Microworld_50.
UNSOLVED PROBLEMS OF PHYSICS_ 10

N.N. Leonov

Axiomatization of physics that D. Gilbert hankered after is implemented by methods of the theory of non-linear
oscillations, using Mandelstam-Andronov’s applied scientific methodology.

The article describes a mechanism of external influence on behavior of photons.
The variability of microobject mass.
The flow of energy of matter in motion.

Mass-energy equivalence. Collapse. Annihilation.

Mass defect.
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XIX. AXIOMATIZATION OF PHYSICS. B
XIX.1. Theory of Nonlinear Oscillations
on External Influence on
Photon Behavior

The quantum theory considers a photon as a characterless object of an unknown structure. It
is assumed that a photon is an indivisible quantum of electromagnetic energy that features wave-
corpuscle properties, zero electric charge and zero rest mass. It has been argued that in the
absence of any external influence a photon moves precisely in straight lines, that its motion
velocity does not depend on a velocity of the photon source motion, and, when in “vacuum”, it
moves at the constant velocity of ¢=299792458m-s .

Einstein discovered photon in 1905 when studying such a phenomenon as an external
photoelectric effect (photoeffect). The reason why photon features these properties is unknown
to the quantum physics.

Photon is, undoubtedly, a very unusual but still a material object. That is why it was
absolutely natural for the scientific community to be interested in which interactions with the
matter can involve photon.

Yet in 1801, when it was nothing known about existence of photons, German physicist and
astronomer J. von Soldner, by reference to the corpuscular nature of light, calculated the angle 6
of light beam bend in a solar limb. The angle appeared to be equal to 0.83".

Following the discovery of photon and development of the relativity theory Einstein assumed
that gravity could influence photon behavior. After calculations he estimated the angle as
0=1.745". Comprehensive in-Situ measurements carried out in 1919-1952 showed that the true
value of ¢ is within (1.61", 2.24").

Einstein had a hunch that photons may be also exposed to magnetic action. In a private
discussion he suggested to P.L. Kapitsa that he attempts to measure influence of magnetic fields
on the speed of light [1]. However, experimental attempts to do it failed.

XIX.1.1. Types of Photons and Their Structures

Different types of photons and their structures were identified using methods of the theory of
nonlinear oscillations [2]. The most common object in our Universe is apparently photon that is
an electron-antielectron dipole. Besides this type of photons there may be three more types of
photon dipoles: positron-antipositron dipole, electron-antipositron dipole and positron-
antielectron dipole.

Electron-antielectron and positron-antipositron dipoles can be called “chargeless” as the sum
of electric charges of electron and antielectron as well as the sum of electric charges of positron
and antipositron is zero.



Knowledge about photons structures enables using theoretical means alone, without any
special-purpose experiments, to obtain incontestable evidence that gravity, electric and magnetic
fields have a real influence on behavior of such dipoles.

Since photons consist of electron-like microobjects it is obvious that they can be involved in
gravity, electric and magnetic interactions with the matter and that they take no part in nucleonic
interactions.

In order to understand how these interactions happen, one should illustrate photon properties
by the example of an electron-antielectron dipole.

XI1X.1.2. Properties of Photon Dipoles
Electron-antielectron dipole has the basic properties of photon: zero total mass and zero total
electric charge. In addition, it has zero resulting vector of magnetic moment.
Electron e and antielectron o in this dipole are exposed to electric attraction (red color) and
magnetic repulsion (blue color) (fig.1).

Fig.1

Resulting electromagnetic forces Fey, acting on electron and antielectron are located along
straight line | that intersects electron and antielectron and are directed oppositely to each other.
These forces impart the respective accelerations to electron and antielectron. Since antielectron
features a “negative” mass, these accelerations have the same directions. Therefore, electron and
antielectron always move in the same direction. In the absence of any external influence they
move strictly along straight line 1.

If distance b between electron and antielectron is 4.4-10'°m, then resulting electromagnetic
forces are equal to zero, and the dipole is in an unstable state of static equilibrium. If
b<4.4-10 '’m, the dipole is “fast”, it moves in vacuum at a velocity close to ¢, electron moves
ahead and antielectron follows the electron’s “track”. If b>4.4.10 "°m, the dipole is “slow”.
Motion velocity of a “slow” dipole is incomparably lower than ¢. Antielectron moves ahead in
this dipole and electron follows the antielectron’s “track”. “Slow” photons are known in the
quantum theory as “Copper paired electrons with different spins”.

The analysis conducted using methods of the theory of nonlinear oscillations showed that the
motion velocity of a “fast” photon is a function of ether resistance to such motion, i.e. it depends
on the density of ether on the photon path. It happens as described below.

In the absence of any external influence a “fast” electron-antielectron dipole moves along a
straight line that intersects both elements of the dipole. During the motion of dipole electron
moves ahead and antielectron follows the electron’s “track™.

If the dipole motion velocity is lower than the one that was stabilized the ether resistance to
the electron motion is higher than the one to the antielectron motion. As a result, the antielectron
under the dipole’s “motive force” starts moving at a velocity that exceeds the electron’s velocity.
At the same time, dipole base b, that is a distance between electron and antielectron, decreases
while the resulting force of the interaction between the dipole’s elements, i.e. the dipole’s
“motive force”, increases.

Increase in the dipole’s motion velocity results in increase in the ether resistance. At the
same time, the resistance to the antielectron motion at some moment starts growing faster than
the resistance to the electron motion. At some velocity the ether resistance to the electron and
antielectron motion becomes equal. This velocity of the dipole’s motion is called stabilized
velocity.

o



“Fast” photons participate in the phenomenon of microscopic object excitement. “Slow”
photons take part in generation of electric currents, maintain magnetic properties of permanent
magnets and generate fireball energy.

Among microobjects capable of self-accelerating, electron-antipositron and positron-
antielectron dipoles feature highly unusual properties. They have double electric net charges.
Due to this, motion velocities of these dipoles are much higher than c. The fact is that the
resulting electromagnetic force in electron-antielectron and positron-antipositron dipoles is equal
to the difference of magnetic and electric forces. The resulting electromagnetic force in electron-
antipositron and positron-antielectron dipoles is equal to the sum of magnetic and electric forces.
And since the “motive force” of these dipoles is higher than the “motive force” of chargeless
dipoles, the ether resistance at a stabilized motion velocity of “charge” dipoles is higher than in
“chargeless” dipoles, and their motion velocity is higher accordingly.

“Charge” dipoles can only be “fast”. One day, when I was about trying hand at the
microworld theory and so collected different information related to microworld phenomena, |
came across a report of some unknown microscopic objects observed with double electric
charges. Regretfully, back then I could not estimate the meaning of that information and did not
remember its source.

X1X.1.3. Gravity Effects

Generally speaking, the force of external influence on a dipole comprises a longitudinal and
transverse component. The longitudinal component is on a straight line that intersects both
elements of the dipole while the transverse component is orthogonal to the straight line.

X1X.1.3.1. Longitudinal Gravity Effects

If electron-antielectron dipole is not exposed to any external influence, the force of ether
resistance to steady motion of electron #; is equal to the force of ether resistance to steady
motion of antielectron 7, and each of them is equal to electromagnetic force Fem.

When electron-antielectron dipole moves towards a source of external gravity effect
(rightwards on fig.2), the electron is exposed to the sum of forces equal to Fem+Fg—#1, where Fq
is longitudinal component of the gravity effect force, #; is the force of ether resistance to the
electron motion, and the antielectron is exposed to the sum of forces equal to Fem—Fg—2 (the
gravitational component is black on fig. 2).
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As a result antielectron is behind electron, distance b between the electron and antielectron
increases, the “electromagnetic motive force” of the dipole decreases and the dipole’ motion
velocity decreases too. At the same time, the force of ether resistance to the electron motion #;
exceeds the force of ether resistance to the antielectron motion #,. Variations in ether resistance
to the electron motion #; and to the antielectron motion 7, based on dipole base b and dipole
velocity v are illustrated by figure 3 (71 is solid line, 7 is dashed line).



Fig.3

Electron and antielectron motion velocities become equal when the forces acting on electron
and antielectron are equated: Fem+Fg—#1=Fem—Fq—#2. This happens if #1—#,=2F,, i.e. when the
dipole motion velocity is decreased.
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When electron-antielectron dipole distances from a source of gravity effect the gravity force
direction is reversed (fig.4).
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Fig.4

In this case, electron and antielectron motion velocities become equal if 7,—#1=2F, i.e. when
the dipole motion velocity is increased.
0
Everything said above can be repeated for any other “fast” dipole. Thus, gravity effect slows
down “fast” dipole when it is approaching the gravity source and accelerates the dipole when it
is distancing from the gravity source.

XIX.1.4. Transverse Gravity Effects

Transverse component of gravity effect f is the same for the both elements of photon dipole
(fig.5).

Fig.5

However, due to the antielectron mass being “negative”, the dipole is exposed not to a force
of displacement across the motion direction but to the moment of forces A/=bf that tends to turn
the dipole clockwise relatively to its center of mass. Moment M makes the dipole slowly rotate
around its center of mass. And since the dipole velocity vector is on the line that intersects both
elements of the dipole, the velocity vector is rotating concurrently with the dipole. As a result,
the dipole motion path becomes distorted.

Angular velocity w(t) of rotation of the dipole and its linear velocity vector is determined
from the equation:

d/dt(lw)=M,
where | is inertia moment of dipole equal to 0.5b’m., force f=GMsm.R 2siny, G is gravity
constant, Mg is mass of the gravity effect source, m. is mass of electron-like microobject, R is
distance from the gravity source to the dipole, y is angle between the dipole centerline and vector
R.



On the basis of these relations one can build dipole motion equations. However, in order to
describe dipole motion path, it is necessary to know the b(t) function. Since b(t) is unknown the
study in question does not allow for determining a precise value of the dipole motion path
distortion but reveals the causal mechanism of such distortion with utmost clarity.
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Yet, it is quite possible to estimate the photon path bend angle approximately. Back in 1801
Soldner was close to such estimate but failed because he knew nothing about the photon
structure.

Let us calculate an approximate value of 6 when a “fast” electron-antielectron dipole is
passing through the spherical border of our Sun.

We shall introduce the xy coordinate system, where x=ct, c=3-10°m-s™', the x axis is tangent
to the spherical border of the Sun in O(0,0), i.e. in the origin of coordinates, and the y axis passes
through the Sun center and through O (fig.6).
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Dipole path becomes distorted almost only in the vicinity of the Sun and the bend angle is
extremely small. Since the Sun radius rs=696-10°m, the longest distance from the Sun to the
Earth is 1.521-10"m, and the experimentally measured greatest value of light beam deflection
angle is 2.24"=10""rad, then the greatest value of linear deviation of photon when it is passing
from the Sun to the Earth is only 0.001rs.

Therefore, we shall assume that the distance from the Sun center to a photon dipole is
R=(rs’+c%?)%°. As the dipole path bend angle is extremely small, we may assume that y in the
equation for force f is determined by the equation: siny=rs-R™", and f=GMsm.R"".

Under the action of f, electron is shifted along the y axis according to the equation: mey"=f, or

equally to the equation: y"=C(a?+t?)""*, where C=GMsrsc™, a=rsc . Subject to this equation and
initial conditions, y'=Ca t(a®+t%) °~, and y=Ca *(a*+t?)°°.
Curve y=Ca *(a*+t))%° has the asymptote: y=Ca *+Ca’t. For this asymptote, dy/dx=
y'Ix'=Ca*c¢'=GMsrs 'c*. By substituting numerical values we obtain: dy/dx=¢g»=0.00213-10",
where ¢ is angle between the asymptote and the x axis. Due to the smallness of the obtained
value, ¢=0.00213-10 " rad=0.4393".

The ¢ angle characterizes the photon path bend due to photon dipole rotation induced by the
gravity influence of the Sun on electron. The gravity influence on antielectron results in doubling
of angular speed w(t) of photon dipole rotation. As a result, at photon dipole distancing from the
Sun the photon motion path is bent by 2¢=0.8786".

As photon dipole approaching to the Sun, its motion path is also bent under the gravity
influence of the Sun to the angle equal to 0.8786". The resulting bend angle of photon dipole
path is 6=1.7572".

X1X.1.4. Magnetic Action

How photons response to an external magnetic field?



There are two types of photon dipoles (let us denote them as 4 and B), depending on
direction of magnetic moment vectors of their elements (on fig.7: — is magnetic moment
vector).
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Fig.7

As magnetic moment vectors in both photons are opposite, the direction of magnetic forces
for both photons is the same (fig.8).

Fig.8

Despite of the fact that directions of magnetic forces in type 4 and B photons are the same
these photons’ response to external magnetic fields differs.

If a longitudinal component of the external magnetic field is directed leftwards, opposite to
the dipole motion direction, then longitudinal components of external magnetic forces have the
directions as shown on fig.9 (purple), electric interaction forces between the dipoles are omitted
here.

Fig.9

In the case A the external magnetic field increases the dipole’s “motive force”. So electron
and antielectron motion velocity v is increased by some ¢. Consequently, the ether resistance to
electron motion #; and to antielectron motion 7, increases too, so that #, exceeds #; (fig.6). That
is why antielectron is behind electron and distance b between electron and antielectron increases
until »; and 7, become equal to each other and ¢ becomes zero, i.e. until the dipole velocity is
becomes equal to v again.

In the case B the external magnetic field decreases the dipole’s velocity by some e.
Ultimately, the dipole velocity remains the same while dipole base b decreases.

If the external magnetic field is directed rightwards, along the dipole path, then it results in
the dipole base reduction in the case 4, and in the dipole base extension in the case B with the
dipole motion velocity remaining constant.

Thus, external magnetic field changes only the dipole base value leaving the dipole velocity
unchanged.
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Transverse component of the external magnetic field generates Lorentz forces that result in
moment of forces M, that turns the dipole around its center of mass and distorts the dipole
motion path.

XIX.1.5. Electric Action

Longitudinal component of the external electric field, like in case with magnetic action, does
not change motion velocity of an electron-antielectron dipole. Only the dipole base value
changes based on the “sign” of the electric field and the dipole motion direction in relation to the
field source.

Transverse component of the external electric field simply shifts the dipole path leaving its
motion velocity unchanged and the “shifted path of the dipole parallel to the original path.



XIX.2. The Variability of Microobject Mass

According to the special theory of relativity (STR), electron mass should increase at electron
acceleration proportionally to tis motion velocity. A satisfactory evidence of this was obtained in
the course of experiments with free electrons at accelerates of microobjects. STR even has
derived the appropriate formula: me(v)=m.(0)(1-v°c ) °. Physics believes that this happens due
to electron motion energy transforming into a supplementary part of its matter.

The discovery of electron structure allows identifying the actual reason why electron mass
increases proportionally to its velocity. It is known that when a macroscopic object is moving at
velocity v relatively to gas having density p, the density of the counter gas flow, from the moving
object perspective, exceeds p, and is increasing proportionally to v. In the same way, when
electron is moving at velocity Ve in ethereal medium having density p,, the density of the counter
ether flow, from the moving electron perspective, exceeds p,, and is increasing proportionally to
Ve.

With increase in the counter ether flow density, the density of ether that vortex magnetic
field p. is pumping through electron also increases. An increase in the density of ether in electron
means a simultaneous increase of its mass. It follows that electron mass can increase not only
when such electron is free. It also happens when electron bound in a composite object is moving
together with the object in such a way that its magnetic moment vector is opposite to the motion
direction of the whole composite object including the electron.

The value of m(v) here depends both on v and on electron orientation with respect to vector
v, on the angular misalignment of vectors v and u. [22]. Mass increment Am=m(v)-m(0) reaches
its highest value when vectors v and u. are opposite, i.e. when angle y between them is 7z, so that
ether is pumped through electron with the highest counter density. With increase in angle vy, the
density of ether pumped through electron decreases. As a result, Am also decreases. When =0,
mass increment Am can even be negative.

As long as at this side ether is escaping from electron the ether density, from the electron
perspective, is decreasing with increase in ve. This situation is only valid for electron bound in a
composite object.

If electron is bound in a composite object, in general case, its magnetic moment vector may
have any direction between the direction of its velocity vector v, and the opposite direction. In
this case, electron mass may have any value between the maximum value that corresponds to
opposite directions of vectors ve and u., and the minimum value that corresponds to the same
directions thereof.

The foregoing is also valid for neutrons and other electron-like microobjects.

XIX.3. Matter Motion Energy Flows
Universe is alive until matter motion energy circulates inside it. Identification of structures of
electron and other elementary objects of matter organization levels found that all material objects
are in a state of stable dynamic rather than static equilibrium, and they all exist due to associated
counterflows of energy as shown on Figure 10.
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Fig.10
Figure 10 shows a scheme of energy counterflows between different matter organization

levels stipulated by the existence of free elementary objects at those levels.
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The scheme shown on Figure 10 includes an infinite set of links one of which can be
illustrated by Figure 11.
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Fig.11

Elementary object of level Ly has a whirly vortex-like structure consisting of elementary
objects of level Ly+;. It exists due to whirly vortex-like magnetic field py contained therein and
pumping through itself multiple elements of level Ly+1. Vortex magnetic field py is induced and
maintained by a flow of self-magnetic fields of individual elements of level Ly+1 pumped through
field py. Vortex field px, pumps through itself elements of level Ly.; and thus highly densifies the
multitude of these elements as long as the same is within field py creating a “material” body of
electron-like or neutron-like element of level Ly. Moreover, vortex field py also creates a jet of
multiple elements of level L1 pushed out from the field.

Due to jet and motion of elements of level L that it induces energy flows from level Ly to
level Ly+1 (green arrow): it dissipates among elements of level Ly.;. A portion of this energy
returns to level Ly (cherry arrow): it is used to maintain elements of level Lx. Another portion,
due to resistance from elements of level Ly, to motion of elements of level Ly.1, goes away to
level Ly, (right green arrow) and dissipates among that level elements.

According to the given contemplation, energy in energy chain shown on Figure 2 gradually
flows to lower and lower levels. It is especially clear in the beginning of the chain (Fig.12)
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Fig.12

Nut such situation is unstable and cannot persist long. So, this energy scheme misses
something.

We were able to identify electron structure on the analogy of atmospheric vortex. Such
vortex is amazingly stable if powered from ambient ionized air. Usually, they originate over
large expanses of water. A peculiar feature of atmosphere over large expanses of water is high
solar radiation that increases when reflected from water surface. This affects the intensity of
sunburn on people sunbathing near water surfaces. The solar radiation is the main cause for air
ionization.

On the analogy of the atmospheric situation, the compensation of energy overflow on the
scheme shown on Figure 10 can happen due to additional matter and energy captured from
beyond the event horizon.

We cannot know for sure how matter beyond the event horizon works. However, we have the
analogy method repeatedly verified in TNO and elaborated within Mandelstam-Andronov
applied scientific methodology using the case system of learning how to build adequate
mathematical models of the material world phenomena. Owing to this methodology, the analogy
method became an effective scientific research tool.

The structure of matter in our Universe “black hole” has been established using the analog
method [3]. The time has come to apply the opposite analogy method to understand the material



world structure beyond the event horizon. If we denote our Universe, with its matter organization
levels Lo, L1, La,.., by U, then according to the opposite analogy Universe U°, to which our
Universe U belongs, should have its own matter organization levels L°, L°;, L®,,.. . Elementary
objects of level L°, should be electron-like vortex formations consisting of our electrons of
bigger size and same masses, and neutron-like vortex formations consisting of our neutrons of
bigger size and same masses. Similarly, elementary objects of level L°x should be electron-like
vortex formations consisting of electron-like objects of level Ly of bigger size and same masses
and neutron-like vortex formations consisting of neutron-like objects of level Ly of bigger size
and same masses.

If the opposite analogy is true elementary objects of levels L°, k=1,2,..., are quite densely
distributed in U°. This means that our Universe is constantly absorbing elements of levels L°,
k=1,2,... that disperse thereafter into elements of levels Lg, k=1,2,...(vertical red arrows on
Fig.13). When objects of level L°; enter the absorption region of our Universe they are absorbed
and disperse into our electron and neutrons. As a result, the scheme shown on Figure 10 becomes
the scheme shown on Figure 13.
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XIX.4. Mass-energy equivalence.
Collapse. Annihilation

Physics typically illustrates the possibility of matter-to-energy and energy-to-matter
transformation with positronium — a microobject consisting of electron and positron. The
microworld theory, because of groundless neglect of magnetic interactions between
microobjects, believes that the electron-positron system dynamics should inevitably result in
positronium collapse —electron and positron approaching each other without restrictions. Such an
approach, according to physical concepts, should result in annihilation of electron and positron
masses that leads to transformation of these masses into photon energy. According to physical
concepts, a reverse transformation of photon energy into electron and positron masses is possible
in certain conditions.

However, when accounting magnetic interactions between electron and positron, it is easy to
make sure that an electron-positron pair, due to electron diamagnetism, is in a stable equilibrium
in which the distance between electron and positron is almost one order larger than the distance
between proton and electron in non-excited protium. If there was a real collapse of positronium,
then a real collapse of protium would be inevitable. This means that there is no collapse or
annihilation phenomena in the material world, though the theoretical physics rather actively uses
these notions.

Energy in the “classical” physics is a characteristic of moving matter (kinetic energy) or a
characteristic of the possibility to make matter move (potential energy). What is just energy in
the quantum theory?

XIX.5. “Mass Defect”

When it became possible for physics to measure mass of moving microobjects, they
discovered a phenomenon they called “mass defect”. This phenomenon was discovered when
measuring masses of free electrons and nucleons moving at the same velocity v, as well as
composite microobjects consisting of k nucleons and electrons. The measurements gave masses
wi;(v) of free electrons and nucleons, and M(v) of composite microobject. Eventually, it emerged
that my+my+...+m>M. The difference of these masses was bigger than the measurement errors.



Moreover, since physicists knew nothing about structures of microobjects, having recovered
from the shock state they decided that in the result of annihilation the difference of masses they
called “mass defect” transforms into binding energy of separate microobjects in part of a
composite microobject.

As we have said above, proton is a composite neutron-antielectron object. According to the
estimate made using the “mass defect”, the antielectron and neutron-to-proton binding energies
are 3MeV. However, experiments involving collision of two high-energy protons showed that
proton approaching energy needed to disintegrate one of the collided protons into neutron and
antielectron is 290MeV. It demonstrated that physicists are out in causes of “mass defect” and
that they cannot be trusted in such questions.

The actual cause of “mass defect” can be explained by the specificity of vortex-like
structures of microobjects, which manifests itself when microobjects are moving. Indeed, if we
could measure masses of stationary microobjects, all microobjects regardless of whether they are
free or bound in a composite microobject, would be under the same conditions with respect to
ambient ether, and the density of ether would be the same for all these microobjects. In this case,
“mass defect” would be zero. If physicists were right about the role of “mass defect” in
generation of a composite microobject’s binding energy such energy of composite microobjects
being at rest with relation to ambient ether would be equal to zero if mass should be measured
like that.
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YTO TpaBUTALMS MOXKET OKa3bIBaTh BO3/€lcTBUE Ha noBeaeHUe (oToHa. [IpoBens BblunciIeHMUS,
Ol MOJYYHJI OLEHKY BenuuuHbl yriaa o =1,745". IlpoBenennsie 1919-1952rr, TmarenabHbIe
HATYpHBIE M3MEPEHHUs MOKa3aJd, YTO HMCTUHHAS BEJIMYMHA YIjla O HAaXOAWTCS B WHTEpBAIC
(1,61",2,24").
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OWHIITEHH NOoJ03peBall, YTO (OTOHBI MOTYT HCIBITHIBATH M MarHUTHbIE BO3/AeHCTBUs. B
omHOW W3 JMYHBIX Oecen, oH mnpemioxun I[L.JI.Kamuue nomeitaThes H3MEpHUTH BIHMSIHUAE
MarHuTHBIX TOJed Ha ckopocTh cBera [l]. OpHako, SKCHEPUMEHTAIBHO 3TO CJlieNaTh He
yJaJIOCh.

XIX.1.1. Tunsl GoTOHOB U UX CTPYKTYPHbI

Hanuuue paszHbIX TUNOB (DOTOHOB M HUX CTPYKTYPbl OBUIM BBHISBICHBI METOAAMH TEOPUHU
HEJTMHEHHBbIX KoyieOanuii [2]. B Hamielr BceneHHo#, caMbIM pacipOCTpaHEHHBIM SIBIISIETCS, T10-
BUAMMOMY, (OTOH, NPEACTABIAIONINI COOON 3NEKTPOH-aHTUANEKTPOHHBIN aunonb. Kpome
3TOro THNa ()OTOHOB, BO3MOXKHO CYIIECTBOBAaHME €lI€ TPEX THUMOB (POTOHHBIX JUIONIEH —
MO3UTPOH-AHTUIIO3UTPOHHOTO, MIEKTPOH-AHTUIIO3UTPOHHOTO U TIO3UTPOH-AHTUIIEKTPOHHOTO.

ONEeKTPOH-aHTUAJIEKTPOHHBIM U MO3UTPOH-AaHTUIIO3UTPOHHBIM JTUIOIM MOXHO Ha3BaTh
«0e33apaI0OBBIMUY», TaK KaK CyMMa d3JEKTPHUECKHX 3apsioB DJIEKTPOHA M aHTUAJNEKTPOHA, a
TaK)K€ CyMMa JIEKTPUYECKUX 3apsAI0B MO3UTPOHA M AHTUIIO3TPOHA, PABHBI HYIIIO

3HaHue CTPYKTYpP (OTOHOB MO3BOJSET YUCTO TEOPETUUECKUMHU CPEICTBAMHU, Oe3 oOpaleHus
K CIEUHMaJbHBIM 3KCIEpUMEHTaM, TMOJIY4YUTh OECCIOpHbIE J0Ka3aTelnbCcTBa TOrO, 4YTO
rpaBUTALMOHHBIC, JIEKTPUUECKHE W MATrHUTHBIE MOJS OKa3bIBAlOT peajbHOE BO3JCUCTBUE Ha
MHOBEICHHUE dTUX JUIIOJIEH.

Tax kak (OTOHBI COCTOSAT U3 NEKTPOHONOAO0OHBIX MUKPOOOBEKTOB, TO, OUEBUAHO, YTO OHH
CIIOCOOHBI yYacTBOBATh B IPABUTALIMOHHBIX, MATHUTHBIX U AJIEKTPUYECKUX B3aUMOJEHCTBUSIX C
BELIECTBOM, M UTO B HYKJIOHHBIX B3aMMOJEHCTBUAX OHU HE yUaCTBYIOT.

UToObl MOHATH, KAK MPOUCXOIAT OSTU B3aUMOJEHUCTBHUS, HYXHO MPOMILIIOCTPUPOBATH
CBOMCTBAa (POTOHOB HA PUMEPE HIEKTPOH-AHTUIIEKTPOHHOTO TUIOJS.

XIX.1.2. CoiicTBa (OTOHHBIX IHIIOJIEH
DIIEeKTPOH-aHTUAICKTPOHHBIN TUTIONb 001a/1a€T OCHOBHBIMHU CBOMCTBaMH (DOTOHA — HYJIEBOU
CyMMapHOM Maccoil M HYJIEBHIM CYMMapHBIM OSJEKTpUYECKHM 3apsaaoM. Kpome Toro, oH
o0amaet HyJIeBbIM CyMMapHBIM BEKTOPOM MarHUTHOTO MOMEHTA.
Ha 551eKTpoH - ® 1 aHTHRJIEKTPOH - 0 B 3TOM JIUIIOJIE IEHCTBYET IEKTPUUECKOE MPUTIKEHHE
(KpacHBI 1IBET) U MarHUTHOE OTTaJKUBaHUE (royryooii nBeT) (puc.l).
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Puc.1

PesynbTupytonme 3iaeKTpOMarHuTHble Ccuibl Fen , ACHCTBylolMe Ha 3JIEKTPOH U
AQHTHUAJICKTPOH, PACIOIOKEHBI BIIOJIb MPSIMOi |, mpoxosineit uepe3 3IeKTPOH U aHTUJICKTPOH H
HaIpPaBJIEHbl IPOTUBOINOIOKHO APYT APYTYy. OTH CHIIBI COOOIIAIOT IEKTPOHY U AaHTHUAJIEKTPOHY
COOTBETCTBYIOIIME yCKOpeHHs. Tak Kak aHTUAJNIEKTPOH 00JIaJlaeT «OTPULIATEIbHOW» Maccoil, TO
3TH YCKOPEHHUS UMEIOT OJJMHAKOBbIE HalpapiieHUs. [103TOMy 37€KTPOH M aHTUAJIEKTPOH BCEraa
JIBUXKYTCS B OJIHY U Ty ke CTOpoHY. [Ipy OTCYTCTBMHM BHEUIHMX BO3AECUCTBUN, OHU IBMXKYTCS
CTPOTO BJIOJIb MPSIMOI |.

Ecmu paccrossane b Mexay 5S7aeKTpOHOM HM  AHTHIJIEKTPOHOM DPaBHO 4,410 v, TO
PaBHOJACHCTBYIONIUE JJIEKTPOMArHUTHBIE CHJIBI pPaBHbI HYJIIO W JIMIOJL HAaXOJWUTCS B
HEYCTOWYHMBOM COCTOSIHUM CTaTHYECKOTO paBHOBecus. Ecmm b<4,4-10710M, IUIIOIb —
«OBICTpBIT», OH IBMXKETCS B O€3BO3AYIIHOM IMPOCTPAHCTBE CO CKOPOCTHIO, OIM3KOW K ¢, MpH
3TOM BIIEPEIH HAET YIEKTPOH, a aHTHIIEKTPOH — IO «cIedy» d1ektpora. Ecim b>4,4-107° 10y,
JUTIOND — «MeJICHHBII». CKOPOCTh JIBIXKCHUSI «MEIJICHHOT0Y JUIMOJIS HA HECKOJIBKO MOPSIKOB
MeHbIIIe, YeM c. B sToM numoinie Bhepenud UAET aHTUAJIEKTPOH, a DJIEKTPOH — MO «CIIETy»
aHTUAJIEKTpOHA. B KBaHTOBOW Teopuu «MmemsieHHbIe» (OTOHBI U3BECTHBI Kak «KymepoBckue
CIIApEHHBILE 3JIEKTPOHBI C Pa3HBIMU CIITHAMI.

AHanu3, NpoBEIEHHBIM METO/IaMU TEOPUM HEJIMHEWHBIX K0JIeOaHU, oKa3ai, YTO CKOPOCTh
JIBUXKEHHS «OBICTPOro» (DOTOHA 3aBUCUT OT BEITUYMHBI CONPOTUBIEHUS PUpPA €ro JIBHKEHUIO,
T.€. 3aBUCHT OT IUIOTHOCTH 3(upa Ha myTH (PoTOHA. ITO MPOUCXOIUT CICAYIOIIUM 00pa3oM.

o

JIB>KeHUE «OBICTPOTO» IEKTPOH-AHTUIIECKTPOHHOTO JAUMOJS MPOUCXOIUT, IPH OTCYTCTBUU
BHEIIHUX BO3JCUCTBUMN, BIOJIb MPSIMOM, MPOXOJAIIeH yepe3 oba aneMeHTa aumons. Bo Bpems
JBUKEHUSI IUTIOJIS BIIEPEIN UIET 3JIEKTPOH, a MO €r0 «CIEAY» - AaHTHUAJIEKTPOH.

Ecnu cxopocTh OBMKEHMSI JUMOJS MEHBIIE YCTAaHOBUBIIEHCS, TO COMPOTHBICHHE d(upa
JIBUKEHHUIO DJIEKTpOHA OOJbIIe, YeM CONPOTUBICHHE 3(PHUpa JABHKEHUIO  aHTHUAJIEKTPOHA.
bnarogapsi aToMy, aHTHPJEKTPOH, MOJ ACHCTBHEM «ABMXKYIIEH CHUIIBD) AMIONS, JBHXKETCS CO
CKOPOCTBIO, TPEBBIMIAIIICH CKOPOCTh 3JeKTpoHa. Ilpu 3ToM, 6aza mumons b - paccrosiHue
MEXAY OJJIEKTPOHOM M  aHTHUPJEKTPOHOM, COKpalllaeTcs, a pe3yibTUPYIOIas cuja
B3aMMOJICHCTBHS MEXK/Y AJIEMEHTAMU JIUIIOJS, T.€. «IBHXKYILAsl CUJIa) JUIOJS YBETUYUBAETCS.

YBenuueHrne CKOPOCTU JBMIKEHUS JUMOJS MPUBOIUT K POCTY compoTuBieHus >¢upa. [Tpu
3TOM, CONPOTUBJICHHE IBUKEHHIO AHTUAIEKTPOHA, C HEKOTOPOrO MOMEHTAa, HauyMHAaeT pPacTu
ObICTpee, YeM COIMPOTHUBIECHUE JBIKEHUIO 3JIeKTpoHA. [Ipu HEKOTOpOH BeNWYMHE CKOPOCTH,
COMpPOTHUBIIEHUS 3QUpPa IBUKEHHUIO AJIEKTPOHA U aHTUAJIEKTPOHA CPaBHUBAIOTCS. JTa BEIMYMHA
CKOPOCTH JIBU>KEHHUSI IUTIONS U SIBJISIETCS YCTAaHOBUBLIECHCSI.

o

«bbicTpBIe» (OTOHBI TPUHHUMAIOT YYacTHE B SBICHHH BO3OYXKIEHUS MHUKPOOOBEKTOB.
«MenyeHHble» (OTOHBI Y4YacTBYIOT B CO3/IaHUU DJEKTPUUECKUX TOKOB, 00€CIeYrBaroT
MOJJIEP)KAaHUE MArHUTHBIX CBOMCTB MOCTOSIHHBIX MAarHUTOB, POPMHUPYIOT PHEPTETHKY IIAPOBOI
MOJTHHH.

Becbma HEnpUBBIYHBIMU CBOWCTBAMHU, CPEAM MHUKPOOOBEKTOB, UMEIOMIMX CIOCOOHOCTH K
caMopa3roHy, 00JaJal0T ANEKTPOH-AHTUIIO3UTPOHHBIE M MO3UTPOH-AHTUIIEKTPOHHBIE JUIIOJH.
Onu 00712/1210T YABOCHHBIMH 3JIEKTPUYECKIUME CYMMapHBIMU 3apsigamu. M3-3a 3Toro, cKopocTu
JIBUKEHHUSI 3TUX JUMOJEH HAMHOIO BbIlle CKOpPOCTH c. [leno B TOM, YTO B 3IJIEKTPOH-
AQHTUDJIEKTPOHHOM W B TIO3UTPOH-aHTUIIO3UTPOHHOM JIMIIONIAX BEIMYMHA PE3YIbTUPYIOLIEH
ANEKTPOMArHUTHON CHWJIBI paBHA pAa3HOCMU MArHUTHOW M DJIEKTPUYECKOW CHil. B 31ekTpoH-
AQHTUIIO3UTPOHHOM U B MO3UTPOH-AHTUAIIEKTPOHHOM JIMIIOJE BEJIIMUMHA PE3YJIbTUPYIOLIEH CUIIbI
paBHa cymMMme MarHUTHOM W AJIEKTPUYECKOM CHJI. A TaK KaK BEJIIMYMHA «IBMOXKYIIEU CHIIBD» 3THX
JTUTIONICH  BBINIE BEIUYUHBI  «IBUKYIIEH CHIIBDy  0e33apsiIoBBIX — JIUIOJICH, TO, TIpHU
YCTaHOBUBIIEICS CKOPOCTH JBUKEHHUS «3apsI0BBIX) IUIIOJIEH, BEIMYMHA COMTPOTUBIIEHHUS 3pupa
BBIIIIE, YeM B «0€33apsIOBBIX)» TUIONSAX, U COOTBETCTBEHHO BHIIIE CKOPOCTh MX JBHKCHUS.



«3apsA0BBIe» JUIIONHA MOTYT OBITh TONBKO «ObIcTpbIMIY». Koraa s1, cobupasch monpo6oBaTh
CBOU CHJIBI B TEOPUHM MHUKPOMHpA, COOMpPaA pa3lUyHbIC CBEJECHUS, OTHOCAIIMECS K SIBICHUSAM
MHUKPOMHpA, TO OJHAXIbl BCTPETHJI COOOIICHHE O HAOMIONEHUSIX KaKHUX-TO HE3HAKOMBIX
MHUKPOOOBEKTOB € yIBOCHHBIMU 3JIEKTPHUECKUMHU 3apsaaamu. K rirybokomy coxalleHuto, Toraa s
emé He MOT OLEHUTh 3HAaYCHUE 3TOM MHPOPMALIUU U HE 3aTIOMHIII €€ UCTOYHHUK.

XIX.1.3. 'paBuTanuOHHBIE BO3/1eiicTBUS
B oOmewm ciydae, cuia BHEUIHEr0 BO3ACWCTBUA Ha AMIOIb COCTOUT M3 MPOJOJIBHOW U
MOINEPEYHOM KOMIOHEHT. [Ipo10apHast KOMIIOHEHTa HAXOAUTCS HA MPSIMOM, IPOXOAILEH Yepes
00a ayieMeHTa JIUII0JIs, oTepedHas — OPTOroHaIbHa 3TOM MPSAMOIA.

X1X.1.3.1. IIpoaoJibHbIe TPABUTAIIMOHHBIE BO31eHCTBHS

Ecnu 351eKTpOH-aHTUAIEKTPOHHBIN JUIIOIb HE UCTBITHIBAET BHEIIHUX BO3JICHCTBUI, TO CHIIA
COMpoTUBIIEHUS 3bUpPa YCTAHOBUBIIEMYCS JIBUYKEHUIO JIEKTPOHA 71 PaBHA CHUJIE COTIPOTUBIICHUS
adupa yCTAHOBUBIIEMYCSI JIBIDKCHUIO aHTHUDJIEKTPOHA 7, W KaXJIas U3 HUX paBHA
3JICKTPOMArHuTHOU cuie Fen .

Korga »5eKTpOH-aHTHUAIEKTPOHHBIA JIUIOIL ABUXKETCS B CTOPOHY HMCTOYHUKA BHEIIHETO
IPaBUTALIMOHHOTO BO3JEHCTBHs (HA pUC.2 — BIPaBO), TO Ha SJIEKTPOH JIEHCTBYET CyMMa CHIL,
paBHas Fem+Fg—71, Tie Fy — npo10aBpHAas KOMIIOHEHTA CHJIBI TPABUTALIMOHHOTO BO3JCHCTBHA, 771
— CHJIa COTIPOTUBIICHUS d(PUpPa IBUKECHHUIO SJICKTPOHA, & Ha aHTUAIIEKTPOH JACHCTBYET CyMMa CHIL,
paBHas Fem—Fg—#2 (Ha prc.2, rpaBUTallMOHHAs KOMIIOHEHTA — YEPHBIM 1IBET).
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DTO NPUBOJMT, K OTCTABAHUIO AHTHAJICKTPOHA OT 3JICKTPOHA, K YBEIMYCHHUIO paccTOsHUs D
MEXIY DJIEKTPOHOM W  aHTUIIEKTPOHOM, K YMEHBUICHMIO BEIMYUHBI  «IBUXKYLIEH
AIIEKTPOMArHUTHOW CHWJIBD» JMIONS U K YMEHBLIEHUIO CKOPOCTHU ABMXKEHUA aunons. Cuna
CONPOTHUBIIEHUS 3Hpa IBIKEHUIO 3JIEKTPOHA #1 NPU ITOM CTAHOBUTCS OOJIbIIE CHIIBI
COMpPOTUBIIEHUSI 3(PUpPa ABMKEHUIO AHTUANIEKTPOHA 7j2. VI3MEHEHMsI BETMYMH CONPOTHUBIICHUS
pupa ABWKEHHUIO 3JEKTPOHA 71 U AHTUIJIEKTPOHA 72, B 3aBUCUMOCTH OT BEJIMYMHBI 0a3bl
JMIONS D M cKOpocTH ero MBWKEHHS V MPOWLTIOCTPUPOBAHBI PUCYHKOM 3 (71 — CIUIONIHAS
JIMHHS, 7] - LITPUXOBAsL).

Puc.3

BrlpaBHUBaHME CKOPOCTEH JBMIKEHUS DJIEKTPOHA M AHTHUAJIEKTPOHA TIPOUCXOJUT TPHU
CPaBHUBAaHUM CUJI, JEUCTBYIOIIUX HA DJIEKTPOH M aHTUAIEKTPOH: FemtFg—#1=Fem—Fg—12. OTO

IPOUCXOIUT, ECIH #1—H2=2Fg, T.€. IpH yMEHBIICHNU CKOPOCTH JBHKEHHUS TUTIOJS.
0



Kornma »ieKTpoH-aHTHAJIEKTPOHHBIN MHUIONb yAAIseTcs OT HMCTOYHHMKA TPaBUTAMOHHOTO
BO3JICHCTBHUS, TO HANpaBJICHUEC T'PABUTAIMOHHONW CHJIBI M3MEHSETCS Ha IPOTHBOIIOJIIOKHOE
(puc.4).
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BeipaBHUBaHME CKOpOCTEH MBM)KEHHUS OSJEKTPOHA M aHTHAJIEKTPOHA, B 3TOM Clydae,
IPOUCXOAUT, €CIU #2—11=2Fg, T.€. IPH yBeIHYeHHH CKOPOCTH JABUKEHHSI THIIOJIS.
0

Bcé ckazaHHOE MOXKHO TOBTOPHUTH Uil JIFOOOTO APYroro «ObICTporo» aumois. Takum
o0pa3oM, TIpaBUTAllMOHHOE BO3JCHCTBHE BBI3BIBAET YMEHBIIEHUE CKOPOCTH JBM)KEHUS
«OBICTPOTO» IUNONS, MPU €ro MPUOMMKEHHMH K HCTOYHUKY TpPAaBUTALMU, U YBEIUYHUBACT
CKOPOCTb JBMKEHMSI JUIIOJIS IIPU €r0 yaJIeHUU OT UICTOUYHUKA IPABUTALUH.

X1X.1.3.2. IlonepeyHble rPaBUTAIIMOHHBIE BO31eHCTBHS

[TonepeuHass KOMITOHEHTa TPaBUTAIMOHHOTO Bo3neicTBus f oamHakoBa it 000HMX
AJIEMEHTOB (POTOHHOTO JUTIOJIS (PHUC.S).

Puc.5

OnHako, U3-3a «OTPULIATEIBHOCTU» MAcCChl aHTURJIEKTPOHA, HA JUIOJNb JEHCTBYET HE cuja
CMCHICHUSA TOIMNECPCK HAIIPaBJICHUA IABUIKCHHA, @ MOMCHT CHJI BCIWMYHHBI M:bf, CTpCMSIHII/II\/'I(Hl
MOBEPHYTH AUMOJIb, IO YACOBOM CTPEIKE, OTHOCUTEIBHO €ro LeHTpa Macc. biaarogapst MOMEHTY
M, TpouCXOAUT MEUICHHOE BpAIlEHUE JUIIOJS BOKPYT €ro LEeHTpa Macc. A Tak Kak BEKTOpP
CKOPOCTH JMIIONS PACIIONOKEH Ha JIMHUHU, TPOXOJAIIeH uepe3 00a sJieMeHTa UM, TO BMECTe
C JIUIIOJIEM BPALIAETCSI U BEKTOP €ro CKOpocTu. B pesynbTaTe 3TOro, NpoOMCXOAUT UCKPUBIIEHUE
TPACKTOPHUH JABH>KEHUS JUIIOJIS.

VYrnoBas ckopocTh @(t) BpallieHus AUIOIIS U BEKTOPA €ro JIMHEHHON CKOPOCTH OTpeIessieTcst
YpaBHEHUEM:

d/dt(lw)=M,
rae | — MOMEHT WHepLUH JTUTIONS, PaBHBIN O,5b2me, cuia f=GMGmeR72siny, G — rpaBUTalIMOHHAS
MOCTOsSIHHAs, Mg — Macca UCTOYHMKA TPABUTALMOHHOTO BO3AEHCTBHS, M. — Macca

AIIEKTPOHOIIOI00HOTO MUKPOOOBEKTa, R — paccTosiHMEe OT UCTOYHUKA TPABUTALIUN JIO AMIIOJS, Y
— YToJI MEX]Ty OCBIO TUTIONS U BeKTOpoMm R.

Ha 6a3e 3TuX COOTHOIIIEHHI MOXKHO MOCTPOUTH YPaBHEHUs IBIKEHUS Aunons. OaHako, Iis
MOJIyYEHHUsT ONTHUCAHUS TPACKTOPUH JBMKEHHS JMITOISA, He0OX0oauMo 3HaTh GyHKiuio b(t). A Tak
kak ¢yakius D(f) Hew3BecTHa, TO MPOBEICHHOE PACCMOTPEHHE HE JAaeT BO3MOXKHOCTH JIJIS
BBEIYHMCJICHUS TOYHOU BEJIMYUHEI HUCKPHUBJICHUA TPACKTOPUHU ABUIKCHHA OAUIIOJIA, HO, C npenenLHoﬁ
SICHOCTBIO BCKPBIBAET MPUUYUHHO-CJIEACTBEHHBIN MEXaHU3M UCKAKEHUSI 3TON TPACKTOPUH.

0

U Bcé ke, MpUOMKEHHYIO OLIEHKY BETUYHMHBI yriia M3rubda TpaekTopuu (HOTOHA MONYUUTH
BIIOJTHE BO3MOXHO. 3ompaHep emé B 1801r Obunr OMM30K K €€ MONydeHUIo, HO €My 3TO He
yIaJ0Ch U3-32 TOTO, YTO OH HMYETO HE 3HA O CTPYKType (HOTOHA.

Bbruncnum mpuOIMKEHHYIO OLEHKY BEIUYMHBI yria o HpU MPOXOXKIECHUU «OBICTPOTO»
AIIEKTPOH-aHTUAIICKTPOHHOTO AMIIONS uyepe3 cheprudeckyro rpanuiy Hamero ComHIa.



BBeeM KOOPAMHATHYIO cHCTeMy xy, rae x=ct, ¢=3-10°m-c™!, och x kacaercs chepuueckoii
rpanuiiel Comnaia B Touke 0(0,0) — Hayane KOOpauHAT, a 0Ch y MPOXOIUT uepe3 1eHTp CosHIa 1
yepe3 Touky O (puc.6).
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VckpuBieHHE TPAaeKTOPUU IHIIONS TMPOUCXOIUT, TMPAKTHUECKH, TOJBKO B OKPECTHOCTH
ConHua, ¥ yroia HMCKpPUBJIEHHUS 4Ype3BbIYAMHO Mai. Tak Kak pazmlyc CosnHua I’5:696-106M,
Hamboubinee paccrostane or Combra 10 3emun pasuo 1,521-10%'M, m okcmepumenTanbHO
M3MepeHHas HauOombIlas BeJIMYMHA YIJla OTKJIOHEHHS Jyya CBEeTa paBHA 2,24"21075pan, TO
HanOOJIbIIIasl BEIMYMHA JIMHEHHOTO OTKIOHEHHs (HOTOHA, MpH mpoxokaeHnd uM ot CoiHna a0
3emin, coctapnser Bcero 0,001rs.

[TosToMy Oyznem cuntath, 4To paccrosHue ot Hentpa ComHia 10 GOTOHHOTO TUMOIS PaBHO
R=(rs?+c*?)"°. Tak Kak yron MCKPHBIICHWS TPACKTOPHH JMIIONS UPE3BBIYAMHO Mai, MOXKHO
CYHTATh, YTO, B BBIPAKCHUM JUIs CHIBI f, Yroa y ompeensiercs BhIpaxeHueM: siny=rs-R’, u
f:GMsmeRil’S.

[Mox mevicTBueM cuitbl f, SJIEKTPOH CMeEIIaeTcs, BIOIb OCH ), COTJIACHO YPaBHEHHIO: Me)"=f,
WJIM, YTO TO XK€ CaMOe, YPaBHEHHUIO: y”=C(a2+t2)71’5, rae C=GMsrsc™, a=rsc . Cornacuo 3TOMY
YPAaBHEHHIO M HAYAIBHBIM ycIoBHsM, y'=Ca “t(a’+t2)™ "> u y=Ca *(a*+t)°".

Y xpusoii y=Ca 2(a*+t?)*® ects acummrora: y=—Ca *+Ca *t. st 5T0it acummrotsI, dy/dx=
y'IX'=Ca ¢ '=GMsrs 'c?. B pesyibrare MOACTAHOBKH YHCIICHHBIX 3HAYCHHUI, TIONYYAETCS, UTO
dyldx=tgp=0,00213-10", rme ¢ — yrom MexIy acHMITOTOH M OCbI0 X. B CHIy MamocTu
nosTydeHHo# Bemmunnbl, =0,00213-10 *pamgnan=0,4393".

VYron ¢ xapakrepusyeT U3rud TpaekTopuu (OTOHA, M3-3a BpalleHHs (POTOHHOTO THUIOJS,
BBI3BAaHHOTO T'PaBUTAIIMOHHBIM BozaeiictBueM ConHI@ Ha OJJIEKTPOH. [ 'paBHTaIMOHHOE
BO3JCHICTBHE Ha AHTUIJIECKTPOH NPHBOAUT K YIBOCHHIO YIIOBOW ckopocTd «(t) BpameHus
¢doronnoro aumoisi. B pesynbrate, npu ynanenuu GotonHoro aumnois ot CoiHIa, MPOUCXOIUT
U3ru0 TpaeKTOpHHU ABIKEHHs (poToHa Ha Bennuuny 2¢=0,8786".

[Tpu npubmmkennu GoroHHOTo AumoNs K CONHITY, TaK K€ MPOUCXOAUT UCKPHUBIICHUE €TO0
TPAacKTOPUU M3-3a TpaBUTALMOHHOTO Bo3xaeWcTBua ConHua, Ha yron BenuuuHbsl 0,8786".
CymMmapHas BeTH4MHA yria u3ruda tpaekropun GoToHHOTro numnons 0=1,7572".

XI1X.1.4. MaruuTHbI€ BO3IeHCTBUA
Kak pearupyroT GoTOHBI Ha BHEIIHEE MAarHUTHOE ToJe?
Cy1iecTBYIOT 1Ba BHIa POTOHHBIX IUTIONEH (0003HaUMM uX yepe3 4 u B), B 3aBUCHMOCTH OT
HANPaBIIEHUH BEKTOPOB MArHUTHBIX MOMEHTOB HX DJJEMEHTOB (Ha puc.7, — - BEKTOp
MarHUTHOTO MOMEHTA).

Puc.7

Tak kak BEKTOpbl MArHUTHBIX MOMEHTOB B 000UX (DOTOHAX MPOTHUBOIMOJIOXKHBI, TO A1 000UX
3TUX ()OTOHOB HAMPABJICHUS MarHUTHBIX CHJI OJJUHAKOBHI (puC.8).



Puc.8

HCCMOTpH Ha TO, YTO HAIpaBJICHUA MArHUTHBIX CHJI B (I)OTOHaX BHUaa Aun B OJMHAKOBbI,
peakiuu 3TUX (HOTOHOB HA BHEIIHUE MarHUTHBIE TTOJISL — Pa3HBIE.

Ecan MpoaoJibHAA COCTaBJIAIOIIAd BHCHIHCTO MArHuTHOIO IIOJIA HallpaBJICHA BJICBO, B
CTOPOHY, NMPOTHBOIOJIOKHYIO HAIPaBICHUIO JBM)KEHHS JUIONSA, TO MPOAOJIEHBIE KOMIIOHEHTHI
CHJI BHCIIHUX MAarHUTHBIX BO3Z[€I>1CTBHﬁ HMCIOT HaAIIpaBJICHUA, HNPCACTABJICHHBIC Ha pI/IC9
(pnonerossrii iBeT), CHIIBI 3JIEKTPHYECKOTO B3aUMOJICHCTBHS MEKAY STUMHU AUIOISIMHU 37I€Ch HE
M300paKEHBI.

Puc.9

B ciydyae A BHelIHee MarHUTHOE I0JI€ YBEJIMYMBACT «IBIKYILYIO crily» aumnoss. [Toaromy
CKOPOCTb V JIBUYKEHUS 3JIEKTPOHA U aHTUAJIEKTPOHA YBEJIMYUBAETCS HA HEKOTOPYIO BEJIMYUHY é.
BcernencTeue 3Tor0, YBENMYMBAIOTCS U CHIIBI CONPOTHBIICHUS d(Upa ABIKSHHUIO JIEKTPOHA /1
AHTHUDJIEKTPOHA 72 TaK, YTO # CTAHOBHUTCS Ooibiie, yeM #; (puc.6). Ilo sroil mpuumsze,
AQHTHUDJICKTPOH OTCTAET OT DJICKTPOHA U PACCTOSIHUE D MEXIy AJIEKTPOHOM M aHTHIJICKTPOHOM
YBEJIMYMBAETCS /10 TEX IOpP, MTOKA BEJIMYUHBI /1 U #2 HE CPABHAIOTCSA U BEIMYMHA & HE CTAHET
paBHA HYIIIO, T.€. I0KA BEJIMYNHA CKOPOCTH JIUIIOJS BHOBb HE CTAHET paBHa V.

B cnyyae B BHellHee MarHUTHOE IIOJIE YMEHBINAET BEJIWYMHY CKOPOCTH JUIIONS Ha
HEKOTOPYIO BEJIMYMHY &. B KOHEYHOM cueTe, 3TO OKaHYMBACTCA COXPAHEHUEM BEIUYUHBI
CKOPOCTH JMIOJNS MPU YMEHbIICHUH 0a3bl AUTos b.

Ecnu BHemIHee MarHUTHOE IIOJIE HAIPABJIEHO BIIPAaBO, IO XOAY IBHIKECHMS IUIIONS, TO B
ciyyae A 3TO MPUBOAMT K YMEHBUICHHIO 0asbl AMIOJNA, a B ciiydae B — K yBeIMUEHHUIO Oa3bl
JIUTIONSL, IPY COXPAHEHNUHU BEJIMYUHBI CKOPOCTH JABUKEHUS JUIIOJIA.

Takum 00pazom, BHEIIHEE MArHUTHOE MOJI€ U3MEHSET TOJBbKO BEIMYMHY Oa3bl JAWIONS, HE
MEHSIsI BEJIMYNHY €70 CKOPOCTH.

0

ITonepeunass cocCTaBiAOIIas] BHEIIHErO0 MAarHUTHOTO IIOJS IMOpoKAaaeT cuibl JlopeHna,
CO3JAK0lIMe MOMEHT CWJI M|, BBI3BIBAIOLIUN IIOBOPOT IHMIIONSA BOKPYI €ro LEHTpa Macc, U
VCKPHUBJIIFOLIUI TPACKTOPHUIO IBU>KECHHUSI TATIOJNS.

XIX.1.5. DaexkTpuyeckue Bo3aeiicTBUSA
[TpononpHas cocTaBisAroLIasi BHEIIHETO AJIEKTPUYECKOTO MOJI, KaK U B CIy4ae MarHUTHOI'O
BO3/JICHCTBUS, BEIMYMHY CKOPOCTH JBIM)KEHUS DSJIEKTPOH-aHTHAJIEKTPOHHOTO JUIONS He
u3MeHsier. M3MeHseTcsl TONBKO BeIMYMHA O0a3bl JMIONA, B 3aBUCUMOCTH OT <«3HaKa»
AIIEKTPUYECKOTO TOJII M OT HaIpaBJIEHUS JABM)KEHUS AMIONS, MO OTHOIIEHHIO K HMCTOYHUKY
3TOTrO IMOJIA.

Bo3saeiictBue monepedyHON COCTABISAIOIIEH BHEIIHETO AJIEKTPUYECKOTO IO HMPUBOAMUT K
IPOCTOMY CMEILEHUIO TPAaeKTOPUHM JABIKEHHMS OSTOrO JUIOJS 0e3 H3MEHEHUS BEeIMYUHbBI
CKOPOCTH €ro JBHM)KEHHS, OCTaBJsIsl «CMELICHHYI0» TPAaeKTOPUIO JUIOJSA IMapajuleIbHON
UCXOJHON TPAEKTOPHH.

XIX.2. U3MeHYHBOCTh MacChl MUKPOOObeKTa
CornacHo CnenuaneHoid Teopunm OtHocutenbHocTH — CTO, macca »ieKkTpoHa JOJKHA
YBEIUYMBATLCA IIPU PA3rOHE DIEKTPOHA, C YBEIMYCHUEM CKOPOCTH €ro IBWKEHHSA. B
AKCTIEPUMEHTaX CO CBOOOHBIMHU DJIEKTPOHAMH, HA YCKOPHUTEIAX MUKPOOOBEKTOB, ITO MOTYIHUIIO
yoenurenbHoe mnoarBepxkaeHue. B CTO paxe BbIBeeHa COOTBETCTBYIOIIas ¢opmysa:



Me(V)=me(0)(1-v2c 2) . dusuka cumraer, 4TO 3TO MPOUCKOAUT OIArOIAPS MEPEXOLY SHEPIHH
JBYDKEHUS 3JIEKTPOHA B JIOIOJIHUTENIBHYIO YacTh €r0 MaTepuu.

OTKpBITHE CTPYKTYpPBI 3IEKTPOHA I103BOJISET BBIIBUTH HCTUHHYIO IPUUKHY, 110 KOTOPOU, IIpH
YBEJIMYEHUU CKOPOCTH IEKTPOHA, YBEJIMYMBAETCS €ro macca. V3BECTHO, YTO IpU JABHKEHHUU
MaKpOCKOIIMYECKOTO 00BEKTa CO CKOPOCTHIO V OTHOCUTENBHO Ta3a, 00J1aJaroIIero MmIOTHOCTHIO
p, IIIOTHOCTh BCTPEYHOr'O Ta30BOr0 MOTOKA, ¢ TOYKU 3PEHMsI JIBHXKYIIErocs oObekTa, 0oJblie,
4YeM p, U YBEIMYMUBAETCA C POCTOM CKOpPOCTH V. TOUHO Tak ke, IpU ABMXKEHHUU DJIEKTPOHA CO
CKOPOCTBIO Ve B 3(pUPHOI cpejie C MIOTHOCTBIO p,, INIOTHOCTh BCTPEYHOT'0, HAOETatoIero noToka
a¢upa, ¢ TOUKH 3PEHUS JBIKYIIETOCS 3JIEKTPOHA, OOJIbIIE, YeM p,, U YBEITHUYUBACTCA C POCTOM
Ve.

[lpy yBenWYeHMM IUIOTHOCTHM BCTPEYHOTO IOTOKA 3(Hpa, yBEIHMUYMBACTCA M IUIOTHOCTD
3¢upa, NPOKAYMBAEMOIO0 BHXPEBBIM MAarHUTHBIM IIOJEM P, Ye€pe3 DJIEKTPOH. YBEIHUYEHHE
IUIOTHOCTH 3(Hpa, HAXOIAIIETOCS B AJIEKTPOHE, O3HAYACT OJHOBPEMEHHOE YBEIMUYEHHE U €ro
Mmacchl. OTcrofia clieyeT, 4To Macca JIEKTPOHA MOXKET YBEIMYMBAThCA HE TOJIBKO, KOIJla OH
CBO0OOICH. DTO MPOUCXOANT U B TOM ClTydae, KOT[a dJICKTPOH, CBS3aHHBIN B COCTABHOM OOBEKTE,
JIBIDKETCS, BMECTE C 3TMM OOBEKTOM, TaK. YTO BEKTOP €ro MarHUTHOI'O MOMEHTa HallpaBlleH
IIPOTUBOINOJIOKHO HAIPABJIEHUIO JIBUKEHUS BCETO COCTABHOIO OOBEKTa, B TOM YHUCIE U 3TOrO
3JIEKTPOHA.

Benmnunna m(V) 3aBUCHUT HE TOJBKO OT BEIUYMHBI V, HO M OT OPHUCHTAI[MH DJICKTPOHA
OTHOCHUTEJIBHO BEKTOpA V, OT BEJIMUYMHBI YIJIIOBOTO PAaCCOITIaCOBAHUS HAIpPaBJIEHUH BEKTOPOB V U
H.. Benmnunna npupamienns maccel Am=m(v)—-m(0) gocTuraet HauOOJBIIET0 3HAYCHHUS, KOT/Ia
BEKTOPBl V U M IPOTHUBOIOJIOXKHBI, T.€. KOTJAA YIoJl i MEXJIy HUMHU PAaBEH T — B 3TOM Cilydae
yepe3 JIEKTPOH IpOoroHsercss 3¢up ¢ HauboJbLIeH BCTPEYHOU IUIOTHOCTHIO. C yMEHBIIEHUEM
yria y, IVIOTHOCTh 3(upa. MPOroHsAEMOro 4epe3 3JIEeKTPOH, yMeHbllaercs. BenencrBue storo
ymenblnaercss v BeauunHa Am. Ilpum w=0, npupamenue maccel AM MoXeT OBITH Jake
OTPULIATEIIBHBIM.

JlecTBUTENBHO, B 3TOM Ciy4yae BHEUIHWM 3(Up BTATUBAETCS B AJIEKTPOH HE CO CTOPOHBI
BCTPEYHOTO MOTOKA 3(hUpa, a CO CTOPOHBI YOETrarmero oT 3IeKTpoHa 3PUPHOro MOToKa. A Tak
KaK, C 3TOH CTOpOHBI, 3(pup ybOeraer OT 3JEKTPOHA, TO €ro IUIOTHOCTb, C TOYKHU 3pPEHUS
JJIEKTPOHA, YMEHBINAETCS C YBEIWYEHHEM Ve. OTa CHUTyalusi HMMEET MECTO TOJBKO MJIs
3JIEKTPOHA, CBA3aHHOI'O B COCTABHOM OOBEKTE.

Ecnu 371eKTpoH CBsi3aH B COCTABHOM OOBEKTE, TO, B OOIIEM cllyyae, BEKTOpP €r0 MarHUTHOTO
MOMEHTa MOYKET UMETh JIt000€ HallpaBJIEHUE MEXy HalpaBICHHUEM BEKTOpa Ve €r0 CKOPOCTH U
IPOTHBOIOJIOKHBIM HampaBieHueM. Ilpu 3ToM, Macca 37I€KTpoHa MOXET HPUHUMATh JI000e
3HauU€HUE MEXJY MaKCHUMAaJbHBIM, OTBEYAIOIIMM IPOTUBOIMOJIOXKHBIM HAlpPaBICHUSIM BEKTOPOB
Ve U M, U MUHUMAJIBHBIM 3HAYE€HUEM, OTBEYAIOIIHUM OJIMHAKOBBIM MX HAIPaBICHUSM.

Bcé ckazanHOoe cnpaBeyIMBO W AN HEHUTPOHOB W I APYTUX DIEKTPOHONOIOOHBIX
MHUKPOOOBEKTOB.

XIX.3. IlepeToKHU IHEePrUU ABMKEHUS MaTePUHU
Bcenennas »uBa, Moka B HEW LUPKYIUPYET SHEPrHsl IBWKEHUS MaTepuu. BuisBneHue
CTPYKTYp JJIGKTPOHA M DJIEMEHTapHBIX OOBEKTOB JAPYIMX YpPOBHEH OpraHU3all MaTepuu
0OHApYXXHUJIO, YTO ITH MaTepHabHbIe OOBEKTHI 00JIAIAI0T CTAOMIIBHBIM JUHAMHUYECKUM, a HE
CTaTUYECKUM PABHOBECHEM, U CYILIECTBYIOT BCE OHH, OJ1arojiapsi CBsI3aHHBIM C HUMH, BCTPEYHBIM
MOTOKaM SHEPTUH, U300paKeHHBIM Ha pucyHke 10.
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Ha pucynke 10 um3oOpaxeHa cxemMa BCTPEYHBIX IIOTOKOB SHEPTUU, MEXIY pPa3HBIMH
YPOBHSIMH  OpTaHM3allMd  MaTepHH, OOYCIOBICHHBIX  CYIIECTBOBAaHHEM  CBOOOJHBIX
3JIEMEHTAPHBIX 00BEKTOB 3TUX YPOBHEH.

.

Cxema, n3o0pakeHHast Ha pucyHke 10, cocTOUT n3 OECKOHEYHOTO MHOKECTBA 3BEHBEB, OJHO

U3 KOTOPBIX MOXHO TIPEJICTABUTh B BUC prCyHKa 11.
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DOnemMeHTapHbIi 00bEeKT YypoBHA Ly oOnamaer BUXpeBOW CMepuenol0OHON CTPYKTYpO,
COCTOSIIIEH U3 3JIEMEHTapHbIX 00BEKTOB YpOBHA Ly+1. OH cymiecTByeT Onaronapsi BUXPEBOMY
CMepuerolo00HOMY MarHUTHOMY HOJIO Pk, COAEpXKaleMycsl B HEM, U MIPOKAYMBAIOLIEMY Yepe3
ce0sl MHOXECTBO 3JIEMEHTOB YpOBHS Li+1. BuxpeBoe MarHuTHOe moiie px BO30yXkmaercs u
HOJ/IEP)KUBACTCS TTOTOKOM OTAEIbHBIX COOCTBEHHBIX MArHUTHBIX I0JIEH 3J€MEHTOB YPOBHS
Lx+1, IpoKaunBaeMbIX uepe3 moje px. BuxpesBoe nomne py, pu Npokauke yepes cedsl 3JEMEHTOB
ypOBHSI Lk+1, CHIBHO YIJIOTHSET MHOXKECTBO 3THX 3JIEMEHTOB, IIOKAa 3TO MHOXECTBO JIEMEHTOB
HaXOJUTCSI BHYTPU MOJSI Pk, CO3/1aBas MATEPUAIBHOE «TEJI0» 3JIEKTPOHONOJO00HOTO WU
HeUTpoHONoK00HOr0 31nemMenTa ypoBHA L. Ilpu 3TOM, BuXpeBoe moie py co3gaer emé u
PEAKTHBHYIO CTPYIO U3 MHOXECTBA 3JIEMEHTOB YPOBHS Li+1, BRITAIKUBAEMBIX U3 ATOTO TTOJIS.

bnaronaps peakTuBHOW CTpye U, BBI3BIBAEMOMY €10, ABIJKEHHUIO 3JI€MEHTa YpoBHA Ly,
IPOUCXOIUT NEPETOK BSHEpruu ¢ ypoBHA Ly Ha ypoBeHb Ly+1 (3€n€eHas crpenka) - OHa
pacceuBaeTcs Cpeu 3JIeMEHTOB YpOBHS Li+1. HacThk 3TOH 3HEpruu Bo3BpalnaeTcs Ha ypoBeHb Ly
(BUILIHEBAs CTPEINIKA) — OHA UCIOJIB3YETCs JUIsl MOAepKAHUSI CYIIECTBOBAHMSI 3JIEMEHTOB YPOBHS
L. Jdpyras yacte, n3-3a CONPOTUBIICHUS 3JI€MEHTOB YPOBHS Ly+2 IBHOKEHUIO 2JIEMEHTOB YPOBHS
Lk+1, yxonut Ha ypoBeHb Ly.p (paBast 3eieHast CTpenka), pacCeuBasiCh Cpeu dJIEMEHTOB 3TOTO
YPOBHSI.

.

CornacHo MPOBEACHHOMY PacCMOTPEHHIO, B HHEPreTHYecKoil ILienouke, MpUBEICHHON Ha
pucynke 10, sHeprusi HOCTENEHHO MepeTeKaeT Ha BcE Oosee u Oosnee HU3KUE ypoBHU. OCOOEHHO
YeTKO 3TO [IPOCMATPHUBAETCS B Hayasie 3ToH 1enovku (puc.12)
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Ho takast cutyanust HeycToiunBa — J0JIr0 OHA CYIIECTBOBAaTh HEe MokeT. Clie1oBaTeNbHO, B

ATOM SHEPreTUUECKON CXeMe YEro-To HE XBATaET.
.

BbISIBUTE CTPYKTypy AJIGKTpOHA HaM IOMOTJIA aHAJIOTHUS C aTMOC(EPHBIM CMepueM. DTH
CMEpYHM YJIUBHUTEILHO YCTOWYWBBHI, €CIIM OHU TMHUTAIOTCS JHEPTrUeld OT OKPYXKAIOIIEro HX
MOHHM3UPOBAHHOTO BO3Ayxa. OOBIYHO OHU 3apOXKIAIOTCS HAJ OTPOMHBIMU  BOIHBIMHU
mpocTopamMu. XapakTepHOW uepToil armochepbl Haa OONBIIMMH BOJHBIMHA 0Opa30BaHUSIMU
SBJISIETCSI BBICOKAsi COJIHEUHAs pajualus, YBEIMYMBAIOLIASACA 32 CUET OTPAKEHHUS OT BOJHOIO
3epKaja. JTO CKa3blBae€TCS Ha MHTEHCHUBHOCTH 3arapa y JIOAei. MPUHUMAIOIINX «COJHEUYHbIE
BaHHBI» BOJNU3M BOJHBIX TOBEPXHOCTEH. DTa CONHEUHAs pajguarus U SBISIETCS TJIABHOM
MPUYMHON HOHU3AIMH BO3/1yXa.



KomneHncanus neperekaHus 3HEPTUU B CXEMeE, IIPUBEACHHON Ha pucyHke 10, Moxer, 1o
aHaJIoruu, ¢ aTMoc(hepHor cuTyaluel, MPOMCXOAUTh 3a CUET 3aXBarTa JAOMOJIHUTEIbHON MaTepuu
U DHEPruu u3-3a «cdepsl IBapummnbaay.

.

MpbI He MOKEM CO CTOTIPOIICHTHON YBEPEHHOCTHIO 3HATh, KAK YCTpOEHA MaTepus BHE «Chepsl
[Bapummneaa». Ho y Hac ecTh, NpOIIEANIMI MHOTOYHCIECHHBIE MPOBEPKH B TEOPUU
HEJIMHEWHBIX KOJICOaHW, METOJ]| aHaJOTui, BOCHHUTHIBAEMBIH, C IMOMOIIBI0 TPELEICHTHON
CUCTeMbl OOy4YeHHMsS TIOCTPOCHHIO aJeKBATHBIX MaTeMAaTUYECKUX MOJeJeil  sBIIeHUN
MarepuaibHOr0o Mupa, B paMkKax MPUKIAAHOM HAy4dHOM MeTojosorud MaHaenpmrama-
AnnponHoBa. brnaromapss 3Toil METOAOJOTHHM, METOJ aHAJOTUH TpeBpaTWiICS B A()PEKTUBHBIMA
WHCTPYMEHT HaYYHBIX UCCJICIOBAHUM.

C mnomomipl0 METOAa aHaJOrHil, YCTaHOBJIEHA CTPYKTypa MaTepuu B «UEPHOU JbIpE»,
npuHaUIekKanie Hame Bcenennoit [3]. Ilpumnuia mopa NpUMEHUTh METOI OOpaTHOM
AQHAJIOTUHU TSI IOCTHIKEHUS IPEICTaBICHUN 00 yCTpoiicTBe MaTepralibHOTO Mupa 3a mpeneinamu
«ctepsr HBapummneaa». Ecou Hamy Beenennyro, ¢ €€ ypoBHAMHU opraHu3anuu Matepuu Lo,
L;, Lo,.., o6o3Haunty yepe3 U, To, cormacHo oOpartHoi aHamoruu, Bcemennas U°, xoTopoit
MPUHAUICKUT Harna Beenennas U, momkHa 001a1aTh CBOUMHU YPOBHSIMHU OPTaHHU3AIlUN MaTePUU
L%, L°1, L®,... . DnemeHTapHBIMU O0OBEKTAMU YPOBHA L°p TOIKHBI OBITH 3JIEKTPOHONOI00HBIE
BUXPEBBIC 00pa30BaHUS, COCTOSIINE W3, PA3IyBIINXCS B pa3Mepax U COXPAHUBIINX BEITUIHHBI
CBOHMX MaccC, HalllUX 3JIEKTPOHOB, U HEHTPOHONOAOOHBIE BUXPEBBIE 00Pa30BaHMs, COCTOAIIUE U3,
pa3ayBIIUXCS B pa3Mepax M COXPAHUBIIUX BEJIUYMHBI CBOMX MacC, HAlIUX HEUTPOHOB.
AHaJOTMYHO, AJIEMEHTapHBIMH OOBEKTaMU YPOBHA L° MOMKHBI OBITH SJIEKTPOHONOIOOHBIE
BUXPEBbIE 00pa30BaHUS, COCTOSIINE U3, PA3IyBIINXCS B pa3Mepax M COXPAaHUBIINX BEITUIMHBI
CBOMX MAacC, 3JEKTPOHOMOJOOHBIX OOBEKTOB YpOBHS Lk, M HEUTPOHOMOJOOHBIE BHXPEBBIC
00pa3zoBaHus, COCTOAIINE U3, Pa3AyBIIUXCS B pa3Mepax U COXPAHUBIINX BEJIMUYUHBI CBOUX MAcCC,
HEHUTPOHOIMOAOOHBIX 0OBEKTOB YPOBHS L.

Ecnu oOpaTtHast aHanorus BepHa, TO JJIEMEHTapHbIe 00BeKThl ypoBHeH L°, k=1,2,...,
pacnpenenensl B U° H0CTaTOYHO MJIOTHO. DTO O3HAuUaeT, YTO Hamla BceneHHas MOCTOSHHO
MOTJIOIIAET 3JeMeHThl ypoBHed L°, k=1,2,..., pacceimamommecs B pe3yabTaTe 3TOro
HOTJIONICHUS, Ha AJIEMEHThI ypoBHe# Ly, k=1,2,...(BepTHKanbHbIe KpacHbIC CTPEIKH Ha puc.13).
Korna B oGmacte mornomenusi Hame BcenenHo#l momanmatoT oOBeKTHl ypoBHs L°p, To, mpwm
MOTJIOIIEHUH OHU PACCHINAIOTCA HAa HAIlIA AJIEKTPOHBI U HEUTPOHBI. B pe3ynbrare sToro. cxema,
npeJcTaBieHHas Ha pucyHke 10, mpeBpaiiaercs B cXeMy, IPUBEACHHYIO Ha pUCcyHKe 13.
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XIX.4. «KIKBHBAJIEHTHOCTH» MACChl M SHEPIrUH.
Kouanc. AHHMTHISIUUS

Bo3MoxHOCT mepexoja MaTepuy B SHEPTUI0 M DHEPTUU B MATEpUIO, B (PU3UKE MPHHATO
WLTIOCTPUPOBATh C TOMOIIBIO TIO3UTPOHHSI — MHKPOOOBEKTa, COCTOSIIETO W3 DJJICKTPOHA U
no3uTpoHa. B Teopum MHUKpomMHpa, H3-32 HEOOOCHOBAHHOTO MPEHEOPEKEHUS MarHUTHBIMU
B3aUMOJICHCTBUSAMH MEXIy MHKPOOOBEKTaMH, CUYHTAETCS, YTO JWHAMHKA DJIEKTPOH-
MO3UTPOHHOW CHUCTEMBI HEU30€KHO [JOJDKHA TPUBECTH K KOJJIANCY TO3UTPOHUS —
HEOTPaHNYECHHOMY CONDKEHHMIO DJICKTPOHA W TMO3MTPOHA. B pesymprare Takoro cOmmkeHnus,
COIJIACHO (PU3MYECKUM TPE/ICTaBICHUSIM, TOJDKHA TPOUCXOAUTh AHHUTHIISAIIIUS MacC 3JIEKTPOHA
U TIO3UTPOHA, MPUBOJIAMIAS K TEPEeXOoay 3THX Macc B 3Hepruio (oroHo. Ilo ¢usmueckum



NPEICTaBICHUSAM, BO3MOXCEH, B OIPEACICHHBIX YCIOBUSAX, M OOpaTHBIM Iepexo]l IHEpPruu
¢dboToHa B Macchl 3JIEKTPOHA U TIO3UTPOHA.

Opnako, MpW ydeTe MarHUTHBIX B3aUMOJCHCTBUII MEXIY 3JIEKTPOHOM U IO3UTPOHOM,
HETPYAHO YOEIUTbCA B TOM, YTO 3JEKTPOH-TIO3UTPOHHAS Mapa o0jafaeTr, u3-3a AuamMarHeTuzMa
AJIEKTPOHA, YCTOMYMBBIM CTaTUYECKMM pPaBHOBECHEM, B KOTOPOM pAacCTOSHUE MEXIY
9JIEKTPOHOM U TIO3UTPOHOM TMOYTH Ha MOPSAIAOK OOJIbIIE PACCTOSHUS MEXIY MPOTOHOM U
AJIEKTPOHOM B HEBO30YKIEHHOM aToMe MpoTHs. Eciau Obl CyliecTBOBal pealbHbIM KOJUIAIC
MPOTOHMUSI, TO HEM30EKeH ObLI OBl U KOJIATNC HEBO30YKIEHHOTO HEUTPaIbHOIO MPOTHA. 3HAUUT,
SBJICHUS KOJUIANCA U AaHHUTWIALIMKA B PEAJIbHOM MaTepuajbHOM Mupe OTCyTCTBYIOT, XOTS 3TU
MOHSTHS BECbMa aKTUBHO MCIOJIB3YIOTCS B TEOPETUUYECKON (PU3UKe.

B «xiaccuyeckoit» (QuU3MKe TOJ SHEpPruei MOHUMAETCS XapaKTePUCTHKA IBUKYIICHCS
MaTepuu (KMHETHYecKasi SHEpPrus) UM XapaKTepUCTHKA BO3MOKHOCTH MPUBEACHUS MAaTePUH B
JBUKEHME (IOTEHLMaIbHAst d3HEprus). UTo Takoe MpocTo SHEPrus B KBAaHTOBOU Teopun?

XIX.5. «[ledext mace»

Korna B ¢Qusuke nosBuiach BO3MOXKHOCTb H3MEPEHHMs BEIMYMH MacC JBUXKYIIUXCS
MHUKPOOOBEKTOB, OBUIO OTKPBITO SIBIIEHHE, Ha3BaHHOE NE(PEKTOM Macc. DTO sIBICHHE OBLIO
OoOHapy’>KeHO NpU M3MEPEHHM BEIMYMH MacC JBMKYILUXCS, C OJHOM M TOH € CKOPOCTHIO V,
CBOOOJIHBIX DJICKTPOHOB M HYKJIOHOB @ TaKXE COCTAaBHBIX MHUKPOOOBEKTOB, COCTOSIMX U3 K
HYKJIOHOB M DJICKTPOHOB. B pe3ynbraTe 3THX W3MEpEHHi, MOIYyYaluCh BEIMYMHBI Macc wu4i(V)
CBOOOJIHBIX AJICKTPOHOB M HYKJIOHOB a Takke BenuuuHa M(V) coctaBHOro MHKpooOBekta. B wmrore,
0Ka3ajoch, 4T0 My+My+...+M>M. Pa3HOCTh 3THX Macc oKa3ajiach OOJIbIIE OIMMOOK M3MEpeHus. A Tak
Kak (DU3MKM HUYEro HE 3HAJIH O CTPYKTYpax MHUKPOOOBEKTOB, TO, BBIAIS M3 HIOKOBOTO COCTOSTHHS, OHU
PELIIIN, 9TO 3Ta PA3HOCTh MAcc, KOTOPYIO OHH Ha3BalH «Ie(EKTOM Maccy, B pe3yibTaTe aHHUTIIALHY,
IPEBPALIACTCS B SHEPIHIO CBS3U OT/ICIBHBIX MHKPOOOBEKTOB, BXOSIINX B COCTABHON MHKPOOOBEKT.

Beime paccka3aHo, 4YTO TPOTOH SIBISIETCS COCTaBHBIM HEHTPOH-aHTHANEKTPOHHBIM OOBEKTOM.
CornacHO OIEHKEe, IIOJTYy4YEHHOH C IOMOIIBIO HCIIOJb30BaHUA «Ie(eKTa Macc» OSHEPIUH CBS3U
AHTHIJIEKTPOHA W HEHTPOHA B NPOTOHE, paBHa 3M»dB. DKCIIEpHMEHTHI e, 110 CTOJKHOBEHHSM JBYX
BBICOKOOHCPIUYHBLIX IIPOTOHOB, O6Hapy)KI/IJ'II/I, 4TO JId paspymi€HUss OJHOro M3 CTAJIKHUBAIOIIUXCA
MPOTOHOB Ha HEHTPOH M aHTHAJIEKTPOH HEOOXOIUMa dHeprusi cOmmxkeHus mpotoHoB B 290M»3B. Dto
II0Ka3aJ10, YTO (PU3MKU OIIMOAIOTCS B MPHYMHAX BOZHUKHOBEHUS «Ie(eKTa Macc», M 4TO UM HEIb3s
JOBEPATH U B OTUX BOIIpOCaxX.

VctuHHas mnpuYMHA CYIIECTBOBAaHUSA «IedekTa Macc» OOBsCHSIeTCs CcrennpuKoi
CMEpPUYEnoIOOHBIX CTPYKTYP MHUKPOOOBEKTOB, MPOSBISIOLICHCS BO BpeMs JIBUYKEHUS
MHUKPOOOBEKTOB. JeHiCTBUTENBHO, €ClIi OBl MOKHO OBIJIO M3MEPATh Macchl MUKpPOOOBEKTOB, HE
MOJIBEPKEHHBIX BHEIIHUM BO3/I€HCTBHUEM, 3aCTABISIONIMM UX HACHJIBCTBEHHO JBUIaThCs, TO BCE
MHUKPOOOBEKTHI, HE3aBUCUMO OT TOrO, CBOOOAHBI OHH MM HAaXOAATCA B COCTaBHOM
MUKpPOOOBEKTE, HaXOIMWINCh Obl B OJHUX M TEX € YCIOBUSAX, MO OTHOLIEHUIO K BHEIIHEMY
3pupy, U AJS BCEX ITHX MUKPOOOBEKTOB IUIOTHOCTH 3¢upa Oblaa Obl 07HA M Ta xe. B saTom
ciydae, BennuuHa <«Iedexkra macc» Obuta Obl HyneBoil. Ecimum Ob1 ¢u3uku ObUIM TIPaBbI
OTHOCHTEJIBHO POJH «JIe(eKTa Macc» B CO3JJaHUU YHEPTUU CBS3H COCTABHOTO MUKPOOOBEKTA, TO
BEJIMYMHA YHEPIHH CBSI3U COCTAaBHBIX MUKPOOOBEKTOB, HaXOASIIUXCS B MOKOE, OTHOCUTEIHHO
BHEIIHero 3¢upa, 6bu1a Obl paBHA HYJIIO.



