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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
°

XV, AXIOMATIZATION OF PHYSICS. A
XVI11.1. Axiomatization of Physics
and Quantum Theory

Axiomatization of physics means identification of a minimal set of the material world objects
and interactions between the same that allow for an academic understanding of the structure of
functioning of the material world objects.

The idea of axiomatization of physics belongs to D. Gilbert. After successful axiomatization
of a number of branches of mathematics, he made attempts to axiomatize physics as well but
failed. Mathematics, that had evolved as an applied discipline, by then completely lost its
semantic load and became an abstract, purely syntactic quantitative discipline being a “thing in
itself” which basics development no longer depended on other scientific disciplines. That is why
it permitted axiomatization of its branches.

The fundamental system of physical concepts of the material world structure was not
complete back then: the microworld theory did not account ether with its resistance to motion of
microobjects, did not account magnetic interactions between microobjects, did not know
structures of photon, electron and neutron,... . All the physical experiments required to this
effect had not been carried out yet. Physics was not ready for a principal potential possibility of
purely theoretical understanding of the structure and functioning of various material world
objects to occur in the framework of existing fundamental assumptions.

A multitude of individual assumptions of the material world structure largely divorced from
each other but capable of consolidating into a complete fundamental system had formed only in
the second half of the previous century. However, the quantum theory appeared to be incapable
of consolidating these assumptions into a single real system. Many of these assumptions were
not understood, were underestimated and consigned to the “dustbin of physics”.

The reason for the underestimation was that physics accepted the hypothesis of existence of
the smallest quanta of energy to be the central concept of the world structure.

XVII1.2. Axiomatization of Physics
and the Theory of Non-Linear Oscillations

The situation changed following the experimental results that spoke for the fact that
indivisible quanta of energy and indeterminacy principles are rather abstract subjective
computational tricks of the quantum theory rather than objective factors of the material world
[1]. Physics ignored these results, it did not “notice” them.

The theory of non-linear oscillations engaged in the study of the situation. The methods of
the theory of non-linear oscillations revealed the reasons why the microworld physics addressed
the hypothesis of existence of the smallest quanta of energy. The original reasons for it were
erroneous assumptions of the absence of material ether in nature and erroneous assumptions of
magnetism resulting from motion of electric charges. As a result of these mistakes the
microworld theory denied ether and its resistance to motion of microobjects as well as it denied
magnetic interactions between microobjects.

If taken into account, these factors would allow for obtaining information on the structure of
the material world objects unobtainable by the quantum theory [2-36].



Analysis of new information on the structure of the material world objects shows that the
axiomatic base of fundamental physical assumptions already exists, apparently, in a fragmental
form. Let us attempt to combine it into a system.

The fundamental system of physical assumptions of the material world structure in our
Universe consists of five elementary microobjects: neutron n, electron e, positron 4, antielectron
a, antipositron g, five infinite sequences of elements similar to neutron: ni,ny,ns,..., electron:
e1,e2,e3,..., positron: 01,02,03,... , antielectron: 21,2,,23,... and antipositron: ¢1,¢2,03,... , Which
masses, as the number is increased, each time are incomparably decreased while densities are
incomparably increased, and of four types of interaction between them, namely gravitational,
electric, magnetic and neutron.

XVII1.3. Elementary Microobjects
Neutron n has “positive” mass m,=1.67495-10>'kg, self-magnetic field with magnetic
moment vector u, and intensity Hy=(y+y1)(und)rr =yt 2,0)rr *—pyuar 2, where r is radius
vector from neutron to a point where H, is determined, y and y; are parameters to be identified,
and is a paramagnetic substance. It is involved in gravitational interactions. Neutron consists of,
incomparably smaller and denser neutron-like ether elements n; and features a circular whirl-like
structure (Fig.1).
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Fig. 1. lllustration of neutron structure

Electron e has “positive” mass me=9.1053-10>! kg, “negative” elementary electric charge (~
e). e=1.60219-10*° C, self-magnetic field with magnetic moment vector u. and intensity
H.=(+y1) (uer)r *[cos?(uer)]? r—yir *ue, and is a diamagnetic substance. Due to a high exponent
at a cosine of angle between u. and r, magnetic field of electron has a very narrow, needle-like
self-magnetic field similar to magnetic field of a long narrow solenoid. It is involved in
gravitational interactions. Electron consists of incomparably smaller and denser, electron-like
ether elements e; and features a long and thin cylindrical whirl-like structure (Fig.2).
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Fig.2. lllustration of electron structure

Positron ¢ differs from electron in the electric charge “sign” only — (+e).

Antielectron 2 has “negative” mass me, “positive” electric charge (+e), self-magnetic field
with magnetic moment vector u. and intensity H., and is a diamagnetic substance. It is involved
in gravitational interactions. Antielectron consists of incomparably smaller and denser,
antielectron-like ether elements 2; and features whirl-like structure of the same kind as electron.

Antipositron ¢ has “negative” mass me, “negative” electric charge (=e), self-magnetic field
with magnetic moment vector u. and intensity H. and is a diamagnetic substance. It is involved
in gravitational interactions. Antielectron consists of incomparably smaller and denser,
antielectron-like ether elements ¢; and features whirl-like structure of the same kind as electron.

XVI11.4. Elementary Objects



of Matter Organization Levels Deeper
than Macroworld and Microworld
Elementary objects of matter organization levels deeper than macroworld and microworld:
Nk, €, Ok, 2k, Ok, k=1,2,3,... feature whirl-like structures that consist respectively of elements

Ni+1, €k+1, Ok+1, dk+1, Pkl

XVII1.5. Interactions
Between Material Objects

Gravitational interaction is central and does not depend on the direction. It takes place
between all material objects. Gravitational interaction force Fg=Gmim,r?, G=6,672-10"
N-m?-kg %, m;,m; are masses of interacting objects, r is distance between interacting objects.

Electric interaction takes place between electrically charged objects. It is central. Electric
interaction generates forces of attraction between charges of different “sign” and forces of
repulsion between charges of the same “sign”. Electric interaction force Fe=giqor 2, where
01=kie, g2=kze, kiand k; re integers.

Magnetic interaction takes place between all material objects. Since magnetic fields are non-
central, magnetic interactions depend on directions of interacting fields. Subject to [37], an
object that has a self-magnetic field with magnetic moment u is exposed to magnetic force
Fn=V (uH), where V is Hamilton operator (gradient), (uH) is operator of a scalar product of
vectors u and H, applied from external magnetic field H. A paramagnetic object is drawn into
the external magnetic field while a diamagnetic object is pushed out from the external field. The
magnetic interaction force occurs if only the external magnetic field is non-homogeneous, if its
intensity has a non-zero gradient.

Apart from the magnetic force a paramagnetic object is exposed to magnetic moment
Nm=[uH], [uH] is operator of a vectorial product of vectors # and H. In case with a diamagnetic
object, Ny= —[uH]. If a paramagnetic object does not lack rotational degrees of freedom, then
moment Ny, makes it rotate so that its magnetic moment vector u takes the direction of external
magnetic field intensity vector H. This means that N, tends to orient 4 in relation to H so that
Fm for the paramagnetic object is as high as possible. The result of the object exposure to Ny, is
called orientation effect [38].

Interaction of a diamagnetic object’s self-magnetic field with the external magnetic field
causes the magnetic repulsion force that tends to push the diamagnetic object from the magnetic
field.

The orientational magnetic effect occurs in any external magnetic field, either homogeneous
or not.

Neutron interaction takes place only between neutrons. Neutron field is central. The force of
neutron interaction between two neutrons F,=pr-qr°, p=1581-10"kg-m°s?,
0=5032-10 "*kg-m®-s .

XVI111.6. Composite Microobjects

Proton consists of neutron and antielectron (Fig.3). It is in a single stable equilibrium due to
magnetic repulsion between neutron and antielectron and “negative” mass of antielectron. In this
structure, the centers of mass of neutron and antielectron are in the same point. Proton mass
m,=1.67265-10"*kg. It is 0.00221-10*'kg smaller than difference of masses of free neutron and
antielectron mn—me:1.67486-10‘27kg. This disbalance of masses is due to that fact that neutron
and antielectron have whirl-like structures: when neutron and antielectron unit their masses
decrease because of the opposite twisting of their ethereal jets and because the centers of mass of
neutron and antielectron coincide. Antielectron transfers to proton its electric charge and its
diamagnetism. An electric charge of proton is equal to an electric charge of antielectron (+e).
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Fig.3. lllustration of proton structure

Magnetic moment of proton , should be equal to difference pe—tn=3-10"*11c=0.9997 but, in
reality, ,upzﬁl Ue, 6=8.372, i.e. 1p=0.119 p.. This is again due to whirl-like structures of neutron
and antielectron and because the centers of mass of neutron and antielectron coincide which
results in a decrease of these masses and, therefore, in a decrease of their self-magnetic fields
within proton, i.e. in a decrease of x. and w,. Based on such a variation in masses of neutron and
antielectron within proton, it should be expected that an electric charge of proton should also
decrease. The self-magnetic field of proton consists of a weak “wide-angle” magnetic field of
neutron and a strong, extremely narrow magnetic field of antielectron.

Antiproton consists of neutron and antipositron. It has all properties of proton but its electric
charge is (—e).

Protonium is an object that consists of proton and antiproton. It is in a single stable
equilibrium in which the distance between proton and antiproton is 6.33-10 *m.

Positronium consists of electrona u positrona. It is in a single stable static equilibrium in
which the distance between electron and positron is 4.4-10 °m.

Antipositronium consists of antielectrona and antipositrona. It is in a single stable static
equilibrium in which the distance between antielectron and antipositron is 4.4-10 *° m.

Photon. Photon is a dipole of electron-like microobjects one of which has a “positive” mass
and another — a “negative” mass. These are electron-antielectron and positron-antipositron
dipoles which total electric charges and total masses are zero. There are two diploes more:
electron-antipositron dipole and positron-antielectron dipole each of which has a double electric
charge. All these dipoles are capable of self-accelerating to a velocity a steady value of which is
a function of the density of ether on the dipole path.

Electron-antielectron dipole is in a single unstable equilibrium when r=4.4-10"° m, where r
is a distance between electron and antielectron. If r<4.4-10 '°m, the dipole is “fast” and moves at
a velocity close to ¢ along straight line | on which both electron and antielectron are located. This
happens because forces of electric and magnetic interactions between electron and antielectron
are on straight line I. In such dipole electron is moving ahead while antielectron is following its
“track”. The dipole properties differ based on the position of magnetic moment vectors of
electron and antielectron (Fig.4; « is for electron, < is for antielectron) relative to each other. In
case with 4 version the electron mass exceeds the antielectron mass, and the moving dipole
emits electromagnetic waves which frequency is a function of the difference between the
electron mass and antielectron mass.
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Fig.4. A and B versions of electron-antielectron dipole

In case with B version the electron mass is less than version the electron mass; no
electromagnetic waves are emitted in this case.

“Fast” electron-antielectron dipole takes part in the phenomenon of excitation of atoms and
other microobjects. Although a total electric charge of a dipole and a sum vector of a magnetic
dipole are zero, it has dipolar electric field (Fig.5) and a bivariant magnetic field (Fig.6).



Fig. 5. Electric field
of electron-antielectron dipole

Fig. 6. Magnetic fields of 4 and B versions
of electron-antielectron dipole

If r>4.4-10°m, dipole is “slow”, its motion velocity is incomparably slower than c. As a
result, there exist electric current, constant magnetism, fireball, etc.

Dipoles having double electric charges have no unstable states of equilibrium. They can only
be “fast”. Their motion velocities exceed c.

Unexcited atom consists of a nucleus and electrons. Based on the measurements of nuclear
scattering of a-particles, E. Rutherford established an empirical dependence of nuclear radius on
the number of nucleons in the nucleus rn,=1.4-4*3-10"°m.

Unexcited atom of protium consists of a nucleus — proton and one electron. Due to the
magnetic orientation effect magnetic moment vectors of proton and electron are located on a
straight line that crosses centers of mass of proton and electron (Fig.7, o — proton, e - electron).
This atom is in a single stable equilibrium.

0— <«
Fig.7. Structure of unexcited protium

This form of protium exists because of electric attraction and magnetic repulsion between proton
and electron.

A random atom nucleus has a quasi-crystalline structure of its nucleons — neutrons and
protons [1]. Due to the magnetic orientation effect its magnetic field consists of a system of
separate nucleonic magnetic clusters. Magnetic moment vectors of each cluster nucleons are
located along a straight line that crosses all nucleons of this cluster. Each magnetic cluster of a
stable nucleus contains one and only one proton. Therefore, charge number Z of nucleus is equal



to the number of nucleonic magnetic clusters in the nucleus. Since proton has extremely narrow
and strong self-magnetic field component, the magnetic field of the nucleus is Z system of
extremely narrow, needle-like magnetic fields similar to sea-urchin needles in shape (Fig.8).
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Fig.8. System of sea-urchin needles as a countertype
of atomic nucleus magnetic field shape

A stable neutral unexcited atom contains Z number of electrons each of which is on the
centerline of the nucleonic magnetic cluster of the nucleus.

Isobaric variety of atoms is due to the fact that a nucleus having the same number of
nucleons may have different numbers of nucleonic magnetic clusters, i.e. different numbers of Z
protons.

The phenomenon of excitation of microscopic objects consists in the capability of self-
magnetic fields of microobjects to capture photons if masses of such microobjects do not exceed
some critical value m. Each photon is captured as one, without disintegrating into separate
elements of photon dipole. It is located on the centerline of one of nucleonic magnetic clusters of
the microobject so that the “motive force” of the dipole becomes directed along the straight line
of the cluster it was captured by towards the nucleus which magnetic field this cluster is a part
of. The “motive force” of the dipole makes the microobject it was captured by accelerate to a
velocity which steady value depends on the density of ether on the way of this “excited”
microobject. If the microobject mass exceeds some critical value m, the dipole approaches the
microobject that did not make to accelerate in time and “comes off”” the magnetic cluster it was
captured by.

For the same reason, an “excited” microobject can lose photon dipoles it captured if it
collides with another microobject in its motion. A collision of a moving “excited” microobject
with another microobject is a random event. That is why the “lifetime” of an “excited”
microobject is a random value.

Electromagnetic radiation of atoms can be of photon type or of all-wave type. Photon
radiation is emitted by “excited” atoms at collision with other microobjects. L-wave radiation is
emitted by each separate element of atom as a result of external disturbance of the equilibrium of
the atom elements. Electron-like microobjects restore to the initial equilibrium under electric and
magnetic interactions in oscillating conditions. Protons and neutrons of a nucleus restore to the
initial equilibrium under electric, magnetic and neutron interactions. In this case protons emit
electromagnetic waves while neutrons emit only magnetic waves. Neutron interactions make
protons and neutrons emit microwaves.

Proton is a composite microobject that consists of neutron and antielectron bound only by
means of magnetic interactions. The natural frequency of electromagnetic radiation of proton is
estimated to be 2.5-10%s ™.

The natural frequency of unexcited protium is described by the equation:
[w(H)]?=a*B>m. '-0.25h?m. %, where a=¢” is a parameter of electric interaction, A is a parameter
of magnetic interaction, h is coefficient of ether resistance to motion of electron in protium,
h=1.5-10"°kg-s*. This frequency depends on the density of ether in the vicinity of protium: an
increase in protium density results in a “red” shift of this frequency. The superlight “red” shift of
electromagnetic radiation of atoms determined experimentally in peripheral regions of our



Universe gives experimental evidence to the fact that the Universe is finite and that the density
of ether increases on its periphery out of external matter captured by our Universe.

Molecules of matter are aggregations of atoms. Atoms and molecules of almost all chemical
substances, without regard to sizes of nucleus and eclectrons, feature “three-dimensional”
structures The exception is atoms and molecules of hydrogen and hydrogen-like — singe-electron
ions of other substances.

Hydrogen molecules are aggregations of two hydrogen atoms. They feature “one-
dimensional” structures. It has been experimentally established that there may be two kinds of
hydrogen molecules in nature. Theoretical research showed that hydrogen molecules can take
two possible forms (Fig.9). Chemists called these forms orthohydrogen and parahydrogen. The
analysis showed that H; form is “static” and is in a static equilibrium. Another form, Hj, is
“flickering” and exists in conditions of constant self-sustained periodic reciprocal oscillations of
all its elements initiated by periodic successive reversals of the internal proton’s magnetic field
from one side to another.
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Fig.9. Structures of “static” and “flickering” hydrogen molecules

As a result of these constant reversals of the internal proton’s magnetic field the proton kind of
loses its magnetic field.

Due to magnetic interactions and magnetic orientation effect both “static” and “flickering”
hydrogen molecules have ‘“one-dimensional” structures which real cross dimensions are
determined by the proton dimensions. According to Rutherford’s empirical estimation, proton
diameter is 2.8-10°m. This value of cross-dimensions of hydrogen atoms and molecules
completely clarifies the cause for the experimentally detected diffusive seeping of hydrogen
through metal walls of vessels containing it.

In normal earthly conditions, *He u *He cannot form helium molecules. At extremely low
temperatures, a “one-dimensional” form C of these atoms exist that cannot exist in normal
conditions because of extremely small values of its first ionization potentials. These ionization
potentials are A(*He,C)=1.449 eV, A(*He,C)=1.313 eV. Neutral “He and ®He contain two
electrons each. In C form atoms, these electrons are located on the same nucleonic magnetic
cluster of the nucleus, on the same side from the nucleus (Fig.10). An external electron in C form
is distanced from the nucleus next farther than the internal one.
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Fig.10. C form helium structure

This is the cause for extremely low values of the first ionization potentials.

The C form of helium atoms features pronounced dipolar coulombian properties. This is why
at extremely low temperatures atoms can unite into “one-dimensional” helium molecules of
macroscopic length. The binding energy of *He in a two-atom molecule is W;=0.862 eV. For
3He, this energy is W,=0.186 eV. These figures give an idea of temperatures at which super-long
macroscopic helium molecules form.

“One-dimensional” helium molecules of macroscopic length form a superfluid component of
liquid helium. Cross dimensions of these molecules do not exceed 4.44-10°m for *He and
4.04-10"°m for *He respectively. That is why these molecules freely penetrate through normal
components of liquid helium and through fine filters that do not pass normal components.



Due to the magnetic orientation effect, superfluid molecules of liquid helium tend to take
straight shapes. In confined vessels, these molecules, because of their macroscopic length that
exceeds sizes of the vessels, are in convoluted internally stressed conditions. That is why
fragments of these molecules, tending to extend, are pushed out onto elevated surfaces of bodies
placed in liquid helium, climb up the walls of the vessels and flow over them.

In capillary vessels, nothing prevents these molecules from extending. That is why they
penetrate through such vessels almost without resistance, like thin needles fly through straight
vertical tubes.

In case with confined vessels, superfluid components quite densely fill the vessels due to
macroscopic lengths. As a result, any spatially-localized temperature perturbation almost
instantly becomes spread throughout the volume of liquid helium at a velocity of electromagnetic
interactions propagation.

XVII1.7. Magnetism in the Material World

Magnetism plays a unique part in the material world structure. Atmospheric vortexes on our
planet are real visually observable phenomena used as direct analogy in understanding of
electron structure. Stable existence of both atmospheric vortexes and electrons is supported by
vortex-like magnetic whirls that are quite peculiar, purely magnetic structures self-sustained as
they are continuous pumping through themselves surrounding masses of ionized ambient air and
electron-like ether elements e; respectively.

Each e; elementary ethereal object consists of e, elements and features whirl-like structure as
shown on Figure 2; each e, element consists of e; elements and features whirl-like structure of
the same shape;... . Each of such elements has its own magnetic vortex-like whirl that enables
their stable existence.

The same applies also to other elements of the material world: ny, dx, ax, ¢k, k=1,2,3,...

The uniqueness of the material world structure is defined by the fact that all elementary
objects of different levels of matter organization are stable only due to magnetic interactions,
only self-sustained vortex-like magnetic whirls that function as dynamic magnetic frames of
their elementary objects.

It follows that no material world as we know it would exist without magnetism the function
of which in the material world structure the quantum theory failed to estimate.
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The axiomatic fundamental base of physics, unclear and segmental, formed in the second
half of the previous century. This is supported by the findings described in [2-36]. Such
axiomatic fundamental base of contemporary physics laden with the quantum theory concepts of
the material world structure cannot be developed in principle.

This is confirmed by the fact that EmDrive was invented on a purely intuitive basis rather
than on a basis of physical knowledge [33]. Even though multiple tests repeatedly confirmed the
EmDrive operability, physicists failed to identify a substantial nature of its jet thrust.

The axiomatic fundamental base of physics has been successfully developed only by the
theory of non-linear oscillations that already in the previous century outgrew the limits of a
purely physical discipline and became, due to emergence of Mandelstam-Andronov’s applied
scientific methodology, a methodological base of scientific disciplines that use abstract
guantitative formalisms in their studies.

XVI111.8. The Material World Dimensionality
What is the problem? According to our subjective sensations, we live in the material world
that has three dimensions. There are versions that this world actually has more dimensions but
we cannot sense it due to objective circumstances. Therefore, we need experimental facts to
solve the material world dimensionality problem.

[e)



Such experimental results exist [1,39]. They are little known but have a decisive meaning in
the given problem. These results imply that the material world, at least in our Universe, has three
dimensions indeed.

There are results [1] of the a-particle diffraction experiment conducted on nuclei of all the
chemical substances. Superficially, this experiment does not differ from well-known
Rutherford’s experiment. However, its results were processed using the method of Blair phases
that had not been yet developed in Rutherford’s days. The processing using the method of Blair
phases showed that systems of atomic nucleons in all chemical substances have quasicrystalline
structures.

The studies conducted using the TNO methods [4,40,41] showed that nuclei of two, three and
four nucleons, if only nucleonic interactions are considered, have steady, statically equilibrium
configurations of their nucleons. Each pair of nucleons in these nuclei is in the state of static
equilibrium, and distances between each pair of nucleons are the same and equal to r*. Let us
remind that nucleonic force Fn(r*)=0. In other words, all these configurations are correct
(fig.11).
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Fig.11. Statically equilibrium configurations
of a system of n nucleons for n=2,3,4

The same studies showed that nucleus of A4 nucleons can have a regular, equilateral
configuration only in dimensionality space g>4-1.

Experimental findings [39] of the research into spectral properties of superheavy hydrogen
isotopes “H, °H and °H. These findings showed that “the binding energy of superheavy hydrogen
isotopes gradually decreases with increase in number of neutrons, i.e. EC¢H)>ECH)>E(H).

To understand what it means we should refer to the previous section. If we assume that
nucleons are zero-dimensional then ?H is one-dimensional, *H is two-dimensional, and *H is
three-dimensional. As deuterium has only one pair of nucleons, triton has 3, and *H has 6, then
ECH)=3E(*H), E(*H)=6E(°H). As °H has Cs°=0.5-5-4=10 pairs of nucleons, then, the following
equation should have been valid for a correct configuration of °H:
ECH)=10E(H)=5-3""E(*H)>E(*H). However, the experiment [39] showed that ECH)<E(*H).

How is it possible? The answer is definite: the reason is that distances between nucleons in
>H are not r* but larger or shorter than r*. How, in this case, does the nucleus binding energy
form?

The nucleus binding energy is energy required to increase distances between the nucleons, so
that a system of nucleons bound together disperses into many free, unbound nucleons.

If distance between nucleons is r=r*+¢, then the energy required to increase the distance
between these nucleons to the disintegration value should be less than E(*H). If distance between
nucleons is r=r*—g, then the energy required to increase the distance between these nucleons to
the critical, disintegration value should be again less than E(*H). In fact, in such case r increases



from r*—¢ to r* not out of external energy but out of nucleonic repulsion, so this energy is
included in the total sum with negative sign. As a result, it may appear that ECH)<E(*H).

Nucleus *H can be regular in four-dimensional space. To become irregular, it needs to be “fit”
in the three-dimensional space. If this is difficult to imagine, one can use four-nucleon *H. It is
regular in three-dimensional space (Fig.11). But if it is flattened and “fit” in two-dimensional
space it becomes irregular in shape. To visualize it as good as possible we can use three-nucleon
nucleus (Fig.11) of regular shape in two-dimensional flat space. This regularity is lost if a system
of three nucleons is arranged on a straight line.

If one understands why E(CH)<E(*H) it becomes easy to understand that, accordingly,

ECH)<E('H).
This is how we prove that the material world has three-dimensions.

XVI11.9. The Hidden (Dark) Matter Problem

A Reason for Stagnation in the Problem of Hidden Mass - Academic Insufficiency of the
Quantum Theory and of the Relativity Theory.

Academic insufficiency of the quantum theory and of the relativity theory is much like
human’s heart insufficiency. Physical capabilities of a human suffering heart insufficiency are
very limited. The capabilities of adequate academic interpretation of experimental results in the
quantum physics of the microworld and in the theory of relativity are limited in the same way.
There is a number of specific examples of such inadequacy: the problem of “hidden parameters”,
the problem of “hidden matter”, the problem of neutron’s transformation into proton ad existence
of “neutrino”, the problem of positronium “annihilation”, the problem of existence of muons and
pions as an independent type of matter, etc. [2-36].

An objective existence of academic insufficiency of the quantum theory and of the relativity
theory was proven in 1979 by the results obtained by the scientists of the Institute of Nuclear
Physics of the Academy of Sciences of the USSR (Alma-Ata) from the experiment in a-particle
scattering by nuclear structures [1]. In form, it was a reproduction of the famous E. Rutherford’s
experiment that helped to derive the known empirical formula: rpe=1.4-4%.10"m. The
scientists of the Institute of Nuclear Physics of the Academy of Sciences of the USSR (Alma-
Ata) processed calculations using the diffraction method, the method of “Blair’s phases” that did
not exist in the days of Rutherford. The processing results have become an experimental
evidence of the fact that in natural environment all atomic nuclei of various chemical elements
feature quasicrystalline structures. This implies an indisputable conclusion that indivisible quanta
of energy and indeterminacy principles are not objective factors of the material world but only
auxiliary quantitative parameters of the quantum theory.

Thorough “diggings” showed that the physics had to address the hypothesis of indivisible
energy quanta existence as in the beginning of the past century it failed to build adequate
structural mathematical models of atoms and thus failed to achieve a substantial understanding of
causal mechanisms of atom’s electromagnetic radiation spectra formation.

The models that were built by the physics back then appeared to be inadequate as they failed
to account even for the fact of stable existence of atoms. Having failed, physicists concluded that
it was not their fault but the way the Nature works. It should be noted that there were some
physicists who did not shift the blame for their failures onto the Nature. They were of the
opinion that there are some material factors neglected in building of atom models. Such factors
have been called “hidden parameters”. Despite of the attempts back then, physicists failed to
resolve the problem of “hidden parameters”.

Following thorough “diggings it has been established that “hidden parameters” are ether
neglected by the physics but resisting to the motion of microobjects and the magnetic
interactions between the objects. Long-term, persistent and consistent studies showed that these



neglected factors are exactly the cause for academic insufficiency of the quantum theory and of
the relativity theory.

Results obtained with due consideration to ether and magnetic interactions between
microobjects are informally and conceptually described in [2-36].

The problem of “hidden matter” emerged from experimental data that was beyond the system
of contemporary concepts of the material world structure.

At first it was revealed that the observable behavior of galaxies does not match the behavior
forecasted based on the Universe structure concepts. This implied that our knowledge of the
material world structure in the Universe is substantially incomplete. Physicists took it easy
enough. However, the discovery of “red shift” in spectra of electromagnetic radiation from
sources distant to the Earth radically changed the situation. It appeared that magnitudes of such
“red shift” are directly proportional to the distance between the Earth and the radiation source.
According to the Doppler’s criterion, it meant that the Universe is expanding and the farther is a
radiation source from the Earth the more intense is this expansion.

A fatal blow to physicists’ ego was stroke by the measurement results for “red shift” in
spectra of electromagnetic radiation from sources located in the peripheral areas of the Universe.
According to the Doppler’s criterion, magnitudes of such shifts spoke for the fact that enormous
stellar sources of radiation located in the peripheral areas of the Universe run away from as at
superlight velocities!!!

Instead of looking for ways to a natural, adequate explanation of the paradox physicists
turned to pipedreams. It emerged that their failures in this problem can be explained by the same
reasons: academic insufficiency due to the neglect of ether and magnetic interactions between
material objects [29].

The problem of “hidden matter” is only a part of the problem of the whole material world
structure. And both the problems cannot be solved without addressing the hypothesis of infinite
divisibility of the matter elements. However, physicists explicitly state that their common sense
rises against this hypothesis [42, page 12]. They cannot use the hypothesis, as the underlying
basis of the quantum theory is the postulate that there are indivisible quanta of energy in the
material world. This is why they have to act like vagabond snips from H.C. Andersen’s fairytale
“The Emperor’s New Clothes” as if they “do not recognize” the results of the experiment [1] that
prove the absence of indivisible quanta of energy in the material world and to hinder publication
of materials aimed at overwhelming academic insufficiency of the contemporary theoretical
physics.

The consideration of ether and magnetic interactions made it possible to identify
compositions and structures of electron, neutron and proton. In its turn, it allowed for elaborating
new ideas of the material world structures [2-36].

According to these ideas, any material object in the Universe is infinitely divisible. This is
why there is an infinite multitude of various levels of matter organization. All microscopic and
macroscopic objects belong to the same level of matter organization, i.e. L, since all composite
objects of the macroworld and microworld consist of primary, elementary objects of this level:
neutrons, electrons, antielectrons and antipositrons.

All elementary objects of level L, consist of elementary objects of level L; and feature
vortex-like structures. Dimensions of elementary objects of level L; are incomparably smaller
than dimensions of elementary objects of level Ly while densities thereof by several orders
exceed the densities of elementary objects of level L,. Electrons, positrons, antielectrons,
antipositrons and neutrons consist respectively of electron-, positron-, antielectron-, antipositron-
and neutron-like elementary objects of level L; (ether level). Meanwhile, level L; lacks any
composite material objects, which dimensions and densities would be between those of
elementary objects of levels Lyand L;.



Elementary objects of level L; consist of even smaller and even more dense elementary
objects of level L, which also have vortex-like structures. And so on.

It follows from the above said that matter in the Universe consists of macroscopic and
microscopic objects, i.e. objects of matter organization level Ly, and of multiple free elementary
objects of levels Lj, Ly,... . At every increment of number k of level Ly dimensions of
elementary objects of level Ly, k=1,2,... decrease by several orders while the densities increase
by several orders.

Free elementary objects of matter organization levels L;, Ly, Ls,... feature vortex-like
structures. Magnetic whirls in these objects are continuously pumping through fluxes of external
matter compacting it significantly, when it passes these magnetic whirls. Therefore, it is apparent
that every elementary object of level Ly, k=0,1,2,... can exist only in a sufficiently dense
multitude of elementary objects of level Ly.1.

Elementary objects of levels L;, Ly, Ls,... quite densely fill the whole Universe. Indeed,
electromagnetic radiation of atoms is of a dual nature: purely wave and photon. The material
medium of purely wave form of electromagnetic radiation is elements of ether, elementary
objects of level L;. Photon is an electron-antielectron dipole capable of self-accelerating to a
velocity that is a function of the density of ether on its way [6]. Sources of electromagnetic
waves that reach us and sources of photons are located quite densely on the “celestial sphere”.
Since both types of electromagnetic radiation can propagate only through areas densely filled
with ether elements ether is rather densely fills all areas of the Universe from where
electromagnetic radiation can reach us. Thus, elementary objects of not only level L, but also of
all other levels Ly, Ls,... quite densely fill the whole Universe.

Thus, in our Universe, a part of “hidden matter” unknown to the contemporary physics
consists of free elementary objects of matter organization levels L;, L,,.... The total mass of all
free elementary objects of these levels may constitute a very considerable part of the total mass
of our Universe.

“Hidden matter” unknown to the contemporary physics exists also on level Lo. At first sight,
it may seem strange but it represents a multitude of objects called “positronium”. “Positronium”
is an electron-positron dipole. The quantum theory believes that a “collapse” is imminent in such
dipole: a limit approach of electron and positron to each other resulting in “annihilation” or
transformation of electron and positron matter into motional energy of photons that occur at
“annihilation”.

The Spaniards and the great Spanish artist F. Goya believe that “the sleep of reason produces
monsters”. The situation with positronium in the quantum interpretation is a good illustration to
this Spanish proverb. This quantum interpretation of the positronium situation resulted from
academic insufficiency of the quantum physics caused by the microworld theory’s neglect of
ether and magnetic interactions between microobjects. Consideration of these factors shows that
neither “collapse” nor “annihilation” can take place in the real world, that this is only a result of
morbid dreams of quantum physicists. In fact, positronium is in a globally stable static
equilibrium in which the distance between electron and positron almost by one order (to be
exact, by 8.372 times) exceeds “Bohr radius”, i.e. the distance between proton and electron in a
statically stable atom of protium.

Physicists believe that the most part of “hidden matter” consists of “dark matter” that does
not emit and does not absorb electromagnetic radiation. However, they are wrong. There is no
matter in Nature that does not emit or absorb electromagnetic radiation as all elementary objects
of various matter organization levels that all objects of the material world comprise have self-
magnetic fields most of which also have electric charges. The contemporary physics simply
knows nothing about these material objects or does not have proper measuring instruments or
cannot distinguish signals, which sources are yet unknown among the general spectral mass of
measurable signals.



The natural frequency of positronium is only 0.4 of the natural frequency of protium while
the respective length of positronium spectral line by 24 times exceeds the length of the base
spectral line of protium in Lyman series. It is not surprising that positronium spectral line has
been lost among other spectral lines.

There is another composite microobject unknown to the contemporary physics. It can be
called “protonium”. Consideration of ether and magnetic interactions between microobjects
made it possible to understand that proton is not an elementary but a composite object. It consists
of neutron and antielectron. The stability of the union of these objects is due to magnetic
repulsion between them and due to the “negativity” of antielectron mass. A composite object
similar in its structure may consist of neutron and antipositron. This object can be naturally
called “antiproton”.

There is electric attraction and magnetic repulsion between proton and antiproton (a
substantial understanding of this statement calls for an extensive explanation so here one has to
simply “believe” it). In such conditions proton-antiproton dipole as well as positronium is in a
stable static equilibrium. This dipole can be naturally called protonium.

The natural frequency of protonium is less than the natural frequency of protium: it is almost
the half or, more precisely, 0.565 of the natural frequency of protium. The respective length of
protonium spectral line by 1.77 times exceeds the length of the base spectral line of protium in
Lyman series.

XVIIIL.10. “Heat Death”

Ideas of “heat death of the Universe” are just a physical “spooky” resulting from the lack of
knowledge about the material world structure. The electron and neutron structures indicate this.

Ether, when vortex magnetic field p. is pumping it through electron, becomes highly dense
and is pushed out from electron as a very dense ether jet. We can judge how powerful this jet is
by the fact that electron component velocity in “solar wind” despite of resistance of motion on its
way, is estimated to be 600m-s . Due to such ether jet, free electron is moving at ay velocity in
such a way that ether is being pumped through electron in the direction of ambient ether
counterflow.

Free neutrons are also in constant motion but their velocities are much slower than those of
free electrons. Due to this, they have a property of “perpetual motion”, a property of “perpetual
engines”.

Free electron-like and neutron-like ether elements also have rotational vortex-like structures
ad are in “perpetual motion”.

Apart from elementary microobjects and elementary ether elements, there are infinitely many
of increasingly finer electron-like and neutron-like matter elements in nature, which have
rotational vortex-like structures that quite densely fill the entire Universe and are in perpetual
motion.

The presence of so many material objects in the material world, which are in “perpetual
motion” means that such phrase as “heat death” does not belong to adequate notions of nature.

XVI11.11. “Physical Field”
The existence of ether elements that quite densely fill the entire Universe and infinitely finer
countertypes thereof reveals in details the substantial structure of rather a vague notion of
“physical field”.

XVI11.12. “Arrow of Time”

The quantum physics believes that the microworld time reversible. However, the quantum
paradigm does not consider ether with its resistance to motion of microobjects. Therefore, all
phenomena in the quantum theory are conservative rather than dissipative. Time direction has no
principal meaning in such a theory.



Studying the microworld phenomena, TNO considered ether and established that a free
elementary object of matter organization levels Ly, k=0,1,2,...is in constant motion in direction
opposite to this objects’ magnetic moment vector. This means that whatever arguments
Stilickelberg and Feynman adduce to convince us in the microworld time reversibility, [43] they
are actually wrong.
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AxcuoMatuzanus (Gu3uKu, o Kortopoir meutan J.[wisbept, ocyliecTBieHA METOJaMH TEOPUU HEIWHEHHBIX
KOJICOAHUH, C TIOMOIIBIO MPHUKIIATHON HAyYHOH MeTomonoruu MaH enprama- AHIpOHOBA
°

XVII. AKCUOMATHU3ALIUA PU3UKU. A

XVIII.1. Akcuomartuszanusi puznku
U KBAHTOBAasI TeOpusi

[Ton akcmomaruzanueid PU3MKU TOHUMAETCS BBISBICHHE MHUHHMAIBLHOTO HaOopa 0OBEKTOB
MaTepuabHOrO Mupa M B3aUMOJEHCTBUA MEXIYy AITUMH OOBEKTaMH, O0ECTICUUBAIOITUMU
BO3MOXKHOCTh ~ YHMCTO  TEOPETHYECKOTO  JOCTHMIXKEHUS  TOHUMAaHUs  yCTPOMCTBA |
(GYHKIIMOHUPOBAHUS 00BEKTOB MaTepuaibHOro Mupa.

ABTOopoM wunmeu akcuomaruzauuu ¢(usuku sBusgercs [.Imipbept. VYcmemHo mpoens
AKCHOMATH3aIHIO Psiia Pa3eioB MaTEMaTUKH, OH MIPEATPUHSIT TOMBITKH aKCHOMAaTU3UPOBATh 1
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¢u3uky. Ho peanuzoBare 3Ty uaer OH He cymesd. MaremaTHKa, BhIpOCIIas Kak MpUKIIaTHas
JUCLUIUIMHA, K TOMY BpPEMEHHM IIOJHOCTBIO OYMCTHIIACh OT CEMaHTHUYECKOW Harpy3ku Hu
npeBpatuiack B aOCTPAaKTHYIO, YHCTO CHHTAaKCHYECKYIO KOJMYECTBEHHYIO JUCIUILIUHY,
ABJISIOILYIOCS «BELIbIO B c€0e», pa3BUTHE OCHOB KOTOPOH YK€ HE 3aBHCEJIO OT JIPYI'MX Hay4HbIX
JucuuIuIvH. [To3ToMy OHa MO3BONIMIIA IPOBECTH AKCHOMATU3ALUI0 CBOUX Pa3JIENIOB.

dyHnaMeHTanbHasE cucreMa (hU3MUYECKUX MpesCcTaBlIeHUl 00 yCTpolicTBE MaTepUabHOIO
Mupa B TO Bpems emé Oblia HEMoJHA: B TEOPUHM MUKPOMHUpPA HE YUYHUTHIBAJICS 3(PHpP, C €ro
COIIPOTHUBIIEHUEM JIBUKEHHUIO MUKPOOOBEKTOB, HE YUYMTHIBAINCh MarHUTHBIE B3aUMOJCHCTBUSA
MEXIy MUKPOOOBEKTaMH, HE ObUIa U3BECTHBI CTPYKTYpPHI ()OTOHA, BJIEKTPOHA M HEUTPOHA,... .
Emé He OblM mocTaBieHbl BCe HEOOXOAMMBIE JUIsl 3TOro (huznyeckue sKcrnepuMeHTsl. Pusnka
emé He OblI1a TOTOBA K TOMY, YTOOBI IMOSBUIIACH TPUHIUIHATbHAS TOTCHIHATEHAS BO3MOXXHOCTD
YHCTO TEOPETUYECKOr0 JOCTHKEHHS IOHUMAHUS YCTPOMCTBA M (YHKIIMOHUPOBAHUS Pa3IMYHbIX
00BEKTOB MaTepHaabHOro Mupa, Ha 6a3e UMEIoMXCs PyHIaMEHTaIbHBIX TPEICTABICHHIA.

MHOXeCTBO OTIENbHBIX, BO MHOIOM HE€ CBA3aHHBIX MEXIy COOOMH, IMpelrcTaBieHUNl 00
YCTPOMCTBE MaTepuanbHOr0 Mupa, crnocoOHOEe K OObEIMHEHUIO B MOJTHYIO (DyHIaMEHTaIbHYIO
cucreMy, c(OpMUPOBAIOCH TOJILKO BO BTOPOM MOJOBHHE MpouuIoro Beka. OnHaKo, KBAaHTOBAs
TEOpusi OKa3ajach HE CHOCOOHA OOBEAMHUTH BCE 3TH IPEACTABICHHUS B CIUHYIO PEaTbHYIO
cucreMy. MHOTHe U3 3TUX NPEACTaBICHUN ObUIM HE MOHSATHI M HEJOOLIEHEHBI, U OTIIPABIICHbI Ha
«(pU3NYECKYIO CBATIKY».

[IpyunHON 3TOM HEOOLIEHKM SBWIOCH HPUHATHE (HU3UKONW, B KayecTBE LIEHTPAJIbHOI'O
npeicTaBieHuss 00 ycTpoiicTBe Mupa, THUIOTE3bl  CYIIECTBOBAaHHMS HAaWMEHBIIUX KBAaHTOB
SHEPIUH.

XVII1.2. AkcnomaTusanusi Gu3uKu
U Teopusi HeJTUHEHHBIX KOJIe0aHuii

Curyauuss W3MEHMJIAch, KOrja ObUIM TIOMy4YeHBl JKCIEPUMEHTANIbHBIE PpE3YNbTaThl,
TOBOPSIIME O TOM, YTO HEIEIMMbIE KBAaHThl SHEPrUUM W COOTHOILEHUS HEONPEIEeIEHHOCTEN
ABIISAIOTCS He OOBEKTUBHBIMH (paKTOpaMu MaTepuanbHOro Mupa, a BCEro JIMiib abCTpakTHBIMU
CyOBEKTUBHBIMU BBIYUCIUTEIBHBIMA TpU€MaMH KBaHTOBOW Teopuu [1]. dusuka Ha 3TH
pe3ynbTaThl HE OTPEATUPOBAIA, OHA UX «HE 3aMETHIIAY.

W3ydyeHreM cuTyallud 3aHsAJach TEOpHUsl HEIMHEMHbIX KojebaHui. Merogamu Teopuu
HEMHEWHBIX KoNieOaHui ObUTM BBISBIEHBI NPUYMHBI OOpalieHus QU3UKA MHKPOMHUpPA K
TUIIOTE3€ CYILECTBOBAHUS HEAETUMBIX KBAHTOB OJHEpruu. VICXOOHBIMH MpPUYMHAMHU 3TOTO
OKa3aJINCh OLIMOOYHBIE MPEJCTaBICHUS 00 OTCYTCTBMM MaTepuayibHOro 3¢upa B Ilpupone u
OIIMOOYHBIE MPEACTABIECHUS O TOM, YTO MAarHETU3M IMOPOXKAAETCSA TBUKEHUEM DJIEKTPUUYECKUX
3aps0B. OTH OMIMOKM TPUBENM K OTKa3zy OT ydera, B TEOPUHM MHUKPOMHUpA, 3(upa, ¢ €ro
COTPOTUBIIEHUEM JIBHXKEHUIO MUKPOOOBEKTOB M K OTKa3y OT y4eTa MarHUTHBIX B3aUMOJIEHCTBUI
MEXYy MUKPOOOBEKTAMHU.

Vuer »TX (HAKTOPOB TO3BONIII TMONYyYUTh HWH(POpMANUIO 00 YCTpPOHWCTBE OOBEKTOB
MaTepraIbHOr0 Mupa, HeIOCTYITHYIO KBAaHTOBOM Teopuu [2-36].

AHanu3 HOBOUM MHGopMmanuu o0 ycTpoilcTBe 00BEKTOB MaTepuaabHOro Mmupa rOBOPHUT O
TOM, 4YTO aKcuoMmaTthueckas ©0a3a (QyHIaMEHTAIbHBIX (U3MUECKUX NPEICTABICHUN TIO-
BUJINMOMY, B Pa3pO3HEHHOM BHjE, yxke cymecTtByeT. [lompoOyem coOpath €€ B eauHYIO
CUCTEMY.

°

dyHgaMeHTalbHAsA  cHCTeMa  (U3MYECKHX  MNpeAcCTaBJeHH 00  ycTpoiicTBe
MarepuajbHoro Mupa B Hameil BcejileHHOH COCTOMT M3 NATH 3JIEeMEHTAPHBIX 00HEKTOB
MHKPOMHPA — HEHTPOH N, JIEKTPOH e, MO3UTPOH J, AHTHIJIEKTPOH 2, AHTHIIO3UTPOH @,
NATH 0eCKOHEYHBIX MOCJIe0BATEIbHOCTEH 3J1eMEeHTOB, MOA00OHBIX HEHTPOHY: N1,N2,N3,...,
JJIEKTPOHY:  €1,€2,63,..., MO3UTPOHY: 01,02,03,... , AHTHIIEKTPOHY: 21,72,35... U
AHTHUIIO3UTPOHY: @1,02,03,... » MACCHl KOTOPBIX, NIPH YBEJHYEHUH HOMepPa, Ka:KAbIH pa3
YMEHBIIAIOTCSI HAa HECKOJbKO TMOPSAKOB, a IUIOTHOCTH HA HECKOJbKO TIOPSIIKOB



YBEJIMYUBAIOTCS, H U3 YeThIpeX BHAOB B3aMMOIEHCTBHI M€Ky HUIMH — IPaBUTALHOHHOE,
JJIeKTPUYeCKoe, MATHUTHOE, HEHTPOHHOE.

XVI1.3. DaemenTapHbie 00bEKTHI MUKPOMHPA

HeiiTpon N o0mamaer «ImoNOXUTEIBLHON» Maccoi mn:1,67495-10_271<r, COOCTBEHHBIM
MarHUTHBIM TIOJEM C BEKTOPOM MAarHMTHOIO MOMEHTa Mn U C  HAalpsHKEHHOCTHIO
Ho=(p+90) (@nn)re *=pyant 2,0 *—pyur %, e r — pammyc-BEKTOp OT HEHTPOHA [0 TOYKH
OIIpeJIeTICHNs] BeIWYHUHBI Hy, y M Y1 — MapaMeTpsl, MOUISKAIINEe UACHTU(UKAINN, U SBISICTCS
napamarieTukoM. OH y4acTBYeT B TPaBHTAIlMOHHBIX B3aMMOJEHCTBUsIX. HeHTpoH cocTouT u3,
Ha HECKOJIBKO IMOPS/IKOB Oojiee MENKMX M Ha HECKOJIbKO MOpPSIKOB Ooyiee IUIOTHBIX,
HEUTPOHOIOMOOHBIX JIEMEHTOB dhupa N1u 001aJaeT CMEPUYETIONOOHOI CTPYKTYpPOii, CBEPHYTOM
B KOJIbIIO (puc.1).

)

Puc.1. Harnsanelit 06pa3 cTpykTypsl HEHTpOHA

DJIEKTPOH e 00JIaJlaeT «IOJIOKHTEIBHOW» Maccou me:9,1053-107311<r, «OTpHIATEIILHBIM
9JIEMEHTAPHBIM JJIEKTPUYECKUM 3apsaaoM (—e). ¢=1,60219-10 *°KJ1, cOGCTBEHHBIM MATHUTHBIM
mojeM € BEKTOPOM  MAarHMTHOTO  MOMEHTa M, W C  HaNpsHKCHHOCTHIO
H.=(y+y1) (uen)r *[cos’(ue )] r—y1r 2ue, m siBAsieTCSs IMAMarHETHKOM. Brarojaps BBICOKOMY
MIOKA3aTeNI0 CTENeHN NPU KOCHHYCE yTJia MEeXIY M. ¥ I, MArHUTHOE TI0JIe DJIEKTPOHa 00Jamaer
OYEHb Y3KHUM, CIIULENOJOOHBIM COOCTBEHHBIM MarHUTHBIM I10JIEM, CXOXKHM C MATHUTHBIM I10JIEM
JUIMHHOTO y3KOTro cosieHonaa. OH y4acTBYyeT B IPaBHTAI[MOHHBIX B3aUMOACHUCTBUSIX. DJIEKTPOH
COCTOUT U3, Ha HECKOJILKO TMOPSIIKOB 00Jiee MENKUX M Ha HECKOJIBKO MOPSAAKOB OoJiee MIOTHBIX,
AIIEKTPOHOIIOI00HBIX 3JIEMEHTOB 3(upa €1 1 00J1aJaeT CMEpUYEnoOOHON CTPYKTYpPOH IMHHOTO
¥ TOHKOTO IIWJIMHAPUYECKOro BUa (puc.2).
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Puc.2. Harnsanuerit o0pa3 CTpYKTYpHI SJIEKTPOHA

IMo3uTPOH J OTIIMYACTCS OT IEKTPOHA TOIBKO «3HAKOMY 3JICKTPHUECKOro 3apsiaa — (+e).

AHTHJIEKTPOH 2 00Ja/1aeT «OTPUIATEIBHON» MAcCOM BETUYMHBI Mg, «ITOJIOKUTEITHHBIM»
ANEKTPUIECKUM 3apssioM (+e), COOCTBEHHBIM MAarHUTHBIM IIOJIEM C BEKTOPOM MAarHUTHOTO
MOMEHTa M. U C HampsokeHHOCThio H, u sBusercs auamarHeTukoM. OH y4acTBYeT B
IPAaBHTAIMOHHBIX B3aUMOJICHCTBUAX. AHTHIJICKTPOH COCTOMT M3, HA HECKOJIBKO MOPSIKOB OoJiee
MEJIKUX W Ha HECKOJBbKO TMOPSAIKOB 0Oojee TUIOTHBIX, aHTHUAJICKTPOHOIMOMOOHBIX JJIEMEHTOB
a¢upa 21 ¥ 00J1a1aeT CMEPUETIONOOHON CTPYKTYPOH TOTO YK€ BHUJIA, YTO U DJICKTPOH.

AHTHNO3UTPOH @ 00Na/laeT «OTPULIATEIHHON» MAacCON BEIMYMHBI Mg, «OTPUIIATEITHHBIM»
ANMEKTPUIECKUM 3apsA/ioM (=e), COOCTBEHHBIM MAarHUTHBIM IIOJIEM C BEKTOPOM MAarHUTHOTO
MOMEHTa M. U C HanpsokeHHOCThIo H, u sBusercs auamarHeThkoMm. OH y4acTBYeT B
IPAaBHTAIMOHHBIX B3aUMOJICHCTBUAX. AHTHIJICKTPOH COCTOMT M3, HA HECKOJIBKO MOPSIKOB OoJiee
MCJIKUX W Ha HCCKOJIbKO IOPAIKOB 60.]166 IIJIOTHBIX, aHTI/IBJIeKTpOHOHOI[OGHBIX JJIECMCEHTOB
a¢upa @1 1 00a1aeT CMEPUETIONOOHON CTPYKTYPOU TOTO YK€ BUJIA, UYTO U AJIEKTPOH.

XVII1.4. DnemeHTapHbIe 00HEKTHI
0oJiee ri1y0OKHMX YPOBHel OpraHu3anu MaTepuH,



YyeM MAKpPOMHP U MHUKPOMUP

DneMeHTapHbIe 00BEKTHI 00JIee NTYOOKHX YPOBHEH OpraHU3allMi MATEPHH, YEM MAKPOMUP H
MHUKPOMHUD: Nk, €k, Ok, 2k, @k, K=1,2,3,... 001amar0T CMepuernoJOOHBIMU CTPYKTypaMH,
COCTOSIIIIMMH, COOTBETCTBEHHO, U3 DJIEMEHTOB Nk+1, Ek+1, Ok+1, Pk+1y Qk+1-

XVII1.5. BzaumoaeiicTBus
MeK1y MaTepUaAJIbHBIMU 00beKTAMU

I'paBuTanimoHHOe B3aWMOJICHCTBHE SBJISETCA IIEHTPAIbHBIM, HE 3aBHUCSIIUM  OT
HanpaBieHus. OHO WMEEeT MECTO MEXIy BCeMU MaTepualbHBIMU oOOBbekTamu. Cuia
TPAaBUTAIMOHHOTO B3aMMOJICHCTBUS Fg:Gmlmzriz, G:6,672'10711H'M2‘KF72, mq,M, — Maccel
B3aUMOJICUCTBYIOIINX OOBEKTOB, ' — pacCTOSTHUE MEXY B3aUMOCHCTBYIOLIUMU 00bEKTaMHU.

DJleKTpUYeCKOe B3aWMOJCHCTBHE HMEET MECTO MeXAy OObeKTaMu, oOJagaronuMu
ANEKTpUUYEeCKUMHU 3apsigaMu. OHO SBJISIETCS LEHTPAIbHBIM. DJIEKTPUUYECKOE B3aUMOJCHCTBHUE
MOPOKIACT CHJIBI MPUTSHDKEHUS MEXKAY 3apsAlaMu pa3HbIX «3HAKOB» W CHUJIbl OTTAJIKMBAHUS
MEXIY 3apsaMu OIMHAKOBBIX «3HAKOBY». BenuunHa CHIIBI 3JIEKTPUYECKOTO B3aUMOACHCTBUS
Fe=0102r “, rae g1=kie, g2=ke, k11 ky — mempie uncna.

MarnuTHoe B3aMOJICHCTBHUE NMEET MECTO MEKIy BCEMH MaTepUAIbHBIMU 00beKTaMu. Tak
KaK MarHUTHBIE MOJIS HELICHTPaIbHBI, TO MAaTHUTHBIE B3aUMOJICHCTBUS 3aBUCAT OT HaIlpaBJICHUI
B3ammojeicTByromux monei. CormacHo [37], Ha o00BeKT, oOMamaromUi COOCTBEHHBIM
MarHUTHBIM TOJEM C MarHUTHBIM MOMEHTOM M, CO CTOPOHBI BHEIIHEr0 MarHuTHOro mois H
neiictByer MaruutHas cuina Fn=V (uH), tne V - omepatop ['amuibToHa (rpamuenra), (uH) —
oTepaTop CKaJsPHOro Mpou3BeAeHUs BEKTOpOB # 1 H. OOBEKT — mapaMarHeTHK BTATHUBACTCS BB
BHEIIIHEE MAarHUTHOE T10JI€, JUAMarHeTUK U3 BHEIIIHETO MOJI BhITAIKuBaeTca. Cujia MarHUTHOTO
B3aMMOJICHCTBHUSI BO3HHMKAeT TOJBKO B TOM CiIy4ae, €CJIM BHEUIHEe MarHUTHOE IIoJie
HEOJHOPOJIHO, €CJIM €T0 HAMPSXKEHHOCTh UMEET HEHYJIEBOU TPaJIUEHT.

Kpome MarHuTHOW cuibl, Ha OOBEKT — MapaMarHeTUK JEHCTBYeT MAarHUTHBIA MOMEHT
Nm=[uH], [#H] — onepatop BEKTOpHOro mHpou3BeicHUS BekTopoB u u H. Jlns oOwbekTa —
nuamarnetuka Nym= —[uH|. Ecnu nmapamarHeTHk He JUIIeH BpallaTelbHBIX CTereHel cBOOOIbI,
TO, MOJ JjeWicTBueM MoMeHTa Ny, OH CTPEMUTCS TOBEPHYTHCS TakK, YTOOBI BEKTOpP M €ro
MarHUTHOTO MOMEHTA MPUHSJ HanpaBiieHne BekTopa H HanpspKeHHOCTH BHEUTHETO0 MArHUTHOTO
noJis. DTO 03HAYaeT, UTO MOMEHT Ny, CTPEMUTCS TaK COPUEHTHUPOBATH BEKTOP # OTHOCUTEIHHO
H, 4to0bl BenuuumHa cuibl Fp A7 mapaMarsHeTvka oOkaszallach MaKCHMalbHO BO3MOXKHOM.
Pesynbrar Bo3neiictBust MomeHTa Ny Ha OOBEKT Ha3bIBACTCS OPUEHTAMOHHBIM 3 dexTom [38].

BzaumopeiictBie cOOCTBEHHOTO MarHUTHOTO TOJIS JAWaMarHeTHKa ¢ BHEIIHUM MarHUTHBIM
MOJIEM TIOPOKIAET CHJIY MarHUTHOTO OTTAJIKWBAHMS, CTPEMSIIIYIOCS BBITOJKHYTH JMAMarHeTUK
13 BHEIIHETO MarHUTHOTO TMOJISI.

OpueHTaIMOHHBIN MarHUTHBIA (P (HEKT UMEeT MECTO B JTFOOOM BHEITHEM MAarHUTHOM TIOJIE —
Y B OJIHOPOJIHOM, U B HEOJTHOPOJIHOM.

HelTpoHHOE B3aNMOJICHCTBUE UMEET MECTO TOJIBKO MEXKY HeWMTpoHamu. HelTpoHHoe mone
LHEHTpaJIbHO. BenmnumHa Cuiabl HEWTPOHHOIO B3aWMOJECHCTBHS MEXKIY JBYMsS HEUTpOHaAMHU
Fo=pr *—qr >, p=1581-10 °kr-m°-c 2, q=5032-10 "“*kr'm®c %

XVII1.6. CocTaBHble 00beKTHI MUKPOMHPA

IIporon cocrout u3 HelTpoHa U aHTUANEKTpoHa (puc.3). OOmamaeT eIUHCTBEHHBIM
YCTOMYUBBIM COCTOSTHEM PAaBHOBECHS 3a CUET MAarHUTHOTO OTTAJIKMBAHUS MEXy HEUTPOHOM U
AQHTHAJIEKTPOHOM U «OTPHIIATEIIEHOCTHY» MAacChl aHTHAJIEKTPOHA. B ATOH KOHCTPYKIIMH HEHTPHI
Macc HEWTpOHAa W aHTURJEKTPOHA HaXOJIATCS B OJHOM M TOH ke Touke. Macca mpoToHa
mp=l,67265-107271<r. Ona MeHbIIe pa3HOCTH Macc CBOOOAHBIX HEHTPOHA M aHTHUAJICKTPOHA My—
me=1,67486-10%'kr ma Bemmummy 0,00221-10°'kr. Ilpuumza »sTOro mucbananca Macc
3aKJII0YAETCsl B CMEPYENON00HOCTH CTPYKTYp HEHTPOHA M aHTHIJIEKTPOHA: NMPU OOBbEANHEHUH
HEHTpOHA M AaHTUAJIEKTPOHA, BEIMYMHBI MX MAacC YMEHBIIAIOTCS H3-3a IMPOTHUBOIOJIOKHOM
3aKpYYEHHOCTH UX 3PUPHBIX CTPYH U U3-3a TOTO, YTO LIEHTPhl MACC HEUTPOHA U AHTHIJIEKTPOHA



COBMNAJNAIOT. AHTHAJIEKTPOH IMEpelaéT MPOTOHY CBOM JJEKTPUUYECKHUH 3apsi M CBOM
JUaMarHeTu3M. DJIEKTPUUECKUN 3apsij IPOTOHA PAaBEH JIEKTPUYECKOMY 3apsly aHTUIIEKTPOHA

Puc.3. Harnsaaeiii 00pa3 CTpyKTyphI IPOTOHA

(+e). BenuunHa MarHUTHOrO MOMEHTAa HPOTOHA M, NOJDKHA OblTa OBl OBITH PaBHA Pa3HOCTU
BEJINYNH ye—yn:3-104ye:0,9997ye, HO, B JICHICTBUTEIBHOCTH, Up=0" 1,ue, 0=8,372, 1.e. 1p=0,119..
OTO NPOUCXOAUT OMSTH K€ M3-3a CMEPUEIIONOOHOCTH CTPYKTYpP HEMTPOHA U aHTUAIIEKTPOHA, U
M3-3a COBIAJCHUS LEHTPOB UX MAcCC, MPUBOISAIIMX K YMEHBIICHUIO STUX Macc, a, 3HAUuT, U K
YMEHBIIICHUIO WX COOCTBCHHBIX MArHMTHBIX IOJICH B COCTaBE NPOTOHA, T.€. K YMEHBIICHHUIO
BEJIMYUUH . U Un. VICXONS M3 TaKOoro M3MEHEHHUs MacC HEHUTpOHA U aHTHAJIEKTPOHA B COCTaBe
IIPOTOHA, CIEIYET 0KUJATh, YTO BJIEKTPUUYECKUHN 3apsii MPOTOHA TAKKE JAOKEH YMEHbBIIUTHCS.
CoOcTBEeHHOE MarHUTHOE TI0JI€ MPOTOHA COCTOMUT U3 CIa0Oro «IHMPOKOYTOJIHLHOIO MarHUTHOTO
MOJIs HEUTPOHA U CHJIBHOTO YPE3BBIYAMHO Y3KOTO MAarHUTHOTO TOJISI aHTURJIEKTPOHA.

AHTHIIPOTOH COCTOMT U3 HEWTpOHA M aHTUNO3uTpoHa. OH 00NazaeT BCEMH CBOMCTBaMH
IPOTOHA, HO €r0 JIEKTPUUECKHUI 3apsil paBeH (—e).

IIpoTonmnii — 0OBEKT, COCTOSIINI U3 MPOTOHA W aHTUIpoTOoHA. O0NamaeT eAMHCTBEHHBIM
YCTOHYHMBBIM COCTOSIHUEM pPAaBHOBECHS, B KOTOPOM pACCTOSHUE MEXKIYy MPOTOHOM U
AHTUIIPOTOHOM paBHO 6,33- 10 u

IMo3uTpoHuii CcOCTOMT M3 DJIEKTpOHa W TO3UTpoHA. OH o00NagaeT eIUHCTBEHHBIM
YCTOMYMBBIM CTAaTHUYECKHUM PpABHOBECHEM, B KOTOPOM pACCTOSIHUE MEXKIY JJIEKTPOHOM U
MO3UTPOHOM paBHO 4,4- 102,

AHTHIO3UTPOHUI COCTOMT M3 AHTUAJIEKTPOHA W  AHTUIIO3UTPOHA, U  O0yagaer
€MHCTBEHHBIM YCTOMYMBBIM CTaTHYECKUM pPAaBHOBECHEM, B KOTOPOM pACCTOSIHHUE MEXKIY
AQHTHURJIEKTPOHOM M aHTUIIO3UTPOHOM paBHO 4,4- 10,

®oton. PoTOH MpeAcTaBIseT COO0N TUMOIbL U3 IEKTPOHOMOI00HBIX MUKPOOOBEKTOB, OHH
U3 KOTOPBIX O0JalaeT «IOJOKUTEIbHOW», a JAPYrod — «OTPUIATEIHOW» Maccamu. ITO
DIIEKTPOH-aHTUAJIEKTPOHHBIH M TO3UTPOH-AHTUIIO3UTPOHHBIA  JWUIONH,  CyMMAapHbIE
AIIEKTPUYECKUE 3apsiibl U CyMMAapHbIE MacChl KOTOPBIX paBHbI HyM0. CylIecTBYIOT emé aBa
JUTIONST DIIEKTPOH-aHTUTIO3UTPOHHBIA M TO3UTPOH-aHTUAIIEKTPOHHBIN, KaXKIbIH W3 KOTOPBIX
00J1a1aeT YABOCHHBIM IJIEKTPUUYECKUM 3apsaoM. Bce 3T aumonu o01amaroT COCOOHOCTHIO K
CaMOpPa3roHy J10 CKOPOCTH, YCTaHOBHBIIEECS 3HaYEHHE KOTOPOI 3aBUCHUT OT IUIOTHOCTH 3¢upa
Ha TYTH JIBFOKCHUS JTUITOJS.

DNEKTPOH-aHTUAIEKTPOHHBIN TUTIONL 00J1aaeT eAUHCTBEHHBIM HEYCTOMYUBBIM COCTOSTHUEM
paBHOBecus ipu =4,4- 10 %M, rre r — pacCTOSTHUE MEXKY DJIEKTPOHOM U aHTUAJIEKTPOHOM. [Tpu
I’<4,4-10_10M JUTIOND SIBISIETCS «OBICTPHIMY - OH JABHXKETCS CO CKOPOCTHIO, OJIM3KOM K ¢, BIOIb
npsMoi |, Ha KOTOPOH HAXOMATCS M AJIEKTPOH, U AHTHAICKTPOH. DTO MPOMCXOIUT MOTOMY, YTO
CHWJIBI DJIEKTPUYECKOT0 M MarHUTHOTO B3aMMOJCHCTBHI MEXKAY SJIEKTPOHOM U aHTHUAIIEKTPOHOM
pacnionaratorcsi Ha nipsimoit |. Briepenu, B 3ToM qumosie, UaeT 3JeKTPOH, a aHTHIJICKTPOH — TI0
«cnmemy» DSIEKTpoHa. B 3aBUCMMOCTH OT B3aMMHOTO PACHOJIOKEHHS BEKTOPOB MArHUTHBIX
MOMEHTOB 3JIEKTpOHA M aHTHAJEKTpoHa (puc.4; ® - AJIEKTPOH, °© - AHTUAJIEKTPOH), JIUIOJb
obOnamaer pa3HBIMH CBOWCTBaMU. B Bapmante A Macca D3JEKTPOHA TMPEBBINIAET MAacCy
AQHTHURJIEKTPOHA; B 3TOM BapUaHTE JBHKYLIUICS JUIONb U3Ty4aeT 3JEKTPOMAarHUTHBIE BOJHBI,
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Puc.4. Bapuantsl A 1 B 31€KTpOH-aHTUAJIEKTPOHHOIO JIUITOJIA

4acToTa KOTOPBIX 3aBUCUT OT BEJIMYMHBI TPEBBIIIEHUS MacChl 3JEKTPOHAa HaJa Maccou
aHTURJIEKTpoHA. B Bapuante B Macca 371€KTpOHa MEHbBIIE MAacChl aHTUAJIEKTPOHA; M3JIy4yEeHUE
3JIEKTPOMArHUTHBIX BOJIH B ’TOM BapHaHTE OTCYTCTBYET.

«BBICTpBII»  3JIEKTPOH-aHTURJCKTPOHHBIA JMMONb MPUHUMACT Yy4acTHUE€ B SBJICHUU
BO30YXKICHHUSI aTOMOB U JPYTUX MHUKPOOOBEKTOB. XOTS CYMMAapHBII AJIEKTPUUYECKUN 3apsn
JUIONS ¥ BEJIMYMHA CyMMAapHOTO BEKTOpa MAarHUTHOTO JUIIONS PaBHBI HYJIO, OH oOiagaer
JUTIONBHBIM 3JIEKTPUYECKUM T0JIEM (PHUC.5) U IByXBapuaHTHBIM MarHUTHBIM 110JIeM (pHC.6).

Puc.5. Dnexrpuueckoe mosie
AIEKTPOH-aHTURJIEKTPOHHOTO JUITOJIS

Puc.6. Marautasle oy BapuantoB A u B
JJIEKTPOH-aHTUDJIEKTPOHHOI'O IUIIOJISA

[Ipu r>4,4-10_10M, IUTONb — «MEIJICHHBIN», CKOPOCTh €ro ABW)KEHHUS Ha HECKOJIbKO
MOPSITKOB MEHbINe c¢. briaromaps eMmy, CyIIecTBYeT NMOCTOSHHBIA MarHeTH3M, JJICKTPHYSCKUN
TOK, IIapOBasi MOJIHHUS,. .. .

Jlunomu, o0agaroniie yABOCHHBIMU MICKTPUICCKUMHU 3apsSaMH, HEYCTOHIMBBIX COCTOSHHMA
paBHOBecuss He HMEIOT. OHH SBISIFOTCS TONBKO «OBICTPHIMU». CKOPOCTH WX JIBUKCHUS
MIPEBBIIIAOT C.

HeB030y:K1eHHBIIi ATOM COCTOUT U3 Spa U NEKTPOHOB. COTrNIacCHO U3MEPEHUSIM pacCesHuUs
0-4aCTHII Ha aTOMHBIX spax, D.Pe3epdopr BbIBE SMIUPHUYECKYIO 3aBUCUMOCTD pajiyca sjpa
OT KOJINYECTBA HYKJIOHOB B SIAPE I’;,:l,4-A1/3-10_15M.

HeBo30y»XIeHHBIH aTOM MPOTHS COCTOMT M3 sipa — IPOTOHA W OJHOTO JJICKTPOHA.
brnarogapss MarHuTHOMY OpHEHTaIMOHHOMY 3¢ (HEeKTy, BEKTOPhl MATHUTHBIX MOMEHTOB MPOTOHA
1 2JICKTPOHA PACIIOJIOKECHBI Ha TIPSIMOM, TPOXOIAIICH Yepe3 IEHTPhl MacC IPOTOHA M 3JICKTPOHA
(puc.7, 0 —TpPOTOH, ©-3JEKTPOH). IDTOT aToM O00JIaZaeT EIWHCTBEHHBIM COCTOSHHEM
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Puc.7. Cxema HeBO30YKIEHHOT'O aTOMa MPOTHUS

YCTOMYMBOrO paBHOBecus. JTa ¢opma aromMa MNPOTUS 00ECHEeUnBaCTCS IICKTPUUECKUM
MPUTSDKEHUEM M MATHUTHBIM OTTAJIKMBAHUEM MEX]y IIPOTOHOM U AJIEKTPOHOM.

SAapo TpPOM3BOIBHOTO aTroMa o00JaJaeT KBa3UKPHCTAIMUECKOW CTPYKTYpOH M3 CBOMX
HYKJIOHOB — HEHTPOHOB U MPOTOHOB [1]. biarogapst MarHUTHOMY OpHUEHTaIMOHHOMY (D deKTy,
€ro MarHUTHOE II0JI€ COCTOUT W3 CHCTEMbI OTAEJIbHBIX HYKJIOHHBIX MAarHMTHBIX KJAacTEPOB.
BekTopbsl MarHUTHBIX MOMEHTOB HYKJIOHOB Ka)OT0 KJIaCTEpa pacHojiaratoTcsi BAOJIb MPSIMOH,
NpOXOJAlIe dYepe3 Bce HYKIOHBI 3TOro kiacrepa. Kaxiplii kiactep cTaOWIBHOTO sapa
COJIEP’KUT OJUH U TOJBKO OAMH MpoTOH. [loaTomy 3apsimoBoe yucio Z sipa paBHO KOJIUYECTBY
HYKJIOHHBIX MarHUTHBIX KJIacTEpoB sizipa. M3-3a TOro, 4To mpoToH 00s1afaeT Ype3BbIYaifHO Y3KOH
CUJIBHOM COCTAaBIISAIOIIEH COOCTBEHHOTO MarHUTHOT'O TOJIsl, MATHUTHOE TOJIE SApa MPEACTaBIsSET
coboii cuctemy Z 4pe3BBIYAHO Y3KHX, CIUIETIONOOHBIX MarHUTHBIX TOJIEH, HAITOMUHAIOIIUX.
o opme, CUCTEMY UTOJIOK MOPCKOTo exa (puc.8).
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Puc.8. Cucrema Urojiok MOPCKOTO exa
Kak aHanor ¢OpMbl MATHUTHOTO TIOJII aTOMHOTO Siipa

CrabunbHbI HEUTpaJIbHBIN HEBO30OYKIEHHBI aTOM COAEPKUT Z 3JIEKTPOHOB, KaXJbI U3
KOTOPBIX HAXOJMUTCS HAa OCH HYKJIOHHOI'O MarHMTHOTO KJacTepa spa.

N3ob6apHoe pasHooOpaszue aTroMOB OOECHEUMBAECTCS TEM, YTO SJIPO, C OJHUM U TEM XKe
KOJINYECTBOM HYKJIOHOB, MOXKET 00J1a/laTh pa3HbIMU KOJUYECTBAMM HYKJIOHHBIX MAarHUTHBIX
KJIaCTEPOB, T.€. pa3HBIMU KOJIMYECTBAaMH Z MPOTOHOB.

SBieHne BO30Y:KIEHMST MHKPOOOBEKTOB COCTOMT B CIOCOOHOCTH 3axBaTa ()OTOHOB
COOCTBEHHBIMM  MATrHUTHBIMH TIOJISIMH ~ MHKPOOOBEKTOB, OOJAJaloONMX  MaccamH, He
NPEBBIMAIOIIMMU HEKOTOPO KpuUTHYecKoW BenuuuHbl #y. Kaxkaplii (OTOH 3axBaThIBaeTCs Kak
eAnHOoe 11e5oe, 0e3 pacnajaa Ha OTAeNbHbIe AIeMeHThl (poToHHOrO numnoisd, OH pa3Meniaercsa Ha
OCEBOM JIMHUM OJHOTO M3 HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB MHKPOOOBEKTa Tak, 4TO
«IBIKYILAsl CUJIa» JUIIONS OKa3bIBAETCS HAIpaBlieHA BJOJb OCEBOM JIMHHMM, 3aXBAaTUBLIETO €ro
KJIacTepa, B CTOPOHY $/pa, YacTbl0O MAarHUTHOIO IO KOTOPOrO SIBISETCS AITOT KJIACTEP.
«/IBrkyiasi cuina» 3TOro JUIOJS 3aCTaBiseT 3aXBaTHBIIUKA €r0 MUKPOOOBEKT Pa3TOHATHCS /10
CKOpPOCTH, YCTaHOBMBILIEECS 3HAYEHHWE KOTOPOW 3aBUCUT OT IUIOTHOCTH 3(PHpa Ha IyTH ITOTO
«BO30YXJIEHHOT0» MHUKpoOObekTa. Ecnm BenuunHa Macchl MHUKPOOOBEKTa IMPEBbIIIAET
KPUTUYECKYIO BEIMYUHY #j, TO JUIONb COJIKAeTCd C HE YCHEBAIOIIMM pa3orHaThCs
MHUKPOOOBEKTOM U «CPBIBAETCS» C 3aXBATUBIIETO €r0 MATHUTHOTO KJIacTepa.

[To a0t ke mpuuuHe, «BO30YKICHHBII» MUKPOOOBEKT MOXKET MOTEPATh 3aXBau€HHBIE UM
(GOTOHHBIE UIIONH, €CIIM OH, IPU CBOEM JBHKEHHH, HATAJIKUBAETCS HA JPYrodl MUKPOOOBEKT.
CTONKHOBEHHE JBUXKYILErocs «BO30YKIACHHOT0» MHUKPOOOBEKTAa C IPYTMM MHUKPOOOBEKTOM
ABIIIETCS CIydaHbIM coObiTHeM. [loaToMy «Bpemsi *KU3HHU» BO30YXKIEHHOT0» MHKPOOOBEKTa
ABJISIETCS CIIy4aliHOM BEJIMYUHOM.

DJIEKTPOMArHUTHOEe HU3Jy4YeHHe aTOMOB MOXET ObITh Kak (OTOHHBIM, TaK U YHUCTO
BOJMHOBBIM. (DOTOHHOE U3JIY4YEHHE HCIYCKACTCS  «BO30YXKIECHHBIMH» aToMaMH Npu
CTOJIKHOBEHUH C IPYTUMHU MUKPOOOBEeKTaMU. UUCTO BOTHOBOE U3TYyYCHHE UCITYCKACTCS KaXkKIbIM



AJIEMEHTOM aToMa B PE3yJbTAaTe BHEIIHErO0 BO3MYILEHUS, BBIBOJSAIIETO 3JEMEHTHI aromMa W3
COCTOSIHUH paBHOBecHs. Bo3Bpar 31eKTpOHONOI00HBIX MUKPOOOBEKTOB B UCXOJHOE COCTOSIHHUE
paBHOBECHsI IPOUCXOJIUT MOJ BIUSHUEM 3IIEKTPUYECKMX M MAarHUTHBIX B3aUMOJAEHUCTBUU.
Bo3BpaT NpOTOHOB M HEUTPOHOB ATOMHOIO sApa B HCXOAHOE COCTOSIHUE PaBHOBECHS
IIPOUCXOAMT IO BIMSHUEM IEKTPUYECKUX, MATHUTHBIX U HEUTPOHHBIX B3aumonencrsuil. [Ipu
9TOM, IPOTOHBI UCITYCKAIOT AJIEKTPOMATHUTHBIC BOJIHBI, @ HEUTPOHBI — TOJIBKO MarHuTHbIe. [lox
BIMSHUEM  HEUTPOHHBIX  B3aMMOJEHCTBHM, IPOTOHBI W HEWUTPOHBI  HCIIYCKAIOT
CBEPXBBICOKOYACTOTHBIE BOJIHBI.

[IpoToH ABNSETCA COCTABHBIM MHUKPOOOBEKTOM, COCTOSIINM U3 HEUTPOHA M aHTHIJIEKTPOHA,
CBA3aHHBIMM  TOJIBKO  MAarHUTHBIMH  B3aWMOJCHCTBHSMH. CoOcTBeHHass ~ yacroTa
AJIEKTPOMAarHUTHOTO U3JIy4yEHUs IPOTOHA OLIEHUBAETCS BEJIMYMHOM B 2,5 10%¢,

CoOcTBeHHass 4acToTa HEBO30YKIEHHOTO aroMa HpPOTHsI OIMCHIBAETCS BBIPAKEHUEM:
[w(H)]?=a"m. '-0,25h°m. %, rne a=e’ — mapamerp >IEKTPHYECKOro B3aHMMONCHCTBHS, f —
HapaMeTp MarHWTHOTO B3aMMOJCUCTBUS, h — KO3 GHULUEHT compoTUBIICHUS dhHpa IBHKCHHIO
AJIEKTPOHA B aTOME MPOTHS, h=1,5-10 "kr-c *. Bexmunna 9Toif 4aCTOTHI 3aBHCHT OT IUIOTHOCTH
3¢upa B OKPECTHOCTH aTOMa MPOTHUS — YBEIMUYCHHUE IUIOTHOCTH MPOTHS IPUBOJUT K «KPACHOMY»
CABUTY O3TOH YacTOTbl. OKCIEPUMEHTAJIbHO OOHApyKEHHas «CBEPXCBETOBAas» BEJIMYUHA
«KpacHOT0» CMEILEHHs 3JIEKTPOMAarHUTHOI'O M3JIydyeHHs aTOMOB B IepudepuiHbIX 00JacTix
Hanend BeeneHHOM aeT HKCIEPUMEHTAIbHOE JI0KA3aTENbCTBO €€ 3aMKHYTOCTH M IOBBILICHUS
IVIOTHOCTH 3(Qupa Ha e€ nepudepuu, mnpoucxojsdiiee 3a cyeT 3axBara Hauled BceneHHo#
BHEIIHEH MATEPHH.

MousekyJibl BeleCTBa NPEACTABISAIOT cO00M COEQUHEHUS aTOMOB. ATOMBI U MOJIEKYIIbI,
MOYTH BCEX XUMHUYECKMX BEIIECTB, O00JafaroT, 0e3 ydera pa3sMepoB sipa W DIIEKTPOHOB,
«TPEXMEPHBIMU» CTPYKTypaMmu. VCkirodeHHe COCTaBIAIOT aTOMbl M MOJIEKYJBl BOAOPOAA U
BO/IOPOJIOTIOA00HBIE — OTHORJIEKTPOHHBIE HOHBI JPYTHUX BEIIECTB.

Mosekynbl BOJOpOJa MPEICTaBIsAIOT COOON COEAMHEHUS JIBYX BOJIOPOJIHBIX aToMOB. OHHU
007a1al0T  «OJHOMEPHBIMUY» CTPYKTYpaMH. OKCIIEPUMEHTAIBHO YCTAHOBJEHO, YTO MOTYT
CyILIECTBOBATh JIBa BHJAa MOJIEKYJ Boaopoa. TeopeTudyeckue HCCIEAOBAHMS I0Ka3ald, 4TO
MOJIEKYJIbI BOJIOpOJa MOTYT HNpUHMMATh ABE (Gopmbl (puc.9). XUMHUKH Ha3BaJld 3TU (HOPMBI
OpPTOBOJIOPOJIOM U TapaBOJOPOAOM. AHanM3 IMokazan, uto ¢opma Hi — «craTuyeckas»,
oOnanaer cratudyeckuM paBHoBecueM. Jlpyras ¢opma H; — «Mmepuaromas», CYyLIECTBYET B
peKUMe TMOCTOSHHBIX HE3aTyXaloIIUX MEPUOJNYECKUX BO3BPATHO-MOCTYNATEIbHBIX KOJEOaHUit
BCEX €€ AJIEMEHTOB, MHULIUUPYEMBIX IEPUOANUYECKUMH MTOCIIE0BATEIbHBIMUA OMPOKUIBIBAHUSIMHU

*— «—0 «—0 °— o0— e 0 °*°—

H1 H2

Puc.9. CxeMbl «CTaTHYECKON» U «MEPIIAIOLIEH»
MOJIEKYJT BOJOPO/Ia

MarHuTHOTO MOJII BHYTPEHHETO MPOTOHA TO B OJIHY, TO B JIPYTyK0 CTOPOHY. B pe3ynbpTaTe 3THX
MOCTOSTHHBIX OMPOKHJIBIBAHUS MAarHUTHOTO TOJISI BHYTPEHHEr0 MPOTOHA, OH, KaK Obl, JHMIIASTCs
CBOCTO MArHUTHOTO ITOJIA.

U «cratuueckasy», U «MepIaroIias» MOJIEKYJIbl BOJOPOIa 00IaqatoT, Oaroapst MarHUTHBIM
B3aMMOJICHCTBUSIM U MarHUTHOMY OPUEHTAIIMOHHOMY 3D (PEKTY, «OJHOMEPHBIMUY CTPYKTypaMu,
pealbHbIe TOMEPEeYHbIe pa3Mepbl KOTOPBIX OIMPEIEISIIOTCS pa3MepaMu 1'I5pOTOHa. CornacHo
IMIIUPUYECKON oreHke Pesepdopnma, amamerp mpoTtoHa paBeH 2,8 10™°m. Dra Benuunsa
MOTIEPEYHBIX Pa3MEPOB aTOMOB U MOJIEKYJI BOJAOPO/IA IeTaeT COBEPIICHHO MPO3pavyHON TPUIUHY
SKCTIIEPUMEHTAIBHO  OOHApy)KeHHOTo U] y3HnOHHOTO TMpOocayMBaHUsS BOJOpOAA  Uepe3
METAIITMYECKHE CTEHKU COJIEPKAIINX €ro COCY/IOB.

o



Atomsl “He u *He, B HOPMAIIbHBIX 3¢MHBIX YCIIOBHSIX, OOPa30BBIBATD IEIHEBBIC MOJICKYIIBI
HecriocoOHbI. [Ipu upe3BbIUaliHO HU3KUX TemIiepaTypax, CyIIEeCTBYeT «oJHoMepHas» dopma C
ATHX aTOMOB, HE CITIOCOOHAs CYIIECTBOBATH B HOPMAIBHBIX YCIOBHUSAX H3-32 YPE3BHIYAIHO MAJIBIX
BEIMYMH €€ TMEepBhIX NOTEHUUAIOB MOHU3AUU. OTH NOTEHUIMAJIbl HOHU3ALUU PAaBHbBI
A(“He,C)=1,4499B, A(*He,C)=1,3133B. Heiirpanbhsie atomsl “He u °He comepxar mo aBa
anekTpoHa. B atomax ¢opmbl C 3TH 37€KTPOHBI PACHIOI0KEHBI HA OJJHOM U TOM K€ HYKIIOHHOM
MarHUTHOM KJIACTEpE sAJIpa, C OAHOM U TOM ke CTOPOHBI OT sjipa (puc.10). BHeuHuit 31eKTpoH B

«—0Q *°— «—e
Puc.10. Cxema atoma renus ¢popmst C

¢dopme C OTCTOUT OT sApa HA MOPSAIOK JAJbINe, YeM BHYTPEHHHN. DTO U SBISETCS MPHUUHON
Ype3BhIYAHO HU3KHUX BEIMUYWH MEPBHIX MOTEHIINAIOB HOHU3AIUH.

®opma C aroMOB Telus O0JIAJAaeT SPKO BBIPAKCHHBIMH JIHWIOJIBHBIMUA KYJIOHOBCKAMHU
cBoiicTBamu. braromapsi 3ToMy CBOWCTBY, 3TH aTOMbl OO0JIaJalOT, MPH YPE3BBIYANHO HHU3KUX
TEMIIEPATypax, CIHOCOOHOCTBIO OOBCIAUHATHCS B «OJHOMEPHBIC» TEIMEBBIC MOJICKYIIBI
MaKpOCKOIIMYECKON JUTHHBL. JHEPrUsi CBS3H aToMOB He B JBYXaTOMHOII MOJEKYJIe paBHa
W;=0,8625B. Jlns aromos “He 5ta sHepruss paBHa W,=0,1863B. Dtu 1mdpsr maror
NpeJICTaBICHUsT O TeMmIepaTrypax o0pa30BaHHUA  CBEPXAJIUHHBIX, MAaKpOCKOMHYECKOH
MPOTSHKEHHOCTHU, MOJICKYJT TEIIHSI.

«OHOMEpHBIe» TeleBble MOJIEKYIIbl MAKPOCKOIIMYECKOMN IITMHBI 00pa3yIOT CBEPXTEKYUYIO
KOMIIOHEHTY JKHIKOro renust. [lomepednble pasMepsl 3THX MOJEKy! 1isi He He HPEBBIIAIOT
4,44-10715M, a I SHe me MIPEBBIIIAOT 4,04‘10715M. [ToaTomy, 3T MoINEKynbl CBOOOJHO
MPOHUKAIOT Yepe3 HOPMAIbHBIC KOMITOHEHTBI JKHJIKOTO TelMs W 4Yepe3 MEIKO3EPHHCTHIC
GUIBTPHI, HE MPOMYCKAIOIINE HOPMAIbHBIE KOMITOHEHTHI.

bnarogapss MarHuTHOMY OpPHUEHTAITMOHHOMY 3(PPEKTy, CBEPXTEKydHne MOJICKYJIBI JKHUIKOTO
Telvs, CTPEMSTCS MPUHATh IpsIMOINHEHHbIE Gpopmbl. Haxoasiuecs B OrpaHUYeHHBIX COCYAaX,
OTH MOJIEKYJIBI, W3-32 CBOEH MAKPOCKONMYECKOW JUIMHBI, IPEBBIMAIONIEN pa3Mepbl 3THX
COCYZIOB, TMpeObIBAlOT B CBEPHYTHIX, BHYTPEHHE HAIPSHKEHHBIX COCTOSHMsIX. W3-3a sTOTO,
(GparMeHTBI 3TUX MOJEKYJ, CTPEMSCh PACHPSIMHUTHCS, BBIJABIMBAIOTCS HAa BO3BBHIIICHHBIC
MOBEPXHOCTH TeJ, MOMEIICHHBIX B XUAKUI Telui, U B30MPAIOTCS HAa CTEHKH COJIEPIKAIIUX HX
COCY/IOB, TIepeTeKast uepe3 HHX.

B xanuianspHbIX cocyaax HHUTO HE MEUIaeT 3THUM MOJIEKyllaM pachpsMuThes. [loaTromy oHu
MPOJICTAIOT Yepe3 OTH COCYAbl MPAKTHYCCKH 0€3 COMPOTHBIICHUS, CIOBHO NPSIMBIE TOHKHE
CITUIIBI TTPOJIETAIOT Yepe3 MPsIMbIe BEPTUKAIbHBIC TPYOKH.

B orpaHMuYeHHBIX COCyJaX, CBEPXTCKydHe KOMITOHEHTHI, OJarojaapss MaKpOCKOITHYECKUM
JUTMHAM, JIOCTaTOYHO TUIOTHO 3amMOJNHSIOT 3TU cocynabl. M3-3a 3T0ro0, 11000€ MpOCTPaHCTBEHHO
JIOKQJIM30BAaHHOE  TEMIIEpaTypHOE  BO3MYIICHHE, CO  CKOPOCTBIO  PacipOCTpaHCHUs
AIIEKTPOMATrHUTHBIX B3aUMOJCHCTBHMA, MPAKTUYECKH MTHOBEHHO «pPa3Ma3bIBACTCS» MO BCEMY
00beMY KHIKOTO TEIHs.

XVIIL.7. Marneru3m B MmaTepuajibHoM Mupe

MarseTusM UrpaeT YHUKaJIbHYIO pOJib B YCTpOMCTBE MaTepuanbHoro Mupa. AtmochepHbie
CMepYM Ha Hamed TUIaHeTe SIBISIOTCS pealbHBIMH BU3YallbHO HAOIIOJJACMBIMH SIBICHHSIMH,
NOCTY)KMBIIUMH TPSIMBIMH aHAJIOTaMH B JOCTM)KEHUH TTOHMMAaHHUS YCTPOWCTBA 3JIEKTPOHA.
CraOunbHOE CYIIECTBOBAaHME M aTMOC(PEPHBIX CMepuUeld, W DJIEKTPOHOB OOECIIEYMBAETCS
CMepYerofOOHPIMA MAarHUTHBIMH BUXPSIMH, SBISIONIMMUCS BeChbMa CBOCOOPA3HBIMH YHCTO
MarHUTHBIMH CTPYKTypaMH, CaMOIIOJIEPKUBAIOIIUMHUCS 32 CUET HENPEPHIBHOM MPOTOHKU Yepe3
ce0s1 OKpYXKAroIIUX UX Macc HOHU3UPOBAHHOTO aTMOC(HEPHOT0 BO3AyXa M AJIEKTPOHOIOI00HBIX
3JIEMEHTOB 3(QHpa €1 COOTBETCTBEHHO.



Kaxnaplii snmemMeHTapHBI 00BEKT 3(pUpa e€; COCTOMT H3 DJIEMEHTOB e€;, M 00iagaer
CMEpPYENoI00HON CTPYKTYpPOH, CXemMa KOTOPOH IMpEACTaBICHA HAa PUCYHKE 2; Kbl SJIEMEHT
€, COCTOUT M3 JJICMCHTOB €3 U 00JIaJaeT CMEepUYEeTIoOOHOW CTPYKTYpOil TOH ke (HOpMEL;... . Y
Ka)KJO0r0 TaKOro 3JeMEHTa €CTh CBOM MAarHUTHBIM CMepYenoAo0HbI BUXPb, 00ECIIEUNBAIOIINN
WX CTa0MIILHOE CYIIIECTBOBAHUE.

To xe camoe MMeeT MeCTo W IJi IAPYruX 3JEMEHTOB MarepuanbHoro Mupa Ny, ok, ok, @k,
k=1,2,3,...

YHUKaIbHOCTh YCTPOMCTBA MaTepHalibHOTO Mupa onpeensiercs TeM 00CTOATEIbCTBOM, YTO
CTaOUITBHOCTh BCEX JJEMEHTAPHBIX OOBEKTOB PAa3IMUYHBIX YPOBHEH OpraHW3aliud MaTepuu
o0ecrieunBaeTcs TOJBKO MAarHUTHBIMHU B3aUMOJIEHCTBUSAMH, TOJIBKO CAMOMOIICPKUBAIOLITIMUCS
CMEpUYENoIOOHBIMH MArHUTHBIMH BUXPSMH, WIPAOIIAMU POJIb JTUHAMHUYECKHUX MAarHUTHBIX
KapKacoOB CBOUX DJIEMEHTAPHBIX 00BEKTOB.

W3 sToro ciemyer, 4yTo 6€3 MarHeTu3Ma, poJjib KOTOPOTO B YCTPOWCTBE MaTepraibHOro Mupa
OKa3ajach HE CIIOCOOHA OLIEHUTh KBAaHTOBAs TEOPUSs, MaTEpUaIbHbI MHp B COBPEMEHHOM BUJIE
HE CYIIECTBOBAJ OBbI.

([ ]

Axcuomarudeckass (yHIaMeHTanbHas 0a3a (U3MKU, B HEIBHOM M B Pa3pO3HEHHOM BHJIE,
CIIOXKHJIAaCh BO BTOPOW IMOJIOBUHE TMPOILIOr0 Beka. J[oKa3aTeabCTBOM STOTO CIYXHUT (akT
MOJIYYCHHUS] PE3yJIbTaTOB, IMpuBEIEHHbIX B [2-36]. Co3manue Takoll (QyHIaMEHTAIbHOU
akcuomaTtuueckoil  ¢usmueckoir  0asbl, B COBPEeMEHHOW  (U3UKE,  OTATOLICHHOMN
KBaHTOBOTEOPETUYECKUMHU  TPEJCTABICHUSIMH 00  YCTPOMCTBE MarepuaibHOro Mupa,
MPUHIIMITAATIEHO HEBO3MOXKHO.

OTO TNOATBEpXKIAETCI TeM OOCTOSATENBCTBOM, uYTO U300pereHue pasuratenss EmDrive
MPOU30IIIO HAa YHCTO MHTYUTUBHON 0Oa3e, a He Ha 0Oaze ¢usuueckoro 3Hanusa [33]. U xors
MHOTOKpPaTHbBIE SKCTIEPUMEHTAIbHBIC MIPOBEPKHU HEOJIHOKPAaTHO MTOATBEPANIIN
pabotocrioco6HOCcTh aBuratens EmDrive, BBISBUTH CyOCTaHIIMOHAJIBHYIO TIPUPOSY €ro
PEaKTUBHOM TATH (PU3MKHU OKA3aJIUCh HE CITIOCOOHBI.

Cobpath GpyHIaMEHTATBHYI0 aKCHOMaTHYECKYI0 (hHU3MUecKyro 6a3y ynaaoch TOJIbKO TEOpUU
HEJIMHEWHBIX KojieOaHuii, emié B NIPONUIOM BEKE IMepepociiell paMKH YUCTO (pu3nyecKomn
TUCIUIUIMHBI U TIpeBpaTUBIIEHCS, Onaronapsi pa3paboTke MPUKIAAHON HAYYHOU METOJOJIOTHUU
MangensimtamMa-AHAPOHOBA, B~ METOJOJOTMYECKYl0  0a3y  Hay4HbIX  JIUCUUIUIMH,
WCIIONIB3YIOMINX, B CBOMX MCCIIEIOBAHUAX, A0CTPAKTHBIE KOJTMYECTBEHHBIE ()OPMATH3MBI.

XVIIL.8. PazmepHocTh MaTepuajbHoro Mupa

B uyem mpoGiema? CorinacHO HamUM CYObEKTHBHBIM OLIYHICHUSIM, MBI JKHBEM B
MaTepuaibHOM Mupe, pa3MeEpHOCTh KOTOPOro paBHa TpeM. CyIlecTBYIOT BEPCUH, UTO 3TOT Mup,
B JIEHCTBUTENBHOCTH, 00MaaeT 6ojiee BBHICOKOW pa3MEpPHOCTHIO, HO MbI, B CUITy OOBEKTHUBHBIX
0OCTOSTENILCTB, ITOTO HE OLIYIIaeM. 3HAUUT, HY>KHbI KCIIEPUMEHTAJIbHBIE (aKThl, C TTOMOIIbIO
KOTOPBIX MpobieMa pa3MepHOCTH MaTepruaibHOro Mupa MOKeT OBITh pa3pelieHa.

[e]

Takue sKcriepuMEHTaIbHBIE PE3YbTaThl CymecTBYIOT [1,39]. OHM MaOM3BECTHBI, HO OHH B
3TOH mpobiemMe MMEIT pemaioiee 3HayeHwe. W3 3TUX  pe3ynbTaToB  CIENyeT, 4YTO
MaTepuanbHbeIi Mup, 1o KpaiiHel Mepe, B Hamel BeeneHHOH, 1eCTBUTENBHO, TPEXMEPEH.

B [1] mpuBeneHsl pe3ynbTaThl SKCHEPUMEHTA IO AUGPAKIMU -4aCTHI[ HAa sSIpax Bcex
XUMHYECKHX BELIECTB. BHeIIHe, 3TOT OSKCIEPUMEHT HE OTIMYaeTcs OT 3HAMEHHUTOIO
skcniepumenta 3.Pesepdopaa. Ho ero pesymprarsl o0paboTansl nmo merony «da3 bmspa», Bo
BpeMeHa Pesepdopna emé He pazpadoranHoro. O6paboTka ITUX PE3YIHTATOB C MOMOIIBIO «(ha3
Bbmspay mokaszana, 4To cUCTEMBl HYKJIOHOB aTOMHBIX SI/IEp BCEX XUMUYECKUX BEIECTB 00J1a1al0T
KBa3UKPUCTAJUINYECKUMHU CTPYKTYpaMHU.

HccnenoBanusi, TPOBEACHHBIE METOAAMH TEOPHH HETWHEHHBIX Koyebanuii [4,40,41],
NOKa3aJlM, YTO sA1pa U3 JBYX, TPEX W 4YEThIpeX HYKJIOHOB, IPU Y4YETe TOJBKO HYKJIOHHBIX
B3aUMOJICHCTBUIN, 007a1al0T YCTOMYMBBIMHU, CTATUYECKH PAaBHOBECHBIMU KOH(UTYpalusmMu, U3



CBOMX HYKJIOHOB. B 3THX siipax KaxkJaas mapa HyKJIOHOB HAXOJHUTCS B CTATHYECKOM PaBHOBECHH,
U paCCTOSTHUS MEXIY KaXXJI0W Mapoi HYKJIOHOB 00JIaIaf0T OJHOM M TOM K€ BETUYMHOM, paBHOU
r*. Hamomuum, uyto HykionHas cwia Fn(r*)=0. MupiME crioBaMu, BCe 3TH KOH(PHUTypanuu —
npaBuibHbIE (puc.11)..

-®

Puc.11. CraTruecku paBHOBECHBIE KOH(DUTYpALTUU
CUCTEeMBI N HYKJIOHOB siipa ans N=2,3,4

OTH e UCCIIEOBaHMS MOKa3alll, YTO AP0 U3 A HYKIOHOB MOXET 00JIaJaTh MPaBHIBHOM,

PaBHOCTOPOHHEH KOH(UTyparyen TOIbKO B IPOCTPAHCTBE pa3MepHOCTH >A4—1.
o

B [39] nmpuBeneHsl pe3ynbTaThl IKCIIEPUMEHTATBHBIX UCCIEIOBAHUIN CIIEKTPAIIBHBIX CBOMCTB
CBEPXTSDKEIBIX H30TONOB Bogopoaa “H, °H u ®H. DTi WccnenoBaHus OKA3aIIH, YTO «QHEprus
CBSI3M CBEPXTSKENBIX H30TOIOB BOJOpOJiAa MOCTENEHHO YMEHBIIAETCS C YBEJIMYEHHEM 4HCia
HelTpoHoBy, T.¢. E(*H)>E(CH)>E(°H).

UT0oOBl MOHATH, O YEM ATO TOBOPUT, HY)KHO BEpPHYThCA K Mpeablayliemy pasnaeny. Eciu
CUNTaTh HYKJIOHBI TOYEYHBIMH, TO AApo “H — ofgHOMepHo, supo “H - aBymepHo, a H -
TpexmepHo. Tak Kak B JCHTPOHE TOJIBKO OJHA Iapa HYKIOHOB, B TPUTOHE - 3, a B “H - 6, TO
ECH)=3E(*H), E(*H)=6E(*H). Tax xak B "H umeercsi C5°=0,5-5-4=10 map HyKJIOHOB, TO, IIPH
NpaBWIbHOM KOH(pUrypanuu sjapa °H, 1OIKHO OBUIO OB HMETh MECTO COOTHOIICHHE:
ECH)=10E(*H)=5-3""-E(*H)>E(*H). Dxcniepument ke rokasain [39], uro ECH)<E(*H).

Kak aro mMoxer ObITh? OTBET OJHO3HAUYEH — MPUYMHA B TOM, YTO B A1Ape ~/H paccCTOSHUS
MEXIy HYKJIOHAMH HE paBHBI I*, a Oousblle, WiM MeHblle, yeM I*. Kak, B 3ToM ciyuyae,
dbopMupyeTcs BeIMYMHA SHEPTUU CBS3H siipa?

OHeprueil CBsi3u sA1apa Has3bIBaeTcs SHeprus (paborta), HeoOXoAuMas JUIsl yBETHMUEHHS
paccTosSHUM MEX]ly HYKJIOHAMH Ipa, B pe3yJbTaTe KOTOPOI'0 CUCTEMA CBSI3aHHBIX MEX]y COO0M
HYKJIOHOB PAacChINAeTCsl HA MHOXKECTBO CBOOOHBIX, HE CBA3aHHBIX MEX1y OO0 HYKIIOHOB.

Ecnu paccrosHue Mexay HYKJIOHaAMHU F=r*+9, TO, JUIsl yYBEIUYEHUsI PACCTOSHUS MEXITY
TUMHU HYKJIOHAMH JI0 BEJIMUMHBI pacnaa, moTpedyercs SHeprus, MeHbLIas, YeM E(H). Ecin xe
paccTossHue MeXAy HYKJIOHaMU [=I*—g, TO, NpPH YBEIWYEHUM PACCTOSHUS MEXIY 3TUMHU
HYKJIOHaMHU J0 KPUTHUYECKOTO, PaclaJHOro, OISATh e MOTpeOyeTcs SHEprusi, MeHbIIas, yemM
E(H). JleiicTBUTEIBHO, B 3TOM CIlydae, YBEITHUYEHHE I OT I*—¢ 0 I* IPOMCXOIHT HE 3a CUeT
BHEIIIHEH »HEPruu, a 3a CUeT HYKJIOHHOTO OTTAJKHWBAaHUS, MOATOMY, B OOIIYI0 CyMMYy 3Ta
SHEpIUs BOMET C OTPULATEIBHBIM 3HaKoM. B pesynbrare, Moxer okasarbes, uro ECH)<E(H).

Slapo °H MoXeT GbITh IIPABHIBHBIM B YETHIPEXMEPHOM TIPOCTPAHCTBE. JUIsi TOro, 9ToGbI OHO
yTPaTUiIO MPaBIWIbHYIO (GOPMY, €ro HY)KHO «BTUCHYTBY» B TPEXMEpPHOE NMpOoCTpaHcTBO. Eciu 310
TPY/HO NPEACTABUTh BU3YaTbHO, MOXKHO OODATHTBCA K UYETHIPEXHYKIOHHOMY siapy “H. OHO
UMeeT MpaBWiIbHYI0 (GopMmy B TpexmepHoM mpocTtpaHcTBe (puc.l11). Ho ecnu ero crumomurs,
«BTHCHYB» B JIBYMEpPHOE IPOCTPAHCTBO, TO OHO MOTEpSieT NPaBWILHOCTH (opmbl. Jls



MpeenbHON HATJISITHOCTH MOXKHO OOpaTHTHCS K TPEeXHYKIOHHOMY sapy (puc.ll), umeromemy
paBUIBHYIO (OPMY B IByMEPHOM, TNIOCKOM MPOCTPAHCTBE. DTa MPAaBUIBHOCTh UCUC3HET, CCIIH
CHCTEMY TPEX HYKJIOHOB 3TOTO si7pa Pacio0KUTh Ha MPSIMOM JIMHUH.

Touss, nouemy ECH)<E(*H), HeTpyaHO HOHSTb, 4TO, 110 3T0ii xe npuunte. u ECH)<E(H).

o

Tak AO0Ka3bIBACTCA TPEXMCPHOCTh MAaTCPHUAJIBHOT'O MHpa

XVIIL.9. IIpo6Jiema ckpbITO# (TEMHOIT) MaTepuu

[TpuunHa 3acToss B NpoOJEME «CKPBITOM Macchl» - TEOpPETHYECKas HEA0CTaTOYHOCTh
KBaHTOBOI TE€OPUU U TEOPUH OTHOCUTEIBHOCTH.

Teopernueckas HEAOCTATOYHOCTh KBAHTOBOM TEOPUM U TEOPUM OTHOCUTENBHOCTH CPOJIHU
CepJICYHON HEJOCTAaTOYHOCTHU uenoBeka. Duznueckne BO3MOMXKHOCTH YEJIOBEKA C CepIeHHOMN
HEJ0CTAaTOYHOCTBIO CHUJIBHO OTpaHUYEHbl. TOYHO TaK K€ 3aMETHO OrpaHUYEHbl BO3MOXKHOCTU
aJICKBaTHOTO TEOPETHUYECKOTO HCTOJIKOBAHUS JKCIEPUMEHTAIBHBIX PE3YyJbTaTOB B KBAaHTOBOM
¢u3nKe MHKpOMHpa U B TEOPUHM OTHOCUTENHHOCTH. CyIIecTBYeT WENbId P KOHKPETHBIX
MPUMEPOB TAaKON HEaJeKBAaTHOCTH — MpPOOJIeMa «CKPBITBIX MapaMeTpoBy, MpolieMa «CKpPhITON
MaTepumn», mnpobdiiema TpanchopManuy HEHTPOHA B NPOTOH M CYIIECTBOBAHHS «HEUTPHHOY,
npobiieMa «AHHUTWISIIMMY TO3UTPOHHMSI, MpoOJieMa CYIIeCTBOBAHUS MIOOHOB U IMHUOHOB Kak
CaMOCTOSITEJILHOTO BUAa MAaTEPUH,. .. .

.

OOBEKTUBHOE CYILIECTBOBAHUE TEOPETHUUECKOM HEJOCTaTOYHOCTH KBAaHTOBOW TEOpUU U
TEOPUU OTHOCUTEIILHOCTH ObLIO J0Ka3aHo B 1979r pesynpTaTamu 3KCIEPUMEHTA COTPYIHUKOB
Uncturyra Snepunoit ®usuku AH CCCP (Anma-ATa) no au@pakuuu o-4acTULl Ha aTOMHBIX
anpax [1]. ITo dbopme, 370 ObLIO MOBTOPEHHEM 3HAMEHUTOrO SKcriepumeHTa D.Pesepdopra, ¢
MOMOIIIbI0 KOTOPOTO ObLJIa MOCTPOEHA M3BECTHAs IMIUpHUeckas (opmyna: r,=1,4-4*3.10"m.
Corpynnuku USAD AH CCCP (Anma-ATa) MCIONB30Bal, Uil JUGPPAKIIMOHHON 00paboTku
u3Mmepennii, meron «bha3z bmpa», Bo Bpemena Pesepdopna em€ He CyIIECTBOBABIIUMA.
PesynbpTartel 3TOH 00paOOTKM OOHApYXHIM, YTO fApa BCEX CYLIECTBYIOIIMX XHMHUYECKHX
AJIEMEHTOB 00Ja/1al0T KBAa3UKPUCTAUIMYECKUMHU CTpYKTypamu. OTcrosa cieayeT OecCropHbII
BBIBOJI, YTO HEJIEJIMMbIe KBAHThl SHEPIMM U COOTHOIIEHUS HEONpEAEICHHOCTEH SBISIOTCA He
OOBEKTHBHBIMH (paKTOpaMH MaTepHalbHOTO Mmupa, a BCEro JHIIb BCIOMOTATEIbHBIMU
KOJINYECTBEHHBIMU ITapaMeTpaMu KBAaHTOBOM TEOPHH.

TiarenbHble «PacKONKW» OOHApYXMWIH, 4YTO (u3uKa Oblla BBIHYXJAEHAa OOpaTUThCS K
TUIIOTE3€ CYIIECTBOBAHMS HEJENMMBIX KBAHTOB JHEPIUH, TaK Kak HE CyMela, B Hauaje
IPOLLIOTO BEKa, MOCTPOUTH aJI€KBATHBIE CTPYKTYPHbIE MaTEMaTHUECKUE MOJEIN aTOMOB, U HE
CMOTJIa TIOATOMY JOCTHYb COJEPKATEIBHOTO MOHUMAaHUS PUYUHHO-CIIEICTBEHHBIX MEXaHHU3MOB
(bopMHUPOBaHUS CIIEKTPOB 3JIEKTPOMAarHUTHOTO U3IYYEHHSI aToMa.

Te mMozenu, KOTOpbIE TOT/Ia OBUIM MOCTPOEHBI (PU3UKOHM, OKa3aJMCh HEAJAEKBAaTHBIMU — OHHU
HE MOTJIM OOBSCHUTH Aaxke (pakT cTaOUIBLHOIO cyliecTBOBaHUs aroMoB. [loTeprieB 3Ty Heynauy,
(U3UKK IPUILTH K BBIBOJY, YTO 3TO — HE X BHHA, YTO TaK Yy ycrpoeHa [Ipupona. Heobxoaumo
OTMETHTb, YTO HAIIACh YacTh (PM3UKOB, HE CTABIINX TEPEKIIbIBATh BUHY 32 CBOM HEYyJIa4d Ha
[Tpupoay. OHu cunTaNK, YTO CYLIECTBYIOT KaKHe-TO MaTepUaibHble (PAKTOPBI, HE YUTEHHBIE TIPU
MIOCTPOCHUU MOJIENIe aTOMOB, KOTOpbIe ObUIM Ha3BaHbI «CKPBITHIMU Mapamerpamuy. HecmoTpst
Ha MPEIIpPUHATHIE MOMBITKH, (U3UKAM TOrJa HE YIAIOCh PEUIUTh MNpOOJeMy «CKPBITHIX
apaMeTpoBy.

B pesynmprate THIATENBHBIX «PACKOMOK», OBUIO YCTaHOBJIEHO, UTO «CKPBITHBIMHU
napaMeTrpamMmu» SBISIOTCS HE YYUTHIBaeMble (PHU3UMKON A(Up, OKa3bIBAIOLIUN COMPOTHUBIICHUE
JBM)KEHUIO MUKPOOOBEKTOB, 1 MAarHUTHBIE B3aMMOJICHCTBHS MEXy MUKpooObekTamu. [lonrue,
HACTOWYMBBIE W TIOCJTENIOBATENbHBIE MCCIEIOBAaHUS TMOKAa3ajih, YTO 3THU HE Y4YUTHIBaEMbIE
(baxTOpHI U SABJIAIOTCS TPUIMHON TEOPETUYECKON HETOCTATOYHOCTH KBAaHTOBOW TEOPUU U TEOPUHU
OTHOCHUTENIbHOCTH.



Pesynbrarhl, monydyeHHblE MpH y4yeTe 3(PHpa M MArHUTHBIX B3aUMOJCHCTBHHA MEXITY

MHKPOOOBEKTaMH, IPUBE/ICHBI HA He(hOPMAITBEHOM, CO/IepKaTEeIbLHOM YpoBHE B [2-36].
.

[TpoGiiemMa «CKpBITOIl MaTepuu» BO3HHUKJIA B PE3YJIbTATE MOSIBICHUS SKCIEPUMEHTAIbHBIX
JAHHBIX, HE YKJIAJbIBAIOLIMXCS B CHCTEMY COBPEMEHHBIX IIPEICTaBICHUN 00 ycTpolcTBE
MaTepuaibHoro Mupa.

Cuauana ObUT0O OOHApPYKEHO, 4YTO HAOIIOJAaEMOE TMOBEJACHHE TalaKTUK PACXOAHUTCS C
MIPOTHO30M, OCHOBaHHBIM Ha HMCIIOJIb30BAaHUU IIPEJICTaBICHHN 00 ycTpoiicTtBe Bcenennoit. M3
9TOr0 CJIEAO0BAJIO, YTO HAIIM 3HAHMA O CTPYKType MarepuanbHoro Mupa Bo Bceenennoi
CYILIECTBEHHO HETOIHbI. PU3UKHU BCTPETUIIH 3TO JOCTATOYHO CHOKOWHO. OHaKo, 0OHapyKEeHUE
«KpAaCHOTO CMEILEHUS» CIEKTPOB 3JIEKTPOMArHUTHOIO M3JIY4YEHHsI OT YJIAJIEHHBIX OT 3eMJIH
HUCTOYHUKOB B KOpHE H3MEHMJIO 3Ty curyanuio. Okas3anioch, 4TO BEIHYMHBI «KPACHOTO
CMEILEHU» PACTYT C YBEJIUYEHHEM PACCTOSHUA OT 3€MJIM 10 H3JIydareias. JTO O3Hayalo,
corimacHo kputeputo Jlomnepa, uro BcenmenHas pacmupsieTcsi, U uYeM Jajblie OT 3eMIHu
HAXOJUTCS U3JlydaTellb, TEM CTPEMUTENILHEE IPOUCXOUT 3TO pacIliipeHHE.

HenonpaBumslii ynap mo camonto0uio (pU3MKOB HAHECIH Pe3ybTaThl U3MEPEHHUI BETHUHHBI
«KPAaCHOTO CMELICHUS» CIIEKTPOB 3IEKTPOMArHUTHOTO M3JIy4YEHUS! HCTOUHUKOB, HAXOIALIUXCS B
nepudepuitHpix obnactsax BcenenHod. BenuyuHBI 3THX CMEIIEHHUN TOBOPWIM, COTJIACHO
Kkputepuo Jlomaepa, o TOM, 4TO IpoMagHbIE 3BE3/IHBIC M3NydaTenu Ha nepudepun Bceenennoi
yOeraroT OT Hac O CBEPXCBETOBBIMU CKOPOCTSIMH !!!

BmecTo moucka mytel ecTeCTBEHHOTO, a/IeKBaTHOTO OOBSICHEHHS ATOTO Mapaaokca, Pu3uKu
NycTUINCh B Oecruiognblie (antasuu. Okaszanoch, YTO HMX HEyJauud B JTOH mpobieme
OOBACHAIOTCA BCE TEMU K€ MPUUYMHAMH — TEOPETUYECKON HEI0CTaTOYHOCTHIO, 00YCIOBICHHON
OTKa30M OT yuyeTa 3(upa U MarHUTHBIX B3aMMOJCHCTBUI MEXIy MaTepUaTbHBIMU OOBEKTAMHU
[29].

[Tpobnema «CKpBITON MaTepum» SBISETCS BCETO JIUILb YacThIO MPOOJIEMbl YCTPOHCTBA BCETO
MaTtepuaibHoro Mupa. U 06e 3t mpoOsiembl He MOTYT OBITh pelIeHbl 0e3 oOpalieHus K
TUIOTe3€ 0 0e3rpaHMYHON JEIMMOCTH 3JIEMEHTOB Matepuu. Ho ¢pu3uku npsiMo roBopsT, 4To MX
3/IpaBbIi CMBICTT BOCCTAET MPOTHB ATOW THIOTE3bI [42,c.12]. OHM HE MOTYT BOCHOJB30BaThHCS
ATOM THUIMOTE30M, TaKk Kak 0a30BOM OCHOBON KBaHTOBOM TEOpUHU SIBISIETCA TOCTyJIaT o
CYLIECTBOBaHUM B MaTepualbHOM Mupe HenenuMbIX KBaHTOB »dHepruu. Iloatomy oHHM
BBIHY)KJICHbI BECTH ce0sl KaK MOPTHSKKU-TIPOXOAMMIBI M3 ckazku I.X.AHJaepceHa O HOBOM
mJIaThe KOPOJs, Jeas BUJI, YTO «HE 3aMeUaroT» pe3yJbTaThl dKcrepuMenTa [1], roBopsiue 06
OTCYTCTBUHM B MaTepHalbHOM Mupe HeJeNuMBbIX KBAaHTOB SHEPrHM, U BO3JBUTas Oapbepbl Ha
Oyt NOyONMKamuud  MaTepuajioB, HANpaBICHHBIX HA  IMPEOJOJIEHHE  TEOPETHUYECKOM
HE/I0CTaTOYHOCTH COBPEMEHHOM TeOpeTUYeCKON (PU3UKH.

.

VY4er 3¢upa U MarHUTHBIX B3aUMOJICHCTBUN IMO3BOJWIN BBIIBUTH COCTAaBBI U CTPYKTYPHI
AIIEKTPOHA, HEHUTpOHAa M MPOTOHA. DTO TMO3BOJWIO, B CBOIO O4Yepeab, BbIPAOOTAaTh 0OIIHE
Npe/ICTaBICHUS O CTPYKTypax MarepuansHoro Mupa [2-36].

CornacHo 3THM MpeAcTaBICHUIM, 000N MaTepuanbHbIi 00BeKT Bo BceenenHol oOnanaer
CBOWCTBOM HEOTpaHMYEHHOW JenuMmocTH. bnaromaps sToMy, cymiecTByeT OecKOHEYHOe
MHOKECTBO pa3IMUHBIX YpOBHEH oOpraHumzauud wmarepuu. Bce o0O0BeKThl MakpoMupa U
MHUKpOMHpa TNpHHAJIekKAT OJHOMY M TOMY JK€ YPOBHIO opraHuzamuu — Lo, Tak kak Bce
COCTaBHblE OOBEKTHl MaKpOMHpa M MHUKPOMHpA COCTOSAT M3 MPOCTEHIINX, 3JIEMEHTAPHBIX
O00BEKTOB ATOr0 YPOBHS — HEUTPOHOB, OJJIEKTPOHOB, IO3UTPOHOB, AHTHUAIEKTPOHOB U
AQHTHUIIO3UTPOHOB.

Bce anemenTtapHbie 00beKTHl YPOBHS Lo COCTOAT U3 3eMEHTapHBIX 00BEKTOB YpoBHS L1 u
00J1a1a10T CMEPUYENOTOOHBIMH CTPYKTYpamMu. Pa3zmepsl anemeHTapHbIX 00BEKTOB ypoBHs L Ha
HECKOJIbKO TIOPSIIKOB MEHBIIE Pa3MEPOB 3JIEMEHTApHBIX 00BEKTOB YpOBHA Lo , @ UX MJIIOTHOCTH
Ha HECKOJIbKO TMOPSAKOB BBIIIE MIOTHOCTEN 3JEMEHTApHBIX 00BEKTOB ypoBHS Lg. DIeKTpoHBI,
MO3UTPOHBI, AHTUAJIEKTPOHBI, AHTUIIO3UTPOHBI M HEWUTPOHBI COCTOST, COOTBETCTBEHHO, W3



BJIEKTPOHO-,  MO3UTPOHO-,  AHTUAJIEKTPOHO-, AHTHIIO3UTPOHO- W  HEUTPOHOMOJOOHBIX
3JIEMEHTapHBIX 00BEKTOB ypoBHs L (ypoBHs adwupa). [Ipu 3TOM, Ha ypoBHE Lji OTCYTCTBYIOT
COCTaBHbIE MaTepUaAIbHbIE OOBEKTHI, IPOMEKYTOUYHBIE IO pa3MepaM M IO IUIOTHOCTAM, MEXIY
3JIEMEHTapPHBIMH 00BbEKTaMU ypoBHEM Lou L.

DnemMeHTapHbIe 00BEKTH YpOBHs Lj cocTosT u3 emé Oojiee MENKHUX U emé 0ojee MIOTHBIX
3JIeMEHTapHBIX 00BEKTOB ypoBHS L, Tak e o0nanaomux cMepuenofo0HbIME CTpyKTypamu. U
TaK Jajee.

W3 ckazaHHOrO cieayeT, 4To Matepus BOo BceneHHOI cOCTOUT M3 0OBbEKTOB MakpoMupa u
MUKpPOMHMpA, T.€. U3 OOBEKTOB YPOBHS OpraHM3alMM MaTepuu Lo, U U3 MHOKECTB CBOOOJHBIX
3JIEMEHTApHBIX 00BEKTOB ypoBHE# Ly, Ly,... . C KaXIpIM yBeIMUECHHEM Ha €AUHUILY «HOMepay K
ypoBHsI Lk, pa3Mepbl 31eMeHTapHBIX 00BEKTOB YpoBHs Lk , K=1,2,... HA HECKOJIbKO MOPSIKOB
YMEHBILIAIOTCSA, @ UX IUIOTHOCTU Ha HECKOJIBKO MOPSIIKOB BO3PACTAIOT.

.

CBoOoIIHBIE dJIEMEHTapHblE OOBEKTHl YpOBHEW opranumzauuu wmatepuu Li, Ly, La,...
001aaroT cMepuernofoOHBIMU CTPYKTypaMu. MarHUTHBIE BUXPH B 3TUX 00BEKTaX HETPEPHIBHO
INPOTOHSAIOT 4Yepe3 ce0s MOTOKM BHEIIHEH MaTepuy, 3HAUUTENbHO YIUNIOTHAS €€ TMIpH
IIPOXOXKACHUU €€ Yepe3 3TU MarHUTHbIE BUXpU. OTCIO]a C OUEBUAHOCTBIO CIEAYET, UTO KaXIbIil
aJieMeHTapHbIii 00beKT ypoBHS Ly, k=0,1,2,... MOXeET CylIecTBOBAaTh TOJLKO B JOCTATOYHO
IJIOTHOM MHO>KECTBE JIEMEHTaPHBIX 00OBEKTOB YPOBHS L41.

DOnemMeHTapHble 00BbEeKThl ypoBHEH L, Lo, Ls,... Jd0cTaTouyHO TUIOTHO 3amOJHSIOT BCIO
Bcenennyro. [IedCTBUTENBHO, 3JIEKTPOMAarHUTHOE M3JIy4€HHUE aTOMOB MMEET JBOSIKYIO IPUPOIY
— YHUCTO BOJHOBYI0O U (OTOHHYIO. MaTepuaabHBIM HOCHTEIEM YHCTO BOJHOBON (OpPMBI
AIIEKTPOMArHUTHOTO M3ITYYCHHUS SIBISIOTCS DJIEMEHTHI d(Hpa, JIeMEHTapHbIe O0BEKTHl YPOBHS
L;. ®oToH ke ABISETCS AIEKTPOH-AHTUANECKTPOHHBIM TUIONIEM, 00Ia1al0IIUM CTIOCOOHOCTHIO K
CaMOpa3roHy JI0 CKOPOCTH, 3aBHCSINEH OT IUIOTHOCTH 3¢upa Ha ero mytu [6]. Msmyuarenn
3JIEKTPOMArHUTHBIX BOJH M ()OTOHOB, MOCTYMAIOIIMX K HaM, PAcIlOIOKEHbl JOCTATOYHO IIOTHO
Ha «HeOecHOW cdepe». A Tak Kak 00a BHAA DJIEKTPOMAarHUTHOTO U3JIyYEHUS MOTYT
pacIpoCTpaHATbCS TOJBKO dYepe3 O0JACTH, JOCTATOYHO IUIOTHO 3alloJIHEHHbIE 3JeMEHTaMU
a¢upa, TO 3PUp JOCTATOYHO TIJIOTHO 3aAIOJHIET Bce obsacTh BceenmeHHOM, U3 KOTOPBIX K HaM
IIPOCTYIAET MIEKTPOMArHUTHOE H3inydeHue. CleoBaTeabHO, JOCTaTOYHO IUIOTHO 3arOIHSIOT
BCIO0 BceeneHHyto aneMeHTapHble 00bEKThl HE TOJIBKO YpOBHS L1, HO M BCeX OCTaJIbHBIX YpOBHEMN
Lo, Ls,... .

TakuMm 00pa3zom, He U3BECTHAsI COBPEMEHHOHN (M3MKE YaCTh «CKPBITOM MaTepuu» B Hallen
BcenenHol cocTOMT M3 CBOOOAHBIX 3JIEMEHTAPHBIX OOBEKTOB ypoBHeH Li, Lo,... opranuzanuu
maTtepun. CyMMapHasi Macca BCe€X CBOOOJHBIX 3JIEMEHTapHBIX OOBEKTOB 3THUX YPOBHEH MOMKET
COCTaBUThH BeChMa CYIIIECTBEHHYIO YacTh 00IIel Macchl Bcel Haiell BeeneHHOM.

.

He u3BecTHas coBpeMeHHOH (PU3HKE «CKpBITas MaTepus» ecTh U Ha ypoBHe Lo. Ha mepBerii
B3IJIS,I 9TO MOXET I10Ka3aTbCsl CTPaHHBIM, HO 3TO — MHOMECTBO OOBEKTOB, Ha3bIBAEMBIX
«1103uTpoHueM». «llo3UTpoHUI» SBIAETCS DIIEKTPOH-NO3UTPOHHBIM jumnoseM. KBaHTOBas
TEOpUsl CUMUTAET, YTO B JTOM JIUIIOJIE HEU30EKEH «KOJUIANC» - MpelenbHOe COIMKEeHHe
3JIEKTPOHA U TIO3UTPOHA, B PE3YJIbTaTe KOTOPOI0 MPOUCXOIUT «AHHUTUIISLMSY - TpaHChopManus
BEIIECTBA 3JIEKTPOHA U MO3UTPOHA B SHEPTUIO JBUKEHHS 00Pa3yIOIIUXCS NMPU «aHHUTHIISALIAN»
($OTOHOB.

Hcnanupl 1 BeTUKUNA UCMAHCKUM XyT0KHUK D.['0iis cUMTAIOT, 4TO «COH pa3zyMa pOKIAET
gygoBul». CuTyanus C HO3UTPOHHMEM B KBAaHTOBOM MCTOJIKOBAaHMM SIBJISIETCS XOpOIIEH
WTIOCTpale 3Tod ucmaHckod mocnoBuilbl. K mpuBenqeHHOMY KBAaHTOBOMY MCTOJIKOBAHUIO
CUTyallUl C TO3UTPOHMEM IIpUBEJA TEOPETHUYECKash HEJIOCTaTOYHOCTh KBAHTOBOM (DM3HKH,
BbI3BaHHAs OTKa30M, B TEOPUM MHUKPOMHpA, OT y4yeTa 3(pupa U MarHUTHBIX B3aUMOJICHCTBUIL
MEXIYy MHUKPOOObEKTaMH. YueT AJTHX (DaKTOpOB TMOKa3bIBaeT, YTO HHU «KOJUIATNIC» HHU
«QHHUTWISALKAS» B pEaJlbHOM MHpE MecTa HE HMEIOT, YTO 3TO BCEro JIMIIb pe3yJabTaT
HE370POBBIX CHOBU/ICHUI KBAaHTOBBIX (PU3HKOB. B 1eHCTBUTEIHLHOCTH e, MO3UTPOHUH 001a1aeT



rJI00aNbHBIM ~ YCTOWYHMBBIM CTaTUYECKHMM pPAaBHOBECHEM, B KOTOPOM DPACCTOSHUE MEXIY
JIEKTPOHOM M TO3UTPOHOM IOYTH HAa MNOPSAAOK (TouHee, B 8,372 pasza) Oonblie BEITUYUHBI
«bOpOBCKOro paanyca» - BEIMYUHBI PACCTOSAHMS MEXKIY IPOTOHOM U JIEKTPOHOM B CTaTUYECKU
PaBHOBECHOM aTOMe IIPOTHSL.

DU3MKU CYUTAIOT, YTO OCHOBHAS YaCTh «CKPBITOM MaTEPUU» COCTOUT U3 «TEMHOU MAaTEpUN»,
KOTOpasi HE MCIIyCKaeT M He IOIVIOINAET 3IEKTpOMarHuTHoe uinydeHue. Ho oHu ommbarores.
Marepuu, He UCIYCKalOLEd U HE MOIVIOLIAIOIIEH 3JIEKTPOMarHuTHOE usilydenue, B [Ipupone
HET, TaK KaK BCE 3JIEMEHTapHble OOBEKTHI PA3HBIX YPOBHEH OpraHu3aluy MaTepuu, U3 KOTOPbIX
COCTOAT BCE€ OOBEKTHI MaTepuaibHOro Mupa, 001a1at0T COOCTBEHHBIMH MarHUTHBIMH TIOJISIMH,
OonblIas yacTh KOTOPHIX oOsajaer emeé U 3IeKTpuueckuMu 3apsaamu. [Ipocto coBpemeHHas
¢u3uKka WIM HUYEro HE 3HaeT 00 HSTUX MaTepuajbHBIX OOBEKTaX, HJIM HE pacroiaraet
HEOOXOJUMBIMU HU3MEPUTENIBHBIMU IPUOOpaMu, MM HE MOXXET BBIICIUTh M3 0O0IIeH
CHEKTPAIBbHON Macchl (PMKCUPYEMBIX CHTHAJIOB T€ CHUTHAJbI, U3JIy4aTeld KOTOPHIX el emeé He
WU3BECTHBI.

CoOcTBeHHAS 9acTOTa MO3UTPOHUS cocTarisieT Bcero 0,4 oT coOCTBEHHOW YacTOTHI TPOTHS,
a COOTBETCTBYIOILAsl JUIMHA CIEKTPaJbHOM JMHUM MO3UTPOHMS B 24 pasza OoJiblIe JIMHBI
0a30BOl CHEKTpaJbHOW JMHUM TpoTHss B cepun Jlaiimana. He ynuBHTENnBHO, 4YTO 3Ta
CIEKTpaJIbHAs JIMHUS TO3UTPOHUS 3aTEPSUIACh CPEIU MHOXKECTBA IPYIUX CHEKTPAIBHBIX JTMHUM.

0

EcTp emé onuH, HE M3BECTHBIM COBPEMEHHON (PU3HKE, COCTaBHOM MUKPOOOBEKT. Ero MoxHO
Ha3BaTh «IIPOTOHHEM». Yd4eT 3(upa ¥ MarHUTHBIX B3aUMOJCHCTBUN MEXKIy MHKPOOOBEKTaMHU
HO3BOJIMJIM TOHSATh, YTO MPOTOH SBJIAETCS HE DJEMEHTapHBIM, a COCTaBHBIM 00beKTOM. OH
COCTOHUT M3 HEHTPOHA M aHTHAJIEKTPOHA. Y CTOHYMBOCTH CO03a ITUX OOBEKTOB 00CCIICUNBACTCS
MarHUTHBIM OTTAJIKMBAHMEM MEXIY HUMH U «OTPULATEIBHOCTBIO» MAacCChl aHTHAJIEKTPOHA.
AHaJOTMYHBIH, 110 CBOEH CTPYKTYpE, COCTaBHOI OOBEKT MOXKET ObITh 00pa30BaH HEHTPOHOM U
AQHTUIIO3UTPOHOM. DTOT OOBEKT €CTECTBEHHO Ha3BaTh «aHTUIIPOTOHOM).

Mexay IpOTOHOM M aHTUIIPOTOHOM JIEHMCTBYET JJIEKTPUUYECKOE MPUTSIKEHHE U MarHUTHOE
OTTAJIKMBaHUE (3TO YTBEpXKJIEHHE TPeOyeT ATUTEILHOI0 00bSICHEHHS, TIOATOMY 3/€Ch NMPUAETCS
IPUHITH €0 «Ha Bepy»). B 3TuX ycnoBHSAX, MPOTOH-aHTUIPOTOHHBIM JUMOJIbL TaK K€, KaK U
NO3UTPOHUI, 00JIaflaeT yCTONYMBBIM CTaTUYECKUM PAaBHOBECHEM. DTOT JUIOJb €CTECTBEHHO
Ha3BaTh IPOTOHUEM.

CoOcTBeHHas yacToTa MPOTOHUS MEHbIIE COOCTBEHHOI YacCTOTHI MPOTHUS - OHA COCTAaBIISET
MOYTH TOJIOBUHY, TouHee 0,565 oT Beau4nH cOOCTBEHHOM 4acTOThl MPpOoTUs. COOTBETCTBYIOMIAS
JUIMHA CIIEKTPaJbHOM JIMHUM TNpoToHus B 1,77 pa3 Oonblie JUIMHBI 0a30BOM CIEKTpabHOU
JIMHUU NIPOTHs B cepun Jlaiimana.

XVII1.10. O «renuioBoii cmepTu Beenennoii»

[IpencraBieHus 0 «TEIUIOBOM cMepTH BceneHHOI SBISIOTCS BCEro IUIIb (U3NYECKOU
«CTPaITUIIKO», BBI3BAHHON HEIOCTATKOM 3HAHWK 00 ycTpoicTBe MarepuanbHOoro Mupa. O0
3TOM TFOBOPST CTPYKTYPbI JJIEKTPOHA U HEUTPOHA.

Ddup, NMpu TPOKAYMBAHUK BUXPEBBIM MATrHUTHBIM IIOJIEM p. Ye€pe3 DJIEKTPOH, CHIBHO
VIUIOTHSIETCS U BBIOPACHIBAETCS M3 DJEKTPOHA B BHJIE BEChMa IJIOTHON pPEaKkTUBHOM 3(upHON
ctpyu. O TOM, HACKOJBKO CHJIbHA 3Ta PEAKTUBHAS CTPYys, MOKHO CYIHWTh MO TOMY, YTO B
«COJTHEYHOM BETPE» CKOPOCTb 3JEKTPOHHOW COCTABIISIIOLIEH, HECMOTPS Ha CONPOTUBIIECHUE
BCTPEYHOTO A(Upa, OIEHUBACTCS BEIIMUYNHON 600M-c . bnaromaps Takoil peakTUBHOU AUPHOM
CTpye, CBOOOHBIN ANEKTPOH, IPH JIF000H CKOPOCTH JBUKETCS TaK, YTO HAIMPABJICHHUE MPOKAYKU
a¢upa yepe3 dIEKTPOH U HAPABJICHHE BCTPEUYHOTO TTOTOKA BHENTHETO AdHpa COBMAIAOT.

CBOOOIIHBIE HEUTPOHBI TAaKKE HAXOMITCS B TOCTOSSHHOM JIBIDKEHHH, HO CKOPOCTH UX
CYIIIECTBEHHO MEHBIIIE CKOPOCTEH CBOOOIHBIX AJIEKTPOHOB. biiaromaps sTomy, oHM 00JamarOT
CBOMCTBOM «BEUHOTO JBMIKCHUS), CBOMCTBOM «BEUYHBIX JBUTATEICH.

CB0OOIHBIEC AIEKTPOHOMOA00HBIE U HEUTPOHOTIOIOOHBIC JIEMEHTHI 3(upa Takke 00J1a7ar0T
BUXPEBBIMHU, CMEPUETIOAOOHBIMU CTPYKTYPAMU M HAXOMAATCS B «BEUHOM JIBIIKSHU.



Kpome snemMeHTapHBIX OOBEKTOB MHKPOMHpA M JJIEMEHTAPHBIX JJIEMEHTOB 3(Qupa, B
[Ipupoge cymectByer OeCKOHEYHOE MHOXKECTBO Bc€ Oosee M Oojiee  MEJKHMX
AIIEKTPOHOIIOIO0HBIX M HEHTPOHOMOJOOHBIX AJIEMEHTOB MAaTe€pHH, OONAAIOIIUX BHUXPEBBIMU
CMepYEro0OHBIMU CTPYKTYpaMM, JOCTAaTOYHO IUIOTHO 3aIllOJHSIONIMMU BClO Bceenennytro u
HaXO/SAIIMMHUCS B HEIPEPHIBHOM JABHKEHUU.

Hanmuuue B MarepuasbHOM Mupe Takoro MHOMKECTBA MaTepHaIbHBIX OOBEKTOB,
HaxOJAIIUXCS B «BEYHOM JABUKEHUU», TOBOPUT O TOM, YTO CIIOBOCOYETAHHUE «TEIUIOBAsI CMEPTh
BceneHHOIW» HE OTHOCUTCS K aleKBaTHBIM NOHATHAM [Ipupons.

XVIII.11. ®duznueckoe «1oJie»
Hannuue nocTaToyHo TIUIOTHO 3amlofHSIONIMX BCIO BceeneHHy0 3JeMeHTOB 3dupa u
OecrpesieIbHO YMEHBIIAIONIMXCS HMX aHAJOroOB, JIETAIbHO PACKPBIBACT COACPKATEIbHYIO
CTPYKTYpPY BEChbMa PACILIBIBYATOTO TIOHATUS «(PUINIECKOE MOJICH.

XVII1.12. «Ctpesia BpeMeHN»

B kBaHTOBO# (u3MKe CYMTAIOT, YTO B MUKpOMUpPE Bpemsi oOparumo. OHaKO, B KBAHTOBOM
napagurMe 3¢Hup, ¢ €ro CONPOTHUBICHHWEM JBI)KCHHUI0 MHKPOOOBEKTOB, HE YUYUTHIBACTCS.
[TosTOMy, BCe sIBIIEHHMS B KBAaHTOBOM TEOPUU KOHCEPBATUBHBI, HE JAUCCUNATUBHBI. A B Takou
TEOpUH, HAIPaBJICHUE BPEMEHU HE NMEET MPUHIUITNAIBHOTIO 3HAYEHHUSL.

Teopust HenMHEHHBIX KONeOaHUM, IPU U3YUCHUU SIBICHUNH MHUKPOMHUDA, B pe3yjbTaTe yyeTa
a¢upa, yCTaHOBHIIA, YTO CBOOOIHBIN AJIEMEHTAPHBIN 00BbEKT YPOBHEH opraHu3anuu Matepuu Ly,
k=0,1,2,...HaXOUTCA B TMOCTOSIHHOM JBHXXCHUH, HAMpPaBJICHHE KOTOPOTO IMPOTHBOIMOIOKHO
HAIPaBJIEHUU BEKTOPAa MarHUTHOI'O MOMEHTA 3TOr0 00BEKTa. ITO TOBOPUT O TOM, UTO, KaK Obl
Hac He yBepsnu llTtiokensOepr u delinmMan B 0OpaTUMOCTH BpeMeHU B Mukpomupe [43], B
JENCTBUTENBHOCTH, OHU OILINOAINCE.



