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Discovery of electron and neutron structures resulted in obtaining more information on the material world’s
structure and at the same time revealed that the electrical charge of electron might be not a global constant.
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For a long time physics attempted to understand the electron and neutron structure to no vail.
Neither scanning by means of non-destructive radioscopy nor destructive breakdown have been
successful. Due to a multitude of these and other failures physicists fell under the impression that
the nature often declines experimental questions and that there is no use in such questions [1 —
p.140, 2 - p.12]. However, the nature is not malevolent and always quite fully answers our
questions. It is not its fault if we fail to understand the answers. This is the way it is that the
nature speaks to us in its own language, just like R. Sheckley’s Answerer in [3]. We do not
always understand the nature because we lack knowledge. The nature openly answers our
experimental questions about the structure of electron and nucleons but in its own language
rather than in the one which physics, due to the lack of background knowledge, tries to force it to
speak.

When in the last decades of the past century the theory of non-linear oscillations was
introduced to the microworld physics, the situation changed as there was achieved a mutual
linguistic intelligibility with the nature. This happened because the theory uses and develops the
methods of “classical” physics based on the Newtonian formalism [4]. This was substantially
supported by experimental results that were published practically at the same time and spoke for
the fact that nuclei of all chemical elements have quasi-crystalline structures composed of their
nucleons [5]. The entire global physics still persistently fails to notice those results positively
suppressing any display of quantum dissidence, like publishing of findings that are beyond the
quantum paradigm.

The theory of non-linear oscillations has established successful relations with the nature once
it identified which concepts and why are missing in the quantum paradigm to achieve a mutual
linguistic intelligibility with the nature. Having supplemented the quantum concepts of basic
material world properties with the newfound information and excluded wrong data it managed to
answer the experimental questions beyond the quantum theory reach [6-51]. It appeared that the
nature’s experimental answers contain all information sufficient to identify the structure of
electrons and nucleons [13,14].

All attempts to identify the electron structure within a single experiment failed. The time told
that the composition and structure of electron could only be identified when using proper results
of the whole range of seemingly unrelated experiments [14]. These experiments are widely
spread in time but the cognitive process logic links them.

The first ones in this row appeared results of a series of experiments involving non-
destructive scanning and destructive collisions of high-energy electrons accelerated to ultrahigh
velocities at powerful arrangements. These results showed that the electron structure is not like
the solid body structure. No electron can have a liquid structure because of extremely low
stability of isolated liquid objects. Only one version remains according to which electron may
have a gaseous structure. This version would be beyond the bounds of verisimilitude unless a
unique stable vortex phenomenon — an atmospheric vortex, tornado — existed.

In order to clarify whether an atmospheric vortex can be a macroscopic countertype of
electron it was necessary to find what cause-and-effect relations ensure a stable existence and
whirl-like shape of such vortex. The “diggings” showed that physics knows none of such cause-



and-effect relations. It only knows that a vortex may originate and stably exist in highly ionized
air and that a certain reduction in the air ionization degree makes the vortex cease to exist.

It is obvious that the stable vortex existence mechanism is subject to properties of separate
elements of air pumped through the vortex. It is common knowledge that air elements, except for
electrical charges, also have self-magnetic fields that become more intensive when the elements
are ionized. Electrical charges create repulsion between the ionized air elements. That is why
they cannot be a cause for stability and specificity of a whirl-like shape of the vortex. Therefore,
it had to be clarified if these causes are associated with self-magnetic fields of ionized air
elements.

For this purpose, Oersted’s experiment (1821) had to be addressed, which revealed electrical
current in a conductor induces a “circular” magnetic field around the conductor. Ever since and
until now, physics believes that a “circular” magnetic field is induced by a flow of electrical
charges of physical electric current carriers. The search for a detailed and substantial
understanding of this magnetic field induction mechanism revealed that it is not a flow of
electrical charges but a flow of self-magnetic fields of electrical current carriers that induces the
field [14].

The knowledge that a flow of self-magnetic fields of air elements induces “circular”
magnetic field around the flow allowed gaining a detailed understanding of the causal
mechanism that ensures a stable existence and whirl-like shape an atmospheric vortex.

A whirl-like shape of an atmospheric vortex can be a countertype of electron structure if
there is a material substance which elements are much finer than electron. Fizeau (1851)
obtained the experimental evidence as to existence of such substance as ether but physics
disavowed it for some formal reasons [52]. Physics believes that Michelson consequently (1881)
obtained the experimental evidence as to the absence of ether in nature. However, a careful case
study showed that the physical analysis of Michelson’s experiment results was carried out so
casually and amateurishly that it is even unpleasant and very awkward to speak about it. A new
case study showed that Michelson’s experiment in principle could not answer the question
whether ether exists. Fizeau's findings supporting material ether existence were confirmed by
identification methods in the theory of non-linear oscillations.

Thus, it has been established that electron consists of a whole lot of electron-like ether
elements and has a whirl-like vortex structure (fig.1)[14].
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Fig.1 Electron structure

At the same time, there were identified neutron and proton structures. Neutron appeared to be
a vortex formation of neutron-like closed ring ether elements (fig.2) while proton, as identified in
[22], is a composite object that consists of neutron and antielectron [17].
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Fig.2. Neutron structure

Until the shapes of neutron and electrona (and antielectron) have been identified, it was not
possible to understand which shape a composite neutron-antielectron object has. The
identification of neutron and electron structures allowed understanding the shape of proton with
the utmost clarity (fig.3).
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Fig.3. Proton structure

In the course of development of the “classical” microworld theory, the elementary
microobjects were revealed, namely neutron, electron, positron, antielectron and antipositron
[25]. They are all ethereal vortex formations. In order to have its properties, electron must consist
of a whole lot of ether elements having the same properties, i.e. mass, electrical charges, self-
magnetic fields, etc. There should similarly exist neutron-like, positron-like, antielectron-like and
antipositron-like ether elements as well.
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New ideas of the material world structure required to find the evidence as to validity thereof.

The ether existence is supported by the fact that physics neglecting ether was not able to
understand the substantial nature of wave-particle parallelism of microscopic objects or detailed
mechanisms of their diffraction or post-diffraction autointerference supports. The theory of non-
linear oscillations found clear and detailed answers to the above questions and, thus, was able to
resolve this situation rather unpleasant to the reputation of physics [13].

The identification of electron structure showed that magnetism originates from magnetism
and not from electricity as the contemporary physics believes. The knowledge of electron
structure allowed identifying the actual mechanism of spiral (rather than “circular”, according to
the physical concepts) magnetic field excitation around a current conductor (Oersted’s
experiment) and gaining the actual understanding of the mechanism of electron path distortion in
electron movement across the external magnetic field lines (Lorentz’s experiment) [14].

Electron consists of a straight central ether jet and a multitude of left-hand spiral ether jets
coiling around the central jet. Ambient ether is being continuously pumped through electron by
electron self-magnetic field P. that consists of straight field P. in the central jet and spiral lines
Ps in spiral jets.

Electron’s magnetic vortex field P. makes up a whole with electron’s “ethereal body”: they
cannot exist without each other. The motion of electron-like ether elements along electron’s
central jet is accompanied with a flow of self-magnetic fields of these ether elements. According
to Oersted, this magnetic flow excites left-hand spiral magnetic field Psaround it. Field P runs
ether elements along its lines in the same direction in which they move along the central jet, thus,
forming left-hand spiral ether jets. Since flow of magnetic fields accompany this motion of ether
along spiral jets, then, according to Oersted, new spiral left-hand magnetic fields are excited
around the spiral ether jets. The sum of components of these new magnetic fields along the
central jet makes up magnetic field P, that runs ether elements along the straight central jet.

Crosswise sizes of electron are much smaller than its length. It was confirmed in the
identification study of the “clectron shell” structures of non-excited atom of “He. The study
established that the intensity of electron self-magnetic field is described by the equation:
H((1)=(y+71) (ueh)r *|cos(ue )P r—y1r 2u., where u. is electron magnetic moment vector, r is H,
evaluation point radius vector, (u.r) is angle of the r vector deviation from the electron self-
magnetic field centerline. The cosine power factor of 54 means that the value of H. is extremely



quickly decreasing at deviation from the electron self-magnetic field centerline, that the most
intensive part of the magnetic jet has a needle-like shape. And this is only possible if electron
length is much smaller than its crosswise sizes.

Electron is not a statically but dynamically stable object. Magnetic field P, is continuously
pumping ambient ether through electron. Due to the curvature of spiral jets, ether in such jets is
exposed to centrifugal forces tending to destroy electron. Ether motion velocity is highest in the
central jet and decreasing at distancing from the central jet towards the electron periphery.
Because of this, internal pressure in electron jets is lowest in the central channel and increases
towards the electron periphery. Such an internal pressure drop eliminates the threat of electron
destruction by centrifugal forces.

The electron structure was identified due to the use of the analog method. An analog here
was a whirl-like structure of the well-known atmospheric vortex. The causal mechanism of
vortex shaping was unknown until the electron structure has been identified and validated.

The idea existing in physics from the times of Ampere and until present that magnetism is
induced by the motion of electrical charges and is a dependent phenomenon, did not allow
understanding that a whirl-like structure of an atmospheric vortex is defined solely by magnetic
interactions between elements of air that a magnetic whirl is pumping through the vortex.
Therefore, it became possible to understand in details how an atmospheric vortex whirl-like
structure is formed only after a similar electron structuring mechanism had been identified.

The electron structure identification pointed towards the ways to find structures of neutrons
and protons. Since experiments conducted at accelerators, including LHC or Large Hadron
Collider, found no “fragments” which masses would be lighter than masses of nucleons, after the
discovery of electron vortex-like structures, it emerged that nucleons, as well as electron, cannot

have structures similar to those of solid bodies.
Apparently, the reference to hypotheses of “shy” quarks and elusive “neutrino” is due to theoretical insufficiency
and hopelessness and rather than physical intuition. The same principles are probably behind the recognition that the

contemporary physics “question” “what does electron consist of?” may be devoid of sense [2, p.12].

Identification of nucleon structures encountered peculiar difficulties. There were no hints at
the specificity of such structures, except for the experimentally established fact that a free
neutron is unstable: its “lifetime” is around 16 minutes following which it turns into proton and

electron.

Quantum physics is rather prone to superficial conclusions: it thought that this was indicative of neutron
disintegration into proton and electron. Having this acknowledged it failed to consider other versions of the reaction.
When it finally became possible to identify the neutron and proton structures, it emerged that quantum physics
cannot understand these structures just like it cannot understand the electron structure.

Refraining from unfounded conclusions, the experimental detection of the fact that neutron
can transform into proton means that either neutron or proton is an elementary object while
another nucleon is a composite object. A new, seemingly irresolvable, problem arises here: how
can we imagine one of the nucleons as a composite object. Physics persistently conceals the
problem.

If neutron, as physicists believe, consists of proton and electron, it is a non-excited protium
by its structure. However, the allowance for magnetic interactions between proton and electron
in protium in mathematical modelling of protium in the theory of non-linear oscillations showed
that protium features a single globally stable equilibrium in which the distance between electron
and proton is 5.3-:10 ''m [7,8,11,15]. As long as neutron diameter does not exceed 3-10°m
according to Rutherford’s empirical formula: r,=1.4-AY3.10"">m, neutron cannot consist of
proton and electron. Therefore, only proton can be a composite object. But if neutron-to-proton
reaction in the observation chamber looks like proton and electron tracks diverging from the
same point, then how would the reaction look?



A solution was found only after the identification of photon structure [17]. It emerged that
photon is an electron-antielectron dipole, where antielectron is a microobject with a “positive”
single electrical charge (+e), magnetic moment u. and “negative” mass m.. Dirac theoretically
discovered electron-like microobjects featuring “negative” masses but physics neglected it and
put it on a “physical scrapheap” [53].

Knowing the photon structure, one can understand how, in reality, neutron transforms into
proton. This transformation begins when photon collides with neutron and disintegrates into free
electron and antielectron. Both electron and antielectron are diamagnetic substances. Therefore,
antielectron, due to its diamagnetism and “negative” mass, rushes towards neutron, approaches it
and forms a composite object — proton. However, electron, due to its diamagnetism, distances
from proton, in full concordance with a system of tracks in the observation chamber.

The results of experiments conducted at accelerators mean that nucleons, as well as electrons
have structures other than those of solid bodies. These structures can only be vortex-like.
Neutron has no electrical charge; its mass is three orders greater than the one of electron while its
magnetic moment vector x, is almost five orders less than magnetic moment vector of electron
te. Using identification methods it was established that yn:3.6-10’5ue. Neutron with such
properties, apparently, may consist of only neutron-like ether elements. It is doubtful that
rotational vortex-like magnetic field that such weak magnetic fields induce could stabilize a
straight vortex-like structure with such heavy neutron-like ether elements stable. Most likely,
neutron has a circular, closed ring vortex-like structure (fig.2).

Such structure of neutron perfectly explains how proton is transformed by means of
unrestricted antielectron fusion with neutron (fig.3). Magnetic repulsion forces between
antielectron and neutron keep antielectron in proton. When mass centers of neutron and
antielectron, in this configuration, coincide neutron-antielectron system is in equilibrium. When
the mass center of antielectron is shifted in relation to the mass center of neutron the magnetic
repulsion forces occur between neutron and antielectron. Under these forces, neutron tends to
escape from antielectron, while antielectron, due its “negative” mass, tends to catch up with it
but fails because m.=m,-1838.6 .
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The identification of electron structure allowed obtaining new information on the structure of
individual material objects, as well as on the structure of the whole material world in our
Universe.

As electron’s “body” consists of ambient ether elements continuously pumped through it,
electron can only exist in sufficiently dense ether. The fact that ether is quite dense in our
Universe is supported by rather a dense positioning of sources of observable electromagnetic
radiation from atoms on the “celestial sphere”.

There are two types of electromagnetic radiation from atoms: wave radiation and photon
radiation. Wave radiation are electromagnetic waves which material carrier is ether. These
electromagnetic waves are excited by oscillations of electrons and antielectrons contained in
non-excited and excited atoms.

Photon is electron-antielectron dipole. These dipoles are capable of self-accelerating to a
velocity that is a function of the density of countermoving ether. Atoms are capable of capturing
one of more photons integrating them in their structure. Photons captured by such atom become
an integral whole with the atom as an electron-antielectron dipole. Such integrated photon is still
capable of self-accelerating. As a result, atom accelerates to a velocity which value is determined
by the countermoving ether resistance to the atom motion. Only excited atoms emit photon
radiation, when atom loses one or more photons because of the excited atom collision with other
microobjects.

Wave radiation can propagate only in quite a dense ethereal medium. Since the existence of
electrons and antielectrons also requires quite a dense ethereal medium photons can only exist in
quite a dense ethereal medium either. This fact and the fact that the positioning of sources of



observable radiation on the “celestial sphere” is rather dense means that ether quite densely fills
our Universe.

Ideas of “heat death of the Universe” are just a physical “spooky” resulting from the lack of
knowledge about the material world structure. The electron and neutron structures indicate this.

Ether, when vortex magnetic field P. is pumping it through electron, becomes highly dense
and is pushed out from electron as a very dense ether jet. We can judge how powerful this jet is
by the fact that electron component velocity in “solar wind” despite of resistance of motion on its
way, is estimated to be 600m-s~'. Due to such ether jet, free electron is moving at ay velocity in
such a way that ether is being pumped through electron in the direction of ambient ether
counterflow.

Free neutrons are also in constant motion but their velocities are much slower than those of
free electrons. Due to this, they have a property of “perpetual motion”, a property of “perpetual
engines”.

Free electron-like and neutron-like ether elements also have rotational vortex-like structures
ad are in “perpetual motion”.

Apart from elementary microobjects and elementary ether elements, there are infinitely many
of increasingly finer electron-like and neutron-like matter elements in nature, which have
rotational vortex-like structures that quite densely fill the entire Universe and are in perpetual
motion [25].

The presence of so many material objects in the material world, which are in “perpetual
motion” means that such phrase as “heat death” does not belong to adequate notions of nature.

The existence of ether elements that quite densely fill the entire Universe and infinitely finer
countertypes thereof reveals in details the substantial structure of rather a vague notion of
“physical field”.
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The contemporary physics widely uses the notion of “mass defect” but does not understand
the substantial nature of this phenomenon. There are such inadequate notions as “collapse”,
“annihilation” of microobjects, and “mass-energy equivalence” used alongside the “mass
defect”, which assume mutual mass-energy transformations. The use of these notions without a
true understanding can be due to the physical theory suffering “infantile disease” associated with
incompetent analysis of experimental results.

Physics typically illustrates the possibility of matter-to-energy and energy-to-matter
transformation with positronium — a microobject consisting of electron and positron. The
microworld theory, because of groundless neglect of magnetic interactions between
microobjects, believes that the electron-positron system dynamics should inevitably result in
positronium collapse —electron and positron approaching each other without restrictions. Such an
approach, according to physical concepts, should result in annihilation of electron and positron
masses that leads to transformation of these masses into photon energy. According to physical
concepts, a reverse transformation of photon energy into electron and positron masses is possible
in certain conditions.

However, when accounting magnetic interactions between electron and positron, it is easy to
make sure that an electron-positron pair, due to electron diamagnetism, is in a stable equilibrium
in which the distance between electron and positron is almost one order larger than the distance
between proton and electron in non-excited protium. If there was a real collapse of positronium,
then a real collapse of protium would be inevitable. This means that there is no collapse or
annihilation phenomena in the material world, though the theoretical physics rather actively uses

these notions.

A science that studies the material world structure is physics. The matter exists objectively, regardless of
subjects that study it, regardless of how true the physical ideas of the structure of material objects are. We perceive
the material world by means of experiment and theoretical interpretations and generalization of experimental results.



Physics, based on observed properties of the material world — observed facts, makes assumptions concerning
properties of that world, which are unknown to it, and asks the nature experimental questions whether its
assumptions are true. In these experiments, the nature answers our questions in its own language and opens to us
separate facts concerning new properties of the material world.

Thus, the physical science, physical system of objective knowledge about the material world structure, primarily
consists of a system of separate experimental facts. To enable the humanity to systemize these facts, filling gaps
between separate facts with new knowledge and turning it into an objective system of knowledge, the nature gifted
the humanity with a capability of theoretical thinking that is beyond a simple statement of separate facts, a capability
of creating a theoretical generalization of separate experimental facts.

There are three versions of the physical theory: “classical” one, “quantum” one and the theory of relativity. Each
of them proceeds from its basic postulational assumptions concerning the material world structure.

For the purpose of describing a state of matter, the “classical” theory uses the notions of “mass” and “energy”.
The material world exists objectively, changing continuously, constantly. The notion of “mass” is a measure of
matter quantity. The notion of “energy” describes the matter variability as a potential capability of changing,
capability of performing a work, and as a real current variability of matter, a work on the current modification of
matter.

The basic postulational assumptions of the “quantum” theory and theory of relativity do not account such an
essential element of the material world as ether and many aspects of magnetic interactions. It so happened that this
caused a substantial deformation of the “energy” notion in the quantum theory and theory of relativity.

In the “classical” theory, “mass” is a primary while “energy” is a secondary notion: no energy without mass.
However, both of these notions are equal in the quantum theory and theory of relativity. The reason for this is that
the quantum theory as well as the theory of relativity lack true ideas of the matter structure in our Universe. The
theory of non-linear oscillations has established that all matter in our Universe includes five types of microobjects —
neutrons, electrons, positrons, antielectrons and antipositrons, and increasingly finer and infinitely decreasing
neutron-like, electron-like, positron-like, antielectron-like and antipositron-like material objects that quite densely
fill the entire Universe [25].

Physics classifies microscopic and macroscopic objects as matter and the rest of the listed objects, all together,
as field while having no idea that they exist. Thus, the theory of non-linear oscillations fleshed out the general ideas
of field.

The quantum theory and theory of relativity do not understand that photon is not an elusive “bunch of energy”
capable of appearing from the matter “annihilation” and, having turned into the matter, disintegrating into electron-
like objects. The theory of non-linear oscillations, an immediate heir of the “classical” physics methods, discovered
that photon is a form of matter — electron-antielectron dipole [17], and that Newtonian formalism explains its path
distortion by gravitational effects [47].

According to the special theory of relativity (STR), electron mass should increase at electron
acceleration proportionally to tis motion velocity. A satisfactory evidence of this was obtained in
the course of experiments with free electrons at accelerates of microobjects. STR even has
derived the appropriate formula: m.(v)=m<(0)(1-v?c 2)°°. Physics believes that this happens due
to electron motion energy transforming into a supplementary part of its matter.

The discovery of electron structure allows identifying the actual reason why electron mass
increases proportionally to its velocity. It is known that when a macroscopic object is moving at
velocity v relatively to gas having density p, the density of the counter gas flow, from the moving
object perspective, exceeds p, and is increasing proportionally to v. In the same way, when
electron is moving at velocity Ve in ethereal medium having density p,, the density of the counter
ether flow, from the moving electron perspective, exceeds p,, and is increasing proportionally to
Ve.

With increase in the counter ether flow density, the density of ether that vortex magnetic
field P. is pumping through electron also increases. An increase in the density of ether in
electron means a simultaneous increase of its mass. It follows that electron mass can increase not
only when such electron is free. It also happens when electron bound in a composite object is
moving together with the object in such a way that its magnetic moment vector is opposite to the
motion direction of the whole composite object including the electron.

If electron is moving in such a way that its magnetic moment vector direction is the same as
its velocity vector such electron mass is decreasing with increase in the electron velocity. Indeed,
in this case ambient ether is drawn into electron from the side of the ethereal flow escaping the
electron rather than from the side of the counter ether flow. As long as at this side ether is



escaping from electron the ether density, from the electron perspective, is decreasing with
increase in Ve. This situation is only valid for electron bound in a composite object.

If electron is bound in a composite object, in general case, its magnetic moment vector may
have any direction between the direction of its velocity vector v, and the opposite direction. In
this case, electron mass may have any value between the maximum value that corresponds to
opposite directions of vectors ve and u., and the minimum value that corresponds to the same
directions thereof.

The foregoing is also valid for neutrons and other electron-like microobjects.

Physics has the notion of “mass defect”. It emerged with the advent of instruments for
measuring mass of microobjects. These instruments, mass-spectrometers and mass-
spectrographs, enable to measure masses of both separate and composite microobjects.
Measurements carried out using these instruments showed that a composite object mass is less
than a sum of masses of this object elements measured separately. The difference between a sum
of masses of separate, unbound microobjects and composite object mass Am, was called “mass
defect”. The official (sponsored) physics appeared to be incapable of giving a natural
explanation to that phenomenon; based on the concepts of mass-energy equivalence, it assumed
that the difference of masses transforms into a composite object binding energy.

The official physics incapability of answering the question about structures of electrons and
nucleons prevented from understanding the objective reasons for “mass defect”. Instead of a
scientific analysis of the question a groundless “arbitrary decision” was made that mass defect
Am, based on the concepts of mass-energy equivalence, as a result of annihilation, transforms
into a composite microobject binding energy E=Am-c?.

Using methods of the theory of non-linear oscillations, it has been established that with
increase in the motion velocity of electron and neutron, their masses may increase or decrease
based on angle ¢ between velocity vector v and magnetic moment vector u. If 0.57<¢p<r, masses
of electron and neutron increase with increase of v, and take the highest values when ¢==, and if
»<0.57 masses of electron and neutron decrease with increase of v, and take the lowest values
when ¢=0.

These properties of microobjects explain “mass defect”. Using the notion of “mass defect”,
the quantum physics evaluated binding energy of various atomic nuclei. For instance,
E(D)=2.2MeV, E(T)=8.5MeV, E(*He)=7.7MeV, E(*He)=24.3MeV.

Physics does not know that “mass defect” is not a constant value but depends on the
acceleration rate of the measured microobject in mass-spectrometers and in mass-spectrographs.
If this rate value changes the “mass effect” changes too.

Nuclear binding energy can be calculated in a different way. The results of the a-particle
scattering experiment on nucleonic systems of atomic nuclei [5] shows that nuclei of all
chemical elements have quasi-crystalline structures made up of their nucleons. This means,
despite of the quantum theory statements, that all nuclei have stable statically equilibrium
configurations of their nucleons, wherein all nucleons are located at quite definite and constant
distances from each other. Knowing these structures and the quantitative nucleonic interaction
force dependence of the distance, we can objectively evaluate the binding energy of nucleons in
the nucleus. According to this evaluation, FE(D)=0.133MeV, E(7)=0.653MeV,
E(*He)=0.393MeV, E(*He)=1.046MeV [23]. Evaluations made using the notion of “mass defect”
differ from these valuations by an order.

Experiments conducted at accelerators revealed that relative mass increments of free
electrons and nucleons, at acceleration of these microobjects, considerably differ from each
other. It emerged that they are not subordinate to the STR equation: me(v)=me(0)(1-v?c %) *>.
When masses of electrons increase by 2-3 orders masses of nucleons within the same rages of
velocities increased only by 1.5 times! The contemporary physics failed to understand the



reasons for such a difference. The identification of electron and nucleon structures using
methods of the theory of non-linear oscillations makes these reasons completely clear.

When electron and nucleon are moving, the density of the counter ether flow is increasing
proportionally to the motion velocity. As a result, masses of free electrons and nucleons increase.
And since all ether jets of electron and only external spiral jets of neutron are exposed to ambient
ether, the sensitivity of electron mass to variation in the counter ether density is much higher
than the one of neutron. Therefore, mass of free electron much quicker responses to variations in
the density of the counter ether flow then mass of neutron.

The given new information on the structure and properties of electron speaks for the fact that
the STR relation: m.(v)=m¢(0)(1-v?c %) is inadmissibly wrong. The information implies that
mass of electron should depend not only on v, but also on ambient ether density p, and angle
between vectors u. and Ve: Me=me(Ve, M, pa)-
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New knowledge about the properties of electrons and nucleons obtained using the theory of
non-linear oscillations offer new aspects of ignorance as they reveal new questions.

The foregoing is an informative description of an objective mechanism of electron mass
growth with increase in its motion velocity. New questions arise here. Firstly, what is the true
quantitative description of the electron mass dependence of electron velocity? Is this description
continuous or intermittent, i.e. is electron mass changing continuously with increase in velocity
or passes through a discrete series of values?

Secondly, electron mass increases due to the capturing of additional masses of ambient ether.
If electron really contains only electron-like ether elements a sum of electrical charges of which
constitutes electron electrical charge e, mass of electron should increase together with its
electrical charge and its magnetic moment vector. Therefore, microobject electrical charge e is
not a “global constant™.

Thirdly, the fundamental difference of electron structure from neutron structure, that is
exposure of all ether jets of electron and only external ether jets of neutron to ambient ether,
speaks for the fact that the sensitivity of electron mass to electron velocity variation significantly
exceeds the sensitivity of neutron mass. If electron motion velocity increases in discrete steps
from vy to vy, then its new mass at its constant motion velocity v, is established over certain
transient time t. Transient time for neutron 7 in the same conditions should be much higher. It is
of interest by how much z exceeds t?

Answers to these questions can only be obtained experimentally.

Oeitaman P. XapakTep ¢pusznueckux 3akoHoB. —M: Mup. 1968.

Tapacos JI.B. OcHOBBI KBaHTOBOM MexaHUKHU. —M.: Beicias mkomna. 1978.

lexnu P. Bepubiit Bonpoc. //Xumus u Kuszub, 1985, Ne3, C.90-93

AnzaponoB A.A., Burt A.A. u Xaiikun C.O. Teopus konebanuit. —M.: @usmarrus. 1959.

[TaBnosa H.H., UBanos A.M., FOmkoB A.B. u Tokrapos K.A. HexoTtopsie

3aKOHOMEPHOCTH B U30TOMHUYECKUX U3MEHEHUAX (POPM JIETKUX, CPEAHUX U TSHKEIBIX
snep//13Bectus AH CCCP. Cepus pusndeckas. 1979. T.43. Nel1. C.2317-2323.

6. CraTuuecku paBHOBECHBIE KOH(PUTypalllu B HEKJIacCHYeCcKoi mpobieme N ten: OTyer o
HUWP/ HUW npuxnagHoii MaTeMaTUKU U KHOEpHETHKY MpU [ '0pbKOBCKOM
I'ocynapcreennom ynusepcurere; Nel'P 0186.0115703; MuB.Ne 0287.0054440. I'opbkui.
1986.

. MccnenoBanne BO3MOKHOCTEM TMHAMUYECKOIO MOJIEIMPOBAHUS CTPYKTYp aroma U
atomHoro sapa: Oruer o HUP/ HUU npuknagHoit MaTeMaTHKA U KHOSPHETUKH TIPH
I'opbkoBckoM rocynapctseHHoM yHuBepcutere; Nel'P 0186.0115703;

WuB.Ne 0290.0041150. I'opekuit. 1990.
. Omnpenenenre mapaMeTpoB MarHUTHBIX B3aUMOJICHCTBUN MEXIY 2JIEMEHTaMHU aTOMHBIX

asrONE

~

o0



10.

11.

12.

13.

14.

15.
16.
17.

18.

19.

20.

21.
22.
23.
24.
25.

26.

27.
28.

29.
30.
31.
32.

33.

CTPYKTYp B CUCTEME TUHAMHU4YeCKuX npeactasienuii: Otuer o HUP/ HUM npuknanuoit
MaTeMaTUKHU 1 KUOepHEeTUKH Mpu ['opbKOBCKOM rocynapcTBeHHOM yHUBepcutete; Nol'P
0186.0115703; 1MuB.Ne 0291.0024945. T"oppkuii. 1990.

[Tpo6GiiemMa COOTHOILIECHUS IETEPMUHU3MA U CIIYYalHOCTH U (pu3uka Mmukpomupa: OTuer o
HWP/ HUWN npukiaaHoi MaTeMaTUKU M KHOEpHETHKH 1pu Hukeropoackom
rocynapcrBeHHOM yHuUBepcutere; Nel'P 0191.0049064; NuB.Ne 0292.0012020.
H.Hosropoa. 1991.

JleonoB H.H. Cratnyecku paBHOBECHbIE KOH(UTYpAIIMK CUCTEMBI N T€Nl C HEHbIOTOHOBBIMU
B3aumoeictBusamu// lunamuka cucrem: JlnHamMuka u yrpasieHue: MeKBY30BCKUi
TeMaTUYecKuii cOOpHUK Hay4dHbIX TpyaoB/ [lox pepaknueii FO.U. Heitmapka;
Hwuxeropoackuii yausepcuret. —H.Hosropoa. 1991. C.65-84.

Jleono H.H. MarepuanpHas Touka B HEHbIOTOHOBOM Touie// Jlnunamuka cuctem: JluHamuka
U ynpasjeHue: MeXBy30BCKUI TeMaTHUYeCKUN COOpHUK Hay4HBIX TpyaoB/ [lon
penaxkuueit F0.U. Heitmapka; Huxxeropoackuii yausepcutet. —H.Hosropoz. 1991.
C.47-65.

JuHamuueckoe MOJeIUpOBaHue ABIeHUs Bo30yxaenus atoma: Otuer o HUP/ HUU
IPUKIATHOM MaTeMaTUKU U KubepHeTHKHU npu HuxeropoackoM rocy1apcTBEeHHOM
yauBepcutete; Nel'P 0191.0049064; Mus.Ne 0293.0001479. H.Hosropoa. 1993.

http://viXra.org/abs/1308.0136 . Wave-Corpuscle Duality in Macroworld and in
Microworld: Similarities and Dissimilarities. KopryckysipHO-BOJTHOBO# Tyann3M B
MaKpOMHpPE U B MUKPOMUPE: CXOJICTBA U Pa3IUUHMsL.

http://viXra.org/abs/1309.0014 . Magnetism, Lorentz Force, Electron Structure.
Maruertuswm, cuna JlopeHna, cTpykTypa 3J1eKTpoHa.

http://viXra.org/abs/1309.0021 . Non-Excited Atom. HeBo30y»1eHHBI aTOM.

http://viXra.org/abs/1309.0131 . Superfluidity of Helium. Ceepxteky4ects remusi.

http://viXra.org/abs/1309.0137 . Photon Structure, Excited Atom, Cosmic Radiation.
Crtpykrypa poToHa, BO30YKACHHBIN aTOM, KOCMHUYECKOE U3IIy4YEHHUE.

http://viXra.org/abs/1310.0051 . Magnetism in the Macroworld and in the Microworld.
MarsueTusm B MaKpOMUpPE U B MUKPOMHUPE.

http://viXra.org/abs/1310.0068 . Electromagnetic Atomic Radiation Frequency Spectrum
Mechanism. Mexauu3m GopMUpOBaHHS YaCTOTHOTO CIIEKTPA IICKTPOMArHUTHOTO
U3ITy4YEHUsI aTOMOB.

http://viXra.org/abs/1310.0258 . Magnetism of Electron, Neutron and Proton.
MarseTusm 3J1eKTpoHa, HEUTPOHA U IPOTOHA.

http://viXra.org/abs/1310.0100 . Unknown *He. Heussecrabiii *He.

http://viXra.org/abs/1311.0055 . Neutrino. HefitpuHo.

http://viXra.org/abs/1311.0167 . Neutron Interactions. HefitponHbie B3anMOI€HCTBHS.

http://viXra.org/abs/1311.0199 . Self-Acceleration of Matter. Camopasron marepuu.

http://viXra.org/abs/1310.0162 . Material World Structure. CtpykTypa MaTepHaibHOTO
Mupa.

http://viXra.org/abs/1312.0022 . Is Our Universe a “Black Hole”? Hamia Beenennas —
«uepHas abipar?

http://viXra.org/abs/1312.0182 . Quantum Physics Status. CtaTyc KBaHTOBOU (H3HKH.

http://viXra.org/abs/1312.0206 . Thermonuclear Problem: Case Study. TepmosiaepHast
npobiieMa: CUTyallMOHHBIN aHan3.

http://viXra.org/abs/1405.0230 . Fireball. I[llapoBas monHus

http://viXra.org/abs/1405.0302 . Red Shift. Kpacunoe cmerienmue.

http://viXra.org/abs/1407.0141 . Ether and Universe. D¢up u Bcenennas.
http://viXra.org/abs/1408.0045 . “Spontaneous” Nuclear Disintegration.
«CaMOnpou3BOJIBHBIN» pacmaj sapa.

http://viXra.org/abs/1408.0051 . EXPERIMENT. THEORY. PRACTICE.

OKCIIEPUMEHT. TEOPUA. ITPAKTUKA.


http://vixra.org/abs/1408.0051

34.
35.

36.

37.

38.

39.

40.

41.
42.

43.
44,

45.

46.
47.

48.

49.

50.

51.

52.

53.

http://viXra.org/abs/1412.0127 . Neutron Stars. HelTpoHHbIE 3BE3Ibl.

http://viXra.org/abs/1412.0135 . Atmospheric Vortexes and Vortex-Like Structures.
ATMOc(hepHbIe CMEpYH U CMEPUETIOI0O0HBIE CTPYKTYPHI.

http://viXra.org/abs/1412.0188 . How the Universe Was Formed. Kak ¢popmupoBaach
Bceenennas.

http://viXra.org/abs/1411.0054 . Energy Yielding Light Nuclei Fusion Reactions. Peakiuu
CHHTC3a JICTKUX AACP C BBIACIICHUEM SHCPIr'UH.

http://viXra.org/abs/1412.0198 . UFO Photon Propulsion Systems. ®oToHHbIe ABUTaTEIN
HJIO.

http://viXra.org/abs/1412.0198 . Long Way to Understanding of the Material World
Structure Fundamentals. [lonras gopora k MOHUMaHUIO OCHOB YCTPOHCTBa
MarepuaibHOTO Mupa.

http://viXra.org/abs/1607.0539 . ELECTRON — WINDOW TO THE UNIVERSE.
OJIEKTPOH — OKHO BO BCEJIEHHVY1O.

http://viXra.org/abs/1412.0198 . MAGNETISM and Matter. MATHETU3M u matepus.

http://viXra.org/abs/1609.0330 . THE HIDDEN MATTER PROBLEM. ITpo6aema
CKPBITOM MaTepuHu.

http://viXra.org/abs/1610.0257 . ARROW OF TIME. Ctpesna BpeMeHH.

http://viXra.org/abs/1610.0264 . Nature of the “Impossible” EmDrive Jet Thrust. [Tpupona
peaKTI/IBHOﬁ TATU «KHEBO3MOKHOI'O» ABUT'ATCIIA EmDrive.

http://viXra.org/abs/1610.0293 . Electromagnetic Engines Without Moving Parts.
QHGKTpOMaF HUTHBIC IBUT'aTCIIN oe3 ABMIKYIIUXCA MAKPOCKOIIMYCCKUX )IeTaJ'Ieﬁ.

http://viXra.org/abs/1612.0066 . NUCLEAR FUSION. SIZIEPHBIII CUHTE3.

http://viXra.org/abs/1703.0162 . THEORY OF NONLINEAR OSCILLATIONS
ON EXTERNAL INFLUENCE ON PHOTON BEHAVIOR. TEOPU$I HEJIMHENHBIX
KOJIEBAHUI O BJINSIHUM BHEIITHUX BO3JIENCTBUI HA TIOBEJIEHUE
®OTOHA.

http://viXra.org/abs/1704.0324 . AXIOMATIZATION OF PHYSICS.
AKCUOMATU3ALINA OU3UKMU.

http://viXra.org/abs/1709.0231 . QUANTUM REVERIES OF “METALLIC” HYDROGEN.
KBaHnToBEIE MEUTAHUS O «METAJUINYSCKOM) BOOOpPOJIEC.

http://viXra.org/abs/1712.0003 . EmDrive and Other Magnetic Ethereal Flow-Through Jet
Engines. EmDrivt u apyrue MarauTo-3upHbIEe MPOTOYHO-PEAKTUBHBIC IBUIATEIIH.

http://viXra.org/abs/1901.0143 . EmDrive and “Antigravity Engine” — Outbreak of a New
Power Engineering Era in the Contemporary Earth Civilization. EmDrive u
“AHTHT paBI/ITaI_II/IOHHHﬁ JABHUTATECIIb» - HA4YaJI0 HOBOMU SHEPT €THUYECKOU PIIOXU B
COBPEMEHHOM 36MHOM IIMBWIIM3ALIHH.

CagenweB U.B. Kypc obuieit ¢pusuku. T.2. DnekTpuuecTBo U MaruetusM. Bonnel. OnrTuka.
—M.: Hayka. 1982.

Mortt H., Cuennon U. BonHoBas mexanuka u €€ npumenenus. —M.: Hayka. 1966

Nikolay Nikolaevich Leonov
E-mail: NNLeonov@inbox.ru

Mukpomup 40.
JIEKTPOH.
Hogast undgopmanus 00 ycrpoiicrse marepuajbHoro Mupa -
HOBbIE BOIIPOCHI

H.H.JIeonos


http://vixra.org/abs/1412.0127
http://vixra.org/abs/1412.0135
http://vixra.org/abs/1412.0188
http://vixra.org/abs/1411.0054
http://vixra.org/abs/1412.0198
http://vixra.org/abs/1607.0539
http://vixra.org/abs/1412.0198
http://vixra.org/abs/1609.0330
http://vixra.org/abs/1610.0257
http://vixra.org/abs/
http://vixra.org/abs/1610.0293
http://vixra.org/abs/1612.0066
http://vixra.org/abs/1703.0162
http://vixra.org/abs/1704.0324
http://vixra.org/abs/1709.0231
http://vixra.org/abs/1712.0003
http://vixra.org/abs/1901.0143
mailto:NNLeonov@inbox.ru

OTKpBITHE CTPYKTYP 3JIEKTPOHA W HEHTPOHA MPUBEJIO HE TOJBKO K PacIIMPEeHHI0 MH(pOopMaImu o0 ycTpoiicTBe
MaTepuaabHOro Mupa, HO M BBIIBHIO BO3MOXKHOCTH TOTO, YTO BEIMYHMHA BJIEKTPHUECKOTO 3apsiia JJIEKTPOHA He
SIBIIIETCS. MUPOBOIN KOHCTAHTOM.

°
YCTpoiiCcTBO AMeKTpOHA U HEHUTpoHA (U3MKA MbITaNach MOHATH A0Aro U Oe3ycmnemHo. Hu
CKaHMpPOBaHME — HEpas3pyllalllee MPOCBEUMBAaHUE, HHU paspymiaromas pa3dopka Ha

COCTaBIISIIOLIME YaCTH, yCIexa He MpuHechnu. M3-3a 3THUX, U MHOXECTBa JAPYrUX Heyaad, B
¢u3uKe CIOXKUIOCH BreuyaTieHwe, uTo llpupoma Hepenko OTKa3blBaeTCsl OTBEYaTh Ha
SKCTIIEPUMEHTAIBHBIC BOIIPOCHI, M YTO 3TH BOIPOCH 3a1aBarh Oecrose3no [1 — ¢.140, 2 - c.12].
Ho Ilpupona He 3710HaMEpeHHa — OHA BCEr/a JOCTaTOYHO MOJHO OTBEYAET Ha Hallld BOIPOCHI.
Ecnu ke MBI 3TH OTBETHl HE MOHMMAaeM, TO 3TO He e€ BuHA. Tak yX yCTpOoeHa >KH3Hb, UTO
ITpupona pazroBapuBaeT ¢ HaMHM Ha CBOEM S3bIKE, TOUHO Tak ke, kak OtBeruuk B [3] P.Illexun,
Mgl e€ He Bcerga MoHUMaeM M3-3a HeJocTaTka Hamux 3HaHuid. [Ipupona 6e3 yraiiku oTBeuaeT
Ha HallM AKCIEPUMEHTaIbHbIE BOIIPOCHI 00 YCTPOICTBE AJIEKTPOHA M HYKJIIOHOB, HO Ha CBOEM
A3bIKE, a HE Ha TOM, KOTOPBIH, U3-3a HEJOCTaTKa MPEABAPUTEIbHBIX 3HAHUM, MBITACTCS HaBSA3aTh
eil pusmka.
°

Korna, B mocnegnue necsaTuiieTus: NpoLUIOro BeKa, TEOPUsS HEJIMHENHBIX KoeOaHuil npuiuia
B (U3MKYy MHKPOMHpA, TO CyMella HU3MEHUTh 3Ty CUTYallHI0, CYMEB JIOOUTHCA SI3BIKOBOTO
B3aMMOINOHUMaHus ¢ [Ipupogoil. 3To MPOM30LUIO B CHILY TOTO, YTO MCIOJB3YET U Pa3BUBACT
METOJIbI  «KJacCHYecKoi» (u3uKu, ocHOBaHHbIe Ha HbproToHOBOM (dopmanuszme [4].
3HAUUTENIbHYIO TOAJEPKKY OTOMY OKa3ajla MpPAaKTUYECKH OJHOBpPEMEHHasl IyOnuKaus
9KCIIEPUMEHTANIBHBIX PE3yJIbTAaTOB, CBUACTEILCTBYIOIIUX O TOM, UYTO AaTOMHBIE Spa BCEX
XUMHYECKHX 3JIEMEHTOB 00JIaaf0T KBa3UKPUCTAIUIMYECKIMH CTPYKTYPaMH M3 CBOMX HYKJIOHOB
[5]. Bes MupoBast pu3nka 3TUX pe3ylbTaTOB JI0 CHX TMOP YIIOPHO «HE 3aMEyaeT», PEIIUTENbHO
npecekasi J11000€ MpOsBIEHUE KBAaHTOBOT'O HHAKOMBICHHMS — NyONMKAlUu pe3yJabTaToB, HE
OTBEYAIOUIUX KBAHTOBOM MapajurMe..

VYcnexa, Bo B3auMOOTHOIEHUsIX ¢ [Ipupoaol, Teopuss HEMMHEHHBIX KojeOaHUN 10OUIIaCh,
BBISICHUB, KakKMX NPEACTAaBICHUM M I[OYeMYy HE XBaTaeT B KBAHTOBOW Mapagurme s
JIOCTHKEHHS SI3BIKOBOTO B3auMornioHuManus ¢ [Ipupomoit. JIonoaHNB KBAaHTOBBIE MPECTaBICHUS
0 06a30BBIX CBOICTBaX MaTepHaIbHOrO Mupa ATUMU CBEICHUSIMHU U UCKIIOYUB OMIMOOYHEIE, OHA
CyMeJia TOJyYUTh OTBETHI Ha 3KCIEPUMEHTAIbHbBIE BOMPOCHI, HEOCTYIIHbIE KBAHTOBON TEOPUU
[6-51]. TIpu sToM, OKa3agOCh, 4TO B IKCIEPHUMEHTAIBHBIX OTBeTax I[IpUPOABI UMEIOTCS BCE
CBEJICHUS, TOCTATOYHBIE JIJISl BBISIBJICHUS YCTPONUCTBA AJIEKTPOHOB M HYKJIOHOB [ 13,14].

°

Bce mombiTkun 1o oOHApyKEHHIO YCTPOWCTBA 3JEKTPOHA B paMKaX OAHOIO OTAEIBHOTO
DKCIIEPUMEHTA 3aBEPIIMINCH HEyJdadaMu. Bpems mokaszano, 4To OOHapy>KE€HHE COCTaBa U
CTPYKTYpPBbI 3JIEKTPOHA BO3MOXHO TOJIBKO MPU HCIOIb30BAaHUM aJI€KBATHBIX PE3Yy/IbTATOB IIeJION
CepUU IKCIIEPUMEHTOB, Ka3aloch Obl, MeXay co00il He cBs3aHHBIX [14]. DTH SKCIIEPUMEHTHI
CHJIBHO pa30pocaHbl BO BpEMEHH, HO CBSI3aHBI JIOTHKOII Mpoliecca MO3HAHMUSL.

[lepBbiMu, B 3TOM psiy, OKa3ajduCh pPE3yIbTaTbl CEPUM  SKCHEPUMEHTOB IO
HEepa3pyllaoleMy CKaHUPOBAHUIO U IO pa3pyUIalONIMM CTOJKHOBEHHSIM BBICOKOOHEPIMUHBIX
AJIEKTPOHOB, PA30THAHHBIX JI0 CBEPXBBICOKMX CKOPOCTEH HA MOIIHBIX YCKOPHUTENSX. OTH
pe3yNbTaThl MOKa3aliM, YTO CTPYKTypa 3JEKTPOHAa HE IOXO0Ka Ha CTPYKTYpYy TBEPIOro Tela.
CTpyKTypy XKUAKOCTH DJIEKTPOH UMETh HE MOXXET M3-3a YPE3BbIYAHHO HHU3KOW YCTOWYMBOCTHU
M30JIMPOBAHHBIX KHUAKOCTHBIX 00BEKTOB. OCTaeTcsi TOJNBKO OJHA BEPCHSs, COTIACHO KOTOPOM
AJIEKTPOH MOXET 00J71aJaTh Ta3000pa3HON CTPYKTypoil. DTa Bepcus Oblia Obl COBEPIICHHO
HEenpaBI0noJ00HOM, ecii Obl HE CYHIECTBOBAHUE €IMHCTBEHHOI'O, B CBOEM POJIE, YCTONYHUBOIO
BUXPEBOTO SIBIICHUS — aTMOC(EepHOro cMepyda — TOPHAIO.

Jlns Toro, 4ToObl BBIICHUTBH, MOXKET JIU aTMOC(HEPHBIA CMEPY CIIY)KUTh MaKpPOCKOMHYECKUM
AQHAJIOTOM 3JIEKTPOHA, HEOOXOJMMO OBLIO Yy3HATh, KAKOBBI MPUYHMHHO-CIICCTBECHHBIC CBS3U,
obecrieunBaroIie CTaOUIILHOE CYIIECTBOBAaHWE W BUXPEBYIO (opMy cmepua. «Packomkmy»
MOKa3aju, yTo (pU3MKe ITH NPUUMHHO-CIICJICTBEHHBIE CBSI3U HE U3BECTHHI. MI3BECTHO TOJIBKO, YTO



3apOXKICHUE U CTAaOMIIBHOE CYIECTBOBAHME CMEpYa MMEET MECTO B CHJIBHO MOHHU3MPOBAHHOM
BO3/1yX€, U YTO [NOHMKEHUE CTENICHN MOHU3ALIMH BO3AyXa IPUBOJIUT K Pa3pylICHUIO cMepYa.

OueBUIHO, YTO MEXAHM3M CTAaOMIIBHOTO CYIECTBOBaHMS CMep4a OOYyCJIOBJIEH CBOWCTBAMH
OTJENBHBIX 3JEMEHTOB BO3[yXa, IPOKAYMBAaEMOI0 4epe3 cMmepy. M3BECTHO, 4TO 3IIEMEHTHI
BO3/yXa, KPOME IJIEKTPUYECKUX 3apsaoB, 00JaJal0T U COOCTBEHHBIMH MAarHUTHBIMU TOJISIMH,
KOTOpBbIE Haubojiee CHIIbHO MPOSBIAIOTCS MPU HMOHMU3AIMHU ATHX 3JEMEHTOB. JJEKTPUUYECKUE
3apspl CO3AAI0T OTTAJIKMBAHUE MEXJy 3JE€MEHTAMH MOHU3UPOBAHHOIO Bo3ayxa. [losToMy oHu
HE MOTYT CIY)XUTb NPUYMHON CTAOMIBHOCTH U crneuuduku BuxpeBod Qopmbl cMepuya.
CrnenoBarenbHO, HYXHO OBLJIO BBISICHHTb, HE CBS3aHBI JH 3TH NPHUYUHBI C COOCTBEHHBIMHU
MarHUTHBIMH MOJISIMU 3JIEMEHTOB MOHU3UPOBAHHOTO BO3yXa.

JIJist 3TOrO MPHILIOCH OOPATUTHCS K dKcHepuMeHTy Ipcrena (1821r), oOHapyKUBIIIETO, YTO
AJIEKTPUYECKUN TOK B MPOBOJHUKE BO30YKIAET BOKPYI IPOBOJHHUKA «KPYTOBOE» MarHUTHOE
noje. C TOro BpeMeHH U JI0 CUX I0p, B (PU3UKE CYUTACTCS, YTO 3TO «KPYTOBOE» MArHUTHOE IOJIE
BO30Y)KIAaeTCsd MOTOKOM SJIEKTPUUYECKUX 3apsI0B MaTepUaIbHBIX HOCHUTENECH SJIEKTPUYECKOTO
ToKa. [IOMCKHM [eTambHOTO COJCPXKATEIHHOTO IOHMMAaHHUS MEXaHHW3Ma BO30YXICHHS OSTOTO
MarHUTHOTO TIOJII TPUBEIM K OTKPBITUIO TOTO, 4YTO OHO BO30YXKJTaeTcsi HE IOTOKOM
IIEKTPUYECKUX 3apsA0oB, a IOTOKOM COOCTBEHHBIX MAarHUTHBIX [OJE€H  HOCHUTeNel
3JIEKTPUYECKOro Toka [ 14].

3HaHHUE TOTO, YTO MOTOK COOCTBEHHBIX MATHUTHBIX MOJIEH 3JIEMEHTOB BO3yXa BO30YXkAaeT
«KpYroBO€» MAarHUTHOE II0J€ BOKPYr 3TOr0 IOTOKA, MO3BOJWIO JIOCTUYb JI€TAJIbHOIO
NOHMMAHUA  NPUYMHHO-CIEACTBEHHOIO  MEXaHM3Ma,  O00ecledyMBaloUIero  yCcTOMYMBOE
CYIIIECTBOBaHHE U BUXPEBYIO (hopMy aTMOchepHOro cMepua.

s Toro, uroObl BuxpeBass (opma aTMoc(epHOro cmepua MOIJIa MOCIYXKHUTh aHAJIOrOM
CTPYKTYpHI 3JIEKTPOHA, HEOOXOIMMO HAJIMYMEe MaTepUATbHON CyOCTaHIMH, JIEMEHTBHI KOTOPOI
Ha TOPSAJKU MeJbue 3JIEKTPOHA. DKCIEPHUMEHTAIbHOE J0Ka3aTeIbCTBO CYIIECTBOBAHUS TaKOM
cyOctanmuun — s¢upa, 610 momydeHo @Duzo (1851r), HO moyemy-To, MO (OpMaATHHBIM
IpUYMHAM, J1€3aBYMpOBaHO ¢u3ukon [52]. ®Pusuka cuutaer, 4ro BrocieacTsuu (1881r)
HKCIEPUMEHTAIbHOE JI0KA3aTeNIbCTBO OTCYTCTBHA d3dupa B Ilpupone Obulo moJdydeHO
MaiikenbconoM. OJIHAaKO, aKKypaTHBIM aHadu3 CUTyalMd IMOKa3al, 4TO (U3NYECKUN aHaIu3
pe3ysibTaTOB d3KclepuMeHTa MailikenbcoHa ObUT  MPOBEAEH HACTOJIBKO HEOpPEeXXHO U
HEKBAJM(UIUPOBAHHO, YTO 00 3TOM Ja)K€ HENPUATHO U OUYEHb HEJIOBKO TOBOpUTH. HOBBI
aHaJIM3 CUTYalluH MOKa3all, YTO SKCIepuMeHT MaiikenbcoHa HECIIOCOOEH B MPUHIUIE OTBETHTH
Ha BOINpoC O cyuiectBoBaHuU 3¢upa. IloarBepxknenue pesynprata dus3o 0 CylecTBOBaHUU
MaTepuagbHoro  3@upa  OBJIO  MOJYYeHO B  TEOPUM  HENMHEHHBIX  KosieOaHui
UACHTU(PUKAITMOHHBIMH METO/IaMHU.

°

Tak ObUIO yCTAaHOBJIIEHO, 4YTO JJEKTPOH COCTOMT W3 OrPOMHOTO  MHOXKECTBa

AIIEKTPOHOIIOIOOHBIX 3JIEMEHTOB 3(upa U obsajaeT BUXPEBOH, CMEpUYENOA00HON CTPYKTYpOi

(puc.1)[14].

PII IR RRIIRXLL

Puc.1 Cxema sanekTpona

OpnHoBpeMEHHO ObUIM BBISBIEHBI CTPYKTYphl HEHTpoHa W mpoToHa. HelTpoH okasancs
BUXPEBBIM 00pa30BaHUEM M3 HEUTPOHOIOAOOHBIX 3JIEMEHTOB 3(Hpa, CBEPHYTHIM B 3aMKHYTOE
koiblo (puc.2). Ilporon xe, kak ObUIO BBIIBICHO B [22], OKa3ajcsi COCTaBHBIM OOBEKTOM,
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Puc.2. Cxema HeliTpoHa

COCTOAILINM M3 HEUTpOHA U aHTHUANEKTpoHA [17]. [loka He ObUIM BBIABICHBI (HOPMBI HEUTPOHA U
9JIEKTpOHA (a TaKXKe AaHTUIEKTPOHA), OBbLIO HEBO3MOXKHO IIOHATh, Kakyl (opMy umeer
COCTaBHON HEUTPOHHO-aHTHAJIEKTPOHHBIA 00BEKT. BhIsIBIEHUE CTPYKTYp HEMTPOHA U 3JIEKTPOHA
HO3BOJIMIIO, C IPENIEIbHON HATJISAHOCTBIO, IOHATH (pOpMy IpoTOHa (pHc.3).

)
)

e

Puc.3. Cxema mpotoHna
°
B Xxome moOCTpOeHHsS «KJIACCHUECKOW» TEOPHH MHKPOMHpPA, OBLIO BBISIBICHO, YTO
JJIeMEHTApHBIMU ~ OOBEKTaMHU MHUKPOMHpA SBISIOTCSA HEUTPOH, DIEKTPOH, MO3UTPOH,
AQHTUPJICKTPOH ©  aHTHUMO3UTpoH [25]. Bce oHuM sBasioTcs dS(QUPHBIMA  BUXPEBBIMU
oOpa3zoBaHusMH. J{J151 TOTO, YTOOBI JEKTPOH 00718141 CBOMMHU CBOWCTBAMH, OH JOJKEH COCTOSITh
U3 OrPOMHOIO0 MHOXKECTBA 3JIEMEHTOB 3(upa, 00JaJal0MKX MOJOOHBIMHM K€ CBOMCTBAMH —
MacCOM, ANEKTPUUECKUMU 3apsigaMH, COOCTBEHHBIMU MarHMTHBIMH TOJSIMH,... . TOYHO Tak ke
JIOJIKHBI CYIIECTBOBATh U HEUTPOHONOA00HBIE, TO3UTPOHONIOA00HBIE, AaHTUAIEKTPOHOIIO01I00HbIE
U aHTUIIO3UTPOHOIOI00HBIE JIEMEHTHI Aupa.
°
JlocTikeHre HOBBIX IMpEJCTaBICHUM 00 ycTpoHCTBe MarepuaibHoro Mupa norpeboBaiio
BBISIBJICHUSI I0KA3aTEIbCTB UX UCTUHHOCTH.
°
B nonb3y cymectBoBaHus 3Qupa CBUAETENBCTBYET TO 0OCTOSATENBLCTBO, UTO O€3 yuera apupa
NOHUMaHWe  CYOCTaHLIMOHAJIBHOM  HPUPOABI  KOPIYCKYJISAPHO-BOJIHOBOIO  JTyaln3Ma
MUKpPOOOBEKTOB, a TaKkKe IIOHMMaHHWe JeTajedl MexaHu3MOB HX JAudpakuuu U
NOCTAU(PAKIMOHHONW  aBTOMHTEp(PEpPEHIMH  OCTaBaJUCh, I (PU3UUECKOM  HaAyKH,
HEJOCTH)KMMBIMU. Pa3pemnTs 3Ty BecbMa HENPUATHYIO, JUISl MpecTHKa (U3UKU, CUTYAIHIo,
yJalI0Ch TEOPUH HEIMHEHHBIX KoleOaHWH MOJYyYMBIIEH, C MOMOIIbIO yueTa 3¢upa, YeTKue u
JIeTaIbHBIE OTBETHI HA YKa3aHHbBIE BOMPOCHI [13].
0
BhisiBieHre CTPYKTypbl 3J€KTpOHAa OOHApyKWUJIO, YTO MAarHeTH3M HPOMCXOAUT OT
MarHeTus3Ma, a He OT JJIeKTPUYECTBA, KaK CUMTAET COBpeMEeHHas (u3uka. 3HAHHE CTPYKTYpPbI
AIIEKTPOHA TO3BOJMJIO BBISIBUTH HCTHHHBIM MEXaHU3M BO30YKIEHUS CHUpaJbHOro (a He
«KpYTOBOTO», TO (DU3MUECKUM MPEJCTABICHUSIM) MArHUTHOTO TMOJISI BOKPYT MPOBOJHUKA C
TOKOM (PKCHEPUMEHT OpcTeAa), W IMO3BOJWIO JOCTUYh WCTUHHOTO TOHHMMAaHUs MEXaHU3Ma
UCKPUBIICHHSI TPACKTOPUM DJIEKTPOHA, MNpPU €ro JBWKECHUU IMIONEPEeK JIMHUN BHEIIHEro
MarHuTHOTO ToJis (dkcrepuMenT Jlopenna) [14].
0
DJIEKTPOH COCTOUT W3 MPSIMOM IEHTPAIbHOW 3(PUPHON CTPYHM W MHOXKECTBA CIHMPATHHBIX
3(UPHBIX CTPYH, HABUBAIOIMXCS, C JIEBOM 3aKPYTKOH, HA EHTPaAJIbHYIO CTpYI0. BHemHuit a¢gpup



HENPEPBIBHO MPOTOHSETCS Yepe3 AJICEKTPOH COOCTBEHHBIM MArHHTHBIM IOJIEM 3JieKTpoHa P,
COCTOSIIIUM M3 TPSIMOJUHEUHOro moJisi P, B LIEHTPAJIbHON CTpPye U CIHUPAIBbHBIX JUHUK Ps B
CIIUPAIBHBIX CTPYSIX.

MarnutHoe BuUXpeBOe Moje 3JeKTpoHa P. cocTaBisieT ¢ «3(QUPHBIM TEIOM» 3JIEKTPOHA
eanHoe 1enoe: Apyr 0e3 apyra OHU CyIIECTBOBaTh HE MOTYT. J|BHXKEHHE 3JIEKTPOHOINOI00HBIX
3JIEMEHTOB 3(upa MO LEHTPAIBHON CTpye JIEKTPOHA COMPOBOXKIAETCS MOTOKOM COOCTBEHHBIX
MarHUTHBIX TOJIEH ATHX 3JIeMeHTOB 3¢upa. CormacHo DpcTeny, STOT MarHUTHBIA IMOTOK
B0O30Y)K/Ia€T BOKPYT HETO CIUpaIbHOE MAarHUTHOE moJjie Ps C TIEBOBUHTOBOM 3aKkpyTkoi. [lose Ps
TOHUT 3JIEMEHTHI dGUpa BAOIH CBOMX JIMHUN B Ty )K€ CTOPOHY, B KOTOPYIO OHU JBHXKYTCS IO
LHEHTpaJbHOU cTpye, oOpa3ys TeM caMbiM J(UpPHBIE CHOUpPAJIbHBIE CTPYH C JICBOBHHTOBOI
3aKpyTKO#. Tak Kak 3To JBIKEHUE d(upa 1Mo CIUpaIbHBIM CTPYSM COIPOBOXIAETCS TTOTOKAMHU
MarHUTHBIX IOJIEH, TO, COTJIACHO DPCTENY, BOKPYT CIHPATbHBIX 3(PUPHBIX CTPYH BO30YKAAIOTCS
HOBBIC CIHpAJbHBIC JICBOBUHTOBbIE MarHuTHbie moJig. CyMMa COCTaBJSIOIIMX 3TUX HOBBIX
MarHuTHBIX TOJIEH, HApaBJI€HHAs BJIOJIb LIEHTPAIbHOM CTPYH, U COCTABJISET MArHUTHOE IOJIE
P, KOTOpOE TOHHT AJIEMEHTHI d(hHpa 1Mo MPSIMOK IIEHTPAILHOH CTpye.

o

[Tonepeunbie pa3Mepsl UIEKTpPOHA HAMHOTO MEHbILE €ro JUIMHbL. [loaTBepKIeHHe 3Toro
OBLIIO MOJTYYEHO MPU HACHTU(DUKAIIMOHHOM UCCIIEIOBAHUU CTPYKTYP «IJIEKTPOHHONH 00OIOUKM)
HEBO30Y)KICHHOTO — aToMa ‘He. IIpu »sTOoM wHcciaenoBaHUM ObUIO  YCTaHOBJEHO, 4YTO
HANPSDKEHHOCTh COOCTBEHHOI'O MArHUTHOTO TIOJS AJIEKTPOHA OMMCHIBAETCS BBIPAKEHUEM:
H((r)=(y+71) (ue)r *|cos(ue )P r—y1r *pe, r1e pe - BEKTOp MArHHTHOTO MOMEHTA 3JIEKTPOHa, I -
paaryc-BEKTOP TOYKH OIpEAeICHUS BeUIuHbl He, (#.\F) - yroJi OTKIOHEHHUS] BEKTOpa I OT OCH
CUMMETPUN COOCTBEHHOIO MAarHUTHOI'O MOJs 3j1eKTpoHa. CreneHp 54 npu KOCUHYCE TOBOPUT O
Ype3BBIYAHO OBICTPOM YMEHBUICHUH BEIWYUHBI H, TpU OTKIOHEHUU OT OCH CUMMETPUU
COOCTBEHHOT0 MarHMTHOTO TMOJISl AJIEKTPOHA, O TOM, YTO Hambojee MHTEHCHUBHAs 4YacTb 3TOU
MarHUTHOM CTPyH MMEET CIHIIETIOA00HYI0 GopMy. A 3TO BO3MOKHO TOJIBKO B TOM CIIydae, €cliu
JUTMHA 3JIEKTPOHA HAMHOT'O OO0JIbIIIE €T0 MONEPEYHBIX Pa3MEPOB.

°

DJIEKTPOH SIBJIIETCS HE CTAaTHYECKH, a JUHAMHYECKH YCTOWUYMBBIM OOBEKTOM. BHemHui
3¢up HEMPEPHIBHO MPOTATKUBACTCS MArHUTHBIM mosneMm P. yepe3 snekTpoH. M3-3a KpuUBHU3HBI
CIIUPATBHBIX CTPYH, HA dPUP, B ITUX CTPYAX, JCUCTBYIOT HEHTPOOEIKHBIE CHIIBI, CTPEMSIITUECS
pa3pytuTh 371eKTpoH. CKOPOCTh ABMKEHUS ddupa UMeeT HauOoblilee 3HaUeHNE B IIEHTPaTbHOU
CTpye U TMOHWXKAeTCd C yJaJeHHEeM OT IEHTpalbHOW CTpyu K nepudepuu aiiekTpoHa. M3-3a
ATOr0, BHYTPEHHEE JAaBJIEHHWE B DJJIEKTPOHHBIX CTPYSIX HMEET HAUMEHBIIYIO BEJIMYMHY B
IEHTPAILHOM KaHalle, YBEIMYMBAsCh K mepudepun snexTpoHa. Takoil mepernaj BHYTPEHHUX
JABJICHUN YCTpaHSIET YIpo3y pa3pylIeHHs dJIEeKTPOHA IIEHTPOOSKHBIMU CHIIAMHU.

o

CtpykTypa 31eKTpoHa ObUIa BBISBIEHA OJarojaps HCHOJIB30BAHHUIO METOJIa aHaJOTHil.
AHaJoroM 3/1eCh MOCITYXHJIa BUXpEBas CTPYKTypa XOPOIIO U3BECTHOTO aTMOC(EpHOro cMepya.
[TprunHHO-CTIEICTBEHHBI MEXaHH3M O00pa30BaHUs BUXPEBON (OPMBI ATOrO cMepya HE OBLI
U3BECTEH, TOKa HE YyJaJoCh BBISBUTH CTPYKTYPY AJIEKTPOHA U MOJIYYUTh CBUIETEIHCTBA €€
MCTUHHOCTH.

brerToBaBiiee B ¢u3nke, co BpeMeH AMIepa U J0 HaCTOSILEro BPEMEHH, MPEJICTaBICHUE O
TOM, YTO MAarHeTH3M MPOUCXOJIUT OT JBHXKEHUS DJIJIEKTPUUECKUX 3apsOoB U HE SBISETCS
CaMOCTOSITENIbHBIM SIBIEHUEM, HE MO3BOJISUIO MOHSTh, YTO BUXPEBas CTPYKTypa aTMOC(PEpPHOTO
CMepua IOJIHOCTBIO OMNpEAENAeTCs TOJBKO MArHUTHBIMU  B3aUMOJICUCTBUSIMU  MEXIY
3IIEeMEHTaMH BO3]lyXa, IPOKAaYNBA€MOI0 MarHUTHBIM BUXpeM uepe3 cMepu. [loaToMy neranbHoOe
MOHMMAaHUE MeXaHu3Ma (OPMHUPOBAHUS BUXPEBOH CTPYKTYphl aTMOC(HEPHOTrO cMepya CTalo
JOCTYMHO TOJIBKO TIOCJ€ BBISIBJICHUS TMOJOOHOTO K€ MEXaHu3Ma OO0pa30BaHUS CTPYKTYpPHI
AJIEKTPOHA.



OTkppITHE CTPYKTYpBl 3JIEKTPOHA IMOJACKAa3aJ0 IyTH IIOUCKA CTPYKTYp HEHTPOHOB U
NPOTOHOB. Tak Kak SKCIEPUMEHTHhI Ha yckopuTensx, Bkiodas BAK — bosbmoi AapoHHBIN
Komnaiinep, He 0OHapyXWJIM HUKAKHUX «OCKOJIKOBY», MacChl KOTOPBIX ObLIM ObI MEHBILIE Macc
HYKJIOHOB, TO, IIOCJIE OOHAPYKEHUSI CMEPUYETIOA00HOCTH CTPYKTYPHI JIEKTPOHA, CTAJI0 ACHO, YTO
HYKJIOHBI, KaK W DJIEKTPOH, HE MOTYyT 0O0janaTh CTPYKTypamH, aHAJOTHYHBIMU CTPYKType

TBEPAOIo TEa.

[To-BumuMoMy, oOpamieHHe K THIOTE€3aM CYIIECTBOBAHHWSA «CTECHHUTENBHBIX» KBAPKOB M HEYJIOBHMBIX
«HEHUTPUHOY», O0YCIOBICHO HEe (GU3NICCKON MHTYHIHEH, a TCOPETUIECKO HETOCTATOYHOCTHIO M OE3BICXOTHOCTEIO.
OTH XK€ NMPHINHBI IPUBEIH, CKOPEE BCETO, M K NMPU3HAHMIO TOTO, YTO B COBPEMEHHOH (pr3MKe «BOMPOC «U3 YETrO

COCTOUT 3JIEKTPOH?» MOXKET OKA3aThCS JIMIICHHBIM CMBICTIa [2,c.12].

BrisiBIIeHHE CTPYKTYp HYKJIOHOB BCTPETUIIOCH CO CBOMMM TpynHOCTsMH. He cymectBoBanu
KaKne-Tu00 HaMEKH Ha CICHU(HUKY dTUX CTPYKTYP, KPOME IKCTIEPUMEHTAIEHO YCTaHOBIEHHOTO
¢dakTa, 4TO CBOOOJHBIA HEUTPOH HEYCTOMUYUB - €0 «BPEMs XKHU3HH» OKOJIO 16 MUHYT, mocie

YCro OH MpeBpamacTcsa B IIPOTOH U 3JICKTPOH.
KBaHTOBas (hu3KKa BechbMa CKIOHHA K IIOBEPXHOCTHBIM BBIBOJAM — €l II0Ka3aJI0Ch, YTO 3TO FOBOPHT O paciaje

HEWTPOHA Ha NIPOTOH M AIICKTPOH. YBEPOBAB B 3TO, APYT'HE BEPCUU ITOH peakly OHa He paccMarpuBana. Korna, B
KOHIIE-KOHIIOB, yJaJlOCh BBIIBUTH CTPYKTYpHl HEHTpOHA M NPOTOHA, CTANO IIOHATHO, YTO B KBAaHTOBOH (H3HKE
MOHMMAaHHE 3THX CTPYKTYP CTOJIb XKe HEJOCTHXHUMO, KaK ¥ IOHUMaHUE CTPYKTYPHI 3IEKTPOHA. .

Ecnmn He cnemmth ¢ HeoOOCHOBAaHHBIMU BBIBOJAMHM, TO M3 HKCIHEPUMEHTAIBHOTO
O0OHapyXeHHs TOT0, YTO HEUTPOH CIIOCOOEH TpaHC(HOPMHUPOBATHCS B IPOTOH, CIEAYET, UTO WU
HEUTPOH, WK MPOTOH SBISETCA 3JIEMEHTapHbIM OOBEKTOM, a JIPYroil HyKJIOH — cocTaBHOM. U
3/1eCh BO3HHMKAET HOBas Mpo0liemMa, Kaxylascs Hepa3pelnMoil — Kak MOXKHO MPEeACTaBUTh OJUH
U3 HYKJIOHOB COCTaBHBIM 00BEKTOM. B pusmke 3ta npobiema ynopHo 3aMamunBaeTCs.

Ecnu HeHTpOH, Kak cyuTaeTcs B (PU3UKE, COCTOUT U3 MPOTOHA U AJIEKTPOHA, TO, IO COCTaBY
3TO — HEBO30YXJEeHHbI aroM mpotus. OnHAKO, y4yeT MarHUTHBIX B3aUMOJCHCTBUH MEXIY
IIPOTOHOM U 3JIEKTPOHOM B IPOTUH, MPU MaTEMaTHYECKOM MOJEIUPOBAHUM aroMa MpOTHS B
TEOPHH HEMHEHHBIX KoJeOaHMi, MoKa3aj, 4To 3TOT aToM 00JIaZaeT €IUHCTBEHHBIM II100aJIbHO
YCTOMYMBBIM COCTOSIHUEM PABHOBECHS B KOTOPOM PACCTOSIHUE MEXY AJIEKTPOHOM M IMIPOTOHOM
PaBHO 53:10 M [7,8,11,15]. A Tak kak, coryiacHo »mmupuyeckoil dopmyne Pesepdopna:
r,=1,4-AY%.10"%y, JMaMeTp HeHTpoHa He mpeBbimaet 3107 M, To HelTPOH He MOXKET COCTOSTH
U3 MIPOTOHA U 3J1eKTpoHa. Clej0BaTeNIbHO, COCTAaBHBIM MOKET OBITh TOJILKO NMpoToH. Ho, eciu B
HaAOJIIO/IaTEIbHON  KaMepe peakiusi NpeBpalleHHuss HEWTpOHAa B MPOTOH BBHIMJISAMT Kak
pacxoIuecs: U3 OJHOM U TOM K€ TOUYKH TPEKU NMPOTOHA U 3JIEKTPOHA, TO KAKOBA MOXKET OBITh
cama 3Ta peaxius’?

Pasranka Oblia HaiiieHa TOJIBKO MOCIIE BBISBIEHUS CTPYKTYphI GoToHa [17]. Oka3anock, 4To
¢doToH mpencTaBiser Cco00M BIEKTPOH-aHTUAJIEKTPOHHBIN JIUIONb, TJl€ AHTHUAJIEKTPOH —
MHUKPOOOBEKT C «ITOJIOKUTEIBbHBIMY» €TUHUYHBIM 3JIEKTPUUECKUM 3apsiioM (+e), ¢ MarHUTHBIM
MOMEHTOM M U C «OTPHULATEIBHON» MAacCcOd BEJIMYHMHBI M. TeopeTndeckoe OTKPBITHE
AIIEKTPOHOIIOI00HBIX MUKPOOOBEKTOB € «OTPHULIATEILHBIMUY» MaccaMH ObUIO cienaHo Jlupakom,
HO (U3HKOI HE BOCTPEOOBAHO M OTIIPABJICHO HA (PU3NUECKYIO «CBAIKY» [53].

3HaHuE CTPYKTYphl (POTOHA MO3BOJSET MOHATh, KaK, B JAECHCTBUTEIbHOCTH, MPOUCXOAMUT
TpaHchopmarusi HEHTpoHAa B MPOTOH. DTa TpaHchOpMaIMs HAYWHAETCS C TOTrO, 4TO (POTOH,
BCTPETHUBIIUCh C HEHTPOHOM, pacragaercss Ha CBOOOJHBIE AJIEKTPOH M AHTHANEKTpoH. U
AIIEKTPOH, U AHTHURJIEKTPOH SIBISIOTCA AuaMmarHeTukamu. [losToMy, aHTHANEKTpoH, Omaronaps
CBOEMY JIMaMarHeTU3My U «OTPULATEIBHOCTH» CBOEH MaccChl, YCTPEMISIETCS K HEUTPOHY W,
CONMM3MBIIMCH C HUM, OOpa3yeT COCTaBHOM OOBEKT — MPOTOH. DIJIEKTPOH K€, M3-3a CBOEro
JUaMarHeTU3Ma, YXOJUT OT IPOTOHA, B TIIOJHOM COOTBETCTBUM C CHUCTEMOW TpPEKOB B
HaOIIOaTEIFHON Kamepe.

Pe3ynbpTarel 3KCHEPUMEHTOB HAa YCKOPUTENSX TOBOPSAT O TOM, YTO HYKJIOHBI, KaK H
JJIEKTPOHBI, O0JIAZAIOT CTPYKTYPAaMH, OTJIMYHBIMHU OT TBEPJOTEJIBHBIX. DTU CTPYKTYpPhl MOTYT
OBITH TOJIBKO cMep4enofo0HbIMU. HEHTpOH JIUIIEH 3JEKTPUYECKOro 3apsijia, ero Macca Ha TpU
nopsizika OoJibllle Macchl 2JEKTPOHA, @ BEKTOP €r0 MarHUTHOTO MOMEHTa fp MOYTH HA IISATh
HOPSIKOB MEHBIIIE MAarHUTHOIO MOMEHTAa JJIEKTPOHA (.. VJIEHTH(UKAMOHHBIMA METOJaMU



YCTAHOBIEHO, 9TO n=3,6-10"u,. HeHTpOH ¢ TAKMMH CBOMCTBAMH MOXET, MO-BHIHMOMY,
COCTOSITh TOJIBKO W3 HEHUTPOHOMOAOOHBIX 31€MEHTOB 3(pupa. COMHUTEIBHO, UYTO BUXPEBOE
cMepuerolo0HOe MarHUTHOE I0JIe, BO30YXKAaeMO€ TaKUMH CIa0bIMH MAarHUTHBIMH TOJISIMH,
CIOCOOHO 00ecne4YnTh YCTOHYMBOCTH MPSIMOM CMEPUYEnoJOo0HON CTPYKTYpbl C TaKUMH
TSOKETIBIMH HEUTPOHONOJ0OHBIMU 3(upHBIME 31eMeHTaMu. CKopee Bcero, HEHTpoH oOnamaer
KOJIBIIEBOM, 3aMKHYTOM Ha ce0sl, cMepuenogo0H0# CTpyKTypoH (puc.2).

Takast CcTpykTypa HEHTpOHA BEJIMKOJICITHO OOBSCHSET, KaK IPOUCXOAUT OOpa3oBaHHE
OPOTOHA IYTEM HEOTPAHHUUEHHOTO CIMSHHUS aHTHAJEKTpOHA ¢ HeWTpoHoMm (puc.3).
AHTHUAJIEKTPOH YACP)KUBACTCS B MPOTOHE CHIIAMH MarHUTHOTO OTTAJIKUBaHUS, ICHCTBYIOIIHMH
MEX1y aHTHAJIEKTPOHOM U HeTpoHOM. Korja 1ieHTpel Macc HEHTpOHA U aHTUAJIEKTPOHA, B ATOU
KOH(HTypaluu, COBINAAAI0T, TO HEUTPOH-AaHTUAIICKTPOHHAS CUCTEMAa HAXOJIUTCS B PABHOBECHH.
Kornma meHTp Macc aHTHRJIEKTPOHAa CMEIIAETCS OTHOCUTENBHO IIEHTpa Macc HEWTpoHa,
BO3HUKAIOT CHJIBl MArHUTHOTO OTTAJIKWBAHUS MEXIY HEHTPOHOM W aHTHAIEKTpoHOM. [lon
NEHCTBHEM STUX CHJ, HEHUTPOH MbITaeTca yOexaTb OT AaHTUAJNIEKTPOHA, a aHTUAJIEKTPOH,
Onarojgapss «OTPULATENILHOCTH» CBOEH Macchl, CTapaercs ero JOorHarb, a TaK Kak
me:mn-1838,671, TO AHTUIJEKTPOHY ATO yJaeTCsl.

°

BrisiBiaeHHEe CTPYKTYypbl DJJIEKTPOHA IMO3BOJIMIIO TMOJYYUTh HOBYHO HUHpopManuioo 00
YCTPOMCTBE HE TOJBKO OTJEIBHBIX MaTEPHAIbHBIX 0OBEKTOB, HO M BCETO MaTtepuaibHOro Mupa
B Haileu BeeseHHoM.

0

Tak KaKk «Teno» 3JIEKTPOHA COCTOUT U3 HEMPEPHIBHO MPOKAYMBAEMBIX Y€pPe3 HEro FJIEMEHTOB
BHEIIHETO 3(pUpa, TO IEKTPOH MOXKET CYIIECTBOBATH TOJBKO B JOCTATOYHO IUIOTHOM 3dupe. O
TOM, 4TO 3(up pacroyiokeH B Haiell BceneHHON AOCTaTOYHO MIIOTHO, TOBOPHUT AOCTATOYHO
MJIOTHOE PAcMoJOKeHHe, Ha «HeOecHoW cdepe», HMCTOYHUKOB HAOIIOJAEMOTO HaMU
AIIEKTPOMATrHUTHOTO U3ITyYEHUSI aTOMOB.

Cy1iecTBYIOT /1Ba BHUJA 3JEKTPOMAarHUTHOIO M3JIYy4€HHsS aTOMOB — BOJIHOBOE M (DOTOHHOE.
BonHoBoe wu3nydeHue mpeacTaBisieT co0O0  SJIEKTPOMAarHUTHBIE BOJHBI, MaTepUaTbHBIM
HOCUTEJIEM KOTOpBIX fABIseTCS d(hup. OTU DBJIEKTPOMArHUTHBIE BOJIHBI BO30YXKIArOTCS
KOJeOaHUSMU DSJEKTPOHOB W AHTHUAPJIEKTPOHOB, COJEPXKAIIMXCA B HEBO3OYKIEHHBIX U B
BO30Y)K/ICHHBIX aTOMaX.

@DOTOH TpencTaBiIseT co00i ANEKTPOH-AHTUANEKTPOHHBIA IUMONb. DTH AUMOIN 00JaaatoT
CIIOCOOHOCTBIO K CaMOpPa3rOHY /10 CKOPOCTH, 3aBHUCSIIEH OT IJIOTHOCTH BCTPEYHOro 3dupa..
ATOMBI CIOCOOHBI 3aXBaThIBATh OJIMH WJIM HECKOJIBKO (JOTOHOB, BKIIIOUAsi UX B CBOM cocTaB. [Ipu
3aXBaTe aTOMOM (POTOHA, OH BKJIFOYAETCS B COCTAB aTOMa, KaK €AMHOE LIEJI0e, B BUJIE AJIEKTPOH-
AHTUDJIEKTPOHHOTO 1umofs. DOTOH, 3aXBAaYCHHBI aTOMOM, COXPaHSIET CBOKO CIIOCOOHOCTH K
camopasrony. bnarogmaps 5TomMy, aromM pasroHsercs J0 CKOpPOCTH, BEJIMYHMHAa KOTOPOH
OTIpEe/IeNIIeTCSl COMPOTHUBIIEHUEM BCTpeuHOro 3(dupa ABMKEHHIO aToMa. DOTOHHOE H3IydeHUE
UCIyCKaeTcsd TOJbKO BO30OYXKIEHHBIMH artomamu. [IpoucxomuT 3To, B pe3yiapTaTe NOTEPU
aTOMOM OJHOTO WJIHM HECKOIbKHX (POTOHOB, MPUUYUHONW KOTOPOU SBISIETCS CTOJKHOBEHHUE
BO30YKIEHHOIO aTOMa C IPYTUMHU MUKPOOOBEKTaAMHU.

BoiHOBOE HM3TydeHHE MOMKET PacHpOCTPaHATHCS TOJBKO B JOCTATOYHO TUIOTHOM (PHUPHOIMA
cpene. Tak Kak Juis CyIIECTBOBAaHHUS 3JEKTPOHOB M AHTHRJIEKTPOHOB TakKe HeoOXoauma
JOCTaTOYHO TIUIOTHAsE d(dupHas cpera, TO (GOTOHBI TakKe MOTYT CYIIECTBOBAaTh TOJBKO B
JIOCTAaTOYHO TUIOTHOW 3upHOl cpene. M3 3TOoro 0o0CTOATENHCTBA W TOTO, YTO HCTOYHUKH
HaO0F0TAEMOT0 HAMU HM3JIYYeHHs JOCTATOYHO TUIOTHO PACIIONOXKEHBI Ha «HEOECHOU cdepey,
clenyerT, 4To 3(pup AOCTATOYHO IIJIOTHO 3arojHseT BClo Hally BeeneHHyto.

0

[IpencraBneHus 0 «TEMIOBOM CMEpPTH BceneHHON» SBIAIOTCS BCETO JUIIbL (PU3NUECKON
«CTpPALIMIIKOI», BBI3BAHHOW HEJOCTAaTKOM 3HaHMUA 00 ycTpoiicTBe marepuaibHoro Mupa. O6
3TOM TOBOPST CTPYKTYPHI JJIEKTPOHA U HEHUTPOHA.



Ddup, nmpu mNpoKauMBaHWK BHUXPEBBIM MArHUTHBIM TOJieM P, depe3 3IeKTPOH, CHIIBHO
VIUIOTHSIETCS W BBIOpACHIBAETCS U3 3JEKTPOHA B BHUJIE BeChbMa IJIOTHOM peakTUBHOHN 3(upHOi
ctpyu. O TOM, HAaCKOJBKO CHIJIbHA 3Ta PEAaKTUBHAs CTPYS, MOXKHO CyOUTh MO TOMY, 4YTO B
«COJIHEYHOM BETpE» CKOPOCTb 3JIEKTPOHHOW COCTAaBJISIONICH, HECMOTPS Ha COINPOTHUBIICHUE
BCTPEUHOTO d(Upa, OLEHUBACTCS BEITUIMHON 600M-c”". brnarogapst Takoii peakTHBHON 3PUPHOIA
CTpye, CBOOOAHBIN ANEKTPOH, IPH J1I000I CKOPOCTH JBUKETCS TaK, YTO HAIIPABJICHUE MPOKAYKU
a¢upa uepe3 MEKTPOH U HANIPABICHUE BCTPEYHOTO MMOTOKA BHEIITHETO 3(Mpa COBIAAAIOT.

CBOOO/IHBIE HEUTPOHBI TaKXkKe HAXOAATCA B IMOCTOSIHHOM JBHKEHHHM, HO CKOPOCTH HX
CYIIECTBEHHO MEHBIIE CKOPOCTEeH CBOOOTHBIX AUEKTPOHOB. biaromaps 3Tomy, oHH 00Ja1al0T
CBOMCTBOM «BEYHOTO JIBH)KEHUS», CBONCTBOM «BEUHBIX JBUTATEICII.

CB00OOAHBIE SNIEKTPOHONOJO00HBIE U HEUTPOHONIOJOOHBIE AIEMEHTHI A(Upa TakKe 00IaJat0T
BUXPEBBIMHU, CMEPUETIOAOOHBIMU CTPYKTYPAMHU U HAXOASTCS B «BEUHOM JIBIDKEHUNY.

Kpome snemMeHTapHBIX OOBEKTOB MHKPOMHpA M JJIEMEHTAPHBIX JJIEMEHTOB 3(upa, B
[Ipupone cymecTByer OecKOHEYHOE MHOXKECTBO Bc€ Oomee u  Oolee  MENKHUX
AIIEKTPOHOIIOIOOHBIX M HEHTPOHOMOAOOHBIX AJIEMEHTOB MAaTEPHUH, OOJIATAIONINX BUXPEBBIMU
CMEpUYEenoIOOHBIMH CTPYKTYpaMH, JOCTATOYHO IUIOTHO 3aloJIHAIOIIMMHU BClO BceneHnyo u
HaXOJIAIIMMHUCS B HEMPEPHIBHOM JIBMXKCHHUH [25].

Hamuuue B MarepuanmbHoM Mupe Takoro MHOXKECTBA MAaTEPHUATBHBIX OOBEKTOB,
HaXOMAUIMXCS B «BEYHOM JBIDKEHHHM», TOBOPUT O TOM, YTO CIIOBOCOYETAHHE  «TEIJIOBas
CMEPTH)» HE OTHOCUTCS K aJIeKBaTHBIM MOHATHAM [Ipupossl.

0

Hanuuue nocTtaTouyHo MJIOTHO 3aloONHSIOMKUX BClo BceeneHHyro anemeHTOB 3¢upa u
OecripeielbHO  YMEHBIIAIOMIMXCS WX aHAJIOTOB, JETAJbHO PACKPBIBAET COJCPKATEIBHYIO
CTPYKTYpY BeCbMa PacIIbIBYATOrO MOHATHS «(U3HUECKOE TOJIEY.

°

CoBpeMeHHas (u3MKa LIMPOKO HCHOJNb3yeT TMOHATHE «IedeKT Macc», He IMOHUMasd
CyOCTaHITMOHAIBHOW TPHUPOJBI ATOTO siBIeHUs. Hapsimy ¢ «redekToM Macc» HCIONb3YIOTCS
Takhue Hea/leKBaTHbIE TMOHATHS, KaK «KOJUJIANC», «AHHUTWISIHS» MHKPOOOBEKTOB, U
«OKBHBAJICHTHOCTh MAacChl M YHEPTHUN», JOMYCKAIOIIAsi B3aUMHBIE MEPEXOAbl MacChl M YHEPTUU
Ipyr B apyra. Mcnonb3oBaHME 3THX TMOHATHH, 0€3 UCTUHHOIO MX MOHUMaHMS, OOBACHSETCS
«JIeTCKOM 00JIe3HbI0» (PU3NYECKON TEOPHH, CBSI3aHHOM C HEIOCTATOYHO KBAIU(PHUIIMPOBAHHBIM
aHAJIM30M SKCIEPUMEHTAIbHBIX PE3YJIbTAaTOB.

°

Bo3MokHOCTh mepexofia MaTepuu B HEPTUIO0 U SHEPTHUH B MaTepHIO, B (PU3MKE MPUHATO
WITIOCTPUPOBATh C TOMOIIBIO TIO3UTPOHHSI — MHUKPOOOBEKTa, COCTOSIIETO W3 DJIEKTPOHA WU
no3uTpoHa. B Teopum MHUKpoMHpa, H3-32 HEOOOCHOBAHHOT'O IPEHEOPEKEHUS MarHUTHBIMU
B3aUMOJICHCTBUSMH MEXIy MHKPOOOBEKTaMH, CUYHTAETCS, YTO JWHAMHKA DJIEKTPOH-
MO3UTPOHHOW CHUCTEMBI HEU30€KHO [JOJDKHA TPUBECTH K KOJJIANCY TMO3UTPOHUS —
HEOTpaHNYEHHOMY COJIMDKEHHUIO JJICKTPOHA M IMO3UTPOHA. B pe3ynbpTare Takoro CONMKEHHS,
COIJIaCHO (PU3MYECKUM NPEICTABICHUSIM, JTOJKHA TPOUCXOAUTh AHHUTHJISAIIIUSI MAcC JIEKTPOHA
U TIO3UTPOHA, MPHUBOIAMIAS K TMEPEeXOAy I3TUX Macc B dHepruto Qortonos. [lo ¢usmueckum
NPEJCTaBICHUSAM, BO3MOXEH, B OIPEACICHHBIX YCIOBUSAX, M OOpaTHBIM Iepexo]l 3HEepPruu
(GoTOHA B MacChI AJIEKTPOHA H MTO3UTPOHA.

OpHako, MpH ydyeTe MAarHUTHBIX B3aHMMOAEHCTBHM MEXIy 3JIEKTPOHOM U TO3UTPOHOM,
HETPYJTHO YOCIUTHCS B TOM, YTO DJICKTPOH-TIO3UTPOHHAS Mmapa o0agaer, u3-3a JTuamMarHeTn3Ma
AIIEKTPOHA, YCTOWYMBBIM CTAaTUYECKMM pABHOBECHEM, B KOTOPOM pACCTOSIHHUE MEXIY
DIIEKTPOHOM ¥ TO3UTPOHOM TOYTH Ha TOPSAOK OOJBIIE PACCTOSHUS MEXIYy IMPOTOHOM U
AJIEKTPOHOM B HEBO30Y)KIEHHOM aToMe MpoTus. Eciau Obl cyliecTBOBal pealbHbIM KOJUIAIC
MIPOTOHUS, TO HeN30eKeH ObLT OBl U KOJIIaTNC HEBO30YKICHHOTO HEUTPAILHOTO MPOTHS. 3HAYHT,
SIBIICHUSI KOJUTANCA U aHHUTWIALMYA B PEalbHOM MaTepualbHOM MUpE OTCYTCTBYIOT, XOTS 3TH

MOHSTHUS BEChMa aKTUBHO UCIOJIB3YIOTCSI B TEOPETHUECKOM (PU3HKeE.
EcTtecTBeHHOHAYyYHOW MHMCUWIUIMHON, HW3y4Yarolleldl YCTPOHWCTBO MaTepHalbHOTO Mmupa, sBIsSETCS (U3HKA.
Martepust cymecTByeT 0OBEKTHBHO, HE3aBUCHMO OT M3Y4alOmnX €€ CyOBEeKTOB, HE3aBHCHMO OT TOTO, HACKOJBKO



BEpHBI (hM3MUECKUE TPEACTaBICHUA 00 YCTPOHCTBE MaTepHalbHBIX 00BEKTOB. [lo3HaHMe MarepmampbHOrO Mupa
BElIETCS C MOMOIIBI0 JKCIEPHMEHTa M TEOPETHYECKHX HHTEpHpeTanuidi u 0000mEeHnI 3KCIEpHUMEHTaNbHBIX
pE3yIbTATOB.

®uznka, HCXOAd W3 HAOMIOAAEMbBIX CBOMCTB MarepuanbHOro Mupa — HaOmogaeMblx (akToB, aemaeT
MIPEIOJIOKEHNSI O HE U3BECTHBIX €l CBOMCTBax 3Toro Mupa u 3amaer Ilpupone skciepuMEHTaIbHBIE BOIIPOCHI O
TOM, BEpHBIE JIM €€ MpeanonoxkeHus. B sTux skcrnepuMenTax Ilpupoma oTBewaeT HaM Ha IOCTAaBIEHHBIE HAMU
BOIIPOCHI, Ha CBOEM $I3bIKE, OTKPBIBAsl HAaM OTAEJbHbIC (PAKTHI, KACAIOIIMECS] HOBBIX CBOMCTB MaTepHaibHOro Mupa.

®duznueckass Hayka, Qu3Myeckas cHCTeMa OOBEKTHBHBIX 3HaHMH 00 YCTpOWCTBEe MarepuainbHOro Mupa,
COCTOMT, TaKUM 00pa3oM, MPEXk/]e BCEro, U3 CUCTEMbI OTJEIbHBIX SKCIEPUMEHTAIBHBIX (akToB. [ Toro, 4To0bI
YeJOBEYECTBO MOIJIO CHCTEMATH3HPOBATh 3TH (DaKThI, 3aMIOJHUB IIYCTOTHI MEXAY OTACIBHBIMH (DaKTaMU HOBBIMH
3HAaHWSAMH, NPEBPAaTHB UX B OOBEKTHBHYIO CHCTeMy 3HaHWi, [Ipupona momapuia 4enoBedecTBY CIIOCOOHOCTH K
TEOPETHYECKOMY MBIIUICHHIO, BBIXOJSIIYIO 32 paMKH MPOCTOH KOHCTATallUM OTACNBHBIX (PaKTOB, CIIOCOOHOCTHIO
CO3/IaHMs TEOPETUIECKOTO 000OMICHHS OTACITBHBIX SKCIIEPUMEHTAIBHBIX (PAKTOB.

CymecTBYIOT TpH BepCHH (HU3MIECKOW TEOPHH — «KJIACCHYECKas» TEOpHs, «KBAHTOBAs» TEOPHS M TEOPHS
OTHOCHTENBHOCTH. Kakaas M3 HUX MCXOAUT M3 CBOMX 0a30BBIX MOCTYJIATHBHBIX IIPEATIONONKEHUH 00 yCcTpoWCTBE
MaTepuanbHOro Mupa.

JUI XapakTepUCTUKU COCTOSHHS MAaTEpUH, B «KIACCHYECKON» TEOPHH HCIONB3YIOTCS MOHATUS «Macca» U
«@Heprus». MarepuanbHelii Mup CyIiecTByeT 0OBbEKTHBHO U B HETIPEPHIBHOM, IIOCTOSITHHOM M3MeHeHUH. [loHsaTune
«Macca» ABISIeTCS Mepoi KoiaudyecTBa MaTepuu lIoHATHE «IHEPTHs» XapaKTepU3yeT W3MEHYHMBOCTh MAaTepHH, Kak
MOTEHIMAJIbHYI0 CIOCOOHOCTh MaTepUU K M3MEHYHUBOCTH, CIIOCOOHOCTH K COBEPLICHUIO pabOThI, TaK U pealIbHYIO
TEKYIIYI0 H3MEHUYHBOCTh MaTepPHH, paboTy IO TEKyIIEeMy H3MEHCHHUIO MaTepHH.

IloctynatuBHBIe 6a3bl «KBaHTOBOI» TEOPHUU M TEOPUU OTHOCHUTEIBHOCTH HE YYMTHIBAIOT TaKyl0 Ba)KHEHIIyro
COCTABJIIONIYI0 MaTepuaibHOro Mupa, Kak 3GUp U MHOTHE AacleKThl MarHHUTHBIX B3auMmojeicTBuil. Tak
HOIY4HIIOCH, 9TO, M3-3a 3TOT0, B KBAHTOBOH TEOPHUU U B TEOPHUU OTHOCHUTEIBHOCTH MPOM30LLIA COAEpPIKATENbHASA
nedopmanust TepMHHA «IHEPTH.

B «xmaccmueckoit» Teopun, «Macca» SBISETCS UCXOIHBIM, a «9HEPTHUsD» - BTOPUYHBIM MOHATHSAMHU: 0€3 Macchl
HET W 3Hepruu. B KBaHTOBOW k€ TEOPHH U B TEOPHH OTHOCHTEIILHOCTH 00a MOHATHS paBHONpPaBHbL. OOBsICHACTCA
3TO TEM, 4YTO B KBAHTOBOM TEOPUU M B TEOPHHM OTHOCUTEIBHOCTH OTCYTCTBYIOT HCTHHHBIE NPEACTaBICHUSA O
CTPYKTYype MaTepuH B Hamiei Beenennoit. Teopus HeNMMHEHHBIX KOJICOaHUH yCTaHOBHIIA, YTO BCS MAaTEPHs B HAIICH
BceneHHON COCTOMT M3 MATH BHUIOB MHUKPOOOBEKTOB — HEHTPOHOB, 3JEKTPOHOB, TO3UTPOHOB, aHTUAIEKTPOHOB H
AQHTHUIIO3UTPOHOB, @ TAKXKE M3 JOCTATOYHO IJIOTHO 3alONIHIIONIMX BCIo BceneHnyro, BcE Ooniee u Oojiee MENKHX,
OecnpeieIbHO YMEHbIIAIIIHNXCA HEUTPOHOMOTO0HBIX, 3JIEKTPOHOIOT00HBIX, MTO3UTPOHOITOTO0HBIX,
AHTHAJIEKTPOHOITOIO0HBIX ¥ AHTUIIO3UTPOHOIOTO0HBIX MaTePHABLHBIX 00BEKTOB [25].

B ¢u3nke 00bEKTH MAKPOMHpPA U MUKPOMHUPA OTHOCST K BEILECTBY, & OCTAJIbHBIE M3 IIEPEYHCIICHHBIX, CKOIIOM,
HE uMesl MpEeACTaBICHUN 00 MX CYIIECTBOBAaHMM — K MON0. TakuM 00pa3oM Teopus HEJMHEHHBIX KoneOaHWH
HAIOJIHWIA OOIIHE TIPEICTABIEHHS O MOJIe KOHKPETHBIM COEPKaHUEM.

B KBaHTOBO# TEOpHM M B TEOPHHM OTHOCHTEIHLHOCTH HET NMOHMMAHUS TOTO, YTO ()OTOH HE SBISIETCSI KAKHM-TO
PacIuUIBIBYATBIM «CT'YCTKOM JHEPI'HH», CHOCOOHBIM TMOSBIITBCS B pE3yNbTaTe «AHHUTHILIIMNY BEIIECTBA H,
IpeBpalasch B BELIECTBO, PAclafaThcs Ha AJIEKTPOHONOAOOHBIE OOBEKTH. TeopHs HENMHEHHBIX KojeOaHWH —
npsiMas HacJieTHHWIA METOAOB «KJIACCHUYECKOI» (U3MKH, OOHapykuia, 4To (GOTOH sBISETCS OAHOW U3 (opm
BEIIECTBA — ANEKTPOH-aHTUAIEKTPOHHBIM JUIONEM [17], ¥ 4TO UCKPHUBIEHHE €r0 TPACKTOPUU I'PaBUTALUOHHBIMU
BO3JICHCBUSIMU JIOBOJIGHO TIPOCTO OOBACHSIETCS ¢ ToMoIIbio hopmanuzma Herorona [47].

o

CornacHo CnenumaneHord Teopum OtHocutenbHOocTH — CTO, Macca 3yeKTpoHa JOJIKHA
YBEJIUYMBATHCA MPU PA3rOHE DIEKTPOHA, C YBEIMYEHHUEM CKOPOCTH €ro JBIXKEeHHs. B
AKCTIEPUMEHTaX CO CBOOOHBIMU DJIEKTPOHAMU, HA YCKOPHUTEIAX MUKPOOOBEKTOB, ATO MOTYIHUIIO
yoemutensHoe moxarBepxkacHue. B CTO npaxke BbIBeleHA COOTBETCTBYIOMAs GopMmyna:
Me(v)=m.(0)(1-v?c %) *°. ®usnka cumraer, 94To TO MPOMCXOIHUT GIArOAPS EPEXOLy YHEPrHH
JBUKEHUSI DJIEKTPOHA B JAOMOIHUTEIBHYIO YAaCTh €r0 MAaTEPUHU.

OTKpBITHE CTPYKTYPHI AJIEKTPOHA MO3BOJISIET BBISBUTH UCTUHHYIO IPUYHHY, TTO KOTOPOH, TpH
YBEJIMYEHUH CKOPOCTU BJIEKTPOHA, YBEIMYUBAETCS €ro macca. M3BecTHO, yTO mpu JBUIKEHUU
MaKpOCKOITUYECKOTO0 00BEKTa CO CKOPOCTHIO V OTHOCHUTEIBHO ra3a, 00JIa/Ialolero MmIOTHOCTHIO
p, TUIOTHOCTh BCTPEUHOTO T'a30BOTO TMOTOKA, C TOUKH 3PEHHS ABMXKYIIETOCS O0BEKTa, OOMBIIE,
4eM p, U YBEIIMYUBAETCS C POCTOM CKOpOCTH V. TOYHO Tak ke, IpH JBWKEHUU DJIEKTPOHA CO
CKOPOCTBIO Ve B 3UPHOH Cpefie ¢ MIIOTHOCTHIO p,, TNIOTHOCTH BCTPEYHOT0, HAOETAIOIIETO MTOTOKA
a(upa, C TOYKH 3pECHUS JBWKYIIETOCS JICKTPOHA, OOMbIINE, YEM p,, U YBEIHUYUBACTCS C POCTOM
Ve.

[Ipu yBenmuueHWW TUIOTHOCTH BCTPEYHOTO IMOTOKAa 3(upa, YBEIUYUBACTCA W IJIOTHOCTH
adupa, MPOKAYMBAEMOTO BHXPEBBIM MArHUTHBIM IMojieM P, depe3 SJEKTPOH. YBeIMYeHUe



IUIOTHOCTH 3(Hpa, HAXOIAIIETOCs B AJIEKTPOHE, O3HAYAeT OJHOBPEMEHHOE YBEIMUYEHHE U €ro
Mmaccel. OTCrofa ciaenyer, 4To Macca 2JEKTPOHAa MOJYKET yBEIMYMBATHCS HE TOJIBKO, KOTJa OH
cBOOOJIEH. DTO MPOUCXOAUT U B TOM ciIydae, KOTJa 3JIEKTPOH, CBI3aHHBIN B COCTABHOM OOBEKTE,
JIBIDKETCS,, BMECTE C 3TMM OOBEKTOM, TaK. YTO BEKTOP €ro MarHUTHOI'O MOMEHTa HallpaBlleH
IIPOTUBOIOJIOKHO HANPABICHUIO JIBUKEHUS BCETO COCTaBHOIO OOBEKTA, B TOM YUCJIE U 3TOTO
JJIEKTPOHA.

Ecnu 35eKTpoH IBUKETCS TaK, YTO BEKTOP €r0 MarHUTHOI'O MOMEHTA HAIIPaBJIEH TakK e, KaK
U BEKTOpP €ro CKOpPOCTH, TO Macca JIEKTPOHA, ¢ POCTOM CKOPOCTH 3JIEKTPOHA, YMEHbBILIAETCS.
JlelicTBUTENbHO, B 3TOM CJy4ae BHEUIHMHA 3(Up BTATUBAETCS B AJIEKTPOH HE CO CTOPOHBI
BCTPEYHOI'0 MOTOKA 3(Upa, a CO CTOPOHBI yOErarouero oT 3JIeKTpoHa 3PUPHOro MOTOKA. A Tak
KaK, C 3TOH CTOpOHBI, 3(pup yOeraer OT 3JEKTPOHA, TO €ro IJIOTHOCTh, C TOYKU 3PEHUS
JJIEKTPOHA, YMEHBIIACTCA C YBEIMYEHUEM Ve. OJTa CUTyalus HMEET MECTO TOJBKO I
3IIEKTPOHA, CBA3aHHOTO B COCTABHOM OOBEKTE.

Ecnu 351eKTpoH CBs3aH B COCTAaBHOM OOBEKTE, TO, B OOIIEM Ciydae, BEKTOP €ro MarHUTHOTO
MOMEHTa MOXET UMETh JIF000€ HaIpaBJICHHNE MEXIY HAIPAaBICHHEM BEKTOpA Ve €T0 CKOPOCTH H
IPOTHBOIOJIOXKHBIM HampaBieHueM. Ilpu 3ToM, Macca 3JI€KTpoHa MOXET NPUHUMAThH JIH000e
3HaUEHUE MEX1Y MAaKCUMAaJbHBIM, OTBEYAIOIIMM IPOTHUBOIMOJIOXKHBIM HAlPaBICHUSIM BEKTOPOB
Ve U {e, U MUHMMAJIBHBIM 3HAYE€HUEM, OTBEYAIOIIHUM OJIMHAKOBBIM MX HAIPaBICHUSM.

Bcé ckasanHoe cnpaBeIMBO W JJIS HEUTPOHOB M JUIsl JIPYTMX AJIEKTPOHOIIOJ00HBIX
MHKPOOOBEKTOB.

0

B ¢usuke cymectByer nonsatue «iaedekt macc». OHO BO3HUKIIO C MOSBICHHEM IPUOOPOB
JUIE  U3MEPEHUsT MacC MHUKPOOOBEKTOB. OTH MNPHOOPHI — MAacC-CIEKTPOMETpPhl M Macc-
creKTporpadbl MO3BOJISAIOT M3MEPATh MACChl KaK OTIENIBHBIX CBOOOAHBIX, TaK U COCTABHBIX
MUKpOOOBEKTOB. M3Mepenust Ha 3Tux mpuOopax IMOKazajad, YTO Macca COCTaBHOIO OOBEKTa,
MEHbILIE CYMMBI MacC 3JIEMEHTOB 3TOTO OOBEKTa, M3MEPEHHBIX IO OTIAENBbHOCTH. Pa3HOCTh
CYMMBI MacC OTAEJbHBIX, HE CBSI3aHHBIX APYr C APYrOM, MUKPOOOBEKTOB U MAacChl COCTaBHOTO
o0bekTa Am, Obula HaszBaHa “Aedexkrom Macc». Oduumanbhas (puHaHCHUpyeMas) ¢U3MKa
OKa3ajachb HECHOCOOHOH JaThb €CTECTBEHHOE OOBSCHEHHE ATOMY SIBJICHHUIO, OHA IOCUHUTANa,
UCXO/ M3 MpEJCTaBlIeHU 00 SKBUBAJIEHTHOCTH MacChl W SHEPrHM, YTO 3Ta Pa3HHUIA Macc
NEPEXO/IUT B IHEPTHIO CBSI3U COCTABHOTO OOBEKTA.

Hecnoco6HocTh opurmanbHol (GU3MKKM HATH OTBET HA BOIIPOC O CTPYKTYpax JIEKTPOHOB U
HYKJIOHOB HE€ I03BOJIMJIA TOHATH OOBEKTHBHBIE NMPUYHMHBI CYHIECTBOBAHUS «aedeKkTa macey.
BMmecTto Hay4yHOro aHamm3za Bolpoca ObUIO HMPUHATO HEOOOCHOBAHHOE «BOJIEBOE PELICHHE» O
TOM. UTO BEJIMYMHA «JIedeKTa Macc» AM, COTIacCHO MPEICTaBICHUH 00 IKBUBAJICHTHOCTH MacChl
U DHEPruM, IMEPEeXOJUT, B pE3yiabTaTeé AaHHUTWIILIMM, B DJHEPIUI0 CBSA3M COCTaBHOIO
MHUKpPOOOBEKTa, paBHYyI0 E=Am- A,

MetoaaMu Teopun HETMHEWHBIX KOJEOaHUI yCTaHOBIEHO, YTO, MPU YBEJIUYEHUN CKOPOCTH
JBUKEHHS JIEKTPOHA U HEUTPOHA, X MAacChl MOTYT KaK yBEJIMYMBATHCS, TAK U YMEHBIIAThCS, B
3aBUCHUMOCTH OT BEJIMYMHBI yIVIa ¢ MEXIY BEKTOPOM CKOPOCTH V U BEKTOPOM MAarHUTHOIO
MoMeHTa u. Ilpu 0,57<¢p<m, Maccel 3JIE€KTpOHA W HEUTPOHA YBEIMYHMBAIOTCA C POCTOM V,
npuHUMas HauOoipIIMe 3HaYeHHs Npu ¢=m, a npu ¢<0,57 macchl >3MeKTpoHa M HYKIJIOHA
YMEHBILAIOTCA C POCTOM V, IpuHUMas pu ¢p=0 HauMeHbIlIee 3HaYCHHE.

VMIMEHHO 3THMH CBOMCTBaMH MHUKPOOOBEKTOB U OOBSACHSETCA CYIECTBOBaHME «IedeKTa
maccy. C moMmomipl0 MOHATHSA «1e(eKT Macc», B KBAaHTOBOM (U3MKE BBIYMCIEHBI OLIEHKHU
DHEPIrUi CBSI3W Pa3IUuUHBIX aTroMHbIX saep. Hanpumep, E(D)=2,2M»sB, E(7)=8,5M»3B,
E(He)=7,7M5B, E(*He)=24,3M>B.

@usMKe HEe U3BECTHO, YTO BEIMUYUHA «Ie(eKTa Macc» He SBISAETCS MOCTOSHHON BETMYMHOMH,
OHa 3aBHCUT OT CKOPOCTH pa3roHa M3MEpSEeMOro MUKPOOOBEKTa B Macc-CHEKTPOMETpax U B
Mmacc-criekTporpadax. Ecinu M3MEHUTh BENWYHMHY 3TOM CKOPOCTH, TO M3MEHUTCS M BEJIWYHHA
«nedexra macey.



Bennuuny sHeprum CBA3M spa MOXHO BBIYUCIMTD M JIPYTUM crocobom. PesynbraTb
SKCHEPUMEHTA 0 PACCESHHUIO (-4aCTUI[ Ha CHCTEMax HYKJIOHOB aTOMHBIX sjep [5] mokaszanw,
4TO s/[pa BCEX XMMHYECKHX DJIEMEHTOB 00JIaJal0T KBA3HKPUCTAJUIMYECKHMMHU CTPYKTYpaMHu H3
CBOMX HYKJIOHOB. JTO O3HAu4aeT, BONPEKU YTBEPKICHHUSIM KBAaHTOBOW TEOPUH, YTO BCE sApa
00J1aJaf0T YCTONYMBBIMUA CTATUYECKH PAaBHOBECHBIMH KOH(UTYpalUsMU M3 CBOUX HYKIIOHOB, B
KOTOPBIX BCE HYKJIOHBI HAaXOAMUTCS JAPYr OT JApPyra Ha BIOJIHE OINPENENICHHBIX, IMOCTOSHHBIX
paccTosiHUAX. 3Has 3T CTPYKTYpPhl M KOJIMYECTBEHHYIO 3aBUCHUMOCTb CHJIBI HYKJIOHHOTO
B3aMMOJICHCTBHUSL OT PACCTOSIHUS, MOXKHO IPOBECTH OOBEKTUBHYIO OILICHKY SHEPTrUU CBS3U
HYKJIOHOB B siipe CorjlacHO Takoi oleHKe, okasajiock, uto E(D)=0,133M»sB, E(7)=0,653M>5B,
E(SHe)=0,393M3B, E(4He)=1,046M3B [23]. OueHku, MOJy4YEHHBIE C TOMOIIBIO TOHSITHUS
«Ie(eKT Maccy, Ha MOPSATAOK PACXOJATCS C 3TUMH OI[CHKaMH,

°

DKCIIepUMEHTHI Ha YCKOPUTENAX OOHAPYKUIIM, YTO OTHOCUTEIIbHBIC BETMUUHBI TPUPAILCHHS
Macc CBOOOIHBIX AJIEKTPOHOB M HYKIIOHOB, MPU Pa3rOHE 3TUX MUKPOOOBEKTOB, OYEHb CHIIBHO
OTIMYaloTCsT Apyr oT apyra. Okaszanoch, YTO OHM HE MOJUUHAIOTCS cooTHomeHuto CTO:
me(v):me(O)(1—V2C72)70’5. Korna macchbl 371€KTpOHOB YBEIMYUBAIKUCH HA 2-3 TOpSAAKA, TO, B 3TUX
K€ JMara3oHax CKOpPOCTEH, MacChl HYKJIOHOB YBEIWYMBAIUCh Bcero B 1,5 paza! CoBpemeHHas
¢dusnka He cMOTja MOHATh NIPUYUHBI TAKOTO paccoriacoBaHus. BelsBIeHHE, METOIaMU TEOPUU
HEJIMHEWHBIX KOJe0aHuM, CTPYKTYp 3JIEKTPOHOB U HYKJIOHOB 3THU IIPUYMHBI JI€JA€T COBEPILIEHHO
MIPO3PavyHbIMHU.

[lpr nBWKEHWHU SIIEKTPOHA M HYKJIOHA, IJIOTHOCTH BCTPEYHOTO MOTOKa 3(upa pacTter co
CKOPOCTBIO JBMKEHHUs .B pe3ynbrare 3TOro, yBeIMUMBaIOTCS MAacChl CBOOOHBIX AJIEKTPOHOB U
HYKJIOHOB. A Tak Kak Bce 3(UpPHBIE CTPYH AJIEKTPOHA OTKPBITHI JJIsi BHEHIHErO 3¢pupa, a y
HEUTpOHa, JJIs BHEIIHEro 3(upa, TOJIBKO BHEIIHUE CIUpAbHBIE CTPYH, TO, BCIEACTBHE 3TOTO,
YYBCTBUTEJIBLHOCTh MAacCChl AJIEKTPOHA, K M3MEHEHMIO INIOTHOCTH BCTPEYHOIO 3(pUpa, HAMHOIO
BBIILIE YYBCTBUTEIBHOCTH HeWTpoHa. I[loaTomMy BenuMumHa Macchl CBOOOJHOTO 3JIEKTPOHA
3HAUUTENBHO OBICTpPEE pearupyeT Ha M3MEHEHHUE IUIOTHOCTH BCTPEUHOTo MOTOKa 3(upa, yem
BEJIMYMHA MacChl HEUTPOHA.

[TpuBenenHas HoBas MH(pOpPMAIMS O CTPYKTYpE U CBOMCTBAX 3JIEKTPOHA, TOBOPUT O TOM, UTO
cootromenne CTO: M.(v)=m(0)(1-v’c %) * Hemonycrnmo ommbouno. M3 >1oii mE(OpMAImm
CJIEIyeT, YTO BEIMUMNHA MAaCChl JJIEKTPOHA JTOJKHA 3aBUCETh HE TOJIBKO OT Ve, HO U OT IIJIOTHOCTH
OKPYIKaIoIIero 3upa p,. U OT yriia MEXKIAY BEKTOPAMU M U Ve: Me=Me(Ve, Me, Pa)-

([ ]

HoBble 3HaHMA O CBOMCTBAX JJIEKTPOHOB M HYKJIOHOB, IOJIYYEHHBIE TEOPUEH HEIMHEHHBIX

KOJIeOaHUH, OTKPHIBAIOT HOBBIE ACTIEKThl HE3HAHMS - BCKPHIBAIOT HOBBIE BOIIPOCHI.
0

Beie mpuBeseHo coaepikaTelibHOE€ MOHMMaHHEe OOBEKTMBHOTO MEXaHU3Ma YBEIMYCHHS
Macchl 3JIEKTPOHA, MPU YBEIMUYEHUU CKOPOCTH €ro JBWKEHHS. 3/1eCh BO3HUKAIOT HOBBIE
BOIIPOCHI. BO-NIepBBIX, KAKOBO MCTMHHOE KOJIMYECTBEHHOE ONMCAHNUE 3aBHUCHMOCTH BEJINYMHBI
Macchl 3JEKTPOHA OT €ro CKOpocTH? SBiHsfeTcs 1M O3TO ONHWCAHWE HENPEPBIBHBIM WU
CKauKoOOpa3HbIM, T.€., IPH YBEIUYEHUU CKOPOCTH, BEJIMYMHA MACChl 3JIEKTPOHA HM3MEHSETCS
HEIPEPBIBHO WJIU MPOXOIUT Yepe3 TUCKPETHBIN Psijl 3HAUCHUM?

Bo-BTOpBIX, BEIMYMHA MAcchl AIEKTPOHA YBEIMUYMBAETCS 3@ CUET 3aXBaTa JONOJHUTEIBHBIX
Macc  BHemHero »¢upa. Ecnu  370€KTpoH,  JEHCTBUTENBHO,  COAEPKHUT  TOJBKO
AIIEKTPOHOIIOI00HBIE AJIEMEHTHI 3(hupa, CyMMa AJIEKTPHUUECKUX 3apsiIoB KOTOPHIX COCTaBIISET
AIIEKTPUYECKUH 3aps]] 3JIEKTPOHA BETUYUHEI e, TO, IPH YBEJIMYEHUH MAcChl 3JIEKTPOHA, JT0JKHA
COOTBETCTBEHHO YBEJIMYMBATHCS M BEIMYMHA €r0 JIEKTPUYECKOIO 3apsia, a TaKKe BEIMYMHA
€ro BEKTOpa MAarHUTHOro MoMeHTa. CJie10BaTeIbHO, BEJIMYHMHA € JJIEKTPHUYECKOro 3apsjaa
MHKPOOObEKTA He SABJISIETCH «<MHPOBOH KOHCTAHTOIN»

B-TpeTpux, NpUHIMNUAIBHOE OTINYUE CTPYKTYPBI AJIEKTPOHA OT CTPYKTYpbl HEUTpOHA —
OTKPBITOCTh BCEX A(HUPHBIX CTPYH 3JEKTpOHA Al BHEIIHEro 3(pupa U OTKPBITOCTH TOJIBKO



BHEITHUX d(QUPHBIX CTPYIO HEUTPOHA BHEIIHEMY 3(pHpy, TOBOPHUT O 3HAYUTEIHLHOM TPEBHIIICHUN
BEJIMYUHBI YYBCTBUTEIBHOCTH MAacChl JICKTPOHA K MU3MEHEHHUIO CKOPOCTH €ro JBHM)KEHHUS, HAall
BEJIMYMHOM YYBCTBUTEJIBHOCTH MAacChl HEWUTpOHA. EcCiIM CKOpOCTh JABMIKEHHS DJIEKTPOHA
CKauKoOOpa3HO BO3pAcTaeT C Vi J0 Vo, TO HOBas BEJIWYMHA €r0 MAacChl YCTaHABJIMBACTCS, MPHU
MOCTOSIHHOM CKOPOCTH €ro JABUKEHMS Vo, YEPE3 HEKOTOpoe mepexonHoe Bpems t. Ilepexomanoe
BpeMsi HEHTPOHA 7 B TAKUX JK€ YCIOBUAX JOHKHO OBITH 3HAYMTENbHO Oosbiie. MHTEpecHO,
HACKOJILKO 7 O0JIbIIIe, yeM t ?
OTBETHI HA 3TH BOMPOCHI MOT'YT OBITh IMOJYYEHBI TOJBKO IKCIIEPUMEHTAILHBIM ITyTEM.



