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XXVIII. COMPARISON OF QUANTUM AND
"CLASSICAL" CONCEPTS OF THE MATERIAL WORLD

N.N.Leonov

The "new physics" concepts of the material world structure - quantum theory and theory of relativity -
are compared with the concepts of the theory of nonlinear oscillations operating in "classical" and Newton’s
methods.
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MICROWORLD PHYSICS

A physical experiment played an invaluable role in achieving a meaningful understanding of the
structure of the material world objects. Almost all discoveries of the macrocosm properties were
made experimentally.

The experimental study of the microworld led to the discovery of its central object - the atom.
The elements of atoms were discovered - electrons, protons, neutrons. Rutherford constructed an
empirical dependence of the atomic nucleus radius on the number A of nucleons. Photons were
discovered. The ability of free neutron to transform into proton was discovered. It was found that,
in a destructive collision of two protons, one of them can disintegrate into a neutron and electron-
like microobject later identified by the theory of nonlinear oscillations as antielectron. Experiments
with moving microobjects found that masses of microobjects depend on their motion velocity. It
turned out that the destructive collisions of microobjects dispersed at pre-LHC accelerators do not
lead to the appearance of new microobjects with smaller masses. In destructive collisions on the
LHC, the disintegration of microobjects into multiple ether elements was observed. The
phenomenon of superfluidity of liquid helium and "neutron liquid" in "neutron stars" was
discovered.

Physicists have mastered the experimental skills almost perfectly. However, microobjects, unlike
macroobjects, were not observed in experiments. Because of this, the experimental results were
unclear, allowing for an ambiguous theoretical interpretation. In such circumstances, the role of
physical theory and physical intuition capable of separating the true interpretation from the false
one increased significantly. The requirements to the physical theory quality also increased.

In such circumstances, physicists often mistake taking a false interpretation for a true one.
Inability, and, especially, unwillingness to correct the mistakes lead to scientific falsifications when
false is claimed to be true. The following statements belong to such falsifications:

- that there is no ether in the material world,

- that magnetism is secondary to electricity, that it exists due to the motion of electric charges,

- that the "classical" Newtonian formalism is fundamentally inapplicable in the development of
the microworld theory,

- that there are indivisible energy quanta,

- about the structure of the atomic nucleus,

- about the structure of the "electron cloud" of an atom,

- about the nature of liquid helium superfluidity,

- that proton results from "self-disintegration" of free neutron,

- about the existence of a "neutrino”,

- about the mechanism of "spontaneous"” disintegration of atomic nuclei,

- about the absence, in nature, of electron-like microobjects discovered by Dirac, with "negative"
masses, namely antielectrons and antipositrons,

- about the structure, the form of stable existence and the properties of the photon and the
"excited" atom,

- about the mechanism of electromagnetic radiation of atoms,
- about nuclear reactions with the release of thermonuclear energy in a "hydrogen" bomb,



- about the compositions and structures of electrons, neutrons and protons,

- about the nature of the "mass defect",

- about the existence of quarks, muons, mesons, baryons, ...,

- that speed of light does not depend on the density of ether and on the motion of the reference
frame,

- that the reason for the large "red shift" is the superlight velocity of radiation sources on the
periphery of the Universe,

- about a change in the structure of matter when it enters a "black hole",

- about the dependence of the density of matter in a "black hole" on its mass,

- about the inevitability of the "thermal death" of the Universe,

- about the reversibility of time in the material world,

- that “dark” matter hidden from physicists does not generate electromagnetic radiation.

THE THEORY OF NON-LINEAR OSCILLATIONS

The situation in the microworld theory changed dramatically when, in the second half of the last
century, the theory of non-linear oscillations came into it with its "classical" formalism using
Newton's differential equations.

The theory of non-linear oscillations was formed in the framework of physics, as an ordinary
physical discipline. The decisive contribution to its modern development belongs to academicians
Mandelstam and Andronov. Due to them, the range of problems under consideration was constantly
expanding, concerning, mainly, physics. As quantitative methods for studying the dynamics of
objects penetrated into other scientific disciplines, the range of interests of the theory of nonlinear
oscillations began to expand due to problems from other scientific and technical disciplines [1-5].
Describing the significance of such an expansion of interests, Andronov, referring to Mandelstam,
said: "Each of the fields of physics - optics, mechanics, and acoustics - speaks its own "national”
language. But there is an "international” language - this is the language of the theory of oscillations.
It develops specific concepts, its own methods, and its universal language. "Internationalism" of the
theory of oscillations makes it tremendously significant. By studying one field, one thereby gains
intuition and knowledge in a completely different field" [2, p.448].

One of the central problems of the theory of non-linear oscillations is the problem of building a
mathematical model of the studied real process, capable of giving adequate - true answers to
researchers' questions. On this occasion, Andronov recalls: "When I translate physics into
mathematics, [ always get distracted from something - this phrase belongs to L.I. Mandelstam, and
he did not get tired of drawing attention to the seemingly obvious circumstance that the theory of
oscillations like any other physical theory deals with ideal models of real things and processes. He
believed that issues of idealization should be fundamental in any teaching of physics, both at
schools and at universities." [2, p.463].

The building of an adequate mathematical model begins with a "live contemplation” of the
process under study, with the identification of its variables and parameters. Given these variables
and parameters, a mathematical model is built, its properties are studied, and the values of the
parameters at which these properties take place are determined. Then it is checked whether these
properties are observed in a real process with the revealed parameters. If observed, then the model
is adequate, and based on the results of its study, recommendations can be made on the practical
use of the process under study. If not observed, then this means that not all significant variables or
parameters are considered in the mathematical model. In this case, the mathematical model is
supplemented with new variables and parameters, and its adequacy is rechecked.

This procedure, in general, can be very time-consuming. It can be much facilitated if there is
developed a special system of case-based teaching in adequate modeling - the scientific education
fostering system. This system consists of many different examples of how to build adequate



mathematical models of various real processes. Andronov and his students began to develop such
system, and his followers keep replenishing it.

Quantum physicists have repeatedly taunted the building of this case-based teaching system and
accused it of being meaningless. However, in Russia it is believed that laughter for no reason is a
sign of general underdevelopment. Physicists confirmed this by deed, still not being able to
understand how even a trivial adequate mathematical model of the simplest atom - protium - looks
like. Because of this inability, physicists have come to the false conclusion that it is fundamentally
impossible to apply the methods of pre-quantum "classical” physics in the microworld theory.

Famous Agatha Christie was able to tell her readers in rather an easy to understand and clear manner what
intuition is and how it is developed; "Intuition is like a habit of reading words without spelling them by letters.
A child cannot do this - it has too little experience. But an adult recognizes a word at a glance because he saw
it hundreds of times." How far A. Christie has outrun quantum physicists in general development!
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The following words speak of the place of the theory of non-linear oscillations among other
disciplines: "There is a well-known evolution in L.I. Mandelstam's opinion on the significance of the
theory of oscillations and its place in exact natural science. At the conference on oscillations dated
to 1931, L.I. Mandelstam spoke about the modest problems of the theory of oscillations, modest, for
example, in comparison with the problems of quantum mechanics. In his report on A.N Krylov's
efforts and in the lectures of 1944 on the theory of oscillations, there is a completely different
flavour. He says there that major discoveries in physics, starting with Copernicus' discovery, were
essentially oscillatory and that Whitehead, an English mathematician and philosopher, who claims
that the birth of physics is associated with the application of the abstract idea of periodicity to a
large number of individual specific phenomena, could be right" [4, p. 449].

Years passed, and the theory of non-linear oscillations, thanks to Newton's quantitative
formalism and the case-based scientific intuition fostering system, went beyond the scope of
physical discipline, acquiring the role of a methodological mediator between the methods of
abstract mathematics and the quantitative means of natural science disciplines.

In the second half of the last century, an interest in the microworld structure emerged in the
theory of nonlinear oscillations, due to the expansion of its research capabilities. The results of the
experiment by scientists of the Nuclear Physics Institute of the USSR Academy of Sciences (Alma-
Ata) [6] encouraged this interest very much. This is an experiment on the scattering of a particles
on nucleon structures of atomic nuclei of various chemical elements. Conceptually, it reproduced
Rutherford's experiment, who, based on the results, built the famous empirical dependence of the
nucleus radius on the number of nucleons: rnpu=1.4-41/3:10-1>m. This result has made Rutherford
famous all over the world. The results obtained by scientists of the Nuclear Physics Institute of the
USSR Academy of Sciences (Alma-Ata), scientifically, were no less valuable - they constituted
convincing experimental evidence of the absence of indivisible energy quanta in nature.

. The results of the experiment by scientists of the Nuclear Physics Institute of the USSR
Academy of Sciences (Alma-Ata) were processed using the Blair phase method [7], not yet
developed at the time of Rutherford. This processing showed that the atomic nuclei of all chemical
elements have quasicrystalline structures consisting of their nucleons. Since nucleons in
quasicrystalline structures are located at quite definite distances from each other, the Planck
constant in the indeterminacy relations of quantum theory for these nuclei is h=0. Thus, this
amazing experiment showed that indivisible energy quanta are an involuntary, due to
unsatisfactory knowledge of "classical" physics, abstract invention of physicists that has no place in
the material world!

The results of this experiment were published in 1979 in the main physics journal: Bulletin of
the USSR Academy of Sciences. Physical series. 1979. T.43. No. 11. Pages 2317-2323. Forty years
have passed since then, but still no reaction from the world physical community has followed. How
weak the scientific world has become since the days of Bruno and Copernicus! Not a single physicist
admitted that quantum theory turned out to be just an approximate version of a theory that
correctly produces information about the structure and functioning of the material world.



PARTICULAR NATURE OF THE MICROWORLD
I. Incomplete Experimental Information

The main specificity of the microworld, which complicates the study of its structure, is the
unavailability of either direct or instrumentally extended visual observation of microworld objects.
This unpleasant factor was partially compensated for by the development of observation chambers,
in which tracks of moving electrically charged microobjects could be observed. But these cameras
are not capable of capturing either neutrons or photons. Therefore, the theoretical interpretation of
the experimental results allows several different options. For the correct interpretation, it is
necessary to consider all possible options to avoid confusions in quantum.

One example is the transformation of free neutron into proton. This reaction in the observation
chamber looks like proton and electron tracks diverging from one common point.

Since neutrons and photons do not leave tracks in the observation chamber, in order to obtain
true meaningful information about the details of this reaction, it is necessary to consider the
possible consequences of the participation of neutron and photon in it. The participation of neutron
in this reaction is reliably established - it is at the starting point of the proton and electron tracks.
An option in which there is a possibility of the presence of a photon that did not leave a track was
not even considered. However, even if it was considered, physicists would not understand anything
anyway, since they do not know at all how photon works, do not know its composition or structure,
and do not know what will happen in the result of a photon collision with a neutron. Apparently,
that is why they made an unscientific, strong-willed, completely unreasonable conclusion that these
were the neutron disintegration traces.

However, a subsequent analysis found that, with this interpretation, the law of conservation of
energy is violated in this reaction. To save the law of conservation of energy repeatedly tested in
experiments, physicists, given this interpretation, had to accept the false hypothesis of the existence
of a quantum character - the "neutrino". Physicists, using the fabulous properties of the "neutrino”,
have promised an ultra-efficient ultra-long range neutrino communication and ultra-long range
neutrino telescopy. The government of leading countries have been tempted by these luring
promises, and for more than half a century it has been financing meaningless experimental work,
although no real evidence has yet been received as to the neutrino existence, except for verbal
promises of future success.

Several major experiments on the neutrino problem have already been conducted. All of them
failed. Physicists lack the ability to understand the causes of these failures. But they learned, despite
all the failures, to get stable sponsorship for this meaningless work. They justify each failure by the
fact that the "neutrino"” escapes observation every time, changing its appearance. They can neither
prove nor disprove this statement. But this pseudoscientific trick works exposing the ignorance of
Sponsors.
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When I reviewed the physical information about the neutron-to-proton transformation, I, first,
drew my attention to the fact that the "lifetime" of a free neutron, measured in different
laboratories, differed by a value exceeding the measurement error. Physicists still cannot give a
convincing explanation for this effect.

Since the same measuring facilities were used in different laboratories, the culprit of these
"differences” can only be an external factor that was considered insignificant. One such factor could
be the photon flux density in the laboratory. To check this, it was necessary to identify the photon
structure.

It emerged that physics has all the information necessary for this. Due to the theoretical
discovery by Dirac of the possible existence of an electron with a "negative" mass, photon turned
out to be an electron-antielectron dipole [8]. The collision of this dipole with neutron causes the
dipole disintegration, the electron to escape from the neutron, and the antielectron to unite with
neutron into proton [9].

Thus, it was found that the neutron-to-proton transformation occurs not in the disintegration
reaction, but in the reaction of neutron-photon fusion of proton. This interpretation, obtained by



the theory of non-linear oscillations, did not require applying the erroneous hypothesis of
"neutrino”.

II. The Role of Theory and Analogue Intuition
in Interpreting Experimental Results

Where not microobjects as such but only the results of their interactions with other
microobjects can be observed, the role of theory and the role of analogue intuition grows
immeasurably.

1. Ether

Fizeau in his simple brilliant experiment (1891) convincingly demonstrated the existence of
ether - a material carrier of light waves [10]. But physicists thought that the results of the Fizeau
experiment are explained by the effect of refraction of light in water used in the Fizeau experiment,
and not by the existence of ether [10]. Thus, physicists demonstrated their unsatisfactory
knowledge of physical theory - they forgot that, in explaining the effect of light refraction, they used
the concept of "optical medium density”, and that in the Fizeau experiment it was assumed that
ether is an "optical medium", i.e. material carrier of light. Thus, the Fizeau experiment not only
proved the existence of ether, but also contributed to the understanding that the phenomenon of
light refraction, at the interface of two media with different densities, is explained by different ether
densities in these media [11]. What a comic situation!

An even more comical situation took place when interpreting the results of the Michelson
experiment, which in all textbooks is characterized as an exemplary physical experiment [12]. In
this experiment, it was checked whether ether exists, which is a material carrier of light waves, but
does not interact with matter. This assumption turned out to be surprisingly absurd - physicists
themselves defined the wave as a special kind of motion of its material carrier, in this case, ether.
And light, as physicists found out, has an effect on matter. And light can do this only through its
material carrier - ether. This is a good indicator of the theoretical qualification of physicists.

2. Wave-Particle Duality of Microobjects

It was experimentally established that a moving microobject is capable of exhibiting both
corpuscular and wave properties - corpuscular in the form of dotty, strictly localized traces on the
screens, and wave - in the distribution of many of these traces. However, physicists admit that they
are not aware of any real wave components of microobjects. This can be explained by the neglect of
ether and the underdevelopment of analogue intuition.

The theory of non-linear oscillations believes that the fundamental laws of the macroworld and
microworld structures have much in common, and that almost every phenomenon of the
microworld can have a macroscopic analogue. And since there is a particle-wave duality of moving
microobjects, there must be a real wave component of a moving microobject. Many people know
that flying bullets are whistling. In aerodynamics, a subdiscipline of physics, it is known that a solid
body, when moving in a gas, at sufficiently high speeds, due to non-laminar flow, can generate a
wave sound component in a gas. Surprisingly, physicists do not know this. By analogy, microobjects
moving in the ether medium at sufficient speeds are also able to generate ether waves [12].

3. Unexcited Protium

This simplest atom consists of one proton and one electron. Physicists have long been proud of
their excellent knowledge of "classical" physics. But they failed, in the pre-quantum time, to build
an adequate mathematical model of this atom. They managed to build only a model that does not
have the properties of a real atom and does not even explain the very fact of its stable existence.
They did not find any macroscopic analogs that would help them understand the causes of errors in
the construction of this model. They felt that this was not because of their inability, of the
shortcomings of their knowledge, their physical intuition, but because of the fundamental
inapplicability of the "classical" quantitative means of Newton in development of an adequate
microworld theory.

Nevertheless, a trivial macroscopic analogue can be found even in the initial course of physics.
This is a ball suspended on a spring. The ball is subject to the elastic force of the spring, attracting it



to the point of suspension, and gravitational repulsion from the point of suspension. These forces
ensure the existence of an equilibrium position of the ball in this system, and its stability is ensured
by internal friction in the spring material - the cause for the dissipation of the ball oscillation
energy.

Since the proton mass is three orders larger than the electron mass, electron, in a first
approximation, can be considered suspended to a stationary proton. In this atom, the electron is
affected by the Coulomb attraction to the proton and, due to the electron and proton being
diamagnetic substances, the magnetic repulsion from the proton. And since the dissipation of the
electron oscillation energy occurs due to the ether resistance to the electron’s motion, the dynamics
of the ball on the spring and the electron in the protium atom are qualitatively similar to each other.

4. Electron Structure

Attempts of a non-destructive diffraction study of the electron structure have been unsuccessful
in physics. With the advent of powerful accelerators of microobjects, attempts began to reveal the
structure of the electron through destructive collisions. Pre-LHC accelerators had not enough
acceleration power to do this - the electron binding energy was higher than the collision energy. At
the LHC, the necessary acceleration energy was reached. But physicists did not understand this,
since collisions of microobjects led to their disintegration into ether elements, which physicists did
not expect atall [13].

Having decided to test the methods of the theory of non-linear oscillations on the problem of the
electron structure, I reviewed the experimental data. It turned out that collisions of electrons
dispersed at pre-LHC accelerators did not result in disintegration into objects with lower masses.
Hence it was not difficult to conclude that the electron can have only a gaseous ether structure
[12,13]. It turned out that only atmospheric vortex, a tornado, was a suitable macroscopic analogue
of such a structure. However, in physics, due to the misinterpretation of the Oersted experiment
results, the nature of this tornado was not known. Having revealed the true nature of magnetism
and eliminated this error, it was possible to understand the mechanism of the stable functioning of
the atmospheric vortex, and, by analogy, the nature, shape and mechanism of the stable existence of
electron (Fig. 1) [12,13].

Fig. 1. Electron structure

It appeared that electron functions as an ethereal flow-through engine, in which a vortex-like
magnetic whirl, consisting of self-magnetic fields of ether elements pumped through electron,
works as a powerful compressor. This discovery made it possible to understand the true nature of
the "solar" wind.

5. Neutron Structure

Accelerator experiments showed that the masses of free electrons and neutrons increase during
acceleration, as predicted by SRT - the special theory of relativity. However, these masses do not
increase as the SRT wants them to - according to the relation: m(v)=m(0)(1-v2c-2)-05, the same for
both electrons and neutrons. The experiments showed that at the same acceleration speeds, free
protons and neutrons increased in mass by only 1.5 times, while the electron mass increased by 2-3
times! Hence, it obviously followed that electrons and neutrons have different forms of structures.

The neutron mass is almost three times larger than the electron mass (m,=1838,6m.), and the
neutron magnetic moment vector is five times smaller than the electron magnetic moment
(un=4-10-5ue). Therefore, the stable form of the neutron ether vortex cannot be cylindrical, as the
one of electron, but only circular, looped (Fig. 2).

Fig. 2. Neutron structure



6. Proton Structure
Proton is a result of the neutron-photon fusion, a composite object consisting of neutron and
antielectron (Fig. 3). This is a unique microobject that exists due to that the neutron mass is three
times larger than the antielectron mass, that there is magnetic repulsion between the neutron and
antielectron, and that the antielectron has a "negative" mass.

Fig. 3. Proton structure

A message appeared on the Internet (18/11/2019) that the "proton radius" was specified more
exactly in experiments and is actually equal to 8.31:10-16 m.

7. Magnetic Ethereal Engines

The unexpected, almost simultaneous appearance of EmDrive engines (Roger Shawyer) and
Anti-Gravity Engine (Vladimir Leonov) caused a great confusion in physics. Experimental
measurements by qualified experts conducted on real installations, on Earth and air-free space,
showed the presence of real, though insignificant, thrust. The doubts that gave rise to the crisis of
confidence are caused by the fact that neither the authors themselves nor the entire physical
community understand the nature of this thrust. The reason is that they have been for a century
force-fed with erroneous ideas about the absence of material ether in nature, about the existence of
indivisible energy quanta in the material world and about the secondary nature of magnetism, i.e.
that magnetism does not play an independent and significant role in the structure of matter. Even
the experimental proof of the absence indivisible energy quanta in the material world [6],
published in the USSR main academic physical journal, has not changed this situation. As a result,
several generations have grown up in the world of theoretical physics, unable to think adequately
enough on their own.
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In EmDrive and in the "Anti-Gravity Engine", jet is formed in metal enclosures. Therefore, the
cause of physical skepticism is obvious. After all, a jet, consisting of microobjects, cannot escape
from an enclosure. This can be done only by a jet consisting of ether elements which dimensions are
several times smaller than those of the objects these enclosures are composed of. But physicists
who has been told throughout their lives that there is no ether in nature and that this has been
strictly and convincingly proven, do not understand this. Apparently, they do not want or were not
taught how to check whether these proofs are valid.

An analysis of the structure and functioning of the atmospheric vortex and electron conducted
by the theory of nonlinear oscillations showed that they function as flow-through jet engines. Jets
are formed in them by magnetic vortex-like whirls. Atmospheric vortex and electron are the largest
and smallest magnetic ethereal engines in the macroworld and microworld.

In EmDrive and in the "Anti-Gravity Engine", thrust is created by jets induced by their magnetic
vortex-like whirls.

In EmDrive, a magnetic field is excited externally and then thrown into an enclosure. The nature
of this field is rather chaotic - there is its vector image on the Internet created by American
physicists. Due to the irregular and chaotic state of the field, the magnetic whirl that forms the ether
jetis very weak.

In the "Anti-Gravity Engine", a magnetic vortex-like whirl is formed in a more oriented manner,
by a special device in the enclosure. Therefore, the ether jet energy must be higher than in EmDrive.

A well-known solenoid, like an electron, generates a magnetic jet. The material carrier of this jet
is also ether. In other words, the solenoid is the simplest macroscopic magnetic ethereal engine,
easily available for extensive studies into the capabilities of these engines.

III. ATOMISM PROBLEM
Atomism is a chemical and physical problem. This problem emerged due to the discovery of
chemical elements - substances with unique individual properties. Experiments shown that



properties of ground chemical elements are preserved. As a result, a natural question arose -
whether there is the smallest amount of a chemical element - an atom, and how new, compound
chemicals with new properties are derived from atoms.

The problem of atomism - the problem of the divisibility of chemical elements, is solved by
specific physical methods - methods for studying the structure of matter. Physical studies have led
to the proof of the existence of atoms and to the discovery of their protons, neutrons, and electrons.
But physics failed to achieve a detailed understanding of the atomic structure and find out what
properties of atoms determine the specificity of chemical bonds between atoms in compound
chemicals. It considered that bonds in an atom between electrons and a nucleus, and chemical
bonds between atoms are created only by electrical interactions. According to this opinion,
physicists tried to build an adequate model of the atom considering only electrical interactions but
did not succeed - a collapse of the structure in such an atom is inevitable. Because of this, physicists
were greatly offended by Newton's formalism and, succumbing to annoyance, sentenced him to
fundamental inapplicability in the microworld theory.

The reason for this is rather that physicists are not well educated - after all, back in 1842,
Earnshaw's theorem was rigorously proven [14], from which it follows that compounds derived
using only electrical interactions are unstable.

Why physicists failed to build an adequate mathematical model of the atom? The above
describes how the theory of non-linear oscillations did this. There is nothing difficult in this - one
just needs to apply the standard procedure: to identify and eliminate the causes of theoretical
errors using analogies or other techniques. But physicists appeared to be far from prepared to this -
they were poorly taught the applied fundamentals of the research art.

IV. THE PROBLEM OF MATTER DIVISIBILITY

The matter divisibility problem is defined based on the whole range of material objects, while
the problem of atomism is defined based only on a set of chemical elements.

Physics partially solved the problem of atomism - the existence of an atom is proven,
microobjects it composed of are found: protons, neutrons and electrons. Having revealed the
structure of the atom and supplemented the physical misunderstanding of chemical bonds [15], the
theory of non-linear oscillations completed the solution to the problem of atomism - the solution to
the matter divisibility problem in the field of chemical elements.
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There are two aspects of the matter divisibility problem - formal, abstract, and substantial,
concrete. The formal concept uses the notion of "extension". The finite extension is inherent in
every material object - without extension there is no matter. Each particular length may consist of a
finite set of smaller finite lengths. There is no limit for this reduction in size. This is the formal
aspect of the matter divisibility problem. This aspect implies that the divisibility of matter is
infinite.

L]

The substantial aspect of the matter divisibility problem proceeds from the fact that each
extension has its own material carrier. In atomism, these material carriers are different
macroscopic objects, these objects consist of chemical elements, and the chemical elements reduce
to atoms. The elements of atoms, protons, neutrons and electrons, are the first material objects
known to physics that are beyond the scope of the atomism problem definition but in the scope of
the infinite matter divisibility.

Amidst the success, the discovery of protons, neutrons and electrons, physicists tried to identify
structures and these microobjects, but failed. Having been through painful failures, physicists said
that their quantum "common sense" rebels against the ideas of the infinite matter divisibility [16, p.
12].

The theory of non-linear oscillations, having revealed the misinterpretation of the Fizeau
experiment results, which denies the existence of material ether, coped with the problem of
searching for the structures of electron, neutron and proton. It turned out that neutron and electron
are elementary microobjects, and proton is a composite one, being a neutron-antielectron system,



that neutron and electron (and other electron-like microobjects) consist of many ether elements
and have vortex-like structures. The magnetic vortex-like whirls contained in the electron and in
the neutron are continuously pumping the masses of external ether through electron and neutron
strongly compacting it. As a result, ether contained in the electron and in the neutron is in constant
motion (see above).

Physicists attempted to identify electron and neutron structures by non-destructive diffraction
methods. But this did not work due to the high density of ether and its continuous motion in the
electron and in the neutron. Attempts to use collisions that disintegrate microobjects
accelerated at pre-LHC accelerators also failed, since the binding energies of the electron and
neutron structures were higher than the collision energies. Recent experimental measurements of
the “proton radius” (Internet, 18/11/2019) showed that this "radius" is 8.31-10-1¢ m. Based on this
fact, the proton binding energy was first estimated to be 0.1 GeV.

The LHC experiments on proton collisions led first to the disintegration of converging protons
into neutrons and antielectrons, and then to the disintegration of neutrons and antielectrons into
“clouds” of neutron-like and antielectron-like ether [13]. Physicists again did not understand this
due to the false conclusion about the absence of ether in nature. The Internet shown a crowd of
stunned gawkers watching these clouds on a screen in a large hall.
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Therefore, the solution to the problem of the infinite divisibility of matter began with the
research into the composition and structure of electron and neutron.

If matter is infinitely divisible indeed, then it should consist of different levels of organization.
The zero level of organization of matter in our universe Lo is the level consisting of chemical
substances. This level includes macro- and microobjects. The smallest chemical substances are
atoms. Atoms are made up of protons, neutrons, and electrons. Although individual protons,
neutrons, and electrons do not determine the properties of chemical substances, their various
combinations that make up the atoms create these properties. Therefore, protons, neutrons and
electrons also belong to the Lg level. It should also include electron-like microobjects - positrons,
antielectrons and antipositrons.

Some of ether elements are part of electrons and neutrons, and the rest remains free. Free ether
elements are not included in electrons or neutrons. Therefore, the chemical properties of
substances are independent of them. Hence, free ether elements do not belong to the Lo
organization level. They belong to a different level of organization of matter L. This L1 level differs
from the Lo level in that its elements - ether elements, have a length several times smaller than the
lengths of electrons and neutrons, and a density of matter that is several times higher than the
density of matter in electrons and neutrons. Ether elements consist of even smaller and denser
material objects belonging to the organization level L, and have electron-like and neutron-like
vortex-like forms. And so on.

[t is similarly established that matter in our universe forms an infinite number of organization
levels Ly, k=0.1, 2,... The matter organization levels Ly, k=1, 2,... are all arranged in the same way:
they consist of increasingly smaller and denser elements, such that the elements of the Lk level are
vortex-like objects made of the Lx.1 level elements.

V. CONCLUSIONS
The theory of non-linear oscillations has completely exhausted the cognitive potential of the idea
of atomism by building adequate mathematical models of unexcited and excited atoms. To this
effect, it had to be established:

- that indisputable evidence of material ether was obtained in the Fizeau experiment [12],

- that magnetism as observed in the Oersted experiment is excited not by the motion of electric
charges but by the motion of self-magnetic fields of material carriers of electric charges [12],

- that quasicrystalline structures of atomic nuclei are formed by electrical, magnetic and nucleon
interactions [8],



- that diamagnetism of electron and proton and paramagnetism of neutron were revealed by
identification methods,

- that the inverse proportionality of the microobject magnetic field intensity was found by
identification methods to be not of the fourth, but of the third distance degree; therefore,
magnetism is of jet nature rather than of current or dipole nature,

- that the relation between the magnetic moments of electron ye, proton y, and neutron u, was
found by identification methods: pe=8.372up, pn=3-10-4uy,

- that the intensity of the neutron self-magnetic field in the r,¢ coordinates is proportional to
ur-3(cosg),

- that the intensities of self-magnetic fields of electron and proton in the r,¢ coordinates are
proportional to ur-3(cosg)5*, u is the magnetic moment of electron and proton,

- that H. Yukawa's potentials offer an inadequate description of nucleon interactions,

- that the following expression for the F,(r) nucleon forces was found by identification methods:
Fu(r)=pr*-qr-5, p=1581-10-5% kg-m>-s-2, g=5032-10-7* kg-m®é-s-2,

- that the magnetic field of the atomic nucleus consists of the magnetic fields of nucleonic
magnetic clusters and that the axes of symmetry of these fields do not intersect [8],

- that the Z number of protons in a stable nucleus and the electric charge of the nucleus are equal
to the number of nucleonic magnetic clusters in the nucleus [8],

- that the "electron cloud” of an excited atom consists of electrons interconnected with each
other and with the atomic nucleus by electrical and magnetic interactions [8],

- that chemical bonds between atoms and molecules of a substance result from electrical and
magnetic interactions [15],

- that the "electron shell” of an atom may have different forms [18],

- that the phenomenon of liquid helium superfluidity is explained by the existence of “one-
dimensional” helium molecules of macroscopic length consisting of atoms in which both
electrons are located on the axis of the same nucleon magnetic cluster, on the same side of
the nucleus [18],

- that, as Dirac discovered, there are electrons and positrons having "negative" masses -
antipositrons and antielectrons [8],

- that photon is an electron-antielectron dipole, self-accelerating to a speed which depends on the
ether resistance to the motion of photon [8],

- that there is a whole family of different photons (electron-antielectron and positron-
antipositron) that have zero total charges, as well as electron-antipositron and positron-
antielectron that have doubled electric charges,

- that the electron-antielectron dipole can be "fast", with a speed close to c, or "slow", with a

- that electron-antipositron and positron-antielectron dipoles have speeds exceeding c,

- that electromagnetic radiation from an unexcited atom is purely wave, generated by
speed several times less than ¢, depending on the distance between the electron and
antielectron,

- that "fast" photon can be captured by an atom if the atom is free or bound in a compound which
mass is not too big, i.e. if the atom that captured photon is capable of free motion under the
photon "motive force" [8],

- that "fast" dipole is captured by the atom as a whole, without being separated into electron and
antielectron,

- that “slow” photon is known in physics as “Cooper pair electrons”, that it cannot be captured
by an atom, that it is an electric current carrier, that it is the main cause of permanent
magnetism and “fire ball”,

- that positron-antipositron dipole has the same properties as electron-antielectron dipole,
oscillations of electrons [8],

- that the electromagnetic radiation from an excited atom is wave, generated by oscillations of
electrons and antielectrons, and photon, which occurs when an atom loses captured photons
[8],

- that the experimentally measured frequency spectrum of the wave radiation from atoms of a



chemical element is composed of many unexcited and excited atoms, that it is generally
discrete and multiplet, and that each frequency of this spectrum, due to the nonlinearity of the
atomic system, is changing in the process of radiation within its frequency band [8],

- that the excited atom is accelerated by the "motive forces" of the captured photons to a speed
that depends on the ether resistance to the motion of the whole atom [8],

- that an excited atom loses photons it captured at a collision with another microobject; since a
collision with another microobject is a random phenomenon, the "lifetime" of an excited
atom is a random variable,

- that cosmic rays are mainly excited atoms [8],

- that a typical, according to physicists, "neutron star” with a radius of 10 km and a mass equal to
1.44msun=1.44-2-1030 kg = 2.88-1030 kg, has a neutron inside, and that the distance r between
the adjacent neutrons is less than 1.67-10-15 m; and since F,(r*)=0 if r*=3.528-10-15 m,
there is nucleonic repulsion between the adjacent neutrons in the neutron star,

- that neutrons in such a "neutron star” behave like superfluid liquid, uniting, due to magnetic
interactions, into extra-long straight "one-dimensional” chains,

- that the photon trajectory, as a result of passing through the Solar Limb, rotates by an angle
that, according to Einstein, is §=1.745"; the experimentally measured angle is in the range

(1.61", 2.24™"), and according to the "classical" Newtonian formalism, it is 6=1.7572" [22],

- that electron-antielectron dipole emits electromagnetic waves in quite a wide frequency range,
if the antielectron mass exceeds the electron mass by insignificant, insensible degrees; this
radiation is absent if the antielectron mass is less than the electron mass.

Proceeding to the remaining part of the infinite matter divisibility problem, the theory of non-
linear oscillations established:

- that the elementary microobjects are neutron, electron, positron, antielectron and antipositron
[21],

- that proton and antiproton are composite, neutron-antielectron and neutron-antipositron
microobjects resulting from neutron-photon fusion, a meaningful understanding of which
does not require the use of the neutrino hypothesis [9],

- that the magnetic fields of the proton and antiproton have a unique natural structure: they
consist of a very weak "wide-angle" magnetic field of neutron having intensity Hu(r,¢)
proportional to u.r-3(cos¢), and an extremely narrow magnetic field of antielectron and
electron having intensity of He(r,¢) proportional to ye.r-3(cosg)54, where pe.=2,8-10%uy;
artificial fields with such a combined structure are used in contemporary effective guidance
systems: the wide-angle component is to ensure the target capture, and the narrow-angle one
is to ensure high tracking accuracy,

- that, as shown on Figure 3, the magnetic field of proton is the sum of the magnetic fields of
antielectron and neutron but is not a simple superposition of their magnetic fields, according
to which pp=pe—11n=0.9997; the identification procedure showed that y,=8.372-1: this
discrepancy between the theoretical and experimental results is explained by the fact that
ether jets forming antielectron and neutron have opposite spins, antielectron has left-hand
spin while neutron has right-hand spin; this circumstance noticeably decreases the magnetic
moment vector of proton,

- that for about sixty years physicists have been unsuccessfully trying to build controlled light
nuclei power reactors thoughtlessly using for this reactions that cannot be implemented
because of the neglected “magnetic barriers” hindering the approach of light nuclei: the
developers believe that the main reason for their failures is the electric barrier of 0.144 MeV,
while the magnetic barrier unknown to them within the quantum paradigm is almost 300
times greater than the electric one, namely 450 MeV; the real reason for the failure is that
deuterium and tritium nuclei disintegrate into free protons and neutrons without approaching
to the distances at which nuclear fusion is possible [20],

- that operable controlled light-nuclei power reactors can only be built using “cold” neutron-



photon fusion of instantly self-disintegrating 5Li and 8Be [20],

- that ether is an “optical medium” - a concept used by physics to substantively explain the
phenomenon of light refraction at the media interface [10, 11],

- that ether quite densely fills the entire universe [11],

- that the density of ether grows not only from the center of the universe to its periphery but also
across the universe [21],

- that an increase in the density of ether leads to a “red shift” of atomic electromagnetic radiation
spectra and to “spontaneous” disintegration of atomic nuclei [19],

- that these results show that the universe is closed and that it is a "black hole" in the outside
world continuously capturing matter from beyond the event horizon,

- that "neutron stars" result explosive gravitational collapse of "burnt out” stars like the Sun,

- that "black holes" result from explosive gravitational collapse of stars much more massive than
the Sun, as well as from the slow accumulation of neutron star masses due to the capture of
external matter,

- that "black hole", by definition, can expand only due to the capture of matter from beyond the
event horizon,

- that the continuous capturing of matter from beyond the event horizon leads to the
unperceivable continuous changing of "world constants” in the universe [9],

- that electron consists of a whole lot of ether elements, has an atmospheric vortex shape and is
continuously pumping through itself masses of external ether, forms an ether jet, like a flow-
through jet engine [12],

- that neutron consists of many neutron-like ether elements and has a vortex-like closed circular
shape,

- that such electron and neutron structure adequately explains the "Brownian motion" and the
volatility of chemical elements,

- that in motion of free electrons and neutrons, the density of counter-ether increases along with
their motion speed, which makes the masses of free electrons and neutrons increase with
increase in their speed,

- that, due to the difference in shapes, electron and neutron have different sensitivities of masses
to changes in the motion speed - it was experimentally established that the mass of neutron
and proton increased only by 1.5 times, while the mass of electron increased by 2 + 3 times
at the same speed of their motion; physicists did not understand this and mistakenly
concluded that they had discovered new material entities - muons, mesons, bosons, baryons,

- that the air jet in an atmospheric vortex is created by a vortex-like magnetic whirl acting as a
powerful compressor [12],

- that the jet thrust in EmDrive (R. Shawyer) and in the “Anti-Gravity Engine” (V. Leonov)
results from ether jets generated by vortex-like magnetic whirls acting as compressors, just
like in an electron and in an ordinary, well-known solenoid [17,20],

- that it is possible, in theory, to create a photon engine based on the "motive force" of photon
according to the diagram given in [17],

- that matter is infinitely divisible and consists of an infinite number of organization levels Ly,
k=0.1, 2,...: the Lolevel in our universe consists of macro- and microobjects; all other
levels have free electron-like and neutron-like elementary objects incomparably decrease in
size, as far as k grows, while the densities of matter in them incomparably increase [21],

- that when “black hole” is forming as a result of the gravitational collapse of a burnt star, and
“black hole” is capturing external matter from beyond the event horizon matter is "dispersed"
into elementary objects of a lower matter organization level, i.e. objects of the k level
"disperse" into elementary objects of the k+1 level,

- that free elementary objects of different matter organization levels, with increase in k,
increasingly denser fill the whole physical space making this space material,

- that the physical legend about the "thermal death" of the universe is false, since free elementary
objects of all matter organization levels are in continuous motion, and their number is
constantly increasing due to the capture of matter from beyond the event horizon [23],



- that the presence of free elementary objects of various matter organization levels densely filling

the entire universe specifies the concept of “physical field” [23],

- that "dark" matter hidden from physicists consists of many free elementary objects of all matter

organization levels and composite microobjects - positronium and protonium [23],

- that quantum notions of "time reversibility” simply result from the quantum theory

conservatism having no place in the real, dissipative material world,

- that the keys to the mysteries of the nature of matter and the nature of interactions between

NS
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material objects are hidden in the infinite depths of the matter organization (when k—o0).
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XXVIII. COITOCTABJIEHUE HAYYHOCTH
KBAHTOBBIX U «KJIACCUYECKHX»
OBPA30B MUKPOMUPA

H.H. JleoHos

[IpoBefjeHO cpaBHEHHUe NpeJCTaBJeHUN 06 yCTPOWCTBe MaTepuajbHOro Mupa «HOBOW GU3UKU» -
KBAaHTOBOH TeOpUM U TEOPUU OTHOCUTEJBHOCTH, C MpEeACTaBJEHHUSIMH TEOPUU HeJHHEHHBbIX KoseGaHUH,
onepHUpy0LIel «KJIacCHYeCKUMU» - HBIOTOHOBBIMH METOJaMHU.

.

®U3UKA MUKPOMUPA

du3uyecKU  IKCIEPUMEHT  CbITpaJl  HEOLEHUMYK  poJb B  JJOCTHUXKEHUHU
COZlep>KaTeJIbHOT0 NOHUMaHUsl YCTPOMCTBA 00'beKTOB MaTepuasbHoro Mupa. Ilouytu Bce
OTKPBITUS CBOWCTB MaKpOMHpa ObLIN CAe1aHbl 3KCIIEPUMEHTABHO.

JKcnepUMeHTa/IbHOE M3yYeHHe MUKPOMUpA NPUBEJIO K OTKPBITUIO €ro [eHTPaJIbHOro
00'beKTa — aToMa. bbl/IM OTKPBITHI 3/1EMEHTHI aTOMOB — 3JIEKTPOHBI, IPOTOHBI, HEUTPOHBL.
Pesepdops mnocTpous 3SMOUPUYECKYH0 3aBUCUMOCTb paZuyca aTOMHOIo sjpa oOT
KoJiMiyecTBa A HYKJIOHOB. Bbliu OTKpbITBI QOTOHBI. Bbljla 0O6Hapy»keHa CIOCOOHOCTH
TpaHcdopMaLuyd CBOOOJHOTO HEWUTpPOHA B MNPOTOH. BbLIO 06HapyXeHo, 4YTO, NpHU
paspylIUTENbHOM CTOJKHOBEHUU J[BYX NPOTOHOB, OJAMH U3 HUX MOXET pacnajaThbCs Ha
HEUTPOH U 3JIEKTPOHOIO/J0OHbI MUKPOOO'BEKT, N03Ke UAeHTUPUIIMPOBAHHBIA TeopuUel
HeJIMHENHBbIX KOJIeOAHMM KaK aHTHU3JIEKTPOH. JKCIEePHMEHTbl C JABHXKYILIUMUCS
MUKPOOOBEKTAMU OOHAPYKHUJIK, YTO MacCbl MUKPOOO'BEKTOB 3aBUCAT OT CKOPOCTH HX
IBxeHUs. Okaszasiocb, 4YTO pa3pylIUTesJbHble CTOJKHOBEHHUSI MUKPOOOGHEKTOB,
pasorHaHHbIX Ha J0BAKoBckHMX ycKOpHTessiX, He NPUBOAAT K IMOSBJIEHHWI0 HOBBIX
MUKPOOOBEKTOB C MEHBIIMMU MaccaMU. B pa3pylunTenbHbIX CTOJKHOBeHUsAX Ha BAK 6b11
3apUKCUpOBaH pacnaji MHUKpPOOOBEKTOB Ha MHOXeCTBa 3JieMeHTOB 3dupa. bbuio
0OHapyKeHO sIBJIeHUE CBEPXTEKYYECTH >XUJKOTO TeJIMsl U «HEUTPOHHOM >XUJKOCTHU» B
«HEUTPOHHBIX 3Be3JaxX».

JKCcepUMeHTa/bHOE MacTepCcTBO (U3UKU OCBOWJIM NpPaKTHYeCKU O6e3ynpeyHo.
OfHaKo. MUKPOOO'BEKTBI, B OTJIMYHE OT MAaKpOOOBEKTOB, B 3KCIIEPHUMEHTAX OKa3aJMCh
HeHaOJstofaeMbl. M3-3a 3TOro, 3KcnepUMeHTaJibHble pe3yJbTaThbl CTajJu HEYETKHUMH,
JIONMYCKAaUMMHA HEOJHO3HAYHYI0 TEOPeTHUYECKYI0 HHTephnpeTanyi. B 3TuUx ycioBUAX,
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posib GU3UYECKON TeOpHUH U PU3UYECKON HWHTYULHUH, CIIOCOOHOW OT/AENUTb UCTUHHYIO
MHTEepIpeTaluio OT JIOXKHOM, CyllecTBEHHO Bo3pocja. Bospociu u TpeboBaHUSI K
KayecTBY GU3UYECKON TEOPUM.

B aTux ycnoBusx, pU3UKU HepeaKOo OMIMNOAITCS, IPUHUMAs JIOKHYI0 HHTepIpeTaluio
3a UCTUHHYI0O HeyMeHHe, a, TeM 6oJiee, HeXXeJlaHUE, UCIIPABJIEHUS 3TUX OLIMOOK MPUBOAST
K Hay4yHbIM ¢asbcuPuKalMaM - K Bblaye JIOXKHOrO 3a HCTHHHoe. K Takum
danbcudurkanUaM IpUHAAJIEXKAT YTBEPKAEHUS:

- 06 oTCyTCTBUM 3dUpa B MaTepuajibHOM Mupe,

- 0 TOM, YTO MarHeTHU3M BTOPHUYEH, 10 OTHOIIEHHUIO K 3JIEKTPUYECTBY, YTO OH CyIlEeCTBYET
6Js1arosiapsi ABMXKEHUIO 3JIEKTPUYECKHUX 3aPs/I0B,

- 0 MPUHIMIIUAJIbHON HEMPUTOAHOCTH «KJIAaCCUYeCKoro» - HproToHOBa popMasnim3Ma B
BbIPAabOTKEe TEOPUU MUKPOMHUDPA,

- 0 CYLI[eCTBOBAHUHU HeZleIUMbIX KBAHTOB SHEPTHH,

- 0 CTPYKType aTOMHOTO 51/1pa,

- 0 CTPYKTYype «3JIEKTPOHHOTO 06JIaKa» aToMa,

- 0 IPUPO/IE CBEPXTEKYYECTH KUAKOTO Teus,

- 0 TOM, UTO IPOTOH - Pe3yJIbTAT «CaMOpacna/ia» CBO60AHOTO HEUTPOHA,

- 0 CYIleCTBOBAaHUH «KHEUTPHUHO,

- 0 MEXaHU3Me «CaMOIMPOU3BOJIbLHOTO» pacnajia aTOMHBIX /e,

- 06 oTcyTcTBUM, B [Iprpose, OTKPBITHIX JJUpaKOM 3JIEKTPOHOIOJ0OHBIX MUKPOO6HEKTOB
C «OTPHULIATEJTbHBIMU» MAaCCAMU — AaHTU3JIEKTPOHOB U aHTUIIO3UTPOHOB,

- 0 CTPYKType, popMe CTabUJIbHOIO CYIIleCTBOBAHUSI U CBOMCTBax GOTOHA U
«BO30OYXZEHHOTO» aTOMa,

- 0 MeXaHU3Me 3JIEKTPOMarHUTHOT'O U3JIy4YeHHUsI aTOMOB,

- 0 A/IepPHBIX PEAKLUSX C BblJleJIeHUEeM TEPMOsZIEPHOM SHEPTUH B «BOIOPO/IHOM» 6GoMOe,

- 0 COCTABAX U CTPYKTYypax 3JIEKTPOHOB, HEUTPOHOB U MPOTOHOB,

- 0 mpupo/e «AedeKTa Maccy,

- 0 CYLI[eCTBOBAaHWHU KBapKOB, MIDOHOB, ME30HOB, 6APUOHOB, ...,

- 0 TOM, YTO BEJIMYMHA CKOPOCTH CBETA He 3aBHUCUT OT IMJIOTHOCTH 3dHUpPa U OT JBUKEHUS
CUCTEMBbI OTCYETA,

- 0 TOM, YTO MPUYUHON GOJIBIION BEJTMYMHBI KKPACHOT'O CMeIlleHUsI» SIBJISIeTCS
CBEPXCBETOBasi CKOPOCTb JBUKEHHUS UCTOYHUKOB U3JIy4YeHHUs Ha nepudepuu
BceneHHOH,

- 00 UI3MEHEHUH CTPYKTYPbl MAaTEPHUHU NPH MONAAAHUN B «YEPHYIO JIbIPY»,

- 0 3aBUCUMOCTH IIJIOTHOCTH MaTEPUHU B «UePHOH AbIpe» OT BEJIMUUHBI €€ MacChl,

- 0 HEU30EeXHOCTH «TeIJIOBOU cMepTH» BcesleHHOH,

- 06 06PaTUMOCTHU BpeMEHU B MaTepUaibHOM Mupe,

- 0 TOM, YTO «T€MHasi» - CKpbITasi OT GU3UKOB, MAaTEePHsI HE TEHEPUPYET
3JIEKTPOMarHUTHOE HU3JIyYeHHUE,

TEOPUSA HEJIMHENHBIX KOJIEBAHUH
CuTyanua B TeOpUM MHUKpPOMHpPA pe3KO HU3MeHMWJIach, KOTZa, BO BTOPOH IOJIOBUHE
INpOLIJIOTO BeKa, B Heé IMpHIlJa TeopUs HeJUHEHHbIX KOJIeOaHUM €O CBOUM
«KJIaCCUYeCKUM» (popMasM3MOM, HCNOJb3YOIIUM JAuddepeHlMasbHble YpaBHEHUS
HeroToHa.



Teopus HeJIMHEWHBIX KoJiebaHUHM chopMUpOBaIach B paMKax GU3UKH, B BU/JIE PsJ0BOMN
dusuyeckod JUCUMIUIMHBL. Onpejensiionidii BKJAaJ B €€ pa3BUTHUE MPUHAAJIEKUT
akaZieMrMkaM MaHjenbiitTaMmy U AHApoHOBY. C UX MOAA4YH, KPyr pacCMaTpHUBaEMbIX 3a/1a4
MOCTOSIHHO PacCIIMpSJICs, 3aTparuBasi, B OCHOBHOM, ¢U3UKYy. [lo Mepe NpOHUKHOBEHUS B
Jipyrve Hay4yHble AUCLUUIJIMHBbI KOJUYECTBEHHBIX METO/IOB UCCAEIOBAHUS JUHAMUKHU UX
00'bEKTOB, KPYT UHTEPECOB TEOPUHM HEJIMHENHBIX KOJeO6aHUM CTaJl pacliupsAThCA 3a CYeT
3a/1a4 U U3 JIPYyTrUX Hay4YHbIX U TEXHUUYECKUX AUCHUIIKH [1-5]. XapakTepu3ys 3Ha4YMMOCTh
TAaKOTr0 paclIMpeHUs] UHTepecoB, AHAPOHOB, CCbhlIasCb Ha MaHAesblITamMa, TOBOPUJI:
«Kaxxgas u3 ob6sacteil PU3UKKM - ONTHKA, MEXaHUKA, aKyCTUKa — TOBOPSAT Ha CBOEM
«HAIMOHAJIbHOM» sI3blKe. HO ecTb «HMHTepHallMOHA/JIbHbIN» $I3bIK — 3TO SI3bIK TEOPHUH
kosebaHui. OHa BbIpabaTbiBaeT crHenudprUyeckue TMOHSATUS, CBOU METOAbI, CBOU
yHUBepCaJbHbIA sA3bIK. «WHTepHauuMOHa/W3M» TeOpUM KoJIeObaHUM NpuAaeT eu
KoJlocCa/ibHOe 3HayeHue. M3ydyasa oaHy 06J1acThb, Bbl MOJy4aeTe TEM CaMbIM UHTYULUIO U
3HaHHe B COBCEM JIpyrol obJsactu» [2,c.448].

0

OfHOM M3 LieHTpa/bHbIX 33/lad TEOPUH HEJIMHEHWHBbIX KoJiebaHUW sIBJseTCs 3ajada
MOCTPOEHHUSI MaTeMaTUYEeCKON MO/ieJIM U3y4aeMOoro peajbHOr0 npoliecca, ClloCO6HOM AaTh
aJleKBaTHbIE, BEpHbIe OTBEThI HA BONPOCHI UccaeoBaTesel. [Io aToMy noBoAy AHAPOHOB
BcnoMuHaeT: «Korjga s mnepeBoXy (HU3MKy HA MaTeMaTUKy, s BCerja OT 4Yero-To
OTBJIeKalOCb - 3Ta ¢pa3a npuHagaexuT JLU.ManjenbliTaMy, U OH He YyCTaBaJ
NpUBJIEKAaTb BHUMaHHE K TOMY, Ka3aJoCb Obl, 04€BUJHOMY OOCTOSITEJIbCTBY, UTO B TEOPUU
KoJiIe6aHUM, KaK BO BCAKOW Apyrod Gpu3nyecKod TEOpHH, Mbl paboTaeM C UJeaJbHbIMU
MOJieJIIMU peaJibHbIM Bellled M mnpoueccoB. OH cYdTaJ, YTO BONPOCHI H/l€easM3aLuU
JIOJDKHBI 3aHMMaTh QyHJAaMeHTa/JbHOE MECTO BO BCSIKOM MpernojlaBaHUuMd GU3UKH, KaK B
IIKOJIbHOM, TaK U B YHUBEPCUTETCKOM» [2,c.463].

[locTpoeHue ajleKBaTHOW MaTeMaTHYeCKOW MoOJieJiIMi HAyUHAeTCs C <«OKHMBOTO
CO3epllaHUs» HM3y4aeMOoro MpPOoLlecca, C BbIIBJIEHUS XapaKTepU3YIOLUX ero NepeMeHHbIX U
napaMeTpoB. C y4eTOM 3THX NepeMeHHbIX W MapaMeTpPOB CTPOUTCA MaTeMaTuyecKas
MO/leJ/ib, U3y4alOTCs €€ CBOMCTBA U BbISIBJISAIOTCS 3HAa4Y€HUS MAapaMeTPOB, IPU KOTOPbIX 3TU
CBOMCTBA UMEIOT MeCTO. 3aTeM NPOBepsAETCs, HAGJII0JAITCSA JIK 3TU CBOMCTBA y peaJbHOT0
npoliiecca Npy BbISIBJIEHHBIX 3HAaUEHHUSX MapaMeTpoB. Eciu HabJ0Aal0TCS, TO MOJIe] b —
aJlekBaTHasi, U MO pe3yJibTaTaM €€ MCCIe[O0BaHUS MOXHO JeslaTb pPEeKOMEeHJAalUuu MO0
NPaKTUYECKOMY HCIIOJIb30BAaHUIO HM3y4yaeMoro mnpoiecca. Eciu ke He HabGJI0AA0TCS, TO
3TO O3HayaeT, YTO B MaTeMaTUYeCKOM MOJeJu Y4YTEHbl He BCE CylleCTBEHHbIE
nepeMeHHble WM MapaMeTpbl. B 3ToM ciydae maTeMaTuyeckas MoOJieJib JIONOJIHSETCs
HOBBIMH IlepeMeHHbIMH U TapaMeTpaMH, U BHOBb IPOBepsieTcs €€ a/leKBaTHOCTb.

JdTa npoueaypa, B 061eM ciydae, MOXKET ObIThb BeCbMa TpyA0eMKoW. OHa MOXeT ObITh
3HAYMTEJbHO O00JieryeHa 3a CYeT CO3JlaHMs CIelUaJbHOM CUCTEMbI MpeleeHTHOT0o
00y4yeHHUs1 aJleKBaTHOMY MOJEJUPOBAHUI0 - CUCTEMbl BOCHHUTAHUS HAYYHOU UHTYHULUHU.
JdTa cucTeMa COCTOMT W3 MHOXECTBAa Pa3/IMYHbIX MPUMEPOB IMOCTPOEHHUS aJleKBATHbIX
MaTeMaTU4YeCKUX MoJieJiel pa3/iIMuHbIX peaJibHbIX mpolieccoB. OHA HayaJsia C03/laBaThCs
AHZPOHOBBIM M €ro y4YeHHKaMM, M TMPOJIODKAET TIOCTOSHHO TMOMNOJHATbLCA €ro
rnocjaez0BaTeSIMHU.

[TocTpoeHue 3TOM MpeleleHTHON oby4varolleld CHCTeMbl HEOJHOKPATHO MO/IBEPraioch
HacMellKaM U OOBUHEHUSM B OECCMbICJIEHHOCTU CO CTOPOHBI KBAaHTOBbIX (PU3UKOB.
Opnako, B Poccun cuvTaeTrcs, 4To cMex 0e3 NPUYMHBI SBJISETCS MNPU3HAKOM 06lieit
HeJlopa3BUTOCTU. PU3UKMU 3TO MOATBEPAUJIMN [€JI0M, He CYMeEB [0 CUX MOP MOHATh, KaK
BBITJIAUT Jlaxke TPUBUAJIbHASA a/leKBaTHAs MaTeMaTU4YecKasi MO/Jiesib IPOCTellIero aromMa
- mnpoTus. H3-3a 3ToH HeyMesoCTH, OGU3MKM TMNPULILJIM K JIOXKHOMY BBIBOAY O



HpHHHHHHaJIbHOﬁ HEBO3MOXHOCTH [IpUMEHEHHUA MEeTO/Z 0B I,ELOKBaHTOBOIt/'I -

«KJIaCCUYECKON» PU3UKH B TEOPUU MUKPOMHPA.

3namenuroil Arare Kpuctu ynanocs BecbMa JOXOAYMBO M HAIJIAJHO paccKka3aTb CBOMM YUTATENSIM, UTO TAKOE
UHTYHUINSA, U KaK OHA BbIpabaTeiBaeTcs; « MHTYHIINSA — 3TO KaK NPUBBIYKA YHTATH CJI0BA, He CKJIAIbIBASA UX IO
OykoBkaM. /IuTsi 3TOr0 He ymeeT — y Hero CJAMIIKOM MaJjo onbiTa. Ho B3pociblii YenoBeKk y3HaeT CJI0BO C
NepBoro B3IJsAa, IOTOMY 4TO BHJe] ero cOTHH pa3». Hackomnbpko ke, A.Kpuctu o0omnma KBaHTOBBIX (PM3HKOB
1o o0meMy pa3BUTHIO!

o

O MecTe TeopUHM HeJMHEUHBbIX KOJeOaHUW Cpefy APYrUX AWCLMUIJIMH FOBOPAT TaKue
cnoBa: «MMeercs u3BecTHas 3Bosonva Bo B3risgax JL.U.MaHzgenbpimiTaMma Ha 3HaYeHuUe
TEOPUU KoJIeOaHUW M Ha e€ MeCTO B TOYHOM ecTecTBO3HaHMU. Ha koHdepeHL MU 1O
KoJiebaHUsIM, oTHocAawencsa K 1931r., JLU.MaHaebliTaM roBOPUJ O CKPOMHBIX 3ajJlayax
TEOPUU KOJIeOGaHMM, CKPOMHBIX, HalpHUMep, MO CpPaBHEHUIO C 3aZjlayaMM KBAaHTOBOM
MexaHUKHU. B cBoeM fokaaze o pabotax A.H.KpbliioBa v B siekiusax 1944r., nocBsl€HHbIX
TEOPUU KoJiebaHUW, UMeeTC COBCceM Jpyras HoTka. OH TOBOpPUT 3/eCb O TOM, 4YTO
rJlaBHble OTKPBITUA B QU3MKe, HAaYMHasA C OTKpbITUSA KomepHWKa, OBLJIU MO CYLIECTBY
K0J1e6aTeJIbHBIMU U YTO, MOXKET ObITh, IPaB aHTJIMUCKUNA MaTeMaTUK U ¢usocod YailTxe[,
yTBeP:KJAUIMKU, YTO poXJAeHue (QU3NKU CBA3aHO C NpUMeHeHHEeM abCTpaKTHOM UJeu
NEPUOJUYHOCTHU K 60JIBLIOMY YUCY OT/IE/IbHBIX KOHKPETHBIX SIBJeHUN» [4,c.449].

[Ipomwin rojbl, U1 TeopUsl HeJMHEUHBIX KoJebGaHWM, 6Jsiarojaps KOJIUYeCTBEHHOMY
dopmanusMmy HbooTOHa W mpelefeHTHONM CUCTEMe BOCIMTAHHUS HAyYHOM HHTYULUH,
BbIIllJIa 38 paMKU (PU3NYECKOW JUCLUIJIMHBI, NPpUOOpeTs poJib METO0JIOrHYeCKOro
nocpefHUKA MeXJy MeToJaMU abCTpPaKTHOM MaTeMaTHUKM U KOJW4YeCTBEHHBIMHU
annapaTaMy eCTeCTBeHHOHAY4YHbIX JUCLIUIIJIVH.

Bo BTOpO¥ noJioBMHE MpOULJIOr0 BeKa B TEOPUM HEJMHEWHbIX KOJIeOaHUM, B CBA3U C
pacliMpeHHeM eé HCCIe[0BaTeJbCKUX BO3MOXXHOCTEH, BO3HUK HMHTEpeC K YCTPOUCTBY
MUKpoMUpa. PesynbTaTel 3kcnepuMeHTa coTpygHukoB UADP AH CCCP (Anma-ATta) [6]
3TOT UHTEpeC HeOObIYalHO CUJIbHO CTUMYJIMPOBA/IHU. ITO - IKCIEPUMEHT IO PACCESTHUIO -
YACTUL, HA HYKJIOHHBIX CTPYKTypaX aTOMHBIX f1/lep Pa3/IMYHbIX XUMUYECKUX 3JIEMEHTOB. B
UJ1eHOM nJiaHe OH ObLI OBTOPEHUEM 3KCIIepUMeHTa Pesepdopaa,
CKOHCTPYUPOBABLIErO, N0 €ro pe3yJbTaTaM, 3HAMEHUTYI0 3MIUPUYECKYI0 3aBUCUMOCTD
BEJIMYUHBI paZidyca s/ipa OT KOJUYeCTBA HYKJIOHOB: ry=1,4-A1/3-10-15M. 3TOT pe3yabTart
npocJsiaBus Pezepdopaa Ha Becb MuUp. Pe3ysibTaThl, nosydyeHHble coTpyaHukamu USAD AH
CCCP (Anma-ATa) oKa3asuch, 10 CBOEMY HAyYHOMY 3Ha4yeHMUIO, HE MeHee e HHbIMU — OHU
SABUJIUCb  y0eJUTEeJbHbIM  3KCIEPUMEHTAJbHbIM  [I0Ka3aTeJbCTBOM  OTCYTCTBHUS
HeJleJIMMbIX KBaHTOB 3Hepruu B [Ipupoe.

PesynbTaThl 3skcnepuMmeHTa coTpyaHukoB HUAP AH CCCP (Anma-Ata) O6bLIM
obpabotanbl ¢ nomoubi Metoga a3 bisapa [7], Bo BpemeHa Pesepdopna eme He
paspaboTaHHoro. J3Ta 006paboTKa MoKa3aja, YTO aTOMHble fApa BCeX XUMUYECKHUX
3JIeMEHTOB 00J1a1al0T KBa3UKPUCTAIMYECKHUMU CTPYKTypPaMHU U3 CBOMX HYKJIOHOB. A Tak
KaK B KBa3sUKPUCTA/UIMYECKHUX CTPYKTypaX HYKJIOHbl pacHoJioX)KeHbl Ha BIIOJIHE
onpe/ieJIeHHbIX PacCTOSIHUAX APYT OT Jpyra, TO B COOTHOILIEHUAX HeolpeJe/leHHOCTEN
KBAaHTOBOW TeOopHUM sl 3TUX sifep nocrosiHHas [lnanka h=0. Takum o6pasoM, 3TOT
NOTPSACAIOIIMKA 3KCIIEpUMEHT I0KasaJ, 4YTO HeJeJHUMble KBAaHTbl 3HEPTUU SBJAIOTCA
BbIHYK/JJEHHOM, K3-3a HEY/OBJIETBOPUTEJNbHOTO 3HAHUSA «KJIACCUYECKOU» (UBUKY,
a6CTPaKTHOM BbIIyMKON QU3UKOB, HE UMeIlel MecTa B MaTeprUaibHOM Mupe!

Pe3ysnbTaThl 3TOro skcnepuMeHTa ObLIM OMyOJMKOBaHbl B 1979r, B IjeHTpaibHOM
¢usndeckoM xypHase: U3Bectuss AH CCCP. Cepus pusuyeckas. 1979. T.43. Ne11. C.2317-
2323. C Tex mop NpOLLJIO [MOYTHU COPOK JIET, HO HUKAKOW peaKI|uH, CO CTOPOHbI MUPOBOTO
du3nveckoro coobIeCTBa, A0 CUX NOP He nocyaeoBano. Hackosbko ke, co BpemeH bpyHo



u KonepHuka, usmesipyas HaydHbld Mup! He Hauwiock HM oiHOTO GU3MKa, IPU3HABILETO,
YTO KBAaHTOBas TeOpUsS OKasaJlaCb BCEro JIMUIb NPUOJIMXKEHHOW Bepcuel TeopuH, BEpHO
BbIpabaThiBaroleil UHPopMaLUI0 06 YyCTpoicTBe U GQYHKLMOHMPOBAHUM MaTepUaJbHOrO
Mupa.

CIIEHUPUKA MUKPOMUPA
I. Hemo1HOTa 3KcNIepyMMeHTa/JIbHOM HHPoOpManu

[1aBHOM crnenudUKONM MHUKPOMHUPA, OCJOXKHAWILEH H3ydeHHe ero yCTPOMCTBaA,
SIBJIIETCSl HEIOCTYITHOCTh HU NPSIMOro, HU NPUOOPHO NPOJIOHTUPOBAHHOI'0 BHM3YaJbHOIO
HabJ/0JeHus O00'beKTOB MHUKpPOMHpA. IJTOT HENpPUATHBIA (aKTop ObLI YacTUYHO
KOMIIEHCUPOBaH C03JlaHueM HabJilo/iaTe/bHbIX KaMep, B KOTOPbIX GUKCUPYIOTCA CJeJbl-
TPEeKU ABWXKYLIMXCS MUKPOOGBEKTOB, 06/1a/lal0IUX 3JIeKTpUYeCKUMHU 3apsjamMu. Ho atu
KaMephbl He CII0COOHBI GUKCUPOBATh HU HEUTPOHBI, HU GpoTOHBI. [loaTOMy, TeopeTHuyeckas
UMHTepIlpeTalys pe3y/bTaTOB 3KCIEPUMEHTOB JI0NyCKAaeT HECKOJIbKO Pa3HbIX BApUAHTOB.
YTOObl BBIABUTb BEpPHYH HWHTEpPIpEeTAalUIo, HYXHO pacCMOTpPeTb BCe BO3MOXHble
BapHUaHThI, YTO6BI He M0JIYYUJI0Ch KBAHTOBOTEOPETUYECKHUX KOHPY30B.

o

OauH 13 nprMepoB — TpaHcpopMalys cBO6OJHOI0 HEUTPOHA B IPOTOH. JTa peakLUs B
HabJl0/jaTeJIbHOW KaMepe BBITVIAAUT KaK pacXosliuecss U3 OJHOM 00lled TOUYKU TPeKHu
IPOTOHA U 3JIEKTPOHA.

Tak kak B HabOJ/0JaTeJbHOM KaMepe HEUTPOHbI UM (OTOHBI CJEJLOB-TPEKOB He
OCTaBJISIIOT, TO, JI/11 IOJIyYeHUsI UICTUHHOM co/iep:KaTeibHON UHGOpMalLUK 0 JieTalsxX ITOU
peaklyM, HY>KHO pacCMOTPeTb BO3MOXXHble MOCJEeJCTBUS y4yacTUs B Heldl HeUTpoHa M
doToHa. YyacTue HEWTpPOHA B 3TOW peakLUU HaZJEeKHO YCTAHOBJIEHO — OH HaxXOJUTCH B
HayaJIbHOM TOYKe TPEKOB NPOTOHA M 3JIeKTpOHA. BapuaHT, B KOTOpPOM CyllecTByeT
BEPOSATHOCTb NPUCYTCTBUSA POTOHA, He OCTABUBLIEr0 TPEKa, Jaxke He paccMaTpuBaJcs. Ho
ecsu 6b1 U paccMaTpuBalcs, To Pu3rKU Bce Tak paBHO HUYEro He NOHSJIM 6Obl, TaK KaK OHU
COBCEM HUYEro He 3HAIOT, KaK YCTPOeH POTOH, He 3HAIOT HU €ro COCTaBa, HU CTPYKTYPBHI,
He 3HAIOT, YTO NPOU30M/IeT B pe3y/ibTaTe CTOJKHOBeHUs GpoToHA c HEUTpoHOM. Buaumo,
[03TOMY OHM NPUHSAJU HeHay4dHOe, BOJIeBOe, COBEPIIEHHO HEOOOCHOBAHHOE pelleHHe 0
TOM, 4TO 3TO — CJIeJibl pacnajia HeUTpoHa.

OpHako, mocaeAyoIui aHaJIu3 00HAPYXKUJI, UTO, IPHU TaKOW UHTepIpeTaluH, B 3TOU
peakLMu HapyulaeTcsl 3aKOH COXpaHEHUs 3Hepruu. [l cnaceHUs 3KCHEepUMEHTAJIbHO
MHOTOKpPaTHO IPOBEPEHHOr0 3aKOHA COXpPaHEHUsl 3Hepruu ¢usuKaM, MNpPU TaKOU
WHTepHpeTaluy, MNPUULJIOCh MNPUHATH JIOXKHYK TUIOTE3y CyLeCTBOBAaHUS BaHTOBOIO
NepcoHa)ka - «HEWTpPUHO». DU3UKH, HUCNOJIb3ys CKa304YHble CBOWCTBA «HEUTPHUHOY,
HaoGenasin cBepx3PpPEeKTUBHYIO CBEPXAAJbHIOI HEUTPUHHYIO CBSI3b U CBEPXJAJbHION
HEUTPUHHYIO TeslecKonuio. Ha 9T 3aMaHYKBbIe 06€ellaHUs] PYKOBO/CTBO BEAYIIUX CTPaH
co6JIa3HUJIOCh, W BOT yke ©OoJiee mosyBeka (QUHAHCUpPYyeT OGeCcCMbIC/eHHbIE
JKCIIepUMeHTa/IbHble PabOThI, XOTSI peabHbIX JI0Ka3aTeJIbCTB CyLeCTBOBAHNS HEUTPHUHO,
KpOMe CJIOBECHbBIX 06€el[aHHUH Oy AYLIMX YCIIEXO0B, 10 CUX IOP He MOJIyYeHO.

[IpoBesieHO y>Ke HECKOJIbKO KPYIHBIX IKCIIEPUMEHTOB 10 HEUTPUHHOU nmpobsieMe. Bee
OHHU 3aBepUIMJIUCh HeyJauyHo. Y PU3UKOB He XBaTaeT CIOCOOHOCTEN MOHATb MPUYHUHBI
3TUX HeyZay. 3aTO OHMU HAJOBYMUJIMCb, HECMOTPSI HA BCe HeyAauW, JJOOUBATHCS
NpoJio/KeHUsT PUHAHCUPOBAHUS 3TUX OECCMBbICIEHHbIX paboT. Kaxaylo cBow Heyzaudy
OHMU OIPaB/bIBAIOT TEM, YTO KHEUTPUHO» KaXblM pa3 YCKoJIb3aeT OT HAbJII0/leHus], MeHsIS
CBOHM 06GJIMK. ITO YTBepK/JeHHe OHU He MOTYT HU Jl0Ka3aTb, HU ONpPOBEPrHyTh. Ho aToT
IICEB/IOHAYYHBIM TPIOK paboTaeT, 06HaXas MaJlorpaMOTHOCTb GUHAHCUPYIOLHUX OPTaHOB.



o

Korzpa s 3HakoMuicsa ¢ ¢usnyeckor MHPopManueil o TpaHchopMalUu HEUTpPOHA B
IIPOTOH, TO, IIpeX/e Bcero. 06paTu/J BHUMaHHWe Ha TO, YTO «BpeMs XU3HHU» CBOOOJHOIO
HeUTpOHAa, U3MepeHHOe B pas3HbIX JabopaTopuAX, OTJAMYAJOCh JApPYyr OT Jpyra Ha
BeJIMYMHY, IPEBbILIAIIYI0 OIUNOKY U3MepeHU. [laTh ybeauTebHOe 06bSICHEHHE ITOMY
3pPeKTy PU3UKH [10 CUX MIOP HE MOTYT.

Tak kak B pa3HbIX J1abOPAaTOPUAX MHCMOJIb30BAJIMCh OJWHAKOBbIE H3MepHUTeJbHbIE
YCTAHOBKH, TO BAHOBHHUKOM 3THX «Pa3HOTIJIACUM» MOXET ObIThb TOJIbKO BHEIIHUU $aKTOop,
CUUTABLIMICA HecyuleCTBeHHbIM. OJHUM M3 TakUX (aKTOPOB MOrJa ObITb MJOTHOCTb
noToka (QOTOHOB B JiabopaTopuu. YToObl 3TO MNPOBEPHUTh, MOTPEOOBAIOCH HAUTHU
CTPYKTYpy POTOHA.

Okaszasioch, 4TO B QU3UKe eCTb BCe CBeJleHHUs, He0OXoAuMble g 3Toro. biaropapsa
TEOPeTUYEeCKOMY OTKpBITHIO /JlUpakoM BO3MOXHOCTHU CYILeCTBOBAHHSA 3JIEKTPOHA C
«OTpHULATEJbHON» Maccoi, GOTOH OKasaJcs 3JeKTPOH-aHTUIJIEKTPOHHBIM AumnoJieM [8].
CTONKHOBEHHE 3TOr0 AUMOJS C HEWTPOHOM NPUBOAUT K pacnajy AUIOJA, K YXOAY
3JIEKTPOHA OT HEUTPOHA U K 06'beJUHEHNIO aHTU3JIEKTPOHA C HEUTPOHOM B IPOTOH [9].

Tak ObL10 OOHaApyXKeHOo, YTO TpaHCPopMalUsl HEUTPOHA B MPOTOH MPOUCXOJUT HE B
pacnaZjHo¥ peakLyMy, a B peaKIlUd HeWTpPOH-GOTOHHOrO CHHTe3a IMpPOTOHA. JTa
HHTepIpeTanus, IoJydeHHas TeopHel HeJUMHEeHHbIX KoJiebaHUH, He mnoTpeboBaJia
obpaleHUs K OuIM60YHOM rMII0Te3e CyLeCTBOBAHUSA KHEUTPUHO.

II. Posb TeopyM ¥ aHA/I0rOBOM UHTYU LM
B MHTEepIpeTaluy 3KCIepuMeHTa/IbHbIX pe3y/1bTaTOB
B ycnoBusix, Korja HabJIOJEHUI0 [JOCTYNHbl He CaMU MHUKPOOOBEKTBI, a TOJIbKO
pe3yJIbTaThl UX B3aUMOJENUCTBUM C IPyTMMH MUKPOOObEKTaMH, HEU3MEPHUMO BO3pacTaeT
pOJIb TEOPHUH, POJIb AaHAJIOTOBOM MHTYULHH.

1.93¢up

®du30 B CBOeM INpPOCTOM TeHUaJbHOM »3KcnepuMeHTe (12891r) ybeguTenbHO
NPOJIEMOHCTPUPOBAJI CyllleCTBOBaHUE 3dUpa — MaTEPUATbLHOTO HOCUTEJISI CBETOBBIX BOJIH
[10]. Ho ¢usukaM mnokasasocb, YTO pe3yJbTaThbl 3KclepuMeHTa PU30 0OBACHAITCH
3¢ dekTOM mpesioMJIeHUS CBeTa B BOJE, UCNOJIb30BaBIlelcs B akcnepuMeHTe Puso, a He
cywectBoBanueM 3dupa [10]. ItuM  (U3UKKM  NPOJEMOHCTPUPOBAJIM  CBOE
HEY/I0BJIETBOPUTEJIbHOE 3HaHWE (PU3UYECKOW TEOpHUM — OHH 3abbliM, 4YTO, OO'BSACHSS
3¢ deKT npesioMIeHHs CBETA, UCI0JIb30BaIU OHATHE «IIJIOTHOCTh ONTHYECKOU CpeJibl», U
4YTO B 9KcepuMeHTe PH30 Npe/nosiaraaoch, YTo 3PUP U ABJISAETCHI KONTUUYECKON Cpesoi»,
T.e. MaTepUaJIbHbIM HOCHTeJIEM cBeTa. TakUM 00pa3oM, 3KcrepuMeHT PH30 He TOJIbKO
JloKa3aJ cylujecTBoBaHWe 3¢dupa, HO M CIOCOOCTBOBAJ MOHMMAHUI TOTO, YTO SIBJIEHUE
npesioMJIEHUs] CBETa, Ha TpaHUIle JABYX CpeJ C Pa3HbIMU IJIOTHOCTSIMU, OO'BSCHSETCS
Pa3HbIMU IJIOTHOCTSMHU 3dupa B 3TUX cpefiax [11]. Kakas komuuHas cutyayus!

Enie 6oJsiee KOMHUYHAs CUTyalldsl co3Jajach IPU HMHTEPIpeTalUHd pe3ybTaTOB
KcreprMeHTa MalKesbCOHA, KOTOpPbIH BO BCeX YyYeOHMKAX XapaKTepHU3yeTCs, Kak
06pasuoBbId (uU3NYeCcKH skcnepuMeHT [12]. B aTOM 3kcnepuMeHTe MpPOBEPSIOCH,
CYLeCTBYeT JiU 3QUp, ABJAIOUIANCA MaTepUaJbHbIM HOCUTEJIEM CBETOBbIX BOJIH, HO He
B3aUMOJIEMCTBYIOLIUKA C BelleCTBOM. JTO IMpeANoJIOKeHUe O0Ka3aJoChb YAUBUTEJNBHO
abCypHbIM - BeJlb 3TO caMU QU3UKU ONpejesuId BOJIHY KakK ClelualbHbId BUJ,
JIBIDKEHUS] €€ MaTepuaJbHOTO HOCUTEJs, B JAaHHOM cJay4yae - 3dupa. A CBeT, Kak
BbISICHUJIM (U3UKH, OKa3blBaeT Ha BeLIeCTBO BO3JeWCTBHE. A JieslaTb 3TO CBET MOXET



TOJIbKO 4epe3 CBOW MaTepUaslbHbIA HOCUTeNb - 3PUp. ITO - SPKUU MOKasaTesb
TeopeTUYeCKOU KBaJIUPHUKALLUU PU3IUKOB.

2. Kopnycky/IspHO-BOJIHOBOM Aya/IU3M MUKPOOOBEKTOB

JKCIEpUMEHTAJNbHO YCTAHOBJIEHO, 4YTO JBWXYIIUMWCA MHUKPOOOBEKT CIOCOOGEH
NpOABJATH KaK KOPINYCKYJISIpHbIE, TAK U BOJIHOBbIe CBOMCTBA — KOPIYCKYJISIDHbIE B BU/JIE
TOYEYHbIX, CTPOr0 JIOKAaJIM30BAaHHBIX CJEeJOB HA 3KpaHaX, a BOJIHOBble - IIpHU
pacnpefesieHUM MHOXeCTBa 3THUX cjaefoB. OfHaKo, QU3MKU NPU3HAIOTCS, YTO HUKAKHE
peajibHble BOJIHOBblE KOMIIOHEHTbl MHUKPOOOBEKTOB MM HE M3BECTHbL. ITO MOXKHO
00'bSICHUTb OTKa30M OT y4eTa 3pupa U Hepa3BUTOCTbIO aHAJIOTOBOW UHTYULUH.

Teopuss HenuMHeWHBIX KOJe6aHUM CyYUTAaeT, 4YTO ¢yHJaMeHTaJlbHble 3aKOHBI
yCTPOUCTBA MakKpoMHMpa U MHUKpPOMHpA MMEKT MHOTO OOIIEero, U 4YTO MOYTH KaXKJOMY
ABJIEHUSI MUKPOMHPA MOXHO HAaWTU MAaKpPOCKONMYECKHWH aHaJIOT. A TaK KakK CylleCTByeT
KOPNYCKYJIIPHO-BOJITHOBOM  AiyaZiu3M JABHKYWIUXCA MUKPOOOBEKTOB, TO JOJDKHA
CylL,eCTBOBATh U peasibHasl BOJIHOBAsA KOMIIOHEHTA JIBUKYLErocsl MUKpooOobekTa. MHOruMe
3HAIOT, YTO JIeTAIHe MyJd CBUCTAT. B aspojuHaMuke - OJHOM W3 pa3fiesioB QU3UKH,
M3BECTHO, UTO TBEP/0€ TeJO, IPY JBWXKEHUH B rase, IpU JOCTAaTOYHO OOJBIINX CKOPOCTSIX,
6sarofapss HeJlaMHHAapHOMY OOTeKaHHIO, MOET [eHEepUpPOBaThb BOJIHOBYIO 3BYKOBYIO
KOMIIOHEHTY B rase. YJUBUTeJbHO, YTO (QU3MKU 3TOro He 3HawT. [lo aHasoruy,
MUKPOOOBEKTDI, JBHXKylIHecs B 3QUPHOU cpefie C JOCTAaTOYHBIMU CKOPOCTSMHU TaKKe
CIIOCOOHBI reHepUpoBaTh 3¢GUpPHbIE BOJIHKI [12].

3. HeB030y>K/JeHHbI! aTOM NPOTUA

JTOT NPOCTEUIIUNA aTOM COCTOUT U3 OJHOIO NMPOTOHA U OJHOTrO 3JeKTpoHa. PU3nKuU
JlaBHO TOpPJAATCA BeJIMKOJIEIHbIM 3HaHUEM «KJlacCuuecKkoi» ¢pusnku. Ho oHU He cymeny, B
JIOKBAaHTOBYIO 0Py, IOCTPOUTD a/leKBaTHYI0 MaTeMaTH4YeCKyl0 MoJieJib 3Toro atoma. OHu
CyMeJIy MIOCTPOUTh TOJIbKO MO/ieJib, He 00J1a/1a0ly0 CBOMCTBAMU peasibHOTO aTOMa U He
00BACHAWILYIO Jaxe caM (GaKT ero cTabWU/bHOro cyuecTBoBaHWdA. OHM He HalIU
HUKAKUX MaKpOCKONMMYECKHWX aHaJIOTOB, KOTOpPble MOMOIJMU Obl MM NOHATb NPUYUHBI
OIIMOOK B MOCTPOEHHMU I3TOU Mozesu. OHM NOCUYUTAIM, YTO ITO OODBSCHSETCS He HX
HeyMeHHeM, He HeJOCTATKaMH HX (I)H3H‘{6CKOﬁ HHTYHWULHUH, A HpHHL[HHHaJIbHOP'I HEeNpUroagHoCTbIO
«KJIACCUYECKOro» KOJIMYEeCTBEHHOI'O0 aIlllapaTa HbloToHa AJid  CO34aHHA a,C[eKBaTHOfI TEeOopHHn
MHUKpPOMHUDA.

TeM He MeHee, TPUBHUAJbHBIM MaKPOCKONMUYECKUH aHAJIOr MOXXHO HaWTHU Jaxke B
HayaJbHOM Kypce OU3MKU. JTO - IIApHUK, NMOJABEIleHHbIH Ha mpy:KuHKe. Ha mapuk
JleiCTByeT yIpyrasd cuja MNPYXWHKH, NPUTATUBalOLiass ero K TOYKe IoJBeca, U
rpaBUTAallUOHHOE OTTaJKMBaHUWE OT TOYKM IMoJiBeca. ITU CHJbl 00eCledyuBaT
CylLleCTBOBaHHE PaBHOBECHOTI'O IMOJIOXKEHHUS 1IapUKa B 3TOM CUCTEME, a ero yCTOMYMBOCTh
obecrnieyrMBaeTCs BHYTPEHHUM TPEHUEM B MaTeprasie NPY>KUHKK — IPUUUHOMN JUCcCUNalUU
3Hepruu KosebaHuM LapukKa.

Tak kak Macca NpOTOHA Ha TPU Mopsi/ika OOJIblle MacChl 3JIEKTPOH, TO 3JIEKTPOH, B
NepBOM MPUOJIMKEHUH, MOXHO CYMTATh MOJBELIEHHbIM K HENOJBUXXHOMY NPOTOHY. B
3TOM aTOMe Ha 3JIEKTPOH JeMCTBYeT KyJOHOBCKOe NPUTSXKeHHWe K MPOTOHY U, B CUJY
JiMaMar"HeTH3Ma 3J1eKTpOHa ¥ IPOTOHA, MarHUTHOE OTTAJIKUBaHUe OT IPOTOHA. A Tak Kak
JUCCUNIALUSA 3HEPTHMU KoJIeOaHUM 3JIEKTPOHA MPOUCXOJUT U3-3a CONPOTUBJEHUA 3dupa
JBIDKEHHUIO 3JIeKTPOHA, TO JIMHAMMKA LIapvKa Ha NPYKMHKe U 3JIeKTPOHA B aTOMe MPOTHUA
KayeCTBEHHO aHaJIOTUYHBI APYT APYTY.



4. CTpyKTypa 3JIeKTpOHa

[lonbITKM HepaspylawLiero AUPPakKLMOHHOIO0 UCCIe0BaHUSA CTPYKTYphI 3J1€eKTpOHA
OKa3a/ichb B QU3HKe HeyAauyHbIMU. C MOsiBJIeHHEe MOLHBIX YCKOPUTEeJIel MUKPOOOHEKTOB,
HayaJIUCh TMONBbITKM BBIIBJIEHUS CTPYKTYpbl 3JIeKTPOHAa NyTeM pa3pyllarolinx
cTo/IKHOBeHUM. [lna atoro, Ha A0BAKOBCKHX ycKOpUTeJSIX, HE XBaTaJl0 MOILHOCTHU
pasroHa - SHeprus CBfI3W 3JIEKTPOHA OKasaJjiachb Bblllle 3Hepruu coygapeHuil. Ha BAK
Heob6xo/MMas 9HePrus pa3roHa 6bl1a AocTUTHYTa. Ho Gu3KMKKM 3TOro He MOHSJIH, TaK KaK
CTOJIKHOBEHUS MHMKpPOOOBEKTOB MpPUBEJU K KX paspylleHUsIM Ha 3JeMeHThbl 3dupa,
COBepILIEHHO He OXUAaBmuMcs pusnkamu [13].

PemiuB onpo6oBaTb MeTO/Jbl TEOPHUM HEJUHEWHBbIX KoOJiebaHUKW Ha mpobJeme
CTPYKTYPbI 3JIeKTPOHA, S 03HAKOMMJICS C 3KCIEPUMEHTAJbHBIMU JaHHBIMU. OKa3aoch,
YTO CTOJIKHOBEHHUSI 3JIEKTPOHOB, pa3orHaHHbix Ha JA0BAKoBckUX yckopuTessiX, He
NPUBOJMJIM K Pa3pyLIeHUI0 Ha 00'bEKTHI C MeHbIIMMU MaccaMU. OTCr0Zja HETPYAHO ObLIO
cZieslaTh BbIBOJ, O TOM, UYTO 3JIEKTPOH MOXeT 006J1afjlaThb TOJbKO 3)UPHON CTPYKTYpOu
[12,13]. Oka3asioch, YTO B MAKPOCKONIUYECKHE aHAJIOTH TaKOU CTPYKTYPbl FOAUJICA TOJbKO
atMmocdepHblii cMepd - TopHajo. OgHako, B ¢uU3MKe, M3-3a OLMIMOOYHOW TPAKTOBKHU
pe3yJIbTaTOB 3KCIIEpUMeHTa JPCTe/a, IPUPoJa 3TOro cMepya He Obljla U3BeCTHA. BbisiBUB
WCTHHHYI0 NMPUPOAY MarHeTU3Ma, U YCTPAHUB 3Ty OIIMOKY, y/1aJ0Ch MOHATh MEXaHU3M
CTabUJIbHOTO (QYHKIMOHHPOBAHUS aTMOCPEpPHOro cMepya, M, MO aHaJIOTHH, MPHUPOAY,
$bopMy U MexaHM3M CTabUJIbHOIO CYLleCTBOBaHUs 3JeKTpoHa (puc.1) [12,13].

VA prrZeeeos e s s/

Puc.1. CxeMa CTPYKTYpBbI 3/1IeKTPOHA

Okazasioch, UTO 3JIeKTPOH QPYHKIIMOHUPYET KaK 3QpUPHBIA NPOTOYHbIHN ABUTATE/Ib, POJib
MOIIIHOTO KOMIIpeccopa B KOTOpPOM HrpaeT CMep4yenoJoOHbli MarHUTHBIM BUXDB,
COCTOALIMM K3 COOGCTBEHHBIX MAarHWTHBIX I[10JIeM MpPOKaYWBaeMbIX 4Yepe3 3JIeKTPOH
3/IeMeHTOB 3dupa. ITO OTKpPbITHE TMO3BOJIMJIO TMOHATb HACTOSILYI0 HPUPOAY
«COJIHEYHOTO» BeTpa.

5. CTpyKTypa HeTpOHaA

JKCepUMeHTbl Ha YCKOPUTeEJAX IMOKa3ad, YTO MacChl CBOOOJHBIX 3JIEKTPOHOB M
HEUTPOHOB NPU pa3roHe yBeJUUYMBAKOTCS, Kak U 0bL10 npeackasdaHo CTO - cneyuasbHOR
Teopuell OTHOCUTENbHOCTH. OZJHAKO, 3TU MacChl yBEJIMYMBAIOTCH HE TaK, KaK UM JUKTYeT
CTO - corsnacHo cooTHomeHuw: m(v)=m(0)(1-v2c2)-05 oaWHAKOBOMY KakK [Jisi
3JIEKTPOHOB, TaK U [IJI1 HEUTPOHOB. JKCIIEPUMEHTHI NIOKa3aJH, YTO MPU OJHUX U TEX Ke
CKOPOCTSIX pa3roHa, CBOOOJHble HEUTPOHBI yBeJUYMBaAIU Maccy Bcero B 1,5 pasa, Torga
KaK Macca 3JIeKTPOHaA yBeJiMuMBaJiacb Ha 2+3 nopsagka! M3 aTtoro, ¢ 04eBUAHOCTHIO,
CJ1e/10BaJIo, UYTO 3JIEKTPOHBI U HEUTPOHBI 00/1a1aI0T pa3HbIMU GOpMaMu CTPYKTYP.

Macca HeHTpOHa NMOYTH Ha TPU NOpsiJKa 60Jblle Macchl 3jeKTpoHa (my,=1838,6me.), a
BeJIMYMHA BEeKTOpa MarHMTHOIO MOMEHTA HEWUTpOHAa Ha MATb MOPSJAKOB MeHblle
BeJIMYUHbI MAarHUTHOTO MOMEHTa 3JIeKTPoHA (Un=4-10"5ue). [loaTOMYy ycTOWunBOU popma
HEeUTPOHHOIr0o 3QUPHOro cMepya He MOXKeT ObITh LIMJIUHJAPUUYECKON, KaK Y 3JIeKTPOHa, a
TOJIBKO KOJIbIIeBOW, 3aMKHYTOM Ha cebs (puc.2).



A
)

Puc.2. Cxema CTpyKTypbl HEUTPOHA

6. CTpyKTypa npoTOHa
[IpoToH - pe3ybTaT HEUTPOH-GOTOHHOT'O CUHTE3a, COCTAaBHOU 0O'bEKT, COCTOSILUHN U3
HEWTPOHA U aHTHU3JIEKTPOHA (pHUC.3). ITO - YHUKAJIbHBIM MUKPOOOBEKT, CYLECTBYIOIIAN

)
2

Puc.3. CxeMa CTpyKTypbl IPOTOHA

6s1arojlapss TOMy, YTO BeJIMYMHA MacChl HEUTPOHA HAa TPHU MOpsiJika 60Jiblile BeJUYHUHbI
Macchl aHTHU3JEKTPOHA, YTO MEX/1y HEUTPOHOM U aHTHUIJIEKTPOHOM JeUCTBYeT MAarHUTHOE
OTTaJIKUBaHHUe, U YTO aHTUIJIEKTPOH 00/1a/1aeT «OTPULIATebHON» MaCcCOH.

B UnTepHeTe nosiBunoch coobueHue (18.11.2019) 06 akcnepuMeHTaJIbHOM YTOYHEHUHU
BEJIMYMHBI «paZidyca TMpPOTOHA» - OH oOKasajacad paBeH 8,31-10-1em. [lpu 3TOM
NOATBEPUJIOCH, YTO MPOTOH UMEET BeCbMa HEYETKYI0, Pa3MbITYI0 TPaHULLY.

7. MarHuTo-3gupHbIE ABUTrATEIU

HeoxxujanHoe, mouTh oOJHOBpeMeHHOe, mNosiBjeHWe jaBuratesnerd EmDrive (Roger
Shawyer) u «KAHTUTpaBUTALMOHHBIN ABUTaTe b» (BiaguMup JleoHOB) BbI3BaIM 6OJIBLIYIO
cyMATULY B QU3MKe. JKCIepUMeEHTaslbHble 3aMepbl KBaJU(PULUPOBAHHBIX 3KCIEPTOB,
NpOBeJlEHHbIE Ha peasibHbIX YCTAHOBKAX, MOKAa3aJIM HAJIMYKE, XOTbh U HE3HAUYUTEJbHOU, HO
peasnibHOU Tru. COMHeHUs e, TOPOAUBLINE KPU3UC JOBEPHUS, BbI3BaHbl T€M, YTO HU CAMU
aBTOpbl, HU BcA ¢uU3HWyYecKass OOLIeCTBEHHOCTb He MOHMMAKT MNPUPOAY ITOM THATH.
[IpyyMHa B TOM, YTO UM IieJibId BeK BJAaJ6GJUBa/JM OIIMOOYHbIE NpeACTaBJIeHHUS 00
OTCYTCTBMM MaTepuasbHoro sdupa B Ilpupose, o Hajmumyuu B MaTepuasbHOM Mupe
HeJleJIUMbIX KBAHTOB 3HEPTrUHA U O BTOPUYHOCTH MarHeTU3Ma, T.e. 0 TOM, YTO MarHeTU3M
He HWIpaeT B YCTPOUCTBE MaTepUU CaMOCTOATEJbHOU U CyLleCTBEHHOU poJu. [laxe
3KCIIepUMEHTAJIbHOE [JI0KA3aTeJNbCTBO OTCYTCTBUSI B MaTepUaJbHOM Mupe HeJelrMbIX
KBAaHTOB 3HepPTUU [6], onyO/JMKOBaHHOE B LIEHTPAJbHOM aKaJeMHUYeCKOM (PU3UYECKOM
»kypHasie CCCP, aTo¥l cuTyanuu He u3MeHUJo. B pe3ysibTaTe, B TeopeTudeckou ¢pusuke
BBbIPOCJIO HECKOJIBKO NTOKOJIEHWH, HEe CIIOCOOHBIX CAMOCTOSITE/IbHO IOCTAaTOYHO a/leKBAaTHO
MBICJIUT.

0

B EmDrive U B «tAHTUTpaBUTAlLMOHHOM JiBUraTeJie» peaKTUBHbIE CTPYH popMHUpYIOTCSA
B 3aMKHYTbIX MeTa//IMuecKux Kopnycax. [loaTomy npuunHa ¢(puU3UYECKOro CcKerncuca
odyeBH/HA. Belb peakTuBHasA CTpys, COCTOALLAA U3 00'bEKTOB MUKPOMHUPA, U3 3aMKHYTOI0
KOpIyca BbIMTH He cnocobHa. Ha 3To cnocobHa TONBKO CTPYyd, COCTOALLASA U3 3J1EMEHTOB



s¢upa. pasMepbl KOTOPbIX Ha HECKOJIbKO MOPS/IKOB MeHblIe pa3MepoB 0O'bEKTOB, U3
KOTOPBIX COCTOAT 3TU Kopmnyca. Ho ¢usrkaM, KOTOpPBIM BCIO KHW3Hb BJAJIOJUBAIOT, YTO
s¢upa B [lpupojse HeT, UTO 3TO CTPOro U ybOeAUTESbHO A0KA3aHO, 3TOTO HE MOHSATh.
[IpoBepuTh ke, He OLIMOOYHBI JIM 3TH L0KA3aTeJbCTBA, OHU CaMH, [10-BUAUMOMY, HE XOTAT
WJIY UX He Hay4YUJIU.

AHanu3 ycTpoucTBa M (QYHKLMOHUPOBAHUA aTMOCPEpPHOTro cCMepya U 3JIEKTPOHa,
NpOBEeIEHHbIN TEOpHUEN HEJIMHENHBIX KOJIEOAaHUM, MOKa3aJl, YTO OHU QYHKIUOHUPYIOT KaK
NpPOTOYHblE peaKTUBHble JBUraTeJu. PeakTuBHble CTPYM B HUX QOPMHUPYIOTCA
MarHUTHBIMU CMepPUYENnoJOOHBIMU BUXPSIMU. ATMOCOEPHBIN CMepU U 3JIeKTPOH SIBJSIOTCS
CaMbIM OOJIBIIMM M CaMbIM MaJIeHbKUM MarHUTO-3QUPHBIMU [ BUraTesIMU B MaKpoMUpe
¥ B MUKPOMMUpE.

B EmDrive u B «AHTUIpPaBUTAlMOHHOM JBUTaTeJsie», TAra CO3/aeTCs pPeaKTHBHBIMU
CTPYSIMH, BO30YKJaeMbIMU CBOUMH MarHUTHbIMUA CMePYeno00HbIMUA BUXPSMU.

B EmDrive MarHuTHoe 1moJie BO30YXKAAeTCs CHApY»XU U 3aTeM BOpacbiBaeTcsl B
3aMKHYTbIM Kopmnyc. XapakTep 3TOro MoJisl JOBOJIbHO XaoTU4eH — B UHTepHeTe ecTb ero
BEKTOpPHOe  H300pakeHHe, IMOCTPOEHHOe  aMepUKAaHCKMMHU  ¢usukamu. H3-3a
HeyNnopsAA04eHHOCTH, XaOTUYHOCTHU M0JIs, MarHUTHBIA BUXPb, OPMUPYIOLUN 3QUPHYIO
PEaKTHUBHYIO CTPYI0, OYEHD C1ab.

B «AHTUrpaBUTAllMOHHOM /[IBUTaTeJie» MarHUTHBIM CMepuyenofloOOHBIA BHUXPb
dbopmupyeTcs GoJsiee LiesieHANpaBJeHHO, ClelMaJbHbIM YCTPOMUCTBOM B CaMOM KOpIIyCe.
[ToaTomy aHeprus apupHOU CTpyH A0JKHA ObITH Bbllle, 4eM B EmDrive.

Xopowo ¥ [aBHO M3BECTHBIA COJIEHOWJ, TaK e, KaK M 3JIEKTPOH, TeHepUpyeT
MarHUTHYI0 CTpyl. MaTepuasbHbIM HOCHUTEeJEeM 3TOM CTPyd TakKxkKe sBJsieTcs 3dup.
WUHBIMU C/10BaMH, COJIEHOUJ, ABJIAETCA MNPOCTEUIIUM MaKPOCKOIMUYECKUM MarHuTO-
3QUpHBIM JIBUTATEJIEM, JIETKO AOCTYMHBIM JJIsl IIUPOKUX UCCAEOBAHUNA BO3MOKHOCTEH
3THUX JBUraTeJIEN.

III. MIPOBJIEMA ATOMU3MA

ATOMU3M £BJSETCS XUMHUKO-QU3MYECKOM MpobJsieMod. JTa mnpobJsema MOSBUJIACHh
6siarofjapss  OTKPBITUI0  XMUMHWYECKMX  3JIeMEHTOB -  BelLlecTB, 006Jaflalouiux
HENMOBTOPUMbBIMH HWH/JMBU/AYaJbHBIMHA CBOMCTBAMM. JKCIIEPUMEHTHI MOKa3aJ/y, YTo, MpPHU
M3MeJIbueHUU XUMUUYEeCKUX 3JIEMEHTOB, UX CBOMCTBA COXPaHATCA. B pe3ysibTaTe BO3HUK
€CTeCTBEHHbIH BOINPOC - CYLIECTBYeT JIM HaWMeHbllee KOJUYeCTBO XUMHUYECKOTO
3JleMeHTa — aTOM, M KaK K3 aTOMOB IOJIy4alOTC HOBBIE, COCTaBHble XHUMHYECKHE
BellleCTBa C HOBbIMHU CBOMCTBaMHU.

[Ipo6sema aToMusMa - mpob6JieMa [JeIMMOCTH XUMHUYECKUX 3JIEMEHTOB, pellaeTcs
cnenuduyeckuMu GU3NIECKUMU METOJAMU — METOJAMU M3yYeHUsl YCTPOHUCTBA MaTEPUH.
dusuyeckre ucCCaeJOBaHUS NMPUBEJU K JI0KAa3aTeJbCTBY CylleCTBOBAaHHUS aTOMOB M K
OTKPBITUIO COCTaBJSIOLUIMX HMX MPOTOHOB, HEUTPOHOB M 3JieKTpoHOB. Ho jocTuyb
JleTaJIbHOTO [MOHUMaHHUS CTPYKTYpbl aTOMa M BBISICHUTb, KaKhe CBOWCTBa aTOMOB
onpezessoT cneludUKy XUMUIECKUX CBSI3el MeX/y aTOMaMH B COCTaBHBIX XMUMHUYECKHUX
BelllecTBax, pusuka He cyMesia. OHA MOCYUTAJIA, YTO CBSI3U B aTOME MEX/1y 3JIEKTPOHAMU U
A/JpOM, U XHMHUYECKHe CBSI3M MEXJAYy aToOMaMHM CO3/alTC TOJbKO 3JIEKTPUYECKUMU
B3auMoZieMcTBUAMU. COrJIacCHO 3TOMY MHEHHUI0, GU3UKU NMONPOOOBaAIN TOCTPOUTD MOJIENb
aTOMa, YYMTBIBAIOILYI0 TOJIBKO 3JIeKTpUUeCcKre B3aUMO/IeCTBUs, HO ycllexa He JJOOUIUCh
- B TaKOM aToMe HeHu30exeH KOJUIANC CTPYKTypbl. M3-3a 3TOro, GpuU3MKuU CHJIBHO
obuzpenucr Ha ¢opmanusaM HpoTOHAa M, NMOAJABLIMCH JOcCaje, NPUTOBOPUJIH €ro K
NPUHLUNIHATBHOW HEMPUMEHUMOCTH B TEOPUH MUKPOMHUPA.



[IprynHa 3TOrO, CKOpee B TOM, YTO PU3UKH HEJLOCTATOYHO 06pa3oBaHbl — BeJib ellé B
1842r 6pL1a cTporo gokaszaHa ¢usndeckas Teopema MpHioy [14], U3 KOTOpo# cieayer,
YTO COEJMHEHUs, MOJIyYeHHble C MOMOILbI0 TOJIBKO 3JE€KTPUUYECKHUX B3aUMO/JENCTBUH,
HEYCTOWYUBHI.

[Touemy PpH3UKU He CyMesid NOCTPOUTH a[leKBAaTHYI0 MaTeMaTHUYECKYO0 MO/Jesib aToMa?
Bhllle pacckasaHo, Kak 3TO c/iesiajia Teopysl HeJTMHEWHBIX KoJle6aHUM. B 3TOM HeT HUYero
CJI0°KHOT0 — HY?KHO MPOCTO NPUMEHUTb CTAaHIAaPTHYIO NPOLEAYPY — BbIABUTb U YCTPAHUTh
IPUYUHBI TEOPETHUYECKUX OLIMOOK C MOMOIbI0 aHAJOTHMH WU ApYyrux npuemoB. Ho
$GU3UKKU /i1 3TOr0 OKa3aJIMChb COBEPIIEHHO HENO/JTOTOBJEHHBIMH - HUX IJIOXO YUYUJIU
NPUKJIAJHBIM OCHOBaM MCKYCCTBA NPOBE/€HHSI HAyYHbIX HCCIeJ0BaHUM.

IV. TIPOBJIEMA JEJIMMOCTHU MATEPUHN

[Ilpo6seMa [enMMOCTH MaTepud OIpeJeseHa Ha BCeM CIEKTpe MaTepHhasbHBIX
00'bEKTOB, @ aTOMU3M - TOJIbKO Ha XMMHUY€ECKUX 3JIEMEHTAX.

[Ipo6/71eMa aTOMU3Ma YaCTUYHO pellleHa GU3MKOM - JOKA3aHO CylLleCTBOBaHUE aToOMa U
0O6Hapy>XeHbl COCTABJAKLIAE €r0 MUKPOOOBEKTHI — MPOTOHBI, HEUTPOHBI U 3JIEKTPOHBL.
BbISIBUB CTPYKTYpy aToMa U JIONOJHUB OLIMO0YHOE PU3MYEeCKOEe TOHUMAaHUE XMMUYECKUX
cBsizert [15], Teopus HeJIMHENHBIX KOJiebaHWM 3aBepllinJia pellleHrue NpobyieMbl aTOMU3Ma
- pellieHHe Npo6JIeMbI eTMMOCTU MaTePUHX B 06J1aCTU XUMUYECKUX 3JIEMEHTOB.

o

B npo6JieMe feIMMOCTU MaTepUM eCcThb JiBa aclekTa — GpopMasibHbl, aOCTPaKTHBIN U
coliepXKaTeJibHbIM,  KOHKpPeTHbli. B ¢dopMasbHOM  HCHOJIb3yeTCsd  MOHSATHE
«MPOTSDKEHHOCTb». KoHeuHas NPOTSKEHHOCTh MPUCYIA KaXKJOMy MaTepuaJbHOMY
00beKTy — 6e3 MPOTSKEHHOCTU HeT MaTepud. Kakaas KOHKpeTHas MNPOTSKEHHOCThb
MOXET COCTOATb W3 KOHEYHOTO MHOXeCcTBa 0oJjiee  MaJIeHbKUX  KOHEYHbIX
NPOTSXKEHHOCTEW. Y TAKOro H3MeJsibYeHUs NPOTSHKEHHOCTEW HeT mpefesa. B aToM u
coctoUT (GopMaJbHbIM acnekT MNpob6JeMbl AeJUMOCTU MaTepuu. M3 aToro acmnekra
clefyeT, YTO JeJIMMOCTb MaTepUU becripe/iesibHa.

o

CopmeprkaTesibHbIM acleKT Mpo6JieMbl JeJMMOCTH MaTepUM UCXOAUT U3 TOTO, UTO Y
KaXJI0M MNPOTSKEHHOCTU €eCThb CBOM MaTepuasJbHbI HOCUTeJb. B aToMusMe 3TUMU
MaTepUaJbHbIMU HOCUTEJNSIMU SIBJASAIOTCA pa3Hble MaKPOCKONMWYECKHEe OOBEKThbl, 3TU
00'bEKTBI COCTOSAIT U3 XMMHUYECKUX 3JIEMEHTOB, & XMMUYECKHE 3JIEMEHThI, U3MEJIbYasiCh,
YMEHbIIAITCSI [0 aTOMOB. JJIEMEHTbl aTOMOB - MPOTOHBI, HEUTPOHbI U 3JIEKTPOHbI —
nepBble, U3BECTHble (QU3MKe, MaTepUa/ibHble O0OBEKTHI, HaxoJsllMecsl BHE 30HbI
onpezesieHUsI MP06JeMbl aTOMH3Ma — B 30He 6eclipe/ie/IbHOM eJTMMOCTU MaTEPUH.

Ha BosiHe ycmexa - OTKpPBITHUS NPOTOHOB, HEUTPOHOB U 3JIEKTPOHOB, QUIUKHU
NOMNbITA/IUCh OOHAPYXKUTbh CTPYKTYpPbl U 3TUX MUKPOOOBEKTOB, HO He cyMesu. [Ipoias
yepe3 My4YUTeJbHble HeyJauu, QU3UKK 3asBUJIM, UYTO UX KBAHTOBBIA «3/paBbli CMbIC»
BOCCTaeT NPOTUB NMpeJCTaBJeHUH 0 6ecnipe/ie/IbHOM e TMMOCTH MaTepuHu [16, ¢.12].

Teopusi HeJIMHEWHBIX KOJIEOAHUM, 0OHAPYKUB OLIMO0YHOCTh TPAKTOBKU Pe3y/JIbTAaTOB
skcnepruMeHTa ®uU30, OTpULIAIOILEN CYllECTBOBAHHWE MaTePHUaIbHOTO 3QHUPa, C NpobieMoi
NIOMCKa CTPYKTYP 3JIEKTPOHA, HEUTPOHA U MPOTOHA clipaBU/ach. OKa3asoch, YTO HEUTPOH
Y 3JIEKTPOH - 3JIEMEHTApHble MHUKPOOOBEKTbl, a MPOTOH - COCTABHOM, SIBJSIOLUMNCS
HEUTPOH-aHTHUIJIEKTPOHHOW CHUCTeMOH, 4YTO HEWTPOH U 23JIEKTPOoH (KU Jpyrue
3JIEKTPOHOMNOJ006Hble MUKPOOO'BEKTBI) COCTOST U3 MHOXKECTB 3JIEMEHTOB 3pupa U UMEIOT
CMepyenoiobHble CTPYKTYypbl. MarHUTHbIE CMepuyeno/loOHble BUXPHU, COJAEpKalliuecs B
3JIeKTPOHE U B HEUTPOHE, HENPEPBIBHO NPOKAYUBAIOT Yepe3 3JIeKTPOH U HEMTPOH MacCChI



BHelIHero 3¢upa, CUJIbHO ero yijaoTHss. BcaeacTBUe 3TOTO, coZiepKalllUics B 3JIEKTPOHE
Y B HEUTPOHE, 3QHP HAXOJAUTCA B IOCTOSTHHOM JIBUKEHUU (CMOTPH BhILIE).

@®U3MKK NBITAJUCh BbIIBUTh CTPYKTYPbl 3JIEKTPOHA U HEUTPOHA Hepas3pyllalIiuMU
AUdpaKLMOHHBIMU MeTOoAaMU. Ho 3To He nmoJiydu/ioch U3-3a BBICOKOHM MJIOTHOCTH 3dUpa
Y eT0 HEeNPepbIBHOTO JBUKEHHUS B 3JIEKTPOHE U B HEUTPOHE. [loNbITKU MCI0JIb30BATh, AJ14
3TOro, paspylialumye CTOJKHOBEHUS MHMKPOOOBEKTOB, Pa30rHaHHbIX Ha
AOBAKOBCKMX yCKOpHUTeJIAX, yCliexa TaK e He IMPUHEeC/]H, TaK KaK 3Heprud CBS3U
3JIEKTPOHOB M HEUTPOHOB OKa3aJIUCb Bblllle 3HEPrud CcToJIKHOBeHUsA. [locnennue
JKCIepUMeHTa/IbHble U3MepeHUs «pajuyca npotoHa» (MaTepHeT, 18.11.2019) nokasaJy,
YTO 3TOT «pajguyc» paBeH 8,31:10-16M Pacnas oJHOro M3 CTaJKMBAIOLIMXCS MPOTOHOB Ha
HEUTPOH W aAHTU3JEKTPOH 3KCIEepUMEHTANbHO 3adUKCUPOBAH IMPU 3SHEPTUU COJMKEHUS
IpOTOHOB, paBHOW 290M3B=0,29T3B. Eciu mnoj sHeprued CBSI3M NPOTOHA MOHUMATh
BeJIMYMHY 3HEPryMU, He0OX0MMOM Ha pacnaj NpoTOHA Ha COCTAaBJISAIOLIME €r0 3J1€eMEHTHI
s¢upa, TO 3Ta BeJMYMHA SHEPrUM JOJKHA ObITh paBHa cymMme 290MaB u sHepruit
NoC/JeAYIIIMX pacnajoB OCTAaBIIMXCS TMap HEUTPOHOB U AaHTUIJIIEKTPOHOB, T.e.
HeCKoJIbKuM [3B.

JkcnepuMeHThl Ha BAK 1o coyjapeHui0o NpOTOHOB MNpPUBEJM CHadajla K pacnany
COMMKAKOIUXCA NPOTOHOB HA HEWTPOHbl M AaHTHUIJIEKTPOHBI, a 3aTeM K pacnajay
HEWTPOHOB U AHTU3JIEKTPOHOB Ha «obJs1aka» HEUTPOHONO06HOTO v
aHTHU3JEeKTpPOHONOA00HOrOo 3dupa [13]. dToro ¢U3MKKM ONATH e He MNOHAJU M3-3a
0IIM60YHOr0 BbIBOAA 00 oTcyTcTBUU 3dupa B [Ipupone. B UHTepHeTe 6b1y10 TOKAa3aHO, KaK
TOJINA NOTPSICEHHBIX 3€BaK B 60JIbILIOM 3aJie HabJ/It0laeT 3TH 0b6JiaKka Ha SKpaHe.

o

WTtak, pelieHue npo6JieMbl OecnpeieslbHON JeJUMOCTH MaTepUM Hayajaocb C
BbISICHEHHUS COCTABa U CTPYKTYPbI 3JIEKTPOHA U HEUTPOHaA.

Ecnu mMaTepus, AelcTBUTENbHO, 6ecnpesie/IbHO JieJiMMa, TO OHA J0J/DKHA COCTOSITh U3
pa3sHbIX ypOBHel opraHu3anuu. HysneBbIM ypoBHEM OpraHM3allUd MaTepUu B Halleu
BcesieHHOU Lo Ha30BeM ypOBeHb, COCTOALIUMKA U3 XUMUYECKUX BeLleCTB. JTOT YPOBEHb
BKJIIOYaeT B cebsi 00'beKThbl MaKpoMHUpa U MHKpoMHpa. HauMeHbUIMMHU XUMUYECKUMU
BeleCTBAMMU SIBJISIIOTCS aTOMbl. ATOMBI COCTOSIT U3 IPOTOHOB, HEUTPOHOB U 3JIEKTPOHOB.
U XoTs oTAe/ibHble TPOTOHBI, HEUTPOHBI U 3JIEKTPOHbI CBOMCTB XMMHUYECKHUX BELIECTB He
onpezesisil0T, HO WX pa3JMYHble COYETAHMs, COCTABJISIOIIME aTOMbl, CO3JAlT 3THU
ceoucTBa. CiefoBaTesbHO, NPOTOHBI, HEWTPOHBI M 3JIEKTPOHBI TaKXe OTHOCATCA K
ypoBHIO Lo. Croopa e cjiefyeT OTHECTU U 3JIEKTPOHONOAO0OHbIE MHUKPOOOBEKTBHI -
MO3UTPOHBI, AaHTU3JIEKTPOHBI U aHTUIIO3UTPOHBI.

YacTb 3/ieMeHTOB 3dupa BXOJUT B COCTAaB 3JEKTPOHOB U HEUTPOHOB, a OCTasbHas
4acTb OCTaeTcsi CcB0o60AHOH. CBOOGOJAHbIE 3JIeMEHTbl 3pHpa HU B 3JEKTPOHbI, HHU B
HEUTPOHBI He BXOJAT. [103TOMy XMMHUYeECKHMe CBOMCTBA BELIECTB OT HUX He 3aBUCHT.
CnenoBaTesibHO, CBOOO/IHBIE 3JIEMEHTHI 3pUpa YPOBHIO OpraHu3anuu Lo He npuHajJiexar.
OHM npuHaA/exaT APyroMy ypOBHIO oOpraHusanuu martepud Li . 3ToT ypoBeHb L1
OTJIMYAeTCsl OT ypoBHA Lo TeM, YTO €ero 3JieMeHTbl - 3JeMeHTbl 3dupa, 06JsaJal0T
NpPOTSKEHHOCTBIO, HA HECKOJIBKO MOPSAJKOB MeHbIIENd MPOTSXKEHHOCTEH 3JeKTPOHOB U
HEUTPOHOB U MJIOTHOCThIO MaTEPUH, HA HECKOJIBKO MOPS/IKOB MPeBbILIAIIEeN NJIOTHOCTD
MaTepUH B 3JIEKTPOHAX U B HEUTPOHAX. JieMeHTbl 3¢Upa COCTOAT U3 ellé 6ojiee MeJTKUX U
6oJiee MJIOTHBIX MaTepUaJbHbIX 00'bEKTOB, IPUHAJJIEXKAIIMX YPOBHIO OpraHu3anuu Lz, u
MMEIOT 3JIEKTPOHOIMOJ00Hble M HEWTPOHOIMOJ00Hble cMepyeobpasHble ¢opMbl. M Tak
Jajee.

AHaJIOTUYHO yCTaHaBJMBAeTC, 4YTO B Haumel BceseHHoM Martepus o6pa3syer
6eCKOHeYHOe MHOXXeCTBO ypoBHel opraHusauuu Lk , k=0.1, 2,... YpoBHU opraHu3aLuU



MaTtepuM Lk, k=1, 2,... Bce yCTpOeHbI 0IJMUHAKOBO — OHH COCTOSIT U3 BCE 60Jiee MEeJIKUX U BCE
Obosiee IJIOTHBIX 3JIEMEHTOB TaKHX, 4YTO 3JIeMeHTbl ypoBHS Lk sABJSAOTCA
CMepYenoo6HbIMU 00'bEKTAaMH U3 3JIEMEHTOB YPOBHS Lk+1 .

V. UTOTOBbBIE PE3YJ/IbTATbI
Teopus HeJIMHENHBIX KOJIeOAaHUM MTOJIHOCTBIO UcYepraJia No3HaBaTeJ JIbHbIM OTEeH A
UJiled aTOMH3Ma, NIOCTPOUB aJleKBaTHble MaTeMaTH4YeCKue MOJeJH HeBO30YXKJEeHHBIX U
BO30Y>KIeHHBIX aTOMOB. /lJ11 3TOT0 NPHUILJIOCh YCTAHOBUTA,

- YTO B 3KcnepuMeHTe PU30 nosyyeHo 6eccnopHoe A0Ka3aTeJbCTBO CylleCTBOBAHHUSA
MaTepuaJjbHOro adupa [12],

- YTO B 3KCIIEpUMeHTe JpCcTe/ila MarHeTU3M BO30YyKAaeTCs He [ BIXKEHUEM 3JIEKTPUUECKUX
3aps/l0B, a IBUXKeHHEeM COOCTBEHHbIX MarHUTHBIX [10JIell MaTepUaibHbIX HOCUTeJel
3JIeKTpUUYECKUX 3apsAaoB [12],

- YTO KBa3UKPUCTAJIMYECKHUE CTPYKTYPbl aTOMHBIX /iep CO34aI0TCA 3JIeKTPUYECKHUMHU,
MarHMTHBIMH U HYKJIOHHBIMU B3aUMO/JIeUCTBUAMU [8],

- YTO UJIeHTUPUKALMOHHBIMU METOJaMU 0GHAPYKEeHbI AMaMarHeTU3M 3JIEKTPOHA U IPOTOHA U
napaMarHeTU3M HEUTPOHa,

- 4TO UAeHTU(PUKALHMOHHBIMU MeTOAAaMU 06HApy>KeHa o6paTHasi NPONOPLUOHAIBHOCTD
BeJIMYMHBI HAMIPSXKEHHOCTH MarHUTHOTO I0JIsI MUKPOOG'beKTa He YeTBEPTOMH, a TpeThel
CTeNleHU PacCTOSIHUSA; Cle[loBaTe/IbHO, MarHeTU3M 006J1a/laeT He TOKOBOH U He
JUIOJIbHOW, 8 CTPYHHOU NPUPOJOH,

- 4TO UJEHTUPUKALMOHHBIMU METOJaMH 0OHAPYKEHbI COOTHOLIEHUS] MEXK/y BEIMYNHAMHU
MarHUTHBIX MOMEHTOB 3JIEKTPOHA [, TPOTOHA iy U HEUTPOHA UUn: Ue=8,37 2p, tn=3-10~*,

- YTO HaNPSKEHHOCTb COGCTBEHHOI'0 MATHUTHOTO 10JI HEUTPOHA, B KOOPAWHATAX I,
npornopuuoHaabHa ur-3(cosep),

- YTO HANPSPKEHHOCTU COOCTBEHHBIX MAarHUTHBIX M10JIEN 3JIEKTPOHA U IPOTOHA, B
KOOPAHHATAX I',(, MPOMOPIUOHANIBHBI Ur-3(cosg)°*, 4 - BeTMIMHA MarHUTHOTO
MOMEHTA 3JIEKTPOHA U NIPOTOHa,

- yTo noTeHuMabl X.JOKaBbl AAIOT HealeKBaTHOE ONKMCaHHe HYKJIOHHBIX B3aUMO/JeHCTBUH,

- YTO UAEHTUDUKALIMOHHBIMUA METOAAMHU OOHAPYKEHO CJIe[yIollee BbIpaXKeHUe JJ1s
HYKJIOHHBIX CUJI Fy(r): Fn(r)=pr*-qr-5, p=1581-10-5%kr-M>-c~2, q=5032-10-74Kkr-M0-Cc2,

- YTO MarHUTHOE I10JIe aTOMHOTI0 1/ipa COCTOMUT U3 MarHUTHBIX 10JIeM HYKJIOHHbIX
MarHUTHBIX KJIacTepoB f11pa, U YTO OCH CUMMEeTPUH 3THX N0JIeH He lepeceKaroTcs [8],

- YTO, KOJIMYECTBO NPOTOHOB Z B CTaOUJIbHOM f1/ipe, T.€. BeJIMYUHA 3JIEKTPUUECKOr0
3apsja fApa paBHbI KOJIMYECTBY HYKJIOHHbIX MarHUTHBIX KJ1acTepoB szpa [8],

- YTO «3JIEKTPOHHOE 00/1aK0» HEBO30Y»KJJEHHOI'0 aTOMa COCTOUT U3 3JIEKTPOHOB,
CBSI3aHHBIX MEX/Yy COO0M Y C aTOMHBIM SI/IPOM 3JIeKTPUYECKHUMH U MAarHUTHBIMU
B3aUMO/IeHCTBUAMM [8],

- YTO XMMHYECKUE CBA3U MEXJy aTOMaMU U MOJIEKYJIaMU BelleCTBa CO3/4al0TCA
3JIEKTPUYECKMMH U MarHUTHBIMM B3auMoiecTBUsIMU [15],

- YTO «3JIeKTPOHHAs 060/104Ka» aTOMa MOXET UMeThb pa3Hble ¢popmbl [18],

- YTO SIBJIEHUE CBEPXTEKYUECTH XKUJKOT0 resiisl 00'bsICHAETCS CylleCTBOBAHUEM
«OJJTHOMEPHBbIX», MaKpOCKOMHWYECKOMW JJINHBI, TeJINEBBIX MOJIEKYJI, COCTOSIIUX U3
aTOMOB, B KOTOPbIX 0062 3JIEKTPOHA PAaCHO0JIOKEHBI HA OCH OJJHOTO U TOTO XKe
HYKJIOHHOT'O MarHMTHOTO KJIacTepa, Ha OJHOM U TOU XKe CTOPOHe OT A/4pa,

- YTO, COTJIACHO OTKPBITUIO /[MpaKa, CyLeCTBYIOT 3JIEKTPOHbI U IO3UTPOHBI C
«OTPHULATENbHBIMU» MAaCCaMHU — aHTUIIO3UTPOHBI ¥ aHTU3JIEKTPOHHI [8],

- 4YTO GOTOH SABJSETCS 3JIEKTPOH-aHTUIJIEKTPOHHBIM JIUI0JIEM, CAMOPA3TOHALUMCS 10
CKOpPOCTH, BeJIMYMHA KOTOPOU 3aBUCUT OT CONPOTHUBJIeHHS 3dUpa ABMKEeHUIO POTOHA



[8],

- YTO CYILLECTBYET LieJIoe CEMEUCTBO pa3HbIX GOTOHOB — 3JIEKTPOH-aHTUIJIEKTPOHHbBIN U
NO3UTPOH-aHTUIIO3UTPOHHBIHN, 06J1ajal0lIMe HYJIEBBIMU CYMMapHbIMH 3apsiiaMH, a
TaKXKe 3JIEKTPOH-aHTHUIIO3UTPOHHBIN U MO3UTPOH-aHTHUIJIEKTPOHHBIH, 00/1a1at011I1e
YZIBOEHHbIMU 3JIEKTPUYECKUMHU 3apsi/laMH,

- YTO 3JIEKTPOH-aHTHU3JIEKTPOHHBIN JUII0JIb MOXET ObITh «OBICTPBIM», CO CKOPOCThIO
JIBM>KeHUs, OJIU3KOH K C, UJIU «MeJJIEHHBIM», CO CKOPOCTbIO MEHbIIEN ¢ Ha HECKOJIBKO
MOPSIJIKOB, B 3aBUCHMOCTHU OT PACCTOSIHUS MEX/1Y 3JIEKTPOHOM M aHTHU3JIEKTPOHOM,

- 4yTo GOTOH MOXET OBbITh 3aXBa4€H aTOMOM, €CJIM aTOM CBOOO/IeH UJIU CBSI3aH B
COeIMHEHUH C HE CJIMILIKOM 00JIbIION MAacCOM, T.e. €CJIM aTOM, 3aXBaTUBIIHHN GOTOH,
MMeeT BO3MOXKHOCTb CBOOOJHOTO ABUKEHHUS MO/J] IeICTBUEM «JBUXKYIIEN CHUJIBI»
¢doTtoHa [8],

- YTO «OBICTPBIN» IUI0JIb 3aXBaThIBAETCS aTOMOM KaK eZJMHOE 1es10e, 6e3 paszesieHUsI Ha
3JIEKTPOH M aHTUIJIEKTPOH,

- YTO «Me/lJIeHHbIW» GOTOH U3BeCTeH B QU3UKe KaK «CABOeHHble KynepoBckue
3JIEKTPOHBI», YTO OH HE MOXKET ObITh 3aXBaYy€H aTOMOM, YTO OH SIBJISI€TCS HOCUTEJIEM
3JIEKTPHUYECKOTO TOKA, UYTO OH SIBJISIETCS TJIABHOW MPUYUHOU MOCTOSHHOT'O
MarHeTU3Ma U «I1apoOBOX MOJIHUMN»,

- YTO MO3UTPOH-AaHTHUIIO3UTPOHHBIN JUI0JIb 06J1aZlaeT TEMH JKe CBOMCTBAaMH, YTO U
3JIEKTPOH-aHTHU3JIEKTPOHHBIN IUII0JIb,

- YTO 3JIEKTPOH-aHTUIIO3UTPOHHBIN U MO3UTPOH-aHTUIJIEKTPOHHBIN JIUIIOJIU 06J1aZjal0T
CKOPOCTSIMHM, IPEBBIIIAIIIHUMH C,

- YTO 3JIEKTPOMArHUTHOE U3JIydYeHHe HEBO30OYKIEHHOT'0 aTOMa SIBJISIETCSA YHUCTO
BOJIHOBBIM, FTeHEpUPYEMbIM K0JI€6aHHUSIMU 3JIEKTPOHOB,

- YTO 3JIEKTPOMArHMTHOE U3JlydyeHHe BO30YKAEHHOr0 aTOMa SIBJISIETCS BOJTHOBBIM,
reHeprupyeMbIM KoJiIe6aHUSIMU 3JIEKTPOHOB U aHTHU3JIEKTPOHOB, U GOTOHHBIM,
NPOUCXOASAIIMM NPH MOTEPE ATOMOM 3aXBauyeHHbIX POTOHOB,

- YTO 3KCIePHUMEHTATbHO U3MEePEHHBIA YaCTOTHBIM CIIEKTP BOJIHOBOTO U3JIyYeHUsI aTOMOB
XUMHYECKOro 3/ieMeHTa GOpPMHUPYETCs MHOXKECTBOM HEBO30YK/JeHHbIX U
BO30Y>K/IEHHBIX aTOMOB, UTO OH, B 00IIIEM C/1y4ae, sIBJSETCS JUCKPETHBIM U
MYJIbTUILJIETHBIM, M UTO KaXkJjasl 4acTOTa 3TOr0 CIEKTPA, B CUJIy HEJIUHEHHOCTHU
CHUCTEeMbl aTOMa, U3MEHsIeTCs, B IIpoliecce U3JIydeHUs, B CBOel YacTOTHOM noJioce [8],

- YTO BO30Y»K/I€HHbIN aTOM pa3roHsieTcsl 3aXxBaueHHbIMU GOTOHAMM /10 CKOPOCTH,
BeJIMYMHA KOTOPOU 3aBUCUT OT CONMPOTHUBJIEHUs 3dUpa JBUKEHUIO BCcero atoma [8],

- 4YTO BO30YK/IeHHbIN aTOM TepsieT 3axBauyeHHble UM GOTOHBI NPU CTOJIKHOBEHUH C
JPYTUM MUKPOOO'bEKTOM; TaK KaK CTOJIKHOBEHHE C IPYTUM MUKPOOOHEKTOM —
sIBJIeHHE CIy4alHOe, TO «BpeMsl )KM3HU» BO36YKJEHHOT0 aToMa — CJIydaiHasl
BeJIMYHHA,

- YTO KOCMUYECKHUE JIYYU SBJISIOTCS, B OCHOBHOM, BO30YK/leHHbBIMU aToOMaMH [8],

- YTO TUMHYHAasA, 10 MHEHHIO PU3UKOB, «<HEUTPOHHAs 3Be3/ja» € paguycoM B 10KM u C
Maccoi, paBHOHU 1,44Mconuna=1,44-2-103%r=2,88-103%r, 06/71a1a€T HEUTPOHHOU
BHYTPEHHOCTBIO, U UYTO PACCTOSTHHE I' MEXK/IY COCEITHUMU HEUTPOHAMHU MeHbIIle, YeM
1,67-10-15m; a Tak kak Fn(r*)=0 npu r*=3,528:10-1°M, TO B «<HETPOHHOM 3BE3/€E»
MeX/ly COCEJTHUMU HEUTPOHAMHU JIeUCTBYET HYKJIOHHOE OTTAa/IKHBaHHUE,

- YTO B TAKOW «HEUTPOHHOM 3Be3/ie», HEUTPOHBI, BEIYT ceb6s1 KaK CBEpXTeKy4asi >KHUIKOCTb,
00 beIMHASCD, 6J1ar0Japsi MAarHUTHBIM B3aUMO/IEUCTBUSM, B CBEPX/JIMHHbIE MPSMbIe
«OIHOMEepHbIe» LIEMOYKH,

- 4YTO TpaeKTopus GOTOHA, B pe3y/bTaTe NPoXoxaeHus yepe3 CoTHeUHbIN JTUMO,
IIOBOpPAaYMBAETCA HA YroJi, BeJIMYHHA KOTOPOTO, COTJIaCHO JUHINTEHHY, paBHa 6=1,745";



3KCNepUMeHTa/IbHO U3MepeHHasl BeJIMUMHA yTIJjla HAaX0JUTCSl B UHTepBaJie
(1,61",2,24™"), a cornacHo «kaaccuyeckoMy» HploToHOBY popMain3mMy, oHa paBHa
6=1,7572"[22],

- YTO 3JIEKTPOH-aHTHU3JIEKTPOHHBIN JUIOJIb U3/IyYaeT 3JIEKTPOMarHUTHbIE BOJIHBI B
IIMPOKOM YaCTOTHOM JiMalla30He, eC/IM BeJIMYMHA MacChl aHTHU3JIEKTPOHA
He3Ha4yUTeJbHO, HEOLYTUMO JJIsl HAC, 60Jiblie MacChl 3JIEKTPOHA; U3JIyYeHH e
OTCYTCTBYET, €CJIU BeJIMUMHA MacChl aHTU3JIEKTPOHA MeHbllIe MacChl 3JIEKTPOHA.

o
[lepeiiis K OCTa/JIbHOM YacTH NPOo6JeMbl 6€3rpaHUYHOM JeJIMMOCTU MaTePUHU, TeOpUs
HeJINHEeNHbIX KoJle0aHUM YCTaHOBUJIA:

- YTO 3JIeMeHTapHbIMU 00'b€KTaMH MUKPOMHUPA ABJAKTCA HEUTPOH, 3JIEKTPOH, IO3UTPOH,
aHTHU3JIEKTPOH U aHTUNIO3UTPOH [21],

- YTO NPOTOH ¥ aHTUIIPOTOH SIBJSIOTCS COCTaBHBIMU, HEUTPOH-aHTHU3JIEKTPOHHBIM U
HEUTPOH-aHTUIO3UTPOHHBIM MUKPOOObEKTAMH, NOSABASALUIUMUCS B pe3yJibTaTe
HeUTPOH-POTOHHOTO CUHTE3a, COZepKaTebHOe IOHUMaHKe KOTOPOro He TpebyeT
VICII0JIb30BaHUSA JIOXKHOM TMIIOTE3bI CyIleCTBOBAHUA KHEUTPUHOY [9],

- YTO MarHUTHbIE N0JI IPOTOHA U aHTUIIPOTOHA 006J1aZlal0T YHUKAJIbHOU €CTeCTBEHHOHU
CTPYKTYPOM: OHU COCTOSIT U3 04€Hb CJ1ab0r0 «IIMPOKOYTOJbHOI0» MarHUTHOTO MOJIs
HEUTPOHA C HANPSX)KEHHOCTbI0 Hy(r,¢), NponopuuoHaibHOU Unr~3(cosp), u
Ype3BbIYalHO Y3KOr0 MarHMTHOTO M0JISI aHTU3JIEKTPOHA Y 3JIEKTPOHA C
HaNpsKEHHOCTBIO He(7,¢), MPONOPLUOHATBHON Uel3(cOSPp)54, Te pte=2,810%un; mosis ¢
TaKOW KOMOMHUPOBAHHOM CTPYKTYPOU MCIOJIb3YIOTCS B COBpeMEHHBIX 3QpPEKTUBHBIX
CHUCTeMax HaBeJleHUA — IMPOKOYroJibHasA KOMIIOHEHTA - [JI1 TapaHTUPOBAHHOTO
3axBaTa LieJiy, a Y3KOyroJibHasd — /I BBICOKOW TOYHOCTH OTCJIEKUBAHUS,

- 4YTO MarHMTHOE [10Jle IPOTOHA SABJISETCS, COTJIACHO PUCYHKY 3, CYMMOW MarHUTHBIX MOJIeH
AHTHU3JIEKTPOHA U HEUTPOHA, HO He SIBJISIeTCS IPOCTOM Cynepro3uMei uXx MarHUTHbIX
MoJieH, COryiaCHO KOTOPOH JO/KHO 6bIIO Obl BBIMOJIHATHCS PABEHCTBO Up=Ue—Un=0.9997 1¢;
uJieHTUUKALlMOHHAs poleAypa oKasaJja, YTo Up=8,372-11: 3TO pacxoxjeHue
TEOPETUYECKOTO U IKCIIEPUMEHTAIBHOIO PE3YJIbTATOB 06'bSICHAETCS TEM, YTO 3QUPHbIE
CTpyH, 06pasyrole aHTU3JIEKTPOH U HEUTPOH, 06J1a1al0T IPOTUBONOJIOKHBIMU
3aKpyTKaMH, aHTH3JIEKTPOH — JIEBOH, a HEUTPOH — IPABOM, 3TO 06CTOATENBCTBO 3aMETHO
ocsabJisieT BeJIMYMHY BEKTOpPA MarHUTHOTO MOMEHTA IMPOTOHA,

- 4YTO GU3UKHU OKOJIO LIECTUAECATH JIeT 6e3pe3yJIbTaTHO NbITAIOTCSA NOCTPOUTD
yIpaBJisieMble sHepreTUYeCKHe PeaKTOPhI Ha JIETKUX AApaX, 6€3[yMHO UCIOJIb3ys, AJIs
3TOrO0, peakiiy, Hepeajnu3yeMble, U3-3a He YYUTbIBaeMbIX «KMarHUTHBIX 6apbepoB» Ha
NyTU COJIMKEHUS JIETKUX s1Jiep: IJIaBHOM NPUYMHOM CBOUX Hey/lad pa3paboTYUKKU
CUMTAKT 3JIeKTpU4YecKkuil 6apbep B 0,144M>3B, Tora Kak He U3BECTHBIM UM, B paMKax
KBaHTOBOU NapaJMrMbl, MarHUTHbIN 6apbep nouTtu B 300 pas 6oJblie
3JIeKTpUYecKoro, oH paBeH 450M3B; HacTos111as ke NPUYMHA Hey/jad 3aK/II04aeTcs B
TOM, UTO S1/ipa AeUTepUs U TPUTHUS PaclajaloTcs Ha CBOOO/IHbIe TPOTOHbBI U
HEUTPOHBI, He COTM3UBLIKCH 10 PACCTOSIHUM siflepHOro cuHTe3a [20],

- 4TO ZIEUCTBYIOLIME YIIPaBJIiEMbIe 3JHEPTeTHYECKHE PEAKTOPHI Ha JIETKUX S/Ipax MOXKHO
HOCTPOUTD, TOJIbKO HUCIIO0JIb3Ys1 «XOJIOJHbIH» HEUTPOH-POTOHHBIN CHHTE3 MTHOBEHHO
caMmopaspyarmmuxcs saaep 5Li v 8Be [20],

-4TO 3QHUp ABISIETCSA «ONTUYECKOH Cpeoi» - MOHATHEM, UCT0JIb3yeMbIM GU3UKOM /s
COZlep>KaTeJIbHOT0 00'bSICHEHUS SIBJIEHUS IPEJIOMJIEHUS CBETA HA FPaHUIle CpeJ
[10,11],

- 4yTO 3QUp JO0CTATOUHO MJIOTHO 3aMoJiHsAeT BClo Becesennyiwo [11],

- YTO MJIOTHOCTb 3QHpa pacTeT He TOJIbKO OT IleHTpa BcesileHHOU K eé neprudepuu, HO U



BO Bcell Bcenennoi [21],

- 4TO yBeJIMYeHHe IIJIOTHOCTH 3pHpa NIPUBOJUT K «KKPACHOMY CMeLIeHHIO» CIIEKTPOB
aTOMHOI'0 3JIEKTPOMAarHUTHOTO U3JIyYeHUs U K «CAaMONPOU3BOJIbLHOMY» pacnazay
aTOMHBIX s7ep [19],

- 4YTO 3TU pe3y/IbTaThl CBU/IETEILCTBYIOT O 3aMKHYTOCTH BcesleHHOH U 0 TOM, 4TO OHa
ABJIIETCA «4€PHOU JbIPOK» BO BHEIIHEM MHUPE, , HEIIpepPbIBHO 3aXBaThIBAIOLIEN
MaTepHIo u3-3a «chepsl LBapumuabaa,

- YTO «KHEUTPOHHBIE 3Be3/bl» NN0ABJIAITCA B pe3yJibTaTe B3PbIBHOI'O TPABUTALMOHHOTO
KOJIJIAICa «BBITOPEBIINX» 3Be3/] THUMa COJIHIIA,

- YTO «4epHbIe AbIPbI» MOABJISITCA B pe3y/bTaTe B3PbIBHOTO I'PaBUTALMOHHOI0
KoJIJ1allca 3Be3/l, 3HaYMTeJIbHO 60Jiee MacCUBHBIX, yeM COJIHIIE, a TAKXKe B pe3yJ/ibTaTe
Me/IJIEHHOTO HaKOIJIEHUSl MacC «kHEMTPOHHBIX 3Be3/1», IPOUCXOAALIero baroaaps
3axBaTy BHeLIHeH MaTepuH,

- YTO «4epHad AbIpa», 10 oNpe/e1eHNI0, MOXKET PaCIIMPATHCA TOJIbKO 3a CYeT
3axBaTa MaTepHH u3-3a «cpepsl LIBapumuabaa»,

- YTO HeNpepBIBHbINA 3aXBAaT MaTepuM U3-3a «cPepsnl lIBapunabAa» NPUBOAUT K
HeOoIlyTUMOMY HAMHU U3MEHEHUI0 KMUPOBBIX KOHCTAHT» [9],

- YTO 3JIEKTPOH COCTOUT U3 OTPOMHOI0 MHO>K€eCTBa 3J1eMeHTOB 3QpHUpa, 06/1aJaeT
dopmoit armocPepHoOro cmepua, ¥, HermpepbIBHO NIPOKAYMBas yepes ce6s MaccChl
BHellHero 3¢upa, popmupyet 3pUPHYI0 peaKTUBHYIO CTPYI0, 1006HO
IPOTOYHOMY peaKTUBHOMY JBUraTeso [12],

- YTO HEUTPOH COCTOUT U3 MHOXKeCTBA HEUTPOHOIIOJ0OHBIX 3JIEMEHTOB 3gHpa U 00/1ajaeT
cMepuenoio6Hoi popMoH, CBepHYTOM B 3aMKHYTO€E Ha ceb6s1 KOJIbLLO,

- YTO TaKOe YCTPOMCTBO 3JIEKTPOHA U HEUTPOHA a/IeKBAaTHO 06'bSICHSIET «OPOYHOBCKOE
ABUXEHHE» U JIETYy4eCTb XMMHUYECKHUX 3JIEMEHTOB,

- 4TO, IPY JIBUKEHUH CBOOOHBIX 3JIEKTPOHOB U HEUTPOHOB, BMECTe C UX CKOPOCTBIO
pacTeT U MJIOTHOCTb BCTPEYHOT0 NOTOKA 3$UPa, UTO ABJISAETCHI NPUYNHOMN yBeJUYEeHUS
Macc CBOOOIHBIX 3JIEKTPOHA ¥ HEMTPOHA C POCTOM MX CKOPOCTH,

- 4TO, U3-3a pa3/inyus GopM, 3JIeKTPOH U HEUTPOH 06/1a/]al0T pa3HbIMHU
YYBCTBUTEJIBHOCTSIMU MacC K U3MEHEHHI0 CKOPOCTH JIBUKEHUS; IKCIIePUMEHTAJIbHO
0OHapyKeHO, YTO, IPU OJWHAKOBOU CKOPOCTH UX JIBUXKEHMS, MAacCbl HEUTPOHA U
IPOTOHA yBeJMYUBAIUCH B 1,5 pasa, Torja Kak Macca 3J1eKTpOHa yBeJIMUMBaJlach Ha
2+3 nopsifika; PU3UKHU 3TOr0 He NMOHSJIM, U OLUIMNO0YHO PELIUJIN, YTO OTKPbIJIU HOBbIE
MaTepHuaJibHble CYU[HOCTH — MIOOHbI, ME30HBI, 6030HbI, 6APUOHBHI, ...),

- YTO peaKTHUBHAas BO3/YLIHas CTPysA B aTMOCHEPHOM BUXpe CO3/aeTCsA CMepuenoZ00HbIM
MarHUMTHbIM BUXPEM, UTPAIOIIMM POJIb MOIIHOTI0 KoMIpeccopa[12],

- yTo peakTuBHas TsAra B EmDrive (R.Shawyer) u B «<AHTUrpaBUTALlUOHHOM JIBUTaTeEJIE»
(B.JleoHOB) co3paeTcs 3pUPHBIMU pEaKTUBHBIMU CTPYSIMU, TeHEPUPYEMBIMHU
CMepyenoJ06HbBIMA MarHUTHBIMU BUXPSMHU, UT'PAIOLUMH POJIb KOMIIPECCOPOB, KaK B
3JIEKTPOHE U TaK e, KaK B 00bIYHOM, XOPOII0 U3BECTHOM coJieHoue [17,20],

- YTO TeOpeTUYECKU BO3MOXKHO co3ZlaHue GOTOHHOIO JIBUraTe s Ha «JBHXKYILEeN cujie»
¢doToHa no cxeMe, NprUBeAeHHOM B [17],

- 4YTO MaTepud b6ecrnpe/ie/IbHO JieJIMMa U COCTOUT U3 6€CKOHEeYHOI'0 MHOKeCTBa YPOBHEH
opranusanuu Lk, k=0.1, 2,... : ypoBeHb Lo B Hameu BcesieHHO# COCTOUT U3 06 bEKTOB
MaKpoOMMpa U MUKPOMHPA, BCe OCTa/IbHbIe YPOBHHU 00/1aJal0T CBOOOJHBIMHU
3JIEKTPOHOMO/JOOHBIMU U HEUTPOHONOA00HBIMU 3JIEMEHTAPHBIMU 06’ bEKTAMU,
pasMepbl KOTOPBIX, C POCTOM k, KaXK/|bI¥ pa3 Ha HECKOJIbKO MOPSAJKOB YMEHbIIAKTCH, a
IJIOTHOCTH MaTepPUH B HUX Ha HECKOJIbKO MOPAAKOB yBeJIMYHUBaroTce [21],

- 4YTO NPY 00Pa30BAHUU «YE€PHOH AbIPbI», B pe3yJibTaTe rPaBUTALlMOHHOT0 KOJLJIAnca



BbIT'OpEBIIIel 3Be3/ibl, U P 3aXBaTe «UEPHOU AbIPOM» BHEIIHEW MaTepUH HU3-3a
«chepsn! HIBapIUabAa», MPOUCXOAUT «PacChilaHHWe» MaTePHUH Ha 3JieMeHTapHbIe
00beKThI 60Jiee HU3KOI'0 YPOBHSA OpraHU3al i MaTEPHUH, T.e. «paccblllaHue» 00'bEKTOB
YPOBHS k Ha 3/ieMeHTapHble 00'beKThI YPOBHSA k+1,

- YTO CBOOO/IHbIE 3JIEMEHTAPHbIE 06'bEKTHI PAa3HbIX YPOBHEN OpraHU3alUX MaTEPUU BCe
6oJsiee 1 6oJiee MJIOTHO 3aMOJIHAIOT BCe pU3UYECKOe NPOCTPAHCTBO, Aesas 3TO
NPOCTPAHCTBO MaTepHaJIbHbIM,

- yTO pU3NYecKasd JereH/ia 0 «TelnJ0BOU cMepTU» BcesleHHOM 011MO0YHA, TaK Kak
CBOOO/IHbIE 3JIEMEHTAPHbIE 06'bEKTHI BCEX YPOBHEH OpraHM3alii MaTepPUU HAXOASATCS
B HENIPEPbIBHOM /IBUKEHHWH, U KOJIMUECTBO UX BCE BpeMS YBeJIMYNBAETCA 3a CYET
3axBaTa MaTepuu u3-3a chepsl UIBapmmunabaa [23],

- YTO HaJINUMe CBOOOAHBIX 3/IeMEHTAPHBIX 00'bEKTOB Pa3JIMYHbIX YPOBHENW OpraHU3aLUuU
MaTepHuH, IJIOTHO 3alOJHSAIIIUX BCIO BcesleHHY10, KOHKpeTU3HUPYeT NOHATHE
«pusnueckoe noJse» [23],

- YTO «T€MHas» - CKpbITasi OT QU3NKOB, MaTEPUS COCTOUT U3 MHOKECTBA CBOOOJHBIX
3JIEMEHTAPHbIX 00'bEKTOB BCEX YPOBHEH OpraHU3alii MATEPUH U COCTABHBIX
MHKPOOOHEKTOB — MMO3UTPOHUSA U NPOTOHUSA [23],

- YTO KBAaHTOBbBIE NPEJICTABJEHUS 00 «0OPATUMOCTH BPEMEHU» SIBJISIIOTCS BCETO JIMIb
C/1e/ICTBMEM KOHCEPBAaTUBHOCTH KBAHTOBOW TEOPUH, HE UMEIOILLEr0 MECTA B pea/IbHOM
- IUCCUNIaTUBHOM MaTepuaJibHOM Mupe,

- YTO pasraZ K1 TallH NIpUpPOJbl MaTEPHUU U IPUPObI B3aUMOJENCTBUN MEXAY
MaTepUaJbHbIMU 00'bEKTAMU MPSAYYTCS B 6ecnpesie/ibHbIX IJIyOMHAX OpraHru3aluu
MaTepuH (npu k—oo).



