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Abstract

The search for the causes of "red shift" of atomic spectra led to the discovery that the air tightly enough to fill
the entire Universe, its density increases with distance from Central areas to the periphery of the Universe, and the
density of the ether increases with time in the vicinity of any point of the Universe. These properties of air explain
the nature of "red shift" of atomic spectra, the cause of the "spontaneous" decay of atomic nuclei, talking about a
closed Universe and capture its "parvulescu" from the Schwarzschild sphere.

Open mechanism formation of the spectrum of atomic radiation. His rule was universal. fit for every atom. The
same rules are arranged as a separate singlet lines of protium, and the whole set is extremely close multi-blade block
lines of heavier atoms.

Discovered that "fast" photonic dipole capable, in its motion, radiate, in arbitrary time intervals, an
electromagnetic wave with a floating rate, the value of which depends on the density of the oncoming ether.
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V.1. Two initial tasks
Electromagnetic radiation from various sources from space and from microscopic depths
allows us to obtain information about the structure of matter. A significant portion of this
information is provided to us by the wave radiation of atoms. We single out two questions here:
the dependence of the nature of the spectrum on distance in space and the substantial mechanism
for the formation of atomic spectra.

V.2. "Red" shift
atom spectrum

“Red” is the shift of the spectrum towards low frequencies, expressed in a decrease in all
frequencies of the observed spectrum. It was called “red” by the visually perceived color of the
low-frequency part of the rainbow spectrum.

New interest in the "red" shift emerged when it was discovered that it increases with the
increase of the Earth's distance from the radiation source.

First physics by naive analogy with the phenomenon of Doppler effect is considered. the
cause of the "red" shift of the spectra is the escape of the radiation sources from the Central
regions of the Universe. They immediately, without making a thorough check, hastened to regard
it as evidence of the expansion of the Universe, considering. what the rate of expansion the
greater, the farther the radiation source from the center of the Universe.

They lived only to face terrible disappointment, when it was discovered that the red shift of
spectra of radiation from sources on the periphery of the Universe, is so great that, according to
Doppler criteria, sources running at speeds in excess of the value c.

Confused, physicists have still not come to their senses. They tried different attempts to
reach a meaningful explanation, but they did not succeed. They forgot that the Doppler criterion
only works on sound waves, and that sources of sound waves are capable of moving at
supersonic speeds. Electromagnetic waves propagate in the ether medium, in which the
propagation velocity of disturbances, as the theory of nonlinear oscillations has discovered, is



estimated at 8-10°m's™'. The paradigm of the theory of the microworld fundamentally does not

allow other explanations, due to the refusal to take into account the material ether.

V.2.1. True reason
Redshift
electromagnetic radiation spectra

It is well known that electromagnetic wave radiation arises from vibrations of electrically
charged objects that have their own magnetic fields. Under natural conditions, this occurs
mainly during vibrations of atomic electrons.

The theory of nonlinear oscillations found that the secret of the “red” shift can be discovered
by constructing and analyzing an adequate mathematical model of the simplest - unexcited
protium atom. To build it, it turned out to be necessary to identify the fallacy of long-standing
interpretations of the results of the experiments of Oersted (1821) and Fizeau (1851). Due to
these erroneous theoretical interpretations of the experimental results, ether was excluded from
the physics paradigm, with its resistance to the movement of microobjects, and magnetic
interactions between microobjects. As a result of this, physics turned out to be fundamentally
incapable of constructing the correct model of an unexcited protium atom and revealing the
mechanism of the formation of “red” mixing.

Theory of nonlinear oscillations upon discovery. that the refusal of physics to take into
account ether and magnetic interactions between microobjects was simply indecent, for physical
discipline, misunderstandings, rehabilitated these concepts, returning them to their objective
scientific status. Having constructed, with their help, a simple adequate mathematical model of
an unexcited protium atom (Fig.1), she learned [ 1] that this an atom emits electromagnetic waves
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Fig.1. Scheme of protium atom
at a single natural frequency, described by the relation:
o(H)=(a'f>ms '—0,25*m ). (1)

Here 0=23,098-10 “kg'm’'s %, f=122,233-10 *kg'm* s 2, m=9.10953-10""kg, h=1.50-10""
kg's_l. Therefore, under terrestrial conditions, w(H)=4.134- 107",

And now the most important. In (1) is the parameter /4 characterizing the resistance of the air
to the motion of the electron relative to the proton in an atom of protium. With the increase in air
density in the neighborhood of an atomic emitter, and h increases. The natural frequency w(H),
at the same time, decreases testing the "red" shift.

That's the whole "terrible secret" of the "red bias".

Physics studies the material World, refused on account of the ether and the use of methods of
Newton. Moreover, they considered it possible insulting, not supported by evidence,
underestimating the effectiveness of Newton’s methods - “One good experiment costs more than
the ingenuity of Newton’s mind” [2]. Contrary to this assessment, it was not Newton’s mind that
lost, but those who called it, out of poorly hidden envy, “mechanistic”.

The hidden jealousy in physics of Newton’s methods is connected, first of all, with the fact
that when developing the principles of the microworld theory, physics was not able to apply
Newton’s methods to develop an understanding of the structure of even the simplest protium
atom. When studying the phenomenon of superfluidity of liquid helium, physicists could not



understand the substantial reasons for the existence of this phenomenon, replacing them with a
meaningless definition - “purely quantum phenomenon” [2].

And when the results of the experiment [3] were published, which undoubtedly proved the
absence of indivisible energy quanta in Nature, physicists of the whole world apparently
considered this experiment to be “bad” and still tried not to notice, introducing quantum
censorship in response to publishing results that contradict the quantum paradigm. What an
interesting discipline physics is!

Note that the theory of nonlinear oscillations has always clearly stated that conservative
methods that do not take into account energy dissipation in the analysis of dynamics are
preliminary and approximate [4,5]. But in quantum theory, due to the refusal to take into
account the dissipation of motion energy, is a conservative basis. That is why, in quantum
theory there are no such natural concepts as equilibrium, transients, stability, instability, ...,
without which knowledge of the structure of the material World remains essentially incomplete.

The theory of nonlinear oscillations, having shown consistency in its scientific approach,
began in the theory of the microworld with allowance for the ether rejected by the quantum
paradigm, with its resistance to the movement of microobjects, and with allowance for magnetic
interactions between microobjects. This made it possible to construct a simple mathematical
model of the protium atom and find the dependence of its natural frequency on the ether
resistance coefficient to the motion of an electron oscillating relative to the proton and emitting
electromagnetic waves in these oscillations.

So, without straining, we managed to find out, fundamentally insoluble in the framework of
quantum theory, the "burning" secret of the origin of the "red" shift of the spectrum of atomic
wave electromagnetic radiation by identifying the detailed structure of a tiny object - the
simplest atom of matter.

As a result, it was possible to find out that the ether density, together with the magnitude of
the “red” shift of the electromagnetic spectra, monotonically increases from the central regions
of the Universe to its periphery.

Intermediate result.

So, the reason for the “red” shift of the spectrum of the atom’s electromagnetic wave
radiation, with increasing distance from the Earth to the radiation source, is an increase in the
density of ether, increasing from the central regions of the Universe to its periphery.

This result is undoubtedly interesting in itself, but it is not complete enough - it is not known
how the ether behaves over time in any fixed part of the Universe

Let’s see if it is impossible to find out by carefully analyzing what quantum theory turned out
to be fundamentally incapable of doing.

V.2.2. "Spontaneous"
core decay

In the Universe, stars emitting energy are fairly evenly dispersed as a result of the "self-
decay" of nuclei. Most of these stars lead a “sedentary” lifestyle in one place, not actively
moving around the expanses of the universe. What makes them engage in self-destruction of the
nuclei of their own substance?

From the point of view of the theory of nonlinear oscillations, "spontaneous" phenomena do
not exist. Any real phenomenon is controlled by a system of causality of the scheduled four
known types of interactions — gravitational, electric, magnetic, and nucleon. Neglect of even one
of them leads, to research, to devastating consequences. So, unskilled neglect in the physics of
magnetic interactions between micro-objects, is not allowed to reveal the true structure of the
atomic nucleus and electron shell of the atom. Because of this neglect, for more than half a



century, there pointless useless experimental work on the "neutrino" problem, which studies the
real possibility of not existing in Nature, as established by the theory of nonlinear oscillations,
objects named "neutrino". Almost the same number of years conducted a fruitless work on the
"fusion" problem. These works are of no effect as being in the wrong scheme, because of the
neglect of magnetic interactions between micro-objects.

Because of this, as physics has failed to learn the true structure of the atom and identify the real
reason for the experimentally observed "red displacement" of frequency spectra of
electromagnetic radiation of atoms.

In 1979, experimental evidence was obtained that the nucleon systems of stable nuclei of all
chemical elements have quasicrystalline structures [3].

From this it follows that each such core has, in the space of parameters defining the structure
of the kernel, its own stability region S. If the current point P in the parameter space belongs to
region S, then the core is stable, if the point P is shifted for some reason, leaves, over time, from
the region S, the core loses stability and breaks up into smaller fragments.

We illustrate what has been said on the simplest compound nucleus - the deuteron. Why a
deuteron? It is well known that most unstable - "self-decaying" nuclei have a large number of
nucleons A and are in the uranium row of the periodic table. But these cores are too complex for
a theoretical demonstration study.

Maybe I’'m wrong, but judging by the behavior of physicists, they don’t know that there are
“self-decaying” nuclei at the beginning of the table. These are the “Li and ¥Be cores. 1t is to
them that the so-called “hydrogen” bomb owes a “thermonuclear” explosion.

The deuteron is the simplest core, close to SLi and ®Be, with an accessible and intuitive
analysis method.

It consists of one proton p and one neutron n. The vectors of magnetic moments of the
proton u, and neutron u, are located on line 1 passing through the neutron and proton. The
proton is a diamagnet, the neutron is a paramagnet. Therefore, the vectors u, and u, are directed
oppositely to each other (Fig.2).

Fig.2

The proton and neutron are connected in the deuteron by nucleon and magnetic interactions.
The magnitude of the magnetic interaction force is F; m=ﬁDr_3, r=x,—x1, fp=270" l,up,un .

Nucleon interactions in quantum physics are described using the potentials of H.Yukawa.
However, this description is inadequate. Therefore, as an adequate approximation of the
quantitative description of the strength of nuclear interactions, we can consider the expression:
Fy=pr*-qr~, identifying the parameters p and F,=pr '—qr~. If, according to the empirical
estimate of Rutherford, we take the distance between the proton and the neutron in the stationary
deuteron to be 27,(2)=3,528-10 "°m, then p=1581-10 kg'm’s %, g=5032-10 "*kg-m®s 2.

The electromagnetic radiation of a deuteron occurs at its own frequency. The expression
Fy=pr*—qr=, for the indicated values of p and g, corresponds to the eigenfrequency of the
deuteron, equal to 5,4-10*'s™". From this value, one can judge the degree of adequacy of the
expression F, n=pr4—qr_5.



The deuteron is in a state of static equilibrium if F,=F,. This equation has two roots:
r1=0,5[p—(pz—4qﬂp)0’5],B]{1 and 7,=0,5 [p+(p2—4qﬁD)0’5]/3D71, r>>r1. The value r=r| corresponds to
a stable equilibrium state in the deuteron, and the value =7, corresponds to an unstable state.

Since the neutron and proton are composed of ether elements and have tornado-like forms,
then, with a change in the density of the surrounding ether, the masses mn and mp, and,
consequently, the values of the parameters p, ¢ and fp, change. If the ether density increases,
then the values of these parameters also increase. Moreover, the relative increase in fp is greater
than the relative increases in p and ¢. Because of this, as the density of the ether increases, the
difference r—r; decreases, so that the degree of stability of the deuteron decreases, At p*=4¢fp,
the stable and unstable equilibrium States of the deuteron merge, and at p°<4gfp, the deutron
becomes unstable and decays.

Currently, in the vicinity of the Earth, pp=43,75- 1044kg'm4'572. Therefore,
P—4qpp=1,62-10""kg>m'’-s™*> 0, and the deuteron has a stable static equilibrium.

Another intermediate result.

The examination showed that the cause of the “spontancous” decay of the nuclei was an
increase in the density of the ether, which occurs over time, in any fixed region of the Universe.
If the ether density decreases, the degree of stability of the nuclei increases, and conditions are
created for the synthesis of new nuclei. for their self-assembly.

Thus, an analysis of two phenomena that were not connected, in an inattentive glance, found
that these phenomena are a rather unexpected consequence of the third - an increase in the
density of ether in our Universe.

V.2.3. "Red" shift of spectra
electromagnetic wave radiation of atoms
and "spontaneous' decay of nuclei -
signs of the isolation of the universe and
absorption of matter due to the Schwarzschild sphere
The “red shift” of the electromagnetic radiation spectra from distant sources and the
“spontaneous” decay of atomic nuclei indicate that the density of ether in our Universe grows
from the central regions of the Universe to its periphery, and, at the same time, increases in the
vicinity of any of its fixed points. This is indisputable evidence of the isolation of our Universe,
as well as the fact that the expansion of the Universe can occur due to the absorption of the
“primary substance” surrounding our Universe.

V.3. How are formed in Nature
frequency spectra
electromagnetic radiation of atoms

The theory of nonlinear oscillations found that purely wave electromagnetic radiation of
atoms is generated by electron vibrations in unexcited atoms and electron and antielectron
vibrations in excited atoms, in the form of waves on the air, and that the structure of the
frequency spectra of electromagnetic wave radiation of atoms is clearly determined by the
structures of unexcited and excited atoms. Therefore, before trying to understand the structure of
the spectra, it is necessary to identify the structures of unexcited and excited atoms of different
chemical elements.

She revealed the structure of atoms and causal objective mechanisms for the formation of
frequency spectra of wave electromagnetic radiation of atoms using the "classical" Newton's
methods.

Physics failed to do this. Instead of clear atomic structures, it offers us very fuzzy images in
the form of vague “electronic orbitals”. She measured the wave radiation spectra of atoms
experimentally, then fitting, under these data, a theoretical approximate description of the



simplest spectra, and thereby masking a lack of understanding of the causal objective
mechanisms of the natural formation of these spectra. Direct evidence of the lack of
professionalism of physicists in this area is the lack of knowledge of the true properties of *He
atoms, but more on that later in V.3.2.2.

Trying to understand the reasons for the failure of physicists in their study of the atoms and
other scientific problems, was surprised to find that almost all of them due to two fundamental
mistakes made in the nineteenth century, when interpreting the results of the experiments of
Oersted (1821) and Fizeau (1851). The results of these great experiments resulted in a truly
qualitative breakthrough in physical knowledge about the structure of the material World.
However, physicists did not have the expertise to understand and adopt this. So they still, live
with these lightweight scientific backgrounds.

Starting with the identification of the principles of the structure of atoms, the theory of nonlinear
oscillations have prepared the basis to achieve a detailed understanding of the mechanism of
formation of frequency spectra of electromagnetic radiation of atoms [1].

Experimental observations by physics have shown that the frequency spectra of the radiation
of atoms of each chemical element

- are discrete, ruled, with a small but finite width of each

spectral line

- form serial structures in the form of converging, with increasing frequency

radiation sequences

- upon careful examination, almost every spectral line is

multiplet - consisting of several, almost indistinguishable separate lines.

The following demonstrates how mathematical models of atoms obtained by the theory of
nonlinear oscillations visually clearly and simply explain the experimental properties of atomic
frequency spectra. Let's start with the protium atoms.

V.3.1. Protium atom
The frequency spectrum of protium consists of the frequency spectra of an unexcited atom
and excited atoms with various degrees of excitation, i.e. with various amounts of photons
captured by atoms.

V.3.1.1. Unexcited protium atom
The unexcited protium atom is the simplest. It consists of one proton and one electron
(Fig.3, O - proton, e - electron, arrows - vectors of magnetic moments of proton and electron).
This atom generates electromagnetic radiation on one the frequency corresponding to the natural
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Fig.3. Scheme of the unexcited protium atom
frequency of oscillations of the electron relative to the proton.

V.3.1.2. Excited protium
The structure of the excited protium atom is ambiguous, since the first photon captured from
the atom can be located on one of two sides of the proton. Owing to the magnetic orientation
effect [6], which forces the vector of the magnetic moment of the object to be located along the
lines of the external magnetic field, each photon dipole is located in the atom on the axial line of
one of the magnetic clusters of the atom. So, a once excited protium atom can take one of the
forms shown in Fig.4 (e is a photon electron, o is an anti-electron).
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Fig 4. Schemes of a single-excited protium atom

Recall that the “driving force” of the “fast” dipole is directed from the antielectron to the
electron. Therefore, in the atom that captured it, the photon dipole is located by the electron
towards the nucleus.

In a multiply excited protium atom, all photons are necessarily located on the same side of
the nucleus. Only with this arrangement of photons, they can be held in the atom. If this
condition is violated, the "driving forces" of different photons will have opposite directions to
each other and the atom will lose them.

The double and triple excited schemes for the atom depicted on the left in Figure 4 are shown
in Figure 5.
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Fig.5. Schemes once, twice and three times
excited protium atom

V.3.1.3. Frequency spectrum
electromagnetic wave radiation
protium atoms

And now, knowing the structures of unexcited and excited protium atoms, we demonstrate
how the radiation spectra of these atoms are formed.

Electromagnetic radiation occurs at the natural frequencies of the atom. The number of
natural frequencies of an atom is equal to the number of electrons and antielectrons in an atom.
The closer the electron or antielectron to the nucleus, the higher its natural frequency.

An unexcited protium atom is motionless, contains one electron and has one natural
frequency w;o. The first index means the number of the frequency series, the second - the
number of captured photons. This frequency is the base for series No.1 (Fig.6).

A single excited atom contains two electrons and one anti-electron. Therefore, he has two
more eigenfrequencies, and he emits at frequencies w1 1, w21 and w3 ;. A photon captured by an
atom, pushing it with its "driving force", causes the atom to accelerate. At the same time, all
elements of the atom experience ether resistance to their movement. Since the "driving force" of
the photon in this atom is directed to the left, the black electron is closer to the nucleus than in
the unexcited atom. Therefore, the corresponding natural frequency w; ;> w;o. The frequencies
>, and w3, correspond to the eigenfrequencies of the electron and anti-electron belonging to
the first captured dipole. The magnitudes of these frequencies are such that w; >, ;>ws ;. The
frequencies w,,; and w3 are basic for the series No.2 and for the series No.3.

A doubly excited atom contains three electrons and two antielectrons. As a result of this, he
has two more new eigenfrequencies, and he emits at frequencies w5, , w22 , @32 , W42 and ws .
The previous two electrons and the anti-electron are shifted closer to the proton. Therefore, the
corresponding frequency values increase: ;o<wi<®i12, ®22>®1, ®32>03;. Two new
frequencies satisfy the inequalities: ws><ws<w3,. The frequencies ws,and w4, are basic for the
series No.4 and for the series No 5.

And so on (in Fig.6, ¢ is the number of photons captured by the protium atom)
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Fig.6

The first series of the spectrum awarded to the names of the discoverers of these series: No.1
— Lyman series (black color), No.2 — series Balmer (red), No.3 — Paschen series (green), No.4 —
series Bruketta (dark green), No.5 — series Pfund brown).

The horizontal "slice" of the spectrum gives a clear idea of a separate frequency spectrum of
unexcited and excited atoms of protium. Unexcited atom of protium has only one frequency w o
is the base frequency of a series Lyman. Once an excited atom of protium has three frequencies:
w1, — second frequency from the Lyman shifted upward, and two frequencies, which are basic
frequencies of the series Balmer - w, 1, and Paschen - w3 ;. A doubly excited atom of protium has
five frequencies: w, is the third of a series Lyman, shifted upward, the second shifted frequency
from the series Balmer — w,,, and Paschen - w3, and two frequencies, which are basic in the
series Bruketta and Pfunda. And so on.

The above scheme of the frequency spectrum has many protium atoms in which all photons
are located on the side of the proton on which the electron is located in the unexcited atom. In
the frequency spectrum of this protium atom, all spectral lines are single — in the terminology of
quantum theory — singlet.

For many protium atoms in which all photons are located on the other side of the proton, the
frequency spectrum has a completely similar structure, but all points of this spectrum, except for
w1 p, are slightly shifted relative to the points of the first spectrum. So, the general view of the
frequency spectrum, for an arbitrary set of protium atoms, has a reduced structure, where w g is
a singlet is a single point, and the remaining points are doublets (in the terminology of quantum
theory) are very close pairs of points.

The frequency spectrum of protium, although it has a relatively clear serial structure, but still
its structure is not absolutely clear. Indeed, only the first three series - Lyman, Balmer and
Paschen do not intersect, but the Paschen series is already partially overlapped by the Brackett
and Pfund series [7]. Apparently, the higher the series number, the greater the overlap.

V.3.2. Frequency spectrum
electromagnetic wave radiation

other atoms
The illustrated ordering of the frequency atomic spectrum takes place only for protium and
deuterium atoms, since the nuclei of these atoms have only one nucleon magnetic cluster. The
structure of the frequency spectrum of tritium has the same shape, although there are two
magnetic clusters at the tritium core. The fact is that the vectors of the magnetic moments of the
triton are parallel to each other and the distance between these vectors is much smaller than the
distances to the atomic electrons of tritium. Because of this, atomic electrons in tritium perceive

both magnetic clusters of the newt as one, the only one.

V.3.2.1. Frequency spectrum
electromagnetic wave radiation
‘He atoms



*He nuclei and nuclei of heavier elements have Z> 2 not parallel but crossed magnetic
clusters (Fig.7). Photons captured by these atoms, completely randomly, randomly, are arranged
in their various magnetic clusters. Because of this, the ordering of the spectral picture is
disrupted, so that the spectra of both neutral and ionized atoms are, in the general case, extremely
complex entangled sets [8].

To illustrate the specifics of these spectra, it suffices to consider the spectrum of *He atoms.
The core has the form shown in Fig.7.
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Fig.7. *He nucleon magnetic clusters

*He atoms demonstrate the rules for the formation of the wave electromagnetic frequency
spectrum most clearly and simply among all chemical elements with Z> 2. These rules, even on
the example of *He, at the first acquaintance, are not striking. To identify them, you need to look
at their manifestations.

There are two magnetic clusters in the *He atom’s core (Fig.7), and two electrons in the
“electron shell” of the unexcited atom. These electrons can be placed differently on magnetic
clusters. Because of this, there can be three different forms of the “electron shell” - A, B and C
(Fig.8, © - *He nucleus, * - electron).
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A B C

Fig.8. Forms 4, B, C of *He atom

The possibility and conditions of the existence of three forms of A, B, C from the *He atom
are not known to modern physics. Only the experimentally measured atomic ionization
potentials (‘He,4) and the experimentally measured spectra of their electromagnetic wave
radiation are known [8]. In addition, the theory of nonlinear oscillations found that Form A4
exists in the atmosphere of the Earth, and Form C represents the “building blocks” of the
superfluid component of liquid helium.

But that's not all, which can complicate the structure of the frequency spectrum of an atom
(*He,A). The additional complication of the spectrum causes shape deformation of the nucleus
caused by electric repulsion between protons. Due to this deformation, the angle between the
vectors of magnetic clusters of the nucleus is not equal to 90°, as shown in figures 7 and 8, and
60° or 120°. It is established in the theory of nonlinear oscillations by using an identification
procedure that uses the structural mathematical model of the atom (*He,A) and known
experimental data on the values of the resonant lengths of the emitted electromagnetic waves [8].



Such deformation of the nucleus and the "game" of the magnetic interactions between the
elements of the (4He,A), further breaks down the form (4He,A) electronic shell of the atom
variants (‘He,A,), (‘He,A,), (‘He,As).

To clarify this, we consider the short-wavelength part of the table of experimental values of
the lengths of spectral lines for neutral atoms (‘He,A). It has the following form [8]:

2652,848

2644,802
601,4041
591,4147
584,334
537,0296
5222128
515,6165
512,0982
509,9979
508,6431
507,7178
507,0576
506,5702
506,2000
505,9122
505,686
320,392

This fragment of the table can be represented in the form of four spectral series, where the
bold pretenders for the resonance lines of electromagnetic radiation of neutral atoms (*He,4) are
highlighted (in the right column are the differences between the values of adjacent spectral
lines):

601,4041
9,9894
591,414
7,0807
584,334
537,0296
14,8168
5222128
6,5963
515,6165
3,5183
512,0982
509,9979
2,2801
507,7178
1,1476
506,5702
0,6580

505,9122



508,6431

1,5855
507,0576

0,8576
506,2000

0,514
505,686
320,392

Each individual unexcited neutral atom (*He,4), due to the presence in its composition of two
electrons, has two natural frequencies and two respective resonant lines. Therefore, the presence
of the selected series in the table of experimental values of spectral lines of neutral (*He,4)means
that the "electron shell" of this unexcited atom exist in at least two different variants.

Quantitative calculations showed that the neutral unexcited atoms (4He,A)have resonance
lines in 601,4A, 537A, 510A, 320,4A, 170A and 80A.

As for the line in 508,6431 A, it is not a resonant line of these neutral atoms. She apparently
belongs to a singly excited atom (*He,4)and forms a spectral series, taking place only for excited
atoms.

So, we will show how the frequency spectrum of electromagnetic radiation of a set of
unexcited and excited atoms (*He,4) is formed.

Since there is only one magnetic cluster in a protium atom, the structure of the frequency
spectrum of many unexcited and excited protium atoms has a clear, visual character, visualized
in the form of a diagram on the q, ® plane, where q is the number of photons captured by the
atom, o is the spectrum frequency (fig. 6).

There are two nucleon magnetic clusters k; and k, in the *He nucleus. There are no clear
rules for the photon to select one or another cluster. This choice happens by chance. The least
probable is the situation when all the photons captured by an atom are mounted on the same
cluster. The most probable situations are when the photons sit, in random order, then on one,
then on another cluster of the nucleus.

The neutral unexcited atom (4HeA1) has two electrons and two eigenfrequencies w; and w,,
corresponding to electrons on the clusters k; and k. Here, unlike protium, the diagram of the
spectrum of atoms (*He,A,) is no longer possible to depict on the plane.

A full geometric image of this scheme is possible only in three-dimensional space ¢, w(k)),
w(ky), where g is the number of photons captured by an atom, w(k;), w(k,) are the frequencies of
the spectrum corresponding to the electrons and antielectrons of the clusters k1 and town. To
increase the visibility of this scheme, instead of its three-dimensional image, it is better to use the
coordinate planes ¢, w(k)) and ¢, w(ky)) (Fig.9).
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Fig.9

An unexcited atom has two natural frequencies w; and w,. If the first photon lands on cluster
ki, then two new microobjects — an electron and an antielectron — appear on this cluster, and
with them two new frequencies appear in the spectrum. As a result of this, the first electron will
shift closer to the nucleus, and the frequency w; will increase. In this case, the frequency w, also
shifts somewhat.

If the second photon sits on cluster &, then additional electron and antielectron will appear
on cluster k>, and two more new frequencies will appear in the spectrum. The frequency @, will
increase markedly, and the frequencies on the other plane will also experience biases, but much
less.

When an atom captures new photons, the actions described in these two microscenarios will
be repeated in a different sequence.

At first glance, there is a significant difference between the spectral series of the protium
atom illustrated in Figure 6 and the spectral series of atoms (4He,Al) illustrated in Figure 9. In
Figure 6, in each series, a regular increase in the eigenfrequencies is observed. Figure 9 shows
no such regular increase in frequencies in the spectral series.

This specificity of the spectral series in protium and helium atoms is explained by the fact
that the protium atom has only one magnetic cluster, and the helium atom has two. Each new
photon captured by a protium atom is incident on the same nucleon magnetic cluster. In a
helium atom, each new photon sets on one, of two, magnetic cluster, regardless of which cluster
the previous photon sat on.

The frequency growth regularity in the spectrum of helium corresponding to cluster k; is
violated, according to Figure 9, in the case when the next photon does not sit on cluster k,, but on
another cluster - k. In the frequency series corresponding to the k, cluster, in this case, instead
of a regular jump in the frequency value, a subtle frequency doublet appears. If the following
photons continue to sit on cluster &, then this doublet will grow into a triplet, ..., a multiplet,
until the next photon again sits on cluster k.

So, in the frequency spectrum of the same helium atom, lines can appear, upon careful
consideration, which are doublets, triplets, ..., multiplets with any number of bundles of the
spectral line.

If each multiplet bundle, in the spectrum of the same helium atom, is considered as a singlet,
then it turns out that the spectral series, for this atom, are formed in the same way as for the
protium atom and have, though not the same regular as the atom protium, but close enough to it,
structure.

Figure 9 shows only the initial fragment of the spectrum of atoms (4He,A1), and then only for
the case when the photons sit strictly alternately on clusters k; and k. In the general case,
photons sit on clusters k; and k; not in a strictly periodically repeating order, but in a random,
random order, which can be described by the sequence {y;}, where yi=ki or yi=k», and i=1,2,....q.
For a finite number ¢ of photons captured by an atom, the number of different sequences {yi} is
24,

Thus, the total spectrum of the entire set of atoms (*He,4,) is the sum of an infinite number
of spectra corresponding to different infinite sequences {yi}.

The full spectrum of atoms (‘He,A) is the sum of the spectra of the atoms (*He,A4,), (‘He,A,)
and (4He,A3). The process of forming the spectrum of an atom (4He,A1) has just been brought to
your attention. The spectra of atoms (4He,A2) and (4He,A3) are formed in exactly the same way.



They differ from each other, first of all, by the values of the natural frequencies of unexcited
atoms.

It is customary to call ionized *He * atoms hydrogen-like because of the presence of only one
electron in an unexcited *He * atom, as in protium. However, the *He nucleus, in contrast to the
protium nucleus, has two nucleon magnetic clusters. If in the protium atom the photons sit on
the same nucleon magnetic cluster, then in the *He ™ atom they sit not on one, but on either of
two different magnetic clusters. Therefore, the spectra of *He  differ from the spectra of
protium, since they are formed according to the same rules as the spectra of neutral *He.

V.3.2.2. Unique personality
structure and spectrum of radiation
He atoms
Modern physics does not know that neutral >He atoms are absent under natural terrestrial
conditions, that they can stably exist only at extremely low temperatures. Under natural
terrestrial conditions, only ionized, hydrogen-like *He™ atoms can stably exist, and their
frequency spectra are very strongly shifted towards high frequencies relative to the ‘He' spectra.

In quantum theory, due to the refusal to take into account magnetic interactions between
microobjects, it is believed that the spectra of 3He and *He differ from each other, like the spectra
of hydrogen isotopes, with only insignificant isotopic shifts.

In reality, everything is completely different. The 3He nucleus consists of two protons and
one neutron (Fig.10). Formally, it has two nucleon magnetic clusters, but, due to the parallelism
of these clusters, from the point of view of atomic electrons and antielectrons located at distances
from the nucleus exceeding the diameter of the nucleus, at least four orders of magnitude, it has
one nucleon magnetic cluster. Magnitude of the magnetic moment of this combined magnetic

Fig.10. *He core scheme

field is close to 2.

The *He nucleus consists of two protons and two neutrons and has two nucleon magnetic
clusters (Fig.7). The magnetic moment of each magnetic cluster of the *He nucleus is
u(*Hey=1ty=11,=0.9997 .

Since u(*He) is almost twice as large as u(*He), some properties of *He are very different
from the properties of *“He. First of all, it must be emphasized that, according to a quantitative
analysis, in a neutral *He atom both electrons can be located only on the same side of the
nucleus. And since the first ionization potential of such an atom is only 1.313eV, which, again,
is not known to modern physics, neutral 3He atoms can exist only at extremely low temperatures.

This suggests that under natural conditions neutral *He atoms cannot exist.

As for the *He" atom, in it the electron is two times farther from the nucleus than in the *He"
atom. Therefore, the ionization potential of the atom A(CHe)=27.198¢V is half the ionization
potential of the atom A(*He")=54.44eV. And since all electrons and antielectrons in *He" atoms
are two times farther away from the nucleus than in *He" atoms, all frequencies in the spectrum
of 3He" atoms are almost three times less than the corresponding frequencies in the spectrum of
*He" atoms.

Another interesting property of *He" atoms is that the frequency spectrum of these hydrogen-
like atoms is topologically similar to the spectrum of protium atoms, but is shifted about one and
a half times, relative to the protium spectrum, towards high frequencies.



V.3.3. Frequency spectra
wave electromagnetic radiation
atoms with Z> 2

A characteristic feature of an arbitrary chemical element is the charge number Z — the
number of electrons in a neutral unexcited atom, equal to the number of nucleon magnetic
clusters of the nucleus and the number of protons in the nucleus.

Knowledge of these properties of the atom and knowledge of the structure of the photon
make it possible to understand how the structure of the frequency spectrum of the
electromagnetic radiation of an atom is formed. The procedure for this formation is similar to
the procedure shown above for the formation of the spectrum of the *He atom.

Each photon captured by the atom, randomly sits on one of the Z nucleon magnetic clusters
of the nucleus &y, k», ..., kz. The order of capture of photons by an atom can be described by the
sequence {yi}, where i=1,2, ..., and y; can take any value from the set (ky, ks, ..., k7). For a finite
value of ¢, the number of sequences {y;} is Z°.

In the problem of forming the frequency spectra of atoms, there are two aspects - purely
theoretical, which consists in achieving an understanding of the formation of the entire infinite
spectrum of atoms, and applied.

From a practical point of view, knowledge of the structure of the infinite “tail” of the
spectrum is of no interest, since the high-frequency part of the spectrum is the most informative.

One of the reasons for this is that for large ¢ the tail lines of the spectrum, due to their huge
number, are practically indistinguishable.

On the other hand, excited atoms are in constant motion at very high speeds. Because of this,
the "lifetime" of excited atoms, and, consequently, the maximum possible value of g,
substantially depend on the density of microobjects along the path of excited atoms.

So, under terrestrial conditions, the ¢ value is so limited from above that only five spectral
series — Lyman, Balmer, Paschen, Brackett, and Pfund — were experimentally identified in the
frequency spectrum of protium. And all these series are generated by atoms that capture no more
than two photons.

In rarefied outer space, the “lifetime” of excited atoms exceeds its value in terrestrial
conditions. Therefore, they can capture a larger number of photons and accelerate to unusually
high speeds and energies.

V4. Frequency spectrum
wave electromagnetic radiation
“Fast” photon — electron — antielectron dipole

A “fast” electron-antielectronic dipole emits electromagnetic waves only if it, during
movement, oscillates at its own frequency. Since the electron and antielectron consist of huge
sets of ether elements, it is natural to assume that the magnitudes of their masses, the magnitude
of their electric charges and the magnitude of the vectors of their magnetic moments, are
imperceptible to us, different from each other.

An analysis of the dynamics of the dipole showed that the dipole moves in the oscillatory
mode with its own frequency v only if the mass of the anti-electron exceeds the mass of the
electron by J. If the mass of the electron is greater than the mass of the antielectron, then the
dipole does not have a wave component.

If we assume that ¢ is of the order of 10>*kg, then v can be estimated by the value of the
order 10"s™".

Interested? But the most interesting we have not yet touched. Take a look at the real World to
such interesting and unusual objects, as atmospheric tornadoes. Humanity has observed many
different tornadoes. And although their Nature, the mechanism of their stability all the same,



their parameters for each of them, have different meanings. It depends on the properties of the air
pumped by each vortex through - the density, degree of ionization,... .

Similarly, different electrons and antielectrons different, being essential tornadoes differ from
each other In modern physics of the microworld they are all exactly the same. However, a
similar adjustment was allowed, maybe in the quantitative calculations, but never, rigorously,
were not allowed in the development of understanding of the structure and function of material
objects. Violation of this policy has led to major troubles in ancient alchemy. The modern theory
of the microworld also has a lot of evidence.

So, 6=10" 4kg, compared with 9.10953-10_31kg, is it small or not? Since the electron is an
ether tornado, its mass depends on the density of the surrounding ether. The same goes for the
anti-electron. On the path of the electron-antielectron dipole, the ether density almost always
changes continuously. Together with it, the masses of an electron and an antielectron change, to
unknown limits. Because of this, d also changes, and not only in magnitude - the sign of & can
also change.

As a result, when an electron-antielectron dipole moves, in the general case, it can “float” the
o value from positive to negative values and vice versa, repeatedly crossing the zero value,
creating, from time to time, conditions for the electromagnetic field to emit a “floating”
frequency dipole .
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V. [IPUYUHbI «KKPACHOTI'O CMEIIEHM 1»
CIIEKTPOB BOJIHOBOT'O JIEKTPOMATI'HUTHOI'O
N3JIYYEHUA ATOMOB,

MEXAHU3M ®OPMHUPOBAHUA
CHEKTPOB BOJTHOBOI'O 2JIEKTPOMAT'HUTHOI'O
N3JIYYEHUSA ATOMOB,

BOJIHOBOE 3JIEKTPOMATHUTHOE U3JIYUYEHUE
«BBICTPOI'O» ®OTOHA



Jleonos H.H.

Tloucku MNPUYHUH «KpaCHOI'0 CMCHICHU» aTOMHBIX CIICKTPOB IPUBEJIM K OTKPBITHIO TOI'O, 4YTO 3(1)I/Ip J0CTAaTOYHO
IJIOTHO 3amoJIHACT BCHO BCGJ’ICHHY}O, €ro IUIOTHOCTH BO3pacTacT € YAAJICHHUEM OT HEHTPAJIbHBIX obnacreit
Bcenennoit x mepudepuu, U IDIOTHOCTH d(GUpa YBEIHMUMBACTCS CO BPEMEHEM B OKPECTHOCTH IJIFOOOW TOYKH
Bcenennoil. Otu cBoiictBa 3¢pupa OOBACHSAIOT MPUPOAY «KPACHOTO CMELICHUS» aTOMHBIX CIIEKTPOB, NPUYUHY
«CaMOINIPpOU3BOJIBHOI'O» pacmajga aTOMHBIX sAACP, TOBOPAT O 3aMKHYTOCTHU Bcenennoit u o0 3axBare €10
«repBoBeniecTBay u3-3a cepsl LlBapimmibaa.

OTKpLIT MEXaHU3M d)OpMI/IpoBaHI/Iﬂ CIICKTpa aTOMHOI'O H3JIy4YCHUS. Ero npaBuJia OKa3aJIMCh YHUBEPCAJIBbHBIMU.
NPUTOAHBIMU JJIS J'[IO6OFO aroma. Ilo OJHUM M TEM XK€ IpaBUJlaM BBICTPAUBAIOTCA KaK OTACJIbHBIC CHUHIJICTHBIC
JIMHUU TIPOTHUS, TaK U LECJIBIC MHOXKECTBA ‘{pC3BBI‘{&ﬁHO 6HI/13KI/IX MYJIBTUIIIICTHBIX JIMHAK 60.]'[66 TAXKCIIBIX aTOMOB.

OOHapyKEeHO, YTO «OBICTPBIHY» (POTOHHBIH THUIIOIL COCOOCH, B CBOEM JIBUKEHHUH, M3Jy4aTh, B MPOU3BOJILHBIC
OTPE3KHU BPEMECHU, DJICKTPOMArHUTHBIC BOJIHBI C HnaBa}omeﬁ '-IaCTOTOfI, BCJIMYMWHA KOTOpOﬁ 3aBUCHUT OT IIJIOTHOCTH
BCTPEYHOTO dupa.

[ J
V.1. JIBe ucxoanble 3a1a4u

DNEeKTPOMarHuTHOE M3Iy4Ye€HHE OT PAa3JIMYHbIX HCTOYHMKOB M3 KOCMHYECKHUX U W3
MHUKPOCKOIMYECKUX TIYOUH TMO3BOJIIET HaM IOJIydaTh HHPOpMAIHO 00 YCTPOWCTBE MaTepuu.
3HAUUTENBHYIO JIOJIIO 3TOW HWH(pOpPMAIMK HaM JIOCTABISET BOJHOBOE H3JIyUCHUE AaTOMOB.
Breimenum 3meck Ba BOmpoca — 3aBHCHMOCTH XapaKTepa CIEKTpa OT PACCTOSIHUS B KOCMOCE U
CO/IepKATENbHBIA MEXaHU3M (POPMHUPOBAHUS ATOMHBIX CIIEKTPOB.

V.2. «kKpacHoe» cMelieHue
CIEeKTPAa BOJHOBOI'0 U3JIy4YeHHsl aTOMa

«KpacHbIM» Ha3BalM CMELICHHE CIEKTpPa B CTOPOHY HM3KHX YacTOT, BbIpakarolleecs B
YMEHBIIEHUN BCEX YacTOT HabiogaeMoro crekrpa. «KpacHbIM» ero Ha3zBaliu MO BU3yalbHO
OIIYII[AEMOMY LIBETY HU3KOYAaCTOTHON YaCTH Pay’KHOTO CIIEKTpa.

°

HoBrlil mHTEpEC K «KpacHOMY» CMEUICHHWIO BO3HHK, KOTJa ObUTIO OOHApYXEHO, YTO OHO
YBEJIMYMBAETCS] BMECTE C POCTOM PACCTOSIHUSI OT 3€MJIM [0 UCTOYHHUKA U3ITYUCHUS.

CHavana (u3MKH, 10 HAWBHOW aHAJIOTHH C sBIICHHEM Jlormiepa, MOCYUTAIH. YTO TPHIUHON
«KPAaCHOT0» CMEIIEHHUSI CIIEKTPOB CIYKUT yOeraHWe MCTOYHUKOB M3JIYUYEHHUS OT IEHTPaTbHBIX
obnacreir Bcenennoil. OHm cpa3y e, He ycTpauBas TINATEIBHOH MPOBEPKH, MOCIICHIININ
PaCIeHUTh 3TO KakK CBHJIETENILCTBO paciipeHus: BceleHHOH, MOCYMTaB. YTO CKOPOCTh ATOTO
pacuIMpeHus TeM 3HaUMTeNIbHEe, YeM Aajbllle MCTOYHUK M3JTy4eHHUs OT LieHTpa BeenenHoi.

Ho ux oxxupaano crpamHoe pazouapoBaHHe, KOT/1a 00HAPYKHUIIOCh, UTO «KPAaCHOE» CMELIeHHE
CIEKTPOB M3JIy4eHHUs, OT HCTOUYHUKOB Ha mepudepun BceneHHOHN, HACTONBKO BEIMKO, YTO,
coryiacHO Kpureputo Jlomiepa, HICTOYHUKH YOEraroT CO CKOPOCTHIO, MPEBHIMIAIOIICH BETHUNHY C.

PactepsBimce, pU3NKHN Tak, 10 CUX MOpP, U He Npunutk B ce0s. OHM nepenpoOoBay pa3HbIe
MOTBITKA JIOCTUYD COACPKATEIBHOIO OOBSCHEHHUS, HO y HHUX HHYEro He Noiay4dmsioch. OHHU
3a0buTH, 4TO KpuTepuit Jlorepa paboTaeT TONBKO Ha 3BYKOBBIX BOJHAX, M YTO HMCTOYHUKU
3BYKOBBIX BOJIH CIIOCOOHBI JBHTaThCS Ha CBEPX3BYKOBBIX CKOPOCTSX. DIIEKTPOMArHUTHBIC KE
BOJIHBI PAcCTpOCTPAHSIIOTCS B J(QHUPHOM cpelae, B KOTOPOH CKOPOCTh PaclpOCTpaHEHUs
BO3MYIIIEHUH, Kak OOHapyXuja TeopHs HEIUHEHHBIX KoleOaHWH, OLIEHUBAEeTCs BEIUUYMHOU
8-10°m-c . Jpyrux >xe 0OBSCHEHWH NapagurMa TEOPUH MHUKPOMHUPA TPUHIUIHAILHO HE
JIOITyCKAET, N3-32 0TKa3a OT y4eTa MaTepUuanbHOro spupa.

V.2.1. UcTuHHAs NpUYHHA
«KPaCHOI0» CMelleHHs
CIIEKTPOB JIEKTPOMATHUTHOTO M3JIyYeHHs
XOpomio HM3BECTHO, YTO  BOJIHOBOE 3JICKTPOMAarHUTHOE W3IY4Y€HHE  BO3HHMKACT TPHU
KOJIeOaHUSIX AIEKTPUUYCCKH 3apsHKEHHBIX 00BEKTOB, 00JIaJatoNIMX COOCTBEHHBIMU MAarHUTHBIMU
MoJIIMA. B ecTecTBEHHBIX YCIIOBUSX 5TO MPOUCXOIHUT, MPEUMYIIECTBEHHO, TPU KOJICOAHMSIX
ATOMHBIX DJIEKTPOHOB.



Teopust HEMMHEWHBIX KOJIeOaHUN OOHApYXHJIA, YTO TalHY «KPACHOT0» CMEIICHUS MOMXHO
OTKPBITh C MOMOIIBIO OCTPOCHUSI U aHAIU3a a/IeKBaTHOW MaTeMaTHUYeCKOW Mojenu Hauboiee
MIPOCTOTO - HEBO30YKAEHHOro aToMa Mpotusi. UToObl €€ moCTpOouTh, OKa3aJ0Ch HEOOXOIUMBIM
BBISIBUTH OIMOOYHOCTh JIABHUX TPAKTOBOK PE3YJIbTATOB 3KcrepuMeHTOB Opcreaa (1821) u
®duzo (1851). M3-3a 3THX OMMOOYHBIX TEOPETHUYCCKUX TPAKTOBOK OIKCICPUMEHTAIBHBIX
pe3yibTaTOB, W3 MapagurMbl (U3MKA OBUIM HUCKIIOYEHBI 3(PHp, C €ro COMPOTHBICHHEM
IBIDKEHUIO MHKPOOOBEKTOB, W MAarHUTHBIE B3aUMOACUCTBUS MEXKAY MHKPOOOBEKTAMH.
BenencrBue storo, ¢msmka oOkaszaimach NPHHOIMIHAIBHO HECIIOCOOHOH TOCTPOHTH BEPHYIO
MOJIeNTb HEBO30YXKIEHHOTO aroMa MPOTHS M PACKPBITh MEXaHH3M O0pa30BaHUS «KPACHOTO»
CMEIIICHHS.

o

Teopust HenMHEHHBIX KoJeOaHMIA, OOHAPYKUB. YTO OTKa3 (pu3uMku OT ydera 3dupa u OT
MarHUTHBIX B3aMMOJEHCTBUN MEXIy MUKPOOOBEKTAMH, SBUJIMCh MPOCTO HENPHJINYHBIMU, IS
¢bu3nUecKoil TUCIMIUIMHBI, HEIOpa3yMEHUSIMH, PeaOMINTHPOBAIa 3TH MOHATHS, BEPHYB UM HX
OOBEKTHUBHBIM HayuHbId crtaryc. [locTpowB, ¢ UX TMOMOIIBIO, MPOCTYIO aJCKBATHYIO
MaTEeMaTHYECKYIO MOJIC)Ib HEBO30YXJICHHOTO aroma npotust (puc.l), oHa y3Haia [1], 4To 3TOT

P -

O

Pe Ve
Puc.1. Cxema aroma npotus

aToM M3JYy4acT DJJICKTPOMAarHuTHBIC BOJIHBI Ha eI[HHCTBeHHOﬁ COOCTBEHHOM qacCToOTEC,
OIMCBHIBAEMOM COOTHOIIICHUEM:

o(H)=(a*B>ms '—0,251°m. )", (1)

3nech  0=23,098-10 Pkr-m>-c L, f=122,233-10 kr'm* ¢, me=910953-10""kr,
h=1,50-10 Pkrec ! [Toatomy, B 3eMHBIX ycnoBusx, w(H)=4,134- 10071,

.

A Tteniepb camoe BaxxHoe. B (1) ecTh mapamerp /i, XapakTepu3yIOIIUi COpoTUBICHHE dupa
JBIDKEHUIO AJIEKTPOHA OTHOCUTENFHO MPOTOHA B arome mpoTtusi. C pocTOM IIOTHOCTH 3dupa, B
OKPECTHOCTH aTOMHOTO H3irydarens, yBenumumBaercs M 4. CoOctBeHHas yacrora w(H), mpu
3TOM, YMEHBIIACTCS, UCTIBITHIBASI «KKPACHOE» CMEIICHHE.

Bor u Best «cTpaniHast TallHa» «KPacHOT0» CMEIICHHUS.

.

®usnky, B MCCIENOBAaHUAX MaTepualbHOro Mupa, OTKazaluch OT y4yera 3¢upa U OT
ucnonb3oBaHus MetoZoB HbtoToHa. Ilpu 3TOM, OHH COWIM BO3MOKHOW OCKOPOMTENBHYIO, HE
MOJKPEIJICHHYIO J10Ka3aTebCTBAMHU, HENOOLEHKY 3((eKTUBHOCTH HBIOTOHOBBIX METOAOB -
«OuH XOpOIIUK 3KCIIEPUMEHT CTOUT OOJIbIIIE M300PETATEIHHOCTH HBIOTOHOBCKOTO yMay [2].
Bompekn stoli oneHke, mpourpan He HbIOTOHOBCKHMHM yM, a Te, KTO Ha3blBajl €ro, U3 IUIOXO
CKPBITOH 3aBUCTH, KMEXAHUCTUUECKUM.

CkpsITas 3aBUCTh B (U3MKE K MeTogaM HplOoTOHA CBsi3aHa, MPEXkIe BCETO, C TE€M, UTO IPH
pa3paboTke Havall TEOpUHU MHUKpOMHpa, (QU3MKa HE cymesa MPUMEHHTb MeToAbl HbioToHa K
BbIpa0OTKE IMOHUMAaHMs YCTPOWCTBA Ja)ke MpocTeiiero atroma npotus. [lpu uccrenoBanuu
SIBJICHUSI CBEPXTEKYUECTH KHUAKOTO Tesns, (GPU3UKK HE CMOTIIN MOHSTh COACPKATEIbHBIX MPUIHH
CYIIIECTBOBAHMSI 3TOTO SIBJICHHUS, MOJMEHSSI UX OeccoJepKaTelbHbIM OMpPE/IEICHUEM - «UUCTO
KBaHTOBOE sBIcHME» [2]. A korma ObUIM OIMyOJIMKOBaHBI pe3ylbTaThl 3KcmepuMmeHTa [3],
0ecCIOpHO J10Ka3bIBAIOLIME OTCYTCTBHE HEICIUMBIX KBAaHTOB »Hepruu B llpupone, ¢usuku
BCETr0 MHUpPa, BUIAUMO MOCUUTANN ITOT IKCHEPUMEHT «HEXOPOLIUM» M MOCTAPAIUCh 10 CHUX IOp
HE 3aMedaTh, BBEAS B OTBET KBAHTOBYIO IIEH3Ypy Ha NyOJMKAaIUU pe3ysbTaToB,
MPOTHBOPEYAIINX KBAHTOBOW napaaurme. Kakas naTepecHas aucuumiinHa — gusukal



3aMeTM, YTO TEOpHUS HEIMHEHHBIX KOJeOaHW BcCerja 4YeTKo TOBOPHJIA O TOM, YTO
KOHCEPBATUBHBIE METOAbI, HE YUYMTHIBAIOLINE IUCCUIALIMIO 3HEPIHU IIPU AHAIU3E AUHAMUKH,
SIBIIIIOTCS TIPEIBAPUTENLHBIME, MPpUOIMKeHHbIME [4,5]. Ho Beap B KBaHTOBOW TEOpHH, M3-3a
OTKa3a OT yyeTa AMCCUIIALMU SHEPTUH JBUKEHUS, — KOHCEpBAaTUBHAs OCHOBA. FIMEHHO 1I03TOMY,
B KBAHTOBOU TEOPHM OTCYTCTBYIOT TaKM€ €CTECTBEHHBIEC NOHSTHS, KAK COCTOSHHE PaBHOBECUS,
MEPEXO/HbIE MPOIECCH, YCTONYMBOCTH, HEYCTOMYUBOCTH,... , 0O€3 KOTOPHIX 3HAHHUA OO0
yCTpOMCTBE MaTepraibHOro Mupa ocTaroTcs CyLeCTBEHHO HEMOIHBIMU.

.

Teopust HeMMHEHHBIX KOJIEOaHUH, TPOSIBUB MOCIIEI0BATEILHOCTh B CBOEM HAyYHOM IOJXO/IE,
Hayajga B TEOPUHM MHUKPOMHpaA C ydeTa OTOpOIIEHHBIX KBAaHTOBOUW mMapagurMoil sdupa, ¢ ero
COTPOTHUBIICHUEM JBM)KCHUIO MHUKPOOOBEKTOB, M C yueTa MarHUTHBIX B3aHMMOJICHCTBUIA MEXKIY
MHUKPOOOBEKTaMU. DTO MO3BOJMIO TOCTPOUTH MPOCTYI0 MAaTEMAaTHYECKYI0 MOJIENb aToMma
IPOTHS U HAWTU 3aBUCHUMOCTb €ro COOCTBEHHOHM 4acTOThI OT KO3((UIMEHTa COMPOTHUBICHUS
a¢upa IBIKEHHUIO AJIEKTPOHA, KOJIEOIIOIErocss OTHOCUTEIBHO MPOTOHA M U3TYYaIOLIEro B ATUX
KOJICOAHUSX HJIEKTPOMArHUTHBIEC BOJHBI.

Bor Ttak, He Hampsrasch, yaajloch Yy3HaTh, NPUHIMINAIBHO HEPa3peIIMMYyI0 B paMKax
KBaHTOBOH TEOpUH, <(OKTYUylO» TalHy HPOUCXOXKACHUS «KPACHOTO» CMEIICHHUS CIEeKTpa
ATOMHOT'O BOJIHOBOTO 3JIEKTPOMArHUTHOTO HW3IYYEHHsI C IMOMOIIBIO BBISIBICHUS JAETAIbHOTO
YCTPOMCTBA KPOXOTHOI'O OOBEKTA - MPOCTEHIIEr0 aTOMa BEIIECTBA.

B pesynbraTe, ynanoch y3HaTh, YTO IUIOTHOCTh 3(Hpa, BMECTE C BEIMUUHON «KPACHOTO»
CMENICHUSI DJIGKTPOMATrHUTHBIX CHEKTPOB, MOHOTOHHO YBEIMYUBAETCS OT IIEHTPAIbHBIX
obnacreii Beenennoit k e€ nepudepun.

IIpome:kyTOUHBIN pe3y/abTaT.

Wrak, npuuMHOM «KpPacHOro» CMELIEHHUsS] CIEKTpa 3JIEKTPOMArHUTHOIO BOJIHOBOI'O
U3JIy4eHUs] aToMa, IPU YBEJIMUEHUU PACCTOSHUS OT 3eMJIM JI0 UCTOYHUKA U3JIYUYEHUs, SIBISETCS
yBEIMYEHUE IUIOTHOCTH 3(Hpa, HApACTAIOMEH OT HEHTpPAIbHBIX obiactedl Bcenennoit k eé
nepudepun.

.

OTOT pe3ynabTaT, HECOMHEHHO MHTEPECEH caM IO ce0e, HO OH HEIOCTAaTOYHO IOJIOH — HE
M3BECTHO, KaK BeeT cedst 2(hup co BpeMeHeM B J1000H puKcupoBaHHOM YacTy Beenennoi

[TocmoTpuM, HENb3sl M ATO y3HATh, BHUMATENbHO MPOAHAIM3UPOBAB TO, YTO KBAHTOBAS
TeopHsl OKa3anach caenaTh NPUHIUIHNAIBHO HECIIOCOOHA.

V.2.2. «Camonipou3BOJILHBIN»
pacnan sapa

Bo BceneHHOI NOBOIBHO PaBHOMEPHO PACCESIHBI 3BE3/bI, HCIYCKAIOIIME DSHEPTHIO, B
pe3ynbTaTe «camopacragay siaep. bonbIIMHCTBO 3TUX 3BE3]1 BEAYT «CUISUMID HA OJHOM MECTe
00pa3 H3HH, 0CO00 aKTUBHO HE TepeMellasch mo npocropaMm Bceenennoit. Uto ke 3acTaBiser
WX 3aHUMATbCS cCaMOpa3pyIICHUEM siiep COOCTBEHHOTO BelecTBa?

.

C TOYKM 3peHus TeOpUM HEIMHEHHBIX KOoJeOaHUH, «CaMOIpPOM3BOJBHBIX» SBICHUH B
ITpupone He cymecTtByeT. Jlro6oe peanbHOE SBIEHUE YIPABISETCd CHUCTEMOH NPUYMHHO-
CJIEICTBEHHBIX CBsI3€H, IOAUMHSIOUIMXCS M3BECTHBIM YETBIPEM BUAAM B3aUMOIEHCTBUA —
IPaBUTALMOHHOMY, JJIEKTPUYECKOMY, MarHUTHOMY M HyKJIOHHOMY. [IpeneOpexenue xots Obl
OJITHUM M3 HUX NPHUBOJHT, JUII HAyYHOTO HCCIIEAOBAHMS, K T'YOUTENBHBIM MOCIHEACTBUAM. Tak,
HEKBAMH(UIIMPOBAHHOE TpeHEOpekeHne B (U3UKE MArHUTHBIMH B3aMMOJACHCTBUSIMH MEXIY
MHUKPOOOBEKTaMH, HE TIO3BOJIIO BBISIBUTH HCTUHHBIE CTPYKTYphl AaTOMHOTO sipa |
AIIEKTPOHHOI 000J109KH aroma. M3-3a 3TOro nmpeHeOpexeHus, BOT yxe 0ojee MmoryBeKka BeIyTCs
OeccMbIciieHHbIe Oecrolie3HbIe AKCIEPUMEHTANbHbIE Pa0OTHl M0 «HEUTPUHHOI» mpobieme, B
KOTOpOM M3y4aroTcsl peajbHble BO3MOKHOCTH HE cyliecTByromux B [Ipupoje, kak ycraHoBMIIa
TeopHsl HEJIMHEHHBIX KoleOaHnH, 0ObEKTOB 110 UMEHU «HEUTPUHO». IIpaKTHUECKU CTOJIBKO ke



JIeT BenyTcs Oe3pe3yibTaTHbIE PAa0OTHI MO «TEPMOSFEpHON» mpobieme. OTu  paboThI
0e3pe3yabTaTHBI, TaK Kak BeAYTCs M0 OLUIMOOYHOM cXeMme, h3-3a MPEeHeOpEeKeHUs] MarHUTHBIMU
B3aUMOJICHCTBUAMU MEXy MUKPOOOBEKTAMHU.

W3-3a srtoro xe ¢usznka He cyMmena y3HAaTh HCTUHHOE YCTPOHCTBO aromMa W BBIBUTH
HACTOSIYI0O MPUYUHY HKCIIEPUMEHTAILHO OOHAPYKEHHOT'O «KPACHOT0» CMEIIEHHUS] YaCTOTHBIX
CIIEKTPOB DJIEKTPOMATHUTHOTO U3JTy4YEHUs aTOMOB.

.

B 1979r mnomy4deHBl SKCHEPUMEHTAIBHBIE JIOKA3aTENbCTBA, YTO CHCTEMBI HYKIOHOB
CTaOMIIBHBIX  SIIEP BCEX XUMHUYECKHX 3JEMEHTOB O0JIaJaloT KBa3UKPUCTAIIIMYECKUMU
cTpykTypamu [3].

U3 storo crmemyer, 4To Kaxaoe Takoe SApO OO0NaaeT, B MPOCTPAHCTBE MapaMeTpoB,
OTPEICIISIONIUX YCTPOUCTBO spa, CBOIO o0jacTh ycroiumBoctu S. Ecim Texymas Touka P B
MIPOCTPAHCTBE MapaMeTPOB MPUHAUIEKHUT 00JacTu S, TO SAPO YyCTOMUMBO, €CIIN JKe TouKa P, 1o
KaKMM-TO TPHUYMHAM CMEIIascCh, BBIXOAMT, CO BpeMEHEM, W3 o01acTH S, TO SApPO Tepsier
YCTOMYMBOCTH U pacnasiaeTcs Ha MEHbIINE (pparMeHTHI.

[IpowumrocTpupyeM CKa3aHHOE Ha IPOCTEMIIEM COCTAaBHOM spe — nelTpone. Ilouemy
JeiTpoH? XOopoIIo U3BECTHO, YTO OOJIBITMHCTBO HEYCTOMUMBBIX — «CAMOPACTIAJAIOIINXCS» SIIEP
UMEIOT OOJBIIOEe KOJMYECTBO HYKIOHOB A W HAXOIATCS B 3aypaHOBOM pSIy TaOJUIIBI
Menneneea. Ho 3T sapa CHMIIKOM CIOXHBI JUISI TEOPETHYECKOrO JEMOHCTPALMOHHOTO
HCCIIE0BAHMS.

Mosxer ObITh, s OmUOAIOCh, HO CyAS TO TOBEACHHIO (U3WKOB, OHM HE 3HAIOT, 4YTO
«CaMOpacIaialoNMecs» AApa eCTh U B Hauane Tabiuibl. D10 — sapa "Li u *Be. VIMeHHO UM 1
00s13aHa «TepMOsACPHBIMY B3pHIBOM TaK Ha3blBaeMas «BOAOPOAHAsS» OoMOa.

.

JIeUTpOH SIBISIETCSI CaMbIM TPOCTBIM, M3 OJMU3KHX K °Li u °Be, SIAPOM, C IOCTYIIHBIM W
HarJSIIHBIM CIIOCOOOM aHaJH3a.

OH cOCTOUT M3 OJHOTO MPOTOHA p U OAHOTO HEHTpoHa 1. BEKTOpBl MarHUTHBIX MOMEHTOB
NPOTOHA M, U HEUTPOHA M, PACIIONIOKEHBI HA IPSAMOM /, IPOXOAALIEH Yepe3 HEUTPOH M IPOTOH.
ITpoToH sABNIAETCA IMAMArHETUKOM, HEHTPOH — MapaMarHeTUKoM. ITooTtoMy BEKTOpEI up U Hn
HaIpaBJIeHbl TPOTUBOMOIOKHO JAPYT APYTY (pHC.2).

Puc.2

[IpoTOH M HEUTPOH CBSI3aHBI B JCUTPOHE HYKJIOHHBIMA M MarHUTHBIMU B3aHMMO/ICHCTBHUSIMHU.
BennunHa cviibl MAarHUTHOTO B3aUMOENCTBUS Fm=ﬂDr73 , =X—X1, fp=2y0" l,up,un .

HyxnoHHbIe B3aMMOJICHCTBHS B KBAHTOBOM (PH3UKE OMMCHIBAIOTCS C TIOMOIIHIO TOTCHIIMATIOB
X.JOkaBpl. OpnHako, 3TO omnucaHue HeajnekBaTHO. IlosTomy, B KadecTBe aJeKBATHOIO
NpUOIVDKEHUsT  KOJMYECTBEHHOTO ONMHMCAHWs CHWJIBI  SIZICPHBIX  B3aWMOJICUCTBUH  MOKHO
pPaccMOTpPETh BBIPAKCHHE: Fn=pr*4—qr*5 , TpoujcHTU(GUIIMPOBAaB TapaMmeTpsl p W ¢. Eciwy,
COTJIACHO SMITUPHUECKON oreHKke Pesepdopia, TPUHATH PACCTOSHUE MEXIY IMPOTOHOM H
HEWUTPOHOM, B CTallMOHAPHOM JIEUTPOHE, PaBHBIM 2ry(2)=3,528: 10w, TO
p=1581-10"kr'm’ ¢ %, ¢=5032-10 *kr-m®-c .

DJIEKTPOMarHUTHOE W3JIyYCHUE JCHTpOHA MPOWCXOAUT Ha €ro COOCTBEHHOH dYacToTe.
Bripaxkenuto Fn=pr4‘—qr*5 , IPU yKa3aHHBIX 3HAUCHUSIX p U ¢, OTBEYAeT COOCTBEHHAs 4acTOTa



JIEUTpoHA, paBHAs 5,4-1021071. ITo 5TOl BenMYMHE MOXKHO CYIWUTHh O CTENEHH aJeKBaTHOCTHU
BbIpakeHUs F, n=pr4—qr75.

JleTpoH HaXOAUTCS B COCTOSIHUM CTaTUYECKOI'O paBHOBECHs, eciu [,=Fy, . DTO ypaBHEHUeE
uMeer 1Ba KopHs: 71=0,5[p—(p"~4¢fp)"’1fp " u r=0,5[p+(p*—4qpp)""1fp ', r>r). 3HaueHHIO
7=7| OTBEYAET YCTOMUYNBOE COCTOSIHUE PABHOBECUS B IEUTPOHE, 3HAUEHUIO F=F) — HEYCTOMYHBOE.

Tak Kak HEUTPOH U MPOTOH COCTOST U3 AIEMEHTOB dPupa U 007TaTAIOT CMEPUETIONOOHBIMU
(dopmamu, TO, ¢ U3MEHEHUEM IIJIOTHOCTU OKPY)KAIOLIEro 3(upa, BEIHMYMHBI Macc my, U mp, a,
CIIEZIOBATENIbHO, W 3HAYEHUS TapameTpoB p, ¢ W fp W3MeHsOTcA. Ecam mimotHocTh 3dupa
YBEJIMYMBACTCS, TO 3HAUEHUS HSTUX [apaMeTPOB Takxke yBeiauuuBarorcs. [lpu  sTom,
OTHOCHUTEINIbHOE yBenuueHue fp Ooliblile, YeM OTHOCHTEIbHBIC YBEUYEeHUS p U ¢. W3-3a 3TOTO,
MpH YBEIMUYEHUH IUIOTHOCTH d(Upa, pa3HOCTb 7,—7| YMEHBIIAETCs, BCIEJICTBUE YEro CTETEeHb
YCTOMYMBOCTH AEUTpoHA yMeHblaercd. IIpu p2=4qﬁD YCTOMYMBOE M HEYCTOWYMBOE COCTOSHUS
paBHOBeCHs NEHTPOHA CIMBAIOTCA, a TPH p <4qfp NEHTPOH CTAHOBHUTCS HEYCTOMYMBBIM H
pacnazaercsi.

B mHacrosmiee Bpems, B OKpecTHOCTH 3emuu, fp=43,75 10 ¥kr-m*c . IToaTomy
p2—4qﬁD=1,62'107“21<r2-M10'c'4>0, U JeUTpOH  o0namaer  yCTOWYHMBBIM  CTATHUYECKUM
paBHOBECHEM.

Emé onnH npoMe:KyTOYHBIH pe3yJbTar.

PaccmoTpenune mokasajio, 4TO NPUYHHOM «CaMOIIPOHM3BOJIBHOIO» paclaja sep OKa3aloch
yBEJIMUEHWE IIJIOTHOCTA 3(Hpa, MPOUCXOJIIEe CO BpPEeMEHEM, B Jt000W (HUKCHUPOBAHHON
oOnactu Beenennoil. Ecnu e minotHocTh 3gupa yMeHbIIAeTCsl, TO CTENEHb YCTOWYUBOCTH S1ep
YBEJIMUUBACTCS, U CO3/IAl0TCSl YCIOBUSA JJIsi CHHTE3a HOBBIX sJIEp. UIsl UX CaMOCOOPKH.

.

Tak aHanu3 IByX, HE CBA3aHHBIX, HA HEBHUMATEIbHBIA B3I, SABICHUN, OOHAPYKHI, YTO
9TH SBJICHUS MPEJCTABISIIOT COOOH JOBOJILHO HEOXKUIAHHOE CIIEACTBUE TPETHETO — YBEITHUCHHS
TUIOTHOCTH 3(upa B Hameil BeeneHHoi.

V.2.3. «kKpacHoe» cMellleHHe CIIEKTPOB
3JIEKTPOMATHUTHOT0 BOJTHOBOI'O U3JIy4EeHHSI AaTOMOB
U «CaMONPOM3BOJIBHBIN» pacnaj siaep —
NPHU3HAKHU 3AMKHYTOCTH BceesieHHOI 1
MOrJIoNeHUs MaTepun u3-3a cpepsl lIBapummabsaa
«KpacHoe cmelieHHe» CIEKTPOB  DJIEKTPOMArHUTHOI'O  M3JIyYE€HUS OT  YIAJEHHBIX
HUCTOYHUKOB U «CaMOIPOM3BOJIBHBII» paclaj aTOMHBIX siep TFOBOPSAT TOM, YTO IUIOTHOCTh
s¢upa B Hamreld BeenenHol HapacTaeT OT IEHTpaJbHBIX obnacteil Beenennoit k e€ nepudepun,
1, OJJHOBPEMEHHO, BO3PACTaeT B OKPECTHOCTH JIt000M €€ (PUKCUPOBAHHOW TOYKHU. DTO SIBISICTCS
OecCIOpHbIM CBHIETEIBCTBOM 3aMKHYTOCTH Halle BcenenHoi, a Takke TOro, 4To paciiupeHne
BceneHHOI MOKET MPOUCXOINUTH 3a CUET MOTJIOIEHUS «IEPBOBEIIECTBAY, OKPYKAIOIIETO HAILy
Bcenennyto.

V.3. Kak B IIpupoae ¢opmupyrorcs
YaCTOTHBIE CIIEKTPbI
3J1eKTPOMArHUTHOT0 M3/ 1y4YeHHs] AaTOMOB

Teopusi HeNMWHEHHBIX KoOJIeOAHUN OOHAPYXKHIIA, YTO YHCTO BOJHOBOE 3JIEKTPOMATHHUTHOE
U3y4EeHUE aTOMOB T'€HEPHUPYETCsl KOJICOAHUSMH SIIEKTPOHOB B HEBO30YXKIEHHBIX aroMax U
KOJIEOAHUSIMH SJICKTPOHOB Y aHTUDJICKTPOHOB B B036Y)I(HCHHBIX aToMax, B BUJIC BOJIH B 3(1)1/1pe, u
9TO CTPYKTYpa YaCTOTHBIX CIIEKTPOB 3JICKTPOMArHUTHOI'O BOJHOBOI'O M3JIYYCHHSA aTOMOB YETKO
OTIpeneNsIeTCsl CTPYKTypaMH HEBO30Y)KICHHBIX M BO30YKICHHBIX aToMoOB. [lo3aTomy, mpexne,
YeM MBITAThCS MOHSATh CTPYKTYPY CIEKTPOB, HYKHO BBISIBUTH CTPYKTYPBI HEBO30OYKICHHBIX U
BO36y>K)1€HHBIX dTOMOB pPa3HbIX XUMHUYCCKUX 3JICMCHTOB.



Ona BBIIBHJIA CTPYKTYpPHl aTOMOB U TPUYMHHO-CIICJICTBEHHBIE OOBEKTHUBHBIC MEXaHU3MBI
(GbopMHpOBaHUS YACTOTHBIX CIIEKTPOB BOJIHOBOT'O 3JIEKTPOMArHUTHOIO M3JIy4EHHsS aTOMOB C
IIOMOUIBIO «KJIACCUYECKUX» MeT010B HproTOHA.

.

®u3nKa 3TOro clienarb He cyMmesna. BMecTo YeTKuX aTOMHBIX CTPYKTYp, OHa IIpejylaracT Ham
OUYCHb HEYETKHE 00pa3bl B BUJIE PACIUIBIBUYATHIX «IJIEKTPOHHBIX OpOUTaNeil», 1a U TO HETOIHBINA
Habop cymiecTByOmMX BapuaHTOB. CIEKTPHI BOJIHOBOTO H3IYYEHHUS aTOMOB OHAa H3Mepsia
JKCIIEPUMEHTAIbHO, TIOATOHSS 3aTeM, IOJ 3THU JaHHbIE, TEOPETHYECKOe NPUOIMKEHHOE
OMHCAaHUE MPOCTEHIINX CIEKTPOB, U, MACKHPYSI TEM CaMbIM, OTCYTCTBUE TOHUMAaHUS IPUIHMHHO-
CJIEJICTBEHHBIX OOBEKTUBHBIX MEXaHHW3MOB €CTECTBEHHOro (HOPMUPOBAHUSA ATHUX CIIEKTPOB.
[IpsiMbIM  1OKA3aTENBLCTBOM HEJOCTATOYHOCTU TpodeccroHanu3mMa (U3MKOB B ATOH o0jacTu
SIBJIIETCSL OTCYTCTBHE 3HAHUSI HCTUHHBIX CBOMCTB aTOMOB *He, 10 06 5TOM HIDKE — B V.3.2.2.

(]

[IpITasicb MOHATH NPUUUHBI HEYAa4Y (PU3UKOB B UX M3YUYEHUH YCTPOWCTBA aTOMOB U B JIPYTUX
HAyYHBIX MpoOJieMax, ¢ yIUBJIEHHEM OOHApPYXHJ, YTO MOYTH BCE OHU OOYCIOBJIEHBI JABYMS
MPUHIUIHAATBHBIMA OITMOKaMH, JOMYIICHHBIMHU €II€ B TI03aIMPOIILIIOM BEeKe, TPH WHTEPIPETALUN
pe3ynbraToB sKcrepuMenToB Opcreaa (1821) u @uzo (1851). Pe3ynbTaTsl 3THX BETMKOJIECTHBIX
HKCIIEPUMEHTOB TPUBEIN K HACTOSIIEMY Kaue€CTBEHHOMY MPOPBIBY B (PM3NYECKHUX 3HAHHUAX 00
ycTpoicTBe MaTepuainbHOro Mmupa. OmHako, pu3ukaM HE XBaTHIO MPOQEecCHOHAIM3Ma st
MOHUMAaHHUS ¥ MPUHITHS 3TOTO. Tak OHM, 10 CUX TIOP, U JKUBYT C 3TUM OOJIETYEHHBIM HAYYHBIM
Oaraxom.

.
HauaB ¢ BbIsSBIECHHS NPUHLUIOB YCTPOWCTBA aTOMOB, TEOPHsl HEIUHEMHBIX KoseOaHuit
MOAroTOBMIIA 0a3zy [uid JOCTHXKEHMS JETalbHOIO IOHUMAaHHs MeXaHu3Ma (OPMHPOBAHUS
YaCTOTHBIX CIIEKTPOB JIEKTPOMATHUTHOTO U3JIYy4eHHsS aTOMOB [ 1].
DKcIepuMeHTalbHbIE HAOMIOACHUS, TPOBEICHHbIE (PU3MKOHM, IMMOKAa3ald, YTO YacTOTHBIC
CHEKTPBI U3JTYUCHHS aTOMOB KayKI0I0 XMMHUYECKOr0 3JI€MEHTa
- SIBJISIFOTCSL IUCKPETHBIMHU, TUHEUYATHIMU, C MAJIOW, HO KOHEUHOU IIUPUHON Kax 0N
CIIEKTPAIbHON JTUHUH,

- 00pa3yloT cepuanbHble CTPYKTYPBI B BUAC CXOSIIMXCS, IPU YBETUUYEHUH YaCTOThI
U3IIy4EHUs, 10CIe10BaTENbHOCTEH,

- IPY BHUMATEILHOM PACCMOTPEHHUH, OUTH KaXKas CIEKTPaIbHAS JTMHUS OKA3BIBACTCSI
MYJIBTUIUIETHOM — COCTOSIILEN U3 HECKOJIBKUX, [TIOYTH HEPA3INIMMbIX OTIEIbHBIX JTUHUM.

Huxe nemoHcTpupyercs, Kak MaTeMaTH4eCKHME MOJEIM aTOMOB, IIOJIyYE€HHbIE TEOpuei
HEJIMHEHHBIX KoJeOaHHi, BU3yalbHO YETKO U IMPOCTO OOBACHSIOT SKCIIEPUMEHTAIbHbIE CBOWCTBA
aTOMHBIX YaCTOTHBIX CHIEKTpoB. HauHeM 3T0 ¢ aTOMOB IpoTHSL.

V.3.1. Atom nporus
YacTOTHBIN CIEKTP MPOTHS COCTOMT M3 YAaCTOTHBIX CIIEKTPOB HEBO30YKICHHOTO aromMa U
BO30Y)KJICHHBIX aTOMOB C pa3JIMYHBIMH CTENCHAMH BO30YXKICHHUS, T.€. C pPa3IUYHBIMU
KOJINYECTBAMH 3aXBaueHHBIX aTOMaMu ()OTOHOB.

V.3.1.1. HeB030y/1eHHBIIl aTOM NPOTHS
HeBo30yxaeHnbIit aToM npotus — npocteimii. OH COCTOUT M3 OJJHOTO MPOTOHA M OJIHOTO
anektpoHa (puc.3, O — HmpOTOH, ® - 3JIEKTPOH, CTPEIKH — BEKTOPHl MAarHUTHBIX MOMEHTOB
MIPOTOHA U BNIEKTPOHA). DTOT aTOM TE€HEPUPYET AIEKTPOMATHUTHOE H3IIyuYeHHE Ha OJHOM
O—> <o

Puc.3. Cxema HeBO30YKIEHHOTO aToMa MPOTHUS

4acToTeE, OTBEYaroIIeh COOCTBEHHO YacToTe KOJeOaHui DJICKTPOHA OTHOCUTCJILHO ITPOTOHA.



V.3.1.2. Bo30y:KI1eHHBIH aTOM NPOTHS

CrpykTypa BO30YKACHHOTO aToma IMPOTUS HEOJHO3HAuHa, TaK Kak MepBbld (OTOH, M3
3aXBau€HHBIX aTOMOM, MOKET PACIIOJIOKUTHCS C OAHOM U3 ABYX CTOPOH OT MpoToHa. biarogaps
MarHUTHOMY OpHEHTalMOHHOMY 3¢ dekTy [6], 3acTaBisfOnIeMy BEKTOP MarHUTHOTO MOMEHTA
00BEKTa pacroiaraTbCs BIOJb JIMHUN BHEITHETO MATHUTHOTO TOJISI, KaXKAbIi (POTOHHBIN AUTIONH
pacroiaraeTcsi B arOMe Ha OCEBOM JIMHUM OJHOTO M3 MAarHUTHBIX KJIacTepoB aroma. Tak,
OJTHOKPATHO BO3OYKICHHBI aTOM TPOTHS MOXET WMETh OJHY U3 (opM, m300pa’KeHHBIX Ha
puc.4 (® — pOTOHHBIH IEKTPOH, O - AHTUIIIEKTPOH).

O e o o ; 0 e O o
Puc.4. Cxembl 0OJHOKpPaTHO BO30YKIEHHOTO aTOMa MPOTHUS

HanomumnMm, 4To «IBMXKYyIIas cuiia» «OBICTPOrO» IUMOJS HAlpaBlieHa OT aHTHUAJIEKTPOHA K
anekTpoHy. IlosToMy, B 3axBaTWBIIEM e€ro arome, (OTOHHBIA IUIONb PACIONAraeTcst
3JIEKTPOHOM K SIIPY.

B mMHOTOKpaTHO BO30YXKIEHHOM aTOMe MPOTHs, Bce (DOTOHBI pacrionaratoTcsi 00s3aTenbHO C
OJTHOW M TOW K€ CTOPOHBI OT sifpa. TOJBKO MPH TAaKOH CXeMe pacroyiokeHUs (pOTOHOB, OHU
MOTYT yJIEpKUBaTbCA B atoMe. lIpu HapylIeHHH 3TOTO YCIOBUS, IBHXKYIIUE CHJIBD» Pa3HBIX
(hOoTOHOB OyIyT NMETh IPOTUBOIIOIOKHBIE IPYT IPYTY HATPABIEHHS U aTOM UX MOTEPSET.

CxeMbl ABYKpPAaTHO M TPEXKpaTHO BO30Y)KIEHHBIX, JJI aTOMa, M300pak€HHOIO CjieBa Ha
pucyHke 4, IpuBEIEHbI Ha puc.S.

Oe o 0 ; O e o o e o0 ; Oe e o e o0 e o

Puc.5. CxeMbl 0IHOKpATHO, IBYKPaTHO U TPEXKPATHO
BO30YJIEHHOTO aToMa MpPOTHS

V.3.1.3. YacToTHBIN crieKTp
3JIEKTPOMATHUTHOTO BOJIHOBOTO M3Jy4eHHe
aTOMOB NMPOTHUA

A Temepb, 3Has CTPYKTYpbl HEBO30OYXKICHHBIX W BO30YXKJEHHBIX AaTrOMOB MPOTHS,
MPOJIEMOHCTPUPYEM, KaK (POPMHUPYIOTCS CIIEKTPHI U3TYUCHHSI STUX aTOMOB.

DNEKTPOMarHUTHOE U3ITydeHHE MPOUCXOANT Ha COOCTBEHHBIX YacToTax aTroMa. KommdaecTBo
COOCTBEHHBIX YaCTOT aTOMa PaBHO KOJHYECTBY AJICKTPOHOB M aHTHRJIEKTPOHOB B arome. Yem
OJIKE DIICKTPOH WK aHTHAJICKTPOH K SIPY, TEM BBIIIE €ro COOCTBEHHAS YaCTOTA.

HeBo30y K IeHHBIN aTOM TPOTHS HETOJIBUKEH, COACPKHUT OJIUH AJICKTPOH U 00J1a/1aeT OJTHOMN
CcOOCTBEHHOW 4acTOTOW o . [lepBbIi MHACKC O3HAYaeT HOMEP YACTOTHOW CEpPHH, BTOPOH —
KOJIMYECTBO 3aXBAaYCHHBIX ()OTOHOB. DTa 4acTOTa sBIsAeTCs 0azoBoi 1t cepun Nel (puc.6).

OnHOKpaTHO BO30YXKICHHBIM aTOM COAEPKHUT JBa DJEKTPOHA M OJWH AHTHAJIEKTPOH.
[TosTOMY y HEro nosBIAIOTCSA €IE 1Be COOCTBEHHBIE YAaCTOThI, U OH M3JIy4aeT Ha 4acToTaX ;] ,
W21 ¥ 3, . 3aXBaueHHBI aTOMOM (POTOH, TOJIKAs €ro CBOEH «IBMXKYIIEH CHIIO», 3acTaBiseT
aToM pa3roHsAThcs. [Ipu ATOM, BCe 3JEMEHTHI aroMa HCIBITHIBAIOT CONPOTUBICHHE 3upa
CBOEMY JBIKEHHIO. Tak Kak «IBWXKyIIas cuia» (OTOHA B ATOM aTOME HampaBjeHa BJIEBO, TO
YepHBIM DIIEKTPOH pacrojiaraercsi K sjapy Onvke, yeM B HEBO30yxkJeHHOM aTome. [loaTomy
OTBEYAIOIIasi eMy COOCTBEHHAS YacTOTa @1 1>®@1 . YaCTOTBl @3] M 3, OTBEYAIOT COOCTBEHHBIM
4acTOTaM dJIEKTPOHA W AHTHUAJICKTPOHA, MPUHAJICKAIMUM TEPBOMY 3aXBaUu€HHOMY JIHTIOJNIO.
BenuunHbI 3THX 4acTOT TAaKOBBL, UTO 1 1>(02,1>®3, - YaCTOThI )] U 3 SBISAIOTCS 0a30BBIMHU
nst cepur No2 w jiyist cepum Ne3.

JIBykpaTHO BO30YKJIEHHBIM aTOM COJIEPKUT TPU DIIEKTPOHA W J[BAa AHTHUAJICKTpoHa. B
pe3ynbTaTe 3TOT0, Y HErO MOSBISIOTCS elI€ JIBE HOBBIE COOCTBEHHBIE YACTOTHI, U OH M3JIy4aeT Ha



4acToTaxX Wiy , W22 , W32 , W42 U s, lIpexxHue Ba 2JIEKTPOHA M AHTUAJIEKTPOH CIIBUTAIOTCS
Oommxe K TpOoTOHY. [loPTOMY COOTBETCTBYIOIIME WM BEIMYMHBI YACTOT YBEIUYUBAIOTCS:
010<011<012 , 022”021 , ®3,>®3; . [IBe HOBbIE YAaCTOTHl YAOBJIETBOPSIOT HEPAaBEHCTBAM:
W52<0W42<03,. YaCTOTBI W5, U W4 ABISAOTCA 6a30BBIMU 11Tt cepun Ned u st cepun NeS.

U Tak nanee (Ha puc.6, ¢ - Konu4uecTBO (HOTOHOB, 3aXBAYCHHBIX ATOMOM TIPOTHSI).
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0 | ® w10
1 I ® w31 © Wy ®
2 I . ® w4y ®m32 ® @y W)
3 I ® o o o w3 w33 ® w3 O W3
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© 0 0 0 O W 0W3y ®Wys OWi4

Puc.6

IlepBbIM cepusiM 3TOro CHeKkTpa MPUCYXKAEHbI MUMEHa OTKpbIBaTtened 3Tux cepuil: Nol —
cepust Jlaiimana (uepHbiii 1iBeT), Ne2 — cepust banbmepa (kpachsiii 11BeT), Ne3 — cepust [lamena
(3enéubrii uBet), Ned — cepusi bpekerra (TémuHO-3enmenbiii 1Ber), NeS — cepus Ildynna
KOPHUYHEBBIH LIBET).

[l'opu3zoHTaNBHBIN «CPE3» 3TOrO CIEKTPa JAET YETKOE MPEeICTaBICHUE O YACTOTHOM CIIEKTpE
omoenvbHo20 HEBO30YKIECHHOTO W BO30OYKICHHOTO atoMa mpoTusi. HeBo3OyKICHHBI aToMm
npoTHs O0JIamaeT OJHOM YacToTOW @i o — 0a3oBoW yactroroil cepum Jlaiimana. OmHOKpaTHO
BO30YKJCHHBIN aTOM MPOTHs 00JalaeT Tpemsl YacTOTaMH: (), — BTOPOW YaCTOTOH M3 CEpHUH
Jlaiimana, cMelIeHHON B CTOPOHY YBEIHUYEHUS, M JIByMSI 4YaCTOTAMH, SIBISIOIIUMHUCS 0a30BBIMH
yactotamu cepuil banbmepa - w, 1, u [lamena - ws3;. JABykpatHo BO30YKJI€HHbII aTOM IpOTHs
oOnagaer MATHIO YacTOTaMM: @, — TpeTbed u3 cepun JlalimaHa, CMEIIEHHOH B CTOPOHY
YBEJIMUYEHUS], BTOPBIMHU, CMELLIEHHBIMU 4acTOTaMU U3 cepuil banbmepa — w; 2, u Ilammena - ws o, u
JIBYMsI 4aCTOTaMH, SIBJISTFOIIUMUCS 0a30BbIMU B cepusix bpekerra u [Ipynaa. U Tak nanee.

.

[IpuBeneHHo# cXeMOW YAaCTOTHOTO CIIEKTpa O00JIaJaeT MHOKECTBO AaTrOMOB TIPOTHS, B
KOTOPBIX Bce (DOTOHBI PACIOJIONKEHBI C TOH CTOPOHBI OT NMPOTOHA, HA KOTOPOH PACIIONOKEH
JJIEKTPOH B HEBO30YKIEHHOM aromMe. B YacTOTHOM CHEKTpe JTOTr0 aroMa NpOTHS BCe
CHEKTpaJIbHbIC JTMHUH OJMHAPHBIE — IO TEPMHUHOJIOTUN KBAHTOBOU TEOPUU — CUH2IEMHbLE.

st MHOKECTBa aTOMOB IIPOTHSI, B KOTOPBIX BCE (DOTOHBI PACIIOIIOKEHBI C IPYTrOM CTOPOHBI
OT IIPOTOHA, YaCTOTHBIN CIEKTP 00J1aaeT COBEPLIEHHO aHAJIOTUYHOM CTPYKTYpPOil, HO BCe TOUKH
3TOTO CIEKTPa, KPOME @i , UyThb-4yTh CIBUHYTHl OTHOCHUTEIILHO TOYEK MepBoOro crekrpa. Tak
YTO, OOWMII BUA YAaCTOTHOTO CHEKTpa, A MPOM3BOJHHOIO MHOXKECTBA aTOMOB MPOTHS,
o0ajaeT NpUBEACHHON CTPYKTYPOM, T1IE @] o — CHHIJIET - OIMHApHAs TOUKA, a OCTaJIbHbIE TOUKU
— oynaiemsl (TI0 TEPMUHOJIOTMH KBAHTOBOM TEOPHH) - OYEHb OJIU3KUE Napbl TOUYEK.

.

YacTOTHBI CHEKTp TPOTHS, XOTS M O00JaNaeT omHOCUMeIbHO YETKOW CepuantbHOU
CTPYKTYpOH, HO BCE Ke €ro CTPyKTypa HE SBISCTCA abcoatomno 4eTKod. JIeWCTBUTENBHO,
TOJIBKO TiepBble Tpu cepuu — Jlaiimana, banemepa u [lamena He nepecekaroTcst Mexay coboi, a
BOT cepusi llamena yxe wactuuHo mepekpwiBaercs cepusmu bpekerra u [lpynma [7]. Ilo-
BUJIUMOMY, YEM BBIIIIE HOMEP CEPUHU, TEM MTEPEKPHITHE OOIIBIIIE.



V.3.2. YacTOTHBIH CHIEKTP
3JIEKTPOMATHUTHOTO BOJIHOBOT0 M3JIy4YeHH e
JAPYTruxX aTOMOB

[IponnmtocTpupoBaHHasi yHopsAI0Y€HHOCTh YaCTOTHOTO aTOMHOTO CIIEKTpa HWMEET MECTO
TOJIBKO JUISI aTOMOB TPOTHS W JCUTEpHs, TaK KaK sjpa dTHUX aTOMOB 00Ja/IaloT BCEro JIMIIb
OJHUM HYKJIOHHBIM MAarHUTHBIM KiacTepoM. CTPyKTypa YacTOTHOTO CIIEKTpa TPUTHS HUMEET
Takyro xe GopMy, XOTsI Y sJipa TPUTHS CYIIECTBYIOT JIBa MarHUTHBIE Kiactepa. J{eno B ToM, 4To
BEKTOPbI MATHUTHBIX MOMEHTOB TPUTOHA MAPAJIIEIBHBI APYT APYTY U PACCTOSHUE MEXKIY STUMU
BEKTOpaMU HAMHOT'O MEHBIIIE, YEM PACCTOSIHUS 10 aTOMHBIX JIEKTPOHOB TpuTus. M3-3a 3TOTrO,
ATOMHBIC JICKTPOHBI B TPUTHU BOCIPUHHUMAIOT 00a MAarHWTHBIC KjacTepa TPUTOHA KaK OJH,
€IMHCTBEHHBIN.

V.3.2.1. YacToTHBI# CIEKTP
3JIeKTPOMATHUTHOI'0 BOJTHOBOTI'0 H3JIy4YeHHe
aromos ‘He

SAnpa ‘He u sapa Ooyiee TSDKENBIX 3JIEMEHTOB 00JIaia0T Z>2 He mNapauleIbHBIMHU, a
MEePEeKPELINBAIOIIMMHCI MAarHUTHBIMH Kiactepamu (puc.7). DOTOHBI, 3aXBaThIBAEMbIE 3TUMHU
aTOMaMH, COBEPIICHHO HEYNOPSAOYCHHO, CIIlydyallHbIM 00pa3oM, pacCakMBaloTCA 10 MX
Pa3IMYHBIM MarHUTHBIM KiactepaM. M3-3a 3TOTO, yMOpsAI0YE€HHOCTh CIEKTPAIbHON KapTHHBI
Hapylaercs, Tak 4YTO, CHEKTPbl U HEUTPAIbHBIX, 1 MOHW3MPOBAHHBIX ATOMOB MPEACTABISIOT
c000i1, B 00111eM ciiydae, Ype3BbIUAHO CI0XKHbBIE 3alyTaHHbIE MHOXKECTBa [8].

UToObl MPOUJUTIOCTPUPOBATH CHELM(UKY ITUX CIIEKTPOB, AOCTATOYHO PACCMOTPETh CIEKTP
atomoB *He. Snpo numeet BUI, N300paKCHHBIHN HA pHC.7.
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Puc.7. Hyk/IOHHBIE MarHUTHBIE KIJIACTEPHI SApA ‘He

Atombl ‘He 1eMOHCTPHPYIOT —mpaBmia (GOPMHPOBAHHMS BOIHOBOTO SIEKTPOMATHHTHOIO
YacTOTHOTO CIIEKTpa HauboJIee YETKO U MPOCTO CPEAM BCEX XUMUYECKHUX DJIEMEHTOB ¢ Z>2. DOTH
TpaBHIIa, JaXe Ha puMepe ~He, pH MEPBOM ke 3HAKOMCTBE, B TUIa3a He Gpocarorcs. UToGbl ux
BBISIBUTH, HY)KHO TIPUCMOTPETHCS K UX TIPOSBIICHHUSIM.

.

B sanpe atoma *He ectb 1Ba MarHuTHBIC knacrepa (puc.7), a B «3JEKTPOHHOU 0OOJIOUKE»
HEBO30Y)KIEHHOTO aTOMa - JBa DJIEKTPOHA. DTH JJIEKTPOHBI MOTYT MO-Pa3HOMY Pa3MECTHTHCS
Ha MAarHUTHBIX Kiactepax. M3-3a 3TOro, MOTYT CyIIECTBOBaTh TpPH pasHbie (HOpMBI
«ANEKTPOHHOU 000s10uKu» - A, B u C (puc.8, O — siipo *He, « - 3JICKTPOH).

°
O ° ; ) (§) ) ; O o )
A B C



Puc.8. ®opmer 4,B,C atoma *He

CoBpeMeHHO (hn3HKe BOZMOKHOCTh U YCIIOBHS CylliecTBOBaHUA Tpex ¢opm A. B. C atoma
*He ne m3BecTHBI. VI3BECTHBI TONBKO SKCIIEPHMEHTAIBHO M3MEPEHHBIC MOTEHIIHAIE HOHU3AIIHI
atomoB (*He,A) ¥ SKCIIEPHIMEHTAIBHO H3MEPEHHBIE CIICKTPEI BOIHOBOTO 3TeKTPOMATHHTHOTO HX
nmanydenus: [8]. Kpome Toro, Teopmsi HenmMHEWHBIX KoJjeOaHWii oOHapykwmima, 4uro ¢opma A
CYIIECTBYET B YCJIOBHSX 3eMHOH aTMocdepsl, a ¢popma C mpeacTaBisieT co00i «CTPOUTETbHBIE
3JIEMEHTBI» CBEPXTEKyUel KOMIOHEHTBI KHJIKOTO TeIHsl.

.

Ho u 3710 emie He BCE, UTO MOXKET YCIOXKHSITh CTPYKTYPY YaCTOTHOTO CIIEKTpa aToMa (‘He,A).
K nononHuTEenbHOMY YCIOKHEHMIO 3TOTO CIEKTpa MNpUBOAUT Jedopmanus (HopMsel spa,
BbI3bIBaEMasl JIEKTPUUYECKHM OTTAJIKMBAaHHEM MeXay IhpoToHamu. M3-3a sroii medopmarium,
YroJl MEXJy BEKTOpaMHM MarHUTHBIX KJIACTEPOB siApa OKa3blBaeTcsl paBHbIM He 90°, Kak Ha
pucyakax 7 u 8, a 60° mwmm 120°. DT0 yCTaHOBJIEHO B TEOPUM HEIMHEHHBIX KONeOaHWI C
MOMOIIBI0 MICHTU(UKAIIMOHHON MPOIETyphl, UCTIONB3YIOMIEH CTPYKTYPHYIO MaTeMaTHYeCKyIO
mozens atoma (‘He,A) 1 W3BECTHBIC YKCIIEPHMEHTATBHBIC TAHHBIC O BEIMYMHAX PE3OHAHCHBIX
JUIMH HW3JIy4aeMbIX MM 3JeKTpoMarHuTHeiXx BosiH [8]. Takas nedopmamus siapa M «urpay
MArHHTHBIX B3aHMOJICHCTBHI MexTy d1eMenTamu aroma (‘He,A), JOTONHATENTBHO PACIIEIIISET
bopmy (*He,A) snexTpoHHoit 0Gonoukn atoma Ha Bapuantsl (‘He,A,), (‘He,A,) , (‘He,As3).

YToOBI 3TO MOSICHUTH, PACCMOTPUM KOPOTKOBOJHOBYIO 4aCTh TaOIMIBI SKCIIEPUMEHTATbHbBIX
3HAQYEHUM [UIMH CHEKTPaNbHBIX JUHUN i1 HEHUTpalbHBIX aTOMOB (‘He,A). Ona wumeer
caexyromuii Bup [8]:

2652,848

2644,802
601,4041
591,4147
584,334
537,0296
522,2128
515,6165
512,0982
509,9979
508,6431
507,7178
507,0576
506,5702
506,2000
505,9122
505,686
320,392

OTOT (hparMeHT TaOIUIBI MOYKHO MPEACTAaBUTH B BHJE YETHIPEX CHEKTPAIbHBIX CEPH, T
JKUPHBIMU TIH(pamMH BBIIENEHBI MPETEHACHTH HAa PE30HAHCHBIE JHHUU DJIEKTPOMArHHUTHOTO
W3JIy4eHUs] HEUTpPaJbHBIX aTOMOB (4He,A) (B mpaBOM CTOJIOIIC TIOMEIIEHBI Pa3HOCTH MEXKIY
BEJIMUYMHAMU COCEJHUX CIEKTPAIbHBIX JIMHHMH):

601,4041
9,9894



591,414

7,0807
584,334
537,0296
14,8168

5222128

6,5963
515,6165

3,5183
512,0982
509,9979

2,2801
507,7178

1,1476
506,5702

0,6580
505,9122
508,6431

1,5855
507,0576

0,8576
506,2000

0,514
505,686
320,392

Kaxapiii oTAenbHbIN HEUTpanbHBI HEBO30YKICHHBIA aTOM (4He,A), HU3-3a HaJIM4Ms B €ro
cocTaBe JIBYX DIIGKTPOHOB, o00JajaeT JByMsI COOCTBEHHBIMH YacTOTAMH W JABYMS
COOTBETCTBYIOIIMMHU PE30OHAHCHBIMH JTMHUSIMU. CIieI0BaTeNIbHO, HATMYKE BBIJICIICHHBIX CEPHIA B
TaGIMIe SKCIEPUMEHTATBHBIX 3HAYCHHH CIEKTPANbHBIX JHHHH HeiiTpansHoro (‘He,A)
03HAYaeT, UYTO «AJICKTPOHHAS 000JI0YKa» dTOT0 HEBO30YKIEHHOIO aTOMa CYIIIECTBYEeT HEe MEHee,
YeM B JIBYX Pa3HBIX BapHUaHTaX.

KonnuecTBeHHBIE pacyeThl IOKa3alk, YTO HEHTpalbHble HEBO30YKICHHBIE aTOMbI (4He,A)
061a/1210T pe3oHancHbIMI uHIAME B 601,44, 5374, 5104, 320,44, 170A u 80A.

Yro kacaercs jmHuu B 508,6431A, To oHa He sBisercs PE30HAHCHOW JIMHUEH STUX
HeHTpaabHBIX aToMOB. OHa, MO-BUIUMOMY, TPUHAUICIKUT OJHOKPATHO BO30YKICHHOMY aToMy
(4He,A) U 00pasyeT CHEeKTPaJbHYI0 CEpUI0, MMEIOIIYI0 MECTO TOJBKO JJIsi BO30YXKICHHBIX
aTOMOB.

.

Wrak, mokakeMm, Kak (GOpMHUpYeTCS YaCTOTHBIA CIEKTpP SJIEKTPOMATHUTHOTO H3ITyUeHUS
MHOYECTBA HEBO3OYKICHHBIX H BO30YKICHHBIX aToMoB (‘He,A ).

Tak kak B aromMe TPOTHsSI MMEETCS TOJbKO OJMH MArHUTHBIA KjacTtep, TO CTPYKTypa
YaCTOTHOT'O CIIEKTpa MHOXKECTBA HEBO30YKJCHHBIX W BO30YKICHHBIX ATOMOB IPOTHS HMEET
YETKUH, HAlIAIHBIA XapaKTep, BU3yaJTU3UPOBAHHBIN B BUJIEC CXEMBI Ha TUIOCKOCTH ¢,@, TIE ¢ -
KOJIMYECTBO (DOTOHOB, 3aXBAUCHHBIX aTOMOM, (» — YaCTOTHI CIIEKTpa (puc.6).

B siape *He numerotcst 1Ba HYKIIOHHBIC MArHUTHBIE KiacTepa k U k». He cylecTByeT HUKaKix
YEeTKUX MpaBWJI BbIOOpa (JOTOHOM TOTO WM JPYroro Kiacrepa. ITOT BBIOOP MPOUCXOAUT TO
Bosie ciyyas. HanmMmeHee BEpOSTHON SIBISIETCSl CHTYyalus, Korja Bce (OTOHBI, 3aXBauyCHHBIC



aTOMOM, CaIfTCs Ha OJMH M TOT JXKe Kiacrtep. HambOosiee BEpOSATHBIMH SIBIISIOTCS CHTYallWH,
Korga (OTOHBI CaIsATCS, B MPOU3BOJILHOW IOCIEIOBATEIBHOCTH, TO HA OJHMH, TO Ha JAPYroi
KJactep sijpa.

Heiitpanbubiii HeBo36YkaeHHbIH atoM (‘He,A|) 06namaer ABYMs SMEKTPOHAMH H ABYMS
COOCTBEHHBIMU YaCTOTAMHU (] M (¥, OTBEUYAIOIIMMH DJICKTPOHAM Ha Kiacrepax ky u k. 31ech, B
OTIAMYME OT HpoTHs, cxemy crekrpa atomoB (‘He,A)) W300pasHTh Ha IUIOCKOCTH YKe
HEBO3MOJKHO.

[TotHOE TeoMeTpHuuecKkoe H300paKEHUE 3TON CXEMbI BO3MOXKHO TOJBKO B TPEXMEPHOM
npoctpanctee ¢q,w(k),w(k,), Tae g - komudecTBO (HOTOHOB, 3aXBaYCHHBIX aTOMOM, w(ky), w(ks)
— YaCcTOTHI CIIEKTPa, OTBEUAIONIME 3JICKTPOHAM M AHTHUAJIEKTPOHAM KJacTepoB ky U k. Jlms
YBEIMYCHUS HATJBIIHOCTH ATOM CXEMBI, BMECTO €€ TPEXMEpPHOI'0 H300paKEeHUs, JIydIle
MCIOJIb30BaTh KOOPAUHATHBIC TUIOCKOCTH ¢,0(k1) 1 q,0w(ky) (puc.9).

q | (ki) q | w(k2)

0 | e 0] ® )

1 I ° ° ° 1 || °

2 I ° ° ° 2 || ° °

3 I ° ° ° ° 3 || ° °

4 I ° ° ° ° 4 || ° ° °
Puc.9

HeBo30yxaeHHbIi aToM 0071a1aeT IByMsI COOCTBEHHBIMHU YaCTOTaMH ] B . Ecii niepBoIit
(dhoToH camguTcs Ha KiacTep kj, TO Ha 3TOM KJacTepe IOSBISIOTCS JBAa HOBBIE MUKPOOOBEKTA -
SJIEKTPOH U aHTHRJICKTPOH, 2 BMECTE C HUMH B CIIEKTPE - U JIB€ HOBBIC 4acTOThL. B pe3ynbTaTe
9TOr0, MEPBBIN 3JEKTPOH CMECTUTCS OJiKe K SApY, W YacTtoTra ) yBeiaumuutcs. [Ipu stom
HECKOJIBKO CABHUHETCS U 4acTOTa ).

Ecnu BrOpoi QoToH csimeT Ha kmactep kp, TO Ha Kiactepe k, MOSIBSATCS JIOMOJTHUTEIbHBIC
3JIEKTPOH U AHTHURJIEKTPOH, U B CIEKTpe - em€ OBe HOBbIe 4acTOThl. YacToTra w; 3aMeTHO
YBEIUYHUTCS, a YaCTOThl HAa JAPYrod IMJIOCKOCTHU TaK)K€ UCIHBITAIOT CMEIIEHHs, HO 3HAYUTEIbHO
MCHBIIINE.

[Ipn 3axBare aTtoMoM HOBBIX (OTOHOB, OyAyT, B pa3IMYHON IOCIIEIOBATEIHLHOCTH,
MOBTOPATHCS NEUCTBUS, ONTUCAHHBIE B 3TUX JIBYX MUKPOCUEHAPUSIX.

.

Ha MEePBbIN B3I, MEXKITY CIIEKTpaJIbHBIMU cepusiMU aroma MpOoTHsl,
MPOWJITIOCTPUPOBAHHBIMA  PUCYHKOM 6, W CHEKTPAJIbHBIMU CEPHUSIMHU aTOMOB (4He,A1),
MPOWJITIOCTPUPOBAHHBIX HA PUCYHKE 9, CyllecTByeT 3HauuTenbHad pasHuna. Ha pucynke 6, B
KKJOW cepuH HaOIoJacTcs PEeryJisipHBIM POCT BEIMYWH COOCTBEHHBIX 4acToT. Ha pucyHke
9TaKoro perynsapHOro pocTa 4acToT, B CIIEKTPAJIbHBIX CEPUSX, HET.

Takas ceruduKa CeKTPATbHBIX CEPUH, Y aTOMOB IIPOTHUS U TelUsl, OOBICHIETCS TEM, YTO Y
aToMa MPOTHS CYIIECTBYET TOIHKO OJIMH MATHUTHBIN KJIACTEp, a y aToMa renus ux ABa. Kaxsrii
HOBBIM (POTOH, 3aXBa4YCHHBI aTOMOM TIPOTHS, CAJUTCA HA OJUH W TOT KE HYKIOHHBIN
MarHMTHBIN KiacTep. B arome ke renwsi, Kaapld HOBBIM (DOTOH cajuTCs HA OJWH, M3 JIBYX,
MarHUTHBIN KJacTep, HE3aBUCUMO OT TOTO, Ha KaKOU KJacTep Cel MPeIbI Iy (GOoTOH

PerymsipHOCT poOcTa BETWYMH YacTOT B CIEKTPE TelWs, OTBEYAIONIEro Kiactepy ko,
HapylIaeTcsi, COrJacHO PUCYHKY 9, B TOM cilydae, KorJa ouepenHo (OTOH caauTcs HE Ha
Knactep kp, a Ha Apyroi knacrep — kj. B wacToTHOI cepum, oTBeuarone kiacrepy A, B 9TOM



cilydae, BMECTO PEryJsIpHOTO CKadyKa BEJIIMYMHBI YaCTOTHI, MOSBISCTCS TPYAHOPA3THUUMBII
naymier yactotT. Eciu cnenyromue (GOTOHBI IPOAOIIKAT CAAUTHCS Ha KiacTep ki, TO ITOT AYIJIET
nepepacTeT B TPUILIET,... , MyJIbTHILIET, IOKa odepeHON (POTOH CHOBA HE CAAET Ha KiacTep k.

Tak B 4aCTOTHOM CIIEKTpe OJHOTO M TOTO K€ aToMa IefUsl MOTYT MOSIBISATHCS JIMHUH, MIPH
BHUMATEIBHOM PAaCCMOTPEHHUH, MPEICTABISAIONINE COO0M AYIIIEThI, TPUIUIETHL, . .., MYJIbTHILICTHI
C JIFOOBIM KOJIMYECTBOM PACCIOCHHH CIIEKTPAIbHON JINHUH.

.

Ecnmu kaxkmoe MyIbTHIDIETHOE pPaccilOoeHUe, B CHEKTPE OJHOTO M TOTO K€ aToMa Telus,
paccMaTpuBaTh KaK CHHIJIET, TO OKAa3bIBae€TCS, YTO CHEKTPaJbHBIE CEpUH, JUIsI ITOr0 aroma,
00pa3yIoTCsl TaK ke, KaK U IS aToMa MPOTHUS M UMEIOT, IYCTh HE TaKyIo )K€ PEeryJspHYI0, KaK y
aToma MpoTHsI, HO JOCTaTOYHO K HEeW OJIM3KYI0, CTPYKTYpY.

.

Ha pucynke 9 npezcraBieH TOJIbKO HAYQIbHBIN (parMeHT CIIEKTpa aTOMOB (*He,A,), na u 10
TOJIBKO JUISI TOTO ciyd4asi, Korja (POTOHBI CaJSATCS CTPOTO MOOYEPEHO Ha KIAcTephl ki U ky. B
obmem ciydae, (OTOHBI cajiTCs Ha KIacTepbl k; W k, HE B CTPOrOM IEPHUOTUYECKH
MOBTOPSIIOIIEMCSI TIOPSIIKE, @ B XAOTHYECKOM, CIy4allHOM MOPSAKE, KOTOPBIH MOXET OBITh
OIMCaH NOCIEN0BATENLHOCTBIO {x;}, TA€ yi=ki Wau yi=k> , a i=1,2,...,q. ]l KOHEYHOrO YKcna g
(OTOHOB, 3aXBaYEHHBIX ATOMOM, YKCJIO Pa3HBIX MOCIEN0BATENLHOCTEN {x;} paBHO 2.

Takum oOpa3om, OOMIMIT CIIEKTP BCETO MHOMXECTBA aTOMOB (4He,A1) MpeIcTaBiIseT co0oi
CyMMy  OECKOHEYHOrO  4YHClia  CIEKTPOB,  OTBEYAIOMIMX  Pa3HbIM  OECKOHEYHBIM
MOCIIE0BATENBHOCTIM {yi}.

.

[onubiii criektp atomoB (‘He,A) npejctaBisier coboii cymmy criektpos atomos (‘He,Ay),
(*He,A,) u (*He,As). Tpouecc hopmupoBanus crekrpa aroma (*He,A) TOIBKO 9TO TPEICTABICH
Bamemy Brumanmio. Crektpsr atomos (‘He,Ay) u (‘He,A3) (GopMupYIOTCS TOYHO TaK xe.
OTnuyaloTcsi OHM JpYr OT Jpyra, MpeXae BCEro, BEIWYMHAMH COOCTBEHHBIX YacCTOT
HEBO30Y>KIEHHBIX aTOMOB.

.

VoHu3HpOBaHHEIC aTOMEI ‘He' NPHUHATO HA3HIBATH BOJOPOIONONOOHBIMU H3-32 HAINUHS Y
HEBO3GYXK/ICHHOTO atoMa "He' TOIBKO OJHOTO SIEKTPOHA, KaK W y mpoTust. OxHaxo, supo ‘He
o0iamaer, B OTJIMYME OT siipa MPOTHS, TBYMs HYKIIOHHBIMA MarHUTHBIMU Kiactepamu. Eciu B
aToMe MpOTHs POTOHBI CAAATCS HA OJMH M TOT )K€ HYKJIOHHBIH MarHUTHBIN KJIacTep, TO B aTOME
*He" ouu cansitcst He HA OJMH, a HA MOOOH W3 IBYX PA3HBIX MATHHTHBIX KacTepos. [10aToMy
ciextpbl “He' OTIMYAIOTCS OT CHMEKTPOB MPOTHA, TaKk Kak (DOPMUPYIOTCS OHH IO TeM ¥Ke
MpaBUjIaM, 4TO U CIEKTPbl HEUTPAIBHOTO ‘He.

V.3.2.2. HenoBTOpuMasi MHAUBHAYAJIbHOCTH
CTPYKTYPHI U CIIEKTpa U3J1y4eHue
aromoB “He

CoBpeMeHHOI (pH3HKE HEe H3BECTHO, YTO HEHTPAIbHBIC ATOMBI ~He B ¢CTECTBEHHBIX 3EMHBIX
YCIIOBUSIX BOOOIE OTCYTCTBYIOT, YTO OHHM MOTYT CTa0HIIbHO CYIIECTBOBaTh TOJBKO  MPH
Yype3BbIYaiHO HM3KUX TemIeparypax. B ecTecTBEHHBIX 3€MHBIX YCIOBUSX CTaOMIBHO
CYIIECTBOBATH MOTYT TOJBKO HOHH3MPOBAHHEIEC, BOAOPOAONONOOHBIE aToMbl ~He', a mnx
YaCTOTHBIE CIEKTPbl OYEHb CUJIBHO CABUHYTHI, B CTOPOHY BBICOKHMX 4YaCTOT, OTHOCHUTEJIBHO
CIIEKTPOB ‘He".

.

B KkBaHTOBOM TeopHMM, H3-3a OTKa3a OT ydeTa MArHUTHBIX B3aMMOJEHCTBHM MEXAY
MHKPOOOBEKTAMH, CUMTACTCS, UTO CHeKTpEl “He u ‘He oTamduaiotcs Apyr OT Apyra, Kak u
CIEKTPBI U30TOMOB BOJOPO/IA, BCETO JIHUIIb HE3HAYUTEIbHBIMUA U30TOMNYECKUMHU CABUTAMHU.

B nelictBuTenbHOCTH, BCE OOCTOMT COBEPIICHHO HHaue. Sapo SHe cocrout u3 JIBYX
MPOTOHOB W oAHOTrO HeWTpona (puc.10) dopmanbHO, OHO 00NagaeT ABYMS HYKIOHHBIMH
MarHMTHBIMHM KJIACTEpaMH, HO, H3-3a NApaUIEIbHOCTU 3THUX KJIACTEPOB, C TOYKU 3PEHHUS



ATOMHBIX OJJICKTPOHOB MW  AHTHUIJICKTPOHOB, HaAXOAAIIMWXCA Ha pacCTOAHUAX OT dapa,
MPEBBIIAIOIIUX AUAMETP sAApd, KaK MHUHUMYM, Ha YCTbIpC IMOpAAKaA, OHO 06na)1aeT OJHUM
HYKJIOHHBIM MAarouTHBIM KJIACTCPOM. BennunHa MarHUTHOTO MOMEHTA 3TOT0 O6T>CIH/IHCHH01"O

Puc.10. Cxema spa *He

MarHMTHOT'O MOJIs OJIM3Ka K 24 .

Snpo *He cocrout u3 JIBYX MPOTOHOB U JIBYX HEHUTPOHOB M 00Ja7aeT JBYMsI HYKJIOHHBIMH
MarHUTHBIMM KjacTepamu (puc.7). BenuunHa MarHMUTHOIO MOMEHTa KaXkJOTO0 MarHUTHOTO
KJ1actepa sipa *He paBHa ,u(4He)=,upf,un=O,9997,up.

Tak kak u(*He) mourn Basoe Gombire, ueM u( He), To HEKOTOpBIe cBOiicTBa ~He OUCHS
CHIIBHO OTJIMYAIOTCS OT CBOMCTB “He. IIpexne Bcero, Hy’)KHO MOAYEPKHYTh, YTO, COTJIACHO
KOJIMYECTBEHHOMY aHAIN3y, B HEHTpanmbHOM atoMe ~He 06a S7EKTPOHA MOTYT HAXOIMTHCS
TOJIBKO C OJHOW M TOM e CTOPOHBI OT siipa. A Tak Kak NOTEHIHAJ NIEPBOH MOHU3ALUHU TaKOT'O
aTromMa paBeH Bcero Jjumb 1,3133B, 4T0 OmsTH ke, COBpEMEHHOW (H3MKE HE HM3BECTHO, TO
HEHTpanbHble aToMbl ~He MOTYT CyIIGCTBOBATH TONBKO MPH YPE3BHIYAIHO HH3KHX
TeMIeparypax.

OTO TOBOPUT O TOM, YTO B €CTECTBEHHBIX YCIIOBUAX HEUTPAIBbHBIE ATOMBI He CYyILECTBOBATh
HE MOT'YT.

Uto Kacaercs aToma “He', To B HEM 3IIGKTPOH OTCTOMT OT sApa B JBA Pa3a Jaiblle, 4eM B
atome ‘He'. [TosToMy moOTeHIMaN WOHHW3AlUKA aToMa A(3He+)=27,1983B BJIBO€ MEHBIIIE
MMOTEHIMAIa NOHA3AIUN aTOMa A(4He+)=54,443B. A Tak Kak BC€ 3JIEKTPOHbI U aHTUAJIEKTPOHBI B
atomax *He" oTcrosT B 1Ba pasa ganblie OT sapa, 4eM B aTOMax ‘He', To B CIIEKTPE aTOMOB ‘He'
BCE YaCTOTHI MOYTH B TPU Pa3a MEHbIIE, YeM COOTBETCTBYIOLIME YACTOTHI B CHEKTPE aTOMOB
‘He".

Emé 0/1HO TIOGOMBITHOE CBOHCTBO aTOMOB ~He ™ 3aKiiouaeTcst B TOM, YTO 4aCTOTHBIN CIIEKTP
3TUX BOJIOPOJONOJOOHBIX aTOMOB TOIOJIOTUYECKH I[OJI00CH CIEKTPY aTOMOB MPOTHS, HO
MPUMEPHO B TOJTOpa pa3a CABHHYT, OTHOCHTEIHHO CIIEKTpa MPOTHS, B CTOPOHY BBICOKHX
4acToT.

V.3.3. YacTOoTHBIE CIEKTPhI
BOJIHOBOT'O 3JIEKTPOMAarHUTHOI'O U3Jly4YeHH s

aTtomoB c Z>2

XapakTepHbIM TPHU3HAKOM MPOU3BOJILHOTO XMMHYECKOTO JJIEMEHTA SIBIISCTCS 3apsIOBOE
qucio Z — KOJHMYECTBO OJJICKTPOHOB B HEUTPAILHOM HEBO30YXKJICHHOM aroMme, paBHOE
KOJIMYECTBY HYKJIOHHBIX MATHUTHBIX KJIACTEPOB Spa U KOJIMYECTBY IPOTOHOR B SIPE.

3HaHWE DSTHUX CBOWCTB aToMa M 3HAHWE CTPYKTYPbl (POTOHA TIO3BOJISIOT TOHAThH, KaK
MPOUCXOUT (POPMHUPOBAHHE CTPYKTYpPhI YACTOTHOTO CIIEKTPa 3JICKTPOMArHUTHOTO HM3JIYUCHUS
atoma. [lIpomenypa 5toro (GOpMHpPOBaHUS aHAJOTHMYHA MPOJACMOHCTPUPOBAHHOW  BBIIIE
nporeaype GopMUpoBaHUS CIIEKTpa aToMa *He.

Kaxnpiii GoToH, 3aXBau€HHBIH aTOMOM, CaJUTCs, CIydyailHBIM 00pa3oM, Ha OJAMH W3 Z
HYKJIOHHBIX MarHUTHBIX KJIACTEPOB sizipa ky, ky,...,kz. Ilopsgok 3axBara (hOTOHOB aTOMOM MOKET
OBITh OMHMCAaH TOCIENOBATENLHOCTRIO {¥i}, Thae i=1,2,..., a y MOXeT NPUHHUMAThL I00oe
3HaueHue W3 MHOXecTBa (ki, ka,...,kz). JlJIS KOHEYHOTO 3HAYEHUsS BEIMYUHBI ¢ KOJIUYECTBO
HoCIen0BaTeIbHOCTEN {);} paBHo Z°.



B mpoGneme QopmupoBaHUS YaCTOTHBIX CIIEKTPOB aTOMOB CYIIECTBYIOT JIBa aclieKTa —
YUCTO TEOPETUYECKUH, 3aKIIOYAIOIIMNACSA B JOCTHKEHUH MOHUMaHUA Ipolecca GOpMUPOBAHUS
BCEro OECKOHEYHOT'0 CHEKTpa aTOMOB, U IPUKJIAIHOM.

C mnpakTHUeCKOW TOYKM 3pEHHs], 3HAHUE CTPYKTYpbl OECKOHEYHOIO «XBOCTa» CIIEKTpa
MHTEpeca He MPEICTaBIseT, TaKk Kak HauOosjee MH()OPMATHBHOHM SBISAETCS BBICOKOYACTOTHAs
4acTh CIEKTpa.

OpHa U3 IPUYHH 3TOTO CBSA3aHA C TEM, UTO ISl OOJIBIINX ¢ «XBOCTOBBIE JIMHUM CIIEKTPA, H3-
3a UX OTPOMHOTO KOJINYECTBA, MPAKTUIECKN HEPA3TUIHMBI.

C npyroii cTOpOHBI, BO30YKICHHBIE aTOMBI HaXOASTCS B MOCTOSHHOM JIBM)KEHHH C BeChbMa
O0oJbIIMMU  cKOpocTsIMU. M3-3a  3TOrO, «BpeMsi JKM3HM» BO30YXACHHBIX aTOMOB, a,
CJIEIOBATEIbHO, H MAaKCUMAJIbHO BO3MOXKHOE 3HAYEHHE ¢ CYIIECTBEHHO 3aBUCAT OT ILNIOTHOCTH
MHKPOOOBEKTOB Ha IMMYTH BO30YKIEHHBIX aTOMOB.

Tak, B 36MHBIX YCIIOBUSX BEIMUYMHA ¢ HACTOJBKO OTpaHMYEHAa CBEPXY, YTO B YACTOTHOM
CIEKTpE MPOTHUsSl IKCHEPUMEHTAIBHO YAAJIOCh BBIACIUTH TOJBKO ISITh CIIEKTPAIbHBIX CEpUN —
Jlaiimana, banemepa, [Tamena, bpekerra u [IdpyHaa. A Bce 9TH cepur TreHEPUPYIOTCS aTOMaMH,
3aXBaTUBIIMMU He Oosiee IByX (POTOHOB.

B pa3pexeHHOM KOCMHYECKOM IIPOCTPAHCTBE «BpPEMS >KH3HH» BO30YKIECHHBIX aTOMOB
MPEBBIIIACT €ro 3HAYeHHWE B 3EMHBIX YCIOBHSX. [103TOMY OHM MOTYT 3axBaThIBaTh OOIbIIee
KOJINYECTBO (DOTOHOB M Pa3TOHSITHCS 10 HEOOBIYAHO OOJIBIINX CKOPOCTEH U SHEPTHA.

V.4. YacToTHBII CIEKTP
BOJIHOBOT'0 2JIEKTPOMATHUTHOTO M3JIy4YeHH sl
«OBICTPOro» GOTOHHOI0 —3JIEKTPOH-AHTHIJIEKTPOHHOIO U0

«BBICTPBIIY DIEKTPOH-aHTUANEKTPOHHBI JUMONb H3Ty4aeT 3JIEKTPOMArHUTHBIE BOJIHBI
TOJIBKO B TOM CJIy4ae, €CIIM OH, BO BpPeMs JBIKEHHS, COBEpIIaeT KoJieOaHusi Ha COOCTBEHHOM
yactoTe. Tak Kak BJEKTPOH M aHTHUAIEKTPOH COCTOAT W3 OIPOMHBIX MHOXECTB 3JIEMEHTOB
a¢upa, TO ECTECTBEHHO MPEANOI0KHUT, YTO BEITMUYNHBI HX MACC, BETMYMHBI UX AJIEKTPUUECKUX
3apsZ0B M BEIMYMHBI BEKTOPOB MX MArHUTHBIX MOMEHTOB, HEOILIYTMMO Ui HAc, OTIMYAIOTCS
ApyT OT Apyra.

AHanu3 AMHAMUKH JTUTIONS TMOKa3aji, YTO JUIOJbL ABMXKETCS B KOJEOATEILHOM PEXKHUME C
COOCTBEHHOM YAaCTOTOH V TOJBKO B TOM Cllydae, €CIM BEIMYHMHA MAacChl AHTHUAJIEKTPOHA
MPEBBIIIAET Maccy DJEKTPOHA Ha BeNMUuHY J. Ecim e Macca sjekTpoHa OOJbIle BETHMYHUHBI
Macchl aHTHRJIEKTPOHA, TO JUIOJIb BOJTHOBOM KOMIIOHEHTOH He 00J1aiaeT.

Ecnu npeanonoxkuTh, 4TO ¢ SIBISIETCS BETMYUHOW MOPS/IKA 107%r, TO v MOXHO OLECHHTB
BeTHunHoI ropsiaka 10°¢ .

.

Wnrepecno? Ho k camoMy MHTEpECHOMY MBI €111 HE TPUKOCHYIUCH. B3rnsiHem Ha peanbHbIN
Mup, Ha Takue MHTEPECHBIE U HEOOBIYHBIE 00BEKTHI, Kak arMoc(hepHbie cMepul. YemoBeuecTBO
Ha0JII0/1a7I0 MHOXKECTBO pa3HbIX cMmepueil. M xors ux [lpupoma, MexaHU3M HMX CTaOMIBLHOTO
CYILIECTBOBAHMSI Uil BCEX OJMH M TOT K€, UX MapaMeTpbl JJIsl KaKJOTO M3 HUX CBOU, UMEIOT
pasHble 3HaueHUsl. DTO 3aBHCUT OT CBOMCTB BO3/yXa, MPOKAYMBAEMOIO KaKJbIM BUXPEM depes
ce0s - OT INIOTHOCTH, OT CTENIEHU HOHU3UPOBAHHOCTH,. .. .

To4yHO Tak *e, pa3Hble NIEKTPOHBI, a TAKXKE Pa3HbIE aHTHIJIEKTPOHBI, OyaAydn 3(QUPHBIMU
CMepuaMH, OTJIMYAIOTCAd JpYr OT apyra B coBpemeHHON ¢u3MKEe MHKpOMHpa BCE OHHU
CUNTAIOTCA a0COIIOTHO OJMHAKOBBIMU. OHAKO, 1M0100HOE ypaBHUBaHHUE JIOITYCKATOCh, MOKET
ObITh, TPH KOJMYECTBCHHBIX pacyeTax, HO HUKOrjma, 0e3 crpororo 0OOCHOBaHUs, HE
JIOITYCKAJIOCh TIPHU BBIPAOOTKE MOHUMAHUS YCTPOMCTBA M (PYHKIIMOHHUPOBAHUS MaTepHAITBHBIX
00BeKTOB. HapyiieHue 3Toro mpaBuiia MPUBOAMIO K KPYITHBIM HETIPHSATHOCTSM €IIE€ B IPEBHEH
anXuMHH. B cOBpeMEHHON TEOpHUH MUKPOMHUpA TaKKE HEMAJIO TIOATBEPKACHU.

.

Tax Bot, & =10 >*kr, o CpPaBHEHHIO C 9.10953-10 !, 310 Mano wiu Her? Tak Kak 3JICKTPOH

sIBIIsieTCs 2(UPHBIM CMEpUYEM, TO €ro Macca 3aBUCHUT OT TUIOTHOCTH OKpy»Katomiero 3¢upa. To xe



caMo€ Kacaercsi UM aHTHUIIEKTpoHa. Ha myTH 31eKTpOH-aHTHURIEKTPOHHOIO JUIIONSA IUIOTHOCTh
s¢upa MOYTH BCEerja HENpPEphIBHO MeHseTcs. Bmecre ¢ Hell MEHSAIOTCS, B HEU3BECTHBIX HaM
npezenax, 1 Macchl 3JEKTPOHA U aHTHUANEKTpoHa. M3-3a 3TOro MeHsercs U J, U He TOJBKO IO
BEJIMYMHE — MOXKET MEHSATHCS U 3HAK O.

B pesynbprare, mpu IBMKEHUH DIIEKTPOH-aHTHIJICKTPOHHOTO IHUIIONSA, B OOIIEM Clly4ae,
MOXET «IUIBITHY» 3HAYEHHE O OT TOJIOKUTENBHBIX 10 OTPHUIATENILHBIX BEJIHMYUH M 0OpaTHO,
HEOJHOKPATHO IIepeceKkas HYJIEBOE 3HAYEHWE, CO37aBas, BpeMs OT BPEMEHH, YCJIOBHS I
W3JIY4ECHUS TUIOJIEM DJIEKTPOMAarHUTHBIX BOJIH C «IUIBIBYILEH» 9acTOTOM.



