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SENSITIVITY OF EXPLOSIVE MATERIALS TO THE ACTION OF
ELECTROMAGNETIC FIELDS

The analysis was done to define the most common methods of detection and disposal of explo-
sive objects. According to the principle of their operation, the methods were subdivided into 4 classes.
It was established that physical methods are the most effective, and most of them are based on the use
of electromagnetic waves with various parameters. To define the degree of effect of electromagnetic
waves on explosive materials it was reasonable to study their electromagnetic properties. It is shown
that the main parameter that quantitatively characterizes the degree of sensitivity of explosive materials
to the action of electromagnetic fields is the dipole moment of their molecules. The molecular structure
of the most common explosive materials, in particular hexogen, pentaerythritol tetranitrate and trinitro-
toluene, tetryl, lead trinitroresorcinate, mercuryfulminate and lead azide has been analyzed. It is shown
that the molecules of these substances have a two-dimensional structure, while the molecules of hex-
ogen, pentaerythritol tetranitrate, and mercury fulminate are symmetrical. It corresponds to the absence
of a dipole moment in such molecules. The dipole moments of asymmetric molecules of trinitrotoluene,
tetryl, lead trinitroresorcinate, and lead azide were calculated using the method of adding force vectors
of dipole moments of interatomic bonds. The calculated data showed that the dipole moments of these
substances are significant, so the electromagnetic influence on the activation of these explosive materi-
als cannot be neglected. Partially, the high values of the dipole moments of trinitrotoluene
(W(C7HsN306)=2,55 D) and tetryl (u(C7HsNsO5)=9,27 D) can be explained by an increased number of
asymmetric bonds with nitrogen that has a high electronegativity. The obtained data can be used for the
development of the safety algorithms to provide a safe work of the rescuers during demining of the ter-
ritory and when using the devices of an active electromagnetic action in order to prevent the uncon-
trolled detonation of explosive objects.

Keywords: explosion, demining of territories, explosive materials, electromagnetic waves, molecu-
lar structure, dipole moment, safety of rescuers

1. Introduction

The latest achievements of science and technology in the defense-&-industrial
sector result in an increased variety and lethality of weapons. Mine weapons have an
acient history. For the first time, people began to use the powder energy of the
explosion a few centuries ago. Now, it is used for killing and maiming manpower,
causing damage to available equipment and as a matter of fact destroying it by impact
of explosion and shrapnel. In reality, during military conflicts, mine weapons cause
losses not only for military units, but also for civilian population, and mainly children.

No military conflict took place without the use of mine weapons. Large areas are
contaminated with explosive objects (EOs) that are laid haphazardly keeping no appro-
priate records in relevant documentation. The main purpose of using mine weapons is
the maiming and killing of personnel and destroying equipment by the interaction of the
energy of explosion and the fragments. Unfortunately, a large number of incidents have
been recorded among the civilian population, the vast majority of which are children.

Today, due to the hostilities in Ukraine, the area of the territory contaminated with
EOs makes up 185,000 square kilometers. The most widespread are anti-personnel
high-explosive mines, trap mines, anti-tank mines of high-explosive action, anti-
personnel mines of fragmentation action, and anti-tank mines of remote mining.

The mine warfare shows the two vectors of development. The first vector is the
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adaptation to the canons of the modern maneuver warfare. The methods of manual min-
ing have become more advanced; remote mining tools have been added, enhancing thus
the dynamics of combat operations. The second vector that makes mine warfare more
effective is the catastrophic lag in mine detection and demining tools. The EOs are used
not only for the minefields, but also outside them. In addition, the use of a primitive
probe, however with faultless search accuracy, becomes impossible due to the upgraded
mines that are triggered before the sapper detects them [1].

Taking into account the canons of modern maneuver warfare, mine weapons ob-
tained the latest methods of perfect manual and remote mining, enhancing thus the war-
fare dynamics. However, the means of detection and neutralization are at the stage of
catastrophic backlog.

The personnel of the subunits of the State Emergency Service, using available
metal detectors, has to stay directly in the affected area because there are no means of
remote detection of explosive objects, and it results in injuries and losses.

Hence, the existing problem is that the pyrotechnic subunits searching for and de-
activating explosive objects with various special design features are facing high danger.

2. Analysis of literary data and problem statement

The demining process of the territories occurs using the means developed in Sovi-
et times. Their principle of operation is based on the induction and radio wave methods
of searching for explosive objects. To determine the location of individual anti-tank,
anti-personnel, anti-vehicle, and object mines, as well as unexploded air bombs, artil-
lery shells, mortar mines, etc., the pyrotechnic subunits are equipped with the following
devices:

- induction and radio mine detectors IMP, IMP-2 (PR-507), MIV, RVM-2M,
RVM-2M, RVM-2 (PR-504A), MMP (PR-505);

- bomb detectors (ferromagnetic body detectors) IMB, MBI, OGF;

- tools to search for INM radio blasters (PR-506);

- mechanical equipment: probes, cats, rolling trawls [1].

The personnel of the subunits of the State Emergency Service, using these metal
detectors, has to stay directly in the zone of their possible damage, since there are no
means of remote detection of explosive objects, and it results in injuries and losses.

Anti-personnel landmines are one of the main reasons for civilian casualties in
conflict-affected areas and these present a significant obstacle to the post-war recon-
struction [2].

In spite of technological advances attained in the twenty-first century by Western
militaries in demining and removing self-made explosive devices, the humanitarian
demining largely relies on mid-twentieth century technologies [3]. No single technolo-
gy can detect all types of landmines under all environmental conditions, and as a matter
of fact there is a need to develop multi-sensor detection systems to overcome the limita-
tions of each sensor.

Theintegration of the sensors for the detection of anti-personnel mines is relating
to the combination of the ground-penetrating radar and metal detector technologies [4].
An example of the integration of these sensors is the ALIS system [5]. ALIS is a hand-
held, portable "dual sensor" capable of receiving electromagnetic radiations and a GPR
signal along with the location information while being scanned on the ground by a
manual operator. But its use becomes impossible due to the improvement of mines that
are triggered before the sapper discovers them [1]. Also, reliable and cost-effective de-
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tection and geophysical mapping of areas contaminated by unexploded ordnance, such
as cluster munitions, abandoned munitions, and improvised explosive devices, depend
on the ability to distinguish hazardous objects from metallic ones [6]. The approach of
portable manual detection [7] of mines by the movement of the sensor is slow and dan-
gerous for individual operators; therefore, the development of the means for the remote
detection and demining becomes an acute question [8].

Promising developments deal with the creation of the safe means controlled by an
operator at a safe distance and also with the generation of special maps with terrain
markings providing information on the possible presence of explosive objects in certain
areas of the terrain and, in general, the maps of sensor signals [9]. These tools can be
both a single platform (a hexapod robot and a scanning manipulator) [10] and a system
combining a monitoring platform and an unmanned aerial vehicle to identify probable
locations of mines that can be confirmed later by a land-based vehicle [11]. The use of
such means in combination with multi-sensor systems that have a high probability of
detection, low technical risk, and the possibility of combining the collected data will
result in decreased losses of pyrotechnic subunits and high rates of the detection of ex-
plosive objects. Laser desorption [12], X-ray and y-radiation sensors, optical radiation
sensors, electrochemical and chemical sensors, optical-&-electronic sensors [13], and
neutron methods [14] are promising avenues for the remote detection of the explosives.
But the effectiveness of all these methods depends to a great extent on the physical-&-
chemical and electromagnetic properties of the materials that are searched for.

Hence, the unresolved part of the problem is the uncertainty of the influence of
electromagnetic fields with different parameters on the behavior of explosive materials.

3. The purpose and tasks of the research

The purpose of the research was to identify the sensitivity of explosive materials
to the action of electromagnetic fields.

To achieve the set goal we need to solve the following problems:

1. Establishing the mechanisms of the effect of available methods of the remote
detection of explosive objects on explosive materials.

2. Defining the degree of sensitivity of explosive materials to the action of elec-
tromagnetic fields and waves.

4. Research materials and methods

The object of the research is explosive materials used for explosive items of East-
ern European production. The subject of research is the sensitivity of explosive materi-
als to electromagnetic fields and waves. The working hypothesis is the availability of
the sensitivity of EOs to the action of electromagnetic fields in terms of the value of the
dipole moment of the most common explosive materials. The PMN-2 and PFM-1 mines
were chosen from the variety of anti-personnel high-explosive mines. The MON-90 and
POM-3 mines are considered as anti-personnel fragmentation mines. The TM-62PZ and
PTM-3 mines were selected from the variety of anti-transport high-explosive mines.
These types of mines are equipped with a cumulative explosive charge of TG-40 (hex-
ogen (RDX) /trotyl (TNT) 60/40) weighing 1,800 g. The materials of the charges of
these explosives are considered as explosive materials. High-explosive substances are
used for the main charge and these are characterized by the ability to crush nearby ob-
jects during the explosion. The most commonly used explosive is TNT (trinitrotoluene)
or its mixtures. The chemical resistance of TNT is high; long-term heating at tempera-
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tures of up to 130 °C does not change its explosive properties, and it does not lose these
properties even after a long stay in water.

The detonators represent a separate element of an increased danger. In the middle of
the sleeve there is a charge of tetryl, pentryn (TEN) or hexogen. A cup with a hole on top
is pressed into the sleeve from the top. Inside the cup, there is a TNRS warhead and lead
azide (or mercury fulminate). Lead azide (or mercury fulminate) has a detonation force
high enough to detonate tetryl, pentryn (TEN) or hexogen, but is not sensitive enough to
open flame or shock, so the TNRS warhead that reacts perfectly to flame or shock is
placed above it, however it is weak for the excitation of tetryl, ten (pentryn) or hexogen.

The degree of polarization of molecules was determined based on the presence and
location of polar chemical bonds in the structure of molecules of explosive substances.

5. Establishing the mechanisms of the effect of the remote detection methods
on explosive materials

The development of mine weapons does not stand still and it encourages the im-
provement of mine countermeasures. Detection techniques are based on various meth-
ods that are shown in the diagram in Fig. 1.

Methods of detecting explosiv?

objects
|
Y A Y A
: Physical -&- , ] :
Physical chemical Chemical Organoleptic
: : _ . > visual |
> drift spectrometric | | gas-chromotographic| » drop reaction
> biosensor |
', Nuclear-magnetic | > polarimetric | || thin-layer
resonance chromatography ﬂ enzymatic \
o . liquid-
thermal neutron- chromatographic biophysical
" based analysis i L |
¥ potentiometric | > bioluminescence |
nuclear-resonance
fluorescence

> spectroscopy |

> introscopy |

> inductive |
Fig. 1. Method sofdetecting explosive objects

According to the scheme, all the methods of detecting explosive substances and
objects can be subdivided into four groups: physical, physical-&-chemical, chemical
and organoleptic.
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The group of physical methods includes the drift spectrometric method. It consists
in that the ionized molecules of explosive substances get into the drift chamber and
move to the collector under the action of electric field. Getting to it, these create the
current pulse in the electrical circuit that is amplified and processed by the electronic
unit. The drift time to the collector depends on the mobility of the ions and the parame-
ters of the electric field, which is the basis for the identification of the analyzed sub-
stance [15].

Nuclear methods of detecting the explosives are based on the use of nuclear reac-
tions to find explosive substances hidden, for example, in the luggage or cargo. Nuclear
methods of detecting explosives that use neutrons or, in some cases, high-energy (MeV)
X-rays for irradiation have been investigated [16]. Examples include thermal neutron
analysis, spectroscopy, pulsed fast neutron transmission introscopy, associated particle
imaging, and nuclear resonance fluorescence [17].

The inductive method relies on an inductive balance, i.e. several inductance coils
are used, one transmitting and one or two receiving, forming an inductive sensor. All the
coils are arranged in space in such a manner that the signal from the transmission coil, in
the absence of metal objects nearby, is not sent to receiving coils, that is, the entire sys-
tem is supposed to be balanced and the output signal is expected to be equal to zero.

Physical-&-chemical methods include the gas-chromatographic method that is
based on the detection of particles of an explosive substance due to the distribution of
its components at the phase boundary of the highly pure carrier gases and a sensitive
sorbent. The liquid chromatographic method is based on the detection of the particles of
an explosive substance due to its properties to dissolve in carrier liquids and remain on
the sorbent for a certain time. The potentiometric method is based on a change in the
electrical resistance of a substance under the action of electric current. Polarimetric
method presupposes that each substance has its own spectrum under the effect of the
stream of light [18].

Chemical methods include the drop reaction method (drop tests), and it is based
on a change in the color of traces of an explosive substance under the action of a certain
chemical reagent. The method of thin-layer chromatography is based on the properties
of the explosive substance to decompose into pure substances under certain conditions
(a saturated steam-air mixture of solvents). This group of methods is designed to detect
explosive substances on various surfaces, skin, and clothing.

Organoleptic methods include the visual method that is based on the studies of
recognizable external signs of explosive substances and devices. The biophysical meth-
od, which, in its turn, is subdivided into the following:

— the biosensor method is based on the detection of nitrogen-containing substances
with the help of dogs, pigs, etc.;

— the bioluminescence method is based on the detection of the remnants of an ex-
plosive substance on hands, clothes, etc., using the UV-luminescence.

The enzymatic method is based on the detection of microparticles of an explosive
substance on hands, luggage, etc. when applied to a specially treated tampon.

One of the modern methods of detecting explosive objects is a nuclear method.
Nuclear methods designed for the detection of explosive substances make use of nucle-
ar reactions to detect the explosives hidden, for example, in soil. Nuclear methods of
detecting explosives that use neutrons or, in some cases, high-energy (MeV) X-rays for
irradiation have been studied. Examples of the activation of the neutron system include:

— pulsed fast neutron analysis (PFNA);
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— fast neutron analysis (FNA);

— thermal neutron analysis (TNA).

All three systems are based on the interaction of neutrons with the objects un-
dertest and the detection of resulting gamma rays to determine emitted elements. TNA
uses thermal neutron capture to generate gamma rays. FNA and PFNA use fast neutron
scattering to generate gamma rays. In addition, PFNA uses a pulsed collimated neutron
beam. As a result PFNA generates a three-dimensional elemental image of the object
under test [16]. The Thermal Neutron Analysis (TNA) detector was developed as a val-
idation sensor for Canada's multi-sensor landmine detector system mounted on the
ILDP vehicle [17].

ILDP is the only multi-sensor mine detection system with a confirmation sensor
that can reduce false alarms to an acceptable level. It has been experimentally proven
that TNA is able to detect anti-tank and large anti-personnel mines in acceptably short
periods of time. It performed well in extreme climates, in Canadian and American
stand-alone tests, and in US ILDP full-system tests. The TNA system is used to deter-
mine the level of nitrogen in soil. Since all explosives contain between 15 % and 40 %
nitrogen, the detection of high levels of nitrogen is indicative of the presence of a land
mine. Using a 100-ug California-252 neutron source, the TNA system studies the re-
gion of interest for the neutron radiation. After capturing thermal neutrons, any availa-
ble nitrogen emits a certain amount of gamma rays, which are picked up by a ring of
four custom-made sodium iodide detectors of 7,62 x 7,62 cm. For landmine detection, a
maximum energy transition of these gamma rays occurs at 10,835 MeV [14].

During operation, the TNA system acquires at first the background spectrum. Af-
terwards, the TNA detection subsystem moves to the target location of interest with or
without the mines. Next, another set of spectra is obtained. Afterwards, the probability
of the presence of a land mine is calculated by the TNA system based on the number of
redundant responses in the area of interest.

6. Determining the degree of sensitivity of explosive materials to electromag-
netic fields and waves

One of the main electromagnetic properties of explosive materials is dielectric
heating. Heating is caused by the dipole polarization losses of dielectrics.

A distinctive feature of the dielectric heating is the volumicity of the heat released
in the heated medium. Themicrowave heating is characterized by a small depth of pene-
tration and the surface heating, as well as inhomogeneity of heating in the space of
standing waves. Homogeneity is achieved due to the thermal conductivity of the mate-
rial. Compared to the induction heating that is used to heat electrically conductive mate-
rials by an alternating current with a frequency of no more than 30 MHz, the dielectric
heating is usually carried out using higher frequencies.

The microwave heating uses electromagnetic waves with frequencies above
100 MHz. When using electromagnetic microwave waves, heating is caused by the mo-
lecular dipole rotation in the dielectric. The forced oscillations of polar molecules under
the action of an external electric field result in the intermolecular friction, and as a re-
sult, heat is released throughout the entire dielectric. In non-ideal dielectric materials
(partially conducting the electric current), additional heating occurs due to conductivity.

That is, the sensitivity of the explosive material to the influence of electromagnet-
ic waves is determined by the dipole moment of the molecules of these materials. The
dipole moment of molecules, in its turn, depends on the polarization of chemical bonds
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in the structure of these molecules. The polarization of chemical bonds occurs due to
the asymmetry (displacement) of the electron density that binds the molecular orbital of
the covalent bond. If the atoms forming a covalent bond are the same and carry the
same or similar electronegativity substituents, and the distribution of the electron plane
is symmetrical with respect to the plane, the perpendicular bond and the crossing bond
at equal distances from the atoms then such bonds are called non-polar.

A polar bond has a constant electric dipole moment due to the divergence of the
centers of gravity of the negatively charged electrons and the positively charged nuclei.
Most covalent bonds are polar. Molecules with a polar bond are usually much more re-
active than nonpolar molecules. Polarization of bonds makes a significant contribution
to the electric dipole moment of a molecule.

The dipole moment of a polarized bond can result in the polarization of neighbor-
ing bonds in the molecule (inductive or I-effect), but this effect is quickly weakened by
a chain of o-bonds. In the case of the presence of a system of connected n-bonds in the
molecule, a strong influence of the mesomeric or M-effect of the electron delocalization
on the polarization of the bond is possible—up to the polarization.

In order to determine the dipole moment of the molecules of explosive materials,
let's consider the structure of their molecules (Fig. 2).

- +
~“O—N=C—Hg—C=N—0" N“‘N; Pb. _N”
) N N
g
Fig. 2. Molecular structures: a — hexogen; b — pentaerythritol tetranitrate; ¢ — trinitrotolu-
ene; d — tetryl; e —lead trinitroresorcinate; f — mercury fulminate; g — lead azide

The bond polarity is conditioned by the displacement of the bonding electron pair to
one of the atoms that results in the formation of a dipolemeasured by the dipole moment
(m) the product of the final charge (q) by the distance between the charges (I): m=q*1.
Therefore, the dipole moment is increased with the accumulation of the charges during
their distribution and an increase in the distance between positive and negative charges.

The dipole moment of a molecule containing more than two atoms depends both
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on the polarity of the bonds and the molecular geometry. A polyatomic molecule can
have a dipole moment only if its bonds are polar. However, even in the presence of po-
lar bonds, the molecule as a whole can have a dipole moment, if the bonds are directed,
so their polarities are mutually compensated. Let’s consider the dipole moments of
some chemical bonds (Tab. 1) and the electronegativity of individual atoms (Tab. 2).

Tab. 1. Dipole moments (1) of frequently occurring bonds

Chemical bond Dipole moment Chemical bond Dipole moment
H—F 1,9 H—O 1,5
H—CI 1,1 C—F 1,4
H—Br 0,8 cC—0 0,7
H—1I 0,4 C—N 0,2
H—C 0,3 C—o0 2,4
H—N 1,3 C=N 3,6

Tab. 2. A series of the electronegativity of some elements

Element Electronegativity Element Electronegativity
Na 0,9 S 2,5
Li 1,0 I 2,5
Mg 1,2 Br 2,8
Si 1,8 Cl 3,0
P 2,1 N 3,0
H 2,1 0 3,5
C 2,5 F 4,0

The boiling point of organic liquids is increased with an increase in the molecular
dipole moment. The gravity energy (E) between dipole molecules obeys the dependence:

E=m?/d°, (1)

where m is the dipole moment; d is the distance between the centers of thedipoles.
Calculations of the dipole moments of molecules containing several polar groups
can, of course, be done by adding up all the group moments in pairs, and then doing the
same with resulting vectors. A much more convenient method of calculation is through
projections of the dipole moment vector onto arbitrarily chosen coordinate axes:

p=(m2my2+m )" 2)

The projection of the dipole moment vector onto the corresponding axis consists
of the sum of the projections of all group moments onto this axis. Thus, for a molecule
including n polar groups:

i=1

To do calculations according to the formula, it is necessary to know the angles of
the inclination of the vectors of group moments to coordinate axes. In some cases, espe-
cially for planar molecules, these angles can be easily calculated by knowing the va-
lence angles. In many cases, when calculating the dipole moments of molecules, it is
more convenient to use not the bond moments but the moments of individual atomic
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groups. For example, when analyzing the dipole moments of aromatic nitrocompounds,
it 1s not necessary to consider separately the moments of C—N, N=0O, N—O bonds, but
it is advisable to introduce the resulting value of the uno2 group moment. The value of
the group moment in the aromatic series is taken as the value of the dipole moment of
monosubstituted benzene, and in the aliphatic series it is the value of the corresponding
monosubstituted methane.

If the molecule contains two polar groups with moments p; and po, rotates freely
around the axes a; and ay, respectively, and the angles formed by the directions of the axes
of rotation and the vectors of group moments are 0; and 0., and the axes themselves form
an angle m2 between themselves, then the total moment is calculated by the formula.

n=(pa? +p22+2pap2 cos H1cos 02 cos wi2)”. (4)

Let’s calculate the dipole moments ofexplosivematerials.

Trinitrotoluene
CHs;(1) m&=0 m,=-0,37
NO»(2) m=4,01 cos60° m=4,01 sin60°
NO2(3) m=0 m,=-4,01
NO:(4) m=-4,01 cos60° my=4,01 sin60°
Zm\—i: 0 Zm.ﬂ: 2,55

H(C”/’HS,NRO()): 02 + (2,55)2:2,55[)

Tetryl
N+NO, +CHs (1) m=0  m,=27 + 4,01 - 0,34
NO2(2) m=4,01cos60° my=4,01 sin60°

NO,(3) my=0 my=-4,01
NO.(4) my=-4,01 cos60° my=4,01 sin60°
Yy myi= 0 Y myi= 6,34

W(C7HsN50s) = /0% + (6,34)2=6,34D

Lead azide
N3(1) my= 1,32 c0os35° my=-1,32 sin35°

- N~ N3(2) my=-1,32 cos35° my=-1,32 sin35°

N:;:. 1 Pb \i ,-:N'// > myi=0 >'myi= -1,51
N N
u(Pb(N3), = /02 + (—1,51)2=1,51D
O 0O Lead trinitroresorcinate

0w Nlo- NOz+Pb(1) m=(4,01+0,54)cos60° m,= (4,01+0,54)sin60°
;@: pp2t Ot Pb(2) me=(2,1 +1,1)cos60° my=-(2,1 + 1,1) sin60°
2

0 o NO2(3)  m=0 my=-4,01
L 0(4) my= -2,1 cos60° my=-2,1 sin60°
NO,(5) my=-4,01 cos60° my= 4,01 sin60°
u(CsH(NO,)s(OPb),) = /0,822 + (—1,19)2=1,45D

12 ¢ © M. Kustov, A. Karpov



ISSN 2524-0226. Mpobnemu Haa3BuYanHUX cuTyauin. 2023. N 1(37)

Fig. 2 shows that the molecules of hexogen, pentaerythritol tetranitrate and mercu-
ry fulminate are symmetric, respectively, their dipole moment will be equal to 0
(1 (C3HeN6O6)=0; p (CsHg(ONO2)4)=0; u (Hg(ONC)2)=0). Therefore, the calculations
of the dipole moment for trinitrotoluene, tetryl, and lead azide are given below.

7. Discussing the results of determining the sensitivity of explosive materials
to the action of electromagnetic fields

The specified classes of the methods used for the remote detection and disposal of
explosive objects have shown that all of them have a direct or indirect effect on the ma-
terial of these objects. At the same time, these can be subdivided into methods that are
focused on the effect on the EO body materials and the methods that affect the explo-
sive material itself. However, due to the fact that each EO represents a solid structure
made of the body materials and explosive materials, the impact on the explosive materi-
al cannot be neglected for any option. In some cases, there are EOs that have no casing
based on solid explosive materials.

The analysis showed that it is the electromagnetic method of the remote detection
of EOs that has become the most popular today. Therefore, there is a need for studying
the effect of electromagnetic waves on explosive materials. During the analysis of the
mechanism of the effect of electromagnetic waves on the explosive material, it was es-
tablished that the dielectric heating by waves with a frequency above 100 MHz can re-
sult in its explosion. A specific feature of the obtained results is the determination of the
degree of sensitivity of explosive materials in terms of the value of the dipole moment
of their molecules. Calculation of the dipole moments of the molecules of the main ex-
plosive materials showed that such substances as hexogen, pentaerythritol tetranitrate
and mercury fulminate have no dipole moment.

Accordingly, pu (C3HegNsOs)=0, p (CsHs(ONO2)4)=0 ta p (Hg(ONC),2)=0. It is ex-
plained by the symmetrical structure of their molecules, where the actions of polar
bonds are compensated by the same bonds in the opposite direction. That is, such sub-
stances are insensitive to electromagnetic fields and waves. Since the structure of the
molecules of all explosive substances considered in this scientific paper is two-
dimensional, the use of the method of adding the force vectors of dipole bonds allows
us to simplify the calculations with a satisfactory error (<10 %). Calculations showed
that such different molecular structures as lead trinitroresorcinate (CsH(NO2)3(OPb))
and lead azide (Pb(N:)2) have close dipole moment values of 1,55 D and 1,45 D, respec-
tively. At the same time, it should be noted that such a result cannot be explained by the
content of Pb, because the types of interatomic bonds with lead and their number differ
significantly. At the same time, such substances as trinitrotoluene (C7HsN3Og) and tet-
ryl (C7HsNsOg) have a molecular structure similar to that of hexogen (C3HsNsOs), but
at the same time they differ significantly in terms of the dipole moment. The dipole
moment for trinitrotoluene is quite high, and it is 2,55 D that is higher than the average
value for organic substances. However, the dipole moment of tetryl is generally abnor-
mally high, i.e. 9,27 D. In part, such a high value of the dipole moment for tetryl can be
explained by the significant content of nitrogen that has a significant electronegativity
of 3 (Tab. 2). However, for the final determination of such an abnormally high value of
the dipole moment of tetryl, it is necessary to conduct additional studies, and it is not
the task of this research.

8. Conclusions
1. The main methods of remote detection and disposal of explosive objects have
been analyzed and classified. It was established that all methods can be subdivided
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into 4 classes according to the principle of action: physical, physical-&-chemical,
chemical and organoleptic. Each method differs by the detection reliability, the time of
analysis, autonomy and material consumption. Based on the comparison of these
characteristics, the most optimal methods for the use by operational and rescue subunits
when clearing a large area of the territory to remove explosive devices of unknown
design are the electromagnetic method and the method of neutron analysis. Since the
method of neutron analysis is only developing, the main attention in further research
should be paid to the mechanisms of interaction of the electromagnetic field with
explosive objects.

2. Using the method of adding force vectors, dipole moments were calculated for
the main explosive materials, namely trinitrotoluene(p (C7HsN3Og)=2,55 D), tetryl
(1 (C7H5Ns5058)=9,27 D), lead azide (n (Pb(Ns3)2)=1,45D) and lead trinitroresorcinate
(1 (CsH(NO2)3(OPb)2)=1,51D). These materials were selected for research based on the
analysis of the structural composition of the most common explosive objects. Estimat-
ing the dipole moment of molecules of explosive materials enables the assessment of
the sensitivity of explosive materials to electromagnetic fields and waves. According to
the calculation, the greatest danger present the explosive objects containing tetryl, when
exposed to electromagnetic waves. It was established that electromagnetic waves have
no activating effect on such explosive materials as hexogen, pentaerythritol tetranitrate
and mercury fulminate, as these have un=0D, and it is explained by the two-dimensional
symmetrical structure of their molecules.
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A. A. Kapnos, ao’ronkm ao tonkmypu
Hayionanvnuti ynisepcumem yusinonozo 3axucmy Ykpainu, Xapxis, Yxpaina

YYTJMUBICTh BUBYXOHEBE3NEUHUX MATEPIAJIB 10 J1i
EJJEKTPOMATHITHOI'O ITOJIA

[IpoananizoBaHO HAWOUIBII MONIMPEHI METOAM BUSBICHHS Ta 3HEIIKO/HKCHHS BHOYXOoHeOe3meu-
HUX MpeJMeTiB. 3a MPUHIMIIOM iX Aii MeToau po3duTo Ha 4 xinacu. BeraHoBieHo, mo HaiOinbmry ede-
KTHBHICTh MalOTh (Di3UYHI METOIH, OUTBIIICTh 3 SKHX 3aCHOBAHO Ha BUKOPHCTAHHI €JIEKTPOMATHITHUX
XBHWJIb 3 PI3HUMH NlapameTrpaMu. [ BU3HaUeHHs CTYIEHIO BIUIMBY €JIEKTPOMATHITHHX XBUJIb HA BUOY-
XOoHeOe3neyHi MaTepialii TOCIiIKEHO iX eJeKTpoMarHiTHi BiactuBocTi. [Tokazano, mo OCHOBHIM T1a-
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paMeTpoM, SKUH KUTBKICHO XapaKTepU3ye CTYIHb YyTIIMBOCTI BUOYXOHEOE3NMEUHNX MaTepiayid Mo Ail
€JIEKTPOMATHITHOTO TOJISi € AMIONBHUNA MOMEHT iX MoJekyn. [IpoaHamizoBaHO CTPYKTYpPY MOJEKYI
HaMOIBII MOIIMPEHNX BUOYXOHEOE3MEUHUX MaTepialiB — TeKCOTEHY, NEHTaepUTPITTETpaHITparTy Ta
TPUHITPOTOIIYOITy, TETPHUITY, TPHHITPOPE3OPITMHATY CBUHITIO, GYJIBEMIHATY PTYTi Ta a3uay CBUHITIO. [1o-
Ka3aHo, 110 MOJIEKYJIM IMX PEYOBHUH MAIOTh JIBOBHUMIPHY CTPYKTYPY, & MOJIEKYJIH I'e€KCOTEHY, IIeHTaepH-
TpiTTeTpaHiTpaty Ta QyabMiHATy PTYTi € cuMeTpuyHuMU. Lle BinmoBigae BiICyTHOCTI AUTIONBHOTO MO-
MEHTY Y TaKuX MOJIeKyJax. J{unoiabpHi MOMEHTH HECUMETPUYHUX MOJIEKYJ TPUHITPOTOMYOIy, TETPHUILY,
TPUHITPOPE30OPLMHATY CBUHIIIO Ta a3y CBHHIIO PO3pPaxOBaHi METOIOM JOJABaHHSA BEKTOPIB CHJI JU-
MOJIFHUX MOMEHTIB MIKaTOMHUX 3B’53KiB. Pe3ynbTaTi po3paxyHKiB MOKa3aiu, M0 TUTOIBHI MOMEHTH
LIUX PEYOBHH € 3HAYHHMH, TOMY €JICKTPOMAarHiTHUM BIUIMBOM Ha aKTHBALil0 IHUX BUOYXOHEOE3MEUHUX
MaTepialiB HeXTyBaTH HeMOXxHa. YaCTKOBO BHCOKI IMMOKa3HHUKH JTHUIIOIHHIX MOMEHTIB TPHHITPOTOIYOITY
(1 (C7HsN306)=2,55 D) Ta tetpriy (n (C7HsNsQg)=9,27 D) mosICHIOETHCS TTiABHIIIEHHIO KITBKICTIO He-
CUMETPUYHHUX 3B’A3KiB 3 HITPOI'CHOM, SIKHH Ma€ BUCOKY €JIEKTPOHETaTHBHICTh. OTpUMaHi pe3yibTaTH
MOYKHa BUKOPHUCTOBYBATH IPHU pO3poOLi O3MEKOBUX AJITOPUTMIB poOOTH PATYBaJIbHUKIB IPH PO3MIHY-
BaHHI TEPUTOPIi Ta IPU BUKOPHUCTAHHS NPUIA/liB 13 aKTUBHOIO €JIEKTPOMATrHITHOIO JII€I0 3 METOIO IOTIe-
peIlKeHHs] HEKOHTPOJIBOBAHOTO MiAPHBY BHOYXOHEOE3MeUHUX PEAMETIB.

Konrouosi cioBa: mizpus, po3MiHyBaHHS TEPUTOPiH, BUOyXOHeOE3MeUHi MaTepiaiy, elneKTpoMar-
HITHI XBWJIi, CTPYKTYpa MOJICKYJIH, AUITOJTFHAI MOMEHT, Oe3ITeKa pATYBATBHIKIB
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