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Abstract

Unable to correctly interpret the results of the experiments of Oersted (1821) and Fizeau (1851), due to
insufficient scientific preparation, physics excluded ether and magnetic interactions between microobjects from the
paradigm of the microworld theory. Failing, because of this, to apply the "classical" Newton methods to identify
atomic structures, she was forced to turn to the false idea of the existence of indivisible energy quanta. This, in turn,
led to the emergence of false concepts of positronium collapse and annihilation, mass and energy equivalence, ...,
and more than half a century of fundamental failures in the neutrino and thermonuclear problems.

Having restored scientific justice by taking into account the ether and returning to magnetism its objective role
in the material World, the theory of nonlinear oscillations began to develop the “classical” theory of the microworld
from mathematical models of unexcited atoms, from the structures of photons and excited atoms,

III.1. Background

Poor knowledge of their discipline prevented "classical" physics from correctly interpreting
the results of the experiments of Oersted (1821) and Fizeau (1851) [1]. Because of this,
physicists have come to the conclusion that magnetism is secondary to electricity, and that there
is no material ether in Nature. Therefore, neither the accounting of ether, with its resistance to
the movement of micro-objects, nor the consideration of magnetic interactions between micro-
objects entered into the paradigm of the theory of the microworld. Because of this, in turn,
physicists failed to build an adequate mathematical model of an unexcited atom.

Unable to take advantage of the cognitive potential of the "classical" - Newtonian physics,
the theory of the microworld turned to a quantum worldview with its truncated ideas about the
laws of the structure of the material World. It is not surprising that these ideas about the laws of
the structure of the World did not allow to achieve a true, detailed understanding of the structure
of atoms.

The fact that these incomplete, truncated ideas about the laws of the structure of the World
are erroneous was experimentally discovered in the second half of the last century and published
in [2]. However, physics has not yet responded to these results.

In the framework of "classical" physics, back in pre-quantum time, the theory of oscillations
was born. Developing in parallel with quantum theory, it, under the influence of the ideas of
A.A.Andronov, has matured into the theory of nonlinear oscillations [3]. Using the “classical” -
Newtonian formalism, she demonstrated her research potential on the tasks of various technical
and scientific disciplines [3-5], turning into an independent discipline - the methodological
theory of dynamic modeling of real phenomena.

When it came to the microworld, the effectiveness of the theory of nonlinear oscillations
manifested itself in this discipline.

IIL.2. Unexcited atom
An unexcited atom consists of a nucleus and an “electron shell”. The nucleus contains Z
protons and N neutrons. The radius of the nucleus is estimated, according to Rutherford, by the
expression r,=1.4-4"2-10""m, A=Z+N. The average radius of the “electronic shell” is of the
order of 10 "’m.
We begin the story with the construction of the simplest atom - the protium atom.

II1.2.1. Unexcited protium atom
An unexcited protium atom consists of one proton - the nucleus of an atom and one electron.
Since the proton and the electron have elementary electric charges of opposite “signs” of the



magnitude e=1.60219- 10719C, the electric attraction of the force F. e=ax72, a=e2, x 18 the distance
between the proton and the electron .
o

The proton and electron have their own magnetic fields with magnetic moment vectors u,
and g.. It is well known in physics that the vectors of their magnetic fields are located along the
lines of external magnetic fields [6]. And since in the protium atom, for the proton, the
electron’s magnetic field is external, and the proton’s magnetic field for the electron, the vectors
of their magnetic moments in the protium atom are located, according to the magnetic orientation
effect [6], along the straight line passing through the proton and electron (fig.1). Physics does
not know whether magnetic attraction or magnetic repulsion acts between a proton and an
electron. But the theory of nonlinear oscillations has established that the proton and electron are
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Fig.1. Scheme of protium atom

diamagnets - they are pushed out of external magnetic fields and the vectors of their magnetic
moments are opposite to the lines of the external magnetic field (more on this later). Therefore,
in the protium atom, the vectors g, and u. have opposite directions, and magnetic repulsion acts
between the proton and the electron.

The expression for the magnetic repulsive force F, between a proton and an electron is also
not known to physics. In physics, there are two, almost equivalent, hypotheses about the nature
of magnetism - dipole and current [6,7]. According to these hypotheses, the magnitude of the
force F|, is inversely proportional to the fourth power of the distance x: F| u~x_4. But the theory of
nonlinear oscillations found that Ampere's hypothesis about the current nature of magnetism is
erroneous [1]. Therefore, in order to reveal the true expression for F, it was necessary to
consider the expression F,=fx " with an indefinite exponent p, which should be further identified
by the known experimental characteristics of the protium atom.

To identify p, it was necessary to find expressions for the ionization potentials of the atoms
of protium A(H), deuterium A(D), and the ionized atom *He" A(*He"). Tt turned out that

A(H)Ia(pfl)/(pfz)ﬂfl/(pﬂ)(p—Z)(p— 1 )*1 .

AD)=a T U P p-2)p-1)

ACHe )=o) D pC ] D21
where A(*He)=fp. From these expressions it follows that A(*He")[4(D)]'=2"" Do) And since
A(*He")=54,4145B, and A(D)=13,6013B[8, 20"®"2=4 00=2°. Therefore, p=3 and F,=fx".

The fact that the value of p turned out to be three has once again confirmed that magnetism
has not a current and not a dipole, but a jet nature.

An analysis of the dynamics of the protium atom showed that it has the only globally stable
equilibrium state in which the distance between the proton and the electron is x*=fa . The
ionization potential of this atom is described by the expression A(H)=0,5¢’4"", P=2yuptte. and the
frequency w(H), at which electromagnetic wave radiation occurs, is described by the expression
[w(H)]*=a'B >me '=0.25h°m %, where h is the ether resistance coefficient to the electron’s
motion. Identification procedure for experimentally measured lengths The spectral lines of a
number of atoms showed that, in the vicinity of the equilibrium state x* of the protium atom, the
value x*=fo 'kg's".

To check the quantitative adequacy of the “classical” mathematical model of an unexcited
atom, the x* value was calculated and compared with the known experimentally measured value
of this distance.



According to this model, x*=fa', f=0,5¢*[A(H)]", where A(H)=13,597¢V [7], o=¢’,
e=1,602°10719C. Substituting the values of a and S, we obtain that x*=5302-10""'m.

The experimental value of x* is known with higher accuracy. It is equal to
5291770610 ''m [9]. When comparing the calculated theoretical value of x* with its
experimental value, it must be borne in mind that the accuracy of calculating the theoretical
value of x* is limited by the accuracy of measuring the quantities e and A(H). Given this fact,
the comparison shows an excellent coincidence of the theoretical and experimentally measured
x* values.

Note. Since  w(H)=(a'f>me =025 m )™, a=’=23,069-10 Pkg'm’*s %,
Pa '=5292-10"'m, h=1.5-10 "kg's™', m=9.1-10""*¢, then w(H)=4.134-10'"%". And since
J(H)=1215.670A [8], the propagation velocity of electromagnetic disturbances in the ether is
0=0.50(HHA(H)7 '=8-10°m-s".

I11.2.2. Unexcited arbitrary atom
The electron in the protium atom is located on the axis of symmetry of the magnetic field of
the proton - the nucleus of the atom. Therefore, to develop an understanding of the structure of
an arbitrary unexcited atom, it is necessary, first of all, to find out how the magnetic field of its
nucleus is arranged.

II1.2.2. Unexcited arbitrary atom
The electron in the protium atom is located on the axis of symmetry of the magnetic field of
the proton - the nucleus of the atom. Therefore, to develop an understanding of the structure of
an arbitrary unexcited atom, it is necessary, first of all, to find out how the magnetic field of its
nucleus is arranged.

II1.2.2.1. The nucleus of an arbitrary atom
and its magnetic field
The experimental results are given in [2], which indicate that the nuclei of all chemical
elements have quasicrystalline structures. This means that all protons and neutrons of the
nucleus are arranged by nucleon interactions in their constant places (Fig. 2). But on the
orientational freedoms of nucleons, these interactions do not affect. The orientation of the
nucleon and its magnetic field is affected only magnetic interactions between nucleons of the

Fig.2. Equilibrium configurations of two, three and four nucleons

nucleus. The direction of the magnetic field of each nucleon is set only by the direction, at the
location of this nucleon, of the external magnetic field, i.e. sums of magnetic fields of all other
nucleons of the nucleus.

Due to this, the magnetic moment vectors of all nucleons of the nucleus, according to the
magnetic orientation effect [6], are arranged in nucleon magnetic clusters, in each of which the
magnetic moment vectors are located along a straight line passing through all the nucleons of
this cluster.



These clusters can contain one, two, or three nucleons, and in heavy nuclei there can be
more.

Each nucleon magnetic cluster of a stable nucleus contains one and only one proton. This is
confirmed by the fact that one of the two protons accelerated at accelerators decays into a
neutron and an antielectron: p+p—p+nt+e_" when they approach each other to a distance
exceeding the length of the nucleon magnetic cluster of the nucleus. From this experimental
result it follows that in a stable nucleus, in each magnetic cluster, contains one and only one
proton.

Thus, the number of protons Z of the stable nucleus is determined by the number of
nucleonic magnetic clusters.

The theory of nonlinear oscillations has established that the magnetic field of the neutron is
much weaker magnetic field of the proton: u,=3- 1074,up (this is also another time). Therefore, the
magnetic field of any nucleon magnetic cluster stable nuclei almost represents the magnetic field
of the proton. In this case, the magnetic field of a neutron "wide angle" - its intensity is described
by the expression (1), and a magnetic field the proton has an extremely narrow, because of the

Ho=(rey)par)rr ™ —pipar” (1)
exponent 54, with cosg in (2), seceptable jet:
_ —4 54 )
Hy=(y+y1)(upr)r ~(cosg)™r —pir "y, 2)

where ¢ is the angle between the vectors r and .
Therefore, the magnetic field of a stable kernel in the General case, the system resembles the
needles of a sea urchin:

Fig.3. Scheme of the magnetic field of an atomic nucleus at large A

I11.2.2.2. "Electronic shell"
unexcited atom

A neutral unexcited atom contains Z electrons in its “electronic shell”. The theory of
nonlinear oscillations established that the magnetic field of an electron is almost an order of
magnitude stronger than the magnetic field of a proton: x.=8.372u,, and that the expression for
the magnetic field of an electron is described by the same expression (2) as for a proton in which
My 1s replaced by u.. This means that the magnetic field of the electron also has an extremely
narrow, spoke-like jet.

In an arbitrary atom, all electrons, due to the magnetic orientation effect, are located on the
system of nucleon magnetic clusters of the nucleus.

At natural earth temperatures. Electrons are placed uniformly on the system of nucleon
magnetic cluster clusters - one per cluster. With a significant decrease in temperature, this
uniformity is violated. As an example, consider helium atoms.

In a *He atom, the nucleus contains two protons and two neutrons (Fig.4). It has two nucleon
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Fig.4. *He core scheme

magnetic clusters. Therefore, the "electronic shell" of an atom allows three options for placing
an electron on clusters - 4, B, C (Fig.5). These options have different values of the first

Fig.5. Variants of the “electronic shell” of the *He atom

ionization potential A(*He). In variant A, the electrons are located on different nuclear clusters,
A(4He,A)=24.586eV, this value is well known to physics [8]. In option B, both electrons are
located on the same cluster, on opposite sides of the nucleus, A(4He,B)=2,7886V. In option C,
both electrons are located on the same cluster, on the same side of the nucleus
A(*He,C)=1,449¢V,

It will be demonstrated later that (4He,C) atoms are responsible for the existence and
extremely unusual properties of superfluid liquid *He.

Structures of *He atoms cause even more surprise (Fig.6). The nucleus of a 3He atom
consists of two protons and one neutron. It has two nucleon magnetic clusters whose axial lines
are parallel (Fig. 6).
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Fig.6. *He core scheme

The distance from the nucleus to the nearest electron is four orders of magnitude greater than
the distance between the magnetic clusters of the nucleus. Because of this, the magnetic fields of
both magnetic clusters, from the point of view of atomic electrons, are indistinguishable and are
perceived by atomic electrons as one single magnetic field with twice the magnetic moment.
Therefore, in the neutral *He atom, the "electron shell” can exist only in the C form. And since
the first ionization potential of the (*He,C) atom is 1.313eV, this form of the *He atom can exist
only at very low temperatures. In vivo, *He only exists in ionized form.

II1.3. Excited atom
An excited atom is an atom that has captured and included one or more photons.



I11.3.1. Photon

In physics, a photon is considered a quantum of energy of electromagnetic radiation.
However, in the second half of the last century, the absence of indivisible energy quanta in the
material World was experimentally proved [2]. This means that this definition of a photon is a
meaningless air shock.

In quantum physics, they also believe that, as a result of the capture of photons, the
composition of the atom does not change, but atomic electrons pass into new stationary states.
However, the theory of nonlinear oscillations strictly proved that in an unexcited protium atom
an electron has a unique stationary state. Consequently, without changing the composition of the
atom, it, when capturing a photon, is not able to go into another stationary state.

Thus. physics is not capable of reporting anything meaningful either about the structure of a
photon, or about the properties of an excited atom.

Without revealing the detailed structure of the photon, a meaningful understanding of the
phenomenon of atomic excitation is impossible in principle.

111.2.1.2. Physical misinformation
about the "collapse" and "annihilation" of proton
and about the "equivalence of mass and energy"

Physics is convinced that a photon is born as a result of “collapse” and “annihilation" of
positronium - an electron-positron dipole, and that it is capable of decaying, under certain
conditions, into an electron and a positron.

However, the theory of nonlinear oscillations, taking into account the presence of intrinsic
magnetism in the electron and in the positron, established that the electron-positron dipole, like
the unexcited protium atom, has the only globally stable state of static equilibrium, and that the
distance between the electron and the positron in this state the equilibrium is 8.372 times greater
than the “Borovskii radius”. This means that the terms “collapse” and “annihilation” could be
born only with insufficient scientific education. In the same way, the next term “equivalence of
mass and energy” could appear.

I11.2.1.3. P.Dirac
and electron-like micro-objects
with "negative' masses

Mankind has long been accustomed to the existence of two varieties of electric charges,
conventionally called "positive" and "negative." These names do not explain the nature of
electric charges. They came about with what “signs” these charges enter different quantitative
ratios.

However, when the English physicist P.Dirac discovered in 1930 the theoretical possibility
of the existence of an electron with "negative" energy, the scientific physical world rebelled,
since the existence of "negative" energy was contrary to the quantum paradigm. Therefore, they
got rid of this term with the help of different terminological tricks.

If the “negative” masses in Nature really existed, then, along with the electron e. and
positron e, there would be an antielectron e-~ and an antipositron e_".

When it became clear that the reason for the "negativity" of energy can only be the
"negativity" of the mass, new objections appeared. One of them seemed simply murderous - it
relied on the fact that “negative” masses were never experimentally observed. But it was worth
recalling the equation (3), popular in physics [10], how everything fell into place. Indeed, if in
(3) at the same time change to opposite “signs” of mass m and charge ¢, both the first and second

didiimv(1-°¢ %) " =q(E+c ' [vH]), (3)

equations turn out to be identical, having completely identical solutions. Consequently, electrons
and antielectrons leave absolutely identical tracks in the observation cameras - tracks. And this



means that physicists all this time were completely unable to distinguish between electron tracks
from antielectron tracks and positron tracks from antipositron tracks. What embarrassment
again!

Another objection came from the fact that a dipole from objects with “positive” and
“negative” masses would self-accelerate, which, again, was not observed in experiments. But if
one of these objects is an electron, and the other is an anti-electron, then this, after all, according
to all the properties of the electron-anti-electron dipole, is a photon! Well, frivolous people are
these physicists!

II1.2.1.4. Electron-antielectron dipole
and ether
An electron-antielectron dipole (Fig.7, e is an electron, o is an antielectron) by almost all
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Fig.7. Electron-antielectron dipole

signs of a photon - zero total mass, zero total electric charge and zero sum of vectors of magnetic
moments.

Electric attraction and magnetic repulsion formally act between the electron and anti-
electron. In reality, due to the “negativeness” of the mass of the antielectron, electric repulsion
and magnetic attraction act between them.

This dipole has a single state of equilibrium at a distance b between the electron and
antielectron of 4,43-10 '°m. This equilibrium state is unstable. If the base of the dipole is
b#4,43-10 "°m, then the dipole, due to the “negative” mass of the anti-electron, self-accelerates
to a steady speed.

There are two types of electron-antielectronic dipoles, conventionally called “fast” and
“slow”. If the base of the dipole is b<4,43-10""°m, then the dipole is “fast”. Its speed is close to
¢, but the exact value of this speed depends on the density of the ether along the path of the
dipole. For 5<4,43- 10 °m, the total repulsive force acts on the electron in the dipole.
Therefore, in the “fast” dipole, an electron goes ahead, and the anti-electron follows the “trace”
of the electron.

If the base is 5>4,43-10'm, then the dipole is “slow™ its speed is several orders of
magnitude less than ¢, the antielectron is ahead, and the electron is following the “trace” of the
antielectron.

Since the vectors of magnetic moments of the electron and antielectron are located on a line
passing through the electron and antielectron, then, in the absence of external influences, it
moves rectilinearly along this line.

When meeting with another microobject, a “fast” dipole decays into a free electron and a free
anti-electron.

The theory of nonlinear oscillations has found that the value of the steady-state speed of the
“fast” dipole does not depend on the values of masses or the magnitude of electric charges, or on
the magnitude of the vectors of magnetic moments of electrons and antielectrons. The only
reason for the existence of a steady-state dipole velocity is the nature of the flow of the dipole in
the oncoming ether.

By analogy with the motion of a solid body in air, the flow of ether around the elements of a
dipole can be continuous - laminar or vortex, depending on the speed of movement.

Recall what happens when a solid moves in a gas. At low speeds, a continuous flow of gas
jets flows around the body. During this flow, part of the gas is carried away by the moving body
behind itself, forming a “trace” in the form of a tail of gas, the density of which is less than the
density of the rest of the gas. With increasing speed, the density of the gas in the "tail"



decreases. When the value of this density passes a critical value, the rupture of the gas layers
begins, when the jets of gas leave the streamlined body, and, as a result, the vortex flow.

Returning to the motion of the dipole in the ether, we recall that in the “fast” dipole an
electron is ahead, and the anti-electron is in the “trace” of the electron.

First, at low electron velocities, the flow around it with ether is uninterrupted, with the
formation of a rarefied “tail”. Because of this, the speed of the anti-electron following the
“track” - the sparse “tail” becomes greater than that of the electron. As a result of this, the base
of dipole b decreases and the speed of the electron and the sparseness of the ether in the “tail” of
the electron increase. Then everything repeats. This specificity of the “leader’s trail” movement
is often used by athletes.

This is repeated until a vortex flow around the electron begins with ether. Resistance to the
motion of the antielectron in the vortex “tail” gradually increases, and the antielectron begins to
lag behind the electron, and the velocity of the antielectron begins to increase at a slower rate
than the speed of the electron.

After some time, the velocities of the electron and antielectron will equalize. The
corresponding values of the velocity v* and the base of the dipole b* will remain until the
density of the oncoming ether changes.

You can verify that the values of v* and b* correspond to a stable state of the dipole at a
fixed ether density using the above procedure.

I11.2.1.5. Photon family

In addition to the electron-antielectronic and positron-antipositron, “charge-free” dipoles, the
sum of the electric charges of each of which is zero, there are also “charge” dipoles - the
electron-antipositron, the sum of the electric charges of which is (—2e¢), and the positron-
antielectron ” with the sum of charges (+ 2e).

The “driving force” of the “chargeless” dipole is f0b >—ab >, 6=8,372, and the “driving
force” of the “charge” dipole is f0b >+ab .

“Charge” dipoles can only be “fast”. Due to the fact that their “driving force” is 206 > more
than the “driving force” of the “chargeless” dipoles, the motion of the “charge” dipoles occurs at
a higher speed.

111.2.1.6.

How can one obtain experimental confirmation of the real existence of electron-like micro-
objects with "negative" masses? Tracks of trace microobjects in modern observation cameras
located in uniform external magnetic fields are described by equation (3). But in modern
observation cameras, the tracks of electrons and antielectrons, as well as the tracks of positrons
and antipositrons do not differ from each other, since the simultaneous replacement of the
“signs” of masses and the “signs” of electric charges leaves this equation and its solutions
unchanged.

If the observation camera is placed in an external inhomogeneous magnetic field, then
equation (3) will change - it will be supplemented by taking into account the interaction of the
observed microobjects with an external inhomogeneous magnetic field:

d/diimv(1-°¢?Y " 1=q(E+c ' [vH])+V (uH), 4)

where V is the gradient operator. If such an observation camera detects a collision of an
electron-antielectron dipole with another microobject and the dipole decays into a free electron
and antielectron, then, after that, the electron and antielectron will move away from each other,
diverging along the lines of the inhomogeneous external magnetic field.

Physicists scared my proposal to conduct such an experiment. They began to say that, firstly,
this idea is not consistent with the quantum paradigm, and secondly, that it is very, very difficult,
and that [ am generally a very bad person.



But, in the last century there were two events that touched on this topic. In 1979, a quantum
bubble burst [2], and the Stern-Gerlach experiment divided, along the lines of an external
inhomogeneous magnetic field, a beam of electron-like micro-objects into a beam of electrons
and a beam of antielectrons. After that, physicists went completely "into themselves."

I11.2.2. Excited protium atom
Knowing the structure of a photon, it is not difficult to understand what happens when an
atom traps a photon and how this affects the properties of the atom.
The analysis showed that the electron-antielectron dipole is captured by the protium atom as
a whole, without decay into an electron and antielectron. The dipole is located in the atom on
the axis of the magnetic field of the proton so that the electron is closer to the proton than the
antielectron (Fig.8, photon is dark red). All atom captured dipoles are also located on the axis of
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Fig. 8. Two options for placing a photon in a protium atom

the magnetic field of the proton, on the same side from the nucleus - the proton, by the electron
to the proton (Fig.9).
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Fig. 9. Twice excited protium atoms

Since the “driving forces” of the dipoles are not equal to zero, the excited protium atoms do
not possess static equilibrium. And since these "driving forces" of the dipoles are directed
toward the nucleus - the proton, the excited atom must be in constant motion along the axis of
symmetry of the proton's magnetic field. If it collides with another microobject, then all its
dipoles, approaching the proton too close, leave the atom.

From the above, we can draw the following conclusions:

- protium atom can capture photons only if nothing interferes with it movement along the axis
of the magnetic field of its core, i.e. if he is free or associated with other micro-objects into
not too massive compounds,

- the meeting of an excited atom with another microobject is a random phenomenon, therefore
the "lifetime" of an excited atom is described by probabilistic relationships.

I11.2.3. Excited Atoms
other chemical elements
A stable nucleus of an arbitrary atom has Z nucleon magnetic clusters on which atomic
electrons and photon dipoles captured by atoms are located.
All other properties of the excited protium atom extend to arbitrary atoms.

I1.3. Cosmic radiation
Physicists still do not know either the structure of the photon, or the stable form of the
existence of an excited atom. Therefore, the nature of cosmic radiation is not known to them
[11]. Virtually unknown and its sources.
Revealing the stable existence of an excited atom reveals these secrets.



The photons are captured by atoms capable of accelerating them to high speeds and energies.
However, in terrestrial conditions, this is impossible due to the high density of micro-objects in
the atmosphere.

In outer space density of micro-objects is much less. Therefore, in space the "lifetime" of the
excited atom is much greater. Excited atoms and accelerated to high speeds and energies,
constitute cosmic radiation.

There are a number of factors, significantly increases the parameters of cosmic rays. First, the
heavy-atom chemicals have a rich frequency spectrum, which contains not only the
eigenfrequencies of the unexcited atoms [8], but the frequency of the excited atoms/
Consequently, the combined mass of the excited object is a value of the mass of the heaviest
stable atoms is not limited.

Second, frequency spectra of atoms, measured on the Ground and in space suggests that space
in the excited atoms are able to capture more photons than on Earth. Consequently, the "photon
driving force" more than on Earth.
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He cymeB BepHO MPOMHTEPIPETHPOBATh PE3yJbTaThl dKcrepuMeHToB Opctena (1821) u duzo (1851), uz-3a
HEJOCTaTOYHOM Hay4HOI IMOArOTOBKH, (pHU3MKa MCKIIOUMIA U3 TapaurMbl TEOPHH MUKPOMHUpA 3GUpP U MarHUTHBIC
B3aMMO/ICHCTBUS MKy MUKpooObekTaMu. He cymeB, u3-3a 3TOT0, IPUMEHHTH «KJIacCHYeCKHe» MeToabl HproToHa
JUUIA BBISABJICHUA CTPYKTYP aTOMOB, OHa ObLIa BBIHYXJICHA O6paTI/ITI>C$I K JIOKHOM HJEC CYLIECTBOBAHUA HEACITUMBIX
KBaHTOB DHCPIUU. D10 TMPUBEJIO, B CBOKO OYEPECIb, K MOABJICHUIO JIOXKHBIX MOHSITHHN «KOJUIAIC» K CQHHUTUJIAIUS
TMO3UTPOHUS, («OKBUBAJICHTHOCTH MACChl U DHEPTUH»,..., U K 60.]]66, Y€M TIIOJYBEKOBBIM, IPUHIUIIHAIbHBIM
HeyJa4aM B KHEHTPUHHON» U B «TEPMOSIJICPHOI» mpolieMax.

BoccranoBus HAY4YHYIO CIIpaB€AJIMBOCTD, ITYTEM YU€Ta 3(1)Hpa " BO3BpaTa MarH€Tusmy €ro 00BEKTUBHOM poaun
B MaTepHalbHOM Mupe, Teopust HeIMHEHHbIX KoseOaHuil Hauala pa3BUBATh «KJIACCHUYECKYIO» TCOPUI0 MUKPOMUpA
C MaTeMaTHYECKUX MOJIeIel HEBO30YKICHHbBIN aTOMOB, CO CTPYKTYP (OTOHOB 1 BO30YIK/ICHHBIX aTOMOB,... .

[ ]
I1.1. llpeabicTopust

HeynoBnerBopurenbHble 3HaHWS CBOCH JMCIUIUIMHBI TIOMEMIANN «KJIACCHYECKON» (uzmke
BEPHO MPOMHTEPIPETUPOBATH PE3yIbTaThl SKciepuMenToB Dpcrena (1821) u duzo (1851) [1].
W3-3a 3TOTO, (DM3MKM MPHUIUIM K BBIBOAY O BTOPHYHOCTH MarHeTHU3Ma, 1O OTHOIICHHIO K
ANIEKTpHUYeCTBY, U 00 orcyrcTBuH B [Ipupone marepuanbHOoro s¢upa. [losTomy, B mapagurmy
TEOPHUH MHKPOMHpPAa HE BOIUIM HH Yy4eT OH(upa, C €ro CONPOTUBICHUEM JBHKCHHUIO
MHKPOOOBEKTOB, HM YU4€T MarHUTHBIX B3aUMOJCHCTBUI MeXay MUKpooObekTamu. M3-3a 3Toro,
B CBOIO ouepelb, (PU3UKM HE CyYMEIH MOCTPOUTH aJeKBATHYI0 MaTeMaTHYeCKYl MOJelb
HEBO30YXJICHHOTO aToMa.

He cymeB BoOCHOIB30BaTbCsl IIO3HABATENBHBIM  I[OTEHLIMAJIOM  «KJIACCHUYECKON» -
HeroToHOBO#M (pu3MKH, TeOpuss MUKpOMHpa OOpaTHIaCh K KBAHTOBOMY MMPOBO33PEHUIO C €0
YCEUEHHBIMHU NPEACTaBICHUSAMH O 3aKOHaX ycTpoiicTBa MarepuaipHoro Mupa. HeynusurensHo,
YTO 3TH NPEACTABIEHUS O 3aKOHaX ycTpoiictBa Mupa He MO3BOJIWIM JOCTUYb HCTUHHOIO,
JIeTaJIbHOTO IOHUMaHUsl YCTPOMCTBAa aTOMOB.

To, 4YTO 5TH HENONHBIE, YCEUEHHBIE IPEICTABICHUS O 3aKOHAX ycTpoicTBa Mupa
OIKO0YHBI, OBUIO IKCIEPUMEHTANIBHO OOHAPYKEHO BO BTOPOH IOJIOBMHE IMPOLUIOTO BeKa U
o6HapoaoBaHo B [2]. OmHako, (U3uKa Ha ATH Pe3yIbTaThI IO CHX MOP HE OTpearupoBala.

.

B pamkax «xiaccuueckoit» (u3MKH, emé B JOKBAHTOBOE BPEMs, 3apOJHIIacCh TEOpHSs
kojeOanuii. Pa3BuBasch mapamielbHO € KBAaHTOBOW TEOpHEH, OHA, TOJ BIHMSHHEM HICH
A.A.AupoHOBA, BhI3pEa B TEOPUIO HEMMHEHHBIX KoneOaHui [3]. Onepupyst «KJI1acCUIECKIM) -
HeroToHOBBIM (hopMaIn3MOM, OHa TIPOJAEMOHCTPUPOBAIa CBOW HCCIIEIOBATEILCKUN MTOTCHIIHAT
Ha 3aJadax pa3HbIX TEXHUYECKMX W HAy4yHbIX JUCUMIUIMH [3-5], mnpeBpaTuBLINCH B
CaMOCTOSITENIbHYIO IUCLUUIUIMHY — METOI0JIOTHYECKYIO TEOPUI0 TUHAMHYECKOI0 MOJIEIIMPOBAHUS
peanbHBIX SBJICHUN.

Korna mpunuia ouepens Mukpomupa, 3((EKTUBHOCTb TEOPHHM HEJIMHEHHBIX KoJeOaHMit
MPOSIBUJIACH U B 3TOW JUCLMILIIMHE.

I11.2. HeB030y:KaeHHBII aTOM
HeBo30yKICHHBIN aTOM COCTOHT M3 SIIpa M «IJEKTPOHHON 00010ukm». Sapo comepkur Z
npotoHoB W N HEWTpoHOB. Pammyc sjapa oneHuBaetcs, mo Pesepdopay, BbeIpakeHHEM
- 13, 10715, 4 . N 210
r=1,4-4"7-10 "M, A=Z+N. Cpennuii pagnyc «3JeKTPOHHOU 000IOUKN» UMeeT MopsIoK 10 M.
Paccka3 HauyHeM ¢ ycTpoiicTBa MPOCTEHIIErO aTOMa — aToMa MPOTHSL.

II1.2.1. HeB030y:KI1eHHBIH ATOM NPOTHUS

HeBo30yxaeHHBI aTOM HpPOTHS COCTOUT U3 OJHOI'O IPOTOHA — fAApa aroMa U OJHOTO
aJIeKTpoHa. Tak Kak MPOTOH M 3JEKTPOH 00J1aJat0T 3I€MEHTAPHBIMU JIEKTPUUECKUMHU 3apsiaaMu
MIPOTHBOIIOJIOKHBIX  «3HAKOB)» BEIUYMHBI e=1,60219-10 K1, TO MEXIy IPOTOHOM H
SIIEKTPOHOM JEHCTBYET DIIEKTPHYECKOE NPUTKEHHE CHIBI Fe=ax °, o=e’, X — PACCTOSHHE
MEX/1y IPOTOHOM U BJIEKTPOHOM.

.

[IpoToH ® DSJEKTPOH 00JaAAIOT COOCTBEHHBIMH MAarHUTHBIMH TIOJIIMH C BEKTOpaMH

MarHMTHBIX MOMEHTOB My U He. B pu3nke XOpoIo n3BECTHO, YTO BEKTOPBI UX MAarHUTHBIX IOJIEH



pacroiararoTcsl BAOJb JIMHUNA BHEIIHUX MAarHUTHBIX mosen [6]. A Tak Kak B aToMe MpOTHs, IS
[IPOTOHA, BHEIIHUM SIBJISIETCS MarHUTHOE I10JIE JIEKTPOHA, a [l 3JIEKTPOHA — MarHUTHOE I10JIe
IIPOTOHA, TO BEKTOPbl MX MAarHUTHBIX MOMEHTOB B aTOME€ IPOTHs PacloJlararoTcs, COIJacHO
MarHMTHOMY OpHUEHTAIMOHHOMY 3¢ dekTy [6], BIOIL MPsAMOM, MPOXOJsIIel uepe3 MPOTOH U
a5eKTpoH (puc.l). dusnke He U3BECTHO, MATHUTHOE NMPHUTHKCHUE WM MAarHUTHOE OTTAJIKMBAHUE
JEHCTBYET MEXIY POTOHOM U 3IeKTPpoHOM. Ho Teopus HeNMMHEeHHbBIX Koje0aHii yCTaHOBHUIIA,

P -
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Pe Ve
Puc.1. Cxema aroma npotus

YTO HPOTOH M 3JIEKTPOH SBJSIIOTCA JUAMarHETUKaMH — OHHU BBITAJKUBAIOTCA M3 BHEIIHUX
MarHUTHBIX TOJE€H M BEKTOPbl MX MAarHUTHBIX MOMEHTOB PAacCHOJararoTcs MPOTHBOIOJIONKHO
JUHUASM BHEIIHEr0 MarHUTHOro moss (00 3ToM — mo3zxe). CienoBaTelbHO, B aTOME MPOTHS
BEKTOPBI M, U M UMEIOT IPOTHBOIOJIOKHbBIE HAPABIECHHs, U MEKAY IPOTOHOM U 3JEKTPOHOM
JEHCTBYEeT MArHUTHOE OTTAJIKUBAaHUE.

BeipakeHue Uil CHIbl MarHUTHOTO OTTaIKMBaHMA [, MEXAYy IPOTOHOM M DIEKTPOHOM
¢u3uKe Tak ke He M3BeCTHO. B (um3nke nedCTBYIOT ABe, MOYTH SKBUBAJICHTHBIE, TUIIOTE3bI O
MPUPOJIE MarHeTU3Ma — JAUMOJbHAsA U TOKOBas [6,7]. CoriiacHO 3TUM TUIIOTE3aM, BEIMYUHA CUIIBI
F,, 0o0paTHO TNpONOpIMOHAJIbHA YETBEPTOH CTENEHH pacCTOsHUSA Xx: F| u~x74. Ho Tteopus
HENIMHEWHBIX KoJieOaHmii 0OHapyXuiia, 9YTO TUIOTe3a AMIepa O TOKOBOM NMPHUPOJIE MarHETU3Ma
ommboyHa [1]. CnenoBarenbHO, [Add BBIABICHUS MCTUHHOIO BbIpakeHUs it [, ObLIO
HEOOXOIMMO PAaccCMOTPETh BBIpaXeHHe F,=fx ’ ¢ HEONpeIeNeHHBIM IOKa3aTeneM p,
MOJUICKALIMM  TOCIEAYIOIeH  MASHTH()HUKAIMU TIO0  W3BECTHBIM  JKCIIEPHUMEHTAIHHBIM
XapaKTepUCTUKAaM aToOMa MPOTHSI.

.

Jns uaeHTu(uUKanuy BeJWYMHBI p NOTPeOOBaNOCh HAMTHU BBIPAXKEHUS JJS MOTEHIMAJIOB
noHM3au atoMoB npotust A(H), neiirepusi A(D) U MOHU3UPOBAHHOTO aToMa ‘He" A(*He").
Oxka3zajaochk, 4YTO

A(H):a(P*I)/(P*Z)ﬁfl/(Pﬂ)(f_z)(p_ 1 )*1 ,
A ( D)Z a(Pfl)/ (p—2) ﬂDil/ (P2 (p_2)(p_ 1 )*1 ,
ACHE)=20)™ VI BCHe) T p-2)(p-1)
rne f(*He)=fp. U3 stux Beipaxennii ciemyer, uro A(‘He")[A(D)] '=20V®2 A tak kax
A(*He")=54,4145B, a A(D)=13,6015B[8], To 207V *™2=4 00=27. Cnenosarensro, p=3 u F,=fx .

To, 9yTO Benn4mMHA p OKa3aiach paBHA TPEM, €Ille pa3 MOATBEPANIIO, YTO MAarHETH3M UMEET He

TOKOBYIO U HE JUIIOJIBHYIO, & CTPYHHYIO TIPUPOTY
.

AHanmm3 TUHAMUKHA aToMa MPOTHs TOKa3aj, 4TO OH O0JIaaeT €IMHCTBCHHBIM TIII00aIbHO
YCTOWYMBBIM COCTOSIHUEM PaBHOBECHSI, B KOTOPOM PacCTOSIHUE MEKAY HIPOTOHOM U JIEKTPOHOM
paBHO x*=fo . [TOTeHIMAT HOHM3ALIH YTOrO ATOMa OIHCHIBacTCs BhIpakenueM A(H)=0,5¢4"",
B=2ypptte. @ HacToTa (H), HA KOTOPON MPOMCXOIUT BIEKTPOMArHUTHOE BOJHOBOE M3JIy4€HHE,
omuceiBaetcs  BolpaxenneM  [w(H)]*=a'f me '=0,25h*m. %, tme h -  koodduimeHt
CONpOTHBIIEHUST 3(upa IBMKEHUIO OJIEKTpoHA. VaeHTUHKanmMOHHAs mporexypa 1o
HKCIEPUMEHTAILHO U3MEPEHHBIM JUIMHAM CHEKTPAIbHBIX JTMHAK psga aTOMOB IOKa3ala, 4To, B

OKPECTHOCTH COCTOSIHHS PABHOBECHS x* aToMa mpoTHst Bemmanna h=1,50-10""kr-c ™.

.
JIst TpOBEPKH KOJIMYECTBEHHOM aJeKBATHOCTH «KJIACCHYECKOW» MaTeMaTHUYEeCKOH MOJCIH
HEBO30Y)KJICHHOTO aroma Oblla BBIYUCICHA BEJIWYMHA X* W TMPOBEACHO €€ CpaBHEHHE C
M3BECTHOM IKCIIEPUMEHTAIBHO H3MEPEHHOM BEJIMYMHOM ATOTO PACCTOSIHHUS.
CoriacHo 3TOH MOJEH, x*Zﬁofl, ,B=O,5a2[A(H)]71, rne A(H)=13,5973B [7], o=¢’, rze
e=1,602-10 K. TMoacrasnss 3Hauenus o u [, momyuum, uto x*=5,302- 10 v



OKCIIepUMEHTAJIbHOE 3HAUCHHME X* M3BECTHO € OoJsiee BBICOKOH TOYHOCTHIO. OHO paBHO
5,2917706-10 "'m [9]. [Ipn cpaBHEHWU BBIUMCICHHOTO TEOPETHUYECKOTO 3HAYEHHUS X* C ero
HKCHEPUMEHTAIBHBIM ~ 3HaU€HHEM, HEOOXOJMMO HMMETh B BHJY, YTO TOYHOCTh BBIYMCIICHHUS
TEOPETUYECKOTO 3HAYCHUS X* JIMMUTHPYETCS TOYHOCTBbIO M3MepeHus BennuuH e u A(H). C
y4eToM 3TOro (pakTa, CpaBHEHHE IOKA3bIBAET BEIMKOJEIHOE COBMAJCHHE TEOPETHYECKOTO U
HKCHEPUMEHTAIBHO U3MEPEHHOTO 3HAUCHHH X*.

Mpumeuanne. Tak kak  w(H)=(a'f me '=0,251°m. )",  0=’=23,069-10 Pkr-m’-¢c 2,
Ba'=5,292-10"m, h=1,5-10 "kr-c”, m&9,1-10 'kr, T0o w(H)=4,134-10"°c". A rtax kak
M(H)=1215,670A [8], To BenuMuMHA CKOPOCTH pACIPOCTPAHEHUS AJIEKTPOMAHMTHBIX
BO3MYILIEHUH B 3upe paBHA 0'=0,5a)(H)/1(H)7fl=8-108M'c_1.

I11.2.2. HeB030y:K1eHHBbIH MPONU3BOJIbHBIH aTOM
DNEeKTPOH B aTOMe MPOTHUS paclojaraercs Ha OCM CHMMETPUU MarHUTHOTO TOJIA TPOTOHA —
aapa aroma. CrenoBarenbHO, U BBIPAaOOTKM TIOHUMAHHUS YCTPONCTBA TPOU3BOJILHOTO
HEBO30YXKIEHHOTO aToMa HEOOXOIMMO, MPEXk/Ie BCEro, y3HATh, KaK YCTPOCHO MAarHUTHOE IOJIE
ero spa.

I11.2.2.1. Siapo npou3BoJBLHOr0 aTOMAa
U €ro MarHuTHOE 1oJie
B [2] nmpuBeneHbl pe3yabTaThl SKCIIEPUMEHTA, CBUACTEIBCTBYIONIMNE O TOM, YTO SIIpa BCEX
XMMUYECKUX 3JIEMEHTOB 00JIafat0T KBa3UKPUCTAUIMYECKUMH CTPYKTYpaMu. DTO O3HA4aeT, YTo
BCE MPOTOHBI M HEUTPOHBI sipa pacCTaBIE€Hbl HYKJIOHHBIMU B3aUMOJCHCTBUSMH IO CBOUM
MOCTOSIHHBIM ~ MecTam  (puc.2). Ho Ha opueHTalMoHHBIX CBOOOJaX HYKJIOHOB, OTH
B3aMMO/ICHCTBHUS HE CKa3bIBalOTCsA. Ha opreHTamio HyKJIOHa M €r0 MArHUTHOTO TOJIS BIUSIIOT

S ]

Puc.2. PaBHoBecHbIe KOHGUTYpALIUU U3 ABYX, TPEX U YETHIPEX HYKIOHOB

TOJIBKO MAarHUTHBIE B3aUMOJAEHCTBUSI MEX Y HyKJIOHaMu siapa. HanpasiieHne MarHuTHOTO I0JIs
Ka)KI0r0 HYKJIOHA 3a7aeTCs TOJILKO HalpaBJICHHEM, B TOYKE PACIIOIO0XKEHHS 3TOr0 HYKIOHA,
BHELIHEr0 MarHUTHOI'O IOJIsl, T.€. CYMMbl MarHUTHBIX I10JIEH BCEX OCTaJIbHBIX HYKJIOHOB spa.

bimaromapss 3TOMyY, BEKTOpPBI MAarHMUTHBIX MOMEHTOB BCEX HYKJIOHOB sJpa, COIJIACHO
MarHUTHOMY OpPUEHTAMOHHOMY 3(QeKTy [6], BBICTpaMBalOTCS B HYKJIOHHBIE MarHUTHBIE
KJIaCTephl, B KaXXIOM M3 KOTOPBIX BEKTOPHl MAarHUTHBIX MOMEHTOB pacIIOIararoTcs BIOJIb
MpsIMOM, MPOXOALIEN Yepe3 BCe HYKIIOHBI ATOTO KJacTepa.

.

OTH KIacTepbl MOTYT COJIepKaTh OJWH WIM J[BA, WJIM TPU HYKJIOHA, a B TSDKEIBIX SIApax
MOJKET OBITh U OOJIBIIIE.

Kaxnplii HyKIOHHBI MarHUTHBIM KiacTep CTaOWIBHOTO fApa COJAEPKHUT OAMH U TOJIBKO
OIMH MPOTOH. DTO NOATBEPKIAETCS TEM, YTO OAMH M3 [BYX I[POTOHOB, Pa30IHAHHBIX Ha
YCKOPHUTEIISIX, paclaaeTcss Ha HEUTPOH U aHTURJIEKTPOH: p+p—>p+n+a+ pu UX COJMMKEHUU 10
pacCTOSIHUSA, IMPEBBIIAIONIETO MPOTSKEHHOCTh HYKIOHHOTO MAarHuTHOTO Kiacrtepa sapa. M3



3TOr0 HKCHEPUMEHTAIBHOTO pe3ylbTaTa CcleAyeT, 4YTO B CTaOWJIBHOM SIIpE, B KaXKIOM
MarHMTHOM KJIACTEPE, COAEPIKUTCS OAUH U TOJIBKO OAMH IIPOTOH.

Taxkum 00pa3oMm, KOJIMYECTBO NMPOTOHOB Z B CTAOUIIBHOM SIJIpE ONpPEeNaeTcs] KOIMYECTBOM
HYKJIOHHBIX MarHUTHBIX KJIACTEPOB.

.

Teopust HenMMHEHHBIX KOJIEOAHUI yCTAHOBMIIA, YTO MAarHUTHOE IOJIE HEUTPOHA 3HAYUTEIHHO
cimabee MarHUTHOTO TOJS MPOTOHA: ,un=3'10_4,up (06 sTomM Takxke B nmpyroil pas). Ilostomy,
MarHUTHOE TOJIe JIF0OOTO HYKJIIOHHOTO MAarHUTHOTO KJacTepa CTaOMIIBHOTO siipa MPaKTUYECKH
npejacTaBisier co0Oll MarHUTHOE Toje mnporoHa. [lpu sToM, MarHuTHOE MOJIe HEHTpOHA
«IIUPOKOYTOJILHOEY - €0 HAPSKEHHOCTDh OMUCHIBACTCS BhIpaxkeHHeM (1), a MarHuTHoOe moJie

Hy=( ) par)rr =y (1)

MPOTOHA O0JIaJaeT Ype3BhIUAHHO Y3KOW, H3-3a ToKazaTens creneHu 54 mnpu cosp B (2),
CIUIETIOIOOHOM CcTPYEi:

Hy=(r ) (ppr)r *(cosp)™r —yir 2y, )

i€ ¢ — yroJl MEeX1y BEKTOpaMu [y, U F.
[TosTOMy MarHuTHOE moOJe CTaOMJIBHOTO siapa, B OOIIEM Ciydae, HAIlOMHHAET CHCTEMY
UTOJIOK MOPCKOTO €Xa!

Puc.3. Cxema MarHuTHOTO TIOJISl aTOMHOTO SIpa Py OONMbIINX A

I11.2.2.2. «9aeKTpoHHas1 000109Ka»
HEBO30Y:KIE€HHOT0 aTOMAa

HeiirpanbHblii HeBO30YX/IEHHBIH aTOM COJICPKHUT B CBOCH «AIIEKTPOHHON 000J0YKe» Z
9eKTpOoHOB. Teopuss HeNMUHEHHBIX KOJNEOAHWH yCTaHOBHWJIA, YTO MAarHUTHOE TOJI€ 3JIEKTPOHA
NOYTH Ha NOPAJOK CHIIbHEE MAarHUTHOIO IOJ NMPOTOHA: U~8,372u,, W YTO BBIPAXKEHUE VIS
HaMpPsDKEHHOCTH MAarHUTHOTO TIOJISI 3JIEKTPOHA OIMKCHIBACTCS TEM YK€ BBIpaKEHUEM (2), 9TO U /IS
IIPOTOHA, B KOTOPOM [, 3aMEHEHO Ha [l.. 3HAYUT, MATHUTHOE II0JI€ JJIEKTPOHA TaK K€ HUMEET
Ype3BbIYAHO Y3KYI0, CITUIETION00HYIO CTPYIO.

B mpousBosbHOM aTomMe Bce AJIEKTPOHBI, Ojarojapss MarHUTHOMY OPHEHTAllMOHHOMY
3¢ deKTy, pacroynaraloTcsi Ha CUCTeMe HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB S/Ipa.

[Ipn ecTecTBEeHHBIX 3E€MHBIX TeMIlepaTypax. 3JEKTPOHBl pa3MEILalTCs Ha CUCTEME
HYKJIOHHBIX MarHMTHBIX KJIAaCTEpOB sApa paBHOMEPHO — IO OJHOMY Ha Kkiacrep. llpu
CYLLIECTBEHHOM IIOHMKEHMM TEMIIEpaTyphl, 3Ta PaBHOMEPHOCTb Hapyllaercsi. B kauectse
IIpUMepa pacCMOTPUM aTOMBI T'€JIHSI.

B atome *He PO CONEPIKUT JBa MPOTOHA U ABa HeiTpoHa (puc.4). OHo o0namaer AByMs
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Puc.4. Cxema simpa ‘He

HYKJIOHHBIMH MarHUTHBIMH Ki1actepamu. [1oaTomy, «aeKTpoHHast 0007I09Ka) aToMa JIOITyCKaeT
TPH BapuaHTa pa3MelIeHUs FJIeKTpoHa Ha kiactepax — A, B, C (puc.5). Ot BapuaHTbl

O e , e O e , O o °
A B C

. 4
Puc.5. BapuaHTbl «3JIeKTpOHHON 0007I09Kn» atoma He

00aafoT pa3HbBIMHM BEJIMYMHAMH MOTEHIMATa TEepPBOW HOHHU3AINU A(4He). B Bapuante A4
JJIEKTPOHBI PACIOJIOKEHBl Ha PAa3HBIX KiacTepax sapa, A(4He,A)=24,5863B 9Ta BEIUYMHA
¢usnke xoporo uzBectHa [8]. B BapuanTe B 00a 35ieKTpOHA pacroOkKEHBI HA OJTHOM U TOM K€
KJIacTepe, Mo pasHeie cTopombl or supa, A('He,B)=2,7885B. B Bapmante C 006a 3IeKTpOHA
pacmojoXeHbl Ha OAHOM M TOM K€ KjacTepe, ¢ OJHOW W TOW >Ke€ CTOPOHBI OT sipa
A(*He,C)=1,4495B,

[oske OyaeT mpoaeMoHCTpHpoBaHo, uto atomel (‘He,C) SBISIOTCA — HPHUMHOLM
CYIIECTBOBAHMS ¥ UPE3BBIUANHO HEOOBIYHBIX CBOMCTB CBEPXTEKYUEro KumKoro "He.

.

Emé Oonpbiiiee yauBICHHUE BBI3BIBAIOT CTPYKTYPhI aTOMOB ‘He (puc.6). Snpo aroma *He
COCTOUT U3 JIByX NPOTOHOB M OAHOro HeWrpoHa. OHO oOnamgaeT ABYMS HYKJIOHHBIMU
MarHUTHBIMH KJIaCTEPaMH, OCEBbIC JTMHUU KOTOPBIX MapajuIeIbHbI (pUC.0).
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Puc.6. Cxema simpa ‘He

Paccrossane ot szmpa mo Ommpkaifiero SJeKTpoHAa Ha YETHIpE MOpsaKa Ooblie, 4eM
paccTossHue MEXKAY MarHUTHBIMH KiacTepamu sapa. M3-3a 3Toro, MarHUTHBIE MOJIsT 000MX
MAarHMTHBIX  KJIacT€pOB, C TOYKM 3PEHHUS] ATOMHBIX JJIEKTPOHOB, HEPA3JIUYUMBI U
BOCIPUHUMAIOTCSI aTOMHBIMH 3JIEKTPOHAMH KaK OJHO €IMHOE MAarHUTHOE IOJ€ C yIBOCHHON
BEJIMYMHOM MArHUTHOrO MoOMeHTa. [loaToMy B HEHTpaJlbHOM aToMme *He «QIJIEKTPOHHAs
000J104Ka» MOXKET CYIIECTBOBATh TOJNBKO B ¢opme C. A Tak Kak MOTEHIIMAT NMEPBON MOHU3AIUN
atoma (‘He,C) paBen 1,3133B, To sta dopma aroma He wmoxer CYILIECTBOBAaTh TOJIBKO TPH
OueHb HH3KHX TEMIEpaTypax. B eCTECTBEHHBIX yCIOBHAX, ~He CyIIECTBYeT TOIBKO B
NOHU3UPOBAHHOM BH/IE.



I11.3. Bo30y:k/1eHHBbI aTOM

Bo30yxaeHHBIM Ha3bIBAIOT aTOM, 3aXBAaTHUBIINN W BKJIIOYMBIIMK B CBOW COCTaB OJUH WIJIH
HECKOJIBKO (DOTOHOB.

II1.3.1. ®oTon

B ¢usuke GoToH cUMTAIOT KBAHTOM DHEPTHUM DIIEKTPOMArHUTHOTO M3nmydeHus. OJHAKO, BO
BTOPOW TIOJIOBMHE TIPOLUIOTO BeKa OBUIO SKCIEPUMEHTAIbHO JOKAa3aHO OTCYTCTBHE B
MaTepuaibHOM MuUpe HeIeIMMBIX KBaHTOB 3Hepruu [2]. 3HAUWT, 3TO ompejaeiecHUe (GoToHA
SBIISIETCSL OeCCOIepKATENBHBIM COTPSICEHNEM BO3/IyXa.

B kBaHTOBO# (pU3MKE TaKKE CUUTAIOT, YTO, B pPe3ysIbTaTe 3axBaTa (POTOHOB, COCTAB aTOMa HE
MEHSIETCSl, HO aTOMHBIE DJIEKTPOHBI NEPEXOIAT B HOBBIC CTallOHapHBbIE cocTosHUs. OmHaKo,
TEOpHsl HEJIMHEHWHBIX KoJeOaHWil CTPOro JoKaszana, 4To B HEBO30Y)KICHHOM aToMe MpPOTHS
AJIEKTPOH 00JagaeT EIUHCTBEHHBIM CTAallMOHAPHBIM cocTosiHueM. CienoBaTenbHO, 0e3
W3MEHEHHs COCTaBa aToMa, OH, IPH 3axBaTe (OTOHA, B MHOE CTAllMOHAPHOE COCTOSIHUE MEePerTH
HE croco0eH.

Takum 00pa3zoM. pU3MKa HE CIIOCOOHA COOOIIUTL HUYETO COJIEPKATEIHLHOTO HH O CTPYKTYPE
(hoTOHA, HM O CBOHCTBAX BO30YKIACHHOTO aToMa.

be3 BbIsABIEHMS AETANBHOTO yCTPOICTBa (POTOHA TOCTUYD COAEPIKATEIHHOTO TMOHUMAHUS
SIBIICHHS BO30YKJICHHS aTOMa HEBO3MOKHO B IIPHHIIUTIE.

I11.2.1.2. ®uszuyeckas ne3uHpopmanus
0 «KOJJIAaNCce» U KAHHUTHJISIMU» MPOTOHUS
U 00 «<OKBHBAJIEHTHOCTH MACChI U JHEPIrUn»
«3KBHBAJIEHTHOCTb MaCChl H JHEPTUM»

@dusnka yBepeHa, 4To (OTOH POXKIAECTCS B pe3yibTaTe «KOJUIANCA» U «AHHUTUIISILIMN»
MO3UTPOHUSI — DJIEKTPOH-TMIO3UTPOHHOTO JMIIONS, M YTO OH CHOCOOEH pacmajarbes, B
ONPEICNICHHBIX YCIOBUSX, HA AJIEKTPOH U O3UTPOH.

Opnako, Teopus HETUHEHHBIX KOJIeOaHWH, MPUHSB BO BHUMaHHME HAJIUYHUE COOCTBEHHOTO
MarHeTu3Ma y 3JIeKTpOHAa U y MO3UTPOHA, YCTAHOBWIJA, YTO 3JEKTPOH-TIO3UTPOHHBIA AMIIONb
oOmamaer, Kak ¥ HEBO30Y)KICHHBIH aTOM TPOTHUS, €AWHCTBEHHBIM TJIOOATBHO YCTOWYHBBHIM
COCTOSTHUEM CTaTUYECKOTO PAaBHOBECHSI, M UTO PACCTOSIHUE MEXKY DJIEKTPOHOM U MO3UTPOHOM B
3TOM COCTOSIHMU paBHOBecHs B 8,372 pasa Oousblie «bopoBckoro paauyca». ITo 03Ha4YaeT, YTO
TEPMHHBI «KOJUIATICY» U «aHHUTHIISIUS MOTIH POJIUTHCS TOJBKO MPH HEJOCTATOYHOW HAYyYHOU
00pa3oBaHHOCTH. TOYHO Tak ’K€ MOI TMOSBUTBCS M CIEAYIOIIMH U3 HHUX TEPMHH
«9KBHBAJIEHTHOCTh MACChl M SHEPTUN».

I1.2.1.3. II. Inpak
U 3JIEKTPOHON0J00HbIe MUKPOOOBEKThI
€ «OTpPULATEJbHBIMI» MAaCCAMHU

UenoBeuecTBO YK€ JaBHO MPHUBBIKJIO K CYIIECTBOBAaHHMIO JIBYX Pa3sHOBHIHOCTEH
ANEKTPUYECKUX 3aPsIIOB, YCIOBHO Ha3BAHHBIX «IIOJOKUTEIBHBIMI» U «OTPULIATEIbHBIMIY. DTH
Ha3BaHMSI PUPOY MIEKTPUUECKUX 3apsI0B He OOBIICHSIOT. [I[pon3onuim oHu OT TOTO, C KAKUMHU
«3HAKaMMU» 3TH 3apsAIbl BXOIAT B Pa3HbIE KOJNYECTBEHHbBIE COOTHOLLICHUS.

Opnaxo. crouno anrauiickomy ¢usuky [I./lupaky otkpeith B 1930r Tteopernyeckyro
BO3MOKHOCTh CYIIIECTBOBAHHSI JJIEKTPOHA C «OTPUILIATENIBLHON» DJHEprued, Kak Hay4dHbIN
¢usuueckuii Mup B30YHTOBAJCS, TaK KaK CYyIIECTBOBAaHME «OTPHULATEIbHON» SHEPrHH
MPOTHBOPEUYMIIO KBAaHTOBOHM mapagurme. [loaTomy oT 3TOro TepMuHa M30aBHINCH C TOMOIIBIO
Pa3HBIX TEPMUHOIOTUYECKHUX (POKYCOB.

.

Ecnu Ob1 «oTpunatenbubie» Maccel B [Ipupoie qeiicTBUTENBHO CYIIECTBOBAIM, TO, HAPSIY C
3JIEKTPOHOM e, U TIO3UTPOHOM e CYIIECTBOBAIM Obl AHTHANEKTPOH e U aHTHTIO3UTPOH €- .

Korpma crano moHsATHO, YTO MPUYUHON «OTPHUIIATEIHHOCTHY DHEPTHH MOXKET OBITH TOJIBKO
«OTPULIATEJIBHOCTBY MAacChl, MOSBHUIUCh HOBBIE BO3pakeHHsA. OIHO M3 HUX Ka3ajloch IIPOCTO



yOUWCTBEHHBIM — OHO ONHPAIOCh HA TO, YTO «OTPHUIATENbHBIE» MacChl HHUKOTJA
IKCIIEPUMEHTAIBHO HE HaOmonanuch. Ho crtowno BCcmoMHUTH 0 momyisipHoM B ¢usuke [10]
ypaBHeHMH (3), Kak Bce BCTAJIO Ha CBOU MecTa. JlelicTBUTENbHO, ecii B (3) 0THOBPEMEHHO

didiimv(1-°¢ %) " 1=q(E+c ' [vH]), (3)

W3MCHHUTh Ha MPOTHUBOIOJOXKHBIC «3HAKM» MAacChl m W 3apsja ¢, TO W TepBOE, U BTOPOE
YPaBHCHUS OKAa3BIBAIOTCS TOXJJICCTBCHHBIMH, OOAJAIONIUMKU  COBEPIICHHO OJIMHAKOBBIMU
pemrenusMu. CreoBaTebHO, 3JICKTPOHBI W AHTHAJICKTPOHBI OCTABJSIOT B HAOJIOATEIBHBIX
KaMepax COBEPIICHHO OJMHAKOBBIC CIICIbl — TPEKU. A 9TO O3HAYaeT, YTO (PU3UKU BCE 3TO BpeMs
OBUIM COBEPIICHHO HECIOCOOHBI OTJIUYHMTH TPEKH JJCKTPOHOB OT TPEKOB AHTHAJIEKTPOHOB U
TPEKH MO3UTPOHOB OT TPEKOB aHTUIO3UTPOHOB. Kako# onsiTh KOHPY3!

Jpyroe BO3paXC€HHWE WCXOIWIO M3 TOTO, YTO JHIIOJNb W3 OOBEKTOB, O0JAJAIONINX
«TOJIOKHUTETBHONY» M «OTPHIIATSIILHOW» MaccaMH CaMOpas3TOHsUICS Obl, YTO, OISATh JKE, B
JKCIIepUMEHTax Oyaro Obl He Habmromanock. Ho ecnm ouH W3 3THX OOBEKTOB DJIEKTPOH, a
JIpyrol — aHTURJIEKTPOH, TO 93TO, BEAb, COMJIACHO BCEM CBOWCTBAMH  3JICKTPOH-
AHTHURJICKTPOHHOTO UM U ecTh (oToH! Hy 1 HecepbE3HbIe e JIF0U 3TH PU3UKH!

111.2.1.4. Dj1eKTPOH-AaHTUJIEKTPOHHBIH AUIO0Jb

u 3¢up
DIIeKTPOH-aHTUAJICKTPOHHBIN TUTIONG (PHUC.7, ® - SJICKTPOH, 0 - AaHTUAJICKTPOH) 00J1aacT

e— 0
Puc.7. DnexkTpoH-aHTUAIEKTPOHHBIN AUII0JIb

MOYTH BCEMHU NpU3HAKaMH (OTOHA — HYJIEBOH CyMMapHOW MacCOd, HYJIEBBIM CYMMAapHBIM
ANEKTPUYECKUM 3apSAIOM U HYJIEBOM CyMMON BEKTOPOB MarHUTHBIX MOMEHTOB.

Mexay DIEeKTpOHOM U aQHTHUAIIEKTPOHOM  (OPMATbHO ACUCTBYIOT  DIIEKTPUYECKOE
MPUTSDKEHUE ¥ MarHUTHOE OTTAJIKMBaHWe. B eHCTBUTENBHOCTH K€, U3-3a «OTPHUIATEILHOCTH
MacChl aHTHAJIEKTPOHA, MEXKIY HUMH JICUCTBYET 3JEKTPUUECKOE OTTAIKHBAHHE M MAarHUTHOE
MPUTSDKEHUE.

OTOT AUMNOJIb 00JIaZjaeT €AMHCTBEHHBIM COCTOSIHUEM PaBHOBECHSI NP PACCTOSIHUU b MEXay
JJEKTPOHOM U  AHTHUAJIEKTPOHOM, PaBHBIM 4,43-10 M. Dro  cocrosHue paBHOBecHs
HeycroitunBo. Ecim 6asa mumoms b#4,43-107'"M, To mumons, 61aroaps «OTPHLATETBHOCTH
MacChl aHTURJIEKTPOHA, CAMOPA3TOHSIETCS IO YCTAHOBUBLIEHCSI CKOPOCTH.

CymiecTByIOT [Ba BHUAA BJIEKTPOH-AaHTHAJIEKTPOHHBIX JUIOJEH, YCIOBHO HAa3bIBAEMbIE
«OBICTPBIM» U «MeUIeHHbIMY. Ecin 6a3a aunons h<4,43- 10_10M, TO JIUIOJIb — «OBICTPBINAY». Ero
CKOpOCTh OJIM3KA ¢, HO TOYHOE 3HAYEHUE ITOM CKOPOCTH 3aBUCHT OT IUIOTHOCTH d(Upa Ha MyTH
nurions. [pu b<4,43- 10 %M na 9JICKTPOH B JUIIOJE JCUCTBYET CyMMapHasi cujia OTTaJKUBaHMUS.
[ToaTomy, B «OBICTpOM» AMIIONE BHEPEAN HACT DJIEKTPOH, & AHTHUDIIEKTPOH — MO «CIEAy»
JJIEKTPOHA.

Eciu 6asa b>4,43-10 "M, To AMMONb «MEUICHHBIH»: €ro CKOPOCTh Ha HECKOJIBKO MOPSIIKOB
MEHBbIIE ¢, BIEPEeIU UJIET aHTUIJIEKTPOH, a JIEKTPOH — 10 «CIEAY» aHTUAIEKTPOHA.

Tak Kak BEKTOpPbl MarHUTHBIX MOMEHTOB 3JIEKTPOHA W AHTHJIEKTPOHA PACHOJIOKEHBI Ha
NpPSIMOM, TPOXOIAIIEH uepe3 DSJIEKTPOH M aHTHAJIEKTPOH, TO, HPU OTCYTCTBUM BHEUIHHX
BO3JICUCTBHUH, OH ABUKETCS MPSIMOJIMHENHHO, BAOJIb DTOU MPSMOH.

[Ipu BcTpeue ¢ aApyruM MHKPOOOBEKTOM, «OBICTPBIIY TUIONbL pacragacTcss Ha CBOOOIHBII
3JIEKTPOH U CBOOOAHBIN aHTUAJIEKTPOH.

.

Teopusi HeIMHEWHBIX KOJICOAHM BBIICHHWIIA, YTO BEIMYMHA YCTAHOBUBIICHCS CKOPOCTH

«OBICTPOTOY» JUIIOJNS HE 3aBUCUT OT BEJIMYMH MAaCC WJIM BEJIMYWH DIIEKTPUUECKUX 3apsi/IOB, WU



OT BEJIMYMH BEKTOPOB MAarHUTHBIX MOMEHTOB JJIEKTPOHOB M aHTHAJICKTPOHOB. EMWHCTBEHHOM
NPUYUHON CYIIECTBOBAHUS YCTAHOBUBIIEHCS CKOPOCTH ABHMIKGHUS JUIOJNS SIBISIETCS XapakTep
00TeKaHUsI U0 BCTPEYHBIM d(PHUPOM.

[To ananorum ¢ JBW)KEHHEM TBEPIOrO Tela B BO3AyXe, OOTEKaHHWE DJIEMEHTOB JUIIOJIS
a¢upom ObIBaeT OE30TPHIBHBIM — JIAMUHAPHBIM WJIM BHXPEBBIM, B 3aBHCHMOCTH OT CKOPOCTH
JIBYDKEHHUSL.

BcemoMHNM, 9TO POUCXOAUT MPH JBMKEHHH TBEPAOTO Teia B rase. [Ipu ManbIx CKOpOCTSIX,
MIPOMCXOIUT Oe30TPHIBHOE OOTEKaHWE TeJa ra30BBIMH CTPYsMU. B mpomecce 3Toro oOTeKaHwus,
YacTh ra3a yBJIEKAeTCs IBIDKYIIUMCS TEJIOM 3a cO00i, 00pa3ys 3a TEIOM «Clel» B BUJIE XBOCTA
rasa, IJI0THOCTh KOTOPOTO MEHBIIIE, YeM IUIOTHOCTh OCTAIBHOTO ra3a. C yBelnn4eHHeM CKOPOCTH
JBWKEHUS, TUIOTHOCTh Ta3a B «XBOCTE» yMeHbImaercs. Korma BenmudMHA 3TOW TUIOTHOCTH
nepeiieT KpUTHYECKOe 3HAa4YeHHe, HAYHETCS DPa3pblB CIOEB Tasa, NMpH CXOJAe CTpPYH rasa c
00TeKaeMoro Tena, W, BCIECACTBUE ITOTO, BUXPEBOE OOTEKaHHUE.

Bo3Bpainasich kK JBIKSHUIO IUTIOINS B 3pupe, HAMOMHHUM, YTO B «OBICTPOMY JTUIIOJIE BIIEPEAN
UJIET DJICKTPOH, 8 aHTHAJIEKTPOH — O «CIIEITY» AJIEKTPOHA.

CHavana. mpu MaJIbIX CKOPOCTSIX JIBMIKEHHUS DJIEKTPOHA, OOTeKaHHe ero 3(pupoM sBIseTCS
0€30TpBIBHBIM, C OOpa30BaHMEM pa3peKEHHOTO «xBocTay. M3-3a 3TOrO, CKOpOCTH
AHTHAIIEKTPOHA, WAYILETO TI0 «CIETy» - Pa3peKEHHOMY «XBOCTY», CTAHOBHUTCS OOJbIIE, YeM Y
anekTpoHa. Bernencreue sroro, 6aza qumons b yMEHBIIAETCS U YBEIHUMBAIOTCS CKOPOCTh
SNIEKTPOHA M Pa3peKEHHOCTh PUpa B «XBOCTE» dIIEKTpoHa. [lambiie Bce moBropsiercs. JTta
crienuQuKa IBMKEHHS «I10 CIIEy JIUAEPa» YacTO UCIOIb3YeTCsl CHOPTCMEHAMH.

[ToBTOpsieTcst 3TO 10 TeX MOp, MOKa He HAYHETCS BUXPEBOE OOTEKaHHE JIEKTPOHA I(PHPOM.
ComnpoTuBiIeHHE JBHKCHUIO aHTHAJICKTPOHA B BUXPEBOM «XBOCTE» IOCTEIICHHO YBEINYHUBACTCS,
M aHTHAJIEKTPOH HAYMHAET OTCTaBaTh OT 3JEKTPOHA, M CKOPOCTh AHTHIJICKTPOHA HAYMHAET
HapacTaTh MEHBIIUMHU TEMITAMH, Y€M CKOPOCTb JJICKTPOHA.

Uepe3s HEKOTOpOE BpeMs, CKOPOCTH JJIEKTpOHA U  AHTHUAJIEKTPOHA  CPaBHSIOTCA,
CoOTBETCTBYIOIIME 3HAYEHUSI CKOPOCTH V¥ M 0a3bl AUMOJSA b* COXpaHsTCs 10 TeX IOp, IMOoKa
TUIOTHOCTH BCTPEYHOTO (Hpa HE UIMEHHUTCSI.

Yo6enutbcs B TOM, 4TO 3HaUCHHs V¥ U b* OTBEUAIOT YCTOHYMBOMY COCTOSIHUIO JWTIONS, TIPU
(UKCUPOBAHHOM TUIOTHOCTH 3(Upa, MOKHO, UCTIOIH30BaB MPUBEACHHYIO TIPOIICIYPY.

II1.2.1.5. CemeiicTBO (hoTOHOB

Kpome 31eKTpOH-aHTHUANIEKTPOHHOTO U TO3UTPOH-AaHTUIIO3UTPOHHOIO, «0€33apsiioBBIX»
JUIONEH, CyMMa 3JIEKTPUUYECKUX 3apsA70B KaKIOro U3 KOTOPHIX paBHA HYIIO, CYIIECTBYIOT ellé
U «3apsioBbIe» TUIOIM — JIIEKTPOH-aHTHIIO3UTPOHHBIA, CyMMa 3JEKTPHYECKUX 3apsaoB
KOTOPOTO paBHa (—2e), ¥ TO3UTPOH-aHTHAIEKTPOHHBII C CyMMOM 3apsiioB (+2e).

«JIBrKyImas cuma» «6e33apsaoBoroy aumons pasaa fOb —ab 2, 0=8,372, a «IBHKYyIIas
CHITaY «3apsI0BOTOY Jumons pasua f0b +ab .

«3aps/I0BBIe) IUTIONH MOTYT OBITh TOJBKO «OBICTPBIMEUY. M3-32 TOTO, UTO WX «IBIIKYIIAs
cuay Ha 20b > GOJIBIIE «IBHKYIICH CHITBI» «Ge33apsI0BBIX» IHIIONICH, IBIKCHHE «3apsIOBBIX»
JIUTIONICH TIPOUCXOIUT C OOJIBIIEH CKOPOCTHIO.

II1.2.1.6. O cymecTBOBaHUHM 3JIeKTPOHONMOAO00HBIX
MHKPOOOBEKTOB € «OTPHLATEIbHBIMI MACCAMH
Kak MO0XXHO MOTyYnTh AKCIIEPUMEHTAJIBLHOE MOATBEPKIECHUE pPEATbHOTO CYIIECTBOBAHUA
AIIEKTPOHOMOJOOHBIX ~ MHKPOOOBEKTOB C  «OTpULATEIbHBIMH» Maccamu?  Tpeku-cienst
MI/IKp006’beKTOB B COBPEMCHHLIX HaGJIIOHaTCJILHBIX KaMepax, HaxoIAmuxXCia B OAHOPOAHBIX
BHEUIHMX MArHUTHBIX TIOJSIX, OMNUCBHIBaIOTCS ypaBHeHueMm (3). Ho B coBpemeHHBIX
Ha0JII0/IaTENIbHBIX KaMepax, TPEKU JIEKTPOHOB U AaHTUAJIEKTPOHOB, a TAK)KE TPEKH MTO3UTPOHOB U
AHTUIIO3UTPOHOB HE OTIMYAKOTCA APYr OT Jpyra, TaKk KaK OAHOBPCMCHHAA 3aMCHA <«3HAKOB»
MacC M <«3HAaKOB» DJJIEKTPHUUECKUX 3aps0B OCTaBISIET 3TO YPaBHEHHE M €ro pelleHus
HEU3MCHHBIMU.



Ecimm xe HaGJ’IIo,I[aTeJ'IBHYIO KaM€py MNOMECTHUTb BO BHCIIHEEC HEOAHOPOAHOE€ MArHUTHOC
noje, TO YpaBHCHHUC (3) HU3MCHHUTCA — OHO 6y,I[CT JOIOJIHEHO Y4YCTOM B3aUMO/ICHCTBUS
Ha6moz[aeMbe MI/IKpOO6'beKTOB C BHCITHUM HEOAHOPOJAHBIM MarHUTHBIM I1OJIEM:
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rae V- oneparop rpaauenta. Eciu takas HaOnrogarenbHas Kamepa 3aQUKCUPYET CTOJIKHOBEHUE
ANEKTPOH-aHTUAIIEKTPOHHOTO JUIMOJS C JPYTUM MHKPOOOBEKTOM H JMIIONb PaclafeTcs Ha
CBOOOHBIE DJIEKTPOH M AHTHUAJIEKTPOH, TO, MOCIE 3TOTO, JJICKTPOH M aHTUAIIEKTPOH OYyAyT
YIOQIATBCSL APYr OT JpYra, pacxXolscCh BJOJb JIMHUM HEOJAHOPOIHOIO BHEIIHEIO0 MarHuTHOIO
OJISL.

DU3NKOB MO€ MpeI0KEHUE POBECTH TAKOM 3KCIepUMEHT Haryrano. OHU CTajal TOBOPHUTH,
4TO, BO-TIEPBBIX, 3TA HJIESI HE COTJIAacyeTCs C KBAHTOBOW MapajurMoii, BO-BTOPBIX, YTO 3TO OUCHbB-
OYEHb CII0KHO, U UTO 51 BOOOIIE OYSHb HEXOPOIIUI YETTOBEK.

Ho, B mpomuiom Beke Cirydniiuch iBa COOBITHSI, 3aTPOHYBIIKE 3Ty TeMy. B 1979r kBanTOBBIN
My3b6Iph JOMHYN [2], a 3kcnepuMeHT Ha ycrtaHoBke lllteprHa-I'epmaxa pas3menun, BIOIb JTUHUN
BHEUIHET0 HEOJHOPOJHOTO0 MAarHUTHOTO IOJISA, MyYOK AJIEKTPOHOMOIOOHBIX MUKPOOOBEKTOB Ha
MYYOK 3JIEKTPOHOB M IMMYYOK aHTUAJIIEKTPOHOB. [lociie 3Toro, Gu3nKu yIuiy MOJHOCTBIO «B CEOs».

II1.2.2. Bo30y»neHHbIil aTOM NPOTHS

3Hast cTPYKTYpy GOTOHA, HETPYAHO MOHSTH, YTO MMPOUCXOUT MPH 3aXBaTe aTOMOM (OTOHA U
KaK 9TO OTPa)KaeTcsl Ha CBOMCTBAX aToMa.

.

Ananus IIO0Kasall, 4To BJICKTpOH—aHTI/ISJICKTpOHHBIfl JUIIOJIb 3aXBATBIBACTCA aTOMOM IIPOTHS
KaK eMHOE Ies1oe, 0e3 pacraja Ha 3JICKTPOH U aHTHUAJIEKTPOH. J{UMoub pacnonaraercs B aToMe
Ha OCHM MAar"HuTHOI'O IIOJIA HNPOTOHA TaK, YTO JJICKTPOH OKa3bIBACTCA OmmKe K IIPOTOHY, YEM
AHTUAJICKTPOH (puc. 8, (OTOH — TEMHO-KpacHBIN 1[BeT). Bce 3axBayeHHBIC aTOMOM JTUIIOJIH

O o ° 0 , 0 e O o
Puc. 8. JIpa Bapuanra pa3menieHnus (OTOHA B aTOME MPOTHS

pacroyiaraloTcsi TaK)Ke Ha OCH MarHUTHOTO T0JIsl IPOTOHA, C OJHOM M TOM e CTOPOHBI OT sijipa —
MPOTOHA, DJIIEKTPOHOM K TIPOTOHY (puc.9).

O o e o ° 0 R 0 ° 0 e O o

Puc. 9. JIBaxkabl BO30YXkK/I€HHBIE ATOMBI IPOTHS

Tak Kak «IBMKYIME CHJIBD» AWUIONECH HE paBHBI HYINIO, TO BO30Y)KICHHbIE aTOMBI MPOTHS
CTaTUYECKUM pABHOBECHEM HE O00JaJaloT. A Tak Kak O3TH «IBWKYIIME CHIIBDY IHUIOJIEH
HafpaBlIeHbl B CTOPOHY sIpa — HPOTOHA, TO BO30YXIEHHBIH aTOM JOJKEH HAXOAWUTHCS B
MOCTOSIHHOM JIBUKEHMM BJIOJIb OCH CHMMETPUM MarHUTHOIO TOJs TmpoToHa. Ecinu oH
CTaJIKUBACTCS C IPYTUM MHUKPOOOBEKTOM, TO BCE €r0 IUIONH, CIUIIKOM OJHM3KO CONMKAsICh C
MPOTOHOM, YXOZST U3 aTOMa.

W3 pacckazaHHOTO MOKHO CIENATh CIEAYIOIINE BBIBOIBI:

- aTOM MPOTHsI MOKET 3aXBaThIBATh (DOTOHBI TOJILKO B TOM CIIydae, €Clii HUUTO HE MENIAET ero
JIBIDKEHUIO BJIOJIb OCH MAarHUTHOTI'O TOJIA €r0 sIpa, T.€. €CJIM OH CBOOOJIEH MM CBSI3aH C
JPYTUMH MUKPOOOBEKTaMHU B HE CIIUIIKOM MAaCCUBHBIC COETUHEHNS,

- BcTpeda BO30YKICHHOTO aTOMa C JPYTUM MUKPOOOBEKTOM — SIBJICHHE CIy4aliHOE, II0ATOMY
«BpeMsi )KU3HU» BO30YKIEHHOT'O aTOMa OIMCBIBACTCS BEPOSITHOCTHBIMUA COOTHOILICHUSMU.



II1.2.3. Bo30ykaeHHbIe aTOMBI
JAPYTUX XUMHYECKHUX JIEeMEHTOB
CrabwibHOE SIAPO TPOU3BOIBHOTO aroma oOnagaer 7Z HYKJIOHHBIMA MAarHUTHBIMHU
KJIaCTepaMHu, Ha KOTOPBIX PACIOJIaralOTCsl ATOMHBIC JJIEKTPOHBI W 3aXBaYCHHBIE ATOMaMHU
(hOTOHHBIE JMITOJH.
Bce ocrampHBIe CBOHCTBa BO30Y)KISCHHOTO aroMa TPOTHS pPACHpPOCTPAHSIOTCS H Ha
MIPOU3BOJILHBIC ATOMBI.

IIL.3. Kocmuveckoe uziydenue

Om3MKM 70 CUX TOp HE 3HAIT HH CTPYKTYphl (OTOHA, HU (OPMBI CTAOHIBLHOTO
CyIIIECTBOBaHMs BO30YkJIeHHOro aroma. [loaToMy mpupoga KOCMUYECKOTO HM3IYYCHHS UM HE
n3BectHa [11]. [IpakTruecku He U3BECTHBI U €70 HCTOYHUKH.

BrisiBnenvie hopMbl cTaOMILHOTO CYIIECTBOBAHHS BO30YXJICHHOTO aToMa PacKpbIBAET ATH
TalHBbI.

L]

®DoTOHBI, 3aXBAYCHHBIE AaTOMAMH, CIIOCOOHBI PA3TOHATH UX JO BBICOKHX CKOPOCTCH H
sHepruil. OAHAaKO, B 3E€MHBIX YCIOBHSX 3TO HEBO3MOXHO H3-32 BBICOKOW IUIOTHOCTH
MHKPOOOBEKTOB B aTMochepe.

B xocmuueckoMm mpocTpaHcTBe MIOTHOCTh MUKPOOOBEKTOB HECPAaBHUMO MeHble. [losTomy,
B KOCMOCE «BpeMs JKH3HH» BO30YKIEHHOTO aToMa 3HAa4UTeNbHO OoJjbine. Bo3OyxieHHbie
aTOMBI, Pa3rOHSSCH 10 BEICOKUX CKOPOCTEH M SHEPTui, 00pa3yloT KOCMHUYECKOE U3ITyuYeHHE.

Ectb psa dakTopoB, 3HAUUTENBHO YBEIMYMBAIONINX OTH MapamMeTpbl KOCMHUYECKUX JTydei.
Bo-miepBbIX, caMble TsDKENbIe aTOMbl XUMHUYECKUX BEIIECTB 00JIaJJat0T OOraThIMH YacTOTHBIMU
CTIIEKTPaMH, COJICPXKAIIUMHU HE TOJIHLKO COOCTBEHHBIC YacTOTHI HEBO30YKICHHBIX aTOMOB [8], HO
M YacTOThl aTOMOB BO30yxacHHbIX/  ClenoBareibHO, CymMMapHash Macca BO30YKIECHHOTO
00BEKTa BEJTMYNHOM MACCHI CAMBIX TSDKEIIBIH CTAOMIIBHBIX aTOMOB HE OIPaHUYHBACTCS.

Bo-BTOpBIX, 4aCTOTHBIE CIIEKTPBI AaTOMOB, U3MEPEHHBIEC Ha 3eMJie U B KOCMOCE TOBOPSIT O TOM,

9TO B KOCMOCE BO30Y)K/ICHHBIE aTOMBI CIIOCOOHBI 3aXBaThIBATh OOJbIIE (POTOHOB, YeM Ha 3emiie.
CrnenoBatenbHO, «IBIKYIINE (POTOHHBIE CHIIBI OOJIbINE, YeM Ha 3emiie.

1. http://viXra.org/abs/2006.0181 . Newton's World 1. EXPERIMENTAL PROOF
ABSENCE IN NATURE INDIVISIBLE QUANTA OF ENERGY. Mup Hstotona 1.
DKcIepuMeHTaIbHOE JJOKAa3aTeNbCTBO OTCYTCTBUS B [Ipupo/ie HeeaMMbIX KBaHTOB
SHEpIUu.

2. IlaBmosa H.H., IBanoB A.M., IOmxoB A.B. u Tokrapos K.A. Hexotopsie
3aKOHOMEPHOCTHU B M30TOIMMMYECKUX N3MEHEHHAX (POPM JIETKHX, CPETHUX H TSHKEIBIX
snep//U3Bectust AH CCCP. Cepus pusudeckas. 1979. T.43. Nell. C.2317-2323.

3. AngponoB A.A., Butt A.A. u Xaiikun C.D. Teopus konebanuii. —M.: ®uzmatrus. 1959.

4. botiko E.C. llIxomna akanemuka A.A.Auaponosa. —M.:»Haykay. 1983.

5. Heiimapk FO.H. MeTton TouedHBIX OTOOpaXKEHHH B TEOPUN HETMHEHHBIX KOJIeOaHUH.
-M.:»Hayka». 1972.

6. Bomncosckuii C.B. Marnetuszm. —M.: Hayka. 1984.

7. Tamm U.E. OcHoBbl Teopuu snexTpudecta. —M.-JI.: ['octexuznar.1946.

8. CrpuranoB A.P., Ceuntunkuii H.C. Tabnuip! cieKTpaibHBIX JTUHUN HEUTPATLHBIX U
MOHU3UPOBAHHBIX aTOMOB. —M.: ATomuznar. 1966.

9. ®usnueckuil FHUMKIONEeANYECKUI cioBapk. —M.: CoBerckas sHuuKIONEe M. 1983.

10. Mott H., Cueanon U. BonnoBas mexanuka u e€ npumenenus. —M.: Hayka. 1966.

11. H_[BapIIHH/IJ'II)I[ b. SBnsitores 11 KOcMUYECKUe raMMa-4acTHIbl (POTOHAMH OYEHb BBICOKHX
sHepruii? //dusuka 3a pyoexxom 1990: Cepust A (uccrnenoanust): COOpHUK cTaTeH.
—M.: Mup. 1990. C.144-155.









CTpyKTypbl aTOMHOTO f7Ipa
Y 3JIEKTPOHHOW 000JOYKH aToMa
C TOYKH 3PEHHUS TEOPUN HEJTMHEHHBIX KOIeOaHni

XapakTep pa3BUTHUS XUMHYECKUX 3HAHUU 3aBUCUT, MPEXKIE BCEro, OT aJCKBATHOIO,
JIETAJIbHOTO TMOHUMAaHMS YCTpoiicTBa aroma. JleTtanbHOE€ MOHUMAHHME YCTPOMCTBA aroma
HEJOCTHKUMO 0€3 JIeTaIbHOTO TIOHUMaHMsI YCTPOMCTBA aTOMHOTO sijipa.



XVMUs HE 3aHUMAETCSl U3YUCHHEM CTPYKTYp aroMa U aTOMHOTO sipa. DTo — 3aja4ya GU3uKu
mukpomupa. CoBpemeHHas (U3MKa MHMKPOMHUpPAa MCXOAMT, B CBOUX MpEACTaBICHHUSIX 00
YCTpPOMCTBE aTOMa U aTOMHOTO s1/1pa, U3 (GyHAaMEHTAIbHBIX IOJI0KEHUI KBAaHTOBON TEOPUH.

KBaHTOBas TeopHsi MPeKpacHO 3HAET, U3 KAKUX DJIEMEHTOB COCTOSIT aTOMHOE SJJpO U aTOM.
Ho ona necriocoOHa, B mpuHIMIE, BEIpA00TaTh JETalbHbIE CBEICHHUS O CTPYKTYpPax aTOMHOIO
aapa u aroma. llpmumHa 3TON HECHOCOOHOCTH 3aKIIOYAETCsl B TOM, YTO KBAHTOBAs TEOPHS
OTKa3ajach OT ydeTa 3(upa ¢ ero CONpOTHUBICHHEM JBIKEHHIO MHUKPOOOBEKTOB M OT ydera
MarHUTHBIX B3aUMOJICHCTBUI MEXy MUKPOOOBEKTaMH.

BcenenctBue  3Toro, KBaHTOBas TEOpHsl  OKa3ajlach  BBIHYXKIEHHOW paloTath ¢
@DYHKYUOHANbHLIMY  MATEMAaTHUYECKUMHA MOJIEISIMU  OOBEKTOB MHUKPOMHpPA, HE CIIOCOOHBIMU
MPEJOCTABHUTH IOJIHBIC W YETKHE CBEACHUS O CBOWCTBAX MCCIIEAYEMBIX OOBEKTOB. Pe3ymbraThl
KBaHTOBOH TEOPUM IMO3BOJISIOT CHOPMHUPOBATH HE YCTKHM, JCTalbHbIH 00pa3 MHUKpPOOOBEKTa, a
BECbMa PACIUIBIBUATOE €r0 M300pa)keHue, JMIIEHHOE CYIIECTBEHHBIX Jeranei. dusuku nenoe
cToierue yOeXIalOT Hac, 4YTO Tak YK ycTpoeHa Ilpupona, crapasch NeEpenoXuTh
OTBETCTBEHHOCTb, 32 HEJIOCTATKU CBOETO MMO3HABATEIBHOTO MMOTEHIMAaNa, Ha [Ipupony.

Ho Ilpupona He koBapHa, OHa HE 3JOHAMEPEHHA MO OTHOIICHHWIO K HaM - CBOUM KPOBHBIM
JeTSM, OHa HE CKPBIBAET OT HAC CBEIEHHS O €€ yCTPOICTBE, OTKPOBEHHO, NETAIHHO M YETKO
OTBeYas Ha BCE HAIIM JKCIIEPUMEHTAJbHBIE BOMPOCH. EE BHHBI HET B TOM, YTO (PH3HKH HE
CTapaloTCs B MOJHOW Mepe HayuuTbcs €€ €CTECTBEHHOMY SI3bIKY, TBITAIOTCS 3aCTaBUThH e
o0IIaThCsl ¢ HUMH Ha HETOHSATHOM €H SI3bIKE WM TBITAIOTCS HaBsA3aTh € CBOM OIIMOOYHBIC
IIPEJCTaBICHUs O €€ YCTPONCTBE.

[Ipupona He OTKa3bIBaeTCsl ¢ HAMM COTPYAHMYATh, HO OHA TpedyeT colnoIaTh e€ mpaBuiia
oOmenus. Ecnmu MBI KelgaeM MOJNIydUTh JOCTaTOYHO YETKUE U JIeTalbHbIC CBEAEHUS O €&
YCTPOMCTBE, TO MBI JOJIKHBI MPEJIOCTaBUTh € BO3MOKHOCTh 3TU CBEIECHUS HaM COOOIIUTH. A
C/IeTaTh 3TO OHA MOXET TOJBKO B TOM CIIydae. €Cl Mbl OyJeM HMCIIOIb30BaTh B OOIIEHUH C HEel
CMpyKmypHvle MAaTEeMaTHYECKUE MOJIENIN M3y4aeMbIX OOBEKTOB, T.€. MOJIENH, COJIEpIKAINe HE
yceuennvle, K8anmogvle, a NOHvle HADOPHI MapaMeTpOB, XapaKTepH3YIOIIUE BCE HM3ydacMble
CBOICTBa 3TUX OOBEKTOB.

Jnis mocTpoeHHs aleKBaTHBIX CTPYKTYPHBIX MaTEMaTHYECKHX MOJeNell MHUKPOOOBEKTOB
OKa3aJicsi HEOOXOTMMBIM YYeT, KPOME H3BECTHBIX B KBAaHTOBOW TEOPHH, TAaKHX (HaKTOPOB
MaTepHaIbHOrO0 Mupa, Kak CONpOTHBICHHE d(PHpa TBUKEHUI0 MHUKPOOOBEKTOB W MAarHUTHBIC
B3aUMO/ICHCTBUS MEKIY MUKPOOOBEKTAMH.

*

OOmue cBeleHusi 00 yCTPOWMCTBE aTOMa M aTOMHOTO sjipa XOpOIIO H3BECTHBI. ATOM U
aTOMHOE SIIPO MOT'YT HaXOJHUTHCS B «HEBO30YKACHHOM» U B «BO30YKJIEHHOM» COCTOSIHUAX. DTO
CBSI3aHO CO CIIOCOOHOCTBIO aTOMOB M HX sJep 3axBaThiBaTh (OTOHBL. HeB0o30ykaeHHBIMU
Ha3bIBAIOT aTOM M SIpO, HE cojepiKamme (OTOHBL. ATOM U SIIPO TEPEXOISIT B COCTOSHHE,
Ha3pIBaeMOE BO30YKICHHBIM, €CITM 3aXBaTBIBAIOT M BKIOYAIOT B CBOM COCTaB OJWH WA
HECKOJIbKO (DOTOHOB.

Cywecmeosanue omonoe ycmanosneno sxkcnepumenmanvro. Keanmosas ¢usuka
cuumaem ¢homon Hedenumvim keawmom dsuepeuu. Cocmas u cmpykmypa ¢gomona ei He
uzgecmuol. Ilosmomy, 6e3 Oocmudicenus NOHUMAHUS COCMABA U CMPYKMYypul (Homona,
NOHUMAHUE COCMABA 8030YIHCOEHHO20 amoMa U 8030YAHCOEHHO20 A0Pa U NOHUMAHUE POPMbL UX
CMabUIbHO20 CYUWeCmBo8anUs HeOOCMUNCUMDL.

HeBo30y>xaeHHBIN aTOM COCTOUT M3 KOMIIAKTHOTO S7pa U OKPYXKAIOIIUX €r0 3JIEKTPOHOB.
HeBo30ykaeHHOe aTOMHOE SIIPO COCTOUT U3 HYKJIOHOB — HEUTPOHOB M TPOTOHOB.

%

HccnenoBanus, mpoBeeHHBIE METOAAMH TEOPUH HEIMHEHHBIX KOJICOaHUH, MOKa3ai, 4To
BCSI «IEHETHKA)» aTOMa 3aKJII0UaeTCsl B CTPYKTYpE €ro sipa.

B [1] mpuBeneHsl pe3yiabTaThl SKCIIEPUMEHTA MO PACCESHUIO SACPHBIMH CTPYKTYypaMH O
yactull, npoBefaeHHoro corpynHukamu UAD AH CCCP (Anma-ATta). DTOT 3KCHEpUMEHT
ABIISIETCS TOBTOPEHHUEM 3HAMEHUTOro skcrepuMmenta O.Pesepdopna, HO mpoBeIeH OH Ha



3HAYUTENBLHO 00Jiee BHICOKOM YPOBHE M € OOJBIIEH JeTalbHOCThIO 00paboTKM pe3ynbratoB. 13
pe3yabTaTOB ITOr0 HKCHEPUMEHTA CIEIYEeT, YTO SApa BCEX XMMUYECKHUX 3JIEMEHTOB 00J1a1aloT
KBAa3UKPUCTAJUINYECKUMHU CTPYKTypaMu. MIHbIMM cl0BaMH, CUCTEMBI HYKJIOHOB siiep 00J1aialoT
YCTONYMBBIM CTATUUECKUM PaBHOBECUEM.

U3 pezynomamos, npusedennvix 6 [1], cnedyem, umo nedenumvie KeaHmvl SHeEpeUU U
COOMHOULeHUs HeOnpeOeleHHOCMell AGNAIMCS He 00beKMUBHBIMU YaKmMopamu MamepuaibHo2o
Mupa, a 6ceco nuwib abCMpaKMHLIMU BLIYUCTUMENbHBIMU NPUEMAMU K8AHMOGOU meopuu. B
Hacmosujee 6pemMs, 6 MUpOBOU Qusuke MUKpoMupa 0e3pasoeibHo 20CHOOCmEyem KEaHmosas
meopus. Keanmosas usuxa wemxo npogosenacuna npuopumem >KCHePUMEHMATbHO20 (pakma
Hao meopuetl [2]. Pezyromamor [1] onyoauxosamer ewé 6 19792. Oowmaxo, ecia muposas
K68AHMOBas usuKka smu pe3yaomamul 00 Cux nop «He sameuaempy. /asxce OpesHss anixumus He
nosgonana  cebe  mMaKo20 ~ OMHOWEHUS K  9KCHEPUMEHMANbHbIM — (Dakmam, B8ONpeKu
NPOBO32NIAUEHHBIM NPUOPUMEMAM.

YroObl TOHATH JETalMd YCTPOHMCTBA HEBO30YKIEHHOTO aTOMHOIO s/ipa, HY)KHO 3HAaTh
CBOMCTBA HYKJIOHOB.

Hykmonsl 00namaloT HYKJIOHHBIMH TOJSIMH. biaromapsi HyKJIOHHBIM B3aMMOJICHCTBHUSM,
HYKJIOHBI OOBEIMHSIOTCS B aTOMHBIE sapa. HyKJIOHHBIE TIOJS OJMHAKOBBI U JUIST HEUTPOHOB, U
Ul OpoTOHOB. Il03TOMY XapakTep HYKIOHHBIX B3aMMOJEHCTBHM HE 3aBHUCUT OT TOTO,
HEWTPOHOM HJIM TPOTOHOM SIBJISIETCA B3aUMOJEHCTBYIOIIMA HYKIOH. «Pammyc peicTBus
HYKJIOHHBIX CHII OlleHHBaeTcs Bemmaunoit 107 M. Ecii depes 7 0603HAYNTh PACCTOSHHE MEKITY
HYKJIOHAMH, TO CYIIECTBYET Takoe 7y (=3,2- 10'15M), YTO NPU 7<rp MEXAY HYKIOHAMH JIEHCTBYIOT
CUJIBI OTTAJIKUBAHUs, a IIPU ro<r<10""*m — crpr IPUTSKEHUS.

Ecnu yuects conmpoTuBieHue 3¢pupa ABUKEHHIO HYKJIOHOB, TO CTAHOBUTCSI, C TOUKU 3PEHUS
TEOPUM HEIMHEHHBIX KoJIeOaHUH, MOHIATHBIM, IIOYEMY aTOMHBIE sipa 00laga0T yCTOMUYMBBIMU
CTaTUYEeCKH PABHOBECHBIMH KOH(PHUIYpalUsSMH U3 CBOMX HYKJIOHOB. [Ipu yuere TOIBKO
HYKJIOHHBIX B3aUMOJEHCTBUI, IBYXHYKJIOHHBIE, TPEXHYKJIOHHbIE M YETHIPEXHYKJIOHHbIE sSIpa
MIPECTABISIIOT CO0O0W MpPaBMIIbHBIE KOH(PHUTYPALMU, B KOTOPBIX PACCTOSHUS MEXKIy HYKIOHAMHU

PaBHBI IPYT JIPYTY:

SAnpa, cocrosmuue 6oiee, 4eM U3 YEThIpEX HYKJIOHOB, JaKe MPU y4eTe TOJIBKO HYKJIOHHBIX
B3aMMOJICHCTBUH, TPABWIBHBIMUA KOHQHUTypanusMd HE O0O0JamaroT u3-3a TPEXMEPHOCTH
MartepuagbHOoro Mmpa. B aOcTpakTHBIX, 00J€e MHOTOMEPHBIX MPOCTPAHCTBAX OHHU MOTYT
o0amaTh MpaBUIBHBIMHA KOH(PHUTYpAHUSIMH, HO TIPH BIIO’KEHHE B TPEXMEPHOE MPOCTPAHCTBO OHH
CHIILHO JeQOpMHUPYIOTCS, W 3TH Ae(opMani HEOJHO3HAYHBI. DTO MPHBOAUT K TOMY, YTO
JIOCTaTOYHO TSDKENbIE SApa MOTyT 00JaAaTh YCTOHYMBBIMHU CTaTHMYECKH PaBHOBECHBIMU
KOH(MUTYpaLUSIMH Pa3HbIX GOPM.

I'paBuTaniOHHBIE B3aMMOAEHCTBUS HA CTIPYKTYpE OTIEJIBHOIO sAIpa INPAKTHYECKU HeE
OTPAXKAKOTCSL.

Heiitpon He wnMeeT »>JeKTPUYECKOro 3apsia, MPOTOH OO0JNAJaeT «IIOJOKUTEIbHBIM)
CJIMHUYHBIM JJICKTPUYECKUM 3apsifioM (+e). [1oaToMy B 3IIEKTPUYECKHX B3aUMOJCHCTBHSIX
Y4acCTBYIOT TOJBKO MPOTOHBI.

Heiitpon u mnpoTroH 007a1at0T COOCTBEHHBIMM MArHMTHBIMH TOJSIMH C  BEKTOPaMHU
MarHUTHBIX MOMEHTOB M, U M. C IOMOIIBIO JIOCTaTOYHO HPOCTHIX HAEHTH()UKALMOHHBIX
MpOIeNyp, yAaJOCh BBIACHUTH, YTO ,un=3-10'4,up, YTO HEUTPOH SBIIAETCS TMapaMarHeTHKOM, a
MIPOTOH — IMaMarHeTUKOM.



PacnonoxeHne HYKJIOHOB B SApe ONPEEISAeTCs HYKIOHHBIMH U 3JIEKTPUYECKUMH
B3auMo/ieiicTBusAMU. BpalnaTenbHble cTeneHd ¢cBo0O0/ bl HYKJIOHOB 3TUMH B3aUMOAEHCTBUSIMU HE
orpanuuuBaroTcs. Ha opreHTanuo MarHuTHBIX 0JI€H HYKJIOHOB OHU TAaK)KE€ HUKAK HE BIIMSIOT.

OpueHTanuss MarHUTHOTO IIOJII KaXKIOTO HYKJIOHA OIpEAENseTcs TOJIBKO BHEIIHUM
MarHMTHBIM I10JIEM, T.€. CYMMapHbIM MarHUTHBIM IOJIEM BCEX OCTaJIbHbIX HYKJIOHOB sizpa. Ilog
BJIMSIHUEM MArHATHBIX B3aUMOJACHCTBUM, BEKTOPHI MarHMTHBIX MOMEHTOB HEWTPOHOB M, H
IIPOTOHOB ), BBICTPAUBAIOTCA B AAPE B CUCTEMY OTICIbHBIX HYKJIOHHBIX MarHUTHBIX KJIACTEPOB
TaKUX, YTO, B KaXJOM KJIAcCTEpe 3TH BEKTOPBI PACIOIATAIOTCS BIOJIb MPSAMBIX, MPOXOIALIINX
Yyepe3 Bce HYKJIOHBI 3TOro kiactepa. OceBble JIMHUN HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB Apa HE
[IEPECEKAIOTCS.

Takum 00pa3zoM, MArHUTHOE TOJIE SIpa MPEACTABISET COOON CyMMY OT/AEIbHBIX HYKIOHHBIX
MarHMTHBIX KjactepoB sapa. CoOCTBEHHOE MAarHMTHOE I0JIE HEUTPOHA Ha YeThIpPEe MOpsIKa
ciabee COOCTBEHHOTO MarHUTHOIO HOJSl MPOTOHA. A Tak Kak COOCTBEHHOE MAarHUTHOE I10Jie
MIPOTOHA OTIPEJEIIAeTCs, PEXIE BCEr0, COOCTBEHHBIM MAarHUTHBIM IOJIEM BXOSIIETO B MPOTOH
AHTHURJICKTPOHA, TO MarHUTHOE IOJIe MPOTOHA 00Ia/laeT YPE3BBIYAMHO Y3KOH, CIUIIETION00HON
MarHuTHOM ctpyeil. CremoBaTesbHO, MAarHUTHOE MOJIE JOCTATOYHO TSKENIOro spa MOXHO
BU3yaJIbHO IIPEICTABUTH B BUJE, HATIOMUHAIOIIEM CHCTEMY UTOJIOK MOPCKOTO €Ka:

BonbIMHCTBO HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB - ABYXHYKJIOHHBIE, HO MOTYT BCTpEUYaThC
W OJHOHYKIIOHHBIC, U, B JIOCTATOYHO TSKEIbIX sIpax, TPEXHYKIOHHBIC, U JIaXKe, MOXKET ObITh,
YETBIPEXHYKJIOHHBIE. Tak MarHuTHOE TIOJIEe sifpa ’He o6Gnamaer OxHUM JIBYXHYKIIOHHBIM
MarHUTHBIM KJIACTEPOM U OJIHUM OJHOHYKIIOHHBIM:
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HccnenoBanus mokasand, YTO B KaKAOM HYKJIOHHOM MAarHMTHOM KJIacTe€pe CTaOMIBHOTO
sjpa COAEPXKUTCS OJWH M TOJNBKO OJWH TPOTOH, M YTO HAIWYUE MPOTOHA SBISETCS
CTaOMIM3UPYIOMNM (HaKTOPOM TSI BCeX HEUTPOHOB B ATOM Kiactepe. Eciu B kimacrepe Gosbiie
OJIHOTO MPOTOHA, TO YCTOHYMB TOJILKO OJUH M3 HUX. Ecin ke B kjactepe MpoTOHA HET, TO BCe
HEHUTPOHBI ATOrO KIIACTEpA OCTAIOTCS HEYCTOMYMBHIMH IO TOSBICHHUS B KiacTepe OIHOTO
IIPOTOHA.

3aps110BOe YUCIO Z — KOJIMYECTBO JEMEHTAPHBIX AJIEKTPUUECKUX 3apsiIOB OJHOTO «3HAKa»
B siIp€, PABHO KOJMYECTBY MPOTOHOB B sI/IpE, @ KOJMUYECTBO MPOTOHOB B CTAOMIILHOM sI/Ipe PaBHO



KOJIMUYECTBY OTJEJIbHBIX MAarHUTHBIX KJIacTepoB. TakuM oOpa3oB, KOJIMYECTBO OTIEIBHBIX
MarHUTHBIX KJIACTEPOB B AJIp€ OMNpPEIENsIeT BEIHMYMHY 3apsAJ0BOTO 4YHCIA MU KOJIUYECTBO
AJIEKTPOHOB COJICPIKAIINXCS B HEUTPATbHOM HEBO30YKIEHHOM aTOME.

W3BecTHO, 4TO sjipa W aromMbl OOJIAAIOT M30TOMHBIM pa3zHooOpaszweM. llpuyumHa 3TOTO
3aKJIFOYAETCsl B TOM, 4TO (POPMHUPOBAHUE HYKJIOHHBIX MArHMTHBIX KJIacTEPOB — IPOIIECC HE
OJTHO3HAYHBIM, 3aBUCSAMINN OT MHOTUX (akTopoB. DopmMupoBaHHE HYKIOHHBIX MarHUTHBIX
KJIACTEPOB MOKET UATH Pa3HbIMU IYTSIMHU U, IPU OJHOM U TOM K€ 4 MOXKET MOJIYYUThCS pa3Hoe
KOJINYECTBO KJacTepoB Z. Tak, eCTECTBEHHBIM ITyTeM (pOpMUPYIOTCS H300aphl — Aapa ¢ OJHUM U
TeM xe A, HO ¢ pa3HbiMu Z U N. 31ech N — KOJTUYECTBO HEHTPOHOB B sipe. Eciam paccMOTpeTh
MHOecTBO G n300ap ¢ pasHbIMH A4, TO M30TOIbI 0OPa3yrOT MOJAMHOXKECTBO MHOXecTBa G, B
KOTOPOM BC€ siJipa 001a/Taf0T OJHUM U TeM K€ Z, HO pa3HbBIMU A U N.

*

Pacckaz o cTpykType 37eKTpOHHOM 000JI0UKH aToMa HauHeM ¢ oOpalleHusi K MpocTerHemMy

aToMy — atoMy IpoTus. OH COCTOUT U3 MPOTOHA p U DIEKTPOHA € :
P -

O —
Pe Ve

bnaronapss MarHUTHOMY OpHeHTallMOHHOMY 3(@dekTy [3], BEKTOpbl MarHUTHBIX MOMEHTOB
3JIEKTPOHA M. U NPOTOHA M, BHICTPAMBAIOTCA BJIOJb NPAMOH, MPOXOAAILEH uepe3 NPOTOH U
aNeKTpoH. braromapss nmamarHeTn3My OSJIEKTpOHa W TPOTOHA, 3TH BEKTOPHI HAIPABICHBI
NPOTHBOMOJOXKHO APYyr JpPyry — HWJIM HABCTpeuy, WJIX B TPOTUBHBIE CTOPOHBI
N nenTrduKamoHHON MPOoLEeTypoi YCTaHOBIIEHO, UTO (Ue=0up, Tae 0=8,372.

Tak Kak IPOTOH W 3JIEKTPOH OONANAIOT IINEKTPHUECKUMH 3apSIaMH «IIPOTHBOIOIOKHBIX)
3HAaKOB, TO MEXAYy HUMH JCHCTBYET JJIEKTPHUYECKOE TMpHUTKeHHe. M3-3a aumaMarHeTm3ma
9JIEKTPOHA U TIPOTOHA, MEXKTY HUMH JICHCTBYET MarHUTHOE OTTAIKHBaHHE.

BennurHa CHTbl HIEKTPHYCCKOTO MPHTSKEHHS PaBHA oxX° , TAE X — PACCTOSHHE MEKILY
3JIEKTPOHOM U IIPOTOHOM, 0=¢°=23,069-10kr'm’-c?.  BenuumHa CHIbI MArHHTHOTO
oTTankuBaHus pasHa fx~, rae f=122,081-10"kr-m* ¢,

ATOM MpOTHS 06IaJaeT CTATHIECKUM PABHOBECHEM IIPH aX ~=fx ", T.e. mpH x*=5,302-10""'m.
bnaronapsi conpotuBieHuio 3¢gupa ABHKEHHIO MHUKPOOOBEKTOB, 3TO COCTOSHUE CTATHYECKOTO
paBHOBECHSI YCTOMYHUBO.

B keanmosou meopuu eenuuuna x* nazvieaemcs «boposckum paduycom» u cuumaemcs
VCPEOHEeHHOU XapaKmepUucmuKou 6Ce03MOICHBIX NOJOJNCEHULl IIeKMPOHA 8 He8030YHCOeHHOM
amome npomusi.

o

CornacHo Tumore3e Amrepa O TOKOBOW NMPHPOJIE MarHeTH3Ma, B BBIPAKEHHH JIJISI CHIIBI
MarHUTHOTO OTTaJKHBAaHUS CTENEHb X JIOJDKHA ObITh paBHa -4 [4]. Ecnu 3Ty creneHb 3aMeHUTH
Ha —p, TO MpOCTas WJCHTU(UKAMOHHAs MPOLEAYypa, UCIOJIb3YIOIIas HM3BECTHbIE 3HAYCHUs
MOTEHIIMAJIOB MOHW3AlMM aTOMOB BOJIOPOJA W Telvs, MOKa3biBaeT, 4To p=3 [5]. OTOT dakT
CIIY’)KUT JONOJHHUTEIbHBIM OOOCHOBAaHHEM TOTO, YTO MarHeTW3M HMEeT HE TOKOBYIO U HeE
TUMONbHYI0 Tpupony. Mcxoxs u3 orcyrctBus B Ilpupose MarHUTHBIX MOHOMOJEH M U3
CMepUYernoo0HONH CTPYKTYpBI DJIEKTPOHA, NPUPOAY MarHeTU3Ma MOKHO ObUIO OBl Ha3BaTh
CIpPYUHOIL.

o

B oOmem cimyuae, HeBO30YXJACHHBI aToM 00JaaaeT siApoM ¢ Z NPOTOHAMHU M, 33 CUET
AIIEKTPUYECKOTO TPUTSDKEHUS, MOXKET YACpKaTh B CBOEM cocTaBe Z JIIEKTPOHOB. Bce atm
JIEKTPOHBl PACIONAralTCs Ha OCEBBIX JIMHUAX HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB sJpa.
bnaromapss auamarHeTusMmy 3JE€KTpOHA, MarHUTHbIE B3aUMOACHUCTBUS MEXIy SAPOM U
AJIEKTPOHAMHU TPEMSATCTBYIOT MAJCHHUIO 3JIEKTPOHOB HA SAPO, JieNas HEBO3MOXKHBIM KOJUIAIC
aToma, abCTpakTHasi BO3MOKHOCTh KOTOPOTO B Hayaje MPOILJIOro BeKa OYeHb CUIBHO CMYyTHJIA
(hU3HKOB.



B ecrecTBeHHBIX YCIOBHAX, MPU €CTCCTBCHHBIX TEMIICPATYpPaAX, 3JICKTPOHBI PACIIOJIararoTcCsa
Ha HYKJIOHHBIX MarHUTHBIX KIJlacTepax sipa PaBHOMEPHO — MO OJHOMY Ha KaXKJIOM KiacTepe.
DTO 00YCIIOBICHO JOCTATOYHO BHICOKMM YPOBHEM BHEIIHHUX BO3JCHCTBUI, HCIBITHIBAEMBIX
aToMaMu. TeopeTHYecKH JOMyCTUMO KOMOMHATOPHOE PACIIONIOKECHHUE IIEKTPOHOB HA CHCTEME
HYKJIOHHBIX MArHMTHBIX KJIACTCPOB s/pa, KOrga Ha OAHOM M TOM K€ KJIACTCPE pacCrojaracrcs
HECKOJIBKO JIEKTpOHOB. HoO 3Ta BO3MOXKHOCTH CIOCOOHA pean30BaThCS TOJBKO TIPU
qpe3BBIqaﬁH0 HU3KUX TEMIIEpaTypax, TaK KaK BCJIWMYHMHBI HNOTCHIMAJIOB HOHU3alUU OYCHDb
OBICTPO YOBIBAIOT TSI BHEITHUX AJIEKTPOHOB.

Ecmu yepes C o0003HaunTh (HOpMY OSJCKTPOHHOW OO0OJOYKHM aToMa, B KOTOpPOHW BCE
OJICKTPOHBI PACIIOJIOKCHBI HA OAHOM M TOM K€ HYKJIOHHOM MArouTHOM KJIACTCpE sAApa, C OI[HOﬁ
1 TOH Ke CTOPOHBI OT d4pa, TO 3aBUCUMOCTDL IMOTCHIIMAJIA HepBOﬁ HNOHHM3alIun A IJI1 PAa3HBIX
aTOMOB WILTIOCTPUPYETCS CIIAYIOIIEH Ta0IHIIeH:

*He,C | °He,C | Li,C | Be,C | B,C
ApB [ 1,449 [1,313 0,693 [ 0,276 | 0,139

Hamnume dopmbr C 3IEKTPOHHBIX OOOJIOYEK y aTOMOB *He w *He 103BONSICT BBHISBUT
MPUYMHBI BCeX HAOIIOJaeMBIX B IKCIIEPUMEHTAX CBONCTB CBEPXTEKYUMX KOMIIOHEHT KHJKOTO
rellvsl ¥ HAaTJISIIHO M JIETAIbHO WX MPOUJLTIOCTPUPOBATH.

*

DKcrnepuMeHTalbHO, coriacHo mpejckazanusMm B.['eiizenbOepra m ®@.I'yHma, ycTaHoOBIEHO
CYIIECTBOBAaHHE JIBYyX BHJOB MOJIEKYJ BOJOPOAA, KOTOpPbIE HAa3BaJd IapaBOJOPOIOM U
opToBoopoioM. VX nmonmu, B obmemM oObeme, OKa3aduCh 3aBUCAIIMMHU OT Temmeparypsl. C
YBEJIMUEHUEM TEMIIEPATYPHI 10JIs [IapaBOJ0PO1a YMEHBIIACTCS.

HccnenoBanus, npoBeIeHHBIE METOAAMU TEOPUH HEIMHEHHBIX KOJIEOAHWH, MOKa3aid, YTO
aTOMBI NIPOTHUS, AEUCTBUTEIBHO, MOTYT OOBEIMHATHCS B IBa BH1a MOJIEKYJI. B 000uX 3THX BHaax
BCE TPOTOHBI W DIIEKTPOHBI, OJaromaps MarHUTHBIM B3aWMOJICHCTBHSM, pacloararoTcs Ha
OJIHOH | TOM e npsiMoil. OUH BUI STHX MOJIEKYJ 00J1a/1aeT CTaTHYECKUM paBHOBecreM. Cxemy
ATOW «CTATUYECKOW» MOJIEKYJIbl MOKHO IMPEACTAaBUTH Tak (Oenble KPYrH — MPOTOHBI, YEpHBIC
TOYKHU — AJIEKTPOHBI):

— > «0 <0 ——

MO.]'ICKYJ'Ia APpyroro Byuaa yCTpocCHa Tak, 6yZ[TO OIWH M3 TPOTOHOB JIMIICH COOCTBEHHOT'O
MAar"avTHOI'O IIOJIA:

P 3 n_ &

AN S I

l ' X

OpHako, MpUBEIEHHAs CXeMa JIaeT JIUIIb MPHOIMKEHHOE Npe/cTaBleHHe 00 YCTpoicTBe
3TOM MOJIEKYJbl. B NEHCTBUTENBHOCTH, 3TAa MOJICKYJIA JUIIEHA CTaTUYECKOTO PABHOBECHS, a
MPOTOH p, O0NamaeT peajbHBIM COOCTBEHHBIM MAarHMTHBIM TIOJNEeM. Bce aleMeHTHl 3TOi
MOJIKYJIb COBEPIIAIOT HEMPEPHIBHBIC, TOCTATOYHO Majble MEPHOAMYECKHE KOJIEOaHHS OKOJIO
N300paKEHHBIX Ha CXeMe TOJOoKeHWH. B pesymprare STHUX JABWKEHUH, 3HAK CYMMBI
HaIpsHKEHHOCTEN MAarHWTHBIX TMOJIEH MPOTOHA pi M 3JIEKTPOHOB, B TOUKE HAaXO0KJIEHUS MPOTOHA
P2, WU3MEHsETCAd Ha MPOTHBONOJOXKHBIMA, YTO 3aCTaBIIA€T NIPOTOH Pz, BMECTE CO CBOUM
CcOOCTBEHHBIM MAarHUTHBIM TIOJIEM, OMPOKHJIBIBATHCA - ToBopaunBaThes Ha 180°. Ilocne storo,
BCE IJIEMEHTHI MOJICKYJBI JBIKYTCSI B OOpPaTHOM HAaIpaBICHWH 1O HOBOTO OMPOKHIBIBAHHS
MPOTOHA py, U TaK Janee. DTOT BHUJ BOJOPOAHBIX MOJIEKYJ €CTECTBEHHO ObLIO Obl Ha3BaTh
«MEpUAIOUIMMK», TaK KaK HUX CTaOMIbHOE CYIIECTBOBAHHWE HEMPEPBIBHO COMPOBOXKIACTCS



MOCTOSIHHBIM ~ «JJpe0e3roM» HaMpaBJIEHWsT MAarHUTHOTO TIONSl TMPOTOHA p, W BEchbMa
crienuUIECKUM DJICKTPOMArHUTHBIM U3ITyYEHHEM.

Hns «vepuaromeid»  MOJEKYJIIbI x1%5,7'10'11M, xZ:IO,I'IO'HM, x3210,4'10'“M, IS
«craTaeckoi» x1<4,5-10" M, x,<8,4-10" 'm, x3=4,0-10"" 'm.

OueHka »HEpPrUM AMCCOLMALMU «CTATHUYECKOMH» MOJIeKynbl paBHa 2,2463B. a oueHka
SHEPruM JIUCCOLMALUHU «MEPLAIOILEH» MOJIEKYIIbl oJyuniack papHoi 10,913B.

sk

DKCIIEpUMEHTATBHO YCTAaHOBJICHO, YTO BOAOPOA AU HYHIUPYET CKBO3b MHOTHE METAILIIBI H
crutaBbl. C TOYKH 3pEHHS KBAHTOBBIX MPEICTABICHUIN, pa3Mepbl BOJIOPOAHBIX aTOMOB, COIIACHO
M3BECTHOIT BemunHe «BOPOBCKOro paaiyca», HMEIOT OPSI0K He MeHbIwit, dem 107 um.

CornacHo M3J0XEHHOMY BBIIIIE, TIOTIEPEYHbIE Pa3Mephl aTOMa M MOJIEKYJIbI MPOTHUSI PABHBI
JMAMETPy MPOTOHa, T.e. MeHbie, deM 107 °M. He HyKHO CHIBHO HATIPATaTHCS, YTOOBI MOHSTH,
MOYeMY BOJIOPOJIHBIC MOJIEKYJIBI POCAYUBAIOTCSI CKBO3b KPUCTAIITMYECKHUE PEUIETKH.

*

Bunure, cKOIbKO HOBOTO M MHTEPECHOTO YAAJIOCh Y3HATh, JIOTIOJHHWB XOPOIIO HM3BECTHHIE
CBOWCTBA 3JEKTPOHOB, HEHTPOHOB M MPOTOHOB YYETOM H(Hpa, C €ro CONPOTHUBICHUEM
JBIKEHUIO MUKPOOOBEKTOB, M YIETOM MAarHUTHBIX B3aMMOICHCTBHI MEKIY MUKPOOOBEKTaMH.

Bo3Hukaer ecTecTBeHHBIH BOIIPOC — TOYEMY (H3UKH 32 IEJI0€ CTOJIETHE CaMH HE CMOTIIN JI0
3TOTO «JIOKOTAThCS»?

[Ipexxae Bcero, oOpaTuM BHUMAaHHE HA TO, YTO M3JIOKCHHBIE BBIIIE HOBBIE PE3yJbTaThbl HE
OMMpAIOTCS HU HAa KaKUe HOBbIE OKCIEepUMEHTHl. Jlaxke pe3ynbTaThl JKCIEPHUMEHTA,
onyOnuMKoBaHHbIE B [1], HE ObBUIM HWCHOJIB30BAaHBl B KAYECTBE MCXOJHBIX MPEANOCHUIOK. DTO
03Ha4aeT TOJbKO OJHO — HM3JI0KCHHBIC BBIIIIE HOBBIC CBEJACHHS 00 yCTPOWCTBE MaTepUaIbHOTO
Mupa onuparTcs TOJIbKO Ha W3BECTHBIE OJKCICpPUMEHTAIbLHBIE pe3yabTaThl W Ha HE
HCIOJIb30BaHHBIC PAHEE TEOPETHUECKUE BO3MOYKHOCTH.

[lepBbIif ske OTBET HA 3aJaHHBIA BONMPOC HANpAIIMBACTCA Cpa3y — (PU3UKU HEIOOICHUBAIOT
pOJIb TEOpHH B HAYYHOM IOWCKE. DTO TPEAENbHO YEeTKO MOATBEPAWSI B [2] 3HAMEHUTHIN
[1.JI.Kanuma, oTBeAst TEOpUM POJIb CIY)KAHKH Ha MOOETYIIKaX W MPOBO3TIIACHB OECCIOPHBIN
MPUOPHUTET DSKCIEpUMEHTa Haj Teopueil: «OIWH XOpOIIMH HKCHEPUMEHT CTOUT OoJbIe
nzo0peraTenbHOCTH HBIOTOHOBCKOTO yma». B CBs3u ¢ 3TUM 3asBICHHMEM, BBI3BIBAET, IIO
MEHBIIEH Mepe, HeJIoyMeHUe TOT (DaKT, YTO MPUHIUIUATBHENUIINE PE3yNbTaThl SKCIEPUMEHTA,
roBopsimue 00 oTcyTcTBUU B [Ipuposie HauMeHbIINX KBAaHTOB dHEpruu [1], onyOIMKOBaHHbBIE B
1979r, no cux mop «He 3aMeyeHb» (PU3UKOH.

O sBHOH HEMOOIIEHKE POJIM TEOPUW TOBOPIT M MPUHIUNHAILHBIC OMIMOKH, TOMYIICHHBIC
¢u3HKOH emé B Mo3anponuioM BeKe U HEe UCTIPABICHHBIE €10 JI0 CHUX TMOp. DTO — OTKa3 OT y4era
supa u3-3a HEKBATH(UIIMPOBAHHOTO ANPUOPHOTO TEOPETHUYECKOTO aHajHM3a MPH MOCTAaHOBKE
JKCIepUMeHTa MaillkenpbCcoHa, M OTKa3 O YydeTa MArHATHBIX B3aMMOJEHCTBHE MEXIY
MHUKPOOOBEKTaAMH B TEOPHH MHKPOMHpPA, W3-32 OIMMOOYHOW THUIOTE3BI AMIepa O TPUpPOE
MarHeTusma. lM3-3a 3tux ommOok 0oJiee MOITyBeKa BEIyTCS OCCCMBICICHHBIC JIOPOTOCTOSIINE
SKCIIEPUMEHTHI B IOMBITKAX IMOCTPOCHHS CBEpPXJANbHEW HEHUTpUHHOW CBs3u. M3-3a ATHX XKe
omunOoK OoJiee MonMyBeKa BeAyTCs OECIIONHBIC, TOTJIONIAIOIINE OTPOMHBIE CHIIBI U CPEJCTBA,
MOTIBITKA MTOCTPOCHHUS YIPABISIEMBIX JYHEPTeTHUECKUX PEAKTOPOB HA JIETKUX SApax; MpUYHHA
omux Heyaad — TPUHIMIWATBHAS HEBO3MOXKHOCTH JIOCTIIKEHHSI TMOHUMAHMs, B KBaHTOBOM
(hu3KKe, ICTUHHBIX PEaKUi BBIJCICHUS YHEPTHH B TEPMOsIepHOM OoMOe.

Henoonenka ponu teopuu B mo3Hanuu Mupa — onacHasi Benib. OO0 3TOM HEJIBYCMBICICHHO
Bbicka3bpiBasics emé B 1885t JI.M.Mennenees [6]: «JlroackoMy yMy Mallo OJIHUX YaCTHOCTEH:
HEOOXOIUMBI CTIepBa CHCTEMaTH4YeCKre 0000IIEHUSs, T.€. KIIacCCU(pUKAIUs, pa3JieliecHue 00IIero;
MOTOM HYXHBI 3aKOHBI, T.e. (OPMYJIMPOBAHHBIE COOTHOIICHHS PA3THYHBIX HM3y4aeMBIX
MpEeIMETOB W SIBJICHWH; HaKOHEl, HEOOXOAMMBI THUIOTE3bl W TEOPUHM WM TOT Kiacc
COOOpaXeHH, MPU MOMOIIM KOTOPBIX M3 OJAHOTO MJIM HEMHOTHX JOMYIICHUW BBISICHSETCS BCS
KapTHHA 4YacTHOCTEW, BO BCEM HX paszHooOpasum». OT1o BhicKaspiBanue J[.M.Menneneena
MIPUBEJIEHO POCCUIUCKUMHU peaaKkTopamu B [7].



Kornma untaems myOnukamuio [§], TOCBSIIEHHYIO POJIM HAYYHOW TEOPUH B MOMCKAX 3HAHUN
00 yctpoiicTBe MaTepuaabHOro Mupa, co3iaercs, K I1yOOKOMY COXaJCHHIO, BIIEYaTICHHUE, YTO
moabKo 6 pu3uke >TOMY BOIPOCY HE YIENIETCS HUKAKOTO MO3UTHBHOIO M KOHCTPYKTHBHOI'O
BHHUMaHUSI.
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