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This paper offers solutions to a number of outstanding physical problems found with the methods of the theory
of non-linear oscillations (TNO).

Nuclei of stable atoms feature stable statically equilibrium configurations of their nucleons. A nucleus magnetic
field consists of separate nucleonic magnetic clusters. A stable nucleus charge number Z is equal to the number of
nucleonic magnetic clusters of the nucleus. Electrons of a stable non-excited atom are located on axial lines of
nucleonic magnetic clusters of the nucleus and form a statically equilibrium system. “Electron shell” of a non-
excited atom can take various forms depending on ambient temperature.

There has been the structure of photon identified and the structure and form of stable existence of excited atom
described. There have been causes for probabilistic description of an excited atom lifetime determined and the
nature of cosmic radiation disclosed along with the reasons for the impossibility of identifying its sources.

Internet lists outstanding physical problems. The range of such problems is rather wide: from
structure of individual material objects to structure of the whole Universe.

These problems include questions regarding the nature of light, fireball, neutrino, on possible
existence of “metallic” hydrogen, regarding the nature of liquid helium superfluidity and neutron
“liquid” in neutron stars, etc.

Another side of the range of such problems are questions concerning the outer space
dimensionality, the problem of the material world structure, questions concerning the origin of
our universe, cause for its rapid, according to Doppler, expansion, the possibility of “dark”
matter existence and its influence on the universe fate, the problem of matter and antimatter
existence, concerning the “black hole” structure and emissions.

Physics is distressed by numerous failures to interpret, using the quantum concepts of the
material world structure, a number of theoretical assumptions and experimental facts. It fails to
build a quantum theory of gravitation, to solve the problem of physical constants origin and
existence, to solve the problem of “grand unification”, that is to unify strong nucleonic, week
nucleonic and electromagnetic interactions.

TNO found that all these failures of the theoretical physics are due to two grossest mistakes
made back in the eighteenth century, which the physical science has not corrected still.
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I11. Non-Excited Atom

Attempts to build adequate structural mathematical models of atoms made in the beginning
of the previous century failed because of two conceptual mistakes. The first mistake was the
refusal to consider ether resistance to motion of microobjects following from a shallow analysis
of Michelson’s experiment. The second one was the refusal to consider magnetic interactions
among microobjects due to a superficial analysis of Oersted's experiment results.

Building and studying of structural mathematical models of atoms to account for electrical
and magnetic interactions between the nucleus and electrons as well as for ether resistance to
atom electrons motion has proven the adequacy of these models and allows for identifying atom
properties at a detailed, eye-minded level [1-7].

I11.1. Non-Excited Protium Atom
A non-excited protium atom is the simplest one. It consists of proton and electron. Proton has
a “positive” electrical unit charge (+¢) and its own magnetic field with magnetic moment vector
up. Electron has a “negative” electrical unit charge (-e) and its own magnetic field with magnetic
moment vector gu..
The methods of accounting for medium resistance and electrical interactions are well-known.
There is electrical attraction between electron and proton which force is as the inverse square of



the distance between them. Physics knows almost nothing about magnetic interactions among
microobjects. The description of these interactions had to be rebuilt.

A feature of magnetic interactions is a magnetic orientation effect when an object magnetic
moment vector tends to turn along the external magnetic field lines (an example is a magnetic
compass). According to this effect the magnetic moment vectors of protium proton and electron
are arranged along the straight line crossing proton and electron (Fig. 1).

Fig. 1. Protium atom diagram

Electron appeared to be a diamagnetic substance: it is pushed out from the external field.
That is why there is a magnetic repulsion between electron and proton which force is inversely
related to some p.

There has been a structural mathematical model of protium accounting for all of these factors
built and analyzed.

According to the model analysis, the model has a single globally stable equilibrium state and
a single fundamental frequency. Protium fundamental frequency and ionization potential can be
explicitly calculated using this model.

Structural models of hydrogen-like atoms of other chemical elements have the same features.

Experimental spectra of electromagnetic radiation of atoms and their ionization potentials are
well-know. It has been established on their basis that p=3. It follows therefrom that the
microworld magnetism is neither current nor dipole in its nature. Since electron has a vortex-like
ethereal structure the microworld magnetism nature is fluidic.

It has also been found that the factor of ether resistance to electron motion in vicinity of its
equilibrium state in protium atom is 1.5-10° kg-s™.

The validity of protium structural model was checked using various methods according to
one of which there was the distance between electron and proton calculated for a stable
equilibrium state of protium atom based on the known protium ionization potential value. It
constituted 5.302:10** m. The experimental value of this distance (Bohr radius) is equal to
5.2917706-10™ m. Such a coincidence of the results must be considered to be excellent having
in mind the measuring accuracy of protium atom ionization potential.

111.2. Non-Excited Atom of Other Elements
In order to figure out the structure of non-excited atoms of other chemical elements it is
necessary to clarify the nuclear structure of these atoms and the structure of their own magnetic
fields.

111.2.1. Atomic Nucleus
There was the experimental evidence of the fact that a nucleon system of an atom nucleus
has a quasi-crystalline structure, i.e. has stable equilibrium configurations, published in
“Izvestiya AN SSSR” magazine, physical science series, 1979, v. 43, No. 11, pp. 2317-2323.
Nucleons in these configurations are put in their places by means of nucleonic interactions

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

In this case nothing limits rotational degrees of nucleon freedom. The magnetic orientation effect
makes own magnetic fields of nucleons combine into nucleonic magnetic clusters so that the
magnetic moment vectors of nucleons in each separate cluster are arranged along the straight line
crossing all nucleons of this cluster.

The nuclear magnetic field is a sum of separate nucleonic magnetic clusters. For considerably
heavy nuclei its structure is something like sea urchin needles (Fig. 3) as the magnetic field of
each separate cluster has an extremely dense axial magnetic stream.

Fig. 3. Atomic nucleus magnetic field at higher 4

The nuclear magnetic field consists mainly of clusters, each with two nucleons.
With a heavier nucleus there may be clusters of three and four nucleons.

Based on how nucleonic magnetic fields are combined into nucleonic magnetic clusters the
number of nucleonic magnetic clusters for the same nuclear configuration may vary. This
accounts for the nature of isotopic diversity of chemical elements.

Each nucleonic magnetic cluster of a stable nucleus contains only one proton. Therefore
stable nucleus charge number Z is equal to the number of nucleonic magnetic clusters of the
nucleus.

111.2.2. Electron Shell of Atom

Electrons of any atom as well as in protium are arranged on axial lines of nucleonic magnetic
clusters of the nucleus. A neutral atom contains Z electrons which is as many as nucleonic
magnetic clusters in this atom nucleus. Thus, the entire genetics of an atom is “enclosed” in its
nucleus.

Arrangement of electrons in a system of nucleonic magnetic clusters of the nucleus can be
uniform (one electron per cluster) or non-inform (more than one electrons per cluster).

*He atom may have an “electron shell” of three shapes, that is, 4, B and C. *He nucleus has
two nucleonic magnetic clusters (Fig. 4).
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Fig. 4. *He nucleus diagram

There is one electron per cluster in A-shaped shell of this atom. B shape electrons are arranged
on the same cluster at different sides of the nucleus while C shape electrons are on the same
cluster from the same side of the nucleus.

These shapes of *He atoms have different potentials of first ionization. For A shape it is well
known and equal to 24.586 eV, for B shape it is equal to 2.788 eV and for C shape it is 1.449 eV.
These figures speak of a strong dependency of the conditions for existence of various shapes of
*He atoms on ambient temperatures. Only atoms of A shape exist in the natural earth
environment. Atoms of C shape can only exist at extremely low temperatures. Due to this shape,
there such a unique phenomenon as superfluidity of liquid helium exists along with its seemingly
incompatible, amazing properties.

$He atom may only have an “electron shell” of C shape. This is associated with the fact that
this atom nucleus has two nucleonic magnetic clusters but magnetic moment vectors of these
clusters are parallel to each other. (Fig. 5).
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Fig. 5. *He nucleus diagram

And since *He nucleus is by four orders smaller in size than the distance from the nucleus to the
nearest atomic electron in terms of these electrons the nucleus has only one magnetic field which
magnetic moment vector is equal to the sum of magnetic moment vectors of both clusters. The
first ionization potential for this atom was 1.313 eV. This is a good explanation why *He starts
liquating at lower temperatures than *He.

Since ®He atom may only exist in an “electron shell” of C shape and such shape can only
exist at extremely low temperatures there are no neutral *He atoms in the natural earth
environment. *He atoms exist in the natural earth environment in ionized form only. And if the
ionization potential of *He" is 54.44 eV the ionization potential of *He" is twice as little being
equal to 27.198 eV.

Due to the mentioned specificity of He atom magnetic field there is a great difference
between ionization potentials of *He" and ®He" atoms as well as between their electromagnetic
radiation spectra. Electromagnetic radiation spectrum of *He* atoms is displaced versus the
spectrum of *He" atom towards low frequencies so that the frequencies of *He* atoms are almost
three times as little as the corresponding frequencies of *He" atoms.



In principal, electron shells of atoms of other chemical elements may also be of C shape
when all their electrons are arranged on the same nucleonic magnetic cluster and from the same
side of the nucleus. However, their first ionization potentials are much lower than for helium.
For “He, Li, Be and B these potentials are decreasing nearly at geometric progression speed.

(‘He,C) | (Li,C) |[(Be,C) |(B,C)
1.449¢eV | 0.693eV | 0.276eV | 0.139%eV

IVV. Photon Structure,
Excited Atom,
Cosmic Radiation

It is well-know that atom is capable to capture photons. An atom that captured one or more
photons is called an excited atom. An atom that captured a photon passes into a new, steady-state
condition and resides in it for a time depending on probabilistic regularities. After the time
expires the excited atom shall discharge the photons it had captured. These are the properties of
excited atoms known to the quantum physics.

IV.1. Case Study

| primarily specialize in the theory of non-linear oscillations. In the seventies of the previous
century | began studying the problem of dynamic stochastization, identifying the properties of
determined dynamic systems which would contribute to forming of probabilistic regularities in
the description of such systems.

Studying the general situation concerning this problem | found that according to the quantum
a solution to the problem of dynamic stochastization is associated not with the properties of
determined dynamic systems themselves but with the existence of the smallest indivisible quanta
and indeterminacy principles which are considered to be objective factors of the material World.

My analysis showed that probabilistic regularities in the description of behavior of non-
probabilistic dynamic systems result from the passage to the limit (at t—+o0) in these systems if
stable w-limit sets of these systems are continual. Hence, the solution to the problem of dynamic
stochastization suggested by quantum physicists is wrong.

Trying to gain insight into the current situation | discovered that two centuries ago physicists
had falsely concluded that no ether exists in the material World to interact with microscopic
objects and that magnetism results from electricity. This was a result of a shallow analysis of
Michelson’s and Oersted's experiments.

In the beginning of the previous century physicists made some attempts to build adequate
structural mathematical models of atoms having neglected ether resistance to motion of atom
elements and magnetic interactions between the same. These models appeared to be inadequate
being unable to account for even the fact of stable existence of atoms. Having thus failed,
physicists had come to the conclusion of principal impossibility of application of the classical
physics techniques in the microworld theory and started developing the quantum theory.

Having it clarified | engaged in the study of possibilities of developing a microworld theory
that would operate structural models of microscopic objects and methods of the theory of non-
linear oscillations. | have managed to build a structural model of protium accounting for both
electric and magnetic interactions between proton and electron as well as for ether resistance to
electron and proton motion. This model was proven to be adequate.

In further studies | have discovered that the scientists of the Institute of Nuclear Physics of
the Academy of Sciences of the USSR (Alma-Ata) obtained experimental evidence of the fact
that nuclei of all chemical elements have stable statically equilibrium configurations of nucleons
(“lzvestiya AN SSSR” magazine, physical science series, 1979, v. 43, No. 11, pp. 2317-2323). In
other words, they obtained experimental evidence of the fact that the smallest indivisible quanta



and indeterminacy principles are not objective regularities of the material World but simply
abstract computational techniques of quantum physics. These findings emerged to be a
convincing proof of the relevancy of my research.

The analysis of protium structural model showed that the model has the only, globally stable
state of equilibrium and that protium atom consisting of proton and electron features no other
stationary states. Hence, it appears that capturing of photon by protium atom should be
accompanied with a change in this atom structure and composition. Thus, it became necessary to
identify photon structure.

IVV.2. Photon Structure

The analysis of this situation showed that there physics has the information required to gain
understanding of photon structure. There are only magnetic interactions between microobjects
and ether resistance to motion of microobjects to be considered.

According to quantum physics photons are formed following the collapse and annihilation of
positronium, “atom” consisting of positron and electron.

Structural modeling of a non-excited protium atom showed that the distance between
electron and proton in this atom is equal to Bohr radius. Consideration of both electric and
magnetic interactions between electron and positron in a positronium showed that positronium is
in a stable static equilibrium in which the distance between electron and positron is by an order
higher than Bohr radius value. This means that no positronium collapse or annihilation can
happen in the real world. Hence, other information should be discovered in order to identify
photon structure.

Physicists would have got an adequate, eye-minded insight into photon structure already in
the thirties of the previous century when P. Dirac had discovered a theoretical possibility of
existence of “negative” energy-carrying electrons. A reason for energy “negativity” may be
electron mass “negativity”. But the hypothesis of electron “negative” mass contradicted quantum
concepts of the microworld structure.

A primary counterargument is the physicists’ confidence in the absence of experimental
evidence of existence of “negative” mass electrons. This is the killer argument. But even this
argument appeared to be hasty, ill-founded and inconsistent with the real situation.

If “negative” mass electron exists then “negative” mass positron exists either according to all
indications being an antielectron as it has a “positive” electrical charge and a “negative” mass. If
we refer now to the well-know equation that well describes behavior of microobjects in external
electromagnetic fields and at modern experimental arrangements it appears that concurrent
reversal of signs of mass and electrical charge changes nothing neither in the equation nor in its
solutions. And it implies just one conclusion: tracks of electron and antielectron are
indistinguishable at those experimental arrangements. That is why physicists cannot
unambiguously state whether it is electron or antielectron that leaves its trace at the experimental
arrangement. Physicists missed this fundamental fact either.

Another reason for neglecting electronlike microobjects with “negative” masses is related
with the fact that in physicists’ opinion a dipole of microobjects of various “signs” would self-
disperse. So, they had already been just at the turn of photon structure discovery but something
stopped them again. They explain the departure from this concept by the fact that their
instruments have never detected any self-acceleration of microscopic objects. However, the self-
acceleration ability is what should distinguish photon from other microscopic objects.
Sometimes physicists’ argumentation is difficult to understand.

The term “negative” with relation to mass is at first discouraging. But then we got used to the
fact that there are “positive” electric charges and “negative” ones even though we do not know
the nature of electricity. We simply got over the fact that there are two types of electric charges;
the value of one of them is included in various equations with the “minus” sign and therefore
they are called “negative” charges while the others are called “positive” charges because their



values are included in equations with the “plus” sign. The same is applicable to masses which
nature is also unknown to us.

IV.3. Proof of the Existense of an Antielektron

There was an experimental technique developed to allow for obtaining a single-source
evidence of electronlike microscopic objects with “negative” masses. Physicists did not even try
to discuss this experiment technique being afraid that its positive result would become a direct
experimental proof of inconsistency of the main quantum postulates.

At modern experimental arrangements electronlike microscopic objects with “negative”
masses are indistinguishable from the same with “positive” masses because such arrangements
are in external uniform magnetic fields.

If these arrangements are placed in an external non-uniform magnetic field the required
experimental evidence will be easy to obtain.

In order to understand how to do that, we should again refer to equations of micro object
motion in external electric and magnetic fields. It appears that the equation does not account for
magnetic interactions of own magnetic fields of microobjects with an external non-uniform
magnetic field. If the equation is complemented to account for the above it appears that an
electron-antielectron dipole collided with other microscopic object may disintegrate into free
electron and antielectron which will disperse along the lines of the external non-uniform
magnetic field when in such field. In this case the experimental arrangement should detect a
trace consisting of two tracks originating from the same point and diverging along the lines of

the external non-uniform magnetic field.

IV.4. Properties of Electron-Antielectron dipoles

An electron-antielectron dipole has zero total weight, zero net electric charge and zero
magnetic moment sum vector. Due to “negativity” of antielectron mass the dipole is capable of
self-accelerating. If there is no eternal influence the dipole is moving strictly along a straight line
crossing electron and antielectron. Though net electric charge of the dipole is equal to zero it has
a dipole electric field. The total magnetic moment of such dipole is also equal to zero.
Nevertheless the dipole has a peculiar kind of bivariant magnetic field. This fact can help
understanding the essence of photon radiation polarization phenomenon.

An electron-antielectron dipole features an unstable state of equilibrium. In such state of
equilibrium the distance between electron and antielectron is equal to the distance between
electron and positron in positronium. Due to unstable state of equilibrium the dipole can exist in
two forms only. The one is a normal “fast” photon. Such “fast” dipole can enter into the
composition of atoms making them “excited”. There is electric attraction and magnetic repulsion
between electron and antielectron in a dipole. The distance between electron and antielectron in a
“fast” dipole is such that the magnetic repulsion is stronger than the electric attraction.
Therefore, a “fast” dipole electron and antielectron are exposed to summary electromagnetic
repulsion. Thereby electron with its “positive” mass iS running away from antielectron while
antielectron, due to its “negative” mass, is following it. Thus, a “fast” dipole electron is going
ahead while antielectron is following it.

Another form of dipole is a “slow” photon with the distance between electron and
antielectron being much longer than Bohr radius. It cannot enter into the composition of atoms
and is known to the physics a “superconducting electron pair”. A “slow” photon electron is
following antielectron which is going ahead.

The analysis showed that a “fast” electron-antielectron dipole is able to accelerate to a steady
speed which depends only on the density of ether on the way of such dipole. Hitting the obstacle
on its way the “fast” dipole can disintegrate into free electron and antielectron.



V. Excited Atom

Based on the gained understanding of photon structure there was the composition, structure
and form of stable existence of protium atom with one captured electron-antielectron dipole
identified. Such electron-antielectron dipole captured by protium atom is arranged in the same
way as electron in a non-excited atom, on the symmetry axis of proton magnetic field. Thus, a
singly excited protium atom consists of a proton, two electrons and an antielectron. Due to
magnetic interactions they are all arranged on the same line. Magnetic moment vectors of all
elements of that atom also lie on this line.

Since all elements of the excited protium atom and all vectors of magnetic moments of the
atom elements are arranged on the same straight line the forces of all interactions among the
excited atom elements are also arranged along that line. These forces do not counteract each
other and the resultant force is other than zero. That is why the excited protium atom system has
no stable state of equilibrium.

The resultant force of interactions in the excited protium atom is other than zero because of
an electron-antielectron dipole present therein. The research showed that a “fast” electron-
antielectron dipole is captured by the atom as a single whole without disintegrating into separate
electron and antielectron. Since a free “fast” dipole electron is going ahead and antielectron is
following it the excited atom dipole electron is closer to the nucleus than antielectron is. That is
why a “fast” electron-antielectron dipole captured by the atom has the magnetic pressure on the
atom approaching its nucleus and making the whole atom move under the dipole “motive force”
accelerating to a speed which value depends on ether resistance to motion of the whole excited
atom.

Such dipole is pushing the atom it as captured by like a pusher tug making it accelerate to
great speeds until ether resistance to motion of the whole atom does not compensate for the
dipole “motive force”.

When an excited atom is hitting another microobject the captured photon dipole can leave the
atom.

When an excited atom is hitting an obstacle the dipole is approaching the nucleus too closely,
separating from the symmetry axis of the nucleonic magnetic cluster magnetic field and is
leaving the atom.

In order to understand the reason for that it is enough to find out why electron is kept in the
atom on the proton magnetic field symmetry axis. The magnetic field of proton has a very
constricted magnetic jet. The magnetic flow velocity in this jet is significantly higher than the
one beyond it. Therefore, according to aerodynamic similarity, the inner pressure in the magnetic
jet is lower than beyond it. Eventually a magnetic force occurs that stabilizes electron position in
a plane orthogonal to the proton magnetic field symmetry axis (jet action).

A counterpart here could be an arrangement with a heavy metal ball of diamagnetic material
fixed above a solenoid magnet with a cylindrical core in the vertical magnetic jet of the solenoid.

Photon captured by atom is also exposed to the jet magnetic effect force which keeps it on
the symmetry axis of the nucleonic magnetic cluster.

If hitting an obstacle an excited atom loses its speed the electron-antielectron dipole
approaches too closely to the nucleus. In this case its “motive force” increases so much that its
component occurring due to random departure of the dipole from the symmetry axis of thus
cluster magnetic field and being orthogonal to the proton magnetic field symmetry axis exceeds
the stabilizing force of the jet magnetic effect. This is what makes a dipole leave the atom.

Only free atoms or atoms bound in not too massive aggregations are capable of capturing
photons. The fact that serial structure of electromagnetic emission spectrum can be observed in
case of all chemical elements means that not only free atoms can get excited and capture photons
but also atoms bound into quite massive aggregations.



Captured dipoles are arranged in a random atom in the same manner as atom electrons, i.e.
on axial lines of nucleonic magnetic clusters.

“Motive forces” of electron-antielectron dipoles captured by separate atoms or by aggregates
accelerate the objects they were captured by to speeds which depend on ether resistance to
motion of these objects.

Since encounter with another microobject is a random phenomenon an excited atom
“lifetime” is a random value.

V1. Space Radiation

In 1911 there were first discoveries made in the field of cosmic radiation. In the course of
time the spectrum of masses and energies of observable cosmic radiation significantly extended.
There are nuclei of almost all chemical elements among cosmic rays. Cosmic radiation energy
reaches 10% eV. To date the physics has collected substantial information on cosmic ration.
However it still has not been able to identify the nature of many components of such radiation or
identify the sources of the same [8,...].

Disclosure of the structure of form of stable existence of excited atoms allows for finding the
answers and gaining understanding concerning these issues too.

“Lifetime” of excited atoms in highly rarified outer space may reach quite great values. And
they reach very great speeds and energies quite quickly.

Sources of observable cosmic radiation typically cannot be identified. The reason for that
consists in the specificity of atomic nucleus magneticc field structure. The matter is that axes of
nucleonic magnetic clusters of nuclei of all elements except for protium and deuterium are
displaced relatively to the nucleus center of mass. And since “motive forces” of photons
accelerating separate nuclei, separate atoms and whole polyatomic aggregates act along axial
lines of nucleonic magnetic clusters of atomic nuclei they are also displaced against center of
mass of objects which they accelerate. This results in occurrence of moments of forces crooking
motion paths of excited microobjects which actually hinders identification of such microobjects.

A kind of cosmic radiation is “solar wind” that is a stream of solar electrons, protons, ...
“blowing over” the Earth.

After | found that the conclusion of the absence of ether that could resist to motion of
microobjects in the material World is false it has become absolutely incomprehensible what
makes “solar wind” overcome resistance of ether. An insight has come after the structures of
electron and other elementary microscopic objects were identified. It appeared that electron has a
structure similar to a straight whirlwind through the axial channel of which outer ether is being
pumped continuously like in a continuous engine. That is why electron is moving to overcome
ether resistance creating an ether jet due to its own magnetism.

Other electronlike microobjects in their motion also overcome ether resistance due to their
own magnetism.

Proton is a neutron-antielectron structure which motion is caused by antielectron own
magnetism. Since mass and dimensions of proton are significantly larger than those of electron
free proton motion velocity is significantly lower than the one of free electron.
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Muxkpomup 42.
HEPEIIEHHBIE TIPOBJEMbBI ®U3UKU_2

H.H.JIeonos

IIpuBoAATCS pelIeHUsT psifia HEPEUICHHBIX (U3MYecKux MpodsemM, moiaydeHHeie meromamu THK - Teopun
HEJMHENHBIX KOJIeOaHNA.

Slnpa cTaOUIBHBIX aTOMOB O0JIJAI0T YCTOWYMBBIMH CTaTHYECKH PABHOBECHBIMH KOH(QUIYpalUsIMHU M3 CBOMX
HYKJIOHOB. MaruauTtHoe moJie AApa COCTOUT U3 OTACJIbHBIX HYKJIIOHHBIX MarHUTHBIX KJIIACTCPOB. 3ap$[;[0130e 4ypciio Z
CTa0UJIBLHOTO sgApa PpaBHO KOJMYCCTBY HYKIIOHHBIX MAIrHUTHBIX KIIACTCPOB AApa. 9J'I€KTpOHLI CTa0UJIBLHOTO
HeB036y)KI[€HHOFO aTOMa pAacCIiOJIOKEHBI Ha OCCBLIX JIMHUAX HYKJIIOHHBIX MAarHUTHBIX KJIACTEPOB fA/pa U 06p33y}0T
CTaTUYCCKU PAaBHOBECHYI CHCTEMY. (<3J'ICKTpOHHaH 000J109KaY H6B036y)KHCHHOFO aToMa MOXKET HNPUHUMATH
Ppa3HbIC (bOpMI)I, 3aBUCANIINEC OT TEMIICPATYPhI BHEIIHEH Cpeabl.

BoisiBneHa cTpyktypa (QoOTOHAa. YcCTaHOBIEHa CTpPyKTypa H (opma cTabWIBHOTO —CYIIECTBOBAHUS
BO36y)KI(eHHOFO aToMma. OnpeneneHH TPUYIUHBI BEPOATHOCTHOI'O OIMMCAHUA BPEMCHHU KU3HU BOB6y)K}IeHHOFO aTroMa.
BCKpBITBI mprupoJia KOCMHUYCCKOTO U3ITYUCHUA U IPUINHBI HCBO3MOXXHOCTH I/I}IeHTI/I(bHKaHPIPI €ro HCTOYHHUKOB.

.

B UnrtepHere 0o0o3HaueHbl HepelieHHble ¢u3nueckue mnpodiaembl. CHEKTp 3TUX MpoOsieM
BEChbMa IUPOK — OT YCTPOMCTBA OTHENbHBIX MaTEpUANbHBIX OOBEKTOB J0 YCTPOWCTBa BCei
BcenenHoi.

K »tuM npoGiemMam OTHOCSATCSI BOIPOCHI O MPHUPOJIE CBETA, O MPHUPOJIE LIAPOBOM MOJIHUH, O
MIPUPOJE HEUTPUHO, O BOBMOKHOCTH CYIIECTBOBAHUS «METAINIMYECKOI0» BOAOPOA, O MPUPOJIE
ABJICHUSI CBEPXTEKYYECTH JKUJKOIO Telus M HEUTPOHHOH <OKUAKOCTH» B HEHWTPOHHBIX
3BE3/11AX,... .

Ha npyrom kpato cnekTpa 3Tux mpo0yieM HaxOISATCS BOMPOCHI pa3MEPHOCTH KOCMUYECKOTO
MPOCTPAHCTBA, MpobjemMa CTPYKTypbl MaTepuaabHOro Mupa, BOMNPOCHI O MPOUCXOKIACHUU
Hamell BcenmeHHOM, 0 mpuuMHE CTpeMUTENbHOro, corjacHo A.Jlomnepy, e€ pacmmpeHus, o
BO3MOXXHOCTH CYIIIECTBOBAaHUSI «TE€MHOI» MaTepuu W e€ BIMAHUU Ha cyan0y Bcenennoi,
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npobiemMa CcoCyllecTBOBaHMA BO BceneHHON MaTepuu M aHTHMaTepud, O CTPYKType U
U3IIyYEHUSAX «UEPHOU IBIPBDY,. .. .

®u3nka OropueHa MHOXECTBOM HEyJaud B HHTEpPIPETAllMM, C I[OMOILBIO KBAHTOBBIX
npeicTaBiIeHuit 00 ycTpoWcTBE MaTepuaibHOro Mupa, psila TEOPETHYECKHUX IOJO0XKEHUH u
IKCIEpUMEHTANbHBIX (pakToB. Eif He ymaercs MOCTPOUTH KBAHTOBYIO TEOPHUIO T'PAaBUTAIHH,
pewuTh NpodeMy MPOUCXOXKIEHHS U CYIECTBOBAHUS (PU3NYECKMX KOHCTAHT, PEIUTh 3ahauy
«BEJIMKOTO O0BEIMHEHUS - IPOBECTH YHU(DUKALUIO CUIBHBIX HYKIOHHBIX, CIa0BIX HYKJIOHHBIX
Y DJIEKTPOMArHUTHBIX B3aUMOJECHCTBUL,. .. .

THK o6Hapyxuia, 4To BCE€ 3TH HEyJaud TEOPETUUECKOH (HU3UKU OOYCIOBIECHBI IBYMS
rpyOeiiiinmMu ommOKaMu, JOMYIIEHHBIMH €lI€é B BOCEMHA/LATOM BEKe, KOTOpble (u3nveckKas
HayKa JI0 CHX [10p HE cyMella UCIIPAaBUTh.

([ ]
I11. HeB030ysK1eHHBIH aTOM

[TonbITKM NOCTPOEHUSI aNEKBATHBIX CTPYKTYPHBIX MAaTE€MaTH4YECKMX MOJENIEH aTOMOB,
NPENPUHATHIE B HAYaJle MPOLUIOTO CTOJETHS, ObUTM HEYIaYHBIMH H3-32 JIBYX MPUHIUITHAIBHBIX
omn6Ook. IlepBas — oTka3 OT ydera CONPOTUBIECHUA 3(PUpa IBMKEHHUIO MUKPOOOBEKTOB,
00yCJIOBJIEHHBIN MTOBEPXHOCTHBIM aHAJIW30M 3KcrnepuMeHTa MaiikenbcoHna. Bropas — oTkas ot
ydeTa MarHUTHBIX B3aUMOJCHCTBUN MEXAYy MUKPOOOBEKTAaMHM H3-32 MOBEPXHOCTHOI'O aHaIM3a
pe3yIabTaTOB dKCIIEPUMEHTA DpCTea.

[ToctpoeHne U HccaenoOBaHUE CTPYKTYPHBIX MAaTEMAaTHYECKUX MOJENEH  aTOMOB,
YUUTBHIBAIOIIMX 3JEKTPUUECKUE U MAarHUTHBIE B3aUMOJICHCTBUS MEXAY APOM U JIEKTPOHAMHU, a
TaKXe CONPOTUBJIEHUE 3(hUpa ABWKEHHUIO 3JIEMEHTOB aTOMOB, I0Ka3ajo aJIeKBaTHOCTh 3TUX
MoOJIeJIeH U MO3BOJIMIIO BBIBUTH CBOMCTBA aTOMOB Ha JIETAIIbHOM, HArJIs,IHO-00pa3HOM ypoBHe [1-

7.

111.1. HeB030y:K1eHHBIii aTOM NPOTHA

[TpocreiiimuM siBnsieTCs HEBO30YXKJIEHHBIM arom mnpotus. OH COCTOMT W3 MPOTOHA U
anekTpoHa. [IpoToH 00nanaeT «moI0KUTENBHBIMY» €AMHUYHBIM JIEKTPHUUECKUM 3apsaoM (+e) u
COOCTBEHHBIM MAarHMTHBIM IIOJIEM C BEKTOPOM MAarHMTHOI'O MOMEHTA Hp. DJNEKTPOH 00IanaeTr
«OTpULATEIbHBIMY) E€IUHUYHBIM DJIEKTPUYECKUM 3apsoM (-e) U COOCTBEHHBIM MAarHUTHBIM
[10JIEM C BEKTOPOM MarHUTHOIO MOMEHTA M.

CriocoObl  yueTa COINpPOTHBIEHUS CPeObl M DIEKTPUYECKHX B3aHMMOJAEHUCTBHI XOpPOIIO
U3BECTHBI. MeEXIy 3JEKTPOHOM U IMPOTOHOM JEHCTBYET AJIEKTPUUYECKOE NPUTSIKEHHE, CHUJla
KOTOPOro OOpaTHO MPONOPIMOHANbHAS KBaApaTy pPACCTOSHUS MeXTy HUMH. O MarHUTHBIX
B3aMMOJEHCTBUIX MEXIAy MUKpOOOBbeKTaMu (M3MKa NMPAKTUYECKH HUYEro He 3HaeT. OnucaHue
3TUX B3aMMOJEHCTBUI MPUILIIOCH CTPOUTH 3aHOBO.

OIHMM W3 CBOWCTB MAarHUTHBIX B3aMMOJICHCTBHI SIBJISIETCS MAarHUTHBIX OPUEHTAIMOHHBIN
3pPEeKT — BEKTOp MarHUTHOTO MOMEHTa OOBEKTa CTPEMHTCS DPa3BEpHYTHCS BJOJIb JIMHUN
BHEIIHET0 MarHUTHOTO MoJjs (mpumep — MarHuTHbIM komnac) [8]. CormacHo sToMy 3¢ dexTy,
BEKTOPbl MATHUTHBIX MOMEHTOB IIPOTOHA U 3JIEKTPOHA B MIPOTHUHU PACIIOJIOKEHBI BJIOJIb IIPSIMOH,
MPOXOJISIICH Yepe3 MPOTOH U AIEKTPOH (puc.1).
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Puc.1. Cxema aroma npoTus

DJEeKTPOH OKa3aJCs AMAMAarHeTUKOM — OH BBITAJIKHBAETCS M3 BHEIIHETO MAarHUTHOTO IOJIS.
[TosTOMy MEXITy JIEKTPOHOM U IIPOTOHOM JEHCTBYET MArHUTHOE OTTAIKMBAaHHE, CHIa KOTOPOTO
00paTHO MPONOPIHOHATIEHA HEKOTOPOMY p.

[TocTpoeHa u paccMOTpeHa CTPYKTypHas MaTeMaTHYecKas MOJENb MPOTHS, YYUTHIBAIOLIAs
BCE 3TH (PaKTOPBHI.



AHanu3 3TON MOJeNy MoKasaj, YTO OHa 00J1alaeT €AMHCTBEHHBIM, INI00abHO YCTOWYHBBIM
COCTOSTHUEM PAaBHOBECHUSI U OJIHON COOCTBEHHOW 4acTOTOW. BenmmumHa cOOCTBEHHON 4acTOTHI U
BEJIMYMHA MOTEHIIMAJIa MOHU3AIMH MPOTHS BBIUUCISIOTCS, C IIOMOILBIO 3TOH MOJEH, B SBHOM
BUJIC.

Takumu ke cBoilcTBamMH 00MaalOT U CTPYKTYPHBIE MOJEIU BOAOPOJONOAOOHBIX aTOMOB
JIPYTHX XUMHUYECKUX JIEMECHTOB.

OKCHepUMEHTAIbHbIE 3HAYEHUS CIIEKTPOB AJIEKTPOMArHUTHOTO M3IYYeHHs] aTOMOB U
3HAYCHUS MOTECHIIMAIOB MX MOHU3AIMM XOPOIIO M3BEeCTHHI. 10 3TMM 3HauEHHSIM YCTaHOBIICHO,
yTto p=3. V3 3TOrO pesynbrara cieayeT, YTo MPUPOJa MarHeTu3Ma B MUKPOMHpE SIBIISIETCS HE
TOKOBOH M HE AUIMONBbHON. Tak Kak 3JIeKTPOH 001agaeT cMepUenogooHoi 3pupHOit CTPYKTYpOid,
TO MPUPOJAa MaTHETHU3MA B MUKPOMUPE SIBISIETCS CTPYIHHOM.

Oxkazanoce TakXke, YTO BEIMYMHA KOd(PQHUIMEHTa CONPOTHBICHHS 3(upa JBHKCHHIO
3NIEKTPOHA B OKPECTHOCTH €r0 PABHOBECHOTO COCTOSIHHS B aTOMe IpoThs paBHa 1,5+10 kr-¢ .

[TpoBepka ajeKBaTHOCTU CTPYKTYPHOM MOJEIN IPOTHS MPOBOJIMIACH Pa3HBIMU CIIOCOOAMH.
B onHOM W3 HHMX, UCXOAS W3 M3BECTHOW BEIMUYMHBI MOTEHIIMAjda MOHU3ALUU MPOTHs, ObLia
BBIUHMCIICHA BEJIMYMHA PACCTOSIHUSA MEXIY AJICKTPOHOM M IMPOTOHOM B COCTOSIHMM YCTOWYHBOTO
paBHOBecuss atoma mnportus. OHa oOKa3ajlach paBHOU 5,302:10 m. DKCIEepPUMEHTAIBHOE
3Ha4YeHHe 3Toro paccrosiuust (bopoBckuit paamyc) paBHO 5,2917706-10™m. Cosnanenue
pE3yNbTAaTOB CIEAYET MPU3HATH BEIUKOJICIHBIM, €CIH Y4eCTh TOYHOCTh M3MEPEHUS BEIUYUHBI
NOTEHIIMAJIa NOHU3AIUU aTOMa MIPOTHSL.

111.2. HeB0o30y:K/1eHHbIE aTOMBI APYTHX 3JIEMEHTOB
YroObl MOHATH, KaK YCTPOEHBI HEBO30Y)KJIEHHbIE aTOMbI IPYTUX XUMHUYECKHX 3JIEMEHTOB,
HY>KHO BBIICHUTB, KaK YCTPOEHBI SJJpa 3TUX aTOMOB, KaK YCTPOEHBI UX COOCTBEHHbIE MAarHUTHbIE
OJIS.

111.2.1. ATomHoe s1IpO
B xypnane «U13Bectusi AH CCCP, cepus pusmueckas, 1979, T.43, Nell, c.2317-2323»
OITyOJIMKOBAaHBI IKCIIEPUMEHTAIBHBIE JOKa3aTeIbCTBA TOTO, YTO CHCTEMa HYKJIOHOB aTOMHOTO
aapa  o0JagaeT  KBa3MKPHCTAUIMYECKOW  CTPYKTYpoH, T.e. 00Jiaaer  yCTOWYMBBIMH
PaBHOBECHBIMH KOH(DUTYPAIHSIMU.
HYKJ'IOHI)I B OTHUX KOH(bI/IpraIII/ISIX PacCTaBJIAIOTCA IO CBOUMM MECTaM HYKIOHHBIMHU
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Puc.2. PaBHOBecHbIE KOH(UTYpALIMK U3 IBYX, TPEX U YETHIPEX HYKJIOHOB

B3auMoiecTBUsIMU (puc.2). BpamiatenbHple CTeneHH CBOOOABI HYKIOHOB SIpa, TMPU ITOM,
HUYEM HE OrpaHWYMBAIOTCSA. braromaps MarHUTHOMY OpHEHTAIlMOHHOMY 3¢ dekTy,
COOCTBEHHBIE MAarHUTHBIE TOJISi HYKJIOHOB siipa OOBEAMHSIOTCS B HYKJIOHHBIE MarHUTHbIE
KJIAaCTEphl TaK, YTO BEKTOPbl MAarHUTHBIX MOMEHTOB HYKJIOHOB KaXKJIOTO OTAEJIIBHOTO KJlacTepa
pacrnoJaralTcs BIOJIb IPSIMOM, MPOXOAsIEe yepe3 Bce HYKJIOHBI ATOr0 KlacTepa.

MarautHoe Toje siipa MPEACTaBIseT Co00M CyMMYy OTAENbHBIX HYKIOHHBIX MAarHHTHBIX
KJIacTepoB. J{J1s1 JOCTATOYHO TSDKENBIX SAEP, €r0 CTPOSHHE YEM-TO HAalIOMUHAET CUCTEMY MT'OJIOK



MOpCKOro exa (puc.3), Tak KaKk MarHUTHOE TOJie Ka)XJOTO OTIEIBHOTO Kjactepa oO0iamaeT
YpE3BbIYANHO Y3KOW IMJIOTHOM LIEHTPATIbHOM MarHUTHOM CTpYei.

Puc.3. Cxema MarHUTHOTO MOJISE aTOMHOTO si/Ipa MpH 00JIbIIUX A

MarHuTHOe ToJie Sapa COCTOUT, B OCHOBHOM, U3 KJIACTEPOB, COAEPIKAIIMX I10 JIBa HYKJIOHA.
C yTskeneHHeM sapa MOSIBISIETCS BO3MOXKHOCTH CYILIECTBOBAHUSI KJIACTEPOB, COCTOSIIUX M3
TPEX U YETHIPEX HYKIIOHOB.

B 3aBucMMOCTH OT TOro, Kak OOBEIUHSIOTCS MArHUTHBIE IOJII HYKJIOHOB B MarHUTHBIC
HYKJIOHHBIC KJIACTCPbI, KOJIMYCCTBO HYKJIIOHHBIX MArHWTHBIX KJIACTCPOB, IJIA OIIHOfI U TOH Xe
KOH(GUTYpalluu  S7pa, MOXKET BapbHUPOBAaThCSA. ITO OOBSCHSIET MPUPOLY H3OTOIHOTO
pa3HO00pa3usi XUMUYECKUX IJIEMEHTOB.

Kaxplii HyKJIOHHBI MarHUTHBIM KJIacTep CTaOWJIBHOTO SJIpa COACPXKUT OJUH, U TOJBKO
onuH TipoToH. [ToaTomy 3apsmoBoe YMCIO CTAOUIBLHOTO siipa Z paBHO KOJMYECTBY HYKJIOHHBIX
MarHUTHBIX KJIACTEPOB sijpa.

111.2.2. «yekTpoHHAsA 000/104Ka» ATOMA

B npou3BoiabHOM aTtome 3JEKTPOHBI TakK K€, KaK U B aToMe IpOTHs, pacloyararoTcs Ha
OCEBBIX JIMHUAX HYKJIOHHBIX MarHUTHBIX KJIACTEPOB s/ipa. B HelTpaibHOM aTome coaepkutcs Z
AIIEKTPOHOB, CTOJIBKO K€, CKOJIBKO HYKJIOHHBIX MarHMTHBIX KJIACTepOB B sape aToma. Takum
00pa3oM, B «r€HETHKa» aToMa 3aKJIl04eHa B €ro sijpe.

Pacrionoxxenne 31€KTpOHOB HAa CHCTEME HYKJIOHHBIX MAarHUTHBIX KJIACTEPOB sipa MOXKET
OBITh KaK paBHOMEPHBIM — 10 OJJHOMY 3JIEKTPOHY Ha KJ1acTep, TaK U HEPaBHOMEPHBIM, KOTJa Ha
OJITHOM U TOM JK€ KJIaCTepe HaXOAUTCs 00Jiee OAHOTO IEKTPOHA.

B arome ‘He MOTYT CYLIECTBOBATh TPU (POPMBI «3NEKTPOHHON 0bonouku» - A, B u C. Sapo
atoma ‘He obnamaer IBYMsI HYKJIOHHBIMM MarHMTHbIMHM Kiactepamu (puc.4). B ¢opme A
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Puc.4. Cxema sigpa ‘He

AJIEKTPOHBI 3TOTO aTOMa PACHOJOXKEHBI 110 OJHOMY Ha KaxIoM kiactepe. B dopme B onHm
pAacIoIoKEHbl Ha OJIHOM U TOM JK€ KJlacTepe, IO pa3Hble CTOPOHBI OT sipa, a B popme C — Ha
OJIHOM U TOM K€ KJIacTepe, C OHOM U TOU K€ CTOPOHBI OT SAIpA.



St GopMbl aTOMOB “He MMEIOT pasHbIC BEIMUYMHBI [IOTCHIMANA MepBOi HoHM3ammn. Js
(dhopMbl A OH XOPOIIIO U3BECTEH U paBeH 24,5863B, miis popmer B oH paseH 2,7883B, mis hopmbl
C oH paseH 1,4493B. Otu nudpsl rOBOPSAT O CHIIBHON 3aBUCHMOCTH YCIOBHH CYIIECTBOBAHUS
pasHbIX (opM aToMOB ‘He OT BHEUIHHX TeMIepaTyp. B eCTCCTBEHHBIX 3eMHBIX YCIOBHAX
CYIIECTBYIOT TOJIbKO aTOMbl (hopMbl A. ATombl (opmbl C MOTYT CYIIECTBOBAaTh TOJBKO IMpPU
Yype3BbIYAITHO HU3KUX TemIeparypax. biaronaps stoil ¢opme, CyliecTByeT Takoe YHHKaIbHOE
ABJICHUE, KaK CBEPXTEKYy4eCTb JKMJKOIO TE€IUsl C €ro, KaXyUIMMHCS HECOBMECTHUMBIMHU,
YIAUBUTEIHHBIMUA CBOHCTBAMHU.

B arome *He Moxer cymectBoBaTh TOIbKO hopma C SIEKTPOHHOMN 060T0UKH. ITO CBSI3AHO C
TE€M, YTO SAPO ATOrO aromMa oOJafaeT ABYMs HYKJIOHHBIMH MAarHUTHBIMU KJIacT€pamH, HO
BEKTOpPbl MArHUTHBIX MOMEHTOB 3THUX KJIACTEpOB MNapallieibHBI ApYT APYyTy (puc.5S). A Tak Kak
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Puc.5. Cxema sigpa *He

pa3Mepsl a1pa *He na YEThIPE MOPsAKAa MEHBIIIE PACCTOSHUSA OT sApa 10 OIMKallero aTOMHOTO
3JIEKTPOHA, TO, C TOUKH 3PEHMS 3TUX DJIEKTPOHOB, Y s/ipa CYIIECTBYET TOJbKO OJHO MarHUTHOE
110JIe, BEKTOP MAarHUTHOIO MOMEHTa KOTOpPOrO PaBE€H CyMME BEKTOPOB MAarHUTHBIX MOMEHTOB
o0oux kimacrepoB. [loTeHIMan nepBoil HOHU3ALMK TOro0 aroMa okasaiucs pased 1,3133B. Oto
XOpOILIO OOBICHSET, MOYEMY *He MEPEXOUT B JKUAKOE COCTOSIHME IpU 0Oojiee HHU3KHUX
TEMIIEPATypax, YEM *He.

Tak kak atoM °He MoXer CyliecTBoBaTh TOJNILKO B ¢opme C, a 3Ta popma CyIIECTBYET
TOJIBKO IPH YPE3BBIYAWHO HU3KHUX TEMIIEpaTypax, TO B ECTECTBEHHBIX 3EMHBIX YCIOBHAX
HEUTpaAJIbHBIE ATOMBI *He OTCYTCTBYIOT. B €CTECTBEHHBIX 3€MHBIX YCIOBUAX SHe CYILIECTBYET
TOJIBKO B MOHU3UPOBAHHOM BHJE. U eciin moTeHnyan noHu3auy aroma ‘He* paseH 54,443B, To
MOTEHIIMAJ MOHU3ALMU aToMa 3He" BnBOE MeHbIIE — OH paBen 27,1987B.

N3-3a yka3aHHOH crielu(UKA MarHUTHOTO TOJI aTOMa 3He, cunbHO pa3Iu4aroTCs HE TOIBKO
TMOTEHIHMAIBI HOHH3AIMH atoMoB “He' i *He®, wo u CHEKTPbI UX ANEKTPOMArHUTHOTO U3JTyUYEHHUSI.
CHeKTp 2JIEKTPOMAarHuTHOTO U3JIy4E€HHs aTOMOB SHe' CABUHYT OTHOCHUTEJIBHO CIIEKTPAa aTOMOB
‘He' B CTOPOHY HHU3KHMX YacTOT TaK, YTO YacTOThl aTOMOB SHe" mourn B TPU pa3a MEHbIIE
COOTBETCTBYIOILIUX YaCTOT aTOMOB ‘He".

.

DJEeKTPOHHBIE OOOJOYKM AaTOMOB APYIrHMX XUMHUECKHUX DJIEMEHTOB, B IMPHUHIUIE, MOTYT
Takke HaxonuThcs B (hopme C, Korzna Bce UX AJIEKTPOHBI PACHONIOKEHbI HA OJHOM M TOM K€
HYKJIOHHOM MarHUTHOM KJIaCTe€pe, C OAHOW M TOW e CTOPOHBI OT sapa. OnHAKO, IOTEHIUAIIbI
UX NEPBOM MOHM3ALHUK 3HAYUTENIBHO HMKE, yeM y renus. s *He, Li, Be u B 3HaueHns >THX
MOTEHIMAJIOB YOBIBAIOT MOYTH CO CKOPOCTHIO F€OMETPHUECKON MPOTPECCUH.

(‘HeO) |(LiC) [ (BeC) [(BO)
1,4495B | 0,6935B | 0,2765B | 0,1393B

IV. Ctpykrypa doToHa,
BO30Y:KI€HHBbII aTOM,
KOCMHUYecKoe H3JydyeHne
XOopoIIo M3BECTHO, YTO aTOM CIIOCOOEH 3aXBaThIBaTh (POTOHBL. ATOM, 3aXBATHUBIIUN OJUH
WJIA HECKOJILKO (DOTOHOB, Ha3bIBAIOT BO30YKIIEHHBIM. ATOM, 3aXBaTUBIINN ()OTOH, IEPEXOIUT B



HOBOE CTAI[MOHAPHOE COCTOSIHME U HAXOIUTCS B HEM HEKOTOPOE BPEMsI, JUIUTEIbHOCTH KOTOPOTO
HOYUHSETCSI BEPOSTHOCTHBIM 3aKOoHOMepHOCTSM. CHycTst 3TO BpeMs, BO30Y)KICHHBIH aToM
cOpacbiBaeT 3axBadeHHble MM paHee (oToHBL. TakoBBI CBOWCTBAa BO30YXKIEHHBIX aTOMOB,
U3BECTHBIC KBAaHTOBOI (husnke.

IV.1. CuryanuuoHHbIii aHAJIN3

Most OCHOBHAsI CIIEIUAIIM3AINS — TEOpUs HEIMHEUWHBIX KoyieOaHWi. B cemumecaThix rogax
IPOIJIOro BeKa sl CTaJl 3aHUMATbCs NPOOJIEeMOl TUHAMUYECKON CTOXaCTH3allud, BBIBICHHUEM
CBOWCTB JETEPMUHUPOBAHHBIX JUHAMUYECKHX CHCTEM, Oyarojapsi KOTOPHIM B OIUCAHWUU
HOBEJCHMS ITUX CUCTEM MOTYT C(OPMHUPOBATHCS BEPOSITHOCTHBIE 3aKOHOMEPHOCTH.

3HaKoOMsCh C O0Iel cuTyanuel B 3ToW mpobiieme, s OOHAPYXHJI, 4TO KBaHTOBas (pus3mka
CBSI3bIBAECT pELIEHHE MNPOOJEMbl JAMHAMHYECKOM CTOXAacTH3allud HE CO CBOMCTBAMM CaMHX
JETEPMUHUPOBAHHBIX JUHAMUYECKUX CUCTEM, @ C CYLIECTBOBAHMEM HAMMEHBIIUX HEAECIUMBIX
KBAHTOB UM COOTHOIICHUH HEOINpPEIEeNEHHOCTeH, cuuTas HUX OOBEKTUBHBIMU (aKTOpaMu
MaTepualbHOro Mupa.

ITpoBeneHHBI MHOK aHAJIN3 [OKa3aJl. YTO BEPOATHOCTHBIE 3aKOHOMEPHOCTH B ONMCAHWUH
MOBE/ICHUS JIETEPMUHUPOBAHHBIX JUHAMMUYECKHUX CUCTEM BO3HMKAIOT B PE3YJIbTaTe MPEAEIbHOrO
(mpu t—+00) mepexoja B 3THX CHUCTEMax, €CJIM YCTOMYMBBIE m-TpeAeibHble MHOXKECTBA ITHX
CHCTEM KOHTHHYaJIbHBL. M3 3TOrO0 ciiemyer, 4ro mpearaeMoe KBAaHTOBOW (DM3HKOH pelieHue
npo0IeMbl TMHAMUYECKON CTOXAaCTH3alMK OLIIMO0YHO.

[TeiTasice pa3oOpaThCsi B BO3HUKIIECH CHUTYaIlMH, s OOHAPYXWJI, YTO B IMO3AIPOIIOM BEKe
¢u3uka OpUHsATAa OMMOOYHBIE BBIBOABI 00 OTCYTCTBMM B MarepuaibHOM Mupe 3dupa,
B3aMMO/JICHCTBYIOMIETO C OOBEKTAaMH MHUKPOMHpPA, U O TOM, YTO MAarHeTU3M IPOHUCXOIHUT OT
aneKkTpuyecTBa. [Ipon30mo 310 M3-3a MOBEPXHOCTHOTO aHAJINM3a PE3yJbTATOB JKCIEPUMEHTA
MaiikenbCoHa U SKCTIEPUMEHTa DpcTea.

B Hauane mnpouutoro Beka (U3MKa MOMBITATaCh IMOCTPOUTH a/I€KBATHbIE CTPYKTYpHBIE
MaTeMaTUYeCKUe MOJEIM aTOMOB, OTKA3aBIIMCh OT Y4e€Ta CONPOTHUBJIEHMS >QHpa JBUKECHHUIO
AJIIEMEHTOB aTOMa U OT Y4e€Ta MAarHUTHBIX B3aMMOACUCTBMM MEXKIYy 3JEMEHTaMU aroma. OTH
MOJIEJIM OKa3aJIuCh HEaJEeKBAaTHBIMU — OHU HE CMOTJHM OOBSCHUTH Jaxe (PakT cTaOMIbBHOTO
cyliecTBoBaHMs aToMoB. [loTepneB 3Ty Heynady, (PU3MKM NPUILIM K OHIMOOYHOMY BBIBOAY O
NPUHLNUIIAATILHOW HEBO3MOXKHOCTH HPUMEHEHHS METOJ0B KJIACCHYECKOW (PM3UKH B TEOpUU
MUKpPOMHMpPA U CTAJIHU pa3BUBaTh KBAHTOBYIO TEOPHIO.

.

BbISICHUB 3TO, s 3aHsUICS HM3y4eHHEM BO3MOXHOCTEH pa3pabOTKH TEOPHUH MHUKPOMHUDA,
ONEepUPYIOUIEH CTPYKTYpHBIMH MOJENSAMU OOBEKTOB MHUKPOMHpPAa W METOJaMU TEOPUH
HEJIMHEHHBIX KoseOaHui. MHe yaanock MOCTPOUTHh CTPYKTYPHYKO MOJENb  HpPOTHS,
YVUUTBHIBAIONIYIO O3JEKTPUYECKME M MAarHUTHbIE B3aUMOJCHCTBUS MEXAY NPOTOHOM U
AIIEKTPOHOM, & TaK)K€ YUUTHIBAIOIIYIO COMPOTUBIICHNE d(PUpPa JBIKEHUIO AJIEKTPOHA U MPOTOHA.
[TpoBepku nmokazaiy aleKBaTHOCTb 3TOM MOJAEIH.

[Tpomomxast uccnenoBanus, s 0OOHapyXWi, 4To coTpyaHuku Muctutyra SnepHoit dusuku
AH CCCP (Anma-ATta) mosyuuin SKCIIEpUMEHTAIBHBIE JOKa3aTebCTBAa TOrO, YTO sipa BCEX
XUMHUYECKHX  DJIEMEHTOB  OOJIaflaloT  YCTOHYMBBIMM  CTaTMYECKHM  pPaBHOBECHBIMHU
KoHurypauusimu u3 csoux HykinoHOB (M3sectus AH CCCP, cepust pusuyeckas, 1979, T.43,
Nell, ¢.2317-2323). HpIMU clOBaMH, OHM TOJIYYMJIM SKCIEPHMEHTAJIbHBIE J0Ka3aTeIbCTBA
TOT0, YTO HAMMEHbIIINE HEJIeINUMble KBAaHThl U COOTHOIICHUS HEOTIPEAEIECHHOCTEHN SIBIISIFOTCS HE
00BEKTHBHBIMH (DaKTOpaMH MaTepuaibHOro Mupa, a BCEro JUIb BEIYUCIUTEIbHBIMU IPHEMaMU
KBaHTOBOH (DM3HUKHU. DTU Pe3yNbTaThl IBUINCH YOEAUTENbHBIM J0KA3aTeILCTBOM aKTYyaJIbHOCTH
MOMX MCCIICJOBAaHUN.

.

AHanu3 CTPYKTypHOW MOJEIM aroMa TMpOTUS TOKas3al, 4YTO 3Ta MOJENlb 00JanaeT
€IMHCTBEHHBIM, IJI00AIbHO YCTOHYMBBIM COCTOSSHUEM pPABHOBECHs, M YTO aTOM HpPOTHS,
COCTOSIIIMM W3 NPOTOHA W 3JEKTPOHA, HUKAKUMU MHBIMU CTAllMOHAPHBIMH COCTOSHUSMU HE



obmamaer. OTcloga cienyer, 4To 3axBaT (POTOHA aTOMOM IPOTHUS JIOJDKEH COINPOBOXKIAThCS
U3MEHEHHEM CTPYKTYpbl, H3MEHEHHEM COCTaBa 3TOro aroma. Tak BO3HUKJIA HEOOXOAMMOCTh
BBISIBIICHHSI CTPYKTYPHI (POTOHA.

IV.2. Crpykrypa ¢oroHa

AHanu3 cuTyaluu IOKa3ajg, 4To B (QU3MKe HMeeTcss MHpopmauus, HeoOxoxumas s
JOCTIDKEHUS] TOHMMaHUS CTPYKTypsl ¢oroHa. He xBaraer TONBKO ydera MarHUTHBIX
B3aUMOJICHICTBUH MEXIy MHMKPOOOBEKTaMH U YydeTa CONPOTUBIECHUSA 3Upa JIBUKEHUIO
MUKpPOOOBEKTOB.

KBantoBasg ¢usuka cumraer, uyto (OTOHBI 0Opa3ylOTCs B pe3ynbTaTe KoJulanca MU
QHHUTUJISIUY [IO3UTPOHHUS — «@TOMay, COCTOSLIETO U3 IO3UTPOHA U JIEKTPOHA.

CrpyKTypHOE MOJAEIMPOBAHNE HEBO30YXKIEHHOI'O aToMa MPOTHS II0KA3aJI0, YTO PACCTOSHUE
MEXJy 3JIEKTPOHOM M IIPOTOHOM, B 3TOM aroMme, paBHO «bopoBckoMy paauycy». Yuer He
TOJIbKO 3JIEKTPUYECKUX, HO U MarHUTHBIX B3aMMOJICHCTBHM MEX]y JIEKTPOHOM U O3UTPOHOM B
MO3UTPOHUM I0Ka3all, YTO MO3UTPOHUN 00a/laeT YCTOMYMBBIM CTaTUYECKUM PAaBHOBECHEM, B
KOTOPOM DPACCTOSIHUE MEX[Y 3JIEKTPOHOM M MO3UTPOHOM Ha IMOPSAAOK MPEBOCXOAUT BEIHUUHY
«bopoBckoro paaumyca». OTO O3HauaeT, 4YTO B peaJlbHOM MHPE HHUKAKOro Kojlanca u
QHHUTWIALUM MO3UTPOHUS He ObiBaeT. Clie0BaTeNbHO, ISl BBIABJIECHUS CTPYKTYpbl (pOTOHA
HYXXHO 00pamatecs K Apyroi nHGopMarum.

@dusuka Moria Obl JAOCTHYbL AJEKBAaTHOTO, HArJIAIHO-OOPAa3HOrO IMOHUMAHUS CTPYKTYpPbI
doToHa emé B TPUALATHIX T'OJaxX MPONUIOro Beka, koraa I1.Jlupak oOHapyKUJl TEOPETUUYECKYIO
BO3MOXKHOCTb CYILIECTBOBAHMS JIEKTPOHOB C «OTPHUILATENbHOM» 3Heprue. OnHONW U3 NpUYuH
«OTPULIATEIBHOCTU» SHEPTUU MOXKET OBITh «OTPULATENBHOCTH» Macchl 3ekTpoHa. OnHako,
TUIIOTE3a CYLIECTBOBAHUS «OTPULIATENILHOM» MacChl y 3JIEKTPOHA MPOTHUBOPEUMJIa KBAaHTOBBIM
MPEJICTaBICHUSIM 00 YCTPOICTBE MUKPOMUDA.

OHUM U3 OCHOBHBIX KOHTPJIOBOJIOB 3/1€Ch SIBISIETCS YBEPEHHOCTh (DU3MKOB B OTCYTCTBHH
AKCIEPUMEHTAJIbHBIX CBUAETEILCTB CYLIECTBOBAHMS DJIEKTPOHOB C «OTPHULIATEIBHON» Maccoi.
Ot0 noBoJ yOuiicTBeHHOH cuibl. HO 1 3TOT 10BOA OKa3alics MOCTENIHbIM, HEOOOCHOBAaHHBIM U
HE OTBEYAIOIIMM pEealIbHOI CUTYyallUH.

Ecin 31€KTpOH € «OTpHULIATEIBHONW» MAacCOW CYHIECTBYET, TO CYLIECTBYET M IO3UTPOH C
«OTpULIATEIBHOW» MAcCOM, KOTOPBIH, 110 BCEM NPU3HAKaM, SIBJISETCS aHTHUAJIEKTPOHOM, TaK Kak
UMEET <«II0JIOKUTEIBHBIN» DJIEKTPUUECKUN 3apsal U «OTpHULATEIbHYIO» Maccy. Ecim tenepb
oGparuthcsi K m3BecTHOMY  ypasmenmio  d/dt[mv(1-vic ) *’]=q(E+c'[vH]), xopomo
OIHCHIBAIOLIEMY TOBEJACHHE MHUKPOOOBEKTOB BO BHEIIHMX HJIEKTPOMArHUTHBIX MOJSAX U B
COBPEMEHHBIX HAaOIIOAATEIbHBIX YCTAHOBKAX, TO OKa3bIBAETCS, YTO OJHOBPEMEHHOE U3MEHEHUE
3HAKOB MAaccChl M JIEKTPUUYECKOTO 3apsijia Ha MPOTUBOIIOJIOKHBIE HUYETO HE MEHSET HU B CaMOM
YpaBHEHHH, HU B €ro pemeHusik. A 3TO 03Ha4aeT TOJBKO OJHO — TPEKH DJIEKTPOHA HU
AQHTHUIJIEKTPOHA B TaKUX HAOJIOAATENIbHBIX YCTaHOBKaxX HepaszauuuMmbl. [losromy ¢usuku He
MOTYT CKa3aTh, AJIEKTPOH WJIM AHTUAJIEKTPOH OCTaBIS€T CBOM ClIe[-TpeK B HaO0AaTelbHON
yCTaHOBKE. DTOT 3JIeMEHTApHBIN (PAKT (HPU3UKU TOXKE TPOCMOTPEIH.

Emé onna mpuunMHa OTKa3za OT PACCMOTPEHHS AIIEKTPOHOMOJOOHBIX MHUKPOOOBEKTOB C
«OTpULIATEIBHBIMIY» MacCcaMH CBs3aHa C TEeM, 4YTO, IO MHEHHI0 (HU3UKOB, IHUIOJIb U3
MHUKPOOOBEKTOB C Pa3HBIMHU «3HAKaMM» Macc caMopa3roHsuica Obl. 11 oHM ObLIN yXe Ha caMOM
[IOpOre OTKPBITHS CTPYKTYpHl (DOTOHA, HO YTO-TO BHOBb MX OCTaHOBHJIO. OTXOA OT 3TOW HIeH
OHH OOBSICHSIIOT TEM, UTO MX MPUOOPHI HUKOTIa HE (PMKCUPOBAJIM CaMOpa3roHa MUKPOOOBEKTOB.
Ho Beap MMEHHO CIOCOOHOCTBIO K CaMOpasroHy M JOJKEH OTIMYaThCcs (POTOH OT APYrux
MUKpPOOOBEKTOB. O4eHb TPYJHO OBIBAET BpEMEHAMM MOHATH ApryMEHTAINIO (PU3HUKOB.

TepMHuH «OTpULIaTENbHAS IO OTHOIICHHIO K Macce MoHavany odeckypaxkuaet. Ho Beab Mbl
IPUBBIKIA K TOMY, YTO €CTh «IIOJOXHTEIbHbBIE» U «OTPHULATEIIBHBIE» JJIEKTPUUECKHE 3apsibl,
XOTd M HE 3HAaeM NIpUPOJBl uIeKTpudecTBa. IIpOCTO MBI CBBIKIMCH C TEM, YTO €CTh JABa BHJA
JIEKTPUUECKUX 3apsioB, BEJIMYMHA OJHOTO W3 HUX BXOJIUT B pa3Hble YPaBHEHMs CO 3HAKOM
«MHHYC» M IMO3TOMY OTH 3apsibl HAa3bIBAIOT «OTPULIATEIBHBIMUY», a JPYTH€ Ha3bIBAIOT



KIIOJIOKUTCIIbHBIMMY ITIOTOMY, YTO UX BCIIMYUHBI BXOJAAT B YPABHCHHA CO 3HAKOM «ILJIFOCH. To xe
CaMO€ MOXXHO CKa3aThb U O MaccCax, 0 IpHUpoaAC KOTOPBIX MBI TaK K€ HUYETIO HE 3HACM.

IV.3. Jloka3aTeibCTBO CylIECTBOBAHUS
MHKPOOOBHEKTOB € «OTPULATEIbHBIMI MacCaMu

Pa3paboTrana cxema SKCIEpUMEHTa, CIIOCOOHOTO AaTh 0€3aJIbTEPHATUBHOE JOKA3aTEIbCTBO
CYH_ICCTBOBaHI/ISI 3JI€KTpOHOHOI[O6HBIX MI/IKpOO6’beKTOB C <<0TpI/ILIaT€JIBHBIMI/I» MacCaMMu. (DI/IBI/IKI/I
HE CTaJM Jake OOCYKIaTh CXEMY 3TOr0 JKCIEPHUMEHTa, MCIYraBIIUCh, YTO IMO3UTHBHBIN €ro
p€3y.]'IBTaT HOCJIy)KI/IT HpHMbIM BKCHepI/IMeHTaHBHBIM JO0Ka3aTCJIIbCTBOM OI_HI/I60‘-IHOCTI/I OCHOBHBIX
KBAaHTOBBIX MTOCTYJIATOB.

B coBpeMeHHBIX HaOMIONATENBHBIX YCTAHOBKAX AIIEKTPOHOIIOJO00HBIE MHUKPOOOBEKTHI €
«OTPHUIATEBLHBIMIY) MacCaMU HEOTIIMYUMBI OT MUKPOOOBEKTOB C «ITOJIOKHUTEIBHBIMIY) MaccaMu
HOTOMy, YToO d3THU yCTaHOBKI/I HaxoIATCsa BO BHCIIHUX odyopodnbzx MAardmuTHBIX ITOJIAX.

Ecnu 3TH ycTaHOBKU MOMECTUTH BO BHEIIHEE HEOOHOPOOHOEe MAarHWTHOE TOJie, TO UCKOMOE
AKCIIEPUMEHTAIILHOE J0Ka3aTeIbCTBO MOJYYUTh HETPYIHO.

UroObl MOHATH, KaK 3TO clejaTh, HY)KHO BHOBb OOpaTHTbCA K YpPaBHEHUIO JBUKCHUS
MI/IKpOO6’I)€KTa BO BHCIIHHUX BHGKTqueCKOM U MAr"HuTHOM IIOJISX. OKaSBIBaCTCH, B 3TOM
YPaBHEHHUU OTCYTCTBYET YYeT MArHUTHBIX B3aHMOJICHCTBHI COOCTBEHHBIX MArHUTHBIX MOJIEH
MI/IKpOO6"I)€KTOB C HCOI[HOpOIlHI)IM BHCIIIHNUM MAarduTHBIM IIOJIEM. ECJII/I 3TO ypaBHeHHe
JIOTIOJTHUTh TAaKUM YY4€TOM, TO OKa3bIBa€TCS, YTO OJIEKTPOH-aHTUAJIEKTPOHHBIN IHIOIb,
CTOJIKHYBIIMICS C JAPYTUM MHKPOOOBEKTOM, MOXKET PAacHacThCsi HAa CBOOOJHBIC DJICKTPOH U
AHTHUDJIEKTPOH, KOTOPHIE BO BHEIIHEM HEOJHOPOJHOM MAarHUTHOM Toje OyayT pasoderaTbcs
600.1b JIMHUI BHEIIIHETO HEOJIHOPOIHOTO MarHUTHOTO MoJisi. B HaOGmrogaTenbHOM yCTaHOBKE MPHU
9TOM JIOJKEH TMOSIBUTHCS CIIEM, COCTOSIIMM U3 JBYX, HAUMHAIOLIUXCS B OJIHOM M TOM ke TOUKe,
TpeKOB, pacxonsmmxcs[ BOOJIb JII/IHI/Iﬁ HGOI[HOPOI[HOFO BHCIITHECTO MAarHuTHOT'O I10JIA.

1V 4. CBoiicTBa (pOTOHHBIX IUTIOJEH

ONEeKTPOH-aHTUANEKTPOHHBIA TUMONb OO0JajaeT HYJEBOM CyMMapHOW Maccoil, HyJeBbIM
CyMMapHBbIM 3JIEKTPUYECKHUM 3aps0M U HYJIEBBIM CYMMapHbIM BEKTOPOM MArHUTHOI'O MOMEHTA.
N3-3a «OTpULATEIBHOCTH» MAacChl AHTUAJIEKTPOHA 3TOT JUMONb 00JalaeT CIOCOOHOCTBIO K
caMopasrony. /[Bukercs OH, IPU OTCYTCTBHM BHELIHUX BO3JEUCTBUH, CTPOrO IMPSMOJIMHEWHO,
BJIOJIb IPSAMOM, MPOXOMALICH Yepe3 DIEKTPOH U aHTUDJIEKTpOH. XOTA CyMMAapHbIN
AIIEKTPUYECKUI 3apsj AUMOJS paBeH HYJI0, OH 00J1aaeT IUIOJIbHBIM AJIEKTPUYECKUM IOJIEM.
BennunHa cyMMapHOTrOo MarHUTHOIO MOMEHTA 3TOI'0 JUITOJIS TAKXKE paBHA HYI0. Tem He MeHee,
ATOT IUMOJIb 00J1a7jaeT CBOEOOPA3HBIM JBYXBAPHAHTHBIM MAarHUTHBIM MOJIEM. DTOT (PaKT MOKET
MIOMOYb JIOCTUYb IOHUMAaHUS CYIECTBA SBJICHUS MOISPU3ALUU POTOHHOTO U3TYUEHHUSI.

ONEKTPOH-aHTUAJIEKTPOHHBIM AUIMOIb 00J1a/1aeT HEYCTOMYUBBIM COCTOSTHUEM paBHOBecus. B
OTOM COCTOSIHUM PAaBHOBECHS PACCTOSHUE MEXAY OJJIEKTPOHOM U AHTHUDJIEKTPOHOM PAaBHO
PACCTOSIHUIO MEXAY DJIEKTPOHOM M IIO3UTPOHOM B TO3WUTPOHMH. brarojgaps Haauduio
HEYCTOHYMBOTO COCTOSHUSI paBHOBECHS, STOT JMIIONb MOXET CYLIECTBOBaTh B JBYX (opMax.
Onna U3 HUX — OOBIYHBIN «OBICTPHI» (POTOH. DTOT «OBICTPHIIY) JUIOIL CIIOCOOCH BXOJHWTH B
COCTaB aTOMOB, JieNas MX «BO30YXKIEHHBIMU». MeX1y 3JIEKTPOHOM U AaHTUAIIEKTPOHOM B
JUIONE JEHCTBYET AJIEKTPUUYECKOE NMPUTSHKEHUMM M MarHuTHOE OTTalKuBaHHE. B «ObicTpom»
JUIIOJIE PACCTOSTHUE MEXAY OJJIEKTPOHOM M aHTHDJIEKTPOHOM TAaKOBO, YTO MAarHUTHOE
OTTAJIKUBAHUE CUJIBHEE DJIEKTPUUECKOIO NPUTSKEHUA. [[09TOMY Ha 3JIEKTPOH M aHTHUIJNEKTPOH B
«OBICTPOMY JUIIONIE NIEHCTBYET CyMMapHOE 3JEKTPOMAarHHUTHOE OTTaJKHBaHME. BcneactBue
9TOTO, OJEKTPOH CO CBOCH «IOJOXKHTEIBHOW» Maccod yOeraeT OT aHTHRJICKTpPOHA, a



AQHTHUAJIEKTPOH, U3-3a «OTPHULIATEIILHOCTHY CBOECH MAacChl, yCTpEeMIIIeTCs 32 HUM. Takum oO6pazom,
B «OBICTPOM» JIUIIOJIE IEKTPOH UAET BIEPEIHU, & AaHTUIJIEKTPOH — BCIIE]] 32 HUM.

Hpyras ¢opma aumons — «MEUICHHBIH» (OTOH C PACCTOSTHUEM MEXIY SJIEKTPOHOM U
AQHTHUAJIEKTPOHOM, HAMHOT'O NPEBBILIAIONUM BennunHy «bopoBckoro paauyca». OH He ciocoOeH
BXOJIUTH B COCTaB aTOMOB, W HM3BecTeH B (usuke, Kak «KymepoBckas 3JeKTpoHHas mapay. B
«MeJIEHHOM» (DOTOHE BIIEpPEIU UJIET aHTHIJIEKTPOH, a AIEKTPOH — 110 CJIey aHTUIJIEKTPOHA.

AHau3 MoKasaj, 4To «OBICTPBINY» 3JIEKTPOH-AHTUAIICKTPOHHBIH JUIIOIb MOXKET Pa3TOHATHCS
JI0 YCTAHOBUBIIEHCA CKOPOCTH, BEIMYHMHA KOTOPOM 3aBHCUT TOJIBKO OT IUIOTHOCTU 3(upa Ha
nyTH 3TOro AUnoss. CTONKHYBIIKCH C MPEMATCTBUEM, MEIIAIONINM €T0 ABMKEHUIO, «OBICTPBIN»
JIUIIOJIb MOYKET PacafaThcsi Ha CBOOOIHBIE JIEKTPOH U aHTUAJIEKTPOH.

V. Bo30y:k1eHHbI aTOM

C MOMOIIBIO TOCTUTHYTOTO MIOHUMAHUS CTPYKTYPbI (JOTOHA, BBISIBIICHBI COCTAB, CTPYKTYpa H
dopma CTaOWJIBHOTO CYIIECTBOBaHMsS aToMa IPOTHUs, 3aXBaTUBLIETO OJUH 3JIEKTPOH-
AQHTURJIEKTPOHHBIM JUIOJb. OJIEKTPOH-AHTUAJIEKTPOHHBINA JIUIIOJIb, 3aXBAuY€HHBIM aTOMOM
IOpPOTHSL, pacHojaraercs, Kak M 3JEKTPOH B HEBO30YXKJAEHHOM aTOMe, Ha OCH CHUMMETpUHU
MarHUTHOTO TOJIsI MpoToHA. TakuM 00pa3oM, OJHOKPATHO BO3OYXKIECHHBIA aTOM MPOTHS COCTOUT
U3 IPOTOHA, JBYX DJJEKTPOHOB M OJHOIO AaHTHUIJIEKTpoHa. biarogaps MarHMTHBIM
B3aUMOJICUCTBUSM, BCE OHM PACIIOJIOKEHBI HA OJHOM U TOM ke IpsMOoi, BJ1osib 3TOM ke npsaMon
PacIoI0kKEHBI U BEKTOPbI MATHUTHBIX MOMEHTOB BCEX 3JIEMEHTOB 3TOr0 aroMa.

Tax kak Bce 371€MEHTbI BO30YX/IEHHOIO aToMa MPOTHs U BCE BEKTOPbl MArHUTHBIX MOMEHTOB
3JIEMEHTOB aTOMa PaCIIOJIOKEHbl Ha OJHOW M TOM K€ NPSAMOM, TO CHIJIBI BCEX B3aUMOACUCTBUI
MEXJly 3J€MEHTaMU BO30YXJACHHOIO aToMa TAaK)XKE PACIOJIOKEHblI BAOJb 3TOM MpsMOW. OTH
CWJIBI APYT Ipyra HE ypaBHOBEIUMBAIOT, PE3YJIBTUPYIOLIAs 3TUX CHJI UMEET OTIUYHOE OT HYJIA
3HaueHue. [loaToMy cucreMa BO30YKIAEHHOIO aTOMa IMPOTHUS YCTOMYMBOIO COCTOSHUS
paBHOBECHs HE UMEET.

PesynbTupyromas cuia B3auMOJeHCTBHI B BO30YKACHHOM aToMe MPOTHs OTJIMYHA OT HYJS
U3-3a NPUCYTCTBUSA B aTOME DJIEKTPOH-aHTUIJIEKTPOHHOro Aumnoiid. MccienoBanus mnokasaniu,
YTO «OBICTPBINY 3NEKTPOH-aHTUAJIEKTPOHHBIA TUIONIb 3aXBaThIBAETCS ATOMOM Kak €IMHOE
nenoe, 6e3 pacrmaja AUIONSA Ha OTHENbHbIE JEKTPOH U aHTHUANEKTPOH. Tak Kak B CBOOOJHOM
«OBICTPOM» JUIOJNIE BJIEKTPOH WIET BIEPEId, a aHTUAIEKTPOH — MO CIEAy 3JEKTPOHAa, TO B
BO30Y)XJICHHOM aTOME JMIOJIbHBIA 3JEKTPOH HAXOAMUTCA ONMXKe K APy, YeM aHTHIJIEKTPOH.
[ToaToMy 3axBau€HHBIM aTOMOM «OBICTPBIIY» AJIEKTPOH-AHTUIIEKTPOHHBIA TUIOJb OKa3bIBAET
MarHUTHOE JIaBJICHUE Ha aTOM, NPUOIMIKASACh K €ro AApY, U 3aCTaBIIsAs BECh aTOM JABUIaThCs, O
JEMCTBUEM <«JIBHKYILIEW CWJIBI JHIOJSA», M Pa3TOHATHCS 10 CKOPOCTH, BEIWYMHA KOTOPOH
3aBHCUT OT CONPOTUBIICHHUS dPHpa IBUKEHUIO BCETO BO30YXIEHHOIO aTOMa.

OTOT NUIOJIb, CIOBHO OYKCHUp-TOJIKAay, JAaBUT Ha 3aXBAaTUBLIMI €ro aTOM, 3aCTaBisisl €ro
PasTOHATHCA 10 OTPOMHBIX CKOPOCTEH, IOKa CONPOTUBIEHUE d(PHUpa IBMKEHUIO BCETO aTOMa He
YPaBHOBECUT «IBYKYLIYIO CHITY» JIHAIIOJS.

.

[Ipy CTONKHOBEHHMH BO30YXJEHHOTO aroMa C JIPYyrUM MHKPOOOBEKTOM, 3aXBau€HHBIN
(DOTOHHBIH JUITOJIb MOXKET BBINTH U3 aTOMA.

Korna Bo30yX/I€HHBII aTOM CTaJIKUBAETCS C MPEMSATCTBUEM, AUMOJbL NMPUOINKAETCA K APy
CJIMIIKOM OJIM3KO, CPBIBAETCS C OCH CHMMETPUM MArHMTHOTO MOJS HYKJIOHHOTO MAarHUTHOTO
KJIaCTepa U YXOIUT U3 aToMa.

YroObl MOHATH MPUYHHY 3TOTO, JOCTATOUYHO BBIICHUTDH, TOYEMY DJICKTPOH YAEP)KHUBAETCS B
aTOM€ Ha OCH CHUMMETPUM MarHUTHOTO MOJIS MpPOTOHAa. MarHuTHOEe mMojie MpoTOoHa o0Janaer
OUYEHb Y3KOM MarHuTHOW cTpyeil. CKOpPOCTh MarHUTHOIO IOTOKAa B 3TOH CTpPYye CYIECTBEHHO
BBIIIIE CKOPOCTH MarHAUTHOTO NIOTOKa BHE €€. I10aTOMYy, COrmacHo a’poAMHAMUYECKON aHAJIOTHUH,
BHYTPCHHEE JaBJIICHHE B MAarHMTHOM CTpye MEHbIIE, 4yeM BHe €€. B pesynbraTre BO3HHKAET
MarHuTHas CWJIa, CTAOMIM3UPYIOIIAs MOJI0XKEHNE JIEKTPOHA B INIOCKOCTH, OPTOrOHAJIILHOW OCH
CUMMETPHUU MarHUTHOTO TOJIS IPOTOHA (CTPYHHBIH 3P PEKT).



B kagectBe aHajora 31eCh MOXHO IIPUBECTH YCTaHOBKY, B KOTOPOM TSKENbIN
METAUIMYECKUI ap W3 JUaMarHUTHONO MaTrepuana yCTOWYMBO YAEPKUBAECTCH, Hal
COJIEHOMJAJIbHBIM MarHuTOM C UWJIWHJIPUYECKUM CEPACYHUKOM, B BEPTUEKAIbHOM MAarHUTHOU
CTpYe 3TOr0 COJIEHOUA.

Ha ¢oton, 3axBaueHHBIN aTOMOM, TaK K€ JEHCTBYET CHiIa CTPYWHOTO MarHUTHOTO 3 dekTa,
yAEpKUBAIOLIAs €r0 Ha OCH CHMMETPUH HYKIIOHHOTO MarHUTHOT'O KJacTepa sjpa.

Eciu BO30YXICHHBIN aToM, BCTpEUasich C MPEMSATCTBHEM, TEPSET CKOPOCTh, JICKTPOH-
AQHTHURJICKTPOHHBIM JUMONb MOAXOIUT CIUIIKOM Oiu3ko K sanupy. [Ipum sToMm ero «aBmxylas
CHJIa» BO3PAacTaeT HACTOJIBKO, YTO €€ COCTaBJAIONIAS, OPTOrOHAJbHASI OCU CHMMETPUHU
MAarHuTHOTO IOJISI IPOTOHA, MOSIBISIOIIASACS M3-3a CIIyYallHBIX OTKJIOHEHUM IUIOJSL OT OCHU
CUMMETPUN MAarHUTHOTO TOJII TOT0 KjacTepa, CTAHOBUTCS OOJbIIE, YeM CTaOWIM3UPYIOIIas
CUJIa CTPYHHOT0 MarHUTHOTO 3¢ dekTa. ITO U MPUBOJIUT K YXOy JTUIOJS U3 aTOMA.

.

3axBaTbiBaTh (DOTOHBI MOTYT TOJIBKO CBOOOJHBIC aTOMbI WJIM aTOMBI, CBSA3aHHBIE B HE
CIWMIIKOM  MacCHUBHblE  coeauHeHus. To, 4YTO  cepuanbHas  CTPYKTypa  CHEKTPOB
AJIEKTPOMArHUTHOTO M3ITyYEHUs] HAOJII01aeTCsl Y aTOMOB BCEX XMMHUYECKUX AJIEMEHTOB, TOBOPUT
0 TOM, YTO BO30YXKJaThCs, 3aXBaThIBaTh (POTOHBI, MOTYT HE TOJHKO CBOOOJHBIC aTOMBI, HO U
aTOMBI, CBS3aHHBIE B JOCTATOYHO MAaCCUBHbBIE COEAMHEHUSI.

B npou3BOgbHOM aroMe 3aXBay€HHbIE JMIIONM PACIOAraroTCs, TaK e, KaK U aTOMHbIC
3JIEKTPOHBI, HA OCEBBIX JIMHUSAX HYKJIIOHHBIX MarHUTHBIX KJIACTEPOB sApa.

«/IBMOKyIIME CHUJIb» 3aXBAaYEHHBIX OTACJIBHBIMM aTOMaMH WJIM LEJIbIMA AaTOMHBIMU
arperataMy 3JIEKTPOH-aHTUAJIEKTPOHHBIX IUIOJEH Pa3rOHAIOT 3aXBaTUBIINE HUX OOBEKTHI /10
CKOPOCTEH, 3aBUCAIIUX OT BETMYUHBI COMTPOTUBJICHHS 3PUpPa TBUKEHUIO 3TUX 00BEKTOB.

.

Tak kak BCTpeua C JIPYrdM MHUKPOOOBEKTOM — SIBJICHHE CIy4alHOE, TO «BpPEMs >KHU3HU

BO30Y)KICHHOT'O aTOMa SIBIISIETCS CITy4ailHOM BETUYHMHOM.

V1. Kocmuyeckne gyum

B 1911r Obumn cpenaHbsl HepBbIE OTKPBITHS B 00jacTu KocMudeckoro usnydeHus. Co
BPEMEHEM CIIEKTP MacC M SHEpruil HabJl0JaeMOro KOCMHYECKOTO M3JIyYeHHHM 3HAYUTEIBHO
pacmmpuiica. Cpeln KOCMHUYECKUX JIydeld €cTh SApa IMOYTH BCEX XHMMHUYECKHX 3JIEMEHTOB.
DHeprus KOCMHYECKOro mamydenus moxomut o 10°%B. K Hacrosimemy Bpemenn (usuka
HAKOIWIa 3HAUUTENbHYIO0 HHPOPMALIMIO 0 KOCMUYECKOM u3inydeHuu. OJIHaKo, eil 10 cux mop He
yJal0Ch BBISIBUTH HPUPOAY MHOTHMX KOMIIOHEHT 3TOTO M3JIyYeHHUs W HICHTU(UIMPOBATh HX
WCTOYHUKH [9,...].

Pasragka cTpyKTypbsl U (OpPMBI CTAaOMIBHOTO CYIECTBOBAHUS BO30YXJIEHHBIX AaTOMOB
MO3BOJISIET HAlTH OTBETHI M IOHMMAaHUE U B 3TUX BOIIPOCAX.

B cuibHO pa3pexeHHOM KOCMHMYECKOM MPOCTPAHCTBE «BPEMS >KU3HM» BO30Y>KICHHBIX
aTOMOB MOXET JOCTUraTh BecbMa OONbIIMX 3HaueHUH. [Ipu 3TOM OHU NOBOJIBHO OBICTPO
HaOUPaIOT OYeHb OOJIBIINE CKOPOCTH U SHEPTHUH.

HcTounuky HaO101aeMOro KOCMHUYECKOIO M3JIy4eHUs HJIeHTHU(UKALUU, KaK MpPaBUIIO, HE
nojnatorcs. [Ipuunna 3Toro o0yciaoBieHa cnenu(UKON CTPOEHUSI MAarHUTHOTO IMOJISi aTOMHOTO
anapa. [leno B Tom, 4TO B SApax BCEX JIEMEHTOB, KpOME MPOTHUS U JAEUTEpHs, OCH HYKIOHHBIX
MarHUTHBIX KJIACTEPOB CMEILICHbl OTHOCHUTENIBHO IIEHTPa Macc sApa. A TaK KaK <JIBIDKYILUE
CHWJIBD» (POTOHOB, PA3TOHSIONINE OTIENbHbBIE SIpa, OTAEIbHBIE aTOMBI U 1€Ibleé MHOTOATOMHBIE
arperatbl, JEUCTBYIOT BJIOJIb OCEBBIX JIMHUN HYKJIIOHHBIX MarHUTHBIX KJIACTEPOB aTOMHBIX sJIED,
TO OHHM TaK)K€ OKa3bIBAlOTCA CMEIIEHHBIMH OTHOCHTENIBHO LIEHTPOB MacC Pa3rOHSEMBIX HWMU
00BEeKTOB. B pe3ynbTare 3TOro BO3ZHUKAIOT MOMEHTHI CHJI, HCKPUBISIOIIME TPACKTOPUHU
JBYDKEHUS BO30YKIECHHBIX MUKPOOOBEKTOB, UTO U MPENATCTBYET UACHTU()UKALUU NCTOUHUKOB
TUX MUKPOOOBEKTOB.



OgHuM M3 BUAOB KOCMHUYECKOTO M3JIYYEHHs SBIISETCS «COJHEUYHBIM BETEp» - IMOTOK
COJIHEYHBIX 3JIEKTPOHOB, IPOTOHOB,... , «00yBaIOIINID) 3eMIIO.

[Tocne Toro, Kak st OOHAPY KU OUTMOOYHOCTH YTBEPKACHUS 00 OTCYTCTBUU B MaTepHAIbLHOM
Mupe 3¢upa, 0Ka3bIBaIOILIETO COMPOTUBICHUE JIBUKEHUIO MUKPOOOBEKTOB, CTAJI0 COBEPILIEHHO
HEMOHSTHO, 3a CYET Yero «COJIHEYHBIM BeTep» MPEeoJ0JeBaeT CONPOTUBICHHE d(dupa.
[lonuMaHue NPUIUIO MOCIE BBISIBICHUS CTPYKTYp OJEKTpOHA M JPYTUX 3JIEMEHTapHBIX
MUKpPOOOBEeKTOB. OKa3a10Ch, 4YTO ANEKTPOH 001a1aeT CTPYKTYPOH, MOJOOHOM MPSIMOMY CMEpUYy,
yepe3 LEHTPAJbHBIM KaHall KOTOPOrO HEMpPEpPhIBHO MPOKAYMBAECTCS BHEIIHUN 3(Qup, Kak B
OPOTOYHOM JiBUTaTene. 1109TOMy 3JIEKTPOH ABMIKETCS, MPEOa0JIeBasi CONMPOTHUBICHUE 3(dupa,
Co3/1aBasi pEaKTUBHYIO 3(UPHYIO CTPYIO 3a CUET COOCTBEHHOTO MarHeTH3Ma.

Jlpyrue 31eKTpoHONoA00HbIE MUKPOOOBEKTHI, B CBOEM JBIKCHHH, TaK XK€ IMPEOA0JIECBAIOT
COIMpoTUBIIEHUE 3(PHpa 3a cCUeT COOCTBEHHOTO MarHeTU3Ma.

[TpoTron mpencTaBisieT COOOW HEHTPOH-AHTUANICKTPOHHYIO CHCTEMY, IBHIKCHHE KOTOPOWM
MPOUCXOIUT 3a CYET COOCTBEHHOIO MarHeTH3Ma aHTUAJNIEKTpOHAa. Tak Kak macca M pa3Mepbl
IIPOTOHA 3HAYUTENIBHO OOJbIIE, YEM Macca M pa3Mepbl AIEKTPOHA, TO CKOPOCTb JIBUKEHUS
CBOOOHOTO MPOTOHA 3HAYUTEILHO HIKE CKOPOCTH JIBUKEHUSI CBOOOIHOTO 3JIEKTPOHA.



