ARMOR AND ANTIMATER ON THE BORDER GUARD
(published in the "Engineer' magazine No. 2, 2016)

- Hit - in the very tunic. Not a hat -
a sieve!

- You will, Pashka, throw away the
pasta - instead of a colander!

Blacksmith Philemon from the movie "Don't play the fool"

Beret is a common headdress for the military of many types of troops -
paratroopers, marines, border guards and even partisan revolutionaries. However, this
headgear protects the head only from the cold, but not from bullets. But the servants
of these particular types of troops find themselves during hostilities in the most
difficult conditions and high density of fire. Of course, during military operations, the
beret can be changed to a helmet, but for the military, the beret serves not just as a
part of a uniform, but as a symbol, a banner. It still needs to be earned, stained with
your blood, and removing it during the battle is equivalent for them to surrender,
removing the flag. Therefore, the army needs berets that protect against bullets -
armored berets (Fig. 1, 2).
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Fig. 1. Bullet striking the armor made of special material, only deforms it to a depth of S and
ricochets with a force of F.



It would seem that this is fantastic: how can a thin felt or felt layer protect
from a bullet? It turns out that it can: even anti-bullet matter, jokingly called
“antimatter”, has been created in the form of woven and knitted materials made of
synthetic fibers, arranged similarly to a spider web. The unique properties of the web
have been known for a long time [1]. Spider web fibers, possessing gigantic strength
and elasticity, only stretch under impact, extinguishing the energy of a bullet, like a
goal net, extinguishing the energy of a ball or puck flying into the goal at great speed
[2]. Likewise, a bullet will only stretch the fibers and lose speed during stretching, but
at the moment of the ultimate tension of the fibers it will not be able to break them
(Fig. 1). The well-known formula for the work of the forces 4 ~ F'S to extinguish the
energy of the bullet works here: by lengthening the path S, we win in the force F. In
body armor, the stopping distance S of the bullet is small, therefore the force of its
impact F'is large and the strength of the material must be great. If the path S is large
(about 1-2 c¢m), then work 4 is performed with a much smaller force F. Therefore, the
strength of the fibers and the thickness of the material are needed less. The fibers will
then straighten out and throw the bullet back resiliently, like a fishing line on a tennis
racquet that kicks a ball. The action of such “antimatter” is similar to the action of the
active armor of a tank, which throws a projectile back with an explosion on impact.

Fig. 2. Landing of amphibious assault on the shore

The benefits of bulletproof fabric are clear. Firstly, if a bullet hits the body, it
will not cross its border, will not damage the arteries and internal organs, but will only
leave a bruise, and the action of live ammunition will be like a traumatic one.
Secondly, clothes made of such fabric or knitwear are light, do not hinder movement,
unlike body armor. Namely, mobility is important during battles, when the speed and



accuracy of movements decide the outcome of the battle. Thirdly, clothes can cover
not only the body, but also the arms, legs, and neck. Fourthly, these clothes are
indistinguishable from ordinary ones and are suitable for carrying out special
operations under cover, in civilian clothes. Fifthly, this uniform is cheaper than body
armor and is suitable as an everyday uniform for constant combat readiness. Finally,
other equipment can also be sewn from “antimatter” - bulletproof covers, tents,
awnings for jeeps and trucks, parachutes, which after landing will serve as a landing
party to build shelters.

In general, such clothes are nothing new. Even in the Middle Ages, warriors
preferred light chain mail to heavy and uncomfortable armor, armor. True, the role of
an elastic material and a damper was played by the human body itself, and the chain
mail links only excluded the cutting of the body with a sword or arrow. This principle
is well known for the example of cutting meat, fish: a not too sharp knife bounces off,
since wool, skin, scales, interfering with cutting, spring. And only when an incision
appears, the tensile force decreases sharply, since the edges and base of the notch, like
cracks in solids, serve as stress concentrators.

The most interesting thing is that bulletproof clothing was already used by the
Indians who inhabited America during the time of Columbus [3]. There are cases
when the Indians boldly stood in the open under the blows of bullets from the
arquebus of the conquistadors or US cavalry rifles, without any damage, and only
shook out piles of lead from their clothes [4]. This plot is reflected in a number of
Westerns. The Indians even had a test of the fortitude of young warriors who had to
resist throwing a knife, spear and tomahawk at them. Although they say “the bullet is
afraid of the brave...”, it is hardly possible to pass the test alive without special
clothing. Apparently, from the tales of grandfathers and great-grandfathers who saw
these wonders in the Wild West, Hollywood folklore about terminators and robocops,
costumes of duck robots and superheroes, invulnerable to a hail of bullets, grew [2]. It
was believed that the Indians, like other shooters in Westerns, hid steel sheets under
their clothes. In fact, the Indians used little iron in everyday life and on the warpath.
But it is known that the Indians who inhabited Brazil and Paraguay made clothes from
cobwebs. In combination with the lining of thick buffalo skin, it could serve as a
reliable protection against bullets [5]. So, both the samurai of Japan and the warriors
of China wore not steel armor, but cardboard leather, made of thick pleated paper.
Thanks to the varnishing, multi-layering and elasticity, they protected well from
arrows and sword blows, being light and not restricting movement [3]. “Paper armor”
was even preferred over iron armor. When building such armor, the Chinese were the
first to apply the principles of bionics, because this is exactly how the soft chitinous,
segmented shell of insects and ants is arranged, which is emphasized by the U-shaped
cockade on helmets, reminiscent of antennae. In turn, the Chinese armor served as a



model for the armor of Darth Vader, J. Lucas, who created force fields by an effort of
will.

It is not excluded that in Russia the "conspiracy" shirts of the Cossacks, who
did not wear armor and chain mail, were reinforced with special types of fibers,
horsehair, bristles, horny, wooden shields, and had high strength and elasticity. So,
Russian Sarmatian warriors who fought in Europe at the beginning of our era are
depicted in ancient drawings in such light uniforms [3]. Perhaps the soft armor used in
Russia and the East, in ancient times, and spread to Alaska, and then to all of
America. It is no coincidence that in Alaska, among the Indians, Russian Cossack
settlements of the pre-Columbian era are also found. The strength of natural fibers is
demonstrated by a rope - a rope made of twisted paper. And the ancient resinous
products made of willow twigs, bast fibers, bark, bones, nettle (remember the
brothers' rescue shirts from the fairy tale about Eliza) are the first use of composite
materials, to which modern technology has returned. Indeed, due to the structure,
combination of properties, the strength of composites, despite their lightness, is higher
than that of metal products.

It would seem that the same technology can be used to make an "armor".
However, such materials are of little use to protect the head, because in order to stop
the bullet, the material must press into the body a little - at this “dead stroke” S (or
better to say, “alive”, Fig. 1) elastic forces dampen the bullet's velocity. But the bones
of the skull are almost not deformed. Therefore, the impact of bullets, even if they did
not cross the border of the skin and did not penetrate into the cranial cavity, would
still damage the cranium, leading to cracks and fracture of bones. Therefore, the

material of the beret must be different. Bullets need to be braked at a distance from
the skull.

A force field generator would be ideal - a force screen that stops bullets right
in the air around the head. Such generators are widely found in science fiction
literature and films, such as "Star Wars", but in practice the principle of their
operation is unclear. But since in technology, objects are remotely manipulated only
by electromagnetic fields, obviously, the device will be electromagnetic. Moreover,
nature itself has created a magnetic force shield, a field that protects the Earth from
"cosmic invasion." The Earth is constantly bombarded by streams of cosmic particles
- electrons, protons, etc., despite their smallness, representing a latent threat to all
living things, because, flying at great speed, they cause ionization, burns and
mutations. But the Earth's magnetic field unfolds, twists these particles, and they do
not reach the surface. This is due to the action of the Lorentz magnetic force on the
charged particles. The higher the particle speed, the higher the Lorentz force. Such a
description of the protective force field is found in the literature, for example, in the
novel by F. Herbert “Dune”: the force screen did not interfere with the slow
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movement of bodies, but swift bullets and knives were stuck in it. In other words, a
velocity-dependent force emerged, like the Lorentz force and other electromagnetic
forces.

Based on these principles, some authors have proposed the idea of a force
screen, following the example of the movie "Dune" and the stellar saga about
Skywalker. So, J. Walker [6, p. 259] showed that the braking forces can be the forces
of magnetic induction. Everyone remembers a simple school experience: a metal ring
is brought to the magnet, or vice versa, the magnet is brought to the ring, which is
immediately pushed out of it and the more intense the faster the ring is brought
together. A ring induction current is induced in the ring, which, as the Russian
physicist E.Kh. Lenz, when approaching a magnet, creates an oppositely directed
magnetic field that repels the ring. Therefore, the generator of an intense and sharply
inhomogeneous (that is, rapidly changing in space) magnetic field of induction B will
become the simplest force screen. In a metal projectile or bullet, flying into such a
field at a tremendous speed, huge induction currents I are induced (Fig. 3), which,
firstly, slow down bullets and projectiles, and secondly, heat them up according to
Lenz's law. Currents can reach enormous magnitudes: they are the ones that melt
metals in induction microwave ovens. Therefore, a projectile or bullet explodes in
flight or, turning into a liquid metal, is sprayed into small drops under the action of the
mutual repulsion of induction currents. The combined action of braking and warming
up in the screen leads to the neutralization of almost any known types of shells and
bullets.
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Fig. 3. In a steel projectile flying into magnetic field B, induction currents are induced Iind,
rejecting projectile with Fr.



The magnetic field generator can be either a set of inductance coils that form
a strongly inhomogeneous field, or a radiator of microwave electromagnetic waves,
meter and decimeter ranges, creating an alternating magnetic field, with a large
number of antinodes and nodes, flying through which, the projectiles are also
decelerated by induction currents. Since energy is spent on the creation of a magnetic
field by coils-chokes, the magnetic field can be automatically turned on at the moment
a projectile, a bullet approaches, when they are detected by a rapid change in capacity
or inductance - this is the principle of car alarms and motion detectors. In addition, the
rapid activation of the magnetic field will create much higher induction currents than
those arising when the projectile enters a constant magnetic field. A rapidly growing
magnetic field can also be created by a magnetocumulative generator used for firing
metal projectiles. Such a Gaussian cannon on an explosive magnetic generator (EMGQG)
accelerates projectiles to cosmic speeds of ~100 km/s [7]. The principles of such
generators were laid down by P.L. Kapitsa, who created gigantic magnetic fields by
passing a tremendous current through an inductor. It, of course, exploded, but in a
short moment of work it created a record field. This moment is enough to slow down
the projectile. All you need is a replenished clip of coils, with a caliber the larger the
larger the caliber of the projectile. Perhaps such devices are already being installed on
military equipment, including new generation tanks and fighters.

Brief switching on of the field also solves another problem: if the field easily
decelerates the lead and copper bullets, then the steel projectiles in the magnetic field
will be magnetized, and the force of their attraction Fm can exceed the repulsive force
F1 (Fig. 3). But when the field is turned on for a short moment 7, the effect of FmT of
even large magnetic forces Fm will be small, while the effect of F17 of the induction
forces F1~ 1/T does not decrease with decreasing 7. In addition, heating the projectile
by induction currents to a temperature above the Curie point excludes magnetization.
Heating is also useful in that it increases the resistance of the metal, and at the
moment the field decreases, the induction currents and the reverse field created by
them are small, which pulls the projectile towards the generator. And finally, the rapid
switching on of the field leads to the fact that the current and the magnetic field arise
only on the surface of the conductor due to the skin effect (due to it, the EMG works).

All these types of weapons belong to the actively developing electromagnetic
weapons [8]. The most famous of its varieties are: laser guns and cannons (including
on space platforms, such as the "Death Star" from "Star Wars": hence the name of the
American SDI program), disabling electronics, electromagnetic bombs and noise
generators (on spark gaps and Tesla transformers), HAARP (and mobile stands for
ionization and heating of the atmosphere with microwave and radio radiation), an
electromagnetic Gauss gun, as well as various types of plasma guns , railguns, etc. A
possible development of such a weapon in space could be a magnetic beam from the



same "Star Wars", which captures and holds spaceships. By the way, it can also find
peaceful use - for docking ships, collecting space debris, preventing meteorite-asteroid
hazards. The role of such a beam can be played by a Bessel beam, formed by a laser
beam when focusing into a line by a conical lens (axicon). However, so far, such a
beam has managed to retain only nanoparticles, moving and attracting them. Some
physicists, for example, M. Galinsky, suggest using the axicon to build a laser sword.
Microwave waves with such focusing or from a phase antenna array would also create
a small attractive effect on the spacecraft. It is much more effective to irradiate a ship
with a stream of electrons fired from an accelerator. Then the irradiating ship,
charging with the opposite sign, will generate a noticeable Coulomb attraction force.
By the way, the first use of the force shield also took place in antiquity: the entrance
to the tomb and palaces of the first emperor of China, Qin Shi-Huangdi, was closed by
a magnetic field: iron weapons could not break through the entrance doors, warriors in
armor were attracted and thrown back [3]. Of course, this generator of a force field,
based on large permanent magnets, is far from real, but it made it difficult to storm
and break through the doors.

Thus, force field generators are realizable, but they have a number of
disadvantages in terms of protecting servicemen. First, the force field generators are
bulky. Secondly, the field prevents bullets from both arriving and departing - in
response to fire. Third, the powerful field makes it impossible to work with iron
objects, magnetic materials and electronics. Fourthly, such force screens only protect
against metal bullets and projectiles. And in the near future, bullets, shells, and the
weapon itself, will be cast and stamped from non-conductive ultra-strong heat-
resistant plastics, composite materials and weighted epoxy resins. Already, they are
beginning to produce such weapons and even print them on 3D printers. And helmets,
shields, body armor have long been made of Kevlar fiber, fiberglass and other
composites [9]. Among the advantages of such materials are lightness, cheapness,
impossibility of detection by metal detectors and terahertz cameras, low thermal
conductivity and therefore ease of use in frost and long-term shooting. Plus, dielectric
bullets made of plastics can easily pierce the magnetic force field, because induction
currents are not induced in them.

That is, we return to the classic body armor that protects against contact
strikes. But even in this case, the idea of a magnetic force field will be useful if it is
created in the thickness of clothing covered from the outside with a metal film or
mesh (Fig. 4). This is where the “miracles in the sieve” begin: when a bullet hits,
regardless of its nature, induction currents will be induced directly in the metal
coating or mesh, preventing their deformation. For slow movements, the induction
currents are small and the clothing does not restrict movement.
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Fig. 4. Different types of knitting (a) and weave (b) metal threads [20], as well as the types of
their insulation, directions of current I along the warp and weft threads create different
configurations of the magnetic field B.

The easiest way is to create a magnetic field by passing a current through a
thin metal wire woven into the fibers of clothing (Fig. 4), and obtained, like synthetic
fibers, by pulling through the holes of a diamond die [1, 9, 10]. If we knit a sweater or
knitwear from such a fiber, then the magnetic field generated in each loop will induce
strong induction currents in the metal coating or in adjacent loops during deformation,
which create forces that prevent rapid deformation, but do not interfere with the slow,
typical when wearing clothes. It is interesting that electrical engineers have long been
using a piece of such a "clothing" in the form of a Rogowski belt, which is a belt
made of many turns of wire, in which the EMF of induction is induced during belt
deformation [11].

The weaving of threads can be organized so that the entire magnetic field is
concentrated in the thickness of the clothing. Firstly, this excludes the possible
harmful effect of the magnetic field on living tissues and ammunition, and secondly,
the costs of generating a magnetic field are reduced, since the field energy is
proportional to the volume in which it is created. This is a great advantage over large
volume force field generators. To increase the magnetic field at the intersections of
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the metal threads from which the garment is woven or knitted, they can be passed
through ferromagnetic rings. Such clothing will resemble ferrite matrices used to
record and store information (Fig. 5). On the other hand, metal knitted clothing
resembles chain mail, which just served to protect against blows. If you remember the
legendary impenetrable thin chain mail, which fit in the palm of your hand and
weighed like a canvas shirt, the legends about which were used by J.R. Tolkien, when
describing chain mail from mithril in the trilogy "The Lord of the Rings", then the
question arises, maybe our ancestors forged chain mail on such principles? By the
way, chain mail was invented on the territory of Russia by the nomad Scythians, who
during the raids spread chain mail throughout Europe, until they replaced the
previously used scaly armor [3].

Puc. 5. ®epputoBaa matpuua (a) U pasHble
BapWaHTbl CLUENNeHNUa KoneL Kone4yru (6-2).

Fig. 5. Ferrite matrix (a) and different options for coupling rings of chain mail (b-d).

Such chain mail can work without an external current source. To do this, you
can make chain mail from magnetized interlocking metal rings (Fig. 5), for example,
from neodymium [12]. Then the magnetic fluxes created by each ring in the adjacent
ring will induce significant induction currents at fast displacements under impacts,
preventing these displacements. Even more effective will be the use of rings made of



high-temperature superconductors, in which continuous currents create huge magnetic
fields and induction currents, leading to the repulsion of magnetic materials from the
superconductor. Perhaps the legendary mithril from The Lord of the Rings was a
superconductor or a magnetic alloy. At least Plato and Lucretius illustrate magnetism
just by the example of the interaction of a chain of rings, and Chinese authors mention
the magnetism of the chain mail of the Emperor Qin Shi-Huang's warriors [3], whose
terracotta statues are still standing (as shown in the film "Mummy-III ”’), Allowing
you to study the structure of chain mail. And in other chain mails near the rings,
despite the past centuries, a residual magnetic field was found.

In general, the composition of many ancient materials and alloys, which
according to legend had unique properties, has not yet been established, the secrets of
their production and heat treatment have not been solved. Only a century ago, a
Russian metallurgist, mining engineer and general P.P. Anosov at the arms factories
of the ancient Ural city of Zlatoust has unraveled the lost secret of making damask
steel - the material of swords-kladens of epic heroes [13, 14]. Let us also recall the
mythical adamant and orichalcum (from which, according to legend, the shield of
Hercules was forged), mentioned by Homer and Plato. In Critias, Plato describes
orichalcum as a metal of gigantic strength and developed in Atlantis, known for other
supertechnologies. It is possible that the protective properties of these materials,
accidentally or deliberately created by ancient craftsmen, blacksmiths, were explained
not only by their high hardness and elasticity, but by their magnetic, superconducting
properties. If we consider that modern physicists also create high-temperature
superconductors (for example, ceramics) at random, then ancient masters could well
have found them, experimenting for thousands of years, which explains the ancient
evidence of floating magnetic statues, the coffin of Mohammed, etc. [3]. As the Tula
gunsmith Levsha said, the eyes of the craftsmen were so sharp because of poverty that
they could do without "small scopes" and other high-tech equipment. So, in Bazhov's
Ural Tales, one can find a hint of very unusual effects of minerals and alloys,
including levitation, invisibility, teleportation, time travel, which are often associated
with superconductors. And this is not surprising, since it is believed that such effects
can be achieved by electromagnetic fields, including in micro-coils with current,
surrounding an object from all sides [15]. Apparently, they were first spotted on the
destroyer Eldridge, where a powerful microwave field was generated [16].

But back to the prosaic, protective functions of metal fibers. From the braided,
knitted metal and magnetic materials discussed above, you can also make a light
beret, a cap, a sailor suit. On the one hand, they will be soft and light, and on the
other, they will instantly acquire rigidity, elasticity when hit by a bullet, and protect
your head no worse than a steel helmet and a Kevlar helmet. The advantage of the
beret is not only its lightness, but also the large air gap formed by the beret's fields
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around the head (Fig. 1). On this path, the entire speed of the bullet is extinguished.
Then the beret will straighten up, taking its previous shape. And modern camouflage
uniforms form folds, air pockets, suitable for the stopping distance of bullets. And if
the entire magnetic field is concentrated in the thickness of the beret material, then,
firstly, it will be highly heterogeneous, and secondly, it will not affect the head.

The metal fibers woven into the material of the uniform are useful in other
ways as well. Thus, a wire made of nitinol, or another metal with shape memory [13],
will make it possible to do without tedious ironing of the form: it is enough to heat it
by passing current through the fiber (Fig. 4), and the uniform itself will take its
original form. A shape-memory uniform could also get rid of body heat. A thin shirt,
when passing a heating current, would replace a thick overcoat. The magnetic field,
when passing alternating current through the fibers, provided b and an automatic
tightening, lacing of threads and adjustment of clothing to the figure and size. Also, a
uniform with an interweaving of metal threads, fibers will provide shielding from
electromagnetic weapons. In particular, from microwave guns that burn the skin with
induction currents; from noise cannons and bombs that disrupt the operation of
electronics, which is stuffed with modern military equipment and clothing; from the
Y-weapon, since electromagnetic waves of certain ranges (say, at the frequency of the
a-rhythms) disrupt the work of the psyche - they cause panic, aggression or
zombification (as in A. Belyaev's story “The Lord of the World”). However, now they
have learned to implant electrodes, implants directly into the human brain, controlling
its behavior, although it all started with peaceful experiments on cockroaches and rats,
remotely controlled to search for people under the rubble [17]. Ionizing weapons are
especially unpleasant - X-ray guns, gamma guns on pulse-compressors [10], firing
silently, imperceptibly, but no less lethal from this. Irradiation with such weapons
leads to burns, tumors, etc. It is believed that such a weapon caused the death of the
Venezuelan President Hugo Chavez from brain carcinoma, who dared to defend the
freedom and interests of his country, against the direction of the United States [18]. If
the beret, in which this descendant of the Indians and the military leader performed,
contained metal fiber, the fate of the world would have been different. And the
Bolivian partisans, led by Che, armored bearers would help change the balance of
power.

Is it possible to create bulletproof berets and clothing without metal? For this,
obviously, the material of the uniform must also resist rapid deformations and not
interfere with slow ones. In addition to the Lorentz force, such a dependence on the
velocity is possessed by the forces of viscosity, which linearly increase with an
increase in the velocity of motion of the layers of liquid. Therefore, the material for
workwear can be fibers or threads with intrinsic viscosity. That is, the thread should
be a bundle of fibers enclosed in a sealed sheath filled with a very viscous medium
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(Fig. 6). Clothing woven or knitted from such threads would be light, soft, but upon
impact and deformation would create noticeable resistance to the bullet due to internal
viscosity and would extinguish the energy and velocity of the bullet over a length of
several centimeters. At the same time, the fibers themselves must have sufficient
strength and elasticity so as not to break when struck and stretched. Ideally, the
aforementioned spider web analogs are suitable for this purpose. The fibers do not
need to be wrapped if the liquid between them is highly viscous and wets the surface
of the fibers better than other materials, including skin, hair, metal, and plain clothing.
Berets can be made using the same principle. For them, the effectiveness of the forces
of viscosity is much higher, since felt and felt are felted materials - i.e. random
interweaving of fibers in all directions. Accordingly, the viscous filler that fills the
gaps between the fibers and is held there by viscous forces and capillary action will
effectively resist sudden deformations. Then, when the bullet hits, the beret will
behave like a convex wall of a felt boot, an overcoat - when pressed, pushing, and
then straightening. It is possible that the former military overcoats, the cloth and felt
of which contained a special impregnation, protected the soldiers and officers from
small bullets, shrapnel, and pellets.
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Fig. 6. Structure of threads with internal viscosity.

Returning to the Indians of the Aztec and Mayan tribes, it is interesting to
note that in battles with the Spanish conquistadors, they used quilted suits, tunics
made of cotton wool layers 3 cm thick, soaked in a special brine and reliably protected
from arrows from the bows of the Spaniards [3, p. 268]. Perhaps, such "quilted
jackets" were used by the Indians of North America to protect against cavalry bullets.
Soft quilted armor made of cotton wool, felt and leather, reinforced with bristles, was
also used by the nomads of the East, including the Tatar-Mongols, Bukharians
(inhabiting the territory of Uzbekistan), etc. Yes, and modern militants, partisans,
during the storming of buildings by troops, hung the windows with blankets soaked in
water, in which the bullets were stuck like in syrup. This proves once again that
everything new is well forgotten old.
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Thus, after the air rescue vest, in the near future there will be armored armor,
armored armor, armored cars, armored stands, armored jackets, armored jackets,
armored vests and armored overalls. True, their material will have little in common
with conventional armor. It is not for nothing that armor is now understood as a wide
range of materials: from steel armor plates and high-strength duralumin to plastics and
explosives (active armor). The technology of the future, including nanotechnology,
metamaterials, and ultrapolymers, is increasingly being used for sewing clothes. There
are materials that are water-repellent, warming, change color and make a person
invisible, as in the films "Harry Potter" and "Predator" [19, 20]. But in terms of
protection against bullets, these technologies have not helped so far. And for the beret
that does not take the "Beretta" or "Makarov", the technologists will thank the entire
fraternity of the landing force and other branches of the armed forces. And armored
technologies, despite new types of weapons, will evolve in parallel, remaining on the
guard of life, borders, order and peace.

S. Semikov
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