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Abstract—Within the framework of the scientific trend that was developed at the Russian Federal Nuclear
Center, All-Russian Scientific Research Institute of Experimental Physics, explosion-protecting chambers
(EPCs) of different types with working volumes ranging from ~10–3 to ~10 m3 were developed and con-
structed. They are able to hermetically localize explosion products from explosive charges of units of grams
to tens of kilograms (in the trinitrotoluene equivalent (TNTE)). Scientific and engineering approaches to
designing the EPC structures, which are based on experimental methods and numerical simulation, are pre-
sented. Examples of developed chambers that are used in studies of a number of hydrodynamic processes are
given.
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When performing physical investigations of hydro-
dynamic processes and developing a number of
intense technologies, explosives are widely used as
loading devices that produce high pressures and tem-
peratures. A shock wave, gaseous explosion products,
and high-velocity fragments of inert elements that are
produced upon detonation of explosives propagate at a
high velocity and exert an effect on the environment as
damaging factors of an explosion. One of the ways to
protect the environment against their effect is to local-
ize an explosion in a closed volume of an explosion-
protecting chamber or container (EPC). EPCs are
intended for investigating the properties of materials at
high pressures and temperatures, testing explosives
and ammunition, evacuating and exterminating ter-
rorist devices, and safely transporting and storing
explosive-containing objects. Chambers are also used
in explosive technologies, e.g., in explosion welding,
and in some engineering fields where the explosion
energy is used. An object that contains explosives is
placed in an EPC, and the forming explosion products
(gases, fragments, and aerosols) are localized in its
volume. In this case, when performing the protective
function, an EPC must provide registering of the
parameters of dynamic processes in an investigated
object using various measuring transducers and, con-
sequently, must have appropriate hermetic inputs
(outputs) for transmitting electric signals and proton,
neutron, X-ray, or optical radiation beams. It is espe-
cially pressing to use EPCs when dealing with danger-

ously explosive objects that contain radioactive or
toxic substances.

The general scheme of the EPC design is shown in
Fig. 1. The chamber contains the following main ele-
ments: hermetic pressure housing 1 with bottoms 2;
charging orifice 3 that is closed with lid 4; and a pro-
tective structure that consists of case 5, bottoms 6, lid
7, and support 8. Dangerously explosive object 9
should be placed, if possible, at the geometrical center
of the EPC in order to provide axially symmetric load-
ing of the structure upon an object explosion. The

Fig. 1. General scheme of the EPC: (1) load-bearing her-
metic housing; (2) bottoms; (3) loading orifice; (4) lid;
(5) housing protection; (6) bottom protection; (7) lid pro-
tection; (8) supports; and (9) dangerously explosive object
(explosive charge).
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bearing capacity (blast resistance) of the EPC, i.e., the
ability to localize the energy release and explosion
products of an explosive charge, is provided by the
strength and hermeticity of the EPC housing, bot-
toms, lids, inlets (windows), and other elements. The
blast resistance of the EPC is determined by its mate-
rial, shape, and dimensions; the explosive-charge
shape (dimensions) and mass; the location of the det-
onation-initiation point in the explosive charge; and

the surrounding of the explosive charge (the presence
of the housing, metallic inserts, etc.) and its position
in the EPC. Depending on their purpose and carrying
ability, EPCs have different overall-dimension and
weight characteristics.

Some designs of the EPCs with working volumes of
10–3 to 10 m3, which can hermetically localize explo-
sion products of charges ranging from several grams to
tens of kilograms (in the TNT equivalent (TNTE)),

Fig. 2. Explosion-protective chambers of different purposes: (а) compact EPC for optical and X-ray diffraction measurements
(dout = 0.42 m, L = 1.0, dch = 0.1 m, Mc = 70 kg, mexp = 0.015 TNTE kg) [15]; (b) EPC for radiography (dout = 0.82 m, L = 1.1 m,
dch = 0.23 m, Mc = 980 kg, mexp = 2.5 TNTE kg) [9, 10, 14]; (c) spherical EPC (dout = 0.88 m, L = 0.95 m, dch = 0.22 m, Mc =
470 kg, mexp = 5.4 TNTE kg) [13]; (d) EPC for emergency ammunition (dout = 0.99 m, L = 3.31 m, dch = 0.43 m, Mc = 2000 kg,
mexp = 11.2 TNTE kg, the mass of the inert ammunition packet is 40 kg) [12]; (e) “Kolba” EPC (dout = 2.66 m, L = 9.2 m, dch =
0.55 m, Mc = 25 t, mexp = 200 TNTE kg [1]; (f) EPC for radiography (dout = 1.42 m, L = 6.2 m, dch = 0.65 m, Mc = 25 t, mexp =
40 TNTE kg) [11]; (g) EPC for emergency ammunition (dout = 1.79 m, L = 6.5 m, dch = 1.0 m, Mc = 25 t, mexp = 60 TNTE kg)
[6]; (h) 12Х18Н10Т steel EPC (dout = 2.44 m, L = 5.6 m, dch = 0.5 m, Mc = 20 t, mexp = 100 TNTE kg) [1].

(а)

(d) (e)

(f) (g) (h)

(b) (c)



INSTRUMENTS AND EXPERIMENTAL TECHNIQUES  Vol. 58  No. 2  2015

EXPLOSION-PROTECTING CHAMBERS 175

are shown in Fig. 2 [1–15] (the main EPC parameters
have the following notation: L, the EPC length; dout,
the outer diameter; dch, the diameter of the charging
orifice; Mc, the EPC mass; and mexp, the maximum
mass of the explosive charge (converted into the
TNTE), whose explosion is localized in the EPC.

In their purpose, EPCs are subdivided into station-
ary (which are not displaced during their operation)
and transportable and those singly and multiply used
for keeping products of fragmentation and fragmenta-
tion-less explosions. As to the shape of their closed
load-bearing shell, EPCs are subdivided into cylindri-
cal ones with f lat and rounded (hemispherical, ellip-
soidal, conical) bottoms and spherical chambers.
As regards their load-bearing scheme, EPCs are sub-
divided into single- and double-contour devices (with
an inner load-bearing housing that receives the pulse
component of the explosion load and an outer load-
bearing housing that receives the excess quasi-static
pressure of gaseous explosion products).

In the case of a cylindrical shape of the load-bear-
ing housing, EPCs may differ in the method used to
protect bottoms against the longitudinal component
of the pulse component of an explosion load. The bot-
tom protection systems are either of damping (with
flat deformable or massive undeformable diaphragms
and dampers of foam plastic, claydite, a stack of a
metallic grid, tubes, ribbed elements) or throttle
nature (in the form of baffles of disks with one or sev-
eral holes) [1–3, 5–13].

As regards the applied materials for the main load-
bearing element (the housing shell), EPCs are subdi-
vided into single-layer steel and multilayer steel, steel–
concrete, steel–composite, and reinforced-concrete
chambers [1–15]. When developing the load-bearing
housing, one should use structural materials that are
characterized by an increased specific strength and
energy dissipation under loading, a high thermal and
corrosion resistance, and provide a minimally possible
sensitivity of the structure to the effect of the scaling
factor and defects. Several EPC designs were imple-
mented with load-bearing housings made of alloyed
steels, such as 20 steel (Figs. 2a, 2b), 09G2S steel
(Fig. 2g), pipe steel of strength class of at least K60
(Fig. 2f), and 12X18H10T stainless steel (Fig. 2h).
Titanium and aluminum alloys and composite materi-
als are also the most promising materials [1]. If it is
necessary to strengthen the protection of the load-
bearing housing against the influence of fragments
and jets, an additional (antifragmentation) layer is
installed in front of the shell, for which the following
elements can be used: steel-grid layers, a set of metal
rings, one or several sheet-steel layers, an aluminum
alloy, concrete, claydite-concrete, ceramics, sand, etc.
[1–15].

The design of each EPC is developed for solving
particular typical engineering problems in accordance
with the requirements that are more stringent than for

ordinary high-pressure vessels. The basic require-
ments are as follows: the complete damping of a
shock-wave pressure pulse and explosion products;
retaining of the structure integrity and a specified
degree of hermiticity under the action of pulsed and
quasi-static loads, fragments, and other explosion fac-
tors; and prevention of a dangerous effect of an explo-
sion on the environment. The obligatory requirements
also include the convenience and safety of an EPC,
including such types of works as the placement of a
dangerously explosive object into an EPC and
extraction of this object from it (if necessary); loading,
transporting, and unloading of an EPC; performing
explosions in it, whose gaseous products produce an
excess pressure in the EPC cavity; blowing gases (CO,
СО2, NО) that contain detrimental, toxic, or radioac-
tive substances in the form of impurities and aerosols
out from the EPC; ventilation and purification of the
EPC cavity; f law detection; replacement of elements
that exhausted their service life; and some other types
of operations.

It should be also noted that the materials that are
used in the load-bearing EPC housing and are placed
in the most loaded zones, e.g., in the cross section that
is positioned at a minimum distance from the explo-
sive-load source, operate at a high-intensity dynamic
and nonuniformly distributed load at limiting tolera-
ble strength characteristics. In this case, if an EPC is a
singly used device, it cannot be preliminarily tested
after manufacturing with an excess gas pressure, which
is close to or exceeds the operating pressure, as is done
with high-pressure vessels. This is associated with the
fact that in such tests, the material of the load-bearing
shell will get hazardous damages and plastic deforma-
tions, which will not allow the geometry and mechan-
ical properties to be recovered after the load removal.
Subsequently, this may cause an EPC failure under
the operating load.

The main load-carrying element of the EPC is its
load-bearing contour. The material of the load-bear-
ing contour determines the levels of allowable stresses
and deformations in the structure upon explosive
loading and the character of its reaction and destruc-
tion. The shape and dimensions of the load-bearing
contour influence both some features of the gas-
dynamic processes that occur upon an explosion of an
explosive charge and the distribution of shock-wave
loads on the closed EPC contour. The aforementioned
parameters of the structure determine the value of the
total (incident and reflected) pressure pulse acting on
the load-bearing contour, i.e., the dynamic and quasi-
static loads applied to it. The strength and rigidity of
the load-bearing EPC contour depend on the dimen-
sions and location of the charging port (or ports and
inlets), and the elements that protect the housing, bot-
toms, and lids may reduce and redistribute the loads
on the EPC elements.
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The mass (dimensions) and shape of the explosive
charge specify the amplitude and duration of the pres-
sure pulse that acts on the load-bearing EPC housing
during an explosion. The inert elements that surround
the explosive charge or are positioned inside it are
accelerated, deformed, and destructed owing to the
explosion energy that is transferred to them; together
with the shock wave and gaseous products, they form
a loading pressure pulse, which exerts an effect on the
EPC shell. Some features of the action of fragments of
inert elements, which scatter in the form of a field of
fragments with different velocities or a formed
directed jet stream of a gaseous medium or a cumula-
tive jet (e.g., upon a point initiation of a spherical
explosive charge with a central cavity), may substan-
tially modify the EPC response and result in its local
damage. The position of the initiation point in an
object influences the explosive-detonation asymme-
try, thus leading to deformations of the jet streams and
directed fields of fragments, i.e., causing asymmetric
loading of the EPC.

The development of the EPC structure must be
accompanied by tests of its prototypes for their blast
resistance, including trials under increased and
destructive explosion loads. For EPCs with suffi-
ciently large dimensions and a high cost, it is desirable
to perform such tests on smaller-size models, which
are geometrically similar to full-scale prototypes, and,
if possible, under other conditions being the same
(identical designs, material, production technology,
loading technique, environment, etc.) [1]. However, it
is known that as the model size decreases, its strength
may increase. Consequently, the safety margin that is
determined for such a model and transferred to an
actual structure will be overestimated and the actual
EPC strength margin may be insufficient.

The physical manifestations of the influence of the
scale factor on the strength of the EPC structure (the
scaling effect) may be diverse, because they are related
to the bearing capacity of the structure, the strength
characteristics (e.g., the breaking stress σbr or breaking
strain εbr), the destruction type and character (ductile
or brittle, catastrophic), and the destruction location.
The scaling effect can be correctly estimated by com-
paring the response of geometrically similar structures
to similar loading. In the case of a geometrical similar-
ity, the relationships V/L3 = const and F/L2 = const (V
is the volume, L is the characteristic size, and F is the
cross-sectional area of the structure) are valid, and
similar loading is possible only if the “loaded struc-
ture–loading machine” systems are similar. The simi-
larity of such systems in static tests is usually not
observed because it is difficult to realize; however, it
can be successfully realized in explosion tests, if the
relationship V/L3 = const and F/L2 = const is valid (m
is the explosive mass, and M is the mass of the loaded
structure or its explosion-deformed part). The fulfill-
ment of this condition provides the similarity of

stressed–deformed states (in view of the correction for
a difference between the deformation rates) [1].

The manifestation of the scaling effect is accompa-
nied by an abrupt decrease in the bearing capacity of
the structure, as its dimensions increase, and a brittle
catastrophic character of its destruction.

The results of experimental investigations showed
that there exist methods for weakening and even
avoiding the influence of the scaling effect [1]. This
influence can be weakened, e.g., owing to the use of
materials in which there is a combination of the
required destruction strength and ductility with a high
plasticity, e.g., stainless or alloyed steels [1]. Another
method, in which two trends can be distinguished, is a
modification of structures. The first method is associ-
ated with the influence of the shape of a structure on
its sensitivity to the scaling effect. For example, the
stressed–deformed states of cylindrical and spherical
shells under internal pulsed loading are substantially
different: a cylindrical shell is in a state that is close to
a uniaxial (circumferential) tension, and a spherical
shell is in a biaxial stressed state. As compared to the
cylindrical shell, under the same conditions (dimen-
sions, load, etc.), the elastic energy that is stored in a
unit volume of the spherical shell is twice as large;
therefore, it is more sensitive to the influence of the
scaling effect and is fractured more catastrophically
[1]. The second method is associated with an increase
in the structure size without changes in the character-
istic size of load-bearing elements, which take loads on
themselves. Thus, the scale factor has a weak or virtu-
ally no effect on the strength of shell structures that are
formed of fiber composites, rolls of thin steel sheets,
and ropes. This is caused by the fact that despite
changes in the dimensions of structures, the charac-
teristic sizes of load-bearing elements, e.g., the diam-
eter of fibers in the composite, the diameter of wires in
the rope, or the sheet thickness in the roll, remain
constant; thus, the fraction of the stored elastic energy
that is expended for their destruction remains constant
[1, 4–6].

There is a positive experience in developing EPCs
in which the role of a load-bearing layer is played by a
fiber composite, which is formed by a layer-by-layer-
wound specified structure of threads of thin (with a
diameter of ~0.01 mm) glass fibers, which are impreg-
nated with a polymer binder. In this case, a strong
scaling effect is absent, because identical fibers are
destructed upon attainment of identical deformations
in both the model and the full-scale object, and the
stored elastic energy for destruction of an individual
fiber is taken from the vicinity of this fiber near a
crack. In particular, it was established in [1, 4, 5, 12,
13] that the explosion-loaded geometrically similar
cylindrical shells of oriented glass-fiber plastic are
fractured at ξbr = const and εbr = const, thus signifying
the absence of a strong scaling effect. The presence of
defects on individual fibers, which lead to their rup-
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tures in the corresponding cross sections, cannot
abruptly reduce the strength of the shell as a whole,
because the probability of the coincidence of defects
on several thousand fibers that are laid in parallel in a
given cross section is negligibly low. The shells that are
made of glass-fiber plastic and basalt plastic with
epoxy matrices using the winding method are charac-
terized by a high specific strength and a high corrosion
resistance, are insensitive to the influence of the scal-
ing factor, and have a low sensitivity to small defects
[1, 12]. They are destructed in the elasticity region and
have a high energy capacity.

The relatively low thermal stability of the matrix,
the low cyclic strength, and the dynamic instability of
shells manufactured of the aforementioned compos-
ites under pulsed loading [1] are the main drawbacks
that impose limitations on the independent applica-
tion of these materials for the load-bearing EPC hous-
ing. However, it was established in [1, 4, 5] that the
strengthening of glass-fiber and basalt plastic on the
inside with a steel shell allows these drawbacks to be
eliminated. The steel layer specifies the shape of the
housing shell, blocks the dynamic instability of the
composite layer, reduces the thermal loads, and pro-
vides the EPC hermeticity. A metal–composite struc-
ture absorbs a much higher energy than that absorbed
by a steel EPC. For example, this provides the solution

of problems that are related to mass limitations; this is
important for the EPC transportability. Such EPCs
were successfully used as the main explosion-protecting
contour in physical experiments and in explosion-pro-
tecting containers for evacuating emergency ammuni-
tion and terrorist devices (Figs. 2c–2e) [1, 12–15]. The
weight-perfection index (the ratio of the explosive-
charge mass, whose explosion is localized within a
container, to the mass of this container) of spherical
metal–composite EPCs is 1.1–2.5%, which exceeds
the index of analogous metal containers by a factor of
>2 [1, 3, 4, 13].

Singly used EPCs that are manufactured of steels
usually allow slight plastic deformations (1–2%) in the
most loaded parts of their structures, because other-
wise one fails to obtain acceptable mass–dimensional
characteristics for them. Therefore, before each explo-
sion test of such an EPC with a specified loading level,
it is necessary to perform a computational and experi-
mental substantiation of its strength and reliability
provided that the condition for the operation of the
material of the load-bearing housing is surely fulfilled
in the region of elastic deformations. If slight plastic
deformations are allowed in some zones of the most
stressed EPC cross sections, their values cannot reach
the experimentally verified levels of obviously “non-
destructive” deformations (stresses), which are
approximately one order of magnitude lower than the
“limiting” (that are close to destructive) values [16].

For metal EPCs that can be used many times, the
allowed stresses (deformations) for the load-bearing
housing are even lower; this means that at the same
loads, their dimensions and mass become larger or the
mass of the exploded charges decreases in comparison
to singly used structures.

When EPCs are developed, computational and
experimental investigation methods are widely used.
Specialized software systems have been developed,
which are used to calculate the gas-dynamic loads that
arise upon an explosion of an explosive charge and to
determine the stressed–strained state of the EPC ele-
ments during their response to explosion-induced
loads [17–20]. The DIADA2D software system for
calculating the gas-dynamic loads on structural ele-
ments of EPCs is based on the use of S.K. Godunov’s
method [17–19]. This method is based on the solution
of the problem of a decay of an arbitrary explosion.
The calculation of a f low is performed in movable
Euler coordinates and allows one to distinguish shock
and detonation waves and contact explosions. Exam-
ples of the calculation of an explosion of a compact
explosive charge with mexp = 11.2 TNTE kg, which is
surrounded by a multilayer housing with a mass of
40 kg in a cylindrical metal–composite EPC (Fig. 2d)
are presented in Fig. 3, which shows the fields of the
explosion-product pressure distribution and the
arrangement and shape of both the main structural
elements of the EPC and the explosive-charge case at

Fig. 3. Calculation scheme of loading with an explosion of
an explosive charge with mexp = 11.2 TNTE kg from the
geometrical center of a quarter of the cross section of a
cylindrical metal–composite EPC with hemispherical
bottoms (Fig. 2d) for two moments of time: (а) t = 137 μs,
(b) t = 1800 μs; (1) basalt-plastic shell; (2) steel shell; (3–
5) metallic-grid layers; (6) orifice lid; (7) throttle;
(8) foam-plastic damper; (9) inner lid; (10) inert case of
the explosive charge; and (PE) distribution field of the
explosion-product pressure in the EPC cavity cross sec-
tion [12].
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two moments of time for a quarter of the EPC cross
section [12].

Calculations of a stressed–strained state of the
EPC elements with consideration for a nonlinear
behavior of the material and a contact interaction
under explosion-induced intense mechanical and
thermal loads are conducted using the DRAGON
software system [20]. Figure 4 shows the comparison
of the experimental results and some calculation
results in the form of the time dependences of a “cir-
cular” deformation of the cylindrical EPC shell in sev-
eral cross sections along its generatrix. These depen-

dences characterize the EPC response to the afore-
mentioned explosive load (Fig. 3) [12].

Experimental investigations of the EPC under
explosive loading include the following:

(i) tests of new designs of EPCs and separate ele-
ments;

(ii) model and full-scale tests of load-bearing
structural elements;

(iii) model tests of the structure as a whole;
(iv) full-scale tests for confirming the bearing

capacity and strength margins;
(v) service tests of the EPC.
Investigations make it possible to reveal the fea-

tures of the reactions of the newly developed design, to
optimize its structural scheme and separate load-bear-
ing elements, to determine the bearing capacity and
strength margins of the EPC, to certify it for one-time
or multiple use, to confirm the strength service life of
the EPC during its operation, and to obtain data for
testing the calculation programs that are used in the
numerical simulation, which accompanies all experi-
ments.

To obtain the necessary information on the blast
resistance and industrial safety of an EPC during its
experimental refinement and operation for determin-
ing its strength parameters, which characterize its
response to explosive and subsequent quasi-static
loadings, well-known and specially developed mea-
surement diagnostic methods [1, 5, 12, 13, 21] are
widely used. Displacements and deformations of EPC

Fig. 4. Comparison of the calculated (dotted lines) and
experimental (data from strain-gauging measurements)
time dependences of the circular deformation in the cylin-
drical shell of a metal–composite EPC (see Fig. 2d): (а) in
the central cross section where an explosive charge was
installed; and (b, c) in the cross sections lying at distances
of 400 and 625 mm from the central cross section, respec-
tively. The explosive load is mexp = 11.2 TNTE kg; in the
central cross section, after the attainment of the first defor-
mation maximum, the signal from strain gauges at the
moment of ~1.0 ms disappeared because of their damage
[12].
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elements are recorded as functions of time using such
methods as high-speed photochronography (Fig. 5),
strain gauging (Fig. 6), electric-contact measure-
ments, and high-speed filming (Fig. 7). High-speed
photochronography is performed via the frame or
shadow method. An object is placed between a high-
power pulsed light source and the objective lens of the
high-speed recorder. Figure 5 shows a streak photo-
graph of the time-dependent radial displacement of
the EPC outer surface (Fig. 2d) in the most severely

loaded central cross section, which was obtained using
the shadow recording method in the “slit” mode. This
cross section coincides with the center of the explosive
charge with the mass mexp= 11. 2 TNTE kg. The results
of processing the streak photograph in the form of the
“displacement–time” dependence are shown in this
figure.

The motion velocities of the EPC-housing surface
in specified cross sections are recorded with laser and
radio interferometers and a capacitive sensor, and the
accelerations (overloads) are registered with piezo-
electric accelerometers. The pulse and residual pres-
sures in the EPC and the temperatures in its cavity and
at the walls are also measured.

To date, a compact EPC with a bearing capacity of
15 TNTE g [15] and a Kolba transportable container,
which withstands an explosion of up to 200 TNTE kg
[1] (Figs. 2a, 2e), have been used in the practice of
physical investigations at the Russian Federal Nuclear
Center–All-Russian Scientific Research Institute of
Experimental Physics. EPCs of different modifica-
tions with load-bearing housings of steel, steel and
concrete, and composite materials and steel were
developed for localization of explosions with energies
of up to 50 TNTE kg. Some of them are successfully
operated. An example of recording the process of ejec-
tion (sputtering) of particles from the free surface of a
lead sample, which was subjected to shock-wave load-
ing with a maximum amplitude of the loading pressure
pulse of ~15 GPa, are presented in Fig. 8 [15].

Fig. 6. Time dependences of the circular dynamic deforma-
tions, which were obtained in an explosion test of a spherical
EPC (shown in Fig. 2c) using an explosive charge with
mexp = 5.4 TNTE kg. Strain gauges were placed (1) in the
equatorial cross section and (2) at a distance of 200 mm
from the equator along the generatrix [13].
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X-ray radiography methods: (1) free surface of the sample; (2) particle flow; (3) Pb standards (foil with a thickness of 30–480 μm), and
(К) optical magnification factor [15].
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Hence, the created research area of studies, which
is based on the physically substantiated approaches to
designing, experimental methods, and numerical sim-
ulation, makes it possible to develop EPCs of various
purposes, which provide the industrial safety during
investigations of explosive processes and during their
applications in blasting technologies using explosive
charges with masses in a range of a few grams to several
kilograms.
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