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INTRODUCTION 

This report includes abstracts and bibliographic lists on major 
contractual subjects that were completed in June,  1972.    The major 
topics are:   laser technology,  effects of strong explosions, geosciences, 
and parUcle beams.    A section on material science has been included 
as the optional fifth topic,  as well as a section on items of miscellaneous 
interest. 

To avoid duplication in reporting,  only laser entries concerning 
high-power effects have been included,  since all current laser material 
will appear routinely in the quarterly bibliographies. 

An index identifying source abbreviations and an author index to 
the abstracts are appended. 
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It    Laser Technology 

A.    Abstracts 

Bozhkov, A. I., and F.  V.  Bunkin.    Optical 
excitation of surface waves in transparent 
condensed media.    ZhETF, v.  61,  no.  6, 
1971, 2279-2286. 

The excitation of surface waves in condensed media by two 
mutually interfering plane monochromatic waves is aiscussed.    Optical 
excitation of surface waves in such a case proceeds by a striction mechanism 
which involves a ponderomotive force jump from the normal to the surface 
component.    The mechanism is not related to radiation absorption and hence 
is primarily applicable to transparent media.    The proposed method of surface 
wave excitation is examined fov two coherent monochromatic waves incident 
on a liquid surface.    Mathematical treatment of an equation of motion of the 
liquid-atmosphere interface, with allowance for ponderomotive forces, 
produced general formulas of the velocity component Vz and the function 
i {x,y,t) describing surface deviation from the z = 0 plane.    These formulas 

led to the conclusion that two plane electromagnetic waves stimulate vibrations 
of the liquid surface with amplitude |C0| , a wave vector q = ktl - kt2, and 
a beat frequency ß= Wj -  0)z.    In these expressions, ktl and kt2 are the 
wave vector projections on the liquid surface, and w^ w, are the frequencies 
of the two optical beams.    A formula was derived for (C0 | 2 as a function of 
q, Ö, which is applicable also to a total Fresnel reflection, when the liquid 
occupies a space z > C (x,y,t).    Analysis of frequency characteristic |A| -2 

T^J1^0"8 a8 a function of Ö in the regions of low and high ß revealed that 
IAI    2   f0r viscous li(luidB decreases continuously with increases in Ö, and the 
1^1 "    characteristic for low viscosity liquids is a resonance frequency in 

the region of high ß.    For fl = 0, the  U0| of the static surface wave is inde- 
pendent of viscosity Y and in the cases of ß= ß0 (q) and ^ ß * / v    2 the surface 
wave travels with I C J dependent on v,  surface tension and a, dfelectric 
constant of the liquid, and independent of v and a ,  respectively.    Conditions 
are given for the application of the I i 0\ formulas to a laser excitation source. 
Examples of numerical evaluations of the optical beam intensities required to 
stimulate surface waves in a high or a low viscosity liquid show that striction 
can stimulate these waves with an amplitude much higher than thermal excitation, 
and in certain cases may determine the radiation resistance of transparent 
laser materials. 
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Askar'yan,  G,  A., E.   Ya.   Gol'ts,  and T.   G. 
Rakhmanina.    Alteration of the propagation 
and reflection of ultrasound under the effect of 
an intense light on the surface of a body in 
liquid.    ZhETF,  v,   62,  no.  3,   1972,   1072-1074. 

A new effect was investigated experimentally in which the propa- 
gation of sound is changed due to intense light acting on the mediam.    A flash of 
an unfocused and unmodulated neodymium laser beam sharply reduced the reflec- 
tion and transmission of ultrasound through the surface of a steel plate 
immersed in water.    Strong change is found when the surface temperature T 
is high enough to form vapor or gas.    An expression was derived for determining 
this temperature.    In the experimental arrangement (Fig.   1),  a laser beam 

f! 

tri» 

Fig. 1. Experimental sketch for investigating 
alterations of (a) propagation and (b) reflection 
of sound due to an unfocused laser beam on the 
surface, 

from 1 falls on the surface of a steel plate 3,   immersed in water in vessel 6. 
An ultrasonic transmitter 2,  a piezoelectric element of 1 cm radius,  transmits 
a directional ultrasonic wave at a frequency of 2 MHz from generator 5,   in 
such a way that the sound wave passes through the surface region,   illuminated 
by the laser pulse.    The piezoelectric receiver 21 records the ultrasound 
radiation,  passing through (Fig.   la) or reflected by the plate (Fig.   lb).    Two 
series of experiments were conducted:   a) using a free-running laseriwith a 
maximum energy ~10 joules,  pulse duration «0. 5 msec,  and beam radius 
1 cm;   and b) using an Vinfocused,  Q-switched laser with a pulse width of 
30-40 nsec.    Seven oscillographs obtained during the experiments are given 
to show the effects of light on the reflection of sound.    The build-up time of 
the interaction effect,  connected with the formation of vapor-gas bubbles or 
of a non-uniform film,  was commensurate with the energy release time. 
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Duration of interaction increases with an increase of flux density and at a liaht 
flux density of MOkw/cmZ lasts for -200 msec, which signiHcaLy exceeds 

a    a    /r,PUlr dUrati0n ('M mSec)-    At hieh la8er Powers8with Q- swxtcWng 
a rap,.d film formation was observed, which eliminated propagation Ind changed 

eUm^atforo eCt r.-POSÖible aPPUcation8 delude:   the interruption and       g 

elimination of reflection and propagation of sound,  and ultrarapid modulation 
of sound, when short laser pulses are uaed. 
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Zakharov,  V.  P. , V.  N.  Chugayev, V.   1.   Zaliva,  and 
YrU:,?'  Po,ltavtsev.    Study of the graphitization process 
of thm carbon films from the etfect o^ powerful light  
Eulses.    UFZh, no.  2,   1972,  279-283.     

J v ^.A,n exPeriment in optical graphitization of a carbon film is 
?xe/Cr\- e,l%o    lCh f"™?1*™™** the work of Zakharov reported previously 

fse^atvJ^^ 130)-    Instead of a 
1    I   ! 7^     ^     flashlamp was chosen in the present case,  having a spectral 
peak at 0 4 micron,  and used to irradiate a 10-5 cm pure carbon film at 
various distances and flash intensities.    The bulk of the experiment was devoted 
to recording  change in optical transmission of the film,  giving an index of the 
induced graphitization process.    A typical result is shown in Fig    1 

0 p ä. 

~y_ 
\ 

II 

Fig.   1.    Change in transmitted flux of irradiated 
carbon film. 

a- after first pulse; 
b- after second pulse 
major division^ 10-4sec. 

^Innnor"86 a ^ a^ea 0f 1 ^ WaS determined to be raised to the order 
of 1000OC per pulse.    Curve (a) in the figure shows the inflection interval 
where graphitization occurs; the reduced response of curve (b) then held true 
for subsequent pulses.    In this case graphitiaation occurred in about 10-5 
sec. ;   correspondingly increased times were required for reduced film 
treating rates.    The authors suggest a two-step process occurring, beginning 
with a rapid formation of crystallites,  and followed by a more extended period 
of crystallite reorientation and grouping into the graphite structure.    Additional 
tests on r-f transmissibihty of the exposed film confirmed the assumed 
process. 

-3- 

\ 



T 

Mirkin,   L.   I.    Dynamic deformation of low-carbon 
steel from the effect of a laser beam.    IN:   Sbornik. 
Vysokoskorostnaya deformatsiya.    Moskva,  Izd-vo 
Nauka,   1971,   109-112.  (RZhMekh,  3/72, # 3V1469) 

Structural effects are studied in low-carbon steel exposed in 
vacuums to focused laser pulses in the 1 millisecond range,  at energies 
up to 35 j.    The amount and distribution of resultant twinning was measured. 
A physical model of the beam action is postulated to explain the simultaneous 
presence of a thermal and mechanical interaction zone. 

Gurevich,  V.   I.    Pulse forms of a periodic point 
source of heat on the surface of a large body. 
FiKhOM, no.   2,   1972,   19-22. 

A study on the effect of pulse shape on laser interaction with 
metals was mentioned by Baranov,  Gurevich,  and Heinrichs in   a previous 
report (April Monthly Report,  p.  4).    In the present paper Gurevich gives 
a more extended analysis of pulse shape effect.    The model assumes a 
periodic pulse from either a stationary or moving source,  and is used to 
calculate a limiting temperature field in the impact region at the conclusion 
of the laser pulse;   for convenience a dimensionless temperature    9 . is intro- 
duced.    Analytical expressions for Oi'(fixed)   and    Q^ (moving source) are 
then obtained in terms of beam parameters and the Fourier    (Fo) and Peclet 
(Pe) criteria.    A comparison of pulse shape effect on   0 :• is seen in Fig.   1 
for the fixed source case,   showing the maximum effect of a sawtooth pulse 

Fig.   1.    Temperature   0 j1 vs.  duty factor S 
1- sawtooth pulse,  vertical leading edge; 
2- rectangular pulse; 
3- sawtooth,  vertical trailing edge 
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Kapel'yan, S. N. , and A.  M.  Yudovin.   Duration 
of vaporization after termination of a on-^Vf^l  
thermatflux.   DAM RSSP   „-.   »    "IT*, llj ZJC. 

vaporization I^l\ l*%T^7t ^^ ^ ^T^ 

" Ä;^rr^rttöfH^rpre^--r^ 
aeth-ÄnTÄ^^^^^^^^ 

r(A)" TO e.xp (—ß.ri. 
(1) 

T *^ IhL:    /V0 lS a ^"^t^istic dimension of the heated region   and 
T0* is the temperature at the vaporization front.    Following the user uulse 
he vaporLzation front will continue to expand until T* drop! to vaporLat on 

f,ms 

0 

10 it        Ijy.w/m^ 

Fig.   1,    Post-pulse vaporization duration 
vs.  laser intensity 
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the longest post-vaporization will occur in Cu and Al,  and the shortest 
in Pb.    The sharp decrease in post-pulse vaporization with rise in pulse 
intensity is shown to be consistent wit^ «-v,*. fV.o-.^v^oi »<. i      . 
: , .,.    .      , r *v-«.o^ »I ^wDi.-Huiac vaporization with rise in pulse 
intensity is shown to be consistent with the thermal storage mechanisms 
in the impact reerion. «i in the impact region 

Pustovalov, V.  K.    Self-similar gas motion 
behind a shock wave front sustained by 
radiation.    DAN BSSR, no.   12,   1971.   1079- 
1081. 

„i*        ^        J The .I"*]*?' ^nalyzeS a simPle model which relates to the optical 
?;V^     ? de8cribed by Rayzer and others (see for example the February 
1972 Monthly Report,  p.    11),  i.e.  a continuous local plasma sustained by 
a fJ*! hfam'    Jhe Present model assumes a half-space x> 0,  filled with a 
cold uleal gas of constant density    p , where the surface x = 0 is the boun- 
dary between the gas and vacuum.    At time t = 0 a strong shock wave beeins 
to propagate from the boundary in to the gas,  impelling the gas to expand 
into the vacuum.    Energy from an optical flux q  is absorbed by the gas and 
uniquely determines the propagation of the shock wave;   gas expansion is 
assumed to be adiabatic.    Using this model, the author develops self-similar 
equations in Euler coordinates defining gas pressure,  density, velocity 
in terms of adiabatic index 7      and the self-similar index    | .    It is shown 
that for the sustained shock condition    y must lie between 1 and 1   5     The 
case of q< 0,  i. e.  energy radiating from the shock wavefront,  is also 
briefly considered. 

Korotin, A. V., and L. P. Semenov.   Vaporization 
of crystals under the effect of external excitation. 
IN: Institut eksperimental'noy meteorologii.    Trudy, 
vyp. 30.    Fizika aerodisporsnykh sistem.    Moskovskoye 
otdeleniye gidrometeoizdata, Moskva,  1972,  65-71. 

The authors present a straightforward thermodynamic analysis 
of the interaction of a concentrated heat flux with a crystal surface,  for the 
case xn which an appreciable melt zone appears prior to evaporation.    The 
analysis assumes a constant-intensity beam normal to a semiinfinite crystal 
face, and arrives at expressions for melt zone boundaries,  growth rate 
and limit conditions, and time to melt, in terms of target and beam para- 
meters.   It is shown that in the general case the maximum temperature will 
occur at the outer melt surface, and also that an optimum beam intensity 
exists for which the melt area will be maximum, decreasing at higher or 
lower intensities.    It is interesting to note that th& numerical examples given 
assume an ice target; results on the ice-water parameters are given for beam 
densities ranging from 25 to 200 w/cmz.    In ice,  for example,  the depth of 
the melt zone   is only weakly dependent on beam intensity. 

• 6- 
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Basov, N.  G.,  Yu. S. Ivanov,  O. N. Krokhin, 
Yu. A. Mikhaylov,  G. V. Sklizkov, and S. I. 
Fedotov.    Generation of neutrons from spherical 
irradiation of a target by powerful laser radia- 
tion.    ZhETFP,  v.  15, no.  10,   1972,   509-591. 

The authors note some limitations to neutron production from 
laser heating of a target for fusion purposes.    Specifically, the effect of an 
increasingly powerful focused laser becomes off set by diffusion of the high 
temperature region owing to thermoconductive and gasdynamic energy loss. 
An alternative approach suggested recently by Basov et al is to heat a 
spherical target simultaneously with multiple beams; in the present case 
this was done with a deuterated polyethylene target exposed to nine equal 
beams, as indicated in Fig.  1,  using an Nd glass laser in the giant pulse 

3A@/-^ 

,-7/ 

*ffe=^AßAf4-^ 

\Ö7^^ 

Fig.   1.    Multibeam array for CTR target. 
1~ preamplified beam 

6-8- second amplifier 
21-29- third amplifier 
42-50- focus lenses 

Compensating delays for differing path lengths 
not shown. 

mode,    Thia array attained a mean power density of 1016 w/cm2 on the target 
surface, at 2--16 ns duration.    The focusing objectives were placed to obtain 
a focal plane 200fi from the target, for minimum reflection and uniform 
heating. 

Some results are shown in Table I for various target sizes and 
beam energies; the measured value was obtained from three scintillation 
counters.    The nr values,  calculated independently for thermoconductive 
and gas dynamic regimes,  were 2.4x 1012 and 2 x lOH respectively.    The 
effect of cumulation in the cited experiments is concluded to be a minor one. 

-7- 
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Target Laaer.. .   .-d 
energy, j 

Mean 
temp.yev 

[Neutron output per pulse 
radius, cm exp. calc. 

2,50.10-2 
600 40 m^ 

U5.10-2 
202 120 — 10J 

5,50' 10-5 214 840 3.106 a.io7 

3,00.1®-' 232 4.10* - MO10 

Table I.    Neutron generation with multiple laser beam 

Novikov,  N, P., and A. A. Kholodilov.    Destruction 
of thermoplastics by the combined action of gas and 
powerful thermal fluK.    I-FZh.  v. ZZ. no. 4.   1972f 
618-626. 

This paper is a repeated treatment of an experiment reported 
by the authors previously (Effects of High Power Lasers, Dec.  1971,  48), 
in which the destruction characteristics of several polymers are compared 
under combined laser and hot ga« impact.   In the present case only PMMA 
and polystyrene specimens were used; surface heating was provided by 
a CO2 laser plus a coaxial high-speed flow of heated nitrogen over the 
specimen.   The gas jet diameter was more than double the specimen diameter 
so that the process could be treated as one-dimensional and stationary.    The 
resulting liquefaction,  cavity formation and ejection rate of material are 
discussed as functions of beam power density and jet velocity; the conclusions 
are as stated in the cited earlier work.    The main emphasis is on the differ- 
ences in destruction characteristics which depend on the chemical structure 
of the target material.    Thus polystyrene shows a monotonic rise in destruc- 
tion rate with beam intensity and gas velocity,  whereas PMMA may show a 
definite peak in destruction rate for the same heating,  as seen in Fie.  1. 
This is evidently caused by a temporary shielding effect by ejecta in PMMA 
for two of the four curves in Fig.  1(a), which dissipates at higher gas veloci- 
ties; no similar effect was found for polystyrene.    Rough calculations were 
also made of the amount of ablated material for the polystyrene target, as 
a function of beam intensity and flow rate.   An extensive theoretical analysis 
of the observed destruction mechanisms is included. 

(Fig.   1 on page following) 
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W as mm MO mo v, cm/sec 

Fig.  1.    Linear destruction rate UL as a function of 
laser intensity and gas velocity, 
a- PMMA 
b- polystyrene 
Surface temperatures are shown on each curve. 

Krasyuk,  I. K.,  and P. P. Pashinin.    Breakdown 
in argon and nitrogen from a picosecond laser 
pulse at 0.35 micron wavelength.   ZhETF P,  v.  15, 
no.  8,   1972,  471-473. 

Optical breakdown triggered in Ar and No by the second harmonic 
emission from a ruby laser was studied to ascertain the breakdown mechan- 
ism from 30-50 psec. pulses at 0.35^   wavelength.    Breakdown threshold 
Ith was measured in the gases at a pressure in the 400-4500 torr range in an 
experimental arrangement analogous to one described by the authors and 
A. M. Prokhorov (ZhETF P,  v. 9,   1969,  581).    The power of the filtered 
second harmonic emission was measured with a resolution equal to or better 
than 20 psec.    The emission peak corresponding to the limit of visibility was 
assumed to be 1^.    The experimental plots (Fig.   1) indicate that breakdown 
is triggered by multi-photon ionization of gas atoms or molecules.    This 
mechanism is confirmed by experimental data obtained by the authors and 
A. M. Prokhorov (ZhETF,  v.   58,   1970,   1606) at 0. 69JA wavelength.   Analysis 
of the cited data and that of other authors reveals that the quasiclassic formula 
derived by Keldysh adequately describes the relative decrease in L., i.e., 
the increased probability of photoionization, with the increases in frequency 
of optical emission.   In contrast, no theory exists to explain the fact that 
Ith in Ar and Xe also decreases   when the breakdown is triggered by a 20 nsec 
laser pulse at the 0. 35|x wavelength; accepted avalanching theory predicts 
instead a monotonic rise in I^ with laser frequency in the nanosecond case. 
Hence different breakdown mechanisms must be considered in the picosecond 
and nanosecond pulse cases. 

-9- 
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Experimental plots of 1^ vfl. 
o- in argon,   A- in nitrogen 

pressure: 
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Kostylev,   V. M.,  and N.  V. Komarovskaya.    Energy 
transfer in a medium of low optical density.    I-FZh.    i 
v. J>2.  no.   5,   1972,  ^07^12.-^ ^ 

An experimental- study was made of the radiative energy transfer 
in optically thin loose fibrous layers bound by diffjisely radiant and reflecting 
surfaces.   Allowance was made .for th6 effects of induced radiation and scat- 
tering from thj medium in approximation of local thermodynamic equiliblrium. 
The fibrous layers were made of a superth^n (l-2|x) fiberglass or^Ofx   thick 

caprone fibers bound by oxidized aluminum and copper   or polished aluminum 
surfaces.    The effective thermal conductivity X r of the plane-parallel 
optically thin layers was measured in'an electric calorimeter withia special, 
heat-insulating shield in high vacuum.    The maxi|num XT error was 5%. 
The experimental XT data are plotted in Fig.  1 in comparison ^vith the theoret- 
ical    XT(T) dependence calculated from ' 

X,= 1 
J_ + _J  

(i) 

where X is the radiative thermal conductivity of an optically dense layer, <r 
is the Stefan-Boltzmann constant,   T is the arithmetic mean of the layer   ' 
temperature,  L is the geometric thickness of the layer, and «is the reduced 
emissivity of the boundary surfaces,  which was experimentally measured 
in the absence of the loose fibrous layer.   Allowance was made,  when calcu- 
lating   XT,  for the coefficient "jl = 3/2 of angular distribution of radiation flux 
intensity incident on the boundaries.    The experimental and theoretical   XT/X: 
versus T plots for two different e    values were similar.    The data indicates 
that XT dependence on L   and r of the layers with diffusely reflecting, surfaces 
is described with a good approximation by (1) and similar formulas.    In 
contrast,  the experiments with a polished aluminum boundary (cold) surface 

X-N. 
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Fig.  1.    XT   in W/m/degree vs.  optical thickness r and 
L{ni tn) of a loose fibrous layer of 30 kg/m^ 
volume density,    *    =0.27.    Solid lines are 
calculated by (I) . 
1- caprone fiber,  2- super-thin glass fiber 

[1 

repealed a significant discrepancy with the theoretical data calculated by (1). 
It was concluded that the ]7 = 3/2 value is acceptable only for gray,  diffusing 
boundary surfaces of thin layers of any T,  i.e. the boundary boundary has 
the effect of increasing T by a constant value. 
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Burakov, V.  S., P. A.  Naumenkov, V. P.  Ivanov, 
and G. A. Kolosovskiy.    Study of the passage of 
powerful laser radiation through an optically dense 
£lasma.    ZhPS, v.  16,  no. 2,  197i, 239-242. 

Some nonlinear absorption characteristics of laser propagation 
through a plasma are described.    The plasma used was optically dense 
(4-r7/ cm) and at ~4ev in a textolite capillary 2.9 mm in diameter.    Trans- 
missxbihty was measured with a passively Q-switched ruby laser generating 
a 30 na pulse at 10°.-10° w/cmS    A pronounced bleaching peak was found 
at about, 10' w/cm^. as seen in Fig.  1.    The left-most point of the extrapolated 

■f'/ff* 

,v 
1 10 

6 

10' lO'l.w/CM* 

Fig.  1.    Plasma transmiesibility vs. laser intensity 
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portion was obtained with a free-running ruby; it was not possible to excite 
the plasma in the Q-switched mode below 10° w/cm^.    The absorption char- 
acteristic vs. temperature are given for the HI,  01,01 and CII components. 
Results indicate the ion and electron temperatures vary almost in synchron- 
ism.   A general conclusion is that in a multiComponent, highly ionized 
plasma of the type tested, deviation from equilibrium concentration of elec- 
trons can be caused by individual hard-ionizing elements; in the present 
case this was due to the Oil component.    It follows that care must be taken 
to allow for nonlinear absorption when using a powerful laser for certain 
plasma diagnostics. 
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centers.    FTT,   no.   5,   1972,   1303-1307. 

Aseyev,  G.  I. ,  and M.   L. Kats.    Multiphoton excitation and 
ionization of T1+ impurity centers in alkali-halide crystals. 
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FTT,   no.   5,   1972,   1563-1565. 
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no.   11,   1972,  694-696. 
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2.     Effects of Strong Explosions 

A,       Abstracts 

Buravova, S. N., and A.  N.  Dremin. 
Calculation of detonation initiation by a 
shock -vave with negative pressure gradient 
in liquid explosives.    FGiV, no.  1,  1971. 
117-121. 

Formulas for heat build-up 0 in a homogeneous liquid explosive 
and the induction period Tind behind a shock wave were derived in an approxi- 
mation of gas dynamics, with allowance for the cooling effect of the expansion 
wave.   A necessary but insufficient condition for explosion initiation was 
formulated in the case 0 > 0.    The accuracy of the formula of T •   , was 
estimated to be within 20 - 30 % for t ind s 8 , the wave effect duration, and a 
reaction depth r\ S 1.   At near critical 8r heat conductivity and reaction 
kinetics must be accounted for in exact formulations of explosion initiation. 
.u^M Je8h0ld iaiti*tioa"' the error in a Tind evaluation may be greater 
than 100%, if allowance is not made for the expansion wave effect. 

Dubnov, L. V., V. A. Sukhikh, and I. I. 
Tomashevich.   Nature of decomposition 
microlocuses created by mechanical action 
in condensed explosives.    FGiV, no.  1,  1971. 
147-149. 

Hypotheses on the nature of the sensitivity of condensed 
explosives to mechanical effects are discussed.   Kinetic energy calculations 
of the free surtace molecules of a compressed cavity in a liquid explosive 
indicate that a thermal explosion may originate in a cavity with the formation 
of a gas phase.    Analogous calculations for polycrystalline explosives reveal 
the possible role of dislocations in a local heat build-up.    The hypothesis 
was formulated that structural imperfections    (dislocations, cavities,  gas 
occlusions) as carriers of free energy,  can account for the formation of 
local centers of heat build-up by mechanical action. 
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Myshenkov, V. I. and Yu. P. Rayzer. 
[1 lonization wave propagating as a result of 
U resonance quanta diffusion and sustained by 

shf radiation.    ZhETF, v. 61, no,  5,  1971, 
() 1882-1890. 

Sustained propagation of an ionization v/ave in noble gases in an 
! j 8hf electric field E was analyzed.    The wave propagates at a power density 
jj far below the threshold density of gas breakdown.    The simplified scheme 

of steady-state propagation involves:   energy transfer from the shf field to 
{') electrons, atom excitation to a single resonance state, and ionization of the 
U excit«d atoms by electron shock and diffusion of plasma resonance radiation 

into undisturbed layers.    In the one-dimensional model of the reference 
coordinate system (Fig.  1) the ionization wave is at rest in the system.    The 

U 

1. 

Nm 

a    u / 
/v^ 

- 

f 
X 

b N* 

X 

c T 
Fig.  1.    Schematic parameters distribution 
in a two-dimensional steady-state ionization 
wave:   a - density N* of excited atoms;   b - 
electron density N; c - mean square shf field 
E2.    Arrows indicate directions of propagation 
velocity u of nonionized gas in the wave and 
energy flux S0 of the incident electromagnetic wave. 
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wave propagation is described by the simplified equations: 

where o is the ionization rate constant, V is the electron velocity, and 
O £   is the ionization cross-section of an excited atom; 

dN*       . dW      aF      N* 

| 

0 

i 

uir"=/'-5?-+—-F (2> 
where D is the diffusion coefficient, T is the average lifetime of the excited 
state, and I* is the excitation potential;   and 

where w is the electric field frequency, and e' is the dielectric constant. 

Approximate solution of (1), (2), and (3), with allowance for 
boundary conditions, gives the unknown functions 

where 

X 

N{x) = A'ocW,     Y = — f N'dx, (4) 

aSt A.e^A',                         a; < 0 

«./•y«3 + /**- U, + Ä5(l-c-^),     x>0 

NUx)^  
S,             j  e'/4'       «^0 

(5) 

where 

and 

where 

± = —1 iT+&M-±i]. »• = V1Ö7?. (7) 

£=~>'s-   "r-vs. 

S = S,e-{<'\      c(x) = J(n — \io)(Ix, 

(8) 

(9) 

S and Si = Sc (1 - p ) are the total and dissipative electromagnetic energy 
fluxes, P and/tare the coefficients of reflection and absorption, t is the 
relative lifetime of an excited atom, and u* is the characteristic velocity. 
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Using (4), (5), and (7), formula (10) is derived, 
r   aSanjSJS,,)   if- 

(10) 

where ^and b are constants.    The maximum electron density Nk in the 
plasma is consequently related directly to u.    Using (4),  (5), and (8) and 
approximating S(x) by the step function S = S! at x< 0, S = 0 at x > 0, an 
equation was also derived which correlates u with Sj.    Nk (Si) can then be 
calculated from (10) and finally, u(S0) and Nk(S0).    The wave propagation 
velocity is given by 

u~2^FSt- (11) 

where Yc = const, if u *u*.    The formula for maximum density of excited 
atoms 

A'„"„ = St I fu* 
(12) 

is derived from (6). 

The formulas (4) - (12) and experimental and theoretical data 
from the literature were used to calculate u, Nk, N^, S0, and S1 for Xe 
at p = 3 torr, under the experimental conditions described by Bethke and 
Ruess CPhys. Fluids 12,  1969. 822].    The tabulated data show that the 
calculated u values increase with an increase in shf power, in agreement 
with the experiment, but are 4—7 times lower than the experimental u. 
This discrepancy is possibly connected with the low o value used in calculations 
The existence threshold of the ionization wave S = cE2/4w was calculated 
as 0.4 w/cmZ for Xe and 1.2 w/cm2 for Ar, which is in reasonable agreement 
with the experiment« 

Shifrin,  E.  G.    Study of a "hanging" shock 
wave near the point of origin.    MZhiG, no.  6, 
1971,  30-37. 

Mapping of a "hanging" compression shock into a hodograph 
plane is described for a two-dimensional, nonuniform supersonic flow in a 
perfect gas.    A general analytical solution of the shock at its point of origin 
is obtained in the hodograph plane by the method of asymptotic expansions in 
first and second order approximations.    Shock formation conditions are 
formulated at a supersonic point of flow.    It is shown that a quadratic parabolic 
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form of the boundary line in the hodograph plane is a necessary condition 
of shock formation at a supersonic point in a physical plane in which convolution 
is present. 

Aleksandrov, V. V.    Phase plane method for 
solution of one-dimensional problems in 
radiative gas dynamics.    MZhiG, no.  1, 1972, 
114^155. 

The phase plane method is used to solve the problem of one-di- 
mensional equilibrium flow of an inviscid, radiating, absorbing, and scattering 
gas.    For gas propagation with strong radiation interference, the usual 

I j numerical solution to this problem, based on Peierls equation of radiant 
emission Was a function of optical depth T , becomes complicated because of 
boundary layer formation behind a shock wave.    For that reason the problem 
is formulated in different material coordinates;   namely, dimensionless gas 
velocity V and W, in the (V, W) or "phase plane".    In the presence of scatter- 
xng and strong radiation interference with gas propagation, such an approach 

J is preferable to using the Peierls equation, because the V of one-dimensional 
ga8 flow is a measure of both kinetic and internal gas energies.    The phase 
plane thus represents an energetic space with the energy characteristics of 

j j the substance and radiation as coordinates.    The function W(V) for gray body 
radiation is determined by the nonlinear integral equation 

Li u,(l')ss=4l{[1~X(5)]e4(6)+x^a'«)>i,:[5,^U)]X 

J X^{B|J/?[T,,u;(t,)]dt,|}dg (1) 

where B = Bo/4 is the Boltzmann constant, 0 is the dimensionless gas 
temperature, K is the absorption coefficient, ^, Ej, and t] are values from 
Peierls equation in neutron transport theory.   Solution of (1) gives W(V). 
The phase plane (V, W) for selective radiation has an infinite dimension, and 
the problem for a nonscattering gas is therefore formulated by the equation 
of energy 

g(^-^)e,y)+fj^(|+6)x 

where q is the volumetric rate of gas energy increase due to radiation, 
Bs = JL- Bo» KP» K. h# 7. and P are the dimensionless Planck absorption 

60 
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U coefficient, optical constant, enthalpy, frequency, and Planck function, 
respectively, 

n 
w Application of formulas (1) and (2) is illustrated by examples 

of a strong shock wave propagating in a cold, transparent, nonscattering 
j gas and a shock wave propagating in a radiating, absorbing, and scattering 
U gas wrth strong radiation interference.   In the first example, a formula 

denved from (1) for the 0 of a gray body shows that the gas is strongly 
cooled by radiation.    The discontinuity of shock wave velocity is formulated 

U m the second example for a perfect gas in a diffusion approximation of the 
radiation transport equation in the phase plane.   It is shown that discontinuity 
exists at Y< 2 and M^ 1. 5 or> 2. 05 in the incident flow. 

1 Nevskiy,  L.   B.    Application of interferometer 
1 mirror shift for gas dynamic investigations. 

OMP, no.   2,   1972,   9-11.   

A quantitative analysis is presented of the shift of supersonic 
u gas no'w mterferograms, which were obtained with a dual beam shift inter- 

ferometer with a spherical mirror in a reflected divergent optical beam 
{ j In contrast to a polarization shift interferometer, this interferometer allows 
(J a smooth and uncomplicated shift of the wavefront.    Integral equations were 

derived for flow densities    P „   *= P x / P „,, where   P ^ is the density of 
incident flow; and     p s*, where the'V and s subscripts indicate, the points 
of an interferogram along the section under study and the points between which 
P   * is to be determined.    The equations for p    * and   P 8* can be used for 
small and large shifts of wavefront,  respectively,  if the shift interferometer 
is used as a shadow instrument attachment for the study of axisymmetrical 

(- inhomogeneities.    It is assumed that shift interferograms with large and 
small shifts in wavefronts are obtained simultaneously and successively for 

j j a steady flow. 

Experimental data obtained from the shift interferograms are 
compared with theoretical aerodynamic data and experimental data obtained 
from Mach-Zender interferograms.    Theoretical and interferometric      p * 

L- ( | ) plots (where    ^   is a coordinate) for a M^ 2 flow around a sharp-nosed 
cone with a 15° apex half-angle exhibit an  ~8%discrepancy at the edge of 

j inhomogeneity.    For a M^ 2  flow around a hemisphere cylinder,  the    p * 
j ( ^ ) plots obtained for three sections from the shift interferograms,  using 

l£wi,thL  V-* 0I      .p   s* formula, deviated by 8-10% from plots obtained 
j j Wlth the Mach-Zender interferometer for the same sections. 
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■ Gorelov, V.  A. ,  and L.  A.  Kil'dyushova.    An 
experimental study of parameters of ioniged 

f air in front of a strong shock wave.    MZhiG, no.  6, 
I 1971,  17-22. 

| Electron density ne and elctron diffusion velocity in ionized air 
| ahead of a strong shock wave ( Vs = 10-12. 5 km/sec ) were measured in an 

electric discharge shock tube at an initial pressure po = 0. 2 torr.    A resonance 
_ shf probe was used for the ne measurements to verify earlier data obtained 
I by the authors with a standard probe (MZhiG, no.  2,   1971,   147).    A conductor 
« wire shortcircuited at both ends was used as a resonance system.    The wire 

was placed along the shock tube diameter and connected to the feed system 
and a measuring line;   the feed system was connected to the shf-generator 

I (f = 5. 8-6. 7 GHz).    Resonance of the shorted wire appeared at the instant 
when effective length I was 1/2 N X , where N is the number of half-waves on 

| the wire.    The instant was recorded as a characteristic spike on an oscillo- 
scope trace.    The corresponding n_ was calculated to be 2. 8 x 1011 cm"3 

as compared to the 2. 2 x 1011 cm-3 value measured with a double probe 
(at Vs = 11. 2 km/sec).    The ne values obtained by the two methods differ by 

I ~ 30%,  as shown on an ne = f(x) plot, where x is the distance to the shock 
i wavefront.    Ba atoms were injected into the tube near the measuring probe 

but did not affect the ne level. 

I The electron mass velocity Ue  // in the direction of shock wave 
propagation was measured to determine the effect of free-electron diffusion 
into the region of precursor ionization.    An electromagnetic induction method 
was used, based on measurement of the potential difference at the boundary 

» of the plasma flow through a transverse magnetic field.    The experimental 
Ue versus x plots show that the measured Ue // values near the shock front 
are in satisfactory agreement with those calculated for a free diffusion, 

I but they decrease rapidly with increases in distance from the front approach- 
ing values corresponding to ambipolar diffusion. 

Ivanov,  A.  A. ,   L.   L.  Kozorovitskiy,  V.  D. 
I Rusanov, R.  Z.  Sagdeyev,  and D.  P. Sobolenko. 
* Experimental observation of electron shock waves 

in a collisionless plasma.    ZhETF P, v.   14, 
I 1971, 593-596. 

Experiments are described which establish the existence of 
a stationary thermal discontinuity,  or electron shock wave,   in a collision- 
less plasma.    Tests were done in hydrogen,  argon,  and xenon,  using a 
plasma generated in a glass tube by two shf generators and an axial 
magnetic field in the 0. 5--5 koe  range.    Local heating of the plasma to 
electron temperatures of some 3 00 ev was induced by a single-turn high 
current coil generating a large magnetoacoustic wave whose energy was 
absorbed by the plasma in the coil region.    Probe data of nT vs.  axial 
position then show a drop in nT and pressure characteristic of a shock 
wave.    Variation in wavefront parameters were investigated under different 
test conditions;   these showed that the length and velocity of the wavefront 
were independent of initial electron temperature.    Tolerably good agreement 
was found between theory and experiment for the argon and hydrogen 
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Vul'fson,  N.  I.,  and L.  M.  Levin.    Explosive breakup 
of developing cumulus clouds.   FAiO,  no.  2,   1972, 
156-166. 

iT 

A . 

i 

Upward and downward spontaneous convective jets initiated by 
explosions at various heights in developing cumulus clouds were investigated. 
Relationships are found among the parameters of jets formed in different 
sectors of an unstable layer (a conventional developing cumulus) to determine 
those zonts in which explosions create significantly more intensive downward 
rather than upward movements.    Mathematical expressions are derived and 
results are tabulated.    Comparison of the calculated jet velocities  shows 
that explosions in the upper sectors of developing cumulus produce a system 
of spontaneous jets, with a destructive capacity (caused by the downward jets) 
considerably exceeding the intensity of cloud development;  due to upward jets. 
The more favorable the condition of cloud development,  the greater the 
intensity of cloud destruction.    Experiments were conducted under natural 
conditions in the Fergansk valley during May    1970,  using explosive shells 
in dense convective clouds.    The shooting of two cumulus,   5500 and 6600 m 
thick,   by antiaircraft mine shells lowered their thickness by 3 to 4 times and 
the clouds gradually vanished.    The explosion effectiveness can be further in- 
creased by blasting with a special type of cumulative shell,  which generates 
downward jets during explosion. 

I 

Alimov, V. A,    Frequency correlation of fluctuations 
in radiowaves reflected from the ionosphere.    Geo- 
magnetizm i aeronomiya, no, 3,  1972,  548-551. 

The author considers the question of frequency correlation in 
the received fluctuations of dual frequency waves reflected from the iono- 
sphere, as a means of interpreting some inhomogeneous characteristics of 
the ionosphere.   As noted previously, the correlation function R (f    f     *) 
may vary both within the ionosphere and beyond it; also vertical     wl <,}2 
refraction effects must be allowed for.   Alimov analyzes the general case 
of inclined incidence of the transmitted beam, and determines expressions 
for R (fw fw *) at varying conditions of ionospheric anisotropy.   Analysis 
of this cafee generally requires calculation of the trajectories of wave normals 
when a substantial effect of vertical refraction on R (f^jf«,,^) is to be expected. 

r 
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Avduyevskiy, V. S., V. K.  Gretsov, and 
K. I. Medvedev.   Flow stability with lead in p 
edge stall zones.   MZhiG, no.  1/1972, 74-81. 

•    .,..,. Two-dimensional and axisymmetric leading-edge stall zone 
instability was investigated in both laminar and turbulent gas flow past a 
semifinite plate with a fixed flat step (Fig.  la) and around a cone with a 
fixed slueld (Fig.  lb).    The free-stream M varied from 2. 9 to 6     The 
combination of a periodically alternating strong expansion and complete 

0 

Ü 

Ü 

D 

  
(1 

Fig.  1.   a -    «emifinite plate with fixed 
step of height h and width b;   b - cone with 
a fixed shield of diameter d. 

disappearance of stall zones was considered as instability.    The geometry 
effects of the streamline bodies on flow characteristics were studied, i. e 
the parameters t,  b/h, and ß of the plate and   f /d and 0 of the cone. 
Shadow photography and high speed motion pictures were used to record 
gas flow phases.   An unsteady regime with pulsations of compression shock 
was observed in the flow past the plate when the boundary layer in front of the 
separation point was either laminar or turbulent.    The pulsations disappear 
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^.b*T/n  ^Vvf' f ^ the sho<:lt ^'e "Piration value in a perfect     ' 
gas.    The flow »tabillzes when  1»/h IB decreased. ' F=«eci , 

The flow around the shielded cone, with a surface laininar    . 
boundary layer, is steady at a sufficient /, but becomes unsteady whten f/d     ' 

o ^Z ^     Z a CTain ValUe-i   The floW '^^bilizes. when / is decreased 
to a value  < ^.    Four distinct phases of pulsations were detected in the 
unsteady flow.    The flow is steady at  0 ^ 0   •    0 * deoend« on M ^7 . flow rir{0   ■?\     TTI x i.,.^   .     y   w       - "*?    ^ * «epends on M of free*-stream 
flow (Fxg. 2).   Flow stabxlxty in region I depends on f/d.   In rfegion II, the       V 

; 4f. 

Fig, 2.   Angle 0 versus Mach dumber       i ' 
in free-stream flow.    Curve 1 - theoretical 
© *. 2-0 limits of separation.   , , 

flow is steady without separation of the, turbulent boundary l^yer, and in 
regxon III the shock wave is separated.    The valu4 of the angle Y between 
the plate or cone surfaces and a line connecting the leading edge or cone     : 
txp wxth the upper edge of the ste^, or shield is established as a, flow stability 

tZVT e f1^ " 8teady if Y < y *' the critical value- ^he effect of ^ 
three-dxmensxonal flow transition on pulsations was also evaluated using , 
experxmental data. "»"»B,      ' 
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Mikhaylov, V.  N. , and V. S.  Tamilov. 
Supersonic flow over an edge formed by 
intersecting plates.    MZhiG, no. 2,  1972, \ \ \ 
162-166.! 

A mathematical method is introduced for the numerical solution 
of a supersonic flow problem on the edge formed by two perpendicular plates 
of zero thickness.    In a Cartesian coordinate system, the plates are made 
to coincide with the y = 0 and z = 0 planes,  and the velocity vector Voo is 
defined by the angle of attack     Ot and the angle   9   between the y-axis and 
the projection of V^ on the x = 0 plane (Fig.   1).    Pressure p. density     o , 
and the velocity components u, v, w must satisfy a set of differential equations 
with plate boundary conditions.    Solution of the equations is obtained in the 
region bounded by the y = 1,  z = 1, and x > 0 planes using the method of 
adjustment.    Formulas are given for the flow parameters u, v, w,    p,  and 

ip and the stability condition of the calculation scheme. 

Fig. 1.    Flow diagram over thev edge in 
perpendicular plates 

Plots of the calculated parameters along the half-lines 
y/x = const {"conical" variable) show that the parameters become constant 
at'high x values (Fig.  2).    A qualitative theoretical flow pattern plotted for 
a perfect gas presents shock wave traces as flow region boundaries with 
sharply different parameters.    It is concluded that the perfect gas model is 
inadequate to describe the flow type studied, because of a discrepancy 
between the pattern and an earlier experimental pattern of interference flow 
over an edge in intersecting wedges.    The method of calculation was also 
applied to the expansion flow between two perpendicular plates.    Calculations 
at MQO = 6,  0 = 45°,    « = 10° show that flow ahead of the interference region 
is directed from the edge with a subsequent significant decrease in p in the 
interference region. 
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Fig.  2.    Typical plot of p distribution along 
the y axis for the parameters MOD= 6, 
0 = 45°,    a = -10° of the incoming flow. 
The curves 1,  2,  3, 4,  5 correspond 
to increasing x values 

Stulov, V. P.   Strong blowoff on a blunt body surface 
in supersonic flow.    MZhiG. no. Z.   1972.  89-97. 

A theoretical analysis is made of the supersonic axisymmetrical 
flow of a perfect gas around a blunt body, with simultaneous injection of 
another gas through the body surface according to a specified formula.    The 
incoming gas passes through shock wave S and spreads along the contact 
surface C with the injected gas (Fig.  1).   The two-layer flow is described 
by a set of gas dynamic equations with boundary conditions in the shock wave, 
at the C   and body surfaces.    The equations are formulated in a system of 
spherical coordinates {, 6 centered on the flow axis, and are solved separately 
for each layer assuming that the pressure on the C outer side is given by 
the Newton formula 

Pic = Pi* sin" a (1) 

where a is the angle of the flow axis with Ci   A complete numerical solution 
of the boundary problem by the method of successive approximation is given 
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for injection according to the formula 

u» = uBo cos" 9 (2) 

which describes the distribution of the radial component of injection velocity 
over the front surface in a hypersonic flow, e. g,, M     =10, around a spheri- 
cal body with rt radius (Fig.   1).    The discrepancy between, the approximate 

M 

uk 

Fig.  1.    Flow diagram around a blunt body B with 
injection: 
1- shock layer, 2- injected gas layer 

and exact numerical solution for layer 2 is shown to be insignificant.    Two 
approximate analytical solution variants for layer 2 are presented.    One 
variant is based on an assumption of constant but different densities of the 
1 and 2 layers.   In this case, two equations are solved for rs and rc.   The 
solution for layer 1 approximates well the numerical data calculated earlier 
by the author for a flow around different bodies.    The solution for layer 2 
near or far from the symmetry axis agrees with the approximate numerical 
solution.    The other solution variant for layer 2 was obtained within the 
framework of boundary layer approximation and local flow self-similarity. 
The solution in this case agrees with the firs,t variant near the flow axis 
and at small values of the ratio K of specific kinetic energy of injection 
and incoming flows.    But the discrepancy with numerical solution becomes 
significant at a distance from the axis, e.g. "-20%. 
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Iskakbayev, A.   Crack propagation in 
the curve of a linear viscoelastic fold. 
VAN KazSSR, no.  12,   1971,  54-57. 

Brittle fracture of a viscoelastic layer (rectangular band) 
compressed at the ends by a force p within a fold of a rock mass is analyzed. 
The fracture is examined as a jointing process with a creep deformation 
background.    The material of the rock mass is described by the standard 
linear body model.    The time required for fracture initiation is determined 
from a formula of tensile stress in the curved section of a fold subjected to 
a bending force (p-q), where q is the weight of the rock mass.    Solution of a 
transcendenial equation gives the time t>tj necessary for fracture propagation 
through a 28 thick layer cross section from a given point of the surface fiber. 
Determination of the time of layer fracture is similarly arrived at when the 
layers are described by a Maxwellian model. 

Rodionov,   V.   N. ,   V.   V.  Adushkin,   V.   N. 
Kostyuchenko,  V.  N.   Nikola ye vskiy,  A.   N. 
Romashov, and V. M.   Tsvetkov.    The mech- 
anical effect of an underground explosion. 
Moskva,  Izd-vo Nedra,   1971,  224 p. 

A comprehensive review is give« of all fundamental character- 
istics relating to mechanical effects of underground explosions.    A simplified 
method is set forth for calculating explosion-produced mechanical motion, 
which enables prediction of explosion   cavity dimensions,  destruction range, 
fissurability of rock,  parameters of cratering explosions, and intensity of 
seismic waves.    Theoretical results are compared with experimental labora- 
tory and field data from. Soviet and non-Soviet sources.    Engineering applica- 
tions of strong underground explosions are discussed; examples given include 
the creep dam against mud-debris flows formed in Medeo, near Alma-Ata, 
in 19b6-67,  and the Baypazinsk explosion of 1968 which generated a rock 
slide to dam the Vakhsh River.    Theoretical   solutions to analogous problems 
are included,  using basic physical properties of soil and rock,  and possible 
future developments in the techniques are suggested. 

•30- 



a 

I 

I 

Stesik, L. N.    Calculation of de venation 
parameters of explosive mixtures with 
metals using an equation of state for perfect 
gases.    FGiV, no.  1,  1971,  111-117. 

Detonation parameters and composition of detonation products 
are computed, using formulas derived for a system satisfying an equation of 
state for perfect gases.    Detonation velocity D is determined mainly by the 
relationship of two opposing factors:   the heat Q released in a detonation wave 
and the fraction of a condensed phase in the products.    Tabulated theoretical 
data and plots of D and Q versus metal percentages led to the conclusion that 
the D of the metal mixtures (Al, Be, B) in explosives having a negative oxygen 
balance (TEN, pyroxylin, RDX, TNT) increases by only 2-5% with an increase 
in metal content, while D in mixtures of Al with oxydants (hexanitroethane, 
ammonium nitrate or perchlorate) may increase by 10-30%. 
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3.    Geosciences 

A.      Abstracts 

Chamc,  S. S.,  N.  S. Yefimkin,   T.   G.  Borisova, 
G. M. Ayzenberg,  V.  Ye.  Zin'kovskiy, and 
V.  N.  Belokopytov.    Deep structure of the crust 
and upper mantle of the Voronezh anteclise. 
Moskovskoye obshchestvo ispytateley prirody. 
Otdel geologicheskiy 
1971, 27-33. 

Byulleten',  v. 46,  no.   5, 

ti      r ^   Results of the study of the deep structure of the crust and upper 
mantle of the Voronezh anteclise are presented.    Continuous deep seiamic 
soundxng (DSS) was conducted along the 316-km-long Kupyansk - Voronezh - 
Lipetsk profile and point deep seismic sounding (PDSS) at 30 ooints in a ^on 
km-wide strip along the profile (Fig.  1). B ' P   ntS in a 300- 

\xv/ "Voronezh: sO 

■.fr v-.\™ 

Kupyansk « •'"'  

Fig.  1.    Map showing DSS and PDSS profiles 
1- Isolines of the crystalline basement 
2- Kupyansk - Lipetsk DSS profile 
3- PDSS points 

In the inferred seismic section shown in Figure 2, the crust and 
upper mantle are finely lavered,,    The thin layers are separated by crustal 
mterfaces designated as d<J (crystalline basement surface),  d?, d?, 
dj - d6, M (Mohorovicic discontinuity), and upper mantle interfaces dj - d4. 
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The crystalline crust is divided into consolidated (below the 
I d° interface) and granitic-metamorphic (below the d? interface) complexes. 
m Tne thickness of the consolidated complex varies from 10-11 km in the 

southwest to 20-22 km in the northeast portions of the section..   Three inter- 
faces, dj, d^, and dj,  are identified within the consolidated complex:   the 

II first two can be traced along the entire profile, while the third is limited to 
the central and northeastern portions of the profile.    These interfaces are 

II displaced and nonconformal with each other, as well as with the top of the 
If complex. 

The thickness of the granitic-metamorphic complex varies 
within broad limits.    In the southwestern portion of the profile,  the thick- 

11 ness sharply increases from 20 to 30 km, while in the central portion of the 
profile (arched part of the Voronezh anteclise) it decreases to 22 km, and 

II in the northeastern portion of the profile it again increases to 28-30 km. 
. The top of the granitic-metamorphic complex occurs at a depth of 12-13 km 

in the southwestern portion of the profile and plunges to the northeastern 
., reaching a depth of about 20 km.    Interfaces d? - dg are attributed to this 
| complex.   In the southwestern portion of the profile,  only four of the inter- 

U faces (dj',  d3, d^, and d^) are confidently identified.    The structure of the 
complex is relatively simple, with a ridge-like up^jft in the southwestern 
portion of th« profile,  revealed especially in the d. and d? interfaces. 
Other interfaces gradually plunge toward the northeast. 

The Mohorovicic discontinuity plunges from a depth of 38 km 
in the southwest to a depth of 48-50 km in the northeast.    In the arched 
part of the Voronezh anteclise, an uplift of about 4 km occurs in the Moho- 
rovicic discontinuity. 

Upper mantle interfaces (d,- d4) conform with the Mohorovicic 
discontinuity, while the deepest of them (d3) is nonconformal.    This inter- 
face rises from 80 to 70 - 71 km toward the northeast. 

The crust and upper mantle are divided into blocks by several 
zones of deep-seated faults.   All of these faults extend from the upper 
part of the consolidated complex (interface d°) to the upper mantle.    Some of 
them are characterized by complex slippage.   Along the Belgorod - 
Ol'khov zone, at interfaces within the consolidated complex and at the 
Mohorovicic discontinuity, the northeastern walls are upheaved, while at 
the interfaces of the granitic-metamorphic complex,  the southeastern 
walls are downthrust.   Along the Novooskol'sk zone,  all northeastern walls 
are upheaved.    The magnitude of slippage increases with depth,  exceeding 
4 km at the upper mantle interfaces.   Along the Voronezh zone,  a signifi- 
cant slippage occurs only at the Mohorovicic discontinuity. 

The results are compared with results of seismic (DSS along 
the Bliznetsy - Shevchenkovo profile), magnetometric,  gravimetric,  and 
seismological studies of the region.    It was found that:   there is relatively 
good agreement in depth determinations to interfaces on the overlapping 
segments of the profiles; there exist intrinsic differences in the crustal 
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antec is«    Zor!*S* southwestern and northeastern parts of the Voronezh 
SiSt  T     !f 0f^eeP-fleated faults coincide with the epicenters of weak 
earthquakes, and with a band of intensive magnetic anomalies, a zone of 
gravity gradientanomalies,  and regional boundaries separating blocks with 
dxfferent characteristics in their gravity and magnetic fields. 

It is concluded that: 

nhi^u i. *       1\   The crystalline crust and upper mantle show thin layering 
which is typical of sedimentary comple-xes; 

rl«a^,r 4^    *•?•* jth? b
1
lock structure of the crust and upper mantle,  though 

clearly identified, is less distinctive a feature than the fine layering; 

n    i. ^    ..   ^    f11 Wave8 reco'ded both as first and later arriva?s are 
reflected phases from different interfaces (excluding P1,  P»   and PM); 

in^  t*      k . 4*    thl 1 WClc 0f a suff'ciently high contrast in velocity at the 
interface be ween the "granitic" and "basaltic" layers makes such crustal 
subdivision impossible; 

^ „e^iv 5* i
acco'd^g to the dynamic characteristics of the waves,  the 

crystalline crust can be generally divided into a coftaolidated complex 
having a structure similar to the overlaying sedimentary complex and a 
gramtic-metamorphic complex,  with simpler structure. 
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Garkalenko, I. A.,  M. Ya. Komomaya, V. M. 
Mikhayiov,  and A.  S.  Gurzheyeva.    Regional deep 
seismic investigations of the Sea of Azov.   IN;     ~ 
AN UkrSSR.    Geofizicheskiy sbornik, no. 41,   1971, 
3-15.    . 

Results of deep seismic sounding conducted by the joint Black 
Sea expedition in the Sea of Azov in 1968 are described.    Offshore profile 28 
was recorded along a line from Kosa Obitochnaya in the north to Mys Kazantip 
in the south.    The profile crossed different tectonic zones with sedimentary 
overburden ranging from hundreds of meters in the north to 10-16 km in the 
south segment.    DSS profile 28,  as well as onshore DSS profile X and two 
refracted-wave correlation method (RWCM) profiles run in 1961 are shown 
in Figure 1. 

Ö   Cäa?   CO»   E34 ' B-35 

Fig.   1.    Location of profiles 
1- DSS profile 28 and recording vessels 
2- shot points 
3- shore stations 
4- RWCM profiles 
5- DSS profile X 

The field procedure involved onshore shooting and offshore 
recording.    Shot points (three in the north and two in the south coasts) were 
spaced 30 - 40 km apart.    Total charge weights of 700 - 1000 kg were de- 
tonated in groups of 40,  in 12 - 13-m-deep shot holes.    Standard low fre- 
quency seismic recorders (Institute of the Physics of the Earth) were in- 
stalled aboard each of the five recording ships,  while three ships also were 
equipped with seismic recording systems developed by the "Dneprgeofizika" 
Trust.    To calculate the depth of the basement surface,  the velocity-depth 
function established from RWCM data was used,  while for the depth of inter- 
crustal interfaces,  the velocity-depth function obtained for the Azov massif 
(DSS profile X) was used.    The seismic section derived is shown in Figure 2, 
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Fig. 2.    Seismic section along profile 28. 

1- Refracting interfaces determined by reversed time 
field; 2- refracting interfaces determined from unre- 
versed time field; 3 and 4- reflecting interfaces 
from reflection measurement data; 5- consolidated 
crust surface; 6- Precambrian basement surface; 
7- interfaces within the consolidated crust; 
8- Mohorovicic discontinuity; 9- average and refrac- 
tor velocities,  in km/sec; 10- average velocity from 
the consolidated crust surface,  in km/sec; 11- main 
Azov fault- a supposed deep seated fault on the 
boundary between the East European platform and 
Scythian plate. 

A stratigraphic correlation of the interfaces identified is given 
in the table below. 

Crustal interfaces and layers Interface Refractor "Velocity 
vr,  km/sec 

Sedimentary layers 

Consolidated crust surface 
("granitic" layer surface) 

Interface within consolidated 
crust ("basaltic" layer) 

Mohorovicic discontinuity 

dse 

dl 

d2 

3 

M 

2.5-4.5 

5. 5 - 5.8 

6.2-6.4 

6.5-7.3 

7.4 
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Interface dj (basement surface) underlies sedimentary,cover   i 
with a thickness that sharply changes from the north to south ends of the 
profile.    From a depth of 1. 2 - 1. 6 km in the central segment of the proifile, 
d. plunges,  first gradually and later more steeply,  to a depth of 15 km. 
The refractor velocity along the* basement surface is V    = 5. 7 km/sec. ' 
Interface d2  in the upper consolidated crust is reliablyrdetermined_by the 
time field method, with the average velocity of the overlying rock V = 6. 0 > 
km/sec.    This interfate dips sharply by 6° - 10° in the feouth, and its depth 
of occurrence varies from 9 to, 19 km.    The velocity along this interface is 
Vr = 6. 5 and 6.2 km/sec north and south of the presumed fault zone,  respec- 
tively. , ! 

Interface dj in the lower consolidated crust is rather unreliably 
determined with V= 6.2 km,/sec assumed for the överly^ng rock.    The inter- 
face occurs at a depth of 76 - 78 km and is characterized by t    = 6. 5 am? 
7. 0 km/sec south and north fo the presumed deep fault,  respecftively. 

Interface d     ( the1 Mohorovicit discontinuity) is determinedin 
two ways: as a reflecting and a refracting interface with V = 6. 5 assumed 
for the consolidated crust.    The refracting (V    =7.4 km/sec) and two reflec- 
ting interfaces are basically a repetition of each other!    The Mohorovicic 
discontinuity occurs at a depth of 40 km in the central part of the profile and 
rises to 36 and 38 km in the north and south,   respectively.    T^ie thickness of 
the consolidated crust decreases from 40 to 20 km in the sciuth.    The division 
of the consolidated crust into "granitic" and "basaltic" layers is considered 
only nominally forkthe sake of comparisoni with other DSS data.    Using this 
division,  d2 and d, are proposed to be the top and bottom of a transition 
zone between the "granitic" and "basaltic" layers.    If such a division is 
accepted,  then the thickness of the "granitic" layer incireasds toward the 
south,  reaching 16 km in the central segment of the profile,  while the 
"basaltic" layer decreases from 1 5 to 7. 5 km.    Thtr thickness of the "basal-' 
tic" layer is constant and does not exceed 12 km along the entire profile. 

In the vicinity of recording point 100 (100th km of the profile), 
a deep fault (designated as the Main Azov fault) was identified,  lit divides 
the consolidated crust into two blocks having different physical properties. 
The northern crustal block is characterized by higher seismic velocities. 
The lower seismic velocities of the southern block indicate the presence of 
an uplift beneath the Indol - Kuban foredeep. 

Based on DSS results,  it is concluded that the Main Azov fault   ' 
penetrates the entire consolidated crust.    It is probable that the boundary 
between the East European platform and the Scythian plate lies along this 
fault.    The Mohorovicic discontinuity is obviously the top of the crust-to- 
mantle transition zone.    Thus,  the crustal structure beneath the Sea of Azov 
is more complex than previously assumed,   based on DSS s'tudies.    There- 
fore,  it is shown that marine DjSS techniques,  With shore-based shots, are 
quite feasible.   It is pointed out, however,  that bottom seismographs are 
unsuited to this technique,  due to high background noise levels in shallow 
water. , ' 
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Pavlenkova,   N. I.,  T.  V. Smelyanskaya.    Characteristics 
of seismic discontinuities in the Earth's crust in the 
Ukraine. IN: Priroda seysmicheskikh granits v zemnoy 
kore, Moskva, Izd-vo Nauka,   1971, 45-54. 

On the basis of a study of the dynamic and kinematic character- 
istics of wave fields recorded by DSS in the Ukraine,  crustal seismic discon- 
tinuities were modeled and conclusions on their nature reached. 

A thin-layered model of crustal discontinuities was found to be 
best fitted to the observed wave field.    Small reflection as well as extensive 
reflection and refraction surfaces with complex inner layering were identified. 

The inner structure of the Mohorovicic discontinuity in the 
Dnepr - Ponets depression and Donets downwarp,  which constitute the same 
tectonic structure but have a different geological evolution,  are discussed. 
Beneath the Dnepr - Donets depression all reflection surfaces form an uplift; 
but beneath the lionets downwarp the upper reflection surfaces form uplifting 
and lower downwarping.   Reflection surfaces in the latter instance were 
assumed to correspond to the bottom of the crust in different geological periods. 

Vozhzhova, N.  N.,  and S. S.  Chamo.    Characteristics 
of seismic discontinuities in the West Turkmen depression. 

. IN:   Priroda seysmicheskikh granits v zemnoy kore, 
Moskva, Izd-vo Nauka,   1971,  63-65. 

'  i ' i       _ 

Seismograms of near-normal (subcritical) reflectiomj generated 
at intercrustal interfaces obtained by the method of reflected waves were 
analyzed.    The seismograms were recorded with low-, medium- and high- 
frequency bandpass.    The purpose was to study   1) the recording modes, 
2) the capabilities of the method for detecting reflections from different 
crustal interfaces and,  3) the characteristics of crustal layering.    Dynamic 
characteristics of the wave field recorded with filtering in the frequency 
range from 13 - 15 to 80 - 100 Hz are discussed.    Plots of averaged ampli- 
tudes of the main reflections in the true ranges 0. 5 - 4, 4. 5 - 10,  and over 
10: sec and their dependence on resonant frequency of filtering were constructed. 

A model is hypothesized of the crust-mantle transition zone, 
consisting of an interstratifled thin layer(0. 06 - 0. 1 km) of gabbro-basalt 
with V = 6. 8 - 7. 0 km/sec and   eclogite-peridotite with V = 8. 1 - 8. 2 km/sec. 
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Belyayevskiy,  N.  A.,  I. S.  Vol'vovskiy,  and 
] V.   Z.  Ryaboy.    Seismic layering of the Earth's 

"* crust and upper mantle.    IN:   Priroda seysmiches- 
kikh granits v zemnoy kore,  Moskva, Izd-vo 
Nauka,   1971,  6-31. 

The authors give a comprehensive,  review of seismic data on 
j the structure of the Earth's crust and upper mantle.    The nature of seismic 

\  *-J discontinuities and layers is discussed. 

( 
A multilayered model of the Earth's crust and upper mantle 

characterized by lateral velocity anisotropy and subhorizontal interfaces was 
developed using DSS data.    Although a decrease of velocity in the lower part 
of granitic and basaltic layers has been established,  a reliable method for 

U identification of low velocity layers was not developed.    The characteristics 
of variation of refractor,  layer,  and average velocity in the crust and upper 
mantle are discussed.    Possible causes of crustal layering are examined. 

U such as primary heterogeneity of composition,   thermodynamic conditions, 
tectonics and regional metamorphism with applications to the regions given., 

| ^ "atUre of ^ Mohorovicic discontinuity and upper mantle as interpreted 
by different authors is reviewed.    Data on the main complexes of the continental 
and oceanic crust and the upper mantle are tabulated. 

Ü 

I. 
11 

It is concluded that the DSS method does not yield persuasive 
evidence to support the absence of steep-sloping interfaces in the continental 
crust     Interfaces identified by DSS are averaged levels reflecting structural 
and other nonconformities and interfaces between petrographic complexes of 
rocks.    Seismic discontinuities in the lower layers are caused by the process 
of regional metamorphism.    Seismic discontinuities confined to the bottom of 
the granitic layer are due to chemical alteration while lower ones are the re- 
sult of metamorphic phase transitions.    Differences in physical properties and 
composition between granitic and basaltic layers are apparently connected with 
both primary crustal characteristics and superimposed processes of regional 
metamorphism.    The Mohorovicic discontinuity in the continental and oceanic 
crust corresponds to a zone of regional   eclogitization (" ec logite threshold") 
and to the interface dividing the peridotite complex of the upper mantle from 
the basaltic layer,   respectively. 
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Rezanov,  I. A.    On the geological nature of crustal 
seismic discontinuities.    IN: Priroda seysmicheskikh 
granits v zemnoy kore,  Moskva,  Izd-vo Navka, 1971, 
124-132. 

The author develops the idea that intercrustal interfaces identi- 
fied by DSS have a structural or lithologic-stratigraphic nature and that the 
Mohorovicic discontinuity represents an uplifting front of metamorphism 
superimposed on these interfaces. 

|| The sections are described along the DSS profiles across the 
Greater Caucasus (Alpine,  Hercynian, and Baikalian folded complexes). 
Northeastern USSR (Permian-Mesozoic,  Lower - Middle Paleozoic and 
Baikalian folded complexes), and Central Kazakhstan (Lower Paleozoic 
folded complex) which support the idea that intercrustal interfaces correspond 

*■ to the boundaries between.large folded complexes.    The formation of each new 
folded complex is followed by a plunging of the older ones and results in a 
gradual plunging of the crust into the mantle and an upward movement of the 

■ ., Mohorovicic discontinuity.    Examples are given of nonconformities to inter- 
crustal interfaces of the Mohorovicic discontinuity relief, and the hetero- 

|-| geneous structure of the upper mantle representing relict crustal structure, 
which also support the idea.    The Conrad discontinuity corresponds to 
structural boundaries except in some downwarps (the South Caspian depression) 
where it represents a superimposed front of basification. 

Zhdanov,   V.  V.    On the nature of the Conrad dis- 
continuity.    IN: Priroda seysmicheskikh granits 
Jv zemnoy kore,   Moskva,   Izd-vo Nauka,   1971, 

j 102-106. 
J 

The hypothesis that the Conrad discontinuity is of a metamorphic 
nature is assumed and the section of exposed basaltic layer of the Lapland 

IJ block of the Baltic shield supporting it is described. 

II A gradual transition was observed along the 200 m section from 
hypersthene diorite (V = 6. 4 -6. 8 km/sec ) into acid granulite and gneiss of 
amphibolite facies of metamorphism (V = 5. 5 - 6. 0 km/sec).    This difference 
between velocities measured at 1000 atm is in agreement with the incrsase 
of velocity at the Conrad discontinuity observed by DSS in the same region. 

Mm 

An explanation for the seismic heterogeneity of the Conrad dis- 
continuity and basaltic layer is given.    Frequently observed increased seismic 
veljcity in relatively uplifted blocks is associated with a frontal zone of con- 
solidation occurring in the process of penetration of the basaltic layer  (Young's 
modulus 9 - 10 x 1Q"5 kg/cm ) into the granitic layer (Young's modulus 
5 - 6 x 10"5 kg/cm  ) (analogous to a rigid punch penetration into plastic 
matter ).    The consolidated zone consists of garnet amorthosite,  garnet amphi- 
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bolites and eclogites.      A refractor velocity higher than the velocity of the 
underlaying layers occurs possibly due to the small thickness of the consol- 
idated zone.    Lower velocities on the Conrad discontinuity are associated 
with the process of granitization due to vertical flow of juvenile matter into 
the basaltic layer. 

Lutts,  B.  G.,  I.  S.  Tomashevskaya, A.  P. 
Akimov, and N.  Ye.  Galdin.    Para genetic 
analysis of mineral associations of deep- 
seated rocks, and velocity of elastic waves in 
them at high pressures.    IN: Priroda seysmiches- 
kikh granits v zemnoy kore,   Moskva,   Izd-vo 
Nauka,  1971,  66-77. 

On the basis of a paragenetic analysis of mineral associations, 
metamorphic rocks of eclogite and granulite facies were divided into groups 
corresponding to different facies and T-P conditions during metamorphism. 
The velocity of compressional waves at a pressure of 10-20 kbar was deter- 
mined for each group of rocks.    The purpose was to determine if metamorphic 
rocks at different depths in the Earth's crust and mantle are characterised 
by different velocities. 

Laboratory data on    velocity at various pressures,  as well as 
the mineral composition and density of rocks are shown in tables.    Results 
are summarized in Table 1 below. 

Type of rock Density at atm.     Pressure of Velocity Temp,   of 
conditions metamorphism      at P»^ metamorphism 
 (gr/cm3)                 PM   (kbar)              (km/sec)        (0C) 

1. Crustal eclogites    2.98-3.40 8-10 7.30-7.70       650-750 | 

2. Rocks of granu- 
lite facies: 

Quartziferous    2.60-2.90 ~10 6.45-6.93       800-900 
Quartzless 3.00-3.15 ~10 6.80-8.00       800-900 

3. Eclogite-like 
inclusions from 
pipes 3.10-3.30 15-20 7.70-8.20       1000-1300 

4. Pyrope peri- 
dotite 3.10-3.15 > 20 7.70-8.50       1000-1400 

5. Mantle eclogites from 
kimberlite pipes      3.30-3.56 >20 8.40-9.10       1000-1400 

Table 1.    Average velocity of compressional wave propagation for groups of 
metamorphic  rocks. 
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The velocity of compressional waves in rocks was measured in 
samples and agreed with seismic wave propagation velocities through the crust 
and mantle.    The velocity in mantle eclogites is 8. 5-9. 1 km/sec, and in the 
subcrustal p*rt of the upper mantle it is 8. 0-8. 5 km/sec.    Rocks of granulite 
facies are characterized by the same velocity at 6. 7-7. 8 km/sec as the 

basaltic    layer.    Crustal and mantle eclogites differ greatly in their chemical 
and mineralogical composition as well as in the density and velocity of com- 
press ional waves. 

J Rezanov,  I. A.,  and V.  I.  Shevchenko.    Structure and 
origin of "basaltic" layer of the Caucasus and South — 
Caspian.    IN: Priroda seysmicheskikh granits v zemnoy 
kore,  Moskva,  Izd-vo Nauka,   1971,  107-111. 

A geological interpretation is given for the structure along the 
profiles crossing the Caucasus neck,  Caspian Sea.  and Transcaspian lowland. 

As seen in Fig.   1,  the submeridional strike of structures pre- 
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Fig.   1.    Diagram of the "Basaltic" Layer Thickness. 
1- depth isopleths by DSS data 
2- by gravimetric data 
3- hypothesized 
4- thickness of the "basaltic" layer 
5- transverse downwarp on the Lesser Caucasus 

vails, which is transverse to the Caucasian structure.    The band of large thick- 
ness (20-30 km) on the west adjoins a band of low thickness (10-15 km) on the 
east.    Further to the east,   the "basaltic" layer thickness increases to 20-2 5 
km. 
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Two types of "basaltic" layer, designated as relict and newlv- 
formed, were established.    The first type represents the metamorphosed 
^   ?     . r ^rcheozoic - Palezoic platform with preserved relicts of the 

U old structure of the continental crust (submeridional strike) and extends over 
a large part of the region.   The second type, formed in the process of basifi- 

| j cation of the crust, after which its lower parts acquire characteristics of the 
y mantle, is confined to a narrow, very deep geosynclinal downwarp (the South 

Caucasian downwarp).   In the case of the relict "basaltic" layer, the Conrad 
discontinuity can be regarded as an interface between different structural form- 
ations, and in the newly formed "basaltic" layer as a front of metamorphic 

W transformation fo the crust. 

Kulagina,  M. V.    Features of the Mohorovicic dis- 
continuity relief within the Afghan - Tadzhik depression. 
Pamir,  and South Tien Shan.    DAN TadSSR.  v.   14  
no.  8,   1971,   IS-Zl'.  

The Mohorovicic discontinuity      lief was mapped using obser- 
vational data from 30 earthquakes with energies of lOlO . iol3     observa- 
tions were made at about 60 seismograph stations located in the Pamir,  the 
Afghan - Tadzhik depression,  South Tien Shan,  the Fergana Valley, and 
Tashkent regions. The data were interpreted by a system of opposed and 
overtaking time-distance curves along five profiles.    The Mohorovicic dis- 
continuity relief is mapped in Fig.   1.   A refractor velocity of 8, 0 ± 0.1 
km/sec and an average crustal velocity of 6, 1 ± 0. 1 km/sec were determined. 

The structure of the Mohorovicic discontinuity relief corres- 
ponds pronouncedly to the three tectonic structures- the Afghan - Tadzhik 
depression, Pamir, and South Tien Shan.   A minimum depth of 30-40 mm 
occurs in the Afghan - Tadzhik depression and a maximum of 62-72 mm be- 
tween the Zaalay and South Alichur mountain ridges.   Abrupt changes of the 
crustal thickness are associated with joint zones between different tectonic 
structures. 

. , iL-  ,   Within the boundaries of the Afghan - Tadzhik depression the 
crustal thickness increases toward its marginal parts,  reaching 45-50 km 
toward South Tien Shan and 55-60 km toward Pamir.   A sharp scarp on the 
M^°r°v

u
1
i
cic

idiscontinuity is associated with the Ilyak fault separating the 
uplifted block of the Gissar Valley. 

J    n.      iL    »71?6 Pamir block is characterized by a generally increased 
depth to the Mohorovicic discontinuity,   50 m on its west and 70 mm in the 
eastern parts.   A disparity between the configuration of the Mohorovicic 
discontinuity relief and the Pamir tectonic structure was observed.    The con 
tour lines of the Mohorovicic discontinuity beneath the central part of Pamir 
are transverse to the structural element of the Pamir region. 
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Fig,  1.    Mohorovicic discontinuity relief 
1- thickness of the Moho discontinuity 
2 ■ structure contours of the Moho 

discontinuity relief 
3- zones of deep-seated faults 
4- southern boundary of the Afghan- 

Tadzhik depression 
Depth intervals in km 
5- 30-35 
6- 35-40 
7- 40-45 
8- 45-50 
9- 50-55 

10- 55-60 
11- 60-65 
12- 65-70 
13- over 70 
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In the South Tien Shan region there is a conformity   in the 
trend of surface structures and the isobathic lines of the Mohorovicic 
discontinuity.    The depth of the Mohorovicic discontinuity increases from 
the west towards the east from 4ii to 60 km.   The maximum depth is asso- 
ciated with the southern parts of the Alay mountain ridge and the minimum 
with the southern slopes of the Gissar ridge.    Within the intermontane de- 
pression,  the depth to the Mohorovicic discontinuity is 50-55 km.    An uplift 
of the Mohorovicic discontinuity to 45  km was observed beneath the Kura- 
mmsk mountain. 

Avdeyenko,  N.  S., V.   G. Kolmogorov,  and V. I. 
Shcherbik.    Use of lasers in studying recent 
crustal movements.   Geologiya i geofizika.  no. 9. 
1971,  79-83';  

4.    n- J      Electromagnetic methods for distance measurement are applied 
to the study of recent movements of the Earth's surface.    Modern geodetic 
methods for base-line measurement  using the travel times of radio and op- 
tical waves with amplitude and polarization modulation are most widely used. 
Although methods based on radio-wave travel time are less dependent on 
weather conditions, those using optical waves are more accurate and thus 
more suitable for the study of the Earth's deformations.    With the introduc- 
tion of the gas laser as a light source,  distance-measurement accuracy has 
been improved.    Further improvement is attributed to laser interferometers 
set up in a vacuum or gas lightguides. 

Sources of errors such as low beam intensity and variation of 
the optical properties of the air along the beam path are discussed. 

The use of laser interferometers in distance measurement 
makes it possible to solve problems such as: ' 1) measurement of the sea- 
sonal and diurnal deformations of the upper ground layers to adjust precision 
leveling results;   2) determination of variation and rate of deformation of 
the Earth's surface to assist in earthquake prediction;   and 3) measurement 
of horizontal movement over large seismically active areas, with high 
accuracy and efficiencyr 

0 
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Tfegub,   F.  S.   Amplitude structure of first arrivals 
in DSS.    Razvedochnaya geofizika,  no.  40,   1970, 
24-34. 

Opposed amplitude-distance curves for first arrivals were 
sudied using DSS data obtained by continuous profiling along a 217 km long 
profile. 

Based on the assumption that spatial distributions of seismic 
parameters can be approximated by the sum of a deterministic and a random 
field, amplitude-distance curves were expressed by 

A(x)~Ä(x) + f>A{x). (D 

where A(x) is spatially well correlated,  and 5A(x) is a random ccmponent. 

The deterministic component A(x) was separated from experi- 
mental amplitude-distance curves by a "moving window" analysis with 
weighting function 

f {t)--e-^'^' (2) 

for  <r = 2. 5; 5. 0; 10. 0 km.    The random component is calculated as 

6lnA^lnA-~]üÄ. (3) 

It was found to consist of two portions:   the first was well correlated and 
due to surface inhomogeneities in the vicinity of detection points; the second 
was due to inhomogeneities along the ray paths.    They were divided and 
histograms of the latter component were plotted and compared with theo- 
retical normal distribution curves.    Amplitude-distance curves obtained by 
spatial filtering with   arious <r were considered. 

Results show that the reciprocity principle holds true for the 
deterministic component of dynamic similarity as well as for kinematic 
parameters.    The variation of the deterministic component is clearly 
connected with conditions in the vicinity of detection points,  with an increase 
in the segment of the profile where the sedimentary cover is developed and 
a decrease in the segment of outcropping crystalline rocks.    The random 
component consists of two parts:    6ln(A)> 0.3 well correlated,  and 51n(A)<0.3 
with normal distribution.    The random component distribution of the ampli- 
tude-distance curve is a valid criterion for selection of <T. 
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Mikhaylova,  R.  S.    Statistical similarity of groups 
of weak and microearthquakes.   DAN TadSSR, v.  13, 
no.  1,  1970,  22-25. 

Space-time distributions of earthquakes of different energy 
classes were analyzed for possibilities of similarity. 

Observational data on microearthquakes (K = 3-6), weak eavth- 
quakes (K = 7-9), and strong earthquakes (K a 10) with focal depths up to 10 km 
obtained at the Chusal seismological observatory (Tadzhik SSR) were used. 

Empirical distributions of true intervals between successive 
events of an earthquake group of various energy classes were compared 
using the Smirnov criterion.    The hypothesis of the similarity of distribution 
curves according to this criterion should be rejerted if 

[hfij      l>: • 

where !> kibj :--1 'f(-vV-?(*)*, 

is the maximum difference between distribution curves for i-th and j-th 
energy classes and 

Ü:   =    I l.H- I 
1+ ' 

II,      llj (3) 

i 

is the theoretical permissible maximum divergence.    For  ß = 5% and 
«i = nj = 300, 

D r,= l.^]/,;-H ,,r.* 0.099. 
(4) 

Calculated maximum differences between empirical distribution 
curves for 8 earthquake groups (K = 3 to K = 10) are tabulated.   All calculated 
Dkik- are smaller than 0. 099. 

The spatial distribution for micro- and weak earthquakes was 
compared by correlating earthquake distributions with respect to S-P.    Dis- 
tribution curves were constructed for earthquake totalities characterized 
by 0< S-P < 4 sec, K = 5-10;   0< S-P < 6 sec,  K = 6-10;   and 0< S-P < 10 sec, 
K = 7-10. 

Findings reveal that a similarity exists between empirical dis- 
tributions of time intervals between successive events of an earthquake group 
within the large energy class range (K = 3-10).    There is a high si nilarity 
of spatial distributions in the vicinity of the observation station between micro- 
earthquakes K = 5-6 and weak earthquakes K a 7-10. 
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Kovalevskiy,   G.  L.   Kinematic and some dynamic 
characteristics of diffracted seismic waves. 
Geologiya i geofizika, no.  7,   1971,   101-110. 

j Equations of tirae-distance curves for waves diffracted at the edge 
bordering a sloping reflection surface in an arbitrary direction were developed. 
Time-distance curves calculated using the equations were compared to ex- 

' perimental curves obtained from models. 

Equations were derived for different cases in terms of:   <p - angle 
| of d'P of reflection interface,   V»*- angle between edge and observation surface, 
[J ß- angle between direction of dip of reflection interface and projection of the 

edge onto the observation surface, and o- angle beween the observation pro- 
file and the edge projection as follows: 

Edge in the direction of interface dip 
Edge in an arbitrary direction 
The same as (1) 
Edge in the direction of strike of interface (equal 
to the case  *P = 0°) 
Profile perpendicular to edge 
Profile parallel to edge  (equal to the case of 
reflected waves) 

1. ip* = ^ 
2. *>* t <P 
3. ß   = 0° 
4. ß    = 90° 

5. a   = 90° 
6. a   = 0o 

An ultrasonic three-dimensional modeling study of kinematic 
and dynamic characteristics of diffracted waves was made.    Observations 
were along profiles with  o< 90°.    Experimental time-distance and amplitude- 

j distance curves of diffracted and sum waves were compared to theoretical 
curves.    The diffracted wave amplitudes reach the maximum at the point of 
contact of time-distance curves of diffracted and reflected waves.    This 
anounts to 1/2 of reflected wave amplitude regardless of a.    With a decrease 
of a,  the diffracted wave amplitude increases and the time-distance curve 
flattens out.   At  a = 0°,  the time-distance curve of diffracted waves coin- 
cides with that of reflected waves,  their amplitudes amount to 1/2 or less 
than reflected wave amplitudes, and attenuate according to the same law. 

Theoretical time-distance and amplitude-distance curves for the 
waves reflected by a flexure were compared with theoretical curves for 
waver, diffracted at an edge.    Waves diffracted from the edge were found to 
be difficult to discriminate from those reflected by a convex or concave seg- 
ment of an interface.    Reflected wave amplitudes were significantly higher 
then diffracted wave amplitudes. 
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4.    Particle Beams 

A.     Abstracts 

BaUcarey, Yu. I.  and E.  M.  Epshteyn. 
Coulomb shielding in a strong electromagnetic 

:     Üeld-    FTT, no.  3,  1972,  741-745. 

«WAIH-        *    T1;e effect is analyzed of a strong electromagnetic field on the 

rrJt^ Is-    f rge by an electron cloud i* the electron plasma of a 
icrystal.    A dlpole approximation is introduced on the assumption that the 

thrZtZ T^6 T168 OVer a di8tanCe greater than the ch^e dimension, the Debye shieid,.ng radius, and the electron oscillatory amplitude.   In a 
colhsionless plasma, the condition (u    t > 1 must be satisfied, where a,n is 
the plasma electron frequency and t is the electron relaxation lifetime. PAn 
integral equation of the scalar potential function V>(q,t) was derived in an 
approximation of chaotic phases from the wave equation using Poisson's 
equation.    The potential ^describes the static charge field.   Using the known 
expansion of the Bessel function J«, (Z), the constant component of *is expressed 

—       ' (1) 

where r is the distance from the shielded charge to the observation point, 
q is a coordinate m the Hamiltonian of the analyzed svstem, p (a) is the 

inThewa'TT/"* ^a ^f" Charge' a " the oscillat-y amplitude of electrons 
u, the wave field, e (q) xs the static dielectric constant, and ß is the electro- 
magnetic field frequency.    By introducing 

\ 
' i ; , +00 

.« V J1ML 
(2) 

in (1), a,formula for the effective static dielectric constant e eff (q) is obtained 
The formula (1   together with (2) describe the effect of an electromagnetic 
wave on static distribution of ^. 

i 

^    w  ^  ^    u^ COfnp0nent ^o (r) of ^ is calculated on the assumptions that 
the shielded charge is a point charge ( p (q) = Ze),   fi > Wp,  and r satisfies 
inequahties r > Und Xr >1. where K is the characteristic electron wavelength 
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and X is the Dehye radius reciprocal.    Under these assumptions,  (1) becomes 

^       e0   J(^)3-p-Li-ptr^^(aq)J {3) 

When a is much smaller than the Debye radius { X a 5 FS 1), the formula 
(3) xs approximated by "      * i-urmuia 

Zex fe" 

-ä7j3(3cos2a-|)|, (4) 

where R = X r, and a is the angle between the r and E0 vectors. 

fh.f *u        .    ? ^f. presence of an electromagnetic field, it follows from (4) 
that the potential distribution is • nisotropic and contains exponentiallyTecreas- 
mg terms which predominantly contribute to the *0 value at long distances 
An electromagnetic wave thus induces a -shielding^reakdoU"8 At R ^^ 

dlno IT4111"!8. a qUadruPole instead °f a dipole form, because the average   ' 
dipole moment is zero in a high-frequency field.   If R> max (2F, 1) and a f 0 

J/pT     ^ (4) that "o aCquires the a^^Ptotic form ^ = „(ZeX/c o^ (F'J/R^).  regardless of the F value. 0        ^eA/t 0' 

of ^ +- Analogous mathematical operations, using linearized equations 
o   motxon and continuity, led to the conclusion that formulas (1) and tf) are 
also applicable for frequent collisions in an electronic gas, when w   t S 1 
Formulas (3) and (4) are also satisfied if the condition ß > c,c (whePre 1 = 
Li« T^l?r0?1 0f the Maxwellia" relaxation lifetime aSd D is the 
diffu ion coefficient) is substituted for r > ^ and Xr ^1.    In contrast to the 
colhsionless plasma, the formulas of a and € (q, a, ) are explicit. 

hi^h e  m «.1^ SUmmary'  "breakdownn of «Melding occurs at a sufficiently 
high e-m field frequency regardless of the status of collisions in the electron 
J' f.

N"r™Jrical calculations show for example that the condition ß ^o) „ is 

Q   " ,nl4      " I ^f ^^ an aVerage electron concentration N0S lol6 c
P

m-3 at U  = lO^^ec-l.    At low temperatures,  E0 S 105 V/cm is required to 

^t Ki?   *    ^ C;nditi0n ^ Wc " Sati8fied for "-Si ^ * : I«3 ohm 
ach eve F^r'Th        "T tefperature'   Eo = ^3 V/cm is sufficient to 
acmeve F- 1.    The examples demonstrate that the "breakdown" of shielding 
can occur at reasonably attainable field values in the i-r and shf ranges. 

x cm 
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Yegorov, N. v., G. N. Fursey, and S. P. Manokhin. 
Common characteristics in the laws of field ^mi8aion 

Sol.,   32,  23,   1969;   and FTT    11    iQAq    3A7?»      u       ,! T ** «««».oo i „  JO     T?     llu ' ■ll»  i*.   iVoy,  3672).    Results are shown in 
lead to ,.«••,•* ^Z "oted that th= ™»^ drop at the emitterToes net 
lead to rect.ftcat.on of the volt-ampere characteristic (Fig. 1).    TraosmL 

~8 

^X VL 

Fig.  1.    v-a characteristic of n-Si 
at room temperature.    1 - general type, 
2 - with correction of voltage drop A U 
in a crystal. 

from the saturatioo region is followed by the appearance of photosensitivitv 

ÖrriersInrLlÖrm 7tr
ith '^ begin"i"g 0f ^^"^ multiplication of carriers .n region m of the v-a characteristic (Fig. 2. curve 2    noint Al 

For n.type as opposed to p-type semiconductors, the saturatton current is 
qmte h.gh and depends on the doping level nf the material.    EmLsiorcurrent 

.heoretical predictions of Frey ^TsCZZ^^ZT*' 

': . 
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Si 

Fig.  2.    Relationship A U = f(U) - 1 and 
Ri/Ro = f(U) - 2.    Ro - size of emitted 
image in region I. 

factors governing field emission from both n- and p-type materiah 

Kabanov, A.  N. , and Ye.  Ye.  Chernova-Stolyarova. 
Study of processes occurring from the action of 
intense electron beams in liquids.    FiKhOM.  no   6 
1971,  97-18: ~    

The mechanism of channel formation in liquids due to an 
intense electron beam was explained in an earlier work of Vol'fson and 
the authors (Behavior of intense electron beams in liquids,  FiKhOM,  no.  5. 

u       ,    ? Clted teSt the rate of chan"el deepening was found to drop 
sharply from the initial 100 m/sec to an approximately constant value 
ol 10 m/sec.    The decrease is connected initially with an increase of vapor 
density in the channel.    The subsequent establishment of a constant rate is 
explained by the appearance of an equilibrium between vapor formation and 
xts ehmmaUon (at a rate of lo5 cm/sec) from the channel due to a pressure 
release on the bottom.    A mathematical expression is established for the 
pressure release.    For a 100 kev electron beam of 100/.. diameter and a 
maximum electron travel of 100/u,  pressure at the bottom of channel was 
100 atm.    Electron beam passage through dielectric liquids causes micro- 
-breakdowns when the field intensity of the accumulated discharge in the 
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liquids exceeds the breakdown value of field intensity of the given liquid. 
The vapor formed in the channel is in an ionized form and generates a 
plasma.    Using a Langmuir probe, measurements were made of the ionized 
vapor state and volt-ampere characteristics were obtained.    The electron 
temperature in the channel was 3. 5 x 10^oK and the electron density was 
Ne = 10^ cm"3.    The cited liquid in, these tests was a type VKZh-94 
vacuum oil. 

Brodskaya,   B,  Kh.    Certain phenomena in liquids 
under the effect    of pulse discharges.    EOM, no.   2, 
1971, 39-44. 

Results are described of an experimental investigation on the 
development of discharges in strong electrolytes in relation to physico- 
chemical properties of the medium,  the value of pulsed energy,  and 
system characteristics,   resulting from the introduction of an organic admix- 
ture.    Experiments were performed with a high-voltage pulse device,   in 
which discharge parameters could be varied with voltages to 50 kv.  and 
capacitance from 0. 0022 to 3   /uf.    Discharge development was controlled by 
the synchronous recording of electrical,  optical and,  as appropriate,   spectral 
effects.    Pulsed double-beam oscillographs OK-17,   OK- 19,  a SFR-2 streak 
camera,  and an ISP-51 spectrograph were used.    Experiments were con- 
ducted in hermetically sealed reactors made of stainless steel and plexi- 
glass.    The discharge development process was studied for a symmetric 
gap with point-point electrodes and an asymmetric point-plane system at 
different polarity of pulsed voltages and interelectrode gap variation of 
3-25 mm.    Physico-chemical characteristics of liquid solutions of tested 
salts,   acids and alkalies are given in Table 1.   Results show that plasma 

Table 1. 

Soln. 

NaCI 

ll,SO, 

IICI 

Nil,U 

KOI I 

NnOli 
KNnSO, 

ohm cm 
g mol 

V-2 /oo. -2 
olmxm. annxm v 

i g eq. g sq. 

.VM!)3 0,01 70 
i 

0.133 s 1.ÜS 07 ^ 
0,1 ss* \,Tr-- \1 B 
o.i-Tr O.il L'll ;.'.i i 
0,1 tö 0.11 L'OJ _ 
0,1 SS* o,-.l Is! H 
0,1 SS* O.liS ■m tjo 
O.i 11 1,')^* m 
O.IKS* I.sl on ,. 
3,3.10  3 0,0 M ;•■_;'. 1 I.M) 

0.13 s O.'i ■y>' j;..'i 

0.2:!" L'JS lin . 
0,3..' ■l.L" ;' /■>■ - 

0,^": -Mo '.i^J. ■J Is 
O.JI • I.H.'r 7 T" .. 
0,13' 1,0*- (ii,1- S'l         1 

'    1 

P' i 
/usecj 

--•IÜ      .,.,/ JO«. 

kcal/mole 

30,1 
i>,';s 
0,'i..' 

I,.'I 
ll.'r.". 

0,(11 
d.m 
3i,; 
i,-.'" 
n,i7 
ll.js 

o.i- 

o.ll 

I 0.J 
3,0 

20 
7,0 
0,0 
0,0 
5.2 
•1.3 
3,2 
0,27 
.),."> 
3,0 
2,0 

3,0 
2,3 
I > 

170 

p 

70 

131 
ISO 

20S 

■123 

* Equal specific electrical conductivity 
** Approximate values of equivalent electrical conductivity 

*** Equal molar concentration 
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breakdown is possible in strong electrolytes up to a specific conductance 
of 0.3 ohm"1 cm"1.     The  influence of caemical composition of non-organic 
electrolytes on discharge development is discussed.    The main characteristics 
of pulsed discharge are given for H2S04,  KOH and NaCl liquid electrolytes 
at     y = 0. 135 ohm"1 cm"1,   U = 30 kv and L = 15 mm ( Table 2. ). 

Table 2 

Symbol Units 
llaSO, 

-. 
KOII NaCl 

-\^ 

'•■. ^/ 

0G I.? 2,4 0.0 1.2 "V! O.fi l.'J 2,4 

/,„ ka 3.0 1,1 5,8 -1,0 ö;> 2,7 3,7 4,0 
/ Msec 8,8 11,2 \i\:i s.7 11,2 Hi 8.7 11,2 15 

£'" kw (i;) 83 ('•'J (i:! SO 91 55 (J9 so 
•fmin ohm •1,0 ifl 0,1-' I.'l ■>:\ 1,3 1,0 2,0 1,5 
I 
I.. 
T 

mm 
mm 
H sac 

1,0 

15 2?'1 
in 

• > 
■is 

• i  " 
■1,0 
3,5 

■IS 

5,0 
•1,5 

58 

3.0 
2.8 

•11 

■?,ö 
3.2 

«5 

■1,5 
■1,0 

8(5 

At a specific conductance    y = 0. 135 ohm"1 cm"1 and an energy value in 
the discharge gap from 50 to 1500 joules,  a sharp distinction is observed 
in the character of discharge development,  depending on the pH of the 
medium for H2SO4, KOH,  and NaCl.    Introduction of an organic substance 
in a strong electrolyte causes a significant change in the discharge develop- 
ment characteristics (increases current in the predischarge period;   and 
evidently contributes to an increase in the dehydration level   of ions, 
decreases their radius,   increases mobility,   and facilitates electron multi- 
plication).    Eight streak camera pictures,  five oscillograuis and two graphs 
are given in the article. 

Shchepetov,  V.  N.    Charac-.teristics of 
material dispersion from the action of pulsed 
electron beams.    FiKhOM.  no.   6.   1971, 
93-96. 

Results are described of focused electron beam experiments 
in piercing of small diameter holes in heat-resistant alloys.    For one of 
the experiments (Fig.   1),   electron beam parameters were: E = 65 kv 

A, w« min/ mm^ 
SBO 

10 h,MM 

Fig. 1. Relationship of efficiency P, (1), and 
energy content A, (2), of the dispersion 
process from the depth of pierced holt-. 
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iiont^rl'J - I'! ^ia!^e b!am-"-y;  T = ^ msec (repeti- 
aUovviri1!)'! ^th-7^ 1 TnSe.C (pUlSe durati0n)-    ^ b-m PÜIÜ alloy VZL-loi as thick as 10. 5 mm.    By varying parameters of the beam, 

obtained together with a high beam 
- , x-aratively lower voltages.    A formula 

[srdlscusesaeT.PrOCeSSing '^ ClOSely aPProximating the experimental results 

Verv Wh be^  ' S 10-5,mm-    Bl varying Parameters of the beam 
very high beamprocessmg rate was obtained together with a high beam 

ower density (lO* watt/cm2) at comparatively lower voltages.   WMSSi 

Study conclusions are: 

in- 

f^^ «v«!     •       ,*-.       u      g    Speed effect of electron beams can be explained by 
the explosion-like character of a dispersion substance in solid,  liquid    and 

If-f^1" Si        '   <
At tile begi,nning of a pulse,  a considerable portion of the sub- stance does not undergo phase transition. p^rnon or me sub 

relationshin nf'^0"881118 ^ Sharply increases ™*h an increase in the relationship of the beam current to its diameter. 

3.    At a constant power source,  the processine rate can be 
increased    but the energy capacity of the process Lcreasel due not Inly to 
the beam diameter decrease,  but also to an electron energy decrease 

n^a A . 4; ?he depth 0f the hole formed W an electron beam can be i 
creased not only be increasing electron beam power, but also by arranaina 
the cross-over below the initial crater. y arranging 

K,r a      i     .     5v  The ",lationshiPs derived on the process of forming holes 
by an electron beam will permit low cost determination of optimum regimes 
for processing of detail parts. F regimes 

Gaponov,   V.  A. ,   and V.  S.   Nikolayev,    Accelerator 
tube_.    Author's certificate USSR no.   2999897 "pubTished 
March 2b,   1971,   2 p. v 

-r*    .^ An acc
r
elerator   tube with magnetic   focusing lenses is introduced 

the tube consists of sectionalized insulated segments and electrodes.    With the 
aim of increasing the electric field gradient along the tube,   plates are placed 

Th. nl/. f "f^ the aPerture for charged particle beam transmission. 
The plates are located on alternate electrodes in a diametrically opposite 
^r?1'^     ming

1 
a Periodic inclined system.    The plates are comb-shaped 

with teeth equivalent to elementary Faraday cylinders.    Details of the 
accelerator tube are shown in Fig.   1, 
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Fig. 1.    Section of accelerator tube. 
1- accelerator ring 
2- split metallic electrodes 
3- internal electrodes 
4~ focusing magnetic lenses 
5- apertures 
6- flat plates 
E- electric field 

Kul'man,   V.   G. ,   E.  A.   Mirochnik,  and V.   M. 
Pirozhenko.    Linear charged particle accelerator. 
Author's certiticate USSR no.  279822,  published  
March 26,   1971,  2 p. 

•      , ■,    ,  Ari!!
near charged i1article accelei-ator operating on a  7r/2 wave 

is described      The accelerator consists of H-profile accelerating and coupling 
elements w.th couphng  windows.     To increase the coefficient of cell coupHng8 

the cells are m the form of ring resonators.     The connecting windows between 
the accelerating and coupling cells are placed witn a mutual relativ.- offset 
in axirnuth.     I he design provides for simple welding of sections and case 
ai evucuation.     Details are shown in Fig.   J. 

(Fig.   ]  on following page) 
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Fig.   1.    Section of linear accelerator. 
1,   2- Toroidal accelerating cells 
3- Coupling cells 
4,   5- Coupling windows 

Vishnevskiy,  A.   I. ,   V.   I.   Krizhanovskiy,  A.   I. 
Soldatenko,  and A.   I.   Shendakov.    The trio- 
plasmatron; A new pulse-regulated gas discharge 
device with crossed fields.    IVUZ Radioeleklr 
no.   1,   1972,   117-118. 

The trioplasmatron device with a cold cathode and a permanent 
magnet is described and results are given for tests in a pulse modulator 
circuit.    The trioplasmatron (Fig.   la) consists of a cylindrical control elec- 
trode 1    around which a cylindrical, cold cathode 2 is coaxially placed with 
disc and plates 3 and 4.    An anöde 5 is fixed over the upper end plate 

7n^ ^f1'^1 electr§des are Placed i" a vessel (not shown in the figure) filled with llZ at 10-2 torr. the pressure is main\ained constant 

by means of a hydrogen generator.    A circular permanent magnet  6 is 
attached to the device,  producing a linear magnetic field.    When a high voltage 
is applied on the anode 5,  discharge does not take place between the anode 
and cathode due to the shielHing of the cathode gap by the upper end plate 4 
Discharge between the anode and screen 4,  under the cathode potential 
similarly does not take place since the distance between anode and screen  is 
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significantly smaller than the length of the free-path of electrons at 10"2 

torr.    When a voltage of 40O~800 v is applied on the control electrode, a 
glow discharge is established between the electrode and cathode in crossed 
electric and magnetic fields.    This discharge acts as a source for the initial 
lonization of the anode circuit.    Trioplasmatron testing was conducted in 
a linear pulse modulator circuit as shown in Fig.   lb.    The device is trig- 
gered  by a generator with pulses of 650 V amplitude and 3 fisec duration; 
the initiating discharge current was 2 ma.    At Ua = 10~15 kv, anode pulsed 
current la = 300 - 500 a,  and discharge delay and periodic instability did not 
exceed 0. 65M   sec and 6 nsec,   respectively.    The shape of current pulses 
is similar to those obtained in a commercial thyratron.    Formation   time 
was 70-100 nsec.    The possibility of operating the trioplasmatron in a 
short pulse regime was also studied.   The device was stable in the follow- 
ing regime:   Ua= 10 kv,   Ia = 300 a,  f = 1 500 Hz,   T     = 100 nsec,   RH = 15 ohm. 

(b) 
1.    Trioplasmatron 
(a) configuration 
(b) pulse modulator: 

T- commutating hydrogen trioplasmatron 
DR- charging choke 
FL- shaper line 
Rf^- load resistance 
R0gr- limiting resistance (T_ = 1     sec, 

RH = 15 ohm,  f = 250 Hz 

Kraft,  V.   V. ,  and V.   M.   Stuchenkov.    Effect of 
nonmetallic impurities and coatings in micresections 
of a cathode on vacuum breakdown.    ZhTF, 
1972,  88-93. ""— 

no.   1, 

Results are described of experimental studies on the effect 
of nonmetallic impurities and carbon and oxygen coatings on microsections 
of an iron cathode surface on the breakdown of small interelectrode gaps 
at room temperature and a residual gas pressure of 10      torr.    Figure 1 
shows the experimental device.    A discharge was established between a 
spherical molybdenum anode of 1 mm diameter and an interchangeable 
cathode of 7 mm diameter and 2 mm thickness.    Cathode specimens tested 
were:    (1) pure electrolytic iron; (2) electrolytic iron with FeS,   sizes up to 
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Fig.   1.    Experimental device 
1- glass chamber 
2- microscope objective 
3- tungsten heating coil 
4- flange 
5- sliding flange 
6- regulating screw 
7- nut 
8- molybdenum heater inlet 
9- supporting rod 

10- steel bellows 
11- copper gasket 
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30  /*; (3) electrolytic iron with 8102,   sizes 100-500 /*; (4) electrolytic    ■ 
iron with AI2Ö3;    sizes 50-500 /u; (5) iron,  fused by vacuum smelting and 
containing FeO,  sizes up to 5 M ; (6) fused iron (by direct reduction),  with 
globular SiC^ content,   sizes up to   10 /*; (7) electrolytic iron covered by a 
carbon coating of  ^0.4 mm; and (8) Armco-iron with ^n oxide  coating of 
"-0. 2 M  thickness.    Experimental procedures are oütliried and electrical 
stability data on the air gap   (0. 05 mm) for the cathode impurities and coatings 
are tabulated .    Microphotographs are given,  which show discharge traces 
on various specimens. 

Conclusions of the work are: 

1. Discharge traces during vacuum breakdown concentrate on 
nonmetallic impurities. 

2. Nonmetallic impurities in in iron and steel,  with the exception 
of large impurities,   do not significantly affect vacuum gap stability. 

3. Thin carbon coatings on an iron surface lower vacuum 
gap stability but subsequently restore it to a maximum value after several 
flashovers. 

Rosinskiy,  S.  Ye.,  and A. A.   Rukhadze.    The 
problem of injecting a relatiyistic electron beam 
into a plasma.    ZhTF, no. 12,   1971,  2504-2512. 

Fields and currents induced in plasma during the injection of 
relativistic electron beams were studied.    Beam density was assumed to be 
smaller than plasma density; the beam is thus considered as a small per- 
turbation.    Mathematical expressions and solutions are obtained which are 
applicable for analyzing disturbed electric and magnetic fields,  and charge 
and current density starting directly from the moment of injection and to any 
distance from the injector.    The problem is stated in two ways: (1) beam 
injection with a finite time   T,  and (2) beam inje ction in a finite interval be- 
tween z = 0 and z = 2Q.    Findings show that in a time less than the electron 
plasma collision time the induced fields and currents are a superposition 
of fields and currents accompanied by a beam (static in a stationary beam 

I system) and transient fields and currents,   substantially resulting from the 
onset of injection and vanishing with a time lapse of a prolonged electron 

s collision duration. 
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y^Ll*' *:'?:L'*^r'  Y- A.  Medvedev. and E. M, Stepanov. Method of visualizing spa 
distribution of dose in a powerful mils^Thfe^ 
f9e7?r073 b7e5am•   Atomnaya ^rgiya.  v. 32.^0.' 1," 

field in air we?e^nvfsttl^fdftld«^hif "!Peed electrons.  ^ ^e luminosity 
and/luminLTtv field chaSrff ^ Photoelectronic and photographic methods; 
mation the^onmuUid^me^^^^ o^PP-j- 
1 and 4 Mev were used with a iAilä jS^n^S^of f fanTs  oT'a 
Ä     S«cT ^ K ^ 1-2/iSeC'  and a ^equencySloo al 25 nf;  reLpec- 

confined by an inle   dUnüagm (Z Im)     Th."   Tt'" "^ Faraday C',linder and 

menu of the .umineece^e fnTeis^Tn'd th^eic ^c^fnlTn "a'^«""" 

tr^^TJorimAt ^at s t:^- °i 3 - "°- "^ ^rUndow cceierator lJ?ig.   1).    Measured by three different methods. 

Fig.   1, 
Distance from beam axis,  cm 

Lateral distribution of the intensity I of 
luminous air.    ( • - photoelectronic method; 
o- photographic method) and  electron 
current with 1 Mev energy ( A ) 

t'HbSnou": l,ygno° ™gre tSnToV^Th'6 fr0m lhe ™T °*™'™^- results wifh ^a J„,.;-  more.than * 10"»-    Tho comparison of experimental 

(Fig. 2 on page following) 
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Fig. 2.    Relaiionship of electron scattering anglb 0 
in air to distance L along the beam axis. 
1,2- calculated curves for 1 and 4 Mev electron^ 
• ,A- experimental curves for 1 and 4 Mev 

electrons   i 

Yeliseyev,  B. V.,  and Yu. P.  Mordvinov.    Distribu- 
tion of charged and neutral particles along a cross- 
section of a positive column in a high-current discharge. 
ZhTF,  no.  12,   1971, 2534-2538. \  

A problem on the distributioh of charged and neutral particles 
over a cross-section of a.discharge column is, solved by a system of hydro- 

dynamic equations.    The system consists of an equation of motion, an 
equation of particle conservation, and Maxwell's equation for the plasrria of 
a positive isothermic column, taking into account the motion of neutral parti- 
cles at intermediate pressures.    The distribution of charged and neutral ' 
particle density along the radius is obtained by assuming ion recombination, 
on the wall and the reflection of neutrals from the wall with a coefficient of 
accomodation equal to zero.    Computer-assisted calculations were made to 
find the relationship of charged and neutral particle densities for Hg and 
H2'    The results are plotted in Figures 1 and 2.    With an increase of current 
the limiting value of charged particle density for H2 falls and the neutral 
particle density increase is insignificant (lesö than 1%, not shown in Fig. 2). 
With an increase of current,  the charged particle density for Hg falls 
slightly (from 0, 08 to 0. 06),  but neutral partible density rises and reaches 
1. 82 at I s 300 a.    The ionization frequencies of 2« 10^sec"1 calculated for 
H2 and 2« 104sec-1 for Hg are quite close to experimental values. 

The following conclusions are drawn: i 

1. The charged particle density profile for light gases is mildly 
sloping and becomes steep with an increase of current; a pinch-effe* t results, 
in the column.   Charged particle density on the wall however is sufficiently 
high   ln(i)~0. 5j .    Neutral particles are essentially uniformly distributed. 

2. The charged particle density profile for heavy gasds is 
relatively steep   ln(l)-'0. IJ ; an increase in current has practically no effect ' 
on n(r) due to the small amount of ion and neutral particle motion.   Neutral 
particles are distributed with a, positive gradient along r.    The gradient and 
the density limit of the neutrals rise with an increase of current.    The ratio 
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Fig.  1.    Distribution of charged and neutral particle 
density for a discharge in Hg. 
1- 300 a 
2- 100 a 
3- 10 a 

Fig. 2,    Distribution of charged particle density for a 
discharge in H2. 
1-5 a 
2- 15 a 

'       3-25 a 

of the neutral density limit to the axis reaches several units at currents on the 
order of hundreds of amperes. 
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Rukhadze, A, A», and V.  G. Rukhlin.   Injection of 
I a relativistic electron beam into a plasma.    ZhETF 

v.  61, no.  1,  1971,   177-189. 

I-  J       j    u      Thi8 article deals with theoretical asymptotic investigations of 
induced charges,  currents, and electromagnetic fields,  resulting from the 
injection of an electron beam into a plasma.   The plasma was assumed to be 

ffree of other external fields.    Only high-speed processes were taken into 
account; thermal movements of particles were neglected.   Mathematical 
expressions were obtained for induced charges, currents, magnetic fields, 
and dielectric permeability.    The problem is represented by a series of 
mathematical terms, so that the general formulas obtained can be ap 

i to systems at any moment of time during the injection of a finite lengtn elec- 
tron beam into the plasma.   At conditions r0> c/u. where  r0- beam radius 

|| ^JV, Plasma frequency, plasma perturbations a're localized in the region 
|| of the electron beam itself; and currents induced in the plasma tend to com- 
«M pensate the beam magnetic field, facilitating its injection into the plasma.   If 

th«1l
>e.am

r
inJection time T> T0 = 7 -1 (r0 co  /c)2 (where 7 is the plasma electron 

If collision frequency), magnetic field compensation occurs at distances 
0 z < z0 = UT    from the beam front, where u is the directed electron velocity. 

For a high-current electron beam when the magnetic energy of beam current 
f| exceeds the kinetic energy of electrons,   simplified injection into a den se 
|j plasma is possible only for the case where w   > c/r    and T< T 

Krasovitskiy,  V.  B., and K. K. Namitokov. 
Feasibility of increasing power density in a 
focused spot during electron-beam processing 
of materials.    FiKhOM.  no. 2.   1972.   IR-lri. 

A method is proposed for increasing beam power density during 
electron-beam processing of materials by focusing the beam such that 
radial beam dispersions are decreased and beam current density is in- 
creased.    The basis of this method lies in the sign-inversion effect of 
coulomb force of the electron beam interaction, produced during passage 
of highly modulated beams through a resonator, when the modulated beam 
frequency is less than the resonator threshold frequency.    The modulated 
beam forms successive bunches moving at a distance / from one anothor 
with a velocity Vo in a cylindrical resonator.    The problem is represented 
by a series of equations and an expression is found for the radial beam density 
distribution; a numerical example is also given. 

n 
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Zolotykh,  B. N., A. I. Marchuk, and M.  S. 
Sen'kina (deceased).    Investigation of the surface 
of tungsten single crystals after treatment by 
electro-erosion.    FiKhOM.  no.  1.   1972.   145-150. 

Changes in the crystalline structure of surface layers,  resulting 
from the action of electrical erosion,  are studied on the basis of tungsten 
single crystals.    The influence of the electrical discharge-pulse parameters 
and of the crystallographic orientation of the cutting plane of tungsten 
single crystals upon the value of the erosion and the nature of destruction 
of the surface layers is shown.    The tungsten single crystals were obtained 
by zone melting with electron beam heating.    The desired crystallographic 
orientation of the cutting plane was derived on the UPS-55 X-ray installation 
by means of a goniometric head with an accuracy to within 1°.    Erosive 
action was obtained with a pulsed beam of 400--8000 /u j and 0, 7--2/usec 
duration. 

The character and value of the changed layer in relation to the 
pulse parameters was studied on the  basis of cutting planes with the crystal- 
lographic orientation (100),  (110), and (111).    Layers 5-7 microns thick 
were successively removed,  in order to study the distribution of structural 
changes by a metallographic method under a microscope, and by the micro- 
hardness method on an instrument with a twenty-gram load.    The value R 
was adopted as the measure of surface roughness.   The measurements 
failed to show that the value of Rz depended to any essential degree upon the 
pulse duration and the crystallographic orientation of the cutting plane.   The 
treatment of tungsten single crystals by electrical erosion is accompanied 
by structural changes of the surface layer to a depth of up to 70 microns. 
The obtained data confirm the fact that in the erosion process,  an essential 
part is played by thermal stresses developing under the inflvence of non- 
uniform and unsteady heating of the zone   adjacent to the region of action 
of the charge. 

It was shown from metallographic analysis that besides purely 
thermal destruction,  the electrical erosion of tungsten single crystals 
is accompanied by brittle destruction;     the total value of erosion depends 
upon the crystallographic orientation of the cutting plane.   A microhardness 
increase of the treated surface in comparison to the initial surface indicates 
the development of plastic deformation (cold hardening) in the layer,  which 
is of a polycrystalline nature.    Greatest strengthening of the defective layer 
occurred with specimens oriented in the (110) plane.    The article includes 
microhardness characteristic curves and microphotos of eroded specimens. 
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Yakobashvili,  S.  B.,  V.  F.  Khorunov,  V.  S. Nesmikh, 
and N. N.  Sinitsa,    Device for measuring surface tension 
of refractory materials.    IN:   Sbornik.  Fiz.   khimiya 
noverkhnostn.  yavieniy v rasplavakh,    Kiyev, Naukova 
dumka,   1971,   129-131.    (RZhF,  4/72,  #4Ye668) 

Yerokhin, N.  S.,  V. I. Kurilko,  M.  B.  Levin,  M.  G. 
Lyubarskiy,  N.  G.  Matsiborko, S, S,  Moiseyev, I. N. 
Onishchenko,  A.  P.  Tolstoluzhskiy,   Ya.   B.  Faynberg, 
V.  D.  Shapiro, and V. I. Shevchenko.    Nonlinear theory 
of the interaction of relativistic and nonrelativistic beams 
with a plasma. Nonlinear theory of wave transformation. 
IN:   Plasma phys. and contr. nucl.  fusion res. Proc.  4th 
int conf.  Madison,  Wis.,  U.S.A.,   1971.  Vol. 2.  Vienna, 
1971,   195-217.    (RZhF,   5/72,   #5G230) 

Zakharova,   L.  R.,  R. A.  Meshcherov,  and Ye. S.  MLronov. 
Computer methods for calculatine; magnetic fields of nonferrous 
magnets of circular accelerators and storage rings.    IN: Trudy 
Radiotekhnicheskogo instituta, AN SSSR,  no.  6,   1971,   151-163. 
(LZhS, 20/72,   #63468) 

Zavadovskaya,   Ye.  K., A.  T.  Ovcharov,   M.  I. Kalinin, 
and V.  M.   Lisitsyn.    Mechanism of self-formation of radiation 
defects in potassium fluoride crystal's^    IVUZ Fiz,  no.   5.   1972. 
129-131.   

Zavoyskiy,  Ye. K.,  B. A.  Demidov,  Yu.  G. Kalinin, 
A.  G.  Plakhov,   L. I.  Rudakov,  V.  D.  Rusanov,  V. A. 
Skoryupin,   G.  Ye.  Smolkin,  A.  V.   Titov,  S.  D. 
Fanchenko,   V.   V.  Shapkin,  and G.   V.  Sholin. 
Progress in the study of turbulent heating of plasma. 
IN:   Plasma phys. and contr. nucl.  fusion res. Proc.  4th int 
conf.  Madison,  Wis.,   U.S.A.,   1971.  Vol. 2.  Vienna,   1971, 
3-24.    (RZhF,   5/72,   #5G257) 

Zhukov,  I.   G.,  I.  P.   Zapesochnyy,  and P.  V.  Fel'tsan. 
Excitation of 3p54sArI and 3s3p6ArII states by electron shock. 
OiS,  v.  32,  no.  5,   1972,   1049-1051. 
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5,     Material Science 

A.       Abstracts 

Nitskevich,  V. P., and A.  L.  Tsykalo.   All-Union 
Conference on High-Temperature Thermophysical 
Properties of Materials.    TVT,  no.   5,   1971, 
1099-1100. 

This is a summary of 122 papers presented at the Conference 
held from 10 through 14 May 1971 in Odessa under sponsorship of the Sci- 
entific Council on High-Temperature Thermophysics, AS USSR.   Scientific- 
Research organizations and universities (vuz) active in thermophysical 
research, and design and manufacturing organizations supplying the research 
data,  were represented at the conference. 

U 
The papers were devoted to theoretical and experimental re- 

- 1 search on thermophysical properties of heat-resistant materials,  refractory 
compounds, metals, and alloys,  composite and structural materials, high- 
temPerature melts and liquid metals; thermodynamic and transfer properties 

. . o* gases; equations of state,  conductivity,  radiative and other properties; 
and diagnostics of low-temperature plasma and plasma jets.   A substantial 

U progress was noted in research on heat conductivity of semitransparent 
solids.    The volume of high-pressure experimental studies on transfer 
coefficients and radiation of gases,  and experimental determination of plasma 
viscosity and heat conductivity, has not been sufficient,  in the reporters1 

opinion.   A round-table discussion led by I. I. Novikov   dealt with the prob- 
lem of critical state of matter.    The conference issued recommendations on 
directions of future research expansion; four collections of the proceedings 
will be published.    The next conference is slated for 1974. 

Bogachev, I. N.,  I.  L. Kupriyanov, and V.  S. 
Litvinov.    Investigation of heat-resistant  coatings 
on type ZhS6K alloy.    FKhMM,  no.  1,   1972, 
106-108. 

Effects of aluminizing on surface temperature resistance are 
described.    The high temperature coatings investigated were obtained by 
thermal diffusion of Al, and Al and Ta in type ZhS6K alloy.    Introduction 
of Ta in the coating also changes its endurance properties.    Microhard- 
ness of the surface layer of non-alloyed coatings, as measured in the 
IMASh-9-66 device at a load of 100 g is higher at room temperature than 
that of coatings with Ta,  and decreases less markedly with a rise in temper- 
ature (Fig.  1).    Tests at 1100oC reveal that prolonged high temperature 
effects produce changes in the structural and phase components of coatings. 
X-ray photographs of the non-alloyed coating specimens after 100 hrs con- 
tained spots on interference lines of the NiAl phase; after 300 hrs only sep- 
arate reflexes of this phase were noted,  which indicates the consolidation 
of its crystallites.    Prolongation of high temperature leads to a growth in 
the number of Ni^Al phases.    For alloyed coatings,  a similar mechanism 
prevails,   but the increase of NiAl crystallites is slower    and the lines of 
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this phase are continuous after 100 hrs.    Diffusion of Al increases the 
thickness of non-alloyed coatings by 4 to 5 times, and of coatings with 
Ta by 2. 5 times.    Structural and phase transitions at 1100oC lower the 
hardness of coatings (measurements were done using the "Superokvell" 
device).    After 300 hrs, the hardness of non-alloyed and alloyed coatings 
dropped to 390 kg/mm2 and 380 kg/mm2 from the initial values of 600 
kg/mm^and 400 kg/mmS  respectively.    The addition of Ta to coatings 
xn the process of aluminizing does not significantly change the phase com- 
ponent of coatings,  but does increase the plasticity of the main phase 
component- NiAl.    By slowing the diffusion process,   Ta also retards 
coating growth at high temperatures. 

m 

<>> -v •-. 

W/'      -i/U        W 

Fig.   1.    Relationship of microhardrifss to temperature 
1- non-alloyed coating 
2- coating with Ta 

Baron,  V.   V. ,   M.  I.  Bychkova,  and Ye.   M.   Savit- 
skiy.    Thermal treatment effect on superconductive 
properties of niobium alloys.   FiKbOM,   no.  2,   1972. 
85-90.         L~ 

r Binary Nb-Ti,  Nb-Zr,  and Nb-Hf systems,  ternary Nb-Ti-W 
L 7ySt^1S\ and alloyS of a Nb2 5Ti75-Nb2.5Me,75 partial phase diagram (Me = 

Z.r,  H.f,  V,   Ta,   Mo,  W,   Re up to 25 at %) were studied.    The aim was to 
r-j establish a relationship between the structure oi alloys and their fundamen- 

tal superconducting characteristics,  to enable development oi alloys with 
predetermined characteristics.  From microstructura] and X-ray analyses, 
suPef<:Onducting transition temperature Tc,   critical current density Jc,  and 

| I specific electron heat capacity y were determined with 0.25 mm diam. 
U wire specimens.    Tc of Nb-Ti and Nb-Zr allovs was correlated directly 

with   y.    Jc of the Nb-50-80 at.   % Ti alloys heat-treated at 350-450° for 
11 one hr and water-quenched,   substantially increased up to a maximum ~105 

11 a/cm2,   because of separation of the    a-phase from a  ß solid solution of the 
b. c. c.  type.    Maximum Jc was observed in the Nb-75% Ti    after heat- 

fT treatment at 450O.    Studies of the kinetics of a-phase separation and the 
effect of cold working on Jc reveals that Jc. of the Nb-75 at.   % Ti alloy 

u recrystallized by heat-treatment, increased more slowly and to a lower max- 
imum value than the Jc of the cold-worked,  then heat-treated alloy.    The 
effect of cold working on the microstructure was also observed.    It was con- 

11 eluded that the maximum Jc corresponds to a two-phase structure:   a 
strongly deformed /3-with  b.c.c.   structure and an a-phase of h.c.p. type. 

i 
Sifi 
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The optimum particle size of the a-phase is lO"5 - 10-6 cm. and the opti- 
mum a-particle density is 1 Oil/cm2.    The beneficial effect of forming 

II 0? Jc was also observed in the Nb-25 at. % Zr alloy.    In Nb-Zr alloys,  very 
high Jc values were recorded owing to decomposition of the /3-phase into 

Jl tv/0 b. c.c.  solid solutions of different composition.   A similar increase in 
|J Jc was noted in the heat-treated at 350-450° ternary Nb-Ti-Zr (VTa) alloys 

by ß&ßz +a   transformation in the solid state.    Tc of the Nb-65-75 at.  % 
n alloys was also shown to increase by heat-treatment at 450° because of 

^-*« transformation.    Jc and Tc data for Nb-Ti alloys developed at the Institute 
U of Metallurgy are tabulated. 

I j Zhidkova,  Z.  V.    Photochromic properties of films 
! dyed by peri-naphthothio-indigo and Z-(peri-benzo- 

thionaphthene^-Z1 - (5' -methylthionaphthene) - 
thioindigoi    ZhPS,  v.   16, no. 2," 1972,  325-330. 

J Absorption spectra of indigoid-dyed polystyrene and polymethyl- 
methacrylate films were measured, to explore the possibility of using the 

j | photochromic properties  of the dyes in memory and other devices.    The two 
jj dyes studied were selected from 18 indigoid dyes because their photochromy 

was the strongest.    Testing of photochromic properties of the dyes in solution 
, was secondary to the main purpose of testing the dyed films.    The cis-trans 

isomeric transition in the indigoid dyes is the basis of their photochromy. 
The absorption spectra of both dyes studied in 0. 3-0. 4 mm thick polystyrene 
films exhibited two peaks corresponding to trans- and cis-isomers, which 

j j were separated at 130 and 115 nm distances.    The maximum photochromic 
U effect (difference Dc - D  ' of optical densities of the spectral line at the max- 

imum of trans- form at the start (Dc) and the end (Dc1) of trans-cis transfor- 
| mation) was «1.0 for the second dye.    This effect increased with an increase 
j in dye concentration.    Study of kinetics of the photochromic process revealed 

that the time required for a complete trans^ to eis-transformation was 3 min, 
15 sec and that for completion of the reverse transformation was 20 sec for 
the first and 10 sec for the second dye.    The coefficient of dark thermal 

Li cis-trans transformation (the measure of thermal stability of the stored in- 
formation) was 4 x 10-5 and lO"3 min "1,  respectively for the two dyes.    Study 

j i of the aging of the dyed polystyrene films indicated that reproducibility of 
J !:he photochromic effect (Dc - Dc') somewhat decreased after 1 month storage 

in the dark, and decreased by half after 60 days storage for the first and 
second dyes.    The illumination time of the first dye film after one month 
storage had to be doubled to obtain a Dc - Dc' equal to that of the fresh film. 
On illumination, a variable number of dye molecules in the film were trans- 
formed from one isomeric form to another, depending on the illuminating 
flux and chemical nature of the dye and the film. 
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Osipov,  V,  G.    Deformation and fracture of 
superplastic materials.    FiKhOM.  no.. 2.   1Q72, 

•,    ,    5uPei*Plasticityof certain metals and single crystals subjected, 
to tensile loads is discussed as a particular case of a, perfectly plastic 
or visco-plastic state.    In contrast to strain-hardening,   superplastic mater- 
ials are distinguished by the absence of necking during tensile deformation, 
in addition to an extremely high elongation e (> 150%) and a low resistance 
to deformation.    These characteristics of sunerplastic and,  generally,  visco- 
plastic materials are explained by the "travelling neck" effect, microhetero- 
geneous oehavior analysis, a)nd sträin-ratß plots.    The occurrence of the 
perfectly plastic or visco-plastic behavior of materials depends on phase 
composition, and the mechanism and conditions of deformation.    Experi- 
mental data are cited to illustrate the occurrence of superplasticity exclu- 
sively in viscoplastic materials,  e. g.    in type EI435 alloy at 1200° 
Analysis of stress distribution around a stress concentrator such as a cir- 
cular hole shows that stress in a viscoplastic material remains constant 
during tensile deformation, i Consequently,  in the absence of.strain hardening; 
mic roc racks do not act as stress concentrators o'r increase in size according 
to the Griffith rule.    The fracture of viscoplastic material follows the ac- 
cumulation of microdefects and formation of a macrocavi^r extending over 
the entire cross-section of the sample (Fig.  1).    The cited fracture 
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i       Fig.   1.    Fracture procfess in a strain-hardening (A) 
and a viscoplastic (B) material: 
I,  II,  III- tensile deformation phases ' 

mechanism was confirrhed by an experiment with a superplastic Ni + 49% Cr 
alloy at 1, 000°.    The author subscribes to the predominant role of diffu- i 
sion, along with slip, in plastic deformation in viscoplastic alloys and sincle 
crystals. ' ,   ^ 
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Abramyan,  E. A.,  L. I. Ivanov,  Ye. Ye. 
Kazilin,  and N.  S.  Kudryavtsev,    Method 
of investigating the effect of rarefied gas 
flows on metal creep.    FKhMM,  no.  1, 
1972,  96-97. 

A simplified method was used for studying the effect of rarefied 
gas flow on the high temperature creep of refractory metals.    Permitting 
the establishment of molecular gas flow on the surface of a specimen for 
control of the composition ard density, the method involves the gas blowing 
of the specimen through a nozzle placed close to the specimen.    Torsion 
tests were conducted on metals in this type of device;   the mode of gas feed 
to the test specimen is shown in Fig.  1.    Nozzle length was selected from 

s s yCssisss 

? 
Fig.   1.    Sketch of gas feed to the specimen. 

1- specimen 
2- heater 
3- screen 
4- nozzle 

s 

the condition  f/d > 10, where ! is the length and d the diameter of the nozzle. 
At an initial vacuum of 10"° torr,  this system provided a molecular flow 
of lO^" mol. /cm^/sec on the specimen surface.    The system vacuum was 
maintained with an accuracy of 10% at a lO-4 torr level.    The specimen 
was 15 mm long and made of molybdenum.    The gas flow density distribution 
along the specimen length was statistically modeled on a computer by the 
Monte-Carlo method.    The coefficient of gas molecule reflection from 
nozzle and heater walls was considered as unity, and the reflections were 
assumed to follow a cosine law.    The modelling was done for various nozzle 
distances from the specimen surface.   At separation distances up to 20 mm, 
the distribution of molecular flow density along the 15 mm specimen was 
practically uniform.    Experimental results at 1800 and 1850°C are plotted 
in Fig. 2.    To attain a steady creep stage in lO"^ torr vacuum, a molecular 
oxygen flow of 1017 mol/cm^/sec was directed at the specimen surface. 
(Blowing   started at the arrow points shown in Fig. 2.)   At the moment of 
blowing, the steady creep rate decreases due to the formation in the speci- 
men of metastable oxide occlusions;   the creep rate increases with further 
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blowing due to a decrease in specimen diameter because of evaporation of 
easily sublimated molybdenum oxides on the surface. 

i 

'2   t, hi- 

Fig.  2,    Effect of oxygen flow (10^ ' mol. /cm^/sec) 
on steady creep of molybdenum. 
1- two-way at  T = 61 kg/cm^ in atmospheric medium, 

18000C 
2- one-way at   T = 116 kg/cm^ in atmospheric medium, 

18 500C 
3- two-way at  T = 75 kg/cm2 in N2,   18000C. 
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Voloshin,  V. A., and L, K.  Mashkov.    Pressure- 
induced changes in energy levels of 4f6 electrons. 
OiS,  v. 32, no.  3,   1972,  567-569. 

An experimental study was made of the effect of hydrostatic 
pressure to 18 kbar on absorption and luminescence spectra of europium 
tetrakis- (benzoylacetone) piperidinium EUB4HP powder,  europium (ill) 
chloride hexahydrate EuCl3.6H20 , and europium (III) sulfate octahydrate 
Jj-u2 (004)3- 8H20 Slngle crystals.    The position of spectral line peaks was 
determined from spectro-photographic recordings with an accuracy better 
than J cm-1. ' 

At about 10 kbar pressure, the two sublevels of the 7F1 level 
of EUB4HP merge, which indicates an increase in symmetry of the environ- 
ment around the Eu3+ ion.    In the first order approximation,   splitting of 
the  'F2 energy is analyzed in terms of crystal field theory.    Calculations of 
the crystal field parameters at different pressures revealed crystal aniso- 
tropy in both EUB4HP and EUCI3. 6H20 with respect to deformation of their 
coordination spheres.    The crystal anisotropy causes changes in symmetry, 
in all three compounds studied,  the gravity center of energy levels shifted 
towa^ Js long waves with an increase in pressure (Fig.   1).      The shift of 

W       15 
P* kbar 

Fig.   1.    Position of energy levels of Eu3+ versus 
pressure. 
1- EUB4HP 
2- EuCly6H20 
3- Eu2(504)3. 8H2O 

the 5D levels also proceeds faster than that of the 7F levels,  as shown in 
Fig.   1 and Fig. 2 for EuB4HP. 

-.7- 



8 -km 
^ 3S8 

366 
jLr: 

ints mw mss   imo urn 

Fig. 2. Change in the ^FQ - 'Fj transition distance 
versus shift of the 5

DQ - ^FQ transition line 
of EuB4HP. 

The spin-orbit interaction parameter of 'FQ -  'F^ transition 
distance in EUB4HP and EuCl3'6H20 hardly changed at pressures to 10 
and 18 kbar, respectively,   but increased,  after the symmetry of the elec- 
tron shell of the central ion increased.    Changes in fine structure and shift 
of energy levels in Eu2(804)3• 8H2O were insignificant due to its stronger 
crystal lattice. 

Nikitenko, A.  F. ,  O.   V.  Sosnin,  N.   G.  Torshenov, 
and I.  K.  Shokalo.    Creep of reinforceable materials 
with different tensile and compressive characteristics. 
ZhPMTF,  no. 2,   1971,   118-122. ~"~ 

Experimental room temperature creep measurements of a 
titanium alloy sheet are described.    It is slpwn that creep of reinforceable 
material with different elongation and compression creep characteristics 
can be described by two different functions ^. and (J^»  depending on the 
sign of the linear invariant strain tensor ^ü.    For the case of <* a > 0,  the 
creep rate   V^: is expressed as 

ij 

<I,1=(-^-)'T
,
/-<->.       %--, 

«I'l 

1)3, (1) 

and for «r- < 0,  ''ij is given by 

*a=(J^-)a,^<n,+,). % (2) 

Experimental creep curves show that the material is anisotropic with re- 
spect to creep and has different elongation and compression creep charact- 
eristics.    The initial anisotropy of the material remained unchanged even 
after 1000 hr.   of experimental time.    The experimental data were in 
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satisfacfi;/ agreement with the log« - log a  and log« - log t plots calculated 
from t^e approximate formula 

eVe     üa",it (3) 

The validity of (1) was confirmed by comparison of calculated plots of axial e 
versus t and shear deformation Y versus t with experimental data on the 
creep of tubular samples to which a tensile force and torque were applied 
simultaneously.    The creep description method is no* applicable in the 
ffii^jO region of strains. 
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B.        Recent Selections 

i.      Crack Propagation 

Bas he ye v.  S.  M. ,  and L.  V.   Pervitskiy,    Formation and growth of 
pre-pittiug cracks on gear wheels.    VAN BSSR,   i o.   2,   1972 
17-20. 

Berezhnitskiy,   L.   T. ,   V.  V.  Panasyuk,  and G.   P.   Cherepaxiov. 
Strength of composite bodies weakened by cracks.    IN: 
Kontsentratsiya napryazheniy,  no.   3,   1971,   10-15.    (LZhS 
15/72,  #47748) 

Finkel',   V.  M. ,  I. S.  Guz'.  I.  A.  Kutkin,  Sh.   G.   Volodarskaya, 
and Yu. M.  Korobov.    Experimental results on stress wave 
mutual interaction with a crack.    IN:   Sbornik.     Vysokoskorostnoy 
deformatsiya.    Moskva.    Izd-vo Nauka,   1971,   37-42.    (RZhMekh 
4/72,  #4V701) 

Gol'dman.   A.  Ya. ,   V.  V.  Matveyev,    and V.   V.  Shcherbak. Crack 
growth in polymers under creep conditions in air and liquid. 

F-KhMM,  no.  2,   1972,   28-33.   

Gold'shteyn, R.  V.,   and L.  N.  Savova.    Extent and coefficients 
of stress intensity for smooth curvilinear cracks in a plastic 
surface.    MTT,  no.  2,   1972,  69-78. 

Kachanov,   M.   L.    On a continuity theory for crack    media     MTT 
no.  2,   1972,  54-59.   ^ "       ' ' 

Kirenko,   O.  F. ,  V.   A.  Marikhin,   and L.   P.  Myasnikova. 
Fractugraphic analysis of macrocrack propagation in oriented 
Capron.    Mekhanika polimerov,   no.   4,   1971.   645-648. 
(RZhMekh,   5/72, #5V1169) 

Kit,  G.   S. ,   and O.  V.   Poberezhnyy.    Equilibrium limit in a 
brittle solid with a disk-shaped crack under stress and temperahnr» 
effects.    F-KhMM,  no.   2,   1972,   63-69.  " 
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Krestin,   G.  S. ,   L.   L.   Libatskiy,  and S.   Ya.   Yarema. 
Stress state of a disk with a diametric crack.    F-KhMM 
no.   2.   1972.   69-74. ~ 

Libatskiy.   L.   L.    Equilibrium limit for a circular disk with 
external radial cracks.    IN:   Kontsentratsiya napryazheniy 
no.   3,   1971.   76-81.    (LZhS,   15/72.  #47772) 

Molchanov.  A.   Ye. .   and L.  V.   Nikitin.    Crack dynamics of 
longitudinal shift following stability loss.     MTT    no    2 
1972,   60-68.   '       '     ' 

Panasyuk.  V.  V..  ...   Ye.  Kovchik,   and N.  S. Kogut.    Method for 
formation of axisymmetric surface cracks in cylindricäi f^™° 
F-KhMM,  no.  2.   1972.   95-97.      "" : 

Poberezhnyy.  O.   V.     Thermoelastic    state of a medium with a 
thermally isolated circular crack.    PM,   no.   11,   1970.   59-66. 

Prokhorenko.   V.  M. .  I.   M.   Zhdanov.   I.   M.   Chertov.   and 
B.   V.   Medko.    Stress state in vicinity of the terminus of a 
moving crack under quasi-brittle destruction.    IN:   Vestnik 
Kiyevskogo politekhicheskogo instituta.    Seriya machino- 
stroyeniya.  no.   7.   1970.   38-92.    {LZhS.   18/72.  #57763) 

Rakhmanov.  A.   S. .  V. S.  D'yakonova.   and L.  S.   Livshits. 
Evaluation of stidies on crack growth in steel specimens. 
Zavodskaya laboratx>riya,  no.   10.   1971,   1253-1254 
(RZhMekh.  4/72.  #4V697) 

Regel'.   V.  R.,  A.  M.   Leksovskiy.   and U.   Bolibekov.    Kinetics 
of crack growth in polymers under repeated loads with a  small 
number of cycles.    Mekhanika poiimerov,   no.   2.   1972,   247-251. 

Sholtmir.   L.  G.    An electroresistivity method to determine 
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