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This paper identifies the substantial nature of microworld wave-corpuscle duality and sets out fundamental
differences between the microworld and macroworld wave-corpuscle duality.

It has been found that magnetic field around a current conductor is induced by the motion of electrical charge
carriers own magnetic fields rather than by the motion of electrical charges itself. There has been the generation
mechanism of Lorentz forces applied to electrons moving across the external magnetic field lines identified. It has
been found that electrons and neutrons have tornadic ethereal structures which stability is due to magnetic
interactions.
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I. Wave-Corpuscle Duality
in Macroworld and in Microworld:
Similarities and Dissimilarities

Wave-corpuscle duality of microscopic objects over a century has been among the most
intriguing features of microworld. The fact is that microworld objects typically exhibit
corpuscularity properties, that is, properties of strictly localized objects, and at the same time in
special conditions have properties of spatially distributed and spatially unbounded media.

Wave-corpuscle properties of microscopic objects were revealed during diffraction
experiments when moving microscopic objects are passing through slots, through crystal lattices,
nearby edges of bodies etc. Microscopic objects which have cleared diffractive obstacles
(diffracted microobjects) leave spot traces on observation screen which speaks for their
corpuscularity while distribution of numerous traces reminds in its nature intensity distribution
of diffracted purely wave flows.

Experiments prove that wave-corpuscle properties are exhibited by each individually
diffracted microobject.

Substantial nature of microobjects is still unknown. According to quantum physics a
microscopic object is not a pure corpuscle or a pure wave or any particle-wave combination but a
structurally superrational object. It is still obscure how moving microscopic objects clear
diffraction obstacles.

A famous American physicist R. Feynman, a prominent representative of physical scientific
elite, speaking of diffraction experiments with microobjects in a popular lecture told: “.... Do not
torture yourselves with the question “How this can be?” for otherwise you will reach a deadlock
no one has managed to get out from yet. Nobody knows how this can be” [1].

Short of comprehension of the nature of wave-corpuscle duality of electrons physicists were
able to develop a quite accurate quantitative description of distribution of diffracted electron
traces on sensitive screen. It appeared that this description is of a very specific, probabilistic
nature. The midpoint thereof is E. Schrodinger’s quantitative y-formalism.

Stepwise it has been found that the primary cause of such an indeterminism is the hypothesis
of existence of the smallest indivisible energy quanta adopted by the microworld theory and
indeterminacy relation hypotheses arising thereunder. And since microphysics considered the
smallest indivisible quanta and indeterminacy principles to be objective factors of the material
world physicists thought that the problem of identification of world structure-related probability
laws had thus became completely and indisputably resolved. His has resulted in physicists
thinking that the problem of identification of substantial nature of wave-corpuscle duality needs
no further consideration.

Physical legends about the existence of indivisible quanta failed following the experiment by
scientists of the Nuclear Physics Institute of the Academy of Sciences of the USSR (Alma-Ata)



on scattering of a-particles on nucleonic structures of atomic nuclei of various chemical elements
[2]. It was a reproduction of Rutherford’s famous experiment but they processed the results using
the method of “Blair’s phases” [3] that had not been yet developed in Rutherford’s days.
Following such processing, they concluded that nuclei of all chemical elements feature
quasicrystalline structures . It means that distances between nucleons are quire definite and do
not change if there are no external influences. Hence, it is obvious that Planck's constant in
indeterminacy relations of the quantum theory is 7#=0.

It flows from these results that: the smallest indivisible quanta and indeterminacy principles
are not objective regularities of the material World but simply abstract computational
techniques of quantum physics. Hence, the fundamental assumptions of quantum physics
concerning the microworld structure are wrong, erroneous.

The quantum theory of microworld failed to understand this experimental fact because it
neglects the ambient resistance to motion of microobjects, and all of its mathematical models of
microobjects are conservative. For this reason, the quantum theory does not consider notions of
stability of states and unsteady processes to those states. However, the results given in [2] can be
understood only in a non-conservative theory that utilizes dissipative models [4,5].

A nucleus can have a quasicrystalline structure only if such structure is stable. And this can
only be the case if nucleons, when moving relatively to each other, are exposed to ambient
resistance that makes motional energy of nucleons be constantly decreasing.

Physics calls that hypothetic medium which elements are much smaller than nucleons ether.

In 1851, French physicist A.H.L. Fizeau set up a very simple and effective experiment to
verify the hypothesis of ether that is a material carrier of light waves. That was a convincing and
exquisite proof that the hypothesis is true [6]. However, physicists thumbed it down and tried to
disavow it using the concepts of light refraction at the interface of two media. This idea of
Fizeau’s opponents was very unsuccessful: it is the light refraction mechanism that can be
explained by the fact that the density of ether in air differs noticeably the same in water.

Physics perceived additional arguments in correlations of the special theory of relativity
(STR) to support the negation of Fizeau’s results [6]. However, the results of experiments on
acceleration of microobjects using powerful arrangements showed that quantitative correlations
of STR: m(v)=m(0)(1-v2c )" are wrong: according to these correlations, relative increments of
masses of electrons and protons, at their acceleration, should be equal. However, it appeared that,
within the same ranges of velocities, the masses of electrons increased by 2+3 orders while the
masses of protons increased only by 1.5 times.

The last attempt, of those we know, to obtain experimental evidence as to the absence of
ether in nature was made in 1881 by A.A. Michelson. However, it appeared that the experiment
was not in principle capable of giving an answer to the question of ether existence [7], and that
the theoretical interpretation of the expedriment results was so amateurish that it is even
awkward and unpleasant to speak about it. Nevertheless Nevertheless, all textbooks of physics
present this experiment as an example of the experimental art., all textbooks of physics present
this experiment as an example of the experimental art.

Purely experimental evidence of ether existence cannot be obtained using our instruments.
Material ether existence can only be proven by building adequate structural models of
microscopic objects which would account for ether resistance to motion of microobjects and by
identification methods of estimation of directly non-observable parameters of these models.

Atomic models accounting for ether resistance to motion of microobjects and magnetic
interactions among atom elements were have developed, their adequacy has been proven and the
coefficient of ether resistance to motion of electrons near stable, statistically equilibrium state of
non-excited protium atom has been estimated to be 1.5-10"° kg-s™*. Quantum physics basically
cannot obtain such results.



Proving of the existence of material ether interacting with microscopic objects makes it
possible to gain analogous understanding of the essence of wave-corpuscle duality in the
microworld.

First of all, let us focus on the fact that wave-corpuscle duality exists in the macroworld as
well. It is a well-known fact of aerodynamics, a physical discipline, that smooth laminar flow
past a solid body moving in the air at low velocities at sufficiently great velocities becomes a
vortex flow. These vortexes occur due to separation of the air layer adjacent to the solid body
surface. Within some range of velocities these vortexes occur with a strictly periodic sequence
inducing the corresponding wave formations accompanying the solid body in its motion. The
specific examples well-known to the general public are bullets hissing in flight, missiles, bombs
and shells howling in the air. The same phenomena induce flutter, destructive high frequency
vibrations of aircraft wing.

All these phenomena are directly observable manifestations of wave-corpuscle duality in the
microworld.

According to aerodynamic similarity the observable wave-corpuscle duality of moving
microobjects can be explained by the symbiosis of a microscopic object induced by the
microscopic object moving in ether at a considerably high velocity and wave formation in ether
accompanying the microobject it was induced by.

The macroworld and microworld wave-corpuscle duality feature the similarity described
above as well as distinctions of kind. Wave air formations are induced by macroscopic bodies
provided that velocities of these bodies exceed airborne sound disturbance propagation velocity.
Therefore airborne wave components of moving macroscopic bodies remain behind the bodies
they are induced by. Thereby there is no post-diffraction autointerference of moving solid bodies
in the macroworld.

Wave propagation velocity in ether is higher than velocity of the microobject inducing ether
waves it is accompanied by. Therefore ether wave components of moving microobjects partly
advance the microobject they are induced by. That is why the microobject interferes with its
wave component as soon as a diffraction obstacle has been cleared, i.e. post-diffraction
autointerference of moving microobjects takes place.

In the macroworld, post-diffraction interference can be observed in purely wave flows rather
than in flows of corpuscular bodies while intensities of interacting waves are summed in post-
diffraction interference of pure wave flows.

In case of post-diffraction interference of microobjects there is interaction of purely wave
formations with wave formations aggravated by inducing corpuscular components of moving
microobjects rather than interaction of purely wave formations. Therefore there are de Broglie
waves, i.e., probability waves determining probability characteristics of post-diffraction position
of microobjects, interfering in the quantitative description of post-diffraction interference of
moving microobjects rather than pure ether waves.

Now it is possible to easily and simply, at a detailed, eye-minded level, explain the
mechanism of diffraction of microobjects at two small opaque screen orifices located close to
each other.

A moving object with the main portion of its ether wave component is passing through one of
the orifices while only the corresponding fragment of this object ether wave component is
passing though another orifice. The subsequent interaction of the isolated fragment of the
microobject wave component with the main wave component aggravated by the microobject
itself actually determines the nature of further behavior of the diffracted microobject. The energy



of the isolated fragment of the moving microobject ether wave component is so small that our
measuring instruments cannot sense it.

I1. Nature of Magnetism
The quantum theory evolved after physicists had come to the conclusion of principal
impossibility of application of the classical physics techniques in the microworld theory. Such
conclusion was made following failed attempts to build adequate structural models of atoms.

New research has shown that the initial causes for physics failures to build adequate
structural models of atoms were two gross, conceptual mistakes made in the last and the one
before last centuries [7,8]. Namely, a wrong, false conclusion that the material World lacks ether,
a substance which is much smaller than electrons, and an improper refusal to consider magnetic
interactions among the microobjects in the microworld theory.

In 1821 Oersted found that there is a “circular” magnetic field occurring around a current
conductor. Based on this fact physicists concluded that magnetism results from motion of
electrical charges. Such a conclusion was actually the primary reason to disregard magnetic
interactions among the microobjects in the microworld theory.

New research made it possible to understand that “circular” magnetic field occurs around a
current conductor due to the motion of electrical charge carriers own magnetic fields rather than
due to the motion of electrical charges itself [8]. It was not quite simple. Oersted’s experiment
alone was not enough for this purpose. Firstly it had to be proven that the conclusion of the
absence of material ether in Nature is wrong. Then the generation mechanism of Lorentz forces
applied to electrons moving across the external magnetic field lines had to be identified at a
detailed, eye-minded level. Finally, based on collected extensive information on effects of
mutual collision of microobjects accelerated using accelerators, the composition and structures of
electrons, neutrons and protons had to be identified, again at a detailed, eye-minded level.

In microphysics it is assumed that magnetism does not exist as an independent phenomenon
but results from motion of electrical charges (here physicists have ignored the fact that neutrons
lack electrical charges while having their own magnetic fields). Therefore, microphysics
disregards magnetic interactions among the microobjects even though all microobjects have their
own magnetic fields.

The refusal to consider magnetic interactions among microobjects in the microworld theory
is primarily due to a superficial, shallow analysis of Oersted's experiment results. In 1821
Oersted found that there is a “circular” magnetic field occurring around a current conductor and
disappears when current off. Thus it was concluded that magnetism results from electricity.

In 1831 Faraday discovered electric current occurring in a closed conductor located in a
displacing external magnetic field and ceasing as soon as the external magnetic field is no longer
being displaced. According to the same logic as in the previous case, it should have been
concluded that electricity results from magnetism and hence electrical interactions among
microobjects in the microworld theory should not be considered.

As all electrical charge carriers have their own magnetic fields the motion of electrical
charges is accompanied with the motion of the corresponding magnetic fields.

Based on this fact in analysis of Oersted’s experiment results it had to be determined whether
electrical current carriers own magnetic fields are involved in a “circular” magnetic field
occurrence and if they are, how does it happen?

The magnetic field lines around a current conductor projected on a plane orthogonal to the
conductor form a system of concentric circles with the common center at the conductor middle
point. This follows from the position of chips in visualization of these lines as well as from the
fact that the magnetic needle is positioned at a tangent to these lines. And since the needle takes



up only one of two possible positions it is indicative of quite definite direction of “circular”
magnetic field lines.

Electrical current is typically generated by electron flows. Electrical current direction is
assumed to be opposite to electron motion. Therefore the direction of electron motion in a
conductor and the direction of “circular” magnetic field lines form a left-handed system as in a
left-handed thread [9].

Let us check if own magnetic fields of electrons moving along a conductor can create a
“circular” magnetic field with no electrical charges of electrons being involved. The direction of
“circular” magnetic field lines forms a left-handed system with the direction of electron motion.
Therefore own magnetic fields of electrons moving along a conductor can create the observed
“circular” magnetic field if the symmetry axis of the own magnetic field of each electron is
parallel to the conductor and if electron is circling this symmetry axis so that directions of this
electron motion and rotation form a left-handed system.

This all can be derived from Oersted’s experiment results. The following questions remain
obscure: is electron capable of taking on the properties above while in motion? If it is what is its
magnetic moment vector direction?

Let us assume that a moving electron is rotating in such a way that its rotation vector forms a
left-handed system with its translational motion vector. Which is the direction of its magnetic
moment vector in this case?

It was experimentally established that an electron moving at a velocity v in a plane
orthogonal to the lines of the uniform external magnetic field H is exposed to a force that is
distorting its trajectory. Lorentz set up an empirical formula according to which the force
mentioned above is proportional to the electron velocity v and to the intensity of the external
magnetic field /. The direction of Lorentz force applied to the electron is such that the electron
motion vector, the external magnetic field vector and the force vector form the left-handed
system.

There are number of factors which make a moving electron behaves like that. One of them is
forced in-motion rotation of the moving electron about its axis that lies on the symmetry axis of
the electron self-magnetic field. The second is associated with the fact that electron is a
diamagnetic substance (diamagnetics are pushed out from an external magnetic field). The third
is associated with the nature of ether flow past a moving electron.

In order to understand which is the direction of the electron magnetic moment vector u.
during the electron motion one should consider the fact that the moving electron is forced to be
in left-handed rotation about its self-magnetic field symmetry axis. Herewith one should take
into account that the electron is moving in an ethereal medium. Besides, it should be kept in
mind that electron is a diamagnetic substance.

The forced rotation of the moving electron about its self-magnetic field symmetry axis
induces a gyroscopic torque due to non-zero electron mass. The torque tends to keep the spatial
orientation of the electron rotation axis much as it happens with a rotating flying bullet.
Simultaneously, because of its diamagnetism the electron is subjected to stalling torque N
applied to the electron from the uniform magnetic field H orthogonally to u. and H vectors.

The torque N tends to turn the electron in such a way as to make u. magnetic moment vector
become opposite to the external magnetic field H. However, the forced rotation of such electron
about its self-magnetic field symmetry axis prevents N torque from overturning u. vector by
placing it along the lines of the magnetic field H. Instead, joint action of the electron forced
rotation and the stalling torque N makes the electron rotate at a constant angular rate wq in the
plane containing u. and N vectors (wg vector direction is the same as the one of H vector) [6].
The electron rotation is accompanied with rotation of u. vector and the electron self-magnetic



field symmetry axis, i.e. the electron forced rotation axis. It should be emphasized that u. vector
and the electron self-magnetic field symmetry axis remain in the plane orthogonal to H.

If an electron is spherical then the counter ether flow past the electron shall remain
symmetrical regardless of rotation of the electron and u. vector. In this case v vector direction
shall remain constant during the electron motion and the electron motion trajectory shall not be
distorted.

If an electron features a stretched, axisymmetric form which symmetry axis is also the
electron self-magnetic field symmetry axis, the nature of ether flow past such electron will be
generally different. It shall remain symmetrical if only v vector remains on the electron
symmetry axis.

The electron rotation induced by the torque N shall cause an angular misalignment of the
electron symmetry axis and v vector and to asymmetric counter ether flow past the electron.
Such an asymmetry induces Lorentz force and electron acceleration that changes v vector
direction. Consequently, the electron is moving across the lines of the magnetic field H so that
the electron symmetry axis and v vector are rotating simultaneously at the same angular rate.
Such motion takes place due to ether resistance to the electron motion and follows a spiral path
that is slowly converging to the equilibrium state. Each separate coil of such spiral path is little
different from a circle.

It was experimentally established that H vector direction and the direction of the electron
motion in a plane orthogonal to H vector form a right-handed system. In other words, according
to the experimental data, wg and H vectors are parallel to each other and have the same direction.
It is easy to prove that this can happen if only u. vector is opposite to v.

Thus, electron self-magnetic fields can induce a “circular” magnetic field around a conductor
with electron flow provided that when each free electron is moving at a velocity v the electron
self-magnetic field symmetry axis lies in the line containing vector v and electron is forced to
rotate around the axis at an angular rate w that is opposite to v. In this case a free electron can
move across the lines of the external magnetic field H along almost a circular trajectory at an
angular rate wq parallel to H vector and having the same direction as H if an electron features a
stretched, axisymmetric form rather than being spherical and if u. magnetic moment vector lies
on the electron symmetry axis and is opposite to v.

How should an electron work to have all these properties?

In order to figure out the way an object works one should know of what elements it consists
and how these elements are interrelated. There are two ways to solve this problem. The first is
based on collecting data without the object destruction (X-ray, ultrasound tests etc.). The second
one consists in complete disassembly or fragmentation of an object into constituent elements.

Various methods of radiographic inspection of electrons, neutrons and protons had no
success.

For the purpose of defragmentation of electrons there were powerful accelerators of
electrically charged microobjects developed. They were used to accelerate microobjects to very
high velocities in order to observe their collision effects. Observations of fragments left from
collision of microobjects had absolutely unexpected results. Masses of these fragments either
were greater than proton mass or greater than electron mass but smaller than proton mass. All
these “fragments” appeared to be extremely unstable. They turned into electrons, neutrons and
protons nearly instantly. No other stable microobjects were detected in this case.

Physicists found themselves in a very difficult situation with interpretation of the essence and
function of these “fragments” in the material World structure.

The understanding was gained after the conclusion that there is no ether that would interact
with microobjects exists in Nature had been proven false and there had been evidence of ether
existence obtained.



Since ether exists it should participate in formation of electron, neutron and proton structures.
There is no experimental data known that would contribute to developing the first hypothetical
ideas of their structure. But we have quite an efficient analogue method at hand.

What conclusions can be made based on the assumption that electron consists of ether
elements and is some kind of “ethereal cluster?

There are four possible states of matter know in the macroworld and microworld: solid,
liquid, gaseous and plasmatic. In which of such states can electron ether exist?

Can electron be like to a solid body?

It is common knowledge that all stable microworld and macroworld objects consist of
neutrons, protons and electrons. Therefore the entire multitude of microworld and macroworld
objects forms by their masses a continuous spectrum emie he accuracy of neutron mass mn.

If objects consisting of ether elements have similar properties against primitive ether objects
there should stable microobjects exist being heavier than electron mass m. but lighter than proton
mass m,. However, none of such objects have been ever observed experimentally. Hence it is
possible to conclude that objects consisting of ether elements feature a structure different from a
solid body structure. Therefore, neutrons, protons and electrons cannot have solid structures.

Another argument for electron structure being different than a solid body structure consists in
solid bodies’ processability. However, electron disintegration into smaller stable units has not
been observed in any experiments.

Free, spatially localized macroworld objects that have liquid structure (rain drops etc.) do not
have the required stability to be a sort of a prototype for electron structure.

There are only gaseous and plasmatic objects left which would serve as analogues to gain
understanding of microworld elements structure. At first sight the assumption that primitive
microobjects feature gaseous structures seems not only doubtful but absolutely absurd. Though
doubts start growing feebler once such phenomena as atmospheric vortexes (tornados) are
recalled.

Atmospheric vortex is a highly ionized air formation somewhat similar to a solenoid in
operation. It is quite resistant to exposure but can exist only in sufficiently dense atmospheric
layers of the planet. A critical factor for its existence is a sufficient ionization of its ambient air.

Atmospheric vortex consists of an axial channel and spiral jets of ionized air coiling around
it. lonized air elements have their own magnetic fields. That is why ionized air motion along
spiral jets induces a powerful magnetic stream in the vortex axial channel. This happens in the
same way as a magnetic stream formation in the axial channel solenoid through coils of which
electric current is flowing.

Magnetic stream in the vortex axial channel is carrying the ionized air flow due to which
there is a left-handed “circular” magnetic field generated and maintained around the vortex axial
channel. That is why spirals air jets coiling around the axial channel are also left-handed. The
“circular” magnetic field makes ionized air move in spiral jets around the axial channel and thus
the circle of magnetic interactions in the atmospheric vortex becomes complete.

The reason for a high stability of atmospheric vortexes consists in the fact that ionized air
flow velocity in the vortex axial channel is higher than beyond the channel. Therefore, air
pressure inside the axial channel is lower than beyond the channel. Such pressure difference is
the cause for the air moving in spiral jets around the axial channel being kept around the channel
despite centrifugal effects.

Atmospheric vortex is the peculiar kind of a gigantic pump that circulates the ambient air. Its
stability depends on the ambient air density and ionization degree. It is no wonder that vortexes
normally originate above the vast of ocean where air is highly ionized and cease to exist where
air ionization is insufficient to maintain their shape.



The assumption that electron structure is similar to the one of atmospheric vortex allows for
obtaining answers to the remaining questions.

Electron in the form of vortex ether is on the one hand similar to a solenoid in operation and
on the other hand to an operating flow-through engine. There are adequate masses of outer ether
being continuously pumped through its axial channel in the same direction as the magnetic flow
direction in the axial channel, i.e. the electron magnetic moment vector direction. Thus, a
moving electron is exposed to a moment of forces acting from outer ether side which makes the
electron turn in such a way that its magnetic moment vector direction was opposite to the
electron motion direction.

Spiral ether jets of ethereal jet are left-handed. Therefore, a moving electron is also exposed
to a moment applied from outer ether side which makes the electron rotate about its symmetry
axis so that its motion direction and rotation direction form a left-handed system.

The results above confirm that a circular” magnetic field in Oersted's experiment is induced
by electrical current carriers own magnetic fields rather than by electrical charges of these
carriers, that a moving electron starts rotating counterclockwise about its symmetry axis and that
the moving electron magnetic moment vector direction is opposite to the motion direction.

The discovery of the fact that electron has a vortex-like ethereal structure allows for
explaining a number of other factors.

The analysis of electron own magnetic field carried out using identification methods based
on the known electromagnetic spectrum of helium-4 atoms shown that electron own magnetic
field features an extremely thin compact axial jet. In view of the foregoing electron is similar in
its shape to a very thin and long operating solenoid which magnetic field has a thin, spoke-like
axial jet. Both these results correlate well with each other.

Identification of electron structure allows for coming up with an adequate understanding of
results of experiments involving collision of microobjects. A vortex-lie ethereal object mass
depends on density of ether around it. When such object is moving density of the counter-flow of
ether is increasing with increase in velocity. Therefore, with increase in ethereal vortex velocity
its mass is increasing out of additional ether volumes dragged-in.

By means accelerators it has been observed that electron mass is increasing by a factor of
2+3 while masses of neutrons and protons are increasing by max 1.5 times. In terms of the
relativity theory such a disproportion is absolutely incomprehensible.

This is explained by the fact that electron and neutron structures are very different. Electron
is like a long straight solenoid which axial channel is open for outer ether (Fig. 1). That is why
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a variation in outer ether density has such a strong effect on electron mass. As for neutron it is
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Fig. 2. Neutron



a closed circular ethereal vortex (Fig. 2) . Therefore, the axial channel of neutron ethereal vortex
Is separated from outer ether by a multitude of spiral ether jets. This difference in shapes of
electrons and neutrons is actually the cause for varied sensitivity of masses of electrons and

neutrons to their motion velocity.
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Fig. 3. Proton

With decrease in the ethereal vortex motion velocity the ethereal vortex counter-flow density
is decreased and excessive ether volumes are released. That is why after acceleration of
microobjects their velocities are sharply decreasing due to ether resistance to their motion and
electrons, neutrons and protons which grew in size at acceleration recover to their normal
masses.
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BrisiBeHa cyOcTaHIMOHaNbHAS HPHUPOJA KOPITYCKYJSPHO-BOJIHOBOTO Jyaln3Ma B MHKPOMHpE. YKa3aHbI
IPUHLMIIAAIbHBIC PA3JIAYUS MEKIY KOPILYCKYJISIPHO-BOJHOBBIM Jyaau3MOM B MUKPOMUPE U B MAKPOMHUPE.

yCTaHOBJ'IeHO, YTO MAarHvuTHOC I10JIE BOKPYI' IPOBOJAHUKA C BJICKTPUYECKUM TOKOM BO36y>K,HaeTC5I JBH)KCHUCM
COOCTBEHHEIX MArHUTHEIX IOJE€H HOCHUTEEH QJICKTPHUUCCKUX 3apsA0B, a HE JABUKCHHUCM JJICKTPUUCCKUX 3apsA10B
HOcuTelel Toka. BEIABIEH MEXaHU3M BO3HUKHOBCHHS CHII HopeHua, L[eflCTByIOHlI/IX Ha 3JICKTPOHBI, ABUIKYIIHUCCI
MOTIepeK JMHWN BHENMIHET0 MarHuTHoro monda. OOHapyXeHO, 4YTO SJCKTPOHBI W HEHUTPOHBI 00IamaroT
CMepYenonoOHBIMH  3QUPHBIMHA ~ CTPYKTYypaMH, CTAaOWIBHOCTH KOTOPHIX  OOeCmedmBaeTCs MAarHUTHBIMA
B3aUMOACUCTBUSMU.

°
I. Kopnycky/isipHO-BOJIHOBO# Tyajiu3M
B MAKPOMMpE H B MUKPOMHpe:
CXOACTBA M Pa3JINUMS

KopnyckynsspHO-BOJIHOBOU yaJiu3M MHUKPOOOBEKTOB 00Jiee BEKa OCTAETCS OJIHUM U3 CaMbIX
MHTPUTYIOIIUX CBOMCTB MHKpoMupa. Jleno B TOM, YTO OOBEKTHl MUKPOMHpA MPOSBISIOT, KaK
IIPABUJIO, CBOMCTBA KOPITYCKYJIIPHOCTH - CBOMCTBA CTPOTO JIOKAIM30BaHHBIX OOBEKTOB, U, B TO
)K€ BpeMs, B CICHUAIbHBIX  YCIOBUSX, HPOSABISIIOT CBOMCTBA  IPOCTPAHCTBEHHO
pacIpeneseHHbIX, IPOCTPAHCTBEHHO HEOIPAHUYEHHBIX CpE/l.

KopmyckynspHO-BOJTHOBBIE CBOHCTBA MHKPOOOBEKTOB OOHAPYKEHbI B IUMPAKIMOHHBIX
HKCIEPUMEHTAaX — MPU MPOXOKICHUU JBHKYLIUXCSI MHUKPOOOBEKTOB 4epe3 Y3KHE OTBEpCTHS,
yepe3 KPUCTAJUIMYECKUE PEIIeTKU, BOIU3U KpaeB Tew,... . MUKPOOOBEKTHI, MPOIIEIIINE Yepe3
TUQPaKIMOHHBIE TPEnsITCTBUs  (MpoaudparupoBaBIIie MHKPOOOBEKTHI) OCTABISAIOT HA
HAOII0/IATEIbHOM DKpaHe TOYEYHBIE CIIE/bl, CBUACTEILCTBYIOMNE 00 UX KOPILYCKYJISAPHOCTH, a
paclpeneiieHHe MHOKECTBA CJEJN0B HAIOMMHAET, II0 CBOEMY XapakTepy, paclpenciieHHe
MHTEHCUBHOCTEH MpoAu(parupoBaBIIMX YHCTO BOJTHOBBIX IIOTOKOB.

OKCHEpUMEHTAIIbHO YCTaHOBJIEHO, YTO KOPIIYCKYJIIPHO-BOJIHOBBIE CBOWMCTBA IPOSBISET
KaXKIBIA OTJENbHBIN MpoaudparupoBaBIInii MUKPOOOBEKT.

.

CybcTaHunoHanbHas IpUpoia MUKPOOOBEKTOB JI0 CUX MOp He u3BecTHA. KBaHTOBas pusnka
CYMTAET, YTO MHUKPOOOBEKT HE SBIAETCS HU YHUCTOW KOPIYCKYJIOW, HM YHCTOW BOJIHOW, HH
KaKOH-TO KOMOMHAIMEeH YaCTULIbI U BOJHBI, U YTO OH SIBISETCS 0OBEKTOM, CTPYKTYpa KOTOPOTO
BOOOIIIE HENOCTYIIHA HalleMy MoHuMaHuio. /o cux mop ocTaércsi He MOHATHIM MEXaHU3M
POXOXKJICHUS ABMKYLIMXCS MUKPOOOBEKTOB Uepe3 TU(PPaKIMOHHbIE TPENATCTBUA.

3HaMEHUTHIN amepukaHckuil ¢usuk P.DeliHMaH, oAMH U3 sApyalllliuX MpeacTaBUTENen
(bu3MUecKoil ANMUTHI, paccKa3biBas B MOMYJAPHON JEKIUH O TU(PPAKIMOHHBIX IKCIEPUMEHTaX C
MHUKPOOOBEKTaMH, TOBOPUIL: «.... HE My4aiTe ce0s BompocoM: «Ho kak ke Tak MOXeET OBITh?»,
00 B MPOTUBHOM ciTydae Bl 3aiiere B TyNuK, U3 KOTOPOToO €€ HUKTO He BbIOpasics. Hukro He
3HAET, KaK )K€ TaK MOXeT ObITh» [1].

.

He nmocturnyB nmoHMMaHHsI IPUPOABI KOPIYCKYJISPHO-BOJHOBOIO JyalM3Ma 3JIEKTPOHOB,
(GU3UKH CMOIJM TMOCTPOUTH JOCTaTOYHO TOYHOE KOJMUYECTBEHHOE ONMCAHHWE pacIpeesIeHus
CJIEI0B NPOAU(PArupoOBaBLINX 3JIEKTPOHOB Ha UYyBCTBUTEIBHOM 3KpaHe. Oka3anoch, 4TO 3TO
OTHMCaHNE HOCHUT BeChbMa CelUPHUECKUil geposmHuocmublil XapakTep. L{eHTpaabHbIM MOMEHTOM
B 9TOM OIMCAHWH SIBJISIETCS KOJIMYECTBEHHBIN y-popmanusm O.1Ipeaunrepa.

IlocTeneHHO BBIACHWIOCH, YTO IEPBONPUYUHON ITOr0 UHIAECTEPMUHU3MA SIBJIAECTCS TUIIOTE3A
CyIIECTBOBAaHUSl HAWMEHBIINX HENEIUMBIX KBAaHTOB JHEPIUH, NPHUHATAs HA BOOPYKECHHE
TEOpUel MUKPOMHUPA, U BBITEKAIOLIME U3 3TOM TMIOTE3bl COOTHOILIECHUS HEONPENEIECHHOCTEN. A
Tak Kak (u3MKa MHKpPOMHUpA IOCUMTala HAaWMEHbILINE HENEIMMble KBAHTHI M COOTHOIIEHUS
HEOIpeaeIeHHOCTeH OOBEKTHUBHBIMU  (aKTOpaMU MaTepUalbHOTO MHpa, TO (U3HKaM
M0Ka3aJoCh, YTO MpoOJieMa BBIICHEHUS MPHUPOJbI BEPOSTHOCTHBIX 3aKOHOB YCTpOICTBa MHpa
NoJyyujia TeM CaMbIM 3aKOHUYEHHOE, OeccriopHoe peuieHue. B pesynbraTe 3TOro (HU3MKU
MOCYUTAIN, YTO TpobiieMa BBIICHEHHUS CYOCTaHIIMOHAIBLHOM MPHUPOABI KOPIYCKYJISPHO-
BOJIHOBOT'O JlyajiM3Ma JIaIbHEHIIIEro pacCMOTPEHUS He TpeOyeT.



@uznyeckue JEreHAbl O CYIIECTBOBAHWU HEIENMMBbIX KBAaHTOB PYXHYIU B pe3yibTare
npoBeaeHuss cotpyaHukamu Hucturyra Spepuoit ®dusuku AH CCCP  (Anma-Arta)
9KCIIEPUMEHTA 0 PACCESTHUIO (-YaCTHI[ Ha HYKJIOHHBIX CTPYKTYpaxX aTOMHBIX JI€p pa3iHuHbIX
XuMHIeckux 31emMeHToB [2]. Tlo ¢opme, 3T0 ObLUTO MOBTOPEHHEM 3HAMEHUTOTO IKCIEPUMEHTA
2.Pesepdopna, Ho HabI01aeMble Pe3yJIbTaThl JUGPAKIIMOHHOTO paccessHUs ObUTH 00paboTaHBI ¢
nomotipio Metona «da3 bmpay [3], Bo Bpemena Pesepdopna emé ne m3BectHoro. O6padoTka
9TUX IKCIEPUMEHTAJIbHBIX PE3YJIbTaTOB OOHApPYKUJIA, YTO SApa BCEX XMMHUYECKUX DJIEMEHTOB
00a/1al0T KBa3UKPUCTAINIMYECKUMHU CTPYKTypaMH. OTO O3Ha4yaeT, 4YTO PACCTOSHUS MEXIY
HYKJIOHAMH $ipa UMEIOT BIIOJIHE ONPE/CJICHHbIC 3HAUYEHUS U HE MEHSIOTCS, IPU OTCYTCTBUU
BHEIIHUX Bo3jaercTBHUil. CieloBaTesbHO, B COOTHOILIEHUAX HEOMNPEIEICHHOCTE KBaHTOBOU
TeopuH, BelmurnHa noctossaHor M.I1nanka /=0.

W3 3TuX pe3ynbTaToOB CIENYET BBIBOJ: HaAUMEHbUiUe HeOeluMble KEaHmMbvl U COOMHOULeHUs]
HeonpeoeslenHocmell — He 00beKMUHble 3aKOHOMepHOCmU Mamepuaiviozo Mupa, a éce2o nuuib
abcmpakmmusie  GubluUCIUMENbHblE — npuembl  Kéanmosou  ¢usuxku.  ClenoBaTenbHo,
dbyHIaMeHTallbHbIE MPEICTAaBICHUsI KBAaHTOBOM (U3UKH 00 YCTPONCTBE MUKPOMHpA HEBEPHBI,
OIINOOYHBI.

.

Jl1s KBaHTOBOIM TEOpUH MHKPOMHUpPA ATOT 3KCIEPUMEHTANIbHBIN (DaKT OKazajcsi HENOHSTEH
M3-3a TOrO, YTO CONPOTHUBIIEHHWE BHEIIHEH Ccpelnbl IBUKEHHIO MUKPOOOBEKTOB B HEH He
YUUTBHIBAE€TCSI U BCE €€ MaTeMaTU4YeCKUEe MOJENIM MHUKPOOOBEKTOB KOHcepBaTUBHBIL. [lo aTol
MPUYMHE, B KBAHTOBOM TEOPHH MOHITHUS YCTOMUYUBOCTH COCTOSIHUN M MEPEXOIHBIX MPOLIECCOB K
TUM COCTOSIHUSIM HE paccMmaTpuBaioTcs. [loHumanue ke pe3ynbTaToB, NMPUBEICHHBIX B [2],
MOJKET OBITh JJOCTUTHYTO TOJILKO B HEKOHCEPBATHUBHOM T€OPUHU, UCTIONB3YIONIEH NUCCUTIAaTHBHBIC
Monenu [4,5].

SAnpo MoxkeT 00s1aaTh KBa3UKPUCTAILTUYECKON CTPYKTYPOH TOJIBKO B TOM Cllydae, eciu 3Ta
CTpPYKTypa ycToHuMBa. A 3TO MOXET ObIThb TOJIBKO B TOM CIy4yae, €ClIM HYKIIOHBI sJipa, MpU
JIBUKEHUH OTHOCUTEIBHO JIpYr Jpyra, HCHBITHIBAIOT, CO CTOPOHBI BHEIIHEH Cpelbl,
COIPOTHUBIIEHUE, Oaroapsi KOTOPOMY SHEPTHUs ABUKEHUSI HYKJIOHOB HEYKJIOHHO YMEHBIIAETCS.

.

['unoreTnueckyo cpeny, 3JIEMEHTbl KOTOPOHl HAaMHOrO MeJb4e HYKJIOHOB, B (u3UKe
Ha3bIBAIOT — up.

B 1851r d¢pannysckuit ¢usuxk A.M.JL.®Ouzo moctaBusl Upe3BBIYAMHO TMPOCTOH U
3¢ (HEeKTUBHBIN IKCIEPUMEHT JI MMPOBEPKU THUIOTE3bI O CYIIECTBOBAHUU d(PUPa, SBISIOUIETOCT
MaTepuajibHbIM HOCHUTEIEM CBETOBBIX BOJH. OJTO ObUIO yOEAUTENbHOE U  M3SLIHOE
JI0Ka3aTeIbCTBO MCTUHHOCTH 3TOM rumore3bl [6]. OngHako, (U3MKKM €ro He OLEHWIH, a
MOMBITAINCH J1€3aBYHPOBATh C MOMOUIBIO MPEACTAaBICHUN O MPEJIOMJIEHWH CBETa Ha TIpaHuULe
IBYX cpeld. Ota ujes onmnoHeHToB Pu3zo ObUla O4YeHb HeyAayHa — BeAb 3TO MEXaHMU3M
IPEJIOMJIEHUSI CBETa MOXHO OOBSICHUTH TE€M, YTO IUIOTHOCTH 3(Hpa B BO3AYXE 3aMETHO
OTJIMYAETCA OT €ro IVIOTHOCTH B BOJE.

JIOTIONIHUTENBHYIO apryMEHTAllMI0 B TOJb3y OTpHUIaHMs pe3ynbratoB duzo, (usuku
YCMOTpEIN B COOTHOIIEHUSX CIEHUANbHON Teopuu oTHocuTenbHocTH — CTO [6]. OpnHako
pe3yJbTaThl SKCIIEPUMEHTOB 1O Pa3rOHy MHUKPOOOBEKTOB Ha MOIIHBIX YCKOPHUTENSX MOKa3aiH,
yTO KonmuecTBeHHble cooTHomenns CTO: m(v)=m(0)(1-v?c2)"° HeBepHBI — COTTACHO THM
COOTHOILEHUSIM, OTHOCUTEIbHBIE IPUPAILIEHUS MacC 3JEKTPOHOB M MPOTOHOB, NMPHU UX pas3roHe,
JTOJKHBI OBITH paBHBI. OJIHAKO, OKA3aJoCh, YTO, B OJHUX M TEX KE JMANa30HaX CKOPOCTEH,
Macchl DJJIEKTPOHOB yBEIMYMBAIUCH Ha 2+3 Tmopsaka, Torga Kak Macchl IPOTOHOB
YBEJIUYMBAINCH BCEro Julllb B 1,5 pasa.

[Tocnennsisi, W3 W3BECTHBIX, IOMbBITKA TMOJYYUTh SKCIEPUMEHTAIBHOE JOKa3aTEIbCTBO
orcyrcTBus »dupa B Ilpupone Obuna mpeampunara B 1881r A.A.Maiikensconom. Onnako,
0Ka3ajJoch, 4YTO 3TOT OSKCIEPUMEHT HE CHNOCOOEH, B MPHUHIMIIE, OTBETUTh HA BOIPOC O
cyuiectBoBaHMM d¢pupa [7], W 4YTO TeopeTuyeckas HWHTEpHpeTalys pe3yJbTaToB 3TOrO
HKCIIEPUMEHTA BBINOJIHEHA HACTOJBKO HEKBATU(UIIMPOBAHHO, YTO 00 3TOM OYEHb HEIOBKO U



HENpUATHO TOBOpUTh. TeM He MeHee, BO BceX (U3NYECKUX Y4EeOHMKaX, 3TOT HKCIEPHUMEHT
IpeCTaBJIeH Kak 00pasel SKCIIEpUMEHTAILHOIO HCKYCCTBA.
.

Uncro sKCHepUMEHTANIbHbBIE J0Ka3aTelbCTBA CYIIECTBOBAHUS 3(Hpa ¢ MOMOIIBI0 HAIINX
nprOOPOB NOJYYUTh HEBO3MOXKHO. [losyueHne qoka3aTenabCcTB CyLIECTBOBAHHMS MaTEpUAIbHOTO
apupa BO3MOXKHO TOJBKO C TOMOINBIO IOCTPOCHHS aJCKBAaTHBIX CTPYKTYPHBIX MOJEIen
00BEKTOB MUKPOMHPA, YUUTHIBAIOIIUX CONPOTUBIEHUE 3(pUpa IBUKEHUIO MUKPOOOBEKTOB, U C
MOMOIIBI0  MJICHTU()UKAMOHHBIX METOZOB OLEHKH HEMOCPEJACTBEHHO HEHA0II0/1aeMbIX
apaMeTpoB ITUX MOJeNeH.

Mogenn aToMoB, YYHUTHIBAIOIIME CONPOTHBICHHE 3(pUpa JABHKECHHIO MUKPOOOBEKTOB W
MarHuUTHbIE B3aUMOJEHCTBHUS MEXKAY 3JEMEHTaMM aToMa, IOCTPOEHBI, JI0Ka3aTelIbCTBA HUX
a/ICKBaTHOCTU TONYYECHbI, M OIEHKa KO3((UIMEHTAa CONPOTHBICHUS 3(upa ABIKESHHIO
JJIEKTPOHA, B OKPECTHOCTH  YCTOMYMBOI'O  CTAaTUYECKM  PABHOBECHOTO  COCTOSIHMS
HEBO3OYKJIEHHOTO aToOMa MpoTHs, BhUMcIeHa. OHa okasamack paHO# 1,5-10°kr-c.
KBanToBas (pm3nKa NOJYyYUTh TaKHE PE3Yy/IbTaThl HECIIOCOOHA B IIPUHIIMIIE.

.

[Tony4yeHue oka3aTeabCTBA CYIIECTBOBAHUS MaTepHaIbHOIO 3(hupa, B3aUMOACHCTBYIOLIETO
¢ oOBeKTaMu MHUKPOMHpA, T[O3BOJSET JIOCTHUYb AHAJIOrOBOIO IIOHMMAaHHUS CYIIECTBA
KOPITYCKYJISIpPHO-BOJTHOBOT'O J1yajl3Ma B MUKPOMUDE.

OOpatumMm, mOpexzae BCEro, BHUMaHME Ha TO, UYTO KOPIYCKYJSIPHO-BOJIHOBOH ayasiu3m
CyllecTBYeT U B Makpomupe. B aspoaumHamuke, ofHONW W3 (PU3MYECKUX AMCLUUIUIMH, XOPOLIO
M3BECTHO, YTO IUIABHOE, JIJAMUHAPHOE OOTEKaHHE TBEPJOrO TeJa, ABMXKYILErocs B BO3JIyXE C
HEOOJIBIIMMU CKOPOCTSIMHM, CMEHSIETCS, NPH JOCTAaTOYHO OOJBIIMX CKOPOCTSX, BHUXPEBBIM
oOTekaHueM. OTH BHXpH OOpa3yloTCs 3a CUET OTphIBA CJIOS BO3[yXa, MPHUMBIKAIOIIETO K
IOBEPXHOCTU TBEPAOro Tejna. B HEKOTOpOM HMHTEpBajle CKOPOCTEHl 3THM BUXPH BO3HUKAIOT CO
CTPOTrO MEPUOJUYECKON IOCIIE0BATEIbHOCThIO, MOPOXKJIasi COOTBETCTBYIOIME BOJHOBBIE
o0pa3oBaHus, CONPOBOXKJAIOIIME TBEPAOE TEJIO B €ro JBWXKEHUU. KOHKpEeTHBIMM, XOpOIIO
M3BECTHBIMH LIMPOKON IMyOJIMKe, IpUMEpaMu SIBJSIOTCS CBUCTSIINE B IOJIETE IMYJIH, BOIOLIUE B
nojere cHapsabl, OOMObI W MHHBI. OTHMH >K€ SBJICHUSAMH THOpOXaaeTcs M ¢ruarrep —
pa3pylIaroire BbICOKOYaCTOTHBIE BUOpAIIMM CAMOJIETHOTO KpbLia.

Bce »o5Tu  coObITMS  SABISIOTCS  HEMOCPEICTBEHHO  HAONIOJAEMBIMH  MPOSBICHUAMU
KOPITYCKYJISPHO-BOJIHOBOT'O JyaJli3Ma B MAaKpOMUDE.

.

CornacHO  a’pOAMHAMHUYECKON  aHaJOruHM, HaONIOAAeMbIil  KOPIYCKYJISPHO-BOJIHOBOM
yalnu3M JBWKYIIUXCS MHKPOOOBEKTOB OOBSACHSAETCS BO3HHMKAIOIIUM, IPHU JBMXKEHHM, C
JIOCTaTOYHO BBICOKOM CKOPOCTBIO, MHUKpPOOOBEKTa B 3¢upe, cUMOMO30M 3TOro 0OBEKTa C
BOJIHOBBIM 00pa30BaHuEM B 3(hUpe, COMPOBOKAAIONIUM BO30YXKTAIOLINI €ro MUKPOOOBEKT.

.

Mexy KOpIYCKYJISIpHO-BOJIHOBBIM JyaJU3MOM B MAaKpOMHUPE M B MHKPOMHUDE €CTh HE
TOJIKO OTMEUEHHOE CXOJICTBO, HO W NPHUHLUINHUAIbHBIE pa3inyus. BoJHOBBIE BO3TYyIIHBIE
00pa3oBaHUs BO30YKJAIOTCSI MAaKPOCKOIMYECKHUMHU TeJIaMH, €CIIM CKOPOCTH JABMKEHHS ATUX Tell
BbIIlIE CKOPOCTH PaclpOCTpaHEeHHs] 3BYKOBBIX BO3MYIIEHUH B Bo3ayxe. [loaTomy Bo3mymiHble
BOJIHOBBIE KOMITOHEHTHI ABIKYIIMXCS MaKPOCKONUYECKHX TEJl OTCTAIOT OT BO30YXIAIOUINX HX
ten. M3-3a aToro moctauppakiuOHHON aBTOMHTEP(EPEHIUH JBHKYLUIUXCS TBEPAbIX Tl B
MaKpOMHUPE HET.

CKopocTh pacpoCTpaHeHusl BOJIH B AUpPE BBILIE, UEM CKOPOCTb JIBUKEHUS MUKPOOOHEKTA,
BO30Y)KJAIOIIEro CONpPOBOXAAoLMe ero 3pupHble BOJHBL. [lo3TOMYy 3(UpHBIE BOJIHOBBIE
KOMIIOHEHTBI JABMXKYIIUXCS MHUKPOOOBEKTOB YACTUYHO OMNEPEk AT BO3OYKIAIOMMM X
MHUKpPOOOBEKT. VIMEHHO TOITOMY TOCIE TMPOXOXKACHUS TUPPAKIMOHHOTO MPENSATCTBUA
BO3HUKAET MHTep(hEepeHIns] MUKPOOObEKTa CO CBOEH BOJHOBOW KOMIIOHEHTOM, T.€. BO3HUKAET
noctAu(pakMoHHast aBTOMHTEp(EpEeHLINs ABUKYIIMXCS MUKPOOOBEKTOB.



B wmakpomupe mocTamdpakimonHas WHTephEpeHIus HaOMogaeTcss HE B IOTOKax
KOPITYCKYJIIPHBIX T€l, & B YHUCTO BOJIHOBBIX TOTOKax. [Ipw 3TOoM, B mocTaudpakimoHHON
UHTEp(EepEeHIIM YHUCTO BOJHOBBIX IIOTOKOB TPOHMCXOJUT CJIOKEHHE HHTEHCUBHOCTEH
B3aMMO/ICHCTBYIOIINX BOJIH.

[Ipu  moctanudpaknuoHHOW  HWHTep)EpEeHIMH  MHKPOOOBEKTOB,  MEXAy  coOOu
B3aUMOJICHCTBYIOT HE OJHOPOJHBIC, YHUCTO BOJIHOBBIE OOpa3OBaHWs, a YHCTO BOJHOBBIC
o0pa3oBaHMsi C BOJHOBBIMH OOpa30BaHUSIMU, OTATOLICHHBIMU  MOPOXKIAIOUIMMH  3TH
00pa3oBaHUs KOPITYCKYJISIPHBIMH KOMITOHEHTaMH JIBIIKYIIUXCS MHUKpPOOOBEKTOB. [loaTomy B
KOJIMYECTBEHHOM OIMHCAaHUU nocTIu(PaKIUOHHON  MHTep(EepeHIH  JBHXKYLIUXCS
MHUKPOOOBEKTOB HHTEPPEPUPYIOT HE YHCTHIE 3(PUPHBIC BOJIHBI, a «BOJHBI J¢ Bpoilyish» - BOIHBI
BEPOATHOCTH,  OMNPEACISAIONIME BEPOSTHOCTHBIE  XApPAKTEPUCTHKH  IMOCTAU(PPAKIIMOHHOTO
MOJIOKEHUS MUKPOOOBEKTOB.

.

Tenepb MOXXHO JIETKO M IIPOCTO, HA JIETATHHOM, HATJISAHO-00pa3HOM YPOBHE PAcCKa3aTh, KakK
MPOUCXOIUT AUPPaKIUI MHUKPOOOBEKTOB HAa JIBYX MAaJIEHbKHX OJHM3KUX OTBEPCTUSAX B
HETPO3PaYHOM SKpaHE.

JIBUKyIIHiics MUKPOOOBEKT, C OCHOBHOW 4YacThiO CBOEH >(UpPHOI BOTHOBOW KOMIIOHEHTHI,
OPOXOAUT dYepe3 OJHO U3 OTBepcTHil. Yepe3 aApyroe OTBEpCTHE MPOXOAHMT TOJIBKO
COOTBETCTBYIOIIUKA (parMeHT ero d(dupHOil BOIHOBOW KommoHeHThl. [locnenyromiee
B3aUMOJICUCTBUE 000coOuBIIErocs (¢parMeHTa BOJHOBOM KOMIIOHEHTBHI MHKPOOOBEKTa C
OCHOBHOI BOJIHOBOW KOMIIOHEHTOW, OTSTOIIEHHON CaMHUM MHUKPOOOBEKTOM, U OMpeelseT
XapakTep NaTbHEHUINEro MOBEACHHS MPOAUParupoBaBIIero MHUKpOoOBbekTa. O00coOUBIIUAICS
bparmeHT 3(pUpHON BOJTHOBOW KOMIIOHEHTHI JABIKYILETOCsS MUKPOOOBEKTa 00J1aJaeT HaCTOIBKO
MaJIOi SHepruei, 4To HaIlK HaOJII0JaTeIIbHBIE YCTPOWCTBA HE B COCTOSIHUH €T0 TOYYBCTBOBATb.

Il. IIpupona maruerusma

KBantoBass Teopusi moiyumia pa3BUTHE MOCIE TOro, Kak (PU3UKH MPUIUIM K BBIBOAY O
NPUHLMIIAAIBLHOW HEBO3MOXKHOCTH NPHUMEHEHHUS METOJOB KJacCHYecKol (U3MKUM B TEOpUU
MHUKpOMHpa. DTOT BBIBOJA ObUI ClieJIaH IOCJE€ HeyJad B MOMbITKaX MOCTPOEHUS aJeKBAaTHBIX
CTPYKTYPHBIX MOJIEJIEH aTOMOB.

HoBble wuccrnenoBaHusi MOKa3ajdd, 4YTO MCXOJHBIMM TPUYMHAMHU HeyAady (QHU3UKU B
MIOCTPOCHUU  aJeKBATHBIX CTPYKTYPHBIX MOJENell aTOMOB IMOCIYXWIU JBE TIpyOble,
NPUHIUNHAIBHBIE OIIMOKH, JOMYIIEHHbIE B MPOIUIOM M IMO3ampoluioM Bekax [7,8]. 1o —
HEBEpHOE, OIMMOOYHOE 3aKJIIOUYeHHEe 00 OTCYTCTBHM B MaTepHalibHOM Mupe »sdupa —
cyOCTaHIIMM, HaMHOro OoJjiee MEJNKOW, YeM D3JEKTPOHbI, W OLIMOOYHBIH OTKa3 OT Yyd4eTa
MarHUTHBIX B3aUMOJECHCTBUI MEXIy MUKPOOOBEKTAMH B TEOPUU MUKPOMHUPA.

.

B 1821r Opcren oOHapy»ui, YTO BOKPYT IPOBOJAHMKA C DJIEKTPUUECKUM TOKOM BO3HHMKAET
«KpyroBoe» MarHuTHoe mnosie. M3 3toro ¢gaxra (u3MKy BBIBEIM 3aKIIOYEHHE, YTO MarHETU3M
ABJIIETCSL CJIECTBUEM JBM)KEHUS JJIEKTPUYECKUX 3apsoB. OTOT BBIBOJ M IMOCITYXHI
NEPBONPUYMHON OTKa3a OT y4yeTa MAarHUTHBIX B3aUMOJEHCTBUN MEXIYy MHUKPOOOBEKTaMU B
TEOPUU MUKPOMHUPA.

Hogele nccnenoBanus [8] mo3BoaWIN MOHSTH, YTO «KPYTOBOE» MAarHUTHOE IOJIE€ BO3HUKAET
BOKPYT NMPOBOJHUKA C TOKOM HE BCIEACTBHE ABUKEHHS SJIEKTPUUECKUX 3apsAJ0B, a BCIEICTBUE
JIBMDKEHUSI COOCTBEHHBIX MAarHUTHBIX MOJIEH HOCUTENEH 3JIeKTPUUECKUX 3apsAaoB. ITO ObUIO He
coBceM mpocto. OHOro IKCIEepUMEHTa DpCTeia 0Ka3aloch JUIsl 3TOro HegoctatouHo. CHavana
IOPULIOCH YOEIUThCS B TOM, YTO BBIBOA 00 OTCYTCTBHM MarepuaibHoOro s¢upa B Ilpupone
omnOoyeH. 3aTeM MPUILIOCH BBISIBUTh, Ha JIETAIBHOM, HAIJISIIHO-00pa3HOM YpOBHE, MEXaHU3M
dopmupoBanuss cun JlopeHna, AEHCTBYIONIMX Ha JBIDKYIIUECS IONEpPeK JUHHHA BHEIIHEro
MarHUTHOTO TOJs 3JeKTpoHbl. HakoHel, mpuIUIoCh BBIABUTH, HAa 0a3e HAKOIUIEHHOW OoraToi
UHpOpPMALUU O pe3ysbTaTax COyJapeHUl MHUKpPOOOBEKTOB, PA30THAHHBIX HAa YCKOPUTEISX,



ONATh K€ Ha JETaJbHOM, HAIJAAHO-OOpa3HOM YpPOBHE, COCTaB U CTPYKTYpPbl 3JIEKTPOHOB,
HEUTPOHOB U IIPOTOHOB.
.

B ¢usuke MukpoMupa mpuHATO CYMTATh, YTO MAarHETU3M, KaK CaMOCTOSITEIIbHOE SIBIICHUE, HE
CYLIECTBYET, U 4YTO OH IPOMCXOIAUT OT JBMXKEHUS AIEKTPUUECKUX 3apsiioB (371ech (GU3MKU
IPOUTHOPUPOBATIM TOT (PaKT, YTO HEHUTPOHBI, 00Janasi COOCTBEHHBIMM MAarHUTHBIMHU TOJISIMH,
JMIIEHBl  3JEKTpUYecKUx 3apsnoB). IlostoMy B ¢u3uke MHKpOMHpa MarHUTHBIE
B3aMMOJICHCTBUSL MEXIY MUKPOOOBEKTAaMU HE YUYUTHIBAIOTCS, HECMOTPS Ha TO, YTO BCE
MHUKPOOOBEKTHI 00J1a1at0T COOCTBEHHBIMU MarHUTHBIMU HOJISIMHU.

Otka3 oOT yuyeTa MAarHMTHBIX B3aUMOAECUCTBUM MEXIy MHUKPOOOBEKTAMH B TEOPHUHU
MHUKpOMHpa 00YCIIOBIIEH, NIPEXKIE BCEro, MOBEPXHOCTHBIM, HETIyOOKHUM aHAIM30M pe3yJbTaToB
JKCHepuMeHTa Opcrena. Opcren oOHapyxkwin B 1821r, YTO BOKpYyr mNpPOBOAHHMKA C
JJIEKTPUUECKUM TOKOM BO3HHUKAeT «KpYroBO€» MAarHUTHOE II0je, ucue3aroliee Ipu
IPEKpaleHUH ToKa. Tak MOSBMIMCH MPEICTABICHUS O TOM, YTO MAarHeTU3M IPOUCXOAMUT OT
3JIEKTPUYECTBA

B 1831r, ®apaneii oOHapyuia, 4YTO B 3aMKHYTOM IIPOBOJIHUKE, PAacCIOJOXEHHOM B
CMEIAIOIIEMCs] BHEIIIHEM MarHUTHOM I10J1€, BO3HUKAET JEKTPUUECKUI TOK, MPEeKpaIlatonuiics,
€cJIi BHEIIHEe MarHuTHOE IoJje mepecraeT cMmeniarbes. Craenyss TOM ke JIOrMKe, 4YTO B
OpeIbIAYIIEM cly4yae, Hy>KHO ObLIO Obl ClienaTh BBIBOJA O TOM, YTO 3JIEKTPUYECTBO MPOUCXOJUT
OT MarHeTu3Ma, U 4YTO MO3TOMY 3JIEKTPUUYECKHUE B3aUMOAECHCTBUSI MEXIY MUKPOOOBEKTaMH B
TEOPUH MUKPOMHUPA YUUTHIBATh HE CIIEYET.

.

Tak kak BCe HOCHTENIM JJIEKTPUUECKUX 3apsioB 0071anaT emé u COOCTBEHHBIMU
MarHUTHBIMH TIOJISIMH, TO JIBUJKEHHE AJIEKTPUYECKUX 3apsJI0OB CONPOBOXKIAECTCA JIBUKEHUEM
COOTBETCTBYIOIIMX MAarHUTHBIX MOJIEH.

Hcxons u3 aToro (akra, mpu aHaU3e Pe3yIbTaTOB dKCIIEPUMEHTa DpcTesia HYyKHO OBbIIO OBl
BBISICHUTbh, INMPUHUMAKOT JU YdacTHe B (DOPMUPOBAHMM «KPYTrOBOI'O» MAarHUTHOTO IOJIS
CcOOCTBEHHBIE MarHUTHBIE MOJII HOCUTENEH 3JIEKTPUUECKOr0 TOKA, U €CIIM MPUHUMAIOT, TO, KaK
3TO MIPOUCXOIUT.

.

JIMHMM MarHUTHOTO TOJS BOKPYr MPOBOJHUKAa C TOKOM, B MPOEKIMH Ha IUIOCKOCTH,
OpPTOTOHAJILHYIO IPOBOJHMKY, 0Opa3yrOT CUCTEMY KOHLIEHTPHUECKHUX OKPYKHOCTEH C oOmmm
LIEHTPOM B CpPEIMHE MPOBOAHMKA. JTO CIEAYET U3 PACIOJIOKEHUS ONMIIOK, IIPU BU3yalU3aluu
3TUX JIMHUHA, U U3 TOTO, YTO MAarHUTHAs CTPEJIKa paclojiaraeTcsi o KacaTeJabHOM K 3TUM JIMHUSM.
A Tak Kak 3Ta CTpejKka MPUHUMAET TOJIBKO OJJHO HalpaBlIeHHME U3 JBYX BO3MOXKHBIX, TO 3TO
TOBOPUT O BIIOJIHE OIPE/IEICHHON HANpPaBIE€HHOCTH JIMHUN «KPYTOBOT0» MarHUTHOTO MOJIS.

ONeKTpUYeCKUi TOK CO3/1aeTcsl, KaK IPaBHJIO, MOTOKAMH 3JIEKTPOHOB. 3a HalpaBlIeHUE
AIIEKTPUYECKOTO TOKAa MPHUHATO CYUTATh HaIpaBJIEHHWE, NPOTUBOMOJIOKHOE JBUKEHHUIO
35eKTpoHOB. [lo3TOMy HampaBiieHHE IBUKEHUS SJIEKTPOHOB B INPOBOJAHMKE U HaIpaBieHUE
JMHUM «KpyroBOr0» MarHUTHOTO MOJISI 00pa3yroT JIEBOBUHTOBYIO CUCTEMY, KaK B JIEBOBUHTOBOM
pe3noe [9].

.

[TpoBepuM, MOTYT 7 COOCTBEHHBIE MAarHUTHBIC TIIOJIS SJIEKTPOHOB, IBMXKYILUXCS 10
IPOBOJHHUKY, CO3[aTh, 0O€3 y4yacTHs ODIIEKTPUUYECKHX 3apsAJOB JIIEKTPOHOB, «KPYIOBOE»
MarHuTHoe moje. HampaBneHue IWMHUM «KPYroBOro» MAarHMUTHOTO TIOJS COCTaBIseT C
HAIpaBJIEHUEM JIBJKEHUSI DJIEKTPOHOB JIEBOBHHTOBYIO cHcTeMy. I[loaToMy, coOCTBEHHbIE
MarHUTHBIE TIOJIS AJIEKTPOHOB, IBMXKYIIUXCS 1O MMPOBOJIHUKY, MOT'YT BO30YXJ1aTh HaOIr0/1aeMoe
«KpYroBO€» MarHUTHOE I0JIe, €CJIU OCh CUMMETPUU COOCTBEHHOTO MAarHUTHOTO MOJS KaXJ0ro
NIEKTpPOHA MapajljielibHa IPOBOJHMUKY, M €CIM DJEKTPOH BpaIlaeTcsi BOKPYI O3TOM OCH
CUMMETPUH TakK, YTO HaIlpaBJICHHE ABM)KEHHUS AJIEKTPOHA W HAIpPaBJIEHUE BpPAIEHUS 3JIEKTPOHA
COCTABIIAIOT JIe606UHINOBYI0 CUCTEMY.



OT0 BCE, YTO MOXHO H3BJIEYb M3 PE3YJbTATOB SKCIepUMeHTa ODpcrefa. HeBbIsCHEHHBIMU
OCTalOTCS BOMPOCHI: MOXKET JIM AJIEKTPOH NP JBIKEHUU MPUOOpETaTh yKa3aHHBIE CBOHCTBA?
Ecnu MoseT, KakoBO HallpaBJIeHHE BEKTOPA €ro MarHUTHOI'O MOMEHTa?

.

Jlonmyctum, NBWXKYIIMKCA DSJIEKTPOH BpallaeTcsl TakK, YTO HANpaBieHHE €ro BpalleHUS
COCTaBJISIET C HANPABJICHUEM €r0 MOCTYIMAaTEeNILHOTO JABMKEHUS JICBOBUHTOBYIO cuctemy. Kak, B
9TOM cilydae, HalpaBJieH BEKTOP €ro MarHUTHOTO MOMEHTa?

DKCIIepUMEHTAIbHO YCTAaHOBJICHO, YTO HAa JJIEKTPOH, IBIKYIIUICS CO CKOPOCTBIO V B
IUIOCKOCTH, OPTOTOHAJIBHON JIMHUSM BHEUIHETO OJHOPOJHOTO MarHUTHOro mnois H, neicTByer
CHJIa, UCKPHBIIAIONIASL €r0 TPAeKTOpHI0. JIOpeHIl mMoCTpous SMIMpUIEcKyo (popMyiy, cOriiacHO
KOTOPOM BEJIMYUHA ATON CHJIBI IPOMOPLMOHAIBHA BEIMYMHE CKOPOCTH JIEKTPOHA V U BEJIMYMHE
HaINpPsHKEHHOCTUM BHELIHEr0 MarHUTHOro nois H. Hanpasnenue cuibl JIopeHua, IeiCTBYIOLIEH
Ha DJIGKTPOH, TaKOBO, YTO HAalpaBiCHHE [BWKEHUS OJJIEKTPOHA, HAMPaBJICHUE BHEIIHETrO
MarHUTHOTO TIOJISA, ¥ HallPaBJICHUE 3TOM CHIIBI COCTABIISIOT JICBOBUHTOBYIO CHCTEMY.

Hmeetcst psin pakTopoB, 3aCTaBIAIOMIMX ABWKYIIMICS 3JEKTPOH BecTU ceds Tak. OauH u3
HUX — BO3HHKAIOIICE, BO BPEMs JIBMKCHHS JJICKTPOHA, BBIHYKJICHHOE BpAIlIEHUE BOKPYT OCH,
COBMAJIAIOIIEH C OChI0O CUMMETPUU COOCTBEHHOI'O MAarHUTHOTO OIS 3JeKTpoHa. [pyroit cBs3aH
C TeM, 4TO 3JIEKTPOH OKAa3aJCs UaMarHeTUKOM (JIMaMarHETUKH BBITAJIKUBAIOTCS U3 BHEITHETO
MarHUTHOTO ToJIs1). TpeTuil cBsA3aH ¢ XapakTepoM 00TEKaHUs JBUKYIIETOCS 3JEKTPOHA d(DUPOM.

.

UroObl MOHATH, KaK HANpaBlieH BEKTOpP M. MAarHUTHOTO MOMEHTAa 3JEKTPOHA, MPHU €ro
JBUKCHUH, HY)XHO YYeCTh, YTO JJICKTPOH COBEPIIAET, BO BpEMs IBHKCHHS, JICBOBUHTOBOC
BBIHYJICHHOE BpallleHHEe BOKPYT OCH CHUMMETPUU CBOEro MarHuTHoro mnois. [lpu stom
HEOOXOJIMMO YYHTHIBATh, YTO JIEKTPOH JBIXKETCS B d3QUpHOH cpene. Kpome Toro, He ciemyer
3a0BIBaTh, YTO AJIEKTPOH — IUAMarHeTHK.

BreiHy)KIeHHOE BpalleHHe JBUXKYIIETOCS JJIEKTPOHA BOKPYT OCH CHMMETPHH  €T0
MarHUTHOTO TOJS CO3[aeT, Oyiarojaps HaJIM4YMI0 Y JJIEKTPOHAa HEHYJIEBOW MAacChl,
TUPOCKOTIMYECKHIA MOMEHT. OTOT MOMEHT CTPEMHUTCS COXPAaHUTh IPOCTPAHCTBCHHYIO
OpPHEHTAIIMI0 OCH BpaIlleHUs SJEKTPOHA aHATOTMYHO TOMY, KaK 3TO MPOUCXOIUT Y JETALIEH
Bpamaroreics mynmu. OJHOBPEMEHHO, CO CTOPOHBI BHEUTHETO OJHOPOJHOTO MarHUTHOTO TTOJIS
H, Ha »>JeKTpOH, HW3-3a €ro AMaMarHeTh3Ma, ACWCTBYeT OMpOKUbIBatomMi MOMEHT N,
OPTOTOHAIIBHBIN BEKTOpaM e v H.

MomenT N cTpemMHuTCS MOBEPHYTh DJIEKTPOH TaK, YTOOBI MPUAATh BEKTOPY MAarHUTHOTO
MOMEHTA DJIEKTPOHA Me HAIIPABIICHHE, IIPOTUBOTIOIIOKHOE HAMPABICHUIO BHEIIHETO MarHUTHOTO
nonss H. OnHako, BBIHYXJEHHOE BpalleHHE »DIEKTPOHA, BOKPYT OCH CHMMETPHH €ro
COOCTBEHHOTO MAarHMTHOTO TIOJIA, HE TMO03BOJsIeT MOMEHTY N ONpPOKHHYTh BEKTOD Me,
pacMoIOXKUB €ro BAOJIb JIMHUKA MarHUTHOTO nosis H. Bmecto 3T0r0, coBMeCcTHOE BO3/EHCTBHE
BBIHYKJICHHOTO BPAIIEHHUS JICKTPOHA M OMPOKHIBIBAIOIIET0 MOMEHTa N TIPHBOIUT K BpAIICHUIO
AIIEKTPOHA C MOCTOSHHOM YIIIOBOM CKOPOCTHIO (g B TIOCKOCTH, COJEpKaIIeil BEKTOPHI ue U N
(BexTOp wg uMeeT HamnpaieHue Bekropa H) [6]. BMecTe ¢ 251eKTpOHOM BpaIaroTcs BEKTOP Me U
0Ch CHMMETPHH COOCTBEHHOTO MarHUTHOTO TOJISI JIEKTPOHA, T.€. OCh BBIHYKJIEHHOTO BPAIl[EHUS
anekTpoHa. [loguepkHEM, UTO BEKTOP Me U OCh CHMMETPHUH COOCTBEHHOTO MAarHUTHOTO TIOJIS
AIIEKTPOHA, TIPH STOM, OCTAIOTCS B MJIOCKOCTH, OPTOTOHATBHON BEKTOpY H.

Ecnu anextpon obmamaet mapoobpasHoit GopMoi, To 00TEKaHHE €ro BCTPEYHBIM MOTOKOM
adupa ocTaeTcsi CHMMETPUYHBIM, HECMOTPS Ha BpallleHHWE JJIEKTPOHA U BEKTOpa Me. B 3TOM
cllydae HarpaBJIeHHE BEKTOpa V OCTaeTcsi, BO BPEMs JIBW)KCHHUS AJIEKTPOHA, HEM3MEHHBIM, U
WCKPUBJICHHE TPACKTOPHUH JIBHXKEHUS DJIEKTPOHA HE MPOUCXOJIUT.

Ecin 31eKTpoH MMeeT BBITAHYTYIO, OCECHMMETPUYHYIO (DOPMY, OCh CHMMETPHH KOTOPOU
SBIISIETCSl TAKXKE OCbI0 CUMMETPUU COOCTBEHHOTO MAarHUTHOTO TIOJS DJIEKTPOHA, TO XapakTep
o0TeKkaHus 3JeKTpoHa 3pupoM, B 00meM ciaydae, uameHsercs. OHO OCTaeTCs CHMMETPUYHBIM
TOJIKO B TOM CJTy4ae, KOT/1a BEKTOP V HaXOJUTCSI Ha OCH CHMMETPHH JJIEKTPOHA.



Bpamenue snekrpoHa, BeI3BaHHOE MOMEHTOM N, MPUBOAUT K YIJIOBOMY PaccoriacoBaHHIO
OCH CHMMETPUHU DJIEKTPOHA U BEKTOpa V U K aCUMMETPUU OOTEKaHMs AJIEKTPOHA BCTPEUHBIM
norokoM 3¢upa. brnaromaps 3Toil acummerpuu, BO3HUKaOT cuia JlopeHna M yckopeHue
AJIEKTPOHA, U3MEHSIOLIEE HANpaBiIeHHE BeKTopa V. BceieacTBue 3TOro, 3JIEKTPOH JABHXKETCS
IIONEpEK JIMHUM MarHuTHOro mnonst H Tak, 4TO OChb CHUMMETPUM JJIEKTpOHA U BEKTOp V
UCIBITHIBAIOT OJIHOBPEMEHHOE BPALLEHUE C OJMHAKOBOW YITIOBOW CKOPOCTBIO (Wg. DTO JABM)KEHUE
IPOMCXOUT, U3-3a CONPOTUBJICHUA 3(pUpa ABMKEHHUIO JIEKTPOHA, [0 CIMPAIBHON TPAaeKTOPHH,
MEJUIEHHO CXOJSIIEHCs K COCTOSHUAIO paBHOBeCHS. Kablil OTACIIBHBIA BUTOK 3TOM CIIUPAIBHON
TPACKTOPUU MAJIO OTJIMYAETCS OT OKPYKHOCTH.

OKCHEpUMEHTAJIbHO YCTAaHOBJIEHO, YTO HallpaBiIeHHE BeKTopa H M HampaBlleHUE ABU)KCHUS
JJIEKTPOHA B IIJIOCKOCTH, OPTOrOHAJIBHOW BEKTOPY H, COCTaBISAIOT NPAaBOBUHTOBYIO CHUCTEMY.
WHpIMU €10BaMHU, COTVIACHO 3KCIEPUMEHTAIBHBIM JIaHHBIM, BEKTOP (g U BeKTOp H napaienbHbl
JIpyT ApYyry U UMEIOT OJHO U TO € HampasiieHue. HeTpynHO mpoBepuTh, 4YTO 3TO MOKET UMETh
MECTO TOJIbKO B TOM CIIy4ae, €CJIU BEKTOP Me HAPABIIEH IPOTUBOIIOJIOKHO BEKTOPY V.

.

Takum 00pa3oM, COOCTBEHHbIE MAarHUTHBIE TIOJI DJEKTPOHOB MOTYT BO30YXKIATh
«KpYTrOBOE» MarHUTHOE I10JIE€ BOKPYT IIPOBOJHUKA C IOTOKOM JIEKTPOHOB, €CIIH, IIPU ABH)KEHUU
Ka)KJ0ro CBOOOJHOTO 3JIEKTPOHA CO CKOPOCTBIO V, OCh CUMMETPUU COOCTBEHHOI'O MAarHUTHOIO
IOJII  DJIEKTPOHA COBMANAET C JIMHHUEH, COAepXKalledl BEKTOp V, U €CIIM BOKPYI 3TOM ocu
BO3HUKAET BBIHYKJCHHOE BpAICHHUE D3JIEKTPOHA C YIJIOBOW CKOPOCTHIO @, HAlpaBICHHON
IPOTHBOIOJIOXKHO BekTopy V. IIpum 3TOM, CBOOOIHBIA 3JIEKTPOH MOXKET JBUIaThCs IMOIEpPEK
JUHUA BHENTHETO MarHUTHOTO mojs H 1o Tpaekropuu, ONM3KOH K KpPYrOBOH, C YIJIOBOU
CKOPOCTBIO (g, TApAJIENbHON BEKTOpPY H, 1 HaIIpaBJIEHHOH B Ty K€ CTOPOHY, 4TO U BeKTop H,
€CITM JICKTPOH 00JIa/1aeT HE MAPOBOH, a BEITAHYTOH, 0CECUMMETPHUYHON (HOPMOIA, M €CITH BEKTOP
MarHMTHOTO MOMEHTA 3JIEKTPOHA Me HAXOAUTCA HAa OCHM CUMMETPUM NIEKTPOHA M HAIpPaBIEH B
CTOPOHY, IPOTHUBOIIOJIOKHYIO HalpaBJIECHUIO BEKTOpa V.

.

Kax gomxeH ObITh YCTPOEH JIEKTPOH, YTOOBI 00J1a/1aTh BCEMH 3TUMH CBOMCTBaAMU?

YroObl MOHATH, KaK YCTPOEH KaKOW-T1M00 O00BEKT, HYKHO y3HaTb, U3 KAaKUX 3JIEMEHTOB OH
COCTOMT M KakK 3TH 3JIEMEHTBI MEXJy co00il cBs3aHbl. ECTh ABa myTH peleHUs 3TOH 3a1aud.
[lepBblii OCHOBaH Ha TMONy4YeHUM UHPopMauuu Oe3 paspylieHuss oO0beKTa (PEeHTIeH,
yIbTpa3ByK,...). BTopoil 3axmiodaercs B NOJHOW pa300pke, pacwieHEeHWHM OOBbEeKTa Ha
COCTABJISIOLIHUE DIIEMEHTBL..

Paznuunble cnocoObl «IIpOCBEUMBAHUSA» AJIEKTPOHOB, IPOTOHOB M HEUTPOHOB YcIexa He
IIPUHECIIH.

Jlnsg X pacujieHEeHHs Ha COCTaBHbIE YaCTH CO3JaM MOUIHBIE YCKOPUTEIH 3JIEKTPUYECKU
3apsHKEHHBIX MUKPOOOBEKTOB. Ha HUX pa3roHsuin MUKPOOOBEKTHI O OUYEHb BBICOKMX CKOPOCTEH
u HaOmojanu pe3yiabTaTbl UX CTOJKHOBeHUH. HalmrofeHust «OCKOJKOB» OT COyIapeHui
MHUKPOOOBEKTOB MPUHECITH COBEPUICHHO HEOXKUJAHHBIE PE3yNbTaThl. DTHU «OCKOJKW» HMEIU
MAacchl, WJIM MPEBOCXO/SIINE MacCy MPOTOHA, UM MacChl, MPEBOCXOASIINE MACCY IEKTPOHA, HO
MEHBIIINE, YEM Macca IPOTOHA. Bce 3TH «OCKOJIKM» OKa3aluCh YPE3BbIUAHO HEYCTONYMBBIMHU.
[TouTn MTHOBEHHO OHM BHOBb IPEBPAIIAIUCH B 3JIEKTPOHBI, HEUTPOHBI M MPOTOHBL. Hukakue
UHBIE CTAOMIIbHBIE MUKPOOOBEKTHI, IPU 3TOM, OOHAPYKEHBI HE OBUIH.

.

@U3MKHM OKa3aJIuCh B BECbMA 3aTPYIHUTEIBHOM IOJIOKEHUH C UCTOJKOBAaHUEM CYLIECTBA U
POJIU 3TUX «OCKOJIKOB» B CTPYKTYpe MaTepuaibHOro Mupa.

[Tonumanue OBIIIO JOCTUTHYTO MOCe OOHAPYKEHHsI OIIMOOYHOCTH BBIBOJIA 00 OTCYTCTBUH B
[Tpupone »dupa, B3aMOJEHCTBYIOMIETO ¢ MUKPOOOBEKTAMH, U M1OCJIE MOJIYUYEHHUsI CBUETENLCTB
€ro CyLIECTBOBAHMSI.

Tak xak 3¢up cymecTByer, TO OH JOJDKEH MPUHUMATh y4acTHe B ()OPMHUPOBAHUH CTPYKTYP
AJIEKTPOHA, HEUTPOHA M MPOTOHA. DKCIIEPUMEHTAIbHbIE JaHHBIE, KOTOPbIE MOIJH OBl MOMOYb



chopMUpOBaTh NEPBbIE TUMOTETUYECKHE MpPENCTaBiIeHHUs] 00 MX CTPYKTYpe, HaM HE M3BECTHHI.
Ho B Hamem pacniopspkeHHH ecTh BecbMa 3(h(heKTHBHBIN METO aHAJIOTHH.
.

UTo MOXHO U3BJIEUb U3 MPEIIOI0KEHUS O TOM, UYTO 3JEKTPOH COCTOHUT M3 DJIEMEHTOB 3(upa
U SIBJISIETCSI KAKUM-TO «3(DUPHBIM CT'YCTKOM»?

N3BecTHO, YTO B MakpOMHUpEe M B MHUKPOMHPE BEIIECTBO MOXET HAXOJIUTHCA B YETHIPEX
COCTOSHUSIX — TBEPIOM, >KUIKOM, ra3o00pasHOM U IUTa3MEHHOM. B kakoM H3 mOg00HBIX
COCTOSTHUH MOXET HaXOUThCS dPUP, BXOISAIINNA B COCTAB AJIEKTPOHA?

Mo3keT Jin 3JIeKTPOH OBITH MTOXO0K Ha TBEPJIO€ TEI0?

W3BecTHO, 9TO BCEe CTAOMILHBIE 00BEKTHI MUKPOMHPA U MAKPOMHUPA COCTOSIT U3 HEHTPOHOB,
IPOTOHOB M D3JEKTPOHOB. [lo3TOMy BCE MHOXKECTBO OOBEKTOB MaKpOMHpa M MHKPOMHpaA
o0Opasyer, 0 BEJIMYMHE UX MacC, HEMPEPBIBHBIN, ¢ TOYHOCTHIO JO BEJIMUMHBI MACChl HEUTpOHA
Mpn, CIIEKTP.

Ecnu 00BeKTHI, COCTOSIIME U3 3JEeMEHTOB 3(upa, 00Ja1al0T aHATIOTHYHBIM CBOMCTBOM, T10
OTHOIICHHIO K OJJIEMEHTapHbIM 00bekTaM 3¢upa, TO JODKHBI ObUIM OBl CYIIECTBOBATH
YCTOMUYMBBIE MUKPOOOBEKTHI C MacCaMu, IIPEBBIMIAIOIIMMH MaCCy JIEKTPOHA Me, HO MEHBIITUMHU,
yeM Macca MpoTtoHa Mp. Ho Takwe MHKPOOOBEKTHI JKCHEPUMEHTANIbHO HHUKOI/Aa He
Habmromamich. OTCI01a MOXKHO CIIENaTh BBIBOJ, YTO OOBEKTHI, COCTOSIINE U3 3JIEMEHTOB d(dupa,
UMEIOT CTPYKTYPY, OTJIMYHYIO OT CTPYKTYpbl TBepaoro tena. CienoBaTelnbHO, HEHUTPOHHBI,
MIPOTOHBI U 3JIEKTPOHBI HE MOTYT 00J1a71aTh TBEPAOTEIBHBIMHU CTPYKTYPaMHU.

Eme onuH aprymMeHT B IOJIb3y TOTO, YTO CTPYKTYpa 3JIEKTPOHA HE aHAJIOTM4YHA CTPYKTYype
TBEPJAOIO Teja, 3aKI0YaeTcsd B CIOCOOHOCTH TBEPABIX TeJl MOAJaBaThCs ApodieHuto. OgHako,
pacmaj 3JeKTpoHa Ha Oosiee MenKue CTaOuibHbIE 00pa3oBaHUs HE ObLT 3a(UKCHUPOBAH HU B
OJIHOM 3KCIIEpUMEHTE.

CB00OOHBIE, TPOCTPAHCTBEHHO JIOKATH30BAHHBIE O0OBEKTHl MAKPOMHUPA, UMEIOIIHE CTPYKTYPY
KUJKOCTH (JIOKICBBIC KAIlIH,...), HE 00J1a/1al0T HEOOXOIUMOM CTAOUIBHOCTBIO, YTOOBI CITYKUTh
KaKHUM-TO MPOTOTUIIOM CTPYKTYpPHhI 3JEKTPOHA.

OcTraroTcss TOJBKO Ta3onoj00HbIE M IIa3MONOJOOHBIE OOBEKTHI, KOTOPbIE MOTJIHM OBl
MOCITYXKUTh aHAJIOraMu JJIg TOCTH)KEHHsS] TTOHMMaHHUsl yCTPOMCTBA 3JIEMEHTOB MHUKpomupa. Ha
MEPBbI  B3IUIAN, TMPEANONIONKEHHE O TOM, UTO DJIEMEHTApPHBIE MHUKPOOOBEKTHl HMEIOT
ra3onoJ00HbIe CTPYKTYPhI, KaXKETCsI HE MPOCTO COMHUTENBHBIM, HO COBEPIICHHO abCypIHBIM.
OnHako, CTOUT BCIIOMHUTH O CYIIECTBOBAHUM TaKHX SIBIIGHUM, KaK aTMoc(epHble cMepuu
(TOpHa0), KaKk COMHEHHsI HAUMHAIOT OTCTYIIATh.

.

ATMOCQepHBI cMepd TpeacTaBisieT co0oil 00pazoBaHHME W3 CHIBHO WOHH3UPOBAHHOTO
BO3/lyXa, YeM-TO TOX0ee Ha paboTaroninii coneHoua. OH BecbMa yCTOMYMB MO OTHOILEHUIO K
BHEIIHUM BO3JIEUCTBHSIM, HO CYHIECTBOBAaTh MOXET TOJIBKO B JOCTAaTOYHO IUIOTHBIX CJOSAX
atMoc(epHOil 000JI0YKM TMJIaHEeThl. BakHEHIIMM yCIOBHEM €ro CyIIECTBOBaHMS SBISETCS
JIOCTaTOYHO CHUJIbHASI HOHU3AUsl OKPY’KAIOILIETO €ro BO3yXa.

ATMOCQEpHBIII cMepd COCTOMT M3 ILEHTPAIbHOIO KaHala W HaBUBAIOLUIUXCA Ha HEro
CIIMpAIbHBIX CTPYW HMOHM3UPOBAHHOTO BO3JlyXa. OJEMEHThl HOHU3MPOBAHHOIO BO3yXa
005aat0T COOCTBEHHBIMH MAarHUTHBIMA TIOJSIMH. [lodTOMY JBM)KEHHE WOHWU3HPOBAHHOTO
BO3[lyXa MO CHUPATBHBIM CTPYSM BBI3bIBaeT (POPMHpPOBAHWE MOIIHOW MArHUTHOM CTpyd B
LEHTPaJIbHOM KaHajle cMepya. DTO IPOUCXOAUT TOUHO TaK K€, KaK U (popMHpOBaHNE MAaTHUTHOU
CTpyH B LEHTPAIbHOM KaHaJe COJICHOWJA, MO CIHPATbHBIM OOMOTKAaM KOTOpPOTO TeueT
ANEKTPUYECKUN TOK.

MarautHas CTpys B IIEHTPAJIBHOM KaHajle CcMepua YBJEKaeT 3a Co0Oi TOTOK
MOHM3UPOBAHHOTO BO3AyXa, Onarogaps KOTOpPOMY BOKpYT ILIEHTPaJIbHOTO KaHaja cMmepya
BO3HMKAET WU TMOJJEPKHUBAETCS «KPYrOBOE» MArHUTHOE IOJIE C JICBOBUHTOBOM 3aKpPYTKOM.
[ToaToMy crnmpanabHBIE BO3IYIIHBIE CTPYH, HABUBAIOIIUECS HA ICHTPATbHBIA KaHAJTI, UMEIOT
TaK)Xe JICBOBUHTOBYIO 3aKpyTKy. «KpyroBoe» MarHutHoOe Moje 3acTaBliieT MOHM3WPOBAHHBIM



BO3/yX JABHMraThCs B CIIUPAIBHBIX CTPYSX BOKPYI LIEHTpaibHOro kaHana. Ha 3tom kpyrooGopor
MarHUTHBIX B3aUMOJICHCTBUI B aTMOC(EPHOM CMEpUe 3aMBIKAETCSI.

[IprurHa BBICOKOH YCTOWYMBOCTH aTMOC(EpHBIX CMepued 3aK4aeTcss B TOM, 4YTO
CKOPOCTbh TEYEHHUS MOHU3UPOBAHHOI'O BO3JyXa B LIEHTPAJIBHOM KaHaJIE€ CMEpua BBIIIE, YEM BHE
ero. Cie0BaTeIbHO, BHYTPEHHEE IaBICHUE BO3/lyXa B LICHTPAJIBHOM KaHaJIe MEHBIIIE, YEM BHE
ero. Jta pa3HOCTb JABJICHUHN CIIY)KUT IPUYUHON TOTO, YTO BO3JYX, ABMXKYLIUICS B CIIMPaJIbHBIX
CTPYSX BOKPYI' IEHTPAJILHOI'O KaHalla, HECMOTPsl Ha LIEHTPOoOexkHbIe 3(PEKThI, yAEepKUBACTCS B
OKPECTHOCTH LIEHTPAJILHOI'O KaHaJIa.

ATMochepHbIii cMepd  SABJISIETCS CBOCOOPA3HbIM T'MIAHTCKUM HAcOCOM, MPOKauMBarOIIUM
yepe3 cebst okpyxkaomuii Bo3ayx. Ero ycToMuMBOCTH 3aBUCHT OT IUIOTHOCTH W CTEICHU
MOHM3UPOBAHHOCTH OKpYXKAIOWEro Bo3ayxa. He yaAMBUTENBHO, YTO cMEpuYM 3apOKIarOTCs
OOBIYHO HaJl OKEAHCKUMHU IPOCTOPAaMH, IJi€ BO3AYX OUYEHb CHJIBHO HOHU3UPOBAH, a NIPEKPALAIOT
OHM CBOE CYILIECTBOBAaHUE TaM, € MOHM3ALMA BO3JyXa OKAa3bIBACTCA HEIOCTATOYHA VISl TOTO,
9TOOBI IOJIIEPIKUBATE UX (HOpMY.

.

[Tpenmosio)keHHEe O TOM, YTO DJJCKTPOH O0JaNaeT CTPYKTYpO#, MOJOOHOW CTPYKType
aTMOC(EepHOro cMepya, O3BOJISET NOJYYUTh OTBETHI HA OCTABIIMECS BOIPOCHI.

DNEKTPOH B BHJIE YPUPHOTO CMepUa IMMOX0XK, C OJTHON CTOPOHBI, HAa PA0OTAOIINN COJICHOU]I, C
Jpyroil — Ha paboTaroIuii TPOTOYHBIM JBUTaTeNb. Uepe3 ero LEeHTpaIbHbIN KaHal MOCTOSHHO
IIPOKAYMBAIOTCA COOTBETCTBYIOLIME MacChl BHEIIHETO 3(upa B HaIllpaBI€HUHU, COBMAJIAIOLIEM C
HAIPaBJICHUEM MarHUTHOTO IIOTOKAa B LIEHTPAJIBHOM KaHaje, T.€. C HalpaBICHUEM BEKTOpa
MarHUTHOI'O MOMEHTa »3JIeKTpoHa. I3-3a 3TOro Ha ABIKYIIMHCA 3JIEKTPOH, CO CTOPOHBI
BHEIIIHEro 3¢upa, AelCcTBYeT MOMEHT CHUJI, 3aCTAaBIIAIOLINM JIEKTPOH Pa3BEPHYTHCS TaK, YTOOBI
BEKTOP €ro MarHUTHOIO MOMEHTa CMOTpPEI B CTOPOHY, MPOTHUBOIIOJIOKHYIO HalpaBlIEHUIO
JBUKCHMSI DJIEKTPOHA.

CnupanbHble 3(QUpPHBIE CTPYU AJIEKTPOHHOIO CMEpYa HMEIOT JIEBOBUHTOBYIO 3aKPYTKY.
[TosTOMYy Ha JBMOKYLIMIICS 3JEKTPOH CO CTOPOHBI BHELIHEro 3¢dupa IeiCTByeT TakkKe MOMEHT,
3aCTaBISIOLIUI 3JIEKTPOH BpalllaThCsl BOKPYT CBOEH OCHM CUMMETPHUH TaK, YTO HalpaBiIeHHUE €ro
JBUKEHMS M HAIIPABJIEHUE 3TOTO BPALLEHUS COCTABIISAIOT JIEBOBUHTOBYIO CUCTEMY.

.

ITpuBeneHHbBIE pe3ynbTaThl MOATBEPKIAIOT, YTO B JKCIEPUMEHTE IpCTela «KpYroBOE»
MarHUTHOE Tojie  BO30yXKJaercs COOCTBEHHbIMH  MArHUTHBIMH  MOJIIMM  HOCHUTEJIEH
JIEKTPUYECKOTO TOKA, a HE DJIEKTPUYECKUMH 3apsiaMH ITHUX HOCHUTEJEH, 4TO JIBMKYILUMNCS
AIIEKTPOH MPHOOPETAET JIEBOCTOPOHHEE BpAIlEHHE BOKPYT CBOEH OCHM CUMMETPUU U YTO BEKTOP
MarHUTHOTO MOMEHTA JBMJKYILLErocs J3JIEKTPOHA HAIpPaBIEH B CTOPOHY, MPOTHBOIIOJIOXKHYIO
HAIPAaBJICHUIO JIBUKEHMUSL.

coe

BoisiBneHue TOro, 4TO D3JEKTPOH 00JadaeT cMepuenogoOHON 3(UPHON CTPYKTYpPOH,
MO3BOJISIET MOMYYUTh OOBSICHEHHUE psiia APYTUX (HAKTOB.

AHanu3  CTPYKTYypbl COOCTBEHHOIO MAarHUTHOTO TOJS  DJIEKTPOHA, IPOBEICHHBIN
UICHTU(PUKAIIMOHHBIME ~ METOJIaMHM, Ha 0a3e M3BECTHOTO CIEKTpa 3JIEKTPOMAarHUTHOTO
U3ITy4eHHUs] aTOMOB renusi-4, mokasai, 4To COOCTBEHHOE MAarHUTHOE I0JI€ 3JIEKTpOHa o0jagaeT
Ype3BbIYaiHO TOHKOM INIOTHOM LEHTpaabHOU cTpyeil. CornacHo U3J10)KEHHOMY BBILIE, 3JIEKTPOH
nos106eH, 1o ¢opme, OYeHb TOHKOMY M JUTMHHOMY paboTaroIieMy COJICHOUIY, MarHUTHOE I0JIe
KOTOpPOro oO0jajaeT TOHKOM, CnuuenomgoOHoil IeHTpanbHON cTpyeil. O6Ga »TH pe3ynbTara
XOpOILIO KOPPETUPYIOT.

.

BhisiBiaeHre CTpyKTypbl 3JEKTpOHA IMO3BOJIIET BbIpaOOTaTh aJeKBaTHOE IOHUMAaHHE
pe3yIbTaTOB SKCIEPUMEHTOB IO CTOJIKHOBEHHMSIM MHKPOOOBEKTOB. Macca cMmepuenonoOHOro
3¢upHOro OO0BEKTa 3aBUCUT OT IJIOTHOCTH OKpYyXkatomiero s¢upa. [lpu OBHXKEHHH Takoro
00BEeKTa IUIOTHOCTh BCTPEYHOTO IOTOKa 3(upa yBETUYMBACTCS C YBEIMYCHHEM CKOPOCTH.



[ToaTomy, MpH yBEIWYEHUH CKOPOCTH 3(PHUPHOTO CMEpya, €ro Macca yBEIMYMBAETCS 3a CUET
3axBara JOMOJHUTEIBHBIX 00beMOB 3(upa.

[Ipu pasrone Ha yCKOpHUTEINAX, ObUIO 3a)MKCUPOBAHO, YTO Macca 3JEKTPOHA BO3pacTaeT Ha
2+3 mopsiaka, a MacChl HEUTPOHOB M MIPOTOHOB BO3pacTaroT He Ooinee, yeM B 1,5 paza. C Touku
3peHUs! TEOPUH OTHOCUTEIILHOCTH TaKasi TUCIPOMOPIUS COBEPIICHHO HETIOHATHA.

OOBsiCHSAETCS 3TO TEM, YTO CTPYKTYPBI JJIEKTPOHA U HEUTPOHA OUEHb CUJIBHO Pa3JIMYalOTCs.
DNEKTPOH MOX0XK Ha JIUHHBIA MPSMOM COJEHOUJ, LIEHTPAJIbHBIM KaHal KOTOPOTO OTKPBIT AJIs
BHemHero 3¢wupa (puc.l). [ToaToMy u3MeHEHWE IJIOTHOCTH BHEIIHETO 3(Upa TaK CHIBHO

7SI R

Puc.1. Dnexrpon

CKa3bIBaeTCsi Ha Macce OdJekTpoHa. HelTpon ke mnpenctaBiser coOoi »upHBI cMmepy,
3aMKHYTBI caM Ha ce0si, CBEepHYThIi B KoOIbIO (puc.2). [lodToMy HEHTpaNbHBIN KaHAl

A

U

Puc.2. Heiitpon

HEUTPOHHOrO 3(UPHOTrO cMepuya OTAENeH OT BHEIIHEro 3(upa MHOXECTBOM CIHPATIbHBIX
pHUPHBIX CTPYH. ITO paznuunue GOpM IITEKTPOHOB U HEUTPOHOB U SIBIISICTCS MPUYMHON pa3zHOU
YYBCTBUTEIBHOCTH MACC DJIEKTPOHOB U HEUTPOHOB K BEJIMYUHE CKOPOCTH UX JABUKCHUS.

)

Puc.3
[TpoTOH (HEHTPOH-aHTHAIEKTPOHHAS CHCTEMA)

[Ipy yMeHbIIEHMH CKOPOCTH JABMXKEHHMS 3(UpPHOro cMepya, IUIOTHOCTH BCTPEYHOTO
3(GUPHOrO MOTOKAa YMEHbBIIAETCS U MPOUCXOAMUT cOpoc JUIIHUX 00beMoB 3¢upa. [Toaromy,
10CJIe MPEKpaIIeHusl pa3roHa MUKPOOOBEKTOB, X CKOPOCTH, BCIEICTBUE CONPOTUBIICHUS dhupa
UX JBW)KEHHI0, ObICTPO MaJlaloT, U, PACIOIHEBIINE MPU Pa3rOHE, SIEKTPOHBl U HEUTPOHBI BHOBb
00peTaroT CBOU NMPUBBIYHBIE MACCHI.



