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XI. STRUCTURE OF THE MATERIAL WORLD
OUTSIDE THE SCHWARZSHILD SPHERE

Leonov N.N.

Abstract
The theory of nonlinear oscillations offers its own, based on "classical" Newtonian methods, an

understanding of the structure of a "black hole" in our Universe, an understanding of the structure of matter
outside the "Schwarzschild sphere" of our Universe and the nature of "Jet" near a "black hole"

@
XI.1. Introduction

Collier in his "Encyclopedia”, reflecting the opinion of modern physicists, believes that
understanding the structure of matter in a "black hole" located in our Universe is
fundamentally unattainable due to complete unobservability. And if this is really so, then
understanding the structure of matter beyond the Schwarzschild sphere - beyond the
"event horizon", all the more, is unattainable.

Physicists claim that their excellent knowledge of "classical" methods helped them to
build a quantum theory [1]. Why did they fail to construct adequate mathematical models
of atoms, failed to do what the theory of nonlinear oscillations - TNC [2] did "jokingly" with
the help of "classical" Newton's methods? The point is that they knew only the
conservative, approximate part of the "classical” theory. But the real material World is
dissipative - each object meets resistance, of a different nature, to its movement. This is
only in the quantum theory of the microworld. the movement of micro-objects dispenses
with resistance due to the fact that physicists were unable to correctly read what Nature
tried to tell them in the experiments of Fizeau and Michelson.

When there is no possibility of direct visual observation of the studied phenomena, and
there are no other sources of information about the processes in the studied phenomena,
there is only one possibility of obtaining the necessary information - the use of the method
of analogies. Physicists, again, advertise their ability to use this method (eg, [2]). But these
are analogies with the conservative formalism of the "classical” theory, and not substantial
analogies with other known material phenomena.

Substantial analogies helped TNC to reveal the composition and structure of elementary
objects of the microworld - electrons and neutrons [3], as well as to understand the reasons
for more than sixty years of experimental failures of quantum physics in the "neutrino” and
"thermonuclear” problems [4].

Let us test the method of analogies to clarify the structures of matter in the "black hole"
of our Universe and outside the "Schwarzschild sphere". In both cases, we will use our
Universe as the original.

XI.2. Properties of the Universe
- Our Universe is the sum of an infinite number of levels of organization of matter Ly,
k=0,1,2, ... [5].
- Level Lo unites objects of the macrocosm and the microcosm. Elementary objects of this
level are neutron, electron and other electron-like micro-objects - positron, antielectron
and antipositron. All composite objects of this level consist of these elementary objects.



The neutron and all four electron-like objects consist of huge sets of ether elements -
elementary objects of the L1 level, and have tornado-like shapes (Fig.1).

)
1

P s r ez s d s

Fig.1. Electron-like circuits
objects and neutron

- Level L1 - the level of the ether, consists of elementary ones, like an electron and a
neutron. free ether objects and bound, in electrons and neutrons, ether elements of level
Lo. These electron-like and neutron-like elements of the ether also have tornado-like
shapes, consisting of elementary objects of the L; level.

The elements of the ether, contained in electrons and neutrons of the Lo level, fill the

volumes of electrons and neutrons only partially, in the same way as the elements of air fill
atmospheric tornadoes. And since their number in electrons and neutrons is very large,
and the sums of their masses are equal to the masses of electrons and neutrons, the lengths
of elementary objects of the Li level are several orders of magnitude smaller than the
lengths of electrons and neutrons, and their densities are several orders of magnitude
higher than the densities of electrons and neutrons - Likewise, L2 elements correspond to
L3 elements, and, in the same way, Lk elements correspond to Lk+1 elements.
- It should be emphasized that elementary objects of all levels do not have a constant, fixed
composition, like an atmospheric tornado - the magnetic tornado-like vortex contained in
them continuously pumps external elements of a lower level through them. In this case,
the magnetic vortex itself is the sum of its own magnetic fields of the external elements
pumped by it.

This cannot be understood in principle unless a true understanding of the results of the
very old experiment of Oersted (1821) is achieved. Greetings to physicists!

- Elements of levels Lk, k=1,2,3..... do not form composite objects with a constant
composition. Only the Lo level possesses such objects.

- The nature of the propagation of light in our Universe suggests that. that the ether
densely fills the entire Universe [5]. And since elementary objects of all levels of
organization of matter, due to their tornado-like nature, can exist only in a sufficiently
dense environment of elementary objects of lower levels, then elementary objects of all
levels, except Lo, quite densely fill the entire Universe.

XI.3. Energy flows
between levels
organization of matter
Energy flows flowing between different levels of organization of matter in the Universe
are the sums of energies that are exchanged by elementary objects of these levels.
There are two opposite energy flows between the levels Ly and Li+1 (Fig.2). because of

Lx—Lx+1
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Fig.2

resistance of elements of level Lx:1 to the movement of elements of level Ly , part of the
energy of movement of elements of level Ly is dissipated between elements of level Lk+1
(green arrow). Part of this energy returns to the Lk level when pumping the Lk.1 level
elements through the Ly level element (purple arrow).

In the whole infinite chain of levels, this exchange of energies can be depicted in Fig.3. It
can be seen from this diagram that all levels, except for Lo, are in the same conditions - they
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get more than they give. Level Lo gives more than it receives. A natural question arises -
how, in such conditions, does this level survive for a huge number of years?

Analysis of the reasons for the "redshift" of the frequency spectra of electromagnetic
atomic radiation and the reasons for the "self-decay" of atomic nuclei, carried out by the
"classical" Newtonian methods used by TNC [6], showed that our Universe captures
"primordial matter" because of the "Schwarzschild sphere - the horizon of events ”,
Including it in its composition and replenishing its energy. With this in mind, Figure 3 is

transformed into Figure 4.
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XI1.4. "Black hole"
in our Universe

Let us denote our Universe by U, and the "black hole" by U and clarify the properties of
the "black hole" U.

Revealing the multilevel organization of matter has revealed, not immediately noticed,
an extremely interesting fact - the many-sidedness of each object of our Universe, and not
even just many-sidedness, but the fact that each object has an infinite number of different
"faces". So, one of the objects of the Universe, which we used to call an "electron”, appears
at the Lo level under the guise of a compact elementary object, at the L1 level - under the
guise of an ethereal tornado-like vortex, at the L; level - under the guise of a complex
elementary object of this level , a two-level vortex, and so on.

In the situation considered here, the object U turned out to be "two-faced" - at the Lo
level it looks like a "black hole", and at the L1 level - like the Universe.

The "black hole" U of our Universe was formed as a result of the gravitational collapse of
the remnants of a burnt-out star. In the process of gravitational compression, as a result of



the enormous pressure created, all the composite objects of the Lo level disintegrated into
elementary electrons and neutrons. The elementary objects of the Lo level approached
each other so closely that they were pressed into each other by tremendous pressure. And
since they are ethereal tornado-like objects, their stability was violated, and they crumbled
into separate elements of the ether [6].

[ ]

What happened to the elementary objects of other levels that fell under this
gravitational pressure? Have they disintegrated or not, into elements of other levels? This
cannot be said with certainty. One can only be sure that the enormous pressure greatly
reduced their length and, as a result, greatly increased their density.

[t is unlikely that they broke up. Increasing pressure alone is not enough for this. For
example, an increase in pressure does not lead to destruction of an atom [7]. It is also
necessary to violate the stability conditions for the structure of the object. But this,
physicists professing the quantum theory, do not know. They are less educated than they
think.

[ ]

The Universe U, just like our U, is an infinite sum of levels of organization of matter, only
it has its own levels. These are the levels Ly, k= 0,1,2, ...

Each level Ly has its own elementary objects. They are all electron-like and neutron-like.

The Lo level possesses the elementary objects with the greatest extent and with the
lowest density of matter. All of them are obtained by decreasing, by several orders of
magnitude, lengths and increasing by several orders of magnitude, the densities of the
ether elements of the L1 level of the Universe U.

Elementary objects of the L1 level are obtained by decreasing, by several orders of
magnitude, lengths and increasing, by several orders of magnitude, the densities of ether
elements of the L, level it has its own levels. These are the levels Lk, k= 0,1,2, ...of the
Universe U.

Etc.

When we managed to discover the existence of a multilevel structure of matter in our
Universe, we were confused by the lack of understanding of the reasons why elementary
objects of the levels Ly, k=1,2,3 ... do not form rigid static bonds with each other. There was
only an assumption that the energies of motion of these elementary objects are greater
than the energies of possible connections.

Recently, this assumption has been confirmed. as a result of the analysis of energy
flows between the levels of organization of matter in the universe. The diagram in Figure 3
illustrates these flows for both U and U. According to this diagram, the levels Lo and Lo of
the energy of motion lose more than they gain. This is how the energies of motion flow to
ever smaller levels of matter organization.

And since, at the birth of these Universes, only free elementary objects existed at each of
their levels, then, over time, the energy of motion of elementary objects flowed from levels
Lo and Lo to other levels to such an extent that at levels Lo and Lo composite objects with
fixed structures from their elementary objects. At other levels, taking into account the
capture of matter due to "event horizons" (Fig.4), the energies of motion did not go down
to such an extent.

X1.5. The structure of matter
beyond the "event horizon"
of our Universe



The material object located beyond the "event horizon" of our Universe U is designated
by U.

Above, to develop an understanding of the details of the device of the "black hole" U, the
general analogy U~U was used. Now, in order to achieve an understanding of the device U,
we will try to use the same, only "reverse" analogy of U~»U.

Since our Universe was born inside the object U, then it had to "inherit" the basic
properties of this object, and, above all, its structure. Therefore, U must have a multilevel
structure of matter organization, i.e. it should consist of an infinite set of its levels Ly,
k=0,1,2,....

Elementary objects of the Lo level must have the largest dimensions in comparison with
elementary objects of other, deeper and smaller levels of the object U. They must have
tornado-like structures and consist of elementary objects of the L1 level. Since, during
gravitational collapse, they decay into elements of the Lo level of our Universe - electrons
and neutrons, they should consist of objects several orders of magnitude longer and several
orders of magnitude less dense than electrons and neutrons of the Lo level of our Universe.

Elementary objects of the Li level are electrons and neutrons of our Universe with
increased lengths and, accordingly, with decreased densities by several orders of
magnitude.

Elementary objects of the L; level are the elements of the ether of our Universe with
increased lengths and, accordingly, with reduced densities by several orders of magnitude.

Etc.

[ ]

When our Universe was formed, its density was maximum in the central region and
minimum in the periphery. After a while, changes occurred that turned this property to the
opposite. Evidence of these changes are the "redshift" of the spectra of wave
electromagnetic radiation of atoms, the "spontaneous” decay of atomic nuclei and quasars.

[ ]

These changes were first discovered in the distribution of ether in the modern Universe.

The analysis carried out by TNC revealed the most interesting properties of the ether in
our universe. It turned out that the ether in our Universe is densely enough that its density
increases from the central regions to the periphery of the Universe and that its density
grows, over time, in any area of the Universe. To discover these properties of the ether. it
was necessary to analyze the distribution of sources of electromagnetic radiation in the
Universe, the reasons for the "redshift" of the spectra of electromagnetic radiation of atoms
and the reasons for the "spontaneous" decay of atomic nuclei [8].

From these results it follows that our Universe is closed and that the "redshift" of the
spectra of electromagnetic radiation and the "spontaneous" decay of nuclei are a
consequence of an increase in the ether density. and not a consequence of the expansion of
the Universe,

[ ]

A quasar is understood as a supermassive "black hole" surrounded by a huge accretion
disk that generates super-powerful wave electromagnetic radiation with an unusually large
"redshift" of the frequency spectrum. Quasars are located at the periphery of the universe.

A particularly interesting property of a quasar is a narrow flow of matter - "Jet", moving
away at high speed, in both directions from the quasar, along the axis of its rotation



Why were quasars found only at the periphery of our Universe? Why are there no
"black holes" with such gigantic masses and such non-standard power of electromagnetic
radiation in other regions of the Universe? One can only make assumptions about this.

However, TNC has managed to get its hands on more than just speculation. TNC
discovered that the ideas of physicists about the absence of ether in Nature are not correct,
due to long-standing erroneous interpretations of the results of the experiments of Fizeau
(1852) and Michelson (1881). Even TNC discovered that Ampere's assumption about the
secondary nature of magnetism, in comparison with electricity, is also incorrect, due to an
erroneous interpretation of the results of the Oersted experiment (1821). This
interpretation of Ampere led to the rejection of taking into account magnetic interactions
in the theory of the microworld.

Physicists have proven unable to correct these two long-standing fundamental mistakes
until now. Refusal to take into account ether and from taking into account magnetic
interactions between micro-objects has even entered the paradigm of quantum theory, and
refusal to take into account ether - into the paradigm of the special theory of relativity.
Because of this, physicists have failed to construct a trivial adequate detailed mathematical
model of the simplest atom - protium.

Because of this inability. physicists failed to understand that the huge "redshift" of the
spectra of electromagnetic atomic radiation speaks not of the fabulous expansion of the
Universe with superluminal speeds, but of that. that in the peripheral regions of the
Universe, where such a huge "redshift" was found, the ether density is greatly increased in
comparison with its other regions [8]. No matter how funny, but this conclusion about the
properties of electromagnetic radiation of quasars. was received. proceeding from the
trivial "classical" model of the protium atom, built thanks to Newton's methods, the
effectiveness of which several generations of physicists could not estimate for so many
years. In other words, the answer to the question about the properties of electromagnetic
radiation from extremely distant sources was at our physicists' nose.

In the initial period of the history of our Universe, the density of matter, including ether,
was higher in the central regions than in the periphery. The density of the aether at the
periphery gradually increased, due to the subsequent gravitational capture of matter due
to the "Schwarzschild sphere”, and now it has become higher than at the center of the
Universe. This is a fact confirmed by the discovery of an unusually large "redshift" of the
spectra of electromagnetic wave radiation from huge sources on the periphery of the
Universe, and the discovery of the dependence of the "redshift" of the radiation frequency
of an individual atom on the density of the ether.

And since in our Universe matter consists of levels of organization Ly, k=0,1,2, ..., then in
object U it should consist of its levels of organization Ly, k=0,1,2, ...

XI.5. “Jet” -
intriguing mystery of "black holes"

"Jet" are two narrow powerful material jets emanating from the "black hole" of a quasar
in opposite directions along the axis of its rotation. Physicists explain its nature as
"through clenched teeth" - illegible and incomprehensible. Indeed, how to understand.
What, besides the Jet, in which matter is moving away from the quasar with great speed, is
it absorbed by the "black hole" in all other directions?

TNC offers its own explanation of the nature of this intriguing phenomenon. To achieve
this understanding, you need to overcome the naive belief in the persistently instilled belief
in us that light is not able to leave the "black hole". And this is fundamentally impossible to
do within the framework of quantum theory, which is not able to detect the structure of a



photon. TNC turned out to be able to do this, using in its work "classical” Newtonian
methods.

Let us recall how TNC discovered the structure of the photon. First, it was found out
how, in reality, the protium atom is arranged. It turned out that it has a stable static
equilibrium, in which the electron is from the proton at a distance equal to the "Bohr
radius” (Fig.5) [3]. As a result, doubts arose about validity of the statement that
positronium undergoes "collapse” and
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Fig.5. Diagram of the protium atom

"annihilation”, leading to the production of photons. It turned out that this statement is an
ordinary quantum "fairy tale": taking into account the ether and magnetic interactions
between micro-objects showed that positronium possesses the only globally stable state of
equilibrium, in which the distance between the positron and the electron is almost an order
of magnitude greater than the "Bohr radius". Consequently, there is no "collapse” and
"annihilation" in the real World. This means that the physical ideas about the production of
photons are also false.

Continuing searches showed that physics has all the information necessary to identify
the structure of a photon, but physicists, unable to use it, sent them to the "physical dump."
It turned out that even P. Dirac theoretically discovered the possibility of the existence of
electrons with "negative" masses. But, for a number of reasons, this assumption was
rejected without any analysis, on the basis of the
- that it was in conflict with the quantum paradigm,

- that "negative" masses have not been observed experimentally.
- that a dipole of objects with "positive" and "negative" masses

would self-accelerate, but that this was not observed experimentally either.

The first objection turned out to be insignificant, since it was experimentally proved
that there are no real indivisible quanta of energy in Nature [9]. Two other objections
highlighted the inadequacy of the scientific training of physicists.

As for the second objection, then, having changed in the equation
d/dt[mv(1-v2c-2)-05]=q(E+c-1[vH]),, which is widely used by physicists when analyzing
tracks in observation chambers, at the same time the signs of mass and charge, we obtain,
as a result, an identical equation with identical solutions that describe the tracks of
electrons and anti-electrons in the same way. It follows from this that physicists still
cannot distinguish the track of an electron from the track of an anti-electron.

The third objection is generally not serious, if just not funny - an electron-anti-electron
dipole, which has the properties of a photon, is capable of self-acceleration. Have physicists
ever observed how a photon accelerates to a steady speed after its formation?

So TNC discovered that there are several different types of photons, one of which is an
electron-anti-electron dipole. Analysis of the dynamics of this dipole showed that the
steady-state speed of the photon depends on the density of the ether on its way.

Let us now see how a photon, moving in a "black hole", behaves towards the
Schwarzschild sphere along the axis of rotation of the "black hole".



There are two types of electron- -electron dipoles - "fast" and "slow". The "fast" dipole
moves with speed. close to s. Its "driving force" is directed along a straight line passing
through the electron and antielectron. The electron goes ahead, the anti-electron follows
the "trail" of the electron.
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Fig. 6. Photon scheme (¢ - electron, ¢ - antielectron)

The speed of the "slow" dipole is several orders of magnitude less than s. In physics, it
is known as "Dual Cooper Electrons".

Consider a "fast" dipole moving in a "black hole" from the center of gravitational
attraction to the Schwarzschild sphere.
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Fig. 7. Electron- antielectronic dipole
in a gravitational field

First, consider its motion along the axis of rotation of the "black hole".

In Figure 7, the dipole moves to the left, along the straight line on which the arrows lie -
the vectors of the magnetic fields of the electron and anti-electron. The gravitational
attraction acting on the dipole should, it would seem, slow it down. In reality, the electron
is decelerated, and the anti-electron, due to the "negativity" of its mass, accelerates. As a
result, the base of the dipole - the distance between the electron and the anti-electron
decreases, and the "driving force" of the dipole increases. Therefore, the dipole travels all
the way to the Schwarzschild sphere at a speed, exceeding c. And if so, the dipole, in such a
motion, reaches the Schwarzschild sphere and goes beyond it. But, behind the
Schwarzschild sphere, there are laws according to which this dipole must decay into
separate, unrelated objects that have retained their masses, but have increased the length
and decreased the density.

What will happen next, we will leave to others Only those. those that were anti-
electrons will be accelerated by the gravitational field further, and those that were
electrons will slow down.

Probably, not only dipoles moving strictly along the axis of rotation of the “black hole”
but also dipoles moving along fairly close trajectories will be able to escape from the “black
hole”. This, apparently, is the nature of the Jet.

With a decrease in the speed of rotation of the "black hole", the transverse dimensions
of the "Jet" should increase.

As for other trajectories of photonic "fast" dipoles, because of gravitational attraction,
they will be affected by moments that bend these trajectories and prevent them from
crossing the Schwarzschild sphere.
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XI. CTPYKTYPA MATEPUAJIBHOT'O MUPA
BHE C®EPbI HIBAPIIIIIWJIBJAA

JleoHos H.H.

Teopus He/nMHeNHBIX KoJieGaHWHM IpejsaraeT CBOe, OCHOBAaHHOE Ha «KJAacCHUYeCKHUX» HbIOTOHOBBIX
MeTo/iax, IOHMMaHHe yCTPONCTBa «4epHOM JAbIpbl» B Hallell BcesleHHOM, MOHUMaHMe YCTPOUCTBA MaTepUH
BHe «c¢eps! [lIBapuuuabaa» Hamed BecesieHHOHN U mpupoAbl «/keTa» y «4epHOU JbIpbI»

°

XI.1. Bctrynienue

Kosibep B cBoel «IHIUKIONIEANU», OTPaXKasi MHEHHE COBpEMEHHBIX PHU3UKOB, CYHUTAET,
YTO IOHUMaHUEe CTPYKTYpbl MaTepUHM B «4YEepPHOU [blpe», HaxoAsdllelcs B Hallel
BcesieHHOM, MPUHUIMITMAIBHO HEJOCTHXKUMO M3-3a NTOJIHOW HeHa0J110/1aeMOCTH. A eCJIU 3TO
JIeMCTBUTEJIbHO TaK, TO MOHUMaHUE CTPYKTYpbl MaTepuu 3a cdepoit llBapimnabaa - 3a
«TOPHU30HTOM COOBITHI», TeM 60Jiee, HEJIOCTUKHUMO.

@®U3UKU YTBEPXKAAOT, YTO OTJIMYHOE 3HAHUE «KJACCUUYECKUX» METOJIOB MOMOIJIO UM
NOCTPOUTH KBAaHTOBYI TeopHio [1]. [loueMy ke OHU He CyMeJs NOCTPOUTH aJleKBAaTHbIE
MaTeMaTU4YeCcKHe MOJieJIM aTOMOB, He CyMeJM CAeJaTh TO, YTO «IIyTS» CAeJsajia TeOpUs
HeJlMHelHbIX Kosiebanu — THK [2] ¢ moMombio «kjaaccuyeckux» mMeToZ0oB HbioToHa?
Jesno B TOM, 4YTO OHM 3Ha/JM TOJBKO KOHCEPBAaTHMBHYI, NPUOJMKEHHYI YacCTb



«KJaccu4yeckor» Teopuu. Ho peanbHbIl MaTepHua/bHbI MUpP AUCCMIIATUBEH — KaKAbIU
00beKT BCTpevyaeT CONMPOTHUBJIEHHE, Pa3HON MPUPO/bl, CBOEMY JBUKEHHIO. ITO TOJIBKO B
KBaHTOBOM TEOPHUM MHUKPOMMpA. [ABUKEHHE MUKPOOOBEKTOB 00X0oAuUTCA 6e3 ydyeTa
CONPOTUBJIEHUS H3-3a TOrO, YTO PU3UKHU OKa3aJMCh HECHOCOOHBI BEPHO NMPOYUTATh TO,
YTO MbITaJach cka3aTh UM [Ipupoja B skcnepruMeHTax Pu30 u MaiikesbcoHa.

Korga HeT BO3MOKHOCTH NPSAMOT0 BH3ya/IbHOTO HAbJ/II0[eHUS U3y4aeMblX IBJE€HUH, U
OTCYTCTBYIOT Jpyrde UCTOYHUKU HMHPOpPMalMU O IpoleccaXx B HM3ydyaeMbIX SIBJIEHUSX,
OCTaeTcs TOJbKO OJJHA BO3MOXHOCTb IOJIyueHUs Heo6XxoAuMON wuHpopManuu -
UCII0JIb30BaHME MeToJa aHaJorui. PU3uKH, ONATh XKe, PeKJIaMUPYIOT CBOe YMeHHe
UCIO0JIb30BaTh 3TOT MeToj (Hampumep, [2]). Ho aTo aHasorum c KOHCepBAaTHBHBIM
bopMaM3MOM «KJIAaCCUYECKOW» TEOPUH, a He CyOCTaHLMOHANbHbIE aHAJIOTHUU C JPYTUMH,
M3BECTHBIMU MaTepHUabHbIMU SIBJEHUSMHU.

Cy6cTaHMoHalbHble aHajsorud mnomorau THK BbIIBUTH coCTaB U CTPYKTYpPbI
3JIeMEHTAapHbIX 00 bEKTOB MUKPOMUpA — 3JIEKTPOHOB U HEUTPOHOB [3], a TakKe JOCTUYb
IOHMMaHUA NPUYUH OoJiee, YyeM LIECTUAECATUIETHUX 3KCIEepPHMEeHTaJbHbIX HeyJay
KBAaHTOBOW QU3MKH B KHEUTPUHHOU» U B «TEPMOSIIEPHOM» Mpo6ieMax [4].

HWcnpiTaeM MeToJ[ aHAJIOTUW [J1S1 BbIICHEHUS] CTPYKTYpP MaTepHUM B «YEePHOM JAbIpe»
Haweil BceneHHol u BHe «cdepnl UlBapumnabaa». B o6oux ciayyasx B KayecTBe
opuUruHasa 6yJieM MCIo/b30BaTh Hally BcesieHHy!10.

XI.2. CBoiicTBa BcesieHHOH

- Hama BceneHHasi mpejcTaB/sieT cO60M CyMMy GeCKOHEYHOTO KOJMYeCTBAa YPOBHEH
opraHusanuu matepui Ly, k=0,1,2,... [5].
- YpoBeHb Lo 00beguHsSET O6BEKTbl MaKpoMHUpa M MHKpPOMHpA. IJeMeHTapHBIMH
00'bEKTaMM 3TOTO YPOBHS SIBJSIOTCS HEUTPOH, 3JIEKTPOH U JPyTHe 3JIEKTPOHOINOL06HbIE
MHUKPOOOBEKTHI — MO3UTPOH, aHTH3JIEKTPOH U aHTHUMO3UTPOH. M3 3THUX 3JieMeHTapHbIX
00'bEKTOB COCTOSIT BCE COCTABHbIE 0O'bEKTHI 3TOT0 YPOBHSI.

HelATpoH U Bce d4eTbipe 3JIEKTPOHOIOJOOHbBIE OOBEKTBI COCTOST U3 OTPOMHBIX
MHOXECTB 3JIeMeHTOB 3dupa - 3JIEMEHTApPHbIX OOBEKTOB YpoBHA Li , U HUMeEIOT
cMepuenoo6Hble GopMbl (puc.1).

)
%

P s r ez s d s

Puc.1. CxeMbl 3/1eKTPOHOTIOL00HBIX
00'b€KTOB U HEUTPOHA

- YpoBeHb L1 - ypoBeHb 3¢Upa, COCTOUT U3 3J€MEHTAPHbIX, MOJO0OHBIX 3JIEKTPOHY U
HEUTPOHY. CBOOOJHBIX OOBEKTOB 3QHpa U CBSISAHHBIX, B 3JIEKTPOHAX M HEWTPOHAX,
3JIeMeHTOB 3dupa YpoBHS Lo. ITH 3/IeKTPOHONOA00HbIE U HEUTPOHOMOA00HbIE 3JIEMEHTHI
sdupa Tak e UMEIT cMepyeno06Hble GOPMbI, COCTOSIIIME U3 3JIeMEHTAPHBIX 00'bEKTOB
ypoBHA L;.

JneMeHThI 3dUpa, coAepKalluecs B 3JIEKTPOHAX U B HEUTPOHAX YPOBHS Lo, 3aMOJHSAIOT
00'beMBbI 3JIEKTPOHOB U HEWTPOHOB TOJIbKO YaCTHUYHO, TaK >Ke, KaK 3JeMeHTbl BO3JAyxa
3aMoJIHSIOT aTMOCPepHble CMepUU. A TaK KaK MX KOJIMYECTBO B 3JIEKTPOHAX U HEUTPOHAX
O4YeHb BeJMKO, a CyMMbl HMX MacC paBHbl MaccaM 3JIEKTPOHOB W HEWTPOHOB, TO



IPOTS>KEHHOCTH 3JIeMEHTAapHbIX 00beKTOB YPOBHA L1 Ha HECKOJIbKO MOPSAAKOB MeHbllle
NPOTAKEHHOCTEN 3JIEKTPOHOB U HEMTPOHOB, a UX IJIOTHOCTH Ha HECKOJIBKO MOPAJKOB
6oJibllle, YeM MJIOTHOCTH 3JIEKTPOHOB Y HEUTPOHOB.

- TouHO TaK ke, 3JieMeHTbl YPOBHA L2 COOTHOCATCA C 3JIeMeHTaMHU YPOBHA L3, ¥, TOYHO TaK
Ke, 3JIEMEeHThbI YPOBHA Lk COOTHOCATCA € 3JIeMeHTaMU YPOBHA Lik+1.

- HyxHO noOAg4YepKHyTb, 4YTO 3JIeMeHTapHble OO0BbEeKTbl BCeX YpPOBHEeH He HMeT
IOCTOSTHHOT0, PUKCUPOBAHHOI'0 COCTAaBa, Kak MU aTMOCPEepHBIN CMepY, — coZepKaliuica B
HUX MarHUTHBIA CMepuYenoZ00HbIA BUXPb HeNIPEPbIBHO IPOKAYMBAET Yepe3 HUX BHELIHHe
3JIeMeHThl 60Jiee HU3KOTo ypoBHA. [Ipyu 3TOM, caM MarHUTHBIA BUXPb ABJSAETCH CYMMOM

COOCTBEHHBIX MAarHMTHBIX ITOJIeH IIpOKa4YrMBad€MbIX UM BHEIIHUX 3JIEMEHTOB.
JToro He MOHATH B MPUHILUIIE, €CJAU HE JOCTUYb UCTUHHOIO MOHWMAaHUS PEe3yJbTaTOB OYEeHb JaBHErO
3kcnepuMeHTa Ipcreza (1821). Bosibioi npuBeT pusankam!

- JjaeMeHTbl ypoBHel Lk, k=1,2,3..... COCTaBHbIX 00'b€KTOB C MOCTOSIHHBIM COCTaBOM He€
006pa3ytoT. TakuMH 06'beKTaMM 00J1aZ1aeT TOJIbKO YPOBEHb Lo.

- XapakTep pacnpocTpaHeHUsI CBeTa B Haulel BcesleHHOW TOBOPUT O TOM. YTO 3QUP
JIOCTAaTOYHO IJIOTHO 3amnoJiHsieT Bclo BceseHHywo [5]. A Tak Kak 3jieMeHTapHble 00'bEKThI
BCEX YPOBHEW OpraHU3alii MaTepuHU, U3-3a CBOET0 CMEPUYEN000Hs, MOTYT CyIllleCTBOBATh
TOJIbKO B JIOCTaTOYHO IJIOTHOM OKpPY)K€HUH 3JIeMeHTapHbIX 0O6’bEeKTOB 00Jiee HU3KHUX
YpPOBHEH, TO W 3JieMeHTapHble 00'bEKTHI BCEX ypPOBHEeH, KpoMme Lo, JOCTaTOYHO MJIOTHO
3amoJIHAOT BClo BeceseHHy10.

XI1.3. IloTOKH 3Heprumn
MeXAY YPOBHAMHU
opraHusanyy MaTepuu
[loToKM 3Hepruuy, nepeTeKarolie MexAy pa3sHbIMU YPOBHAMU OPraHU3aL MU MAaTEepUHU
BO BcesleHHOH, IBJSAIOTCA CyMMaMH 3HEPrUM, KOTOPbIMU OOMEHUBAIOTCS 3J€MeHTapHble
00'bEeKTBI 3TUX YPOBHEW.
Mexay ypoBHAMHU Lk U Lik+1 CyLLleCTBYIOT /iBa BCTpeUHble IOTOKA 3Hepruu (puc.2). 3-3a

Lx—Lk+1
(—
Puc.2

CONPOTHUBJIEHUSI 3JI€MEHTOB YPOBHS Lk+1 ABUKEHUIO 3JIeMeHTOB ypoBHsS Lk, 4acTb
SHEPTUH JIBIXKEHUs 3JIEMEeHTOB ypOBHS Lk paccerBaeTCsl MeX/1y 3JieMeHTaMH YPOBHS Lik+1
(3esieHas crpesika). YacTb 3TOW sHepruy BO3BpAIlAeTCs HA YpoBeHb Lk, MPU MpPOKAUKe
3JIeMeHTOB YPOBHS Lk+1 Uepe3 ajieMeHT YpoBHA Lk (JIM10Bast CTpesika).

Bo Bceli 6eckOHEYHOU I|eMOYKe YPOBHEN, 3TOT 0OMEH 3HEPTUSMU MOXKHO U300pa3UTh
pucyHkoM 3. U3 3To# cxeMbl BUJHO, YTO BCe YPOBHU, KpoMe Lo, HAXOAATCS B OJJUHAKOBbBIX

Lo—L1— ... 2Lk-1=>Lxk—=>Lk+1— ...
« « « « « «

Puc.3

YCJIOBHUAX — OHU IIOJYHYAKOT 6OJII:>H.Ie, 4eM OT/A4IOT. YPOBeHb e Lo oTAaeT 6OJIbLLIe, 9eM
InoJiy4daer. Bo3HHKaeT ecTeCTBeHHbIH BOIIPOC — KaK e, B TaAKHUX YCJIOBUAX, BBIX)KUBAET 3TOT
YPOBE€Hb B TEYEHHWE€ OT'POMHOI'0 KOJINY€CTBA Jget?

AHanu3s IMPUYHUH «KpPACHOTO0 CMeEIEHHUA» YaCTOTHBIX CIEKTPOB 3JIEKTPOMArHHUTHOIO
ATOMHOI'O0 HM3JIy4eHHd U T[PHUYHUH «CaMopaclnajga» aTOMHBIX dAep, HpOBe,ELeHHbIﬁ



«KJIacCHYeCKUMHU» HBIOTOHOBBIMM MeToJaMH, HcnoJsib3yeMbiMd THK [6], mokasas, 4To
Hama BceneHHasi 3axBaTbIBaeT «IEpPBOBEIECTBO» H3-3a «chepbl [lIBapumuniabga -
rOpPU30HTA COOBLITHI», BKJIIOYasgd €ro B CBOM COCTaB U IOIOJIHAA CBOX 3HepreTUky. C
y4€TOM 3TOr0, PUCYHOK 3 TpaHCPOPMHUPYETCS B PUCYHOK 4.

l l 1 1 l
Lo—L1— ... 2Lk1—=Lk—=>Lk+1— ...
« « « « « «
Puc.4

X1.4. «YepHasa gbipa»
B Hawe# BcesieHHOM

0603HauyuM Haily BcesieHHyto yepe3 U, a «iuepHyto JbIpy» yepe3 U ¥ yTOYHUM CBOMCTBaA
«4epHOU AbIpbI» U.

[ ]

BbiiBJieHMe MHOTOypOBHEBOCTH OpraHU3alyMud MaTepud OTKpbLIO, He cpasy
3aMeyYyeHHbIH, Ype3BblYallHO UHTepPeCHbIN GaKT — MHOTOJIMKOCTb KaX/J,0r0 00'beKTa Hallel
BcesieHHOU, M Aaxe He IPOCTO MHOTOJIMKOCTD, @ TO, YTO KX/ bl 3TOT 00bEKT 06JIafaeT
OECKOHEYHbIM KOJIMYECTBOM pa3HbIX «JuUl». Tak, OJAUH U3 00BEKTOB BcesieHHOH,
KOTOPBIA Mbl NPUBBIKJIU HA3blBaThb «3JIEKTPOH», BBICTYNAaeT, Ha ypoBHe Lo moj BUJOM
KOMIIAKTHOT'O0 3JIeMEeHTAapHOro o060beKkTa, Ha ypoBHe Li - mnoj BuUAoOM 3QUpPHOro
CMepyenojo6HOro BUXps, HA ypoBHe Lz - moj BHUAOM COCTOSIILETO M3 3J€MeHTAapHbIX
00'bEKTOB 3TOT0 YPOBHS, CJIOXKHOI'0, IByXyPOBHEBOT'O BUXPS, U TaK JaJlee.

.

B paccmaTpuBaeMolt 3zech cuTyaluu, 006’beKkT U oKasasics «ABYJMYHBIM» - HA YPOBHE
Lo OH BBITJIAAUT KaK «4epHad Jblpa», a Ha ypoBHe L1 - Kak BcesieHHad.

«Yepnasa apipa» U Hamel BcesieHHOW o6pa3oBajiach B pe3yJsbTaTe IPaBUTALMOHHOTO
KOJIJIAaTICA OCTAaTKOB BBITOpeBIled 3Be3/bl. B mpouecce rpaBUTAaLlMOHHOIO CXaTUs, B
pe3yJ/ibTaTa CO3/aBILIErocs OCPOMHOrO JlaBJIEeHUS, BCe COCTAaBHble O00beKThl ypoBHA Lo
paccellasiMCb Ha 3JIeMEHTapHble 3JIeKTPOHbI W HeWUTpPOHbl. OrpOMHBIM /[iaBJIEeHUEM
3JleMeHTapHble 00beKThl YPOBHA Lo COIM3UINCh HACTOJIBKO, YTO OBLIM BJaBJIeHbI APYT B
Zpyra. A Tak Kak OHU Npe/CTaBJAIT CO00M 3QUpHble CMepuenoZ00Hble 00’ bEKTHI, TO UX
CTabUJIbHOCTb OKa3aJsaChb HapylLleHa, U OHU pacChlIaJUCh Ha OT/ieJIbHbIE 3/IeMEHThI adupa
[6].

[ ]

YTo cTaso C 3/eMeHTapHbIMU OOBbEeKTaMM JpPYrux YpOBHEH, MONaBIIMX MOJ 3TO
rpaBUTALMOHHOE JaByeHue? Pacnanvcb OHU WJIM HET, HA 3JIeMEeHThbl APYTUX ypoBHeun?
CkaszaTb 06 3TOM C YBEPEHHOCTBIO HeJib35l. MOXKHO OBbITb YBEPEHHBIM TOJIBKO B TOM, 4TO
OTPOMHOE JlaBJIeHHe CUJIbHO YMEHBIINWJIO UX NPOTSKEHHOCTHU U, KaK CJleJ[CTBUE, CUJIBHO
YBEJIMYMJIO UX IIJIOTHOCTH.

Bpsax nu oHu pacnaganvcb. OZHOrO TOJIBKO YBeJWYEeHUS [JaBJE€HUA [J 3TOro
HejocTaTo4yHO. Hanmpumep, yBesinueHue JlaBjieHUs He MPUBOAUT K pa3pylleHHIo aToMa [7].
Heob6xoaumo ellé HapylieHUe YCJOBUM YCTOMYMBOCTU CTPYKTYypbl 00'bekTa. Ho 3ToroO,
du13MKY, McNoBeAyIOlLIMe KBAaHTOBYIO TEOPHIO, He 3HaOT. OHU MeHee 06pa30BaHHBI, YeM
VM KQXKeTCsl.

[ ]

BcenenHass U Tak ke, kak ¥ Hama U, mpejcraBiisseT co60l GECKOHEYHYIO CYyMMYy

YPOBHEMN OpraHU3al vy MaTePHUH, TOJbKO Y HE€ 3TH YPOBHU CBOU. ITO ypOBHHU Lk, k=0,1,2,...



Y kaxgoro ypoBHsS Lk HMEWTCId CBOU 3JieMeHTapHble O00beKThl. Bce oHU
3JIEKTPOHOIOA00HbIE U HEUTPOHOIIOIOOHBIE.

YpoBeHb Lo o06JiafjlaeT 3JieMEHTApHbIMU O00BbEKTaMU C CaMOM  OOJIbLIOU
NPOTSHKEHHOCTBIO U C CAMOM HU3KOM MJIOTHOCTBIO MaTepUH. Bce OHM MoJIy4alOTCsl MyTeM
yMeHbIIIEeHHs], Ha HECKOJIBKO MOPS/IKOB, NPOTSX>KEHHOCTEN U YBEJIMUEHUEM, HA HECKOJIBKO
MOPSIJIKOB, IIJIOTHOCTEM 3/1eMeHTOB 3dupa ypoBHs L1 BcesienHo U.

JyieMeHTapHble 00bEeKThl YPOBHSA L1 MOJy4alOTC MYyTeM yMEHbIIEHHS, HA HECKOJIbKO
MOPSIJIKOB, MPOTS?KEHHOCTEH W yBeJUYEeHHEeM, Ha HEeCKOJIbKO TMOPSAKOB, IJOTHOCTEH
3JieMeHTOB 3¢upa ypoBHs Lz Bcenennoi U.

U Tak gasnee.

)

Korza yasnoch 06Hapy>KUTh CylleCTBOBAaHUE MHOTOYPOBHEBOU CTPYKTYpPbl MaTePUU B
Halled BcesleHHOM, cMyl[aJio OTCYTCTBHE MOHUMAaHMSI MPUYHUH TOTO, YTO 3JIeMeHTapHbIe
00 beKTHI YpoBHeM Lk, k=1,2,3... He 06pa3yl0T MeXAy COO0U KECTKUX CTATUYECKUX CBS3EH.
CyIecTBOBaJIO TOJIBKO MPEAIIOJI0KEHHE, YTO 3HEPTUH JABWXKEHUSI 3THUX 3JIeMEHTapPHbIX
00 beKTOB 60JIbliIe IHEPTUN BO3MOXHbBIX CBSI3EH.

HenaBHO 3TO mpejrnoJiodkeHHe IMOATBEPAUJOCh. B pe3yJibTaTe aHalku3a IIOTOKOB
SHEPTrUH MEeX/]y YPOBHSIMHU OpraHM3alUu MaTepuu Bo BceseHHol. CxeMa Ha pucyHKe 3
WJTIOCTPUPYET 3TU MOTOKHM Kak At U, Tak u g U. CoryiacHo 3ToM cxeMe, ypoBHU Lo u Lo
SHEPTrUU [IBIDKEHUs TEPSIOT O0Jibllle, yeM NpuobpeTaroT. Tak mnepeTeKkarT 3HEPTUHU
JIBI>KEHHsI Ha Bce 6oJiee U 60Jiee MeJIKHMe YPOBHU OpraHU3alMyi MaTepUH.

A Tak Kak, IpU POXIEHHUH 3THUX BcesleHHBIX, HA KaXKJ0M HUX YPOBHE CyIeCTBOBAJIH
TOJIBKO CBOOOJIHbIE 3JleMeHTapHble 00beKThbl, TO, CO BPEMEHEM, 3JHEpPrus [ABUKEHUS
3JIeMeHTAapHbIX 00'bEKTOB NepeTeKasa ¢ ypoBHeH Lo u Lo Ha JApyryde ypOBHH /10 TAaKOU
CTEeNeHU, YTO Ha YPOBHAX Lo U Lo CTasu NMOSBJAATHLCS COCTaBHbIe 00'bEKThI, 06J1a/jatole
OUKCUPOBAHHBIMU CTPYKTypaMH M3 CBOMX 3JI€MEHTAapHbIX 06beKTOoB. Ha Jpyrux xe
YPOBHSX, C Yy4eTOM 3axXBaTa MaTEpPUHU H3-3a «TOPHU30HTOB COOBITHU» (puc.4), aHEpruu
JIBIDKEHHS 10 TAKOU CTENeHH He OIYCKaJIUCh.

XL.5. CTpyKTypa MmaTepum
3a «TOPU30HTOM COOBITHI»
Halei BcesreHHOM

MaTepuasibHbIi 06'bEKT, HAXOASAUIUNCS 32 «TOPU30HTOM COOBITHI» Hallel BceseHHOM
U o603Ha4yuM yepes U.

Bolilie, A/ BbIpabOTKM NMOHUMaHUsS JleTajlell YCTPOUCTBa «4epHOW Ablpbl» U, 6Gblia
MCI0JIb30BaHa o6uias aHasorus UnU. Teneps, [11s1 JOCTHXKEHUS TOHUMaHHUS yCTPOUCTBA
U, nonbITaeMcsi UCM0JIb30BaTh TAKYI0 K€, TOJIbKO «00paTHYI0», aHanoruwo U~»U.

[ ]

Tak kak Hawa BceseHHas 6bl1a poxkgeHa BHYTpU o6bekTa U, TO oHa Jo0JiKHA Oblia
«yHacJieZJoBaTb» OCHOBHbIE CBOWCTBAa 3TOr0 OO'BEKTA, U, MPEX/Je BCEro, ero CTPYKTYpy.
CnenoBatenbHo, U jomkHa o06J1aZlaTh MHOTOYPOBHEBOM CTPYKTYPOM OpraHU3aluu
MaTepuu, T.e. OHA J0JHKHA COCTOSATh U3 OECKOHEYHOr0 MHOXEeCTBa CBOUX YPOBHeM Lk,
k=0,1,2,....

JyiieMeHTapHble O0OBEeKTbl YpPOBHSA Lo AO/KHBI MUMeTb HauOOJIblIME pa3Mephl, IO
CpaBHEHHUIO C 3JIeMEeHTAapHbIMU O00BbeKTaMU [JPYyrux, 6ojiee TJIyOOKHMX U OoJiee MENTKUX
ypoBHel 06bekTa U. OHM A0/KHBI UMETh CMEpPUYENoloOHble CTPYKTYPhl U COCTOAThH U3
3JleMeHTapHbIX 00beKTOB YpoBHA Li. Tak Kak, Npu rpaBUTALMOHHOM KOJIJIAICe, OHU
pacnajaTcs Ha 3JIeMEHThI YPOBHA Lo Hallel BcesleHHOW — 3/IEKTPOHBI U HEMTPOHBI, TO
OHHU JIOJDKHBI COCTOAATh U3 00'bEKTOB, HA HECKOJIBKO NOPSALKOB 60Jiee MPOTSXKEHHBIX U Ha



HECKOJIbKO NOPSAJKOB MeHee IJIOTHBIX, YeM 3JIeKTPOHbl U HEUTPOHBbI YPOBHA Lo Halen
BcenenHoi.

JyieMeHTapHble 06 beKThI YPOBHS L1 - 3TO 3JIEKTPOHBI U HEUTPOHBI Hallleil BcesleHHOM C
YBeJIMYEHHbIMU NPOTIKEHHOCTAMHU U, COOTBETCTBEHHO, C YMEHbIIEHHbIMU IJIOTHOCTSIMU
Ha HECKOJIbKO MOPSAIKOB.

JyieMeHTapHbIMKM O00BbeKTaMU YpOBHA Lz ABAATCA 3JieMeHTbl 3¢upa Halled
BcesleHHOM € yBeJIMYeHHBIMU MPOTSKEHHOCTIMU W, COOTBETCTBEHHO, C YMEHbIIEHHbIMU
IJIOTHOCTAMU Ha HECKOJIbKO NOPAJKOB.

U1 tak pgasnee.

Korga Hama BceneHHas o6pasoBasiiach, €€ MJOTHOCTb Oblla MaKCUMaJbHOW B
LIeHTpaJIbHOM 006J1aCTU M MHUHMMaJbHOM Ha nepudepuu. Cnycts BpeMs, NPOU3OIIIU
VM3MeHeHHs, KOTOpble 3TO CBOMCTBO OOpaTHJIM HAa MPOTUBONOJIOKHOe. CBHUETe/bCTBAMHU
3TUX  H3MEHEHHUH  ABJAKTCA  «KpaCcHOe  CMellleHue»  CIIeKTPOB  BOJIHOBOIO
3JIEKTPOMarHMTHOTO U3Jly4YeHUs] aTOMOB, «CAaMONPOU3BOJIbHBIN» pacnaj, aTOMHBIX f1iep U
KBa3aphbl.

[ ]

JTH M3MeHeHUs OblIM 0OHApYyKeHbl CHavyaJla B pacnpe/eseHnu 3gupa B COBpeMeHHOU
BcenenHoi.

AHanu3z, npoBefeHHbll THK, 06Hapyxus uHTepecHelne cBoMcTBa 3¢dupa B Hallel
BcenenHoi. Okasasnocsk, 4To 3¢up B Hallell BcesleHHOW pacnosiokeH AOCTAaTOYHO MJIOTHO,
YTO ero NJI0THOCTb yBEJUYUBAETCH OT LleHTPaJIbHbIX 00J1acTel kK nepudepun BeceseHHON
M 4YTO ero IJIOTHOCTb pacTeT, CO BpeMeHeM, B J0O60H o6sactu BcesneHHoil. [l
OOHapy>XeHUsI 3TUX CBOUCTB 3dupa. NPUILIOCH NPOBECTH aHaJIW3 pacnpejesieHUst
MCTOYHUKOB 3JIEKTPOMarHUTHOTO MU3Jy4yeHUs BO BcesJieHHOH, NPUYMH «KpacHOro
CMellleHUsI»  CIEeKTPOB  3JIEKTPOMAarHUTHOrO  M3JlyYeHHs1 aTOMOB U  NPUYHUH
«CaMOMpPOU3BOJILHOT'O» paclajia aTOMHbIX sep [8].

W3 3Tux pe3ysbTaToB cjeAyeT, YTO Haula BcesieHHass 3aMKHyTa U 4YTO «KpacCHOeE
CMellleHUe» CIEeKTPOB 3JIeKTPOMAarHMTHOTO U3JIyYeHUs] U «CaMONpPOM3BOJIbHBIM» pacnaj,
a/lep SBJAKTCA CJeJCTBUEM YBeJHWYEeHUs] IMJIOTHOCTH 3duUpa. a He CJeJCTBUEM
pacuipeHnus BceseHHOH,

.

[log kBazapoM NOHUMaeETCsl CBEPXMACCUBHAs «4epHas Ablpa», OKpPYy>KeHHasi OTPOMHbIM
aKKpPELIMOHHBIM /[IMCKOM, T€HEPUPYIOLIMM CBEPXMOIHOE BOJIHOBOE 3JE€KTPOMAarHUTHOE
W3JlydyeHue, obOJiaZialollee HeOObIYHO OOJIBIIMM «KPAaCHbIM CMelleHueM» YacTOTHOIrO
cnekTpa. HaxoasaTcs kBasapnl Ha nepudepuu BeesrleHHOHN.

0co60 UHTepeCcHbIM CBOMCTBOM KBa3apa fIBJSIETCS Y3KUU MOTOK MaTepuu - «JxeT», C
60JIbIION CKOPOCThIO yAANSOIUICS, B 06€e CTOPOHBI OT KBa3apa, BA,0JIb OCU €ro BpallleHUs

[ ]

[loueMy KBazapbl 0OHAPYKWUJIM TOJIbKO Ha nepudepun Haueil BcenenHoit? I[loyemy
«YEepHBIX AbIP» C TAKMUMU FMTAHTCKHUMH MacCcaMH U C TaKOW HeCTaHJapTHOW MOIHOCTbIO
3JIEKTPOMarHMUTHOTO HW3JIyYeHUsl B Jpyrux pavoHax BceseHHoi HeT? 06 3TOM MOXHO
CTPOUTD TOJIBKO MPEJI0JI0KEHHUS.

Opnako, THK ypanoch mnosydydTb B CBOe pacnopsikeHdhe 0oJiblile, 4eM MyCThble
npeanosioxxkeHusi. THK o6Hapy»xua, 4To npejcraBaeHuss GU3UKOB 06 OTCYTCTBUM apHpa
B Ilpupojie He BepHbl, H3-3a [aBHUX OLIMOOYHBIX HHTEpPNpPETAlMil pe3yJbTaTOB
skcriepuMeHToB Puso (1852) um MaiikenbcoHa (1881). Emé THK o6napyxuia, 4To
npejnoJiokeHre AMnepa o BTOPUUHOCTU MarHeTU3Ma, o CPaBHEHUIO C 3JIEKTPHUUECTBOM,
TaK >Ke HeBEPHO, U3-3a OLUMOOYHOM UHTEepNpeTalMy pe3y/IbTaTOB IKCIIepUMeHTa JpcTesa



(1821). JTta wuHTepmpeTalnus AMmepa MpHBesa K OTKa3dy OT y4yeTa MarHUTHBIX
B3aUMO/IeICTBUM B TEOPUU MUKPOMHUPA.

®u3vKM OKa3a/MCb HECHOCOOHbI WMCHPABUTh 3TH [IB€ JaBHUE MPUHIMIHAIbHbIE
omM6bKHU 0 cux nop. OTkas oT y4yeTa 3adupa U OT y4yeTa MAarHUTHBIX B3aUMOJENCTBUU
MeX/y MUKPOOObeKTaMHU BOLIEJ JaXke B NapaJiIurMy KBaHTOBOM TEOPUH, a OTKa3 OT yyeTa
sdupa - B napagurMy crnenyajbHOU TEOPUU OTHOCUTEJNBHOCTHU. M3-3a aTOro, pusuku He
CyMeJIU IOCTPOUTb TPHUBUAJIBHYIO aJIeKBAaTHYI [eTaJbHYI0 MaTeMaTH4YeCKyl0 MOJeJib
NpOCTeNIIero aToMa — IpoTHs.

M3-3a 3TOoro HeymeHus. (PU3UKH HE CyMeJd MOHATb, UYTO OTFPOMHOE «KpacHOe
CMellleHUe» CHEeKTPOB 3JIEKTPOMarHUTHOTO AaTOMHOIO H3JIyueHUs TOBOPUT He O
CKa304YHOM pacuiMpeHUr BcesieHHOM CO CBepXCBETOBBIMHM CKOPOCTSIMH, @ O TOM. YTO B
nepudepuiiHbix 06J1acTsx BcesieHHOH, r/je ObIJI0O 0OHAPYXKEHO TaKOE OTPOMHOE «KPaCHOeE
CMellleHUe», CUJbHO yBeJWYeHa IJIOTHOCTb 3QHpa, MO CPaBHEHUIO C [APYTUMHU eé
obsaactamu [8]. Kak HM CMeliHO, HO 3TOT BBIBOJ, O CBOWCTBAX 3JIEKTPOMArHUTHOTO
V3JIy4YeHUs1 KBa3apoB. ObLI MOJy4YeH. UCXOAS U3 TPUBUAJIbHOW «KJIACCHUYECKON» MOJENU
aToMa NpOTHUS, NOCTPOEHHOHN 6sarofapsa MetonaM HblooToHa, 3G PEeKTUBHOCTL KOTOPBIX
HECKOJIBKO MOKOJIeHUH (U3UKOB CTOJBKO JIET HEe CMOIJIU OLleHUTbh. MHBIMU cioBaMmy,
OTBET Ha BOINPOC O CBOMCTBAX 3JIEKTPOMAarHUTHOTO U3JIyYeHHs Ype3BbIYalHO yaleHHbIX
VCTOYHUKOB HaX0IUJICA Y HAIIUX GU3UKOB «I10J, HOCOMY.

B Haya/JIbHOM nepuo/ie UICTOPUM Halled BceseHHOM, MJIOTHOCTb MaTePHH, B TOM YUCJIE
¥ 3dupa, 6b1J1a BhIlIEe B IIeHTPAJbHBIX 06/1aCTsX, YeM Ha nepudepuu. [lnoTHOCTh adupa Ha
nepudepun NOCTENEeHHO yBeJUYMBaiach, 6aroZaps NocjaeAyolleMy rpaBUTALMUOHHOMY
3axBaTy MaTepuH u3-3a «cdepsl LBapiinabaa», 1 B HACTosIlee BpeMs CTajia BbIllE, YeM
B LleHTpe BcesleHHOU. 3TO — QaKT, NOATBEPKAEHHBI OTKPBITHEM HEOOBIYHO OOJIBLIOTO
«KpPaCHOTO CMellleHUsI» CIEeKTPOB 3JIeKTPOMAarHUTHOIO BOJIHOBOTO HU3JY4YE€HUSI OTPOMHBIX
WCTOYHUKOB Ha mnepudepur BceneHHOW, W OTKPBITUEM 3aBUCHMOCTU BeJIMUUHBI
«KPaCHOT0 CMelleHUsI» YaCTOThl U3JYYEHHUS OTAEJbHOr0 aTOMa OT BEJIMYUHBI IIJIOTHOCTHU
adupa.

A Tak kak B Hamel BceseHHOM MaTepus COCTOMT M3 YpOBHeW opraHusauuu Lk,
k=0,1,2,... , To B 06'bekTe U OHa JOJ/’KHA COCTOSITb M3 CBOUX YPOBHEHW opraHusanuu Ly,
k=0,1,2,...

XL.5. «/I>xeT» -
UHTPUTYIOLIAsA TallHA «4YE€PHBIX AbIP»

«/lxxeT» - 3TO JABe y3KUMe MOLIHble MaTepuasbHble CTPYH, UCXOAALIAE U3 «YEPHOU
JABIpbI» KBas3apa B NPOTUBONOJIOXKHbIE CTOPOHBI BJOJIb OCU ero BpaleHus. Ousuku
OO'BSICHSAIIOT €ro MpUPOJly KaK «CKBO3b 3yObl» - Hepa3bopuuMBO U HEMOHSTHO.
JlelicTBUTE/NIbHO, KaK MOHATb. 4TO, KpoMme /[KeTa, B KOTOPOM MaTepuUsi C OTPOMHOM
CKOPOCTBIO yJiaJIeTcs OT KBa3apa, 10 BCeM OCTaJIbHBIM HaIllpaBJIEHUAM OHa MOTJIOLAeTCs
«4YEepPHOU AbIpON»?

THK npepgJiaraeT cBoe 06bsiCHEHME MPUPOJbl 3TOM0 MHTPUryHOLero siBjaeHus. /i
JIOCTHXKeHUe IOHUMaHUs 3TOr0, HY>KHO MPeo/j0JIeTh B cebe HAaUBHYIO BEPY B HACTOMYUBO
BHyLlIlaeMOe HaM Ipe/iCTaBJeHHe O TOM, YTO CBET He CI0CO6eH NOKUHYTh «4E€PHYIO AbIPY».
A 3TO NPUHLIMIIKAJIBLHO HEBO3MOXHO C/leJIaTh B paMKaX KBAHTOBOW TEOPUH, He CIIOCOOHOM
06HaApYXUTb CTPYKTYpPY ¢poToHa. CocobHOM 3TO cfenaTh okasasack THK, ucnonb3syromias
B CBOeM paboTe «Kaaccuiyeckrue» Hbl0TOHOBbI METO/bI.

.

Hanomuum, kak THK oTkpblia cTpyktypy ¢oTtoHa. CHavasa OblIO BBISICHEHO, KakK, B

JleMICTBUTEJIBHOCTH, YCTpPOeH aToM mnpoTus. Okasasoch, YTO OH 006J1aZlaeT YCTOMYHUBBIM



CTaTUYECKUM paBHOBECHEM, B KOTOPOM 3JIEKTPOH HAaXOJUTCS OT MPOTOHA HA PACCTOSIHUH,
paBHOM «bopoBckomMy paguycy» (puc.5) [3]. B pesysbTaTe 3TOro, BOSHUKJIU COMHEHUS B
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Puc.5. Cxema aToma npoTus

CIpaBeJJIMBOCTA YTBEPXJAEHUS O TOM, YTO MO3UTPOHUU HCIBITBIBAET «KOJLJIANC» U
«aQHHUTUJIALUIO», IPUBOJSAILME K POXKIeHUI0 GOoTOHOB. OKa3anochk, YTO 3TO yTBEPXKAEHUE
— OObIUHble KBAaHTOBbIE «CKa3KU»: y4eT 3Qupa MU MarHMTHBIX B3aUMOJEWCTBUN MEXAY
MUKPOOOBbEKTAaMU IO0Ka3aJ, 4YTO MO3WUTPOHUH 006/1alaeT eJUHCTBEHHbIM TIJ1I06aJbHO
YCTOUYUBBIM COCTOSIHUEM pPAaBHOBECHS, B KOTOPOM pAcCTOSIHUE MeXAYy NO3UTPOHOM M
3JIEKTPOHOM I[IOYTH Ha MNopsiaoK 6osblie «bopoBckoro paguyca». CiefoBaTeJsbHO,
HUKAKUX «KOJIJIAlCa» U «aHHUTWISALUHU» B peasbHOM Mupe HeT. 3HAa4UT, QU3HUUYECKHUE
npeJCTaBJIeHUS O POXK/JAeHUN GOTOHOB TaKXKe JIOKHBL.

[Ipofo/mkeHre MOMCKOB MOKa3aso, YTO B QpU3HMKe eCTb BCe CBeJeHUs], He00X0 UMble
JUI1 BBISIBJIEHUS] CTPYKTYpbl (GOTOHA, HO QU3MKH, HE CyMeB HUMU BOCIOJb30BaThCH,
OTNpaBUJIM UX Ha «Ppu3ndeckyro cBajky». Okazasoch, 4yTo eujé II.Jlupak TeopeTUYeCcKU
OTKpPbIJI BO3MOXHOCTb CyleCTBOBAaHUSA 3JIEKTPOHOB C «OTpULLATeJbHbIMU» MaccaMu. Ho,
N0 psAAy NPUYMH, 3TO NpPeJNoJIoKeHUe ObLJI0 OTBEPrHYTO 0e3 BCAKOrO aHajiu3a, Ha
OCHOBAaHUHU TOrO,

- YTO OHO BXO/JUJIO B IPOTHBOpeUYMe C KBAHTOBOU MapaJUrMoH,

- YTO «OTpULATEeJbHbIE» MACChl IKCIIEPUMEHTAIbHO He HabJI10/JaTUCh.

- YTO JIUII0JIb U3 0O'bEKTOB C I10J0KUTEJbHON» U «KOTPULATEIbHOW» MaccaMu
CaMOpa3roHsAJICS Obl, HO UYTO 3TOT0 TaKXXe 3KCIIepUMEHTaJbHO He HAabJI10/1aJ10Ch.

[lepBoe Bo3pakeHHe 0Ka3aJoCh HECYLIeCTBEHHBIM, TaK KaK ObLJIO 9KCIIEPUMEHTAIbHO
JlokazaHo oTcyTcTBUe B [lpupoje peasibHbIX HeJeNUMbIX KBAaHTOB 3Hepruu [9]. /[lBa
Jlpyryie BO3paKeHHs BbICBETHUJIU BCIO HEJJOCTATOYHOCTb HAYYHOU NOATOTOBKU PU3UKOB.

Yro KacaeTcs BTOpPOTO BO3paXeHHUs,  TO, V3MEHUB B  ypaBHEHUH
d/dt[mv(1-v2c-2)-05]=q(E+c-'[vH]), WIUPOKO HCNOJIb3yeMbIM (HU3UKAMU NpPU aHaJU3e TPEKOB B
HaGJII0aTe/IbHBIX KaMepax, OJHOBPEMEHHO 3HAaKHW MacChl M 3apsi/ia, IOJyYHUM, B pe3yJsbTaTe,
TOXK/[eCTBEHHOE YpaBHEHHE C TOXK/JECTBEHHbIMHU pEIIeHUsIMH, OJMHAKOBO ONMUCHIBAIOIIUMH TPEKU
3JIEKTPOHOB WU AHTHU3JIEKTPOHOB. N3 aToro cjaenyeT, 4To (I)I/I3I/IKI/I A0 CUX IIOp HE MOTr'yT OT/JIMYUTDH
TPEK 3JIEKTPOHA OT TPeKa aHTHU3JIEKTPOHA.

TpeTbe Bo3pakeHHe BOOOIle HECepbE3HO, €CAM MPOCTO He CMEUIHO - 3JIEKTPOH-
aHTU3JIEKTPOHHBIN AUI0Jb, 06J1aJjal0U[Ui CBOMCTBaMU GOTOHA, CHOCOOEH K CAMOPA3TOHY.
®dusukyu Korjga-HubyAb HaOJIl0Aa/d, KaK pa3rOHsEeTCs [0 yCTaHOBUBIIEHCA CKOPOCTH
doToH nocJie ero o6pazoBaHusA?

Tak THK oTKpblia, YTO CylIEeCTBYIOT HECKOJbKO pa3HbIX BUAOB (GOTOHOB, OJUH U3
KOTOPBIX MpPeJCTaBJIsAET COO0M 3JIEKTPOH-aHTHUIJEKTPOHHBIN JUNO0Jb. AHA/IM3 JIMUHAMUKHU
3TOro JUMOJIsl MOKa3aJ, YTO YCTAaHOBUBLIASACA CKOPOCTb GOTOHA 3aBUCUT OT MJIOTHOCTH
sdupa Ha ero nNyTH.

.

[locMoTpuM Tenepsh, Kak BefeT cebs1 GOTOH, ABUXKYLIUNCHI B «4epHOU AbIpe» K chepe
[lIBapuminibja BAOJIb OCA BpallleHUsI «4€PHOM JbIPbI».

CymecTBylOT [ABa BHJA 3J€KTPOH-aHTHUIJEKTPOHHBIX JUIIOJEA - «OBICTPBIA» U
«MeJIJIEHHBbIN». «DBbICTPbIA» AUNOJAb JBUXKETCA CO CKOPOCTblO. O6JiM3KOM K c. Ero



«JIBKyIllash CuUJIa» HalpaBJeHa BJOJib NPSMOM, MNPOXOAslLledl uepe3 3JIEKTPOH H
AHTUIJIEKTPOH. JJIEKTPOH UJET BIlepeid, aHTUIJIEKTPOH — 110 «CJIe/ly» 3JeKTPOHa.
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Puc. 6. Cxema ¢poTOHA (® - 3/IEKTPOH, ® - AHTHUIJIEKTPOH)

CkopocTh «MeJJIEHHOTO» JHUII0JI1 Ha HECKOJIbKO NOPAAKOB MeHblIe ¢. B ¢usnke oH
r3BecTeH noJ uMeHeM «CaBoeHHble KynepoBcKue 3/1eKTPOHbBI».

o
PaccMOTpUM  «OBICTPBIM» [AUIOJb, ABWXYLIMUCA B «4epHOM Jblpe» OT LeHTpa
IrpaBUTALMOHHOTO NPUTSKeHUs K cPepe LIBapumnabaa.
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Puc. 7. 31eKTpOH-3JIEKTPOHHBIN IUI0Jb
B FPaBUTALlMOHHOM IOJIE

CHavaJia pacCMOTPHUM €ro JBUKEHHE B/0JIb OCH BpallleHUs «YEPHOU JbIPbI».

Ha pucyHke 7 aunoJsib IBUKETCS BJ€BO, B/IOJIb IPSIMOM, HA KOTOPOM JIeXaT CTPEJIKU —
BEKTOpPbl MarHUTHBIX [OJIe 3JIEKTpOHA W aAHTHU3JIEKTpOoHA. [paBUTaAllMOHHOE
NPUTSDKEHUE, JIEMCTBYIOIlEe Ha JWIOJb, [JOJDKHO, Ka3ajlochb Obl, ero 3amMeassiTb. B
JEeUCTBUTEJbHOCTU K€, 23JIEKTPOH 3aTOpMa)KMBaeTCs, a aHTHU3JIeKTPOH, M3-3a
«OTPHUIIATEJBHOCTU» CBOEM Macchl, pasroHsieTcsd. B pe3yabTaTe, 6asa Jgunos -
paccTosiHUe MeX/Jy 3JIeKTPOHOM U aHTH3JIEKTPOHOM COKpaLlaeTcCs, a «ABUXKylllas CUJIa»
aunoJsisa yBeauduBaeTcd. CiefoBaTesibHO, BeCh NyTh A0 chepbl LIBapuumunabia AUINOIb
MPOXOJUT CO CKOPOCThIO. PEBbINIAIOILEN €. A pa3 Tak, TO JUIIOJb, B TAKOM [BUKEHUH,
pocturaet codepbl llIBapumuniabga u BbIxoAWuT 3a Heé. Ho, 3a cdepoit lIBapuumuiabaa
JEUCTBYIOT 3aKOHBI, 10 KOTOPBIM 3TOT JUIIOJb JOJDKEH pacnajaThbCs Ha OT/JeJIbHble, He
CBSI3aHHble MeXJy C000M O00BbeKTbl, COXPAaHUBIIME CBOU MAaCChl, HO YyBeJUYUBIIHE
NPOTSX)KEHHOCTU U YMEHBIIMBILIHWE JIOTHOCTH.

Yrto OyaeT fajblle, OCTaBUM APYTUM. TOJIBKO Te. YTO ObLJIM aHTU3JIEKTPOHAMHU, OYAyT
YCKOPSAATbCS TPABUTALMOHHBIM TOJIEM W Jajibllle, a Te, 4YTO OBbLIM 3JEeKTPOHAMH -
3aMeJIsIThC.

BbIpbIBaTbCSA U3 «4€PHOU AbIPbI», HABEPHOE, CMOTYT HE TOJIbKO JUIOJIM, JBUKYIIIHECS
CTPOTO BJ0JIb OCU BpalleHHUsl KiEPHOU AbIPbI», HO U AUIOJH, ABUXKYLHECS 10 JOCTATOYHO
OJIM3KUM TpaeKTOpUsM. TakoBa, MO-BUAUMOMY, IpUpoaa «/xkeTax.

[Ipy yMeHblIIEHMU CKOPOCTH BpallleHUSI «YEPHOH [AbIpbl», MOIMNEpeyYyHble pasMephl
«/lxeTa» AOKHBI YBEJIMYUBAThHCS.

[ ]

YTo KacaeTcs [Jpyrux TpPaeKTOPUH QOTOHHBIX «OBICTPBIX» [AUIMOJIEH, TO U3-3a
rPaBUTALMOHHOTO NMPUTSKEHUS, HA HUX OYAyT JAeHMCTBOBAaTb MOMEHTbI, UCKPUBJISAIOLIAE
3THU TPAeKTOPUU U NPENSATCTBYIOLIME UX lepecedeHUIo co chepoit LBapymnabaa.



