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Laser initiaion of PETN-based composites with nano-sized absorbing additives
of carbon and aluminum under conditions of various volume compression

The energy thresholds and the kinetics of explosive decomposition of pentaerythritol tetranitrate (PETN) and
its composites induced by the laser pulse (Ay = 1064 nm; 1, = 12 ns) in dependence on the concentration of
absorbing additives and different volume compression within the range from 40 to 600 MPa are experimen-
tally studied. The sensitivity of pure PETN and its composites increases along with the volume compression
value. For low pressures (less than 200 MPa) with the increase of additives concentration the sensitivity of
mixtures to laser pulse exposure increases and for higher pressures (more than 300 MPa) — it decreases.
Such behavior is explained from the perspective of both diffuse light scattering and the thermal micro-spot
model of initiating the transparent explosive components (the “hot spot” model), according to which the reac-
tive capacity of hot spots is determined by their heat reserve, their concentration and the scale of gas dynamic
unloading in the neighboring to hot spots pores and through the sample surface pressed by the input window
(the area of low pressures), as well as by the heat conducting unloading of hot spots in the explosive compo-
nents matrix and the covering glass (the area of high pressures).
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Introduction

The goal of this work is to identify the combined effect of absorbing nano-sized additives and volume
compression pressure on the energy thresholds of pulsed laser initiation of pentaerythritol tetranitrate
(PETN) and to improve model concepts of the mechanism of laser initiation of explosive decomposition of
composites based on PETN powders. The objectives of the study included determining the value of spatial
illumination in the sample volume at different concentrations of absorbing additives (up to 1 % by weight)
and different compression pressures (from 2.5-10” Pa to 4-10° Pa), determining the coupling coefficient be-
tween spatial illumination and surface illumination specified by the laser beam, obtaining experimental de-
pendencies of the energy thresholds of initiation of explosive decomposition of mixtures, developing and
describing the mechanisms of explosive decomposition of PETN.

The studies of the laser pulse ignition of the secondary explosive components are conducted since the
60s of the previous century [1-6]. However, until now the united opinion about the initiation mechanisms
has not been formed. The main cause for this is the absence of the unified methodology of research conduct-
ed by different research teams which is discussed in [6]. The most informative direction of research to dis-
cover the ignition mechanisms is the experiments of the impact of the volume compression pressure on the
ignition energy thresholds. The pioneering experiments in this direction were described in [2], where the
volume compression of powders of PETN, hexogen and octogen was achieved by the positioning of the
samples into metallic compression mold with the transparent input window placed into the hydraulic press.
In the experiments there was used the compression pressure of the input window from 10 MPa (0.1 kbar) to
2000 MPa (20 kbar). At that, with the compression pressure increase there was observed the monotonous
increase of sensitivity (the ignition threshold decrease). Thus, with the laser pulse irradiation with the pulse
duration of 40 ns on the wave length of 1064 nm the threshold energy density comprised about 600 J/cm?
under the pressure of 10 MPa, while under the pressure of 2000 MPa — it is about 20 mJ/cm?, that is, it de-
creased approximately in 30000 times.

The studies of PETN mixtures with absorbing additives were conducted in [3-5], where it was demon-
strated that with introduction of additives the ignition energy decrease is recorded and it depends on the addi-
tive material. The maximum decrease of energy was discovered in [3, 4] with introduction of aluminum par-
ticles with the size of 2 um.
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In the study [6] there were measured the ignition thresholds for pure PETN with the dispersion of
6000 cm?/g and PETN with additives of carbon nanopowder particles (the typical size of the particles is
75 nm) with the additives’ concentration from 0.1 % to 1 % on the mass. The compression pressure of the
input window (the plexiglass thickness 5 mm) did not change and was 1.76-10° Pa (1.76 kbar) with the laser
beam diameter equal to 0.6 mm. It was demonstrated that with the increase of additives concentration the
threshold energy (the energy density) decreases monotonically. Thus, under zero concentration (pure PETN)
the threshold energy comprises 6.5 mJ (the threshold energy density 2.3 J/cm?), under the concentration
0.1 %C — 2.4 mJ (0.85 J/cm?); under the concentration 0.5 %C — 1.8 mJ (0.64 J/cm?); under 1 %C —
1.3 mJ (0.46 J/cm?). It was discovered that the sensitivity under 1 % additive of carbon nanopowder increas-
es in 5 times in comparison with the PETN sensitivity which does not contain additives. In [7] there was suf-
ficiently detailed study of the PETN behavior with additives of coarse particles of different metals (the size
20-100 pm) and with the additives of aluminum fine particles (the average size is about 1 um) in depend-
ence on their concentration (up to 10 % on the mass). The specifics of the methods of the experiments were
the low density of mixture (less than 1 g/cm®) and the input window (the sheet glass) tightly pressed to the
surface avoiding the pressuring force. There were obtained the dependences of the ignition thresholds on the
irregularities’ concentrations. In both cases the minimum of the ignition threshold was discovered under cer-
tain values of concentration. The similar results were obtained in the studies [8-9], but under high densities
of PETN mixtures with nano-sized aluminum particles (1.75 g/cm®).

In the study [10] there was investigated PETN with the additives of aluminum nano-sized particles from
0 to 1.0 of the weight percentage under different pressures of the input window. At that, the typical size of
the particles comprised 140 nm with the aluminum content in the particle about 90 %. In these experiments
the quantities of mixture powders were preliminary pressed under the pressure of 1800 MPa, while the com-
pression pressure of the input window was changed from 17 MPa up to 288 MPa with the side lever press. It
was demonstrated that with the compression pressure increase and increase of additives concentration the
ignition thresholds are decreasing monotonically, at that in the area of low pressures the additives decrease
the thresholds in more than 3 times, while in the area of high pressures — in only 1.4 times.

Some different results were obtained earlier in the study [11] on PETN with carbon nanopowder addi-
tives (75 nm) under the compression pressures from 200 to 600 MPa avoiding the preliminary pressing. The
concentration of carbon particles changed from 0 to 1.0 of the weight percentage. In the area of low pres-
sures (about 200 MPa) there was discovered the sensitivity increase approximately in 1.85 times in the mix-
ture with one percentage of carbon nanopowder in comparison with pure PETN. However, in the area of high
pressures (about 600 MPa) 1 % mixture turned out to be less sensitive (there was observed the threshold in-
crease in comparison with pure PETN in 1.37 times).

It is evident that the impact of the sensitivity increase in the area of low pressures with the concentra-
tion growth is dependent on the energy localization of the laser pulse on the absorbing additives and for-
mation of supplementary hot spots distributed throughout the sample volume. Introduction of the additives
leads to hot spots concentration in comparison with concentration of hot spots formed in self-generating de-
fects in pure samples. This conclusion is trivial and does not require any proof; however, based on the given
contradictory data [7-9, 11] it is difficult to explain the decrease of additives efficiency under high compres-
sion pressure. To solve this problem, it is necessary to conduct the research of impact of carbon nanopowder
and aluminum participles concentration on the behavior of mixture compositions in the same interaction
conditions. It requires the measurements for different composites performed using the same set-up which
constitutes the goal of this study.

Experiment

The measurements of the ignition thresholds under different compression pressure of the input window.
The measurements were performed within the compression pressure range from 40 to 600 MPa. Pure PETN
and PETN with nano-sized carbon and aluminum particles were under investigation. The substance quanti-
ties with the weight of 10 mg were positioned into the metallic compression mold with the diameter of d, =
1.15 mm, and were located in the hydraulic press and pressed against the input window. The sheet glass with
the thickness of 10 mm was used as the input window. The Kinetic characteristics of the decomposition pro-
cess were determined with the photomultiplier H5773 Hamamatsu with the time resolution about 1 ns and
the force wave detector on the piezoelectric ceramic PZT-19 with the time resolution about 10 ns. Figure 1
represents the obtained by us results (with consideration of [11, 12]) the experimental dependences of the
PETN energy ignition threshold on the compression pressure of the input window under different concentra-
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tions (in the weight percentage) of carbon nanopowder particles (the curves 1-4) and aluminum (the
curve 5). At that, the typical size of carbon and aluminum nanopowder particles was 75 nm and 140 nm re-
spectively. It is highlighted that with the pressure increase of the pure PETN powder sensitivity increases not
monotonically but there is observed the rapid leap of the sensitivity under the pressures exceeding 200 MPa.
The quality of mixtures behavior remains the same as of pure PETN. The ignition threshold decreases under
low compression pressures of the input window with the additives’ concentration increase. While under the
pressure of 100 MPa the threshold decreases in 5 times. With the pressure increase the additives’ impact de-
creases and under the pressures exceeding the break-down point of PETN crystals the impact becomes un-
performed. Under the pressures higher than 3-10° Pa their impact becomes negative (Fig. 1, the curves 1-5);
that is, with the additives concentration increase the threshold increases and under the pressure of 600 MPa it
reaches the value of 100 mJ/cm”and 60 mJ/cm? against 50 mJ/cm? for pure PETN.
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Figure 1. Dependence of PETN ignition energy threshold on the pressure P with different concentrations of carbon
nanopowder and aluminium additives. Pure undoped PETN (1); with additives 0.1 % of carbon nanopowder (2); with
additives 0.5 % of carbon nanopowder (3); 1 % of carbon nanopowder (4); PETN with additives 1 % of aluminium (5).

PETN with aluminium additives (the typical size 140 nm) was studied in less detail and only with the
maximum concentration of additives, that is, with the same weight coefficient, following the hypothesis that
in the area of low compression pressures with this concentration it is possible to obtain significant decrease
of the threshold. In fact, the threshold decrease under the compression pressure of 100 MPa comprised 6 vol-
umes (please see the curve 5). It should be mentioned that the ignition thresholds for the mixture with alu-
minium additives are slightly lower than the thresholds for the mixture with carbon nanopowder additives.
Thus, under the pressure 100 MPa the ignition energy threshold density for the ignition of PETN with alu-
minium additives comprised 1050 mJ/cm? against 1400 mJ/cm? for PETN with carbon nanopowder addi-
tives. In the area of 300 MPa this ratio comprised 82 and 80 mJ/cm?, correspondingly. Certain measurement
data with carbon nanopowder additives is given in Table 1. In Table 2 there is given the data on the ignition
thresholds for PETN mixture with aluminium additives obtained in the study [10] under slightly different
conditions comparing to our experiments (samples were pre-pressed), which are partly used by us in discus-
sion of the results. It is evident that in the area of high compression pressures of the input window the mix-
ture porosity in our experiments and in the experiments from [10] is minimal that is the experimental condi-
tions are almost similar while the thresholds are of near value. In the area of low pressures the mixture poros-
ity in the experiments of [10] still remains minimal while in our experiments it is maximum. It is possible to
suggest that the ignition thresholds are determined by the mixture porosity and explain high ignition thresh-
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olds in our experiments (1050 mJ/cm?) in comparison with low thresholds obtained in the study [10]
(100 mJ/cm?).
Table 1

The ignition thresholds of PETN Hys (mJ/cm?) with carbon nanopowder additives under different vol-
ume compression pressure (the compression pressure for the input window)

P, C % Al, %
MPa 0.0 0.1 0.5 1.0 1.0
40 12000+3000 - - - -
100 60001700 2300+ 1600+400 1400+200 1000£150
800
170 2299+700 849+2 640+160 460110 300+100
00
200 370£150 250+1 210£70 200£50 200£30
00
300 80+20 80+£15 7515 82+12 8010
400 50£10 80£10 - 7310 62+10
600 55+10 80+£15 - 100+£20 6010

Table 2

The ignition thresholds for PETN HO0,5 (mJ/cm2) with the additives Al, obtained in the study [10] on
the samples preliminary pressed up to 1800 MPa under different compression pressures of the input window

Al%

P, Mila 0,0 0,1 0,5 10

17 2700 900 450 400
120 320 150 80 80
288 70 50 50 50

The kinetics of the explosive decomposition is given in Figure 2. Earlier we have demonstrated in [12],
that for pure PETN the kinetics of the explosive decomposition are characterized by greater length of the in-
duction period. In this respect, the interest represents the comparison of the kinetics of the mixture compo-
sites decomposition with the kinetics of pure PETN decomposition. With this objective Figure 2 provides the
kinetics of the explosive decomposition of the composites under study. Comparison of Figure 2 with the pic-
tures from the study [12] points to the quality conformity of the kinetics of the explosive decomposition in
both cases. In particular, it is evident that under the threshold levels impact there is always observed the igni-
tion delay in PETN composites containing carbon nanopowder and aluminium, that is, there is the induction
period. The delay length depends on the compression pressure of the input window, laser spot size, and the
mixture concentration and reaches 60 ps under certain conditions (please see Fig. 2 a, b, c); it can also ex-
ceed the length of the laser pulse in 4 orders of value. With multiple orders exceeding of the threshold levels
the delay effects become shorter up to the values of microseconds.
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Discussion of Results

Despite the differences in optical and thermo-physical properties of these additives (carbon nanopowder
and Al), their impact is the same from the quantitative perspective, in particular, the additives concentration
increase leads to the sensitivity increase (please see Fig. 1). This is especially evident in the areas of low
compression pressure. Such behavior of the curves is determined by a number of factors. We will analyze
these factors from the standpoint of heating the absorbing additives, the formation of thermal micro hot spots
in their volume and surroundings.

One of these factors is strong change of optical properties of powders under pressures exceeding the
material breaking down point (visually observed is contrast darkening of the mixture with its high compres-
sion pressure). The optical characteristics change under different concentrations of additives of carbon
nanopowder and aluminium and different volume compression pressure of PETN powder were measured by
us in separate experiments. There were experimentally determined the diffuse-reflection factors for the
pressed tablets with the thickness h = 2 mm and based on their values there was determined the distribution
of spatial luminance through the sample volume, using the Monte Carlo method. It was demonstrated that the
spatial luminance E, in the volume of pressed powders may significantly increase the luminance E, of the
sample surface. It should be noted that spatial illumination (the saturation of a point in space with light) de-
termines the heating temperature of the “hot spot”. Table 3 gives the values of relative increase of the spatial
illuminance Fy = Ey/E, in the near-surface layer in comparison with the illuminance on its surface defined by
the incident laser beam.

The estimated value F,™ for PETN with the dispersion 6000 cm?g under different compression pres-
sures P and different concentrations of absorbing nano-sized additives y the weight percentage. The layer
thickness h = 2 mm (semi-infinite layer from the optical perspective)

Table 3

. P=2510" Pa P=10°Pa P=210°Pa P =4-10°Pa
7% Al C Al C Al C Al C
0,0 8,9 8,9 8,9 8,9 7.8 7.8 6,46 6,46
0,05 8,5 5,6 7,0 37 5,9 3,2 46 2,7
0,11 75 41 5,1 2,7 4,1 2,6 3,0 2.4
0,25 5,0 2,9 3,6 1,7 2,6 1,5 2,0 1,4
0,33 4.4 25 31 1,5 2,4 1,4 1,9 1,2
0,5 3,6 2,0 2,5 1,4 2,1 1,3 1,5 1,2
0,66 32 1,8 2.3 1,2 1,9 1,2 1,5 1,1
1,0 2,9 15 2,0 1,2 1,5 1,1 1,4 1,02

The data from Table 3 informs that the luminance in the powder volume decreases with increase of
concentration of absorbing additives and the compression pressure increase. From the perspective of micro
hot spots ignition mechanism [6, 11, 12] and hot spots formation separately this factor does not explain the
sensitivity increase with the increase of pressure and concentration as decrease in the spatial luminance, on
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the contrary, is to lead to lesser heating of hot spots, hindering the ignition process and the threshold in-
crease. The experiment shows the opposite, so it is necessary to take into account the heating of the matrix.

The second, in our opinion, key factor is the following. In the area of low (for example, 100 MPa) vol-
ume compression pressures (the area of high values for the ignition threshold, Hys = 6 J/cm?) the mixture po-
rosity is high. The temperature of heat micro hot spots may reach tens of thousands Kelvin degree, due to
this, the intensive gasification of PETN takes place in the vicinity of hot spots. In such situation the interest
represents the processes of heat averaging through the illuminated sample and formation of high temperature
macro hot spot capable of igniting the explosive decomposition.

When evaluating the heating temperature for irregularities as well as the temperature for energy materi-
al matrix heating with different additives concentration, it is necessary to take into consideration the relative
cross-section of particles absorption k (4o, Ro, No, Ny) and the luminance increase coefficient Fpa(Ro, h, ) in
the vicinity of the absorbing center. Thus, with the impact on the surface of the thick (semi-infinite layer
from the optical perspective) tablet of pure PETN by the neodymium laser beam (4, = 1064 nm; 7, =10 ns)
the temperature of single irregularity 7, in approximation of the adiabatic heating conditions comprises:

I.~T,+ 3HkF0/(4clle0) (1)

(where H — the laser pulse energy density; c;p; — the particle thermal capacity; R, — the particle ra-
dius, Tp,— the initial temperature),

while the temperature for the matrix heating 7, of PETN

TM ~ TH + p.HFo/Cgpz (2)

(where u — the index of absorption (u= kzRyn); c,p, — the thermal capacity of energy material; n —
the particles concentration (n = 3-10p,y/4p, TRy’); y — the additives weight percentage).

For clarity, we present the calculated dependences of the heating temperature of the hot spots and ma-
trix and their distribution over the depth of the sample at a laser energy density of 100 mJ/cm? under adia-
batic heating conditions (see Fig. 3). From (1) and (2) it is clear that the heating temperature is directly relat-
ed to the coefficient Fo, which was calculated by the Monte Carlo method in three different ways [13], giving
slightly different results. In this work, taking into account the importance of Fq and the accuracy of its deter-
mination, the Monte Carlo algorithms were improved, and the F, values were obtained more reliable. Taking
into account the duration of the laser pulse, the temperature values will be significantly less than the esti-
mates from (1) and (2). Modeling and numerical calculation of the problem of heating a single spherical ab-
sorbing particle (carbon, aluminum) of different radii at different durations of the laser pulse in a transparent
scattering medium are described in detail in the article [14—16]. Using the results of [14], the data of Table 1
and Table 3, we will estimate the heating temperatures of the hot spot in the region of low and high pressures
of volume compression of the samples. The calculation data are shown in Figure 3.
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Let’s consider the initiation mechanism in the low pressure region (about 100 MPa). Here the samples
have high porosity and high initiation thresholds (from 1 to 6 J/cm?). It can be assumed that possible gas-
dynamic unloading from the hot spot volume will significantly reduce their temperature, however, the addi-
tion of impurities from the standpoint of the initiation process from the hot spot volume cannot explain their
effect on the threshold reduction observed in the experiments. From Figure 3 it is evident that the tempera-
ture in the hot spot volume decreases with increasing concentration of additives and this should lead to an
increase in the threshold, but this contradicts the experimental results. Ignition due to heating the matrix and
averaging on the mechanism of heat transfer is not realized as the averaging time z = d,’/a, where o =
6,77-10™* cm?/s [16] comprises about 10 s which exceeds the maximum time for ignition delay observed in
the experiment, in 5 orders of the value (Fig. 2).

However, in the areas of low volume compression pressures, another mechanism for heating hot spots is
feasible. The possibility of ignition from its volume and impact of the irregularities concentration in this pro-
cess will be considered further. Each PETN microcrystal is surrounded by pores in which gas break-through
in the neighboring pores takes place. With the minimum expansion velocity of gas v, (about 1 km/s) in the
time of laser pulse the gases break-through will comprise the distance from hot spot up to 100 pm, which
significantly exceeds the average distances between hot spots (with irregularities concentrations of 1 %, the
average distance equals to 0.4 pm). Thus, during the laser impact each hot spot may receive additional ener-
gy from the neighboring hot spots. At that, the greater irregularities concentration is, the greater number of
hot spots will give additional energy into the considered hot spot and the more its heating will be as well as
the better conditions for ignition will be. In this mode, the temperature averaging is possible on the volume
limited by the crosswise size of the laser spot on the samples surface and by the light penetration depth. The
time of this averaging comprises the volume of d,/v,~ 10°. The averaging on this mechanism may lead to
formation of reactive capable hot spot with the heat reserve necessary for development of explosion decom-
position of the total mass of the sample. The higher the additives concentration is, the higher the heat reserve
in hot spot is, the higher its reactive capacity and the lower the ignition threshold which was observed in ex-
periment.

The necessary additional energy reserve in macro hot spot may be formed in the following way. In the
vicinity of hot spots after the laser impact completion along with gasification the reaction of decomposition
takes place in the gaseous phase with great energy production and growth of heat micro hot spots. Due to
this, the average temperature of macro hot spot is determined not only by heat reserved by a hot spot as a
result of laser-induced heating and of heating from micro hot spots, in the vicinity of which the chemical re-
action of decomposition took place and heat storage of which increased in many times.

Let's consider the initiation mechanism in the high pressures region (more than 300 MPa). In this
mode, the initiation thresholds are about 0.1 J/cm?, pores are practically absent, gasification in the vicinity of
the hot spot is difficult due to their relatively low temperature, the vapor pressure is insufficient to destroy
the heating element matrix and break through gases into cracks. For the most, unloading of thermal micro hot
spots has thermal conductivity nature. At that, the typical heat transit during the laser pulse comprises about
3-10°cm, which is much less than the average distance between the particles of carbon nanopowder and al-
uminium (for carbon nanopowder with the concentration 1 % this distance comprises about 3-10°cm, while
for aluminium it is about 3.8-10° cm). With the irregularities concentration 0.1 % the distances between the
particles will be greater in approximately 2.15 times. Taking this into consideration it is possible to think that
hot spots development takes place without the neighboring particles impact, that is the collective impact is
absent in this situation. Due to this, the ignition process develops in the vicinity of single particle and is de-
termined only by its temperature and initial heat reserve in micro hot spot which decrease with the particles
concentration increase. This, with the collective impact absent, is to lead to increase of the ignition threshold
and it is observed in the experiment under the pressure more than 300 MPa (please see Fig. 1).

It is necessary to point out that this conclusion is made without considering the heating of the explosive
components matrix in dependence on absorbing irregularities concentration. However, it is obvious that with
the maximum concentration of carbon nanopowder particles (in the experiment up to 1 %) the matrix tem-
perature according to (2) does not exceed 350 K, while in aluminium composite it may be even less. Consid-
ering the minimum temperature of PETN self-ignition comprises 515 K [17-19], it is possible to state that
under the conditions of heating the near surface layer of the matrix up to the temperature 350 K PETN igni-
tion is known to be impossible. Further to that, it is also possible to neglect the matrix heating impact on hot
spots reactive capacity due to the difference in their temperatures almost in 3 orders of value as well as due
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to long (about 10 s) time of heating the illuminated volume in comparison with the experimentally measured
time of the ignition delay (tens of ps, see Fig. 2).

Important from our perspective result is to be mentioned; it goes from comparison of the experimental
data on carbon nanopowder particles and Al impact on the quantitative and qualitative levels. It is obvious
that the mixture with aluminium additives is more sensitive than the mixture with carbon nanopowder parti-
cles that is in the vicinity of aluminium particles there are formed more reactive capable hot spots. However,
the computing simulation and calculation of carbon nanopowder and Al particles heating in PETN matrix
in [14] demonstrates that heat reserve in the hot spot with heating carbon nanopowder particle located in
PETN matrix exceeds the heat reserves in the vicinity of aluminium one. And this is due to the fact that the
relative cross-section of carbon particles has a value of k = 1.5, and of aluminum — k = 0.2. To explain this
phenomenon in the area of high pressures it is necessary along with understanding the heating of carbon
nanopowder and aluminium particles due to absorption to engage the understanding about the possibility to
form hot spots as a result of optical breakdown and localization of the laser pulse energy in the vicinity of
particles. In case of realization of the optical breakdown in the vicinity of the absorbing metal and dielectric
particles the hot spots parameters (temperature, heat reserve) are in weak dependence on the particle material
and determined by the matrix properties. As it goes from here the ignition thresholds for PETN mixtures
with carbon nanopowder and PETN with aluminium are to be near in their values. In the experiment there is
observed higher sensitivity of PETN with additives of aluminium, and possibly, with higher concentration of
free electrons in aluminium, their thermal emission under the laser heating of aluminium particles and, con-
sequently, with lower threshold of optical breakdown.

Conclusions

In general, the behavior of PETN and composites based on it is easily described from the standpoint of
the thermal focal theory of ignition by an external pulse. It can be argued that laser action leads to the for-
mation of reactive hot spots as a result of optical micro breakdowns in the vicinity of intrinsic or introduced
absorbing inhomogeneities.

In the low-pressure region of volume compression, the initiation process occurs from a macro hot spot
limited by the diameter of the laser beam on the sample surface and the depth of light penetration, the tem-
perature of which and its reactivity are proportional to the concentration of absorbing impurities. The macro
hot spot is created by the breakthrough of gases from the volume of the micro hot spot into the surrounding
pores. Unloading of the macro hot spot through the irradiated surface (interface), which occurs mainly during
the induction period, determines the high level of initiation thresholds.

In the region of high values of input window pressing pressures, the initiation process occurs from the
volume of the micro hot spot, the temperature of which and reactivity decrease with increasing concentration
due to the decrease in spatial illumination and, consequently, the energy thresholds of initiation grow, i.e. the
effect of absorbing additives is negative. The absence of pores excludes the possibility of gas breakthrough
and rapid gas-dynamic formation of a reactive macro hot spot. Gas-dynamic unloading in this mode is insig-
nificant, which determines the low level of initiation thresholds.

The indicated patterns and features must be taken into account in theoretical and experimental studies of
the sensitivity of mixed compositions, as well as explosives containing their own optical inhomogeneities, to
the action of laser pulsed radiation.

This work was performed within the framework of the Program of Strategic Academic Leadership “Pri-
ority 2030”.
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B.II. Humunes, B.U. Onemko, A.H. fIkosneB, B.A. OBunnnukos, U. 0. 3b1k0B,
E.B. ®opar, U.A. Caiinazumos, T.B. I'peuxnna

/KaH-KaKThbI KbICYABIH JPTYPJIi KbICBIMAAPHI 2KAFAalbIHAA KOMIPTEKTI Kapa
JKOHE AJIOMHMHHUIAIH HaHOoeImeM/i CIHIprim Kocnajaapsl 0ap
JIa3epJlik MHUINALMAFA Heri3eJIreH KOMIIO3UTTep

Jlazepnixk ummynbcrik acepae (A0 = 1064 umM; sxone 1= 12 He) 40-tan 600 MIla-ra aeifinri auanasoHgarsl
OpPTYpJTi KeJieMJli YHTaKThl KbICYy KbICHIMJApBIHAAFBl (MOJAIp KipiC Tepe3eCiHiH KbICY KbICHIMBI) CiHiprinn
KOCTaNapAblH KOHIIEHTPALMACHIHA OaliIaHbICTBI OHBIH HETi3iHIeTi KbI3IBIPY DJIEMEHTI MCH KOMIIO3UTTEPIiH
JKaPBUIFBIII BIIBIPAYBIHBIH JHEPreTHKANBIK IIEKTepi MEH KMHETHKANBIK CHUIaTTaMajapbl SKCIepPUMEHTANIb]
Typae 3eprrenmi. Ta3za KBI3ABIPY JJIEMEHTI MEH OHBIH HETI3iHAEri KOMITO3UTTEp VIIIH KOJEeMIi KbICy
KBICBIMBIHBIH JKOFapBUIAYBIMEH CE3IMTANABIK TYTAacTail )KOFapbulaiisl, O6ipak MOHOTOHABI eMec. COHBIMEH
KaTap TOMEH KbIChIM aiimarbiHma (200 MIla-maH a3), xocmainap KOHIEHTPAMSCHIHBIH JKOFapbUIaybIMEH
apasiac KOMIIO3UIMSIIAP/IBIH JIa3epIliK HMITYJIBCTIK ocepiHe Ce3IMTalIBIFbI XKOFAPBUIAM/IBI, all KOFaphl KBICHIM
aiimarsiana (300 MIla-man sxkorapel) on TemeHze#ni. Bynm Toprinti aBropmap anbdy3usIibK IKapbIK
HIaIibIpayblH Menip BB HHHIMAIMACHIHBIH MHKPOOIIAKTHIK KBUTY MOJETi («BICTBIK HYKTEIep» MO
(bIH)) TyprbICBIHAH Ja TYCIHAIpEedi; OCBIFAaH COMKEC «BICTHIK HYKTENEpIiH» PEaKkTHBTLNIK Kabimerrimiri
ONapIbIH KOJIeMiHIeri JKbUly KOpPBIMEH, ONapIblH KoHLeHTpauusckiMeH, KT-fa kakelH Tipektepre
ra3(MHAMHUKAIBIK TYCIpy OHE YJTIHIH KipiC CaHbUIaYBIHBIH 0achUIFaH GeTi (TOMEH KBICHIM aiiMarbl), COHIai-
ax BB maTpuIiaceiHa ’oHe jKaObIH IIbIHbIFA (KOFaphl KbICHIM aitMarbl) I'T jKbUTy OTKI3TILITIK TYCIpY apKbLIbI
AHBIKTaJIa bl

Kinm ce30ep: KpI3OBIpY dJEMEHTI, JIa3epiliK UMITYJIbCTI WHUIMALNS, HAHOOIIIEM/II OOIIEKTEp, ONMTHKAIBIK
ChIHY, BICTBIK HYKTENEep (bIH).
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B.I1. Humunes, B.U. Onemiko, A.H. fIxoBnes, B.A. OBunanukos, 1.}O. 3b1ko0B,
E.B. ®opar, U.A. Caiinasumos, T.B. I'peuknna

J1a3epH0e HHUIUAPOBAHUE KOMIIO3UTOB HAa OCHOBE TOHA ¢ HAHOPAa3MEPHBLIMHU
norJiomarimmuMm IlOﬁaBKaMI/I CaA’KHU U aJIJIOMUHUA B YCIIOBUAX
PA3TUYHBIX AaBJIEeHHH 00bEeMHOI0 C:KATHS

OKCIepUMEHTAIFHO HCCIEOBAaHEl YHEPreTHIeCKHe MOPOTH M KUHETHYECKHE XapaKTePHUCTUKH B3PBIBHOTO
pa3nokeHNsT TOHA W KOMIIO3UTOB Ha €ro OCHOBE IIPH JIa3ePHOM HMITYJILCHOM Bo3zaeiicTBun (Ag = 1064 HM;
T, = 12 HC) B 3aBHCHMOCTH OT KOHIIEHTPAIMH TTOTJIONIAOIINX 100aBOK IIPU Pa3JIMYHBIX JaBICHHIX 00bEMHO-
TO CKaTHsI MOPOLIKOB (IaBIEHUAX MPIDKATHS MPO3PAYHOrO BXOAHOTO OKHA) B nuana3zone ot 40 go 600 MIla.
IToka3aHo, 4TO A YUCTOTO T9HA U KOMIIO3UTOB Ha €70 OCHOBE C POCTOM JaBJIEHHs 00BEMHOTO CXKATHS TyB-
CTBUTENBHOCTH, B LIE€JIOM, YBETMUHBAETCSI, HO HE MOHOTOHHO. IIpu 3TOM B 001acTH MasbIX AaBleHuUil (MeHee
200 MIla) ¢ Bo3pacTaHHEeM KOHLEHTPALUH AOOABOK UYBCTBUTEIBHOCTH CMECEBBIX COCTABOB K JIa3€PHOMY
HMITYJIbCHOMY BO3/ICHCTBHIO yBEJIMUMBACTCs, a B obmactu 6onpiux (6omee 300 MIla) — ymensimaercs. Ta-
KO€ IOBEJIeHNE OOBSICHAETCS aBTOpaMHU ¢ IO3ULUH Kak qud(y3HOTO CBETOPACCESIHUS, TaK M C IMO3UIMH Terl-
JIOBOH MHKPOOYaroBOi MOJENN HHALIMUPOBaHHUS 1po3padHbix BB (Monens «ropstanx touex» (I'T)), cormacHo
KOTOPOIl peakIHMOHHAs CIIOCOOHOCTh «TOPSTYUX TOYEK» ONpeelsIeTCs 3amacoM TeIla B UX 00beMe, UX KOH-
LEHTpalel, Ta30AMHAMUYECKON pasrpy3koi B Oimsnexkamue K I'T mopsl 1 4epe3 mpukaTyro BXOJHBIM OK-
HOM IIOBEPXHOCTh 00pasna (00sacTh MaibIX JaBICHHH), a TakKe TEIUIONPOBOIHOCTHOU pasrpyskoil I'T B
Marpuny BB u mokpoBHOE cTekio (001acTh BRICOKUX AaBICHUH).

Kntoueevie cnoea: T3H, Ta3epHOE UMITYJILCHOE HHUIIMMPOBAHNE, HAHOPA3MEPHBIE YaCTHIIbI, ONITHYECKUI PO-
00M, TOpsSYHEe TOYKH.
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