiation receiver of the separator. By changing the posmon
of the adjustment regulator we can obtain a given probability of separation.

When using a standard signal generator the dependence of probability of separation on the adjustment changes
considerably. The graph characterizing this dependence for a fixed frequency of pulse arrival is a straight line paral-
lel to the ordinate axis.”* This type of graph is due to the fact that the control panel of the separator is fed with
pulses with a strictly fixed frequency and not statistically distributed in time as in the case when a standard speci-
men is used (Fig. 2). If the control panel of the separator is fed with pulses from the signal generator with a fre-
quency corresponding to the calculated value of adjustment A, then the separator will operate with a probability of
separation equal to 100%. However, a 100% probability of separation will also be obtained for any other position of
the adjustment regulator which corresponds to a value exceeding the value of A. Therefore, to determine the accurate
position of the adjustment regulator in unit time the control panel of the separator must be fed with a number of pulses
equal in value to the calculated adjustment minus one or two pulses.

By changing the position of the adjustment regulator we find a position at which a small deviation on this point
in any direction would cause a zero or 100% probability of separation respectively. To check the correctness of ad-
justment the number of pulses being fed is increased to a value equal to the adjustment plus one or two pulses, The
position of the adjustment regulator should then remain unchanged.

LITERATURE CITED
1. G. I Petrov et al., Methods of Geological and Geophysical Servicing of Uranium Mines [in Russian] (Moscow,
Atomic Energy Press, 1960).
2. G. A. Kovda and M. L. Skrinichenko, Transactions of the Second International Conference on the Peaceful
Use of Atomic Energy (Geneva, 1958). Reports of Soviet Scientists [in Russian] (Moscow, Atomic Energy Press,
1959), Vol. 3, p. 221.

EFFECT OF DUST FROM DISCHARGED SMOKE ON THE AMOUNT

OF RADIOCACTIVE FALLOUT

P. N. Yagovsi

Translated from Atomnaya Energiya, Vol. 11, No. 5,
Pp- 459-461, November, 1961
Original article submitted April- 17, 1961

The aim of this work is the study of the effect of dust from discharged smoke on the amount of radioactive
fallout. Snow samples were used as a material for the study of this problem.

* From one standard specimen, by varying the distance from the standard to the detector or by introducing additional
screens between the standard and detector, etc., it is possible to obtain a different pulse count rate.

* * The straight line can have a small slope which is due to fluctuation in the threshold of the counting circuit, the
instability of the generator and other factors.
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TABLE 1. Activity of Snow Samples and Neva River Water (average of three parallel determinations)

Ashed residue | Activity of | Activity. of pre-

content of melted pared sample
Sample . s 1 .
o unfiltered snow, 10 after 6 months
Sample collection data - S .
| melted snow, | C/liter storage,in per-
\ number . i
| ‘ ' . g/ liter cent of origi-
| nal activity
’ February 11, 1958 » . .
1 | Top layer of snow, two hours after deposition 0.2700 5.5 48.2
2. Snow of the same fall as for sample 1, but 0.0152 . 4.3 44.0
without the surface layer '

3 Underlying layer of old snow at the collec- 0.1764 12.7 . 62.8.
tion point for samples 1 and 2 . : .

March 7, 1958
4 Top layer of snow 16 hours after deposition 24.3500 101.7 63.7
'in a location heavily contaminated by '
discharged smoke :

5 Same snow as in sample 4, but without 0.0438 41 30.0

the surface layer '
6 Top layer of snow 16 hours after deposition 0.3900 12.4 Co441

in a location lightly contaminated by ,

_ discharged smoke : . : !
April 7, 1958

7 Mean sample of city snow ' 2.0800 22.9 57.0
8 Mean sample of suburban snow 0.0500 13.4 34.5

9 Neva River water . 0.0434 0.45 62,4

' For determining radioactivity, these samples were collected around Leningrad during the period February-April,
1958, within a definite time after snowfall. Sample collection was carried out in places where snow had been blackened
to varying degrees by the dust from smoke discharged by ‘a thermal power station which used coal as fuel. In addition,
average snow samples were collected within the city and outside the éity {(near Pulkovo).

The snow samples were collected in such a manner that about five liters of water were obtained after melting.
Three samples were simultaneously collected at each point in order to obtain more reliable average results. All
snow samples to be used for intercomparison were collected from the same area (average samples from all snow layers
were collected from a 400 cm® area), The melted snow was acidified with nitric acid and evaporated in a weighed
porcelain dish. Then the dish, with the residue, was heated in a muffle furance to a dull red heat and weighed again.
An amount of the ashed residue not exceeding one gram was wansferred to a weighed aluminum planchet 24 cm? in
area. The surface of the ashed residue on the planchet was made smooth and the resulting preparation weighed. The
activity of the preparation was determined three days after snow sample collection. A second determination of each
preparation was made after six rmonths. The number of background counts and the number of counts from sample plus

- background was sufficient in every case to assure a relative counting error of not more than 5%, The activity was
calculated with the help of uranium standards.

Mean data from three snow sample activity determinations is presented in Table 1. It should be noted that all
three samples from the same collection point gave very similar results. For purposes of comparison, the average ac-
tivity of three samples of Neva River water (six liters each) is presented in the table also.

As is obvious from Table 1, the activity per liter of melted snow is sharply increased for snow contaminated by
dust from discharged smoke. This can be seen both by comparison of samples of newly-fallen snow (samples 4 and 5),
and by comparison of city and suburban snow samples (samples 7 and 8). Newly-fallen snow without the surface layer
(samples 2 and 5) has the least activity, Attention is drawn to the fact that suburban snow and Neva River water con-
tain approximately equalamounts of ash residue, but the snow activity is 30 times higher than the activity of the water,
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TABLE 2. Activity of Coal Ash (average of five deter- The data obtained shows that, at the time of fall,
minations) ' snow has a minimum activity which then increases be-
cause of deposition of dust on the top snow layer. If the
Radioac- snow is heavily contaminated by dust from discharged
Sample Type of sample tivity ofu smoke, i.ts activity is considerably increase.d even after
number ash, 10 a short time, as can be seen from a comparison of sam-
Clg ples 4 and 5. Because of this, it is possible to assume that,
' with contamination by discharged smoke, snow activity
1 Fly ash, obtained by burning 1.28 is increased either because of the activity of the dust
coal in power station furnaces from discharged smoke (ash) itself, or because of the ad-
2 Ash in the form of cinders, ob- 1.60 ‘sorption of radicactive particles from the air onto the
tained by burning coal in surfaces of the dust particles or because of those and
power station furnaces other factors. In order to clear up this problem, we carried
3 Ash, obtained by burning coarse| 1.88 out determinations of the activity of ash which was ob-
lumps of coal in a muffle tained by burning coal in the furnaces of that same power
furnace station where the contamination of snow by dust from dis-
4 Ash, obtained by burning fine 1,28 charged smoke occurred. In addition, the activity was
coal in a muffle furance - determined for ash which was obtained by burning in a

muffle furnace the same coal as that used for fuel by
the aforementjoned power station. The average result of five activity measurements for each sample of ash is shown
in Table 2. As is indicated in the table, samples of fly ash and of cinders, as well as samples of coarse and fine coal
were selected for activity determinations. '

One can take 1.5 - 1074 C/gm as the activity of ash produced by burning coal, according to the data of Table 2.
If it is assumed that the activity of snow is increased only because of the activity of the contamination from dis-
charged smoke, then the activity of snow sample 4 should be more than the activity of sample 6 (see Table 1) by
1.5 - 1071 ¢/gm - 24 gm = 36 - 1071 ¢ /liter. Actually, it is more by (101.7-12.4) - 10"% = 89.3 - 10"X Citer.
Therefore, each gram of ash in discharged smoke picked up activity equalling 2.2 - 10~ C/gm on its path from
chimney to point of deposition (a distance of 200-300 m). »

If the mean city and subwban-snow samples are compared (see Table 1, samples 7 and 8), then one can say
that 2.03 gm of ash added 9.5 * 107 ¢ /liter to the city snow, i.e., each gram of ash added not 1.5 - 10~ curies, but
4.7 - 102 curies. Therefore, dust from discharged smoke adsorbed on its surfaces radioactive particles from the air
to the amount of 3.2 - 107 ¢/gm of ash. Thus, dust from discharged smoke, settling on the snow, increased its
activity "washed out” of the air. Moreover, the inherent activity of dust from discharged smoke is less than that ad-
sorbed from the air.

The results of activity determinations (in percent of initial activity detected three days after sample collection)
of the preparations following a six-months storage period are also given in Table 1. These results indicate that snow
samples contaminated by discharged smoke (samples 3, 4, and 7) have high activities. Material with shorter half-
life is found in snow samples lightly contaminated by discharged smoke (samples 2, 5, and 8). This difference depends
on the long-lived isotopes in the ash from discharged smoke as the following calculation shows. If, for sample 4, the
36 - 107 C/liter emitted in the ash from discharged smoke is subtracted from the initial activity and the activity after
six-months storage, then the activity of this sample determined after six months amounts to only 43.3% of the initial
activity. Therefore, dust from discharged smoke adsorbs from the air the same radioactive particles which indepen-
dently fall on snow uncontaminated by discharged smoke.

The data obtained make it possible to assume that much more radioactive material falls out on snow, soil,
and plant cover in locations which are dusty from discharged smoke than in non-dusty locations. This phenomenon can
acquire important significance in the neighborhood of an atomic plant.

The adsorption of radioactive particles from the air by dust from discharged smoke leads not only to an increase
of radioactive fallout in places where the dust settles, but also leads to a decrease in the concentration of radioactive
dust floating in the air. This should be taken into consideration when determining the radioactivity of the air in regions
made dusty by discharged smoke.
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NEWS OF SCIENCE AND TECHNOLOGY

INTERNATIONAL CONFERENCE ON REACTOR MATERIALS
AND RADIATION EFFECTS '

Translated from Atomnaya f:nergiya, Vol. 11, No. 5,
pp. 462-465, November, 1961

The Berkeley (United Kingdom) international conference on reactor materials and radiation effects was held
May 29 to June 2, 1961, The conference was scheduled for the inauguration of a nuclear reactor at the Berkeley re-
actor construction site (near Bristol). 137 scientists from 19 nations attended the conference.

The conference was planned as a broad discussion on topics of importance for the improvement and further
development of reactor design, with particular emphasis laid on gas-cooled reactors. The discussion covered the
following range of topics: measurement of neutron flux and neutron spectra responsible for radiation damage within
the reactor system; theory of displacements; radiation effects and point imperfections in metals (observation by direct
methods and flaw detection by indirect methods); mechanical properties (radiation hardening and fracture) corrosion,
dimensional stab111ty :

The way the agenda was set up was quite interesting. An introductory lecture was read -on the day prior to the
discussion of a particular topic by one of the leading specialists in the field. The purpose of this was to outline the
status of the problem and to pose questions for discussion. Kinchin, Lomer, Seitz, Cotirell, and Rotheram were among
the authorities selected. The morning session started right off with a discussion. Two topics were discussed
each day. A short break was followed by a discussion among the participants or groups on any subtopic which captured

- the interest of the delegates, followmg which the evening lecture on the general topic for the following day was read
to the gathering.

The main report in the field of radiation-damage theory was delivered by Lomer. Of the two major consequences
of bombardment of matter by fast particles, we may consider the primary,formation of vacancies and interstices
(intermediate or displayed atoms). They may be retained in unequal quantities as a result of partial coalescence and
the formation of more complex defects. Effects related to damping of thermal spikes are more obscure. We learn
from Vineyard's data that there is little ground for talking about anything except pair displacements. In this case the
bulk of the energy associated with the primary impact is spent on substitutions, so that the number of displacements
per se must turn out to be less and a certain correspondence will shape up between the theoretically-computed num-
ber of defects and the experimentally-determined number, and these, as we know, diverged markedly in earljer in-
vestigations. ' :

Seitz and Keller moreover hold the view that this apparent discrepancy must be accounted for in terms of an-
nealing in the region of the thermal peak. They showed that this interpretation requires that the energy of the primary
impact exceed 1000 ev.- Lomer indicates that this is indeed confirmed by the experiments of Kaufman and Ward, We
might infer from a general view of Lomer's report that the earlier simplified statistical models of impact energy transfer
to atoms must yield its place to concepts which start off by taking into account the paramount significance of a regular
crystalline structure.

In a report on electron irradiation, Kewson et al. report some interesting data on the effect of an electron beam
on iron and copper whiskers. Depending on the orientation of the beam with respect to the crystal axes (100 and 110),
a difference will be observed in annealing kinetics, as well as the absence of polycrystalline metal. This indicates
that different types of Frenkel pairs form in different lattice directions under electron bombardment.

Of the papers related to direct observation of radiation-induced defects, we invite attention to the electron-
microscopic observations of Menter, Pashley, and Presland on complex defects, in this case dislocation rings brought
about by bombardment by ions evaporated from the cathode filament of the electron microscope and accelerated by
the field to energies of 80-100 kev. Such ions must always behave in a2 manner similar to slowed-down fission frag-
ments. Annealing at 400°C results in the disappearance of most of the dislocation rings, but some of them survive
and apparently become converted to a special type of defects of tetrahedral form with faces containing a stacking
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fault. Another portion of the dislocation ring imperfections increases, providing evidence therew1th that these for-.
mations contain complexes of interstices

The report by Williamson dealt with an electron-microscopic study of radiation damage in graphite. Graphite
lamellae irradiated with neutrons at 300°C showed disks formed by interstices. Their absence from vacancy disks is
noted in a detailed studies of contrast effects in an electron microscope, The large size of the disks (~ 10® atoms)
leads us to infer that interstices are derived from a small volume (3 microns), i.e. possess high mobility., The |
plates also show clusters of vacancies obtained by quenching from 3000°C and subsequent annealing at 1600°K. One J
layer is missing, and the presence of a stacking fault is noted. Separate rings tend to form clusters when a large con- |
centration of vacancies is present, since the new rings form in the vicinity of those already present,

Beavers and Nelson studied the formation of defect clusters in Al, and showed a high rate of cluster formation
was needed for the clusters to grow to stable dimensions. In the authors' experiments, this was attained by bomnbard-
ment with H and He ions accelerated to 85 kev.

On the basis of observations of radiation defects by indirect techniques, Clark and Mitchell studied the polarizar
tion of luminescence in diamonds, as a means of extracting information on the electron structure of crystal defects.
In the same line, we may single out a paper by Eales and Satcliffe on low-angle scattering of x-rays by pile -irradiated
graphite. An exposure of 17 - 10% nvt at 150-200°C and at angles >1.5° brought about appreciable scattering, but less
scattering was observed at smaller angles in pile-irradiated graphite. The former phenomenon is accounted for by the
appearance of disk-like clusters (radii from 5 to 15 A) of intermediate atoms sandwiched between [0002]-1ayers. The
-nature of the lowest-angle scattering is to be explained by the fact that primary voids were filled with crystallites
which had experienced radiation growth. The results of an anneal of irradiated graphite are treated in detail. In an
intense anneal, growth experiences"recovery; and the initial voids are reopened, with an increase in low-angle scat-
tering ensuing.

Couettier and Rappeneau reported on experiments on storage of Wigner energy in graphite irradiated in the
G-1 Marcoule reactor. One fact revealed is highly intriguing: When the initial accumulation is large, the tempo of
secondary storage following anneal increases. When the dose originally obtained is small, the slope of the secon-
dary storage is linear. Haskett reported on relaxation behavior in irradiated metals (Fe, Ni, others). The results and
the theoretical interpretations are similar to those reported by the delegation of the Soviet Union.

Two of the sessions were devoted to the mechanical properties of irradiated materials. The theoretical report
was delivered by Seeger and Diehl. In their view, hardening is due to the existence of embrittlement zones con-
stituting a central vacancy cluster in the neighborhood of a Brinkman displacement spike; these zones tend to push
the yield limit upwards by forming hindrances in the path of propagation of dislocations. -The question of the quan-
titative relation between yield limit and amount of flux was discussed, an analysis was made in brief form of relaxa-
tion and internal friction phenomena in connection with the assurned dumbbell conﬁguratlon of interstices, and
five stages in the annealing processes of defects were studied.

In their report, Jouquet and Rappeneau touched upon the mechanical properties of irradiated graphite. Speci-
mens were drilled from the inner walls of channels in the G-1 reactor. The irradiation temperature was 40-160°C,
the flux 1.2 - 10°% avt. Hardness increases linearly with dose. The sharpest increase in hardness (to 100%) is ob-
served at the low end of the temperature range. Tempering at 400°C lowers the acquired hardness by 75%. In the
annealing necessary to release the Wigner energy, graphite consequently retains some fraction of the acquired hard-
ness, i.e., the hardness of the graphite in a G-1 type reactor may gradually increase.

Trubeau (Canada) considered radiation hardness, hardening, brittle fracture, and ageing of steel. The behavior
of the ductile-to-brittle transition temperature in response to shock tests was studied for steels of different compositions
(with Ni, Mn, and other additives). In ferrite steels, the transition temperature was found to be the lowest observed,
and changes in response to exposure were less than for steels with a higher carbon content, since the free carbide may
contribute to the formation of harmful radiation defects under bombardment. The grain size loses virtually all its
significance in irradiated specimens. Irradiation of steel at 130-230°C brings about the greatest shift in transition
temperature. The same effect is produced by annealing-at 200°C of steel irradiated at 100°C. According to the author's
report, experiments are now being carried out to arrive at a choice of iron alloys with Ni, Mn, and Al possessing a low
transition temperature with reasonable creep resistance at the same time, conferred by intermetallides. -

Gifkins and Hal reviewed deformation, slipping of grain boundaries, the role of twinning in brittle fracture, and
other subjects. These topics are invested with importance for reactor material service life.
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At sessions devoted to corrosion, Ragon and Zemwalt (USA) showed that complicated and woublesome problems
of corrosive attack on graphite by small impurities of active gases such as O,, HyO, Nj, etc. entrained in the helium
coolant occurs as the temperature of gas heat release is brought up to 1500-2000°C in the latest types of graphite re-
actors. Two hazards must be borne in mind: 1) Softeningof the graphite and increase in permeability for fragments
and fuels takes place as a result of oxidation; 2) Mass transfer, fouling, and carbonizing of metal parts in the pipe-
work and tubing takes place. We may furnish a concrete example of the latter. With the highest degree of purifica-

‘ tion of helium, assuming that the rate of gas flow is 22.5 kg/sec we may expect a total transfer of 45 tons of graphite

| in the course of a whole year. The mechanism responsible for the oxidation is broken down into several stages: 1)
adsorption on active centers, e.g., impurities or the edges of graphite layers; 2) decay of active centers with the for-

| _mation of CO; 3) crumbling of the graphite (in the form of whiskers) obeying the reaction 2CO = CG, + C (in cold

| parts of the pile); 4) interaction between CO, and C in the hot zone, Irradiation speeds up the rate of oxidation, since
the number of active centers is increased, the highly active (and corrosive) components of the gas come to the fore,
and the rate of dissociation of adsorptive complexes is stépped up. Indications are that a 10% oxidation reduces the
strength of reactor-grade graphite to half, and permeability to fragments increases sharply. Impurities in the graphite
or in the gas (Fe, Ni, Co atoms) are harmful, since they exert a catalytic effect and at the same time contribute to
oxidation even at relatively low temperatures (400-800°C). Cladding protection is not always reliable because of the
low strength of cladding.

Entill devoted his report to corrosive attack on uranium. The kinetics of uranium oxidation in CO, are linear.
Oxidation proceeds by way of diffusion of oxygen ions penetrating along interstices through a thin coherent layer of
uranjum dioxide adhering to the bulk metal. When the film becomes thicker, it cracks partially owing to the stres-
ses, and only the permanent slender film remains adhering to the metal; this permanent film is responsible for the
linear behavior of oxidation. It is assumed that exposure must speed up oxidation of the wranium by activating the
gas, radiation damage inflicted on the oxide crystal lattice by fission fragments, penetration of fission fragments into
the lattice, and disruption of the protective film layer (when the metal warps). Experiments directed toward a com-
parative study of oxidation inside and outside the pile are not yet completed. The experiments indicated that a
reasonable decrease in uranium corrosion expected when uranium is alloyed with various elements (Mo, Nb, Zr, Si,
Ti, V, and Cu) was not observed. However, some improvement was noted with respect to CO at 500°C when 1-3%
Mo was added. The harmful effect of free carbides was noted and inferences were drawn as to the need for develop-
ing cladding of sufficient plasticity. :

A report by L. Leach dealt with the mechanism responsible for the kind in the corrosion curve. Using uranium
alloys with 5 and 10% Zr as examples, he showed that even though diffusive oxidation even increases when uranium
is alloyed with Zr, the oxide film is capable of growing to appreciable thickness without breaking because of its great
plasticity. The second part of the report was devoted to theoretical concepts, according to which the oxide layer is
regarded as both electrolyte and semiconductor.

The brunt of the attention was perhaps centered on questions encompassing the scope of the last session (dimen-
sional stability of reactor materials).

Englander and associates reported on work being performed in France where applications of various metallic
nuclear fuels in reactors and their stability to exposure are being studied. Details of the design of components were
described with thoroughness, as well as the compositions of the alloys used and the methods of fuel fabrication, and
methods of hermetic sealing. The stability of some of the components citedin the report is quite high. For example,
alloys with 0.1% Cr quenched from the B -region appear to withstand exposures to 800 Mw-days/ton without suffering
any perceptible deformation; cast uranium alloys with 0.5% Mo in type C components (28 mm) allow exposure to be
brought up to 1000 Mw-days/ton, and in type B components (tubular items 29.5-22 mm) even to 6000 Mw-days/ton,
with no perceptible deformation.

Two reports were devoted to fragment-induced swelling of uranium. Greenwood analyzéd the problem of
whether or not pre-exposures at a higher temperature would contribute to improved behavior of uranium exposed to
high operating temperatures, and found no such effect.

Moustellier et al. submitted a report containing a detailed and thorough description of radiation effects at high
temperatures (490°C) on uranium-molybdenum alloys. The study was performed using density determination tech-
niques, x-ray diffraction, x-ray micrography, and x-ray analysis. After the exposures (under thermal stresses of 10°
kcal/m’ - hr over a 125 day course at 800°C), the density of the specimens was reduced from 18 to 15.2-12.7, depending
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on the percentage content of molybdenum. Pores were observed to concentrate preferentially near the outer surface,
and the dimensions of bubbles were ~ 1 u at high exposure, with volume swelling reaching 57% . At bubble

sizes of 400 A, only negligible swelling was observed, and the internal pressure was offset by surface tension forces.
The assumption is entertained that even a fairly tenuous shell must be sufficient to hinder coalescence of bubbles and
inhibit swelling.

The swelling phenomenon is characteristic of boron-containing materials exposed to prolonged high-temperature
irradiation, as well as of uranjum. A report by Holden et al. subjected the behavior of control-rod materials in which
boron entered in the form of various chemical compounds to a painstaking analysis. Pure metallic boron and boron
carbide suffer drastic cracking when subjected to burn-up, thereby releasing all of the helium formed within the ma-
terial, The most stable of the borides for the same percentage burn-up arecompounds of the MeB, type, with MeB,
and MeB; trailing behind. Alloys of BY with stainless steel show superior behavior. At 90 % burn-up of B, a 45%
increase in the strength of the steel is observed, with elongation reduced by 70-75%; the B* content in that ailoy
was 0.19 wt.-%, Alloys with Ti, Zr, zircaloy were tested; in those cases the increase in volume corresponded ap-
proximately to the number of atoms burnt up. Cermets and B,C in aluminum oxide were also tested. The causes
for concentration of gas released and for release of bubbles came up in the general discussion.

A second report by Roberts described observations on the formation of gas bubbles in irradiated boron steels. This
steelcontained 4 wt.-% boron, Afterexposure at300°C for 30 months inside a boride constituent, no changes were noted.
However, bubbles appear and grow after annealing, with original bubble diameter ¢ = 300 A. At lowburn-upthe size
of the post-anneal bubbles in the steel reach 200 A (after an anneal at 900°C). If burn-up is high, then the anneal will
be followed by a disappearance of bubbles in the vicinity of the boride, and the bubbles will be observed at a spacing
of 4-6  p from the edge (the range of alpha particles is 4¢4), and they will attain a size of 0,15, The author
supposes that the internal pressure of the bubble gas is balanced by surface tension, The phase boundaries are the
effective sites of vacancy sinks.

Tottle reported findings on thermal cycling of graphite. Dimensional changes accompanying each cycle were
investigated in a specially designed vacuum dilatometer; the temperature ranges were 50-200°C and 50-250°C, The
results were that: 1) Specimens contracted by approximately 8 - 1073% preferentially in the direction parallel to the
extrusion direction, after 20 cycles; 2) Specimens contracted along one of the axes perpendicular to the extrusion axis
and their thermal-expansion coefficient increased appreciably; 3) Specimens became elongated in the direction per-
pendicular to the first two axes with a slight increase in thermal-expansion coefficient.

Atchinson and Honickam reported on results of thermal-cycling experiments with zirconium. It was found that
the coefficient of thermal expansion increases with the temperature, more so on the ¢ axis than on the a axis. Heating
to 600-800°C brought about high thermal stresses in the grains of the polycrystalline metal. Zr with low and high (to
95%) texture were both studied. The first cycles resulted in the appearance of slip lines, with a large share of the
changes associated with the cooling phase. On cooling to 720°C, an abrupt migration of grain boundaries is observed.
Cooling to 400°C produces twinning, and cooling to 300°C results in slip. Cycling of slightly-textured specimens
causes an elongation of about 12% in 850 cycles over a 50-750°C range. However, cycling over the 50-400°C range
produces a size reduction. It is somewhat strange that highly-textured specimens grow at a rate only one third that
of slightly-textured specimens. The authors invoke the imperfection of its structure, which does not allow any sig-
nificant intergrain stresses to appear, in an attempt to account for this fact. Photographs clearly showing the migra-
tion of grain boundaries during thermal cycling of Zr were shown,

Four reports by members of the Soviet delegation were also made outside of the formal agenda of the conference.
S. T. Konobeevski, B, M. Levitskii et al. reported on "The effect of irradiation on relaxation of stresses in some ma-
terials.,” A. D. Amaev et al. reported on "The effect of neutron exposure on the properties of structural materials,”
V. M. Golyanov on "Electron-microscopic studies of uranium fission,” and Sh. Sh. Ibragimov on "The effect of fast
neutrons on some properties of carbon steels.”

In conclusion, we may take note of the broad and inclusive scope of the conference agenda. Despite the fact
that almost all the reports were related in some way or another to the most important questions in practical engineering
of gas-graphite type reactors, they were of no mean interest for reactor design in general, There is also no denying
that the data presented in many of the reports contributed to better understanding of the physics of phenomena occur-
ring in materials exposed to irradiation.

S. T. Konobeevskii
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EXHIBIT OF CZECHOSLOVAK NUCLEONIC INSTRUMENTS

Translated from Atomnaya F:nergiya, Vol. 11, No. 3,
pp. 465-467, November, 1961

A Czechoslovak exhibit of nucleonic instrumentation was open to the Moscow public during June 1961, at the
Polytechnic Museum in the city. '

The displays may be broken down into two groups: electronic instruments used in nucleonics,and laboratory
devices incorporating radioactive substances.

o I P e
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s

Fig. 1. The NZQ-615 automatic facility for measuring radioactive specimens,

Laboratory equipment is the first point of interest in the electronics line. Visitors showed the most interest in
an automatic facility for measuring radioactive samples, model NZQ-615 (Fig. 1). This facility is useful for rapid
automatic measurement of a large number of radioactive samples. Use of this facility eliminates subjective errors in
the measwements and also minimizes radiation-exposure hazard to service personnel. The input section of the device
is adapted to facilitate coupling of tansducers containing scintillation counters or Geiger-Miiller counters.

Advances in scintillation techniques were represented at the exhibit not only by equipment, but by scintillators
as such. At the present time, all of the basic types of scintillators are being produced in the Czechoslovak Socialist
Republic: NaI(T1) and ZnS scintillators, plastic and liquid scintillators, and scintillating gels. The scintillators make
it possible to measure and study o-, 8-, y - and neutron radiations. NalI(T1) scintillators of up to 140 mm diameter
are being fabricated in Czechoslovakia, and feature excellent resolution.

The Univel model general-purpose electrometer, designed for mzasurement of electrical charges, supply voltages,
or very small electric currents, also attracted a good deal of attention. The instrument is fabricated in the form of a
dynamic electrometer with a vibrating membrane capacitor. It is used in combination with an ionization chamber for
laboratory measurements of radioactive isotopes (type L) and for measurements in radioisotope applications in industry

(type P).

Pocket dosimeters, including a charger, and the DI-meter, a ratemeter designed for dose measurement and
radiation intensity measurement, were among the dosimetry devices on display.

As for industrial nucleonic instrumentation, one item which made a particular impression on visitors was the
Sb 725 — Sb 500 soil density gage. This device is useful for continuous measurement of the percentage content of soil
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and silt in a dredge pumpline, but may alsobe employed to advantage in monitaring the passage of other matenals
through any pipeline or duct, It consists of a radioactive emitter (C0’®) housed inside special lead shielding, and
an ionization chamber operating in unison with the dynamic electrometer. 'The ¢hamber is made avarlable for silt
pumplines of 750 and 500 mm diameters,

: o , F1g 3. T-1000 type lead 1sotope storage
Fig’. 2. ’I'he C_hi;otro‘n itrddiator facility. - ‘ urit,

A line of well- loggmg and radrometnc instruments designed for.geological exploration, analysis, and ore proces-
sing operations stimulated ‘quite a bit of interest. Of these instruments, we note first an ore-grading type RSR-0.4
gamma -radiometer employed in radiometric grading of active material traveling on a conveyer belt, and in'meter-
ing.ore feed onto the belt. : The device may also be utilized for process control and flaw detection. The RAR-0.4
type rapid analysis gamrna -radiometer is designed for contmuous measurement of the amount of radroacuve ma- .
terial moving on a conveyer belt. In addition to these instruments, the well~ loggmg radiometer KPR-0.2, the RKS-

0.5 radrometer, the PPR-0.1 beta ~-gamma -radrometer, and the SMZ-0.1 alpha-radiometer were also on display.

. Practically all of. the basic shielding, operatlng, and auxiliary mstrumentauon needed-for handling radioactive
1sotopes is supplied by domestrc Czechoslovak industy. The most interesting items in this line were radioisotope ir-
radrator fac111t1es, in particular the Cezioterax machine designed for experimental and clinical near-focusing therapy,
using. Cs Tas the source of, jonizing radiation (activity 200C). The design of a shielded storage unit for radioactive
preparations provides for reliable attenuation of gamma radiation. The dose rate over the emrtter surface does not
exceed 8 mr/hr.” The Ch.rsotron Co® irradiator (Fig. 2) is used for therapeutic apphcanons. The exposure dose rate

+1s-1000 r/hr The "Betatron” type irradiator facility is designed for industrial applications in flaw detection. It
belongs to a line of irradiator facilities using particle accelerators as sources of i ionizing radratron. The energy of
the emitted particleés is subJected to smooth control over the 3 to 15 Mev range. )

Also on display were the L2 101 type manipulator enclosure desrgned for med1cal purposes a dust- -tight plexr-
glass hood, a safe (F1g 3) for stormg rad1o1sotopes, a needle sterilizer unit, and other devices for handlmg radioac-
tive preparations. - - g - : » - ‘

The exhibit displayed orrly a limited line of instruments. The exhibits were so selected to provide a clear
picture of the general state of ability in the manufacture of nucleomc equrpment in the Czechoslovak Socialist Repub-

lic. P. Yavorski
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IAEA CONFERENCE ON ELECTRONICS IN NUCLEONICS

Translated from Atomnaya énergiya, Vol. 11, No. 5,
pp. 467-468, November, 1961

A conference on electronics in nucleonics, sponsored and organized by the International Atomic Energy Agency,
‘ was held in Belgrade (Yugoslavia) during May 1961. Over 300 specialists from 26 nations and 4 international bodies
were in attendance.

About 150 reports were delivered to the conference, and were discussed at 10 sessions devoted to scintillation
counters and Cherenkov counters; luminescence chambers; photomultipliers and image converters; ionization gas and
liquid detectors; semiconductor detectors and their use in recording nuclear radiations; pulse-height converters, multi-
channel analyzers, and automation of experimental data processing; classical electronics; millimicrosecond elec-
tronic techniques; various experimental circuits; accelerators; dosimetric instruments.

Over 20 papers were devoted to the development and operation of scintillation counters, discussing both the
properties of scintillating materials and phototube multipliers,and various circuitry improvements in the functioning
of scintillation counters.

Papers dealing with the development and study of the properties of gas scintillation counters stimulated much
interest at the conference.. Gas scintillation counters have opened up new possibilities both in the area of recording
and spectrometry of neutron flux and heavy charged particles, and in experiments requiring high-level time resolution,
because of the rapid response of gas counters and their low sensitivity to light particles.

Five papers submitted to the conference were addressed to the problem of Cherenkov counters. The description
of liquid and gas counters designed for high-energy particle research was accompanied by the description of the ex-
ploitation of the Cherenkov effect to solve practical problems arising in determinations of the presence of beta-active
substances (yttrium and strontium) in water reservoirs.

Reports on luminescence chambers were devoted predominantly to applications of these instruments in solving
concrete problems encountered in high-energy physics.

At the session on ionization detectors, problems related to the development of new ionizatioh chambers and
Geiger~Milller counters and to improvements on old ones, and the use of such devices as personnel radiation monitors
for monitoring contamination of air, etc. were discussed. Some light was also shed on the development of spark
counters and spark chambers. The papers on spark'counters, which took up counter geometry, composition of the
counting gas, physics of the glow discharge, and the use of spark chambers in phys1ca1 experiments, were listened to
with close attention.

Over 20 papers were read at the session on semiconductor detectors, attesting to the close attention presently
focused on this relatively new aspect of nuclear-radiation detectors. Despite the fact that some of the papers sub-
mitted to the conference had appeared previously in the published periodical literature, a liverly discussion broke out
on the conference floor. The recording and spectrometry of high-energy particles and fast neutrons by various types
of semiconductor detectors, the effect of external conditions, temperature, and high radiation dosage on the capabilities
and parameters of semiconductor detectors, figured among the topics discussed. The information provided on the prod-
uction technology of semiconductor detectors was very meager indeed, even though many of the authors had fabricated
their detectors independently in their own laboratories. ‘

, The collection, analysis, and processing of experimental data are acquiring steadily increasing significance
because of the mounting complexity of physical experiments. That explains why most of the 35 papers read to the
session on pulse-height converters and multichannel analyzers dealt with such complicated systems as multidimen-
sional analyzers and complex systems for collecting and processing data. Conventional counting instrumentation and
single -channel pulse-height analyzers, except for high-speed items, were completely out of the picture. Multichannel
pulse-height analyzers, their components, methods for extracting information from them, and the use of analyzers in
experiments formed the subject matter of 8 reports. Multichannel time-of-flight analyzers and their components were
the topic of 7 of the conference reports. The remaining reports of the session dealt with multidimensional data col-
lection, analysis, and processing systems. |
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Twenty five reports were made to the session on classical electronics, which discussed the development of
various transistorized circuits employed in nuclear electronics and the design of electronic circuits capable of iden-
tifying particles by pulse shape, with the aid of scintillation counters.

Problems arising in the development of millimicrosecond electronic circuitry were touched upon in 20 reports.
Most of the interest was centered in the papers which discussed ultrafast circuits using tunnel diodes. These .papers
discussed the theory of the functioning and circuit design of discriminators, scalers, and coincidence circuits. Time -
and pulse-height conversion problems were given their full share of attention, but a semiconductor converter was
described in only one report.

Eleven papers were presented to the session on dosimetric systems and instruments, describing instruments
developed in recent years for measuring surface contamination, air contamination, individual exposures to service
personnel, prospecting of radioactive ore. deposits, etc.

The proceedings of the conference will be published by IAEA in early 1962,

Running concurrently with the conference on nuclear electronics was an exhibit on the premises of the Belgrade
fair grounds, where a large selection of instruments and equipment used in physics laboratory research in several coun-
tries was on display. :

V. Matveev

ALL-UNION SEMINAR ON THE USES OF RADIOACTIVE
ISOTOPES IN MEASUREMENTS AND INSTRUMENTATION

Translated from Atomnaya ﬁnergiya, Vol. 11, No. 5,
pp. 468-470, November, 1961

N
An expanded conference of the All-Union Seminar on the Uses of Radioactive Isotopes in Measurements and

Instrumentation, organized by the Division of Technical Sciences of the USSR Academy of Sciences and the Isotopes

Control Board of the State Committee of the USSR Council of Ministers on the Uses of Atomic Energy was held during

June 1961 at Frunze (Kirghiz SSR). Over 100 delegates were in attendance at the seminar sessions. Topics related

to the applications, development, and efficiency of atuomatic controls incorporating radioactive isotopes and nuclear

radiations were discussed at the seminar.

Over 50 reports and communications presented by various research-and development organizations were presented
in the course of the seminar,

N, N. Shumilovskii, B.I. Verkhovskii, and L. V, Mel'ttser presented the primary trends apparent in the field of
radioactive measurements techniques and instrumentation,

N. N. Shumilovskii, V. A. Yanushkovskii, Yu. V. Gushchin, V. D, Kiryukhin, and V. N. Pozdnikov reported on
"A standardized automatic-control device employing modulated radioactive radiation,” wherein they noted the
development of a standardized systeln using a radioactive automatic-control technique based on the use of frequency-
pulse-modulated radjoactive radjation. This system, derived from a suggestion originating in the Institute of Auto-
mation and Remote Control of the USSR Academy of Sciences, is useful for the solution of such problems as automatic
monitoring of rate of fluid flow, shaft speed, metering of a present quantity of product, etc.

B. L. Verkhovskii and M, 1, Podgoretskii, in their report "Statistical characteristics of instruments with a radia-
tion source in the feedback loop” discussed the minimization of errors introduced by instability of equipment para-
meters into the results. The authors apply the concept of a radiation-source feedback to a system in which the signal
acts either directly on the intensity of radiation incident upon the radiation sensor or on an instrument parameter on
which the number or height of the pulses recorded depends. The report encompassed a technique for estimating error
associated with such a feedback device, and showed, for example, that the size of the instrumental error is reduced
in a system with a compensating ionization chamber, while the size of the fluctuation error is not affected thereby.
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M. Yu. Borukhov and V. N, Vapnik, in their report "Radioisotope sensors in automatic-control systems,” dis-
cussed the principles underlying the choice of types of controller and optimization of relations between the controlled
variables, controller parameters, and radioisotope sensor parameters. The considerable inertia in the response of some
radioisotope sensing and measuring devices, a factor which is often quite commensurable, sometimes even exceeding
the response time of the controlled system, places special difficulties in the way of the successful use of standard con-

‘ troller systems. It is shown in the report that proportional controllers and proportional -pulse-derivative controllers in

| automatic-control loops using radioisotope sensors do not always assure process stability. The controller variables and

| transients of automated systems with various control objects and types of controllers are cited, derived from the con-
ditions of maximum speed of response of a system at sensor response times exceeding the response time of the con-
trolled object.

8. G. Purtov reported on the economic savings achieved in the operation .of rolling mills using radioactive thick-
ness gages.

Many reports were made to the conference on the use of radioactive isotopes for monitoring the composition
of various media.

N, N. Shumilovskii, L. V. Mel'ttser; and A. A. Naumov presented, in their report "The combined use of vari-
ous processes of interaction between radiation and matter for the automatic monitoring of the composition of multi-
component mixtures," a procedure for monitoring the composition of complex media by means of nuclear radiations.
The use of these processes, as the scientists noted, does not always provide sufficient precision in determining the
amount of the various constituents present. This drawback led to a discussion of means for improving the accuracy
attainable in determining the' content of constituents in a mixture. The approaches given consideration include the
method of maximum plausibility, a method for determining the coefficients of unknowns in terms of standard mix-
tures, and the use of combined gamma-, beta-, bremsstrahlung, and other modes of radiation interacting with the
medium undér study. The development of improved measuring equipment with increased stability and efficiency
in recording radiations stimulated intense interest in delegates primarily concerned with a higher level of experimental
precision.

The practical use of techniques of these types was discussed in reports by V. A. Stonikov and G. L. Belkin,
"Monitoring lead content in industrial products and concentrates,” D, Abdulaev and E. M. Lobanov, "Note on deter-
mination of the composition of two- and three-component mixtures by backscattering of beta rays,” etc.

The exploitation of neutron activation analysis to determine the composition of media was discussed in papers
by E. M. Lobanov and A. P. Novikov, "Activation techniques in determining copper in rocks,” I. D, Naskidashvili,
L. M. Mogulishvili, V. V. Gvakhanya K. A. Abashidze, N. V, Bogdavadze, and T. L. Chantladze, "Neutron activa-
tion analysis of manganiferous ore.” The use of neutron activation analysis for quantitative copper content deter-
minations incoreless drilling well holes demonstrated the high efficiency of that technique (up to 0.1% accuracy in
determinations of copper content). 'Use of this technique in determining manganese content.made it possible to cut
the time of one analysis from 1.5-2 hrs down to 5-6 min; the maximum deviation from the mean value of manganese
concentration did not exceed 0.1-0.15%.

Neutron techniques for mojsture determination in various media were treated in reports by L. G. Belykh, V, T.
Betin, B, 1. Verkhovskii, and F. A. Kurmaev, "'Neutron monitoring of furnace charge humidity," N, I, Skvortsova and
Ya.E. Chudars, "On the possibility of determinations of peat humidity by the neutron method.” A neutron humidity
gate using a * neutrons/sec Po — Be source has been developed for monitoring the moisture of a charge. A
bank of 11 SNM-5 type counters records thermal neutrons. Tests of a prototype of the device at the Magnitogorsk
metallurgical combine showed that measurement errors were kept within 0.3 absolute percentage of humidity (in the
‘determination of humidity by desiccation of samples).

The analysis of the composition of gaseous products was the subject of papers by M. I. Korsunskii, A. S. Logunov,
and L. P, Baivil' "The use of radioactive isotopes to monitor the parameters of flowing wet steam,"” L P, Sklyarenko,
M. D. Krivitskii, F. E. Krigman, "A method for analyzing ternary mixtures in jonization gas analyzers.” It was pointed
out that determination of steam moisture in the later stages of a steam turbine is an important problem in modern
power engineering. The determination of steam moisture is performed by sensing absorption of beta radiation emitted
by isotopes s* and Ta™, The essence of the technique proposed for analysis of ternary gas mixtures is varying the
geometry of the ionization chamber to make it possible to utilize only a fraction of the energy of the ionizing par-
ticles at the end of their range for jonizing the gas in the effective counter volume. This is achieved by removing

* Figure omitted in Russian text,
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the radiation source from the effective counter volume, leaving the former at varied distances from the latter. This
approach has served as a basis for the development, fabrication, and successful testing of a down-hole complex analyzer
for methane and carbon dioxide gas.

Monitoring the composition of fluid products provided subject matter for papers by A, M, Drobiz, "Method and
instrument for automatic analysis of composition of three-component liquids,” Yu. G, Khachturov, "Radioactive
technique and device for analyzing environmental medium and liquid petrochemicals,” M. Yu. Borukhov, V. N.
Ivashev and V, F, Kleimenov, "Radioisotope slurry concentration gage,” etc. The method proposed for automatic
analysis of three-component liquids was a combined use of the phenomena of absorption and reflection of beta par-
ticles emitted by the radioactive source, by the test medium. The device incorporates indicating, recording, and
control functions. The circuitry of the device is self-compensating. A radioactive technique for sulfur determination
in liquid hydrocarbons is based on measurement of absorption of soft x-radiation in the liquid to be analyzed. With
this technique, it becomes possible to analyze low sulfur concentrations (as low as tenths of a percent). Exploitation
of this technique has been facilitated by the design of the AZhS-1 scintillation counter unit, with a sensitivity to 0.1%
sulfur content.

Papers by L. K. Tatochenko, "Statistical characteristics of transients in radioactive relays,” I. S, Zhitomirskii,
A, G, Vasil'ev, K. S. Klempner, "Statistical reliability of relay units in steady-state and transient operation,” dis-
cussed the determination of statistical characteristics of radioactive relay transients. It was shown that the problem
of establishing the distribution pattern describing the distribution density of the time of first relay operation and
evaluating the stability of changes in the state of the relay in the transient mode requires solution of integral equa-
tions by means of high-speed electronic computers,

The use of gamma-ray relays in automatic monitoring and control systems was taken up in papers by L. M.
Gerber, M. L. Gol'din, and V., D, Rutgaizer '"Gamma-relays for small radiation-intensity drops,” M. Yu. Borukhov,
A, P, Vakulyuk, V. N, Ivashev, and T. G. Tsoi, "New typesof radiocactive isotope relays and level gages.”

The paper "Radioactive slurry and silt density gage,” by L. L. Fainberg,l. I. Kotik, and I, Ya, Serebrennikov,
discusses the design of the PR-1014 radioactive density gage designed for measuring and controlling the density of
pulps and other fluids. The functioning of the device is based on comparison of the flux of radiation passing through
the medium being monitored with the monitor radiation flux, A scintillation counter is used as radiation detector.
The device is capable of measuring the density of pulp over a 0.75 to 3.5 g/cms range with any desired breakdown
into subintervals starting with 0.25 g/cm®. Measurements error stays within 2% of the subinterval.

An interesting technique for determining the amount of solid phase bresent in a two-phase suspension was out-
lined in a paper by I, G, Grinman, E. K. Dzhasybekova, G, 1, Blyakh, and V. M. Oshchenskii, "Possible applications
of the radioactive technique in ore beneficiation process control.” An activation technique was proposed for measur-
ing rate of flow, the gist of the method being measurements of induced activity due to neutron bombardment of the
process medium. This method facilitates determination of the rate of flow of one of the constituents of the mixture.

A paper by V. N. Afanas'ev, "Fixed -radiation-source servo level gage,” goes into the design of a level gage
with a fixed radiation source adjusted to the upper limit of the measurements range. The device was engineered
for recording the fill level of burden in blast furnaces.

Papers dealing with the design of systems for recording radioactive radiations and radiation sensors included
A. V., Pugachev's "Electronic transducers for measurement of ionization currents,” E. Ya. Ovcharenko's "Light -pipe
scintillation counters in process-control instrumentation,” A. D. Tumul'kan's "Performance details of radioactive
sensors on halide counters in relay-action devices,” and others. The use of ionjzation chambers as sensors of ionizing
radiations in radioactive monitors requires concomitant use of complicated special~-purpose amplifying equipment.
The first paper takes up some simplified circuitry for wansducer-amplifier types: the multivibrator type, controlled-
rectifier circuits, and a grid-current varying circuit. Experiments carried out, as reported by E. Ya. Ovcharenko,
showed thatlight pipes of plastic glass of cylindrical shape, and silicon light pipes may meet with practical applica-
tions in radiation monitors. The paper refers to uses of light pipes in radioactive density and level monitoring in-
struments. The paper by A. D, Tumul'kan cites findings of experimental researches on discharges in STS-5 type
low-voltage halide counters.

P. A. Polonik delivered a paper on industrial applications of radioisotopes and nucleonic devices, "Applications
of alpha-emitters and beta-emitters for coping with elecwrification in the textile industry.” Other papers in the same
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category were presented by V. E. Banashek, D. Yu. Dekhtyar, A, Ya. Dombur, V. P. Rogachev, V. N, Pozdnikov, and
V. A. Yanushkovskii, "Use of radioactive relay-action devices in process control loops in the chemical industry of
the Latvian SSR Council of the National Economy,” A. L. Yakovlev, "Radioactive tracer applications in cementing
the footings of large-scale hydropower installations,” V. P. Kaplin, V, N, Pozdnikov, and A. S. Shabunin, "On a_

; possible automatic separation of potato tubers from clumps of attached soil on potato-digging machines,” etc. A, L
Yakovlev reported on design details of a density gage for monitoring the make-up of cement mortar (a two-phase

' suspension) and experience in the use of the instrument at construction sites.

The reports read at the seminar and the text of the floor discussion is scheduled to appear in print in the format
. of a symposium.

Ya. K.

TENTH SESSION OF THE COMMISSION ON DETERMINATION
OF ABSOLUTE AGE OF GEOLOGICAL FORMATIONS

Translated from Atomnaya Energiya,_ Vol. 11, No. 5,
pp. 470-472, November, 1961

~ The tenth session of the Commission on Determination of Absolute Age of Geological Formations was held at
Kiev during June 1961, The meetings of the session were devoted to means of refining the precision of the scale of
the absolute time-table in geology and in the geochronology of individual regions of the earth.

Over 60 papers and reports were heard at the session. The number of participants reached 150. Scientists from
foreign countries were also in attendance at the session. Delegates were afforded the opportunity of visiting the
Institute of Physical Chemistry of the Ukrainian SSR Academy of Sciences, and of familiarizing themselves with the
work of the Prof. A. I. Brodskii Isotopes Laboratory.

~ Two reports (N. P. Semenenko, A. P, Vinogradov, and A. I. Tugarinov) dealt with the problem of refining the
scale of absolute age for the Pre-Cambrian era. These reports reviewed current data on the determination of the ab-
_ solute age of Pre-Cambrian formations. Despite the pronounced differences in approaéhl to evaluating age values
arrived at, and contradictions evident in the dating of individual geological formations by different methods (the U-
Th-Pb method or the A-K method), the basic subdivision of the Pre-Cambrian coincided quite closely under both -
interpretations. For example, the Pre-Cambrian 1 or the Katarchean (3.6 to 2.7 billion years ago) was arrived at’
with unanimous agreement, the Pre-Cambrian 2 or the Archean (from 2.7 to 1.9 billion years ago) likewise, as well
.as the Pre-Cambrian 3 or Lower Proterozoic (from 1.9 to 1.1 billion years ago), and finally the Pre-Cambrian 4, or
* Upper Proterozoic (from 1.1 billion to 570 million years ago). The Riphean, or Sinian, is in fact the analog of the
Proterozoic, according to this scheme.

A report by A, P. Vinogradov and A. L. Tugarinov represented an attempt, based on a reasonably-large number
of reported measurements, of the age of Lower Pre-Cambrian rocks, to correlate stratigraphic sections through the
Proterozoj¢ in the various continents throughout the world. A correlation of this type would afford the possibility of
clearly demonstrating the existence of certain cycles of sedimentation in the Proterozoic-Riphean age (Pre-Riphean
1.9 to 1.7 billion yrs., Early Riphean 1.7 to 1.4 billion yrs. ago, Mid-Riphean 1.4 to 1.1 billion yrs., Late Riphean 1.1
billion to 570 million years ago), the discontinuties between the ages being accompanied by magmatic manifestations.

These cycles are characterized by the development of geosynclinal zones with fairly thick strata making their
appearance in each instance on a new plane in complete independence of one another, speaking in the territorial
sense. For example, while appreciably thick sedimentations of all Riphean series are present in the Urals and the
Yenisei mountain range, only slight covers of the Upper Riphean are present on the territory of the Russian continental
platform, and Mid-Riphean series are known to be present only in the internal depressions. :

The Upper Riphean is enﬁrely absent, on the other hand, in the western portion of North America (Belt series)
and in western China (Sinjan), while the Mid-Riphean and Lower Riphean are profusely abundant, represented by strata
several kilometers thick.
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Age researches consequently enable us, at the present state of knowledge, to feel out the evolutionary pathways
of ancient folded zones and depressed regions, accompanied by inversion and magmatism in the Late Pre-Cambrian
age.

The boundary of the Proterozoic and Archean was unanimously accepted as an epoch of intense magmatism
spanning a long time interval from 2.1 to 1.8 billion years in the past, with a peak in magmatic activity at about
1.9 billion years ago.

One characteristic fact is that the overwhelming bulk of the metamorphic complexes showed similar age by
the A-K method, thus confirming the planetary all-embracing nature of metamorphism in that epoch.

The question of the age of sedimentation of rocks of the Krivoi Rog and Kursk series evoked a lively discussion.
A multiplicity of measurements by the argon-potassium method on micas of the crystalline shales belonging to these
series indicate an age of 1.8 to 1.9 billion years, in combination with some peculiarities of geologic structure (inter -
secting position of meridional structures of the Krivoi Rog basin with respect to structures of the northwest strike of
cherokites whose age has been determined at 2.1 billion years); these data have stimulated N. P, Semenenko and other
Ukrainian geologists to consider the time interval of 1.8 to 2.1 billion years ago as the time during which sedimenta-
tion of the Krivoi Rog series occurred.

However, measurements of the age of arkoses belonging to the lower suites of the Krivoi Rog and Kursk series
by the U-Pb technique, in studies by A. L Tugarinov, E. V. Bibikova, and S. 1. Zykov, were found to yield strikingly
similar results in individual cases, with respect to all isotopic relations, dating to 2.6 billion years back. These data
fit well with the results obtained by the same authors for zircons from migmatities of the crystalline base underlying
the Krivoi Rog series (2,850 million years ago).

It is a curious fact that findings of galenites of anomalous lead isotope composition in the same arkoses, as
well as individual cases of discrepant age values obtained in determinations by different isotope relations, attest to
a metamorphism and loss of uranium from the arkoses sometime about two billion years ago, a conclusion which is
in exact agreement with respect to time with the intensive intrusive activity in that region.

Another highly interesting achievement in the field of geochronological studies of the Ukrainian Pre-Cambrian
has come forth as a result of an investigation of a block of Dneprov migmatities and gneisses (region including Kremen-
chug and Sinel'nikovo, Dnepropetrovsk) carried out by a team consisting of Prof. L, V., Komlev ( Radium Institute of the
Academy of Sciences, RIAN), M. N, Ivantishin, N, P, Shcherbak, F. I Kotlovskaya (Ukrainian SSR Academy of Scien-
ces). -In this district, blocks of rock species dating back 3.0 to 3.6 billion years with the smallest age of surrounding
metamorphic host rock dated at 2.7 billion years, have been discovered among the foundation rocks.

Another highly intriguing fact is that the maximum age of these rocks was obtained by the argon-potassium
method with respect to amphiboles, while biotites in some cases yielded far smaller age values. In the course of the
discussion, all the participants at this session came to agreement on the point that similar discrepancies in age for
two minerals of the same species may be traced to metamorphism. However, the question still remains obscure
whether or not this effect is related to the usual losses of argon by micas upon heating, which has no effect on am-
phiboles, or whether a metasomatic replacement of the amphibole by micas takes place in the course of metamorphism.
Further study of this phenomenon should therefore be continued both by way of chronological measurements and by way
of petrographic observations,

Among the very interesting reports heard at the session was one paper by E. K. Gerling and coworkers,demon-
strating that the basic igneous rocks of Monchegorsk pluton, which are genetically related to nickel deposits, which
in turn are always considered to be proterozoic since they intruded in contact with the crystalline base and Imandra-
Varzuga stratum, were found by A-K age determinations to be more ancient (dating back beyond 3 billion years).
Furthermore, the argon-potassium method indicated an age of 6.2 billion years for xenoliths and peridotites belong -
ing to the same complex. ‘

The natural question arises as to whether or not the enormous age values reported are due to experimental error
in the determinations introduced by the small potassium contents involved. This conjecture does not hold, since
xenoliths of these peridotites are always distinguished from pyroxenite, despite the far lower potassium content in the
former than in pyroxenite (0.04% K), by the presence of much larger amounts of argon.

The discovery of rocks dating back 6 billion years in the earth’s crust places a shadow of doubt on the previ-
ously-established age of 4.5 billion years for the earth. E. K, Gerling offered the conclusion that this latter figure
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refers properly only to the age of the earth's crust, to the time of differentiation of the crust, while the substance of
the earth's mantle to which belongs the xenolith of peridotites cored from the depths of the earth indicates an age
for the earth which is possibly much greater than hitherto supposed.

Many of the reports were addressed to other topics than the geochronology of the Pre-Cambrian era, such as
age determination of rocks belonging to meso~paleozoic provinces.

; For example, S. 1. Zykov, N. 1. Stupnikova and others carried out an extensive seties of age determinations
by the Pb-U-Th technique on various radioactive minerals of granitic and alkaline intrusions, for the Urals, the Tuva,
and the Sayan area. These workers discovered the excellent quality of the mineral thorianite for age determinations.
The presence of caledonides in association with Hercynides was proved for the Tuva region, as well as the existence
of later regenerated Huttonite type minerals corresponding to the closing stages of metamorphism for the entire region.
i L. V, Firsov cited thoroughly-detailed materials relating to the northeastern section of the USSR, Relying solely on
the argon-potassium method, L. V., Firsov revealed the presence of the Pre-Cambrian (1.64 billion years ago) on the
north shore of the Sea of Okhotsk, the existence of blocks of median masses (the Omolon and Kolyma massives) belong-
ing to the Hercynian age (260-280 million years ago) among folded zones dating back some 90 million years and
corresponding to the Laramie folding and characterizing the age of tin deposits in the northeastern USSR as well.
Nevertheless, L, F, Firsov came up against the effect, already quite familiar to many geochronological scholars, known
as "rejuvenation” of rocks, a phenomenon encountered in using the argon-potassiurn method, when rocks known before-
hand to be Pre-Cambrian gneisses show an age value of 100-120 million years.

A paper by H. Faul (USA) citing new data for median masses of Hercynides in Europe is in essence devoted to
the same effect. Having established the Hercynian age (300-350 million years) for major intrusions in southwest
England (the Dortmoore massive), Brittany, and the central plateau of France, the Schwarzwald, and Vosges, with
references to similar determinations made by A. P, Vinogradov et al. for Saxony and Bohemia, H. Faul advances
the suggestion that all of the more ancient formations were so intensely metamorphized and digested in the course
of the Hercynian magmatism that it is at the present time entirely impossible to come across any traces of the an-
cient substrate. As a supplementary proof for this contention, H, Faul cites several dozen age determinations of rocks
in the Mont Blanc district which yield values ranging from 12 to 140 million years. Then, as the author himself notes,
the greater the tectonic change suffered by the rock, the "younger" its age appears to be. To the question which
naturally follows: "Just what are we measuring in that case?" H, Faul provides the laconic answer: "The time when
the rate of accumulation of products of radioactive decay began to exceed the rate of removal of radioactive decay
products from the minerals.”

This question stole the spotlight in the discussion following several papers, since numerous researches on uranjum-
thorium minerals have indicated that losses of radioactive decay products are not uniquely characteristic of potassic
minerals. A whole series of zircons from the Kola peninsula (report by V. V, Zhirova et al.) showed a very ancient
age (~2.7 billion years) with respect to the Pb*""/Pb?* isotope ratio, varying only slightly as the mineral lost its
lead and uranium. However, the same minerals yielded strikingly low values with respect to Pb2% /U8, P27 /P,
and Pb2%/THE% isotope ratios, ranging 100 to 200 million years, and attesting to a very recent process of intense loss

of radiogenic lead.

A similar phenomenon was observed experimentally in its time with respect to pitchblende. This was indeed
one of the reasons for the halation of radiogenic lead near uranium deposits, a phenomeon now put to good use in
uranium prospecting. '

A thorough and exhaustive study of the strontium-rubidium method of absolute age measurements, carried out
by E. K. Gerling, Yu. A. Shukolyukov et al., revealed another and no less alarming peculiar feature specific to the
method in question, namely the exceptional mobility of rubidium. As a consequence, in regions featuring a rela-
tively high rubidium content in separate deposits (pegmatites of the Kola peninsula), migration of the rubidium leads
to an appreciable "rejuvenation” of the surrounding rocks as seen in the light of Sr-Rb method data. Conversely, in
the Stanovaya Gora district intensive migration of potassium, argon, and rubidium brought dbout by a mesozoic process
of diaphthoresis of ancient strata (with the original age established by the Pb- U-Th method at 1.9 billion years), result-
ed in a noticeable "rejuvenation” of the rocks according to data obtained by the A-K method (age values down to 250
million years) and a hyperbolic "aging” according to the Sr-Rb method (pushing the age back to 4 billion years).

A1l of these results, some of which have been obtained earlier, posed one principal problem,meriting the most
serious attention,before the participants of the session. This question involves a rigorous evaluation of just what
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variable the radioactive geochronological techniques enable us to measure: the age of the rocks, their time of meta-

morphism, their degree of metamorphism, or, more probably, the result of the superposition of all of these factors ?

It has become perfectly clear that reliance on any one of these methods alone (e.g., the argon- potassium method) is
~ explicitly an inadequate procedure for obtammg reliable values of geochronological age.

The simplest cases of comparatively slightly altered rocks and minerals which y1e1d closely coinciding age
values when the competing methods are used are relatively rare, since rocks, and especially ancient rocks, must
necessarily have experienced some alterations during their geological lifetime. The principal problem has according -
1y become that of combining the various methods available in an attack on rocks and minerals known beforehand to
have undergone metamorphism, and hitting upon penetrating interpretations based on the disparate age values arrived at.

This quite naturally requires not only high precision in analytic research studies carried on at all geochronological
laboratories throughout the Soviet Union, which have already attained a high level of proficiency, as shown by the deter-
minations of standard specimens performed for demonstration purposes by different laboratories at the session of control

* determinations, but also requires must more pamstakmg and exhaustive geological and mineralogic investigations of
all objects of study brought in from the field, The session recommended precisely this avenue of research as the most
fruitful for the redoubled efforts of all the participants and all geochronological laboratories in the USSR,

A. 1. Tugarinov
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BRIEF COMMUNICATIONS

Translated from Atomniya ﬁnergiya, Vol, 11, No, 5, pp, 473-475, Nov,, 1961

USSR T’he upper and lower reactor support plates and the reactor pressure vessel have been 1aid into poa place
at the Belyl Yar nuclear electric power station. The lateral pipe and tube galleries are now completed and the top
and bottom guide standpipes are in place. Work on the underground rooms is proceeding in full swing.

Bulgaria. Construction work on the country's first nuclear research reactor has been completed. The Bulgarian
Telegraphic Agency has announced:that test runs have shown the reactor to be operating normally.

The reactor equipment was furnished by the Soviet Union.
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BIBLIOGRAPHY

REVIEW OF BOOKS RELEASED BY THE STATE ATOMIC PRESS
(GOSATOMIZDAT) DURING 1960-1961

Translated from Atomnaya Energiya. Vol. 11, No. 5,
pp. 476-488, November, 1961

Nuclear Radiation Shielding

Radiobiology. Under this heading we list two groupings of books: itemns devoted to biophysical, radiological,
and medical problems, and books taking up problems of radiation hygiene and health physics other than those topics
relating specifically to reactor facilities (for which see the section on Nuclear Power Engineering).

One of the most important topics directly related to the operation of nuclear reactors, production of nuclear
materials, radioactive isotopes, etc., is that of determining the magnitude of a safe dose for chronic exposure. The
book Fonovoe obluchenie chelovecheskogo organizma [Background irradiation of the human organism]), by Yu. V.
Sivintsev, 1960, 96 pages, based on published experimental data, computes the magnitudes of separate components
of external and internal background exposure of the human organism in irradiation with nuclear radiations, and deter-
mines the doses caused by background in the gonads, bone tissues, and lungs. Despite the limited volume of the text,
it manages to discuss over 225 published papers.

A symposium, Biologicheskoe deistvie radiatsii i voprosy raspredeleniya radioaktivnykh izotopov {Biological
effects of radiation and abundances of radioactive isotopes], edited by A. V. Lebedinskii and Yu. I. Moskalev, 1961,
192 pages, contains the texts of researches on the effects of both external and internal exposures on the organism. It
takes up radiation effects on the turnover of nucleic acids in animal tissues and on the functional state of the cir-
culatory system. New data are reported on radiation-sickness reatment by injections of bone marrow. Much space is
given over to papers dealing with studies of the behavior of radioisotopes in animal organisms. Data are presented on
storage and distribution of Pu™ in the organism, and elimination of Pu®® from the organism. Investigations of the
migration of radioactive isotopes in farm animal organisms are of considerable practical interest.

M. 1. Shal'nov has authored the monograph Tkanevaya doza neitronov [Neutron tissue dose], 1960, 218 pages, .
which draws inferences from published literature as well as the author's own researches on topics related to neutron
exposure effects on biological tissues. The first two chapters provide brief descriptions of the properties of neutrons,
methods of neutron production, and the general laws governing interactions between neutrons and matter. Subsequent
chapters develop the interaction of neutrons of all energy ranges with biological tissue, and discuss the basic prob -
lems relative to the biological effectiveness of nuclear radiations as they affect the organism. An interpolative meth-
od for determining the relative biological effectiveness is described, and the problem of critical tolerance doses for
humans is treated. The concluding chapter describes methods and instrumentation in neutron dosimetry.

Various aspects of the biological effects of ionizing radiations are presented in a popular style accessible to
most readers in D. E. Grodzenskii's Radiobiologiya (Biologicheskoe deistvie ioniziruyushchikh izluchenij) [Radiobiology
(Biological effects of jonizing radiations)], 1961, 130 pages. The book takes up the physical properties of ionizing
radiations, their chemical effects, their effect on the cell, and on the organism as a whole. Chemical radiation
shielding is included in the topics discussed, The book provides a concept of the current status of development in_
radiobiological research. ’

The biological sequelae of radiation exposures to radioactive fallout are described in G. Davidson's Biologi -
cheskie posledstviya obshchego gamma-oblucheniya cheloveka [Biological consequences of total-body gamma-ir-
radiation of the human organism], 1960, 108 pages, translated from the English. Based on Blair's theory of radiation_
injury and recovery, it computes mathematically the relationship between injury and recovery processes at work in
the human organism in response to penetrating radiations. Some practical hints on radiation shielding are appended.

One of the radiobiological topics undergoing intensive development at the present stage is the problem of the
nervous system response to effects of ionizing radiations. An attempt at a survey of currently-entertained concepts on
the effects of ionizing radiations on the nervous system is made in Vliyanie ioniziruyushchikh izluchenii na nervnuyu
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sistemu [The effect of ionizing radiations on the nervous system], 1960, 188 pages, by A. V. Lebedinskii and Z. N,
Nakhil'nitskaya. A

The first chapter of this book discusses work related to the history of the discovery of the phenomenon con-
stituted by the response of the nervous system to effects of ionizing radiations. The second chapter is devoted to in-
vestigations of effects of jonizing radiations on the peripheral nervous system, the centrai nervous system, the vegeta-~

‘ tive nervous system, and the cerebral cortex in the large hemispheres.

Biofizicheskaya radiologiya Rentgenovskoe izluchenie i radioaktivnost’ [Biophysical radiology, X -radiation
and radioactivity], by G. Schreiber, 1960, 367 pages, translated from the German, is based on a lecture course given
| by the author at the Humboldt University in Berlin. The book throws light on an ample selection of topics related
| to the nature of ionizing radiations, their basic properties, and particular features. In particular, it presentsthe fun-
damental concepts of wave theory, examines the phenomenon of corpuscular radiation, x-radiation, and natural and
| artificial radioactivity.

The book Radiatsionnaya meditsina [Radiation medicine] edited by A, 1. Burnazyan and A. V. Lebedinskii,
1960, 314 pages, is a handbook for physicians and medical students. The book contains nine chapters written by dif-
ferent authors. The first chapter of the reference book tells of the nature of radioactive radiations and methods of
dosimetric monitoring. It then proceeds to an account of the pathogenesis of radiation sickness, the toxicology of
radioactive substances, and protection of the organism from the effects of ionizing radiations by means of chemical
compounds. The concluding chapter of the handbook deals with the pathological anatomy of radiation injuries.

Of those releases dealing with the second grouping under this heading, we may begin by mentioning Sanitarnye
pravila raboty s radioaktivnymi veshchestvami i istochnikami ioniziruyushchikh izluchenii [Health and safety regula-
tions governing handling of radioactive substances and sources of ionizing-radiations], 1960, 118 pages. These rules
are official documents approved by the Ministry of Public Health of the USSR and the State Committee of the USSR
Council of Ministers on the Uses of Atornic Energy. They outline the requirements and specifications to be observed
in the organization and arrangement of laboratories, institutions, and industrial organizations licensed for handling
radioactive substances, requirements to be observed in handling sealed and open sources, ventilation and heating
specifications, water supply and garbage disposal rules, collection and decontamination of rooms and equipment,
pickup, removal, and burial of solid and high-level liquid wastes; instructions on individual protective measures and
personal hygiene standards. Approved critical dose levels for ionizing radiations and critical tolerance concentrations
of radioactive materials are an inseparable part of the body of regulations.

This documentation is supplemented by Pravila perevozki radicaktivnykh veshchestv [Regulations governing
transportation and carrying of radioactive materials], 1961, 64 pages. This body of regulations is the officially-issued
document replacing all previous regulations and instructions at all levels of jurisdiction, all-Soviet, ministerial, and
departmental, on transportation of radioactive substances.

The recommendations of the International Commission-on Radiological Shielding with respect to tolerance
doses of internal irradiation for the organism are quoted inOtchete Komiteta 1I o dopustimykh dozakh vnutrennego
oblucheniya [Report of Committee II on internal exposure tolerance doses], 1961, 262 pages. The first portion of the
book provides information on the composition and activities of the Commission, and a survey of the recommendations
it has issued. The second, larger, portion contains the report of Committee II of this Commission, consisting of five
sections as follows: introduction; basic fundamental standards (regulations) on critical tolerance doses for internal
exposure; critical tolerance magnitudes for professional exposure; calculation of critical tolerance dosage; factors
required in calculating the levels of critical tolerance concentrations. The end of the book provides reference ma-
terial in tabulated form.

The book Zashchita ot deistviya pronikayushchei radiatsii [Shielding against effects of penetrating radiations],
1961, 86 pages, by U, Ya. Margulis, is devoted to radiation-safety problems. It presents an account of the nature of
effects on penetrating radiations and shielding measures designed to expedite safety in handling radioactive ma-
terials. The book is intended for a broad reader audience with no particular specialist training. Toward this end the
book goes briefly into such topics as the structure of the atom and the nature of interactions between radiations and
matter. )

A new reference handbook Zashchitnoe oborudovanie i prisposobleniya diya rabofy s radioaktivnymi vesh-
chestvami [Protective equipment for handling radioactive materials] (compiled by G. N. Lokhanin, V. I. Sinitsyn,
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A. S, Shtan'), 1961, 130 pages, presents a description of and concise technical data on various types of protective
equipment and accessories used in handling of radioactive materials.

The symposium Khimicheskaya zashchita organizma ot joniziruyushchikh izluchenii [Chemical protection of the
organism against ionizing radiations] edited by V. S. Balabukh, 1960, 152 pages, offers a brief survey of the current
status of progress in chemical protection of the organism. The second part of the symposium is devoted to this topic
whose significance has advanced greatly in recent years owing to contamination of the atmosphere, soils, and plants
by radioactive fallout, i.e., the problem of removing radioactive isotopes from the organism. The entire symposium
includes 14 articles by different authors.

Contamination and decontamination of air affected by radioactive aerosols is discussed in two books by S. A.
Prechistenskii: "Radioaktivnye vybrosy v atmosferu [Radioactive wastes vented to the atmosphere], 1961, 176 pages,
and Tsentrifugirovanie aerozolei v TsRP [Centrifuging aerosols in the centrifugal dust trap], 1960, 144 pages. The
first book supplies general information on aerosols and discusses advanced methods of air purification. It also presents
basic information needed in planning air-cleaning facilities. The second book outlines the theoretical fundamentals
of the operation of the centrifugal rotatory dust collector employed to decontaminate exhaust discharges and flue gases
carrying aerosols.

The problem of determining the proper tolerance level of radon and radon daughters in air circulating through
uraniumn mines is the subject of a book by J. Holliday, D. Rushing, R. Coleman et al., Rn?? Problema radonav uranovykh
rudnikakh [Rn”?2 and the radon problem in uranium mines] translated from the English, 1961, 100 pages. The book dis-
cusses three factors underlying the choice of a tolerance level: 1) results of the effect of inhaled radon daughters on
the organism; 2) results of experiments using animals, and 3) amount of tissue dose in the lungs.

Radioactive and Stable Isotopes

Books in this category are classified as reference manuals, science and engineering literature, or popular science
literature, since a breakdown by subject content would be somewhat more difficult than in other categories listed here,
because of the broad range of topics discussed in many of these books.

Reference manuals. The publication during 1959 of the catalog Izotopy [Isotopes] was intended to familiarize
research workers and industrial technicians with the nomenclature of isotopes and tagged compounds produced in the
USSR, Data were given (compound, specific activity, radiochemical purity, type of packing for shipping, weight of a
single delivery item, etc.) for all stable and radioactive isotopes in production, as well as tagged compounds.

A direct outgrowth of this work is the reference publication appearing in 1961, Tekhnicheskie usloviya na radio-
aktivnye izotopy [Technical data radioisotopes], 1961, 188 pages, as well as the handbook prepared by G, M. Fradkin,
Istochniki al'fa-,beta - gamma- i neitronnykh izluchenii dlya kontrolya i avtomatizatsii proizvodstvennykh protsessov
[Alpha , beta , gamma , and neutron sources for process control and monitoring], 1961, 160 pages.

The first of these contains technical data relating to isotopes produced by pile neutron irradiation (irradiated
batches), data on raw materials and semifinished products with short-lived isotopes obtained by neutron irradiation,
and radioactive radiation sources. Included are provisional technical specifications for isotopes obtained from a mix-
ture of fission products, for wholesale shipments of compounds and preparations labeled by radioisotopes, for shipments
of solid targets with hydrogen isotopes, for shipments of polonium-beryllium and radium -alpha -beryllium sources, and
radium-gamma sources.

The second items provides the characteristics (shape, size, activity, etc.) of alpha , beta , gamma , and neut-
ron sources used in process control instrumentation, information on mineral prospecting equipment, and high-level
irradiation facilities. These two releases will fill a need for persons engaged in the production and use of isotopes and
labeled compounds.

The symposium Metody polucheniya i izmereniya radioaktivnykh preparatov [Techniques in the production and
measurement of radioactive preparations] edited by V, V. Bochkarev, 1960, 308 pages, consists of three sections. The
first contains 16 articles devoted to the production of inorganic radiocactive preparations, including carrier-free pre-
parations, some colloids, and other preparations fulfilling combined functions; it also includes a description of the
production technology of some preparations based on short-lived isotopes. Thesecond section on production of labeled
organic compounds includes 15 articles; these discuss a variety of techniques for synthesizing organic compounds in-
cluding isotope-exchange techniques, biosynthesis, neutron irradiation of finished reactive compounds, etc. The
third section (eight articles) is devoted to absolute and relative activity measurements and radiometric analysis of
preparations; also offered are descriptions of particular instruments and practical hints on measurements techniques,
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A book by W. B, Mann and G. G. Seliger, Prigotovlenie i primenenie étalonnykh radioaktivnykh preparatov
[Preparation and use of standard radioactive preparations], translated from the English and edited by V. V. Bochkarev,
1960, 104 pages, constitutes a survey issued by the USA National Bureau of Standards serving as the official reference
manual in the area of the production, standardization, and use of standard radioactive preparations.

Popular science literature on isotopes. Some popular science brochures dealing with several radioactive isotopes
were published during 1960 and 1961. These brochures made available the basic characteristics of the given element,
methods for producing its isotopes and compounds labeled with the isotopes; describe accessory equipment and meth-
ods for determining the isotope concentration and recording of radiations; point to the most important examples in
the practical utilization of isotopes; and outline safety techniques observed in handling radicactive isotopes. This
category includes the following titles: L. S. Kozyreva-Aleksandrova, N, I. Temnikova: Radioaktivnyi izotop ioda-

_lﬁl_[The radioactive isotope iodine-131}; N, S. Serebryakova, M. A, Grachev: Radicaktivnye izotopy zolota-Au

iAuw Au®® [The radmgold isotopes Au'™® and Au189] V. A. Sokolov, E. A, Tikhomirova, N. A. Kosolapova: Radioaktivayi
izotop segx-S [The radioactive isotope of sulphur S35], V. A. Sokolov, 1. K. Kulagina, Radioaktivnyi izotop kal'tsiya-
Ca™ [Radiocalcium~45]; D. N. Trifonov: £lement 61 (devoted to the discovery and properties of promethium-61);

1 F. Tupitsyn: Radioaktivnyi uglerod- -cl [Radiocarbon-14]; V. 1. Sinitsyn: Radioaktivnyi kobal't- Co®® [Radiocobalt-~
60]; B.A. Zaitseva, A. 1 Gnvkova Radioaktivnyi tsezii- -cs¥7 (Radiocesium~137]; G. V. Korpusov, S. N, Oz1rar1er,
Radioaktivnyi strontsii-Sr™® [Radiostrontium -9017.

The popular style brochure Stabil'nye izotopy vokrug nas [Stable isotopes in our midst] by S. P. Potapov and
K. 1. Sakodynskii, 1961, 68 pages, gives an account of the principles underlying physico-chemical techniques in the
separation of some stable isotopes, and also sheds light o several trends apparent in the practical use of isotopes ob-
tained by these methods. An item by I. F. Tupitsyn, Tyazhelye izotopy vodoroda — deiterii i witii [Hydrogen's heavy
isotopes — deuterium and tritium] discusses the basic principles invoived in the production of deuterated and tritiated
compounds, their physico-chemical properties, and cites particular examples of the use of deuterated compounds in
scientific research and industrial projects.

Elementy s neobychnoi sud'boi [Elements with a strange destiny] by D. N. Trifonov, 1961, 96 pages, is a book
which renders an account of the history of three elements in the perfodic table — technetium, astatine, and francium,
whose existence was predicted by D. I. Mendeleev.

Science and engineering literature. Primenenie radioaktivnykh izotopov v defektoskopii [Radioisotope applica-
tions in nondestructive testing], 1960, 294 pages, is a book by S. V. Rumyantsev which generalizes experience ac-
quired in the industrial use of sources of radioactive radiation, going back to 1947. The book is in four parts, The
first part outlines the physics and engineering fundamentals of applications of sources of ionizing radiations in non-
destructive testing; the second part discusses the photoradiographical method of flaw detection, describes various
gamma-ray flaw detection facilities, and makes a presentation of the principles of the ionization and xerography
methods in gamma-ray nondestructive testing; this part also discusses opportunities opening up for the use of elec-
tronic image converters and closed-circuit television systems in these applications; the third part of the book is devoted
to work safety problems in gamma-radiography; the fourth part deals with the effect of the detected flaws on the
mechanical properties of parts and weldments. This book by S. V. Rumyantsev may be supplemented with available
data on selection of radiographic films and processing of films, use of screens, techniques for reproducing x-ray shots,
etc., provided by the symposium Promyshlennaya radiografiya [Industrial radiography], translated from the English,
1960, 330 pages.

Another item devoted to practical applications of radioisotopes is L. K. Tatochenko's Radioaktivnye izotopy v
mashinostroenii [Radioactive isotopes in machine and tool design], 1960, 336 pages. This book goes into the physical
principles and theoretical fundamentals of the design and calculations of various kinds of instruments whose function-
ing is based on the use of radioactive isotopes and nuclear radiations. The five sections of this book deal with inter-
action between radiation and matter, describe radiation detectors (gas-discharge counters, ionization chambers, scin-
tillation counters), various circuits for radiation detectors, and their modes of operation; present techniques and fun-
damentals in calculating errors and reliability in such instruments; discuss various classes of available instruments.

Another item of significant interest is Radioaktivnye izotopy v analiticheskoi khimii [Radioisotopes in analyti-
cal chemistry], by L. M. Mikheeva and N. B. Mikheev, 1961, 100 pages.

Still another interesting release, which may be of great assistance to research workers and designers engaged' in
research and development work on irradiation facilities for radiation processing of materials is Izotopnye gamma-
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ustanovki [Isotope gamma-ray facilities] by A. V, Bibergal’, V. L Sinitsyn, and N. I. Leshchinskii, 1960, 138 pages.
This book covers the topics of radiation sources suitable for use in irradiavion facilities, descriptions of individual
facilities, their design features, and methods for calculating source fields of a variety of source geometries.

The basic trends in the uses of radjoactive isotopes are elucidated in a rather popular but detailed treatment
by F. Leau, Radioaktivnye izotopy na sluzhbe cheloveka [Radioactive isotopes in the service of mankind], translated
"+ from the French, 1961, 110 pages,

Popular science books of a general nature. The book by V. Fedorov, 15 dnei v_Zheneve [15 days at Geneva],
1960, 80 pages, gives an account of the largest international scientific forum totake place in recent years, the Second
International Conference on the Peaceful Uses of Atomic Energy, held at Geneva in September of 1958, Scientists,
engineers, observers converged on the conference to share their observations, ideas, and conclusjons relating to the
utilization of atomic power for peaceful ends. The reader gets a fairly complete presentation of the circumstances in
which the work of the conference proceeded, of the scientific research investigations reported on at the conference and
on the significance of these research efforts in the further development of various branches of applications of atomic
energy.

Yarche tysyachi solnts [Brighter than a thousand suns] by R. Jung, translated from the English, 1960, 280 pages,
reports in detailed fashion on the way in which science's great discovery, atomic energy, was used by American
politicians and the military for selfish and inhuman ends. The physicists and scientists are the heroes of the book.
They are the ones who form the substance of the book, their lives, hopes, and disappointments, their scientific work
leading to the creation of the atomic bomb, the dissensions between them in the field of ideas, and the psychological
blind alley in which many of them find themselves.

Accounts of the discovery and harnessing of atomic energy form the subject of the book Biografiya atoma [Bio-
graphy of the atom] by Yu. Koryakin, 1961, 206 pages. Each chapter is devoted to a particular major stage in the
history of the development of the science of atomic energy or its applications. The book shows the reader personalities
who devoted their life to the service of science and made their contribution to the biography of the atom. An en-
tire gallery of scientists of different generations and nationalities passes before the eyes of the reader, with their dis-
coveries and mistakes, their successes and failures. The procession of discoveries in the field of unlocking the secrets
of matter is still going on. The author strives to present to his reader a precise picture of the succession of con-
cepts and models of the atom, and the consistent threads in the development of knowledge of the atom,

Articles from the Periodical Literature :
' L Nuclear power physics. Neutron physics and reactor physics. Physics of hot plasmas and controlled fusion.
Physics of charged-particle acceleration.

Doklady akad. nauk SSSR138, No. 3 (1961).

L. 1. Rudakov, R, Z. Sagdeev, 581-583. On the instability of an inhomogeneous rarefied plasma in a strong
magnetic field,

Zhur, tekhn. fiz. XXXI, No, 7 (1961)
L. F. Kharchenko et al., 761-765. Interaction between an electron beam and a plasma in a magnetic field.
V. N. Tsytovich, 766-774. On transient radiation of currents as a plasma crosses a boundary.

E. I Andriankin, Yu. S. Sayasov, 775-780. Effect of an externally-applied magnetic field on the boundary layer.
in a plasma,

L. A. Vulis, P. L. Gusika, 806-818. On the reversal of effects in magnetohydrodynamics.
L. A. Vulis, P. L. Gusika, 819-823. The hydrogas analogy in magnetohydrodynamics.

S. A. Kheifets et al., 824-829. Particle losses in electron accelerators.due to quantum radiation fluctuations
(phase oscillations).

A. N, Didenko, A. N. Vall, 830-833. Application of the- Kramers method to calculations of particle losses in
cyclic accelerators due to the effect of scattering by betatron oscillations,

L. M. Kovrizhnykh, 888-890. On perturbation effects on the structure of a helical magnetic field.
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Zhur. tekhn. fiz. XXX, No. 8 (1961)

K. D. Sinel'nikov et al., 893-898, Study of the magnetic properties of a plasma downstream from the front of
an intense shock wave.

V. L Kurilko, 899-906. Reflection of electromagnetic waves from a plasma moving through a slow-wave
waveguide. '

Yu. V. Vandakurov, 907-915. Effect of finite conductivity on the equilibrium of a slightly-twisted plasma
pinch. 1,

E. M. Moroz, 916-922. Calculating accelerating voltage in a variable-power cyclotron.
| G. E. Pikus, 1013-1016. Effect of magnetic field on the performance of a plasma diode.
Zhur. eksper'im; i teoret. fiz., 40, No. 6 (1961) |
V. P, Bykov, 1658-1666. Investigation of electron packets in a microtron.
V. N. Tsytovich, 1775-1’787.: On space dispersion in a relativistic plasma.
| A. V. Gurevich, 1825-1831. On features of tHe behavior of multiply-charged ions in a plasma.

A. 1. Akhiezer, et al., 1866-1870. On interaction between streams of charged particles and low-voltage plasma
| oscillations.
|

Zhur. eksperim, i teoret. fiz., 41, No. 1 (1961)
N. A, Perfilov et al., 11-12. Ternary fission of uranium nuclei by fast neutrons.
. V. G Averin et al., 42-48. Spectroscopic investigation of a toroidal discharge.
~ A, P, Kazantsev, 1. A, Gilinskii, 154-155. On interaction of wransverse plasma oscillations.
V. P; Silin, E. P. Fetisov, 159-170. On the electromagnetic properties of a relativistic plasma. J1I.
" Izvestiya akad. nauk Latv. SSR, No. 3 (1961)
U. Ul'manis, 61-66. Gamma-ray albedo of some radioisotopes.
Pribory i tekhn. eksp. No. 3 (1961)
N. S. Khlebnikov, 5-17. Development of phototube multipliers for scintillation counters.
A. S. Melioranskii, 44-49. Luminescence gamma-ray spectrometer for measuring coincident emissions.
Energia nucleare, 8, No. 6 (1961) |

S. Baldetti et al., 413-421. Criteria for optimizing parameters of an organic-cooled, organic-moderated ex-
perimental reactor.

Energie nucléaire. 3, No. 3 (1961) _
Tanguy, Bacher, 176-185. Development of graphite -moderated reactors burning natural uranium.
G. Roy, 186-198. The Dresden (USA) power station and large boiling-water reactors.

%5 in atomic power generation.

— ==, 219-226. Some economic data on Th and U
Iadern§ Energie, 7, No. 7 (1961) .
V. Svab, 217-226. Development of a research base for nuclear power in India, and the new research reactor.

Kerntechnik, 3, No. 5 (1961)

H. Horstmann, 200-204. Time behavior of thermal reactors. .

H. Schitidi, 208-210. Natural uranium as nuclear fuel.

H, Sandmeier, 215-216, Warming up an in-pile .photoneutron source.

A, Reinhardt, 221-226. Analog simulation of reactors on small computers.
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Kerntechnik, 3, No. 7 (1961)

K Betzler, 300-307. Technical eqmpment of the Munich research reactor hot laboratory.

Nucl. Energy, No. 157 (1961)

‘Nucl.

Nucl.

Nucl.

Nucl.
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——=—, 286-288, Nuclear labdratories at Berkeley.

— =, 288-290. Discussionon N. Grassam'sarticles "Nuclear ' reactors in universities,” published in Nucl.
Energy No. 152 (1961).

0. Joklik, 291-295 . Training and research nuclear facilities.

Engng., 6, No. 63 (1961)

-, 322 -324. Seventh annual budget of the Atomic Energy Authority.
———, 326-327. Vessels for the Trawsfynydd power station.

-~ -, 832-333. Glass fuel elements.

R. Kitching, J. Perkins, 334-338. Analysis of stresses concentrated at rims of openings and passages in re,actof
- pressure vessels.

Power, 6, No. 63 (1961)

M. Waldron, 58-62. Plutonium uses in reactors.

=~ =, 63. The new nuclear research center at Oxford University.

J. Collier, 64-67.Fuel burn-up in liquid-cooled reactors.

———, 68-73. Table of characteristics of nuclear pumps.

R, Haﬁgen, 74. Controlled-leakage pumps.

D. Jamieson, 75-76. Experience in the use of glandless purﬁps' for heavy water.
——=, 17-78. Testing components for the Hinkley Point power station.
———, 80. Graphite cladding applications m fuel elements.

~—-, 86, Direct -éycie reactor with diphenyl coolant.

Power. 6, No. 64 (1961)

~—=, 59 Seventh annual budget of the UK Atomic Energy Authority.
J. Burkett, 66-68. Research at Harwell.

K. Dent, 69-74. Fuel reloading and transfer problems.

- ’75.. Reactor for research on basic radialtion effects.

Sci. and Engng., 10, No. 2 (1961)

D. Trubey, 102-116. Use of single-scattering approximation to solve the problem of scattering of gamma
radiation in air.

J. Chernick et al., 120-131. Effect of temperature on xenon instability.

N. Tralli, J. Agresta, 133-141. Computation of spherical hérmonics for a cylindrical cell of finite height.
L: Dresner, 142-150. Inelastic scattering of <i Mev'v'neutrons by uss,

C. Heusch, T. Séringe.r, 151-158. Study of inelastic slowing -down of fast neutrons.

M. Shapiro, 159-162. Minimum critical mass in reactors of variable moderator density and in intermediate-
neutron reactors.

A. Solbrig, 1617 -168. Doppler broadening of neutron resonances in the low-energy region.
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S. Tassan et al., 169-172. Neutron resonance peaks in Eu'®!

in low-energy regions.
G. Calame, F. Federighi, 190-201. Variational method for determiningspace-de'pendént thermal neutron spectra.
Nucle,onics; 19, No. 7 (1961) o
—— -, 53-54. Pumps, valves, and heat exchangers for water-cooled power reactors.
—~~, 55-63." Pumps. ;
——=—, 64-69. Valves for water-cooled power reactors.
G. Lewis et-al., 70-80. Heat exchangers.
R. Osborne, 84 ff. Locating failed fuel in water reactors.
———, 90. The BONUS superheat reactor. , _
D, Worlton, 92 ff. Inspecting fuel-slug cladding af Hanford automatically.
Nucleonics, 19, No. 9 (1961) _ '
J. Cawley, 82-86. Transistor counting-rate channel for TRIGA reactors.
N. Shielis ét al., 9.97 ff. In-pile corrosion of an aluminum alloy.
Pribory i tekhn. €ksper. No. 3 (1961) ‘ , ‘
E. L. Stolyaro%;a et al., 49-51. Fast-neutron scintillation spectrometer with a boron-organic scintillator.
. V. A, Yurgenson, 60-63. 4w -counter with minimum .backgfound.

G. G. Doroshenko, E. L, Stolyarova, 69-71. Fast-neutron scintillation counter with low sensitivity to gamma
background.

N. S. Khlebnikov et al., 129-131. Photomultiplier sensitive to 1300 A.
L. P. Bilibin, Yu. A. Zysin, 154-155. Detector for recording small numbers of neutrons per pi;lse.
V. Kh. Volynskii et al., 156-156. Multilayer contrqlled spark counter. '
Priroda, No. 6 (1961)
_ V. 1. Kotov, V. A, Petukhov, 7-13. Accglerator physics.
Trudy Leningrad. tekhnol. inst. im. Lensoveta, No. 55 (1961)
I A, Vasii’ev, K. A, Petrzhak, 5-22. Some regularities for mass spectra of heavybnuclei fission products.
B. S. Kovrigin, K. A. Petrzhak, 23-27. Production of thin free films containing uranium or thorium.
O. P. Nikotin et al., 28-31. Notes on the performance of a 15 Mev betatron.
K. A. Petrzhak, R. V. Sedletskii, 32-38. 4w -proportional flew counter for measuring low activity levels.
Amer. J. Phys. 29, No. 7 (1961) ‘
G. Bekefi, C. Brown, 404-428. Plasma microwave emissions.

Arkiv Fys., 19, No. 4 (1961)

H. Alfvén, 375-378. Filamentary plasma sﬁﬁcture due to electric current.
Energié_Nucleare, 8, No. 6 (1961)
‘ I Tori et al., 409-412. Helium ionization chamber doubles as neutron spectrometer.
Energie nucléaire, 3, No. 3 (196]‘.)

J. Delcroix, 210-218. Large elementary particle accelerators.
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Industries Atomiques, 5, No, 5/6 (1961)
E. Regenstreif, 55-69. New accelerator designs.
Jaderni Energie, 7, No. 8 (1961)
M. Karmasin, 265-271, Radial-sector ring cyclotron.
Kerntechnik, 3, No. 6 (1961)
W. Schwertftihrer, 249-251. Cyclotron,
———, 283. Thermonuclear fusion research in the USA.
Nucl. Energy, No. 157 (1961)
———, 282-285. Techniques and instrumentation for nuclear physics training courses.
Nucl. Instrum. and Methods, 11, No, 2 (1961) '
W. Kreger, R. Brown, 257-296. Photocoefficients for Nal crystals.
E. Melkonian, 307-315. Use of .solid state surface barrier to measure fission m an ionization chamber.
P, Iredale, 336-339. Nonproportionality of sensitivity of NaKT1) crystals to gammé rays. :

P. Iredale, 340-346. Nonproportionality effect in recording electrons with NaI( T1) crystals, comparéd to the
gamma -ray resolution. '

Nucleonics, 19, No. 9 (1961)
M. Okada, 79-81. Gamma-ray spectra of short-lived isotopes,
Nukleonika, 6,.No. 5 (1961)
E. Jozefowicz, 379-380. Half-life of Na*,
Nuovo Cimento. Supplemento vol. XIX, serie X, No. 1 (1961)
G, Martelli, 67-82. Notes on thermonuclear reactors.
Plasma Physics, 3, No. 3 (1961)
F, Crawford, J. Lawson, 179-185. Measurements of plasma oscillations.
F. vRussell, 186-195. Asynchronous ion acceleration in a cyclotron.

IT. Nuclear Power Engineering
Nuclear reactor theory and calculations. Reactor design. Performance of nuclear reactors and nuclear power
stations. ' :

' Inzhener.-fiz. zhur. 4, No. 5.(1961)
V. S. Ermakov et al., 96-99. Note on thermal conductivity transients in nuclear reactor fuel elemenis._
P. A, Palibin, 127-138. Organic coolants in reactor design. |
Teploénergetika, No. 7 (1961) _
M. Kh. ﬁ)ragimov et al., 57-60. Heat transfer and hydraulic drag in helical flow of fluid through a pipe.
Teploénergetika, No. 9 (1961) '

V.N. G{llyaeiz et al., 50-55. Corrosion cracking of 1Kh18N9T stainless steel in caustic soda and sodium chloride
solutions. '

V. L. Subbotin et al. Study of heat removal by liquid metal coolant in a rectangular channel.
Atomkemener_gie, 6, No. 6 (1961) o - '

E. Jeltsch, 237-242. Matrix representation of two-group neutron diffusion.
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G. Schweizer, R, Lauber, 242-250. Investigation of the stability of loosely-coupled reactor systems.
Chem. and Engng. News, 39, No. 28 (1961)

———, 21-22. New Bodega Bay (California) power reactor.
Nukleonik, 3, No. 3 (1961) '

J. Lieberoth, M. Wagner, 102-105. A method for solving the transport equation for a planar cell.

W. Oldekop, 105—1'09. A simple formula for computing the effective resonance’ integral.
Nukleonika, 6, No. 6 (1961)

W. Filipczak, 387-398. Electronic simulator for a reactor startup.

III. - Nuclear Fuels and Materials : :
Nuclear geology and primary ore technology. Nuclear metallury and secondary ore technology. Chemistry
of nuclear materials '

Vestnik Mosk. univ. Seriya 2, Khimiya, No, 3 (1961)

V. B. Luk'yanov, 57-59.  Calibration of end-window counters for absolute beta-ray measurements, and deter -
mination of amount of radioactive admixtures.

Geol. rudnykh mestorozhdenii, No. 3 (1961)
I. V. Mel'nikov, 28-37. Some details in the formation of various generations of pitchblendes.
Geokhimiya, No. 5 (1961) ' '

A. 1 Polyakov, M. P. Volynets, 426-432. On thorium distribution in a series of ultrabasic alkaline rocks of
the Kola peninsula.

Doklady akad. nauk SSSR, 138, No. 2 (1961)
_ E. A. Ippolitova, L. M. Kovba, 377-380. Note on the structure of uranates.
Doklady akad. nauk SSSR, 138. No. 3 (1961)
E. A. Ippolitova, L. M. Kovba, 605-607. On the composition and properties of vuranates.
Zhur. anal. khim. 16, No. 3 (1961)

A. E. Klygin et al., 297-302. Isolation of uranium in the form of ammonjum uranyl phosphate, and gravi-
metric determination of same by calcining to Uy GgP,04.

V. G. Sochevanov et al., 362-363. Enhancing the sensitivity of polarographic determination of uranium in the
_presence of vanadium and phosphate ions.

Zhur. neorgan. khim. 6, No. 5 (1961)

A. E. Klygin, V. K. Pavlova, 1050-1054. Spectrophotdmetric investigation of the chelating reaction of pluto-
nium (1V) in arsenazo reagent. '

V. V. Zelentsov et al., 1063-1065. Uranyl chelates formed with Mannich base type derivativies of 8 -hydroxy-
quinoline.

V. P.Markov, Z. M. Alikhanova, 1066-1073. Uranyl compounds with trihydroxyglutaric acid.
V. P. Markov, E. N. Traggeim, 1244-1246. Uranyl thiocyanate complexes with triethylenediamine cobalt.
Zhur. neorgan. khim. 6, No. 6 (1961) ‘

N, P, Luzhnaya, 1. S. Kovaleva, 1436-1439. Solubility of thoriumn oxalates and potassium oxalates in water
at 25°C, '

V. A. Mikhajlov et al., 1457-1465. Tri-n-butylphosphate extraction of rare-earth nitrates in the presence of
Trilon B reagent. '
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Zhur. fiz. khim. 35, No. 5 (1961)

P. A. Akishin, Yu. S. Khodeev, 1169-1170. Determination of heat of sublimation of uranium tetrafluoride by
mass spectrometric techniques.

Zavod. lab. 27, No. 5 (1961)

.- E. L Zaitsev, V. Yu. Zalesskii, 553-557. Lithium determination in samples-by nucleonic techniques.

Izvestiya akad. nauk SSSR. Seriya geofiz. No. 6 (1961)

V. F. Zakharchenko, 847-854. Some problems in the theory of neutron logging using a pulsed neutron generator.
Radiokhimiya, 3, No. 4 (1961)

V. M. Vdovenko et al., 396-402. On the extraction mechanism in extraction of tetravalent plutonium by a
primary alkyl amine from sulfate solutions.

V. 1. Zemlyanukhin, G. P. Savoskina, 411-416. Tri-n-butylphosphate solvent extraction of americium.

L E. Starik et al., 428-434. Adsorption of radioisotopes on non-ion exchange polymeric adsorbents. L. Ad-
sorption of zirconiwn from chloride solutions on ftoroplast-4 (a teflon adsorbent).

L E. Starik et al., 436-439. Adsorption of radioisotopes on non-ion exchange polymeric adsorbents. II, Ad-
sorption of zirconium from acidic solutions of alkali metal salts on ftoroplast-4.

I A. Lebedev, 455-457. Determination of composition and instability constants of lactate complexes of Am
(II1) and Cm (III) by the ion-exchange method.

R. L. Alekseev, O. N. Polevaya, 458-465. Separation of substances by the alternating extraction method.
(Separation of Mo® from a mixture of uranium fission fragements.)

V. B. Shevchenko et al., 503-506. On the effect of saturated monobasic alcohols and ethers on extraction of
U(VD), Pu(IV), Zr(1V), Ce(III) and Nb(V) by tri-n-butylphosphate from nitrate solutions.

N. P. Martynov et al., 508-509. Enrichment of U’ by the Szilard-Chalmers method, using uranyl dibenzoyl-
methane.

. Trudy Leningrad. tekhnol. inst. im. Lensoveta, No. 55 (1961)
L A. Kuzin, I. A, Galitskaya, 85-87, Some properties of ammonium uranyl disulfate.

E. A, Bélousov, F. M. Filinov, 88-91. Adsorption of UX,; on active manganese oxide in the presence of uranyl
ions.

S. P. Rosyanov et al,, 108-112. Separation of thorium and cerium by extraction of their salicylates.
L. A, Gromov et al., 143-149. Luminescence techniques for determining uranium present in solutions.

F. M. Filinov, E. Ya. Smirnova, 169-170. Isolation and investigation of the interaction product of uranyl
nitrate with sodium hexametaphosphate. '

S. P. Shaikind et al., 172. Polarographic determination of uranium and the use of its catalytic effect of the
nitrate ion wave in polarography. ‘

S. P, Shaikind et al., 173. Polarographic determination of thorium,
Econ. Geol. 56, No. 4 (1961)

H, Adler, 689-694. Possible geological dependence of U?® formation on Cm**,

R. Boyer, 780-783. Radioactive fluorite sandstones of the Wet Mountains of Colorado.
Energie nucléaire, 3, No. 3 (1961)

P. Vertés, 199-209. Nuclear purity and uranium production.

1. Appl. Phys. 32, No. 7 (1961)
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R. Cowan, 1363-1370. Measurement of thermal diffusivity at elevated temperatures.

J. Inorg. and Nucl. Chem. 17, Nos 3/4 (1961)

W. Wendlandt et al., 273-280. Thermal decomposition of oxalato hydrates of tetravalent thorium and uranium
and of some rare earths.

S. Melton et al., 317-324. Reaction rate of electron transfer between U(IV) and U(VT) ions in water, ethylene
glycol, and mixtures. _ ,

S. Melton et al., 325-333. Reaction rate of electron transfer between U(IV) and U(VI) in water and water-
acetone mixtures. :

W. Baldwin, C. Higgins, 334-336. Complexes of dibutylphosphoric acids.

C. Hardy, D, Scargill, 337-349. vestigation of mono- and dibutylphosphoric acids. III. Zirconium extrac-
tion from nitrate solutions.

E. Hulet, et al., 350-360. Group separation of lanthanides and actinides on anion exchange resins.
I Stary, J. Pritilova, 361-365. Extraction and ion exchange studies of U(VI) chelates.

T. Roach, D. Himmelblau, 373-381. Adsorption of calcium, strontium, and thallium fons from melts on silicic
acid and aluminum oxide,

Kerntechnik, 3, No. 6 (1961)

O. Machnig, P. Hadge, 258-261. Elastic and plastic thermal stresses in spherical fuel elements with graphite
cladding. ‘

H. Scholz, 261-263. Pneumnatic transport and mefering of radioactive solutions.
Kerntechnik, 3,.No. 7 (1961) » _

F. Baumgdrtner, 297-301. Chemical effect of nuclear transmutations.

H. Teggers, 312-316. Experiments on using nuclear energy in chemical processes.

W. Marth, 312-323. Radiation damage to the surface of alpha-irradiated copper.
Nucl. Engng. 6, No. 63 (1961)

E. Colton, 324-325. Boron silicide.

J. Evans, 339-343. Resistance of ceramics to thermal stresses.

W. Wright, M. Harper, 344-347. Australian studies. of the vacuum melting process.
Nucl. Power, 6, No. 64 (1961)

J. Burkett, 61-63. Studies of materials behavior at Berkeley.

G. Darwin, A. Johnson, 64-65. Reactor materials and radiation damage.
Nukleonik, 3, No, 3 (1961)

H. Dietze, E. Balthesen, 93-98. Diffusion of vacancies in fast-neutron irradiation of silicon steel.
Nukleonika, 6, No. 5 (1961)

L. Adamski, K. Jozefowicz, 325-334. Neutron activation of reactor steel constituents. Determination of cobalt
and manganese content.

M. Perec, 357-369. Electroreduction of uranium hexavalent compounds in carbonate solutions.

M. Taube, 372-3171. Adsorption of plutonium compounds on metallic surfa'(_:es in anvorganic medium.

‘Reactor Sci. and Technol. 14, Nos. 2/3 (1961)

W. Blackburn, 107-116. Effect of internal stresses induced by growth dwring irradiation and thermal cycling on
creep of uranium, for both elastic and plastic ranges.
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1V, Nuclear radiation shielding :
Radiobiology and radiation hygiene. Shielding theory and techniques. Instrumentation

Avtomatika, telemekhanika i svyaz’, No. 6 (1961)
Yu. N. Fili-ppov; 12—13‘. Public health evaluation of gamma-ray sources installed on railroads,
Botan. zhur. 46, No, 5 (1961)
E. A. Vostokova, 676-680. Effect of increased natural radioactivity on plant life.
E. K. Uzorin, 731-733." Migration of §* and P isotopes between higher plants and algae.
Vestnik Kazakh. SSR, No. 5 (1961)
A. T. Seisebaev, 106-107. Role of ionizing radiations in the shaping of com.
Doklady akad. nauk SSSR, 138, No. 3 (1961)
D. s. Nikolaév et al., 674-676. Concentration of thorium isotopes in the waters of the Sea of Azov.
O. G. Mironov, 686-687. Note on the radjoactivity of some higher algae in the Feodosiya region (Crimea).
Doklady akad. nauk Uzbek. SSR, No. 4 (1961)

N. N. Nazirov, 46-49. Variation in radiation effects as a function of dose and gamma-ray exposure rate, and
conditions for raising irradiated cotton,

Zhur, tekhn. fiz, 31, No. 7 (1961) »
B. M. Terent'ev, Yu. S. Ryabukhin, 837-842. Gamma absorpuon in infinite systems.
Zavod. Iab. 27, No. 5 (1961)

S. S. Gurvits, E. D. Chistov, 626-628. On some new regulations governing handling of radioactive substances
and sources of ionizing radiations.

Len i konoplya, No. 6 (1961) [Flax and hemp]

L. M. Kryukova, K. S, Listvin, 26. Effect of irradiation of fiber-flax with cobalt (Co®) gammas on flax growth -
and fiber quality. .

Med. radiologiya, 6, No. 7 (1961)

L. V. Kuznetsova, N. N, Korshunova, 63-67. Basic environmental factors and professmnal hazards associated
with accelerators of singly-and multiply-charged jons.

Z,S. Aref'eva et al,, 77-82. On shielding agajnst bremsstrahlung from radioactive isotopes.
‘Novoe vremya,:No. 25 (1961)

F. Polomskii, 11. Poisoned gifts from the sea (On safe disposal of radioactive wastes.)
Okeanologiya, 1, No. 2 (1961)

G. G. Polikarpov, V. P, Parchevskii, 338-339. Radioactivity of algae of the Adriatic and Black seas.
Uzbek. khim. zhur. No. 3 (1961) '

Kh. U, Usmanov et al., 45-51. Effect of pre-sowing irradiation of cotton seeds (w1th Co® gammas) on ac-
cumulation and chemical composition of oil.

: Atomkernenergie, 6, No, 6 (1961)
E. Beynam, 233-237. Effect of spherical voids in shielding on transmission of gamma radiation.

S. Krawczynski, 250-260. Research on deactivation of radioactively-contaminated sewage waters, by electro-
© dialysis.
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Health Phys1cs. 5, Nos. 3/4 (1961)
A. Morgan, D. Stanbury, 101-107. Contamination of rivers by fission products as a result of radioactive fallout.

L. French, M. Wells, 108-118. Determination of the energy associated with primary radiation of a nuclear
weapon burst in the air.

VJ. Eggen et al., 119-125. Determination of fast-neutron spectra and dose rate.
D. Raso, 126-141. Penetration of scattered gammas into concrete and steel members.
T, Tamura, D. Jacobs, 149-154. Heating improves cesium selectivity of bentonite clays.
W. Higinbotham et al., 169-170. Ten-channel radiation recorder for pulsed accelerators.
" G, Hurst et al., 170-202. Dosimetric study of the Yugoslav reactor accident.
D. Nelson et al., 203-211. Measurefnent of neutron flux in a medium bombarded by x-rays.
" W. Moss et al., 212-218, Measurement of particle sizes in plutonium aerosols.

R. Yokota et al., 219-224. Silver-activated phosphate glass for simultaneous measurement of thermal neutrons,
gammas, and betas.

_ K. Koren, A. Bull, 225. Determination of radioiodine in milk.
A. Aten et al., 225-226. Uranium concentration in salt-water fish.

J. Auxier et al., 226-227. Instrument for determining the position of personnel exposed to neutron and gamma
~ radiation. '

L Michelson. 227-229. Sr™ content in common foodstuffs

L Michelson, 229-230. Ra?®

content in common foodstufis.
Jademna Energie, 7, No. 7 (1961)

V. Lenger, V. Matousek, 934-238. Ionization chamber with excess pressure for measuring intensity of local
gamma radiation dosage. : - .

Kerntechnik, 3, No. 5 (1961)
B. Marchand, 193-200. Decontamination of radioactively contaminated sewage waters.
G. Wiedemann, 211-213. Six-channel dosimetric facility at the Munich research reactor. -
W. Gutmann, 213-214. Manipulator with sonic controls of joint torques.
A, Schraub, 216-221. Automatic climate-simulator aids tesearéh on special prqblerhs in biophysics.
H, Kiefer, R, Maushart, 228-230. A new facility for measuring radioacti{/ity in the human body.
Kerntechnik, 3, No. 6 (1961) ‘ '
H. Kiefer, R. Maushart, 270. Automatic disconnection of battery-energized dosimetric instruments.
F. Wolf, 2'71-2'73; Neutron absorption.
Kerntechnik, 3, No, 7 (1961) v
T. Jaeger, 307-312. A plan for high-level wastes storage.
H. Kiefer et al., 316-317. New instrument monitors radioactive contamination of wash water.
Nucl. Engng. 6, No. 63 (1961) '
.- - -, 329-332. Low-level liquid wastes.
Nucl. Power, 6, No. 63 (1961)

U. Broccardo, 81-85. Safety and reliability of scram circuits. 2.
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Nukleonik, 3, No, 3 (1961)
R. Pross, 98-102. Counter with supplementary electrode near the anode.
J. Stickforth, 109-110. Use of boral in shielding against thermal neutrons having a Maxwellian distribution.
T. Springer, 110-131. Scattering of slow neutrons by water, steel, and steam. '
Nukleonika, 6, No. 6 (1961)
]. Pawlikiewicz, 423-432. Safety problems affecting maritime nuclear power plants.
Radiation Research, 14, No, 6 (1961)

A. Anderson, E. Hart, 689-704. Yields of molecular products and free radicals in decomposition of water by
protons, deuterons, and helium ions.

Technical Digest, 3, No. 7 (1961)
J. Stork, 53 -59. Czechoslovak concrete for nuclear applications,

V. Radioactive and Stable Isotopes .
Labeled atom techniques. Uses of radioactive radiations, Direct conversion.

Doklady akad. nauk Byeloruss. SSR, 5, No. 6 (1961)

S. F. Shidlovskii, 269-272. Investigation of translocation and fixation processes of phosphates introduced into
the soil via radiophosphorus.

Zhur. prikladnoi khim. 34, No. 5 (1961)

V. S. Lapatukhin, Yu. M. Ovchinnikov, 1002-1007. The use of radiophosphorus P* in a study of layer-by-
layer variation in the composition and wearability of phosphate coatings.

Zhur. tekhn, fiz. XXXI, No. 7 (1961)

N. D. Morgulis et al., 845-853. Some physical features of thermionic energy conversion.
Zapisi Leningrad sel-khoz. inst. 85 (1961)

V. V. Dolbm, 74-81. Testing of the TsNITA scintillation device in tracer wear studies on engine parts,
Izvestiya vyssh. ucheb zaved. Khimiya i khim. tekhnologiya, 4, No. 2 (1961)

T. A. Soboleva, 183-185. Fractional reaction on throium and cerium ions.

——— 247-52. Sorption of hydrolyzed ions on cation exchange resins. I. A.I. Zhukov, 1. V. Markov, Elution.
of sodium, barium, lanthanum, uranium (VI), thorium, and uranium (IV) ions from columns with KU-1
and Ku-2 resins, hydrochloric acid, and ammonium chloride solution,

Lesnoe khozyaistvo, No. 6 (1961)

V. Klemm, 87-90. Use of radioactive isotopes in forestry. Report on work by the Division of Plant Physiology
‘of the Forestry Institute at Tarandt (German Acéademy of Agricultural Sciences at Berhn)

Trudy Lemngrad tekhnol. inst.im. Lensoveta, No. 55 (1961)

A. A, Grinberg, E. A. Belousov, 113 —118. Tracer (Irm) tests of the calomel and sugar methods for separating
platinum and iridium. .

L. A. Lukin, E. N, Tekster, 170-172. Determinations of the solubility of silver oxalate in solutions of KNG;, |
HNO;, and K;G,04 by tracer methods. _ |

Industries Atomiques, 5, Nos. 5/6 (1961) |
P. Bussiére,' 77-85. Tracer and radiation applications in catalysis.
Jederni Energie, 7, No. 7 (1961)

R. $im4nov4, 227-233. Radioactive radiation standards,
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v Kermtechnik, 3, No. 5 (1961) N
A. Gaschermann, 204-208, Plapning and building of isotope laboratories..
Nucl. Engng. 6, No. 63 (1961) |
- 328 Isotope -powered thermoelectric generators.
Kerntechnik, 3, No. 6 (1961)

- W. Marth, 252-257. Sample irradiator at the Munich research reactor.

I ‘K. Diebner, H. Volcker, 267-269. Radiation sources illuminated airport runways.
} Kerntechnik, 3, No. 7 (1961) ‘
W. Kaspgr-Sickermann, 301-303. Tracer studies of piston ring weaf.
K. Diebner et al., 323-325. Radiation sources méasure_ fill level in shipping containers and tank cars. '
Nucl. Sci. and Engng. 10, No. 2 (1961) ‘
‘ T. Kovacina, R. Miller, 163-166, Tracer determination of solubility of nickel in sodjum,
| R, Howard, 173~182. Thermionic converters for reactorvsystenis. .
Nucleonics, 19, No. 7 (1961) ,
———, 102 ff. Solving design problems for food irradiators.
Nucleonics, 19, No. 9 (1961) '

— ==, 104-105. The Hallam (Nebraska) radiation processing facility.

Jadernd’ Energie, 7, No. 11 (1961) (Czechoslovakia) (published by the _Czéchoslovak Atomic Energy
Commission attached to the State Committee on Technical Developments)

CONTENTS S
Lead article: J. Bedval. Use of gas turbines in nuclear power
B. Bvasil: Approximate determination of tolerances of characteristic dimensions of the periodic structnre of a h1gh -
frequency linear accelerator, and compensation.

J. Ralkova Measurement of low-level rad1oact1v1ty in water.

J. Tomas: Monitoring radon decay product content in the atmosphere.

Hladik: Measuring equipment for noncontacting continuous wexght determination of tubes and some product
shapes, with tracer applications. :

Abstracts, Correspondence Information, Survey of Literature.
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SIGNIFICANCE OF ABBREVIATIONS MOST FREQUENTL_Y

ENCOUNTERED IN SOVIET PERIODICALS

FIAN Phys. Inst. Acad, Sci. USSR

GDI Water Power Inst.

GITI State Sci.-Tech. Press

GITTL State Tech. 4nd Theor. Lit. Press

GONTI State United Sci.-Tech. Press

Gosenergoizdat State Power Press '

Goskhimizdat . State Chem. Press

GOST All-Union State Standard

GTTI State Tech. and Theor. Lit. Press

L Foreign Lit. Press '

ISN (Izd. Sov. Nauk) " Soviet Science Press

Izd. AN SSSR Acad. Sci. USSR Press

Izd, MGU Moscow State Univ. Press

LENZhT Leningrad Power Inst. of Railroad Engineering

LET Leningrad Elec. Engr, School

LETI Leningrad Electrotechnical Inst.

LETIIZhT Leningrad Electrical Engineering Research Inst. of Railroad Engr.
Mashgiz State Sci. -Tech. Press for Machine Construction Lit.
MEP Ministry of Electrical Industry

MES Ministry of Electrical Power Plants

MESEP Ministry of Electrical Power Plants and the Electrical Industry
MGU Moscow State Univ,

MKhTI Moscow Inst. Chem. Tech.

MOPI Moscow Regional Pedagogical Inst,

MSP Ministry of Industrial Construction

NII ZVUKSZ APIOI Scientific Research Inst. of Sound Recording

NIKFI Sci. Inst. of Modern Motion Picture Photography
ONTI United Sci.- Tech, Press

OT1 Division of Technical Information

OTN Div. Tech. Sci. :

Stroiizdat Construction Press

TOE Association of Power Engineers

“TsKTI Central Research Inst. for Boilers and Turbines
TsNIEL Central Scientific Research Elec. Bhgr. Lab.

TsNIEL -MES Central Scientific Research Elec. Engr. Lab. - Ministry of Electric Power Plants
TsVTI Central Office of Economic Information

UF Ural Branch

VIESKh All-Union Inst. of Rural Elec. Power Stations

VNIIM All-Unjon Scientific Research Inst. of Metrology
VNIIZhDT All-Union Scientific Research Inst. of Raflroad Engineering
VTI All-Union Thermotech. Inst.

VZEL

All-Union Power Correspondence Inst.

NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no further
information about their significance being available to us. ~Publisher,

Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9




Declassified in Part - Sanitized Copy Approved for Release 2013/09/25 : CIA-RDP10-02196R000600070003-9

ABBREVIATION

AE
Akust. zh.

Astr(on). zh{urn).
Avto(mat). svarka

Byull. éksp(enm)
biol. i med.

DAN (SSSR)
Dokl(ady) AN SSSR

Derevoobrabat. prom-st'.

Entom(ol). oboz(renie)

Soviet Journals Available in Cover-to-Cover Translation

RUSSIAN TITLE

Atomnaya énergiya

Akusticheskii zhurnal

Antibiotiki

Astronomicheskii zhurnal

Avtomaticheskaya svarka

Avtomatika i Telemekhanika

Biofizika

Biokhimiya

Byulleten’ éksperimental’noi biologii
i meditsiny

Doklady Akademii Nauk SSSR

Life

TITLE OF TRANSLATION

Soviet Journal of Atomic Energy
Soviet Physics — Acoustics
Antibiotics

Soviet Astronomy—AJ
Automatic Welding

Automation and' Remote Control

Biophysics -

Biochemistry

Bulletin of Experimental
Biology and Medicine

The translation of this journal is published
in sections, as follows:

Doklady Biochemistry Section

Doklady Biological Sciences Sections
(Includes: Anatomy, biophysics,
cytology, ecology, embryology,
endocrinology, evolutionary morphology,
genetlcs, histology, hydrobmlogy

Chemical Sciences

Earth Sciences

Mathematics

Physics

Derevoobrabatyvayushchaya
_ promyshlennost’
Elecktrosvyaz
Entcmo!cgmheskoe obozrenie
Farr ya i toksi iya

Farmakol. (i)
FMM

Fi

. zhurn.-SSSR
(im. Sechenova)
Fiziol(ogiya) rast.

FTT
1zmerit. tekh{nika)
lIzv. AN SSSR,
Ottd). Kh(im). N(auk)

Fizika metallov i metallovedenie

Fiziologicheskii zhurnal im. |. M.
Sechenova

Fiziologiya rastenii

Geokhimiya

Fizika tverdogo tela

Izmeritel’'naya tekhnika

lzvestiya Akademii Nauk SSSR:
Otdelenie khimicheskikh nauk

;-
z
%

micr mor , parasitology,
physiology, zoology sections)
Doklady Botanical Sciences Sections
{includes: Botany, phy
plant anatomy, plant ecology,
plant embryology, plant physiology,
plant morphology sections)
Proceedings of the Academy of Sciences
of the USSR, Section: Chemical Technology
Proceedings of the Academy of Sciences
of the USSR, Section: Chemistry .
Proceedings of the Academy of Sciences
of the USSR, Section: Physical Chemistry
Doklady Earth Sciences Sections
(Inciudes: Geochemlstry, geology,

palecntology, pelrography, permafrost
sections)
Proceedings of the Academy of Sciences
of the USSR, Section: Geochemistry
Proceedings of the Academy of Sciences
of the USSR, Sections: Geology
Doklady Soviet Mathematics
Soviet Physics—Doklady
(Includes: Aerodynamics, astronomy,
crystallography, cybernetics and control
theory, electrical engineering, energetics,
fluid mechanics, heat engineering,

Y physics,
mechanics, physics, technical physics,
theory of elasticity sections)

Pre il of the A y of

of the USSR, Applied Physics Sections
(does not include mathematical physics
or physics sections)

Wood Processing Industry

Telecommunications
Entomological Review

Phar and T
Physics of Metals and Metaliography

Sechenov Physiological Journal USSR
Plant Physiology

Geochemistry

Soviet Physlcs—Solld State
Measurement Techniques

Bulletin of the Academy of Sciences

PUBLISHER

Consultants Bureau

American [nstitute of Physics

Consultants Bureau

American Institute of Physics

British Welding Research Association
(London)

Instrument Society of America

National Institutes of Health*

Consultants Bureau

Consultants Bureau

American Institute of Biological Sciences
American Institute of Biological Sciences

American Institute of Biological Sciences

Consultants Bureau
Consuitants Bureau

Consultants Bureau

American Geological Institute
Consultants Bureau

Consultants hureau .
The American Mathematics Society

American Institute of Physics

Consuitants Bureau
Timber Development Association
(London)

ts Institute of T
American Institute of Biological Sciences
Consultants Bureau
Acta Metallurgica*

National Institutes of Health*

American Institute of Biological Sciences
The Geochemical Society

American Institute of Physics

Instrument Society of America

Cor Bureau

of the USSR: Division of Ch

TRANSLATION BEGAN

Vol. Issue Year
1 1 1956
1 1 1955
4 1 1959
34 1 1957
1 1959

27 1 1956
- 1 1957

21 1 1956
41 1 1959
106 1 1956
112 1 1957
112 1 1957
106 1 1956
106 1 1956
112 1 1957
124 1 1959
106- 1 1957-
123 & 1958
106- 1 1957-
123 6 1958
131 1 1961
106 1 1956
106- 1 1956-
117 1957

9 1959

1 1957

38 1 1959
20 1 1957
5 1 1957
1 1957

4 1 1957
1 1958

1 1 1959
1 1959

1 1952
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continued
Izv. AN SSSR,
O(td). T(ekhn). N(auk):
Met(all). i top.
Izv. AN SSSR Ser. fiz(ich).
Izv. AN SSSR Ser. geofiz.
lzv. AN SSSR Ser. geol.

Kauch. i rez.

Kolloidn. zh(urn).

Metalov. i term.
obrabot. metal.

Met. i top.
Mikrobiol.
0s

Pribory i tekhn.
é&ks(perimenta)
Prikl. matem. i mekh.

PTE

Radiotekh.
Radiotekh. i élektronika

Stek. i keram.
Svaroch. proiz-vo
Teor. veroyat. i prim.

Tsvet. Metally
UFN

UKh

UMN

Usp. fiz. nauk

Usp. khim(ii)

Usp. matem. nauk
Usp. sovr. biol.

Vest. mashinostroeniya
Vop. gem. i per. krovi

Vop. onk.

Vop. virusol.

Zav(odsk). lab(oratoriya)
ZhAKh Zh. anal(it). khimii
ZhETF

Zh. éksperim. i teor. fiz.
ZhFKh Zh. fiz. khimii
ZhME! Zh(urn). mikrobiol.

{see Met. i top.)

lzvestiya Akademii Nauk SSSR: Seriya
fizicheskaya

1zvestiya Akademii Nauk SSSR:
Seriya geofizicheskaya

Izvestiya Akademii Nauk SSSR:
Seriya geologicheskaya

Kauchuk i rezina

Kinetika i kataliz

Koks i khimiya

Kolloidnyi zhurna!

Kristallografiya

Metallovedenie i termicheskaya
obrabotka metallov

Metallurg

Metallurgiya i topliva

Mikrobiologiya

Optika i spektroskopiya

Pochvovedenie

Pribarostroenie

Pribory i tekhnika éksperimenta
Prikladnaya matematika i mekhanika

(see Pribory i tekhn. éks.)

Problemy Severa

Radiotekhnika

Radiotekhnika i élektronika

Stanki i instrument

Stal’

Steklo i keramika

Svarochnoe proizvodstvo

Teoriya veroyatnostei i ee primenenie

Tsvetnye metally

Uspekhi fizicheskikh Nauk

Uspekhi khimii

Uspekhi matematicheskikh nauk

{see UFN)

(see UKh)

(see UMN)

Uspekhi sovremennoi biologii

Vestnik mashinostroeniya

Voprosy gematologii i perelivaniya krovi

Voprosy onkologii

Voprosy virusologii

Zavodskaya laboratoriya

Zhurnal analiticheskoi khimii

Zhurnal éksperimentai’noi i
theoreticheskoi fiziki

Zhurnal fizicheskoi khimii

Zhurnal mikrobiologii, épidemiologii i

i

ZhNKh

Zh{urn). neorgan(ich).
khif(ii)

ZhOKh

Zh(urn). obshch(ei) khimii

ZhPKh

Zh(urn). prikl. khimii
ZhSKh

Zh(urn). strukt. khimii
ZhTF

Zh(urn). tekhn. fiz.
Zh(urn). vyssh. nervn,
deyat. (im. Pavlova)

Nyt oyt ot eyt gttt

Zhurnal neorganicheskoi khimii

Zhurnal obshchei kh

Zhurnal prikladnoi khimli
Zhurnal strukturnoi khimii

Zhurnal teknicheskoi fiziki

Zhurnal vysshei nervnoi
deyatel’nosti (im. I. P. Paviova)

Bulletin of the Academy of Sciences
of the USSR: Physical Series

Bulletin (1zvestiya) of the Academy of
Sciences USSR: Geophysics Series

|zvestiya of the Academy of Sciences of the
USSR: Geologic Series

Soviet Rubber Technology

Kinetics and Catalysis
Coke and Chemistry USSR

Colloid Journal

Soviet Physics — Crystallography

Metal Science and Heat Treatment of
Metals

Metallurgist

Russian Metallurgy and Fuels

Microbiology

Optics and Spectroscopy

Soviet Soil Science

Instrument Construction

Instruments and Experimental Techniques

Applied Mathematics and Mechanics

Problems of the North

Radio Engineering

Radio Engineering and Electronics
Machines and Tooling

Stal (in English)

Glass and Ceramics

Welding Production

Theory of Pr and Its A

Nonferrous Metals

Soviet Physics — Uspekhi (partial transiation)
Russian Chemical Reviews

Russian Mathematical Surveys

Russian Review of Biology

Russian Engineering Journal

Problems of Hematology and Blood
Transfusion

Problems of Oncology

Problems of Virology

Industrial Laboratory

Journal of Analytical Chemistry USSR

Soviet Physics—JETP

Russian Journal of Physical Chemistry

Journal of Microbiology,
Epidemiology and immunobiology

The Russian Journal of Inorganic Chemistry

Journal of General Chemistry USSR
Journal of Applied Chemistry USSR
Journal of Structtiral Chemistry

Soviet Physics—Technical Physics

Pavlov Journal of Higher Nervous Activity

*Sponsoring organization. Translation through 1960 issues is a publication of Pergamon Press.
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Columbia Technicai Translations
American Geophysical Union

American Geological Institute

Research Association of British Rubber
Manufacturers -

Consultants Bureau

Coal Tar Research Association
(Leeds, England)

Consultants Bureau

American Institute of Physics

Acta Metallurgica

Acta Metallurgica

Eagle Technical Publications

American Institute of Biological Sciences

American Institute of Physics

American Institute of Biological Sciences

British Scientific Instrument Research
Association

instrument Society of America

American Society of Mechanical
Engineers

Nationa! Research Council of Canada

Massachusetts Institute of Technology*

Massachusetts Institute of Technology*

Production Engineering Research Assoc.

fron and Steel Institute

Consultants Bureau

British Welding Research Association

Society for Industrial and Applied
Mathematics

Primary Sources

American Institute of Physics

The Chemical Society {London)

London Mathematical Society

Oliver and Boyd

Production Engineering Research Assoc.
National Institutes of Health*

National Institutes of Health*

National Institutes of Health*
Instrument Society of America
Consultants Bureau

American Institute of Physics
The Chemical Society (London)

National institutes of Health*
The Chiemical Society (London)
Consultants Bureau
Consultants Bureau
Consultants Bureau

American Institute of Physics

National Institutes of Health*
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RESEARCH BY SOVIET EXPERTS

Translated by Western Scientists

.

RADIATION CHEMISTRY" : S
PROCEEDINGS OF THE: FIRST ALL-UNION CONFERENCE o L -
MOSCOW 1957 o ; ) . S -

. More than 700 of the Soviet Union’s outstandmg research scientists partlclpated in this " .
conference sponsored by the Acaderny of Sciences and the Ministry of the Chemical P

- Industry. Each of the 56 reports read in the various sessions covers either the theoretical or ' :
practlcal aspects of radiation chemxstry and special attention is given to radiation sources |
used in radiation-chemical investigations. The general discussions which followed each
report and reflected various points of view on the problem under analysns are- also included..

’
v - -

. PRIMARY ACTS IN RADIATION CHEMICAL PROCESSES - °

The eighteen papers which ‘comprisé this volume °
were originelly read at the All-Union Scientific and’
. Technical Confetence. on the Application of Radio-
active Isotopes, Moscow, 1957. The reports con.”
- sider the problems and’ achlevements of Soviet

"$25.00
- RADJATION CHEMISTRY OF AQUEOUS SOLUTIONS
(Inorganic and Organic Systems) $50.00
, ! RADIATION ELECTROCHEMICAL PROCESSES .$15.00°
’ ‘ THE EFFECT OF RADIATION ON MATER!ALS INVOLVED IN | o T
BIOCHEMICAL PROCESSES . $1200 -
: . - . RABIATION CHEMISTRY OF SIMPLE ORGANIC SYSTEMS $30.00
v e THE EFFECT OF RADIATION ON POLYMERS . s2500°
) RADIATION SOURCES ’ : $1000
Indmdual volumes may be purchased separately
, Specual price for the 7-volume set '$125.00
o P , TN Tables of conrems upon request:
o . ' L R .
S _ . ) _ .
= CONTEMPORARY EQUIPMENT | S ) |
, 'FOR WORK WITH RADIOACTIVE ISOTOPES. . ' L -
Of the 110 isotopes produced in the USSR during detail. Shielding and mampulaﬁve devices for work
. . 1958, 92 were obtained by neutron irradiation. The  with radioactive isotopes are illustrated as’well as
! methods and technologlcal procedures used in the - described fully. These collected reports are of
production of fisotopes and the preparation 6f ~ interest to all scientits and technologlsts concerped
h labeled compounds from them are reviewed in with radloacnve 1sotopes :
- N ' Tables- of contents upon aequesl .
~ . Durable paper covers 66 pp.’ fllus. s ' $15.00
o PRODUCTION OF ISOTOPES :

s

scientists in the production of radioactive isotopes |
by irradiation of targets in Soviet reactors and
cyclotrons, Not only is this work of s1gmﬁcanoe to
producers of isotopes, but thany of the papers will
prove useful to isotope users as well.

Tables of contents upon request. . ’
. Durable paper covers 136 pp. -illus.™.$50,00
) » - Payinent in sterling may be made’to' Barclay's Bank in Loné]on, England.

CONSULTANTS BUREAU EE?
N.Y.

227 West I17th Street e New York |1,

L4 -
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COMPLEX COMPOUNDS
OF TRANS-URANIUM
ELEMENTS N

T _ byA D. GePman, etal

Institute of Physical Chem:stry, Academy of ..
- Sciences, USSR s

e Translated from Russnan -

- - Complex compounds play an extremely im-
portant part in the identification and-isolation of -
trans-uraniiim elements. The valence states and
chemical properties of many of the elements

- synthesized have been studied extensively with
their- help, even befoie these. elements were

.- obtained -in weighable amounts. These com-

pounds are of particular interest becausethey

- extend the possibilities of investigating unstable

derivatives .of trans-uranium elements, making

- it possible to determine the position of the latter

_* in the periodic system more accurately -

CONTENTS include:

- Complex formation by neptunitim.in agueous solu-.
tions « Complex formation by Np(lll) « Complex for-
~ mation by Np(IlV) ¢ Complex formation by Np(V) e
Complex formation by Np(VI) « Complex compounds
_of neptunium isolated in a solid state « Complex
formation by plutonium jn aqueous solutions o
Types of complex compound in_aqueous solutions e °
. Hydrolysns of hydrated plutonium ions in various
-~ 7 : oxndatuon states » Acido complex formation- by pilu-
tonium in various oxidation states ¢ Some physu:o-
chemical’ properties of plutonium compounds in
aqueous solutions » Oxidation~reduction properties
and complex formation of plutonium ions e Syn-
. thesis and some properties of some complex com-
. pounds of tri-, tetra., and hexavalent piutonium e
< -Acido complexes of trivalent plutonium ¢ Acido com-
plexes of tetravatent plutonium e Acido complexes
. - of hexavalent plutonium ¢ Some sparingly soluble
= J ?lutonlum compounds. ¢ Complex formation by
ans-plutonium elements in solution « Complex
formation by americiumr + Complex formation by
curium . e Complex formation by berkelium ¢ Com-
. glex formation by californium s Complex formation
y einsteinium, fermium, and mendelevium + Ap-
.l plication of complex compounds in the isolation and
separation of trans-uranium elements ¢ Isolation of
plutonium and neptunium from.-irradiated uranium.
- ¢ Isolation and identification of trans-plutomum
-« elements ¢

AN

P SO $17.50

‘ CONSULTANTS BUREAU
- 227 W.17 ST, NEW YORK 11, N. Y.

-

ISOTOPIC EXEHANGE -
-'AND THE REPLACEMENT
“OF HYDROGEN ~

IN ORGANIC COMPOUNDS
“by A. L. Shatenshtein

Director; Kar;iov Physicochemical Institute.
‘Translated from Russian’
Thé author presents the results of extehsxve

. study of deuterium exchange between” organic
- compounds and the strong base, liquid ammonia -

o (with and without potassamide) and the strong

acids, liquid hydrogen halides (with and without
catalysts). These solvents have made it p0551ble
to study exchange even with such inert organic

. compounds as alkanes and have given much .

- greater scope than the solvents used previously.  *
Much valuable information is presented, which is

. - of fundamental importance in organic chemlstry

. CONTENTS include: e

Types of reagents and reactions e Oxudlzmg and
reducing agents e Nucleophilic and electrophilic
. reagents ¢ Wider definitions of acids and bases e
Relative -and. approximate nature of the classifica-
tion .of reagents e Donor—acceptor interaction e
Heterolytic and Fomolytic reactions « Acid—base .
catalysis of hydrogen exchange ¢ Comparison of
the rates of ‘hydrogen exchange with amphoteric
and protophilic solvents e Effect of the dielectric
constant of the solvent and the polarity of its
molecules on the hydrogen exchange rate o Effect
of the substrate and catalyst charge on the hydrogen -
;exthange rate ¢ Effect of dual reactivity of a sub-
stance on hydrogen exchange. s Effect of steric
hindrance on hydrogen exchange ¢ Decrease in the
activity of a catalyst on its reaction with the sub-
strate » Activation of a catalyst by a change of
solvent s Catalytic activity .of complexes. of hydro-
_gen -acids with acidlike substances in hydrogen ex-
‘change « Bronsted’s relation in hydrogen exchange
.» Hammett's relation in hydrogen exchange o Sait
‘effect in hydrogen exchan e - Acid—-base catalysis
of hydrogen exchange in B—~H,  N—H, As—~H, -
P—H, O—-H, and S—H bonds » Hetero eneous acid—

S

~

‘. base hydrogen exchange .s Hydrocarbons as acids

and bases ¢ Hydrocarbons as acids e Metallation of
hydrocarbons e-Saltlike nature of organoalkali com-
" pounds s Carbanions » Comparison of the strengths
of carbo acids by metallation- reactions ¢ Isotopic
exchange  of hydrogen e [somerization of unsatu-
rated hydrocarbons « Alkylation by olefins ¢ Hydro-
carbons as bases e Carbonium. ions e Irreversible
reactions of basic hydrocarbons with acidlike sub- )
~ stances ¢ ‘Isotopic exchange of hydrogen between ' *
< hydrocarbons. and acids « .Mechanism of acid-—base
mterachon s Bronsted’s theory of acids and bases
Noncoulombic interaction in solutions of acids
and ‘salts s Acid—base reactions in aprotic solvents
s N. A, I1zmailov's theory of dissociation of .acids and-
bases s Role of*hydrogen bond in acid—base inter-
action « Range of protolytic reactions « Mechanisms
of hydrogen replacement reactions  Replacement
by a nucleophilic reagent o Attack of the reagent -
on the hydrogen atom of a C—H bond ¢ Attack of
the reagent on the carbon atom of a C—H bond e
Replacement of hydrogen by reaction with -an elec-

N trophilic reagent s Orientatign rule « Relation of

the reactivity of a substance to the “activity” of"
the reagent o Partial rate factors of the reptacement
of hydrogen atoms in an aromatic nng ¢ Mechanisms
of hydrogen exchange ¢ Appendix. Preparatlon of
deuterated organic compounds .

S 3 o $1950'
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