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Despite of the known successes by the physical theory, it has been long haunted by principal problems incapable
in solutions. The article describes how these problems are solved by the theory of non-linear oscillations (TNO).
The material world objects are infinitely divisible. The material world structure consists of an infinite set of
matter organization levels. Primary objects of all levels are similar to each other in their properties but significantly
differ in size. Various matter organization levels are built according to the same pattern but microworld and
macroworld.
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XVIII. Material World Structure

Physics was at the threshold of the material world structure discovery already in the middle
of the previous century. There was sufficient information collected for that in the course of
experiments involving intercollision of microobjects accelerated via powerful engines. The
information enabled identification of electron, neutron and proton structures. Knowledge of these
structures provided a direct way to understanding of the general pattern of the observed material
world segment. However physics still fails to do that.

Physics is short of understanding of true causes for numerous failures in the thermonuclear
problem, in the problem of neutrino link systems,.... All failures have the same cause namely the
refusal to consider ether resistance to motion of microscopic objects and to consider magnetic
interactions among microscopic objects despite of existence of such interactions.

Neglecting these factors in the beginning of the previous century physics failed to build
adequate structural models of atoms. Consequently, an opinion that it is basically impossible
emerged and physics moved in the direction of development of the quantum theory of
microworld based on functional models of microscopic objects.

XVII1.1, Failure of the Hypothesis of
Indivisible Energy Quanta

In 1979 the scientists of the Institute of Nuclear Physics of the Academy of Sciences of the
USSR (Alma-Ata) published the experimental evidence of the fact that nuclei of all chemical
elements have quasi-crystalline structures [1]. Those findings became an experimental evidence
of the fact that the smallest indivisible quanta and indeterminacy principles are just
computational techniques of quantum theory rather than objective factors of the material world.

Historically, physics prioritized experiment over theory. Recalling his English period P.L.
Kapitsa wrote that English scientific school supports Davy’s opinion in this question: “One good
experiment is worth more than inventive Newtonian mind” [2,3]. In spite of the declared priority
physics still “does not notice” findings of the scientists of the Institute of Nuclear Physics of the
Academy of Sciences of the USSR (Alma-Ata). Probably the findings are not considered “good”.

The situation existing in physics means that physicists make a bad mistake underrating the
role of an adequate theory in development of knowledge of the microworld structure.
Microscopic objects are not observable with direct visual or instrumentally extended means.
Instruments available to physics can only be used to observe the results of interaction among
microscopic objects. These observations provide significantly incomplete information
concerning properties of microobjects. In such conditions the role of an adequate theory grows
beyond measure.

XVII1.2. Development of Atomism Hypothesis.
Unlimited Divisibility of Matter
The use of the atomism hypothesis allowed for identifying the atomic structure of
microobjects and macroobjects, the smallest material carrier of individual properties of chemical
substances. The discovery of atom and its content exhausted the atomism hypothesis in its initial,



clear understanding. However, as far as the problem atom structure was resolved a hidden
component of that problem got clearer so the atomism problem evolved into the problem of the
whole material world structure.

The initial, obvious component of the atomism problem got closer to its resolution when it
became apparent that the smallest particle of matter - atom — that preserves chemical substance
properties consists of nucleus and electrons, and nucleus consists of protons and neutrons.
Protons, neutrons and electrons separately do not define properties of a chemical substance. It
appeared that only quite specific combinations of these microobjects define properties of
chemical substances. And just like once one wanted to know what defines properties of chemical
substances and what defines inheritable properties of living organisms, one wanted to know what
electrons, protons and neutrons are, what they consist of and what are their structures.

The atomism problem, the problem of identification of the smallest material carriers of
specific properties of chemical substances, was resolved by actual and conceptual division of
matter until the structures of exact atoms have been discovered. This division process has a very
distinct, easily observable aspect that physics somehow persistently fails to notice. The aspect
consists in that every material object is of finite extent. Every time when dividing, the object’s
extent decreases. In multifold division the extent may become absolutely unperceivable neither
by direct contemplation nor by observation extended using instruments but in any event it
remains finite although extremely small. Even in the result of infinitely many divisions the extent
remains finite. Only objects that do not actually exist, that is, non-material objects can have a
zero extent.

Physicists do not exclude the possibility of such infinite division of matter in principle.
However, this possibility frightens them very much. They speak explicitly that their “common
sense turns against that infinite chain” [4, p.12].

At the outset, physics in good faith attempted to clarify the structure of electrons, neutrons
and protons by means of direct experiments of two kinds: non-destructive scanning and
destructive collisions of high-energy microobjects. Having imminently failed because of an
insufficient method competence, because of old paradigmal mistakes, they switched to the
concepts of such fake mystical entities as “restrictive quarks”, neutrino, muons, pions, etc.

As for TNO, it has been never afraid of the new and unknown. How one can imagine the
material world structure in our Universe based on the infinitely divisible matter hypothesis?

XVII1.3. Structure of Elementary Microobjects

Consideration of ether resistance to motion of microscopic objects and consideration of
magnetic interactions among microscopic objects allowed for gaining a detailed eye-minded
understanding of microscopic objects structure.

It appeared that elementary, primary microscopic objects are neutron and four electronlike
microobjects: electron, positron, antielectron and antipositron.

Neutron has a “positive” mass m, and its own magnetic field with magnetic moment vector
My and is capable of nucleonic interaction. It is a paramagnetic substance and has no electrical
charge.

Electron e, has a “positive” mass m._its own magnetic field with magnetic moment vector u.
and a “negative” electrical unit charge (-e).

Positron e,” has a “positive” mass equal to m,, its own magnetic field with magnetic moment
vector equal to e and a “positive” electrical unit charge (+e).

Antielectron e.* has a “negative” mass equal to m._its own magnetic field with magnetic
moment vector equal to ue and a “positive” electrical unit charge (+e).

Antipositron e.” has a “negative” mass equal to m. its own magnetic field with magnetic
moment vector equal to ue and a “negative” electrical unit charge (-e).

All electronlike microobjects are diamagnetics.



Other microscopic and macroscopic objects consist of various combinations of those five
microobjects. Proton and photon are also composite objects. Proton consists of neutron and
antielectron while photon consists of electron and antielectron.

Analysis of results of intercollision of high-energy microscopic objects accelerated via
powerful engines showed that elementary microobjects feature ethereal structures similar to
atmospheric vortexes.

Electrons and other electronlike microobjects have a shape of a straight, long and thin
solenoid (Fig. 1). Partially, they are essentially similar to flow-through engines [5].
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Fig. 1. Electron structure

Pumping through ambient ether masses, electron acts as a jet flow-through engine that
creates quite powerful jet. An experimental evidence of this fact is that electrons in “solar wind”,
despite of ambient ether resistance to electron motion, have an estimated velocity of 600 m-s ™.

Neutron consists of a whole lot of neutron-like ether elements and has a vortex-like
structure. But neutron mass almost two times larger than the one of electron: m,=1839m,, while
its self-magnetic field is much weaker than the magnetic field of electron: 1,=3.6-10 .
Because of this, only a closed circinal from of neutron can be stable (fig. 2).
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Fig. 2. Neutron structure

Proton is a composite, neutron-antielectron object. Antielectron consists of a whole lot of
antielectron-like ether elements and has the same straight vortex-like shape as electron (fig. 1).
Neutron and antielectron are combined in proton only by magnetic interaction. The stability of
neutron-antielectron system of proton is due to magnetic interactions between neutron and
antielectron, diamagnetism of antielectron, “negative” antielectron mass and significant excess
neutron mass over antielectron mass: m,=1839m.. In a stable position of such neutron-
antielectron system, centers of mass of neutron and antielectron are the same (fig. 3).

Fig.3. Proton structure

XVIl11.4. Ether
Electric currents in current-conducting materials are directional flows of electrons and anti-
electrons.



In order to have the known properties electrons must consist of ether elements with
“positive” masses, “negative” electrical charges and their own magnetic fields. It is obvious that
masses, electrical charges and magnetic fields of these ether elements should be by several
orders less than those of electrons.

The existence of displacement current discovered by Maxwell proves that such ether
elements exist in the material world. Displacement current was discovered in studies of
processes in a circuit with a capacitor.

As soon as charged capacitor plates had been connected with an external conductor electric
current started flowing in the conductor and a “circular” magnetic field was generated around it.
It appeared that there was also a “circular” magnetic field was also induced between the
capacitor plates

If there was electrical current between the capacitor plates the existence of such current
would explain a “circular” magnetic field induction between the plates. However there are no
electrical charges between the plates that are known to physics or no electrical current in the
usual sense. Instead, there is “displacement current”. “Displacement current” in physics means
displacement of electrical field due to electrical charges leaving the capacitor plates. Therefore,
physics explains a “circular” magnetic field induction between the capacitor plates by that
electrical field displacement.

In order to adequately interpret the case in equation interpretation of Oersted’s experiment
results obtained in new studies should be addressed. Those findings showed that a “circular”
magnetic field in Oersted’s experiment is induced by electrical current carriers’ self-magnetic
fields rather than by electrical charges of these carriers. Such findings would not be possible
unless real ether has been considered [5].

It follows from the above that a “circular” magnetic field is induced between the capacitor
plates by “displacement current” carriers’ self-magnetic fields rather than by displacement of
electrical field or by “displacement current”. In other words, displacement current as such does
exist and represents a directional flow of electronlike ether elements.

Apparently existence of other elementary microscopic objects is also possible if there are
elements of similar properties.

Thus, it turns out that elementary ethereal objects air should be similar to primary
microscopic objects. If so, the following questions arise. Why there are no solid objects in the
ethereal world? Why electrons comprises only ether elements similar to electron and
antielectrons, positrons, antipositrons and neutrons comprise only those ether elements which are
similar to themselves?

A possible answer to the first question consists in the fact that the ethereal world is in an
“overheated”, plasma state in which elementary ethereal objects cannot form any compounds
that would be in a stable states of static equilibrium.

The second question has no answer so far.

XVIIL5. Multi-Level Structure of Matter

Each elementary ethereal object has a finite, non-zero dimension. Otherwise it would not
exist in the material world. Hence, it should consist of even smaller objects and also have a
vortex-like structure.

If this is the case the material world features a multilevel organization. We live at the level
that can be called matter organization level Lo. This level includes microworld and macroworld.
Such division of the level is subjective. Indeed there are no clear boundaries between microworld
and macroworld. A multitude of various microscopic and macroscopic objects has a continuous
mass spectrum accurate to neutron mass mp.

The ethereal world is a deeper level L; of matter organization. All objects of L level consist
of elementary objects of L level but there is a big gap between them and free ethereal elements
in terms of their masses.



Elementary objects of L, level also consist of smaller objects of L, level and feature vortex-
like structures either.

Elementary objects of L, level consist of even smaller objects of L3 level and also feature
vortex-like structures. And so on.

This process of matter division is continuous.

So, the material world has various levels of matter organization: Lo, L3, Lo,... . Lo level
includes macroworld and microworld. The level structure is rather complicated. Its objects are a
vast variety of combinations of elementary objects of that level.

Levels L, Ly, Ls,... are arranged according to the same pattern but of increasingly smaller
objects.

XVII1.6. Physical Space Materiality

Is there an empty space not filled with matter in the real, not abstract world? The
contemporary physics has not exact answer. The contemporary physics in principle cannot solve
this problem, as well as other known problems, such as “neutrino” problem, thermonuclear
problem, Doppler’s “superlight” Universe extension problem, etc. The reason for these problems
being in principle unsolvable by the contemporary physics is in its methodological insufficiency,
in that the contemporary physics suffers agnosticism, the primitive agnosticism Aesop mocked.
A clear sign of agnosticism decease is that physical paradigms lack such essential factors of the
material world as ether with its resistance to motion of microobjects, and magnetic interactions
between microobjects.

So how can one solve the problem of possible space without matter? Some believe that an
empty space containing no mater can exist. In order to prove or refute it, we should know the
material world structure in details. However, the contemporary physics does not know it because
of its agnostic attitude.

Let us describe how TNO managed to solve this problem.

The key informational breakthrough in this problem happened when it came to knowledge

that French physicist Fizeau in 1851 obtained rather a neat experimental proof of ether [6]. For
some reason physics disliked that proof and it tried to disavow it but did it in a very awkward manner.

Nailing down this success needed an adequate “classic”” mathematical model of protium and
structural model of photon to be built. It made it possible to understand that electromagnetic
radiation of atom can be of wave or of photon type [7,8]. Let us recall that the material carrier of
electromagnetic waves is ether. Therefore, electromagnetic wave radiation can propagate in
ethereal environment only. As regards photon, it appeared to be an electron-antielectron dipole,
and since both electron and antielectron can exist in quite dense ethereal environment only,
photon itself cannot pass through regions free of ether.

Emitters of electromagnetic signals we observed are quite densely distributed on the
“celestial sphere”. This means there are no regions free of quite dense lots of ether elements on
the way of electromagnetic radiation that we receive. In other words, ether quite densely fills the
whole Universe.

Let us now turn attention to the fact that elementary objects of all matter organization levels
have whirly vortex-like structures existing due to external multitudes of finer and denser
elementary objects of lower level being continuously pumped through.

Each elementary object of L; level, having a vortex-like structure that consists of objects of
L;j+1 level, can only exist in rather a dense environment of objects of L;+; level. That is why the
specific fact of the material world multilevel structure is each object of any matter organization
level has quite dense sets of material objects of other, deeper levels at any indefinitely small
distance around it.

This fact means that the entire physical space is filled with an infinite number of elementary
objects of an infinite number of various matter organization levels, which is indicative of the
physical space materiality and structure.
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Matter is in constant motion and in continuous variation at any level of its organization.
There are stars, planets etc. moving in macroworld. In microworld, all free electronlike objects
are constantly moving since they are constantly pumping ether through, like jet-propelled
installations, emitting ethereal jets. Protons behave in the same way. Electron like microscopic
objects and protons bound in complex compounds are not moving themselves but are constantly
pumping ethereal masses through. All free electronlike objects at any level of matter
organization at any depth are also in constant motion.

Motion of matter elements results in variation in distance between them. We describe such
variation in the distances using the notion of “time” we introduced. In order to ensure
informational efficiency the material world phenomenology we have developed systems of
reference units of distance and time.

There are numerous circular, regular phenomena at My level that comprises macroworld and
microworld: Earth revolution about the Sun, self-rotation of Earth revolution about its axis,...,
electromagnetic radiation of microobjects at their intrinsic frequencies. Durations of such
phenomena are used as various units of time.

Reference units of distance (length), i.e. meter, and time, i.e. second have been repeatedly
ascertained in view of increasing needs for higher accuracy of measurements, and their recent
values are related to characteristics of electromagnetic radiation of krypton-86 and caesium-133.

The case is worse with selection of time units at A4 levels with j>0. M; level, the world of
ether, in the part beyond M,, already lacks circular phenomena common for A, level. Which
phenomena of the world of overheated plasma would you take for the corresponding unit of
time? The same case is with selection of units of time at other levels of matter organization of A4
with j>1.

XVI1I1.7. “Red” Shift
and Superluminal Run-Up of the Universe
Superlight Recession of the Universe

We can only estimate properties of distant objects of the Universe by information on wave
electromagnetic emission generated by radiators of such objects. According to observations
frequencies of electromagnetic emission from all distant sources feature “red” shift: these
frequencies are less in value than those of electromagnetic emission from the same sources on
the Earth. It appears that the larger the distance from the Earth to a source is the larger the “red”
shift is.

According to K. Doppler, “red” shift of electromagnetic emission means that the source is
distancing from the Earth at a velocity increasing proportionally to the “red” shift. According to
observations, the larger the distance from the Earth to a radiator is the larger the “red” shift is.

Development of observatory means allowed for receiving electromagnetic signals from the
peripheral regions of the Universe. Frequencies of such signals have such “red” shift that,
according to Doppler’s criterion, corresponds to escape velocities of sources exceeding the light
velocity. This discovery has become a very unpleasant surprise to physics as radiating atoms in
principle cannot move at velocities above the light velocity. Despite of all the efforts, physics has
failed to understand causes for this effect.

Now let us calmly analyze the emerged situation. Apparently, Doppler’s criterion improperly
interprets the observable situation. Radiators, as we know, are atoms, and, more precisely,
atomic electrons. Natural frequency of electron oscillations relatively to proton in a non-excited
protium irradiated by electromagnetic waves is defined by the equation: [w(h)]*=[w(ho)]* —
0.25h?m. 2, where h is coefficient of ether resistance to motion of electron, hy=1,5-10"""kg-c .
The h coefficient is an increasing function of the ether density. Hence, a decrease in frequency of
observable electromagnetic emission, red shift, means that the ether density in the vicinity of the
radiator is higher than the density in the vicinity of the Earth [9].



As the observable “red” shift of electromagnetic emission spectra increases with increase in
the distance to radiator a question arises: what does it mean? However, to answer this question
the “red” shift analysis alone is not enough. The analysis of spontaneous nuclear disintegration
showed that the disintegration is caused by increase in the density of ether around “self-
disintegrating” nuclei [10].

In terms of the theory of non-linear oscillations spontaneous nucleus disintegration with
release of nucleons can happen only as a result of the nucleus destabilization. According to
experimental data [1], stable nuclei feature quasi-crystalline structures, i.e. stable nuclei have
stable statically equilibrium configurations of their nucleons.

As an illustration, let us consider the simplest compound nucleus of deuterium [4]. It consists
of one proton p and one neutron n. Magnetic moment vectors of proton u, and neutron u, are
arranged in the straight line 1 that crosses neutron and proton. Proton is a diamagnetic substance,
neutron is a paramagnetic. Therefore u, and u, vectors are opposite to each other.

Fig.4. Deuteron

Deuterium proton and neutron are bound by means of nuclear and magnetic interactions. The
magnetic interaction force magnitude Fm=por >, r=xo—x1, fo=2y0" 1ﬂpﬂn .

Quantum physics describes nuclear interactions using Yukawa potentials. However such a
description is not adequate [11]. Therefore, as a first adequate approximation of quantitative
description of nuclear interaction force we may consider the equation: Fne=pr—qr>. If,
according to the empirical estimation by E. Rutherford, the distance between proton and neutron
in a stationary deuterium is  2ry(2)=3.528-10 °m, then p=1581-10"%kg-m>-s?,
0=5032:10 "*kg-m®.s2.

Electromagnetic radiation of deuterium is generated on deuterium natural frequency. At
specified values of p and g, the equation Fnycess=pr “—qr—> corresponds to the natural frequency
of deuterium equal to 5.4-10%s%. By this value it is possible to estimate the adequacy of the
equation Fouc=pr*—qr>.

Deuterium is in a static equilibrium state if F,,.=Fn. This equation has two roots:
r1=0.5[p—(p*-4980)*°1o * and r,=0.5[p+(p*—498o)*°]fo . The value r=r; corresponds to the
stable equilibrium state in deuterium while r=r; corresponds to the unstable state.

With variation in the density of ether in vicinity of deuterium parameters p, q and Sp change.
If ether density is increased the values of these parameters increase either. Herewith the
fractional increase in fp is higher than the fractional increase in p and g. Thereby, with increase
in ether density the difference r,-r; becomes smaller so deuterium stability degree is decreased. If
p°=4qpp stable and unstable states of deuterium equilibrium merge but if p?<4qfp deuterium
becomes unstable and decomposes.

At the moment Bp=43.75-10 *kg-m*.s. Therefore p*~4q8p=1.62-10 *?*kg?>-m'®.s*>0, and
deuterium is in the state of stable static equilibrium.

Thus, it appeared that the ether density in the Universe increases both from the central
regions of the Universe to its periphery and, at the same time, in all its regions. It follows from
the nature of “red” shift, from the spontaneous nuclear disintegration mechanism occurrence in
the entire Universe, and from the spontaneous nuclear disintegration mechanism itself. But it is



only possible if the Universe is finite, and ether, together with other kinds of matter, is pumped
into the Universe from an outer space. These facts support the hypothesis that our Universe
originated as a “black hole”.

A space object having such properties, i.e. “black hole” properties, can emerge in our
Universe according to two scenarios. The first one is fast, explosively-driven, when a massive
star, having burnt out, cools down sufficiently, considerably shrinks under the enormous gravity
pressure and transforms into a much denser object. In such a gravitational contraction,
microobjects of the collapsing star disintegrate into separate ether elements that incomparably
decrease in size and increase in density under the strongest pressure.

The second scenario is so slow that it is almost unobservable in human life scale. It consists
in that a neutron star captures external matter so that the star’s mass slowly increases to a value
at which all microobjects “disperse” into multiple ether elements, i.e. “black hole” occurs.

“Black hole”, by definition, cannot expand if no external matter is captured from over the
event horizon. Therefore, the hypotheses of our Universe expansion not stipulated by external
matter capturing, are groundless.

XVI111.8. Neutron Stars

Neutron star is an object consisting of a very dense neutron core inside a thin solid shell of
heavy atomic nuclei and electrons.

The most of known “neutron stars” have masses around 1.44 of the Sun mass. Neutron star
has a radius around ten kilometers, i.e. approximately 70,000 times smaller than the Sun radius.

Let us consider a neutron star having radius of 10 km and mass equal to
1.44mgn=1.44-2-10"%kg=2.88-10%kg. The mean density of matter in this star is
P=6.88-10""kg-m~>. Since m,~m,~1.67-10’kg, then 1m® of neutron star contains
K=Pm, '=4.12-10 nucleons. Hence, each nucleon in neutron star accounts for relative volume
V=2.43-10""m?,

Each nucleon has its own shell of such volume and all the shells are different from sphere.
Volume V=2.43-10 *m? is contained in a sphere of 0.834-10 "°m in radius. If every nucleon in
neutron star is enclosed by a sphere of 0.834-10 ">m in radius, then all the adjacent spheres of
such radius will be intersecting. Hence, distance r between adjacent nucleons in neutron star
having the mass of 2.88-10°°kg and radius of 10 km is less than 2-0.834-10 "°m=1.67-10"""m.

To understand the meaning of these figures one should refer to the nucleonic interaction
force equation found by TNO: Fn(r)=pr*—qr> p=1581-10 *kg-m°-s* q=5032-10 "*kg-m°®-s .
The equation was built using Rutherford's famous empirical formula: r,=1.4-4*3.10%°m. It
follows from this equation that Fn(r*)=0 if r*=3.528-10 ""m. It bears reminding that there is
nucleonic repulsion when r<r* and nucleonic attraction when r>r*. Since the distance between
the adjacent neutrons in neutron star having the radius of 10km radius and mass of 2.88-10*°%kg
is less than 1.67-10 '°m, there is nucleonic repulsion between them.

This is well consistent with that the density of matter in neutron star equal to
6.88-10'kg-mis 4.7 times higher than the density of matter in atomic nucleus. Indeed, since
my=m,=~1.67-10>"kg, the estimated density of matter in atomic nucleus in natural environment is
Amg(4-37" 7y '=1.45-10kg-m.

With such enormous densities neutron masses of neutron stars should have liquid properties
due to the nucleonic repulsion between the adjacent neutrons.

Once D.Paynes, a professor of the Illinois University (USA), suggested to
E.L. Andronikashvili, a famous researcher of the liquid helium superfluidity phenomenon, that
he verifies A. Migdal’s hypothesis for a neutron star core being in a liquid, superfluid state in
spite of the temperature of 100 miIn degrees [12].

The hypothesis for a neutron star core being made up of a superfluid neutron substance has
been brilliantly confirmed in experiments conducted by E.L. Andronikashvili’s assistants [12].
However, the structure of such a neutron substance has remained unclear.



Neutrons, except for nuclear ones, had self-magnetic fields having magnetic moment vector
un that is equal to ﬂn:3'10-4ﬂp:3.6'10-5ﬂe. Since neutron is a paramagnetic substance there is a
magnetic attraction between neutrons.

Under magnetic attraction and neutron repulsion neutrons of neutron stars can unite into very
long straight linear structures. Magnetic interactions contribute to keeping these neutron
structures in their straight shape. Due to these structures vortexes generated thereby may exist in
rotating neutron fluid in parallel to the neutron fluid rotation axis.

XVI11.9. Black Holes

In 1979 the scientists of the Institute of Nuclear Physics of the Academy of Sciences of the
USSR (Alma-Ata) published the experimental evidence of the fact that the smallest indivisible
quanta and indeterminacy principles are not objective factors of the material world [1]. The
concepts of the smallest indivisible quanta of energy emerged after physicists had adequate
structural models of atoms because of the improper negligence of ether and its resistance to
motion of microscopic objects and absurd refusal to account for magnetic interactions among
microobjects.

Consideration of these factors would allow for building adequate structural models of
microscopic objects and obtaining new, detailed data on properties of microobjects unavailable
to quantum theory. Could these findings be used to learn something new concerning the issue of
“black holes™? [13].

According to [13], a “black hole” can occur in our Universe as a result of a massive star
having burnt to a metal core wherein no nuclear reactions take place with the release of heat. If
the core mass exceeds the critical value a gravitational collapse happens to the core, i.e. a “black
hole” occurs. Herewith the collapsed matter density can increase.

Let us now try to understand the “black hole” in our Universe. The “black hole” results from
the burning out, further cooling down and enormous gravity contraction of a supermassive star.
In such contraction, an extremely high pressure builds up inside the “black hole”, so the star
elements critically approach each other. Such close encounter of objects having vortex-like
shapes destabilizes such objects so they disperse into component elements of a deeper matter
organization level.

However, electrons and neutrons of our Universe disperse into electron-like and neutron-like
ether elements. In dispersion, enormous pressure incomparably decreases the dimensions and
increases the densities of these ether elements. Our ether elements, so transformed, are the
largest elementary objects in a “black hole” and act as electrons and neutrons in a new Universe
of a deeper level.

Similar changes, that is, decrease in dimensions and increase in densities, also happen to
elementary objects of deeper matter organization levels.

Thus, as a result of the U® “black hole” occurrence in our Universe U, all objects of level Lo
in U® disappear, and objects of levels Ly, k=1,2,... become objects of level L%, k=0,1,... in the
new “black hole” Universe.

And what is the structure of the material world beyond our Universe, beyond the event
horizon? Most likely, our Universe is a “black hole” inside a giant Hyperuniverse U°. In this
case, the structure of Hyperuniverse U° correlates with the structure of our Universe U similarly
to the correlation between the structure of our Universe U and the structure of Universe U°.

If this is so indeed, elementary objects of level L°; of Universe U° are whirl, vortex-like
objects, which structures are similar to those of our electrons and neutrons, and consist of our
electrons and neutrons of incomparably increased dimensions and decreased densities. Similarly,
elementary objects of Universe U° of levels L°, k=1,2,...are increased in size and decreased in
density objects of our Universe U of levels Ly, k=2,3,... .



®

Neutron stars and “black holes” are objects that result from “burning” of stars. Relatively
small, in terms of mass, “burnt” stars contract into extremely dense neutron stars. More massive
stars, once “burnt”, collapse under the gravity into “black holes”. According to the contemporary
estimates, the density of matter in a “black hole” decreases with increase it its mass. Are
physicists right?

Physicists’ estimates are based on Einstein’s general relativity theory (GR). Proceeding from
the GR ideas, K. Schwarzschild found that the equation for gravitational radius rs of a “black
hole” or for “Schwarzschild radius” is defined as: rs=2GMc 2, where G is gravity constant, M is
“black hole” mass, c is light velocity. Based on this equation, a formula was built for “black
hole” matter density P: P=M[(4/3)xrs’] '=3c%(32xM*G® . According to this equation, “black
hole” matter density decreases with increase in matter mass.

Now, let us forget about GR and try to explain the situation using the methods that physicists
disdainfully call “mechanistic”.

We assume that object O, of mass m is distances from object Oy of radius r and mass M at
initial velocity c starting from the surface of object Oy and moving along the line that crosses the
center of object Oy If we denote the distance from the center of object Oy to object Oy, as x we
obtain: mx"=-GmMx 2, or: x"=GMx*, where the stroke above x stands for time differentiation.

This equation has a simple solution: 0.5(x")>=GMx '+0.5¢>-GMr . Let us assume that x'=0 if
x=rs. Then the “gravitational radius” relation is: r<=(r"'-B) "', where B=(2GMc¢*) .

This means that any material body that starts with light velocity ¢ from a surface of an object
having mass M and radius r cannot go beyond a sphere having radius rs. If r<2GMc?, then rs
and object having mass M and radius r are a “black hole”. If ¥>2GMc 2, then rs=co, and such
object is not a “black hole”. Hence, r<=2GMc 2 is not a “black hole” radius, relation rs=2GMc >
does not define a “black hole” radius but is an equation of “black hole” existence in plane Mr..

In real “black holes” r«rs and matter density is described by M[(4/3)zr’]"' that much exceeds
3°(32xMPG3 .

This means that physicists are wrong when they think that the density of matter in “black
hole” decreases with increase in its mass.

Let us attempt to estimate the density of matter in a “burnt” star at which the gravity
contracts the star to a “black hole”. As far as the star burns out, the temperature therein goes
down so that distances between nucleons decrease and the density of matter increases. In natural
conditions, the density of matter in atomic nucleus is estimated to be 1.45-10kg-m™. The
gravitational pressure in neutron star makes nuclei “disperse” into separate nucleons and the
density of matter increase to around 6.88-10''kg-m. Even a stronger contraction results in
intersection of nucleons with their further “dispersion” into separate neutron-like ether elements,
which actually means that a “black hole” is formed.

Let us assume that R is a burnt star radius, M is the star mass, m is nucleon mass, and r is
nucleon radius. Then, Vg=4-3*.zR% is the star volume, V,=4-3 *.zr% is the nucleon volume. The
number of nucleons in the star can be estimated as k=Mm ™, and one nucleon volume can be
estimated as Vgk=VrmM™. This value is the volume of a sphere having radius p. Intersection of
?ucleoqs happens when p<r, i.e. when VemM<V,. It follows from this inequation that MVg~
>mV, .

Thus, according to the obtained estimate, a burnt star contracts and becomes a “black hole”
when the density of matter contained therein is as high as the density of matter in a single
nucleon.

The quantity of matter in a nucleon is known and estimated as 1.67-10%’kg. Nucleon radius
is yet unknown but TNO calculated electron “radius”: 2.808-10*°m. On the hypothesis that
nucleon radius is 3-10*°m, the density of matter in a separate nucleon becomes estimated as
147.7-10""kg-m">.



XVI11.10. Self-Actualization of Matter

Information reached us from the depths of the centuries, from Ancient Hellas, that far back in
the past someone tried to devolve knowledge to earthlings about the structure of our Universe
and of the whole material world. The contemporary physics does not know even those
superficial, odd bits of information that reached us. It is obvious that ancient Greeks obtained
that knowledge not by themselves but borrowed it from somebody.

In view of the results mentioned herein, the concepts of the world that existed long time ago
in the ancient Europe are of particular interest.

Back then it was believed that the Earth is inside a “stellar sphere” on which surface the
Sun, the Moon and other sources of light situated (Fig.5). What is beyond the “stellar sphere”
was called “chaos”.

“Chaos” meant the unordered primary element from which our Universe emerged and
which “feeds” our Universe. Here, the primary element meant a rarified matter that the
whirl concentrates into our Universe.

Our contemporaries estimate these concepts to be naive and primitive fantasies. However, if
the concepts should be approached beyond snobbery one would reveal very amazing things.
Certainly, the level of knowledge development achieved by our civilization is incomparably
higher than the one achieved in the ancient Europe. Our estimates of these ancient concepts
speak for that fact that we have not understood the essence of these concepts. Most likely, the
ancient Europeans did not elaborate these concepts themselves in the course of their studies but
were formal translators of this information. Only this can explain the obviously naive contents of
the translation.

At the same time, these unclear concepts may contain very important information encoded.
Indeed, the “concentrating whirl” is nothing else but the above described magnetic whirl that
concentrates the matter. The “stellar sphere” probably means the “event horizon”. It is only left
to understand what the “primary element” is what it is “irregularity”, “chaos” means and how it
“feeds” our Universe.

In order to answer these questions one should first understand what the matter in our
Universe consists of. Macro- and microobjects in our Universe are commonly called “matter”.
All of them consist of elementary objects of the microworld, i.e. nucleons and electrons. Mass
spectrum of micro- and macroobjects is continuous within the accuracy of neutron mass. That is
why there are no distinct borders between the macroworld and the microworld and the two
constitute the single level of matter organization. Let us denote this level as L.

Electrons and nucleons consist of multitudes of ether elements that are by several orders finer
than electrons and nucleons. Let the matter organization level comprising ether elements be L;.
Elements of level L; comprise even smaller elements of level L, and so on.



Now it is clear what “primary element” is. Such primary element for macro- and
microobjects (level Lo) is elementary ether objects, i.e. objects of level L;; the primary element
for objects of level L; is elementary objects of level L, ... .

Based on this classification, it can be said that the matter in our Universe consists of the
macroworld, microworld (level Ly) and of multitudes of free elementary objects of levels L;,
Lo,... . With rising k “number” of level Ly the density of elementary objects of level L ¢ k=1,2,...
Increases.

Arians, the ancient ancestors of contemporary Indians, had ideas of infinite divisibility of the matter elements.
However, they believed that due to infinite divisibility the matter is illusory. Yet, they did not believe themselves
and their survival needs to be illusory. This paradox speaks for the fact that they did not understand the substantial
side of the infinite divisibility of matter, i.e. consolidation of the matter elements at disintegration. It appears that
they, as well as, the ancient Europeans, were only formal translators of somebody’s knowledge.

Now we can go into the question of what the “primary element” is beyond our Universe and
why it is described as “chaos”. We cannot see what happens beyond the “stellar sphere”. But we
have rather an effective mechanism of analogies. In order to use it we should determine whether
there are some countertypes of such a “sphere” in our Universe, i.e. Miniuniverses, and what
their structure is.

There are very unusual objects in the Universe: “neutron stars” and “black hole”. A “neutron
star” is a massive, extremely compact residue of a “burnt” star after the strongest gravitational
contraction. The matter within a “neutron” star is under an enormous inner pressure. This
pressure is so high that all nuclei “disperse” into separate nucleons while protons turn into
neutrons and adjacent neutrons are so close to each other that there is nucleonic repulsion
between them. Obviously, such an object cannot be a super small countertype of our Universe.

A “black hole” occurs in our Universe similarly to a “neutron star” but from a more massive
burnt star. Therefore, the inner pressure within a “black hole” is notably higher than in a
“neutron star”. Under such pressure adjacent microobjects in a “back hole” become so close to
each other that the conditions of their existence are impaired and all of them “disperse” into
constituent elements of ether. That is why the matter in a “black hole” consists of a multitude of
varying complexity objects of level L; and a multitude of free elementary objects of levels L,
Ls,... . Moreover, elementary objects of levels Ly, Ly. Ls.... in a “black hole” are much smaller
than in our Universe because the pressure in a “black hole” is much higher than in our Universe.

If we further draw the analogy between the “black hole” in our Universe and the Universe
itself the matter beyond the “stellar sphere” should consist of a multitude of varying complexity
objects of level L; and a multitude of free elementary objects of levels Lo, Li, Lo. Ls...The
elementary objects of level L.; are electron-like and neutron-like objects that consist of the
highly rarified electrons and neutrons respectively. The mean pressure beyond the “stellar
sphere” should be much lower than in our Universe, i.e. within the “stellar sphere”. Therefore,
elementary objects of levels Lo, L;, L,. L3...beyond our Universe should be rarified and be much
larger in size than in our Universe.

Since all free elementary objects of levels L., Lo, L1, L,. Ls...have whirl-like structures, all
of them are in a constant chaotic motion. If we could look beyond the “stellar sphere” or the
“event horizon” as a minister of religion on Fig.5, we would not be able to see anything
organized because of proportions.

Originated as a “black hole”, our Universe cannot extend, inherently, unless it is “fed” by the
matter from the “event horizon”. Moreover, it can extends only if captures the matter beyond the
“event horizon”.
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Mukpomup 48
HEPEUWIEHHBIE TPOBJIEMbI ®U3UKH_§

H.H.JIeonos

Hecmotpst Ha u3BecTHBIE ycriexu (U3MYECKOH TEOpHH, €€ IOJIroe BpeMs MYyYaiOoT HETOJIAIOIINECs PEIICHHIO
MPUHIUIAATEHBIE IPo0IeMbl. PacckakeM, kak 3tu mpoonemsl pematoress THK - Teopueit HenmmHEHHBIX KoJeOaHMA

O6BekThl MaTepHagbHOro Mupa 0071a1al0T GeCKOHEUHOH AemuMocThio. CTpyKTypa MaTepuaabHOro Mupa
COCTOHUT M3 OCCKOHEYHOTO MHOXKECTBA YPOBHEH OpraHHM3aldid MaTepuu. DJIEMEHTapHbIE OOBEKTHI BCEX YPOBHEH
MOJOOHBI JPYyT Jpyry 1O CBOWCTBAM, HO CYIIECTBEHHO pa3lUYalOTCd TI0 BeNWYWHE. Pa3nuuHble YpOBHH
OpraHu3aI[Ki MaTePUH, KPOME MaKpOMHUPa U MUKPOMHPA, IIOCTPOCHBI 110 OJJHOM U TOH K€ CXeMe.

[ ]

XVIlI. Ctpykrypa maTtepuajibHoro Mupa

K oTkpbITHIO CTPYKTYpbl MarepuaibHOro Mupa ¢usuka Obuta OnM3Ka elle B CpeauHe
IPOLUIOTO BeKa. B Xoje 3KCIepuMEHTOB 0 COyNapeHHUsIM MHUKPOOOBEKTOB, PA30THAHHBIX Ha
MOIIHBIX YCKOPHUTENSAX, OblIa HAaKOIUIEHa BIOJHE JOCTaTOYHas JUIsl 3Toro MHpopmarwms. OTa
uH(popMalrsa JaBaja BO3MOXXHOCTh BBIIBUTH CTPYKTYPBI 3JIEKTPOHA, HEWTpPOHAa M MPOTOHA.
3HaHUE 3TUX CTPYKTYpP OTKPBIBAJIO MPSAMYIO JIOPOTY K IMOHMMaHMIO OOIEi cXeMbl yCTpOHCTBa
Ha0JII01aeMOoi HaMHU YacTH MarepuaibHoro Mupa. OaHako, ¢pusnka He cymena JI0 CUX MOp ATO
CHEINaTh.

B ¢usuke HeT MOHMMaHUS MCTUHHBIX MPUYMH ITHX HEyAad, TaK *e, Kak HEeT MOHWMaHUs
UCTUHHBIX TPUYUH JIONTUX HEyJad B TepMosJepHOW mpobieme, B MpobiieMe MOCTPOEHUS
HEUTPUHHBIX CHCTEM CBS3W,... . [IpUumHa BceX O3TUX HeEydad oOJHa — OTKa3, B TEOpUHU
MHUKPOMHpA, OT y4yeTa 3(Hpa ¢ ero CONPOTUBICHUEM JBH)KEHUI0 MHUKPOOOBEKTOB U OTKa3 OT
ydyeTa MarHUTHBIX B3aMMOAECUCTBUIM MEXIy MHKPOOOBEKTaMHM, HECMOTpPsS Ha HAJIUYHE ITHX
B3aUMOJICUCTBUMN.

W3-3a oTKa3za oT 3TUX (QakTOpoB, PU3MKAa HE CyMesa, B Hayalle MPOILLIOro BeKa, MOCTPOUTH
aJIeKBaTHBIE CTPYKTypHBIE Mojenu aroMoB. IlosToMy cdopmupoBaiocs MHEHHE, YTO 3TO
c/lenaTh HEBO3MOXHO B NPHHLHMIE, M (U3MKA MOLUIA IO MYTH Pa3BUTHS KBAaHTOBOH Teopuu
MHUKpPOMHUPA.

XVIII.1. Kpax runore3sl cynmiecTBOBaHHUS
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HeJeJIMMbIX KBAHTOB HEPTrUu

B 1979r corpynnuku Mucturyra SAnepuoit ®uszuku AH CCCP (Anma-Ata) onyOaukoBaiu
pe3yJIbTaThl HKCIIEPUMEHTAIbHBIX HCCIEI0BAaHUM, CBUJIETENBbCTBYIOLIME O TOM, YTO sjipa BCEX
CYILIECTBYIOIINUX XUMUYECKUX IEMEHTOB 00J1a/Ial0T KBa3UKPUCTAIUIMUECKUMU CTPYyKTypamu [1].
OTH pe3yJIbTaThl SBWINCH SKCIEPUMEHTAIBHBIM JI0KA3aTEJIbCTBOM TOTO, YTO HAWMEHBIIUE
HEJCNUMbIE KBAHTbl M COOTHOIICHHS HEONPEAEICHHOCTEH SBISIOTCS HE OOBEKTUBHBIMU
dakropaMu MatepualibHOrO Mwupa, a BCEro JIMIIb BBIYMCIUTEIBHBIMU MPHEMAMH KBAaHTOBOU
TEOpUH.

HcTopuyecku CIOXKWIOCh TaK, 4TO B (PM3MKE NMPHOPHUTET OTHACTCS SKCIEPUMEHTY Iepen
teopueid. Bcnomunas cBoi anrnuiickuid nnepuo, 11.JI.Kanuna nucan, 4to aHriauickas Hay4dyHast
IIKOJa B 3TOM BOIPOCE COIJIacHa C BBICKa3biBaHMeM (usuka J[PBu: «OnuH Xopommuit
SKCTIIEPUMEHT CTOMT OoJibllie M300perareabHOCTH HbroToHOBcKOrOo yma» [2,3]. HecMmoTps Ha
NPOBO3IJIAIICHHBI MpPUOPUTET, (HU3MKa 1O CHX TMOp «HE 3aMe4aeT» »3TOT pEe3yJIbTaT
corpynuukoB D AH CCCP (Anma-ATta). Bugumo, oHa He CUMTAET €r0 «XOPOIIIM.

CrnoxxuBmasicsi B pU3NIECKON HAYKE CUTYalHsi TOBOPUT O TOM, 4TO (DM3UKH OYCHH CHIILHO
OIIMOAarOTCs, HEAOOICHUBAsl POJb aJCKBATHOW TEOPUU B PA3BUTHH 3HAHUU 00 YCTpOMCTBE
Mukpomupa. HaOmrogeHust wu3yyaemblXx TPOLECCOB B  MUKPOMHUPE HEIOCTYNHBI HU
HEMOCPEJICTBEHHBIM OIIYIICHUSM, HH MPUOOPHO MPOJOHTUPOBAHHBIM omrymeHusM. [Ipubdopsl,
KOTOpPBIMH pacrojiaraeT (u3ukKa, CIOCOOHBI BECTH HAONIOAECHUS TOJIBKO 32 pe3yJbTaTaMU
B3aMMOJICHCTBUI MeXI1y 00bEKTaMU MHUKpPOMHUpA. B 3THUX yCIOBUSX POJb aJeKBATHON TEOpUU
HEU3MEPUMO BO3paCTaeT.

XVII1.2. Pa3BuTHe runmore3sl aTOMH3MA.
HeorpanunyeHHasi 1eJJTMMOCTh MaTepPHH

Hcrnonp30BaHMe TUIMIOTE3BI aTOMU3Ma TMO3BOJIMIIO BBIIBUTH aTOMHYIO CTPYKTYPY OOBEKTOB
MUKPOMHpPA U MaKpOMHPA, BBIABUTh HAUMEHBIINI MaTepUabHbI HOCUTEIh WHIMBHUAYAIbHBIX
CBOMCTB XMMHYECKHUX BellecTB. OTKPHITHE aTOMa U €r0 COCTaBa MCUEPNAIO TUIIOTE3Y aTOMU3Ma
B e M3HAuaJIbHOM, SIBHOM MOHMMaHMHM. OJHAKO, MO Mepe peleHUs MPoOJIeMbl YCTPOHCTBA
aToma, CTaja BBIBJISTHCA CKPBITash COCTABIISIONIAS 3TOW MPOOJEMBI, U TpoljIemMa aToMHU3Ma
cTalla IepepacTarhb B Mpo0JieMy YCTPOHCTBA BCEr0 MaTepuaibHOro Mupa.

Ucxonnast, siBHass 4acTh MpoOJEeMbl aTOMH3Ma CTajla TOJIXOAUTh K 3aBEPIICHUI0, KOT/a
BBISICHUJIOCh, UYTO HAUMEHbIIIAsl YaCTUIA MATEPUH — aTOM, COXPaHSIOIIasi CBOMCTBA XUMUYECKOTO
BEII[ECTBA, COCTOUT U3 sipa U DJEKTPOHOB, a SAPO — U3 MPOTOHOB U HEUTPOHOB. [IpOTOHBI,
HEUTPOHBI U DJIEKTPOHBI MO OTIAEIBHOCTH, CBOMCTB XMMHUYECKOIO BEIIECTBA HE OMPEIEISIOT.
Okazanoch, UYTO CBOWMCTBA XHWMHUYECKHX BEIIECTB  OMPENEISIOTCS  TOJBKO  BIIOJIHE
OTpeIcIeHHBIMA KOMOWHAIIUSAMU 3TUX MHUKPOOOBEKTOB. M TOYHO Tak e, KaK OJIHAXJbI
3aXOTENOCh Y3HATh, YEM OMPEEISIIOTCS CBOMCTBA XMMHUUYECKUX BEIIECTB U UYEM OIPEACIISTIOTCS
CBOMCTBA JKMBBIX OPIraHM3MOB, IMEpeAarolIuecs IO HAcleICTBY, 3aXOTENOCh Y3HaTh, 4YTO
MPEACTABISIIOT COOOM AIEKTPOHBI, MPOTOHBI M HEUTPOHBI, U3 YEr0 OHH COCTOSAT, M KaKOBBI UX

CTPYKTYpBHI.

[IpoGnema aToMm3ma — mpoOiieMa BBISABICHUS HAMMEHBIINX MAaTEepPHAIbHBIX HOCUTENEH
crnenupuYeckux CBOWCTB XHWMHUYECKMX BEIIECTB, pellajgach peaJbHbIM M MBICICHHBIM
JpoOJIeHreM BellecTBa /10 TeX MOop. MOKa He ObUIM OTKPBITHI CTPYKTYPhl KOHKPETHBIX aTOMOB. Y
ATOro TMpoliecca poOJieHUsT €CTh OYeHb YETKUHM, JIETKO HaOJI0JaeMblid acleKT, KOTOpPOTo
¢u3uka, moueMy-To, ynopHo He 3ameyaeT. CyTh 3TOTO acleKTa 3aKJI4aeTcsl B TOM, YTO KayKIbIH
MaTepuaibHbli 00BEKT 00alaeT KOHEUYHOW MpoTskeHHOocTho. [Ipu npobienun oObekTa, 3Ta
OPOTSDKEHHOCTh  KaXAbIM  pa3  yMmeHblmaercs. Ilpu  MHOrokpatHoMm ApoOiieHuH, 3Ta
MPOTSKEHHOCTh MOXKET CTaTh COBEPLICHHO HEOUTYTUMOM HU HEMOCPEACTBEHHBIM CO3EPIIAHUEM,
HU MPUOOPHO MPOJIOHTUPOBAHHBIM HAOIIO/IEHHUEM, HO B JIFOOOM cilydae OHa OCTaeTCs, XOTh U
Ype3BBIYATHO Majioi, HO BCE ke KOHeyHOW. Jlake B pesysnbTaTe OECKOHEYHOTO MHOKECTBA



JIeNIeHHH, 3Ta IPOTSHKEHHOCTh OCTaeTcss KoHeuHo. HyneBoii mpoTsKeHHOCThIO MOTYT 001a1aTh
TOJIbKO pEaJIbHO HE CYLIECTBYIOIINE, T.€. HE MaTepHaIbHbIE OOBEKTHI.

OU3UKY HE MCKIIOYAIOT MPUHIUIHAIBLHON BO3MOKHOCTH TaKOTO OecHpeneabHOro ACTICHHS
matepun. OJHAKO, 3Ta BO3MOKHOCTb UX OYEHb CHJIBHO ITyraeT. OHU roBOPSAT IMPSIMBIM TEKCTOM,
YTO UX «3APAaBbIil CMBICII BOCCTAET IIPOTUB ITONH OECKOHEUHOU «1ienouku» [4, c.12].

ChHavana ¢u3uka NbITAJaCh YECTHO BBIACHUTb YCTPOICTBO 3JEKTPOHOB, HEHTPOHOB U
IIPOTOHOB NPSIMBIMU 3KCIEPUMEHTaMHM JBYX BUJOB — HEpa3pyLIAIOUIUM CKaHUPOBAaHUEM U
paspylIaloIUMU COYAAPEHUSIMH BBICOKOIHEPIMUHBIX MUKPOOOBEKTOB. IloTeprneB HenszOexHble
HEyJauM, WH3-3a HEJAOCTATOYHOW METOAOJOIMYECKOM TIpaMOTHOCTHM, M U3-3a CTaphIX
NapaurMajgbHbIX MPUHIMIMANIBHBIX OLIMOOK, OHM Mepeuuld K MPeICTaBICHUSIM O
CYIIECTBOBAaHMU TaKUX «(PEHKOBBIX» MUCTHUECKUX CYHIHOCTEH, KaK «CTECHUTEIbHBIC KBAPKU,
HEUTPHUHO, MIOOHBI, [TUOHBL,. .. .

.

Uto kacaercs THK — Teopum HeJMHEHHBIX KOJeOAHWIl, TO CTPAaxOB NEpe] HOBBIM M
HEU3BEJaHHbIM. OHAa HHKOrJa HEe HcCHbIThIBala. Kak MOXXHO IpeACTaBUTh YCTPOHCTBO
MatepuaigbHoro Mupa B Hameil BeeneHHOH, ncxoas U3 runoressl OecrnpenenbHOl AeTMMOCTH
Marepuu?

XVII1.3. CTpyKTYpBI 371eMEeHTAPHBIX 00bEeKTOB MUKPOMHUPA

Yyer adupa, ¢ €ro CONpOTHBICHUEM MABMKEHUIO MHUKPOOOBEKTOB, U YYET MATHUTHBIX
B3aUMOJICHCTBUI MEXIy MHKPOOOBEKTaMH TIO3BOJIMJIM JIOCTUYh JIETAIBHOTO, HATJISIHO-
00pa3HOro MOHUMaHUS yCTPONUCTBA OOBEKTOB MUKPOMUPA.

Oxkazajioch, YTO 3J1€MEHTAPHBIMU, IPOCTEUILIMMU 00BEKTAMU MUKPOMUPA SBJIAIOTCS HEUTPOH
U 4YeThIpE DJIEKTPOHOMOJOOHBIE MHKPOOOBEKTAa — OJIIEKTPOH, IO3UTPOH, AHTHUAIEKTPOH U
AQHTUIIO3UTPOH.

Heiirpon o0nanaer «HOJOXKHUTEIbHON» Maccod M,, COOCTBEHHBIM MAarHUTHBIM IIOJIEM C
BEKTOPOM MarHUTHOTO MOMEHTAa Mp U CIIOCOOHOCTHIO K HYKJIOHHBIM B3auMopaeucTBusiM. OH
ABJIIETCS TAPAMarHETUKOM. DJIEKTPUUYECKUN 3apsifi y HETO OTCYTCTBYET.

DNEKTPOH e+ 00JIalaeT «IOJOKUTEIBHON» MacCcoil M, COOCTBEHHBIM MarHUTHBIM IOJIEM C
BEKTOPOM MarHUTHOTO MOMEHTA M. U «OTPULATEIIBHBIMY) €AMHUYHBIM JJIEKTPUUYECKUM 3apsioM
(-e). Ou siBRsIeTCS AMaMArHETHKOM.

[To3uTpoH e:' 00mamaeT «IIONOKUTENBHON» MACCOH, BENMYMHA KOTOPOH paBHA M,
COOCTBEHHBIM MAarHUTHBIM TIOJIEM, BEKTOP MAarHUTHOTO MOMEHTa KOTOpPOTO paBe€H M., U
«TOJIOKUTENBHBIMY» €AMHUYHBIM 3JIEKTPUUECKUM 3apsaaoM (+e). OH ABIseTcs JUaMarHETUKOM.

AHTHONEKTpOH e 00majgaeT «OTPHIATENBHOH» Maccoil, BeJIMYHMHA KOTOpOH paBHA M.,
COOCTBEHHBIM MAarHUTHBIM II0JIEM, BEKTOP MAarHUTHOIO MOMEHTa KOTOPOTO paBeH M., H
«TIOJIOKUTENBHBIMY €IMHUYHBIM 3JIEKTPUUYECKUM 3apsiioM (+e). OH ABIsSeTCs TMaMarHeTHKOM.

AHTHUIIO3UTPOH e. 00JIafaeT «OTPHUILATENBHOM» Maccoi, BENIMYMHA KOTOPOH paBHA M.,
COOCTBEHHBIM MAarHUTHBIM TIOJIEM, BEKTOP MAarHUTHOTO MOMEHTa KOTOPOrO paBeH M., U
«OTpULIATEIBHBIMY»  €IMHUYHBIM JJIEKTPUUYECKUM 3apsiaoM (-e¢). OH Takxke sBIsSeTCA
JMaMarHeTUKOM.

Bce ocranbHble 00BEKTHI MUKpPOMHMpA M MaKpOMHpPa COCTOSAT M3 Pa3IUYHBIX KOMOMHALIUMN
ATUX YeThIpEX MHUKPOOOBEKTOB. I[IpOTOH M (HOTOH Takke SBISAIOTCA COCTABHBIMU OOBEKTAMHU.
[TpoTOH COCTOUT K3 HEHUTPOHA M AHTHIJIEKTPOHA, a (POTOH — U3 PIEKTPOHA M AaHTUDJIEKTPOHA.

AHanu3 pe3ynbTaToB CTOJIKHOBEHHUI BBICOKOIHEPTUYHBIX MUKPOOOBEKTOB, PA30THAHHBIX HA
MOIIHBIX YCKOPHUTENSAX, MOKa3al, YTO 3JIEMEHTApHbIE MHUKPOOOBEKTH 001aJatoT 3(PHUPHBIMU
CTPYKTypaMu, NOJOOHBIMH aTMOC(EPHBIM CMepYaM.

DJEeKTPOHbI, M JAPYrHe SJIEKTPOHOMOJOOHBIE MHUKPOOOBEKTHI, UMEIOT (OpMy MpPsIMOTO,
JUTMHHOTO ¥ TOHKOTO coJjieHouza (puc.1l). YacTuaHo, o CBOEH CyTH, OHM TIOXO0KH Ha TIPOTOYHBIS
JBUTATENH [5].

Vi prrsraeeszesd /A



Puc 1. Cxema cTpyKTypBI 2JIEKTpPOHA

[TpokauuBass depe3 cedsi Macchl BHEMIHETO 3(Qwupa, SJIEKTPOH pabdoTaeT KaK pPeaKTHBHBIN
NPOTOYHBIM  JIBUTaTellb,  CO3J1aBasg  JOCTATOYHO  MOIIHYIO  PEAaKTUBHYIO  CTPYIO.
DOKCIEpUMEHTAIBHBIM  JIOKA3aTeIbCTBOM 3TOTO OOCTOSATENhCTBA CIYXKHUT TOT (akT, dTO
3JICKTPOHBI B «COJIHEYHOM BETPE», HECMOTPS Ha CONPOTHUBICHUE BHEIIHETO 3(Upa JBHKCHUIO

. y -1
AJIEKTPOHA, 00J1aJJal0T CKOPOCTHIO, OLICHUBAEMOM BennunHou 600M c .

°

HeiiTpon coctouT M3 TpoOMagHOrO MHOXXECTBA HEUTPOHOIOJOOHBIX 3JEMEHTOB 3pupa u
obOnamaer cmepuenoqoOHO cTpykTypoil. Ho Macca HeWTpoHa NOYTH Ha JBa HOpSAKa
NPEBBIIAET Maccy 3IeKTpoHa: Mp=1839M.  a ero coOcTBeHHOE MarHUTHOE IOJE€ HAMHOTO
cnabee MarHUTHOTO TIOJISA DJICKTPOHA! yn=3,6'10*5ye. N3-3a 3TOTO, CTAOWIBHOW MOKET OBITh
TOJILKO CBEPHYTas B KOJIBIIO M 3aMKHYTast Ha ceOs KombleBas opMa HelTpona (puc.2).

A
)

Puc. 2. Cxema cTpyKTypsl HEUTpOHA
o

[TpoToH sBiI€TCSI COCTABHBIM, HEUTPOH-AHTUAIIEKTPOHHBIM OOBEKTOM. AHTHUIIEKTPOH
COCTOUT U3 OIPOMHOI0 MHOXKECTBA AHTHIJIEKTPOHONOAOOHBIX 3JE€MEHTOB 3(upa U obsagaer
TaKOM ’ke MpsMOM cMmepuenonoOHOW Qopmol, kak u 3aekTpoH (puc.l). Heirpon u
AQHTHURJIEKTPOH OOBEIUHSET B NPOTOH TOJBKO MAarHUTHOE B3aUMOJEHCTBHE. Y CTONYMBOCTh
HENUTPOH-aHTUAIEKTPOHHON CUCTEMBI IIPOTOHA oOecrieunBaeTcs MarHUTHBIMHU
B3aMMOJEHCTBUSMHU MEX1y HEHTPOHOM M aHTHAJIEKTPOHOM, AMAMAarHETU3MOM aHTHUIJIEKTPOHA,
«OTPHULIATEIBHOCTHIO» MACChl AHTUAJIEKTPOHA U 3HAYUTENIBHBIM IIPEBBILICHUEM MacChl HEUTPOHA
Ha/l BEITMYMHOW MAacChl aHTHAJIEKTpoHa: Mp=1839m.. B ycToiumBOM MOJIOKEHNH HEHUTPOH-
AQHTHUAJIEKTPOHHON CHCTEMBI, IIEHTPHI MacC HEUTPOHA U aHTURIIEKTPOHA COBMAAIOT (puc.3).

)
Ao

V

Puc.3. Cxema cTpyKTypbl IpOTOHA

XVII1.4. Ddup

DNEKTPUYECKHE TOKH B TOKOMPOBOIAIINX MaTepHaiaX MPeICTaBIsIFOT co00il HampaBlieHHBIE
MTOTOKH AJICKTPOHOB U aHTHAJICKTPOHOB.

Jyist Toro, 4TOOBI EKTPOHBI 00JIa Al U3BECTHRIMU CBOMCTBAMHU, HEOOXOIUMO, YTOOBI OHH
COCTOSUTH M3 DJJIEMEHTOB 3(Hpa C «IIOJIOKHTEIBHBIMU» MacCaMH, C «OTPHUIATCIbHBIMID
AIIEKTPUYECKUMU 3apsiiaMUd U ¢ COOCTBEHHBIMH MATrHUTHBIMU MOJISIMA. OYEBUIHO, YTO MAacCHhl,
JIEKTPUYCSCKUE 3aPs/Ibl 1 MATHUTHBIC TIOJIS ATHX AJIEMEHTOB 3(hHpa JTOJDKHBI OBITh HAa HECKOJBKO
MOPSIIKOB MEHBIIIE, YEM Y JICKTPOHOB.



To, 4ro Takue sieMeHTHl 3(upa CyIIECTBYIOT B MaTepHalbHOM Mupe, BBITEKAeT U3
CYLIECTBOBaHMS «TOKAa CMEIIEHUS», OTKPbITOro MakcBemioM. «ToK cMelieHus» Obul OTKPBIT
IIPYU U3Y4YEHHUH MTPOLIECCOB B LIETIH C KOHAEHCATOPOM.

Korga oOxyiaaky 3apsKEHHOTO KOHJAEHCATOpa COEAMHSAIM BHEUIHMM IPOBOJHHUKOM, TO I10
IPOBOJHHUKY MPOTEKAN IEKTPUUECKUN TOK, U BOKPYT MPOBOJHUKA BO30YKIAIOCH KKPYTOBOEY
marHuTHoe noje. Oxa3ajoch, 4YTO, HpPH 3TOM, MEXAY OOKIaJKaMHU KOHJEHcaTopa TaKxke
BO3HUKAJIO «KPYTOBOE€» MAarHUTHOE TOJIE.

Ecnu Obl Mex 1y 00KJ1aIKaMH KOH/IEHCATOPa UMEJICS 3JIEKTPUUYECKUH TOK, TO CYLIECTBOBaHHE
TAKOTO TOKa MOTJIO Obl OOBSCHUTH BO30YXICHHE «KPYTOBOTO» MAarHUTHOTO TIOJIS MEXIY
oOknmankamMu. Ho Mexay oOKiIagkaMHd HET HUKAaKMX 3JIEKTPUUECKUX 3apsjioB, H3BECTHBIX
¢u3uKe, U HET HUKAKOTO HJIEKTPUYECKOTO TOKAa B OOBIYHOM NOHMMAHHMH. 3aTO €CTh «TOK
cmeneHus». [lox «rokom cmereHus» B (pU3MKe OHUMAETCS CMELIEHUE JIEKTPUYECKOro MoJis,
BBI3BAHHOE YyXOZOM OJJIEKTPHUYECKUX 3apsioB € OOKIamoK KoHueHcaropa. Ilostomy
BO3HUKHOBEHHUE «KPYIOBOI0» MarHUTHOIO IOJIS MEXIy OOKIaJKaMHU KOHJAeHcaTtopa (u3MKa
OOBSACHSET 3TUM CMEIICHUEM AIEKTPUUYECKOTO TTOJIS.

YroObl JOCTHYBL aJEKBATHOTO TOHUMAHUS IPOUCXOASAIIET0, HYKHO OOpaTUTbCS K
MOHMMAHHUIO PE3yJIbTaTOB KCIEPUMEHTA JPCTeia, JIOCTUTHYTOMY B HOBBIX UCCIIEIOBaHUIX. DTU
UCCIICJOBaHMs IIOKa3aliM, YTO «KPYroBOE» MAarHMUTHOE II0JI€ B OJKCIEpUMEHTE Opcrena
BO30Y)KIaeTCsl HE ABIDKEHHEM SJIEKTPHUECKUX 3apsA0B, a IBIKECHHEM COOCTBEHHBIX MarHUTHBIX
nojeil HocuTeneil aneKkTpuueckux 3apsanoB. be3 ydera peanbHOro 3dupa moiaydeHue STHX
pe3yabTaTOB HEBO3MOXKHO [5].

N3 3Tux pe3ynbTaToB ClEAyeT, YTO «KpPYroBO€» MarHUTHOE I0JIe MEeXAy OOKIaJKaMu
KOHJIEHCAaTopa BO30YyKIaeTcs HE CMELIEHUEM 3JIEKTPUUECKOTo IOJIs, HE «TOKOM CMELICHHS», a
JIBIDKEHUEM COOCTBEHHBIX MAarHUTHBIX IOJIEH HOCUTENEH «ToKa cMeleHUs». HbpIMU cioBamy,
peayIbHBIN TOK CMELIEHMsI CYLECTBYET U IMPEJICTaBIsIET COOON HalpaBIeHHOE ABUKEHHUE MOTOKA
3JIEKTPOHOIOI00HBIX 3JIEMEHTOB A(Hpa.

.

[To-BuaMMOMY, CYIIECTBOBAaHHE JPYTUX 3JIEMEHTAPHBIX OOBEKTOB MHUKPOMHpA TaKKe
BO3MO>KHO TOJIBKO MPU HAIMYUH 3JIEMEHTOB 3(pupa, 001 Jal0UMX aHAIOTMYHBIMU CBOMCTBaMH.

Takum 06pa3zoM, MOTY4aeTCs, YTO FJIEMEHTapHble 00BEKTHI 3(pHpa JTOMKHBI ObITH MOTOOHBI
AJIEMEHTapHBIM 00bEeKTaM MuKpomupa. Ecium 53T0 neHCTBUTENBHO TaK, TO BO3HHUKAIOT
cienyromue Borpocsl. [Touemy B mMupe 3¢upa HeT 00bekTOB THUMA TBepaoro tena? Iloyemy B
COCTaB JJIEKTPOHOB BXOJAT TOJIBKO 3JIEMEHTHI 3(upa, aHAJIOTUYHBIE AJIEKTPOHY, a B COCTaB
AQHTHUDJIEKTPOHOB, TO3UTPOHOB, AHTUIIO3UTPOHOB M HEHTPOHOB BXOJAT TOJBKO aHAJIOTMYHBIC
ATUM MUKPOOOBEKTaM 3JIEMEHTHI d¢upa?

OavH W3 BapuaHTOB OTBETAa HAa MEPBBIM BONPOC 3aKIIOYAeTCs B TOM, YTO MHUp 3dupa
HAXOJUTCS B «IIEPETPETOMY» MJIA3MEHHOM COCTOSIHUH, B KOTOPOM 3JIeMEHTapHbIe 00BEKTHI Apupa
HE MOT'YT 00pa30BBIBATH COCAMHEHHS, 00IaJalOe YCTOMUMBBIMU COCTOSHUSIMH CTAaTUYECKOTO
paBHOBECHS.

Ha BTOpOIi BOIIpOC OTBETA ITOKA HET.

XVIIL.5. MHoroypoBHeBasi OpraHu3anus
MaTepuu

Kaxplii snemeHTapHblii 00beKT 3¢upa UMEET KOHEUHYI0, HEHYJIEBYIO NMPOTSKEHHOCTh. B
IPOTUBHOM CJIy4ae OH He CYIIEeCTBOBaJ Obl B MaTepuanbHOM mMupe. CliejoBaTeNbHO, OH JI0JIKEH
COCTOATH U3 ellle 0oJiee MENKUX 00BEKTOB M TaK )K€ 00J1aJ]aTh CMEPUEIof00HOM CTPYKTYpOil.

Eciu 31O neiicTBUTENBHO Tak, TO MaTepHalibHbIi Mup o6nagaeT MHOTrOypOBHEBOM
opranusanuei. Mpl KUBEeM Ha ypOBHE, KOTOPBIM MOKHO Ha3BaTh YPOBHEM OpraHHU3alUU
matepuu Lg. DTOT ypoBEHb COCTOUT U3 MUKPOMHUpA U Makpomupa. Pa3neneHue 3Toro ypoBHs Ha
MaKpoOMHp U MUKpOMHUD cyObeKTHBHO. Ha camoMm niene, MeXay MUKPOMHPOM U MAaKPOMHUPOM HET
HUKAaKUX YETKUX TpaHull. MHOXECTBO pa3jIM4YHBIX OOBEKTOB MHUKPOMHpAa U MaKpoMHUpa



o0nasiaeT CIUIONIHBIM, HEMPEPBIBHBIM, C TOYHOCTHIO JO0 BEJIMYUHBI MAacChl HEUTpPOHA Mpy,
CIIEKTPOM Macc.

Mup >¢upa npencrasisier codoii 6onee riry0okuil ypoBeHb opranuzanuu marepuu Li. Bee
00BEKTB YpPOBHS Lo COCTOST W3 3J€MEHTapHBIX OOBEKTOB YpOBHS Li, HO MEXIy HUMH U
CBOOOTHBIMH 3JIEMEHTaMH 3(Upa CYIIECTBYET OTPOMHBII MPOBAJ MO BETMYMHAM UX MacC.

DneMeHTapHbIe 00BEKTHI YPOBHS L1 Tak ke cocToAT u3 6osiee MEJIKUX 0OBbEKTOB YpOBHS Lo,
U TaK e 00J1a1al0T CMepUenoJOOHBIMHI CTPYKTYPaMH.

DyieMeHTapHbIe 00BEKTHI YPOBHS Ly cocTosAT U3 emie Oojiee MEIKUX 00BEKTOB YPOBHS L3, u
TakK ’ke 00JIaJJaf0T CMEPYeTof00HBIMH CTPYKTYpaMu. M Tak nanee.

DTOT mpoIlece ACICHUs MaTeprH OECKOHEYEH.

Wrak, maTepuanbHbeiii Mup o0iagaeT pasHbIMH YPOBHSIMU OpraHm3anuu marepuu — Lo, L,
Lo,... . YpoBenb Ly cocrout u3 MakpoMupa 1 MUKPOMHUpPA. DTOT YPOBEHb OPTaHU30BaH BEChMa
CJIO)KHBIM 00pa3oM. Ero o0beKThI MpeacTaBisOT co00il orpoMHOE pa3sHOOOpa3ue pazIUIHBIX
COYETaHUH JIEMEHTAPHBIX 00OBEKTOB ATOTO YPOBHSI.

YpoBuu Ly, Ly,... oprann30BaHbl 10 OJTHOMY M TOMY XK€ CIIEHApHIO, TOJIBKO U3 BCE Oojiee u
0osee MEIKUX OOBEKTOB.

XVI11.6. MaTepnaabHOCTh (PM3HYECKOI0 NPOCTPAHCTBA

CymectByeTr 1M B peajJbHOM, He aOcTpakTHOM Mupe mycToe IpOCTPaHCTBO, HE
3alojIHeHHOe Marepuei? YeTkoro oTBeTa B COBpEMEHHOHM Qu3uke HeT. Pemienue 53Toi
poOJIeMBI COBPEMEHHOM (PU3MKE HEIOCTYITHO MPUHIMITHAIBHO, TAK e, KaK PEHICHuEe APYTruX
U3BECTHBIX NPOOJIEM — «HEUTPUHHOI» NpPOOJEMBbI, TEPMOSJIEPHOM MpoOIeMbl, MPOOIEMBI
«cBEepxcBeToBOroy, no Jlomnepy, pacmmpenus Bcenennoi,... . llpuunHa npuHIMNuanibHON
HEJIOCTYMIHOCTH  peIleHUss  3TUX  HOpoljeM  3aKioyaercs B METOJO0JIOTHYECKOi
HEJO0CTaTOYHOCTU COBPEMEHHOW (U3MKH, B TOM, 4YTO COBpeMeHHass (u3uka OosbHA
arHOCTULIM3MOM, T€M IPUMHUTHBHBIM arHOCTUIIM3MOM, KOTOPBIA 3JI0 BBICMEUBAJ €ILIE
JIereHJapHbIil O30M. SIBHBIM IpHU3HAKOM 3a00JIEBaHUS arHOCTUIIM3MOM, SIBJISIETCSI OTCYTCTBUE
B (M3UUECKUX MapaJurmMax TakuxX BaXHEWIMX (pakTopoB MaTepuaibHOro Mupa, Kak 3¢up, ¢
€ro COINpPOTHUBIEHUEM JIBUJKEHUIO MUKPOOOBEKTOB, U MAarHUTHbBIE B3aUMOJEHCTBUS MEXIY
00BbEKTaMU MUKPOMHMpA.

Tax kak xe pemarsb 3a7ady 0 BO3MOXKHOCTH CYILIECTBOBaHMsI IPOCTpaHCTBA 0e3 MaTepun?
HekoTopele cuuTaroOT, 4YTO CYIECTBOBAHKE ITYCTOIO IPOCTPAHCTBA, HE COAEPIKAILETO MAaTEPHH,
BO3MOXHO. J[711 TOro, 4roObl 3TO JOKa3aTh WU ONPOBEPrHYTh, HY)KHO 3HaTh B JETaJsIX
CTPYKTYpy MarepuaibHoro Mupa. OHaKo. COBpEMEHHOM (H3MKE 3TO HE U3BECTHO M3-3a €€
ArHOCTUYECKHX MTO3ULIAMN.

PacckaxxeM, Kak T€OpUU HETMHEWHBIX KOJeOaHUH yIaIoCh 3Ty Ipo0IeMy peInTh.

°

KitoueBoii mHpOpMaLMOHHBINM NPOPHIB, B 3TOW mMpolieMe, MpoH3o01Ies, KOorja yaanoch
y3HaTh, u4TO (paHiy3ckuii ¢uzuk DPuzo mnomyunn B 185Ir BeckMa  H3ALIHOE
HKCHEPUMEHTAIbHOE JI0KA3aTeNLCTBO CYIIECTBOBAHUS 3(upa [6]. dusuke 5T0 10Ka3aTENbCTBO
MO4YEMY-TO HE NOHPABUJIOCH, U OHA NOIBITAJIACh €r0 AC3aBYUPOBAThH, HO C/i€JIajIa 3TO OUCHb HCYKIIIOKE.

UTo0bl 3aKpenuTh 3TOT YCIeX, MPUIUIOCh IMOCTPOUTH AaJEKBATHYIO «KJIACCHUUYECKYHO»
MaTeMaTHYeCKyI0 MOJETb aroMa MPOTHS U CTPYKTYPHYIO Mojeilb (OTOHA. DTO MO3BOJIMIIO
MOHATh, YTO AJIEKTPOMArHUTHOE W3JIy4YeHHE aroMa o0jafaeT JABYMs pa3HbIMHU BHJIAMU —
BOJIHOBBIM ¥ ¢oToHHbIM  [7,8]. HamomHuMm, 4Yro  MaTepHaJbHBIM  HOCHUTEIEM
ANEKTPOMArHUTHBIX BOJIH siBisieTcss 3¢up. CrenoBaTelbHO, BOJHOBOE 3JIEKTPOMArHUTHOE
U3IYYeHHUE MOKET PaclpOCTPaHAThCs TOJNBKO B 3pupHOH cpene. Uto kacaercs (oTOHA, TO OH
OKa3aJCsl DJIEKTPOH-aHTUAJIEKTPOHHBIM JHIIOJIEM, @ TaK KaK M DJEKTPOH W aHTUAJIEKTPOH
MOTYT CYIIECTBOBATh TOJBKO B JOCTATOYHO IJIOTHOM 3(pUpHOH cpene, To U caM (POTOH He
Croco0eH MPOXOAUTh Uepe3 00J1acTH, B KOTOPHIX 3(PHUp OTCYTCTBYET.

Wznygarenu, 3apUKCUPOBaHHBIX HAMHU 3JIEKTPOMArHUTHBIX CUTHAJIOB, JOCTATOYHO TJIOTHO
pacripenienieHbl Ha «HeOecHOH cdepe». DTO 03HadaeT, 4To Ha MyTH NPUHUMAEMOIr0 HaMH



ANIEKTPOMArHUTHOTO M3JIy4eHHs HeT oOjacTeld, He COoJAep)KalluX JAOCTaTOYHO IIJIOTHBIX
MHOXKECTB 3JIeMEHTOB d¢upa. UHbIME croBamu, 3pup JOCTATOYHO IJIOTHO 3aMOJHSET BCIO
Bcenennyto.

o

OOpatum Temepp BHHMMAaHHE Ha TO, YTO OJJEMEHTapHble OOBEKTHI BCEX YPOBHEH
OpraHM3alMM  MaTepud  o0JajarT  BUXPEBBIMU  CMEPUEHOJOOHBIMU  CTPYKTypamu,
CYUIECTBYIOIIMMU 33 CYET HEMPEPHIBHOTO MMPOKAUYMBAHUS BHEUTHUX MHOKECTB 00Jee MEIKUX
u 6oJiee MIIOTHBIX .3JIEMEHTAPHBIX 0OBEKTOB 00JIee HU3KOTO YPOBHSI.

Kaxaplii sneMeHTapHbI 00BEKT ypoBHA Lj, obnamas cmepuenomoOHON CTPyKTypol u3
00BEKTOB YPOBHS Lj+1, MOXKET CyLIECTBOBATh TOJIBKO B JOCTATOYHO IIJIOTHOM OKPYKEHHU
00bekTOB ypoBHs Lj+1. IToaToMy crienudrkoil MHOroypoBHEBOIO yCTpOICTBA MAaTEPUAIBHOIO
Mupa sBisercss TO OOCTOSATENBCTBO, YTO OKOJIO KaXIO0ro o0OBEKTa J000ro ypOBHA
OpraHu3aliyi MaTepuH HaXOJATCs, Ha JIFOOOM, CKOJIb YTOJTHO MaJIOM, PACCTOSIHUU, 1I0CTATOYHO
IJIOTHBIE MHOKECTBA MAaTEPUAIBHBIX OOBEKTOB JIPYTUX, O0siee IITyOOKHUX YPOBHEH.

OT0 00CTOSATENHCTBO TOBOPUT O TOM. UYTO BCE (PU3UYECKOE MPOCTPAHCTBO IIJIOTHO
3all0JJHEHO OECKOHEUHBIMM MHOXECTBAMHM  DJIEMEHTapHbIX OOBEKTOB OECKOHEYHOIO
MHOKECTBA Pa3lIMYHBIX YPOBHEH OpraHu3aldd MaTepHH, T.€. TOBOPUT O MATEPUAIBHOCTH U
CTPYKType (PU3NIECKOTO MPOCTPAHCTBA.

.

Marepuss HaXOAUTCS B IOCTOSIHHOM JBM)KEHHUH, B IIOCTOSSHHOM M3MEHEHMHM Ha JII00OM
YpOBHE ee opraHu3anuu. B Makpomupe IBHXKYTCS 3B€3[bl, IUIaHETHL... . B Mukpomupe Bce
CBOOOHBIE 3JIEKTPOHOIOI00HBIE OOBEKTHI HEPEPBHIBHO ABMXKYTCS U3-3a TOTO, YTO OHHU MOJO00HO
YCTAaHOBKAM C PEAKTUBHBIMHU JIBUTATENSIMHM, IIOCTOSHHO TMPOKAYMBAIOT uepe3 ceds sdup,
BbIOpachiBas PEaKTHBHYIO 3QUpPHYIO cTpyro.. Tak ke BeayT ce0s u mpoToHbl. CBsi3aHHBIE B
CJIO’KHBIE COEMHEHUS IEKTPOHOINOA00HbIE MUKPOOOBEKTHI U MPOTOHBI CaMH HE JBIXKYTCS, HO
MOCTOSIHHO TPOKAauMBaIOT yepe3 celsi apupHble Macchl. Bece cBOOONHBIE 31EKTPOHONOA00HBIE
00BEeKTHl Ha JIOOOM, Ooyiee TIIyOOKOM, YpPOBHE OpraHM3alMd MaTepuu TaKKe HaXOIATCS B
COCTOSTHUU MOCTOSIHHOT'O JIBHKEHUS.

B pesynbrare IBHKEHUS 3JIEMEHTOB MAaTEPUH NMPOMCXOAUT WU3MEHEHHE PACCTOSHUN MEXKIY
HuMHU. OnKcaHve U3MEHEHUHN ATUX PACCTOSIHUM MBI BEIEM C MOMOIIbI0 M300pETEHHOrO0  HaMU
HnoHATUS «BpeMs». Jlng oOecrneyeHus uHGOpMALMOHHON 3(()EKTUBHOCTH HCCIeI0BaHUI
IIPOLIECCOB B MaTepuaibHOM Mupe, Mbl pa3paboTali CUCTEMBI STAIOHHBIX €IMHULl U3MEPEHUS
paccTOsTHUI U BPEMEHU.

Ha ypoBue Lo, oObegunstonieM MakpoOMHUp W MHUKPOMHp, CYIIECTBYET MHOKECTBO
MOBTOPSIOLINXCS, TIEPUOJMUECKUX SIBIEHUH — BpamieHue 3emin Bokpyr CousHIa, COOCTBEHHOE
BpareHue 3eMiI BOKPYT CBOEH OCH,..., DJIEKTPOMAarHUTHOE M3TydYeHHE MHKPOOOBEKTOB HA MX
COOCTBEHHBIX YacToTax. JIJIMTENbHOCTH MEPUOJIOB ITHX SIBICHHH HCIIOIB3YIOTCS B KauecTBe
Pa3IMYHbIX €MHUI] BpEMEHHU.

OTaJOHHBIE €IMHULBI PACCTOSHUSL - METP U BPEMEHHU — CEKYH/1a HEOJHOKPAaTHO YTOUHSIINCH,
B CBSI3M C BO3PACTAIOLIUMU MOTPEOHOCTSIMH B MOBBIIIEHUH TOYHOCTH U3MEPEHU, U MOCIEeTHNE
UX BEJINYMHBI CBA3aHBI C XapaKTEPUCTUKAMH 3JIEKTPOMAarHUTHOIO U3ITyYEHUsI aTOMOB KpUIITOHA-
86 u ne3usa-133.

C BBIOOpPOM eMHUI] BpeMEeHHU B ypoBHsX Lj ¢ >0 nemo o6crout xyxe. Yxe Ha ypoBHE L1, B
mupe 3¢upa, B Toit yactu L1, koTopast He BXOAUT B Lo, HET MOBTOPSAIOMIMXCS, TEPHUOTUIECKUX
saBneHui, kak B Lo. Kakoe sBieHue B mupe mneperperoil 1ia3mel Bbl BeIOpamu Obl 3a
COOTBETCTBYIOIYIO eAMHUILY BpeMeHH? Tak ke 00CTOUT JIeJI0 ¥ ¢ BBIOOPOM €MHUI] BPEMEHHU Ha
JPYTUX YpPOBHSX OpraHu3anuu marepus L c j>1.

XVIIL.7. «KKpacHoe» cMelienune u
«CBepxXcBeTOBOE» pa3deranue BeesieHHoi
O cBoiicTBax yHajneHHBIX 00bEKTOB BeeleHHON MbI MOXEM CYAWUTH TOJBKO M0 MH(OpMaIiu
0 BOJIHOBOM JIEKTPOMAarHUTHOM H3JIy4CHHH, TEHEPUPYEMOM M31y4aTelsIMU, IPUHAIICKAIUMHI



3TUM oObekTaM. HabmoneHus oOHapyKWIM, YTO YAaCTOTHI 3JICKTPOMArHUTHOTO M3IIyYEHHS OT
BCEX YJaJCHHBIX HCTOYHUKOB OOIANAIOT «KPACHBIM» CMEUICHHEM — BEJIUYUHBI 3TUX YacTOT
MEHBIIIE, YEM YACTOTHI JIEKTPOMArHUTHOTO M3IIYUYEHHs TAKUX 5K€ UCTOYHUKOB, HAXOSAIINUXCS HA
3emiie. Oka3biBaeTcsi, 4eM OO0JIbIlIe PAcCCTOSHUE OT 3eMJIM A0 UCTOYHHUKA, TeM OO0JIblle BEIMYHHA
«KPacCHOT'0» CMEILCHHS.

Cornacno K.[lomnepy, «xpacHOe» CMEIIEHHE YacTOT JJIEKTPOMArHUTHOTO H3JIyuyeHUs
TOBOPUT O TOM, YTO HCTOYHHMK YHANseTcs OT 3eMJIM CO CKOPOCTBIO, YBEIMUYMBAIOIICHCS C
YBEJIMUEHUEM «KPACHOTO» cMmelleHus. HabmioeHus: mokasanu, 4To 4YeM Jalibllie H3ydaTellb
HAXOJUTCS OT 3eMJIH, TEM OOJIbIIIE BETMYNHA «KPACHOT0Y» CMEUICHHUS.

Pa3BuTre HaOmronaTeNbHON TEXHUKU MO3BOJIMJIO MPUHUMAThH AJIEKTPOMATHUTHBIE CUTHAJIBI
u3 nepudepuiinbix obnacreir BeeneHHo. YacTOTHI 3TUX CHTHAIOB 00JIQIA0T TAKMM «KPACHBIM)
CMEIlIEHHEM, KOTOpPOMY, COIJIacHO Kputeputo Jloruiepa, OTBeYalOT CKOPOCTH YyOeraHwus
UCTOYHUKOB, MPEBBIMIAIOIIAE CKOPOCTh cBeTa. Jlis (QU3MKHM 3TO OTKpPBITHE OKa3aloch
Ype3BBIYAHO HEMPHUATHBIM CIOPIPHU30M — BeAb aTOMBI-M3JIy4aTeId MPUHIUIINAIBLHO HE MOTYT
HEePEABUTaThCS CO CKOPOCTSIMH, TPEBBIMIAIOIIMMHU CKOPOCTh cBeTa. HecMoTpst Ha Bce crapaHus.
MOHMMAaHUE MPUYUH 3TOT0 3P deKTa B GU3MKe Tak U He ObUIO JOCTUTHYTO.

o

A Tenepb CIIOKOMHO MPOAHAIU3UPYEM CO3JABUIYIOCS CUTyaluto. O4eBUIHO, YTO KpUTEpUi
Jloruiepa HEBEpHO WMHTEPHPETHPYET HaOMIomaeMylo curyanuto. V3mydarensiMu, Kak M3BECTHO,
SBJISIIOTCSI aTOMBI, @ TOYHEE, aTOMHBIE 371eKTpoHbl. COOCTBEHHAs yacToTa KojeOaHUH 3JeKTpOHA
OTHOCHTEJIBHO MTPOTOHA, B HEBO30YKJICHHOM aTOME IPOTHSI, HAa KOTOPOH MPOUCXOJUT U3TYICHUE
3JIEKTPOMAarHUTHBIX BOJH, omnpexnensercs coorHourerneM: [w(h)]*=[w(ho)]? — 0,25h°m. %, rae h
—  KkO3(p(UUHMEHT CONMpOTHBIEHHS Od(uUpa JABMKEHHIO smektpoHa, ho=1,5-10 "krc .
Kosdpdunuent h spusercs Bo3pacraromieil ¢yHkuuend miotHoctd d¢upa. CremnoBaTebHO,
YMEHBIICHNE YaCTOThI HAOIIOAAEMOT0 SJIEKTPOMAarHUTHOTO M3IYYECHHUS - «KPACHOE» CMEIeHHUE
TOBOPUT O TOM, YTO B paliOHE H3JIydaTess IUIOTHOCTh 3(upa BhIIIE €ro IUIOTHOCTH B
OKpecTHOCTH 3emMiu [9].

Tak kak HaOIIOaeMOE «KPACHOE» CMEIIEHUE CIEKTPOB 3JIEKTPOMATHUTHOTO W3IY4YEHUs
YBEIMYMBACTCS C YBEIMUYCHHEM PACCTOSHUS 0 M3JIydaTells, TO BO3ZHUKAET BOMPOC — YTO 3TO
o3Hauyaer? OnHako, A7 TMOJYy4YeHHMsS OTBETa Ha 3TOT BONPOC aHAIU3a TOJIBKO «KPACHOTOY
CMEIIEHHS HEJJOCTATOYHO. AHAJIN3 SBJICHUS «CaMOIPOM3BOJILHOTO» SIIEPHOTO pacmaia mokas3ai,
4YTO TMPUYMHONM ITOrO0 pacraga sBISETCA  yBEIMUYEHHE IUIOTHOCTH 3¢upa BOKPYT
«camopacnagatomuxcs» saep [10].

°

CaMomnpon3BONBHBIA paclag sapa ¢ BBIICICHHEM HYKIOHOB, C TOYKH 3pPEHHS TEOPHH
HEJIMHEHHBIX KoJeOaHUi, MOXET MPOM30UTH TOJIBKO B PE3ysibTaTe HApyIIECHHUs YCTOMYHMBOCTH
aapa. CorjacHO SKCHepUMEHTAIbHBIM pe3yiabTaTam [l], crabuibHble sapa o0nanaroT
KBA3UKPUCTAJUIMYECKUMU CTPYKTYpPaMH, T.e. CTaOMJIbHBIE sjpa O00JaJaloT yCTOWYMBBIMHU
CTaTUYECKH PABHOBECHBIMH KOH(QUTYPAIMSIMHA U3 CBOUX HYKJIOHOB.

B kauecTBe MIUTIOCTpALlMU PAaCCMOTPUM IpOCTeiIIee cocTaBHOE SApPO — AeiTpoH (puc.4). On
COCTOUT W3 OJTHOTO MPOTOHA p W OJHOTO HEWTpoHa N. BEKTOPHI MarHUTHBIX MOMEHTOB IPOTOHA
Mp ¥ HEMTPOHA pn pacosoKeHbl Ha npsMoil 1, npoxoasieil yepe3 HEWTpoH U npoToH. IIpoTon
ABJIAETCS JMaMarHeTUKOM, HEHTPOH — mapaMarHeTHKOM. [103ToMy BEKTOpBI p#;, U fn HAIIPaBJIEHBI

Puc. 4. Cxema neiitpona



IIPOTUBOIIOJIOKHO IPYT IPYTy.
IIpoTOH M HEUTPOH CBA3aHBI B JEHUTPOHE SJEPHBIMU U MarHUTHBIMH B3aUMOJCHCTBUSIMU.

BennuuHa cuiibl MAarHUTHOTO B3aUMOIEHCTBUSA FM:ﬂDr'S, r=xy-x1, ﬂDZZyG'l,up,un .

SlnepHble B3aUMOJICHCTBHS B KBAaHTOBOW (PM3MKE OMHCHIBAIOTCA C MOMOINBIO MOTCHIIMATIOB
X.JOkaBbl. OpnHako, 5T0 onucanue HeagekBaTtHo [11]. IloaTomy, B KadecTBe NEpPBOIO
aJICKBaTHOTO MPHUOIMKEHHUSI KOJMYECTBEHHOIO ONMUCAHUSA CHJIbl SIJCPHBIX B3aUMOJICHCTBUN
MOXHO PAaCCMOTPETh BBIPAKECHUE:! F,I:pr‘4-qr‘5. Ecamn, cormacHoO SMIMPUYECKON OLEHKE
D.Pesepdopra, NpUHATE pACCTOSHUE MEXAY HPOTOHOM W HEUTPOHOM, B CTAlMOHAPHOM
JICHTpOHE, paBHBIM 214(2)=3,528- 10™m, T0 p:1581'10759K1"‘M5‘C72, q:5032'10774KF‘M6‘072.

DNEKTPOMAarHUTHOE W3IMy4YeHHE JEeHTpOHA MPOUCXOAWT HAa €ro COOCTBEHHOH dacToTe.
Belpaxxenuto F,I:prJ‘—qr*S, IpU yKa3aHHBIX 3HAYEHUSX p U (, OTBEYaeT COOCTBEHHAs 4acToTa
JIIEUTpOHA, paBHAs 5,4-10% ¢, TIo oToil BenmuMHE MOXKHO CYIUThb O CTENEHU AJNEKBAaTHOCTHU
BeIpakeHus F,=pr '—qr.

JleTpoH HaxOaUTCsl B COCTOSIHUM CTAaTUYECKOro paBHOBecus, eciu F,=F, . D10 ypaBHEeHuUE
uMeer aBa kopus: 1=0,5[p—(p*—408p)>°1fo* u r=0,5[p+(p*-4qBp)°°1fo *. 3HaueHuo r=r;
OTBEYAET YCTOMUYMBOE COCTOSIHUE PABHOBECHS B IEUTPOHE, 3HAYEHHUIO I'=I - HEYCTOMYUBOE.

C u3MeHeHHeM ITOTHOCTH 3(prpa B OKPECTHOCTH ACUTPOHA, 3HAYCHHSI TApaMETPOB p, 4 u fp
U3MEHSIOTCs. EcM TIOTHOCTH 3dupa yBEIWYMBACTCS, TO BEJIWYHHBI STHX ITaPaMETPOB TaKKe
yBenuuuBatoTcsa. [Ipu 3ToM, OTHOCUTENbHOE yBelIWYeHHE fp OOblle, YeM OTHOCHUTEIbHBIC
yBenmuueHuss p u (. M3-3a 3TOrO, mpHM YBENMYEHWH IUIOTHOCTH 3(Qupa, pasHOCTh Ip-Iq
YMEHBIIAETCS, BCIEACTBUE YErO CTENEHb YCTOMUMBOCTU AEUTpoHa yMmeHblnaercs. [Ipu p2:4q,BD
YCTOMUYMBOE M HEYCTOMYMBOE COCTOSIHHUS PABHOBECHs JIEUTPOHA CIMBAKOTCH, a IIpHU p2<4q/3D
JEUTPOH CTAHOBUTCS HEYCTOMYMBBIM U PACIIaJacTCsl.

B nacrosimee Bpemst fp=43,75-10 *kr-m* ¢ 2. Tlostomy p*4qpp=1,62-10""2kr?* M %-c*>0, u
JIEUTPOH 00JIaJaeT YCTOWYUBBIM CTATHUECKUM PABHOBECHEM.

o

TakuMm oOpa3om, oKa3anock, YTO TMJIOTHOCTH 3upa Bo BceneHHON yBenWYMBAETCs Kak OT
HEeHTpaIbHBIX obOnactelt Bcenennoit no e€ mepudepuu, Tak, OJHOBPEMEHHO, U BO Bcex €€
obnactsx. DTo clelyeT U3 XapakTepa «KpPacHOr0» CMEIIEHUS M U3 PaclpOCTPAHEHHOCTH U
MEXaHHM3Ma «CaMOIIPOU3BOJILHOTO» SAEPHOT0 pacnaaa. ITO BO3MOXKHO TOJBKO B TOM CIyyae,
ecnu Beenennas orpanndena, u 2Qup BTATUBAETCs BO BeeleHHYI0 U3 BHEITHETO MPOCTPAHCTBA.

Kocmuueckuit 00beKT, 001aiaronuil TAKUMUA CBOMCTBAMU — CBOMCTBAMHU «UEPHOMN JIBIPBI», B
Haieil BeceneHHol MoxeT oOpa3oBaThkCs MO ABYM clieHapusM. IlepBblii crieHapuili — ObICTpBIA,
B3pPBIBHOTO THUIIA, KOTJa MAaCCUBHAs 3Be3/a, B PE3yJbTaTe BHITOPAHUS, TOCTATOYHO OCTBHIBAET U,
MO/ BJIUSHUEM CHJIBHEMIIIEr0 TPaBUTALIMOHHOTO JABJICHMS, OUYEHb CHJIBHO CXKHMAaeTcsi U
npeBpaliaeTcs B 3HAUYUTENBHO OoJiee MIOTHBIA 00bekT. Ilpu TakoM rpaBUTAllMOHHOM C)KaTuH,
MUKPOOOBEKTHl KOJIJIATICUPYIOIIEH 3BE3/bl PACCHINAIOTCA Ha COCTABISAIONIME MX OT/EIbHBIE
AIIEMEHTHI 3pUpa, KOTOPbIE, MO/ BIMSHUEM CHJIBHEWUIIETO NaBJICHMs, HA HECKOJIBKO MOPSIKOB
YMEHBIIAIOT CBOU Pa3Mephl, U Ha HECKOJIBKO MOPSIIKOB YBEJIIMUMBAIOT CBOU TJIOTHOCTH.

Bropoii cienapuii — HaCTOJIBKO MEJIJICHHBIN, YTO, B MacIITa0axX 4eJI0BEUYECKON KU3HHU, TIOUTH
HeHaOmomaeM. OH 3aKiIOYaeTcss B 3axBaTe BHEIIHEW MaTepuud HEUTPOHHOW 3BE3I0H U
MEJICHHOM HAaKOIJIEHUM MAacChl 3TOM 3Be3/bl 10 BEJIIMYMHBI, B pPE3yjbTaTe  JOCTHKEHUS
KOTOPOU MPOUCXOTUT 00pa30BaHUE «UEPHOU JBIPHI».

«YepHas 1pipay, M0 onpeiesieHUI0, HE MOKET pacIIupsAThCs Oe3 3aXBaTa BHEUIHEH MaTepuu
u3z-3a «cheper IBapmmmnbaa». [losTomy rumoTe3sl pacuiupeHus Hamed Bcenennoil, He
00yCIIOBJICHHBIE 3aXBaTOM BHEIIHEW MaTepUH, HEOOOCHOBAHHBI.

XVII1.8. «HeliTpoHHBbIE 3BE3AbD»
HeiiTponHoii 3Be3/10i1 Ha3bIBAIOT 0OBEKT, COCTOSAIIMN U3 UPE3BBIYAIHO TIIOTHOM HEHTPOHHOU
CEpALIEBUHBI, 3aKJIFOYEHHON B TOHKYIO TBEPYIO KOPY, COCTOSILIYIO U3 TSDKEJIBIX AaTOMHBIX SIAEp U
AJIEKTPOHOB. Macchl OOJIBIIMHCTBA W3BECTHBIX HEUTPOHHBIX 3BE3N Onusku K 1,44 maccel



Connua. HelitpoHHas 3Be3/1a UMEET paAnyC OKOJIO JECSTH KUIIOMETPOB, T.€. mpuMepHO B 70000
pa3 menbIie paauyca ConaHua.

PaccmoTpuM HEWTpOHHYIO 3BE3Ay C paauycoM, paBHbIM 10KkM M C Maccoil, paBHOH
1,44chHHua=1,44-2~103 KF:2,88'1030KF. CpenHsisi IIOTHOCTh BEILIECTBA B ATOM 3BE3/I€ pPaBHA
P:6,88'1017KI"M_3. Tak kak mn:mp:1,67-10_271<r, 10 B 1M HEUTPOHHOU 3BE3/bl COICPKUTCSA
K:Pmn’1:4,12-1044 HYKJIOHOB. 3HA4YUT, HA KXl HYKJIOH B HEHTPOHHOHN 3BE3]1e MPUXOIUTCS
OTHOCHUTEIBHBIN 00beM V=2,43- 10 3.

O6on0uyka 3TUX 00BEMOB ISl KaXKAOT0 HYKIIOHA, 10 (hopMe, CBOSI, U OHH BCE OTIUYHBI OT
cheppl. OOBEM BETHUUHBI V=2,43-10*n° collepkUTCs B cdepe paamyca 0,834-10 °m. Eciu
OKPY)KUTh KaXKIbli HYKJIOH B HEHTPOHHOH 3Be3le cdepoii paauyca 0,834:10 °m, TO BCE
cocefHUEe cdepsl TaKkoro pamuyca OyayT Mexay coboil mepecekarbes. (CrenoBarenbHO, B
HEUTPOHHOW 3Be3jie, 00Jiajaromeld Maccon B 2,88-1030Kr u paaguycoMm B 10kM, paccrosHue r
MEXIy COCEAHUMHU HYKJIOHAMH MeHbIIe, yeM 2-0,834- 10_15M=1,67‘ 10 Pm.

YroObl MOHATH, O 4€M TOBOPAT 3TU HUQPHI, HYKHO 00paTuThcs K HalmeHHomy THK
BBIPAKECHUIO U1 CHJIBI HYKJIOHHOTO B3aMMOJECHCTBHSL: Fn(r):pr"‘—qr’s, p:l581'10759KF'M5'072,
q:5032'10774KF'M6'C72. [Ipu mocTpoeHMH 3TOrO BBIpAXKEHHUs ObLIa MCIOJIb30BaHA 3HAMEHUTAs
smmupuueckas gopmyna Pesepdopna: r,=1,4-4*%.10*u. 13 sroro BBIPAXEHUS CIEAYET, UTO
Fo(r*)=0 mpu r*=3,528-10 °m. HamomuuM, 49TO0 mpu [F<r* HMeeT MecTo HYKJIOHHOE
OTTAJIKUBAHUE, a IIPHU I'>I* - HYKJIOHHOE MPUTSDKEHHE. A Tak Kak B HEUTPOHHOM 3Be3/1€ paauyca
10kM m Maccel 2,88~1030Kr, paccTOsIHUE MEXKIAY COCEIHUMHM HEHTPOHAMHM MEHbIIE, YeM
1,67-10 m, To MEXIy HUMH JIEUCTBYET HYKJIOHHOE OTTAJIKUBAHHUE.

DTO XOpOIIO COTJacyeTcs ¢ TeM, YTO IUIOTHOCTh BEIIECTBA B HEHTPOHHOI 3Be3/e, paBHas
6,88'1017KF'M73, B 4,7 pa3a Bblllle, YeM TUIOTHOCThH BEIIECTBA B aTOMHOM sifjpe. JleficTBUTENBHO,
TaK Kak My=my=1,67- 102"Kr, TO OLIGHKA MIOTHOCTH BEIIECTBA B ATOMHOM SIIPE, B €CTCCTBEHHBIX
yCI0BHSIX, cornacHo Peseppopay, pasra Amn(4-3 1-zr,)=1,45-10  kr-m .

[Ipy Takux OrpPOMHBIX IJIOTHOCTSIX, HEHTPOHHBIE MacChl HEHTPOHHBIX 3Be37, Omaromaps
HYKJIOHHOMY OTTaJKUBAaHUIO MEXKIY COCETHHUMH HEUTpOHAMH, JOJKHBI 00JaaTh CBOMCTBAMU
KUJKOCTH.

°

Opnaxnel, J.Ilaunc, npodeccop Wmmmnoiickoro ynuBepcutera (CLHA), mnpemioxun
2.JI. AHIpOHUKAIIIBUIIN, U3BECTHOMY HUCCIIEIOBATENIO SIBJICHHUSI CBEPXTEKYUECTH KHUIKOTO TEIus,
NpoBepUTh rumnoredy A.Mwurnana o TOM, 4TO HEHUTPOHHAas CepJlleBUHA HEUTPOHHOU 3BE3/bl
HaXOJIUTCA B KHJIKOM, CBEPXTEKYYEeM COCTOSIHUHM, HECMOTpPs Ha TemriepaTypy B 100 MUIMOHOB
rpaxycos [12].

I'vnore3a 0 TOM, YTO CEpALICBMHA HEUTPOHHOM 3BE3/IBI COCTOMT H3 CBEPXTEKY4ero
HEHUTPOHHOTO BEIIeCTBa, ObLIa OJecTsIie SKCIePUMEHTAIbHO MOJATBEPKIEHA COTPYTHUKAMU
O.JL.AunponukamBunu [12]. OmHako, CTpyKTypa STOTO HEHUTPOHHOTO BEIIECTBA OCTajlach
HEBBISICHEHHOU.

HetiTponsl, KpoMe sIepHBIX, 00JIaJaf0T COOCTBEHHBIMH MAarHUTHBIMH TOJISIMH C BEKTOPOM
MarHMTHOTO MOMEHTA My, BEIMYHMHA KOTOPOTO paBHA /zn=3-10'4/1p:3,6-10'5/¢e. Tak xak HEHTPOH —
napamMarHeTHK, TO MEKy HEUTpOHAMU JICHCTBYET MarHUTHOE TIPUTSIKEHUE.

[lox BIMSIHMEM MAarHUTHOTO MPUTSKEHUS U HEUTPOHHOTO OTTAJIKMBAHUS, HEUTPOHBI MOTYT,
B HEUTPOHHBIX 3Be3/laX, OOBEAUHATHCA B OYCHb [JIMHHBIC TPSIMOJIMHEWHBIE CTPYKTYPHI.
MarauTHble B3aMMOJCHCTBHSI CHOCOOCTBYIOT COXPaHEHHUIO MPSMOJIMHEHHOW (OPMBI ITHX
HEHUTPOHHBIX CTPYKTYp. braromapss HaIWM4MIO 3THUX CTPYKTYpP, BO BPAIIAIOIIEHCS HEUTPOHHOH
KUJKOCTH MOTYT CYIIECTBOBATh BUXPHU, O0Opa30BaHHBIE dTUMH CTPYKTYpaMu, MapajieIbHBIMU
OCH BpaIllCHHUs] HEUTPOHHOM KHUJKOCTH.

XVIIL.9. «YepHble ABIPBI»
Corpynauku USAD AH CCCP (Anma-ATta) onmybnukoBanmu B 1979r skcrnepuMeHTalbHBIC
JI0Ka3aTeNnbCcTBA TOTO, YTO HAWMEHBIIME HEJCIMMble KBAaHThl HYHEPrUM M COOTHOILIEHUS
HEOIPEIeICHHOCTeH He SABISAIOTCS OOBEKTHBHBIMH (hakTopamMu MaTepuanbHoro Mupa [1].


https://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D0%BD%D1%86%D0%B5

[IpencraBieHus O HAUMEHBIIMX HEAEIMMBIX KBAaHTaX SHEPIUU MOSIBUIIMCH IIOCIIE TOTO. Kak
(GU3uKN HE CyMeNH MOCTPOUTh aJE€KBATHbIE CTPYKTYpHbIE MOJEIM aTOMOB H3-3a OLIMOOYHOIO
OTKa3a OT y4yeTa 3(Hpa U €ro CONpPOTHUBICHUS JBWKCHHIO MHUKPOOOBEKTOB M H3-3a HEJIENOTrO
OTKa3a OT yuyeTa MarHUTHBIX B3aMMOJEHCTBUI MEX Ty MUKPOOOBEKTAMHU.

Yyer »THX (AKTOPOB TMO3BOJNIMI TOCTPOUTH AJCKBATHBIE CTPYKTYPHBIE MOJEIH
MHUKPOOOBEKTOB U MOJIYYUTh HOBBIE, I€TAJIbHBIE CBEIEHUS O CBOWCTBaX OOBEKTOB MHUKPOMUDA,
HEJOCTYIHbIE KBAaHTOBOM Teopuu. Henb3s 1M, UCXOAs M3 3TUX pPE3yiIbTaToB, Y3HaThb 4YTO-TO
HOBOE | B IIpo0sieMe «4epHbIX AbIp»? [13].

o

Cornacno [13], B Haweii Beenennoit U «uepnas apipa» U® MOXKET BO3HUKHYTh B PE3YJIbTATE
BBITOPAHUS MAaCCUBHOM 3B€3/1bl M BO3HUKHOBEHHUS y 3TOW 3BE€3[lbl METAUIMYECKOIO S1pa, B
KOTOPOM HE€ NPOMUCXOAAT SIACPHBIE PEAKUUHU C BBIIEICHHEM Terula. Eciau macca 3TOoro sapa
0oJbIIe KPUTHYECKON BEIMYMHBI, TO IPOUCXOAUT IPAaBUTALMOHHBIA KOJUIANC s1pa, T.€.
OPOUCXOIUT 00pazoBaHME «4epHOH AbIpbl». Ilpu 3TOM MOXKET NPOMCXOIUTH YBEJIWYECHUE
IJIOTHOCTHU CKOJUIAIICUPOBABILETO BEIIECTBA.

0

[TonmpoOyem Temeph MOHATH. Kak ycTpoeHa B Hamiell BcenenHoi «uepHas neipa». «HepHas
IbIpa» o0pa3yercs B pe3ylbTaTe BBITOPAHUS, IOCIEAYIOIIEr0 OCThIBAHUS U CHUIIbHEHIIEro
IPaBUTALMOHHOIO C)KaTHs CBEPXMACCUBHOM 3Be3pl. IIpu TakoMm cxaTuu, B «UEPHOU ABIPE»
CO3/a€TCsl YPE3BbIYAliHO CUJIBHOE BHYTPEHHEE [ABJICHHE, B PE3YJIBTaTE KOTOPOTO MPOUCXOIUT
KPUTHYECKOE COJIMKEHHUE 3JIEMEHTOB 3TOH 3Be3nbl. CTONb TECHOE CONMKEHHE OOBEKTOB,
o0ajaroImux cMepuenoJoOHbIMU (hOpMaMM, HapyIIAET YCJIOBUS CTAOMJIBHOTO CYIECTBOBAHMS
3THX 00BEKTOB, M3-32 YETO OHM PACCHINAIOTCS HA COCTABIIIONINE UX 3JIEMEHTHI OoJiee TIIy00Koro
YPOBHS OPraHHU3alM1 MaTEPUH.

IIpu 3TOM, 3JIEKTPOHBI M HEUTPOHBI Haleld BceneHHON pacchnaroTes Ha COCTABIIIONINE UX
AJIEKTPOHOIIOI00HBIE M HEUTPOHONOJ00HBIE 3JeMEHTHl 3¢upa. B mporecce  paccbinanus,
HNPOTSKEHHOCTH 3THX D3JEMEHTOB 3(]upa, H3-3a T'POMAJHOTO JaBJICHUS, YMEHBIIAIOTCS Ha
HECKOJIBKO TOpPSAJKOB, a HX IUIOTHOCTH Ha HECKOJIBKO MOPAJKOB  YBEIUYMBAIOTCS.
W3meHuBIIMECS TakuM OOpa3oM 3JIEMEHThl Hamero 3gupa, SBISIOTCS B «UEPHOU JbIpE»
HauOOJIBIIMMU AJIEMEHTAPHBIMH O0BEKTAaMH, U UIPaAlOT, B HOBOM BceneHHoit 6onee rimybokoro
YPOBHS, POJIb AJIEKTPOHOB U HEUTPOHOB.

AHaJOTMYHBIE M3MEHEHUS — YMEHBUICHMsI NPOTSHKEHHOCTEH W YBEIMYEHUS ILIOTHOCTEU
MPOUCXOAT U € AJIEMEHTapPHBIMU 00bEeKTaMu OoJiee rI1yOOKUX YpOBHEH OpraHU3al[i MAaTEPHH.

Takum 06pasoM, B pe3yibTare obpa3oBanus B Hamieil Beenennoit U «uepoit asipsi» U°, B
U® 00bekTsI ypoBHS Lo ncuesaror, a 00bexThl ypoBHel Ly, k=1,2,... mepexonar B 00bekTsl L,
k=0,1,... HOBOIi BceneHHOM — «UepHOM JBIPBI».

o

A Kak e YCTpOoeH MaTepualbHbIi Mup BHe Hamieil Bcenennoil - 3a mpenenamu «cdepsl
[IIBapummneaa»? Ckopee Bcero. Hama BceneHHas SBIETCS «UYEPHOW JBIPOM» BHYTPH
rpomagHoit ['unepscenennoit U°. B atom ciyuae, crpykrypa ['unepscenennoit U° cooTHOCHTCS
CO CTpyKTypol Hamieil Beenennoit U aHanoru4Ho COOTHOLIEHUIO CTPYKTYphl Hatlel Beenennoit
U co cTpykrypoii Beenennoii U°.

Ecim »3TO, JEWCTBHTENBHO, TaK, TO 3JEeMEHTapHbIe 00BeKTHl ypoBHsS L°y Bcemennoit U°
NPECTaBISIIOT COOON BUXpPEBbIE, CMEPUEHOJOOHBIE 00BEKTHI, CTPYKTYPhI KOTOPBIX aHAJOTMYHBI
CTPYKTypaM HalllUX 3JIEKTPOHOB M HEUTPOHOB, M COCTOAT U3 YBEJIMYMBLINX, HA HECKOJHKO
MOPSIKOB MPOTSKEHHOCTH, C YMEHBUIMBIIMMHCS Ha HECKOJIBKO MOPSAAKOB INIOTHOCTSAMH, HAIIUX
DIIEKTPOHOB W HEWTPOHOB. AHAJIOTHYHO, dJIeMeHTapHbIe 00BeKThl Beemennoit U° ypoBaeit L°g,
L°y, L°s,... mpeacTaBisAOT COO0H pa3TyBIINECsS B pa3Mepax, ¢ YMEHbUIMBIIUMHUCS IJIOTHOCTSIMH,
00bexTh Hamiel Beenennoit U yposueit Ly, k=2,3,... .

o

HeilfrpoHHble 3Be€3AbI U «4YEpHBIE JBIPbI» - OOBEKTHI, OOpasyrolluecs B pe3yibTaTe

«BbITOpaHus» 3Be3l. OTHOCUTENBHO HEOONbIIME, MO Macce, 3BE3[bl, IOCIE «BBITOPAHUSY,



C)KMMAIOTCSI B UPE3BbIUANHO IJIOTHBIE HEWTPOHHBIE 3BE3/bl. bojiee MacCUBHBIE 3BE37bl IOCIE
«BBITOPAHUS», TMOJ JEHCTBHEM TIpaBUTALMU, KOJUIANICUPYIOT B «4epHble JAbIpbl». [lo
COBPEMEHHBIM OLIEHKaM, IJIOTHOCTh BELIECTBA B «UEPHOM JIbIPE» YMEHBILAETCS C NOBBILIEHUEM
e€ maccel. [IpaBbl 11 puszuku?

CBou omeHkn ¢(usuku crpost, ucxoas u3z OTO - oOmel Teopur OTHOCHUTEIBHOCTH
Oitnmrerina. Mcxona u3 npeactasienniit OTO, K.IIBapimumiasa m0oIydus, 4TO BbIPAXKECHHUE IS
IPaBUTALMOHHOIO paauyca [s «UEpHOM JbIpbl», HUIU A «paguyca [lIBapummuibnan,
ompexensiercs: BolpaxenueM: rs=2GMc , rae G — IpaBUTAILMOHHAs TOCTOsHHAsE, M — Macca
«YEePHOM JIBIPBI», ¢ — CKOPOCTh CBeTa. MICXOs1 M3 3TOr0 BBIpaXKEeHHUs, OblIa OCTpoeHa (Gopmyra
JUI IUIOTHOCTH BeulectBa P B «uepHoii mpipen: P=M[(4/3)xrs’] '=3c%(322M?*G% ™. Cornacuo
TOMY COOTHOILIEHUIO, IUIOTHOCTH BEIIECTBA B «UEPHOMN JIBIPE» YMEHBIIAETCS C YBEIUUYEHUEM €€
MAacCBhl.

A Tenepp 3a0ynem mpo OTO u mompoOyem pa3oOparbcs B 3TOH CHTyallil METOIaMH,
KOTOpBIE (DU3UKHU MPEHEOPEKUTENHHO Ha3bIBAIOT «MEXAHUCTUUECKUMI.

[Tpeamnonoxum, 9to 00beKT Oy Macchl M ynanseTcst oT 00bekTa Oy paguyca I u maccol M ¢
HAYaJIbHOM CKOPOCTBIO ¢, CTapTysd C MOBEPXHOCTH 00bekTa Oy M JBUTASICh BIOJb JIMHHH,
npoxojsiied uyepe3 uHeHTp oobekta Oy. Ecim yepe3 x 0003HAuUUMTH pAacCTOSIHME OT IIEHTpa
o0vexkta Oy A0 obOwvekta Oy, TO YypaBHEHHE [BWXKEHUS o0ObekTa Oy 3aluIeTcs Tak:
Mx"=GmMx %, wm Ttak: x"=—GMx %, Tae wrpux Hajg x 00o3HauaeT AuphepeHIHPOBAHUE 110
BpPEMEHH.

DTO ypaBHEHHE HMMEET IPOCTOE PEIICHUE: O,S(x')zzGMx’1+0,502—GMr’1. [Ipeanonoxum,
yro x'=0 mpu x=rs . Torma BbIpa)keHHE [UIsl «TPABUTALMOHHOTO paguyca» MPUHUMAET
cienyrommii Bux: rs=(r —B) ™, rue B=(2GMc %) ™.

DTO O3HayaeT, 4yTo JrOOe MaTepuaibHOE TENO, CTAPTYIOLIEE CO CKOPOCThIO CBETa C, C
MOBEPXHOCTU 00BhekTa Oy Macchl M u panuyca I, He MOXKET BBIUTH 3a Mpeaeiibl chephl paanyca
rs. Eci r<2GMc 2, 10 I KoHEeuHO, 1 00BeKT Macchl M 1 paguyca I' SBISETCSA «YEPHON IBIPON».
Ecan xe rzZGMc*Z, TO I's=00, U ATOT OOBEKT «UepHOU IbIpoi» He sBiseTcs. ClenoBaTenbHO,
BemmunHa F=2GMc® He SsBUsETCS 3HAYCHHEM paauyca «4YEpHOW JbIpbD», COOTHOLIEHHE
rs=2GMc? onpeensier He PaIHyC «IEPHOIT ABIPbI», a ABISCTCS YPABHEHHEM TPAHHIb 00JaCTH
CYIIECTBOBAHUS «UEPHOM ABIPBI» B IIIOCKOCTH M.

B peanbHBIX «UEpHBIX NbIpax» F«ls U IUIOTHOCTh BEIIECTBA XapaKTEPU3YETCs] BEIMUYMHOU
M([(4/3)xr*] ™, Hamuoro IpeBOCcXOMsIIEit Bemmunny 3c?(327M°G3) .

OTO0 03HayaeT, YTo (PU3UKHU OIMIMOAIOTCS, CUUTAs], YTO MJIOTHOCTH BEILIECTBA B «UEPHOM ABIPE»
YMEHBILIAETCS C YBEITMUYEHUEM €€ MACCHI.

°

[ToripoOyeM TOCTPOUTH OLIEHKY IUIOTHOCTH MAaTE€pUH B «BBITOPEBLICH» 3Be3/e, MpH
KOTOpOM, TrpaBUTalMsl CXKMMaeT 3Ty 3BE3/y B «UEpHYIO IbIpy». B a3Toil 3Be3ne, mo mepe eé
BBITOPAHHUs, MPOUCXOIUT NAJECHUE TEMIEPATYpbl, NMPUBOASIIIEE K YMEHBIIEHUI PAacCTOSHUI
MEX1y HYKJIOHaM U K YBEJIMYEHHIO TUIOTHOCTH MaTepuu. B eCTeCTBEHHBIX YCIOBUSX, INIOTHOCTh
MaTepUuu B aTOMHOM sJIp€ OLIEHUBACTCS BEIMYUHOMN 1,45-10 xrm 3. B HEUTPOHHOU 3BE3JE, B
pe3ysbTaTe T'PaBUTALMOHHOIO JIaBJIEHUS, NMPOUCXOAMT «pacChlllaHWe» siiep Ha OTAETbHBIE
HYKJIOHBI, U IUIOTHOCTb MAaTE€pPUU IMOBBIIMIACTCS A0 BEIWYUHBI IOPSAJIKA 6,88-10"kr'm>. B
pe3yinbTaTe emé 6os1ee CUIIbHOTO CKaTusl, IPOUCXOAUT MepeceyeHre HYKJIOHOB € MOCJIEYIOIIUM
UX «pacchllaHMEeM» Ha OT/AEJbHbIE HEUTPOHOIOJOOHBIE AJIEMEHTHI 3(Hpa, UYTO U O3HAYAET
00pa3zoBaHMe «IEPHOU JTBIPHI.

[Tycts R — paguyc BbITOpeBIel 3Be3npl, M — e€ mMacca, M — mMacca HYKJIOHa, a I' — €ro
pamguyc. Torma VR=4-371-7rR — 00BEM 3BE3JIHI, Vr=4-?fl-7rr3 - o0veM HykIOHA. KonmuecTBO
HYKJIOHOB B 3BE€3/[c MOJKHO OLECHHTH BenmduHOil K=MM™, a 06beM, MpUXOIAMMIiCS Ha OMH
HYKJIOH, BEJIMYUHOMN Vek'=VemM™. Dra Benmunua paBHa o00BeMy Imapa paauyca p.
IlepecedyeHre HYKIOHOB HMPOUCXOAUT IpU p<I, T.c. IpHU VemM™<V,. U3 storo HEPaBEHCTBA
CJIeIyeT, 9TO MV|{1>me1



Hrak, cormacHO MOJIyuUeHHOW OLIEHKE, BBITOPEBIIAsl 3BE3/1a CHKMUMAETCS B «UEPHYIO ABIPY,
KOrJia INIOTHOCTh COZAEPIKalIEHCsl B HEM MaTEepUU OKa3bIBAE€TCA HE MEHEE BEJIUYUHBI IIJIOTHOCTU
MaTepuu B OT/IEILHOM HYKJIOHE.

KonnuectBO Marepur B HYKJIOHE HM3BECTHO, OHO OLICHMBAETCS BEIMYMHOMN 1,67-10 ?'kr.
Bennunny paauyca HyKJIIOHAa Yy3HaTh IOKa He yxainoch, HO THK Beuucnunma «pagumyc»
3JIEKTPOHA: 2,808-10 °m. B MPEIOI0KEHUH, YTO PaJAUyC HYKJIOHA pPaBEeH 3-10 M, onenka

IJIOTHOCTU MaTE€pPHUH B OTJIETLHOM HYKJIOHE OKa3bIBaeTCsl paBHOMl 147,7- 10k M.

XVI111.10. Camono3nanue MmaTepum

N3 riyOuHsbl BekoB, u3 JlpeBHell Diutajpl 10 HAC AOILIM CBEIEHUS, TOBOPSILUE O TOM. UTO B
JAJIEKOM TPOIUIOM KTO-TO MBITAICSA IEpeaTbh 3eMIITHAM CBEACHUS 00 YCTpOWCTBE Hamien
Bcenennoit u Bcero marepuanbHoro Mupa. Jlaxke Te NOBEpXHOCTHBIE, OTPBIBOYHBIE CBEICHUS,
KOTOpBbIE JIOUUIM JI0 HAac, COBPEMEHHOW (m3nke He M3BeCTHH. COBEPUICHHO OYEBUAHO, YTO

JPEBHME I'PEKU 3TU CBEACHNUS MTOJIyUYUIN HE CBOMMHU CHJIaM, a y KOT0-TO I03aUMCTBOBAIH.
B cBA3M ¢ T1npuBeACHHBIMU 3/€Ch PE3YNbTaTaM{, OYEHb JIIOOONBITHO BBITJISIAT
npezcTaBieHus o0 ycTpoiictBe Mupa, cyliecTBOBaBIlIKE B JaJIeKUe BpeMeHa B ipeBHel EBporie.
B te Bpemena cuurtanu, yTto 3emilsl HaXOAUTCS BHYTPU «3BE3AHOM cdepbl», Ha KOTOPOI
pacrioniokensl  Connue, JlyHa u Jpyrue MCTOYHMKM CBETOBOrO H3NydeHus (puc.5).
CymectBytomiee BHE <«3BE3AHOM chepb», HMEHOBAIOCH TEpMUHOM «xaoc. [lom «xaocom»
Vo

W)

[IOHUMAJIOCh HEYNOPHAJI0YEeHHOE NEepPBOBEIIECTBO, M3 KOTOPOro c(popmMHupoBajach Hala
Bcenennass u  Koropoe «moanurThiBaer» Hamy Bceeaennyw. Ilpm  3ToM, mox
MepPBOBEIIECTBOM MOHHUMAIOCH OYE€Hb Pa3pesKeHHOe BELIeCTBO, KOTOpPOe, Crylasich MoJ
BO3/leiicTBHeM 6uxps, u odpasyet Beesennyio.

Hamm coBpeMeHHUKH OLIEHMBAIOT 3TH NPEACTABICHUS KaK HAMBHO-TIPUMHUTHUBHBIE (paHTA3UU.
Opnaxo, eciiyi MOJIONTH K 3TUM NPEACTAaBIECHUSAM, OTKa3aBIIMNCh OT CHOOM3MA, TO OTKPBIBAIOTCS
yAUBUTEIbHEHIINE BelU. beccropHO, ypoBeHb pa3BUTHUS  3HAHUM, IOCTUTHYTHIX Hallel
IVBWIN3alMEN, HECPABHUMO BBIIIE€ YPOBHS 3HAHWM, JTOCTUTHYTBHIX B JapeBHeW EBpome. Hamm
OLICHKH JTUX JPEBHUX IIPEACTABICHUN CBUACTEIBCTBYET O TOM, YTO CYTh 3TUX IPEICTABICHUN
HaMmH He noHsTa. Ckopee BCero, IpeBHUE €BPOIEHIIbI HE CaMH BBIPAOOTAIU 3TH MPEACTABICHUS
B XOJ/I€ CBOUX HCCIIEIOBAaHHMH, a SBUIUCH (DOPMAIBHBIMU PETPAHCIATOPAMH ATHX CBEJICHMM.
TonpKO 3TUM MOKHO OOBSICHUTD SBHYIO HAUBHOCTb COJIEP)KaHUS STOU PETPAHCIIALINH.

BwMmecte ¢ TeM, B 3TUX HEUETKUX MPEACTABICHUSAX MOXKET OBITh 3aKOJAMPOBAaHA OYCHb BayKHAs
uHpopmarnus. J[eMCTBUTENBHO, «CTYIIAOIINN BUXPb» €CTh HE YTO MHOE, KaK OMMUCAHHBIN BBIIIE
CTYWIAIOIIMKA  MaTepui0 MarHuTHeIA Buxpb. Ilon «ueOecHOW cdepoii», BO3MOXKHO,
nonpaszymenaercs «cdepa llBapummnsaay. Octaercs MOHATH, YTO TAKOE «IIEPBOBELECTBOY, UTO
03HAYaeT €ro «HEYIMOPSIAOYEHHOCThY, «Xa0C», U KaK OHO «IIOANMUTHIBACT» Hally BcelleHHylo.

°

UtoObl HATH OTBETHI HAa 3TH BOIPOCHI, HY)KHO CHayaja MOHATh, U3 YEro COCTOUT MaTepHs B
Hameir Bcenmennoit. OOBEKTHI MakpoMHpa M MHKPOMHpAa B Hamed BcerneHHON TpHHATO
Ha3bIBaTh BEUIECTBOM. Bce OHM COCTOSAT U3 3JI€MEHTapHBIX 00BEKTOB MUKPOMHUPA — HYKJIIOHOB U



ANeKTpOoHOB. CHEKTp Macc 0OBEKTOB MHUKPOMHpPA U MaKpOMHpA, C TOYHOCTHIO JO BEITUYHHBI
Macchl HEUTpOHa, HempepbiBeH. [loaToMy Mexay MakpOMHpPOM M MUKPOMHUPOM HET YETKHX
TpaHUI], U OHU MPEACTABISAIOT CO00M eUHBIN ypoBEeHb Opranu3auuu matepur. O603Ha4UM HTOT
ypoBeHb uepes Lo.

DNEKTPOHBI U HYKJIOHBI COCTOST M3 OTPOMHBIX MHOXXECTB JJIEMEHTOB 3(pHpa, KOTOphIE Ha
HECKOJIBKO TOPSAJIKOB MeEJbY€ 3JEKTPOHOB M HYKJIOHOB. YPOBEHb OpraHHU3alud MaTepuH,
COCTOSIIIIMIA W3 AJIEMEHTOB 3(upa, HazoBeM Lj. DnemeHTtsl ypoBHs L; coctost u3 emé Goiee
MEJIKUX 3JI€MEHTOB ypoBHs Ly, v Tak nanee.

Tenepb MOHATHO, YTO TaKOE «IEepBOBEHICCTBOY». IJiss 0OBEKTOB MakpoMUpa U MUKPOMHUPA
(ypoBeHb L) «a1epBOBEIIECTBOMY SIBJISIFOTCS DJIEMEHTApHBIE 0OBEKTHI 3(hupa — 0OBEKTHI YPOBHS
L1, Uit 00BbEeKTOB ypoBHS L1 — seMeHTapHble 00BEKTH ypoBHSA Lo, ... .

Ucxons u3 »Tol KiaccuuKalMy, MOXHO CKaszaTh, YTO MaTepus B Hamieil Bcenennoi
COCTOMT M3 Makpomupa, MUKpomupa (ypoBeHb Lg) U U3 MHOXKECTB CBOOOAHBIX 3JIEMEHTapPHBIX
o0bekToB ypoBHed L, Ly,... . C pocrom «Homepa» K ypoBHS Ly, BeauuMHA MJIOTHOCTH
3JIEMEHTaPHBIX 00beKTOB ypoBHs Ly k=1,2,... BO3pacTraer.

I[peBHI/IC MpeaKu COBPEMCHHBIX HHﬂHﬁHeB - ApI/II/I o6naﬂam/1 MpeACTaBJICHUAMU O 663FpaHH‘IHOI71 JACIIUMOCTHU
9JIEMEHTOB Martepuu. [Ipu 3TOM, OHM CUMTAIM YTO, U3-3a OE3rPAHMYHOTO HM3MENILYCHHS, MaTepHs WILIFO30pHA.
OnHako, ceOs U CBOM )KM3HEHHBIE TOTPEOHOCTH MJUTIO30PHBIMU OHHM HE CUHTAJIH. DTOT MapaJioKC TOBOPHUT O TOM,
YTO COAEPXKATENLHON CTOPOHBI OE3rpaHUYHON JETMMOCTH MAaTepUd — YIUIOTHEHHsS 3JEMEHTOB MAaTepHH, NPU HX
U3MCIIBbYCHUH, OHU HC ITOHHUMAJIU. BI)IXOL[I/IT, OHHU, KaK U APCBHUEC eBpOHeﬁHLI, 6BIJ'II/I BCCIro JHUIIb (bOpMaJ'H)HI)IMI/I
pETPaHCIAATOPAMHU YbUX-TO 3HAHHH.

°

Tenepb MOXHO MEpPEHTH K BOMPOCY O TOM, UTO TAKOE «IIEPBOBEIIECTBO» 3a MpeleaaMu
Hauel BeeneHHOM U oYeMy €ro XapakTepU3yIoT KaK «Xaoc». Y BUAETh TO, YTO IPOUCXOAUT BHE
«3BE&3HOM cdepbl», Mbl He MoxkeM. Ho y Hac ecth BechMa 3(()EKTHBHBIN ammapar aHaJIOTUU.
UToOBl ATHM ammapaTtoM BOCIIOJIb30BAaThCs, HYKHO BBIICHUTH, HET JU B Haueil Bcenennoii
KaKUX-TO €€ aHAIoroB — MUHUBCEJICHHBIX, U KAK OHU YCTPOCHBI.

Bo Bcenennoil ectb o4eHb HEOOBIYHBIE OOBEKTHI — «HEHTPOHHBIE 3BE3IbI» U «UEPHBIE
IeIpel». «HeWTpoHHas 3Be3qa» MpeAcTaBlseT COOONM MAacCCHUBHBIN, Upe3BbIUAHHO KOMIAKTHBIN
OCTaTOK «BBITOPEBILEI» 3BE3/bl, UCIBITABIINN CHIIbHENIIIEE TPAaBUTAIMOHHOE CxaTue. Martepus
BHYTPH «HEUTPOHHOM 3BE€3/1b1» HAXOAMTCS MOJl OTPOMHBIM BHYTPEHHUM JaBjeHueM. Bennunna
ATOTO JABJIEHUS TaKOBa, UTO BCE Spa «PACCHIMAIOTCSI» Ha OTACNIbHBIC HYKIOHBI. [IpoTOHBI, Ipu
ATOM, MPEBPAIIAIOTCS B HEUTPOHBI, a COCETHUE HEHUTPOHBI HACTOIBKO OJIM3KO PACIIOIOKEHBI
JIpYyT K JIPYTy, 9YTO MEXAY HUMHU JNEUCTBYET HYKJIOHHOE OTTajikuBaHue. OUeBUIHO, YTO TaKOH
00BEKT HE MOXKET OBITh YPE3BBIYAITHO YMEHbBIIIEHHBIM aHATOrOM BceerneHHO.

«UYepnas npIpa» oOpa3yercs B Hauleil BeeneHHOH Tak ke, Kak U «HEUTpOHHasI 3B€3/1a», HO U3
Ooyiee MacCHMBHOU BBITOpEBIIEH 3Be3Abl. [[0ATOMY BHYTpEHHEE IABICHHE B «UEPHOU HBIPE»
3aMETHO BBIIIE, YeM B «HEHTPOHHOM 3Be3/ie». [Ipu Takom JaBIeHUH, COCETHUE MUKPOOOHEKTHI B
«UYEPHOU ABIpe» CONMIKAIOTCS HACTOJIBKO, YTO HAPYIIAIOTCS YCIOBUS UX CYIECTBOBAHUS, U BCE
OHM «paCCHINAIOTCS» Ha COCTABJISIONINE UX 3JIeMEHThI 3¢upa. M3-3a 3TOr0, Marepus B «4epHOU
JBIPE» COCTOUT M3 MHOXKECTBa OOBEKTOB YpPOBHs Lj pa3nuyHON CIOXKHOCTH M W3 MHOXKECTBa
CBOOOJIHBIX DJIEMEHTAPHBIX 00BEKTOB ypoBHEH Ly, La,... . [Ipu aTOM, 3meMeHTapHbIE 0OOBEKTHI
ypoBHeit L, L. Ls.... B «depHOil AbIpe» HAMHOTO Mellbye, 4eM B Haiel BeeneHHol u3-3a Toro,
YTO CPEIHEE IABIICHHUE B «YEPHOU JBIPE» HAMHOIO BBIIIE, YeM BO BeeneHHoil.

Ecnu mpomoKUTh aHAJIOTHI0 MEXAY «4YEpHOM Iblpoi» B Halled BceileHHONM U camou
Bcenennoit, To 3a mpeaenamMu <«3BE3NHON chepb» Marepus NODKHA COCTOSTH M3 MHOXKECTBA
00BEKTOB pa3HON CIOKHOCTH YpOBHSI L.; M MHOXXeCTBa CBOOOJHBIX SJIEMEHTApPHBIX OOBEKTOB
YpOBHEMU Lo, L;, Ly Ls.... . DOnemeHtapHbiMH OOBEKTaMH ypoBHA L. sBISIFOTCS
AIIEKTPOHOIIOI0O0HBIE U HEUTPOHOIMOI00HBIE OOBEKTHI, COCTOSIIME M3 CHIBHO Pa3peKEHHBIX
HalIuX 3JIEKTPOHOB U HEUTPOHOB COOTBETCTBEHHO. Cpe/iHEe TaBIICHUE 3a MPEACIIaMU «3BE3THON
cdepb» TODKHO OBITh CYIIECTBEHHO MEHbBINIE, YeM B Hailel BceneHHOI, BHYTpU «3BE3MHOMN
chepri». [TorTomy snemenTapHbie 00BEKTH ypoBHEH Lo, L1, Lo. Ls..... BHe Hamieli Bcenennoi



JOJDKHBI OBITH OOJiee pa3pekeHbl, U MMETh 3HAUUTENbHO OONbIIME pa3Mepbl, YeM B HaIlen
Bcenennoi.

Tak kak Bce CBOOOAHBIC AJIEMEHTapHbIE OO0BEKTHI ypoBHeH L.;, Lo, Lj, Lo....o0mamaror
CMEpYENOOOHBIMU  CTPYKTYpaMH, TO BCE OHM HAaxXOIATCS B IOCTOSHHOM XaOTHYECKOM
IBKeHUH. M ecnu Obl HaM yJalioch BBITJISHYTH 3a TMpeNenbl <«3BE3AHON chepbl» — «cheps
[HIBapummabaa», Kak CIy>KUTEIIO KyJIbTa Ha PUC.D, TO, YYUThIBAas MAaCIITA0bl, Mbl HE CMOIJIN Obl
YBHJIETh HUYETO yIOPSATOYCHHOTO.

.

3apoJMBIINCh KaK «4depHas Jplpay, Hamia BcelneHHas HE MOXET pacIIUpSATHCS, IO
onpeJeJeHHI0O, HE «IIOANUTHIBAsCHY BellecTBOM u3-3a «chepsl IlBapmmmnsra». U
pacuMpsAThCSI OHa MOXKET TOJIBKO 3a CUEeT 3axBaTa BEIeCTBA, HAXOIMIErocs BHE «chepsl
[IBapumuabaa.



