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Magnetism almost unnoticeable in the contemporary microworld theory fulfils an essential constructive
function in the real material world as it generates an enormous variety of objects and properties thereof.

At extremely low temperatures liquid helium contains atoms in which electron and nucleus are arranged on the
same straight line and both electrons are from the same side of the nucleus. The existence of such atoms allows for
gaining a simple, eye-minded understanding of all amazing properties of superfluid helium.
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XI11. Magnetism as the Power Behind
the Contemporary Physics
The contemporary theoretical physics has been trying hard for a long time to present
magnetism as an outcast seeking not to notice its function in the material world structure. It
partially manages to do this in the theory of atom due to less detailed ideas of atom structure.
However, it has to compensate the neglect of magnetism in the nuclear theory by introducing and
using concepts of “weak” nuclear interactions absent in the real material world.
Let us demonstrate what physics lost in the result by showing the true structure of atom and
formation mechanisms of super-fluid components of liquid helium and “neutron liquid” in
“neutron stars”.

XI11.1. Magnetism and Atom

What does the contemporary physics know about atoms? Atom consists of nucleus and
“clectron shell”. Nucleus consists of 4 nucleons, i.e. Z protons and N neutrons, 4=Z+N.
Typically, with some minor exceptions, number of neutrons N in stable nuclei exceeds number
of protons Z. The heavier nucleus is the higher the excess is. “Electron shell” of a neutral non-
excited atom consists of Z electrons.

The contemporary physics has no adequate information about the arrangement of nucleons in
nucleus and electrons in “electron shell”. This is due to the specificity of the quantum paradigm
that underlies all concepts of the structure of microobjects.

The year 1979 saw the publication concerning the experimental evidence as to the absence of
indivisible quanta of energy in the material world [1]. The response from the global physics was
introduction of the strictest censorship against publication of any findings beyond the quantum
paradigm.

The theory of non-linear oscillations (TNO) through its special investigation found that
physics arrived at ideas of indivisible quanta of energy following its neglect of such a significant
component of the material world as ether and groundless neglect of magnetic interactions
between microobjects [2,3]. The identification of electron structure showed that if there would be
no ether in the material world there would be no electrons, neutrons or protons, or other
microobjects or macroworld.

Consideration of ether with its resistance to motion of microobjects and of magnetic
interactions between microobjects enabled TNO to develop the “classical” microworld theory
that operates adequate structural mathematical models of atomic structures, which physics had
persistently claimed to be impossible for such a long time.

XI111.2. Magnetism and Atomic Nucleus
The experimental results obtained by scientists of the Nuclear Physics Institute of the
Academy of Sciences of the USSR (Alma-Ata) [1] speak for the fact that systems of atomic
nucleons have quasicrystalline structures. In other words, such structures of nucleonic systems
have statically stable equilibrium states, i.e. statically stable configurations of their nucleons.
Nucleonic interactions arrange nucleons in such configurations. Ether resistance to motion of
nucleons makes these configurations stable.



Nucleonic interactions arrange nucleons in these configurations in quite definite places
relatively to other nucleons without restricting their orientation freedom. Magnetic field of
nucleon and other microobjects has a capacity to a magnetic orientation effect [4], according to
which the object’s magnetic moment vector strives to settle along the external magnetic field
lines.

The external magnetic field for a magnetic field of nucleon inside a nucleus is a sum of self-
magnetic fields of other nucleons of the nucleus. These magnetic fields unite magnetic fields of
nucleons into nucleonic magnetic clusters in which of each all magnetic moment vectors are
arranged along a straight line that crosses all the nucleons of the cluster. Deuterium has one two-
nucleon magnetic cluster. Tritium and ®He have two clusters each, one of them is one-nucleon,
another is two-nucleon (Fig.1). Magnetic moment vectors of clusters in tritium and *He are
parallel. This makes the conditions for stable existence of 7' and ®He and frequency spectra of
electromagnetic radiation of tritium and ®He very specific.
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Fig.1. Nucleonic magnetic clusters of D, T and *He

*He has two two-nucleon magnetic clusters arranged on crossing straight lines (Fig.2).
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Fig.2. Nucleonic magnetic clusters of *He

Heavier nuclei, apart from two-nucleon, can include three-nucleon and, probably, four-
nucleon clusters. As for three-nucleon clusters, they definitely exist. One can check Mendeleev's
table for the evidence. For instance, there is 1.2 neutrons for each proton in vanadium and 1.5
neutrons for each proton in bismuth.

Special studies showed that every cluster of a stable nucleus contains one and only one
proton while all neutrons in the cluster that contains proton are stable.

Nuclei are unstable if they include clusters containing only neutrons. For example, tritium.
All neutrons in such clusters are unstable: they may collide with photon and turn into protons.
However, as soon as proton appears in such cluster, all neutrons of the cluster become stable. If
the system of nucleons is rearranged in such a way that the cluster includes two proton, then both
protons become unstable: one of them then may disintegrate into neutron and antielectron.

Since magnetic fields of electrons and antielectrons have extremely narrow needle-like
magnetic jets [3], protons that are neutron-antielectron systems, as well as magnetic fields of
nucleonic magnetic clusters of nuclei also have such jets. Due to this, the nucleus magnetic field
that consists of a sum of magnetic fields of separate nucleonic clusters, for higher values of 4,
has a structure similar to the one of sea-urchin needles (Fig.3).



Fig.3. Atomic nucleus magnetic field at higher 4

Probably, one of the most interesting peculiarities of nuclear magnetism is that the number of
nucleonic magnetic clusters of a stable nucleus is the factor that objectively defines the charge
number of nucleus and atom Z.

XI11.3. Nuclear Magnetism
and Non-Excited Atom
Electron Shell Structure

The theory of non-linear oscillations found that quantum “quasi-determinism” of the
arrangement of electrons in the electron shell of a non-excited atom is a consequence of a
significant incompleteness and biased approach of the quantum paradigm.

Studies showed that nuclear magnetism is a critical factor that defines the arrangement of
electrons in atom’s “electron shell”. Electrons in atom are arranged on centerlines of magnetic
fields of the nucleonic magnetic clusters.

In the infancy of mankind, the numerical counting originated from numbers one, two and
“many”, i.e. three or more. For the contemporary nuclear theory, “many” is two or more. Indeed,
individual properties of hydrogen that contains one electron do not depend on which side of the
nucleus the electron is (Fig.4). There is electric attraction between electron and proton in this
atom and, due to electron and proton diamagnetism, magnetic repulsion. Electric attraction here
localizes the atom while magnetic interactions prevent the electron-proton system from
collapsing.

These atoms have equal ionization potentials and same natural frequencies. At the same time,
there is one distinction between them: different directions of the magnetic field lines with the
same configuration of the field for both atoms.

However, there come rather unpleasant surprises to the contemporary physics as far as atoms
with two or more electrons are concerned.
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Fig.4. Structures of hydrogen atoms with different relative
positions of magnetic moment vectors of
protons and electrons

The first surprises is from *He. This atom nucleus has two parallel nucleonic magnetic
clusters which magnetic moment vectors are parallel to each other (Fig.1). The distance between
them does not exceed 10 *m, and the distance between nucleus and atomic electrons exceeds
10 'm. Due to this, for this atoms’ electrons there is actually one nucleonic magnetic cluster
with z(*He)=2u,—un. Therefore, *He can only have a “one-dimensional” form where nucleus and
both electrons are on the same straight line. Here, the atom’s “clectron shell” in principle can
take of the A4, B, C forms shown on Figure 5 (e - nucleus *He) depending on the arrangement of
electrons relatively to the nucleus and on the mutual orientation of their magnetic fields.
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Fig. 5. °He 4, B, C form structures

Studies showed that the 4 form cannot exist in case of existing values of nucleons and
electrons parameters, and the B form has no stable static equilibrium state. In this case, elements
of *He of this form are in continuous reciprocating motion as long as they exist. Both electrons in
the first semi-period are moving rightwards relatively from the nucleus until the magnetic
moment vectors of both electrons turn over by 180°. Then, the second semi-period begins during
which both electrons are moving leftwards until their magnetic moment vectors again turn over
by 180°, and the period of motion closes.

In case with the C form, both electrons are on the same side from the nucleus. Since the
electrical charge of the nucleus is 2e and the total magnetic moment in the points of electrons is
2up, the distance between the left electron, as shown on Fig.5, and the nucleus in this form is
equal to “Bohr radius” as in case with protium, and the distance between the right electron and
*He nucleus is a lot longer.

The first ionization potential of this atom can be trivially determined using the TNO
methods. It is extremely small: 1.313eV. Therefore, the stable existence of *He C form is only
possible at extremely low temperatures, at a very low level of external disturbances.

Thus, neutral atoms of ®He can be in static equilibrium only in the € from. This well explains
the fact that the contemporary physics still knows nothing about electromagnetic radiation
spectra of neutral *He.

The contemporary physics has also shallow and broadly biased information about the
structure of non-excited neutral atoms of “He.

The “He nucleus as well as the ®He nucleus has two nucleonic magnetic clusters but these
clusters in the *He nucleus are crossing rather than parallel (Fig.2).

Both “He and ®He atoms are, in principle, capable of having “electron shells” of three forms,
namely 4, B and C. In the 4 form, electrons are arranged on different magnetic clusters of the
nucleus (Fig.6, e - nucleus “He).

e [ ]
Fig. 6. *“He 4 form structure

The 4 form can have two variants based on the mutual orientation of the magnetic moment
vectors of nucleus and electrons. There is magnetic repulsion between the electrons in one
variant and magnetic attraction in another. The highest first ionization potential of this form has
been established experimentally as equal to 24.586eV [5].

In case with the B form, both electrons are on the same magnetic cluster of the nucleus, on
different sides from it (Fig.7). The B form of “He is less stable than the A4 form as its first
ionization potential is 2.788eV.



Fig.7. “He B form structure

In case with the C form, both electrons are on the same magnetic cluster of the nucleus, on
the same side from it (Fig.8). As electrical charge of the nucleus is 2e, and the magnetic moment
of the nucleus magnetic cluster is the same as of proton, the internal electron in (*He,C) twice
closer to the nucleus than electron to proton in protium.
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Fig.8. “He C form structure

The distance from the external electron in (*He,C) to the nucleus is twenty times longer than
from the internal electron. Therefore, the first ionization potential of this atom is 1.449eV.

One can talk much and long about marvelous atom properties unknown to physics. Let us
note only one peculiarity. In theory, all chemical elements can have C form atoms where all
electrons are on the same magnetic cluster on the same side from the nucleus. However, in
practice it is impossible because of external disturbances. Indeed, (*He,C) and (*He,C) atoms,
due to extremely low first ionization potentials, may actually exist at very low temperatures only
at which liquid helium exists only in liquid form.

Comparing first ionization potentials of C form atoms of helium-4, lithium, beryllium and
boron one can notice that their values decrease with increase of Z at the rate of geometric
progression.

*He,0) [(Li,0) [BeO) [(B.0
1.449eV | 0.693eV | 0.276eV | 0.139eV

XI11.4. Nature of Liquid Helium Super-Fluidity
and a “Neutron Liquid” in Neutron Stars
The super-fluidity phenomenon with all its most amazing properties was discovered in liquid
helium first. Then neutron stars were discovered. It appeared that multiple neutrons in neutron
stars are in the “neutron liquid” state characterized by super-fluidity.
The quantum physics could not gain an informal substantial understanding of the causes for
super-fluidity. TNO did.

XI111.4.1. Liquid Helium Super-Fluidity

It has been established experimentally that helium at extremely low temperatures liquates
with a component that has normal fluid properties and with a super-fluid component [6 to 8].

The super-fluid component of liquid helium is capable of flowing over elevated vessel walls
until the internal and external levels of liquid helium become even. In addition, the super-fluid
component features extremely high thermal conductivity with low heat capacity and very low
viscosity.

According to TNO, a liquid helium component that has such unusual properties and a
component that does not have such properties can co-exist because electron shell of helium
atoms can exist in various forms and the conditions for stable existence of helium atoms with
electron shells of various forms much differ.

XI11.4.2. Structure of Normal Fluid
In terms of its structure liquid is between gas and solid body. Elementary units of gas are
matter atoms and molecules absolutely unbound together. Elementary units of solid body are
crystals that have a clearly ordered system of atoms and molecules rigidly bound together by
means of electromagnetic interactions.



One can understand structural peculiarities of liquid using experimental data on liquid
properties.

Some of such data imply that gas viscosity increases with increase in temperature while
liquid viscosity decreases [9]. Viscosity means friction between reference layers of gas and
liquid. Gas viscosity is stipulated by atomic and molecular exchange between different reference
layers of gas. Mean velocity of gas atoms and molecules increases with increase in temperature,
which leads to a more intensive exchange of gas elements between gas layers and to higher gas
viscosity with increase in temperature. Decrease in liquid viscosity with increase in temperature
means that individual atoms and molecules in liquid have some insignificant influence on its
viscosity.

Another group of experimental data was obtained by means of X-ray studies of liquid [9].
Those studies showed that liquid has locally ordered structures but no global ordering unlike
solid bodies. According to this data, the main liquid components are some liquid aggregates, i.e.
locally restricted lots of molecules and atoms orderly bound with each other within such a lot,
rather than separate atoms and molecules. Separate liquid aggregates are not bound orderly with
each other. Hence, liquid is a system of liquid aggregates, lots of locally ordered atoms and
molecules.

Liquid aggregate size in liquid is a function of temperature. Coulomb forces bind molecules
in such aggregate. Each atom is a system of coulombian dipoles, the positive pole of each of
which is in the atomic nucleus while the negative pole is in the atom’s “electron cloud”. When
atoms unite into molecules and molecules unite into liquid aggregates, Coulomb forces that keep
molecule in liquid aggregate weaken proportionally to the distance from the aggregate center to
its periphery. Accordingly, the energy binding molecules in such aggregate decreases. If the
energy of thermal agitations exceeds the energy that binds peripheral molecules with the
aggregate, the bonds break. And since the energy of thermal agitations is not a strictly fixed
value but distributed within some interval of values one should expect that molecular aggregates
in liquid have a “flickering” periphery which molecules leave the aggregate and join it time and
again.

The presence of molecular aggregates in normal fluid well explains the observable
temperature dependence of viscosity. Speaking about reference levels of liquid, we mean quite a
smooth surface distinctly separating one layer from another. Such quite a smooth reference
surface is impossible for real fluid as each of the layers it separates has a lot of molecular
aggregates partially beyond this surface. Collisions of the molecular aggregates from different
reference layers stipulate the viscosity characteristics of normal fluid. If mean motion velocity of
gas molecules increases with increase in gas temperature, which results in its higher viscosity,
then increase in normal fluid temperature results in decreasing in the size of molecular
aggregates and, thus, in lower viscosity of normal fluid.

X111.4.3. Structure and Properties of Liquid “He

The contemporary chemistry has a firm misbelief that helium is intolerant, that its atoms do
not bind either with other helium atoms or with atoms of other chemical substances [10]. This
misbelief originates from groundless confidence of the quantum physics in that all helium atoms
have the same form, that there are no different form of helium in nature.

However, TNO discovered that helium atom might have different forms of “electron shells™:
A, B and C forms (Fig. 6. 7, 8).

The studies found that liquid helium in general consists of two components having different
structures: normal fluid and super-fluid. Material carriers of normal component are (‘*He,A)
atoms while the ones of super-fluid component are (*He,C) atoms.

If we take mind off sizes of electrons and nucleus (*He,4) atoms have two-dimensional
structure and liquid aggregates formed by (*He,A4) atoms are three-dimensional.



As regards (*He,C) atoms, both electrons therein are on the same nucleonic magnetic cluster
on the same side from the nucleus. However, the external electron is much farther away from the
nucleus than the internal one (Fig. 8). Due to this, (*He,C) atoms have pronounced coulombian
dipole properties and at temperatures low enough can unite into long “one-dimensional”
polyatomic molecules, that is, aggregates. The energy that binds two (*He,C) atoms in one
molecule was 0.862eV. This is almost two times less than the first ionization energy of (‘He,C).
This confirms that polyatomic molecules can be created from (*“He,C) atoms (Fig.9).
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Fig. 9. Liquid *He super-fluid
molecule structure

Due to the magnetic orientation effect [4], one-dimensional polyatomic helium molecules, if
nothing hinders them, seek to straighten and take a longitudinal, needle-like form. The presence
of such polyatomic one-dimensional molecules from (*‘He,C) atoms is what explains all the
unique and amazing properties of liquid “He super-fluid component.

Knowing that such unique helium molecules exist allows even scholars to understand
substantially, at the level of traditional notions, the results of most interesting experiments with
liquid helium that contains super-fluid component.

XI11.4.4. Experiments with Liquid Helium
that Contains Super-Fluid Component
The most amazing is super-fluid component capability of climbing vessel walls and body
surfaces protruding over liquid helium, envelop these surfaces with thick films and flow over
elevated walls of liquid helium vessels until the internal and external levels become even
(Fig.10,11) [6 to 8].
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Fig.10

Until now, “syphoning” explained this phenomenon. This hypothesis emerged following the
discovery of a tick film of liquid helium covering parts of bodies, which protrude above the
liquid surface while the bodies are partially submerged in liquid helium that contains super-fluid
component. This hypothesis deficiency consists in that it does not explain the occurrence of
helium film on body surfaces protruding from liquid and on the walls of liquid helium vessels.



Fig.11

Due to the magnetic orientation effect, polyatomic one-dimensional molecules from (*He,C)
atoms seek to straighten and take a longitudinal form. If lengths of these polyatomic one-
dimensional molecules are smaller than the liquid “He vessel size, then it is impossible to
understand how a liquid film occurs on the vessel walls and on the surfaces of bodies protruding
from liquid. If lengths of one-dimensional helium molecules are bigger than the vessel size, these
molecules are coiled inside the vessel. Magnetic interactions make them behave as if contracted
springs that seek to straighten. In these conditions, the utmost fragments of polyatomic
molecules of macroscopic length may rise along the body surfaces and vessel walls above the
liquid “He surface. This is how will also behave intermediate fragments of these macroscopic
molecules, which are bulged under the influence from magnetic interactions.

All other phenomena of liquid helium overflow have rather simple and illustrative
explanations.

Experiments showed that super-fluid liquid helium flow velocity in capillary channels is
incredibly high as compared to the flow velocity of other liquids and that super-fluid helium
viscosity is negligibly small.

Viscosity means friction between adjacent layers of moving liquid. Ordinary, normal fluid
contains molecular polyatomic clusters of ordered structure and “flickering” periphery. Internal
friction in such liquid is mainly due to molecular clusters partially engaging each other. The
more intensive the energy exchange in such engagements is the higher the friction and the
viscosity are.

The presence of one-dimensional polyatomic macroscopic molecules composed of (*He,C)
atoms in liquid *He leads to the existence of real rather than reference layers in liquid. These
layers are “one-dimensional”. There is neither atomic exchange nor engagement of atomic
aggregates between them, unlike in normal fluid. This is what explains the low viscosity of
super-fluid helium in ordinary vessels and super-low viscosity in capillarity conditions (like, for
example, in Kapitsa viscosity meter).

Magnetic interactions make these molecules seek to straighten like straight contracted
springs. Nothing prevents them from doing it in capillaries. Therefore, super-fluid helium in
capillaries is a multitude of long, thin needle-like molecules parallel to each other and to the
capillary.

Such multitude of long, thin, straight super-fluid molecules parallel to each other moves
along the capillary almost free of friction without resistance from other molecules, just as a beam
of parallel, thin and long needles passes through a vertical cylindrical tube.

The (“He,4) atoms that form the liquid helium component that has no super-fluidity are
estimated to be the half of “Bohr radius” in size, that is 2.65-10''m. Cross dimensions of super-
fluid molecules are determined by the helium nucleus diameter that is estimated to be
4.43-10 °m according to Rutherford. These values differ by four orders. Due to this, super-fluid
molecules freely penetrate (*He,4) atoms. That is why there is neither atomic exchange nor
engagements of molecular aggregates between one-dimensional layers of super-fluid helium, as
well as between the one-dimensional layers of super-fluid helium and the layers of normal liquid



helium. This is what explains the low viscosity of super-fluid helium in ordinary vessels and
super-low viscosity in capillarity conditions.

Observable anomalies of liquid “He heat conductivity are also explained by the fact that both
normal and super-fluid component of liquid “He have different structures.

Experiments showed that temperature perturbations almost instantly become uniform all over
the volume of liquid *He if it includes super-fluid component. In the absence of such component,
the uniform distribution is incomparably slower. This can be explained by the fact that
temperature perturbations in normal fluids are distributed due to chaotic movements of elements
of those liquids. However, a super-fluid component of liquid helium consists of one-dimensional
polyatomic macroscopic molecules wherein such perturbations are distributed at a velocity close
to the propagation velocity of electromagnetic interactions.

Experiments also showed that the propagation velocity of temperature perturbations in a
super-fluid component of liquid helium is isotropic, it does not depend on the direction. This
speaks for the fact that every single one-dimensional polyatomic helium molecule consisting of
(*He,C) atoms has a macroscopic length that exceeds the size of liquid helium vessel and that it
quite densely fills the entire volume of liquid helium.

The unique properties of liquid helium containing super-fluid component were studied in a
number of experiments using thermal exposure [6 to 8]. In order to gain quite complete and
detailed understanding of phenomena observable in these experiments one should pay attention
to two facts that describe the properties of super-fluid component of liquid helium. These facts
are associated with that a super-fluid component consists of very long polyatomic “one-
dimensional” molecules composed of (*He,C) atoms.

The first fact is associated with that due to magnetic orientation effect, magnetic interactions,
these molecules are in the internally strained state and seek to straighten to quite densely fill the
entire volume occupied by liquid helium.

The second fact is associated with that every atom in such a long “one-dimensional”
molecule has its own, quite low energy that binds it to the molecule. This energy varies in every
molecule based on the atom position within some interval (E; E;), where E»<1.449eV.

If thermal exposure energy E is less than E; then heat is propagated in liquid helium without
disintegration of super-fluid molecules.

If E>E,, then energy E in the heater vicinity is partially spent on removing from super-fluid
molecules the respective part of (*He,C) atoms that pass into “normal” component of liquid “He.
As a result, the local pressure of “normal” component in the heater vicinity increases and a part
of this component leaves the heater vicinity to equalize the pressure throughout the volume of
liquid helium. At the same time, the heater vicinity where “warm” removal of the part atoms
from super-fluid component happened is quite densely re-filled with the remaining super-fluid
component (due to magnetic pressure induced by the magnetic orientation effect).

Thermal exposure experiments utilized communicating vessels. In one of such experiments, a
small bottle with a capillary neck contained a heater and was submerged in liquid helium with
super-fluid component (Fig.12) [6].
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Fig.12

Another experiment utilized different vessels interconnected by means of an external tube.
Both vessels contained liquid helium with super-fluid component, and one of them had a heater
inside (Fig.13) [8]. Neither the capillary neck, nor the connecting tube in these experiments
prevented “normal” or super-fluid components of liquid helium from passing through them.
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Heat supply in these experiments induced counter flows of “normal” and super-fluid components
through the capillary and through the connecting tube. The mechanism of these flows formation
is described above.

In the third experiment, a wide tube densely filled with fine powder that was used as a filter
passing a super-fluid component and not passing “normal” one was completely submerged into a
bath with liquid helium with super-fluid component. One end of the tube was open, and another
one had a vertical capillary which top end protruded over the liquid helium surface (Fig.14) [8].
Heating of powder in the tube resulted in a partial disintegration of super-fluid component in that
part of the tube which had a vertical capillary, which, in its turn, made the pressure of liquid
helium increase in that part of the tube and liquid helium flow over the capillary.



Fig.14

The deficit of liquid helium that eventually occurred in the tube was immediately compensated
out of the super-fluid component supply through the powder filter from the helium bath. The
super-fluid component flow through the powder filter was due to magnetic interactions in super-
fluid molecules.

In yet another experiment, two vessels with super-fluid helium also communicated with each
other by means of an external tube with powder filter (Fig.15) [8]. Heat supply to one of the
vessels resulted in a partial disintegration of super-fluid component in the vessel and in-flow of
the respective volume of super-fluid helium from another vessel through the powder filter.

Fig.15

As a result, the levels of liquid helium in vessels were equal and there was a difference of
pressures in liquid helium contained in different vessels.

The efficiency of powder filtration that separates super-fluid component of liquid helium
from “normal” component is explained by a big difference in cross dimensions of these
components. “Normal” component consists of atoms (*“He,4) wherein electrons are on different
nucleonic magnetic clusters, these atoms are estimated to be the half of “Bohr radius” in size,
that is 2.65-10"''m. The cross dimension of super-fluid molecules is the helium nucleus diameter
that is equal to 4.43-10 *>m according to Rutherford.

The study of liquid helium properties has been yet purely academic and demonstrated
heuristic capabilities of human reflective apparatus human.



The most amazing and unique property of liquid helium is its capability of flowing over
vertical walls of vessels containing it until the internal and external levels become even.

If we bend the vertical walls of vessels in this experiment so that the resulting neck goes
downwards the vessel, then with the appropriately selected form of such neck we can apparently
achieve that super-fluid component rising along the internal surface of the vertical walls reaches
the downward neck and flows back to the same vessel. This process of super-fluid component
automatic circulation should last until the temperature of liquid helium rises above the boundary
of super-fluid component region.

X111.4.5. Liquid *He
The energy that binds atoms in the two-atom molecule of (*He,C) is estimated to be 0.186eV,
which is four times less than in the two-atom molecule of (*He,C). This explains great
difficulties that arise when deriving super-fluid component in liquid *He.

XI11.4.6. Super-Fluidity of “Neutron Liquid”
in “Neutron Stars”

“Neutron stars” result from the strongest gravitational contraction of a burnt and partially
cooled star, like “black holes”. “Black hole” originates from a burnt star of enormous mass.
“Neutron stars” have masses around 1.44 of our Sun mass and radius around ten kilometers.

There is a great pressure inside “neutron star”. What effect does it have on the state of such
star contents?

Let us consider a neutron star having radius of 10 km and mass equal to
1.44mg=1.44-2-10"%kg=2.88-10%kg. The mean density of matter in this star is
P=6.88-10""kg-m~>. Since my~m,~1.67-10’kg, then 1m*® of a neutron star contains
K=Pm, '=4.12-10* nucleons. Hence, each nucleon in neutron star accounts for relative volume
V=2.43-10 *m®,

Each nucleon has its own shell of such volume and all the shells are different from sphere.
Volume V=2.43-10*m? is contained in a sphere of 0.834-10""°m in radius. If every nucleon in a
neutron star is enclosed by a sphere of 0.834-10"°m in radius, then all the adjacent spheres of
such radius will be intersecting. Hence, distance r between adjacent nucleons in a neutron star
having the mass of 2.88-10°°kg and radius of 10 km is less than 2-0.834-10 °m=1.67-10"""m.

To understand the meaning of these figures one should refer to the nucleonic interaction
force equation: Fy(r)=pr—qr>, p=1581-10 ’kg-m°-s %, q=5032-10 "*kg-m°-s 2 [11]. It follows
from this equation that Fn(r*)=0 if r*=3.528-10 "’m. It bears reminding that there is nucleonic
repulsion when r<r* and nucleonic attraction when r>r*. Since the distance between the adjacent
neutrons in neutron star having the radius of 10km radius and mass of 2.88-10%kg is less than
1.67-10""°m, there is nucleonic repulsion between them.

This is well consistent with that the density of matter in a neutron star equal to
6.88-10'kg-mis 4.7 times higher than the density of matter in atomic nucleus. Indeed, radius
r, of nucleus containing 4 nucleons is determined from Rutherford’s empirical equation:
r=1.4-4"%.10"m. Since my~m,~1.67-10*’kg, the estimated density of matter in atomic nucleus
in natural environment is Am,(4-3™"-zr,®)'=1.45.10"kg-m™>.

With such enormous densities neutron masses of neutron stars should have liquid properties
due to the nucleonic repulsion between the adjacent neutrons.

As neutrons consist of neutron-like ether elements and have vortex-like structures, their
excessive approach to each other under a great pressure may result in “dispersion” of neutrons
into neutron-like ether elements. Such extinction of neutrons may happen in the center of neutron
stars. With increase in neutron star mass, the neutron extinction area in the star should also
increase.



Many neutron stars have extremely high revolution rate reaching ten thousand revolutions

per second.
Observations showed that revolution rate w of neutron stars decreases very slowly and
gradually. However, it appeared that there are such revolution rates w;, >, 23 5 , at which

this rate increases in steps. If we denote the initial rate at the first stage by w1’ then revolutlon
rate w will be decreasing continuously to w1 At oy it suddenly increases in step to 2 >a)1 ,
then it is decreasing continuously to w;", and then, at w,", increases again in step to ws™> w, ,
and so on.

It was incomprehensible what induced those steps in revolution rate w. There were observed
no external influences on neutron stars. There was no escaping the impression that somebody
unseen sometimes pushes those stars.

Once, D. Pines, professor of University of Illinois (USA), suggested to E.L. Andronikashvili
a famous explorer of super-fluidity phenomenon, that he tries to solve this riddle [12]. This
suggestion resulted from the hypothesis earlier pronounced by A. Migdal for super-fluid state of
liquid neutron contents of neutron star “notwithstanding the temperature of 100 million degrees”.

Migdal’s hypothesis attracted attention because in 1949 L. Onsager predicted the existence of
super-fluid helium component whirls in revolving super-fluid helium. Feynman supposed that
such whirls are parallel to the axis of liquid helium revolution and that their quantity is
proportional to revolution rate w. This is easy to understand based on the laws of the classical
mechanics.

Based on this information on supposed properties of revolving super-fluid helium, V.L.
Ginzburg assumed that super-fluid neutron matter in neutron stars is also pierced with a system
of whirls similar to those of Onsager-Feynman [12].

Andronikashvili’s assistants built helium counterpart of a neutron star and conducted
experimental observations [12]. If the ball contains super-fluid helium, there was observed a
complete qualitative similarity between the behavior of the ball and the one of the neutron star.
Besides, Andronikashvili’s assistants developed a quantitative “similarity law” and used it to
derive qualitative evidence as to their assumptions concerning properties of neutron liquid in
neutron stars.

It emerged that the number of super-fluid whirls in liquid helium does not vary
proportionally to w, as Feynman assumed, but remains constant within the intervals of
continuous variation of w, decreasing in step at critical w only [12]. Such stepwise decrease in
the number of whirls is what indices stepwise variations in revolution rate of the helium ball and
neutron star.

If we let | represent inertia moment of an object - a ball with helium or a neutron star — relatively to the axis of
their revolution, then the impulse moment of the object revolving at rate w is M=lw. Variation in the number of
whirls does not affect impulse moment M. However, “dispersion” of whirls causes stepwise decrease in inertia
moment | of the object. Meanwhile, the impulse moment M remains virtually constant so the rate w increases in
steps.

Therefore, the contents of rapidly revolving neutron star behaves like a revolving ball filled
with super-fluid helium. Why?

Apart from neutron field, neutron has a self-magnetic field and is a paramagnetic substance.
So look what comes out. The situation appears to be somehow similar to the one with liquid
helium. Electrical interactions unite (He,C) atoms in liquid helium into super-long molecules.
Meanwhile, magnetic interactions prevent these atoms from approaching too close to each other
and at the same time seek to straighten these molecules creating internal tension therein.

Magnetic attraction between neutrons in neutron stars seeks to unite neutrons into super-long,
“one-dimensional” structures, and seeks to straighten them. Meanwhile, nucleonic interactions
prevent neutrons in these structures from approaching each other too much.



Thus, the common peculiarity of super-fluid helium and “neutron liquid” are super-long
“one-dimensional” helium molecules in helium and “one-dimensional” super-long chains of
neutrons that seek to become straight in form under the influence from magnetic interactions.

Super-fluid whirls in revolving liquid helium and in revolving “neutron liquid” consist of
super-long “one-dimensional” straight super-fluid formations parallel to the axis of liquid helium
and “neutron liquid” revolution.

The presence of super-long “one-dimensional” formations in liquid helium and in “neutron
liquid” explains super-high heat transfer rate in such media: temperature perturbations propagate
at the rate of electrical and magnetic interactions in super-fluid helium and at the rate of neutron
and magnetic interactions in super-fluid neutron structures.

Experimental results published in [1] prove that there are no indivisible quanta of energy in
the material world. In view of these results, an obsessive emphasis on the “quantum” nature of
super-fluidity phenomenon [6 to 8] should be perceived at a will to conceal the lack of any
substantial understanding of the true nature of the phenomenon.
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Mukpomup_45.
HEPEIIEHHBIE TPOBJEMbI ®U3UKHU_5

H.H.JIeonos

MarHeTHsMm, IpaKTUIECKH HE3aMETHBIH B COBPEMEHHOM TEOpUH MUKPOMHPA, B pealbHOM MaTepHaibHOM Mupe
UTpaeT BXKHEHIITYI0 KOHCTPYKTHBHYIO POJIb, TEHEPHUPYS OTPOMHOE pa3zHO0Opazne 00bEKTOB M UX CBOMCTB.

IIpu upe3BbIUANIHO HU3KUX TEMIEPATypax B KUAKOM IeIHUU CYIIECTBYIOT aTOMBL, B KOTOPBIX AJIEKTPOHBI U SIPO
pacroyoXeHbl Ha OJHOW M TO ke MpsAMoH, U 00a AJIEKTPOHA HAXOAATCS C OJHOM M TOHM K€ CTOPOHBI OT sjpa.
CymiecTBOBaHHE TaKMX AaTOMOB IMO3BOJSIET JOCTHYh MPOCTOTO, HAIISAHO-OOPAa3HOTO TOHUMAHHUS BCEX
YIUBHUTEIBHBIX CBOMCTB CBEPXTEKYUETO TeNusl.
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XI11. MaraeTusm — «cepblii KapaAHHAID)
coBpeMeHHOI Gu3ukn

CoBpeMeHHas TeopeTHuecKas (PU3MKa JI0JT0 U YIIOPHO MBITACTCS MPEJICTABUTh MarHETU3M B
KaueCTBE M3r0s, CTapasCh HE 3aMeYaTh €ro poJib B yCTPONCTBE MaTepuanbHoro Mupa. B reopun
aToMa 3TO €d YaCTHYHO yJAeTCs, 3a CUET MOTEepH JAETAIBbHOCTU MPEACTaBICHUN 00 yCTpoiicTBe
atoma. OHaKo, B TEOpUU fAApa OTKA3 OT ydyeTa MarHeTu3Ma OHa BBIHY)KJIEHAa KOMIICHCHUPOBAaTh
BBEJCHUEM M WCIOJb30BAHUEM IMIPEJICTABICHUH O «CIaObIX» SAOCpHBIX B3aUMOICHCTBUSX,
OTCYTCTBYIOIIMX B pE€AJIbHOM MaTepuajbHOM Mupe.

Uro mnorepsina ¢(usuka B pe3yabTaTe 3TOro0, MNPOJEMOHCTPUPYEM, IIOKa3aB HCTHUHHOE
YCTPOMCTBO aTOMa U MEXaHU3Mbl O00pa30BaHMs CBEPXTEKYYMX KOMIIOHEHT >KHUIKOTO Tesus U
CHEUTPOHHOM KUIKOCTH» B «HEUTPOHHBIX 3BE3/1aX».

XI111.1. Marnerusm u atom

Yro coBpeMeHHas (u3uka 3HaeT o0 aromax? ATOM COCTOMT M3 sJipa U <«BJIEKTPOHHOU
00osiouku». Anpo coctout u3 4 HykiIoHOB - Z npoToHoB U N Heiitponos, 4=Z+N. Kak npasuio,
32 peAKMMM MCKIIIOYEHMSMHU, B CTaOWIBHBIX fAIpax KOJIWYecTBO HeTpoHOB N mpeBbllIaer
KOJIMYECTBO MPOTOHOB Z. Uem Tskenee A1po, TEM 3TO IMpEBBILICHHE OoJiblIe. «DIEKTPOHHAs
000J10YKa» HEUTPaIbHOTO HEBO30YKIEHHOTO aTOMa COCTOUT U3 Z 3JIEKTPOHOB.

CoBpeMeHHass (U3MKa HE pacrojaraeT aJeKBaTHBIMUA CBEICHHSIMH O PacIHOJIO0KECHUU
HYKJIOHOB B sIJIp€ M 3JIEKTPOHOB B «3JIEKTPOHHOM 000i04ke». ITpuunHa 3Toro 3akirodaercs B
cnenn(rke KBAaHTOBOW TapajurMbl, Ha 0a3e KOTOPOW CTpOSTCS BCE TPEACTABICHUS 00
YCTPOMCTBE 00BEKTOB MUKPOMUDA.

B 1979r nosBunace nyOnaukanus o0 3KCHEPUMEHTAIbHOM JI0KA3aTeNbCTBE OTCYTCTBHS B
MaTepHaJbHOM Mupe HelenuMBbIX KBaHTOB 3Hepruu [1]. MupoBas ¢usuka orpearmpoBaia Ha
3TO BBEACHHMEM JKECTOUaMIIed IIeH3yphl Ha NyOJIMKALUI0 PpEe3ylbTaTOB HCCIIENOBaHUM, HE
OTBEUAIOIMX KBAaHTOBOH MMapaJurMme.

Teopuss HenuHeiHbIx kojeOanuit - THK, B pesynbrare crnenuanbHOro paccieoBaHUS,
oOHapy»Kuia, 4To, K NMPeJICTABICHUSIM O CYILIECTBOBAaHUM HEJIEIMMBIX KBAHTOB YHEPTUH, HU3UKa
IIPUILUIA B PE3yJbTaTe OTKa3a OT y4yeTa TAKOM CYIIECTBEHHOM COCTAaBIIAIOIIEN MAaTepUaIbHOTO
Mupa, kak 3¢up, 1 HEOOOCHOBAaHHOIO OTKa3a OT y4deTa MarHUTHBIX B3aUMOJCHCTBUN MEXIy
oObexkTaMu Mukpomupa [2,3]. BbIgBieHHME CTPYKTYypbl JJIEKTpOHA IOKa3ajlo, €ciau Obl B
MmarepuagbHOM Mupe He Oblio 3¢upa, To He ObUIO OBl HU JIEKTPOHOB, HU HEUTPOHOB, HU
IIPOTOHOB, HU JPYTUX OOBEKTOB MUKPOMHUPA U MAaKPOMHUPA.

VYyer »dupa, ¢ €ro CONPOTUBICHHEM JBIKEHHUIO MHUKPOOOBEKTOB, W MAarHUTHBIX
B3aMMOJEHCTBUIN MEXTy MHUKpooObekTamu, oTKpbUIM nepen THK Bo3mokHOCTH mocTpoeHus
«KJIACCUYECKOW»  TEOpUHM  MHMKPOMHUPA, ONEPUPYIOIIEH  aJeKBATHBIMH  CTPYKTYPHBIMH
MaTeMaTUYECKUMU MOJENISIMH aTOMHBIX CTPYKTYp, O NPHUHLUINAIBHOW HEBO3MOXHOCTU
MOCTPOEHUS KOTOPOH TaK J0JIro U C TAKUM YIOPCTBOM 3asiBiisia (pusuka.

XI111.2. MarneTusm 1 aTOMHoOE€ SIIPO

Pe3ynbratel skcniepumenta cotpyanukos MUA® AH CCCP (Anma-ATta) [1] roBopsT 0 ToMm,
YTO CHUCTEMbl HYKJIIOHOB aTOMHBIX sep 00JalaloT KBa3WKPHCTAIMYECKUMH CTPYKTYpaMH.
WMHBIMU  clOBaMH, TaKHe CTPYKTYphl CHCTEM HYKIOHOB sapa oOOJaJaloT CTaTHYECKH
YCTOMYUBBIMU COCTOSIHUSIMH PABHOBECHS, T.€. CTATMUECKH YCTOWYMBBIMH KOH(DUTYpaLUsIMHU U3
CBOMX HYKJIOHOB.

Hyxiionbl, B 3THX KOH(Urypanusx, MO CBOMM MECTaM pacCTaBISAIOT HYKJIOHHBIE
B3anMojieiicTBusa. ComnpoTuBieHHE dupa JABIKSHHIO HYKIOHOB, JENaeT 3TH KOH(UTYypanuu
YCTONYUBBIMH.

HykioHHBIE B3aUMOJEMCTBUS pacCTaBISIFOT HYKJIOHBI, B 3TMX KOHQUIypalusx, [0 BIOJHE
OTpeNeICHHBIM MecTaM, OTHOCHTEIbHO JPYrHMX HYKJIOHOB sJpa, HE OrpaHUYMBas HX
OPHUEHTAIIMOHHOW CBOOOABI. MarHUTHOE MOJie HYKJIOHA, U JPYTUX MHUKPOOOBEKTOB, 00JIaaeT
CHOCOOHOCTBIO K MarHUTHOMY OpHEHTalMOHHOMY 3¢ ety [4], corllacHO KOTOpOMY BEKTOp



MarHUTHOIO MOMEHTa OOBEKTa CTPEMHTHCS PACIOJNIOXKUTHCS BIOJIb JUHUNA BHELIHETO
MarHUTHOTI'O MOJIS.

BHelmtHuM MarHMTHBIM MOJIEM, JJII MAarHUTHOTO IIOJS HYKJIOHA, B SiApE, SIBISETCS CyMMa
COOCTBEHHBIX MAarHUTHBIX NOJIEH OCTaJIbHBIX HYKJIOHOB sAapa. [lox nefictBUeM 3TUX MAarHUTHBIX
N0JIeH, MArHUTHBIE TIOJI HYKJIOHOB siipa 00BEIUHSIOTCS B HYKJIOHHBIE MarHUTHBIE KJIACTEPHI, B
KaX/IOM M3 KOTOPBIX BCE BEKTOPbl MAarHUTHBIX MOMEHTOB pAacCIOJararTCs Ha MPAMOH,
IIPOXOAIIEH Yepe3 BCe HYKIIOHBI 3TOT0 Kilacrepa. S Ipo nelrepus UMeeT OJUH IBYXHYKJIOHHBIN
MarHUTHBIA Kimactep, Slgpa Tputms u °He WMEIOT 10 jBa KIAacTepa, ONWH W3 HHX
OJIHOHYKJIOHHBIM, JpYrod — JBYXHYKJIOHHBIH (puc.l). Bekropbl MarHMTHBIX MOMEHTOB
KJIACTEPOB B siipax TPUTHUS U ~He mapajuielnbHbl. OTO NPUAAET 0COOYI0 CHelHU(UKY yCIOBUAM
CTAOUIBHOTO CyIIecTBOBAaHMsS sigep I M “He W 9YaCTOTHBIM CIIEKTPAM 3JIEKTPOMATHHTHOTO
W3IydeHust TpuTHs U “He.
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Puc.1. Hyknonusle MarautHble knactepsl saep D, T u He

Snpo *He obnamaer JBYMS IBYXHYKJIOHHBIMA MarHUTHBIMH KJIACTEPAMH, PACIIOJIOKECHHBIMU
Ha MePEeKPEIINBAIOLINXCS NPAMBIX (pUc.2).
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Puc.2. HyknoHHbIE MarHUTHBIE KJIacTEPHI AApa ‘He

B Gouee TsxensIx sapax, KpoMe ABYXHYKIOHHBIX, MOTYT CYLIECTBOBATh U TPEXHYKIIOHHBIE,
U, MOXKET OBbITh, YETHIPEXHYKJIOHHBIE KJacTepbl. YTO KacaeTcsl TPEXHYKJIOHHBIX KJIACTEPOB, TO
OHH, 0e3 COMHEHHs, cymecTByloT. Ecnu 3arisnyTs B Tabnuiy MeHeneeBa, To B Hell UMEIOTCS
JI0OKa3aTenbcTBa 3TOoro. Hampumep, Ha Kakaplii IPOTOH, B siApe BaHaaus, npuxogurcsa 1,2
HENTpOHa, a B Ape BUCMyTa — 1,5 HEUTpOHa.

CriennasnbHble HCCIEA0BaHUS TTOKAa3aIM, YTO KaXKIbIA KjacTep CTaOMIIBHOTO si/ipa COAEPIKUT
OJIUH U TOJIBKO OJIMH NMPOTOH, a BCE HEUTPOHBI KJIacTepa, COAEPIKAIIEro MPOTOH — CTAOMIIBHBI.

Snpa HecTaOMIbHBI, €CIIU B HUX €CTh KJIacTephl, COJIeprKallie ToIbKo HeHTpoHbl. Hampumep,
AOpo TpUTHs. Bce HEHTPOHBI, B TaKUX KIacTepax, HECTAOWJIbHBI — OHH MOTYT, B pe3yJibTaTe
BCTpe4H ¢ (POTOHOM, MPEBPATUTHCSA B MPOTOHBI. HO Kak TOJNBKO, B TAaKOM KJacTepe, MOsSBUTCS
IPOTOH, TaK BCE HEHUTPOHBI ATOrO KJAcTepa CTAHOBATCA CTaOMIbHBIMU. Ecnu, B pesyibrare
NEPEeCTPOUKH CUCTEMBI HYKJIOHOB sJIpa, B KJIACTEpe MOSBIAIOTCA J1Ba MPOTOHA, TO 00a MPOTOHA
CTAHOBATCA HEYCTOMYMBBIMUA — BO3HUKAECT BO3MOKHOCTb PACIIa/ia OJMHOIO U3 HUX HA HEUTPOH U
AQHTHUDJICKTPOH.



Tak kKak MarHUTHBIC TIOJISL AJIEKTPOHOB M aHTHRJIEKTPOHOB O0JIAAIOT YPE3BBIUANHO y3KUMU,
CIIUIICTIONOOHBIMH MarHUTHBIMH CTPYSM [3], TO TPOTOHBI, MPEACTABISIIONTUNE COO0N HEHTPOH-
AHTUAJICKTPOHHBIE CUCTEMBI, a TAK)KE MAarHUTHBIE TIOJISI HYKJIOHHBIX MarHUTHBIX KJIACTEPOB siAEp,
Takke 001analoT MOJOOHBIMH CTpPYysAMHU. M3-3a 3TOro, MarHuTHOE MoJie SiApa COCTosIIee M3
CyMMbl MarHUTHBIX IIOJIEM OTJEIbHBIX HYKJIOHHBIX KJIacTepoB, Juisi OonbliuX A, HMEET
CTPYKTYPY CHUCTEMBbI UTOJIOK MOPCKOTO exa (puc.3).

Puc.3. Cxema MarHuTHOTO MOJIE AaTOMHOTO SiAjpa Ipu OONbIINX A

HO)KaJIYﬁ, OJJHUM M3 CaMbIX HHTCPCCHBLIX HIOAHCOB MArH€TuiMa Aapa, ABJEICTCA TO. 4YTO
KOJMYCCTBO HYKJIOHHBIX MAarHuTHBLIX KJIACTCPOB CTa0MIBLHOTO gapa SABJKICTCA TEM q)aKTOpOM,
KOTOpLIﬁ 00BEKTUBHO 3a4acT BCIIMUUHY «3apsaJ0BOro 4ucjiia» gaipa 1 aromMa Z.

XI111.3. MarneTu3m aTOMHOTO siipa
U CTPYKTYPa «JIEKTPOHHOI 000JI0UKI»
HEBO30YKIE€HHOI0 aTOMAa

Teopuss HenuHEWHBIX KojeOaHUN OOHapyX uila, YTO KBAaHTOBBIM «KBa3UJIETEPMUHU3IM»
PAcIONIOKEHHs JEKTPOHOB B DJIEKTPOHHOM 000J104Ke HEBO30YXKJIEHHOIO aTomMa — CJEJICTBHE
CYILIECTBEHHOW HEMOJHOTHI U HEOObEKTUBHOCTU KBAHTOBOW MapaIurMbl.

HccnenoBanusi TOKa3ajdd, YTO MarHeTH3M sijipa SBJSIETCS peIlalonMM  (akTopoM,
OTIPENIETISIONIUM PACIIONIOKEHNE IIEKTPOHOB B «AJEKTPOHHON 000JI0UKE» aToMa. DJIEKTPOHHI B
aTOME€ paclojaramTcs Ha OCEBBIX JIMHUAX MAarHUTHBIX II0J€H HYKJIOHHBIX MAarHUTHBIX
KJIACTEPOB si/pa.

Ha 3ape yenoBedecTBa, KOJIMYECTBEHHBIN CUET 3apOXKAAJCS C YMCEN OAMH, J1BA U «MHOTOY,
I71€ «MHOTO» - 3TO TPH U O0JbIle. B cOBpeMeHHOI Teopuu aToMa «MHOT0» — 3TO JIBa U OOJIbIIE.
JleiicTBUTENBHO, MHAMBUAYAJIBHBIE CBOMCTBA aromMa BOJOPOJA, COAEPXKAILEro OJHMH JIEKTPOH,
HE 3aBUCAT OT TOTO, C KakOM CTOPOHBI OT sApa HaXOAWUTCA OJNEeKTpoH (puc.4). Mexny
3JIEKTPOHOM M IPOTOHOM, B 3TOM aTOM€ JEWUCTBYET 3JIEKTpUUYECKOe MPUTSIKEHUE M, Gnarogaps
JUaMarHeTU3My JIEKTpPOHA M MPOTOHA, MAarHUTHOE OTTAJIKHWBAaHUE. DIEKTPUUECKOE MPUTSIKEHHE
3/ech 00ecreuuBaeT JIOKAIM3alMI0 aToMa, a MarHUTHbIE B3aUMOAEWUCTBUS MPENATCTBYIOT
KOJUTATICY AJIEKTPOH-TIPOTOHHOM CHCTEMBI.

«———0—> Q0—>—<«*
Puc.4. Cxembl aTOMOB BOJOpPOAA C Pa3HBIMA OTHOCHTEIIbHBIMU
PacroI0KEHUSIMU BEKTOPOB MarHUTHBIX MOMEHTOB
MIPOTOHOB U 3JIEKTPOHOB

Y 9THUX AaTOMOB OIWHAKOBBIC ITOTCHIMAJIBI HOHU3AIIUU U OANHAKOBBIC CO6CTB€HHBIC YaCTOTHI.
BMCCTG C TCM, Y HUX €CTh U OJAHO OTIIMYHUC — pa3HLIe HaHpaBHCHI/IH JUHAN Mar"guTHOI'O ITIOJIA,
MMEIOIIIETO OJTHY | TY K€ KOH(PUTYpAIUIO JIJIs1 000X aTOMOB.

A BOT B aTromMax C ABYM: U 66HBHIHMH KOJIMUCCTBAMU BHCKTpOHOB HAYMHAKTCA BCCbMa
HENPHUSITHBIC, JUIS COBPEMEHHOHN (DU3UKH, CIOPIPHU3HI,



IlepBblii CrOpIpU3 MPENOJHOCUT aATOM *He. SAnapo osroro aroma oOmamaeT AByMs
NapaJuIeIbHBIMU JPYT JAPYTY HYKJIOHHBIMM MAarHUTHBIMHM KJIACTEPaMHU, BEKTOPbl MAarHUTHBIX
MOMEHTOB KOTOPBIX NapajljiesibHbI IpyT Apyry (puc.l). Paccrosnue mexay HUMHU HE TPEBBIIIACT
10 m, a paccTosiHie MEXAy SAPOM M aTOMHBIMH 3JIEKTpOoHaMu Oodbiie, yem 10~ M. V3-3a
3TOTO, JJIsl SJEKTPOHOB 3TOTO aTOMa, CYIMECTBYET (HDaKTHUECKU OJUH HYKIOHHBIH MarHUTHBIN
KJIACTEP C ,u(SHe)ZZ,up—,un. [TosToMy aTom $He mosxeT 0611a/1aTh TOJIBKO «OITHOMEPHO» (OPMOH,
B KOTOPOH U si/Ipo, U 00a AJIEKTPOHA PACHOJOKEHBI HAa OJHOM U TOH ke mpsimoit. [lpu 3ToM,
«OJEKTPOHHAs1 000J0YKa» aTOMa, B 3aBUCUMOCTU OT PACIOJIOKEHUU 3JIEKTPOHOB OTHOCUTEIHHO
a5ipa, ¥ OT B3aMMHOM OPUEHTALUUA UX MATHUTHBIX MOJIEH, MOXKET, B IPUHIUIIE, TPUHUMATH OAHY
u3 ¢popm A,B,C, n300pakeHHBIX HA PUCYHKE 5 (@ - SapOo 3He).
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Puc. 5. Cxembl aroMoB “He ¢popm A,B, C
°

HccnenoBanus mnokasaid, 4to ¢gopma A, HpU CYLECTBYIOIIMX 3HAYEHUAX IapaMeTpOB
HYKJIOHOB M 3JIEKTPOHOB, CYIIECTBOBATh HE MOKET, a (Gopma B yCTONUMBBIM CTaTHUYECKUM
paBHOBecHeM He oGmanaer. IIpi 9ToM, aeMeHTH atoMa “He 5T GOPMBI HAXOIATCS, BO BPEMs
CBOEIO CYIECTBOBAaHHUS, B HEINPEPHIBHOM IEPUOJUYECKOM BO3BPATHO-IIOCTYNATEIBHOM
JIBUKEHUH. B mepBom nomynepuojie, 00a 37eKTpoHa IBUXKYTCS, OTHOCUTENIBHO si/ipa, BIIPaBo /10
TeX TOp, OKAa BEKTOPhl MATHUTHBIX MOMEHTOB 000X 3JIEKTPOHOB He onpokuHyrcs Ha 180°. C
ATOr0 HaYMHAETCs BTOPOW IMOJIYNEpUOJ, B TEYEHHE KOTOPOro oba 3JeKTpoHa OYIyT JBUTAThCS
BJIEBO 0 TE€X IOp, ITOKA BEKTOPHI UX MarHUTHBIX MOMEHTOB BHOBb HE ONpPOKUHYTCA Ha 180°, u
NepHuoJ IBUKEHUS HE 3aMKHETCSI.

.

B dopme C 06a snexTpoHa HaXOATCSA C OJHOW M TOM e CTOPOHHI OT sijapa. M3-3a Toro, 4uro
IEKTPUYECKUI 3aps] SApa paBeH 2e, a €ro CyMMapHbIi MarHUTHBIM MOMEHT, B TOYKax
pacIoI0KEHUs DIIEKTPOHOB, PAaBEH 2/l,, JEBBIN, HA PHC.S5, JJIEKTPOH, B 3TOH (HOpMe, OTCTOUT OT
A1pa Ha BeaW4yMHy «bOpoBCKOro paamyca», Kak M JJIEKTPOH B aTOME IPOTHsA, a IpPaBbId
SIIEKTPOH OTCTOMT OT SIIpa aToMa “He Ha IOPSIOK JablIIe.

[ToreHnnan nepBoi MOHU3ALMU 3TOTO aTOMa TPUBHAIBHO MojcunTeiBaeTcsa merogamu THK.
OH upe3Brruaitno mai - 1,3133B. [TosTomy, cTabuiibHOE CYIIECTBOBAaHHE aTOMOB *He dbopmer C
BO3MO>KHO TOJIBKO IIPM BECbMa HM3KHUX TEMIIEPATypax, IIPM BECbMa HU3KOM YPOBHE BHEIIHUX
BO3MYIIIECHUM.

.

Takum o00pa3om, HEUTpalbHBIE ATOMBI *He MOTYT 00JIajlaTh CTaTMYECKUM pPaBHOBECHEM
ToNbKO B (hopme C. DTO XOPOIIO OOBSICHIET TO OOCTOSATENHCTBO, YTO COBPEMEHHON (DM3HKE 10
CHX TIOp HAYEro He M3BECTHO O CIIEKTPAX dIEKTPOMArHHTHOTO H3JTy4eH s HeliTpaabHoro “He.

.

06 ycTpoiicTBe HEBO30YKICHHBIX HEUTpPaIbHBIX aTOMOB *He coBpeMeHHas (pusuka obmagaer
TaKXe BeChbMa CKYJHBIMH U, BO MHOTOM HEOOBEKTUBHBIMH, CBEICHUSMHU.

Snpo aroma “He, xax u AIpO aToMa He, oGmanaer JBYMsI HYKJIIOHHBIMM MarHUTHBIMH
KJIacTepaMu, HO y sapa *He onn ne napajulesibHbIe, a IepeKpeluBaromuecs (puc.2).

Artomsr ‘He, xak n atomsr °He, crmocoGHbI, B NpHHIMIC, OOIagaTh «IIEKTPOHHBIMU
obonmoukamu Tpex ¢opm — A, B u C. B dopme A 31€KTpOHBI pacroyiaraloTcsi Ha Pa3HbIX
MarHUTHBIX Kjactepax supa (puc.6, e - sapo ~He).



e [ J
Puc. 6. Cxema aroma *He dbopmbr A

®opma A MOXKET UMETh JIBa BapUaHTa, B 3aBUCHMOCTH OT B3aMMHOW OPHEHTALIUHd BEKTOPOB
MarHUTHBIX MOMEHTOB siipa M JJIEKTPOHOB. B ogHOM, MEXAy »3JEKTpOHAMHU JEHCTBYET
MarHUTHOE OTTAJIKUBaHWE, B JIPyroM — MarHuTHoe mnputTshkeHue. Haumbonbliee 3HaueHue
NOTEHIMAaa MEePBOM HOHU3AIMH 3TOH (OPMBI YCTAHOBJIEHO SKCIEPUMEHTAJIBHO, OHO PAaBHO
24,5863B [5].

B ¢opme B 00a 31eKTpoHa HAXOIATCS HA OAHOM U TOM K€ MAarHUTHOM KJIacTepe sijipa, o
pasHbIe CTOPOHHI OT sijpa (puc.7). Dopma B aTroma *He mMeHee cTabuiIbHa, YeM dhopma A, Tak KaKk
€e MOTeHIIMaJl epBOM MOHU3alUU paBeH 2,7883B.

(] 0 L]
Puc.7. Cxema atoma ‘He dhopmsr B

B ¢opme C o0a rmexTpoHa HaXOIATCS HA OJHOM M TOM K€ MarHUTHOM KJIacTepe sizpa, Mo
OJIHY U Ty X€ CTOpOoHY OT smpa (puc.8). Tak kak 3IeKTpUYEeCKUi 3apsn siapa paBeH 2e, a
BEJIMYMHA MAarHUTHOTO MOMEHTA MarHUTHOTO KJIacTepa 3TOro sAJipa Takas e, Kak U y IpOTOHa,

e (] L]
Pric.8. Cxema atoma *He popmsr C

T0 BHyTpeHHHIl 31ekTpoH B atome (‘He,C) BaBoe GIHKe K SAPY, YeM HJICKTPOH K MPOTOHY B
npoTuy. BaenrHuii sxe snektpon B atome (“He,C) OTCTOUT OT siipa B ABALATh pa3 Jaiblie, 9eM
BHyTpeHHUH. [loaTOMY. MOTEHIIMA IEPBOM MOHU3AIIUHU ITOTO aToMa paBeH 1,4493B.
.

OO0 yIMBHUTEIHHBIX CBOMCTBAX aTOMOB, HE M3BECTHBIX (PM3HMKE, MOKHO PacCKa3bIlBaTh MHOTO
u gonro. IlpuBenem mnumpb oguH HioaHc. ATomMamMu (opmbl C, B KOTOpPOl BCE DIIEKTPOHBI
PACTIONIOKEHBI HA OJTHOM M TOM K€ MarHUTHOM KJIAcTepe sJipa, C OJHOW U TOW KE CTOPOHBI OT
A7pa, TEOPETUYECKH MOTYT pacrojaraTh BCE XMMHYECKHE dJIeMeHThl. Ho mpakTtuuecku 3To
HEBO3MOKHO M3-3a HAaJWYUs BHEIIHUX BO3MYIIECHHU. JIeCTBUTENBHO, aTOMBI (3He,C) 5 (4He,C),
W3-32 UYPE3BbIUAHHO HHU3KUX BEJIMYUH TOTEHIIMAIOB MEPBOM HOHU3ALUU, MOTYT pEalbHO
CYIIECTBOBATh TOJIBKO TNPH OYCHb HHU3KUX TEMIIepaTypax, MPU KOTOPBIX TEIHH CYIIECTBYET
TOJIBKO B XKUJIKOMU hopme.

Ecin cpaBHUTH BEIMYMHBI IMOTSHIIMAIOB MEPBOM WOHM3AMH aToMOB (opmel C renus-4,
auTHs, Oepuiuius U 60pa, TO MOXKHO 3aMETHTh, YTO ATH BEIUYHHBI YOBIBAIOT ¢ POCcTOM Z CO
CKOPOCTBIO TEOMETPHUYECKOHN TPOTPECCHH.

(He Q) [(LILO) | (BeO) [(B.O)
1,4495B [ 0,6935B | 0,2765B | 0,1395B

XI11.4. IIpupoaa cBepXTeKy4eCTH KMIKOI0 reJIusi
U KHEHTPOHHOM KMAKOCTH» B HEMTPOHHBIX 3B€31aX
SIBrieHNE CBEPXTEKY4ECTH, CO BCEMHU €r0 YAMBHUTEIbHEUIIMMHU CBOMCTBaMH, OBUIO OTKPBITO
CHauaJla B XHMJIKOM TelIuM. 3areM ObUIM OTKPBITBI HEHUTpOHHBbIE 3Be3lbl. Oka3anoch, 4TO
MHOXECTBO HEUTPOHOB B HEHUTPOHHBIX 3BE3JaX HAXOAMUTCS B COCTOSHHUM «HEHTPOHHOU
KHUIKOCTH», 00J1aaI0Iel CBOMCTBOM CBEPXTEKYUECTH.



HedopmansHoro, comepkarenpHOTO TIOHMMAaHUsl TPHYMH CYIIECTBOBAHHS  SIBICHHS
CBEPXTEKYYECTH, KBAHTOBOU (pU3HKE BBIPaOOTaTh HE yaanock. 1o O0bu10 cnenano THK.

XI111.4.1. CBepxTeKkyuyecTh KUAKOTO reJIust

OKCHEPUMEHTAIBHO YCTaHOBJIEHO, YTO, IPU YPE3BbIYAHO HM3KUX TEMIIEpAaTypax, el
HEPEeXOAUT B JKUAKOE COCTOSHHME C KOMIIOHEHTOH, 00jajarolieil CBOWCTBAaMH HOPMaJIbHOW
KHJIKOCTH U CO CBEPXTEKy4ell KOMIIOHEHTO# [6-8].

CeepxTekyuyass KOMIIOHEHTA >KMJKOTO reius 00JalaeT CIOCOOHOCTBIO IEepeTeKaHUs uepes
BO3BBILIICHHBIE CTEHKU COCY/IOB /IO BHIPABHUBAHUS BHYTPEHHEIO U BHEUIHETO YPOBHEW JKUAKOTO
refus, a TaKkKe Ype3BblYallHO BBICOKOM TEIUIONPOBOAHOCTBIO, NMPU HHU3KOW TEIJIOEMKOCTH, U
YpE3BbIYAHO HU3KOH BA3KOCTBIO.

B03MOXHOCTh OJIHOBPEMEHHOI'O CYLIECTBOBAHUS KOMIIOHEHTBI JKHJIKOIO TIellus ¢ TaKHUMHU
HEOOBIYHBIMH CBOMCTBAMH M KOMIIOHEHTBI, STUMU CBOWCTBAMH HE oOsajaroiieii, o0ycinoBieHa,
corsacHo THK, Tem, uTo 3nekTpoHHas 000J04Ka aTOMOB TeJIMs MOXKET CYLECTBOBATh B PA3HbBIX
dopmax u TeM, YTO YCIOBHUS CTAOMIHHOTO CYIIECTBOBAHUS aTOMOB T'eJIUs C Pa3HBIMH (hOpMaMH
3JIEKTPOHHBIX 000JI0UEK CHIIBHO Pa3JIn4yatoTCs.

XI111.4.2. CTpyKkTypa <HOPMAJILHOI» KUAKOCTH

Ilo cBoel CTPYyKType, KHUIAKOCTb 3aHMMAET IIPOMEKYTOUHOE IIOJIOKEHHE MEXAY ra3oM U
TBEPABIM TEJOM. JJIEMEHTApHBIMU EIWHUIAMHU Ta3a SBJSIOTCS COBEPIIEHHO HE CBS3aHHBIC
MCKOY CO6OI>'I aTOMbl M MOJICKYJIbBI BCIICCTBA. 3JI€M€HTapHI>IMI/I CAMHUIIaMH TBEPAOIro TEiIa
ABIIAIOTCS KPUCTAJIBI, COCTOSIIIME M3 YETKO YIMOPAJOUYEHHOM CHUCTEMBI >KECTKO CBSI3aHHBIX
MCKOY coboin 3JICKTPOMAardMuTHBIMHA B3aI/IM0IleI\/JICTBI/I$[MI/I aTOMOB M MOJICKYII.

[TonnMaHue CTPYKTYPHBIX OCOOCHHOCTEH >KUIKOCTH MOXKET ObITh JOCTUTHYTO C IOMOIIBIO
HCIIOJIB30BAHHA SKCIICPUMCHTAJIbHBIX JaHHBIX O CBOMCTBax )KI/II[KOCTGI\/’I.

OgHu W3 HUX TOBOPAT O TOM, YTO, C IMOBBIIIEHHMEM TEMIIEpaTyphbl, BS3KOCTh Trasa
YBEJIMYUBACTCS, a XHUAKOCTH yMmeHbmmaeTcs [9]. [loa BA3KOCTHIO TOHMMAETCS TPEHHE MEXKITY
YCIIOBHBIMHU CIIOSIMH Ta3a U RKUAKOCTU. BSI3KOCTh Ta3a 00ycIoBI€Ha aTOMHBIM U MOJIEKYISPHBIM
o0OMeHOM MCKAY pa3sHbIMH YCIIOBHBIMH CJIOSIMU T'a3a. C MOBBIIIIEHUEM TEMIICPATYPhI, CPCIAHAA
CKOPOCTh aTOMOB M MOJIEKYJ Ta3a TOBBIIIAETCS, YTO U MPHUBOJUT K YBEITHYCHHIO OOMEHa
SJICMCHTAMM Ta3da MCXKIAY COCCOAHUMU CJIOSAMH ra3da, U K IMOBBIIICHUIO BA3KOCTH I'ada C pOCTOM
TEMIIEpaTypbl. Y MEHBILIEHUE BSA3KOCTH KHUAKOCTH C POCTOM TEMIIEpaTypbl TOBOPUT O TOM, YTO
OTACJIBHBIC AaTOMbl M MOJICKYJIBI B JKHJAKOCTU Ha BCIMYUHY €€ BA3KOCTH OKa3bIBAIOT
HE3HAUYUTEJIbHOE BIUSHUE.

Jpyras rpyrna 3KCepuMeHTAIbHBIX JJAHHBIX MOJIy4€Ha C MOMOIBI0 PEHTIe€HOIpaUIECKUX
UCCIIEIOBaHUM KUAKOCTU [9]. DTH uUccleoBaHMs TMOKa3ald, YTO B JKUIKOCTH CYIIECTBYIOT
JIOKAJIBHO YIOPSIOYEHHBIE CTPYKTYPHI U UTO TI100aTBbHOM YIOPSA0UYEHHOCTH, UMEIOIIEH MECTO B
TBEPJBIX TeNax, B KUAKOCTH HET. COrllacHO 3TUM CBEJIEHUSM, OCHOBHBIMU KOMIIOHEHTAMH
KUIAKOCTHU ABJIAOTCA HE OTACIBHBIC ATOMBI 1 MOJICKYJIBI, 4 HCKOTOPBIC ) KXUAKOCTHBIC arperarthol -
JIOKaJbHO OTPAaHUYEHHBIE MHOXXECTBA MOJIEKYJ] W aTOMOB, YIOPSJAOYEHHO CBSI3aHHBIX MEXKITY
co00# B paMKax KaKJIOTO TAKOTO MHOXeCTBa. Mex 1y co00i OTAENbHBIC KUIKOCTHBIE arperaThl
yIOpsSAOYeHHBIM 00pa3oM He cBsizaHbl. ClenoBaTeNbHO, JKUIKOCTh SIBISIETCS CHUCTEMOM
KHUJIKOCTHBIX arp€ratoB — MHOKCCTB JIOKAJIBHO YIIOPAJOUYCHHBIX aTOMOB U MOJICKY!I.

BenuuunHa )XUIKOCTHOTO arperara B >KMJIKOCTH 3aBUCHUT OT TeMIiepaTypbl. MoJIeKyJbl B 3TOM
arperare CKpeIUIeHbl KYJIOHOBCKMMHU cuiaMu. Kaxaplii atom mpeacTaBiseT coOOl cuctemy
KYJIOHOBCKHUX JIUIIOJIEH, TIOJIOXKUTENIbHBIA MOJMIOC KAKIOTO M3 KOTOPBIX HaXOJUTCS B aTOMHOM
A1Ipe, a OTPULIATEIbHBINA — B «3JIEKTPOHHOM O0Osiake» aToma. O0beIMHEHE aTOMOB B MOJIEKYJIbI,
a MOJICKYJI - B JXWUIAKOCTHBIC arperarbl, MNOPUBOJUT K TOMY, 4YTO KYJIOHOBCKHC CHIIbI,
yIEpKUBAIOIIME MOJEKYJIy B JKUIKOCTHOM arperare, ocia0eBaloT C yJaJeHHEeM OT LEeHTpa
arperata kK ero nepudepuu. COOTBETCTBEHHO, YMEHBIIACTCSA M HHEPIUs CBSI3U MOJIEKYN B
arperate. Eciam SHeprusi TEIUIOBBIX BO3MYIICHWUW OOJBINE SHEPTHHM CBS3U TepUEpHTHON
MOJIEKYJIBI C arperaToM, TO 3TH CBSI3U PBYTCA. A TakK KaK 3HEPIUs TEIJIOBBIX BO3MYIIECHUN UMEET



He cTporo (UKCHPOBAHHOE 3HAUEHUE, a pacmpesieliecHa B HEKOTOPOM HHTEPBAIC 3HAYCHHM, TO
ClelyeT OXuAaTb, YTO MOJIEKYJISIPHBIE arperarbl B JKHJIKOCTH MMEIOT «MEpLAIOLIYI0»
nepudepurto, MOJIEKYIJIBI KOTOPOH TO MOKUAAIOT arperar, TO BHOBb K HEMY IMPUCOCTUHSIOTCS.

.

Hanvuure MONEKyNSpHBIX arperaroB B HOPMAIbHOW KHUJIKOCTH XOPOIIO OOBSACHSET
HAOJI0/IaEMYI0 3aBUCHUMOCTb BSA3KOCTH OT TeMmmeparypbl. ['oBops 00 yCIOBHBIX CIOSIX B
JKUJIKOCTH, Mbl UMEEM B BUJIY JOCTAaTOYHO TJIaJIKyI0 MOBEPXHOCTh, YETKO OTIEISIONIYIO0 OJIUH
cinoit ot gpyroro. Jlis peadbHOW SKUIKOCTH TaKyl JOCTaTOYHO TIUIAJKYH YCIOBHYIO
MOBEPXHOCTh MPOBECTH HEBO3MOXKHO, TaK KaK B KKJIOM U3 Pa3JeisieMbIX €0 CI0E€B HAXOAUTCS
MHOKECTBO MOJIEKYJISIPHBIX ~arperatoB, YacTUYHO BBICTYMAIOIIUX 34 OTy MOBEPXHOCTb.
CTONKHOBEHMSIMU 3TUX MOJIEKYJISIPHBIX arperatoB, IPUHAIJICKAIINX PA3HBIM YCIOBHBIM CJIOSM,
U OO0YCIOBIUBAIOTCA XapaKTEPUCTUKH BA3KOCTHM B HOpMallbHON kuakoctu. W ecnmm, mpu
MOBBIIICHUH TEMIIEPATYPHI ra3a, YBEIUUYUBACTCSA CPEIHSS CKOPOCTh JIBUXKEHHUS €r0 MOJIEKYJ, YTO
MPUBOJIUT K MOBBIIIECHUIO €r0 BA3KOCTH, TO MOBBIINICHHE TEMIEPATypbl HOPMAIBHON KHUIKOCTU
MPUBOAUT K YMEHBIICHUIO BEJIMYMHBI MOJICKYJIIPHBIX arperaToB U, TEM CaMbIM, K YMEHBIICHUIO
BA3KOCTH HOPMaJIbHOM KUJAKOCTH.

X111.4.3. CTpykTypa u cBoiicTBa xuaKoro ‘He

B coBpemMeHHOI XMMUU CYIIECTBYET CTOHKOE 3a0JIy’KICHHUE O TOM. YTO TeIHid — aOCOIIOTHO
HE TOJIEPAHTEH, YTO €r0 aTOMbI HE BCTYMAIOT B COCIUHEHUS HU C IPYTMMH aTOMaMH Telusi, HU C
aToMaMu Jpyrux xumudeckux BemectB [10]. Dto 3abmyxaeHne UCXOIUT U3 HEOOOCHOBAHHOM
yOeXACHHOCTH KBAaHTOBOW (PM3MKH B TOM. YTO BCE€ aTOMBI Tejusi 00JaaroT OJHOW U TOH ke
dbopMoii, 9TO CylIeCTBOBaHKE pa3HbIX (opM renus B [Ipupoie HEBO3MOKHO.

Opnako, THK BbIsiBHIIa BO3MOXHOCTH CYIIECTBOBaHHUS pPa3HBIX (OPM «IIEKTPOHHBIX
o0osouexk» y aromoB reius - popm A, B u C (puc.6,7,8). VccnenoBanus 0OHAPYKUIH, YTO
KUAKUN Tenuid, B 0OIIEM ciy4dae, COCTOMT U3 JABYX KOMIIOHEHT C Pa3HbIMH CTPYKTypaMu -
HOPMaJbHOW M CBEPXTEKy4Yed. MaTepuaibHbIMH HOCHUTEIISIMA HOPMAJIbHOM KOMITOHEHTHI
sistiorest atomel (“He,A), a cBepxTtekydeit — atomsi (‘He,C).

Ecnu oTBiieubcst OT pa3MepoB 3JIEKTPOHOB M SAlIpa, TO aTOMBI (4He,A) UMEIOT JIBYMEPHYIO
CTPYKTYPY, a KHIKOCTHBIE arperathl, o0pasoBaHHbie aroMami (He,A), TpeXMEpPHEL.

Yro0 KacaeTcss aTOMOB (4He,C), TO B 3THX aTOMax 00a 3JIEKTPOHA HAXOASTCS HA OJHOM M TOM
’K€ HYKJIOHHOM MarHMTHOM KJIacTepe sijipa, ¢ OOHOM M TOM ke CTOpoHBI OT sAnpa. [Ipu 3Tom,
BHEIIIHUM AJIEKTPOH HAXOAUTCS 3HAYUTENIHHO JAJbIIIe OT sApa, 4eM BHyTpeHHHi (puc. 8). U3-3a
sroro, arombl (‘He,C) 0671afai0T SPKO BBIPAKEHHBIMH KYIOHOBCKMMH IHITOIbHBIMH
CBOMCTBAMHM M, TIPU JIOCTATOYHO HU3KUX TEMIIEpaTypax, MOTYT OOBEAMHATHCS B JJTUHHBIC
«OJIHOMEPHbIC» MHOTOATOMHBIE MOJICKYIIBI — arperaTsl. JHeprus cBsi3u aByx atomos (‘He,C) B
€IMHYI0 MOJIEKYJy OKa3ajiach paBHOU 0,8625B. DTo moutH B ABa pa3a MEHbIIIE YHEPTUU MTEPBOM
vonmsauun  atoma (‘He,C). DTO MOTBEPXKIAeT BO3MOKHOCTb CO3JAHHS MHOTOATOMHBIX
monexyi u3 atomos (‘He,C) (puc.9).

({14 e Qe ® Qe e Qe ® Qe ® Qe ® Qe e Qe ® Qe [ ]

Puc. 9. Cxema cBepXTeKydel MOJIEKYJIbI
JKUJIKOro He

bnaronapss MarHUTHOMY OpHEHTAIIMOHHOMY 3(dekTy [4], oaHOMEpHbIE MHOTOATOMHBIC
reIueBbIE MOJIEKYJIbI, €CIM UM HHUYTO HE MEIIAET, CTPEMATCS PacHpsIMUTBCS W TPHUHSITH
NPSIMOJIMHEHHYIO, cnuieo0pasHyto ¢opmy. HanmudmeMm Takux MHOTOATOMHBIX OIHOMEPHBIX
MOJIEKYJT M3 aTOMOB (4He,C) U OOBSCHSAIOTCS BCE YHHKAJIbHBIE W YIUBUTEIBHBIE CBOWCTBA
CBEPXTEKYYEH KOMIIOHEHTHI )KUIKOTO ‘He.

Nudopmarnys o CynecTBOBaHUHM TaKUX YHUKAJIBHBIX MOJIEKYJ Teus MO3BOJISET, HA YPOBHE
MPUBBIYHBIX IMOHITUH, 1a)K€ MIKOJIbHUKAM, JOCTUYb COJEPKATEIBHOIO IOHUMAHHUS PE3yJIbTaTOB



TIOOOMBITHEUIIUX ~ AKCIIEPUMEHTOB C JKUIKAM TEIHEM, COJCPKAIIUM  CBEPXTEKYUYIO
KOMIIOHEHTY.

XI111.4.4. JxciepuMEHTBI € KUAKHUM TejIneM,
COJIEPIKAIIUM CBEPXTEKYYYI0 KOMIIOHEHTY
Haubonee yauBUTENBHOI SIBISIETCS CIIOCOOHOCTH CBEPXTEKY4eil KOMIIOHEHTBI B30UPAThCs Ha
CTEHKH COCYJ/IOB M Ha MOBEPXHOCTH TeJI, BRICTYMAIOIINX HaJl )KUAKHM TeIieM, 00BOJIAKUBATH 3TH
HOBEPXHOCTU TOJICTBIMH IUICHKAMH, U TIEPETEKaTh 4Yepe3 BO3BBIMICHHBIC CTEHKH COCYIOB C
JKHMJIKUM T'eJIeM, /10 BBIPABHUBAHMUS BHEIIIHETO U BHYTpeHHETo ypoBHeii (puc.10,11) [6-8].

Puc.10

Jlo cux mop 310 siBIeHUE O0BSACHSIOCH «CU(POHHBIM 3P (PeKToM». DTa THIOTE3a MOSBUIACH B
pe3yibTaTte 0OHApYKEHUS TOJICTON IJICHKH HJKOTO I'elus, MOKPBIBAIONIEH BBICTYIMAOILINE Hal
MOBEPXHOCTBIO JKUJKOCTH YacCTH TeJl, YACTUYHO MOTPY>KEHHBIX B KUAKUHN Telui, coaepKaIiuii
CBEPXTEKYUYI0 KOMIOHEHTY. JlepeKT 3Toi rumoTe3sl COCTOUT B TOM, YTO OHa HE OOBACHSET
MOSIBJICHHE TeIMEeBON MJIEHKU Ha BBICTYNAIOIINX U3 KUIAKOCTH MOBEPXHOCTAX TEJI M HA CTEHKAX,
COJIEpKalINX KUAKUI IeIUi, COCYI0B.

Puc.11

bnaronaps MarHuTHOMY OpPUEHTALIMOHHOMY J()QEKTy, MHOTroaTOMHbIE OIHOMEpHBIE
MOJIEKYJIBI U3 aTOMOB (*He,C) CTPEMSTCS PACHPSIMUTHCS U MPHUHATH MPSMOJIMHEHHYIO (opMmy.
Ecin nimHBEI ’TUX MHOTOATOMHBIX OJHOMEPHBIX MOJIEKYJI MEHBIIIE PA3MEPOB COCYA C KUAKUM
‘He, TO TOHATP MEXaHHU3M o0pa3oBaHMs JKUIKOH TIUJIEHKM Ha CTEHKAax cocyla, M Ha
MOBEPXHOCTAX BBICTYNAIOIUX U3 XKUIKOCTU TEJl, HEBO3MOXKHO. EcnM e JUIMHBI OJHOMEPHBIX



TeJTUEeBBIX MOJIEKYJI OOJIbIIE pa3MEPOB COCY/A, TO 3TH MOJIEKYJIbI OKaXKYTCSl CBEPHYTHIMU BHYTPH
cocyna. bmarogaps MarHUTHBIM B3aUMOJCHCTBUSAM, OHU OYyAyT BECTH ce0sl KaK CBEPHYTbIE
HPYKUHBI, CTPEMSICh paclpsIMUTbCA. B 3THX ycioBusX, KpaiiHHE (pparMeHTHl MHOTOATOMHBIX
MOJIEKYJI MAKPOCKOIIMYECKOW [UIMHBI MOTYT IOJHMMATbCs BJAOJb IOBEPXHOCTEH TENI U BIOJIb
CTEHOK COCYJOB HaJ IIOBEPXHOCTBIO KHUIKOTO ‘He. Tak xe Oynyr Bectu cels U
BBIITYYMBAIOIIMECS, 110/ BIUSHUEM MAarHUTHBIX B3aUMOJEHCTBUH, IPOMEXYTOUHbIE (parMEHThI
ATUX MAaKpPOCKOIINYECKUX MOJIEKYJI.

Bce ocTanbHBIE CTOPOHBI SIBICHHS IEPETEKAaHUS KUAKOIO TS HAXOUAT JOCTaTOYHO
IPOCThIE U HATJIATHBIC OObSICHEHHUS.

.

OKCHEpUMEHTBl IOKa3aJld, YTO CKOPOCTb TEUEHUS CBEPXTEKYUYEro JKUAKOTLO Telus B
KANWUISAAPHBIX KaHaJlaX HEOObIYalfHO BBICOKA, IO CPABHEHUIO CO CKOPOCTBIO TE€UEHUS APYruX
KUAKOCTEH, U UTO, IPU 3TOM, BA3KOCTb CBEPXTEKYUETO I'eJIMsl HUYTOXKHO MaJa.

[Ton BA3KOCTBIO NOHMMAETCA TPEHHUE MEXKIY COCEIHUMH CIIOSIMU JIBHIKYILEHCS >KMIKOCTH.
OObIyHast, HOpMaJbHas KUJIKOCTh COAEPKHUT, B CBOEM COCTaBE, MOJIEKYJIIPHbIE MHOTOATOMHbBIE
KJIacTephbl C YNOPSAJOYEHHOHN CTPYKTYpOH U ¢ «Mmepuarouiein» nepudepueil. Buyrpennee tpenue
B TaKOW >KMJIKOCTU 00pa3zyeTcsi, B OCHOBHOM, 32 CUET YaCTUYHOTO 3alEIUIeHHs ApYr 3a Apyra
MOJIEKYJISIPHBIX KJ1acTepoB. UeM Oouiblile SHEProoOMEH MpU TAKUX 3aLEIUICHUSX, TeM OoJblle
TpeHHe, TeM O0JIbLIE BA3KOCTb.

Hanuune ogHOMEpHBIX MHOIOATOMHBIX, MaKpPOCKOIIMYECKOM [UIMHBI, MOJIEKYJ B JKHUIKOM
*He, o6pasoBanubix aromamn (‘He,C), BBI3bIBAET CYIIECTBOBAHME PEATbHBIX, d HE YCIOBHBIX
CJIOEB B JKUIKOCTH. ODTH CJIOM «OJHOMEpPHBI». MeXIy HMMU HET HM aTOMHOTO OOMeHa, HH
3alleTJIeHUs] aTOMHBIX arperatoB, Kak B OOBIYHOM JKHUIKOCTH. DTUM U OOBSICHSETCS HU3Kas
BA3KOCTh CBEPXTEKYUYEro TIejiMsi B OOBIUHBIX COCYJaX W CBEPXHM3Kas BSI3KOCTb B YCIIOBHUSX
KalWUIIpHOCTH (Kak, HanpuMep, B Bucko3umerpe I1.JI. Kanuier).

OTH MOJIEKYIbI, O1arofapsi MAarHUTHBIM B3aUMOAEHCTBUAM, CTPEMSTCS, 10JJOOHO CBEPHYTHIM
NPSIMOJIMHENHBIM NPYKUHKaM, paclpsMUTHCA. B Kanniuispax HUYTO HE MEIIAET UM 3TO CEIaTh.
[TosTOMy B Kanuyuisipax CBEPXTEKYUMH I'efuil MpencTaBiseT co00H MHOXKECTBO MapajuleabHbIX
JIpYT IpYTYy ¥ CAMOMY KalWLISPY AJIUHHBIX, TOHKUX, CIUIETOJO0OHBIX MOJIEKYII.

MHOXECTBO TOHKHX, JUIMHHBIX, MPSAMOJMHEMHBIX M MApPAIENbHBIX JIpYr JIpYry
CBEPXTEKY4YHX MOJIEKYJl IBMXKETCS IO KaNmWUIspy NPaKTHUEeCKU O3 TpeHus, He HCIbITbIBas
CONPOTHUBIIEHUSI CBOEMY JBHKEHHMIO CO CTOPOHBI APYTHX MOJEKYJ, TaK e, Kak ITy4oK
NapajuleJIbHBIX, TOHKUX M JUIMHHBIX CIUI IPOJIETAET Yepe3 BEPTUKAIBHYIO IHJINHIAPUYECKYIO
TPYOKy.

Pa3zmeprr aTomoB (4He,A), U3 KOTOPBIX COCTOUT KOMIIOHEHTa JKHUJKOIO Telus, He
oOnajaromas CBOUCTBOM CBEPXTEKYYECTH, OLCHMBAIOTCS IMOJOBUHOW BEIMYMHBI «BOpOBCKOIrO
paauycay, paBHOTO 53-10 1w, ITonepeunble pazMepbl CBEPXTEKYUEH MOJIEKYJIbI, ONPEACISIOTCS
BENMIHMHON IHaMeTpa spa aToMa Felis, OLeHKa KOToporo, mo Pesepdopy, pasna 4,43-10 °m.
OTH BEIMYMHBI pa3MyaloTcs Ha YeThlpe mopsaka. biaronapst atomy, cBEpXTeKydrne MOJIEKYIIbI
cBOGOIHO MpoHHKaloT depes arombl (‘He,A). TIo3ToMy He TOIBKO MEX/Iy OJHOMEPHBIMH CIIOSMH
CBEPXTEKY4ero Tejusi, HO U MEXIy OJHOMEPHBIMU CIIOSIMH CBEPXTEKYYEro rejius U CIOSIMH
HOPMAJIHOTO JKMJKOTO TeNusl HeT HM aTOMHOro OOMEHa, HHM 3allelUIEHUH MOJIEKYJISPHBIX
arperatoB. DTUM U OOBSICHSIETCS HU3Kasl BSI3KOCTh CBEPXTEKYUEro rejivs B OOBIYHBIX COCYIaxX U
CBEPXHHU3Kas BA3KOCTb B YCIOBUAX KaWIISPHOCTH.

.

HaGmioaeMble aHOMAIHH TeITOMPOBOIHOCTH JKHAKOTO “He TakKe OOBACHAIOTCS TEM, UTO
HOPMAJIBHAs M CBEPXTEKydasi KOMIIOHEHTBI XKHIKOTO He MMEIOT PasHbIe CTPYKTYPHL.

OKCHEpUMEHTAIIBHO YCTAHOBJIEHO, YTO BBIPAaBHUBAHUE TEMIIEPATYPHBIX BO3MYLICHHH IO
BCEMyY 0OBEMY KHIKOTO 'He, €CIH OH CONCP)KHT CBEPXTEKYUYI0 KOMIIOHEHTY, MPOHMCXOUT
IIPAKTUYECKM MI'HOBEHHO. IIpu OTCYTCTBHMM 3TOIl KOMIIOHEHTBHI, BBIPAaBHMBAHHE TEIUIOBBIX
BO3MYIICHUH NPOUCXOAUT HECPABHUMO MEJUIEHHEE. JTO OOBSCHAETCS TEM, YTO B OOBIYHBIX
KUAKOCTAX TEIUIOBbIE BO3MYLIEHHS pPACIPOCTPAHSIOTCS 3a CUET XAOTHYECKHX JBUKEHUUI



AJIEMEHTOB 3THUX XHJKOCTeH. CBepXTekydas >K€ KOMIIOHEHTa MHJIKOIO TellUs COCTOUT U3
OJIHOMEPHBIX MHOTOaTOMHBIX MaKpOCKOIIMYECKOH IJIMHBI MOJIEKYJI, B KOTOPBIX 3T BO3MYILEHUS
PacIpOCTPAHSIOTCS CO CKOPOCTHIO, OJIM3KOM K CKOPOCTH PAcIpOCTPaHEHHS IEKTPOMArHUTHBIX
B3aUMOJICUCTBHUIA.

OKCHEPUMEHTAIIBHO YCTAHOBJIEHO TaKXK€, YTO CKOPOCTh PACHpPOCTPAHEHUsS TEMIIEPATYPHBIX
BO3MYILEHUN B CBEPXTCKyYed KOMIIOHEHTE JKHIKOTO TIelds H30TPOIHA, HE 3aBHCHUT OT
HaIpaBJIeHUs JTO CBUAETEILCTBYET HE TOJBKO O TOM, YTO KaXKAas OT/EIbHAasi MHOIOAQTOMHas
OXHOMEpHAs TeIneBas MOJeKy/a, cocrosimas 3 atomos (‘He,C), MMeeT MaKkpOCKOMIYECKYIO
JUIMHY, NPEBOCXOSAIIYI0 pa3Mepbl cocyla C KHJAKHUM T€IUeM, HO U JOCTaTOYHO IUIOTHO
3aI0JIHAET BECh 00bEM JKUIAKOTO TeIHsl.

.

W3ydyeHne yHUKalIbHBIX CBOMCTB JKMIKOIO TE€lUsA, COJEPKALIET0 CBEPXTEKYUYIO
KOMIIOHEHTY, IPOBOJIMIIOCH, B PSAJI€ SKCIIEPUMEHTOB, C MCIIOJIb30BAaHUEM TEIJIOBBIX BO3AECHCTBUN
[6-8]. [ns [OCTHMIKEHHsT [OCTATOYHO TIIOJHOTO M JAETaJbHOIO IOHUMAHHsS SIBJICHUIA,
HAOJIIOJIaBIINXCSA B 3TUX IKCHEPUMEHTaX, HY)KHO OOpaTUTh BHUMaHHME HA JIBa 0OCTOSITENIbCTBA,
XapaKTepU3yIoIlue CBOMCTBA CBEpXTEKy4el KOMIIOHEHTHI KUAKOTO Telus. DTH 00CTOSTENbCTBA
CBSA3aHbl C TEM, YTO CBEPXTEKy4yass KOMIOHEHTAa COCTOMT M3 OYEHb UIMHHBIX MHOTOAaTOMHBIX
«OJTHOMEPHBIX» MOIIEKYJI, COCTaBIeHHEIX 3 atoMos (‘He,C).

[lepBoe 0OCTOSITENHCTBO CBSI3aHO C TE€M, YTO, OJaromaps MarHUTHOMY OpPHUEHTALIMOHHOMY
s¢¢exty, 6arogapss MarHUTHBIM B3aUMOJICHCTBUSAM, 3TH MOJIEKYJIbl HaXOJATCSl BO BHYTPEHHE
HAIPSDKEHHOM COCTOSIHUM U CTPEMSTCS pacHpsIMUTBCS M JIOCTaTOYHO IUIOTHO 3allOJHUTH BECh
00beM, 3aHUMAEMBIH KUJIKUM TE€IHEM.

Bropoe o00crosTenbcTBO OOYCIIOBICHO TEM, 4YTO KaKIbld aToM B TaKOW JUIMHHOMN
«OZIHOMEpHON» MoJeKyje o0nanaer CcBOeH, JOCTaTOYHO Mayoi, SHeprued CcBA3M C OSTOU
MOJIEKYJION. B KaxXmoil MoOJeKyje 3Ta SHEpPrus HM3MEHSETCS, B 3aBUCHMOCTH OT TMOJIOXKEHHS
aToma, B HEeKOTOpoM uHTepBaine (E1,E>),rae E.<1,4493B.

Ecnu sHeprus E TEIUIOBOTO BO3JEHCTBHS MEHbLIE, 4eM E1, TO pacIpOCTPAHEHHUE TEIUIA B
KHUJIKOM T'eJINU MPOUCXOAMUT O€3 pa3pylieHHs] CBEPXTEKYUUX MOJIEKYI.

Ecmu xe E>E»>, TO 4acTh 3Hepruu E TpaTuTcs, B OKPECTHOCTH HarpeBaTells, Ha yAAJICHUE U3
CBEPXTEKYUHMX MOJEKY]I COOTBETCTBYyIomei wacti atomoB (‘He,C), KOTOpbIe MEPEXOIAT B
«HOPMAIBHYIO» KOMIIOHEHTY KHIKoro ‘He. B pesyibraTe 5TOr0, B OKPECTHOCTH HATPEBATEIS
MOBBIIIAECTCS JIOKAJIBHOE JABJIEHUE «HOPMAJIBHON» KOMIIOHEHTBI, M 4acTb ATONW KOMIIOHEHTBI
YXOJUT U3 OKPECTHOCTU HarpeBareis AJis BbIPABHUBAHMS JaBJIEHUS BO BCEM 00BEME KHMJIKOTO
requsd. OJHOBPEMEHHO € OTHUM, Ta OKPECTHOCTb HarpeBaTelsd, B KOTOPOH MPOHU3OILIO0
«TETJIOBOE» YJAJIIEHNE U3 CBEPXTEKyuel KOMIIOHEHTHI YaCTH aTOMOB, BHOBb JJOCTaTOYHO IJIOTHO
3aroJIHSAETCS OCTaBIIEHCS CBEpXTEKydel KOMIIOHEHTOH (Osiarogapss MarHMTHOMY JaBJICHUIO,
BBI3BIBAEMOMY MarHUTHBIM OPUEHTAIMOHHBIM d(pPeKTom).

.

B skcneprMeHTax ¢ TEIIOBBIMH BO3JIEHCTBUSIMHU HCIOIb30BAIUCH COOOIIAIONIUECS COCYIBI.
B o1HOM M3 3KCIEPUMEHTOB MasleHbKas Oylp0OYKa ¢ KaOWUISPHBIM TOPJBIIIKOM COAepiKala
HarpeBaTellb U Obljla MOorpy’keHa B )KMJIKHI resiuii co cBepXTeKydei komrnoHeHTou (puc.12) [6].
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Puc.12

B npyrom ObumM MCTONB30BaHBI Pa3HBIE COCYIbI, COCAMHEHHBIE MEXAY CO00il BHENIHEH
TpyOoukoi. O6a cocyaa copepkanu KUIAKUHN Teauid co CBEpXTeKy4yell KOMIOHEHTOM, U B OJHOM
U3 HUX cojepkaics HarpeBarenb (puc.13) [8]. B aTux skcnepuMeHTax U KalWUISIPHOE

ps ——
T+AT r
——— -
Hopsaritrars CocprmeRyrax
NONTTONENTTIE KOMPONENTTAY
Puc.13

TOPJIBIIIKO, W COEIUHUTENIbHAs TPyOKa HE MPENSITCTBOBAIM IPOXOXKJIEHUIO Yepe3 HUX HHU
«HOPMAJIbHOM», HM CBEPXTEKy4ell KOMIIOHEHT kuakoro renus. [lomaua Ttemna B 3THX
HKCIIEPUMEHTAxX BbI3bIBaJIa MOSIBICHHUE BCTPEUHBIX IMOTOKOB «HOPMAIBbHON» M CBEPXTEKyuel
KOMITOHEHT 4epe3 Kaluuisip M 4epe3 COeAMHUTENbHYI0 TpyOKy. MexaHu3M oOpa3oBaHUs THX
MIOTOKOB OIHCAaH BBIILIE.

.

B Tperbem skcmepuMmeHTe, MIMpOKas TpyOKa, MJIOTHO 3alOJHEHHAs MEJIKUM IOPOIIKOM,
CIIY’)KUBIIMM (HIBTPOM, MPOMYCKABIIMM CBEPXTEKYUyl0 KOMIIOHEHTY M HE MpPOMYCKaBIIUM
«HOpMaJIbHYI0», ObUIa MOJHOCTHIO MOTPYKEHA B BaHHY C >KUJKHM TEJIHEM CO CBEpXTEeKyuei
KOMITOHEHTOH. OZMH KOHell 3TOW TPpYOKH OBbLI OTKPBIT, a APYrol OKaHUYMBAJICA BEPTUKAIbHBIM
KalWUISIpOM, BEpXHUN KOHEIl KOTOPOTO BHICTYHAJl HaJ MOBEPXHOCTHIO KHUJKOTO Trenus (puc.14)
[8]. Harpe mopomka B TpyOKe NpPUBOIMI K YaCTHYHOMY pa3pyLICHUIO CBEPXTEKyden
KOMITOHEHTHI B TOHM 4acTH TpyOKH, KOTOpasi OKaHYMBajIach BEPTUKAJIbHBIM KalUJUISIPOM, YTO, B



Puc.14

CBOI0O OYepe/b, BbI3BIBAJIO IOBBILICHUE IABJICHUS XUJIKOTO TelHs B 3TOW 4yacTU TPYOKH U
(OHTAaHMPOBAHUE JKUIKOTO TENus uepe3 Kamwuisip. Bo3HukaBmmii, B pe3yibTare 3TOTO,
NeQUUUT >KUIKOTO Teaust B TpyOKe cpasy >ke KOMIIEHCHUPOBAJICS 3a CYET MOCTYIJICHUS
CBEpXTEKy4Yel KOMIIOHEHThl Yepe3 IOPOIIKOBBIM (UIBTP U3 TIeIueBON BaHHBI. TedeHue
CBEPXTEKy4el KOMIIOHEHTHI Yepe3 MOPOIIKOBBIA (UIBTP MPOUCXOANIO OJaroiaps MarHUTHBIM
B3aMMOJICHCTBHSAM B CBEPXTEKYYHUX MOJICKYJIAX.
.

Eme B 0HOM 3KCIIEpUMEHTE [[Ba COCY/a CO CBEPXTEKYYHM T€IHEM TaK e COOOIIannuch
MEXIy co00i ¢ MOMOIIBI0 BHEUIHEW TPYOKH ¢ MOpouKkoBbIM ¢uibTpoM (puc.15) [8]. Tlomaua
TETIa B OJWH U3 COCYI0B MPUBOIMII K YACTHYHOMY Pa3pyIICHHIO CBEPXTEKyUeil KOMIOHEHTOH B

T+AT

Puc.15

ATOM COCY/IE U K MPUTOKY COOTBETCTBYIOIIETO 00beMa CBEPXTEKYUETO TeJIHs U3 IPYroro cocyaa
yepe3 MOPOIIKOBBIA (GuiabTp. B pesymbTaTe 3TOro, ypOBHH IKHJIKOTO TelIHs B COCYAax
OKa3bIBAJINCHh PA3HBIMU M BO3HUKAJIA PA3HOCThH JABJICHHUH B JKUJIKOM TEJIHH, COACpIKaIIeMCs B
pa3HbIX COCyAaX.

DG GhEeKTUBHOCTh TMOPOIIKOBOM (UIBTPAIMH, OTHACISIOMICH CBEPXTEKYUyI0 KOMIIOHEHTY
KUJKOTO TEIUs OT «HOPMAIBHOW» KOMIIOHEHTBI OOBSCHSAETCS OONBINOW pa3HUIlEH B
MOMEPEYHbIX pa3Mepax 3TUX KOMIIOHEHT. «HopmanbpHas» KOMIIOHEHTa COCTOMT W3 aTOMOB
(‘He,A), B KOTOPBIX AJIEKTPOHBI HAXOASTCS Ha Pa3HbIX HYKJIIOHHBIX MarHUTHBIX KJIACTEepax spa,
pa3Mepbl 3TUX aTOMOB OLIEHUBAIOTCS MOJOBHHON «bBOpOBCKOro» pamuyca, T.e. OLEHUBAIOTCS



BeMMIHHON 2,65-10 m. ITonepeuHbIi pa3Mep CBEPXTEKY4Ee MOJIEKYJIbI PaBEH JUAMETPy sapa
renus, paBHoro, 1o Pesepdopny, 4,43 10 m.
.

HccnenoBanue CBOMCTB JKHUIKOTO TeIMs MOKA YTO HOCUT YMCTO aKaJeMHUYECKUH XapakTep,
JEMOHCTPUPYSI 3BPUCTUUECKHE BO3MOXKHOCTU MBICIUTENIBHOTO anlapaTa yejloBeKa.

CaMpIM yIMBHUTEIbHBIM UM YHHMKAQJIbHBIM CBOHCTBOM JKHJKOIO TeJusl SIBJISETCS €ro
CIIOCOOHOCTh IIEPETEKaTh YEPE3 BEPTUKAJIbHBIE CTEHKH COJAEpXKAIIMX €ro CoCcyAoB 10
BbIPAaBHUBAHUS BHYTPEHHETO U BHEIIHEr0 YPOBHEH.

Ecnmu B 3TOM »3KClepUMEHTe H30THYTh BEPTHKAIBHBIE CTEHKH COCyAa TakK, 4YTOOBI
HOJY4YMBILEECS] TOPJBIIIKO CMOTPEIO BHYTPb 3TOr0 COCYyHa, TO, IPU HOAXOAALIEM Hoadope
(OpMBI 3TOTO TOPJBIIIKA, MOXKHO, MTO-BUIUMOMY, TOOUTHCS, YTOOBI CBEPXTEKyUyasi KOMIOHEHTA,
NOJHUMAOLIAsICS BJOJAb BHYTPEHHEH IOBEPXHOCTH BEPTUKAIbHBIX CTEHOK, JOCTUTHYB
CMOTPSIIETO BHU3 TOPJIBIIIKA, CTEKAIa 0OPAaTHO B TOT K€ COCY[. DTOT MPOLECC aBTOUUPKYIISIIIUA
CBEPXTEKy4el KOMIIOHEHTBI JOJDKEH MPOAOIDKAThCA A0 TEX IOp, MOKa TemIeparypa >KUIKOTo
reJiis He TIOJJHUMETCS BBIIIE IPAHULIBI 00JIACTHU CYIIECTBOBAHUS CBEPXTEKYUEeH KOMIIOHEHTHI.

XI11.4.5. Kunkwuii *He
BelMuMHA OHEPrHM CBS3M aTOMOB B IBYXaTOMHOH Monekyie (‘He,C) oleHHBaeTCS
BenmunHoii  0,1865B, 4To BueTBepO MeHbIe, YeM B AByxaToMHoil monekyine (‘He,C). Dto
0OBSICHSICT OTPOMHBIE TPYIHOCTH, BOSHUKAIOIINE [TPU TOJIYYCHUH CBEPXTEKYUECi KOMIIOHEHTHI B
JKHAJIKOM 3He,

XI111.4.6. CBepxTeKky4ecTb «HEHTPOHHOM KHAKOCTH
B «HEHTPOHHBIX 3B€3/1aX)

«He#TpoHHbIE 3BE3/1b» MPOUCXOAAT B Pe3yJIbTaTe CHIIBHEHUINIETO IPAaBUTAIMOHHOTO CKATHUS
BBITOPEBIIIEH M YAaCTUYHO OCTBHIBIICH 3BE31bl, KaK M «4epHbIC IbIPbD». «YUepHass ObIpa»
MPOUCXOJUT OT BBITOPEBIIECH 3BE37bl OUEHb OONBIION Macchl. «HeUTpoHHBIE 3BE3/b» UMEIOT
Macchl nopsiaka 1,44 maccel Hatero CoJlHIIa U paAnyc OKOJIO JECATH KHIOMETPOB..

.

BHyTpu «HEHTpOHHON 3BE3/bl» ACHCTBYET OrpoMHOE AaBieHue. Kak 3To oTpaxkaercs Ha
COCTOSIHMH COJIEP)KHUMOTO «HEUTPOHHOM 3BE3/1bI»?

PaccMoTpuM HEHTpPOHHYIO 3B€3ly C paanycoMm, paBHbIM 10kM M C Maccoid, paBHOU
1,44mC0HHIm=1,44-2-103 1<r=2,88-10301<r. Cpennsiss IOTHOCTH BEIIECTBA B ATOW 3BE3/]le paBHA
P:6,88'1017KF‘M73. Tak kak mnzmpzl,67-10’271<r, 10 B IM° HEUTPOHHOW 3BE€3/bl COAEPIKUTCA
K=Pm, '=4,12.10* HYKJIOHOB. 3HAUMT, HA KaXX/IbIil HYKJIOH B HEUTPOHHOU 3Be€3/1€ MPUXOTUTCS
OTHOCHUTEIBHEIN 00beM V=2,43- 107%°,

O06o1109Ka ATUX 00HEMOB JIJIS KAKI0TO HYKJIOHA CBOS, 1 OHHU BCE OTIAUYHBI OT chepbl. O0heM
Bemmumnbl V=2,43-10 °m° conepsxutes B chepe paguyca 0,834+ 10 M. Ecii OKpYRHTh KaxIblit
HYKJIOH B HEUTPOHHOU 3Be3ne cepoit pagmyca 0,834-10 M, To Bee cocemnue chepsl TaKoTO
pamuyca OynyT Mexay coboil mnepecekatbcs. CrenoBaTenbHO, B HEWTPOHHOM 3Be3e,
oOJazaromieii Maccoii B 2,88~1030Kr n paguycoM B 10KkM, paccTosiHHE I MEXIYy COCEIHUMH
HYKJIOHaMH MeHb1Ie, yeM 20,834 10_15M:1,67' 10 Pm.

UToOBI MOHATH, 0 Y€M TOBOPAT ITH HMUQPHI, HY)KHO OOPATUTHCA K BBIPAKCHHUIO TSI CHIIBI
HYKJIOHHOTO B3aMMOJICHCTBHUSL: Fn(r):pr'4—qr‘5, p:1581-10_59KF‘M5'C_2, q:5032-10_74KI"M6‘C_2
[11]. U3 sTOr0 BBIpAXEHHSs Cleyet, 9to Fn(r*)=0 npu r*=3,528-10 °m. HamomumM, uto mpu
r<r* uMeeT MeCTO HyKJIOHHOE OTTAIIKUBAHUE, a TIPH >I* - HYKJIIOHHOE TPUTSHKEHHUE. A TakK Kak B
HEUTpOHHOW 3Be3ne paauyca l0kM u Macchl 2,88'1030KF, pacCcTossHUE MEXY COCEIHUMH
HEUTpOHaMH MeHblE, yeM 1,67- 10 "M, To MEXy HUMH JIEHCTBYET HYKJIOHHOE OTTAJIKUBAHUE.

DTO XOpOIIO COrJacyeTcsi C TeM, YTO IUIOTHOCTh BEIIECTBA B HEUTPOHHOM 3BE3/E, paBHAA
6,88-10krm 3, B 4,7 pa3a Bblllle, YeM IJIOTHOCTh BELIECTBA B aTOMHOM siJipe. JeCTBUTENBHO,
BEJIMYMHA paguyca sapa Iy, coiepxamero 4 HYKIOHOB, OMNPENENIeTCS AMIUPUYECKUM
cooTHomeHueM Pesepdopaa: r,=1,4-4*%.10"u. Tak kax mnzmpZ1,67-10_27Kr, TO OILICHKA



IJIOTHOCTU BEILECTBA B aTOMHOM Sp€, B €CTECTBEHHBIX YCIOBUSAX, PaBHA Amn(4-37 1w,y 1=

1,45-10"krwm >,

[Ipu Takux OrPOMHBIX IJIOTHOCTSIX, HEHTPOHHBIE MAacChl HEHTPOHHBIX 3BE3Jl, Oiaromaps
HYKJIOHHOMY OTTaJIKHBaHHIO MEXJY COCEIHUMH HEHTpOHAMH, JOJDKHBI 00JIafaTh CBOMCTBAMHU
KUJKOCTH.

Tak kak HEWTPOHBI COCTOAT M3 HEUTPOHONOJOOHBIX 3JIEMEHTOB 3(upa U 001aTarOT
CMepUYerooOHBIMU CTPYKTYPaMH, TO X Ype3MepHOe COMMKEHHE PYT C IPYTOM, MOJI BIUSHUEM
OTPOMHOTO [JaBJICHHs, MOXET IPHUBECTU K «PACCBHIIAHUIO» HEUTPOHOB HA COCTABIAIOIINE HX
HEUTPOHOMOK00HBIE 31eMeHTHl dupa. Takoe BBIPOXKAECHNUE HEUTPOHOB MOXKET MPOUCXOIUTH B
LIEHTpe HEUTpOHHBIX 3Be3A. [lo Mepe yBenuueHus Macchl HEWTPOHHOM 3Be37bl, 001aCTh
HEUTPOHHOT'O BBIPOKJICHHUS B 3TOU 3BE3/1€ JOJKHA YBEIIMUNUBATHCS.

.

MHorre HEHTpOHHBIE 3BE3/IbI 00JIAAI0T YPE3BBIYAITHO BBICOKOI CKOPOCTBIO BpAallEHHUS, 10
ThICSYM 000POTOB B CEKYHAY

Habumronenus nokasanu, 4TO CKOPOCTh BPALIEHUS @ HEUTPOHHBIX 3BE37] OYEHb MEJIEHHO U
NIABHO yMeHblIaercsa. OJHAaKo, OKa3aloch, YTO CYIIECTBYIOT TAaKHE 3HAYCHMS CKOPOCTEH
BpallleHuss 1, @2, M3,..., NPU KOTOPbIX BEJIMYMHA OTOH CKOPOCTU CKauKOOOpazHO
yBenuuuBaercs. ECu HauanbHylo CKOPOCTh, Ha NEPBOM STalle, 0603HAYHTD Yepe3 m1°, TO 10 1
CKOPOCTh BpallleHUs! @ yObIBaeT HenpepbiBHO. [Ipu 1 OHa BAPYr CKauKoM yBEIMYMBAETCS /10
w’>w1", 3aTeM HenpepbIBHO YMEHBIIACTCA 0 7, M, NMPH (7, CHOBA CKAYKOOOPA3HO
YBEJIMYUBAECTCA 10 a)30> a)z*, M TaK jJajiee.

bbUl0 HENOHATHO, Ye€M BBI3BAHBI ATH CKAa4YKU BEIMYMHBI CKOPOCTH . Hukakue BHemHue
BO3/ICUCTBUS Ha HEHTPOHHBIE 3Be3/1bI 3aUKCHUPOBaHbI He ObUTH. CO3/1aBAJIOCH BIIEYATIICHUS, YTO
KTO-TO HEBUAMMBIN BPEMs OT BPEMEHU IOATAJIIKUBACT 3TU 3BE3/IbI.

Opnaxnael, J.Ilaunc, mpodeccop Wmnmmnoiickoro ynuBepcurera (CILIA), mnpenmoxun
O.JI.AHIpOHUKAILIBUIIM, M3BECTHOMY HCCJIEIOBATENIO SIBIEHUS CBEPXTEKYUYECTH, IOIBITATHCS
paspemuTh 3Ty 3arajky [12]. O0BsICHAIOCH 3TO MPEATIOKEHHE BICKa3aHHOU paHee A.Murnanom
TUIIOTE30H O CBEPXTEKYYEM COCTOSHUM JKUJKOTO HEUTPOHHOTO COAECPKUMOIO HEHTPOHHOU
3BE3/Ibl «<HECMOTps Ha TemnepaTypy B 100 MIIITMOHOB IpagycoBy.

Ha runoresy Murnana oOpaTuiu BHUMaHHME B CBA3M ¢ TeMm, uTto B 1949r JI.OHcarep
IIpEeACKa3all CyIIECTBOBAHNE, BO 8PAYAIOU{EMCS CBEPXTEKYUEM I'eJIMH, BUXPEU U3 CBEPXTEKydEH
KOMIIOHEHTHI Tenusi. eliHMaH Mpeanonokul, YTO 3TH BUXPU BBICTPAUBAIOTCS NApaJJIEIbHO OCH
BpaIllEHUs KHUAKOTO T'eJIUs U YTO UX KOJMYECTBO MPONOPIHUOHATIBLHO CKOPOCTH BpallleHus . ITO
HETPYAHO MOHATh, UCXO/S U3 3aKOHOB KJIACCUYECKON MEXAHUKH.

HUcxons wu3 »9toil  mHGOpMaUMU O TPEANONaraéMblX CBOMCTBAaX  BpallaloIIErocs
cBepxTekydero renus, B.JL.I'mH30ypr npeamnonoxui, 4To cBepXTeKydee HeUTPOHHOE BEIECTBO B
HEHUTPOHHBIX 3BE3/1aX TAK K€ MPOHU3AHO CHUCTEMOW BHUXPEH, aHAIOTM4HbIX BUXpsAM OHcarepa-
Oeiinmana [12].

0

CoTpysHMKM AHJIPOHUKAIIBUIM COOPYIWIM TEIMEBBIM aHAJIOr HEHUTPOHHOW 3BE3/Abl H
IIPOBENHM SKClepuMeHTalbHble HaOmoneHus [12]. Ilpu Hanuuum B MIapUKE CBEPXTEKYYEro
requsi, MeX/1y TMOBEJACHNUEM IapuKa U MOBEJCHHEM HEHTPOHHOM 3Be3/bl HAOII0IAT0Ch MOHOE
KauecTBeHHOe mnoaobue. Kpome TOro, ¢ mnoMompi0 CKOHCTPYMPOBAaHHOTO COTPYIHUKAMU
AHJPOHUKAIIBUIM KOJUYECTBEHHOTO «3aKOHA I0A00MA», OBUIM MOJYy4YeHBI KOJIUYECTBEHHBIE
MOATBEPKICHHUST BCEX MPEIINOI0KEHUM O CBOMCTBAX HEUTPOHHOM >KUIKOCTA B HEUTPOHHBIX
3BE3/1aX.

Oxkazajioch, 4TO KOJMYECTBO CBEPXTEKYUHMX BUXpEH B JKHMJIKOM TelIMd H3MEHseTCcsS He
IIPONOPLUOHAIBHO CKOPOCTH @, Kak npexanosaran @OeidHMaH, a OCTAaeTCs IOCTOSHHBIM B
MHTEPBAJIaX HENPEPBIBHOIO M3MEHEHHSA (), YMEHBINASCh CKAYKOM TOJIBKO IPH KPUTHYECKHX
3HAUEHUSAX BEMUUYUHBI @ [12]. M3-3a Takoro ckaukooOpa3HOTO YMEHBIIEHUS KOJTHYECTBA BUXpEr
U TPOUCXOAAT CKAuyKOOOpa3Hble HM3MEHEHUs CKOPOCTH BpALIEHHs IIApUKa C TelueM |
HEUTPOHHOMU 3BE3/IBI.



Ecim uepe3s | o00o3HaunTh MOMEHT HWHEpIMM OOBEKTa - INApUKa C TEIMEM WM HEHTPOHHOH 3BE3MBI
OTHOCHUTEJIHO OCH WX BPAICHUS, TO MOMEHT MMITyJIbCa BPAIIAOIIETOCS CO CKOPOCTBIO @ 00BeKTa paBeH M=[w.
V3meHeHne KonndecTBa BUXpell B 0OBEKTE Ha BENWYMHE MOMEHTa MMITylbca M He orpaxaerca. OmHako, W3-3a
«pacchIIaHus BUXPEH MPOHUCXOIUT CKauKOOOpa3sHOE YMEHBIICHHE BEMYMHBI MOMEHTa HHepIH | 0ObekTa. A Tak
Kak B 3TO BpeMs MOMEHT UMIIylbca M ocCTaercsi MpaKTHYECKH MOCTOSHHBIM, TO HPOHCXOJHUT CKAadKoOOpasHoe
YBEIMYECHUE BEININHBI CKOPOCTH .

Hrak, comepxumoe Bpaliaromeics ¢ 00JIbIIONH CKOPOCThI0 HEHTPOHHOM 3BE3/IbI BEAET ceOs

MoI00HO BPAIAIONIEMYCs IIAPUKY, HATIOJIHEHHOMY CBEPXTEKy4InM renveM. [louemy?
0

Kpome HeHTpOHHOTO MOJIsI, HEUTPOH 00JIaJaeT COOCTBEHHBIM MAarHUTHBIM TTOJIEM U SIBJISICTCS
napamarieTukoM. M cmorpute, yto mnomy4aercs. CuTyanus OKa3bIBa€TCs B UYEM-TO OYEHb
CXOXeH ¢ cHuryalued B XuAKoM Tenuu. B xuakom remuu atombl (He,C) 0O0beTUHSIOTCS
3JIEKTPUYECKUMH  B3aUMOJEHCTBUSIMU B  CBEPXJUIMHHBIE MOJIEKYJbl. MarHutHele ke
B3aMMOJICHCTBYS HE MO3BOJISIFOT 3TUM aTOMaM CIIUIITKOM CHIJIBHO COMHM3UTHCS, U OJTHOBPEMEHHO
CTPEMSTCS BBIIPSIMUTD 3TH MOJIEKYJIbI, CO3/1aBasi B 3THUX MOJIEKYJIaX BHYTPEHHEE HANPSIKEHUE.

B HEHUTpOHHBIX 3B€3laX, MAarHUTHOE TMPUTHKEHUE MEXKIY HEUTPOHAMH CTPEMUTCA
00BEAMHUTDL HEUTPOHBI B CBEPXIJIMHHBIC, «OJHOMEPHBIE» CTPYKTYPHI, U TaK K€ CTPEMHUTCS UX
BBIIPSAMUTE. HyKJIOHHBIE K€ B3aUMOJEHCTBUSI TMPEMATCTBYIOT HEIOMYCTUMOMY COJIMIKEHUIO
HEUTPOHOB B 3TUX CTPYKTypax.

°

TakuM oOpa3oM, oOmiel crneunukoil CBEPXTEKYUEro reius U «HEHTPOHHOM KHUIIKOCTH
SABJISICTCSI HAJIMYME CBEPXJIMHHBIX «OJHOMEPHBIX» TEIMEBBIX MOJIEKYJI B TEIUU U
«OJTHOMEPHBIX» CBEPXJIMHHBIX LIEMOYEK HEUTPOHOB, CTPEMSIIMXCS MPUHATH MPSIMOJIMHEHHbBIE
(GbopMBI 1O/ BIMSTHUEM MAarHUTHBIX B3aUMOJICUCTBUH.

Bo BpamaromeMcs KMAKOM T€IMM U BO BpALIAKOMIECHCS «HEUTPOHHOM KHIKOCTHY,
CBEPXTEKY4YH€ BHUXPH COCTOSIT M3 CBEPXIJIUHHBIX  «OJHOMEPHBIX»  MPAMOJIUHEHHBIX
CBEpXTEKY4YHX OOpa3oBaHUM, MapauIeNbHBIX OCH BpAllleHUs >KUIKOTO TEeNUs M «HEUTPOHHOMN
YKUJTKOCTH

Hanuuue cBEpXAMHHBIX «OAHOMEPHBIX» 00pa30BaHUIl B KUIKOM TeIHH U B «HEUTPOHHOU
KUJKOCTH» OOBSACHSET HAIMYHUE CBEPXBBICOKOW CKOPOCTH TEIJIONEpeNayd B TaKUX Cpelax —
TEIJIOBBIE BO3MYILIEHUS PACHPOCTPAHSIOTCS B  CBEPXTEKY4YEM TE€IMH CO CKOPOCTBIO
ANEKTPUYECKUX U MAarHUTHBIX B3aUMOJCHCTBUM, @ B CBEPXTEKYUYHUX HEHUTPOHHBIX CTPYKTYypax —
CO CKOPOCTBIO HEUTPOHHBIX U MAarHUTHBIX B3aUMO/ICHCTBUI.

o

DKCTHepUMEHTAIbHBIE PE3YNbTaThl, OMYOIMKOBAaHHbIE B [l], SBISIOTCS TOKa3aTeIbCTBOM
OTCYTCTBHSI B MaTepuajibHOM Mupe HelleTUMbIX KBAHTOB dHEepruu. Haps3unBoe noguepkuBaHue
«KBAHTOBOW» NPUPOABI SIBIICHUSI CBEPXTEKydecTH [6-8], B CBeTe O3THX pE3YJbTATOB,
BOCITPUHUMAETCSI KaK JKEJIaHWE CKPBITh OTCYTCTBUE COJEP)KATEIBHOTO TMOHWUMAaHUS MCTHHHOU
MPUPOJIBI 3TOTO SIBJICHUS.



