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We have summarized the results of elaboration of the microworld theory that operates adequate structural
mathematical models of microscopic objects. Adequate structural models of microscopic objects have been built due
to consideration of magnetic interactions among microscopic objects along with other interactions and due to
consideration of ether with its resistance to motion of microobjects.

*

The winner of Nobel prize in physics P.L. Kapitsa has distinguished three key elements in a
scientific activity: experiment, theory and practice [1,2]. During the English period of his
scientific work he evaluated the interrelations of these elements as follows: “People of science
who belong to the English school like to recall... Davy’s words: “A good fact is worth Newton’s
theory”. In other translation this evaluation looks somewhat different: “A good experiment is
worth more than the inventive power of Newton’s mind”. It is hard to tell which one is stronger
here: black envy to the inventive power of Newton’s mind or the methodological illiteracy. It is
only evident that the theory role is obviously underestimated.

*

Underestimation of the role of theory has a negative effect on development of any
community.

The most trivial example is from the animal world. The whole life of animals that are
different than humans is a continuous living experiment. However, they cannot fully use their
experience to improve their daily living needs as they lack the capacity for abstract thinking
which is the prerequisite for development of a theory that would identify links between
observable facts and record this information.

Another example is from the world of science. Alchemy has gained rich experimental
material in the form of individual facts divorced from each other. The contemporary alchemy has
been developed as a result of atomistics which made it possible to unite individual experimental
facts into a unified, consistent theoretical system of knowledge of chemical elements structure
[3.,4].

Presently, underestimation of the role of adequate theory has a negative effect in the
microworld physics. The microworld physics has gathered numerous separate experimental facts
concerning the structure of microscopic objects. However, many details of the structure of
microscopic objects remain unknown so far. It is well and commonly known which elements are
comprised by non-excited atoms and nuclei but there are still not clear and explicit ideas of these
objects’ structures. There is no understanding as to which elements are comprised by “excited”
atoms, under which conditions atoms can capture photons and why the “lifetime” of an “excited”
atom is a random value. It is not understood what is photon and why does it have properties as
deduced from experiments. Many other things are not understood either.

The ineffective experimental work on neutrino and thermonuclear problem has been
maintained for over than half a century. Such lingering failures result from incorrect theoretical
foundation of this work. True causes for these failures are unknown to physicists.

Quantum physics lacks comprehension of the results of the experiment according to which
nuclei of all chemical elements feature quasicrystalline structures [5]. These results provide an
experimental evidence for the fact that quantum ideas of the nucleus structure are erroneous. It
explicitly follows from these results that the hypothesis for objective existence of quanta, that is
indivisible, smallest potions of energy, and indeterminacy relations that follow therefrom are
wrong.

What is this applied scientific discipline that declared the experimental fact priority over
theory and did not “notice” controversies between results of a noticeable experiment and the
theory it professed while giving its preference to a false theory rather than to a reliable
experimental fact? This is quantum physics.



*

The general, abstract and philosophical scheme of a scientific process has been to the utmost
clearly and delicately formulated by V.I. Lenin: “From vivid contemplation to abstract thinking
and from the abstract thinking to practice is the dialectic way of perceiving the truth, perceiving
the objective reality” [6]. All true and all false results obtained by physics have been achieved
following activities within the said scheme. In order to learn how to overcome theoretical
mistakes of the past and do not make new ones this scheme must be filled with the specific
content.

Experiment provides objective facts. Validity of theoretical conclusions based on these facts
depends on the qualification of scientists, on their methodological competence. This affirmation
has to be substantiated.

The famous Michelson’s experiment was conducted to obtain data which would confirm or
deny the existence of material ether in nature. This experiment is still described in academic
activities as an example of the experimental art. All instruments used in this experiment were
technically perfect. The theoretical analysis of this experiment data has been unprofessional. The
analysis was used as a basis for conclusion of the absence of ether in the material world.
“Diggings” showed that this experiment results are only indicative of the fact that ether, if it
exists, interacts with “matter” and that Michelson’s experiment substantially can neither confirm
nor deny the hypothesis for the material ether existence.

It has been known that the distance observed instrumentally between electron and positron in
positronium steadily decreases. Physicists believe that this process ends with positronium
“collapse” and “annihilation” that results in the occurrence of photons. It emerged that this false
conclusion was due to physics’ refusal to consider magnetic interactions between electron and
positron. Indeed, positronium has a state of stable static equilibrium in which the distance
between electron and positron is by an order greater than “Bohr radius”, and positronium
“collapse” or “annihilation” is just a result of the quantum fantasy.

Contemporary observation instruments are not capable of visual monitoring of the closing
stage of positronium convergence to the statically equilibrium state. Nor they entertain a
possibility of complete visual monitoring of the process of neutron-to-proton transformation.
Only the dispersion of electron and proton from the same point is observable in this process.
Physics interprets the observable process as a result of spontaneous disintegration of neutron.
The quantitative analysis of the partially observable process of neutron-to-proton transformation
has led the microworld physics to a false hypothesis for existence of such an exotic object as
“neutrino”. The studies conducted beyond the quantum theory framework showed that neutron-
to-proton transformation results not from neutron disintegration but from proton synthesis
understanding of which does not need any reference to the “neutrino” hypothesis.

*

At a time when test arrangements are only capable of providing incomplete data on the
structure of microscopic objects and on the microworld processes the role of theory in obtaining
new knowledge on the material world structure and functioning considerably increases. The
requirements to the very theory and its methods considerably increase either.

The scientific practice showed that detailed data on properties of microscopic objects can be
achieved using adequate structural models of these objects [7,8]. The adjective “structural” is
applied to those models which account for all elements the object comprises as well as all
interactions among these elements. The adjective “adequate” is applied to those models the
results of study of which can be confirmed experimentally.

In the beginning of the previous century the microworld physics came to the conclusion of
crucial impossibility to build structural models of microscopic objects. This conclusion was
made following amateurish attempts to build models of atoms. It appeared that the models of
atoms which physics had managed to build then cannot explain even the very fact of stable
existence of atoms not speaking of other properties.



“Diggings” showed that these models were neither adequate nor structural but they were
functional: they did not account for any magnetic interactions among elements of atoms and
atom nuclei or for any resistance of ether to motion of atom elements. This was the first attempt
in the history of physics to build an adequate structural mathematical model of a microscopic
object. It failed solely because of the incompetence, unprofessionalism of physicists involved.
Instead of figuring out the causes for such a failure physicists declined their responsibility and
shifted it on the nature thus having their incompetence raised to the rank of an objective law of
nature.

*

Adequate structural models of macroscopic objects have not been always built successfully
on the first try either. The issue of implementing a system for teaching to build such models
became especially sensitive in view of the fact that the theory of oscillations had faced the
necessity of studying non-linear dynamic processes. Recalling L.I. Mandelstam’s attitude to the
issue, A.A. Andronov wrote: “When | put physics into mathematics | am always distracted from
something”. This phrase belongs to L.l. Mandelstam who was repeatedly drawing attention to a
seemingly obvious fact that as far as the theory of oscillations is concerned as well as any other
physical theory we deal with ideal models of real things and processes. He believed that the
questions of idealization should to be fundamental in any teaching of physics, both on school and
university levels.” [7, p.463].

Since the criterion for a structural model adequacy is an experiment the procedure for
building an adequate structural model of a real object is not formalizable. The ability to build
such models should be developed based on the experience of the previous studies. This is a sort
of an art, quite a specific scientific intuition.

Numerous individual efforts in building and studying adequate structural models of real
objects represent a precedent system of teaching the art of building such models. The elaboration
of such an precedent system was initiated by academicians L.l. Mandelstam and A.A. Andronov
[7,8] and successfully continued by their assistants and followers. For a quite informative though
not full list of the relevant publications please refer to [9].

*

Having initiated the development of a precedent system of teaching to build adequate
structural mathematical models of real objects L.I. Mandelstam and A.A. Andronov gave the
appropriate concrete substance to the stage of “abstract thinking™ in Lenin’s scheme of scientific
process. A.A. Andronov also took an active part in adaptation of a famous mathematical
apparatus to the study of structural mathematical models and in further development of the same.

In view of the pioneer role in these issues that belongs to L.I. Mandelstam and
A.A. Andronov one may easily speak of the fact that they provided s standard for the
development of the applied scientific methodology of Mandelstam-Andronov [10,11].

*

There should be two additions to the stage of “abstract thinking”, the stage of theoretical
study so that the applied methodology is complete. The one is very brief: each observable
phenomenon has its own material carrier.

There are phenomena which are well-known even to scholars and which can be examples of
such carriers’ existence. For instance, wind is a translational movement of air. Sound
occurrences result from air density oscillations. Vortex air flow past flying bullets or missiles
causes the accompanying sound which is, hissing and howling noise. Physicists behave like they
do not know it or disagree with it.

In 1927 it had been experimentally proven that streams of moving electrons feature wave-
corpuscle properties and the experiment conducted in 1949 showed that an individual flying
electron has the same property. It emerged that all microscopic objects have this property in a
certain degree.

Wave-corpuscle duality of microscopic objects was discovered in diffraction experiments.
Physicists managed to build a quantitative apparatus to provide quite an accurate description of



such duality manifestation in diffraction processes. The substantive nature of such duality is still
unknown to them. They, like religionists, claim that no human can perceive the material nature
of such duality.

Such a situation has occurred in the scientific field not for the first time. In the pre-atomistic
period of knowledge development thermal phenomena were explained using various methods
including with the hypothesis for “calorie” existence. When discussing the situation with the
interpretation of wave-corpuscle duality in the microworld physicists insistently maintain that
microscopic objects have no real wave components and that they know no material carriers of
the same.

In order to find the way out the blind faith in unreasonably exaggerated promotional image of
theorist physicists had to be overcome. For this purpose it was enough to start searching for
possible counterparts in the macroworld. It emerged that such counterparts despite of physicists’
asseverations are widely spread and well known in the macroworld. In ordinary life these are
bullets hissing and missile howling in flight, bombs, mines etc. Aerodynamics, a subdiscipline of
physics, knows similar counterparts. Based on these counterparts it has become understood that
the disclosure of a “terrible” secret of wave-corpuscle duality in the microworld is hindered by
physicists’ statements of the absence of any material ether in nature. The subsequent fair and
detailed analysis of the situation in Michelson’s experiment found that statements of the absence
of ether in the material world are wrong.

*

The second supplement to the theoretical part of the material world perception scheme is the
necessity of using quite efficient identification techniques in theoretical studies in addition to
abstract mathematical techniques.

Identification techniques are widely used in the current technology for quantitative
estimations of parameters which cannot be observed directly in experiments, cannot be measured
directly. These techniques have been highly effectively applied, for instance, in the course of
structural design of aircrafts. The applicability of these techniques calls for adequate structural
models that would account for experimental parameters to be estimated quantitatively. The
availability of such models allows for establishing quantitative links between the observable and
non-observable parameters. Due to these links quantitative characteristics of non-observable
parameters can be calculated based on the known experimental data on the observable
parameters.

Magnetic interactions among microscopic objects are highly important in the microworld
physics. Quantum theory does not account for them. This theory knows neither adequate
quantitative description of these interactions nor true quantitative values of magnetic moment
vectors of microscopic objects. It became possible to calculate the true parameters of magnetic
interactions in the microworld with the identification techniques, using adequate structural
models of atomic nucleus and atom and using known experimental values of ionization
potentials of atoms and known values of spectral lines of electromagnetic radiation of atoms as
deduced from experiments.

Due to neglect of ether resistance to motion of microobjects and due to neglect of magnetic
interactions among microobjects quantum physics switched to using functional models of
microscopic objects having deprived itself of any opportunity to build adequate structural models
of microobjects and to apply identification techniques.

*

Additional consideration of ether with its resistance to motion of microscopic objects in the
microworld theory as well as consideration of magnetic interactions among microobjects allowed
for building adequate structural models of microscopic objects, for an adequate quantitative
description of magnetic interactions among microobjects and for obtaining information on
structures and properties of microscopic and macroscopic objects basically unavailable to the
quantum theory [12-31]. As a result of these studies the following data has been obtained as to
structure of microscopic and macroscopic objects.



Atomic nucleus. According to [5], the nucleonic system is in a stable static equilibrium state.
This can be understood provided that ether is considered. Ether resistance to motion of nucleons
provides for convergence of the nucleonic system to a stable equilibrium [14]. The nucleus
magnetic field consists of Z nucleonic magnetic clusters. The magnetic moment vectors u, and
un of nucleons in each nucleonic magnetic cluster are arranged along the straight line that crosses
all nucleons of the cluster. Each nucleonic magnetic cluster of a stable nucleus contains one and
only one proton. Proton is a diamagnetic substance, neutron is a paramagnetic [19], ,un:3-10'4,up.

Electronic shell of a neutral non-excited atom. Electron is a diamagnetic substance [19],
u=0u,, 6=8.372. Electrons in a non-excited atom are arranged on axial lines of the nucleonic
magnetic clusters. In vivo, there is only one electron on each nucleonic magnetic cluster. At
extremely low temperatures there may be more than one electron on the nucleonic magnetic
cluster.

Electronic shell of a neutral non-excited atom is in a stable static equilibrium state. Electrical
interactions between the electron and the nucleus enable localization of the atomic structure.
Magnetic interactions among electrons and the nucleus prevent the electronic shell of the atom
from “collapsing”, that is, falling down on the nucleus.

Helium superfluidity. “He nucleus has two nucleonic magnetic clusters. The magnetic
moment vectors of these clusters form an angle of 60° or 120°. In vivo, both electrons of the
neutral non-excited atom “He are on different clusters. These atoms cannot unit into molecules.
Taking the mind off dimensions of the nucleus and electrons each such atom is “two-
dimensional”.

At extremely low temperatures both electrons of the *He atom can be on the same nucleonic
magnetic cluster. At extremely low temperatures these atoms form superlong “one-dimensional”
molecules of macroscopic length that exceeds the dimensions of the vessel containing liquid *He.
The presence of such superlong “one-dimensional” molecules explains all unusual properties of
superfluid *He [15].

Due to their macroscopic length these molecules are contained in the vessel in a folded,
curved state. Magnetic interactions among atoms tend to straighten these molecules. Therefore,
superfluid component molecules are in internally stressed condition. This internal stress pushes
various fragments of superfluid molecules out from liquid helium making them climb the vessel
walls and flow over them.

Due to its great length “one-dimensional” superfluid molecules quite densely fill the whole
volume of liquid *He. And since disturbances are propagated along these molecules at the
propagation rate of electromagnetic interactions, this fully explains ultra-high thermal
conductivity of superfluid *He.

In liquid “He all superfluid molecules are “one-dimensional”. There is neither atomic
exchange nor various linkages of one atom layer with another. This explains ultra-low viscosity
of superfluid *He component in capillaries

%He nucleus has two nucleonic magnetic clusters which magnetic moment vectors are
parallel to each other [20]. Both electrons in this atom are on the same nucleonic magnetic
clusters on the same side of the nucleus. In vivo, neutral *He atoms do not exist. They have a
lower first ionization potential than similar “He atoms. Therefore, fluidization of *He and
oc&urrence of superfluid component in ®He takes place at significantly lower temperatures than
in "He.

Photon. Photon is an electron-antielectron dipole [16]. Electron has a “negative” electrical
unit charge (-e), magnetic moment x. and “positive” mass (+m.). Antielectron is an electron-like
microscopic object having a “positive” electrical unit charge (+e), magnetic moment ux. and
“negative” mass (-m). The terms “positive” and “negative” mean that electrical unit charges and
masses are included in the quantitative expressions with signs (+) and (-) respectively.
Substantive differences of these electrical charges and masses are unknown.

There is a description of the experimental design for antielectron detection available in [16].



Photon is in the state of stable static equilibrium when the distance r between electron and
antielectron is Org, where 6=8.372, rg=5.3-10"'m is “Bohr radius”. There are two types of
photons: “fast” and “slow”.

In the non-equilibrium state without any exposure photon is moving along the straight line
that crosses electron and antielectron. Photon which r<6rg is “fast”. It is capable of self-
accelerating to a velocity which is a function of the density of ether on its way and which is
considered by the contemporary physics to be equal to c. Atoms can capture “fast” photons and
become “excited”.

If r>0rg photon is “slow”. It motion velocity is by 6-8 orders slower than the same of a “fast”
photon. “Slow” photons cannot be captured by atoms. They are contained in electric current.
Such photons take part in generation of permanent magnetism and in formation of fireballs.
Quantum physics considers such photons as “paired Cooper electrons”.

Excited atom. “Fast” photons can be captured by free nuclei and free atoms of any chemical
elements as well as by polyatomic aggregates of not too great total masses [16]. Atoms bound
into too massive compounds cannot capture photons.

When captured by atom photon does not disintegrate into separate electron and antielectron.
It is arranged, as well as atomic electrons, on the axial line of one of nucleonic magnetic clusters
of the atomic nucleus. The photon “motive force” makes the excited atom accelerate to a
velocity which is a function of the density of ether on its way.

When encountering with an object that hinders the atom motion excited atom loses its
photons. Since encounter with another microscopic object is a random phenomenon the excited
atom “lifetime” is a random value.

Multi-excited nuclei, atoms and polyatomic aggregates generate cosmic radiation. Only
excited protons and excited protium and deuterium atoms have linear paths. All other excited
microscopic objects have curved paths so their sources cannot be identified.

Electron, neutron, proton. Electron, positron, antielectron, antipositron and neutron are
primitive microscopic objects by which all other microscopic and macroscopic objects
comprised [13,19]. All primitive objects consist of the appropriate ether elements and feature
vortex-like structures. They can exist only surrounded by quite dense ether.

Electron and other electron-like objects are shaped as a straight vortex with an open center
channel. Neutrons are toroidal-shaped with a self-looped center channel. Proton is a composite
microobject that consists of neutron and antielectron bound with each other by means of
magnetic interactions: antielectron is in a “hole” of a “neutron doughnut”.

Electron and neutron masses are function of the ambient ether density. With increase
(decrease) in the density electron and neutron masses increase (decrease). When these
microscopic objects are moving the density of ether flow on their way is increasing (decreasing)
with a rise (drop) in the velocity. Therefore, the masses of these microscopic objects depend not
only on the density of ether surrounding them but also on the velocity of their motion relatively
to ambient ether.

Rich information gathered on accelerators speaks for the fact that at the same velocity the
relative increment of electron mass is much higher than the one of neutron mass. When neutron
mass is increased by 1.5-2 times electron mass is increased by 2-3 orders. This is due to the fact
that electron and neutron structures are very different.

The electron vortex central channel is open for ambient ether. That is why when electron is
accelerated it acquires additional portions of ether both through its external boundaries and
through its open central channel. Surplus ether is lost in a similar way when the counterflow
density is decreased.

The central channel of neutron is isolated from ambient ether. Additional portions of ambient
ether are received by neutron through its external boundaries only. Surplus portions are lost
through the external boundaries either.

There is another extremely interesting circumstance. Electron resembles not only a solenoid
in operation but also an operating flow-type motor. It is continuously pumping external ethereal



masses through its central channel producing a peculiar kind of “jet thrust”. Antielectron is doing
the same in proton. Neutron pumps ethereal masses through “doughnut hole” too. All these
microscopic objects being unbound are constantly moving under this “thrust”. This is a new
explanation for electron, proton and neutron solar “wind”.

If these microscopic objects are bound in composite objects they keep working as flow-type
motors constantly pumping external ethereal masses through themselves. This probably can
explain the volatility of various chemical elements and the specific character of “Brownian
motion”.

Finally, these properties of electrons, neutrons and protons speak for the absence of any
“zero temperature” in the material world.

Electromagnetic atomic radiation spectrum structure. There are two Kkinds of
electromagnetic atomic radiation: photon radiation and purely wave radiation. According to the
analysis of amplitude attributes of electron-antielectron dipoles photon radiation has a
continuous frequency spectrum.

Purely wave radiation has a discrete linear spectrum [18]. Atomic wave radiation results
from oscillations of electrons and antielectrons contained in atoms. These oscillations occur at
natural frequencies of the system of atomic electrons and antielectrons. The number of natural
frequencies of an atom is the number of electrons and antielectrons in the atom.

Non-excited hydrogen atom has one electron and one natural frequency wo. Singly excited
atom has three frequencies: wo1 (wo1>wo) and wa, w3 (W2< wo, wz<wg). With every new photon
captured by the atom two new frequencies occur while the previous ones are shifted upwards.
This is how the structure of hydrogen electromagnetic radiation discrete spectrum is formed.

Hydrogen electromagnetic radiation spectrum has a distinct serial structure. With increase in
the mass number 4 the spectrum structure becomes more complicated while the distinct serial
structure is diffusing.

Neutron (nuclear) interactions. It has been known that the force of nuclear interaction
among nucleons does not depend on electrical charge of nucleons. The true causes for this
phenomenon have been revealed only after the microworld theory took into account ether and
magnetic interactions among microscopic objects. At first, the electron-antielectron structure of
photon was identified [16]. Only then it became possible to understand that proton is a neutron-
antielectron system which stability is due to magnetic interactions [13,21]. These findings led to
the understanding of the fact that nuclear (nucleonic) interactions are substantially purely
neutron interactions.

The theory of neutron interactions in the contemporary microworld physics that is based on
the quantum theory and on the theory of relativity is in absolutely unsatisfactory state [22].
Where ether and magnetic interactions among microscopic objects are neglected it is basically
impossible to build an adequate quantitative description of neutron interactions.

The quantum theory quantitatively describes neutron interactions using Yukawa potentials.
However, this description is inadequate because of inevitable collapse of neutron-neutron pair
under magnetic attraction between the neutrons.

Based on the outcome of experiments with high-energy microscopic objects accelerated by
means of powerful test arrangements the microworld physics has worked out an idea of mesons,
i.e., quanta of neutron interactions. However, according to [5] there are no real quanta in nature.

The idea of mesons emerged following accelerator experiments. There were unstable,
extremely short-period objects with double-triple electron masses and only 1.5-2 proton masses
observed in mutual collision of high-energy microscopic objects. It is characteristic that both
short-period microscopic objects occurred at the same velocity of colliding original objects.

From the viewpoint of physics based on the quantum theory and the theory of relativity it
was unexpected and obscure. The assumption that short-period objects are electrons and protons
which masses grew during acceleration was not consistent with the relativity theory. Indeed,
according to the theory of relativity the mass m of an object moving at the velocity v is changed
by the law: m=mg(1-v3c?)®°. Subject to this equation the relative variation in mass of a



microscopic object does not depend on whether the object is electron or proton. Therefore, these
should be other microscopic objects than electrons or protons. Having invented nothing novel
physicists concluded that these are quanta of neutron interactions. However, according to
experimental data [5], there are no indivisible quanta in Nature.

There is another interesting fact deduced from accelerator experiments. The experiments
proved that one of the two collided protons is disintegrated when their approximation energy is
less than 290MeV. But the theory of relativity gives another estimate: as little as 3MeV instead
of 290MeV. The error of this estimate resulting from the relativity theory laws is inadmissibly,
improperly great.

Let us recall another circumstance. The energy binding antielectron and neutron in proton
was estimated as equal to 3MeV using the notion of “mass defect”. This notion is used in the
microworld physics to calculate binding energies of nucleons in nuclei of chemical elements.
There are no other methods for calculating the same in physics.

“Mass defect” is calculated as follows. There are masses of free neutrons my and protons m,
calculated using spectrometers or spectrographs. The same method is used to calculate the mass
Mnuc OF Nucleus that consists of N neutrons and Z protons. It turns out that my,c<Nmy+Zm,. The
difference Nmp+Zmy-mp,c was dubbed as “mass defect”. Having denied ether and magnetic
interactions among microscopic objects the microworld physics deprived itself of any
opportunity to adequately understand the outcome of many experiments, particularly, to
adequately understand the substantial essence of “mass defect”.

If “mass defect” does exist this means that a portion of the total mass of primitive
microscopic objects in part of a more complex microobject somewhere disappears. According to
the theory of relativity this portion of mass should be transformed into the energy of interactions
among primitive microscopic objects in part of a more complex microobject.

However, it appeared that the relativity theory equation E=mc¢? works no longer if ether is
considered. An adequate understanding of the “mass defect” essence was gained after the
structures of electrons, neutrons and protons had been identified [22]. It emerged that mass of a
primitive microscopic object is not only a function of the velocity of its motion relatively to
ambient ether but also a function of its magnetic moment vector orientation relatively to its
motion direction. When a free primitive microscopic object is moving its magnetic moment
vector has the direction opposite to the motion direction and thus ensures the maximum gain the
microscopic object mass. Magnetic moment vector orientations of primitive microscopic objects
within compound microobjects are not independent but determined by magnetic couplings
among microscopic objects. Therefore, in motion of a compound microobject primitive
microscopic objects typically do not receive maximum gains in ethereal masses.

Thus, “mass defect” occurs based on the mass measuring technique and does not result from
partial mass transformation into the binding energy, the energy of neutron interactions [22].
These are crooked and devious paths the microworld physics takes in search of the truths of
science.

0

According to [5], a stable nucleonic system has stable static equilibrium configurations. This
fact made it possible to build the first adequate approximation for the description of neutron
interactions [22]. In this approximation the force of neutron interaction F, is described as:
Fa(r)=pr-qr>.

If only electric interactions are taking into account in identification of p and q apart from
neutron interactions, then p=1960-10°kg-m°-s?, q=6917-10"*kg-m°®-s2. In this case D, T, *He
and “He nuclei binding energies are not equal: E(D)=0.232MeV, E(7)=0.696MeV,
E(*He)=0.655MeV, E(*He)=1.351MeV. Deuterium natural frequency here is wp=4.63-10%'s™.

In magnetic interactions between deuterium’s neutron and proton are also taking into
account,  then:  p=1581.10"%g-m°.s?  @=5032.10"*kg-m°.s?  E(D)=0.133MeV,
E(T):0.653|§/I1e\1/, E(®He)=0.393MeV, E(*He)=1.046MeV. Deuterium natural frequency here is
®p=5.38-10"s".



The accuracy of this description of neutron interactions cannot be evaluated so far. However,
the adequacy of this description is doubtless as according to this description the frequency of
deuterium electromagnetic radiation is close to experimental values.

Fireball structure. Finding out the causes of constant magnetism existence [17] facilitated
the understanding of fireball structure. The causes of constant magnetism have been found out
following the photon structure identification [16].

Constant magnetism can only exist due to the motion of carriers of self-magnetic fields, i.e.
electrons,... [13]. However, electrons of stable atoms are in a state of static equilibrium, their
orbital drifts are unsteady [14]. Due to ether resistance conduction electron drifts attenuate
without any energy input from the outside. Only photons can drift without input of any outside
energy. “Fast” photons cannot exist in the substance of constant magnets. This means that only
“slow” photons are capable of providing constant magnetism.

“Slow” photons as well as “fast” ones move strictly linearly in the absence of any exposure.
Distortion of these paths can take place only by Lorentz forces that occur in the system of self-
magnetic fields of atoms that form the substance of constant magnets. Such distortion degrees
are obviously sufficient for “slow” photons to stay in the substance of constant magnets while
moving.

There significant similarities between constant magnetism and fireball as well as substantial
differences. Each of them has two kinds of material objects: systems of atoms bound with each
other and multitudes of “slow” photons.

In constant magnets such carriers are atoms of current-conducting substances. The binding
energy among these atoms is such that constant magnets are solid bodies. Potential carriers of
“slow” photons, conductivity electrons and antielectrons, in the absence of induced constant
magnetism are in statically equilibrium states in interatomic niches of the substance. Under
exposure they may leave these niches and unite into “slow” photons that induce and maintain
constant macromagnetism. As a result of external, mechanical or thermal influences the
conditions for existence of “slow” photons in the substance of constant magnets may be affected
so that conductivity electrons and antielectrons will return to their interatomic niches.

The material carrier of fireball is a ball-shaped multitude of bound ionized molecules of gas.
Such spherical gas objects may form under specific conditions, in vicinity of sharp-edged,
electrically charged objects. The multitude of “slow” photons is launched into spherical gas
objects from the same sharp edges of electrically charged objects [28].

“Slow” photons are kept in spherical gas objects as their paths are distorted by self-magnetic
fields of atoms in part of spherical gas objects. Density of the substance as well as density of
self-magnetic fields of the substance is much lower in gas carriers of fireballs than in carriers of
constant magnets. That is why gas carriers of fireballs keep “slow” photons much less firmly
than the substance of constant magnets does. This makes “slow” photons gradually leave
fireballs inducing their luminescence.

The energies of bonds among ionized molecules in material carriers of fireballs are
considerably lower than in solid substances of constant magnets. Such bonds can be destroyed
even under a small exposure. As a result of such an exposure bonds among ionized molecules of
spherical gas clusters break and the clusters fall into separate molecules. In this event spatially
localized multitudes of “slow” photons contained in such clusters scatter in the form of a light
blast.

Material world structure. The microworld theory that accounts for ether and magnetic
interactions among microscopic objects allowed for obtaining new data both on the structure of
microscopic objects and on the structure of the entire material world. The decisive factor here
has been identification of electron and neutron structures.

It appeared that the material world has a multilevel structure [24]. All macroscopic and
microscopic objects (the M, level) consist of primitive microscopic objects. According to the
new findings the primitive are four electron-like microscopic objects: electron, positron,



antielectron and antipositron, and neutron. All of them consist of ether and feature vortex-like
structures.

The M; level contains objects of the My level and free ethereal elements similar to five
primitive objects of the Mg level. All primitive objects of the A level consist of the M, primitive
objects much finer than ether and feature vortex-like structures.

The M, level contains objects of the M; level and free primitive objects of the M; level which
consist of even smaller primitive objects of the A3 level and feature vortex-like structures.

And so on. There is no limit for this infinite divisibility of matter.

If our Universe should be closed there is a theoretical possibility for existence of the A" level
at which primitive are vortex-like objects comprised by primitive objects of our M, level.

Closed Universe. Adequate structural atomic models [14,16] allow for obtaining new data
not only on the structure of microscopic objects and on the potential material world structure but
also on properties of our Universe.

In order to obtain data on the Universe properties we use observations of various types of
electromagnetic radiation of cosmic objects. These observations showed that there is a clear “red
shift” in radiation spectra of quite distant objects; the farther is the radiation source, the higher is
the “red shift” [29].

According to Doppler Effect the electromagnetic radiation spectrum shift towards the “red”
region means that the radiation source is distancing away from us. In view of this effect, the
higher is the “red shift”, the higher is the radiation source distancing rate. At present detectable
radiations are from the sources wherein “red shift” magnitudes are so great that they should be
regarded as experimental proofs of the fact that these sources are distancing at superlight
velocities. But this is in conflict with the contemporary physical concepts. The contemporary
physics appeared to be incapable of handling these controversies.

An adequate understanding of the obtained observation data has been finally worked out only
in the physical theory elaborated using adequate structural atomic models with proper
consideration of ether [14,16]. An elementary analysis of these models showed that natural
frequency of a non-excited hydrogen atom at which this atom’s electromagnetic radiation is
generated is decreased with increase in the density of ether surrounding the atom. In other words,
an increase in the density of ether in vicinity of a radiation source results in the radiation source
spectrum “red shift” [29].

Since then, the question as to possible causes for increase in ether density has come to the
foreground. At first sight, the density of ether in vicinity of a radiation source is a function of
mass of the object that contains the radiation source. However, it becomes doubtful that it is the
only and decisive cause for higher “red shift” observed.

If the Universe is closed there should be another factor. No material object can leave the
closed Universe. But the entire Universe is being continuously filled with new material objects
drawn therein from the outside. There are more and more of new multitudes of ether
continuously entering the Universe together with other objects of various matter organization
levels. On this account the density of ether in the peripheral regions of the Universe is constantly
increasing. As a consequence, the “red shift” in spectra of radiation sources located in the
peripheral regions of the Universe should increase either [30].

A property that confirmed the validity of these assumptions has been the “spontaneous”
nuclear disintegration phenomenon [31]. According to the analysis a decrease in the density of
ether should result in a “spontaneous” synthesis of increasingly heavier nuclei without any
external energy being involved. The very increase in the density of ether should result in a
“spontaneous” nuclear disintegration.

Thus, “spontaneous” nuclear disintegration observable experimentally is a convincing proof
of the assumption that our Universe should be closed.

“Black holes” and the material world structure. The closed Universe that consists of
material objects of levels My, M;, M,... is, by its properties, most likely a result of the evolution
of a superheavy hot object of the A" level after the “black hole” formation stage [25].



Density of matter, particularly, density of ether is constantly changing and being
redistributed in the closed Universe.

A change in density of matter in the Universe results from two factors: redistribution of the
initial matter that entered the Universe as a consequence of the “black hole” formation, and a
continuous entrapment of matter from the outer material space by the “black hole”.

At the initial Universe evolution stage matter density was superhigh. Therefore, the Universe
development at the initial stage was accompanied with its expansion, cooling, reduction in its
matter density and natural, “non-violent” aggregation: self-assembly of primitive objects of the
My level into various more complex structures of the same level, like photons, atomic nuclei,
atoms etc.

After some intermediate period the Universe entered the contemporary stage of evolution.

The observable “red shifts” permit to believe that the boundaries of our observatory
capabilities became wider, presently reaching the peripheral regions of our Universe. The
observation results also mean that the density of ether in the peripheral regions of our Universe is
much higher than in vicinity of observation instruments.

It means that our Universe is at a new stage of evolution where density of matter is gradually
increasing across the Universe out of continuous entrapment of matter from the outer material
space.

0

Out Universe has its own “black holes”. They lack any M, level material objects consisting
only of objects belonging to levels M, M,,... . There are no obvious objections to existence of
the M; level “black holes” in the M; level “black holes”. It is quite possible that “black holes” of
any M;, level, i=0,1,2,... exist in the material world.

As by its origin and properties our Universe is a “black hole” it is obvious that the material
world has the A matter organization level at which primitive objects are electron-like and
neutron-like counterparts of our electrons and neutrons.

To summarize the above it is possible to conclude that the material world has matter
organization levels ...,M3 M2 M, My, Mi, M,... and is a very complex system of interleaved
“black holes” with various sets of organization levels. This means that matter features not only
infinite divisibility of primitive objects at various matter organization levels but also infinite
aggregability of such objects.

Thermonuclear problem. This problem needs a special attention due to its role in meeting
ever-increasing energy demands. All negative traits of the contemporary physics become clear-
cut considering this problem.

To begin with, this problem attracts with long-standing, longer than semicentennial, failures
in attempts to build controllable light nuclei power reactors [27]. The main cause of such failures
is an unsatisfactory qualification of theoretical physicists. This hard-hitting assessment has to be
proven with concrete facts.

The first fact: persistent tacit and long-standing neglect of the unique experiment outcome [5]
being a proof of the absence of indivisible energy quanta in nature.

The second fact: neglect of ether and its resistance to motion of microscopic objects in the
microworld theory. The reason for such neglect is a false conclusion of the absence of ether in
nature following an unprofessional analysis of antecedent situation in Michelson’s experiment
and as a consequence of incompetent analysis of the experiment outcome [12].

The third fact: neglect of magnetic interactions among microscopic objects in the microworld
theory. The reason for such neglect is a false conclusion that magnetism is not a stand-alone,
independent phenomenon but simply results from motion of electrical charges. This conclusion
Is a consequence of an incomplete, superficial and shallow analysis of Oersted’s experiment
outcome that has a deceptive external simplicity [13].

The fourth fact: false concepts of mass-energy equivalence and wrong quantitative relations
of the relativity theory. The specific examples are given above. The main reason for this mistake
is neglect of ether.



The fifth fact: the lack of an adequate comprehension of “hydrogen” bomb energy release
processes in spite of successes in implementation of the bomb. In 1950, two years before the first
experimental explosion of the “hydrogen” bomb, an absolutely unexpected thermonuclear burst
happened during tests of a uranium bomb in the Vilyui river region [27]. Long and strictly
confidential studies of possible causes for such a burst conducted in its vicinities failed. A simple
situational analysis shows that the burst was not of “hydrogen” nature [27].

The sixth fact: there is no possibility for an accurate enough theoretical estimation of
energies binding nucleons in atomic nuclei. This is explained by the fact that physicist
persistently neglect that atomic nuclei have quasicrystalline structures, i.e. stable statically
equilibrium configurations of nucleons [5].

In order to obtain quantitative estimations of nuclei binding energies physicists use erroneous
regularities of the relativity theory and concepts of such an ephemeral characteristic of nuclei as
“mass defect” [22]. Estimates obtained in this way appear to be inflated by an order.

The seventh fact: there is no insight into the fact that a “hydrogen” bomb releases explosive
energy not after collision of hydrogen nuclei or in nuclear synthesis reactions among hydrogen
atoms. Physicists know well that in order to overcome electric repulsion, an “electric barrier” on
the way to synthesis, and two hydrogen nuclei must approach each other with energy being at
least equal to 0.144MeV. The achievement of such approach velocity of hydrogen nuclei is seen
by physicists as the main difficulty of the thermonuclear problem.

However, they do not consider magnetic interactions among hydrogen nuclei either. These
nuclei are diamagnetics. Therefore, there is also magnetic repulsion between these nuclei in
addition to electric one. The maximum “magnetic barrier” value was 45MeV. And since
hydrogen nuclei binding energies are by 1-2 orders less than this value these nuclei when
approaching each other should disintegrate into neutrons and protons before they reach the
nuclear synthesis distances.

These theoretical results are confirmed by the fact that in 1978, during experiments on PLT
tokamak (Princeton, USA), there was a flow of neutrons observed without any release of energy.

Based on the erroneous concepts that “hydrogen” bomb explosive energy is released from
collision of hydrogen nuclei physicists behave like members of Krylov’s quartet [32]. Instead of
making attempts to gain understanding of true energy releasing reactions in “hydrogen” bomb
they simply change “instruments” when they first try to heat nuclei using laser heating systems,
then with electron accelerators, then use stellarators, then apply tokamaks [33].

The eight fact: the thermonuclear problem development is significantly hindered by the
terminological negligence. There is a common opinion, even in scientific literature, that uranium
bomb explosion energy results from nuclear fission reactions while “hydrogen” bomb explosion
energy results from nuclear synthesis reactions.

At the contemporary stage of our Universe evolution ether density is increased resulting in a
“spontaneous” nuclear disintegration. There are facts of “self-disintegration” well-known in the
field of heavy and superheavy nuclei. It has been also known that there are no °Li and ®Be nuclei
among light nuclei in nature. They do not exist because of instability and instant self-
disintegration in random synthesis of the same. However, this data is not applied in development
of the thermonuclear problem.

Both in “uranium” and “hydrogen” bombs explosion energy is released following nuclear
synthesis of instantly self-disintegrating nuclei. In case with uranium bomb it is a result of
neutron synthesis of the instantly self-disintegrating nucleus #*°U. The Vilyuisk thermonuclear
explosion could only result from synthesis of instantly self-disintegrating nuclei ®Be [27].

The ninth fact: the quantum theory lacks comprehension of which “nuclear feedstock” and
which reactions can be used to organize a real-time synthesis of instantly self-disintegrating
nuclei °Li and ®Be. The reason consists in physics being incapable of overcoming the Procrustean
framework of quantum concepts of the microworld structure.

There are various methods for implementing such synthesis. The method using hydrogen
nuclei as a “feedstock” is the most complicated.
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Muxkpomup 21.
OKCIIEPUMEHT. TEOPUSA. TTIPAKTUKA

H.H.JIeonos

IlogBenensl wWTOrM pa3pabOTKH TEOPHHM MHKPOMHpA, OINEPUPYIONMIEH aJeKBAaTHBIMH CTPYKTYPHBIMH
MaTEeMaTHYECKUMH MOJEISIM MHKPOOOBEKTOB. AJEKBAaTHBIC CTPYKTYPHBIC MOJEIH MHKPOOOBEKTOB IOCTPOCHBI,
Onmaromapst y4eTy, HapsiLy ¢ APYTMMH B3aUMOJCHCTBHSIMHU, MArHUTHBIX B3aUMOJCHCTBUI MEXIy MUKPOOOBEKTaMH,
U y4eTy 3¢upa, C ero COpOTUBICHHEM JIBIKCHUIO MUKPOOOBEKTOB.

*

HoGenesckuit naypear B obnactu ¢usuxu I1.JI.Kanuna Beiennn B HaydHOH AeATEIbHOCTH
TPU KJIIOYEBBIEC AJIEMEHTA: SKCIIEPUMEHT, TEOpHIO U npakTuky [1,2]. U3 anrauiickoro nepuona
CBOEH HAay4YHOW JEATEIIBHOCTU OH BBIHEC CIIEAYIOLIYIO OL€HKY COOTHOILIEHUS DTHUX JJIEMEHTOB:
«PaboOTHUKHN HayKH, MPUHAJIeKAIINE K aHTJIMICKON 1IKOJIe, OYEeHb JIFOOSAT BCIIOMUHATD. .. CJIOBA
JBu: «Xopoumii ¢axkt croutr Teopun HeroToHa»». B npyroil TpaHCKpUIIMM 3Ta OIEHKa
BBITJISIAUT HECKOJBKO MHaue: «OAMH XOPOIIMHA SKCIIEPUMEHT CTOUT OOJIbIIIEe H300pPETaTENbHOCTH
HBIOTOHOBCKOI'O yMay». TpyAHO cKas3aTb, 4Yero 3Jech OoJyibllleé — YEepHOH 3aBUCTH K
M300peTaTeIbHOCTH HBbIOTOHOBCKOTO yMa WJIM METOJI0JIOTMYECKOM HerpaMoTHocTH. OdeBHaHA
JIMUIb SIBHAs HEIOOLICHKA POJIU TEOPUHU.

*

HenooreHka posau TeOpUM HETATUBHO OTPa)kaeTcs Ha pa3BUTHH JIFOOOT0 cOOOIECTBaA.

TpuBHnanpHeRIMNA pUMeEp — U3 00JIACTU CYLIECTBOBAHUS KUBOTHBIX. BCsI )KU3HD )KUBOTHBIX,
OTJIMYHBIX OT YEJIOBEKA, SIBJISIETCS CIUIOUIHBIM >KM3HEHHBIM JKcIepuMeHTOM. OJHaKo, OHU He
MOTYT UCIIOJIb30BaTh, B IIOJTHOW MEPE, ITOT )KU3HEHHBIN OIBIT JJIs YJIYYIICHUS CBOMX HACYIIHBIX
NOTPEOHOCTEHN M3-3a OTCYTCTBHSI CIIOCOOHOCTH K aOCTPAaKTHOMY MBIIUIEHHIO — HEOOXOAMMOIO
YCIIOBUS U Pa3BUTHs TEOPUH, BBIABISIONIEH CBSI3UM MeXAy HaOmogaeMbiMu (akTaMu |
3aKperIsIonIel 3Ty nH(OpMalKIO B MaMATH.

Jpyroii nmpumep - U3 HayyHOU >KU3HU. AJIXMMHUSI HaKOMMJa OOraThlii SKCIIEpUMEHTAIbHBIN
MaTepuaid B BHJI€ OTAEIbHBIX, HE CBA3aHHBIX MEXIy coOoi QaxToB. CoBpeMeHHass XUMUS
pa3BWIach B pe3yibTare pa3padOTKU aTOMHMCTHKH, MO3BOJMBILEH OOBEIUHHUTH OT/EIbHbIC
JKCIIEpUMEHTabHble (DAaKTHl B E€AMHYIO, CTPOMHYIO TEOPETHUYECKYI0 CHUCTEMY 3HAaHMHA 00
YCTPOMCTBE XUMUYECKHUX DJIEMEHTOB [3,4].

B HacTosmee Bpems, HEJOOLEHKA POJIM aJE€KBaTHOM TEOpHUM HETaTMBHO CKa3bIBAECTCA B
¢usuke  mukpomupa. DPu3uKa  MHKpPOMHMpa  HAaKONMJIAa  MHOXXECTBO  OTIENBHBIX
9KCHEPUMEHTAIbHBIX (PAKTOB 00 yCTPOHCTBE MUKPOOOBEKTOB. OAHAKO, 10 CUX MTOP HE U3BECTHBI
MHOTHE Oemanu YCTPOHUCTBA OOBEKTOB MHUKpOMHUpA. J[aBHO M XOpOIIO HM3BECTHO, M3 KaKHX
JJIEMEHTOB COCTOSIT HEBO30Y>KIACHHBIE aTOMBbl U aTOMHBIE Spa, HO 10 CUX MOpP HET YETKUX U
SCHBIX TPEJICTABICHUH O CTPYKTypax OTHX O0beKkToB. HeT moHMMaHHs TOro, M3 KakKuX
3JIEMEHTOB COCTOSIT «BO30YKJCHHBIE» aTOMBI, IPU KAKUX YCIOBHUAX aTOMbI MOTYT 3aXBaThIBATh
(OTOHBI, ¥ TIOYEMY «BpEMsI )KU3HN» «BO30YKIEHHOT'O» aTOMa SIBJISIETCS CIYy4aliHOW BETUYUHOM.
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Her mnonumanust TOro, 4YTO mTpeAcTaBisieT coOoii (OTOH M TmouyeMy OH oOiajgaer
9KCIIEPUMEHTAIILHO YCTAHOBJICHHBIMU CBOMCTBaMU. HeT mOHMMaHUsS 1 MHOTOTO IPYTOro0.

Bonee momyBeka BeayTcs OeCIUIONHBIE SKCIIEPUMEHTAIbHbBIE PabOThl IO HEUTPUHHOU U TO
TepMmosiiepHoit  mpoOiieMaM. Cronb  JoirMe  HEyJaud  O0YCJOBJIEHBI  OUIMOOYHOCTHIO
TEOpeTUYecKoi 0a3bl B 3THX paboTax. MICTHHHBIEC MPUYMHBI ATHX HEY1ad (PU3UKaM HE U3BECTHBI

B kBaHTOBO# (hM3HKe HET MOHUMAHUS PE3YJIbTATOB IKCIIEPUMEHTA, COTJIACHO KOTOPOMY SiApa
BCEX XUMHYECKHX DJIEMEHTOB O0Ja/Jal0T KBAa3UKPUCTAIUIMUECKUMHU CTPYKTypamu [S5]. Ot
pe3yNbTaThl JAIOT AKCIEPUMEHTaIbHOE JOKAa3aTeNbCTBO TOTO, YTO MPEICTaBICHHS] KBAaHTOBOM
TEOPHH O CTPYKType siapa ommOouyHbl. M3 3THX pe3ynpTaToB C OYEBHIHOCTBIO CIEAYET, YTO
runore3a 00 OOBEKTHBHOM CYIECTBOBAHMHM KBAaHTOB - HEACIMMBIX, HAMMEHbBIIUX IOPLUN
SHEPTUU U BHITEKAIOLINX M3 3TOW T'MIIOTE3bl COOTHOIICHUN HEONPEACICHHOCTEH OITHOOYHBI.

Yro e 9TO 3a NpUKIagHAs ECTeCTBEHHOHAy4yHas AMCLUILIIMHA, IPOBO3IJIacHUBILAs
INPUOPUTET SKCIEPUMEHTAIBHOrO (hakTa HaJX TEOPHEH, MOJTHe TOABl «HE 3aMeyYarolias
MPOTUBOPEUHS MEXIYy pe3ylbTaTaMH 3aMeuaTeIbHOr0 HSKCIEPUMEHTa U HCIIOBEIYyEeMOH €10
TeOpued, M OTHAaloIIasl MPEANOYTEeHUE HE JOCTOBEPHOMY OKCIIEpUMEHTAIbHOMY (QakTy, a
omnO0YHOM Teopuu? ITO — KBaHTOBasI (PU3UKA.

*

O6mas, abctpakTHO-(puUIocopCKas cxemMa HaydHOro mpoliecca ObUla MpeneiabHO YeTKO U
u3smHo  chopmynupoBana B.M.JlenunbiM: «OT KHMBOTO co3epHanus K aOCTpaKTHOMY
MBILUICHUIO U OM He20 K Npakmuke — TaKOB JUAIEKTUYECKUH MyTh MO3HAHMS UCTUHBI, TIO3HAHUS
00BEKTHBHOIN peanbHOCTH» [6]. Bce ucTHHHBIC, M BCe OMMOOYHBIE PEe3yJIbTAaThl, MOTYYCHHBIC
(bu3UKON, OCTUTHYTHI B pe3yjibTaTe ACWCTBUIA, YKIAABIBAIOIIUXCS B 3Ty cxemy. YUToOBI
HAyYUTHCS MIPEO0JIEBATh MIPOLUIbIE TEOPETUUECKHUE OIIMOKHU U HE AONYCKaTh HOBBIX, 3Ty CXEMY
HY>KHO HaIlOJIHUTh KOHKPETHBIM COJICPIKAHUEM.

OKCHepUMEHT JaeT OOBEKTUBHbIE (akThl. VICTUHHOCTH TEOPETUYECKUX BBIBOJOB,
ONUPAIOIUXCSA Ha 3TU (DAKThI, 3aBUCUT OT KBAIM(UKAIMK YYEHBIX, OT UX METOA0JIOTHYECKON
rPaMOTHOCTHU. DTO YTBEPXKACHUE HYKAaeTcsd B 000CHOBaHHH.

3HaMEHMTHIM 3KcrepuMeHT MaiikenbcoHa OB MPOBENEH C ILIENbI0 MOJYyYeHUs CBEACHUH,
MOATBEPKIAIOIIUX WM OTPHUIAIOIIUX CYIIECTBOBaHME MaTepuaiibHoro s¢upa B [lpupone. B
y4eOHBIX Tpoleccax ATOT OKCIEPUMEHT JO CHX TIOp XapakTepu3yercs Kak oOpazer
AKCIEPUMEHTAJIBLHOTO UCKyccTBa. Bee mpubOpsI uisl 3TOro SKCIepuMeHTa ObUIN BBIIIOJHEHBI, HA
TEXHUYECKOM YypOBHE, Oe3ykopuszHeHHO. TeopeTuueckuil aHaiau3 pe3ylbTaToB 3TOrO
AKCIIEPUMEHTa OKazajcsi HempodeccuoHanbHbIM. Ha ero ocHoBe ObUT clenaH BbIBOA 00
OTCYTCTBUM 3¢upa B MarepuaibHoM Mupe. «Packonku» MoOKazaldu - pe3ylbTaTbl 3TOrO
HKCIIEPUMEHTA TOBOPAT TOJIBKO O TOM, YTO 3(Up, €CIU OH CYIIECTBYET, B3aUMOJEUCTBYET C
«BEIIECTBOM», M UTO IKCHEPUMEHT MailkenbcoHa HE CIIOCOOEH B MPHUHLMIE, HU MOJATBEPAUTH,
HU ONPOBEPrHYTh TUIIOTE3Y O CYIIECTBOBAHWU MaTepuaibHOro ¢upa.

N3BecTHO, 4TO HAbMIOAaeMoe B MpUOOpax paccTOSTHUE MEXAY JIEKTPOHOM M MO3UTPOHOM B
MO3UTPOHUM MOHOTOHHO yMeHbIlaeTcsl. MU3UMKHU CUUTAIOT, YTO ATOT MPOIECC 3aBEPIIAETCS
«KOJUTATICOM» MO3UTPOHUS U €T0 «aHHUTHIISIIHEN», B pe3ysIbTaTe KOTOPOH pokaaroTcs (OTOHBI
Oxkazasioch, 4TO 3TOT OUIMOOYHBIN BBIBOJ OOYCIIOBJIEH OTKa30M (M3MKH MHUKPOMHpA OT ydera
MarHMTHBIX B3aHMOJAEUCTBUN MEXIY 3JIEKTPOHOM M NO3UTpoHOM. Ha camom nene, mo3uTpoHuit
o0Janaer yCTOWYMBBIM CTAaTUYECKUM PAaBHOBECHEM, B KOTOPOM PACCTOSHUE MEXAY JIEKTPOHOM
U TO3UTPOHOM Ha MOpsAoK Oousbiie «bopoBCKOro paamyca», a «KOJJIANC» U «aHHUTHIISLIUS
MO3UTPOHUS — BCETO JIMIIb PE3yIbTaT UTPbl KBAHTOBOU (haHTa3UU.

CoBpeMeHHbIe HaOMIOIaTENbHBIE MTPUOOPHI HE PACMOaraloT BO3MOXKHOCTBIO BH3YalbHOTO
HaAOJIIO/IEHUsT 3aBeplLIAlONIe CTaJuu Mpolecca CXOJUMOCTH TMO3UTPOHUS K €ro CTaTUYECKU
paBHOBECHOMY COCTOsiHMIO. He JomyckaroT OHM M BO3MOXHOCTH IIOJIHOTO BH3YyalbHOI'O
HaOJI0/IEHUs 3a POLECCOM TpaHChOopMaIluu HEUTPOHA B MPOTOH. B 3TOM mpoiiecce Mbl MOXEM
HaOJI0aTh TOJIBKO 3a Pa3iieTOM, M3 OJHOM W TOH e TOYKH, 3JIEKTpOHA M IMpoToHa. Dusuka
TpakTyeT HaONIoJaeMblil Ipolecc Kak pe3yjbTaT CaMOIPOW3BOJBHOTO pacraja HEUTpoHa.
KonnyecTBeHHBIN aHaIM3 YacTUYHO HAOJIOJAaeMOro Tpoliecca TpaHcpopManuu HEWTpoHa B



OpOTOH TpuBed (U3MKY MHKpPOMHpa K OHIMOOYHOW THUIOTE3€ CYLIECTBOBAHHMS TaKOTO
9K30TUYECKOr0 00BEKTa, KaK «HEUTpuHOY». MccienoBanus, NpoBeeHHbIE BHE PAMOK KBaHTOBOM
TEOPHH, TOKa3ajdh, YTO TpaHchopMmalys HEHTpOHA B NMPOTOH HPOMCXOJUT HE B pe3yjbTare
pacmana HEHUTpoHa, a B pe3ylbTaTe CHUHTE3a MPOTOHA, MOHMMAaHHE KOTOPOro He Tpedyer
oOpallieHusl K TUI0TE3€ CYLIECTBOBAHMS «HEUTPUHOM.

*

B ycnoBusix, korja HaOJIOAATENbHBIE YCTAHOBKM CHOCOOHBI TPEJOCTABUTH TOJIBKO
HENOJHYI0 HH(OpPMALMIO O CTPYKTYpe MHUKPOOOBEKTOB MU O IMpolieccax, MPOUCXOISIINX B
MHUKPOMHPE, CYIIECTBEHHO BO3pPACTAET POJIb TEOPUH B IMOIYUYEHUH HOBBIX 3HAHUH 00 YCTpOWCTBE
U (QYHKIMOHMpPOBaHUHM MarepHalibHOro Mupa. COOTBETCTBEHHO BO3pacTarOT U TpeOOBaHUS K
CaMOW TEOPUHU U K €€ METOIaM.

Hayunas npakTuka rnokasaia, 4To JeTallbHbIe CBEJECHUS O CBOMCTBAX OOBEKTOB MaKpOMHpa
JIOCTUTAIOTCS C TIOMOINBIO aJCKBATHBIX CTPYKTYPHBIX Mojelied 3Tux o0bekToB [7,8].
CTpyKTypHBIMU Ha3bIBAIOT TAKWE MOJIEIH, B KOTOPBIX YUUTHIBAIOTCS BCE 3JIEMEHTHI, U3 KOTOPBIX
COCTOUT OOBEKT, M BCE B3aUMOJCHCTBHS MEXIy STHMH SJIEMEHTaMHU. AJIEKBaTHHIMU Ha3bIBAIOT
TaKue MOJIENH, PE3yIbTaThl UCCIIEIOBAHUA KOTOPBIX NOATBEPKIAAIOTCA SKCIEPUMEHTaAMHU.

®u3rka MUKpOMHpPA, B Hayajle IPOIUIOr0 CTOJIETUS, IPUIILIA K BHIBOAY O MPUHIMIIHAIBLHON
HEBO3MOKHOCTH MOCTPOEHHUSI CTPYKTYPHBIX MoOjeJeil 00bEKTOB MUKPOMUPA. DTOT BBIBOJ OBLI
CleNaH B pe3y/lbTare HEYMENbIX IONBITOK IOCTpOeHUs Mmojeneid atoMoB. Oka3anoch, 4TO
MOJIeJIM aTOMOB, KOTOpbIE TOTJa CyMela MOCTPOUTHh (PU3MKa, HE MOTYT OOBSICHUTH JaXe caM
(axT cTabUIBLHOTO CYIIECTBOBAHUS aTOMOB, HE TOBOPS yXKE O IPYTHX CBOHCTBAX.

«Packornkuy 1mokasanu, 4TO 3TU MOJIETH HE ObLIM HU aJ€KBATHBIMH, HH CTPYKTYPHBIMU, OHU
ObUTM  (DYHKIIMOHAJBLHBIMUA: OHHM HE YYHTHIBAIM HH MAarHUTHBIC B3aWUMOJICHCTBHS MEXIY
3JIeMEHTaMU aTOMOB M aTOMHBIX Si/Iep, HU COMPOTUBIIEHUS d(upa ABMKEHUIO JIEMEHTOB aToMa.
Orto OblIa mepBas, B WUCTOPUM (PU3UKU, TOMBITKA IOCTPOCHMSI AJEKBATHOW CTPYKTYpHOM
MaTeMaTHYecKol Mojenu oobekTa MUKpoMmupa. OHa OKa3ajach HEyJayHOM BCEro JIMIIb M3-32a
HEYMEJIOCTH, HEeMpo(eCcCHOHAIN3MA 3aHUMABIIMXCS 3TUM (PU3UKOB. Bmecto TOro, 4ToObBI
pa3o0paThCs B IpUYMHAX 3TOW HeyAauu, GU3UKU CHSUTU C ce0si OTBETCTBEHHOCTD, IEPEJIOKUB €€
Ha [Ipupoay 1 Bo3Beasl CBOIO HEYMEIOCTh B paHT 00bEKTUBHOTO 3akoHa [Ipuponbl.

*

AJleKBaTHbIE CTPYKTYpHBIE MOJEIN OOBEKTOB MAaKpOMHUpPA TaK)KE€ HE BCErJa y/AaBajoch
HOCTPOUTh C TMEpBON MOMBITKU. OCOOEHHO OCTPO BOMPOC O CO3/IaHUM CHCTEMBI O0Oy4eHUs
MOCTPOCHUIO TAKUX MOJENe BO3HUK B CBA3M C TEM, UTO TEOpHsl KoyieOaHUIl BCTpETUIAch C
HEOOXOJUMOCTBIO HCCIICJIOBAHUS HeIUHeliHblX JTUHAMHYECKHUX IpolieccoB. BcmomwuHas 00
orHomienun JIL.M.Manpenemtama k »ToMy Bompocy, A.A.AnaponoB mnucam: ««Korma s
nepeBoXy (PU3MKY Ha MaTEMaTHKY, S BCETJa OT Yer0-TO OTBIEKAIOCh» - 3Ta (hpa3za MPUHAICIKUT
JLV.ManpenpimitaMy, ¥ OH HE YycTaBaJl NpUBJIEKaTb BHHMaHUE K TOMY, Ka3ajioch Obl
OYEBHUIHOMY, OOCTOSITENILCTBY, YTO B TEOPUU KOJeOaHH, KaK U BO BCAKOW JIpyroil ¢puzndeckoi
TEOpUH, Mbl paboTaeM C HUJEAIbHBIMU MOJEISIMU peasbHbIX Belled u mpoueccoB. OH cuuTal,
YTO BOMNPOCHl HWICATM3AlMHU JIOJDKHBI 3aHMMaTh (PyHIaMEHTaIbHOE MECTO BO BCSIKOM
npenoiaBaHuy (GU3HMKH, KaK B IIIKOJIBHOM, TaK U B YHUBEPCUTETCKOMY [7, ¢.463].

Tak Kak KpuUTepuUeM aJEeKBATHOCTU CTPYKTYpPHOM MOJENU SBISETCA SKCHEPUMEHT, TO
npoueaypa TOCTPOEHHUs aJeKBATHOM CTPYKTYpHOM MoJenu peadbHOro OOBbEeKTa He
dbopMmanu3yema. YMEHUE CTPOUTH TaKUE MOJIEIH HY)XKHO BOCHHUTHIBATH HA OIBITE MPEIbITYITUX
HCCJIEIOBaHUM. DTO — CBOETO poJia UCKYCCTBO, BEChMa crienuduueckas HayqyHass HHTYUIUS.

MHOXeCTBO OTHENBHBIX HCCIENIOBATEIbCKUX pabOT MO TMOCTPOSHUIO U H3YYEHHIO
aJIeKBaTHBIX CTPYKTYPHBIX MOJIE€Ne peasbHBIX 00BEKTOB MPECTaBISIET COOOW MpeleAeHTHYIO
cUCTeMy OOYYEHHUsI UCKYCCTBY MOCTPOCHMS TakMX Mojeneill. Pa3paboTka Takoil mpereaeHTHOH
cuctembl Hayata akagemukamu JI.U.Manpensmramom u A.A.AHAPOHOBBIM [7,8] U yCHEIIHO
IPOJODKEHA UX COTPYAHUKAMU M NOcaea0BaTesiIMU. JlOCTaTOYHO COAEpKaTeNbHbIN, XOTI U HE

COBCEM TTOJIHBIN CITHUCOK COOTBETCTBYIOIIMX ITYOJIMKAIIAN TTPEACTaBICH B [9].
*



WMHNIMypoBaB co37aHUE MPELEJCHTHOW CHCTEMBI OOydeHHUsS aJeKBaTHOMY CTPYKTYpHOMY
MaTeMaTHYeCKOMY MOJICITMPOBAHHIO peaTbHBIX 00beKTOB, JI.M.Manaenbmram u A.A.AHIPOHOB
HAIOJIHWIA HEOOXO0AUMOW KOHKPETHUKOW ATaIl «a0CTPAKTHOTO MBIIIICHUS B JICHUHCKOW cXeMe
Hay4yHOro npouecca. A.A.AHIPOHOB IPUHSUI TAK)KE aKTUBHOE y4aCTHE B aJlallTalliy U3BECTHOTO
MaTEMaTUYECKOI0 amnmnapara K HCCIEIOBAaHUIO CTPYKTYPHBIX MaTeMaTH4EeCKMX MOJAENEH U B
JAJIBHEHUIIEM Pa3BUTHH TOTO aIlapara.

VYuursiBas nuoHepckyto poib JL.M.Mannensiitama u A.A.AHIpPOHOBA B 3TUX BOIIPOCAX,
MOYKHO CMEJIO CKa3aTh, YTO UMU ObUI AaH CTapT pa3paboTKe MPUKIAAHON HayuyHON METOM0JIOTUI
Mannensmrama-Anaponosa [10,11].

*

B sTanm «abcTpakTHOTO MBINUICHUS», B 3TAll TEOPETHYECKOTO HCCIECIOBAHUS CIEAYET, IS
3aBEpLICHUs IPUKIIAHON METOLOJIOTUN, BHECTH €IIE 1BAa AONOJHEHUA. OTHO OYEHb KpPaTKoe: Y
Kax#c0020 Hab.00aemMo20 A61eHUs UMeemcs C80l MAMePUANIbHbII HOCUMETD.

Cy1ecTBYIOT XOpOILIO U3BECTHBIE JAXKE IIKOJIbHUKAM SIBJIICHUS — IPUMEPHI CYLIECTBOBAHMUS
Takux HocuTened. Tak, Berep NpelaCTaBiIsieT cOOOM MOCTYNaTeabHOE JBHIKEHUE BO3JyXa.
3BYKOBBIE SIBJICHUS IHOPOXKIAIOTCS KOJEOaHUSAMM IJIOTHOCTH BO3lyxa. BuxpeBoe oOTekaHus
BO3/yXOM JIETAILIUX IyJb U CHapsJI0B BbI3IBAET UX 3BYKOBOE COIIPOBOXKJIECHUE B BHJE CBUCTA U
BOsl. PU3UKH BeyT ceOs Tak, OyJATO 3TOr0 HE 3HAIOT, WK C 3TUM HE COTJIACHBI.

B 1927r. O6b110 3KCHEPUMEHTAIbHO YCTAHOBJIEHO, YTO MOTOKU JBMXKYILIUXCS AJIEKTPOHOB
001aJal0T KOPITYCKYJISIPHO-BOJIHOBBIMU CBOIcTBaMu, a B 1949r. skcnepuMeHT mokasall, 4yTo
3TUM € CBOMCTBOM 00JIaJa€T M OTHAEIbHBIA JBHKYIIUICS 31eKTpoH. OKa3ajloch, YTO ITHUM
CBOWCTBOM, B TOH MM HHOW Mepe, 00J1a/1al0T BCe 00BEKThl MUKPOMUPA.

KopmyckysipHO-BOTHOBOH Jyann3M MHUKPOOOBEKTOB ObUT OOHapyeH B TUMPAKIIMOHHBIX
sKcrepuMenTax. @u3ukaM ynanoch NOCTPOUTh KOJIMYECTBEHHBIN alapar, Jalolui JOCTaTOYHO
TOYHOE ONMCAHWE PEe3YJIbTaTOB IMPOSBIEHUS 3TOro Ayanu3Ma B JU(PaKLHMOHHBIX IpolEeccax.
CyOcTtaHuuoHanbHasE MpUpPOJA ATOr0 Ayaliu3Ma UM JO CHUX IOp He u3BecTHa. OHH, Kak
penuruo3Hble (paHaTUKH, TBEPAST, YTO IO3HAHWE MAaTEPUATBLHOM MPUPOIBI 3TOrO Ayalu3Ma
4eJIOBEKY HEJJOCTYITHO.

Takasi cuTyalusi BOZHHKAaeT B HaydyHOU cdepe He BHepBble. B poaTomMucTuyeckyro 3moxy
pa3sBUTHs 3HAHUM, TEIUIOBBIE SIBJICHMS OOBACHSIM DPA3HBIMH CIIOCOOaMH, B TOM YHCIE, C
MOMOUIbI0 TUIIOTE3bl CYIIECTBOBAaHUS «rermiopofa». [lpm oOcyxaeHuM cuTyauud B
UCTOJIKOBAaHUM  KOPIYCKYJISIPHO-BOJHOBOTO JyaJlu3Ma B MHKpOMHpe, (U3UKH YHOPHO
YTBEPKAAIOT, YTO HHMKAKUX pEaJTbHBIX BOJHOBBIX KOMIIOHEHT y MHUKPOOOBEKTOB HET, YTO
HUKAKHE MaTEepUAIIbHbIE HOCUTEIN TAKUX BOJIHOBBIX KOMIIOHEHT UM HEU3BECTHBI.

Uto0bl HaMTH BBIXOA U3 ATOM CHUTyallMM, NOTPEOOBAlIOCh MPEOAOJIETH CIENYI BEPY B
HEOOOCHOBAHHO pa3yThli PEKJIAMHBIH MUMMUK (PU3HKOB-TEOPETHKOB. /[ 3TOro OKa3zaioch
JIOCTaTOYHBIM OOpaTUThCS K TMOWCKaM BO3MOXKHBIX aHaJOroB B Makpomupe. Okaszanoch, 4TO
TaKMe AaHaJOr'M, HECMOTpPs Ha KISNTBEHHbIE 3aBepeHHs] (PU3UKOB, B MAKPOMHUPE UIMPOKO
pacnpoCTpaHEHbl U XOPOILIO U3BECTHBI. B 00BIIEHHOM KU3HU 3TO — CBUCTSIIIUE B MOJIETE MYJIU U
BOIOIIME B TOJIETE CHapsaabl, OOMObI W MHHBI. V3BecTHBI NOJOOHBIE >X€ aHaJIOTM U B
a’pOIMHAMUKE - B OJJHOM M3 pa3fienioB Qu3uku. Mcxonsd U3 3TUX aHAJIOroB, CTAJIO MOHATHO, YTO
PacKpBITUIO «YKaCHOW» TalHbI KOPITYCKYJSPHO-BOJIHOBOTO JAyajli3Ma B MHUKPOMHPE MELIAIOT
yTBepXKIeHusT (PU3UKOB 00 OTCYyTCTBUU MaTepuanbHoro adupa B I[lpupone. IlocnemoraBmumit
3aTeM Yecmmubili U OemaibHblli aHAU3 CUTYallUd B dKcrepuMeHTe MaiikenbcoHa oOHapy»Kuil
OIIMOOYHOCTh YTBEPKAEHUH 00 OTCYTCTBHM 3(hupa B MaTepraibHOM Mupe.

*

BTopbIM JOMONTHEHHEM B TEOPETHUYECKYIO YacTh CXEMbI MO3HAHHS MaTepuaibHOro Mupa
SBIISIETCS. HEOOXOJMMOCTh HCIONB30BAaHUS B TEOPETHUECKHUX HCCICIOBAHUSAX, KpOMe
a0CTPaKTHBIX MaTEMAaTHYECKUX METOJIOB, BeChMa 3(h(PEKTUBHBIX HACHTU(PUKAIIMOHHBIX METO/IOB.

WNneHaTuduKamoHHbIe METOJbl IIMPOKO MTPHUMEHSIOTCS B COBPEMEHHOW TEXHUKE s
KOJIMYECTBEHHBIX  OIICHOK IapaMeTPOB, HEIOCTYIHBIX MPSIMOMY JKCIEPHUMEHTATIBHOMY
HAOJIONCHUIO, TIPSAMBIM HU3MEPEHUsIM. OTH MeTOAbl, C Oonbmioll  3(QeKTUBHOCTHIO,



UCTIONB3YIOTCS, HAalpuMep, B XOJA€ KOHCTPYKTHBHOM OTpPAaOOTKH JIeTaTeNbHBIX amlmaparos.
B03MOXHOCTh NpPUMEHEHHMsI 3TUX METOAOB TpeOyeT HaJIuuus aJeKBaTHBIX CTPYKTYpPHBIX
MoOJIeNiel, YYMTBHIBAIOIIUX OSKCIEPUMEHTAIBHO HEHAO0JaeMble IapaMeTphl, MOJIeKaIIne
KOJINYECTBEHHOH olLleHKe. Hanmnuue Takux Mojieseil No3BOJIseT yCTaHaBINBATh KOJIMYECTBEHHbIE
CBSI3W MEX1y HaOJroJaeMbIMH M HEHAOIMIOZaeMbIMU MapaMeTpaMu. biaromaps 3TuMm CBS3sIM,
KOJINYECTBEHHBIE XapAKTEPUCTUKN HEHAOIII0JaeMbIX [TaPaMETPOB MOXKHO PAaCCUUTBIBATh, UCXO/S
U3 U3BECTHBIX IKCIIEPUMEHTAIBHBIX TaHHBIX O HAOII0JaeMbIX ITapaMeTpax.

B ¢usuke Muxpomupa MarHUTHbIE B3aMMOJAEHCTBHS MEXAY MHKPOOOBEKTAMHU HIPAOT
CYILLIECTBEHHYIO pOJIb. B KBAaHTOBOI TEOPUM OHU HE YUYMTBIBAIOTCS. B 3TOM TEOopuu HE U3BECTHO
HU aJCKBAaTHOE KOJMYECTBEHHOE ONMCAHUE OSTUX B3aUMOJEHCTBUH, HHM HCTUHHBIE
KOJIMYECTBEHHBbIE 3HAYEHMsS] BEJIMYMH BEKTOPOB MAarHUTHBIX MOMEHTOB MHKPOOOBEKTOB.
HcTuHHBIE MapaMeTpbl MarHUTHBIX B3aUMOJEWCTBUII B MHUKPOMHUpPE YAAJOCh BBIUYUCIUTH
UICHTU(PHUKAIIMOHHBIMI METOJJAMH, C TIOMOUIBIO aJIEKBaTHBIX CTPYKTYPHBIX MOJIEIEeH aTOMHOTO
Apa U aroMa M C IOMOINBIO MHCIOJb30BAaHMUS H3BECTHBIX SKCIIEPUMEHTAJIbHBIX 3HAYCHUN
NOTEHLIMAJIOB MOHU3AIUKM aTOMOB U M3BECTHBIX IKCIEPUMEHTAIbHO YCTAHOBJIEHHBIX 3HAYEHUI
CHEKTPAJIbHBIX JIMHUH JIEKTPOMarHuTHOI'O U3JIy4€HHs aTOMOB.

M3-3a 0TKa3a OT y4era CONpOTHBIICHUS d(pupa IBUKEHUIO MUKPOOOBEKTOB U M3-3a OTKa3a OT
ydeTa MarHUTHBIX B3aMMOJEHCTBHM MEXIy MUKPOOOBEKTaMH, KBAHTOBas (pu3MKa mepenuia K
UCIIOJIb30BaHUIO (PYHKIMOHAIBHBIX MOJENEH MHUKpPOOOBEKTOB, JHUIIUB Ce€0sS BO3MOXHOCTH
HOCTPOCHMS a/IEKBATHBIX CTPYKTYPHBIX MOJAETIeH MUKPOOOBEKTOB M BO3MOKHOCTH PUMEHEHHUS
UICHTU(PUKAIIMOHHBIX METO/IOB.

*

JlononHUTENbHBIA YYET, B TEOPUH MHUKpPOMHUpPA, 3QHpa, C €ro COMPOTUBICHUEM JBHKEHUIO
MHUKPOOOBEKTOB M Y4YE€T MarHUTHBIX B3aMMOJEHCTBHM MEXIy MUKPOOOBEKTaMM, MO3BOJIMIU
MOCTPOUTH  a/IEKBAaTHbIE CTPYKTYpPHBbIE MOJEIM OOBEKTOB MHKPOMHUPA, CHOPMHUPOBATH
a/IeKBaTHOE KOJIMYECTBEHHOE OMMCAHNWE MAarHUTHBIX B3aMMOAEHCTBUM MEXIy MHUKPOOOBEKTaMHU
U TOJIyYUTh MHQOPMAIMIO O CTPYKTypax M CBOICTBaX OOBEKTOB MHKpPOMHpa M MaKpOMHpa,
IPUHLMIIAAIBHO HEJOCTYNHYI0 KBaHTOBOW Teopuu [12-31]. B pe3ynbrare 3TuX MccienoBaHuN
MOJIyYEHBI CIIEIYIOIINE CBEIEHUS O CTPOEHUH 00BEKTOB MUKPOMHUPA U MaKpOMUpa.

Amomnoe aodpo. CormacHo [5], cucTemMa HYKJIOHOB sjipa o00JajaeT YCTOHYHMBBIM
CTaTMYeCKUM paBHOBecueM. [IOHATH 3TO MOXHO TONBKO Npu ydere 3¢dupa. ConpoTuBieHHE
apupa JABWKEHHIO HYKJIOHOB OOECHeurBaeT CXOAMMOCTb CHCTEMBl HYKJIOHOB siapa K
yCTOMUMBOMY paBHOBecuiO [14]. MarautHoe mosie siipa COCTOUT U3 Z HYKJIOHHBIX MarHUTHBIX
KJ1acTepOB. B KaKJJ0M HYKIOHHOM MarHMTHOM KJIACTEPE BEKTOPHI MAarHUTHBIX MOMEHTOB H, U
Mn HYKIIOHOB PacIoOJIOKEHbI BAOJb MPSMOMH, MPOXOJAIIE uepe3 Bce HYKJIOHBI 3TOTO KiacTepa.
Kaxplii HyKIOHHBI MarHUTHBIN KiacTep CTaOMIBHOTO sJpa COJEPXKHUT OAMH U TOJIBKO OJIMH
npoToH. [IpoToH — nMaMarHeTuk, HeUTpoH — napamarHeTuk [19], ,un=3-10'4,up.

dnekmpounaa 000104Ka HeEUMPANbLHO20 HEB030YHCOCHHO20 amoma. DIEKTPOH —
nnamaraeTuk [19], u.=60u,, 6=8,372. DnexTpoHEl B HEBO30YXKICHHOM aTOME PACIIOJIOXKCHBI Ha
OCEBBIX JIMHUAX HYKJIOHHBIX MarHUTHBIX KJIACTEPOB s1pa. B €CTECTBEHHBIX YCIOBHSX, Ha
KOKIOM HYKJIOHHOM MAarHUTHOM KjacTepe HaXOJUTCS TOJIbKO OAWH dJeKTpoH. llpu
Ype3BbIYAHO HM3KHUX TEMIIEpaTypaX Ha HYKJIOHHOM MAarHUTHOM KJIacTepe fAapa MOXKET
HaXOJUThCs 00Jiee OJTHOTO 3JIEKTPOHA.

DJneKTpoHHash 000J04YKa HEBO30YKJIEHHOrO aroma o00JalaeT YCTOHYMBBIM CTaTUYECKHM
paBHOBECHEM. DJIEKTPUYECKHE B3aMMOICHCTBHS MEXIY JJIEKTPOHAMH U SIpOM 00ecreyrBaioT
JIOKQJIN3allMI0 aTOMHON CTPYKTypbl. MarHuTHbIE B3aUMOJECHCTBUS MEXAY DJJIEKTPOHAMHU U
AIPOM IIPEIOXPAHSIOT JIEKTPOHHYIO 000JI0OUKY aTOMa OT «KOJUIarca — MaJeHus Ha spo.

Ceepxmekyuecms cenus. S1npo *He nmeer n8a HYKJIOHHBIC MarHUTHBIEC KjlacTepa. BekTopsl
MarHUTHBIX MOMEHTOB 3THX KJIAacTepoB 00pa3yroT yroia B 60° mimm B 120°. B ecrecTBEHHBIX
YCITOBHSIX, 00a SMEKTPOHA, B HEHTPAILHOM HEBO3OYXKICHHOM atoMe “He HAXOATCS HA PA3HBIX
KJacTepax. TH aTOMbl HE CIIOCOOHBI OOBEINHATHCS B MOJIEKY Ibl. Eciin 0TBII€UBCS OT pa3zMepoB
A7lpa U 3JIEKTPOHOB, TO KAXKIbII TAKON aTOM «IBYMEPEH.



Ipy CBEPXHU3KHX TEMIIEPATypax, 06a 3MEKTpoHa B aToMe “He MOTYT HAXOXUTHCS HA OHOM
U TOM JK€ HYKIIOHHOM MarHUTHOM Kiactepe. IIpu cBepXHM3KHX TemmepaTypax 3TH aTOMBI
00pa3yloT  CBEpPX/UIMHHBIE  «OJHOMEPHBIE»  MOJIEKYJbl  MaKpPOCKOIIMYECKOW  JJIMHBI,
MPEBBIIAIONIEH PasMepbl COCYa, CoepKamero xuakuii ‘He. Hamnuue Takux CBEPXUTMHHBIX
«OTHOMEPHBIX» MOJIEKYJI OOBSCHSET BCE HEOOBIYHBIC CBOWMCTBA CBEPXTEKYUETO ‘He [15].

N3-3a cBOEH MaKpOCKOINYECKOW [UIMHBI, TH MOJIEKYJIB HAXOAATCA B COCYJE B CBEPHYTOM,
KPUBOJIMHEHHOM COCTOSIHUM. MarHuTHble B3aUMOAECUCTBHUSI MEXAY aTOMaMU CTpeMSTCS
pacnpsIMUTb 3TH MOJIEKYJbl. 1103TOMY, MOJIEKY/BI CBEPXTEKY4YEH KOMIIOHEHTBHI HAXOIATCS BO
BHYTPEHHE HAIPSKEHHOM COCTOSIHMM. DTO BHYTPEHHEE HAIIPsDKEHHE BBLAABIMBAET pas3lInyHbIC
(parMeHThbl CBEpXTEKYUYHX MOJIEKYJ M3 JKUAKOIO Iejivs, 3acTaBisisl UX 3a0MpaThCsl HA CTEHKU
CoCyZia U IIepeTeKaTh Yepe3 HUX.

N3-3a cBoell OONBIION MJIMHBI, «OAHOMEPHBIE» CBEPXTEKYYHE MOJIEKYJbl JOCTATOYHO
IUIOTHO 3AMONHSIOT BECh 00BEM KHAKOro ‘He. A Tak Kak BO3MYIICHHS BIOJb STHX MOJCKYII
pacpoCTPaHAIOTCA CO CKOPOCTBIO PACIIPOCTPAHEHMSI MIEKTPOMArHUTHBIX B3aMMOJCHCTBHIL, TO
STHM CBOWCTBA TIOJTHOCTBIO OOBSICHSIOT CBEPXBBICOKYIO TEILUIONPOBOIHOCTE CBEPXTEKydero “He.

B xuxoM “He Bce CBEPXTEKyUHe MOJIEKYIIBI «OJHOMEPHBD). My HUMH HET HA aTOMHOTO
oOMEeHa, HHM pa3JIMYHBIX <GaLEIUICHUI» aTOMOB OJHOIO CJIOs 3a JpYyro. OT0 OOBACHSET
CBEPXHH3KYIO BA3KOCTh CBEPXTEKyHei KOMIOHEHTbI “He B KarHLIApax.

Slnpo *He obnajmaer AByMsi HyKIOHHBIMH MATHHTHBIMH KJIACTEPAMH, BEKTOPHI MArHHTHBIX
MOMEHTOB KOTOPBIX MapajuieiabHbl Apyr aApyry [20]. O6a snekTpoHa B 3TOM aTOMe HaXOIATCs Ha
OJIHOM M TOM € HYKJIOHHOM MarHMTHOM KJIACTE€pe, C OJHOW U TOW K€ CTOPOHBI OT sapa. B
€CTECTBEHHBIX YCIIOBUSAX, HEHUTpPajIbHbIE aTOMBI *He me cymectBytoT. OHu oOnanatoT Oojee
HU3KHM TIOTCHIMAIOM [IEPBOil HOHM3AIHH, YeM TT0100HBIE ke aToMbl “He. TT09TOMY OKIDKEHIE
3He w nosiBeHue CBEPXTEKy4el KOMIIOHEHTHI B 3He TPOMCXODMT NMPH 3HAYMTEIBHO GOJIEe
HU3KHX TEMIIepaTypax, 4em B “He.

@omon. OOTOH NpeACTaBISIET COOON AEKTPOH-AHTUANIEKTPOHHBIN TuNoib [16]. DnekTpoH
o0anaer «OTpULIATEIbHBIMY IJIEKTPUUECKUM 3apsaIoM (-e), MarHUTHBIM MOMEHTOM BEJTUYHHbI
e U «TIOJOXKUTENBHOIN» Maccoil (+Me). AHTHRIEKTPOH SIBJISIETCSI OJHUM U3 JIEKTPOHOMOA0OHBIX
MUKpPOOOBEKTOB, 00JIaAI0IINUM «IIOJOKHUTEIBbHBIM» JJIEKTPUYECKUM 3apsiioM (+e), MarHUTHBIM
MOMEHTOM BEJIMYUHBI [le U «OTPULATENBbHOI» Maccoil (-M.). TepMHHBI «ITOJOKUTENBHBIN» U
«OTpULIATENbHBIN» O03HAYAIOT, YTO BEJIMYUHBI JJIEKTPUUYECKHX 3apsiioB U MacC BXOIAT B
KOJINYECTBEHHBIE BBIpAXXEHUS cO 3HaKamMH (+) U (-) cooTBeTcTBeHHO. CyOCTaHIMOHAJIbHBIE
pa3IUYMsl 3TUX IEKTPUUYECKUX 3apsJI0B U MacC HaM HEM3BECTHBHI.

B [16] nano onucaHue cxeMbl SKCIIEPUMEHTA IO OOHAPYKEHHUIO aHTUAJIEKTPOHA.

@®oToH 007a/71aeT HEYCTOMYMBBIM CTAaTUYECKHMM pPaBHOBECHEM, B KOTOPOM pacCTOSIHHE I
MEXKTy SJEKTPOHOM M aHTHAIEKTPOHOM paBHO Orp , rae 6=8,372, r5=5,3-10""m — «Bopockuit
panuycy. CymiecTByIOT Ba TUIa (GOTOHOB — «OBICTPBIE» U «MEIJICHHBIEY.

B HepaBHOBECHOM COCTOSIHMM, MPU OTCYTCTBMM BHEIIHUX BO3ACUCTBHUM, (POTOH IBMKETCS
BJIOJIb TIPSIMOM, MPOXOMSAIICH uYepe3 AJIEKTPOH M aHTHAJIEKTpoH. DOTOH, B KOTOpoM I<Org , -
«ObIcTpBIif». OH cnoco0eH K CcaMOpasroHy 1O CKOPOCTH, BEJIMYMHA KOTOPOH 3aBHCHUT OT
IUIOTHOCTU 3(upa Ha €ro myTH, U KOTopas, B COBpEMEHHOM (u3uKe, cUUTaeTCs paBHOH c.
ATOMBI MOTYT 3aXBaTbhIBaTh «OBICTPHIE» (POTOHBI, IEPEXOS B «BO30YKICHHOE) COCTOSHUE.

[Ipu r>0rg ¢otoH - «MemIeHHbI». CKOpOCTh €ro JBHKEHHUS Ha 6-8 TOpSAIKOB HUXKE
CKOpPOCTH JIBUXKEHHUS «OBICTpOro» ¢oroHa. «MenaeHHbIe» (POTOHBI 3aXBaThIBATHCS aTOMaMM He
MoryT. OHU BXOJISIT B COCTaB AJIEKTpUdeckoro Toka. OHM MPUHUMAIOT y4acThe B (pOpMHUPOBAHUHI
MOCTOSIHHOTO MarHetusMa M B (POPMHUPOBAHUU ILIAPOBBIX MOJHUUA. B KBaHTOBOH (usmke 3TH
(bOTOHBI CUUTAIOTCS «criapeHHBIMH KynepoBCKUMU 371€KTPOHAME.

Bo3oyacoennviit amom. «bpicTpbie» POTOHBI MOTYT 3aXBaThIBATHCSI CBOOOJHBIMU SIIPAMU U
CBOOOJHBIMU aTOMaMH JIFOOBIX XMMHUYECKUX 3JIEMEHTOB, a TAK)K€ MHOTOATOMHBIMM arperaTtami,
00JTaafoIMMU HE CJIMIIKOM OOJIBIIMMU CyMMapHBIMH Maccamu [16]. AToMBbI, CBA3aHHBIE B
CJIMIIKOM MAacCHUBHBIE COEIMHEHUS, 3aXBaThIBaTh (DOTOHBI HE MOTYT.



3axBaueHHBI aTOMOM (POTOH HE PACIaAaeTCs Ha OTAETbHBIC JIEKTPOH M aHTUAIEKTPOoH. OH
pacronaraeTcsi, Kak M aTOMHbIE JJIGKTPOHBI, Ha OCEBOM JIMHUU OJHOTO U3 HYKJIOHHBIX
MarHUTHBIX KJAcTEpOB aroMHOro sjapa. Ilon BiuMsHUEM «IBWXKYHIeW CHIIB» (OTOHA,
BO30Y)KICHHBI aTOM pa3rOHAETCA /0 CKOPOCTH, BEJIMYMHA KOTOPOM 3aBUCHUT OT IUIOTHOCTH
a¢upa HAa MyTH 3TOTO aTOMA.

[Ipu BcTpeue ¢ OOBEKTOM, NPEMATCTBYIOIIMM JBUKEHHIO aToMma, BO30Y>KICHHBIH aToM
TepseT cBoH (OTOHBI. Tak Kak BCTpeya ¢ APYrUM OOBEKTOM MHUKPOMHUpA — SIBJIGHUE ClIydaifHoe,
TO «BpeMs JKU3HI» BO30YKI€HHOTO aToMa SIBJISIETCS Cy4ailHOW BEJTMUHUHOM.

MHorokpaTHO BO30YXJIEHHBIC S1pa, aTOMBl W MHOTOATOMHBIE arperatbl 00pa3yroT
KocMHu4ecKkoe usnydeHue. [IpsMonnHeHbIME TpaeKTOPUSIMU 00J1a/1al0T TOJIBKO BO30YXKICHHbBIE
OPOTOHBI M BO30YXJIEHHBIE aTOMBI TPOTUS W Jeirtepus. Bcee npyrue Bo30yxIEeHHBIC
MUKpPOOOBEKTHl 00JIaJal0T KPUBOJMHEHHBIMU TPACKTOPUSMH, TIOSTOMY UX HCTOYHHKHU
HEHJICHTH(PULIUPYEMBI.

Dnekmpon, Heumpon, NPOMOH. DIEKTPOH, MO3UTPOH, AHTUDIEKTPOH, AHTUIIOZUTPOH HU
HEUTPOH SBJIAIOTCS AJIEMEHTAapHBIMHM OOBEKTAMH MHUKPOMHpA, U3 KOTOPBIX COCTOSAT BCE
OCTaJIbHBIC 00BEKTHI MUKpOMHpa U MakpoMupa [13,19]. Bce anemeHTapHbIe 00BEKTBI COCTOST U3
COOTBETCTBYIOIIMX AJIEMEHTOB 3Hpa U 00JIaAaI0T CTPYKTYpaMu cMmepuenonodHoro suga. OHu
MOTYT CYILIECTBOBATh TOJIBKO B OKPY>KEHUU JOCTATOYHO IUIOTHOTO 3upa.

DONEKTPOH M JPYrHe AJIEKTPOHOIOA00HbIE OOBEKTH MMEKT (QopMy HIpSIMOro cmepya ¢
OTKPBITBIM IEHTPaJbHBIM KaHajioM. HelTpoHBl uUMEIOT TopouganbHylo (opMy, B KOTOpPOM
LEHTpaJIbHbI KaHal 3aMKHYT caMm Ha ceOs. IIpoToH sBisieTCs cOCTaBHBIM MHUKPOOOBEKTOM,
COCTOSIIIMM M3 HEHUTpPOHAa U aHTHUAIIEKTPOHA, CBS3aHHBIMU MEXAY COOOH MarHUTHBIMU
B3aMMOJICHCTBUSIMU: AaHTUAJIEKTPOH HAXOIUTCS B «IBIPKE» «HEUTPOHHOTO OyOImKa»

BenuuuHbl Macc SJ€KTpoHAa W HEUTpOHA 3aBUCAT OT IUIOTHOCTU BHemHero 3¢upa. C
yBeJIMYEHUEM (YMEHBUIEHUEM) 3TOH MJIOTHOCTH, MACChl 3JIEKTPOHA U HEUTPOHA yBETUUMBAIOTCS
(ymenbmatotes). [Ipu n1BHXKEHMH 3TUX MHUKPOOOBEKTOB IUIOTHOCTH BCTPEUHOrO MOTOKa 3(upa
YBEITUYUBAETCS (YMEHBIIIAETCS) C POCTOM (TafieHueM) CKOpoCTH. [109TOMy BETMYMHBI MacC 3THX
MHUKPOOOBEKTOB 3aBUCST HE TOJBKO OT INIOTHOCTH OKPY)KAIOLIETo 3(pHpa, HO U OT CKOPOCTU UX
JIBUKEHHS] OTHOCUTENBHO BHEIIHETO 3(upa.

boraras nHdopmarus, HaKOIUIEHHAs Ha YCKOPUTEIISAX, TOBOPUT O TOM, UTO, IPU OJHOM U TOM
K€ CKOpPOCTHM, OTHOCUTEIIbHOE IpUpAIllEHUE MacChl JJIEKTPOHA 3HAUUTENbHO OOJbIle
OTHOCHTEJILHOTO NpHpalleHus Macchl HelTpoHa. Korna macca HelitpoHa yBenuuuBaercs B 1,5-2
pasa, Macca dJIEKTpOHa yBenuuuBaercs Ha 2-3 mopsaka. [IpuunHO# 3TOro sBIsSETCS TO, UTO
CTPYKTYPBI 2JIEKTPOHA U HEUTPOHA CHJIBHO OTJIMYAIOTCS APYT OT ApPYyTa.

[leHTpanbHBIA KaHAJI 3JIEKTPOHHOTO CMEpyYa OTKPBIT AJis BHewHero a¢upa. [loatomy, npu
YBEIMYEHUHU CKOPOCTH IEKTPOHA, TOMOJHUTEIbHBIE MOPLUUH 3(hUpa MOCTYNAIOT B 3JEKTPOH, KaK
yepe3 €ro BHEIIHWE TPaHUIlbl, TAK U Yepe3 €ro OTKPBITHIM IEHTpalIbHbIA KaHaI. AHAJIOTHYHO
IPOMCXOTUT U cOPOC JIUIIHEro 3(pupa MpH yMEHBIIEHUH IIJIOTHOCTH BCTPEYHOIO OTOKA.

[lenTpanpHBIA KaHAT HEHUTpOHAa H30JMPOBAH OT BHemHero 3dupa. JomosHHUTEIbHBIS
NOPIMM BHEHIHEro 3(pupa MOCTYNalOT B HEHUTPOH TOJIBKO 4Yepe3 €ro BHEIIHHE TI'PAHHUIBL.
COpacbIBaroTcs JIMIIHUE TOPIUH 3(rpa TakKe TOJBKO Yepe3 BHEIIHHE IPAHULIbI HEUTPOHA.

EcThb emé o/1HO upe3BbIYaiiHO HHTEPECHOE OOCTOATENIBLCTBO. DIIEKTPOH MOXO0K HE TOJBKO Ha
paboTaImMii COJIGHOWI, HO W Ha paboTalmuii TpOTOYHBIH aBuUrateb. OH TMOCTOSTHHO
POKAaUYMBaeT Yepe3 CBOW LEHTPAJIbHBIA KaHal BHEUIHME J(QUpPHBIE Macchl, CO37aBas
CBOEOOPA3HYI0 «PEAKTHUBHYIO TATY». AHTHAJIEKTPOH B MPOTOHE JIENaeT TO ke camoe. HeiTpon
TaKXe MMPOKAYMBAET Yepe3 «IbIpKy OyOnuKka» a¢upHble Macchl. Bee 3Tu MUKPOOOBEKTHI, Oyaydn
CBOOOJHBIMH, TOCTOSIHHO JBMIKYTCS, MOJ JEHCTBHE 3TOM «TSArW». DTO MO-HOBOMY OOBSCHSET
IPUYUHBI JIEKTPOHHOI'O, NMPOTOHHOTO U HEMTPOHHOI'O COJTHEYHOI'O «BETPay.

Ecnu 5T MUKPOOOBEKTHI HaXOATCS B CBSI3aHHBIX COCTOSIHUSIX B COCTABHBIX O0OBEKTax, OHU
HE TMepecTaloT padoTaTh Kak MPOTOYHBIE JBUTATENH, IMOCTOSHHO IpOKAayMBas uepe3 ceds
OKpyXkarolmue Maccel 3¢pupa. Bo3mMoxkHO, 3TUM OOBACHAETCS CBOMCTBO JIETY4ECTH pPAa3HBIX
XUMHUYECKHX 3JIEMEHTOB U crienn(puka «bpoyHOBCKOTO TBUKECHUS.



Hakonen, 3TH CBOWCTBa 3JIGKTPOHOB, HEUTPOHOB M MPOTOHOB TOBOPAT 00 OTCYTCTBHH B
MaTepHaabHOM Mupe «aOCoI0THOrO HyIs TEMIIEpaTyp».

Cmpykmypa cnekmpa 31eKmpOMAHUMHO20 u3ayyenus amomos. CylecTByIOT JBa BUJA
3JIEKTPOMArHUTHOIO M3Jy4E€HUs aTOMOB — ()OTOHHOE M YHUCTO BOJHOBOE. AHAJIU3 JMHAMMKH
AIIEKTPOH-aHTUAJICKTPOHHBIX JHUIIOJIEH TIOKa3all, 4TO (JOTOHHOE M3ITydeHHe 00J1a1aeT CILIOUIHBIM
YaCTOTHBIM CIIEKTPOM.

UucTo BOTHOBOE M3IIydeHHE 00JIagaeT JUCKPETHBIM JHMHEHYaThiM criekTpoM [18]. BonmnoBoe
U3Iy4eHHE aTOMOB BO3HUKAaeT B pEe3yJbTaTe KOJICOAHUN 3JIEKTPOHOB M AHTHUIJIEKTPOHOB,
COJepXKALIMXCSA B aroMax. JTH KOJICOaHUS MPOUCXOMAT HAa COOCTBEHHBIX YaCTOTaX CHCTEMBI
aTOMHBIX 3JIEKTPOHOB M aHTHAJIEKTPOHOB. KoiMuecTBO cOOCTBEHHBIX YacTOT y KaKIOro aroma
PaBHO KOJIMYECTBY 3JIEKTPOHOB U AHTUAJIEKTPOHOB B ’TOM aTOME.

HeBo30y KaeHHbI aToM BOJIOpOJa UMEET OJMH 3JIEKTPOH U OJHY COOCTBEHHYIO YacCTOTY .
OnHOKpaTHO BO30YXICHHBIH aTOM 00JIagaeT TpeMs 4acToTaMu - o1 (wo1>wo) U w2, w3 (w2<
o, W3<wg). C KaXIbIM HOBBIM (POTOHOM, 3aXBAUEHHBIM aTOMOM, HOSBISIOTCS JIB€ HOBBIE
YacTOThl, a MPEKHHE CIBUTAIOTCA B CTOPOHY YBeNW4YeHHA. Tak (OpMHpYETCs CTPYKTypa
JUCKPETHOTIO CIEKTPA NIEKTPOMArHUTHOI'O U3JIy4E€HUsI aTOMOB BOJOPOAA.

CreKTp 371eKTpOMarHuTHOTO M3JIY4YEHMsI BOJIOPO/Aa UMEET YETKYIO CEpUAbHYIO CTPYKTYDY.
C yBenuueHHEM MaccoBOIo yucia 4 CTPyKTypa crekTpa Bce Oojee u Oosee ycnoxusercs. [lpu
9TOM YeTKasi CepualibHas CTPYKTYpa pa3MbIBaeTCs.

Henmponnvie (a0epuvie) e3aumooleiicmeusn. VI3BECTHO, YTO BEIUYHMHA CHIIBI SIIEPHOTO
B3aMMOJICHCTBUSL MEXJy HYKJIOHAMHM HE 3aBHUCUT OT HAJIMYUS y HYKJIOHOB 3JIEKTPUYECKOTO
3apsiia. BISIBUTH MCTHHHBIE IPUYMHBI 3TOTO OOCTOSTEILCTBA YAAJIOCh TOJBKO B pe3yibTare
ydeTa, B TEOPUU MHUKPOMHpPA, 3PUpa U MarHUTHBIX B3aUMOCHCTBUI MEXITY MUKPOOOBEKTAMH.
CHauaza OblIa BbISIBIIEHA 3JIEKTPOH-AaHTUAJIEKTPOHHAs CTpYKTypa ¢orona [16]. U Tonbko mocne
3TOr0 yJAJIOCh MOHAThH, YTO MPOTOH MPEJCTABISIET COO0M HEHTPOH-aHTUIIEKTPOHHYIO CUCTEMY,
YCTOHYMBOCTh KOTOPOH 00ecreynBarOT MarHUTHBIE B3aumojeicTBus [13,21]. OTu pe3ynbTaTsl
IpUBEJIM K MOHHMAHHUIO TOTO, YTO siIepHbIE (HYKJIOHHBIE) B3aMMOJICHCTBHS SIBISIIOTCS, IO
CYILIECTBY, YUCTO HEUTPOHHBIMHU B3aUMOJECHCTBUSAMH.

Teopust HEUTPOHHBIX B3aUMOJICHCTBUI B COBpEMEHHON (hHU3MKE MUKPOMHUPA, OIMUPAIOIIASCS
Ha KBAHTOBYI0 TEOPHMI0 M Ha TEOPUI0 OTHOCUTEIBHOCTH, HAXOAMUTCA B COBEPIUIECHHO
HEYJIOBJIIETBOPUTEILHOM COCTOSIHUU [22]. B ycnoBusX OoTKaza OT y4era 3¢upa U MarHUTHBIX
B3aUMOJICHICTBUH MEXJIy MHUKpPOOOBEKTaMM, IOCTPOEHHE aJeKBATHOIO KOJMYECTBEHHOI'O
ONMCaHUs HEUTPOHHBIX B3aUMOJCHCTBUI MPUHLIUIIAAIBHO HEBO3MOXKHO.

B KBaHTOBOI TE€OpUU KOJIMYECTBEHHOE ONMCAHUE HEUTPOHHBIX B3aWMOJEHUCTBUN BEIETCS C
nomouibio noreHnuano X.FOkaeel. OnHaKo, 3TO ONUCaHUE HEaleKBaTHO, TaK Kak, IPU TaKOM
ONHCAaHUM, HEM30eXKEeH KOJUIANC HEeUTPOH-HEHTPOHHOM Mapbl MOJ| BIUSHHUEM MarHUTHOTO
MPUTSDKEHUS. MEX]Ty HEUTPOHAMHU.

Hcxons w3 pe3yabTaToB SKCIEPUMEHTOB C BBICOKOIHEPTHYHBIMU MHKPOOOBEKTAMH,
Pa3rOHSABILIMMUCS Ha MOIIHBIX YCKOPUTENSIX, (PU3MKa MUKpOMUpA BbIpadoTasa mpeICTaBICHUs O
CYILIECTBOBAaHMM ME30HOB — KBAHTOB HEHTPOHHBIX B3auMonencTBui. OnHako, coriacHo [5],
HUKAKHX peajJbHBbIX KBaHTOB B [Ipupose He cyiiecTByer.

Wnest cyliecTBOBaHUS ME30HOB POAMIIACH B PE3YJIBTATE SKCIIEPUMEHTOB Ha YCKOpUTENAX. B
COYJapeHUsX BBICOKOPHEPTUYHBIX MHUKPOOOBEKTOB, OBLIO 3a(UKCHPOBAHO MOSIBICHUE
HEYCTONYMBBIX, YPE3BBIYANHO KOPOTKOKUBYIIMX OOBEKTOB C MaccaMU, MPEBBIIIABIIMMUA Maccy
AIIEKTpOHA Ha 2-3 mopsaKka U O0BEKTOB, C MacCaMH, MPEBBIIIABIIMMHI Maccy MPOTOHA BCETO B
1,5-2 pa3za. XapakTepHo, 4yTO U T€, U APYrHe KOPOTKOKHMBYIIME MUKPOOOBEKTHI HAOIIOAATNCH
IIPU OJIHOM U TOMH K€ CKOPOCTH CTAIKUBAEMBIX UCXOJHBIX OOBEKTOB.

C Touku 3peHust GU3NKHU, 0a3UPYIOIIEICs Ha KBAHTOBOM TEOPUHU U TEOPHH OTHOCUTEIBHOCTH,
9TO OBUIO HEOKUAAHHO U HENMOHATHO. I[Ipeamnonoxenue o ToM, 4T0 KOPOTKOKUBYIIHE OOBEKTHI
NPEICTaBISIIOT COOON 3MEKTPOHBI M MPOTOHBI, MAacChl KOTOPBIX YBEIMYMIIMCH TPU Pa3roOHE, HE
COOTBETCTBOBAJIO TEOPUHM OTHOCUTEIBHOCTH. Bellb B TEOPHHM OTHOCHUTENBHOCTH CUMTAETCS, YTO
U3MEHEHHE MacChl M 00bEKTa, IBIKYIIETOCS CO CKOPOCTHIO V, MPOMCXOAUT 110 3aKOHY: M=mg(1-



VZe?) . CornacHo 3TOMy BBIPaXKEHHIO, OTHOCHTEIHHOE H3MEHEHHE MAacChl MHKPOOOBEKTA He
3aBHCHUT OT TOTO, SIBJISIETCS OH AJIEKTPOHOM WM IpOoTOHOM. ClieZJoBaTeIbHO, 3TO JOJIKHBI OBITh
KaKHe-TO JPYrue MUKPOOOBEKTHI, OTIIMYHBIC OT 3JICKTPOHOB U MPOTOHOB. He mpuaymaB HUYETO
WHOTO, (PM3UKU PEIIUIIH, YTO 3TO — KBaHThl HEUTPOHHBIX B3auMojieHcTBUi. OHAKO, COTJIacHO
IKCIIEPUMEHTAIBHBIM (DakTaM [S], HUKaKUX peabHBIX HEJCIMMbIX KBaHTOB B [Ipupoe HeT.

Ectb emé onuH m000ONBITHBIN (DaKT, MOJYYEHHBIH HA YCKOPUTENISIX. DKCIEPUMEHTAIBHO
OBUIO YCTAHOBJICHO, YTO PACHa OJHOTO M3 JBYX CTAIKHBAIOIIUXCS MPOTOHOB MPOUCXOAMT MPU
SHEPruM uX cOMMKEeHUs, He MeHbIel, yem 290M»B. Ho Teopusi OTHOCHTEIBHOCTH TAa€T IPYTYIO
omneHky — He 290M»B, a Bcero ymmb 3M»aB. Omubka 3TOH OIEHKH, MOTYYCHHOHW Ha 0Oasze
3aKOHOB T€OPUH OTHOCUTEIBHOCTH, HEJOMYCTUMO, HEMPUIMYHO BEJIMKA.

Bcenomuum emé oqHo 00cTOsITeNnsCTBO. OlIEHKA YHEPTHH CBS3M aHTUAJIEKTPOHA U HEUTPOHA
B MPOTOHE, paBHas 3M»5B, nonyyeHa ¢ MOMOIIbIO UCIOIB30BaHUS MOHATUS «aedekT macc». C
MOMOIIBIO 3TOTO MOHATHS B (DM3MKE MUKPOMHUPA BBIYUCISIOTCS SHEPTUU CBSI3M HYKJIOHOB B
Apax XUMUUYECKUX 3JIEMEHTOB. J[pyrux croco0oB BHIYHCICHUS 3TUX YHEPTUil B (pU3MKe HET.

Cam «uedext mMaccy Boruncisercss Tak. C MOMOIIBI0 CHEKTPOMETPOB HMIIM CIEKTpOrpados,
BBIYMCIIAIOTCS. MacChl CBOOOIHBIX HEHTPOHOB Mp U IPOTOHOB M,. 3aTeM, TEM K€ CIOCOOOM,
BBIYHCIISIETCSI Macca BCETo siipa My, coctosmiero u3 N HelTpoHoB u Z mpoToHOB. OKa3bIBaeTCH,
yro M;<Nmuy+Zm,. Paznocts Nmp+Zm,-m, nonyuuna Ha3BaHue «edekt Macc». OTKa3aBILUCH
OT ydera 3(upa ¥ MAarHUTHBIX B3aUMOJICHCTBUN MEXKIy MUKPOOOBEKTaMH, (PH3UKa MUKPOMHpPA
aumuiaa cebs BO3MOXKHOCTU aJeKBAaTHOTO MOHMMAHHUS PE3yJIbTaTOB MHOTUX 3KCIEPUMEHTOB, B
TOM YHCJI€ U aIEKBATHOTO TOHUMAHHMSI COJIEPIKATEIHLHOTO CYIIeCTBa «aedekra macey.

Ecnu «medekr mMaccy» NEHCTBUTENBHO CYIIECTBYET, TO 9TO O3HAYaeT, YTO YaCTh CyMMapHOU
MacChl JJIEMEHTAPHBIX MUKPOOOBEKTOB, BXOSIIUX B COCTaB 0oJiee CIOKHOTO MHKPOOOBEKTa,
Kyzaa-To ucuye3aeT. CormacHO TEeOpUU OTHOCUTENBHOCTH, 3Ta YaCTh MACChl JOJIKHA MEPEXOUTh B
DHEPTUI0 B3aMMOACUCTBUH MEXAY OJJIEMEHTAPHBIMH MHKPOOOBEKTaMH, COCTABISIOMIMMU
CJIOKHBIA MUKPOOOBEKT.

OJIHAKO, OKA3aJ0Ch, YTO COOTHOILICHHE TEOPHH OTHOCHTEIBHOCTH E=mc’ npu yuere >¢upa
nepecraeT paborarh. AJEKBaTHOE MOHUMAaHHUE CYIIECTBa «Ie(eKTa Macc» JOCTUTHYTO IMOCHe
YCTAHOBJIEHUSI CTPYKTYp 3JIEKTPOHOB, HEUTPOHOB M MpOoTOHOB [22]. Oxazanoch, 4TO Macca
AIIEMEHTAPHOTO MUKPOOOBEKTA 3aBHCHUT HE TOJBKO OT CKOPOCTH €ro JIBHYKEHUS OTHOCHUTEIBHO
BHEIIHEro 3¢Qupa, HO M OT OPHEHTAMKM BEKTOpPAa MArHUTHOTO MOMEHTa JJIEMEHTApHOTO
MUKpPOOOBEKTa OTHOCHTEIBHO HaIMpaBJieHHUs €ro MABMKeHusa. [Ipu ABMKEHHWH CBOOOIHOTO
AIIEMEHTAPHOTO MHUKPOOOBEKTa, BEKTOP €ro0 MarHUTHOTO MOMEHTa NMPHHUMAeT HaIlpaBlieHHE,
MPOTUBOIMOJIOKHOE HAMpaBICHUIO JBIKEHUS, obOecreunBas MaKCHUMAalbHBIM TPUPOCT MacChl
MHUKpPOOOBEKTa. B cOCTaBHOM MHUKPOOOBEKTE HANpaBICHUS BEKTOPOB MAarHUTHBIX MOMEHTOB
DIIEMEHTAPHBIX MHKPOOOBEKTOB HE SIBISIOTCS HE3aBUCUMBIMHM, OHHU OOYCIIOBICHHBIMU
MAarHUTHBIMH CBSI3IMH MEXJYy MHKpOOOBekTaMu. [lo3TOMy, MpW JBMKEHWH COCTAaBHOTO
MUKpPOOOBEKTa, AJIEMEHTApHbIE MUKPOOOBEKTHl MONY4YalOT, KaK MPaBUIO, HE MaKCHMAaJIbHBIE
MPUPOCTHI HIPUPHBIX Macc.

Takum o0pazom, «aeekT macc» oOpasyeTcs 3a cyeT crmocoda HM3MEpeHHs Macc, a He
SIBIISIETCS CJIEJICTBHEM IME€peXojla 4YacTH MacC B DHEPTHIO CBSI3M, B DHEPTHI0 HEUTPOHHBIX
B3anMoOJieicTBHil [22]. BOT TakuMU KpUBBIMU, OKOJILHBIMH ITYTSMH HIET PU3UKa MUKPOMHUpPA B
MOWCKaX HAyYHOW MCTUHBI.

0

CornacHo [5], cuctemMa HYKJIOHOB CTaOMIIBHOTO sapa 00MalaeT YCTOWYMBBIMHU CTaTHYECKU
paBHOBECHBIMU KOH(pHTyparusMu. braromapst 3ToMy, yaanoch MOCTPOUTH MEPBOE aIeKBATHOE
MPUOJIMKEHNE OMMCAHUs HEUTPOHHBIX B3aumMoencTBHi [22]. B aToM mpubmmkeHnn BeTHYUHA
cuibl Fp HEUTPOHHOTO B3aMMOIEUCTBUS 3aMMCHIBACTCS TAK: Fn(r):pr'4-q r,

Ecnu, npu naeHtudukanuu p u Q, yauTblBaTh, KPOME HEMTPOHHBIX, TOJIBKO 3JIEKTPHUECKHE
B3aUMOJICUCTBUS, TO p=1960-10'59Kr-M5-c'2, q=6917-10"kr'm°-c®>. B osrom cly4yae SHEpruu
ce3u sinep D, T, He u *He pasusr: £(D)=0,232M>dB, E(1)=0,696M5B, E(*He)=0,655M>B,
E(*He)=1,351MbB. CobcTBeHHAs 4acTOTa JIerTpoHa 3/1ech paBHa wp=4,63- 10%ct,



IIpu IONONHUTENIBHOM y4€Te MarHUTHBIX B3aUMOACUCTBUMI MC)KI[%/ HEUTPOHOM U IIPOTOHOM
B JICUTPOHE, MOTYYaAIOTCS CICAYIONINE Pe3yIbTaThl: p:1581-10'59Kr-M ¢, g=5032-10 koMt ¢
2 E(D)=0,133MdB, E(T)=0,653MbdB, E(He)=0,393MdB, E(‘He)=1,046M>B. 3xechb
coOCTBEHHAs 4acToTa ACHTPOHA wp paBHA 5,38-10210‘1.

OueHuTh TOYHOCTh ATOI'O ONMCAHMS HEUTPOHHBIX B3aUMOJEHCTBUI moka He ynaercs. Ho
aJICKBaTHOCTh 3TOrO ONMCAaHUs HECOMHEHHA, TaK KakK, COIVIACHO 3TOMY OIIMCAaHMIO, 4acTOTa
JIEKTPOMArHUTHOTO U3JIy4EHUs AEUTPOHA OJIM3KA K IKCIIEPUMEHTAIbHBIM 3HAUEHUSIM.

Cmpykmypa wapoeoit moanuu. BpIsICHEHWE TPUYMH CYIIECTBOBAHUS IOCTOSTHHOTO
Marserusma [17] moMoriao MmoHSATh YCTPOMCTBO IIApOBOM MOiHMM. IIpuuunHBI cyliecTBOBaHUS
MOCTOSIHHOTO MarHeTH3Ma YAalloCh BBIICHUTH B PE3YyJbTaTe BBISIBICHUS CTPYKTYpHI hoToHA [16].

IIoCTOSIHHBIM MarHeTHU3M MOXET CYIIECTBOBATh TOJIBKO 3a CYET JBUIYKEHUS HOCHUTEIIECH
COOCTBEHHBIX MAarHUTHBIX IOJIEH — 3JEKTPOHOB,... [13]. OmHaKo, 3JIEKTPOHBI B CTaOMJIBHBIX
aTOMax HAaxoJATCS B COCTOSIHUM CTaTHMYECKOI'O pAaBHOBECHUS, MX OpOUTAIbHBIEC JIBUIKEHUS
HeycToiuuBhl [14]. U3-3a conpoTtuBienus 3¢upa, ABMKEHUS AJIEKTPOHOB IMPOBOAUMOCTH, 0e3
MOJIKAUYKH dHEPruu, 3aTyxaroT. Ho MOCTOSHHBIN MarHeTU3M CyLIECTBYET O€3 BHELIHEH MMOAKAUKU
sHepruu. be3 BHelIHeH ke MOJKaYKu YHEPTHH MOTYT OOXOAMTHCS TOJIBKO ABMXKEHUS (DOTOHOB.
«bbIcTpBIe» (DOTOHBI B BEIIECTBE MOCTOSHHBIX MAarHUTOB CYIIECTBOBaTh HE MOTYT. 3HAYHT,
00ecnevnTh CyIIEeCTBOBAaHUE MMOCTOSTHHOTO MarHeTU3Ma MOTYT TOJIBKO «MeIJICHHBIE» (DOTOHBI.

«MenneHHble» POTOHBI, TaK ke, KaK U «ObICTpBIEY, IPU OTCYTCTBUHU BHEITHUX BO3ACHCTBUIA,
JBUKYTCSI CTPOTO IPSIMOJIMHEWHO. VICKpUBJIEHHE UX TPACKTOPUN, MOKET IPOUCXOAUTH TOJIBKO
3a cyeT cui JlopeHla, BO3HUKAIOUIUX B CHUCTEME COOCTBEHHBIX MATrHUTHBIX I10JIEH aTOMOB,
00pa3yromuX BEIIECTBO MOCTOSHHBIX MarHUTOB. BEeMUYMHBI 3TUX UCKPUBJICHHH, IO-BUAUMOMY,
JOCTaTOYHBI JUIS TOTO, YTOOBI «MEIEHHBIC» (DOTOHBI, BO BPEMSI CBOETO JIBUKCHHUS, HE TOKHU AN
BEILECTBA MOCTOSIHHBIX MarHUTOB.

Mexny MOCTOSSHHBIM MAarHeTU3MOM U IIApOBOW MOJIHUEH €CTh 3HAYMTEIbHBIE CXOACTBA, HO
€CTh M NPUHIHUNHAIbHbIE pa3auuus. B KaXJI0M M3 HUX €cTh Ba BUJa MaTepHaIbHBIX 0OBEKTOB
— CHCTEMBI CBSI3aHHBIX MEX/ly COOOI aTOMOB U MHOYKECTBA «MEJIEHHBIX» (POTOHOB.

B OCTOSIHHBIX MarHUTax TAKUMHU HOCUTEIISIMU SBJIIIOTCS. aTOMBI TOKOIIPOBOJAIIMX BELIECTB.
Benuunna sHeprum cBS3U MEXIy 3TUMU aTOMaMH TaKOBa, YTO IMOCTOSHHbIE MAarHUTHI SBJISIOTCS
TBEpJAbIMU TenamMH. [loTeHlnanbHble HOCUTENM «MEIUIEHHBIX» (DOTOHOB — 3JEKTPOHBI H
AQHTHURJIEKTPOHBI MPOBOJAUMOCTH, MpPHU OTCYTCTBUU HABEJEHHOTO IIOCTOSIHHOTO MAarHeTu3Ma,
HaXOJATCS B CTATUYECKH PABHOBECHBIX COCTOSIHUSIX B MEXATOMHBIX HHILIAX 3TOr0 BelecTsa. 13-
3a BHEUIHUX BO3/CHCTBHI, OHU MOTYT NOKHAATb 3TH HUIIM U OOBEIUHATHCS B «MEIJIEHHBIE»
(boToHBI, BO30YXKIAIOIINE U MOAEPKUBAIOIINE MOCTOSHHBIM MakpomarHeTusm. B pesynbrare
BHEIIHUX, YJapHbIX WJIM TEIUIOBBIX, BO3JAEMCTBUH, YCIOBHS CYIIECTBOBAHUS «MEJIEHHBIX)»
(OTOHOB, B BELIECTBE IOCTOSHHBIX MAarHUTOB, MOTYT OBITb HApyIIEHbI, M D3JEKTPOHBI U
AQHTHURJIEKTPOHBI POBOJIMMOCTH BHOBb BO3BPAIIalOTCS B CBOM MEKAaTOMHbIE HUIIIH.

MartepranbHpIM HOCUTEJIEM IIAPOBOM MOJIHUU SIBIISIETCS MHOXECTBO CBSI3aHHBIX MEXKIY
co00il MOHM3MPOBAHHBIX MOJIEKYN rasza, oOsajarouiee mapoBoil Qopmoil. Takue mapoBbie
ra3oBble OOBEKTHI MOTYT OOpa30BBIBATHCS, B CHEIU(PHUUECKUX YCIOBUSAX, B OKPECTHOCTU
AIIEKTPUYECKH 3apsDKEHHBIX OOBEKTOB C 3a0CTPEHHBIMU KOHIAMU. MHOXXECTBO «MEJIEHHBIX)
¢oToHOB 3abpachiBaeTcs B IIapOBbIE T'a30Bble OOBEKTHI C 3TUX K€ 3a0CTPEHHBIX KOHIIOB
AIIEKTPUYECKH 3apsKEHHBIX 00BEKTOB [28].

«MenneHHble» (OTOHBI YAEP)KHUBAIOTCS B INAPOBBIX T'a30BBIX OOBEKTAaX IOCPEACTBOM
VCKPUBJIEHHUSI UX TPACKTOPHIl COOCTBEHHBIMH MAarHMTHBIMH MOJISIMH aTOMOB, COCTaBJISIOIINX
IapOBble Ta30Bble OOBEKTHL. IIIOTHOCTH BemiecTBa, W IUIOTHOCTh COOCTBEHHBIX MAarHMTHBIX
M0JIEH 3JIEMEHTOB 3TOT0 BEIIECTBA, 3HAUUTEIBHO HUKE B Ta30BbIX HOCUTENISX IIAPOBBIX MOJHUM,
4eM B HOCHUTENX IOCTOSHHBIX MarHuToB. Ilo3TOMy ra3oBble HOCHUTENM IIAPOBBIX MOJIHUMN
3HAYUTENIbHO cllabee YIEp)KUBAIOT «MEAJCHHbIE» (OTOHBI, YEM BEIIECTBO IOCTOSHHBIX
MarHuToB. M3-3a 3TOro «MeIIeHHBIe» (OTOHBI MOCTEMEHHO YXOAST M3 IIApPOBBIX MOJHHIA,
C03/71aBasi CBEUECHHUE ITUX MOJIHUM.



DHEpruu CBA3M MEXKAY HOHH3WPOBAHHBIMM MOJIEKYJIaMU B MaTE€pPUAIbHBIX HOCHUTEISAX
LIapPOBBIX MOJIHUM 3HAYUTENIBHO HUKE, YEM B TBEPIBIX BEIIECTBAX IOCTOSHHBIX MAarHUTOB.
Pa3pymnth 3TH cBA3M MOryT Jake HEOOJIbIIME BHEIIHME BO3JAEHCTBUA. B pesynbrare Takux
BO3JICUCTBUM, CBA3M MEXKIYy HWOHU3UPOBAHHBIMM MOJIEKYJIaMHM B IIAPOBBIX TIa30BBIX
00pa30BaHUAX Pa3phIBAIOTCS, U ATH 00pa30BaHUs paclagaroTcs Ha OTAEIbHbIE MOJIEKYbl. [lpu
3TOM, MPOCTPAHCTBEHHO JIOKAJTM30BAaHHbIE MHOXKECTBA COJIEPHKABILUXCS B TaKUX OOpa30BaHMIX
«MEIJICHHBIX» (POTOHOB pPa3IETAIOTCS B BUJE CBETOBOTO B3pHIBA.

Cmpykmypa mamepuanvnozo Mupa. Teopuss MUKpOMHUpa, YYUTbIBaomas »>Qup u
MarHUTHBIE B3aUMOCHUCTBUS MEXKAY MHUKPOOOBEKTAMH, MO3BOJIMJIA MTOJyYUTh HOBBIE CBEICHUS
HE TOJIBKO 00 ycTpoiicTBe 00BEKTOB MHKPOMHUPA, HO U 00 YCTpPOICTBE BCEr0 MaTepHaIbHOTO
Mupa. Pemaroiiyro posb B 3TOM ChITPaJIO BBISIBJIEHHUE CTPYKTYP 3JIEKTPOHA U HEUTPOHA.

Oka3anoch, 4TO MaTepUabHBIH MUup HMEeT MHOTOYPOBHEBYIO CTPYKTYpY [24]. Bce 00BeKTHI
MakpoMHpa U MHUKpOMHUpa (ypoBeHb Mp) COCTOST U3 DIEMEHTAPHBIX OOBEKTOB MUKPOMUDA.
CornacHO HOBBIM pe3yjbTaTaM, DSJEMEHTAPHBIMU SIBISIOTCS YEThIPE AJIEKPOHOMOAO0HBIE
MHUKpPOOOBEKTa - 3JEKTPOH, MO3UTPOH, AaHTUAIEKTPOH M AHTUIIO3UTPOH, U HEUTpoH. Bce oHu
COCTOAT U3 3upa U 00JIaJaAI0T CMEPUYETIOAPOOHBIMU CTPYKTYpPaMH.

Yposenb M; coaepKuT 00beKThl YpOBHS My 11 CBOOOAHBIE 37I€MEHTHI d(Pupa, MoA00HbIE MATH
JJIeMEeHTapHBIM 00beKTaM ypoBHs My. Bce anemenTapHble 00BEKTHI YpOBHSA Mp COCTOST U3
3HAYUTEIBHO Oo0Jiee MENKUX, 4eM 3(]Hp, dJIEMEHTapHBIX OOBEKTOB YpOBHS M M 001agaroT
CMEpPUYEnoI0OHBIMHU CTPYKTYPaMH.

YpoBenb M, cOCTOUT U3 OOBEKTOB YpOBHS M; U CBOOOAHBIX 3JIEMEHTApHBIX OOBEKTOB
ypOBHSI M3, KOTOpPBIE COCTOST M3 el Oojee MEIKUX AJIEMEHTapHbIX OOBEKTOB YPOBHA M3, U
00J1a/1a10T CMEPUEIIOI00HBIMU CTPYKTYpaMH.

U Tax nanee. [Ipenena sta 6eckoHeyHasi 1€IMMOCTh MaTepUU HE UMEET.

Ecnu Hama Beenennas 3aMKHYTa, TO UMEETCSl TEOpETUYECKasi BOSMOYKHOCTh CYIIECTBOBAaHUS
YPOBHS M, B KOTOPOM 3JIEMEHTAPHBIMU SIBJISIIOTCS CMEpPUENoI00HbIE OOBEKThI, COCTOSIIUE U3
AJIEMEHTApHBIX 0OBEKTOB HAIIEro ypoBHS Mo.

3amknymas Bcenennas. AJNEKBAaTHBIE CTPYKTypHbIE MoJenu aTtoMoB [14,16] mozBomstor
MOJIyYUTh HOBBIE CBEACHMSI HE TOJIBKO O CTPYKTYpaX MUKPOOOBEKTOB U O BO3MOKHOM CTPYKTYpe
MaTepUalbHOTO Mupa, HO ¥ HOBBIE CBEJCHUS O CBOMCTBAxX Hallel BceneHHOM.

Jnst monmydeHusi CBEJAEHUM O CBOMCTBaXx BceneHHOW, MBI HCIONB3yeM HAONIOACHUS 3a
pasHBIMU BHJIAMH 3JIEKTPOMArHUTHOT'O U3JIyYEHHUS KOCMHUYECKUX OOBEKTOB. DTH HAOIIOJCHUS
MOKa3ajd, YTO B CIEKTpax H3Iy4YEHHs] JOCTAaTOYHO YAAJICHHBIX OOBEKTOB HMMEETCS YETKO
BBIPQKEHHOE «KPAaCHOE CMEILEHHE»; YeM Jalblile OT Hac HAXOOUTCA M3ydaresb, TeM OoJblie
BEITMYMHA «KPACHOTO cMeteHus» [29].

Cornacao »¢dexty /[omnepa, cMmeuieHHE CIEKTpa 3JIEKTPOMArHUTHOTO U3IY4YEeHUS B
«KpaCHYIO» CTOPOHY TOBOPHUT 00 yJIaJ€HUH OT HaC MCTOYHHUKA 3TOr0 H3IydyeHus. Yem Oomblie
BEJIMYMHA «KPACHOTO CMEIIEHUS», TeM, COIIaCHO 3TOMY 3((eKTy, BbIlIE CKOPOCTh yJaJIEHUS
UCTOYHUKAa M3iIydeHus. B Hacrosmiee Bpewms, yJIaBIMBAIOTCS H3Iy4€HUs OT U3JydyaTesnew,
BEJIMYMHBI  «KPAaCHOTO CMEIIEHMs)» B KOTOPBIX HACTOJBKO BEJIMKH, YTO JIOJDKHBI
paccMaTpuBaThCS KaK SKCIIEPUMEHTAJbHBIE CBHUJAETENbCTBA YHAIECHUS 3TUX H3JIydaTelleld co
CBEPXCBETOBBIMH  CKOpOCTSIMU. HO 3TO NpPOTUBOPEUYUT COBPEMEHHBIM  (DU3MUYECKHM
npecTaBieHusIM. Pa3pemnTs 3Tu NpoTHUBOpeUns COBpeMeHHas (hr3HKa OKa3aiach HECIIOCOOHA.

BripaboTath aneKkBaTHOE MOHUMAHUS TOMYYEHHBIX HAOIIOJATENBHBIX PE3yIbTaTOB yalo0Ch
TOJIbKO B (pU3MYECKON Teopuu, pa3paboTaHHOW Mpu ydere 3pupa, ¢ MOMOIIbIO aJeKBATHBIX
CTPYKTYpPHBIX Mozeneil aToMoB [14,16]. DieMeHTapHbIN aHalIW3 3TUX MOJENEH IOKa3all, 4To
coOCTBEHHass dYacToTa HEBO30YXJIEHHOTO aToMa BOJOpOJa, Ha KOTOpPOM TPOHMCXOIUT
AIIEKTPOMArHUTHOE M3IYYECHUE STOT0 aTOMa, YMEHbIIAETCS NPH YBEIHMUEHUH TUIOTHOCTH 3(upa,
OKpY’KAaroIIero 3TOT aroM. VHbIMM ClIOBaMH, yBEIMYEHHUE IJIOTHOCTH 3PHpa B OKPECTHOCTH
U3ITy4yaTelis IPUBOIUT K «KPaCHOMY CMEILEHUIO» B CIIEKTPE ATOr0 m3ityyarens [29].

[Tocne 3Toro, Ha MEepBBIN TUIaH BBILIET BOMPOC O MPUYUHAX MOBBIIICHUS MJIOTHOCTH 3(upa.
[TnoTHOCTH 3upa, B OKPECTHOCTH U3ITydaTelis, Ha MEPBBIN B3I, 3aBUCUT OT MacChl OOBEKTA,



cojaepxaniero uziaydyarenab. OJHaKO, BOZHUKAIOT COMHEHHSI B TOM, YTO 3TO — €IMHCTBEHHAs U
pelaroias npuyruHa O0JIbIION BETMYUHBI HA0II0AaEMOT0 «KPACHOTO CMELIECHUS.

Ecnu Bcenennast 3aMKHyTa, TO cymiecTByer emé oauH ¢axtop. M3 3amkHyToii Beenennoit
HU OJMH MaTepHalbHBIA OOBEKT BBINTH He MoxeT. [Ipu sTOoM Bceenennas HempepbIBHO
MOTIOHSICTCS HOBBIMH MAaTEPHAILHBIMA OOBEKTAMH, MOCTYHAIOIIMMH W3 €€ BHEIIHETO
OKpyXeHus. Bmecte ¢ apyrumu 0OBEKTaMH pa3HBIX YPOBHEW OpraHu3aldd MaTepHH, BO
Bcenennyro HenpephIBHO MOCTYMAIOT BCE HOBBIE M HOBBIE MHOXKECTBA 3(upa. 3a cueT 3Toro, B
nepudepuitupix obnactax BeenenHoit mioTHocTh 3¢upa HENPEpHIBHO Bo3pacTaeT. BeneacTaue
3TOro, JOJDKHA BO3PACTaTh M BEJIMYHMHA «KPACHOTO CMELIEHHUS» B CHEKTpax H3JIydaTesew,
HaxoaAmuxcs B nepudepuiiubix ooactsax Beenennoit [30].

CBOICTBOM, TOATBEPJMBIIUM HCTUHHOCTh ATHUX HPEANOIOKEHUN, OKa3ajloCh SBICHUE
«CaMOITPOM3BOJILHOTO» pacmaga aToMHbIX saep [31]. Ananu3 mokaszail, 4To, B pe3yJibTaTe
YMEHBIIICHUSI TUIOTHOCTH 3(Upa JOKEH IMPOWCXOJUTh «CaMOIPOU3BOJILHEINY, 0€3 3arpar
BHEIIHEH SHEePruu, CHHTE3 Bce Oojiee U OoJiee TSHKETBIX saep. Y BeMUYeHHE ke MIIOTHOCTH 3dupa
JIOJKHO TIPUBOJIUTH K «CaMOIIPOU3BOIBHOMY» pacrajy siiep.

TakuM 00pa3oM 3KCHEPUMEHTAIbHO HAOIIOAAEMbIN «CaMOIPOU3BOIBHBINY) pacmaj saep
SBIISICTCS yOSIUTEIbHBIM JOKA3aTeIbCTBOM MIPEIIOI0KEHUS O 3aMKHYTOCTH Hameil BeeneHHoi.

«Yepnuie ovipvry u cmpykmypa mamepuanvrnozo Mupa. 3amxnyras Beenennas, cocrosias
U3 MaTepHAIbHBIX 00BEKTOB ypoBHEH My, My, Mo,..., SBISETCS, IO CBOUM CBOICTBaM, CKOpee
BCEro, pPe3yJabTaTOM 3BOJIIOIMH CBEPXMACCUBHOIO TOPSYET0 OOBEKTa YPOBHS M*, mpourenrero
yepes CTafuo o0pa3oBaHMsl «4€pHON IbIpbD) [25].

[InoTHOCTD BemiecTBa, B TOM YMCIIE, INIOTHOCTh 3(upa, B 3aMKHYTON BeenenHol HaxoauTcs
B [IOCTOSIHHOM M3MEHEHUU U IIepepaclpeiesCeHUH.

H3MeHeHre MIIOTHOCTH BeleCTBa BO BcelneHHO NMpoucXoauT B pe3ynbTaTe IBYX (aKkTOpoB
— TIepepacupesielieHds UCXOAHOIO BEIleCTBA, OKaszaBIIerocs BO BceneHHON B pesynbrare
0o0pa3oBaHUs «YEPHOU NBIPb», U B pe3yJbTaTe HEMPEpPHIBHOTO 3aXBaTa «UEPHOW IBIPOM»
BEIIECTBA U3 BHEIIHEr0 MaTepUaIbHOIO IPOCTPAHCTBA.

Ha nauvanbHO# cTaguu sBoonMKM BceeneHHOH, MIOTHOCTh BellecTBa Oblla CBEPXBBICOKOM.
[TosTomy, pa3Buthe BceneHHON, Ha HadaabHOW CTaIWH, CONMPOBOXKAAIOCH €€ pPacUIMpPEHUEM,
OXJIXJEHUEM, YMEHBIIEHHUEM IUIOTHOCTH COJIEepXKalleiicss B HE MaTepud U €CTECTBEHHBIM,
«HEHAaCUJIbCTBEHHBIM» OOBEIUHEHHEM - CaMOCOOPKOM 3JIeMEHTapHbIX OOBEKTOB YpOBHS Mo B
pas3inyHble, 00Jee CI0KHBIE CTPYKTYPHI 3TOTO YPOBHS — (DOTOHBI, AaTOMHBIE SIIpa, AaTOMBL, ... ..

[Tocne HekoTOporo mepexogHOro mepuojaa, BceneHHas BceTynmwia B COBPEMEHHYIO
HBOJIFOLIMOHHYIO CTAAMIO.

BenuunHbl HaOMI0JAEMBIX «KPACHBIX CMEIIEHU)» TTO3BOJISIOT CUMTATh, YTO TPAHMIIBI HAIIMX
HAOIOIATENIbHBIX BO3MOXKHOCTEH paCHIMPUIINCh, B HACTOAIIEE BpeMs, 10 NepudepuitHbix
paiioHoB Hamieil Bcenmennoi. PesynpTaThl 3THX HaAOMIOJAEHMA TOBOPSAT TaKXe O TOM, YTO
IUIOTHOCTB d(upa B nepudepuifHbIX paiioHax BceneHHOI CylIecTBEHHO BBIIIE, YeM ILIOTHOCTh
a¢upa B OKPECTHOCTH MPUOOPOB HAOTIOCHUSI.

N3 sToro ciepyer, yto Hama BceneHHas HaXOAWTCS B HOBOM ABOJIIOIMOHHOW CTaauH, Ha
KOTOPOW MPOUCXOJUT TMOCTENIEHHOE YBEIMYEHHE IUIOTHOCTH BEIIECTBA BO Bcel BceenmeHHON 3a
CYET MOCTOSHHOT'O 3aXBaTa BEILIECTBA U3 BHEIIHETO0 MATEPUAIBLHOTO IPOCTPAHCTBA.

0

B nameit BeceneHHOMN CyIIECTBYIOT CBOM «4€pHBIE IBIPHI». MaTepuanbHbBIX 00BEKTOB YPOBHS
My B HUX HET, OHM COCTOSIT TOJBKO U3 OOBEKTOB ypoBHEWU My, M>,... . HeT HUKaKuX SBHBIX
BO3pPaXEHUI MPOTHUB CYIIECTBOBAHUS B 3TUX «UEPHBIX JIbIpax» YPOBHS M CBOMX «YEPHBIX ABIP»
ypoBHS M>. BrioiHe BO3MOXKHO CYLIECTBOBAHHE B MaTepUaIbHOM MUpe «4epHBIX JIbIp» JII000T0
u3 ypoBHe# M;, i=0,1,2,... .

Tak xak Hama BceneHHas sBIAETCS, O CBOEMY IMPOMCXOKICHUIO M CBOMCTBAM, «UEpPHOMU
JBIPOI», TO OYEBUIHO, UTO B MaTepuaibHOM Mupe CyliecTByeT YPOBEHb OpraHU3allui MaTepuu
M, B KOTOPOM  3JIEMEHTApHBIMH  OOBEKTAMH  SIBISIIOTCSL  AJIEKTPOHONMOAOOHBIE U
HEUTPOHOIO100HBIE aHAJIOTH HAIIMX 3JIEKTPOHOB M HEHTPOHOB.



OO6o0mrast BbIIIE CKAa3aHHOE, MOXKHO 3aKJIIOYMTh, YTO MaTepUalbHbIi Mup obnanaer
YPOBHSIMM OpTraHHU3allMM MaTepUu ...,M3, Mz, Ml, Moy, My, M>,... u TmpeacTaBisieT coOOM
CIIOKHEHIIIYI0 CHUCTEMY BIIO)KEHHBIX JIPYT B JAPyra «4E€pHBIX IBIP» C Pa3IMYHBIMA HaOopamu
ypoBHel opranuzauuu. M3 storo cremyer, uyto Martepus o00JajaeT HE TOJIBKO CBOMCTBOM
0OECKOHEUHOW JETMMOCTH 3JIEMEHTAPHBIX 00BEKTOB PAa3JIMYHBIX YPOBHEH €€ opraHu3anuu, HO U
CBOMCTBOM OECKOHEYHOTO YKPYITHEHUS TAKUX 0OBEKTOB.

Tepmosnoepnas npodrema. dta ipodiiema Tpedyer 0coO0ro BHUMAHUS U3-3a €€ 3HAUYCHUS B
o0ecre4eHn MOCTOSHHO BO3pACTAOLIMX SHEPreTH4eckux mnorpeOHocTeil. B aToit mpobieme
BEChbMa peNbe(HO BHICBEUMBAIOTCS BCE HEIATUBHBIC YEPTHI COBPEMEHHON (PH3UKH.

[Ipexxne Bcero, B 310l mpobiieme, oOpaiaT Ha ce0s BHUMaHHe HEOObIYaHO J0JT0JIETHHUE,
Oosee, yeM IOJIYBEKOBbIE, HEYAAUU B IIOIBITKaX MOCTPOEHUS YIPABISEMBIX IHEPrEeTHUECKUX
peakTopoB Ha Jerkux saxapax [27]. OCHOBHOW NOPUYMHOM ASTUX HEyJdayd ABJISETCA
HEYIOBJIETBOPUTENIbHAS KBaTM(UKAU (DU3UKOB-TEOPETUKOB. IJTa HEIMULEHPUATHAS OLEHKa
TpeOyeT CBOEro MOATBEPKACHUS KOHKPETHBIMH (PaKTaMH.

@Dakm nepevlii — YIOPHOE, MOJYAIMBOE MHOTOJIETHEE HWIHOPUPOBAHUE pE3YJIbTaTOB
VHHUKQJIBHOTO JKCIepuMeHTa [5], chyXKalMx J[I0Ka3aTeabCTBOM OTcyTcTBUs B Ilpupone
HEJISIMMBIX KBAaHTOB HEPIHUH.

@axm émopou — 0TKa3 OT y4eTa 3¢upa, ¢ ero CONPOTUBICHUEM TBUKEHUIO MUKPOOOBEKTOB,
B TeOpUHU MUKpomupa. [IpudrHa oTKa3a — omuO0YHBIN BEIBO 00 oTcyTcTBUM 3dupa B [Ipupose,
MOJIyUYEHHBI B pe3yibTare HeNpo(ecCHOHAILHOTO AaHalvW3a AanpuoOpHOM CUTyallMd B
JKCIepUMeHTe MalikelbcoHa M B PE3yJbTaTe HENpPOPECCHOHAIBHOIO aHajdu3a pe3ysbTaToB
3TOro 3KcnepumenTa [12].

Dakm mpemuil — 0TKa3 OT y4yeTa MAarHUTHBIX B3aUMOJICHCTBUN MEXKIYy MUKPOOOBEKTAMU B
Teopuu Mukpomupa. [IprurHa oTkaza — omrOOYHBIN BBIBOJ O TOM, YTO MarHETH3M HE SIBJISIETCS
CaMOCTOSITENIbHBIM, HE3aBHUCHUMBIM SIBJIEHHEM M YTO OH SIBJISIETCSl BCErO JIMILIb CJIEICTBUEM
JIBWKEHUSI DIJIEKTPUUECKHX 3apsiioB. OTOT BBIBOJ IMOJYYEH B pe3yjibTaTe€ HEIMOJIHOTO,
MOBEPXHOCTHOTO W HETNTyOOKOr0 aHaliM3a pe3ysbTaTOB IKCIIEPUMEHTa JpcTesa, 00J1aIarommux
oOMaH4MBOI BHelIHEH nmpocToToi [13].

Daxm yemeepmulil — OMIMOOYHOCTD MPEJCTABICHUN 00 IKBUBAJICHTHOCTUA MAacChl U DHEPTHUH,
a TakXe OIUOO0YHOCTh KOJTHMUYECTBEHHBIX COOTHOILIEHUI TEOPHH OTHOCUTEIHHOCTH. KOHKpeTHBIE
IpUMEpHI IPUBEAEHBI Bbllle. OCHOBHAS MpUYMHA 3TOM OMMOOYHOCTH — OTKAa3 OT y4eTa adupa.

@axkm namvlti - OTCYTCTBUE AJEKBAaTHOTO MOHMMAaHHUS MPOLIECCOB BBIJACICHHUS JHEPTUU B
«BOJIOPOJIHOI» O0MOE, HecMOTps Ha ycrniexH B €€ peanuzanuu. B 1950r, 3a 18a roga 1o nepBoro
HKCIIEPUMEHTAJIHLHOTO B3PbIBA «BOJOPOAHOI» OOMOBI, MPU HCHBITAHUU ypaHOBOW OOMOBI, B
palioHe pexku Butoil, mpou3omien COBEPUIEHHO HEOXKHUJAHHBIA TepMOsJIEpHbIH B3pbIB [27].
Hoinrue, cTporo 3aceKpevyeHHbIE MCCIEIOBAaHUS NPUYMH TaKOrO B3pbIBa, IMPOBOJMBIIKECS B
OKPECTHOCTSIX 3TOTO B3pbIBa, OCTAIHNCH 0e3pe3ynbTaTHBIMU. HecaoKHbIi CUTyallnOHHBIA aHAINU3
MOKA3bIBAET, YTO ATOT B3PBIB HE OBLIT «BOJAOPOTHBIMY [27].

@akm wecmoti — OTCYTCTBYET BO3MOKHOCTh JIOCTATOYHO TOYHOTO TEOPETUUYECKOr0 pacyeTa
DHEPruil CBSA3M MEXKIY HYKJIOHAMHU B siipaX. DTO OOBSACHSAETCS TeM, 4TO (U3UKH YIOPHO HE
YUUTBHIBAIOT TOT ()aKT, YTO aTOMHBIE siipa 00JIaJal0T KBa3UKPUCTAJUIMUECKUMHU CTPYKTypamH,
T.€. YCTOWYMBBIMU CTATHYECKHU PABHOBECHBIMHU KOH(PUTYpAIIUSIMHU U3 CBOMX HYKJIOHOB [5].

Jlns monmyyeHUs KOJMYECTBEHHBIX OLEHOK HHEPruil CcBA3M siep, (PU3MKU HCIONb3YIOT
OIIMOOYHBIE 3aKOHOMEPHOCTH TEOPUH OTHOCHUTEIBHOCTH W TMPEACTABICHHUS O CYIIECTBOBAaHUHU
Takoi d(heMepHON XapaKTePUCTUKH sApa, Kak «aedekT maccey [22]. [lomydeHHBIE TAaKUM ITyTEM
OIICHKH OKa3bIBAIOTCA 3aBBIIICHHBIMU Ha LEJbIA MOPSAOK.

@akm cedbmoli - OTCYTCTBYET NMOHMMAaHHE TOTO, YTO B «BOJOPOJHOI» OoMOe 3Heprus
B3PbIBA BBIJICISETCS HE B PE3yJIbTaTe€ CTOJIKHOBEHUM sIIEp BOJIOPOJA, HE B PEAKLMIX SIACPHOIO
CHUHTE3a MEXJy aromMamMu Bojaopona. Pdu3ukaM XOpOUIO H3BECTHO, YTO MAJS MPEOAOJCHHS
AIIEKTPUYECKOTO OTTAIKUBAHUS, <«AJEKTPHUECKOTO Oapbepa» Ha MYTH K CHUHTE3y, NBa sjpa
BOJIOPO/Ia JIOJDKHBI COJIMKATHCS ¢ SHEepruel, He MeHsbIel, uem 0,144M»aB. B noctukeHun Takoi



CKOpPOCTH COJMKEHHsI BOJOPOJAHBIX siiep (PU3MKM BHUISAT OCHOBHYIO TPYAHOCTb IPU PELICHUU
TEPMOSIEPHON MPOOIEMBI.

Ho onu emé He yuuThIBalOT MarHUTHBIE B3aUMOJEHCTBUS MEXIY BOJOPOIHBIMM SJIPaMH.
Ot sAapa SABIAIOTCS AUamMarHeTukamu. llostomy mexay 3TUMM s1paMu JI€UCTBYET, KpoMe
AJIEKTPUYECKOr0, €ll€ M MAarHUTHOE OTTaJKMBaHWE. MakcumanbHas BEIMYMHA «MarHUTHOTO
OGapbepa» okazaach paBHOM 45M»1B. A Tak kKak BEJIMYHHBI SHEPTHH CBS3U BOJOPOAHBIX sJIep Ha
1-2 mopsinka MeHbIIe STON BETUYMHBI, TO 3TH A1pa, IPH UX COMMKEHUH, JOJDKHBI PAClaaThCs
Ha HEUTPOHBI U IPOTOHBL, HE JOCTUTHYB PACCTOSHUM SIIEPHOTO CUHTE3A.

OTH TEOPETUYECKUE PE3yNIbTaThl MOATBEPXKIAOTCS TeM, 4to B 1978r, BO Bpems
skciepuMmeHToB Ha Tokamake IIJIT (ITpuncton, CIIIA) Habmromancs MOTOK HEHTPOHOB, HE
COIPOBOKAABIINNCS BbIIEIEHUEM SHEPTUU.

Hcxons w3 ommOOYHBIX MPEACTaBICHUI, UYTO SHEPIusi B3phIBa B «BOJOPOJHOI» OomOe
BBIJICJIICTCSI B pe3yJbTaTe CTOJKHOBEHHUH BOJOPOJIHBIX sAep, (GU3MKUM BeayT cebs, Kak
YYaCTHUKHU KPBUIOBCKOro KkBaprTeTa [32]. BmecTo mOmBITOK TOOWUTHCS MOHUMAHUS MCTUHHBIX
peakuuii SHEProBBIJIEICHUS B «BOJIOPOJAHON» 00MOE, OHU MTPOCTO MEHSIOT «MHCTPYMEHTApHil» -
oOpalnarTcs TO K CUCTeMaM JIa3epHOro Harpesa sjep, TO K HarpeBy siiep C MOMOIIBI0 CHCTEMBI
YCKOpUTENEH JIEKTPOHOB, TO K CTEJIapaTopam, TO K TokaMmakam [33].

@akm 6ocvmol —  pa3paboTKe TEpPMOSAIEPHONH MPOOJEMbl OYEHb CHIBHO MEIIaeT
TepMUHOJIOTHYeCcKass HeOpexHocTh. Llnpoko pacmpocTpaHeHo, Aake B HAYYHOUW JHUTEpaType,
MHEHHE O TOM, YTO JHEpPrusl B3pbIBA B YpaHOBOM OOMOE poXAaeTcs B pe3ylbTaTe peakiuit
AJIEPHOTO JEJICHUS, a B «BOJIOPOAHOIN» 60MO€ — B pe3yJIbTaTe sIIEPHBIX pEaKLU CUHTE3A.

Ha coBpemeHHOM 3Tane 3BoJOLMM Halled BceneHHOW, B HEM NMPOUCXOOUT YBEIWYEHUE
IUIOTHOCTH 3(Hpa, MPUBOSAIIEE K «CaMOMPOU3BOIEHOMY» pacmaay siiep. XOpouio M3BECTHHI
dakThl «caMopacmaza» B O0JIACTH TSKENbIX U CBEPXTHKENBIX sifep. M3BecTHO Takxke, 4yTO B
IIpuposie, Cper Jerkux sjep, OTCYTCTBYIOT siapa "Li u ®Be. OrtcyrcTByioT %e OoHEM M3-33a HMX
HEYCTOMYMBOCTH M M3-3a MTHOBEHHOI'O camMopaclaja, Ipy ciIy4aiHoM ux cuHrese, OgHaKo, 3TH
CBEZICHMSI TIPU pa3pabOTKe TEPMOSAIEPHOI MPoOIEMBbI HE UCTIOIB3YOTCS.

N B «ypaHOBOI» U B «BOAOPOAHOI» O0MOax BbIIEICHHWE DHEPrUH B3pbIBA MPOUCXOAUT B
pe3yabTaTe A0epH020 CUHMEe3d MCHOBEHHO camopacnadarwuxcsa sdep. B ypaHnoBoit 6ombe 3T0
IIPOUCXOIUT B PE3YJIbTATE HEUTPOHHOTO CHHTE3A AJIEP MTHOBEHHO CaMOpPacIaJarollerocs 236,
Butrolickuii TepMOSIAEPHBIN B3pBIB MOT' IPOM30MTH TOJIBKO B PE3Yy/lbTaTe CHHTE3a MTHOBEHHO
camopacmajarouuxcs suep *Be [27].

@akm Oessamoulii — B KBAHTOBOM TEOPHUH OTCYTCTBYET NOHHMMAaHHE TOTO, C IOMOIIBIO
MCIIOJIb30BaHUS KAKOTO «SIJEPHOTO CBHIPbS» U € MMOMOIIBIO0 KAKUX PEeaKLUii MOKHO OPraHU30BaTh,
6 meKyueM épemenu, PEATbHBI CHHTE3 MTHOBEHHO caMopacmajarommxcs suep °Li m °Be.
[TpryrHa 3TOrO 3aKIOYAETCs] B HECTIOCOOHOCTH (PU3MKH NPEOJ0JIETh IIPOKPYCTOBBI» PaMKH
KBAaHTOBBIX MPEICTABJICHUI 00 yCTPOMCTBE MUKPOMHUpA.

CymiecTByIOT pa3Hble CHOCOOBI peanu3alui Takoro cuHTe3a. Crnocol ¢ MCHOIb30BAHUEM
BOJIOPOJHBIX SI/IEP B KAUECTBE «MCXOJHOTO CBIPhS» - CAMBIN CIIOKHBIH.
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