TEMPERATURE ANOMALIES AND CRYSTALLINE

CRYOTECHNOLOGIES
(published in the magazine "Engineer' No. 5, 2016)

Heat consists in the internal movement of matter: 1)
imperceptible particles continuously change place, or
2) rotate, staying in place, or, finally, 3) continuously
vibrate back and forth. Particles of hot bodies should
rotate faster, colder ones - slower. There must be the
greatest and last degree of cold, which must consist
in the complete cessation of the rotational motion of
the particles.

Lomonosov M. V. "Reflections on the cause of warmth
and cold" [1]

In our time, you will not surprise anyone with temperature anomalies - the
temperature jumps, breaks centuries-old records, the seasons change places. And in
physics, temperature anomalies discovered a century ago when analyzing the behavior
of substances near absolute zero caused even more confusion: gases, liquids and
solids near 7= 0 K discovered unusual properties that could not be explained by
classical physics [2, 3]. But even in quantum physics, they are often difficult to
understand. Suddenly, a way out was found - again in the classics.

A number of anomalies were found in gases. Their heat capacity Cy decreased
upon cooling, contrary to classical thermodynamics. The reason is the stopping of the
rotation of molecules upon cooling, which is quite explainable classically [4, 5]. At
low temperatures, the molecules, due to their low speed, manage to orient themselves
by van der Waals forces (VDV) along the line connecting them before collision and
receive only frontal, not oblique impacts (Fig. 1). As a result, the molecules cease to
rotate, and part of the heat capacity associated with rotation disappears, as Lomonosov
foresightedly guessed [1]. This hypothesis is confirmed by the temperature
dependence of the heat capacity for gases of large molecular masses and moments of
inertia. If for hydrogen a decrease in Cy is noticeable at 200 K, then for gases with
larger molecules - at 7~50 K [6].
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Fig. 1. Change in the heat capacity of hydrogen at cooling during freezing degrees of freedom.

1



In diatomic molecules, vibrational degrees of freedom can also freeze. When
cooled, atoms in molecules become bound by an ever increasing number of bonds and
stop vibrations, forming rigid molecules, which is why the heat capacity associated
with vibrations disappears. Thus, a decrease in heat capacity was found in molecular
hydrogen H>. Hydrogen atoms are bound by a covalent bond of two electrons. When
heated, first one bond breaks, then another, and the diatomic gas gradually becomes
monatomic. And vice versa - during cooling, which manifests itself in a decrease in
the heat capacity of the gas (Fig. 1). At high temperatures, atoms in semi-rigid
molecules vibrate, they have 7 degrees of freedom, and Cy=7R/2. The hydrogen atom
has only two places in the electron layer, and only one is occupied by an electron (Fig.
2). The electron of the second hydrogen atom falls into the vacant place, forming a
chemical bond. And the empty space in the layer of the second atom is filled by the
electron of the first. This is how the hydrogen molecule H:H appears, where the H
atoms are linked by a covalent bond from a pair of electrons, denoted by dots. Those.
the covalent bond is explained by the classical Coulomb attraction of an electron to
the positive potential of a vacancy in the atomic core, without quantum problems. The
radius of action and the length of such a bond is determined by the size of the atom,
since the multipole field decreases at a distance of the order of the size of the system
of charges. At high temperatures 7, most H> molecules have one bond broken, and the
H-H molecule is semi-rigid: its atoms can rotate, vibrate around the bond point - the
electron. At low 7, the energy is not enough to break bonds, and the atoms form rigid
H:H molecules, and the heat capacity is reduced to Cy=5R/2 (Fig. 2).

Hydrogen simultaneously contains H-H and H:H molecules. Upon cooling,
the heat capacity decreases from Cy=7R/2 to 5SR/2 due to a smooth change in the
proportion of H-H and H:H molecules. The laboratory even managed to separate
hydrogen into two components - orthohydrogen and parahydrogen, with different
properties and heat capacities [5, 6]. At low 7, when the number of bonds is
maximum, hydrogen is almost entirely composed of parahydrogen [7], apparently
formed by H:H particles. Orthohydrogen, which appears during heating, consists of
H-H particles. Since orthohydrogen can be converted to parahydrogen and vice versa
by chemical methods (heating-cooling, catalysts [7, Part 1, p. 333]), they differ only in
the structure of bonds. It is not for nothing that parahydrogen H:H can be converted
into orthohydrogen H-H by an electric discharge used to ionize molecules and break
atomic bonds. It is difficult to obtain pure parahydrogen and orthohydrogen: their
mixtures are always formed. Due to collisions, bonds are constantly broken and
restored: ensuring a balance between the molecules of ortho- and parahydrogen,
alternately turning into each other. With heating, a decrease in the proportion of
parahydrogen H:H (Cy=5R/2) and an increase in the proportion of orthohydrogen H-H
(Cr=T7R/2) increases the heat capacity of their mixture.
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Fig. 2. Schemes of hydrogen atoms (a) and the formation of a covalent bond in parahydrogen (b)
and orthohydrogen (c).

The decrease in the heat capacity of solids upon cooling can also be explained
within the framework of classical physics [4, 5]. Depending on the number of bonds
between molecules, they are connected rigidly or movably. With cooling, the number
of bonds increases, and the crystal becomes more rigid. And at 7= 0 K the crystal is
essentially one rigid molecule. The unification of molecules into a supercrystal was
also confirmed by the Mdssbauer effect: there are crystals where atoms are combined
into a superlattice and move as a whole, and the effect on one atom is immediately
perceived by the entire crystal [7].

The second temperature anomaly is superconductivity - loss of resistance at
low temperatures. Despite the developed quantum theory of superconductivity, so far
it has not been possible to create high-temperature superconductors, in which the
resistance disappears even at room temperatures. And new superconductors are
looking more at random [8]. Therefore, many hopes are pinned on the classical
theories of superconductivity [9—11].
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Fig. 3. Phase diagram for He and not for H20 (inset).
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Another temperature anomaly is superfluid helium (Fig. 3). Its ability to flow
without viscosity through channels can be explained by the fact that in fact it is not a
liquid, but a gas [12]. And for gases, the viscosity decreases with decreasing T
according to the law n=a(T)"?, where a is a constant. This is approximately how the
viscosity 1 of superfluid helium changes (Fig. 4). In addition, superfluidity manifests
itself only when helium flows through thin capillaries (10—4 mm) and porous bodies.
This means that the separation of helium occurs: the least energetic helium atoms
move through the capillaries most easily, moving with minimum velocities, forming
helium of negligible viscosity n. Therefore, only helium with an ultra-low temperature
and the lowest viscosity seeps into the capillaries, and more viscous and high-
temperature fractions are filtered out. The principle is the same as in chromatography:
there is a separation of molecules due to the difference in their mobility. Porous filters
with a capillary effect are also made from a bundle of twisted metal wires that form a
wick through which helium quickly flows from the upper flask to the lower one [3]. In
fact, such a wick accelerates the flow of helium due to heat exchange between the
vessels: it cools the flask heated by the outflow of superfluid helium [4], making it
fluid again. This is reminiscent of the story of M. Zadornov about a northern
craftsman who released alcohol from brake fluid: in the cold, the liquid flowed down
the steel scrap, and the viscous fractions froze, and the light-flowing alcoholic
fractions flowed into the bottle. The same happens with helium.
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Fig. 4. Temperature variation density and viscosity of helium.

The gaseous nature of superfluid helium is also confirmed by boiling during
its formation from ordinary liquid helium [12], and its enormous compressibility [2]
characteristic of gases, and liquids are almost incompressible. Usually, gases occupy
the entire volume provided, and superfluid helium collects at the bottom of the vessel,
like a liquid. In fact, heavy gases usually also collect at the bottom of the flask.
Therefore, you can pour, like water, from glass to glass and other heavy gases, such as



chlorine, which collects at the bottom of the glass. And superfluid helium, apparently,
is formed not even by monoatomic or diatomic molecules, but by huge conglomerates
of hundreds, thousands of atoms (z~10?) - these are already nanocrystals, although
indistinguishable by the eye (~0.01 um in size), so helium looks transparent [12]. As a
result, the height 4, to which the helium molecules fly on average, is determined from
the condition k7=Mgh - the equality of their kinetic thermal energy and the potential
energy of ascent to the height 4. Hence, h~=kT/Mg~4 cm, where £ is the Boltzmann
constant, 7'~ 1 K is the temperature of helium, M=mz is the average mass of a
molecule (crystal) of helium from z atoms of mass m, g is the acceleration of gravity.
Then helium really cannot rise above the walls of the glass and collects at its bottom,
spreading like a liquid or the atmosphere of Jupiter, Saturn. In this case, the density of
helium is fixed, since with an increase in the concentration of helium crystals, they
more often collide and break into parts of a smaller mass M, which makes the height
of rise & increase. Thus, adding helium to the vessel does not lead to an increase in its
concentration, but to an increase in the level. Even at absolute zero, helium remains
superfluid, nanocrystals do not stop, do not freeze, because experience, in addition to
thermal, and zero-point vibrations, which are not quantum, but purely classical in
nature, associated with constant impacts of rheons on atoms [10]. Due to the shaking
of helium atoms, the medium from the crystals becomes fluid as in the experiment
with sand, which, when shaken, behaves like a liquid, as shown by Hooke and Bragg
[13, p. 72]. It is not for nothing that granulated sugar is poured on the market by
gently shaking the scoop and the sand crystals "flow" like a liquid, while the atoms
and crystals of helium are shaken by the impact of rheons. The presence of snowball
nanocrystals in superfluid helium is also substantiated by physicists themselves, for
example, R. Atkins [14]. Experiments have even observed these crystals sinking in
helium and weighed nanocrystals weighing hundreds of helium atoms [2]. They can
also be detected by radiography.

The speed of sound in superfluid helium is ¢ = 240 m / s and depends little on
temperature. But for ideal gases, the speed of sound c is of the order of the average
thermal velocity of molecules V, which is easy to determine from the average kinetic
energy of atoms MV?/2~3kT/2. At T=1 K we get ¢ ~ 80 m / s. Since the gas is not
ideal, because the distances between helium particles are comparable to their size,
then the true speed is higher. After all, atoms transmit a sound impulse partly in a
gaseous medium, and partly in a solid medium - in helium nanocrystals, through
which sound propagates orders of magnitude faster: ¢ ~ 1000 m / s. As a result, the
speed of sound is intermediate, ¢ ~ 240 m / s, and almost does not depend on 7, since
upon cooling, the decrease in the speed of helium atoms is compensated by an
increase in the size of the crystals and the fraction of the path traversed by sound in a
solid medium: an atom striking a crystal from one side, leads to the separation of an
atom from the other side of the crystal at the same rate as in Newton's pendulum.



There is also the so-called “second sound”, which is slightly smaller and is set by the
rate of transmission of thermal vibrations. If in one-component gases the speeds of the
Ist and 2nd sound coincide, then in exotic gases, where the particle size varies, these
speeds are different. In addition, a solid medium implies the presence of two types of
waves - longitudinal and transverse, with different speeds. Crystals of superfluid
helium during temporary adhesion can also form a solid medium, a network, with a
small change in pressure, a shake that becomes fluid, like iron filings in Popov's
coherer.

By the way, physicists themselves doubt whether the liquid is superfluid
helium, because at the A transition, the bubbles in helium disappear [2, p. 46]. But
helium is considered liquid, since the free surface and meniscus are visible. In fact,
they can also be observed in gas, if its refractive index is large (for helium ~ 1.01) and
changes rapidly with height: this is how we see jets of air over a fire and a “water
surface” above air heated from asphalt or sand, which forms mirages [15]. In this
case, on the walls of the vessel, which have a slightly different temperature than the
bulk of helium, its temperature changes, which is why the imaginary boundary of
helium bends, forming a "meniscus". Likewise, “drops”, “jets” of superfluid helium
can be seen due to its noticeable refractive index and large gradient. This is
approximately how you can see jets of frosty air flowing into a warm room and vice
versa - a jet of steam coming out into frost due to condensation of steam during a drop
in temperature, the formation of drops and crystals that form fog that creeps along the
ground. Forms helium and droplets are thickening of fog from crystals, such as
"snow", flakes that fall on some planets when the atmosphere freezes, for example,
flakes of dry ice on Mars.

Superfluid helium is also considered a liquid because it supposedly forms a
film on the walls, with which helium flows out of the test tube. In fact, gas can also
flow if it passes through the walls, since there are always microcracks in the glass that
are impermeable to ordinary liquids and gases, but not to superfluid helium [12]. That
is why the rate of helium outflow does not depend on the length of the path along the
walls, but it grows with an increase in the roughness of the glass, the number of its
defects, scratches, cracks along which helium oozes [16, p. 127]. The leakage of
helium through the walls also confirms that the constriction in the test tube affects the
leakage rate of helium only if it is located below the outer boundary of the liquid [3].
That is why the heated wire wound around the test tube does not affect the helium
velocity. When flowing through filters, helium can even flow into a vessel, where the
level is higher, if the temperature in this vessel is higher [12]. This resembles the
phenomenon of osmosis and confirms the difference between the molecules of “cold”
and “warm” helium, which behave like different gases: the former easily passes
through the filter, while the latter does not. Thus, the filter is similar to a semi-



permeable membrane that provides equalization of pressures and concentrations on
both sides for only one type of molecule - “cold” helium.

The transition of superfluid helium to a solid state also occurs unusually. First
of all, the boundary of the transition from one state to another in the PT axes is
horizontal (Fig. 3). This means that the transition to the solid state occurs without the
release and absorption of heat, with zero heat of crystallization [2, 3, 17], although,
according to thermodynamics, crystallization should be accompanied by heating. Its
absence means that not individual atoms, but nanocrystals, are deposited on the crystal
surface. There is a purely mechanical adhesion of the crystals when they approach
each other under pressure. Something like this does not generate heat when a
snowdrift is formed from snowflakes. Yes, and solid helium looks like a snowdrift: it
is light, and the boundary between solid and superfluid helium is very indistinct, wavy
[14, 17] and fluctuates when shaken, like a snow hill, a drift on which the helium
wind either applies or blows off snowflakes. Likewise, a heap of dry cement, when
shaken, forms waves, breakers from soaring cement particles in the form of an
aerosol, which then gradually settle, forming a smooth transition from the solid to the
aerosol phase. In helium, the pressure P = 25 atm of transition from aerosol to solid
state corresponds to the condition of constant contact of particles. Since the pressure
increases with the concentration of particles, then at pressures of the order of
atmospheric pressure, the concentration should be g ~ 25 times higher, i.e. the size of
the particles is only ¢! ~ 3 times smaller than the distances between them. Therefore,
the kinetics of such a gas, which is far from ideal, should be calculated taking into
account triple collisions and interactions between atoms, passing to the VDV gas
model and more complex ones.

The porosity of solid helium is also confirmed by the anomalously high
diffusion in it, which increases with decreasing temperature, in spite of the usual
diffusion. Therefore, such diffusion was called quantum diffusion, although in fact a
classical current of large groups of atoms is observed, which form a gas in the pores
of helium with a very low viscosity 1, which decreases with cooling (Fig. 4). The
abnormally high diffusion of hydrogen in metals at 7=0 K is explained in a similar
way, since the hydrogen atoms in the metal are separated and behave like a gas, and
the viscosity of gases is low at 7=0 K. Even at ordinary temperatures, sealed metal
cylinders allow hydrogen to pass through, which can also be called superfluid, and it
is not in vain that they pin hopes for the creation of new types of superfluidity and
superconductivity [12, 18]. The same nature is superfluidity in spin-polarized
hydrogen and in a gas of rubidium atoms, which are interfered with by a magnetic
field to stick together and form a liquid or crystal. Recently it was found that solid
helium also has superfluidity - it can easily penetrate through the finest pores, which
is why it is called a quantum crystal. In fact, this is a consequence of the porous



molecular structure of solid helium, where atoms easily detach and flow through the
pores, forming superfluid helium. Something similar is observed for hydrogen in
metals [18]. In theory, any object can be transferred to a superfluid state, so that its

atoms will easily pass through walls (Fig. 5), as in fantastic devices-flats and
diffusers.
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Fig. 5. Technology of the future: a) conductors and gates for hydrogen and helium, b) argon
bearing, c) recording and reading information on the atomic or the nuclear level at the crystal
surface.

An analogue of superfluidity has also been found in ordinary finely dispersed
bulk solids, such as cement, fine sand [19]. They also resemble a liquid with a free
surface, flow, boil, gush, representing a myriad of crystals, which, when poured, move
in an air medium that plays the role of a lubricant with a very low viscosity [20]. And
the microparticles themselves, rolling on contact, play the same role as balls in
bearings, reducing friction by orders of magnitude. It is not for nothing that
weightlifters, gymnasts, billiard players reduce friction with talc and chalk. So is the
mechanism for the formation of "superfluid" quicksand - another example of a fluid
from solid particles. Like a stream of water, streams of snow - avalanches - descend
from the mountains. The analogy of free-flowing bodies and helium proves once
again that superfluid helium can be an aerosol from nanocrystals [21].

The fact that superfluid helium is formed by nanocrystals is confirmed by an
increase in its density p (Fig. 4) upon heating [3], while the density of liquids and
gases decreases upon heating. The only exception is water, whose temperature
increases from 0 to 4° C also increases its density, apparently due to the melting of ice



microcrystals [22], which resemble helium crystals in their hexagonal shape [17]. In
helium, an increase in density upon heating is associated with melting, crushing of
crystals, and an increase in their concentration, i.e. caused by a decrease in distances
and an increase in the force of attraction between crystals. At the lambda point, this
force connects the helium atoms to liquid helium. The fact that the density and a
number of other properties of helium do not change during the transition to the
lambda lines from the normal to the superfluid state does not prove that this is a
second-order phase transition, but means that helium passes through the critical state
on the lambda line, in which the density and a number of other parameters of the
liquid and its vapor coincide. Indeed, for helium, the critical point at which liquid
helium (5.2 K) is obtained is close to the A-point (2.2 K), which can be the critical
point for polyatomic helium. The A-point also serves as a triple point [12], as can be
seen from the similarities between the diagrams of water and helium (Fig. 3).

Another unusual effect discovered recently is the anomalously fast growth of
helium crystals at a rate 10 times higher than the theoretical one [17]. Such a rapid
growth can be explained by the fact that ready-made nanocrystals rather than
individual atoms are attached to the crystal planes, and an explosive growth of the
faces occurs. In this case, the growth of the crystal faces is also accelerated due to the
lower velocity of the nanocrystals at the same temperature. Therefore, the collision of
crystals occurs at a lower speed (than that of atoms), and the van der Waals forces
have time to orient the nanocrystals before their attachment. For the same reason, the
faces of helium crystals are not flat, but rounded (due to surface tension), since the
crystal is overgrown not by individual atoms, but by crystals, like a snowball, in
which the faces are only marked, since some crystals still have time for contact to
navigate. And physicists themselves note that such an effect is possible if not
individual atoms, but groups of atoms are attached to the helium crystal [2]. On the
other hand, when a perfect helium face is formed, the rate of rise is reduced [17],
since the crystals must be connected in such a way that no cavities are formed, as in
the Tetris game, and this takes time - until a crystal of the corresponding shape is
found, or until the cavity is filled up to the top with individual atoms.

The superfluidity of helium will also find an important practical application -
to create bearings where friction is reduced to negligible value. You can use not only
helium, but also other inert gases, in which the viscosity coefficient is low in the
gaseous and in the liquid state. Thus, neon, argon, krypton and xenon anti-friction
bearings can be used (Fig. 5). Experiments have shown that the atoms of inert gases
adsorbed by the surface reduce the coefficient of friction, so that they speak of super
slip [23]. To do this, it is not necessary to supply gas under pressure into the gap
between the surfaces, you can simply cover the surfaces with solidified inert gases. In
this case, friction creates a liquid or gas, i.e. liquid or gas lubricant that reduces



friction [20]. This is approximately how the coefficient of friction decreases when
moving sledges, skis, skates on snow, ice. The cheapest will be argon bearings,
because there is a lot of argon in the earth's atmosphere ~ 1%. Other solidified gases
such as carbon dioxide (dry ice), ammonia, etc. are also suitable for bearings. Over
time, for bearings, gases will be selected that solidify like water, already at a
temperature of ~ 0° C, for example, gases of high molecular weight.

Superfluidity also paves the way to the level of the microworld of the nucleus,
because one of the models of the nucleus presents it as superfluid [7, Part 2]. As in
superfluid helium, the properties of nuclei can be explained by considering them to be
microcrystals (Fig. 5) of elementary particles [24, 25]. And the slow convergence of
the nuclei will increase the efficiency of the nuclear forces, which have time, as in the
case of gases (Fig. 1), to orient the nuclei, providing cold nuclear fusion. Due to the
crystal structure, the core has the correct shape. Therefore, protons p and neutrons n
form superstable nuclei when their number is equal to the magic numbers - 2, 8, 14,
20, etc. With an increase in the mass of the nucleus, the proton and neutron layers of
the growing capacity alternate, forming a nucleus in the form of a pyramid or
bipyramid (Fig. 6). If the layers are completely filled, the stability of the core is
higher. So, alchemy, "magic" of numbers, transformations of elements found a
rational explanation.

Interestingly, the pyramidal, tetrahedral structure of the nucleus has recently
been confirmed by experiment [26]. Long ago revealed in experiments and dumbbell-
shaped nuclei of two symmetrical halves, like a bipyramid [7, Part 2]. Magic numbers
are made up of the so-called doubled triangular numbers of the form i (i + 1). There
are two ways to form such numbers. The first one is with periodic placement of
particles in the form of square or rectangular layers [24, 25]. The second - when
placing particles, as in a billiard, in the form of triangular layers (Fig. 6) [27]. The first
method is simpler, since the protons themselves with neutrons are presumably in the
form of cubic crystals. The second method is supported by experimental data [26]. If
in the nucleus both neutrons »n and protons p are combined in pairs, then the particles
with close packing, closely adjoining one another, just form triangular layers, a
hexagonal crystal lattice. If such layers are superimposed on one another, then at an
energetically favorable minimum surface, a core in the form of a tetrahedron is
formed. It is interesting that the cannonballs were previously folded in a pyramid.
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Fig. 6. Scheme of the formation of a double nucleon (a) - rhombic dodecahedron (b), scheme of
nucleon layer formation (c) and the pyramidal core of them (d).

In order for the nucleons in the pyramid to be firmly bound by their faces,
they must have the shape of a rhombo-dodecahedron (Fig. 6), typical of honeycomb
and pomegranate crystals [28]. Then the neighboring nucleons are in close contact
with the faces, providing a high intensity and saturation of nuclear forces. A
rhombododecahedron is easily formed from two cube-shaped nucleons (Fig. 5), if one
cubic crystal is cut along diagonal cleavage planes into six parts - pyramids connected
by vertices in the center of the cube, and then attach them with square bases to the
square sides of another cubic nucleon. Such a metamorphosis occurs spontaneously,
since it minimizes the specific surface area of particles and maximizes the binding
energy, and it is not for nothing that similar honeycomb, box-shaped, multifaceted
forms - aromatic compounds, graphene, fullerenes - are widespread in the world of
atoms. And exactly, according to modern theories and experiments, nucleons in the
nucleus are linked in pairs, forming pairs of neutron-neutron and proton-proton. For
this reason, nuclei with an even number of protons and neutrons are more stable, and
nucleons are often emitted from the nucleus in pairs - neutron-neutron, proton-proton,
or both pairs, collected in an alpha particle [7, Part 2].

Such crystal structures with three-beam and six-beam symmetry naturally

form, crystallizing like snowflakes, dendrites. Likewise, a multi-tiered atom grows
like a dendrite of a frosty pattern on glass, on which, tier by tier, “branches” also
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crystallize. It turns out that Kepler was right - atoms and their nuclei really resemble
hexagonal snowflakes [27, 28]. Kepler himself already mentioned the shape of
rhombododecahedrons in microparticles. But at the time of Kepler, not only about
nuclei and protons, even about atoms was not known. Interesting in this vein is the
famous Maxwell's drawing depicting ethereal vortices in the form of hexagonal
positively charged cells, such as honeycombs, contacting through negatively charged
particles - electrons (Fig. 7) - just like a model of the nucleus. It turns out that before
physicists intuitively guessed about the structure of the microworld.

Puc. 7. Bug cBepxy Ha HyKJ'IOHHbII/I cnoun (a),
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Fig. 7. Top view of the nucleon layer (a), for comparison, the Maxwell vortex diagram (b).

It seems that in ancient times people knew or guessed about the structure of
the microworld, atoms, since many ancient symbols contain images of multi-tiered
pyramids with opposite peaks - mandalas, etc. And in modern symbols, harmonizers
of energy, a double pyramid is a typical element. A striking example is the healing
energy pyramid of A.F. Panova, faceted bipyramids of Newage culture, etc. Perhaps
these symbols in culture did not arise by chance, but reflected the structure of the
microcosm.

However, opportunities for the introduction of this knowledge into practice,
into cryotechnics have appeared only recently. Thus, the idea of the crystalline
structure of the atom and nucleus will make it possible to build new memory elements
and microprocessors of atomic dimensions [27]. The atoms of the cooled substance,
without experiencing collisions and external influences, will be able to keep electrons
in the nodes for a long time (Fig. 5). This will make it possible to record and store
information at the atomic level, to use the atom as a trigger, transferring electrons to
the specified lattice sites by a pump-pulse of the laser. The information is read by a
probe-pulse with a frequency f corresponding to a given node. The coordinates of the
electron in the node will be established by the resonant response of the electron. The
working substance of such devices can be atoms of transition elements, including
atoms of rare-earth elements, with a rich frequency spectrum, i.e. options for placing
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electrons in the atom. It is not for nothing that the elements of transition groups -
chromium, erbium, ytterbium, thulium, neodymium, etc. are used as active centers in
laser technology.

On some types of atoms, where electrons hardly occupy individual sites, but
easily leave them (generating forbidden lines), analogs of diodes and transistors can
be built. Then an atom with a set of nodes will work like a microcircuit, a memory
cell. More reliable elements are based on the electrons of the inner shells, with
resonance frequencies in the X-ray region (their frequencies f are higher due to the
smaller lattice pitch a), since they are not affected by neighboring atoms and
temperature. An ensemble of atoms can be used to assemble a crystal-microcircuit
with a record high speed, small size and power consumption. Switching elements,
reading and writing information will be carried out by a laser beam scanning the
crystal layer by layer. More convenient is a VUV or X-ray laser, which irradiates an
area 10~ m in size [29]. Because since X-ray microscopy has reached a resolution of
one atom, X-rays are especially convenient for recording and reading information
from atoms. In a crystal with an edge of ~1 cm, the number of elements is ~ 10?3, i.e.
billions of times more than any mainframe or largest ROM.

The description of such devices is also possible in the language of quantum
physics, where energy levels and transitions correspond to the nodes and the emission
of electrons in them. And quantum computers are analogous to the considered atomic
computers. Another application of the magnetic model is the creation of three-
dimensional hologram images in the air. To do this, air molecules can be transformed
into an excited metastable state by passing air through the irradiated area with UV
rays or laser pump pulses, and then irradiating the air at specified points with a probe
pulse that releases the stored energy. Renewal of the air in the exhibition area will
allow the formation of dynamic pictures - volumetric films for the implementation of
3D television. Similar devices already exist.

Since the step ro of the electron-positron lattice is 10° times smaller than the
step a of the atomic core (Fig. 5), the nuclear vibration frequencies fare 108-10'°
times higher than the frequencies of the optical atomic spectra; lie in the gamma
range, in agreement with experience. Placing electrons or protons at the sites of an
electron-positron "crystal" opens up another way of recording and processing
information - already at the nuclear level. The information is written as the x, y
coordinates of electrons or protons in the nucleus. Because Since the binding energies
in nuclei are much higher than in atoms, it is not necessary to cool matter to
temperatures close to 7= 0 K to store information, and it is possible to build
supercapacity storage media and nuclear computers operating at room temperature.
Thus, if to Maxwell's contemporaries atomic, aetheric vortices and gears in his theory
resembled machine tools and factories, then in the magnetic model the atom and
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atomic nucleus resemble electronic devices (cyclotron, horn antenna) and
semiconductor crystals, where charges move along the lattice nodes. The atomic
crystal itself can act as a microcircuit. This is another illustration of the fractal
paradigm, according to which the world at all levels is self-similar, like the Sierpinski
pyramid [30].

The hypothesis about the structure of atoms and nuclei can be easily verified
by the Laue method: by irradiating atoms with gamma rays with a wavelength of ~
101 m, the step and type of the crystal lattice can be determined from the diffraction
pattern. Also, the crystal structure of nuclei can be determined from the scattering of
high-energy particles on nuclei [31]. Indeed, the scattering pattern has three-beam
symmetry and exhibits charged point scattering centers - partons, which are obviously
represented by electrons and positrons in the nucleus [24]. In addition, experiments
have shown that at very high energies, the scattering cross section increases
anomalously; repulsive forces grow with an increase in energy, speed of scattered
particles. Ritz's ballistic theory predicts exactly this dependence of forces on speed. A
powerful electric field and laser radiation can lead to the decay of such nuclei, upon
reaching the threshold E ~ e/4meoro? ~ 10" V / ¢cm, at which the field E separates
electrons and positrons, leading to disintegration of particles, decay of nuclei,
upsetting the balance of forces of attraction and repulsion (Fig. 8). For unstable nuclei,
laser irradiation and strong fields £ will change the decay rate. Such effects,
confirming the electrical nature of nuclear forces, were discovered in experiments [32,
33]. The efficiency of such processes can be increased by orienting the nuclei with an
electric or magnetic field and acting with a laser field in the direction of the lowest
intensity of the binding forces between the nuclear charges [34]. You can also dissect
a nuclear “crystal” with a “laser scalpel” along the “cleavage planes”, alternately
breaking bonds, creating dislocations and other defects, as in real crystals that
facilitate deformation and rupture.

nasepHoe uany4eHue

Puc. 8. Cxema KpMCTannMYecKoro HyKkIoHa,
aapa (a), ero aesnHterpauun (6) B none E
nasepHoro nyyka 1u cxema peakTonTpoHa (8).

Fig. 8. Scheme of a crystal nucleon, nucleus (a), its disintegration (b) in the field E laser beam
and a circuit of a thermo-coupler (c).

14



The model also makes it possible to carry out nuclear fusion reactions if the
nuclei are oriented by a magnetic field to maximize the nuclear forces and are
smoothly brought together by the ponderomotive force in the laser field. The use of
semiconductor lasers and KLM-laser microchips for these purposes will make it
possible to realize compact inexhaustible sources of energy (reactoptrons, Fig. 8) built
into microcircuits for autonomous power supply. By enhancing a- or B-decay [33], so
that the a-particles or electrons emitted by one electrode are deposited on the other, it
is possible to create a voltage, an EMF, regulated by the brightness of light. The
microprocessor does not require special protection against radiation, since the
penetrating ability of a- and B-rays is low.

Although the discovery of superfluidity was made by the Russian physicist
P.L. Kapitsa, and cryotechnology developed most intensively in the USSR (in the
laboratory of L.V. Shubnikov), the development of cryotechnology is mainly going on
in the west. One of the reasons is the superfluidity of the brain in the 1990s, when the
state completely lost interest in science, and the resistance of the country's borders lost
control and became zero. The theory of superconductivity and the Ritz theory before
1990. V.S. Okolotin [35], and after the dashing 90s, all studies were frozen. Also,
physicists LB were engaged in the theory of superfluidity. Boldyrev and N.B. Sotina,
who is currently developing these studies in the United States [36]. Russian scientists
also report the results of the search for new superconductors from abroad [8].
However, Russia quickly regained leadership in this area. Thus, helium crystallization
anomalies were discovered in 1996 in Russia and Finland [17], countries famous for
their cold weather. Also in Russia, the author presented the classical theory of
crystallization of superfluid helium and the structure of nuclei at the 50th scientific
and technical seminar-miniconference at the UNN (October 22, 2015) and at the 2nd
Russian-Belarusian conference named after I. Losev (November 17, 2015) [27]. By
the way, it is with superconductivity that the development of levitation and flying
vehicles is associated. Therefore, in Russia, the study of extreme temperatures and the
development of cryotechnology, begun by the northern Pomor M.V. Lomonosov,
should be a priority.
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