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VI. SUPERFLUIDITY
- LIQUID HELIUM,
- “NEUTRON LIQUID”,
- HYDROGEN

Leonov N.N.

Abstract

The first Nobel laureate for the discovery of superfluidity of helium, Kapitza until the end of his days did not
understand the true nature of this phenomenon, considering it to be "purely quantum" and not paying attention to the
experimental evidence of the absence of indivisible quanta of energy in the material World [1]. This
misunderstanding corrected the theory of nonlinear oscillations, finding that all surprising, at first sight,
contradictory properties of superfluid helium due to the presence of liquid helium very long, macroscopic length,
"one-dimensional" molecules.

The surprising behavior of the superfluid "neutron fluid" in "neutron stars" is due to straightforward "one-
dimensional" chains kilometer length, from neutrons under tremendous pressure.

Harvard physicists have shown commendable tenacity, extremely persistent in trying to restructure hydrogen
using huge pressure, hoping to get it "stable "metallic" form. And although they found a completely different, but
also extremely interesting, for many years does not give anyone but them — superfluid hydrogen! Harvard physicists
have shown commendable tenacity, extremely persistent in trying to restructure hydrogen using huge pressure,
hoping to get it "stable "metallic" form. And although they found a completely different, but also extremely
interesting, for many years does not give anyone but them — superfluid hydrogen!
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VI.1. General information
The Nobel laureate, in the field of superfluidity physics of liquid helium, P.L.Kapitsa brought
out from the English period of his scientific activity the conviction that “One good experiment
costs more than the ingenuity of the Newtonian mind” [2,3]. It is difficult to say what is more
here - the black envy of the ingenuity of the Newtonian mind or methodological illiteracy. The
only obvious underestimation of the role of theory is obvious.

The theory develops as a result of faithful interpretation of the experimental facts with which
to identify, organize, and to reinforce the causal relationships that govern the structure and
functioning of the material World.

Inability to effective development theories negative impact on the development of any
community.

The whole life of animals different from man, life is a continuous experiment. However, the
results of these daily experiments are unable to use them fully to improve their basic needs
because of the lack of ability for abstract thinking — a necessary condition for the development of
the theory, revealing the connection between the observed facts and consolidate this information
in memory.

Ancient alchemy has accumulated a wealth of experimental material in a separate, unrelated
facts. Modern chemistry evolved as a result of development and use of the idea of atomic theory,
which allowed us to combine disparate experimental facts in a single, slim theoretical system of
knowledge about the structure of chemical elements [4,5].

Currently, underestimation of the role of adequate theory is detrimental to physical
discipline. Physics of the microworld has accumulated many individual experimental facts about
the structure of micro-objects. However, still not known to many parts of the device of these
objects. Long known what kind of elements consist of non-excited atoms and the atomic nucleus,
but still no clear ideas about their structures. No understanding of what elements are "excited"
atoms, under what conditions atoms can capture photons, and why the "lifetime" of the "excited"
atom is a random variable. No understanding of what is a photon and why it has experimentally
established properties. There is no understanding and much more.



More than half a century conducted a fruitless experimental work on neutrino and fusion
problems. Such a failure is due to the inaccuracy of the theoretical framework in these works.
The true cause of these failures is not known physicists

In quantum theory there is no understanding of experiment results, according to which the
nuclei of all chemical elements possess quasicrystalline structures [1]. These results provide
experimental evidence that representations of quantum theory on the structure of the nucleus is
wrong. From these results it clearly follows that the hypothesis about the objective existence of
quanta - indivisible, the smallest portions of energy and the consequences of this hypothesis,
uncertainty relations, is wrong.

What is this applied scientific discipline, which proclaimed the priority of experimental over
the theory, many years of "not noticing" contradictions between the results of the great
experiment and transition its theory, and prefer reliable experimental fact, and the erroneous
theory? It's quantum physics.

Physicists have discovered a very interesting phenomenon of superfluidity in liquid helium,
in "neutron fluid" existing "neutron stars", in hydrogen, under enormous pressure. However, they
still failed to identify the causal mechanisms that control these phenomena, as yet not
accumulated the necessary experience in the use of "classical" methods of Newton.

VI1.2. The discovery of superfluidity

Natural terrestrial conditions, the phenomenon of superfluidity substances is not found.
Superfluidity was first discovered in experiments with liquid helium. These experiments
discovered unexpected properties of liquid helium, in quantum theory are fundamentally
inexplicable and causal mechanisms which physics is still not known.

Instead of a detailed description of this causal mechanism, physics off what is called this
phenomenon "purely quantum". Since this expression began to meet frequently, not only in
respect of superfluidity, but in the other problems. Physics, unfortunately, do not realize that the
use of this expression does not mask, and openly exposes their lack of understanding of
meaningful beings characterized by phenomena, exposing them in a very unattractive light

Superfluidity of the "neutron fluid" by physicists was discovered as a result of observations

of the behavior of "neutron stars." The unusual, incomprehensible behavior of these objects
required a search for explanations. And such explanations were gradually found. It turned out
that the neutrons in a "neutron star" are under such enormous pressure that they exist in the form
of a "neutron liquid" with a huge temperature. But this did not explain the observed strange
properties. These properties were partially explained when the assumption was born of the
existence of vortex motions in a “neutron fluid” and of their connection with the phenomenon of
superfluidity. Evidence of the existence of these vortices and the superfluidity of the "neutron
fluid" was carried out using experiments with rotating superfluid helium. But the original reason
for the superfluidity of the "neutron fluid" by physics was never discovered, but simply called
"purely quantum."
Superfluidity of the "neutron fluid" by physicists was discovered as a result of observations of
the behavior of "neutron stars." The unusual, incomprehensible behavior of these objects
required a search for explanations. And such explanations were gradually found. It turned out
that the neutrons in a "neutron star" are under such enormous pressure that they exist in the form
of a "neutron liquid" with a huge temperature. But this did not explain the observed strange
properties. These properties were partially explained when the assumption was born of the
existence of vortex motions in a “neutron fluid” and of their connection with the phenomenon of
superfluidity. Evidence of the existence of these vortices and the superfluidity of the "neutron
fluid" was carried out using experiments with rotating superfluid helium. But the original reason
for the superfluidity of the "neutron fluid" by physics was never discovered, but simply called
"purely quantum."



Recently, experimenting with hydrogen under tremendous pressure, physicists hoped, based
on quantum notions, to obtain “metallic” hydrogen. And they transferred it to some new state,
which they considered "metallic." However, based on its “classical” ideas, the theory of
nonlinear oscillations identified this state as superfluidity.

VI1.3. Superfluidity of liquid helium
Immediately after the transition to a liquid state, helium has only a "normal" component.
With a decrease in temperature, a superfluid component arises with surprising, seemingly
contradictory properties. Both of these components exist simultaneously, turning into each other
when the temperature changes.

VI1.3.1. Preliminary information

Modern science considers helium atoms to be completely intolerant, incapable of entering
into bonds either with atoms of other chemical elements or with similar atoms.

Helium has two stable isotopes - “He and *He. At atmospheric pressure, *He is in a liquid
state at a temperature 7<4.21K, and *He is at 7<3.91K. The superfluid component occurs in *He
at 7<2.17K and a saturated vapor pressure of 38.8mm Hyg, and in *He at 7<2.6:10°K and a
pressure of 2.58-10* mm Hg (34 atmospheres).

The superfluid component of liquid helium has an amazing ability to climb onto the surfaces
of bodies partially protruding from liquid helium, enveloping them with a rather thick layer, and
the ability to flow through the elevated walls of vessels until the internal and external levels of
liquid helium level out [2,3,6]. However, it has an extremely high thermal conductivity, with
low heat capacity, and, at the same time, extremely low viscosity.

In an effort to bigcity his life, the quantum theory considers that both liquid components, the
helium atoms do not differ from each other. Therefore, it is unable to explain why the properties
of superfluid components drastically differ from the properties of the "normal" components.
However, the theory of nonlinear oscillations discovered that the simultaneous existence of the
components of liquid helium with such unusual properties and components, these properties have
not, due to the fact that the electronic shell of the helium atoms can exist in different forms and
the fact that the conditions of stable existence of helium atoms with different forms of electronic
shells are very different.

V1.3.2. Helium-4
According to [1], the *He atom has a quasi-crystalline core. The theory of nonlinear
oscillations has established that this kernel has two nucleon magnetic cluster, each of which
consists of one proton and neutron (Fig.1).
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Fig.1. Nucleonic magnetic clusters of the nucleus *He

"Classical", Newtonian methods, she found that the *He atoms have three different forms 4,
B, C, with different forms of "electronic shell" and with different values of the first ionisation

(Fig.2).
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Fig.2. The atoms of “He forms A, B, C,

In Form A, the electrons are located on different magnetic clusters.The value of the first
ionisation of an atom (*He,A) is equal to 24,586eV [7]. In Form B, the electrons located on the
same magnetic cluster on opposite sides of the core; the magnitude of the first ionization
potential of this atom is equal to 2,788eV. In Form C, electrons located in the same cluster with
the same side of the core Distance of the left of the electron from the nucleus close to half of the
"Bohr radius", and the right distance of the electron from the nucleus in this atom would be 20
times more. Because of this, the first ionisation of this form is equal to 1,449 eV.

V1.3.3. Helium-3
The helium-3 nucleus contains two protons. Therefore, it has two nucleon magnetic clusters
(Fig.3). Because of this, 3He atoms are very different from 4He atoms. According to
Rutherford's estimate: rn=1,4'A”3'10715m, the diameter of the *He core is 2,02:10 °m. And
since the vectors of magnetic moments of the clusters of this nucleus are parallel, then, from the
point of view of the electron closest to the nucleus, this nucleus has only one magnetic cluster
with a magnetic moment vector of magnitude 2u,—,, almost equal to 2u, due to the fact that

Fig.3. Nucleon magnetic clusters
3He nuclei

,un=3‘1074,up. Calculations showed that in the *He atom the electron closest to the nucleus is
separated from the nucleus by an amount close to the "Bohr radius", and that the neutral *He
atom can exist only in one form, where both electrons, like in the atom (4He,C), are located on
the same magnetic cluster of the nucleus and on the same side of the nucleus. In this atom, the
second electron is eleven times farther from the nucleus than the first. The value of the first
ionization potential of this atom turned out to be 1.313eV.

VI1.3.4. Structures of “normal” and superfluid
liquid helium component
The “normal” component of liquid helium-4 consists of atoms (4He,A). Atoms (4He,A)are
absolutely not tolerant - they do not enter into bonds either with atoms of other chemical



elements or with atoms (4He,A) [5]. Therefore, the “normal” component of liquid helium-4
consists of individual atoms (4He,A).

Due to the large distance between the external electron and the nucleus, the specificity of the
atoms (*He,C) and (*He,C)is a significant electric dipole effect, which allows these atoms to
combine with similar helium atoms. Calculations showed that for a molecule consisting of two
atoms (*He,C), the binding energy is 0.862eV, and for atoms (‘He,C) it is 0.186eV. This
gxplains the extremely low temperatures at which superfluid components of liquid *He and liquid

He exist.

VI1.3.5. Intriguing properties of superfluid helium molecules
There are two experimental facts that reveal the structure of superfluid helium molecules.
One of them seems, at first glance, completely unbelievable. He says that superfluid helium
is able to climb onto areas of bodies protruding above the surface of liquid helium, and climb
along the vertical walls of vessels and overflow through them until the levels of external and
external liquid helium level out (Fig.4 [2,3], Fig. 5 [6]).

Fig.4

Physicists attribute this phenomenon to a "siphon" effect, but the reason for the "siphon"
effect itself is still modestly hushed up.

Fig.5

The true reason for such "mountaineering" of the superfluid component of liquid helium was
discovered by the theory of nonlinear oscillations. This reason is that the superfluid molecule,



due to the significant Coulomb dipole effect of the helium atom, has a macroscopic length
exceeding the size of the vessel containing liquid helium fig.6). This molecule has a “one-
dimensional” filiform shape in which individual atoms are connected by electrical and magnetic
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Fig. 6. Scheme of a superfluid molecule
liquid helium

interactions. In a free, unstressed state, such a molecule has a strictly rectilinear shape, due to
the “magnetic orientation effect” [8]. If such a molecule is bent, a magnetic moment will appear,
trying to straighten it again. Such a molecule, placed in a limited vessel, due to its macroscopic
length exceeding the size of the vessel, turns out to be forcibly coiled, in an internally stressed
state. In its desire to straighten, this molecule pushes its terminal and intermediate fragments
from liquid helium along the surfaces and walls of the vessels protruding from liquid helium.

The second fact is associated with the abrupt huge increase of thermal conductivity of liquid
helium in the appearance of a superfluid components. In the absence of superfluid components,
the local perturbation in liquid helium spread in the entire volume of helium is relatively slow, as
in ordinary liquids. But after the helium temperature is lowered to a critical value, this
resentment began to spread throughout the volume instantly from the point of view of the
observer. From this experiment it follows that the superfluid molecule, with a macroscopic
length, tight enough to fill the entire volume of liquid helium. And since the atoms in the
molecule are linked electric and magnetic interactions, any perturbations in it travel at the speed
of propagation of electromagnetic interactions.

V1.3.6. On viscosity
superfluid components

The experiments showed that the flow rate of superfluid liquid helium in capillary channels
is unusually high compared with the flow rate of other liquids, and that, in this case, the viscosity
of superfluid helium is negligible.

By viscosity is meant friction between adjacent layers of a moving fluid. An ordinary,
normal liquid contains, in its composition, molecular polyatomic clusters with an ordered
structure and with a “flickering” periphery. Internal friction in such a liquid is formed mainly
due to partial molecular clustering of each other. The greater the energy exchange at such links,
the greater the friction, the greater the viscosity.

The presence of one-dimensional polyatomic, macroscopic length molecules in liquid He
formed by atoms (He,C) causes the existence of real, not conditional, layers in the liquid. These
layers are "one-dimensional." Between them there is neither atomic exchange, nor engagement
of atomic aggregates, as in an ordinary liquid. This explains the low viscosity of superfluid
helium in ordinary vessels and the ultra low viscosity under capillary conditions (as, for
example, in the P.L.Kapitsa viscometer).

These molecules, due to magnetic interactions, tend to straighten, like folded rectilinear
springs. In the capillaries, nothing prevents them from doing this. Therefore, in capillaries,
superfluid helium is a multitude of long, thin, spoke-like molecules parallel to each other and to
the capillary itself.

Many thin, long, rectilinear and parallel to each other superfluid molecules move along the
capillary almost without friction, without experiencing resistance to their movement from other
molecules, just as a beam of parallel, thin and long spokes flies through a vertical cylindrical
tube.



The size of atoms (‘He,d) consists of a component of liquid helium, does not have the
property of superfluidity, is evaluated by the half value of the "Bohr radius", is equal to
5,3-10""'m. The transverse dimensions of superfluid molecules are determined by the size of the
diameter of the nucleus of a helium atom, which, by Rutherford, equal 4,43- 10 °m. These values
vary by four orders of magnitude. Because of this, the superfluid molecules to freely penetrate
through the atoms (*He,4). Therefore, not only between one-dimensional layers of superfluid
helium but between the one-dimensional superfluid helium layers and layers of normal liquid
helium, no nuclear exchange, no links molecular aggregates. This explains the low viscosity of
the superfluid helium in the normal blood vessels and low viscosity under the conditions of
capillarity.

VI1.3.7. Experiments with thermal perturbations
superfluid helium-4

Studying the unique properties of liquid helium containing a superfluid component was
carried out, in a number of experiments, using thermal effects [2,3,6]. To achieve a sufficiently
complete and detailed understanding of the phenomena observed in these experiments, one needs
to pay attention to two circumstances characterizing the properties of the superfluid component
of liquid helium. These circumstances are related to the fact that the superfluid component
consists of very long polyatomic "one-dimensional" molecules composed of atoms (*He,C).

The first circumstance is due to the fact that, due to the magnetic orientation effect, due to
magnetic interactions, these molecules are in an internally stressed state and tend to straighten
and fill the entire volume occupied by liquid helium sufficiently tightly.

The second circumstance is due to the fact that every atom in such a long "molecule has with
her the energy. In each molecule, this energy varies, depending on the position of the atom in
some interval (£1,E,),where F,<1,449¢V.

If the energy E of thermal exposure of less than £, the propagation of heat in liquid helium
occurs without destruction of the superfluid molecules.

If E>E», the part of the energy F is spent in the neighborhood of the heater for removal from
a superfluid of molecules relevant part of the atoms (*He,C), which pass into the "normal" two-
dimensional liquid ‘He component. But "normal" atom (4He,A) occupies a volume greater than
the volume of the atom (*He,C). Therefore, in the vicinity of the heater increases the local
pressure is "normal" components, and part of this component goes from the heater to equalize the
pressure in the whole volume of liquid helium. At the same time, the neighborhood of the heater,
in which there was "heat" deletion of a superfluid components are part of atoms, again quite
densely populated of the remaining superfluid component (due to magnetic pressure from the
magnetic orientation effect).

VI1.3.8. The experiments
with freely communicating
vessels
In experiments with thermal effects, communicating vessels were used. In one experiment,
a small bulb with a capillary neck contained a heater and was immersed in liquid helium with a
superfluid component (Fig.7) [2].
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Fig.7

In the other, different vessels were used, interconnected by an external tube. Both vessels
contained liquid helium with a superfluid component, and one of them contained a heater (Fig.8)
[6]. In these experiments, and capillary the neck and connecting tube did not interfere with the
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passage of either the "normal" or superfluid component of liquid helium through them. The heat
supply in these experiments caused the appearance of counter flows of the “normal” and
superfluid components through the capillary and through the connecting tube. The mechanism
of formation of these flows is described above.

VI1.3.9. The experiments
with vessels
communicating through a filter

In the third experiment, a wide tube densely filled with fine powder, which served as a filter
that passed a superfluid component and did not pass “normal”, was completely immersed in a
bath with liquid helium with a superfluid component. One end of this tube was open, and the
other ended with a vertical capillary, the upper end of which protruded above the surface of
liquid helium (Fig.9) [6]. The heating of the powder in the tube led to a partial destruction of the
superfluid component in that part of the tube that ended in a vertical capillary, which, in in turn,
it caused an increase in the pressure of liquid



Fig. 9

helium in this part of the tube and the flowing of liquid helium through the capillary. The
resulting shortage of liquid helium in the tube was immediately compensated by the influx of a
superfluid component through a powder filter from the helium bath. The flow of a superfluid
component through a powder filter occurred due to magnetic interactions in superfluid
molecules.

In another experiment, two vessels with superfluid helium were also communicated with
each other using an external tube with a powder filter (Fig.10) [6]. The supply of heat to one of
the vessels led to the partial destruction of the superfluid component in this vessel and to the

Fig.10

influx of an appropriate volume of superfluid helium from another vessel through a powder
filter. As a result of this, the levels of liquid helium in the vessels turned out to be different and a
pressure difference appeared in the liquid helium contained in different vessels.

The efficiency of powder filtration separating the superfluid component of liquid helium
from the "normal" component is due to the large difference in the transverse dimensions of these
components. The “normal” component consists of atoms (*He,4), in which the electrons are
located on different nucleon magnetic clusters of the nucleus, the size of these atoms is estimated
by half the “Borovsky” radius, i.e. estimated at 2,65-10"''m. The transverse size of a superfluid
moleculeisis equal to the diameter of the helium core, which, according to Rutherford, is
4,43-10 "m.



VI1.4. Superfluidity
"Neutron fluid" "
in "neutron stars"

“Neutron star” refers to the gravitationally collapsed remnants of an almost completely
burned-out star with a mass close to 1.44 solar masses and a radius of about 10 kilometers. It has
an extremely dense neutron core, enclosed in a thin solid crust, consisting of heavy atomic nuclei
and electrons.

Many neutron stars have an extremely high rotation speed - up to a thousand revolutions per
second.

The average density of a substance in a "neutron star" is estimated at P=6,88: 1017kg‘mf3 .
Physicists believe that, with such a high density, neutrons behave like a "neutron liquid." How
to understand this?

VI.4.1. What is a "neutron fluid"?

Consider a neutron star with a radius of 10 km and a mass of
1.44m5un=1,44-2-1030kg=2,88-1030kg. The average density of matter in this star is
P=6,88-1017kg-m_3. Since mHZmp21,67'10_27kg, 1 m® of a neutron star contains
K=Pm, '=4,12-10* nucleons. This means that for each nucleon in a neutron star there is a
relative volume V=2,43- 10 %m’.

The volume of the magnitude V=2,43-10""m’ is contained in a sphere of radius
0,834-10 °m. If you surround each nucleon in a neutron star with a sphere of radius
0,834-10 °m, then all neighboring spheres of such radius will intersect with each other.
Therefore, in a neutron star with a mass of 2,88-1030kg and a radius of 10km, the distance r
between adjacent nucleons is less than 2-0,834- 10 ®"m=1,67-10"°m.

To understand what they are talking about these figures, it is necessary to refer to the
expression for the force nucleon interaction: Fn(r)=pr'4—qr75, p=1581-10759kg-m5's72,
¢=5032-10"59kg'm®s %, found by the theory of nonlinear oscillations by an identification
procedure. From this expression it follows that Fy(r*)=0 at r*=3,528-10 "’m. Recall that when
r<r* there is nucleon repulsion, and when r>7* - nucleon attraction. And as in a neutron star of
radius 10km and mass of 2.88-1030kg, the distance between adjacent neutrons is less than
1,67-10""°m between them acts nucleon repulsion.

This is consistent with the fact that the density of matter in a neutron star, equal to
6.88:10""kg'm™, 4.7 times higher than the density of matter in the atomic nucleus. Indeed, the
magnitude of the radius of the nucleus tn, containing 4 nucleons, is determined by an empirical
correlation Rutherford: tn=1,4'A1/ 3.10°m. Since mn:mp21,67-10727kg, the estimate of the
density of matter in the atomic nucleus, in vivo, equal of Amy(4-3 " 7r,’) '=1,45-10"kg'm .

At such huge densities, the neutron masses of neutron stars, indeed, must have the properties
of a liquid. In addition to these properties, physicists have discovered additional properties that
hint at the superfluidity of a "neutron fluid."

VI1.4.2. Superfluidity
"Neutron fluid"

Observations of the behavior of neutron stars showed that the rotation speed w of neutron
stars very slowly and smoothly decreases. However, it turned out that there exist such critical
values of the rotation speeds w;*, w,*, ws*, ... at which the magnitude of this speed suddenly
increases abruptly. If the initial speed, at the first stage, is denoted by ", then up to w* the
rotation speed @ decreases continuously. At ;*, it suddenly jumps up to @-’, then
continuously decreases to w,*, and, at w-*, again jumps up to w3, and so on.

It was not clear what caused these jumps in the magnitude of the velocity w. No external
influences on neutron stars were recorded. It seemed that someone invisible from time to time
pushes these stars.



Once, D. Payins, a professor at the University of Illinois (USA), suggested that
E.Andronikashvili, a famous researcher of the phenomenon of superfluidity, try to solve this
riddle [9]. This proposal was explained by the hypothesis expressed earlier by A.Migdal about
the superfluid state of the liquid neutron content of a neutron star "despite the temperature of 100
million degrees."

Migdal's hypothesis was noticed due to the fact that in 1949 L.Onsager predicted the
existence, in rotating superfluid helium, of vortices from the superfluid component of helium.
R.Feynman suggested that these vortices line up parallel to the axis of rotation of liquid helium
and that their number is proportional to the speed of rotation w. This is not difficult to
understand, based on the laws of classical mechanics.

Based on this information about the alleged properties of rotating superfluid helium,
V.L.Ginzburg suggested that superfluid neutron matter in neutron stars is also penetrated by a
system of vortices similar to Onsager-Feynman vortices [9].

Employees of Andronikashvili, having accepted the offer of Pains, built a helium analogue of
a neutron star and conducted experimental observations. For this, liquid helium was placed in a
glass ball hung on a magnetic suspension, placed in rarefied helium vapor and spun around a
vertical axis.

The experiment did not find jumps in the speed of rotation of the ball, in which helium was
not superfluid. In the presence of superfluid helium in the ball, a complete qualitative similarity
was observed between the behavior of the ball and the behavior of a neutron star. In addition,
using the quantitative “similarity law” constructed by Anronikashvili’s staff, quantitative
confirmations of all assumptions about the properties of a neutron liquid in neutron stars were
obtained.

It turned out that the number of vortices in superfluid liquid helium does not change in
proportion to speed w, as suggested by Feynman, and remains constant in intervals of continuous
change of o, decreasing abruptly only at critical values of w [9]. Because of this abrupt decrease
in the number of vortices and occur abrupt changes in the speed of rotation of the balloon with
helium and neutron stars.

If 7 denote the moment of inertia of the object ball with helium or neutron star relative to the
axis of rotation, the angular momentum of rotating at a speed ® of an object is equal to M=lw.
The change in the number of vortices in the object the magnitude of the angular momentum M is
not reflected. However, due to the "splitting" of the vortices occurs an abrupt decrease of the
moment of inertia / of the object. And since at this time the angular momentum of M remains
constant, then there is an abrupt increase in the value of the speed .

So, Andronikashvili’s employees received experimental confirmation that the contents of a
neutron star rotating at high speed behave like a spinning ball filled with superfluid helium.
Unanswered remains an extremely interesting, and perhaps the most important question - why?

In addition to the neutron field, the neutron has its own magnetic field and is a paramagnet.
And look what happens. The situation is in some ways very similar to the situation in liquid
helium. In liquid helium, atoms (He,C)are combined by electrical interactions into extra-long
molecules. Magnetic interactions do not allow these atoms to get too close together, and at the
same time tend to straighten these molecules, creating an internal tension in these molecules.

In neutron stars, magnetic interactions tend to combine neutrons into super-long, “one-
dimensional” structures, and they also tend to straighten them. But nucleon interactions prevent
the unacceptable convergence of neutrons in these structures.

Thus, the close similarity of the structures of superfluid helium in a rotating ball and the
neutron content in a rotating neutron star is indicated not only by macroscopic, visually observed
external signs, but also by the microscopic properties of these structures.



The refusal, in quantum theory, to take into account the ether, with its resistance to the
movement of microobjects, and the refusal to take into account magnetic interactions between
microobjects, made it impossible in principle to understand the structures of superfluid
components in liquid helium and in the neutron core of neutron stars.

Consideration of these factors made it possible to understand that the superfluid component
of liquid helium consists of “one-dimensional” atoms bonded into “one-dimensional” filament-
like molecules. These molecules have macroscopic lengths that exceed the size of the vessels in
which liquid helium is located. Due to magnetic interactions, these molecules tend to take
rectilinear forms.

Due to these circumstances, superfluid vortices in rotating liquid helium consist of long
“one-dimensional” rectilinear superfluid molecules parallel to the axis of rotation of the vessel
with liquid helium.

The hypothesis that the core of a neutron star consists of superfluid neutron matter was
brilliantly experimentally confirmed by Andronikashvili [9]. However, the structure of this
neutron substance has remained unclear.

In reaching an understanding of this structure, the results of the experiment on the scattering
of a particles by nuclear structures, obtained by the BINP of the USSR Academy of Sciences
(Alma-Ata) [1], played a fundamental role. These results were experimental evidence that all
atomic nuclei of various chemical elements possess, under natural conditions, quasicrystalline
structures.

The nucleons contained in these nuclei are held by nucleon attraction. Under the influence of
gravitational compression of the substance contained in neutron stars, the distances between
nucleons in the nuclei can decrease to such values at which repulsion rather than attraction takes
place between neighboring neutrons.

Under the influence of magnetic attraction and neutron repulsion, neutrons can, in neutron
stars, combine into very long rectilinear structures. Magnetic interactions help maintain the
rectilinear shape of these neutron structures. Due to the presence of these structures, vortices
formed by these structures parallel to the axis of rotation of the neutron fluid can exist in a
rotating neutron fluid.

Time has shown that the phenomenon of superfluidity takes place not only in the region of
ultra-low, but also in the region of ultra-high temperatures. The main reason for superfluidity of
helium and superfluidity of superdense neutron plasma is the presence of superlong, "one-
dimensional", filamentous helium and neutron structures, which tend, under the influence of
magnetic interactions, to take rectilinear, spoke-like forms. As a result of this, an ultrahigh heat
transfer rate takes place in these structures - perturbations propagate in superfluid helium with
the speed of electric and magnetic interactions, and in superfluid neutron structures with the
speed of neutron and magnetic interactions.

The experimental results published in [1] are proof of the absence in the material World of
indivisible energy quanta. The obsessive emphasis on the "quantum" nature of the phenomenon
of superfluidity [2,3,6,9], in the light of these results, is perceived as a desire to hide the lack of
understanding of the true nature of this phenomenon.

Note. Recent measurements of the radius of the proton, according to a report on the Internet,
showed that rp=0,831-10_]5m. Apparently, the same can be expected from neutrons. The
combination of these measurements and the above calculations show that the state of the
"neutron fluid" in the "neutron star" is not as clear as physicists imagine it. In fact, in a “neutron
star” with a radius of 10km and a mass of 2,88:10°°kg, the distance between neighboring
neutrons, on average throughout the “star”, is less than 1,67-10 °m. Therefore, in the central



region of a neutron star this distance should be even smaller, i.e. should be equal to or less than
the diameter of the neutron. And since the neutron consists of a huge number of ether elements
and has a tornado-like ether form, then when the pressure in the "neutron star" that presses the
neutrons in the central region of the "star" into each other, these neutrons must lose stability and
"scatter" into separate ether elements.

VLS. Superfluidity of hydrogen

A message appeared on the Internet that physicists at Harvard University received “metallic”
hydrogen, which has the property of superconductivity.

How to relate to this post? According to quantum physicists, the manufacture of conductors
from "metallic" hydrogen will allow the creation of electrical networks with extremely low
electrical resistance, i.e. with extremely low power losses.

This is not the first promise of "quantum weirdness". The first promises a "quantum"
miracles were done in the middle of the last century. One of them promised us the creation of
long-distance neutrino communication and long-distance neutrino telescopes. In the other —
creating the energy of "heaven" with the development of managed power reactors on light nuclei.

However, none of these problems, despite enormous expenditure of intellectual effort and
material resources, still have not received even a real hint at the possibility of fulfilling these
promises. Only avalanches illegible pathetic excuses like in the tales of the rascal Khoja
Nasreddin.

VL.5.1. Analysis of the situation

Quantum theory believes that external pressure can fully ionize the hydrogen, turning it into
a multitude of free protons and electrons that further increase the pressure to restructure is a lot
of protons and electrons in the "metallic" hydrogen, possesses the property of superconductivity,
and that the subsequent lifting of pressure can keep the "metal" structure of hydrogen.

Hopes for a fundamental restructuring of the possibility of such hydrogen can be gleaned on
the basis of the principle of the possibility of such a restructuring of loose graphite with a huge
external pressure, the diamond, followed after removing the pressure, maintaining of the
structure and properties of diamond.

These hopes quantum theory require a careful and serious inspection, as in 1979, in the
Central academic physics journal, published experimental proof of the absence in the Nature of
indivisible quanta of energy [1].

Physics these results still ignore, pretending they are strangers, and thus hiding the your poor
professionalism.

The theory of nonlinear oscillations found out that physics, at the beginning of the last
century, have been unable to build an adequate mathematical model of atoms, blaming a
"classic" - Nuconomy quantitative methods. The true causes of this failure were hidden even in
the nineteenth century. In the nineteenth century there were two famous experiment of Fizeau
(1851) and Oersted (1821). In the Fizeau experiment had proved the existence of a material
aether. In the experiment of Oersted had discovered the excitement magnetism the flow of
electrons. However, physicists mistakenly disavowed the results of Fizeau and incorrectly
interpreted the results of Oersted. Surprisingly, but since then, physicists have not been able to
correct their mistakes, continuing to assume that the ether in the material World is missing, and
that the magnetism is excited by the motion of electric charges.

Because of these long-standing errors of physics failed to build adequate models of atoms
and failed to identify the mechanism of nuclear electromagnetic radiation. Therefore, they are
not .being able to understand the mechanism of formation of electromagnetic radiation
"blackbody", were forced to turn to the hypothesis of the existence of indivisible quanta of
energy, later turned incorrect [1].



VL.5.2. Adequate "classic" model
unexcited atom of protium

To be able to judge the feasibility of a "metallic" hydrogen, you need to thoroughly and
carefully to identify all the necessary properties of the smallest "building block" of hydrogen —
unexcited atom of protium, abandoning unclear quantum images.

The theory of nonlinear vibrations, by taking into account the ether, with its resistance to the
movement of microobjects, and taking into account magnetic interactions between microobjects,
has constructed an adequate model of an unexcited protium atom. In this atom, a proton and an
electron are connected by electrical and magnetic interactions. The nature and characteristics of
magnetic interactions between microobjects are not known to physics. They had to be developed
anew. The electron and proton turned out to be diamagnetics. Because of this, there is magnetic
repulsion between the electron and the proton. Due to the “magnetic orientation effect” [8], the
vectors of the magnetic moments of the proton and electron are located on a straight line passing
through the proton and electron (Fig. 11).
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Fig.11. Scheme of the unexcited protium atom

VI.5.3. External pressure
atom of protium

What is the impact of an increase in external pressure on an atom of protium? At normal
atmospheric pressure, between a proton and an electron is effected by the magnetic repulsion that
prevent them from bonding too tightly, and electric attraction. External pressure on an atom is
isotropic, so the increase brings the proton and the electron.

Not destroyed if, as a result of increased external pressure, the magnetic interaction between
the electron and the proton? Knowledge of the phenomena of excitation of the atom suggests that
this disruption of the magnetic interaction really occurs when an excited atom is moving under
the influence "driving force" seized photon suddenly stopped, stumbled on another object. As a
result of this collision, the proton stops and the photon continues to move, stronger bonding with
the proton. Finally, when the magnetic axis of the photon will experience an angular deviation
from the axis of the atomic magnetic cluster, the photon will leave the atom, breaking up with
him, first of all, the magnetic connection.

Can the magnetic bonds between an electron and a proton break in the same way as they
approach each other as a result of an increase in external pressure?

There are no experimental observations of the effect of external pressure on a single protium
atom. Nevertheless, an answer to this question can be obtained by considering an experiment on
the convergence of two protons. In order to use these observations, you first need to find out the
true structures of the electron, neutron and proton.

VI1.5.4. Electron structures,
neutron and proton
On the basis of known experimental data, the theory of nonlinear oscillations was found that
the electron and the neutron are elementary objects of the microcosm, and the proton is a
composite, neutron-antielectron a micro-object, where is the antielectron — positron with
"negative" mass, open due to P.Dirac (Fig.12).
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Fig.12. Schematic structures of the electron neutron and proton

Proton — an astonishing object: a neutron and an antielectron bound to it only by magnetic
repulsion. He is in a state of equilibrium only in the case when the centers of mass of the neutron
and antielectron are the same. If the centers of mass do not match, the neutron trying to escape
from the antielectron and the antielectron, due to the large value difference of the masses and
"negativity" of its mass, its quickly catching up.

VI.5.5. The experiment on the convergence of two protons

It was established experimentally that two protons approaching to the energy 290M»sB, one
at the meeting disintegrates into a neutron and an antielectron. The theory of nonlinear
oscillations found out that it happens when distance between them is equal to of 3.96:10 °m.
And as the neutron electric charge has not, and uy=4:10"u,, and the electric and magnetic
interaction in the proton realize they contained anti. If, at the convergence of protons up to a
distance of 3.96:10 °m, the magnetic interactions between them were destroyed, so were the
collapse of one of the protons.

So, magnetic interactions between two approaching protons, and between a proton and an
electron in against simple external pressure does not collapse.

Consequently, the external pressure reduces the distance between a proton and an electron in
against without destroying the magnetic interaction between them.

VIL.5.6. External pressure
and molecules of protium

At atmospheric pressure, identical protium atoms can't form molecules of hydrogen due to
the fact that the magnetic repulsion between these atoms exceeds the electrical attraction
between them. In these circumstances, there may be only molecules, called orthohydrogen and
parahydrogen.

The increase in external pressure leads to a decrease in the distance between the proton and
electron in against. At atmospheric pressure, the reduction of this distance against would occur
with increasing electric charges of the proton and the electron. Consequently, the increase in
external pressure acts on the protium as well as the increase of electric charges, resulting in
increased electrical attraction between a proton and an electron. In this case, the electrical
attraction between atoms of protium approaching in magnitude to the magnetic repulsion. At
some critical value of external pressure, these values are compared. With further increase in
external pressure there is the possibility of combining the atoms of protium in the molecule
(Fig.13).
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This is the mechanism of formation of long one-dimensional molecules of protium, with the
property of superuidity (Fig.14).
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Fig.14

Harvard physicists, in their experiments, recorded at a certain external pressure, the change
of state of the experimental hydrogen, accompanied by a sharp decrease in its resistance to
electric current. But in a long superfluid helium molecules were observed the same thing — any
local perturbations spread with the speed of electromagnetic interactions.

Thus, Harvard physicists have found experimentally the existence of superfluidity of
hydrogen, a very long time to hide from the experimenters.

NOTE. The existence of superfluidity of helium and hydrogen due to the presence of atoms
electric dipole moment. The largest dipole moment has the *He, the *He it is noticeably less, and
even less of protium. Because of this, to get the superfluidity of these substances, you need an
external pressure of 34 bars for *He and a huge artificial pressure for protium, requiring special
equipment.

VI1.5.7. Conclusion

From told follows, that the molecules depicted in Fig.13 and Fig.14, can exist only at high
external pressure. If external pressure is removed, these molecules will fall apart into separate,
not related to each other atoms. So, dreams of Harvard physicists about the "metal" hydrogen
unfounded.

Given the worldwide fame of Harvard, it is difficult to understand why Harvard physics
could not do to think of this? Maybe. blame the quantum way of thinking that led to these
misunderstandings? But if we do meet we can remember that chain of linked physical
misunderstandings that led to major modern physical trouble (half a century of defeat in
"neutrino" and "thermonuclear" problems", ideas about superluminal recession of the
Universe...), began in domantovo era, due to the inability to achieve a true understanding of the
results of the experiments of Oersted and Fizeau. Consequently, the physical causes of these
misunderstandings are due to shortcomings of theoretical training, inability to think in a
Newtonian, creative and uninhibited

Yes, and the first Nobel laureate by the superfluidity of helium — Kapitza, to the end of his
life did not know the reasons for the existence of this phenomenon, stubbornly calling it
completely meaningless term — "purely quantum phenomenon”" like it means something
meaningful. Better would show us how the causal mechanism of the "quantum mysteries", the
absence of which in Nature has been proven experimentally [1],

The Nature of the shows, with the help of natural restructuring substances, the use of an
enormous external pressures that may change the properties of substances (e.g., graphite —
diamond) and save the new properties after the removal of pressure but this is not possible with
"one-dimensional" type of protium, and multidimensional structures, provided the topological
adjustment of the crystal basis of the substance.
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VI.. CBEPXTEKYYECTb
- ’KMJIKOI'O I'EJINS,
- KHEUTPOHHOM )KUJIKOCTH»,
- BOJIOPOJIA

Jleonos H.H.

Iepseiii HobGenesckuii naypear, 3a OTKpPBITHE CBEpXTEKy4ecTH renus, Kamuia 10 KoHna cBoux JTHeW He HOHIT
HUCTUHHYIO TIIpUPOAY OTOTO SABJICHUSA, CUHUTAd €ro «IHUCTO KBAHTOBBIM» W HC 06pamaﬂ BHHMAaHHUsA Ha
9KCINEPUMEHTAIbHOE J0Ka3aTelIbCTBO OTCYTCTBHS HEAEIMMBIX KBAHTOB SHEPIUU B MarepuanpHoM Mupe [1]. OT0
HeJopa3yMeHHe HCIIpaBWIa TEOpUs HENUHEHHBIX KoyieOaHWH, OOHApYXKWB, YTO BCE YIUBHTEIbHBIE, Ha IIEPBBI
B3MUIAA, IPOTHBOPEUMBBIC CBOWCTBA CBEPXTEKY4Yero Treius OOBACHAIOTCA HAJIMYHMEM B OKUAKOM TelIuu
CBCPXIJIMHHBIX, MaKpOCKOHH‘{CCKOﬁ JUINHBI, KOOAHOMCPHBIX» MOJICKYJI.

VY IUBUTENBEHOE TOBEICHUE CBEPXTEKY4YeH «HEWTPOHHOW JKHIKOCTH» B «HEHTPOHHBIX 3BE3llax» OOBACHIETCS
HaJIMYUEM TPSMOJIMHEHHBIX «OJHOMEPHBIX» IENOYeK, KHUIOMETPOBOM UIMHBI, U3 HEHTPOHOB, HaXOISAIIUXCS IOJ
OTPOMHBIM JIaBJICHHEM.

lapBapackue  QU3MKKM  OPOSBWIM — IOXBAJbHOE  YHNOPCTBO,  YPE3BBIYAHO  HACTOHYMBO  IBITAasCh
PECTPYKTYpUpPOBaTh BOJOPOA C IIOMOIIBI0 OrPOMHOTO JaBJECHHUS, HAAEACh HOIYYUTh €ro «cTabuiIbHYIO
«MeTayuinaecKyo» ¢opmy. M XOTs OHM HaIIM COBEPLIEHHO MHOE, HO TOXE Ype3BBIYalfHO MHTEPECHOE, JOJITHE
roJibl HE MO/1/IaBaBILIEECs HUKOMY, KpOME HUX — CBEPXTEKY4Hil BOJopoa!

°
VI.1. O0mue cBenenus

HobGenesckuii nmaypear, B o0nactu (u3HKH cBepxTekydectr xxuakoro remus, [1.JI.Kamuna
BbIHEC W3 aHTJHUMCKOTO nepuoaa cBoeH Hay‘IHOﬁ JACATCIBHOCTH y6e)KI[€HI/Ie, qTo <<O,I[I/IH
XOPOIIUI KCIIEPUMEHT CTOUT OOJIbIIIe N300peTarenbHocTH HhtoToHOBCKOTO YMay [1,2]. TpymnHo
CKazarb, Yero 3JIeCh OOJbIIIe — YEPHOUM 3aBHCTH K M300peTaTeIbHOCTH HBIOTOHOBCKOTO yMa WIIH
MCTOHOHOFH‘ICCKOﬁ HErpaMOTHOCTH. O‘IeBI/II[Ha JIMIOb sIBHAsA HEJOOLICHKA POJIK TCOPHUU.

.
Teopnsa  pa3BuBaeTCs B pe3yipTaTe  BEPHOW,  aJEKBAaTHOM  HMHTEPIpETALUU
9KCIIEPUMEHTAIBHBIX (PAKTOB, TO3BOJSIOLICH BBISIBUTH, CHCTEMAaTH3UPOBATh U 3aKPENHUTHh B
CO3HAHHUH MIPUYNHHO-CJIEICTBEHHBIE CBA3H, YIPABJISIOIINE YCTPOHCTBOM u
(YHKIIMOHMPOBaHUEM MaTepuanbHOro Mupa.
HecnocobnocTts k 3 (peKTHBHOMY Pa3BUTHIO TEOPHHM HETATUBHO OTpakKaeTcsl Ha Pa3BUTHH
106010 coo0IIeCTBa.



Bess KM3HB JKMBOTHBIX, OTJMYHBIX OT YEJIOBEKA, SBJSIETCS CIUIONIHBIM KM3HEHHBIM
sKcniepuMeHTOM. OJHaKo, pe3yabTaTbl 3TUX IIOBCEAHEBHBIX JKCIEPUMEHTOB HE MOTYT
UCMOJIb30BaThCsl UMM B TOJIHOW Mepe AJIS YJIYUIIeHUS CBOMX HACYIIHBIX MOTpeOHOCTed n3-3a
OTCYTCTBHSI CIIOCOOHOCTH K aOCTPaKTHOMY MBIIIJICHUIO — HEOOXOAUMOTO YCIOBUS ISl Pa3BUTHUS
TEOPHH, BBIABIAIONICH CBSA3M MeXAy HaOmonaeMbIMH (GakTaMd M 3aKpeIUIIIoNed 3Ty
MH(POPMALIUIO B TTAMSTH.

JpeBHss anxuMus HaKOMMia OOraThlil AKCTIEPUMEHTAIBHBIN MaTepuail B BUAE OTACIbHBIX,
HE CBSI3aHHBIX MEXIy co0oi (hakroB. COBpeMeHHAss XUMHS Pa3BUIIaCh B Pe3yNIbTaTe pa3padoTKu
W WUCIOJNB30BAaHMM WM  ATOMHCTUKH, TIIO3BOJIMBIICH  OOBECOUHUTH  pPa3pO3HEHHBIE
IKCIEPUMEHTAIbHBIE (aKThl B €IUHYIO, CTPOMHYIO TEOPETHYECKYI) CHUCTeMY 3HaHHU 00
YCTPONCTBE XUMUYECKHUX DJIEMEHTOB [3.4].

B HacTosiiiee BpeMs, HEIOOIICHKA POJM aJCKBATHOW TEOPHHM HETaTHBHO CKAa3bIBACTCS B
¢usnueckoil  aucrumiuuHe. Pu3nka  MHUKpOMHpPAa  HAaKONMJIA  MHOMECTBO  OTIEJIBHBIX
JKCIIEPUMEHTAIBHBIX (PAKTOB 00 ycTpoiicTBE MUKPOOOBEKTOB. OHAKO, A0 CHX MOP HE U3BECTHHI
MHOTHE JEeTaJl YCTPOWCTBA 3TUX OOBEKTOB. J[aBHO M3BECTHO, U3 KAKUX JJIEMEHTOB COCTOST
HEBO30YyKIEHHBIE aTOMBI M aTOMHBIE SIIpa, HO JI0 CHX MOp HET YETKUX M SICHBIX MPEICTaBICHUI
00 mx crpykrypax. Her moHMMaHWs TOTrO, W3 KaKHX O3JEMEHTOB COCTOST «BO30YKICHHBIC»
aTOMBI, IPY KAaKUX YCIOBHSAX aTOMBI MOTYT 3aXBaThIBaTh (DOTOHBI, U MOYEMY «BPEMsI KH3HI»
«BO30YKIIEHHOT0» aroma fABIISETCS CchaydyallHOW BenuuuHOW. Her mnoHMMaHusi TOro, 4YTO
MpeACTaBIsIeT co00W (OTOH W MoYeMy OH 00JaJaeT SKCIEPUMEHTATBHO YCTaHOBJICHHBIMHU
cBoiicTBamMH. HeT OHUMaHUs ¥ MHOTOTO JPYTrOro.

bonee noiyBeka BeqyTcst OECIUIOAHBIE SKCIIEPUMEHTAIbHBIE PaOOTHl 10 HEUTPUHHOU U 110
TepMosiiepHoit  mpobaemaM.  CTonb  Jodarue  Heyjnaud  OOYCJIOBJIEHBI  OMIMOOYHOCTBIO
TeopeTH4ecKoil 0a3pl B 3TUX paboTax. VIcTHHHBIE IPUUMHBI 3TUX HEyAa4y (PU3UKAM HE U3BECTHBI

B kBaHTOBO# TeOpHU HET MOHUMAHHUS PE3YJIBTATOB IKCIIEPUMEHTA, COTIIACHO KOTOPOMY siApa
BCEX XHUMHUYECKUX DJEMEHTOB O0JaJaloT KBAa3HMKPUCTAIUIMYECKHMHU CTpyKTypamu [5]. Ot
pe3yIbTaThl AAl0T HKCHEPHUMEHTAIFHOE JOKA3aTeNbCTBO TOTO, YTO MPEACTaBICHUS KBAHTOBOU
TEOPHH O CTPYKType siapa OmuO0odHBL. M3 3THX pe3yapbTaToB C OYEBHUAHOCTBIO CIEIYyeT, YTO
rurnore3a 00 OOBEKTUBHOM CYIIECTBOBAaHMHM KBAHTOB - HEICIMMBIX, HAMMEHBIIUX MOPIHA
SHEPTUU W BBITEKAIOMIUX U3 ATON TUIOTE3bI COOTHOMICHUI HEOTPEACICHHOCTEH, OIMOOYHBI.

Uro ke 9TO 3a TpUKIaaHAs eCTECTBEHHOHAYYHAas JHUCHUIUIAHA, IPOBO3TIIACHBINASL
MPUOPUTET SKCIEPUMEHTAILHOTO (hakTa HaX TeopHeHd, JOJNTHE TOAbl «HE 3aMeyaromiasn
MPOTHBOPEUMS MEXKIY pe3yJbTaTaMH 3aMe4aTelbHOTO SKCHEpUMEHTa U HCIOBELYyEeMOH ero
TEOpHeH, W OTHAIoIIas MPEeINOYTeHUE HE JIOCTOBEPHOMY OJKCIEPHUMEHTAIbHOMY (akTy, a
OImMOOYHOM TeopuHu? DTO — KBAaHTOBAs (PU3HKA.

OU3NKN OTKPBUIM HHTEPECHEHINNE SBJICHHUS CBEPXTEKYy4dEeCTH B KHUAKOM TEIHH, B
CHEUTPOHHOM JKHJIKOCTH», CYIIECTBYIOIIEW B «HEUTPOHHBIX 3Be€3Jax», H B BOAOPOJIE,
HaxoJsIeMcsl TOJl OTPOMHBIM JaBieHueM. OIHAaKo, OHHW, 10 CHX MOp HE CyMEJIH BBISIBUTH
MPUYNHHO-CIIEACTBEHHBIE MEXaHU3MBI, YIPAaBIAIOIINE 3THMH SABJICHHSIMH, TaK Kak elE He
HaKOMWJIA HEOOXOMMOTO OIbITa UCMOB30BaHUS «KIACCUIECKIX» MeTO10B HploTOHA.

VI.2. OTKpbITHS CBEPXTEKYy4eCTH

B ecrecTBeHHBIX 3E€MHBIX YCJIOBUAX SABJICHUEC CBCPXTCKYUYCCTU BCLICCTB HE BCTPEHACTCA.
CBepxTeKydyecTb BIEpBBIE OblJJa OTKPHITA B OKCIEPUMEHTAaX C IJKUAKUM TelueM. OTH
HKCIEPUMEHTHl OOHAPYKUJIM HEOXKHMJAHHbIE CBOMCTBA JKMIKOTO TelHs, B KBAaHTOBOH Teopuu
MPUHOUIIUATIBHO HEOOBSICHUMEBIE U MMPUINHHO—CJICACTBCHHBIC MCXaHU3MbI KOTOPBIX (I)I/IBI/IKC pi(e)
CHUX IIOp HE N3BECTHEI.

Bwmecro ACTAJIBHOTO OIIMCaHWUA J3TOro MNpPUYUHHO-CICACTBEHHOI0O MEXaHU3Ma, (1)PI3I/IKI/I
OTACIBIBAKOTCA TCEM, 4YTO HA3BIBAKOT O5TO SABJICHHUC «YHUCTO KBAHTOBBIM. C Tex nop, 9TO
BBIPA’KCHUC CTAJIO 9aCTO BCTPCUATHCA HC TOJIBKO B OTHOIICHUHN CBCPXTCKYUCCTH, HO U B APYIUX
HpO6H€MaX. (I)I/I3I/IKI/I, K COXaJICHUIO, HC JO0raablBar0OTCs, 4TO y1'IOTp66J'ICHI/IC 9TOI'0 BBIPAKCHUA



HE MAacKHpYyeT, a OTKPOBEHHO OOHa)KaeT WX HEMOHUMAaHHE COJEPKATEIHHOrO CYIIECTBa TaK
XapaKTEPU3yEeMOTO SIBJICHHUS], BBICTABIIAS UX B BECbMa HEIIPUBIIEKATEIILHOM CBETE

CBepXTeKy4yecTb «HEHTpOHHOW KHIKOCTW» (U3MKaMH Obula OTKpBITA B pe3yibTare
HaOJIIOIEHUI TOBENCHNUS «HEHTPOHHBIX 3Be31». HeoObluHOE, HEMOHATHOE MOBEACHUE OSTHUX
00BEKTOB, MOTPEOOBAIO TMOUCKOB OOBsiCHEHWH. M Takwe OOBSCHEHHS IOCTETIICHHO ObUIN
HaieHbl. OKa3anock, 4TO HENTPOHBI B «HEHTPOHHOMN 3BE3/1€» HAXOMATCS MOl TAKUM OTPOMHBIM
JTaBJICHUEM, YTO OHU CYIIECTBYIOT B BUJIE «HEUTPOHHOM KUAKOCTH» ¢ OTPOMHOMN TEMIEPATYPOH.
Ho u »T10 HEe 00BsICHWIO HaONIOMaeMble CTPaHHBIC CBOWCTBA. DTH CBOWCTBA OBLIM YaCTHIHO
OOBSICHEHBI, KOT/Ia POAMJIOCH TIPEAIONIOKEHHE O CYNICCTBOBAHWM BUXPEBBIX IBIKCHHI, B
«HEWTPOHHOM XHUAKOCTH» M 00 HMX CBSI3M C SIBICHHEM CBepXTeKydecTd. JlokazaTenbcTBa
CYIIIECTBOBAHMSI 3TUX BUXPEH M CBEPXTEKYUYECTH «HEHTPOHHOHW KHIKOCTH» OBLIO MPOBEJEHO C
MOMOIIbI0 3KCIEPUMEHTOB C BpAIAIOIIMMCS CBEpXTeKyduM reiavueM. Ho ucxomgHas nmpruyumHa
CBEPXTEKYUECTH «HEUTPOHHON XKHUIKOCTU» (PU3MKOM Tak M He OblIa OTKPBITA, a IPOCTO Ha3BaHa
«YUCTO KBAHTOBO».

HenaBHo, sxciepuMeHTHPYS C BOZOPOAOM IO/l OTPOMHBIM JaBlIeHHEM, (PU3UKH HAAESIIHCH,
UCXOJS1 U3 KBAaHTOBBIX NPEJCTABICHUH, OJYUYUTh «MeTalIndecKuii» Bogopoa. M onu nepesenu
€ro B KaKOE-TO HOBOE COCTOSIHME, KOTOPOE M MOCUUTAIH «MeTaTndeckum». OIHaKo, UCXOs U3
CBOMX, «KJIACCHYECKUX» TPEACTABICHUH, TEOpHs HEIMHEHHBIX KOJIeOaHUH MACHTH(HINpPOBAIA
3TO COCTOSTHUE KaK CBEPXTEKYUYECTb.

VL.3. CBepxTeKy4ecThb KHIAKOTO I'eJTus
Cpa3zy mocine mepexoja B KHIKOE COCTOSHHE, T'elIMi 00JalacT TOJBKO «HOPMAIBbHOM
KOMITOHCHTOW. [IpM TOHMKCHHUU TEMIIepaTypbl, BO3HHMKAET CBEPXTCKy4as  KOMITOHCHTA,
oOnajaroas yJAMBUTEIbHBIMU, KAXYIIUMHCS NPOTHBOPEYMBBIMH, CBoiicTBamu. O0e 3Tu
KOMITOHCHTBI ~CYIICCTBYIOT OJHOBPEMEHHO, Tepexois JApPyr B Jpyra IpH H3MEHCHHU
TEeMIIEPaTypHI.

VI1.3.1. IIpenBaputebHble CBEI€HUS

CoBpeMeHHasi HayKa CYMTACT aTOMBI TeJIUSI COBEPIICHHO HETOJIEPAHTHBIMHU, HECHIOCOOHBIMU
BCTyNMaTh B CBA3M HH C aTOMaMH JAPYTUX XUMHYECKHX 3JIEMEHTOB, HU C cebe MOoJ0OHBIMU
aTOMaMu.

Il'enuii obnamaer AByMsl CTaOMIIBHBIMM HM30TONAMHU — ‘He u *He. IIpu  artmochepHoM
naBieHuy, “He HAXOAMTCA B SKUIKOM COCTOSIHHH npu temmeparype 7<4,21K, a *He — npu
T<3,91K. CepxTekyyass KOMIOHEHTa BO3HUKAET B *He npu 7<2,17K u gaBieHUN HACHIIIEHHBIX
napoB 38,8 MM pTyTHOTO cTOJOA, a B ‘He — npu 1 <2,6:10°K u gaBnennu 2,58-10% mm PTYTHOTO
ctonba (34 atmocdeps).

CBepxTeKy4dass KOMIIOHEHTa J>KHIKOTO TelIHus oO0NagaeT yIUBUTEIBHOH CIIOCOOHOCTBIO
3a0MpaThcs HAa YaCTHYHO BBICTYMAIOIINE, U3 JKUAKOTO TeIHs, TOBEPXHOCTH T, 00BOJIAKMUBAS MX
JIOBOJIBHO TOJICTBIM CJIO€M, U CIIOCOOHOCTBIO NIEPETEKaHUs YePE3 BO3BBIIICHHBIE CTEHKU COCYA0B
JI0 BRIPAaBHUBAHUSI BHYTPEHHETO U BHEIITHETO ypOBHe >kuakoro renus [ 1-3]. Bmecte ¢ Tem, oHa
o0nagaeT 4Ype3BbIUAHO BBICOKOH TEMJIONPOBOJHOCTbIO, IMPH HU3KOM TEMJIOEMKOCTH, H,
OIHOBPEMEHHO, UYPE3BhIYaiiHO HU3KOH BA3KOCTBIO.

[ )

Crpemsch OnerunTh cebe KH3Hb, KBAHTOBas TEOpUS CUMTAET, YTO B OOOUX IKHIKHX
KOMIIOHEHTaX aTOMbl TelIHs HE OTIMYAloTCs Apyr OoT apyra. [loaromy, oHa HecrmocoOHa
OOBSICHUTB, MOYEMY CBOMCTBAa CBEPXTEKy4ell KOMIIOHEHTBHI PE3KO OTIUYAIOTCS OT CBOMCTB
«HOPMAITLHOW» KOMMOHEHTHI. OJHAaKO, TEOpUs HETMHEHHBIX KojeOaHWi OOHapyXuia, 4YTO
BO3MOXXHOCTh OJIHOBPEMEHHOTO CYIIECTBOBAHUS KOMIIOHEHTHI JKHJKOIO Tellusi C TaKUMH
HEOOBIYHBIMU CBOMCTBAMM M KOMIIOHEHTHI, 3TUMHU CBOIMCTBaMM He oOiajaromield, 00ycIoBIEeHO
TEM, UTO JIEKTPOHHAs 000JI0UKA aTOMOB IeJIHsl MOXKET CYILECTBOBAaTh B pa3HbIX (OpMax U TeM,
YTO YCIIOBHUSI CTAOMJILHOTO CYIIIECTBOBAHMSI aTOMOB TeliMsl C Pa3HBIMHU (HOpMaMu SIEKTPOHHBIX
000JI0YEeK CUIIBHO pa3IMYaroTCs.



V1.3.2. I'enii-4
Cornacuo [5], atom *He o6mamaer KBa3UKPUCTATUYECKUM SAPOM. Teopusi HeTUHEHHBIX
KoJIeOaHUHM YCTaHOBMJIA, YTO ATO AP0 MMEET JBa HYKJIOHHBIE MAarHUTHBIE KJIacTepa, B KaXJIbIi
M3 KOTOPBIX BXOJAT 110 OJHOMY ITPOTOHY M HEUTpOHY (puc.1).

e

4
Puc.1. HykinonHble MarHUTHBIE KIIACTEPHI sipa He
4
«Knaccnuecknumu», HpI0OTOHOBBIMH METOJIaMH OHA OOHApYXKHJIa, YTO aTOMbl He 00nagaroT

TpeMs pasHbiMH Gopmamu A, B, C, ¢ pa3HbIMH (OpMaMU «IJIEKTPOHHOW OOOIOUKH» H C
pa3HBIMU BETMYMHAMH TIOTEHITHANIA TIEPBOI HOHM3AIUH (puc.2).
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Puc.2. Atomsl renus-4 popm 4, B, C

B ¢opMe A snexTpoHBI pacmoiioKeHbl Ha pa3HBIX MAarHUTHBIX Kjactepax. BemnumHa
MOTEHI[MaNa MepBOd MOHU3ALMHU aToMa (‘He,A) paBHa 24,5865B [7]. B dopme B 31eKTpOHBI
PacmoI0kKEeHb! HAa OJHOM U TOM )K€ MarHUTHOM KJIacTepe M0 pa3Hble CTOPOHBI OT Spa; BEIUYNHA
MOTEHIIMana TEepBOM HMOHU3aIMU 3Toro aroma paBHa 2,7883B. B dopme C snekrponb
pacIiONIOKEHBI HA OJTHOM U TOM K€ KJIACTEPE, C OJHOM M TOM K€ CTOPOHBI OT sinpa PaccrosiHue
JIEBOTO AJIEKTPOHA OT sipa Onam3Ko mojoBuHe «BOpOBCKOro paamyca», a pacCTOSHUE MPABOTO
AIIEKTPOHA OT siipa B 3ToM aTtoMe B 20 pa3 Gombie. V3-3a 3TOT0, MOTEHIMA EPBOY HOHU3AITNH
aTO# popmel paBeH 1,4493B.

VI1.3.3. I'ennii-3
Anpo remus-3 comepxkut ABa mporoHa. [losTomy y HEro 1Ba HYKJIOHHBIE MarHWTHBIC
knactepa (puc.3). M3-3a 3T0TO, aTOMBI *He cunpHO oTnmyaroTcst ot atomoB He. Cornaco
onenke Pesepdopaa: ra=1,4:4"10"m, JMaMeTp sapa *He paBeH 2,02-10 °m. A Tak Kak
BEKTOPhl MAarHUTHBIX MOMEHTOB KJIACTEPOB 3TOTO s/ipa MapajuiesbHBL, TO, C TOYKU 3pPEHHUS
OmKalIero K sApy 3J€KTPOHA, y 3TOTO si/ipa CYIIECTBYET TOJIBKO OJJMH MAarHUTHBINA KJIACTep C
BEKTOPOM MAarHMTHOI'O MOMEHTA BENMYMHBI 2/4,—/l,, TPAKTUYECKH PABHBIA 24, U3-3a TOTO, YTO
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Puc.3. HykiioHHBIE MarHUTHBIE KIIACTEPHI
sapa *He

,un=3'1074,up. Pacuersl MOKa3amu, 4To B atoMe ~He Gmmkailimii SIAPY 3IEKTPOH OTCTOUT OT
SIpa Ha BETHUHHY, 613Ky «BOPOBCKOMY pajMyCy», M 4TO HEHTpambHbIA aToM ~He MOXeT
CYIIECTBOBATh TONBKO B OXHOH (opMe, rae oba smexTpoHa, kak u B arome (‘He,C),
PacrojoXKeHbl Ha OJHOM M TOM K€ MarHUTHOM KJIacTepe siipa U ¢ OJHON U TOU K€ CTOPOHBI OT
sapa. B 3Tom arome BTOpOM 3J€KTPOH B OAMHHAAUATh pPa3 OTCTOUT JAajibllie OT sApa, YeM
nepBblid. BennunHa noTeHnuana nepBoil HOHMU3aUKU 3TOT0 aToMa oKaszanachk paBHoil 1,3133B.

VI1.3.4. CTpYKTYpBbI «<HOPMAJIbHOI1» U CBEpXTeKYYei
KOMIIOHEHT KH/IKOTO IeJInusl
«HopmainbHas» KOMIOHEHTA XUAKOTO Teusi-4 COCTOUT M3 aTOMOB (4He,A). ATOMBI (4He,A)
abCOJIFOTHO HE TOJEPAaHTHBI — OHHM HE BCTYMAIOT B CBSI3M HU C aTOMaMH JPYIMX XUMHUYECKHX
3JIEMEHTOB, HU C aTOMaMH (4He,A) [5]. IloaToMy, «HOpMaNbHAas» KOMIIOHEHTA XKUIKOTO renusi-4
COCTOMT U3 OTAEbHBIX aToMoB (‘He,A).

Creundukoii atomos (‘He,C) u (CHe,C), u3-3a GONBIIOTO PACCTOSHHUS MEKIy BHEIIHHM
JJIEKTPOHOM H  SAPOM, SBISICTCS 3HAYMTEIBHBIA OJCKTPUUYSCKUH JTUNONBHBIA 3 dekT,
MO3BOJIAIOIIMN 3THM aroMaM COCAWHATHCS C cede TOoJO0OHBIMH aTroMaMmu renws. PacueTsl
MOKA3aJId, YTO y MOJIEKYJIbI, COCTOSIIEH U3 ABYX aTOMOB (4He,C), sHeprus cBsi3u paBHa 0,8623B,
a W3 aroMOB (SHe,C) — 0,1863B. OTuM OOBACHSIOTCS BETUYMHBI UPE3BBIYANHO HUZKUX
geMnepaTyp, IIPH KOTOPBIX CYLIECTBYIOT CBEPXTEKYYHE KOMIIOHEHTBI KUAKOro ‘He U 5KHIKOro
He.

VI1.3.5. UaTpurymonpme cBoicTBAa CBEePXTEKYYNX MOJIEKYJI r'eJIusl

Ecthb nBa sKCIepuMEHTANBHBIX (DaKTa, PACKPHIBAIOIIUE YCTPONCTBO CBEPXTEKYUHUX MOJICKYI
Treiaus.

.

O,I[I/IH U3 HUX KaXCTCsA, HA HCpBBIfI B3TJIA, COBEPIICHHO HEBECPOATHBIM. On TOBOPHUT O TOM,
YTO CBEPXTEKy4YHHd Teluid CcrnocoOeH 3aduparbcs Ha YYacTKA TEJd, BBICTYMAIOLIME Hal
IMMOBEPXHOCTBIO XXUAKOTO I'CJInsd, U B36I/IpaTI>C$I 110 BEPTUKAJIBHBIM CTCHKaM COCYJIOB U UE€PE3 HUX
MEePEeNUBATHCS 10 BBIPABHUBAHUS YPOBHEH BHEIIHETO W HAPYXKHOTO XkuaKkoro reius (puc.4 [1,2],

puc.5 [3]).



Puc.4

Ou3NKN  OOBSACHSIOT OTO SBICHUE «CHPOHHBIM» APPEKTOM, HO TMPUUMHY CaAMOTO
«cudonuoro» 3gdekra, 10 CUX MOp, CKPOMHO 3aMATYUBAIOT.

Pnc.5

HcTuHAYIO XK€ MPUYMHY TaKOTO «aJTbIIMHU3MA CBEPXTEKY4Yed KOMITOHEHTHI JKUIKOTO TeITUs
OTKpBLJIa TEOPHUSl HEIMHEWHBIX KOJICOaHWi. DTa MPUYMHA COCTOMT B TOM, YTO CBEpPXTEKydas
MOJIEKYJa, M3-32 3HAYMTEIBHOTO KYJIOHOBCKOIO IUIMOJNBHOrO 3(¢ekra aTroma reinus, UMeEET
MaKpOCKOINYECKYIO JUIMHY, IPEBBILIIAIONIYI0 Pa3Mephl COAEPIKAIIEero KUK resuii cocyaa
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Puc. 6. Cxema cBepXTeKydei MOJIEKYIIbI
KHUJIKOTO TeIUs

(puc.6). Dta MomneKyla HUMEET «OJHOMEPHYIO» HUTEBHAHYIO (opMy, B KOTOPOW OTIENbHBIC
aTOMBI CBSI3aHBI DJJEKTPUUYECKHMMHA W MAarHUTHBIMH B3aUMOJIEHCTBUSIMH. B  cBoOOIHOM,
HEHANPSHKEHHOM COCTOSIHMM, Takash MOJIEKyJa HMMeeT CTPOro MpsSMOJIUHEHHYIO ¢opmy,
Onarojapsi «<MarHUTHOMY OpHUeHTaruoHHOMY 3 dexTy» [8]. Ecnu Takylo MONEeKyny COrHYTh, TO
MOSIBUTCS. MAarHUTHBIH MOMEHT, CTpeMsIuiicss €€ BHOBb BBIIPAMHUTH. Takasg MOJEKyIa,
[IOMEIICHHAsI B OIPAHUYECHHBIN COCYI, U3-32 CBOCH MAaKpPOCKOIMYECKON JUIMHBI, MPEBBILIAIONIEH
pa3Mepbl COCyZAa, OKa3bIBAaeTCsl HACUIBHO CBEPHYTOM, HaxoJsIIeiicss BO BHYTPEHHE
HaIpPsDKEHHOM COCTOSIHUM. B CBOEM cTpemMiIeHHMH DPaclpsIMUTBCS, 3Ta MOJIEKYJa BBITAJIKUBAET



CBOM KOHIIEBBIE M TPOMEKYTOUHBIE (ParMEHTHl W3 KUAKOTO TEeNHS BIOJb BBICTYHAIOMIMX W3
KHUJIKOTO Tellsl TOBEPXHOCTEH U CTEHOK COCY/IOB.
.

Bropoi#i ¢akt cBs3aH cO CKayKOOOpa3HBIM OTPOMHBIM YBEIMYECHUEM TETUIOMPOBOTHOCTH
JKUJKOTO TeNWsS TPH TIOSIBICHUM B HEM CBEPXTEKydel KOMIIOHEHTHL. I[lpm oTcyTcTBHH
CBEpPXTEKy4el KOMIOHEHTHI, JIOKaThbHOE BO3MYIICHHE B XKHUIKOM T€IHH PACIPOCTPAHSIOCH Ha
BECh 00BEM I'elus OTHOCHUTEBHO MEIEHHO, KaK B OOBIYHBIX XUIAKOCTSX. Ho mocie Toro, kak
TeMIIepaTypy Tenus TOHW3WIA J0 KPUTHYECKOW BETUYUHBI, 3TO BO3MYIIECHHUE CTaJI0
pacmpoCTpaHsAThCA M0 BCEMY 00BEMYy MTHOBEHHO, C TOUYKH 3peHHs HaOmomatens. M3 3toro
AKCIIEPUMEHTA CJIEAYeT, UYTO CBEpXTEKydas MOJIeKyja, 00Jyiajilag MaKpOCKOITMYECKOW JITMHOM,
JIOCTaTOYHO TJIOTHO 3aIMOJIHAET BeCh 00bEM KHUAKOTO reusi. A TaK Kak aTOMBI B 3TOM MOJIeKyJie
CBSI3aHBl MEXAY COOOW DJIEKTPUYECKMMHU W MATHUTHBIMH B3aMMOJCHCTBUSMHU, TO IOOBIC
BO3MYIIIEHUSI B HEW PacHpOCTPAHSIOTCS CO CKOPOCTHIO PACHpPOCTPAHEHHs 3JIEKTPOMATHUTHBIX
B3aHMMOJECHCTBHUM.

V1.3.6. O Bs3kocTH
cBepxTeKyYeil KOMIIOHEHThI
SKMIKOTO TeJIusl

OKCIepUMEHTBl TO0Ka3ajld, 4YTO CKOPOCTh TEUEHHUS CBEPXTEKYYEro JKHJIKOIO Telus B
KANMJISIPHBIX KaHanax HeoOblYalfHO BBICOKA, MO CPABHEHHUIO CO CKOPOCTHIO TEUCHHUS IPYTHX
XKHUJKOCTEH, U YTO, PH 3TOM, BSI3KOCTh CBEPXTEKYUETO IeJIusi HHYTOXHO MaJia.

ITox BA3KOCTBIO NOHMMAETCS TPEHUE MEXKAY COCEAHHMH CIIOSIMU JIBHXKYILIEHCS KUAKOCTH.
OObIuHas, HOpMaJlbHasl KHUJKOCTb COJEPKUT, B CBOEM COCTABE, MOJIEKYJISIPHbIE MHOTOATOMHBIE
KIIACTephl C YIMOPSIOYEHHON CTPYKTYpOH | ¢ «Meplaromiei» nepudepueii. BuyrpenHee Tpenue
B TaKoil )XUIKOCTH 0OpasyeTcs, B OCHOBHOM, 32 CYET YaCTUYHOTO 3alleIICHHUs JpYT 3a JApyra
MOJICKYJISIPHBIX KJacTepoB. Uem Oosble SHEProoOMEH NMpH TaKUX 3alEIUICHUSX, TeM OOJbIle
TpEHHUe, TeM OOJIbINE BSI3KOCTb.

Hanuune onHOMEpHBIX MHOTOATOMHBIX, MAKPOCKOITMYECKOH JATUHBI, MOJIEKYII B Kuakom He,
oOpa3zoBaHHbIX aromMamu (He,C), BBI3BIBACT CYIIECTBOBAHUE PEATbHBIX, a HE YCIOBHBIX CIIOCB B
KHUJKOCTU. DTH CIIOM «OJHOMEPHBI». MexXy HUMU HET HU aTOMHOTO OOMEHa, HU 3alleTlICHUS
aTOMHBIX arperatoB, Kak B OOBIYHOM JKHUJIKOCTH. DTHM M OOBSICHAETCS HU3Kas BSA3KOCTH
CBEPXTEKYHEero I'eyiis B OOBIYHBIX COCYJaX U CBEPXHU3KAS BA3KOCTh B YCIOBUSAX KAMIISIPHOCTH
(xak, Hanpumep, B Buckozumetpe [1.JI.Kanuibr).

OTH MOJIEeKyJIbl, 6J1aro1apss MarHUTHBIM B3aMMOJIEHCTBUSAM, CTPEMSATCS, 10100HO CBEPHYTHIM
NPSIMOJIMHENHBIM NPYKUHKAM, PACIpPsMHUTHCS. B kanuiuisipax HUYTO HE MELIAET UM 3TO CAENaTh.
[TosTOMY B Kammiuisipax CBEPXTEKYUH T'elUil MpencTaBiseT co00i MHOMXKECTBO MapauIeIbHbIX
JPYT APYTY i CAMOMY KallWJUISIPY JUTMHHBIX, TOHKUX, CIIAIETIOA00HBIX MOJICKYIL.

MHOXECTBO TOHKHX, [UIMHHBIX, NPAMOJMHEHHBIX M MMAPAICNbHBIX JPYyr APYTy
CBEPXTEKYYHX MOJEKYJ ABIIKETCS MO KalWUIAPY MPaKTHUECKH Oe3 TPEeHHs, HE HCIBITHIBAS
COMPOTHBIICHUSI CBOEMY JABMXKCHHIO CO CTOPOHBI JIPYIMX MOJIEKYN, TaK e, Kak Iy4OK
MapajuieTbHBIX, TOHKUX U JJIMHHBIX CIIHII MPOJIETaeT Yepe3 BEPTUKAIBHYIO IIWHAPUYECKYIO
TpyOKYy.

.

Pa3zmeprst atomoB (4He,A), U3 KOTOPBIX COCTOMT KOMIIOHEHTA >KHJAKOTO Tenus, He
oOnajaromas CBOMCTBOM CBEPXTEKY4YECTH, OLCHHBAIOTCS MOJOBUHON BenUYUMHBI «BOpOBCKOTrO
paauyca», paBHoro 5,3: 107" m. ITonepeunsie pa3Mepbl CBEPXTEKYyUEH MOJEKYIbI, ONPEACIISIOTCS
BEJIMYMHON MamMeTpa siipa aToMa Telius, OlleHKa KoToporo, o Pesepdopny, paBna 4,43- 10 °m.
OTH BEIMUYMHBI Pa3IMYaAIOTCs Ha YEeThIpe Mopsaka. biaronapst 3ToMy, CBEpXTEKYy4ne MOJIEKYJIIbI
CBOBOJIHO MPOHHKAIOT Yepes atomsl (‘He,A). [T09TOMY He TOTBKO MEXKITY OTHOMEPHBIMH CIOSIMH
CBEPXTEKYYEero Tejusi, HO U MEXAYy OJHOMEPHBIMH CIIOSIMH CBEPXTEKYUEro TeHsl U CIOSIMH
HOPMaJIBHOTO HJIKOTO TeNusi HEeT HM aTOMHOTO OOMeHa, HU 3aleIUIeHUH MOJICKYISIPHBIX



arperaTtosB. OTUM U OOBICHSIETCS HHU3Kas BI3KOCTD CBCPXTCKYUCIO I'cJivsd B OOBIYHEIX cocyax u
CBCPXHU3KaA BA3KOCTb B YCJIOBUAX KAITMJUIAPHOCTH.

VI1.3.7. JxcnepuMeHTHI ¢ TEMJIOBLIMU BO3MYIIIEHUSIMH
CcBepXTeKyYero rejus-4

W3ydyeHue yHUKaldbHBIX CBOWCTB JKMIKOTO TE€JMs, COACPXKAILEIO CBEPXTEKYUYIO
KOMITOHEHTY, IPOBOJWIIOCH, B PsiJie SIKCIIEPUMEHTOB, C UCIIOJIb30BAHUEM TEIUIOBBIX BO3JACHCTBUIMA
[1-3]. Jnsg [OOCTKEHHMS JIOCTAaTOYHO IIOJJHOTO W JICTAIBPHOTO TIOHUMAHHS  SIBJICHHH,
HaOJFOIaBIIMXCSl B 3TUX HKCIEPUMEHTaX, HY)KHO OOpaTHTh BHUMaHHE Ha JiBa OOCTOSATEIHCTBA,
XapaKTepU3yIOIMe CBOWCTBA CBEPXTEKYUYel KOMIIOHEHTHI KUAKOTO TeNusl. DTH 00CTOATEIHCTBA
CBSI3aHBI C TEM, YTO CBEPXTEKydas KOMIIOHEHTa COCTOMT M3 OUY€Hb JJIWHHBIX MHOTOATOMHBIX
«OJTHOMEPHBIX)» MOJIEKYJI, COCTABJICHHBIX U3 aTOMOB (‘He,C).

[lepBoe 00cTOATENHCTBO CBA3AHO C TEM, YTO, Onarojapss MarHUTHOMY OPHUEHTAllMOHHOMY
s dexTy, O6aarogaps MarHUTHBIM B3aUMOJCHCTBUSAM, 3TH MOJIEKYJIbI HAXOJATCS BO BHYTPEHHE
HaIPSDKEHHOM COCTOSIHUM M CTPEMSITCS PACHpPSIMUTBCS M JTOCTaTOYHO IUIOTHO 3aIIOJIHUThH BECh
00beM, 3aHIMAEMBIH JKUIKUM TeITUEM.

Bropoe 06cTosITensecTBO 00YCIOBIEHO TEM, YTO KaXIbIi aTOM B TaKOW JTTMHHOW «MOJICKYJIe
oOmamaer ¢ Hel CBoed »Heprueil cBs3W. B Kaxmoil Mollekyne 3Ta JHEprusi M3MEHSETCS, B
3aBHCHMOCTH OT MOJIOXEHHSI aTOMa, B HEKOTOpOM uHTepBaie (£,E,),rae £,<1,4493B.

Ecnu sHeprusa E TemIOBOro BO3JECUCTBUS MEHbIIE, YeM Ej, TO paclpOoCTpaHCHHUE TeIjia B
XKHUJIKOM TeJTUU MPOUCXOIUT 0e3 pa3pylIeHNus CBEPXTEKYIUX MOJIEKYII.

Ecnu sxe E>E5, TO 4acTh SHEpruM E TpaTUTCSA, B OKPECTHOCTH HarpeBaTells, Ha yAaJIeHUE U3
CBEPXTEKY4HMX MOJIEKYl COOTBETCTBYyMomIeil uactu atomos (‘He,C), KOTOpBIC MEPEXOAAT B
«HOPMAJbHYI0» IBYMEPHYIO KOMIIOHEHTY 3>KHUIKOTO *He. Ho «HOpPMAaJbHBIN» aToM (‘He,A)
3aHMMaeT 00beM, mpeBbimarommii 06beM atoma (‘He,C). TIo3TOMy, B OKPECTHOCTH HATPEBATEIs
MOBBILIAETCA JIOKAJIbHOE [ABJICHUE «HOPMAaJbHOW» KOMIIOHEHTBI, M1 4YacTb 3TOH KOMIIOHEHTBI
YXOAMUT U3 OKPECTHOCTU HarpeBaTesisl JUIs BhIpaBHUBAHUS JaBJIEHUS BO BCEM O0BEME >KUIKOTO
renus. OAHOBPEMEHHO C 3THM, Ta OKPECTHOCTh HarpeBaTelisi, B KOTOPOW MPOU3OILIO
«TEIJIOBOE» YAAJIEHUE U3 CBEPXTEKYUeil KOMIIOHEHTHI YaCTH aTOMOB, BHOBb JOCTaTOYHO TJIOTHO
3aMoNHSIETCS OCTABIIEHCS CBEPXTEKydel KOMIIOHEHTOH (Oiaromapsi MarHUTHOMY JAaBJICHHIO,
BBI3BIBAEMOMY MAarHUTHBIM OPHEHTAIMOHHBIM 3P PEKTOM).

VI1.3.8. DkcnnepuMeHTHI
€0 cBOOOHO COO0IIAIIIUMHUCS
cocyaiaMu
B skcnepuMeHTax ¢ TETIOBBIMH BO3ACHCTBHSMHU HCIIONB30BAUCH COOOLIAIONINECS COCY/IBI.
B omHOM M3 SKCIEpUMEHTOB MaieHbKas Oynp00YKa C KaMJUIIPHBIM TOPJIBIIIKOM COJAEpIKaia
HarpeBarelb U OblIa MOTPyKeHa B KHUIKAN TeIHH CO CBEpXTeKydel KoMIoHeHToi (puc.7) [1].
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Puc.7

B npyroMm ObumM MCHONB30BaHBI pa3HbIE COCY/ABI, COSJAMHEHHBIE MEXITy COOOW BHEIIHEU
TpyOoukoii. O0a cocyna coaepKaiu >KUIKUHI TeIuid co CBepXTEKydeil KOMIIOHEHTO!, U B OTHOM
U3 HHUX cojepxaics Harpesareinsb (puc.8) [3]. B aTux skcmepuMeHTax M KanMUIIPHOE

fg T
r+aT T
Hopstaribras CaepTmenyras
NONTTREHTTIE KOMIBORENIRY
Puc.8

TOpJIBINIKO, W COCIAUHUTCIIbHAA pr61<a HE MNPCIATCTBOBAIN IMPOXOXKACHUIO YEPE3 HHUX HU
«HOpM&J’IBHOﬁ», HHU CBerTeKy‘{eﬁ KOMIIOHCHT HJIKOI'O TICIlInA. Honaqa TCIIJIa B DOTHUX
OKCIICPpMMEHTAaX BbI3bIBaJla IOABJICHHUEC BCTPCUYHBIX ITOTOKOB ((HOpMElJ'IBHOfI» u CBGpXTGKy‘-IGﬁ

KOMITIOHCHT 4YCpC3 KalluJuiAp U 4€pe3 COCAMHUTCIIbHYIO Tp}I6Ky Mexanu3m 06pa3OBaHI/I}I O9THUX
IIOTOKOB OITMCAaH BBIIIC.

VI1.3.9. DxcnnepuMeHTHI
€ COCyIaMH,
coo0amuMmcs yepe3 puabTp
B Tperpem skcmepuMmeHTte, muUpoKas TPyOKa, MIOTHO 3aMOJHEHHAS MEJIKHUM ITOPOIIKOM,
CIIY’)KUBIIMM (PHIBTPOM, TPOITYCKABIINM CBEPXTEKYUYI0 KOMIIOHEHTY W HE MPOMYCKABIINM
«HOPMaJbHYIO», OblIa MOJHOCTBIO MOTPYXKEHA B BaHHY C >KUIKHUM TeJIMEM CO CBEpXTEKydel
KOMIMOHEHTON. OIMH KOHel 3TOW TpyOKH OBLI OTKPBIT, a APYroil OKaHUYMBAJICS BEPTUKAIBHBIM
KallnJuIapoMm, BerHI/Iﬁ KOHCI KOTOPOI'O BBICTYIIAJ HAaA IMOBCPXHOCTBIO KUJIKOTO I'CIIHA (pI/IC9)
[3]. HarpeB mopomka B TpyOKe NPHBOJWI K YaCTUYHOMY pa3pyIIEHUIO CBEpXTEKyden
KOMIIOHEHTHI B TOM YacTH pr6KI/I, KOTOpasd OKaHYMBAJIACh BEPTUKAJIbHBIM KallWJJIApOM, 4YTO, B




Puc.9

CBOIO O4Yepe/b, BBI3BIBATIO TMOBHIINICHUE JABJICHUS JKUIKOTO TENUsl B dTOW YacTH TPYOKH M
(hOHTaHMPOBAaHUE KHUJIKOTO Telus dYepe3 Kamwuisip. Bo3HWKaBmIMA, B pe3yiabTare >TOro,
JNeUIUT JKUJKOTO Tenusi B TPyOKe cpa3y e KOMIIGHCHPOBAJICS 3a CUET IOCTYIICHUS
CBEPXTEKYy4ell KOMIIOHEHTHl Yepe3 TIOPOIIKOBBI (WIBTP M3 TeNueBOW BaHHBL TeueHue
CBEPXTEKy4el KOMIIOHEHTHI Yepe3 MOPOIIKOBBINA (MIIBTP MPOUCXOIMIO ONarogapsi MarHUTHBIM
B3aHMOJCHCTBUSIM B CBEPXTEKYUHX MOJIEKYJIaX.
.

Eme B ogHOM 3KCIIepUMEHTE JBa COCY/Aa CO CBEPXTEKYUYHMM TEIUEM TaK K€ COOOMIAUCH
Mexay co0oil ¢ MOMOIIBI0 BHEHEH TPYOKH ¢ mopomkoBeiM ¢uibTpoM (puc.10) [3]. Tlogaua
TerJia B O/IMH U3 COCYIOB MPUBOIWI K YACTHYHOMY Pa3pyIIEHUIO CBEPXTEKyUel KOMIIOHEHTHI B

Puc.10

3TOM COCYJI€ M K PUTOKY COOTBETCTBYIOIIET0 00beMa CBEPXTEKYUEro Iresiust U3 APYroro cocyaa
Yyepe3 MOPOMIKOBBIA (unbTp. B pesynbrare 3TOro, ypoBHH KHIKOIO TelHS B COCyAax
OKa3bIBAINCH Pa3HBIMU M BO3HWKAaJa Pa3HOCTH JABIEHUH B KUJAKOM TEIHH, COJEpKalleMcs B
Pa3HBIX COCy/ax.

O} dexTHBHOCTh MOPOMIKOBOK (PHUIBTpalliK, OTACHAIONMIEH CBEPXTEKY4Yyl0 KOMITOHEHTY
KHUJKOTO TEeNus OT «HOPMAalIbHOW» KOMIIOHEHThI OOBSICHSIETCS OOJNBINONW pasHUIle B
MOTIEPEYHBIX pa3Mepax OTHUX KOMIOHEHT. «HopmanbHas» KOMIIOHEHTa COCTOUT W3 aTOMOB
(*He,A), B KOTOPBIX 2IEKTPOHBI HAXOIITCS HA Pa3HBIX HYKIOHHBIX MATHUTHBIX KJIaCTepax spa,
pa3Mepbl 3TUX aTOMOB OLICHUBAIOTCS IMOJIOBUHOW «bopoBckoro» pammyca, T.e. OLEHHUBAIOTCS
BeTHunHO 2,65-10 M. Tlonepeunblid pazMep CBEPXTEKYUYEH MOJICKYJbl PABEH JUAMETPY sapa
renwsi, paBHOTO, TI0 Pesepdopny, 4,43+ 10 5m.

VI1.4. CBepxTekydecThb
«HEHTPOHHOM KUAKOCTH»
B «HEHTPOHHBIX 3BE31aX»

«HeWTpoHHO! 3Be3/10i1» HA3BIBAIOT TPABUTAIIMOHHO CKOJUIATICHPOBABIINE OCTAaTKUA MOYTH
MOJTHOCTBIO BBITOPEBIIIEH 3Be31bl ¢ Maccoi, Onmm3koi k 1,44 macce ConHIA U paguycoM OKOJIO
10 kunomerpoB. OHa UMeET Ype3BbIYAHO IVIOTHYI0 HEUTPOHHYIO CEPALEBUHY, 3aKIIIOUEHHYIO B
TOHKYIO TBEPAYIO KOPY, COCTOSIIYIO U3 TSKENIBIX aTOMHBIX SIJIEP U 3JIEKTPOHOB.

MHorue HeWTpOHHBIE 3BE3/1bI 00JIAAAI0T YPE3BBIYAHO BBICOKOM CKOPOCTBIO BPALIEHUS - A0
TBICSIYM 00OPOTOB B CEKYHY.

Cpennsisi TJIOTHOCTh BEIIECTBA B «HEWTPOHHON 3Be37i€» OIEHUBACTCS BEIHMYWHOM
P=6,88'1017KF'M73. @®U3NKU CYUTAIOT, YTO, MMPU TaKOH BBICOKOH MJIOTHOCTH, HEUTPOHBI BEIYT
ce0s Kak «HEeHUTpOHHAas KUAKOCThY. Kak 310 NOHATH?

VI1.4.1. Uto Takoe «<HEHTPOHHAA KUAKOCTH»?



PaccmoTpuM HEHTpOHHYIO 3Be3ly C paauycoM, paBHBIM 10KM W C Maccoil, paBHOH
1,44mC0mma=l,44~2-1030Kr=2,88-1030Kr. CpenHsia MIOTHOCTH BELIECTBA B ITOW 3BE3[€ paBHA
P=6,88'1017K1“’M73 . Tak kak mHZmp:1,67-10727Kr, 10 B 1M HEHTPOHHON 3BE3MIbI COJEPKUTCS
K=Pm, '=4,12-10* HYKJIOHOB. 3HAYHUT, Ha KaXXJIbI HYKJIOH B HEUTPOHHOW 3B€3/i€ MPUXOUTCS
OTHOCHUTEIBHEI 006eM V/=2,43- 1070,

OGbeM Bemmumubl V=2,43-107"M° comepxutcs B chepe pammyca 0,834-10 °m. Ecmm
OKDY)KHTh KaX/IbIii HYKJIOH B HEHTpOHHOH 3Beszme chepoit pammyca 0,834-10 M, To BCe
cocemHue cdepsl Takoro paamyca OyayT Mexay coboif mepecekarbesa. CremoBaTensHO, B
HEUTPOHHOU 3Be3ne, obOiamaromeii Maccoil B 2,88-10*kr u paguycom B 10kM, paccTosiHUE F
MEXIy COCEIHUMHU HYKJIOHAMH MEHbIIre, yem 2-0,834- 10_15M=1,67' 10 m.

UT0oOBI TOHATH, O YEM TOBOPAT 3TU LUQPHI, HY>)KHO OOpPAaTUTHCSI K BBIPAXKECHHIO ISl CHJIBI
HYKJIOHHOTO B3aWMOJEHCTBU: Fn(r)=pr'4—qr75, p:1581‘10759KF‘M5'072, q:5032'10774KF‘M6'072,
HalleHHOro Teopueil HeIMHENHHBIX KoJeOaHWH ¢ MOMOIIBI0 WAECHTU(PHUKALMOHHON MpOLEaypHI.
13 9TOro BEIpOXKEHHS CIeAyeT, 9T0 Fy(r¥)=0 mpu r*=3,528-10"""Mm. Hanomunwm, uto mpu r<r*
MMEET MECTO HYKJIOHHOE€ OTTaJIKHBAaHUE, a PH 7>7* - HYKJIOHHOE MPUTSDKEHUE. A Tak Kax B
HEHUTpoHHOU 3Be3fe paauyca 10kM ©U Maccel 2,88:10%r, paccTosiHue MeXAy COCEIHUMHU
HEHUTpOHaMH MeHblie, yem 1,67 10 "M, 10 MEKy HIMH JICHCTBYET HYKJIOHHOE OTTaJIKHBAaHUE.

OTO XOpOILIO COIJIaCyeTcsi C TeM, YTO IJIOTHOCTh BEIECTBA B HEHTPOHHOW 3BE3lE, paBHAas
6,88: 1017KF'M_3, B 4,7 paza BbIllle, YeM TUIOTHOCTH BEIIECTBA B aTOMHOM sfipe. JlelcTBUTENBHO,
BEJIMUMHA pajguyca sApa ry, CoIepKamero A HYKIOHOB, OMNPEAENseTCs 3MIUPUIECKUM
cooTHomeHneMm Pesepdopaa: r=1,44"-10""m. Tak xax mnzmp:l,67-10’271<r, TO OLIEHKA
IJIOTHOCTU BEUIECTBA B aTOMHOM $Jp€, B €CTECTBEHHBIX YCJIOBHUSAX, paBHA Amy(4-37 7Y 1=
1,45-10"kr-m .

[Ipu TakuX OrpOMHBIX MNIOTHOCTSIX, HEUTPOHHBIE MACChl HEUTPOHHBIX 3BE3/l, IEHCTBUTEIHHO,
JIOJDKHBI  0071a1aTh CBOMCTBAMHM JKUAKOCTA. B JoMONHEHHWEe K 3TUM CBOWCTBaM, (DHM3WKH
OOHApYKWJIM JIOTIOJTHUTENIbHBIE CBOICTBA, HAMEKAIOIIME HO CBEPXTEKYYECTh «HEUTPOHHOM
KUAKOCTIY.

VI1.4.2. CBepxTekyyecTb
«HENUTPOHHOU KUJKOCTH

HabGmronenust 3a moBejieHreM HEHTPOHHBIX 3BE37] MOKa3alld, YTO CKOPOCTh BpAICHUS
HEHUTPOHHBIX 3BE3]l OUYEHb MEIJICHHO U TIIABHO YMEHbIIACTCA. | Omgalco,* 0Ka3ajoch, YTO
CYLIECTBYIOT TaKH€ KPUTHUYECKHE 3HAUEHUSI CKOPOCTEH BpaIlleHUs @ , W2 , M3 ,..., IPH KOTOPBIX
BEJIMYMHA ITOH CKOPOCTH BAPYT CKAYKOOOPa3HO YBEITHYHBACTCS. Ecnu HavaneHy0 CKOpOCTh, Ha
TepBOM JTarle, 0603HaunTh Yepes ,’, TO 10 W CKOOPOCTB BpalleHus: @ yObIBaeT HETIPEPHIBHO.
IIpu 1 OHa BAPYT CKAYKOM YBEIMUHMBACTCA JIO (2, 3aTEM HEHPEPHIBHO YMEHBIIACTCA 110 3 ,
W, IPH @, CHOBA CKAYKOOOPA3HO yBEINIHBACTCS JI0 (03, 1 TaK Jalee.

Bbu10 HENMOHATHO, YeM BBI3BaHBI 3TH CKAUYKH BEJIMYHHBI CKOPOCTH . Hukakue BHemHwue
BO3/ICHCTBHS HA HEUTPOHHBIE 3BE3/bI 3aPUKCHUpOBaHbl He ObuTH. CO3/1aBaIOCh BIICYATIICHUS, YTO
KTO-TO HEBUAUMBII BpEeMsi OT BPEMEHHU MOATATKUBAECT STH 3BE3/IbI.

Opnaxnpt, M.Ilamnc, mpodeccop Wnnunoiickoro ynuepcutera (CLHA), mnpemmoxun
O.AHIPOHMKAIIBWIN, W3BECTHOMY HCCIEIOBATENI0 SBJICHUS CBEPXTEKYYECTH, IOMbBITATHCS
paspemuTs 3Ty 3arajiky [9]. OOBACHIOCH 3TO TpeUIOKEHNE BhICKa3aHHOW paHee A.Murjganom
TUIIOTE30M1 O CBEPXTEKYyUeM COCTOSIHUHM >KHUJIKOTO HEUTPOHHOTO COAEPKUMOTO HEUTPOHHOU
3BE3/IbI «HECMOTpsI Ha TemrepaTypy B 100 MUILITHOHOB TPaIyCcoOBY.

Ha rumoresy Murnana oOpatunu BHMMaHHe B CBA3M C TeM, 4to B 1949r JI.Oucarep
MpeJicKa3all CyIeCTBOBAaHUE, BO BPAILAIOLIEMCS] CBEPXTEKYUEM I'eIMH, BUXPEH U3 CBEpXTEeKy4el
KOMITOHEHTHI Tenusi. P.DeiiHMaH MpeArnonoXKuil, YTO 3TH BUXPH BBICTPAUBAIOTCS MapajlIebHO
OCH BpaIICHHS KUIKOTO TeIHsI K YTO UX KOJIMYECTBO MPOMOPLUHUOHATIEHO CKOPOCTH BpaILEHUS (.
3T0 HETPYAHO TOHATH, UCXO/S U3 3aKOHOB KJIACCHYECKOW MEXaHHUKH.

Ucxonss w3 orToii  wuwHpOpMAMK O MOpPEANojiaraéMblX CBOWCTBAaX  BpalllalomIerocs
cBepxTekydero renus, B.JI.I'uH30ypr npeamnonoxui, 4To cBepXTeKyyee HEHTPOHHOE BEIECTBO B



HEHUTPOHHBIX 3BE3/1aX TaK K€ NMPOHMU3aHO CUCTEMOW BHXPEH, aHaJOrMYHbIX BUXpsiM OHcarepa-
Oetinmana [9].
.

CoTpyaHUKN AHJPOHMKAIIBWIN, TPUHIB mpemnoxeHue [lanHca, cOOpynuiau TelueBbIi
aHaJIOT HEHTPOHHOHN 3BE3IbI U MPOBEJM JKCIIEPUMEHTAIbHbIC HaOMIoAcHHS. J[J1s1 3TOTO KUK
renmuid OB TIOMEIIEH B CTEKIISSHHBIA IIAapWK, BBIBEHICHHBIH HA MAarHUTHOW IIOJIBECKE,
ITOMEIIEHHBIA B pa3peKEHHBIE MMAPBI IeIUs U PACKPYUEHHBIM BOKPYT BEPTUKAIBHOU OCH.

DKcIeprMEHT He 00OHApYKHJI CKAYKOB CKOPOCTH BpAIIEHUS IIaphKa, B KOTOPOM TeIHid ObLI
He cBepXTeKy4yuM. [Ipn HanWYMM B MIapUKE CBEPXTEKYUYETO I'eNins, MEXIy TOBEJIEHUEM LIapuKa
Y MOBEICHNEM HEHTPOHHOMU 3BE3/bI HAOIIOAAIOCh MOJIHOE KadecTBeHHOe noodue. Kpome Toro,
C TIOMOIIbI0 CKOHCTPYMPOBAHHOTO COTPYAHUKAMU AHPOHHMKAIIBUIIN KOJMYECTBEHHOTO «3aKOHA
nomo6us», ObUIM TONyYeHBl KOJMYECTBEHHBIC MOATBEPKIACHUS BCEX MPEAINOJIOKEHUH O
CBOMCTBAaX HEUTPOHHOM KUAKOCTH B HEUTPOHHBIX 3BE3/1aX.

Oka3zajoch, YTO KOJWUYECTBO CBEPXTEKYUHMX BHUXpEH B KUIAKOM TEIUU HU3MEHSETCS HE
MPOTIOPIIMOHAIBHO CKOPOCTH @, Kak mpenanoiaran @DelHMaH, a OCTaeTCsl IOCTOSHHBIM B
HWHTEpBaJlaX HENpPEPHIBHOIO M3MEHEHHUS! (¥, YMEHbBILASCh CKAUKOM TOJBKO HPU KPUTHUECKUX
3HAYEHUSX BEMUYHHBI @ [9]. M3-3a TakOTO CKaYK00Opa3HOTO YMEHBIICHHUS KOJINYECTBA BUXPEH 1
MPOMCXOAT CKAaYKOOOpa3HbIe N3MEHEHUSI CKOPOCTH BPAIICHHUS MIapHKa C TeITNEeM U HEHTPOHHOU
3BE3/IBI.

o

Ecmu uepe3 / 0603Ha4NTh MOMEHT HHEPIMH OOBEKTA - MIApUKa C TelIieM WM HEHTPOHHOU
3BE€3/Ibl OTHOCUTENBHO OCH WX BpAallleHHs, TO MOMEHT UMITYJIbCa BPAIAOIIEr0Cs CO CKOPOCTHIO
o obOnekTa paBeH M=Ilw. V3mMeHeHHe KOIM4YeCTBa BUXpel B OOBEKTE Ha BETUYMHE MOMCEHTA
uMmnynbca M He orTpaxaercda. OnHaKo, H3-32 «PACCHINAHUA» BHUXPEH MPOUCXOIUT
CKauyKoOOpa3HOe YMEHBIIICHUE BEIMYMHBI MOMEHTa WHepun / 00beKTa. A Tak Kak B 9TO BpeMs
MOMEHT HMMITyJibca M OCTaeTcs MPaKTHYECKH MOCTOSHHBIM, TO HMPOHMCXOAMT CKadKooOpasHoe
YBEJIMYEHUE BETUUMHBI CKOPOCTH (.

.

Urak, coTpyqHUKM AHAPOHUKAIIBUIIH MOTYYHITH KCIIEPUMEHTAIbHOE MTOATBEPKIEHUE TOTO,
YTO COJEPKUMOE Bpallaromeiicss ¢ OOJBIION CKOPOCTHIO HEHTPOHHOW 3BE3/bI BEAET ceds
MoI00HO BpallaoIeMycsl IApUKY, HAIIOJTHEHHOMY CBEPXTEeKYy4YHM reiueM. be3 orBera octaercs
Ype3BBIYAHO MHTEPECHBIN, M, MOKET OBITh, CAMBIN TJIABHBIM BOMIPOC — MoUemMy?

Kpome HelTpoHHOTO 101, HEUTPOH 00J71a1aeT COOCTBEHHBIM MarHUTHBIM TIOJIEM U SIBIISIETCS
napamarietukoM. M cmotpurte, 4yto monydaercs. CuUTyalus OKa3bIBa€TCS B YEM-TO OYEHBb
CXOXeHl ¢ cuTyanmuweld B XKUAKOM renuu. B xuakom renuu atomsl (He,C) oOBeIMHSIOTCS
JNEKTPUYECKUMH  B3aUMOJCHCTBUSIMM B  CBEPXJJIMHHBIE MOJIEKYJbl. MarHutHble ke
B3aWMOJICHCTBUS HE TIO3BOJISIIOT ATHM aTOMaM CIIMIIKOM CHJIBHO COJHM3HUTHCS, U OJHOBPEMEHHO
CTPEMSATCS BBIIPSMUTE 3TH MOJIEKYIIBI, CO3/1aBasi B 3TUX MOJIEKYyJaX BHYTPEHHEE HANPSKEHHUE.

B HEHTpOHHBIX 3Be3/1aX MAarHUTHBIC B3aHMMOJCHCTBHS CTPEMSTCS OOBEIUHHUTH HEHTPOHBI B
CBEPX/UIMHHBIE, «OJTHOMEPHBIE» CTPYKTYPHI, H TaK K€ CTPEMATCS MX BBIIPAMUTH. HyKIoOHHBIC
e B3aMMOJCHCTBHS NPEMATCTBYIOT HEAONYCTUMOMY COJIDKEHHWI0O HEUTPOHOB B  ITHX

CTPYKTYpax.

Taxkum 00pa3zom, 0 GOJBIIOM CXOJCTBE CTPYKTYP CBEPXTEKYYEro rejidsi BO BpalllaroIleMCs
IApUKe W HEUTPOHHOTO COJEPKMMOTO BO BpAIAIOIICHCS HEUTPOHHOW 3Be3/le TOBOPIT HE
TONBKO  MAaKpPOCKONMUYECKHE, BH3yalbHO HAONIOAAaeMble BHEUIHME NpPU3HAKH, HO U
MHUKPOCKOIIUYECKUE CBOMCTBA 3TUX CTPYKTYD.

.

OTka3, B KBaHTOBOW TEOpHH, OT Yyd4era 3QHpa, C €ro CONPOTHBICHHEM JBIKCHHIO
MHUKpPOOOBEKTOB, U OTKa3 OT y4eTa MAarHUTHBIX B3aWMOJEUCTBUN MEXAY MHUKPOOOBEKTaMH,
MPUBENN K MPUHIIAMTHATHHON HEBO3MOXXHOCTH JIOCTHKEHUSI IOHUMAaHUS CTPYKTYP CBEPXTEKYUHX
KOMITIOHEHT B >KUJKOM T'€IMU U B HEHTPOHHOM cep/LieBUHE HEHTPOHHBIX 3BE3/I.



Ydyer 3Tux (HakKTOpPOB MO3BOJNHI IMOHSTH, YTO CBEPXTEKydyass KOMIIOHEHTA >KUJKOTO Telus
COCTOUT M3 «OJHOMEPHBIX» aTOMOB, CBSI3aHHBIX B «OJHOMEPHBIE)» HHUTENOJOOHBIE MOJEKYIIbI.
OTH MOJEKyJbl MMEIT MaKpOCKOIIMYECKHE [UIMHBI, IPEBBIMIAIOIINE pa3Mepbl COCYIOB, B
KOTOPBIX HAXOIUTCS XKUAKUH renuil. brarogaps MarHuTHBIM B3aUMOAEHUCTBUSAM, 3TH MOJIEKYJIBI
CTPEMSTCS NPUHATH MPSIMOTUHEHHBIE (POPMBI.

BcenenctBue 3Tux 00CTOSTENBCTB, CBEPXTEKYUHE BUXPH BO BPAIIAIOMIEMCS JKUAKOM TEIIUU
COCTOSIT U3 JUIMHHBIX «OJIHOMEPHBIX» MPAMOJIMHENHBIX CBEPXTEKYUHX MOJIEKYJ, MapaiebHbBIX
OCH BpAIICHHUS COCYAA C )KUJIKUM T'eJIUEM.

.

I'mmore3a o TOM, YTO CepALICBMHA HEUTPOHHON 3BE3ABI COCTOMT M3 CBEPXTEKYYEro
HEHTPOHHOT'O BeIleCTBa, OblIa OJIECTSIIE SKCIEPUMEHTAIBHO MOATBEPKACHA COTPYTHUKAMHU
AnpponukamBuin  [9]. OpHako, CTpyKTypa STOrO HEMTPOHHOrO BELIECTBA OCTalach
HEBBIICHEHHOM.

B noctwkeHuu noHMMAaHUS 3TOM CTPYKTYphl NPUHLUIHMAIBHYIO POJIb CHITPATIU PE3YIbTAThI
9KCIIEPUMEHTA 0 PACCESIHUIO O-4aCTHUL] SACPHBIMU CTPYKTYpaMH, IOJy4YE€HHbIE COTPYIHUKAMU
niaAd AH CCCP (Anma-Arta) [5]. OTu pe3yiabTarbl SIBUIHCh 3KCIEPUMEHTAIbHBIM
JIOKa3aTeIbCTBOM TOTO, YTO BCE aTOMHBIE S/Ipa Pa3IMYHBIX XUMUYECKUX SJIEMEHTOB 00Ja/1al0T, B
€CTECTBEHHBIX YCIOBHSIX, KBa3UKPUCTATNINIECKUMH CTPYKTYPAMHU.

Hyxnonsl, cogepxammecs B 3TUX AIpax, YAECPKUBAIOTCS HYKJIOHHBIM mpuTshkeHueM. [lof
BIUSHUEM TPaBUTAIMOHHOTO CXaTHsl BEUIECTBA, COJEPXKAIIErocs B HEWTPOHHBIX 3BE3/aX,
paccTosiHUSl MEXJy HYKJIOHAMH B SApax MOTYT YMEHBIIUTHCA [0 TaKUX 3HAUYEHUH, MpH
KOTOPBIX MEXKy COCEIHUMU HEUTPOHAMU UMEET MECTO HE NPUTSHKEHHE, 4 OTTAJIKMBaHHUE.

ITox BIMSHMEM MarHUTHOTO IPUTSKEHHs] U HEUTPOHHOI'O OTTAJIKUBAaHMsI, HEUTPOHBI MOLYT,
B HEHTPOHHBIX 3Be37jaX, OOBEAMHATHCS B OYEHb JJIUHHbBIE MPSIMOJMHEHHbIE CTPYKTYpBHI.
MarauTHbele B3aMMOJICHCTBUSI CIIOCOOCTBYIOT COXPaHEHHUIO MPSMOIUHEHHONH (OPMBI A3THX
HEWTPOHHBIX CTPYKTYp. bnarogaps HaJIW4Yuio 3THX CTPYKTYp, BO BpallAIOIIEVCs HENTPOHHON
JKUJKOCTH MOTYT CYIIECTBOBaTh BHUXPH, 00pa30BaHHbIE STUMHU CTPYKTYpaMH, MapaijiesIbHbIMU
OCH BpAIllCHHUs] HEUTPOHHOM JKHIKOCTH.

°

Bpemsi mokazano, 4ro sIBIEHHE CBEPXTEKYYeCTH HMEET MECTO HE TOJbKO B 00JIacTu
CBEPXHM3KHMX, HO W B OOJACTH CBEPXBBICOKMX TemmepaTyp. OCHOBHOW TpPUYUHON
CBEPXTEKY4eCTH Tellusl W CBEPXTEKY4eCTH CBEPXIUIOTHOW HEWTPOHHOW TMJIa3Mbl SIBISIETCS
HaJINYME CBEPXJJIMHHBIX, «OJHOMEPHBIX», HUTEOOpPA3HBIX TE€IMEBbIX U HEHUTPOHHBIX CTPYKTYP,
CTpEeMAIIUXCs, [0J BIMSHUEM MAarHUTHBIX B3aUMOJEHCTBUM, NPUHATH MPSIMOJIMHEWHBIE,
cnuuenoo0Hse (hopMel. BenencTBue 3TOro, B 3TUX CTPYKTypax MMEET MECTO CBEPXBBICOKAs
CKOPOCTh TeIIONEepeayl — BO3MYILUEHHUS PaclpOCTPaHSIOTCS B CBEPXTEKYYeM TIelIuu CO
CKOPOCTBIO DJIEKTPUUYECKUX W MArHUTHBIX B3aMMOACWCTBHUN, a B CBEPXTEKYUMX HEHUTPOHHBIX
CTPYKTYpax — CO CKOPOCTbIO HEUTPOHHBIX U MATHUTHBIX B3aUMOJICHCTBUMH.

o

OKCcrepuMEHTANbHBIE PE3YJIbTaThl, OMYOIMKOBaHHBIE B [5], ABISAIOTCSA J0Ka3aTeIbCTBOM
OTCYTCTBUSI B MaTepruaibHOM Mupe HelleTMMbIX KBAaHTOB dHepruu. HaBs3unBoe noquepKkruBanme
«KBAaHTOBOW» MNPUPOABI fABJIECHUS cBepxTekyuectu [1,2,6,9], B cBeTe 3THUX pE3YIbTaTOB
BOCIIPUHUMAETCSI KaK JKEJIAHUE CKPBITh OTCYTCTBUE IOHMMAaHMs HCTHMHHOM IPHUPOIBI 3TOrO
SIBJICHUSL.

MMpumeuanue. IlocnenHue wu3MepeHUs pajauyca TPOTOHA, COTJIACHO COOOIIEHUIO B
Wurepnere, nokasamu, 4ro r,=0,831- 10 m. [To-BuarMOMYy, TOTO K€ CAMOTO MOXHO OXUJATh U
OoT HeUTpoHOB. CoUueTaHne 3THX U3MEPEHUN M MPUBEICHHBIX BBIIE PACYETOB MMOKA3BIBAIOT, YTO
COCTOSIHHE «HEUTPOHHOM »UJIKOCTH» B «HEUTPOHHOU 3BE3/IC» HE TAKOE SICHOE, KaK HaMm €ro
npeAcTaBIsIioT (U3uku. B caMoM jere, B «kHEHTPOHHOH 3Be3/e» ¢ paauycoMm 10kM u ¢ Maccoit
2,88-103010", pacCTOsTHUE MEXAY COCETHUMH HEUTPOHAMU, B CPEAHEM IO BCEH «3BE€3/1€» MEHBIIIE,
gem 1,67-10""°m. CrienoBarensHo, B HEHTPaJIbLHONW 00JIaCTH HEUTPOHHOM 3BE3/IbI 3TO PACCTOSHUE



JIOJKHO OBIThH €€ MEHbIIE, T.€. JODKHO OBITh PaBHO WIIM MEHBIIE, YEM TUAMETp HeUTpoHa. A
TaKk KaK HEHTPOH COCTOMT H3 OrPOMHOI0O MHOXKECTBA 3JIEMEHTOB 3(upa U olnajgaer
cMmepuerno100HoH 3pupHOIt POpMOii, TO pU 1aBICHUU B «HEUTPOHHOH 3Be3/1€», BIABIUBAIOIIEM
HEUTPOHBI, B IIEHTPAJIbHON 001aCTH «3BE3/AbI», APYr B ApYyra, 3TH HEHTPOHBI JOJKHBI TEPATH
YCTOMYMBOCTB U «PACCHINATHCA» HAa OTJCIBHBIC JIEMEHTHI d(pHpa.

VLS. CBepxTekyuyecTh BO0pPOaa

B HHTepHeTe MOSBHIOCH COOOIICHHE O TOM, YTO (DU3HUKHM [ apBapJCKOTO YHHBEPCHUTETA
MOJYYHITH «METAILTHYECKUIN BOIOPO, 00JIaTafONINi CBOMCTBOM CBEPXITPOBOINMOCTH.

Kak otHOcuThCS K 3TOMY coobmiennio? [lo cioBaM KBaHTOBBIX (PU3MKOB, M3TOTOBJICHHE
MPOBOJHHUKOB H3 «METaJUIMYECKOr0» BOAOPOJA TO3BOJHUT CO3[1aBaTh JJIEKTPOCETH C
YpE3BBIYAMHO HHU3KUM JJIEKTPUYECKUM CONPOTUBIEHUEM, T.€. C YPE3BBIYANHO HHU3KUMHU
HOTEPSIMU 3JIEKTPOIHEPTHUH.

OTo — He mepBoe olelaHne «KBaHTOBOTO 4yza». llepBbie oOelaHusi «KBAaHTOBBIX» UYJEC
ObUIM cAeTaHbl B CpEeJUHE TMPOLUIOro Beka. B oxHOM M3 HUX Ham olemanu co3gaHue
CBEpXAAJIbHEW HEHUTPUHHOW CBS3M W CBEPXIAIBHEW HEUTPUHHOW Teyeckonmuu. B npyrom —
CO3/IaHME DHEPreTHYECKOTO «pas» C TOMOLIbI0O Pa3pabOTKH YIPABISIEMBIX IHEPTETHUECKUX
PEaKkTOPOB Ha JIETKUX AAPAX.

Opnako, HU B OJHOW M3 STUX MPOOJIEM, HECMOTPSI Ha OTPOMHBIE 3aTpaThl HHTEIUICKTYaIbHbBIX
CHJ M MAaTepHaIbHBIX CPEACTB, O CHUX MOp HE MOJYYEHBl AAKE pEalbHbIE HAMEKH Ha
BO3MOXXHOCTbH BBITIOTHEHHSI JTHX oOem@aHuii. ToJbKO JaBUHBI JKAIKUX HEPa30OpUMBBIX
OIpaBAaHMIl, Kak B cKa3zkax o npoigoxe Xomxke Hacpennune.

VI.5.1. Ananu3 cutyanum

KBaHTOBas TeopHsi CUMTAaeT, YTO BHEIIHEE MABJICHHE MOKET IMOJHOCTBIO HOHM3MPOBATH
BOJIOPO/I, IPEBPATHB €r0 B MHOXKECTBO CBOOOJIHBIX IMPOTOHOB U 3JIEKTPOHOB, 4YTO JalbHEHIIee
YBEIIMYEHUE OTOTO MAaBICHHS MOXET PECTPYKTYpHpPOBATh ATO MHOXXECTBO MPOTOHOB U
AIIEKTPOHOB B «METAJUTMYECKUN» BOIOPOA, OO0JaNaIOMNil CBOMCTBOM CBEPXIPOBOIMMOCTH, U
YTO TIOCJIEAYIOIIee CHITHE IAaBICHHS MOXKET OCTaBHTh HEU3MEHHOM 3Ty «METaJTHYECKYIO»
CTPYKTYpPY BOAOpPO/A.

Hapmex bl Ha TPUHIMITHATBHYIO BO3MOXKHOCTh TaKOW PECTPYKTYPH3AIUU BOIOPOJA MOXKHO
MOYCPIHYTh, HMCXOIS W3 TNPUHIUIMUAILHON BO3MOXKHOCTH TIOJOOHOH pPECTpYKTYpHU3aluu
pbIXJIoro rpauTa, ¢ MOMOIIBI0 OTPOMHOIO BHEIIHEro JAaBJICHUS, B alMa3, C MOCIEAYIOLINM
10CJI€ CHATHS AABJICHUS, COXPAHEHUEM CTPYKTYPbI U CBOMCTB ajMasa.

OTH HaAEeKAbl KBAHTOBOW TEOPUHM TPEOYIOT TINATEILHON CEphe3HOUM MPOBEPKH, TaK Kak B
1979r, B UEHTPaJTbHOM aKaJEeMHYECKOM (PH3MUECKOM JKypHaje, ObUI0 OmyOJIMKOBaHO
HKCIEPUMEHTAIEHOE JOKA3aTeNLCTBO OTCYTCTBHA B [Iprpoe HenenMMbIX KBAaHTOB SHEPTHH [5].

OU3NKN 3TH Pe3yNbTATHl 10 CUX TIOP UTHOPUPYIOT, JeNasi BUA, YTO OHU UM HE3HAKOMBI, H
CKpBIBasi TEM CaMbIM CBOW HEYIOBJIETBOPUTEIBHBIN MTPOPECCHOHATHI3M.

.

Teopusi HeNMMHEHHBIX KOJIGOAHWH BBIACHWIA, YTO (PHU3MKH, B HayaJie MPOILIOro BeKa,
OKa3aJIUCh HECIIOCOOHBI MOCTPOUTH aJEKBaTHbIE MAaTEMAaTUYECKHUE MOJIEIM aTOMOB, OOBUHMB B
3TOM «KJIaccudeckue» - HpI0TOHOBBI KOJIMYECTBEHHbIE METO/bl. VICTUHHBIE K€ MPUYMHBI 3TON
HECIIOCOOHOCTH OKa3aJIUCh CKPBITHI eUié B MO3ampoluioM Beke. B mozampomuiom Beke Obuin
MPOBEJICHBI JIBa 3HAMEHUTHIEC 3KciepuMeHTa — @u3o (1851) u Opcrena (1821). B sakcniepumente
®u3o ObLTO JOKA3aHO CYIIECTBOBAHUE MaTepHalbHOTO 3dupa. B sxcnepumente Ipcrena ObU10
0OHapyXEeHO BO30YXKICHHE MarHeTH3Ma TOTOKOM 3JIEKTpoHOB. OnHako, (HU3UKK OMMOOYHO
JIe3aBYyUPOBAIN pe3yinbTaThl PU30 U HEBEPHO MPOUHTEPIIPETHPOBATHN pe3ybTaThl Dpcrena. Kak
3TO HU YAWBUTEIBHO, HO, C T€X IMOp, (DU3MKM TaK M HE CyMENIH HCIPAaBUTh CBOHM OLIMOKH,
Mpo/IoJDKast CYMTaTh, 4To 3puUp B MarepuaibHOM Mupe OTCYTCTBYET, M YTO MAarHeTH3M
BO30Y)KIaeTCs IBHKCHUEM JJICKTPUUCCKUX 3apSIIIOB.



N3-3a 3Tux naBHUX OMHOOK, (PM3UKH HE CyMeNr MOCTPOUTH aJCKBATHBIE MOJIEIH aTOMOB H
HE CyMENU BBISIBUTH MEXAaHHW3M aTOMHOTO 3JIEKTPOMAarHUTHOTO M3nydeHws. [loaToMy oHU He
.CYMEB TIOHATh MEXaHM3M OOPa30BaHMS IEKTPOMATHUTHOTO M3IIYUYEHUS «a0COJIIOTHO YEPHOTO
Teja», BBIHYXKJEHBI OBITM OOpaTUTHCS K THIIOTE3€ CYIIECTBOBAHUS HENCITUMBIX KBaHTOB
SHEPTHUH, BIIOCJICICTBUH OKa3aBIIEHCsl OMTMOOYHOH [5].

VIL.5.2. AnexBaTHasl «KJaccuyecKas» Moaelb
HeBO30Y:KIEHHOI0 aATOMa NPOTHS

UToOBl MOXXHO OBUIO YBEPEHHO CYAMTH O BO3MOXKHOCTH CO3JaHHUSI «METaNIMYECKOTO»
BOZOPOJa, HYKHO AETaJbHO W TIIATENIFHO BBISIBUTH BCE HEOOXOAMMBIE ISl 3TOrO CBOMCTBA
MeNbUaNIIeT0 «KUPIUYNKA» BOJOPOJa — HEBO3OYKIEHHOTO aroMa MPOTHsS, OTKA3aBIIUCH OT
HEYETKHX, PaCIUIBIBYATHIX KBAHTOBBIX 00pa3oB.

[ ]

Teopusi HeIMHEHWHBIX KoyieOaHMid, Onaromaps ydery d¢dupa, C €ro CONPOTHUBICHHEM
JBIDKEHUIO MHKPOOOBEKTOB, W yUtTy MAarHUTHBIX B3aWMOJCHCTBUN MEXIAy MHKPOOOBEKTaMH,
MOCTPOMJIAa aJIEKBaTHYI0 MOJENb HEBO30Y)KICHHOTO aroMa HmpoTHusa. B 3Tom aTrome, mMpoTOH U
JJIEKTPOH CBSI3aHbl JJEKTPUUYECKMMH M MarHUTHBIMH B3aumozeictBusamu. [Ipupoma wu
XapaKTEePUCTHKA MarHUTHBIX B3aWMOJICHCTBUN MEXITy MHUKPOOOBEKTaMH (PU3WKE HE M3BECTHBI.
Wx mpunutock BeIpadaThIBaTh 3aHOBO. DJEKTPOH M MPOTOH OKA3aJIMCh AMaMarHeTukamu. M3-3a
3TOr0, MEXIY 3JEKTPOHOM M TMPOTOHOM CYIIECTBYET MAarHUTHOE OTTajKuBaHue. bmaromaps
«MarHUTHOMY OpHEHTaMOHHOMY 3(dexTy» [8], BEKTOpbl MarHHUTHBIX MOMEHTOB MPOTOHA U
3JIEKTPOHA PACIIOIOkKEHbI Ha MPSAMOM, MPOXOSIIEH Yepe3 MPOTOH U 3IeKTpoH (puc.11).
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Puc.11. Cxema HEBO30YXI€HHOTO aToMa MPOTHS

V1.5.3. BHemHee naBjieHue
Ha aTOM NpOTHUS
Kak ckaspiBaeTcsi yBenmMueHHE BHEIIHETO AaBieHHs Ha arome nportus? Ilpm oObraHOM
aTMOc(pepHOM  JaBICHHH, MEXKIy TPOTOHOM M  DJIEKTPOHOM JCWCTBYeT MAarHUTHOE
OTTAJIKMUBAHUE, HE JAIONIEe UM COJIM3UTHCS CIUIIKOM CHIIBHO, M DJIEKTPUYECKOE MPUTSHKEHUE.
BHemHee naBieHHE Ha aTOM HM30TPOIHO, MOATOMY, €r0 yBEIHUYCHHE CONMKAeT TPOTOH C
3JIEKTPOHOM.

He paspymaercs i, B pe3yiabTaTe pocTa BHEIIHETro JaBJIEHUs, MarHUTHOE B3aMMOJEHCTBHE
MEXIY 3JEKTPOHOM U MPOTOHOM? 3HaHHE SBJIECHUS BO30YXKIEHHMsS aTOMa FOBOPUT O TOM, YTO
TaKoe pa3pylieHHe MAarHUTHOTO B3aMMOJCHCTBUS PEAIbHO NMPOUCXOIUT, KOrja BOo30YyKIACHHBIN
aToM, JBWKYIIUHCS TOJ JACHCTBHEM «IBMXKYIIEH CHIIBD» 3aXBaY€HHOTO MM (OTOHA, BAPYT
OCTaHABIIMBAETCS, HATKHYBIINCH HAa JIPYroil MUKPOOOBEKT. B pe3ymnbraTe 3TOr0 CTOIKHOBEHHUS,
MPOTOH OCTaHABIMBAETCs, a (POTOH MPOJOIDKACT JBWIKCHUE, CHIIbHEE CONMKAACH C MPOTOHOM.
Haxonen, xorma MarHuTHas ocb (DOTOHA HCIBITaET YIJIOBOE OTKIOHEHHE OT OCH aTOMHOTO
MarHMTHOTO Ki1acTepa, (POTOH MOKUHET aTOM, Pa30pBaB C HUM, IIPEXIE BCETO, MATHUTHBIC CBS3H.

Moryt 511, mog00HBIM e 00pa3oM, pa3opBaThCS MATHUTHBIE CBSI3M MEXKIY JEKTPOHOM U
MPOTOHOM MPHU UX COJNIMKECHHUHU, B PE3y/IbTaTe HAPACTAHUSI BHEITHETO TaBICHUS?

DKcrnepuMeHTalIbHbIE HAOJIOICHUs] JCHCTBHA BHEIIHETO JIaBJIEHUS Ha OTACIBHBIA aToOM
IpOTHS OTCYTCTBYIOT. M Bce e, MOSy4uTh OTBET Ha 3TOT BONPOC MOXHO, PaccMOTpeB
SKCIIEPUMEHT TO CONMKEHUIO JBYX MPOTOHOB. UTOOBI STUMHU HAONIOJAEHUSMH MOXHO OBLIO
BOCIIOJIb30BAThCSA, MPEXkAE HYKHO Y3HATh HCTHHHBIE CTPYKTYpBl JJIEKTpOHA, HEUTpoHa U
MPOTOHA.



VL.5.4. CTpyKTYpBI 3J1eKTPOHA,
HeTPOHA M MIPOTOHA
Hcxoas m3 W3BECTHBIX OSKCIEPUMEHTAIBHBIX JIaHHBIX, TEOpHUS HEJIMHEWHBIX KojeOaHuit
YCTaHOBWJIA, YTO DJIGKTPOH U HEUTPOH SIBISIOTCS JJIEMEHTAPHBIMU OOBEKTAMH MHKPOMHDpA, a
MPOTOH — COCTaBHBIM, HEUTPOH-AaHTHAJICKTPOHHBIM MHUKPOOOBEKTOM, TIJI€ AHTUIJICKTPOH —
MO3UTPOH C «OTPHIIATEIBHON» MacCOW, OTKphITHIH Onaromaps [1./lupaky (puc.12).
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Puc.12. CxeMbl CTPYKTYp 2JIEKTpOHA HEHTPOHA U IIPOTOHA

[IpoToH — ynuBUTENBHEWIINI MUKPOOOBEKT: HEHTPOH M AHTUAIIEKTPOH CBA3aHBI B HEM
TOJIBKO MarHUTHBIM OTTaJKuBaHHeM. OH HaXOAUTCS B COCTOSIHUM PAaBHOBECHS TOJIBKO B TOM
cay4ae, KOrja HEHTPBI Macc HEMTPOHA U aHTURJIEKTPOHA COBNAAAtOT. ECiau 3TH HEeHTpsI Macc HE
COBMAJAIOT, TO HEUTPOH MIBITAETCS YOeKaTh OT aHTUAJICKTPOHA, a AHTHAJIEKTPOH, H3-3a OOJBIION
Pa3HUIBI BETUYMH MAcC U «OTPHUILIATEIBHOCTH» CBOCH MACChl, €ro ObICTPO JOTOHSET.

VIL.5.5. DkcnepuMeHT 10 cOJTMKEHHIO IBYX IIPOTOHOB

DKCIEepUMEHTAIbHO YCTAaHOBJIEHO, YTO, U3 JIBYX NPOTOHOB, COJMIKAIOIIUXCSA C SHEpruen
290M»5B, oaun, npu BCTpede, pacnagaeTcs Ha HEUTPOH M aHTHANIEKTPOoH. Teopus HeTUHEHHBIX
KoJeOaHul BBISICHHIIA, YTO 3TO MPOUCXOJUT MIPU PACCTOSTHUN MEXy HUMHU, PABHOM 3,96:10 m.
A Tak KaKk HEWTPOH 3JEKTPUUYECKOIO 3apsAla HE MMEET, a ,un=4-1075,ue, TO W JJIEKTPUYECKUE H
MAarHMTHbIE B3aMMOJACHCTBUS B MPOTOHE OCYIIECTBIISIIOT COACPKAIINECS B HUX aHTUIJIECKTPOHBI.
Ecnu Ob1, ipy cONMMKEHUH MTPOTOHOB JI0 PaccTOSTHUS B 3,96 10"'"M, MarHuTHBIC B3aHMMOLCHCTBHS
MEXIy HUMH Pa3pylIajiuch, TO HE OBIJIO U pacnaja OJAHOTO U3 IPOTOHOB.

.

3HAYUT, MAaTHUTHBIC B3AaUMOJICHCTBUS MEXIY ABYMS COMMKAIOMIMMUCS IPOTOHAMH, a TaKXKe
MEXK1y MPOTOHOM U DJIGKTPOHOM B IIPOTHUH, IPOCTHIM BHEIITHUM JaBJICHUEM HE Pa3pyIIatOTCs.

CrnenoBaresibHO, BHEIIHEE JIABICHUE YMEHBIIAET pAcCTOSHUE MEXAY I[POTOHOM H
3JIEKTPOHOM B MPOTHH, HE Pa3pylasi MArHUTHOTO B3aUMOACHUCTBUS MEXKILy HUMH.

VI1.5.6. BHelinee naBJjieHne
U MOJIEKYJIbI IPOTUS

[Ipun atmocdepHOM AaBIICHWHW, OJMHAKOBBIC ATOMBI NMPOTHS HE MOTYT OOBEIAWHATHCA B
MOJIEKYJbl BOJAOpPOAA H3-32 TOrO0, YTO MArHUTHOE OTTAJKUBAHUE MEXKAY HSTUMH aTOMaMH
MPEBBIIIACT MEKTPUUECKOE MPUTSHDKEHUE MEKAY HUMHU. B 3TUX yCIOBUSIX, MOTYT CYIIIECTBOBATh
TOJBKO MOJIEKYJIbI, Ha3bIBAEMbIE OPTOBOAOPOIOM U MAPaBOJIOPOIOM.

YBennueHnue BHENTHETO JABJICHUS MPUBOIUT K YMEHBIIEHUIO PACCTOSHUS MEXIY MPOTOHOM
W DIIEKTpOHOM B mpotuu. llpm aTmochepHOM AaBlieHWH, YMEHBIIEHHWE 3TOTO PACCTOSHUS B
MPOTUU MOTJIO OBl TPOWCXOAWUTh MPH YBETUYCHUU DJICKTPUUECKUX 3apsioB MPOTOHA H
anexTpoHa. CleoBaTeNbHO, YBEIHMUYEHUE BHEIIHETO JaBJICHUs NEWCTBYET Ha MPOTHUU TaK Ke,
KaK YBEJIMYECHUE DJICKTPUUYECKUX 3aPSI0B, IPUBOIA K YCUICHHUIO 3JIEKTPUUYECKOTO MPUTSKECHUS
MEXKIY MPOTOHOM M JJEKTPOHOM. IIpu 3TOM, 3JIEKTPUUYECKOE NPUTSIKEHHE MEXAY aTOMaMu
MpoTHsl TPUOTIKAETCS, MO BETWYMHE, K MarHUTHOMY OTTainkuBaHuio. [Ipum HekoTopoit
KPUTHYECKOW BEIMYMHE BHEUIHETO JTABJICHUS, 3T BEIUYUHBI cpaBHUBatoTCs. [Ipu nanpHeiem



YBEIMYCHUHN BHEITHETO JABJICHUS TOSBISIETCS BO3MOXXHOCTh OOBEJIMHEHHS aTOMOB TPOTHS B
MoJeKynbl (puc.13).
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TakoB MeXaHW3M O0pa30BaHUs JUIMHHBIX «OJHOMEPHBIX» MOJIEKYN MPOTHS, 00JIaTaroIInuX
CBOMCTBOM CBepxTeKkydecT (puc.14).
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lapBapackue ¢u3uKM, B CBOMX IKCIIEPUMEHTAX, 3a()MKCUPOBAIIN, IPU HEKOTOPOM BHEIIHEM
JIaBJICHUH, W3MEHEHHE COCTOSHUSA TIOJONBITHOIO BOJOPOJA, CONPOBOXKIAABLIEECS PE3KUM
MTOHMKEHUEM €Tr0 CONPOTUBIIECHUA JJIEKTPUUECKOMY TOKY. HO B UIMHHBIX CBEPXTEKYYHX
MOJIEKyJax Tenus HaONIoAaloch TO K€ CaMoe — JII0Oble JIOKAIbHBIE BO3MYILCHHS
pacpoCTPaHsIUCh B HUX CO CKOPOCTBIO JIEKTPOMAarHUTHBIX B3aUMOIEUCTBHI.

Takum obOpaszom, ['apBapiackue (U3HKH SKCIIEPUMEHTAIHLHO OOHAPYKHMIIM CYIIECTBOBAaHHE
CBEPXTEKY4ECTH BOIOPOJA, OYEHB JTOJITO IIPSITABIIEECS OT 3KCIIEPUMEHTATOPOB.

Ipumeuanue. CyiecTBOBaHNE CBEPXTEKYUYECTH TeIHsI M BOJIOPOia 00YCIOBICHO HAINYHEM
Yy HX aTOMOB 3JIEKTPHUYECKOTO JHUIIOJBHOTO MOMEHTa. HanGonbImM JUMOIBHBIM MOMEHTOM
obOmamaer 4He, y ’He oH 3ameTHO MEHbLIIE, a y OpoTus ewé Mensle. M3-3a 3Toro, mms
MOJIYUEHUSI CBEPXTEKYYECTH 3THX BEIIECTB, HCOOXOJAUMO BHEIIHEe NaBicHHe B 34 aTMochepsl
s “He w OTPOMHOE HCKYCCTBCHHOE JaBJICHUE JUIS MPOTHsA, TpeOyroliee CrIenuaibHOro
000pyIOBaHUsI.

VL.5.7. 3akiaio4yenne

W3 paccka3aHHOro ciefyer, 4yTo MOJIEKYJIbl, U300paxkeHHble Ha puc.13 u puc.14, Moryr
CYILLECTBOBATh TOJBKO IIPU BBICOKOM BHEIIHEM JaBleHHUU. Eciy BHEIIHEE AaBJIEHUE CHATH, TO
9TH MOJIEKYJIbl PACCHIILIIOTCS HAa OTHENbHBIE, HE CBSI3aHHBIE APYr C APYroM aromsl. Tak 4To,
MeuTsl ['apBapaAcKux (pU3MKOB O «METAJUIMYECKOM» BOJOPO/IE JUILICHB OCHOBAaHHH.

YuuTeiBas BCEMHUPHYIO HW3BECTHOCTH l'apBapia, TpyZHO NOHSThH, ModeMmy [ apBapackue
(GU3MKN HE CMOTJIM CaMHU JI0 3TOTO JOAyMarbesi? MokeT ObITh. BUHOBAaT KBAHTOBBIM CTHIIh
MBIIICHHSI, 00YCIOBUBIIHIA 3TH HemopazymeHus? Ho ecmu coOpaThCsi, TO MOXXHO BCIIOMHHTb,
YTO ILIETIOYKa CBSA3aHHBIX MEXIY COOO0H (PU3MYECKMX HENOpa3yMEHHH, MpUBEIIIAs K KPYHTHBIM
COBPEMEHHBIM (PU3NYECKUM HENPUSTHOCTSIM (MTOTyBEKOBBIE MOPAKEHUS B «HEUTPUHHOW» U B
«TEepPMOSIICPHOI» TpobiieMaxy, MPeJICTaBICHNsI O CBEPXCBETOBOM pazberannu BceneHHow,...),
3aBs3ajach elEé B JOKBAHTOBYIO 3I0XY, M3-32 HECIIOCOOHOCTH JOCTHYb MCTUHHOE NOHUMAaHHE
pe3yibTaToB 3KcnepuMeHToB Opcrena U duzo. CrenoBaTenbHO, MPUUUHBI ATUX (PU3HMUECKUX
Helopa3yMeHuil 00yCIOBICHBI U3bIHAMH TEOPETUYECKOM MOATOTOBKH, HEYMEHUEM MBICIUTD I10-
HproToHOBCKH, N300peTaTeIbHO U PACKOBAHHO.

Ha u cam nepseiii HobGenesckuii naypear mo cBepxtekydectu renus — [1JI.Kanuma, mo
KOHIIA CBOEH XW3HM TaK M HE Y3HAJ IPUYHH CYIIECTBOBAHUS HTOTO SIBICHUS, YIIOPHO Ha3bIBast
€ro COBEPIICHHO Oecconep:KaTelbHBIM TEPMUHOM — «UYHCTO KBAHTOBOE SIBJIEHHE», OYATO 3TO
03HA4YaeT 4TO-TO cojepxarenbHoe. Jlydmie packpeul Obl HaMm, Kak paboTaeT NPUYMHHO-
CJIECTBEHHBIN MEXaHU3M 3TOM «KBaHTOBOW TailHBD», OTCYTCTBHE KOTOpo#l B IIpupoae aokazaHo
9KCIIEPUMEHTAIBHO [5],



Ilpupona Ha nene mokas3ajia, ¢ MOMOINBID CTUXWUHWHOM E€CTECTBEHHOH pPECTPYKTYypH3aluu
BELIECTBA, C IPUMEHEHUEM OI'POMHBIX BHEIIHMX aBJICHUH, YTO BO3MOXXHO U3MEHEHHE CBOMCTB
BEIIECTB (Hampumep, rpaut — anMas) ¢ COXpaHEeHHUEM HOBBIX CBOMCTB IOCIIE CHSTHS J1aBICHUS
HO YTO 3TO BO3MOKHO HE C «OJHOMEPHBIMU», THIIA MPOTHUS, 3 C MHOTOMEPHBIMU CTPYKTYPAaMH,
[IpY YCJIOBUU TOIOJIOTUYECKON NEPECTPOUKN KPUCTAIUNIMYECKON OCHOBBI BEILECTBA.



