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1. Laser Technology

A. Abstracts

Anan'in, O. B., Yu. A. Bykovskiy, N. N.
Degtyarenko, Yu. P. Kozyrév, S. M. Sil'nov,
and B, Yu. Sharkov. Obtaining C and sl

nucld in a laser source of multicharged ions.
ZhET™ P, v. 1o no. 10, 1972, 543 -548,

Tuis work is an cxtension of earlier spectrographic studies

by the authors (Effects of High Power Lasers, December 1971, 32) on laser

stripping of various metal atoms. A neodymium laser was again uscd
developing 10-15 ns pulses at a density of 5x1013 w/cmz; in the present case
Al and C targets were used. The spectrographic equipment used yielded a

clear resolution of highly-charged levels up through A1+13. Fig. L gives the

12+ /_,Z e
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Fig. 1. Energv maxima for laser-ionized
+13 +6
A127 and C12
distribution of energy maxima obtained for Al and C; for AlJrl3 the spread is
seen to be from 18 to 50 kev. The integral number of registered ions N(z)

2
is given in Fig. 2; data show that the Al 7 portion was about 10 ions, with
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Fig. 2. Total ions per pulse recor_dfad
from Al. Detector aperture = 5x10 = rad.

singly-charged ions an order of magnitude greater. Assuming an isotropic
dispersion of singly-charged ions, the authors extrapolate the measured
data to arrivc at a figure of 1014 for total emitted plasma ions. The total
number of ejected atoms, calculated from crater volume, was put at 1018;
hence the relative ion yield was on the order of 10-4, which agrees with

earlier findings by Bykovskiy ¢t al (ZhETF P, v. 15, 1972, 308),

Mirkin, L. I. Produclion of oriented structures

on metal surfaces by laser hecam. DAN SSSR, v.
206, no. 6, 1972, 1339-13<1,

Experiments in producing strongly oriented surface structures
on various metals by laser beam heating are briefly described. Tests have

established that laser heaiing can generate temperature rises on the order of

.
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1010 deg/recc, with subsequent cooling at 106 deg/sec in metals or other opaque
materials; the author examines the resulting surface anisotropy ir. several
materials including steel, nickel, nickel iron and some refractory carbides,
Tests were run with an Nd glass laser at 1 millisecond pulses, using

various degrees of spot defocusing. The resulting crystal structure and
surface texturc were mecasured by radiography and metallicgraphy as well as
photography of the treated areas.

All measurement techniques conf.rm a strongly oriented surface
structure folicwing laser exposure. An example cited is for nickel, which prior
to irradiation showed a normal intensity distribution in radiographs, c.g.
the (111) and (200) line intensities were in a ratio of 3:1, whereas following
exposure the (111) lire dropped by a factor of 100 or more while the (200) line was
practically unchanged. Figs. | and 2 show radiograms of expossd specimens;

Fig 3 shows surface grain structure of an exposed nickel iron alloy. It was
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Fig. 1. Radiogram of Ni Fig. ). Radiogram of Ni-iron
surface after laser irradiation. alloy after laser exposure and

cooling in liquid nitrogen.
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alloy, x900. a - section along beam path;
b - normal to beam path.

also observed that the most pronounced orientation effect occurred in single-

phase materials, where the number of crystallization « nters is relatively low.

Golodenko, N, N., and V. M. Kuz'michev.

Pulsed laser heating and vaporization of

metals. Radiotekhnika (Khar'kov), no. 23,
1072, 139-142,

This is a condensed version of the same study reported carlier
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by these authors (January 1973 Report, v.1). Heating characteristics aru

analyzed of a metal surface exposed to laser pulses on the order of 10” w/cm‘a
or greaier; the idealized model of the carlier report is again used. The laser
effect is treated in two stages' a heat-up or lag stage with ahsorption but no
vaporization, followed by an abrupt start of vaporization and rapid ﬁrovmgulion

ot the temperature ficld into the surrounding target material. The fraction of

At \

28 where \tis

‘ Fig. 3. Microphoto of fused area in Ni-iron

energy absorbed in the target arca is then exnressed by € =

e
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Fig. 1. Fraction of energy absorbed vs.
t, and cnergy density.

of to and eneroy density for a copper target. Characteristics of surface

houndary motion, temperature and lag time are given in Fig. 2 as functions

Epd omimedl osesi oamdd $CERE WY

of laser power density, also for copper.
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Fig. 2. Boundary velocity, temperature 1
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Kondrat'yev, V. N. Vaporization from

interaction of powerful energy sources with

a material., ZhPMTF, no. 5, 1972, 49-57.

An extended analysis is given of heating effects of a
concentrated high-energy beam on a solid surface. The specific aim is to
correlate the conditions for surface vaporization with those for internal
vaporization, since each of these has been claimed by various authors to be
the predominant mechanism in laser becam-target studies. The model

0. . - )
assumes a constent flux q,. impacting a surface and attenuating with

penetration, as gi-en by

g, = Qro (1 L Kr) exp [— (I —_ .‘L'p)/lo] (1)
where are beam flux density at dépth X; X, = the vaporization boundary; Kr =
mean coefficient of reflection of incident flux; and 10 is the characteristic
depth of energy relcase in the solid. A quasistationary case is considered,

in which all reflection is assumed to be from the solid face.

The model is analyzed in terms of a vaporization wave which
proceeds inward from the impact area typically at a subsonic velocity.
Characteristic temmperature curves for fusion and vaporization of Al, Cu and Pb
are derived on this basis. The corrclation of surface to internal vaporization
may be seen in Fig. 1 for these metals interms ofq: ('.O), calculated for both

stationary and fluctuating bubble formation.

A further examination shows that for target materials with
relatively great depths of 1 the presence of stationary bubbles will accelerate
the transition from surface to internal vaporization. flowever for opaque

bodies such as metals the bubble presence would appear to have a negligible

A i aaa




effect on transition. Based on the ciied model, the transition intensities
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Fig. 1. Incident flux density vs. depth of encrgy

release,
a) Al, Cu (dashes); b) Pb.

1 - fluctuating bubbles; 2 - stationary; I -
vaporization region; II - internal vaporization region.

for Al, Cu and Pb are given respectively as 5 x ‘09, 3x 10

Rarov, N. N., A. A. Uglov, and 1, V. Zuyev.

Effect of heat source parameters on the depth

surface

PN
and i0 w/cm®.

and size of surface deformaiion in the liquid

hase. DAN SSER, v.

The theoretical case of liquid phase formation on a laser- or
clectron beam-irradiated target surface 1s analyzed briefly

is limited to surface intensitics sufficient to generate deformation in the liquid

phase owing to local vapor pressure and tiermal gradients: it is further
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assumed that beam penetration is negligible in comparison to dimensions

of the melt zone. Liquid phase deformation can then be determined using

the Navier-Stokes system
W L (eTYy = TP 2 vAv g+ F
—01 -4 (\ )\ o Y v 3 (1)

where v = particle velocity and p = pressure in the liquid phase, ¥ = viscosity,
g = internal force vector, and FS = surface force vector. Eq. (1) together with
equations for energy balance, discontinuity and mass conservation, are
sufficient to define fully the surface deformation in the liquid phase. For

case of solution v = const is assumed i Eq. (1). Two general cascs are solved
in terms of the characteristic dimension Z of the melt zone, namcly for

¢mall deformaiion, (Z')2<< 1, and large deformation, (Z')2>> 1. Limitations

imposed by the assumed simplifications are emphasized in conclusion.

Gerasimov, B. P. Effect of laser beam

scallering and absorption on strong shock

wave structure. IN: Trudy Konferentsii

Mosk:vskogo fiz.-teckhnicheskogo instituta,
1970. Seriya Aecrofizicheskaya. Prikladnaya
matematika, Moskva, 1971, 14-24. (RZhF,

9/72, no. 9D934)(Translation)

The structure is studied of shock waves generated in a
vo! itile explosion cloud from the effect of powerful radiant flux on a solid,
Calculations are based on gas dynamic cquations for an ideal pas with a
constant heat capacity in a one-dimensional plane appruximation, with 1

aliowance for gas radiative heat transier in the presence of scattering.
Resviis show that laser radiation scattering not only increascs
the radiant flux deflected from the shock wave front but also substantially

affects the radiation field within the wave.
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Batanov, V. A., F. V. Bunkin, A, M.
Prokhorov, and V. B, Fedorov, Gas

dynamic structure of a plasma flare generated

by intense optical radiation cvaporation of

metals. ZhETF, v. 63, no. 4, 1972, 1240-1246.

This is a rework of two previously published articles by the
same authors {cf. Decemb:2r 1972 Report, pp 4 and 6) on flare characteristics
of laser-irradiated metals. Target materials included bismuth, lead, aluminum
and brass. A r})eodymium laser was used at 1 millisec pulse lengths, developing
upto 10" w/cm  over a | cm diameter target area; tests were done at ambient
pressuree up to several atmospheres. An extensive analysis of test results
is given, with emphasis on a critical surface temperature at which a transition
from liquid metal to liquid dielectric can be identified. The present article

includes clearer pictures of flare development, as shown in Figs. |l and 2.

laser beam
——

i

6r & 13z '

Fig. 1. Flare from Bi target. I=5.5x10 w/cm", {
%°= 0.8 ms, p=1atm; exposure time exceeds pulse |
duration. J
L

Jgd {




I = 10cem

Fig. 2. Development of flare from Bi target.
I=107 w/cmé, p= 2.6 atm. Time between
frames is 0.16 ms; arrows indicate target surface.

Apanasevich, P. A., and V. G. Dubcovets.

Theoretical analysis of intcraction of high-

power polarized radiation with an isotropic
resonant medium. ZhPS, v. 17, no. 5, 1972,
796-803.

An analysis is developed of the interaction of powerful
polarized radiation with an arbitrary medium, in which the medium is for
convenience assumed to b: a resonant system of randomly ordered linear or
circular dipoles. Proceeding from an expression for the vector field in the
medium, the authors derive expressions relating radiation polarity to the
absorption or amplification properties of the medium. An approximate
solution is obtained for the case of limited radiation power, as well as a

more general one applicable to any incident power level.
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B.

Recent Selections

i,

Bea'n Target Effects

Arifov, U, A., T. U. Arifov, and D. D. Gruich. Generation of

multicharged metal ion beams using powerful pulses from a ruby

laser. IAN Uzh, Seriya fiz-mat. nauk, no. 6, 1972, 43-48.

Fersman, 1. A., and L. D. Khazov. Surface damage mechanism

of a transparent diclectric irradiated by a short optical pulse.

Kvantovaya elektronika (Moskva), no. 4 (10), 1972, 25-31,

Letokhov, V., S., and A. A. Makarov. Kinetics of infrared laser

excitation of molecular oscillations. ZhETF, v. 63, no. 6, 1972,
2064-2076.

Plis, A. I., Ye. L. Tyurin, and V. A. Shcheglov. Heating of

materials by short duration laser pulses. ZhTF, no. 12, 1972, 2568-25°

Ulyakov, P. I. High tecmperature vaporization of metals. I-FZh,
v. 24, no. 2, 1973, 256-261.

Veyko, V. P., G. A. Kotov, M. N. Libenson, and M. N. Nikitin.
Thermochemical effects of laser radiation., DAN SSSR, v. 208, no.
3, 1973, 587-590Q,

Laser-Plasma Interaction

Basov, N. G., E. M. Belenov. V. A. Lanilychev, O. M. Kerimov,
and I. B. Kovsh. Optical breakdown in compressed gase_s__f_r__n_m_ﬁ?_@z
laser radiation. ZhETI, v. 63. no. 6, 1972, 2010-2014.

|
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Galeyev, A. A., G. Laval', T. O'Neal, M. N. Rozenblyum, and
R. Z. Sagdeyev. Parametric backscatter of a nonlinear electro-

magnetic wave in plasma. ZhETF P, v. 17, no. 1, 1973, 48-52.

Kaliski, §. Conductive laser heating of nonhomogeneous plasma.

Bulletin de l'Academie Polonaise des Sciences, serie des sciences
techniques, no. 12, 1972, 211(963)-215(967).

Letokhov, V. S., Ye. A. Ryabov, and O. A. Tumanov. Effect of
CO, laser pulse on molecular gas luminer.ence. ZhETF, v. 63,
no. 6, 1972, 2025-2032.

Lugovoy, V. N., and A. M. Proc<horov. Heating and confinement of

plasma in crossed light beams. ZhETF P, v. 17, no, 1, 1973, 52-55,
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2. Effects of Strong Explosions

A. Abstracts

Deribas, A. A., A. N. Kiselev, G. Ye.
Kuz'min, and E. Sh. Chagelisnvili. Shock

wave interaction with cermets. IN:

Sbornik, Dinamika sploshnoy sredy,
Novosibirsk, no. 8, 1971, 103 -117 (RZhMekh,
7/72, no, 7B2%i).

Parameters are calculated of a plane shock wave generated
by detonation of an explosive charge on a material surface and propagating
in a semi-finite solid layer. Parameters of a glancing detonation wave at
the surface are also calculated. The materials are a series of three~
component tungsten carbide-cobalt cermets. The shock adiabats of the
three-component systems were calculated using known adiabats of each
component. The shock adiabat calculated for a VK-8 alloy agreed satisfactorily
with an experimers .1l value determined in the 100 - 600 kbar pressure range.
An x-ray diffraction analysis of the shock compressed specimens indicates

that shock adiabats can be calculated for pressures to 2 Mbar.

Rakhuba, V. K. and N. N. Stolovich. Efiect

of peometric dimen~ions of an exploding conductor

and discharge current parameters on energy

conversion efficiency. IAN B, Seriya fiz-energ
nauk, no,. 4, 1972, 119-123,

The effect of a cylindrical exploding wire diameter and
discharge circuit parameters on electrical energy conversion into mechanical
energy is investigated. Aluminum membrane detectors were used for
measuring the mechanical work. A simplified diagram of the experimental

installation is given.
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Experimental data are presented in Fig. | on the deformation

Amax;, M
_._.._.-_[___ ‘|_ -—
12 '—'L-{M - =
AN
g‘l“%"i‘[.t_ S = )
L% [N
- } \A (AN
§ |- ——-—»f _ N\ \"\.}M_
e
, AN
._.;__!: £l _..__h.,_.\“.\___
—|
o W . T
v s 26 o mm

Fig. 1. Relationship of the deflection
Mmax ©f @ membrane detector to the
diameter of the exploding wire d; at the
following discharge-circuit parameters:
Cole Bl b = (5 to 7)x10" ‘ henry (1-4)
and C, = 900 uf, Lo = 4x1078 henry (5):
1-27, 2-32,3-40, 4 -32,5 -5kv.

of aluminum membrane detectors, 1.5 mm thick and 125 min in diameter.

Curves 1, 2, 3, and 5 are for explosion of a copper wire; curve 4 is for an

aluminum wire,.

Fig. 2 is derived from dimensionless variables of Fig. 1
s 1-4, dealing with

data, in the form of a relative generalization of curve
“along with the cylindrical-detector data of curve 5. f

membrane-detector data,
The deformation processes of the membrane sheet detectors { {

and the cylindrical indicator detectors in terms of dimensionless variables are
both characterized by the same relationship. Other conditions being equal, ‘

the diameter of the exploding wire is found to exert the greatest influence on

the maximum deformation value.
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Fig. 2. Effect of discharge-circuit
parameters and diameter D of the
exploding wire on the dimensionless
deflecticn § of a membrane detector:
1- 27, 2-32, 3-40, 4- 32, 5-5 kv.

I - Calculation results based on 6 =
1.25D"1.1 for 1.25<D<3.0; 6 =
1.03D"0.37 for 1.0<D<l1.25; II - Based
on an alternate formula for A = 2.6,

B = 2.66.

Bychenkov, V. A., and V. V. Gazhdiyeva.

Calculation of an explosion in an unstable

porous medium, IN: Trudy 2-y Vsesoyuznoy

konferentsii po chislov,m meciodam resheniya
zadach teorii uprugosti i vlastichnosti, 1971,

Novosibirsk, 1971, 85-94. (RZhMekh, 9/72,

no. 9V591)(Translation)

A model is constructed for porous medium deformation.

The spherical part of the stress tensor is given as a specific volume and

internal energy function,and the deviator part is determined by the condition

s




of plasticity {Tresca or Coulomb) and the proportionality requirement cf the
tensor deviator inelastic part of the deformation rate. The condition of
brittle destruction of the grains (clementary components) of the porous
medium is also introduced., Destruction of the medium from macrocrack
formation is discussed. Orthogonal to the cracks, the stress in this casec
is considered to be equal to zero. Equations of motion are derived fcc tne
sphericaily symmetrical .notion. The equation system for the numerical
calculations is presented in finite-difference form. The calculation is
mentioned of the detonation in sand of an explosive pellet. The results are
presented in a graph of explosive cavity expansion(for the initial stages of

motion)in comparison with radiography data.

Kuznetsov, V. M. Explosive demolition

of rocks., IN: Sbornik. Dinamika sploshnoy

sredy, Novosibirsk, no, 8, 1971, 71-77.
(RZhMekh, 9/72, no. 9V589)(Translation)

Views on the efficient use of explosives in the crushing of
rock are mentioned. A probability law on fragment distribution by size is
presentued (in specific cases, this law reduces to normal or Poisson
distributions). A scheme of brittle failure is proposed to assist in idertifying
the distribution parameters. The coefficient of stress intensity and the
maximum pressure in the compression wave- are assumed to be characteristic
values of the brittle failure. The initial ordered network of cracks is unstable
and the spacing between cracks is proportional to the cube root of the explosion
energy. A semi-empirical formula is compiled based on the assumed distributic 3
parameters. The formula is correlated with data on the granulometric

composition of fragmented rock for a scries of explosions.




Chernyshov, A. D. Conditious for shock

wave propagation in media with elastic and

plastic properties. IN: Sbornik. Problemy

vopr. mekh. gornykh porod. Alma-A’a,
Izd-ve Nauka, 1972, 183-193. (RZhMekh,
10/72, no. 10V779)(Translation)

Consideration is given to conditions for shock wave propagation
in a massif. The massil properties are described by rheologic models with
elastic and plastic properties. A theorem is proved which establishes an
interrelationship between the dissipative processes irreversibility o. the
shock wave and the necessary conditions of existence for the wave transient
layer siructure. It is shown that by introducing the shock layer it is possible

{o determine all the shock wave thermodynamic limitations.

Zabudkin, I. L., Yu. G. Kuznetsnv, G. L
Tambiyev, and A. N. Zordunov. Relation-

ships for a parallel distributed charge

explosion of a rock with one exposed surface.

IVUZ Gorn, no., 7, 1972, 25-28.

The interaction of detonation products with the wall of a deep
bore -hole in rock is analyzed, based on the theory of elasticity using composite
variables. The effect of the exposed surface at the hole mouth is neglected.

Two complexes of characteristic quantities are derived from the initial and
boundary conditions of a radially directed blast. i he pliysical significance of the
complexes is explained. The gencralized explosion process is described by the
ratio of the two complexes. This analysis makes it possible to evaluate the
effect of certain factors previously neglected and unaccounted for in a formula
derived by dimensional analysis of experimental data. The effect of sound
velocity in the rock can accordingly he evaluated by introducing the sound

velocity-fissility relation into the cited complex.
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Klochkov, V. F. Stress of a rock mass

and its destruction characteristics from

explosions near a free surface. IVUZ
Gorn, no. 7, 1972, 70-75.

Normal o, and tangential s stresses on a free surface from
the underground explosion of a spherical or cylindrical charge at depths w of
0.5 - 2m (line of least resistance) are calculated at the onse’ and during decay
of the stress field. Destruction occurs at the onset mainly owing to o, During
the decay period, the relative c, and e valves are functions of w and the
inclination v of the axial stress vector at a surface point. At increasing w,
both U and Th decrease more rapidly fr »-m the explosion of the spherical
than from the cylindrical charge. At a given w, o, and U become extremal
for certain # valucs in the 0-90 degree range. The optimum charge depth
corresponds to a 109°30' apex angle of the explosion crater, i.e. the meximum
crater volu.ne Vs Only the first sumping hole should consequently
contain a reinforced charge to produce Vmax' The sumping holes fired in the

preformed cavity nced not contain a powerful charge.

Yeremenko, A. S., A. V. Gorlanov, Yu. A,
Kalinin, V. V. Lyubimov, A. A. Mak, V. F.
Petrov, L. N. Soms. and A. 1. Stepanov.

Study dapulsed lascr with an exploding film

Q-switch. IN: Kvantovaya elektronika, no
3N9), SO Z=810=5 |

Q-switching experiments are described using an aluminum {
film on a poly (cthyleneterephthalate) substrate, explored by the electric 1

discharge of a low inductance capacitor. The feasibility of Q-switched laser

operation with various active media having large cross-secctions is cited as the
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main advantage of ‘he system studied. Ene:gy, time, and space

characteristics are determined for ruby and Nd-glass pulsed lasers,

Q-switched by the described system. The experimental set uv (Fig. 1)

Fig. 1. Diagram of Q-switching time mcasurement:

1 - illuminating lascr, 2 - telescope, 3 - exploding
film, 4 - objective (f = 1,600 :mm), 5 - diaphragm,
6 - photomultiplier, 7 - osciiloscope, 8 - optical
delay line.

features an exploding film located outside the laser cavity and a delay
mechanism for synchrorizing the laser pulse with the film explosion.
Oscilloscope traces show that the film clears up completely, wher the encrgy
input rate is incrcased and the total energy supplied exce«ds the metal
vaporization energy. The minimum clearing time s is 60 nsee. A high

voliage and small inductance in the discharge circuit, plus a sufficiently

high ratio of discharge energy to the film surface area are required for
rapid Q-switching. Time 7_ increases gradually with decreasing diaphragm

apertures, because of light scattering by the explosion products.

Laser characteristics arc also affected by radiation
interaction with the exploding film. The interaction was studied by
placing the fim in theccavity. Ir this case, when TS is decreased (e.g.,
to -~2 nsec for a 300 A thick film) a flarc 1s obscrved on the film surface.
The emission interaction with the explosion products resulis in increased
losses in the cavity and decrcased power output, The emission losses
from the substrate vaporization correspond to 88% of the transmissivity
of the open Q-switch and & 3-4 j/em~ cemission power density. A critical
power density ~1j/cm2 exists at which rapid vaporization of a 300 .?\ thick Al
film produces a 50 ns single pulsc, cven at 7_ = 350 nscc. Above this critical

value the pulse is distorted by substrate vaporization, and Q-switcuine is

-19-
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impaired. The angular distribution of the single-pulsc laser emission
indicates that the Q-switching film automatically compensates for mirror

misalignment owing to plasma heating by laser radiation.

Pokrovskiy, G. I., and I. S. Fedorov.
Vozvedeniye gidrotckhnichcskikb zemlyanykh

sooruzheniy napraviennym vzryvom (Construction

of hydroengineering ecarthworks by directed
cxglosions[. Moskva, Izd-vo Stroyizdat, 1971,
216 p. (RZhMekh, 9/72, no. 9V597 K)(T ranslation)

The monograph contains 13 chapters and deals with various
aspects of the effects of those explosives which are used in construction work

for .he destruction and movement of rock.

The first chapter discusses the effect of an cxplosion on
various rocks and soils. The flow rate of the explosion cnergy is examined,
particularly the cavity role (air or water filled) around ihe charge in explosion
efficiency. Chapter 2 is devoted to "fill" explosions on slopes. Features of a
crater on a slope are mentioned and a siir plified diagram of slope collapse
from an explosion is presented. Pactors poverning fill formation and rock
consolidation after collapse arc¢ compiled in Chapter 3. It is shown that the fill

density is a function of the slope height and the component rock strength.

Chapter 4 is on problems of rock motion during cratering and fill explosions
by concentrated and flat charge systems. Charaee sotting for cratering explosions
is considered in Chapter 5. It 18 concluded that the rock displacement rate

is independent of the escape of explosion products through the charge hole when
the hole cross section is two orders smaller than the charge chamber cross
section. In Chapter 6 a theory ol destruction of a rock mass by an explosion

is developed together with methods fur calculating compression wave displacemer

Lo
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and stresses. It is shown that at the normal explosion effect indices of

1.5 - 2, split-off breakdowns merge with thosc arounl the charge. A method
of calculating charges for the ercction of embankment: by loosening is
presented in Chapter 7. Detailed consideration is given to a system of
fragmented rock ove sflow under a linear increcase of the coefficient of

looscning to a maximum value at the free surface.

Current experience in the erection of earth dams by directed
explosions is reviewed in chapters 8, 9, and 10. The types of dams erected
by directed explosions are discussed as well as problems of dam filtration,
stability, and sedimentation. Results of blasting in connection with the
building of dams on the Terck river, ncar the city of Alma-Ata, the Baypazy
hydraulic complex, and the upper cofferdam of the Nurck hydraulic complex
are described. The cost effectiveness of constructing dams by the explosion
methods is illustrated on the basis of the Baypazy dam. Data on explosion
effects on the physicomechanical properties of soils and rock are presented
in Chapter 1. Compression zone dimensions are given for sand, clay, and
loam, as well as nose for destruction zoncs from an explosion in monolithic
rock. Chapter 12 outlines the manner in which demolition method dams should
be operated and studied. In the last chapter a theory of underground explosion
modelling is described togcther with methods for simulating cratering explosions

under laboratory and field conditions. !

Pachepskiy, Ya. A. CGalculation of powe rful

underground cxplosions. IN: Sbhornik. Nauchnaya

konferentsiya Institut mekhaniki Moskovskogo
universiteta 22-24 May 1972. Moskva. 1972, 29-30.
(RZhMckh, 9/72, no. 9V590) (T ransiation)

The problem ol a confined explosion m an unbounded rock massi

is considered. Test data arc uscd to construct a mathematical model of rock
behavior over a broad range of parameter variations. Methods are examined

for caleulating brittle failure of materiais,
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Solodilov, T. A., T. A. Abbasov, D. Kh.
Babayev, and Yu. G. Ganbairov. Method

for determining explosion depih. Otkr jzobr,
no. 28, 1972, no. 352243.

A method is propos=d for the precise measurement of the
embedding depth of explosive charges, Lased on recordings made by a single
sensor and the pulsation period variation factor of the explosion-generated

gas sphere.

Klevtsov, I. V., and M. I. Rasner.

Increasing the time span of massive

explosions in quarrics. Goruyy zhurnal,
no. 10, 1972, 31-32.

Results arc discussed of applying time-span control methods
{o minimize the air shock wave and fragment dispersion cffects during massive
blasting of quarry blocks. Methods include nroup charging, sequential blasting,
sectional charge-ordering, maximizing explosion delay gaps, adjusting the
charge column height, and simultancous sccondary crushing of boulders during

massive blasting.

Conclusions arc: (1) The duration of massive explosions in
quarries can be increased up to 10 seconds using specified block alignments

and blast sequencing based on given block mass conditions; (2) The maximum

admissible delay factor between adjacent boreholes when arranging air- gap | {
charge systems should be within the 165 to 270 msec range: (3) ‘Blasting work
on a series of quarry blocks piled one on top of the other should be done by

using detonation fuses sequentially connected from the bottom block upwards.
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Luk'yanov, G. A. Rotational relaxation in

a freely expanding nitrogen jet. ZhFMTF,
no. 3, 1972, 176-178.

A numerical analysis is presented of the free axisymmertric
expansion of a supersonic nitrogen jet, with allowance for rotational relaxation.
The carlier assumption of the negligible effect of rotational relaxation has
led to a significant discrepancy between theorectical and experimental data
for a sonic nozzle. Free nitrogen jet expansion from a round nozzle is
calculated at moderate temperatures, c.g., 300° K. The effects of viscosity
and thermal conduction are assumed to be negligible along with a Boltzmann
energy distribution of rotational degrees of frcedom. Rotational relaxation is

described by the equation

dT,- T.- Tf

dt <r

(1)

where T and T are totational and translational temperatures, 7 = ZT is the
rotacional relaxation lifetime, T is the mean free path, and Z is the number of
collisions until translational-rotational equilibrium is established. In addition
to (1), a set of six equations in a cylindrical coordinate system describes the

flow parameters. These equatiors are solved by the method of characteristics.

Finite difference equations of characteristics and relationships
along the flow lines are used to compute the parameters at the initial nozzle exit
section, in the flow, at the nozzle edge, and on the symmetry axis. The comput
Tr and T data are comparcd with analogous data calculated without allowance
for the rotational relaxation effect, and experimental data from the literature.
The comparative T and T versus x, - x/ra plots (ra is the nozzle exit scction
radius) show that the discrepancy hetween the carlier calculated and experimentz
Tr data is reduced significantly when the rotational relaxation effect is taken
into account. Atpr = 7.5 torr x mm (po is the receiver pressure) Tr
calculated with allowance for rotational relaxation agreed more closely
with the experimental data for Z = 5 than for Z = 10, whereas at Por, = 240 torr
x mm, the discrepancy between the data for Z = 5 and Z = 10 was insignificant.
For a small number of collisions. T _is only slightly affected by the rotational -

translational energy exchange.
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Kazhdan, Ya. M. Asymptote of flow during

shock wave impact on a wedge -shaped cavity.
ZhPMTF, nc. 3, 1972, 129-138.

An asymptote for the flow behind a shock wave front after
impact on a metal cavity edge is determined assuming that this flow is

divided into two regions. In region I, where

er-?<’y, r= ]/‘-‘“2 -+ 112;1'0, % = n/2(n = T) (h<aat)
(1)
the flow is described by an acoustic approximation on the assumption that the

wave amplitude € <1. Inregion II, where

ert-1 0 (1) (2)

the flow at € —» 0 is approximated by equations of an incompressible fluid.
Assuming symmetric flow with respect to the y-z plane, it is sufficient to
formulate an asymptotic solution for the region between the symmetry axis
and an unknown free boundary n; = nl(fl‘,, El > 0. For a given apex half-
angle v < m/2, the boundary problem solution is reduced to that of a nonlinear

singular integral equation for the real function

f(u) = org g () 7 /2+Y (3)
where {' (u) is a derivative of the {(u) complex function with {=£(£+in. A
numerical solution of the integral equation is obtained by iteration for y values ir
the 0 to 7/2 range. The iteration procedure is outlined. The function fn(u) was

determined after n iterations. For case of calculations. the function Rnl was

substituted for fnl according to the formula

== R (- )30y i
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where B =¥ - {(0) is the apex angle between the symmetry axis and the free
boundary. The function Rn (t) was used to formulate the free boundary
profile n(€) and the velocity M, at the free boundary apex. The n(t) profiles
(Fig. 1) and tabulated N B, and ¥y values were calculated for € = 0.1 and

CO - 5.5 km/scc. The tabulated data suggest that an arbitrarily small

e — - e

i

Fig. 1. Free boundaries in the &n plane.
Broken line calculations were by the difference
method for y = m/4.

deviation of ¥ from m/2 results in a finite change of B.

Bronshten, V. A. Propagation of spherical

and cylindrical blast waves in a heterogeneous

atmosphere with allowance for counterpressure.

ZhPMTF, no. 3, 1972. 84-90.

An approximation methed of parallel layers is introduced to
calculate the characteristics of a weak spherical blast wave and cylindrical

shock wave propagating in a downward direction in a heterogencous

-25-
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exponential almosphere. Such a problem arises, for example, in attempting

to evaluate the flight and explosion of the Tunguska meteorite. Since the

blast wave from an explosion 2t 5-10 km above the ground is greatly attenuated
at the surface, counterpressure must be taken into account. The three-
dimensional problem of cylindrical wave propagation at an angle i to the

horizontal plane (Fig. 1) is initially redvced to a two-dimensional problem by

Fig. 1. Diagram of cylindrical and
spherical wave propagation,

applying the plane cross-section principle, i.c¢., neglecting propagation along

the cylinder axis.

The two dimensional problem is further reduced to a one-
dimensional problem by parametrization in terms of the angle 91. Similarly, the
two-dimensional problem of spherical blast 'wave propagation is made one-
dimensional by parametrization in terms of the angle 8. In both cases, the
one -dimensional problem is solved by the method of parallel layers, involving
a divis_.on of the atmosphere into parallel, small-thickness layers. The
atmosphere within cach layer is considered to be homogencous and wave transitio
across the inter-layer boundary is assimilated to the boundary transition between

two media. Wave propagation within cach homogencous layer is described by

S




known approximation formulas. The effect of atmospheric heterogeneity
on shock wave propagation is expres sed by the parameter

ﬂ=(ro|'(':os 9|)/H‘ (l),
where r = (E/,) ) i , E is the blast energy, p; is the nonturbulent air
prcssurc at the clevatmn H_ of the explosion point B, and H* is the homogeneous
layer height. Using an approx1mat1on formula the excess pressure q =
(P, - Py )/pl at the shock wave front propagating in a heterogeneous atmospherc

from a mode:ately elevated point, and its propagation velocity, can be rapialy

evaluated.

Elizbarashvili, T. Sh, Detonation wave

characteristics in rc~%s, AN CGruz SSR.
Soobshcheniya, v. 67, no. 3, 1972, 633-636.

The effect of the propagation direction of a detonation wave
front is discussed with respect to the rock surface. The formation and
propagation characteristics of the reflected cxpansion and refracted shock
waves are considered for the cases when the detonation wave strikes the reck
surface at an angle # = 90 degrees or & = 0-90 degrees. In the 0-90 derrees

range (the most common case) and at a detonation velocity Dy <D the

refr’
angle ) satisfies the equality D /sm(.u~l Drcfr When w < <w < 90 degrees,

the incident, refi:cted, and refracted waves do not it 7=ct at one point and
energy is transferred to the rock across a stresscd zone. The calculations |
verify the advantage of using a priming charge distributed lengthwise over a

concentrated charge.

ok
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Lyakhov, G. M., V. N. Okhitin, and

A. G. Chistev. Shock waves near an

cxplosion site in soils and water,

ZhPMTF, no. 3, 1972, 151-159.

A solution is presented to the problem of two-dimensional
shock wave propagation in multicomponent soils and water at distances from
the exnlosive charge for which the pressure p is at least tens of thousands
of atméspheres. It is assumed that a small thickness and large surface area
cxplosive charge is instantly detonated in the medium. The medium is
reprcsented by a mathematical model developed earlier by one of the authors
(Lyakhov) for a three-component medium containing solid particles, water,
and gas. The model is only applicable at p > p, . when skeleton compressibility
is negligible. Wave propagation at a time t = 1, when the expansion wave front

R. attains the initial cross-section, is described using the model

1

p= (1 — x)’/,' w=1- (1 b .’L‘)'/' (1)

(2)

in the region 0 <X < XR and by

p=pr, w=ur, D=Dr=urVo(Vo—Vr)? (2)

2
in the region XR( ) <X< XS (Fig. )

t

Fig. 1. Wave propagation diagram:

Ry - expansion wave front, R, - expansion
wave detonation products boundary, R3 -
reflected expansion wave, S - shock wave
front, T - contact discontinuity (detonation
products -medium inte rface).
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The initial shock wave parameters pr.. Ur, and VT in (1) and (2) were
calculated for the three media (Table 1).

‘fable 1. Characteristics of three-component media v, 7,

volumetric content of the gas, liquid, and solid 2
components, respectively.

Medium Dimensionless

ML Dimensional
Media characteristics parameters

parameters
L ‘ ay a, Ip..,/cm rr ' uy | Vo P xgfent ”T.Mlcen‘p , 2fcar

First 0 (0.4 0.6 [1.99]0.578]0.166] 0.66 | 54.10
S’ecqnd 0.02 ] 0.83 ] 0.65 | 2.05 [u.58210,465 n.ét; safo-w! 8?)3 3
Third 0 1 |0 1 10408 02081 1,40 [38.3.108 | 1080 {1

Computation of u, p, and D was done scparately for five diffcrent regions
by the method of characteristics. The p, u, and discontinuity shift.y versus
t plots at the gas chamber boundary (T) show the gas chamber relative
dimensions in three media types studied. The p, u, and D versus x and p(t)
plots in the S =rgion indicate, in agrecment with experimental data, that p,
u, and D in a water-saturated soil (rv1 = 0) are higher than in water, but
decrease significantly in the presence of even small amounts (Nl =hOM 0 2)%of

air in water -saturated soil. The decrease in these parameters is accentuated

at increasing distances from the explosion site,
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Ansabayev, A. A., V. K. Khaydobin, and ... T. Darmenbayevw. Use
of inclined boreholes on steep banks in the Sarbay crater. Gornyy
zhurnal, no. 1, 1273, 38-39.

Baladins'kiy, V. L., V. P, Kuk¢a, and V. F. Barannikov. Impact
destruction of solid materials, IN: Sbornik. Nauka i tekhn. v mis'k.
gospod, no. 20, 1972, 35-42. (RZhMekh, 1/73, no. 1V628)

Berdennikova, N. I., M. V. Chizhova, and A. A. Belozerov. Study

of effective parameters of real media based on seismic observations in

borehcies. IN: Sbornik. Voprosy dnamicheskoy teorii rasprostraneni
seysmicheskikh voln, no. 11, 1971, 124-135. (LZhS, 4/73, no. 11323)

Bogdanov, P. A., A. V. Nedzvetskiy, A. V. Klevetenko, P. S. Malyy,
A. S. Koloivznev, N. I. Bushchuk, and F. I. Shmeretskiy. Evaluating

the strength of rock massifs during large-scale blasting. IN: Sbornik.

Gornorudnoye proizvodstvo, Krivoy Rog, 1972, 51-53. (RZhMekh,
1/73, no. 1V655)

Bronnikov, D. M., et al. Vzryvnaya dostavka rudy v shakhtakh
(Blasting and ore mining). Moskva. 1zd-vo Nedra, 1972, 104 p. (RBL,
10/72, no. 325)

Inagamov, R, Sh. Results of using a signal summator along hyperbolic

cophase axes. IN: Sbornik. Voprosy dinamicheskoy teorii rasprostranen

seysmicheskikh voln, no. 11, 1971, 224-237. (LZhS, 4/73, no. 11340)
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Krauklis, L. A., and B. Ya. Gel'chinskiy. Aspects of using a

correlation program for seismic waves. IN: Sbornik. Voprosy

dinamicheskoy teorii rasprostraneniya seysmicheskikh voln, no.
11, 1971, 80-89. (LZhS, 4/73, no. 11351)

Krauklis, P. V., and V. G. Krasavin. Effect of bow wave shielding.
IN: ibid., 57-62. (LZhS, 4/73, no. 11352)

Lebedev, T. S., et al. Uprugiye svoystva gornykh porod pri vysokikh
davleniyakh (Elastic properties of rock at high pressures). Kiyev,
Izd-vo Naukova duraka, 1972, 183 p. (RBL, 10/72, no. 656)

Lozinskiy, Z. N. Method of automatic correlation of multiple seismic
profiling data. Otkr izobr, no., 4, 1973, no. 363948,

Mindeli, E. O., and A. S. Volokh. Calculating blast wave parameters

in rock. IN: Sbornik. Gornorudnoye proizvodstvo, Krivoy Rog, 1972,
136-139. (RZhMekl, 1/73, no. 1V653)

Miroshnikova, O. V., Yu. G. Shopin, and N. G. Martsinkovskaya.

Kinematic and dynamic characteristics of waves reflected from sloping

boundaries, for models of heterogeneous media. IN: Sbornik. Vopros)

diramicheskoy teorii rasprostraneniya seysmicheskikh voln, no. 11,
1971, 136-146. (LZhS, 4/73, no. 11358)

Modelirovaniye razrushayushchego deystviya vzryva v gornykh porodakh
(Modeling the destructive effects of explosions in rocr). Moskva,
Izd-vo Nauka, 1972, 215 p. (RBL, 10/72, no. 433)

Molotkov, I. A. Applying asymptotic formulas for surface waves in

heterogeneous paths. IN: Sbornik. Voprosy dinairnicheskoy teorii

rasprostraneniya seysmicheskikh voln, no. 11, 1971, 27-32, (LZhS,
4/73, no. 11360)
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Oleynik, N. P., N. I. Dyadechkin, and V. B. Ostrovskiy. Increasing

the reliability of electrical firing circuits during ore crushing under

flood conditions. Gornyy zhurnal, no. 1, 1973, 39-41,

Petrashen', G. I., and E, F. Khinen. Applying engineering equations

for oscillations of nonideal elastic plates. IN: Sbornik. Voprosy

dinamicheskoy teorii rasprostraneniya seysmicheskih voln, no. 11,
1971, 48-56. (LZhS, 4/73, no. 11602)

Puchkov, S. V. Behavior of uniform seismic resistance dam

configurations under the effect of short-duration seismic loads. IN:

Sbornik., Voprosy mekhaniki, Tashkent, Izd-vo Fan, no. 11, 1972,
59-63. (RZhMekh, 1/73, no. 1V771)

Shkuta, E. I., A. A. Yeshchenko, O. G. Shekun, D. I. Malyuta, and
O. V. Dymchenko. Use of inclined boreholes in Krivbass quarries.
Gornyy zhurnal, no. 1, 1973, 37-38,

Taranov, V. G. Foundation interaction with bedding from seismic

effects. IN: Sbornik NII osnovaniy i podzemnykh sooruzheniy Gosstroy

SSSR, no. 63, 1972, 84-87. (RZhMekh, 1/73, no. 1V578)

Troyan, V. N. Recepli.n effectiveness of single seismic waves with

curvilinear cophase axes. IN: Sbornik. Veprosy dinamicheskoy

teorii rasprosiraneniya seysmicheskikh voln, no. 11, 1971, 195-202.
(LZhS, 4/73, no. 11373)

Troyan, V. N. Reliability of sampling of seismic waves with
curvilincar cophase axes. IN: ibid., 203-210. (LZhS, 4/73, no. 11374
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Yefremov, E. 1. Vzryvaniye s vnutriskvazhinnymi zamedleniyami
(Delayed action blasting in wells). Kiyev, Izd-vo Naukova dumka,
1971, 176 p.
Yurgens, D. I. Solution to a problem on cylindrical wave propagation
in concrete. IN: Trudy TsNII stroitel'nykh konstruktsiy, no. 23,
1972, 32-39. (RZhMekh, 1/73, no. 1v800)

. Exploding Wire
Azarkevich, Ye. I. Application of similarity theory in calculating
characteristics of electric explosion of conductors. ZhTF, no. 1,
1973, 141-145,
Baykov, A. P., A. M. Iskol'dskiy, and Yu., Ye. Nesterikhin, Electric
explosion of wires at a high rate of energy input. ZhTF, no. 1,
1973, 136-140.
Equations of State
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Fortov, V. Ye. Equation of state for condensed media. ZhPMTF,

a tecondary virial coefficient for multiatomic gases based on acoustic

data. VLU, no. 22, 1972, 144 -146
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Khayrutdinov. K. A. Processes in a real gas. IN: Trudy
metrologicheskikh institutov SSSR, no. 136(196), 1972, 130-133.
(RZhF, 12/72, no. 12Yell)

Makogon, L. I. Nomogram of an equation of state for an ideal gas.

IN: Sbornik., Gorn. eitektromekh. i avtomatika, no. 21, 1972, 39-
43, (RZhMekh, 1/73, no. 1B375)

Malyshev, V. V. Equation of state for UF, at densities to 0.01189

g/cm3 and temperatures to 367° K. Atomnaya energiya, v. 34,
no. 1, 1973, 42-44.

Pitayevskaya, L. L., and A. V. Bilevich. Velocity of ultrasound in
carbon dioxide at pressures to 4.5 kbar. ZhFKh, no. 1, 1973, 227-229.

Rabinovich, V. A., L. M. Burshteyn, and N. M. Akulova. Thermo-

dynamic properties oy solid para-hydrogen at 0to25° K temperatures

and | tc 500 bar. IN: Shornik. Teplofizicheskiye svoystva veshchestv
pri nizkikh temperaturakh, Moskva, 1972, 31-39. (RZhKh, 3/73, no.
3B683)

Zhdancv, V. A., V. F. Konusov, and A. V. Zhukov. Equations of
state for copper, silver, gold, aluminum, nickel, and lead. IVUZ
iz, no. 1, 1973, 66-70.

vii, Miscellaneous Effects of Explosions

Razvitiye teorii i praktiki vzryvnogo dela (Development of theory and

applications of blast operations. Collection of articles). Moskva,
Izd-vo Nedra, 1972, 239 p. (KL, 2/73, no. 1066)

Romanov, I. D., and V. V. Sten'gach. Sensitivity of PETN to
electrical sparks. ZhPMTF, no. 6, 1972, 152-155.
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Serov, V. 1., and V. M. Kononov. Vertical impact machine for

shock-testing explosives. Otkr izobr, 36/72, 1972, no. 360587,

Shchegolevskiy, M., and B. Gordiyenko. Explosive generators:

2 new branch of technology. Na stroykakh Rossii, no. 9, 1972,
15-20. (LZhS, 2/73, no. 4641.

Sinkevich, O. A., and O. S. Popel'. Feasibility of generating a

secondary shock wave from one-dimensional dispersion of actual

detonation products in a medium with counterpressure. IN: Trudy

Moskovskogo energeticheskogo instituta, no. 115, 1972, 21-32.
(RZhMekh, ./73, no. 1B159)

Tolokonnikov, L. A., and G. T. Volodin. Calculating point explosions_

in various active media. PM, v. 9, no. 1, 1973, 15-19.




3., Geosciences

A, Abstracts

Prozoroev, A, G., and Ye. Ya. Rantsman.

Statistics on the earthquakes and morphological

structure of eastern Central Asia. IN:
Akademiya nauk SSSR. Dokiady, v. 207, no. 2,
1972, 341-344.

A correlation between successive earthquakes is analyzed, and
the parameters describing the correlation are cempared with morphological
structure. The method is based on the comparison of the local statistics of
the completc and rardomly compiled earthquake catalogs. The following

results are obtained:

1. There exists a positive influence for weak earthquakes

(E = 10’

in the proximity of the initial earthquake. For normal earthquakes this

-10 © j): their recurrence probability increases by some value p

increase is statistically significant at 7= 30-40 days ard d < 50 km. For
intermediate earthquakes the positive influence is smaller, but still statistically

signif.cant at 7= several days and d = 10-20 km.

2. Sequences of weak normal carthquakes are identified for
which d < do and 7 < T A ssuming do =15 kmand 7 _ = 3 hours, then the
first-order error (identilying a fictitous sequence of independent earthquakes)
does not exceed 7%, while the second-order error (missing a sequence)
reaches 43%. If d0 =50 kmand 7 i 40 days, the second-order error is too
high. Strong carthquake sequences with thresholds of r = 10 days and
d0 = 25 km have been identified.
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3, A significant decrease of p in the focal-depth range

of 120-160 km is observed foi intermediate earthquakes (see Fig. 1)
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Fig. 1. Positive Iinfluence p of an Initial Earthquake
on Subsequent Ones within the Time Interval7<15
Days and Distance d <18 km.

Analyzed earthquakc’gs were: group V intensity for
1952-1956 and E = 10’ - 1012j for 1957-1961.

1 - estimated p; 2 - 90% confidence level of the
estimation: 3,1 - estimated p for 1952-1956 and 1957-
1961, respectively.

This depth interval corrcsponds appro<imately to an assumed waveguide.
4. The correlation between p and ¥ (recurrence graph slope)

and morphological structure is analyzed. High p (large number of sequences)

is confined to regions with thick sedimentary cover (region V in Fig. 2),
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as well as regions with exposed crystalline rock. High v is confined to

regions with high tectonic stresses (Tien-Shan, Pamir).

5. Deviation of p and ¥ from average values can be attributed
to the build-up of a strong earthquake. Thus, anomalous earthquake sequences

were observed in the past at sites where subsequent strong earthquakes occurred

6. The distribution of seismic activity in Central Asia

with respect to morphological structures changed significan:ly during the
1895-1965 period;

7. The hypothesis that a strong earthquake induces ''distant
aftershocks' at the sites of future strong earthquakes was examined. The

significant of the existence of ""distant aftershocks' is found to be 99% at
a=0.05,

Kuznetsov, V. L., G. F. Bgatova, and
V. V. Alekseyev. Technique for regional

seismic studies of the basement of the

western part of the Siberian platform.

Geologiya i geofizika, no, 11, 1972, 78-85,

Experimental deep seismic sounding studies were conducted
for the purpose of developing field procedures and observation method for
studying the upper part of the basement of the Siberian platform. A discrete
observation system was developed, intended for the recording of the seismic
waves from three major interfaces: layer I - within the sedimentary layer;

layer F - basement surface; and layer III - within the basement.
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The crustal model inferred from the experimental data, taking some earlier

results into account, is shown below in Figure L.
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Fig. 1. Seismic Section Along the Bedoba-
Karabula (Krasnoyarsk region) Profile.

1 - depths determined from reflected waves
(1965); 2 - from reflected waver (1969);

3 - from reflected waves (1970); 4 - from
refracted waves (1970); 5 - assumed fault;

6 - seismic interfaces; 7 - assumed seismic
interfaces.

Surkov, V. S. Deep structure and near-

surface tectonics of the Altay-Sayan folded

region, Geologiya i geciizika, no. 11, 1972,

15-24.
{
: . . :
The results of a complex interpretation of geological and
geophysical data on the crustal and upper mantle structure of the Altay-Sayan &
4

folded region are summarized. The relatior between the deep structure and the

tectonics of the region is considered.
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The density discortinuities determined for the lower crust

and the upper mantle are illustrat.d in Fig. 1. The low-density zone in the
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Fig. 1. Outline of Density Discontinuities in the Lower
Crust and Upper Mantle in the Altay-Sayan Folded Region
(compiled by V. Surkov, P. T. Morsin, and O. G. Zhero).

1 - High-density zonc in the lower crust; 2 - Intermcdiate-
density zone in the lower crust; 3 - Low-density zone in the
lower crust; 4 - Low-density zone in the upper mantle.

, S 3 )
upper mantle (density decrement 0.05 g/cm’™) is related to a region of intense
PP y g

present uplifting (Gornyy Altay, western Sayan, etc).
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density in the lower crust, outlined in the western and southeastern part
of the region are apparently related to differing crustal composition, fernic
and sialic, respectively. Isopach maps for the crust and granitic metamorphic

layer are shown in Fig. 2. It was established that the Moho discontinuity relief

Fig. 2 . Isopach Map for the Crust and Granitic -Metamorphic
Layer in the Altay-Sayan Folded Region (compiled by V. S.
Surkov and P, T. Morsin).

1 - Isopachs for the granitic-metamorphic layer:; 2 - isopachs for {
the crust.

reflects both the present and ancient tectonics of the region. Thus, a general

sinking of the Moho discontinuity to the south is related toneotectonic surface

—-—‘—dﬂd—dﬁddﬁad-—

structures, while local depressions and uplifts are related to ancient ones. l' 14

The tectonic development of the Altay-Sayan folded region is considered in the

light of .ew data on deep structure. _ i
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Smirnova, M. N. Effect of weak earth-

quakes_on the Pyatigorsk mineral springs.
IN: Akademiya nauk SSSR. Izvestiya.
Fizika Zemli, no. 7, 1971, 80-83.

An analysis is given of the effect of the weak earthquake of

16 June 1946 on the mineral springs of Pyatigorsk in the Caucasus. The
mineral springs are confined to two semicircuiar latitudinal and a merid

faults (see Fig. 1). The effect of the earthquake was manifested in the

Lake Preval

. () Teplyy Narzan s
porehote A4 ~.
T
Kholdn'y B" Pushkinskiy .\c:‘& ’,,,-"/
Narzan "*s-,.i o A

7
Krusnoarmeyskiye

oy 2ol O TERPRC sl " Narodnyy

i

/4
N
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Borchole#¢ /4
¢
& Nahlonnaya borehole I

-

(43 ~
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Wi AN L™ o o
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Radioshtol'nya A%( S O
e .
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Fig. 1. Locations of he Pyatigorsk Mineral Springs
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Composition of the springs: 1 - carbonic acid springs;

2 - carbonic acid and hydrogen sulfide springs; 3 - ferrous
carbonic acid and hydrogen sulfide springs; 4 - alkali salt
springs, 5 - radon springs.
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following ways:

. The level of Proval Lake (see Fig. 1) rose from 2.95

to 1.8 m (sic) one month before the earthquake.

fell to 3.2 m (sic);

Subsequently the level

2. The discharge rate and temperature of the mineral

springs underwent changes over 1-2 months before, and 2-3 months after

the earthquake.
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Fig. 2.
Springs in 1946 (1L - temperature,

the upper group cf springs (Pirogovskiye,
Teplyy and Kholodnyy Narzan), which are

. \ TONE . N
N L
- 1% . =%

Ch-onges in the Activity of the Pyatigorsk Mineral

- discharge).

Akademicheskiye, Pushkinskiy,

confincd to the intersection of the

faulls, the discharge increases preceding an earthquake, sharply increases or

decreases durmg, an earthquake, an" decreases after an carthquake (Fig. 2a).

In the inner Pirogovskiye and 1. ner Akademxchesluyc springs, a temporary

+ This description ayphes to inner Pirogovskiyeand inner Akademicheskiye

whlle the iliustration is shown for outer Pirogovskiy

(see Fig. 2).
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discontinuation of the discharge occurred after the earthquake. In the

lower group of springs (Lermontovskiy No. 2 Lower Kabardinskiy,
Teplosernyye No, 1, Radioshtol'nya No. 2), the discharge decreased
sharply preceding the earthquake, increased during, and decreased or
stabilized afterwards (Fig. 2c). The activity of the outlying springs of

the upper group (Narodnyy, Krasnoarmeyskiy No. 1, No. 2, No. 3, Borehole
No. 14, Naklonnaya borehole) was not affected by the earthquake (Fig. 2b).

The temperature of the upper springs increased slightly
before the earthquake, increased considerably during, and decreased
subsequently (Fig. 2a, b). In the lower group of springs, the temperature
did not change or changed very slightly in the 1-2° C range.

Dzhanuzakov, K.. and B. Il'yasov. Effect

of earthquare energy on seismic-wave

attenuation in southern Fergana. IN:

Akademiya nauk KirSSR., Izvestiya, no. 5,
1972, 15-20.

Results of cetimates of the effect of earthquake energy on
the attenuation of seismic waves from near earthquakes are presented. The
records of 500 carthquakes (1965-67) with E = 107 3 10ll j» h=3-5-15 km,
A = 15-170 km by eight seismographic stations are analyzed. Observational data
on the maximum amplitude of seismic waves were corrected for the local
conditions at seismographic sta-ions (correction factor 0.62 -1 72). Empirical
expressions are derived for : :) the relation between the attenuation factor and

energy class K = 1gE(j)
LB 003
1)

1 oy T
l;‘ /\.2

and b) the relation between the maximum amplitude and hypocentral distance
and energy class

s

1()"

A
where a = 3.7 % 0.5;ﬂ = 0.03 £ 0.1 (derived from 1gA = 1g q(K) - n, lg R.
where q(K) = a +p K).
S5 0=




Kogan, A. L. First attempt at a crustal

study in Antarctica by deep seismic sounding.
Geologiya i geofizika, no. 10, 1971, 84-89.

The first results of deep seismic sounding investigations in
Antartica performed in 1969 in the coastal zone of East Antartica (Novolaza-
revskaya station are:) are described. The observations were made along a
430-km-long profile aad at two receiving stations north and south of the
profile (see Fig. 1). The preliminary results of these investigations, as well

oty

. 3 3 . i
as the observing system and instrumentation used were reported earlier.

Instrumentation consisted of an SS-24P seismic system modified
by V. M. Davydov and B. P. Mishen'kin, an OS-8 seismic-recording

oscillograph, and a set of NS-3 vertical and horizontal seismometers.

Deep seismic soundings were performed using the point seismic

sounding method and discrete correlation of seismic waves.

a° 10° 12° 14° 16°
##ﬂﬂf ] OCEAN [ec ] [o=)2 [V]s

-

Fig. 1. Location of
DSS Observation Points

1 - Recording points;
2 - resulting DSS
points; 3 - shot points.

g Movol azerevshayu
132 4
]
SLE ok - o

X
o M

u®

%) Deep seismic sounding in Queen Maud Land. (Solovyev, D. S., and
A. L. Kogan. Informatsionnyy Byulleten' Sovetskoy Antarkticheskoy
Ekspeditsii, nc. 7. 1970, 33-38.
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The observing system consisted of two fixed shot points
15.7 km apart in the mddle of the profile (at the east and west ends of the
Schirmacher Ponds). The maximum recorder-to-shot point separation
was 225 km and the minimum, 54 km. The length of a linear array of six
groups of vertical and horizontal (in the x-axis direction) seismometers v as 1000
Each array consisted of three seismometers connected in parallel and turied
25-50 cm in ice or snow. Charges of 100 to 2000 kg were detonated at dunths
of 37 and 50 m, on the bottom of lakes located at the east and west end of
Schirmacher Ponds. Both lakes were covered by 2.4 m of ice. It was
established that the level of background noise was low. A special type of noise
occurring on certain days was attributed to the formation of thermal
cracks in the body of the glacier and was discovered during special observation¢
of background noise. Intense shear waves were consistently recorded at
long distances. In the initial part of horizontal seismograms. the horizontal

component of compressional waves wa recorded.

In the preliminary analysis of the records, refracted phase
and wide-angle reflections from the Moho discontinuity, as well as crustal
waves, were identified, and several records are given. Wide -angle reflections
from the Moho discontinuity were absent from the records at recording
point 10 on the Lazarev shelf. Very intense wide-angle reflections from
intercrustal interfaces were recorded immediately prior to the reflected

phase from the Moho discontinuity at recording points 3 and 4.

The crust in the coastal zone of East Antartica (15-150 km inland
from the present coast linc) is characterized by block structure (Fig. 2).
Three large blocks, separated by decp scated faults, are identified. The
existence of these faults has been established by gravity and magnetic data,
as well. The western fault probably penetrates the upper mantle and is not
evident on the day surface of the glacier, while the eastern fault is very
distinciiy evident. The depth to the Moho discontinuity in the central block is
38-40 km, which indicates continental type of crust. Within the western block,
the crustal thickness decreases from. 38 to 34 km. A crustal thickness of 32-33

km at the 50 kra observation point of the profile was determined from gravity
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Fig. 2. Preliminary Section of the Earth's Crust in Queen Maud
Land, East Antarctica.

1 - ceismic interfaces; 2 - depths from reflected waves; 3 - depths
from refracted waves; 4 - zones of deepscated faults; 5 - shot points;
6 - observing points; 7 - bottom of the glacier; 8 - ice; 9 - water;

A g - residual gravity anomaly, A 2z - vertical component of magnetic
field, I - boundary of equal layer velocities, II - assumed Conrad

jiscontinuity, M - Moho discontinuity.

the crustal thickness decreases from 38 to 34 km. A crustal thickness of
32-33 km at the 50 km observation point of the profile was determined from

gravity data. The crustal thickness (see Fig. 2) of the castern block, as

BR =




data. The crustal thickness (see Fig. 2) of the eastern block, as

revealed by gravity data, is equal to the thickr ess of the central block. The
crustal thickness increases southward, reaching 41 km at recording point 9,
while it decreases northward reaching 29 km at recording point 10 (Lazarev
shelf). This decrease of the crustal thickness and aksence of wide-angle
reflections from Moho discontinuity in the shelf region leuds to the assumption
of a transiticnal type of crust. Within the central block, two reflection
interfaces are found at depths of 18 and 28 kin. The interface occuring at

18 km is interpreted as the top of the "basaltic" layer. It was established
that the average crustal velocity is 6.4 km/sec, while the ""basaltic" layer
velocity is 6.65 km/sec and the Moho discontinuity velocity is 8.0 km/sec.
The velocity distribution in the upper crust is shown in Figure 3. The layer

velocities increase from 5.5 to 6.3 km/sec over a 15 km depth range.
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Fig. 3. Velocity Distribution from Data
of Generalized Time Distance Curve of
First Arrivals.

The residuzl gravity anomalies are in agreement with seismic
data on the Moho discontinuity along the profile, bu. not at recording points

9 and 10 (low and high values, respectively).
It is concluded that the DSS results verified the crustal

thickness as predicted from gravity data and the relief of the bottom and top

of the glacier.
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Khrometskaya, Ye. A. Strong earthquakes
in the USSR in 1967. IN: Akademiya nauk
SSSR. Institut fiziki Zemli. Zemletryasenya
v SSSR v 1967 godu (Earthquakes in the USSR
in 1967). Moskva, Izd-vo Nauka, 1970, 5-11.

The network of seismological observatories operating in the
USSR during 1967 provided reliable determination of earthquakes with M>
4 1/2, originating in the USSR and adjacent regions. The coordinater of
computer- determined epicenters and the magnitude of earthquakes
summarized in this article were taken from the Seismological Bulletin of
the Network of Seismograph Stations of the USSR (Seysmologicheskiy
byulleten' seti seysmicheskikh stantsiy v SSSR). The article contains a
catalog-type listing of the following data on 137 earthquakes with M> 4 1/2
originating in the USSR and adjacent region in 1967: date, origin time (GMT),
epicenter coordinates, focal depth, magnitude and the name of the region
where the epicenter originated. The distributions of the earthquakes in

individual seismic zones with respect to magnitude is as follows:

Total with

Earthquake magnitude Mz4é 412_<_M<5 5<M<6 6<M<T T<M<H
Carpathia 3 3 - - -
Crimea - - - - -
Caucasus 5 5 - - -
Kopet-Day 1 1 - - -
Central Asia

crustal 23 14 8 1 e

subcrustal 30 15 14 1 -
Altay Sayan 3 3 - - -
Baykal 3 - 2 - 1
Far East

crustal 45 with M > 5 - 36 8 1

subcrustal 18with M > 5 - 13 5 -
Arctic 1 - 1 s

* M2>5 for earthquakes in the Kurile-Kamchatka and Hindu Kush regions
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An epicenter map for the earthquakes is shown in Figure 1. A graph

of cummulative strain energy released in individual seismic zones during

1967 and a graph showing the variation of strain energy released in the

principal seismic zones in the USSR during 1957-1967 are given in the
article. Similar to previous years, seismic activity in 1967 was at its
highest level in the Far East seismic zone. It had been gradually

decreasing after a significant increase in 1963, reaching a minimum in

1966 and increasing again in 1967. A brief description of seismic activity

in individual zones in 1967 is given.

Kostyuk, O. P., and I. M. Rudenskaya.
Earthquakes in Carpathia. IN: Akademiya

nauk SSSR. Institut fiziki Zemli.
Zemletryaseniya v SSSR v 1967 godu{Earth-
quakes in the USSR in 1967). Moskva,
Izd-vo Nauka, 1970, 12-14.

The carthquakes in Carpathia during 1967 originated mainly
in the Vranchea region of the Carpathian chain in Rumania and in Trans-
carpathia in the USSR and Rumania. The earthquakes were located on the
basis of records from the Soviet Carpathian network of seismographic
Uzhgorod, Mezhgor'ye, Rakhov, Kosov, and the temporary

as well as data from other Soviet (Kishinev, Cherncvtsy,

stations (L'vov,

station at Morshin),
Simferopol', Yalta, Alushta, Feodosiya) and non-Soviet (Hungary, Poland,
Bulgaria, Czechoslovakia, Yugoslavia) seismographic stations. A catalog
listing of the following data on 20 earthquakes in Carpathia in 1967 is given:
date, origin time (GMT), epicenter coordinates, focal depth, accuracy class,
energy class K = lg E(j) and the name of the region where the earthquakes
originated. An epicenter map for the earthquakes in Carpathia during 1967
is shown in Figure . In 1967, as in previous years, the Vranchea region
was the most active with 15 deep earthquakes (H = 80-180 km). Macroseismic
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Fig. 1. Epicenter Map of Farthquakes in Carpathia

in 1967.
Earthquake energy (in joules): 1 - E = 1013; 2 -E-= 1012;
3-E= 1oll; 4 - E = 109. Accuracy class: 5 - A, B;
6 - not classified. Foral depth (inioa): 7 - H< 60 km;
8 - 100 <H <180 km; 9 - reisyacg rawhic stations

data on three earthquakes with E = l()9 , origirating in Transcarpathia

are given.




Dubinskiy, I. B., A. F. Kostina, and
S. A. Kapitonova. Earthquakes in the
Crimea. IN: Akademiya nauk SSSR.
Institut fiziki Zemli. Zemletryaseniya
v SSSR v 1967 godu (Earthquakes in the
USSR in 1967). Moskva, Izd-vo Nauka,
1970, 21-22.

Observations of earthquakes originating in the Crimea
seismic zone during 1967 were conducted at the Alushta, Yalta, Feodosiya
and Simferopol' scismographic stations. The stations were cquipped to
determine epicenter coordinates of earthquakes with E > 107 j. All
19 earthquakes observed originated in the Black Sea ina region between
44°1 - 44% N and 343 - 3520 E.

A catolog listing given in the article contains the following
data on 19 earthquakes: date, origin time (GMT), epicenter coordinates,
focal depth (16 shocks), accuracy class, energy class K = 1gE(j) and the
name of the geographical region where the earthquake originated. An
epicenter map for earthquakes in the Crimea seismic zone during 1967
is shown in Figure. 1. Seismic activity in this zone in 1967 was characterized

by somewhat increased activity in the Yalta-Alushta group of hypocenters.
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Fig. 1. Epicenter Map of Earthquakes
in the Crimea in 1967.

Earthquake energy (in joules): 1- E = 1010;
2- E = 109-1010; 3- E = 108; 4- E = 107-108;
5-E =107; 6- stations.
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Tskhakaya, A. D., E. A . Dzhibladze, V. G.
Papalashvili, T. M. Lebedcva, Ts. A.
Tabutsadze, L. K. Darakhvelidze, L. A.

Kakhiani, L. V. Labadze, 7. 7. Sultanova,
and V. P. Alimamedova. Earthquakes in the

Caucasus. IN: Akademiya nauk SSSR. Institut
fiziki Zemli. Zemletryaseniya v SSSR v 1967
godu (Earthquakes in the USSR in 1967). Moskva,
Izd-vo Nauka, 1970, 23-29.

A network of twenty nine seismograph stations was in
operation in the Caucasus in 1967. Twenty four of these stations were
equipped with high sensitivity seismographs. In addition to the records of
these stations, data from the Seismological Bulletin of the Institute of the
Physics of the Earth (Moscow), as well data from seismographic stations
in Poland, Turkey, and Finland, were used in the analysis of earthquakes,

A catalog listing is given for the following data on 759 earthquakes originating
in the Caucasus during 1967: date, origin time (GMT), epicenter coordinates,
focal depth, accuracy class, magnitude (11 shocks), energy class K = logE())
and the name of