CTPYYHN PAOOBK
NMPOPECCUOHAIIbHBIE CTATBA
PROFESSIONAL PAPERS

HIGH ENERGY MICROWAVE WEAPON -
ELECTROMAGNETIC BOMB

Goran M. Banjac®, Viadimir D. Dordevic’:b,
Miladin Z. Zivkovié®, Abdellah Ferdjalid

@ University of Defence in Belgrade, Military Academy,
Department of Air Defence, Belgrade, Republic of Serbia,
e-mail: gbbanjac@yahoo.com, corresponding author,
ORCID iD: “Ehttps://orcid.org/0000-0002-3547-9723

University of Defence in Belgrade, Military Academy,
Department of Air Defence, Belgrade, Republic of Serbia,
e-mail: ketidjole@ptt.rs,

ORCID iD: “Ehttps://orcid.org/0000-0003-0669-0770
University of Defence in Belgrade, Military Academy,
Department of Air Defence, Belgrade, Republic of Serbia,
e-mail: miladin32dus@yahoo.com,

ORCID iD: “Ehttps://orcid.org/0000-0002-3060-4011

Polytechnic Military School, Algiers,

People's Democratic Republic of Algeria,

e-mail: ferdjali.abdellah@gmail.com,

ORCID iD: “Ehttps://orcid.org/0000-0002-1748-1715

DOI: 10.5937/vojtehg69-29007; https://doi.org/10.5937/vojtehg69-29007

FIELD: Electromagnetics
ARTICLE TYPE: Professional paper

Abstract:

o

Q

Introduction/purpose: Technological progress has led to the
actualization of the problem of construction and use of high-energy
microwave weapons, especially electromagnetic bombs. However, in
the recent military-professional literature, this issue is little represented.

Methods: The available existing literature on the subject was analyzed.

Results: It has been established that the general principles of functioning
and theoretical bases have been widely available and known for many
years. Numerous experiments in specialized institutions have confirmed
the electromagnetic pulse effectiveness. This is especially true of
sensitivity of devices based on semiconductor technology. Also, it is
assumed that, at the current technological level, technical solutions are
widely available to a large number of entities. The most common model of
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electromagnetic bomb dealt with in the literature is the realization of the
use of a compression flux generator and an oscillator with a virtual
cathode. According to the authors, this variant would ensure that the final
product has realistic physical dimensions and sufficient strength to be
useful. Another problem identified in the literature is the massive absence
of adequate protection measures against the effects of electromagnetic
pulses. This applies not only to the civilian but also to the military sector
and imposes the need to invest significant resources in order to
subsequently increase resilience.

Conclusion: The available literature indicates that it is possible to make an
electromagnetic bomb of acceptable physical dimensions and power. It is
assumed that it would generate an electromagnetic pulse with a power of
about 10 GW and a frequency of 5 GHz. In combination with high-
precision weapons, even protected devices would be successfully
disabled. The wide presence of semiconductor technology in all spheres
of life makes this weapon extremely effective and it is realistic to expect its
much wider application in the coming period.

Keywords: high energy microwave weapon, electromagnetic bomb,
electromagnetic pulse, explosively pumped flux compression
generators, vircator.

Introduction

The harmful effects of electromagnetic pulses have been known for
a long time. The most famous example is the activation of a warhead
with a power of 1.45 megatons, at an altitude of 250 miles above the
Pacific Ocean. The consequences of this experiment were much more
serious than expected. The impact of electromagnetic pulses was felt in
Hawaii, 1445 km from the explosion center. The consequences were the
destruction of street lighting, alarm systems and telecommunication
systems. Six satellites at such a distance for which the possibility of
affecting them had not even been considered were completely destroyed.
After this event, the effect of the electromagnetic pulse becomes
extremely relevant from the aspect of military use. Further research has
yielded more accurate knowledge about the consequences of using such
weapons. Thus, a nuclear warhead, with a power of 1-2 megatons,
activated at an altitude of 250 miles, would release an electric field of 10-
50 kV / m, which would cause damage to a larger continental part of the
United States (Miller, 2005, p.390).

Numerous laboratory research studies have significantly contributed
to understanding the mechanisms of influence of electromagnetic
impulses. In them, the electromagnetic pulse is not generated as a
product of a nuclear explosion, but is created by certain high-frequency
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high-power devices. Although they can be used more than once, these
technical solutions, due to their dimensional limitations, have not found
wider application outside specialized scientific research institutions.

Technical solutions called high-energy microwave weapons stand
out today as very important for military use. These are devices capable of
emitting directed high-frequency electromagnetic energy. Their pulse
power is 100 MW-100 GW, and the operating frequency is 1-300 GHz (Ni
et al, 2005, p.2). Progress in their development in recent decades has
been most pronounced in the domain of reducing physical dimensions,
while maintaining and increasing power. Currently, such systems have a
spatially limited scope, but create an electric field strong enough to
disable integrated electrical circuits (Miller, 2005, p.391). There are
different types of their construction and use, and a special focus is on a
solution realized in the form of an electromagnetic bomb. It is made as a
disposable device, whose main functional units are realized using a
compression coaxial flux generator, a high-frequency generator with a
virtual cathode oscillator, and an antenna system based on a helix
antenna.

Explosively Pumped Flux Compression Generators

The main problem in the construction of such weapons is the
provision of an adequate power source. It is easily overcome if the
concept of a disposable weapon, i.e. electromagnetic bomb (e-bomb) is
adopted. A popular approach to the problem is the choice of an
Explosively Pumped Flux Compression Generator. Its advantage is the
well-known working principle, technical simplicity and high efficiency. In
addition, estimates indicate that it can be made by any country with a
developed information technology sector (Miller, 2005, p.392).

The idea its construction is based on is to use the power of
explosion to quickly compress the magnetic field, thus ensuring the
conversion of explosion energy into electromagnetic field energy. An
explanation of this can be easily found in the available literature, and is
illustrated by a simplified cross-section in Figure 1 (Kopp, 1996, p.3).

The basis of the construction is an electric coil wound on a copper
pipe, in which there is a shaped explosive charge. The coil represents
the generator stator. On the outside, there is an additional sheath made
of dielectric material so that the electromagnetic field is better directed.
The central explosive charge extends along the entire length of the
copper pipe.

On the side of the charge, from which the detonation path begins,
there is an explosive lens which should provide a certain law of formation
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and propagation of the explosive wave. This deforms the copper tube
into a regular conical shape. The aim of this is to spread the copper tube
evenly over the entire diameter of the stator, thus causing a short circuit
between the stator windings. This deformation will move with the
explosive wave towards the stator output contacts, Figure 2 (Kopp,
1996, p.3).

Dielectric Structural Jacket Insulation Block

Armature Tube o
Stator Winding \

ononoononoo:

Input Ring Exsplosive Stator Output Ring

Insulator Block
Explosive Lense Plain Generator

Picture 1 — Construction of Explosively Pumped Flux Compression Generators
Puc. 1 — KoHcmpykuyusi eeHepamopoeg cxxamusi Tomoka ¢ 83pbI8HOU Hakaykoll
Cnuka 1 — KoHcmpykyuja ekcrinosujom nokpemaHoe ¢hriyKCHoe eeHepamopa

Immediately before the activation of the explosive charge, the coil is
supplied with high-power current, of the order of mega amperes (for
which another, smaller flux generator can be used). Due to the flow of
current, a large, rapidly decreasing electromagnetic field is created. The
activation of the explosive charge is timed to correspond to the moment
of reaching the current peak in the stator windings.

The explosive generator with the lens is activated and forms an
explosive wave that deforms the copper tube into a conical shape, which
spreads over the inner diameter of the stator windings, short circuits
them and "traps" the current in the device.

The short circuit moving along the generator body has the effect of
compressing the magnetic field while reducing the inductance of the
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stator winding. The result is the formation of a rapidly growing impulse,
the maximum of which is reached immediately before the physical
destruction of the generator itself.

TIME

Picture 2 — Deformations of a copper pipe under the action of an explosive wave
Puc. 2 — Jecpopmayuu medHoli mpybbl nod eoddelicmeuem 83pbI8HOL 807THbI
Cnuka 2 — [Jegpbopmauuje bakapHe yesu rnod 0ejcmeom eKCro3usHo2 manaca

According to the available results, the maximum is reached in a few
milli or micro seconds. Also, for a current peak of 10 MA, an output
power of several tens of MJ is provided (Kopp, 1996, p.5). In this way, an
electromagnetic field of 1 kV / m is created at a distance of approximately
2 km, or 10 kV / m at a distance of 175 meters. A field of this strength
would ensure the safe destruction of all electrical systems (Miller, 2005,
p.392). However, the main problem is the low frequency of this pulse,
usually below 1 MHz, which does not provide sufficient efficiency on
targets of smaller dimensions (such as integrated circuits).

Oscillator with a virtual cathode

There are several possible solutions how to provide a high
frequency pulse of sufficient power from the output pulse of the flux
generator. The available literature offers several different HF sources, the
characteristics of which can be seen in Table 1 (Ni et al, 2005, p.3).

It is interesting that the most common choice from the aspect of
making an e-bomb is a variant of a device with a virtual cathode oscillator
(vircator). Although it does not provide the highest output power, nor can
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it cover higher frequencies of the microwave spectrum and has low
efficiency, it is a popular solution for making e-bombs. The main reason
is a simple construction and small dimensions, which is why it has a
great possibility of practical use. It should be noted that the realization in
the variant of the axial vircator stands out in terms of efficiency (Kopp,
1996, p.5).

Table 1 — Different sources of HF energy
Tabnuua 1 — Pasnuy4Hble ucmoy4Huku BY sHepeauu
Tabena 1 — Pasnu4umu u3sopu B® eHepauje

Device name P F T 1
(GW) (GHz) | (ns) | (%)

Virtual cathode oscillator 1.2 5.9 - -
Freedom electronic laser >1 40 - 30
Axial driven cathode oscillator 7.5 1.17 - -
(I:Isiflg?;uxiliary slow wave 4-8 ) ) 15-25
Single pulse looping-wave oscillator | 1.5 8.-12.5 | 60 30
Looping-wave oscillator 1 10 2 30
Field radiation oscillator 0.06 7 - 25
Looping-wave oscillator 1.5 Xband | 60 50
S:gﬁ:tt(i)r;g pulse looping-wave 1 10 2 30
Relativity magnetron 0.1 - 1000 | -
Improved cyclotron tube 2 12.5 50 -
Polarized radiation microwave tube 0.06 7 700 25

Kop offers a simple explanation of the principles on which the
operation of the vircator is based, Figure 3. The basic idea is to
accelerate a strong jet of electrons to the mesh anode which is grounded
to the device body. Most electrons will pass through the anode and form
a charged space behind it. This charged area represents the virtual
cathode.

The virtual cathode will oscillate at the appropriate frequency, which
can be adjusted by manipulating its position in the cavity. The output
power ranges from 170 kW to 40 GW, and the frequency range covers
the decimeter and centimeter wavelength range.

Although it has a very low efficiency, which is only 1%, the simplicity
of design, small dimensions, and the absence of external magnetic field
makes this a popular solution (Drazan & Vrana, 2009, p.622).
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Picture 3 — Simplified presentation of the construction and principle of operation of the
vircator
Puc. 3 — YnpouweHHoe npedcmasneHue KOHCMpyKyuu u npuHyuna pabomasi eupkamopa.
Cnuka 3 — YnpowheHu npuka3 KOHcmpykyuje u npuHyuna pada supkamopa

Kopp cites pulse duration as the biggest limitation in using a vircator.
It is usually of the order of microseconds and is limited by the melting
time of the anode and the stability of the oscillation frequency which are
conditioned by the emitted power.

Antenna system

The next step in the construction of the e-bomb is the selection of an
appropriate antenna system. The main problem here is the high output
power of the vircator and ensuring the maximum utilization of the
transmitting antenna.

Practical problems as an optimal choice impose the choice of a
circularly polarized antenna. This brings the following advantages in
relation to solutions with linear polarization:

- reflection - the signal strength is not reduced because it is emitted
in all planes, so its reflection is not mostly expressed on one plane;

- absorption - due to broadcasting in all planes, the probability of
coupling with the target device is higher;

- phase - since these are signals of higher frequencies, this type of
polarization provides a higher probability of coupling regardless of the
position and shape of the target object as well as obstacles;
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- multi-path problem - the problem arises when the basic and
reflected signals reach the receiver almost at the same time. This can
have the problem of creating dead spots and reducing the total power at
the reception. Circularly polarized antennas are less susceptible to this
problem;

- visibility line - when the line of sight is disturbed by obstacles such
as vegetation and smaller buildings, circular polarization has a better
ability to establish a coupling with the target object; and

- influence of atmospheric conditions - thanks to the characteristics
described above, there is greater resistance to the influence of rain, snow
and other microconditions on signal absorption.

As an optimal solution, Krop states the use of a narrowing helix or a
conical spiral antenna. According to the shown solution, Figure 4 (Kopp,
1996, p.10), the connection is by means of probes in the resonant cavity
of the vircator, which are directly connected to the antenna.

Dielectric Nosecone Radome

Antenna Feed Ports (in phase) / \ Circularly Polarised Radiation

Axial Vircator
(C) 1996 Carlo Kopp

Backfire Reflector
bt Multifilar Conical Helix Antenna

Picture 3 — An example of a link between a vircator and an antena
Puc. 4 — lNpumep ces3u mexdy supKkamopoM U aHmeHHoU
Cniuka 4 — lNpumep se3e supkamopa U aHmeHe

Effect of electromagnetic pulse on electric circuits

The importance of the problem of the influence of EMP on the
operation of electrical circuits is shown by the fact that it is the subject of
work of specialized institutions. For example, in Sweden, there is The
Microwave Test Facility, whose task was originally to test the impact of
high-frequency signals on aircraft, and later to start testing with
commercial electrical devices.
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The influence of EMP is considered through: impulse characteristics,
coupling mode, and mechanism of influence. The quantities through
which EMP is defined and through which its influence on electric circuits
is estimated are: pulse growth time (v/s), electric field strength (V/m), and
frequency (Hz), (Miller, 2005, p.387). Growth time is a basic factor in
terms of "bypassing" overload protection. The strength of the electric field
directly indicates the amount of energy that can be transmitted, and the
frequency indicates transmission efficiency. Tests have shown that
integrated circuits are more sensitive to higher frequency EMP, while
physically larger electrical systems (such as power grids) are more
sensitive to lower frequency EMPs. EMPs at frequencies from 200 MHz
to 5 GHz' are considered the most dangerous for electrical systems.

Coupling is the way EMP is introduced into an electrical system, and
can be accomplished in two ways (Vasilevich & Pershenkov, 2016,
pp.621-629). The first is through the front door, i.e. the points that are
intended to be the inputs / outputs of electrical circuits. The simplest
example of this is the transceiver antennas of various devices. The
second way is through the back door or through the points whose
purpose is to connect parts of the system into a functional whole (signal
transmission, power supply elements, etc.). In this case, the correlation
with the frequency spectrum of the pulse is very important. Because EMP
covers a wide range of frequencies, it easily penetrates parasitic
antennas and connects to electrical systems.

Regardless of the type of coupling, these two authors further list four
basic levels of influence on electrical systems. As such, they single out:
upset, lock-up, latch-up, and burnout.

The first two ways are interfering with the operation of electrical
devices and as such are found in foreign literature under the name soft
kill. Uupset is the temporary interference with one or more electrical
nodes in a device. Due to the appearance of parasitic voltages, the
device does not function normally. The malfunction is rectified when the
source of interference is switched off. The lock-up is similar to the
previous case, except that now, in addition to stopping the interference, it
is also necessary to turn off or reset the device.

With greater power, permanent damage and destruction of electrical
devices is achieved. This influence is found in the literature under the
name hard-kill. The only way to eliminate the consequences of such
actions is to repair or replace certain parts of the circuit. A latch-up is an

' This is the frequency area with the largest number of radars, TV systems, mobile
telephony systems, etc.
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extreme variant of locking in which, due to the level of induced voltage,
certain nodes in circuits either self-destruct or turn off. Burnout is the
most extreme form of impact on electric circuits. It takes place physically
through the form of a short circuit or even the physical burning of certain
nodes, the melting of capacitors, resistors or conductive paths.
Incineration is most often localized at points where more conductors
intersect, more bases, collectors or emitters are connected. Damage
occurs because, due to the described phenomenon, the components of
the circuit are heated to a temperature exceeding 300 ° C.

The main factors, important for the damage of semiconductor
elements, are the following:

- occurrence of voltages and overload currents in electric circuits,

- breakdown of dielectrics and air insulation between and near
conductive roads,

- formation of short circuits in parasitic thyristor structures, and

- the induced EMP recombination currents.

Which of the mechanisms will exert a key effect depends mostly on
the distance of the target from the EMP source, its frequency, the
vulnerability of the target itself, the degree of EMP connection, as well as
the entry points.

These authors give a tabular overview, Table 2, of the voltage
quantities required for the physical destruction of certain elements
realized in semiconductor technology. What can be seen is that
semiconductor elements are extremely sensitive and that it is necessary
to achieve voltage induction of the order of several tens of volts in order
to ensure the safe destruction of such elements. Computers and
integrated circuits are especially sensitive, for which a voltage of only
10V is sufficient. In contrast, "older technology" based on pipe
technology is much more resistant.

Table 2 — Voltage levels required to damage various semiconductor components
Tabnuuya 2 — Ypo8HU HarnpsikeHusl, Heobxo0umble Orisi Io8pexx0eHUs1 Pas3iuyHbIX
r1o1yrnpo8oOHUKOBbIX KOMITOHEHMO8
Tabena 2 — HanoHcKku HUBOU HeONMXx00HU 3a owmehere pasnuqyumux
r1o7yrnPo8oOHUYKUX KOMIOHEHMU

Types of semiconductor devices Breakdown voltage
Silicon high frequency bipolar transistors 15V-65V

Gallium Arsenide Field Effect Transistors 10V

High density Dynamic Random Access Memories (DRAM) | 7V

Generic CMOS logic 7V-15V
Microprocessors running off 3.3 V or 5 V power suppliesV 3.3V-5V
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Numerous experiments are being conducted to better understand
the impact of EMP. The importance of this question shows that there
have been specialized institutes in the world for decades that deal with
research in this field. One example is the Swedish microwave test facility.
They are capable of producing electromagnetic pulse frequency up to
15GHz and pulse power up to 10GV (Backstrom et al, 2002).

An interesting resistance test of the computer network resistance to
the influence of EMP was conducted in this institution (Arnesen et al,
2005). The subject of the test were LAN and WLAN networks,
implemented on three desktops and five laptops. A field of maximum
strength of 29 kV/m at a frequency of 1.3GHz and 17.5 kV/m at a
frequency of 2.86 GHz was used as a source of interference. The tested
equipment was distributed in three different radiation areas (according to
intensity).

The results of this study were as follows. Parts of the equipment
tested showed varying degrees of failure, from interference to failure
(which could have been instantaneous or manifested with a delay of 5
minutes). Wireless networks are extremely sensitive because AP? were
damaged by a field of strength in 175 V/m. The operation of LAN
networks was already disrupted with a field of 2 kV/m, while interference
of higher intensity’ occurred with a field of over 4 kV/m. The physical
damage of the electrical components started at 8 kV/m, and the power
field of 12 kV/m had the effect of certain destruction. Computers have
shown varying degrees of sensitivity. Laptops are up to ten times more
resistant than desktops, but there were also differences depending on
the specific type and manufacturer.

It is interesting to note that parts of the network equipment are
significantly more resistant than computers themselves. Although the
LAN was already disrupted at 500 V/m, its operation was interrupted for
fields of 8 V/m, there was no physical damage to the parts of this
equipment.*

These and similar experiments indicate that it is possible to make
EMP of sufficient power to affect electrical devices. This data, in addition
to the possibility of making an e-bomb, also indicates the problem of
designing a successful protection against this type of threat.

% Acces point
3 Interference was performed at frequencies of 1.3 and 2.86 GHz
*Fora frequency signal of 2.857 GHz
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Electromagnetic pulse protection

Protection measures and their efficiency depend on several factors,
and armor protection and grounding have proven to be the most
effective. The best example of armor protection is the use of a Faraday
cage. This type of protection is realized by complete shielding, protected
device, conductive material.

This ensures the distribution of electricity on the surface of the
armor, which cancels the electric field inside it. Although efficient, this
system has disadvantages that arise from the need to provide power and
signal flow to the protected device. This causes the need to make holes
in the armor, which will represent imperfections in the electrostatic armor.
These openings will be "open doors", for all EMP wavelengths smaller
than their dimensions and thus reduce the effectiveness of this type of
protection. In addition, the use of conductors represents additional points
for coupling with EMP.The problem with signal flow is successfully solved
by using optical cables, while the issue of power supply still remains one
of the main problems.

Although there are standard protection solutions, they must be
adapted to the specific mode of threat, i.e. the type of electromagnetic
pulse. The best example of this is a graphical representation of different
types of electromagnetic pulses, Figure 5 (Kopp, 1996, p.3). What can be
seen, as the most obvious difference, is the time of growth and duration.

Thus, the EMP caused by a nuclear explosion almost immediately
reaches its maximum value and lasts extremely short, which dictates the
specific conditions for the design of protection systems. In contrast, the
EMP created by the flux generator gradually reaches its maximum value
and lasts longer. The fact that these diffences are significant is indicated
by the results of the research conducted in the USA, to which Kopp
refers.

According to them, the protection measures developed for the
purpose of preventing the impact of EMP caused by a nuclear strike are
not sufficiently effective in preventing the effects of pulses generated by
the use of high-energy microwave weapons.
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Picture 4 — Forms of electromagnetic pulses
Puc. 5 — ®opmbi anekmpoMazHUMHbBIX UMYbCO8
Cniuka 5 — Obnuyu enekmpoMagHemHUX umryrca

The most economically viable is the design and installation of
protection during the construction of devices themselves, while the costs
of subsequent protection are significantly higher. As an example, various
studies on the sensitivity to the use of EMP conducted in the United
States can be cited (Foster et al, 2008, p.23). According to them, the
estimated costs of installing protection in the existing elements of the
high-energy electric, gas and telecommunication network range between
20 and 30 billion US $. Between $ 800 million and $ 1.5 billion need to be
set aside to protect the most basic parts of the power system (such as
high-voltage transformers). Strengthening most military systems would
amount to an additional 10% of the cost, and strengthening only the
military energy network an additional 10% of the cost. What everyone
agrees on is that there are a very large number of systems without any
protection, not only in the civilian but also in the military sphere. The
problem is still extremely current because recent estimates suggest that
the achieved level of resistance to electromagnetic pulse is still low and
requires a more vigorous approach in eliminating this danger
(Commission to Assess the Threat to the United States from
Electromagnetic Pulse (EMP) Attack, 2017)

Example of an electromagnetic bomb model

Back in 1996, Kopp presented an assessment of the dimensions
and manner of realization of the applicable e-bomb. According to him,
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this can be realized in the housing of the dimensions of an air bomb type
Mk.84, Figure 6 (Kopp, 1996, p.10).

Dielectric Nosecone
Microwave Antenna
Pulse Shaping Network

Ballast Ring
Power Supply

ot /./,, ;
/ f Vircator Tube

Coaxial FCG (Stage 1)  Coaxial FCG (Stage 2)

(C) 1996 Carlo Kopp

Battery

Coaxial Capacitor Bank

Picture 5 — An e-bomb placed in Mk.84 air bomb
Puc. 6 — OnekmpoHHasi bomba, pasmeujeHHasi 8 asuabombe Mk.84
Cnuka 6 — E-6omba cmewmeHa y merno asuo-6ombe Mk.84

The air bomb body, 3.8 m long and 0.46 m in diameter, would
successfully accommodate an e-bomb realized on a two-stage
compression flux generator, with a virtual cathode generator. This would
provide a usable model whose biggest problem would be a limited field of
action, which can be overcome by high probability of kill. Also, by
reducing the activation height, the lethal area is reduced, but the
strength of the electric field is increased. In this way, targets of greater
resistance can be destroyed.

Michael Abrams gave an estimate of how much EMP power could
be achieved (Abrams, 2003). With the application of technical solutions
stated by Kop, such a bomb would have a power of 10 GW, a frequency
of 5 GHz and would have a deadly footprint with a diameter of 400-500
m. In this area, it would create a field of several kilowatts per meter. This
would have an extremely distructive effect, even if the electrical devices
in the targeted area had a certain degree of protection.

Conclusion

The trend of digitalization of all spheres of society has brought a
wide presence of semiconductor technology. Besides numerous
advantages, however, this undoubtedly brings certain weaknesses. The
biggest one, extremely interesting from the aspect of both attack and
protection, is the sensitivity to electromagnetic pulse effects. This area is
important because the mechanisms of affecting electrical devices are
well known and confirmed by numerous experiments.
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The theoretical basis and technology of making an applicable model
of an e-bomb are known and available to a wider number of subjects.
The optimal choice of technical solutions, such as a flux generator for a
power source and a vircator for an HF generator, would ensure the
production of an e- bomb with real physical dimensions, a power of about
10 GW and a frequency of 5 GHz. In combination with high-precision
weapons, satisfactory delivery accuracy would be achieved and thus
limited power would be compensated. A large number of lucrative
targets, ranging from radar and missile systems, through communication
systems, to modern battle tanks, would justify the development and use
of such weapons.

The high efficiency of e-bombs indicates the importance of this
problem not only in the civilian but also in the military sphere. The main
reason is the declining awareness of the importance of installing
protection measures; and if they exist, they are not fully effective in
protection against EMP produced by the e-bomb. A certain problem is a
dominant trend of commercialization of the military sector, which leads to
the growing presence of electrical components, which are not sufficiently
protected. This is important because it is realistic to expect wider
application of such weapons systems in the coming period. Also, timely
protection, installed in the design phase, is significantly less financially
burdensome compared to the cost of the entire project.
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BbICOKO3HEPIETUYECKOE CBY-OPYXWNE -
ONEKTPOMAITHNTHAA BEOMBA

lopaH M. BaHsiL®, KOppecnoHAEeHT, Bnadun//ug) 0. Dxopaxesnd?,
Munadun 3. Xuskosuy?®, A60enina Gepmxanm

@ Yuusepcutet o6opoHbl B 1. Benrpaa, BoeHHas akagemusi, kadeapa
NpOTUBOBO3AYLLIHON 060pOoHEI, I. Benrpaa, Pecnybnvka Cepbus

® NonuTexHnyeckoe BoeHHOE yuunuwe, r. Amkup,
Amxunpckas HapogHast lemokpaTtuyeckasa Pecnybnvka

PYBPWKA T'PHTW: 78.00.00 BOEHHOE AEJO:
78.25.00 BoopyxeHue 1 BoeHHast TEXHUKa;
78.25.23 Hoseliwmne pa3pabaTbiBaeMble cpeacTsa
BOOPYXXEHHOW 60pbObl 1 3aLWUTEl OT HUX
BWO CTATbW: npodeccroHanbHas ctaTbs
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Pe3some:

BeedeHue/uenb: TexHudeckul npoepecc rpueen K akmyanusauyuu
gorpoca o0 co3daHuuU U MPUMEHEHUU 8bICOKOSHepaemu4yeckoeo CBY-
opyXusi, 8 4YacmHocmu 3reKmpomMagHUmHbeix 6om6. OOHako 8
Hoeelweli 80eHHO-NPOgheccuoHansHoU numepamype 3mom e0rpoc
HedocmamoyHO OCBEUIEH.

Memodbi: B QaHHOU cmambe npedcmasrneH aHanu3 umerouwielics
numepamypabl o daHHOU meme.

Pesynbmamei: BbisisrieHo, 4mo obujue npuHyursl (hyHKUUOHUPO8aHUST U
meopemu4eckue OCHOBbI LWUPOKO GoCmyrHbl U U38ECMHbl  Ha
POMsKeHUU  MHoaux n1iem. MHO204UCHIEHHbIE  3KCHepUMEHMbl 8
crieyuanu3upoBaHHbiX yupexoeHusix nodmeepdurnu 3ghghekmueHOCmb

3rIeKmpomacHUImMHo20 umnyribca. OcobeHHo KacameJsibHO
yyecmeumesibHocmu ycmpoacme Ha OcCHose I'IO.I'IyI'IpOGOGHUK osol
MEexXHUKU. Takxe npednonazaemcs, 4mo Ha meKyuw,em

MEXHO/I02UHECKOM YPOBHE MEXHUYECKUE pPeuwleHus] WUPOKO GOCMYyIriHbI
bonbwomMy Komudecmsy opeaHusauyul. B usyyeHHOU rnumepamype
Haubosiee pacripocmpaHeHHOU MOOENbIO NeKmpoMagHUmMHol 60mbbI
S16/19€MCS UCIMOMb308aHUE 2eHepamopa Cxamusi nomoka u eeHepamopa
C eupmyarsnbHbiM KamodoM. [1o MHEeHU0 aemopos, 3mom eapuaHm
2apaHmupyem, 4moO  KOHe4HbIl  npodykm  bydem  obnadamb
docmamoy4yHol  MOWHOCMbIO U peanuCmuyHbIMU  bU3UYECKUMU
pasmepamu 07151 Mo2o 4Ymobbl uMems UeHHOCMb UCMob308aHus. Ewe
o0Ha npobriema, 0603Ha4YeHHas1 8 nniumepamype, kacaemcsi goripoca o6
omcymemeuu coomeemcmsyowux Mep 3awumsi om 8030elicmeust
37IEKMPOMacHUMHbIX UMIIY/IbCO8. 3mMO OMHOCUMCS HE MOJbKO K
epax0aHCKOMY, HO U K BOEHHOMY CEKMOpPY U mpebyem UH8eCcmupo8aHUst
3Ha4YumeribHbIX  pecypcos8  Ons  Mocredyruieeo  MosbileHUs
COMPOMUGIEHUSI.

Bbigodbl: B docmyrnHol numepamype yKasbleaemcs, 4mo MOXHO
paspabomampb arieKmpomacHUmMHyro 6omby rnpuemnemMbix husudeckux
pasmepoe u mowHocmu. [lpednonazaemcs, 4mo OHa 6ydem
2eHepuposampb 3r1eKMPOMacHUMHbIU UMIMYSIbC MOUHOCMbI0 oKoro 10
'Bm u 4acmomou 5 [Ty. B coyemaHuu ¢ 6bICOKOMOYHLIM OpYyXUem
Oaxe 3aujuuieHHble ycmpolicmea MOXHO 6ydem ycrielWwHo ebi8ecmu U3
cmpos. Lupokoe npucymcmeue rosyrnpo8oOHUKO8bIX MEeXHOIoauli 80
8cex cghepax  XKU3HU Oernaem  3MO  OpyXue  4pe3sblHaliHo
aghgpekmueHbIM, criedosamesibHO, MOXHO OXudamb €20 WUPOKO20
npumMeHeHus1 8 briuxadiuiem repuoode.

Knrouesbie crioga: CBY-opyxue 8bICOKOU 3HEpauu, 351IeKmpoMagHUMHasi
bomba, anekmpomazHUMHbIU UMIYIIbC, 2eHeparmophbl CxXamusi Momoka c
83pbI8HOU HakayKoU, supKamop.
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BUCOKOEHEPIETCKO MUKPOTANACHO OPYXJE —
ENEKTPOMAIHETHA BEOMBA

lopan M. Bawau®, aytop 3a npenucky, Bradumup [. Hophesuh?®,

Munadun 3. XXuskosuh?®, A60esiax deppjanu

? YuusepauteT onbpaHe y Beorpaay, BojHa akanemuja, Katenpa
npoTnBBa3gyxonnoBHe onbpaHe, beorpaa, Peny6nuka Cpbuja

® NonuTexHuuka BOjHa akagemuja, Armkup,
HapopgHa [lemokpaTtcka Penybnvka Amxup

OBNACT: enektpomarHeTuka
BPCTA YJIAHKA: cTpy4Hu pag

Caxemak:

Yeod/uyurb: TexHonuwku Haripedak dogeo je 00 akmyenu3auuje numara
KOHCMpyKyuje u Kopuwhera BUCOKOEHEP2emcKo2 MUKpOmanacHoa
opyxja, a nocebHo erekmpomazHemeHe 6ombe. Mehymum, y Hoeujoj
80jHOCMpPYYHOj  numepamypu  oea  fnpobremamuka je  pPemko
3acmyrbeHa.

Memode: UsepweHa je aHanusa rnocmojehe docmyrnHe fumepamype u3
npedmemHe rpobremamuke.

Pe3synmamu: YcmaHoerbeHo je Oa cy ornwma Hadvesia ¢hyHKYUOHUCaHa U
meopujcke ocHoge GocmyrHU U rno3Hamu eeh Ayxu HuU3 2o0uHa. bpojHu
eKcriepuMeHmu  y crieyujanu3oeaHuM ycmaHogama romepounu cy
ehukacHoCm ymuuyaja efiekKmpomMazHemHo2 uMmysca, Wwmo ce
rnpesacxoOHO 0OOHocu Ha ocemsbugocm ypehaja 6asupaHux Ha
nonynposodHUYKoj mexHonoauju. Takofe, npemrnocmaesba ce 0a Ccy, Ha
cadawibeM MEXHOMTOWKOM HUBOY, MEXHUYKa pewerba 0ocmyrnHa
serlukoM 6pojy cybjekama. Kao Hajuewhu modesn enekmpomazHemHe
bombe, y numepamypu ce ucmude peanusayuja Kopuwhemem
KOMpecuoHoe chriyKc-2eHepamopa U ocyunamopa ca eupmyernHoM
kamodom. Oea sapujaHma Mmoerna 6u 0a 0b6e3bedu da KOHa4YHU rPou3eod
uma pearniHe husuyke OuMeH3uje u A0BOSbHY CHazy, Kao U yrompebHy
8pedHocm. Jow jedaH 00 npobriema Koju je udeHmughukosaH Yy
obpaheHoj numepamypu jecme MacosHuje 00cycmeo adeKkeamHuUx mepa
3awmume 00 Ogjcmea erlekKmpomazHemHoz umryrica. To ce He 0OHOCU
camo Ha UUBUsIHU, He20 U Ha 80jHU cekmop u Hamehe nompeby yracara
3HamHux cpedcmasa padu HakHadHoe roeehara omrnopHocMu.

Sakrbyyak: [JocmynHa numepamypa ykasyje Ha moeyhHocm uspade
efiekmpomagHemHe 6ombe npuxeamsbugux @U3UYKUX OUMEH3uja U
cHaze. [lpemnocmaswa ce Oa 6u HOM buo eeHepucaH
efiekmpomagHemHu umriyric cHage oko 10 GW u gpekseHuuje 5 GHz. Y
KOMbBUHauuju ca BUCOKOIMPEeUU3HUM OpyXjeM Moenu 6u ce ycrewHo
omMemamu 4Yak U 3awmuheHu ypehaju. Llupoka 3acmyrrbeHocm
rornyrnpoeoOHUYKE MexHoMo2uje YUHU 08aK8O OpyxXje U3Y3emHo
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epukacHuM, naje  peasiHO odekKugsamu H-e208y 3HayajHujy fPUMEHy y
HapedHom repuody.

KrbydHe  pe4qu:  8UCOKOEHep2emcKO  MUKpomarsacHo  opyxje,
efiekmpomazgHemHa bomba, efiekmpomazHemHu umnyiric,
KOMIPeCUOHU ¢hrlyKc-eeHepamop, aupKkamop.
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