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XIII. OSTRAKISM OF THE ETHER IN PHYSICS

Leonov N.N.

Due to the refusal to take into account the ether, with its resistance to the movement of micro-objects,
physics has not yet managed to understand the substantial content of such phenomena as "displacement

current”, "Solar wind", "mobility of isolated atoms", "Brownian motion", "macroscopic etheric jet engines ".
[ ]

XIIL.1. Introduction

In the past few hundred years, intolerance to various attempts to gain new knowledge
about man and about the structure of the material World has intensified - the religious
inquisition (bonfires for "witches", Bruno, Copernicus, ..), "monkey trials" in America,
Lysenkoism and punishing "academic commissions on anti-science "in Russia, a quantum"
scientific "inquisition in the entire human world,.... All this disgrace, first of all, affected
physics - the science of the structure of objects of the material World.

Until the beginning of the last century, physics effectively developed thanks to the idea
of atomism, the origins of which go back to ancient times. At the beginning of the last
century, the atom and its elements were discovered - the electron, proton and neutron. On
this, the stimulating effect of the idea of atomism ended - neither the true structure of the
atom, nor the composition and structure of electrons, protons and neutrons for the two
centuries that have passed since that time have not been understood.

Moreover, physics began to develop along the wrong path - concepts such as "ether" and
"magnetic interactions between micro-objects" were ostracized. As a result, physics failed
to understand the true structure of the atom, accusing the methods of "classical" physics -
Newton's methods of incapacity - and adopting the hypothesis of the existence of
indivisible quanta of energy.

In 1979, experimental evidence was published that the nucleons of the atomic nucleus
of any stable chemical element have quasicrystalline structures [1]. Thus, the absence of
indivisible quanta of energy in Nature was experimentally proved, and the quantum theory
was placed in the category of approximate theories. But physicists "did not notice" this,
continuing, along with fruitful, very destructive, for the development of mankind, activity.
This quasi-activity consists, first of all, in senseless, obviously ineffective work on the
"neutrino” problem, which has been going on for more than seventy years. These works
are senseless due to the absence in Nature of the "neutrino"” invented by irresponsible
physicists. The “thermonuclear” problem has the same “work experience”, the causes of
long-term failures in which are revealed by the theory of nonlinear oscillations - TNO.
These reasons lie in the mistaken understanding by physicists of the reactions, as a result

of which huge thermonuclear energy is released during the explosion of the "hydrogen"
bomb.

TNO was able to understand that in the depths of the idea of atomism is hidden, in an
implicit form, a more general idea of the infinite divisibility of matter. This made it possible
to reveal the true structure of the atom, completely completing the solution to the problem
of atomism, which physics did not succeed for a long time. Following this, the true
structures of electrons, neutrons and protons were revealed. And finally, it was found that



matter has a multi-level organization, in which there is only one level, which has the largest
elementary objects. is capable of containing solid bodies, consisting of elementary objects.

A special role in these circumstances is played by ether, from the elements of which
electrons, neutrons and protons are created, and without taking into account which it is
impossible to understand what a "displacement current”, "Solar wind", "mobility of isolated
atoms", "Brownian motion" and "macroscopic etheric jet engines ".

XIIL.2. "Displacement current”

Let us first consider the “displacement current”, get acquainted with how physics
understands it, and then demonstrate and compare the research capabilities of TNOs - the
capabilities of “classical”, Newtonian physics.

XIIL.2.1. " Displacement current”
in the understanding of physics
"Displacement current” was discovered theoretically by ]J.C.Maxwell (1864). This
hypothesis was experimentally confirmed by studying the simplest capacitor device
consisting of two parallel plates (Fig.1, [1]).

Fig.1

When alternating current flows through this circuit, an alternating magnetic field arises
between the plates, as if an electric current flows between the plates at this time, according
to Oersted. However, between the plates of the capacitor, as you know, there are no
ordinary carriers of electric charges - electrons and ions, there is only an electric field. But
physicists, until now, do not know anything about the substantial nature of the "physical
field", just as they do not know anything about the substantial nature of the electron.

The presence of a magnetic field between the plates made physicists understand. that
this magnetic field can only be generated by an electric field between the plates. They
suggested that this magnetic field, similar to the magnetic field around a conductor with an
electric current, in Oersted's experiment, can only be generated by the movement of the
elements of the electric field. And they saw the reason for the movement of the electric
field - its "displacement” in the overflow of electric charges from one plate to another (Fig.
2, Collier's Encyclopedia).
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Fig.2. Displacement current or time-varying
an electric field causes a magnetic field to appear

Fig.2

XIII.2.2. "Displacement current”
in the understanding of the theory of nonlinear oscillations
The nature of the "displacement current” was revealed after the discovery of the

composition and structure electron. And to reveal the substantial nature of the electron, it
was necessary to solve several problems, including the identification of the true result of
the Oersted experiment, the achievement of an understanding of the reasons for the stable
functioning of the atmospheric tornado, and the identification of the true mechanism of
curvature of the trajectory of an electron moving across the magnetic field lines (Lorentz
experiment) [2].

The theory of nonlinear oscillations - TNO established that in Oersted's experiment
- the magnetic field around the conductor is excited not by the flow of electric charges, but
by the flow of the intrinsic magnetic fields of the carriers of electric current - electrons,
- that the excited magnetic field is not "circular”, but spiral - its lines are spiral, located on
cylindrical surfaces, coaxial to the axis of symmetry of the conductor,
- that the lines of the excited magnetic field have, with respect to the direction of motion of
electrons in the current, a left-handed twist.

These results made it possible to understand
- that the atmospheric tornado consists of a central jet and spiral jets, which, in accordance
with the results of Oersted's experiment, have a left-handed twist,
- that the main factor in the stable functioning of the atmospheric tornado is the magnetic
tornado-like vortex contained in the tornado, formed by the intrinsic magnetic fields of the
elements of the air pumped by this magnetic vortex through the tornado's direct and spiral
jets.

The sum of these results and experimental data on the study of the structure of the
electron, obtained with the help of micro-object accelerators, led to the understanding of
- that the electron consists of a huge set of separate elements of the ether, similar to the
electron, but smaller and denser,
- that it has a shape similar to that of an atmospheric tornado, with a left-handed twist of
spiral jets,

- that the magnetic tornado-like vortex of the electron, pumping the outer elements of
the ether, strongly condenses the etheric "body" of the electron,
- that a magnetic tornado-like vortex creates, like a powerful compressor in a flow engine,
an ethereal jet stream of an electron,
- that the direction of the velocity vector of a free electron and the direction of the ether jet
stream are opposite,



- what. due to the left-handed twist of the spiral jets, the free electron acquires, during
movement, a forced left-handed rotation around its axis of symmetry, parallel to the
direction of motion.

[ ]

In Oersted's experiment, during the movement of electrons, their axes of symmetry
remain parallel to the axis of the conductor. In this case, the electrons, due to the left-
handed twist of their spiral jets, acquire a forced left-hand rotation around their symmetry
axis. Their own magnetic fields move in the same way. Such a translational-rotational
movement of the electrons’ own magnetic fields creates a left-sided spiral Oersted
magnetic field around the conductor.

For those who have insufficiently developed spatial imagination, a small modification of
Oersted's experiment is proposed in [3]. capable of confirming the helicity of the magnetic
field around the conductor.

Now everything is ready to achieve an understanding of the true substantial nature of
the "displacement current".

It is known [4],

- that the "displacement current” is generated by the "conduction current”,

- that the "conduction current” is, as a rule, a fairly dense set of electrons moving in the
same direction,

- that, in the absence of "conduction current"”, there is no "displacement current”.

So what is "displacement current” and how is it generated by "conduction current"?

The answer to this question can only be contained in the list of properties of the
electron, as a separate element of the "conduction current”. TNK has established that the
electron consists of a huge variety of etheric elements, which, like the electron, possess.
electric charges (-ee) and intrinsic magnetic fields pe; the magnitude of the electric charge
of such an element of ether and its magnetic moment is several orders of magnitude less
than e and pe. The structure of an electron is similar to that of an atmospheric tornado.
The magnetic tornado-like vortex contained in the electron continuously pumps the masses
of the external ether through the electron, strongly compacting them, when pumping
through the electron, and creating an etheric jet stream.

When there is no current, conduction electrons scatter and freeze in their
intercrystalline niches with chaotic dispositions of their etheric jet streams. When current
occurs, conduction electrons leave their niches and line up in organized "columns”. And
since the etheric jet streams of all electrons in this case take the same direction opposite to
the direction of motion of the electrons, the sum of the etheric jet streams of conduction
electrons forms a mysterious "displacement current”.

[ ]

Since the electron belongs to the level of organization of matter Lo, which unites the
objects of the macro- and microworld, and the ether belongs to the level L1, which unites
the elements of the ether, the "conduction current” is an electric current at the level Ly, and
the "displacement current” is an electric current at the level L.

XIIL3. "Sunny wind"

The "Solar wind" means the flow of material objects emanating from the Sun.

Modern physics considers, according to its level of development, that the "Solar wind"
consists of objects of the microcosm, and that these micro-objects move in the solar system
under the influence of an impulse received in the solar corona and the gravitational effects
of the Sun and planets. The level of development of modern physics did not allow her to



adequately complete her work on the problem of atomism and understand. that the
problem of atomism is not the final stage of studying the structures of matter in our
Universe, but only the beginning of a more general problem of the infinite divisibility of
matter [5].

Proceeding from the idea of the infinite divisibility of matter, TNO discovered that
matter in our Universe consists of an infinite set of levels of organization Lk, k=0,1,2,... [5].
The Lo level has five types of elementary objects - a neutron and four electron-like objects:
an electron, a positron, an anti-electron and an anti-positron, of which all the composite
objects of the micro- and macroworld are composed. Levels Lk, k=1,2,..... have their own
elementary objects, similar to elementary objects of level Lo, but, with an increase in the
number k, more and more small and more and more dense. At the same time, elementary
objects of levels Lk, k=1,2,... fill the entire Universe rather densely.

An unexpected, even shocking and intriguing property of all these elementary objects is
their structure, similar to the structure of an atmospheric tornado. One of the most
interesting properties of these structures is the presence, in each of these objects, of a jet
stream, like a flow engine.

The magnitude of the reactive force for each such elementary object is proportional to
the magnitude of the vector of its magnetic moment. The ratios of the magnitudes of the
vectors of the magnetic moments of the electron pe, the proton pp and the neutron pn in
quantum physics turned out to be erroneous: TNO found that, according to the "classical"
Newtonian methods pp=0-1pe, 6=8,372, un=4:10-5u. . In other words, the reactive thrust for
an electron is almost an order of magnitude higher than that for a proton and is five orders
of magnitude higher than that for a neutron.

[ ]
So, the movement of the elements of the solar wind "occurs
- under the influence of the initial impulse received in the solar corona,
- under the influence of gravitational influences of the Sun and planets,
- under the inhibitory effect of a set of free elementary objects of the levels of organization
of matter.
- and under the continuous influence of the jet thrust of elementary objects.
[ ]

Proceeding from the fact that the reactive thrust of an electron is almost an order of
magnitude higher than that of a proton, and the mass of an electron is almost three orders
of magnitude less than that of a proton, it becomes clear that the electron is the fastest
object in the "Solar Wind".

XIIL.4. Atomic mobility -
cause of the phenomenon "volatility”

What determines and what determines the degree of mobility of an individual isolated
atom? According to modern ideas about the structure of the atom, it is - first of all, the size
of the nucleus - the value of its mass. What else? Quantum theory is silent about this. Let's
give the floor to TNK, which quantum theory considers incapable of answering this
question.

Let us consider the simplest, unexcited protium atom (Fig.3).
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Fig.3. Diagram of the protium atom

It was noted above that the electron and proton, being etheric tornado-like structures,
generate their etheric jet streams, the thrust of which is proportional to the values of the
magnetic moments of the proton y, and the electron pe. And since the vectors u, and pe
have opposite directions in the protium atom, and p.=8,372u,, the total reactive force of the
protium atom F(H) is proportional to pe—up=7,372up, (F(H) ~7,372up). The acceleration
w(H) of the protium atom created by the force F(H) is F(H)-my~1. Therefore w(H) ~7,372uy:
mp1.

It follows from this that the free unexcited protium atom is in constant motion along the
axis of its symmetry under the action of the electron's reactive thrust.

And what happens in unexcited atoms of other chemical elements? Since in the protium
atom the electron is the culprit of the mobility of this atom, is located on the axis of
symmetry of the intrinsic magnetic field of the nucleus - the proton, it is necessary, first of
all, to understand the structure of the intrinsic magnetic field of the nucleus of the atom of
the heavier element.

TNO discovered that the magnetic field of the nucleus of an arbitrary atom containing Z
protons consists of Z nucleon magnetic clusters such that all nucleons of each cluster are
located on a straight line passing through all nucleons of this cluster [6]. Each stable kernel
cluster contains one. and only one, a proton, and the magnetic field of such a cluster has an
extremely narrow jet, due to which the magnetic fields of the clusters do not intersect.
Therefore, the magnetic field of a stable core, in the general case, resembles a system of sea
urchin needles (Fig.4).

Fig.4 Diagram of the magnetic field of an atomic nucleus at large A

In natural terrestrial conditions, Z electrons of a neutral unexcited atom are located one
at each of the Z nucleon magnetic clusters of the nucleus.

At first, naive glance, the general situation seems to be similar to that in the protium
atom. But this is not the case. In order not to get confused in a lengthy description, let us
illustrate this difficult situation on the *He atom.

[ ]

The nucleus of the *He atom, when only nucleon interactions are taken into account, has
the shape of a regular tetrahedron and has two mutually orthogonal nucleon magnetic
clusters (Fig.5). Taking into account also the electrical interactions, then the shape of the



\\
/p \\ N < '»".
\ e

; n
o
Fig.5. *He core scheme

nucleus is deformed - the edge between the protons will increase, the edges adjacent to it
will become not equilateral, but right-angled triangles, and the nucleon magnetic clusters
will not be orthogonal to each other.

In this case, considering the core to be pointlike, the vectors of the magnetic moments of
these two clusters can be represented in Figure 6, where the angle ¢=30°. This suggests
that the nucleus of the #He atom is not two-variant - it has two different forms. Each of this
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Fig 6. Bivariance of the magnetic field of the *He nucleus

option has its own amount of mobility. Indeed, in variant a, F(*He)~7,372up2cos30°, and
w(*He)=F(*He):(2mp+2my,)~1=w(H)-0,43<w(H). In the variant 6 F(*He)~7,372up'2c0s60°,
therefore, in this variant w(*He)=w(H)-0,25, i.e. less than in option a.

It can be shown that with an increase in the number of nucleons A in the nucleus of an
atom, the mobility of the atom decreases.

Comment. It is well known in physics that the properties of an atom change with a
change in the parameters Z and N of the nucleus. Te groups of atoms in which the same Z,
but different N, are called isotopes, and a group of atoms with the same Z+N sum is called
isobars.

However, due to the neglect of magnetic interactions between micro-objects, in
quantum physics they do not know that even with the same Z and N (Z>1), nuclei differ in
the structures of nucleon magnetic fields, and atoms, as a consequence, differ in the
frequency spectra of the electromagnetic radiation and values of mobility.

XIIL5. Brownian motion
Brownian disordered motion of test particles experimentally proves the presence of
thermal and intrinsic chaotic reactive motions of free atoms.

XIII.6. Macroscopic
ether jet engines
All electron-like elementary objects of all levels of organization of matter resemble flow-
through jet engines. Each of them has a very high resistance. Each of them has its own



tornado-like, in shape, magnetic vortex, which plays the role of a compressor in an air jet
engine. This magnetic vortex continuously pumps through itself the corresponding
volumes of the surrounding elementary objects of lower levels. This magnetic vortex is
created, as in Oersted's experiment, by the flow of its own magnetic fields of elementary
objects of lower levels of organization of matter pumped by it.

[ ]

The principle of operation of these "jet engines" can be used to build macroscopic space
ether jet engines.

This is possible because the elements of the ether and lower levels have a property that
is absent in electrons and neutrons - they quite densely fill the entire Universe. Let us recall
how this was established.

When the true structure of atoms was discovered - unexcited and excited [6], it became
clear that the electromagnetic radiation of atoms consists of wave and photon. Wave
electromagnetic radiation is excited by vibrations of electrons and anti-electrons of an
atom, its material carrier is ether. A photon is an electron-antielectronic dipole, which is
capable of being captured by an atom; when captured, the dipole is incorporated into the
atom as a single object. An excited atom can exist only during its movement under the
influence of the "driving forces" of the photons captured by it. As a result of a random
collision of an excited atom with another micro-object, the photons captured by it, under
the action of their "driving forces”, leave the atom, thus forming photon atomic radiation.

Since the material carrier of wave radiation is ether, and the electron and anti-electron
of the photon dipole can exist only in a sufficiently dense ether medium, both wave and
photon electromagnetic radiation can propagate only in a sufficiently dense ether medium.

These properties of electromagnetic atomic radiation and the nature of the distribution
of its sources in the Universe made it possible to come to the conclusion about a fairly
dense distribution of ether in the Universe.

[ ]

As for the macroscopic magnetic vortex pumping the ether through itself, it is not yet
clear whether it is possible to achieve its stability only by pumping the ether. There are no
real hints of such a possibility now.

In Oersted's experiment, to launch a macroscopic tornado-like aetheric vortex together
with a macroscopic magnetic vortex around a conductor, it is enough to pass an electric
current through the conductor. However, the termination of the current leads to the
disappearance of both the etheric and magnetic vortices.

[ ]

Quite by accident, without understanding the principle of operation, two apparatuses
were recently created, which are real macroscopic etheric jet engines. This is EmDrive,
which was invented in 1999 by British aerospace engineer Roger Shawyer. This is the so-
called "Anti-gravity" engine, which was invented in 2006 by V.Leonov, an employee of the
Research Institute of Space Systems, Korolev, Russia.

XII.6.1. EmDrive

The EmDrive electromagnetic motor is driven by a magnetron, a device for generating
ultra-high frequency electromagnetic waves. Radiation of the magnetron is introduced into
the cavity of a completely closed copper housing of the engine resonator, where this field
forms a very weak but real jet thrust [7].

This design initially attracted interest. Experimental tests of such products were
carried out by Chinese researchers (2009-2010), NASA - in atmospheric conditions and in a
"vacuum", Romanian engineer (May 2015), professor at the University of Dresden



M.Tajmar (autumn 2015). These tests confirmed the EmDrive had real jet thrust.
However, the substantial nature of this thrust remained unclear.

This gave rise to the bulk of physicists to attack Scheuer with accusations of profanation.
Indeed, this mass, first of all, drew attention to the fact that jet thrust, according to Scheuer,
is formed inside a closed metal surface. And this. from the point of view of quantum
thinking, it is impossible. since a real jet stream cannot penetrate through a closed copper
surface.

[ ]

It should be noted that Scheuer was not going to form an ethereal jet stream in his
EmDrive, he had some other intentions. Therefore, he used the magnetic field very
unproductively. Because of this, the jet thrust in EmDrive was real, but very low. Several
years ago, a drawing of a vector approximation of the lines of the magnetic field excited in
the resonant cavity of the EmDrive was posted on the Internet, which was built based on
the results of measurements by American physicists. This field was very chaotic, the
magnetic vortex was hardly guessed in it, hence the result.

XIIL.6.2. "Antigravity"
engine

The details of this engine are not published. It is only indicated that the thrust is not
created due to the excitation of a real jet stream, but is achieved due to the creation, in the
engine casing, of a material vortex having a tornado structure. It is also reported that this
engine is of a quantum nature.

Experimental tests have also found that this engine has a real thrust in excess of the
thrust in the EmDrive.

However, the author's inability to understand himself and explain in detail to others,
with the help of intelligible ideas, how the real thrust is formed outside the closed body, if
its cause is created in this body, led to massive mistrust in this case too.

XII1.6.3. Real etheric jet streams
in EmDrive and in the "Antigravity" engine

So we returned to where we started here - to what is the "displacement current”
discovered theoretically by Maxwell, whose real existence has been confirmed
experimentally. As for the substantial nature of the "displacement current”, physicists get
off with empty messages that this is, in fact, not a current, but a "displacement of the
electric field." Well, dear reader, everything became clear at once? Do you clearly know
what a "physical field" is, what is its substantial nature?

Saying that the "displacement current” is not a current, but an "electric field
displacement”, physicists get off with empty "shaking the air", glossing over the essence of
the "displacement current”, since they do not determine the nature of the "physical field"
and "electric field" in particular.

[ ]

TNO, proceeding from the idea of the infinite divisibility of matter, discovered
- that matter in our Universe consists of an infinite set of levels of organization Lk,
k=0,1,2,...

- that each level has its own elementary objects,

- that every such elementary object is tornado-like, consisting of a huge set of elementary
objects of lower, smaller levels.

- that the set of elementary objects of levels Li, k=1,2,... fills the entire Universe rather
densely,



- that the set of these elementary objects, possessing gravitational, electric, magnetic and
neutron "charges", is a "physical field"; thanks to the "short-range" between these
elementary objects, the mysterious "long-range action" is realized.

[ ]

In physics, it is customary to call the directional motion of micro-objects with electric
charges, in particular, the directed motion of electrons, electric current.

Since physicists know nothing about the existence of various levels of organization of
matter, they do not know anything about electric currents of different nature. In addition
to the currents generated by the movement of electrons - electric currents at the Lo level,
there are electric currents at the L; level - currents of electron-like elements of the ether
discovered by Maxwell and called "displacement currents" by him.

Etheric "displacement currents” are initiated by electronic currents. Recall that
electrons, being etheric tornado-like objects, continuously pumping through themselves
the masses of the external ether, create etheric jet streams.Therefore, the ordered
movement of electrons is accompanied by the ordered movement of electron-like elements
of the ether with the opposite direction of movement.

[ ]

Experimental proof of the existence of a "displacement current” was carried out using
the setup shown in Figure 1. An electron current was passed through a circuit connecting
parallel plates. There were no electrons between the plates, and there was no electron
current either. But the "displacement current” - the etheric current, flowed along the entire
closed circuit, including the gap between the plates, since the ether, which quite densely
fills the entire Universe, also filled the space between the plates. The parallel capacitor
plates did not let electrons pass through themselves, but the elements of the ether passed
through them.

[ ]

Let us, dear reader, consider this situation in more detail.

Some time ago it became known that the atoms and molecules of protium and
deuterium are able to "seep" through the walls of the vessels containing them. How can
this be explained?

It's very simple. TNO found that, contrary to quantum theory, the true structure of the
protium atom has the form shown in Figure 3. The transverse size of this atom is equal to
the diameter of a proton. According to Rutherford, it is estimated at 2,8:10-1>m. According
to the latest experimental measurements, this value is even less - 1,662:10-15m.

The distance between individual atoms and molecules in the walls of vessels is much
greater than the distance between an electron and a proton in the protium atom, equal to
the "Bohr radius” of 5,292-10-1'm. And since, according to the orientational magnetic effect
[8], the elements of the hydrogen molecules are aligned along the same straight line, the
hydrogen molecule has the same transverse dimensions as the atom. Consequently, the
distance between the elements of the walls of vessels containing hydrogen is four orders of
magnitude greater than the transverse dimensions of hydrogen atoms and molecules. This
is the reason for the "leakage” of hydrogen through the walls of the vessels.

Since the dimensions of the ether elements are several orders of magnitude smaller
than the dimensions of electrons and protons, the ether has the ability to freely pass
through any connections from elementary objects of the microworld, through any walls,
including through the closed walls of the EmDrive and the “Antigravity” Engine.

Now we can tell you how the EmDrive and the “Antigravity” motor work.



In EmDrive, a magnetic field is introduced from a magnetron into a closed cavity, from
which a magnetic tornado-like vortex is formed.

In "Antigravity" motors, a system of rotating magnets forms a much more powerful
magnetic tornado-like vortex.

These magnetic vortices generate etheric directed streams, which, passing through the
walls of closed cavities and interacting with the outer ether, perform the role of etheric
thrust. That's all the wisdom that quantum ordinary and academic physicists have not
been able to master. Hello!
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XIII. OcTtpaku3sm 3¢pupa B pusuke
Jleonos H.H.

H3-3a oTKasa oT y4deTta ad)upa, C ero ConpoTruBJIEHUEM ABUKEHUIO MI/IKpOO6'b(-3KTOB, (1)1/131/11{8 A0 CUX Iop
He CyMeJia IIOHATb CY6CTaHHI/IOHaJ'IbHy}O COLEp¥KaTeJIbHOCTb TaAKHUX SIBJIEHUHM, KaK «TOK CMELlEHHA»,
«CosIHe4YHBbIH BeTep», «IMOABHU¥NKHOCTb HN30JIMPOBAHHbIX dTOMOBY, <<Bp0yHOBCKO€ ABHXXEHHEY,
«MaKpOCKOIIU4YeCKHre 3(1)I/IprIe pe€aKTHUBHbIE ABUTATE/JIN».

XIIL.1. Bcrynsienue

B HecKoJIbKO MOC/JeHHUX COTEH JIeT, 0060CTpUIach HETEepNUMOCTbh K pPa3IUYHbIM
MOMNbITKaM M0JIy4eHHs] HOBbIX 3HAaHUM 0 YesloBeKe U 00 yCTpoiCcTBe MaTepuaibHOro Mupa
- pesMrdo3Hasi MHKBU3UIUA (KOCTPHI AJsl «BeAbM», BpyHo, KonepHUK,...), «06e3bsIHbU
npoueccel» B AMepHKe, JIBICEHKOBLIMHA WU Kapawljde «aKaJeMU4YecKhe KOMHUCCUH I10
aHTHHayKe» B Poccuu, KBaHTOBas «HayyHas» HWHKBU3MULHS BO BCEM 4YeJIOBEYECKOM
Mupe,... . Bce aTo 6e306pa3ue, nmpex/e BCero, 3aTpoHyJ10 GU3KUKY — HAyKy 00 yCTPONCTBE
06'bEKTOB MaTepHasibHOr0 Mupa.

Jlo Hayasa npouuioro Beka ¢usrMka 3PpPeKTUBHO pas3BUBajJach OJjarojgaps uziee
aTOMM3Ma, MCTOKHM 3apOKJeHHs KOTOPOM YXOoJAT B TIJyOOKYI0 ApeBHOCTb. B Hauase
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NPOLLJIOr0 BeKa OblI OTKPBIT aTOM U €ro 3JIEMEHThI — 3JIEKTPOH, IPOTOH U HEUTpoH. Ha
3TOM, CTHUMYJIMpYIOlllee BO3JEUCTBUE HJEU aTOMH3Ma 3aBepPIIMJIOCh - HHU HUCTUHHOE
YCTPOMCTBO aTOMa, HU COCTaB U YCTPOUCTBO 3JIEKTPOHOB, IPOTOHOB U HEMTPOHOB 3a /[Ba
CTOJIETHS, IPOLIEAIINE C TOTO BpeMEeHH, TaK U He ObLIU MOHSTHI.

Bosiee Toro, ¢pusuka cTajsa pa3sBUBATbCA MO JIOXKHOMY MYyTU - ObLIM MOJABEPTHYTHI
OCTpaKHW3My TaKHe IIOHATHUS, KaKk «3pHp» M «MarHUTHbIE B3aUMOZEHCTBHS MEXKIY
MUKpPOOObEKTaMU». BeieicTBUE 3TOr0, GU3MKa HE cyMesia MOHATh UCTUHHOE YCTPONUCTBO
aToMa, OOBUHUB B HEJEECNOCOOHOCTH METOJAbl «KJACCUYeCKOW» (PU3UKU — MeTOJbl
Hbl0TOHA, U MPUHSB K UCNOJIb30BAaHUIO THIOTE3Y CYLIeCTBOBAHUSI HeJleJIMMbIX KBAaHTOB
3HEepruu.

B 1979r 6bL10 ONyOJMKOBAHO 3KCIEPUMEHTA/NIbHOE J[0Ka3aTeJbCTBO TOT'O, 4YTO
HYKJIOHbl aTOMHOTO si/jpa JiI060OT0 CTAaOUJbHOIO XHMMHUUYECKOTO 3JIEMEHTA 00/1aJalT
KBa3UKPUCTA/IMYECKUMHU CTpyKTypamu [1]. TemM caMbIM, ObLIO 3KCHEPUMEHTATBHO
JloKkazaHo oTcyTcTBUe B [Ipupoje HeJeJMMbIX KBAaHTOB 3HEPTrUH, U KBAHTOBAs TeOpUSs
CTaBWJIaCb B paspsi], NpuOJMKeHHbIX Teopud. Ho ¢PuU3UKU 3TOro «He 3aMeTUJIUY,
npoJio/Kasi, HapsAAy C IJIOJJIOTBOPHOM, BecbMa TyOUTEJNbHYW, /JJs Pa3BUTHUS
YeJIOBEUYEeCTBa, JIeATEJbHOCTb. JTa KBa3WAeATEJbHOCTh 3aKJIO4YaeTcsl, Mpex/e BCero, B
06ecCMbICIEHHBIX, 3aBeJOMO 06e3pe3yJ/ibTaTHbIX paboTax M0 «HEUTPUHHOU» MHpobGJieMe,
JUISIIIIUMUCS yKe 6oJiee CeMUEeCATH JieT. becCMbICIeHHBIMU 3TH PabOTHhI SABJSIOTCS U3-3a
oTcyTcTBUS B [Ipupoje BbIIyMaHHOTO 06€30TBETCTBEHHbIMU (GUIUKAMH «HEUTPUHOY.
Takoii e «TpPy/IOBOM CTak» HACYUTHIBAET M «TepMoOsiJiepHasg» NpoOJieMa, MPUYUHBI
JIOJITOJIETHUX Hey/lad B KOTOPOU BbISIBJIEHBI TEOpUElN HeJIMHEWHbIX KosiebaHnuil — THK. 3tu
NPUYMHBI 3aKJHYAIOTCSI B OLIMOOYHOM MOHUMAHUM GU3UKAMHU peaklUi, B pe3yJibTaTe
KOTOPBIX BBIJEJNSIETC OrpOMHasi TepMosilepHass JHeprusi BO BpeMs B3pbiBa
«BOJIOPOJIHOM» OOMOBI.

[ )

THK cyMmesia moHATH, UTO B HeJpax HUJAeU aTOMH3Ma TAWTCsS, B HEABHOM BH/Je, 6oJiee
obuiasg ugesa becnpefesbHOM JeJMMOCTU MaTepPUHU. DTO MO3BOJIUJIO BbIIBUTb MUCTUHHOE
YCTPOMCTBO aToOMa, MOJIHOCTbIO 3aBEPILIUB pellleHWe Mpob/eMbl aTOMHU3Ma, JOJITO He
yaaBaBlieecss ¢usuke. Bcses 3a 3TUM, OblLIM  BbIABJIEHbl HCTUHHbIE CTPYKTYPhI
3JIEKTPOHOB, HEUTPOHOB U MPOTOHOB. Y, HAKOHell, 6bLJI0 0OHAPYKEHO, YTO MAaTEPHUS UMEET
MHOTOYpPOBHEBYI0 OpraHM3alll0, B KOTOPOM TOJIbKO OJIMH YPOBE€Hb, UMEIOIIMN CaMble
KpyIHbI€ 3JIeMeHTapHble 00'bEKThI. CIOCOOEH COJZlEP>KaTh TBepP/ble TeJa, COCTOSIHE U3
3JIeMeHTapHbIX 06'bEKTOB.

Ocobyto poJib B 3TUX 06CTOSATENbCTBAX UT'PAET 3UP, U3 3JIEMEHTOB KOTOPOTO CO3/]aHbl
3JIEKTPOHbI, HEUTPOHbI U MPOTOHbI, U 6€e3 yyeTa KOTOPOIO HEBO3MOXKHO IMOHSATb, YTO
TaKoe «TOK CMellleHUs1», «COJTHEYHBIH BETEpP», «IMOABHKHOCTh U30JIMPOBAHHBIX aTOMOBY,
«BbpoyHOBCKOe JBUKeHHE» U «MAaKPOCKONIUYeCKUe 3QUPHbIE peaKTUBHbIE JIBUTATEN.

XIIL.2. «Tok cMeImeHusa»
PaccMoTpuM cHayasia «TOK CMelleHHsI», NMO3HAKOMMUMCS C TeM, KaK ero InOHHMaeT
du3urKa, a 3aTeM NMPOJAEMOHCTPUPYEM U CPAaBHUM HCCIe[0BaTelbCckie BO3MOXHOCTU THK
- BO3MOXXHOCTH «KJIacCU4eCKoi», HbIoTOHOBOW PHU3UKH.

XIIL.2.1. «Tok cMeleHusI»
B IOHMMAaHUHU QU3UKHU
«Tok cMemeHUss» OTKpbIT TeopeTudyecku /[[x.K.MakcBessiom (1864). dTa rumoresa
NoJIy4yusia 3KCIIlepUMeHTa/lbHOe MOJTBepXKJeHHe C MOMOLIbI HW3y4eHUs NpOoCTeHnliero
KOH/IEHCaTOPHOT0 YCTPOMCTBA, COCTOALLEro U3 ABYX Napa/lleJIbHbIX IJ1aCTUH (puc.1,[1]).



Puc.1

[Ipy nmpoTekaHWH NMEPEMEHHOr0 TOKa MO 3TOU LeNH, MeXAy IJIaCTUHAMH BO3HHUKaeT
nepeMeHHOe MarHUTHOe IoJie, KaK OyATO MeX/Jy IJIAaCTUHAaMU B 3TO BpeMs, COTJIaCHO
dpcTreny, TedeT 3JIEKTpUYeCKUM TOK. OfHAKO, MeXJy IJIaCTUHAaMM KOHJEHCaTopa, Kak
M3BECTHO, HET OOBIYHBIX HOCHUTeJIeN 3J1eKTPUIEeCKUX 3apsAJ0B — 3JIEKTPOHOB U UOHOB, €CTh
TOJIbKO 3JIeKTpuueckoe noJjie. Ho ¢u3uky, A0 cUX Mop, 0 CyO6CTAaHLMOHAJBHON NMpUpoje
«pusnyeckoro TmoJsisi» HHUYEro He 3HAKT, TaK e, KaK HHU4Yero He 3HAKT O
CyO6CTaHIMOHAJIbHOM NPUPO/ie 3IeKTPOHA.

Hasinuve MarHUTHOIO MOJISI MEX/AY MJIaCTUHAMM 3aCTaBUJ/I0 GU3UKOB MOHSATh. YTO 3TO
MarHMTHOE I0JIe MOKeT TeHepUPOBAThCA TOJIbKO 3JIEKTPUYECKUM I0JIEM, HAXOAAIMMCS
Mexay MmaacTuHaMu. OHM MpejloJIOKUJIM, YTO 3TO MarHWTHOe I0Jie, aHaJOTU4YHO
MarHMTHOMY IOJII0 BOKPYr NPOBOJHHUKA C 3JIEKTPUYECKHUM TOKOM, B 3KCIEpUMEHTe
JdpcTesa, MOXKET reHepUpOBaThbCSA TOJIBKO JIBMXKEHHUEM 3JIEMEHTOB 3JIEKTPHUYECKOTO MOJIS.
A TNpUYMHY [ABUXXEHUA 3JIEKTPUYECKOTO IOJS - €ro «CMelleHUdA» OHU YBUJEJIU B
epeTeKaHUU 3JIEKTPUUECKUX 3apsioB C OJHOW IUIaCTUHbl Ha JApyryio (puc.2,.
JHuukaonenus Kosbepa).
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Puc.2. Tok cMelleHUs UM U3MEHSI0Leecsl BO BpeMeHHU
3JIEKTpUYECKoe 10Jie BbI3bIBAeT MOsIBJIEHME MAarHUTHOTO M0JIs

XIIL.2.2. «Tok cMeIeHus»
B IOHMMAaHMM TEOPHUM HeJIMHEMHBIX KOJIeOaHU M
[Ipupoay «ToKa CMelleHUsI» YaJ0Ch BbISBUTb I0CJEe OTKPBITHUS COCTAaBa U CTPYKTYPbI



3JIeKTpOHa. A /11 BBIABJIEHUS CyOCTAaHLMOHAJIBHOM NPUPOJbI 3JIEKTPOHA MNPHUILJIOCH
pellaTb HECKOJIbKO 33a/a4, B 4YHCJe KOTOpbIX BbIIBJIEHHWE MCTUHHOrO pe3yJbTaTa
JKcnepUMeHTa  JpcTefla,  JOCTHXKEHUe  IOHHWMaHMUA OPpUYUH  CTAOUJIBLHOTO
GYHKIMOHMpPOBAaHUSA aTMOCPEPHOro cMepya, M BbIABJIEHHE HCTUHHOTO MexaHHW3Ma
MCKPHBJIEHUS] TPAeKTOPUM 3JIEKTPOHA, JIBUXKYILErocs Nonepek JUHUU MarHUTHOTO MOJIsA
(sxcnepumeHT JlopeHua)[2].

Teopust HennHelHbIX Kosie6aHul - THK ycTaHOBUIIa, 4TO B 9KCepUMeHTe JpcTesa
- MarHMTHOe IOoJie BOKPYr MPOBOJHHUKA BO30YXKJAaeTCsl He IMOTOKOM 3JIEKTPUYECKHX
3apsA/i0B, a IOTOKOM COOCTBEHHBIX MAarHUTHBIX 110JIell HOCUTeJed 3JIeKTPUUECKOro TOKa —
3JIEKTPOHOB,

- 4YTO BO30yX/JaeMOe MarHuTHOe MoJie He «KPYroBoe», a CHHpaJbHOE - €ro JHUHUU
SIBJISIIOTCSl  COHUPAJIbHBIMU, PACIOJIOKEHHBIMU Ha LMWJUHAPHUYECKUX TOBEPXHOCTAX,
KOAaKCHaJIbHbIX 0CU CUMMETPUHM IPOBO/IHUKA,

- 4YTO JIMHUU BO30YK/1a€MOr0 MarHMTHOTO MOJISI UMEIOT, [0 OTHOLIEHUIO K HallpaBJIeHUIO
JIBMKEHU S 3JIEKTPOHOB B TOKE, IEBOBUHTOBYIO 3aKPYTKY.

ITH pe3y/ibTaThl NO3BOJIUJIU TOHSTD,

- 4YTO aTMOCPepHbId CMepy COCTOUT M3 LEHTPaJIbHOM CTPYU U CIUPAJIbHBIX CTPYH,
o6JsIaflaolUX, B COIJIaCMU C pe3yJbTaTaMH 3KCllepUMeHTa IJpCTefia, JIEBOBUHTOBOU
3aKpYTKOH,

- 4YTO IJIaBHbIM (GaKTOpPOM CTabUIbHOro (GYyHKIHMOHUPOBAHUS aTMocdepHOro cMepua
SIBJISIETCS COZleprKallMiicsl B cMepye MarHMTHbIN cMepueno00HbIA BUXPb, 06pa30oBaHHbIN
COGCTBEHHbIMM MarHUTHBIMM TOJIIMHM 3JIEMEHTOB BO3/yXa, MPOKAaYUBAEMOr0 3THUM
MarHUTHBIM BUXpEM Uyepe3 NPSIMYI0 U CIHMpasbHbIE CTPYU CMepya.

CyMMa 3TUX pe3y/JbTaTOB M 3KCIEpPHUMEHTa/lbHble JJaHHblE 110 U3YUYEHUIO CTPYKTYpPhl
3JIEKTPOHA, I[OJIyYeHHble C TMOMOIbI0 YCKOpPUTEJNell MHUKpPOOO'BEKTOB, MpPUBEIU K
INOHUMaHUIO TOTO,

- UTO 3JIEKTPOH COCTOUT HU3 OTPOMHOI0 MHOXECTBa OT/eJIbHbIX 3JIeMEHTOB 3QUDpa,
NOA006HBIX 3JIEKTPOHY, HO 60Jiee MeJIKUX U 60oJiee IJIOTHBIX,
- 4TO OH uMeeT GOpPMY, aHAJIOTUUHYIO popMe aTMocHepHOro cMepya, C JIEBOBUHTOBOM
3aKpPYTKOM CIIMPAJIbHBIX CTPYH,
- YTO MarHUTHBIA CMepYenoo6HbIN BUXPb 3JIEKTPOHA, MPOKAaYMBasi BHELIHHUE 3JIEMEHThI
3Qupa, CUJIBHO YIJIOTHAET 3(QUPHOE «TeJI0» 3JIEKTPOHa,
- YTO MarHUTHBIA CMepyenofoO0HbIM BUXPb CO3/AeT, KaK MOIIHbIA KOMIIpeccop B
IPOTOYHOM JiBUTaTese, 3PUPHYI0 PEaKTUBHYIO CTPYIO 3JIEKTPOHA,
- YTO HampaBJIeHHEe BEKTOpPa CKOPOCTH JIBUKEHHUsI CBOOOJHOT0 3JIEKTPOHA U HalpaBJeHUe
3QUPHON peaKTUBHOM CTPYU NPOTHUBOIOJIOXHHBI,
- 4yTo. 6siarosapsi JIeBOBUHTOBOM 3aKpPyTKe CHUpPaJbHBIX CTPYH, CBOOOJHBIA 3JIEKTPOH
nprobpeTaeT, BO BpeMsl JBUXKE€HHs], BbIHYXJEHHOE JIEBOBUHTOBOE BpallleHHue BOKpPYT
CBOEM 0CH CUMMETPUH, NapaslieJIbHOW HalPaBJIEHUIO JBUKEHMUSI.

[ ]

B skcnepumeHTe 3JpcTeZia, BO BpeMsl ABHXKEHHUS 3JIEKTPOHOB, UX OCHU CUMMETPHUU
OCTAlOTCA MapasjieJibHbl OCH MNpoBOAHUKA. I[lpu 3TOM. IJIeKTpOHBI, 6Jarojgaps
JIEBOBUHTOBOM 3aKpyTKe WX CHOHUPAJbHBbIX CTPYH, MNPHUOOGPETAT BBIHYKAEHHOE
JIEBOCTOPOHHEE BpallleHhe BOKPYT OCH CBOeW CHMMeTpHUH. TOYHO TaK Ke JIBMXKYTCS U UX
co6CTBeHHble MarHuTHble TMoJisd. Takoe mOCTynaTe/qbHO-BpallaTe/JbHOE [IBUXKEHUE
COGCTBEHHbIX MArHUTHBIX T[0JIed 3JIEKTPOHOB M CO3/[aeT BOKpPYr MPOBOJHUKA
JIeBOCTOPOHHEE CIIMpPa/IbHOE MAarHUTHOE MoJie IpcTe/ia.



Jlisi Tex, y KOro HeAOCTAaTOYHO Pa3BUTO MPOCTPAHCTBEHHOE BooOpakeHue, B [3]
npeAsoKeHO HeboJIbllloe BHUJIOM3MEHEHWEe 3KCIepUMeHTa JpCTefa. CHOoCOoOHOoe
HOATBEPAUTD CIUPAJTbHOCTh MAarHUTHOTO M0JISI BOKPYT MPOBO/IHUKA.

[ ]

Tenepp roTOBO BCe HeOOXOAUMOE /[Jisi [AOCTH)KEHUSI TOHUMAaHUS HCTUHHOM
Cy6CTaHIMOHA/JbHON NPUPO/Ibl «TOKA CMEILEHUSI».

U3BecTHO [4],

- YTO «TOK CMeLeHUA» IOPOXKAAETCS «TOKOM IPOBOJAUMOCTHY,

- YTO «TOKOM MPOBOJUMOCTHU» SIBJSIETCS, KaK MPABUJIO, JOCTATOYHO IJIOTHOE MHOKECTBO
3JIEKTPOHOB, BMXKYIIIUXCS B OJHOM U TOM K€ HalpaBJIEHUH,

- YTO, IPU OTCYTCTBUU «TOKA MPOBOJIUMOCTHY», HET U «TOKAa CMEL[eHHU I».

Tak 4To e Takoe «TOK CMelleHUSI» U KaK OH MOPOXK/AAETCs «TOKOM MPOBOJAUMOCTHU»?

OTBeT Ha 3TOT BOIPOC MOXKET COJIeP>KAaThCS TOJbKO B MlepeuyHe CBONCTB 3JIEKTPOHA, KaK
OT/eJIbHOT'O 3JIeMEHTa «TOKa npoBoguMoctu». THK ycTaHOBUJIA, YTO 3JIEKTPOH COCTOUT
M3 OrPOMHOI0 MHOXECTBa 3JileMeHTOB 3¢upa, 06JIaJalolnMX, KaK W 3JIEKTPOH.
3JIEKTPUYECKUMHU 3apsfilaMH (-e;) U COOCTBEHHbIMU MAarHUTHBIMU MOJISIMU s} BEJIUUUHBI
3JIEKTPUYECKOTO 3apsijia TaKoro 3JjieMeHTa 3dupa M ero MarHMTHOrO MOMEHTa Ha
HECKOJIbKO MOPSI/IKOB MeHbIIle, 4eM e U Ue. CTPYKTypa 3JIeKTPOHA aHAJIOTHYHA CTPYKTYpe
atMocdepHoro cMmepya. CojeprkalUuiicss B 3J€KTPOHE MarHUTHbIA CMepuyerno/06HbIN
BUXPb HENpepbIBHO MpPOKAayMBaeT 4yepe3 3JIEKTPOH MacChl BHellHero 3¢upa, CUJIbHO
YIUIOTHSS UX, IPH MPOKaYKe Yyepe3 3JIEKTPOH, U co3/iaBasi 3(PpUPHYI0 PeaKTUBHYIO CTPYIO.

Korga Toka HeT, 3JIeKTPOHBI NPOBOAMMOCTU pa3beraroTcd U 3acCThIBAlOT B CBOUX
MEXKPUCTA/VIMYECKUX HHUIIAX C XaOTUYECKMMM pPaCMOJIOKEHUSIMHU CBOUX 3(QUPHBIX
peakTUBHBIX CTpyd. Kora Bo3HMKaeT TOK, 3JIeKTPOHbI NPOBOJUMOCTH NOKHUAAIOT CBOU
HUIIKM W BBICTPAUBAIOTCS B OpraHM30BaHHble «KOJIOHHbI». A TakK Kak 3QupHble
peakTUBHbIE CTPyHd BCeX 3JIEKTPOHOB B 3TOM CJlydyae NPUHMMAKT OJHO M TO XKe
HamnpaBJieHWe, NPOTHUBOINOJIOKHOE HaNpaBJIEeHUI0 [BWXKEeHHUS 3JIEKTPOHOB, TO CyMMa
3QUPHBIX PeaKTUBHBIX CTPYH 3JIEKTPOHOB NPOBOJUMOCTH 00pa3yeT TaWHCTBEHHBIN «TOK
CMelLeHUs».

[ ]

Tak Kak 23JIeKTPOH MNpPHUHAAJEKUT YPOBHIO oOpraHusanuu wmartepuu Lo
00 beJUHAIEMY OOBEKTBI MaKpo- U MHUKPOMHPA, a 3QUp NPUHAAJIEKUT YpOBHIO Li,
00'beAMHAOIIEMY 3JIEMEHTBI 3QUPA, TO «TOK NPOBOAUMOCTU» SIBJSETCS 3JIEKTPUYECKUM
TOKOM Ha ypoBHe Lo, a «TOK CMEIIeHUSI» - 3JIeKTPUIECKHM TOKOM Ha YpoBHe Li.

XIIL.3. «CoTHe4YHbIH BeTep»

[lon «CosHeYHBIM BeTpOM» I[OHUMaeTcd, ucxoaAmwurd U3 CoJHI, NOTOK
MaTepHabHbIX 00'bEKTOB.

CoBpeMeHHast pHU3MKa CUMTAET, COTJIACHO CBOEMY YPOBHIO pa3BUTHUS, YTO «COJTHEUHBIN
BETEP» COCTOUT M3 OOBEKTOB MUKPOMHUPA, U YTO 3TU MHUKPOOOBEKTBI ABUKYTCA B
COJTHEYHOW CUCTEMe MOoJ JeHWCTBUEM HMIYJIbCA, NOJYYEeHHOMY B COJIHEYHOU KOPOHE, U
rpaBUTALMOHHBIX BO3JeWCTBUKA CoOJIHIIA U IUIaHET. YPOBEHb pPa3BUTHUSA COBPEMEHHOM
$U3MKU He MO3BOJIMJ €l JOCTOMHO 3aBepLIUTb paboTy HaJ, NpobJ/eMOoll aToMHU3Ma U
HNOHATH. YTO Npo6seMa aToMHU3Ma - He QUHAJIbHAsA CTaAus U3YyUYeHUs] CTPYKTYyp MaTEPUU B
Haiel BcesieHHOMW, a Bcero JiMiib Hadajio 6GoJsiee 06IIed MpoO6JieMbl 6Gecripe/ielbHOU
JleJIUMOCTH MaTepuu [5].

Ucxopas u3 useu b6ecnpeenbHoli fearnmocty Mmatepuu, THK o6Hapyxua, 4To MaTepus
B Halled BcesleHHOW COCTOUT M3 GECKOHEYHOrO MHOXEeCTBa ypOBHeW opraHusanuu Ly,
k=0,1,2,... [5]. YpoBeHb Lo 06J1a/jaeT NATbIO BUJAMU 3JIeMEHTAPHBIX 00'bEKTOB — HEUTPOH



U 4YeTblpe 3JIEKTPOHONO/JO0OHbIE OOBEKTBI: 3JIEKTPOH, MNO3UTPOH, AHTU3JEKTPOH U
AHTUIIO3UTPOH, U3 KOTOPBIX COCTOSIT BCE COCTAaBHblE OOBEKTbl MUKPO- U MaKpOMHpa.
YpoBHU Lk, k=1,2,... 06/1aal0T CBOUMHU 3JIEMEHTAPHBIMU OOBEKTAMU, aHAJTOTUYHBIMHU
3JieMeHTapHbIM 00'beKTaM ypoBHS Lo, HO, c yBesinueHrueM HoMepa k, Bce 6oJsiee U OGoJiee
MeJIKUMHU U Bce 6oJiee U 6oJiee MIOTHbIMU. [Ipy 3TOM, 3/ieMeHTapHble 00'bEKThI YPOBHEH
Ly, k=1,2,... 10CTaTOYHO MJIOTHO 3aM0JIHAIOT BClO BcesieHHy10.

HeoxuaHHBIM, Jake I[IOKUPYOUUM W MWHTPUTYIOUIMM CBOMCTBOM BCEX 3THX
3JIEMEHTAPHbIX OOBEKTOB SBJSKTCA WX CTPYKTYpPbl, aHAJOTHYHbIE CTPYKType
atMmochepHoro cmepya. OJHUM M3 MHTEPECHEHLIMX CBOMCTB 3THUX CTPYKTYp SBJSETCH
Ha/IM4YUe, Y KOK/0T0 3TOT0 00'bEKTA, PEaKTUBHOM CTPYH, KaK Y IPOTOUYHOI'O ABUTrATEJIA.

BesvunMHa peakTUBHOM CHJIbI Y KaX/JOT0 TaKOro 3JIEMEHTApHOTO 06beKTa
NpONOPLMOHAJIbHA BEJIMYMHE BEKTOPA €ro MarHUTHOro MoMeHTa. OTHOIIeHUsI BeJIUYUH
BEKTOPOB MarHUTHBIX MOMEHTOB 3JIEKTPOHA [le, IPOTOHA Up U HEUTPOHA Un B KBAHTOBOU
¢usuke okaszasuch omn604yHbIMU: THK 06Hapyxu/a, 4TO, COrJIACHO «KJIACCUYECKUMY,
HboToHOBBIM MeToaaM, up=60-1pe, 6=8,372, un=4-10-5y.. UHBIMU c/10BaMHU, peaKTUBHas
TSAra y 3JIeKTPOHA MOYTHU Ha MOPAJOK MpeBbIIAeT TATy Y NIPOTOHA U HA NAThb NMOPSAJKOB
NpeBbIIIAeT TATY Yy HEUTPOHA.

[ ]
UTak, ABUKeHHE 3JIEMEHTOB COJIHEYHOT'O BETPa» NPOUCXOAUT
- 10/} BO3/IeMCTBUEM HAayaJIbHOT'O UMITYJIbCA, TOJyY€eHHOTO B COJTHEYHOW KOPOHE,
- 1O0/] BJIUSIHUEM I'PAaBUTALMOHHBIX BO3AelcTBUM COJIHLIA U TIJIAHET,
- 10J, TOPMO3SIIIUM BO3JEWCTBUEM MHOXECTBAa CBOOOJHBIX 3JIEMEHTAPHBIX 0OBHEKTOB
YPOBHEU OpraHU3alMi MaTepUH.
- YU N0/, HENPEePBbIBHBIM BO3/elCTBUEM PEAKTHBHOM TATU 3JIEMEHTAPHBIX 00'bEKTOB.
[ ]

Hcxons u3 Toro, 4YTO peakTUBHAA TAra 3JIeKTPOHA NOYTH HA NOPSALOK MpeBbIIIAET TATY
NPOTOHA, a Macca 3JIeKTPOHA NNOYTH Ha TPU NOPAJKA MeHbLIe MacChl IPOTOHA, CTAHOBUTCA
IOHATHO, YTO 3JIEKTPOH fIBJISIETCA CAMbIM OBICTPBIM 00bEKTOM B «COJTHEUHOM BETpPE».

XII1.4. ITIoaABUXHOCTh aTOMOB -
NPUYUHA AABJIEHUS «JIeTy4eCThb»

YeMm omnpegenseTrcia U OT Yero 3aBUCUT CTelNeHb IMOABUXXHOCTH OT/IEJIbHOTO
M30JIMPOBaHHOTO aToMa? CorJlacHO COBpEMEHHBIM MpPeJCTAaBJIEHUSIM O CTPYKTYpe aToMa,
3TO - NpeX/ie BCero, BeJIMUMHa s1/jpa — BeJIMYMHA ero Macchl. YTo emé? 06 3ToM KBaHTOBast
Teopusi MoyuuT. [IpegoctaBuMm cioBo THK, koTopyro kBaHTOBasi TeOpHsl CUMTAET He
CIIOCOOHOM OTBETUTH HAa 3TOT BOIPOC.

PaccmoTpuM npocTenini - HeBO36YKAeHHbIA aTOM NpoTUs (puc.3).
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Puc.3. Cxema aToMa npoTusa

Beilie 6bLJIO  OTMEYEHO, 4YTO 3JEKTPOH U MPOTOH, SABJAAACH 3QUPHBIMU
CMepUenolo6HbIMU CTPYKTYPaMHU, FeHEPUPYIOT CBOU 3QUPHbIE pEAaKTUBHbIE CTPYH, TATH
KOTOPbIX IPOMOPIIMOHANbHbI BEJIMUMHAM MarHUTHbIX MOMEHTOB POTOHA [ip U 3JIEKTPOHA
Ue. A TaK KaK BEKTODBI Up U Ue UMEIOT B aTOMeE NMPOTUS IPOTUBOMNOJIOXKHbIE HAlPaBJIEHUS,
U Ue=8,372up, TO cyMMapHasi peakTHBHas Cuja atroMa npotus F(H) mpomnopuuoHaibHa



BeJIMUUHE Ue—Up=7,372up (F(H) ~7,372up). YckopeHue w(H) aToMa npoTUs, CO3JjaBaeMOe
cusio F(H), paBHo F(H) -my~1. CnegoBatenbHo, w(H) ~7,372up- myp~1.

U3 sToro cnepyer, 4TO CBOOOJHBI HEBO3OYXXJEHHbI aTOM NPOTHUS HAXOJUTCA B
IIOCTOSIHHOM JBW)KEHUHM BJIOJIb OCH €ro CUMMETPHHU MOJ JIeHCTBUEM PEaKTUBHOU TSATH
3JIEKTPOHa.

.

A 9TO MPOUCXOAUT B HEBO3OYXKIEHHBIX aTOMaX JIPYTHX XUMUUYECKUX 3jieMeHTOB? Tak
KaK B aTOMe MPOTHUS 3JIEKTPOH — BAHOBHHMK IOJIBMXKHOCTH 3TOTO aTOMA, HAXOAUTCA HA OCH
CUMMETPUU COOGCTBEHHOI'O MAarHMTHOIO MOJIS s/jpa — MPOTOHA, HYXXKHO, NMPEX/e BCETO,
JIOCTUYb NOHHMMAaHMS YCTPOMCTBA COOCTBEHHOIO MAarHMTHOTrO MOJIS si/ipa aTroMma 6oJiee
TSXKEJIOTO 3JIeMEHTa.

THK o6Hapy»uJia, YTO MarHUTHOE MoJie iipa NPOU3BOJBHOTO aTOMa, CoJiepKallero Z
IPOTOHOB, COCTOUT W3 Z HYKJOHHBIX MAarHUTHBIX KJIACTEPOB, TAKUX, YTO BCE HYKJIOHBI
KaXX/I0TO KJIaCcTepa pacnoJiaraloTcs Ha NpsMOoM, NpOXoJslleld yepe3 BCe HYKJIOHbI 3TOTO
kaactepa [6]. Kakabiii KjacTep CTAaOUJIBHOTO s/ipa COJAEPXKHUT OJWH. U TOJIbKO OJIUH,
IPOTOH, & MarHUTHOE I0Jie TaKOro KJjacTepa 06JiafaeT 4pe3BblYallHO Y3KOW CTpyeH,
6s1arofiapss 4eMy MarHUTHbIe I0JIl KJIacTepoB He NepecekarTcs. [103ToMy MarHuTHoe
noJie CTabUJIbHOIO fpa, B 00IeM C/ay4yae, HAIOMHHAET CUCTEMY HUT0JIOK MOPCKOTO exa

(puc.4).

Puc.4 CxeMa MarHUTHOTO I10JIs1 aTOMHOT0 si/ipa Py 60JbIINX A

B ecTecTBEHHbIX 3€eMHBIX YCJOBUSX, Z 3JIEKTPOHOB HEUTPA/bHOTO HEBO30YKJEHHOTO
aToMa pasMeLjalTCs M0 OJAHOMY Ha KaXKJOM M3 Z HYKJIOHHBIX MarHUTHBIX KJIACTEpPOB
aapa.

Ha nepBbIli, HAUBHBIN B3IJIsA[, 0011as CUTYalUsl KaKeTCs MOX0XeH Ha TO, YTO UMeeT
MecTo B aroMe npoTtuss. Ho 3To He Tak. UTO6Gbl He MyTaThbCsd B JOJICOM OIMCAaHUH,
IPOUJJIIOCTPUPYEM 3TY HENPOCTYIO CUTYalMI0 Ha aToMe “He.

[ ]

fAnpo aroma *He, mpu y4yeTe TOJIbKO HYKJOHHBIX B3aUMOJENCTBUH, UMeeT GopMmy
IPaBUJILHOTO TETPas3pa, U 06JiaZlaeT JABYMs B3aHMHO OPTOrOHaJIbHBIMU HYKJOHHBIMU
MarHUTHBIMU KJlacTepamu (puc.5). Eciiu yyecTb elé v ajieKTpuiecKkue B3auMOo1eCTBYS,
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Puc.4. Cxema saapa 4He

To dopMma sAzpa ebopMUPYETCS - pedPo MeXAY MPOTOHAMU YBEJUYUTCS, MPUJIEraolue K
HEMy TpaHU CTAaHYT He PaBHOCTOPOHHUMH, a NMPSMOYTOJIbHBIMH TpeyroJbHUKAMH, a
HYKJIOHHble MarHUTHbIE KJIACTEPbI CTAHYT HE OPTOTOHAJBHBIMU APYT APYTY.

B 3TOM ciyyae, cyuTas s/[po TOYEUYHBIM, BEKTOPbl MarHUTHBIX MOMEHTOB 3THX JBYX
KJIaCTEPOB MOXKHO MPEJCTaBUTb PUCYHKOM 5, rae yros ¢=30°. 3TO TOBOPUT O TOM, YTO
sapo aToMa “He ByXBapUaHTHO — OHO UMeET JiBe pa3Hble GOPMBbIL. Y KaXK/[OI'0 3TOTO
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Puc.5. /IByxBapraHTHOCTb MAarHMTHOTO MMOJIA fiapa 4He

BapuMaHTa CBOSl BeJMUYMHA TMOJABWXXHOCTH. [JleicTBUTENbHO, B BapuaHTe a,
F(*He)~7,372up-2c0s30°, a w(*He)=F(*He)-(2mp+2my)~-1=w(H)-0,43<w(H). B BapuaHTe B
F(*He)~7,372up:2c0s60°, cnepoBaTesibHO, B 3TOM BapuaHTe w(*He)=w(H)-0,25, T.e.
MeHbllle, YEM B BapUaHTE a.

[ ]

Mo>HO MOKa3aTh, YTO C YBeJHWYEHHEM KOJIMUecTBa HYKJOHOB A B sJipe aToMa,
HOABUKHOCTb aTOMa yMEHbIIAETCs.

[ ]

3ameuyanue. B ¢usrke Xopouio H3BECTHO, YTO CBOMCTBA aToMa H3MEHSIOTCA C
u3MeHeHueM mapaMeTpoB Z u N sjpa. Te rpynmne aToMOB, B KOTOPOH OJHO U TO e Z, HO
pa3Hble N, Ha3bIBAalOT U30TONAMHU, a TPYINIy aTOMOB C OJHOM U TOU ke cyMMou Z+N
Ha3bIBAIOT U306apaMH.

OaHako, u3-3a mNpeHeOpe)XeHUs MAarHUTHBIMU B3aUMOJAEHCTBUAMHM MEXAY
MUKPOOGbEKTAaMH, B KBAHTOBOM PU3MKe He 3HAIOT, UTO AAaXKe NPHU OAHUX U TeX xKe Z 1
N (Z>1), aapa pa3/IM4alTCA CTPYKTYPAaMU HYK/JIOHHbIX MarHMTHBIX I0JIed, 2 aTOMBI,
KaK CJieACTBUE, pPa3/MYalTCA YaCTOTHBIMU CHEKTpaMHM 3JIEKTPOMAarHMTHOIO
U3JIy4YeHUA U BeJIMYMHAMM NOABUKHOCTH.

XIIL5. BpoyHOBCKOe ABM:XKeHHe
BpoyHOBCcKOe HeymnopsijoueHHOe /[BHXKEeHUEe NPOOGHBIX YacCTUI, 3KCHEPUMEHTATBHO
JI0Ka3bIBaeT HaJIM4YMe TEMJIOBOTO U COGCTBEHHOTO XaOTUYECKOT0 PEaKTUBHOTO JIBHKEHU N
CBOGO/IHBIX aTOMOB.

XIII.6. Makpockonu4eckKkue



3¢uUpHbIe peaKTUBHBIE JBUraTe/ N

Bce 3/1eKTpOHOINOJ06HBIE 3J1eMeHTAapHble OOBEKThl BCEX YpPOBHEW OpraHU3aluu
MaTepuy HAlNOMHUHAIT COO0M NpPOTOYHble peaKTUBHble ABUraTeau. Kaxjbld HU3 HUX
06/1alaeT 0OYeHb BbICOKOM YCTOMYMBOCTHIO. B KaKJOM M3 HHUX HaxOAUTCA CBOU
cMepyenoo6Hbli, Mo ¢opMe, MarHUTHbIM BUXPb, MIpPaKILUK pOJib KOMIIpeccopa B
BO3/lylIIHOM peaKTUBHOM JIBUraTeJie. ITOT MarHUTHbIA BUXPb HENPepPbIBHO NPOKAaYHWBaeT
yepe3 cebsi COOTBETCTBYWOIIME OOBEMbI OKPYKAKIIUX €ro 3JeMeHTapHbIX 0O0bEeKTOB
6osiee HU3KUX ypoBHeH. Co3paeTc 3TOT MAarHMTHBIM BHUXPb, KaK B 3KCIEPUMEHTE
JdpcTesia, IOTOKOM COOCTBEHHbIX MarHUTHBIX MOJIEH MPOKAaYMBaeMbIX UM 3J1€MeHTapHbIX
00 beKTOB 60Jiee HU3KUX YPOBHENW OpraHU3aliy MaTepUH.

.

[IpyHUMO PabOThl 3TUX «PEaKTUBHBIX JABUTaTesed» MOXeT ObITb HUCIOJIb30BaH [Jis
INOCTPOEHUS MAaKPOCKONMUYECKUX KOCMUYECKHX 3QUPHBIX peaKTUBHBIX ABUTaTeseu.

ITO BO3MOXXHO IMOTOMY, YTO 3JileMeHThbl 3¢upa U 6oJjiee HU3KUX YPOBHEU 00J1afal0T

CBOUCTBOM, OTCYTCTBYIOLIUM y 3JIEKTPOHOB M HEUTPOHOB - JOCTAaTOYHO IIJIOTHO
3aMoJIHAIT BClO BecesleHHy0.. HanoMHUM, Kak 3TO 6b1JI0 YCTaHOBJIEHO.
Korga ©ObLIO OTKPBITO MCTHUHHOE YCTPOWCTBO aTOMOB - HEBO30YX/JEHHbIX U

BO30Y>K/IEHHBIX [6], CTa/lIO SICHO, YTO 3JIEKTPOMarHUTHOE U3Jy4YeHUe aTOMOB COCTOUT U3
BOJIHOBOI0O M (QOTOHHOTO. BoJIHOBOE 3J/IeKTPOMAarHMTHOe U3JiyueHUe BO30OYyXJaeTcs
KOJIEOAaHUSIMU 3JIEKTPOHOB M aHTH3JIEKTPOHOB aTOMa, MaTepUa/lbHbIM €ro HOCUTeJIeM
saBasieTcss a¢up. PoTOH npencTaBAsieT COO0M 3JEKTPOH-AaHTHUIJEKTPOHHBIA JUIOJb,
KOTOpBIN CNIOCOOeH 3aXBaThIBATbCA aTOMOM, IPY 3aXBaTe JAUIOJb BKJIKYaeTCHd B COCTaB
aToMa Kak eJJuHbIN 00'beKT. Bo30yXleHHbIM aTOM MOKeT CYylLleCTBOBAaThb TOJIBKO BO BpeMs
JIBIDKEHMSI TI0JT BJUSITHUEM «JIBIDKYIIMX CHJI» 3aXBaueHHbIX UM POTOHOB. B pesysbTaTe
Cy4alHOTO CTOJIKHOBEHHUS BO30yKJeHHOrO aTroMa C JPYTMM MHMKpPOOOBEKTOM,
3axBayeHHble UM (POTOHBbI, NOJ, JEHUCTBUEM CBOUX «JBWXKYIIUX CHJ, YXOASAT U3 aTOMa,
06pasys TakuM 06pa3oM, POTOHHOE ATOMHOE U3JTyYEeHHeE.

Tak kKak MaTepuaJbHbBIM HOCUTEJIEM BOJIHOBOTO U3JlydeHUs fABJAsAeTcad 3dup, a
3JIEKTPOH M QaHTHUIJIEKTPOH (QOTOHHOrO J[AUIMOJSA MOTYyT CyLecCTBOBaTb TOJIBKO B
JlOCTaTOYHO MJIOTHOW 3QUPHOMN CcpeJie, TO U BOJIHOBOE, U POTOHHOE 3JIEKTPOMarHuTHOE
M3JIy4YeHHs MOTYT pacnpoCTPaHATHCA TOJABKO B JOCTaTOYHO IJIOTHOW 3QUPHOM cpeJie.

ITH CBOMCTBA 3JIEKTPOMAarHMUTHOTO aTOMHOT0 M3JIyYeHUS U XapaKTep pacnpezieseHus
ero UCTOYHUKOB BO BcesleHHOW U MO3BOJIMJIM NPUUTHU K BBIBOAY O AOCTAaTOYHO MJIOTHOM
pacnpefiesneHrnu 3¢pupa Bo BceneHHou.

[ ]

YTo KacaeTcd MaKpOCKONMYECKOTO MAarHUTHOrO BUXPS, NPOKauYUBaMILEro yepes ceobs
3Qup, TO NOKa He ICHO, MOXHO JIU JOOUTHCA €ero yCTOMYMBOCTHU TOJIBKO 3a CYEeT MPOKAYKHU
3dupa. PeanbHble HaMeKH Ha TaKyl0 BO3MOKHOCTb Cel4ac OTCYTCTBYIOT.

B skcnepuMeHTe 3pcTena, [Jis 3alyCcka MaKPOCKONHMYECKOTO CMepYenos006HOro
3QUpHOro BUXPS BMeCTe C MAKPOCKONMUYECKUM MarHUTHBIM BUXpPeEM BOKPYT NIPOBOJHUKA,
JOCTAaTOYHO MPOINYCTUTh Yepe3 NMPOBOJHUK 3JIeKTpUYeCKUK TOK. OZJHAKO, IpeKpalleHue
TOKa NPUBOJUT K UCYE3HOBEHUIO U 3QUPHOr0 U MarHUTHOTO BUXPEM.

[ ]

CoBepleHHO cy4yalHo, 6e3 NIOHUMaHUS NPUHLUIIA JeMCTBYS, HeIaBHO OBLJIU CO3/aHbl
JiBa anmnapara, BJASAUHecs pealbHbIMHU MAaKPOCKONMUYE€CKUMU 3QpUPHBIMU PEAKTUBHBIMU
aBuratesssMu. 3To - EmDrive, koTopbii B 1999r H306pes1 6puTaHCKUH aBHaKOCMUYECKUM
uHxkeHep Pomxep Illoiiep (Roger Shawyer). 3To - Tak Ha3blBaeMblil «AHTUTPaBUTALMOHHbBIN»
JBUTaTesb, KoTopblii B 2006r usobpen B.JleoHoB - coTpyaHuk HUM kocMuueckux cucurtem,
Kopounés, Poccus.



XIIL.6.1. EmDrive

JJleKTpOMarHUTHbIM aABuraresb EmDrive 3amyckaeTcsi MarHeTpoHOM - MpPUOGOPOM s
reHepanyy 3J1eKTPOMarHUTHBIX BOJIH CBEPXBbICOKOM YacTOThI. M3/yyeHre MarHeTpOHa BBOJUTCS
B I10JIOCTb NOJIHOCTBIO 3aMKHYTOrO0 MeJHOrO KOpIlyca pe3oHaTopa JABUraressd, rje 3TO IoJe
dopmMupyeT BecbMa cJ1aby1o, HO peajibHy0 peaKTUBHYIO TArYy [7].

JTa KOHCTPYKLHUS CHavyaJjla NpUBJIeKJa UHTepec. JKCIepUMeHTa/lbHble NIPOBEPKU MOL0OHBIX
W3equd ObLIM NPOBeAeHbl KUTaWCKMMU UcciefoBaTtesaMu (2009-2010), HACA - B aTMochepHBIX
YCJOBUSIX U B «BaKyyMe», PYMbIHCKUM HUHxeHepoM (Mai 2015), npodeccopom /[lpe3geHckoro
yHuBepcuTeta M.TagxmapoM (ocenb 2015). 3TM NpoBepKH MOATBEpPAUIM HaAIW4YHe peasbHOU
peakTuBHOU TsAru y EmDrive. OfHako, cy6cTaHLIMOHANbHAs NPUPOJia 3TOM TATU TaK M OCTaJlach
HENOHATOMU.

JTO [Jaso MOBOJ, OCHOBHOM Macce PU3UKOB HabpocuTbcs Ha llloiepa ¢ 06GBHHEHHSMU B
npodaHauuu. JelcTBUTE/NbHO, 3Ta Macca, NpexJe Bcero, obpaTwa BHHMaHHE Ha TO, 4TO
peakTHBHas Tsara, mno ciosam lloiiepa, dopmupyeTcss BHYTPHM 3aMKHYTOM MeTalIM4ueCKON
MOBEPXHOCTU. A 3TO. C TOUKU 3PEHUSI KBAHTOBOTO MBIIIJIEHUS], HEBO3MOXHO. TaK KaK CKBO3b
3aMKHYTYI0 Me/IHYI0 IOBEPXHOCTb peasibHasl peakKTUBHAsI CTPYsl NPOOUTHCS He CIIOCOOHaA.

L]

HyxHo 3ameTuTsh, uTo llloiiep He cobupasica popmMHUpoBaTh 3QHUPHYI0 PEAKTUBHYIO CTPYIO B
csoeM EmDrive, y Hero 6bp11M Kakue-TO Apyrue HaMepeHHs. [103ToMy OH O4YeHb HENPOAYKTHUBHO
pacnopsiiu/icsi MarHUTHbIM noseM. HM3-3a a3Toro, peaktuBHass Tsara B EmDrive oxkazasnack
peasibHOW, HO OYeHb MaJyiod. Heckosibko sieT Hasag B HHTepHeTe ObLI MOMELIEH PUCYHOK
BEKTOPHOI'0 NPUOJIMKEHHS] JIMHUM MarHUTHOTO 10Jisl, BO30yK/AaeMoro B pe30HAaHCHOW MOJIOCTH
EmDrive, koTOpbIi 6bL MOCTPOEH MO pe3ysJbTaTaM 3aMepOB aMepPUKaHCKUX GU3UKOB. ITO moJie
OblJIO OUeHb XaOTUYHBIM, MarHUTHBIM BUXPb B HEM ITOYTH He yraJibIBaJCsl, OTCIOJa U pe3yJbTaT.

XII1.6.2. KAHTUrpaBUTALAOHHBINA»
ABUraTeJjib

JeTanu ycTpoHCcTBa 3TOrO ABUraTe s He OMyOJIMKOBAaHbI. YKa3aHO TOJIBKO, UTO TAra CO3JaeTCs
He 3a cYeT BO30YXK/JeHHs peajbHONW PEeaKTUBHOW CTPYH, a AOCTUTraeTCsl 3a CYeT CO3/aHusd, B
KOpIyce JIBUraTeJis, MaTepHUaJbHOTO BUXPS, UMEIOIEro CTPYKTYypy TopHao. CoobiiaeTcs Takxe,
YTO 3TOT [ BUraTe/b UMeeT KBAHTOBYIO IPHUPOAY.

JKcrepuMeHTa/bHble UCIBITAHUS TaKXKe OOHAPYXWJHM y 3TOr0 JBUTATess pPeajbHYI0 THATY,
npeBbllIawILyo TAry B EmDrive.

OaHako, HECIOCOGHOCTh aBTOPA MOHATH CAMOMY U [JIeTaJbHO OOBSICHUTh JAPYTUM, C IOMOLIbIO
JIOXOZYMBBIX MIPe/ICTaBJIEHUH, Kak GOPMUPYETCs peasibHas TAra BHe 3aMKHYTOT0 KOPIyca, ec/iv eé
NpUYMHA CO3/jaeTCs B 3TOM KOPIIyCe, IPHBeJia K MaCCOBOMY HEZJOBEPHUIO U B 3TOM CJIy4ae.

XII1.6.3. PeasibHble 3pUPHBIE peaKTUBHbIE CTPYH
B EmDrive U B KAHTUIpaBUTaLlMOHHOM» ABUTraTeJie

BoT u BepHy/IMCbh K TOMY, C Yero 3/1eCb HadyaJlu — K TOMY, YTO TaKOe «TOK CMeLIeHUsI»,
OTKPBITBIA  TeopeTHyecku MakcBes/sioM, peajibHOE CyleCTBOBaHHE  KOTOPOTO
NOJTBEPXK/JEHO dKCIEPUMEHTa/JbHO. YTO KacaeTcsl CyOCTaHIMOHAJIbHOM NPUPOAbI «TOKa
CMelleHUs», TO GU3NKU OTAEJbIBAOTCA MYCTBIMU COOOIIEHUSMHU, YTO 3TO, HA CAMOM /ieJie,
He TOK, a «CMellleHHe 3JIeKTPUYeCcKoro noJsi». Hy 4To, yBaXkaeMblil UM TATENb, CPaA3y CTAIO
BCcé sicHO? Bbl 4eTko 3HaeTe, 4YTO Takoe «(}HU3UUYECKOe T1o0Jie», KaKoBa €ro
cyb6cTaHIMOHalbHasg npupoza?

['oBOpsA, 4TO «TOK CMeIleHUSA» 3TO He TOK, a «CMellleHUe 3JIEKTPUYECKOro IMOoJIS»,
bGU3MKU OTAENbIBAIOTCA MYyCTbIM «COTPSICEHHEM BO3/lyXa», 3aMa3biBasi CyTb «TOKa
CMelIeHUsI», TaK KaK He ONpeessioT NPUPOAY «PU3UUECKOro MOJIsI» U «3JIEKTPHUYECKOT0
M0Jis1» B YACTHOCTH.



THK, ucxoas u3 usieu 6ecnpesieibHOM eJIMMOCTA MaTePUH, 0OHAPYKUJIA,

- 4YTo MaTepusi B Hauled BcesileHHOW COCTOUT M3 GECKOHEYHOTO MHOXECTBAa YPOBHEU
opranu3sanuu Lg, k=0,1,2,...,
- YTO KaX/bli ypOBEHb 00J/1a/laeT CBOUMU 3JIEMEHTAPHBIMU 00'bEKTAMH,
- 4YTO KaXK/AbI TAaKOU 3/IeMEeHTApHbINA 00'bEKT SABJASETCSA CMEPYENOJ00OHbBIM, COCTOSILUM K3
OTPOMHOI'0 MHOXeCTBa 3JIeMeHTapHbIX 00'bEKTOB 60Jiee HU3KUX, 00Jiee MeJIKUX YPOBHEM.
- YTO MHOXECTBO 3JIEMEHTAPHbIX 00bEKTOB ypoBHel Lk, k=1,2,... OCTaTOYHO MJIOTHO
3anoJiHAeT BCo BeesieHHy10,
- 4YTO MHOXXECTBO 3THX 3JIEMEHTApPHbIX 00BEKTOB, 00JIaZjal0IMX T'PaBUTALMOHHBIMH,
3JIEKTPUYECKUMH, MarHUTHBIMU U HEUTPOHHBIMU «3aps/laMU», U MpPeJCTaBJseT COO0H
«busnyeckoe moJsie»; 6uarofaps «OJU3KOJAEUCTBUIO» MEXAY 3THMH 3JeMeHTapHbIMHU
00'beKTaMM U peasi3yeTcs 3araloyHoe «1aJbHOAENCTBUEY.

.

B ¢usuke sjieKTpUYeCKUM TOKOM MPUHSATO Ha3blBaTh HalpaBJeHHOE [IBU)KEHHUE
MUKPOOOBEKTOB, 00J1aJAI0IIUX 3JIEKTPUUYECKMMHU 3apsAaMH, B YaCTHOCTHU — HallpaBJeHHOE
JABUKEHH e 3JIEKTPOHOB.

Tak kak OU3MKKM HUYEro He 3HAIT O CYLU[eCTBOBAaHUU pPaA3JIMYHBIX YpPOBHEH
OpraHu3alMu MaTepuu, TO OHU HUYEro He 3HAIOT 00 3JIEKTPUYECKUX TOKAx pPa3HOU
npupo/bl. KpoMe TOKOB, 06pa3yeMbIx JBHXKEHUEM 3JIEKTPOHOB — 3JIEKTPUYECKUX TOKOB
Ha ypoBHe Lo, CylecTBYWOT 23JIeKTpUYeCKMe TOKM Ha ypoBHe Li _ TOKHM
3JIEKTPOHOIOJOOHBIX 3JIEMEHTOB 3¢Upa, OTKPbITble MaKCBeJJIOM WU Ha3BaHHblE UM
«TOKaMH CMelLLeHUA».

JdupHbIe «TOKHU CMeLIeHUsI» UHUIMUPYIOTCA 3JIEKTPOHHBIMU TOKaMU. HanmoMHuM, 4To
3JIEKTPOHbI, SBJSAACh 3PUPHBIMU CMepPYENnoJOOHBIMU O0O'bEKTAaMH, HeNpepbIBHO
IpoKavyMBas yepe3 cebsi Macchl BHelIHero a¢upa, co3jaloT 3PupHbIe peaKTUBHbIE CTPYH
[losaTomy, ymnopsajo4yeHHOe [BUXKEHHE 3JIEKTPOHOB COIPOBOXAAETCA YINOPALOYEHHbIM
JIBDKEHHMEM  3JIEKTPOHOMOJOOHBIX  3JIeMEeHTOB  3dupa €  MNPOTHUBOMOJIOKHBIM
HallpaBJ/IeHUEM [ BUXKEHUA.

.

JKCIeprUMeHTa/IbHOE [I0Ka3aTeJbCTBO CYLIECTBOBAHUA «TOKAa CMeIlleHUSA» OBbLIO
IpOBeleHO C TMOMOLbI0 YCTAaHOBKM, H300paxkeHHOW Ha pucyHke 1. [lo nemny,
COeJUHAWILEN TNapa/ie/bHble IJIACTUHBI, NPONYCKald 3JIEKTPOHHBIA TOK. Mexay
IJIACTUHAMU 3JIEKTPOHOB He ObLJI0, He ObLJI0O U 3JIEKTPOHHOT0 TOKa. Ho «TOK cMenieHusa» -
3QUPHBIN TOK, TEK 10 BCe 3aMKHYTOM LeNH, BKJIOYas IPOMEXYTOK MeXAy MJIaCTHHAMH,
Tak Kak 3¢Qup, AOCTAaTOYHO IJIOTHO 3anoJIHAKUIAN BClO BceneHHylo, 3amosiHAM H
NPOCTPAHCTBO MexJy IUIaCTUHaMU. [lapajiiesibHble KOHJEHCATOpPHble I1JIaCTUHBI
3JIEKTPOHBI Yepe3 cebs1 He POIYCKasly, a 3JIeMeHThI 3pupa yepe3 HUX IPOXOAUJIH.

.

JaBaiiTe, yBaxkaeMblil YNTATeJb, PACCMOTPUM 3Ty CUTYALUIO eTalbHee.

HekoTopoe BpeMsa HaszaJ CTajJio U3BECTHO, YTO aTOMbl M MOJIEKYJIbl NPOTUS U JelTepusd
CIMOCOGHBI «IIPOCAYUBATHCS» YEPE3 CTEHKHU COJieprKallUX UX cOCy0B. Kak 3T0 06'bsICHUTB?
A ouvenb npocto. THK ycTraHoBu1a, 4TO, BOIpeKH KBaHTOBOU TEOPUH, UCTHHHAs CTPYKTypa aToMa
IpOTHUS UMeeT BU/J, U300pakeHHbI Ha pucyHke 3. [lomepeyHblll pasMep 3TOro aToMa paBeH
AuaMeTpy npoToHa. CorsiacHo Pesepdopay, oH oueHuBaeTcss BeaudrHo# 2,8-10-15m.CorsiacHo
1ocJ/IeJHUM 3KCIlepMMEeHTaJbHbIM U3MEPEHUSM 3Ta BeJIMUMHA ellé MeHblie - 1,662-10-15M.

PaccTosinud xe MexxAy OTZe/IbHbIMU aTOMaMH M M0OJIeKyJlaMH B CTEHKaX COCYZ,0B 3HAYNUTEe/NbHO
60Jibllle pacCTOSIHUA MeXY 3JIeKTPOHOM M INIPOTOHOM B aToMe NpOTHs, paBHOM «bopoBckoMy
paauycy» B 5,292:10-11M. A Tak Kak, COrJIaCHO OpPUEHTAllUOHHOMY MarHuTHoMy 3¢ dekxTy [8],
3JIeMeHThl MOJIEKYJ BOJOPOZA BBLICTPAaUBAIOTCA BJOJIb OJAHOM U TOM Ke NPSMOH, TO MoJieKyJsia
BOZOpPOJia UMeeT TaKHe >Ke IollepeyHble pa3Mephbl, Kak U aToM. CjiejoBaTeJbHO, PacCTOsSIHUE



MEXJy 3JIeMEHTAMH CTEHOK COCY/I0B, COZep)KalllMX BOJAOPOJ, HA YeThbIpe MOpsJKa MpeBbILIAeT
nonepeyHble pa3Mepbl aTOMOB U MOJIEKYJI BOAOpoJAa. BoT U npu4rHa «npocayruBaHUsS» BOAOPOJA
4yepe3 CTEHKH COCY/0B.

Tak Kak pa3Mepbl 3J1eMeHTOB 3dHpa Ha HECKOJIBKO MOPSIIKOB MeHbIIIe Pa3MePOB 3JIEKTPOHOB U
MPOTOHOB, TO 3¢UP 006/1a/1aeT CIOCOOHOCThIO GecnpPensTCTBEHHOr0 MPOXOXK/eHUs Yyepe3 JIIoOble
COeIMHEeHHs U3 3J1eMeHTapHbIX 06'bEKTOB MUKPOMMPA, Yepes JIloOble CTEHKH, B TOM YUCJ/Ie U Yepe3
3aMKHyTble cTeHKU EmDrive 1 «<AHTUTpaBUTALMOHHOIO ABUTATEJISI»..

L]

Tenepb MOXHO pacckasaTb, Kak pab6oTaroT EmDrive u «AHTUrpaBUTALMOHHBIN»
JIBUTaTeJb.

B EmDrive M3 MargHeTpoHa B 3aMKHYTYIO0 IOJIOCTb BBOJWUTCA MarHUTHOEe I0JIe, U3
KOoTOporo ¢GopMUpPyeTCst MarHUTHBIM CMepyenojo6HbIi BUXPb.

B «AHTUrpaBUTALlMOHHOM» JIBUTATeJM CUCTeMa BpaLAOIUXC MarHUTOB GOpMUDPYeET
3HAYUTEJbHO 60Jiee MOLIHbIM MarHUTHBIN CMep4eno00HbIN BUXPb.

JTU MarHUTHble BUXPU TeHEepUPYIOT 3QUpHBbIE HaANpaBJeHHble CTPyH, KOTOPBIE,
NpoOM/Js yepe3 CTeHKU 3aMKHYTBIX MOJIOCTEeW W, B3aUMOJEUCTBYS C Hapy>XHbIM 3QUPOM
BBINOJIHAIOT PoJib 3QUPHON TATrU. BOT 1 Bcs peMy/IpoCThb, KOTOPYIO KBAHTOBBIE Psi/OBbIE
M akaJieMuyeckrue pU3NKU He CMOTJIM OCUJIUTb. BceM npuBeT!
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