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ON THE INFLUENCE OF THE DENSITY OF LASER BEAM ENERGY
ON THE SENSITIVITY OF EXPLOSIVE SUBSTANCES
TO LASER RADIATION

Purpose. Determining the patterns of distribution of energy density over the laser beam diameter and the features
of influence of beam diameter on the change in sensitivity of explosives to laser pulsed radiation.

Methods. Experimental investigations of initiation of explosion of certain initiating explosives which are light-
sensitive to the action of laser radiation. Analysis and synthesis of investigation results.

Findings. The experimental investigations have been carried out and the results have been assessed. The func-
tional independence of the size effect on the laser generation has been determined.

Originality. It has been established that the values of the threshold energy density and the critical density of the
minimum threshold energy of initiation of lead azide samples in the form of pre-compressed powder and micropar-
ticles distributed in the polymer matrix depend on the diameter of the laser beam. As the diameter increases, the
threshold energy density of initiation decreases sharply, while the critical density of the minimum threshold energy of
initiation rises. The patterns are maintained regardless of the way the samples are made. The function of the distribu-
tion of irradiance in the volume of explosive does not depend on the laser power density. The increase in the optical
strength of the diffusing medium with a decrease in the laser beam — medium interaction zone is associated with a
decrease in the number of absorbing microinhomogeneities, and is accompanied by a sharp increase in the statistical
dispersion of the experimental data. In this case the medium is diffusive, so the initiation occurs at a certain depth,
where a dispersion halo is able to form.

Practical value. The method of laser excitation of detonation is a promising for application to various means of
initiation, in particular, when blasting charges from explosive microvolumes to the simultaneous detonation of the

whole explosive surface with an area of several square meters.
Keywords: energy-saturated composites, explosives, laser, radiation, energy of radiation, initiation

Introduction. The requirements for the safe and pre-
cise blasting dictate the need for creation of new initia-
tion systems of explosive charges with greater physical
and technical potential, which are safer to handle and
when wiring the firing circuit. One of such systems,
which differs from those known for its high resistance to
any human-made electromagnetic effects, is a specimen
of the experimental optical system of charge initiation —
OPSIN, made in 1994 by the National Mining Univer-
sity (Ukraine) [1]. At present, this first model of the laser
system in the world is used as a basic technical system to
improve the design of individual elements and units,
while the experimental investigations of new light-sensi-
tive explosive compositions are being carried out.

Investigations of initiating explosives and high explo-
sives were extensively carried out in the 1960s—1990s of
last century (A.A.Brish, I.A.Galeev, B.N.Zaytsev
(1968); Y. Mizushima, I. Nishiya (1975), J. Robert (1976);
E.I.Aleksandrov, A.G.Voznyuk (1978); J.T.Hagan,
M. M. Chaundhri (1981); Yu. F. Karabanov, V.K. Bobo-
lev, (1981); V. E. Aleksandrov, A. V. Dolgolaptev, V. B. Tof-
fe, etal. (1983); A.V. Chernai, Yu. P. Kuchugurnyi (1986);
V.E.Aleksandrov, A.G.Voznyuk, V.P.Tsipilev (1989);
V.N. Lobanov, R. G. Lenskiy, Yu.I. Plotnikov, et al. (1989);
Yu. F. Karabanov, I.A.Karpukhin (1992), M.A.Ilushin,
A. M. Sudarikov, I.V. Tselinskiy, and others. (1980—2016),
A.V.Chernai, V.V.Sobolev (1994—2016), Y. Lien, et al.
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(2010) and many others). In the present century the ef-
forts of scientists are concentrated on the development of
new light-sensitive explosives, laser initiation systems
(N.A. Leonenko, 2002), optical detonators [2] and appli-
cation of such systems in machine engineering, mining
industry and military arts. Thus, the results of using the
laser method of initiating explosive charges in metal weld-
ing, hardening and marking by explosion are presented in
the work of V.A.Chernai, Yu.P.Bunchuk and S.N. Pa-
khomov (2003) in investigations of the evolution of fiber-
optic systems as promising means for high-energy materi-
als detonation [3], including usage of laser diodes [4].

A large number of studies have been carried out with
various energy-saturated light-sensitive compositions
for spacecraft pyroautomatic systems [5], for high ex-
plosives initiating devices [6] when studying the proper-
ties of energy-saturated compounds [7], and the follow-
ing results were obtained:

- a number of important scientific results in the
course of investigating the sensitivity of high explosives
to the laser diode initiating pulse [8] and metal complex-
es in energetic compositions, such as di- (3-hydrazino-
4-amino-1,2,3-triazol) -copper (II) perchlorate [9];

- demonstration of possible application of abnor-
mally sensitive explosives on large-area curved surfaces
(more than 1 m?) [10];

- suggestion of a method of sub-microsecond load
with a density of 0.08—1.0 kPa x s upon spacecraft body
shells [11];
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- development of a number of technical solutions for
generation of profiled shock waves [12];

- investigation of the chemical patterns to transform
energy-saturated substances influenced by coherent ra-
diation [13].

In regards to practical application, the obtained re-
sults indicate that the laser initiation provides a high
level of safety, reliability and accuracy. Isolation of the
optical detonator from pseudo-pulses transmitted over
the communication line to the laser is due to the fact
that the optical range does not cover the random sources
having a sufficient power to initiate the detonator. In ad-
dition, the optical detonators are insensitive to electro-
magnetic pickup and static electricity charges. It was
only possible to achieve a set of such positive and very
important characteristics after synthesis of light-sensi-
tive energy-saturated composites and their testing with-
in optical detonators as primary initiating explosives [1,
5, 7]. Similar results obtained in [14] confirm the con-
clusions stated in earlier works.

The leading organizations that deal with the prob-
lems of laser initiation of chemical processes in energy-
saturated substances include universities, laboratories,
institutes and enterprises, engaged mainly in military
and mining industries. First of all, special mention
should go to St. Petersburg Polytechnic University, Sa-
mara State Aerospace University and Technical Univer-
sity, Institute of Chemical Physics of Russian Academy
of Sciences (Russia), Institute of Optoelectronics, Mili-
tary University of Technology (Poland), Los Alamos
National Laboratory, the National Aeronautics and
Space Agency and a number of universities of the Unit-
ed States.

In Ukraine the National Mining University re-
searches a problem of laser initiation of explosives. The
main problem facing the researchers in this developing
area of knowledge is the development, synthesis and use
of new primary initiating explosives sensitive to the ac-
tion of laser radiation. Such substances were obtained by
scientists and specialists from St. Petersburg Polytech-
nic University in cooperation with specialists from the
National Mining University (Ukraine) [6, 9, 13]. Syn-
thesis of initiating primary light-sensitive explosives,
which are characterized by abnormally high sensitivity
to the action of laser radiation, initiated the develop-
ment of works on creation of a new competitive system
of laser initiation of explosive charges based on the laser
blasting method.

To improve the work safety and the physical and
technical efficiency of some modern explosive technol-
ogies, the systems for initiation of explosive charges,
such as NONEL, Magnadet, and others are used. The
complete satisfaction of sufficiently strict requirements
of industrial technologies and the need to ensure a high
level of safety depends mainly on the optical detona-
tor — as the most important element of the initiation
system [1, 14].

The optical detonator contains a light-sensitive ex-
plosive, whose power is sufficient to initiate detonation
in standard secondary explosives. At present, several
dozens of light-sensitive explosives [5, 6] have been
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synthesized; however, their usage requires the compu-
tational models which allow determining the parame-
ters of the laser action and recommending reasonable
physical and geometric characteristics of light-sensitive
explosive charges in optical detonators. Building of
computational models requires, in general, knowledge
of a laser ignition mechanism and, in particular, the
patterns of irradiance in the volume of explosive. As
shown in the results of studies (E.I.Aleksandrov,
A.G.Voznyuk, V.P. Tsipilev, et al.), the calculation of
the irradiance in the volume of explosive is complicat-
ed, since the explosive is a medium with a high density
of diffusers, for which analytical solutions have not been
obtained.

The above obstacles were eliminated by developing
and solving a physico-mathematical model of light
propagation in a diffusive-scattering medium with a
high density of diffusers [15]. Solving this problem re-
quired the results of experimental studies obtained in
[9—13]. The problem of light propagation in scattering
media has been the subject of study by many specialists
over the last decades.

At the end of the second half of the last century this
branch of science was intensively developed by the Insti-
tute of Chemical Physics, the Academy of Sciences of
the USSR (Moscow), and by the established Institute of
Atmospheric Optics (Tomsk). The main research direc-
tion was related to problems of optical detection, air pol-
lution in industrial regions of the country, as well as of
medicine. Similar problems were also researched in the
US and countries of Western Europe. The main atten-
tion was paid to solving the problem of light beam at-
tenuation in media with a low concentration of diffusers
(fog, polluted air, and others).

It is a small concentration of diffusers that made it
possible to convert the nonlinear light propagation
equation into a linear one. Not least important are the
physical values characterizing the laser radiation, its en-
ergy characteristics, geometrical parameters of the laser
beam and their interconnection to build optical detona-
tors. These parameters generally ensure reliability and
minimization of the initiation energy of light-sensitive
composite explosives; determine the reasonable dimen-
sions of special designs of optical detonators, including
micro detonators.

The work objective is to establish the patterns of the
distribution of the energy density over the laser beam di-
ameter and the effects of the beam diameter on the change
of the explosives’ sensitivity to laser pulsed radiation.

Materials and investigation procedures. Experimen-
tal device (Fig. 1) is the one created on the basis of a
solid-state optical quantum generator CFR 200—
10 Pulsed Nd: YAG Laser System Big Sky Laser (USA).
The emission wavelength is 1.064 um, vertical polar-
ization, maximum energy per pulse is 200 mJ. The laser
operates in a repetitively-pulsed mode with frequency
control ranging within 170—10 Hz. The pump lamp
flash frequency rate is constant and equals 10 Hz. The
first modulated pulse appears after generating 20 puls-
es. The laser operation stabilizes after ten modulated
pulses.
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The diameter of the initial beam is 6 mm, the differ-
ence at the pulse energy, amounting to 85.5 % of the
maximum value, is 2.8 millirad. The investigations in-
volved photosensitive films of energy-saturated com-
posites based on lead azide. The polymer introduction
makes it possible to avoid the aggregation of submicron
explosive particles, and the phlegmatization of lead
azide has virtually no effect on its detonation character-
istics.

Fig. 1 shows the diagram of the experimental device
developed by the specialists of the National Mining
University. The number 7 stands for an optical quantum
generator — laser (Nd: YAG). Laser diode 2 and dia-
phragm 15 were used to align the optical wavelength
path. By means of prism 4, the laser beam was directed
to explosive /1, applied in the form of 5 mm diameter
coating onto the glass plate /0. A sample of the light-
sensitive composite was fixed on aluminum plate 9 of
8 mm thickness. For laser radiation to pass, the plate
had an 8§ mm diameter hole. The lens 7 was used to ad-
just the required diameter of the laser beam. The central
part of radiation, which was formed by a diaphragm hav-
ing a cutout circular hole in the center, was used to initi-
ate the process. The image was projected by means of a
lens on the surface of a light-sensitive composite explo-
sive. The image plane was determined with indentation
produced on the film; the boundaries quality and size
were evaluated with a microscope.

Photodiode 12 registered the ignition of photosensi-
tive explosive. Light filters 5 were designed to measure
the energy of laser radiation which falls on the sample,
at a fixed distance from the photosensitive explosive to
the lens. To determine this energy, an energy meter of
pulsed laser radiation, IEL-300, was used with a mea-
suring pass-through head 6. To measure the delay time
of ignition of the photosensitive explosive relative to the
beginning of laser pulse action, photodiodes /2 and 13
operating in spectral ranges of 0.4—1.2 um and
0.8—1.4 um, respectively, were used. In the course of the
experiments, it was found out that an explosion delay of
photosensitive explosive can be registered with a single
photodiode 72. A two-channel digital oscilloscope
TDS-350 from Tektronix (USA) was used. The maxi-

4 12 3 13 15

2

mum frequency of the input signal (analog) is 200 MHz.
The maximum frequency is 1 GHz. The minimum
sweep time is 2.5 ns/div.

To determine the energy density distribution func-
tion in the laser beam, we used a technique based on the
experimental determination of the diameters of prints
that occur when radiation acts upon the surface of the
material. Energy distribution in the laser beam was de-
termined using a Silicon Camera Model LBA-100A Ia-
ser beam analyzer (from Spiricon). The analyzer in-
cludes high resolution cameras Pulnix TM-745, which
directly register radiation, and microprocessor systems
that analyze the energy distribution and display the re-
sults on the monitor.

Due to the fact that when the energy in the laser
pulse changes, the diameter of the irradiation spot also
changes (the absolute value of the energy density at the
beam boundary remains unchanged), A.Chernai pro-
posed a technique for measuring the diameter of a laser
spot using imprints on developed photographic paper
exposed to light. In the substance laid off on the surface
of the photographic paper, phase transformations occur
which can be observed visually or with the help of a mi-
croscope. The phase transition has a threshold nature,
that is, it is realized under the action of laser radiation
with the energy whose density exceeds a certain thresh-
old value E*. In this case, contrasting prints are obtained
on the surface of the material, which can be measured
with sufficiently high accuracy.

Pursuance of research and discussion. In the research
methods, a requirement for research conditions is for-
mulated, in accordance with which the function of dis-
tribution of radiation intensity along the diameter of the
laser beam should not vary from pulse to pulse. This re-
quirement is fulfilled under stable operation of an opti-
cal quantum generator (OQG), which generates pulses
having the same energy. When necessary, radiation en-
ergy density was changed using calibration light filters.

In determining sensitivity thresholds of explosives,
the central part of the laser beam was separated with a
diaphragm of a 4 mm diameter, which corresponded to
a level of intensity being half of its maximum value. Lat-
er such beams were studied in terms of their quality.
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Fig. 1. Experimental device:
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a —schematic circuit diagram; b — general view of stationary optical quantum generator
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Horizontal Cursor Profile

Horizontal Cursor Profile

Fig. 2. Energy density distribution of laser radiation in an irradiation spot:
a — diameter of laser print of 5 mm; b — diameter of laser print of 2.75 mm

Fig. 2 shows a typical distribution of intensity along ver-
tical and horizontal beam cross-sections, obtained with
the Silicon Camera Model LBA-100A analyzer. The
uneven distribution of the intensity of illumination did
not exceed 30 %.

We will approximate energy density distribution in
terms of beam section as

E(r) = Eyo(r), o))

where E; is an energy density at the centre of the beam;
risthe radius of the ring with a width of dr, on which the
value E(r) is searched.

Representation of energy density function in the
form (1) provides for the radial symmetry of the distri-
bution function. We normalize this function to total en-
ergy in pulse W
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Dividing (1) by (2), we obtain
E(r)/W=w(r)/2rk,

where k= jm(r)rdr.
0

By changing the transmission of the laser path, a se-
ries of imprints, the diameters (d) of which can be mea-
sured with a microscope, should be expected. The
threshold of imprints corresponds to the threshold en-
ergy of E* color change. Fig. 3 shows an appearance of
laser radiation imprints on photographic paper with
measured diameters.
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Imprints in Fig. 3, a were obtained by direct effect of
the initial laser beam. In all the experiments diaphragms
were used, by means of which the laser beam was “cut
off” in such a way that only a central part of radiation
passed through the diaphragm opening.

The results of imprint measurements are used to
write equations as follows

E*(r)/W;=o(r)/2rnk, i=1,..,n, 3)

where 7 is a quantity of measurements; W, is a radiation
energy, at which radius of an imprint is ;.

After plotting W(r) dependence by extrapolation
method, the energy of W(0) = 2mJ, at which radius of an
imprint is zero was found.

Then, the threshold energy of the phase transforma-
tion of the coating material on photographic paper was
determined

E*/W(0) = w(0)/2nk = 1/2mk. 4
Diving equation (3) by (4), we obtain
o(r) = W(0)/W,

Knowing a distribution function w(r) is completely
sufficient to solve the problem. To determine the energy
density at the center of the beam E;, as well as £* by
graphical integration, the value k£ = 4.96 - 103 cm? was
found.

The energy density at the center of the beam Ej is
calculated by the formula

Ey= W/Q2nk).

As the sensitivity characteristic, the average energy
density of the laser pulse

E,, =4W/nd?,

i=1,..., n.

or the energy density at the center of the beam £, was
chosen.

A comparatively small number of research studies
are known to be related to the study of dependence of
critical (threshold) initiation energy density £, on the
diameter of the laser beam d, that is, on the size of the
irradiated area (with allowance for size effect). The size
effect was first detected for lead azide (A.A.Brish,
I. A. Galeev, B. N. Zaitsev).

The value E is practically independent of the beam
diameter if d > d,,, where d, is the value of the diameter

Fig. 3. Laser beam imprints on the surface of photo-
graphic paper active layer:
a — 6 mm diameter imprint; b — mean diameter of 2.7 mm
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at which the character of the dependence changes. For
lead azide d, = 0.1 mm, for a secondary explosive —
PETN with a dispersion of 5500 cm?/g — it is about
0.6 mm and decreases with increasing dispersion. The
critical density of initiation energy (for wide beams)
when lead azide is blasted is close to 0.4 J/cm?, for
PETN it is =53 J/cm?. This dependence of the critical
energy density on the beam diameter is practically pre-
served when changing over from a wavelength of 1.06 um
(neodymium laser) to 0.63 um (ruby laser), which agrees
with the results of measuring the reflection coefficient of
explosives at these wavelengths, which turned out to be
approximately equal to 80 % for lead azide and PETN.
Aleksandrov V. E., et al., (1983) showed that the ex-
istence of a dimensional effect does not allow compar-
ing the available data for various condensed explosives
due to the fact that studies were carried out at different
laser beam diameters. A correct comparison of the re-
sults can be made in the case of generalized dependence

E,[E)=1+(d/d,)", 5)

E CO, is a minimum (asymptotic) value of the critical en-
ergy density corresponding to d — o, d,, is a critical det-
onation diameter characterizing the ability of an explo-
sive to perform a high-speed chemical transformation.
The dimensional effect was the most completely in-
vestigated in [9] using lead azide samples obtained in the
form of pellets under a pressure of 2 - 10° Pa. The reflec-
tion coefficient of the samples of explosive is equal to
R = 88 %. Figs. 4 and 5 show the results of measure-
ments of dependence of initiation energy threshold den-

E,, mJicm’
10°

10°

10' SN~

10° 10? 10" g em

Fig. 4. Dependence of initiation energy threshold density
E; on laser beam diameter d [9]

/

E,, mJicm’
10°

10°

10'
/

10° 10° 10" o cm

Fig. 5. Dependence of initiation energy critical density
W, on laser beam diameter d [9]
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sity Ej and critical initiation energy W) on the laser beam
diameter.

Similar studies were carried out on lead azide sam-
ples in a polymer matrix, which had the average reflec-
tion coefficient of 82 %.

Figs. 6 and 7 show the results of measurements of
dependence of initiation energy threshold density F,
and critical initiation energy W, of a composite material
consisting of a polymer matrix filled with lead azide mi-
croparticles.

A single-mode, single-frequency optical quantum
generator on neodymium glass, consisting of a genera-
tor, that generates pulses, and two identical amplifying
stages, was used in the experiments. This is dictated by
the fact that multimode generators due to the presence
of a complex spatial structure of the light beam, do not
allow the correct solution of the problem posed. The to-
tal radiation energy of the optical quantum generator
was 0.51 J.

Lead azide initiation energy critical density decreas-
es with decreasing the beam diameter. Starting from a
diameter of 4 - 1073 cm, a flattening of this curve is ob-
served, i.e. energy tends to some minimum. With a beam
diameter of 2 - 1073 cm, the initiation energy density is
6 mJ/cm?.

Under the influence of a laser monopulse on a high-
energy lead azide-based composite substance, the de-
pendences of the energy threshold density £, and the
critical initiation energy W, differ markedly from those
presented in Fig. 7. In general, the nature of dependenc-

2
E,, mJ/cm

0 b

10° s
._4/ 9

10' o ¢
10° 10° 10" 10°

d,cm

Fig. 6. Dependence of initiation energy threshold density
E, on laser beam diameter d

Ey, mJ/cm2
°
10° N
° \\
10° NG
I~
o o
10'
10° 10° 10" 10°
d, cm

Fig. 7. Dependence of minimum threshold initiation en-
ergy critical density W) on laser beam diameter d
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es is repeated. The minimum value W) is ~18 mJ/cm? at
a laser beam diameter of 6 - 10 cm. When the beam
diameter is 0.5 cm, the initiation energy threshold den-
sity is ~80 mJ/cm?. Similar results were obtained when
laser radiation was applied to a photosensitive compos-
ite VS-2 (Table) [6].

As the beam diameter decreases, lead azide critical
initiation energy decreases, and as a whole, W, — W,
at d — 0. The statistical spread of the values E;, and W,
does not depend on the irradiator area, which confirms
the trend observed in publication [9]. This circumstance
identifies this specific feature of lead azide initiation.
The increase in the optical strength of media with de-
creasing dimensions of the laser beam (interaction zone)
is associated with decrease in the number of absorbing
microinhomogeneities, accompanied by a sharp in-
crease in the statistical spread of the experimental data.
In the given case, the medium is diffusely scattering, so
the initiation occurs at a certain depth, where a halo of
scattering succeeds in forming.

Analyzing the results of the experiments, we deter-
mined that the required energy density in the single-
pulse lasing mode, which is necessary for excitation of
detonation in explosive charges, is 6—10 times lower
than in the free-running lasing mode.

For practical application of laser initiation (the case
of design of laser means of initiation), an important reg-
ularity is the dependence of increasing the ignition delay
time when the energy of the laser beam is reduced [5, 9],
Fig. 8. When determining the explosion delay time with
respect to laser pulse radiation, one photodiode was
used (position /2 in Fig. 1). On the oscillograms, the
first peak on the left corresponds to the laser pulse radia-
tion. The second peak (on the right) occurs when the
photodiode is discharged as a result of the maximum
light emission from explosion products.

To determine the ignition mechanism of explosives,
it is necessary to take into account the following impor-
tant results:

1) the light scattering in materials with a high density
of scatterers occurs mainly on surfaces of different mi-
croinhomogeneities;

2) in synthesizing explosives, one should not attempt
to use pure source materials, since the concentration of
microinhomogeneities decreases, and, consequently,
the probability of initiation by a laser pulse with a given
energy is reduced.

Table

Influence of laser radiation coverage zone dimension
on sensitivity of mercury salt of 5-hydrazinotetrazole
in polymer inert matrix (BC-2) [6]

Laser beam Critical initiation Critical initiation
diameter (d), enerey Ev. mJ energy density W,
mm &Y B mJ/cm?

0.48 0.018 10.46
3.25 0.600 7.52
9.50 1.900 2.77
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Fig. 8. Oscillograms of recording the explosion delay time for samples of explosives:

a — Sample 1 (thickness is 1.6 mm, binder content is 5 %, laser beam energy is E = 85.57 mJ, delay time is 0.38 us); b — Sample
2 (thickness is 2.5 mm, binder content is 10 %, laser beam energy is E = 49.7 mJ, delay time is 1.35 ps)

Conclusion. An increase in the optical strength of
media with a decrease in the laser beam dimensions (in-
teraction zone) is associated with a decrease in the num-
ber of absorbing microinhomogeneities of “dangerous”
value, accompanied by a sharp increase in the statistical
spread of the experimental data. In this case, the medi-
um is diffusely scattering, so the initiation occurs at a
certain depth, where a halo of scattering succeeds in
forming.

The energy density and the energy of initiation of
lead azide by a laser pulse train significantly exceed the
corresponding values for a single-pulse action.

The irradiance distribution function in the volume
of an explosive does not depend on laser radiation power
density.

It is shown that the laser initiation of energy photo-
sensitive materials is a safer method of exciting detona-
tion than the known non-electric ones. This circum-
stance is associated initially with the fact that composite
high-energy substances are phlegmatized primary and
secondary initiating explosives and are characterized by
an abnormally high sensitivity to laser pulse radiation.
The method is promising for use in various means of la-
ser systems initiating; blasting of charges of microscopic
masses and volumes is possible. Low values of sensitivity
of composite explosives to laser pulse make it possible to
start detonation of a layer of an explosive simultane-
ously on its entire surface, irrespective of the configura-
tion.
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IIpo BIIMB IIiILHOCTI eHeprii Ja3epHoro
MyYKa HA YYTJIMBICTh BUOYXOBHUX PEYOBHUH
JI0 JIA3€PHOT0 BUIIPOMiHIOBAHHS
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Meta. BcTaHOBUTH 3aKOHOMIPHOCTI PO3MOITY
IIJILHOCTI €Heprii 3a AiaMeTpoOM JIa3epHOro Iydka Ta
0COOJIMBOCTI BIUIMBY JiaMeTpa IydyKa Ha 3MiHY YyTIu-
BoCTi BuUOyxoBux pedoBuH (BP) mo masepHoro iMmyiib-
CHOT'O BUITPOMiHIOBaHHSI.
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Metomuka. ExcriepyuMeHTanbHi HOCTiIKEeHHST 30y-
JDKEHHST BUOYXY NESIKMX CBITJIOUYTJMBUX BMOYXOBUX
PEYOBHMH, LIO iHILIIOIOTh, A0 il Ja36pHOTO BUIIPOMi-
HIOBaHHS. AHalli3 i y3araJbHEHHS pe3yabTaTiB JOCTi-
TKEHb.

Pe3ynbTaT. BukoHaHi eKcriepuMeHTal bHi AOCITi-
JIDKEHHSI Ta TMpoaHalli3oBaHi OTpHMMaHi pe3yJbTaTu.
BcraHoBnieHa (GbyHKIIOHAIbHA HE3aJIEXKHICTh PO3Mip-
Horo eeKTy Bil pexXUMy TeHepallil JJa3epHOTro BUMIPO-
MiHIOBaHHS

HaykoBa HoBM3Ha. BcTaHOBJIEHO, 110 BEIUYMHU
MOPOTOBOI HIUIBHOCTI €HEPTil Ta KPUTUYHOI IIUILHOCTI
MiHiMaJIbHOI TTOPOTOBOI eHeprii iHilliloBaHHS 3pa3KiB
a3yly CBUHIIIO Yy BUIISAI CIIPECOBAHOIO MOPOIIKY
MiKpOYaCTUHOK IOPOLIKY, PO3MNOAIIEHUX y MoJdiMep-
Hilf MaTpulIi, 3ajieKaTh BiJl HiaMeTpa JIa3epHOro IydJkKa.
3i 30iJIbLIEHHAM AiaMeTpa IpaHUYHA IIiITbHICTh eHepril
iHiLIiITOBaHHS Pi3KO 3MEHIIYETHCS, a KPUTUYHA IIiTb-
HICThb MiHiMaJbHOI TOPOroBOi EHeprii iHilliloBaHHS
3pocTae. 3aKOHOMIpHOCTiI 30epiraloThCsl He3aeskHO
Bill CITOCOOY BUTOTOBJICHHS 3pa3KiB. DYHKIIiST po3mo-
TIiTy OCBITJIEHOCTI B 00Cs131 BUOYXOBOi peYOBUHU HE 3a-
JIEXUTD Bill IUTbHOCTI MOTY>XKHOCTI JIA3€PHOrO BUIMPO-
MiHIOBaHHS. [TigBUIIEHHS ONITUYHOI MIiITHOCTI TU(dy3-
HO-PO3CiI0I0Y0Tro cepeaoBUIla MTPU 3MEHILEHHI pO3Mi-
piB 30HU B3a€EMO/II1 J1Ja3epHOro Mydyka i3 cepeaoBUILEM
TOB’I3aHO 3i 3MEHIIICHHSIM YHCJIa TTOTJIMHAIOUMX Mi-
KPOHEOMHOPIMHOCTEe 1 CYIMpOBOIKYETHCS Pi3KUM
30UIbIIEHHSIM CTaTMCTUYHOIO [iala3oHy eKCIIepU-
MEHTAJIbHUX JaHUX. Y NTaHOMY BUMAAKY CEpeIOBUILEC €
IHbY3HO-PO3CiI0I0YMM, TOMY iHillilOBaHHS BinOyBa-
€TbCSl Ha NesIKiit IMOUHI, 1e BCTUTae chopMyBaTUCS
OpeoJ po3CiloBaHHSI.

IlpakTuyna 3HaumMmicTb. Crioci® sazepHoro 30y-
IKEHHS IeTOHAIIT TIePCIIEKTUBHUI TS 3aCTOCYBAaHHS
B pi3HMX 3aco0ax iHilliloBaHHS i, 30KpeMa, IpU Migpu-
BaHHI 3apsaiB Big Mikpoo0’emiB BP mo mopymieHHs ne-
TOHAllil OHOYACHO BCi€l MOBEPXHi BUOYXOBOI peUOBU-
HU IUIOLIEIO KiJIbKa KBaJApaTHUX METPiB.

Kimouosi cioBa: enepeonacuueni komnosumu, euby-
X08i peHoguHU, n1as3ep, GUNPOMIHIOBAHHS, eHepeis 8UNPO-
MIHIOBAHHS, IHIUIIOBAHHS

O BIMSAHMM TJIOTHOCTH 3HEPIHH JIa3€PHOr0
MyYKa HA YYBCTBUTEJIbHOCTb B3PHIBYATHIX
BEIEeCTB K JIa3epHOMY U3JIY4EHHUIO
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enb. YcTaHOBUTH 3aKOHOMEPHOCTU pacripeesie-
HUS TJIOTHOCTU SHEPIUU IO AUAMETPY JJa3ePHOTO My4-
Ka U OCOOEHHOCTH BJIMSIHUS AUAMeTpa MyyKa Ha U3Me-
HEHUE YYBCTBUTEIbHOCTU B3pbIBUATHIX BellecTB (BB)
K JJa3epHOMY UMITYJIbCHOMY U3ITYYeHUIO.

Metomuka. DKcriepuMEHTAIbHBIE WCCIEIOBAHUS
BO30YKIIEHUST B3PbIBA HEKOTOPHIX CBETOUYBCTBUTEb-
HBIX MHULMUPYIOLUUX B3PBIBYATBHIX BELIECTB K NEH-
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CTBUIO JIa3€pHOro M3Iy4YeHUs. AHAJIU3 U 0000IIeHNE
PE3YJIBTaTOB UCCIICIOBAHMIA.

Pe3yabraTbl. BbINoMHEHB BKCIIEpUMEHTAIbHbIE
HCCIIeI0OBaHMS Y IPOaHATU3UPOBAHbBI IOJIyYEHHBIE Pe-
3yJAbTaThl. YCTaHOBIEHA (PYHKIIMOHAIbHASI HE3aBUCH -
MOCTb pa3MepHoro 3@@eKkTa OT pexXuMa TeHepaluu
JIa3€PHOTO U3JIyYeHUs

Hayynas HoBH3HA. YCTaHOBJIEHO, UTO BEJIUYUHBI
TIOPOTOBO¥ INTOTHOCTH SHEPTUH U KPUTUIECKOI ITTOT-
HOCTM MWHUMAJIbHOM TTOPOTOBOI SHEPTUM WHWIIAH-
poBaHUS 00pa3IoB a3uaa CBUHIIA B BUAE CITPECCOBaH-
HOTO TIOPOIINKA U MUKPOYACTHUI] TIOPOIIKA, PaCIIpee-
JICHHBIX B MOJIMMEPHOI MaTpulle, 3aBUCIT OT AUaMe-
Tpa ya3epHoro Imydka. C yBeJIWdeHUEM aruaMeTpa I10-
poroBasi TUIOTHOCTh SHEPTUM WHUIIMUPOBAHUS PE3KO
YMEHBIIIACTCS, a KPUTUYECKas TIJIOTHOCTh MUHUMAJIhb-
HOI IMMOPOrOBOi SHEPTUM MHUILIMMPOBAHUS pacTeT. 3a-
KOHOMEPHOCTH COXPaHSIIOTCSI HE3aBUCHUMO OT criocoba
M3rOTOBJIEHUST 00pa3ioB. MyHKIMS pacrpeneicHus
OCBELIEHHOCTU B O00ObEME B3PbIBYATOIO BEILIECTBA HE
3aBUCUT OT IJIOTHOCTH MOILIHOCTH JIa3€PHOTO U3JTyue-
Hus. TloBblllieHUEe ONTUYECKON MPOYHOCTU AUDDY3-
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HO-pacCenBaIOIIEii cpeabl TIPpU YMEHBIIEHUN pa3Me-
POB 30HBI B3aMMOJICICTBUS JIa3epHOIO IMy4YKa CO cpe-
JIOIl CBSI3aHO C YMEHbIIEHMEM YMCja TTOMIOMIAIOINX
MUKPOHEOTHOPOIHOCTEN M COIPOBOXIACTCS PE3KUM
yBEJIMUEHUEM CTAaTUCTUUECKOTO pa3dpoca 3KCIepu-
MEHTaJIbHBIX TaHHBIX. B 1TaHHOM cllydae cpefa siByisieT-
¢ nuddy3Ho-paccenBalolieil, Mo3ToMy MHULIMUPO-
BaHUE MPOUCXOIUT Ha HEKOTOPOIl IIyOuHe, Tae ycre-
BaeT c(hOPMUPOBATLCSI OPEOJT PACCESTHUSI.

IIpakTuyeckas 3HauumMocTbh Crioco0 J1a3epHOro BO3-
Oy>XIeHUs NeTOHALUU MEPCIEeKTUBEH [IJIs MpUMEeHe-
HUS B pa3IMYHBIX CPEICTBAX MHUIIMUPOBAHUS U, B
YaCTHOCTH, MIPU B3PBLIBAHUM 3apsIIOB OT MUKPOOObHE-
MoB BB 10 B0O30y:xXneHMs1 JeTOHALIMM OJHOBPEMEHHO
BCEl MOBEPXHOCTU B3PHIBYATOTO BEIIECTBA IJIOIIAIBIO
HECKOJIbKO KBaJPaTHBIX METPOB.

KioueBble ciioBa: sxepeoHacwvlujeHHble KOMNO3UMbL,
83pbleHamole geujecmea, nasep, uziydeHue, IHepeus U3-
AVYeHUS, UHUUUUPOBAHUE

Pexomendosano 0o nybaixauyii dokm. mexH. Hayk
B. I1. Kypinnum. Jlama naoxooxcenns pyxonucy 14.11.17.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6



