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In the early two thousands, EmDrive (R.Shawyer) and Antigravity Engine (V. Leonov) were invented which
operation principles were known neither to the inventors nor to the contemporary science. Studies based on the
methods of the theory of non-linear oscillations found that those devices were flow-through engines wherein jets are
made of ether and the magnetic field acts as a compressor.

[}

In the early two thousands, two engines of a new type were invented which actual operation
principles were known neither to the inventors nor to the contemporary science in general. The
first engine was invented in 2001 by a British engineer Roger Shawyer [1]. He called it
EmDrive. EmDrive features no macroscopic movable parts. The engine consists of a copper
conic enclosure and magnetron. Emission of the magnetron inserted in the copper enclosure of
EmbDrive develops a small but still real thrust. The fact of such thrust existence is supported by
repeated tests in various experiments with different modifications of EmDrive.

At first sight, the fact of such thrust existence, in terms of physical laws of the material world
structure, is unexplainable as no jet was observed with EmDrive. That is why this engine was
titled “impossible”.

According to information available in the Internet, in 2006 V. Leonov, an employee of the
Khrunichev State Research and Production Space Center, Korolev, Russia, invented an
Antigravity Engine. Pilot tests also found a real thrust in this engine. There are no published
details as to the engine structure. The only information available: it is not an excitation of a real
jet that develops thrust but a material vortex of tornado structure that is formed within the engine
enclosure. It is also reported that the engine is of a quantum nature.

The experimental evidence of the absence of real indivisible quanta of energy in the material
world as published in [2] speaks for the fact that the actual, adequate mechanism of thrust
development is unknown in this case either.

In order to achieve a proper understanding of how these engines function it is primarily
necessary to identify reasons why there exist thrust observable in experiments. If we do not
mysticize these reasons should be of a material nature. Based on the gathered experience one
should suppose that there exist real jets of a substantial nature unknown to the contemporary
science.

The case study showed that two principle mistakes made in the nineteenth century when
analyzing the results of Oersted's (1821) and Michelson’s (1881) experiments make it
impossible, within the quantum paradigm, to achieve a substantial understanding of cause-and-
effect mechanism that generates jets or adequate understanding of a substantial nature of such
jets in those engines. The wrong conclusion of the absence of material ether made when
analyzing the results of Michelson’s experiment led to the quantum theory’s disregard of ether
and its resistance to motion of microobjects [3]. When analyzing the results of Oersted's
experiment, a wrong conclusion was made that magnetism is not an independent phenomenon
but is induced by electricity [4]. This wrong conclusion led to the quantum theory’s disregard of
magnetic interactions between microobjects.

Methods of the theory of non-linear oscillations made it possible to discover that EmDrive
and Antigravity Engine are flow-through magnetic ethereal engines wherein magnetic fields act
as compressors that create ethereal jets [5,6].



What makes us think these jets are ethereal? The matter is that a real thrust was found in
experiments conducted both in the earth atmosphere and in the deep vacuum. Since there is no
air in a deep vacuum only ether, a substance much smaller than electrons or nucleons, can be a
material carrier of thrust.

Consideration of ether and magnetic interactions facilitated the understanding of the fact that
EmDrive and Antigravity Engine are, as such, magnetic ethereal flow through engines. At first,
due to the consideration of magnetic interactions, it became possible to identify a mechanism of
stable functioning of an atmospheric vortex (tornado) unknown to the contemporary science. The
immediate visual observability of the vortex structure and use of the correct interpretation of
Oersted’s experiment results have been of invaluable help here.

The understanding of how the atmospheric vortex functions allowed for identifying the
structure and existence conditions of electron and for revealing that electron is a microscopic
magnetic ethereal jet engine.

The discovery of electron structure, in its turn, allowed understanding the substantial nature
of jet in EmDrive and Antigravity Engine, as well as finding out other alternative macroscopic
engines having no movable macroscopic parts but the same jet thrust. Besides, it has been found
that all solenoids and permanent magnets are macroscopic magnetic ethereal jet engines
without movable macroscopic parts.

Let us describe these results consistently. We will begin with very old principle mistakes that
led to disappointing shortcomings of the quantum paradigm. Namely, the wrong conclusion that
there is no such a substance in the material world as ether, and wrong conclusion that magnetism
is not an independent phenomenon but is induced by electricity.

There are known two experimental attempts to answer the question whether or not material
ether exists in nature: Fizeau’s experiment (1851) and Michelson's (1881) experiment.

Fizeau’s experiment compared velocity vy of light propagating towards flowing water and
velocity v, along the water [7]. Measurements showed that v,>v;. This result was indicative of
the fact that ether is partially carried away by the moving water and that the velocities of ether
and light are summed up. However, this conclusion has been disavowed using the concepts of
light refraction in water. Later, this negative conclusion of ‘“aggravated” with quantitative
relations of the special theory of relativity (STO).

Such “aggravation” of the negative conclusion raised no doubts until powerful accelerators
of microobjects have been built. Results of experiments conducted at such accelerators revealed
the falseness of quantitative relations of the STO. The STO describes the dependence between
the mass of a microobject and the motion velocity of the microobject as m(v)=m(0)(1-v*c 2)°~.
According to this relation, mass values should vary with variations in the velocity of the
microobject absolutely equally both for electrons ad nucleons. However, experiments showed
that if the masses of electrons increase by 2-3 orders the masses of nucleons increase by 1.5
times only, within the same range of velocities! This quantitative discrepancy is too improper.
However, it remained unnoticed.

The reason for such a discrepancy became apparent only after the identification of structures
of electrons and nucleons [4].

The first Michelson’s experiment was set up thirty years after Fizeau's experiment. Later, it
was repeated many times at increasingly improved arrangements. The aim of the experiment was
to answer the question whether ether can be a material carrier of light waves just as gases are
material carriers of sound waves. But if Fizeau's experiment result was definitely negative then
why set up Michelson’s experiment?



This experiment results were analyzed based on the assumption that ether, if it exists, is a
carrier of light waves but does not interact with matter. Based on these assumptions and
subsequent to the experiment results a conclusion was mad that there is no ether in the material
world. However, all of us consist of matter and daily experience, without any special
experiments, the effect of light. And, since any wave is only a special form of its material carrier
motion, it can interact with matter exclusively through its material carrier. Therefore, the
background assumption is absurd and the resulting conclusion of the absence of ether is
manifestly wrong.

If we assume, however, that ether does interact with matter, Michelson’s experiment results
should be the same as in the absence of ether. Thus, Michelson’s experiment failed, in principle,
to answer to the question of material ether existence [3].

The ether resistance to electron motion in a non-excited protium has been evaluated with the
identification method as equal to 1.5-10 "°kg-s .

Surprisingly, the most of textbooks do not speak about the positive result of Fizeau’s
experiment while offering useless Michelson’s experiment as an example of experimental art.

Another principle mistake that has had quite a negative impact on the development of
knowledge about the material world structure resulted from the misinterpretation of observed
Oersted’s experiment results [4]. Passing electric current through a conductor, Oersted found out
that a magnetic field is induced around the conductor.

Electric current is a flow of electrical charges which material carriers are usually electrons. In
the times of Oersted and Ampere, it had not been known yet that electrons have both electrical
charges and self-magnetic fields. Therefore, Ampere, based on Oersted’s experiment results,
concluded that magnetism is not an independent phenomenon but results from the motion of
electrical charges.

Ampere’s conclusion that magnetism is a secondary phenomenon resulting from electricity
could only be considered true until it has transpired that electrons, as well as any and all other
microobjects, have self-magnetic fields. Thereafter, it is clear that electric current is
accompanied by a flow of electrical charges and a flow of self-magnetic fields of current
carriers.

And since electric current is accompanied by a flow of self-magnetic fields of current
carriers, it becomes necessary to check whether a flow of electrical charges is involved in the
excitation of the magnetic field in Oersted’s experiment. If a flow of self-magnetic fields of
electrons excited a magnetic field around the conductor without electrical charges, it would mean
that magnetism is an independent phenomenon.

In Oersted’s experiment, the magnetic field around the conductor is excited by a flow of
electrons. Which properties each separate electro should have so that the magnetic field would
only be induced by self-magnetic fields of electrons without involving electrical charges?

Lines of the magnetic field around the conductor with current were visualized using iron dust
placed on a plane orthogonal to the conductor. These lines were a multitude of interleaved
coaxial circles with the common center in the conductor. Apparently, this is why such a magnetic
field is still called a “circular” field. However, circular are only projections of this field’s lines
on a plane orthogonal to the conductor while the lines as such are spiral and located on
cylindrical surfaces coaxial to the conductor centerline. According to Oersted’s experiment,
these lines are left-handed.

A flow of self-magnetic fields of electrons, without any involvement of their electrical
charges, induces the observable left-handed spiral magnetic field around the conductor if
only each free electron in its motion along the conductor is in the left-hand rotation while



its magnetic field centerline is the same as the axis of its rotation and is parallel to the
conductor centerline.

All attempts to identify the electron structure based on the quantum concepts of the material
world structure failed. Neither a non-destructive scanning nor a destructive breakdown into
components had any results.

A real possibility to identify the electron structure emerged due to the development of
accelerators of microobjects. Collisions between electrons accelerated at such arrangements
allowed collecting information required to gain an understanding of the electron structure. Most
of the accelerators had not enough power to accelerate electrons to the energy at which collided
electrons would disintegrate. Only LHC, Large Hadron Collider, once developed, made it
possible to accelerate microobjects to the energy at which collided electrons (to be exact,
antielectrons [8,9]) disintegrate. Such collisions resulted in scattering of antielectrons into large
clouds of separate “fragments”. The quantum theory did not realize the substantial side of these
results as its fundamental postulates lacked any idea of the material ether existence.

LHC experiments involve not electrons (antielectrons) but protons. Therefore, it may seem
unreasoned to speak about disintegration of antielectrons at collision with protons in LHC.
However, the studies using the methods of the theory of non-linear oscillations showed that an
elementary nucleon is not a proton but neutron while proton is a composite microobject that
includes proton ad antielectron [4,9].

Experiments with collision of high-energy protons revealed that one of two approaching
protons disintegrates into a neutron and antielectron if the approach energy of protons exceeds
290 MeV. When the approach energy of protons exceeds 580MeV, at a certain distance both
protons lose their antielectrons while the remaining neutrons and antielectrons keep approaching
each other and disintegrate if their approach energy after the proton disintegration is still
sufficient.

Experiments at accelerators showed that electrons disintegrate not like sold bodies. The
number of fragments into which a solid body disintegrates is proportional to the destructive
energy while electron disintegrates into a large cloud of finest fragments immediately. The only
object we know that is capable of disintegrating in such a way is an atmospheric vortex, tornado.

Unfortunately, there is still no adequate understanding of the functioning mechanism and
cause-and-effect relations behind quite a high stability of an atmospheric vortex existence.

Atmospheric vortex occurs above large expanses of water in highly ionized atmosphere and
features a high stability as long as the ionization degree of the atmosphere surrounding and
sustaining it remains higher than some critical value. lonization of atmosphere elements
strengthens their self-magnetic fields. This is the main cause for stability of atmospheric vortexes
in an ionized atmosphere. With decrease in the ionization degree, self-magnetic fields of
atmosphere elements weaken and the vortexes disintegrate and cease.

Since self-magnetic fields of atmosphere elements are critical for a stable functioning of
vortexes, the understanding of the mechanism of this functioning requires using Oersted's
experiment results.

Atmospheric vortex consists of a straight central air jet and multiple spiral jets coiling around
the central one.

Ambient ionized air at a high velocity is blown along the straight central jet. Since individual
elements of this air have their own magnetism, a flow of self-magnetic fields of air elements
excites around the central jet, according to Oersted, a left-handed spiral magnetic field Ps which
lines are located on cylindrical surfaces coaxial to the centerline of the straight central channel.
Magnetic field P; makes ambient air elements move along its magnetic lines forming left-handed
spiral air jets around the central jet. In its turn, the motion of ionized air in spiral jets, according
to Oersted, excites left-handed self-magnetic fields around these jets the components of which
sum to straight magnetic field P. in the central jet. It is the magnetic field P, that makes ambient



air elements move in the straight central jet of the vortex. At this point the cycles of the
atmospheric vortex structure formation closes.

A stable existence of atmospheric vortex requires nothing but sufficiently dense ionized air.
A stable existence of such vortex is exclusively due to self-magnetism of elements of air blown
through the vortex.

The velocity at which air is blown along the central jet of the vortex is higher than the
velocity at which air is blown along spiral jets. The farther it is from the central jet the slower is
the velocity of air in the vortex. Therefore, the interior air pressure in the vortex, subject to the
laws of aerodynamics, decreases from the vortex periphery to the central jet. This pressure
difference neutralizes the destructive effect of centrifugal forces in the vortex making it stable.

Since the velocity at which air is blown along the central jet of the vortex is very high, the air
blown along the jet is much condensed. The same takes places at a smaller scale in spiral jets. As
a result, quite powerful air jet is formed downstream of the vortex.

A “motor” of atmospheric vortex continuously pumping ambient air through the vortex
Is a magnetic vortex-like whirl that is a sum of magnetic fields P.and Ps.

Electron, by its form and structure, is a much-reduced copy of atmospheric vortex but
consists of electron-like elements of ether. Each electron-like element of ether has a mass that is
incomparably below the mass of electron and a density that is incomparably above the density of
electron.

Electron can be presented as an ethereal vortex (Fig.1) which length is much larger than its
transverse size.
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Fig.1. Electron structure

This can be proven by that electron’s self-magnetic field intensity follows the formula:
H(")=(r+y1) (uer)r*|cos(u ) r—y1r ., where u. is electron’s magnetic moment vector, I is
radius vector of the point where H. is determined, (u.r) is an angle of vector r deflection from
the centerline of electron’s self-magnetic field. Since the degree with |cos(uc"r)| is 54, the
electron’s magnetic field has an unusually narrow jet. This result was obtained with the
identification method due to consideration of the structural model of the neutral non-excited
atom of *He, and using known experimental data on the length of this atom’s spectral lines.

A stable existence of electron of a vortex-like shape is only possible in a sufficiently dense
ethereal environment.

What is most interesting in terms of the questions under consideration is that electron is
similar to a flow-through engine which electron magnetic vortex-like whirl, acting as a
compressor and pumping ambient ether through itself, develops an ethereal jet thrust. Due to
this thrust, free electrons are in constant motion. The value of such thrust is supported by the fact
that the velocity of electrons in a “solar wind”, despite of the ether resistance to their motion, is
estimated as 600m-s .

Therefore, electron is an ethereal vortex-like whirl with left-handed straight and spiral jets. It
is axially-symmetrical. Its symmetry axis is the centerline of it self-magnetic field. Its length
significantly exceeds its lateral dimensions.

Electron’s ethereal jet results from the electron’s magnetic field; therefore, its direction is the
same as the direction of electron’s magnetic moment vector u., and the free electron’s motion
direction is opposite to the direction of vector ..



As electron’s spiral ethereal jets are left-handed, the free electron in motion is forced to
rotate counter-clockwise around its symmetry axis at angular velocity w(v) that depends on
motion velocity v.

The analysis of mutual behavior of two electrons showed that electron is a diamagnetic
substance.

A flow of electrons having the said properties induces a spiral magnetic field around the
conductor in Qersted’s experiment exclusively due to self-magnetic fields of electrons, without
any electrical charges involved.

In order to carry out an independent check whether electron has these properties, we will
consider Lorentz’s experiment wherein electron is moving at velocity v across the lines of
magnetic field H [4]. The experiment showed that electron is moving across the lines of field H
along the path close to a circular path, right-handed in relation to the direction of field H. Based
on the observations, Lorentz derived an empirical formula for the electron path radius. However,
an objective causal mechanism of the electron path distortion remains unknown.

The knowing of the above properties of electron allows gaining a substantial understanding
of this mechanism. This is an undisputed evidence of the described properties of electron.

In Lorentz’s experiment, electron is accelerated to velocity v and is inserted into magnetic
field H orthogonally to the field’s lines. The electron is moving further along a circular path in
plane Q orthogonal to the lines of field H in the direction that is right-handed in relation to the
direction of vector H.

Studies conducted using the methods of “classical” physics [4], based on the identified
properties of electron, allowed achieving a detailed understanding of the causal mechanism of
Lorentz force occurrence.

First of all, it is necessary to remember that electron accelerated to velocity v is forced to
rotate counter-clockwise at angular velocity w(v) and that electron is a diamagnetic substance.

The electron’s motion across the lines of field H takes place under the influence of two
factors. On the side of field H, electron, due to its diamagnetism, is exposed to stalling torque N=
—[u.H] [10], where u. is electron’s magnetic moment vector, [u.H] is an operator of a vectorial
product of vectors u. and H, the negative sign results from electron’s diamagnetism. Because of
its forced rotation, the electron is exposed to moment impulse M=lw, around its symmetry axis |
with angular velocity @, where | is the electron’s moment of inertia in relation to axis .

The combined effect of moments M and N results in the so-called gyroscopic effect. Under
the influence of moments M and N, electron is moving in such a way that its symmetry axis |
remains in plane Q while electron is rotating in plane Q around its center of mass at angular
velocity mg. Vector p wy is defined from the expression: N=[w¢M] (see [11]), it is orthogonal to
vectors M and N.

Not only vector u. is rotating together with electron around its center of mass at angular
velocity g in plane Q but also vector M of the electron’s moment impulse. Since vector u.
remains orthogonal to vector H, vector N remains a constant value equal to u.H. Hence, wqg
remains in this motion constant equal to NAZ .

In order to understand what is the direction of vector ey in relation to vector H, one should
remember that, on the one hand, N=[w¢M], and on the other hand, N= —[u.H], i.e. [ogM]=[Hpu.].
And since vectors M and u. are opposite to vector v, the direction of vector wy is the same as the
direction of vector H. This means that the electron with the said properties is rotating in plane Q
around its center of mass clockwise in relation to vector H.

As long as electron is moving outside field H, it is symmetrically flown around by ether and
the force of ether resistance to the electron motion is directed along the electron’s symmetry axis
| and along vector v of its motion velocity. That is why the direction of vector v of the electron’s
motion velocity remains the same. As soon as the electron enters field H, it starts rotating in
plane Q around the center of mass at angular velocity wq. In this case an angular misalignment



occurs between axis | and vector v: axis | deviates to angle ¢ from the direction of vector v. As
the result, ether flows around the electron non-symmetrically and Lorentz force occurs that acts
on the electron’s center of mass. As consequence, the direction of vector v starts changing at
constant angular velocity .

This is a causal mechanism of right-handed, in relation to vector H, distortion of the
electron’s motion path.

So, in Oersted’s experiment, a spiral magnetic field around the conductor with current is
induced by a flow of self-magnetic fields of electric current carriers without any electrical
charges being involved in this process. This means that magnetism is an independent
phenomenon to be considered in studies alongside with electricity.

Moreover, it appeared that there would be no matter at all without magnetism. It became
clear after identification of the electron structure. By its structure, electron is similar to
atmospheric vortex. Elements of ether and elements of air unite into a stable electron and stable
vortex only by means of magnetic interactions between their separate elements.

Due to magnetism, electro has properties of a flow-through engine. Magnetic fields act as a
compressor that generates an ethereal jet in electron.

A stable existence of electron is only possible in a sufficiently dense ethereal environment.
The case study in the problem of “red shift” of electromagnetic radiation from distant sources
and causes of “spontaneous” disintegration of atomic nuclei showed that ether quite densely fills
our entire Universe and its density increases from the central regions of the Universe to its
periphery [11-13]. This means that electron can cease to exist if only disintegrated. Therefore,
electron is a microscopic perpetual magnetic ethereal engine.

The discovery of such a surprising electron structure enables to understand that all
microobjects that have self-magnetic fields also generate ethereal jets using such fields. Just like
electron, they are microscopic magnetic ethereal engines.

Is it possible to use the magnetic ethereal energy in our macroscopic devices? Examples of
such devise are EmDrive and Antigravity Engine. EmDrive uses the magnetic field artificially
generated by magnetron to develop a jet thrust. Even though the enclosure where a jet thrust is
developed is limited by a continuous, on a macroscopic scale, body, such body is transparent
enough for ether. That is why the macroscopic device called EmDrive is not an obstacle for
flows of ether scattered by the artificially generated magnetic field. So EmDrive is an artificial
macroscopic magnetic ethereal engine.

Antigravity Engine develops a thrust by means of the excitation of an artificial analogue of
atmospheric vortex. Since the excitation of such a vortex is accompanied by the excitation of the
respective magnetic whirl, such magnetic whirl generates an ethereal jet for which all walls of
this engine are quite transparent.

As for atmospheric vortex, its magnetic vortex-like whirl generates both air and ethereal jets.
However, the ethereal jet in this vortex is much weaker than the air jet.

Of special interest is that electron in how it functions is similar to a solenoid. A principal
difference consists in that electron creates a magnetic jet using the energy of the carriers of
magnetism of the jet it creates. Solenoid creates a magnetic jet using the external energy that is
not related with carriers of magnetism of this jet.

Solenoids have a number of attractive properties. They are capable of creating quite powerful
magnetic jets. This property is widely used for the purpose of magnetic suspension of quite
heavy diamagnetic objects above them. In addition, a magnetoactive core significantly increases
the power of the magnetic flow created by a solenoid, as ether density inside the core is much



higher than in the air. A high merit of a solenoid is the capability of controlling the power of the
magnetic flow it generates by means of changing the characteristics of current in the solenoid
coil.

Another possibility for the creation of macroscopic magnetic ethereal engines is associated
with existence of permanent magnets. No constant consumption of external power is needed to
maintain a magnetic field of a permanent magnet. Therefore, a constant magnet is a perpetual
macroscopic magnetic ethereal engine.

In contrast to solenoid that operates from an external power source, permanent magnetism
uses internal sources. Permanent magnetism is generated by “slow” photons - “slow” electron-
antielectron dipoles known in the quantum theory as “Cooper electron pair” [15].

Magnetic fields of solenoid (Fig.2) and permanent magnet (Fig.3) vary notably (these are
figures from [16]). The magnetic field of solenoid is induced by electric current that flows along
the spiral winding of a solenoid while the magnetic field of permanent magnet is induced by a
multitude of “slow” photons grouped under the influence of electric repulsion at the opposite
ends of the permanent magnet body.
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Fig.2. Magnetic field of solenoid

Fig.3. Magnetic field of permanent magnet
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EmDrive u npyrue
MarHMTHO-I(pUPHbBIE
NMPOTOYHO-PEAKTHBHbIE IBUTATE]TH

B wHauame ABYXTBICSUHBIX TOMOB ObutH m300perensl EmDrive (R.Shawyer) u «AHTHrpaBUTAIHOHHBIH
neuratens» (B.JIeoHOB), mMpuUHIMIBI pabOTHl KOTOPHIX HU HM300peTaTeisiM, HU COBPEMEHHON Hayke, HE ObUIM
W3BECTHBI. lccienoBaHUs METOJaMH TEOPHH HENWHEHHBIX KoyieOaHWM OOHApYXKMIH, YTO 3TO — IPOTOYHBIE
JIBUTATEINH, B KOTOPBIX PEaKTUBHBIE CTPYH COCTOST U3 (Hpa, a poiIb KOMIIpeccopa UrpaeT MarHUTHOE TOJIe.

)

B Hauane IBYXTHICSYHBIX ObUIM H300peTeHBI JBa JBUIATEIs] HOBOI'O THUIA, HCTUHHBIE
HOPUHIUIBI pabOThl KOTOPHIX HE OBLIM M3BECTHBI HU CaMHUM M300peTaTeisiM, HU COBPEMEHHOMH
Hayke B 1enoM. [lepserit aBurarens uzoopen B 2001r O6puranckuit umxenep Pomxep Illoitep
(Roger Shawyer) [1]. On na3Ban ero EmDrive. XapaktepHoii ocooenHocThio EMDrive ssisercs
OTCYTCTBHE Yy HEro JBMXKYUIMXCS MaKpOCKOMHYECKUX JAeTajeil. DTOT ABUTaTeidb COCTOUT U3
MEIAHONH KOHMYECKOM MOJOCTHM M MarHeTpoHa. M3myueHue MarHeTpoHa, BBEIEHHOE B MEIHYIO
nosiocte EmDrive, co3maet, X0Th ¥ HE3HAYUTENbHYIO, HO BCE JK€ peanbHyIo Tary. Hammuaue stoit
TATH TOATBEPXKIECHO HEOJHOKPATHBIMU IPOBEPKAMHM B PAa3HBIX SKCIIEPUMEHTAX C Pa3HbIMU
Bapuantamu EmDrive.

Ha mepBbiii B3rnsn, Hauuuue STOW TATH, ¢ TOYKM (PU3MUYECKHUX 3aKOHOB YCTpOICTBa
MaTepuaibHOro Mupa, COBEpIIEHHO HEOOBSICHUMO, TaK KaK HUKAaKOM PEaKTHUBHOW CTpyH Yy
EmDrive He oOHapysxeHo. [Io3TOMy 3TOT 1BUTaTENb HArpaJuiii TEPMUHOM «HEBO3MOXKHBIN.

°

Cornacno unpopmaruu, cogepxaieiica B Uurepuere, B 2006r B.JIeonos - corpyaaunk HUU
KC, Koponés, Poccusi, n300pen «AHTUTPAaBUTAIMOHHBIA JBUTATENbY. JKCIEPUMEHTAIbHBIC
UCTIBITAHUS TaKkKe OOHApYXKWIIM y ATOTO JIBUTATENS pealbHylo TAry. Jleranu ycrpoiicTBa 3Toro
JBUTATENsl HE OMyOJIMKOBaHBI. YKa3aHO TOJBKO, YTO TSATa CO3/Ia€TCSl HE 3a CUeT BO30YKIEHUs
peaIbHOM pEaKkTUBHOM CTpPyH, a JOCTUTaeTcs 3a CYET CO3JAaHMs, B KOpILyCE JBUraTels,
MaTepuaIbHOTO BHXpS, HMEIOLIETO CTPYKTYpy TopHano. Coolmiaercs Takxke, YTO 3TOT
JBUTATEb UMEET KBAHTOBYIO IIPUPOLY.
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OKCHEpUMEHTAILHOE JI0Ka3aTeIbCTBO OTCYTCTBUS B MaTepHaJbHOM Mupe peasbHbIX
HEJIeIMMbIX KBAHTOB HEPrHM, ONyOJIMKOBAaHHOE B [2], TOBOPUT O TOM, YTO M B 3TOM Cllyyae
UCTUHHBIN, aJICKBaTHBI MEXaHU3M BO30YKICHUS TATH HE U3BECTEH.

.

Jis oCTHXEeHHUS BEPHOTO MOHMMAHHs MeXaHu3Ma (YHKIMOHUPOBAHHS ITHX JIBUTATENECH,
HE00X0/MMO, MPEeXJEe BCEro, BBIABUTh IPUYMHBI CYLUIECTBOBAaHMS y HUX 3KCIEPHUMEHTAJIbHO
oOHapyxeHHOH Tsiru. Eciu He BmagaTb B MHUCTHKY, 3TH INPUYMHBI JOJDKHBI HOCUTh
MaTepuaibHbIl  XapakTep. lcxoxsd U3 HAKOILUIEHHOTO OIbITa, CIEAYET MPEANOI0KUTh
CyLIECTBOBAHUE pEAJbHBIX PEAKTUBHBIX CTPYHM HE HW3BECTHOM COBPEMEHHOW Hayke
CyOCTaHIIMOHAIBHOM TPUPOIBL.

AHanu3 cuTyaluu IOKas3ajl, 4YTO, B paMKaX KBAaHTOBOM IapajurMbl, JOCTUYb
COJIEP/KATEIBHOIO IOHMMAHUs IPUYMHHO-CIEACTBEHHOIO MEXaHW3Ma CO3JaHMs, B ITHX
JIBUTATEIISIX, PEAKTUBHBIX CTPYH M aJeKBAaTHOTO NMOHMMAaHUS CyOCTaHIIMOHAJIBLHOW MPHUPOJIBI
9THX CTpPYH, HEBO3MOXHO H3-3a JBYX NPUHIMIHAIBHBIX OHIMOOK, IONYLIEHHBIX, eué B
MO3aMpoluioM BEKe, IMpU aHaJIU3€ pe3yJlbTaToB JKcnepuMmeHToB Opcreaa (1821r) wu
Maiikenscona (1881r). OmmbounbIil BEIBOA 00 OTCYTCTBUM MaTepUaibHOrO dupa, cleTaHHbIN
IIPU aHAJIM3€ PE3YJIBTATOB dKCIEpUMEHTa MallkelbCcoHa, IPUBEN K OTKa3y OT y4eTa B KBAaHTOBOM
TeOpuH 3(upa, C €ro CONPOTUBJICHUEM JBIKEHUIO MUKpooOBekToB [3]. Ilpm anamuze
pe3yabTaTOB JKCIIEPUMEHTa Jpcrena ObLIO ClelaHO OMIMOOYHOE 3aKII0UYEeHHE O TOM, YTO
MarHeTusM SIBJISIETCS HE CAMOCTOSITENIBHBIM SIBICHUEM, a IIPOMCXOAMT OT dJIeKTpHUUecTBa [4]. 910
OmMO0YHOE 3aKITIOUEHHE TPHUBEIO B KBAHTOBOW TEOPHH K OTKa3zy OT y4YeTa MarHUTHBIX
B3aUMOJICHCTBUN MEXYy 00BEKTAMU MUKPOMHUPA.

MeToapl TeOpUM HENWHEHHBIX KOJeOaHWH TMO3BOJMIM OOHApyXkHUTh, 4To EmDrive u
«AHTUTPaBUTALMOHHBIA JIBUTATENb» IPEACTaBISIOT COOOH NPOTOYHBIE MAarHUTHO-3()HpPHBIE
JIBUTATENN, B KOTOPBIX MarHUTHBIE IMOJSI UTPAlOT PoOJib KOMIIPECCOPOB, CO3JAIONIUX d(UpHBIE
peakTUBHBIE CTPYyH [5,6].

Uro 3acTaBisieT cuuTaTh, YTO 3TH CTpyH 3dupHbIe? J[€70 B TOM, YTO HAJIMYKME PEaIbHOM TITU
ObUI0 OOHAPYKEHO B HKCIEPUMEHTAX, MPOBOAMBIINXCS HE TOJIBKO B 36MHOI aTMocdepe, HO U B
IyOOKOM BakyyMe. A Tak Kak B INIyOOKOM BaKyyMe BO3/yX OTCYTCTBYET, TO MaTepualbHbIM
HOCUTENIEM TATM MOXET ObIThb TOJBKO 3(pHUp — cyOcTaHLMsA, HaMHOro Ooyiee MeJKas, 4eM
AIIEKTPOHBI U HYKJIOHBI.

0

Vuer »sdupa W MarHUTHBIX B3aMMOJIEUCTBHM TOMOTIM TMOHATH, u4To EmDrive wu
«AHTUTPABUTALMOHHBIA  JIBUTATENb»  SBISIOTCS, IO  CYIIECTBY, MAarHUTO-3()UPHBIMU
POTOYHBIMU JiBUTaTeNssMU. CHavasa, ¢ MOMOIIbIO Y4€Ta MarHUTHBIX B3aUMOJIEHCTBUH, yAaI0Ch
BBISIBUTh, HE W3BECTHBI COBPEMEHHON HayKe, MEXaHU3M CTaOWIBHOTO (YHKIIMOHHPOBAHUS
atMocdepHOro cmepua (TOpHAI0). 3/eCh HEOIEHUMYIO TMOMOIIb OKa3aJd HEMOCPEICTBEHHAs
BU3yalibHas HAOIIOAaeMOCTh CTPYKTYphl CMepYa M HCIIOJIb30BaHHE BEPHOM TpPaKTOBKU
PE3yNBTATOB 3KCIIEPUMEHTA DpCTeaa.

JloCcTI)KeHHe TOHMMAaHHUS MeXaHu3Ma (PYyHKIIMOHUpPOBaHMA aTMOC(HEpHOro cmMepua
MO3BOJIUJIO BBISIBUTH CTPYKTYPY M YCIIOBHS CYIIECTBOBAaHHUS 3JIEKTPOHA, U OOHAPYXHUTh, YTO
3JIEKTPOH ABJISACTCH MUKPOCKONIMYECKMM MATHUTO-3(DMPHBIM PEAKTHUBHBIM JIBHUIraTeIeM.

OTKpBITHE CTPYKTYpPHI 3JEKTPOHA MO3BOJIUIIO, B CBOIO OYEpE/b, MOHATh CyOCTaHLIMOHAIbHYIO
OpUpoy peakTUBHOU Tsru B EmDrive u B «AHTUrpaBUTAIlMOHHOM JIBUTaTeNe» U OOHAPYKUTh
JIpyrue, albTepHaTUBHbIE MAaKPOCKOMMYECKUE JIBUTaTeNId 0€3 JBIKYIIUXCS MaKpPOCKOMHMYECKHX
neTaneid, ¢ TOM ke peakTUBHOW TAroi. IIpum 3ToM ObIIIO OOHAPYKEHO, YTO BCE COJTEHOMIbI H
NOCTOSIHHbIE MATHHUTBHI fIBJSIOTCA MAKPOCKONHMYECKHUMH PEaKTHUBHBIMH MAarHuToO-
3(pMPHBIMH ABUTraTeIsIMHU 0€3 IBHKYIIHMXCS MAKPOCKONMUYECKUX AeTaJIeH.

o

IlepeiineM K MOCIIENOBATEIBHOMY M3JI0KEHUIO 3TUX pe3yiabTaToB. HayHeMm ¢ OueHb JaBHMX
NPUHIUNHAIBHBIX OLIMOOK, KOTOpBIE MPUBEIN K JOCAJHBIM M3bsHaM KBAHTOBOM IMapagurMbl.
3710 — omMOOYHOE 3aK/II0YeHHE 00 OTCYTCTBUHM B MaTepUalbHOM Mupe Takoi cyOCTaHIMH, KaK



3pHup, U OMHUOOYHOE 3aKIIOYEHHE O TOM, YTO MArHETU3M HE SABISETCS CaMOCTOSATEIbHBIM
SBJIGHUEM, a IPOUCXOTUT OT IJIEKTPUUECTBA.
.

W3BecTHBI /1B€ SKCIIEPUMEHTANIbHBIE MMONBITKY MOJIYY€HHUS OTBETa HAa BOIMPOC — CYIIECTBYET
wii HeT MatepuanbHbeli 3¢up B I[lpuponme — skcnepument ®Puzo (1851r) m skcnmepumeHT
Maiikenbcona (1881r).

0

B  oskcnepumente  ®du3o  mpoBOOMIOCH  CpaBHEHHWE  CKOpOCTel  cBeTa Vi,
pacpoCTpaHSIONIETOCsT HABCTpeuy TeKylled Boje, u Vo - 1mo Xxoay Boiasl [7]. M3mepenus
MOKa3aju, 4To Vo>Vi . DTOT pe3yibTaT TrOBOPWI O TOM, YTO 3(PHUpP YaCTUYHO YBJIIEKAETCS
JBWDKYILEHCS BOJIOM, M UTO CKOPOCTH CBETa M 3upa ckiaapBaroTcs. OHAKO, 3TOT BBIBOJ OBLI
JI€3aBYMPOBAaH C IMOMOILBIO MNPEICTABICHUNA O MpElOMIICHHH cBeTa B Boje. [loznmHee, 3TOT
HETaTHUBHBI BBIBOA OBLT «YyCHJICH» C MOMOIIBIO KOJHMYECTBEHHBIX cooTHomeHuit CTO —
CHEIUAIbHON T€OPUH OTHOCHUTENBHOCTH.

OTO «ycHWJIEHHE» HETaTHBHOTO BBIBOJA HE BBI3BIBAIIO COMHEHHUH 10 TEX IOp, MOKa HE OBLIH
MOCTPOCHBI MOIIHBIE YCKOPUTEIN MHKPOOOBEKTOB. Pe3ynbraThl 3KCHEPUMEHTOB Ha 3THUX
YCKOPUTEISIX OOHAPYKWJIM OIMMOOYHOCTh KoymdecTBeHHBIX cooTHomennii CTO. B CTO
3aBHCHUMOCTh BEIUYMHBI MacChl MHUKPOOOBEKTa, OT CKOPOCTH €ro JIBUYKEHUS, OMHCHIBACTCS
cootromenueM: M(v)=m(0)(1-v’c %) ™*°. CormacHo 3TOMY COOTHOLICHHIO, BEIMYHHBI MAce
JOJIKHBI U3MEHATHCSA, C U3MEHEHHUEM CKOPOCTH MHUKPOOOBEKTa, COBEPIICHHO OJUHAKOBO, KaK
JUISL DJIEKTPOHOB, TaK U Ul HYKJIOHOB. DKCIEPUMEHTHI K€ MOKa3alld, 4TO, B OJTHOM U TOM K€
JUarna3oHe CKOPOCTEH, IpU yBEIWYEHHH MacC 3JEKTPOHOB Ha 2-3 MOpsKa, Macchl HYKJIOHOB
YBEJIMYUBAIKUCH Bcero B 1,5 pazal DTo KOJIMYECTBEHHOE PACXOXACHUU CIUIIKOM HENPHINYHO.
Ho oHO ocTanoch He3aMeueHHBIM.

[TprunHa TaKoOro pacXoXACHUs CTajla SICHA TOJBKO MOCIE BBISBIECHUS CTPYKTYP DJIEKTPOHOB
Y HYKJIOHOB [4].

°

[TepBblii sxcriepuMeHT MaiikenbcoHa ObLI MOCTABJIEH HA TPUALATH JIET MO3KE 3KCIIEPUMEHTa
®uzo. [lozke oH OBLT HEOTHOKPATHO TOBTOPEH Ha Bce Oosiee W 0oJjiee COBEPIICHHBIX
ycraHoBKax. Llenbio aToro skcrnepuMeHTa ObLIO MOJTydyeHHE OTBETa Ha BOIPOC - MOXKET JIH 3up
OBITh MaTepUalbHBIM HOCUTEJIEM CBETOBBIX BOJH, AHAJOTUYHO TOMY, KaK Tra3bl SBISIOTCS
MaTepualbHBIMU HOCUTEISIMU 3BYKOBBIX BOJIH? Ho ecnm skcnepuMeHT PHU30 Aan HECOMHEHHO
OTpHULATENIbHBIN pe3yNbTaT, 3a4eM ObLJIO CTaBUTh IKCIIEpUMEHT MaiikenbcoHa?

AHau3 pe3ylnbTaToB 3TOTO 3KCIEPUMEHTa MPOBOJWICS B MPEANOJIOKEHUH, 4To 3¢dup, B
Clly4ae €ro CyIlIeCTBOBAaHUS, SBJIIETCS HOCUTENIEM CBETOBBIX BOJH, HO C BEIECTBOM HE
B3auMoJieiicTByeT. Ha Ga3ze 3TUX MpearnonoxeHuii, Mo pe3ynbraTaM SKCIepUMEHTa, ObLT C/IeaH
BBIBOJI 00 OTCYTCTBHH 3dupa B MatepuanbHoM Mupe. OiHako, Bce Mbl COCTOMM U3 BElIeCTBa U
©XKEeJJHEBHO HCIIBIThIBAaeM Ha ce0e, 0e3 crenHaIbHbIX SKCIIEPUMEHTOB, BO3/IEHCTBHE CBETA. A Tak
KaK, [0 ONpeesIeHuI0, JIt00asi BOJHA SBIISETCS BCETO JIMILIb CHEelHalbHON (opMON NBHKEHUS
CBOET0 MAaTE€pPHAILHOTO HOCHUTEINS, TO B3aUMOAECHCTBOBATh C BELIECTBOM OHA MOXKET TOJBKO
yepe3 CBOM MaTepuaibHbIi HocuTeb. Ce10BaTebHO, HCXOJHOE MPEANOI0KEeHuEe adCypaAHO, U
COOTBETCTBYIOIIHI BBIBOJI 00 OTCYTCTBUHU 3(PHpa, C OUYEBHIHOCTHIO, OIINOOYEH.

Ecnn ke npeanosiokuTh, 4TO 3PHUP C BELIECTBOM B3aUMOACHCTBYET, TO pPE3yJbTaThl
JKCIepUMeHTa MalikeabcoHa JIOKHBI OBITh TAKUMU JK€, KaK U IPU OTCYTCTBHM 3¢upa. Takum
o0pa3om, 3kcniepruMeHT MalikenbCoHa OTBETUTh Ha BOINPOC O CYIIECTBOBAHWM MAaTE€pPHAIbHOTO
a¢upa oKazaacs NPUHIUIHAIBEHO HecriocoOeH [3].

°

Bennuuny conpotuBieHus 3¢upa ABMKEHHIO 3JIEKTPOHA B HEBO30YKJIEHHOM aTOME MPOTHUS
ynanocrf5 OHelHI/ITB UICHTU(PUKAIIMOHHBIM ~ METOJOM. OTa OIeHKa OKaszajach paBHOMU
1,5-10 “krc .



Kak 3T0 HHM ynuBUTENbHO, HO, B OOJBIIMHCTBE YUYEOHHMKOB, MO3UTHUBHBIH pe3yabTatr
skcnepuMenta ®duzo 3amanumBaercd, a  Oecroyie3Hbld  3KcIepuMEHT  MailikenbcoHa
IPENOTHOCUTCS KaK 00pa3el] SKCIIepUMEHTATIbHOIO HCKYCCTBA.

.

Jpyras npuHuunuanbHas omrOKa, BECbMa HETaTUBHO OTPA3MBILASCA HAa Pa3BUTHUU 3HAHWM
00 ycTpolicTBEe MaTepuaJbHOro Mupa, sSBWIACh CIIEACTBUEM HEYJIAYHOTO HCTOJIKOBAaHUS
HAOJIIOJIaEMBIX pE3yJIbTaTOB dKcnepuMmeHta Opcrena [4]. Ilpomyckas 1o NpOBOJHUKY
NEKTPUUECKUI TOK, DpcTe] OOHAPYXKMII, YTO BOKPYI MPOBOJHHMKA BO30YXIA€TCs MArHUTHOE
noJe.

ONEeKTpUYECKUl TOK MPEACTaBIseT cOOOH MOTOK JIEKTPUUYECKUX 3apsAI0B, MaTepUaIbHBIMU
HOCHUTEJISIMU KOTOPBIX, OOBIYHO, SIBIISIIOTCS AJIEKTPOHBI. Bo BpeMeHa Dpcrena u Amriepa emé He
ObUIO M3BECTHO, YTO D3JIEKTPOHBI O0JIAAIOT HE TOJIBKO JJIEKTPUYECKMMHU 3apsiiaMu, HO H
CcOOCTBEHHBIMM MarHUTHBIMU NoJsMU. [ToaTromy Ammnep, ucxoas U3 pe3yabTaToB 3KCIEPUMEHTA
Opcrena, IpyIlen K BBIBOY O TOM, YTO MarHETU3M SIBIISIETCSI HE CAMOCTOSITENIbHBIM SIBJICHUEM, a
BCET'O JIUIIb CIIEJCTBUEM JIBUKEHUS JIEKTPUUECKHUX 3apsiI0B.

BeiBon Ammepa 0 TOM, 4YTO MarHeTH3M — SIBJIE€HHUE BTOPUYHOE, IPOUCXOIAILIEE OT
AIIEKTPUYECTBA, MOKHO ObUIO CUUTATh BEPHBIM TOJIBKO /10 TE€X IOP, I0KA HE CTAJI0 U3BECTHO, YTO
3JIEKTPOHBI, U BCE OCTaJlbHbIE MHUKPOOOBEKTHI, 0€3 HCKIIOUEHHs, 00JalaloT COOCTBEHHBIMU
MarHUTHbIMH NOJsMU. [locine 3Toro crano MOHATHO, YTO 3JIEKTPUUYECKUN TOK COMPOBOXKAAETCS
HOTOKOM 3JIEKTPUYECKHX 3apsAJI0B U IOTOKOM COOCTBEHHBIX MAarHUTHBIX IOJIEH HOCUTENEH TOKa.

A pa3 2JIeKTPUYECKHM TOK CONPOBOXKAAECTCA MOTOKOM COOCTBEHHBIX MAarHUTHBIX IOJEH
HOcuTelel TOKa, TO BO3HUKAET He0OX0AUMOCTh NMPOBEPKH, YUACTBYET JIM NOTOK IEKTPHUECKUX
3apsA0B B BO30YXKJEHMM MAarHUTHOrO IoJisi B 3KcnepuMeHTe Opcreda. Ecim Obl moTok
COOCTBEHHBIX MAarHUTHBIX MOJIEH JIEKTPOHOB BO30YKajl MarHUTHOE I10JIe BOKPYT POBOJAHUKA,
0€3 y4acTHs HJIEKTPUUECKUX 3apsI0B, TO 3TO O3HAYAJIO ObI, YTO MAarHETU3M IMPEJCTABISET COOOM
CaMOCTOSITEJIBHOE HE3aBUCUMOE SIBJICHUE.

0

B skcnepumente DpcTena MarHMTHOE MOJIE€ BOKPYT MPOBOJHHUKA BO30YXIAeTCs MOTOKOM
anekTpoHoB. Kakumu cBoiicTBaMH JODKEH 00J1afjaTh KaXAbld OTAEIbHBINA 3JIEKTPOH AJI TOTO,
4yTOOBl 3TO MAarHUTHOE I0J€ BO30YXJalOCh TOJBKO COOCTBEHHBIMH MAarHUTHBIMH IOJIIMU
AIIEKTPOHOB, 0€3 y4acTUsl AIEKTPUUECKUX 3apsI0B?

JIMHMM MarHUTHOTO TOJIE BOKPYT POBOJIHUKA C TOKOM OBUIM BU3YaJM3UPOBAHBI C IIOMOLIBIO
JKEJIE3HBIX OIMJIOK, MOMEIIEHHBIX Ha IUIOCKOCTh, OPTOTOHAJIBHYIO NMPOBOAHMUKY. OTU JHMHHUU
NpPEeICTaBIsUIN cO00M MHOXECTBO BJIOXKEHHBIX IPYT B Jpyra KOaKCHAJIbHBIX OKPYKHOCTEH ¢
o0uMM 1eHTpoM B mpoBojHUKe. [lo-BuaMMOMY, MOATOMY, 3TO MAarHUTHOE IOJIE O CHUX IOp
Ha3bIBAIOT «KPYroBbIM». OIHAKO. KPYTOBBIMHU SIBJISIFOTCSI TOJBKO MPOEKIMH JIMHUM 3TOTO MOJIS
Ha TUIOCKOCTb, OPTOTOHAJIbHYIO NPOBOJAHMKY, CaMHU >K€ JIMHHUH SIBISIFOTCSI CIHMPAlbHBIMU,
pacrojIOKEHHbIMU Ha LWIMHIPUYECKUX IIOBEPXHOCTIX, KOAKCHAIBHBIX OCH IIPOBOJHUKA.
CornacHo 3KCIepUMeHTY DpcTeia, 3TH JIMHUK 00J1a/1al0T JIEBOBUHTOBOM 3aKPYTKOM.

Y1o0bI MNMOTOK COOCTBEHHBIX MATHHMTHBIX IOJIeH DJJIEKTPOHOB, 0e3 ydacTuUsi HX
3JIeKTPUYECKUX 3apsiioB, B0O30Y:KIaJ1 BOKPYI NPOBOAHMKA HalJI0aeMoe CHUpaJbHOE
MATHHUTHOE II0JIe C JICBOBHMHTOBOl 3aKPYTKOH, HYXKHO, 4TOOBI KasKAblii CBOOOJHBII
3J1eKTPOH, IPH CBOEM /IBHKEHHMH B/10JIb IPOBOIHUKA, COBEPIIAJI JIEBOCTOPOHHEE BpallleHne
H OCb CHMMETPHMH €ro MArHHTHOIO MOJS COBIAJajla ¢ OChbI ero BpalleHuss M ObLIa
napaJjiejbHa 0CeBOil TMHUM NIPOBOAHMKA.

.

Bce monbITKH BBISBIEHUS CTPYKTYpBI 3JEKTpPOHA, Ha 0a3e KBAHTOBBIX MpEACTaBIEHUN 00
YCTpOMCTBE MaTepuaJbHOro Mupa, okaHuMBanuCh HeygauHo. Hwu  Hepaspymaromee
CKaHMpOBaHME, HM paspyliamomas pa3dopka Ha COCTaBISIONIME YacTH pPE3ylbTaTOB He
IPUHOCHUIIH.

PeasibHast BO3MOXHOCTb BBIBICHHS CTPYKTYPBI 2JIEKTPOHA MOSIBUIIACH OJ1aroaps CO3JaHHI0
ycKopuTened MHUKPOOOBeKTOB. CTOJIKHOBEHUS MEXIY COOOH 3JIEKTPOHOB, Pa3OrHAHHBIX Ha



YCKOPHTEINSIX, TO3BOJIMIIM HAKOMHUTh WH(POPMALINIO, HEOOXOIUMYIO Uil BEIPAOOTKH MOHUMAHHUS
ycTpoiicTBa 3nekTpoHa. Ha OONbIIMHCTBE yCKOpUTENEW He XBaTajo MOIIHOCTU JUIsl pa3roHa
AJIEKTPOHOB JI0 SHEPIHH, CTOJKHOBEHHS NMPU KOTOPOW MPHBOAMIN Obl K MX pazpymeHuro. 1
toiapko co3nanvne BAK - boabsmoro AnponHoro Kommaiiaepa mMo3BONIMIIO JAOCTHYbL TaKOM
SHEPrUM PasroHa MUKPOOOBEKTOB, MPU KOTOPOH IMPOUCXOIWIO pa3pylLICHUE CTAJKHUBAIOIINUXCS
3JICKTPOHOB (TOYHEE — aHTHAJICKTPOHOB [8,9]). B pe3ynpTare 3THX CTOJKHOBEHHM, IPOUCXOIUIIO
«pacchlllaHue)»  aHTUAJIEKTPOHOB HAa  OrPOMHBIE  OOJIaKa  OTAEIBHBIX  «OCKOJKOBY.
CogepxarenpHasi CTOPOHA 3TUX PE3yJIbTAaTOB B KBAHTOBOW TEOpUHU HE ObLIa OCO3HAHA, TaK Kak
KBAHTOBAs TEOpUs HE BKIIOYWIA B CBOM (yHJAMEHTAIbHBIC IMOCTYJIAThl MPEACTABICHUS O
CYIIECTBOBAaHUH MaTEPHAIBLHOTO 3upa.

Ha BAK »kcnepuMEHTHPYIOT HE € 3JEKTPOHaMHU (QHTUIEKTPOHAMH), a C IMPOTOHAMH.
[TosTOMy yTBEpXkKAECHHE O pacmaje aHTUIIEKTPOHOB, MPU CTOJKHOBEHHHM NMPOTOHOB Ha BAK,
MOJKET NOKa3aThCsi HEOOOCHOBaHHBIM. O/IHAKO, B pe3yjbTaTe UCCIEJOBaHUI METOAAMU TEOPUU
HEJIMHEWHBIX KOJIe0aHH, OKa3aJoCh, YTO 3JIEMEHTAPHBIM HYKIIOHOM SIBJSETCS HE MPOTOH, a
HEUTPOH, a MPOTOH OKAa3ajCsi COCTAaBHBIM MHKPOOOBEKTOM, COCTOSIIIMM W3 TPOTOHA U
aHTHRJIeKTpoHa [4,9].

DKCIIEPUMEHTHI C COYIapEHUSMHU BBICOKODHEPTUYHBIX MPOTOHOB OOHAPYKHIIU, YTO OJWH U3
JIBYX COMIDKAIOIIUXCS MPOTOHOB pacmlaaeTcss Ha HEUTPOH M aHTUAJIEKTPOH, €CIU SHEprus
commxeHus: mpotoHoB mnpespiaeT 290M»aB. Korna sHeprus cOinkeHusl IPOTOHOB MPEBBIIIAET
580M»B, To, pu COOTBETCTBYIONIEM CONMXKEHUH, 00a MPOTOHA TEPSIOT CBOU aHTUAIIEKTPOHBI.
ITpu 3TOM, OCTaBIIMECS HEUTPOHBI U AHTUAIEKTPOHBI IPOJOHKAIOT CONMIKATHCS U paclajaroTcs,
€CJIM PHEPrust uX COJMKEHHs, MOCJe pachaja MPOTOHOB HA HEUTPOHBI M aHTHAJIEKTPOHBI, IS
3TOrO eILIE JOCTaTOYHA.

°

OKCHEpUMEHThI Ha YCKOPUTENSIX MOKa3aJd. YTO JIEKTPOHBI Pa3pyllIaloTCs HE KaK TBEpJIbIe
Tena. KolnuecTBO OCKOJIKOB, Ha KOTOPBIE pacnalacTcs TBEPAOE TEJIO, YBEIWYUBAETCS C
YBEJIMUEHUEM Da3pyIIAIOIed SHEpPruu. DJEKTPOH JK€ paclajaeTcsl cpa3y K€ Ha OrpOMHOE
001ak0 Menbyalimmx OCKOJKOB. Tak MOXeT pacmagaTbcs TOJNBKO OJAWH, U3 H3BECTHBIX HaM,
00BEKT — aTMOC(EPHBII cMepy, TOPHAJIO.

Kak 3TO HM medanbHO, HO J0 CUX IOpP OTCYTCTBYET aJ€KBATHOE NOHMMAaHHME MEXaHU3Ma
(YHKIIMOHUPOBAHUSI M TNPUYMHHO-CIEJCTBEHHBIX CBS3€H, 0O0ECIeUnBaAIOUIMX JIOCTATOYHO
BBICOKYIO CTaOMJIBHOCTH CYLIECTBOBAHMS aTMOC(HEPHOTo cMepya.

ATMOC]epHBI cMepd 3apoKIaeTcs Haj OOIIMPHBIMU BOJHBIMH IPOCTOPAaMHU, B CHJIIBHO
MOHU3HUPOBAaHHON aTMocdepe U 00J1afaeT BBICOKOW YCTOMUMBOCTBIO, IOKA CTEMEHb MOHU3ALUU
OKpYXXarolled M MOJMUTHIBAIOIIEH ero arMoc(epbl OCTaeTcs BhIILIE HEKOTOPOM KPUTHUECKOMN
BeNWYMHbL. [Ipy MOHM3aIMKM 3I€MEHTOB aTMOC(ephl, MPOUCXOAUT YCHUIIEHHE UX COOCTBEHHBIX
MarHUTHBIX MOJIEH. DTO ABISETCS OCHOBHOM MPUYMHON CTAaOMIILHOCTH aTMOC(EPHBIX cMepUei B
MOHN3MpOBaHHOK atMocdepe. [Ipy MOHMKEHUH CTENeHH MOHU3AIMH aTMOC(ephl, COOCTBEHHBIE
MarHUTHbIE TOJI DJIEMEHTOB aTMochepsl ocinabeBaroT, U CMEpYM, pachajasich, MPEKpalarT
CBOE CYILECTBOBAHUE.

Tak kak cOOCTBEHHbIE MarHUTHBIE MOJIS AIEMEHTOB aTMOC(hEphl UTPAIOT PELIAIOUIYIO POJIb B
CTaOMIbHOM (DYHKIIMOHUPOBAHUU CMepYeH, TO JJIS JOCTHKEHHUS MOHMMaHHs MEXaHH3Ma 3TOTO
(G YHKIIMOHUPOBAHUS, HEOOXOMMO HUCIIOIB30BATh PE3YIbTaThl SKCIIEPUMEHTA DPCTea.

ATMOC(hepHBIi cMepd COCTOUT M3 NMPSMON LEHTPaIbHON BO3IYIIHON CTPYH W MHOXECTBA
CHUPATBHBIX CTPYH, HABUBAIOIINXCS HA EHTPAIBHYIO CTPYIO.

[To mpsmMol TEHTpalIbHONH cTpye C OOJBIIONW CKOPOCTHIO TMPOTOHSAETCS BHEIIHUM
MOHM3UPOBAaHHBIM BO3AyX. Tak Kak OTHENbHbIE DJJIEMEHThl 3TOTO BO3JyXa 00JadaroT
COOCTBEHHBIM MAarHeTU3MOM, TO IMOTOK COOCTBEHHBIX MAarHMUTHBIX IIOJIEH 3JIEMEHTOB BO3/yXa
BO30YK/IaeT BOKPYT IEHTPAIBHOU CTPYH, COTJIACHO JDPCTENy, CIUpaIbHOE MarHUTHOE 1one Ps,
C JICBOBUHTOBOM 3aKpyTKOH, JIMHMM KOTOPOI'O pAacHOJIOKEHbl HA LUIMHAPUYECKHX
MOBEPXHOCTAX, KOAKCHUAIBHBIX OCEBOM JIMHUM NPSIMOT0 LEHTPAIBHOIO KaHajna. MarHuTHoe noiie
Ps 3acTaBnsieT 3JEMEHTHl BHEIIHEIO BO3[yXa JBUraThCsl BAOJb CBOUX MArHUTHBIX JIMHHIA,



bopmupys criupaibHbIE BO3AYIIHBIE CTPYH, HAKPYUHBAIOIIUECS, C JICBOBUHTOBOM 3aKpYTKOM, Ha
LEHTPaJIbHYIO CTPYI0. B CBOIO ouepenb, NBHKEHUE MOHU3UPOBAHHOIO BO3[yXa B CIMPAJIbHBIX
CTPYAX, COTIACHO DpcTeny, BO30YKIAeT, BOKPYT 3THUX CTPYH, CBOU JICBOBUHTOBBIE MarHUTHBIE
IOJII, CyMMa COCTaBJISIOUIMX KOTOPBIX, PACIOJIOKEHHBIX BIOJIb OCH LEHTPAIbHOW CTpYH,
COCTaBJISIET NPSAMOJIMHENHOE MarHUTHOE 1ojie P B IEHTpalIbHOU CTpye. DTO MarHuTHOe noiue P
U 3aCTaBIJIAET SJIEMEHThl aTMOC(EepHOro BO3/AyXa IBUTaThCsl B HPSAMOM LIEHTpalbHOH cTpye
cmepua. Ha aTom nukit opMUpOBaHUs CTPYKTYPbI aTMOC(HEPHOTO CMepUa 3aMBIKAETCS.
°

Jis cTabMIIbHOTO CyIIEeCTBOBaHMS aTMOC(HEpPHOTO cMepua He TpeOyeTcst HUYero, Kpome
JIOCTAaTOYHO IIOTHOTO MOHM3MPOBAHHOIO BO3ayxa. CTaOMIIbHOE CYIIECTBOBaHHME TOr0 CMepya
o0ecrieynBaeTcsi  UCKIIOYHUTEIBHO  COOCTBEHHBIM  MAarHeTU3MOM  3JIEMEHTOB  BO3/yXa,
IIPOrOHSAEMOT0 Yepe3 CMepY.

CKopocTh MpOTOHKM BO3AyXa II0 LEHTPaJbHOW CTpye CMeEpya BBIIIE, YEM CKOPOCTh
IIPOrOHKH BO3JyXa 10 CHUPAJIBHBIM CTpysAM. UeM Jaiblie OT LEHTPAIBHOW CTPYH, TEM MEHBIIE
CKOpPOCTb JABMKEHMs BO3qyxa B cMmepue. CienoBaTelbHO, BHYTPEHHEE [aBICHHE BO3AyXa B
cMepue, COIIacCHO 3aKOHAaM a’pOAMHAMMKH, IIOHM)KAeTCs OT nepudepun cMepua K LEeHTPaIbHON
cTpye. OTa pa3HOCTh JABJICHUH YCTpaHSET pa3pyllaroliee AeHCTBHE LEHTPOOEKHBIX CHUI B
cMmepue, obecrieurBast €ro yCTOHYUBOCTb.

Tak Kak CKOpOCTb MPOTOHKM BO3[yXa IO LIEHTPAJIbHOM CTpye cMepua BecbMa OoJibliasi, TO
BO3JyX, IIPOrOHSAEMBIM IO 3TOM CTpye, CHWJIBHO YIUIOTHSETCs. To ke caMoe MMEET MECTO, B
HECKOJIbKO MEHBIIMX MacmTabax, U B CIUPAIBHBIX CTPYsX. B pe3ynbTare, Ha BBIXOAE cMepya
(dbopmupyeTcst TOBOJIBHO MOIIIHAS peaKTUBHAsI BO3YLIHAS CTPYsI

0

«Motopom» aTMOCpepHOro cMep4a, HeNpPepbIBHO NMPOKAYUBAIOIINM BHEIIHUH BO31YyX
yepe3 cMep4, ABJISETCS MATHUTHBIH cMep4enogo0HbIH BUXPb, NMPEACTABISIONINNA cO00M
CYMMY MAarHMTHBIX nojeu P.u Ps.

0

OnexkTpoH, 1o (opMe U MO CTPYKTYpe, SBJISETCS CHWJIBHO YMEHBUIEHHOM Komueil
aTMOC(EPHOTrO CMepYa, TOJIbKO COCTOMT OH U3 MIEKTPOHONOA0OHBIX 311€MEHTOB d¢upa. Kaxaplii
AJIEKTPOHOIOIOOHBIA 37IEMEHT 3(upa 00JanaeT Maccoif, Ha HECKOJBKO MOPSAIKOB MEHbIIEH
Macchl AJIEKTPOHA, U IIJIOTHOCTHbIO, HAa HECKOJIBKO TMOPSIKOB MPEBOCXOASIIEN IUIOTHOCTD
JJIEKTPOHA.

DNEKTPOH MOKHO MPECTaBUTh B BUIE 3(pUpHOro cMepya (puc.l), AmmHa KOTOPOro HaMHOTO
00JIbIIIE €r0 MOMEPEeYHoro pasmepa. Jloka3aTeabCTBOM 3TOTO CIYXKHT TO, UTO HAIPSKEHHOCTh

Vs e s sl
Puc.1. Cxema cTpyKTyphbI 2JIEKTpOHA

COOCTBEHHOTO MarHMTHOTO oJIs AJIEKTPOHA OTHMCHIBACTCS BBIPAKEHUEM:
He((r):(y+y1)(,uer)r_4|COS(,ue’\r)|54r—y1r_2,ue, IJie Me - BEKTOP MAarHUTHOTO MOMEHTA JIEKTPOHa, I -
pazryc-BEeKTOp TOYKH omnpeaeieHus Benuunubl H,, (u.\r) - yron OTKJIOHEHHUS BEKTOpa I' OT OCH
CHMMETPHH COOCTBEHHOTO MarHUTHOTO IOJISl JIEKTPOHA. Tak Kak cTeneHb npu |COS(u:r)| paBHa
54, ToO MarHMTHOE TOJ€ 3JIEKTPOHAa 00JagaeT HEeOObIYaliHO Y3KOHM cTpyel. DTOT pe3yibTar
MOJY4YeH HIAEHTHU(PHUKAIMOHHBIM METOAOM, C IOMOIIBIO PACCMOTPEHHUsI CTPYKTYpHOW MOIETH
HEHTpaNbHOrO  HEBO3OYXKICHHOTOo  artoma  “He, ¢  WCIIOIb30BAHHEM  HM3BECTHBIX
AKCIEPUMEHTAJIbHBIX IaHHBIX O JUIMHAX CIIEKTPAIIbHBIX JTUHUM 3TOr0 aroma.

CrabunbHOE  CYIIECTBOBAHME DJJIGKTPOHA, OO0JAQMAloOIIer0 CMepUYenogao0Hor  (hopmoid,
BO3MOKHO TOJIBKO B JIOCTATOYHO TUIOTHON 2HUPHOI cperie.

CaMBIM HHTEPECHBIM, C TOYKHM 3PEHHUSl PAacCMAaTPUBAEMBIX BOIPOCOB, SBIAETCA TO, YTO
JIEKTPOH IOXO0K HA MPOTOYHBIM JBUTATENb, JIEKTPOHHBI MATHUTHBIH CMep4enoao0HbIN
BHUXPb KOTOPOTO, KaK KOMIPECCOp, MPOTOHss yepe3 ceOsl BHEIIHUN 3¢up, co3aaer 3GpUpHYIO
peaKkTUBHYI TAry. biarogaps 3Toil Tare, cBOOOIHBIE JIEKTPOHBI HAXOAATCS B IOCTOSHHOM



nBxkeHuu. O BEIUYMHE 3TOM TSITU TOBOPUT TO, YTO B «COJHEYHOM BETPE» CKOPOCTH
3JIEKTPOHOB, HECMOTpPsI Ha COINPOTHUBIEHUE 3huUpa HX JBHKEHHUIO, OLCHUBAECTCS BEIUYMHON
600m-c .

°

Wtak, 3MeKTpOH NpEeACTaBIseT cO00H A(UPHBIA CMEpuenoJOOHBI BHUXPbh, 00JIaTArOIIHIA
NPSMOM M CHHUPATIBHBIMHU CTPYSIMU C JIEBOBUHTOBOM 3akpyTkou. OH ocecummerpuyeH. Ero oce
CUMMETPHUU SIBJISIETCS. OCHI0 CHUMMETPHUH €r0 COOCTBEHHOr0 MarHUTHOro mois. Ero mmmna
3HAYUTEIIBHO MPEBBIIAET NONEPEYHBIE pa3MEPHI.

D¢upHas peakTUBHAS CTPYS JICKTPOHA CO3AAETCSI MATHUTHBIM TOJIEM JIEKTPOHA, TO3TOMY
€€ HampaBJI€HUE COBMAJAET C HAIPABJICHUEM BEKTOpPAa MAarHUTHOTO MOMEHTA 3JIEKTPOHA M., U
HarpaBJIeHUE IBUKECHUSI CBOOOJHOTO 3JICKTPOHA MIPOTHBOIOJIOKHO HAMIPABICHUIO BEKTOPA Me.

Tak kak crnupanbHble dUPHBIE CTPYU SJIEKTPOHA 00JIAAIOT JIEBOBUHTOBOM 3aKPYTKOM, TO
CBOOOJHBIA DJIEKTPOH MPHOOpPETaeT, BO BpPEMsS JBWKCHHS, BBIHYXJICHHOE JEBOCTOPOHHEE
BpaIlleHHEe, BOKPYT CBOEH OCH CHMMETPHH, C YTIIOBOU CKOPOCTHIO (V), 3aBUCSIICH OT BETUYHNHBI
CKOPOCTH JIBHIKEHHUSI V.

AHanmu3 B3aUMHOTO TIIOBEJEHUS JIBYX DJIEKTPOHOB IIOKa3aJl, 4YTO J3JIEKTPOH SBIAETCA
JMaMarHeTUKOM.

.

[ToToK >7IEKTPOHOB, OONATAIOIINX YKa3aHHBIMH CBOWCTBaMHM, OOECIIEYMBAET BO30YKICHHE
CIIMPAJIbHOTO MarHUTHOTO TOJISl BOKPYT MPOBOJHHMKA B SKCIEPUMEHTE JPCTENA TOJIBKO 33 CUET
COOCTBEHHBIX MAarHUTHBIX NOJIEH 3JIEKTPOHOB, 0€3 yUacTHs UX AIEKTPUUECKUX 3aps/I0B.

YToObl MPOBECTH HE3aBUCHUMYIO IIPOBEPKY HAUYHS 3TUX CBOMCTB Y 3JIGKTPOHA, PACCMOTPUM
sKcnepuMeHT JlopeHla, B KOTOPOM 3JIEKTPOH JABMXKETCS CO CKOpPOCTbIO V TIONEpPEK JIMHUMN
MarHuTHOTo noist H [4]. DKCnepuMeHT MoKa3ai, YTO 3JIEKTPOH JIBHXKETCS NONEPEK JTUHUM MO
H 1o TpaekTopuu, OJIU3KOM K KPYrOoBOM, C MPABOBHHTOBOM 3aKPYTKOW, MO OTHOIICHHIO K
Hanpasnenuto mnons H. Ilo pesynbratam HabGmoneHuil, JlopeHI] MOCTPOHMI AMIHPUUYECKYIO
bopMyny Uil panudyca TpPAaeKTOpHUHM dieKTpoHa. Ilpu 3TOM, OOBEKTHBHBIA MPUUYMHHO-
CJIEICTBEHHBI MEXaHU3M HWCKPHUBJIEHHS TPAEKTOPUU OJEKTPOHA OCTAeTCs N0 CHX Top
HEU3BECTHBIM.

3HaHME YKa3aHHBIX BBIIIE CBOWMCTB JJIEKTPOHA TO3BOJIAET BBHIPAOOTATh COJEP)KATEIbHOE
NOHMMAHHUE 3TOT0 MEXaHHM3Ma. OTO ABJAETCS OECCHOPHBIM JI0Ka3aTeNbCTBOM HCTUHHOCTHU
YKa3aHHBIX CBEJICHUI O CBOIMCTBAX 3JIEKTPOHA.

B skcnepumenTe JlopeHiia 351eKTpOH pa3roHsIIOT A0 CKOPOCTH V M BBOJAST B MarHUTHOE I10JI€
H oproroHasibHO €ro JuHUAM. JlanpHeilee ABM)KEHHE JJIEKTPOHA NMPOUCXOIUT IO KPYroBOU
TPAaeKTOpUU B IUIOCKOCTH Q, opToroHanbHOW iuHUsSM mons H, B TpaBOCTOPOHHEM, IIO
OTHOILIEHUIO K HaIlpaBJIeHUIO BekTopa H, HanmpaBieHUH.

o

HccnenoBanusi, MpoBEIEHHBIE METOJAMU «KJIacCHUecKkoi» (usuku [4], ucxons U3 3HaHUS
BBISIBJICHHBIX CBOMCTB 3JI€KTPOHA, MO3BOJWJIM JOCTUYh JIETAIHHOIO MOHWMAaHUS MPUYUHHO-
CJIEICTBEHHOTO MEXaHM3Ma BO3HUKHOBeHUs cuiibl JlopeHna..

[Ipexxne Bcero, Hy)KHO BCIOMHHUTB, YTO AJIEKTPOH, B pE3ylbTaTe pa3roHa O CKOPOCTU V
npruoOpeTaeT BBHIHY)XJCHHOE JIEBOCTOPOHHEE BpAalIEHHE C YIIIOBOM CKOpocThio (V), W 4YTO
AIIEKTPOH SIBJIETCS AUAMarHETHKOM.

JIBuKeHre 3NIeKTPOHA TOoTNepeK TUHUM mons H npoucxXoIuT Moj BIUSHUEM ABYX (akTOpOB.
Co croponnl mongs H Ha D3JIeKTpoH, Onarofaps €ro JaWaMarHeTusMy, JIeicTByeT
onpokusiBaton it MomeHT N= —[u.H] [10], rae, g. — BEKTOp MarHUTHOT'O MOMEHTA 3JIEKTPOHA,
[u.H] — omeparop BEKTOPHOTO MPOM3BEACHUS BEKTOPOB M. W H, 3HaAK MUHYC SBISECTCS
CJIEICTBUEM JAMaMarHeTu3Ma 3JeKTpoHa. M3-3a BBIHYXKJICHHOTO BpAILEHUS JIEKTPOHA, BOKPYT
€ro OCH CUMMETpPHH |, ¢ YrJII0BOM CKOPOCTBIO @, HA HETO JCHCTBYET MOMEHT uMmityinbca M=lw,
riae | — MOMEHT MHEepIMH AJICKTPOHA OTHOCHTEIBHO OocH |.

CoBmecTtHOe neiictBe MOMEHTOB M uW N NpUBOIUT K TIOSIBICHHIO TaK Ha3bIBAEMOTO
rupockonunyeckoro 3¢ dexra. [lox neficrBuem momeHTOB M 1 N, JIEKTPOH JABUKETCS TaK. YTO



ock ero cummerpuu | ocraéres B uiockoctu Q, a AJIEKTPOH Bpamaercsi B IIOCKOCTH Q BOKpyr
CBOEr0 LEHTpPa MAacC C YIJIOBOM CKOPOCTBIO @g. BexkTtop @y ompenensercs BbIPa)KEHUEM:
N=[ewyM] (cm. [11]), on opToronanen sekropam M u N.

BMecTe ¢ 27€KTpOHOM, BOKPYI €ro LIEHTPa Macc, C yIJIOBOM CKOPOCTBIO (g BPAIllaeTCs B
IUIOCKOCTH Q HE TOJIBKO BEKTOP Me, HO M BEKTOP MOMEHTa MMIyjbca 3nekTpoHa M. Tak kak
BEKTOD M. MPU 3TOM OCTaeTCsi OPTOrOHANbHBIM BekTopy H, To BenuuuHa BekTopa N ocraercs
IIOCTOSIHHOM, DPaBHOM pcf1. CrnemoBaTenbHO, W BEIMYMHA (g OCTAETCA B OTOM JIBHIKECHHUHU
MOCTOSIHHOM, paBHOU NM ™ !

YroObl MOHATH, KaK HANPABJIEH BEKTOP (g II0 OTHOLIEHUIO K BEeKTOPY H, HY)KHO BCIIOMHUTb,
4ro, ¢ omHOM cropoHsl, N=[w¢M], a ¢ npyroii, N= —[u.H], T.e. [0gM]|=[Hu.]. A Tak xak
BEKTOPbl M W u. HalpaBiCHbl IPOTHBOIOJIOKHO BEKTOPY V, TO HalpaBlIEHHE BEKTOPa (g
COBIIAJACT ¢ HampaBieHueM BekTtopa H.  OTo o03HayaeT, 4YTO BpallCHUE 3JIEKTPOHA,
o0lajaroliero yka3aHHBIMH CBOWMCTBaMH, B IUIOCKOCTH Q, BOKpYr ero IeHTpa Macc,
MIPOUCXOAUT, OTHOCUTENILHO BeKTOpa H, B IpaBOCTOPOHHEM HAIPABIICHUH.

[Toka smexkTpoH nBuxercs BHEe mnois H, oOrexkanue >GUPOM JBMKYIIETOCS 3JIEKTPOHA
CUMMETPUYHO, U CUJIa CONMPOTUBJICHHS d(PHpa IBUKEHHUIO IIIEKTPOHA HAIpPaBJICHA BIIOJIb OCU
CHMMETPHH JIeKTpoHa | ¥ BIOJIL BEKTOpa V CKOPOCTH €ro JBIKeHUs. [103ToMy HarpaBieHUe
BEKTOpa CKOPOCTH JBHKEHHUSI AJIEKTpOHA V He u3MeHnsercs. llocie Bxona B none H, 351€KTpoH
HAa4YMHAET BPALIaThCs B IIOCKOCTH Q BOKPYT LIEHTPA MACC € YII0BOM CKOPOCTbIO @g. IIpu aTOM,
00pa3zyeTcst yriIioBOE paccoriacoBaHue MEXIY OChI0 | 1 BEKTOPOM V - och | OTKITOHsETCS Ha yrod
@ OT HampaBJeHHs BekTopa V. BcienctBue 31oro, o0TekaHue 3JIeKTpoHa 3(UPOM CTaHOBUTCS
HECHUMMETPUYHBIM U TNosiBIsieTcss cuia JlopeHua, aeicTByromas Ha LEHTP Macc 3JeKTpoHa. B
pesynbTaTe, HalpaBJIeHHE BEKTOPa V HAYMHAET MEHATHCS C IIOCTOSTHHOM yIJIOBOM CKOPOCTBIO (.

TakoB MPUUYMHHO-CIIEICTBEHHBIH MEXaHHU3M IPABOCTOPOHHEI0, OTHOCUTENIbHO BekTopa H,
VCKPHUBJIECHHSI TPACKTOPUH JIBUYKEHUS 3JIEKTPOHA.

°

Wrak, B sxcniepuMenTe Jpcrea CiupaibHOEe MarHUTHOE T10JI€ BOKPYT MPOBOJIHUKA C TOKOM
BO30Y)KJ1aeTCsl IOTOKOM COOCTBEHHBIX MAarHUTHBIX MOJIEH HOCUTENEH AJIEKTPUUYECKOT0 TOKa, 0e3
y4acTusl B 3TOM IPOLECCE IIEKTPUUECKUX 3apsiioB. ITO 03HAYAET. UYTO MATHETU3M IPEICTaBIISIET
co00i caMOCTOSITENIFHOE SIBIIEHUE U TPeOYeT yueTa B UCCIE0OBAHUSAX HAPAIy C SJEKTPUUECTBOM.

Bonee Toro, okazanoch. 4to 0e3 MarHeTM3mMa Marepusi BOOOIIE HE CyIIecTBOBajia Obl. DTO
CTaJIO SICHO B PE3YNbTATE BBIABIEHUS YCTPOMICTBA AIEKTPOHA. DJIEKTPOH OKa3ajcs, IO CBOEMY
YCTPOMCTBY, aHAJIOTWYEH aTMOC(EpHOMY cMepdy. DJeMEHThl 3(puUpa U JIEMEHTHhl BO3/ayXa
OOBEIMHAIOTCSI B CTAOMJIBHBIA AJIEKTPOH W B CTaOWJIBHBIM CMepY TOJBKO MAarHUTHBIMU
B3aMMOJICHCTBUSMHU MEXKIY UX OTAEIbHBIMU 3JI€MEHTAMHU.

.

bnarogapss marHeTuzMy, 3JIeKTpoH oO0JajaeT CBOMCTBAMHU IMPOTOYHOTO nBurarens. Poib
KOMIIpECCOpa, CO3/AIOLIET0 PEaKTHUBHYIO 3(UPHYIO CTPYIO B JJIEKTPOHE, UTPAIOT MarHUTHBIE
MOJIS.

CrabunbHOE CyIIEeCTBOBAHUE 3JIEKTPOHA BOZMOXKHO TOJIBKO B JOCTAaTOYHO IJIOTHOW 3(UpHON
cpene. AHanM3 CUTyallud B MpoOJieMe «KPAcHOrO CMEUIECHUS» 3JIEKTPOMAarHUTHOTO HU3JIy4eHUs
OT YJAJIEHHBIX UCTOYHHUKOB M IIPUUUH «CaMOIIPOU3BOJIBLHOI0» paclana aTOMHBIX siep, IoKa3al,
4yTO 3(Up IOCTATOYHO IUIOTHO 3alOJHIET BCIO Hally BcelleHHyI0 U €ro IIOTHOCTh BO3pPacTaeT
OT IIeHTpalbHBIX oOnacTeil Beenennoii k e€ nepudepun [11-13]. D10 03Ha4aeT, YTO IEKTPOH
MOJKET MPEKpPaTUTh CBOE CYIIECTBOBAHUE TOJBKO B pe3yibTaTe paspyuieHus. CregoBareibHO,
3JIEKTPOH ABJISICTCH MUKPOCKONIMYECKMM BEYHBIM MATHUTO-3()UPHBIM ABUTATEJIEM.

.

BriABiieHME TakOM HEOKHUJAHHOM CTPYKTYpPBI AJIEKTPOHA II03BOJIIET IOHATH, YTO BCE
MUKpPOOOBEKTHI, 00J1aalole COOCTBEHHBIMM MAarHUTHBIMHM TOJISIMU, TakXe T'€HEPUPYIOT, C
MOMOIIBIO ATHUX TOJIEH, 3QUpHBIE peakTHBHbIE cTpyH. OHU TaK K€, KaK M 3JIEKTPOH, SBIAIOTCS
MUKPOCKOITUYECKUMHU MarHUTO-3(UPHBIMU JBUTATEISIMHU.

o



MOXHO JM MarHMTO-3(UpPHYIO SHEPrHI0 HCIOJIb30BaTh B HAIIMX MaKPOCKOMMYECKHX
ycTtpoiictBax? IlpuMepamMu Takux YCTpPOWCTB SBIsAOTCS EmDrive m «AHTUrpaBUTAllMOHHBIA
nsuratens». B EmDrive ans co3gaHusi peakTHUBHOM TATH MCIIONB3YETCSl MarHWTHOE IIOJIE,
HCKYCCTBEHHO CO03/1aBa€MO€ MAarHeTpoHOM. M XOTs mOJIOCTh, B KOTOPOU CO3/1a€TCs PEeaKTUBHAs
TATA, OTPAHUYCHA CIJIOUIHBIM, IO MAKPOCKOMTUYECKUM MacIITabaM, TEIoM, 3TO TeJo i 3dupa
JIocTaTouHo Mpo3payHo. [losTomy Mmakpockonmuueckoe ycTpodcTBo mo umeHu EmDrive He
SBIISICTCA TPENSATCTBUEM JUIsl MOTOKOB 3(QUpa, pa3rOHSAEMBIX HCKYCCTBEHHO CO3aBaCMbIM
MarHuTHBIM nojieM. Tak uro, EmDrive siBiisieTcss HCKYCCTBEHHBIM MaKpPOCKOIUYECKHUM MarHuTo-
3(UPHBIM ABUTATEIIEM.

B  «AHTUTpaBUTAallMOHHOM  JBUTATeNe)» TAra Cco3JaeTca 3a CYeT BO30YKICHHS
UCKYCCTBEHHOTO aHaJora aTMOC(EpHOro BUXpsS. A Tak Kak BO30YXIEHHE TaKOrO BHXPS
COIPOBOXKAAETCA BO30YKICHHEM COOTBETCTBYIOIIETO MAarHUTHOTO BHUXPS, TO 3TOT MarHUTHBIN
BUXPb MPOU3BOANUT PEAKTHBHYIO 3(DUPHYIO CTPYIO, /Ul KOTOPOH BCE CTEHKH ATOTO JBUTATEIs
JIOCTaTOYHO MPO3PAYHBI.

°

UYro kacaeTcs aTMoc(epHOro cMepya, TO €r0 MarHUTHBINM CMEpUenoI00HbIN BUXPb, HAPSTY C
BO3AYIIHOM, CO3/1aeT M 3(pUPHYI0 peaKTUBHYIO CTpyt0. Toibpko 3upHAs CTpys B 3TOM CMepue
HaMHOTO cjabee BO3IYLIHOM.

°

OcoObIif nHTEpEC MPEACTABIAET TO, YTO IIEKTPOH, M0 CBOEMY (YHKIIMOHHUPOBAHHIO, ITOXO0XK
Ha cojeHou[. [IpuHnunuanpHas pa3HULA MEXKIY HUMHU 3aKJIIOYAeTCsl B TOM, YTO 3JIEKTPOH
CO3J]a€T MArHUTHYIO CTPYIO 33 CUET PHEPrUU HOCHUTENIEd MarHeTh3Ma CO3JaBaeMOil UM CTpPYH.
ConeHoupi e CO3Ja€T MAarHUTHYIO CTPYK 3a CYET BHEUIHEH HHEpruu, He CBA3aHHOM C
HOCHUTEJISIMU MarHeTU3Ma 3TOM CTPYH.

ConeHouapl 00JIafalOT pPSAOM  MPUBJIEKATENbHBIX CBOMCTB. OHM MOryT co03/4aBaTh
JIOCTaTOYHO MOIIHbIE MAarHUTHBIE CTPYH. DTO CBOWCTBO JOCTATOYHO IIMPOKO MCIOIB3YETCS IS
MarHUTHOTO BBIBEIIMBAHUS HaJ HUMH JAMAMATrHUTHBIX OOBEKTOB JIOBOJBHO OOJBIIOTO Beca.
Kpome TOro, MarHUTOAaKTUBHBIN CEPACUYHUK 3HAUUTENIBHO YBEIMYMBAET MOIHOCTH MarHUTHOIO
MOTOKA, CO3/1aBa€MOr0 COJICHOMJOM, Orarojapss TOMY, YTO IIJIOTHOCTh 3¢upa BHYTpU
cepleyHMKa 3HAYUTEIbHO BBIINIE IUIOTHOCTH 3(upa B BO3Ayxe. BONbIIMM 1OCTOMHCTBOM
COJICHOMJIA SIBJISIETCS BO3MOXKHOCTB YIIPABJIEHHS MOIHOCTBbIO T€HEPUPYEMOTIO0 UM MarHUTHOIO
MIOTOKA C TIOMOIIBIO U3MEHEHHSI XapaKTEPUCTUK TOKA B KaTYIIKE COJICHOUA.

°

Emé onHa BO3MOXHOCTH CO3JIaHMSI MAaKPOCKOIMYECKHX MAarHUTO-3(UpHBIX JBUTaTenen
CBfI3aHA C CYUIECTBOBAHMEM IOCTOSIHHBIX MarHuToB. JlJsl CylllecTBOBaHUS MarHUTHOTO MMOJIA Y
IIOCTOSIHHOTO MarHuTa IIOCTOSIHHAs 3aTpaTra BHeEUIHeW »sHepruu He TpeOyercsa. Ilostomy
NMOCTOSIHHBIH MATrHUT SIBJISIeTCS BeYHBIM MAKPOCKONMHYECKHM MATHHUTO-3(HPHBIM
JABUTATEJIEM.

B orimuume ot coneHonaa, pabOTaromIero OT BHEIIHETO MCTOYHHMKA DHEPIUH, MOCTOSHHBIN
MarHeTu3M OOXOJIUTCS BHYTPEHHUMH HMCTOYHMKaMH. [1OCTOSHHBIA MarHeTwsM TIeHepUpyercs
«MEJUICHHBIMU» (OTOHAMU - «MEAJICHHBIMU» 3JIEKTPOH-aHTHAJIEKTPOHHBIMH  JTUIOJISMH,
KOTOpBIE B KBAHTOBOI T€OpHUHU M3BECTHHI Kak «KynepoBckue ciapeHHsble 2IeKTPoHsI [ 15].

MarnauTtHble ToJs cojieHona (pUc.2) U MOCTOSHHOTO MarHuTa (puc.3) 3aMeTHO OTINYAI0TCA
Ipyr oT japyra (3To puCyHKHM u3 [16]). MarHuTHoe 1oNie COJEHOHMIa BO30yXKaaeTcs
AIIEKTPUYECKUM TOKOM, TEKYIIUM IO CHUpPaJIbHOW OOMOTKE cojeHouga. MarHUTHOE K€ 1oJie



Puc.2. MarautHoe noJje coJeHouaa

MOCTOSTHHOTO MarHuta o0pa3yercsi MHOXKECTBOM «MEIJICHHBIX» (DOTOHOB, TPYHNIUPYIOIINXCS,
o JEHCTBHEM DJJEKTPUYECKOIO OTTAJIKMBAHUSA, HA IPOTHUBOIOJIOXKHBIX KOHILIAX TeJa
MOCTOSIHHOT'O MarHuTa.

Puc.3. MarautHoe noJjie moCTOSIHHOrO MarHuTa



