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XIV. A-M. AMPERE
AND MAGNETISM

Leonov N.N.

Every day, the bicentennial anniversary of Ampere's famous mistake made in interpreting the experimental
result of Oersted (1821) is getting closer. This mistake distorted the true understanding of the nature of magnetism.
Because of her, physics still naively considers magnetism not independent, but a secondary phenomenon originating
from electricity.

The falsification of the nature of magnetism led to a distortion of the quantitative characteristics of the intrinsic
magnetic fields of electrons, neutrons and protons, to the refusal to take into account the magnetic interactions
between micro-objects in the theory of the microworld in physics and in chemistry, and to the loss of the ability to
use Newton's quantitative formalism in studies of the structures of atoms and other objects of the microworld ...
Thus, Ampere's mistake caused serious damage to the achievement of true ideas about the structure of material
objects of the micro- and macrocosm.

Physics has not yet been able to correct this Ampere's mistake. The theory of nonlinear oscillations had to deal
with its correction. Some of these fixes are summarized below.
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XIV.1. Introduction

The key moment in the theory of the microworld was the failure of "classical™ physics in
attempts to understand the true structure of the unexcited atom. This failure made it impossible
to understand the mechanism of electromagnetic radiation of atoms and, as a consequence, did
not allow to reveal the true mechanism of the formation of the frequency spectrum of
electromagnetic radiation of the "absolutely black body".

This series of failures led to the final disappointment of the "classical” physicists in Newton's
formalism, but not only in formalism, but, most importantly, in its methodological aspects.
Dismissively calling Newton's formalism "mechanistic”, physics blamed him for all of its
failures.

Planck’s accidental appeal to the hypothesis of the existence of indivisible quanta of energy
stopped a series of failures, serving as the beginning of the creation of a quantum theory of the
microworld. When quantum formalism began to work, it suddenly turned out that it has a
probabilistic character, despite the fact that all interactions obey deterministic laws.

So it turned out that in the atomic nucleus the positions of nucleons relative to each other are
determined not by nucleon interactions, but by quantum uncertainty relations. Moreover, the
position of the electron in the unexcited protium atom was also very vague, and the average
value of this distance, called the "Bohr radius", turned out to be 5.2917706-10"'m [1].

But these are just minor quantum "pranks”. Quantum physics has learned a lot about the real
structure of the material World. But along with this, she also committed real crimes. We will
return to them below.

In the meantime, remember that, in the second half of the last century, employees of the INP
of the USSR Academy of Sciences (Alma-Ata) experimentally proved that the atomic nuclei of
all chemical elements have stable quasicrystalline structures from their nucleons [2]. This means
that atomic nuclei have stable statically equilibrium structures of their nucleons, in which the
distances between each pair of nucleons are clearly defined and do not change in time in the
absence of external disturbances. This means that in the corresponding "uncertainty relations™ of
the quantum theory, the value of the indivisible quantum of Planck's energy is #=0. Planck’s
hypothesis about the existence of indivisible quanta is false.

An investigation by TNO, the theory of nonlinear oscillations, found that the quantum
paradigm contains two fundamental erroneous positions that arose as a result of unqualified



interpretations of the results of the experiments of Oersted (1821) and Fizeau (1851). These two
errors led, in the physics of the microworld, to the refusal to take into account the ether, with its
resistance to the movement of micro-objects and with its ability to be a material carrier of
electromagnetic waves, and to the refusal to take into account the magnetic interactions between
micro-objects. These reasons led to the indicated series of physical failures.

Taking into account ether and magnetic interactions in the theory of the microworld allowed
TNO to construct an adequate mathematical model of an unexcited protium atom using Newton's
formalism without difficulty. Taking into account ether and magnetic interactions in the theory
of the microworld allowed TNO to construct an adequate mathematical model of an unexcited
protium atom using Newton's formalism without difficulty. This model turned out to be so
trivial, so simple and understandable that it caused tremendous bewilderment how physicists,
who praised themselves for their excellent knowledge of “classical” Newtonian methods,
managed to admit an unpleasant series of failures, indicating the inability to apply these methods
even in the simplest problems.This model turned out to be so trivial, so simple and
understandable that it caused tremendous bewilderment how physicists, who praised themselves
for their excellent knowledge of "classical” Newtonian methods, managed to admit an unpleasant
series of failures, indicating the inability to apply these methods even in the simplest problems.

The distance between a proton and an electron in a protium atom, due to its unobservability,
cannot be directly measured. Nevertheless, it was possible to calculate it in both quantum theory
and TNC.

This value, equal to x*=5,2917706-10""'m - "Bohr radius", was calculated in quantum
physics without knowing the true structure of the protium atom. It looks like some kind of trick.

The magnitude of this distance in TNC was calculated, knowing the true structure of the
protium atom, using a trivial identification procedure. The dynamics of the electron-proton
system of the protium atom is described by an equation containing the parameters determined
through the value x*, the value of the elementary electric charge e, the experimental value of
which is 1,602-10"°C, and the value of the ionization potential of the protium atom
A(H)=13.597eV [3]. All these three quantities are related to each other through the solution of
the equation of the dynamics of the proton-electron system of the atom:
x*=0,5¢’[4(H)] '=5,302:10"""'m. The accuracy of determining this quantity x* is limited by the
accuracy of experimental measurements of the quantities e and A(H),

Comparison of the x* values obtained by quantum methods and Newton's methods suggests
that in this case the quantum value of x* can be trusted, in comparison with calculations of other
quantities.

In order not to be unfounded, we will give examples.

XIV.2. Magnetism
Physicists in the century before last discredited magnetism, assigning it a secondary role in
the construction of the material World. This was due to Ampere's erroneous interpretation of the
results of the experiment of Oersted (1821) [4]. Two centuries have passed since then, but this
error has not yet been corrected.

XIV.2.1. The nature of magnetism

This error was one of the reasons for the appearance of the above series of failures of the
physical theory. Because of this error, the concepts of the current (or equivalent - dipole) nature
of magnetism have been established in physics [5,6]. The idea of the current nature of
magnetism arose due to Ampere's error in interpreting the results of Oersted's experiment.
Visualization of the magnetic field lines of a permanent magnet using iron filings (Fig.1, this is
Fig.6a from [6]) was perceived by physics as an allusion to the existence of magnetic
"monopoles”. However, the search for magnetic monopoles to success did not lead.



Fig.1. Permanent magnet magnetic field

The electric field is central. Its source is point, called "electric charge”. The magnetic field
Is axisymmetric. Its source is called the vector of the magnetic moment.

According to the concepts of the current nature of magnetism, the magnetic field strength H
with a source in the form of a vector of the magnetic moment p in "classical” physics is
described by the expression (1) [5], where r is the vector-distance from the source of the

H=3(ur)rr>—ur>, 1)

magnetic field to the point of determination of H. And since the ideas about the current (dipole)
nature of magnetism turned out to be false, then the adequacy of expression (1) falls under
suspicion.

It is possible to check the adequacy of expression (1) by getting rid of the specifics of the
current dipole hypothesis about the nature of magnetism. In this case, expression (1) takes the
following form:

H=(p+y1) (un)r " Pr—pir'p, )

where v, y1, p are unknown parameters to be identified.

To identify the value of p, it was necessary to start with the diagram of the unexcited protium
atom. But first it was necessary to establish whether the electron is a para- or diamagnet. It
turned out that the electron is a diamagnetic [7]. After that, it became clear that the diagram of
an unexcited protium atom has the form shown in Figure 2. This diagram helped to construct
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Fig.2. Diagram of the protium atom
the equation of dynamics of the proton-electron system of the protium atom (3). where the prime
mex"+hx'——ax_2+ﬂx_p : 3)

denotes differentiation in time, h is the coefficient of resistance of the ether to the motion of the
electron relative to the proton, o and S are the coefficients in the description of the electric and
magnetic interactions between the electron and the proton

Based on (3), it is easy to calculate the ionization potential of the protium atom. It is equal to
the work required to remove an electron from an atom. The ionization potential of protium A(H)
can be calculated by the formula:
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where x*=go . It is equal

AH)zo" VI p2)p-1) (4)

To calculate the value of p, it is more convenient to use expressions for the ionization
potentials of an unexcited deuterium atom:

A)=a" "o )1y (5)
and unexcited ion “He*:
A(He)=a) " B He) PP p-2)p-1) ", (6)

where (*He)=fp.

Since A(D)=13,601eV, A(‘He")=54,414eV [3], then 207 V0 2=y4*HeN[4(D)] "=
54,414:13,601 '=4,00=22. Therefore, p=3.

Thus, expression (1) for the magnetic field strength H with a source in the form of the
magnetic moment vector u turned out to be erroneous. Expression (2) turns out to be true at p=3:

H=(p+y1) (un)rr *—ppur 2, 0

It a theory based on the dipole-current nature of magnetism, the value p=4 [5,6].
Consequently, the hypothesis about the dipole-current nature of magnetism is false. Physicists,
to whom | told this, bewilderedly asked - "What else can it be?" Over the past two centuries
since the Oersted experiment. They were able to understand that magnetism around a conductor
with a current arises not due to the flow of electric charges, but because of the flow of their own
magnetic fields of material carriers of electric charges, i.e. due to the magnetic jet in the
conductor. This means that we can assume that the nature of magnetism is jet.

XIV.2.2. Para- and diamagnetism
in micro- and macrocosm
Paramagnetism reigns in the macrocosm, diamagnetism is very rare. As for the main micro-
objects - electrons, neutrons and protons, the physics of the microworld does not know which of
them is who.

Starting to study the objects of the microworld, TNO first tried to find out who the electron is
- a para- or diamagnet. This is one of the key questions in identifying the properties of
composite objects of the micro- and macrocosm. The solution to this question was possible only
if there were experimental data on the properties of electrons. Searches for the necessary
information showed that. when two free electrons met, the formation of objects resulting from
their combination was not noticed. An analysis of this situation showed that this cannot happen
even if the electron is a paramagnetic, i.e. even if two free electrons are magnetically attracted to
each other [7]. This is how the diamagnetism of the electron was proved.

The search for information about the magnetic properties of neutrons and protons began
with an amazing discovery [6]. It turned out that in quantum theory the moduli of the vectors of
the magnetic moments of the proton and neutron have different signs: w,=2,7928456unuclear,
n=—1,91315unuciear-  This obvious absurdity, from the point of view of mathematics, can be
interpreted as an allusion to the fact that one of the objects - a neutron or proton - is a diamagnet,
and the other is a paramagnet.



It was possible to find out which of them is who by analyzing the structures of the nuclei of
protium, deuterium and tritium atoms. This was done due to the fact that the expressions for
these ionization potentials contain the values of the magnetic moments of the proton x, and
neutron u, ::

A(H)=0,50°8"",

A(D)=0,5¢*fp ',

A(T)=0,5¢°81 ",
where S=2yupue , fo=2yupue, fr=2vuT1te,, and the experimental values of these potentials are well
known: A(H)=13,597eV, 4(D)=13,601eV, 13,602¢eV [3].

It turned out that the proton is a diamagnet, the neutron is a paramagnet, and that un«u,. This
procedure is described in detail in [7].

Since the electron and proton turned out to be diamagnetics, and the intrinsic magnetism of
the paramagnet-neutron turned out to be insignificant, in comparison with the magnetism of the
electron and proton, it became clear that diamagnetism reigns in the microcosm. As for the
macrocosm, paramagnetism takes the first place, while diamagnetism is an extremely rare
phenomenon.

In [7], it is described in detail how macroparamagnetism and macrodiamagnetism are
formed from microdiamagnetism. In [7] it is also told about the nature of permanent magnetism
that exists without external energy pumping, and about the nature of "ball lightning™.

X1V.2.3. Quantitative characteristics
magnetism
The values of the magnetic moments of the electron, proton and neutron, adopted in the
quantum theory, according to [2], are equal to ,=9,274-10 *'erg-Gs ', 14,=1,4106-10 ~’erg-Gs ',
11n=0,9662-10 ~erg-Gs'. Therefore, u.=6,57-10, and 1,=0,682u,.

In "classical™ - Newtonian physics, the force of magnetic interaction between two objects, the
vectors of magnetic moments g; and y; of which are located on one straight line, is described by
the expression: fx°, where x is the distance between objects, and. Therefore, to describe such a
force of magnetic interaction with the participation of electrons, neutrons and protons, it is
sufficient to know only the relations between the quantities e, 1n and z,: gy and g,

To determine the value of the ratio uq, ', we used the expressions for the ionization
potentials of protium and deuterium: A(H)=0,5¢°4"" and A(D)=0,50¢f5 ', where A=2yuiu,
Bo=2y(uy—tn)re.  From the relation A(H)[A(D)]'=Bof '=1—u, ' it turns out that s, '=
1-A(H)[A(D)]"". Since A(H)=13,597¢eV, 4(D)=13,601eV, then prp, '=3-107*.

To determine the ratio uy, 1, the simplest identification procedure was applied, in which
theoretical and experimental information on the ionization potentials of protium and deuterium
atoms was used. A similar procedure for determining the ratio uq, ' is unsuitable, since protium
and deuterium contain one electron each. Because of this, the coefficients g and fp include the
products of one magnetic moment of an electron and one magnetic moment of a nucleon.
Having only these products, it is impossible to calculate the ratio ye,up‘l. To obtain the
possibility of identifying the value of ueyp", one must also have the product x.2, which appears
only when there are two interacting electrons in the atom.

It turned out that this property is possessed by the 4He atom, in which two electrons are
located on the same nucleon magnetic cluster of the nucleus, on different sides of the nucleus. In
this case, the experimental information on the ionization potential of this atom turned out to be
unknown. And yet, luck did not pass by - as a result of persistent research, one of the
frequencies of the electromagnetic radiation of this atom was discovered, which is present in [3]



and made it possible with its help to carry out an identification calculation of the ratio ﬂeﬂp‘l,
which turned out to be equal ye,up’120:8.372.

So, in quantum theory there is neither an understanding of the nature of the intrinsic
magnetism of electrons, protons and neutrons, nor the ability to calculate the ratio of the true
values of the vectors of their magnetic moments.

Clarification of the nature of magnetism led to a refinement of the description of the
magnetic field strength with a source in the form of a magnetic moment vector. Acceptance of
the erroneous hypothesis of the dipole-current nature of magnetism led to the expression (1).
Liberation from the dipole-current hypothesis led to the expression (7).

Revealing the structures of the electron, neutron and proton showed that they all have
different shapes (Fig.3). Now it will be logical to show that the descriptions of the strengths of
the magnetic fields of the electron, neutron and proton also depend on their structure.
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Fig.3. Schemes of the electron, neutron and proton

From the above relations s, '=3-10* and uqu, '=8,372 it follows that un«u,<u.. Let us
recall that the vector z. in an electron is located along its etheric straight stream. The vector u,
in the proton is located along the aetheric direct stream of the antielectron, which is orthogonal to
the neutron ring. In a neutron, the vector u, is located along a straight line orthogonal to the
neutron ring and passing through the neutron center of mass. In all these micro-objects, the
straight lines along which the vectors of their magnetic moments are located are the axes of
symmetry of their own magnetic fields.

The lines of the magnetic fields of micro-objects are closed. They are described by
expression (7). The first part of this expression, describing the “straight” part of the magnetic
jet, has a width given by the expression (ur)=urcosp, where ¢ is the angle between vectors 4 and
r.

In a neutron, the value of the angle ¢ is not limited by anything (see Fig.3). Consequently,
the magnetic jet of the neutron is "wide-angle".

In an electron, the width of the magnetic jet is limited by the ratio of the “thickness™ of the
electron to its length (Fig.3). Curiosity made me find out which expression, instead of (7),
describes the magnetic field of the electron. It turned out to be very difficult, but amazingly
exciting. All the details cannot be retelled here. Let's talk only about the key points.

Visualization of the structure of the macromagnetic field using iron filings greatly facilitated
the task of studying it. We do not have any means of visualization in the study of
micromagnetism. Therefore, when studying it, we can use only analog representations and
identification methods.

Doubts that the magnetic field of an electron is described by expression (7) arise already
when analyzing the characteristics of hydrogen isotopes. It is known that the experimental
values of the ionization potentials of protium, deuterium and tritium are A(H)=13.597eV,
A(D)=13.601eV, A(T)=13.602eV [3].

The protium nucleus consists of one proton with a magnetic moment x,. The deuterium
nucleus consists of one proton and one neutron, and its magnetic moment is xp=¢4,—1n=0.9997 .
The tritium nucleus consists of one proton and two neutrons. It has two nucleon magnetic



clusters - proton-neutron and neutron, the magnetic moments of which up and u, are parallel,
and the vectors of the magnetic moments of both neutrons are directed opposite to the vector of
the magnetic moment of the proton. It would seem that with A4(H)=13,597eV and
A(D)=13,601eV, the value of A(T) should have been equal to 13.606eV, and not 13.602eV. The
difference in the values of A(T) seems to be insignificant. But this difference goes beyond the
experimental error. What is the reason for this difference?

The radius of the atomic nucleus, according to E.Rutherford, is estimated at 1,4-43-10""°m.
For tritium, A=3, and the diameter of the tritium core is estimated as
2r,(7)=2,8-33-10 "m=4.04-10"">m. The distance between an electron and a tritium nucleus in a
stationary state is of the order of 5.292-10''m. Therefore, the electron "sees" the tritium nucleus
at an angle of 4,04:107"°-5,2927"-10"rad=0,763-10 *rad. The cosine of this angle is close to
1-0,29-10°°. If expression (7) were valid in this case, then the value of the ionization potential
of tritium would be equal to 13.605eV. However, the experimental value is 4(7)=13.602 eV.

This suggests that the real magnetic fields of electrons and protons can have a much
narrower jet than the jet described by expression (7).

The experimental values of the ionization potentials and resonance wavelengths of protium,
deuterium, and tritium are very close. Therefore, by analyzing these quantities, it is hardly
possible to obtain sufficiently reliable estimates of whether relation (7) is true or not in the case
when the vectors p and r go out from the same point, but do not lie on the same straight line.

The possibility of obtaining such an estimate may appear only when considering atomic
structures in which atomic electrons are located on different, not parallel, nucleon magnetic
clusters of nuclei, and the number of these electrons is not less than two. The simplest of these is
the atomic structure (*He,A), i.e. neutral unexcited atom “He, whose electrons are located on
different nucleon magnetic clusters of the nucleus.

Electric and magnetic interactions between nucleons deform the structure of the 4He nucleus
so that the nucleons of a real “He nucleus are not at the vertices of a regular tetrahedron.
Therefore, the vectors of the magnetic moments of the nucleon magnetic clusters of the 4He
nucleus are not mutually orthogonal, and the angle between them differs from 90° by some angle
Q.

Depending on the orientation of the vectors of the magnetic moments of the protons, the
magnetic field of the “He nucleus, at 0, can exist in two versions (Fig.4).
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Fig.4. Bivariance of the magnetic field of the “He nucleus

To calculate the angle o, it is impossible to use experimental data on the values of the
ionization potentials of an atom (*He,A) due to the significant incompleteness of these data, since
the potential of the first ionization of this atom must have at least two different values, while in
physics only one experimental is known value of this potential.

As for the experimental data on the characteristics of the electromagnetic radiation of atoms,
the procedure for measuring them provides information on the entire spectrum of this radiation
without any rejection of this information.

The short-wavelength part of the table of experimental values of spectral lines of neutral “He
atoms has the following form [3]:

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

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

601,4041

9,9894
591,4147

7,0807
584,334
537,0296

14,8168

522,2128

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

And now - the most important thing. It is necessary, based on (7), to form an expression for
the identification search for the true vector of the strength of the electron's own magnetic field.
This can be done by constructing an expression in which the magnitude of the vector H falls off,
with distance from the straight line containing the vector p, faster than in (7).

The vector H described by expression (7) can be represented as a sum: H=H,+H,, where
Hy=(p+y1)(un)r *r=(y+y1)ur >cos(u™r)r describes the magnetic jet itself, and Ho=—yir u
describes the reverse flux of the magnetic field. Here the expression ur means the angle
between vectors g and r.

The H; vector is directed opposite to the # vector at any point of the magnetic field formed
by a source with a magnetic moment . It has the same value C at points of a circle with a radius
of r=(y,uC")°* (Fig.5).
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If sgn(cos(u”r))is substituted into the expression for Hy instead of cos(u”r), then we obtain
an expression for the new field Ho=(y+y)ur >[sgn(cos(u™r))]Jr. The quantity Ho=Ci, if
r=[(+y)uCy '1°° (Fig.6a). The vector field H; for the same C; (H:=C;) has a different form
(Fig.6b). It is obtained from the field Hy due to the compression of the field H, towards the
straight line containing the vector . This is achieved by multiplying the expression for Hy by
lcos(u”r)|. If we now consider the vector Hos.i=H1|cos(ur)|, where s> 0, then for Has.1=C; the
corresponding vector field will take the form shown in Fig.6c.
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Thus, one of the possible options for describing the intrinsic magnetic field of an electron can
be represented as the following relation:

H=(y+y1)(un)r *lcos(u™n) P r—ru, (8)

Then a long and boring procedure of identification optimization of the parameters of
expression (8) lay ahead. It began with the construction of equations of motion for the elements



of an unexcited *He atom, including all variants of its structure. After that, it was necessary to
formalize the procedure for identifying all eigenfrequencies (spectral line lengths) of an atom
corresponding to a fixed set of parameters in expression (8). And, finally, it was necessary to
ensure the convergence of the procedure for minimizing the deviations of the lengths of these
lines from their known experimental data, by searching for the corresponding values of the
parameters of expression (8).

As a result, the following expression was obtained for the strength of the magnetic field of
the electron and antielectron:

He:(y'l'yl)(ﬂer) r74|cos(,ue’\r)|54r _ylriz.”e- (9)

The proton possesses the sum of a very weak "wide-angle" magnetic field of the neutron and
a strong, extremely narrow-angle magnetic electron-like field.
The work carried out has confirmed
- that electrons have a very thin and very long shape,
- that protons have a very thin and long, spoke-like magnetic jet,
- that nucleon magnetic clusters, having a proton spoke-like, are extremely
narrow magnetic jet, with each other, in the atomic nucleus, do not intersect (Fig.7),

Fig.7. Diagram of the magnetic field of an atomic nucleus at large A

- that the composition of the nucleon magnetic cluster of an atomic nucleus does not depend on
protons, does not belonging to this cluster.

Recall that an identification procedure is the procedure for calculating experimentally
unobservable parameters of an object of study, based on the results of experimental
measurements of observable parameters, if the mathematical model of an object adequately
describes its dynamics and allows the identification of relationships between observed and
unobservable parameters.
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XIV. A.-M. AMIIEP
U MATHETU3M

JleonoB H.H.

C KaxIpIM JHEM Bce OJIIDKE JABYXCOTJICTHHH toOwieil 3HameHHTOW omMOKM AMmepa, IONMYIIEHHOH NpH
HMHTEPIPETAlNU IKCIIEPHUMEHTAIBHOTO pe3ynabTata Opcrena (1821). Orta ommbka Mckasmia UCTUHHOE NMOHUMaHUE
NpUpOJbl MarHeTusMa. I3-3a Hee (u3MKa [0 CUX HOP HAMBHO CYMUTAET MAarHeTH3M HE CaMOCTOSATENbHBIM, a
BTOPUYHBIM ABJICHUEM, IPOUCXOJAAIIUM OT BJICKTPUYCCTBA.

CDaJ'H)CI/Iq)I/IKaHI/IH MpUupoabl MarHeTu3Ma MpuBeJia K HCKaAXKCHUIO KOJIMYECTBCHHBIX XapaKTCPUCTUK CO6CTB€HHBIX
MAarHUTHEIX ITOJICH DJICKTPOHOB, HeﬁTpOHOB 1 OPOTOHOB, K OTKA3y OT Yy4CTa MArHUTHBIX BSaHMOHeﬁCTBHﬁ MCKAY
MI/IKpOO6’LCKTaMI/I B TEOpHHU MHUKPpOMHPpA B CI)I/ISI/IKe U B XMMHHU, U K YTpare CIIOCOOHOCTH HCIIOJIb30BaHUS
KOJIMYECTBEHHOTO (opmanm3mMa HboTOHa B MCCIEIOBAHHUIX CTPYKTYp aTOMOB H JPYTUX OOBEKTOB MHUKPOMHpA.
Takum oOpa3om, ommbOka AmIepa HaHECIAa CEpbe3HBIM yImep0d MTOCTH)KCHHIO HCTHHHBIX IPEICTAaBICHUHA 00
YCTPOMCTBE MaTepHaIbHBIX 0OBEKTOB MUKPO- 1 MAKpOMHPA.

®dmsuKa He cymena, 10 CHX HOp, UCIpPaBUTh 3Ty ommuOKy Ammepa. E€ ucnpaBieHreM NMPHUIILIOCH 3aHUMATHCS
TEOPHUH HEJIMHEHHBIX KoJieOaHui. YacTh ATUX UCIIPABICHUI TTOABITOXKEHA HIXKE.

([ ]
XIV.1. Beryniienne

KiroueBbIM MOMEHTOM B TEOPUH MHKPOMHpA SIBUJIACh HEyAada «KJIacCHYeCKOn» (PU3MKH B
MOMBITKAX JOCTHKEHHUS TOHUMAHUS HCTUHHOTO YCTpOMCTBa HEBO30Y)KJIEHHOrOo aToMa. JTa
HeyJada clejajga HEBO3MOXKHBIM IIOHMMAaHME MEXaHU3Ma JJIEKTPOMAarHUTHOTO H3IIy4eHUs
aTOMOB U, KakK CJEJICTBHE, HE IM03BOJIMJIA BBIIBUTH HCTUHHBIM MeXaHU3M (OpPMHUpPOBAHUS
YaCTOTHOTO CHEKTPa 3JIEKTPOMATHUTHOTO U3ITyYeHUs «aOCOIIOTHO YEPHOTO TENay.

Ota yepena HeyAay MpuBeia K OKOHYATEIbHOMY Pa304apOBaHMIO «KJIACCUYECKUX» (PU3UKOB
B (opmamusme HrloToHa, HO He Tonbko B (opmanu3me, a, camoe IJIABHOE - B €ro
METOJI0JIOTHYEeCKUX  acnekrax. [IpeneOpexxurenbHo  00o03BaB  ¢opmanu3sm  HproToHa
«MEXaHUCTHYECKUMY, (PU3UKa OOBHHMIIA €r0 BO BCEX CBOUX HEylauax.

CrnyuaitHoe obOpamienue [InaHka k rumorese CyllecTBOBAaHHUS HEJEIMMBIX KBAaHTOB 3HEPTUU
OCTaHOBWIO 4Yepely Heyhad, IOCIYKUB HA4alloOM CO3JaHUs KBAaHTOBOM TEOPUM MHUKPOMHDA.
Korna xBaHTOBBIM (Qopmanu3m Hayan padboTaTh, HEOXKHJIAHHO OKa3aJoCh, YTO OH OO0JagaeT
BEPOSITHOCTHBIM XapaKTepOM, HECMOTPs Ha TO, YTO BCE B3aUMOJCHCTBHS IOJAYUHSIOTCS
JIETEPMUHUPOBAHHBIM 3aKOHOMEPHOCTSIM.

Tak okaszanoch, YTO B aTOMHOM SJp€ IIOJIOKCHHUS HYKJIOHOB OTHOCHUTEIIBHO APYr Ipyra
ONPENENAOTCS HE HYKIOHHBIMM B3aMMOJEWCTBHUSIMHM, a KBAaHTOBBIMHM COOTHOLIEHUSIMU
HeomnpeaeneHHocTe. bonee Toro, moynojkeHue >JIEKTPOHA B HEBO30YXJIEHHOM aTOME IMPOTHUS
OKa3aJIOCh TaK)X€ BECbMa pAaCIUIbIBUATBIM, a CpPEJHECTATUCTUYECKas BEJIMYMHA 3TOTO
paccTosiHUs, Ha3BaHHas «paauycoM bopay, okasanacs paBHa 5,2917706:10 "'m [1].

Ho 310 — Bcero nuiib He3HAUUTENbHBIE KBAHTOBbIE «I1ajocTu». KBaHTOBas ¢u3znka MHOTO
y3Hajla 0 PEaIbHOM YCTpPOMCTBE MarepuaibHOro Mupa. Ho Hapsny ¢ 5TuM, OHa COBEpILIMIIA U
HacToAIME npecTyruieHus. K HUM BepHEMCsI HIKe.

.

A moKa BCHOMHHUM, 4TO, BO BTOPOU MOJIOBUHE MPONLIOro Beka, corpyauuku UAD AH CCCP

(Anma-ATa) SKCIIEpUMEHTAIBHO JO0KA3aJId, YTO aTOMHBIE sjipa BCEX XMMMUYECKHUX AJIEMEHTOB
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00J1a1al0T CTaOMJIBHBIMU KBa3WKPHCTAIUIMYECKUMH CTPYKTYpaMH M3 CBOMX HYKJIOHOB [2]. DTO
O3HauyaeT, YTO aTOMHbIe sjApa OOJIAAI0T YCTOMYMBBIMM CTAaTUYECKH PaBHOBECHBIMHU
CTPYKTypaMHU U3 CBOUX HYKJIOHOB, B KOTOPBIX PACCTOSIHMSI MEXIY KaXKI0H Napoil HYKJIOHOB
YETKO OINpEAETICHbl M HE MEHSAIOTCS BO BPEMEHU IPHU OTCYTCTBUU BHEIIHUX BO3MYILEHUI.
3HAUUT, B COOTBETCTBYIOIIUX «COOTHOILEHUSAX HEOIPEAEICHHOCTEN» KBAaHTOBOM TEOPUU
BEJIMYMHA HeeNUMOro kpanrta sHepruu Ilnanka 7#=0., T.e. runore3a Ilnanka o cymecTBoBaHuu
HEZEIMMBIX KBAaHTOB JIOXKHA.
.

PaccnenoBanue, nposenennoe THK — teopueil HelnnHEMHBIX KojieOaHUM, BBIACHHUIIO, YTO
KBAaHTOBAs MapaJurMa CoOACpKUT JBa NPUHIHUIHUAIBHBIX OIIMOOYHBIX MOJOXKEHUS, BO3HUKIINX B
pe3yibTare HEKBATM(UIUMPOBAHHBIX HHTEPIpPETAlMi pe3yJIbTaTOB 3KCIEPHUMEHTOB JpcTena
(1821) m ®wuzo (1851). OTu nBE OMMOKYU PHUBEIH, B PU3HKE MUKPOMHUPA, K OTKa3y ydera 3dupa,
C ©€ro CONPOTHUBICHHEM JBUKCHHIO MHKPOOOBEKTOB M C €ro CIHOCOOHOCTBIO OBITh
MaTepHaJIbHBIM HOCHTEIEM 3JIEKTPOMArHUTHBIX BOJH, M K OTKa3y OT YydeTa MarHUTHBIX
B3aUMOJICHCTBUI MEXAY MHKPOOOBEKTaMHU. DTH TMPUYMHBI U OOYCIOBHIN YKAa3aHHYIO UYEpemy
bu3nueckux Heyaau..

VY4er spupa U MarHUTHBIX B3aUMOCHCTBUII B Teopun Mukpomupa no3sommwm THK 6e3
3aTPyIHEHUH MNOCTPOUTH aJEKBAaTHYI0 MAaTEeMAaTUYECKYyl0 MOJEIb HEBO30Y)KJIECHHOI0 aroMa
npoTusi ¢ momMoibio ¢popmanusma HeroToHa. DTa Mozenb oka3anach HAaCTOJIbKO TPUBHAJbHA,
HACTOJIBKO IPOCTa M IOHATHA, YTO BbI3BaJla MOTpscalollee HeIOyMEeHHe, Kak (u3MKH,
XBAJIMBIIME ce0sl 32 OTIMYHOE 3HAHUE «KIACCHYECKHX» HBIOTOHOBBIX METOJOB, YXUTPUIHCH
JIONYCTUTh HENPUATHYIO uYepely HeyAad, CBUAETENbCTBYIOIIMX O HEYMEHMM HPUMEHSTH 3TU
METO/Ibl Ja)K€ B IPOCTEHIINX 3aJauax.

BenuunHa paccTosHUS MeXAy IPOTOHOM U 3JEKTPOHOM B aromMe NpoTHs, U3-3a
HEHa0JI0JaeMOCTH, HETIOCPECTBEHHOMY M3MEPEHHUI0 HE MOANEKUT. TeM He MeHee, €€ yIaloch
BBIUNCIIUTH U B KBaHTOBOM Teopuu, u B THK.

Ty BenHuMHY, paBHYIO x*=5,2917706:10"''M — «BOpOBCKHit pafycy, B KBAaHTOBOI (DH3HKe
BBIYUCIIMIIN, HE 3Hasi HCTUHHOIO YCTPOMCTBA aToMa MpOTHsl. DTO MOX0XKE Ha KaKOK-TO (OKyC.

Bemmunny storo paccrosaus B THK Beramcinim, 3Has HCTUHHYIO CTPYKTYpPY aToma IPOTHS,
C TIOMOIIbIO TPUBUAIBHON MICHTU(UKALMOHHON Mponenypsl. JIMHaMuKa 3J1eKTPOH-TIPOTOHHOM
CUCTEMBI aToMa IPOTHS ONMCHIBAETCS YpPaBHEHUEM, COAEpIKAILIUM IapaMeTpbl, ONpeaesseMble
yepe3 BeJIMUMHY X*, BETMUUHY 3JIEMEHTApPHOTO JIEKTPUUECKOro 3apsaa e, SKCIEePHUMEHTAIbHOE
3HaQ4YE€HHE KOTOPOM paBHO 1,602:10 °Ku, u BEJIMYMHY IOTEHIMAaj]a MOHMU3ALMU aToMa MPOTHUs
A(H)=13,5975B [3]. Bce 3TH TpHu BEIHYHHBI CBS3BIBAIOTCA MEXIY COOOW Yepe3 pelieHue
ypaBHEHHS IMHAMHKH IPOTOH-DIEKTPOHHOM cHcTeMbl atoma: x*=0,5¢’[A(H)] '=5,302:10"'m.
To4yHOCTH oOmpeneneHusi STOW BETUYMHBI X* JIMMUTHPYETCSI TOYHOCTBHIO HKCHEPUMEHTAIbHBIX
u3MmepeHuit BeauurH e u A(H),

CpaBHeHHE BeNMYMH X*, IMOJIyYeHHBIX KBAHTOBBIMH MeTOJaMH U MeTojgamu HpioToHa,
TOBOPHUT O TOM, YTO B 3TOM CiIy4ae KBAaHTOBOMY 3HAUEHHUIO BEJITUYMHBI X* MOKHO JIOBEPSTH, MO
CPaBHEHHIO C BEIYUCICHUSMHU JPYTUX BETUYHH.

YrtoObI HE OBITH TOJIOCTIOBHBIMH, TIPUBEAEM IPUMEDPHI.

XIV.2. Marneruzm
@®U3MKH B N103aIIPOLUIOM BEKE AUCKPEIUTUPOBAIN MarHETU3M, OTBE/ISl EMY BTOPOCTEIIEHHYIO
poJib B KOHCTPYMPOBAHMHM MaTe€pUalbHOTO Mmpa. DTO MNPOU30ONIIO U3-3a ONIMOOYHOM
UHTEpPIIPEeTaud AMIIEpOM pe3ylbTaToB skcrepumenta Jpcrena (1821) [4]. C tex mop mpomuwio
JIBa CTOJIETHSI, HO 3Ta OLIMOKA /10 CUX MOp HE UCIIPABIICHA.

XI1V.2.1. [Ipupoaa marierusma
Ora ommOKa SBUIACh OJHON W3 TPHUYUH TMOSBJICHHS yKa3aHHOW BBINIE Yepelbl Heyaad
buszndeckoit Teopun. M3-3a 3T0i OommOKH, B (QU3UKE yTBEPAUIUCH MPEICTABICHUS O TOKOBOM
(MM 3KBUBAJICHTHON — JMIIONBHOW) mpupoje marHetusma [5,6]. IlpencraBiieHuss 0 TOKOBOM



OpUpOJie MarHeTH3Ma BO3HUKIM M3-32 OMIMOKM AMIepa NpPH HMHTEPIPETAMH PE3YJIbTaTOB
JKCIepuMeHTa DJpcrena. Busyanuszanums NUHWA MarHUTHOTO TIOJIS MOCTOSHHOTO MarHHWTa C
TIOMOIUIBIO JKENIE3HBIX OMWIOK (pHc.l, 3TO pucyHok 6a u3 [6]) Oblia BocrpuHATa (PU3MKON Kak
HaMEK Ha CyIIECTBOBAHHE MArHUTHBIX «MOHOMOIEH». OJHAKO, HOMCKH MarHUTHBIX MOHOIIOJIEH
K yCIleXy He IIPUBEJIH.

Puc.1. MarautHoe nose IocTOSHHOTO MarHUuTa

OnekTpudeckoe moje — IeHTpanbHoe. Ero HWCTOYHUK TOYEUYHBIH, NOJ Ha3BaAaHHEM
«QIIEKTPUYECKHUM 3apsAn». MarHuTHoe IIoJIe — OCECUMMETPUYHO. Ero MCTOYHMKOM Ha3bIBAIOT
BEKTOP MarHUTHOT'O MOMEHTA.

CoryacHO MPeICTaBICHUSIM O TOKOBOH MPUPOJIE MarHETHU3Ma, HANPSHKCHHOCTh MarHUTHOTO
nons H ¢ MCTOYHUKOM B BHJE BEKTOpAa MAarHMUTHOTO MOMEHTAa M B «KJIACCHUYECKON» (U3UKE
omnucekiBaercs BeipakeHueM (1) [5], rae r — BekTop-paccTossHUE OT UCTOYHMKA MAarHUTHOTO TIOJIS

H=3(ur)rr>—ur 3, 1)

10 Touku ompeneneHus H. A Tak Kak IpeJICTaBIEHHs O TOKOBOW (IMIIOJIBHOM) IMpHpoje
MarHeTu3Ma OKa3alMCh JIO)KHBIMH, TO U aJIeKBaTHOCTh BbIpaxkeHus (1) mnoamamaer mnon
IOJI03PEHHE.

[IpoBeputh anekBaTHOCTh BbIpakeHUd (1), MOXHO, OCBOOOJMBIIUCH OT CHEUUPHUKU
JUIOJIBHO-TOKOBOM THUMOTE3bl O MpUpoJe MarHetusma. B asToM ciywae, BelpaxkeHue (1)
puoOpeTaeT CIETYIONTUN BU/I;

H=(p+y)(ur)r *Pr—pr Pp, )

T/I€ ¥, y1, P — HEU3BECTHBIE MMapaMETPBI, MOAJIEKAIUE UICHTU(DUKALINH.
.

Yto06b! nIeHTU(UINPOBATH BEIUUUHY p, HY’KHO ObLIO HadyaTh CO CXEMbI HEBO30YKIEHHOTO
atoma npotus. Ho cHauyana Hy>XHO OBIIO YCTaHOBUTH, Mapa- WM JAUAaMarHETHMKOM SBISETCS
anekTpoH. Okazanock, 4To MeKTpoH — auaMarHeTuk [7]. [Tocie atoro, crano sicHO, 4To cxema
HEBO30Y)KICHHOTO aTroma IMpOTUS MMEeT BHJ, NPEACTaBICHHBIH Ha pHCyHKe 2. DJTa cxema
MOMOTJIa TOCTPOUTDH YpaBHEHUE JUHAMUKH ITPOTOH-3JIEKTPOHHOM cucTeMbl aToMma mpotus (3).

P e—

Qe o — D)

Pe Ve
Puc.2. Cxema aToma npoTust

MeX"+hx'=ax *+fx P, 3)



rae mrpux o3Ha4yaeT AuddepeHipoBanHne 1Mo BpeMeHH, h - Ko3pQHUIHEHT COMPOTHBICHUS
a¢upa ABMKEHHUIO 3JIEKTPOHA OTHOCUTEIBHO MPOTOHA, o0 U f - KOA(P(UIMEHTH B OMHUCAHUH
ANEKTPUYECKOTO U MAarHUTHOTO B3aUMOACHCTBUIA MEXKy 3JIEKTPOHOM U IPOTOHOM.

Ucxons u3 (3), HETPYAHO BBIYUCIUTH MOTEHIMAT HWOHU3AaUMH aroMa mpotus. OH paBeH
paboTe, KOTOpYyr0 HEOOXOJMMO 3aTpaTUTh Ha yJaleHHe 3JeKTpoHa u3 aroMma. [loTenuman
noHu3aiuu npotusi A(H) MOKXHO OJACUUTATD 110 opMyJIe:

o0
AH)=] (ox *pxP)dx |,
x*
riae x*=fo . OH paBen

A(H)za" I p2) (1) (4)

I[JISI BBIYUCJICHUSA BCIIMYUHBI p YIIO6H€€ BOCIIOJIB30BATLCA BBIPAKCHHUAMHA [JIA IMOTCHIHWAJIOB
HOHU3alIUH HCBO36y>KI[CHHOFO aroma I[eﬁTepPIH:

A)=a" VI D p2)p-1) (5)
54 HeB036y)K,I[eHHOFO HOHAa 4HeJ’:
ACHEN=(2a)" M BCHT T 21 (6)

rie f(*He)= pp.

Tak «xak A(D)=13,6015B, A(*‘He")=54,4145B [3], 10 2P VP I=4(*He")[A(D)] '=
54,414-13,6017124,00222. CrnenoBarenbHoO, p=3.

Taxum o6pazom, BeipaskeHue (1) a7 HampsHKEHHOCTH MarHUTHOTO 110t H ¢ ICTOYHUKOM B
BUJIE BEKTOpPa MarHUTHOIO MOMEHTA M OKa3ajloch OIIMOOYHBIM. VICTUHHBIM XK€ OKa3bIBaeTCs
BeIpakeHue (2) npu p=3:

H=(y+y1) (ur)rr " —pyur 2, ©)

B Teopun, ucxopsiei U3 AMNOIBHO-TOKOBON MPUPOJBI MarHeTu3ma, BenuunHa p=4 [5,6].
CrnenoBarenbHO, TUIOTE3a O JUIOJBHO-TOKOBOM IPUPOAE MarHetusma JoxHa. DPusukw,
KOTOPBIM S 3TO PacCKa3bIBaJI, PACTEPSIHHO CIPAIIUBAIINA — «A KaKOH ke eni€ OHa MOXKET OBITh?).
3a mpoleamune 1Ba CTOJIETUS CO BPEMEHH dKCIIEpUMEHTA DPCTEAA. OHU TaK U CMOIJIM IOHSATH,
YTO MAarHeTHU3M BOKpPYT MPOBOJHHMKA C TOKOM BO3HUKAET HE M3-3a IMOTOKA AJIEKTPUUYECKUX
3apsi0B, a U3-3a IOTOKAa COOCTBEHHBIX MArHUTHBIX TMOJIEH MaTepHajJbHBIX HOCHUTEJEH
AIIEKTPUYECKUX 3apsAJ0B, T.€. W3-32 MATHUTHOW CTPYH B MPOBOJHHUKE. 3HAUYUT, MOXKHO CUUTATb,
4TO NPUPOJA MAarHETU3Ma — CTPYHHas.

XIV.2.2. I1apa- u AUaMarHeTU3M
B MHKPO- U B MAKpOMHpe

B makpoMupe naput napamarHeTusM, I1MaMarHeTU3M OUeHb peloK. YTo KacaeTcs OCHOBHBIX
MUKPOOOBEKTOB — 3JIEKTPOHOB, HEUTPOHOB U IPOTOHOB, TO (PH3HKA MUKPOMHUPA HE 3HAET, KTO U3
HUX KTO.

[Ipucrynas k usyyeHuto oobekToB Mukpomupa, THK cHauana mocrapanack BBISICHUTH, K€M
ABJIIETCS JIEKTPOH — Iapa- WIM JAWaMarHETUKOM. OJTO OJUH M3 KIIOYEBBIX BOIPOCOB IpHU
BBISIBIEHMH CBOICTB COCTaBHBIX OOBEKTOB MUKPO- U MakpoMupa. Pemenue aToro Bonpoca 0b110
BO3MO)XHO TOJIBKO IIPU HAJIMYUU SKCIEPUMEHTAJIbHBIX JaHHBIX O CBOWCTBAxX 3JIEKTPOHOB.
[Touckn HyxHON MHGOpPMALMU MOKA3alu, YTO. IPU BCTPEUE JBYX CBOOOJIHBIX AJIEKTPOHOB HE
ObUIO 3aMeueHO 00pa3oBaHHE OOBEKTOB, MOMYYAIOIIUXCSA NMPU UX O00bEIUHEHUH. AHAIHU3 ITON



CUTyallMd T[OKa3aJ, YTO 3TO HE MOXET MPOUCXOJUTHh JAKE€ B TOM CiIy4yae, €CIH 3JIEKTPOH
SBJISICTCSL TIapaMarHeTMKOM, T.€. JaXe B TOM Cllydae, €ClId JiBa CBOOOJIHBIE JJICKTPOHA
UCIIBITHIBAIOT MarHUTHOE MNPUTSDKEHHE Npyr K apyry [7]. Tak ObL1 J0Ka3aH JuaMarHETU3M
3JICKTPOHA.

Ilonckn cBeneHUN O MAarHUTHBIX CBOMCTBaX HEUTPOHOB M MPOTOHOB HAYAIUCh C
yIUBUTEILHOTO OTKphITUS [6]. Okazanoch, 4TO0 B KBAHTOBOW TEOPHH MOAYJIH BEKTOPOB
MarHUTHBIX MOMEHTOB IIPOTOHa M HEWTpPOHAa HMEIOT pasHble 3HAKU: U,=2,79284564,,,
Un="1,913154,,. DTa siBHAST HENETIOCTh, C TOYKH 3PCHHS] MATEMATHUKH, MOKET OBITh HCTOJIKOBaHA
KaK HaMEK Ha TO, YTO OJIMH U3 OOBEKTOB — HEUTPOH WJIM MPOTOH SIBISETCS TUAMAarHETUKOM, a
JIPYroi — mapaMarHeTUKOM.

.

BBIICHUTH, KTO M3 HUX KTO, YIaJJOCh C TTOMOIIBIO aHaJIN3a CTPYKTYpP sJIep aTOMOB MPOTHS,
OeUTepus W TPUTHSI. DTO YAAIOCHh CHAeNaTh Oiarogapsi TOMY, YTO BBIPQKCHHS IS ITUX
NOTEHLUAJIOB MOHU3ALMU COAEPKAT BEINYMHBl MATHUTHBIX MOMEHTOB IPOTOHA [, 1 HEUTPOHA
Hn:

A(H)=0,50°8"",
A(D)=0,5¢fp ',
A(T)=0,5¢°81 ",

rae f=2yuplte , Po=2YUDUe, PT=2YUTUe, @ DKCIIEPUMEHTANIbHBIE 3HAYECHUS STHX [OTEHLUAIOB
xopoio usBectHsl: A(H)=13,5973B , A(D)=13,6015B , A(7)=13,6023B [3].

Oxka3zanoce, 4TO NPOTOH — IUAMArHETUK, HEUTPOH — NApaMarHeTHK, M 4YTO Un&ilp. OTa
npoliie1ypa eTaabHo onucana B [7].

.

Tak kak 5J€KTPOH M MPOTOH OKAa3aJUCh JUaMarHeTUKaMu, a COOCTBEHHBIM MarHeTusMm
IapaMarHeTUKa-HEUTPOHA OKa3ajcsli HE3HAYUTENBHBIM, II0 CPaBHEHUIO C MarHeTHM3MaMH
AJIEKTPOHA M MPOTOHA, TO CTAJO SICHO, YTO B MMKPOMHUpE LApUT AuamarHeTusM. Uto kacaercs
MakpoMHpa, TO B HEM IIEPBOE MECTO 3aHMMAET NAapaMarHETH3M, JAMAMarHETH3M K€ SBIIAETCS
Ype3BbIYAITHO PEIKUM SIBICHUEM.

B [7] oneranbHO  pacckazaHo, Kak M3 MHUKpoJAMamarHetusma  (opMupyroTcs
MakporapamMarHeTu3M U MakpoauaMarietusm. B [7] Takxke paccka3aHo o0 MpUpOe MOCTOSIHHOTO
MarHeTus3Ma, CyIIEeCTBYIOIIEro Oe3 BHEIIHEH MOJKAYKU SHEPruH, U O MPHUPOJE «IIapOBOU
MOJIHUI».

XIV.2.3. Kosim4yecTBeHHbIE XapaKTePUCTUKH
MarHeTusmMa

3Ha4YeHNs BEJIMYMH MAarHUTHBIX MOMEHTOB JJIGKTPOHA, MPOTOHA W HEWTPOHA, NMPHUHSTHIC B
KBaHTOBOW TEOpUH, corllacHO [2], paBHBI ,Lte=9,274-10_213pr-rc_1, /zp:1,4106-10_233pr-1“c_1,
,un=0,9662-107233pr-1“c*1. CrnenoBarenbHO, 1.=6,57- 102/1p 1 1n=0,682u,.

.

B «xnaccuueckoit» - HproToHOBOM (hu3mKe, Criia MarHUTHOTO B3aWMOJCHCTBUS MEXKTY
IBYMsI OObEKTaMU, BEKTOPbI MArHUTHBIX MOMEHTOB #;j M Mj KOTOPBIX PAcCIIOJIOKEHbI Ha OJHOMN
TPSMOI, OIHCHIBACTCS BEIPAKEHHEM: X °, TJIE X — PACCTOSIHIE MEX/Iy 00BEKTAMH, a L=2yuiy; .
[TosTOMy, A OMHMCaHUs 3TOW CUIIBI MATHUTHOTO B3aWMOJICHCTBHSA, JOCTATOUYHO 3HAHUS TOJIBKO
COOTHOUIEHUHN MEXAY ’TUMHU BEJIMYNHAMU . ,un,up*l u /,te,upfl.

Jlnst ompeneneHuss BEIMYUHBI OTHOILEHHS ,un,up_l ObUIM WCMOJIB30BaHbl BBIPAXKEHUS JUIS
MOTCHIMANIOB ~MOHM3amuu mpotust U jeitrepus:  A(H)=0,5¢°f" u  A(D)=0,5¢*fp ',
rae f=2yuptte , Po=2y(y—un)tte . U3 cooTHOImEHUS A(H)[A(D)]_l:[3|3[3_1=1—,un,up_1 HOJTY4HJIIOCH,
a0 pirpt, = 1—A(H)[A(D)]"'. Tak xak 4(H)=13,5975B , 4(D)=13,6015B, To g, '=3-107*.

.

Jlns onpeneneHus OTHOIICHUS ,un,ulf1 OblIa MPUMEHEHa MpocTeiias uAeHTU(PUKAIIMOHHAS
npolieypa, B KOTOpOil HCIOJIb30BAJIaCh TEOPETUYECKas U SKCIIepUMEHTalbHash MHpOpMaIus o



MOTEHIIMaTaX MOHU3AINKA aTOMOB MpoTHs U aenrepus. [lomobHas mporeaypa Juist onpeaeeHus
OTHOIICHUS ,ue,ulf1 HENPUTroJIHA, TAK KaK MPOTUH U JeHTepuil coaepkaT MO OJHOMY JJIEKTPOHY.
N3-3a 3Toro, B KO3hGUIIMEHTHI £ U fp BXOIAT MPOU3BEICHUS OJHOTO MAarHUTHOIO MOMEHTA
9JIEKTPOHA M OJHOTO MAarHUTHOTO MOMEHTa HYyKJOHAa. VMmess TONbKO STH NPOHU3BEICHHUS,
OTHOIICHHE ,ue,up_l BBIUUCIUTh  HEBO3MOXKHO.  YTOOBI  MOJIYYUTH  BO3MOXKHOCTD
UACHTU(DUKAIIMOHHOTO  OINpPEAETCHUS  BEIMYUHBI ,ue,up*l, HY)KHO  pacroyiaratb  emé
TPOM3BEICHHEM /i , BOSHHKAIOIIMM TOJIBKO MPH HAIMYMH B aTOME JBYX B3aHMOJICHCTBYIOMINX
JJIEKTPOHOB.

OKa3a1och, 9TO TAKAM CBOWCTBOM o6namaer atoM ‘He, B KOTOPOM JBa 9IEKTPOHA
pacrosararoTcs Ha OJHOM U TOM K€ HYKJIIOHHOM MarHUTHOM KJacTepe sjipa, C Pa3HbIX CTOPOH
ot siapa. [lpu 3ToM, SKCnepuMeHTaNbHAs WHPOPMALKs O MOTCHIIMAIe HOHU3ALUU 3TOTO aTOMa
OKazajach Heu3BecTHOW. W Bce ke, ynada He Mpollia MUMO — B pe3yJbTare YHOPHBIX
UCCIIeIOBaHMi OblJIa OOHApYKEeHa OJIHA U3 YaCTOT JIEKTPOMATrHUTHOTO M3JIyYSHHS 3TOTO aTOMa,
npucyTcTByromas B [3] u mo3BonuBHIasS ¢ €€ MOMOIIBIO MPOBECTH UICHTHU(PUKAINOHHOE
BBIUMCJIEHHE OTHOLICHUS ,ue,up_l, OKa3aBIIETroCsl paBHbIM ,ue,up_1=9:8,372.

Wrtak, B KBaHTOBOH TEOpHMHM HET HHM IOHHMAHUS MPUPOIBI COOCTBEHHOI'O MarHeTU3Ma
JJICKTPOHOB, MPOTOHOB M HEUTPOHOB, HM YMEHHUS PACCUUTHIBATH COOTHOIICHHS HMCTHHHBIX
BEJIMYMH BEKTOPOB X MarHUTHBIX MOMEHTOB.

.

YTouHeHHE TPHUPOAbI MarHeTM3Ma MPUBENO K YTOYHEHUIO OIMUCAHUS HaIMpPsHKEHHOCTH
MarHUTHOTO TOJIS ¢ ICTOYHHKOM B BHJIE BEKTOpPa MAarHUTHOTO MOMeHTa. [IpuHsTHE OMMO0YHON
TUIOTE3bl  JAMIOJNBHO-TOKOBOM MPUPOJBI MarHeTH3Ma NpuBeno K  BelpaxkeHuno (1).
OcBOOOXIEHHUE OT AUMOILHO-TOKOBOW TUIIOTE3bI MPUBEIIO K BhIpaskeHHIo (7).

BrisiBiaeHHe CTPYKTYp 3JEKTpOHA, HEMTpPOHA W MPOTOHA IMOKA3ajlo, YTO BCE OHU HMEIOT
paszsasie dopmbl (puc.3). Teneps OyAeT JOTMYHO MOKa3aTh, YTO M OMUCAHUS HAIPSKEHHOCTEH
MarHUTHBIX TOJIEH 2JIEKTPOHA, HEUTPOHA U MTPOTOHA TAKXKE 3aBUCAT OT UX CTPYKTYPHI.

Bt

Puc.3. Cxembl 371€KTpoHa, HEUTPOHA U POTOHA
.

W3 npuBeneHHBIX BBINIE COOTHOIICHUH /,cn,up*1=3-1074 u ,ue,up*l=8,372 CIIENTYET, UTO UnSilp<le.
HanoMHuM, 4TO BEKTOp M. B 3JEKTPOHE DPACIOJOXKEH BJOJb €ro 3(QHUPHON MHPSIMOH CTPYyH.
Bekrop u, B mpoTOHE pacnoiaokeH BAOJIb d(PUPHON MPSAMOW CTPYHM AHTUDIEKTPOHA, KOTOpPas
OpTOrOHAJIbHA HEUTPOHHOMY KOJbIy. B HEHTpOHE BEKTOp #n PACIONOXKEH BIOJb MPSIMOM,
OPTOTrOHAJLHOW HEUTPOHHOMY KOJbIY, M MPOXOIAIIEH Yepe3 LEHTp Macc HelTpoHa. Bo Bcex
ATUX MHUKPOOOBEKTaX MpSMBIE JIMHUU, BIOJb KOTOPHIX PACIOJIOKEHBI BEKTOPHI UX MArHUTHBIX
MOMEHTOB, SIBJISIFOTCS] OCSMU CUMMETPUHU UX COOCTBEHHBIX MarHUTHBIX MOJIEH.

.

JIuHUM MarHUTHBIX TIOJIEH MUKPOOOBEKTOB 3aMKHYTHI. OHU OMMCHIBAIOTCS BhIpakeHueM (7).
[TepBast yacTh 3TOrO BBIPAXKEHMS, OMHMCHIBAIOIIAS «IIPAMYIO» YacTh MarHUTHOU CTPYH, 00J1a1aeT
IIMPUHOM, 33]JaBaEMOM BBIpAKECHHEM (UF)=prcosy, TIe ¢ — yroj MEXIY BEKTOpaMu M H I.

B HeliTpoHe BenuyMHA yriia ¢ HAYEM He JUMUTHpYeTcs (cMoTpu puc.3). CiemoBarenbHo,
MarHuTHas CTPYs HEUTPOHA SBJISETCS OOBIYHOM — «ITUPOKOYTOJIBHOM.

B oanexkTpoHe mMpuUHAa MAarHUTHOW CTPYM JMMMTHUPYETCS OTHOIIEHUEM «TOJIIMHBD)
aekTpoHa K ero juHe (puc.3). JIroOOmBITCTBO 3aCTaBUJIO BBIICHUTH, KAKUM BBIPAKEHHEM,
BMecTO (7), ONMUCHIBAETCS MArHUTHOE IOJIE AJIEKTPOHA. DTO OKa3aJl0Ch OYEHb HEMPOCTO, HO



NOTpsICAlONIe yBJIEKATEIbHO. Bcex neraneil 3aech He nepeckasaTh. Pacckakem TOJIBKO O
KITFOUEBBIX MOMEHTaX.

Busyanuzanusi CTpyKTYpbl MaKpOMAarHHUTHOTO TIOJII C TIOMOIIBIO JKEJIE3HBIX OMUIIOK
CYILIECTBEHHO OOJerymna 3ajady ero uizydeHus. Hukakumu cpeicTBamMu BH3yadu3alluu MpU
U3y4eHHUH MHKpOMAarHeTu3Ma Mbl He pacrosnaraeM. [103ToMy mpu ero M3y4eHHH MBI MOXKEM
MCIIOJIb30BaTh TOJIBKO aHAJIOTOBBIE MPECTABICHUS U UACHTU(DUKAIIMOHHBIE METOIBI.

.

CoMHeHusI B TOM, 4YTO MAarHMTHOE TMOJ€ DJEKTPOHAa OMUChIBaeTcs BbIpakeHueMm (7),
BO3HUKAIOT YyXE€ IMpU aHaJlW3€ XapakTEepUCTUK M30TONOB Bojaopoxaa. M3BecTHo, dYTO
9KCIIEPUMEHTANIbHBIC 3HAYCHHS BEJIMYMH MMOTEHIIMAIOB MOHU3AIUH MIPOTHUs, IEUTEPUs U TPUTHUS
paBHbl A(H)=13,5973B, A(D)=13,6013B, A(7)=13,6025B [3].

Snpo mpoTHs COCTOUT M3 OJHOIO IPOTOHA C MAarHUTHBIM MOMEHTOM K. SApo nedTepus
COCTOMUT M3 OJHOIO IIPOTOHA M OJHOIO HEUTPOHA, M €ro MarHUTHBIM MOMEHT
up=tp—n=0,9997u,. Snpo TpUTHA COCTOMT M3 OJHOTO HPOTOHA M JABYX HEHUTpoHOB. OHO
oOmamaer JByMs HYKJIOHHBIMM MAarHUTHBIMH KJIACTepaMH — TPOTOH-HEHTPOHHBIM H
HEUTPOHHBIM, MAarHUTHBIE MOMEHTBl KOTOPBIX Mp W Mn TapajUleNibHbI, MPUYEM BEKTOPHI
MarHUTHBIX MOMEHTOB 00OMX HEHTPOHOB HAIpaBJIEHBl POTHBOIOJIOXKHO BEKTOPY MAarHUTHOTO
moMeHnTa mpotoHa. Kasamoce Obi, mpu A(H)=13,5975B u A(D)=13,6015B, Bemuuuna A(7)
NoJDKHA ObuTa OBl OBITH paBHa 13,6063B, a He 13,6025B. Pasnocts 3nauenuii Benmuuunbl A(7),
BpoJie Obl, He3HauuTenbHas. Ho 3Ta pa3sHOCTh BBIXOAMUT 3a Mpeneibl IKCIEPUMEHTaTIbHOU
omunOku. B ueM xe mpuunHa 3TOH pa3HHULbI?

Panuyc atomHoro sigpa, coriacuo D.Pesepdopy, oneHuBaeTCs BEIMUUHOM 1,4'A1/3'10715M.
Hdns  Ttputus  A=3, u JIAaMETP anpa  TPUTHS OLICHHUBAETCSA BEJINYUHOMN
2I',I(T):2,8'31/3'10715M:4,04'10715M. PaccTosiHne Mexay OdJIEKTPOHOM U SIIPOM TPUTHS B
CTAIMOHAPHOM COCTOSHHMM MMeeT BeNMMUMHy mopsaka 5,292:10''m. CriexoBaTensHO, SIeKTPOH
«BUIHT» PO TPUTHs 107 yriiom 4,04-107°+5,2927"-10 rad=0,763-10 *rad. Kocumyc storo yria
630k k Bemmunae 1—0,29-107°. Eciu 651 Boipaskerne (7) GbUIO CIPABEINBO H B 3TOM CIIydae,
TO BeJMYMHA [OTEHIMala HWOHM3aUuM TpuTHs Obula Obl paBHa 13,6053B. Opnako,
skcnepuMenTanbaoe 3Hadenue A(7)=13,6023B.

OTO TOBOPUT O TOM, YTO peajilbHbleé MAarHUTHBIE IOJI 3JEKTPOHOB U IMPOTOHOB MOTYT
00J1a1aTh HAMHOTO 0OJIee Y3KOii CTpyeil, 4ueM CcTpysi, OlUChIBacMasi BeIpakeHHeM (7).

.

DKcrieprMeHTATbHBIE 3HAYCHHsT TMOTEHIMAJIOB HOHW3AlMM W JUIMH PE30HAHCHBIX BOJIH
OpoTHsL, efiTepust U TpUTHs oueHb Oau3Ku. [lo3TOMY, C TOMOIIBIO aHAIN3a STUX BEUYUH BPSA
JU MOXHO IOJIYYUTh JOCTATOYHO JIOCTOBEPHBIE OLIEHKHM TOIO, CIpPaBEIMBBl WM HET
COOTHOIIEHUS (7) B TOM CiIy4ae, KOTJa BEKTOPBI # U I' BBIXOIAT U3 OJHOM U TOM K€ TOUKHU, HO He
JeXKaT Ha OJHOM U TOM Ke MPSAMOM.

B03MOXXHOCTB MOJTy4eHUs] TAaKOM OLIEHKH MOXKET MPEICTaBUTHCS TOJIBKO MPH PACCMOTPEHUU
aTOMHBIX CTPYKTYp, B KOTOPBIX AaTOMHBIE JJIEKTPOHBI pAacIlONIOKEHBl Ha pPa3HBIX, HE
napajyieNIbHbIX HYKJIOHHBIX MAarHUTHBIX KJacTepax sijep, U KOJIUYECTBO 3TUX 3JIEKTPOHOB He
MeHblIe ByX. IIpocreiimed u3 HUX SBIAETCA CTPYKTypa aroma (4He,A), T.€. HEUTPAJIbHOTO
HEBO30YK/IEHHOTO aToMa “He, dIIEKTPOHBI KOTOPOTO DACIIONOXKEHBI HA PA3sHBIX HYKIOHHBIX
MarHUTHBIX KJIacTepax sypa.

DJeKTpUYecKue W MarHUTHbIE B3aUMOJICHCTBUS MEXJy HYKIOHaMH Je(QOpMUPYIOT
CTpyKTYpy simpa ‘He Tak, 4TO HYKJIOHBI peanbHOTO sypa ‘He He HAXOATCA B BEPIIMHAX
NOpaBUWIBHOTO TeTpadzapa. [103ToMy BEKTOpbI MarHMUTHBIX MOMEHTOB HYKJIOHHBIX MarHUTHBIX
KI1acTepoB siapa ‘He He SBISIOTCS B3aHMHOOPTOTOHANBHBIMHU, W YIOJ MEXKIY HUMH OTIHYAETCS
oT 90° Ha HEKOTOPBIN yro .

B 3aBHCHMMOCTH OT OpHEHTAallMM BEKTOPOB MAarHUTHBIX MOMEHTOB MPOTOHOB, MarHUTHOE
oJIe sAxpa ‘He, pu ¢#0, MOXET CyIIeCTBOBATh B ABYX BapuaHTax (puc.4).
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Puc.4. JIByxBapuaHTHOCTh MAarHUTHOTO TOJIA sifipa He

JIJist BEIYMCIICHHSI yTiIa ¢ HEBO3MOXKHO BOCITOJIB30BAThCS IKCIEPUMEHTATBHBIMU TaHHBIMH O
BE/IMYMHAX IOTCHIMANOB noHm3anuu atoma (‘He,A) W3-33 CYIIECTBEHHON HEMONHOTBI STHX
JAHHBIX, TAK KaK MOTEHIIMAT TIEPBON MOHHM3AIMH TOTO aToMa JIOJDKEH 00J71a1aTh, KAaK MUHUMYM,
JIBYMsI pa3HBIMU 3HAYEHUSAMHU, B (PU3HKE 3K€ U3BECTHO JIMIIb OJHO HKCIEPUMEHTAIbHOE 3HAYCHHE
3TOTO MOTCHIIHAIA.

Uro KacaeTcs OKCIEPUMEHTAIBHBIX JaHHBIX O XapaKTePUCTHKAX JJIEKTPOMATHUTHOTO
U3ITy4eHUs] aTOMOB, TO TPOIICAYypa UX U3MEPEHUS BbIIAET HHPOPMAITUIO 000 BCEM CIIEKTPE ITOTO
u3y4deHus 6e3 Kakoil-mubo BEIOpaKoBKU ATOW HHGOpMAIUH.

KopoTkoBoIHOBas 4acTh TAaOIHUIBI IKCIEPUMCHTAIBHBIX 3HAUYCHUH CICKTPATBHBIX JTHHHMA
HEUTPAJIbHBIX aTOMOB *He umeer cnenyromuii Bus [3]:

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 (parMeHT TabIUIBI MOXHO MPEACTABUTH B BUJE YETHIPEX CHEKTPAIBHBIX CEPHid, TIe
KUPHBIMA TIM(paMu BBIICTICHBI MPETEHJEHTH HA PE30HAHCHBIC JIMHUHM JJICKTPOMArHUTHOTO
M3TydeHHs] HelTpanbHbIX atoMoB (‘He,A) (B TpaBoM CTOIOLE TMOMEIIEHB PasHOCTH MEKIY
BEITMYMHAMU COCETHUX CIIEKTPATbHBIX JTUHUN):

601,4041
9,9894
591,4147
7,0807
584,334
537,0296
14,8168

522,2128



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

A Tenepb — camoe npuHuMnuaibHoe. HyxHo, nucxons us (7), cpopMupoBaTh BbIpaKeHUE JUIs
UICHTU(PHUKAIIMOHHOTO NTOMCKAa UCTUHHOTO BEKTOPA HANpPsHKEHHOCTH COOCTBEHHOI'O MAarHUTHOTO
MOJISL BJIEKTPOHA. DTO MOXHO C/I€aTh, BHICTPOUB BBIPAKEHUE, B KOTOPOM BelIMUYMHA BekTopa H
Clajiaet, Mpu yAAJICHUH OT MPSIMOMA, coJiepiKaliell BeKTop u, Obictpee, uyeM B (7).

Bektop H, onrcbiBaeMblIii BeIpaskeHneM (7), MOXKHO TIpeICTaBUTh B Buae cymmbl: H=H1+H»,
rae Hi=(y+y1)(ur)r r=(y+y)wr >cos(ur)r ommuceBaeT caMy MarHHTHYIO CTpyio, a Ho=—yir i
OMHCHIBAET OOpaTHBIA MOTOK MarHUTHOTO TOJISA. 3/€Ch BhIpRXEHHUE M/I 03HAYAET YTrOJI MEXIY
BEKTOpaMU y# U I

Bextop H, HampaBiieH MPOTHBOIIOJIOXHO BEKTOPY M B Jt000I TOYKE MAarHUTHOTO MOJS,
00pa30BaHHOTO UCTOYHUKOM C MATHUTHBIM MOMEHTOM 4. OH UMEET OJIHY U Ty e Benuuuny C B
TOYKaX OKPYKHOCTH ¢ pajmycoM r=(yiuC")** (puc.5).
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g
Puc.5

Ecmu B Bepaxkenume mas H; Bmecto COS(u”r) moacraButh SQN(cos(u’“r)), TO momxydum
BeIpaxkeHne s HoBoro momst Ho=(y+y)wr >[sgn(cos(ur))]r. Bemmunmua Ho=Ci, ecnu
r=[(y+y)uCi '1°° (puc.6,a). Bexroproe mone Hi mpu tom xe Cy (H1=Ci) uMeer Apyroil Bux
(puc. 6,b). Ono monyuaercs u3 nois Hy 3a cuet cxarust nmojst Hy 1o HampaBlIeHUIO K TIPSMOi,
COZIepIKAILEi BEKTOP 4. DTO TOCTUTaeTCs YMHOKEHHEM BhlpakeHus Uit Ho Ha |coS(u”r)|. Ecimn
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Terephb paccMOTpuM BekTop Hos=H1|cos(u”r)|” , rae $>0, To 1 Has1=Ci COOTBETCTBYIOIEE
BEKTOPHOE TI0JIe TPHOOPETET BU, M300paKEHHBIN Ha puUC.6,C.
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Takum O6p330M, OJIUH M3 BO3MOJXHBLIX BAapPHAHTOB OIIMCAHUA COOCTBEHHOI'O MArHHUTHOI'O
I10JIA 3JICKTPOHA MOXKET OBITH MMpEACTaBJICH B BUJC CIICAYIOIICTO COOTHOICHMA:

H=(y+y1)(ur)r *lcos(™n)F°r =1 n, (8)

Janpiie mpencrosiyia Joiras W 3aHyJqHas Mpoleaypa WACHTH(PUKAMOHHON ONTHUMU3AINH
napameTpoB BeIpaxeHus (8). OHa HauMHAIACh MMOCTPOCHUEM YPAaBHEHHMM JIBMXKCHHS DJIEMEHTOB
HEBO30YXJICHHOTO aToMa He, BKJIIOYas BCe BapHaHTHI €ro CTPYKTYphl, [locnme 3Toro, Hy*HO
ObUTO (OPMATM30BATH MPOILEAYPY BBISABICHHS BCEX COOCTBEHHBIX YAcTOT (IJIMH CIIEKTPAIBHBIX
JUHUAN) aToMa, OTBEYaloUIMX (UKCUPOBAHHOMY Habopy mapameTpoB BblpaxkeHus (8). U,
HAKOHEeI[, CJIEJOBaJI0 O00ECNeYUTh CXOJUMOCTh MPOLEIYypbl MHUHUMHU3ALWUK OTKJIOHEHHM
3HAUEHUH JUIMH JTHX JIMHUM OT MX M3BECTHBIX JKCIIEPUMEHTAIBHBIX JAaHHBIX, 3a CYET IOHUCKA
COOTBETCTBYIOIIMX BEJIMYUH MapaMeTPOB BbIpaxeHus (8).

B pesynbrate, OblIO MOJIYYEHO ClEAyIOLIEe BhIpAXKEHUE Ul HANpsHKEHHOCTH MarHUTHOTO
T0JIs1 AJIEKTPOHA U @aHTURJIEKTPOHA!

He=(y+y1)(uer) I‘_4|COS(/16’\I’) |54I‘ _Vlr_zﬂe- 9)

[TpoToH o6nagaer cymMMoi 0OUeHb €1a00T0 «IIUPOKOYTOIBHOT0» MAarHUTHOT'O TOJIsI HEUTPOHA

Y CHJIBHOTO, YPE3BbIUafHO Y3KOYTOJIbHOIO MAarHUTHOTO 3JIEKTPOHOIOA00HOTO MOJIs.
.

[TpoBeneHHble pabOTHI MOATBEPIUIH,
- YTO 3JIEKTPOHBI 00J1a1al0T OY€Hb TOHKOM 1 OYeHb ATUHHOHN GopMoii,
- YTO IPOTOHBI 00JIaJAI0T OYEHb TOHKOM U JUIMHHOM, CIIUIIETIOJ00HONH MarHUTHOM cTpyeH,
- YTO HYKJIOHHbIE MAarHUTHBIE KJIaCTEPhl, 001a1ast IPOTOHHOM CHMIIETIOI00HON, Ype3BbIYaHO

Y3KOW MarHUTHOM CTpyeH, MeXIy cOO0M, B aTOMHOM si/Ipe, He TIepecekaroTcs (puc.7),

Puc.7. Cxema MarHuTHOTO MOJISE aTOMHOTO si/ipa MpH 00IbIINX A



- YTO COCTaB HYKJIOHHOTO MarHUTHOTO KJIacTepa aTOMHOTO si/ipa HE 3aBUCHUT OT IIPOTOHOB, HE
IIPUHAJIEKALINX ITOMY KJIacTepy.



