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I. EXPERIMENTAL PROOF
ABSENCE IN NATURE
INDIVISIBLE QUANTA OF ENERGY

Leonov N.N.

Abstract

Modern knowledge about the structure of the microworld turned out to be inferior due to two fundamental errors
made as far back as the century before last when interpreting the results of the experiments of Oersted (1821) and
Fizeau (1851). Refusing, due to these errors, to take into account the ether and magnetic interactions between
microobjects, physics was not able to use Newton's “classical” formalism to study the microworld and turned to a
quantum worldview. Despite the stream of self-praise and Nobel prizes, quantum theory failed to achieve a full,
detailed understanding of the structure of the atomic nucleus, unexcited atom, photon, excited atom, electron,
neutron, proton, ...

In 1979, experimental evidence was published in the Central Russian Physical Academic Journal of the absence
of undivided energy quanta in Nature [1].

The theory of nonlinear oscillations, operating on the "classical" methods of Newton, tells how it corrects the
mentioned physical misunderstandings..

I. 1. Experiment
by scattering of a-particles on nucleon structures
atomic nuclei

In 1979, in Russia, in the central academic journal [1], the results of an experiment on the
scattering of a-particles on the atomic nuclei of all chemical elements were published. This was
a repetition of the famous experiment of E. Rutherfred, which brought him world recognition.

The results of this experiment were processed using the Blair phase method [2]. At the time
of Rutherford, this method was not yet. Rutherford's experiment made it possible to estimate the
size of atomic nuclei and construct an empirical estimate of the dependence of the radius of the
nucleus on the number of nucleons in the nucleus: rn=1.4-Al/3 10 ®m. The employees of the
Institute of Nuclear Physics of the Academy of Sciences of the USSR (Alma-Ata), having
processed the results of the experiment using the “Blair phases” method, obtained no less
valuable results. This treatment showed that the nucleon system of the nucleus of each chemical
element has a quasicrystalline structure.

By a quasicrystalline structure is understood one of the forms of organization of a solid [3].
It follows from this definition that the distances between each pair of nucleons in a stable
nucleus have well-defined constant values. This means that, in the corresponding uncertainty
relations, the value of the Planck constant is h = 0. Therefore, the hypothesis of the existence of
indivisible energy quanta is false.

I.2. The reason for petition
to the hypothesis of existence
indivisible energy quanta
The hypothesis of the existence of indivisible energy quanta was first used in
constructing a quantitative approximate description of the experimental dependence of the
intensity of electromagnetic radiation of a “completely black body” on the radiation frequency.
Physicists tried to construct this description based on ideas about the conservative nature of the
electromagnetic radiation of an atom. At low frequencies, this description turned out to be close
to experimental, and at high frequencies the divergence of the theoretical and experimental
dependences was so large that it was awarded the term "ultraviolet catastrophe."



This very unpleasant misunderstanding was eliminated by M. Plank, who, following the
blind search method, proposed simply introducing a prohibitive restriction on high frequencies
using the hypothesis of the existence of indivisible energy quanta.

This method of eliminating the discrepancies between the theoretical and experimental
descriptions of the electromagnetic radiation of the “absolutely black body” in the conservative
theory was very crude, but the simplest. But more about that another time.

Since the “absolutely black body” consists of a huge number of atoms, it would be most
natural to first reveal the properties of the electromagnetic radiation of an individual atom from
the point of view of understanding the properties of electromagnetic radiation of this “body”.

However, physics, moving to the study of the structure of microcosm objects, failed to build
an adequate mathematical model of the atom, explaining all its properties.

I.3. The reason for physics failures
in achieving true understanding
atom devices

The simplest is the unexcited protium atom - the main isotope of hydrogen. It consists of one
proton and one electron. Since the proton has a “positive” unit electric charge (+ e), and the
electron has a negative (—e) charge, electric attraction acts between the electron and the proton.

In those days, it was not yet known that all micro-objects have their own magnetic fields.
And since the proton-electron system, connected only by electric attraction, according to the
Earnshaw theorem, cannot be stable, it must inevitably collapse [4]. But atoms really exist and
are stable. Based on this, physicists came to the conclusion that the methods of "classical"
physics - Newton's methods, are unable to explain the structure of the atom and other objects of
the microworld.

Later it became known that all objects of the microworld, including protons and electrons,
have their own magnetic fields, but in physics there was not a single person who, taking into
account the magnetic interactions between the electron and the proton, tried to correct this
annoying error.

This error was corrected by the theory of nonlinear oscillations — TNC, which operates
using the methods of “classical” physics — Newton's methods [5].

Having started constructing an adequate mathematical model of an unexcited protium atom,
TNC found that physics knew almost nothing about the magnetic interactions between an
electron and a proton. True, it was known that there was a magnetic orientation effect [6],
according to which the magnetic moment vector of a microobject is located along the lines of an
external magnetic field. However, there was nothing known about whether magnetic attraction
or magnetic repulsion acts between an electron and a proton in protium. The TNC found that the
electron and proton are diamagnets, as a result of which magnetic repulsion acts between the
electron and the proton in protium.

Given all these factors, the scheme of the unexcited protium atom can be represented by
Figure 1. But this construction of an adequate model has not yet been completed. This model
has a single state of static equilibrium [7]. But she ain't nothing can say about its sustainability.
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Fig. 1. Scheme of protium atom

This model is conservative, since the oscillations of the electron relative to the proton in this
model are not damped, i.e. transitional motion of an electron does not converge to its equilibrium
state. Dissipative, i.e. adequate, it can only be done by taking into account the resistance of the
material medium to the motion of the electron relative to the proton.



This model makes it possible to find the dependence of the atomic ionization potential on the
distance x* between the electron and the proton in equilibrium. And since the magnitude of this
potential was measured experimentally [8], the corresponding x* value turned out to be
5.302:10 ''m. The experimental value of this distance (Borovsky radius) is 5.2917706-10"'m.
The coincidence of these results should be recognized as excellent, given the accuracy of the
experimentally measured ionization potential of the protium atom. This accuracy is the first
confirmation of the adequacy of the presented mathematical model of the protium atom.

The dependence of the eigenfrequency of the electron-proton system on the coefficient of the
medium’s resistance to the motion of the electron in the vicinity of its equilibrium state is easily
derived. The value of this drag coefficient, corresponding to the experimentally measured
wavelength (in terms of the natural frequency), turned out to be 1.5-10 “kg-s .

Since experiments on accelerators did not detect microobjects with masses smaller than the
mass of the electron, it is natural to identify the medium with the ether known in physics.

Thus, the reason for the failures of physics in achieving a true understanding of the structure
of an atom is its refusal to take into account the ether and the refusal to take into account
magnetic interactions between micro-objects.

1.4. Reasons for physics failure
from ether accounting
and magnetic interactions between microobjects
The refusal of physics to take into account the ether and magnetic interactions between
microobjects was the result of an unskilled interpretation of the results of the experiments of
A.LL.Fiso and H.K.Oersted.

1.4.1. Ether
The concept of "pervasive ether" originated in ancient times. The most interesting and
informative stage of its development began with the discovery of light waves.

Physics has found that the “wave” is not a special kind of material substance, but is just a
special kind of movement of a certain distributed medium. And since this was confirmed by the
identification of material carriers of sound waves, the search began for a medium - a material
carrier of light waves. Ether was chosen as a hypothetical medium - a substance with elementary
objects much smaller than electrons. To this end, experiments were conducted Fizeau and
Michelson.

I.4.1.1. Fizeau experiment

The Fizeau experiment (1851) was extremely simple and elegant. It studied the propagation
of light in water moving in opposite directions in two parallel tubes. The movement of light
occurred, in one tube, in the direction of movement of water, in another - in the direction
opposite to the direction of movement of water [3].

In this experiment, it was assumed that the ether was the material carrier of light waves and
the truth of this hypothesis was verified. The experiment showed that light waves passing
through tubes with flowing water interfere with each other.

The indisputable conclusion follows from this that ether exists, is a carrier of light waves and
partially interacts with water, being carried away by it in its flow.

Physicists have not accepted this conclusion [3]. They stated that the reason for the observed
result is the phenomenon of light refraction at the interface of two media. To justify their
conclusion, they turned to the initial relations of STR - the special theory of relativity. But, at
the same time, they were embarrassed twice.



Firstly, experiments with microobjects at accelerators showed that the quantitative relations
of STRs cannot be trusted. Indeed, based on the basic relations of STR, the dependence of the
mass of the micro-object on its speed (*) was obtained:

m()=m(0)(1—c ?) (*)

This ratio in physics is considered fair, without changes, for both electrons and nucleons.
However. experiments on the acceleration of micro-objects showed that in the same range of
acceleration speeds, the mass of nucleons increased by 1.5 times, while the mass of electrons
increased by 2 + 3 orders of magnitude! The difference is completely intolerable.

Secondly, when analyzing the nature of the phenomenon of light refraction at the interface
between two media, physicists discovered [3] that this phenomenon exists due to different values
of the “optical densities of the media”. But in the Fizeau experiment, the ether just acts as the
“optical medium”. And since, in different tubes with flowing water, the densities of the
oncoming, for light, ether flows are different, the Fizeau experiment clearly demonstrates the
substantial reason for the existence of the phenomenon of light refraction, which is completely
not understood by physicists. In other words, in the Fizo experiment, physicists confused the
effect with the cause.

1.4.1.2. Michelson experiment

The Michelson experiment in all textbooks is characterized as a model of physical
experimental art. However, it is worth turning on consciousness, as the surprising absurdity of
the whole situation associated with this experiment is revealed.

First, why was this experiment needed if physicists disavowed the experimental result of
Fizeau? Have they forgotten this, over the past half century?
Secondly, a priori assumptions about the properties of ether preceding this experiment are
perceived as if they were made by completely unskilled people. Indeed, physicists assumed that
ether, being a material carrier of light waves, does not interact with matter. But we ourselves are
composed of different substances and daily we feel the effects of light without the help of special
experiments. And since a light wave, by physical definition, is just a special kind of motion of
the material carrier of this wave - ether, it can interact with matter only through its material
carrier - ether. It is not surprising that the experiment did not find such an ether.

Thirdly, the assumption that the ether interacts with matter makes us immediately recall the
“near-wall effect”, well known in physics, according to which the ether is stationary in the
vicinity of the Michelson device. Therefore, the Michelson device in this case can neither
confirm nor deny the existence of ether.

In other words, the “model of physical experimental art” turned out to be a completely
useless dummy. Surprisingly, physicists have been unable to detect this for the second century.

1.4.2. Magnetism
The refusal of physics to take into account magnetic interactions between microobjects
causes purely childish bewilderment - after all, all microobjects, without exception, have their
own magnetic fields, which means that there are magnetic interactions between them. How did
such an absurdity happen in physics, the “advanced” scientific discipline hung with Nobel
prizes?
To get an answer to this question, we consider two experiments - H.K.Oersted (1821) and
M. Faraday (1831).
1.4.2.1. Oersted experiment



Oersted experimentally (1821) found that a magnetic field is excited around a conductor with
current (Fig. 2, this is Figure 8 from [5]). The circular lines shown in Figure 2 are not lines of a
magnetic field excited around a conductor, but conditional illustrative projections of real three-

Fig. 2. Oersted experiment design

dimensional spiral lines on a plane orthogonal to the conductor and containing a magnetic arrow.
The structure of this field was revealed using small magnetoactive sawdust on a plane,
orthogonal to the conductor (Fig. 3, this is Fig. 9b from [5]). According to the “vector field” of

Fig. 3.

sawdust it became clear that on this plane the magnetic lines are concentric circles with a
common center in the middle of the conductor. Because of this, physicists called this magnetic
field “circular”, and since then, these ideas have not changed - the magnetic lines of this field are
still naively considered flat and circular.

However, this field is not circular, but spiral - its lines are on cylindrical surfaces parallel to
the conductor. This can be easily verified experimentally by placing the conductor horizontally
along a geographic parallel and hanging the magnetic arrow directly above the conductor. In the
absence of current, the arrow will be orthogonal to the conductor. Turning on the current will
make it turn, indicating the direction of the magnetic line at this point.

The cause of the helicity of the lines of the magnetic field excited by the current can be found
based on Figure 2. This figure indicates that the magnetic fields of the current carriers that excite
the magnetic field around the conductor move forward along the conductor and simultaneously
rotate around this direction.



In those days, it was not yet known that all micro-objects have their own magnetic fields.
Therefore, from the experimental results of Oersted, A.M.Amper concluded that magnetism is
not an independent phenomenon, that it comes from the movement of electric charges, and that it
should not be taken into account in physical theories. This "wise" conclusion still works.
Modern physicists have no doubts about the truth of this conclusion even after the discovery of
their own magnetic fields in current carriers - electrons.

1.4.2.2. Faraday experiment

Faraday experimentally (1831) found that in a closed conductor located in an external
magnetic field, when this field changes, an electric current arises. Following the logic of
Ampere, one could, from the results of this experiment, conclude that electricity is not an
independent phenomenon, that it comes from changes in the magnetic field, and that it should
not be taken into account in physical theories.

Physicists have not noticed the contradictory nature of these two ridiculous conclusions. The
theory of nonlinear oscillations had to correct this scandalous situation.

1.4.2.3. Theory of Nonlinear Oscillations
about the nature of magnetism

Doubts about the validity of Ampére's conclusion about the origin of magnetism from the
movement of electric charges intensified as a result of revealing intrinsic magnetic fields in all
elementary microobjects, and. First of all, electrons - carriers of electric charges and electric
current, and neutrons, deprived of electric charges.

To reveal the true nature of magnetism, it was necessary to find the answer to the question -
what is the origin of spiral magnetism in Oersted's experiment - by the movement of electric
charges of current carriers or by the movement of their own magnetic fields.

1.4.2.3.1. Properties of a moving electron,
manifested in the Oersted experiment

An electric current is created, as a rule, by electron flows. The direction opposite to the
motion of electrons is considered to be the direction of the electric current. Therefore, the
direction of electron motion in the conductor and the direction of the lines of the "circular"
magnetic field, according to Figure 2, form a left-handed system, as in a left-handed thread.

Let us check whether the intrinsic magnetic fields of electrons moving along a conductor can
create, without the participation of electric charges of electrons, a "circular" magnetic field.
Since the direction of the lines of the "circular" magnetic field is a left-handed system with the
direction of movement of the electrons, the intrinsic magnetic fields of electrons moving along
the conductor can excite the observed "circular" magnetic field if the axis of symmetry of the
intrinsic magnetic field of each electron is parallel to the conductor, and if the electron rotates
around this axis of symmetry so that the direction of electron motion and the direction of
electron rotation make up the left-handed system.

This is all that can be learned from the results of the Oersted experiment. The questions
remain unclear: can an electron acquire the indicated properties during movement? If it can,
what is the direction of the vector of its magnetic moment pe?

Suppose a moving electron rotates in such a way that the direction of its rotation is, with the
direction of its translational motion, a left-handed system. In this case, how is the vector of its
magnetic moment pe directed?

Let’s try to find out by examining an experiment in which an electron moves across lines of
an external magnetic field — the Lorentz experiment.

It was established experimentally that an electron moving with a speed v in a plane
orthogonal to the lines of an external uniform magnetic field H is affected by a force that bends
its trajectory. Lorentz constructed an empirical formula according to which the magnitude of



this force is proportional to the magnitude of the electron velocity v and the magnitude of the
strength of the external magnetic field H. The direction of the Lorentz force acting on the
electron is such that the direction of motion of the electron, the direction of the external magnetic
field, and the direction of this force constitute a left-handed system

There are a number of factors that make a moving electron behave like this. One of them is
the forced rotation that occurs during the movement of an electron around an axis that coincides
with the axis of symmetry of the electron’s own magnetic field. Another is due to the fact that
the electron turned out to be a diamagnet (diamagnetics are pushed out of an external magnetic
field). The third is associated with the nature of the ether flowing around a moving electron.

The forced rotation of a moving electron around the axis of symmetry of its magnetic field
creates, due to the presence of a nonzero mass of the electron, a gyroscopic moment M=/e. This
moment tends to preserve the spatial orientation of the axis of rotation of the electron in the same
way as it happens with a flying rotating bullet. At the same time, from the side of the external
uniform magnetic field H, the tilting moment N, orthogonal to the vectors u. and H: N=—[u.H|,
acts on the electron, due to its diamagnetism.

The moment 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 moment 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 moment /N makes the electron rotate at a constant angular rate @,
(N=lowM], o~ MN]M 2=-[a)[ﬂeH]]f la)'2=(a),u‘,,)1‘ 1a)'zH) in the plane containing . and N
vectors (w, vector direction is the same as the one of H vector) [4]. 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 the electron has a spherical shape, then the flow around it with the counter stream of ether
remains symmetric, despite the rotation of the electron and vector pe. In this case, the direction
of the vector v remains unchanged during the motion of the electron, and the curvature of the
path of the electron does not occur.

If the electron has an elongated, axisymmetric shape, the axis of symmetry of which is also
the axis of symmetry of the intrinsic magnetic field of the electron, then the nature of the flow of
ether around the electron, in general, changes. It remains symmetric only if the vector v is on the
axis of symmetry of the electron.

The rotation of the electron, caused by the moment N, leads to an angular mismatch of the
axis of symmetry of the electron and the vector v and to the asymmetry of the electron flow past
the counter stream of ether. Due to this asymmetry, the Lorentz force and electron acceleration
arise, changing the direction of the vector v. As a result, the electron moves across the lines of
the magnetic field H so that the axis of symmetry of the electron and the vector v experience
simultaneous rotation with the same angular velocity w,. This movement occurs, due to the
resistance of the ether to the movement of the electron, along a spiral trajectory that slowly
converges to the equilibrium state. Each individual turn of this spiral trajectory differs little from
the circle.

It was experimentally established that the direction of the vector H and the direction of
motion of the electron in the plane orthogonal to the vector H constitute a right-handed system.
In other words, according to experimental data, the vector w, and the vector H are parallel to
each other and have the same direction. It is easy to verify that this can only happen if the vector
M. 1s directed opposite to the vector v.

1.4.2.3.2. Experimental information on the properties of electrons



How should an electron be arranged in order to possess all these properties?

To understand how an object is structured, you need to find out what elements it consists of
and how these elements are interconnected. There are two ways to solve this problem. The first
is based on obtaining information without destroying the object (x-ray, ultrasound, ...). The
second is to completely disassemble, dismember the object into its constituent elements.

Various methods of "transmission" of electrons, protons and neutrons did not bring success.

To divide them into components, powerful accelerators of electrically charged micro-objects
were created. Microobjects were accelerated to very high speeds on them and the results of their
collisions were observed. Observations of “fragments” from collisions of micro-objects brought
completely unexpected results. These "fragments" had masses that either exceeded the mass of
the proton, or masses that exceeded the mass of the electron, but smaller than the mass of the
proton. All these “fragments” turned out to be extremely unstable. Almost instantly, they again
turned into electrons, neutrons and protons. No other stable microobjects were detected.

Only the ether remains.

It is known that in the macrocosm and in the microworld, matter can be in four states - solid,
liquid, gaseous, and plasma. In which of these states can the ether that is part of the electron?

Can an electron look like a solid?

It is known that all stable objects of the microworld and the macrocosm consist of neutrons,
protons and electrons. Therefore, the whole multitude of objects of the macrocosm and the
microworld forms, by the magnitude of their masses, a continuous spectrum, accurate to the
magnitude of the neutron mass m,,.

If objects consisting of ether elements have a similar property with respect to elementary
ether objects, then stable microobjects with masses exceeding the electron mass me but smaller
than the proton mass mp should have existed. But such microobjects have never been
experimentally observed. From this we can conclude that objects consisting of ether elements
have a structure different from that of a solid. Consequently, neutrons, protons and electrons
cannot possess solid-state structures.

Another argument in favor of the fact that the structure of an electron is not similar to that of
a solid is the ability of solids to give in to crushing. However, the decay of an electron into
smaller stable formations was not recorded in any experiment.

Free, spatially localized macrocosm objects having a liquid structure (raindrops, ...) do not

have the necessary stability to serve as some kind of prototype of the electron structure.
Only gas-like and plasma-like objects remain, which could serve as analogues to achieve an
understanding of the structure of the elements of the microworld. At first glance, the assumption
that elementary micro-objects have gas-like structures seems not only dubious, but completely
absurd. However, it is worth recalling the existence of such phenomena as atmospheric
tornadoes (tornadoes), as doubts begin to recede.

Since the scan showed that the electron structure is not in static equilibrium, there remains
only one possibility of the stable existence of the electron - in the form of a structure that
maintains its stability due to continuous motion.

It turns out that in the macrocosm, structures whose stability is ensured by continuous motion
are well known. These are atmospheric tornadoes.

1.4.2.3.3. Atmospheric tornado

According to the results of the Oersted experiment, the flow of the intrinsic magnetic fields of
the elements of ionized air in the central stream of the tornado excites the magnetic field Ps
around the central stream, which is persistently called “circular” in physics, although in reality it
is spiral. The magnetic field Ps causes the air in spiral jets to move continuously. According to
Oersted's experiment, the flux of intrinsic magnetic fields of air elements in spiral jets excites
new magnetic fields around each spiral jet, the sum of which forms a magnetic field Pc in the
central stream of the tornado. This field Pc forces air to continuously move in the central stream.



The speed of air movement in the jets increases from the periphery of the tornado to the
center. Because of this, the internal air pressure in the tornado from the periphery to the center
decreases. Due to this difference in internal air pressures, centrifugal accelerations in the spiral
tornado jets are neutralized, ensuring the dynamically stable existence of the tornado.

The sum of the magnetic fields Ps and Pc makes up a stably existing magnetic vortex, which
ensures the steady existence of a tornado. This magnetic vortex strongly compresses the air in
the tornado, compared with the surrounding air.

1.4.2.3.4. Vortex-like ether electron
Apparently, the electron has the same structure as the atmospheric tornado (Fig. 4). In order for
him to have an electric charge and his own magnetic field, he should consist of ether elements
So, an electron can only have a gaseous structure. Its stability is well known to physics. The
only stable gaseous object is atmospheric tornado. An electron consists of a huge set of ether
and, by analogy with an atmospheric tornado, has a tornado-like vortex structure (Fig. 4).
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Fig. 4. Electron scheme

A vortex electron has the following properties:

- it consists of a direct central etheric stream and a multitude winding on it, spiral ether jets
with left-handed swirl,

- it has a long elongated shape in which the length is much larger than the diameter. About
this is indicated by the open TNC, the circumstance that, in contrast to tension neutron
magnetic field: Hn=(y+y1)(ﬂnr)rr_4—y1ﬂnr_2, magnetic field strength electron is described by
the expression: He=(y+y1)(ﬂer)rr%[cos(ﬂeAr)]54r—y1r72ﬂe.

From this the expression follows that the electron has an extremely narrow and long magnetic
a jet similar to a magnetic jet of an extremely long solenoid [7],

- the stable existence of the electron is provided by the magnetic field contained in it a tornado-
like vortex,

- the electron does not have a constant ether composition — through the electron by a magnetic
vortex the external mass of the extremely strongly compacted material is continuously umped
ether ejected from an electron in the form of an ethereal jet, the high degree of compaction of
ether in the electron and the high intensity of the ether the jet stream says that the speed of
electrons in the "Solar wind", despite the resistance of the external ether is estimated at
600km's ',

- the direction of the electron magnetic moment vector g, coincides with the direction pumping
ether through an electron,

- is the vector v of the velocity of a free moving electron, due to the reactive ether jet, located
on the axis of symmetry of the electron and its direction is opposite air flow direction,

- a moving electron, due to the left-handed twist of its spiral ether jets acquires forced left-
handed rotation around the axis of symmetry with angular velocity w.

The vortex electron, in Oersted's experiment, moves so that its axis of symmetry is parallel to
the axis of the conductor. Due to the left-hand spin of its spiral ethereal jets, it, at the same time,
acquires a forced left-hand rotation around the axis of symmetry with an angular velocity of .
This explains the reason why the flow of its own magnetic fields excites electrons, without the
participation of their electric charges, a "circular" magnetic field around the conductor.

The properties of the vortex of the electron in detail explain the reasons for the curvature of
the trajectory of an electron moving across the lines of the external magnetic field the experiment
of Lorentz. These properties allow us to establish an expression for the Lorentz force:

FL=vH'me,ueflafl.
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L. SKCITIEPUMEHTAJIBHOE JTOKA3ATEJIbCTBO
OTCYTCTBUA B ITIPUPOE
HEJAEJIMMBIX KBAHTOB DQHEPT U

Jleonos H.H.

CoBpeMeHHbIE 3HaHUS 00 YCTPOWCTBE MUKPOMHpA OKa3aJMCh HEMOJIHOLEHHBIMU M3-3a JBYX NMPHHIMITHAIbHBIX
omKOOK, JOMYIIEHHBIX el B MO3aNpOLUIOM BeKe, NMPH HHTEPIPETAlMU PE3yJIbTATOB SKCHEPHUMEHTOB Dpcresa
(1821) u ®uzo (1851). OrkazaBuuch, n3-3a ATUX OMIHKOOK, OT ydeTa 3(upa U MArHUTHBIX B3aUMOJCHCTBUNA MEXIY
MHKPOOOBEeKTaMH, (pu3MKa He CyMeaa BOCIIOJIb30BAaThCA «KIACCHYECKHM» (hopManu3MoM HbloToHa Ad M3ydeHHs
MHKPOMHpa U 00paTHiIach K KBAHTOBOMY MUPOBO33peHuI0. HecMoTpst Ha moTok camoBocxBaneHuid 1 HoGeneBckux
HpeMHﬁ, KBaHTOBasA TCOpUA HE CyMeja NOCTUYDL IOJHOLUCHHOTO, NCTAJIBHOTO TTOHUMAaHUSA yCTpOﬁCTBa aTOMHOTI'O
sIIpa, HeBO30YKICHHOTO aToMa, (POTOHA, BO30YKICHHOTO aTOMa, SJICKTPOHA, HEHTPOHA, IPOTOHA, . .. .

B 19791, B uentpanpHOM PoccuiickoM QU3NYECKOM aKaAeMHYecKOM JKypHaje OBUIO OITyOIrMKOBaHBI
9KCIIEPUMEHTAJIbHBIE JOKA3aTeIbCTBA OTCYTCTBHs B [Ipupo/ie HelenMbIX KBaHTOB dHepru [1].

TeOpI/IH HEITUHEHHBIX KOJIe6aHPIfI, onepupyronias «KJIaCCUICCKUMMU» METOAaMU HB}OTOHa, PpacCKa3bIBACT, KaK
OHa HUCIIPABJIACT YIIOMSAHYTBIC CI)I/ISI/I‘-ICCKI/IG HEI0Pa3yMEHU.

°
I.1. DkcniepumeHT
10 PACCeIHUIO -9ACTHI
Ha HYKJOHHBIX CTPYKTYpax
aTOMHBIX siiep

B 1979r B Poccum B meHTpalbHOM akajeMHuecKoM KypHaine [1] Obuid  OmyOIMKOBaHbBI
pe3yJbTaThl IKCIIEPUMEHTA 10 PACCESHHUIO (-HYACTUL[ HA aTOMHBIX SApax BCEX XHUMHUYECKHX
AJIEMEHTOB. DTO OBIJIO MOBTOPEHUEM M3BECTHOTO dKcriepuMeHTa J.Pe3epdpa, mpuHeciiero emy
MHPOBOE IPU3HAHUE.

Pesynpratel a3Toro skcmepuMeHTa OblTH oOpaboranel mo meroay «¢a3z bmpa» [2]. Bo
BpeMmeHa Pesepdopma storo meroma em€ He Obuto. DKcmepuMeHT Pesepdopaa mo3Bosmi
OLICHUTH pa3Mepbl aTOMHBIX SIIEp W MOCTPOUTH SMIUPHUYECKYIO OLIEHKY 3aBHUCHMOCTH paauyca
sipa OT KOJMYECTBA HYKIIOHOB B fJIpe: ra=1,4:4"10"m. Cotpynuuku Mucturyta SnepHoit
Ouszukun AH CCCP (Anma-Ata), 00paboTaB pe3yiabTaThl 3KCIEPUMEHTa IO METony «ha3
bmpa», momyumnu He MeHee IIEHHBIM pe3ynpTaT. JTa 00pabdoTkKa MoKazana, 4To CHUCTeMa
HYKJIOHOB  Si/Jpa K&XKJIOTO XUMHYECKOrO DJJIEMEHTa 00JaJaeT KBa3HMKPHCTAITNYECKON

CTPYKTYpPOH.



[Tox KBa3UKPHUCTATUIMYECKOW CTPYKTYpPOH MOHUMAIOT OJIHY U3 (OPM OpraHu3aliu TBEPAOTO
tena [3]. U3 aToro ompeneneHust cieAyer, YTO PACCTOSHUS MEXKIY Ka)XJAO0W Mapoil HyKJIOHOB B
CTaOWIBHOM $IJJp€ UMEIOT BIIOJIHE ONpe/eICHHbIe NOCTOSHHBIE 3HAUEHHs. DTO O3HAYaeT, YTo B
COOTBETCTBYIOIIUX COOTHOIIEHUSIX HEOIPEIEICHHOCTeW BeianunHa mocTossHHol [lnmanka 7=0.
CrnenoBaTellbHO, TUIIOTE3a CYLIECTBOBAHUS HEACTUMBIX KBAHTOB 3HEPIUU JIOXKHA.

1.2. Ipuunna odpameHus
K THII0Te3e CylIeCTBOBAHMSA
He/JleJIUMbIX KBAHTOB 3HEPrum

I'unoTesa cyuiecTBOBaHUS HEJIEIMMbBIX KBAHTOB YHEPIHH Obljia BIIEPBbIE UCIIOJIb30BaHA TIPU
MOCTPOCHUU KOJMUYECTBEHHOTO MPUOIMKEHHOTO OMMCAHUsl SKCIIEPUMEHTATbHONW 3aBHCHUMOCTH
WHTEHCUBHOCTH 3JICKTPOMArHUTHOTO W3TYYCHHsI «aOCOIIOTHO YEpPHOrO Tejia» OT YacTOThI
n3nydeHus. DU3MKU [OBITAINCHE IOCTPOUTH 3TO OINUCAHUE, MCXOIA M3 IPEICTABICHUH O
KOHCEPBATHUBHON MPHUPOJIE 3JIEKTPOMAarHUTHOTO U3TydeHus atoma. Ha HeOonmbIInX 4acToTax 3To
ONHCaHWE OKa3aJoCh OJNM3KMM K OSKCIIEPUMEHTAIbHOMY, a Ha BBICOKHX PAaCXOAMMOCTh
TEOPETUYECKON U SKCTICPUMEHTAIILHOM 3aBUCHMOCTEH OKa3ajiaCh HACTOJILKO OOJIBIIION, U4TO Oblia
HarpakJaeHa TEPMUHOM «yJIbTpadroeToBas Karactpoday.

OTO OuYeHb HEMPHUITHOE HEAOpa3yMEHHE yaanoch ycTpaHuTh M.IImaHKy, KOTOPBIH, Cienys
METOAY CJIENOro MOUCKA, MPEAJIONKHIII IPOCTO BBECTH 3aPETUTEILHOE OTPAHUYEHHE Ha BEICOKHE
YacTOTHI C IOMOIIBI0 THIOTE3bI CYIIECTBOBAHMSI HEJIEIIMMbIX KBAHTOB SHEPTUU.

DTOT cmoco0 YCTpaHEHHS PACXOXKICHUH MEXKIY TEOPETHUECKUM W IKCHEPUMEHTaIbHBIM
ONUCAHUSIMU 3JIEKTPOMArHUTHOTO M3JIYYEHUS «aOCOIIOTHO YEPHOIO Tella», B KOHCEPBATUBHOU
TeopHH ObLT OueHb IpyOBIM, HO Hanbosee npocTeiM. Ho 06 3TOM B ipyroii pas.

Tak kak «aOCOIIOTHO YEPHOE TEJI0» COCTOUT U3 OTPOMHOI0 MHOKECTBA aTOMOB, TO, C TOUKH
3peHHs JOCTHKCHHUS NMOHUMAaHMS CBOWCTB JIEKTPOMArHUTHOTO M3JIYYEHHUS 3TOTO «Teiay, ObLIO
Ob1 HamOoliee ECTECTBEHHBIM CHadaja BBIBUTH CBOMCTBA AJIEKTPOMArHUTHOTO W3ITy4EHUS
OTZIEIBHOIO aTOMA.

Onnako, ¢u3MKa, TepeiIs K W3y4eHHI0 YCTPOHCTBA OOBEKTOB MHKPOMHPA, IOCTPOUTH
a/ICKBaTHYIO MaTEMaTHUYECKYIO MOJIENIb aTOMa, OOBSICHSIIOIIYIO BCE €r0 CBOMCTBA, HE CyMera.

L.3. lIpuunna Heyaay GpU3UKHU
B I0CTHKEHUH HCTUHHOI'O MOHUMAHUSA
ycTpoiicTBa aToMa

[Ipocreiitmm siBrsieTcs: HEBO30YKIEHHBIN aTOM MTPOTHUSI — OCHOBHOT'O W30TOMa Bojiopoa. OH
COCTOMT W3 OJHOTO TPOTOHA ¥ OJHOrO JJeKTpoHa. Tak Kak TPOTOH oO0IamaeT
«TOJIOKUTETBHBIMY €INHUYHBIM SJIEKTPHUECKUM 3apsSaoM (+e), a dIEKTPOH — OTPHIATEILHBIM
(—e), To MexX11y 3JIEKTPOHOM U IPOTOHOM JIEUCTBYET AIEKTPUUECKOE IPUTSIKEHHE.

B Te Bpemena emi€ He OBUTO M3BECTHO, YTO BCE MHKPOOOBEKTHI 00JIaal0T COOCTBEHHBIMU
MarHMUTHBIMH TIOJSIMH. A Tak KakK MPOTOH-3JIEKTPOHHAs CHCTEMa, CBSA3aHHAS TOJBKO
ANEKTPUYECKUM TMPHUTSHKEHUEM, COTJacHO TeopeMe MpHioy, He MOXeT ObITh YCTOWYMBOM, TO
OHa HEW30EeKHO JOJKHA cKoyarncupoBath [4]. Ho aTombl peanbHO CYIIECTBYIOT M SBISIIOTCS
ycToiunBbIMU. Mcxoast U3 3Toro, (pM3MKM NPUIUIA K BBIBOJY, YTO METOJIBI «KJIACCHUYECKOM)
¢usuku — Metospl HeloTOHA, HECTTOCOOHBI OOBSICHUTH YCTPOMCTBO aromMa U JIPYTHX OOBEKTOB
MUKPOMHPA.

[Tozxe cTano U3BECTHO, UYTO BCE OOBEKTHI MUKPOMHPA, B TOM YHCIIC MPOTOHBI U JICKTPOHBI
0071a/1at0T COOCTBEHHBIMH MATHUTHBIMHU TIOJISMHA, HO B (U3HMKE HE HAIUIOCh HU OJHOTO
YeJIOBEKa, IONBITABLIETOCs, C Y4€TOM MAarHUTHBIX B3aMMOACWCTBUN MEXAY 3JEKTPOHOM U
MIPOTOHOM, HCIIPABUTh ATY JIOCATHYIO OIIHOKY.

.

Oty ommOKy WCIpaBUiia TeOpUs HEIMHEWHBIX KoseOanui - THK, omepupyromas merogamu

«KJIaccuueckoit» hu3uku — metonamu Hprotona [5].



3aHsBIIMCH TIOCTPOCHUEM aJIeKBATHOM MaTeMaTHYeCKOH MOJENId HEBO30YKIEHHOTO aroma
npotus, THK BbisicHuna, yto ¢u3uka nmouyTu HUYEro He 3Haja O MarHUTHBIX B3aUMOAEHCTBUAX
MEXIY JIEKTPOHOM U HpoToHOM. IlpaBaa, ObUIO M3BECTHO O CYLIECTBOBAaHMHM MAarHUTHOTO
opueHTaloHHoro d¢¢dekra [6], cormacHO KOTOPOMY BEKTOp MAarHUTHOTO MOMEHTa
MHUKPOOOBEKTa PacHojaraeTcsi BAOJb JMHUN BHEUIHETO0 MAarHUTHOro moius. OnHako, HE OBLIO
HUYEro M3BECTHO O TOM, MarHUTHOE NPUTSHKEHUE WIM MarHUTHOE OTTaJIKMBaHHUE JIEHCTBYET
MEXY 3JIeKTpOHOM M mnpotoHoM B mnpotud. THK ycraHoBuiia, 4TO 3JIEKTPOH MU MPOTOH
SIBJIAIOTCS JAMaMarHeTHUKaMH, BCIICCTBHE YEro MEXKIY 3JIEKTPOHOM M HPOTOHOM B MPOTHH
JICHCTBYET MarHUTHOE OTTAJIKHUBAaHUE.

C yyerom Bcex 3THX (PaKTOpPOB, cxemMa HEBO30YXKIEHHOTO aTOMa MPOTHUS MOXKET ObITbh
npezcraBieHa pucyHkoM 1. Ho aTum noctpoeHne agekBaTHOM MOAENIH €Ié He 3aBeplIeHo. JTa
MOJieJIb 00J1aJ]aeT eIMHCTBEHHBIM COCTOSIHUEM CTaTHYecKoro paBHoBecwust [7]. Ho ona Huuero He

o— g
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Puc.1. Cxema aroma npotus

MOXET CKa3aTh O €ro YCTOMYMBOCTH. DTa MOJENb KOHCEpPBaTHBHAs, TaK Kak KoJeOaHUs
3JIEKTPOHA OTHOCUTEIBHO IIPOTOHA B 3TOM MOJIENU HE 3aTyXarollue, T.€. IePeX0JHbIE JBUKECHUS
3JIEKTPOHA HE CXOJATCS K €r0 COCTOSIHUIO paBHOBecHs. J[MCCUITATUBHOM, T.€. aJCKBaTHOM, €&
MOXET cJeJIaTh TOJIBKO YYET COINPOTHUBICHHUS MaTE€pPUAIbHOM CpEeIbl JBMKEHHUIO 3JIEKTPOHA
OTHOCHUTEJIBHO MPOTOHA.

.

OTta MoJenb MO3BOJISIET HAWTH 3aBUCMMOCTb MOTEHIMATa MOHM3AIMH aTOMa OT BEIHYMHBI
paccTosiHus X* MEXy 2JIEKTPOHOM U MIPOTOHOM B COCTOSIHMM PaBHOBECHsI. A Tak KaK BEeIHMYHWHA
ATOr0 TOTEHIMAla W3MEpPEeHa SKCIEePUMEHTaIbHO [8], TO COOTBETCTBYIOIIAs BeIMYMHA X*
oKazanach paBHoOM 5,302 107w DKcrnepuMeHTalIbHOE 3HAaYeHHe 3TOTo paccrosiaus (bopoBckuit
paanyc) paBHO 5,2917706:10 ''m.  CoBnamenme 5tux pe3ynbTaToB CJEAyeT NpU3HATh
BEJIMKOJICIIHBIM, €CJIM Y4YeCTb TOYHOCTb 3KCIEPUMEHTAJIbHO H3MEPEHHOIO0 MOTEHLHUaIa
MOHM3ALMM aToMa MPOTHUsA. DTa TOUYHOCTb SBIISETCS NEPBbIM MOATBEPKIACHUEM aJeKBaTHOCTU
MPEACTABICHHON MaTeMaTHYECKONH MOJEIIN aTOMa MPOTHSI.

.

Jlerxo BBIBOAMTCS U 3aBHCUMOCTh COOCTBEHHOU YacCTOTHI SJIEKTPOH-IPOTOHHON CHCTEMBI OT
BEJIMYMHBI KO3 PUIIMEHTAa CONMPOTHBIICHUSI CPEAbl IBMKCHHUIO 3JIEKTPOHA B OKPECTHOCTH €ro
COCTOSTHUSI paBHOBecHs. BemnuumHa 3TOoro KO3(QQUIMEHTa CONPOTHUBICHHUS, OTBEYAIOIAS
HKCIEPUMEHTAIILHO HM3MEPEHHOH JJIMHe BOJHBI (B Iepecuyere Ha COOCTBEHHYIO 4YacToTy),

o —15 -1
okazanach paBHo# 1,5-10 "~ xr-c .

.
Tak Kak SKCIEPUMEHTHl Ha YCKOPHUTEISIX HE OOHApYXHIM MHUKPOOOBEKTOB C Maccami,
MEHBIIMMH MacChl 3JIEKTPOHA, TO YIIOMSHYTYIO CPEAY €CTECTBEHHO OTOXKIECTBUTH C U3BECTHBIM
B (husuke 3pupom.
Takum oOpa3oM, TpUYHHOW Heymad (GU3NKKH B AOCTHKCHHM HWCTHHHOTO TTOHUMAaHHS
YCTpOHCTBa aToma siBIseTcs e€ OTka3 oT ydera d(upa M OTKa3 OT ydeTa MarHUTHBIX
B3aUMO/ICHCTBUN MEXITy MUKPOOOBEKTaMH.

1.4. IlpnynHbI 0TKa3a PU3NKH
oT yuera 3¢upa
W MATHUTHBIX B3aMMOJEHCTBHI MKy MUKPOOOBEKTAMU
Otka3 Qu3ukn OT ydera 3(upa U MArHUTHBIX B3aWMOJICUCTBUN MEXKIY MHUKPOOOBEKTAMHU
SBUJICS PE3yJAbTATOM HEKBATH(PHUIMPOBAHHONH HHTEPIIPETALMH PE3yIbTATOB JKCIIEPUMEHTOB
AN.JL.Duzo u X.K.Opcrena.



1.4.1. O¢up

[lonarue «BcenpoHMKaromuii >gup» 3apoamnoch B TIiyOokoi apeBHocTH. HambGonee
HWHTEPECHBIN U COJEpKATENIbHBIN 3Tall €ro pa3BUTUS Hayajcs ¢ OTKPbITHEM CBETOBBIX BOJIH.

®du3nka BBICHWIIA, YTO «BOJIHA» HE SIBISIETCS OCOOON Pa3HOBUIHOCTBHIO MaTepUANBHON
CcyOCTaHINH, a SBJISAETCS BCETO JIMIIb CIENUAIBHBIM BHIOM JIBUKEHHUSI HEKOCH pacrpeieeHHON
cpenpl. A Tak Kak 3TO OBUIO MOJATBEPIKICHO BBISBICHUEM MAaTepHALHBIX HOCHUTENEH 3BYKOBBIX
BOJIH, TO HAYaJUCh MOUCKH CPEIbl — MaTEpPHAIBHOIO HOCHTENS CBETOBBIX BOJH. B KadecTBe
THITIOTETUYECKOW Cpeabl ObUT BBIOpaH 3up — CyOCTaHIUS C DIEMEHTapHBIMH OOBEKTaMH,
HaMHOTO 0oJiee MEJIKHUMH, 4eM 3JeKTpoHbl. C 3TOH 1enbio ObUIM MPOBEAEHBI HKCIEPUMEHTHI
®u3o u MaiikenpcoHa.

1.4.1.1. DOxcnepumenTt Puzo

OkcniepumenT Puzo (1851) ObLT Ype3BBIYAMHO MPOCTON W 3JeraHTHBIA. B HeM m3ydanoch
pacrpocTpaHeHHEe CBeTa B BOJE, JABIXKYIICHCS B NPOTHUBOIIOJIOKHBIX HANpaBIEHUSIX B JIBYX
napajyienbHbIX TpyOKax. [IBHrkeHHE CBeTa MPOUCXOIWIO, B OJHOW TpPyOKe, B HaIpaBICHUHU
JIBWDKEHUS BOJBI, B JPYroil — B HaNpPaBICHUH, MPOTHUBOIOIOKHOM HAIMPABICHHUIO JBIKCHHS
BOABI [3].

B »TOM 3KCcmepumeHTe Mpeanonaraioch, YTO MaTEpPHaTbHBIM HOCHUTEIIEM CBETOBBIX BOJH
saBiseTcss dGUp M TPOBEPSTIACh HUCTHHHOCTH AITOM THMOTE3bl. DKCIEPUMEHT IMOKa3an, YTo
CBETOBBIE BOJIHBI, TPOMIE/IIINE Yepe3 TPYOKH C TeKYIIel BOAOH, MEKIAY co00i nHTEepPepupyoT.

W3 storo cnenyer GeccriopHbI BBIBOJL O TOM, U4TO 3(Up CYIIECTBYET, SIBJISETCS HOCUTEIIEM
CBETOBBIX BOJIH M YaCTUYHO B3aUMOJAEHCTBYET C BOJOM, YBJIEKAsACH €10 B €€ TEUCHUHU.

.

@®usuku 3TOT BbIBOJ HE mpuHsIU [3]. OHM 3asBWIM, YTO NPUYMHON HaAOII0aEeMOro
pe3yibTaTa SBISIETCS SBJICHUE MPEJIOMIICHHUS CBETAa Ha IpaHUIe IBYX cpeld. s obocHOBaHUS
CBOEr0 BBIBOJA OHM OOpaTWIMCh K HUCXOAHBIM cooTHoweHusiM CTO — crenuanbHOR Teopuu
OoTHOCUTENFHOCTH. HO, TIpM 5TOM OHUM TBaXTbI OKOH()Y3HITUCH.

.

Bo-niepBbIX, SKCIEPUMEHTBI € MHUKPOOOBEKTAMHM Ha YCKOPHUTENSX IOKa3aidh, 4YTO
KoruecTBeHHBbIM cooTHomeHusM CTO noBepsaTh Henmb3s. JlelcTBUTENBHO, NCXO/s U3 0a30BbIX
cootHoeHuit CTO, Obl1a MoTy4YeHa 3aBUCUMOCTh MACChl MUKPOOOBEKTA OT €ro CKOpocTH (*):

m(v)=m(0)(1-v’c ) . (*)

OTO COOTHOIICHHE B (PU3HMKE CUUTACTCS CIIPABEUIMBBIM, 0€3 M3MEHEHUH, KaK JJIsl SJIEKTPOHOB,
TaKk ¥ s HyKIOHOB. OHAKO. KCIEPUMEHTHI M0 Pa3rOHY MUKPOOOBEKTOB MOKA3al, YTO B
OJIHOM M TOM JK€ JHara3oHe CKOPOCTEH pa3roHa, MacChl HYKJIOHOB yBeJIMYHBAIUCH B 1,5 pasa,
TOTJa, KaK Macchl 3JIEKTPOHOB YBEIMYMBAIUChL Ha 2+3 mnopsanka! PasxHuma coBepiieHHO
HEeTepIruMasl.

.

Bo-BTOpBIX, NpH aHaIM3€e NMPUPOJBI SIBIEHUS MPEJOMIIEHUS CBETAa Ha TPAHULE JBYX Cpel,
¢u3uku oOHapyxkwiu [3], 4TO 3TO SBJEHUE CYIIECTBYET Osarojapst pasHbIM BeJIUYHMHAM
«ONTUYECKUX IuIOTHOCTEH cpemay. Ho B sxcnepumente ®@uso 3¢hup Kak pa3 u BBICTYNAET B POJIH
«ONTHYECKOH cpeJibl». A Tak Kak, B Pa3HbIX TPYOKaxX C TEKYIIEH BOJIOH, IUNIOTHOCTH BCTPEUHBIX,
JUIs CBETa, IOTOKOB 3¢pupa pasHble, TO 3KcrnepuMeHT @Ouzo HArISIIHO JEMOHCTPUPYET
COJZIEPKATEJIbHYIO0 NPUYMHY CYILIECTBOBAHUS SIBJICHUSI NPEIOMIICHHUS CBETa, COBEPIIEHHO HE
NoHATYI0 (hr3ukamu. IHBIMHE ciioBaMH, B dKcTiepuMenTe Pr30 (GU3UKH MeperyTany CIeCTBHE C
MIPUINHOM.

1.4.1.2. Dxkcnepument Maiike/ibcoHA



DxcrnepuMeHT MalikebCOHa BO BceX y4eOHMKaxX XapakTepusyeTcs Kak oOpaser] Gu3ndecKoro
IKCHEPUMEHTAILHOTO MCKyccTBa. OJHAKO, CTOMT BKIIOYUTH CO3HAHHWE, KaK BBIABISIETCS
yIuBUTeNbHeHIIast abCypJHOCTh BCEH CUTYAIMH, CBSI3aHHOM C 3TUM 3KCIIEPUMEHTOM.

Bo-mepBbIX, 3aueM HyXeH ObUI 3TOT OKCHEPHUMEHT, ecliu (U3MKM Je3aBYHpOBAIH
OKCHEPUMEHTANBHBIN pe3yabTaT ®duzo? OnHM 3T0 3a0bUIM, 3@ MPOIIEAIINE C TEX IOp
MOJICTOJIETHS?

Bo-BTOpBIX, aniproOpHBIE MPEIIONIOKEHUSIMA O CBOMCTBaX 3(upa, MpeAlIeCTBYIOIUE 3TOMY
HKCIIEPUMEHTY, BOCIIPHHUMAIOTCS, KaK OyIATO WX CIIENIald COBEPIICHHO HEKBATHU(HUIIMPOBAHHBIC
monn. JleficTBUTENBbHO, (DU3UKH Mpeanoiaraiu, 9To dGup, Oyaydn MaTepruaTbHBIM HOCUTEIEM
CBETOBBIX BOJIH, HE B3aUMOJICHCTBYET C BeleCTBOM. HO MBI caMu COCTOMM M3 pa3HbBIX BEIIECTB
U ©XKEIHEBHO Ha ceOe OlIyllaeM BO3ACHCTBHE cBeTa 0€3 IOMOINM CIELUAIbHBIX
AKCIIEPUMEHTOB. A Tak Kak CBETOBas BOJHA SIBISICTCS, MO (PU3NYECKOMY OMpPEACIICHUIO, BCETO
JMIIb CIELUAIbHBIM BUJIOM JIBUKEHUS MaTEpUAIbHOTO HOCUTENS 3TON BOJHBI — 3¢hupa, TO OHa
MOJKET B3aUMO/ICHCTBOBATH C BEIIECTBOM TOJIBKO Yepe3 CBOW MaTepHallbHBIM HOCUTENb — d(up.
HeynuBuTenbHO, 4TO SKCIIEPUMEHT TAaKOTO dupa He OOHAPYIKUIT

B—Tperpux, npennonaokeHne o ToM, 4To 3(HUp C BEIIECTBOM B3aHMMOJCHCTBYET, 3aCTaBIISCT
Cpa3y kK€ BCIIOMHUTBH O «IIPHUCTEHOYHOM 3(PQeKTe», XOpOoIo 3HAKOMOM B (hM3HKE, COTIIACHO
KOTOPOMY B OKpecTHOCTH mpubopa Maiikenscona s¢up HemonsmwkeH. CrenoBaTensHO,
YCTpOHCTBO MaikenbcoHa M B 3TOM CIIydae HE MOYKET HU NOJATBEPAUTb, HH ONPOBEPTHYTH
cyliecTBOBaHueE dupa.

WupiMu  cnoBamu, «oOpazenl (hU3MUECKOTO HJKCIEPUMEHTAILHOTO HCKYCCTBA» OKa3ajcs
COBEpIIEHHO Oecroyie3Hol MycThIKOM. Kak 3T0 HM yauBHTENbHO, HO (PU3MKM yXkKe BTOpOE
CTOJIETUE OKA3aIUCh HECTIOCOOHBI 3TO OOHAPYKUTh.

1.4.2. MardeTusm
OTka3 (GU3MKK OT ydyeTa MarHUTHBIX B3aWMOJCHCTBUN MEXIy MUKPOOOBEKTAMH BBI3BIBACT
YUCTO JIETCKOE HEJOYMEHUE — BEAb BCE MHKPOOOBEKTHI, 0€3 HWCKIIOUYCHUS, O00JaaatoT
COOCTBEHHBIMA MAarHUTHBIMU TOJSIMH, @, 3HAYUT, MEXKIY HUMH CYIIECTBYIOT MarHUTHBIE
B3aumozeiicteus. Kak ke mpousonuia B (U3MKE — «IEPEeJOBONW» HayuyHOW JUCLMILIMHE,
YBEIIAHHON HOOENEeBCKUMHU MPEMUSMHU, TaKasi HeJlernocTh?
s monydeHus oTBeTa Ha ATOT BOMPOC paccMOTpuM JBa sKkcnepuMenta — X.K.Opcrena
(1821) u M.®apanes (1831).

1.4.2.1. DxcnepuMeHT Jpcreaa
Opcren skcrepuMmentanbHo (1821) oOHapyX Wi, YTO BOKpPYr IPOBOJHHKA C TOKOM
BO30yXmaercsi MarHuTHOe mTojie (puc. 2, 310 pucyHok 8 wu3 [5]). Kpyrossie nuHUH,
n300paKeHHbIE Ha PUCYHKE 2, 3TO HE JHMHUU BO30YXKIa€MOTO BOKPYT MPOBOJHUKA MAarHUTHOTO
TIOJIs1, @ YCIIOBHBIE MIUTIOCTPATHUBHBIE MMPOSKIINH PEaThbHBIX TPEXMEPHBIX CIIUPATHHBIX JIMHUHN Ha




Puc.2. Cxema skcriepuMenTa Dpcreaa

TUIOCKOCTh, OPTOTOHAJBHYIO MPOBOJHUKY M COJEPXKALIYI0 MarHUTHYIO cTpenky. CTpykrypa
ATOro mojisi ObUIa BBISBICHA C MOMOLIBIO MEJIKHX MArHUTOAKTUBHBIX OMMJIOK HA IUIOCKOCTH,
OpPTOTOHAIILHOW MPOBOJHUKY (pHC. 3, 3T0 pucyHOK 96 u3 [5]). 1o «BEeKTOpHOMY TOJIO» OTIHIIOK

CTaJIO SICHO, YTO Ha 3TOH IUIOCKOCTH MAarHUTHBIC IMHUU MPEACTABIISIOT COO0H KOHIICHTPHUUCCKHE
OKPY>KHOCTH C OOIIMM IIGHTPOM B CpeIWHE NMPOBOAHMKA. M3-3a 3TOrO0, (DM3MKM HA3BalIH ATO
MarHUTHOE TOJIE KKPYTOBBIM», U, C T€X IOpP, ITH MPEIACTABICHUS HE U3MCHUINCh — MarHUTHBIC
JIMHUHU 3TOTO TOJIS IO CUX TOP HAUBHO CUMTAIOT TUIOCKMMH U KPYTOBBIMH.

OpHako, 9TO TOJIe HE KPYroBOE, a CIUPAIbHOE — €ro JTUHUKM HAXOAATCS Ha IAJIUHAPUICCKIX
MOBEPXHOCTSX, MapaJICIbHBIX MPOBOJAHUKY. B 3TOM HETpyAHO yOEIUTHCS SKCIIEPUMEHTAILHO,
PacrojIOkKUB TMPOBOJHUK TOPU3OHTAILHO BJOJL Treorpaduueckoil mapauiesad, W IOJBECHB
MarHUTHYIO CTPEJIKY TMpsSMO HaJa NPoBOJHUKOM. [Ipu OTCYyTCTBMM TOKa, CTpenka OyaeT
OpTOrOHAJIbHA TMPOBOJHUKY. BKIIOUEHHWE TOKa 3acTaBUT €€ TOBEPHYTHCSA, O0O3HAUMB
HaIpaBJICHUE MAarHUTHOW JIMHUU B 3TOH TOYKE.

[IpuurHy CHUPATBLHOCTH JIMHUM BO30Y)XJA€MOrO0 TOKOM MArHUTHOTO ITOJIT MOYKHO
0OHApPYKUTh, UCXOIS M3 PHCYHKAa 2. DTOT PUCYHOK T'OBOPUT O TOM, YTO MAarHUTHBIC IOJIS
HOCUTENICH TOKa, BO30YXKIAlOIME MArHUTHOE II0Jie¢ BOKPYr IPOBOJHHUKA, JBHIKYTCS
MOCTYMATEIBHO BIOJIb MPOBOIHUKA U OJJHOBPEMEHHO BPAIIAlOTCS BOKPYT STOTO HAIPaBIICHHS.

.

B Te Bpemena emé He ObLIIO M3BECTHO, YTO BCE MHUKPOOOBEKTHI 007a/1al0T COOCTBEHHBIMU
MarHUTHBIMH TOJISIMH. [109TOMY, M3 3KCIEPUMEHTAIBHBIX Pe3yibTaToB Jpcrena, A.M.Amnep
clenand BBIBOJ O TOM, YTO MAarHeTH3M HE SBIISETCS CAMOCTOSTEINLHBIM SIBIIEHHMEM, YTO OH
MPOUCXOUT OT JBWIKCHUS DIICKTPUUCCKHMX 3apsjioB, MU 4YTO €ro He CJCAYyeT YUYHUTHIBATH B
(UBHYECKUX TECOPHUSIX. DTOT «MYIPBIN» BBIBOJ padOTaeT A0 CHUX MOp. Y COBPEMEHHBIX (U3UKOB
HE BO3HHUKJIO COMHEHHS B MCTHHHOCTH 3TOTO BBIBOJA Ja)E IMOCIE OTKPBITHS COOCTBEHHBIX
MarHUTHBIX TI0JIeH Y HOCUTEJICH TOKA — AJIEKTPOHOB.

1.4.2.2. Dxcnepument Papajes
@apaneit sxcnepuMeHTanbHo (1831) oOHapyxwi, YTO B 3aMKHYTOM IPOBOJHHKE,
HaxXoJSIIeMCsST BO BHEIIHEM MAarHWTHOM TIOJie, MPU HW3MEHEHWH HTOT0 TOJs, BO3HUKAET
lekTpuyeckuii Tok. Crenys Joruke Ammepa, MOXHO ObUIO Obl, W3 Ppe3yJbTaTOB 3TOr0
IKCIEPUMEHTa, CeNaTb BBIBOJ O TOM, YTO 3JEKTPHUUECTBO HE SBISETCS CaMOCTOSTEIbHBIM
SBJICHUEM, YTO OHO IPOUCXOJUT OT M3MEHEHMH MarHUTHOTO IOJis, U YTO €ro He clexyer
YUUTBIBATh B (PU3NYECKUX TEOPHSIX.



Ddu3ukyu HEe 3aMETHIN IMPOTUBOPCUUBOCTH I3TUX JBYX HCJICIIBIX BBIBOIOB. I/ICHpaBHHTB oTy
CKaHAAJIbHYIO CUTYAlUIO MPUIIJIOCH TCOPHUHU HEIIMHEHHBIX KOJICOaHHI.

1.4.2.3. Teopust HeJIMHEHHBIX KOJIeOAHUH
0 MpHUpojie MarHeTH3MAa

CoMHEHHUSI B UCTUHHOCTH BbIBOJIa AMnepa O MPOUCXOKACHHUU MArHeTusMa OT IABHKXCHHA
QJICKTPUYCCKUX 3apsa0B YCHIIUINCH B PE3YJIbTAaTC BBISABICHUA COOCTBEHHBIX MArHUTHBIX ITOJIEH
Y BCEX DIEMCHTAPHBIX MI/IKpOO6”beKTOB, . TOpeKAC BCEro Yy OJICKTPOHOB — HOCHUTEICH
SJICKTPUUYCCKUX 3aps0B U DJICKTPUYCCKOr0 TOKa, U Yy HeﬁTpOHOB, JIMINCHHBIX JJICKTPUYCCKUX
3apsizioB.

)IJ'IH BEISIBIICHUSI MCTHHHOU NpUpoOJabl MarHeTu3Ma HYKHO OBUIO HAWTH OTBET Ha BOIIPOC —
qeM BO36y)K,I[aeTC$I CHHpaJ'II;HI:IfI MAra€TusM B OSKCIICPUMCHTC 3pCTe)Ia — JBHXXCHHUEM
JIEKTPUUYECKUX 3apsAJ0B HOCUTEEH TOKA WK ABUKEHUEM X COOCTBEHHBIX MarHUTHBIX MOJIEH.

1.4.2.3.1. CpoiicTBa IBM:KYLIETOCH 3JIEKTPOHA,
MPOSIBJISIIOIIKECS B IKCIIEPUMEHTe Jpcrena

ONEKTPUUECKUH TOK CO3JAeTCs, KaK MPaBHJIO, MOTOKAMH 3JIEKTPOHOB. 3a HaIpaBlICHUE
JJNIEKTPUYECKOTO0 TOKAa MPHUHATO CUWTATh HAINPaBJICHUE, IPOTHBOIIOJIOXKHOE JBHIKEHHUIO
anekTpoHoB. [loaToMy HampaBiieHHWE IBWKCHHS DJICKTPOHOB B NPOBOJHUKE M HANpaBJICHUE
JUHUH «KPYrOoBOT'O» MAarHMTHOTO IIOJI, COTJIACHO PHUCYHKY 2, 00pa3yloT JIEBOBHHTOBYIO
CHUCTEMY, KaK B JJEBOBUHTOBOMU pe3n0e.

[IpoBepum, MOryT 1M COOCTBEHHbIE MAarHUTHBIE IOJI 3JIEKTPOHOB, JABMXKYIIMXCS I10
MPOBOJHUKY, CO3/1aTh, 0€3 ydacTHs OSJICKTPUYECKUX 3apsiioB 3JIEKTPOHOB, «KPYrOBOE»
MarHuTHoe noje. Tak Kak HampaBieHHWE JIMHUHA «KPYTOBOI'O» MAarHUTHOTO MOJISI COCTaBIISET C
HarpaBJIEHUEM JIBUKCHUS HJIEKTPOHOB JI€BOBHHTOBYI0 CHCTEMY, TO COOCTBEHHbIE MAarHUTHBIC
TMIOJIS DTIEKTPOHOB, IBWKYIIUXCS 110 TIPOBOJAHUKY, MOTYT BO30YK/IaTh HA0III0JaeMOE «KPYTOBOE»
MarHMTHOE I10JIe, €CJIM OCh CUMMETPHUH COOCTBEHHOTO MAarHUTHOI'O TOJISI KaXKJIOTO 3JEKTPOHA
napajuieJibHa MPOBOJHUKY, U €CIIM 3JIEKTPOH BpalIaeTCs BOKPYT 3TOW OCH CUMMETPUU TaK, YTO
HampaBlieHUE JBW)KCHUS SJEKTPOHA W HAIpPaBJICHWE BpAICHUs 3JEKTPOHA COCTABISIOT
JICBOBUHTOBYIO CHCTEMY.

D10 BCE, YTO MOKHO H3BJeUb W3 PE3YNbTATOB dKcrepuMeHTa ODpcreaa. HeBbIsiCHEHHBIMU
OCTaOTCS BOMPOCHI: MOXKET JIM DJIEKTPOH IPU JBMKEHHWU NPUOOpETaTh yKazaHHBbIE CBOMcTBa?
Ecnu MoxeT, KakoBO HalpaBJI€HUE BEKTOPA €r0 MarHUTHOI'O MOMEHTA M,?

.

JlomycTuM, JBWDKYIIMHCS SJEKTPOH BpallaeTcs TakK, YTO HAalpaBlIeHHE €ro BpalleHUs
COCTaBJISIET C HAIIPABJICHUEM €ro MOCTYNATEeIIbHOTO JIBUKEHUS JIEBOBUHTOBYIO cuctemy. Kak, B
3TOM CIly4ae, HalpaBJIeH BEKTOP €ro MAarHUTHOI'O MOMEHTA i,?

[TorpoOyemM 3TO BBISICHUTB, PACCMOTPEB HKCIEPUMEHT, B KOTOPOM 3JEKTPOH IBHIKETCS
MoTepeK JMHUNA BHEITHET0 MarHUTHOTO TOJIsi— dKcriepuMenT Jlopena.

OKCHepUMEHTAIbHO YCTAHOBJICHO, YTO HAa 3JIEKTPOH, JABIIKYIIMHCS CO CKOPOCTBIO Vv B
MJIOCKOCTH, OPTOTOHANBHON JIMHUSM BHEIIHEro OJHOPOAHOIO MarHMUTHOTO moiisi H, neicTByeT
CHJIa, UCKPUBJISIOIIAs €ro TpaeKTopuio. JIOpeHIl mocTpous SMIUPHUECKYIO (GOPMYIly, COITIACHO
KOTOPOI BeJIMYMHA ATOI CHUJIBI IPONOPLHUOHATIbHA BEIMYNHE CKOPOCTH 3JIEKTPOHA V U BEJIMUYUHE
HaIpsSHKEHHOCTH BHEITHEro MarHuTHoro nons H. Hampasnenue cunbl Jlopenua, neicTByromieit
Ha DJEKTPOH, TAaKOBO, YTO HAIPaBICHHWE JABWKCHUS OHIIEKTPOHA, HANPABICHUE BHEUIHETO
MarHMTHOTO MOJIsI, U HallpaBJIeHHE ITON CHIIbI COCTABIISAIOT JIEBOBUHTOBYIO CHCTEMY.

Wmeercs psin (pakTopoB, 3aCTaBISIONIMX ABIKYIIMNACS dJIEKTPOH BecTH cels Tak. OmuH u3
HUX — BO3HHUKAIOIIEE, BO BPEMs JBIIKECHHUS 3JICKTPOHA, BBIHYKICHHOE BpAICHHE BOKPYI OCH,
COBIAJAIOLIEH C OCBI0 CHMMETPUHN COOCTBEHHOIO MAarHUTHOTO IOJIS 3J1EeKTpoHa. Jpyroil cBsizaH
C TeM, YTO DJIEKTPOH OKa3ajcs AMaMarHETHKOM (AMaMarHEeTHKH BBITAIKUBAIOTCS M3 BHEIIHETO
MarHuTHOTO 1oJist). TpeTuii cBsizaH ¢ xapakTepoM 00TeKaHus ABMKYIIETOCS AIEKTPOHA d3(DUPOM.



BoinykeHHOE BpalleHHEe JBIDKYILIETOCS JJIGKTPOHA BOKPYT OCH CHMMETPUH  €T0
MarHMWTHOTO TMOJsI  cO3AaeT, Ojarojapss HalU4MIO Y JJIEKTPOHA HEHYJIEBOW MaccChl,
TUPOCKOTIHYECKUH MOMEHT M=[®w. DTOT MOMEHT CTPEMHUTCS COXPaHUTh MPOCTPAHCTBEHHYIO
OpHEHTAIMIO OCH BPAIICHUS AJIEKTPOHA aHAJOTHYHO TOMY, KaK 3TO MPOUCXOJUT Yy IeTsIen
Bpammatomieiicss mynu. OJTHOBPEMEHHO, CO CTOPOHBI BHEIIHETO OJHOPOJHOIO MAarHUTHOTO IMOJIS
H, Ha »IEKTPOH, H3-3a €ro JWaMarHeTu3Ma, JCUCTBYET ONPOKUABIBAIOIIAA MOMEHT 1V,
OpTOrOHANIbHBINA BeKTOpaMm p. u H: N=—[u . H].

MowmeHT N CTpeMHTCS TOBEPHYTH AJIEKTPOH TaK, YTOOBI NMPHIATh BEKTOPY MAarHUTHOTO
MOMEHTa 3JIEKTPOHA M HAIIPABIICHUE, TPOTUBOMOIOKHOE HAMIPABICHNIO BHEIIHETO MAarHUTHOTO
nonss H. OnHako, BBIHYXIEHHOE BpALICHHE 3JIEKTPOHA, BOKPYT OCH CHMMETPHUH €ro
COOCTBEHHOTO MArHUTHOTO TIOJSl, HE TIO3BOJISIET MOMEHTY /N ONPOKUHYTH BEKTOD Mo,
pacroIokKUB €ro BIOJb JIMHUM MarHuTHoro mnoiisi H. BMecTo 3TOro, COBMECTHOE BO3/IEHCTBHE
BBIHYXJICHHOTO BPAIEHUS 3JIEKTPOHA U OIIPOKHJIBIBAIOIIETO0 MOMEHTA /N MPUBONUT K BPAIICHUIO
3JIEKTPOHA C MOCTOSHHOM YIJIOBOH CKOPOCTBIO @y (N=[wM], w~[MN]M" 2=—[w[;teH]]f lo™?
=(wp.)[ '© *H) B IIOCKOCTH, COAEPXKAIICH BEKTOPHI fe 1 N (BEKTOP W, IMEET HalpaBJeHHE
Bektopa H) [6]. BMmecTe ¢ 2JeKTpOHOM BpaIlaloTcsi BEKTOP M. U OCh CHMMETPHH COOCTBEHHOTO
MAarHMTHOTO IOJISL 3JIEKTPOHA, T.€. OCh BBIHYKJEHHOTO BpalleHus 3nekTpoHa. [loguepkuém, uto
BEKTOP M M OCh CHMMETPUH COOCTBEHHOTO MarHUTHOTO TIOJIS SJIEKTPOHA, TIPH 3TOM, OCTAIOTCS B
IIJIOCKOCTH, OPTOTOHAJIBHOM BEKTOPY H.

.

Eciu snekTpon obOnamaet mapooOpasHoi Gpopmoii, TO 00TeKaHHE e€ro BCTPEYHBIM MOTOKOM
adupa ocTaeTcss CHMMETPHUYHBIM, HECMOTPsI Ha BpalleHHUE DJICKTPOHA U BEKTOpa M.. B s3ToM
cllydyae HampaBjeHHE BEKTOpPa vV OCTAeTCs, BO BpeMsl ABMXKCHHUS DJCKTPOHA, HEU3MEHHBIM, U
WCKPUBJICHUE TPACKTOPHUHU JBWKCHUS JIEKTPOHA HE TIPOUCXOJIUT.

Ecnu 21ekTpoH MMeeT BBITSHYTYIO, OCECHMMETPHUHYIO (OPMY, OCh CHMMETPHUH KOTOPOU
SBIISICTCS TAK)K€ OCbI0O CUMMETPHHM COOCTBEHHOTO MAarHMTHOTO TOJSI 3JIEKTPOHA, TO XapakTep
00TekaHus 3JeKTpoHa 3(PUPOM, B 00IIeM ciiyuae, u3MeHsercsi. OHO OCTaeTCsl CUMMETPUIHBIM
TOJIBKO B TOM CJIy4ae, KOTJla BEKTOP V¥ HAXOAUTCS HAa OCH CHMMETPHH 3JIEKTPOHA.

Bpamienne siexTpoHa, BHI3BAHHOE MOMEHTOM [V, IPUBOAUT K YIIIOBOMY PaccOIIaCOBaHHUIO
OCH CHMMETPHUH 3JIEKTPOHA U BEKTOPA V U K aCUMMETPUU OOTEKaHWsl AJIEKTPOHA BCTPEUHBIM
notokoM 3¢wupa. bmaromaps sToii acummerpuu, Bo3HUKaOT cuia JlopeHIla W yCKOpeHHe
AJIEKTPOHA, M3MEHSIIOIIee HalpaBlieHHe BEKTOpa v. BciiecTBHE 3TOTO, DIEKTPOH JIBUIKETCS
MoTepeKk JMHUN MarHuTHOTO monisi H Tak, 4TO OChb CHMMETPHHM DJIGKTPOHA M BEKTOp V
UCIIBITBIBAIOT OJHOBPEMEHHOE BPAILIEHHE C OJMHAKOBON YITIOBOM CKOPOCTBHIO (g, ITO JABHIKEHUE
MIPOMCXOJIUT, U3-32 CONPOTUBIICHHUSI d(Upa ABMKCHUIO DIIEKTPOHA, TI0 CIIUPAITBHON TPACKTOPHH,
MEJIEHHO CXOJSIIIEHCs K COCTOSTHUIO paBHOBecHs. Kakblil OTIEIbHBIA BUTOK 3TOW CIIUPATIBLHON
TPACKTOPUHU MAJIO OTJIMYAETCS OT OKPY>KHOCTH.

.

DKCepuMEHTAIbHO YCTAHOBJICHO, YTO HampaBjieHue BekTopa H 1 HampaBlieHUE JBHKECHUS
AJIEKTPOHA B TUIOCKOCTH, OPTOTOHAIBLHOW BEKTOPY H, COCTaBISIOT MPABOBMHTOBYIO CHCTEMY.
WMHbIMu c10BaMH, COTIIaCHO SKCIEPHMMEHTAIbHBIM JAHHBIM, BEKTOP @, U BeKTOp H mapanienabHbl
JIPYT APYTy U UMEIOT OJHO M TO K€ HampasiieHue. HeTpynHO mpoBepUTh, YTO 3TO MOXKET UMETh
MECTO TOJILKO B TOM CJIy4ae, €ClId BEKTOP M. HAMIPABIICH POTHUBOIIOJIOKHO BEKTOPY V.

.

Takum o00pa3oM, COOCTBEHHbIE MArHUTHBIE TOJSI DJCKTPOHOB MOTYT BO30YKIaTh
«KpYroBO€» MAarHMTHOE IOJie BOKPYr MPOBOJHUKA C IMOTOKOM 3JIEKTPOHOB, 0e3 ydacTus
AIIEKTPUYECKUX 3apsAI0B, €CIH, TIPU IBMKEHUH Ka)XXI0TO CBOOOTHOTO JIEKTPOHA CO CKOPOCTHIO
v, OCb CHMMETPUU COOCTBEHHOIO MAarHUTHOTO TIOJISl 3JIEKTPOHA COBMAJAeT C JIMHUEH,
coJieprKalleil BEKTOP v, U €CIIM BOKPYT 3TOM OCH BO3HUKAET BHIHYKJIEHHOE BpAIICHUE JIEKTPOHA
C YIJIOBOM CKOPOCTBIO (», HAMPABICHHON MPOTHBOIIOIOXKHO BekTOpy v. IIpm »TOM, cCBOOOHBIN
AJIEKTPOH MOXKET JBUTATHCS TOINEPEK JMHUM BHEIIHET0 MarHuTHoro moist H mo TpaexTopuw,
O1IM3KOH K KPYTrOBOM, C YIJIOBOH CKOPOCTBIO (), MAPAJIENbHOM BekTOpy H, 1 HanpaBIeHHOH B



Ty e CTOPOHY, 4TO M BekTop H, ecnm »JIeKTpoH o0JajaeT He IIapoBOH, a BBITSHYTOM,
0CECUMMETPUYHON (OPMOIi, U €clIi BEKTOP MarHUTHOTO MOMEHTA 3JIEKTPOHA M. HAXOIUTCS Ha
OCH CUMMETPHHM 3JIEKTPOHA U HAIPaBJIEH B CTOPOHY, IPOTHBOIIOJIOKHYIO HAIPaBICHUIO BEKTOPA
v.

1.4.2.3.2. DkcnepuMeHTAIbHBIE CBEICHUSI O CBOMCTBAX 3JIEKTPOHOB

Kak nomkeH OBITH YCTPOEH 2JIEKTPOH, YTOOBI 00JIaaTh BCEMU ITUMHU CBOHCTBaMU?

UToObI MOHATH, KaK YCTPOCH KaKOH-THOO0 OOBEKT, HY)KHO y3HaTh, U3 KaKUX JJIEMEHTOB OH
COCTOUT W KaK ATH DJIEMEHTBHI MEXIy COOOH cBsi3aHbl. ECTh JBa IyTH pEIICHHS 3TOW 3aJadH.
[lepBbIii OCHOBaH Ha TOJNY4YeHWH WHPOpManuu Oe3 pa3pymieHuss o0O0BeKTa (pPEHTIeH,
yIABTPa3BYyK,...). BTopoill 3akmouyaercs B MOJTHOM pa30OpKe, pacwiIeHEeHWH OOBEeKTa Ha
COCTABJISIOIINE 3JIEMEHTHI.

Paznuunble crocoObl «IIpOCBEYMBAHUS) 3JIEKTPOHOB, MPOTOHOB M HEMTPOHOB ycmexa He
MIPUHECITH.

Jns ux pacwieHeHHs Ha COCTaBHBIC YaCTH CO3JaJd MOIIHbIE YCKOPHUTEIH 3JICKTPUYECKU
3apsDKEHHBIX MUKPOOOBEKTOB. Ha HUX pasroHsIn MEKPOOOBEKTHI 10 OY€Hb BRICOKMX CKOPOCTEH
n HaOmoJanM pe3ynbTaThl WX CTOJKHOBEHMH. HalmioneHusi «OCKOJIKOB» OT COyIapeHuin
MHUKPOOOBEKTOB TPHHECTH COBEPIICHHO HEOKUIAHHBIE PE3yIbTATBL. DTH «OCKOJKM» WUMEIH
MacChl, WJIH MPEBOCXOIAIINE MacCy MPOTOHA, HIT MACChl, IIPEBOCXOSAIINE MACCy JIEKTPOHA, HO
MEHBIIINE, YeM Macca MPOTOHA. Bce ATH «OCKOIKM» OKa3aJIMCh YPE3BBIYAHO HEYCTOWYHUBBIMH.
[ToyT MTHOBEHHO OHM BHOBB INPEBPAIIAINCh B AJIEKTPOHBI, HEHTPOHBI U MPOTOHBL. Hukakue
WHBIE CTAOUIILHBIE MUKPOOOBEKTHI, IIPH STOM, 0OHAPY>KEHBI HE OBLITH.

Ocraetcs ToabKO YGUp.

.

W3BecTHO, YTO B MakpoMHpe M B MHUKPOMHUPE BEIIECTBO MOXKET HAXOIUTHhCA B YEThIpEX
COCTOSIHUSIX — TBEPIOM, JKUIKOM, Ta3000pa3HOM M IJIa3MEHHOM. B KakoM u3 mogo0HBIX
COCTOSIHUH MOXKET HaXOAUTHCS 3(Up, BXOAAIIHIA B COCTAB AIIEKTpoHA?

MooxeT 1 3IIeKTPOH OBITh TIOX0K Ha TBEPIOE TENO?

W3BecTHO, 4TO BCe cTaOMIIBHBIE 00BEKTHI MEKPOMHUPA M MAaKpPOMHpPA COCTOAT U3 HEUTPOHOB,
MPOTOHOB M AJIEKTPOHOB. [l03TOMY BCE MHOMKECTBO OOBEKTOB MaKpOMHpa M MHKPOMHPA
o0pasyeT, 10 BEIMYMHE WX MAacC, HEMPEPBIBHBIN, C TOYHOCTBIO JI0 BEIMYHHBI MAacChl HEUTpPOHA
My, CTICKTP.

Ecnu 00bekThl, cocTosiie U3 3JIeMEeHTOB 3¢hupa, 001aJal0T aHATOTUYHBIM CBOMCTBOM, I10
OTHOIICHHUIO K DJIEMEHTapHbIM OOBekTaM 3(dupa, TO JOKHBI ObITU OBl CYIIECTBOBATH
YCTOMYMBBIE MUKPOOOBEKTHI C MaCCaMH, MIPEBBIMIAIOIINMHU Maccy 3JIEKTPOHA M, HO MEHBLINMH,
4yeM Macca MpoToHa myp, Ho Takue MHMKPOOOBEKTBI DSKCIEPUMEHTAbHO HHUKOIAa He
Habmromanuck. OTCI0/Ia MOXKHO CAEIATh BBIBOJ, YTO OOBEKTHI, COCTOSIINE U3 dJIEMEHTOB 3(upa,
UMEIOT CTPYKTYpPY, OTJIHUYHYIO OT CTPYKTYpbl TBepaoro tena. CiemoBarenbHO, HEHTPOHBI,
MPOTOHBI M AJIEKTPOHBI HE MOTYT 00J1a/1aTh TBEPIOTEIBHBIMH CTPYKTYPaMH.

Emie onuH apryMeHT B MOJIb3Yy TOTO, YTO CTPYKTypa 3JCKTPOHA HE aHAJOTMYHA CTPYKTYpe
TBEPJIOTO TeJa, 3aKJIIYaeTCs B CIIOCOOHOCTH TBEPIBIX TEN MOAIaBaThes ApoOieHuto. OmHako,
pacriajg 371eKTpoHa Ha Oojee Menkue cTaOuibHble 00pa3oBaHMs He ObUI 3a(UKCHPOBAaH HU B
OJITHOM KCIIEPHUMEHTE.

CB000/1HBIE, TPOCTPAHCTBEHHO JIOKAJTM30BaHHBIE 00BEKTHI MAaKPOMHPA, UMEIOIINE CTPYKTYPY
JKUAKOCTH (JIOKACBBIC KAIIH,...), HE 00Jaaf0T HEOOXOAUMOM CTaOUIBHOCTHIO, YTOOBI CIYKHUTh
KaKMM-TO TIPOTOTUIIOM CTPYKTYPHBI DIIEKTPOHA.

OcraroTcsi TONBKO Ta30mojo0HBIe M IUIa3MOMOAOOHBIE OOBEKTHI, KOTOPHIE MOTJIH ObI
MOCTY)KUTh aHAJIOTaMH JUIS JOCTHKCHHS TOHMMAaHHUSI YCTPOWCTBA SIIEMEHTOB MHKpomupa. Ha
NEpPBBIA  B3TJISII, NPEANOIIOKEHHE O TOM, YTO OJJIEMEHTAapHbIE MHKPOOOBEKTHI HMEIOT
ra30noJ00HbIE CTPYKTYPBI, KQKETCS HE MPOCTO COMHHUTEIBHBIM, HO COBEPIICHHO aOCyp/IHBIM.
OpHaKo, CTOMT BCIIOMHHTH O CYIICCTBOBAaHMM TaKWX SBJICHUH, Kak arMoc(hepHbIe CMepuYu
(TOopHa/0), KaK COMHEHHUSI HAUMHAIOT OTCTYHATh.



Tak kak CKaHMPOBAHHE TOKA3aJ0, YTO CTPYKTYypa IEKTPOHA HE HAXOJAUTCS B CTATUYECKOM
PaBHOBECHH, TO OCTAETCS TOIBKO OJIHA BO3MOKHOCTh CTAOUIIBHOIO CYILIECTBOBAHMS SJIEKTPOHA —
B BUJI€ CTPYKTYPBI, COXpPaHSIOIIEH CBOIO YCTOHUMBOCTD 3a CUET HEMPEPHIBHOTO JIBUKEHUS.

Oxa3pIBaeTcsi, B MAaKpPOMHpPe CTPYKTYpbl, YCTOMYMBOCTH KOTOPBIX OOECIIEUMBACTCS
HETPEPHIBHBIM JBI)KEHUEM, XOPOIIIO U3BECTHBI. ITO — aTMOC(HEPHBIE CMEPYH.

1.4.2.3.3. ATmocdepHbIii cMepy

CornacHo pesylbraTaM 3KCIEPUMEHTa JpCTena, MOTOK COOCTBEHHBIX MAarHUTHBIX MOJIEH
3JIEMEHTOB HMOHM3MPOBAHHOTO BO3IYXa, B IEHTPAIBHONW CTpye cMepua, BO30YKHTAET BOKPYT
LHEHTPaJIbHOW CTPYW MarHuTHoOe moje P, KOTopoe B (U3UKE YHOPHO HA3bIBAIOT «KPYTOBBIMY,
XOTs B ISHCTBUTEIILHOCTH OHO SIBJISIETCSl CIUPaIbHBIM. MarHuTHOE ToJie Pg 3acTaBisieT BO3AYX B
CIIUPANIBHBIX CTPYSAX HENPEphIBHO JABUTAThCSA. [lOTOK COOCTBEHHBIX MAarHUTHBIX —TOJEH
3JIEMEHTOB BO3[yXa B CHHUPAIbHBIX CTPYSAX, COIVIACHO 3KCIEPUMEHTY Opcrena, Bo30yxkaaeT
BOKPYI KaXXJOH CHHpaJbHOW CTpPyH HOBbIE MAarHUTHBIE IO, CyMMa KOTOpBIX o0Opa3syeT
MarHuTHoe 1oje P, B LEHTpaJbHOW cTpye cMepya. DTo moje P, 3acTaBisieT HENpepbIBHO
JIBUTaThCsl BO3/IyX B LIECHTPAJIbHOM CTpYE.

CKOpOCTb JABMKEHHS BO3AyXa B CTPYSX YBEIMUMBACTCA OT epudepuu cMepya K neHTpy. 13-
3a 9TOr0, BHYTPEHHEE NaBJICHHE BO3/AyXa B cMepye OT mnepuepur K LEHTPY YMEHBIIAeTCs.
bnaromapst aToMy mepenaay BHYTPEHHUX JABJICHUM BO3/yXa, HEUTPAIHU3YIOTCS LIEHTPOOCKHBIC
YCKOpEHUsI B CHHUPalbHBIX CTPYsIX cMepua, oOecreyrBas JUHAMHUYECKH YCTOWYHBOE
CYyLIECTBOBaHUE CMepUa.

CyMMa MarHuWTHbBIX noieil Ps u P, cOCTaBlgeT YCTOMYMBO CYILIECTBYIOIIMM MarHUTHBIN
BUXPb, 00eCTIeUunBaIOIUI YCTOHUNBOE CYLIIECTBOBAaHUE CMEpYa. DTOT MAarHUTHBIM BUXPb CUIILHO
YIUIOTHSIET BO3yX B CMEPYE, [10 CPABHEHUIO C OKPYKAIOIIUM BO3IyXOM.

1.4.2.3.4. Cmepuenono0Hblil 3PUPHBII 3TeKTPOH
Wtak, 37€KTPOH MOXKET UMETh TOJIBKO Ta3000pa3HyI0 CTPYKTYpY. Ero ycroiiunBocTh Gusmke
XOpOIIO W3BECTHA. EJMHCTBEHHBIM YCTOWYMBBIM Ta3000pa3HBIM OOBEKTOM  SIBIISICTCS
aTMoc(epHbIii cMepd. DIEKTPOH COCTOUT M3 OTPOMHOTO MHOXKECTBAa d(Hpa u, IO aHAIOTUHU C
aTMOC(EpHBIM CMepYeM, 001aTaeT CMEPUEIIOOOHON BUXPEBOH CTPpYKTypol (puc.4).

P prr sz e s s i

Puc.4. Cxema snexTpoHa

BuxpeBoii anekTpoH 061aaeT ClIeayIOIMNMU CBOMCTBAMU:

- OH COCTOHWT U3 MPSIMOH IIEHTPAIbHOM 3(DUPHON CTPYyH U MHOKECTBA, HABUBAIOIIMXCS HA HeE,
CIHMPAJIbHBIX 3(UPHBIX CTPYH € JIECBOBUHTOBOM 3aKPYTKOMH,

- OH UMEeT AJIMHHYIO BBITSHYTYIO (OpMYy, B KOTOPOH JIMHA HaMHOTOo Oosbiie quamerpa. O6
3TOM TOBOPHUT TO, oTKphiToe THK, 06cTOsITENHCTBO, UTO, B OTJIMUUE OT HAPSHKEHHOCTH
MArHHUTHOTO TI0JIst HeiTpona: Hy=(y+y,)(ur)rr *—y\ur %, HANPSKEHHOCTh MATHHTHOTO TIOJIS
3IIEKTPOHA OIHCHIBaeTCs BhIpakenueM: H=(y+y,)(ucr)rr ‘[cos(ue “¥)]>*r —y1r *ue. U3 31010
BBIPQKEHHSI CIIEYET, YTO SJEKTPOH 001aJaeT UpEe3BBIYAHO Y3KOW U ITTMHHOW MarHUTHOM
CTpye, aHAJIOTMYHOW MAarHUTHOM CTpye Ype3BbIYaliHO JUIMHHOTO cojieHouaa [7],

- cTaOMIBHOE CYIIECTBOBAHUE JICKTPOHA 00ECTIEYMBACTCS COIEPIKAIUMCS B HEM MarHUTHBIM
cMepuenoJ00HBIM BUXPEM,

- MOCTOSTHHOTO 3()UPHOTO COCTaBa JIEKTPOH HE UMEET — Yepe3 ANEKTPOH MarHUTHBIM BUXPEM
HEIPEPBIBHO IPOKAYMBAOTCSI BHEIIHUE MACCHI YPE3BBIUANHO CHIIBHO YIIJIOTHIEMOI'O UM
a¢upa, BEIOpackiBaeMble U3 3JIEKTPOHA B BUJIE 3(PUPHOI peaKTUBHON CTPYyH; O UpE3BbIYAIHO
BBICOKOH CTETEHHU YIIJIOTHEHUs 3Upa B JIEKTPOHE U O BLICOKOH MHTEHCUBHOCTH d(PUPHOI
PEaKTUBHOM CTPYH FOBOPUT TO, UTO CKOPOCTh 3JEKTPOHOB B «COJIHEYHOM BETPE», HECMOTPS
Ha COMPOTHUBJICHUE BHENTHETO d(hUpa, OIICHUBACTCS BEJTMYNHON B 600kM-C ',

- HampaBJeHHE BEKTOPA MAarHUTHOTO MOMEHTA 3JIEKTPOHA M. COBIIAJIAET C HAPaBICHUEM



MPOKaYKH drpa gepes dICKTPOH,

- BEKTOpP ¥ CKOPOCTH CBOOOJIHOTO JIBUXKYIIETOCS dIEKTPOHA, M3-3a PEAKTUBHOU d(hupHOH
CTPYH, HAXOJIUTCSI HA OCH CUMMETPHUH IIIEKTPOHA U €T0 HaIlPaBJICHNE POTHBOIIOIOKHO
HaIpaBIEHUIO TPOKAYKH dPHpa,

- JIBIKYITUICS 3JICKTPOH, O1aroiapsi JIEBOBUHTOBOM 3aKPYTKE €r0 CIIUPATBHBIX d(PUPHBIX
CTpYH, MpUOOpETaeT BHIHYKICHHOE JICBOBUHTOBOE BPAIIIEHUE BOKPYT OCH CHUMMETPHH C
YIIJIOBOM CKOPOCTBIO (.

.

BuxpeBoii 37eKTpoH, B 3KCHEpPUMEHTE DpcTena, ABMKETCS TaK, YTO OCh €r0 CHMMETPUU
rapajuiejibHa OCH MIPOBOIHMKA. biaroapst JIeBOCTOPOHHEH 3aKPYTKE €r0 CIIUPATBHBIX d(DUPHBIX
CTpyH, OH, TIPU 3TOM, MPHUOOPETAET BBIHYKJACHHOE JIEBOCTOPOHHEE BpAaIICHHWE BOKPYT OCH
CUMMETPUU C YTJIOBOH CKOPOCTBIO . DTO OOBSACHSAET NPUUYMHY BO30YKIEHHUS TOTOKOM
COOCTBEHHBIX MATHUTHBIX TMOJIEH OSJIEKTPOHOB, 0€3 y4acTus, HMX DJIEKTPUYECKHUX 3apsJioB,
«KpYTOBOT0» MarHMUTHOTO TOJIsI BOKPYT MPOBOJTHUKA.

[IpuBeneHHbIC CBONCTBA BUXPEBOTO AJIEKTPOHA JCTATLHO OOBSCHSIOT MPUYNHBI HCKPUBIICHHSI
TPAEKTOPUHU DJEKTPOHA, ABMKYIIErOCAd TMOMNEPEeK JIMHUKA BHEIIHEr0 MAarHUTHOTO TIONS, B
skcriepuMenTe JlopeHma, DT CBOWCTBAa MO3BOJIAIOT YCTAHOBUTH WCTUHHOE BBIPAXKEHUE IS
cuibl Jlopenna: F1=vH meu.l to ™,

L.5. ®unan

[IpuBeneHHbIE pe3yNbTaThl MOATBEPXKAAIOT, YTO B OKCIEPHUMEHTE IPCTElla «KPYroBOE»
MarHuTHOE T1osie  BO30yXKAaeTcsi COOCTBEHHBIMM ~ MAarHUTHBIMM — IOJIIMH  HOCHTENeH
IEKTPUYECKOIO TOKA, & HE IEKTPUUYECKUMM 3apsiAaMH ITHX HOCUTEJIEH, YTO ABWKYILIMKCA
CBOOOHBIN 3JEKTPOH MPHOOPETAET JIEBOCTOPOHHEE BpallleHHE BOKPYT CBOEH OCH CUMMETPUU U
YTO BEKTOP MArHUTHOI'O MOMEHTa JBHXKYLIErocsl 3JIEKTPOHA HalpaslieH B CTOPOHY,
MPOTUBOINOJIOKHYIO HAIIPABJIEHUIO JABHKEHUSI.

.

THK ycraHoBmiIa, 9TO MPUYMHBI OMIMOOYHBIX HHTEPIPETAIMN PE3yIbTaTOB dKCIIEPUMEHTOB
®u30o u DOpcrena CBsA3aHBI C HEJOCTAaTKAMU HAYYHOW KBalM(pUKAMH (HU3UKOB. DTH ONIMOKU
MpHUBEJIM K OTKa3zy OT ydyeTa 3(dupa, ¢ €ro CONpPOTHBICHUEM JBMKEHUIO MUKPOOOBEKTOB U K
OTKa3y OT y4yeTa MarHWTHBIX B3aWMOJICUCTBUN MEXIy MHKpooOBbekTamu. [Ipu 3apoxaenun
TEOpUU MHUKPOMUDA, PU3UKH, W3-32 ITOTO, HE CYMENIM BOCIOJIb30BaThCs MeToa0M HbioToHa —
METOIOM  «KJIACCUYECKOW» (U3UKH, OLIMOOYHO OOBSABUB 3TH METOAbl MPUHLUUMNHAIBHO
HEMPUTOJHBIMU B TEOPHUM MHUKPOMHUPA, M ObUIM BBIHYXKAEHBI BOCIOJIb30BATHCS OMIMOOYHOM
TUIIOTE30H CYIECTBOBAHUS HEJIEIMMbIX KBAHTOB DHEPIHUH.



