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R. A. Chas’yanov

The structure and evolution of the real Universe

Introduction

More than a 100 years have passed from the date of publication of “General Theory of
Relativity” by Albert Einstein gave us a contribution of large weight for the knowledge of the
Universe. Being by its nature Relativistic Mechanics, Einstein’s work incorporated classical
Newton Mechanics. Friedmann created models of non-stationary universe in which he predicted
in particular Universe expansion. Obtained by Friedmann in 1922-1924 during his investigation
of relativistic models of Universe non-stationary solutions of Einstein equations gave initial step
in development of the theory of Non-stationary Universe. Friedmann clarified types of behavior
of such models, admitted by equations of gravitational attraction; moreover, Einstein model of
stationary Universe turned to be a particular case of them. By this way Friedmann disproved an
opinion that the general relativity theory required finiteness of the space.

"Cosmology is a science investigating Universe as an entire object. It is, probably, most
difficult branch of astronomy because, under impossibility to observe the entire Universe in
whole, one always meet a danger to replace the true knowledge by some preconceived notions.
During last decades the situation changed. Cosmology became a respectable science (which was
not so some 50 or 60 years ago). However, questions related to Universe birth, its namely present
observable state remain yet not answered. At the same time, there are some definite advances in
the perception of contemporaneous state and several steps or stages of Universe evolution. These
advances are results of mutual work of many researchers and joined efforts of many international
groups of astronomers” “The Big Bang Theory presently has no any noticeable deficiencies. |
would say that the theory is as well-established and true as the fact that Earth orbits around the
Sun. Both theories took central place in the picture of cosmographicum of its time and both had
many opponents who asserted that new ideas contained there are simply absurd and contradict
the common sense”. ... “Thus, the cosmology indeed gained the status of a respectable science.
It already has perfect results forming solid fundaments which remain forever. This is the status
of the Big Bang Theory” — the above citations are taken from the article “Contemporaneous
Cosmology” by Ya.B. Zel’dovich published in “Priroda” (Nature) journal #9 of 1983. This paper
brightly clarifies the validity of the Big Bang Theory possessing almost secular roots as
Einstein’s General Theory of Relativity and Friedmann’s Theory of Non-stationary Universe do
have.

At the breaking of September of 2012 in Kazan (RF) the International Conference “Ray
Sky: from Stars and Black Holes to Cosmology” headed by Acad. R.A. Syunyaev and Acad.
N.A. Sakhibullin, where the author succeeded to talk with Rashid Alievich Syunyaev. The author
suggested him to look through the author’s work “Qualitative Model of the Universe” which
differs from the Big Bang Theory and got the answer that the academician belongs to
“Zel’dovich school” and he is afraid of being unable to understand the author’s paper. This
implies that "both the master and his disciples” are apologists of the Big Bang Theory — or so-
called “black-hole followers” amazed by singularity.

In spite of that due the Big Bang Theory we know in details what happens from the start
of the bang up to parts of seconds, by no means we know what are processes taking place on our
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nearest star — the Sun. What is the origin of solar activity which is revealed through appearance
of sun spots, plagues, solar bursts? What is the source of periodicity and change of magnetic
poles? The Earth with its movement of continents remains an enigma in many aspects. We think
that a paradox of the Big Bang Theory is in the following: the more we know the Universe the
more quantity of questions requiring answers we get.

The error is in that Friedmann solved Einstein equations which are ones of the general
theory of relativity or, say, equations of the relativistic mechanics. From the mathematical point
of view those solutions are impeccable. However, from the physical standpoint, those are not
related to the Universe because they do not take into account other properties of the matter
except for gravity. The properties of Universe determine in addition gravitational interaction also
strong, weak, electrical, and magnetic interactions in the matter. Due to the strong interaction the
matter can be represented as Mendeleev periodical table of elements. In total, more than 1500
isotopes are known, being variations of chemical elements, and 266 of those are stable.

A theory, based of singularity cannot be justifiable It is not serious to believe that it is
possible to cognize the Universe, relying only on the fact that galaxy clusters have redshifts in
their spectrum, the appearance of which, in the Big Bang theory, is interpreted as an expansion
of the Universe, completely ignoring the fact that this is the result of that effect of gravity on
electromagnetic radiation.

Cognition of the Universe should be started on the basis of scientific achievements
associated, first of all: with the study of the properties and structure of matter, which are related
to sufficiently studied branches of science. Indeed, the Universe includes objects of the Solar
System, which at the present time, remain not fully understood objects in science. It should be
remembered that the Universe cannot be irreversible and not infinite, it must be one. Only in this
case we can find in science the only model that explains the real Universe, other wises we will
carry the endless nonsense that is observed in science at the present time.

At the beginning of the 20th century, the study of the properties of matter - the properties
of Mendeleev's periodic table of elements was in its infancy, this happened a little later.
Therefore, Einstein, Friedman, Hubble is forgivable, but the apologists of the Big Bang theory
should know and remember that there is a force in the Universe that counteracts the force of
gravity, which at its minimum is approximately 30 orders of magnitude greater - than the force
of that gravity. This is the force of diamagnetism, which arises during charge superfluidity in
matter at a characteristic pressure Pc.

At a given pressure, the material object of the Universe becomes a star, thanks to a
thermonuclear reaction, which becomes reversible, in the interior of the central part of the star. A
weak manifestation of diamagnetism is characteristic of some elements of the periodic table, in
particular bismuth, as well as some compounds.

The existence in the Universe of an opposing force of gravity and exceeding by more
than 30 orders of magnitude that the structure and evolution of the real Universe is determined
not by gravity, but by the diamagnetism of matter in a state of superfluidity, which does not
allow the matter to be compressed to an infinite density in superfluid zones. In the Universe, the
density of any objects is limited by the limiting density p..

The existence of the limiting density of matter p. in the real Universe suggests that

neither singularity nor black holes have ever existed in its evolution. Thus, we came to the
inconsistency of the Big Bang theory.
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To build a theory that would determine the structure and evolution of the Universe, not
taking into account, apart from gravity, other properties matter, should be considered an
occupation, extreme stupidity.

Real Universe

Big numbers in the universe

“Pavel Dirac, one of the classics of physical science of the 20th century, paid attention to

the coincidence of large numbers back in the 30s. He noticed that a large number also measures
the ratio of the electric force acting between an electron and a proton to the gravitational force
between them, Fq and F¢ (both forces are equally dependent on distance, so their distance ratio
does not contain).
Dirac suggested that large numbers have the same order not by chance, and their coincidence
reflects the deep connections of the world of elementary particles with the Universe as a whole.
But what these connections are in reality, what is hidden behind them, where they come from - it
will probably be very difficult to find out about this. Perhaps this is the most ambitious task of
the physics of the future - AD Chernin [40 pp. 154 - 157].

An estimation of correlations of various forms of interaction leads us to the following
result [17 p. 10-11, 52-53, 85]: “the ration of electrical force acting between electron and proton
and between two protons to the gravitational force between those is as follows.

F, 2
q —e ~ 1040
/FG - /Gmpme ~10 (1)

F, 2
q — € ~ . 42

Fine structure constant or, in the other words, dimensionless square of charge is
determined by the ration of electron “radius” to Compton wave-length. It enters into

2/ e2 2
e?/mec =e/hc=1/137 (3)

h/mec

the relation of the energy of magnetic interaction between two quant particles to the energy of
electrostatic interaction between two electrons in the same conditions:

M, = = Mizp) @

In considering the energy of diamagnetic interaction, one should take into account the
diamagnetic susceptibility:

|Xaial = %(ez/hc)zz % (1/137)2" (5)
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The ratio of the diamagnetic interaction force to the force of gravitational interaction
shows that those quantities are not commensurable:

(Fy/F6) - (Upaia/Ug) = 4+ 10%2 - =(1/137)"~ 2- 1033 )
Relations (1) — (7) obtained via universal constants show that the gravitational force is
not a defining factor in the construction of cosmological model of Universe. The matter. which

possesses quantum structure and is the main composing part of Universe must enter properly into
creation of the cosmologic model of Universe along with the relativistic mechanics.

Luminiferous ether

Luminiferous ether is a term originally coined by René Descartes in 1618 to denote in
the history of physics a hypothetical all-pervading medium whose vibrations reveal themselves
as light or electromagnetic waves. Let us trace the fate of this hypothesis - the luminiferous ether
during the last four centuries. The nature of light was also discussed by Christian Huygens in his
Treatise on Light, an outline of the wave theory of light in 1678. In 1821, independently of
Thomas Jung, Augustin Jean Fresnel proved that light waves are shear waves. The late 19th and
early 20th centuries were marked by the greatest discoveries in the field of thermodynamics, the
efforts of scientists: Kirchhoff, Ludwig Boltzmann, Wilhelm Wien, Rayleigh, Max Planck, ... In
1860, Kirchhoff designed a successful object for experiments in thermodynamics - an absolutely
black body. It is a material object that surrounds a closed cavity, inside which a deep vacuum is
maintained and with a small window for observing equilibrium radiation from an absolutely
black body, inside a closed cavity. In fact, this laboratory object is an analogue of the Universe,
where material islands, which are clusters of galaxies, float in the vast expanses of the cosmic
vacuum - the luminiferous ether.

Thermodynamics faced a fundamental problem - to study the process of radiation and
absorption of electromagnetic waves by a material body. Relying on the atomistic concepts of
matter, Planck began work on the theory of thermal radiation - calculating the distribution of
energy in the spectrum of equilibrium radiation of an absolutely black body, that is, a body that
completely absorbs radiation incident on it in the entire spectral range.

The fundamental difference between the Planck approach and the theory of gases was

the appearance of the mysterious constant h. In the theory of radiation, the size of the energy
element is strictly fixed. This is due to the elucidation of the details, the microscopic picture of
the process of emission of light by an oscillator, namely, with the electronic theory of the
structure of matter, based on the phase space method developed by Gibbs. The importance of this
theory cannot be overestimated, as a result, Planck’'s formula appeared, which he theoretically
substantiated, the form of spectral curves given by Planck's law was ideally combined with
experimental data not only in the spectrum of a black body, but also in practice.

__ 8wy hy *
Pyt = 3 hr 1)
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Where P, ) - is the volumetric radiation density y - is the frequency, T — is the

temperature, C — is the speed of light, K — is the Boltzmann constant, h — is the Planck constant,
which is an elementary quantum of action. This work was awarded the Nobel Prize in Physics.
Energy in the Universe does not arise and does not disappear, but passes from one form
of existence to other forms of existence. In this form, the Law of Conservation of Energy can be
formulated. At the moment it is known for sure that one of the forms of the existence of energy
IS matter - the periodic table of elements of Mendeleev, this is the most famous form of the
existence of matter. In general: energy should be represented in the form of a saturated solution,
where matter is the sediment, and the rest is a luminiferous ether - an energetic medium, the
energy density of which is limited and always remains constant, due to the equilibrium state of
matter and ether in this saturated solution of energy. Ether is able to transfer energy in the form

of an electromagnetic wave at the speed of light - C. Only such a representation of energy can
explain the emergence and existence of an elementary quantum of action. The energy density of
the ether is so limited in its magnitude that electromagnetic waves with an arbitrary amplitude
cannot be excited in it, but it is enough only to provide some small constant amplitude,

regardless of the frequency, which ensures the appearance of an elementary quantum of action h.

In the Universe, the quantization of energy, that is, the emergence of an elementary
quantum of action - Planck's constant, can occur only in the luminiferous ether, which is in an
equilibrium state, with a derived state of energy - matter. The saturated solution of energy, which
the Universe consists of, significantly exceeds the energy density of the ether, which fills the
entire Universe and accounts for the formation of matter. Matter always initially condenses, from
a saturated solution of energy in Bose condensation zones and is a paired neutron with spin equal
to one - a superfluid neutron. In turn, a superfluid neutron decays upon evaporation into neutrons
with spin equal to 1/2. The neutron further decays: with the creation of two stable, charged
elementary particles of an electron and a proton - a hydrogen atom, or participates in the creation
of elements of Mendeleev's periodic system, as a result of thermonuclear fusion. At the same
time, the Universe is always an infinite energy space filled with: luminiferous ether and isotropic
electromagnetic radiation, in which potential wells with the presence of energy in the form of
matter - a cluster of galaxies are located isotropically.

While debugging the radio telescope, astrophysicists A. Penzias and R. Wilson in 1964-
1965 discovered that the receiving horn antenna constantly receives a radio phon. Neither
technical improvements, nor changing the direction of the antenna, with the annual rotation of
the Earth, did not eliminate this background. It turned out that in the Universe there is isotropic
radiation of increased spectral density in the range of meter - millimeter waves, which uniformly
fills the entire Universe. For this discovery, Penzias and Wilson were awarded the 1968 Nobel
Prize in Physics. In the Big Bang theory, isotropic radiation is explained as relic radiation,
existing from the very first moments of expansion, as residual radiation.

In 1959 - 1960 at Harvard University, Pound and Rebka, who experimentally proved that
an electromagnetic wave exhibits gravitational properties, like matter. A change in the frequency
of an electromagnetic wave in a gravitational field was discovered, for which the authors were
awarded the Nobel Prize. It follows from these works that the isotropic radiation of increased
spectral density in the range of meter - millimeter waves, which fills the entire space of the
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Universe, has a gravitational nature. And that the space of the Universe is: infinite, stationary,
absolute and energetic space, filled with quantized luminiferous ether. We will touch upon this
issue in more detail below.

The discovery of isotropic radiation, which took place half a century after the publication
of the "General Theory of Relativity" of general relativity, led to a new representation of the
ether [40 pp. 149-153], [47]. Thus, having overcome oblivion, the luminiferous ether continues
to exist at the present moment, playing a major role in the structure and evolution of the
Universe.

Convertible thermonuclear reactions of the real Universe

It credibly known that in the real Universe in the interior of stars non-artificial
thermonuclear reactions take place with the synthesis of Mendeleev periodic system elements
and large amount of energy discharged by stars. One of most impressing events in the Universe
is a supernova explosion. Within this explosion its luminosity exceed more that four milliard
times the luminosity of the Sun, it could be almost compared with the radiation of a whole
galaxy. The energy released during such a flare is indeed fantastic: during several months the
star releases as much as the Sun during several milliard of years. If the matter in the real
universe posses an ultimate density, then the source of such energy might be only
thermonuclear reaction inside the supernova.

Non-artificial thermonuclear synthesis in the interior of star in the supernova explosion
(and we are completely confident in this) is able to synthesize all elements of Mendeleev
periodic system and evolve from a pulsar at initial stage up to a star event with a planetary
system which is able to give birth not only to a life by also to cogito; without cogito the universe
existence loses any sense.

During the synthesis of composed nuclei, two stable quantum particles take part —
proton and electron both obeying Fermi-Dirac statistics. This phenomenon is accompanied by
consumption of electron by nucleus and birth of a nucleon (a neutron). Combination of proton
and neutron in certain ratio causes synthesis of all composed nuclei of elements of Mendeleev
periodic system with release of significant amounts of energy, in average about 8 MeV for a
nucleon (an exothermic process).

The ability of a proton and a neutron in certain ratios, to synthesize stable elements of the
periodic system, leads to the formation of a compound nucleus, the density of which is many
orders of magnitude higher than the density of the element itself, which leads to the release of a
significant amount of energy during nuclear fusion. In general, with any increase in density, be it
gas, liquid or solid matter, energy is released - this is a general, fully explainable property of
matter. However, there are no compound nuclei consisting of two protons or two neutrons,
although, it would seem, for neutrons, there are no obstacles, unlike protons. As for the
compaund core, it is still not clear here what forces hold the core at a huge density, although it is
known that they have an extremely limited range. Very large at short distances, nuclear forces
disappear at a distance of a few fractions of a fermi (fermi — 10™*® centimeters). Their second
essential property was the practical independence of the particle charge.
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If in Universe there exists a non-artificial thermonuclear synthesis, then there must exist
also a non-artificial nuclear fusion. The non-artificial nuclear fusion exists in the interior of star,
is an endothermic process under which a significant quantity of energy is consumed (in
average, about 8 MeV per nucleon) and this results in appearance of quantum particle coupled
neutron obeying Bose-Einstein statistics. Nuclear decay should be attributed to the third property
of nuclear forces, which, under certain conditions, would ensure the decay of a compound
nucleus. Such a force that satisfies all three properties of nuclear forces exists. This force arises
when the proton and neutron approach each other and is accompanied by the release of
electromagnetic radiation, which occurs when the surface of the proton and neutron touches,
leading to the densification of this pair. At the point of contact, a vacuum necessarily arises,
which there is no need to create, it arises arbitrarily, since a force opposing the force of vacuum
attraction can arise at a photon wavelength commensurate with the distance between a proton
and a neutron, in this case, and this is equal to tenths of a fermi ... This force of vacuum
attraction is uniquely extremely limited and exceeds any existing force.

The compound nucleus, which consists of nucleons - protons and neutrons, determines
the chemical properties of the element, its stability. All chemical elements are grouped in such a
way that together they form an island of stability, which has more than 1500 isotopes - varieties
of chemical elements, and only 266 of them are stable. Unfortunately, it has not yet been
possible to artificially synthesize a single stable element that does not exist in the periodic table
of Mendeleev. Only with certain combinations of protons and neutrons in the nucleus does it
become stable, a well-known fact in science. The concept of a compound nucleus of an atom
with its strong bond based only on collide experiments will not be complete if they do not satisfy
the structure and evolution of the Universe. It is necessary that, even under certain conditions,
the decay of the compound nucleus takes place.

The compound nucleus of an atom is influenced by an external factor. As the pressure on
the atom increases, the electron shell becomes denser, which in some way increases the bond
between protons and electrons, increasing the probability of K-capture of an electron by a
nucleus, while one of the protons turns into a neutron. Thus, with increasing pressure, the ratio of
protons and neutrons in the nucleus changes in the direction of increasing the latter.

The non-artificial nuclear fusion as well as the ways is realized can be traced in more
details in the interior of the star nearest to us and more studied, i.e., the Sun. Man-made
laboratories for researching this process cannot be created, because the existing pressure in the
central region of the Sun cannot be obtained. Pressure P¢ characterizes the birth of a star from a
material object in the Universe.

As you know, quantum mechanics, which is a mathematical reflection of the physical
processes that occur in the Universe, will not be sufficient without explaining the physical
processes taking place on the Sun.

The Sun

Contemporaneous knowledge about the Sun says that this is a highly heated gaseous ball
with each elementary volume of it being in balanced state and the gravitational force is
counterbalanced by gas pressure which is attained by the increase of the temperature in nearing
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the center due to thermonuclear reactions. And we also see that such a picture is at least very
fragile. As soon as the nuclear fuel will expend itself, the star will turn into a white dwarf or into
a neutron star. or into a black hole — it depends on the star’s mass.

One would be able to be sure if there were no such phenomenon as superconductivity
which tends to grow along with increasing pressure; it was proven experimentally. the
superconductivity reveals in complete shape under high pressure and is (along with gravitation) a
fundamental property of the matter (however, it is no too easy to imagine that incandescent ball
could show quantum properties of matter.

In the interior part of Sun and all variety of stars in Universe, there exists the

condensation pressure P. under which the decay of composed nuclei of matter becomes

possible. Electrons surrounding composed nuclei, has a sufficient density and by its influence
upon the composed nuclei weakens the links inside composed nucleus. The process of decay of
the composed nucleus is accompanied by of transformation of a protons to a neutrons and
consumption of large quantities of energy at zones of Bose-condensation (ZBC). This zone is
determined by the isobar of condensation pressure P , which is a sphere in the central part of the

Sun and all representatives of the whole variety of stars. The process of decay of composed
nuclei takes place under deficiency of energy related to the final value of thermal conductivity in
star interior. This leads to the lowering of temperature up to the absolute zero at the ZBC which
happens in the central part of the Sun and stars. Outside the zone, a gradient of temperature from
absolute zero to the temperature at he interior of star takes place. This ensures the appearance of
a certain very important layer of electron superconductivity which surrounds the ZBC as a
cocoon. The velocity if decay of composed nuclei in ZBC depends on the velocity of cross-flow
of energy in the star interior ZBC. On the Sun, the process of decay of composed nuclei in ZBC
continues about 11 years and is terminated with transformation of the last proton to a neutron
and formation of dense core of Bose-condensation (CBC) consisting of coupled neutrons in
super-fluidity state under which the magnetic field is condensed.

Within formation of CBC, in ZBC saturation with energy takes place; this leads to
increase of temperature on the vicinity of zone. Outside the ZBC, temperature gradient vanishes
and this leads to disappearance of electron superconducting layer with magnetic field generated
by this layer (the last one enveloped ZBC and retained from decay the core of Bose-condensation
of CBC. The CBC is decaying into two approximately equal parts and the process of squeezing
from ZBC due to Meissner effect towards the polar domains with continuation of formation of
smaller fragments. Additionally, the process of evaporation under pressure smaller than Pg

continues. The rotation axis of the Sun is the preferable direction for magnetic field lines.

The liberated ZBC is replaced with new portion of plasma and the decay of composed
nuclei restarts; temperature will lower down to the absolute zero at the zone; temperature
gradient appears with the layer of electron superconductivity enveloping ZBC as cocoon in
which the process of composed nuclei decay is going on. These phenomena occurs almost at the
same tome during a very small interval of time. Thus. for ZBC the next 11-year activity period
(cycle) starts; however, the [polarity of magnetic field changes.

The layer of electron superconductivity which envelopes ZBC as a cocoon plays a two-
way role; first, it retains CBC growing in ZBC from fractioning, second, the fragments of
fractioning of the previous CBC (which formed two local zones) are squeezed by Meissner effect
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into near-polar domains and reveals themselves through by their magnetic fields as polar
protuberances on the surface of Sun. The further destiny of the fragments of fractioning (we will
call them simply Bose-condensates or BC) is as follows: they will floats in the interior not far
from surface layer, being detained by Meissner effect due to existing electron superconductivity
layer. Under the action of Sun rotation, BCs form two latitude bands of activity in form of ring in
north and south hemispheres; there bands permanently drift from poles to the equator. What is
more, Bose-condensates hold on evaporation and zones of thermonuclear reactions of synthesis
with emanation of energy which is partially irradiated into the space. while the remaining part is
consumed by ZBC for decay of composed nuclei. The vicinities of BCs in this situation undergo
strong heating and float up along with BCs to undersurface zone of Sun and reveals themselves
on surface as eruptive flares with appearance dark spots, local magnetic fields related to up-
floating of BCs and protuberances or other phenomena accompanying thermonuclear synthesis
(as faculae and flocculi).

The thermonuclear synthesis reaction augments locally the pressure around BCs up to P,
BC stops evaporation and the synthesis reaction terminate. BC then lowers down to previous
level. With decrease of temperature the local pressure also decreases, BC restarts evaporation
and thermonuclear synthesis of element. Such process will repeat up to complete evaporation of
BC. As one can see, the process of thermonuclear synthesis in the interior of Sun and all other
stars is being self-controlled!

Thus, all stars in their variety are joined with the common phenomenon: both
thermonuclear synthesis of elements and nuclear decay of elements exist simultaneously due to
existence of zone of Bose-condensation in the central part of a star. In addition, stars in their
variety differ from each other only because outside conditions of existence of every star is
intrinsically overlays upon the universal macro-quantum-physical process. For example, if
accretion takes place of the surface of a star, the zone of Bose-condensation will increase and
processes will hold in another way in comparison with a permanent zone. If, upon the Sun, a
large size meteorite will fall down differing chemically from chemical makeup of Sun (and no
doubts that such a phenomenon has been occurred already and not once) as soon as it hits ZBC, a
long period of minimal activity of Sun will be observed which is related to longer time of energy
saturation period for CBC. Thermonuclear processes will stop and the reserved energy of Sun,
will be spent for irradiation into space and for Bose-condensation without refill; this will lead to
the next Ice Age on the Earth.

In the real Universe the process of decay of composed nuclei obligatory leads to macro-
quantum-physical process with transition of matter into super-fluid state (Bose-condensate (BC)
which is the fifth state of matter) with transformation into an absolute diamagnetic containing
qguantum particles: coupled neutron obeying Bose-Einstein statistics. Under super-fluidity of
solely electron gas, as we know, the matter acquires the superconductivity property and the
property of counteraction against outside magnetic fields, which is the essence of Meissner
effect. Under simultaneous super-fluidity of quantum particle coupled neutron the matter
acquires magnetic fields acquiring the limit density p. and turns uncompressible at Pc¢, therefore
all forces (1) — (7) together overcome gravitational force; this is out of the question whether a
star might turn into a black hole. Under lesser pressures the fractioning of BCs takes place. By its
essence, CBC and BC contain coupled neutron (however, in the state of super-fluidity). For
CBC, there exists critical mass Mc, and a moment comes when the layer of electron
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superconductivity enveloping as a cocoon ZBC already is not able to hold CBC from decay, in
all other cases the cause of CBC is saturation of CBC by energy. This implies disappearance of
the electron superconductivity layer (it counteracts the decay). This is the CBC of all variety of
stars, centers of star clusters, centers of other agglomerations, galaxy centers with except for
galaxy agglomerations where the decay is ensured by attaining by CBC mass of the critical mass
M. of Bose-condensate with respect to mass, there is no exceeding critical mass in Universe and
the cause is the diamagnetism of CBC.

Large-scale structure of the Universe

The space of Universe should be considered as an energetic space where the energy
exists as electromagnetic waves and in condensed form as the matter. In 1959 — 1960 in the
Harvard University, Pound and Rebka proved experimentally that electromagnetic wave can
gravitate as the matter does, the change of electromagnet frequency was discovered in
gravitation field and this phenomenon brought them the Nobel prize.

The space of Universe is know to be filled with isotropic radiation and radiation of
agglomerates of galaxies. The clusters of galaxies are similar to islands in this space.

“...It seems to me that if the matter of our Sun & Planets & all the matter in the
Universe was eavenly scattered throughout all the heavens, & every particle had an innate
gravity towards all the rest & the whole space throughout which this matter was scattered, was
but finite: the matter on the outside of this space would by its gravity tend towards all the matter
on the inside & by consequence fall down to the middle of the whole space & there compose one
great spherical mass. But if the matter was eavenly diffused through an infinite space, it would
never convene into one mass but some of it convene into one mass & some into another so as to
make an infinite number of great masses scattered at great distances from one another
throughout all that infinite space.” This is an excerpt from the Newton’s letter to Richard
Bentley, dated 10 December 1692.

In 21% century, the science can answer by confirming: “Yes, the matter is evenly
scattered throughout the Universe in such a manner that if one takes two equal large volumes of
the Universe space, then these have equal masses and that the Universe is homogeneous and
isotropic.” The real structure of the Universe behaves so that it can be imagined as a
homogeneous isotropic space. The most amazing is that Newton deducted this by his own mind
—in 17" century and up to 20™ century no conceptions on the large-scale structure of Universe
existed.

Let us consider the motion of a material point with mass m, in a homogeneous spherical
volume of finite size and density o #0.

The initial conditions are as follow: the mass m; starts motion from sphere center,

2
possessing kinetic energy, T, = mlvo/z insufficient for reaching the boundary of sphere and

c>>v.
By Gauss theorem for Newton potential, on moving material point m; at any moment of
time ¢ will act only mass concentrated inside the ball with radius I;, which determines the

position of m; and in a way as if this mass were concentrated in sphere center:
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where G is gravitation constant, M, = %prf

At the moment when kinetic energy of m, attains T =0, m, will be at distance R from

4mTpGmq RZ

the center of sphere while potential energy attains the value Py = Accordingly the

energy conservation law for distances r = 0 and r = R the equality is valid T, + P, = T +
Pg , where P, = T = 0. Hence relation

m;v2 _ %RZ 9)
will be brought into the form
v =HR (10)

where = /% ; we expand the sphere to infinity in a way that the center of sphere would

remain same and p constant.
By Gauss theorem, equalities (9) and (10) will also hold for homogeneous o =0

isotropic infinite stationary space. In what follows we will read this object as X —space

Since the infiniteness of X —space means parity of all points of the space, this implies
that any point is a center of space. As soon as the material point m; will waste kinetic energy, it
will be seen that it has no place to fall. As a consequence of this phenomenon, m, will be in a
potential well; in order to leave it, a strange force should be applied.

The expression for potential energy in equation (9) will be determined as energy of
interaction of the particle with the space.

Since we are dealing with a saturated energy space, similar in its likeness to saturated
solutions in a glass, which are certainly divided into a solid fraction in the form of a precipitate
and a liquid with a constant density for a given solution. Something similar happens with the
saturated energy X - space. The saturated part of the energy materializes - condenses in the form

of condensates with a density not exceeding the limiting density p., as a result of the that action
that of gravity, forming potential wells, without violating the isotropy of infinite space, (because
gravity is not able to violate the isotropy of infinite energy space). And it is ultimately a paired
neutron with a spin equal to one, obeying the Bose-Einstein statistics - superfluid neutrons,
forming a Bose condensate under the pressure of the P¢. And the saturated infinite energy space
in this case, due to the accumulation of matter in potential holes, loses its saturation and turns
into an absolute infinite spatial energy medium - luminiferous ether, the vibrations of which
reveal themselves as the propagation of light and electromagnetic waves, as a result of the
excitation of matter. The luminiferous ether, while being on the verge of saturation, having a
very small constant energy density, will certainly lead to the emergence of a constancy of an

elementary quantum of action - h Planck's constant.
If at any point of X —space there appears a perturbation with the velocity v, then its
complete attenuation occurs at a finite domain determined by the radius R = V/H.
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Electromagnetic radiation is also obeyed to attenuation in X-space. By replacing in

2
equation (9) m, = ’t“”/c2 with MV /2 = hw, we obtain

r=92 17 (11)
H
Electromagnetic radiation is propagated in accordance with equation (11), where C is the

light speed, z; = A% is the red shift of frequency, @ is the initial frequency of radiation,

_ V2
T H

R (12)

Let us note equation (12), its physical sense is in that for electromagnetic radiation for

A% = 1 there exists a horizon, i.e., a distance, after which an observer will get no any

Zg =
information.

If at any point of X —space an electromagnetic radiation w arises, then the distance to
observer from the object is determined by red shift Z, in accordance with equation (11).

The notion of X —space is defined not by smearing of real Universe structure over
uniform density but starting from the point that the real structure behaves in large scales as an
absolute, homogeneous with density p # 0, isotropic, infinite, stationary space in whole, and
the matter (if possessed solely gravitation property) would reach an absolute rest in potential
wells of attractive energy, keeping homogeneity and isotropy of this space. One should take into
account: 1. the discovery of existence (in real Universe) of electromagnetic radiation in radio
range, that of augmented density, filling homogeneously and isotropic radiation coming
uniformly from all directions (Penzias and Wilson (1965), 2. as well as the work by G.E.
Volovik [47], where a substantiation of existence of quantum light-carrying ether in Universe
and 3. existence of limit mass of Bose-condensate M. . were established. This allows us to
conclude that the Universe represents by itself an infinite space filled with light-carrying ether,
similarly to a certain infinite crystal at the nodes of the lattice of which potential wells are
situated with galactic clusters, where matter is, both in a state of superfluidity, obeying the Bose-
Einstein statistics, and in the ordinary state, obeying the Fermi-Dirac statistics, its mass is equal
to the critical mass M. Hence it follows that Universe is also stationary and is an absolute space.
This is how the Universe has always been and always exists, and it is justified by the fact that
itis, in general, an infinite saturated energy space.

For every galactic cluster the relation of gravitational interaction with other clusters is
valid; the latter means

Y Fin =0 (13)

that gravitational forces do not have an effect on the large-scale structure of Universe.
Dynamism of Universe exists due to existence of convertible and non-artificial
thermonuclear reactions, it is bounded by boundary of galactic clusters, while, in the whole, this
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property can be treated as: infinite, homogeneous, isotropic, absolute, stationary space and
Universe was always so.

For an observer placed at any point of an infinite space the visibility is bounded by
horizon (12). Inside the sphere (domain bounded by this horizon) the unique source of
information about Universe is electromagnetic radiation. From spectra of radiation of all objects
of Universe in domain situated outside limits of resolution and up to horizon, due to red shift, a
radiation of increased intensity will be observed in radio-frequency range. This radiation fills all
space of Universe, it is an isotropic radiation. Meanwhile from objects situated outside limits of
resolution we will observe red shift of objects’ radiation, which will be weaken along the
decrease of distance to observer, up to event, when an object becomes visible by the unaided eye.

“Entropy postulate” by German physicist R. Clausius or the second principle of
thermodynamics laid the foundation to one-and-half century discussion on a heat death of the
Universe. The law is simple: the heat cannot pass from a colder body to a warmer one. This leads
to the situation that bodies exchanging heat without producing a mechanical work are gradually
turn equal by temperature, a “death stage of inertia” is finally attained, where changes are not
possible as well as processes and this leads to a dying world. Not a very nice prospective though.
Stoletov, Timiryazev, Vernadskii were convinced that there is an reversibility in the Universe,
but have no tools to prove it. Non-artificial thermonuclear synthesis with emanation of energy
and nuclear decay with consumption of energy represent a unique and fundamental process in
Universe; this process ensures both constitution and evolution of Universe as well as another its
most important property, i.e., convertibility. This also allows us to explain without specific
efforts and in a simple way the structure and evolution of: stars, planets, galaxies, galactic
clusters as well as V.A. Ambartsumyan’s concept (activity of galaxies’ cores); this cannot be
reached through the Big Bang Theory.

The convertibility is ensured in active domains of Universe, i.e., in galactic clusters.

Let us recall Newton’s words which are “... for Nature is pleased with simplicity, and
affects not the pomp of superfluous causes”. This should be treated by our opinion as the
Universe must be simple as well.

The structure and evolution of the real Universe

The Universe is an infinite energy space, where energy is presented as: a luminiferous
ether filling this space with a constant and limited energy density, when disturbed, an
electromagnetic wave appears, propagating in absolute space at the speed of light. And matter - a
condensed form of energy, which can be both in a superfluid state, obeying the Bose-Einstein
statistics, and in a normal state - the periodic system of elements of Mendeleev, obeying the
Fermi-Dirac statistics, in potential wells, without violating the isotropy of infinite absolute space.
In thermodynamics there is a formula for thermal radiation, known as the Planck formula (1 *),

which contains a constant amount of energy per unit frequency h - Planck's constant, which is an
elementary quantum of action. It is to the luminiferous ether that we are obliged to receive
information about the space around us, in the form of the energy of the electromagnetic wave hy

- the disturbed state of the ether. Planck’s constant, its constancy means that the energy density of
the ether is limited in magnitude and constant in the Universe. This constancy is achieved due to
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the fact that the ether and matter are in an equilibrium state, which keeps the energy density of
the ether constant. Similar to saturated solutions in nature, when the density of the solution is
constant, due to the precipitation of a precipitate in the form of crystals. The energy density of
aether is always on the threshold of saturation, because at saturation the aether passes into a
Bose-condensate state of matter - called a superfluid neutron. A superfluid neutron, which is a
paired neutron with spin equal to one, at pressures below P¢, begins to evaporate at the
superfluidity interface, decays further, into two neutrons whose spins are equal, 1/2 of which are
converted into a hydrogen atom upon decay, or synthesize a compound nucleus any atom.

It should be noted that we can always observe the saturated state of energy, only as matter
in the normal state obeying the Fermi-Dirac statistics and in the superfluid state - a superfluid
neutron obeying the Bose-Einstein statistics, located in potential wells, of clusters of galaxies,
without violating the isotropy of infinite space! Similar to saturated solutions, like a crystalline
precipitate at the bottom of a glass.

In an absolute stationary energy space, the law of addition of velocities from the special
theory of relativity STR for electromagnetic radiation is not fulfilled [3 p. 29].

;o Ui—up
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Two short electromagnetic pulses emitted in opposite directions will have a relative

velocity equal to 2C, it is easy to check, and not equal to C, according to the law of addition of
velocities.

u (14)

Clusters of galaxies

As for matter, it is condensed, maintaining the isotropy of space, in potential holes,
thanks to gravity and the property of matter to condense into Bose condensates, which have a
critical mass Mg, being the largest objects in the Universe and definitely belong to clusters of
galaxies. There are no objects in the Universe larger than those with a critical mass Mc, so the
masses of all galaxy clusters are the same. Matter has a critical mass due to the macroquantum-
physical process that occurs with matter at the condensation pressure Pc.

The macroquantum-physical process is a reversible thermonuclear reaction that occurs in
matter at pressures: from zero to P and temperatures from absolute zero to very high. At a
pressure P¢ and temperatures near absolute zero T=0 * K: matter becomes superfluid, while the
compound nuclei of the elements of Mendeleev's periodic table decay to a paired neutron,
remaining superfluid, and become an absolute diamagnet with a magnetic field. The of gravity is
not able to maintain the stability of neutron superfluidity in the Bose condensation zone, without
superfluidity of electrons, which envelops this zone like a cocoon. Bose condensate of superfluid

neutrons has a limiting density p., much less than the density of the compound core, and equal
density in the center of the star, and has a critical mass Mc, when nothing can keep this
condensate from decaying into smaller fragments and scattering under the action of the Meissner
effect. The appearance of the limiting density and critical mass of matter is a consequence of the
fact that there is a diamagnetic exceeds the that gravity. From this critical mass, after the
scattering of the fragments, a cluster of galaxies will subsequently form. At a pressure less than
P, a Bose condensate from superfluid neutrons is converted during evaporation: in the first
stage, it turns into neutrons, and only in the second stage, a neutron turns into a hydrogen atom,
or enters into thermonuclear fusion, forming a new compound nucleus. From observations of
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solar activity on the Sun, one can confidently establish that thermonuclear fusion occurs, not in
the central regions, but in near-surface zones with Bose condensates - superfluid neutrons, which
manifest themselves as zones of activity on the Sun, manifesting themselves on the surface as
eruptive flares with the appearance of dark spots, local magnetic fields. Subsequently, it turned
out that a reversible thermonuclear reaction explains not only the processes occurring on the Sun,
but also perfectly explains the structure and evolution of the entire Universe, while remaining a
fundamental process of the Universe.

A superfluid neutron, in contrast to a superfluid electron, in which the diamagnetic force
exceeds the power of attractive by more than 30 orders of magnitude, differs by no more than 1
or 2 orders of magnitude. This is due to the fact that the neutron as a whole is electrically neutral,
the middle is weakly charged positively, the inner part carries a negative charge, the outer part is
weakly charged positively. It has an unexpectedly large negative magnetic moment of 1.913
nuclear magnetons instead of zero [46 pp. 77 - 79]. This allows us to explain the reversibility:
not only of stars, but also of galaxies, and even clusters of galaxies, because the smaller the order
of magnitude of the ratio of the diamagnetic force of superfluid neutrons to the power of
attractive, the greater is the critical mass Mc of superfluid neutrons - the Bose condensation
nucleus. In Bose condensation of superfluid neutrons, the negative magnetic moment of the
neutron condenses. Thus, Bose condensates acquire a magnetic field, which manifests itself as
the Earth's magnetic field, as the magnetic field of sunspots in the zones of the Sun's activity.

Thanks to Max Planck, his constant h and a fundamental process, the Universe cannot
look differently: the Universe is an absolute, homogeneous, isotropic, stationary, infinite,
energetic space filled with quantum luminiferous ether, and isotropic electromagnetic radiation
of increased spectral density, in the likeness of some kind of infinite crystal , in the nodes of the
crystal lattice of which there are potential wells with a cluster of galaxies of the same mass. The
Universe has always been such in time. It was thanks to the Planck constant that it was possible
to discover that the density of the luminiferous ether is always on the verge of saturation and in
an equilibrium state with matter, which ensures the constancy of the Planck constant. Upon
saturation, energy condenses into a superfluid neutron. The energy ratio of ether to matter is
always constant.

As for the galaxy clusters, they are dynamic, thanks to a fundamental process - reversible
thermonuclear fusion. Despite the fact that all clusters of galaxies have exactly the same masses,
in their evolution, which is a cyclical process, they can differ sharply in size from each other.
There is no synchronicity in the evolution of galaxy clusters due to isolation and large distances
between galaxy clusters. Only the exchange of electromagnetic energy is possible between
clusters of galaxies, thanks to the luminiferous ether, which fills the entire energy space of the
infinite Universe. Despite the fact that the centers of mass of galaxy clusters are stationary
relative to each other, the clusters of galaxies themselves, in their potential holes, are filled with
dynamics, thanks to the force of attraction, which is a property of not only matter, but also
energy. The force of gravity is always present and tends to condense matter - it is the force of
attraction. Another force acting on a cluster of galaxies is of a diamagnetic nature - it is a
repulsive force that arises in the superfluidity of not only electrons, but also superfluidity of
neutrons. When the nucleus of Bose condensation of superfluid neutrons is saturated with
energy, it loses the confining cocoon of superfluid electrons and the nucleus of superfluid
neutrons, initially dividing into approximately two equal parts, irresistibly under the action of a
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repulsive force - the diamagnetic force. The nucleus will continue the subsequent fission at
relativistic speeds, forming two lobes - an expanding cold cloud of superfluid neutrons, which
can be observed with radio telescopes in the radio range. Moreover, as a rule, two lobes - two
radio ejections, can have different spectra, this is caused by the removal of one lobe and the
approach of the other lobe to the radio telescope with relativistic velocities. The process of
nuclear fragmentation from superfluid neutrons is accompanied by its evaporation of particles
obeying the Bose-Einstein statistics. As a result, a particle is born that obeys Fermi-Dirac
statistics - a neutron with a spin equal to 12 in the process of decay of a paired neutron with a
spin equal to 1, which, upon decay, turns into atomic hydrogen. This process continues until the
density of hydrogen, obeying the Fermi-Dirac statistics, increases to such an extent that it
increases the likelihood of collision of the nucleus of a hydrogen atom - a proton with a neutron,
which is a thermonuclear fusion with the release of energy into space. From this moment on, the
neutron produced by the evaporation of a superfluid neutron takes part, either in the production
of atomic hydrogen, or participates in thermonuclear fusion, increasing the temperature of the
hydrogen cloud that appears. Now the range of radiation of the cluster of galaxies will expand,
higher frequencies will be added to the radio range, up to infrared. Further evaporation of
superfluid neutrons will lead to a wider range of radiation from a heated hydrogen cloud, up to
the visible spectrum.

As a result, fragments of the crushing of a superfluid neutron were obtained, enveloped in
atomic, molecular hydrogen and the products of thermonuclear fusion, at a sufficiently high
temperature, which further enhances the evaporation of the superfluid neutron. The fate of these
fragments is known; irregular galaxies are initially formed from them, in which all the variety of
stars, including those with planetary systems, are formed from the remnants of superfluid
neutrons, with the formation of a Bose condensation core and the interior of a star from hydrogen
and of products thermonuclear fusion — of elements. At this stage in the evolution of a cluster of
galaxies, its expansion becomes very small or stops altogether, turning to contraction from the
constantly acting force of gravity. In the future, irregular galaxies will turn into elliptical also as
a result of gravity. Each of the whole variety of stars that inhabit these galaxies will acquire their
own cycles, thanks to a fundamental process - reversible thermonuclear fusion that occurs in the
interior of each star.

Gravity slowly but surely acts on a cluster of galaxies: at the initial stage, constantly
slowing down the rapid - relativistic expansion caused by the action of the diamagnetic effect on
crushing fragments of superfluid neutrons, and later, when the mass formation of the star system
is completed, the expansion of the cluster of galaxies will change to its very slow compression.
The very slow collapse of a cluster of galaxies is the longest stage in the cluster's cyclic
evolution.

Elliptical galaxies, the birth of spiral galaxies

All objects in the Universe are subject to the action of gravitational forces, and elliptical
galaxies and especially large ones are no exception. In the center of the elliptical galaxy, a
growing - increasing in size ZBC Bose condensation zone is formed, where the nucleus of Bose
condensation of the NBC from superfluid neutrons grows. The nucleus of superfluid neutrons
grows due to the absorption of the stars system of an elliptical galaxy. At the same time, the
density of stars in the elliptical galaxy is steadily decreasing, which in turn reduces the growth of
the nucleus from superfluid neutrons and at a certain moment the growth of the nucleus stops,
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and as soon as all composite nuclei disintegrate in the zone of Bose condensation of the ZBK,
energy saturation occurs, nuclei from superfluid neutrons, which fill the entire Bose
condensation zone. The process of decay of a nucleus from superfluid neutrons during the
evolution of a cluster of galaxies and during the evolution of an elliptical galaxy, in both cases,
proceed in exactly the same way. Although the mass of the nucleus of superfluid neutrons: in the
first case is equal to the critical mass Mc, which is the mass of the entire cluster of galaxies, and
in the second case, it is the mass of a single elliptical galaxy from a cluster of galaxies. The
process of decay of a nucleus of superfluid neutrons, for all objects in the Universe, does not
depend on the mass of the nucleus, and is a universal process. Only in the first case we got a
cluster of galaxies, and in the second we got the birth of a spiral galaxy from an elliptical galaxy.

The ejection from the center of a significantly thinner elliptical galaxy, with relativistic
velocities in the form of two lobes - an expanding cold cloud of superfluid neutrons, which can
be observed with radio telescopes in the radio range, is the birth of a spiral system of a spiral
galaxy. As a result of evolution, these petals will turn into a spiral galaxy system of young stars,
while in the central part of the formed spiral galaxy, clusters of old stars will be observed that
formed when the galaxy was still an elliptical and even irregular galaxy.

Nuclear activity: spiral galaxies and galaxy clusters

In the evolution of galaxies and clusters of galaxies, moments come when processes are
manifested caused by a change in the density of the stellar population of these objects, as a result
of the constant action of gravity. These processes are observed as the activity of galactic nuclei
and as quasars. The galaxy at the beginning of its evolution is an irregular cluster of stars, under
the influence of power of attractive and rotation, it takes on an elliptical shape. Throughout
evolution, the Bose condensation zone grows in the center of the galaxy due to the absorption of
the stellar system under the influence of gravity. The process of transformation of an elliptical
galaxy into a spiral galaxy was considered above, but even after the appearance of spirals, a new
Bose condensation zone begins to grow in the galaxy core with the absorption of stars under the
influence of gravity. The growth of the new Bose condensation zone itself is not the reason for
the activity of the spiral galaxy core. The core activity of a spiral galaxy occurs when the density
of stars in the galactic core reaches such a degree that the structure of the star begins to collapse
by affecting each other.

What happens in the galactic core when the stars get crowded? First of all, accretion
intensifies, as a result, many stars begin to lose not only the atmosphere, but also the near-surface
zone, while the pressure on fragments with a superfluid neutron decreases, which leads to an
increase in its evaporation and activity, which, under normal conditions, is defined as a zone star
activity. The evaporation rate of a superfluid neutron is inversely proportional to the pressure at
which evaporation occurs. A superfluid neutron, obeying the Bose-Einstein statistics, upon
evaporation turns into neutrons obeying the Fermi-Dirac statistics. The neutron is an active
particle in a thermonuclear reaction. Naturally, under normal conditions, the zones of activity are
self-controlled thermonuclear reactors in which a thermonuclear reaction is taking place closely
associated with fragments of superfluid neutrons that float in the near-surface zone of the Sun
and stars. Stars, galactic nuclei begin to shine, emit energy as: flaring stars, new stars, when a
thermonuclear reaction covers the bare region of a star's activity and even a supernova, when an
uncontrollable thermonuclear reaction takes place on a star. Matter flows between stars with
relativistic speeds are formed, where, in turn, a significant amount of energy is released.
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A cluster of galaxies, in its evolution, under the influence of power attractive is
constantly decreasing in size, while a Bose condensation zone grows in the center of the cluster,
by absorbing the cluster's star system. There comes a moment when the mass of the Bose
condensation core is slightly less than the critical mass Mc, while the size of a cluster of galaxies
becomes commensurate with the size of the solar system, the density of stars reaches a
catastrophic value, which leads to an increase in the activity of stars, which is no different from
the activity of galactic nuclei. But at the same time, the radiation power of a cluster of galaxies,
in terms of its magnitude, is incomparable with anything in the Universe. Events of such a
discharge are not observed very often in the Universe, because they occupy an insignificant
period of time in the cyclic evolution of a cluster of galaxies. This event is observed as a quasar.

Supernova, the birth of the solar system

In order for a star to flare up as a supernova with the subsequent formation of a planetary
system, it is necessary that: it has a formed structure of the Bose condensation core, enveloped in
a superfluid electron cloud, which prevents the decay of the nucleus of superfluid neutrons and
holds fragments of superfluid neutrons - Bose condensates in the near-surface zone of the star.
According to its characteristics, it belongs to the most ordinary stars, from the whole variety of
stars, which under normal conditions are not going to explode with the release of a huge amount
of energy, during a thermonuclear reaction in the interior of a star.

When analyzing the processes occurring on the Sun, it was found that solar activity,
which is manifested by the appearance of: sunspots, flare areas, solar flares, and is also
characterized by cyclicity and polarity reversal of the magnetic poles, is closely related to Bose
condensates - superfluid neutrons, which are an absolute diamagnet. Superfluid neutrons floating
in the plasma of the near-surface region of the Sun, also possessing diamagnetic properties and
helding on by the existence of a region of superfluid electrons, by the Meissner effect. Superfluid
neutrons, obeying the Bose-Einstein statistics, at pressures below PC evaporate, eventually
turning into neutrons, obeying the Fermi-Dirac statistics, and the evaporation rate increases with
decreasing pressure. A neutron, born in this way in the interior of the Sun, is an active particle in
thermonuclear reactions that occur at the border of superfluid neutrons and the surrounding
plasma in the near-surface region of the Sun.

All stars from all their diversity are united by a single macroguantum-physical process
taking place in the interior of a star, and they differ from each other by the action of external
factors. Such a necessary factor for a supernova is a decrease in pressure on superfluid neutrons,
which enhances their evaporation of at least one of the fragments of superfluid neutrons - Bose
condensate, which float in the near-surface zone of the star. At the same time, at the border of
which the thermonuclear reaction intensifies, locally to such an extent that the star shines like a
new star. If, regardless of how this happens, the pressure drops, or Bose condensates from
superfluid neutrons floating in the near-surface zone of the star become completely naked, the
main thing is that by this moment they have the maximum masses as soon as possible, without
having time to evaporate. Then a thermonuclear reaction will cover the entire surface layer of the
star and it will shine like a supernova, quickly reaching its maximum, then there will be a more
gentle decline in the luminosity of the supernova. In this case, the decline in luminosity, at a
level of approximately half of the maximum, will go from a gentle decline to a stepwise decline
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in luminosity. The stepped decrease in luminosity is more pronounced in novae than in
supernovae. This is due to the peculiarities of the course of thermonuclear fusion. Thermonuclear
fusion occurring at the boundary of superfluid neutrons, with the release of energy, locally
increases the pressure on the superfluid neutrons, which reduces the evaporation of neutrons, and
upon reaching the pressure Pc, it will lead to the termination of thermonuclear fusion, and even
nuclear decay with energy absorption can begin. Thermonuclear fusion in the interior of a
supernova cannot proceed in a constant rhythm, but is regulated by a local increase in pressure,
which is reflected as a stepwise decrease in the supernova's luminosity. In this case, a local
increase in pressure also acts on the Bose condensation zone, which will lead to a local increase
in the volume of the zone, without affecting the decay of compound nuclei.

In the process of thermonuclear fusion, its products will settle at the boundary of
superfluid neutrons, forming a layer of the elements of Mendeleev's periodic system, thereby
contributing to the formation of protoplanets with their own magnetic fields in the bowels of the
supernova. Thermonuclear fusion will gradually decline, because the products of fusion, by their
accumulation around superfluid neutrons, put pressure on it. The formation of protoplanets in
this way will weaken thermonuclear fusion, due to insufficient evaporation of neutrons to such
an extent that the supernova will begin to cool down, while the supernova will retain the Bose
condensation core. All contents of the supernova after thermonuclear fusion, which could not
free itself from the gravitational forces of the supernova, will subsequently settle on protoplanets
and on the core of Bose condensation, thus forming the interior of a new star - the Sun.

Not many of these protoplanets will acquire stable orbits and form in the future a
planetary system of a former supernova, and even more so a planet where in its evolution a mind
will appear that will seek to know the Universe. A universe without mind completely loses its
meaning. If the structure and evolution of the Universe is explained by the structure of matter at
the level of the nucleus, then mind - the contents of a living mother is explained at the molecular
level. All living things at birth acquire an animal temper - caused by the natural need to feed, and
intelligence is acquired throughout life. Not many people manage to gain reason. "Civilization
Earth™ is governed by greed, which, like the Universe, is boundless. All this we observe at the
present moment and for many centuries.

A superfluid neutron obeying the Bose-Einstein statistics, having a limiting density p.
and a temperature T=0K at a pressure below P, begins to evaporate at the boundary: a
superfluid neutron / plasma, while giving rise to neutrons obeying the Femi-Dirac statistics, that
is, matter passes from one states to another possible state. Intensity: evaporation and neutron
entry into thermonuclear fusion directly depends on the temperature and pressure of the plasma.
The higher the temperature and the lower the pressure, the more intense the process is, and with
a decrease in temperature and an increase in pressure, the intensity of the process decreases, and
the probability of a neutron decay into a hydrogen atom increases.

The above process allows us to consider the formation of planet Earth and other planets.
The decay of the Bose condensation nucleus and the rize of its fragments from superfluid
neutrons, by the action of the Meissner effect, into the near-surface supernova zones,
automatically ensures the rize of the moments momentum. In particular: thus, about 98 percent
of the moments momentum of the solar system belongs to the planets and only 2 percent to the
sun. Superfluid neutrons, having a limiting density, are able to condense the products of
thermonuclear fusion that are formed at its boundary. As a result, an inner core of superfluid
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neutrons is formed, which has its own magnetic field, enclosed in an outer core, consisting of
elements of the periodic table of Mendeleev, mostly heavy, because they are in the zone of
thermonuclear fusion. The outer core increases in size due to the evaporation of the inner core,
which supports thermonuclear fusion in the interior of the outer core, while simultaneously
increasing the pressure on the inner core, which in turn slows down the evaporation of the inner
core. Which ultimately leads to the termination of thermonuclear fusion in a supernova and a
gradual transformation into the solar system. But there were significantly more protoplanets,
which are based on superfluid neutrons, than planets in the solar system, all of them were
sources of thermonuclear reactions that produced locally elements that were different in
chemical composition from each other in each individual case. It is not difficult to assume that
minerals in the earth's crust in anomalous zones owe their appearance to the accretion of these
chemical inhomogeneities. In general, the final formation of planets, their atmospheres, satellites
and the Sun is associated with the accretion of everything that remains after a supernova
explosion in its zone of attraction.

The earth, thanks to the core of superfluid neutrons, has a magnetic field, the poles of
which can drift due to the superfluidity of the core. Although the core is under pressure from
almost six thousand kilometers deep, the pressure remains below the condensation pressure Pc,
at which the superfluid core slowly evaporates during the entire evolution of the Earth. A
superfluid neutron turns into a neutron, which at such pressures is likely to decay into a hydrogen
atom, and the reaction of nuclear fusion is very small, but it exists. This can be judged by the
content of helium in natural gas.

The evaporation of hydrogen from the core makes the Earth active throughout evolution
and at the present time. Hydrogen, entering the subsoil, during the evaporation of the superfluid
core, participates in the deoxidation of the subsoil, while the juvenile water appears to the
surface. It is to hydrogen that we owe that the Earth: it is constantly expanding, the oceanic crust
has appeared, continents are moving, active volcanic activity, the vast majority of hydrocarbons
are not of plant origin, but a product of synthesis with hydrogen. Even coal deposits were formed
under water, from oil seeping to the surface and sinking to the bottom of reservoirs, as indicated
by the layered structure of the deposit, coal and fine sediments.

Conclusion

The real Universe is: an infinite, isotropic, stationary, absolute energy space filled with
superfluid luminiferous ether, always on the threshold of saturation, which provides quantization
of energy, in the form of an elementary quantum of action h - Planck's constant. And the
saturated part of energy, which is matter, is always in the form: at a pressure equal to the
condensation pressure Pc, as a Bose condensate of superfluid neutrons - paired neutrons with
spin equal to 1, as a result of condensation of elementary quanta of action h. And with a decrease
in pressure, superfluid neutrons evaporate and turn into neutrons with a spin of 1/2, then decay
to a hydrogen atom and enter into a thermonuclear reaction, neutrons synthesize all elements of
Mendeleev's periodic system. On the whole, the Universe is stationary and is an infinite crystal;
in the nodes of the crystal lattice there are potential holes formed by the action of gravity on
matter. At the same time, matter is condensed in potential holes, like a cluster of galaxies,
without violating the isotropy of space. Moreover, the clusters of galaxies themselves are filled



21

with dynamics, due to the combination of the force of gravity and the diamagnetic force acting
on matter - due to the reversibility in the transition of matter from the Fermi-Dirac statistics to
the Bose-Einstein statistics. It is such a representation, in a single way and unambiguously, that
determines the structure, evolution and reversibility: the entire real Universe, as well as stars,
galaxies, clusters of galaxies, fully consistent with the laws of physics. Fully confirms the
assumption of Isaac Newton, about the extreme simplicity of the structure and evolution of the
Universe!

“During the beta decay of a nucleus, a new particle is born - an electron, which is not in
the nucleus. Moreover, calculations of the energy, momentum and angular momentum of the
initial nucleus and the decay products - the final nucleus and the electron - showed that the
balance almost never converges and diverges each time by a different amount. The nucleus of
one and the same radioactive isotope emits beta particles - electrons of different energies,
ranging from some maximum to zero. At the same time, the final core is always the same, its
energy is the same in all cases. The initial nucleus always loses the same energy in the transition
to the final one, exactly equal to the maximum possible energy of the emitted electron. The
energy of the emitted electron is different in different cases. Where does the energy go when the
energy of the electron is less than the maximum?" - K. I. Shchelkin [46 pages 105, 104-115].

Wolfgang Pauli postulated a new particle. As a result, a particle with unique properties
appeared: neutral with zero or close to zero mass, having such a low probability of entering into
reactions, neutrino flies through the Earth and the Sun, practically without reacting. Its free path
is greater than the apparent dimensions of the Universe. Later it turned out that to eliminate
inconsistencies in the theory of beta decay, 4 types of such particles with unique properties are
needed: electron neutrino and antineutrino and muon neutrino and antineutrino.

The theory of beta decay, as well as the theory of the atomic nucleus, are separate
theories, and do not give a complete answer on the structure of matter. In fact, these theories
must form a single whole in the structure and evolution of the reversible Universe, otherwise we
will have to invent particles with amazing properties like neutrinos, look for dark ones: energy
and matter with the most unique properties, look for nonexistent black holes, it is even
impossible to do more "fruitful” activities come up with. Ether should always be taken into
account in nuclear reactions, during the birth and decay of elementary particles, because they
occur directly in the bowels of the luminiferous ether.

The theory of atomic nuclei, based on experiments on the dynamic interaction of
nucleons - colliders, explains a lot in the structure of nuclei, but we still do not know the nature
of the strong bond that binds the compound nucleus.

As for the strong coupling of the compound nucleus, the explanation is simple, like the
whole Universe. During the synthesis of a compound nucleus, energy is released, while a denser
packing of nucleons occurs, which leads to an energy deficit inside the compound nucleus,
creating a vacuum there that binds this nucleus. The decay of a compound nucleus requires the
energy of a photon with a wavelength shorter than the distance between nucleons, or a pressure
equal to Pc, at which the effect of the vacuum is leveled, which leads to the final decay of the
nucleus with the formation of a Bose condensate of superfluid neutrons.

The reversible Universe owes its birth to a saturated infinite energy space, from which,
ultimately, only one type of quantum particles is born - a neutron, which is stable in the
composition of a compound nucleus and in the Bose condensation zone in a superfluid state. In
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contrast to reversible, irreversible models of universes, there are an infinite number of, but for
them there are no sequential processes that would grow together into the overall picture of the
Universe, based on scientific data. When a neutron decays, a proton and an electron are born,
and only after birth, a proton and an electron, having threshold energies, can give birth to an
antiparticle in a pair - an antiproton, a positron, and even an antineutron [46 pp. 38-49]. This is
the sequence of birth of elementary particles in a reversible Universe.

2021 02 20.

Notation used
P_ is the pressure of condensation

T. means the critical temperature
BCZ stands for the Bose condensation zone.
CBC denotes the core of Bose condensation
BC stands for Bose condensate.
GTR is General Theory of Relativity
STR s special Theory of relativity
M, means the critical mass of Universe objects.

P stands for the limit density of the matter in the Universe
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P. A. XacpsHOB
Cmpykmypa u ’reoirouus peaﬂbuoﬁ Bcenennoiu
Beryniienue

[Tpomo Gonee 100 ner co aus myOnukanuu Tpyna AnbOepra DitHmTeiHa «OOmas
TEOpUs OTHOCUTEIBHOCTW»  — BECOMBIM BKJaJ B TNO3HaHUWE BceneHHOW, SBIAIOIIAACS
PENATUBUCTCKON MEXaHUKOW, KOTOpass BoOpajia B ce0s KJIacCHUecKyro MexaHuky HbroToHa.
@®punmaH, co31aB MOJEIM HECTAIMOHAPHOM BCEJIEHHOM, I€ OH IMpeJCcKa3al B YaCTHOCTH
pacumpenrie Bcenennoit. Ilomydennsile um B 1922—1924 romax npu  UCCleIOBaHUU
PENATUBUCTCKUX Mojeneld BceneHHON HecTallMOHApHbIE pEUIeHUsT ypaBHEHHMM OWHIITEHHA
ITOJIOKUJIM HAa4yajo PAa3sBUTHIO TEOPUHU HECTALIMOHApHOM Bcenennoi. @puamaH BBIACHWI THUIIBI
MOBEICHUA TAaKUX MOJEJIEeH, JOMYyCKAaeMble YpaBHEHUSIMU TATOTEHHUS, HPUUEM MOJEIb
cTauMoHapHoi BcenenHoil OlHmTelHa oOKa3ajach 4YacTHBIM ciiydaeM. @PpuamaH, TakuMm
o0pa3om, OIpoBepr MHEHHE O TOM, YTO OOINasi TEOPUsT OTHOCUTEIBHOCTH TpeOyeT KOHEUHOCTH
MIPOCTPAHCTBA.

«Kocmonoruss — Hayka, uccieayrwomas BceneHHyro Kak Lienoe, — TMOXKalyi, camas
TpyJQHas BETBb ACTPOHOMHHM, TaK KaK IMPH HEBO3MOXKHOCTH OXBATUTh HAOIIOJACHUSIMH BCIO
Bcenennyto, Bceraa cyuiecTByeT OlacCHOCTh 3aMEHUTh UCTMHHOE 3HaHME NpenyOexaeHusmMu. B
MOCJIEAHUE JECATHIIETUsI CUTyalusi n3MeHmiack. Kocmonorus crana pecrnekradenbHON HayKoH,
yero He O0b10 50 — 60 net Hazaa. OgHAKO BOIPOCHI, CBSI3aHHBIE C POXKIeHUEM BceneHHOH, ¢
TeM, II0YeMy OHa UMEHHO Takasi, Kakoil Mbl Ha0Jt0/1aeM ee ceilyac BCE OCTAIOTCS HEPEIIEHHBIMHU.
BMmecre ¢ TeM UMEIOTCS ONpEIeIeHHbIE YCIIEXU B IOHMMaHUU COBPEMEHHOT'O COCTOSIHUS U psilia
3TanoB 3BOJOLUU BceeneHHOMN; 3T ycnexu — pe3ynbTaT paboThl MHOTHX JIFOJIEH, COBMECTHBIX
YCWIMM MHOTHMX MEXKIYHAapOIHBIX TPYNI AacTpOHOMOB.... Teopus «bonbmoro B3peiBa» B
HACTOSIIIUN MOMEHT HEe UMEET CKOJIbKO-HUOY/Ib 3aMETHBIX HEJJOCTATKOB. S OBl JjaXke cKazal, 4To
OHA CTOJIb K€ HA/IEKHO YCTAHOBJIEHA M BEPHA, CKOJIb BEPHO TO, YTO 3€MJIsSI BPALLAETCSI BOKPYT
Connna. O0e TeopuM 3aHUMAJIH LIEHTPAIbHOE MECTO B KapTUHE MUPO3AaHUsI CBOETO BPEMEHHU U
o0e MMeld MHOro TMPOTUBHHUKOB, YTBEP)KIABIIMX, YTO HOBBIE WJIEU, M3JI0OKEHHbIE B HHX,
abcyplIHbl M TPOTHBOpEYAT 3ApaBOMY CMbICIy. ... WTak, KocMoyiorus peaibHO MpuoOpena
cTaryc pecrekradenbHONH Hayku. OHa yke MMEeeT BEIHKOJICITHBbIE Pe3yNbTaThl, (POPMHUPYIOIIHIA
TBepAbIA (yHIAMEHT, KOTOpbI ocTaeTcsi HaBcerda. Takoil craryc umeer Teopus «bompiioro
B3pbIBa»» — 3TO BblAepkkH u3 crtathu . b. 3enbmoBuua «CoBpeMeHHas KOCMOJOTHS
HarneyaTaHHas B )kypHane [IPUPOJIA Ne9 3a 1983 roa. /laHHasi cTaThs, HE OCTaBISET AaKe TEHU
COMHEHHS B BEPHOCTH TeopHH «boJbIIOro B3phIBay — MMEIOIAsi BEKOBbIE KOPHU Kak; «Oomas
TEOpHUsi OTHOCUTEIBHOCTH» DHHIITENHA U «Teopus HecTtaunoHapHoi Beenennoi» @puamana.

B nauane centsops 2012 roga B ropone Kaszans Obuia mpoBenena MexmayHapoaHast
KoH(pepeHMst «PeHTreHoBckoe He0O0: OT 3Be3 M YEepPHBIX JAbIP 1O KOCMOJOTHUUY» O]
pykoBojcTBoM akaaemuka CronseBa P. A. u akagemuka Caxubymimnaa H. A., roe MHe yaanock
nobecenoBatb ¢ Pammn AnueBudem CroHsieBbIM. S mpeioxui, drtoObsl Pammn AnueBuu
nocMoTpen Moio paboty «KadecTBeHHass Moaens BeeneHHOI», KOTOpasi OTIAMYAeTCs OT TEOPUU
«boJBIIOTO B3pBIBa», Ha YTO MOJIYYHJI KaTETOPUYHBIM OTBET, YTO OH MPUHAIIEKHUT «ILKOJIE
3enb10BUYa» U OOUTCS, UTO HE MOHMET MOI0 paboTy. OTCroa clenyer, YTO «d Y4UTellb, H €ro



YUYCHUKHW» ABJSIOTCA  amnoJjioretaMu Teopun «bonpmoro B3peiBa» — YEpHOIBIPIIMKAMHU
OYapOBAaHHBIMH CUHTYJISIPHOCTBIO.

Hecmotps Ha TO, 4TO 0 Teopuu «bonbIIoro B3pbiBa» Mbl 3HA€M MOAPOOHENUITM 00pa3oM
OT HayaJia B3pbIBa JI0 JI0JIeH CeKyHbl, a BOT Ha Onmkaiiieit 38e37e — CoJIHIIE OCTAal0TCSI COBCEM
HEOOBSICHEHHBIMH TPOLIECCHI, Tpoucxoasnme Ha Heill. OTKyaa OepeTcst coJiHeuHasi aKTHBHOCTb,
KOTOpast MPOSIBIISCTCS TOSBICHUEM: COJHEUHBIX MATEH, (PaKeIbHBIX IUIOMIAIOK, COJTHEYHBIX
BCIIBIILIEK, & TaK)KE XapaKTepU3yeTCs LUKIMYHOCTBIO M CMEHOM MOJIIPHOCTH MAarHUTHBIX
nositocoB. Jla u 3emiis, ¢ ee JBMKEHMEM KOHTHHEHTOB, BO MHOI'OM OCTaeTcCs €Ile 3araikoi, B
3TOM 3aKJIIOUeH Mapajiokc Teopuu «bosblioro B3pbiBa» — ueM Oosbliie no3HaeMm Bcenennyto,
TeM O0JIbIlIe OJTy4aeM BOIPOCOB, KOTOpPbIE TPEOYIOT OTBETA.

Ommbka B ToMm, uro Dpuaman pemuna ypaBHeHHS ODUWHINTEHHA — ypaBHEHHUs OOIIei
TEOPUH OTHOCUTEIBHOCTH, TO €CTh YPABHEHUS PEIATUBUCTCKON MexaHuku. C MareMaTH4ecKon
TOYKH 3PEHHSI OTH pEelIeHUs] Oe3yNpPedHbl, HO BOT ¢ (M3NYECKON TOUKH 3pEHUs, OHH HUKAK HE
OTHOCAITCA K BcelleHHOM, MOTOMY YTO HE YYUTHIBAKOT, KPOME IpaBUTALMU, IPYTHE CBOWMCTBA
matepuu. CBolicTBa BeeneHHOM onpenenstoT, KpoMe IpaBUTALlMOHHOIO B3aUMOJEHCTBHS, €ILE;
CWIbHbIE, cladble, JJIEKTPUYECKHME M MarHuTHbIE B3auMOJEHCTBUS B Marepuu. biaromaps
CHWJIBHOMY B3alMO/JICHCTBUIO, MaTepusl IPEACTABIISIETCS, KaK IEPUOIUYECcKasi CHCTEMA 3JIEMEHTOB
MenpeneeBa. Beero uzsectHo 6onee 1500 nzoTomna — pa3HOBUAHOCTEH XUMUYECKUX AJIEMEHTOB,
U3 HUX 266 SBISIOTCS CTAOUIBLHBIMU.

Teopusi, ¢yHIaMEHTOM KOTOpPOH SBISETCS CHUHTYJISPHOCTb, HE MOXeET ObITh
cocrosTenbHO. He ceppe3Ho momnaraTe, 4TO MOKHO MO3HATh BceneHHyro, onupasch TONBKO Ha
TO, YTO CKOIUIEHMSI TAJIAKTUK UMEIOT B CBOEM CIIEKTPE KPACHbBIE CMELEHUS, TIOSBIIEHUE KOTOPBIX,
B Teopun «bonbpmioro B3pbIBa» TPaKTYIOTCS, Kak pacliupeHue BceneHHOW, coBepIeHHO
UTHOPHUPYS TOT (akT, YTO 3TO PE3yJabTaT BO3JAEHCTBUS TPAaBUTALMKU HA 3JIEKTPOMAarHUTHOE
U3JIy4CHHE.

[Tosnanue BceneHHON cieqyeT Ha4yMHATh, ONMUPAsACh HA HAydHblEe JIOCTHIKEHUS
CBSI3aHHBIE, IPEXKIE BCErO. C N3YYEHUEM CBOMCTB U CTPYKTYpPbl MAaTEPUH, KOTOPBIE OTHOCATCA K
JOCTaTOYHO M3YyYEHHBIM pa3zenaM Hayku. Benp k Beenennoii otHocsATcs 00bekThl COJIHEUHOI
CHCTEMBI, KOTOpbIE€ B HACTOAILIEEC BPEMsl, OCTAIOTCA HE JI0 KOHIA pasrajJlaHHbIM OOBEKTaMU B
Hayke. Creayer MOMHUTh, 4yTO BceneHHas He MOXeT ObITh HEOOpaTUMOW M HeOe3rpaHUYHOM,
OHa JI0JDKHA OBITH €qMHON. TOJMBKO B 3TOM Cilyd4ae Mbl MOKEM HAalTH B HayKe €JIMHCTBEHHYIO
MOJIeNIb, OOBSCHSIONIYIO peadbHyl0 BceneHHyl0, B TPOTUBHOM Ciydae MBI OyneM HEeCTH
OECKOHEYHYIO axHHEI0, UTO HAOII0AaeTCs B HAyKe B HACTOSIIIEE BpEMSI.

B nauane 20 Beka M3ydyeHHE CBOWCTB MAaTE€PUM — CBOWCTBA NMEPHUOJUYECKON CHCTEMBI
3JIeMeHTOB MeHieneeBa ObUIO B 3a4aTOYHOM COCTOSIHUHM, 3TO MPOU30ILIO YyTh Mo3ke. [ToaTromy
OitHiTeiiny, @puamany, Xa661y MpOCTUTENHHO, a BOT arojioreTaM Teopuu «boJbIioit B3phIB»
clieyeT 3HaTb M IIOMHUTB, YTO BO BceneHHOM cyliecTByeT cuia, NPOTUBOACHCTBYIOLIAs CUIIE
rpaBUTallMU, KOTOpas B CBOEM MHUHUMYME OpPHUEHTHUPOBOYHO, Oojiee yeM Ha 30 mOpsSIKOB
MPEBBIIIAECT CUIY TPABUTALMHU. DTO CHJIa AMAMarHeTH3Ma, KOTopas BO3HUKAET IPU 3apsA0BOU
CBEPXTEKYy4ECTH B MaTepuu IpU XapaKTepHOM JaBieHuu PC.

[Ipu naHHOM [JaBJICHWUHM, MaTEepHAIBHBIM OO0BEKT BceneHHOW CTaHOBHUTCS 3BE3MO0M,
Oylaromapsi TEPMOSICPHOIN peaKIuu, KOTopasi CTAHOBUTCS OOpaTHUMOM, B HEApax IEHTPAIbHON
yacTu 3Be3/bl. Criaboe MposiBICHHE JUaMarHeTH3Ma XapaKTEepPHO IJIi HEKOTOPHIX 3JEMEHTOB
NIEPUOANYECKON CUCTEMBI, B YaCTHOCTH BUCMYTY, & TAKKE HEKOTOPHIM COEAMHEHUSIM.



CymiecTBoBaHu€e BO BceeneHHON MPOTHBOICHCTBYIONMIEH U MPEBBIIAONICH Oojiee YeM Ha
30 TOpSAIKOB CHUJy TPaBUTAIMK TIOKA3bIBACT, YTO OMNPEIACISAIONIAM CTPOCHHE W SBOJIOIHIO
peanbHOW BceneHHOW SBIsSETCS HE TpaBUTALMs, a JAMAMATHETH3M MATEpUU B COCTOSHHUH
CBEPXTEKYYECTH, KOTOPBIM HE TO3BOJISET CKaTh MaTEPHIO 110 OecrpenenbHOM TUIOTHOCTH B
30HaxX cBepxTekydectd. Bo BceneHHOMU, TUIOTHOCTE JIFOOBIX 0OBEKTOB OTpaHHueHa MpeeIbHON

IUIOTHOCTBIO .

Cy1mecTBoBaHuE NPEAEIBHON IIJIOTHOCTH MaTepUu P, B pealbHON BceneHHoi, roBopur
O TOM, YTO B €€ JBOJIIOIMU HHUKOTJIa HE CYIIECTBOBAJIO HU CHUHTYJISIPHOCTH, HU YEPHBIX JIBIP.
Taxum 00pa3omM, IPUIILITH K. HECOCTOSATENBHOCTH TeOpuHr «bOJIbIION B3PHIBY.

Crtpouts Teopuio, KOTopas ompejaensiia Obl CTPOCHHE W HBOIIOLUIO BceneHnHoil, He
YUUTBIBasl, KpOME TpaBUTAIMM, IPYTUX CBOWCTB MAaTEpUU, CIIEAyeT CUMTATh 3aHATHEM,
MpeieIbHOM TYIOCTH.

PeaabHast BcesieHHAs

Boabiue uyucia Bo Beesiennou

«Ha coBnagenus 6oapmux uncen oopaman BHumanue eme B 30-e roasr [1. Jupax, oqun
U3 KJIACCUKOB (u3nmdeckoir Haykn XX Beka. OH 3aMeTHII, 4TO OOJBIIMM YHCIOM H3MEPSETCS
TAK)K€ OTHOLUECHHME DJIEKTPUUECKOM CHIIBI, JEHUCTBYIOLIEH MEXIY JJIEKTPOHOM M IMPOTOHOM, K
rpaBUTAllMOHHON cuiie Mexay HUMH, Fq u Fg (006e cuiibl 0IMHAKOBO 3aBUCSAT OT PACCTOSHUA,
MIO3TOMY UX OTHOIIEHUE PACCTOSIHUS HE COJIEPKUT).

Jlupak mpeanonoKui, 4To OOIbIINe YUCIIa UMEIOT OJJUHAKOBBIN MOPSIIOK HE CIy4YailHO U
WX COBIAJICHHE OTpakaeT MIyOMHHBIE CBSI3U MUPA HJIEMEHTAPHBIX YacTHIl ¢ BeceneHnHoii B 1ieioM.
Ho kakoBel B JEHCTBUTEIBHOCTH O3TH CBA3M, 4YTO 32 HHUMHU CKpPBIBA€TCS, OTKYyJda OHHU
MIPOUCTEKAIOT, — 00 3TOM OyJeT, MoXkalyil, OueHb HeJIerko y3HaTh. BO3MOXHO, B 3TOM COCTOUT
camasi TpaHIno3Hast 3ajaua Gpusuku oymymero» — Yepaun A. [1. [40 cmp. 154 — 157 ].

OneHka COOTHOUIEHMH pPa3IMYHOro BUJA B3aMMOJCHCTBHI MPHUBOAUT K CIEAYIOLIEMY
pesyabTaty [17 crp. 10-11,52-53,85.]: OTHOUIEHUE 3IEKTPUUYECKON CHUIIbI, ACUCTBYIOIIEH MEXKIY
3JIEKTPOHOM U IIPOTOHOM, U MEXKy ABYMS IIPOTOHAMHU K I'PABUTALIMOHHOMN CUJIE MEXIY HUMU.

E 2

q _e ~ 1040

/FG = /Gmpme ~ 10 (1)
F, 2

q _e ~A.10 42

[TocTosiHHAs TOHKOW CTPYKTYpbl WJIM IO JApyromy Oe3pa3MepHbI KBajapaT 3apsja,
OTIpE/IETISIETCS] OTHOIIEHUEM «Painyca 3JIEKTPOHA K KOMIITOHOBCKOMW JUIMHE BOJIHBI BXOJIUT B

2/mec? 2
e?/mec :e/hC:1/137 (3)

h/mec

OTHOILLIEHUE SHEPIMM MAarHUTHOTO B3aMMOJEWCTBHSI MEXAY ABYMs KBAaHTOBBIMM YacTHULAMHU K
SHEPTUM 3JEKTPOCTATHUYECKOIO B3aUMOJACUCTBUS MEXAY ABYMS 3JIEKTPOHAMU B OJIMHAKOBBIX
YCIOBUSX.
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Un Ug = ©/p= V1370 (4)

HpI/I YUeTe OQHCPIUun ANaMarouTHOI O BSaHMOﬂeﬁCTBHH CICayeT YUUTHIBATDH

2
JTMaMarHUTHYIO BOCIIPUMMYHBOCTbD. |Xdial = % (¢ / A C)zz % (1/ 137)2 (5)

ey = a5 € /)= 5 Mzt ©

OTHOIIEHNE CHJIBI JNaMarHuTHOI'O BSaHMOHGﬁCTBHH K CHIIC TI'paBUTAIUOHHOI'O
BSaHMOHGﬁCTBHH IIOKa3bIBACT, YTO OTHU CUJIBI HC COU3MEPHMBI.

(Fy/F6) - (Umaia/Ug) = 4104 -2(1/137)'~ 2-10%  (7)
CootHomienus (1) — (7) momydeHHbIE ¢ TOMOIIBI0O MUPOBBIX KOHCTAHT MOKA3bIBAIOT, YTO
CWJIa TpaBUTALlUU HE SBJSETCS ONPENEISIIONIMM B IOCTPOCHUM KOCMOJOTMYECKOW MOJAEIU
Bcenennoii. Matepusi, obnagaromasi KBAHTOBOH CTPYKTYPOH M KOTOpasi SIBJSIETCS, MOMKAITYM,
TJIaBHOM COCTaBHOM 4acThio BceneHHoi, MomkHA MOIHBIM 00pa3oM BXOOUTh B CO3JaHHE
KOCMOJIOTUYECKOM MOJIETTH BCEJIEHHOM, HApsIy C PENIATUBUCTCKON MEXaHUKOM.

CeeroHocHbIN 2¢up

CBeToHOCHBIH 3Qup — TEPMUH, IEpBOHaYaIbHO BBe/leHHBINH Pene Jlexkaprom B 1618 roxy,
0003HaYaBIINN B HCTOPUU (PU3UKU TUIIOTETHUYECKYIO BCENPOHMKAIOUIYIO CpPeny, KoJieOaHMs
KOTOpOIl OOHapyKMBalOT ce0si KaK CBET WJIM 3JIEKTPOMAarHuTHbIE BOJIHBL. [Ipocneaum cyanOy
JAHHOW TMIIOTE3bl — CBETOHOCHOIO 3(Upa B TEUEHHE MOCIIEHUX YeThIpeX BeKoB. [Ipupoay cBera
obcyxnan u Xpuctuat [roiirenc B cBoel pabore «Tpakrar o cBere» — HaOPOCOK O BOJIHOBOM
Teopun ceera B 1678 romy. B 1821 rony, nesaBucumo ot Tomaca IOnra, Orrocren JKan
@peHenb JOKa3al 4TO, CBETOBBIE BOJIHBI — SBISIOTCSA MolepedyHblMH BosHamMu. Kowen 19 m
Hayaio 20 BEKOB O3HAMEHOBAH BEIMYAMIIMMM OTKPBITHSIMM B O0OJAaCTH TEPMOJIUHAMUKH,
ycunusaMu yaenbix: Kupxroda, Jlrogsura bonsiivana, Bunibrensm Bun, Peneit, Makc Ilnank, ...
B 1860 romy Kupxrod ckoHCTpyupoBasl yAauyHbIi OOBEKT JJisl, SKCHEPUMEHTOB IO
TEPMOJIMHAMHUKE — aOCOJIIOTHO YEPHOE TeJNo. OTO MaTepHalbHBIH OOBEKT OKPYKAIOLIHI
3aMKHYTYIO IOJIOCTb, BHYTPU KOTOPOTO MOJJEPKUBAETCS TIyOOKMH BaKyyM M C HEOOJbLIUM
OKOIIKOM JJIsi HaOJIOJAEHUS PAaBHOBECHOTO HW3Iy4eHHUS aOCOJIOTHO UYEPHBIM TEJIOM, BHYTPHU
3aMKHyTOH monoctd. Ha camom nene naHHBIM 71a00paTOpHBI OOBEKT SIBIISETCS aHAJIOTOM
Bcenennoii, rie B 06e30pexHBIX MPOCTOpaX KOCMHYECKOTO BaKyymMa — CBETOHOCHOTO 3¢upa,
IUTaBAIOT MaTepHUaIbHBIE OCTPOBA, MPEACTABIAIONINE COO0M CKOIUIEHUS ralaKkTHK.

ITepen TepMoaMHaMUKOI CTOsIa (yHAAMEHTalbHas MpoOiIeMa — UCCIEA0BaTh MpoIece
U3JTy4eHUs! M TMOTJIOLIEHUS 3JEKTPOMAarHUTHBIX BOJIH MaTepualbHbIM TenoM. Onupasch Ha
aTOMHCTHYECKHE MTPEACTAaBICHUs MaTepuy, [InaHk npuctynuin k pabote Hajl TEOpHEN TEMIOBOrO
U3IY4YEHUs — PacyeTy paclpeAeeHNs SHEPriM B CIIEKTPE PABHOBECHOTO M3JIy4€HUs! a0COIIOTHO
YEpHOIo TeJla, TO €CTh Teja, MOJHOCTHIO MOIVIOLIAIOLIEro IAJarllee Ha HEro HU3JIy4eHHE BO
BCEM CIIEKTPAJIbHOM JIMAIIa30HE.

[TpuHIMNHAIBHBIM OTJIMYKEM IJITAHKOBCKOT'O TIOAX0/1a, OT TEOPUH ra30B ObLIO MOSBICHUE
3araJlo4Hol TOCTOsIHHOW . B Teopuu wm3imyueHus pasMep 3J€MEHTa SHEPIHU HMEET CTPOTrO



(UKCUPOBaHHYIO BETMYHUHY. JTO CBSI3aHO C BBIACHEHUEM JETajeil, MUKPOCKOITUYECKON KapTHUHBI
mpolecca UCMYCKaHHUsI CBETa OCHWJUIATOPOM, a MMEHHO C 3JIEKTPOHHOW Teopuel CTpOoeHus
BELIECTBA, ONUPasACh Ha METOJ (a3zoBOro MPOCTpaHCTBa, pazpaboTaHHbli ['m6Ocom. BaxHocTh
JAHHOW TEOPHH HEJb3s MEPEOLEeHUTh, B pe3yibTaTe nossuiaach Gopmyna Ilnanka, koTopywo oH
TEOPETUUYECKH 000CHOBAJI, BUJI CIIEKTPAIbHBIX KPUBBIX 3a/JaBacMblil 3akoHOM [lnaHka uneanbHO
COYETaNICs C AKCIEPUMEHTAIBHBIMA JaHHBIMH HE TOJBKO B CIIEKTPE a0COIIOTHO YEPHOTO Tea,

HO W Ha IMPAaKTUKC.
8nty hy

Pyn = "5 1)
ekT-1
I'ne por) — OObeMHas IUIIOTHOCTH M3JIYYEHHs, Y — 4YacTOTa, I — TEMIEPATypa, ¢ —

CKOpOCTh cBeTa, K — mocrosinHas Bonbivana, h — nocrosinuas [lnanka mpeacraBisitomas coooit
AJIEMEHTApHBIN KBaHT AelicTBus. [lanHas pabdora ynocroena HobGeneBckoit mpemun mo husuke.

OHeprust Bo BceneHHOHN, HE BO3HUKACT M HE MCYE3aeT, a MEePEeXOJUT U3 OJHOU (OopMbI
CYIIECTBOBaHUSA B JApyrue (opMbl CyIlecTBOBaHMA. B TakoM BHIe MOXXHO CHOPMYIHPOBATH
3aKOH CcOXpaHEHHUs SHepruu. B HacToALIMI MOMEHT TOYHO HM3BECTHO, YTO OIHOH U3 (popm
CYLIECTBOBAHMSI DHEPTUU SBISETCS MaTEpUs — IEPUOJUUECKAs CUCTEMA 3JIEMEHTOB MeHereesa,
3TO caMas WU3BeCTHas (¢opMa CyllecTBOBaHMS Marepuu. B oOmem: sHepruiro ciegyer
IIPEACTABIIATH B BUJIE HACBILIEHHOI'O PACTBOPA, 1€ OCAIKOM SBIISIETCS MAaTEPHs, 4 B OCTAIbHOM —
MIPEJICTaBIsIET COOOW CBETOHOCHBIM 3(QUp — >3HepreTuyeckas cpena, IUIOTHOCTb 3HEPruu
KOTOpPOTO OrpaHMYEHa U OCTAeTCs BCEr/la MOCTOSHHOM, Oyiarojaps paBHOBECHOMY COCTOSTHUIO
MaTepuu U 3¢upa B ITOM HACBIIIEHHOM pPAaCcTBOpPE SHEPruu. DPHUp CIOCOOEH NEepeHOCUTH
DHEPTUI0 B BHJE DIEKTPOMAarHUTHOM BOJHBI CO CKOPOCTBIO CBeTa — ¢. TONBKO Takoe
NPEJCTaBICHUE SHEPTUHU, MOXKET OOBSICHUTh BO3HUKHOBEHHE U CYIIECTBOBAHUE 3JIEMEHTApHOTO
KBaHTa JeiicTBus. [I10THOCT SHEprun 3¢hupa HACTOIBKO OTPAaHUYEHA B CBOEH BEJIMUYMHE, UYTO B
Heil He MOryT BO30YyXKIaTbCs JIEKTPOMArHUTHBIE BOJHBI C MPOM3BOJILHOW aMIUIUTYAOH, a ee
JIOCTaTOYHO TOJBKO, YTOOBI 00ECIEYUTh HEKOTOPYIO HEOOJBIIYH IMOCTOSHHYI aMILUIUTYAY,
HE3aBHCUMO OT YaCTOTHI, YTO M 00ECIICUMBACT TIOSBJICHHE JICMEHTAPHOTO KBaHTa JAeHCTBHS h.

Bo BceneHHOM KBaHTOBaHUE HSHEPTHM, TO €CTh IIOSABJICHHE DJIEMEHTAPHOTO KBAaHTA
neiicTBus — nocrosiHHas [lnaHka, MOXKET MPOUCXOAUTH TOJIBKO B CBETOHOCHOM 3(upe, KOTOPBII
HaxOJUTCS B PABHOBECHOM COCTOSHMM, C IPOM3BOJHBIM COCTOSHHMEM JHEPIUU — MaTEpHUEi.
Haceplmiennslii pacTBOp 3HEPruu, U3 KOTOPOM COCTOUT BceeneHHas, 3HAUUTEIBHO IPEBBIIIACT
IUIOTHOCTh JHEPruu H(upa, KOTOPHIM 3alojHEHa BCs BceneHHas M OPUXOIUTCA Ha
dbopmupoBaHue MaTepuu. Matepusi Bcerja M3HAYalbHO KOHJIEHCHPYETCs, U3 HACBIIIEHHOTO
pacTBopa PHEpruu B 30Hax bo3ze-kKoHAeHcaluu U NpeacTaBisgeT co0oil crmapeHHbIH HEHTPOH CO
CIIMHOM pPaBHBIM €MHUIIE — CBEPXTEKY4YHI HEUTPOH. B CBOIO ouepenp, CBEpXTEKYUUM HEUTPOH
OpU KCTApeHWH pachagaeTcs Ha HEWTPOHBI CO CcOMHOM paBHbIM 1/2. Heiitpon npanee
pacragaercs: ¢ poKJICHUEM JIBYX CTaOMIIbHBIX, 3apSI0BBIX 3JIEMEHTAPHBIX YaCTHUI[ SJIEKTPOHA U
IIPOTOHA — aTOMa BOJOPOJA WM y4acTBYET B POXKICHUU DJIEMEHTOB MEPUOJUYECKON CUCTEMBI
MeneneeBa, B pe3ysbTaTe TEPMOSAEPHOr0 CUHTE3a. BeeeHHas Bceraa npy 3TOM IIPEACTABIISIET
co00ll OECKOHEYHOE HHEPreTHYECKOe MPOCTPAHCTBO, 3allOJIHEHHOE: CBETOHOCHBIM 3(UPOM U
WU30TPOIIHBIM  DJIEKTPOMAarHUTHBIM ~ H3JIy4€HHEM, B KOTOPOM M3OTPOIIHO  PaCIOIOKEHBI
MNOTEHIMAJIbHBIE SIMBI C HUJIMYMEM SHEPTUU B OpME MaTepUU — CKOIUIEHUEM I'aJIaKTHK.

[Ipu otnagke paauoreneckona, actpodusuku A. [lensuac u P. Bunscon B 1964 — 1965
rogax oOHApYXWJIH, YTO PYNOpHasl MpUEMHAs aHTEHHA MOCTOSHHO NMpUHUMAeT paanodoH. Hu



TEXHUYECKHE YCOBEPIUICHCTBOBAHUS, HM H3MEHEHHE HANpaBJICHUS aHTEHHBI, MPH TOJO0BOM
BpallleHuu 3emiM, He ycTpaHsuin 3Toro (ona. Okazanoch, Bo BcenenHoil cymiecTByer
M30TPOMHOE H3IYYEHHUE IOBBIIICHHON CHEKTPaJbHOM IUIOTHOCTH B JMANa30HE METPOBBIX —
MUJUIMMETPOBBIX BOJH, KOTOPOE PaBHOMEPHO 3amojHseT BCio BceneHHyro. 3a 3TO OTKphITHE
[Ten3uac u Bunbcon Obutn ynoctoens! B 1968 rony Hobenesckoit mpemun no ¢usuke. B Teopun
«bonbmIoN B3pBIB» M30TPONHOE M3JIyYEHHUE OOBICHSETCS, KaK pPEJIUKTOBOE H3IIyuYEHHUE,
CYLIECTBYIOILIEE C CAMBIX IIEPBBIX MTHOBEHUI pPaCLUIMPEHNUs, KaK OCTAaTOYHOE U3IyUEHHE.

B 1959 — 1960 romax B I'apBapackom ynuBepcurere Ilaynn m PeOka, koropsie
AKCIIEPUMEHTAJIbHO JOKAa3aJId, YTO JJIEKTPOMAarHUTHas BOJIHA TPOSBISET TPaBUTALMOHHbBIC
CBOMCTBa, Kak 1 MaTepus. b0 0OHapyKEHO M3MEHEHHE YaCTOThI AJIEKTPOMArHUTHOM BOJIHBI B
IPaBUTAIMOHHOM II0JI€, 32 YTO aBTOPHI ObLIN ynocToeHsl Hobenesckoit mpemuun. M3 3Tux padot
CIIeIyeT, YTO H30TPOMHOE H3ITYYCHHE MOBBIIICHHOW CHEKTPAJIbHON IIOTHOCTH B JMAna3oHe
METPOBBIX — MUJIJIMMETPOBBIX BOJIH, KOTOPOE 3aIlOJIHAET BCE IMPOCTPAaHCTBO BceeneHHoil, nmeer
IpaBUTAIMOHHYIO Tipuponay. M, duro mpoctpaHcTBO BceeneHHOH sBisieTcs: OECKOHEYHBIM,
CTallMOHAPHBIM,  a0COJIOTHBIM W DHEPIeTHYECKUM  IMPOCTPAHCTBOM,  3AIOJHEHHBIM
KBaHTOBAHHBIM CBETOHOCHBIM 3(upoM. boiee moapoOHO 3TOTO BOIIpoca KOCHEMCS HIKE.

OTKppITHE HW30TPONHOIO WU3JIy4EHHUs, KOTOpPOE IPOU30LUIO Yepe3 IOJBEKa I0Ciie
nyonukanuu «Oomas teopus otHocutrensHocT» OTO, mpHBENO K HOBOMY IPEICTaBICHHUIO
adupa [40 cmp. 149-153], [47]. Takum o0Opa3om, MPeoOJICB 3a0BEHHE, CBETOHOCHBIN 3(up
IIPOJOJDKAET CYIIECTBOBATH B HACTOSIIIMKA MOMEHT, WIpas IJIaBHYIO pOJb B CTPOEHUU U
3BOJIIOIMU BeenenHon.

OoOpaTumblie TepMosiiepHbIe peakunu Bo BeesieHHOM

JIoCTOBEpHO W3BECTHO, 4YTO B peajdbHOM DBceneHHOM B Heapax 3BE3J NPOUCXOIAT
HEPYKOTBOPHBIE TEPMOSAEPHBIE PEAKIUU C CHHTE30M JJIEMEHTOB INEPUOJUYECKON CHCTEMBI
MeHnneneeBa W BBIIACICHHMEM 3HAYUTEIBHOTO KOJIMYECTBA DJHEPIUHM, KOTOpas W3JIydaeTcs
3Be3fgamMu. OCOOEHHO BIEUATIIAIOMIMM SIBICHHEM BO BceneHHOM, siBisieTcst B3phIB CBEPXHOBOIA.
IIpu B3pbIBE €€ CBETUMOCTh OoJjiee 4eM B YEThIpe MWJUIMAp/a pa3 MPEBBIINIAET CBETUMOCTh
ConHua, OHa MOYTH CpaBHUMA C U3JIyYEHHEM BCEM TajJlaKTUKH. DHEPTHs, BBIACISAIOLIASICS MPU
BCIIBIIIKE, TOMCTHHE (PaHTacTUYecKas: 3a HECKOJIBKO MECSIEB 3Be3Jla HM3JIYy4aeT CTOJBKO,
ckosibko CoNHIE M3Iy4yaeT 3a HECKOJBKO MWIIMapaoB jer. Eciu martepus B peanbHOU
Bcenennoii o6nanaer mnpenenbHOM IMJIOTHOCTHIO, MCTOYHUKOM STOH SHEPTUU MOXKET OBITh
TOJIBKO TEPMOSIEPHAs PEaKlHsl B HEAPAX CBEPXHOBOM.

HepyKkoTBOpHBII TEPMOSIEPHBIN CUHTE3, B HEAPAX 3BE3/IbI IPU B3PBIBE CBEPXHOBOM, €CTh
T0JIHAsl YBEPEHHOCTh B 3TOM, CLIOCOOEH CHHTE3UPOBATH BCE 3JIEMEHTHI EPHUOIUUECKON CUCTEMBI
Menpeneesa, TeM CaMbIM JBOJIIOLIMOHUPOBATH OT IIyJIbCapa, B HAYaJIbHOM JTarle, 10 3BE37bI, HO
C TUTAHETHOM CUCTEMOMl, CIIOCOOHOM MOPOIUTH HE TOJIBKO KH3Hb, HO M pazyM, 0€3 KOTOpOro,
CyILLECTBOBAHMUE BCeneHHOM TepseT BCAKUN CMBICIL.

[Tpu cuHTE3€ COCTaBHBIX AJep NPUHUMAET y4acTUe JIB€ CTA0OMIIbHbIE KBAHTOBBIC YACTHILIBI
IIPOTOH U DJIEKTPOH, NoguuHsAwomuecs craructuke @Oepmu-/lupaka U CONpPOBOXKAACTCA
MOTJIOIEHUEM DJIEKTPOHA SAPOM, M POKICHHUEM IIPU 3TOM HYKJIOHAa — HEUTpoH. CoderaHue
IIPOTOHA W HEUTPOHA B OIPEIEICHHBIX COOTHOLICHHUSAX CHHTE3MPYIOT BCE COCTaBHBIC sapa



3JIEMEHTOB MEPUOANYECKON cucTeMbl MeHieneeBa ¢ BbIAEICHUEM 3HAYUTEIBHOTO KOJUYECTBA
SHEPTUH, B CPEIHEM OKOJIO 8 M56 Ha HYKIIOH — 3K30TEPMUYECKUI MTPOLIECC.

CnocoOHOCTh NPOTOHA M HEHUTPOHA B ONPEACNICHHBIX COOTHOIICHUSAX, CHUHTE3UPOBAThH
cTaOWJIbHBIC 3JIEMEHTHI IEPUOAMYECKON CUCTEMBI, TPUBOJUT K 00pa30BaHUIO COCTABHOTO SAPa,
IJIOTHOCTh KOTOPOTO HAa MHOI'O MOPSAKOB IPEBBIIAET IUIOTHOCTh CaMOr0 3JEMEHTA, 4YTO
MPUBOJIUT K BBIJACIEHUIO 3HAYUTEIBHOIO KOJUYECTBA DHEPIUU MPH TEPMOSAEPHOM CHHTE3E
sapa. B oOmiem, mpu J0OBIX YBEIWYEHUSX IUIOTHOCTH Oyab TO Ta3, KUIKOCTh I TBEpIas
MaTepusi MPOUCXOUT BBIJCICHUE YHEPTHH — SBIISETCS OOIIMM BIOJTHE OOBSICHUMBIM CBOMCTBOM
Marepuu. TeM He MeHee, HEe CYUIECTBYET COCTaBHBIX SAEP COCTOSUIMX M3 JIBYX IPOTOHOB WJIU
IBYX HEUTPOHOB, XOTS, Ka3aJ0Ch Obl, ISl HEUTPOHOB, HE CYLIECTBYET HUKAKUX MPEMATCTBUI B
OTJINYUE OT IMPOTOHOB. UTO KacaeTcs COCTaBHOIO SApa, 3/1€Ch O HACTOSAIIEIO0 BPEMEHU HeE
MOHSATHO, KAKUE CUJIbI YJIEPKUBAIOT SAPO MPU OFPOMHOM IUIOTHOCTH, XOTSI M3BECTHO, YTO OHHU
MMEIOT YpEe3BBIYAHHO OrpaHUYCHHBIA pagauyc aedcTBus. OueHb OoJblllMe HAa KOPOTKHX
pPAcCTOSIHUSIX, SAJIEPHBIC CHJIBI MCUE3al0T HAa PACCTOSHHM B HECKOJBKO JOIH  ¢hepmu
(pepmu — 10" CaHTUMETpa). BTOPBIM HX CYyIIECTBEHHBIM CBOMCTBOM OKa3ajiach MpPaKTHUYECKast
HE3aBUCUMOCTD OT 3apsija 4YaCTUIbI

Ecnu cymecTtByeT HEpyKOTBOPHBIM TEPMOSAIEPHBIA CUHTE3 BO BCEleHHOH, TO NOJLKEH
CyLLIECTBOBATb W HEPYKOTBOPHBIM sAnepHbI pacnan. HepykoTBOpHBIM SAEpHBIA  pacraj
MIPOUCXOAUT TaK K€ B HEJpax 3BE3[Ibl, SIBISAETCSA SHIOTEPMHUUYECKUM MPOLECCOM IPU KOTOPOM,
MOTJIOIIAETCS. 3HAYUTENBHOE KOJIMYECTBO HHEPIrUH, B CPEJHEM OKOJO 8 M»36 Ha HYKJIOH, U
KOHEUYHBIM TPOJYKTOM MOSIBUTCA KBAaHTOBas YacTULA CIIAPEHHBIA HEUTPOH — CBEPXTEKYUUi
HEUTPOH, MOAUYMHSIONINECS cratucTuke bosze-Diinmrelina. HepykoTBOpHBIN siepHBIA pacman
CIelyeT OTHECTH K TpPETheMY CBOWCTBY SJIEPHBIX CHJI, KOTOPBIM oOecreyuBai Obl Mpu
ONPEACIICHHBIX YCIOBUAX pacrajl COCTaBHOTrO siapa. Takas cuiia, yAOBIETBOPSAIONIAs BCEM TPEM
CBOMCTBaM SJIEPHBIX CHUJI, CYIIECTBYET. JTa CHUJa BO3HHKAET TMpPH COJMIKEHUU MPOTOHA U
HEUTPOHA U CONPOBOXKAACTCSA BBIICICHUEM JJIEKTPOMArHUTHOIO M3JIYYEHHUsI, YTO MPOUCXOIUT
MPU KaCaHUM MOBEPXHOCTU MPOTOHA U HEUTPOHA, NPUBOAAIIAA K YIJIOTHEHUIO 3TOM napsl. Ha
MeCTe KacaHHs, 00s3aTeJIbHO BO3HHMKAET BaKyyM, KOTOPBIM HET HEOOXOIUMOCTH CO37aBaTh, OH
BO3HHMKAET MPOU3BOJBHO, TAK KAK CHJIa MPOTHUBOJEHUCTBYIONIAS CUJIE BAKYYMHOT'O MPUTSKEHMUS,
MOXET BO3HUKHYTH MPHU JUTHHE BOJIHBI (HOTOHA, COM3MEPUMOTO C PACCTOSTHUEM MEXIY MPOTOHOM
Y HEUTPOHOM, B JJAHHOM CJIy4ae, a 3TO PAaBHO JIECITHIM JOJIIM ¢hepmu. Takas cuina BaKyyMHOTO
MPUTSHKEHUS OJTHO3HAYHO MMEET YPE3BbIUAHO OrPaHWYEHHBIA panyC AEHUCTBUS U MPEBBIIIAECT
J00BIE CYHIECTBYIOIINE CUITBI.

CocraBHOE PO, KOTOPOE COCTOUT U3 HYKJIOHOB — MPOTOHOB U HEUTPOHOB, OMPEEISAET
XUMHYECKHE CBOICTBA DJJEMEHTa, €ro CTa0WIbHOCTh. Bce XUMHUYECKHE DIEeMEHTHI
CTPYNIIUPOBAHBl TaKUM OOpa3oM, 4YTO OOPa3yrOT BMECTE OCTPOB CTAOMIBHOCTH, KOTOPBIU
HacuuThIBaeT 6osee 1500 n3oromna — pa3sHOBUIHOCTEH XUMUYECKUX dJIEMEHTOB M TOJBKO 266 U3
HUX SIBJISFOTCSI CTa0MIbHBIME. K coXaneHuto, erie He yIaloch NCKYCCTBEHHO CHHTE3UPOBATh HU
OJTHOTO CTaOUIILHOTO 3JIEMEHTa, HEe CYLIECTBYIOIIEro B MepHoAndeckoi Ttabiuie MeHzeneesa.
Tonmpko mpH ONpPENENeHHBIX COYETAaHUSAX IMPOTOHOB M HEUTPOHOB B SJIp€, OHO CTaHOBUTCS
cTaOWJIBLHBIM, B HAyKE XOPOLIO U3BECTHHIN ¢akT. [IpencraBieHne o cOCTaBHOM siipe aTOMa € €ro
CHJIBHOH CBSI3bI0 OCHOBAaHHOE TOJIBKO HA DKCIEPUMEHTHI «KOJUIal1a», He OyAyT MOJHBIMH, €CIIU
OHHM HE YJOBIIETBOPSIOT CTPOCHHIO W ABONIONMH Bcenennoit. Heobxommmo, 4TolbI emie mpu
ONPEACIICHHBIX YCIOBUAX MPOUCXOIUI pacial COCTaBHOIO SIAPA.



Ha cocraBHOe s1po aToma OKa3blBaeT BiIMsSHUE BHeIIHUM (axtop. Ilpu yBenuuenun
JaBJICHHUs] HA aTOM, IPOUCXOAUT YNJIOTHEHHE 3JIEKTPOHHONW OOOJIOUKH, YTO B HEKOTOPOM pOjie
YBEJIMYMBAET CBA3b IPOTOHOB M 3JIEKTPOHOB, YBEIMUYMBAs BEPOSATHOCTh K-3AX@ama 3JIEKTPOHA
A0pOM, TIpU STOM OJMH M3 IPOTOHOB INpeBpaliaercs B HeWTpoH. Takum oOpasoM, Ipu
YBEJIMUEHUU JIaBJICHUS, B SPE U3MEHSAETCS COOTHOIIEHHE IPOTOHOB M HEHTPOHOB B CTOPOHY
YBEJIMUYEHUS TIOCIIEIHUX.

HepykoTBopHBI# siiepHBId pacnaj, Kak OH MPOUCXOIUT, 0oJiee MOAPOOHO, MPOCTIEAUM B
Helpax Ommkaiimedn w HamOonee wu3ydeHHOW K Ham 3Be3asl — ComHia. PykoTrBopHbIe
na00paTOpUU JIsl UCCIIEAOBAaHUI ITOrO Mpolecca Hellb3s CO3[aTh, IOTOMY YTO CYLIECTBYIOIIEE
JaBiieHue B LeHTpaJbHOW obOsactu CoiHua, HE BO3MOXHO, MOay4yuTh. J[laBienue PcC
XapaKTepu3yeT POXKJICHHUE 3BE3/1bl U3 MaTepUallbHOIO 00beKkTa BeenenHoi.

Kak wu3BecTHO, KBaHTOBas MeXaHHKa, SBJIAIOLIAsICA MaTEeMaTUYeCKUM OTpa)KEHUEM
(U3NYECKHUX TPOIECCOB, KOTOPHIE MPOHMCXOIAT BO BceneHHO#, Oyner He aocTarouHOW, 0e3
00BsICHEHUS (PU3MUECKUX TPOIIECCOB Mpoucxoasaumx Ha CoHie.

Coanue

CoBpemenHoe mpexacraBieHue o ConHIlE — 3TO pacKaJeHHbIM Ta30BbIM 1Iap, KaxXAbld
AJIEMEHTapHBI 00BEM KOTOPOTO HaXOAUTCS B YPABHOBEUICHHOM COCTOSHUU, a CHJIA TATOTEHUS
YPaBHOBEIIMBAETCS Ta30BbIM JABJIECHUEM, KOTOPOE JOCTUTAETCA MOBBIIMICHUEM TEMIIEPAaTyphbl K
LIEHTPY 3a CUET TEPMOSJICPHBIX PeaKIuii, He TpaB/a JIM OUYeHb W OueHb 3b10KO0. [locne Toro kak
M3pacxoyeTcsl TEPMOSIEpHOE Toprodee, 3Be3/a IpeBpaTUTCS B O€Noro Kapiuka, WId B
HEUTPOHHYIO 3BE3/1y, WM K€ B UEPHYIO BIPY B 3aBUCHUMOCTH OT MAacCChI 3BE3/IbI.

MoxHO OBLIO OBl B 9TOM HE COMHEBATHCSA, €CJIM OBl HE CYIIECTBOBAJIO SIBICHUE
CBCPXIPOBOJUMOCTH, KOTOpPOC CKJIOHHO YCUIINBATBCA C IIOBBIIIICHUEM JaBJICHUA,
AKCIEPUMEHTAIIBHO J1I0Ka3aHO. CBEpXIPOBOAUMOCTb MPOSBIISIETCS B MTOJHOM MEpPE MPHU BBICOKUX
JABJICHUSAX U SBISETCS, HAPSIAY C TpaBUTAIMel, GyHIaMeHTAIbHBIM CBOMCTBOM MaTEpUU; XOTH,
MepBOHAYAIILHO TPYAHO Ja)Ke MPEACTaBUTH ceOe, YTO pacKalleHHBIN IIap MPOSBIISAET KBAHTOBBIC
CBOICTBa MaTepuHU.

B nvenpax; ConHila 1 Bcero MHOTO00pa3us 3Be3/] BO BceneHHoi, CyIeCTBYeT /aBlICHHE

KOHJI@HC&HI/II/IP , P KOTOPOM CTAaHOBHUTCA BO3MOXHBIM paciiaa COCTaBHBIX AJCPp MATCpPHUH.

DONEeKTPOHBI OKPY)KAIOIIUE COCTaBHBIC s/Ipa, WMEET JOCTaTOYHYI IUUIOTHOCTh, ¥ CBOUM
BO3JICHCTBHEM Ha COCTaBHOE SApPO, OCIAa0IsSeT CBS3M BHYTPH COCTaBHOTrO siapa. IIporecc
pacnaja COCTaBHOTO siipa CONPOBOXKIAETCS MPEBPAIlEHUEM MPOTOHOB B HEUTPOHBI U
MOTJIOIIEHUEM 3HAYUTENILHOTO KoJudecTBa sHepruu B 30He bosze-xkonaeHcanuu 3bK. Kortopas

onpezesnsieTcst n306apoii naBieHus KouaeHcanun P — chepoii B neHTpanbHoit yactu ConHIa 1

Bcero MHoroo0pasus 3Be3l. [Ipoliecc pacmaga cocTaBHBIX SAep MPOUCXOIUT MPH MOCTOSTHHOM
neuuuTe 3HEPruM, CBA3aHHOM ¢ KOHEUHBIM 3HAYEHUEM TEIJIONPOBOJHOCTH B HEApaX 3BE3JbI.
UTO NMpUBOIUT K CHWIKEHUIO TeMmImeparypbl n0 abcomrotHOro Hyns B 30He 3BK, To ecth B
neHTpanbHoi yactu CoslHIa M 3B€3[, a 3a MpeeiaMu 30Hbl 00pa3yeTcst TpalueHT TeMIepaTyphbl
OT aOCOJIOTHOTO HYJS 1O TEMIEpaTypbl B Heapax 3Be3bl, YTO OOECIeYMBaeT IOSBJICHUE
HEKOTOpPOT0 OYEHb BAXKHOI'O CJIOSI 3JIEKTPOHHOH CBEPXIPOBOAMMOCTH, KOTOPBIM, KaK KOKOH
okyteiBaeT 3bK. CkopocTh pacnaga coctaBHbIX siaep B 3BK 3aBUCUT OT CKOpOCTH NepeToKa



sHepruu B Heapax 3Be3nbl B 3bK. Ha Connne npouecc pacnaga coctaBHbX siiep B 3BK
MpoIoJKAETCs 0KOIo 11 JieT u 3akaHuMBaeTCs MPEBPAILICHUEM MOCIEAHErO IPOTOHA B HEUTPOH
u oOpa3oBaHueM IIOTHOTO siapa bose-xkonnencanuu SBK, cocrosiiero mu3 chnapeHHBIX
HEUTPOHOB B CBEPXTEKYUYEM COCTOSIHUM MPHU KOTOPOM KOHJIEHCUPYETCSI MAarHUTHOE I10JIE.

[Tpu obpazoanun SBK, B 3BK mpoucxonuT HacklllleHHe SHEprHed, 4TO MPUBOIUT K
MOBBIIICHUIO TEMIEparypbl B OKPECTHOCTH 30HBI. Mcuezaer rpaaueHT Temmeparyp 3a
npeaenamu 3BbK, u kak crienctBue ucye3aeT AJIEKTPOHHBIM CBEPXIIPOBOJSAIIMNA CIIOH, C
TrEeHEpUPYEMBIM UM MarHUTHBIM II0JIEM, KOTOPbIM Kak KOKOH okyTbiBasl 3bK u ynepxusan ot
pacnaga sapo boze-xonaencamuu SBK. SIBK pacmamaercs nmpuOIu3UTENbHO Ha JIBE PaBHBIC
YacTH U HAYMHAET BBIIABIUBAThCS ddexkrom MeiiccHepa u3 3bK mo HampaBieHHIO TOJSAPHBIX
oOnactedf, mpoAosKas pacmaa Ha Oornee Menkue (parMeHThl, MPH 3TOM HJAET MPOLECcC

UCIIapCHUsA IIpU AaBJICHHMHW MCHLIICM, YCM PC . Ocb BpalllCHUs COJ'IHI_Ia SABJIICTCA

[IPEAIIOYTUTENBHBIM HAlPaBICHUEM JUISl CUJIOBBIX JIMHUI MarHUTHOTO MOJIS.

OcBob6onusmasics, 3bK 3amerniaercsi HOBOM mopiyen M1a3Mbl, HAYHETCSI CHOBA MPOIIECC
pacmnazia COCTaBHBIX sJiep, MOHU3UTCS TeMIiepaTrypa 10 aOCOJIFOTHOTO HyJsl B 30HE, MOSBUTCS
IPaJUEHT TEMIIEpaTyp CO CIOEM 3JIEKTPOHHON CBEPXIPOBOAUMOCTH KOTOPBIM Kak KOKOH,
okyraeT 3bK, B KOTOpOM HzeT Inpoluecc pacmaza COCTaBHBIX s€p. DTO HMPOUCXOJUT IOUYTH
OJTHOBPEMEHHO, 3a OYEHb KOPOTKMI NpoMexyTok BpeMeHH. Takum oOpasom, i 3BK
Ha4yMHAETCs ciaeayromui 11 JIETHMH LUK aKTUBHOCTH, HO TOJBKO M3MEHHUTCS IOJSAPHOCTh
MarHMTHOT'O TOJIS.

Crioit BIEKTPOHHOU CBEPXIPOBOJAUMOCTH, KOTOPBIA Kak KOKOH oOBosiakuBaeT 3BK,
BBITIOJIHSET JIBOSIKYIO POJIb; B MEPBBbIX yraepkuBaer oT apobiieHus pacrymee SABK B 3BK, Bo
BTOpbIX (parmMeHThl ApobseHust npenpiaymero SBK, xotopsie oOpazoBanu aBe JIOKajdbHBIE
30HBI, BbITAJIKHUBaIOTCS 3pdexToMm MeiiccHepa B mpumnosisipHble 00JacTU U MNPOSIBISIOT cels
CBOMMH MAarHMTHBIMU TOJISIMH, KakK TOJIApHBIE MpoTyOepaHubl Ha mnoBepxHocTd ConHIa.
HanbHelimas cynpba pparmeHToB ApobieHus, OyaeM HasbiBaTh pocTo bose-konaencatamu bK,
OHM OyAyT IUIaBaTh B HEApax He JaJeKo OT MPUIOBEPXHOCTHOIO CJOf, YyIEp>KUBaeMble
spdexTom MeiiccHepa, Garogapsi CyIIECTBOBAHUIO CJIOS 3JEKTPOHHOW CBEPXIPOBOJUMOCTH.
ITon neiictBuem Bpamienus Connua, bK 00pa3yloT nBa HIMPOTHBIX MMOJIOCH! aKTUBHOCTH B BUJIE
KOJIbIIa B CEBEPHOM M FO)KHOM IOJYIIAPUAX, KOTOPhIE MOCTENEHHO IPEeH(YIOT OT MOJIOCOB K
skBaropy. Ilpu sTom boze-koHaeHCAThl NPOAOIKAIOT HCIApEHHUE U SBISIOTCA 30HAMU
TEPMOSJIEPHBIX pPEaKIM CHHTE3a OJJIEMEHTOB C BBIJCICHUEM DJSHEPTUH, 4YacTb KOTOPOM
U3JIy4aeTcsl B IPOCTPAHCTBO, a pyras yacTe noriomaercs B 3bK i pacnana cocTaBHbIX saep.
Oxpectroctu BK npu 3T70M nojBeprarorcs CUIbHOMY pa3orpeBy M BCIUIBIBAIOT BMecTe ¢ bK B
IPUIIOBEPXHOCTHYIO 30HY CoslHIIa, W TPOSIBISAIOT ce0s Ha MOBEPXHOCTH KakK 3pYNTHUBHBIE
BCIIBIILIKY C TIOSBJIEGHUEM TEMHBIX IISITEH, JIOKAIBHBIX MATHUTHBIX OJIEH, CBS3aHHBIX BCILIBITHEM
BK, u npotyGepaHnuieB, u Ipyrux MposBIEHUH, COMPOBOXKAAIOIMINUX TEPMOSACPHBIM CUHTE3, KaK
(hakenbl U QIOKKYIIHI.

B pesynbrate TepmosiaepHONl peakuuu cuHTEe3a, BOKpYr BK jokanbHO moOBBIIIAETCA
nasienne 10 Pc, BK nmpekpaiaer ucnapsatbces, U peakiusa cuHTe3a npekparurcs, bK onycturcs
Ha NpeKHUN ypoBeHb. C IOHMKEHHEM TEMIEpaTyphl JIOKAIbHOE AaBlieHHE NOHM3MUTCS, BK
BO300OHOBHUT HCIApeHHE M TEPMOSIEPHBI CHHTE3 »dJeMeHTOB. Takod mpomecc Oyner
NOBTOPSATHCS, oka BK He ucnapurcs nonHocTeio. Kak BUAMM Ipoliecc TEpMOSAEPHOTO CUHTE3A,
B Heslpax CoJHIIa U BCEro MHOT000pa3us 3B€3]] ABISETCS CaMOYIPaBIIEMbIM!
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Takum o6pa3zom, Bce MHOrooOpasue 3Be3[ OObEIUHSET KaK o0Ilee TO, 4TO B HEIpax
OJTHOBPEMEHHO IPOUCXOAUT KAK TEPMOSIEPHBIM CHUHTE3 3JIEMEHTOB, TaK U SIACPHBIA pacnaj
3JIEMEHTOB, OJlarofapsi CyLIECTBOBAHUIO 30HbI bo3e-KOHJEHcaluu B LEHTPaJbHOW 00JacTH
3Be3/bl. A pa3InyacT, Bce MHOrooOpasue 3Be3]1 ApYr OT Ipyra TOJIbKO TO, YTO BHEIIHUE YCIOBUS
CyLIECTBOBAHMUS KaXIOW 3BE3[bl OTIMYAIOTCSI JpPyr OT JApyra, KOTOpPO€ €CTECTBEHHO
HAKJIabIBACTCS HA €IUHBI MaKpOKBAaHTOBO(HM3UECKUH mpolecc, B 3Be3ae. Hanpumep, ecnu Ha
MIOBEPXHOCTH 3BE3/IbI TPOUCXOIUT aKpelus, To 30Ha bo3e-konaeHcanum OyaeT yBenuunBaThCs U
nporecchl, OyayT MpPOTEKaTh MO-APyromy, Hexkenu npu noctosHHoi 3oHe. Ecnum na Comnnue
ynanneT BHYLIMTEIBHBIX Pa3MEpPOB METEOPHUT, IO COCTaBy OTJIMYAIOIIMHUCA OT XMMHYECKOIO
cocraBa CoHIIA, HET COMHEHHUs, YTO TaKOE MPOMCXOAUIIO U HE Pa3, KaK TOJBKO OH IOIAJICT B
3bK, nmnpousoiiger  AnuTenbHbIM  MHUHUMYM — akTuBHOCcTM  ConHI@, CBSI3aHHBIA €
IIPOJOJDKUTENBHOCTEIO HachlleHns sHeprued SBK. Ilpekparsarcs TepMoOsepHBIE peaklMH,
3amacenHas Heprus CoyHna OyIeT pacxoJ0oBaThCs Ha MU3Iy4YEeHHE B MPOCTPAHCTBO W Ha bose-
KOHJICHCAILIUI0, HE IOMOJIHSSCh, A3TO MpPHUBEAET Ha 3eMje K OYepeJHOMY IJ100albHOMY
JIEJHUKOBOMY IIEPUOLY.

[Iporecc pacmaga COCTaBHBIX siJEP, B peanbHOM BceneHHoM 00s3aTebHO MPUBOAUT K
MaKpOKBaHTOBO(U3NIECKOMY TPOIIECCY C MEPEX0J0M MATEPHH B CBEPXTEKydee COCTOSHHE —
boze-konnencar bK — msroe coctosiHue marepuu, npeBpaiiasch B aOCOMIOTHBIM TUaMarHeTuK,
KOTOPBIM COJEPKUT KBAHTOBYIO YACTHUIly - CIIAPCHHBIA HEUTPOH MOJUYMHSIOIIMECS CTAaTUCTHKE
boze-OiinmTeiina. IIpy cBEpXTEKY4eCTH TOJIBKO JJIEKTPOHHOIO Ta3a, KaKk HaM M3BECTHO,
MaTepusi oOpeTaeT CBOMCTBO CBEPXIPOBOJUMOCTH M CBOWCTBO IMPOTHUBOJACHCTBUS BHEUIHUM
MarHUTHbBIM moyiAM — 3(dext MeiiccHepa. Ilpu cBepXTekydecT KBAHTOBOM YaCTHUIIbI
CHapeHHOr0 HEUTpOHA, MaTepus 0OpeTaeT MarHWTHOE I0Jie, OOpEeTaeT MpeAeabHYI0 MIIOTHOCTh
P U CTAaHOBUTCSI HECKHMAeMbIM IpU Pc , moToMy uTO Bee cuiibl (1) — (7) mpeBOCXOAAT cuity
rpaBUTALlMU, HE MOXET ObITh U PEYM O TOM, YTO 3BE3/1a MOXKET IPEBPATUTHCS B YEPHYIO JBIPY.
[Tpu menpmmx naBneHusx npoucxoaut apodnenue BK. Ilo coeit cytu AIBK u BK conepxar
HEHTPOH, HO TOJBKO B cBepxTekyueMm coctosHuu. g SBK cymecTtByer kpuTudeckas macca
M, HacTynaeT MOMEHT, KOrJa CJIOM JJIEKTPOHHON CBEPXIPOBOAMMOCTH, KOTOPBIA KaK KOKOH
okytbiBaeT 3bK, yxe He Moxer yzaepxkarb JBK or pacrmama, BO BCeX OCTANBHBIX CIy4asX,
npuunHa pacnaaa BK cuyxur nHaceimenue BK sHeprueit, cienctBuemM 4Yero sBIsSETCS
HCUYE3HOBEHHE CIIOSl DJICKTPOHHOM CBEPXIPOBOJAMMOCTH, KOTOPBIA MPEMATCTBYET pacnaay. ITo
SIBK: Bcero MHOroo0pasus 3Be3/l, IEHTPOB IIAPOBBIX CKOIUIEHHUH, IIECHTPOB BO3ZMOXKHBIX JPYTUX
CKOIIJICHUH, LIEHTPOB TaJIaKTUK, KPOME CKOIUIEHHH TrallakTHK, I/Ie pachajg oOecredrBaeTcs
noctwkenrneM maccbl SIBK kputndeckoir maccel Mc. bose-konneHncata mo macce, Ooiblie
KpUTHYECKOI Macchl BO BceneHHoi He cylecTByeT, mpuunHa — quamarsetusm AbK.

KpynHomacmrabHasi ctpykrypa Beenennon

[IpocTpancTBO BeeneHHOM ciienyeT paccMaTpuBaTh Kak dHEPTETUYECKOE MPOCTPAHCTBO,
IJIe SHEPrHsl CyIIECTBYeT B BHJIE 3(upa, dIEKTPOMATHUTHBIX BOJH M B CKOHJIEHCHPOBAHHOM
BUJIE KAK MaTEpHsL.

B 1959 — 1960 ronax B I'apBapackom ynusepcurete Ilaynn u PeOka skcriepuMeHTaIbHO
J0Ka3aJIM, YTO JIEKTPOMArHUTHAs BOJIHA IIPOSBIISET IPaBUTALIMOHHBIE CBOMCTBA, KaK U MaTepUs.
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bruto oOHapykeHO U3MEHEHHE YaCTOThI AJIEKTPOMArHUTHOW BOJIHBI B TPAaBUTAIIIOHHOM TI0JI€E, 32
YTO aBTOPHI ObLIN yAocTOeHbl HoOeneBckoii mpemum.

W3BecTHO, uTO MpocTpaHCTBO BeeneHHOMN 3aMoMHeHO0 U30TPOMHBIM H3IYYEHHEM U U3ITy4YEeHUEM
CKOIUICHUS TaJlaKTUK, B KOTOPOM, ITOJI0OHO OCTPOBAM, PACIIOI0KEHBI CKOIUICHHUS TaJIaKTHK.

«Mne xanxcemcs, umo ecau 0vl 6ewpecmeo nawezco Connya u niawem u 6oobuje ece
gewjecmeo  Bcenennoti 6110  ObI  pABHOMEPHO  PACHPEOeNeHO NO  8CeMy  HeDeCHOMY
NPOCMPAHCMBY, A KaxNcOAs 4acmuya UCHbIMblEana Obl 8PONCOEHHOe MA20MmeHUe KO BCem
OCMANLHBIM, U NOJHBIL 00beM NPOCMPAHCMBA, 8 KOMOPOM PACCEsHO 9MO 8euwecmeao, Obll
KOHEeUHbIM, O 8eujecmen CHAPYIHCU 8 IMOM 00bemMe CmpeMusiocs bvl 61a200aps MALOMEHUIO KO
gcemy momy eewjecmay, umo 6Hympu, U NOMOMy naoano 6vl K YeHmpy 3mo2o npocmpancmeda u
cocmasnano 66l mam eOunyro bonvuyio cghepuneckyio maccy. Ho ecau 6w amo sewecmeo 6wi10
PABHOMEPHO pacnpeoeneno no OecKOHeYHOMY NPOCMPAHCMEY, OHO HUK0204 He CIUNOCh Obl 8
eOUHYI0 MACCY, KaKas-mo 4acmsb c2ywanacs 0bl 8 00Hy mMaccy, a opyeas — 6 opy2ylo, maxk 4mo
BO3HUKIO Obl OeCKOHeYyHOe HUCIO OONbWUX MACC, PA30POCAHHBIX NO  8CeMY MAKOMY
OecKoOHeuHOMY NPOCMPAHCMBY HA OObUUEe PACCMOAHUL OpYe Om Opy2ay. DTU CIOBA — OTPHIBOK
u3 nuchkma HeroTona, Hanucannoro 10 nexkabps 1692 roma Puuapny bsHTim B oTBeT Ha ero
MOCJIEAHEE.

B 21 Beke Hayka MOXET YTBEpIMTENbHO OTBETUTH: «Jla, BemectBo Bo BcenenHoii
pacmpesieieH0 TakK, uYTO eciau OpaTh JtoOble paBHbIE OONBIINE OOBEMBI MPOCTPAHCTBA
BcenenHoii, To OHM UMEIOT paBHbIE MacChl, U UTO BceneHHas B 3TOM OTHOULIEHUH OJHOPOJHA U
u3oTponHay. PeanmbHast cTpykTypa BcenenHoil, Beger ceOs Takum 00pa3oMm, YTO €€ MOKHO
MIPEJCTaBUTh, KaK OJJHOPOJHOE M30TPOMHOE MpocTpaHcTBo. [lopaxkaer To, uro HeroToH mpumen
K 3TOMY 32 CUET HMCKJIIOYMTEIIbHO CBOETO0 YMO3peHHus, Belb B 17 Beke u BIUIOTH 110 20 Beka He
CYIIIECTBOBAJIO MPEICTABICHUN O KPYITHOMACIITA0OHOU CTpyKType BeenenHoii.

PaccMoTpuM nBHXeHHME MaTepHaIbHONM TOUYKH Maccod m; B OJHOPOAHOM c(hepHyecKkoM
o0beMe KOHEYHBIX Pa3MepoOB M IUIOTHOCTBIO p # 0. HadanpHble ycrmoBHsS TakoBBI: mMacca my

Ha4YWHACT JABHIKCHUC nu3 HCHTpa C(l)epbl, 06.]'[8.,[[351 KHHETHIECKOU BHCPFHeﬁ,

2
mv .
To="1"0 / o HEJIOCTATOYHOMN ISl AOCTHKCHHUSI TPAHHLIBL cdepbl U ¢ >> V.

CornacHo Teopeme ['aycca aJis HBIOTOHOBCKOTO MOTEHIMANA HAa JBUKYLIYIOCS MaTepUaIbHYIO
TOUKY M4 B JII000I MOMEHT BpeMeHH t OyneT AeHCTBOBATh JIMIIb Macca, HAXOAAIIAsACS BHYTPH
11apa paguycom 1y, ONPEIeISIIOIINM MTOJIOKEHUE My U IPUTOM, TaKUM 00pa3oM, Kak eclii Obl 3Ta

Macca Oblila cocpeioToueHa B IIEHTpe cephl:

Gmq{M, mq4npG
F, = — = T 8
t th 3 t ( )
4TTp 3

I'me G — rpaBuTanionHas nocrosHHas, M, = = T

B MOMEHT, KOTJa KHHETHYCCKasd DQHEPTUA M, JOCTUTHET T = O, mq GYHCT Ha paCCTOSAHUU R or

4TpGm
Py = 2MPEM p2
3
CornacHO 3aKOHY COXpaHEHWs fHepruu s pacctosHuii r =0 w r = R chnpaBemnBO

HCHTpa C(I)epbl, a MOTCHIUAaJIbHAaA SHCPTUA NOCTUIHCT BCIMYHHBI

paBeHctBO, Ty + Py = T + Pg rae Py = Tg = 0 otcrona

myv?  4mpG

R ®
MIPUBEJEM K BULY
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v =HR (10)

8mpG
rae H = —— » bacumpum chepy 10 OECKOHEUHOCTH TaKUM 00pa3oM, YTOOBI IICHTP

cepsl OcTaBalCs CTALIMOHAPHBIM, & P TOCTOSTHHBIM.
CornacHo teopeme ["aycca u B aTom cirydae paBeHcTBa (9) u (10) Oynyr cnpaBeiuBbI
s ogHOponHOro p # 0 HM30TPOMHOrO OECKOHEYHOro CTAalMOHAPHOTO MpocTpaHcTBa. B

JabHEHIeM OyJIeM YUTaTh 3TOT OOBEKT Kak X —IIPOCTPAHCTBO

[Tockonbky OecKOHEYHOCTh X —IPOCTPAHCTBA O3HAYaeT PABHOMPABHOCTH BCEX TOUYEK
MIPOCTPAHCTBA, TO OTCIOJIa CIEAYEeT, UTO J0as TOYKa SIBISETCS LEHTPOM mpocTpaHcTBa. Kak
TOJIBKO MaTepualibHasi TOUYKA M, MU3PACXOIYET KMHETUUYECKYIO DHEPTUI0, OOHAPYKHUTCS, YTO €
HEeKy/la MajaTh, CIEACTBHEM 3TOTO, M; OKaXETCS B MOTCHLUAIHHOU SIME U3 KOTOPOM, YTOOBI
BBIOpATHCS HEOOXOAMMO, MPUIIOKUTH CTOPOHHIOIO CUITY.

Bripaxkenue A MOTEHLIMATbHOW SHEpPruu B ypaBHeHUU (9) OyleT ompenensiThCs Kak
SHEPTHUsl B3aUMOJEHCTBUS YACTULIBI C IIPOCTPAHCTBOM.

ITockoJIBKY MBI MMEEM [€J0 C HACBIIEHHBIM 3HEPreTUYECKUM IPOCTPAHCTBOM, IO
CBOEMY TOJOOUI0 CXOIHBIM C HACBHIIICHHBIMH PACTBOPAaMU B CTaKaHe, KOTOpPHIE HENPEMEHHO
JENATCS Ha TBEPAYI (PAKIUI0 B BHUJAC OCAIKa W KHUAKYIO C TOCTOSHHOW TUIOTHOCTBIO ISt
TaHHOTO pacTBopa. Heuto momoOHOE MPOUCXOAUT C HACBHIIIEHHBIM SHEPreTHUYECKUM X —
mpocTpaHcTBOM. HachllieHHass 4acTh SHEPIMM MaTEepUAIM3yeTCsl — KOHJEHCUPYETCS B BHJIE
KOHJICHCATOB C IUIOTHOCTBIO HE MPEBBIIAIOUIYIO NPEACIBHYIO IUIOTHOCTh f., B PE3yNbTaTe
JEHCTBUS TpaBUTAIlUU, 00pa3ys MOTEHIMANbHBIE MBI, HE HAapyIlas U30TPOIUI0 OECKOHEYHOTO
NpOCTpaHCTBa, (MMOTOMY YTO TPABHUTAIMS HE CIOCOOHA HAPYIIMTh HU30TPOIHIO OECKOHEYHOTO
SHEPTreTUUYECKOro TMpocTpaHcTBa). M mpeacTtaBiaser cobOoil B KOHEYHOM UTOTE CHApEHHBIN
HEUTPOH CO CIIMHOM pPaBHBIM EJWHUIIE, TMOMAUYMHSIONINICS cTaTucTuke bo3ze-DitHmreitHa —
CBEpXTEKyuHne HEHTpoHbl, oOpa3ys bose-koHneHcaT moj naBieHueM Pc. A HacblIEHHOE
OCCKOHEYHOE JHEPreTUUYECKOEe MPOCTPAHCTBO IMPH ITOM, BCIEJACTBHUE CKOIUICHHS MaTEepUH B
MOTEHIIUAJBHBIX SIMax, TEPSET CBOE HACHIIICHHUE U MPEBPAIIAeTCs B a0CONIOTHYIO OECKOHEUHYIO
MPOCTPAHCTBEHHYIO HYHEPTEeTHYECKYI0 CpeAy — CBETOHOCHBIH 3(up, KolebdaHHs KOTOPOTo
OoOHapYKHUBAIOT ce0s1, KaK PacpOCTpaHEHHE CBETa U IJEKTPOMATHUTHBIX BOJH, KaK CJIEICTBUE
BO30YykaeHusT Marepun. CBETOHOCHBIN 3(Hp, MPU 3TOM HAXOJSAIMICSI HA TPaHU HACHIIICHUS,
oOnazasi OYeHb MaJEHBKOW MOCTOSIHHOM TUIOTHOCTBIO JHEPTHUM, HEMPEMEHHO MPUBOIUT K
MOSIBIICHHIO IMTOCTOSTHCTBA DJIEMEHTAPHOTO KBaHTa JAecTBUs — h mocTosaHoM [Tnanka.

Ecnmu B mr000# Touke X — MPOCTpPaHCTBA BO3ZHHKACT BO3MYIICHHE CO CKOPOCTBIO U, TO
€ro IOJIHOE 3aTyXaHUE MPOUCXOIUT HA KOHEYHOM YYACTKE, ONPEAEIAEMOM painycoM R = v/ H

3HeKTpOMarHI/ITHOe HU3JIYUYCHUC TaKKC IOJABCPIKCHO 3aTyXaHUIO B X IMPOCTPAHCTBE.

2
3ameHuB B ypaBHeHuH (9) my = hw/cz u Y /2 = hw MOTyInUM

cv2
r = T ZG (11)
DIIeKTPOMarHUTHOE W3JTy4YEHHUE PACTIPOCTPAHSIETCS corjiacHo ypaBHeHuto (11) rae
Aw
C —CKOpPOCTh CBETa, Z; = —— - KpacHOE CMELIEHHE 4YacTOTHl, () —HauyalbHas 4YacToTa
w

HU3TTy4YCHUS.
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_ o
R=52 (12)

Otmerum ypaBHeHue (12), ¢u3nueckuii CMBICI KOTOPOTO COCTOMT B TOM, 4YTO JUIS
Aa)G

AJIEKTPOMArHUTHOTO M3JYy4YEHMSs, MpU Z; = —— = 1 CYIIECTBYET TOPU30OHT — PACCTOSIHUE 3a
w

KOTOPBIM, HAOJIOaTeNb HE MOIy4aeT HUKAKOW WH(GOPMAIIHH.

Ecnu B mo06oii Touke X —IMPOCTPaHCTBA BOZHUKAET 3JICKTPOMArHUTHOE U3IYYCHHUE W, TO
paccrosiHue OT HaOmojarenst 10 OOBEKTa ONpPENeNsIeTcs KPacHbIM CMEIIeHHeM Z, COTIACHO
ypaBHeHuto (11).

[Tonstne X —IpOCTpaHCTBA OIPENEIACTCS HE Pa3Ma3blBAHUEM PEabHOW CTPYKTYPHI
BceneHnHoii Ha paBHOMEPHYIO IIOTHOCTh, @ UCXONS M3 TOTO, YTO peajbHasl CTPYKTypa BeIeT
cebs B OoybIUX MacmTadax Kak aOCOIIOTHOE, OJHOPOTHOE IUIOTHOCThIO p # 0, M30TpOIHOE,
OECKOHEYHOE, CTAI[MOHAPHOE MPOCTPAHCTBO B mesioM. M matepus, o0iamas CBOWCTBOM TOJBKO
rpaBUTAIIU, 00pena Obl a0COTIOTHBIM TTOKOW B MOTCHIIMATBHBIX SMaX, COXPAHsS OJHOPOIHOCTh
U HM30TPONHIO ATOTO IMPOCTPAHCTBA. YUYUTHIBAs: 1. OTKPBITHE CYIIECTBOBAaHUS B pEajbHOMN
BceneHHOM, 3IIEKTPOMAarHUTHOTO HM3IIYYEHHsI B PajJdO JUAla30HE, MOBBINICHHOH IJIOTHOCTH,
OJTHOPOJIHO 3aIOJIHSONIET0 M MPUXOISIIEro paBHOMEpHO co Bcex crtopoH (Ilensuac u Bunbcon
(1965)) — uzoTponHoro u3nydenus, 2. Tpya Bonosuk I'. E. [47], rae aenaercs 000CHOBaHHE O
CYIISCTBOBAHMHM KBaHTOBOI'O CBETOHOCHOTO d¢upa BO BceneHHol, u 3. cyliecTBOBaHUE
npenenpbHo Macchl boze-konaeHcata M¢. UTO mO3BOJISIET CHENaTh BBIBOA, 4TO BceneHHas
MpeJICTaBIsIeT 0ECKOHEYHOE MTPOCTPAHCTBO, 3aMTOJIHEHHOTO KBAHTOBBIM CBETOHOCHBIM 3(HPOM, B
MOJI00MH HEKOero OECKOHEYHOr0 KPHUCTAIA, B y3JIaX KPUCTALIMYECKOH PEIIeTKH KOTOPOTO
HAXOJATCS MOTCHIIMAILHBIC SIMBI CO CKOIUICHHEM TalaKTHK, TJIe€ Marepusi HAaXOJHUTCs, KaK B
COCTOSIHUM CBEPXTEKY4YECTH MOAUYUHSACH cTaThcTUKe boze-DifHiTeiiHa, Tak ¥ B OOBIYHOM
COCTOSIHUM TOMYMHSSICH cTaTtuctuke depmu-/upaka, mMacca KOTOPOro paBHa KpPUTHUYECKON
Macce M¢. Otcrona cienyer BbIBOJA, YTO BceneHHas elie W CTalMOHAapHA W SIBISIETCS TakKkKe
aOCOJIOTHBIM ~ MPOCTpPaHCTBOM. Takum Bcenennas Obutla W CyIIECTBYeT Bcerja, a
000CHOBBIBAETCSl ATO TEM, UTO OHA MPEJCTABISET COOOM, B 00IIeM, OECKOHEUHOE HACHIIIEHHOE
IHEPreTHYECKOe MPOCTPAHCTBO. [l KaKJIOTr0 CKOIUICHHUS TAIAKTHK CIPABEIIMBO BBIPAKCHUE
IPaBUTAIMOHHOTO B3aMMOJICHCTBHSI C PYTUMHU CKOTUICHUSIMH, YTO O3HAYAET,

S
Yn=2Fin =0 (13)
YTO IPABUTAIMOHHBIC CUJTBI HE BIMSIIOT HA KPYIMHOMACIITAOHYIO CTPYKTYpY BceneHHoi.

JunamuunocTs BceneHHo# cymecTByeT Onarojapsi CyIIECTBOBAHHIO OOpaTUMON U
HEPYKOTBOPHOU TEPMOSICPHON peakiiu, U OrpaHHuYeHa TPaHUIAMU CKOIUICHHS TaJaKTHK, a B
LIEJIOM OHAa TMpEJCTaBIseTCs Kak: OEeCKOHEYyHOe, OJHOPOJHOE, H30TPOIHOE, a0CONIOTHOE,
CTallMOHAPHOE NMPOCTPAHCTBO U TaKOBOW Bcenennas Oblia Beera.

s Habmogarens, KOTOPbI HaXoIUTCs B JH000H TOouke OGECKOHEYHOro MPOCTPAHCTBA,
BUJIUMOCTb OrpaHuueHa ropu3oHToM (12). BuyTtpum cdeppl — o6nactu orpaHMUYEHHON
TOPU30HTOM  E€AMHCTBEHHBIM  HMCTOYHMKOM  uH(popmauuu o  Bcenennoit  sBisercs
AJICKTPOMArHUTHOE U3NydeHue. M3 cekTpoB m3ydeHus BceX 00beKTOB BceenmeHnHol B obmactu
PacrojoKEeHHOM 3a MpeesaMy pa3pelieHus U 10 TOPU30HTa, B pe3y/IbTaTe KPAaCHOTO CMEIICHHUS,
o0s3aTenbHO OyeT HAaOII0AaThCsl U3TYUYEHUE MTOBBIIICHHON HHTEHCUBHOCTH, B PaIMO/IMANIa30He,
KOTOpOE 3aIlOJHAET BCE MPOCTPAHCTBO BceeneHHOM — M30TponmHOe M3dydeHue. A OT 0OBEKTOB,
KOTOpBIE HAaxXOAATCA B MpeleNiax paspeuieHus, Mbl OylaeM HaOIoAaTh KpacHOE CMEIEHHUe



14

U3Ny4yeHus: 00BEKTOB, KOTOpoe OyAeT YMEHBIIAThCS MO MEpe YMEHBIIEHUS PACcCTOSHUS 0
Ha0JI01aTeNsl BIUIOTH JI0 TOTO, YTO MOXKHO YBUJIETh HEBOOPYKEHHBIM TJ1a30M.

«OHTPONUUHBINA TOCTyJaT» Hemenkoro ¢usuka P. Knaysmyca — BTOpo#l mpuHITUI
TEPMOJUHAMHUKN — TOJOXKWJI Hadajgo Oosiee 4eM MOJyTopa BEKOBOM TUCKYCCHHM O TEIJIOBOM
cmeptn BceeneHHOM. 3aKOH MPOCT: «TEIUIOTa HE MOXKET MEePEXOAUTh caMa coOoil oT Ooisee
XOJOAHOTO K Ooyiee TEmIoMy Tely». OTO NPUBOAUT K TOMY, YTO TEMIeEpaTyphl Tell,
OOMEHMBAIOIIMXCS  TEIUIOTOM 0€3 COBEpUICHHS MEXaHHYECKOW paboThl, IOCTENEHHO
BBIPAaBHUBAIOTCS, U, B KOHIIE KOHIIOB, JOCTUIAETCS HEKOE «MEPTBOE COCTOSHHUE HMHEPLMH», B
KOTOPOM HEBO3MOXKHbI HUKaKH€ H3MEHEHHS, HUKaKhe IPOIECChl — BCE 3TO MPHUBOIUT K
«ymupawoieMy Mupy». Takas mnepcrekTuBa Maino Koro panoBana. CtosneroB, Tumupsses,
Bepnaackuii 6butn yOexxJeHbl, 4TO BO BceneHHOil cymiecTByeT oOpaTUMOCTh, HO HHYErO HE
MOTJIM B CBO€ BpeMsl MPOTHUBOIOCTaBUTh. HEpyKOTBOPHBIA TEPMOSAIEPHBI CHHTE3 C
BBIICJICHUEM SHEPIUM U SJACPHBIM pacnaj ¢ MOTJIOLIEHUEM SHEPIUM IPENCTaBiseT coOoi
€IMHbIN (PyHIaMEHTAJIbHBIN U YHUBEpCAIbHBIN Ipolecc Bo BeeneHnHoM, KOTophIil obecnieunBaeT
KaK CTPOEHHE, TaK M 3BOJIIOLUI0 BceneHHoH, Tak ke 00ecreunBaeT ee BakKHENIee CBOMCTBO —
obparumocTh. Takxke 00BsACHSET 0€3 0COOBIX HATSHKEK U MPOCTO CTPOSHHUE U SBOJIFOIHIO: 3BE3/I,
TUTAaHET, TaJJaKTUK M CKOTUICHUH TallakTHK, KoHIenuuio B. A. AmOapuymsHa (aKTUBHOCTH si/iep
TaJlakTHK), YeTO HET U ObITh HE MOXKET B TEOPHH «bONBIIOr0 B3phIBaY.

OO6patumocTh oObOecrieuynBaeTCs B AaKTHUBHBIX 0O0JacTsx BcenmeHHOW — CKOMIEHUSAX
TaJIaKTHK.

HeroTOH nucan, 4ro «Ipupojaa NpocTa U HE POCKOLIECTBYET Pa3iMYHbIMM MPUYMHAMU
Beulei». CnenyeT noHumarsh, yTo Beenennast 1oykHa ObITh POCTOM.

CTtpoeHue u 3BoIOLINSA peaibHOM BeeseHHoM

Bcenennass mpeacraBnsieT coOoli OECKOHEYHOE HHEPreTHUECKOe MPOCTPAHCTBO, TIe
SHEpPrusi TMpeACTaBleHAa KaK: CBETOHOCHBIA d3(up, 3amOTHSIONIMI 3TO MPOCTPAHCTBO C
MIOCTOSIHHOM M OTPaHUYE€HHOW IUIOTHOCTBIO HHEPTUHU, MPH BO3MYIIEHUU KOTOPOrO BO3HMKAET,
ANIEKTPOMArHUTHASI BOJIHA, PACIPOCTPAHSIONMIASACS B aOCOMIOTHOM MPOCTPAHCTBE CO CKOPOCTHIO
cBera. I Marepuu — KOHACHCUPOBAHHOW (DOPMBI DHEPTHH, KOTOpasi MOXKET HaXOIUTHCA, KaK B
CBEPXTEKYYEM COCTOSIHUW, MOAYMHSACH CTAaTUCTUKE bo3e-DWHIITeiHa, TaK U B HOPMaJIbHOM
COCTOSIHMM — TIEPUOJUYECKasi CHCTeMa JJIEeMEHTOB MeHzeneeBa, MOMYUHSACH CTAaTHUCTHKE
®epmu-Jlupaka, B HIOTEHIIMAIBHBIX IMaX, HE HapylIas U30TPOIHI0 OECKOHEYHOTr0 a0COIOTHOTO
mpocTpancTBa. B TepMmoauHamuke ecTh ¢GopMylia TEIUIOBOTO H3IYUYSHHs, HM3BECTHAs Kak
dopmyna [Tnanka 1", KOTOpasi COACPAKUT MOCTOSHHYIO BEIMYMHY SHEPIHMU MPUXOIAIIAscs Ha
enuHuUIly 4actoThl h — mocrosinHas [lnaHka, mpezacTaBisiroias coOOil AIeMEHTapHBIA KBaHT
neiictBus. MIMEHHO cBeTOHOCHOMY 3(upy MBI 005S3aHBI B TMOJY4YeHHMH HHPOpMAIHH 00
OKpY)KAalollleM Hac MpPOCTPAaHCTBE, B BHJIE OSHEPTUM DJIEKTPOMArHUTHOH BomHBI hy —
BO3MyIlleHHOe cocTtossaue 3dupa. [locrosHHoi Ilmanka ee MOCTOSHCTBO  O3HAYaeT, 4YTO
JHEpreTHYecKas IUIOTHOCTh d(Upa OrpaHUYCHA IO BEIMYMHE U IOCTOSHHA BO BceneHHOM.
Jlocturaercs 3TO TMOCTOSHCTBO Ojaromapss ToMy, 4To dS(Up W Marepusi, HAXOUATCS B
PaBHOBECHOM COCTOSIHMM, YTO JACPKHUT DHEPreTHUYECKYIO IUIOTHOCTh 3(HUpa TMOCTOSHHOM.
[Tomo6HO HACKHIIEHHBIM PacTBOpPaM B MPUPOJIE, KOT/Ia INIOTHOCTh PACTBOPA UMEET MOCTOSHHYIO
BEJIMYMHY, Oyiarojapsi BBIMAJACHHUIO OCaJKa B BHUAE KPUCTAIJIOB. DHEpreThyecKkas IUIOTHOCTh
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a¢upa Bceraa HaXoIUTCS Ha MOPOre HACHIIIEHUS, TOTOMY YTO MIPHU HACKHIILIEHUHU YPUP MEPEXOAUT
B bo3e-koHJaeHCaTHOE COCTOSIHME MaTepud — HA3bIBAEMOE CBEPXTEKYYUM HEHTPOHOM.
CBepXxTeKyuuil HEHTpPOH, MPEICTABIAIOMNN COO0W CHapeHHBIM HEHTPOH CO CIIMHOM pPaBHBIM
eMHULIe, TPU JIaBJICHUAX HUXKe PC, HauMHAeT ncnapsThes Ha TpaHULIe pa3fiesia CBEPXTEKY4eCTH,
pacmamaertcsi B JaibHEWIEM, Ha [Ba HEHTPOHA CIHMHBI KOTOPBIX paBHbI 1/2, KOTOpbIE
MPEBpAIIAIOTCS B aTOM BOJOPOZA MPHU paclajie, WiIH CHHTE3UPYIOT COCTaBHOE PO J000Tro
aToMma.

CrnenyeT 3aMETUTh, YTO HACBILIEHHOE COCTOSTHUE SHEPTUU MbI MOKEM HaOJII0AaTh BCET/Ia,
TOJIBKO KaK MaTepHusi, B HOPMaJIbHOM COCTOSIHMM MOJUUHSAOIasAcs craTuctiuke @epmu-/lupaka u
B CBEPXTEKYyYe€M COCTOSHHMM — CBEPXTEKYyUYHMH HEWUTPOH MOAUMHAIOIIMKCS cTaThucTuke bosze-
OWHINTEWHA, HaXOJMUIMECs B MOTEHIMUAIBHBIX SIMaX, KaK CKOIUICHUS TaJaKTHK, HE Hapylias
H30TPONUI0 OECKOHEYHOro TpocTpaHcTBa! B momoOWm HACBIIIEHHBIX PACTBOPOB, Kak
KPUCTAJJIMYECKUM 0Ca/I0K Ha JIHE CTaKaHa.

B a0comoTHOM CTarMOHApPHOM YHEPTETHYECKOM IPOCTPAHCTBE HE BBIIOJIHSIETCS 3aKOH
CIIOXKEHHUS CKOpOCTeH, W3 crenuanbHoi Teopun otHocutenbHocTH CTO [3 cmp. 29] mns

QJICKTPOMATrHUTHOT'O U3JTYUCHUS.
;. Ui—uUp

= 1_u1u2/cz

I[Ba KOPOTKHUX 3JICKTPOMATrHUTHBIX HMIIYJIbCA HCIHYHICHHBIC B IIPOTHUBOIIOJIOKHBIC

u (14).

CTOPOHBI 6y,HYT HMCETb OTHOCHUTCIIBHYKO CKOPOCTH PABHYIO 2C, 9TO JICTKO HPOBCPUTH, a4 HE

paBHY!O C, COTJIaCHO 3aKOHY CIIOKEHUSI CKOPOCTEH.
Cronnenusa 2anakmux

Uto kacaercs maTepuu, OHa CKOHJIEHCUPOBAHA, COXPAHSsI M30TPOIMIO MPOCTPAHCTBA, B
MOTEHIMATIBHBIX sIMaX, OJlaro/iapsi rpaBUTAIlMUA M CBOMCTBY MaTepuu KOHIACHCUPOBAThCs B bose-
KOHJIGHCAThI, KOTOPbIE HMMEIOT KPUTHYECKYyI0 Maccy Mg, SBISsSACh CaMbIMU KPYITHBIMU
oObekTamu BcenenHol U 0JHO3HAYHO, IPUHAJICKAT CKOIUICHUAM TalakTUK. Bo Bcenennoit He
CyLIECTBYeT OOBEKTOB, OONBIINX, YeM C KPUTHUECKON Maccoi Mg, mo3TOMy Macchl Bcex
CKOIUIGHWH TalaKTUK OJWHAKOBBL. Marepuss HMeeT KpUTHYECKYI0 Maccy, Omaromaps
MaKpOKBaHTOBO(H3UYECKOMY TPOIECCY, MPOUCXOIAIIEMY C MaTepueld TMpu JaBICHUU
KoHJeHcanuu Pc.

MakpokBaHTOBO(U3MUECKHI TIPOIIECC MPEACTaBIsAET cOO0H 00paTUMYIO0 TEPMOSIEPHYIO
peakIuio, KOTopasi MPOUCXOIUT B MAaTEPHH TIPH JIaBIICHUSIX: OT, HYJIEBBIX 0 PC u TemmepaTypax
oT, aOCOJIOTHOTO HYJS 110, OYeHb BbICOKHX. [lpm maBneHum PC u TemmepaTypax OKOJO
abcomorroro myns T =~ 0K: marepus cramoBuTcs cBepxTekydeil, IpM 3TOM COCTaBHEIE Spa
JJIEMEHTOB NEPUOJNYECKON CHUCTeMbl MeHzeneeBa, pacnaiarTcs A0 CIIAPEHHOIO0 HEUTPOHa,
OCTaBasICh CBEPXTEKYYHMMH, M CTAHOBSTCS aOCOJIOTHBIM JUAMarHETUKOM, OOJagaroluMu
MarHuTHBIM ~ToneM. Cuila TpaBUTAllMd HE B COCTOSHHUM YAEpkKaTh CTaOMIBHOCTH
CBEPXTEKY4eCTH HEUTPOHOB B 30HE bo3e-koHAEHcalnu, 0€3 CBEPXTEKYYECTH JIIEKTPOHOB,
KOTOpBI KaKk KOKOH OOBOJIAKMBAET 3Ty 30HY. bo3e-KOHIEHCAT U3 CBEPXTEKYYHX HEHTPOHOB
0051a1aeT NMpeenbHON UIOTHOCTBIO ., 3HAUUTEIBHO MEHBIIE IUIOTHOCTH COCTABHOIO sipa, U
PaBHOM TIJIOTHOCTH B LIEHTPE 3BE3bI, U 00J1a1aeT KPUTHIECKON Maccoit Mc, Korzia HU4YTO y)Ke He
MOKET yJep>kKaThb 3TOT KOHJEHCAT OT pacmaja Ha Oojee MeiKkue (pparMeHThl U pasiieTy MoJ
nericteueM 3ddexra MeiiccHepa. [losiBneHre npeaenbHON IIOTHOCTH U KPUTHYECKOW MacChl
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MaTEpUH, SBJIAETCA CIEICTBUEM TOrO, 4YTO CYIIECTBYET JUaMarHWTHas CWJIA, KOTOpas
IIPEBBIIIACT CHIIy T'paBUTalMU. I3 3TOH KpUTHUECKOW Macchl, IOcie pasjera (pparMeHTOB, B
nanpHelmeM copmupyercs ckorieHue ranaktuk. [lpu naBnenun mensie PC, bo3e-konneHcar
U3 CBEPXTEKY4YHX HEUTPOHOB IIPU MCIIAPEHUU NIPEBPALIAECTCS: B IEPBOU CTYIIEHU B HEUTPOHBI U
TOJILKO BO BTOPOM CTYIIEHM HEUTPOH IIPEBpalacTCs B aTOM BOJXOPOJA, WM BCTYNAeT B
TEPMOSIIEPHBI CcHHTE3, 00pa3ys HOBOe cocTaBHOE sapo. Ilo HaOMIOACHHSIM COJHEYHOM
akTUBHOCTH Ha COJIHIIE, MOKHO YBEPEHHO YCTaHOBUTH, UTO TEPMOSIEPHBII CUHTE3 IPOUCXOAMT,
HE B IEHTPAJBHBIX O0JACTAX, a B TNPUIOBEPXHOCTHBIX 30HAX C bo3e-KoHaeHcaTamMu —
CBEpXTEKYYHMHU HEHTpOHaMH, KOTOpbIE MpPOSBISIIOT ce0s, KaKk 30Hbl akTuBHOCTH Ha ColHIe,
HposiBIsisl ce0d Ha MOBEPXHOCTU KaK SPYNTHBHbBIE BCHBILIKK C IMOSBICHHUEM TEMHBIX ISTEH,
JIOKAJIbHBIX MAarHUTHBIX Moyied. BriocnencTBum okaszajioch, 4yTo oOpaTHMas TepMOsAepHas
peakius OOBACHSAET HE TOJBKO IHpolecchl, npoucxonsdmue Ha ConHIe, HO M NPEKPACHO
OOBSICHACT CTPOCHHE W HBOJIONUIO Bcel BceeneHHoi, ocTaBasch mpu 3ToM (QyHIaMEHTaIbHBIM
rpoueccoM BceeneHHOM.

CBepxTekyuuil HEUTPOH, B OTJIMYME OT CBEPXTEKYYEro OJJIEKTPOHA, y KOTOPOIO
JIMaMarHuTHAs CHJIa MIPEBBIIACT CHITY rpaBUTAK Oosee yeM Ha 30 MOpPSIKOB, OTIMYACTCS HE
Oomnee yem Ha | wmiam 2 mopsaka. DTO CBA3aHO C TE€M, YTO HEHUTPOH B IIEJIOM AJIEKTPHUECKU
HelfTpasieH, cepeanMHa ci1abo 3apspkeHa IOJIOKUTEIbHO, BHYTPEHHEE HECeT OTPHLATEeNIbHBIN
3apsijl, HapyXHas 4acTh cJ1abo 3apsbkeHa MoJokuTenabHo. OOnajgaer HEOXKMIAHHO OOJIBIIMM
OTpHIIATEIbHBIM MATHUTHBIM MOMEHTOM 1,913 simepHOro Maruetona Bmecto Hyjs [46 cmp. 77 —
79]. Uro mo3BossieT OOBSICHUTH OOPATHMOCTH: HE TOJNBKO 3BE3J, HO U TaJaKTHK, U Jaxe
CKOIUIEHUH TaJlakKTUK MOTOMY, YTO Y€M MEHbIIE NOPSAJOK OTHOIICHHS JWaMarHUTHOM CHJIbI
CBEPXTEKYUYHUX HEHUTPOHOB K CWJI€ IpaBUTAllMM, T€M OOJblIe MOJydaeTcs KpUTHYEcKas Macca
CBEpXTeKyunx HeWtpoHoB Mc — sapa bose-konnencanuu. Ilpu bo3ze-koHaeHcanuu
CBEPXTEKYYHX HEHUTPOHOB IIPOMCXOAMUT KOHJEHCALHs OTPHULATEIIBHOTO MAarHUTHOTO MOMEHTA
Heiftpona. Takum oOpa3oMm, bo3e-koHaeHcaTsl OOpeTaroT MarHMTHOE I0Jie, KOTOpPOE
IIPOSABIIAETCS. KaK MAarHUTHOE I0JIe€ 3€MJIM, KaK MarHUTHOE II0JIE COJIHEYHBIX IIATEH B 30HAX
aktuBHOCTH COJHIA.

Bnaromaps Makcy Ilmauky, ero mocrosHHod N u ¢yHmamentampHOMy mpomeccy,
Bcenennas He MoKeT BBITIAETh MHAue: BceneHHas mpeacTaBiiseT aOCOMOTHOE, OJTHOPOIHOE,
M30TPOIHOE, CTAallMOHApHOE, OECKOHEUHOE, HHEPreTHUeCKOe MPOCTPAHCTBO, 3aMOJIHEHHOTO:
KBaHTOBBIM  CBETOHOCHBIM 3(UPOM U H3OTPOIHBIM 3JIEKTPOMATHUTHBIM  H3ITy4YE€HUEM
MOBBIIEHHON CIEKTPAJIbHOM TNIOTHOCTH, B MOJI00MM HEKOEro OECKOHEYHOr0 KPUCTaslIa, B y3j1ax
KPUCTAIUIMYECKOM PELIETKM KOTOPOrO HAaXONATCS IOTCHLHUAIBHBIE SIMBl CO CKOIUICHUEM
rajjakTHK, OJMHAKOBBIE MO Macce. TakoBoil Bcenennas Obuta Bcerna Bo BpeMmeHH. VIMeHHO
Onmaronaps noctossHHOW [InaHka ymanmock OOHapyXHMTh, YTO IUIOTHOCTH CBETOHOCHOTO 3¢upa
BCErJa HAXOAWUTCS HAa IPaHU HACBIIIEHHWS W B PAaBHOBECHOM COCTOSIHUM C MAaTEpUEH, 4TO
o0ecrnieunBaeT MOCTOSIHCTBO MocTostHHOM [Inmanka. [Ipu HackIlieHMN SHEPTUS KOHJIEHCUPYETCS B
CBEPXTEKYUYHH HEUTPOH. DHEPreTUYeCKoe OTHOIICHHWE 3(upa K MaTEepHH, BCErJa BEIWYMHA
ITOCTOSIHHAS.

Yro kacaeTcs CKOIUICHHs T'aJaKTHUK — OHU JTUHAMHUYHBI, Oarogaps GpyHaaMeHTaIbHOMY
nporeccy — oOpaTMMOMY TEpMOsiIEpHOMY cuHTe3y. HecMoTps Ha TO, 4TO BCE CKOIUIEHHUS
TQJIAKTUK UMEIOT COBEPIICHHO OJUHAKOBBIE MACCHI, B CBOEH 3BOJIIOLIUHU, KOTOPBIN IPEACTABIAET
LUKJIMYECKUHN MPOLECC, 10 CBOUM pa3MepaM OHHM MOTYT PE3KO OTJIMYaThCA APYr OT apyra. B
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HBOJIIOLIMM CKOIUICHUH TaJaKTUK OTCYTCTBYET CHHXPOHHOCTb, Ojarogaps 00OCOOJIEHHOCTH U
OOJIBIIMM PACCTOSHUSIM MEXKIY CKOIUICHUSIMH TalakKTHK. MEXIy CKOIUICHHSMH TaJlaKTHK
BO3MOXXEH TOJBKO OOMEH 3JIEKTPOMAarHUTHOM SHepruew, Oiarogapsi CBETOHOCHOMY 3(hupy,
KOTOpOE 3aMOJIHIET BCe SHEPreTHIeCcKoe MPOCTpaHCTBO OeckoHeuHol Beenennoit. Hecmotps Ha
TO, YTO LEHTPbl MAacC CKOIUICHUM TaJIAKTUK HENOIBUXKHBI OTHOCUTENIBHO APYr Ipyra, caMu
CKOIIJICHUS TaJIaKTHK, B CBOMX IMOTCHIMAIBHBIX SMaX HAlOJHEHBl AUHAMHUKOU, O1aroaaps cuie
IpaBUTAllMM, KOTOpas SBJSAETCS CBOMCTBOM HE TOJBKO Marepuu, HO U 3Hepruu. Cuna
IpaBUTALUU MPUCYTCTBYET BCETJAa U CTPEMUTCA KOHJECHCUPOBAThb MATEPUIO — SIBIIACTCA CUIIOU
npuTskeHus. Jlpyras cuiia, AEMCTBYIOIIAs HAa CKOIUIEHUE TaJaKTUK, UMEET JUaMarHUTHYIO
MPUPOSly — SBISAETCA CWIOW OTTAJKHUBAKOLIEH, KOTOPas BO3HMKAET IPU CBEPXTEKYYECTH HE
TOJIBKO AJIEKTPOHOB, HO U CBEPXTEKydecTH HeUTpoHOB. lIpu Hacelienuu sHeprueit siapa bose-
KOHJICHCAllUU U3 CBEPXTEKYUYUX HEHUTPOHOB, TEPSET yIEP KUBAIOIINNA KOKOH U3 CBEPXTEKYUYHMX
AJIEKTPOHOB U PO CBEPXTEKYUMX HEUTPOHOB, IEPBOHAYAIBHO JENISICh IPUOIU3UTENILHO HA JIBE
PaBHBIC YacCTH, HEYAEPKUMO IIOJ ACHCTBUEM OTTAJIKMBAKOUICH CUJIbI — AMAMArHUTHOW CHJIBIL.
Snpo OyneT mpooiKaTh MOCIEAYIoIee qeJIEHHE ¢ PESITUBUCTCKUMHI CKOPOCTSIMH, 00pa3ys /Ba
JIENIECTKA — PACILIUPSIOLIET0Cs X0JIOAHOI0 00J1aKa U3 CBEPXTEKYUHX HEHTPOHOB, KOTOPOE MOKHO
HaOII0AaTh pasnoTeIecKonaMu B paaunoauanasone. [Ipuyuem, kak nmpaBuiio, JBa JIerecTKa — JABa
paauo BbIOpOca, MOTYT HMMEThb pa3Hble CIEKTPbI, 3TO BBI3BAHO YAAJIECHUEM OJHOTO H
NpUOMIKEHUEM JIPYroro JIeTecTKa K PaJHOTeNIeCKONy C PENSTUBUCTCKHUMH CKOPOCTSIMH.
[Tponiecc npobneHMs siipa M3 CBEPXTEKYYMX HEHTPOHOB CONPOBOXKIACTCS €ro HCHapeHUeM
YacTHUL IOAUMHSIOIMXCS cTaTUCTHKE bo3e-OliHmTeliHa. B pe3ynbrare 4ero poxnaercs 4acTuua
noaunHsronascs craructuke depmu-/lupaka — HEUTPOH CO CIIMHOM PABHBIM OJHOM BTOPOU B
IIpoliecce paciaja CIapeHHOro HEMTPOHA CO CIIMHOM PaBHBIM €IMHMIE, KOTOPBIM MpU pacnajae
MpPEBpAIIACTCS B AaTOMapHbIM BOAOpOA. Takoil Mmpouecc MNPOAOJIKAECTCS TMOKa IUIOTHOCTh
BOJIOpOAA MOMUUHSAOIIErocs: cratuctuke depmu-/lupaka, MOBBICUTCS 10 TAaKOW CTENEHHU, YTO
MOBBICUT BEPOSATHOCTH CTOJIKHOBEHMS sApa aroMa BOAOpOAA — IPOTOHA C HEHUTPOHOM, 4YTO
IpeJCTaBIsieT co0ON TEPMOSIEPHBI CHHTE3 C BBIJICJIEHUEM SHEpruu B mpocTpaHcTBo. C 3TOro
MOMEHTa HEUTPOH, POXKACHHBIN NP UCIIAPEHUM CBEPXTEKYUYEro HEMTPOHA, IPUHUMAET Y4acTHE,
1100 B POXKJAEHUN aTOMApHOTO BOJOPO/A, TUOO y4yacTBYEeT B TEPMOSIIEPHOM CHHTE3€, MTOBBIIIAs
TEMIIEpaTypy MOSBUBILErOCS BOJOPOAHOro obnaka. Tenepb AMAna3oH M3Iy4YEHUS CKOIUICHUS
rajJlakTUK pacHIMpUTCs, K paguouana3oHy J00aBsTcs Oosee BBICOKHE YacTOTHI, BIUIOTH IO
uH(ppakpacHbix. JlanpHelilee wWcmapeHUe CBEPXTEKYYMX HEWTPOHOB TMpHUBENET, K Ooiee
LIIMPOKOMY JHaNa3oHy H3JIy4EHHUs pPa3orpeTbiM BOAOPOJHBIM 00JIAKOM, BIUIOTH 10 BUAMMOIO
CIIEKTpa.

B pesynbrare nmonyumnu parMeHThl IpoOIeHHsS CBEPXTEKYyYero HeHTpOHA, OKyTaHHbIE
aTOMapHbIM, MOJIEKYJISIPHBIM BOJOPOAOM U MPOAYKTAMU TEPMOSIAEPHOIO CHHTE3a, IIpU
JOCTaTOYHO BBICOKOI TemmepaType, KOoTopoe elie 0ojee yCHIMBAaeT UCIapeHHE CBEPXTEKYUero
HelTtpoHa. Cyzap0a 53TUX (parMeHTOB H3BECTHa, M3 HHUX IE€PBOHAYAIBHO (POPMUPYIOTCS
HENpaBUIbHbIE TAJTAKTUKH, B KOTOPBIX (OpMHpYETCs BCe MHOTOOOpa3ue 3Be3/, B TOM YHCIIE U C
IUTAHETHBIMHU CHCTEMaMH, U3 OCTaTKOB CBEPXTEKYy4YHMX HEHTPOHOB, ¢ oOpazoBaHueM siapa bosze-
KOHJICHCAllU! M HEAp 3BE3/bl U3 BOAOPOAA M IMPOLYKTOB TEPMOSIAEPHOro cuHre3a. Ha maHHOM
JTane HBOJIIOLMU CKOIUICHUS TalaKTUK, €€ PacCHIMPEHHE CTAHOBUTCS OYEHb MAJICHBKOW WU
BOBCE MPEKpAIAeTCs, O0paIasiCh HA CXKATHE OT IMOCTOSIHHO JACHCTBYIOIICH CHIIBI TpaBUTAINK. B
JAIbHEUIIEM, HEIPABUIIbHBIE TAIAKTUKU IPEBPATATCA B JJUIMIITHUYECKHE TAaK)KE B PE3yJIbTare
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neicTBus rpaButanun. Kakmas w3 Bcero MHOTOOOpasusi 3BE3[, HACEISIIONIUE ATH TaJlaKTHKH,
00peTyT CBOM LIUKJIBI, Ostaronaps GyHIaMEeHTaIbHOMY MPOIIECCY — 00paTUMOMY TEPMOSICPHOMY
CHUHTE3Y, KOTOPBIA MPOUCXOIUT B HEAPAX KaKAOU 3BE3/IbI.

['paBuTanuss MeIJIEHHO, HO YBEPEHHO JICUCTBYET Ha CKOIUICHUE TajakTHK: B HaYaJbHOM
JTarne, IMOCTOSHHO 3aMeIAsl CTPEMUTEIIBHOE — PEIATHBUCTCKOE PAaCUIMPEHHE, BBI3BAHHOE
JEHCTBHEM TUaMarHUTHOTO 3 deKTa Ha apodsirecs GparMeHThl CBEPXTEKYIUX HEHTPOHOB, a B
MOCIIEAYIOIEM, KOTJIa 3aBEPIINTCS MacCoBOEe (POPMUPOBAHUE 3BE3THON CHUCTEMBI, PACIIUPECHUE
CKOILJICHMS TaJIaKTUK CMCHUTCS Ha OYCHb MEJJICHHOC ec¢ cxkatue. OueHb MEIJICHHOE CXKAaTHE
CKOIUICHHSI TaJlaKTUK, SBJIICTCS CcaMbIM JJWHHBIM JTaIllOM, B IIUKIWYECKOH DSBOJIIOIHUHU
CKOILICHHMS.

InnunmuuecKkue 2a1aKMUKU, POHCOCHUE CRUPATbHBIX 2ATAKMUK

Bce 00bexThl Bo BeenneHHOM Mo iBepKEHBI ICHCTBUIO TPABUTAIIMOHHBIX CHJI, HE SIBJISICTCS
WCKITIOYCHUEM W JJUITMIITUYCCKUE TAIAKTHKU W OCOOCHHO KpyMHBIC. B IEHTpe AJLTUNTHICCKON
TaJIaKTUKH 00paszyeTcs pacTyllas — yBEJIMYMBAIOIIAsACA B pa3Mepax 30Ha bo3e-KoHeHcaluu
3bK, rae npoucxomut poct sapa bose-konaencanuu JABK u3 cBepxTeKkydnx HEUTPOHOB. Snpo
W3 CBEPXTEKYYMX HEUTPOHOB PACTET 3a CYET MOTJIOUIEHUS 3BE3AHON CHCTEMBI AJUITMIITAYECKOMN
rajakTuku. [Ipy 3TOM IIOTHOCTH 3BE€3J AJUIMINTUYECKOW TaJlaKTUKU HEYKJIOHHO MaJaeT, YToO B
CBOIO OY€peab YMEHBILAET POCT SAApa U3 CBEPXTEKYUMX HEUTPOHOB U B ONPEJEICHHBIII MOMEHT
poCT sipa MpeKpaulaeTcs, U Kak Toibko B 30He boze-xonaencauuu 3BK pacnagyrest Bce
COCTaBHbBIEC $JIpa, NPOU30MIET HACBIIEHUE HHEPrueH, fapa U3 CBEPXTEKYYHMX HEUTPOHOB,
KOTOpBIE 3aMOJIHIT BCIO 30HY bo3se-konaeHcauuu. IIpouecc pacnaga sigpa U3 CBEPXTEKYUHX
HEUTPOHOB MPU ABOJIIOIUN CKOIUJIEHUS TAIAKTUK W MPH IBOIIOLMH SJUTMITUYECKON TATAKTUKH, B
o0oux Cciy4asx MPOTEKAIOT COBEPIIEHHO OJMHAKOBO. XOTS Macca sjpa M3 CBEPXTEKYYHX
HEUTPOHOB: B TEPBOM Cllydyae paBHa KpUTHUYECKOW Macce Mg, 4TO COCTaBIsIET Maccy BCEro
CKOIUICHUSI TaJlaKTUK, @ BO BTOPOM CIIyda€ 3TO Macca OTACIbHO B3ATOW JJUIMNTHYECKOU
rajakTUKM W3 CKOIUIEHMs ranakTtuk. lIpomecc pacmaga sznpa CBEPXTEKYYHMX HEUTPOHOB, IS
BceX 00BEKTOB BceneHHoi, He 3aBUCST OT MacCHI s/Ipa, U SBISETCS YHUBEPCATHHBIM IIPOIECCOM.
ToJNIBKO B MEPBOM Clly4yae MOJIYYUIIM CKOIUICHHE TaJaKTHK, @ BO BTOPOM IOJYYWIH POXKIACHUE
CIIUPAJIbHOW TaJaKTUKU U3 DJUIMITUYECKON raJaKTUKH.

Bribpoc, w3 T1eHTpa 3HAYUTENBHO TMOXYAEBIIEH AJUIMNTHYECKOW TaJaKTUKH, C
PENSATUBUCTCKUMHU CKOPOCTSIMU B BHJIEC JBYX JICTIECTKOB — PACIIUPSIONIETOCS XOJIOAHOTO 00JIaKa
CBEPXTEKYUYHX HEHTPOHOB, KOTOPOE MOXKHO HAOJIIOMATh PAAMOTENIECKOIIaMH B PaJIMOIMaIIa30He,
SIBJISIETCSL  3aPOXKIECHUEM CIHUPATBHOW CHUCTEMbl CIHUPAIBHON TaJaKTUKUA. OTHU JIEIECTKH B
pe3yJIbTaTe 3BOJIOLMHU MPEBPATATCS B CIUPAIBHYIO CUCTEMY TAIAKTUKHA U3 MOJIOJBIX 3BE31, IPU
3TOM B IICHTPAIBHON YacTH CPOPMHUPOBABIICHCS CIUPATHHON TaTaKTHKH, OYAYT HAOIIOIaThCS
CKOTUICHHUS CTapbIX 3BE3]l, KOTOphle CQOPMUPOBATINCH, KOTJAa TalaKTHKa ObUTa ele
SJUTMIITUYECKOMN U Ja)Ke HEMPABUIbHON TAIAKTUKOM.

AKmueHocmp a0ep: CRUPAIbHBIX 2ANAKMUK U CKONJICHUT 2A1AKMUK

B oBomonMM TalaKTHK W CKOIUIGHWH TaJakTUK HACTYNMalT MOMEHTBI, KOrja
MPOSIBIISIIOTCSL TIPOLIECCHI  BBI3BAaHHBIE W3MEHEHHEM IIJIOTHOCTHM 3BE3JHOTO  HACEJEHUS 3THX
00BEKTOB, KaK CIIEJICTBUE MOCTOSHHOTO JACHCTBHUS T'paBUTaluu. HaOmromgaroTcs 3TH MpoIecChl
KaK aKTHMBHOCTb SIIEp TAJAKTUK M Kak KBazapbl. ['ajakTka B Hadajie 3BOJIIOLMM MPEACTABIIAECT
co00if HEMPaBUILHOE CKOIUICHUE 3BE3]I, MO JCHCTBHEM TPaBUTAIIMH U BpAIICHUs OHA O0peTaeT
amunTHYecKkyo ¢opmy. Ha mpoTspkeHur Beeill DBOMIONWH, B IICHTPE TATaKTUKKA PacTeT 30HA
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boze-konaeHcanuyu 3a C4eT MNOIJIOLICHHWS 3BE3JHOM CHCTEMBI IIOJA JEHCTBHUEM TI'PABUTALMH.
IIpouecc npeBpanieHyst JTMITUYECKON TATAKTUKH B CIIMPAJIbHYIO PaCCMaTPHUBAJICS BBIIIE, HO U
[IOCJIC TOSBIEHUS CIHpaJel, B sApe TaJaKTUKUM HayuHAeTcs pPOCT HOBOM 30HBI bose-
KOHJICHCALIMX C IOTJIOLIEHUEM 3B€3J IO AeicTBUEeM rpasuranuu. Cam pocT HOBOM 30HBI bo3ze-
KOHJICHCALIUM HE SIBJIAETCS NPUYMHOM AKTUBHOCTH fJpa CIHUPAIbHON TajlakKTHUKU. AKTUBHOCTb
Alpa CHUPAIBHOM TAJNAKTUKUA BO3HHUKAET, €CIM IUIOTHOCTH 3BE3J sIpa TANAKTUKUA JOCTUTaeT
TaKOM CTENEHH, KOIla CTPYKTypa 3BE3/lbl HAUYMHAECT Pa3pyllaTbCs IIyTEeM BO3ACHCTBUSA IpPYyr Ha
ApyTa.

Yro xe MpOUCXOIUT B SApE TaJaKTUKH, KOIZa 3Be3JaM CTaHOBUTCS TecHO? lIpexne
BCEr0, YCHJIMBAETCSl aKKpeLus, B PE3yJbTaTe MHOTME 3BE3bl HAUYMHAIOT TEPSITh HE TOJIBKO
aTMoc(epy, HO U MPUIIOBEPXHOCTHYIO 30HY, IIPH 3TOM YMEHBIIIAETCs JIaBJeHUE Ha (pparMeHThl
CO CBEPXTEKY4YMM HEHUTPOHOM, 4YTO INPUBOAUT K YCWJICHHMIO €r0 HUCIApEeHUs M aKTUBHOCTHU
KOTopasi U 0e3 TOro B HOPMAJbHBIX YCIOBHSX OIpPENEISETCS, KaK 30Ha aKTUBHOCTU 3BE3[IBI.
CkopocTh uCHapeHusi CBEPXTEKYyYero HEMTpOHa OOpaTHONPONOPLHOHAIbHA JaBJIEHUIO, MpPU
KOTOPOM IPOUCXOAUT HcnapeHue. CBepXTeKyunii HEUTpOH, o JUMHSIoIMIics cTatuctuke bose-
OHHIITEWHA, IPU UCHIAPEHUH NIPEBPAILAETCS] B HEUTPOHBI MOAYUHSIONINECS CTaTUCTUKE DepMu-
Jupaka. HeUTpoH sABISIETCS aKTHMBHOW YacTULEW TEPMOSACPHOM peakuuu. EcTecTBeHHO, B
HOPMAJIbHBIX YCJIOBUSX, 30Hbl aKTUBHOCTHM IPEICTABIIIIOT CaMOYIIPaBJISEMbIE TEPMOSIECPHBIC
pPEaKkTopbl B KOTOPBIX, MJET TEPMOsJEpHAasi peakuus TECHO CBs3aHHas ¢ (parMeHTamu
CBEPXTEKYYMX HEUTPOHOB, KOTOPHIE ILIABAIOT, B IPUIIOBEPXHOCTHON 30He CONHIIA U 3BE3..
3Be3/pl, SApa FaJaKTUKA HAYMHAIOT CBETUTbH, BBIIEIATh SHEPTUIO KAK: BCIBIXMBAIOIINE 3BE3/BI,
HOBBIE€ 3BE€3/Ibl, KOI/Ia TEPMOsIEpHAsl peakllds OXBaThIBA€T OrOJIEHHYIO 00JIaCTh aKTUBHOCTHU
3B€3/lbl M JaXe CBEPXHOBYI, KOIJa Ha 3BE3/I€ NPOTEKAECT HEYIpaBisieMas TepMOsepHas
peakus. OOpa3yroTCsl IEPETOKU MATEpUU MEXIY 3B€3/IaMU C PEISTUBUCTCKUMHU CKOPOCTSIMH,
I7I€ B CBOKO OUEPEAb BBIIEIAETCA 3HAUUTEIBHOE KOJIMYECTBO SHEPT M.

CkomieHHe TajlakTHK, B CBOEH JBOJIIOLMH, MOJ JEHCTBUEM TI'PAaBUTALMU IOCTOSIHHO
YMEHBIIAETC B CBOUX pa3Mepax, IpU OTOM B LEHTPE CKOIUIEHMS pacTeT 30Ha bose-
KOHJICHCALlUH, IIyTeM IIOTJIOILIECHMS 3BE3JHOM CUCTEMBI CKOIIeHUsA. HacTymaer MOMeHT, Koraa
Mmacca siipa bo3e-koHIeHcaluu HEeMHOTUM MEHbIIIe KpUTHYECKOM Macchl Mc, mpu aToM pazmep
CKOIUICHUS TAIAKTUK CTAaHOBUTCA COM3MEPHUMBIM ¢ pazMepoM COIHEYHOW CHCTEMBI, IIJIOTHOCTh
3B€3]] JOCTUTAeT KaTacTpo(QUUECKON BETUYMHBI, YTO MPUBOAUT K YCUJICHUIO aKTUBHOCTHU 3BE3],
KOTOpasi HUYEM HE OTIMYAECTCS OT AKTUBHOCTU AJE€p TANAKTHK, HO NPHU 3TOM MOIIHOCTH
W3JIy4€HHUS] CKOIUIEHMS TaJlaKTHK, [0 CBOECH BEIWYMHE HM C YE€M HE CpaBHMUMa BO BceneHHOI.
CoObITHsI TaKOTO paspsizia HaOIr0Aal0TCs HE OYEHb YacTo Bo BceneHHoil, moToMy 4TO 3aHUMArOT
HE3HAYUTENIBHBIM OTPE30K BPEMEHU B LMUKIMYECKOM HBOJIOLUU CKOIUIEHUS TallaKTHK. OTO
coObITHE HAOIIOAAaeTCs KaK KBazap.



20

CBerHOBaﬂ, POXKICHUEC CoJiHeuHO# cHCTEMBI

UroObl 3Be371a BCHBIXHYJIA KAK CBEPXHOBAs C MOCIEAYIOIIUM 00pa30BaHUEM ILIaHETHOM
CHUCTEMBl HEOOXOAMMO 4YTOOBI: OHa uMelna  CcQOpPMHUPOBABIIYIOCS CTPYKTYpY sapa bose-
KOH/ICHCAIIUM, OKYTaHHOM CBEPXTEKYyYHUM DJIEKTPOHHBIM OO0JAKOM, KOTOPOE MpPEHsSTCTBYET
pacragy sapa M3 CBEPXTEKYYHX HEUTPOHOB U yIACpKHUBAeT (parMEHThl CBEPXTEKYUHX
HEUTPOHOB — b03€e-KOHIEHCAThl B IIPUIIOBEPXHOCTHOM 30HE 3Be3/bl. 110 cBOMM Ipu3HaKaMm, OHa
MPUHAJICKUT K CaMbIM OOBIKHOBEHHBIM 3Be€3[]aM, M3 BCEr0 MHOrooOpasus 3Be3[l, KOTOpbIe B
HOPMaJIbHBIX YCIIOBUSAX HE COOMpAIOTCS B3PBHIBATHCS C BBIICIEHHEM OIPOMHOIO KOJUYECTBA
SHEPTUH, IIPU TEPMOSAIEPHON peaKMu B HEAPAX 3BE3/bI.

[Tpu ananuze npoueccoB mpoucxoasamux Ha ConHile, Ob17I0 0OHAPYKEHO, UTO COTHEYHAS
aKTUBHOCTB, KOTOPAs MPOSBIISAETCS IOSBICHUEM: COJHEYHBIX IATEH, (DaKeIbHBIX IUIOIMIAIOK,
COJIHEYHBIX BCIBIIEK, a TaKKE XapaKTepU3yeTcs LHUKIMYHOCTBIO M CMEHOW IOJISIPHOCTH
MAarHuTHBIX IIOJIFOCOB TECHO CBSI3aHO C bo3e-KOHJeHcaTaMH — CBEPXTEKYYMMH HEWTpPOHAMH,
SBIISTIOIIIMMUCST @0COIOTHBIM THaMarHeTHKOM. CBEepXTeKydre HEUTPOHBI, IJIABAIOIIHUE B IJIa3Me
MPUIOBEPXHOCTHON obnactu ColnHIa, Takke OO0NaJalolMMU AMAMAarHUTHBIMU CBOWCTBAMHU U
nojajep>KuBaeMble  Onarofaps CyIIECTBOBAHUIO O0JIACTH U3 CBEPXTEKYYHUX DIIEKTPOHOB,
spdekrom MeiiccHepa. CBepxTeKyune HEUTPOHBI, MOTUHMHSIOMIMIKCA cTaTucTuke bose-
DWHIITeWHa, MPH JaBICHUAX HUXKe PC ucmapsioTcs, MpeBpamasch B KOHEYHOM HUTOTE B
HEUTPOHBI, NOJUUHSOMMICA cTaTucTuke Pepmu-/lupaka, MpuyeM HUHTEHCHUBHOCTb HCIIAPEHUs
YBEJIMUYUBAETCS MPU yMEHbIIEHUU AaBieHus. HeHTpoH, poXaAeHHbII TakuM 00pa3oM B HeIpax
ConHua, sBIASCh aKTUBHOM 4YacTUIEH B TEPMOSACPHBIX PEAKLUAX, KOTOPbIE MPOUCXOIAT Ha
IpaHULE CBEPXTEKYUYMX HEHTPOHOB M OKpY’KaIOLIEH ero Iia3mbl B IPUIOBEPXHOCTHOM o0nacTu
ComnHua.

Bce 3Be3apl U3 Bcero MHOrooopasusi 0ObeANHACT €AUHBIH MaKpOKBAaHTOBO(YHU3NUECKUI
Mpoliecc, MPOTEKAIMINN B HeApaxX 3Be3/bl, a OTJIWYAKOTCS OHM JAPYr OT Jpyra, JAEHCTBUEM
BHEITHUX (hakTopoB. TakuM HEOOXOTUMBIM (DAKTOPOM TSI CBEPXHOBOM SIBISIETCS YMEHBIIICHHE
JIABJICHUS HA CBEPXTEKyYHe HEUTPOHBI, KOTOPOE YCHIMBAET UX HCIAPEHHE XOTs Obl OJHOTO U3
(GbparMeHTOB CBEpPXTEKyuMX HEUTpoHOB — bo3e-koHJeHcaTa, KOTOpble IUIaBalOT B
MIPUIIOBEPXHOCTHOM 30HE 3Be3Abl. [Ipm 3TOM, Ha TpaHHIE KOTOPBIX IPOUCXOAWUT YCHIICHUE
TEPMOSIZICPHON pEaKIUH, JJOKAJBbHO 0 TaKOW CTENEHH, YTO 3BE3/a 3acUseT KaKk HOBas 3BE3JA.
Ecin ke, He3aBUCMMO OT TOrO Kak 3TO NPOU30MIET, MOHM3UTCA JAaBieHWe, uiau bose-
KOHJIEHCAThl M3 CBEPXTEKYYMX HEWUTPOHOB, IJIABAIONIMX B IMPUIIOBEPXHOCTHOM 30HE 3BE3[IBI,
COBCEM OroJIATCS, TJIaBHOE 4TOOBI K 3TOMY MOMEHTY OHH MMEIH KaK TOJBKO 3TO BO3MOXHO
MaKCHUMaJlbHbl€ MAacChl, HE YCIIEB HCHApUThCsA. 10O TepMmosiepHas peakiusi, OXBaTUT BECh
MOBEPXHOCTHBIN CJIOM 3BE3/Ibl U OHA 3aCHUSET KaK CBEPXHOBAs 3Be3/1a, OBICTPO IOCTUTHYB CBOETO
MakcUMyMa, 3aTeM Mpou30iieT Oosee MoJoruil craji CBETUMOCTH cBepXHOBOM. [Ipu aToM cran
CBETUMOCTH, Ha ypOBHE NPUOIM3UTENILHO MOJOBHHBI OT MAaKCUMyMa, MEpeiieT OT MOJOororo
crazia K CTyleH4aToMy cranay cBeTUMocTH. CTyleHYaThli craj CBeTUMOCTH Harboliee BhIpaXKeH
B HOBBIX, HEXEIM B CBEPXHOBBIX 3Be€3[aX. JTO CBA3aHO C OCOOEHHOCTAMU MPOTEKaHUs
TEPMOSIIEPHOTO CUHTE3a. TepMOSICPHBIA CHUHTE3, MPOTEKAIOIINI Ha TPAaHUIIE CBEPXTEKYUHUX
HEUTPOHOB, TPHU BBIJACICHUM HHEPTrUU JIOKAJILHO TIOBBIIIACT JABJICHUE HAa CBEPXTEKy4HE
HEUTPOHBI, YTO YMEHBIIAET UCTIAPEHUE HEUTPOHOB, a IPH JOCTUKEHUU JaBieHus: PC npuBener k
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IIPEKPALLEHUI0 TEPMOSACPHOIO CHHTE3a, W JaK€ MOJXKET HaudaTbCsA SIACPHBIM pacnan ¢
IOTJIOIEHUEM dHepruu. TepMosiiepHbIil CUHTE3 B HElpaX CBEPXHOBOM, HE MOXKET IIPOTEKATh B
IIOCTOSIHHOM PUTME, a PETYJIIUPYETCs JIOKAJIbHBIM NOBBILICHUEM JABJICHHUS, YTO OTPAXACTCs KaK
CTYIIEHYAThIi CIaJ CBETHUMOCTH CBEpXHOBOHW. IIpm 3TOM, JOKaJbHOE MOBBIINICHHE JaBJICHHUS
TaKKe [EUCTBYeT Ha 30HY bo3e-KOHAEHCAalMM, YTO IPUBEIET K JIOKAIBHOMY IIOBBIIICHUIO
o0beMa 30HbBI, HUKAK HE BIUSSA HA Pacnaj COCTaBHBIX sJIEp.

B mnpomecce TepMosiiepHOTO CHHTE3a, €ro MPOAYKTHI OyAyT ocedaTb Ha TpaHHIEe
CBEPXTEKYYHUX HEUTPOHOB, 00pa3ys CIOW U3 JIEMEHTOB MEPUOANYECKON cucTeMbl MeHeneesa,
TEM CaMbIM CIIOCOOCTBYsI 00pPa30BAHUIO MPOTOIUIAHET C COOCTBEHHBIMU MAarHUTHBIMU IIOJISIMU B
Hezlpax cBepxXHOBOH. TepMmosiaepHbIN CHHTE3 MOCTENEHHO Oy[eT MATH Ha CIaj, MOTOMY YTO
IIPOLYKTBl TEPMOSIAEPHOIO CHHTE3a, CBOMM HAKOIUIEHUEM BOKPYI CBEPXTEKYYHX HEHUTPOHOB
OKa3bIBAIOT JaBlieHMEe Ha Hero. PopMHpOBaHHE NPOTOIUIAHET TaKUM O00pa3oM, OcCIaObuT
TEPMOSIZICPHBINA CUHTE3, U3 3a HEIOCTATOYHOI'O MCIApEHMs] HEUTPOHOB 1O TaKOM CTEIEHM, 4YTO
CBEPXHOBAsi HAYHET OCTBIBATh, [P 3TOM CBEPXHOBAs COXPAHMUT AP0 bo3e-koHneHcanmu. Bee
COJIEP’KUMOE CBEPXHOBOM I1OCIIE TEPMOSIEPHOIO CUHTE3a, KOTOPOE HE CMOIJIO OCBOOOAUTHCS OT
CWJI TSATOTEHUsI CBEPXHOBOM, B IOCJIEAYIOIIEM OyAyT OCelaTh Ha NPOTOIUIAHETaxX W Ha sipe
boze-konaencauuu, GopMupys Ipu 3TOM HeJpa HOBOMU 3Be3/bl — ConHIA.

He MHorme wu3 »THX MNpoOTOIJIAaHET OOPETYT YCTOWYMBBIE OpPOMTHI U OOpPa3ylT B
JambHEeHIeM IJaHETHYI0 CUCTeMy ObIBILIEH CBEpXHOBOW M TeM Oojee IUIaHETy, TJe B CBOeH
HBOJIIOLMM TMOSIBUTCS Pa3yM, KOTOPBIN OyneT cTpeMHUThCs MO3HaTh Beenennyto. Beenennas 6e3
pasyMa MOJIHOCTBIO TepsieT cMbici. Eciu crpoeHue u sBomtonus BceneHHOM oObscHsETCS
CTPOCHHEM MaTepUU Ha YpOBHE s/ipa, TO pa3yM — COAEPKUMOE KMBOW MaTepu OObBSICHSIETCA Ha
MOJIEKYJISIPHOM ypoBHe. Bce kuBoe Nmpu poxkaeHHu oOpeTaeT 3BEpHHBIN HpaB — BBI3BAaHHBIN
€CTECTBEHHON HEO0OXOJMMOCTbIO MUTAThCs, a pa3syM oOpeTaeTcs B TedeHHe Bced xu3Hu. He
MHOTUM yjaercsi oopecT pasyM. «lluBmnnsanuen 3emis» ynpasisieT allyHOCTb, KOTOpasi, Kak U
Bcenennas Oesrpannyna. Bee 310 Mbl HaOar01aeM B HACTOSIIUIT MOMEHT U B T€YEHHE MHOTHMX
BEKOB.

CBepxTekyuuil HEUTpoOH, MOMUMHAIOLMICA craTUcTUKe bose-Diinmreiina, ob6nanas
IPENEIbHON IUIOTHOCTBIO . W TEMIIEpaTypou T=0¢ Ipu JaBJIeHWW HIbKe PC, HauMHaer
UCIIapAThCSl Ha TpaHMIE: CBEPXTEKYy4YHid HEHTpoH / IuiasMa, pokaas NpU ITOM HEHTPOHHBI,
noAYMHsronMecs craructuke @emu-Jlupaka, To €CTb MaTEpUs MEPEXOIUT U3 OJHOIO COCTOSTHUSA
B JPYroe BO3MOXHO€ COCTOSIHUE. IHTEHCHUBHOCTB: HCIApeHUs U BCTYIUICHHME HEUTpOHA B
TEPMOSJIEPHBIN CUHTE3, HAPSAMYIO 3aBUCUT OT TEMIIEPATYphbl U JABJIECHUS IUIa3Mbl. YeM BbIIIE
TeMIlepaTypa W HWXKE [aBJIICHHE, TEM WHTECHCHBHEH HJET TMpOLECC, a IpU TMOHWKEHUU
TEMIIEpaTyphbl U MOBBIIIEHUN JABICHUS WHTEHCUBHOCTH IPOLECCA IMTOHUKAETCS, U MOBBIIIACTCA
BEpPOSITHOCTH PACIIajla HEUTPOHA HA aTOM BOAOPO/A.

PaccmoTpeHHBIH BbIIIe TPOLECC MO3BOJSET PACCMOTPETh POPMUPOBAHUE TITAHETHI 3eMJIst
U Ipyrux rutaneT. Pacnan sapa bo3e-koHaeHcalMu M BBIHOC €ro ()parMeHTOB M3 CBEPXTEKYUYUX
HEHTpoHOB, neiicTBueM »sddekra MeiiccHepa, B TNPHUIOBEPXHOCTHBIE 30HBI CBEPXHOBOM,
aBTOMAaTHYECKH OOeCleYrBaeT BHIHOC MOMEHTA KOJHMYECTBA JIBUKEHHUSA. B yacTHOCTH: Takum
oOpa3om, oOkoii0 98 TPOIEHTOB MOMEHTa KoiaudecTBa ABWKEHHS CONHEYHON CHCTEMBI
MPUHAUICKAT TUTaHeTaM W ToJibko 2 mporeHTa ComHiy. CBepXTeKyune HEHTPOHBI, o0manas
IPEeNbHON IUIOTHOCTBIO, CHOCOOHBI KOHAEHCHPOBATH MPOAYKTHI TEPMOSJEPHOTO CHUHTE3a,
KOTOpble 00pa3yloTcsi Ha ero rpaHuue. B pesynabrare oOpa3yercss BHYTpEHHEE SIpO U3
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CBEPXTEKY4YHX HEHTPOHOB, 00Jafaroliee COOCTBEHHbIM MAarHMTHBIM I10JIEM, 3aKJIFOUYEHHOE BO
BHEIIHEE SApO, COCTOsIIEe M3 DIEMEHTOB IEpUOJMYECKON cucreMbl MeHzeneesa,
IIPEUMYILIECTBEHHO TSKEIbIX, IOTOMY YTO HaXOJATCA B 30HE TEPMOsSZEPHOro CUHTE3a. BHerHee
AP0 YBEIMUYUBACTCA B pa3Mepe, 3a CUET UCHApEHUs BHYTPEHHEIo sA1pa, 4TO MOJAEp’KUBACT
TEPMOSJIEPHBIN CHHTE3 B HeJIpaxX BHEIIHErO spa, OJHOBPEMEHHO YBEJIIMYMBAs JIaBJICHUE Ha
BHYTpPEHHEE S1p0, YTO B CBOIO OYEpEAb PUBOAMT K 3aMEIJICHUIO UCIIAPEHUSI BHYTPEHHETO si/ipa.
UTo npuBOAUT B KOHEYHOM HUTOTE K IMPEKPAILEHUIO TEPMOSIEPHOTO CUHTE3a B CBEPXHOBOU U
IIOCTENIEHHOMY IpeBpaiieHuio B ConHeuHyro cuctemy. Ho mpoTonnaHeT OCHOBOHM, KOTOPBIX
COCTaBJIICT CBEPXTEKYyYHE HEHTPOHBI, ObUIO 3HAYUTENbHO Oojblle, 4yeM IuiaHeT B CoJaHEeyHOMH
CHUCTEME, BCE OHHU SBJISJIMCh HCTOYHMKAMU TEPMOSJEPHBIX pEaKIHil, KOTOpbIE JOKAJIbHO
POXIaIH 3JIEMEHTBI, 10 XUMUYECKOMY COCTaBY OTJIMYHBIE APYT OT APYra B KaXKJAOM OTIEIbHOM
ciyyae. He TpynHO MOMYCTHTH, YTO IOJIE3HBIE MCKOIAEMble B 3€MHOIl KOpe B aHOMaJIbHBIX
30HaX, 0053aHbI CBOUM IOSIBJICHUEM aKKpPELUU STUX XUMUYECKUX HEOJHOpPOIHOCTEN. B 001em,
OKOHYaTelIbHOE (POpMHUpOBaHHUE IUIAaHET, MX arMmocdep, cnyTHUKOB M CojHIA CBSI3aHO C
aKKpeLuen BCero Toro, 4To OCTaJIOCh MOCIE BCIIBIIIKY CBEPXHOBOM B 30HE €€ IPUTSKEHUSI.

3emist, Omaromapsi APy W3 CBEPXTEKYyYMX HEHTPOHOB 00IagaeT MarHUTHBIM TIOJIEM,
I10JIF0Ca KOTOPOIo, MOT'YT JipeiioBaTh Osiaroapsi CBEpXTEKy4ecTH siipa. XOTs A1p0 HAXOAUTCS
[OJT JTaBJIEHUEM MOYTH ILECTH THICSY KUJIOMETPOBOTO CJIOS HEAp, JAaBJIEHHUE OCTaeTCs HMKE
JaBJIeHHUs] KOHAEHcAMu PC, mpu KOTOPOM MPOUCXOAUT MEIUIEHHOE HCIapeHHue CBEPXTEKyuero
allpa B TE€YEHHE BceW dBomronuu 3emin. CBEpXTEKyduil HEHTPOH IpeBpaliacTcs B HEUTPOH,
KOTOPBIN NpHU TakUX JaBJIEHUSAX ¢ OOJNBIIONW BEPOATHOCTHIO PACHajaeTcsl Ha aTOM BOAOPOAA, a
BCTYIUIEHUE B PEAKIUIO SIIEPHOIO CHHTE3a OYeHb Majla, HO OHa cyuiecTByeT. O6 3TOM MOXKHO
CYIUTh 10 COJIEP’KAHUIO T'eNiUsl B IPUPOJIHOM rase.

Hcnapenue Bomopoaa U3 siipa jienaer 3eMII0 aKTUBHOW B TE€UEHHE BCEH IBOJIIOLMU U B
HacTodlee Bpems. Bogopoxa, moctymas B HeApa, HpU HCIAPEHMHM CBEPXTEKYYero sjpa,
y4acTBYeT B PACKUCICHUU HEJp, NMPH ITOM IOBEHWJIbHAs BOJA BBICTYHNAeT Ha MOBEPXHOCTb.
MmeHHO BOJOpPOAY MBI 00s3aHBI, YTO 3eMJIsl: IIOCTOSIHHO —paclIUpseTcs, MOsBUIIACh
OKeaHWYecKas 3€MHas Kopa, ABMXKYTCS KOHTHMHEHTHI, aKTHBHAs BYJIKAaHWYECKas J1EATEbHOCTD,
MOJIABJIAONIEe OOJBIIMHCTBO YIJIEBOJIOPOJIOB MMEET HE PACTUTENIbHOE IPOUCXOXKIEHHE, a
MPOJYKT CHUHTE3a ¢ BOJIOpoAoM. Jlaxke 3aiexu KaMEHHOro yriisi 0Opa3oBajUCh IMOJ BOJAOH, U3
He(TH, IPOCOYUBLIEHCS HA TOBEPXHOCTh U OIYCTUBIIMECS HA THO BOJIOEMOB, Ha YTO YKa3bIBaeT
CIIOMCTasl CTPYKTYpa 3aJIeXkKH, KAMEHHOTO YIJIsl U MEJTKOJAUCIIEPCHBIX OCAJKOB.

3akioueHue

Peanpnas Bcenennas mpenctaBisieT co0oii: O€CKOHEYHOE, M30TPOITHOE, CTAIlOHAPHOE,
abCONIIOTHOE HHEPreTHYECKOe MPOCTPAHCTBO, 3alOJHEHHOE CBEPXTEKYYHM CBETOHOCHBIM
a¢dupom, Bcerja Ha MOPOTe HACHIIICHUS, YTO OOECTeUMBAET KBAaHTOBAaHWE DHEPTUU, B BHUJE
3NIEMEHTAPHOTO KBaHTa JeWcTBus h — mocrosiHHas [lnaHka. A HachllIEHHAs YacTh DHEPTHH,
KOTOpasi TpeACTaBisieT cOOOW MaTepuio BCerja B BUJE: MPHU JIABJICHUM PaBHOM JaBJICHUS
KoHJieHcanuu PC, kak bo3e-KoHIeHcaT U3 CBEPXTEKYUNX HEUTPOHOB — CITAPEHHBIX HEUTPOHOB CO
CIIMHOM PaBHBIM 1, KaK pe3ysibTaT KOHCHCAIUH 3JEMEHTAPHBIX KBaHTOB JeWcTBHA N. A mipu
IIOHVKEHUU JIABJICHUS CBEPXTEKYYHE HEUTPOHBI HCIAPAACH M IPEBPAIAsiChb B HEUTPOHBI CO
cmaoM 1/2, B manbpHEWIEM pacrmagasch A0 aroMa BOJOPOJa W BCTyMas B TEPMOSICPHYIO



23

peaKuuIo, HEUTPOHBI CUHTE3UPYIOT BCE JJIEMEHTHl  IEPUOANYECKOM cucTeMbl Menneneesa. B
nesioMm BceeneHHas cranuoHapHa M NpeAcTaBiseT coOOM OECKOHEUHBIM KpHUCTall, B y3lax
KPUCTANINYECKON pEIIeTKH HaxXOoIATCsl IOTEHUHAIbHbIE sMbI, OOpa3oBaHHbIE JAEHCTBUEM
rpaBATalMu Ha mareputo. IIpu 3TOM, MaTepus KOHACHCHPOBAHA B IOTCHIMAIBHBIX sMaxX, KakK
CKOIUICHUE TaJaKkTUK, HE Hapyllas HW30TPONMIO INPOCTpaHcTBa. [Ipurom, camMu CKOIIECHUS
raJJaKTHUK HAIOJHEHBI IWHAMHMKOHW, OJIarofapsi COYETaHUIO CHIIBI TPaBUTALMU M JUAMarHUTHOM
CWJIbI, JEMCTBYIOLIMX Ha MaTepuro — Omarojmapss oOpaTUMOCTU INpU IEPEXOAEC MaTepuu U3
cratuctukn ®epmu-/upaka B cratuctuky bose-OiiHireliHa. IMEHHO Takoe IpencTaBiIeHUE, B
€IMHCTBEHHOM 00pa3e U OJHO3HA4YHO, ONpPE/AEseT CTPOCHUE, IBOJIOLHUI0 U OOpaTUMOCTh: Beel
peasibHON BceeneHHOM, a TakKe 3Be3[l, FAJIAKTUK, CKOTUICHUH TaJIaKTHK, ITOJIHOCTBIO COTJIacysCh
c 3akoHamM ¢u3uku. [lomHocThIO moATBepkAaeT mnpennojoxenue IMcaaka HproToHa, ©
IIpeleIbHON IPOCTOTE CTPOCHMSI U 3BOIoNMK Beenennoii!

«IIpu Gera-pacnane aapa poKJIaeTcsi HOBasl 4acTULlA — IEKTPOH, KOTOPOM HET B sJIpe.
bonee Toro, moacyersl SHEPIUM, KOJWYECTBA IBMIKEHUS M MOMEHTA KOJWYECTBA JABUKCHUS
HA4aJIbHOTO s1/Ipa U MPOAYKTOB paciaja — KOHEYHOIO pa U IEKTpOHa — [T0Ka3aly, 4To OanaHc
IIOYTH HUKOI'ZIA HE CXOAUTCS U PACXOIUTCS KAXKBIM pa3 Ha Pa3Iu4HYIO BEIMYMHY. S 1po 0JTHOTO
U TOTO € PaAMOAKTUBHOTO H30TONA HCIYCKAeT OeTa-4acTUIBl — ODIEKTPOHBI PA3IUYHON
JHEPruM, HauMHas OT HEKOTOPOH MAaKCUMAaJIbHOH 10 HyJIeBOH. BmecTe ¢ TeM KOHEUHOe sA1po
BCErZla OHO U TO XK€, €ro YHEPrUs BO BCEX CIIydasXx ofHa M Ta »ke. HauanbHOe Aapo Bceraa npu
IepexoJie B KOHEYHOE TEPSAeT OJHY U Ty K€ DHEPrUi0, B TOYHOCTH PABHYIO MaKCHUMAJIbHO
BO3MOXXHOM DHEPrMM HCIyCKAEMOTO DJJIEKTPOHA. ODHEPrusl K€ H3JIydaeMoro DJJEKTPOHA B
pa3IMYHBIX Ciy4asx pasinuHa. Kyna ske neBaeTcs sHEprus, KOraa dHEprys dJEKTpOHA MEHbIIE
makcumansHoi?» — K. U. lenkun [46 cmp. 105, 104-115].

Bonasgranr Ilaynu noctynupoBan HOBYIO yacTuily. B pesynbpTaTe mosiBUiIach 4yacTHIlA C
YHUKaJIbHEUIIMMU CBOMCTBaMM: HEUTpalIbHAS C HYJIEBOM MM OJIM3KOM K HYJIO Maccoi, o0nanas
TaKOM MaJlO¥ BEPOSATHOCTBIO BCTYNATh B PEAKLUU, HEHTPUHO MPOJETAET CKBO3b 3EMIII0 U
ConHile, mpakTUYeCKU He mpopearupoas. J[mmHa cBoOogHOrO mpobera ee 0oJbllle BUAUMBIX
pasMmepoB Bceenennoil. B nanpHeleM 0kas3anoch, 4TO Ul YCTPAHEHHS HECTBIKOBOK B TEOPUH
Oera pacnajaa, He00X0AUMO 4 TUMA TaKUX YaCTUI[ C YHUKAJIbHBIMH CBOWCTBAMHM: JIEKTPOHHOE
HEWTPUHO M AHTUHEUTPUHO U MIOOHHOE HEUTPUHO ¥ AHTUHEHUTPHHO.

Teopuss Gera pacrmaga, a TakKe TEOPHUS ATOMHOTO Sapa, SIBISIOTCS 000COOJIECHHBIMH
TEOPUSMH, U HE JAKT IOJHOTO OTBETa IO CTpPOeHHI0 Marepuu. Ha camom gene atm teopuu
JOJKHBI COCTaBIISATh €UHOE 1I€JI0€ B CTPOEHUM U HBOJIIOLIMKM MMEHHO oOpaTtumoit BceeneHHoM,
MHa4e HaM IPUIETCS NPUIYMbIBATh YACTULIBI C YAUBUTEIBHEUIIIMMY CBOWCTBAMHU KaK HEUTPUHO,
UCKAaTh TEMHYIO: DOHEPrUI0 M MAaTEpUI0 C YHUKAIBHEWIIMMHU CBOWCTBAMH, HCKAaTh
HECYIIECTBYIOIIME YEpHbIE [BIPBI, 00Jiee «IIJIOJOTBOPHOTO» 3aHATHUS Jake HEBO3MOXKHO
npuayMaTh. DGUp ciaelyeT YUUThIBaTh BCEra B SACPHBIX pPEeaKLUaX, MPH POXKACHUU U pacnajie
3JIEMEHTAPHBIX YACTHUIL, [IOTOMY YTO OHH IPOUCXOJAT HEITOCPEICTBEHHO B HEJIPAX CBETOHOCHOTO
a¢upa.

Teopus spep aroMoB, TIIOCTPOCHHAasT HA OKCHEPUMEHTAax M0 JAWHAMHYECKOMY
B3aUMOJICHICTBUIO HYKJIIOHOB — KOJUIal[iepax, MHOIo€ OOBSCHSET B CTPOCHHUH sJIEP, OJHAKO MBI
710 CUX IIOpP HE 3HAeM MPUPOLY CUIBHOU CBSA3H, KOTOPOE CBA3BIBAECT COCTABHOE SIIPO.

Yro KacaeTcsi CHJIBHOHM CBSI3M COCTAaBHOTO sipa, OOBSCHSIOTCS MPOCTO, Kak M BCA
Bcenennas. [Ipu cuHTE3€ COCTaBHOTO SJIpa BBIACISETCS SHEPIHs, IIPU 3TOM IMPOUCXOIUT Ooee
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IUTOTHAS yIAaKOBKA HYKJIOHOB, YTO TMPUBOJIUT K JAC(DUIUTY SHEPTHH BHYTPH COCTABHOTO SIPa,
co3llaBasi TaM BaKyyM, KOTOPBIH CBsI3bIBAeT 3TO siipo. Jis pacmaga COCTaBHOTO sapa Tpedyercs
sHeprus (HPOTOHA C JITUHON BOJTHBI MEHBIIICH, YeM PaCCTOSTHIE MEXy HYKIIOHAMH, WITU JIaBJICHHUE
paBHOe PC, mpu KOTOpOM JIeHCTBHE BaKyyMa HHBEIHPYETCs, YTO MPUBOJUT K OKOHYATEIEHOMY
pacriagy siapa ¢ popmMupoBaHreM bo3e-KoHAeHCaTa U3 CBEPXTEKYYHX HEUTPOHOB.

Obparumass BceneHHas CBOMM pOXXACHHEM 00s3aHa HACHIIIEHHOMY OECKOHEYHOMY
SHEPreTUYECKOMY MPOCTPAHCTBY, M3 KOTOPOTO, B KOHEYHOM HTOI€ POXKAAETCS BCETO TOJIBKO
OJIMH BHJ U3 KBAHTOBBIX YaCTUIl — HEHUTPOH, KOTOPBII CTAaOMIICH B COCTaBE COCTABHOIO s/pa U B
30He bo3e-KOHIEHCAlMM B CBEPXTEKY4YeM COCTOSHUU. B oTimume oOpaTUMOH, HEOOpaTUMBIX
MOJICJIEH BCEJICHHBIX CYIIECTBYET OECKOHEYHOE MHOXECTBO, HO JIJIi HHX HE CYIIECTBYET
MOCJICIOBATEBHBIX TPOIECCOB, KOTOPBIC CpAcCTaUCh Obl B OOyl KapTuHy BceneHHON,
ONMUpAasCh HAa HayuHble NaHHblC. [Ipu pacnane HEHTPOHA POXKIAKOTCS MPOTOH M AJIEKTPOH U
TOJILKO TIOCJIE POXKACHUS, TIPOTOH M JIEKTPOH, 00J1a1asi HOPOTOBBIMH SHEPTHSIMH, MOTYT POJHUTH
cebe B Mapy aHTHYACTHMIY — QHTHUIIPOTOH, MO3MTPOH W JaKe aHTHHEHUTpoH [46 ctp. 38-49].

TaxoBa nocneoBaTeIbHOCTb POKICHUS 3JIEMEHTAPHBIX YacTUL B 00patuMoil BeeneHnHoil.
2020 08 14.

Yci10BHBIE 3HAKH

PC — JIaBJIEHUE KOHAEHCAIMH.

TC — KpHUTHYECKas TeMIeparypa.

3BbK — 30Ha 003e-KOH/ICHCALIMH.

SBK — simpo 603e-KOH IEHCAITHH.

BK — bo3e-konaeHcar.

OTO — O6mmast Teopusi OTHOCUTEIHHOCTH

CTO — CrreninanpHasi TEOPUST OTHOCHTEIIBHOCTH

P —npenenbHas IWIOTHOCTE.

M ¢ - Kputideckas macca o0bekToB Beenennoi
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