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IV. MAGNETISM
IN THE STRUCTURES OF THE UNIVERSE

Leonov N.N.

Abstract

Physics, back in the century before last, as a result of an erroneous interpretation of the results of the Oersted
experiment (1821), considered one of the four types of interactions that determine the structure of the material
World — magnetism, a secondary, unworthy of attention, phenomenon. Since then, all stretch before it "deaf,
crooked devious paths..." [1], not received correct detailed information about any object, any phenomenon, wasted
huge, more than half a century, scientific forces and material resources in the "neutrino" and" thermonuclear "
problems... .

The theory of nonlinear oscillations, having discovered these, to put it mildly, unpleasant errors, began to correct
them. Here we will talk about the magnetism of the electron, neutron and proton. Then it will be shown how
macrodiamagnetism and macroparamagnetism are born from microdiamagnetism. After that, let us trace to what
distance the mystery of the existence of the primary sources of magnetism goes.

IV.1. Magnetism in the microworld
The initial, for composite objects in the microworld, are electron, neutron and proton. To
achieve a detailed understanding of the structure of composite microobjects, you need to know
the nature of the magnetism of the electron, neutron and proton.

IV.1.1. Diamagnetism of an electron

Modern physics of the microworld does not know anything about whether a paramagnet or
diamagnet is an electron, i.e. he experiences attraction or repulsion in magnetic interaction with
another microobject. Therefore, instead of physics, one has to look for ways to reveal the
magnetic properties of an electron. Oddly enough, but it is surprising that in physics this
question was not even raised. It would be interesting to get an answer to the question - how can
this be in a discipline that considers itself scientific?

I am not aware of experiments in which the magnetic properties of an electron are clarified.
However, experiments are not known in which the fusion of two electrons into one micro-object
with an electric charge (—2¢) would be detected.

So, consider two electrons. Between them there is electric repulsion of the quantity ax 2,
where a=e2, x is the distance between the electrons. Magnetic interaction generates a force, the
value of which, according to [2], is 6ucx .

If the electron is a paramagnet, then magnetic attraction acts between the two electrons. In
this case, there is x=x, such that, for x>x,, the combined action of electric repulsion and magnetic
attraction generates repulsive forces, and for x<x, - the forces of attraction. The value xj is
determined by the relation: ax072=6,ue2xo4 and is equal to xo=60’5,uee71. Since
,ue=9,274'107216rg'Gsf1 [3], then xo=4,73‘10713m. The radius of the electron is estimated as
re=2,8-10""m. Consequently, x¢=~170r., and electrons approaching a distance x<x, can, under
the influence of combined electromagnetic attraction, collapse onto each other, forming a stable
micro-object with a mass of 2m. and an electric charge (—2e).

In order for the electrons to approach each other up to the distance x=x, it is necessary that
their total approach energy be equal to
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This value is less than the ionization energy of a hydrogen-like aluminum ion [4].

It is also possible to form objects with a mass of 3m. and a charge (—3e) and objects with a
mass of 4m. and a charge (—4e), but for their formation it will be necessary if at such distances
there is a superposition of magnetic fields, twice and four (or three) higher energy
rapprochement, respectively.

In observational installations, objects with mass km. and electric charge (—ke), £=2,3, ... are
not fixed. Therefore, there is no experimental evidence that magnetic attraction forces act
between two free electrons.

Since the assumption that magnetic repulsion acts between free electrons does not contradict
observational data on the mutual repulsion of two free electrons, when developing the
foundations of the "classical" theory of the microworld, it is right to proceed from the fact that
the electron is a diamagnet.

During the development of the "classical" theory of the microworld, convincing evidence
was obtained that the electron is a diamagnet. Moreover, it was possible to establish that for the
approach of two free electrons to the collapse distances, if they were paramagnets, the total
energy of their approach in 1.63eV would be sufficient.

IV.1.2. Proton diamagnetism,
neutron paramagnetism

According to quantum concepts, the magnetic moments of the proton and neutron have
opposite signs [3]. In the "classical" theory, the magnetic moment is a vector quantity. Its
module is a positive value. Therefore, from the point of view of classical concepts, the opposite
of the signs of magnetic moments in quantum theory can mean that either a proton or a neutron
is a diamagnet.

To find out, we consider the atoms of protium, deuterium, and tritium and their ionization
potentials A(H), A(D), and A(T). The magnetic moments of the proton, deuteron and triton zp, up
and ur are included in the expressions for the ionization potentials of protium A(H), deuterium
A(D) and tritium A(T): A(H)=0,5¢’F", A(D)=0,50’fn ", A(T)=0,50’B1 ", p=2vyuupite » Po=2Ytinle,
P1=2yutue., and the experimental values of these ionization potentials are known [4]:
A(H)=13,597eV, A(D)=13,601eV, A(T)=13,602¢eV.

Let's turn to the deuteron first. It consists of a proton and a neutron and has one two-nucleon
magnetic cluster such that up=pp+u,. Since A(D)=13,601eV A(H)=13,597eV, fp<p, i.e. up<ip.
Therefore, vectors u, and u, have opposite directions. This suggests that either both of these
nucleons, or one of them is a diamagnet.

Suppose a neutron is a diamagnet. To verify this assumption, we consider the tritium core. It
consists of one proton and two neutrons. Its nucleons in a stable statically equilibrium
configuration are located at the vertices of a regular triangle. The triton has one two-nucleon and
one one-nucleon magnetic clusters, the magnetic moment vectors of which are located on
parallel lines.

Diamagnetic neutrons cannot belong to both two-nucleon magnetic clusters of the triton,
since in this case their magnetic fields would cancel each other and the magnetic moment of the
triton would be u,. But from 4(7)=13,602eV>4(H)=13,597¢V it follows that x1<u,. Therefore,
the two-nucleon magnetic cluster of a newt cannot consist only of neutrons, it must contain a
proton.

Since A(H)=13,597eV, A(D)=13,601eV, it follows that up=u,—e, where e«u,. And since
Hp=HyTHy, then either yy—e =un—p4, or ur — € = ur — un, i.e. Or Uy=244,—¢ OF LUp=¢.

If un=2up—¢, then, due to neutron diamagnetism, the magnetic moment vector of the single-
nucleon neutron magnetic cluster of the newt is directed in the same direction as the magnetic
moment vector of the neutron located in the two-nucleon magnetic cluster (Fig.1). In this case,



the electron in the stationary tritium atom located on the axis of the two-nucleon magnetic cluster
would be affected by the magnetic force repulsion generated by the total two-nucleon and
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one-nucleon magnetic fields, equal to ,[)’Tx%, where

Pr=2yue(pn—ttpy ki) =2yue(up—e+kun)=2yu(uptku,), where k> 0. In other words, in this case ur
would be greater than up. But from 4(7)=13,602eV>4(D)=13,601¢V it follows that gr<up. Due
to this contradiction, u,#2u,—¢; therefore, u,=¢.

If un=¢, then, due to the neutron diamagnetism, the magnetic moment vector of the single-
nucleon neutron cluster of the triton is directed in the same direction as the proton magnetic
moment vector (Fig.2). In this case, the total magnetic moment of the triton would be equal to
Uy tnthkun=pp—e+ke>up, which again contradicts the inequality xr<up, which follows from the
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experimental values of 4(7) and A(D).
Thus, a neutron is not a diamagnet. Therefore, the proton is a diamagnet.
Which of the relations u,=2up—¢ or uy=e«u, is valid if the proton is a diamagnet?

If the two-nucleon magnetic cluster of a triton consists of neutrons, then at x,=2u,—¢ the
proton magnetic moment vector, due to its diamagnetism, is directed in the same direction as the
neutron magnetic moment vectors (Fig.3). In this case, ur=2un+ku,>up, which contradicts the
experimental fact that zr<u,.

Fig.3

If the two-nucleon magnetic cluster of the triton contains a proton and ,=2x,—¢, then the
magnetic moment vector of the single-nucleon neutron cluster is directed in the same direction as



the proton magnetic moment vector (Fig.4). In this case, ur=un—kun +ky=2ppy—e—kup+ke=p,—e+
+(1=k)uptke>pu,—e=up. But the experimental data suggest that ur<up. Therefore, u,#2u,—¢.
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If uy=e«, and both neutrons are in a two-nucleon magnetic cluster, then the proton magnetic
moment vector is directed in the same direction as the neutron magnetic moment vectors. In this
case, we again arrive at the inequality ur=up+2ke>p, pup, which contradicts the experimental data.

If un=¢ and the proton is in the two-nucleon magnetic cluster of the newt, then the magnetic
moment vector of the single-nucleon neutron magnetic cluster is directed opposite to the proton
magnetic moment vector (Fig.5) and ur=u,—un—kun=up,—e—ke, which agrees with the inequality
following from the experimental data: yr<up.
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Thus, the proton is a diamagnet, the neutron is a paramagnet, u,«,, and the proton in the
triton is part of a two-nucleon magnetic cluster.

IV.1.3. Proton neutron composition
nucleon magnetic core cluster

How many protons can be in a nucleon magnetic cluster of a stable nucleus containing more
than one nucleon?

Among free two-nucleon systems, only one stable is known. This is a deuteron consisting of
one proton and one neutron. Neutron-neutron and proton-proton systems are unstable [5].

In a deuteron, nucleon forces and magnetic repulsion act; in a neutron-neutron system, the
same nucleon forces and magnetic attraction act. Therefore, the binding energy of a neutron-
neutron pair is greater than the deuteron binding energy. Therefore, the instability of a neutron-
neutron pair is associated with the instability of the neutron itself. It is well known that a free
neutron is unstable - it turns into a proton. The transformation of one of the neutrons into a
proton turns a neutron-neutron pair into a deuteron. After this, the second neutron loses its
instability. This means that the presence of a proton in a nucleon magnetic cluster, which is
a free deuteron, makes the neutron stable.

In the proton-proton pair, the same nucleon forces act as in the deuteron, but, in addition,
there is also electrical repulsion and stronger magnetic repulsion than in the deuteron. In this
regard, there are two logically possible reasons for the instability of the proton-proton pair. The
first is the decay of a pair under the influence of electric and magnetic repulsive forces. But it is
unlikely that in this pair the repulsive forces are so strong as to overcome the nucleon attraction.



Most likely, the second reason is realized - in the presence of two protons in the system, one of
them loses stability and transforms into a neutron.

Doubts in this matter were resolved purely experimentally when powerful proton accelerators
were created. The experiment showed that of two protons approaching 290MeV, one is
destroyed by a neutron and an antielectron (physicists mistakenly believed that this proton
decays into a neutron and positron). According to calculations of the theory of nonlinear
oscillations, this decay occurs when the distance between protons is 3,96:10 "m. And since,
according to Rutherford’s estimate, r,(2)=1,4-2"7-10"""m=3,52-10""m, in a proton-proton
system one of the protons self-decays into a neutron and an antielectron.

Thus, the proton in a two-nucleon cluster plays an extremely important role - it stabilizes the
neutron and is the cause of the instability of the second proton.

This takes place not only for two-nucleon clusters.

The results of studies conducted by the theory of nonlinear oscillations allow us to draw the
following conclusions:

- all neutrons of the nucleon magnetic cluster not containing a proton are not stable,
- all protons of a nucleon magnetic cluster containing more than one proton are not
stable
- all neutrons of a magnetic cluster containing one proton are stable,
- in a stable core, each nucleon magnetic cluster contains one and only one
proton.

Thus, the proton in the nucleon magnetic cluster of the nucleus stabilizes the neutron and is
the cause of the instability of any other proton of this cluster. It must be emphasized that the
proton possesses this property only in its nucleon magnetic cluster, and it does not possess this
property with respect to the nucleons of other magnetic clusters. For example, in the nuclei of T
and *He, none of the protons possesses this property with respect to the nucleons of another
cluster.

The findings are in good agreement with the fact that the number of neutrons in light nuclei is
on average equal to the number of protons, and with a nucleus heavier there is a regular increase
in the excess of the number of neutrons over the number of protons [6]. This is explained by the
fact that the bulk of the nucleon magnetic clusters of the nucleus are two-nucleon ones, and with
an increase in nucleus weight, three-, four-, ... nucleon magnetic clusters begin to appear.

IV.1.4. Relationships
-1 -1
.. . ”n”p and ”e!lp . . . .
Knowledge of these quantities is necessary to formalize the forces of magnetic interactions
between microobjects.

1V.1.4.1. The ratio ,u,.pp_l
To determine the magnitude of the ratio ,un,up*l, we use the expressions for the ionization
potentials of protium A(H)=0,5¢’8 "', where =2yuplte, and deuterium A(D)=0,50"pp ', where
Bo=2y(1ty—tn)tte. From the relation A(H)[A(D)] '=ppf '=1—unu, ' it follows that e, '=
1—A(H)[A(D)]"". Since A(H)=13,597eV and A(D)=13,601eV [4], ttnit, '=3-10"",

IV.1.4.2. The ratio ,ue,up_1
The relation ,ue,up_1 is denoted by 6. An estimate of # can only be obtained by analyzing
mathematical models of atoms containing more than one electron. The simplest of them are
neutral unexcited helium atoms and helium-like ions of heavier elements.



Helium-like ions are not suitable for obtaining such an estimate because of the multivariance
of the shape of their electron shell. Consideration of 3He atoms will not allow this goal to be
achieved due to the lack of experimental data on their ionization potentials and their resonance
lines. *He atoms remain.

The neutral *He atom has three different forms of the electron shell A, B, C (Fig.8, O is the
nucleus, @ is the electron). In Form A, one is located on each magnetic cluster of the nucleus.
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Fig.8 Schemes of forms of *He atoms

electron, In the form B the electrons are located on the same cluster, from different sides of the
nucleus. In the form C - on the same cluster, on the same side from the nucleus: in this atom, the
external electron is an order of magnitude further from the nucleus than the internal.

The atom (*He,A) is not suitable because the identification of the parameter € is impossible,
since the parameters y and y; in the description of the magnetic fields of protons, neutrons, and
electrons are unknown. The atom of form C is not known to physicists at all, and the
experimental data on its first ionization potential and on the frequency spectra of electromagnetic
radiation are also unknown, therefore it is impossible to use it to identify 6.

Only the atom (*He,B) remains. In the description of magnetism, there is no parameter y, for
this form of atom, and the presence of parameter y identifies # does not interfere. The
experimental values of the ionization potentials for the atom (*He,B) are unknown, but the search
in [3] for the necessary experimental value of the natural frequency of this atom was successful -
it turned out to be a frequency with a spectral line 1*=320.392A.

The identification procedure showed that the lines 2¥=320.392A correspond to 6#=8.372.

IV.1.5. Forms
magnetic fields
neutron, electron, proton
Based on the “classical” expression for the magnetic field vector [2], the theory of nonlinear
oscillations, using the identification procedure, found that the magnetic field strength of the
neutron is described by expression (1).

Hy =) (uar)rr =y ipaar > . (1)

This magnetic field can be called “wide-angle”, since the angular deviation of ¢ from the
axis of the magnetic field is included in (1) in the form of cos¢ in the first degree.

It turned out that the magnetic field of an electron is very different from the magnetic field of
a neutron, not only in the magnitude of the magnetic moment vector, but also in shape.
According to a complex identification procedure, the magnetic field of an electron is described
by expression (2), in which cosg is in a huge degree equal to 54. This narrows the magnetic field
of the electron so much that it takes very thin - spoke-like shape.

H=(rty)ueryr (cosp)r —pir e, )

Proton is a compound object. It is formed by a neutron and an anti-electron. Therefore, its
magnetic field consists of two components - a weak “wide-angle” neutron field and an extremely



narrow, much stronger anti-electron field, similar to an electron field. The intensity of this
strong narrow jet of the proton magnetic field is described by expression (2), in which g, is
replaced by u,,.

Why does the proton magnetic field have such a dual shape? Is it a coincidence? If you
recall the design of some modern homing systems, it becomes clear that this is not accidental.
Indeed, the “wide-angle” part of this field provides a wide field for the detection of electrons and
photons for their subsequent attraction to the axis of symmetry of the strong spoke-like part of
this field and their confident retention on the axis of symmetry of the general magnetic field of
the proton.

Since the proton is a neutron-antielectron system, when combining the magnetic fields of a
neutron and an antielectron, taking into account the paramagnetism of the neutron and the
diamagnetism of the antielectron, the relation z,=u.—1n=0,999961. should be satisfied. However,
according to the identification procedure, ,up=(971,ue=0,12,ue. How can this be explained?

Recall that the electron and the neutron are elementary objects consisting of large sets of
elements ether and having mercaptamine structures (Fig.9). The antielectron is the shape of the
electron and the proton is composite neutron-antielectron the micro-object (Fig.10). If you recall,
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Fig.9. Scheme of the electron and of the neutron
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Fig.10. Scheme of a proton

the answer, ridiculously, is simple. Indeed, in a whirlwind spiral of essential antielectrons jets
have a left-handed twist, and the neutron and right-handed. In the proton these external helical
jets directed towards each other. As a result, there is a decrease in mass of both micro-objects. At
the same time, reduced their electric charges and the intrinsic magnetic field.

IV.1.6. Why proton
composite neutron-antielectron system?

The transformation of a neutron into a proton led to the appearance, in the observation
chamber, of a system of two trace tracks. One is the trace of a proton, the other is an electron.
Without really thinking, it was apparently naive to think easier for them, physicists felt that they
saw traces of neutron self-decay. This version led to the erroneous hypothesis of the existence of
a neutrino.

Having promised the "golden mountains" by creating an ultra-long neutrino coupling and an
ultra-long neutrino telescope, physicists set about trying to fulfill their promises. More than half



a century has passed since then - no positive results. But the mass of "fake" - fundamentally
unverified explanations for failures.

When the indicated system of two tracks emanating from one point was discovered in the
observation chamber, it was easy to find that this system of tracks admits two different
interpretations. The most naive, the simplest, physicists took to the study, either without seeing,
or forgetting about the possibility of another version, according to which the observed picture is
explained by the collision of a photon with a neutron. True, then physicists did not know the
structure of the photon. But, "ignorance of the law does not exempt from liability for its failure
to comply."

When the theory of nonlinear vibrations revealed the structure of a photon. the two track
system received another explanation. It turned out that the proton appears not as a result of
neutron decay, but as a result of the neutron-photon, i.e. "Cold" synthesis.

It happens like this. A photon colliding with a neutron decays into a free electron and
antielectron. An electron, due to its diamagnetism, escapes from a neutron, and an anti-electron,
due to diamagnetism and the "negativity" of its mass, catches up with a neutron, due to the large
difference in their masses, and merges with it into a proton. That's all.

Note. Neutron-photon synthesis is the central link in the implementation of a truly “cold”
thermonuclear fusion, the understanding of the possibilities of which all world physics has been
struggling for so long and unsuccessfully.

IV.2. Nature
macroscopic diamagnetism and paramagnetism

Diamagnetism reigns in the microworld. Neutron paramagnetism in this respect does not
play a big role due to the fact that the magnitude of the magnetic moment of the neutron is four
orders of magnitude less than the magnitude of the magnetic moment of the proton (z4,=3- 104,up)
and five orders of magnitude less than the magnetic moment of the electron (u,=3,58- 1075,ue).
Paramagnetic substances reign in the macrocosm. Diamagnetic substances also exist, but are
much less common.

How are macroscopic diamagnetism and paramagnetism formed from microscopic
diamagnetism? To understand this, let us recall the experiments of Oersted, Faraday, Lorenz.

According to the first, naive perception of the result of Oersted's experiment, magnetic field
is born by the movement of electric charges. However, crout to broaden the scope of attention as
I recall that the motion of electric charge is required along with the motion of intrinsic magnetic
field. Further it is found that the true cause of excitation of magnetism in Oersted's experiment,
the movement of electric charges is not — it only masks, hiding from inattentive researcher, the
true cause of the movement of magnetic fields.

In this case, the flow of the source of the magnetic fields excites around itself a new,
mercaptobenzyl magnetic vortex with a left-handed twist of the helical magnetic jets.

Thus, in Oersted's experiment only works magnetism and electricity, without taking part in
this work is just a facade that hides the true causal event.

Physics somehow it's very long and hard to hide.

Faraday discovered that the movement of magnetic fields excites the reciprocal movement of
electric charges. If we expand the "angle of view", we find that in the Faraday experiment, just
like in the Oersted experiment, the motion of magnetic fields
ultimately excites the movement of new magnetic fields, which are followed passively by
electric charges.

According to the Lorentz experiment, these electric charges make movements that form, with
respect to the lines of the initial magnetic fields, a right-handed system.



IV.2.1. Macroscopic diamagnetism

There are two possible ways to excite macroscopic diamagnetism using an external magnetic

field.
°

The first method is that the atoms and molecules in crystals of certain substances may
possess some orientational freedom. Consequently, the external magnetic field can change the
orientation that the vectors of the magnetic moments of the magnetic clusters can form fairly
ordered structures close to each other directions of orientation [3]. As a result, can form ordered
macromagnitudes field (thick lines) that is directed opposite to the external magnetic field (thin
lines) (Fig.11). The reason that it is a macroscopic magnetic field directed opposite to the
external magnetic the field, is the diamagnetism of atoms and molecules of a substance.
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Fig.11. The external magnetic field and orderly
the system of magnetic cluster substances

Atomic diamagnetism is generated by the diamagnetism of electrons and protons, and its
existence, at least for inert gases, has received experimental evidence [3].

Another method i1s due to the fact that the excitation of macromagnetic fields occurs in
substances that are conductors of electric current. The interatomic and intermolecular niches of
such substances contain free electrons that are not part of atomic electron shells. Under the
influence of an external magnetic field, these free electrons can form many microcurrents.

The direction of electron motion in each single-electron microcurrent forms a right-handed
system with the direction of the intensity vector of the external magnetic field (Fig.12). In turn,
each such electron microcurrent creates a new magnetic field. And since the direction of motion
of the electron and the direction of the vector of intensity of the new magnetic field (double
lines) created by the movement of this electron form left-handed system, then the direction of the

Fig.12. External magnetic field and electron microcurrents

intensity vector of this magnetic field is opposite to the vector of the external magnetic field
strength (Fig.13).
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Fig.13. Electronic microcurrents and excited macrodiamagnetism

In some substances, such as, for example, bismuth, the occurrence of forced
macrodiamagnetism is indeed observed [3].

IV.2.2. Macroscopic paramagnetism

An external magnetic field can lead to an ordering of the system of atomic magnetic clusters
of magnetically active matter, and the magnetic fields of these clusters will be directed towards
the external magnetic field. But the magnetic field strength of an atomic magnetic cluster, in a
certain vicinity of the atom, exceeds the external magnetic field strength. This is because the
intrinsic magnetic fields of micro-objects are not uniform, but highly gradient. Therefore,
electric microcurrents from free electrons of a substance can be such that the direction of
electron motion forms a right-handed system with the intensity vector of the atomic magnetic
cluster (Fig.14), and the magnetic field excited by this microcurrent is directed opposite to the
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Fig.14. Magnetic clusters of matter and electron microcurrents

magnetic field of the atomic cluster (Fig.15), t.e. has the same direction as the external magnetic
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Fig.15. Electronic microcurrents and excited macroparamagnetism
This can explain the formation of excited macroparamagnetism.

IV.3. Permanent magnetism
In "classical" physics, due to an erroneous interpretation of the result of the Oersted
experiment (1821), the nature of magnetism is explained by dipole or current hypotheses.



In the study of permanent magnetism, the possibility of direct observation of its structure was
achieved, thanks to its visualization using iron filings (Fig.16, this is Figure 6a from [3]). This
led to the assumption that the magnetic field of a permanent magnet is formed by a dipole
source. This can be regarded as an argument in favor of the hypothesis of the existence of
magnetic monopoles. However, magnetic monopoles - quanta of magnetic "charges" are still not
found in practice. And the existence of indivisible quanta has been refuted experimentally [7].

Fig.16. Permanent Magnet Field

According to the current hypothesis, the magnetic field of a permanent magnet is formed due
to the orbital movements of atomic electrons. But atomic electrons are attached to their atoms
and cannot form dipole-like bunches on the pole parts of permanent magnets, as in Fig.16. If
this magnetic field were actually formed by atomic electrons, then it would be of a solenoidal
character (Fig. 17, this is Fig.9c from [3]).

Fig.17. Solenoid magnetic field

If permanent magnetism is formed by a system of microcurrents from free electrons of a
substance, the set of free moving electrons of a substance ceases to be attached to its
intermolecular niches and, under the influence of electric repulsion, is grouped in the vicinity of
the pole ends of a rod - a carrier of constant magnetism. A consequence of this may explain the
observed picture of the system of lines of force of a permanent magnet.

However, due to the resistance of the ether, the motion of an electron, without constantly
pumping energy into its motion, should be attenuated.

There is one last opportunity to reach an understanding of the reasons of stable existence of
permanent magnetism. This possibility stems from the fact that electric current is a movement
not only of electrons and antielectrons. In favor of this hypothesis are the results of the
experiment of Stern-Gerlach split by the beam moving "electrons", under the influence of a
strongly inhomogeneous external magnetic field on the electron beam, and a beam of
antielectrons.

Antielectrons are common in Nature as well as electrons. This is evidenced by the results of the
experiments on attitudes of Stern-Gerlach, in which the flow of "electrons" are divided into the



same flow of electrons and antielectrons. There is one independent, there is very widespread
evidence of the formation of photons during the combustion of various substances.

The behavior of antielectrons differs from the behavior of electrons only in strongly gradient
magnetic fields such as Stern-Gerlach fields. In homogeneous magnetic fields, their behavior is
indistinguishable from the behavior of electrons. Therefore, they, like electrons, can be found in
interatomic and intermolecular niches of matter.

Under the influence of an external magnetic field, free electrons and antielectrons contained
in intermolecular niches come into motion and can form electron-antielectron dipoles. These are
“slow” dipoles; in quantum physics they are known as Cooper paired electrons. The movement
of these dipoles can do without pumping energy from the outside. The curvature of their
trajectories occurs, as does the curvature of the trajectories of electrons, under the action of many
ordered atomic magnetic clusters, formed under the influence of an external magnetic field.

The base of the Cooper paired electrons is estimated to be about 10 °m. The base of “fast
dipoles” is 4-5 orders of magnitude smaller. Therefore, the "driving force" of the "slow" dipoles
is less than the "driving force" of the "fast" dipoles. Because of this, the speed of the “slow”
dipoles is 68 orders of magnitude lower than the speed of the “fast” dipoles.

Thus, “slow” photon dipoles can form undamped microcurrents in permanent magnets, grouped
in the vicinity of the pole ends of the permanent magnet.

IV.4. Ball lightning

Ball lightning is a luminous object of a spherical shape, floating freely in the earth's
atmosphere, and having a fairly high sensitivity to external disturbances. External influences
lead to explosive decay of ball lightning. It is also possible that a quiet, non-explosive cessation
of the existence of ball lightning, due to its complete "flashing".

Given the observed properties of ball lightning, it should be recognized that it is a localized
atmospheric object filled with many "slow" photons.

To understand how ball lightning works and works, you need to start with the fact that it
cannot exist without ionization of atmospheric gas. Ionization of atmospheric gas occurs most
actively when an especially strong increase in electric tension occurs near the pointed ends of
large plants [8].

For the formation of ball lightning, calm, calm weather and an object with a pointed end
containing an electric charge capable of ionizing atmospheric gases in a relatively small
neighborhood of the pointed end are necessary.

Each molecule of the atmospheric gas becomes, as a result of ionization, the Coulomb dipole
properties. In calm weather many of these molecules, these properties may be combined in a
compact localized system ( spherical shape with a relatively small but sufficient for its
existence, stability. Many axial lines of the own magnetic fields of the individual elements of the
system Q is merged in a complex network structure S.

The outer boundary G of the system Q is the sheath in which there are ball lightning. Net the
structure's magnetic field Q is the frame, which ensures the existence and functioning of ball
lightning.

The fireball itself is a set F of "slow" photons, a lot of "slow" electron-antielectron dipole
moving inside surface Inside surface G. G "slow" photons fall, leaving an electrically charged
object with a pointed end, in a neighborhood which is a system Q.

“Slow” photons in a free state move strictly rectilinearly. In a magnetic field S, which has a
network structure, the trajectories of the "slow" photons, under the influence of Lorentz forces,
are curved. This allows “slow” photons to remain inside the surface G for a rather long time.

The curvature of the trajectories of "slow" photons in ball lightning occurs in exactly the same
way as in permanent magnets. But in permanent magnets, the density of magnetic fields is
significantly higher than the density of these fields in the Q system. Because of this, in the
absence of external influences, the lifetime of "slow" photons in permanent magnets is



practically unlimited. The movement of "slow" photons in permanent magnets ceases during
shock or thermal external influences. In this case, “slow” photons decay into electrons and
antielectrons, which diverge in different intermolecular and interatomic niches of a substance
capable of the appearance of permanent magnetism.

In the gas system (O, the density of magnetic fields is significantly lower than in the
substance of permanent magnets. Therefore, “slow” photons are much worse retained in a
gaseous medium than in a metallic one. Because of this, they gradually leave the QO system,
which explains the observed long-term glow of ball lightning.

According to available evidence, even relatively small external influences can lead to
explosive decay of ball lightning. The reason for this is the rather low stability of the O system,
interconnected by electromagnetic interactions of ionized atmospheric gas molecules. As a
result of external influences, the bonds between the molecules of the O system can break down,
as a result of which the Q system breaks up into many unrelated ionized molecules. The network
structure S of the magnetic field of the system Q is also destroyed. Due to the decay of the
complex reticulate system S, the “slow” photons contained in G cease to be affected by the
Lorentz forces, which bend their motion paths. As a result of this, the trajectories of “slow”
photons become rectilinear, and they scatter from G in the form of explosive radiation.

Ball lightning can be formed not only in the vicinity of metal pointy objects, but also in the
vicinity of plant pointy objects. This is due to the fact that objects of plant nature contain, like
metals, not only electrons, but also antielectrons. Indeed, in the process of burning plant objects
in large quantities photons are formed - electron-antielectronic dipoles. In addition, all plants
develop due to photosynthesis based on the absorption and decay of photons into electrons and
antielectrons.

IV.5. Are there
smallest material carriers
magnetism?

This question is inspired, first of all, by the fact that macroscopic magnetism is created by the
movement of flows of micromagnetism carriers, as in the Oersted experiment, and the
micromagnetism of electrons and neutrons is created, in turn, by the movement of flows of ether
elements. Thus, the problem of the existence of the smallest material carriers of magnetism
becomes relevant.

This problem of magnetism is methodologically extremely similar to the problem of
atomism, thanks to which mankind has learned a lot about the properties of chemicals. Like the
atomism problem, it should be solved with the help of sequential division of the carriers of
magnetism. But physicists argue that their "common sense rebels against this" chain "" [9, p.12].
Moreover, Einstein [10] and modern Soros professors, objecting to the recognition of the reality
of even ether, argued their opinions, not giving any quantitative estimates, and referring only to
emotional perception, that the ether resistance should slow down the rotation of planets and
micro-objects in observation cameras.

And since physicists were ultimately incapable of solving the problem of the existence of the
primary sources of magnetism, the theory of nonlinear oscillations took up its solution. What
direction of research to choose to solve it? Let us analyze the ways to solve the problem of
atomism

IV.5.1. Hidden aspects
ideas of atomism
Recall that the problem posed by the idea of atomism was, first of all, to find out if there is
the smallest amount of a chemical element that has only its inherent properties, and if it exists,
then what is its structure.



The problem of atomism and its solution have shown themselves as an example of the
formulation and solution of scientific problems not only in the chemical discipline.

The theory of nonlinear oscillations, proceeding to the search for the smallest material carrier
of magnetism, found that its riddle, as well as the riddle of the existence and structure of the
atom, goes deep into matter. Therefore, its solution, like the solution to the problem of atomism,
can be achieved only can be achieved only by grinding matter, by revealing the structure of
matter in our Universe.

The problem of atomism was solved by "grinding" of chemical elements. The problem of
magnetism differs from the problem of atomism in that the problem of atomism is defined on
many chemical elements, and the problem of magnetism on many elements of matter.

The chemical element and the element of matter have one common property - maybe an
arbitrarily small, but finite extent.

Each material object consists of a finite set of smaller objects with finite lengths. Therefore, the
process of potential "grinding" of matter is unlimited.

IV.5.2. Structure
material World
in our universe

The properties of chemical elements are determined by the atomically structured set of
protons. neutrons and electrons, rigidly interconnected by various interactions. Free protons,
neutrons and electrons are not material carriers of these properties.

Thus, the elementary objects of the microworld in a bound state remain in the sphere of
influence of the idea of atomism, and in a free, purely individual state, they already behave as
objects. being in the sphere of influence only the ideas of the infinite divisibility of matter.

Studies conducted by the theory of nonlinear oscillations, found that in our universe, matter
consists of an infinite number of different levels Ly, £ =0,1,2, ..., differing from each other in the
lengths of elementary objects.

Level Ly consists of macrocosm and microcosm objects. Indeed, all objects of this level
form a continuous, up to the value of m,, mass spectrum. Elementary objects of this level are
electrons (and other electron-like micro-objects) and neutrons. All composite objects of this
level consist of different combinations of these elementary objects.

Recall that an electron and a neutron are elementary micro-objects, consisting of huge sets of
ether elements and having tornado-like structures (Fig.9), and a proton is a composite, neutron-
antielectron micro-object (Fig.10).

Level L, is the level of ether, in which electron-like and neutron-like elements of ether are
elementary with lengths several orders of magnitude smaller than the lengths of an electron and
neutron and with densities several orders of magnitude higher than the density of an electron and
neutron. Elementary objects of this level also have electron-like and neutron-like structures
consisting of elementary electron-like and neutron-like objects of level L,, the lengths of which
are several orders of magnitude less than the lengths, and whose densities are several orders of
magnitude higher than the densities of elementary objects of level L;.

Ete.

Sources of electromagnetic radiation evenly fill the "firmament". Radiation from these
sources freely reaches our planet. Wave and photon radiation can propagate only in the ether
medium. Therefore, ether densely fills our entire Universe. And since elementary objects of the
level Ly can exist only in a fairly dense environment of elements of the level, Ly, k=1, 2 ..., then
elementary objects of the levels Ly, £=2,3, just like the ether, are quite dense fill the whole
Universe.



So, matter in the Universe has an infinite number of levels of organization Ly, £=0,1,2.,3, ....
Each level Ly, k=1,2,3, ... has its own electron-like and neutron-like elementary objects,
consisting of huge sets of elementary objects of level Ly, and interconnected by tornado-like
magnetic vortices. Elementary objects of level Lk, while remaining finite, as k—oo, infinitely
decrease, filling the entire Universe fairly densely.

It follows from this that at each level Ly free elementary objects are the smallest carriers of
magnetism. And since free elementary objects of the Ly level infinitely decrease as k—oo, the
smallest finite carriers of magnetism in the Universe are absent.

The same can be said about the material carriers of other interactions.

Notes.

-From what has been said, it follows that all micro- and macro-objects in the Universe,
including us themselves, consist of infinitely decreasing, as k—oo, electron-like and
neutron-like elementary objects.

-From the depths of centuries, it dawned on us that the Aryans are the ancient ancestors of the
Indians, having the idea of the infinite divisibility of matter was considered to be illusory. In
modern physicists have got a good company.

Mup HeroTona 4

IV. MATHETU3M

B MATEPUAJIBHOM MUPE
)
IV.1. Crpykrypa
MaTepuajabHOoro Mupa
B Halueil BcesieHHOM
UToOB! BBISIBUTH CTPYKTYpPY MarepuaibHOro Mupa B Hamei BceneHHOH, HauHeM c uieu
aTOMM3Ma.

IV.1.1. Upes atomuzma
U npodJsemMa dGecnipenebHOM 1eJTUMOCTH MaTepHu

Wnes aromu3ma ObL1a HampaBlieHa Ha BBISIBICHHE HAaUMEHBIIETO0 MaTepHajIbHOTO OOBEKTa,
00712/1a101IET0 CBOMCTBAMHM XUMHUYECKOTO 3JIEMEHTa. DTOT TMIIOTETUYCCKUI OOBEKT MOIYYHIT B
TEe NaJeKue BpeMEeHa HauMEHOBaHME — aToM (Heaenumblii). [lo ero mmenn u ObLIa Ha3BaHa ATa
npobiema.

Wnest atTomMu3ma chirpajia HEOLIGHUMYIO POJb B M3YYEHHUH CTPYKTYpPhl MAaTE€pPHH, YCIEIIHO
3aBEepIIMBIIYIOCS OTKPBITUEM pEaJbHOTO aromMa W ero cocraBa. (Oxazajaoch, 4YTO aToOM,
JICHCTBUTENLHO, SIBISICTCS HAUMEHBIIMM OOBEKTOM, HECYIIMM TPU3HAKH XHMHYECKOTO
JJIEMEHTA.

OTnenbHBIE BJIEMEHTHI aTOMa - IPOTOHBI, HEUTPOHBI U IEKTPOHBI 3TUMH NPU3HAKAMU YyXKe
He obnanatoT. [loaTomy, crporo gopmanbHO, OHM B paMKH HAEU aTOMHM3Ma yxe He BxonsaT. Ho
MaTepHsi Ha HUX He KoHuanack. [loaTomy TpeboBanack HOBas pyKOBOAAIIAsT METOI0JIOTHYECKas
uzaesd, (opMmMHUpyolas OCO3HAHHOE HaNpaBlICHUE MJaJbHEHIIMX MCCIEJOBAaHUI YCTpOWCTBa
MaTepHH.

Takas unes Oputa chopmupoBaHa Ha 0a3e MOHATHS <IIPOTSHKEHHOCTH», B HESIBHOM BHJIC
MPHUCYTCTBOBABILIAS B HJee aTOMU3Ma M CONpPOBOXJaBlIas €€ Ha Bcex dramax. [IpoGiemy
aToMH3Ma MOXXKHO c(hOpMYIHpOBaTh Kak 3afady TOHWCKa OOBEKTa C HauMEHbIIEH
MPOTSKEHHOCTHIO, 00JAAIOMIET0 CBONCTBAMH XMMHUYECKOTO 3JIeMeHTa. A Tak Kak Jrooas
KOHEYHAasi MPOTSIKEHHOCTh MOXKET OBITh pa3duTa Ha KOHEYHOE MHOXKECTBO Oojiee MEJKHUX



KOHEUHBIX TPOTSHKCHHOCTEH, TO HJIes aTOMHU3Ma €CTECTBEHHBIM 00pa3oM IepeTekaeT B Ooiiee
o0m1yto ujero OecrnpenenbHON JeTUMOCTH MaTEPHH.

IV.1.2. Marepus:
OecnipenejbHasl 1eJIMMOCTh
U MHOTOYPOBHeBasi OPraHU3aLus

CpoiicTBa  XMMHUYECKMX  DJIEMEHTOB  ONPEACISIOTCA  aTOMHO--CTPYKTYPHUPOBAHHBIM
MHOXECTBOM TIPOTOHOB. HEUTPOHOB U DIEKTPOHOB, JKECTKO CBSI3aHHBIX MEXKIY COOOU
pa3IUYHBIMH B3aUMOACHCTBHSAMU. CBOOOIHBIC MPOTOHBI, HEHTPOHBI U AIEKTPOHBI HE SBISIFOTCS
MaTepruaIbHBIMU HOCUTEIISIMUA 3THX CBOMCTB.

Takum 00pa3oM, 3JeMEeHTapHbIe 00bEKTHl MUKPOMHUPA, OCTaBasICh. B CBSA3aHHOM COCTOSIHUH,
B cdepe BIUSHUS MW aTOMHU3Ma, B CBOOOJIHOM, YHCTO HHJIMBUIYaTbHOM COCTOSIHHH, BEIYT
ce0s yxe Kak OOBEKTbl. HaxoJfIiuecss B cdepe BIMSIHHUA TOJBKO HIeH OecrpenenbHon
JIEIIMMOCTH MaTEpHUH.

°

HccnenoBanus, mpoBeieHHBIE TEOPUEH HEIMHEHHBIX KOIeOaHui, 0OHApyKWIIM, YTO B HAIIEH
Bcenennoit marepusi, o0xamasi MHOTOYPOBHEBOHM OpraHu3alfiel, COCTOMT M3 OECKOHEYHOTO
MHOXKECTBA pas3IuYHbIX ypoBHeW Ly, £=0,1,2,..., oTiauyaromuxcs JApyr OT Jpyra
MPOTSKEHHOCTSIMU 3JIEMEHTAPHBIX 0OBEKTOB.

YpoBenb Ly cocTOUT M3 00BEKTOB MaKpOMHUpPa U MUKpoMHUpa. J[elHCTBUTENbHO, BCe OOBEKTHI
3TOrO0 YpPOBHS 00pPa3ylOT HENPEPBIBHBINA, C TOYHOCTHIO IO BEIMYMHBI M1, CIEKTP Macc.
OneMeHTapHbIMM ~ OOBEKTaMH  3TOIO  YPOBHS  SBISIOTCS  IEKTPOHBI (M Jpyrue
JIEKTPOHONOJO0HBIE MUKPOOOBEKTHI) M HEUTpOHBI. Bce cocTaBHbIE OOBEKTHI 3TOIO YPOBHS
COCTOAT U3 Pa3HbIX KOMOMHAIMH ITUX 3I€MEHTAPHBIX O0BEKTOB.

HanmomMHMM, 4YTO »3JIEKTpOH M HEUTPOH SBISIOTCS 3JIEMEHTAPHBIMH MHUKPOOOBEKTaMH,
COCTOSAIIIMMU M3 OTPOMHBIX MHOXKECTB 3JIE€MEHTOB 3(upa H 00IaTaromuX CMEepUernofo0HbIMU
cTpykrypamu  (puc.l), a TPOTOH SBISETCS COCTaBHBIM, HEHTPOH-aHTUAJIEKTPOHHBIM
MHUKPOOOBEKTOM (pHcC.2).

A)
%
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Puc.1. Cxembl a51eKTpoHA U HEUTPOHA

)

Puc. 2. Cxema npoTona

YpoBeHb L; 23TO YypOBEHb, B KOTOPOM DJIEMCHTAPHBIMU OOBEKTaMH  SIBJISIOTCS
AJICKTPOHOITOI00HBIE M HEHTPOHOIOJO00HBIE OOBEKTHI C MPOTSHKEHHOCTSIMU, HAa HECKOJBKO
MOPSIIKOB MEHBIIUMH, YeM MPOTSKEHHOCTH JJICKTPOHA M HEHUTpOHA M C IUIOTHOCTAMHM Ha
HECKOJIBKO TOPSAJIKOB MPEBBIIAIOIIMMA TUIOTHOCTH 3JIEKTPOHA M HEHUTpPOHA. DJIEeMEHTapHbIE
00BEKTHI 3TOTO YpPOBHSI Tak ke 00JalaloT AIIEKTPOHOMOJOOHBIMH W HEUTPOHONOJOOHBIMH



CTPYKTYpaMH, COCTOSIIUMH M3 DJIEMEHTAPHBIX 3JIEKTPOHOMOJOOHBIX M HEHTPOHOIOJA00HBIX
00beKkTOB ypoBHS L, , TPOTSHDKEHHOCTH KOTOPBIX Ha HECKOJIbKO TIOPSAKOB MEHbIIE
MPOTSHKEHHOCTEH, a TUIOTHOCTH KOTOPBIX HAa HECKOJIBKO TMOPSIKOB TMPEBBIIIAIOT TUIOTHOCTH
AJIEeMEHTAPHBIX 00BEKTOB YpOBHS L.
W Tak manee.
.

WcTOYHUKHM  AIIEKTPOMArHUTHOTO  HW3JyYEHUS PAaBHOMEPHO 3arlojHSIOT — «HEOOCBOMIY.
Nznydenue OT 3THX MCTOYHHUKOB OCCIPEMATCTBEHHO JOCTUTAIOT HaNly TUTaHeTy. BonHoBoe u
(OTOHHOE H3IIYUCHHUS MOTYT PAaCHpOCTPAHATHCS TONBKO B 3GuUpHON cpene, [lostomy adup
JIOCTAaTOYHO IIJIOTHO 3aIlOJIHSET BCHO Hamly BcemeHHyr0. A Tak Kak AJIEMEHTApHBIE OOBEKTHI
ypoBHSL Lii| MOTYT CYIIIECTBOBATh TOJBKO B JOCTATOYHO IUIOTHOM OKPYKCHHH 3JIEMEHTOB
ypoBHs Ly, ,k=1,2... , TO ¥ dyeMeHTapHble 00BEKThl ypoBHeW Ly, k=2,3 Tak ke, kak u 3Qup,
JIOCTaTOYHO TJIOTHO 3aMOIHSIOT BCO Beenennyro.

IV.2. Posb marneTusma
B MaTepuaJibHOM Mupe

Teopust HeMUHEHHBIX KoNeOaHW OOHApYKWJa, YTO MAarHETU3M B HKCIEPUMEHTE DpcTena
BO3HUKAET HE B Pe3yJbTaTe IBMKEHUS IJIEKTPUUYECKHX 3apsiIOB HOCUTEJEH TOKa, KaK CUMUTAeT
¢u3nka, a B pe3yiapTaTe JBMKEHHsSI COOCTBEHHBIX MAarHUTHBIX MOJIeH HOcUTenell Toka []. OTo
MOKA3aJI0, YTO MArHETH3M SIBIISIETCS CAMOCTOSITENIbHBIM SIBIICHUEM

.

OrneMeHTapHble  OOBEKThl BCEX  YpPOBHEH  OpraHu3alMd  MaTepud  CYLIECTBYIOT
UCKJIIOUUTENIbHO  Oylarojapst MarHUTHBIM  B3aMMOJAEHCTBMSAM B BUJAE€  MAarHUTHOTO
CMepUerno00HOr0 BUXpA. 3a UCKIIOUYEHUEM 3JIEMEHTapHBIX OOBEKTOB YPOBHS L( — 3JIEKTPOHOB
U HEUTPOHOB. AJIEMEHTapHbIE OOBEKTHI BCEX OCTAIBHBIX YPOBHEH COCTABHBIX CTATHYECKH
PaBHOBECHBIX 00BEKTOB HE 00pa3ytoT. OHM CYIIECTBYIOT HJIM B BU/I€ CBOOOTHBIX OOBEKTOB, WIIH
00pa3yroT JUHAMHYCCKA YCTOWYUBBIC CMEPUYENoIOOHBIC JJIEMEHTapHbIe OOBEKTHI OoJee
BBICOKOT'O YPOBHSI.

.

B Hameli BceneHHON ecTh €IMHCTBEHHBIM YpOBEHb OpraHU3allMM MaTepuH, COAEpKalIUi
COCTaBHbIE OOBEKTHI, 00JIAAAI0IINE YCTOWYMBBIM CTATHYECKIM PaBHOBECHEM. JTO ypOBEHb Lj B
KOTOPOM DJIEMEHTApHBIMH SIBIISIFOTCS JIEKTPOHOMOJ00HBIE MHKPOOOBEKTHI M HEUTpOoH. Bcee
COCTaBHbIE OOBEKTHI ATOTO YPOBHS, KpPOME IMPOTOHA U AHTUIPOTOHA, OOPA30BAHBI COBMECTHBIM
y4acTUeM, B HX CO3[JaHUM, MAarHUTHBIX M IPYrHX B3auMonelcTBUM. IIpoToH M aHTUIPOTOH
SBJIAIOTCS.  €IMHCTBEHHBIMH, HEWTPOH-aHTURJEKTPOHHBIM M  HEHTPOH-aHTUIIO3UTPOHHBIM
00BbEeKTaMH,  OOS3aHHBIMH ~ CBOMM  CYIIECTBOBAaHHEM  OJHHMM  TOJBKO  MarHUTHBIM
B3aNMOJICHCTBHUSIM.

IV.3. Marderusm B MUKpoOMHpe
Jns nocTuKeHus JeTaabHOTO MOHMMAaHMS YCTPOWCTBA COCTaBHBIX OOBEKTOB YpOBHS L,
HY)KHO 3HaTh XapaKTep MarHeTu3Ma 3JIeKTPOHa, HEUTPOHA U MPOTOHA.

IV.3.1. lmamMmaraeTusM 3JieKTPOHA

CoBpemeHHass (U3MKa MHUKpPOMHpAa HHYEro HE 3HaeT O TOM, MapaMarHeTUKOM WM
JTMaMarHeTUKOM SIBIISIETCS 3JIEKTPOH, T.. NPUTSDKEHHE WM OTTAJKMBAHME OH HCIIBITHIBAET B
MarHUTHOM B3aUMOJAEUCTBHM C JAPYrHM MHUKPOOOBEeKTOM. I[loaTOMy NpHUXOAMTCS, BMECTO
(¢u3uKN, UCKATh MYTH BBISBICHUS MAarHUTHBIX CBOMCTB 3seKTpoHa. Kak 3TO HM CTpaHHO, HO
YIUBUTENBHO, UTO B (PU3HUKE STOT BOMPOC AaKe HE CTaBUIICsA. MIHTepecHO OBl OJTYYHUTh OTBET HA
BOIPOC — KaK TAKOE MOXET OBbITh B JUCLMIIMHE, CUMTAIONICH ce0sl HAayqHON?

MHe He Uu3BECTHBI SKCIIEPUMEHTHI, B KOTOPBIX BBIACHSJIUCHL OBl MarHUTHBIC CBOMCTBA
anekTpoHa. OJHaKO, He M3BECTHBI M HKCIEPUMEHTHI, B KOTOPHIX (DMKCHPOBAIOCH OBl CIUSHUE
JIBYX 3JIEKTPOHOB B OJIUH MUKPOOOBEKT C AIEKTPUUECKUM 3apsaIoM (—2e).



HTak, paccMOTpUM J1Ba IEKTpOHA. MKy HUMH CYIIECTBYET 3JIEKTPUUECKOE OTTAJIKUBAaHHUE
BETMUHMHBI (X ~, TJE 0=e, X — PACCTOSIHHE MEXIy dIeKTPOHaMH. MarHHTHOE B3aMMOJCHCTBHE
MOPOXKIAEeT CUITY, BEIMYMHA KOTOPOH, cornacHo [1], paBHa 6,uezx4.

Ecnu snexTpoH mapamarHeTWK, TO MEXKIY ABYMS 3JCKTPOHAMHU JE€HCTBYeT MarHMTHOE
npuTsbKeHue. B 3ToM ciyuae, cyuiecTByeT x=xo Takoe, YTO MpPH X>X) COBOKYIHOE JeHCTBHE
JIEKTPUYECKOTO OTTAJIKUBAHUSA U MarHUTHOTO NPUTSHKEHUS MOPOXKJIAET CUJIbl OTTAJIKMUBAHUS, a

2 2. 4
pu x<X( — CHJIBI IPUTSDKEHUS. BenmnunHa X onpenensieTcss COOTHOIIEHUEM: aXg =Oue Xo W

paBHa x0=\/€ ,ueefl. Tak  kak ,ue=9,274'107213pr-1“c71 [2], TO xo=4,73'10713M. Paguyc
3JIEKTPOHA OIIEHUBAETCS BEITUYHMHON 7”622,8'10715M. CnenoBatenbHo, x¢p=1707r., 1 3IEKTPOHBI,
COJIM3MBIIMCH JI0 PACCTOSTHUS X<X(, MOTYT, ITOJI BIMSIHUEM COBOKYITHOT'O 3JIEKTPOMArHUTHOTO
MPUTSDKEHUS, CKOJUTATICUPOBATh APYT HA Ipyra, 00pa3oBaB CTAOMIBHBIH MUKPOOOBEKT C MAaccoit
2m. ¥ DIEKTPUIECKUM 3apsiioM (—2e).

J1y1st TOro, 4TOOBI AIEKTPOHBI MOTJIH COJIM3UTHCS JIO PACCTOSTHUSI X=X(, HEOOXOUMO, YTOOBI
WX CyMMapHas SHepTHsl COMMKeHUs Obljla paBHA

[0.0)
[(oox *—6pc*x )dx=2029,2485B.
X0

DTa BelMYMHA MEHbIIIE SHEPTUN UOHHU3AINH BOIOPOOIOT00HOTO HOHA allfoMUHus [3].

Bo3moxHO Takke oOpa3zoBaHHe OOBEKTOB ¢ Maccou 3m. W 3apsyioM (—3e) U 0O0BEKTOB C
Maccoit 4me v 3apsaom (—4e), HO Ui MX 00pa3oBaHMS MOTPEOYETCs, €CIIM Ha TAKUX PACCTOSHUIX
MMEET MECTO CYIEPIO3UIMsI MAarHUTHBIX TOJNEH, BIBOE W BYETBEpO (WM BTpoe) OOnbmias
9HEPrus COIMKEHNsI COOTBETCTBEHHO.

Ha nabnrongatrenbHBIX yCTaHOBKAaX OOBEKTHI C MAacCcol ke M DIIEKTPUUECCKUM 3apsiioM (—ke),
k=2,3,... He 3adpukcupoBanbl. CreaoBaTeNbHO, OTCYTCTBYIOT  JKCIEpUMEHTAIbHBIC
CBUJICTENILCTBA TOTO, YTO MEXKAY JBYMS CBOOOJHBIMH DJIGKTPOHAMHU JICHCTBYIOT CHUJIBI
MarHMTHOTO MPUTSKCHUS.

Tak kak JOMyIIEHWE, YTO MEXKAY CBOOOJHBIMH OJJIGKTPOHAMHU JIEHCTBYET MAarHUTHOE
OTTAJIKMBaHWE, HE MPOTHBOPEUUT HAOIIOJATEILHBIM JaHHBIM O B3aUMHOM OTTAJIKHUBAHUH JIBYX
CBOOOJHBIX JJIEKTPOHOB, TO, MpPH pa3pabOTKE OCHOB «KJIACCHYECKOW» TEOPHH MHUKPOMHPA,
MPABOMOYHO MCXOJIUTh U3 TOTO, YTO DJICKTPOH SIBJIICTCS JIMAMATHETUKOM.

.

B xome pa3BUTHS «KJITACCHYECKOW» TEOPHM MHUKPOMHpA TIONYYeHBI yOeIHUTEIbHBIC
JIOKA3aTeNbCTBA TOTO, YTO OJIeKMpoH sasisemcs ouamazHemuxom. llpu 3ToM, ynanoch
YCTaHOBUTH, YTO JIJIsI COMIKEHUS IBYX CBOOOJHBIX AJIEKTPOHOB JIO PACCTOSIHUHN KOJUIaIica, eciiu
Obl OHM OBITM MapamMarHeTUKaMH, JIOCTATOYHO ObUIO Obl CyMMapHOW DHEPIHH UX COJMKCHUS B
1,635B.

IV.3.2. iluamardeTusm npoToHa,
napaMarHeTusM HeliTpoHa

CormacHO KBaHTOBBIM MPE/ICTABIEHUSM, MAarHUTHBIE MOMEHTHI TIPOTOHA W HEUTPOHA UMEIOT
MMPOTHBOIIONIOKHBIE 3Haku [2]. B «kilaccnueckol» TEOPHUH MArHUTHBIH MOMEHT SIBIISIETCS
BEKTOPHON BenWuuMHOU. Ero Moayib — BeIMUYMHA MOJIOKUTENbHAs. [103TOMy, ¢ TOUKH 3peHHUs
KJIACCUYECKUX TMPEACTABICHUI, MPOTUBOIOJIOKHOCT, 3HAKOB MATrHUTHBIX MOMEHTOB B
KBAaHTOBOU TEOPUHU MOKET 03HAYaTh, UTO WJIK MIPOTOH, WJIX HEUTPOH SIBIISIETCS] TUAMArHETUKOM.

UTO0OBI 3TO BBISICHUTH, PACCMOTPUM aTOMBI MIPOTHS, IEHTEPUS U TPUTHS M MOTCHIMAIBI UX
nonusaumu A(H), A(D) n A(T):

A(H)=0,5¢*8"", A(D)=0,5¢Bp ", A(T)=0,5¢*61 ", (1)



e f=2ypple , fo=2Ypntte, Pr=2y11le.

BenuunHbl MarHUTHBIX MOMEHTOB IPOTOHA, NEWTPOHA U TPUTOHA WUp, Up U [T BXOIAT B
BBIpXEHUS JUJIsl TOTEHIMaNoB woHuzanuu npotust A(H), nedtepuss A(D) m tputus A(T).
DKcrnepuMeHTAlIbHbIC 3HAYCHHS ATHX MMOTSHIIMAJIOB MOHM3auu u3BecTHHI [3]: A(H)=13,5973B ,
A(D)=13,6015B , A(T)=13,6025B.

.

CHavayia obparumMes K aeitpoHy. OH COCTOUT M3 MPOTOHA M HEUTPOHA M 00JIaJaeT OJHUM
JBYXHYKJIIOHHBIM ~ MAarHMTHbIM  KJIacT€pOM  TaKuM,  4YTO  Mp=pMpytu,.  Tak  Kak
A(D)=13,601>B>A4(H)=13,5973B, 10 fp<p, T.€. up<pp. Clie10BaTEILHO, BEKTOPHI My U fiy UMEIOT
MPOTHBOTMOJIOKHBIC HAIIPABJICHUS. DTO TOBOPUT O TOM, YTO WM 00a 3TH HYKIIOHA, WIIK KaKOH-TO
OJIMH U3 HUX — JUaMarHeTHK.

.

JomycTuM, auamMarHeTUKOM SIBJsieTcs HEUTpoH. /[t mpOBEpKH ATOro MpenosIoKeHHUs
paccMoTpuM sipo TpuThss. OHO COCTOUT U3 OJIHOTO TIPOTOHA U JIBYX HEUTPOHOB. ETro HYKJIOHBI B
YCTOWYMBOW CTATHYECKH PABHOBECHON KOH(MUTYPAIIMH PACTIONOKEHBI B BEPIIHMHAX MPABUILHOTO
TpeyrojibHUKa. TpPUTOH 00JajaeT OJHUM JBYXHYKIIOHHBIM W OJIHUM OJIHOHYKJIOHHBIM
MAarHMTHBIMH KJacTepaMH, BEKTOPbl MAarHUTHBIX MOMEHTOB KOTOPBIX PACIOJIOXKECHBI Ha
MapauIeIbHBIX MPSIMBIX.

HelTpoHbI-qaMarHeTUKH HE MOTYT TMPUHAIEKATh 00a JBYXHYKJIOHHOMY MarHUTHOMY
KJIacTepy TPUTOHA, TaK KaKk B 3TOM CIIy4ae MX MarHUTHBIC TIOJISI HEHTpaIM30Baiu ObI IpyT apyra
U MarHUTHBIA MOMEHT TpHTOHa Obul ObI paBeH up,. Ho u3 A(7)=13,6025B>A4(/H)=13,597>B
ClefyeT, 4TO ur<up. [109TOMy NBYXHYKIOHHBI MAarHUTHBIM KJacTe€p TPUTOHA HE MOJKET
COCTOSITh TOJIBKO M3 HEUTPOHOB, OH JIOJIKEH COJIEPIKATh TIPOTOH.

Tax xax A(H)=13,5973B, A(D)=13,6013B, T0 up=up—e, A€ £¢ltp. A TaK KaK pp=pptp,, TO
WM [y—€ =lUn—[p , WIN fpy—E =~y ,T.€. WIN Un=2{lp—E UM [n=E.

Ecmn  py=2p,—¢, TO, B CHIy JAUMaMarHeTH3Ma HEHTpPOHA, BEKTOP MAarHUTHOTO MOMEHTa
OJIHOHYKJIOHHOTO HEHTPOHHOTO MarHMTHOTO KJIACTepa TPUTOHA HANpaBlieH B Ty K€ CTOPOHY,
YTO M BEKTOP MAarHUTHOIO MOMEHTA HEHTPOHA, HAXOJSIIEroCs B JBYXHYKJIOHHOM MarHUTHOM
kiactepe (puc.3). B atoM cimydae, Ha 37EKTPOH B CTAI[AOHAPHOM aTOME TPUTHS, HAXOSITUNCS
Ha OCH [JBYXHYKJIOHHOTO MAarHUTHOTO KjacTepa, JeicTBOBajla OBl CHJIAa MarHUTHOTO
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OTTAJIKMBAHUS, MOPOXKAaeMasi CyMMapHbIM JBYXHYKIOHHBIM U OJHOHYKJIOHHBIM MarHUTHBIMU
NOJSIMH, paBHast frx ¥, e Sr=2yue(tn— ki) =2yue(ty—e+kitn)=2yue(untki,), rae k>0. Nnpivu
CJIOBaMH, B 3TOM ciiy4ae urt Obu1o Obl OoJbIe, ueM up. Ho u3 A(T)=13,6025B>A(D)=13,601>B
CIIENIYET, YTO (1<(p. B CHIly 5TOr0 NpOTUBOPEYHS UnF2Up—¢ , CTIENOBATENBHO, [h=¢ .

Ecmu  w,=¢, TO, B CWIy nOmMamMar€eTh3Ma HEHTpPOHA, BEKTOpP MAarHUTHOTO MOMEHTa
OJTHOHYKJIOHHOTO HEHTPOHHOTO KJIacTepa TPUTOHA HAINpaBIIEH B TY K€ CTOPOHY, YTO U BEKTOP
MarHMTHOTO MOMeEHTa mpoToHa (puc.4). B arom ciyyae cymmapHas BelWYMHA MarHUTHOTO
MOMEHTa TPUTOHA OblIa OBl paBHA L, UnThkun=up—etke>up, 4TO ONATH XKe
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MPOTUBOPEYUT HEPABEHCTBY 4T<({p, BBITEKAIOIIEMY U3 JKCIepUMEHTaNbHbIX 3HaueHuil A(7) u
A(D).

Takum  oOpa3oM, HeHTpOH He sBjAsAeTcss AuamMartHetukom. (CremoBarenbHO,
AUAMATHETUKOM SIBJIsIeTCS IIPOTOH.

.

Kakoe wu3 cOOTHOMmIEHMH — py=24,—¢ WIN Un=E«, CIPABEAIHBO, €CIIM JHAMarHETHKOM
SIBJISIETCS] IPOTOH?

Ecny 1ByXHYKJIOHHBIM MarHuTHBIM KJIacTep TPUTOHA COCTOMT W3 HEHUTPOHOB, TO IpH
Un=2/ly—€ BEKTOP MarHUTHOI'O MOMEHTA IMPOTOHA, B CUIly €r0 AMaMarHeTH3Ma, HallpaBJeH B Ty
K€ CTOPOHY, YTO M BEKTOPhl MAarHMUTHBIX MOMEHTOB HEHTpOHOB (puc.5). B artom cmywae ur
=24y tkpt>1tp , YTO IPOTUBOPEYHUT TOMY IKCIIEPUMEHTANBHOMY (aKTy, UTO UT<(y .

Puc.5

Ecnyn 1BYXHYKIIOHHBI MAarHUTHBIA KJIACTEp TPUTOHA COAEPKHUT IMPOTOH MU Un=2Up—€ , TO
BEKTOP MAarHMTHOTO MOMEHTa OJHOHYKJIOHHOTO HEHTPOHHOI'O KjacTepa HalpaBleH B Ty e
CTOPOHY, YTO W BEKTOP MarHUTHOTO MOMEHTa NpoToHa (puc.6). B stom ciywae ur=un—ki,
+huy=2u,—e—kuytke=p,—et+(1=k)uytke>pu,—e=up . Ho sxcnepuMeHTanbHble AaHHBIE TOBOPAT O
TOM, 4TO ur<tp . CIe10BATENBHO, UnF2/lp—E.
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Ecan Mn=EUp H o00a HeﬁTpOHa HaxXoIATCA B JABYXHYKIIOHHOM MAarHuTHOM KJACTEpE, TO
BCKTOP MAruHuTHOI0O MOMCHTA IIPOTOHA HAIIPABJICH B TY K€ CTOPOHY, YTO U BEKTOPbI MAIrHUTHBIX



MOMEHTOB HEUTPOHOB. B 3TOM cilydae Mbl OISTH NPUXOAUM K HEPABEHCTBY ur=pt2ke>u, ,
NPOTUBOPEYAIIEMY SKCIIEPUMEHTATIBHBIM JIAHHBIM.

Ecnu xe (y=¢ W TPOTOH HAXOAMTCS B JBYXHYKIOHHOM MarHUTHOM KJacTepe TPUTOHA, TO
BEKTOP MarHUTHOTO MOMEHTA OJJHOHYKJIOHHOTO HEHTPOHHOT'O MarHUTHOTO KJIacTepa HarpasjieH
IPOTHBOIIOJIOKHO BEKTOPY MarHMUTHOTO MOMEHTA NPOTOHA (pUC.7) M ut=p—pn—kun=ty—c—ke ,
YTO COTJIACYETCS C BHITEKAIOUINM U3 AKCIIEPUMEHTAIBHBIX JAHHBIX HEPABEHCTBOM: UT<UD .
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Takum 00pa3oM, NPOTOH — IHAMArHEeTHK, HEHTPOH — MapaMarHeTHK, My«Hp, 2 IPOTOH B
TPUTOHE BXOAMT B COCTAB JIBYXHYKJIOHHOIO MATHUTHOI0 KJacTepa.

IV.3.3. IIpoTOH-HEeHTPOHHBIN COCTAB
HYKJIOHHOT'0 MATHHTHOI0 KJIacTepa siipa

CKOJIBKO TPOTOHOB MOXET HaXOIUThCS B HYKJIOHHOM MAarHUTHOM KiacTepe CTaOMILHOTIO
Aapa, cozeprKaiieM 0ojee 0THOTo HyKJIoHa?

Cpenu cBOOOAHBIX JBYXHYKJIOHHBIX CHCTEM H3BECTHA TOJBKO OJHA CTa0WibHas. JTO —
JIEUTPOH, COCTOSIINI U3 OJJHOTO MMPOTOHA U OJTHOTO HEWTpOoHA. HENTpOH-HEUTPOHHAS U TPOTOH-
MPOTOHHAS CUCTEMBI HECTAOUITBHEI [4].

B neliTpoHe [EHCTBYIOT HYKJIOHHBIE CWJIBI W MarHUTHOE OTTAJIKMBAaHHWE, B HEHUTPOH-
HEHUTPOHHOW CHUCTEME JEHCTBYIOT T€ K€ HYKJIOHHBIE CHJIbI U MAarHUTHOE MPUTSIKEHHE. 3HAYUT,
SHEPTHs CBSI3W HEUTPOH-HEHTPOHHOW Tapbl OOJbIIEe YHEPTHH CBA3M JeiTpoHa. CrenoBaTenbHO,
HeCTaOUIILHOCTh HEHTPOH-HEHTPOHHOW Mapbl CBs3aHA C HECTAOMIIBLHOCTHIO CAMOTO HEWTPOHA.
XOopouio H3BECTHO, YTO CBOOOJHBIH HEHTPOH HECTaOMJIeH — OH IPEeBpallaeTcsi B IMPOTOH.
Tpancdopmarust 0AHOro U3 HEUTPOHOB B NMPOTOH IpEBpallaeT HEUTPOH-HEHTPOHHYIO Hapy B
neiitpon. Ilocie 3Toro, BTOpoil HEUTPOH TepsSeT CBOIO HECTAOMIIBHOCTb. DTO O3HAYaET, UTO
NMPHUCYTCTBHE POTOHA B HYKJIOHHOM MAarHUTHOM KJIacTepe, KAKUM U SIBJISIeTCS] CBOOOIHBIH
AeHTPOH, AeJIaeT HeHTPOH CTA0WIbHBIM.

B npoToH-poTOHHON Nape NEHCTBYIOT T€ K€ HYKJIOHHBIE CHIIBI, YTO M B JEHTPOHE, HO,
KpOMe TOro, MMEETCsI eIlle 3JIEKTPHUUECKOe OTTAJKMBAHHE M Oosee CUIbHOE, YeM B JCHTPOHE,
MarHMTHOE OTTAJIKUBaHUE. B CBA3M ¢ 3TUM, CYIIECTBYIOT JIBE JIOTHYECKH BO3MOXHbBIEC PUUMHBI
HECTAaOMJILHOCTH MPOTOH-TIPOTOHHOW mapel. IlepBas — pacmam mapel 1mojx  JAEHCTBHEM
AJIEKTPUYECKUX MU MarHUTHBIX CHJI OTTasIKuBaHus. Ho Bpsia i B 3TOi mape cuibl OTTAJKUBAHUS
HACTOJIbKO CHJIbHBI, YTOOBI NPEOA0JIETh HYKIOHHOE mpuTshkeHne. Ckopee BCero, peaan3yercs
BTOpass MNpHUYMHA — B TPUCYTCTBUM B CHUCTEME JIBYX IPOTOHOB, OAMH W3 HUX TEPSET
CTaOUIBLHOCTD U TPaHC(HOPMUPYETCS] B HEUTPOH.

ComMHEHHMSI B ATOM BOIIpoce OBbUIM pa3pelieHbl YHCTO SKCIEPUMEHTaIbHO, KOrAa ObLIH
CO3JaHbl MOILHBIE YCKOPHUTEIM IPOTOHOB. DKCIEPUMEHT II0Ka3all, 4TO U3 JIByX IIPOTOHOB,
conmmxarommxcs ¢ 3epruei 290M»aB, oauH paspyiiaeTcst Ha HSUTPOH U aHTHAIIEKTPOH ((DU3HKH
OIMOO0YHO MOCYUTAIM, YTO 3TOT MPOTOH pacragaercs Ha HEHTpoH u mo3utpoH). Ilo pacueram
TEOPHH HEJMHEHHBIX KOJeOAHHUH, ITOT pacnaj MPOUCXOIUT MIPHU PACCTOSHUHM MEXKYy TPOTOHAMH,



paBHOM 3,96 10 °M. A Tak Kax, 1o ouerke Pesepdopa, r4(2)=1,4-2"7-10"°m=3,52-10"""m, 10 B
[IPOTOH-IIPOTOHHOH CHCTEME OJUH U3 IPOTOHOB CaMOPAaCIalaeTcsl Ha HEUTPOH U aHTUJIEKTPOH.
Taxkum 006pa3oM, MPOTOH B ABYXHYKJIOHHOM KJacTepe UIPaeT MCKIIUYHTEIbHO BAKHYIO
PoJib — CTAOWJIM3MPYeT HEHTPOH M SBJSAETCA NPUYNHON HeCTAOMJIBLHOCTH BTOPOIrO
NPOTOHA.
OTO UMEET MECTO HE TOJIBKO Ul JIBYXHYKJIOHHBIX KJIaCTEPOB.
.
PesynpTarhl mccnenoBaHuil, MPOBEACHHBIX TEOPUEH HETMHEWHBIX KOJCOAHWH, MO3BOJISIOT
CIENIaTh CICAYIOLIUE BBIBOIBIL:
- BCE HEUTPOHBI HYKIIOHHOT'O MarHUTHOTO KJIaCTepa, He COAEPIKAIIETo NPOTOH, HE CTA0MIIbHBI,
- BCE NMPOTOHBI HYKJIOHHOT'O MarHUTHOT'O KJIacTepa, COJepKallero 6onee 0JHOro NpoToHa, He
CTaOUJIBHEL,
- BCE HEUTPOHBI MArHUTHOT'O KJIaCTepa, COJIEPKAILEro OANH IPOTOH, CTAOMIIbHBI,
- B CTAa0MJIBHOM $iIp€ KayKAbIil HYKJIIOHHBIM MarHUTHBIM KJIaCTep COJEPKHUT OJIUH U TOJIBKO OJIUH
IPOTOH.

Takum 00pazom, TPOTOH B HYKJIOHHOM MarHUTHOM KJIacTepe spa CTaOWIM3HpyeT HEHTPOH
U SIBIISIETCS] TPUYMHON HECTAOMIBHOCTH 0000 IPyroro MpoToHa 3Toro kiacrepa. Heodxoanmo
MOIYEPKHYTh, YTO TAKUM CBOHCTBOM MPOTOH 00J1a/1a€T TOJHKO B CBOEM HYKJIOHHOM MarHUTHOM
KJIacTepe, 10 OTHOIICHHUIO K HYKJIOHAM JPYI'MX MarHUTHBIX KJIACTEPOB OH TAaKUM CBOMCTBOM HE
o6manaer. Hanpuwmep, B siapax T u >He HE OJMH U3 IPOTOHOB He 00a1aeT STHM CBOFCTBOM I10
OTHOILIEHMIO K HYKJIOHAM JIpyTroro KjiacTepa.

.

[Tonmy4yeHnHbIe BEIBOABI XOPOIIO COTJIACYIOTCS C TeM (PAKTOM, YTO B JIETKHX SApax KOJTUYECTBO
HEHUTPOHOB B CPEJIHEM pPaBHO KOJHUYECTBY IPOTOHOB, & C YTSDKEJICHUEM siipa IMPOUCXOIUT
PeryJsIpHBIA POCT MPEBBIMICHHUS YMCIIa HEUTPOHOB HAJl YMCIOM MPOTOHOB [5]. OOBsICHIETCS 3TO
TE€M, YTO OCHOBHAs Macca HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB sipa — JABYXHYKIIOHHBIE, a C
VTSDKETICHUEM Sijpa HAYMHAIOT MOSBJSITHCS TPEX-, YEThIPeX-,... -HYKJIOHHBIE MAarHUTHBIC
KJIaCTEPHI.

1V.3.4.BeJHuUnHLI OTHOLIEHU
-1 -1
Hnllp W Uellp
3HaHMEe 3TUX BEJIWYMH HYKHO JUIsl (POpMaTM3aIii CUJI MAaTHUTHBIX B3aMMOJICHCTBHIA MEXTY
MHUKPOOOBEKTAMH.

IV.3.4.1. OTHomIEHUNE ,un,up_l
Jns ompeneneHus BETWYWHBI OTHOIICHHUS ,un,up_1 BOCIIONIb3yeMCsl BbIpakeHusMu (1) st
MoTeHIHaNoB HoHmsaun npotust A(H)=0,5¢’4"", rue ﬁ=2yu1pye, u neiitepus  A(D)=0,50fp ',
rae fo=2y(up—un)tte. M3 cooTHOmEHMS A(H)[A(D)]_1=ﬁD,B_ =1—,un,1,cp_1 CIIEIyeT, YTO ,un,up_l=
1-A(H)[A(D)]"". Tak xak A(H)=13,597B , A(D)=13,6015B [3], T0 ,unypfl=3‘ 10,

1V.3.4.2. OTHOIIEHHE 111, |

OTtHomeHue ,ue,up*l 00o03HaunM uepe3 . OueHKYy BEIWYUHBI  MOXKHO MOJIYYUTh TOJIBKO C
MOMOIIBIO aHATN3a MAaTEeMaTHYECKIX MOJIEeld aTOMOB, COJIepKalIiX 0oJee OJIHOTO dJIEKTPOHA.
[MpocreiimiMyu W3 HUX SBISIOTCS  HEUTpajbHBIE HEBO30YXJICHHBIC aTOMBI TelmUs U
resmenoIo0HbIe HOHBI 00JIEE TSKEIBIX JIEMEHTOB.

I'enmrennooOHbIe MOHBI ISt TIOTYYIEHUS TAKOH OIEHKH HE TOAATCS M3-32 MHOTOBAPUAHTHOCTH
(hopMBI UX FITEKTPOHHOM 000JI09KH. PaccMoTpenne aToMoB 3He He MO3BOJIUT JOCTHYb STOM LK
M3-32 OTCYTCTBUS OKCHEPUMEHTAIBHBIX JaHHBIX 00 WX TOTCHIMANaX WOHU3AIMH H HX
Pe30HAHCHBIX JHHIsX. OcTatoTces aTomsl *He.



Heiirpanbrbrii atom *He umeer Tpu pastbie GopMBI 2IIeKTpoHHO 06omnoukn A,B,C (puc.8, O
— SIApO, ® - IIEKTPOH). B popme A Ha KakJOM MarHUTHOM KJIacTepe s[pa HaAXOAUTCS IO OHOMY

O o |, o O ¢ , O e °

Pric.8. Cxembl (opm atomos *He

ANIEKTPOHY, B popme B 31eKTpOHBI pa3MEeIIeHbI Ha OTHOM U TOM K€ KJlacTepe, C pa3HbIX CTOPOH
ot sapa. B popme C — Ha 07JTHOM U TOM XK€ KJIacTepe, 10 OJHY U TYXKe CTOPOHY OT siipa: B 3TOM
aToMe BHEIIHUH 3JICKTPOH HaXOUTCS Ha MOPSIOK JalbIle OT SApa, YeM BHYTPCHHUH.

Atom (‘He,A) He TOAXOIUT M3-32 TOTO, YTO MACHTH(MUKALMIO Mapamerpa @ HEBO3MOKHO
NPOBECTH, TaK KaK HEU3BECTHBI MapaMeTpbl Y U J| B ONMUCAHUM MAarHUTHBIX MOJIEH MPOTOHOB,
HEUTpOHOB U  3JeKTpoHOB. AToM ¢Qopmer C ¢usukam BooOIIEe HE W3BECTEH, U
HKCIIEPUMEHTANILHBIC JAHHBIE O €r0 MOTEHIMAaJe MEePBO MOHM3AIMN M O YaCTOTHBIX CIIEKTPax
AIIEKTPOMATrHUTHOTO W3JTyYEHHs] HEM3BECTHHI TAK)Ke, MO3TOMY HEBO3MOXKHO HCIIOJNB30BaTh €ro
JUTSL HASHTHUKAIIH 6.

Ocraercsi Tonbko atom (‘He,B). B omucanum MarHetmsma Juisi 9Toii (OPMBI aToma
mapameTrpa jy; HET, a TPUCYTCTBHE Tlapamerpa ) UACHTUQHUKaIMKA € HE Melaer.
DKCIIEPUMEHTANbHBIC 3HAYCHNUS MTOTCHINATOB HOHM3aMHK s atoMa (‘He,B) HeHW3BECTHBI, HO
NOUCKH B [3] HEOOXOAMMOro S3KCIEPUMEHTAIBHOIO 3HAYSHUs COOCTBEHHOW YacTOTHI 3TOTO
atomMa OKa3aJluCh YCIEIIHBIMH — 3TO OKas3ajach 4YacToTa CO CHEKTPalIbHOU JIMHMEH
2%=320,392A. )

WnentudukanuonHas nporeaypa rnokasania, To JMHAHA 2*¥=320,392A orBeuaer H=8.372.

IV.3.5. ®opmbl
MATHUTHBIX MoJiei
HEWTPOHA, IJIEKTPOHA, IPOTOHA
Hcxons M3 «KIacCHYeCKOro» BBIPAKEHUS Il BEKTOpa HANPSHKEHHOCTH MarHUTHOTO
nonst [1], Teopus HENMHEHHBIX KOJICOAHWH, C MOMOIIBI0 HICHTU(DHUKAIIMOHHON IMPOIEAYPHI,
YCTaHOBMJIA, YTO HATPSHKEHHOCTh MATHUTHOTO TOJIsl HEHTPOHA OMTUCHIBACTCS BBIpOKEHHEM (2).

Hy =) (uar)rr =yipar > . )

OTO MarHUTHOE M0JIe MOXKHO Ha3BaTh «UIMPOKOYIOJbHBIMY», TaK KaK YIJIOBOE OTKJIOHEHHUE ¢

OT OCH MarHUTHOI'O TOJISl BXOAWT B (2) B BUAE COS® B IEPBOM CTETICHU.
o

Oxkazanoch, YTO MAarHUTHOE MOJE 3JIEKTPOHA CWJIBHO OTJIMYAETCS OT MAarHUTHOIO MO
HEHTpPOHA HE TOJBKO BEIMYMHON BEKTOpa MarHUTHOTO MOMEHTa, HO U ¢opmoii. HanpsokeHHOCTD
MarHMUTHOTO TIOJNISL  OJIGKTPOHA, COTJACHO CJIOKHOW  WJCHTH(UMKAIMOHHOW Mpoleaype,
OINHUCBIBAaeTCs BbIpakeHUEM (3), B KOTOPOM BEJIMYMHA OS¢ HAXOIUTCA B OIPOMHON CTENEHH,
paBHOI 54.

H=(rty)(uer)r *(cosp)™r —pir e, 3)

9TO HACTOIBKO CHUJIBHO CYXKa€T MaroHuTHOC I10JIC BJICKTPOHA, YTO OHO IMPUHUMACT OYC€Hb TOHKYIO
- cnunenoo0Hy0 Gopmy.
.
HpOTOH SIBIISIETCA COCTaBHBIM O00BEKTOM. OH O6paSOBaH HeﬁTpOHOM U aHTUIJICKTPOHOM.
[TosTOMy, €ro MarHMUTHOE MOJI€ COCTOUT M3 JBYX KOMIIOHEHT — CJTab0r0 «IIHPOKOYTOIBHOTO)
MOJIsl HEWTPOHA M YPE3BBIUAHO Y3KOr0, 3HAYUTEIBHO 0OJiee CHIBLHOTO MOJIsi aHTHUDICKTPOHA,



OJOOHOTO MO0 3JIEKTpoHA. HampsykeHHOCTh 3TOM CHIIBHOW Y3KOH CTpyM MarHMTHOTO TOJIS
IPOTOHA OIMCBIBAETCS BbIpakeHue (3), B KOTOPOM e 3AMEHEHO Ha My,
.

Tak Kak MPOTOH SIBISICTCSI HEHTPOH-aHTHAJICKTPOHHOW CHCTEMOM, TO, TIPH OOBEIMHEHUN
MarHMTHbIX II0JIeH HEWTpPOHAa W AHTHURJIEKTPOHA, YUMTHIBas IapaMarHeTH3M HEUTpoHa W
JUaMarHeTU3M  aHTURJIEKTPOHA,  JOJDKHO  ObIJIO  Obl  BBINOJHATBCA ~ COOTHOILICHUE:
Up=te1n=0,999961.. OnHako, cornacHO HICHTH(HUKALUOHHON HpoLenype, ,up=<9_1,ue=0,12,ue.
YeM 3T0 0OBSACHUTH?

Ecau BCHOMHHTB, 4YTO QAHTHUAJIEKTPOH M HEUTPOH — dSQupHBIE CMEpYenoJoOHbIe
MHUKPOOOBEKTBI, TO pasrajka, J0 CMEIIHOrO, OKa3blBaeTcs MpocTa. JlelcTBUTENbHO, B
AHTHUIEKTPOHHOM BHMXpE CIHMpalbHbIE 3(PUPHBIE CTPYH HMEIOT JICBOBUHTOBYIO 3aKpYTKy, a B
HEHUTPOHHOM — NPaBOBUHTOBYIO. B mpoTOHE 3TH BHEUIHME CHNUpPAJIbHBIE CTPYU HAINPABICHbBI
HaBCTpeuy Jpyr Japyry. BciencTBue 3Toro, HNpoOMCXOAWUT YMEHbLIEHHE Macc 00oux
MHUKpPOOOBEKTOB. Ilpn 5TOM, yMEHBIIAIOTCS WX DIEKTPUYECKHE 3apsiibl U COOCTBEHHBIE
MarHMTHBIE M1OJIA.

1V.3.6. ITouemy npoToH —
COCTaBHasi HETPOH-AaHTHAJIEKTPOHHAsI cucTemMa?

Tpancdopmarysi HEUTpPOHA B MPOTOH MpPHBENA K IOSBICHUIO B HAOJIIOJATENILHOW Kamepe
CUCTEMY JIBYX CJeIoB-TpeKkoB. OuH - ciea NpoToHa, Apyroil — snektpoHa. He ocobo
3aJlyMbIBasICh, (DM3UKM IMOCUMUTAIM, YTO BHUJAAT CIEABl caMopaclaja HEWTpoHa. DTa Bepcus
IpUBENa K OIIMOOYHON TUIIOTE3€ CYIECTBOBAHUS «HEUTPUHOY.

HaoGemaB «30510Tble TOpBI» IYTEM CO3JaHMS CBEpXAadbHEW HEUTPUHHOW CBSA3M U
CBepX/1albHEH HEUTPUHHOM TeIeCKONUH, GU3UKN NPUCTYIHIN K MONBITKAM BBIMOJIHEHHS CBOUX
obemanuii. C Tex mop mpouuio 6oiee MmonyBeka - HUKAKUX MO3UTHUBHBIX Pe3yJlIbTaTOB. 3aTO
Macca «(heHKOBBIX» - IPUHIUITHAIBHO HEMPOBEPSIEMbIX 00BSICHEHHI HEYAad.

.

Korma B maOmomarenpHON kKamepe Oblla OOHapy)KeHa yKa3aHHAs CHCTEMa JBYX TPEKOB,
UCXOJSIIINX U3 OJHON TOYKH, HETPYJHO ObLIO OOHAPYKHUTH, UTO 3Ta CUCTEMa TPEKOB JOMYCKAET
JIB€ pa3Hble TpakToBKU. CaMyl0 HAaMBHYIO, CAaMYI0 MPOCTYI0, PU3UKK MPHUHSIIN K UCCIIEI0OBAHHUIO,
TO JH HE YCMOTpPEB, TO JH 3a0bIB O BO3MOXKHOCTH JAPYrodl BEPCHUH, COTIACHO KOTOPOM
HaOmo/laemMasi KapThHa OOBSICHSETCSl CTOJIKHOBeHHMEeM ¢oToHa ¢ HeWTpoHoM. [IpaBnma, Torma
¢u3uku He 3HaIM CTPYKTyphl QoroHa. Ho, «He3HaHMe 3akoHa HE OCBOOOXKIAeT OT
OTBETCTBEHHOCTH 32 €0 HEUCIIOJHEHUE.

Korna teopust HenmuHelWHbIX KojeOaHUH BBISBUJIA CTPYKTYPY (OTOHA. CHCTEMA JIBYX TPEKOB
noiy4yuia apyroe oobscHeHne. OKka3ajaoch, 4TO MPOTOH MOSBISETCS HE B pe3yibTaTe pacmana
HEUTpOHA, a B pe3ybTaTe HEUTPOH-(DOTOHHOTO, T.€. «XOJIOJHOT0Y» CHHTE3A.

[Ipoucxoaut 310 Tak. POTOH, CTOIKHYBIIMCH C HEHTPOHOM, pacmajgaercsi Ha CBOOOIHbBIE
AJNIEKTPOH M AHTHURJIEKTPOH. OJEKTPOH, Onarogaps CBOEMY JMaMarHeTHU3My, YXOJIWUT OT
HEHUTpOHA, a aHTHUAJIEKTPOH, OJaroaapsi AMaMarHeTH3My U «OTPHIATEIbHOCTH» CBOEH Macchl,
JIOTOHSIET HEUTPOH, M3-3a OOJBIION PAa3HOCTH BEMYMH WX MAcC, M CIMBAETCS C HUM B MPOTOH.
Bort u BCE.

IIpumeuyanne. HeliTpoH-)OTOHHBIN CHHTE3 SBISETCS LEHTPAJIbHBIM 3BEHOM B Pealu3aLuu
UCTHHHO «XOJIOHOT0» TePMOSICPHOIO CUHTE3a, HaJl TOHUMAaHUEM BO3MOXKHOCTEH KOTOPOT'o TaK
JIONITO U Oe3ycreniHo ObtoTest Oe/lHbIe (QU3HUKH.

IV.A4. llpupona
MAaKPOCKONHYECKOro AUaMarHeTu3Ma H NapaMarHeTu3ma
B mukpomupe mnaput auamarHetusm. I[lapamarHeTusM HEUTPOHOB B 3TOM OTHOIICHUU
OOJIBLIION POJIM HE UIPAeT U3-3a TOT0, YTO BEIMYMHA MArHUTHOIO MOMEHTA HEUTPOHA HA YETHIpE
MOpsiIKa MEHbIIIE BEJIMYMHBI MATHUTHOI'O MOMEHTA MPOTOHA (44p=3" IOA,up) U Ha [ITh NOPSIKOB
MEHbIIIE BEJTMYMHBI MATHUTHOI'O MOMEHTA 3JIEKTpOoHa (14,=3,58" 1075/16). B Makpomupe ke napsr



MapaMarHUTHBIE BeEIECTBA. /[MaMarHWUTHBIE BEIIECTBA TAKKE€ CYIIECTBYIOT, HO BCTpEYArOTCS
ropaszo pexe.

Kak ©3 MHKpPOCKONMYECKOro JuaMarHeTusmMa (opMUpPYIOTCS  MaKpOCKOIIMYECKHe
JUaMarHeTu3M M mnapaMartetusM? UYToObl 3TO MOHATH BCHOMHHM 3KCHEPUMEHTHI DpcTena,
®apanes, Jlopenna.

.

CornacHo nepBoMy, HAMBHOMY BOCIPHUSTHIO pe3yibTaTa IKCIEPUMEHTa DpcTeia, MArHUTHOE
MOJIe POXKTACTCS IBIDKEHHUEM JIIEKTPHUYECKUX 3apsaoB. OIHAKO, CTOMT pPACHIMPHUTH cdepy
BHUMAaHWs, KaK BCIOMHHAETCS, YTO JBIDKCHHE OJCKTPUYECKUX 3apsloB  00s3aTeIbHO
MPOUCXOJUT BMECTE C JBUKEHHEM COOCTBEHHBIX MArHUTHBIX Mosiei. Jlanbiie oOHapyKuBaercs,
YTO HMCTUHHOW NPUYMHON BO3OYKIEHHS MarHeTusma B DKCIEpUMEHTe JpcTena, JABHKECHHE
AJIEKTPUUECKUX 3aps/I0OB HE SABISIETCS — OHO TOJBKO MAacKHMpPYeT, MpsYeT OT HEBHUMATEJIbHOIO
HCCIIEN0BATENs], ICTUHHYIO IPUYKMHY — ABM)KEHNUE MarHUTHBIX IOJIEH.

[Ipu 5TOM, MOTOK HMCXOJHBIX MAarHMUTHBIX MOJIeH BO30Yy>KAaeT HOBBIM, cMep4ernonoOHbIN
MArHUTHBIA BUXPb C JIEBOBUHTOBOM 3aKPYTKOM CIIMPAJIbHBIX MATHUTHBIX CTPYH.

Taxkum 00pa3om, B 9KCIepuMeHTe Dpcreia paboTaeT TOIBKO MarHeTH3M, a 3JIEKTPUYECTBO,
HE TPUHUMAsl ydacTusi B 9TOH paboTe, SBISETCS MPOCTO MIMPMOM, CKPHIBAIOIICH HCTHHHBIC
MPUYHHHO-CIIEJICTBEHHBIE COOBITHSI.

DU3HNKN TOYEMY-TO 3TO OYEHB JOJTO U YIIOPHO CKPBIBAIOT.

.

@Dapaieit 0OHAPYKUJI, YTO JBM)KEHUE MArHUTHBIX MOJIEH BO30YXKIAeT OTBETHOE JIBUKECHHE
NIEKTPUUYECKUX 3apsiioB. Ecnu ke pacmMpuTh «yroa 3peHus», TO OOHapYKUTCS, 4TO B
skcriepuMenTe Dapanest, Tak XKe, Kak U B 3KCIIEpUMEHTe DpcTela, IBUKEHUE MATHUTHBIX MTOJIEH
BO30Y)XJaeT, B KOHEUHOM CUeTe, JBMKEHHE HOBBIX MAarHUTHBIX IMOJIEH, 32 KOTOPHIMHU MTaCCUBHO
CIIEIYIOT JIEKTPUUYECKHUE 3apsi/ibl.

CornacHo skcnepuMeHTy JIopeHLa, 3TH JIEKTPUUYECKHE 3apsi/ibl COBEPIIAIOT JBHIKEHUS,
o0pasyromiye, OTHOCUTEIBHO JTMHUN MCXOJHBIX MAarHUTHBIX TTOJIEH, TPABOBUHTOBYIO CHCTEMY.

IV.4.1. Makpockonu4ecKuii uaMarueTu3m

Bo3moxnbl 1Ba criocoba Bo30YXKIEHUSI MAaKPOCKOIWYECKOT0 JWaMarHeTh3Ma C MOMOIIBIO
BHEITHET0 MarHUTHOTO TOJISI.

.

IepBbIii croco0 cBsi3aH ¢ TeM, YTO aTOMbI U MOJIEKYJIbl B KpUCTa/JIaX HEKOTOPBIX BEILECTB
MOTYT o00JaJlaTh HEKOTOpOW OpUEHTAIMOHHOW cBOOOJOM. BceiencTBue »Toro, BHEINIHEE
MarHUTHOE T0JI€ TaK MOKET U3MEHUTh UX OPUEHTALIUIO, YTO BEKTOPbI MArHUTHBIX MOMEHTOB UX
MarHUTHBIX KJIACTEPOB MOTYT 00pa3oBaTh JAOBOJBHO YHOPSIOYEHHBIE CTPYKTYPHI C OJM3KHUMU
JIpyr ApYyry HampaBleHUsMH opueHTanmuu [2]. B pesymprare 3TOr0, MOKET 00pa3oBaThCs
YHOPSAOYEHHOE MAaKpOMAarHUTHOE I0Jie (TOJICThIE JIMHWH), HANpPaBICHHOE MPOTHUBOIMOIOXKHO
BHEUIHEMY MarHUTHOMY MO0 (ToHkHe juHuHM) (puc.9). IlpuumHoét  TOrO, dYTO 3TO
MaKpPOCKOIIMYECKOE MArHUTHOE I0Jie HAMPABJICHO MPOTHBOIOIOKHO BHEIIHEMY MarHUTHOMY

Puc.9. BuemHee MaruuTHOE 10JI€ U yIOPsAA0UEHHAs
CHCTEMa MarHUTHBIX KJIACTEPOB BEIIECTBA



TOJII0, CIY’KUT IMaMarHeTU3M aTOMOB U MOJIEKYJI BEILIECTBA.

ATOMHBIN JMaMarHeTU3M MOPOXKAAeTCS AMaMarHeTHU3MOM 3JIEKTPOHOB M IPOTOHOB, U €ro
CYyIIECTBOBaHME, IO KpaiiHelW Mepe, Ui WHEPTHBIX TIa30B, MOJIYYWIO SKCIEPUMEHTaIbHOE
JI0Ka3aTebCTBO [2].

.

Hpyroii croco® 00s3aH TOMy, 94TO BO30YXIEHHE MaKpPOMAarHUTHBIX TOJEW MPOUCXOIUT B
BELIECTBAX, SIBJISIOIIMXCS MPOBOAHUKAMH 3JCKTPUYECKOTO ToKa. B  MeXaromMHBIX W
MEKMOJICKYJISIPHBIX HHUILIAX TAKUX BELIECTB COAEPKATCA CBOOOHBIC AJIEKTPOHBI, HE BXOSIINE B
COCTaB aTOMHBIX AJIEKTPOHHBIX OOojouek. [lox BIMAHHMEM BHEIIHEr0 MArHUTHOTO TOJS, TH
CBOOOHBIE 3TIEKTPOHBI MOTYT 00pa30BaTh MHOKECTBO MUKPOTOKOB.

Hampasnienne ABMKEHUSI DIIEKTPOHA B KAXKIAOM OJIHOJIEKTPOHHOM MHKPOTOKE 00pasyer ¢
HalpaBJIEHUEM BEKTOpa HANpsSPKEHHOCTH BHELIHETO0 MAarHUTHOIO  MOJs  MPABOBUHTOBYIO
cuctemy (puc.10). B cBoto odepenb, Kaxablii TaKOH SIEKTPOHHBIH MHKPOTOK CO3/aeT HOBOE
MarHuTHOE ToJe. A Tak Kak HalpaBlICHHE JBIKEHUS DJICKTPOHA U HAIpaBJIeHUE BEKTOPA
HaIpPSDKEHHOCTH HOBOTO MAarHUTHOTO MOJisi (JBOMHBIC JIMHWM), CO3/1aBAEMOI0 MpPH JABH)KEHUHU
3TOTO 3JEKTPOHA, 00pa3yoT

Puc.10. BHemHee MarauTHOE 10JI€ U 3JIEKTPOHHBIE MUKPOTOKHU

JIEBOBUHTOBYIO CHCTEMY, TO HANpPABICHHE BEKTOpa HAIMPSKEHHOCTH 3TOIO0 MAarHUTHOTO MOJIA
MPOTUBOIOJIOKHO BEKTOPY HANPSKEHHOCTH BHEIIHEr0 MarHuTHOTo 1oist (puc.11).

Puc.11. DnekTpoHHBIE MUKPOTOKH U BO30YKICHHBIA MaKpOAnaMarHeTu3M

B HexkoTophIxX BemiecTBaxX, TAKHX, HAIpUMeEp, KaK BHUCMYT, ICHCTBUTEIHHO HAOIIOTAETCS
BO3HHKHOBEHHUE BBIHYKJECHHOTO MaKkpoiuamaruerusma [2].

IV.4.2. Makpockonuyeckuii napaMmarHeTusm

BHemiHee MarHMTHOE TIOJIE MOXKET TPHUBECTH K YHOPSJAOYECHUIO CHCTEMBI aTOMHBIX
MarHMTHBIX KJIACTEPOB MAarHUTOAKTMBHOTO BEIIECTBA, M MAarHUTHBIE TIOJISI ITHX KJIAaCTEPOB
OK&XYTCs HAlpaBJeHbl HABCTPEYy BHEUIHEMY MarHMUTHOMY momo. Ho HampspkeHHOCTD
MarHMUTHOTO TMOJsI aTOMHOTO MAarHHUTHOTO KJlacTepa, B HEKOTOPOH OKPECTHOCTH aroma,
MPEBBIIIACT HANPSHKEHHOCTh BHEHIHETO MArHUTHOTO TMOJS. DJTO OOBSICHAETCS TEM, 4YTO
COOCTBEHHBIE MATHUTHBIE TIOJISI MUKPOOOBEKTOB HE OJTHOPOJIHBI, a CHIIbHOrpasueHTHbI. [loaTomy
AIIEKTPUYECKHE MHUKPOTOKH M3 CBOOOJHBIX DJIEKTPOHOB BEIIECTBA MOTYT OBITH TaKUMH, YTO



HampaBlieHUE JBMXKCHHUSI DJEKTpOHa o0O0pa3yeT ¢ BEKTOPOM HAIPSHKEHHOCTH aTOMHOTO
MarHUTHOTO  KJacTepa NPaBOBMHTOBYI cucTeMy  (puc.12), a Bo30yxgaemoe 3THM
MHKPOTOKOM  MarHUTHOE  II0JIE  HANpaBiI€HO  MNPOTHBOMNOJOXKHO MAarHUTHOMY IIOJIO
aTOMHOTO Kiactepa (puc.13), T.e. UIMeeT TO e HalpaBJIeHUe, YTO U BHEIIHEE MarHUTHOE TOJIE.

/

A

Puc.12. MarautHbIe KJIacTephl BEIIECTBA U AJIEKTPOHHBIE MUKPOTOKH

Tak MOKHO OOBSCHUTH (OPMHUPOBAHUE BO30YKIEHHOTO MaKpoIiapaMarHeTu3ma.

/

AN

Puc.13. DnekTpoHHBIE MUKPOTOKH 1 BO30YKACHHBI MaKpOIIapaMarHeTU3M

IV.5. llocTosiHHBIN MarHeTH3M

B «ximaccuueckoii» (u3nke MpUpoy MarHeTu3sma OOBSICHAIOT TUITOJBHOW WM TOKOBOU
TUIIOTE3aMHU.

[lpy w3ydeHUM TOCTOSHHOTO MarHeTH3Ma, ObUIa JOCTHTHYTa BO3MOXHOCTH IIPSIMOTO
HaOJIIOJIEHUSI €ro CTPYKTYphl, Onarojgaps €€ BHU3yalu3alud C TOMOIIBIO >KEIE3HBIX OIUIIOK
(puc.14, srto pucyHok 6a u3 [2]). DTO mpHUBENO K MPEANOJIOXKEHUIO, YTO MAarHUTHOE I0JIe
MOCTOSIHHOTO MarHuta (OpMUPYETCsl TUMOJBHBIM HMCTOYHHUKOM. DTO MOXHO DPACIEHUTH Kak
apryMEHTalMl0 B II0Jb3y THUIIOTE3bl CYLIECTBOBAHMS MAarHUTHBIX MoOHomnosed. OnHako,
MAarHMTHbIE MOHOIIOJIM — KBAHTbl MAarHUTHBIX <3GapsiioB» 10 CHX IIOp Ha IIPaKTHKE HE
oOHapy>eHbl. [la u CyIiecTBOBaHUE HEACTMMbIX KBAHTOB OITPOBEPTHYTO 3KCIIEPUMEHTAIBHO [5].

Puc.14. MarautHoe 110J1€ IIOCTOSTHHOTO MarHuTa



CornacHo TOKOBOM THUIIOTE3€, MATHUTHOE I10JIE TOCTOSIHHOTO MarHuTa (OpMHUPYETCs 3a cUeT
OpOUTANBHBIX JIBUKCHUN aTOMHBIX JIEKTPOHOB. HO aTOMHBIE AJIEKTPOHBI MPHUBS3aHbI K CBOUM
aToMaM HM HE MOTYT O00pa30BBIBaTh JUIOJENOJO0OHBIE CTYCTKH Ha TOJIOCOBBIX YaCTsIX
MOCTOSIHHBIX MAarHUTOB, Kak Ha pwuc.l4. Ecnu Obl 3TO MarHUTHOE TMOJE€ B CaMOM Jieie
(opMHUPOBANIOCH ATOMHBIMH JJICKTPOHAMH, TO OHO HOCHJIO OBl COJCHOUAANLHBIA XapakTep
(puc.15, ato pucynok 9B u3 [2]).

e
Latisss

Puc.15. MarauTtHoe 1moJjie cojieHOu1a

Ecmu mocrosHHBIA MarHeTH3M (OpPMHUpPYETCS CHCTEMOH MHKPOTOKOB M3 CBOOOIHBIX
AIIEKTPOHOB BEIIECTBA, MHOXKECTBO CBOOOHBIX BMKYIIUXCS AJIEKTPOHOB BEIIECTBA MEPECTAET
OBITh MPUBSA3aHHBIM K CBOMM MEXMOJCKYJSPHBIM HHILAM M, TOJ JIEHCTBHEM AJIEKTPUYECKOIO
OTTAJIKUBAHUSA, TPYNIUPYETCd B OKPECTHOCTSAX IOJIFOCHBIX KOHIIOB CTEPKHS — HOCHUTEINA
MOCTOSIHHOTO MarHeTu3ma. CIIeJICTBUEM 3TOTO M MOXKET OOBSICHATHhCS Habmiojaemasi KapTHHA
CUCTEMBI CHJIOBBIX JINHUH IIOCTOSIHHOI'O MarHuTa.

OpnHako, M3-3a CONMPOTHUBIEHUS d>(upa, IBMKEHHE IJIEKTPOHA, 0€3 MOCTOSHHOW MOJKAYKH
SHEPrUM B €ro JBUKEHUE, TOJIKHO 3aTyXaTh.

Ocraercs mocnenHsss BO3MOXHOCTh  JIOCTUYb I[MOHMMAaHHS TPUYMH  CTaOMIBHOTO
CYLIECTBOBaHMsI IIOCTOSIHHOIO MarHeTh3ma. OTa BO3MOXHOCTb CBsi3aHa C TE€M, YTO
DIIEKTPUYECKUI TOK TMpPEACTaBIsieT €000l JBWKEHHWE HE TOJBKO JJIEKTPOHOB, HO U
AHTUAJIEKTPOHOB. B MOJB3y 3TOM THIIOTE3BI TOBOPAT pE3yJbTarhl sKcrepumeHTa llltepHa-
l'epnaxa 1o pa3ABOCHUIO TydYKa JBIKYIIMXCA «DJIEKTPOHOBY», IOJA BIHSAHHEM CHIIBHO
HEOJAHOPOJHOIO BHEIIHETO MAarHUTHOTO TOJISA, HA TTyYOK AJIEKTPOHOB M MyYOK aHTHUAJIEKTPOHOB.

AHTHAJIEKTPOHBI pacnpocTpaHeHsl B [Ipupoje Tak ke mUpoKo, Kak U 3JeKTpoHbl. 00 3TOM
CBUJETEJIBCTBYIOT PE3yJbTaThl KCIIEPUMEHTOB Ha ycTaHoBkax lllTepHa-l'epiiaxa, B KOTOpBIX
IIOTOKH ¢«3JIEKTPOHOB» PA3AEISAIOTCS Ha OAMHAKOBBIE ITOTOKH 3JIEKTPOHOB U AHTUAJIEKTPOHOB.
EcTb emé ogHO He3aBHCHMOE, OYEHb HIMPOKO PAaCHpPOCTPAHEHHOE CBUIETENILCTBO — 00pa3oBaHHe
(OTOHOB TP TOPEHUU PA3TUYHBIX BEIIECTB.

IloBeneHne aHTHAIEKTPOHOB OTIMYAETCS OT IMOBEIACHUS JJIEKTPOHOB TOJBKO B CHIIBHO
TPaJMEHTHBIX MarHUTHBIX Mojsax Tuna nonei lrepna-I'eprnaxa. B 0qHOPOAHBIX MAarHUTHBIX
MOJIIX WX TOBEACHHE HEOTIMYMMO OT IMOBEACHMS AJIEKTPOHOB. ClenoBaTeNbHO, OHU, KaK M
3JEKTPOHBI, MOTYT HaXOJUTHCS B MEXATOMHBIX M B MEKMOJIEKYJISIPHBIX HUILIAX BEIIECTBA.

[Tox BO3/ElicTBMEM BHEUTHETO MAarHUTHOTO TOJISl, CBOOOIHBIE 3JIEKTPOHBI M aHTHUAJIEKTPOHBI,
coJiepKalirecs B MEXKMOJEKYISPHBIX HUINIAX, TMPUXOIAT B JIBUKEHHE M MOTYT 00pa3oBaTh
AJIEKTPOH-aHTUAJIEKTPOHHBIE JUIONU. DTO «MEIJICHHBIE» JUIOIN, B KBAHTOBOH (HM3MKE OHU
W3BeCTHBI moj uMMeHeM «KymnepoBckue crnapeHHble 3JEKTPOHbI». [[BHkeHue »TuX Aumnosen
MOXET 00XOaUThcsl 0e3 MOAKAuYKU dHEpruu u3BHE. VICKpHUBIIEHHE MX TPAaeKTOPHM MPOUCXOIUT,
KaK M HCKPUBJICHHE TPACKTOPHUM 3JIEKTPOHOB, MOJ JEHCTBUEM MHOXKECTBA YHOPSAOUYCHHBIX
aTOMHBIX MarHUTHBIX KJIaCTEPOB, CPOPMHUPOBAHHOTO IO BO3JCHCTBUEM BHEITHETO MAarHUTHOTO
TTOJISL.

baza «KynepoBCcKkuX CIapeHHBIX 3JIEKTPOHOBY OIIEHUBAETCS BETMYNHON MOpsIKa 10 °m. Basa
«OBICTPBIX aumioNel» Ha 4+5 mopsaxoB MeHblie. [loaToMy «IBHKYyIIAs CHIay «MEIJIEHHBIX)
JIUTIONIEH MEHBIIE «JIBMKYIICH CHIIBD) «OBICTPBIX» AMIMONeH. M3-3a 3TOro CKOpOCTh JBMKEHUS
«MEJUUICHHBIX» JTUTIoJNIeH Ha 6+8 MOPSIKOB MEHbBIIIE CKOPOCTH JBUKCHHSI «OBICTPBIX» JUTOJICH.



Takum o6pa30M, «MCAJICHHBIC) (bOTOHHBIe AUTIONIN MOT'YT O6pa30BaTL B TIOCTOSHHBIX
MartuTax HeE3aTyXaromue MHKPOTOKHU, CIPYHIIMPOBAHHBIC B OKPECTHOCTAX IMOJIFOCHBIX KOHIIOB
IOCTOAHHOI'O MarHuTra.

IV.6. lllapoBas moHusA
[lapoBast MOJTHUS TIPENCTABISET COOOW CBETAMMICS OOBEKT cheprudeckoin (HopMmsl,
CBOOOTHO IUTABAIOUIMIA B 3eMHOM armocdepe, W OONATAOMUI  JTOBOJIBHO BBICOKOU
YYBCTBUTEIBHOCTBIO K BHEUIHMM BO3MYIIEHUSM. BHelmHHMe BO3JAEHCTBHS NPUBOISAT K
B3PBIBHOMY paclajgy IIapoBoll MojaHuWM. He HCKII0YEHO W CIIOKOMHOE, HEB3PBIBHOE
MpeKpalieHre CyIeCTBOBAHMS IIAPOBOM MOJIHNM, 38 CUET €€ MOJIHOTO «BBICBEUNBAHUS.
.

YuuteiBass HaONIOAaeMble CBOMCTBA NIAPOBOWM MOJHHUM, CIIEAYeT MpU3HATH, YTO OHAa
IpEeCTaBIsieT CcOOOW JIOKATM30BAHHBIM aTMOC(EpHBbIH OOBEKT, 3alOJIHEHHBI MHOXXECTBOM
«MEJICHHBIX» (POTOHOB.

YroOBI MOHSTH, KaK YCTPOEHa M paboTaeT 1IapoBasi MOJIHUS, HY’)KHO Ha4aTh C TOTO, YTO OHA,
0e3 MOHU3aIMK aTMOC(EPHOTO Ta3a, CYIIECTBOBATh HE MOXeT. MoHu3alus arMocdepHoro rasa
HanOoJiee aKTUBHO IPOUCXOIUT, KOTJa BOJHM3M 3a0CTPEHHBIX KOHIIOB KPYIHBIX PAaCTCHUN
MPOUCXOJUT 0CO00 CUIIBHOE YBETMUEHHUE DIIEKTPUUECKON HAMPSKEHHOCTH [6].

Jlns oOpa3oBaHMsl MIAPOBONW MOJTHUH HEOOXOUMBI O€3BETPEHHAS, THXAsl MTOro/1a U 00BEKT C
3a0CTPEHHBIM KOHI[OM, COJIEpKAIIMKA JJIEKTPUUECKUIM 3apsi], CIOCOOHBIH HOHU3UPOBATH
aTMoc(epHbIe Ta3bl B OTHOCUTEIIHLHO HEOOIBIIION OKPECTHOCTH 3a0CTPEHHOTO KOHIIA.

Kaxnas Monekyna arMmocdepHoro rasa mnpuoOperaer, B pe3yabTaTe HOHM3AlUY,
KYJIOHOBCKHE JUIOJbHbIE CBOICTBa. B 0e3BETpeHHYI0 NMOTroAy MHOXKECTBO TaKHUX MOJIEKYI,
Onaronapsi ’TUM CBOMCTBaM, MOKET 0OBEAMHUTHCSA B KOMIIAKTHYIO JIOKAIN30BaHHYIO cuctemy O
IapoBoi  (OpPMBI, OO0JIAJAIONIYI0 OTHOCHTEIBHO HEOONBIIONW, HO JIOCTATOYHOW s e
CYIIECTBOBAHHUS, CTENEHBIO YCTOMYMBOCTH. MHOXECTBO OCEBBIX JIMHHHA COOCTBEHHBIX
MarHUTHBIX TOJIEH OTHETBHBIX 3JIEMEHTOB CHUCTEMBI () OOBEIMHSETCS B CIOXKHYIO CETYaTyIO
CTPYKTYpYy S.

Buemnss rpanuna G cuctembl Q SBISICTCS TOW 000J0YKOM, B paMKax KOTOPOH CYIIECTBYET
u GyHKIMOHUPYET mapoBas MosHus. CeTdarasi )ke CTPYKTypa S MarHMTHOTO MOJI CUCTEMBI ()
SBJIIETCS. TEM KapKacoM, KOTOPBIA 0OecreynBaeT CyIIeCTBOBaHHE M (PYHKIMOHUPOBAHHE
1apOBOM MOJIHHH.

Cama mapoBass MOJIHHS TpEACTaBIsSeT COOOH MHOXXECTBO F «MEIJICHHBIX» (DOTOHOB,
MHOXECTBO «MEJICHHBIX» 3JIEKTPOH-aHTUAJIEKTPOHHBIX JUIOJIEH, JBHXKYIIUXCS BHYTPH
noBepxHoctd (G. BHyTphr moBepxHOCTH (G «MEJUICHHBIE» (OTOHBI IOMAAAIOT, MOKHUIAS
AIIEKTPUYECKH 3apSOKCHHBIM OOBEKT € 3a0CTPEHHBIM KOHIIOM, B OKPECTHOCTH KOTOPOTO
dopmupyetcs cucrema Q.

«MemieHHbIe» (QOTOHBI B CBOOOIHOM COCTOSIHHUHM JIBHXKYTCS CTPOTO MpPSMOJIMHEHHO. B
MarHMuTHOM I1oJie S, 00J1a1al01IeM CeTYaTol CTPYKTYpPOil, TPAaeKTOPUU JBHIKEHUST «MEIJICHHBIX)
dbortonoB, mon neiictBueM cua JlopeHIla, WCKPUBISIOTCSA. OJTO IO3BOJSET «MEJICHHBIM))
(hoTOHAM JIOBOJILHO JIOJITO OCTABAThHCSl BHYTPH MOBepxHOCTH G

VckpuBneHue TpaeKTOpUi «MeAJCHHBIX» (DOTOHOB B IIAPOBOM MOJHMU HMPOMCXOJUT TOYHO
TaK ke, KaK U B MOCTOSHHBIX MarHuTax. Ho B MOCTOSHHBIX MarHuTax IUIOTHOCTh MarHUTHBIX
MOJIEM CYIIECTBEHHO BBIIIE, YEM IUIOTHOCTh ATHX moJjied B cucremMe (. U3-3a storo, npu
OTCYTCTBHUHM BHEIIHUX BO3JCHCTBUN, BpeMs CYIIECTBOBAHUS «MEUIEHHBIX» (POTOHOB B
MOCTOSIHHBIX MAarHuTax MPAaKTUYECKH HE OrpaHHuYeHO. J[BMKeHue «MeIIeHHBIX» (OTOHOB B
MOCTOSHHBIX ~MarHuUTax TMpeKpalaeTcs Npd YAAPHBIX WJIM TPH TEIJIOBBIX BHEUIHHX
Bo3#eHCcTBUsIX. Ilpm o3TOM  «MemIeHHBIE» (OTOHBI pACHaNAlOTCS Ha  DIEKTPOHBI U
AHTHURJIEKTPOHBI, KOTOPbIE PACXOAATCS MO Pa3HbIM MEKMOJICKYISIPHBIM U MEKATOMHBIM HHUILIAM
BEIIECTBA, CIOCOOHOTO K BOBHUKHOBEHHUIO MOCTOSTHHOI'O MAarHeTU3Ma.

B razoBoii cucreme Q MIOTHOCTh MArHUTHBIX TOJIEH CYIIECTBEHHO HIDKE, YeM B BEIECTBE
MOCTOSTHHBIX MarHuToB. [loaTomMy «MmenneHHbIe» (OTOHBI 3HAYUTEIHHO XYXKE YIACPKUBAIOTCS B



ra3oBOH cpejie, YeM B MeTaTn4eckoi. M3-3a 3TOro oHM mocTeneHHo MOKUAAT cucteMy (J, 4em
1 00BSICHSIETCS HA0JII01aeMoe JJTMTEIbHOE CBEUCHHUE IIAPOBON MOITHHH.

CornacHo HWMEIONIMMCST CBHUJECTENBLCTBAM, JIaKe OTHOCHUTEIIBHO HEOOIBbIINE BHEITHHE
BO3JIEUCTBUSI MOTYT TPHUBECTH K B3pBIBHOMY pacmnaay IiapoBod MonHuH. [lpuumna sToro
3aKJIFOYAETCsl B JIOBOJILHO HU3KOW YCTOHYMBOCTH CHCTEMbI () CBSI3aHHBIX MEXKAY COOOMU
AJIEKTPOMArHUTHBIMU B3aMMOJCHCTBUSIMUA HOHH3MPOBAHHBIX MOJEKYJI arMmocdepHoro rasza. B
pe3yJibTaTe BHEIIHUX BO3JIEHCTBUH, CBSI3U MEXKY MOJIEKYJIaMU CUCTEMBI ) MOTYT pa3pyLIUThCS,
BCJIEJICTBHE Yero cucremMa () pacrajgaeTcss Ha MHOKECTBO HE CBS3aHHBIX MEXKIy CO00i
MOHHU3UPOBAaHHBIX MoJekyn. Ceryaras cTpykTypa S MarHHUTHOTO MOJIsi CUCTeMbl () MPH 3TOM
Take paspymaercs. M3-3a pacmajga CIOXKHOM ceT4aTol CHUCTEMBI S, «MEIJICHHBIC» (DOTOHBI,
comepkamecs B (G, TepecTaloT HUCIHBITBHIBATH Ha cebe BozzeiictBue cuil JlopeHna,
WCKPUBJISIIONIMX TPACKTOPUU HMX JBIKEHHS. BcenepcTBue 3TOro, TPacKTOPUHM «MEIJICHHBIX
(DOTOHOB CTaHOBSITCS TPSMOJIMHEHHBIMUA, M OHHU paszberarorcss u3 G B BHUJE B3PHIBHOTO
W3ITy4eHHUS.

.

[lapoBble MONTHHU MOTYT (OPMHPOBATHCS HE TOJBKO B OKPECTHOCTH METAJUIMYECKHX
3a0CTPEHHBIX OOBEKTOB, HO W B OKPECTHOCTH PACTHTENBHBIX 3a0CTPEHHBIX OOBEKTOB. OTO
CBS3aHO C T€M, UYTO OOBEKTHl PACTUTEIBHOW MPUPOJBI COJEPKAT, KAK M METaJUIbl, HE TOJIBKO
JJIEKTPOHBI, HO W AaHTUAINEKTPOHBI. JIeHCTBUTENBHO, B IMPOLIECCE TOPEHUS PACTUTEIBHBIX
00BEKTOB B OOJIBIIIOM KOJMYECTBE 00pa3yrOTCsl (POTOHBI — AIIEKTPOH-AHTUAIEKTPOHHBIC JTUTIOIH.
Kpome Toro, Bce pacTenus pa3BuBaroTcs Omarojaps (OTocHHTE3y, OCHOBAaHHOMY Ha
MOTJIOUICHUH U pactiajie (OTOHOB Ha SJEKTPOHBI U AHTUAICKTPOHBI.
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